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! .'%!.:   

  

%& &" .1+0  #)+!%# .1)(  *#-00* #- $)%#5* $# 2 8!#*$ $" 1!6( *3 '250  .

 75 0 *'204 *!!'*( '!.* $" 75 ( 9'"  %& &"* $!!.  $" 16!!0*)' '.2' $'!2& .(

. ( '!))" ,)*!3 #- $!##4* $'$)4* $5$ *&)54 %& &"* ,)*!3 "-)( $" 1!6*# *%#5** *

0$)(!!(.$*)( 1 #- *$"6'*   '7!2!!5 *6!(,  -9 9'0  2009, $)')200 '!))" ,)*!3 "-)(  

,!!$!!-.$ , &')2* 8#*0  *($!(- *"6'*"* '25  ,!%2!)'+* ! & :'!))" ,)*!3 " '+& $!  

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

  

 '!))"* ,)*!3 $$5+*# !0#).* 90"0*) $)-/5* $)!1)#)(4%* 7/!.  - $/!.) !(+# .&+) 

 ' 06/  ,!!2$$- 71*(+)22009 *005* !31 $)%!#+ #- $!0)"#(!  *$5+*  7)/$) - "-)( 

#50 *"6)$4 9'"  '!))"* ,)*!3 !$ ! & ,*30 #- 7!!(.0 *'20 ")* ,!+5'0 %& &" !2!2

 ' 703 8-0  *25/)* )!#" $)./)0*- .,! ' %& &" !( 0 ,!0!!2 9'"  , !()!#!0 #- :2!* 

,!. )'0 ,!'%01 ,,*!.1+0 2)#!&) ,$'&*# $!-00 $!$#-00 $)4'.!* 7!" ,)!*# 7)4(- .

 $) !&* $" ')25# )(%#5**!*-*#)3  .- !*)3 84# ,"$* )(#- '250* $#" : ,!0')1* ,* *0

9'"  8-)00*  )4!.# , #-  )4!.70 *(- )$!./0* *'!2&   !5'( *3 7)$( #.( , #)+!%* $#!5$ 

,()2!$) %& &"* !23( $.!(0# /&)00*?   

  

 $+)2$ 8')"# %& &"* .1+0 "-)(# #"'-!  $!/&)0* $)&5!!$** $" ')2&( */) . 

'250* , ,!(-* 7! 1950-2007 .)('250$!#2!&!+ % 0 $/)2(0 %& &"* $'!2&  5$)+  ,

'!))" ,)*!3# ,')1* '0)54 .*3 '0)50 $). )(* $)!$)"!' * $)(4&* $)16)0 8-0*  . $)(4&

 2+&  $)#%)0 7(!" )#"- %& &"*- ,!5!4)0 ,)5$  )-.(- ,! ' ,!!")+') ,!!./0 ,!'250 

,/"* :)1 #. $)-2 $)4#-* #.  '!))" ,)*!3 ,')1 ")* .*'204 *01)/  )(/20$* 75 0 

 #"'-!  '$)!  $!-5)0*–*!!'*( '!.*  ."-)(  *2!25* $16)0 740 '5"# , *'!2& ,)!& )

*$-.(- $!-.0* $)#!.+* #- *'62$"3 #4  #"'-!  %& &"* !23( 7)2!$#  . */) .* ,)!& ,.

)3 $ 4')0 *#"-  '250* 8-0* #. 9!#0*# 7)4(# )("60 ,! ,)&'+*) 7)!.*- *))2$ 8)$0 )#4)

') !6* $)"!' #) * ! &# ')-2* #4  $)%#5** $# 2 7)(1(0  ,!')+!-# ,)'$#.  

  

 #4  $!#"'-!* *2!25  $)+!2$) $)'!*  '&)5 #- $4-0$0 *()0$ *#). )('2500

%& &"# ')-2* .*3 #)+'.0 *"6)$4 , *')'  *+!4" '250* $+)2$ #4 8')"# *0!!2$* "#

# %& &" ,!##)4* ,!'0)5  -)0!-# '-" *!!( # /5)!0 ) ,!()- ,!/.! , #)+!%* !(+)"# '-" )

*3 '0)5  . ' 06/  2'2008 , #  )'2– 60 %& &"  ! !&0* -)0!-* $#!5$ '5"# *(- 

#"'-!  , 7+)" $" /!5") ##)4 7+)"  '!/&*# $-2 0* 2)5 $.6* $&(4* 75#)- #. *5()*

)!.1+0  #)+!%* !4'/) #"'-!  %& &"  2)&!.* ,5 $" ,606# !/4 !23(#  5'* ') !6* $+!-

*3* '0)5* .  

  

                                                 
1 ,/" $$)0. ,7!/) . %: http://www.adamteva.org.il/?CategoryID=444&ArticleID=474 



 5

)(!"600  )(!#.*-  )4!. )$)"# $) !&* 5)$!( 8')6# , !%')"!$ &!& 4 -0$-*# )('5 

 #/)0 "8!#*$ $)$-'" ,/ *1!6* )$)"" $(-0 *#- %')%2)/* $/) .  1'+ #.! '20052 . #/)0*

 )6!. 7+)"  7/ *3*$!$ ! &* $)!(!/0* )'+-# ,!4'/ .!60) #"'-! )' '$!./0 *'!2& .(

#/)0  '$)!   )-5* 7).!%* , '-")(" )("60- ,!"600# ,"$  74" , ') !6# 1)6!! '/.!* ")*

$)%#5** $# 2 8!#*$   5'* ,!/0# ,60)60 1)6!! )" . .1+0# ')-2* #4  !4 $./# )(54)(

! &* $)!(!/0  )6!. 8!#*$ #. ') !6* $.+-* #- $!$).0-0 $)'/.!* $'4!( 74" %& &"**  .  

  

 *(2&0 9)'5# */.)( "# )($/) .",-" !0 " .1+0# $!/&)0* $)&5!!$** $!!5/ 

 %& &"* - ,!!#4#4* ,!&'%(!"* )" ,!!/&)0* ,!0')1* ,"  ),*!(!  :)$!- )" ( )25/- ,*

!$ ! &* 5!-* 70 *6)5* ') !6* $" , '').$*) 90"$*# #6.$*- *3 ")* ') !6* "0- )"

)40 2' 7!!(.# ' / #- )+)& $)"!60* 5' . $)'/.!** ,6. ")* )!#. .! 6*# ,!-2 0 )("- #4

$4-)00* ,)4!.* 7! ) *(!  '-2*)*!.   !/&)0 #)+!%    ."!* */ ).  2'- -20 ,!(-* 

 $)()'5"*– #- ')1!+  40 .1+0* $#!5$0 *(- -'*( ')3"  *#5* ! $!') !6 $)'').$* *!

%& &"* 7!!(.  $!-00 .!#*2# *%-+$* )3 $)'').$*,!!/&)0 9)5 ,!()1'"#) ,!+&)( , . 84#

!'2!.* ,)*!3* ')20 $'!1& $" &5!!# '-+" ,,!23(* 7)2!$) !)2!(# 8!#*$* $#!5$ $").  

  

 7)5 # ,)20 -! )($./#7#*#- *#"-* $"'$)!  5' '-2*   ,* ! &* !/)0!# $'1&0  :

,"* ,%& &"* "-)(  )("60- !+4 ,** $# 2 !4!#*$  #"'-!  ') !6* $)54)( $)%#5

$ 4).0) $!#)- "!* $)!$ ! &* ?4 ,")7 ,.)/0 ?  

 

                                                 
2 #1& ,.)( #- )$) !/"  *3 #/)0# )(!(+)*.  
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- ."15.  1*+  $+"*#  

-.1 . +"%%' (% "7 31 $"33&  +"*#  

 ,)*!3$)!'2!. $)')6 -)#-  "% $0 '!))" :!31* ) 4'* !)(!- , ,!#)&)'" $)"!60)

),!'!.3 #3)( )" 26)0 !&!&' ( ,!2!2#5 )")&5!  ,!&1 #3)( $)+!%) ,!26)0 .(EPA  - 

Environmental Protection Agency3'!))" ,)*!3 *'!/10 4702#/4 " : '!))"  2!2#5 #4

* ! &# )" ,/"# 23( ,)'1# #)4!- ".  

$)!).0-0 '+&0 '!))"* ,)*!3# ,,/"* $)"!'   *.!1+ 7* ) , * ! &  *'!-! *.!1+

9'"* ')/4 ,)0!5 7)14 $)+!2. $).!1+) ,,'%-0 !)(!-) ,!.2-0 $%&*.  

"* $'*6* $(-0 !2(* '!))1970*'"  " 5 *'!/10 188 '!))" !0*30 #.- EPA# % #+

,*  ,)!(!!+"0 !+ #. /5" #46 .,* ,!!'2!.* ,!0*30* $-- : 7)3)")O3( ,/5 705+ - !(605

)CO( ,)/ - $!'+)1 $6)05$(Sulfur Dioxide) ,)/ - 72(5 $6)05$(Nitrogen Dioxide) , $'+).

 ,)*!3 !2!2#5))PM ,Particles of Matter( ,$"3 */) . "-)( ,*- .  - PM 2 " ,!##4( 

#"'(!0! ,5!+ ,,! 5#0 ,,!!1)#)! ) ,!!0!4 ,!'0)5 '"-) ,!506 $2 " . ,1 ##4( %& &"* ,)*!3

   ")* - PM .  

  

 ')!"1 : !2!2#5 #- !+'1)"!1* ')3!+*PM,!!'2!. 7 .  

2)'! :$)+!'-0 5!+ .,)/" :2 " .#)54:,!!$!!-.$ $)')200 ,!%+#)& .  

                                                 
3 *'"  * ! &* $'!0-# $)-'*"!#)#!0 ,)1'$    ,*'" #- * ! &* $(1*# /'-0* )""* ,)1'$   $).0-0. 

4 )52#( $)'/1** #4  '$"0EPA html.airairpollutants/ebtpages/gov.epa.www://http )01')$)  )(!/! #..  

5*'"  !2( '!))" 2)5 "   ' .)*  – 1970 , $)(4)& *02)* ,1 )!$) 2. EPA. 

"…establish the EPA in response to the growing public demand for cleaner water, air and land… 

EPA was assigned the daunting task of repairing the damage already done to the natural environment 

." a realityand to establish new criteria to guide Americans in making a cleaner environment 

htm.aboutepa/epahome/gov.epa.www://httpl  

6 5+&(  ,!0*30* $0!-' %)'!+ 1.  

78)$0  :Hansen and Lacis, 1990: Sun and dust versus greenhouse gases: An assessment of their relative 

roles in global climate change, Nature, 346, 713.  
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-.2"*"*30  (% "7  31  +"*#   

EPA ,!0*30* ,!2!2#5* $2)#5 *1!*(* )PM (7)4!& $)!')1%2 !$-#,#).  ,)!4 $)# )20*  :  

1. 0 ,!#)/1 ,!2!2#5– 10 7)'2!0 )'%0* $!()!#!0 .( *'+&)0%"  ,!'"-( ,(!" *#"

,!#)/1 ,!5))%# ,!+5&( "#) $)4-)00 $)+)2$# .74# ,,)!*# 7)4( , ,! -5( ,(!"

* ! &# ,!(4)&0. 

2. 7!  .( ,#/)1- ,!2!2#510 # – 2.5 7)'2!0 ) ,!()40",!0-(( ,!&1 ,!2!2#5 "- 

"Inhalable Coarse Particles"( , 0 ,!(%2* ,!2!2#5)– 2.5 7)'2!0 ) ,!()40

",!(!/. ,!2!2#5 "- "Fine Particles" .(,!(- 8-0# '!))"  ,!*)- *#" ,!2!2#5 

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

  

$! '0 '2!. ) ,!#2!0!4 7!  $)!62"!'0 *'+&)0%"  ,!- 1$0 ,!(!/.* ,!2!2#5* 

 $!'+)1 $)6)05$ 7!  *!62"!'0)Sulfur Dioxides ( $)!(2(5 $)6)05$ 7! ))Nitrogen

Oxides .( ')6!!# !"'5" ,/"*- ,!'.-010!2!2#5* 70 3)5" 0 ,!(%2* , -57)'2!0 8 .  

  

!+'1)"!1* ,')3!+) *'+&)0%"  ,!2!2#5 $!!*- :  

 4 $. #4  ,!"-!( $!0#).* *'+&)0%" - 100.000)% 7 PM ,!#.0- ,!#)&)'" '"-) 

5)'* ,,!* !#1 ,'!))"# ,!!(1)+)'$("* $)')20*) -.1* !'*9 . *'+&)0%"  2!2#5 $!!*- 703

 )#/)10 ,!. )( )$6)+$ 5))%)) "% 0*)!(+ 5%-# )5+( 7!  &5!(10 . %"# #+)( 7%2 2!2#5

#)/1 2!2#5# *"))-*  ,,!#)/1 ,!* 1# ,0)'$*# ,! ' )!!)4!&) , 8)'" 703 '!))"  $)*-#

,!#)/1 ,!25'0# .!1*#) .##44 , &)!/'  ,!2!2#5 #- '!))"  *!!*-* 7032-5 8)0( ")* 7)'2!0 

*(-0 , ")* ,*#- &)!/'*- ,!2!2#5 )#!")0.5-12!0  /. '!))"  $)*-# ,!#)#. 7)'12,!(-  .  

  

-.3)#!#'   

 %& &"(Asbestos) ,! ' $)0)20  "60(* !. % .#& #- 1)&# !'(1 !'5&0 ,- ")* 

,#). 11 .%& &"*   (Hydrated Silicate Minerals)7')60 '2!.   4')0 ,70!0) 7605 , .!+)0)

,)!3(10 $)+&)$ !+# $)')6 *04  ,7/!& ,#3' ) 71#-" .(!0* ,! !&4 . %  ,!- 1$0 )##* ,!#'

$)*) 1 $)')%'+0%  ,!/!0.) ,!2/ ,,!!. % ,!!0!4 ,!'0)5  ,!&!&0 ,(!"-12 ,(!") 

                                                 
8+)'+  '&!!'+ 7!#)2 , '(!0&",!#2" !!)(!-" , !()" '$"" ,*2!&!+)"!1# 1)5* , '")(!2009. 

9 # %)'!+ '$!' ' 5+&(4.  

10 ' !#2!3!+ %)'!+# ' 5+&(4.  

11)6! %& &"# $)0)/ $)()4$ !#.  ,!+&)( ,! 650 ,!#1$0 *()'5"# !4 7! .' '2!'0" '250")(0 ! ' 0 2008 ,

'$" :-asbestiform-non-differentiating-18828048_pub_rec/com.articles-health-find.www://http

htm.size-asbestos-amphibole-amphibole  

12 ,! !&*) ,!0  84'$0 %& &" #- !##4* *( 0* )* )"",!%50 ("*30 *3 ,!/'+( ,(0)" , ,(!" ,06. ,* 8"

,!&!&0.  
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$!1)#)!  ,!2')+0 .)#" $)()4$0 ,)#- *#).0* !#0-5*) !0'$* /)/! * '-)40) , $. )(

%& &"* #- )$)!-)0!- :'0)54 ,!&/(*) ,!!$!!-.$ ,!'6)0 #-  5' 7))10# ,!"$0 ")*,! .

%* )$')6 ,!'5" ,!'0)5 ,. ) )#!-  )" *')*,!# 4 ')3-#) ,!1!'" %& &"0 1)'"# 7$!(  .

4)$)" ,!(5)%- !%'(!" !)#!0 '0)5 %& &"* *))*0 "!56( ." 2! /0 ,')1 )# ,!+!&)0-4) %(06

#-0# (,!'6)0  )6!.#) *!!( # *235 $ )'.$ $'6)(13 .  

  
')!" 2 : %& &" #- !0!(+ *( 0)2!0 ,)#!62')& !()'%2#" +)2&)'(14.  

  

%& &"* !2!2#5 #- $!$)"!' * ,$(4&) ' '1.4 $+!"-0 $). )(* $)!$)"!'  $)!.  

%& &"(,!%50# ,!0)/* )! !& *( 00 $. )(  . -!*#) 2#5$*# ,!4!-00 *#" !+ #. '

,*#- $!. %* *!6%(!!')"* , '0)5* $(!5% '5"# ,1 - /5" 7))!4  '0)#4 - ,!%50 ,!'6)!) 

$)'!.3'!))"  $)'3+$0*  . 7! - ,!4')"  $).( %& &"* !%500.1-50 .!10* ! ). ) 7)'2!0 

 !/4#0.017)'2!0  . #- &5!  *!)(  $!(!!+)" %& &" %501:3! ).# 8')"* 7!   . 7))10*- 7 )0

,') . #!.! 7)(!& !#4 '6!!# 7)!&!(* #. *-20 %& &"* !%50 #- ,!#/1   5'* , ,!((&0) '5"0

/!0$ ,!())407(&# ,!')0" ,* ,$)"- ,!2!2#5* #/)1# .  

  

 #.0 74')"- ,!%50 7* $!-)("* *0!-(* $4'.0# &(4!*# '$)!  $)!)+6*5 7)'2!0 

 0 $)5+ 7!! ).)– 3 7)'2!0 ) 840 ,!#)/1 ,!2!2#5",!'6.( " $4'.00 ,!2#)&0 )" 7)'1 

!. % 7+)"  $!-)("* *0!-(*15 .( ,#)",!%)( ,!#)/1 %& &" !2!2#5 ,')0"4 , ')6!#) ' -!*#

'$)! ,!(%2 ,!2!2#5 ,* ,$')6 #. *'!0- 8)$"$!(%50" ,*0!-(* $4'.0# $(4)&0-.  

  

  *!!-.$ ) *!!(   ,%& &"  -)0!-* '2!. *-.( ,- ,,!1)& !(-# )$)" 2#5# 1)*( :

%(06 %& &") 8!'+ %& &" . *-.0# ")* 8!'+* %& &"*!0#)1 %& &"3$)0- $)'2$ ! 1 #.  

$)'!2))6# 7)%  !%&)2" /)/!  !4' , !0'$ /)/! $)+!'- !(+0 *(1*4 )" . "'2( ")*"8!'+ " #.

)$#)4! ,)- #2 .10  '')+$*#  '$)!  ''5-#) )3 8'/  ,! !& ,!2!30'!))"# . ,* %(06 %& &"

0 ,! 4')0* $)5)# ,$)" -10%) %& &" -90%,!'5" ,!'0)5  ,##4 8'/ ) %#0 ,!0 ,!0.+#) 

,!+'- !(!0 . /). #4%& &"*  %!* 235)0  2 /0* '0)5*(4& *))*0 )(!" ")*  , '-"4 8"

                                                 
137))10 !')%&!* .2' -! %& &"  -)0!-#  . */1" *(-!* !4 $'+&0 $)#.   #)/1* #'"-)800+&# *"( ( $+0 *$!!*

%& &"0 75#)- .*+0* $" $)2(# $(0 #.0 7)30* !0$4,7) & )" %)%'0&  8')6 *!* "# , "#"  *$)" 8!#-*# 2'

"#* "!6)*#) -"*7!%)#5# *!!2( ,-0  .!')%&!* 7!4)0!& ')+!&# 7!",! , .2'* $" -!50*# /.)( ")* ,#)"

%& &"* $" :%).- ,&2* :)+") !')%&!** .  

14 '$"*0 *52#( *()0$* :html.picture-home-asbestos/com.power-purifier-air.www://http  

15!#'%&)"* $)"!' * /'-0 '$" 8)$0  :shtml.risks_health/faq/au.gov.nt.asbestos.www://http  
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'')+$0 %#0* ,:'-( )" ' -( ,'!))"# %& &"* ! !& ,!''5$-0 $4'.0 #" .!1*# ,!#)4!) 

$!-)("* *0!-(*.  

  

  

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

).  ,!.)/! %& &" ! !& $+!"-# ,!')-2* ,!!$)"!' * ,!23(* $)/)" ./!0* *3 ,#

 ' 703 ,2!)/0 8!'"$ #. . 6"* $" ,!-# *-2 ,#)" . $)/)"  5'(* ./!* $#!5$# &5!!$( )("

 $(-4 %& &"  $)')-2* $)#501938) 4   4.$* %& &"  #)+!%* #"'-!  !4 )( -!5 74 #.) -

70*(- ( .*'"  5)%! * $)' 5 *()-"'* ,.+  ) '!& )3 *(- " ,!/ ).* ,!#.)+ 5% #  

)6!!# ,!#.+0 %& &" !( 0 $!!(   ,!/ ).* ,!#.)+ )" %& &" '16 . ,!' /* %)-!+ 8')6#

 */) . )3 , $(-# &5!!$(1938*.)/!) $!-5)0 *(4& $)!*# 8+* %& &"* * - *(-4  ##4# 

 ') !6* ! '.0* ,#)..  

')0"4 , ,!!$)"!'  ,!23(# ,!0')1 '-" ,! !& !'6!!0 ,!%2!#!& ,* %& &"* ! !&

'$)!  ,!!$).0-0 .4&*:)( ) * ! &  ,! !&* $)/!0.0 $. )( %& &"# *+!-5 - *( , 840)

,*  7!5 *# 7$!(- $)5!' 9!+0 ")* 7!") 74)&0 '0)5 #- *"'0 %& &"# 7!"- , !)-. ")* ,#)"

"+'0 $)4)-5 $)#50# ,)'1# .%& &" ! !& #- *+!"-0 *"6)$4 ,'1( !$)"!' * 23(* . *+!-5

 $)04 $" '! 1*# *#)#. %& &"# $4-)00 *(4&* $" ,1 84 ) $)"!'# $+"-(- ,! !&*

$!$)"!' * .,)!*# 7)4( ,$)')05 $)"!' $)#50 -)#- $).)/! ,%& &" $+!"-0 $)0'1(- :

&!3)%& &" ,)30) 7%'&% *0)!#Mesothelioma)(17 . 

1. #"7%)#!#'- '* *02'* #- $)20%6*  $(!!+)"0 )3 *#50! $+!"-0 *"6)$4 $!$"

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

7*  7605* ' .0  62  *.!1+) $)"!'* #- *#!1'* $)-!01* 7/ )"0 . *#50* !(0!&

 ') .4 *()-"'# ,!.!+)010%& &"# *()-"'* *+!-5* .1'0 $)5+# ,!(-  .

)%& &"3 &!)((!"7%'& #- 1)&  ,0 # "3 *0)!#%) 74) *"'2(. ,!#)5 ,!#)#. ,!0!)&0 

#5#$)  )%& &"3) &! )!$) 2. 5$+0$0 3*0)!#%)18.# #30* .)' , "+'0 7!"

&!&)%& &"# .74 !+ #. :" , ,!#)+!% 7))1!0 -!*# ,!#)4!- #. #2&*,!0)%+0! #- 

*#50*.19
 

                                                 
16 * 8)$0*'"  7!/* !4'). $4-# #- ,!()$("  .'$"  :html.history/lawyer/com.asbestosisalert.www://http 

17 http://www.epa.gov/oppt/asbestos/pubs/help.html#health 
18 http://www.allaboutmalignantmesothelioma.com/asbestos-lung-disease.htm 
19 http://emedicine.medscape.com/article/295966-treatment 
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 ')!"3 :!2!2#5 %& &"  *"!' $02!'20.  

 

2. .%"3)%7.:*"!'* ,)'2  .1)+* 7%'& )*3  , !/)5!! ")*)  #* ,)'2 ) 7% * ,)'2 

5#%& &"# *+!- .*-2 "!* *#50*0 *"6)$4 *.!1+* , $0!!$&0 ,!'20* $! '0 )

$))0  . !( ) %& &" !#.+0  )/ .- ,!#.)+ #6" '2!.  .!+)0* 7%'& )*3 !4 )' & ' . 

,*!$)5+-0 ,$4-)00* *+!-5* #-  , )3 *#50  $)#5# 7)4!&* !4 .)/! ,)!* ,#)"

% $)'62 $)+!-5 %& &"# :-5(- !0 #6" ,1 ,!!2/ #  5))21. #- ,!0)%+0!&* 

 *0)!#%)30,(!" *#50* #- ,!!+!6+& ,!0)%+0!& ,$)'5" $)#50 #- "#" .$! '0 

 ,!#)#. ,!0)%+0!&* !4 ,!"'0 ,!'250* .!+)*#7!  30-40 *+!-5* '5"# *(- 

%& &"# .74#,,!#)5 ,! '   ,(!" ,!./)0,!0)%+0!&- 84#,#6" ,!#1$0* ,*  

*-.0# *#50 #- *"6)$ $0!!2*$) ' ,!(- ,+)1   . 

0* #)+!%*# )2   #)+!%# *0)/ *0)!#%)30 ##)4) ,!'5" ,!(%'&:  

-,!5)$!( 

-*!+'$)0!4 

-*!+'$)!/' 

  
!" ')4 :*0)!#%)30 #- !$04& ')"$22.  

                                                 
20 http://www.mesotheliomamedical.com/photos/asbestos-photos.html 
21 http://www.allaboutmalignantmesothelioma.com/asbestos-lung-disease.htm 
22 http://www.mesotheliomamedical.com/photos/mesothelioma-photos.html 
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')!" 5 : ,/"* $"!'  *0)!#%)30) 7!0!–' !*"!'  *" ,#"0-  -*#)5 *"!' ( 23.  

  

3. "-%#6)+#("4%/  - /2)* 7%'&0 '0)54 %& &"#,! ' ,!!")+' ,!'250 )- ,0 *#.0#-

11,000 8-0  ,!0)&'+ 40$)()'5"* ,!(-* 24.  !0  '2  '$)!  5!4-* ")* $)"!' 7%'&

%& &"# :-5(- , 7! ) ,!+&)( 7%'& !1)& 7!  '-2 ,!!2 !4 ,1 )"60 ,!'250* ,#)"

%& &"# *+!-5 .#-0# 84 * !2* 7%'& #- **) 1 $)5!4- )#!1 ,&1* !.0* 7%'& , 7%'&

*$#)5#5 ,7)'1*) *+* ')3" #- 7%'& , )+-5(- ,!-("  '2  $)!#4* 7%'&) .)#* 7%'&

%& &"#.%& &" "6)00 7%'&  $)#5# !)4!&*) 7)-!. 7!  &&) 0 !$ !&( '-2 -! . 

  

+!-5 - *(4&* $ ,!'!.6 ,!/#! /5)!0 )  5'* ') !6*%& &"#:  

9'" ) ,#).  )-.(- ,!'250025'26'27 #50  $)#5# *(4&* !4 *#). #!.# )(!)6- $)

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

'250 :-5 #-0# 84, *!(%!'   8'.(-  $(- 1965 , !410% )30* !#)50% ,(!" *0)!# ,!#.)+

-"   ).10'!-!   ,.%& &"28 .*0)/ '250 , $(-  #"'-!  8'.(-1976 , $#50 !4 *"'*

)30*%!# %& &"  $)/ ). 7(!"- *!!&)#4)" $)6) 2 !$-  *#1$0 *0)- #!1# $5$0 ,!/#! 15 

,!-()29 .:&)( '250 , $(-  9'"  8'.(-1986 , ,1 !4  )- *#.*')%2+ ,!!$2)&.$ "# ,!

*#50# ,!0')130.  

                                                 
23 http://www.mesotheliomamedical.com/photos/mesothelioma-photos.html 
24 http://ehphonline.org/members/2008/11272/11272.html 
25 http://www.sviva.gov.il/bin/ 
26 http://www.asbestos-institute.ca/specialreports/meso.html 
27 Public Health Reviews, 1995, vol 23 (issue 1), pp 35-45, “Use of asbestos in expected and 

unexpected places in Israel”. 
28 Greenberg M. Lloyd Davies TA Mesothelioma Register 1967-1968 Br J Ind Med 1974; 31:91-104  

29 Lemesch C, Steinitz R, Wassermann M. Eidemiology of Mesothelioma in Israel ,  Environmental 

Research , Vol 12, 255-61 (1976).  

30 Lemesch C, Katz  L, Steinitz R. Mesothelioma in Israel (1973 -1982); The Journal of the Royal 

Society for the Promotion of Health, Vol. 106, No. 4, 141-142 (1986)  
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*!!'*( #- 75 0* *'2031:  

 8-0 45(- )0)!2 $) #.+0  )/ .  %& &"*"$!($!""- *!'*( 4  -5,000,!#.)+  

,!.) 2 4 /).)- 5,000'.)( !( ) ,!!.'" ,!#.)+ . 8-0  )/ .- ,!#.)+* ,* *()-"'* *6) 2* 

#" ,* *!!(-* *6) 2* )#!") ,)20  ,!(- '+&0*$)'62 $)+)2$# #.+0# )(0/3(-  . )(!/!  7!"

.6)00* ,!(-* '+&0 $)/)" ,!2!)/0 ,!()$( , *4!'6* #.+0  $'0-0 !4 )(# .)/! 8"300 

/ .- ,!#.)+ 7!  )  )8:00-17:00 .!4 )(# .)/! /).  ,!#.)+*70 '2!.  ).!1*! '.0* #!#1*  , ,*

! -)$ )!* * ,!'+4*,!! '.,,!'+4*  *,!3)'/ ,0 ,! -)$! -)0')3"* '*( ! -)$) !*! , ,! '-

,!-/5 ,!#). ,$)!*  #.+0  */) .# )'4-( ,*0.   

 7)$!."9'"* " !()! -/)5  5))!/2009)* *!!'*( ')3" !4  "" ,!!2 ,*  ,!')3"* 7! 

 $'"00* *#50*0 ,#).  '$)!  *) 1* *")#5$* ').!-%)30*0)!#"32 . 7%'&* ,)-!' #*(0

  ,!#)5* ').!- !4 "60 $)"!' * /'-0 %)30 )4. $+(  *0)!#)*!!'*( $" $##)4* ( 7!  /0.

 ,!(-*2001-2008  #.5.72 #4# ,!#)5 100,! -)$ :#"  . )0-'( #)4* 8&19$  ,!#)5 )3 *+)2 .

*"))-* 8')6#!4 7!!6( *!#%!" - *")(1  ")* ,#).  '$)!  *) 1* ').!-*  , ")* ,- #. /0).

5.8 #4# ,!#)5 100,! -)$ :#"  . ! " #$ $+(  ,!#)5* ').!-# 8)'.# 7$!( $+&)( *"))-* ,

 #.+00  ' 25'0 *2)5'*"$!($!"" , #. /0). ")* ,-0.55 #4# ,!#)5 100,! -)$ :#"  .'0)#4 

 !+ -! )4. ')3" 10 ! " #$ ')3"  '-"0 *0)!#%)30 !#)5 '$)!  . '$)! /). $)//5$0 )#" $)/ ).

 $(-  !4 ,!/0)# '-"42002 #. )4. $+(  ,!#)5* ').!- /0. 3.55 #4# ,!#)5 100-!" :#"  ,

  ,!#)5* ').!- #/1 ,!(- --  '0)#4 -1.6 .)3 */ ).# ' &** ,!+#/ "(5 '  *4!0 '" ,)!"#*(0 ' 

#"'-!  * ! &* $(1*# /'-0  7%'&* ,)-!' ,840 . )( -*%)30 *# -'/(- *#50 "!* *0)!#

5$+$*# 703 .').!- !4 8!'.0 ")* )3 * !&0 ,!#)5* !8!-0$) )'2* ,!(-  #/1!)  , ,.

 #- ,$)'1 $*'0)5# )+-5(- ,!-("33.  

 ,!(-* 7! 1990-2008 #)4* 8& )0-'( 60630 !#)5 %)  ,!#)5* !$   *0)!#) 9'"* 7)+6

– 0' ,!#)5 $! ) *!!'*( ,!#)5 $!  ", .4 .6)00  ,!0-'( *(- #4 -3030 !#)5 %) ! 5'  *0)!#

9'"*34 ./0! !0-' "# 5)) # 2$*- ,!#)5* !$ 0)##*,)3 */) . ') . ,'&0( !4 )(#  '2!. 

)30  #)+!%# ,*!#" ).!1*- ,!#)5*%*0)!#  ,*')6!! !#.)+#.+0* 70 , - ,!-("/ .,. )'6)0  !

%& &",! )'2 #- *()-"' *1'/0 *5+-0  ,!#.)+* )'*( ! -)$!! '.0* #!#1* ! )-!!) *!35.  

,!!0-'* *")#5$* !()$(036'37 )'' 5+&( ,1 2 ( !4 *#). *4 /. )' %6*- 70 -!#-

7* ,!0)-'* ,!#)5**-.0# #.+0* !#.)+ "#) ,!-(  .)3 */ )..! 60 *#. 84   *!!'*( -

                                                 
31)$(* '$"* 8)$0 )52#( ,!(:  http://naen.timba.info  

32  $(!' '!'+6",!'!*30 ,!50)0" , 7)$!."9'"* "18.6.09. 

33  * $4*0 )52#( ,!%)%!6*) ,!()$(*",!'!*30 ,!50)0."  

34  * $4*0 )52#( ,!%)%!6*) ,!()$(*",!'!*30 ,!50)0."  

35,!#)5* !$  !(- #- $)' )/* !/'-0  )'&0 84 .  

36!()$( 8)$0 $)"!' * /'-0 #- 7%'&* ,)-!' .  

37 http://www.health.gov.il/download/sartan/2006/mesoth2006.pdf 
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 *-5'$***) 1 $!$#!*2 *+!-5/5)!0  38 , #.+0* !/ ). $#!*2  '2  ,! ' ,!-("- '0)#4

%& &"# )+-5( .  ,!(-* -)#- $)()'5"* )+&)(40 ,!#)5  #"'-!  *(- ,'20 *'-.-4,! 

,4)$0 ,* 0'*( ,!#)5* $! !*!/ #  . !4 -!1/*#  )-5 *")#5$* $" ,!16!!0 )#" ,!()$( 

 %)30/ #  *0)!# ,) ,!##)4 ,(!"*")#5$* !()$( $"'&  %7$)"!'  , 7)'1* 7%'&) $#50

&!3)%& &"* ,-* ,1, # ,!!(!!+)"%& &" ! !&# *+!-5 .

:&)( '25039)30 #- ,!'20 75 - % ,!(-* 7!  #"'-!  *0)!#1960-1996*"'* !4  

 '+&0)30* !'20%#. *0)!#*-0 7+)"  )#" ,!(-  !$).0 ,8!'.*) ,1 8-0!$ *!!#.* $010- 

 8-0 10-15'250* '5"#- ,!(-*  .  

 ')!"6 : !#)5%)30 *0)!#. #"'-! # 0 !+'/1 ,!(-* 7!  1960-1996 ,* '250  )16)*- !+4("#.

  

 ')!"7 :%)30  *")#5$ ,!(-* 7!  *0)!#1980 – 2004#"'-!   ,(* '250  )16)*- !+4"#.  

                                                 
382('+ ')&+)'+ !' /0  ,!0)"#(!  *")#5$# *50)0 ,'$"* 8)$0 :www.timba.info  

39 IMAJ, Vol.2, 828-832, S.Arad et al, “A worrying increase in the Incidence of Mesothelioma in 

Israel”  
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 ')!"8 :( !()$%)30 ,!(-* 7!  *0)!#1990 - 2004 ,(* '250  )16)*- !+4"#.  

  

 ')!"9 : !'20%)30%)30 ,!(-* 7!  #"'-!  *0)!#1980 – 2006 , '250  )16)*- !+4(*"#. 
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-.5 3/ $"+%)#"   +"*# $%0&%43'+/"! )#!#'   31,. 31 /-5! "$"4$"'"
40

  

  

'*(  %& &" !'6)0 ')6!!# /5" #.+0 #.+ #"'-!  ,-* $5$ *!!"%& &"'-! ."

# )0- :#5)* '$)! '5)"0"$!($!" ",!!2))!- ,!0.%0 . *(4( )3 */) .  #) #  .)(0# $(0 #.

 )$)""$!($!" " ,*  ,!(-  ,1 "'2("%& &"-! ." $(-  ,2)* #.+0*1952 #"!$)2! !/! #. 

70'/+ .)(  #. #%)* )#)*!() *5+-0* !/!  *$!!* #.+0* #. $)#. * ,0'/+ !2!07 .#.+0* 5%- ,

 #. /0).*200*!!'*( :)5  ,()/  ,*(!/0* 70 2(.0 *-.0# ")* . #.+0  $)()40*) *!1)#)(4%*

 $' 50 )# 2$*"%!('$") "(Eternit$!'6!))-* 41 , *6)#5 *$!!*- $!+)'!" ')6!! ,)5$ 

0 ,!'6)0%& &" .  

  

*"#0* )$#).+ $.  , 4 ,)! #4  #.+0  )/ .– 350,!#.)+ ) 3006!!* &+  4 /).) ')-50 

$)()- *#*(0 $)/) . ( . $! !&"0* *!!( * $+)($0 2#54 *4'   )# 2$* %& &"* !'6)0

,!(- 7$)"  9'"  *#*($*- .$!  )  )"' #.+0* !#.)+ , $)()$5) $) !&0 )  )4'.( :" *!!"'#)

,*!$)5+-0 !( ) ,!/ ).* #- . 2!&.04 #)4# '4)0 *!* 70'/+) *!!'*( '!.* $))"1#  -5( ")*

'!.  !34'0 !#4#4 ,')14)  )-542.

  

%(06 $)%#+ 7)14 %& &" !'6)0 '40) '6!! #.+0*-$)11 !)&!4# %& &" ,/)/! ) *!!( # ,

 )! ) ,!0 $)')(!6 ,,)%!" $).!'! ,,!#&+& ,$)!(/" , 7)&5"# ,!0#- %& &" !( 0 :") ,!6!6.

,!')10)) )'+ '43)! * $)(-0 ,!')10# *!!(  %2!– 60 *!* )0- '-" "%& &" *))("( . !'6)0

 5'( :2!*  9'"* #4  )-4'( #.+0* ,)*6 $" $)(0# '-+" ,!!'2!.* )!()2 7! "# , $' 5

,!6 $' 5) #0-5* .  

  

#.+0 #44 , #.+0 ,1"$!($!" "$#)&+ '6!! .* $)(-  -60!+*  #.+0* !%!(' 2 )6  $40

 ,!()2#,!!#"!6(%)+  ) ) ).!/)*$#)&+ !4 %& &"#.+0* 70 )"0 *0!"$0 /#  '+. !4'/ #. ')3!+

$)/-  , ,!&/'+ )!'+ !(1  $.()0) .!2-*  #-')5   4' !#4: . $40  7!)6 /). !4 $"60( #.+0  

$#)&+ %& &"* '  -)4'# 7$!() *$)" #- '!50  10 2).0 '%0# $)')1"  , *&0.**- !"($ 

$ *# )**)*-.!*()2* 7) -5 #. 43 .)3 *.6*#)(.( ! '.0* #!#1* ! -)$0 $)"0  ) ,!+)1 74

,!#)/1 ,!!/&)0 7)14 ,!6) !2 ,,!'. $)#*(*) ,! -)0 . *()2 *# "60( "#- %& &" $#)&+

,!* :)5 #" *4#-)* ,7)4!$* ,!# *0'3)*) $)0!'.  ,- *0'.(.  

  

                                                 
40  #.+0 $)/)" $)/ ).* $! '0"$!($!" "7')20   1 ,. *5!- '8!!' $!')" , -"' $)4!"# *$)0.*) ,!!5 * ! &

 *!!'*( . 

41'$"  ")60# 7$!( *' 5* $)/)" ,!+&)( ,!%'+  :ch.eternit.www://http .)6! 7! !4 $(- 1994 $' 5 *2!&+* 

"%!('$" "%& &"* !'6)0 ')6!! $" 7!%)#5#*!0)5$   ,)5$# *' .)')6!! !0'5" ,!.  

42*!'*( * ! &* $)4!"# *$)0.* '$" !+ #. : http://naen.timba.info/)  80& #. ,1)!"' 1 ,. 7 '8!!' $!')" ,

*!'*( ,'+"#! 2009. 

43 +)'+ '$'+" .-!#" ,".2'2* ,)*!3 #. ,*) '!))"*,!0" ,$!4)(!5* $!1)#)(4%* *!!'+&* 8)$0 ,'$"  :

il.ac.cet.lib://http .  

  



 16

* 7! - ,!"'0 ,!()$(* ,!(-1997-1962  *2+!& $' 5"$!($!" "%& &"* !4')6 #4 $" 

#"'-! ,)  84 *$)-. # *0'1"1+0* .%& &"*  '$)!  ')05#"'-! 44 ."  

  

*!!'*(  %& &"* #.+0# ')-2* #4  $)./)0* $)5$+$*45  

  

')0"4 , 7)$!. ,&'+ *(-* !()! -/)5 "9'"* " "-)(  *#)/1 * $4*%)30 * ) *0)!#

 #"'-!  *#50  ,!#)5* '+&0 $)/)" ,! ' ,!()$()' ' 2'+1.4(46 . $(!!+"0 *(!" )3 * $4 ,#)"

#.+ 7*  $)()-"'* ,!(-* $"#.+0*  . ,!(- 7$)"  *$!!*$)./)0*#"'-!   , % !** 70 $)5+#

!$')-2$* ,* '*  *(%2.  

  

 $02* $.  ' 4#.+0* , $(-  '0)#41952 , ,#).* ! 5'  )0&')+ ,!()- ,!'250

 !4 )5!4)*-74)&0 '0)5  ' )/0 .'43)*- !+4,  $(- 1938  5)%! * $)' 5 ) '!&*'" " 5% #  

%& &" !#.)+47 .")+' ,!'250* $)(-0 ,!!-40*) -50 7!  .)/!* '-2* #. 3" ' 4 ,!.! 60 

* $#50 7! # %& &"%)30*0)!# , # !0)'2  $)!'-+" $).!1+ ,7% *) *"!'* !0)'248 .  

  

 $(- 1961 *0 *"6)$4 #.+0  / ). #- 7)-"'* $))0* *'20 -5'$%)30*0)!#49 .

 $(- 1981 *%) $&(4  %& &"* 7!!(. $" 7 6 '!"! $&(4* ' 5 *#. 7!!(.* $" 2)/ # -! !4 7.

,"$*  ,!2)5 22)5#) )')-"#50 . $(- 1984 */.)) $)"!' * /'-0 ,!2* )" $!")+'* */.))*

2!30 2 "# *()!#.*" (%& &"* !23( ')'! # ,/0.)* *-"' )0 -1991)!4 "+)'+ ' '7! )' !5!0. ,

'!4  $)"!' "+)'.   */.))*–  "!*-&"# $).1)(* $)!1)&* #4  .!'40* :)1*) %& $. )2* )3 

"!%& &"# *+!-50 $)0'1(* *#"44 )'4)! $)#50 !1)& )# - $)4$)5 $)54)* *"60 "# ,)!2# 

)# *))#(- !$)"!' * 23(* 7! # %& &" $+!"- 7!  '!-! '-2 .,#)" , #- ,!"600* '/.!* :" #.

*/.))* , #.+0  1!*(*# %#5)*"$!($!" "$)-/5 $)(2$ ..+0* #. */.))* *$')* 7*!+ #. #

710 $)4!&0) */) . $)+!#5 ,!/ ).# 2+&# .74 )04 , $)5#20  5#2$*# )5()* ,!/ ).*

#.+0 - , #5 $)$-#'&"( #.+0* !0)5$  7)-!.*)  . *' &* )# !2 "# ,#).0 ,!#.)+* ,#)"

7)4!&* #. $'/)&051 .  

  

                                                 
44 +)'+ '$'+" .-!#" ,,-.  

45  1 ,. 7)!"' #. )'2!.  &&) 0 7#*# ')"!$* '8!!' $!')". 

46  '!'+6 $(!'",!'!*30 ,!50)0" ,9'"* 7)$!. ,18.6.09.  

47 *'"  7!/* !4'). $4-# #- ,!()$(* 8)$0"  .'$"  :html.history/lawyer/com.asbestosisalert.www://http 

48%& &"* $)(4&# $)./)0* #- *!')%&!** ' /  :&)( %)'!+#  ,' ' 5+&(3. 

49 # *$)0.* '$" !+ #.$)4!",!!5  * ! &)  '*(!*!: http://naen.timba.info 

50 "-)(  $!$)-/5 *.!/! 8)$0 , 7)$!.  *.!+)*-"$)()'5" $).!/! " $'$)4* $5$"$&(4  #)0$"" ,2.4.84. 

51 7)!"'   ,!!2$*- -/)5 '+"#! 2009'"0. ')%2!) '0 ,. , $(-  -/5 *#).4 *!!'*(# .!1*- 1961 $(- /.) 3"0) 

1996/ .  +0  #."$!($!"."'"0. '0   $(-  2' )# *./)( %& &"* $(4&- '+!&1996!"'2" 7+)"   .3" ,)!' /# ,

84 #. .!'$*) #.+0* !#*(0 #" -1!( . ")* ,)20  ) "*/) .*0 ''5)- "$5% )0 *!&(+ ,. . 
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'0"( *3 #)4-0 , %& &"# ')-2* #)4  $!/&00* *!!-.* '&)5 #. %! *# '-+"

#.+* 8-0* ) $(- /. #.+0* $1997!0)"# #/504  . $)!$)"!' * $)(4&*- ,)-0 #/50

$).)/! )!* %& &"* ! !&  $)()0%* ,-5'$*# 7*0 .)(0# !/4 ' / *-.( "# ,#)" .  

  

 )#!+" $(- 1996 , ,!-)0!- '5" -)+!5 #5*) 2&+)* #.+0  %& &"* !'6)0 ')6!!-4

5%-# ,!-/5,  ,!2*# *!!'*( $!!'!. *.!6** 5%-* #. #)/1 !$)'!!$ %2!!)'+ #.+0# /)06 - 

 ,-  ,!.)-.- 2'"+",!/#!* $(!/0" .,!!#"+!6!()0* ,!0')1* #4 !/! #. *'-)" $!(4)$* 

 $!$ ! &* *.+-** '!2&$- '5"# *!!'*( $!!'!. ) $" .(0 !') !6 2 "0- '5"# ).6) -

$!$ ! & *.+-* '!2&$ "## *!!( * #. ')-!"* $"6)* (20  ,!!2 "# !4 )"'*.1+0 ,)52 .

' / #- )+)&  , $(- 1998 , $!!(  *'6.(",!/#!* $(!/0 " *'!$. :") $!') !6 $)#!.+0 *"6)$4

1 #"*!!'*( ! -)$ !/! #. *-1)*- 953.  

  

   ')-2* #4  $)./)0* $)5$+$* #. /!.0) *(-* !()! -/)5  -5'$*- :&)( ' /

* %& &"#-1)*- *.! $ '/&* ")*+!5  !3)50* %+-0* $! # 54 . #.'/&** !+ , *!!'*(  -)$

  *#5 '-"%)30 *0)!#:!2. 7+)"  %& &"# :-5(- '5"# , '0)#4# * '2* 70 *"6)$4 )! "

 #.+0  / .-"$!($!"" , #. *#).* !+&4 ,)4&  *6)+!3#2- 7)!#!0  . . )$*4,)!")*  7  45 

!   /#! *!* '-"4 %& &"# :-5( )$(.%#))!')* $ .#"'-! $(!/0 ,* ,!. $(*;* $' 5  5)%! 

"#/10",,!()-* #.+0* !5)%!  #. $!"'5" *$!!*- ; $' 5) "$!($!"", ')0"4-  #.+0

 %& &"* *!**$)#.   . )3 *.! $  !%+-0* ,!/2$**/ ).* 70 . )( 7!"- . 2 %+-0* $!  !4 

 8')6- 84  ,!0')1* ,!. $(*)*(!/0* ,#.+0*) 5)%! * $' 5 ($)!'5"  )/)!, * 23(# *'!-!

,'1(- !$)"!' *# . )$ ,*'20 #4  )$)6+# ,*!#.. *()0% )3 *.! $  *!)60- $+&)( $) !-5 

 !4 */ ).  ,1,!!)6!+ ,#-# %+-0* $!  !/! #. * !)5 #"'-! $(!/0.1+(# . -! / #  )3 */ ). 

%& &" - $)(4&# $./)0 *$!!* *(!/0* !4 5!4)*# !/4 *  , *$-. "# 8"!/7$)" .)(0# !/4 .  

 8').)(!/. )$* #-  ,.%# /#)1 *-0 7!/ 8') ,84 7)!/  7.%" : *'4* *))*0 ,#)-- *) 1* !)6!+*

,!')05 ,!()4!&# )+-5( %& &"* #.+0  )/ . "# ,#).0- !0 ,1- */ ).  . $)5+-0 !( 

'$)!  "')(* '!50* $" $5" "# )0#!- ,!/ ).* , 8-0  /!+2* "# #.+0*- */ ).* $050

$)"( 7)&5") *&! 4 !')/!& #. ,!(- $)'-.#.+0* 5%-  */) .* ! 1  #- ,!"55.  

  

 )(4'.- ')!&   *!!'*(!"0 -/)5  2009 ,"- '2'+* 8-0*  $).!+)0 )(00 $)()0$, 

)(!"' #.+0 $" "$!($!" "–) ) ')1&  5'( 5%-  ,!#)/1 ,!( 0 '')+$0,!, $!  *( 0 $" )/!6#) 

 '+&*),!/ ). ,!'.(# '+& $!  ()!#" 8)0&  #.+- ,'')+$0) ')1& ")* ,1 .'0)5* $)!'"- ,

                                                 
52  8)$0$)4!"# *$)0.* '$"* ! &) ,!!5   !'*(!* .'2&* ,. 70)0-"5  #.+0"$!($!"" ,2/ 2 $)0!1/  .2'

$)# 1)0 ,'!))"  %& &" $)54)( 2/  "#).  

53 * #- "#0 %)'!+'/&* , ##)4 !%'+ *'!$.**(1** ! $4)( ")60# 7$! '$"  " * ! &) ,!!5 $)4!" 7.0# *$)0.*

'*( !*!":info.timba.naen://http,  !()!4'"  74)",/" ,7!/) . %."  

54  ' / ,-  '0"0  " )* *.! $*"%& &"  )! " $/) . ##1  7%'&  *#5 "1 $"0' 7)$!.  !')5 !2"9'"*" ,

9.6.09 . 

55 * $4  %%)6- !+4" :%& &"  )! " $/) . ##1  7%'&  *#5 "1 $"0' 7)$!.  !')5 !2"9'"*" ,9.6.09 . 
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$)')(!6 ,$)'!2#.+0* 5%-  $)5)# !' -4 ,)!* ,!5()0 $)11* $" ))!*- %& &"* $)5)#)  . 7! 

,!* :)5) #.+0* ,*!!'*( :)5 #. ,,!4#-)0  $)0!'.  !' -%(06 $)5)#-%& &" ) ,!'2/30

7)%  $)/)&! ,$)')(!6 ,%& &"0 $) )3. $)#.$) $)4!'  ,  60  ,*0 * '* #-$)'')+$* ,

,/"# 74)&0  60 ")* ')0"4- .  

  

 $)4!"# *$)0.* $.!/! !+#,!!5)   * ! &*!!'*( , $' 5"$!($!"" , $#.  "!*-

$)()- $)'%0# -/50 5%-* $" '!-4*# !#4#4 &'%(!" , 5%-* ,)2!-  :$$-*# *.!60

)!)2!() ,8" !"($ * !60: *#-00*-    "-!$- 500 3)5" $)#.5%-* #- ,)2!-*  .

  

    

  

  

 ')!"10 :%& &" #- '')+$0 -)1-*!!'*(  *65'* :)5 #)5  .)2- %(06  !"0 -/)5 200956.  

  

                                                 
56  ,!')!"11-13)3 */) . 8')6# )(!/! #. )52#(- ,!0)#!6 ,(!* .  
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')!",! 12-13 : #.+0"$!($!" " $ -)0* !"0 -/)5 2009 !/!'-) ",!/#!* $(!/0 ":)5 $)#)5 *!!'*( .  
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-.63/.. $%"4"5. $)#!#'3 1-%4! 3'+/"   

* ! &* $(1*# /'-0* $"3 1!60- !+4 , $).)/!4 ,)! $)!'2!. $)')6 -)#-- 7$).60" 

#. #)%& &"# :-5!*#  5'* ') !6*57 :  

1.7+)"*%& &" ,!!)-.* *!!(   ,!%(0#" #- ")* '$)!  5!4-*  %(06 ,)'')+$*- ,

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

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

%& &" #!40* *( 0  , ,!#!% $).!1+  2. $)5)#* $'! - )" ,!!()6!2 '!)" 130 !.)'!"

!()- ,!1)&0, .  

2. '$)!  74)&0* 7+)"*# :-5!*# %& &"*)8!'+ %& &"  .10 !/! #. " ,-0-0-  '2!. 

4 $).!'!,!()- ,!( 0  $)'!2 #. /)/! . **) 1 ,! !&* ')'5- $(4& 0*3 *'20  /)" 

 *) 1 ,! !&* 3)4!' ,1 ##4 8'/ )%(06 %& &"0 '$)! .  

3.'*( ')3"# !/)5!! !-!#-* *'20*!! '.0* #!#1*) *! .%& &" $#)&+ , %(06 1)&0

* 1)&*0)8!'+ , *(0%)* )"')3"* ! 5'  .2'2  *'3)+ ,,!#! -# .604 '$!* 7!  

,!!') !6 ,!5%-  , :") ,!!"#25 ,!5%-$)!%'+ $)'65 .#4 %& &" *  70%)*- .2'2 

$(4)&0 *+!-5# ,)'1# *#)#. , !((. *#.0* 5)' $ -(0- $. ) - ! 5%-*-4 /5)!0 

2 " .

%& &"# .1)(  #"'-!  *2!25*:  

+)'+ '$'+" .-!#" ,'!))"* ,)*!3 "-)( $" '25-58 , "60 !4 #"'-! ,!0!!2 *4 ,)! -

100!( 0 #- ,!.) ' ,!'%0 7)!#!0 %& &")"!'  $" ,!(4&0*') !6* $" : ")* %& &"*

$!./0) $!")+' */ ). #- 7!!(.4 7%'&0) 74)&0 '0)5 ,!%+-0 7!!(.4 ,1 8""59 .  

  

4 '43)0 %& &"*"!$)"!'  .1+0 " :!.&  ' 453,.* $)"!'  $/)2+  $(-0  1940 . 84

,-  $4(" : .1+0 ")* %& &"*)*( 0- ,)20 #4  !)60 ")* '-"4 , $" 74&0 )-)0!- )" ) 60

$)"!' * ;'(!0 $#)&+ #- *0'. ")* '-"4"$)"!' * $" $(4&0* $!# ; )  $!-.( '-"4

*/) . , $)"!'  $" 74&0* 7+)"  ,!#*($0 )" * ! &* $)"!' # ,!2!30* 2&. )" *4"#0

,!/ ).*."  #!'+"# 7)4(2009  *2!25*$0!!2* "-)(   %& &"* $(1).0 7!!/. $).60"  *(2$

)! #. $. 2() 2)5 '/1  *(!"- *2!25$.6 0* $)-'* !/( ,0 2#54 *.!+)0- $)5!% * $)(2$

*/) .  ,0-$* 2!30 2 "  ') !6* $)"!' ) $!$2)&.$ $)*!1"/ 1984. !+ #. $)(2$* )##* 

 %& &" '/1)0 23(#) *"!' $)#50# ,)'1# #)#.* 2!30 2 "4!$)"!'  . !4 $)(2$* $). )2 /).

 ,2)$"2!30 2 "# $!(4% */.))" ,*()0$-*!!-.$* '-) * ! &* $(1*# '-* !/! #.  , '5&0*

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

                                                 
575 8)$0 * ! &* $(1*# /'-0* #- ' &** '0) .'$"  )$)" ")'2# 7$!( :il.gov.sviva.www  

58 +)'+ '$'+" .-!#" ,".2'2* ,)*!3 #. ,,!0*) '!))"*" ,$!4)(!5* $!1)#)(4%* *!!'+&* 8)$0 ,'$"  :

il.ac.cet.lib://http .  

59 ,-.  
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%& &"  .'1&0 $)#!.+ $$)6#0* - 1$ */.))* * # $)')-2* */) . #- ,!!(4%* ,!% !*

%& &"  ,#. 9!#0$ * !4'/  -)0!-,!'5" ,!'0)5 ) %& &"  ,!''5-0*2!30 2 "'!))"#  ,

8!0&$ $)/ .0 #%& &" ! !& ')%!( ,$ -0-4') !6# ./!0 34'0 , $)/&)0#) *#-00* !/'-0#

') !6,!!  # ')-2* #4 */) .#)  -)0!- &"%&.   

  

 %& &"* "-)(  #+%$- */.)) #- *()(!4 *!* 74"!$).0-0 /.6 , .!1* 8"32*(-  

) #.+0* ,2)*- '5"# - 23(- *300 #.+0  7)-"'* $))0* *'20 '5"# %)*0)!# , '0)#4

 '5)"0!/0. $4( #-0# 84 #"'-! #.   '")' + 2009  5#)-- $)+%)-* $)-/5 " 7)1'"

*) %& &"*%)30!0)"#(! * *0)!# ")  ,!' 5#:"  *-). #"'-! #- * ! &* $(1* /'-0

%& &"  -)0!-* $" :')1 7+)"  '&)"* 2)5 '! .*# ,!60"0) ' '#"'-!  !2)5*  60* 2'+( ...

 $!#"0!(!0 $)40& ,*!/!  -!- )(! * /'-0  ,!!0-' ,!0')1 '-"4 *.!1* 2)5# *03)!*

!.'* '0)5  ,!')-2* ,!#*(  ,#).* '"- '5" $'1+0* $)!(!/0)# . ') .! 2)5*- !'5" 2'

 !0 $" .) $#) %& &"* ,)*!3# !"'5"- !0 #4 $" / 4 7+)"  &)(2# #"'-!  *#-00* #!5$$

*(!/0# %& &" !'6)0 " !!0 )" '6!!04 &+$!!-"60

*02-0, $(-  1985 , *2#!5#)+!%* !4'/ $" */.))*  %& &"-# ,!!$ , !(- $) 2. 

* !1)& %& &" ,!0!!2*-%& &" & &") 8!'+ % %(06 . $(- 1987* 7!%)#5# '&"(  -)0!-

8!'+ %& &"  */.))* *"!6)*- *(2$ !+ #." : *')&"*3$* ,&)&!' ,*5!'0 ,/)/!  ,!)+!6 ,

:)6!',,!4'/ $#!#& ,$)$!&)" &!'1 %& &" #- *."  #+)%! %& &" !4 *(2$* $. )2 /). 

!) #- $)(2$#) $)!5(*# ,"$*  '2)  !"2!'0"* 7)1'"*EPA61.  

 $(- 1993 &(4(  %& &"*$0!-'# ,!(4)&0* ,!'0)5*#"'-! #-  , 2)5  *0&'+$*-

,!(4)&0* ,!'0)5* , '/1)* ,- '0)5*4"! !& !. % #'(!0" .* 2&).- !0 #4  !!50 2)5

"!*- 8'/ #4  ,!(4)&0 ,!'0)5 *# $(1*# /'-0  84 #. *()00* $"0 ,!#.' '$!*  2!35

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

*' .* ,*(&5" ,-)0!-) *235* ."%& &"# '-2*  *!.  *#). 2)5  $)#).+* %)'!+  , '5"0

0 2#5) !/! #. $).6 $0* $)#).+*,. / ).- !0%& &" 7* !+ 2)' ,*&!'* ,!)&!4 ,2)#!& ,!)(!+ 

/).) ,-  $)%')+0 7(!",!(4)&0* ,!'0)5* 2)5 . $(1*# /'-0* . 2 )3 *!.  #. ' 1$*# $(0 #.

 *#!0* !4 * ! &*"$) '# "#. :2)$ 2)5# $($)( * #4.+)-.(- $)#) $ ,.'0)5,!4)&0  "#) ,!(

2)5  -')+0  $)(!)60* )#" #. 2'.

 ,)!*# 7)4(!25  $0!!2 "# *))*0* '0)5 #"4 %& &" #" $)&5!!$* $!#"'-!* *2

 '!))" ,)*!3)"*!!(  '0)5 #"4 "#,*4 /. '")$- !+4  .( 7$!( $).60"  '!))" ,*304 )$)" -'+#

 :!.&4  ,!.1+0 $.!(0# 2)5 1961 ,-. )2 !4 #5 " ,/"# .!'+*# #)#.- '!))"* ,)*!3 #. ')&!"

                                                 
60 Administration, "Israel Introduces Asbestos Prevention Bill", by "Asbestos and Mesotehelioma 

: .09.210,"International Organization-introduces-israel/law-asbestos/org.news-asbestos.www://http

bill-prevention-asbestos  

61 8!'+ %& &" $(2$ ,1987 .* ! &* $(1*# /'-0* '$"  *")#0  *$)" ")60# 7$!( :www.sviva.gov.il 
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,! -) ,!' ).# )" ,)20 $ '2  !)60*" , 7!" ,#)"(* :!.& " # ,!0')1* $)')20* #- %)'!+

,)*!3# ,%& &" "# ,1 *3 ##4 ).  

#.)+  !2)5*  60*:  

* ! &* $(1*# /'-0* !' / !+ #. , ,)!*# 7)4(.6 $0 "# #"'-!  %& &" ')6!!.  ,1

") !!)5* '0 ,)$)04  # 1)0 $)(2$* !+ #.- ,,!!2 )(!"#.)+  , 84/'-0  ,!(.)%62. $"3 ,. ,

 ' 06/ 2008  2)5 '!43$ /'-0* 9!+*)2)5 $.6* #- *()-"' *%)!% , ') !6* $" *(!030-

7)/(   !1*# (%& &" !.1+0 $.!(0 "-)( )  #- $)-/5  ' )/ )!#. 2)5 )$)" )*3" %& &"* 7)1'"

*)%)30"#(! * *0)!#!0)"#!.# '43)*- ( .*#-00* !/'-0# $)'.* $# 2) 7)!.# ' .)* '!43$* 

,!()-*,!+&)( ,!0')1#) ,$&(4  *()-"' *"!'2# 7!$00) .   

  

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

,!!$2)&.$,!!$ ! & "#) ,  74#+&0 )(!" 7*  ,!!$ ! &* ,!"-)(  #)+!%*2.2)5* $.6*  

#!.# *')0"* '!/&*# $-2 0 ##)4 7+)" /!5")  #)+!%* $") #"'-!  %& &"  2)&!.* $" 

!.1+0 $(0 #. %& &" %& &"* !.1+0#  5'* ') !6* #- *+!-5 .)(0#) ,606#  . !+!.& 7#*#

* ! &* $(1*# /'-0* #- '!43$  ,!.6)0* 2)5*63 , ,!0')1* #4 !/! #. )'-)"! ,"- ,!+!.&

40&)0*2)5 #- :2)$ *(-0 )# 2! ,!:  

 8!'+ %& &"  ,!!2* -)0!-* $2&+* $" $) !!50* $)"')*8)$   ,!(- '+&0,)!0 

:2)$# 2)5* $&!(4.  

 ,*  ') !6 !( 0 #- *$)"( *2)35$ $) !!50* $)"')*,!!2 %& &"  ) %(06 ./!!# * )5

') !6* $"*( 0  %& &"* ,)!2 #. .   

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

*0!"$0 *'-4* !#.  )!*! ,)5$  ,!2&).* ,,!0!"$0 5)2!+ !()(1(0# ,!+)+4 )!*!).  

  #- .)6! * 7+)" ! 1# $)"')*!.1+0  #)+!%%& &" .  

 !)-!' $)!)40& 7$0 ,$)!0)20* $)!)-'#) * ! &* $(1*# /'-0* !0')1# *+!4") 5)2!+ ,

!$).0-0 *#/1* *3 ##4 ) $)&(2* !').!- #- $#- *'20 2)5* $)"')* $'+*  

$)()-* .

 #. %#5)0 ')&!"%& &"  -/5 -)0!- #4 .

  !!5# '4)0 ") '!4-0#- &4( ! ./!!# 7!.2'20 * $" )" ,!()2* ,!'4)-$)/)" 

&4(  %& &" $)"60!*.

  )58!'+ %& &" $)"60!* #. ) "%  *'.* ,)-!' $ .

 $02*%& &" !.1+0  #)+!%# 7'2 .

  

                                                 
62 ,*#- %('%(!"* '$"  -')+0   $4( 84 :www.sviva.gov.il  

63$"  ")60# 7$!( *#-00* #- ,!'!43$* ' :www.gov.il 
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*!!'*(  %& &" !)(!+# 3'40*  

 $+&)( $)5$+$* $!$).0-0) .1)( %& &"# #- )$)0/  *!)603'40 , /'-0* "!6)*- 

 !()!  * ! &* $(1*#2009, ")* ) ) !#*(04 ,$)/0.)0 $" .!6*# ,!()- ,!(# 20 -2 0 

')$!"# ,!%2!)'+ ,! '.0* #!#1  $).2'20 8!'+ %& &" 2)#!&) !)2!( .1*# /'-0*  $)4 84 $(

3'40  * ! &*" : $'3)+0* $!$!!-.$ %& &" $#)&+ !') 60 ,!0!!2 ! '.0* #!#1* ! 5' 

$)()- $).2'2  ,,!!"#25 ,!5%-  7* ,') !6 !5%-  7*) ,!!%'+ ,!5%-  7* ... $#)&+ $)04

4  $4'.)0 %& &"* -150,0000 "2 ,50,0000 ",!!') !6 ,!5%-  ,4)$0 2". -')/ 3'40* 

$" ,!.!60* ,!(# 2*0!)(!+* 8'/# %)'!+ 7*  #)#4# ,*!$).6*  , ,)20  %& &"* $(0%*

5)%  ,') !6* $)!(+# /2)0 $#.+* 74) !)(!+* 7+)" #. ') !6# ./!0 ,)&'+ . 3'40  16)*- ./!*

 #- 70.%0 ,!-(" )4'.- ,!'2& !(- #. &&) 0 %& &" $)/)""# *$)0.* 7.04!"$),!!5  

)  * ! &*!!'*(") ",/" $$)0. ,!/) . %7" ,!(-  2007)  -2002 . )1')/ '2&  )'$)"- ,!.1+0*

 $)0' -)#-#') !6* $)"!'  ') . 7*  #)+!%* $)+!5/ $(!5 064 . 7)-# !+ #.3'40* , !4 *"'(

* ! &* $(1*# /'-0*$" # 20 ,!'2&* 70 *#).* *2)#5*  !4 . )2) /) .# -! *3 '/& !+# 

!/!$.* !)2!( .   

  $03)!.!1* 3'40* * $) 2. .! $  * )-!1*-$)$)0.* !$- /1(4 *!!'*( $!!'!. , -"'

* ! &* $(1*# /'-0*) *!!'*( '!.* .*.! $  ,*+!5  !3)50* %+-0* $!   $(!!/$0 7!/.-, 

*!!'!.* $"  !!5# $)$)0.* !$- )-'/ ,* ! &* $(1*# /'-0* $") '!.* -"' $"# 2#  ,*!#. 

)  #)+!%#) ,!!2* %& &"* .1+0# $)!'5"* $" .4 *.! $*'-!+ 256! '0 #- $./ $))5 *## ,

%& &"# *50)0 , #- !01/0 %)'!+ 7* )15,!#+)%0 ,(!") .1+0 ,!))*0* #!#1  ,!/2)0  .

%& &" /1(4 !+!6+& 2)5 '&)50 , #. *40$&* *.! $*+2$/),.* $)"!'  ) ' '1 2'+.6(65. 

,!()!/* 8#*0  , ,!#*($0* $(-02008,)!* /.)  ,/!$.* :)1 - %+-0* $!  7!!6 #.+!- !

') !6 !1!6( #)#4# -! ,!23(* 7)2!$# .  

   *04 ,!'/.( 3'40*0 !4 $)-5 $)$)0.* !$- ,#)" ,!"($!&!& ,! .)-"'*7* - , 

*) " 9 )2$)!$)04) $)!&/(* $)'/1*7+)" #. $)!+!6+& .)6! *  : *3 '&)50. )(- "'!50* 1$ "

( 5)$+ '$))  ' )/0 $)!)04#)/1$)%& &" #-  ,# #)#. 72)#!&- $)#. !()!#!0 $)"0,!#2-.( /). 

 !4 $)$)0.* $)(.)%$#)&+* $') 2# '$" '$)" ,'%5)%  7+)"   , *5)%  8'/ *. 2( "#)

*(0%** '$"# 5%-* 70 *()+0* '0)5* $# )*# . $)!'5"# '-" *,)*!3 , #. '&"( 3'40 

 $)+$$-* #.+0"$!($!") "5)&!(*" :) ')6!!  2&.- :)1 #4/%& &" !'6)0 2))!- )"("66!)(!+   ,

 84) 70 ,$)" ,!''5-0)'6!- .1+0# $)!'5"* . 7!+)#5#.!60# /'-0* (1* * ! &* $ $'!43 

*2)5%& &" .1+0# 2*# ,!" *(!/0* $)0/" !)2!(# 7'2" , '-").!2-! * ) *(!/0*  #.+0

                                                 
64 ,!%'+# ,' '3'40 ,!(4)&0 ,!'$" $0!-') #!#1* !)2!(# www.sviva.gov.il  
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 ,/2)0* #4# #!5$*# #4)$/). $)/5" ,!(-  .  
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"$3".+ ,"#*5!) "$ "#"/%# ,6&&#/&/* 6&5"!&* &51. )5() +, )'&. )#"$. )5)&& , ),&(."

&7 $") )/ )/&/*+ -("5/ #"2+7)) #+/4  &+)#+ )"", ,'/"-" '."+ ."2*/*$+ %",4) +!/ , "5$

)&%1&%1 %"9$ &/%-.) +&+(/ 6&$"% ,0! +-""&/,"#/ "&3"* )3"/4 - #&."5"4$#,+7".. "#"$ 

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

 )&&*"+!"$ #"3"/4 +- #-3/#. 2*/*$ &/&*. #&%4&-) )-&(1)#",+7". ,%3"5 0! +-"6%"/- # 

#"$&3.&#/&/* 4'3 %*"7 +,  .2*/*$+ %",4) +!/ #&#+,..) #"&5&'./ 0"'#, %47. #+$, ,

 )%&#7 &'!  "# 0"%#&1" )5-. 41*# 6( &+"$" &#%/7) 4'3) &$ #"'"$ #"#&.$ 6( %"$+ $&3"#

" 0"&"",+6&&#/&/* 4'3+.  
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  .!" #$! % #&$# % '&()  

+$%,&/ 2*/*$) $,"5/ &%"/&3) ("3&&) #,+"7+ 6&.%"() #$ "57/" %7$. ,  +)./

#"&%,1$ #"/&* ).! "5&+-) )'"/-) . %3"4 #$1." "9 )'"/- #%(*./ )&) $+ #"/&*) 7"#&5

%"/&') #$ "&+- /&7%)+ "5+"!& $+ )-&%&) ,-3) ).! 4"+7+ 7.,5 6+"$"+-, #" , #"$3"#!

6&&'&#- 6&%47.+ -&&*+ 6&+"!&, #"5",$%.  

  

 ".3.23) +$%,&/ 2*/*$) &495,  !. -/"5 &%"/&3) ("3&&) #,+"7+ 6&.%"(). '7$

 63."3. &1%("$&( %"9$+-)&&%)5 %&-)" &/%-.) +&+()  . #,"%7) #&/ +-1 )9 &+$&%1&%1 %"9$/

2*/*$. 6&%3". %"3&&+ '&7&) . %"9$ "#"$ ")9 #2+"/) )%"3/ 6")&9+ )1,75 "#&&*"+!"$,

%#"&/ #&#"-.,.)" . ! 6$ ,%7$ 6%"( +! &51+" )5",$%/" ,$%/ , 6&4"9&5 #3"/4/ 2",1 %/"'.

#&*7& )524 .%#"& )+"'( )#&&) 6&4"9&5) #3"/4 6$ , &%"/&3) ,-%), 7&5)+ %&/* &9$

%#"& +"'( 6$#)/ )&) %%"-. )&) 6%"1&*,.  

  

&+-), #1*"5 )%-,) 4% $+, $&) +$%,&/ 2*/*$/ +"1&2/ /"!&-) %/'/ "5

2*/*$/ 4"*&-) #$ ).7# )&1%("$&() ,&#%/7 '.-. 6( $+$ . 0. "&) 2*/*$. 6&-(15) %4&-

 )%/7/ #",+7) #"/!,)- )%/7/ #"&+$&%1&%1 #"3"/4" 6)&#"71,." +"7! 0"%$""3 &+-"1 

6&,'7 6&+"- 0"(! #&+$%,&) ,6&/%- ,57#/ 6&/," 6&%/"-)3 &+&&7" /&/$ +#/ #&9!%.) )"+ .

%7$ 0",+/ ,,+7". &%"/&3 +"4 #"+-/ #"&*"+!"$.   

  

 +, )/&,7) 01"$/" 75"./ )%",4 #&,&+, #&%,1$ )/&*":%$) 0&&5/ ." +-1. #.4)

 )*1#5 6&&."4. 6&/,"#" 6&,'7 6&+"- +, /% %1*.+ )*5%1" )'"/- 0#." )&%1&%1/ &5%3&

) )%/7) &'& +- &/"&7 ),-.!#&+$%,& ,+$%,&/ #"2+7)) &+/4." #&+$%,&) #%",4#) .

 #"&("+"$&'&$ #"*&1# %."+!"#"&5"&3 " )9) &#&&,-#) 69&.) +, +1$) '3) #$ %&,!)+ "-&&*

"+, #",4) #"!+,)) #$ &%"/&3 01"$/ 4&7')+" .  

  

0/".!" , #"1*"5 #"&%,1$ #"/&* #".&&4/ 6*&*/,6&&#3"/4" 6&&,&$ 6&*%25&$ ,

 6&&+!+!6&&2&+"1".&5%3& 8"( %/' +, "1"*/ $") +-1.  ,&#&&,-# 2*425"4/ +-"1, -&+!+! .

)9!! ,6&&+!+! 6&+"4&, %"/- 6&#-+ 6&/%4". 6&&#/&/*) 6&+"4&,).  

  

 &! 6&%"/* 0&'- "5$ 6+"$ 6&%/*)) +!+&-+, )'/"-) #$ "%&#*&, %"*$  &!6&.%"() 

#*5!)+ 6&$%7$, 6&5",) +$%,&/ ,".&,+ 2*/*$) – 6)"6&/!%".  )5",$%" ,$%/  69&).

#"2+7)) &%,$." &+/4." &+!+!) /+,..6&5",) #"'*"./" )  -)+&7#!+. 6&-'". "&)  

)%."+! , +-1.) #.4) #5,/– 1952(  ,./" 50 6&5,) 0!. %7$+,"%3&, &#"$&%/) -(1.+ .  
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' +, )#'"/-. #"+"-) #"54*.) #$ #497. 2*/*$) $,"5 #$ "5#%&47" %,$/ (%1 %

 )5() +, 6&$,"5/ 6&%7$ 6&&#+,.. 6&.%"(" +$%,& #+,.. %"/- #"3+.".) )+"-1) &!%'+

)/&/*) +- )%&.," .



 33

*.% + &) %),-+ :  

% +.(:  

Arad S, Barchana M, Yukelson A, Geffen D (2000), IMAJ, Vol.2, 828-832, “A 
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Pairon et al (1993), Occ. And Env. Medicine, Vol 51: 244-249, “Pleural 

mesothelioma and exposure to asbestos: evaluation from work hostories and analysis 

of asbestos bodies in brochoalveolar lavage fluid or lung tissue in 131 patients”.  
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asbestos in expected and unexpected places in Israel”. 
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 +-& (%1)2005( ," ! "# $%&' : '(!)%* &"  !%+%,- '(%(.' &/#"%("  

  

/'+/',0 ,+%0:

  

 %#$EPA , )/&/*) #5()+ #&$4&%.$) #"5!"*))EPA(  

html.airairpollutants/ebtpages/gov.epa.www://http 

 

 %#$USGS ,6&/37. %4*+ &$4&%.$) &#+,..) 0"!.)  

/gov.usgs.www://http 

 

%#$&6- 6*&*/ 6&5"#5  " 6&&$"1% -'&.  

/com.articles-health-find.www://http 

health#html.help/pubs/asbestos/oppt/gov.epa.www://http 

html.meso/specialreports/ca.institute-asbestos.www://http 

 

#"!&$+ )#".-) %#$" 6&&7  )/&/*/%)5&)&  
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#$6&5"#5 6&+&!., 6&%2*/*$+ -("5/ )4&47 +-   
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1 .2,1.('  

 1.('1 :%),-+%,+ &)! +,  0! ,)!*)   

AS

Number

Chemical

Name

75070 Acetaldehyde 

60355 Acetamide 

75058 Acetonitrile 

98862 Acetophenone 

53963 2-Acetylaminofluorene 

107028 Acrolein 

79061 Acrylamide 

79107 Acrylic acid 

107131 Acrylonitrile 

107051 Allyl chloride 

92671 4-Aminobiphenyl 

62533 Aniline 

90040 o-Anisidine 

1332214 Asbestos 

71432 Benzene (including benzene from gasoline) 

92875 Benzidine 

98077 Benzotrichloride 

100447 Benzyl chloride 

92524 Biphenyl 

117817 Bis(2-ethylhexyl)phthalate (DEHP) 

542881 Bis(chloromethyl)ether 

75252 Bromoform 

106990 1,3-Butadiene 

156627 Calcium cyanamide 

105602 Caprolactam)See Modification(  

133062 Captan 

63252 Carbaryl 

75150 Carbon disulfide 

56235 Carbon tetrachloride 

463581 Carbonyl sulfide 

120809 Catechol 

133904 Chloramben 

57749 Chlordane 

7782505 Chlorine 

79118 Chloroacetic acid 
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532274  2-Chloroacetophenone 

108907  Chlorobenzene 

510156 Chlorobenzilate 

67663 Chloroform 

107302 Chloromethyl methyl ether 

126998 Chloroprene 

1319773 Cresols/Cresylic acid (isomers and mixture) 

95487 o-Cresol 

108394 m-Cresol 

106445 p-Cresol 

98828 Cumene 

94757 2,4-D, salts and esters 

3547044 DDE 

334883 Diazomethane 

132649 Dibenzofurans 

96128 1,2-Dibromo-3-chloropropane 

84742 Dibutylphthalate 

106467 1,4-Dichlorobenzene(p) 

91941 3,3-Dichlorobenzidene 

111444 Dichloroethyl ether (Bis(2-chloroethyl)ether) 

542756 1,3-Dichloropropene 

62737 Dichlorvos 

111422 Diethanolamine 

121697 N,N-Dimethylaniline 

64675 Diethyl sulfate 

119904 3,3-Dimethoxybenzidine 

60117 Dimethyl aminoazobenzene 

119937 3,3'-Dimethyl benzidine 

79447 Dimethyl carbamoyl chloride 

68122 Dimethyl formamide 

57147 1,1-Dimethyl hydrazine 

131113 Dimethyl phthalate 

77781 Dimethyl sulfate 

534521 4,6-Dinitro-o-cresol, and salts 

51285 2,4-Dinitrophenol 

121142 2,4-Dinitrotoluene 

123911 1,4-Dioxane (1,4-Diethyleneoxide) 

122667 1,2-Diphenylhydrazine 

106898 Epichlorohydrin (l-Chloro-2,3-epoxypropane) 
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106887 1,2-Epoxybutane 

140885 Ethyl acrylate 

100414 Ethyl benzene 

51796 Ethyl carbamate (Urethane) 

75003 Ethyl chloride (Chloroethane) 

106934 Ethylene dibromide (Dibromoethane) 

107062 Ethylene dichloride (1,2-Dichloroethane) 

107211 Ethylene glycol 

151564 Ethylene imine (Aziridine) 

75218 Ethylene oxide  

96457 Ethylene thiourea 

75343 Ethylidene dichloride (1,1-Dichloroethane) 

50000  Formaldehyde 

76448 Heptachlor 

118741  Hexachlorobenzene 

87683  Hexachlorobutadiene 

77474 Hexachlorocyclopentadiene 

67721 Hexachloroethane 

822060 Hexamethylene-1,6-diisocyanate 

680319 Hexamethylphosphoramide 

110543 Hexane 

302012 Hydrazine 

7647010 Hydrochloric acid 

7664393 Hydrogen fluoride (Hydrofluoric acid) 

7783064 Hydrogen sulfide)dificationSee Mo(  

123319 Hydroquinone 

78591 Isophorone 

58899 Lindane (all isomers) 

108316 Maleic anhydride 

67561  Methanol 

72435 Methoxychlor 

74839 Methyl bromide (Bromomethane) 

74873 Methyl chloride (Chloromethane) 

71556  Methyl chloroform (1,1,1-Trichloroethane) 

78933 )Butanone-2(Methyl ethyl ketone )See Modification( 

60344  Methyl hydrazine 

74884 Methyl iodide (Iodomethane) 

108101 Methyl isobutyl ketone (Hexone) 

624839 Methyl isocyanate 
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80626 Methyl methacrylate 

1634044 Methyl tert butyl ether 

101144  4,4-Methylene bis(2-chloroaniline) 

75092 Methylene chloride (Dichloromethane) 

101688 Methylene diphenyl diisocyanate (MDI) 

101779 4,4'-Methylenedianiline 

91203 Naphthalene 

98953 Nitrobenzene 

92933 4-Nitrobiphenyl 

100027  4-Nitrophenol 

79469  2-Nitropropane 

684935 N-Nitroso-N-methylurea 

62759 N-Nitrosodimethylamine 

59892  N-Nitrosomorpholine 

56382 Parathion 

82688 Pentachloronitrobenzene (Quintobenzene) 

87865 Pentachlorophenol 

108952 Phenol 

106503 p-Phenylenediamine 

75445 Phosgene 

7803512 Phosphine 

7723140 Phosphorus 

85449 Phthalic anhydride  

1336363 Polychlorinated biphenyls (Aroclors)  

1120714  1,3-Propane sultone  

57578 beta-Propiolactone  

123386 Propionaldehyde  

114261 Propoxur (Baygon)  

78875 Propylene dichloride (1,2-Dichloropropane)  

75569 Propylene oxide  

75558 1,2-Propylenimine (2-Methyl aziridine)  

91225 Quinoline  

106514 Quinone  

100425 Styrene  

96093 Styrene oxide  

1746016 2,3,7,8-Tetrachlorodibenzo-p-dioxin  

79345 1,1,2,2-Tetrachloroethane  

127184 Tetrachloroethylene (Perchloroethylene)  

7550450 Titanium tetrachloride  
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108883 Toluene  

95807 2,4-Toluene diamine  

584849 2,4-Toluene diisocyanate  

95534 o-Toluidine  

8001352 Toxaphene (chlorinated camphene)  

120821 1,2,4-Trichlorobenzene  

79005 1,1,2-Trichloroethane  

79016 Trichloroethylene  

95954 2,4,5-Trichlorophenol  

88062 2,4,6-Trichlorophenol  

121448 Triethylamine  

1582098 Trifluralin  

540841 2,2,4-Trimethylpentane  

108054 Vinyl acetate  

593602 Vinyl bromide  

75014 Vinyl chloride  

75354 Vinylidene chloride (1,1-Dichloroethylene)  

1330207 Xylenes (isomers and mixture)  

95476  o-Xylenes 

108383 m-Xylenes 

106423 p-Xylenes 

0 Antimony Compounds  

0 Arsenic Compounds (inorganic including arsine)  

0 Beryllium Compounds  

0 Cadmium Compounds  

0 Chromium Compounds  

0  Cobalt Compounds  

0  Coke Oven Emissions  

0 Cyanide Compounds1  

0  Glycol ethers2 

0 Lead Compounds 

0 Manganese Compounds  

0 Mercury Compounds  

0 Fine mineral fibers3  

0 Nickel Compounds  

0 Polycylic Organic Matter4  

0 Radionuclides (including radon)5 

0 Selenium Compounds 
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 1.('2 : %,,!- 3- !&,*,.PM+,  0#   

  

 &4&4+7 6")&9)PM ( #"%&-9) +9"5) #"1&2" 6&4&4+7) #/"%-#+ ++"! &"5&! $")

%&""$/ #"$3.5) ..%"() #&/%. %"3&&+ &$%7$ 6'$) &! 6#-'/ 6&.&!*. 6&&.,%) 6&10 9"7$ 

. 6&524) 6&4&4+7) 0.-50"%4&.  . . 6&+"'( 6&4&4+7+ %",4) +!/– 50"%4&.  , +, "4+7

 . #"71/ '.$5 6'$)– 4%73.   

  

6&4&4+7 6#"$. 4+7 ,7&1 &4&4+7" 4/$ #.("'! , &#+/ 0&-/ 6( )&&$%+ 6&5#&5" 6&+"'(

#5&"9. .6+"$ ,&/%.&'.+ 6&524 6# , 6&1"4*"%4&. #"-3.$/ 4% 6#"$ #"$%+ 0#&5 0! +-"

6&&5"%24+$ "$ 6&&21"$ .6&&,-. 6&.-2. , )(&)5)EPA ,"+,+ 6&.)9.) 6&4&4+7) #4"+7 

#"&%"(24 :  

1. . 6&+"'() 6&4&4+7– 10 0"%4&. ).) #&1+$"%2.) #&5"&+&. "$ . .( )+$ 6&4&4+7

".2$/ #"!,".. #"1"4#+ 6&%$,5 65&$6&+"'( 6&7""2+ 6&17*5 $+" )%1* .0!+ , 0"!5

6"&)+ ,)/&/*+ 6&5!"*. 6&/,75 65&$ )+$. 

2. 0&/ -5 6+'"(, 6&4&4+710 + – 2.50"%4&.  . 6&5"!."6&.,55 6&*( 6&4&4+7 "- 

"Inhalable Coarse Particles" .#"/% 6&5,  ,.+ %&""$/ 6&)", "+$ 6&4&4+7. 

3. . 6&524) 6&4&4+7– 2.50"%4&.  .. 6&5"!"6&5&'- 6&4&4+7 "- "Fine Particles". 

"9 )4"+7746+"-) ++!/ )+/4#) .  

  

 0&/ #&,-5 #1*"5 )4"+7"6&&5",$% 6&4&4+7 " %"4.) 0. #"%&,& 6&31".)) #.("'!

)+&+*" )&&5/ &%#$ ,#"', ,#"%"'." #"5,-.( , 0&/""6&&5,. 6&4&4+7 " 6&,/(#. %,$

6&+4&.&! 0&/ #"&34$&%. )%1*".2$/ .0"%7$) 01"$/ 6&%3"5 6&5&'-) 6&4&4+7) /"% , %."+!

#"&.&! #"&34$&%. , #&%1"( #"3".7# 0&/ )&34$&%. %4&-/"Sulfur Dioxides 0&/" 

 #"&5457 #"3".7#Nitrogen Oxides.  

  

6+'"( &1 +- 6&4&4+7) #4"+7+ %/-. &! 8&*")+ ,&  !+ , +, )15- )4"+7 6( #.&&4

&1 +-" 6#%"3 &1 +- 6&4&4+7&.&!) 6/!%) .  

  

&1%("$&() 6%"9&1" )%1*".2$/ 6&4&4+7 #&&), :  

7"%) 6&+-. )5, &'. ,6&) &+( , ! %&""$) +$ :%$) %"'! &51. #"%"4.) %$," ,-() &%)

- 
1410 6%() !– 100#"5"2 0"&+&.  ( +,PM6&+"*"%$ %$,"  , +!/ 6&$,&5 #&.+"-) )%1*".2$/"

                                                 
73 1"%1 '4*&&%1 0&+" , %5&.*"6&+4$ &&"5&," ,/&5"$ '#"$ ,)4&*&1"$&(+ ("7) ,1/09 
74   

"PM is a complex mixture of extremely small particles and liquid droplets in the air (i.e. 
dust, soot and particles too small to see). The standards address two categories of particle 
pollution: fine particles and inhalable coarse particles. Fine particles are 2.5 micrometers 
in diameter and smaller (PM2.5); inhalable coarse particles have diameters between 2.5 
and 10 micrometers. ( http://enewsusa.blogspot.com/2006/09/epa-issues-final-fine-coarse-pm-

air.html ) 
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 ! #- - 
1110 6%() ! 6),– 100.000#"5"2  .($&) #"-.,.) , +, -3"..) 6&&7)  %"$,

)5,. )/%)/ 024 %&""$/ 6&4&4+7).  

  

 

%"&$71*5  :6&5", #"%"4.. )%1*".2$/ 6&+"*"%$ #"&".! #!%-)75 

  

 7""2" )%1*".2$/ 4&4+7 +, )&&),) 0.9 6&&"+# 6&.%"( "+&$/ )+$,) #+$,5

"#3"1# ?7) &1 +-#"/",#) &#, #$ 41*+ 0#&5 $/) /",& . *4"2* 4"7[Stokes]
76 #$ :+7. 

 63- +, #&1"*) )+&15) #"%&).) +-/ %&-9 8"( $"), 6")&9 4&4+7 $") 63-) "5+, )%4./

024 *'+"5&&% %1*. ( '&$"+1/))%1*".2$) %&""$ (&.5&'"%&""$) %%() 0.:  

RVFd  !6"  

 %,$!Fd  %%() 7"! $"))5/0"2"&( ,0  '&$"+1) +, #&.5&') #"(&.3) $&)))&&5, +4*1/( ,R $") 

 +1"5) 8"() *"&'%)6&%2./ ( "– V)&&5,+ %2./ )+&15) #"%&). $&) .  

)1&3) 7"! %,$! #&1"* #"%&).+ 6&-&(. 6&4&4+7) )*'.&!%$ 4"7/ &"2&/ &'&+ $/ $"), &1! (

 +)&32&""%() #3"$#+ 6&""#,. %&""$)  "!&7 .)7*"5)$&) #&1"*) #"%&).+ :  

2
)(

9

2
gRV

fP

s
!

## $
"

  

                                                 
75 %1. +/4#) %."7)1" '*&&%1 0&+"4 ,# #2&*%/&5"$"$.  
76 (' .*4"2* ,1851.  
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 %,$!Vs  )2. &1+! 4&4+7) +, #&1"*) #"%&).) $&)))&&5,+ %2.( ,g  %"'! #3"$# $&)

:%$) ,1p  4&4+7) +, #&+"(*) #"1&13) $&))4/".+ ("4( , "- 1f  +, #&+"(*) #"1&13) $&)

 %&""$))5!"+.(  

  

 #+'(), #"$%+ %,1$R) 4&4+7) *"&'% (-."#+&15 #"%&). #$ )+ .+-"1/ , +!!

%#"& +"'( 4&4+7), ,)%1*".2$) 0. "&"5&1 %#"& %&). 0! . "+, *"&'%), 4&4+710 +"1&& 0"%4&. 

 +, #"%&)./24 ")..&+ . ,)%)./ -4%4+ -&(&" ."#."-+ , "+, *"&'%), 4&4+71 -&(& 0"%4&. 

 +, #&1"* )+&15 #"%&).+20.  ')..&+ . "5$ &! %"!9+ /",7&%"'! 4&4+7 +, 2",&1/ 6&4*"- ,

#&.5&'"%&""$ #"/&3& &+"25 6) %&""$/ 6&+(+(#.) 27. &4&4+7 , #"&"%&). ++!! "(&,& 0!+"

%#"& /% 0.9 )%1*".2$/ "),&" %#"& #"!".5 )+&15.  

  

%#"& 024 4&4+7 +, "#+&15 #"&2&$ ,+"'( 4&4+7+ )$"",)/ , "&&"!&*,  !. #-/"5

 6&+"'( 6&)/(+ 6."%#)+ -&()+" %#"& /% 0.9  ,. %&""$/ #"),+ "&&"!&* #$ )+-." %#"& ))"/(

%#"& 6&+"'( 6&47%.+77 .++!! , *"&'%/ 6&4&4+7 +, %&""$/ )&&),) 0.92-5  ".5 $") 0"%4&. 

)5,. , $") 6)+, *"&'%), 6&4&4+7 "+&$"0.5-1 '- %&""$/ )&&),+ -&()+ 6&+"+- 0"%4&. 12 

6&5, .)$"",) 6,+ ,,(, &'! +-., *"&'%/ #"1&2 +, #",/(#) #,%'5 '%&& 6100 0"%4&. 

)! +, -3".. *"&'%/ $&) )+&(% )1&2-20000"%4&.  , "$2. ". .( 05&$ %#"& 2",1 #"524 #"1&2

#"'%"&. 

  

  

  

  

 %"&$2 :6'$ #%-,+ )$"",)/ +"*"%$ &4&4+7 +, +'"( &%'*  

 

                                                 
77 1"%1 &1 +- ' 8*"& 6&!$"&))&"&(9 "+ ,/&5"$ *"2&%.$ '#"$" :4"7%. ),&7 &-3.$/ , +, )*.) $&,, $3.5

 0&/, 6&)/(/ $") 6&+"*"%$0.5-1.54 ". ,6&4&4+7 +'"( &1+ #"(+1#)/" :&'/!)%"4.+ /"%4 6&'%"& 6 , &+4

47%) 6&17*5 +4,.)) .")4&*&1"$&(+ )4+7.) +, %5&.*  "#. ,/&/$ +# #2&*%/&5"$ ,2008.(  
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 1.('3 :,3/ *) %0 31% ,' %' !) # %'-# 30+-,2005   
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 1.('4 :23 $# /(#(0 + -,0 3- !,4 3 ' +5  

NATIONAL ASBESTOS BANS  

Compiled by Laurie Kazan-Allen  

___________________________________________________________________________(Revised November 1, 2006) 

Date Event
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 50

Croatia bans asbestos as of January 1, 2006. Six weeks later, the 

Ministry of Health was forced to reverse its position with the 

result that the manufacture of asbestos-containing products for 

export was permitted again. 

New Caledonia bans the production, import and sale of asbestos.
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 1.('4 :6)*! ,0+# 30+-,# /(#(0  

  

!'-  

  

$ +,0  

1938  )%$/ 7"2&/) #"%/7"2*/*$ &+-"1 72/+ #"/%*. /.  

  

1952   +-1."5#&$#& "0"&+-) +&+(/, )&&%)5/ 64". &+$%,&).  

  

1961   +-1. '/"- +, 0",$%) #"".) )%4."#&5#&$ "2"9..)."&+.  

  

) #"5,-60  " #"5", #"%2.+ #%!.5 +-1.) 0. 2*/*$ #+"*1  ! #"/% #".'$+ )-&(.

+&+(/.  

  

1981  7"#*5!/ 2*/*$) 0&&5- #$ )5",$%+ )+-. 0/3 %&$& !.  

  

1984   #"$&%/) '%,. #$ 6&4."4&9. 4/$+ )5"&+-) #&$"1%) )'-"")" , )'&41#,

2*/*$) &495 #$ %%/+ . 0&/+ 2*/*$ #1&$, 0&/ %&,& %,4 )$3. $+ )'-"")

6&&#"$&%/ 6&495 , +-1./ (&)5)+ ,& &! #-/"4 #$9 +!/ 6+"$"#&5#&$ " #"54#

6&'/"-) #5()+ #"%&)9 . )54# #"-3.$/ #5("-. 2*/*$+ -("5/ )4&47)

#%(*./)'"/-/ #"7&2/ #"54# .  

  

1987  %*$5  &%1 2*/*$/ ,".&,)0&2"+7+ )'-"") &'& +- .  

  

1993  6&5!"*.) 6&%."7) 4"7. 4+7! 6&5!"*.) 6&%."7) #.&,%+ *5!5 2*/*$.  

  

1996   6&4)+ )-&3. )&&%)5 #&&%&-6,/ 6&-",-, 4%$1" 6&'+&) #5&'. " 72,) +-

+-1.+ '".3) ,/% 2*/*$ )/ ,&, -4%4.  

  

1997   +-1."#&5#&$ "%(*5.  

  

1998  (/+ )%&#-" #&%"/&3 #"+&-1"#"7&+3. :6&-",-,) 4%$1 #&&5/ #$ %"3-+ .  

  

2008  2*/*$ &-(1. #-&5. $,"5/ 4"7 %&!9# :&1. )/&/*) #5()+ '%,.). &+"&+ 0"!5 

2009%",&$+ 0&#.. %&!9#) 84"# %/ 4"7+  1)&& 6%2/ 6&.%"() +! .  

  

2009  &/ )-&/# %'*))&&%)5 /,"# 0 , )+7,2"9./ "&/$ +, "#'"/- #"/4-/ )."&+

 +-1./"#&5#&$" , #"-/#5) 0&/+-+$%,& #5&'.  , 7"2&/) #%/7"+'(. " #%/7"
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"#&5#&$ "– +, 6"!* +- 3+4, 0"&+&.  . #7!")/  %"3 0&$ &! -/4 21,.) #&/

),-5) +- #"/&,.) #"&%7$ ,-"'& )&), ). #$ 7&!5. $")  !/ , 6%2  $

#) ),-. &'!+ ,%1 -),4 01"$/ 4&9. %."7 $") 2*/*$  .  

 

  

  



 !"!#   !"# $$ %&%"' %'( ) * :* *+ $) )& (%* ,"+  

  

  

  

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

%#(+, *-.*:  

 !-# ."%  /",0)  !1- )1'23) #".#3 )"2%3  

% ""+3 4"3 5 )#% $1  

  

  

 $"  ,2009  

  

'%$# /0%+ :,12  %+-  

*(3+ :$-" 4)2!,2 !5!2  

  

5$1!6+:  

!2)6 '4* 040441461

 *3(17+$ 031945447

 5!+$,1,#4 032829673  

  



2

)"!")  

  

%#(+* 5-.* 5)!50,  5$3,)'$  3+/+ $+%51 -$.#+* !132 ,0,$ '%$#* 5$$., 5$4$*, $33$.%):  

  

&$%& ',12  %+- ,)!)2 ,5 5"!'%)!3$2  

$-")2!,2 !5!2 4 ,)!)2 ,5 5"!'%)!3$2  

  

&$%&'%!2+ #(.!  ,%)4+* %#(, 8$0+* 12% ,8$!%$6 8) 5"!'%)!3$2  

4"44$- %.$& '%" ,)!)2 ,5 5"!'%)!3$2  

4"$"$,&# !46 % ,8$!30"  

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

!4)/* 5!) !42 %+,5!515 !)21+ %$+!1 962 - 5$!515* 4%1+  
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1% -.)  

  

*/ 7+'+ 5%"+ *,21* ,- 5$3-, *'3! %12 %#(+ -!.*,  5$1%* 4.+ 5$,$-& *4!+ $/!2)

 50!%.  $.+., 5!+$#+*,+1(* !%$6+ 53$01 ,1 !%$)!.* )(%+)  ,0!  $*!/ 5+% ,- -!&1*, 5$,$

%!$$2* .   

 ,2%1!)  !%.$!+  $!00- 50 4%2!,!+ "$#"1*31) ,+1(  , #,4 ,1 *&!%1 $!%(2 %%$6* 7!,*5

5!%&$6 5$.$+(5 8$60  !+*/+ ,1 *"!,&$  !%(2  !)21+$ ,8#3( 5$.$+(5 ,  !!5+!13  !#!#,(

%!$$2, *++( !/6$ .1 4$-) */5!,2)$,6* 5$++(5** ,- -!&1+ 8$%(2* , *-&1*  !+*/+* %21,

$#+* *+%) %!$$2*  $*!/ ,-5!+ .70  2 ,%+$, 85!3 , !0$ %$%) %!$$2  $*!/, ,+1( 8!) %1#* 85!3

5$+!0,.  

50!%.  $.+. 7%4 2!* %!$$2*  $*!/ 52  .+.,  !0%4* 5(2,+1(*  ,!31 ),1)$-  $.+. %$.!!$ .

0  !0%$.  !3!!3)-30/$(2  !*3!4+) ,+1(* 50!%.+ , 8!!3)* 5+%) ,+1(* 50!%. 54%$*, 80,$ 

 ,$46 ,2!.3"$&)8%* ,2007 .( !%$6+ 5$3$01)  !!)($% 5$3$%5& 7%4 2!* 52/ -.),  !0%4* 5(2 ,

1 !)1$5* ,1$ 5!+$#+* 5$1%* ,1 ,+1(* 50!%. 52  .+.,  5%"+ .  ,$-)  !)% 5$+$#+)

,2!.3"$&* 52 $3!)* %)070)  $,6* .*  !4-. $%#'3 $/ *4$)- 5%6'+)  8#5* !4! ,-  !.,+$+

 5$#$%! 5$3$01, !2#!%+2*)LEED ND(,  $.+.,  !4-. 4.,  50!%. ,$-)  !%-) $1-31 ,+1( .

  !"#33 %12  !4-. 8!) *3()* *51-3 *4$)-* 7,*+)5!+$#+* 5$1%* 5+/$!)!53$01* )(%+) , 

!!3#,  !-6$3$  !)1$5* 52  !)%-+*  !4-. 8!), 3!"%&*  .,,00 ,  3!2 %12  !4-., 9$4-5 85!3

 !)1$5* 52  !)%-+,+!2 %1&2, 53+ ,- ("1)  !4-.* ,1 *($3 *!."3+,& . !0 *5,-* *%!#'*

$0'(, ,2!.3"$& !,-)  *  !+$(5 *1$,1 7$5 ,+1() 8 $1!! 8&$2) "$1&! !'( : )(%+* %$-!!

!3$%!-* ,5$66 4$4!)2 5$0%-+ ,1 !"6%32 ,$-!!$  !5) ,#5$!3$%" .  

  !3$%!-* )(%+* %$-!! :-!"3 5 ,- ,.*,  5%"+ %12  !.-5$5!/(*,$  !5)*   *!,- 86

1+1*+ .,,00 , %$-!!) *2$% !3$%!- 8$305  $!0 !0 *%$+ 21$3) *51-31 5!5$%&' *%!#'

*3$01* ,1 5!+!,#2* 5$($3* %$&!1, !/0%+ 4-.. 

   !5) 5$66 4$4!) :5$&$,( !51 $%#'31 %(2, ,5$66 4$4!)$  !#$%! 5$66) 1$+!1 , *%()3 $/

*3$%(2* : 5$66$!)!"#,&% !,-)  !%+$()  !&$.+**$)6 5 , 5$!)!'+2 ,1  !*$)6  !0%-)$

5!+%5) $) *",#31 *!6%32 *%/( 8!%#*, %+$( ,1 5,$0!* .( *(!")+ $/ *&$,( !0 8!!., 1!

*) 4$4!)* 5+% %12  !31!  !%$6+ !5), %#!-) 5,-$5 *0$+3  . 

  5$!3$%"#,2 5$0%-+ ,1 !"6%32 ,$-!! :)$(% 5%$25 , !%$/+% , %$2 5$%$#+$ 5$.$( !",1

'$3  !,$0! %!-)  !&,$-&, 5$-.+2)5!%2,$' *!6%32 , 5$%$3) 1$+!1 !4! ,- 8!&$,(, $2 

5$!3$0'( . %#(+* 5%6'++ #,(0 */ 4-. ,- :!,+*, 2,1 ",($*  $(5* ,1 *%!#' %(2,
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 )#-  !+'(4.+ ("1) 5$!%2,$' 5$0%-+) 1$+!1, *!!%!-* )%!(+ ,5$)!36 ,*0$+3 5$,!.3 (

$5$"1&* * ,1 5!'(! 1$+!1) 5$!3$0'( 5$%$3)7!%.+ $3!21 4-.!-4+ %#(+ ( .  

 5#!4), 5$&$,( 1$,1 -!.+ %#(+*5-&1*$,2  !4-. *3$01) ,+1(* 50!%. ,-  .*3$12%*- 

 8$60 5)1($++ *!.,$+!' 530$5) 1$+!1ENERGY, ##4/*, !,)+ *-&1** 52 5#4$) %12 

("1)  !4-.* -$.!),;31* !*!-01)  !+!!#  !3!!3) 8!) *2$$1*  !*/  !3$53 !,-) *3$, "-+, 

 !#4)3*  !%"+%&*;5!1!,1*$ -$3++ #,() $2 !53$01* )(%+) ,-$&) 5!"6%32 5$,-!!5* -$.!)  .

1$,1)$() 5$3+$" 5$&$,(* 8$3$%'($ 5$3$%5!  !3$1 5 .8+/* ($$") 5$,4)3 8* ,5$,-) * 5!&'0

$)5$-!.+ 8*1 #$!4* 5+% .,)#5! 5$#!$4+ 5$2.$5 !0 (!3*, 1!+ $1$,1 $,!&2 $2  !!51 ,1 )$,!1 

,!)#+) 5$&$,(* .  

5$3$1* 5$&$,(* 5+64* 5%"+,,  6!.+ #%&8 6 $&! *3$01) 2+6$4, 8$!4 '1)!)2 ,5) . 2!* *3$01*

05 !%& !-)1* 5$31) !$3!)* ,-&+ ,1 8$3 ,*)$  !%$6+ !5)  !%!!4$ 5!'(! *4$%! *#$/(5 5+%) 

$!.$' 75(+-7$+3 !+$3$#2  .305*  !235**0$+3* 5$&!&.*  %#!-)$  !!3$ , $1!! ,- $,#!  !4-.* 

 !-.$+* , 2!)*,  !!$1- %12!5$-+1+ 8$0'(, ,+1(* 50!%.)  .  $,6* !3$305* ,2!.3"$&, %)-+ 

 !!'!&* *!3!!&2+,$ *3$01) , !53$01* 9$3) !$3!1,  !#$#/ *3$01* !)1$51 70+  ,-5*, 85!3 2,

5,-$5 $3++ $#!&!$ ,5$2.$5  2 8!)2*  $*!/ 5+%) *5(&* ,- $-!).! %#(+* $%!$ ,$2,  2 8!)$.  
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2+"*#  

  

$4"-)$# *!6%32, !,2%1!*  $%$&* ,1 !304- ( , !0 ).#* ,$4!6) 50!%.* ,+1(%$1-) :%2) 

$%(2*+ *,-+, !40, -!6+ 8- 4.8%) 5$+!$'+  !31)$ , !40 4- $,!&26.4% (*31) . !%#!-*  %$6*

*!,-, , ).#) *2%3* ,00 :$-3 !!(* 5+%) *!,-)$ 8!'$,0$2* ,$4!6 .$/ *+6+ *3515 2,  2) ,

 :%2) ,+1(* 50!%. *!$&.)*3$5+ 5!/(5) (0) ($+.,-50% ($$") *+.- ,!&0*,$ )$%#* %$1-) 

5$)$%#* *31*  !%1-. 5$)% 5$!$-+1+ 8)$+0 */ ,$4!6,  , %!$$2* 5$0!2, 5$-6$3* $,20  6 8*!3)

 !+1$3 $321 .  

%)0  ,$-* !)(%)*!-), *3-+ 85+) 7%$.* 52 $3!)*  . $4* 8+(&* 5$"!,& 52  .+., 8$!'!3+ #,(0

 !)1$5* 5$2!%)  - )!"*,$ 5$!3.+( ,,+1(* 50!%. 54%$*, 5$!30$5  $(5$& . 5$+/$!*+ ,$46 #,(

!53$01* )(%+, 8$$0-!3$%!-  ,7,*+* 52 *,!)$* %12 *!!%!-* $/ *5!!* )$%, %120 . 5%6'+)

$* $,2 5$!30$5 54%$*,  !4-. ,1 *%$1 ,- ",( 50!%.,+1(* . !3$%!-* )(%+, $3$$0  !4-.* %#!-

 5!2%(2 $!,-5!+$#+* 5$1%**5$!%(2) $1-3$  . 8!!3#  $(5)  !!$3!1  6 $,,0 5$!30$5*+ #,(

*!.,$6% $2 !,0,0 4$4!- !4! ,- "%&* .  

,+1(* 50!%.  $.+. ,- 5!3$%!- 5$)%-5* ,1 *-&1** 52 8()! */ %#(+ 5$"!,& ,- 2.$! ,-$&0$ 

 !+*/+ .) *%!()* !4-.*,  !,$0! %12 !5!%#+ *3!2 5!+$#+* 5$1%* !4! ,- "#3 : 7,$* ,#1+

 !!5)!)'  !21$3) ,$&!") 5$!$1%* ,1 4!#&5, 85!3 %)$6$.1  4$6!3)5$%(2 5$3!4+, , 2,*51-3 ,0 

62  4#, ,2%1! 52 44$-, 5!+$2,3!) 5$)%-5*' *4321 !$1%) 5!+$#+5$!+$#+* 5$ .) #% 531

2003 ,,2%1! 53!4+ *.+!2*,1++ 5",(*)  5$3$%#- !+1% 8&$2) $,2 , 5!/0%+ *3$$0* 8!2 8!!4-$

2+!!# %) ($5!& :+2, 5$!+$#+ 5$!$1%, 52%$#* 536%$2+,!)$1!!* ($5!&, 536%2+ 5%6'+0 , 

!+$#+  $! %4' 83$0,$ .52/ 5$%+, ,5$0!2, 4%1+*  !,-$&  !31 1$,10 */+ ,1* /0%+$ *)!)'* 

)!5,1++ :$( 8$6%2 (5$!+$2,3!) 5$3%# 8$+!+) ,62$ 2+!!# %) ($5!&  $4!#,' *4321 8$",1) 

,2%1!) !+$#+* .70 %$2, , ,+1(* 50!%.)  $.+. 7%4 %!$$2*  $*!/ 54%$* 5#!4), 7%- $32.+

5$!+$#+* 5$!$1%* 5$,!-& 5%6'+)  .

  !%$6+ 53$01 *%()3 %#(+* 7%$.,6 $&!' ,)!)2 ,5 ,1 %5$!) 5!+$%4* *3$01* . 53$016 $&! ' 2!*

&$2  !3$0!1 53$012, 5!3!!:%2)  !)%  !%$/ : 5$31+  !!"%43"'  !3)+ !-)1*  !',0$2+* 

*"+$ !3$3!) !+$3$#2 $!.$' ).++  !%!!4) . 54$#3+ */ %#(+ 2.!  !)1$5* ,1 !,0,0*  ).+ )#-

                                                
162) 5$%0/$+* 5$!-)* !1%$11 %(2+' *4321 ,8*!5$3$%5&  6 $+0 ,5!+$#+* 5$,!-&* 5+%)  !.$-3 , ,1 8&$5!11 !%*

$%"+* 5+16*) -!%0+  %$6 *$$*+ 5$!+$#+) 5$!$1%*5 . 5$!+$#+* 5$!$1%* ,1 !/0%+* 84!#&5) *%!0* $!% 54!-$
62 ,1 5$%"+* 52 6!1*, 7%4*+ #,(0 !5)!)'  $! %4' )$.!-)' *43212 ,  $4!#,  ,$-) 5$3!4+ ,1 *,$-&* 5!30$5

 2+!!# %) ($5!&)1992 .() 6%$)'3*$!)  !!#5*1 2+!!# %) ($5!&, *6'&* 16&+)  6 *%0* ,)!# */ 4!#&5-2002  .

 !+$2,3!)* 8$6%2*ICLE (Internacional Council for Local Environmental Innitiatives 5%6'+ 1)!6 
2+!!# %) ($5!& 5-+"*, 5$!+$#+ 5$!$1% 5$,!-&, . 4"4$ )$,4%)' /%2 %"),$4 %(1 % , ,+1(, 1$#!)* !2!1) ,$&!"*

,2%1!) ,*!6%32, !,2%1!*  $%$&* ,2009.  
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5$2.$5  $1!!) $2 %#(+) *-#1** !0 2.$+5 ("1) $!(5$!$1%* ,- #% ,$ .,80 4#+5*, $3%() 

) 8$0'(,  !4-. 5#!4)),+1(*!!%!-* !4! ,- $0%-! 4!5-) %12  ,$353$ %12  !4-., 5$&!4- 

5!3$%!-* *+%) ,+1(*  $.+.,  !%$1# .52/  - , 50!%. ,- *-&1*  *, %12  !4-.  6 $#4)3

 !)1$5* !5)) ,+1(* ,5$+$15  *+ 1$%4, !,)+ 52/ 725$!,0,0   .  

) %)0 8$!30") 7%-3 %12 %#(+ 5311992- !0 *2%* "*!6%32$  !,#2 -4$+ 8$305 !,  !-.+2$ 

0 7$'(, 85!3 5!'(!  !"$1&-20   !/$(2 8!!3)*  $,#2, *!6%32* 50!%.+)),$4 ,+- '13.(2   %(2+

0  !0%$.  !%$6+ !3!!3)$-30/$(2 * 50$%.5+  !*3!4+) ,+1( ,$4+ !.%2 *4!+ *3#) 8$0'( ,- %)

0 ,1-6/$(2  ! ,+1(* 50!%.) 5,,$0*) 8%* ,2007 .( 1!1 70 ,- 55$2+ !5$-+1+* ,2!.3"$&*

5* 44$-, ,$46 '%"3!2 *3!4+, !3!!3)) 5!"6%32 5$,-!! . #% !%$)!.* )(%+) ,+1(* 50!%.  $.+.

*/ 8$0'(, 9'$$5+ :2%+  ,$-) 5$,$46*  !%-) 5$3$%(2*  !31) $-.$)1 *!6%32 !%#' !0  !

(* ,2!.3"$&! 8!) ,- 4+$- 5!+$#+* 5$1%* ,1 8$0'22, -50/$(2  !.3  

 $3,1 %#(+* '(!!5+  3+$2$'+ *3$01,5+!, 5$,$0! 5$!)$!( 5$2.$5 72 5$$*, ,)#+, /%/ 

5!.%2* *+%) 5$",(* . ,$-) 5$)% 5$,1++ ,*%2)"*&$%!2)$ ) ,*/ 8$$0)  !4-. $.+!2 %)0 .

 :%2) 5$-!&$+ %)0 5$!3$3'5$3$12%,2)' %&0 5!!%!- 8$60 .452/  -  , 7%4 4$- $3!3&, !0 #&' 8!2

*0$%2 .*/ %#(+ !0 *$$#5 $32 ,1+$+!  2) ,  $*!/) 8$0'(, !5!+2* ,2!.3"$&* 52 8$(), %$/-!

* 50!%.  $.+. 7%4 %!$$2,+1(,2%1!)  .  

                                                
2!.3"$& !0 1!64*, 1! 8!) ,- 4+$-$ %5$! 92 ,$46  !14(  !3)+) 8$0'(* ,240 , 60/$(2 .   

30- 25% 8$0'!(*+, -)$3 *#/(2+ *#$/(5$, $) *-#1**$ 5&2$1 '&2,. 4$- 0- 25%  * *2.$5 ,1  5$-#1*

!%4') ,4$6 !&,2 ,1  !,#1 4),), 5&$#51  *,1 %/(** *3!2 *%$+2 5$,-, ,- 12  !14$(.0 - 30% 8$0'!(*+ 

#5+,)  2  !-!#1+ %4')  !+$0' ,4$6 ,1 5$%1- !&,2  !,#1, 5&$#51  *,1 %/(** 50%-$+ )- 30  !14$( $-  

 20%  !%5$3* 5$-#1*  3!* %/(** 5&$#51  *,1 **$)6 +- 30 !14$( .) 4$* ,2007(  

4 ) %12 2)' %&0 5!!%!- *5!!*  $(5) *.$,(2008!)!!(+  !3#50 *#$%!* *!!3)* !3#5 52 *%1!2  5!30$5 ,$0,  
%$)!. !3)+ ,,$0 %!-) *14( *!!3) .80 $+0 , 5$!3$0'( 5$%$3, *+$(5)1  !%$/+%* 5$%$3 52 2)' %&0 5!!%!- *&!,(*

  *31* 5$3$-,  25*) 5$,!-&* 5$-1 52  !+!25+*  !!+$3$%"'2  !3$-1, *%)$( )$(%* 5%$25$ *!6%32)) -)"  42
8!4$ ,+- '14(   
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3$+%2 * % ""+3 4"3 5$ $#263 )0 %- 4"-#- )"* 26
!) %1#* 52 #$4)3  %")(* 8!)$ *#$%!* *!3)* 8!,+1( 50!%.) 8$0' ,  !-!&1+ 4.!0 8!)31 !$2%

%!$$2* 5$0!2 ,- %!1! 8&$2) $%$.!!$ ,+1(* 50!%. ,,-$&)  !%.$!  *1  $*!/* 2")5+ 4.!0$ .

',+1(* 5%)( ':%2) ,+1(* 5#&* ,1 *,$00 *)$% ,- *3$+2-0 -48.4"$# 4%2!,!+ "*31) 1 .

 7%-+ *,!-&+ 2!* 70 7%$., !%52 , %$.!! 5$4!(! ,,$0* !!,!'$& 5$%$#++ !3$1  : (&- !2%(2  

0 %$.!! ,--75%*3!4+) ,+1(* 50!%.+  ;!-)" /6-0 -11.5% ;"$/+-0 -8.5% ;$%,$'-0 -5%)  %52

"2"4 ,2008 .( *3!4+) ,+1(* 50!%.*!$&. 5$,-, !"+%4 8&$2)  !31) 5$)$%#*.5  

 $!%(2 %%$6 ,46* ,+1(* %$.!! +0 5&!%1 5$%!42 #,4 5$!$%$"!# !4$4) , ,/!4$ /6 5$3!)%$")

 !%$"%36)$ ,  !6$'  !31+  !+*/+ 5"!,&,  %$6$)!'$%'$ %$+ ,2001 :(5!%$/2 *-&1* !,-)  !+*/+ ,

 !!36%$232  !/6 %#!-)$- 5!%&$6 5$.$+(5 )SOx ( 8#3( 5$.$+(5$)NOx( ,  !#!#,( 80$)PM( ;

5!,)$,6 *-&1* !,-)  !+*/+$-+( !/6   %#!-)$ *+CO2 .  !-!).+ *)!)'* 5$0!2, 4%1+* !3$53

 (&) 5$#'$+* 5$!%$"!# 5$3(5 8*  !+*/+* ,1  !!%#!-* *"!,&* 5$%$#+1 70 ,- . 8*!%(2

%,$') 5$#'$+* $,2$ "$/+) 5$#'$+* 5$!%$"!# 5$3(5 5$).!3!-)" /6 8$%(2*  $#+)$  . "$%!&,

 %$.!! 5!!6$,$30" ,0)  $*!/* 5+% *2%) *2% (&'32'( .   

",&3* 8$12%*  !+*/+* 6$' ,5$!5$-+1+ 5$!5$2!%) 5$0,1* ,-) 2$* :SO2$%$#+1  ) 5&!%1

  !!,!'$&  !#,40 (& ,%,$'$ "$/+,* $  %$6* -). %'( /6 251$(5,#3(  . $,1 !2$$,* 5$-&$5

5$,,$0*&) 1)$!  ,) !$%!65$-+$4  !!3!-$ 8$%6. *%&6 !#!#,( )"&,$' (  !%.$3*8$.+( !0!,*5) ,

$ *+!13* !0%4 #+$-,  !%4$(,  !+%$6&%(*5 5$,(+ $ ),*+!13 . %!1! %1# $(!0$*  !3$1  !%#(+

 5$*$)6 *%&6 5$+% 8!)$*5$+5)$ *2$,(5) *!!,- 8!) . ,1 *"!,&* 5+%SO2 5$+0+$ 6$'+ 5-&1$+ 

)* 7!,*5) 1+1+* #,4**%!- . 5",&3*  */+* 5$+0*%&'$+"2,*-$)#$ *3$5+ *!,-) 52.+3  ,

5%)$6* *!6%32* 50!%.+ 5-)$3* .0 ,1 5$+0 5",&3 :%2)-280,000 *31, 8$" )+ *,-+,0.1% 

5!+,$-* *"!,&*+( ,+ %5$! %120-80%*3++  , ,+1(* %$.!!, %!1! 8&$2) %$1#)7,+!3)2 ,1999.(  

5!%&6* 5$.$+(5 5+$-, , 5$",&3 5$.$+(5* 8#3(*%!-)* !235) 5$,50 :&+" ,'71+ , 5$+0$ :(,

8.+(* . $,2  6*+!13* !0%4) 5$,(+, 8$0!'* 52 5$,!46+ , "#&2,$ !.+$(*  16, 5$+%$5

*++(*,!+!0$"$& %!$$2  $*!/ 5%!.!,  !2%(2*  !!%#!-*  !)!0%+* 8+ 8*$ ) "2 %52"4 ,2008( .

* 5$"!,& ,0 7'- NOx :%2) ) 7%-$*20050) -220,0008$"  , 5!.(+0, !2%(2 ,+1( %$.!! %120

*"!,&* 5$+0+ .) (&'3'  ,1 *"!,& !3$53 6!.+SO2 $- NOx:%2) ,+1( %$.!!+ , 5$3!4+, '(!)

                                                
5$4" $%$&* ,1 !304- (-)$# *!6%32, !,2%1!*  , !0 ).#* ,$4!6) 50!%.* ,+1(%$1-) :%2)$%(2*  !40, -!6+ 8

+ *,-+,- 4.8%) 5$+!$'+  !31)$ , !40 4- $,!&26.4% (*31)   .*!,-, !%#!-*  %$6* , ,$4!6 ).#) *2%3* ,00 :$-3
 !!(* 5+%) *!,-)$ 8!'$,0$2* .$/ *+6+ *3515 2,  2) , :%2) ,+1(* 50!%. *!$&.)*3$5+ 5!/(5) (0) ($+.,-50% 

 5$)$%#* *31*  !%1- ($$") *+.- ,!&0*,$ )$%#* %$1-))),$4$ )$,4%)' ,2009.(  
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 ,$-) 5$%(2 .,2%1! %$)- *2$$1*,  !1+1+*  !3$53 , 531,  !3$031995 ,+$ !3$53 ,$+,  !).$

 531+ 5$3!4+1988 .#&' 8!2 , ,2%1! 8!) %5$!  !!5$-+1+  !%-& ,- 4!-*, *,$0! $/ *2$$1* !0

5$3!4+* %21, , $,,*  !31* 8!)  !+*/+* !31 5$"!,&) *4!%!* )#- %#!-))7,+!3)2 ,1999.(  

8!-, 5!2%3* $5%$.) %!$$2  $*!/ 2$* !#!#,( %+$( ,-!&1+ #!#,(* ,4$6 %120 $5$*1 71+ ,- 

-+) $5"!,# 54!+$ %!$$2) '*+!13* . !3"#  !#!#,(  * 4($!+)  !30$'+,6 %$4(,  !,6$'+* 

 !3"%'+$  !#!/+  !!+!0  !%+$( 521,$ ($&',  !,$,-$ #+$-, . 7$%2 5$*1 8+/ $,2,$ %(2+

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

2006 ,0 ,1 *6!%() 2.+3 */  */+ !0 -!).+- 50% 536*, 4%1+* )!.*1 !531* 4-!* 8#5+ 

*)!)'* .52/  - ,:%2) 8#5* !0 8!!., )$1( ,5$(5$&+ 5$3!4+, '(!) 804$-+ $3!2 . !2$$, %.$5

 (&* %&2 2$*  (&* 5&!%1 7!,*5 ,1 9'$3 ,'$+"2,  !",&3 $3++  !#!#,(1'.7 7$+') 5$3$01 

*%4() (0* 53(5, ,9(%+ !+(& %&2 ,- 5$33$,5+ , -!6+ 92$ 5$%.() *31)  !+-& %&'+ %)".+*

 !5)* 7$5, .21$3 9(%+*  (&* %&21 *3!%#* 54!+, %12) 5!-+1+ 4( *(0$* 8!2 !0 92 ,- ,

*$)6 /$0!%, 5!3$%0 *&!1( !0  !2%+  !%#(+ ,*+!13* 50%-+, 2!* 92 #!/*, *,$,-.  

*++( !/6 5"!,& , %#!-)$CO2*%!-)* !0!,*5)  ,$1+!,)$,6* !-)"* 8/2+* 5%&*, 50! , 5+%$6$

 !,#2 !!$3!1,$ *++(* "#&2 5$%)65*,  !%#$( 53-", .$4 !& ,-"8$%1  !%- 4$6!2 (- 531, ,+%0

2007 ,*4), *%4() (0* 53(5 *",& ,0-15*31* 7,*+) *++( !/6 8$" 8$!,+  . ($$" !0  !(0$3 $32

%$.!! ,1 *-&1**-.)5+ 2$* $) %$/2, $2 *3$01, ,)6$+ $3!2 !+$#+ ,+1(  , #,( (#$, 2,2

%5$!  !)(%  !0!,*5) ,:%2* %$40 ,-  !-!&1+* .  

,+1(* %$.!! !0!,*5+  !+*/+ 5-&1*1 %+$, 85!3 ,,00 ,*%#!-) 5!+$#+ *3!2.8 52/  - , 5!)%+

2!2*  $*!/ !-$%$:%2) 8#3( 5$.$+(5$ 5!3.+( $4 5!%&$6+ %!$ ,5+ 53$- ,1  $!* 5$-1)  !1(%

:!#* . $% 5!!'%)3!2 5$(0$3)  !$$,+ *3$-)  !!"&$3!'*  !235* ,  $*!/* ,1 ,!-! %$/!& 5-3$+*

*)$%2* *.#) ",&3* .*#/( 1+1* 53!%# ,5$)!.! %'$(, 5$+%$6 5$!)%-+ 5$($%$ , 52 *-!'+*

-#%#* 8$$!0,  !+*/+* .80 ,- ,%)4* 2,&3 2, ,$2  $*!/ 5$4!4+ !0 ,- 5$-!).+ %$"!3* 5$3(5) %!$

(0* 53(5, (%/++  !%$6+ !%$/2 2#$$41 70 , 544+3* $/+ **$)6 %!$$2  $*!/ 5+%+  !,)$'

*, 7$+').9 6 (&'3'  !/$0!% 4.!0 6!.+SO2  + $%4+ %#!-)  !44+3  !!)%-%!-, (%/+ .  

                                                
6  !#!#,(   !+!13)PM10 (  !3!4-  !+!13  !#!#,($)PM2.5.(

7
*)$%2* 8+ ",&3  %") 40,3  (&* %&2 5!)%+  ,$%$/!& ,- 5$1#*, 53+ ,- )"%$+$ -#$1+ .- ,*$3+ $) 1$+!1* !4! ,

 (&* %&2 5,*3+ ,1 *($#!&)$ , !3$1 *!1-5 !0%.,. 

8,$46 ("1 !3& ,- "1&5+$  !%"+ 5$2+ ,1 !)!"#&2 *)$6) ",&3  $*!/* .  !235* 8+ %!1! 8&$2) -&1$+ $%$/!&
 $%)  !6$,$%$2"+* :5!%&'$+"2* ,$)6* 5)01 *)$6 ,($%* 8$$!0$ 5$%!*+ ,5!%&'$+"2* 5$)!.!* ).+$ *%$"%&+".  

9
 *%4(  !%- 4$6!2) $6.$*1  !3$53* !& ,- ,%!$$2  $*!/ !-$%!2 5-) , %$"!3* 5$3(5)  !44+3 %5$!  !*$)6  !0%-

 $%4*$ 5$!(%/+*- 5$!(%/+)) %$"!3* 53(5 8$60'*3( '4%&' ,'%/-!,2 5!)' ,'!2#%) ')$',6+'.( 531 7,*+) 20070 $3+3 -
596*, (%/++$ *%4( %$/2) %!$2  $*!/ !-$%2  .0-35% 53(5) ,+1(* %$.!!,  !0!!$1+0 $%5$2  *+ '8!)% 5$%$2'. 
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$/* 5$,-*!+(&*  ,6* %+$( ,1 5$3!+/*$ *, , 5%)( ,1 #,4* 1$+!1 5$!3!4+ 52 5$)!50+

,+1(* . ,$2 , ,-  $,15*'5$!3$.!( 5$!$,- ' 85%6'+)$  !-6&++ 5$-)$3* *2$,(5* 5$!$,-

  !!5)!)' !4! ,- *1-3$,$0 #1+*.10,+1( %$.!! !0!,*5)  !",&3*  !+*/+, %12)  ,$4 -)$#" (

)!)'* 5$0!2, 4%1+* ,1 *'%!(+ 65 '5$"!,&* !6$'+ 4(2 ,$0, *"!,& 8$" %$)-.11 $!*, 8$03  ,

 53!4+ ,2%1!$,2) *2$% *3!2 ,#1+ *$$1 ,$#!1,5$,- !)$1!() -$%& ,1 5,-$55!515 !"#! 

(0 5$3(50  ,5&'$3 5!+(& (0 53(5 5+#*, 5$!30$5 $4!-! 70 ,-$ , ,$-) 5($$%* *+6+, 4$6!3) .12    

+ 5$"#$3 (5$&+*  ,$-) $*!/  $.+.,  !-.+2 5$3!4%!$$2* ,+1( %$.!!+ .13   ,1 *4+-+ 92 ,-

0  ,$-) ,2%1! 53!4+'5(5&5+ *3!4+ ,'8+/ 7%$2, $/ *+6++  ,-5*, ,0$5 2, !0 %!)' , :,25$

 5$+4#5+ 5$3!4+ ,1 *"!,& !235 9$02,$ :+2,) 7,+!3)21999.( 70, 5-4$+ ,+1(* 5%)( 

$*4!-+ , ,,0 52 )'*, *53$$0) !0*5$,-))1 5$3(5* ,5$!+(&* 5$3(5* "-+,-8$,#12$ *%4(  ,

!-)" /6) 1$+!1,.1452/  -  ,5$!+(&* (0* 5$3(5) *1-3 ,+1(* %$.!! %#!- !0 ($01, 8!2 ,

5!%&$6 5$.$+(5 "$,&, 5$0!1++* ,)) 5-4, $35$%1&2) 8!2$! 8*) 6*3$!  !235 $,!2)$ !5+ 8$("

 5$3!4+)  !,)$#+* #$,!' !3#5+) 1$+!1*5$+4#5+. *,$0!  !3!!3)) ,+1(* 50!%.  $.+. 

,+1( %$.!!+  $*!/*  $.+. ,1 !6"%"'2 4-!, *3!4+* ,1 *)$15*+ #,( 5$$*,.  

                                                
10

  !40, *-!6+$  !!5)!)'  !3$6%2 !4! ,- *(5$3 !,2%1!* #1+, %!$$2*  $*!/ 5$,- 7'4.3 *31) %,$4 4%2!,!+ ) ),
8$!. ,2006( ,5$+!0, 5$35!3 83!21 5$!$,-) )1(5*, !,)+ 52/$ , 42 !!(0 . %!$$2  $*!/+ *2.$50 *5$+584 1$6) ,

 8!) 50%-$+70, -1000*31)  !%#+  .  

11
 $3!* %!(+* 65 :CO2 - €14.8      ;SO2 - €4,947       ;NOX - €2,865      ;PM10 - €7,061      ;$- PM2.5 -  € 

9,905.,2%1!)  !!,0,0*  !235,  *+25*) ,$"$!# ,$#$"$%& 5$1!%4) *4!+-* 5$!$,-) 5$)1(5* 7$5$) &-"$4 !"( 
$!$,- *!6%32 %$.!!+ %!$$2  $*!/ ,1 5$!3$.!( 5),+1( (,2%1!)*)!)'* 536*, 4%1+* ,1  ,2008(. 

12
*!6%32 %$.!) 5$0$%0* 5$!3$.!(* 5$!$,-* %$(+5,  !!,0,0  !,0 , 5$,- !)$1!() *,,0* 7%$.,- ,1 5,-$5

*/ 6$'+  !"#!!$%& ,!)'* 536*, 5!,%4&* 5$30$'*$ !&$%!2* 4$(!2* !4!) %)0 $(5$&*%2) *)") .  !,,$0  !44+*
%!$$2  $*!/+ 5$+%63* 5$,(+) !2$&% ,$&!"$  !!( 84)$2 5$,- ,1 *0%-* . '(!)  $*!/, 5$$,3* 5$!$,-* 52 )1(, 85!3

 !+*/+ 8$", ,"$$# '(!) $2"*!6%32 %$.! ,1 1 , !3$1*  !#,4* !6$',  25*). 

13 1( %$.!!+ %!$$2*  $*!/ 5!!-),  ,$-)  !,)$#+ 5$3$%5&,+ , ,1 *"!,&* 55(&*,  !-.+2 53#5* %21* 8!)  *
 !3#,$'0  !+*/+ , !#!#,( !",$#$  !33'+ ,!-)" /60  !+*/+ 5$(& *!6%32 5$%$#+) 1$+!1, %)-+ 80$ . %#!-

:%2)  !+1$!+* 5$3$%5&* , !-)1* 5$31, 4- 5$(5$&+* 5$3!4+* ,1 85,(3 $!* . !4++  !%%)5+$  !0,$*1 ,00
* 5$0!2) *-!6&*,+1( %$.!!+ *2.$50 %!$$2 ,*3!4+ ,0)  !4-.$ 5$3#5 8$6!-, *+6+* 5%)65+ 70 , %$1!+)  6 $+0

3)*", , !+0'* 5$-.+2) .5$3+2 !#3!',* ,$#$"$%&)1985 (0 ,1 *5(&* *-)#-30% 5"!,&) SO2 ($$") 20 !31  .
 ,1 5$"!,&* 5$+0 *4%! 70+ *2.$5021) 5$+$5(* 5$3!4+* -48% , %12012* 8*+  *,-+,) *"!,&* 5+% 52 $5!(&

+-50% ; *!&$' ,$#$"$%&)1988 ( 5$"!,&) *3$5+ *4!%!, 2!)*NOX , 5!5$-+1+ *!,- *,( *&$#5 *5$2)1 4$-)
*/ 6$'+ 5$"!,&) ,2%1!). 

14 5"!,& 5!(&!$  !#!#,($ 5!%&$6 5$.$+(5 5"!,& -3+! */ 4-.CO2$ - NOX  !%0!3  !/$(2))%$+ ,2001  .(9'$3) ,
* 71+5) *4$)-, /6 5$3!)%$" 5)''),$1+ %$/(+ ,'+ *,-+,) *&!%1* 5,$.!3 %$&!1 $-+1+1-15%.  
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4 1!#3 1.%3 )% .(

4.1 4"-#-$ 4  %2'+ 4 !1-$#264 %"7# ),"02*   

 ,1 *%!#', $3!3& *3$01* 5+%) !"6%32 8$0'!(, 2!)*, *!!%!-* 5,$0! 52 8!)*, 53+ ,- !4-. 

$45$+!!# 5$3$01)  $!0  !1-3 $2 $1-3 %12  !+ .  !!$3!1 *51- %12 *3$01 8!!4- 8!2 ,2%1!)

) 7$'(, 53+ ,- )(% 8&$2) !3$%!-* )(%+),+1( . 8!. *$$3 8$60 5$#$%! 5$3$01  3+$2 5$+!!#

2)' %&0) *#$%!* *3$01*$ , 8*,1  !3!!&2+* 80,$ 4$'!* 8+ $3)3 %12 5$14( 5$3$01 $,21 2,2

3$1 ! .5$3$01 5$+!!# 52/ 5+$-,  ,$-) , !%- 92 5$)%  !+-&$ ,  .+., *%"+, 8+.-, $+1 %12

* 50!%.),+1(.15    

5$3$1 5$,$-&) "$#3, %1&2 !"6%32 8$0'(, -!6*, 53+ ,- . 2+!!# %) ($5!&, 5$!30$5 !0 8!!., 1!

5$3!4+ $,!&2$  !%- 8$60 ,$46 !3$%!- )(%+, 5$'(!!5+ 5$)% .,$001 8)$+0 ,$46 !3$%!-* )(%+*1 

%5$! ,%5$! 5$)(% 5$!5%)($ 5$!,0,0 5$0,1* !,-)  !0!,*5  *) ,$,0, !%1&2 70 .  !)%  !21$3

 !34 $32 $) */ $+0  .+$.+ !3$%!- )(%+) %)$4+ %120  !!"3$$,%  3!2 5$+!!#*  $(5+ .2+6$4, ,

535!3 2,  2 %#- $3!* *%$)(5*  $(5)  !!3$%#-  !!$3!1 -.), 8$.% ,1 5,$0!, ), 5+$15 

*3$01* !+$(5+  !2.$!  * %120 4!!35*,  !)1$5* . 84 1$6 )(%+)  !!%1&21  !!$3!11 820+

2+6$4, ,  53$01)   !3$43 5$!*,  !,$0!  3!26 $&!' *+.- !3&)  . %12  !4-. ,- -!).*, *'33 $32

!  !)(%  !0!,*5) 5$,5 2,, *3$01* ,1 !3$%!-* )(%+) "#3!*,  !,$0! 5+%)  !%$# %12 %5$

*3!4+* $2 %!-* .  

 8!), !%$)!.* )(%+) -.), ,$0! !+$#+* ,1++*1  !!$3!1 8!) ,!4)3 *#!4)* 7,*+) !4-. 

!"%&* )(%+, *%!4(  !%%$6* .2+6$4, , ,)#5*, *,$0! 5!%2,$' *%$25) 1$+!1, %$)-, *",(*

%!-* !4! ,-!5!'(! *,# *%$.) *4! ,- -.)5*,$ *! .52/ 5+$-, , ,+1( !%.$+) 1$+!1, %)-+

 +.-  !%!!4* 5$)%$-+ 52 1%$4 5$%!4* 7$5)  !!3$0'( .!,,0 8&$2) , :+2, $/ *4$)-) *"3

 ,- ,#*, 53+ ,-  !%!!4* 5$)%$-+ 2,, 5$!$1%* !4! ,- -.)5*,$ ,)#5*,  !,$0! %12 5$3$%5&

%#(+* -$.!) .52/  - ,)1$5* ,1 "%&* 8!!3#  $(5)  !4-. ,$#1,  $#+ 1!  !2!)+  *  2)  !

%0!3 !"6%32 8$0'(, .  

                                                
15 53$$0+$  !&'$3  !)%  !")!* 5,,$0 2!* 2,2 4),) *!6%32) 7$'(, 54-5+ *3!2 %!-* 5!30$5 )$%, !0 8!!., 1!

  5$+!!#* 5$3$%#- !& ,- ,-$&* )(%+ 5%!.!,)Sustainability (!#* %) ($5!&* $2 2+!)Sustainable 

development  .( %$+!1 4., 1$32* !0%. ,- 5$3-, 54-5+* *%$.)  !)21+ ,$.!3 ,- '')5+ 2+!!# %) ($5!&
*)!)'* ,*$$*) #% 2, $2,$+! *,2  !0%.1 70 ,4!5-)  6 2,2 .  !!5%)(  !!,0,0  !")!*, *3-+ 55, *'3! ($5!&*

!3$%!-* )(%+)  !!5)!)'$ .,$)* $!3!!&2++ 4(2 !)%  !21$3 5,,$0* 5!)!"%6"3!2 *)!1( $3!*  !" . 5$!30$51 70
*#$%! *!!3),  6 *!6%32* 21$3 4., 5$'(!!5+  !%- ,1 2+!!# %) ($5!& ,*%$)(5 ,-#%# !1$+!1 ,5$)%5 , 5$4'$+

*2,* 80$ 8$",1 . 2+!!# %) ($5!&, 5$3$%#- 7+'+ 2+6$4, *2%"This is smart growth "2 !4! ,- (5$& %12 4$6!

  !%-* !,*3+)The International City/County Management Association ( *)!)'* 5$0!2 4%1+$

!2#!%+2*) .Smart Growth Network,(



12

4.1.1 3 /.)LEED for New Neighborhoods  

 *!!3), !2#!%+2* 8#5* 5%6'+) *51-3 5$3$01) 5$+!!#*  $(5, %5$!) 5!3,,$0* 5%6'+* !,$2

 4!,* *#$%!)LEED ( 5$14( 5$3$01,)Neighborhood New Development.(16 */ 8#5 

*0!%.  *)  !!3"%&  !%"+%& ,,$05+!!#+ $2 *#$%! *3$01 5$!*, 53+ ,- *3$01 4$+-,   . 53+ ,-

 8$0'(  $(5)  !%$6+ 53$01) "#3!*,  !,$0!1  !4-.* ,- *#$%! *3$01, 4!,* 8#5+ 4$+,,

),+1( !2)*  !3$!%"!%#* !& ,-  !!"3$$,%*  !&!-'* 52 $0$5+ ,4), 1!  :  

1. ) 8$0'!(, %1#,+1(-   !3$!%"!%#1#  3!2 ,,0 4!,)  !)% ,-  !-!&1+ $2  !%$,+1( 80,$ 2, 

*/ %#(+ 5%6'+) $-!&$! .  

2. 5+!!# *3$01, *+25*-8$305 7!,*5) 5$2.+31 5$14( 5$3$01 %$)- !$3) 4!,* 8#5$ %(2+  , !%*

  *) 7$'(, %1&21,+1(5$+!!# 5$3$01)  !!%1&2  3!2 %12  !4-.) .17 1&(3 $32  !4-. %12 

5$+!!# 5$3$01)  5$2 -.), !%1&2 .

3. %* /!0 2,$ !3$%!- 8305+0 5$1- 5!!3) 7!,*5) *!3)  /!0  6 54#&5+ 5!+$#+* 5$1%*1 5$%+, 

 !#$%!  !3!!3)0  5$2 5$3), %$(), *,$0! $/00$ %$)!. !3)+ ,(%+)  !!$3!1) $/ *4$)-) 4#+53 $32 )

44$)* 8!!3)* 5+%) 2,$ !3$%!-* .18  

 !3$1*  !%"+%&* !& ,-  5#!4)$ 8#5* !&!-' ,1 "$%!& 85!3$.+, 2  (&'3)4' . 8#5 *LEED 

 !3$%!-* )(%+)  !+!!#, %1&2 %12  !!$3!1 ,1 44$) %&'+  31! !0 *2%+ 5$14( 5$#$%! 5$3$01,

5$#!5$ 5$3$01) .52/  - ,!&$,( 5$3$%5& %&'+ !4! ,-  !61$+ 5$!*,  !,$0! $,2  !!$3!1 ! . * 8#5

LEED5+ %$(), 8305+, %1&2+$ $,2 5$&$,() %!0+ $+.- 80$ .  !+!25+*  !!$3!1* "$%!& 8,*,

 $36.*1  !%"+%&,8561*, 5$&$,(*$    :  

1. Heat Island Reduction- *-&$5 *3!*  $( !2 51(%5+* *,$- *)  !!3$%!-  !/0%+) 

 ) %!-* %$/!2 ,1 *%$"%&+"*2-3%&+"* 5+$-,  !/$(2 *%$"+ )#- 52/$ *!5$)!)') *%$1* %0 /$

 !3!!3) ,1 ,*)!)', 70 %(2 $5$2  !%!/(+$  $(  !6&$'* 8$")$ ",&'2 . * 8#5LEED ND )!.+ 

*!-)*  - 44$+5*, 53+ ,- 5$&$,( %&'+:

                                                
 164!,*  ,*%2 *#$%! *!!3), *.-$+* !4! ,- )503 %12" ))USGBC (  $!* 4- *#$%! *!!3),  ,$-) ,!)$+* 8#5* $3!*

  !3!!3), 4!,* 8#5 5(5 $3)3  !14(  !#$%!1200 ,$-* !)(%)  !#$%!  !3!!3)  . * 5(5LEED  !($#,*  !3#5 %&'+ 
*#$%!* *!!3)*  ,$-+ : !#$%!  !14(  !3!!3) 5!!3), 8#5 ,#$%! %$/(1$ :$&!1, 8#5 , 80$  !#$%! %&' !5) 5!!3), 8#5

*2,* .5!'(! 14( $3!* 5$#$%! 5$3$01, 4-$!+* 8#5* .($5!& !0!,*5) 2.+3 8#5* /2+ 2007 5!3$!'!3 2'%6 *#1$* /2 
%$)!.* 5$%-*, ($5&* ),1)  $!0 2.+3 2$*$ .52/  - , !)6, #!+-+ ")+  *+ ,)#, %1&2$  !!$3) %)0 $)  !&!-'*

*#$%! *3$01 ,1  !"3+,2* . *#$%! *!!3), 5!2#!%+2* *.-$+* %52 *2%)USGBC :(

CM&CategoryID?aspx.DisplayPage=/REFERRER?aspx.DisplayPage/org.usgbc.www://http

148=SPageID  

172+6$4, , ,1 *%!+1 $2 1+1* ,$+ ,2 *3$01* !5) ,1 *3$03 *!!3&* !4! ,- #% ,)#5*, ,$0! ,$46 !"6%32 8$0'(
1 5$!$0/5+!!# *3$01) !%1&2 */ 8!2 72  !3!!3) 8!) 1+  .  

18 *3$01)  !!%$)!.*  !3!!3)* ,,0 52 #$%! 8!!3)0 5$3), 4!,* 8#5 ,1 *1!%4, 5'(!!5+ $/ *%-* .*2%  :LEED ND, 

Green infrastructure and buildings, credit 1.  
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a.  !,-) 5$66) 1$+!1SRI) *%/(*  4#+(*$)6 

b.  !3$66 !4! ,- 5$0%4+ ,1 *,,.*

c. !3$%!-* )(%+* %$-!! 

d. () 1$+!15$!3 5$%$#+ )!!3-, !"3$$,% 5$(&$33 "%&* 5,(3 5+%)  !!$3!1 )!!(+$ %(2+ 

$+.- 1!)0* ,- -$.!), *1#$ 5$!5!) 5$!3() (

e.  !#$%! 5$66

2. Infrastructure energy efficiency-$0%-+) 1$+!1 !4! ,- ,+1() 1$+!1)  $.+.  5

 5$!3$%"#,2) !%$/+% ,+ 5$)21+ ! ,)$(% 5%$25 (*!6%32) 5!3$0'( .

3. On site renewable energy sources - 8$60 ,+1( %$.!!, 5$!6$,$30") 1$+!1 4$4!- 

 !5)* ,-$ *3$01* !)(%)  !!%2,$' 5$($, $2 ($% 5$3!)%$" .(* 5+%! 52 5-)$# *!6%32) 8$0'

8#5) 4$#!3* .

4.1.24$"1* )"#  .# 4 %1* 3 7%,+ 4"-#-  

,*5 $%)- %12  ,$-) 5$#!5$ 5$3$01 $2  !%- ,1 *3!() ,- $34+,, 80  6 ,$0! 2+!!# %) ($5!& 7!

*!6%32*  $(5) "$#3, %1&2  *)  !4-. .  !($5!3)$3'(!!5* $30%-1 8()+ !%#+ *1$,1, 

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

)Islamorada(19 , *!3%$&!,#)1 !,#%))Berkley(205%$3$ '"&+* *!3"!%))1 8$

)Nothampton.(21 5$2,)") ) (&'3*' !& ,-  ($5!3$ *!6%32,  !-6$3*  !&!-'* "$%!& 6.$+ 

 ,!-, $%0/$*1  !3$!%"!%#*) )(%+) -.)5+ 2$*  2*$ 5$#!5$$ 5$3$01,  !25+ %"+%&*  2*

!3$%!-*.(22 ) 6.$+ 80 $+0%!- ,0)  !2.++* ,1 ($5!3  6 (&'3 .!#, %1&2 %12 9!-'! 5$3$01) $+

                                                
19*4!%$,& !&$(, )$%#* !2) 80$1* 8"# %&0 . 0 %&0)8000!)1$5 5!+$#+* 5$%!!5*+  !!(*   . %&00 /%0$* %&0*

 !+.- 8$",1))Incorporated village ( 531)1997 5$4%&3$ 5$!2+.- ,1++ 5$!$0/ ,)!# 2$*1 %)4* 5$-+1+$  ,
54%&3 5!+$#+ *.-$+ 8!-+ . 531)20075$+!!# 5!30$5 %&0) -.), ",($*   . *!6%32*  $(5)  !4-. ,1 *+!1% 5!30$5)

)Village of Islamorada. 2008 (.  

20!(%/+* 9$(* ,- 530$1* %!-* . 5$)!)') %!-)100 0) 1!2 9,2 45)2 !5) 9,2  . 531)2006 ,- !,#%)) ",($* 

 5!,)$,6* 5$++(5*) *+(,+, 5!30$5)Climate Action Plan ( *!/!$$% !0!,*5)  $!0 52.+3 %12) !3$12% ('$3
 ) 2.!2008 () %$)!.* %$1!2, 52., *%$+2$ !3$!2009 . ,1 *4%$* *+.-, *+1 5!30$5*80 *5$2 *++(* !/6) /$(2 

*%$)(5 8$60  !21$3 ,1 )(% 8$$6+) *34 2!*$ %!-* 5%.!!+ ,*+42 !1$+!1 ,5,$'& 55(&* ,*,!*#)  !'(!$ %$/(+ .

 *!6%32* 21$3, 4($!+ #%& 14#$+ 5!30$5))City of Berkley. 2008. (  

2132)1 %!!1&+*$!3 /$(++ %!-* !)1$5 9,2  !!52+0, 5!) *$$*+ *!,6 . 531)2005 5$+!!# 5!30$5 *) -.), ",($* 
 %2$3!)$2008*!/!$$% !0!,*5)  $!0 52.+3 %12 *3$12% *"$!" *2.!  .  !+$(5, 5$'(!!5* 2!*  6 5,,$0 5!30$5*

-#%# !1$+!1 8$60  !3$1 ,!,0,0 ($5!& ,5$)%5 !!( ,(!!5+* 4($!+ #%&  - 7$3!($ *%$)(5, '"*!6%32 , ,- *36*$ *)!)'

  !,#2*)Energy, environment and climate protection) "(City of Northampton. 2008. (  

225$!$1%* 5$!30$5 ,1 *%!#'+ $3,1 %#(+* 5$$. !4! ,- $30$* 5$2,)"* .  2* *,21) *34* *4$+- *&'$* 80 $+0
,2%1!) !3$%!-* )(%+) -.)5*, ,$0! 4-.* .2+6$4,, ,+1(* 5%)(  - 85+$ 21+ -.), *,$0! *3!2 ,2%1!) *!!%!- 
*!3"!%)) !%1&2 */ 4-. 72 *!)1$5 %$)- .5%$3) 80,' ,- ,+1(* #&'  - 85+$ 21+ %"+%&0 5$1%* *'!30* 8$5&+*
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5$#!5$ , !$,5 $3!2 2$* !)1$5)%!-* !4! ,- *1-3 2,2 !*! , 5$1% !4! ,- ,-$&, $2!.$*, %1&2$

$/ *4$)- 5%6'+) :+$2+ 5$!*, ,0$! ,2%1!) 5!,2&!.!3$+  .  

4.2* /"0(6$ 4 !1- / * 8"!1)$#26 %"* -3 *6%#*   

1 *%!#'+ * 8#5 ,LEED !2)*  !2.++*  !,$- 2+!!# %) ($5!&, 5$!30$5+$  :  

1. ) 8$0'(,  !4-.  !,,$0 2+!!# %) ($5!& 5$!30$5,+1( ,- 5$%!1! -.)5*,$ ,)#5*,  !,$0! %12 

 !)1$5* 5$)%$-+ 2,, 5$!$1%* !4! .)$%, $,2  !4-. ,!-)" 8&$2) , ,1 !"6%32 ,$-!!, $2 $'(!!5!

 %$)!. !3)+)6'+) $3!2$/ *4$)- 5% (!%$)!.* )(%+)  !!$3!1, $2 .

2. ) 8$0'(,  !)%  !4-.  6  !,,$0 2+!!# %) ($5!& 5$!30$5,+1( ,1 !"%&* 8!!3#,  !'(!!5+ %12 

 !)1$5* .  

-* !4! ,- 5$1-!*,  !,$0! %12  !4-., 5$&!4- 55, $3%() %#(+* 7%$., ,,00! %$4(, !,)+ *!!%

 !)1$5* ,1 !"%&* 8!!3#, ,$5+ 52/-$.!), %5$!  !,# $!*! $,2 !0 *(3* 7 . *%!#'* 7$5+

 !!/0%+  !4-. !31) 4#+5*, $3%() 5$3$%5& ,1 *%$1 ,- *-!).* %12 5!5$%&'* : *6%#3 %"1  

  ,"% 13)4 ,  ,*" )"0%!# $2 4"6 )& $' )!%"3 ()" &7%,+ )"0%1# $"1  ".   

52/  - , $(5)  !4-.  6 $1-3 5$)%  !%-) !0 $3!2%1 %(2,"%&* 5$1%  , ($'&, 2,1 $3%() 2,

 1  $,6* ,+1() 8$0'(, ,2!.3"$&* ,- !%+6, . *,$0!  !)1$5* ,1 !"%&* 8!!3#) 5$)%-5*

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

*4$)-)$/  ,$3%() !2)*  !3!!&2+* !,-)  !4-.) 4#+5*,   :  

1. ) 8$0'(, *$)6 ,2!.3"$&,+1(-,+1(* 50!%. ,- %5$!) *$)6* *-&1**  *, %12  !4-. .  

2. %!4* 5($$%)  !-6$&  3!2 %12  !4-., 5$&!4-- *-!6& )#- 5$!$4635* %%$-,  !!$&.  3!2 %12  !4-. 9!4-3 

 !)1$5* ,1  !'%"3!2).23 

3. +!2 5,$0!,-$&) *!."3+,&- 5$4#+5* !%!!4* ,- !&'0 ,"3  !,!"+  3!2 %12  !4-.)  ,8!&$,(, $2 , %12

 5$!*, $,0$!+*!!%!-* !4! ,-  !4')$'.24 

                                                                                                                               
5$0%-+$  !3#5+)  !!"6%32  !%$&!1 .5%$3)  !&!-' !31 "-+, !0 8!!., 1!'8$5&+* ,$!30$5)  !-.$+*  !4-.* )$% 5

,2%1!) 5$3$01,  6  !+!25+.  

232+6$4, , 7$5+ 8!!3)* ,1 !%$)!.* ("1,  !'(!!5+* 2,2  !)1$5* 5$%!4,  !%4$(  3!2 %12  !4-., 5$&!4- 8535
*#!"5'2 $2 5$($3 8$60  !,$#!1 .$,1 *#!"5'2) $2 8!!3)* ,1 !4!5-* ($5!&)  !-6$& 2, %12  !4-. 9!4-3 80 $+0.  

24!+) #/( */ 8$%#!- 5$1,( 5$!+$3$#2 $!.$' 5$3$01) 4($ , !,0,0* ,$-) 521,  !,6$'+  3!2  !)1$5* 4(2 4.+  1
!31 4.+$ , !3!!3)* ).+$ ,!6 )#- %5$! ,$46 5!"6%32 5$,-!!5*) 7%$.* . 5$66 ,1 *3!()) 4#+5*, $3%() $/ *)!'+

  !%# / !5)* 5$66 ,-  !!2",$$ $"$&  !25 5).*) 2,$  !#$%! ,#! $,2 801 %/(*, )% 8+/)  !0$%0$ *)%*)  !%
*-#1**.  
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(* ,2!.3"$& 52 8!)*, 53+ ,-!) 8$0',+1( 8$0'( 8#5,  !4#+ 4-.0 7%-3 %12 %#(+, $3!3& 

),+1( !%$6+ !3!!3))  ,5" !5282 .)%2 %$)- #4) %#(+* ,2%1!)  !,#2 !%$/2 *-)5"2 , !,1$%! ,

5,!2$ -)1 %2) ((* ,2!.3"$& 52!) 8$0',+1(  !!$3!1 ,1   !"#33*  !3$1  !4-.8!!3)) .25 

 ($,) 5$2)$+ %#(+* 5$2.$51 .  

6"$1 :"". /"0(6"#$ 2&"3% !* %  

0

5

10

15

20

25

30

35

 !"#$ %!%#&

'##(&)

** %!%#&

'##(&)

 !(( +)

 "&*)) "#!!,

(-!.#,

'##(&) "!"!!,

/#$)  !0#0&

 !"#$ 1&2

'##(&)

**) 1&2  002)

** / !"#$

 002)

/#$&  !(!03

(-#+#" )

*!*#4

 #125, )"#% **  "#%

  

%".#1 :* *2 ,2002.  

3 %#(+*+ $"!2* 5%)6*, !0 4$+,, 85! , ,$46* ,2!.3"$&* :!#) 5$3$,( 5,,.*,$ 8!!3)* 66 4$4!),

!"6%32 8$0'(, %5$!) .52/  - ,  !4-.  3!*  !'!%5) 1$+!1* 5%)6*$  !)1$5* !5)  $"!2

*#!"5'2 !,$#!1 ,-  6  !-!&1+*$  !)1$5* 5$%!4,  !%4$(* .52/ 5+$-, , 8!!3)* 66 4$4!)

* )(%+) -.)5+$3%()1 *3$01, 4$2+  !25+ 2$*$ 8!!3)* ,1 !%$)!. : 1$+!1 *1-3 2, *) *3$01

,,0  !3!!3)* 5$66) . !%!!4* ,1 ,+1(* 8$)1(  - )!"+ %12 */ 4-. 8++, "!,(5 *!!%!-*  2) ,

*, *!$&. *3!2 2!*!5$!$4635*) ,#5  . $3!* "$#3, $3%() $) 8$%(2* 4-.* 80, :  !  $1 )"77 !"! *

6* 2"# 2 3, %. 4!.#  $1* 4 %#"SRI4 ."%  )"77 "+ 3"*7 .   

                                                
25 1+1* !3& ,$+ ,2 8!!3)* 54+-* 8$60 $) 5$-.$+* 5$,$-&*+ #,( !0$  !14(  !3!!3), '(!!5* %#(+* !0 8!!., 1!

$3%#(+, !"3$$,% $3!2 .52/  - ,  6 -.)5*, 5$,$0! 5$%(2 5$,$-&Ad hok !+!!#  !%$6+ !3!!3))  . !0 8!!., 1! 80 $+0
(+* 4$4!), 8#5) 4+$- %12 ,!6% 8!!3) ,$+ ,2 8$0'(* ,2!.3"$& 52 #4) %#1045,2%1!) )!!(+ 8#5 2$*1  . (!3*, 1!

*)%*) ,$46 !"6%32* 8$0'(* $3,1 *3$01) $,2 ,1  ,!6 !3)  !3!!3)) !0 .  
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4.34 %6*,3 4 !1-3 $2 ) )"%'( 3% .(  

 #%&)  !"%$&+* ,+1() 8$0'(,  !4-.*+ 4(2 ,0) 5+!!#* 5!-$.#+* 5$%&'* 52 8()! */ #%&

 4$#*  .-.$+* %#(+) $,1  $1!!* 5$!$%1&2  *3#4)!5 4-. ,0 9$').  

4.3.1 ,"% 13 *6%#3 %"1    

* 5-&1* 21$3  ), 5+$15, 5$3$%(2*  !31) *0$/ *!$3) 5!3$%!- *)!)')  !,#2* !235 ,-  !.-

 !)%  !%#$( ,1 ,%!-*  $(* '+$- 5&%(* ,1) %5!* 8!)  !.2$+ %$!- !0!,*5+ *2.$50 !3$) *2%

/ (&'3' .(  

%!-)  !36)$ 5$%41) *1-31 %#(+)5 " *5)!)')$ 2)-$1-1-%) ,2002 (*#4)3  !.-* 5-&1* 

*!$3) 5!3$%!- *)!)')  !,#2* !235 %$&!1,  5+$%5$ . 5$-+1+ 4$+!, *5!!* %#(+* 5%"+

 )(%+)  $(5 %-$!+ %$/2 ,1  !,#2* !235 ,-  !.- ,1 5!5$+0* *-&1** 52  !-)$#*  !+%$6*

*0$+'* *!$3)* *)!)'* ,- $5-&1*$ !3$%!-.)  *2%( (&'3'.(  ,4$+ (5$& %#(+ $5$2, 71+*)

)1($++ !"!,32 ,The Green CTTC model) Shashua-Bar & Hoffman 2002( , ,- 551$+*

!!,2#!/!& 5$3$%#-  !!%!&+2  !%"+%&$ .26 !3$%!- 8$305 5$3#'+  $1!! %1&2+ ,4$+* 

!6$,$&!")- *!!(+.* 5$-&1* ),1, 85!3  *) :%2)  !3$1  !,#2 !%$/2) 5$3$1 5$"  !6$' &

 !,- !)(% !.-$ "(+ !.-  !6.!!+*  !!%#!- ,*!!(+. !("1+  !6.!!+0 5$214+$.  

, 5$!(3* ($5!&, '!') *$$*+ *)!)'* 5$0!2, 4%1+* %$)- $/ *&$#5) 7%-3* 9'$3 %#(+" 8$305

*!(+. 5$-.+2) !+!,#2."27#(+) %$-!! ,1 5$3$1* 5$-&1** 5$+64$+ % ,-" 5+%$ *!!(+.* 6$' &

!$'!0* .*,,.** 5+%,  25*)/51#$)+* 1+1, *&!1(* , 85!3 *!*! 52$ *!!(+.* 6$' 52 8305,

$&!&.*-!"3* 5 ,+ 5!+!,#2 5$($3 561*,5!)% . )$(% !.-) 1$+!1* ,2!.3"$& 52 8($) %#(+*

%$.,  !3$1 8$305 !).+) !3$%!-* )(%+) )!)2 ,5 %!-)  42* 5$($3$  !,#2* $%#!+ !235 %$&!1 7

)%) -$1-1 ,2007 .( $3()3*1$,1,2%1! !%-)  !.$&3* 5$3$1 9$3 5$%$.5 !,-)  !.- !6$'  : '$#!&

*&$&.$ *)(% *&$() 8!!&25* 5$%41* ,*,!,4$ *%. *&$() !$.+ %+5$ 5!3$3!) *&$() *23 930+.28          

                                                
26 ,4$+ ,1 9'$3 ($5!& *$$*+ */ ,4$+CTTC %!-*  !,#2 !$/!(, )Swaid & Hoffman 1990/91 () 8!) $'30$* $

*!!(+.* 5$-&1* %5!*.  

27 6 (&'3 7$5+ . #%&) !+!,#2 8$30595!3$%!- *!6$,$#2  , %25+* 5!305 !.-$! !4! ,- *-.)5* %12 *4$)-+ #,(0
5!3$%!- *!6$,$#2 21$3, .5 5!!%!- %$)-"2 .4".$& 44$- %'%".  

28  1, 5$!6$,$%$2"+ 5$4!4+ $-.$) 8$12%* ),1),1 ).+ 53$+5 5-!)#  !%"+%& 5-!)#  1,$ $#4)31  !%52* 
 !.-* !6$' 51$,1 ,1 !+!,#2* 4$#&5* 52  !3!!&2+* .!%!&+2* ($5!3* 5$)#-) , 5-!)#  1, !"!,32 ($5!3 -.$)

8305+* 5"!,1 5(5  !351+ ,1  !!4$(!!  !"#&2 . ,4$+ 5%/-) 5$!.,$+!' $0%-3Green CTTC model !&, 
8$305 !351+ *1$,1 ::-* 6$' ,"1!3$%!-* )(%+* 5!%"+$2!6$  !.-* 5,,.* ( .!3$%!- )(%+, 5$2.$5*  $1!!  1, ,

$0%$2,  !3)+  - 8$!3# )$(% #4)3 , *.$&3* *!3) 5%$. 6.!!+*),5 %!--)!)2 .  !.-* !6$' 51$,1 ,1 8$305 !).+ $#4)3
 ,1 !$'!0 ("1) *-!"3 5$&!&. ,1 5$+%)25% ,40% ,70%,$ - 90%)$(%* ("1+  ,*1$,1) 5+% !,-) 5$)$(% !'$&!" 

 ,1 *!3) 5$&!&.4 , 6$ - 85$+$# . " (&'3) !3$%!- )$(% 75() *!$/(* %!$$2* 5%$"%&+" 7,*+ 2)$+ )8$&.- $%4 (
 *351+) *)$64 ,6$ -85$+$#  ( '$#!& !.- ,1 *351+ !$'!0 5+%$)40% ,70%$ -90%( , %!$$2* 5%$"%&+" 7,*+ ,$+

$ *351+ !3$%!- )$(%) *!$/(*-40% ,1 !$'!0 3 !.- !6$'  :'$#!& ,%+5$ 930+ .  
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1  !.-* !6$' 51$,1 8!)+*&$&.$ *)(% *&$() 8!!&25+* 5$%41* '$#!& !0 2.+3 $3()3 , 5+%)

  ,1 !$'!0 ("1) *-!"3 5$&!&.90%)$(%* ("1+  ,# "#&2 %.!!++ %$%!!)%.  

 5!+!,#2* 5$($3* %$&!1, !/0%+ 4-. %$-!!)  $!0 *2$% !3$%!- 8$3051 70 ,-  !%$+ $,2  !%#(+

 ,1!3$%!-* )(%+* .  

4.3.2"77 $2 4"63 )& $. ))6'3 )"77  !  $1 "+ !"! *  !  $1 )"4 ."% "  

* ,$.!3) 8$0'!(, %5$!) )%* ,2!.3"$&* !,-)  !)!0%+* 4(2,+1(*3)+* 66 2$*  ," 5!/(*

5!1!+(* "8!!3)* ,1.29 7$5) 5%%$1* *%$"%&+"* ,- 5!5$-+1+ *-&1* 66* 7%4  $(* %)-+, 

70+ *2.$50$ 5!)* ,%!$$2 6$/!+) 1$+!1*$ 5!+%5* 5$($3* ,- . 55(&*$ *3)+* 66 ,$.!3 80 ,-$

 !3)+) *!6%32) 8$0'!(, )$1( 7)43  !$$*+ $0%4  $(* %)-+ .  

 !3)+ 7$5)  !,#2* !235 52 %&1, 85!3  0%4  !-.+2 %&'+  !+!!#  !3)+* 5$66) ,$&!") , ,-$

*3)+*  $+!( $2 %$%!#  1, 5$0%.3* *!6%32* 5$!$+0) 7$'(, 70 !4! : 5$66" !%#) " 5$66

$.+***$)6 5$!)!"#,&% !,-)  !%+$(  !& (  !#$%! 5$66$)*!!(+. !'$0+ 5$66 ( 5$!*,  !!$1- %12

 !3)+) !"6%32 8$0'!( 7%$., 5$+!!# 5$3$01  $#!1, 5!+$#+ 5$1% ,1 5$+/$! %$)-  !!"3$$,%.30  

5$+(* 5$3$-* 7,*+) 5!)* ,1 !)!'& %$%!# ,- 5$!5$-+1+ 5$-&1*  !-.+2* !31, !0 8!!., 1! ,

 $+!( ,-  5-&1* 72/*(!3/ 9%$(* 7,*+) 5!)* 4$4!) .80 $+0 ,  $(* %)-+ 55(&*,  5+$%5

,,0 4$4!) 2,, $2 *0$+3 4$4!) 5+% !,-) 5$66) #% *,$46 66* 7%4 , 5+% !,-) 5$66) 5+!!# *3!2$

**$)6 4$4!) ,5$+!!# 5$3$01)  $1!!, %5$!)  !25+ */ 6$'+ 4-. 80 ,-$ ,  !31!  !3)+*  *)

(!5!' ,*,!-! *%$.) 66* 4$4!) -.$) 2,$.  

, 4- -!6*, *,$0! 66* 7%4 5%)$-1  $(* 5$+0  !!"%&  !5))-50% 5!+$!*  $(* 5%!).+ 

)Pearlmutter & Rosenfeld, 2007 .( :.( *'$0+* 44$)+ 66 ,1 *%$"%&+"* *,$0! :!#  $!)

 8!) -$3,60-80 '$!/,. 5$,-+ )Peck et al. 1999 .( %)-+*-*  $( ,2  (* %$/2*+ $0%4 52 *1$

%#* %$/2*  !!#5+ !-)" 8&$2) 66* 7%4 . *0,$* !4! ,- *1-3 */ %)-+) ,1 5!%2,$#,$+ *-$35

5$%$"%&+" !1%&* !,-)  !&$6 ,1 %!1! !/!& -6++ *2.$50 $2 %+$(* 7%4  $(* 5+!%/( , *-'*

)%+$(* 5-$35 !4! ,- 5+%63* /6) $2 ,/$3)  $( %)-+ ,1 *-&$5 (# $2 *3!%) !21$3  !#!#,( ,1  %/

5$!"36+$%"#,2  !!3%# ,1 *%$.) ,,()  !-3* *!6%32.(  

                                                
29 %.!!$1 *3%$2 ,1 *54$)- ,- ''$)+ , ,1 *5$)!1("5!1!+(* 5!/(* "*!6%32) 8$0'!() :  +$1!!$  !3$1 5$3$%5&

,2%1!) .3$2 '5"2 ,2009.   

30 5&'$3 7%4 ,5$66* !("1 ,$.!3,+1() 8$0'!(,  ,$"$&  !25 53#5* 2!*-+1(  !#!&+*  !2",$$1+1* 5!!6%32+ , .
4$2+ *,!-! $/ *"!1 ,,2%1! 53!4+, 4($!+) 5+25$+$ ,5$)% 1+1 5$-1 *) , 8!!4- 50%-+* 5$!$,-  $!*, 8$03 !0  2

5$*$)6 ,*5$(& **5 */ 6$'+ 7,*+) 5!+$#+* 5$1%* 5$)%$-+$ , 8!$.1 !&0 $/ *4$)-) */ 6$'+ *"!1) 8$43 2, 80 ,-$
 4$#* #%&).  
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%0!3 8&$2) $0%4  $(* %)-+ 52 5!(&+ *0$+3 5$0!,$+ !,-)  !%+$() 66* 4$4!) .  !3$1  !%#(+

 50!%.) !5$-+1+ 8$0'!(, 2!)51 *%$.) 66* 7%4  $(* %)-+ 55(&*, 5$3$$6+ 5$"!1 $#4)

*,+1( .!& 8,*, !%#(+* "$% :  

1.  5$66" !%#"  

**$)6 5$!)!"#,&% !,-)  !%+$()  !&$.+* 5$66, 2!* *3$$0* , ,1 **$)6 *%/(* 5,$0! %+$,0

1+1*+ *3!%# ,5!+%5 5$!)!'+2 ,1  !*$)6  !0%-)$ ,%+$,0 , *%/( 8!%#*, %+$( ,1 5,$0!*

 $) *",#31 *!6%32)Bretz & Akbari, 1997.(31 5$66,  !4-$!+*  !%+$(* " !%# " ,,0 7%4)

#*$) 8), 8$$6 !,-)  !%+$(+  !!$1- , !*0  !3$$6)  !%+$(  6 $(5$& *3$%(2, !0  2 , 5$66,

 !-&$1+ .80 $+0 ,**$)6 *3%#* 5,$0! !,-)  6 5$!*,  !)!!(  * , ,,(, 8!%#*,  *, 5%1&2+*

  $( 5!6%32 %!$$2*)66) %)".+* (*+$42 2%&3!2 *3!%#0.322 $3()  !3$1  !%#(+  ,1  5$,!-! 5

  !%+$(" !%# "%!$$2 6$/!+ 5,-&*, 5$1$%4* ,+1(* 5$!$+0 55(&*)  !%$6+ !3)+ 5$66 !)6 ,- .

 $0%.1 5!53$-* ,+1(* 5$!$+0 55(&* ,1 5,-$5* *#4)3 *4!%$,&)11 !%$6+ !3)+  , $'$0  *)

:!#* 53$- -.+2) 8), !$&!.) 5$66* , ,1 *4!%! *5!!* !0 2.+3$7.4"$# "  $!, 1)19% ( 5$!$+0)

  !3)+) $0%.31 ,+1(*)Parker et al, 1997 .( ,-  6 *(0$* 5$0%.3* ,+1(* 5$!$+0) *5(&**

 "#&2 5,46*+ *2.$50 %!$$2 6$/!+) 8$0'!( ,1 5$)1($++ 5$!.,$+!' $0%-1  !%#(+ !4!

 $4!),2*)%/(** 54!+*%+$(* ,1  ( !%$6+ !3)+) 66* ,1 .6* -). ,1 *-&1** 52 $#4)  !%(2 6

) **$)6 *%$"%&+"* %$(1 66 ,-) 5!)) !0 $2.+$ 5!)* 7$5) *%$"%&+"* ,--12 '$!/,. 5$,-+ 

 8), 66 ,-) 5!)+)Cheng & Givoni, 2005 .( !)(%) 5$3$1  !%-)  !3!!3) 8!) $0%-31 5$2$$1*

*%2" 66 $2 8), 66 ,-) *3)+1 $2%* )"%# "-) *3)+ %12+ %5$! *0$+3 4$4!) 56%4) #&5'*, ,$0! ,

 **0 66)Konopacki & Akbari, 1998 .(  

66) **$)6 4$4!) 5+%  $!0  !3)3*  !14(*  !5)* 5!)%+, , %+$()  *!5$66 !$&!. 80 ,-$"%# "

) 8$0'!(, ,!-$! 2,$ "-+0,+1( ,52/  - , 4$4!) 2$.+, *1#  !31!*  !%$6+* !5) 5!)%+) 2#$$4

!)"!+ , 66 53#5*)1 5,-$5*$"%# "5!5$-+1+.  

  

  

                                                
31$!)!"#,&%) *!!,- 5%/($+ 1+1* 53!%#1 70+ *2.$50 $,1 ("1* !3& ,-1 *%$"%&+") *4!%!, 5+%$6 %+$( ,1 5

$0$5) 5-,)3 2,$ ,*3)+* 7$5 ,2 %4$(1  $(* 55(&*, 2!)+* %)4 . 7%$.*$ :!#* 7,*+) %#!-) 5!3$!( $/ *-&$5
8"# ,,(* %$%!#).  

32 5$66 ,1  $1!!,  !1+1+*  !)%  !%+$(  !+!!#  $!0 *!!1-5)"%# ! " $"!2 8$60 5$%"+,  6  !,.$3+$ , 8$#!5
 !#/3 ,66* !!( ,1 *0%2*$ *36* . !3),  !!"',2  !!$&!. , 5$!)!"#,&%$ 5$+!"2  *,  !3#+1  !%+!,$&  !,!0+*

$,2 5$%"+,  !1+1+ **$)6 .%52 7$5+"Fix All roofs"   

http://www.fixallroofs.com/roof_coatings/elastomeric_roof_coatings.htm 
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2. 5$66"  !#$%!" 

 5-&$5  $.+.,$ 5!+!,#2* 5$($3* %$&!1, *!!(+. ,1 *5+$%5"!32)%$2*  $(* !2 " *3$43

 !3$%!-* )(%+* %$-!! 4-. %$2!5) *)(%*))*/ #%&) 2 9!-' .( *-&1* *3)+ 66 ,- *,46* *!!(+.,

!3$%!- #%2& $2 )$(% ,1 $/, *+$4 :1 $/, *+$4 *,,.* *3#+ 66* 5!!(+.)1  !,-* 5$&!&.  !.-* ,

#%2&) $2 )$(%)  !)(%* ,**$)6 5$!4 5%1&2+$ ,*)!)'* 5%$"%&+" 54%$*) )$1( 4!#&5 *,1 .  

  !%#$( %%$-$ %)0+ */ *1-3 5!)* 7$5)  !,#2* !235 %$&!1 7%$., 5$66 ,- *!(+.) 1$+!1*

%$%!#) 7%$.* 55(&*, 66* ,- *,46* *!(+. ,1 *5+$%5 52 8$(),  !)%/ 8$0'!(,$ 5!)*  $+!(

*!6%32) . !+(  !+!) , 4-) %5$! *0$+3 5$!*, *!$1- *3!6 $!,-1 66 5%$"%&+"50 '$!/,. 5$,-+ 

,!6% %$(1 66 5%$"%&+"+.33 8$0'!(* ,- *!!(+.* ,1 *5-&1* *3()3 *3$52) %&' 5!) ,1 66) 

*3)+*  $+!(,$ %$%!#, *!6%32) , 5$!$+0) 5!5$-+1+ *5(&* *5!!* *!(+.  - 66 5(51 2.+3$

*,+1( $,$0 *3)+* %$%!# 7%$., $0%.31 )7-49%( , *3$!,-* *+$#) 4($!+)$)12-87% (

)Santamouris et al, 2007 .( 2.+$ !"+5+ ,4$+ 5$-.+2)  !*/  !%"+%& 8() 9'$3 %#(+

* 50!%.) *4!%!*1,+1( 8!) *-3 %$%!#, 15-39% 50!%.)1 4$-) ,+1( 5$4$35 $&.3  $+!(, 

 ,1 *(!3/ *-&1* ,- 5$-!).+* *%#* *3$-) *!!(+.*)Spala et al, 2008 .(  

 * *3)+* ,1 !)!'& %$%!#, *#!30"0 #$%! 66 ,1 $5$,!-! 52  !-)$#*  !!3$!(*  !%"+%&* : 6$'

  5$&!&.$  !(+.* !,- 8$60 *!3!!&2+$ *!!(+.*)*,$46  !,-* 5$&!&.1 ,00 , *-&1** *,46  6 70

!)!'&* %$%!#* ,- 66* ,1( ,$/2)  !,#2* !235 4-$!+* %)*0$+3 5!'(!* 5$(,* *) *1)! *)!)' ,

 !(+.*+  !+* !$4!2 7!,*5 52 5/%/+ , *,1 %$%!#* 5,$0! 52 5%&1+ 70)$ ( 66* 4$4!) 5+%$

)5!+%5 *36* 5%1&2+ **$)6 4$4!) 5+% ,*!!(+.* 5)01 ,2 *3)+* 7$5+  $(* %)-+ 52 5-3$+$ ,

*(!3/ */ *%#+) #$%! 66 ,1 $5$,!-! 80 ,-$.(  

,- 66 53#5* ,1 */ 4-.  1!!, 53+ "#$%! " 9'$3* *!!(+.* 5)01 '+$- 52  6 8$)1() 5(#, 1!

66* ,- .!$1!% 7!,* 5)!!(+ *3!2 66 53!6 5+#*$ 8$3!6,  !+!25+ 5$66* )$% ,*!!3) 5&'$5+ ,!4)*, ,

52/  - , ,1 #+$-) *!!(+. 5)01 21$3* 6610' "0 ,#$1 +-110# "6/+"% ,%5$! 5$)- 5$)01,$ 

%5$! )% ,#1+,34,#1+* '+$-, 66* 5$4!+- 52 #$4)! 8!!3) '43*+ !0 !$.% 80 ,-  .9'$3) , 1!

5&"$1* *#$/(5*$ *!#1** ")!*) )1(5*, ,,2%1!)  !+) %)$6$ 7,$** %$'(+* %$2,  6 ,

%63 !+ $2  !%$&2  !+ %$/(+ 5$0%-+ $2  !+)  !!3$0'(  !(+.) 1+51*,$ .  

 !+!!#  !5)) ,!  !3)+ "%&) !31 ,6 $&! 53$01)  !+!!#* $,2 8$60 ,' 52  1!!, *2%3* ,00 85!3 2,

 5$66* !-.+2" !#$%!* ",1) '+$- 5&'$5 *$$*! %12 66* ,- 9'$3* *!!(+.* 5)01 '+$- 

                                                
33 U.S.Environmental Protection Agency, Green Roofs, 2007.
http://www.epa.gov/heatisland/strategies/greenroofs.html

 34 5%)( ,1 %52 7$5+ ")$%-!$3 "il.co.noy-rov.www://http/  
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 !3)+  5$2) 5!5$-+1+ , 8$0!' 5$$*, ,$,-$1++5!'43* *3!()+ *3)+* 5$4!+-, ! .70, !2 ,

$5 5"!1 52 8$(), %()3 $/ *4$)-)  !!$&!.* 5&'" !%#* "4),).  

4.3.3)" ,"%&.$+ )"0%1# $2  &7%,+ $"1    

!3$%!-* )(%+) ,+1() 1$+!1*  $.+.) 5!+$#+* 5$1%* ,1 *+/$!) #'$- */ 4-.- !53$01

5$-.+2) 5$!3$%"#,2 5$0%-+) 1$+!1 ) !%$/+% ,*%$25 !'3& , !%2$+  !%$%+5 , !",1 5%$25

.$!0$ 5$.$(") (*!6%32) 5$!3$0'(  :!1 5$!30'( 5$%$3) 1$+ / 1$+!1, 5$+25$+ 5$0%-+) 1$+!1

5!&$,( *!6%32). 

 ) 4+- )!)2 ,5 5!!%!-) )$(% 5%$25 ,1 ,+1(* 50!%. 7'2007 ,- 38*31, "2$$ $,!# 8$!,!+  :0- 

1.1/$(2  !%!-* ,1 *0!%.* ,,0+ .35 9$') *,,0 %!-)  !'3&* 5).+ 20070  - 63,300 !'3&  , */+

25%5!&'0  ,37% -*$)6 :(, 8%53  ,8%,"+ -4!!,* ,16% -8$)!, !'3&  ,4%$ "3.'%$2$,& 5$%$3 -1% 

-%(2  .')*" ,1 *!!,- *5!!* 8$%(2* %$1-) 033 !/$(2 +)  %!-)  !'3&* 5).)2007-1997( , %120

60  !/$(2 %(1* 5$,- 4- *0!1(* 54%+  !#,$4  !'3&*+ ,*)% *-$35  *) 1!1 5$+$#+) %#!-).  

1. 2,$' 5$0%-+5$!%  

)$(%* 5%$25 5&,(* , !%$/+%* , 5$.$( !",1  !%2$+  !%$%+5.$!0$"  !3#5+) ) 52  !2,++*

*!.#3$& *5$2 ,!1+51+ 72 5$%$#+)  *!6%32" *!!#3" , *!6%32* 50!%. 50'(3 70)$"5+*/+* "

- 5#&$+*",+1( 5%)( !%!$$2*  $*!/ ,- *5-&1* 53!()+ 8* 8()!*, *0!%.   !-.+2*+ #,(0 

0'!(,5$3$01) *!6%32) 8$ , $1!!, 5!,0,0* *5$!240 53!()+ 8*$ , 52 8!)*, )$1( 80 ,-$

  5$2 !%$(2+ 54+$-* *!6$,$30"*" !%.$+ " !!%2,$') . *2% (&'3!'(.  

:%2) $!* *+0 5$3$!'!3 5).*,  !3#5+  !!%2,$' )(%+) !3$%!-* 8!)*$-!3$%!- ,8$60 "#!$%&* '3) 

 !%*  !,1$%!) ,$) *&,($* 5%$25 1!)0* *%$25) $"$&-5!2",$$ 5,,$0* !31!!( *-$35 ,70 

 !'3&*1 $#,43 $)03$ #% -"& 7%$.*) %)4 %%)5*1 4)-!4) !5!!-)0 53!()+ 5$($3 5!,2$/!$ 8+/) 

                                                
35 ) *0!%.*2007 ) $/, *+$4 2006 *$$*+$ 5$+4$#  !31, *2$$1*) *4!%! :39"$# 8$!,!+ " 531) 12005$ -42 8$!,!+ 
"$#") 1-2004 ..) *4!%!*70) 5%)'$+ 5$3$%(2*  !31) *%$25 !0%$., ,+1( 50!% , 7%4) *%$25* ,- 5$!%(2*1

*%$25*  $(5) 8$0'( 5$!3!4+ ,- ",($*1  $1+  6$ 8$,!!2 !)!53 5%)(, *%)- 8$,!!2 !)!53 . ,1)  6 5%)'$+ *4!%!*
5$)$(% 5%$25, *%#) /0%+ 5+#* .*31 ,0)0 ,!6(, 5!"$1!# *%$25 %$2+* 5#,(+ *,!-&*  ,  !-$%!2,$ 5$6!6(,

 !3$1. 5) ,+1(* 50!%. 7'"2- 531) $&!20070, *-!6* -3,745"$# 8$!,!+ "1 :33%5!5!) *0!%.,  ,61% *0!%., 
5!%$)!.$ 5!%('+ ,$- 5%*!!1-5, .* 7$5+ 8,*,  !6.$+*  !3$53* ,5 5!!%!- ,1 !"'!""'* 8$531-)!)2- $&! 531,

2008 ,,+1($ *%$25 !21$3) ,*) $,)#5*4  -  !,!!+ 5$!$)505" ,1 !5%)($ !,0,0 %#(+, /0%+*+ *3$+!' -$),6 %
5-"2.  
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*6!*3 .(50%-+* *,-& 0-5  !31 4),) %(2, *53#5*.36 $+0 80 ,$!* !35$3$!' 5%2*, 5$3(5 *-'* 

 !,!!(, $,-&1  6 8* ,- '!') !%2,$'.  

*!-)* 5!(0$3*  !25) $"$&*- !2",$$ 2!*  5$,!.3 *0$+3*) 5$(& +-20 !/$(2  ( %!(+$ *$)6* 

5!'(!.37 5+$-, 52/ , !3!!".+ 5$3!+2) **$)6 2,, 7%$. *#/(2) 7%$2$  !!( ,1 0-30 31 ! 

%5$!$ .5$!$1%* 83!2 5$"$3 +2,: 8$%5& */ : 4!4,, 5$!3$%"#,2* 5$0%-+* 5&,(* ,1 7,*+ 

5$%!42 5$2.$*) 7$%0 5$!%2,$' 5$0%-+) )6$4, -$4! '  !)!$(+  !!%2,$'* *%$25* !'3&1

).+ 53#5*)% ,0) '3&* 5$,- 52 %#!!+ %12-30  ,0 $&!,(*, 1!$  !/$(24-5 !31 ( , %#!-)$

5$+!!# 5$3$01) ,$)-  !&'0* $-#1$* %)0 8*),+1(* 5$!515 % , -!#15 2, 5!+$#+ 5$1% 80 ,-$

5$0%-+* 5&,(* %$)-  !&'$3  !&'0. $+0 80 $)36! 5$0%-+* !0 11(  !!# .  

2. 5$!30'( 5$%$3) 1$+!1 !4! ,- !"6%32 ,$-!!  

 !,-) %$2 5$%$#+ 5%!() 5$-.+2) 2!* *%$25* 50%-+ %$)- ,+1(* 50!%.) 8$0'!(, 5&'$3 7%4

**$)6 5!%$2 5$,!.3 . !235 ,1 5$1!%4, 5$3$-* 5$!3$0'( 5$%$3 ,1 4$2+ )(% 8$$6+  !!#  $!0

5!,+1( *!6%32 ,1 ,!-! ,$.!3$  !!,2+!"&$2 *!!2%.385$+!!# *%$25 5$0%-+)  , 2, 83$305)1

,+1(* 50!%. ,- !$2% 164  1$* ,- *0!%.) )% 8$0'!(, 2!)*, 85!3" !3#5* 53#5*$ 1$4!( !

 !14( *%$25 .7,*++ ,!4)*, !!%2,$'  !3#5+) *%$25* !3#5+ 5&,(* ,1  , *-#1*) 7$%0*

 *+$.- 5!,0,0)5!240 2, )$%,$ ( 7%-$+ 4),) %$2* 5$%$#+ 5&,(*) *-#1* ,1 %/(** 5&$#5

4) 5$%&')" 4- *31) 03 !31  .6$4, 70 ',3 5$%$3) 5!&'0 5$%$3 5&,(*+ !&.*$ 8$0'!(* %$-!1" 6

 4- 2$*50 !/$(2 .  

%$3 ,1 9'$3 6$'* 5$%$3 8* 5$!30'( 5$-LED.39   !%$/+% 5%$25,  6  $!* ,)$#+  !4,) 1$+!1* :

5(2 8$)!, 5%$3 )$%, 53#5$+ !"%43"' %$/+% ,1 '3&) ,4)" #&'*) 0100 $2 150"2$  . *+6+*

3*  !%$/+%* !'3& 52 9!,(*, 2!* !)%-+*  ,$-* !)(%)  $!0 5($$%*"  *)1  !%$/+% !'3&) ,

                                                
36!4)/* 5!) !42 %+  - *(!1+  ,+*!6%32 %$+!1 962 ,5$!+$2,* 5$!515* 4%1+ .0 %(2,- 5 50%-+* !)!0% )$%  !31 

$)363 ,14(+  10%, 2,1 ",($*$.  

37 $"$&*  !25* 5!!6$,$30"- !2",$$ ,%#! %)-) *5!!*14$2+ * , !40, 4%!  ,$-) %!(+*$ %!*+ ).#) *(5&5*5-6 

, %,$4 9,2-kwp –0 !3&,  %!(++ 5!.(+ !40 -5-10  !31  .  %$6*$ $/ *!!1-5 ,1 %!*+ ,$4!6 !3&)  $!*  !,$10+* 4(2
 !1!)6 8$#!,!')  ,$-) %$'(+* 2$* 4%$! 2, %!(+*1 *4)$-, !%#!-*),$(+ $%.!!, 85!31-&1) !$.+* ,$/ %+$(- .(!

0 ,1 2$*  ,$-) $,2 5$0%-+) 1$+!1) ,$4!6* ).# 5!'(! *$)6* 8%!(+ 5$%+,-30%*31)  . 8$!4 5$.,+*$  $0!' 7$5+

8+23 ,2$+1 4'$+ ,1 *!6%32*  $%$& ,8$!30"* .%52) :www.energianews.com  

38, ,+1(* 5$%$3 52 8!!+, 85!3-35$!%#!- 5$.$)#  :8$)!, 5$%$3 ,$!"3.'%$2$,& 5$%$3 **$)6 *+.$-) *#!%& 5$%$3$ 5
)5!&'0 !42 ,4!!,* ,"+ ,*$)6 :(, 8%53/7$+3.(  

39  %$2 5$",$& 5$4$!4)Light Emitting Diode .(  !3$1  !-).)  !4, $%.! )% 8+/ 71+)),$(0 ,#$%! ,,$6' , $42 (
*0$+3 5!%$2 5$,!.3) ,2 5$,!.3  - 8), %$2  !#!&+*  !4, $(5$& 5$3$%(2*  !31) %1205%0!3 *4!+) 5%&$1+ 5!%$ .

+ %5$!,  $!0 -!6+  !4,* ,1  !!(* 71+-50 *%$25, !%#!-* %$2* %$#+, $0&*!  * !0 2!* 5!/(5*$ 5$-1 9,2 
5!,,0 .  
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4, 5$%$3 ,&'**1 700 2$* 4, 5$%$3  - '3&) 7%.3* !,+1(* #-20"2$  , *!6$,$30", %)-+* 70!&,$

0 ,1 8$0'!( )!3*, !$1- $/-80 !/$(2  !%$/+%* ,1 ,+1(* 50!%.)  . 71+) )1(5*, 1! 9'$3)$

8*,1 ,$46*  !!(* ,%0!3 8&$2) *#$/(5, 5$2.$** 5$3"# *1-+, 70)$.  

#,2 5$0%-+ ,1 !"6%32* ,$-!!* 4-.  $0!',*3$01* )(%+) 5!3$%" , *!*! !,2+!"&$2* 8$%5!&*

 5!&$,( *!6%32 %$#+, *!6%32* %$#+ 5&,(* 8!) )$,!1)5!%2,$' (5$!30'( 5$%$3) 1$+!1 7$5 .  -

52/ ,  $1!! 53!()) )$1( 5$(& 2,*/ 4-.50%-+* 5$!$,- 5$!$-+1+ 5#!4) 52 ,$,0,  , 5$!$,-

 !31* 7%$2, *5$,!-!$ *3#5** .) */ %#(+) ,1 *3#5* 8$(), 2,1 5!,0,0* 5$,-* )#- $3%(

5$!%2,$' 5$0%-+ .+080 $ ,! %$2* 5$%$#+ 5&,(*$ %(2+ ,-  6 %5$$, ",($* )$1!(, "$1&$  !1

*/ 4-. ,1 *3!() .  

%$+2* %$2, , ,- ,+1(* 50!%.) 8$0'!( %$)- %#(+) -!#1*, !5$-+1+ '!') 8!2 !0 8$03, $32.+

-+) %$2* 5$%$#+ 5&,(* '!')!53$01* )(%+* ,1 5$!3$%"#,2* 5$0% ,80 ,-$ , ",($*1  !21$3*

4),)  !4-. !31) $4#+5! */ %#(+ 5%6'+) 8$(),  :  

1. 4 0"#(3 4 #  .3 4 ,*#* $#263 )0 %-  ,"), $1  ,"% 13 *6%#3 %"1   )1'23 .

2.1 4 #  . )"77* !"! *3 %"' 2 )1'23" 4  "' - )"1-#+* $"' &  "4 %. " )0 %- $1

3#26$4 #  .3 4 ,*#3 $2 )"," $13 )"% !* .  

  



23

5%.6#3 )$+2  

 50!%.  $.+., 5!+$#+* 5$1%* 4.+ 5$,$-& *4!+ $/!2),+1(* 53$01 ,1 !%$)!.* )(%+) 

 !%$6+ ,0!%!$$2*  $*!/ 5+% ,- -!&1*, 5$,$?   

6%.6#3 )$+2 $2 3)"* 26  

%!$$2*  $*!/ 21$3 ,- 5$-!%0+ 5$0,1* ,+1( %$.!!, ,)$,6* *+%) 8*5!,2 , *#!"#%&) 8*$

5!+$!+$!* .52/  - ,70  $1+ 2#$$4 ,#/3*  $.+., ,$46 ,2!.3"$& ,+1(* 50!%.  $.+.)  !!# .

(* ,2!.3"$& !0  !2%+  ,$-) 5$,$46*  !%-) 5$3$%(2*  !31) $-.$)1 *!6%32 !%#'! 8$0'

 5!+$#+* 5$1%* ,1 *!6%32)2$* 8!) 22, -50/$(2  !,401& $+$1!!,  !-.+2* !0$  8&$2)  !"$

!'(! , !+!!#  !3!!3))  6  $1!!,  !35!3$ 5$)(% 5$-#1*$ 5$!515  !1%$4  3!2 )%, , #% 2,$

*14( *!3)) , *1!6 53$$0$+'*#$%!' .  

$,2  !3$53 , 5!+$#+* 5$1%* ,1 !/0%+* *4!#&5,$ *4$)-* ,1 !+$1!!* 8&, $35$2  !%)(+1  *

!5)!)'*  $!* %4' )$.!-) .62+ #,(0'*43 21-$2* 5!305 "2+!!# %) ($5!&, + , $!% 54-$ */!%0*

 531)1992 , ,1 *4!#&5+ !0 5!+$#+* 5$1%* !#*, ,,!-&*, %+1,$5$!,0,0 5$!515 , 5$!5,!*# 

5$!5)!)'$, 5(#,$5!.%2 5!5)!)' 5$!3!4+ ,1 *+$1!!) #,(  . !0 *+43) 53!4+ ,2%1!  $1!!

!)1 !"!%#* ),1) 2#$$4 -#53 5!5)!)'* 5$!3!4+*5* 8!%$2!*#!"#%&*$ * , 5$!+$#+ 5$!$1% !0$

 8!!4-53$$0+ 4!, 5$0$/ 83!2,   $1!!2+!!# %) ($5!&.  

("1)  !4-. "$#3, $,0$! 5$!$1%*1 53+ ,- ,$,2  !4-. ,1 $"#& *4 ,2!.3"$&* 52 8!)*,  *!,- .

8!!3)* 5+%) ("1) ,)#5*, ,$0! %12 ,+1() 8$0'(, *!.#!43!2 55, ,0$! */ %#(+ ,01* $2 *3$

*,$0 %!-* .., 1!!*/ %#(+ 4., !0 8! ,4-. ,0 ,1 5$!,0,0* 5$!$,-* 52  6 7!%-*, 1!)  %12 %)4

*/ %#(+ !+$(5) -.)5! 2,( .$,2 5$!6$' !51, *)$15 , *+%) 5$",(** !,)#+ !4!) !,0 55, ,0$5

5!.%2*$ 5!+$#+* , !%$6+ 5$3$01) ,+1(  $.+., 5$#!"#%& ,1  $1!!$ :$+2, .  

                                                
405$1% ,0 *"#31  !4-.* #+$-)  5$,50 .  



24

7& 2%.6#3 )  

 5"!1 *-!.+ *&$,( ,0 %120 5$!%1&2 *%!#( 5$&$,( 1$,1 -!.*, $3%() %#(+* -$.!) 7%$.,

*3$1 %#(+ ,+1(* 50!%.  $.+. ,-  !4-.* 5-&1* 5#!4), . 52 5#4$) *3$12%* *&$,(*

5$!4$-!! *!.,$+!' 5$30$5 5$-.+2) 5!"%$2!5 *+%) 5$,$-&* . 52 *$$1+ *!!31* *&$,(*

4+!1  !3$53*- %52, 1!1 *3$01)  !+!!#  !3!!3) !31) $4"$"%$&!1  !3$!%"!%# & , *&$,(*$

 !),1 !31) -.$)5 5!1!,1* , !31* ),1)$  !!#* ).+) 5$4!4+* $-.$)! 8$12%* ),1) %120

$!%(2, 5$&'$3 5$4!4+ $-.$)!$ %#(+) -.$+* !$3!1*  1$!! .*&$,( ,0) , 8$53 ,)#5! %120

,+1() 8$0'!(* ,+*, 85!37'(!*, *,$0!*  !+*/+* 5$"!,& 5$+0, $%!.  

5$&$,(* 1$,1 $"%$&! 8,*, ,5(2 ,0 ,1 *!5$3$%'($ *!5$3$%5! $%2$5!$:  

+ 3'"$6' :)"*26"## 3 -$"# ( )",0")* 2"# 2.  

 ,$-) :$&3 !4!5- !"6%32 8$0'!( )$1!(, 5$!4$-!! )1(+ 5$30$5) 1$+!1* .  !'30$+ 5$30$5,

"+%& 4.,  !-$)#  !%"+%&5$2.$5* ,-  5-&1* 53()3 %12  !351+  !%  .  $3%() */ %#(+)

 )1($++* *!.,$+!'* ,4$+) 1+51*,ENERGY- (5$&1 "&$%& ! ')!)1 *34-.41 530$5) 

ENERGY $0%-31 5$4!4+ !&,  !,#2 %$/2 ,0 ,1  !#!$4+  !!+!,#2  !3$53 :)$#0 '!30*, 85!3 

 !31 %&'+ 71+) :%2).42  

1 *#!4) %1&2+ ,4$+*  7$5*  !,#2* !235 ,- 8!!3)) 8$305* !+%$6 ,0 ,1 5,,$0* *-&1** ,

,+1(* 50!%. ,-$  !!3)+ .  !,,$0* *3$01)  !3)+* !3$53 ,1  !-$)#*  !%"+%&* $'30$! ,4$+,

8$60  !"3+,2 :*!!3)* 5"!1 , 5&"-+* !&$2)5$66$  !!3$.!( 5$%!#( ,*("1 ,5!+%5 *'+ , 8$$6

5$66* 5&.%$ 5$%!#* , 6$' !(5&* , !!&$2$  ("1 ,  !+%$6* ,0 ,1 !+%5* 4$4!)* !3!!&2+$

)5$%!# ,6$6!/ ,5$66 .( %21 ,0 ,- *%!+1 7$5 44$) !3$305  %$6)  !!$3!1 ,1 *3!() %1&2+ ,4$+*

!$3!1 2,, 8$305* !+%$6 . 53+ ,- *30$5* 5%/-) $44$)!  !#4$) $32  5$2  !351+*  !%"+%&*

$.+* !$3!1* !&$2 52 -$)#,$5+%$ *&.  

 !.- 5-!"3 ,1 8$12%* *%#+) , !$3!1* 53!()+  !3)+* 5$5!/( ,- *,,.** 5-&1* 52 8()3

5!3)+ 7$5*  !,#2* 5%$"%&+" ,- */ !$3!1 5-&1*$ %!$$2* 5%$"%&+") . 8$53 5,)# 7%$.,

&+") !$3!1* '%!$$2* , 5$!.,$+!'* ,4$+) 1+51*, 1!Green CTTC  , *!%2 ,1  %#(+) 8!$.1

                                                
41- (5$& *!.,$+!'* ,4$+ "- ! .6$ )!)1 . )!)1)Shaviv & Shaviv, 1977, 1978a,b .(1&2+ ,4$+* ,0, 5$'(!!5* %

 !!3$305*  !"#&'2* ,5!,,0* 5!305) ,(* ,8!!3)* !"%& 4-$ ("1) 8!!3)* 54+-* .7!%-*, %1&2+ ,4$+* , 7+5'*)
 !!3$12%  !!,#!'!& 5$3$%#- ,- ,%$%!#,$  $+!(, 8!!3)) *!6%32* 50!%. 52 , :!#) 8!!3)* ,1 5!+%5* 5$6*35** 52$

 !!30+  !-.+2 5,-&* 2,, 9%$()$ .+  

42  !%#(+ %&'+ $1-3 :%2) :Ashbel 1972, Schweitzer 1978, Manes et al. 1970, Manes and Lanets, 

1982 , ,2%1!, !+!,#2* ',"2)  !-!&$+*  !!+!,#2*  !3$53* !&,  !3$#!5 ,,$0)8!)$%$ 85!) ,1991.(  
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85!) ,-$1-1-.$& 44$-$ %)'%" ,4 #%&) ')-$1-1 %$+!,-%) ,2002 ,85!) ,.$&'-$1-1$ %"-%) ,2005( . ,-

$%2$51  !%#(+* !2.++ !& , ,$-!!* 52  !#&'+*  !.- 5-!"3 ,1  !%"+%& $'30$! */ %#(+)

!)%+* !"6%32* : ,1 !$'!0 5%.!!+* *-!"3 5$&!&. 5+%) '$#!& !.-90% .*/ ,4$+ 5$-.+2) 5!3  8

%!$$2* 5%$"%&+" 55(&* 52 5$/(, *!*! . *3)+* !3$53 !& ,- 8$(), 1! $,)#5!1  !3$53* 52

 *!.,$+!'* 530$5 5%/-)ENERGY,+1(* 50!%.) *5(&** 8$53 52 ,)#,$ .  

!31* *%#+) ,5$66* 4$4!) ,1 , 4$# $%0/$*1  !%"+%&* %21 ,0, 9'$3) , 5$66* !3$53  6 $'30$!

*3$01)  !+!!#* :("1,8$$6  , *!.,$+!'* 530$5, !+%5 4$4!)  4#+$ 5!+%5 *'+ENERGY ,

* 50!%.$ 66* 5%!4)  !,#2* !235 !3$53 5$2.$5 $3()!$,+1( 5!+!,#2 5$($3 !235 5,)# 7%$., 

5!,2+!"&$2.  

* 5$31+  !+!!#*  !3)+* 5%()3* *3$01)1 2!* */ %#(+) 2.$+* 54$#3-705!'(!  !31!  , ,-$

!)  *) -.$) 2, 80*,!-! *%$.) 66* 4$4 .- 66* 4$4!))  !!$3!1 5-&1* 52 8()3 */ *%#+)" 1$+!1 !

  !!$&!.)" !%#" ,**$)6 5$!)!"#,&% !,-)  !%+$() 5$66* !$&!. %+$,0) . ,1 **$)6 *%/(* 5,$0!

1+1*+ *3!%#( , 5!+%5 5$!)!'+2 ,1  !*$)6  !0%-)$) *!6%32 *%/( 8!%#*, %+$( ,1 5,$0!

$) *",#31 .(2)*30$5* 5$-.+ , %$%!# %$)- ,+1( 50!%.) *5(&** 5$-+1+ 52 #!&*, ,0$3

*3)+* ,1 5$3$!,-* 5$%!4* ,%!$$2*  $*!/) *5(&** 5$-+1+ 52$.  

 53!()$ !"3$$,%* !3$305*  %$6* ,1 4$4!)* 5,$0! 2$* *!.,$+!'* !,4$+) 1$+!1) !%#!-* 8$%5!*

!,!%"' 8&$2) !$3!1* ,1 5$-&1** .,4$+) 1$+!1*!"3$$,%* %"+%&, *4)-+ !235 8!-+ *$$*+  .

  !%%$1*  !,#2* !235) 5$,5 !,)$ 5!'(! %.# 8+/ 7$5 5$#!4)* 52 -.), 5%1&2+ 92 *30$5*

*)!)') .  

,-$&) ,5$-"*, 5$,$,- *!.,$+!'* ,4$+ 5$2.$5 :  6 %5$!) 5)0%$+ 8!!3))  !,#2* !$/!( 5!!-)

!235 ,-  !-!&1+*  !%"+%& ,1 )% %&'+ ,1) !,#2*  ,*!.#2%"3!2* *!3) 43 2,1 *4)$-*$ 

) 8$0'!(*$  !,#2* !235) %$&!1* 52 *"$1& *%$.) %)(, 85!3,+1( 4(2 ,0 !4! ,- 61$+* 

4(!  !,-&$+  !%"+%& %&'+ %120 4%&3)  !%"+%&*+ .70, 9'$3) , !+!$'+  !235) , %"+%&,

 !!3$.!#  !%#+)$ 5!)$!( *-&1* 5$!*, *,$0!  !$'+ , *-&1*5!,!,1, 7$&*, *!$1- $/.  

* 3'"$6': 4 #  . 4 ,  ,*  ,2 / * 3+""23  

 !*/  !!3)+  !3$53 !,-)  !3)+ !31 *3$01) %52, 1! $/ *&$,() ,  !351+*  !%"+%&* "-+,

 !1#$)+* , !3)+* 8!) !3$1* !)6, ("1) 5$#!4) -.), 53+ ,-. 

                                                
43*3)+)  !%(2 8$305 !+%$6 ,1 5$!44* 5$-&1* 8$)1() (#$, 2, ,4$+* . 92 ,-!$3!1 ,0  *) -.$)+ 2,1 ,2+6$4, ,

*3)+* ,,() %!$$2* 5&$,(5 %"+%&) !$3!1 *!*!  !.- $3&'$*  5!/()1 5$%!#* 5,,.*+ *2.$50  2* , *$$*+ %12
5!3)+ 7$5 5!+!,#2 5$($3 !235 5%!.!, !%#!-$ )$1(  %$6.  
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%$-!!* *%#+) ,!"+*  !.- ,1  5$2.+!* 2$* *351+* %"+%&* 5(2 ,- ,.  !,)5$(&, ( 5$5!/(+

*3)+* .5$66* 4$4!) %$&!1)$ ,4$4!)* !3$53 2$* %"+%&*  .  !%(2  !%"+%&! !-$)# $%21! .  

)$(%* $5$2 7%$2,  !3)+ !31 %52, !$.% , !235 ,- -!&1*,  !!$1-*  !&'$3  !%"+%&1 70

*#!4)* 5$2.$5 52 $1)1! 2,  !,#2* .!,(+  %" 8$(), 1!1 9'$3  %$6  !3)+* !31 ,-  !"

!1$32*  %$6* 2$*  !3$43* ,%+$,0 , !3)+) 5%%$65+* *!!'$,0$2* 8$!&2 ,$!.$'*  ).+-!+$3$#2 

2 %$)-  *,1 ,+1(* 50!%. !,6%*$5$%!4*  $,# . !31) %1&2* ,00 5$+$4 *0!%. 5$+%, 9$21, 1!

 !3)+* . !3)+* %$5!2 %(2, ,%. !3$53 52 5$#4$)* ("1) 5$4!4+ -.), 1! !0%., ,+1(* 50!

 !3)+) *%!4 '$&!" ,0) %!$$2* 6$/!+ : -#%# 5%!4) !4$+- ,- *3$12% *+$# 5%!4 $2( , *%!4

5!-.+2 ,66* 5%!4$ .80 $+0 ,5!3)+ 7$5* %!$$2* 5%$"%&+" 52 4$4+, 1!  !3$53* 5+,1* 7%$., ,

!+!,#2 %$/2 $5$2,  !,)$#+* 5!+!,#2* 5$($3* !3$53, *5+25* 52$ .  

8$%5!*  !!1++  !3$53 ,)#, 85!3 $0%41 2$* $/ *&$,() ",$)* "("1*+ "  !,4)** ,- '')5+*

* !2 $2 *3)+* 5!/()  !.- 5$2.+!* ,1  !4!(!*! 5$2.+ ,5$66* 4$4!) 5+%) !3$1*$ . !1$#*

 !*/  !%"+%& !,-)  !3)+ !31 52!.+ 2$* *&$,() !%#!-* .!$/!( 5,$0!) *!*! 9'$3 !1$#0!%.  5

*,+1(4+* "', 2!)*, ,$,-* %)4  !%!!4* ,1 5#!$!5$2.$5) *! .  

7 3'"$6' :  ),"023 *6%#* $1"'* ) &7%,+ )"$1  )3 1"- *   

!1++ 8&$2) %#(+) 5$-.$+* 5$,$-&* -$.!), !4$-!! )$(% 8+',  !%#$(* ,- *!*! $/ *&$,() :

  !44$)+  !!$&!. 5&'$*$ !4$-!! )$(% 7%$2,  !.- 5-!"3" !%# ")+* 5$66) !3 . 52 ),1, 85!3

4!5-) *3$01) -.)5*, 5$4-$!+* %!-* !3& %$&!1 5$4$)- 5%6'+) %#(+* ,1 7,*+*.  

*3$01) !4$-!!* )$(%* 5%!() %(2, , 7$5) *%$"%&+"* !3$53 ,1 5$4!4+ $-.$)! 8$12%* ),1)

5!+%5 5$($3 !40, 5$%!4* %$%!# 7%$., ,+1(* 50!%. !0%-$  !3)+* .#!$4+ 4$-!5 -.), 1! ,1 

5$4!4+* 5-)  !,#2* !3$53 ,2)* ),1*  - 5$2$$1** 7%$., , 8!)  !3$1 8+/ !#%&) %)$4+$ %(2+

 !),1* !31 .5$3$-* !&,  !351+  !,#2 !235) *31* 7%$2 ,0, -.), 1! 5$4!4+* 52 , 85!31 !40)

 !3$1  !,#2 !235 %$)- 5$-&1** 52 8$(), *!*! .!31* ),1) ,$4$)-* -$.!)  $1!!  $5) 1! 5

)$(%* 7%$2, 5$%!4*$  !3)+* ,0) 5$4!4+ 85$2 ,- %$/(, ,  !,#2 !235) 85$2 -.), 1! %120

 4$#* ),1) 5$4!4+* $-.$)  *)1  !,#2* !235  5$2, 85!31 *+0 4-  !)$%# .  

 2$* $/ *&$,() 8$%5!**5,$0!  %$6 $5$2 ,- %)65*, "!1$32 " *&$,() ,$10+ 5$$*, ,$0!1

5+4$#* ,$4+$ %(2+ +.-  !3)+  5$2) %) ,,+1( 50!%. !,6%* !,-)  !1+51+  5$2)$ !-$)#  .

80 $+0 , !*/  !%"+%& !,-)  !3)+* %$5!2 54$)- 50'(3 $/ *"!1 5$-.+2) .52/ 5+$-, ,($%'*3 

 !,#2* !235)  !!$3!1*$ 8+/* "3+,2 2$* $/ *&$,( ,1 .)% 8+/ 71+!*, ,$,- */ 6$'+ %#(+ , 8*

+,&+!2) 7%$.* )#-("1)  !4-.* ,1 *!."3 ,  !+$4  !,#2 !235) 5$4!4+ -.), *1!%4* )#- 8*$

8$12%* ),1) 5$4!4+* ,1 $,2, .  
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87 "'  4 %"7# ),"02* +#7"!$ /" ! '  

6.!!+ %52 %$(), $32$)) , 4$#* #%&) $6.$*1  !4-.* ,1 5$!)!"#&2* 54!+ 53!(), , 8!!3-,

2.$! ,-$&0$ ,+1(* 50!%.  $.+.-$*!/ 55(&* 2*  $$%! ,  !3$!%"!%# %&'+ $33!- 463, $4+-

"3$$,%! !.44  5+!!# 5!3$%!-  !%$6+ 53$01 5%!() ,- $3",(* 5!12% , !3!!&2+ %&'+ ,- *3-51:  

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

 !+4$#* . 5!32)%$2 *%46* ,-) %$/2) *%!()* 5$)!1(*%$%) ,*%!1! 5)$50, 7%$.* 8+ -)$3 ,

 !4-.*  $1!! ,- 5(#, 2*! 5$1%* ,-1 5$!%(2, %12) .

2.  !%$%) *3$01 5$,$)6- !!#* ).+, %12)  !3$53 )$1!($ 9$'!2) $3!4!) $-!'!  :,+1( 50!%. , !&$2

*!3)* ,!+$#+* ($5!&* 5+% , -#%# 5$!$,-) )$!0$' .

3. 1$+!1 %1&2+* !+$3$#2 $!.$' 75(3) #1+,  !-.$++ ,+1( 50!%. !3$5-.$++ *!3) 75( ,$+ ,2  .

-+1+- -.$++ 5$+$# %&'+ !,-)  !%$6+* !3!!3) 5!)%+ *) *3$01 ,1 *#!4) )3-85$+$# ( , *3!21

 5$0%$.* 5$.$)#, *!!3)  - **$/+)5$0%$. 83!2 $2 ( !3$.!# 8&$2) ,+1()8$!,- 8$%!1-, *!!3) , ,2

 !3$(& 53$01 ,$+ .(80 $+0 ,$!.$'* -#%* 5$4!(2, 5$)!1( 5+!!#-!+$3$#2 ,- 52/$" %1&2, +

*3$01)  !"%& 8!) *2$$1*, (3 '!').

4.  !!'!&  !3$53-$%()31  !4-.* 5$1!%4 52  !+2$5*  .%$-!* 21$3, ,  !.-) 5-&$1+ *3!21 *3$01

*-!"3 %1&2+* !3!!&$2 )$(% 75( 5,-)$ !%$)!.* )(%+) .5$66 21$3, ,* 5$66 **) *3$01 !3)+ 

*3$!,-* *+$#* !%!!4 ,1 1$+!1)  2.+3  3!2

  

 2!* $,2  !3$!%"!%#) 54+$-1 *3$016 $&! *3$01'.6 $&!  ' %!-* ,1 !+$%4* "$&!1* ("1) 530$1

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

41 )$(% !4! ,- ')%-++$  !,1$%!-,- 5&! )$(% !4!  .!%!-* %52! ,1 !3$&.* *,$)6 52 8+'+ *

 )$(%0 *3$01*'8$%*' ,'*/ )$(%, 8$&.+  !%6*  !)1$5  6 ,-$&) 72 , !%!!40  +.-  !2$%

*3$01*.45 ) *2% (&'32!'(  

5!(0$3* *5%$.5) *3$01* ,3!)* ,-&+ ,1 8$305 !%& 2!* !-)1* 5$31) !$.46) $3)3  !3$0!1*  !#%&

 !%.# 8+/ !!5$0!2 2, *!3) !%+$(+ $2  !"'#!%&+ ,47 5%)( !4!) %#!-) '1!+,( ') 8$0!1, *%)(

                                                
44  4$4!) 5$($3$ %#(+* 50!%- 5%"+, 5!1-3  !3$!%"!%#* 5%!() !0 8!!., )$1( !3$53* ,$!5$2.$5 $%%)5!1+  ,$2 ,

 !-.$+*  !4-.* 5"!#3, !,00 1$+!1 $) 7$%-, 5$!+$#+ 5$!$1% $,0$! ,8,*, 6!.31  !3$!%"!%#) 5$,5 2,,. 

45, $/ *4$)- 5%"+ ,*!%!-* !4!) 5$,$)6* 5%46*, '(!5*, $3%() ,  !3$53* 52 !)"!!+ 8&$2)  !25*, 53+ ,- 52/$
*3$01* 5$4$2 $&'231 ,%+,,-$&) #4)3* )( .52/  - ,  !3$1  3!2 *3$01, 8$&.+1 %$/2* ,1  !!'!&*  !3!!&2+*

 !%*.$+* *!5$,$)6)1 $,2+ !5$*+ 8&$2) , ("1* %$)-  6 5$!"3$$,% $!*! %#(+* 5$2.$5 !0 5$(!3+ $32 80 ,-$
6 $&!0 %46$+* ,' !)1$5* !4!). 

46 3, $.,231  !!)%-  !)1$5 *3$01* 5$-#%# $1+!1 %)-)*3!4+*  $# %(2,  *!5) 52 1$" . $',0$2 $,2 ,1  *!5)
 !4$*!  !)1$5) , !14(  !,$-) %#!-)$ .5$%)-+* !2.$! 52 )1!!, 7%$.*$ %$!4* 5#$.+ , !3$0!1* 52 $4!,$* ,

*%0$) !2.$!  !,$-) *%*+) $',0$21 ,%5$! %($2+$-*%) "*!&$!52$ +.
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!3$%!- () $35!3$'536$+ 5$%!01 '5$##/3 5$!'$,0$2,-$!.$' 75(+ 5$(&1+ - 7$+3 !+$3$#2)%4!!,1 ,

2008 .( !-15* 5$31 9$') ,!1* !)1$5, %1&25* 5%)(+ 1$0%,  !3$0'1!+,( '  !)$"  !235)

$%6  *) 5$%!4* 52 4($!+) .80 $1-  !)1$5* 8+ ,$46 #,( , 52 %$01,$ 7!1+*, $%0!)  !4(2$

,/$+ %!(+) 5$%!4* .%$+20 ,6 $&!) 8$0!1* !3)+ ,1 !'!&*  ).+ '%4%45*$ 7,* ,!%!-* !0 4-! *

0  5%46* !40, *-!6*' !30$'+  !3)+' . 531 9$')2006!%!-* *2.! ! 52 :&1,  !)1$5, *1!%4) *

 5$,-))1  !3)+* .80 5$1-, 561+ *3!2 *3$01 !)1$5 ,1  4!$ 5$!* ,80 ,- %5!- !0  !3-$"  * 

5!%$)!. *!3) 5%)( !4!) 5$3,1%) $3)3  !3)+*$ 5$!* , 5$!%(2) 2.+3 %)4* 8!2 , %)1+* -!6*

%!-* 4.+ "&1+* 5!)) *-!)5 !4!,!*! . $,2  !+!)*3$01* !)1$5+  !%1-0 ,1  *!"&1+  !(5&3 ,

)!)2 ,5 5!!%!-  ,$2 ,&'0 5$-!)5+ (+.! 2, %)1+* 8$%5& !0 8!)*, *,!01*1  !)1$5 ,1 5$!

 !-.+2 !%'( , :$&!1$  $#!1)  !)1$5, %$/-, *5%"+1 8%# 5+#*)  !0!,*, ,!)#+) 5#'$-

  !3)+*) #%1$#2009 .(:$&!1,  !4635+  3!2 *3$01* !)1$5 !0 8!!., )$1( , !&0 $3++,  !3$03 92$

 5,$0! . *3$01) !3$%!- 8$0'( $+4#!1 :$&!1 !4-. !0 8!+2*, 5$"$3 $32 80 ,-)%$-!! 5+6$4( , 92$

 ,,0* 5,(3 !+$(5) 2,1 $1-!1 $,20)* 5$66) 1$+!1 !3)+( ,*, $0/!! !)1$5* 4.+ 5$3-, %#!-) 

5!+$#+* 5$1%* 50!+5, $0/!  2.  

6 $&! 53!!&25+ ,,00 '*0$+3 5$&!&.) .0 ,1 ("1 ,,$0$ )(% !%$)!.* )(%+*-250 3$4  . *4.

 ("1) 2$* *3$01* ,1 !)%-+*86)$%#)  3$4  , *3$+$59  !3)+ ) *2%(&'3)! '.( 8!!3)* !("1 ).+ 

5!), 5!)+ *351+  !!%$)!.* .!%$)!.* ("1* ($&!")  !.+2+ $-#1$* !0 %0!3  !4(2) , 4$-)

*1# *(3/*)  !#$,  !%(2 .52 ,-$&)  !1+1+ *3$01* ,,0+  !3)+ 5$66 *-)%2 #% *+$#* !%!!4 

*3$!,-* .8!!3)* ,,0 ,1  !0%.,  !1+1+ 5$66* %21-1+1 !4$4  ,8!$$, 5$(,.$ 5$3"32 .  

0 5,,$0 *3$01*-29 !)(%3  !($5&  !!%$)!.  !("1 ,1  3$4  ,$"+ 92$5!'(! *%$.)  !(& ,  - 72

5-15 52/ !&( *)1 5$)$(%*  ,8!"$,(, "-+0 ,!3$%!- %$-!!$ 8$3!6+ .)  !.-* 5!)%+*3$01 , !%&  *

 !3!!3)* ,1 5$!"%&* 5$%.()  !)1$5* ,1 ($&!"$ *+/$! . ,- 164  1 5$)$(%* ($5!& !0 %0!3

*!3($ *-$35 5$3$%5& 52!.+ , $#+ !40, )(%+* )$.!- ,- 2,$ . !&0+ )% ("1 *.#$* 70+ *2.$50

 !)0% 5-$35$ 5!!3(, 7%$.* . 1!)0 )($%'%. '*3$01) , 8!) -37-8.5+  ,' %120 !,-) 5$)$(%* 5!)%+

%5$! )(% 1!)0 ("1 ,12-20+  ')($% , 5$0%4+, ).!3) 5$!3($ *-$35 !)!53 !31  !,,$0$) 8+ #,()

1!)0* !4!. !31+  !%#+* .(5$0%4+* ,!'(! 8&$2) 5$)(% 8* 92- 8!) 2-4+  ' )$(%* !4!. !31+) *2%

'3(&6! ' .(  

6 $&! !0 #&' 8!2 '5$-!.+ $321 %#(+* )!.+1  !0%.* ,- *3$- .  $,6* !3$305* ,2!.3"$&, %)-+

 !!'!&* *!3!!&2+,$ *3$01) , !53$01* 9$3) !$3!1,  !#$#/ *3$01* !)1$51 70+  ,-5*, 85!3 2,

5,-$5 $3++ $#!&!$ ,%!$2*  $*!/ 5+%) *5(&* ,- $-!).! %#(+* 5$2.$5  2 8!) ,$2,  2 8!)$.  

                                                                                                                               
47 *!%!-,  )50+) *3$01* !)1$5 53-", ,+* $3)3 !,$/  !%+$(+  !3) ,8#5)  !4+$-  3!21 , !'!&*  ).+ 4!-! 70 ,-$

 4$%!* )%4!!,1 ,2008                .(                                                              /122957819=/w?/il.co.walla.news://http 
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9 4  "'-3 4  2.3 $2 30%13  

 !3$1  !6$'+  !!1# *)$() 53+$" 8*+ 5(2 ,0 %12 5$!6$,$4$5+ 5$&$,( 1$,1 -!.+ */ %#(+:  

  *!.,$+!' 530$5) 1$+!1-%5$!) *"$1&* *&$,(* !*$/ ,,00  .52/  - , -4!* !0 8!!., 1!

 8$60 5$30$5) 1$+!1 !)6,  $!0 #$1)  !!#*ENERGY $3!2 ,0 !&) %$61 .9'$3) , %$0/, 1!

  2$5* !&. 5#&'+ *30$5* !0'*4)-+ !235 ,'5$2!.+* 52 #!$4+)  !+2$5  3!2 -$4!01 . 

   !+!!#  !3!!3) 8!) *2$$1*-  !!'!&  !3!!&2+ !,-)  !3!!3) $2.+! 2, !0 11(*  !!# 

#$4),  !.$% $32  5$2  !%"+%&  5$2 4),+  !+$4 .80 $+0 ,!%.* !,6%*) !3$1 ,1 *0

%#(+* 5$2.$5 52 5$"*, ,$0!  !3$1*  !3!!3))  !%!!4* . 52 4(2 4.+ #$4), 1! 80,

+ ,+1(* 50!%. !3$53 8 !3$53* 52  !25*, 53+ ,- %)-* , 8+/) *0!%.* !,6%* !0 #$4),$

$351* 2, %#(+* -$.!) .*/ 7!,*5)1 !,2%$4.$%&* !1$#, %)-+ , ,$,-* 9'$3 !1$#  !!#

8$.% %'$(+ -$)3, !3$53* 52 9$1(,$ %#(+*  - *,$-& 951,  !%!!4* ,1  . 

  ,-$&) 5!"6%32 5$,-!!5* -$.!)- 66 4$4!)$ ("1* %$-!! ,1 5!&'0 5$,-) *0$%0 $/ *&$,( 

8!!3)* . %.# 8+/ ($$") 5$2.$5 ,)#, *.%3$ %(2+) !31 %&'+ ,1 2,$ ( ,1 *-!"3, 1%43

 !%6$)  !.- ,%$-!!* 7!,*5 52 %#!!+* %)4 . ,-8+++ %$#+ 2$.+, 1! */ 4-. -.), 53+ :

!+4#2 4'$+ 5$!*, ,$0! %$#+* ,!"%&,*+.- 5!+$#+* 5$1%* $2  . ($$" 2$* 9'$3 !1$#

5!"6%32 5$,-!!5* -$.!), 1%43* 8+/* . !3&, 5$2.$5 8!) 5$$1*, 7!%.$ %(2+ -$.!)*

!%(2$-$.!) ,-$&)  !4-.*  , !51 !3& ,- 52/$ !%$/(+:!# ,$!5'$ )!)2 ,!1 8+/* #%& 1%4

 %#(+,* ,0, 2$*5$2.$5* 5,)# 4- !.($ *31 5$(& .80 $+0 ,  !3!!3) 8!) *2$$1*, *+$4)

 !+!!# , !%!!4* ,1 *,$-& 9$5!1 1%43 $/ *&$,()  6 .  

,,00 ,%#(+* 52 -.), 53+ ,- ,7!,*5, 5!+$#+* 5$1%* 52  $5%, !$.%$ !240 . *,$0! 5$1%*

,*5 ,- ,#*,$ 8+++  %$6 5$$*,51%43  5$)%$-+$ *4!+)  !)1$5, 5$%1#5**$ *!3&* 7! .80 $+0 ,

7!,*5) 5)%$-+ *!*5 *!!%!-*  2) , !0 (!3*, 1!1 %5$! ,$46 !$0!'  !!#%#(+* 5$2.$5 $+1$!! 

$&$') *4! ,- .52/ 5+$-,  2 ,*3!!3-+ $3!2 */ %#(+ !0 5!+$#+* 5$1%* "!,(5 , :$.,  !,$,-

 !!&'0$  !!,2%$4.$%&  !!1#.   

%#(+* !!1#  - 44$+5*, 53+ ,- , ,$#1,  !-!.+ $32 !!51 8!) )$,!1,+ 1$,1 $,!&2 $2  8

5$&$,(* .%5$!  !3+!*+  !2.++ (!")! */ )$,!1, $ 5,#53 5(2 *&$,($ *4!+) 8$("!) 51%

 !!1#) .  
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104"0 (  

  

-! 561*, 7%4*+ #,(0 !5)!)'  $! %4' )$.!-) 5$!+$#+* 5$!$1%* ,1 !/0%+* 84!#&562 !4' *43

21$/ %#(+ 5-.*, *2%1*$ '!') *$$!*  . %1#, 5$-4$+* 52,-*) *3!* %#(+* ,1 $5$)!1(

*)!)',  !+*/+* 5$"!,& 5$+0) 8$0'!(* 8!)  !!#* , !,#2$ *)!)' -4$+$ 8$03 8$305 8!), , 7$5

!"3+,2) 1$+!1 ,- 164 $305  !!3,($3 !235 5%!.! 5$%"+, ,+1( 50!%.) 8$0'!(  !%1&2+*  5$

 !!3)+ 7$5 5!+!,#2.  

 $0%4 '!') -!.+ */ %#(+85!3 8$0'(,  !4-. %&'+ ,1 *!."3+,&+!2* 5$,!-! 52 8$(),  50!%.)

,+1(5$+!!# 5$3$01)  . 5$2.$5* 5,)#$ ,-$&) %#(+* -$.!) !!$1-*+%$&",& 5$$*,  5!4!5- 

,)#,5 5$",(*  $2 5!,2&!.!3$+ *+%)5!3!4+, %$1!2)3$%!-  $#!1 5$!305 5$!.  

 52!.+, 2!)*,  !!$1- 5$%2$5+* 5$&$,(* 8!) )$,!1$ %#(+*  $1!!,  !-.$+*  !4-.* 53!()

%!$$2*  $*!/)$ ,+1(* 50!%.) 8$0'!( %$)- !,2+!"&$2* 8$%5&* , !1++ ,$#!1 5$$*,  !,$0!$

!53$01  $#!1 5!305 5!!3))5*!)!0%+ ,1 5$!$&!4-* !%4' 5%!())$ .  

(+) 5$.,+** !0 8!!., 1!4),)  !!"6%32  !,$#!1 ,- 5$'')5+ %#,   !"#&'2, 5$'(!!5* 2,,

 !!,0,0. !!,0,0  !.$,!2 5(5 5,-$& *!!%!-*$ %(2+  ,  !,1+ 7)43 */ 6$'+ %#(+)  !2$% $32

$/ *4$)-, .  
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124 6'(,  

12.1+ 6'(, :4 .$! 7"(  ' 4 #35# )& $'   

  

#,4* 6$' / *"!,&

)%6' /"$#"%.$!+ 1  CO2 SO2  NOX  PM   

/6!-)"   473  0.02  0.5  0.01  

"$/+  729  2.3  1.3  0.15  

 (&  873  2.5  2.5  0.08  

%,$'-),$1+ %$/(+   616  0.8  0.9  0.12  

%,$'-/6 5$3!)%$"   872  1.1  1.6  0.09  

  

%$#+ :,+1( 5%)( ,$4"!5)!)' ( ,2007.(
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12.2* 6'(, :$#26 %"-  # /.,6 )"-"#6)" ) ,-#6 "! ) %'"7 $2 ) $"7( 3& $' *  

  

*3!4+  SO2         

)#" 5!%&$6 6

/ #,4 8$"

!$#2'(  

NOX                  

)#" 6NOX 

/ #,4 8$"

!$#2'(  

,2%1!  12.5  13  

*43#  7.5  8  

*!%"'$2  2.1  7.4  

5&%.  2.9  7.9  

*%2")  5.3  10.2  

43,$*  2.2  8.6  

*!,632  9.1  12.7  

8$$!  13.2  39.3  

  

*,2%1! %$)-- 531,  !3$03  !3$53* 1995 .%$)-5$3!4+* %5! - 531,  !3$03  !3$53* 1988.  

%$#+:,2%1!) *)!)' 5$0!2 8-+, *,0,0*$ #1+*  $%$&  , 5$&!4- !%4' 21$3) *4+- 7+'+

,2%1!) *)!)'* 5$0!2  $(5) 5!+$2, , !3$!1999  
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12.37 6'(, :# 4  )12  -6 4 5"0 %4  *%) ,-#6 "! ) %'"7 $2  .  

  

%$#+        )     :$4"%$"!3 !531 ( ,2%1!) %!$$2* 5$0!2 2006( 
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12.4 6'(, !' : /.)  ' 1( &"% 'LEED ND4 %&#%'  ' $1   

 %12  !3$!%"!%#* 4., 8#5* $5)  *, 85!3* 4$#!3* !& ,- 4!,* !&!-' 52 5"%&+ *2)* *,)"*

,!-, $6.$*.48$33!!3-, 5$%!1! '(!!5+ $3!2 4$#!3*  : * 8#5, 4$#!3) %)$4+*LEED 52 ,+'+* 

 9!-'* 5+$%5 * 8#5) 4$+-, *'3+* *3$01,LEED . 9!-'* 5$)!1( ,- 4$+,, %1&2 4$#!3*+

*3$01* ,1 5$+!!#,  . !4! ,- -.)5*,  !,$0!$ $/ *3$01,  !+!25+ %12 $,2  * #$%!)  !&!-'*

 !)1$5) 5$,5 2,, *!!%!-*) : 6$'+  * $,2  !4-.Y-Y-C .(  !,$0! %12 $,2  *  $42)  !4-.*

 !%$6+ 53$01) -.)5*, !)1$5*+ 5$)%$-+  !1%$4 ,)2 5+!!# ) : 6$'+  * $,2  !4-.Y-Y-P.(  

Community 

(C )

/Private(P)

Level  

Adequate for 

traditional 

neighborhoo

d (Y/N)  

Energy

Related (Y/N) 

Max

Score  
Parameter  

C  N  N  30  Smart Location & Linkage  

          

C  N  N  39  Neighborhood pattern & design  

        

      31  
Green construction and 

technology

C  N  Y  
Requir

ed  

Construction Activity Pollution 

Prevention

C/P  N  Y  3  LEED Certified Green Buildings

P  N  Y  3  Building energy efficiency

P  Y  N  3  Reduced Water Use

C  Y  N  2  
Building Reuse and Adaptive 

Reuse

C  Y  N  1  Reuse of Historic Buildings

C  N  N  1  
Minimize Site Disturbance 

through Site Design

                                                
48 * !&!-' ,1 *%!#' !& ,- $3,1 %#(+* 5$$. !4! ,- $30$* 5$2,)"*LEED.  %)'*$ 8#5* !&!-' ,1 2,+ "$%!&,

 *!,2 , * %52, 5$3&, %1&2LEED!2#!%+2* :org.usgbc.www  
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C  N  N  1  
Minimize Site Disturbance 

during Construction

C  Y  N  1  
Contaminant Reduction in 

Brownfields Remediation

C  Y  N  5  Stormwater Management

C  Y  Y  1  Heat Island Reduction

C  N  Y  1  Solar Orientation

C  N  Y  1  On-Site Energy Generation

P  Y  Y  1  
On-Site Renewable Energy 

Sources

C  N  Y  1  District Heating & Cooling

C  Y  Y  1  Infrastructure Energy Efficiency

C  N  N  1  Wastewater Management

C  N  N  1  
Recycled Content for 

Infrastructure

C  N  N  1  
Construction Waste 

Management

C  Y  N  1  
Comprehensive Waste 

Management

C  Y  N  1  
Light Pollution (sky glow) 

Reduction

        

C  N  N  5  Innovation & Design process

          

      105  Total Score  
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12.5   !"#$' :$%&'#( )*+,+- .%#/*. 0*'%!.*,%%1 .*#*/23   

12.5.1$4'*,-"%(49
  

Possible in the 

Municipality 

level in Israel

Community © 

/Private(P) Level 

Adequate for 

traditional 

neighborhood 

(Y/N)  

Parameter  

Energy

YP  N  
Leed energy certification components in new 

building  projects

YP  Y  
Leed energy certification components in 

renovation projects

YP  N  Utilize energy efficient mechanism in buildings

YP  Y  
Set thermostats in offices to control air 

temperature

YP  Y  Install motion-sensing, auto-off light switches 

YP  Y  procure energy efficient products 

YP  Y  

Require affordable housing projects receiving 

Village assistance to install ENERGY STAR® 

qualified appliances 

YC  Y  
Convert Founders Park pool heating to a solar 

panel powered system

YC  Y  
Replace Founders Park street lights with solar 

lighting 

YP  Y  
Require solar hot water heating for affordable 

housing projects receiving Village assistance 

Education for energy reduction

YC  Y  Create monthly related newspaper 

                                                
49 ! "# $% &' (%)*" +  # , $-.$  /0 " + 1&$2"  
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YP  Y  

Establish an energy conservation 

program/policy for all Village offices and 

buildings to include turning off lights and 

equipment when not in use. 

  

-/ (-." $)(*$ 3-,.# (45* 2 %/& +//0+* "--(-." ",( *&5-1$ : 3--(1& 5 + ) &$ ' *-'

$ )( +( 1+&  "0-($" 3 *-)& ,(-.$ 3-')(+*" 3-,.#" +1 (1+*" -', ) 6 &. +1# "  .+* .& 

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

3-/$* 7 4-'  ,3-,('* -/--/$$ "( 2(4*2 +5 $ ' *-' , +-2* 2 1 "( 1+ +(%$$ ' *-' , "'-0(

"-8(/1$ 3--/ 05) &*') -(# * &' , 6%+ -&.$ 3-/%+*$ ' *-'Energy Star ( -, &' 3-2%- (4$ 

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

, -#&  "( 1+& &*')$ 6 05) , ,-.& 3-,('*

12.5.2%-1'3-$%#'*!%-1   

  

Posible in the 

Municipality 

level

Community © 

/Private(P) 

Level  

Adequate for 

traditional 

neighborhood 

(Y/N)  

Parameter  

Energy

YP  Y  
Make green building the business as usual in 

the new contruction and remodel market

YP  Y  
Enhance energy efficiency services and 

standards for existing residential properties

YP  Y  
Enhance energy efficiency services and 

standards for existing commercial properties

YP  Y  
Increase energy efficiency and renewable 

energy use in public buildings

  

 ,, $" 6--/$" +*($ 3" 3-,.#" &&0 -&%($ &' + *--%" +-/0 +$)3-,('*  1 3-( 8*& ( "( #$ 31

 31  + -/10* + 0(.* +5/0"  "% (- "--/$ 9(, "(-'- +&)/$ + -4 &) + -8(/1 ) +-4 -,- &.

 3-$' +")1*8 ,& ,3-/--/$ + 88  &..(  .,-* % 4-5$ "- &+ "+)&#" -0 '( 4*$ (*1/ :1 +-/0 +$
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"-(%-. +1 7*1& 3-/0 *  3-# ( ('1 3-$' +& 3--&0&0 3-#-(*+  -/02 6 -5-/ ) .*. '33 ,City of 

berkley .(  

  

12.5.3'%%2!,$ *%#-$%#0%'3   

Posible in the 

Municipality 

level

Community © 

/Private(P) Level 

Adequate for 

traditional 

neighborhood 

(Y/N)  

Parameter  

Energy

YC  Y  
Providing a resource guide on cost-effective 

energy saving measures

NC  Y  

Investigate contracting with an Energy Service 

Company (ESCo) to provide the City with 

energy efficiency upgrades

YP/CY

Include line items in the capital program for 

replacement of old technologies with newer, 

cleaner, and more efficient ones.

NC  Y  

Create an awards program for improvements 

in energy efficiency for the built environment 

for both City agencies and private sector 

development.

      

  

 &' +-&0&0" + -$-2%41$ 6," .,-* (81* %(' "& .  ! +-/0 +$ "-8(/1" -4-.5 &' "%-,$*

,$&$ + - '(" -,- &. -/ (-." $)(*$ .#$+"& & 0- 3-/ ' "-8(/1 + / (+4 .'-&'" :-.5" 6," -

 $)(*$  1 ,, $" 6--/$" +*($ .# $* + -"& & 0- (+ - + &-.-  + ',) + -8 & /02 &' , ,-.$

-/ (-." .$& 3-'& '- , %'*& 3-1+*  /-1 +-2-($ "-8(/1 +($) 3. 6+*  1'*$ 6," -/'" :-.5" -0

-&1('-" &*')" .+1! 3. ," &10  -&1 5)--+/ 60&  + -8 & /02" 8 5 -$8& 2 (-4  $ 6-1+-&&0 "(..  

 9 /-)" 3 )+* 3-,.# 38  /$#" 3+ 1 3-/ -(2-(%" &.  /. + -/0 + -+'$ + )4& -0 6--#& - 1(

.,-" +#4"  .+( /$  3 )+$ 3-$' +& .,-* %45-  ('1 -', ) 6 +-. .# " ",( *&5-1$' 6 +4*"

-28(/1" 6 05)& .,-* (81* .-&%($$ 38 , "&8* +-/0 +" -4-.5 &' (+ - +-/2(4 "%-,$ + 5)--+"
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7 .--"  .,-" ,#&.50".-+4* "/-1 9 /-)"  .,-" +#4" 3 )+* 3-/ -(2-(% &' "4#"  . + - '(&

 + -()1 +2-%/ !(!& & 0- ('1 .,-* 3"-&1 7-4"& + $( 3-0(,  3-$' +" 3. (-'- .8* + -* %*"

+-1*#. "( #$ 3-$' +" $(%$ "& .4  .60  *0 ,-%  -'" ,#$ + /"-& 38 "#(+ + '(" $ (&  

"--5 &0 1& 3-0(, 6  8*$ 6+ 1 ('%++' (-$5 60&  "!0 &, 8 (,5$ + -/0 +  3 ,-%* . + (*&

 ! ", $.$ (-'- 64 1$ 3"$ ,%*+/ 1& 9 /-)"  .,-" 3 )+* 3-(!. &' + -!0(*" . -0 ",$ ." ,#&

 3-- /-' 3 ,-%$ 3-,%*+* 3" $ (&' -(" "--5 &0 1" &. 3"&' ".4'"" +1 +*0& , 1* "'%

 3 )+$ //--/-.& 3-( '% + )4 3" 60&  2(4".  

                                                
501*8 ,& , +-/0 + 6 80 3-( 4-' "  +* &. 3-$' +& "#&*"  3-/-/$$ &*')" +0-(# &' "%-,$ +.#$+* "+(85*$

+ -/10*" + 0(.*" 8 (,'  1 +4&)" ,6--/$& &*') %45+' +-4 &) "-8(/1& +-+'+ +*%"   , ,-$$ ".%'" . -&%($$
&*')$ 6 05)& 3-(!. &' , 5$5&  5)--+" :1)+ --/ 05) + ( /  ( 3--*$ )05) 3-!($3--/  ( + -/0 +  &-.4" :1 

1' /& + -, .-- . 1-" 1*8 ,& +-/0 +"California Youth Energy Services" ,)CYES ( - "-!& (. / "(-'0* ('1

-/$* 3-/4 -28(/1 6 05)& 3-(-"*  3-&% + / (+4 6+* ) .City of Berkley .( 3-$' +" -+$$ "'-84 .$ % 6 8(1"
 + '.& +/* &. 3-.-8* 3-(-.#" &*')" + 0(.* &' +-5-5$ "%-,$ ,3/-)$ 3--/ 05) 3-(!. %45&  3--*"  !8" . ($,&

+-/0 +" +  # , & + (-' 6+-/ .# **$325 &' 6 05)  -,)- 3-8-'* ('1 "/'$ $1 -+$ 150 21    &-% :&1 )City of 

Berkley, P. 27 .(  
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12.6  !"#*' :.%.-2,, .*%#%4, .'563 )%#%%#33 $%&'#( )*+,+ 4*4%6   

  

 1 #*&  + - '(" +*($ "2&)"& .-8"& '- -( $-#" $)(*" ( .--  1 $ )(" +( 1+ +4&)" 9( #&

3-1+*" $-#%+" +1 90& .+1! +* .& ,-,('*&  1 3-( 8*& 3-/--/$$ 3--*-/4 3-- /-' 3-'( , 3

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

3-1$" 3-(!."* :  

  "-#& 8( -&0-3-$--)* 3--* %* 3-/%+$ '*+'"& + & 0- + -* %* + - '(  . 1*8 ,

 $ ('1 ('1 1$5 (40 +--(-. 1-" &1('-$ 3 )+"*2008 "% (-" "--/$" -/%+ +1 "('-1 

+0( $-# -/$* && 0 (-.$ "',) "--/$ +-/0 + & 0& 3-$--)* 3-/% .51 "-# &8(" + &. +1 

"*#. &. &-0"& "--(-." "& 0- :1*8 ,& , + 88$ 3-+$" -&.$ &&0 +1 $--)& "& 0- "--(-."

"*#.$ 9&"*" +1 6**& 91 3-% (- . "/%$ 3-- /-'& .-8"& + - '(" + & 0- "/-%+" +(!.$

.*& : 40&  $)( ",-*-2(4" % '" &. "/ #( +1 "' .+1! 3. , 1-" "/-%+" &' "/ (5)

+ " $8 + - &.  $ )$ 6* 2" & ,8 "4-01 9(.* +$--)* 1-" + $( 3-*.4' .60  *0 ,3-,.# 

. #-$" +1 &2$& :1  $0.& 3-& &." 3-$' +" $(%$ + - ,8/+"$ &%+"& 3-& 0-  &1 .

  3--&0&0 3-#-(*+- +/-"& 3-& 0- 3--&0&0 3-#-(*++ ( # "*0$ 6 :  

o 5* + &%"-"(1 -$)($ 8 "/" 7-(*+ ""4 (-1  $ . 6+/-"& 3-& 0- 5*$ + &%""

"0 */ "-8(/1 +0-(# -&.$ "-/$" 3 )+* 3-(# *&  1 3-% (- 3-/--/$&.52    , .$

"&'**" -,- &. 3-/+-/ 5*$ + &%" $ (',  + &%" 6+/"& 3-& 0- +-* %*" "*($

"/ /(1" -* &'+$ .

o 3-%/.* --& 0-  (# *$ ' *-'  1 % (- "/$* &' "--/$ ( $. 6+/-"& 3 / "-8 & /02

"% (- .1*8 ,&  8%-'$ , 95$ 3-%/.* +%&)* "--(-." &' "$-$5" +%&)*5000 

 % (- 88 3-*-%* ('1 3-/--/$ -&.$& (& ,)6-,  .$2 3,1 ,*. '7 .( 3-& 0- 3-%/.*

                                                
51"-8(/1 )45/ (+-" 6-$ "--/$" + -/0 +& :-5 "&  '(,- 3-/&$%",.%(% 3 .-! (%5 9 (.&  ,( !-1" : / +1 3%'& ,

(8/ -* +(-*'  3-( 41 3--* +,(4"& + 0(.* 3-%"& ,  + -&.$ "--/$ (* )$ '*+'"&  +& 54 +,(4" + & 0* 3-%"&
% (- .1' /" &. , . :  

sub&2=contrassID&979637=itemNo?jhtml.ShArtPE/pages/hasite/il.co.haaretz.www://https

0=sbSubContrassID&6=ContrassID  

52"(1 +&'**"" 6%+  +$ 3-,* ." 3-(# * + '-0( &. 5* - 0-! + , %/ "%-/.* $-Energy Star . 3-&$%*  +" +1
(# * +-*-&%1 + ) / -1/+ +(-#- + .#*1$ 6"  "" $8 +-28(/1 + &-.- + .#*1$ 6" "-8(/1$ 6 05) 3-('41*" 3-

 3-" $8)6 80 : 2 4 3-1+-3-12&   ,3-* -**)* , 0  "(%+ -((  1*' ("(1 -$)($ + / ' + /-,*$"55%2  *0 $ ,

8(- ', .  "-/- ,.$ 3-(# * &' 5* 1&& + (-0* 3 - "/'& +)1 3--%+* 6%+  + -&Energy Star.) *. 6-,  .$2 3,1 '18 .(
"0 */ "-8(/1 +0-(# -&.$ 3-/--/$& 5*$ + &%" + .-#* %( -  -/  6 8( 1 + /-,* . + *($ ,* . ('1 "-/$ 3!- %( -  -/$

+ 0 */ "-8(/152 ,. ' (,& & 0- 3-4,. * 3-(* )$ '*+'*  3.75 & 5* (!)" (& , SQF ,.  3-/4 +, $. ( $. 7.5,  (& 

 7 ) +, $. ( $.)Yudelson. P. 106 .( ,. &' ' 0( 5* ++)4" ".-#* ",$/ +/-,*35 3-2%- (4$ 3-/' ('.& ! )1 

,-& 6%+ 3-8-'*" . &' ( .-'$ +)4 * ' 0( 5*& 3-0 ! 3-% (- "-/$ -(# *  3-(* ) 3835  ! )1)Ibid.(  
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/*& "* ,$ 2%- (4& "-/$ -! )1 +45 + &' "( #$ 38 6+/-"&*+ ,$ .  -&. 6 /8" 1

38  .

o + 1+/0'*  + 1  &"-% (- "/$* +--/$&  1 -28(/1 & .--& 6+/-"& + & 0-  .+1! 3. ,

+-* %*" + '(" +*($ -2/  &( + )4 "! ,.# .

  "4-')  .,- , ,-.- ' %-$" , ,-. 6.*& "% (-" "-/$$' + / (+-& ( $-#" "4-')& + -/0 + 

-2(4" % '" 3.2* .  

  !"#5 :'%1"%#(3'*($ '*6%%$ .*3%2 - )%" %%.,$ )%'1 , .  

  

  " + /'$ "+'./' 3 %-'" +, $.$-80  61' +-$ &' +-( 25-"" (-." ( $. )Bitan & 

Rahamimoff, 1991 (. "&&#"" +, +* &' "+ &-.- &. + $( , *&& ('41"( .-- - .

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

$ -*-&%1" $ #-." +1 ',)* 8!*&  -" "-+ (2**-3+ *(  :+&& 0" +-/1$( 1" "*($ ,

,, $" 6--/$" +*($  -+/ 0'" ",-*" "/% +*($ ,+-*-&%1 + 0-1 8-'"& 90 -,- &. .  

  "%!)" '*'" +/-(%  -" 61' +-$$ ", $.$  ,, *+" 3+-1 + -*-&%1" + .4 +" ,

+ " $8 + ( 2(4*2 , *) + ) ( ( !1" +1 + /--41*" + %!) + . +8# * 3-#. +.-2/

 "/-(%" ++)4"& &-.- "&&#" -.#*10 6"  + ) (" +(-$'& +0(.*0 6" &-.- -.#*10

3-/--/$" &. "(-'-" ,+ $ )(" ,3-) +4" 3-( !1"  + -/ (-." + (0-0" . +.-2/ &. 7&* "

3-%(14$  + $ )(" -,-# -/'$ "$)(  "& ,8 "  &. 3. 3-#. . (+-" 3-#.& '-' %"$ *" 6

 - ,-1"  "!+/-5 2 4" 9-&"+& "$ ' *-'  '*'" +/-(% +2-&% 9 +' 1 " &&0$ "--)*#& 

3 ) +--8(/1& +04 " 1& 1-" . 90$  :( )" +/ .$ 3"-&. +1 3-(-'*' 3-#. . 2/& 7&* "

3 *-)& '*'" +/-(%* + /"-& 3-0 ! .  

  # 4 ,, .  6+-$ "-(1 &' 3(*1*$' (2 )1995Bitan & Potchter,  ( "-( 1-+" + *' -*  $

 +.-2/& "#&*"" "'8, " '*' +-$ &' "',)" (-." &. -*-&%1 6 /0+ &' "-8 & , +*" 

(+ - "1-($ "$-$5  (+ - 3-$ 2 3-&%1  (%-* -1/+ +8'"& 3-#. .60  *0 , 6/0+& 7&* "

 +## ) "( 8)""% (- "3-( 8*" + / 0' 6-$& ',)" "--'.+" ( !1 6-$ , / "( 8)  6-$ +45

(-." &' 3--'1(" 3-'-$0" 6-$& 3-( 8*" + / 0'.  

   $-$1 &+$ 9(./' :5 / (%)*)Potchter, Cohen, Bitan, 2006 ( &' 3+.4'" +1 6)$

7-%" +/ .$ "$-$5$ 3 )" +%. &. 3"&' + / ' 6 /0+ + ( #  3--/ (-. 3-%(14 . + 1# +"

&. +-$(-* "&&#"&'  1("-".4'" 3-$)(  3-" $8 3-#. -,- +,( " &. +-&*-5%* 

( !1$ +-*-&%1" + ) /" ( 4-' &.  3 -" 9&"*$ "( 2(4*2".  
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12.8  !"# ' : $%*#3 .%#*'%6 $3%3" -6 )%+6 .6!2$)'3 6*262,2007(  

  

 3--/ (-. 3-$)(*$ 3-* )+" +-5)- 62% )2' -&.$ 3-% (- 3-( !1$ +-(-4*1 "%,$/  ! ".4'"

7-%" +/ .$ "+$-$5  $-$1 &+ (-.$ 3-/ ' ,-$(*" 3 )" 5* . )+4+* "$ . 9 +$ (-  1" +( 2(4*2

(+1$ 3--, )-- 3-*( 8*  (+1" &' "$-$5" 3-&%1* "/ '1($  '1($ +.4' * -/ (-. $)(* ,

3(%-.$ :$)(*" +--(2* 1-8 ,- /-$" (* ) 6  8  8 5 ,3--/8 4 (+/1 3-*( 8  "--)*# , 5* . 6 80

"( $)+" .90 &'$ , 0+ -&.$ (-.$ 3-(+1  ()$/"--)*#  "-(2* 1-8 &' + / ' + / .  /)$/11 3-(+1 

3-% (- , 3"-/-$4"( $)+ -&$  3. + (,'  ,23--0( 1 + $ )(  ,  - 43-/2% 3-/8 &' 3-/ ' 3-8 5 .  

 7-%" +/ .$ 3--*-&%1 3-/+'* &' + ,-,*  .# $ (+1  (+1 &0 &'  0( 1&)-& - 3-', )- 25 8 1

1996( , ",-,* + .'$6:00 ,9:00 ,15:00 ,18:00   - 24:00 . "5" 0  .# $ 0- 714 3-(+1" &0$ + ,-,* 

",-,* +.' &0&.

 "(,8 " (+1" &' 3-&%1" -1/+ &. 3-#." +.4'"(%)*$3-#." &' ( (-%" 2%410  . "! 2%41

  & "# )*'  ! 6-$& % (-" (+1" 9 +$ (-  1" +( 2(4*2 '(4"0 ,,*/)(+1& 5 )--" 3 %* .(  + 1$

2%41 (,8 " 64 1"+ )&" .  

&. ( (-%" 2%41 &' -25-225" ) +-/"- 3--(%-. 3-*( 8 -/' &. .-$#" 3-/ '" 3-(+1$ 3-#. -,-

% (-" (+1" 9 +$ (-  1" +( 2(4*2 + /+'" +1 3-.$ %" : "0 *5" "- /$" "$-$5" +( 2(4*2

 $ 3-#." &' "&&#"" +,-*  (+1& .3-*( 8" 2%41 (1' , -/--41*  $)(*" +--(2* 1-8 3"-/-$

 3-#.")"&&#"" 3( 8& ($.* ( 1#*/&, 8 (,5$ &' 62% +-5)- 0.5 &' ( (-% .# ** 9 +* + &.* 3 

 ,.43+$-$5 +* .& 3-(+1$ 3-("#" + .'$ + &.* .53

 6-$ -+ "* &,$" 6-1'  .-$#" 3-(+1$ 3-/ ' 3-)2'* +( 2(4*2 &' + ,-,* + 1# + -1#**

2(4*2 6-$& '*'" +/-(%& "4 ')" "  &." +( 2(4*2(-  1" +(  , +( 2(4*2 6-$ &,$""' ".'$

 ,. .-8* &&0 9(,$ '*'& 3-4 ') 3-** , 3-)2'* +( 2(4*2 6-$& (-  1"205 -!&# + &.*  .

&. "*#. +1 +((%* "(-'- '*'& "4 ')" "  &."' ".-$#*  ! ",$ .- + -," 9-&"+ -,-) + ,1+"

3-&." 9(, 3-* + & %& * &' ( 2(4*2 +--&. +1 +/+** 60 &. (+1$ (-  1" +(.  2%41& :5 /$

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

(+1& ,% (-" ( !1" &, 8$ - &+  + -" &'$ 62% )  2" .# **$ 91 . &. 3-(+1$ 3-#." +.4'" )  2

 3+$-$5 9. ,3-#." ( !1* + %)(+"" 3. %!) 64 1$ ). '.'-($ ,2002(.  

                                                
531" 7)& - /-'$ 3-/2% 3-&,$"  1(" + )&" + ,-,* + 1# + -1#** 6-$ 9 4" -5)- ('%  "$-$5" +* .& (+1$ 3-,

( (-%" 2%41 6-$& 3-(+1$ +-5)-" + )&" 9&"* .( (-%" 2%41* (!8/ 3( 80 + )&" 2%41 +1 , *1& 6+-/' 1#*/.  
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 3--+ *0" 3-('%" ) +-/ (%)*  + 1$ 9 +$ (-  1" +( 2(4*2 - !-)& -(-4*1 &, * ) +-4& &-$ "

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

"$-$5" .")5 /$ )5 /*" 3-/+'* +$( "-5(8(* - /$ (%)*$ .# "' &, *".54   -2*+*" ('%" 9(,

$($.* 3-/ ' 3-&%1 -( !1$ 3-#. &' ( (-%" 2%41 +1 . $%& 6+-/ &, *(%)/" 3-&%1" ( !1& .  

  8# "' 3--(-4*1" 3-1#**" (%)*$ "! &' 3--*-&%1 3-2%41 $ &-'& 3-&0 ) +-4 3-('41*

-/ (-. 6 /0+ +(85*$ 3-% (- 3-( !1 .&.- 6 +-*& 3-)/* 3-  % (45* 3-.# * (%)*" -1#** -4

 3 )" 5* .&. -/ (-."- "$-$5 9 +$ ( .-- -,--/1$( 1+. 3-#. $&'& 6+-/ -/ (-." $)(*" 3 )+$ 

+ / ' + ( #$ ,,. -#. 6 80 ,3-(-'/ 3-#. ,"/ ' 3-#. +4 ) "$ 8  + 4-4# . 9 +$ 3-#. &' 6 0/ $ &-'

-$-54 ( (-%& +-+ .*'* 3 (+& & 0- -/ (-. $)(* .  

  

                                                
54 (+1  (+1 &0& %,$/ &, *" . *#. (%)*$ .-4 * ")5 /" 2 (4 ,3-1$" 3-/+'*" +1 && 0  :",-,*" 3 - , +, %/

",-,*" ,-" 3 %*(+1& 5 )- ,- /$" ( !1" +* .& % (-" (+1" &' ( (-%" 2%41 ,4*2 '5 )--" 3 %*$ (-  1" ,4*2 '
",-,*" +, %/$ +-5)-" "&&#"" +,-*  5 )-" 3 %* &' +.# **" (-  1".  
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12.9  !"#0':  )%#*2 )%+6 -2 $6!2$ .(**2$)'3 6*262 ,2005(  

   

  

6-*- ,# : -/ (-. $ )( 9+)$ "- !)" (-  1" +( 2(4*2 9&"*)6 4#-3 (, ( "/+'*) "$ 84 ,6  -8+ * %  ( &' "/+'* - 5-0 +*( 

 5 %-4 -#.)40% ,70%  -90%( ,&1*' ,# & * :  "/+'* -/ (-. $ )($ "- !)" (-  1" +( 2(4*2 9&"*-40% &' - 5-0 3 -8 5 

3-#. :5 %-4,(*+  :/0* . + 1# +"+ 1(* 1#*/  3-/ '" - /-$" -5 4-2$ 3-#." +' &' &' "/ ' +-*-&%1  (%-* ".4'" 

$ )(" &' "-/$" + 4-4#$  ".-2/" + 4-4#$ - /-' 3. -+ "* 64 1$ "/+'* 3-#." 8 5 &' ( (-%" 2%41' : $ )(" &&)' &00

62% 3-#." &' ( (-%" &1-#/2 4 (+ - % *. ./+$ 3 -" -(" #$)&  3) 3-&%1$ 7-% -1 , -,- &. 1#*/ -&*-50*" ( (-%" 2%41

 ,. .-8" ('1 + (,'" 5 %-4 -#.3.4* " &' "-/$ + 4-4#$ $ )($ #4+ * %  , & ,. "8(,"$ 62% - 2.7* " &' "-/$ + 4-4#$ $ )($ #

8+ * %  .64 1"  + 1$ ,"1/ :/0* -#. &' ( (-%" 2%41 , * ./- 2.1* " ,. #1.6* "# . +* .&+1! , - #* (*+ -#. &' ( (-%" 2%41

 1#*/ +-5)- * ./  9 */- 0.5* " ,. #0.4* "#  . -$(*" - 5-0" +* .& + / ' - 5-0 + *(* 3-#." +.-2/ + 4-4# +*( - /-' +.4'"

$ )($ , &' -&*-50* - /-'& "1-$"1.9* "+ (,'" 5 %-4 -#. &' ( (-%" 2%41$ # ,0.8* "-#. &' ( (-%" 2%41 - /-'$ # :/0* 

   "1/- 0.45* "- #* (*+ -#. &' ( (-%" 2%41 - /-'$ #.  
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12.10   !"#%': .*%(0-** *0*! .*/'6,.  

  

 2 4 +0(.*-+-/--4 1 +-12&  55 2 4 3-2& % &' 9(.* +&& 0 -3-12&   , ('10 ('- 3(! 3-(#--*"

3"$ .8 4 ( 1 ,-/ (2%&1 %'** , -#  .* ' *-'& 3-($#* 6 .2& 1 " "! , -# &'  ,-%4+ ""' 

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

3-,-%4+" -/' . 2 4 +0(.** &$%+*" %45""- "/-(%" +*# .$ 3-- /'" 3. ,)- "/+'* +-12&  

 '*'"* ".-8*")6/ .* 3 -$ %4 *" "!* "$("$ & ,8 "(-'- "/-(%& : ')" 2& %* &$%+*" %45" (

+  2& %" +( 2(4*2$ 38 - &)4*2 '3(!" +/2%"& + *( 8 + " $8( , $0("$ +*- 5* ",-*$ 

.8 4" ( 1" &' -&1(2%45" . 3-1+$ +(81/" +-&*')" "-8(/1" 95 + .#*1$ (,8 * (# -*" 3(!"

21   + ,-)-$ ,,*/  3--(1& 5" . -)/ *$  &' ( #--" +& 0- +1 3-/--#* 3-2& %" -/(#-"21  -

1-' "Wp)   21-"/-%+ + (2*& "(,8 "' +-+ 01&* %45" +,-)- 1-" 1-' .(56  

 2 4" 3-1+"- "#)*& 3-0-& * &. 3-55 $* 3-12&  )semiconductors (-'-$8 6 %-&-5 (%-.$ ,

&*')& + (-'- '*'" +/-(%* 3-/ 2 4 &' "-8(/1 3-(-**" .5* 3/'- 3 -0 ' 3-(* ) -8 5

 2 4 3-2& % ( #--& 3-'*'*"-3-12&   ,&.$"/+'* + &-.- - , -'-$8 ,) 6 %-&-5 6 80)c-

si(,$( 6 %-&-5- -'-$8)px-si (3-()1 3-(* ) &' + %, + $0' .  +55 $*  -&. -&1%-!-4" 6 (%-."

 2 4" 2%41" 1-" 1+" +& .4--12&   , 3( 8 3-/ ' 3-(* ) -/'* $0( *" +* #$ .8 4" ( 1  $

"" $8& "0 */ "-8(/1 +*(* 6 (2%&1 +#-4%& .8($(* )& -&*') 9-& * 3-($)*' . , 3-*( !

-&*') 3(! +(-#-&  0(, 3-/ (2%&1" .( 1" +-8(/1* %4 *" &*')$ ""' * ' *-' , ('41+*

($#*$ -&*')" 3(!" +(-81 + .#*1$.  

 6/0+*& 9-(,*" 9 +*)6*--4 ,2000 ( 2 4 2& % +% 4+ -0 , *&& ('41- &' -12&  kwp1 $# *" 

$-$1 &+$ -&1*-24 1 64 1$ 1-" 15602 % ""/'$ '.57  +0-(# +1 %, $" 2 '4 6 $') +0-(.$

+$ ,$&$ "( 1+" -5/4 ( $. &*')"" 1)382 % 6 -&-* ""/'$ '( , -,' 58 -2( 1-+ 64 1$ (* & 6+-/

 2 4 + 0(.* +/%+"$-0 &' + -12&  -24.5 :&1 kwp ( $. &*') +0-(#* 3-*"!*" +2-&4 +05)/ 

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

                                                
554 (4  ', .6*--4 ,(, ', .6*(- 4 ,(, '4 .6 #$-1 ,$ (* .,  ,* ,4 (4 '. .&*! , 2 4 + 0(.*-('- -(.$ + -12&  &1 : "!-1

3-1+* &, 8 ?6/0+*& 9-(,* ,+-+$-$5 "%-!-4&  '*'" +-8(/1& "%&)*" ,($,*" (%)& 6 0*" ,/ 1 '$8/$ 6 -( 8 6$ ,
 ($ 2% 12000.

56. "'./ 3-2& %" 6 -41" 3--/%+ 6)$* -1/+$ %4 *" %45"" 4)STC ( &' ( 1 +*# . 3-&& 0"W/m2 1000 ,4*2 '

 &' 2& %C 2503--&1(2%45 3-1/+   3-/ 0*" 3-(,8 * 1.5 AM .  

57 ")/"$ 6-1' & '0* &-2* &# &. 2& %" .3-& '0*  &10 3-- '. + 40& +1 "-#2/--( 1" "$  $# - 3-2& %" .."4 

(%)*" "& . -0 6  -0" -&1*-24 1" +$#"& +0(.*" 1-" +--/4" 2& %" 6  -0& 3 (, +- !$ "-2/ &' 30
0

 .31 -0 1%  , 
-/  -0 3 (,-)(!* 3 (, -*$(. 3-4,. * (+ - "% 4+& +-+/' .( $. +0(.* ",. /' +( 1+& 7 ) 9'*$ &0 "/'" - #( 
$-#"& "--2/$ "& &+ (+ - -,0 &(2/& +1 +.4'" $ &-'" &' + &-& 3-0 (1 +*(  "/-(% "0 */ (+ - 9'*$ :( )".   
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12.11 "#  !(%' :& *!% .#*/2 .*!,'  

8  4- "/ 0' 3 %-*  '+ (-." +4*$" 1)( %* :+ +--(-. (+1"1 , +0(.*GIS(  

  

#+"8  4- +/ 0' &' 1'  
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4. "/ 0'" + & $8"+ +--(-. (+1 -" 3 %*" -$' + +/.2& "/ 0'" + & $8                   1  

  

  

"/ 0'" + & $8 &' -,*-* +&+ &, *  .( %* :)*"! (%.   
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12.12  !"#3%' :$#*/23 %*#%3$ %#%%!(,& *!% '  

  

  "/ 0'" +4*- ) +4 -( $-# )2'  - /-$ )( %* :+ +--(-. (+1"1 , +0(.*GIS(  

  

   "/ 0'" &' -$(.*" ",#$ 3-/$*" + 8&4+")4."-1*#. (%5 -(  

"/$*" 8 5  
 + *0

 3-/$*"  

4+ * % +3-, *. +* %  37  

2+ * %+3-, *. +* %  6  

2 8* + * % 3-(  4  

3-( 8*& +)1 "* %  7  

+)1 "* %-( $-# -/$*   2  

53-( 8* + * % +3-, *. +* %  1  

73-( 8* + * % +3-, *. +* %  1  

83-( 8* + * % +3-, *. +* %  1  

"5"0  59  
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   1(%/ "/ 0'" &' -)(!*" "%&)'1%, 5,(4 '-+($.* -4 1 &.$ ( !10 (+ /  , + $ )( 1&&

-/ (-. ) +-4  3-(,8 * .-$(* + &0 1"5"--+ -2(4 .%(%" + - &.$  +-$(.  $ "(,"  .

3)+*" &' -,-+. - /4& + 5)--+* $-$1 &+ +--(-. &' ) +-4" + -/0+ , 31+"$  ) +-4 

$+&"+-( !1" . ,"/ 0'" $(.*$ - /-$" -4 1& "* ,$ . 3-/--41*& "/ .  /-1 )2'"  + -"

(%)*" +0-(.&  /(,8"' ," & &%'$  $ $')+"& 1&'  /()$-4 5" 3-/ +/ . +-/0+ ( '-1 3.

3)+*" ,-(-." ,#* 6 $/ "! 1"--+ % (- "-/$ + -8 & /02$ '*+'"& " , "'.- 31$ 91

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

           

 + & $8'1%, 5,(4 ' ) +-4" + -/0+ )( %* :+ +--(-. (+1"1 , +0(.*GIS( 
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12.13  !"#&% ':  %#%%!*( 3* ' 7. ).32 *,, $%,4$(  

  

  

( %* :)2'"* 3-/ +/ -4 &. (%)*" +  # &' , $-. .   

  

  

  



  

 !""#  "!"$  !%&'!(( $")*)&+ ,  

  

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

  

 %3/!0# $',# )4%/ "1-!#  

3(,!%$ ,%&&(# )&#%4 31  

  

)%!%./:  

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

$*+) #+",(  

-). !/'  

&/01/0 '+"(  

#05/ :0 "&  "'"   



 1 

  

"&6&"  

  

&,(02&3 ("4 / &./4 "0   

#0"0$# '+,#& %(.4#  

!"&*  "/+"./ ("/ # '/5" & 6, #  

  



 2 

)%5%%51 7'&"  

,%2+".................................... ................................................................................./1 '3  

1.(&$/. ................................................................................................................./1 '3 

1.1.'/")/&7  !"#!$!%&'  (")* +%!, -&($ ."/%-/$/"0 

1.2.  (-1 $2 $3(2"- "$,214 -&(4 5/",BETTER PLACE  

1.3.  !-"21()1,4 

1.4.()1,4  !(+24! ()1,4  $32 

1.5.()1,4  '"2  

2.  !" #$ %&'"() *((+', *()-'.  /+(%,  (01 2020  - %(2'- *(34$ "(1'  .....................$ '8

2.1.4"#!$!0! ,4  !1%4 $"#(& 5")*+ 2"1(  $2  

2.2.  !'"$64  "/1  -!2"1$ 4"#!$!0! ,-  %22020$"#(& 5")*+ 2"1( - 

2.2.1"'(64 -&(4 "7- $!0"#  %2 0+ $3(2"- 2020 

2.2.2- "!%"24 4+!*%"'(6 -&( $2  +7!,,4$3(2"-   %2 0+ 2020 

2.2.35""0" + 4'"$6 ",0), -!2"1! !(!" "%)  

2.3.5""%"- 5!&"* 

3.((%."1 *()-'% ')$. "(1'  *.................................................................................$ '13  

3.1. &(+4$ 5"% 2,48)"4  4("014  $2 -&(4 "'(64 -&(4 )!2 $3 "$,214 

3.1.1. $3(2"- +7!,,4 4+!*%4 8)"4 

3.1.2.(!-"74  !0,+ 

3.1.3."!*",!  !"!$+ 

3.1.4. !6*!%  !&(+4$ 43!!24 

3.1.5.40!-+4 92,4$  !%)*, 

3.2. 5"-&($ (-+, 2"1( - 5"$"#( -&( "$&,  !'"$6- 4 164! $,21 (!7"",  !'"$6- $!0"#
5""$,214 

3.2.1."#( -&( "$&,  !'"$6- 4 1644 "!/"15"$ 

3.2.2.("!!34 5!4"/  !,( $+ ! +624! $,214 (!7""- $!0"#4 "!/"1 

3.2.3.5""%"- 5!&"* 

4.*()-'. '(//& (.50.  /+(%,%."15  ')1./ ................................................. .............$ '19  

4.1.5"/#4 '!("6 , " !3"(-4 4+"#64  !+,2,! 46"214 

4.1.1.5"/#4 '!("6 ,#64  !+,2,! 46"214 " !3"(-4 4+"  

4.1.2. 1!&4  !%1 ,! -&( "$&, 5"'$6%4 5",4/,4$,214  (-1 $2 

4.2. ."- 43!!245"'$6%4 5"/#4 "#!*4'"$64 (!), "6$  

4.2.1.5""'(6 5"-&( 

4.2.2.$3(2"$ $,214  (-1 

4.2.3.43!!244 "%! % 5!&"* 

4.3.1!&4  !%1 , 4'"$6- 4"!674 4""$+4 

4.3.1.$,214  (-1  !-!(3, ("!!3$  !'"$64   164- (!6"2  !"%"0, 

4.3.2.-!2"15"-&($ (-+,4, 437! & 1!&4  !%1 , '$6""2 5!4"/- 4"!674 4""$+4  

4.4.5"37,, 1! "% 

4.5.5"37,,4 1! "%$  !"!#"" *4 

4.6.)(64 5!&"* 

5.*/-(4...................... ............................................................................................$ '24

 5(,'2/(%)()................................................................................................................$ '26

*(1,4!............................. .........................................................................................$ '28  
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'(63   

 40!-+ (!)1$ +"7  !/%&'"() '(//&5 */5(0  %$ *((%."1 *()-') "/.("% ')$.5 $(,"( #6(-. $& 

 #"7" )(6"+0,4 +)(4  (")*  3 5!"& 32!%- 5"")4,   !'"2 5","")4 5"%! % !3 ()1,454"$+  !%3

**- 4$ 5"%!!& ,, 07"&! ()1,4 5!1 -  201, !/ 4+74.  

"#!$!%&' $+ 4(7) 4(")* #"7% 3!-,4 )(6-  !"6!$1  !" !)!(" "",$!+4 )!2- 5!"&  !,"")2  -&($

"'(64. )!2$ (!01$ ( !"- 5"4!-#4 5""!&"*4  $+- 3"4 "$,214 -&(4  "#!$!%&'2 9& $+ +"-7% 4(")*- 

" !+,2, .6!3- $3(2"- -&(4 .()1,4  !-"21  3 #"74$ 3"4 )(64 $2  "()"+4 4(',4.  

4 )(6-"%2 $2 "'(!3"  2"1(  4%-% "5")*+$"#(&  "  %2$2020 .  3 9"(+4$ 9(0 +"7% 4/ )(6-

  %2- $3(2"- "'(6 -&(, ("!!34 5!4"/ 8)"42020,)!2$ 5""$,21 5"-&( $2 4("01 3$$  .  3 #"7%

4/ 2"1( - 5""'(6 5"-&(, 4"!674 5!4"/4  !,& -!2"1$ 4"#!$!0! ,4 ,  (23)1,$ *"*- 2,2 !$!& (

$+!-4"6 !+7- " 4 5"-!2"1+"7%2 5"3-4 .  

.1-% "2"$24 )(6-$3(2"- "'(64 -&(4 )!2 $3 5""$,21 5"-&(  ("01 2"1(   3  . .!23(4 !)$1-

+"7% ()!1$ "!/"1$ 5"% 2, 4("014 8)"4. #"7% )(64 $2 "%24 !)$1-  !31*!% -!2"1$ " %24 $!0"#4 

-$,214 (!7"", 5!4"/4  !,( ,.&! 3 4 %!, 5"-&(, '$6%4 ("!!34 5!4"/- 4"!674 4 164."/%- "+ ,

4/ 2"1( - .5""%"- -$2& ,4& 0+ 5"+!0"4 5"%! %4  3 -"7%.  

"+"-(4 )(6- $2 1!&4  !%1 , 5"'$6%4 5"%!24 5"/#4  3 (!)*%-&( "$&,! $,214  (-1  ,  3!

!+62454" 5034  !3"(- $+  .  !+,2, $2 43$,! 4-1( 4%!,  ()!1$ . "  !/ 4(")* -&( "$&$ (-+,4

5""$,21  .!!24 9!(+% 5"%!24 5"/#4 "#!* ."- 431!&4  !%1 ,! ."/%-4 "-&(, 5"'$6%4   %, $+1&!!"4$ 

(13 (!),- !6*!! "! 013 (!),, ! 16!" 5",4/, !$"3 . !"!#"" *4 .&! 5""%!23( 5"37,, #"7%.   

(263  ()1,4  ,$24 9"(+4$ $ (-+,4 +"62" 07"& 5"-&($3(2"- ("!!34 5!4"/  $+ 5""$,21.  

1. &/).  

"+-" ("!!34 5!4"/ 4(!,1 4%"4 $3(2"-  , 5"(+4 "/&(,- 01!",- !%-5""23( 4(!-1  "-" . .0 2!#- ,

%2- !00,% 46"1-! 5"$2!(" /&(,-5"4-"-*4 "%) ,  !#"(1  !3,  !%!(134   $2 5"#"30, 5"/!&"(!

.)%1  !7!,1 . 4(!-1 4 $2 4)$1  "'(64 "(+4 "/&(,- ("!!3 5!4"/  ,"(#-53!4   5"$!0#4,

! !"- 5"" ""+-4( ,$2- .45"-&(4  !,& 4""*!$&!3$ 4'"$64 (!),  !&",* $2- .4! .1  5"&(!7 -&( "$&

& )( - 20%&$ 5",(!# 54 5$!3 4"#(%34 .,  - 92%("!!34 5!4"/, .2!/ 4"+- , 4$"0#  3   !%&*4 

4" !3"(-("!!3 5!4"/,  !+-!%4  ! , !2"#(  !"*!$&!3 -()- 01!",- ,5"2"2)! 5"0$"& ,-()-!  5"2%3

4,"2%4 "&(0-  !"+-, 5"$-!*4 .4 -7,(",14$ "!674 -)+ 0, ,4 4""$+",4/,  '"$6-  5 437! & 

  6(2,)$0 "$"*!6-  "$&-&( , .&2(!2+-4 "7- -( $!0"# $1 5"%!(134 5" -&(46$3(2"- "'(.  

-&(4 )!2- ."((!+ 3$$ 5"'$!2 .""0+ 5"" (!*,4 $/"04! ."/%-4 "-&(.4  5",4/,4  '"$6  %')

"+!%, 5+ -&( "$&,  5"(",,  !+7,3- 5!"&  "2+% ."/%-5""'"$') ,#!$!%&' "+7,3 93 .!( "6 4!!4, 4/ "

                                                      

 1 4-"-*4  %#4$ 0(2,4 ( 3 il.gov.sviva.www.  
2  "4(!-1 , ("!3 5!4"/   164 , #7, ,0"(-%+ "*!" ( ,&%,*" !"2+ $ ("&- $ ,4-"-*4  !&"3$ 0(2,4 , $"(632004 . ( 3-

.,3% $3!,2 0*!, :pdf.nbarI-Yosi/transport/events/il.ac.technion.sni.ftp://ftp.   
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)6*, 3$! ")$1 . 2(0%  "(!-"74 4(!-1 4 (!6"2$ $"-),-$ (-+,  !6!$1- 2!,"2-"'%('$3   !"$+- ! 

!"& 5")!!2,4 5")$0$ 43!!24- 9!,% ("!!3 5!4"/ $3"7%'!65.3   

-&(4 )!2, " !+,2, 1 %  !*6! 4  !"#!$!%&'  !1 6 , 5$!+- 5"%!2  !,!),- :!"- -$!% 3  ,!"- -

$/"0 ,"+-' /# ,6#", ,"0"(-"4 -&(! "$,21 -&( . $3(2"- 5!"&  !,"")4 -&(  +%4$  !"6!$14  !"#!$!%&'4

.4 :6# +%!, -&(", ,5""$,21 5"+!%6!3! "0"(-"4 -&(. 4!"#!$!%&'4  (")*-   !3(4$ 4*%%  !"6!$14  

 $3(2"- "'(64 -&(4 )!2$ (!01$ ( !"- 5"4!-#4 5""!&"*4 $+- 3!4 "$,214 -&(42 5"-2!1 !%3 +!0,

 !,"")4  !6!$14 (32  ,!+$ " !+,2, .6!3-.  

1.1  /(,/%1  /(2/%/!-+  '(34   

% #"7 .$4$  !"#!$!%&' (6*," !)!(" "5")$04! -&(4 5!1 , .!2-  !,"") "& 43(%  !"#!$!%&' )

  !-(  !-!'!-&( "$&, 5!4"/   164$ ,44!-# 4%"3 -&(4 )!2$ . !("01  ,( 9392,4- (3! "2 "6& .  

1.1.1 (#(')(5 5$!5 )-'   

        &  !(!), "%2- 2, 2,4 -&( 3!4 "0"(-"4 -&(!! +%4$ 1 . 0134","%6 4("+- +!%, "%24!  +!%, 

"$,21.'$ .4 2,2,  ","%64 4("+-4 +!%, -&(4 "$&  +%4$ .4! 5"(-7,4  %"+.  #"2, 4/ 4+%4 #!*

)$04  &"(7- " !+,2, .!&*15"%!2 5"+7,3-  :  !"$,214  !$$!*- 4,"$-4  ""#(%3  ("#3 , "!-"&

0!+! 4("7+  +- +!%,4 ,$"#( ."/%- -&( (23, 5",4/,  !16 '$!6 9&"6$! .  

  "0"(-"4 4+%4 "$+- 5",#0 (6*, 4("&,$ 5"+7!, $3(2"-0", , $!0"# $+ 5"3(,  !("&,4 "%! %! .

$"-), ."/%- -&( $2 !("1,, 9!,% .&(7$ "6!*4 ("1,4! $+!6- !,2!" )!(" "!*", 1!0  !7$,4 . !%3

.,/4  7!(,-  !$+$ "!2+ 5""0"(-"44 5"-&(4 $2 )!24 1 %2 5"1"%,. 5 5$!+- ,43!!24 52$ , 5"")

5""0"(-"4 5"-&(  ""%)- " !+,2, $!0"# .#!0$3, , #!*, "0"(-"4 -&( $"(63 20!1-HONDA 

INSIGHT .6"- ( !"- (&,%4 -&(4 4"4 .6    

2!(4 $-) , !6*3%2 5"%! %,5"*6!  5""0"(-"4 5"-&(2 5 )!2- 4"!3( 4)!(" 46!$1& 0-&% 5!), 

5"-&(45$!+-  .)!2- 4$"-!,4 4%"4 !/ 46!$1 $3(2"- ,41"%/ .""0+ 3"4 93  . 5""0"(-"44 5"-&(4 16%

,5""'(64 5"-&(4 $$&$3(2"-   %2- 0,+ 2008 $+ 0.14%) (' 16*% 1(.  

1.1.2 ,2" .)5)/$. (!.(.1, 02(  

 5"%,",16 $2  -!(+ ).3'!-! .36!(6 ()"+- ('6%4 )!)"/ 9"$4 -  )6!,4,  )6!, ."6!$1$ !3 

4,034,  !("2".6#- 5"+%!,4 -&(4 "$& "$3(2"- , ,/%-- 2!,"2$ (!),- !%-%2 -&( "$& 54 !-*!4! ."

6#-! ."/%-- "$3!0 2!,"2$",.7   

6+"4(!-1 4 0(2, $2 "23(4 .+0,4 1!0 " , (3!(-6 20!1$ .!&%20086#- 5"+%!,4 5"-&( !!"4 " ,

0.18%$3(2"- 5""'(64 5"-&(4 $$&,  .8  !% &(+4$ ,."3  !67$ 6#4 "-&( /!13 $2  " !+,2, 4""$+" ,

                                                      

 3."0! +-' 503 ( 3  il.org.adamteva.www  
 4  4-"-*4  %#4$ 0(2,4 ( 3 il.gov.sviva.www.  

5  52  
6 (0""- ,2.) 11.5.09 (""%6"4 -&(4 )!2- 964,: "0"(-"44 '""*%"3 40%!44 $"(63 20!1- ( !"- (&,%4 -&(4 3"4 " ,*-!$# 

1000448786=did&1243846089295U,1055=QUID?aspx.article/news/il.co.globes.www://http.  
7  52.  
8  .4& ,". ,('*"!' ,# .(2!"-3 ,%) .2008 .( $3(2"- "$,214 -&(4 5/",– !"(263  !" (!-1   !&$24!  !,"2"  .!0" 1 .+0,4

 "23(4 $24(!-1 4 0(2,  
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&(4 "7--"'(64   4&!,%  "$&$&  !$"+" $2-! .&(7$ 5"7"(,  (0+"4!.&$  4/ 32!%- ()1,4  !-"21

4%')!% +0$ ..& !,& ,6#4 "-&(  ,!(  "5034  !3"(-$ 5"%&!*,4 5"/#  '"$6   164$ ,)6*-  $'!, .  

1.1.3  *(2/%/() *(3%#)/()-*(3%#(  

5"201 , 5""#!$!"-  !(!),, 5")6!,4 )$0 "(,!1  7!-),   9"$4 - $0#4 "1,7 (,!1 ()"+-

*!'!64 4/ %"5# 93 "3 ,   $!*6 "( 3- +62- 4"!7,4 ,"%!("+ 5/#- ,0!+! .!/,  !"(32- .$3 5")$0! 

( !" 5"")% -!($ ,("!!3 ",4/,  !16 5"'$!6 46"(24 9"$4 -!  "(6!# $2 ( !"  !%')  !"!,& 5"$"&, .

 5%2"!"- "#!* "%2- 5")$05"7!6% :!"- -$!% 3! $/"0.  

4$/"0 !"- ,,7 .,2, ()"+- )6!,4 "1)4"!* ,5"$)0 (46!("3- ()"+- :!6% , ($!*$ 8*!, 3!4 52

 0+ $2 5"/!&"(-100%.9 0!+ 8)! $ *%&"" -""1, .)  5"%2 2!$2  ,$&$ -""1 4"4" ($!*2 9& $!5% !"- 

$/"0 ./3 0+ ,-!#- 4-'4 45% $"&"2 ($!* )")/ $ . %"  *,4, 5%$/"0 !"- .10 $!% 3 , 9"$4 - (7!",4

4$ 5"(&!* $2 4*"*  $!4!&$3  )6)$!% 3 #!*, ( $"/(-- ()"+- )6!,)(&!* 4%), (4(3!" -)(" , *

5"(13 5"%#0! .(,$ . "%  $!4 $!% 3 0+ $2 5"/!&"(-100% ..) -  "$3(2"44! ",2(4-""1, ."/%-$ 

4(!-1 $  2(0" $2 $!% 3  $"4, 5% 0!+ ."/%-- 35"%2 . ! 47"$,4 )!(" "!*",  0+ $!% 34  3 (!'6$

4""%) *,,"%2 2,1 $2 46!) $ 5 , 934 !!/ 47$,4 52""$ 3$ '$1.11  

1.1.4 ($)+ 02  

 "-71, (!),, (7!%4 )$0 3!4 "+-'4 /#4)"$"*!6 ( .3 ,4 /#, +"(&,4 !-!(- -&(!,4)CH4 .(

 !(,$ 201 , (!),, )$0- (-!0, 3$2 ,"+-'4 /#4 -21% 01!",- ")%$ ,  !&!,%4 5",4/,4  !"!,& $2-

!%,,  !'$6%4 .'4 /#4:(3- 2!,"2$ *%&% 3$ .""0+ 93 5$!+- 5"-(  !,!),- -&($ )$0& 2,2, "+- 

9&-  !&!(&4  !4!-#4  !"!$+4 $$#-. 12 "!3(   !"!,& $3(2"- !$# 4 5"%!(134 5"20!1-2 .""7$ 

"+-' /# $2  !" !+,2, ,!%$2 ()1,$  "'%!!$( !/  "$#  534  +0$ . "% 3$ .""0+ 93.  

1.1.5 3%# (&    

 "$,21 4"#(%3$ 46"(2 3$$ )$0- 4(!734 4"#(%34  (,!, )$04 "3 - .& 5!"5","") -&( "$& 

)$0 "3 - 5"0"!7,4 ,.,", 3!4 5 +%4$ 2,2,4 )$04 (23& ,$"#( ."/%- 83! $!% , . )$04 3 , 4'"$64

0-$- 5", $2 3"4 !,7+ , .,16 $"&,4 )$0- 2!,"2 42+% (23&!-"%7,1 !0 .,16 5#  .  "3(% 4"#!$!%&'4

! !%",3 $2- .4! 9"$4 4 $2 44!-#4  $!7"%4 $2- .4 41"'-, .  

4"#!$!%&'4 5!"& ,"")4 2- 4%%"3 .""0+ "%!,4 (!7""$ )"6*, 4$ , $2-!("1,44- 42+% 4!-#4  

 !"0!1""  !(',$ )( 2!,"2 . 4%",/ 4"4  !/ 4"#!$!%&'2 0+ 8*!% (!2+  !16$ (!-+"2 4,&*4  ,"")

 .6!3-5$!+4 "-1(- "(1*, .%4,"0!3, 4)!1( .""0+ $3(2"- !/ 4"#!$!%&'- 2!,"2$ 9(042 ."-4$ . "% $.  

1.1.6 (%."15 )-'5  

5"%2 43,, ( !" (-& 5","") $,21- 5"+%!,4 -&( "$& , $2 " (0* (!7"" $14  !%!(134 5"%2- 93

5""$,21 -&( "$& ./&(,-2 ( !"- '!26 .!"+( $+ 4"!%- !/ 4"#!$!%&'  +!%,$ $,21 )6*,4 "$,21 (-7, !

-&(4 "$&  3 $"+6,4  .4%+'4$  % "%4  "$,21 4"#(%3 !&! - (#!3 (-7,4.  

                                                      

 9 4-"-*4  %#4$ 0(2,4 ( 3 il.gov.sviva.www.  
10  0!44, (7!34 0(2, $2  !%! "+$ 4+ 8.6.09 :" )!("4 "!*",4  &64,9(0$  37!" - 4-"-*4  -!'$ 4$&$&4  3 5", !(."  
11  '",20$!# ,(.) 8.6.09 (.,!2""$ 5"')%%4  !"%"0,4 "$&! -&( "$&, ("!!3 5!4"/   164$  !"#!$!%&' -  +0,4  0+!!$ 2#!,

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

 doc.09-06-2009mada/data/material/heb/committees/il.gov.knesset.www://http  
 12 4-"-*4  %#4$ 0(2,4 ( 3 il.gov.sviva.www.  
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5""()"+  !%!( " (6*, "$,214 -&($ .3!4  $+- ')2 +!%,- ( !"'$!6 !%"32 5",4/, $$&.  &(+, 

1!&4  (-+4 4'!26 4%"4  "%  !$"+"  (263,!"#(%3 $!74  (/+- "*1" .6!3- 44!-#  "#(%3- 2!,"2 

-&(4 $2 4,"$-4. .!(*"14 4"#(%34  3"2% (2!&, +-!% "$,214 -&(4 $2 "()"+4. 4"#(%34  !6"67 

5$)2,$ *1"- 44!-# 4%"3 5"(-7,- ,5"(-7, $2 -( $)2,  3"2% -""1, (-04! ,."6!$1$ !3 ,  !16

 "*1"  !(7)  !+"*% (13$ ( !" 46!&  4%"+'! 5"(-7, . 2(0% 4%"+'4 9(!7$ 4&!(&4   !" 2   *"(6 

 !$!0#  !+)24-. .& !,&, 4/ -$2-  "6!*4 ("1,4 4!-# .""0+ .&(7$ "*1"  .8*!%- , "& (!&/$ 2" -&(

+%!, "$,211!&4  !%1 - )6!,4 $,21 "0" $+  ./!/#3, 5"(-!+ 5",4/,4  !'"$6$ -&(4,   !-!(3

%1 !1!&4  . $+ 1!&4  !%1  -!(  !**!-, $3(2"- 516  6"(2 .   

"0& 5"%!2 5"%!!"&- 5"7,3, 5"2+% 4$3  !"+- (! 6$ ,  !6"67 "$+-! ( !" 5"$) 5"(-7, 1! "6 .!#&

( !" 44!-# 4"#(%3 .2!,"2 :(3- $14  !%!(134 5"%2-  (/+ +!%, "$+- 5""%6!3-! 5""$,21 5"+!%')-

"$,21 .  3! :(3- "$,214 -&(4 5/",  !,0) 4  3 .$4$ .1-% ""!&"*$3 !$2 4("014 )!24 .  

1.2 .  ')1 %" %&'"() (%."15 )-'5 *0(.BETTER PLACE  

$2  "$,214  "%!&,4 5/",! $3(2"-  !( !& *6!  "*#3 "2  0(2,  &",   3 $-),! 5$!+-

 (7!34 0(2,!  !",!3$4  !" 2 4)  0+!)!(" "!*",.(+ +7!-2 "$,214 -&($  !%& "4 ()* "  (-1 "

/4- $,214  (-1  %,'$3(2" *""$6 ('- '$! ("7 9(!3$ 5/",4  !+624  3 .1-  !" 2 4 0(2,  2"(0

 .,/4)2011 ,2015 ,2020 (4%"+' $2 5"2"1(  42!$2- : "3()3  "%&(7  !#4% 4!  $4!%, 3$ 4%"+' ,

 $4!%, 4%"+'!  "$3%!"7(  "%&(7  !#4% 4!  $4!%, 3$ 4%"+' .  

 $+ !**- 4 ()*- 5"-!2"142  %2- 5""$,21 5"-&( .!"$", 2020  "'(64 -&(4 "7 $$&  3 !!4"2

$3(2"- . 0+ "& 4$!+ ()*4  !%)*,,2020 5""$,21 5"-&(- 2!,"2, 437! & $,214  &"(7$ 2!)"-4 

 - $0#"14% !201 $,21 (!7""  !%1   ""%- 9"(7" 3$ 3!4  $4!%, 4%"+' $+ **!-" ')"!(64  53 $-3  .

""$6 ('-  (-1 5"(+- ("!!34 5!4"/  !,(   164  %"1-,  %2 0+ +"#4$ 467, *2020 (!'"% "%! %$ 

5!4"/(!6"& 5!" $2 2"1( - !,& ("!!3 .13   

 " 2 !1%44/ ()1,-  !0), 4$ !% !3 !$"-!4  !"/&(, :  

1. " "$,214 -&(4 5/", $2 4("014 8)"4  !(134  !"6!$14  !"#!$!%&'$ *1"- ( !" 4!-# 4"4

$"+$ !()*%2  . 4%") 4 4(-14800 "%!" 20!1$ .!&% 4%"+'  !0!)% 2009 5"")*+ 5"/!1 $+ 4, 1! 

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

2.  ("!!3 5!4"/   164$ 5!(#" "$,214 -&(4 5/",  40",-" !+,2, ( !"  , !6!$14 !(134 .  

1.3 '31.5  /)("1   

 4(")*, (!2) - !,*(!62 5",!*(6 $2, .&! ,  (-1 "& 52!(4 $-) , 32!%- 4$2,,4  !"%"0,

"*""$6 ('- "$3(2"- 5""'(64 5"-&(4 )!2$  "-"*(#3 4*"%&  3()$ 5"" !+,2, 5"0+7 42!+ .+!%,4 

$2 5!4"/ '$!6 !%"3 !,7+ "$,214 -&(4 , 3!4 931&  !%1 - (7!",4 $,21 $+ $+!6 .(,!$& ,(!), 

, ) +!" 5!4"/4 $2 4'"$64 "/!/#31&4  !%1   !-!(3 $3 -&(4 "$&.  ()1,4  !-"213"4 "%2- 

5"(!2", .0134, %".!"*9"(+4$  !'"$6- 4 1644 534 5",4/,  5""'(6 5"-&(,4%') 4"4   , !3 4$!0#

                                                      

13  5!",  !",!3$4  !" 2 4 (2  &2$ $2  !%! "+$ 4+0!4 10.12.08*""$6 ('-  (-1 $2 4"7$!#(4 $4%, 5+ .!"3(!  , .(+ (,
 5!", "%"/– 30.4.09 .  
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,  !'"$6-  6*! $ 4!!21!&4  !%1   !-!(3 .4"%2  , "!6","!%"24  -&(4- 5",4/,4 4-"-*$ !'$6""2

5""$,21 5"-&(- 2!,"2$ (-+,4, 437! &. 

1.4  %&"   '31.5'31.5  /'$"5/  

5(' ()1, +7- 4 " !,& 9"(+4$ 4*%,4  "$,21 -&($ (-+,, 437! ,  !&*1%4  !'"$64  3 

1!&4  !%1 $  !6*!%2  !'"$64  ,!+$:(3- 5","")4 5"3% -  . 4/ ()1,43-4 4$324 $+  !%+$ 4*%"   :  

%&'"() '(//&5 */5(0  %$ *((%."1 *()-') "/.("% ')$.5 $(,"( #6(-?  

!%" !(+24:  

1 ( 437! & 5"(+4 "/&(,- ("!!34 5!4"/- 4 164 4"4 $ (-+,,5"-&(5""$,21 .   

2 ( 4"4 8*!% $,21 (!7"", 437! & 1!&-  !%1 - ("!!34 5!4"/- 4""$+ .  

3 ('"$6- 4 1644  !'"$6  6*! , 4$!0# 4"4  5"(+4 "/&(,- 5""'(6 5"-&(, 5",4/,  !

1!&4  !%1 , 5",4/,.   

  !(+24$ )!,"%43!4 4""%24! 4%!23(4 5!4"/4  3  "0"",  "16" $3(2"$ *%&""2 "$,21 -&( $&2 

 '$6%4 8*!%4 $,214 $2- 1!&4  !%1 , 5!4"/$ 8"*!"! -&( "$&,(7!""2.  "2"$24 4(+24$  )!,"%4 

""2 5!4"/42 5"%",3, !%32 3!4+ $4!%, 4"4" 1!&4  !%1 - (7!" 5!),-  ()!-,! 4$!0#  13  &(+, "

+"5"00!- 5"1(/3 "6$3 " .  !(2634 $2- ( !" '$2% !%"4 013 (!),, 37!"4 5!4"/2 1"%4$ ("-*

013 5!),- 5"%)$!* .!#&  !"#!$!%&' .") 4$  .  

1.5 '31.5  +("   

+7-$ +"7%  %2-  $3(2"- 5""'(6  ."/%- "-&(,   !'"$64  "/1  $2  4&(+4 2020 $"#(& 5")*+ 2"1( - 

– )(6- '(!6" 2.2)-% $ $2  "/1  9!(+ 8)"4 4("014 "(2634 $2 -&(4 "$,214 "'(64 -&(4 )!2 $3 

$3(2"-  "0" +4  !'"$64   164  ,(  3  !/1$! 5"$"#( -&( "$&, , 5"-&(- 2!,"2$ (-+,, 437! &

 5""$,214– )(6- '(!6" 3  .  6*! 4  3 9"(+4$ 47(%- 2(0" 2 437! & 1!&4  !%1 - $,214 (!7""

5""$,21 5"-&(- 2!,"2$ (-+,4, ..& !,& ,4"!67 9&, 437! & 534 $32%  !'"$64  !,&- 4""$+ 

1!&  !%1 , .9!(+$ +"7%3!!24 4 ."- 1!&  !%1 - !6*!%2  !'"$6$ 5"-&(, !+(#%2  !'"$6 , 9! 

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

5!1 - !2+%2 5"()1, $+ **- % ,!0"4(!-1 4 0(2, $2 5""+!7),  !1 ,4 0(2, !" 2  , 0(2,

4-"-*4  %#4$ 0(2,4, 5"%! %! (7!34  , 4)"'*"''*$  "/&(,4 4&2$4! $,214  (-1),$"* .(  
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2 . %&'"() *((+', *()-'.  /+(%,  (01 )  !"2020  -%(2'- *(34$ "(1'    

 ,4 #7!  4/ )(6-! 4"!674 5!4"/4  !,& -!2"1$ 4"#!$!0-  %220205""'(6 5"-&(,  5"+%!,4 

!6 5")$0-5""$"* ,5""/&(,4 ("!!34 ",4/, "6$ ,5"01!", 5"+7,3  '")% 3$$5!"& 5"#!4%4 !$3,  .  

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

5"%!(134 !,7,!7 4 !'"$65",4/,4 -!( $2 , )$1 .4, +"" 5"(!6"2 "+!%,- -&(4 )$04  !&"3-!.14
 

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

  %2- 9(+ 3!42 ()1,4 '+,$ 32!%- :(3- 5"()1, !2+% 3$!  "%&0+2000  "/1   3 -2"1 3!4 !- 

  %2$ 4(!-1 ,  !'"$642005$"#(& 5")*+ 2"1( -  .   ""("+-"  !'"$6  "/1  $+ 0!-+$ !$"1 4 3

5*(!6 5('! 5"" $1 4 5"-$2- 37,% ()1,4 $-3  "(!/3.15.& !,&  , (!-+ 5"2+%2 5"()1, 5","")

54"$3 42"# ."3 ")*+ +0",- (-!0,2 .!!"& 93 *""$6 ('-  (-1.16       

2.15  /1!5 %(2'- *(34$ "(1'  %" 5(2/%/#/ .  

5"*1"" , !%3 !"$32 2"1( 4 3!4 (+'/&(  "(1' #)%)  .4 ! ""%- 9(!7$ (6*, $+ **- 4$ '$1!

  %2 0+ 5""(263 5""!%"2, .!!&,- !,$+ " (23  !1%42020 ,  !%,"4,- !% %+'$ +#6" !%"32 .6!3-

()1,4 ..&! !%" !1%4 .$4$ *"*-- $3%!"7(4..  

1. 3$ "& 1"%%5"%")  -&(4 "$& $& "&! 5!"& 5"#!4%4 !$3, 5"(13 !3 5"01!", 5"0+7 !')%""  . .! %

!/ 41%4 )/1$ $!&"2%)  $2  !"0" +4  !2"(0- "!%"2 ."3 "& 3!4  (!7""  %2, !(!"4 "2009 0+ 2019. 

 "36!("34 4%") 4 "6$ 5!4"/ "%1-, 5"(-!+ $3(2"$ 5"3-!",4 -&(4 "$&  "-(,:  4 "%) !(!" 

4 5", 1%$  13- 4  - 55"%2  ,("0#,5"4 5",4/,4  '"$6  ,(  3 4  "-(,-&( +!%,,  ( !, 

!  3 5"-""1, "%(7" 5"-&(4-5!4"/   164  !&(+,! 5"+!%,4 (!6"2.17  $2 4)"0-, 4'"$64  !,(

,4, 5",4/, $2  !( !,4  !"-(5",0) , !(!" "%)  "6$ 5""'(6 -&( "$&, 4$!+ "&  ."/%- "-&( (!-+

) 97% "$&, -&(4 5""'(64 $3(2"- ,$ .!&%- 2008(18  !(!" $2  !2"(04 ."- "!%"2 ."35 ) *1"" ,

-&( (!7""  %2$ ,  - 2009 0+ 2013 ( !(!"!6)  , -&( (!7""  %2$ *1"" ,- 2014 0+ 2019(. 9&, +, 2, 

"&   %2 0+2019 5"6*!% 5"(!6"2$ !2(0"" 3$ ."/%-- 5"+%!, 5""'(6 5"-&( "%(7"  )( '16*%2(.19  

 !/ 4(",3- "& .""7$ "!3(4 .,.!-21- 5"1)$% 3$ 1! "6! 5")$04  !"!&"3- 5"6*!% 5"(!6"2 

!&(+,  )$04  &"(7 5!7,7$. 8*!%- , ( !,  "-(, 5",4/,  '"$6  ,( 5"("0#, !(!" "%)  ,

5$!3! 4+-)%2 4,(4, 5"#(!1 5"-&(4 $+!6- !%!2 4)!/1   !,( $2- .20 .&$, ( !" 2"1( - 

 " !3"7, 4"4"1$ ( !" .!&%-2  3  ! 5"-&(!, 5"$0!, $+ 5"**- ,4 4'"$64 ",0),  !0"0, $2

 5"-&( "#!*"%) ,-5""+!7), 5"3% -! 5"01!", 5 . 

2. 6#-! ($!*- 5"+%!,4 5"-&(4! 5"0(-"44 5"-&(4 1 % "& 1"%%" "'(64 -&(4 "7 $$&, 1"%/ (32"" ,

$3(2"- ,$"$&% 3$ .&$!5-!2"1-  !'"$64  "/1   .3!-,- (&/!42 "6& , $/"04! ."/%-4 "-&(

-&(4 )!2- ."((!+ 3$$ 5"'$!2 .""0+ 5"" (!*,4$3(2"- ) ( ' 16*%1 .( (3!(-6$ .!&%2008 &$ - 97% 

                                                      

14 /#  '"$6   164$  4"#!$!%&' 5!"&  ,"") 3$   4,,14CO25(!#4   !,,1 4$ (!0& :(34 . 5"(13! .4&)2008( ,,+  '1 .  
15  9"(3 , $"",- $2!, "-3 5+  !- & 4 12.5.09  
16   4"7$!#(4 $4%, 5+ .!"3(*""$6 ('-  (-1 $2 , 5!", "%"/ .(+ (,– 30.4.09  

 174-"-*4  %#4$ 0(2,4 ( 3   il.gov.sviva.www  
18   5"(13! .4&)2008( ,,+  '1  
19php.ld/eu/standards/com.dieselnet.www://http $/"0 -'% ,$/"0  !'"$! $/"0 "+!%, $+ +0", !-! ( 3  

20  5!", 41"2 31.5.09#(-7$/ (",3 5+  ,,"4(!-1 , ("!!3 5!4"/$ 4%!,,4 , ,5"$)3 "!%"2! ("!!3 5!4"/$ 8#34, 0(2,4  
4-"-*4  %#4$.  
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"$&, -&(4 5""'(64  $3(2"-+!%, ."/%-, $- 2.8% +!%,  ($!*4*-!"& &- 0.32%  5"-21%"5")!("": 

54, 0.18%  5"+%!, /#- ! - 0.14%  54 "$& -&( 5""0"(-"4.21  

      "& 1"%4$ ("-*")!("4 "!*",4  ,(!6("22 /!13 "&! $3(2"- "'(64 -&(4  !#$6 4 $+ +"62  

9*, 5","")4 5")!("4 5"-&(4  $3(2"-  5""'(64 -&(4 "$&  %2 0+ $0#" 2020 , 9"(+4$ 42) 93

-.!!"&, (!+"2 4/"3 28$1 3$! $4)  +0 "()* 37,%- ."3, .,/ )"6*,  $14.""63$ "0& 4,(!6(4  

.&(74  -!# $ 53 4- )!2-  !,#, ..&$, "!%"2$  !*1"" 4 9"(7" ()1,4 +!7"- )!1(4 1!!'- 

 !'"$64 "37, $+ ! +624! "'(64 -&(4  !#$6 4- . 3/ 5+ 2"  "& .""7$ "!*",$ 40+!!4  !7$,4

 !00!+, )!(" 3 2!,"24  -! 5""0"(-"44 5"-&( "&"%! %,4  5"-&( $2  !("&"45""0"(-  "& 5"3(,

  %2-2008  $2 4""$+ 4$165%  %2  ,!+$  !("&,- 2007.23    ,!+$ 3/ , .%"3 40+!!4  !%)*,

6#4  "-&(- 2!,"24   3  !00!+,",.24    

2.2 5(2/%/#/ .   /+(%,5  (01  )/"(1%) *((+', *()-'.  !"2020 %(2'- *(34$ "(1' )  

  !'"$64  "/1  -!2"1 52$  %2$2020 ()1,- $2!, "-3 $2 4"#!$!0! ,4 $+ **- 4$ !%'$14 

  %2 0+  !'"$64  "/1  -!2"1$ 9(+22005 .4%"4 !()1,-  !'"$64  "/1  -!2"1$ 41*!%4   :  

',4. (%- %" (/01 )-' *((+',  X  (+', )-' %" 5(/,6  ( !"  $6/.. 5$/4!  X  (.#3.5+(%, 

*((#( $-' 2/4 %-%  ))7(0!)/%0(#(*50. 2/4 (,%  =  

%(2'- *(34$ "(1' ) *((+', *()-'. 5(/,65 */5(05  /.-.
25

  

41*!%-2 5"% 2,4  !(0#4 .$4$:  

1. 5""'(6 -&( "$& $2 "!/1 (6*,:  $0!#- "!%"24$3(2"- "'(64 -&(4 "7  %2 0+ 2020) ( '8"+* 2.2.1 

.$4$(. 

2. "'(6 -&( $2 4"!67  " %2  +7!,, 4+!*% – %2 4+"*% 1!!' +7!,, " $3(2"- "'(6 -&( $2 "!67 

  %2-2020,$4 "%! % $+ **- 4- "  !,0!) 5"%2, *)( ' 8"+*2.2.2.$4$ .( 

3. 0),",4'"$6 5""0" +  –  3 1"%,4 9(+  54/,4  *,'$6" 2)1(,  0"1"$ .! % -&( $2 4+"*%-  

5(#/)" ,)( ' 8"+*2.2.3.$4$ .(26
 

  

  

                                                      

21   5"(13! .4&)2008( ,,+  '1.  
22    !7$,4  !-)+-")!(" "!*",  0+! 1!0 "3!%", (2008 , 4%24 "%!"- 1!!'  &!(3  " $2,,  !"%"0,$ !2-!#2– $'!" "& +-)%

54, '$6" 2 5!4"/4  ,($ 53 4- 5"-&( $+ 4""%) *, . $2 (!+"2- 4"%) *, 5!),-72-75% -&( $+ )"(1*, !3 "'(6 ,
4,3 4-( , $2 (!+"2- 4"%) *, $'!"92%4  0", "6$ *,4 $2 4-!7) 4 164 9!  "*(6 "–("4 .!"74 -&(4 $2 )! . *, $'!"

 +!%, -$!2, -&($  16!, (!+"2- 4"%))"0"(-"4 ( - 30% ,  !'"$6 $!'% -&($!)"$,21 -&( .!#& (- 10% ,$-#!, 5"%2 (6*,$ - 
 9"(3 , (7!34 0(2, $2  !%! "+$ 4+0!48.6.09 –"  9(0$  37!" )!("4 "!*",4  &64,– -!'$ 4$&$&4  3 5", !(  

4-"-*4."  
 23 $ 0(2,4 ( 34-"-*4  %#4  - il.gov.sviva.www.  

24  !0,"6#- 2!,"24 46!("3-  !%"0, (6*,- !&(+%2 5"()1,, "& 4$!+  )!(" "!*",$ 40+!4 1" 5",4/,4  '"$6  3  "16, ,

HC ! CO , 4  '"$6  3 ("-#, 93Nox .01 .%"3  !37! 4-%!,4 5"-&(2 .!!"&  !"+,2,  5",4/,  '"$6- ( !" 5"$"+" /#- 5"+
5"(13 5"/#  '"$6- ( !" 5"$"+" ."/%- "-&(2 0!+- 5"013 ..3&, , 5"+!%,- 2!,"2$ (-+, $3(2"- 534  !30!!- (,!$ 42)2

6#- 5"+%!,4"'(6- (!-"74 5+! $$&& 4-"-*4 5+ -"'"" , . "$&$& 4%"4  6*!% 40!)%:  !$+4$ 47"$,4  "0(2, ."-4 40+!4 
4  36# "-&( $+ 4(#3"  $2 5!&*$ 0+ #(!0, .6!3- ,1500-3000 ; 4%2$ , 4-*4 4(*3% 9&$ 8*!%-! (!7""4  %2$ 53 4-
6#$" !(!" .) - 5"0,!+4 5"-&($ ,5) !0" (3!%" )!(" "!*",  0+! 12008 ,,+ '52  -- 53(..& !,&  , ."/%- -&( $2 4-*44  &(+
6#$"& 4$!+ , - 8000 ;  9(+$- $!$+ 4/ 5!&* 8*!% "$&$& 5*1  !!4$.   
25 $2!,  ,3 .(7"62! ,%) .2000(,,+  '12.  
26  - 4(!-1 , 4'"$64 ",0),  ,"2( 4-"-*4  %#4$ 0(2,4 ( 3www.sviva.gov.il.  
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2.2.1 %&'"() (+',5 )-'5 (6) %/#(2  !" #$ 2020  

$79(!   %2 0+ $3(2"- "'(64 -&(4 "7- $!0"#4 -!2"12020 . "%  "23(4 .+0,4  &(+4 $+ **- 4$

 "$,214 -&(4 5/", 32!%- 9(+2 ()1,- 4(!-1 4 0(2,-– $0!, $+ 4**- 4 "23(4 .+0,4  &(+4 

 "'*"#!$ "!/"1 0"1" ("-*, 4% 2, **!-,).,/4 ( $2 4"!!(  ,(!5502"3 8$3$ 5""'(6 -&( "$& . ,  "& .-!

 4% 2,0-$- 9!! , 5(!# 3!4 .,/4 ,26%$ 4"!%64 4*%&4- (!6"2  3'-,4 , 5"#4%4 (6*,- $!0"#) 3!42

+!6 5# !(!0  6!$1  $2 37!" $ (0!+!27.  5""!%"2 3$$ "23(4 .+0,4  &(+4 "6$"5""%&64, " 5!1 -

 %2- $3(2"- !"4" "!*",4! 41",74 2020& - 2.75 7/(%(.5""'(6 -&( "$& .28$$  -&(4 "7  !1 6 4 1!

 5"%2- "'(641987-20074 "7- $!0"#4! "'(64 -&(4 3!-"  "/1  1!$$!  "'(64 -&(2020 - 2008(  '

 5"16*%3 ,4.    

2.2.2 ) (/!("5 5$/4!5 (+', )-' %"  $6/..  !" #$ %&'"()2020  

! %  3 !%1- $3(2"- 5""'(6 -&( "$& $2  +7!,,4 4+!*%- "0" +4 "!%"24 -!2"1 52$,$4 "%" *

"!%"2  ,#,  !4/$ "0&  !,0!) 5"%2, . "& 4$!+ 5"%! %4,(2+- 5"%24  !%!(134 +7!,, 4+!*%4 

 " %24 -&($ "'(6 +4$ !3 "0( "0, 4%2 &-- 100 0+ 500 )", ,9& 3$2 . "%  !4/$ 4,#, 4(!(- $2 4""$+ 

!3 40"("  -(  ' 16*%5 -()*  "%! % 4+!*%) /3(',!$")' (( #!* "6$   " %2 "23( -&2007,$4 $2 "*. 29  

!%'$14 !/ 4%1-4 (!3$ ,&(+44 9(!7$4   %2$2020 ,,$4 $2 .!(134 .! %$ *1"" 4$"  %2,  *2007  – 

16,500) ",.  

2.2.3  )/"(1/ /'/( (!3 *((#( $ 5+(%, (.#3.   

    !%"4 4'"$6 50),  3 1"%,4 9(+ 54/,4  *,'$6" 2)1(,  0"1"$ .! % -&( $2 4+"*%-  – 

5(#/)", ..!#& 5"-( 5"% 2, .!-21- 1)!$4 -&(!, -!2"1 !%"4 4'"$64 ",0), -!2"1 :! %2.-&(4  ,

$$!& $)2,-&(4 $2  ,+!%, 16%, 4+%4 #!* ,-&(4  )!/1  , 4-"-*4! 9(04 "3% ! 4+"*%  !("4,)5"+!6"2 ,

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

!0".!"%&'4 $2 40-+, 1 , $2  !&(+4! 5""'"(- 4'"$6 ",0), 0(2,4– !,*(!62 5"%!(134 5",0),4 

$ 0+ 5"6)  !"4 - 31.8.09-(  ' 16*%6. 4'"$64 ",0),  5*(6,2 0(2,4 4-"-*4  %#4$ $$&$ 5"*1"" ,

:(3- -&(4 "7, 5"%! %2 "6$ +7!,, !%""40  ,3 4!4 -&(4 "7$ 4'"$64 ",0), - 5!"& 5"")$3(2". 30   

.!!"& !3-4 5"%2$ 5""%&0+ 4'"$6 ",0), !,*(!6 5('2 , 1"%4$ ("-*! "&  5*(6" 0(2,4! 40",-

 5"%2$  !*1"" " 54 5""0" + 4'"$6 ",0),2010 -2011  %2$ 3$! 2020, ",0),  3 9"(+4$ !%'$14 

4 "%) -  !%"!7,4 4'"$64  !,( ."- 4""'*4 *"*- $+ 5""0" +4 4'"$64 :(3- 5","")4 !(!") !(!"1-5 (

 4-"-*4  %#4$ 0(2,4 $2 5""%,/4 4'"$64 ",0), ."-$)  !4!-# 4'"$6  !,( 5"#"7, 4'"$64 ",0),

 -!2"1$ .!-21- 5"1)$%2 5"-(4 5"% 2,4 $2- !(!"4 "%) -  !( !,4  !"-(,4 4'"$64  !,(, ( !"

5",0),4 .(  %2 0+ 5"%24 9(!3$ (,2"  !/ 4""'* "& !%1%42020 !(!" $2 5"-&( :(3$ !+"#"2 5# (,!$&  

6)   %22014 .(  

                                                      

27   5"%24 "%! % "6$  $"!&,4 41*!%41987-2007:  MR = 550 / (1+e(0.904-0.0344*T). .4& 5"(13! )2008( ,,+  '7. 
28  52 ,,+ '7.  
29  4&2$4  "/&(,4 4)"'*"''*$ ,()* "%! % 4+!*%) /3(',!$")' (2007 ,5"$2!(" ,'*!#!3 2008.   
30 - 4(!-1 , 4'"$64 ",0),  ,"2(4-"-*4  %#4$ 0(2,4 ( 3 il.gov.sviva.www 2! 41" 5!",31.5.095+ #(-7$/ (",3  ,
," 4(!-1 , ("!!3 5!4"/$ 4%!,,4 ,- 5"$)3 "!%"2! ("!!3 5!4"/$ 8#34 –4-"-*4  %#4$ 0(2,4 .  
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 -!2"1-  !" ""+-  ,"") .!!"& 4'"$64 ",0),$ !(!"4 "%) -  !%"!7,4 4'"$64  !,(, 4""'*4

 5"6*!%4 5"% 2,4  3 5"$$!&! 5","")4 5"%! %24 $& $2 +7!,, $+ 5"**- , 4'"$64 ",0),2

 !( !,4 4'"$64  !,( !$"3! $"+$ !'(!62 3$ 5"-&($! 0-$- -&(4 .! %2$  !*1"" , !(!"4 "%) - 

2,!2,5" ..3&, , 4&(+4- )6 *4$ !%'$14 $2,"4(!-1 , ("!!3 5!4"/$ 4%!,,4 , , #(-7$/ (",3 ,

 $2 (!')6- 2, 2%!1.75 "*% (!-+  -$!2, 4+) "%!("+!  "%!("+%"-(  -   (,!3  3/ 8"*!%2 75%$   !,(

-  !%"!7,4 "'(6 -&(, 4'"$64 )"% !(!"4  54/, $& "6$ $-)$ "0&4&(+4 $4'"$6 5"-&(, $+!6- 

5""'(6 .  %2 0+ 5""0" +4 4'"$64 ",0), $2 4&(+4 52$2020 8"*!% 75%  !%"!7,4 4'"$64  !,($ 

 !(!" "%) -5 ! – 6. 31
   

 %, $+  %2 $2 $3(2"- "'(64 -&(4 "7$ 4'"$64 ",0), $2  !&(+44  3 5"3 4$ 2020 2, 2% 

!$!0! ,-0 $2 4"#" "& 41%44 $+  **- ,4 5""0" + 4'"$6 ",0), -!2"1$ 3"(!$ 5""1 ( $2  !#$6 44

-&(4 "7  %2- -&(4 (!7""  %2 "6$ "'(64 2008  %2- 5# (,2"  2020(,!$&  ,  %2-2020 5"%! %24 

!% 2" !(,2"" 5"%! %24 ."- 5"*1"4 93) 5"/!13-.(32 "-(,4 4'"$64  ,(  3 5"3 % -&( .! %2 $&$  

 8"*!%! !(!"4 "%) -  ( !,475%!/ 4,($  .  ,($ )( -&( $2 .! %2 $&- *1"" 4$ !%'$14 "& .""7%

 5"!!4, $/"04 "-&( 5!"4$ .!&% "& ."/%- "-&($  ( !,4 4'"$642.8% !%3! "'(64 -&(4 "7 $$&, 0-$- 

 (!3$ "& 5"6!7")!("4 "!*",4  ,(!6( " 5""'(64 $/"04 "-&( (6*, (7!34 0(2, $2  16" $3(2"-

5"%24 9(!3$ 4#(04-, !,%4 )!("4 .!"74 $2- .4!$-)" ! !3 9 ,  !(,$  3/! 5"(13 5"-&($  "*1"

54$2  "'#(%34  !$"+"4 , ($!*4 ("1, $+ 1!)"64  (*4 $2- .4! - ()"$ -&(- 2!,"24  3 96!42 4, 

( !".33  

2.3 *((!() */-(4

'"$64  "/1  -!2"1$ 4"#!$!0! ,4 4#7!4 4/ )(6-  %2- 5""'(6 5"-&(,  !2020 . 4"#!$!0! ,4

0 $2 4"#!$!0! ,4 $+! $2!, "-3 $2 !()1,- 41*!% $+ 4**- 4" 4'"$6 ",0), -!2"1$ 3"(!$ 5""1 (

5""0" + .  %2$ $3(2"- 5"-&(,  !'"$64  "/1  4-2!1 54- 5"()1, 37,%- ."32 .!!"&2020 !%37, 

/-! 41*!%4 "% 2,, 013$  !,3 4  !2+$ .!&%$)(64  ,!( ! 2!0"1 4 .%! 5&*% 5"%! %4  3 4%,

!6*3%2:  

1.  "$& $2 "0" + (6*,-&( –   %2-2020  $3(2"- !"4" & -2.75  .!"$, "$& -&( 5""'(6  -   .+0,4  &(+4

4(!-1 4 0(2,- "23(4.34
 

2. 4+!*% "0" + -&( #!* ! !3 $2  – 16,500) ",$4 "%! % $+ **- 4- ,"  %2$ *2007 . 

3. 0" + 4'"$6 50)," -  6*!4! -&( $2 .! %2 $&$ 54/, #!* "6$ 4'"$64  ,(! !(!"4 .)   ,3 4 

 $2 (!')61.75- 75%  -$!2, 4+"*% (!-+ ) "%!("+%"-!  "%!("+ ( 4'"$64  ,($!(!"4 .) - 4+-)%2.  

  

  

                                                      

31   41"2 5!",2.6.09#(-7$/ (",3 5+  ,," 4(!-1 , ("!!3 5!4"/$ 4%!,,4 , - 5"$)3 "!%"2! ("!!3 5!4"/$ 8#34 – 0(2,4 
4-"-*4  %#4$.  

32  3"(!$ ,1.) 2009( . #7, :1! "6"$3(2" -&( "7$ 4'"$6 ",0), -!2"1$ 4"#!$!0! ,  . !&"3 (62 52$+- 4-"-* " ,-  0+! 
4'"$6 ",0),.   %2- (!7""  %2 "6$ "'(64 -&(4 "7  !#$6 42008,$4 "%! % *"*- $+ " "'(64 -&(4 "7 $2 4"!67  !#$6 4! *

  %2- (!7""  %2 "6$2020 16*%-  #7!, 7.  
33  $",2 ,0 .)6.1.09 ("!*",4 )!("4 "$3(2"- $/"04  3 0"1&"" ,()(, 40.  
34   5"(13! .4&)2008( ,,+' 8.  
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 8"+*- 4#7!42 41*!%- 5 !3 -"7%2.2:   

1.   %2- "'(64  -&(4 "7  !#$6 4  3 -21%2020  =  $&- 5"-&(4  !,&  %2 0+ .! %22020 *"*- $+ 

  %2- "'(64 -&(4 "7  !#$6 42008 :X% 9! , 2.75 5"-&( .!"$", .  

2.   -&($  +7!,,4 4+!*%- .! %2 $&- 5"-&(4  !,&  3 $"6&%- 16,500) ", , 4,"3 ,4 4'"$64  ,(-!

 !(!"4 "%)  "6$ 54/, $&$ .! %2 $&$) $ 8)  !(!" .)  $&– 4-5 (6*,$ *1"" , .&$! 5"%2 5"%! %2 (

 $2  6*! $ 53 4-!75% !/ 4'"$6  ,($  = (6 -&( .! %2 $&- 5""'(6 5"-&(,  !'"$6  "/1 

54/, .  

3.   %2- 5""'(6 5"-&(, 4'"$64  !,(  3 $-)$ "0& 5"%! %24 $& $2  !'"$64  "/1   3 (-1%2020.  

  

*((+',5 )-'5 (%- %" (/01 ',4. :2.757/(%(.    X   

 !"  $6/.. 5$/4!5(/,6  ((+', )-' %"  :16,5003 ".  X               

 )-' 2/4 %-% *((#( $ 5+(%, (.#3.)7(0!)/%0(# (*50. 2/4 (,% :)"1% 8('6" 7/ ! ,$" 5(2/%/#/ .5 (
 9($4) 526/5"2.2.3 %($% )7(0!) ()-'% 3' 41(( !(   =  

%(2'- *(34$ "(1' ) *((+', *()-'. 5(/,65 */5(05  /.-  

  

  

  

+4 . "% 3-4 )(6- 4&( $8)"4 4("014 $2 4-&( "'(64 -&(4 )!2 $3 "$,214  %2 0+ $3(2"- 

2020 $,214 (!7"", 437! & 5!4"/- " %24 $!0"#4 "!/"1$ 4"#!$!0! , #"7%! , 4"!674 4 1644 "!/"1$!

."/%- "+%!, 5"-&(, '$6%4 ("!!34 5!4"/- , 5"-&(4  ("01 2"1( -$3(2"$ 5""$,214 ,  %2-2020.   
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3 . (1'*((%."1 *()-'% ')$.  "

   3"4 4/ )(6 $2 ! (',$3(2"- "'(64 -&(4 )!2 $3 5""$,21 5"-&(  ("01 2"1(   3 .!1-$ . 52$

 5"% 2,4  3 4$"1  (!)*% 9&$2 4&(+4 9(!7$ 5"2(0%4  %2 0+ 5""$,214 5"-&(4 $2 4("014 8)"4 

2020 :$3(2"- +7!,,4 4+!*%4 8)"4 -- 2!,"24  !1!% $+ !" !&$24! "$,214 -&( ,(!-"74  !0,+ ,

4/ #!*, 5",/", !3 5/",4 "-#$ !&(+%2  !6*!%  !&(+4$ 43!!24! "!*",!  !"!$+ . 4&(+4 2-#$ 4*%%

%4 5"% 2,4 "-#$ 5!"& 5","")4 5"%! %4 *"*- $+  "%!23("$ . #"7% .&, (13$ !31*!% $!0"#4 "!/"1$ 

$,214 (!7"", 437! & 5!4"/- " %24 ,644 "!/"1$ .&! "+%!, 5"-&(, '$6%4 ("!!34 5!4"/- 4"!674 4 1

."/%- ,  5"-&(4  ("01 2"1( -$3(2"$ 5""$,214 ,  %2$2020 .  

3.1  -'$5% *(! ".593(5 5'(#15%")-'5 (+',5 )-'5 3/" %& (%."15

"3- -&(4 (!7""  !$+ "-#$  !30!!44$$!*4! ,!6*!%  !"'%!!$(  !"!1 6 4 "-#$! (!-"74  !%+4 "-#$  ,

%!24 5"(',(64 "-#$ 5"2"1(  (6*, .!-21-  1)$  2(!05" ..!-21- !1)$%2 5"(',(64 .$4$.  

3.1.1 . 93(555$/4!%&'"() $6/..5   

!0"$3(2"- "$,214 -&(4 5/", $2 5"" (!-1 4 5"'-"44 1 ,+ 9(+%2" 0(2, $2 "23(4 .+0,4 "

4(!-1 4  %2 "%! % $+ **- , 20062- 5",+6 4,& -21$  %, $+  "$,214 -&(4 9('7" +7!,,- +!-

4$$!* ."+'4$ !3 8"$14$.35 !%" 0!-+-  !6"7(4 52$ ,- 2, 2% "%! %2007 : )(6- #7!42 "6&2,4+!*%4  

 +7!,,4 $2 -&( "'(6 $3(2"- -!/ 4%2 4 ""4 16,500 )".!"714! , 4"4 10,000 )",)  16*% 43(8(, 

!4,3 4-- 317! -192 )"5""+!-2 ,.    

$+ -"64 ",/" ')"!(6 ,!0 - !&"4(!-1 4 0(2, 1 ,1!!' 4+"*%4 $2 43$, 4$$!* +% ."- 120-160 

)", ,& (13$ 4$$!*4  6$14 !3  %"+'  3 9"(7,2 4,- 100-120) "4+"*% , . 4+!*%4 "%! %- -21 4-

  %2$  +7!,,42007 , !3-4 5"%2$ 5# 5""'%!!$( !"4" "& 43(% (2336 , 8"$14$ :$3"" $3(2"- "'(6 -&(

 !3 4$$!* .!+'$2-3+!-2 "0, +7!,,- 5",+6 . 5"3% - !$3 . "% 1"%4$ -&(42 "$,214 3$ $&!" 2,2$ 

8"$1 & -&($ "'(6 .""6!3,4 2!,"2- "-"*%'%"3 8)"4! 4+!*% #$!0.!6 "& 43(% '% $3"7-&(4 "$,214 

3!4 "'(6 -&($ 8"$1 & ()"+- $"6!(6- 5"-&( (!-+ 3-4:  

1. -&( +*!%4 + 012,000 )", 4%2-) &- 24.8%  %2- 5""'(64 5"-&(4 ., 2006(37 , ))0/"2 9&

 !3 4%+'4$+!-2- 5"",+6, ( !" 3$ $2  !6"& - 4$$!*  6$14 . 9(+%2  !(47!,  !60+4 ()*

 "$,214 -&(4 ')"!(6 "-#$4 (23, 4"%(!6"$)-1%!/ 4 , 5%"4 4+"*%4 "1!!' "& 43(4 (23&

-"'%('$3 -&(  ("1-- 5"" !+,2,".38 

2. -&( "%2 !3 ( !" )2,-  "-4) &$-16.3%( !"!  !"%!&, " 2  "-4 ")2,, (. 39 4"%(!6"$)- ()*4 

!/ 41%4 (23, ,$/"0 !3 ."/%- -&( 5"6"0+, 013 -&( 5+  "- ")2, "& 43(4 (23&40.  

                                                      

35  5"(13! .4&)2008( ,,+ '8-9. 
36  .&2 )(6- !%#742 "6&2-$3(2"-  +7!,,4 4+!*%4 8)"4- 4%2 "0,  " !+,2, 40"(" !3 4""$+ $2 4(!(- 4,#, ."3 .  
3752  ,,+ '9 
38 5"(13! .4& )2008( ,,+  '31. 
39"(0%6$3 ," . ,/6!0 ,$ .."2,2! ,". ,4,"") "%- 5"(7!, $+  !$+- ,  "-4 )2,  !37!4 ()*20065""$$& 5",!&"*  ,5"$2!(" ,

 (-,702007  
40 5"(13! .4& )2008( ,,+  '31. 
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3.   !+"*%$ 2,2,4 -&(5",!1 - 5""%!("+ ""(-(6!5()"+-  .,$4 "%! % "6$"* , $2 4+!*%4 9*

  %2- 5"+%!,, 5"-&(20074  4"44,996) .!"$", " ,) 5""'(6 5"-&( 5&! ,28,595) .!"$", ",(.41 

 4+!*%4 9*3$4- "%!("+ 4"4 !/ 4%2- 27,540) .!"$", ",42, (,!$& 61.2%4+!*%4 9*,  . 5"(*1

."- 5"&(0-  " %24 4+!*%4 8)"4- 5""'(64 5"-&(4 $2 "*1"4 5)$1 "-#$ 5"%! %- !"%!("+ , .&!

%64  !#$6 44 "-#$ 5"%! %5""()"+ 5"2!,"2 "6$ 5""'(64 5"-&(4 -()-  "," -  "%!("+ 4+!*%$ 

 "%!("+%"-!.  

 (#3,4  3  (&"% 40",- 57,7, 4/ 9 1"$3"7%'!64 46$14$ 5","3 ,4 5""'(6 5"-&( $2 

5""$,21 5"-&(- .#7!42 $"6!(6$ 53 4- , $2 !6)"4  3 -21$  %, $+ 5"(*14 5"%! %4  3 5"$24$ 2"

4/ (#3, ,2" .&!  !$$!*4  %"+'  " 2 $ (23- 5",/"4  !"%&!  (13 -!)+$ ,  ,(! 4 !$"+" (23

$"+$ #7!42 (#3,4  3 53 4- -"1( ! 4%"+'4  !1!% $+ +"62  4$2  !("24. 

3.1.2 .'/)(65  /#.$  

3 :(3- "$,214 -&(4 $2 4("014 8)"4 "-#$  !&(+44 .,  13 83 4& 0+.%"  !%+2% $+ ()*  !0,+ 

(!-"7 5"2&!(4 $3"7%'!64" .!0".""7, 4(!-1 4 0(2, $2 "23(4 .+0,4 1  "&5",/"4 !%""3( "$4%, ""7 

-&( 32!%-, !45"&(!+ 5 4!!4- ()* -()- (!-"74 1(4- , 5$!3"'(6 ()*4  5",*(6 , 5%"3$2-! 

"6!34 "(1*,4 $2 43(% 32!%4 " !37! 2!5#  3$ !(*," 0(2,$ 4(!-1 4 $$-) "2&! ..& $+ , :$,!,

+$ 4"4""3,7+ ()* 9!(.  

4"%(!6"$)- 3!7,$ $&!% 4/& ()*$ 3,#!0 . 5"+"%,, 5""$,21 -&( "$& $2 1! "64 "7,3, 2!0"1

4"%(!6"$)- 4%!23(  " !+,2, 47!3  (-7 5"" -"-* , "$&, ("!!3 5!4"/ 0#% $2,,4  )")1  !-)+-

-&( .--1996,-- UCI, Institute of Transport Studies, 1 !6 $0!,  ("1- &(- (23 **- 4 $+ ()* 

 !60+4  !(47!, (SP)()-  -4,747 ")2,  "- 4"%(!6"$)- . (',  ()1,4 4 ""4 +7-$  !"/1  

 !" %2 $2 2!)"- "$&$ -&( "6$ #!* -&(4 (!/3! 6(#!3"#".43 ()1,- 8*!% 4 !3- 4%24, 1 !6 $0!, 

2!)"- $2 ""7 -&( "$&$ -&( 5""-"'%('$3 4"%(!6"$)-.44 +!6- "& .""7$ 2"$ , $2- !2,, 4 3$  !"/1 4

92,4- '(6%2 "6&  !"'62,!  !"'"$!6  !"!1 6 4 )( ' 8"+*3.1.4.3( , "&!$& 5""$,214 -&(4 "$& 

 !1)$% 8!*-$ !(&,%2$+ 4(/1 -!0,2!4 5-!(! 5"%(7"4 "0".  

 ()*  !%-$ . "%5""-"'%('$3 -&( "$&$ 2!)"-9(+%2 4/ $+ **- 4- 4"%(!6"$)-  ,  ,3 4 9! 

5"% 2,4:(34 "3% $  . "(!),4 .!$324) 16*% 43(9 (-"'%('$3 5"-&( $2 5"$"6!(6 42!$2 #"7,5"" :

"$,21 ,! /# +%!,$!% , . #"7" :(3- 9(+""2 ()*4" 2  3:(3- 5!"&  !,"")4  !-"'%('$34 -  +%!, -&(

6#""0"(-"4! ,,"$,214 -&(4  6*! -  .$2 ."-, 4, 5"2&!( !"4 534 ("474$ !2)- " 5"()*%4  2!

5"-&(4 "#!* ,8*!%- !3 "1&!%4 5-&($ 8"$1 & 2&(% 4"4 (1-%4 -&(4 534!$  , 5 !$+-- -&( #!* 4/"3!

5!"& . !-"'%('$34 .,  13 $& "-#$ '(!6"2 $"6!(6$ 53 4- 42+""  (47!,4 460+44 2!-"#.  

"-#$ 5"%! % $!$&" $"6!(64 : $&$ +7!,,4 4+"*%4 1!!' !3 4%"+')!$0  ,, 42"&( ("1,+7!, ,  !$+

)$  (+!2,4 4"#(%34" !("24  !%1 - , ,4734 .,/ , "-(",  !("4, ,4("2" 4'"$6 , 5"-&( "#!*

 5"+7!,)&, "%! ,(0%' !3  "32,( ,-&(4 $0!# !.+',4 $$1 $0!#.  

                                                      

414)"'*"''*$  "/&(,4 4&2$4  , 4+!*% "%! % ()*)/3(',!$")' (2007 ,5"$2!(" , '*!#!32008 , 1!$1  
42'*$  "/&(,4 4&2$4 4)"'*"' ,3$ 5"&(0- 4+!%   !("6*-  !"%!("+2002-2008 ,5"$2!(" , *(,2009 ,,+ '18  
43

 Brownstone, Bunch, Golob and Ren, 1996  5"(13! .4& 9! -)2008( ,,+ '30-32.  
44 Golob, Torous, Bradley, Brownstone, Crane and Bunch, 1996  , !  
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 .& !,& $"6!(645"+!0" 5%"3 4/ -$2- (23 5"%! % $!$&" :)$ 4"#(%3  !$+!  " "- 4%"+' 92," ,

  " "- 4%"+'-) " "- 4%"+' (263   8)"4 4/"3- .""0+ +!0" 3$( ,  !(24  !%1 - 4%"+' 92,) "!$ 

4$$!*  6$14$  !(2634!  !" 2 ( ,  !("24  !%1 $  !2"#%) !" 2  "!$  .(  

5!&"*$ ,5/",4 $2  !6*!%  !"!1 6 4$ ." ,4$ 2"5"(*14 5"%! %4  3 5"$24$  %, $+  , 5%"42

+4 2!-"# 52$ !% +0$ 5"" !+,2, (47!, 460 ,')"!(64 ",/"- "!$  !%"32 .6!3- ()*4  3 9!(+$!.  

3.1.3 .(/4(./  /(/%$  

(!+"2 4("014"$,214 -&(4 $2  $+!6- - &!"4-( 40",-  +$ -"6 !("1, 5"2, 2,$ *1"-  6!$1$ 

-&(4 +%!, "/%-4. .2,$  7),- $!/  !164 $&$  !"4$ -&(4 $+2!,"24! 42"&(4  !"!$+  %"1-, 2, . 

 !$+ $$!& 2!,"24  : !$+ .!4) -)+  2"&( -&(4(, )!/1   -&(4, 5"1!'"-  !(#3! , )$0!) !3 ."/%-

$,21 -2 41%4-  -90%!+  $2 $!/4 8"(+ - 4$"$- 42+   !$$!*4  %"+', "/.( -&(- "$,214  6*!% 

 !$+ 2!,"24  4$$!*-)(23  !$+-- 4(!-+! 5",/"4 ",0 !-#" 2!,"2(  !$+! 2!,"24  " 2 - )6*3  

 $,214)  6*! -  !" 2 4  )!/1 !  ,)4  !"!$+$ 53 4-  !,$!#,410%5",/"$ 1!!( (.   

0!+-  !"!$+2!,"24  --&(" 4."/%-  !+!0", 5%2" "%,"* 4$32 5"" !+,2, (23- )$1$  !"!$+, 

-&(4 "$,214.53 4-  9&$ !04 9(+" 3 4(!-1 4 0(2, $2 1 -"21 4 .4"-#$ "-#$ 5"2"1(  (6*,- 

 5"% 2,45"3-4:  

1.  ."- 4("015%$ - 10%"'(64 -&(4 "7,  , $+ 4+"62,4 !$+  " 2 4 +7!,,- -&($.  

2.  ."- 4$$!* ("1,50$ -1002 8$3 "1 : !$+4 .(7"$  "1&!%4 $2  $$!* 5!" "$4 3"4 & - 

120,000; . "& 3"4 4&(+44-$2- (!7""4 "%!,44 "")$ $3"7%'!6 54 164  " !+,2, ( !"- .

 4$$!*4  !"!$+" !0,3 !,( " 2- :  13440,000 ; +,! 1!'"-  6*! -!" ,50,000;  , 4""%24!

("1,- $!6& $2 100,000 ; .2" 2"#04$ !/2  !$+4 .(7"$ .2, 2,4, 4-#" ("1,  ",0  !+7,3-

 $2 5",/"$ 1!!( !$$&"2 2!,"210%5 +)24 $+ . 

3.  4""%) *,$+ -&(4 "$,214  ."-10%   %2 0+2014 ! -30%  %2, 2015  %2 0+ 2019.45 

(13$ 1! "% ("1,"$,214 -&(4   "*1" -&($  ."/%-4 +%!, "!6745"2"1( - 5"%!2 ,!0 9"(+," 1

 -&(4 $2 4("014 ""!&"* $+ !+"62"2 5""()"+4 5"% 2,4  3 4(!-1 4 0(2, $2 "23(4 .+0,4

:(3- "'(64 -&(4 )!2$ "$,214 ,.,)$0&: 

1. 3$$ 4$/!4  " !+,2, $2 ("1, ""0&$ 0+ 4$$!*4 (!7"" 50,000 ; , -&(4  3 9!64  (23

"$3%!"7%-%!)4 -&(4 ., '+,- $!/$ "$,214,  ."3"!&"* 4("01$ $2  " !+,2, -&(4 $,214", 

5# 2"1( - !- ("1, '6%  "-1  "$3"( $6&!" .5"3% - 4$3 5# 3$ 37,   ,)4$  !"30& 9(+, 

"7(3  )6*3$ $,21 -&($ "$,214.46 4&(+4-  ","'6!3  $2 $/!4 ("1, !*44$$, -&(4 

"$,214 4"4" $!/ '+, .&(7$ *1"- +%!, -&($ ."/%-,  ,"")!  !("-* $&!"2 +"#4$ 1 %$ )!2 

 $210% !( !" $$&, -&(4 "'(64 + 02020 ."2," (!+"24 (13$ $!0#$ 92020$ +"#4$ "!2+! -15%. 

                                                      

45 )!(" "!*",$ 40+!4 4!! ,$ 53 4-  
46 " 5# "& .""7$ 253 $/!  4$$!*4, -&(4 "$,214 4"4" ()" ( !" )2,$ ",!3$4 ,- -21 4$ "$-,!" !%!( " 5""%!7"14.  
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2.  .&3 5357,!7   60+4 *,4"$,214 -&(4 $2  - - 2015 ,6+"4!! , ")!(" "!*",$ 40+!!4 , 

(+," 9!0" 4(!-1 4 0(2, 1(!+"22 4("014 4(-'7,  0+2020 57,'7" &$  - 7.5% (32""! 

 +!-) (13$2020.  

3. (!,3& -  +7!,,4  !" 2 4 "!*"&  !$+  3 !$"0#" "$,214 -&(4 $2 4("014 "(!+"2- 40"(" 

-&($ ,4("014 (!+"2 $+ 4(/1- +"624$ 4$!$+ 9&-!. 

.& 53 ,74  !"!$+4  3 9"(+4$  %, $+."/%- -&($ 43!!24- "$,21 -&( $2  !"!6 , (13 -!)+$ 2"

4$$!*4 (!7"" 5!1 -  !"!1 6 44! "$,21 -&(- 4+"*%4 "!*",  !"%"0, 32!%- .  

3.1.4 . /,4/!  /-'$5% 5&//"5  

  !&(+4 (6*, $2 4(")* .$4$  !,0)!, 5",/", "-#$  !3 :(3- "$,214 -&(4 5/", "-#$ !&(+%2

!1- 5",!0"$.  

1.!0-"1 45&*, 4,*(62 40+!!4 "!*",$ (")! (3!%"- 200847  40+!!4 4&"(+4 $)2,2 -&(4  "$,214

 !6*! , -&(4 "'(64  !" %24 :(3- 4$+" 4#(04- $ 0+- %15- - 2015 9$"3! .4/ -7) "6$ !)$1 

$2 -&(4 "$,214 $$&, "'(64 -- 2020 4"4" 8.5%.   

2.(!-1 4 0(2, $2 "23(4 .+0,4  &(+4  %2, 420083"4 ,"&  "'(64 $$&, "$,214 -&(4 $2 !)$1 

-- 2020 4"4" 5%-15%.48 

3.4"%(!6"$)- "$,214 -&(4 ')"!(6  &(+4 : !&(+44 4"%(!6"$)- !%+2%  $+ "()*  !0,+ 

5"'(!6, $2 (!-"74 ."/1 !  ()1,4 "-#$ -7) 4("014 $2 -&(   %2$ "$,21 2010 +%! ."- 

2.6%-5%. $+!6- ,(!,3& ,')""!(64 $2&% , )$04  !(-1 !$"+642 "'"$!64 :1$4  !-)+-

(23 -&(4  !"%(7"! !%+' "& (!7"" -&(4 "$,214 3$ 4"4" "30& (!2+- -!()4 . 83 !2#!4

4 )!1 0#%&  !"'62,  !+"- - ZEV ,- $2,,4 ))!1 (23-1990  3 -""1! 7  -&(4  !"%(7"

(!&,$  !$!0#4 2% '(0%'*- 5"-&( Zero Emission Vehicle 0+ 1998 ,!- 10% 0+ 2003 .

 $"(63-2003)!14 8!*-$ $'!-  ,$+ !1)$% 4& 0+ !(&,%2 5""$,214 5"-&(4 $&!-5"%(7"4 "0".49  

5$!3! ,"3%  $ 41" 64)!!"2 -&(4 "$,214 :(3- 5"-!' !$3, !((22 4"%(!6"$)- 4  !%2--

90 :1! "6  !$$!* 5!" "$4 , $2  " !+,2, 4&(34.4""1 9(!3  $/!4!.,  ."/%-4  !()"" 4

($!*4! ,!-  !$ 4   164- ",!),4 *('%"34 .&! '6%4  !0! + "-#$  !30!!4 (*!1 . 2" 8*!%-

"$,21 -&(  2"&(- :(3- 5"%&(7$  "0!1""4 *,4  60+4  3 .""7$ , $+ $'!,4 4!-#4 *,4 $2-

4(3- 5"") !%"32 5"(1 ,4 -&(4 "$&"- .5#  !&(+"4"4 5/",4 "$3(2 4+)24$  -1(% 

 " 2 - )6*34  $,21 -&($5"  (62,  3 !"!&"*. .& $+ ,  ("01  !&(+4 1!!'2 4"4" ("-*

4"%(!6"$) $2 !$3,  !4!-# !"4" "$,214 -&(4. 

3.1.5 5#/)$5 8".5%  /!34.  

5&*%   3 +7-$ 2"2 5"0+74 ()1,4 9$4,-$"+$ !#7!42 5"% 2,4, 013 $& "-#$ , $-)$  %, $+

 4&(+4, ( !"  )"!0  %2 0+ "$,214 -&(4 $2 4("014 8)"4 $22020:  

                                                      

47 !0"1 40+!!4 ."-4- "0(2, $ ")!(" "!*"," ,0(2, (7!34, 0(2, 4(!-1 4  !1"'-4! 5"&(0-, 0(2,  !" 2 4, 0(2,4 

 !&"3$ 4-"-*4, (3!%" 2008 
48 5"(13! .4&)2008(  
49 4& 5"(13! .)2008( ,,+ ' 33-35.  
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3.   2(0%4 46!& 4  !$$!*4  %"+' 5(!# $2- , (#3,4  3 -21$ 2""$3"7%'!64 5""'(6 5"-&( $2 

5""$,21 5"-&(- 46$14$ 5","3 ,4#7!42 $"6!(6$ 53 4- - "-4 )2,- ( !" !3 "%2 -&(  ,

,  !1 6*!%4-12,000) "+7!,,- 4%2- , , 2,2, !"(-(6!  !"%!("+  !+"*%$ ()"+-. 2" .& !,& 

4%"+'4 "3%  $+ !+"62" (23  !$$!*4  %"+'  " 2 $ (23- 5",/"4  !"%&!  (13 -!)+$. 

-.  5"%&(74  !0,+  %"1-, , ()*  &"(+  !+7,3- "$,21 -&( 2!&($ (!-"74  !%!&%  3 .!1-$ 2"

 5"%&(7"!$  " $- , 4"%(!6"$)- 9(+%2 4/$ 4,!0-)( '16*% 9( ,:(3- 5"3% $ 4,3 4-.   

#.   !"!$+4  %"1-, ,4$$!*4 (!7"" 5!1 -  !"!1 6 44 (13 -!)+$! 9"2,4$ 2" ,(23  !+"62"

"$3%!"7%-%!)4 -&($ 43!!24- "$,214 -&(4  !"!$+ $+  (&"% 40",-.  .& !,& (13 -!)+$ 2"

 32!%-  !"!1 6 44"$,21 -&(- 4+"*%4 "!*",  !"%"0,.  

-%- ")$14 (!*1,4 $2%! 4/ -$2- 40!-+4 "-"21  92,4 9(!7$! 5","")4 5" , 2, 24$ !%(1-

- .$4$ ,( 4("01 $2 10%  &(+4& ""%"-5 , 0(2,- "23(4 .+0,4 $2 4("014 1!!'  &(+4 $+ **- 4-

4(!-1 4 .4%!2 4&(+4 5# -"74$ 4"4" . "% 92,4- "& .""7$ 2" , 5+! ()1,4 9$4,- ((-  ! 40",-

5/",4  !1 6 4 .  

3.2 *((%."1 *()-'% ')$. "(1' ) *(%(2' )-' (%-.  /+(%,) 5 1,5/ %."1 '/6(.  /+(%,) %/#(2 

  3 !%()*2,5"2"1( 4 "%2- 2"1(  "$"#(& 5")*+ "5""$,21 5"-&($ (-+,4 2"1( ! ,  3 !%#742,!

5"%! %4 8!*"3$  !'"24 , $&!%"!%"24 "!/"1$ 41*!% +"74$ -,(!  4 5!4"/("!!34.  

3.2.1 1,55 (/0(1 5*(%(2' )-' (%-.  /+(%,)

  

  

  %2$ 5"$"#( 5"-&( $2 5""0" +4 4'"$64 ",0),  3 -21$ 2"  !37! 4  #24 52$2020 ,$+- "6

 )(6- 4#7!42 4"#!$!0! ,4""1( 2)*+ "$"#(& 5."  

3.2.2'(//&5 */5(0  /.' %$ / $,"5/ %."15 '/6(() %/#(25 (/0(1

 "23( ,3(2"- !"4" 5""$,21 -&( "$& 4,& -21%  %2- $2020:  

  

  

  

"$,21 -&( $2  +7!,,4  " %24 $,214  &"(7 4"4  4, -21%  +&:  

  

  

  !"# $%! %& $'() "*+,

 -.&  %/"&$  0$$%,&)#

2020 

  !"# $%! "*+,

 -.&% $'()# 0$$1"*#

2020  

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

  !"# $%! 2+, 0$$%,&)

 -.&  0$$1"*#2020  X =

2753%/  
4*" '.56#& #!"4## $

 7"* 2)  0$7+4 &$)"-

%$5"! :(2.75%$, 8'$  

*4" #56'#& #!"4## $

 7"* 3.1)  " 4, &$)"-

0$$%,&) 0$ !"%:(10% 

  !" %& %,&)# -!$"6

7% $%,&)#"#4$+. , ,

46',,  ,1'7"&  

 -$-.& #4'+. 37$#

  !" $%! %& -46',,

%/"&$  ,7",  

 -$-.&# %,&)# -!$"6

  !" %& -46',,#

%/"&$  $%,&) ,#5,-

#4& 1/' 

X =

3.36#5, -#4& 1/'  

$"6)# -! /$# #4'9$# %,&0.22 

1'7"&,%4-'9 $*"#"' )-# 9"&, )  

16,500 , '.56#& $*!

 7"* 3.1.1  

 #$'*6# 0'#$(# -',!

0$$1"* 0$ !", &$)"-  

"%$5"! 0$7+4" , $5'+ $*%

0$,#(,,-'.'1 

 $-.&# 0'#$(  #-)*## 2+

 $4.', 0$ !"# $6, 1%*.#

 -.&  8$(. #2020 , $5'+ $*%

0$,#(, ,-'.'1. 

X =

 -',!  #-)*##

 0$$1"*# 0$ !"#

 " 4,#, #/6'-!

0$$%,&) 0$ !"%  

10%,$$.$ # -!"4# 7"*  03.1  7"*  #56'# #$5'%'9'-,2  
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$+ - "6%4 5"%! %4"$ 5""$,214 5"-&(4 $$& $2  +7!,,4  " %24 $,214  &"(7 4"4  4, -21$ $&!% 

  %2- $3(2"-2020:  

  

  

  

  

$,214 (!7""$  " %24  6*! 4 "%! %  3 5#( % /3 ,  %2-2020 , 5""!%"2$5!4"/4  !,(- 5""!674 ) 43(

 8"+*4.3(:  

  

  

  

3.2.3*((!() */-(4  

  %2- 5""'(6 5"-&(, 4"!674 5!4"/4  !,& -!2"1$ 4"#!$!0! ,4  32020 2"1( - "$"#(& 5")*+ "

"%24 )(6- !%#74 .+7!,4 ()1,4  3 +7-$ 2"  !37! 4  #24 52$ ,2 9& 4/ -$2- +"#% 3$ 9* "%! %$

, '$6%4 " %24 5!4"/- 4 1644."/%- "+%!, 5"-&( ,5""$,21 5"-&($ (-+, 2"1( - .  

$,214  (-1 $2 1!&4  !%1 , .4! ."/%- "+%!, 5"-&(, .4 5"'$6%4 5"/#4  3 (!)*% 3-4 )(6- ,

 !" !3"(-4 .4" !"!+,2, $+ 0!,+%! 54"%"- 4!!2% .5",4/,4  '"$6 $2 4#74 (13$ ,5"#!* "6$ ,

$3(2"- 1!&4  !%1 , ,  9*  3 -21$ $&!%  %2- $,214 (!7"", 5!4"/4  6*!2020 (-+,4 2"1( - 

5""$,21 5"-&($.  

 

    

 "'6$$% -$-.&# -*+'-# 2+

 -.&  %/"&$  %,&)#

2020" 4,#, #/6'-!  ,

#5,-#4& 1/' 

=

 -$-.&# %,&)# -!$"6

  !" %& -46',,#

%/"&$  $%,&) ,#5,-

#4& 1/'

  !"# $%! %& $'() "*+,

0$$%,&)# %/"&$  

 -.& 2020 

2753%/  3.36#5, -#4& 1/' 9243%/ #5, -#4& 1/' 

X

 $*% 0$,#(, -1$%*

 )'!# -'.)-, 0$5'+

%/"&$  ,7"#5,% 5- 1/'

#4& 

 1%*$$& 0'#$(% -*+'-# 2+

 -.&  )'!# -'.)-,2020 

0$,#(, $5'+ $*% ,-'.'1. X =

 "'6$$% -*+'-# 2+

 -.&  %/"&$  %,&)#

2020, #/6'-! " 4,# ,

#5,-#4& 1/' 

9243%/ #5, -#4& 1/'  7"*  56'$4 
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4.  /+(%, %."15  ')1./ *()-'. '(//& (.50.  

  (-1 $2 1!&4  !%1 , 5"'$6%4 5"%!24 5"/#4 "#!* $2  !+,2,4  3 ."-4$ 3"4 4/ )(6  (',

5"%!24 -&(4 "$&,! $,214 .4! 5"%!24 54" !(!), $+ 5",4/,4 "#!* 0!,"$  !" !3"(-4 54" !+62

5""$,21 -&( "$&$ (-+,4  !&$24!  !+,2, $2 43$,! 4-1( 4%!,  !%$ !% "  . 43!!24 9(+"  4/ )(6-

 !6*!! "! 013 (!),, ! 16!" 5",4/, !$"3  !3($ $&!% 9&! 4'"$64  !(!), ."-! 5"%!24 5"/#4 "#!* ."-

(13 (!),- .2  " -"-*4 4+6244  0",  3 (+2$ $&!% !6!*-"$,214 -&(4  ("01 $.  

4.1 *(025 +/'(, , ( /&(')5 5$(2,5  /$."./ 5,("15  

#"7% 4/ )$1-5""()"+4 5",4/,4 "#!*  3 '!("6- .50  !#7!" $& 50!) 4- 4)!$1    "6$ 42+" '!("64

0-$- -&( "$& 5"%""63,4 5",4/,4 ,13"1!&4  !%1 ,! -&( "$&, 5"'$6%4 5"6 !2,4 !$3 & .  

4.1.1 5 *(.50.5)-' (%-. *(+%,!  

"%7,1 01 .,16 :)$04 $2  ,$2!, " $- 46"(2 $2 "3!!$ (7!  . 4%"'),  "%7,1 01 .,16  6"32

50- .7,14  3"2%  $!&"   3 " !+,2, .6!3- ..!"(4- 5"2% .4 01!",-  !2"#(  !"*!$&!3 , 5"2"2)

!3- "%7,1 014 .,164 "/!&"( ! 16  !%!(134 5"%2-  !"%!(&  !$1,- 5"$!1! (!6"2, 437! & ("!

5")$04 ,5""'"$') 5"(",, $2 2!,"2$ 5 *"%&,! -&(4 "$& "+!%,- 46"(24  &(+, (!6"2, .  

5"%,",16 :)Hydrocarbons (.,16! .,", ",!'3,  !"!%-4  !","&  !-!&(  $2 47!-) 3"4 .  !-!&( 

 -"&(,  !!4, 4$3-5")$0 ."%,",164 -(",5- "+!%,, -&( "$&  !'"$6- 5(!), ."/% .  !+624

1!!'  !&!(3  !"4$  !$!&"! 5"4!-# 5"/!&"($ 46"21 (13$  !((!+ ,  !3"(-4 $+  !" !+,2, .  !(!2)! 

 .'(* $2 5"(),$.  

 (6!+ :4$"+(! 40-&  & , , (0#!,4.'(*, (,!1&  .  (6!+$ "()"+4 (!),43!4 -&( "$& .

 '"$6  2- 40(" )$0-  (6!+4 5"/!13  !(2+-  !%!(134 5"%!7 2!,"24  )*64 5+ 0!+  0($ 4"!6

)$0-  (6!+ *"*- $+ 5"6*! -. .!"(4- 5"2% ,5"0$"!  !)!%"  ( !"- 42"#(4 4""*!$&!34 54 .  

 4.1.2 %."15  ')1 %" 1/-5  /!1 ./ )-' (%-. *(+%,!5 *(.50.5  

 "%7,1 !0  "(6# : "(6!#! .7,1,  (7!%4  "/#  -!&( . !6 5")$0  6"(2 3!4 "()"+4 (!),4 5""$"*

.!#& :)$0! 516. !0  "(6!# .&$! 5")")$1  (!7- 5"(13 5")7!, 5"(,!1 5#  (7!" 4$3 5")$0  6"(2 -

5")")$1 5+ 8!(7-  !-!() 5" +$  37,%  "%7,1 .3"4 5")")$1 $2 5 !(7!!"4$ 5"0), .,* 5# 4!!4, 

5""7,!1 ,5"3'- ,4 "7,!1 52#&. !7!-) -()- 3"4  !3"(-4 $+  "()"+4 4+6244  +624$ .!&"*  

5",4/, ,,*3 !,&" 5". !0  "(6!# $2 4+6244  3 9"(+4$ 03, 42) - !/2 "%6,  !3"(-4 $+  "%7,1

.!/!3! 5")")$1 .!#& 5"6*!% 5",4/, 5+ -!$"2- 1! 64 ("!!3- +"6!4$ 4'!% .  

")")$1 (,!1 :81(, )-35")")$1 !3 , 4 ()"+- $"&,.,16,  (63 ,$!1 ,)-3 ,(- 32"%4 (6+! 1"61!, 

 !& ,,5"%)-3  . "6!67 5"(!/3-! 5"" ""2+  5"(!/3- 01!",- 5"4!-#  !"4$ 5"'!% 5")")$14 "/!&"(

4(!-1 ., ()"+- !(!), -&( "$&,  !'"$6 , !" ""2+ !  !" "-  !-!(3, .2+, !6(2 ,4""(& ,4""%- , 

$!1  !6!* !,& 5""+-'  !(!),,6*!,'3- 5"+"6!, 5"%"0+ 5")")$1 3  (!7- 5# 4(5"$!*!(".   !+6244

5""%"+4 $2! 4,"2%4 4%) $2 "!("#! $!+"2- "!'"- "0"$  !3-  !-1(4 .&! 4+"#6 !3"(- 5"(,!14 8!$"1- .  

                                                      

50 5"7!6% ("!!3 ",4/,  ,"2( 9! , , 4-"-*4  %#4$ 0(2,4il.gov.sviva.www://http 
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.)%1  !7!,1 :  5"%"$!6!(',4 $+,2 1"6(+- 43(%4 50,03 5!1 /#.  .)%14  7!,1  01)NO ('$6% 

"(6*!,'3 .)%1 .!7,1, 437! & 4""2+ ,! 4(!-1 ,. !0  7!,1   .)%14)NO2 ($ 9!64$ $!&" 47,!1

  " )%1)HNO3( ,(2301"   5+ " (6!# 47,!1 ,,(!#5"$ "7,!1 52# .  !+#!6 !$3  !7!,1  "&(0-

4,"2%4 , !,(!# 5""%"+-!  !3"(- "!("#$ 3  !%"'),! 5")0""1 "%6- 8!#4  !0",+  . 7/0/&/ 73!1  /6/.1 

- !0 .)%1 -2 !(!7""- "/&(, 0")6  5# 3$,, "%7,15"(13 5"","&!'!6 5",4/,! .!/!3 54/,4 /#4 $ . !,&

.& ,!0 .)%1$  ,0)!, 46"21-.!/!34 /#$ 46"21-  !-!# 4  (,!1  3 4("-#, "%7,1.  73!1  /6/.1 

 *(3(3%1/- !0 .)%1 54/,4, )$1 96!4 1! 64 ("!!3--.)%1 $2 5"%"0+ 5"$!*!(3$ "%7,1 .  

.!/!3  :O3.. 8"(1 1"( $+- $"+( /# , (*1.7,1 ",!'3 42!$2, -&(!,! +-7 .:!6% 4 .!/!3 ."- $!-$-'-!' '

 .!/!3!'+(' .4 .!/!34'-!' ' 3!4   "(6*!'('*4 .!/!34  -&24 4%"()  ("01 "%6, "+-' .#, 4!!4,

 4$!#* 3('$!3)UV (2,2- 4(!),2 , $2  !&!,%  !-&2$4(6*!,'34:(34 (!0& "%6$!  .4 .!/!34 '+( '

2  !$"+6 "0" $+ (7!%46"(2 "&"$4  $2 (7!  .42  !","&  !-!&(  $+ 2,24  %"() $ , 5"%,",16 ()"+-

-&( "$&, 5"'$6%4 .)%1  !7!,1 !."%!"%2 54/,$ -21% 3!4 9& $2- .  5""%"+- (&"% "!("#$ 5(!# .!/!34

83-! , !3(4 $2 .")  0!)6 - +#!6.  "&(0- ( !"- 5"%"0+4 5")$1- 4+"#6$  ,(!# 1!!'  &!(3 46"21

4,"2%4.7,1 (-+,$!  .8*!%- ,  1!6 "%6,  !3"(4 $2 4%#44  $!&" 5"(/ 5"2$!6.  

 4.2 *(+%,!5 *(025 (2/4  &//"5 5+(%,5 '/3. (,%   

   9!(+% !/ 4("01 $2  !3"(-4  !&$244! "$,214 -&(4  ("01  !+,2,  &(+4 9(!7$ ."- 43!!24

 -&(4 "$&, 5"'$6%4 5"%!24 5"/#4 "#!*."-$  !$3 !%1 ,$,214  (-1 $2 1!&4 .  

 4.2.1 *(+%,!5 *(025 (2/4 .*((+', *()-'  

  %*1"" 4 -&( "$& (!-+! $ 64*  3 5"-"&(,4 5"/# " !'"$64 & )4-' $+  **!-, 4$,$4 "%! %"*-(  '

 5"16*%10-13(. 5%"4 5"%! %4  %2 (!-+ 5"" %2 5"%! % 20070-$- 5""'(6 -&( "$& (!-+! .   

025  7.(4  54") - /#(1( (,%& %"  /!/+  

5"%,",16  HC  16.417  

"%7,1 01 .,16  CO  164.902  

.)%1  !7!,1   NOX  11.352  

81(, )-3  SPM  0.381  

 "(6#  !7!,1 *  SOX  5"%! % 5"(*1  

 (6!+*  PB  5"%! % 5"(*1  

* !(13  !3$-'- !,*(!6  (6!+!  "%7,1 !0  "(6# "-#$ 5"(*14 5"%! %4  ," "#!* "6$  !'"$6  !'(6,4 "-&( 5&! -! .(7
4* 9! , 5""'(6 5"-&( $2 40(64! '!(6 3$$ 93 ."/%-"."/%-4 "-&( & .  

4.2.2 *(+%,!5 *(025 (2/4  %" 1/-5  /!1 .%&'"(% %."15  ')1  

    9! ,"  %2$ " -"-* .!-21! ."02007"$,214  (-1 $2  ,!*1"" 4 4$!+  5"/# -&(4 $2 (!'"%! 

!"%!2 5",4/,!-!(3, !00,%2 "6& 51!&4  !%1    )( '16*% 15. ( + 5")6!*,4 5"(13 5"%! %"  (-1 "

 $,214 5%"4(7!", 4+2 '3!!$")$ 5(# "6$ ("!!3$  !'"$64 "%! %) ( ' 16*%16.(  5"#7!,4 !$3 5"%! % 

 4$-'-.$4$ ,""$+4 -!2"1$ *"*- !!4"4$,214  (-1, '$6"2 5!4"/4  ,(- .  
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025  7.(45  '6/(. 5$" +&//%(3% *'2  45"1() -' /!/+ (,%& %"  

 "%7,1 !0  "(6!#  SO2  1.9  99.8  

.)%1  !7!,1   NOX  1.9  104.3  

81(, )-3  SPM10    0.07  3.81  

.,164  7!,1  !0  CO2  776  41,512  

.!/!3  O3  5"%! % 5"(*1  5"%! % 5"(*1  

  

4.2.3 (!/ ! */-(4 55&//"5  

  5"/# 5%2"2 4$!+ !$3 5""%!23( 5"%! %,""0!1"" 5-&( "$&, 4'"$6$  :5"%,",164 , "%7,1 014 .,164

!  (6!+4)4 5"(*1  (6!+4 "-#$%! %)!2- 5")$04 "-"&(, "!%"2! .& "2 .!-21-  1)$ 2"! 5"   3  "16"

5!4"/-  (6!+4 -"&(, " !+,2, .6!3-(.  -&(4 "$&- 4 1642 .3&, 5""'(6."/%- "+%!,  4 164$ 3"- 

 5"/#-!$34. 6%4 5"/#4.)%1  !7!,1  54 $,214  (-1  !-!(3, 5#! -&(4 "$&, 5# 5"'$ ,  !7!,1 

")")$1 (,!1!  "(6# .45",4/,"'$6%4 (!7""- 5 $,214  0-$-.,164  7!,1  !0 5451.!/!34!  . .3&,

 4 1642,  !'"$6- 5"-&(."/%- "+%!, 5""$,21 5"-&(- 2!,"2$ (-+,! !3"-" 4"$+$  5",4/,  !'"$6-

!$3.   

2 4$-'4,  3  ,&*, .$4$54, 5"'$6%4 5"/#4! 5!4"/4  !(!):  

025  )-' (%-  %."15  ')1  

NOX.)%1  !7!,1    +  +  

SPM5")")$1   +  +  

SO2  "%7,1 !0  "(6#     +-(*1 .! %   +  

HC5"%,",16   +  -  

CO"%7,1 01 .,16   +  -  

CO2"%7,1 !0 .,16   ***(*1 .! %  +  

PB (6!+   +  -  

O3.!/!3    +(*1 .! %  +(*1 .! %   

  

4.31/-5  /!1 .  /+(%,) 5(/,65 5((%$5   

   8"+*-3.2.2  6*! 4 9*  3 !%-2"1   %2- $3(2"- $,214 (!7""$2020,(-+,4, 437! &  5"-&($ 

5""$,21,1!&4  !%1 -  !'"$64  6*!   3 -21$ 07"& !%+74!  .   - )!0-% 4/ )(6 4"!674 4""$+4  3

1!&4  !%1 ,  !'"$6- +,4, 437! &5""$,21 5"-&($ (- ,5",4/, "6$,$  !*1"" 4 9!    !"%"0,

$,214  (-1 $2  !'"$64   164- (!6"24.   

4.3.1 %."15  ')1  /)/'&. '(//&%  /+(%,5   1,5) '/,("  /(!(#.   

    ,4/,4 3"4 $,214  (-1 "& 4$!+ 4-"-*4  %#4$ 0(2,4 9(+2 ( !"- 5",4/,4 5"$+6,4 #!("0,

5"$+6,4 ."-  "()"+4$3(2"-  .  %2- 01" !,(  .!$)23-! 4(01-  !$!0#4 1!&4  !%1  " 22007 & 

65% &!  "(6!#  !7!,1  $2  !'"$64 $$&, 60%.)%1  !7!,1  $2  !'"$64 $$&, .   (-1 "&,*, 9! ,

                                                      

51"3)"(,34 )!14 "6$ 5"7!6%4 ("!!34 ",4/,  ,"2(- 4%"3! 4,,1 /#  '"$6&  -21% !/ 4'"$62 .""7$ 2"   



 22 

$,21452 !%!"*"%$ 0", , .6!3- 43"-,  !,4/,  !'"$6$  !+0!,42 4$!+   !'"$64 -7,  3 (62$ 

"!!34 5!4"/  ,(!.4" !-)+-2 ( . "(6*, .! %& 3-!,2 4, )( .3& .""7$ !%(1-  (47!,4  !"%"0,4 9! ,

5!4"/4 "67$ -!2"14  !31*!% $$& 9! - !$"$&4$! !"6 $+ 9"(+4$ !3 .!-21-  1)$ 4"4" (263 ! !3 .  

  5")$04 $"4, :  )$0$ -21% "+-'4 /#4")!(" "( !" ")%! ,54"$+ 4"#(%34  !(!), .!!"#$ 5(!  3!4! 

$3(2"  %"0,  &, *, . (2!&  3 $"0#4$ $,214  (-1$ (263, 5")$04 $*$ "+-'4 /#4 $2 !6!("7

$,214 (!7"" ,54"#!*$ 5",4/,4  !'"$6  ,(-  " !+,2, 4 164 9!  , (!7"" 9"$4 - 5"(7!%4

$,214 . 5+! *"%&$ "+-'4 /#4 $2 $"4, 5")$04  , $,21 (!7""$ 5""23( )$0 "#!* "%2 !2,2"

 %"0,-$3(2"  .1! "64  "%&!  "6 $+, 9! -& "+-'4 /#4 4*&" (!2+ -60% $2 .) !,4 (!7""4 (2!&, 

$,214  (-1 ,5164! , $,214 )2,- *"*-4 (!7""$ )$0& ( !"- "%!"1 0")6  !$-& 4*&" -40% 

.) !,4 (!7""4 (2!&,.  

  "%7,1 !0  "(6#  '"$6 5!7,7 :  ( 3- !,)!"2 5"%)$!*"."-(  !(!3 "7$ !3"-"  '"$6- 8*!% 5!7,

!0  "(6!# -  "%7,1)SO2(  ("!!34  !&"3 (!6"2$ !,( "!4.  5"%)$!* !%) !" ( 3-"."-(  !(!3 "

4(01- ,& $2 $,21 (!7"" (2!& !$ - 2,500'3!!#,  ,& 5"!!4,4 -22%$3(2"- $,214 (!7"" 9*, . 

.!23(4 -$2- ,!0  "(6!#  '"$)$ 5"%)$!* 4(-14 .")   - "%7,1   !0"1" " 2- (!7"" 9! , 6. 

 &  "16" .)$!*4 - 90%, !04  "(6!#4- "%7,1  0"1"-  (7!%44 13  .!'"$6!04  "(6!#4  -  "%7,1

-  16 - 34%."-(  !(!3 ( 3- .  

4.3.2.. +%,((" */5(0) 5(/,65 5((%$5 )/"(1   *()-'% ')$.5. 5&6/ - 1/-5  /!1 *((%."1   

  4 $+ **- 4-4 5")(6-! 4/ )(6- !#7!42 5"%! %)!5",0 ,  6*! 4 "-#$ 5"%! %4  3 5"$24$ $&!%

""2 5!4"/$6 2"1( - 1!&4  !%1 , '$"5""$,21 5"-&($ (-+," ,$+- )(6- 4#7!42 41*!%4 "63.2.2:  

54/,4 /#4    !%1 , 4'"$6
$3(2"- 1!&4 ,

)"#4#,$ - '3!
4+2(7!",   

X 

 $,214 (!7""$  6*! 4 9*
  %2- $3(2"-2020 437! & 

21 5"-&($ (-+,4,5""$, ,
4#,-4+2 '3!  

= 

 5!4"/$  6*! 4 9*
 1!&4  !%1 , '$6""2

-  %22020 "#!* "6$ 
5",4/, , !%!'  

SO2  1.9  1755.6  

NOX  1.9  1755.6  

SPM10, SPM2.5 0.07  64.68  

CO2  776  

    

9248$3   

) )(6 43(3.2(  

  

717,024  

4/ )(6    5!&"*$ ,$! -$ 5"2$ 2" (2)4- 4/ -"21  #""*, $24  (-1  !"%"0   164$ $,21

 !-!(3,  !'"$64 : %) 4! 5")$04 $"4, -  "!%"2 "%7,1 !04  "(6!#4  '"$6   164$ 5"%)$!*   .  

4.4 *(&6.. 1/ (!   

$ (-+,- 2!,"2-&(5""$,21  !3-4  !37! $ $"-!" 5":  

1. "%7,1 01 .,16 5!4"/- 4("2" 4 164 , (6!+! 5"%,",16. 

                                                      

52 "$3!,2 ,2 .!")*%3"'$!- ,!) . "3,2008 (!04"  %2$ " %24 12007 , $2 (!'"%4  !%1 , ("!!34  !&"3 (!'"% "37,, 5!&"*
$,214  (-1 .46"1.  
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2. ")")$14 )-34  !,&- 4 164 , (6!+4 , "/!&"( 9! -  "(6#4  !7!,1 ! .)%14  !7!,1 

5"(+4 "/&(,- 5"4!-#4 4""*!$&!34 .1!&4  !%1   !-!(3, 4'"$6- !$3 $2 4"$+. 

3. $,214  (-1 $2 1&4  !%1   -!(3, .,164  7!,1  !0! .!/!3  '"$6- 4"$+ .  

4.5*(&6..5 1/ (!%  /(/2(( 45    

   5"37,,4  %"1-- .!-21-  1)$ 2"   34-"-*- ("!!34 ",4/, "/!&"( $+ 5"+"62,4 5",(!#4:53  

•  5",4/,4  '"$6 -7) 

•  5!)",444-!#! 4-!(3.  

• 5"","& 5"&"$4 - 4(6*!,'3- ("!!34 ",4/, $2 4("7" !3 )!$"* -7) .  !","&  !"7)3"(

 !"!$  ,.-!,& ,5",4/,4 /!&"(-! 4(!'(6,'- ,4%"()4  ,(-!  !1$- 5# .&! . 4/ .6!3-

&4 5"&"$4 45""!$  5""," ,"6(#!3"# 5!)",- 5# ."6")+- ,5"%%+4 "!*"&-! 4%24  %!+-.  

• 42-" !3 4-!'( 4+")2 .!#& 5""$3)"/"6 5"&"$4  . .6!3 54 5"/!&"(4 $+ !+"62"2 5"6*!% 5",(!#

(!/"64 ,4(6*!,'3- 5",4/,4 $2 4+*44! $!4",4 . 5"(',(6- 5""!$  4$3 5",(!#

"%!2 5""(6*!,'3! 5""#!$!(!3',"(6*!,'34  !-"7"4 -7, .!#& 5 , ",0),! 1!(4  !("4,! .!!"&

4(6*!,'3- 4"/!6"04 .  

•  5"% 2, 542 9&$ 5(!# 4(6*!,'3- 5",4/,4 /!&"( $+ 5",(!# $2 -( 4& (6*, $2 5 +624

 &-!*, 4(!7- .,/-! 5!),- .  

/,$ 4""*!$&!34 $2 $+!6- 46"214  ,($ 5"%!24 4'"$64  !(!),  ,!(  "& 9&, +-!% ("!!34 ",4

1(&4- 4%"3  !'"$64 9*- 5)$1$ 53 4- .    

5""6"76* 5"/# 5 !3- )( 4%"3 -&(4 "$& "0" $+ 5"'$6%4 5"/#4   164 $2  !+,2,4 $"+$ 5"%"!7,4 

! 16!"2 .8!67 "%!("+ -1(, 9! - 5"'$6% -&(4 "$&, 5"/#4 ,("2" .6!3- ,-!#- 54 54- 5"3% -! 4

( !"- 5")"/, .5",4/,4 8!("7 ,$"+$ (3! 2 !,&  ,-(!34 4"73!'"*-34$!0# 4%&* 4%!,' 46!674!  "% .

 !'"$64  (-+4 ,2,, /#4 ! !3 $2  !'"$6 .4 53 5# ,  (-+4 !"%6 $+  "3(% $,214  (-1  !-!(3$

 +"#,! 4%!2 .6!3- (/6 ,  !-!(3, 5!4"/2 40-!+4 (!3$ .!1-$ 2" 4"#!*4  3 93 5!),$ 5!),, 5!4"/

( (23& 4"*!$&!3$( !" 4-(4- 9!,% 5",4/,4 /!&".   !"#!$!%&'  !1 6 4 .!-21-  1)$ 2" .& !,&

0&!  !-!(3- 5"%) !,4 5"(",,! 5"%'$!) .!#&  !"0" +.'54   

 4.63',5 */-(4   

   4/ )(6-  3 !%()*("!!34 ",4/, 3!   !" !3"(-4  !+6244 54$2,4%1-4 9!   5"'$6%4 !$3 ."- 

."-$ 5"-&(,1&4  !%1 , !$3  .4  !,&! .!' "6$3 $2  !0"1"- 5"-&(,  '$6%4 5!4"/4  !,&  3 !%3(

 5!4"/4(7!", 4+2 '3!!!$")$ 54/, 5(# $2  !0"1"-! .!' "6$3 $2  !0"1"- 1&4  !%1 , . 5"%! %4  3

!%#74 5"(*14! 5","")4 ,&*, 4$-'-  ." 4 )(64 92,4-"4"$+$ !%*1 $,21  (-1  !'"$6- 4"!674 

!%#74! "(6*, -!2"1 "$,21 -&($ (-+,4, 437! & '$6"2 5!4"/- 4"!674 4"$+$ . 5"%! % !%1 "%

5"37,,4 1! "%$  !"!#"" *4 !%#74! !$3 5""(6*, .  

  

                                                      

53  ( 3 4-"-*4  %#4$ 0(2,4il.gov.sviva.www://http  
54 - ."3 .! % +#(& !%0"5!4"/- 4 164  &(+4 "-#$ )"!0,$,214  (-1 $2 1!&4  !%1   !-!(3, . 
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5 .*/-(4  

 "$,214 -&(4 5/",! 5""%"0,  !'$14 "$-),, 0!0"+ $-), 5!"4$ .!&%., *,  46!$1&"4)!(" " 5+

6 ( !"- 4!-#4 5!2""4 $3"7%'!$3(2"-. 5('  42+% 5/",4  +624  %"1-$ ()1, ("!!34 5!4"/ $+

 ,!(   3/-! $3(2"-!2!0"1! !()1,4 $2 +7!,4  .!%+74 ()1,4 +!7"- 52$  !'"$64 "37,  3 .!1-$ 

 "0" +4 $,214  (-1  !-!(3,! $3(2"- 5""'(6 5"-&(,  %2-2020, 5"-&(- 2!,"2$ (-+,4, 437! & 

5""$,21 :."/%- "-&(, 5",4/,  !'"$6- 4 1645",4/,  !'"$6- 4""$+ $!,$ 5""'(6  , !-!(3, 

, 437! &4$,214 (!7""- 4""$+ , 5!4"/4  !,&!  !-!(3,! 5"-&(, 5"'$6%4 5",4/,4  3!!24 9! 

'$6" 2(!), $&,  .  

5""'(6 5"-&(,  !'"$6- 4 1644 -!2"1$!%+74 :   

•  -21$  3  "/1 4 !'"$6"-&(, ."/%-  5""'(6  5",4/, "6$  %2-20201( - $"#(& 5")*+ 2". 

!6*3%2 5"%! % :"'(6 -&($  " %2  +7!,, 4+!*%! "'(64 -&(4 "7- $!0"#.2"2 5"%! % -21$  :

4*! 5""0" + 4'"$6 ",0),"  %2- 5"-&(,  !'"$6 &2020. 

• $3(2"$ 5""$,21 5"-&( $2 4("014 8)"4  3 9"(+4$,5""$,21 5"-&($ (-+, 2"1( - .  5"%! %

5"$24$ 2"2 :5"-&(4 (#3,"7%'!64 46$14$ 5""$3 , (!7""- 4$$!*4  !$+! 5"%&(7 2!)"- ()*

"%!,4 .5","")4 5"")$14 5"%! %4 $+ **- 4- ,5""%"-  &(+4 4#7!4. 

•   3 -21$"!%"24 "!/14 -  !'"$6 5"-&(,$"#(& 5")*+ 2"1( - 2!,"2$ (-+,4, 437! & 

5""$,21 5"-&(-. !-2!12 5"%! %: - 5""$,21 5"-&( $2 "!/1 (6*,  %22020 . 2"2 5"%! %

-21$ : 4 164,4*" &4  %2- 5"-&(,  !'"$62020$"#(& 5")*+ 2"1( - . 

$,214  (-1  !-!(3, 5",4/,  !'"$6- 4""$+4 -!2"1$, $,214 (!7""- 4""$+4, 437! & , 9! 

!%+74  !-!(3,! 5"-&(, '$6" 2 5!4"/4  !,&! 5",4/, "#!*  3!!24: 

• 4  3 -21$ $,214 (!7""- 4""$+5""$,21 5"-&($ (-+,, 437! & .  3 $"6&4$  6*! 4 9*

  %2- $3(2"- $,214 (!7""$  " %242020,(-+,4, 437! & 5""$,21 5"-&($  ,  !,&-

 $3(2"- 1!&4  !%1 , 5"'$6%4 5",4/,4))"4#,$ #-(7!", 4+2 '3! .(-2!1. 

• "(-4 5 +624  3 .!1-$! 4'"$6 (!), $&, 5"'$6%4 5",4/,4 "#!*  3 (!)*$  3!  " !3

! $!0"#4 $2  !+,2,4/!$3 5",4/,  !'"$6- 4 164 !3,  4'"$64 "#!*!  !,& ."-  !!24$

$,214  !-!(3$ 8*!!  2 4'"$64  !,& $!,$ 5""'(6 5"-&(,  16! 2 . 5"%! %!6*3%2 : '!("6

 !" !3"(-  !+624! 4'"$6 (!), "6$ 5",4/,4 "#!*.  5"(*1 5"%! %  :-&( "$& "-#$'"$6 "%! %   

 "(6!# ,"%7,1 !0 .,16! .!/!3 , "-#$  !%1 4 1!& '"$6 "%! %.!/!3 .    

 (13$  %"1-5"%!23(4 5"37,,4!%+74   .!-21-  1)$ "0" + ()1,- $+ 5"+"62,4 5",(!#4  3

4-"-*- 5"%!24 ("!!34 ",4/, "/!&"(,!   3 .&4  !%!( "64 .") 4$ 4("47, $,214  (-12 5""#!$!%&'



 25 

14  !-!(3- 0" +-$,2, 5"(",,! 5"%'$!) .!#&.  (6*,  !0!)%  !6*!%   $ 2"2+ +04  3 .4"$ ,  %, $+

5""$,21 5"-&($ (-+,4 .,  !"!+,2,4 3!$, $2 ( !" 4,$2 4%-4$ +"#4$:  

• 6+ 5!4"/4 $2 4"!674  "-1(,4  *!(6 4  3  !!24$ 2""  *!(6 $ $"#(& 5")*+ 2"1(  "

 5!4"/4 $2 4"!674  "-1(,4  !-)+-  ("01"$,214 -&(4 . $+ +"-7  !/& 43!!24-+4 ( 

4"(6"(6$ 5"(+4 /&(,, 5!4"/ .5!4"/4  *!(6 - 5(#"2 "-1(,4 "!%"24  4$+, )07 $2 4$32

" -"-*.43(%4 $&&  , 4(!-1 - !(!),2 ("!3 5!4"/, !$-*" 4"(6"(6- 5","!*, 5"(!/3- 5"-2! 

 "%!("+ .(,!$& , ("+4 "-2! ("1,- ( !" ")% ("!3, !%4""5","!*, 4"(6"(6 "-2!  $2 5$-*  .

 $2 5 %"1-,& 4"(6"(6 "-2! $$& 4-"-*$ " !0"0" 4"4" 3$ "$,21 -&($ (-+,4 4$3 . "& .& "

 821" 2 4""*!$&!34  !,&2 !/ 4%"1-, ( !" 4$"+" 4"4  (7!" 2 42014 5!4"/4  *!(6 

( !" 4%') 4"4  5!4"/$ . 3/ 5+ ,!4"/4  *!(6 - 4/& "!%"2 534 4$324 )0!7 "!%"2 3!4 5

"(!-"7 .!"0$! " 3 1! "%$ 4"!3(.  "7%5",4/,4 (!/"6 "00,  3 .""63$ +("!!3- . 

•  3$ "$,214 -&(4(62" 3$3 4,,14 "/#  '"$6  ""+-  3 "4 !3 ("-#. "$,214 -&(4  ("01 

!$3  !'"$6 " !+,2, .6!3- 4$+  . $2 40,+, (!3$ 0!1""- !$3 5"%! %$  +04  3   $ 2"

$3(2" ",!3$ ."-4!  "36!("34 4$"4)4  !2"(0 $!, .  

•  -&(  6$14 +%!,-)$05""$"*!6 5" "$,21 -&(-  $3(2"- 5""'(64 5"-&(4  !,&, +(#  3$

 (23 0, , 4""$+-  37,% .)6*" 3$ 9$4,44+!%  "*,!+  !"+-$ .!( "6  ,4"%1  !"+-  !%!3 ! 

5"&(04 ,&-  !&!(&4  !"$&$&4!  !" (-14  !&$244 $& $+9 . 

•  !(,$  !,0!)4  !0!)%4,& "$,214 -&(4  ",0  "4-"-*$ " !0"0" "(!7"$ 4$!$+ -()- 42!1  

 "&  !'$144 "$-),! (!-"74!%" !"+-  "-(, !( 6"" . !"%"0, 4 2 - 4+)24  "4 5"2"-& $+

$3(2"-  "(!-"74 4(!-1 4 (!6"2 .!-21 6*!% 4"7,"'"#$ $-) ! 9$   , -1(!" .& 53 3$3

!1 - ()1,4(!-"74  !+0!,$ 3-!"! 5.  

$3(2"- "$,214 -&(4 5/",  !,0) 4 (!3$ ,4&!/ 3!4 4$  " $2,,4 4&", 4!  !" 2 - 4+)244 ,

"3-! !$2  !"7!$1- 4%!,' +7!,4 ()1,4  !-"21 -"(1*,4 !"6!3 $2- 32!%- 5"-(!+,4 5",(!#- ! !$  .

$"+$ !%+742 "6& ,,4$ 37!,  0!)%  !!4$ 5"2(0%! 5"$!&" !"37,, 5/", 0!0"+  !+624 $+ ()1,4 92

$3(2"- "$,214 -&(4 .
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5(,'2/(%)()  

"(0%6$3 ,". ,/6!0 ,$ .."2,2! ,".,)  (-,702007(4,"") "%- 5"(7!, $+  !$+-   ,  "-4 )2,  !37!4 ()*

20065""$$& 5",!&"*  ,5"$2!(".  

'",20$!# ,(.) 8.6.09 (,4 "$&! -&( "$&, ("!!3 5!4"/   164$  !"#!$!%&'.,!2""$ 5"')%%4  !"%"0  - 2#!, 

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

doc.09-06-2009mada/data/material/heb/committees/il.gov.knesset.www://http  

.4& ,". ,('*"!' ,# ."-3(2! ,%) .2008 .( $3(2"- "$,214 -&(4 5/",–  !" (!-1   !&$24!  !,"2" 

 !"(263 .4(!-1 4 0(2,- "23(4 .+0,4.   

3"(!$ ,1.) 2009( .  #7,- "$3(2" -&( "7$ 4'"$6 ",0), -!2"1$ 4"#!$!0! , 1! "6 .  !&"3 (62 52$

+- 4-"-*" ,-4'"$6 ",0),  0+! .  

$2!, ,3 .7"62!( ,%) .2000 .(4(!-1 , ("!!34 5!4"/ 5!7,7$ 5"",!3$ 4 164 "0+" 2!-"# .  %#4$ 0(2,4

 4-"-*4–("!!3  !&"3 8#3 .  

(-%+ ," .) $"(632004( ,  #7, -4(!-1 , ("!3 5!4"/   164   .$ 0(2,44-"-*4  %#4 . 0*!, ( 3-

.,3% $3!,2: pdf.Inbar-Yosi/transport/events/il.ac.technion.sni.ftp://ftp.  

"$3!,2 ,2 .")*%3"'$!-! ,!) . "3,2008 (!04"1 " %24  %2$ 2007 ,5!&"* "37,, (!'"%  !&"3 ("!!34 

 !%1 , (!'"%4 $2  (-1 $,214 .46"1.  

"-3(2 ,%) .2008 .("$,21 -&( -.!"*%4  ,%&'5$!+-  !,#,! 4"#!$! , !(6* ()* ,!0$ 16*%" "23(4 .+0,4 1

4(!-1 4 0(2,-.  

!0"1 40+!!4 ."-4- "0(2, $ ")!(" "!*",) "3!%" (2008( 0(2, (7!34, 0(2, 4(!-1 4  !1"'-4! 

5"&(0-, 0(2,  !" 2 4, 0(2,4  !&"3$ -"-*44.  

4 0(2, $2  !%! "+$ 4+0!4 9"(3 , (7!38.6.09 –" !*",4  &64, 9(0$  37!" )!("4 "–  3 5", !( 

4-"-*4  -!'$ 4$&$&4."  

 5!",  !",!3$4  !" 2 4 (2  &2$ $2  !%! "+$ 4+0!410.12.08  - "(/+"$3 .- (24 :  3 5"$24$

5""$,214 5"-&(4 $2  ()!-, 4%+'4 (263 2 4"7$!#(4".  

  

 /!/ ($  

(0""- ,2) .11.5.09" ( "%6"4 -&(4 )!2- 964, - '""*%"3 40%!44  ( !"- (&,%4 -&(4 3"4  "0"(-"44

$"(63 20!1-  "( 3*-!$# .  

$",2 ,0) .6.1.09" ($3(2"- $/"04  3 0"1&" )!("4 "!*",4" , ( 3()(, 40.  

  

+!'+!(& (' &  

4 0(2, ( 3 4(!-1 -  il.gov.mot.www.  

4-"-*4  %#4$ 0(2,4 ( 3 - il.gov.sviva.www.  
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 4)"'*"''*$  "/&(,4 4&2$4 ( 3- il.gov.cbs.www   

(7!34 0(2, ( 3-  il.gov.mof.www://http  

 !" 2 4 0(2, ( 3-  il.gov.mni.www://http  

$,214  (-1 ( 3  - il.co.electric-israel.www://http  

"'%$/"0" , ( 3  !'"$6 $+! $/"0 "+!%, $+ +0", $"&,4 "+!%,,$/"0  - com.dieselnet.www.  

  

  

  

  



 28 

 1,4!1  :1/% /2%, 5)-'5(+',5%&'"()(,%2/43%#– '&/'),2008
55

  

  
  
  
  
  
  
  
  
  
  

  

  

 1,4!2 : *50. %-%  /' /. 5+(%,  /.'  %)+–1 7(0!) $/!. (,%/ /'/( ',4. (,% 53/%/%0(#.56
  

  

  

  

  

  

  

  

  

  

  

  

  

  

4$-'4 (!), :'%$/"0 ,$/"0 "-&( 32!%- "+!7), ( 3 .  !-"')("0 $+  **- , 4$-'4
 !"6!("3.  

4$-'-  !","%6  !)!$1 :."/%- "+%!, 5"-&( ."-$ $/"0 "+%!, 5"-&( ."- , "6$ !(!"4 "%)  ."-
%2 5",4/,4 "#!* ."-! 8)! 4  %2 5"'$6-  ( !,  "-(", 4'"$6  ,(  % "% 54/, $&$ 
."/%-! $/"0 +!%,- !(!" .)   $&- .  !"-(",4 4'"$64  !,(- "!%"2 ."3 "&  !3($ . "%

 !(!" ."-  !( !,45 !(!"$ 6 - 5"6*!% 5"(!6"2$ !2(0"" 3$ ."/%-4 "-&( "%(7" "& )"*4$ . "% 
  %2 0+2019)  $ 8)  !(!" .)  $&4-55"%2   .(  

                                                      

55   5"(13! .4&)2008( ,,+  '1.  
56 http://www.dieselnet.com/standards/eu/ld.php.  

2/4)-'/$/!.  ',4.(%-)-'  %  
  

7(0!)  1,764,130  96.89  

'%/4  50,735  2.79  

,2".  3,337  0.18  

(#(')(5  2,608  0.14  

54"-  1,820,810  100.00  
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 1,4!3
57
   

  

  

 1,4!4
58  

  

  

                                                      

57   5"(13! .4&)2008( ,,+  '7  
58   5"(13! .4&)2008( , ,+ '8  
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 1,4!5 
59

  

  

  

 1,4!6 :)()45  !25% #'".5 %" *((!.0 5+(%, (.#3.560
  

  

  

  

    

                                                      

  "'*"''*$  "/&(,4 4&2$44) , 4+!*% "%! % ()*)/3(',!$")' (2007 ,5"$2!(" , '*!#!32008 , 1!$4. 59  
60 4-"-*4  %#4$ 0(2,4 ( 3  - il.gov.sviva.www.  
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 1,4!7 :  !") )-' '/6((  !" (,% (+',5 )-'5 (6  /2%, 52020  !" %"  /2%, 55 4(4) %$ 2008   

& .  /2%, 5-'/6((  !"/ 2/4 (,% *(($/!. )-' (%, .%5 (!/ ! %"  #)/$. 5%)+"  !"% 42008 
61

  

 Private 

 car'/6((  !"

     

54. 0/1&"-1,779,301  54"-   

6.50%115,655  2008

7.40%131,739  2007

7.61%135,319  2006

6.23%110,854  2005

5.09%90,500  2004

4.86%86,560  2003

5.62%100,021  2002

7.65%136,095  2001

5.72%101,863  2000

4.64%82,637  1999

5.05%89,933  1998

4.99%88,742  1997

5.27%93,832  1996

16.65%296,193                   1995-1992

5.00%88,968                   1991-1988

1.71%30,390                   1987 0+
  

  

  

  

) .2%, 5  !") '/6((  !" (,% (+',5 )-'5 (6 %" 5(/,6  /2020 (!/ ! 4(4) %$2008

                                                      

61  4)"'*"''*$  "/&(,4 4&2$4 ,(!7""  %2! #!* "6$ 5""+!%, -&( "$& - 2008.   
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 1,4!8 :)-' 2/4/  $6/..  ( !" 5$/4! (,% )-' (%-62
  

  

  

  

  

                                                      

62 4)"'*"''*$  "/&(,4 4&2$4, 4+!*% "%! % ()* )/3(',!$")' (2007 ,5"$2!(" , '*!#!32008 , 1!$4 
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 1,4!9 : 7/%&"&.2/#% ,)-'  '(1) '345(!'/,(%3) 8'$!" 
63

 

 

                                                      

63
9! ,  :"-3(2 ,%) .2008 .("$,21 -&( -.!"*%4  ,5$!+-  !,#,! 4"#!$!%&' , !(6* ()* ,!0$ 16*%" 0(2,- "23(4 .+0,4 1

4(!-1 4 ,,+ '55-56  
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 1,4!10 :  /+(%,  %)+SPM)-'/ 3%# 2/4 (,%  , (!/ !.%5"4 , (+4(++4 7/ !"2007

  

  

1,4! 11:  /+(%,  %)+ NOx)-'/ 3%# 2/4 (,%  , (!/ !.%5"4 , (+4(++4 7/ !"2007  
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 1,4!12 :  /+(%,  %)+HC)-'/ 3%# 2/4 (,%  , (!/ !.%5"4 , (+4(++4 7/ !"2007  

  

1,4!13 :  /+(%,  %)+CO)-'/ 3%# 2/4 (,%  , (!/ !.%5"4 , (+4(++4 7/ !"2007  
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 1,4!14 :,  %)+) 3%#  ,('". '(//&%  /+(%) %."15  ')1 %" 1/-5  /!1 5!"%  /!/+ (,%&64
  

                                                      

64 "$3!,2 ,2 .")*%3"'$!-! ,!) . "3,2008 (!04"  %2$ " %24 12007 ,* $2 (!'"%4  !%1 , ("!!34  !&"3 (!'"% "37,, 5!&"
$,214  (-1 .46"1.  
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 1,4!15 :$) %."15  ')1 %" 1/-5  /!1 ) 3%#  ,('". '(//&%  /+(%, *'2 %" *((%/24 *(-'

+/3%""'6/(. 
65

  

  

                                                      

65 "$3!,2 ,2 .")*%3"'$!-! ,!) . "3,2008 (!04"  %2$ " %24 12007 , $2 (!'"%4  !%1 , ("!!34  !&"3 (!'"% "37,, 5!&"*
$,214  (-1 .46"1.  
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2.   ")"   
%'/ %!3)!%), .!1!",  #042' !(&2#2& ,. .6#3%2#(!& ,0 "#5!,!#2, "4,+'"' ,0&   , +.)0 ,/

.!#!!$ !2 %#&", !(, %$/! %#!!&"  !"#$ &0!( ,0 .#/!*4' "(#+2, %"!*" .& !(#(), ,  #/1!' !(##" &,0
"- 1/ 7", , 3%!4" "+('-""2#23" %4+2  #64#!%) " "2#23" #1!'#,, %6%!) %)3 .#2 .%53'2

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

.#$5 ,6#2& %!3)!%), "1!. , 1+!#'2! .#/!*4'" "-#'." ,/ #(0" %&!." ,!,3' ,0 #'14&" ,"('"
%#!!&"  !"#$ &0!(2 %!#3"  !#, "'$#" ,/ ,1!'#," ..#-2  #,#' :,&' %.!# &0!(2 !(.!& ,#-0"0.  

  
 .!!*" ,-,! !'*/ %6%!) %)3 .#2, "1!.#/!*4'",  .!0&%21" "#%& %%0( +() %!3)!%)!3  6%),&

!.!&,( #.,2" "#,&! %1'3, 1+!#'2 ,"(!%+&" "(0" ,- 8%!&, "-#'."!  +" .#2" ,/.  

, "1!.25 '#%"( ,-#' ,)0 :5& ,0 .#'!(!%5&"". .##%#/ /"& , /1#'" ,/".!/#6(, /5!( , #5!3! #%)3',
2#2& ,.2  #*/".  

3#$&2 #3!# %', "1!. ,&2 %#!& .!-#& #&%+2 "2#23" .!-#&, :5&. .##%#/"&  #%'&'" ,/   "#,&
 !(.!& "()"&0!(2.  

1, "1!." %#!!&"  !"#$ ,0 .!#(!*#+" .!#!,/" #(!.( %!.#&2 /!#3" ,/ #+ ,. .,,-'' %42 %#( %
,&%0#2 "%!2+.' .  

 !4#'2 2#2+ 7!%+& 7!%+&! , 8& "%'2 8"/61 – 1"2,!1 %+0 %,. .6#3%2#(!&' 2#2&  ,"+(' ./*" 
 !$ %4+' :"%$/" ,/ "1!. ,.!(!#/%" ,/"")&(.!% ,"(!!-"" ,1!1#/" ,"-#'." , ,/ %4#/2! .!(,23"

 !(,!-2 ./'6"0 .!).!0" .05%"! .!2%!/'"– "'%, "/#5' ".##" &, !$ %4+' ./*"0 7##*, %.!', 
"/#5" "#,&,8%1" ,- 8%!&, 8.!2%!/' &,,  ."1!. 2!0   .  
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4.   1$(3 (%  * 13&'%  
 ./*"$ %4+'!43!/ . %/#" .!%#0 .!'#-, .!1!.'2! %#!&" .& %"6,  #+'*" ,0 .!#/26" .!,!-#2 

(&2%!&"##,-,- 8%/, !.%'"2!  #'"$' .+#)32  ,,&%0#2 %4+'"  !0## ,/ 051 8!. . #(&2%!&" %/#"
"3 &!"""##+'*" - ,  #+#0"!  #*/") #*/" 7,",( ,%15!' #(!%#/ %!$&2  #&*'(" . 14'.' !(#%4+'
%!'&- ,%#/2 , ##4 #&4#%'& ,1!' ,/ 7/0(!--Urban forests effects  UFORE , "+,*"2  0!#'0

"%&2  #%/ .!%0/2" ,!/2! 2.  

%4+'" #2,0 %!&#./*!'" :  

2 %4+'" ./*"#!!&"  !"#$ .##/2 .6%!)' %4+'% ,  !"#$ ,/ 051 8!. "#.!-,0"! "#.!%!4'
2 #6((#'!1" &!"0 "%!2+.' #%/ . %#!!&" .!-#& ,/  #*/" ,0 .!(!0"  "#.!/)0"  #%23!' 80'"2

 1!+##2! ,%#!!& #'"$' +!)3,  #*/" ,0  .,!-# ,/ .!14'." ,  #'%!5"  " "'!  #+)!3  " "'! 1*#-
"+#)3" 2*4! .!'- ,/  #/#)0'".  

""/*"4#'/' ""  ##4" ,1!'" 8!., -UFORE1'!,! .##1!.'"  #2,0" .&  ",  #*!+("   / .!%-#
 #'"$'" .+#)3 .,!-#2 .!14'." #1- 8!.  #(!0" !#.!%#0 .!'#-! #(&2%!&" %/#" .  #0%1("  #(!.("

,1!'"  !0##, , ##6%!&#." 7"!  ##%#)'&" 7" , /1#' .!%!4'' 9%&,  ##6(!!,%"  #(!.(,  #%'!'
 ##,&%0#.  

43!/ 80'"2./*" .  #+)3("  #(!0"  #$5" ,0  #-%/" .%'"2 %4+'" "##+'*" #1# ,/ ,  #-%/,
 ##,-,- , #*/" ,0 .!#(!*#+" .!#!,/" #2!0#+-  #,,-!0'"  ."$ 7)!&2 , "2%"2 ,!15" 8%/ 7.#( 9/,

 #(!0"  ##%!2#*"  #'%!5" 2%42  !#- ,2!4'" !-%/' .#!!&"  !"#$2 7!-3#+" 8%/ ,!,-0% !(, 4)3'  
*/" ,0 +!)#6" .& 9%'., ,!-#! 9/" ,0 %.!# #.#'& %#+' .!/#6(,  #2&0' .&*4"!  #'##4"  #

2+% :4#"2 .!#1#./.  

,& .#)#*)3 %#/2 "1!.'" ,0  !0##2 14'.", &,  !(6,+"& , ".'&."! .2+%("! .#,,-" ".5*"2
#,&%0#" +60" .& %!+2, %4!+, %0)&, 8-2! ".!,,-2 ,&%0# 9%&, , #), %4+'" /*2.# !2 7!.("

!#-%* . ./*"$ %4+'!,!-# "0'0,  ,7-  & , .& 8%/0,! .!)', .!*!%" .!(!0 .!#'!4' .!#!0%! .!#%#/
#,-,- 8%/,  .!& %#'",! #(&2%!&" %/#" .!,!-# . "/*""  5 "&%' #- , .!#.0. 4#)3' 7(0# 9%&2

,1!'"  !0##,  #0%1("  #2%"  #(!.(" :!3#&,  #'##4 /1#' #%5&'!.  

:3!(2 ," .(-!. .1'!/ %4!+" .!0%,-I - TREE 13' "!!"'"  %.#" 7#2 ,,!-"  #1'#' 2+%  #(!.(
 #(&2%!&" %/#" #.!%#0 2!0#+, .!(-!. ,#-' 7- !'-! .!#(!%#/" .!,#.02 9%&2  #*!)("  #*/" ,- .&

" "$ %4+' 3#3220 ,1!'" ,0 .!#6'.'" .!&+3!(" ,/ .!33!2'"- UFORE.  

,&%0#, ,1!'" ,0 "%'"" %4#/ ,7-,,,0 2-%!'" :!3#&, 8%12! .,!-#2 .43!/  #(!.(" .  
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).  6"2'  
/ #%+&  #+'*!  #*, (#"  ,/!1#- ,!(##+' 1%)( #.,2! #/26 4,+.   

.!2% .!,/!.  #*/, , .#0!(& 62' .1!4('–!1 7'+)  #6,!4  " -  #0'0' 8-! 7*'+  #6,!)! #(*'+
 !(%!2/%#!!& #%"6' 7#/' , #0/%! .!+!%  #'3!+  #*/ ,.!%!6%)'6  #(.'' , #,/' ,,,- 8%12 , .&

8%/ "#3-(  .!+) &,!  2#23'0  2!0+ %.!# :& #,!&! –  #%$!/! .#663& "(#+2' !(##+ .&  #%)0' 
#!!,0!  #/!5% 0!+, !(, %.!# .  

:3!( ,!15 7!%.#  5 0#  #*/,, ,*!('! %-!'" 26#" ,!/2  ,8& ,!(%/*, , 0!#' !(#& 1/ ,&%0#2  ,,- 
"-:  1$""6 $'%,' &"-.!  !"#$ +$(*!'-!  #(!0  #5!3  !"#$ .##/2 ,0 :4#""  !*'*,  #%$!/  " 8

 %#!!&"–.#(%1!'" "%2+" ,0 %.!#" .!4#/'"! .!,!+" .!/%" .+&  ,"/% "./#5)0 , "(#+2'
.#.!&#%2 ,.#.2#23! .#,-,-.  

,,!-#.  #'"$' .+#)3,  #*/ ,0 !$ "%!%2 .#.!&#%2 .!/'0' ,"6%), 8%!* 7#&0 , .!/'0'  5 8&
 "'!*/ .#,-,-–2" .!*%&2 "12, .#% ,80'"2 "&%(0 #)- , 2!%4  #'"$' +!)3,  #*/" .,!-# "!!0

"/2%&, (!)%&#,#'1"(0, %,!1  .  

!(%+2 ,&!)#& , ##(02 !$ %4+' ./*"2 14'.", :  #'"$' .+#)3,  #*/ ,0  .,!-#  */2 .#0&%
 #(!%#/" 2+%'2)- .!/*2.' !2-90%.!6#,)" ,,-'  (– "/)!." #(##)&'  "' ,./*2.' 1*#- 

""+#)3 ,/!1'!  4,+, 4% !&  #*/"!  #'"$'" #5!3 ,-, .#6(!!,% &#"  &"! ")4#" &!" "' ..#(0 ,
 ,0 .#%0)&" .#,-,-" .!/'0'" .& 4!12, !(%+22 #%0)& 0!'#0 "/)!. "/#6(" #,!4#0' 4,+-

 ,&%0# .(#1'2– !+.  ,,,- "- 1/ %4+( &, !(./#1# 26#',0.  

%.  $*)'% *31%  1$3.  

1. 1$"6 +"%$,  1)4%  

1.1 $0"($&" $'$0- 1$"6 +"%$,  

  !+. !"#$ %#!!&"  "4!,+, 7.#(.#(!%4/, !,0  ##$-%'"  #%6'%)" 1+& #) ,/ .!+), , 1$""6 +"%$,!
$'$0-)  #%!53  #,,+ 8!.2( $0"($& 1$""6 +"%$,!",  #%!53  #,,+   (#&0  #%!$&" ,- .& ,,!-".  

1.1.1 +"%$, 1$"6 $'$0-  

%#!!&  !"#$ &!" #'#() %#!!&  !"#$ #%!53  #,,+!  #(2' 8!.2  .,!23, #'#() ,,+ ,!-# .#(!%4/ ,
.'#!3'" "(5"" 24/ ..+)!' "1#'2  & :& ,4#(/' &!"0 , ,,+20 !,&,  #'!1  #'!"#$'

#(!*#+.  

.&$  / ,!,  ##(##)!&" %#!!& #'"$'' ,2!3, #'#() ,,+ ,!-# , "#". +!.) +602  ./)0"0
.#6(!!,% #.,2 !,#)& !& .#,!0.  

', 8-  ,0 $5 &!" 7!1%" $5 #2#64&!#1%/2* %3+ ,+#%  /6! ,/4%4" #5!3 ,-2 #!*'"  #$!-#%2 
#$-%' #(!*#+ %#!!&  "$' !(#&!  #(.0' . ,/  #%*!#'" "##(2" #%'!+ ,-2  5  ##4 7!1%"  ,&!

-, 2!%4, #&%+& 8- 24/!  #/,3! "'1& 3#32- 40% "(#+2'!  ##'#()  #,,+2  #'!"#$"' 
 ,!-# .#&!)%76%3,  !%5, . #&0!(,!  #(2',  #%!04"  !"#$ .!%!4' %#-$", 1!/ 7.#( "$ %04"2

 !'-  ",0 %!%!!&""",!+" 7##(2" .(!'3."1 #!4#( #%'!+2  %!4'0  #'!"#$! .'3%!)'" 
 "%#/2 #%'+2! "%21"!),0',  #(#'4 ,0(, 8&  &,!  ##(!*#+  #+602 .14'.' !$ "1!2/0 7!!#-

   ##'#()  #,,+2%!53  #"$ 7##(/2 2#+%( &,.  

4% 7#!*# ,"(!'." .',0", , .!%',%!'&-0 , ##(!*#+  #,,+2 .14'.' !$ "1!2/,  #+'* #-  
' #%-!- %2-' "$  7#/'"%#!!& #%"6'" #%!53  #,,+2  #%-!' 0!'#0 "0/( "$ 7!%4#/2!  !#- ,  5 

,&%0#2 , #,2!4' 7!(#5 #,!4#0' 4,+-.  
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1.1.2  1$"6 +"%$,$0"($&  

!!&  !"#$ #+!.)  #+602 %#!!&  !"#$ &!" #(!*#+ %# , #%!53  #,,+ !&  #(2' 8!.2  (#&0 .
 #1##(,  #+##( .!%!4' 7#2 &#"  ##(!*#+  #'"$', .,2!4'" .#%4#/" "(+2&".  

&!" #(!*#+ %#!!&  !"#$, #$-%'" %!4'"0 7##*, %.!', ,1##' "&%(0 #)- , #.%!2+."  !+." ,-
.!2#0+" %132 !#%+& 1##'!,  ##.##0/." .!%!4'" – .!(0/' .!2!%& #,/2 4(/ #,/)'' ,+" 

 "%#/$ "##0/.2 ",-! 2!6 .!%02' 7(#&0 .!6,!2) #(64  #-3!' !'- ( 8- %+& 1##'! .!%!4'"
  ##%+3'")',0', .!1/3.(  

051!# 1!/ ,#- ,.#63#663 ,,'0+" %!*## ,)  %612.3.18!%! ( .6#,), #(!*#+" #$-%'" %!4'" &!" 
#'"$' 8&  7!!#- ,0 %!*##"-#%* "6!' ,'0+" ,1&' 2!0+ ,!#3#(, %04 &,,! %2/'7 .& 7#64", 

,'0+" %!*## 8#,".2  #'"$'" .6#,) ,,.!%!4' .& 7+2& "-#%*" .0#%1 , .!3(, .(' ,/
"-#%*" "*42 7"! %!*##" "*42 7"  #'"$'" .!6#,) .& 7#64",!.   

2. $$13$*  "1"3'+ 1$"6 +"%$,! $0"($&   

2.1 #!$!  

".#%!63# ,(  ##.%!3'" %#!!&"  #'"$'!%*!"%!&.,  ##.#2  #0!'#0'  ,   !'#+" "&'' ,+"! ,!0#2! -
18 5 8%/,  ,.-,!"! .%2!5 "1#'2, #(!0   ##.##0/.  #0!'#0'  , %0&-  %!4'/2(, 2%4#/, ' .)#%0

  +)  #4,1! #(2!&' (fossil Fuels)  -#/!(' .,/)",  #0'0'"  #4,1 .#'#() "%#/2 "  ,/  #33!2'
 "#5%(&2 0!'#0+$!# '  "1"3''  - +) !'-   ,!#%*!'! 6)( , $56 #(!0  #,%(#'! #/2.   

  ##(5!)!%6(& .!#",  #,!-#  !"#$" .!%!4'– ##(5!&#2 .!%!4'!  1& #1# "0/' .!%!4'  , ##/26 ,
"##+'*' %4#/2  %!4'0 ,7)%6!(!'! 7%)!$#& !'-.  

"12!/" :& ,/ , #'"$'' ,!15 4,+0,,- "&%( !(#& %#!!&" ,  "! .#.!"' !(,!- .!&#%22  ./#5)
.#.!/'0' "1#'2  ##&%+& ,"##0/. #%#./  #%!$&2!  ##(!%#/  #%!$&2 1+!#'2 , .%'+"! .%#*#,

 .!(!0 .!,+'-.!&%, .!%!04" .!,+' %4#/2  ,! "'#0(" #-%1,  !%5, ,!,/ 7-, #5!3 %)3'76%3.   

#- 051!# 1!/ ,!!&" #'"$' ./)0"%# ,#(!%#/" 2+%'2 %4#/2 , !'- .!'##4 .!,+' %#'+",  5 ",!,/
 #1,# !&  #(4$ !'- .!0#5% 7#3!,-!& .!*!242 1+!#'2 /!5),! "'63& ,.#.!/'0'  #.#/,  #2!%4" ,

 #%5!2'' %.!# , "2!5 24/ %#0#  !"#$ %!4', , "/!(. #& ,/ "(.'" ./2 ,0', !'- %2/'2 #(0 7#2
7&!3 0#2- #4,+ .  

2.2 *-/%%2$2.%" +)6% !* 1$""6% +"%$,    

#!!&"  !"#$ ./)0"%72!'- .11'(  1&" ,/  ,,- .#0&% , &#" "$  !+.2 "/#5)"! .!&#%2 #+(!'2
 ")#%+–  ##+ .,+!. %!*#4 ,"&!,+." .'%2 "##,/ , .!&'5!1 4% 7" .!#6(5 .!,+' ,0 "%25"! "%#*#

 #)3!(  #/5)' 71#*,! .!5*##' ,.!&#%2 "/)0"  '/ 7#&0&4!!1 "%#0# .# ,,0', +#% #1%6' !'-.   

%.!# 1!/ "%!'+ "2#23" ,/ .#3+#" "/)0"", 0#0 .(2!'" .!'#14"' 7##(/" 8%!*,  ,/.(  & 
!(#(#/2 .!&#%2" &0!(, –+'!*"! #+" ,0 #/26"  4%'" ,-2! ,!1#5" #.22 "/#5)  , .%0%02 "/#5)

7!$'" ,%#!!& .!%#-/! .!&% .(64" ,,4& .!-%/'2 "/#5).!#'# ,7#/4%4' #3-(2 "/#5) ,  ##.!"'  #4$(
12,2 .5*##' "'#0% 6,+"2 #"!$! .!&,4+, .  

2.3   "1"3' +$$04"-"1506+$$13$* 1$"6 +"%$,!   

2.3.1   "1"3'$$0+$&   

 .!!*4 #(0  #+##( .!%!4''  !"#$, : %!*##" "*4! "$' 0!'#0" "*4 "$' "$  #%!04 .!!*4" #(0!
"$,. %!*## #- &#" .#$-%'" "2#3""-#%* "6!' 8#,". &!" ,'0+"  ..!%+&  #,#'2 , ,'0+"

:1' %*!'- %*!#' !(#& ,.#(-%* "0#%1 ,/ "2!5.- &,& .# ,'0+, 7!.( 7'$2 0!4#2"0 ,--",/, 
,15. 0!4#2" ,/ .!(/, #1- %*!#.0 ,'0+" .!'-  5 .7-, %!%2, %!4'" "#"# "#5%(& %!*## #- 



  

 9

 #'"$' .6#,), #$-%'" ,.04 5*##' &!" 7-0 "2+%  #(-%* –  #0!'#02 7"! #.#2 0!'#02 7" 
#%+3' !& #.##0/.  0!'#0 !'-  #%+& .  

/#.)' "$ 7#& ,&!)#& , ,&%0#2 ,'0+" 40' #- &!"  #'"$' .6#,)' %#!&  !"#$, #%4#/"  %!5"
- .!6,!) ,&%0#2 +!-" .!(+. #-!- 65%.#%)!5 .!*!'+.  ,45%74(+ .!*!'+. , 38% 

 #4#4,+ ,!- 60% ,0 #(*'+ !1 7'+) , 83' ,-",&  #'"$' ,0 .#.(0" "6#,)",&%0#2 2  0#
"$  #%21 2*' %)0# $52 %!*##" %!/#0 .,15" ,0 !,&  #'#2 /*!2'" 8,"'" #- .!!4,.  

#%4#/ +##( %!4' %+& ,"##0/. #,/)'  " #(!!5'  #5!3'  , #2%  #'"$'  #6,!)" ,  #*!)(  "'
.#%)5! 74(+ .!*!'+. !'- ,'-  5 8&  #'"$' ,0 %.!# .!(64 .!#!) #4#4,+ !&  #$5 ( #1+!#', 

 #(-!3'  #'"$' ,0 764 &, %)3'  -!.2!  #!3' %!*## 8#,".,  #%!04" ,  "2 ,)6, 0#0
.1+!#' "%!*2 .  

##.##0/."  #'!"#$"   #6,)( .!(!0 .!%!*.2 ).!2!%& ,.!-#%2 ,7!3+&! /!(#0 #-#,". ,.!%!$). (
 #(!0 "##0/. #)(/'!,-  .!#&,4+ .!#0/. !')"%21" , ##+ #,/2, 7!$' , #(!-#' #(!0 ( ,

.!#'#-!%6)"! .!#'#-" .!#0/."' , 5!  #2*+'" .!#0/.' ,%26*'2 ,.!,4" .!#0/." ,,-' ,
 .!#.2#23 .!#0/.' !,#)&! .,,!-" "(!'.2 4#$", #1-' #1' 764  #'/), "&%( 7"' 6#%) ,-0

".!#2!#+ ",0', %!$+#'" .##0/. !'- .  

 .!%!4'  "(!-'0 "'  "  %#-$", 0#0  #)3!(  #+##("+60 .!%!4' " .('6" #%.& !'-  #/!24
' &,  #%.&!  ,0', ")0&!14# .,!3) $!-#%, %2/' .!(+. !'- #('$ #)!& #,/2  (#"  #.#/,0  #

,0', 7##(2 .  

 #.#2" %$5'" .&  #+##( .!%!4'- 7##*, 0# 1!/),0',, '!4& &, #!4#(! "%21" #%'+ ##5!, , ,/0
 "43"! ,!0#2 !'-  #%+&  #'!+.! 4!02  #6,!0 7##1/ #/26 3#32 ,/  #)#,+.  ",  #'##40 :&

.#.#2 ( ##&,4+ .!%!4'!,.!%/# &!%#2 !'- .!#.1!4( .!,!/)! "%21" #%'+2 0!'#0 24/ %4#/2  
 .)%0 #1# ,/.  

2.3.2   "1"3'$$0+$)  

 %!4'" #(5!)!%6(&"##("1&!" %#!!&  !"#$, #$-%'" ,72!'- , %4#/2! "#5!3 ,-, "%!2+." 
"%!2+.".#6%)"  ,  #%#0# 8%1 .!%!4', ,,- 8%12 4,!+'")on road(  #1#*20 .!%!4',!

8%1"(off road)  "(!!-" %0&- 2-  off road, 12- #(-' 1!#* !'-  #,-, &#" , .!$5,'#-!!,&2 &*!. 
  #3!6'! .!#(& "$ %04"2 %#-$", 0# 7-–"%!2/. #'!+. #(0  .!,#/)2  5 %.!#2  #'"$' 

 ",0 "%50" , .!,4. %#-$", &,0.!#,-#' ./#26 !'- 7!3& .!%" ,:!+, 8!'32 %4#/23.  

 ##$-%'"  ##(&2%!&"  #'"$'"  5  " 2-% #,- –'," #(!.( #) ,/ "3, 95%(!) ,,0',, .!'-' 
 .!6#,)")% 8'&-%-$0('& 2+%'2 #(&2%!&" ,"%!2+.2 !%!4'4 4$( "(#& !$ "+("! .4 !,#)& 

  ##/1' 7#-!'#.,–7##*(  & #1  ,"$ !##(/, ,"12!/" .&, %!6#(" .!(+.  5 .!.2!0 %!)#-  !#20 
 "1!2/'–&4!!1 5+" .0!14 24/ &,  , "'%"! 7#6!,+, 6/'-  #',/(  #'"$'"0 7!!#-' &,&

, "2!%4 .11'("- 0% .  

2.3.3 $30 1$""6 3"& 

30." #4( %#!& 4!+" +20085 ,!., 3(-#. !.#2%'02 4% :4- 2011 - 1##( "6#,) %!4' %#15' - 
" "%!2+. #,- &!"0 "6#,) %!4' .#'#() "%#/2 /!(' .!/*'&2  !4',  !4'' !%#2/", 7.#(0 !&

"##(0" .)3!.2 #!('" ". ,0 "0#%1, !$ "%15"2 2,  #0, 0#! !"#$  $'(*% %*"0 % ,0 
1##(" %!4'".  

!4' ,-- #%!#0 +%!&2  0 %15!' +##( "6#,) %!4'1##( !((#&0 "6#,) %.   
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3.  !/ +$$,#1' +$4".$'%,' +$$0"($& 1$""6  "6$12% !* + *-/%"  

3.1 ")  $1-4- $0('&  SO2) Sulfur dioxide(  

 !1 .#%)5.#(*'+ .#%)5  #,#-'"  #4,1 !&  #%'+ .)#%0' .%*!(. !1" .#%)5" .#2%'- .#(*'+
!  ##/26 .!%!4'' .%*!( #$-%'" %!4'".#0!(& .!,#/)' /2!("  .!0'.0'" +!-" .!(+. &!"

 +)! 6!$' !'-  #(2!&'  #4,12#.##0/.! #.#2  !'#+ #-%/' 7-!  , #2% .!'!4'2 7##1/  #*!)(" , ,/
#'+) 3#32 . ,!/#0 #)4.",  !%5,! .!&#%" 1!4). ,/ /#)0", .!,!-# %'!+" ,0 .#3+# .!(64 .!#!'-

 "$+2  #*+,! ,0 72*' %#'+",!- .!0#5% 7#3!,-!& .!*!24 #,!+ !'"'63&.  

3.2 830&") -$0('& Nitric oxide, Nitric Dioxide)  ,NO2 ,NO (  

  ##.%!2+. .!%!4'' %4#/2 %*!( 74(+&!,'0+ %!*##'  .1+ 74(+-!'*/,0- #(*'+ ,)NO - Nitric 
oxide( ,4#$' !(#& ,"%)3!'6&, !%%+.0"2 8& ,!1 74(+, 8)!"! %#"' 7!*'+ 8#,". ,,- 8%12 %2!/ -

 #(*'+)NO2- Nitric Dioxide( ,#0'' #.!&#%2 4$(,  !%5, ,!,/".  .&62.' .#.!&#%2" !./)0"
"'#0(" #-%12  ##%0)&  #'!"#$, 7.!1#'/ .(64"! .!&#%" #!%#52 %4#/2 ,.-0!'' ")#0+ %0&- 

.!'##4 .!#.'#0( .!,+' :4#" %#'+", ",!,/ , #1,# ,*& %4#/2 .  

3.3  8","6O3) (Ozone   

7!$!& /2* ,!6( $5 &!" :#%+ +#% ,/2 , .!2!5. ,0 %*!. !(#" &,& .#0!(& .!,#/)' .!%#0# %*!( !(#&0
 .!(!0 .!#'#-- "%#/2 #-#,".2  #%*!("  #$5 ,0 "2!5. %4#/2   ),0', .!#(!-' #/!(' ,0 ( /#5'" %!&,

0'0"'.%!& .!/0 "2%"  / .!'+ .!)!4.2 "%)3!'6&2 7!$!&" .!#!'-2 "##,/, "2#3"  5 #"!$ .  

" 8#,". #'# :&! .!/0 80'#", ,!-#! 1+!#'2 %#"' !(#& 7!$!&" ,0 %!*## . 7!$!& .!#!'-0 &#" "&*!."
 #!3'  !4'2 .!%.!&'" .!5#%+,%!$#& !.!&2 +%-"2 !%*!( &,  ,&,& , #.#/, , #),& 4+%'2

'  #%6'!,#4!('.  

 1#4). 7!$!&, "%)3!'6&" ,0 7!#,/" 4,+2 #2!#+ 2!0+ #()' 9%&" %!1- ,/ "(5"2"%6,!&  ##(%4-
.!#,!53 ,7!.+." 4,+2 8& ,72!'-  #'0!( !(& !2 ,4#$", ,!,/ &!". #-%12  ##!%#5 .%#*#2 %4#/2 

!.!&  #)&!0" .!%+& "&#% .!,+'! "'63& #,!+, 1+!#'2 7-!3' &!"! "'#0("  .  

3.4 +$-$)0 +$$041"6 +$1'"&  VOC's) (Volatile organic compound  

5%!&  #%'!+, ,,!-  0 !"$ #(!0  #)#1(  ##( ,7&.' 3#32 ,/  #%'!+,  4,+,  #5"!(0 ,  %!4'0
 .!,#/)2 $6!3&%4#/2  , #%+&  #%'!+,! ,  (#&0.#&,4+ .!,#/) ,0 .!%!4'',) Non-methane 

volatile organic compounds -" "nmvocs( ,)!%) !'-&7 ,)(Propane ,#34!&& 7Xylene) ( 7&6!2!
)Butane( ,0  %!4'.!,#/)'#.%!2+. .#.##0/.! . %4#/.  

 !#" ,/!.' !,,"  #%'!+" ,0  4,+ , #2%  #%4'2 , #,#/!'  #0!'#0, ,  7&.' ,!*#( ,0', !'-
"#5%(& %!*##, .!%) #,,5'! ")0& #%!2*''.  

  ,0  ##.!&#%2  #4$(VOC's  #%!53 .!'!4'2 1+!#'2  #)#%+ ,,0', %!53 %1+2 /2* #1& !'- ,8& ,
.!'#&.' .!#!'-2! .!2#3(2 ,")#0+ ",!,/  #+!.) .!'!4'2  5 4$(  !%5,  "#,& – #-%1, %4#/2 

.!&#%,! "'#0(".  

3.5   +$'%,' $3$3!&Fine Particle Matters)   PM10, PM2.5 and PM1(  

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

,0', "##(2 .,!3) !'- .!%!4'' %*!!#",  #,!-#" %.!#  #35.  

!%#!!&"  )4#" 3#32 ,/ ,,- 8%12  #11'(  "-#)4#""! /*!''" #'(#1  8%12  #11'("  #/*!''" 
 ,,- 8%12 !#" ,,-PM10- %.!#  #(64  #4#4,+  #11'(  !#" 8&  - PM2.5:&!  PM1 . !,&  #4#4,+
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 2,! "&#% .!#/2  /  #0(& ,0  2*' %#'+",! .!&#%, %0# &0(#",  #,!-#! .#.!&#%2 "(#+2'  #(-!3'
.!'##4.  

3.6 ") 8'&--  $0('&2CO (Carbon dioxide)   

!1 !'+)- #/26 7)!&2  5 %*!(" +#%! /2* ,!6( $5 &!" #(*'+) .#0!(& "'#0(  #' #1& !&,0', (  5!
%*!#' ,!#!'-2.!,!15 . , .#0!(& .!,#/) #1# ,/)&'5!1, "%!2+..(  #(!!5'  #0!'#0 #(*'+ !1 7'+), 

0& #!2#-,  #%'!+' ,+" , ",-! "1!3" "40'2 .!/!2" 8%1 %!2/ #*/2 "$.(#3!6!)" 8#,".2 &!"! 
.!#'#-" .!#0/."! 7!$'" .##0/. !'- .!#0/.2 2!0+ %'!+.  

2CO #$-%' "''+ $5  5 &!" )#2-%' .!6#,)%4#/2   ("%&2  5  #2%  #*'&'  #0/(!" .!2#*(2  5! 2
 .!6#,) .!'- .& 7#64", 8- #1# ,/! 7"#(#', .!#.%!2+." .!6#,)" .& .#.!/'0' ,#25", .#)!%#&"

"- 2CO ,!/2 .  

  #-!'(  #-%/2 %#!!&2" 7#&-2CO  ##.!&#%2  #4$(  !%5, ,!-# &!" %.!#  #"!25  #-%/2 8& 4#$' 
  #(!0  #04 :&!#!!&2 !,0 #,,-" $!+&"0-%11!2" $!+&" ,!25 .& "*!+  .8- ,,0', , ,0 "'%23% 

2CO#!!&2 % 1 9+, ,0 .!#/2  %5#", .!,!,/  , ,0 "'%2! "/#'0 .!#/2! 2," .!,#/) ,/ 9+,5% 
", .!,!,/" 0&% #2&-! .!%!+%+3 ,0 .!/)!. "(/)!.  ,0 "'%2 "%-" 72!& 1/ /#58%.  

3.7 )& 8'&--  $0('&CO Carbon Monoxide)(  

, 1!5#(2- 2CO , "$' $5 !.!(-, 7.#(  & 4)30",#+.-,'  , #(*'+ 1+ 7'+)CO , !./#5)0 $5 &!"
"/%.  7*'+" .!'-0-)2(O %2!/ &!" .4)3' !2#23' ,!.%#/2 8#,".2  , , .!(*'+." 8#,".2CO 
 ,!& ,.4)3' .!'-2 7*'+ %1/"2 ,' #/!(' ,0 .#.!/'0' "6&" !& ".*" #-#,".2 !'- ,0', .!#(!-

 ")0& .)#%0 #-#,". !&7-!3' $5, 8)!" &!".  

" ,0 "(-3"- CO!,0 .$%)!' .!'- .)#&02 %4#/2 "(!'6  .1+!#'2  ##(!%#/  #%!$&2 !$!-#% , ,-!#

 &#"  ##(!%#/  #%!$&2 .,2!4'" .!'-"0 :& ,/! .!(!0 .!2#3(2 .!(.0",ppm10,)parts per 

million( !2!-# &#" .!1+!#' .!2#3( 1/  5 /#5", ",500ppm ",!-# !.)#&0! ,"$ "%4'2 , 24/
 12 7#2!,5!'", +)3( &!"0 "12!/" ,.!'4%!  #&. ,0  .!',  !%5,.  

7##!*# ,#- CO 7-!3'! 6,!2 #'#()  "$'  5 &!" , %4#/2 24/,!0#2!  !'#+ $5 #%!(. .%#/2.  

3.8  8,02c6h6 (Benzene)   

 &!" 7$(2.'  5!  #4,1 .)#%0' %*!("  "$' .*)" #-#," ." .+)0', 8##0 &!"- VOC's- "!!"'! -
70%.!#.%!2+." .!6#,)"' .  

 .-%/'2 .!/#5),!  #(!0  #5!3' .!#(6%3 .!,+',  !%5, ,!-#! .#.!&#%2 "(#+2' %.!#2 7-!3' 7$(2"
.!#,-2! 12-2  #2*/" .  

3.9   +$)2#  # ' $3$3!&"  1-"*and Heavy Metals)  Lead(  

%2/2 ,4,1, %2/'" #(),"%!2/.2 .%)!/ #,!6(  # ,  "$'  #12-" .-.'" #4#4,+! .%)!/" !#"
"$  !+.2 #(##)!& ,.%)!/" ,!6( 4,1" ,0 !./'6"  /  ,!& ,  "  !#"  .!%*!!#",  ##$-%'" .!%!4'"

 ##.##0/. .  

  ,0 1&' .!(64 .!#!'-  5and Heavy Metals  Lead, 1+!#'2 .!(-!3' .!#", .!,!-# .!4!(#. ,  #1,#
,!7!#%"2  #0(.  

3.10  8$)5"21,3-Butadiene  

 " .+)0', 8##0 7#16!2  5VOC's ,0 ,$#1 #/!('' !'- %4#/2 "12- .#.%!2+. .!,#/)' 6,)(! 
.!(!0 .!#.##0/. .!#!,#/)' 7-!  "#(#',  #12- "1!2/ #,-! .!12- .!#&0'.  
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 #2*/" .!-%/'2 .!#%0)& .!/#5) .!2%, "04 .#.!&#%2" !./#5) ,.!#,-" ,12-"  ##%0)&  #4$(! 
7!#%"2  #0( ,0 "/#5)' "&*!.-  #%2!/,.  

3.11 '"5- .(TOMPS) - Toxic Organic Micro-Pollutants  

 %4#/2  ##.##0/.  #-#,".2 !',0!" &,0 "%#/2 .!#!,#/)'  #%*!( . %)3',  #4,!+' ,0 2%  #5!3
 #(!0  #,4#'#-! , !,#)&0 %!-$, 2!0+ 8&  ",0 6!%#)2 7&- "&,( &,0")#0+,   ",0 "%#/$ .!'-

 ##.!/'0'  ##.!&#%2  #4$(  !%5, ",!-#, 76%3,!  1&" :!5 ,0 .!#(!3#+" .!-%/', %4#/2 .  

3.12  81-",$6)Isoprene(  

 #'"$'  #+)!3 4%  (#&  #*/, #'#!3'  #'"$'  #6,!)  5 &,&  .  "$', &'5!1 &!" 7%)!$#& &4!!10
,0', +#)%/ !'- .!/)!.,  %!.!  #*/' 6,)(.) "&% "$ 7##(/, 12.37,", .(  

4.  1$"6 +"%$, $3,0   

4.1 1$""6 +"%$, $3,0 !/ +$0"/ +$4".  

 #(!!5'  #5!3'  #4$(,  #'%!5 %#!!& #'"$' .#$-%'" 4$(" ,.#,-,- "(#+2'  5 , "(#+2' ,- .#0&% 8&
.#.!"' ,#.!&#%2" 4$(" &!" ..#.!"'"  .!2#0+, %2/' , #%4#/" 2#-%'"  5  "  ##.!&#%2  #4$(
.!,/2%#!!&"  !"#$'  #%#0#  #4$( ,0 .#,-,-"  ,  #/2!("  #4$( !'-  #%+&  #%#0#  #4$(  1*,

,1( 8%/ .1#1#'"7 . #)#4/  #4$(,  5  %!5 %#!!&  !"#$ ,.!'#-, %.!#  #04" , .!-#&2 "/#5) !'-
 ##+" ,.!#5!,!4& .!-%/'2 "/#5)!  ##663&  #4$(.   

4.2  "!"#$6 +"%$, !/  $1",6 %#1*%" 1"5$0 1$".  

%!6#(  #)#*% "1#1'! 24/' 7/'0' %#!!&  !"#$ ,0 , !&  ##!3' %!$#&2  #'!"#$ ,0  #/!24 7'$ #0%)"2
 #%15!'  !"#$ .!%!4' ,0 . "#%4#/'  (#&  #6,)("  #'"$'" .!#!'- .-%/", .!6#0"! %!6#(" .!6#0

6!%), 72!'-  3(-#( &, 7-,! !$ %4+' ./*" ,0 ,7&- !'!4' 7#&0.  

4% 7##*(, .,,!-" %!6#( .-%/' .'##4 ,&%0#20  /1#' .!%10'" 9%&" #2+%2 .!(+.  #%0/' ",/',
 5*!'" :6!0 7)!&2 on line "2#23" .(5", 1%0'" %.&2.  

5.  "#!/%1$"6 +"%$, !/  "$!#!#    

5.1  "$0"($&  "$"!*  

:#4/ 7)!&2 %4#/2 #!6#2 #1#, .!&2 %#!!&"  !"#$ ,0 .!#,-,-" .!-,0"" .#$  %!50  #4$("%#!!&"  !" ,
,,- 8%12  #3!-'  (#& , "$ 7##(/, #$-%'"  !+.2 %4#/2– "%!2+." –.!%#0# .!#!,/2  .  #,#'2

!'*/2  ##,&#*(6!)"  #/5)(" .& "*)' !(#& %#!!&" .& !2-%2  "$'" 5"(" .!%+& , !$ .!,/ &,&
,,-- "%2+" ,/ .,)!( . 7" !,& .!#!,/, &!)#& , "$0"($&!  8-2 .!(+2!'0' 7"0 ,/ .!/#) !&  #0(&

 #)!5 %0& !#" &, #(!*%! %#0# 7)!&2  #2%!/' .!,/" .& "%*#0 .!,#/)2.   

6.  1$"6 +"%$," +$(*  

6.1 $!!#  

!&" .!-#& ,/  #/#)0'  #*/!%#,#0# #.,2 7)!&2! %#0# 7)!&2 % , #-%1 ,0 2% %)3'2 . ,,- 8%12
#!!&" .!-#& ,/  #*/" ,0 "/)0""% .#2!#+ – .,!-# #,/2  "  #*/  #(!0 %#!!& #'"$' .+#)3, , #)-

80'"2 1!/ "&%(0 ,.#,#,0 &4!!1  ./)0"  #.#/, 8& .7,", .#0&% %!43( , .!/)0"" .&
%#!!&" .!-#& ,/  #*/ ,0 .!#$-%'" .  
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6.2   *-/% !/  "$2"$&  "#$6 !* +$(*$""6%1   

6.2.1  %1"51-'5 $ $&-'# +$(*  

 .!%!6%)'6 ..+)"/ %#!!&"" .!-#& .& .%)0'  #*/" #&"#!!%, "12!/" 24/, ,0 .!6#,)0 
!  #'"$'!#,4#'#- .!2!-%.. #'"$'  #$5 .!%*!#" .!(!0  , !'-)'62  ##!,. 7!$!&.!%!6%. 

#- &*'( .#)!%#&" "##,#"4" .!2#*( 7!'#'2 "(!%+&, 8%/(0 %4+'2 , "##+'* #%#./  #%!$&2
 #%/2 ,,0',  #4%) !'- , 1/ "-!'( .!#", ",!-# "%!6%)'6"4 (!) ,/'%+& 4,+' 3!#3,* .! ,

"##+'* ,!6( ,0'' %#/ ".!& ,06.  

6.2.2  $&-".# +$(*+$'%,'  

+$0"/ 1$"6 $'%,' &"-.!  !"#$ +$(*!. #'##4  #(!0  #6'.'  #,1!'  ,#1- .!#!'- .& 1!'&, 
" #'"$' , #*/0 #+)!3  . "$ %4+'#20+!'' ,1!'2 14'. , 6!%#)2 1!/ !#,& 3+##.(0

80'"2, 02 UFORE   - (Urban Forest Effects) ") ,1!'UFORE(" 7.  

"$ ,1!' ,  /6'  #(/1' !+.#)0.#(4#%'&" .!%/#" .!0% ,"- USDA forest service .!0&%2 
#0&%" 7/1'" ,!( 1#!#124 .)Davik Novak  (, 8)"" #'!.!  #%!& ""$  !+.2.    

 ,1!' .!/*'&2UFORE  ( %#/2  #*/"  #+)!30  #'"$'" .!#!'- .& 1!'&, 7.#("(!.  .
 #'"$'2 %2!1' #(!0  ,!'-74(+ .!*!'+.  ,.#%)!5 .!*!'+. ,7!$!& ,  #4#4,+! #(*'+ 1+ 7'+)

)(PM '  #(64"- 107!%4#'  ."%&2 "(!0&%" %#/""20 2" .(02 !54#0 ".##" %4+'" /*2." 
1991 ,  #%/2 %4+'" 8%/( 7-' %+&,!.!)3!( .!2%.   

 .(022006:#4'" %4+'  3%!) .#%#)'&  55 "%& #2+%2 .!(!0  #%/ "28  "!!0'!.& #(!.( 
 ",0 "+#)3",,  #25 #'"$'  #(!0"''#" ,0 .!(!0" .!/02 .!&*!." +!!6 .&  5! /*!''2 . 

) ",261-+)3(  (  ,1!'2 0'.0'  5 %4+'"UFORE ,0 "+#)3" .!#!'- .& 20+, .(' ,/  
"%&2  #%/2  #*/" ,-"2 .%4+'" #(!.( .#*'. #) ,/ , #%/2  #*/"%&2 " 2 #'"$'  #+)!3, 

 #,-,- #!!02 !/3.8 )16$!$'1!")  .) ",262-+)3(  (  

.!%',,"(0 #1' %#!& #'"$' ,0 .!(!6  #+)!3 %#/2  #*/0  ," $!+&" .!-#&2 %!)#0 ,0 /*!''
%#!!&" , #(!0"  #'"$', "4!,+2,/ ""''#" .!/0 8,"'2  #*/ #, &!",*("''2  , ,"&6'  "&-
)&6 )"2 ")!4.2 .&$!.##" " #,/ .%#./ "##+'*"  ( .&$!  #'"$' #$!-#% ,/ .!332."2

6'  #&(.!%!& #(.0'  #5!,! .#!&% ,#,!& ,.#(0 %-$&, ,"$ %04"2 ,11!2 $!+& !.!& #- , .(#+2'
#,-,-" !#!!0 ,12,2 .#%2" .!*%& ,0  ##(&2%!&"  #%!$&2 %,!1 1%&#,#' "/2%&, 2!%4 !/'0'.  

 .!&%' .!&*!." 5 ," #$!+&0&" .!-#&2  #%!)#0!7!$!&,  #"!25 %.!# !#" %#! , #4#4,+) PM( 
 .#%)!5 .!*!'+.!:&!,%#!!&" .!-#&2  #%!)#0"0 , #*/, .!1!" ,  "  .#3+# #-!'( , %!)#0" "0$6

))"2 +%,'2 , &,&1-.'2+$'%,'  #.!/'0' &!"  #'"$'" .%3" ,0 %!/#0" 7-,!) . .!&'
7!6 #),&,/%#/ ,-,  !"#$ ,0 %6' (  

.&$  / ,#!&%" 1!2-" ,-2! !(.-%/", ,!,,"  #(!.(" , #-#%/'  (#& ,"#!&%" "1#'2 &, .!+), ,
#(!%#/" %/#" ,0 64)&" ,- .& ,.!#%4#/ .!12!/ #.0 ,02:  

 $/61"12!/"  ,  #(!.("0+0$6 ,0 2!2%/" .& /!(',  #*/" .!!,/ ,0 .,!-#" .&  #20+' 
, /#5", .!(!#,/" %#!!&" .!2-02  #'"$'".#(0! /4%4" #() ,0#51", 2!0+ , ,0 #.(0 8%/0

.,,!- .#(!%#/  #'"$' .+#)3 ,"%!&-, 8!'( !(#"0 ,  ##!3' 4,+2 1!&' #.!/'0' .!#", ,!-#
%#/ ".!& ,0 7!.(.  

 764 #(!%#/ #.(0 /*!''  !"#$ ,0 8%/ "'5!1,-1% ,%#/2  ##!3' 7!.( %!$#&2 , ,/ 1!'/, ,!-#
13% .!,#/) ,0 .!/02 "+#)3 %!$#&" !.!&2 "3!'/ .#0!(&.  

6.2.3 %$4106 !/ /"'$/2 8"#.&  

2 #2%  #%4', .!+,  #%$)'!  #.2" ,/  #,#*'  #*/ 9#42 .#2" .!''+." .& 7#64'" 7)!&2 ,
:%!+2 .#2" .& %%4, .!%4 .!+!%'  #/(!' !& ,!7- ,/ %!%#4, "#5%(&  #-3!+   !'#+! #.2" 
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"'&."2. !$ "12!/' ./2!(" .)3!(" "&*!." ," #'"$'2 :#4/ 7!-3+ &#& !%*!(" %#! %!*##'  #
 ,'0+ 2 .!(+."+!-.   

6.3   *-/% !/  "$!$!/  "#$6 !* +$(*$""6%1  

6.3.1  5$!-"  s,VOC +$(*'  

  #'"$'  #+)!3 4% &,  #*/– .!&  #6,!)  5  "  . .6#,) VOC's /" .'%!.  #*/ #
 7!$!& .!%*!!#",)O3( #(*'+ 1+ 7'+)!) (CO .  

( .!#(5%!& .!2!-%.#(5!#2 %!4'' .!)#1 , "$13$*% 7"20  7%)!$#&7)%6!(!'!,  .!6,)( 7)!&2 #/26 
 #5!3'  #2% ,0  #+'*.  81-",$6% ,,0',, 6,)(  #,/' ,0 #*/ ")*)*, 7!,&, "2%/, "'40 

!6)#,4#&!3 ."""%/0 &#",  #*/0  #6,!) !,& 7%)!$#& #1- 75", ,/  '*/  !+"'. 7%)!$#&" 
 "%#)3!)!%62  ##4.'!20'0" .(#%4  / 2!,#0 , .!)#1( .!#(5%!& .!2!-%.! 74(+ .!*!'+.

 ##.##0/. .!%!4'' ,"  #%*!(  #'"$' ##(!#(0"  #%!'&".  

%#!&  !"#$,  #'%!. 8-#), ",&  #*/  &" ?8& 2!#+2 8- ,/ !(/#0 0#  ,!('/6, ,+%-"2 &,. 
"%)3!'6&274(+ .!*!'+. ,0  #-!'( #$!-#%  /  )2 ##%)-  #%!$&', ,0 ( , .&  #1#%!'  #*/
7!$!&" .'% ,"12!/" .'+' ,0)'62 .!#!,. .!)#1( .!#(5%!& .!2!-%. .6#,) .!%!6%) ,--

.!6#,)" .!'-  5 ,15. 8- %.!# .!"!25 .!%!6%)'6"0( #*/!  ,%!-$-,+)' #  #. ,,- 8%12
)'6.!%!6% . .,,!-" 7.'% .& "1#%!'  #*/ #!3#-2 "#,/ .!%!6%)'6" ,08-' "&*!.-! .& 

7!$!&" .'%9.  

" &#" ",&0" %.!#  #6,!) ",&  #*/  & .!#!'-2 7!$!& %*!( 8- 24/!  #+)!3  "0'  #'"$'
 1# ,/ .!+)3(" !,&' .!,!15..!/)0" ,0 .0%2 %2!1'! %+&'  , 6,+"2 8& .&$ 1!'&, "04

%#!&  !"#$ ..+)", .!/#6( .!#(#1'2  #*/" .%#+22 ,!4#0- .&$ .+4, 7.#( .!&,26 7(0# 7"2 .
 .!/#6( #,!4#02 0'.0", 7.#( 7"2! 7",0 7)%6!(!'"! 7%)!$#&" .!6#,) #),  #*/"  #5%!1'

 #*/.  

6.3.2 +$(*  3",& '  5$!-  

!,. 2!%,  #*/# # ," #-%!*, ",0 "4!$+. ,"2% "#5%(& ./40"2 ,' %4#/2 .!/*!2'" .!,!/)
 .!/*'&2  #%#0-'##(&-' #,#3!)  #4,1'  #,/)!'" #  , !'-/!(#0 ,   !$#5! #,/ #!4#( . .!6#,)"

!& .!2!-%. ,0 7" "$ 7!-#''%.!)#1( .!#(5 ,.#%)!5! 74(+ .!2!-%.! #(*'+ 1+ 7'+) . .!'-
#%#0-'  .!&' .!6#,)"  #*/ .4!$+. -#%*"  &#" :&,40#",, "/)0"" 7$&' ./#242  ,,!-"

 .!-#& ,/  #*/ ,0"%#!&.  

6.4  "2!"/'  "*-/%1$"6 +"%$, !* +$(* !/   

 .!%', .!&  #+)!3 4% &,!  #'"$'  #6,!)  #*/0 "12!/" ,/#)0' #(!%#/"  #,4& !%4#'2  ##!(#0 # 
 .!6#,)" .!%*!!#" ,/! %4#/2 ,/7!$!& ,0 .!%*!!#"" ."%& "6(,6& %!$&2",1!'2 "#'1" "-%/( 2 , "2

 5!1 ,0 712& 20 .!24/2 %/#'  #$!+&  .!,#/)%!#/.##" "&*!."! " ,8","6% ,"#$12 %$$!* ,0 "'%2 
14%10.  

.!%+&  #,#'2 :0 .!%', .,,!-"  #*/" .!'-% &- 8-' "&*!.-! +) .!6#,)  5 !. "- VOC's ,
)'6.!%!6% %#!!&" % !*#(!%#/"  !+" #&, .!1!"  , #*/" 712!& .!24/2 %*!( %0& . .##,/

)'6""%!6%, "%!.2 ,#1( .!#(5%!& .!2!-%. ,0 .!2%!/'2 .!#'#- .!2!5. .%#*#, ",#2!" %&0' .!)
 #(5!)!%.(& .!%!4''!  #*/" ,8","6%  "'#  6 12) !/ "-".2 "!*%/.  
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7. +$&-". +$(* )($# +$'%,'  

7.1 + *"0  +$'%,' !/   

!4''  #%2!/  #'"$'"   #%!4'"  .!%*!!#", #+'*!  #*/ ,.!/*'&2+!% .!%#!& .!,!2%/'!  .
"0 .!%#"' "22!%#/" .2-02  #$$  ", !4',  !4'' "(.0'  .'' 4+%' ,0 #4)!& /!(#0 ,0 /*!

 #'"$',7#2 &!"  100 ,-5004 " !#, ' . ##'#-  #-#,". %2!/  "$'" "/!(." 8,"'2 ,' %0& #%#2/ 
 #,!3!%#&,! #(!#(0 2*',  ##(!0&%"  #'"$'" .& . .#'#-" "%!*2 #!(#0".#,4#3#)"! 2*4 ,/ /#)0' 

 02# /!4#0! 2!6% /!4#0 .!/*'&2 "%)3!'6&"' /!4#0"(dry and wet deposition) Fowler 
2002)(11.  

7.2 %1-."'56%' +$'%,' !/ + 1.%  

 #-%1 0!,02 "%)3!'6&"' %3!' %#!&  !"#$ : *"3$/ )deposition(2"51  , *"3$//2$   #-#,".! 
  ##'#-   

7.2.1 *"3$/2"51   

2"51 *"3$/ #()!& #(0' 2-%!'  :7!0&%2 , #(),  #((/" ,0 .!2/.",  #)3!!.'  #'"$'"
#+.' .!)#6"0 ,!)#, .!,2!#(0 ,  #'"$'" #+)3( 05 ,0 .!)#6,  , !& 1%25,0.  

7.2.2 /2$ *"3$/  

7.2.2.1  !"# $% %&! '()!%:  

02# /!4#0 ,0 2*'2 ,#$5 "%#2* 2*'2  #'"$'  #+)!3  #*/,/ %4#/2 " .!#(!#)" 8%1 "2#&0 #
",/2 .2 +.) &#" .#(!#)"#,/" +'*" :!,#+ .& .3!!' %0&  #$5"2#23"! +'*" 7#2  . 8%1

  5 .0+%.' .#(!#)".!#1) .!1&." ( ,0 #'",/"'  .  #1&'  #,/" %0&-  !#" .!/0 8,"'2
.!#1" 8#,".2  #' , #$5, $,4 2('2 +$'%,' !!"#,",/,  #3(-(  .",/" 8!.2 ,#$5"  #%$).'  

/  #5)3(!  #&." 7#2  #,,+2"",/" 8!.2  #,,+  / "2!5., !& .!*'!+ .%#*#,  #' .!'4% # .
9/2 6,4(! 9/"  / 2#5' $5"0 /5%2 ,"%)3!'6&"' %3!' &!" .:3!(2 ,  #+)3(  #'#!3'  #$5

",/" ,0  #()" +60212.  

7.2.2.2  !)!)$* $% %&! '()!%  

/  !"#$  #+)!3  5  #*/" #4#4,+ .6#,4 # . "#*6#2%5' "&*!.-  #,/" ,/  #.+!(  #4#4,+
+!%" ./!(.! .9/" 8!.2  #6,4(  #'#!3'  #4#4,+ , +602  #%&0(  #4#4,+" 2!%0 .!%',

9/" ,0  #()" ." #4#4,+",/" +60,  #1'*(! 9/" .)!+ ,/  #20##.'  .  #%$!+  #4#4,+"
"%)3!'6&, %21 ,0 !)!32 ,/  #)60("  / "'1&,  #,)!( !&  05 # #)(/" !&  #,/" . !)!32

%21 ,0 , #4#4,+" 2!%, #('$ "4$+& %.&  "  #*/"13.  

7.2.3 +$!* $)$ !* +$'%,'%  &$-. 8-"6  

  #%!04" .!+!- #), ./24(!  #(!0  #'%!5 .!24/2 "(.0' ",/" 8!.,  #'"$' ,0 "+#)3
 "$', , "2#23,! +'*, )",/2  #'" ,0 7$&'" ,%!&" .!'- ,+!%" .!%#"' , $5" .!3#3' #'2 ,

",/" .%!* ( Smith 1981) (14.  

 "##+'*" ,0  #()" +60 ,0 #)!&"",/,  "$'" 7#2 .#'#-" "2!5."! ,/#)0' # #%!/0 ,/ 
/!4#0" . #"!25 %.!# "/#40" #%!/0 35 %.!#  #()" +600 ,--. ,0 .#'#-" "2!5."0 ,-- 

%.!# "4$+ ",/"  /  "$'",%.!# %"' /4!0 &!" 8- .   

 &'5!1,: SO2)  )5.#(*'+ !1 .#% (!- O3) 7!$!& (7" .!#'#- .!2!5.  #%*!#  #()" +60  / 
 #(!*#+"7"!",/" 8!.2  . ,0 05)'2SO2" ,0  #()" +60  / ",/  02 "!!/0 .2-0 0# 

 #' 1!2#&' +'*" ,/ "(#5' %0& ",!4#6!4 ,.!,!4,!' "'- #2!/2  #' ,0 "2-0!) . .!*%&2
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 ,/  #' ,0 "2-0 0# "(0" 2!% .!#(!)* #,/" (. #(!#" 2-%", ' 4,+-  #'" .!,!4,!' ,0 2-%"
.#%)!5" .*!'+. ,0 .!3#3'" 2*4 .& /2!4 .#(!*#+" "2-02.  

 ,0 "%4'2 ,O3 ##.(0 8%!&, 1(,6!432 .!%/#2  #%4+' ,7!$!& ,0 "+#)3 ,/ ,%.!#0 !&%"  
",/" +60 ,/ &,& .!#(!#)" 8%1 &, .#0/( 7!$!&" ,0 "+#)3" .#*+'' .,0 "+#)3" 7!$!& 

/ &, &!" ",/" ,0  #()" +602" #' .2-0 # . !(#& ",/" +60, 7!$!&" 7#2 05)'" ,0 "#'#-"
"%#4+, &0!' &!"! /!1#15.  

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

8.1 $!!#  

 #'%!5"   #)3!(" "  #'"$'" .+#)3 ,/  #/#)0'" , ,1!' #) ,/UFORE   :"(0" .!(!/ , 80'
 !#" ,%# 9/"  &"1/ 4! !& %#0( ,9/" ,1!5 ,  !"#$" #$!-#%!  #/40'!6'  #(.0'!&#5!,!%# "2!5 7!5-  

2!%#/" .2-0 .  

 $0"1$*% %'12 ,,!-# 1!'&,  #&2 %0&-. "+#)3 #(!%#/" 2+%'2 , "  #'%!5" : $!+& +60 #!3#-
%#/2  #*/"!  #*/" .!)#)*.  

8.2  +"$% 9/'" %0/%  "0"*  

7!$!& .+#)3 ,/  #*/ ,0 "/)0"" ,.#%)!5 .!*!'+.! 74(+ .!*!'+. ",!15  %.!# !#" .!/02, %0&' 
",#," .!/02.  

2.!#1" 8#,".,  #,/2  #3!-'  #*/" "2 ")!4.2  )9#42! 2#2&2( , ,#,!  !# .0+%.'  #4#4,+ .%3"
"(0" ,-.  

 #(*'+ 1+ 7'+) .+#)3)(CO  #,/2  #3!-'  #*/" "2 ")!4.2!  !#" ,- .0+%.' , #6#& 2*42 8&
 %.!# #'"$'" %&0'.  

8.3  +$1$/0 "6 +$3"1$ +$(*  

 .'%  /  #*/, 7!%.# 0#  #%#0("  #*/" .+)0'2  5!  #%#0(  #*/' %.!#  #+)!3 1/ #4!%#  #*/
"-!%& %.!#  #,/ .)!4.! "-!'( .!%#0( ,.#3+# ,""!25" .!%#0(" .'% #,/2 !,&, .  

8.4 7*% !)"4  

 #)  #%#3'  #,!15  #*/60 1/ 70  (!) #'"$'&' "(0, 64  #*/ %0 #( ,  #() +60  ", 0#0  !0'
 #,/ ,0  #,!15 %.!# "3'!#2! .  

8.5  +$*3/'  "'#  

' %.!# "2%  #/40' .!'-,#2!"2 ".+)", "+#)3 ,0 /!4#002#  , ,1!' 332.' !#) ,/0UFORE  

8.6  +"%$, $,"#$1  

#,/#$!-#%2 "#  !"#$  %#!!&"#,/, ",#2!'#2 ".,,!-" "+#)3 .  

8.7 5' +$60 1"6$4"!"$ +  

!)#0/  #'"$' .+#)3 24/ %#!!&" .!-#&2 %" .1%!# "%)3!'6&2 2!%#/" .2-00 ,-- ",!/  #*/" #
"2!52 .  
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8.8   $0"1$*% %'1% : "-$-(" $".$# &5/  

%.!# 764 #!3#- +60, .#3+# "+#)3" .!'-  5 ",!/ %.!# ,!15 #(!%#/ +60  #3-'  #*/0 ,--.  #%/2 
  ,0  #%!$&  /100%  #*/ #!3#- )#/26 %/# (+&%#!& .!-#&2  #%!)#0" $!,  #4!%#"  #,/" .)!4.2 

 !#" 8,"'2, ".##" 2%7!$!& %!2/  ,  #4#4,+)pm (!SOXs -  ..!%+&  #%/2 , %#!& .!-#&2  #%!)#0
 %*4 +!!6,).+& "/0 (  /  #%!$&2100  #*/ #!3#-  #$!+& .##"" 16% .#%)!5 .!*!'+.! 7!$!&, ,9% 

74(+ .!*!'+., ,8%  #4#4,+, ,!- 0.037'+)" .*!'+. 1+, .   

.#%2" .!*%&2 .!(!0"  #%/2 "+#)3" #(!.( 7#2 "&!!0"2 , ,/  #/#)0'"  #'%!5" 1*#- .!&%, 7.#(
,#/, !('#(0 "+#)3" , #(!.(" ,/  #/#)0' .5(& 3!,2'3, ,,0', , .1%!" ,0  #"!25  #(!.( !&*'(

1/ #4!%#  #*/" 2!% .!#" ,02 +60 .1#+#,  !"#$ ,' 6!/#'  /.#3+# "!25  #'"$' $!-#%!  #/40 ,
""!25 /!4#0 .!'-! .!%#"', ,#2!"0 ..#(!)*" 3#,!)&#(#' ,.&$ .'!/, , .+#)3 #(!.(  / %#/" &#"

"%*4  #,/ .)!4.  /  #%#0(  #*/" 2!%0 "12!/" ,02 +60 .1#+#, %.!#2  #-!'("  #'"$'".  

8.9 +$'%,'%  &$-. !* 7*% 4".  *-/%  

 7#2 "!!0"0 #,5(& %4+' #*/ #5!3 "0#'+ , .& "!!0"0.,!-# %0/'  #(64  #4#4,+ 6!,4, " 7!%4#' 
 ",0  #()" +60 ,/ , #,/ #2+%  #*/'   #4#4,+ %.!#  #+)!3  ##(6+'  #*/0 &*'   .  #*/" 7#2'

 #,/" #2+% , #4#4,+ %.!#  #+)!3 3)3!+'  #() +60  /  #,/ . .+#)3 ,0 .!(!0 .!'% 1!'&, 8%1"
/  #4#4,+"/ #/ &#" %4!2' 7)!&2  #*"+!% .!%"('2  #4#4,+ ,0  #/!1#  #(!(#',  #*/ ,0 ")#0+ # .

 ##0!'#0  #,1!' 4)3' "$ /1#' , %#!& .!-#&,  #*/ ,0 .!,/!." .&  34', .(' ,/'".#'!4 .
(Beckett 2000) 16.  

/ 74(+ .!*!'+. ,0 "6#,4 .,!-# 4120 :3!( %4+'" #217)3' 7'#3  #(!0  #*/!  #+'*  2!+% #*/ %
.!)*)*!  #3!6)#,4& ,0  #(#'  "(#2 74(+ .!*!'+., ""!25 "6#,4 .,!-# #,/2- ,  5  #&*'(0

7!-#." +%$'2 . #,/2-  .!(-, 7.#( 7-,!  ",0  #%'!+" :!,#+2 2!0+ 1#4). ,/2 &!" #(*'+ !1 74(+
 #(*'+ !1 74(+, "2#+ ..#+)", ,#202  #0#2- #1#*2 "##+'*-  "2 0'.0", 7.#( !1 .!'- .& 

"%#)3!'6&2 74(+" .*!'+..) Morikawa 1998 (17.  

8.10 %$&'(% !* 1$""6% +"%$,  *-/%  

 "$'" 5!3 #), "(.0'  #*/ ,/  #'"$' ,0 "/)0"" ,!,0 .!'-" ,9/" ,#5! 5!3 ,  ##.2#23  #&(.
1!/! .",#152 "/#5),  !%5,  ##!0/  #'"$' , ",+' :&!.!!' .25 $!-#%' "/#5) 7#2 ,#12", 0# ,0 "!

7'$ 8%!&,  #'"$' ,0 .!(64 .!#!'- ,0 ")#0+ 7#2,  "$' .  ",  #'%!5!  #,/2  #/5!) %#!& #'"$'
 #'.-, ,4'(! "$!%!,-, . ,0 2*4""$.(#3!6!) .+!)  #*/ ,0  &!"  5 #'"$' ,02"%#!&.  

  

  #2%!/'"  #-#,"."8-2,.!#(!#)" .%#53  "  ,  #%'!+" :!,#+ %!/#02  ##!(#0%42 "/#5)!&." #'! .
"$6(#3!6!)2 8-2! ",/, /#5", %!&' ./(!' ",/" ,/  #4#4,+ .!%26*" . "/#5)" 8!%& +!!6,

 #,/" ,0 ",#152! "%#*#2 "1#%#, .'%!5 "$6(#3!6!)2 .9/" ,!1#52 "/#5) 7-.#. :3!(2 , /$5" ,1!52
 #0%!02! .  

 "+)0' ".!& 8!.2  5!  #(#' 7#2 "(.0'  !"#$, .!1#'/ ##4 , #./,, #(!0 . %21" 9/" ,1!5, %!04  ,
! .!#(!#)" %)3',.!#'#-!#2" .!2!5.2 .!1#'/ . #'"$', "2!6 .!1#'/ !&%"0  #*/ #($ +#20", 7.#( ,

.!%+& .!%+2( .!(!-., :3!(2 .Kozlowski 1986)(18.  

  

9.   &$-. 2"/$&! %)" '+$'%,'$0621"6% 1*$% $)$ !*  :Novak !)"'" UFORE  

9.1 13&'%  15'" *31   

  !+.5 1#!1 ,0 !%4+'' .%#*#, .!(!0 .!#%!&#.!  #(!0  #(/1' 15&' 4&2!!( #5 ##%4#/  #,1!' , 
#(&2%!&" %/#" ,0 .!(!0" .!(!-."! .!,!-#" .& 8#%/", 7.#(  .!/*'&20 . %!$/, &#" !#%4+' .%6'
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"0  #(!0"  #.!%#0" .&! #(!%#/" %/#" ,0 "(2'" .& .'-,! 8#%/",  #(!0  #,"('!  #((-.', &!
4)3' ,%.!#2  ##4'"! ,#/#" 7)!&2 #(&2%!&" %/#" .& ,"(, 8- #1# ,/!.  

9.2 % %02'%  $13&'% %)" '% !/ $!!# 

 ##6%!&#.  #2!0#+!  ##%#)'&  #(!.( ,/  #33!2'  #,1!'" , .!1#1' #1# ,/ 2!0#+,! :!3#&,  #(.#("
+60 , #,1!'" .!&!!0'2  #(!.(" .2*"! %#!& #'!,*. ,0 +!(/) .!&!!0' ,/ .!332.'  #,1!'" .

 #5!,!#2  #4!+ , #(!0  ##'#-!  ##,&4#$#) ,"/'%32#1"' !)"'! +$!!.  

,1!'" .%6'  &#"%!'&- ,#(&2%!&" %/#" #1# ,/  #4)!3'"  #(!0"  #.!%#0" .& .'-, . .%$/2
 #,1!'" .!&!!0'2  ##%#)'&  #(!.( .2*"," .!#!'- .& 8#%/", 7.#(  #'"$'/#" #1# ,/  #+)3(" % ,

" .!#!'- .!2!-%..!#(&5%!&" .!)#1(*)!'0 .!%/#" #1# ,/  , #*/" ,0 7'+)" .%#5& .,!-# , ./)0"!
.#%!$&" "%!6%)'6" ,/ %/#".  

10.  !)"'UFORE :  /'&  $4".+$!)"'%.  

10.1 $!!#  

,1!' UFORE 19 '4,!+ !'&$/%+$!)"'  +$0"/ , %/#" ,0 .!(!0 .!#*4(!)! .!#!,#/)  #.'-'"
#(&2%!&" .  

'" #5!3 (#"  #(!0"  #,1!'" .&  0##, .(' ,/  #0%1(" /1# : #5!,!%!&6'  #(!.( ,%#!&  !"#$ #(!.( ,
 !'*/ +60" #(!.(! %/#" #(!.(–"2 0!'#0" 7)!& !& "'1&" 5!3  .   #,1!'" .&  0##, .(' ,/B! - D 

,)*'.2  !6%!)#0#80'"2 . (#,&6#5#1  #(!.( 8%/'2 8%!* 0# ,#./0 3#32 ,/ 7-1/.'" ,  #(!.( ,0
%#!&  !"#$ #$!-#% #(!.( ,0!  #5!,!%!&6'.  

 !$ %4+' ./*",  ##6(!!,%"  #,1!'" #(0 ,/ .!14'."  /  #,1!'" .0'+ ,0 #.#*'. %!&. 7,",)A 
!- (D:   

10.2  !)"'UFORE- A  - $0621"6% 1*$% !/ %$'"506 : %," % !)"'% 1"2* $50""!1 "0$13&' 8#!" 
"$!* 2$&10. 

#3#32 ,1!' !(#" 7!0&%" ,1!'" ,%/#" 5!3 .& 7##)&, 7" !#.!%6'0#(&2%!&" ,  

 !"(2' ,!  .!#.!/'0'" !#.!(!-. 7-,0 "3&'!#2" .& .'-,!.  

.& ,,!- ,1!' ##6(!!,%  #(!.( :!3#& ,0 2,0  ,+60 .!1#1' ,%#!& #'!,*. ,0 +!(/) , 2!0#+ "3&'!#2
#(&2%!&" %/#" "(2' #25, .!(43' .43"!  #(!.( .2,*" #1# ,/  #*/" ,0.  

%15!' %!$&2 #(&2%!&" %/#" "(2' ,0 .!'#-, "10" #(!.(2  #0'.0' "$ ,1!'2 , /4%4 #0!'#0 #),
 #*/ ,0  #(#' #5!3 #), !&.  

 #*/" %)3' .& .'-' ,1!'" , #(#'" .##*#$!)'!4 , #*/" .!)#)* ,/" %6!4"'#0( "2!52 9 , .,!-#
%!$&2  #*/ ,0 "*)"" ,.%.!-" .,#+. "2!5 , .%.!-2  #,/" ,0 "5#3(" #%!$&) ##(!#+ &,  #%!$&( ,

  #,/" ,0 "3&'!#2!   #,/" +60)!6%!)0 .!#2#3%5!%)" .!&!!0'" #), 0  .(  

 #*/" ,0 #.!&#%2" 2*'" .& 41!2  5 ,1!'" , #(!0"  #(#'" ,0 %0!/" ,2%."" .,!-# "*)""! .!
9/" 7#' %!4' #),  ",0 ,0/ 7!5-  #4#$' ,0  #/5)'! /4%4 ##!)#+ ,0 "*)" , #(##)&'!  #(2' #5!3

 #(2' ,8%!*" #) ,/  #(!.( 1!/!  #(2''  #*/" 4+%' .  

 #%+&"  #,1!'"' 1+& ,-, #+%-"! #3#32 2,0 !(#" "$ ,1!' , .!%#0 5!32  #+'.'"  #,1!'  (#"0
!5- %/#" ,0 #)#*)37 ,"%!6%)'6 %!%#4 !& 7'+) .%#5&.  

 ,#-' 1!/%/#" ,0 .!#%#)'&" .!1#1'" 2,0 .& "$ ,1!'  ,.!1#1'  " !6%!)0 +60",/', .& :3!(2! 
!,&  #(!.( ,0 "%'"", #,/" ,0 "3&'!#2" #2!0#+,  . "1#1' .!10, +60" .&  #4,+' "$ ,1!'2

 %1!3'! 4#!1'  #(!.( :!3#& %0)&, .(' ,/  #(64)3 "&% :#/18 – .1!.' " 4%)2 %4+'"#!)#'.(   
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10.2.1 $0621"6% 1*$! +$$0"($& +$$1$-'6 +$0" 0 :".$6  

4&2!( ,0  #,1!'2 0!'#0,  #)3!(  #(!.(  #0%1( , #$!-#% #(!.(!  #(!0  #5!,!%!&6'  #(!.(
%#!!&2  #(!0  #'"$' .&'5!1, ,#(&2%!&" %/#" ,0  #(!0"  #.!%#0" .!-#& , .+#)3 7!5-

5&!  #'"$' 7'+) .%# ,7!5-  #(!0  #%6'%)'  #/)0!' :%#!!&" .!15(." ,0'0" .(#%4 ,  #*+,
 ##%)3!'6& ,.!+!%"  .!%#"' ,1!/! .!+, #$!+&.  

10.2.2 $0621"6% 1*$% !/ +$$1$-'6 +$0" 0 :".$6 : 1$"6 $'"!(  !/ &" $0" &5/  ")$)'  

!6#0 7#2, +60 .!1#1' 7#2 2!,#0 ,/ 33!2'  ##%#)'&"  #(!.(" :!3#&%#!& #'!,*. +!.#(, . .
)%'&'2 .!%&!.' %#!& #'!,*. #1# ,/ %/!#' #(!%#/ +60 +!.#(! "1#1' .!6#0 ,/ "2+%": 

"Measuring and analyzing urban tree cover" 20  

10.2.2.1 !+(,!'- ,'!- $% ,!(. !/($01 !(2!/( *(1!+$ 1(3!% 1,"'&  !+(1+ 4(5!.: 

/#" ,0  ##(0' "4!,+ #%!$&,  #4,+' ")'" .&% , +!.#( 2,0 .& ,/#,! ,4", .(' ,/ .&$
 #(!.(" . #(!0" /4%4" #0!'#0 #5!3! +60" #&(. 5!3 #(),  #/24( "(0'" #%!$& . .!&'5!1

0  #(!.(, )3&, 0# :7!.( +60,  #*/ .!'- ,7!.( +602  #($ .!'- , #*/" ,0 #.!&#%2 2*' ,
 #*/" ,0 ,#5 , #*/" .!%.!- ,0  #1'#' ,*/" .##*#$!)'!4 # - #&(., 3+#2  #*/" ,0  !4#' 

 /4%4" 0!'#0 #5!3! +60")%/#" "(2' .(  

%-$!'" %'&'"21 , ,0  +!.#( #1# ,/ !#!)#'! %/!#' +60 .!1#1', .!(!0" .!1!.'" .&  -3'
%#!& #'!,*..  

7" 42!( ,0 %'&'2 .!6%!)'" %#!!&" #'!,*. +!.#( .!6#0 : 2+!% #!!4 7!'#3 #1# ,/ "1#1'
!,+  #%*##'" #(!0  #%6'%) #), "4 ,   #(!.( :!3#& #%!$& .!5*##'" "1#1' .!1!4(, "4!,+
"(!%+& "6#0! - .#.2-0 2% "4#%3 #1# ,/ +!.#(  , "(!0  #(!.( .2-0 .5*##' "2-0 ,- %0&-

+60" ,0 .  

02 +!.#(" .!6#0 #.(!0&%" .!,.!*!)( .!#63 #2!0#+, 8%1" .6%!)' . "(!%+&" "1!.', ,
1# ,/ ./*2.'"!1'" "1!.'" "(#"0! "4#%3 #%.!#2 .4# ,%4#! 1+!#' 1!#* 0%1( "1!2/! 

%.!# .#(1)4! .#2#3(6(#& . &!*', 7.#( %#!& #'!,*. +!(/)2 4!#1 ,0 .!4#(-6, .)3!( "2+%"
%'&'2 :"Urban cover mapping using digital, high spatial resolution aerial 

imagery",22. -/ &!" 051" "$ %'&'2   #,24.'" +60 #5!3 7#2 ",12" .,!-# ,%#!& #'!,*.2 ,
 ""$ 7)!&2,2,2, ,!,/",7!62 #+60'!  #' 7!5- , #"$  #&%(  #.#/,0  . ,/ 2#+%' %'&'"

%#!!&" #'!,*. +!(/),  #(!0  #%6,#).  

10.2.2.2 *3% 1(6!6/ !6! $'  !+(1+ 4(5!.: 

+602  #11!'0  #%6'%)" #5!3 : /$5" ,0  ##2!/)%12"+" "2!52 -"$( , ,0  #,40'!  #1'#'
  #,/) #02#!  #26%( ,9/" "2!5 ,.!%.!-" :4#" ,.%.!-" .,+." "2!5 , ,0 #.!&#%2 2*'
 #*/"  ! #*/" ,0  #&,#5 .  #,/ .+#4,! #)!43,6 "1#1' ,4' #1# ,/ .#0/( 9/ ,- ,0 "1#1'"

764 :!(' #1# ,/ 9/" ,0  #(!0  #%!$& "'-' .!,40(! !11'(  #,/",(! !02!# 2!0 !11'.  

 /$5" %6!4 ,0 .!(!0" +60" .!1#1' .!6#0 ,0 "2+%"! 6!%#) ,9/ ,0 2+!%! "2!5 ,  #4+%'
 #)3!(  #%6'%) 1!/!  #(2'' ," .(-!. ,0 0'.0'" .!&%!" %)32 &*', 7.#(-"I-Tree ."

!$ "(-!. ,4&2!( ,0 !#%4+' 3#32 ,/ "+.!) ,#(!%#/" 7(-.', %!$/, "%6'2 , ,"(, .&  34',!
%#0#(&2%!&" %/#" #.!.  

 %/#" ,0  #(!0  #.!%#0 20+,!  #(!0  ##%#)'&  #(!.( 7#$", 7.#( !$ "(-!. ,0 40''" .%$/2
&2" :#/32 !6%!)#0 #)- #(&2%!&" . "1#1'" #-%1 ,0 6!%#) &!*', 7.#( 0!'#0" .!&%!"2

  #(!0  #5#%+  #*/ ,0 .!1#1'  / .!11!'."! )'/ "&% '128-1322 -" I-TREE Software 
Suite User's manual- Appendix C. UFORE Appendices(23. 
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10.2.3  1*$% 8"$-6! +$$0"/61 +$$,#1' +$15'1- &" $0"  $0"/61 +$0" 0  2!(%
$0621"6% : 

 #(0"  #(.0'" (#" %/!#'" +60" ,0 !)4#" ,/  #/#)0'"  ##.!"' , .#/26" "2#23" #)!&- 
"'1& 5!3!  #,4& ,,0 ,!*#("! 0!'#0" 7)!&! 1&" #1# ,/ +60"  .  

%21' #%/ , #%/!#'  #/*!''  #+60 ,0  ##,,-  #$!+& .!,#-' .!%/!#'  #%/! "2%/ #%/ , 8&
/.&$   ,%#/ ,- ,0  ##)#*)3  #(##)&' .!24/2 "(.0' "$ $!+& ,  1&" "2 8%1,  5  #%!04"

"'1&" .& ,*('.  

7" .!(!0 ,!*#( #-%1, .!&'5!1 :7!62 #+60'--! "##(+ #0%5'  #0#2 , 7!5- .12!/' "4!%# "'1&
.!&01'!  #4%&) , ##/26 %2 #%!$& ,1!/!  ##.!-&,'!  ##/26  #' .!%!4' . 7-, ,  / %#/  5

 /4%4 ,0 #.!/'0' ,!*#( 24/ "##+'*2 %!3+'' ,!23, ",!-# ""!25 #/26 %!/## ,&#*(6!)
#(&2%!&" %/#" ,0 .!2+%."! "+#'*  #/(!'"  #0!'#0,.  

#)*" #(!.( .& "'1&" 5!3 15(- ",262 2#*", %0)& %/!#'" +602  #*/" ,0 .!)).#%21' ,
.%/!#' !& "2%/ ( "'1&2 #0!(&" 0!'#0" 7)!& 15(-!).!&,4+ , #%!5' ,%2 ,1!/! 7!62 .!#.0. (

 .!,!/)! #(!%#/" %!/##" .& .!11!/'" .!#0!(& .!#!,#/) 7#2 .!%0!4" .!(43' 4#3", 8-2!
&  !#- .!2-/'" .!#0!(&.#(&2%!&" %!/##" .,!-# .).'/ "&% '53-54 , .!&,262,3,4,5 %'&', 

("" ,"Measuring and analyzing urban tree cover" 24.  "(0' .!&,26 %*##, 7.#( :3!(2
 #(#' #),  #*/" .& .!4,+'" ,#.!&#%2 2*'!  #&,#5 ,2!0 , 7)!&! /4%4" #5!3, "&!!0"2

/4%4" #0!'#0.  

10.2.4 1$-'6% +$0" 02 /"'$/+$!* !/ %.6'"$2  "2/&'%  "6""/' +"/$$! +$$.  

%'&'2  #6%!)'  #!3' 9/,  #,/" ,0 "3&'!#2"!  #,/" ,0  #()" +60 #2!0#+ :
"Estimating leaf area and leaf biomass of open-grown deciduous urban trees".25  

"$ %'&'2 ,0 .& 20+, .%$!/" .#2#3%5%" 2!0#+" .&!!0' .& 4&2!( 5#*'!#2!  #()" +6-
%#0( 9/ ,0  #,/" .3&' .9/" ,0 /*!''" #,,-" 8%/" .& .20+' "+3!(" , .!20+." 8!.

 .!(!/" #)!,#+ .!24/2  9/" ,0  #(.0'"  #2*'2! "(0" .!(!/ ,,-2)"+#%)! .-,0 .( "+3!("
.!'1!4 .!&+3!( .,,-0'! .%)0' ,9/" #)4#" ,0  ##%#)'&  #(!.( ,/ !332."0 , ,,- 2!0#+,

9/" ,0 "3&'!#2"! +60" .  

 (#" "3&'!#2" 2!0#+ .&!!0'2 "2*",  #0%1("  ##%#)'&"  #(!.(" : "2!52 /$5" %6!4
"$+"- ft4.5) dbh ( ,9/" "2!5 , #,/" .%.!- 3#32, 1/ /$5" "2!5 , #,/" .%.!- 2+!% ,

 ,1!5!  #,/" ,40' , /!24 !(#"0 ,*"  14'! 9/" ,0  ##(!*#+ +60 #()!..!'-2 #!, %!&" 
 9/" .%.!-2 .%5&("),0 !%4+'  :McPherson, 1984(26.  

10.2.4.1 ,!%+ 7' $% -5./(!& &(%!* 1*5(+ : 

"3! "3&'!#2" 2!0#+, 4&2!( ,0 %4+'2 "+.!)0 .#2#3%5%" "+3!(2  #2*!' !,&  #%6'%)" -
 9/2  #,/" +60 ,-)'/ "&% '505 :(  

                           In y= b0+b1H+b2D=b3S=b4C        

%0&- :Y =  ",/" +60,)m2 ( 02# ",/ ,0 "3&'!#2 ,40', !&)g( ,X= "2!52 /$5" %6!4
"$+"- dbh (cm) ,H = .%.!-" "2!5)m( ,S = 412(" 7#'" ,0 ",,*"" 64)& ,0 /*!'') .&

'/2 %'&'2 /#)!'" +)3(2 .!&%, 7.#( ,*" #'14' '506C ,( #() +60 ,0 #(!*#+" 2!0#+" &!" 
 9/")4+(0 2!0#+ #1# ,/ % (Gacka- Grrzesikiewicz 1980 .  #/*!''  #*/, "2!6 !$ "+3!(

 7#2 /(  ",0 .%.!-" "2!50  ##(!%#/1' '-12'  ' 7#2 &!" .%.!-" 2+!%!1' ',-14'  ,'DBH 
 7#2011, -533 " 7#20 ",,*" 64)&! '0.67 , 0.88 .  ##(!%#/"  #*/" 2% , !'#&.#0 %#23

6%!)'"  #,15" +!!6,.  
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10.3 )"'% $0/% !UFORE- B :"$2 +$,4 !/  "5$!- 9"1*$/- +$$0641"6 +$04VOC'S)   .(  

 #(!0"  #(#'" #5!3, "%!04 .!6#,)" .!'- , #,/" ,0 "3&'!#2 ,%#!!&" .%!6%)'6  "'- 1!/!
 ##.2#23  #2#-%' ."/0 ,-2 "6#,)" .& 8%/0' ,1!'" . 9/" 5!3 #),  #,/" ,0 "3&'!#2")  #(!.(
" ,1!'"'  #+!4,"7!0&%( , #!3'" 7#'" !.!& ,0 .!6#,)  14'2  #,)-!' , .!5%1 .& 2#(", .(' ,/

$! .!/*!''" "6#,)"&. , %!& #&(.2– #&,' 0'0  . .!#!'- ,/ "/)0"  #(#'" #5!3,! %/#" "(2',
.!6,)("  #$5".  

.!+) .!%*##'" %.!# .!'-+ .!#1#./ "4!$+. #-%1! .!,#.0 7(-.,! ,"(, %!$/, ,!-# "$ ,1!' .!6#,) 
 #%15!'  #-%* #) ,/ .  

10.4  $/$!/% !)"'%UFORE- C :1*$%  -"& $)$ !* 8'&- !/ 8".&6  !"#$ .  

 #*/" , .,#15 8#,". 8%1 , ",0 .!'4%" 8!.2 7'+)  #%5!& .!$ "(!-. #1# ,/ ,  #%$!/  #*/"
%#!!&20 7'+)" $!-#% .& 1#%!", .7!3+&" .,!-# .& 20+, .(' ,/ ,+' 9/ ,- ,0 "3&'!#2 .20!

):#/3 "&%  10.2.4.1 (2 .,)-!'!-0.59/" ,0 7!3+&" 8%/, .%'!' .!#", .(' ,/ .  

9/" .,#15 2*4 .&  #,,-0' 9/ ,0 .#.(0" "%#5&" .,!-# .& 20+, .(' ,/ , !2*'2 #!,."
 #.!&#%2")7!0&%" ,1!'"'  #(!.( .(7##*, 0# ,2 7'+) #$!-#%2 "$ 7!-3+ #-%#!!& , .!'-, 3+#2 764 !(#"

 #(2'" %!%#4 #1# ,/ 8!3+, 7.#(0 7'+)"  ,#(&2%!&" %/#" #1# ,/ . ",#2!' "%!6%)'6" .1%!"
7'+) .-!%*.,- %.!# "(64 ,'0+ .  

10.5 $*$21% !)"'% :UFORE- D : +$(* $)$ !* +$'%,' +$,4  &$-.%,"!)"' :."0  % $50""!1
"0$13&' 1"2*"$!* 2$&10 8#!" % :$*.2 .' 62 '17. 

"+1"" .& 20+' "$ ,1!' )"+#)3( %/#" .)!+ #1# ,/ %#!!&" 7'  #'"$' .!'- ,0 .#./0" 
#(&2%!&" ." #'"$' "  #+1!'"  :O3, SO2, NO2, CO,M !   PM10.  

+1!'"  #'"$'"  %$ )F ( "+1"" 2*4 ,0 %*!.- 20!+')Vd (  !"#$" $!-#%!)C.(  

F(gm-2 s-1)=Vd(ms-1)*C(gm-3)  

10.6 % !)"'%$/$'& :UFORED- E : !/ %1"51-'5%  )1"%  "23*2 %$4106  #$1(2 8"#.&
$0621"6% 1*$% )$ !* +$$0"1$* +$02'.   

"$ .!%#0,1%!" ,0 .7'+)" .%#5& .!%#0' %.!# ,#/# .!%#0 !(#" .#(!%#/" "%!6%)'6"  , 7!!#-'
 "$'" ,0 "*)"" %+&, &,! %!4'2  !"#$" 83+(0 .!6%)'62 "1#%#,  .%'!& .&$ "/)0" 0# "%

, ,'0+" .-#%* #)4#" .1%!" ,/ "%#0# #-%* !"#$" .'% .1%!# 8-2!  ##(!%#/"  #(2'" %!%#4 ,
%!4'2,'  :4#" .-#%*" ,'0+".#(!%#/ .  

11.  %2&1%/ !)"' $50""!1% !)"'% !D :  

11.1 $!!#  

7!0&%" ,1!'" ,%!'&- ,!#.!/'0'" !#.!(!-.! !"(2' .& %/#" 5!3 .& 7##)&'" #3#32 ,1!' !(#" ,0 .
#(&2%!&" %/#" , "2+%"2 !6%!) "3&'!#2" #2!0#+, .!&+3!("  5 !'- .!+('" .!6#0"! .!1!.'"

 :#/322.2 .:3!(" ,1!'" ,!(%!2/ #6(!!,%" , !(#"13&'% 2! , !)"'D.%!'&-  , .& 20+' "$ ,1!'
#(&2%!&" %/#" .)!+ #1# ,/ %#!!&" 7'  #'"$' .!'- ,0 .#./0" "+1"" ." #'"$' #+1!'"  "  :

O3, SO2, NO2, CO,M !   PM10  

11.2  !)"'% +"/$$! +$/1)0% +$0" 0D)  !)"'' :.60% *)$'! :."02A(: 

11.2.1   

 #5!,!%!&6'  ##./0  #(!-1/ 8%/'. +!% .!%#"' ,.#6!,!32& .!+, ,0'0 .(#%4!    #*+,
 ##%)3!'6& ."%&2"" #1# ,/ 4)!3' 2- NCDC- National Climate Data Center  
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11.2.2   

8%/' 0 .!1#1' #(!0  #'"$' #5!3 #),  ##./0 %#!&  !"#$ #(!.( , .  #%'!' %#!!&"  !"#$ #(!.(
,- ~gm-3 ##%)3!'6&  #*+,! "%!6%)'6 #(!.( 3#32 ,/ . )Seinfeld, 1986 (  #2,!0'!

!,& .!1#+#2 "+1""  %$ .1#1', .!&+3!(2 ."%&2"" #1# ,/ 4)!3' 2- EPA- Environment 
Protection Center   

11.2.3   

!1#1' ,!25" .2-0 "2!5 ,0 .– 2%/"!  %4!2" .!1#1' ,0 2!,#0 #1# ,/ .!0/#(" .!1#1' 
 !#" 80'2  #(.0'"  #"25" 2!0#+, ."%&2"" #1# ,/ 4)!3' 2- EPA- Environment 

Protection Center .  

11.2.4   

0'0" .(#%4 #(!.( ,"%&2"2 ," #1# ,/  #4)!3'- METSTAT – National renewable 
laboratory meteorological statistical solar radiation model. 

11.3 !)"'%  "6&."0 :  

11.3.1 6 %&."0':  

+1!'"  #'"$'"  %$)F ( "+1"" 2*4 ,0 %*!.- 20!+')Vd (  !"#$" $!-#%!)C.(  
  F(gm-2 s-1)=Vd(ms-1)*C(gm-3)   

11.3.2 2 %&."0' : 

!%#!!&" .!15(."" #(!.( ,0 ,,!-" 8%/, #-)!" 8%/ #1# ,/ .20!+' "+1"" .'*!/ .#'(#1
)Ra( , ,!25" .2-0 ,0 .!15(."" #(!.()Rb ( .!%'*" ,0 .!15(."" #(!.(!)Rc .( 2!0#+

 !6!) .#2#64& "(#%4 #(!.( ,0 "/0 ,-2 /1#' 7!-1/ 2##+' .!%'*" ,0 .!15(."
.#66(#3)PAR( , "%!6%)'6)K'( , +!% .!%#"')ms-1 ( , .#('+) .*!'+. !1 #$!-#%)360ppm (

 .#6!,!32& .!+,!)kg m-3   .(  

Vd=(Ra+Rb+Rc)-1     

*.!(!0" .!&!!0'"! .!%'*" .!15(." #2!0#+ ,/ "2+%" – #2!0#+2 1!&' 2-%!' 4,+  #!!"'" 
"1!.'"  ,.2 /1#  #-#%*'"!+ #(!0"  #/1'" #'! ,2 &%4, 7.#( %'&'"modeling the effects 

of urban vegetation on air pollution"27.  

11.4 % $2"/$&  "6("   !-#%+$$!!# +$#1*  !23! %&$-. ,$0621"6% 1*$% !!# !/:  

" /*!''" #'"$'" .+1"  %$ ,0 #./0,.%/!#'" ")!+" +602 ,)-!'  , .&$ .& 8%/0, .(' ,/ 
#,,-" "+1"" 2*4,"/0 ,- 0+%.'" ,#(&2%!&" %/#" #1# ,/ %#/2  .  

11.5  $!#!# $""/! %&)%% +1, $#1*  1'%. 

#!!0 #), .%'!' %/#" ,0 "+1"" .!'-+1!'"  "$'"  .6%!). !$ "%'" 80'"2  ,0 #,-,-" 4%)2
"$ %4+'.  

 %13' 1"6$ –8$!3"12 ,"$0 -31"$,%16 "2. 

2 %#/0 7#,4!%2 .(#1'24%!# !#(2 ,"%&"  ##4." 2 #'!0## %4+'(&2%!&" %/#" #25,#",0  .2 %'&'
%4+'" #2,0 .&  -3'" .!&%, 7.#( .1!.' ,0 &,'  !0##" .-%/"  #'"$'  #+)3("  %/#" #1# ,/

#(&2%!&" ,,0 2!0#+" #2,0, 1/! #!)#'"!  #(!.(" :!3#& 2,0'#,-,- 8%/, !'!5%.! "+#)3"  %$ 28.  
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,()/ :-!62!)!( 

12.  "$0"($&  "*-/%) Externalities :(8%'8%2 2/& %! /$ *")'" :  

12.1 # $!!  

 ,/ #)"%15"", ##,-,-"  #+(!'" #(!,#'2 .,2!4'" ,  "$0"($&  "*-/% )Externalities( .!/)0" 7" 
,.#,-,- .!,#/) ,0 #&!!,4!0" ,0  #%#+'" .-%/'2 #!6#2 7", 7#& %0&  . .!,!-# .!#(!*#+ .!/)0"

.!#2!#+ .!#", ,.!#(!*#+ .!,/!.- !%15!# 7" $&! . .!#,#,0 .!#", .!,!-# 7" 81#&'! .!#!,/ !&%4## 7" #$&
.!#(!*#+ .%#!!&  !"#$' /!2(, .!,!-# .!#(!*#+ .!#!,/ , #'  !"#$ , 64)&1!/! "''+".  

&'5!1, :!(2-%2  #/3!( !(&0 %6'!,#4 ,-,%0& %#!!&  !"#$,  %!5  ,!%!.2,"&!,+.,  %!5  .8& .!,/" 
!$ "&!,+. ,0, #,!+ #.22 $!)0& .!#!,/2 .&62.'"  ,!-! "1!2/ #'# 13)" ' "(#& #1# ,/ .',!0'

  !"#$,  #'%!5"  #5"("-&#" !$ .!,/  $0"($&  "!* . )" "&%1%0'" %.&"2#23" .(5", (29.  

 .#3&,4 &'5!1 $0"($&  !*" ! ,,0', , &#" .%!!-" #%!21.  .'4!''" .%!!- #!3' "102, .'%!. 
%)""0 8-,#"#+'*" ,0 "#, %!$&2 "2#23'0 "1020,.#,'#34' "#".  , ,0  #,!1#5, .'%!. 8-2!

.%!!-2 021" %!*## ,0 .#,-,-" .!,#/)2  #2%!/'  (#&0   #&,4+). "&%4& %.&63#'!(!(30.  

".!#(!*#+" .!/)0" ,1+&- .#(!*#+ .,/!.! .!,/ , ,/ .!%#0# .!/#)0' 7(#&0 8-2 .!(+2!' "  #(4+0
4!027!.( , #(!*%! %#0# 7)!&2  #2%!/'  (#& %0&  #(4+0 !& 74+0 ,/ .!/#)0' 7"0 7!!#-' .&$ 

"43/21212 ./5!(" .  

12.2  "$0"($&  "*-/%2  "2/& %%  "2$/&:  

'2 7!$#&" .1!4( ,1!"#0)!+" 4!0":"  "(0# #0)!+ 4!0" ,/ .33!2'" .#3&,4" .#,-,-" "3#).2
.!#(!*#+" .!/)0"2 "%-" ,0+." 7#& 2!%,  ,!&#,!0  %!5- .!3).( 7"! 7"2 .!2.  "3#)." #5!"

#0)!+" 4!0" .,-,- , !#" 1/  #2%  #(,-,- 2%42 .#6((#'!1" .#,-,-" "3#)." , 7!5- 8#%1#%)
4##&"! 7'1#%) 7!6,#' ,&- .!#(!*#+ .!/)0" ,&  #3+##.' ".!#.(!-0 .!/)0" " !&" #01!5."  

.!#(!*#+" .!#!,/ ,0 7.!2#0+2 ".+)"" , ##,-,-"  #2!0#+" .#2%'2 7"' .!',/.""! , .%0)&'
"2#23" ,/ .#,-,-" .!,#/)" ,0 "/)0"" 7'  ,/.", #0)!+" 4!0" ,1!', .  

+&.#0)!+" 4!0" .3#).2 1!3#" .!+("' , &#" ,0 #,-,-" ,1!'" "0!4#2! /*#"",   ##4 #- +#(' %0&
 ##0)!+  #(4+0 #(0 7#2 %#0# %04  ##$-%' - 8#1(" 81($.  

 7,-,-" ,0 +3!(" #) ,/ ",-,-2  #(!0&%"  #%!/0" 1+&-  !#" 1/ 1',( %0& #,-,- ,1!' !"$
,0%' 1%),& ," "&'" 72 7,-,--19 !%)32 "",-,-" .!(!%4/."  .3#).  / 26#" 20##.' ,1!'"

* "('' %0& .!(.,/!."#0)!+" 4!0" .,-,- "+' ,5 ,0 !.3#).  / 1!+##2!' %0& ,#' 6%&!#63 7!
,-" .!$+ .& 6%)" .!#!%#+2 "&%.  

.#3#32" !.%!*2 , +#(' ,1!'" ,0 !'!#43"/!' ,0 1+& %* , 7)!&2  #(!4" ,-!  #(%*#" ,-  #,/!) !2
#,(!#*% ,"##)- !& .!/)0"'  #%%+!0' , 2#5",  #,!-#! 4!02 #!(#0 ,- ,/ #1##'! &,' /1#'  #("(  "0-

.#1#' "$- #!(#0 ,-, . ",-,-2 "(!-' !$ .!+(" .-%/'" !!#"/'  "1& ."  "$ %04 #- &#" "+("" 
#(4+0 #(0 7#2 4!0"  !,,")"(!4! 7%*# (/*#"" 7#2, 0!4#2" 7#2 7!$#&" .1!4( .&#*', ,#2!# , 7&-'!

%*!'" ,0 "#!*%"! .4#!1'" .!'-" ,0 %!*##,.  

12.3 " /"3$2% !)"' *($%%  

5*!' 0!4#2"! /*#"" ,1!' ,,,- 8%12 ,"&2" "%!*2:  
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%.!# "!25 %*!' ,0 !%#+'0 ,--  /*#""! 0!4#2" ,1!' #) ,/ , !1*' !('' .04!2'" .!'-" .+). 8-
7-%*" ,0 .%.!# 8!'( %*!'" ,0 !%#+'0 ,-- !,#&! ,. 8-!('' .04!2'" .!'-" ,15 , .!'-"! 

. %*!'" ,0 ./*!'"! .%*!#'"5,1.    

"1!4( ".!&2  #05)( 0!4#2"! /*#"" %0&-,.#,-,-" .-%/'" #- %'!, 7.#( ",!- 2 .&*'( " #!!#0
,40' "!  5!,0 ,40'" #!!#0 .1!4(2 &*'( %#+'" .  #05)( 4!02  #(-%*"!  #(%*#" ,0  #3%6(#&"

#26#' 7)!&2 !$ "1!4(2 ,/!.,!  "#.!(!*%,  #'#&.'" %#+'2! .!'-2 %*!#' %*!'" 7-0 #(0 ,0  .,
 #11*" ."%2+, .,/!."  !34#', &#2# .&$ ,- ,",!- .#,-,-" .-%/'" ,0 "%6'" "0/', #"!$0.  

 ,1!'"! /*#""#0'' 4!02 #0'' 2*' 4#!1'2 %&., %'##.' !(#& 0!4#2 , "##6(" ,/ /#2*", &,&
 #%-!'!  #(!4  #,/!) !2 4!02  #%#+' ,0 7'$ 8%!&, .#,,-" .& 3#32" !"$ .&$ ,-2!  #20+.' %0

.!#%+3' .!%2+2 .#,-,-" .!#(#1'" .& !#) ,/  #%#23'! ,  #).!0"  #'%!5" .#2%' 2%42! .!,0''
.#,-,- .!,#/)2.  

.&$  / ,.!0,!+ %)3' 0# "$ ,1!', ! .!#%4#/" .+&7"20," #.!#(!*#+" .!/)0"" ,0 4!0" ,0- & ,
%(" ,-- 7"0 .!#(!*#+" .!#!,/" 7'  #'%5("  #4$(" 1!+##2!%0&' %.!# "& ".!#.(!-0 .!/)0" ." 

12.4 3"/% !/ !3/'% $""$/  )"30"  "$0"($&%  "*-/%%  

",&0" .,&0( ,"#!*%" ,40'" #!!#0 .1!4(, /#5", 7.#( .!#(!*#+ .!/)0"2 .!20+."" &,,  &" ?
.#5!,!4&" ",-,-" #) ,/ ,,40'" #!!#0 .1!4(, /#5", 7.#( &, .!#(!*#+ .!#!,/2 .!20+." &,, . #),

#5!$ "0,,,-" 7' &*!#" &,! ,,-" .& "!!"' %'!,- .#(!*#+ .!,/  . .!#!,/2 "!!,' %!*## ,- "0/',
.!#(!*#+ .7!20+2 .+4,( "(#&0 .!#5!,!4& .!-%/' ,/ "/)0" ", 0#0 7!!#-' .&$ .  ,5 #%'!+ %!4'

9%&" %!1- #%'!+' &!" ,9%&" %!1- ,0 .!#5!,!4&" .!-%/'" ,& 6,)(  !"#$"! .!,/ 7(0# .!#(!*#+ .!#
.#%!$&" .#'!4' "'%2 7" ,.#%!1 7#2"! .#,2!,5" . !#"#  !"#$" ..+)", "43/" .!#!,/ 8-#),

.!%#1&
31.  

12.5  "$0"($&%  "$"!*% )'*'  "'(* %  

!&#(" #,-,-" 13''" 7'  #(,-,-  5 .!(!%+&"  #(02- ",!15 .!2#0+ "(0# #-  #(#'&' #3&,4
.!#(!*#+ .!/)0", , 7"2 20+.", 0# #-!7'#/ 11!'*",! .  

7%60 3,!4#( 7,-,-" ,/ 042." #',!/" 4(2" &#0( 753 "#"0 #'"!1 %2+, "#(6#%2 .,0'' #" %0& +
 #,4&" %20'' "&*!.-  ##%0)&"  ##,-,-"  #4$(" .& 8#%/# .#,2!,5" .!''+."" 24/ – #,!& 

 !#-  ,!/2 %.!#2 .2!1'"! .6,!2" .#(!*#+" .!,/".33&  

!1""!*## #- 8#%/' + 1/ .#.(0" .#',!/" .%*!."' 1+& $!+& ",/# "%)3!'6&2 "''+ #$5 22050 .
",!/)2 "6#4( #& ,.&$ .'!/, ,2  1&, .#',!/" "-#%*" .& 9*4, ,!,/-5 1/ 20 #$!+&  .!1"" +

 ,/ .1'!/ "(0" %2- !64(#0 .#,2!,5" .!''+." 15( .!,!/)2 "-!%-0 .,/!." #- 8#%/'205 
%,!1 1%&#,#' .."2 7!,0-" .!(0 ,0 "$, "'!1 #,-,- %20', &#2", ,!,/ "/)!."  / .!11!'-30 
.'1!4" "&'2 .  #,4&" %20' .& "(-' 7%60" ,!/" /1#0 %.!#2 ,!15" 4!0" ,0-"32.  

13. "'$*  "))"' %!  "0"/%  "/$4%" 3"/% !/#:  

13.1 1("'% 1$&'2  "$0"($&%  "*-/%% +"!$4  

8-' /2!( .!#(!*#+ .!/)0" ,0 4!0" ,0-, 8%/#& %*!'" %#+'2 .!',!5' 7( .  

 .#2!#+" .#(!*#+" "/)0"" ,/ 3(4( !& "*!)' !(#& 74+0"0 7!!#-' /!,0 .#,#,0 , #1#' .!+) 0#
.#,#,0 "/)0"  / .!&43/ #1#' %.!#! .#2!#+ "/)0"  / .!&43/ . &, 0!4#2"! /*#"" ,1!' 7- ,/

.#.#'&" 7!$#&" .1!4(, /#5'.  

8-,,0', ,.!#(!-'" %#+' , !(#& /)0" .& !&  ##.!&#%2"  #4$(" .!,/ .& ,,!-7. ,/ .#,#,0" 
  !,#& ,24.' "#"0 %#+'" 7' 8!'( .!#(!-'" %#+' 8-' "&*!.-! 9%&" %!1- ,0 .!#5!,!4&" .!-%/'"
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 .!20+." ".##" .#.#'&.!#(!*#+" .!#!,/2 . 7' %.!# ",!15 .!0-%(" .!#(!-'" .!'-0 &#" "&*!."
#!*%" , &, "%2+, .,/!."!/#5'" !'#34', .  

 .6#,)' "&*!.-  #'%5("  ##.!&#%2"  #4$(" %#+' .& 5*##' !(#& ,&%0#2 ,'0+" %#+' "'!1 7)!&2
 #'"$' , ##1#./"  #4$(" .!,/ .& &,  5!, "%)3!'6&, "''+ #$5 .6#,)' "&*!.- !'%5##0 

 #,4&" %20' .)%+"! .  

13.2  3"/% !/# 8"1 - 1"3'–"'(* 3"/2   

" .3#).2 #) ,/"4!0#0)!+" " ,4!0" 8%1 &#" .!#(!*#+ .!/)0"  / 11!'.", %.!#2 "2!6" 8%1" .
%.!#2 "2!6" "%!*2 "#/2" .& %!.), ,5!3' !12, 4!0". %#!!&  !"#$ ,0 "%4'2 8- , #'!(!4&" 7!.#/

 /!24, /#*' 63"%#!!& .!#!-$ "#4( %#!!& %!2/. .& /!2., .!#!-$" ,/2 !%0)&# ",& .!#!-$ 7.'  "$'" 
&  &!#,& /#5#  "!$' %#!!33.  

 ,/ 33!2' "$ 7!#/%"3&!4 .##%!&.) "Coase Theorem ( .!%15!' 7#(4 .!#!-$ 7(0#  & "#) ,/ %0&
.!%!%2! ,.!#!-$" .4!,+ #"' "(0' "$ 7#&! #,-,- ,40' #!!#0, /#5", .!#!-$2 %+3 #1# ,/ 7.#(  .  

13.3  $ 2$2.% %!#!#% 8"1 -  $4"!"36% %!#!#%  1"3$2"  

 ",-,-" "/)0" #,/2  #%*!' ,/  #3' .,6" ,/ .33!2'" .%+& .!11!'." 8%1 "/#*' .#.2#23"
.#,#,0 .#(!*#+ ,.#2!#+ .#(!*#+ "/)0" #,/2  #%*!' %!2/ 1!32#3 !& .",  &#2. !$" .!2%/."" .'()

.!#(!*#+" .!/)0"" ,!4( .2*",! 20+.'"  !4'2 ,40'" #!!#0 .1, .!,/2",!- "%2+-   "!*%
&%  $!"/% $ 12, 4% &,!  $51-%  $!"/%  "!*2 ,1#+# 7-%*2 4% .20+.'".  

!$ "3#). #) ,/ ,, 7##1/ .-##0 %0& ,0 .,,!-" .%53'. .%!#0)!+" 4!0" , ('& 0# 20+.", 7!#3#( 
7'#()",! .!#(!*#+" .!#!,/2 ,7##1/  ,!&, #'"$'  #%*!' ,0 %!*##  ,&#2' &!" !,#&- "$+( .,/!. 

"%2+,,0 7!!#-' .&$ 0!4#2  ", 0# ,!.&(" ,15. 8-2!  .!& .!(4, "*%# !"0#'.  

&#" .#5!,!4&" ",-,-" ,0 .%!4#2",11' #- "$   7##1/ .!-%/' ,0 7!$#&" .& %)# %0&  !"#$ %0)&'
.!#5!,!4& , !"#$" .'%2 .'#!3' ".+)" "(0#0 :& ,/ .  

.,/!. &#2' %*!'"  &" /!24, 8#%* %0& 1#+#" 11'"  .(/6, , 11'" &!" 9%&" %!1- .,!-# ,0
!,0 %!*##"  / 11!'.", . ",!-# .#5!,!4&" .-%/'"0 .!'-, %2/'  !"#$ %0)&, 7#&0 &!" 7!%4#/"

!2 ,)6,34.  

14. !61/$2 2#1 $!#2 1 $ /"'$/ , %'"1 %" !61/$2 %1"2& '  "$0"($&  "$"!*%
 !/+$(* $)$ !* +$'%,'  &$-.   

14.1 !61/$2 %1"2& '  "$0"($&%  "$"!*%.  

4#/" %!4'""%!2+. &!"  #%/" .#2%'2 %#!!&"  !"#$ ,0 #%. !(%+2 ",14'., 7-,, "'!%." .(2"2 
"%!2+.2 !%!4'0 %#!!&"  !"#$ ..+)",  #*/" ,0 .#%0)&" ,!,! .!3(, ,0 #,-,-" 8%/" .& 20+

/ %#/2 %#!!&"  !"#$ ..+)""%!4'' .!#(!*#+" .!#!,/" 2!0#+ 3#32 ,/  #*/ #.! "%!2+. ,0 .#(!%#/ ,
! 0,,&%0#2 "%!2+.' .#(!*#+" .!,/" ,0  #(##)&'" .& %#-", !(#,/ 8-  .  

14.2  $0$$-6'%!61/$2 %1"2& '  $0"($&%  "!*:  

+"%$, 1$""6 – .!#.%!2+." .!#(!*#+" .!#!,/" ,0 ,#2!'" 2#-%'" !"$. 7(#& %#!!&"  !"#$ .!#!,/ 
.!3+!#' ,.!,6!' &,& &4!!1  #5"("  #'"$', ,#/, 7##!* %2-0 #)- ,-.!#(!*#+" .!#!,/" %&0 !', ,/ 

",!- "%2+".   

/)"4  "-$-(" –  #2!-#/ 7'$2  "/#3(" #'%5("  #5"(, "&*!.- .!)#)*"' #0#2-2 #,!/   , 8%!* 7#&
%'!, ,2% 7!''2. .!)#)* .'%!5 "/#5), #(!%#/"  ##+"  4%'2 ,.!#+!(2 , 7!+6#22 ,.!#6%)2,  .'*'*'
.& 2+%' "#+'" 1!/!.  
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 "0"6  +$#1) – .!!'! .!/#*)' "&*!.- .!#)3- .!#!,/, .!'%!5, "/#5) 0!-%2, "1#%# 7!#%)2, #13)" 
%*!., .'#3+ "/!(." 0#2-2 %+&, "(!&.! .!,/ ",/)"" ,0 #.!!*  !%#+"  #/#5'" "(!&." !4',.  

 "''& %  $!2"!4-– "&*!.- .6#,)' 7'+) !1 #(*'+ ./2 .)%0  4,1-64)&   #$5"''+".  

/*1- /5!) ,+24 %-#( "##3!,-!&"' .#2%'2 .!/0  !#" 1+!#'2! ",&2  #%%!5.'" .2%42 #4%!/ 
"%!2+.  ##0&%.  

 +"%$,$' +"%  – 4,1" .!(+. #,-#'!  ##,,- 4,1 #%5&'' .!)#,1' "&*!.- %4#/2.  

 "$ /  /"'$/! $!# 2#1% -– ,,!- "##(2, "4!$+. 7.'!  #.!%#0  #2#.(2 7#2"  ##(!%#/, ,!/). 
.-%/' 4!+.# .#6)0'! #(##%2/, "/!(. 1!/!.  

/"'$/ *3132 -– .!,/ /4%4" "%!2+., !& "##(+, .(.#(" &,,  !,0.) .-%/!' #),  #!!0.!,/" 
.#2#6(%6,&" ,0 0!'#0 /4%42  #'!+.,  #%+&(.  

3"!$. $!# 2#1% – -- 50 7!#,#' #,- 2-%  #-)!" ,- "(0 .!&6!%5, " .!(#1'2-  OECD ).!1 "&%" +
%# #!3#'7,", 7##!*'" 4!.(  

14.3  2#1 $!#2 1 $ /"'$/2!61/$  

.!#!,/" .!#(!*#+" ".!%!'&7(#&  .!+4,( 7!20+2 ,/ #1#  #0'.0'" 8& .!/#)0' ,,- ,/ %!2#*". 
0 8-' "&*!.-"%+& !"0#' " 7(#& 7"! !,," .!#(!*#+" .!#!,/" %!2/  ,0'#1# ,/ .!%#0# .!',!0' 

#6%)" 2-%" #0'.0' , #%#+' ,0 2*' %*!(%3+ .%'!,- ,6%)" %!2/ 2-%2 0!'#0 ,0 %#+'" , !(#&
#.#'&" %#+'" .& :40' ,!& ,.!%+&  #,#'2 ,.&.#.%2+" .!,/" ,0 .)3!."  .  

2-% #,-2 %.# 0!'#0,  %!5 "$ 2*' ,%3+ 0!'#0! #/*'&2 "%!2+. 7!5-  ##2#6(%6,& "-#,", "2#-% 
,/  ##()!&, "/#3( .#%!2#* "%!2+.2 1!/! . "(2' !#!,/. "$ %#25' .& .##/2 .!)#)*",  !"#$" 

"/#5)"! .#.2#23", 7#64' .& .!/40" 7!"" "%!2+.2 .#%!2#* /5!)! "+!!%2 .#.%2+", .!#(!#!!02 
.!,#/#2! .#,-,-".  

14.4 ")"8$2% %)*"% &-!  $)1/'"3"1$ $".$'"   

!1"7#2" "1/!" +-, .#1%0'"4!%# #!3#' " %&!(#2 05!"2008 .!1""/ ,0 %*!. "!!"' + "-0'(0 "1!2
 #2% ",0'' #1%0' ,0  #5#*( "2 !)..0"!  ##.(0 ,%*!&" 1%0' #0(& ,0 .12!-' .!5#*( ,,!- .

025, ".##" "1/!" .%6' .!#(#1' .,,!- 7##(/2 ..+)" %#!!&"  !"#$ "%6'2 "%!2+.' &!*', 
.!(!%.) ..+)",  !"#$"  #4$("!  #/2!(" !(''.   

 8'3' #%2+'"4!%# #!3#' ")  #/#*'!$ "#/2  / .!11!'.", .#.2#23 ",-,-" ,0 #3&,4 7!%.#- #!3#' 
.#.%2+" .#,!0" .!,/, 2-%2 "/#3(" %#+' .& "!!0# %0& . 2-%" #0'.0' ,/ ,#6", 0# 8-  0,

.#.%2+" .#,!0" .!,/" 7#2 0%)"" "2!52 3' ,.#6%)" .#,!0" .!,/" 7#2, .%'!,- , .& 2##+, 0#
#,!0" .!,/" .&  ,0, 2-%" #,/2"/#3(" ,0 .,,!-" ..  

 0!'#0' "&*!.- #- .!%0)&" .& "(#/2 "%#.!' "$" %/)" .&!!0"  5 #- 7/6. .#5!,!4&" ",-,-"
 !,-!# &, .!#5!,!4&" .!-%/'"0 !$- "1#'2 9%&" %!1- #),-  ##.2#23  #4$( !'%5## #6%)" 2-%2

.&0, ,4)3' +%-"2 !((#& "$" 7!4#." 7-,!.  

!'" .!',/."2 20+."2  ,!& .#,-,-" .!,#/)" ./)0", /5!(" ,-2  !#" 1/ "5!"( ".##"0 .6,+
"2#23" ,/  ,,&%0#2 8%1 .*#%) "$ 8'3'2 .!&%, 0#.  

,&%0#2 .#,-,-" .!#(#1'" #/2!4 2%42 0)( 7!20+ ,0 %#1( /5% :0!+ 8'3'" . 7!#3#( !"$ .#0&%
 ##,-,-"  #,!4#02 .!#(!*#+" .!#!,/" ,0 7'!4' .& .!(0, , 0'.0",! 74., .(' ,/  ##,-,-  #,-2

 ##.%2+!  ##.2#23  #.!!#/  .  !#" .#6((#'!1" .#,-,-" "#%!&#." ,0 .!,25!'2 "%-" 0# 8-, :3!(2
.!&#*'" ,!' ,& .&2" 6)0', "%/"- "2.-(0 .#,!0 "%!&-,  ##,!0 .%/"2 #!6#2 #1#, &2 "$ %21:  

""#%!&#." .#,-,-" .3%!5 #- 7.#( /#5", .&*4", .!%!4' ",#/# "%!2+.2 %0&- %#+' "/#3(" 
"!!.0# .!,/, .#,!0" .#.%2+" ."  
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!2.-(  ##,!0 .%/"2 :  

" #%#+'" %!6432 #6%)"  #.#/, .!%#1(  #'##4' #&(. "$, ,02  #3'  #.!!/' .!,'/!, .!%+.  &,
.,,-!0', .%42  #%#+', "#1#32!3, .!3-', .!/)0" .!#(!*#+, /1#' %3+ 1!/!."  

!1""-%1 /#*' +2-%2 "/#3(" #!3#', .!(!0  # ,  ##6%) 2-% #,-2 0!'#0" .& .#+)", #!0/ %0& %21
7!-( "0/## &!"  &.  

"&%   7#2" "1/!" +!1- #!3#', .#1%0'"4!%#" ,",-,-,! 7!(-., "2#6+" "-#%/! $!-#% ,,&%0#2  #3#'" .!0% 
taxes/il.gov.mof.ozar://http/pdf.150108misui/docs  

  

.)3!( .!11!'." 8%1 , &#" !$ "1!2/ 2, "(#"! "*'&, 7.#(0/  !"#$" ..+)"" #*/ # . ,/ &!" 051"
+#)3 .,!-# #,/2  #*/ #'"$' .""!25  ./ %#!!&"  !"#$  / .!11!'." ,0 8%1 8-2 .!&%, 7.#(" #

,0 .,!-#" .,15" #'"$'  / 11!'.", .#(!%#/" .#5!,!4&" .-%/'"  . &!*', 7.#( !(0# !$ .,!-#,
/ 7!20+2 +4,## %0& 9/, #,-,- 8%/ :#3!",! #,-,-" ,0 +#02 2,.0", .(' ,/ #,-,- 8%/" #/2!4 #

&0!(2 .!#(#1'".  

14.5 * 3"/% !/# 8"3$ " "$0"($&%  "$"!*%  '0-% $-1$*2 +$(*   )$0"1$* 1*$(  

 %#!!&  !"#$/  %5( %#/2 "%!2+.'"!  ##.!&#%2  #4$(,  %!5! %#/2 2-%" #0'.0' ,,- #  #%+&  #4$(,
,#/, %2- !(##!*0 ..#(!%4/ ,4$( !"$,%#/" #20!.! 2-% #,/2 %#/" #20!. ,,- #1# ,/  %5( %0&  ,) #,/2!

"$ ,,-2  '*/ 2-%"( !"#$" 7'  ##%4#/"  #/5)("  5  "  .%!%2 ,7-, ,#-!' "##%#/" ,/  .!#%+& .,6
 %#/2 "%!2+." 7' %#!!&"  !"#$' .!#(!*#+" .!#!,/" .&  #()",2 ,0 2#64,!4" .5#*( ".!#"

 #'"$'"  #20!." ,!-  #20!." .!#!-$ ,/ %!'0, .2##+" .)   #5"( 72!'-  (0#%#/" #20!.  (#&0 ,
"##%#/" .!,#/) ,0 .#2!#+ .#(!*#+ "/)0"' !("#  " "$ "%4'2  ,!&(.  

#-%1" .+&%#/2 "%!2+.' %#!!&"  !"#$ ,0 .!#(!*#+" .!#!,/" .'()",   , .!20+." #1# ,/ &#"
#0%, !$ .,!-# ,0 .#,-,-" .!/'0'" .)3!"2! %#/2  #*/" ,0  #'"$'" .+#)3 .,!-#2 .'

.#(!%#/  #*/ ./#6(2  #,!4#0".  

15.  +$(*% 91* 2"/$& 1$*2 $0"($&%  "!*2  "2/& % 9"   

15.1  $!!#  

", "2% .!2#0+ "(0#.!20+. %#!!&"  !"#$ ,0 .!#(!*#+" .!#!,/2  #*/"  #-3!+  .!& . #!0 "$ ,!4#0
 .!#",.!/'0'#%#/2  #*/ ./#6( 2#*4., /5!(2 .!6,+"2 . .,!-# #,/2  #*/, ")1/" 7.' &'5!1, 

 #'"$' .+#)3 ,0 ""!25 ,%.!#  #2%  #*/ ./#6( ,1!/!  #*/ ..#%- ./#('.  

, %+& ,1!' .%$/20UFORE& &*'( .!'- . +!)3,  #,5!3'  .!&  #'"$'" " #*/%#/2  ,  ,-!(
/ %#!!&"  !"#$ ..+)" ,0 #,-,-" 8%/" .& 20+," #*/ # , ,0 "#5!,!1!.'2 5*!'" 2!0#+" #) ,/

"$ %4+' ./*".  

, 3#32"+,&%0#2 "%!2+.' %#!!&  !"#$ ,0 .#(!*#+" .!,/" !(#" 2!0#.  

0 7!!#-' "$ 2!0#+ 3#322 !(%+2 !"#$ .#2%'"%!2+.2 !%!4' %#/2 %#!!&"  . !(&  "#,/  #-%/"
/  #*,'!'"  #-%/"  "  #332.'"!1 .%53'2 "%!2+." 1%0' #"4!%# #!3#' + .  

#- 7##*, 0#, ,/ /*!2# %0& %4+'" #) ,/ !/*2.# %0&  ##'!4'"  #%4+'"  #2%  #%4'20 :& ,/ 
() ,/ %#!!&"  !"#$ .#2%'  "2  #%/  / !11!'.# !$ "/*" 3#32"%!2+.' !%!4' /4%4" # ,  #%4' !#"#

 #(!0 %#!!&  !"#$ #(##)&' .,/2 "(!-0 !& %#/ %!4+, 042# %4!+"  "2 , ,/)', "-!'3" "(!-0 7!5-
 "$' . ",0 .#(!*#+" .!,/2!  ##'!4'"  !"#$" #14!'2 20+.", %4!+" ,/ "#"# !,,"  #%4'2 .

$ 5!3' /1#' %4!+, 4)3, !,-!# %0&  ##%4#/"  #)!5" "2#23" .!-#&,  #%/" #1!5#&  " !,& "
%!6#( .!(+. .%$/2  ##'!4'  !"#$ .!%!4' ,/  #+4)' %0& 9%&" #2+%2  #%!$)".   
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15.2  *("'% %&."0%:  

 7*%  "!*)%3",& " %*$50(  -  1$""6% +"%$,   &-% !/ $!#!#% 91*% + 7*% !/  "-."0  "!*"      

=       "50 7*!  $!#!#%  !*" %.                                  

  
 #(&2%!&" %/#" ,0  #2%" !#.!(!%.#' 1+&' ./2!(" .#,-,-" .,/!." .& 4% .20+' !$ "+3!(– 

 #*/ #1# ,/  #'"$'" .+#)3 .,!-# ,7&- /*!'" %4+'" ,0 !$-%' &#"0 ..!'##4 #- .&$  / %!-$, 0# ,
+#.)2 %-$!"0 #)- ,.!)3!( .!2% .!,/!. , .#,-,- .!/'0' .,/2 #*/, , 76%),' "/#%#" %*4.0

7&- ,3!(!2- 7.!&%, 7.#( %0& , !(+.) !2 ,-' 2!0+" &0!(" .& %#-$", &,0– .#.!&#%2" .,/!." 
8-' +'*. #&1!!0.  

".   13&'%  !6/" 6/"0  

16.  13&'% 6/"0 :  

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

17. 13&'%  !6/ :  

  !*" % $%')#!# 1&6"  $! ( $0"1$*% 2&1'2 +$&'(" +$(* !/ +$'%,'  &$-.  !"#$ !/
!61/$! %2/&!" %1$)4%! 8 $0 9$6"?  

,.  13&'%  "2$/&  
 #%+&  #+'*!  #*/, (#"  ,/!1#- ,!(##+' 1%)( #.,2! #/26 4,+.  

.!2% .!,/!.  #*/, , .#0!(& 62' .1!4('–!1 7'+)  #6,!4  " -  #0'0' 8-! 7*'+  #6,!)! #(*'+
/%#!!& #%"6' 7#/' !(%!2 , #0/%! .!+!%  #'3!+ ,.!%!6%)'6  #(.'' , #,/' ,,,- 8%12 , 8%/ .&

  2!0+ %.!# :& #,!&! .!+) &,!  2#23'0  #3-("– !(,  #%$!/! .#663& "(#+2' !(##+ .&  #%)0' 
#!!,0!  #/!5% 0!+, %.!# .  

4,!+' %#!!&"  !"#$  !+. , .#(!%4/$'$0- 1$""6 +"%$,!) .2 #%!53  #,,+ 8!( $0"($& 1$""6 +"%$,!", 
  #%!$&" ,- .& ,,!-"  ##%!#0" #%!53  #,,+  (#&0.  #'#()" %#!!&"  !"#$ &0!( .!2#0+ ,/ 4,!+ 7#&

  #+'*!  #*/  #20+( "$  !+.2!) !#1+# 7,"," #*/("%2-' "$  ,-"%#!!& #%"6' "7##(/! %21 ,-, .  /
.&$ ,.,!-#2  .14'.' !$ %4+' ./*" .+#)3,  #*/ ,0  +$$0"($& +$'%,',  #%!53  #,,+, 9!+'0 

– !+.  ,  #,!15  #%5.&  ##,&#*(6!)  #%4!+ #()2 1#'/'! %.!# "2%" 2-%!' !2#6! !/26  */'0
%.!#  #-!23!.  

  "2$/&  *(% 13&'%./*!'" ,:3!( ,!15 7!%.#  5 0#  #*/,0 "12!/"'  &*!# ,/!) &#" , %-!'"
 ,!/2 26#" ,*!('! ,8& ,!(%/*, ,"0$6"- 1/ ,&%0#2 ,,-  0!#'  : 1$""6 $'%,' &"-.!  !"#$ +$(*!

' %#!!&"  !"#$ .##/2 ,0 :4#""  !*'*,  #%$!/  " 8-!  #(!0  #5!3– .!4#/'"! .!,!+" .!/%" .+& 
.#(%1!'" "%2+" ,0 %.!#" ,"/% "./#5)0 ,.#.!&#%2 "(#+2' ,.#.2#23! .#,-,-.  

 !$ .,!-#,.!/'0'6$12  $ ", .!/'0'! "#25,  #,#' %#2-", 8%!* 7#&0  $ 2$2.&#"  50  , !('/6,
 "%!%2–.#.!"'  #(0'  #*/  ,80'"2 "&%(0 #)- , "0!+." .&!  ##!*'  " "2 "2#23" "&%' .&

"#,& !(.&' 1+& ,- ,0 .!3+##."" 7)!&!.  

 ,!& ,.!#.2#23"! .!#.!&#%2" .!,/!." 1*, ,  #*/ ,0 !$" .1+!#'" .,!-#,  5  0#  #'"$' .+#)3,
 $!#!#  "*'/' "12-( – ,/  #'"$' .+#)3 ,0 %#0#" #,-,-" #!!0" 8%/!' "12, .#%2" .!*%&2 

 2!%4 ,0 4./  !-32  #*/ #1#1!") )16$!$' %*216! %0/! .&$! ,%4#/2 ,!-3+ 24/ #%#0# .!( 
.!&#%2 .!&*!"2  2!,1( 8%/ .1#%#"7 , #)#4/-  #20+(" .!(!-3+ 1*, ,+), ",-,-" #(#/2 .!

.#.%!3'" ,.!#5!,!4& .!-%/'2 .#%0)& "/#5)2 ".+)"!  ##+" .!-#&2 %!)#0 !'-.    
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%#!!& #'"$' +!)3,  #*/ ,0  .,!-#  */ .& .41!2 !$ %4+' ./*" ,"+#)3" ./*2.' 1*#- ,  &"
 .#.2#23" .#.!&#%2" ".!/'0' #"'! ,&%0# .(#1'2 .!/#6(" #,!4#02 ,,- ./'6!' !$ "(!-. %4#/2!

.#,-,-".  

!$ %4+' ./*" "3(' 7- ,%4!+, /#*",/ # ,1#./2 !%4+#0 ,).!+),  #!!4' !(& 8-( , .!-,0"" .&
"$ 2!0+ &0!( ,0 !.%53'2  ##!*'"  #2%"  #'!+."!, ' %)" '". +$13&' *"($2!  1)+$$051- ,

+$0" 0 2('" +"3'2 $!#!#% 9"1*/% 6$% + $!#  13$*/ ,0 !$ "&,)!' .,!-# ,0  #+'*!  #*/ ,
%#!!& #'"$' .+#)3, .  

&.  13&'%  "5$/  

18.  13&'  )" '–!61/$! %'6 % :  

18.1 8"/61 2!/ : !)"'A  

 "$ 2,0#(&2%!&" %/#" ,0 +60 #(!.( :!3#& ,,!- , ,0  #(!0  #(!.( $!-#%! %#!& #'!,*. ,0 +!.#(
%/#" .!(!-..%+&, ," 2!0#+, "+3!(2  #(!.(" .&  #2#*' "3&'!#2%/#" ,0 .,,!-".  

 #2,0" 6!%#):  

18.1.1 +$%, &5/ $0$$-6' $- !* %0/' $1",6! $0"1$*% &5/%  3"!&. 

  :#/3210.2.2.1.!6%!)' "(0' #%!$&, ")!''" +60" .4!,+, .!(!0  #-%1 . 

18.1.2 $0621"6% 1*$% !/ &5/ $0" 0 :".$6&5/  ")$)' $)$ !*   

 "  #0%1("  #(!.( : #*/" %)3' ,  %6!4"$+" "2!52 /$5"- 1.3%6' ) dbh(,  #1'#' 
  #,/ ,0  #,40'!)6%! #02#!  #2( ,9/" "2!5 ,.!%.!-" :4#",   ##(!*#+ +60 #()).)6/' ( ,0

9/",  #,/" .%.!- 3#32, 1/ /$5" "2!5 ! #*/" ,0  #&,#5 .  

 ,0  #(!0  #%!$& "'-'  #,/ .+#4,! #)!43,6 "1#1' ,4' #1# ,/ .#0/( 9/ ,- ,0 "1#1'"
764 :!(' #1# ,/ 9/" .#,/"11'(   #,40(!  #,%+&,  #02!#',11'(!   #.#(0).10.2.2.2(  

18.1.3 $'"!(  $)$ !* &5/ $0" 0 :".$6 1$"6  

 %#!& #'!,*. 7!5-  #)!5' 5#0", 7.#(,&%0# #!)#', $-%'". " #(!.( , %#!!&" #'!,*.' 2!&0, 0#0
 ":  7!.( +602  #($ .!'-,  #*/" .!)#)* ," ,0 "5#3(" #%!$& .%.!-2  #,/) #%!$& &, 

 ##(!#+( , #*/" .!%.!- ,0  #1'#' ,/4%4" 0!'#0 #5!3! +60" #&(., 3+#2  #*/" ,0  !4#' .  

18.1.4 $0621"6% 1*$% !/ %.6'"$2% 2"/$&: 

 "+.!)0 "&!!0'2  #'1!4"  #2,02 !)3&(0  #(!.(" .2*" #1# ,/ "0/## "3&'!#2" 2!0#+
 ,1!'2UFORE-A.  

+ .&!!0'2 "2*",  #0%1("  ##%#)'&"  #(!.(" (#" "3&'!#2" 2!0# : "2!52 /$5" %6!4
"$+"- 1.3'') dbh( , 9/" "2!5 , #,/" .%.!- 3#32, 1/ /$5" "2!5 ,/" .%.!- 2+!%* # ,

 ,1!5!  #,/" ,40' ,  ##(!*#+ +60 #()).)6/' (,*"  14'! 9/" ,0.   

"3! "3&'!#2" 2!0#+, 4&2!( ,0 %4+'2 "+.!)0 .#2#3%5%" "+3!(2  #2*!' !,&  #%6'%)" -
 9/2  #,/" +60 ,-  

In y= b0+b1H+b2D=b3S=b4C, 

18.2 $0/ 2!/ : !)"'D  

 ##4 /1#' 8%/'2 0!'#0 !& /1#' 8%/' .%#*# ,"/0 ,- 7-1/.'" .  
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18.2.1 +$4"!"1"65' +$0" 0  

7!5- :  ##./0  #(!-1/ 8%/' #5!,!%!&6'. +!% .!%#"' ,.#6!,!32& .!+,,! ##%)3!'6&  #*+, 
5#0", 7.#( 0'0" .(#%4 #(!.(! #,&%0#" #5!,!%!&6'" .!%#0" ,0  #(!.(" #13''. 

18.2.2 !"24%  2#/ %2"4 !/  ")$)' 

 .!1#1'.!0/(" !#" 80'2  #(.0'"  #"25" 2!0#+, 2%/"!  %4!2" .!1#1' ,0 2!,#0 #1# ,/  .
 #1# ,/ 5#0", 7.#( #5!,!%!&6'" .!%#0)'0""6 ( %0&#%!$& #!$#+ ,1!'  !#- 9#%' HRM,  !(#"0
 .!%#0" ,0 +!.#)"1!2/ .!(+., #('%5" #5!,!%!&6'" ,/  &.!"0!"'0" #"6   #" +%$' #&(.,

7!-#." . 

18.2.3 1$"6 +"%$, $0" 0 

8%/'  #(!0  #'"$' #5!3 #),  ##./0 %#!&  !"#$ #(!.( ,0 .!1#1' .  #%'!' %#!!&"  !"#$ #(!.(
,- ~gm-3 ##%)3!'6&  #*+,! "%!6%)'6 #(!.( 3#32 ,/ . #$!-#%' 5#0", 7.#( #(!.(  ,0 %!6#("

"2#23" .(5", 1%0'". 

18.3  $/$!/ 2!/ :/ +$0" 0% !#2 /"'$/0"-.6 ,  &)% 2(3 2"/$&! +$'%,'% +$&'(% $)$ !* 
+$0"/%. 

18.3.1  "6&."0  !/ %&)%% 2(3 2"/$&!!)"'% :  

 

18.3.1.1 . -*5(+': 

+1!'"  #'"$'"  %$)F ( "+1"" 2*4 ,0 %*!.- 20!+')Vd (  !"#$" $!-#%!)C(  
F(gm-2 s-1)=Vd(ms-1)*C(gm-3) 

18.3.1.2 & -*5(+':  

 .#'(#1!%#!!&" .!15(."" #(!.( ,0 ,,!-" 8%/, #-)!" 8%/ #1# ,/ .20!+' "+1"" .'*!/
)Ra( , ,!25" .2-0 ,0 .!15(."" #(!.()Rb ( .!%'*" ,0 .!15(."" #(!.(!)Rc .( 2!0#+

 !6!) .#2#64& "(#%4 #(!.( ,0 "/0 ,-2 /1#' 7!-1/ 2##+' .!%'*" ,0 .!15(."
.#66(#3)PAR(, "%!6%)'6 )K'( , +!% .!%#"')ms-1 ( , .#('+) .*!'+. !1 #$!-#%)360ppm (

 .#6!,!32& .!+,!)kg m-3(  

Vd=(Ra+Rb+Rc)-1  

6%!)' %/#" ,0 .!15(."" #2!0#+ ,/ "2+%" :#/32 .13.2.2  

18.4  $*$21 2!/ :. !/ %&$-.% 2(3 2"/$&9$0621"6% 1*$% !# .  

" /*!''" #'"$'" .+1"  %$ ,0 #./0,,)-!' .%/!#'" ")!+" +602  , .&$ .& 8%/0, .(' ,/ 
#,,-" "+1"" 2*4,"/0 ,- 0+%.'" ,#(&2%!&" %/#" #1# ,/ %#/2 .  %/#" ,0 .#,,-" "+1("" .!'-

"1#1'" .!1#+#2 .(.#( :F =2-gm  

18.5  2!/$/$'&  :'%$!#!# $""/! %&)%% +1, $#1*  1.  

%&)%% +1, 91*  1'%! %&."0 /$!#!# 91*! %&)%%  "'#:  

1* +$'%,'  &$-. !/ $!#!# 9 xgm-2 *Yeuro=  

 +%,' !#! 2"/$&%X , )1-02 %/*0 , " "!* $-!" +)"3% :$*.2 %2/"&/ " &)%  "'# $-!
%62% %!252  51-"'%:  
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 2"/$&%91* $!#!#% Y , &$-. !/ %62% %!252 +$#1*% $- !* 1$*2 %1"2& ' +$'%,':  

18.5.1 2#1' +$'%,'  5$!-' %6(" # +$'%,'  "$"!*  #1*% )8"5! "1$6(: 

+%,'   #1*"'  "!*  

CO  500  

HC   900  

Nox  10,000  

PM10 20,000  

CO2  30  
,()/ :8!&- -6'(- *(6- !(5!/$ 1!6,%/")(,!" ,-$9$9$( 8(+91$ -&!3*- -9!,'( "(9!, ,$.,%!&  !5!/- 1(%, ,

http://ozar.mof.gov.il/taxes/docs/misui150108.pdf  

18.5.2  %. 2"/$&"$% !/  !*" % # 1* $0"1$*%$0"($&  "$"!* !!"# ":  

 7*%  "!*)%3",& " %*$50( - 1$""6% +"%$,   &-% !/ $!#!#% 91*%%1"2& ' +  "!*" 

7*% !/  "-."0  

                                         =  "50 7*!  $!#!#%  !*" %   

#(!%#/" %/#" ,0 #2!#+" 8%/" .& ,#15'" :3!( 2#-%' ")#3!' "+3!(":  

 #'##4  #(!.(  :  

1.  !.4$+&! 9/" ./#6( .!,/.  

2. ,&%0#2 #,-,- 8%/ %2- 7", 7.#(0 .!)3!( .!,/!.. 

"+3!(2 :3!(" 7!.(" :%#/2 "%!2+.' %#!!&"  !"#$ ..+)" ,0 #,-,- 8%/  

19. %  0#" - I-TREE: 

" .(-!. .1'!/ %4!+" .!0%,-I – TREE , ,- .& %.#" 7#2 ,,!-"  #1'#' 2+%  #(!.( 13' "!!"'"
.!#(!%#/" .!,#.02 9%&2  #*!)("  #*/"") & +)3( "&%(" %/#" #.!%#0 2!0#+, .!(-!. ,#-' 7- !'-! 

" "$ %4+' 3#3220 ,1!'" ,0 .!#6'.'" .!&+3!(" ,/ .!33!2'" #(&2%!&"- UFORE.  %4#/ 7-  &
 #(!.(" ,0 2-%!'" :!3#&, 8%12! .,!-#2 .43!/ ,&%0#, ,1!'" ,0 "%'"".  

!$ "(-!. ,+.!)4&2!( ,0 !#%4+' 3#32 ,/ " ,#(!%#/" 7(-.', %!$/, "%6'2 , #.!%#0 .&  34',! ,"(,
#(&2%!&" %/#" .  #(!0  ##%#)'&  #(!.( 7#$", 7.#( !$ "(-!. ,0 40''" .%$/2  #(!0  #.!%#0 20+,!
!&" %/#" ,0%#(&2.  

5.  13"&! +$$"-(% +$$/3%  #1*%  
 #'%!5 7#2 .%04' "##,!+ "!!"' %4!+" /1#'2% # %+&"' 1+&"  #4.!('"  #(!0! ) .!%#0"

#5!,!%&6'" ,#!)#', $-%'" ,1!/! .!(!0" %!!6#(" .!(+..(  

 ##./0  #(!-1/ ,24, %4!+" ,/ , ,0 7'$ .)!4. 8%!&, .&$!  "#%+& 2!4/,! 1!2/#  ,!'  #)!5" ,-'
.!+), .+& "(0 ,"(0" .!(!/' .+& ,- .& .+&  /) .!+), .!3-, .(' ,/.   

04 :3!(2  #(!0"  !"#$" .!%!4' ,0 4##!1'" +!,#)" !"' 0&%' /!24, ")"#5%(& ,"%!2+. , "##0/.
!-!' ( !"#$ .!%!4'  .!& ,0 .!4##!1'" .!#(!*#+" .!#!,/" .& /!24, "04'0 "'.  

 #!3#-"  #'##!3'  ##(!%#/  #%!$#&2! 72!'- &,' !(#& ,&%0#2 .!'##4" %!6#(" .!(+. ,0 #2+%'" #!3#-2
3+ "#"# #4##!1'  #(!.( ,24, "#"# "04 7- ,/! %.  
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$.  +"#$. 

  
,&%0#2 ,"- 1/ 7#& ,!(%/*, , %#!!& #'"$' +!)3,  #*/ ,0  .,!-#, .#0/' .!3+##." ,-+$$0"($& 
,2+!.  

,&%0#2 .%+& !& !$- "+3!( ,0  !0##2 "*!/( "(#& .!2#0+" . #'"$' .+#)3,  #*/ ,0  .,!-#  */
 ##(!*#+ %#!!& ,"2 6%!)0 #)-!$ %4+' ./* , .+-!' .,!-# &#" "12!/! #,-,- .!'#-, .(.#("

!$,"'*/,0- , "(#&.4!,+'2 .  

7-.## ,,0 2!0#+" .!+3!( .'&.",  !4' 0# #-  ,1!'  UFORE 8& ,&%0#2 0!'#0,   "12!/ &#"#- ,
 !#", 7!-(, #'"$' +!)3,  #*/ ,0  .,!-#  ,.!,-#%1&! "/#6(" #,!4#0 8%/'2 ,,- ./'6!' "(#& 

  !*/" #,-,-" 8%/" 2*4!.' &, &,#''! 9%&2 :!("",2+! 8-' /2!(.  

 ,1!' .& 4!12,  !4' 0# #- !(, "&%(UFORE ,&%0#2 !2 #%0)& #0/' 0!'#0 ,0 .!&%" .1!4('  ,
 7+2&, .!3(, .(' ,/ /*2,!0&%' ,%0)&" .1#'2 , 9%&2 !'!0##, "(0%1#.! 7-.#.0 .!'&."" .&

6!,##) /*2,! ,/*" 3#32 ,/!$ %4+' . ,%.!#2 .!2!6"  !0##" #-%1 .& 4!12, .(' ,/ ,25!' :4#"2.  

  ,1!' .!(!%4/ .&  0##,! !2#+%", #!&%" 7' "$ #(!#3( #(!0&% 6!,##) %+&,UFORE  "%!*2 ,&%0#2
0 "*'.2 #0/'" !'!0## .& %0)&.! !#.!(!%.# .&%.!#2 ",#/#" "%!*2 9%&.    
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6$.   "1"3'  '$/1  
                                                 

1
  Cancer Help-  www.cancerhelp.org.il 

2
  "&%%0'" %.&  "2#23" .(5", 1 :. 

enDispWho&Zone=enDispWhat&view=enDisplay&BlankPage=enPage?jsp.en/bin/il.gov.ivasv.www://http
policy_mezahamim=enZone&policy_mezahamim=  

3
   7#1! /26  1& %.&208=ArticleID&320=CategoryID?/il.org.adamteva.www://http  

4
 '," %4+'" "%!2+. 31995- 2006 pdf.08heb_trans/statistical/il.gov.cbs.www://http  

5
 ./ % $30 1$"6 3"&" &2008  -6BFE-1F44-E968-C049DAF9/rdonlyres/NR/il.gov.justice.www://http

pdf./2174/1130046B015BB70D4  

6
 2 %4+'" .#*'. "&%-  -environmental.www://tpht

39804=codi&8819=cid?aspx.resultEachPressRelease/com.expert  

7
   ,1!'" %.& "&%org.ufore.www://http/  

8
 Nowak, D.J., Crane D.E. and J. Stevens, (2006), Air pollution removal by urban trees and shrubs in the 

United States, Urban Forestry & Urban Greening 4 (2006) 115-123  

9
 Nowak, D.J. (1994)c. Air pollution removal by Chicago's urban forest. In: McPherson, E.G.; Nowak, D.J.; 
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  Tipuana tipu- :(-' "&(  

  Jacaranda acutifolia- 7!,5#3 1+- #,/ 5'"1(%4  

  Bauhinia variegate- "#(#"!2 .(!!5'  

  Dalbergia sissoo !& dalbergia sisso - #1!"  3#3  

  Brachychiton populneum - #.)*)*  7!6#-#-%2  

  Bracnychiton acerifolius- #%1& 7!6#-#-%2 

  Delonix regia - "&( 7!,&*  

  Erythrina corallodendrum -  #,/ 2+% 75!',&  

  Ficus microcarpa -.!%10" 3!4#)   

  Ficus sycomorus - "'4#0" 3!4#)  

  Ficus rubiginosa  - #1!,+ 3!4#)  

  Ficus religiosa  - 0!14 3!4#)  

  Olea europaea - )!%#& .#$ #  

  Albizzia lebbek - "2!"* "#*#2,&  

  celtis australis- #'!%1 0##' 

  Peltophorum dubium .4)!3' .#6,0 ) !%!)!6,)(  

  Olea europaea -#)!%#& .#$   

  Bombax malabaricum - #1!" 42'!2  

  Washingtonia robusta - "(!3+ "#(!65(#0!  

  Phoenix canariensis - #%(4 %'.  

  Ulmus canescens -%#/0 3!',!& 
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  Eucalyptus camaldulensis ,River-red Gum -%!4'" 3!6)#,4&   
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4")3 4'!0( #,.%. /#2#2,5" (%+. ,&$ 319703 80%!  !,#)  2%5 (!9.!5 ,+ (!1#,'4 (!.-

4,'-!4  .46 "25.3 !+.(+4 43+ 41#+4/#3,+ 4.-. (3-"!. 4(##4  .,- (#+)" 4-"0% 

4&+3 ,0'!.4 "604 &!#9! /#7!1.4 ,+ (!1#,'4 #$!7 () (1"'.4 4.#+" ,  -. "5),4093(4 

7 () (!46, 4"1.3 4&+, 3#37.+ "!6)3 "#!!)4 (!-#) (." ,+ 4#9,!.#7 /#.46.4 #$!

/!4#64 (!"!2., /(!) "+2,! . 8+.3 409!3 4#9,!.#7410 17!$!) +&!53 /#.# 2000 ,  .6

 "#!!) /!4#6 (." (.##2 "25.4 #-"!0 ,+ /#%!(%4 #' ,0 !3+44!3$"!6)3  . ,+ /#%!(%4 &!3#0

 ,&!. (!09.)3 093(. 4(#5% 4)".44 ,$0.3 (!1#,'4 (."EDMS.  4&+,+ !)"4 /#%!(%4

'!0(4 !3 /!4#64+ 4&+, 3#37.+ #!%3 ),4 "!6)3 /!4#64 (." ,0 &3,3 (#2,5 40'+4 +# 4

0 "2#03 1,+%" *'!.! 33"0(. 8+.43 /!4#64! /#&##%! /#5##% /##.!2. /!4#6 (!"!2. #

35".3.  
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"(!-!.7 (!%!-+3 "#!!)4 /!4#6 (!.", 4'!0( #,.% (!,#0' ,+ 4.!"(4 "(Hsu, et al, 2008)  ,

 )!4"25.7!% !(3#37 ,0 4'!0( ,.% ,+ /!4#6, +#+ 40'+43 27!0+ : )!4!  4$)&, 75##(.

/!4#6. 4'!0( #,.%, 8!.73 (!)9.%4 (!,#42 ,+ ("3!$4,,.%4 (!,#0' )!4 !,+ "!2.4+  .

 4'!0(4 ,.%, 8!.73 ()9.%+ 4%!-+ ,+ /!4#64 (." () 2&!3 "25.4T.F. Green Warwick 

4")3" ,+ 4.!"(4 4. 0!32, 47%.! 3/!2.3 "#!!)4 /!4#6, ,.%4 . 8,4.3 4(+0% 42#&34

 (%+. (!%!0 +!,+2007 (%+ &0! 2008.0 4(+0% 42#&34 " 3#37. !39!4+ "!1#% (!%5( +!,+ #

/#2#2,5 ,+ (!&#&. !09#3! /#%!+ 5!" #%!!#-3 ,.%, ,/#%.#.5' , 2%5 (!9!.5(! .  !!#- #%!(%

4 #%.6 ,0 /#%!(% /0 &5# !'7)% (!"#4.4! 5!"4/4,+ /$&4! /#7!1.4 ,+ (!)".4! (!(#5% .

 /#%!(%4!&&.%+ "+)- 42#&34 #"!6)3  2%5 (!9.!5 ,+ "!6#'4 (."3 (!#%$!"14 ,0 !0#394 

/##+)" /#+#3-. 5!"4 &"!.3! ,%#."14  #%3 &#,+ 51+3 4(,0 4."4 .(##44  (!.-3 4#,0

4 ,+ (!,#0'4 #"!6)  !!#-. 43+% 5!"4 "+)- /#%.#.5'! /#2#2,54,.% . &5# 0&#.4 ,+ 3!,#+

 ,0 4%!!#-! 5!"4 (!"#4. ,+ (#(!0.+. 40'+4 +#+ 8- ,0 0#39. "#!!)4 $6.! (!7#14 #%!(% /0

2&3%+ "!6)3  ,.%4. /!4#64 (." . (!"!2. /%+# /43 /#"!6)3 093, +#+ /#2#7. /#"2!54

"!2. ,- #)"5) /4, /!4#64 (!." () 0!32, (%. ,0 (!2#&3 (!,#0' ,+ /#%!+.  

  

4#"$%!43 1+'&!3 ,+ 4'!0(4 ,.%3 4+0%+ "25.3 (Groma, et al. 2007) ,4%+# (!75##(4 

 ,.%3 (!,#0'4 ,!,-.,4,,!-(  ()!%..! ,.%, /#07!%4 (,3!4, /#+.+.4 3-"4 #,- . "25.4

 +#+ 40'+44 5!(#%3 "604 &!#9! 3-"4 #,-. /$ /!4#64 (!." (&#&.3 +#+ (!3#+54 () +#$&.

#374 ,0 ,.%,43 .  '!)3 (!-!.% !#4 4'!0(4 ,.%3 !&&.%+ /!4#64 (!." /#"2.4 3!"3

4#"3"'! 1+'&!3 "#04 6-".3 !&&.%+ !,). #(!0.+. ./#2#2,5 /!4#6PM10 4#4 ,.%4 "!6)3 

"#03 "9!%+ /!4#64. "2#03 0'+!. , /#2#2,5 /!4#6 /,!)PM2.5 ,.% "!6)3 "(!# 4!3$ 4#4 

4'!0(4.  

  

2.1 !.3"+ -')%"1  3).)2"/* &*  

 3 4'!0(4 ,.%-  !#"!$ !%#4 &2!.! ,)"+# (%#&. ,+ #.!),%#34 4'!0(4 ,.% !%##%0(44( ,+ 

46 "25. .)9.% ,.%4 - -19 2"(#.!"& . -, (#5"6.3#3) ,(-!  -132 " #'!5. . !-#(4 /#4 .

 ,+- !("!9+,!+. ,- )!4 3"0., 5"6.. !-"!) -4.52 ". ,, 0#$. /!"&,  !'9. !35!"! -42 ". .

!51+ ,0 0"(+. ,.%4 ,+ 1700 "+)- /%!& 270#!%3 51+ /%#4 /%!& .  ,+ 43!$3  -!+ ,.%430 

 &041 ,0. "1. /#4 #%' 43!$ , #&# ,0 62!%. !51+! !,##) ,5% ,3 /!#- /"!644,0( (#(!-),. 

4&+, /!"&. . "'7./#3!+##,.%4 ,+ !#(!,!3$ (3"23 /#%-!+  , /#%.% 4,) ,0! (#6! ,$# 

/!"&. ,4#"'9! &.53"0..  ,4&!4# "!)! &!4# - !7!%!.!  !'9. (!"10 #%3 ,4&!4# ("#1 ,:#"0 (#3 

! .!"1 "'-5"6.. .  (0!%(3 #3204 ,!&#$4 320 #%3. #!%#+ "30 4'!0(4 ,.% (!%!"5)4 /#%+3

%#34 (!7#13 /#07!%4" (%+3 ,)"+#, 0#$4, #!'9 4#4+ /#"##(4 ,$, 4%-4-! ,2000 ()"2,! 

4 (!$#$5 - 60,)"+# (%#&., .  

 4'!0(4 ,.% ,#-. /!#-2/#,#0' /#,%#."1  :  

 ,%#."11)"4 (!3#(%4 (#3 "303 4#4 4&+4 ,+ #+ , /#07!%4 ("!30( 3!" () ("#+ "+)

4'!0(4 4&+3 (#.!),%#34 . ,%#."1 (,0'4 "5), /#&"+.  ##%3, 37!4! "$7% ,%#."143 , /)

 (1#,2, /$ +.+, 8#+.4 #- /#,!0/#+&5 .")!"3'3 2007 ,%#."1- +&5. 4%3.4 5('% 

/#%' (!7#1, .  
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 ,%#."13 ,3(% #!%#-3 /$ "-!.4" $2000 ,  (%+3 8%5%2004 . ,+ 25".3 /2!4 ,%#."142.52 " .

 ,%#."1, (#3"0.1 , /#%+3 ,)"+#3 "(!#3 /#,!&$4 (#(+(4 #.6#.. &5) 4(##4 !(##%3!

(!%!"5)4 .,%#."13 ,24 /#7!1., 4##,0 #"+$ (!0!"6 +!,+3 /#-!"04 )B, C! -D( , &#(03 8)

 (!'7!% (!0!"6 #(+ (.24 (!09.)3 "(!# 4,!&$ /#07!% (!.-, !.#)(4,! !3#5"4,  (#% 4#4#

)A! -E .($ ,%#."1 ,+ #(+3#4 2,54 /3!#&&9 #%+3 !(35"4 () "+').4  '!)3 4%3%  .  

 &0 1!,2,  %-!( ,%#."1410 &!0! 4%+3 /#07!%  !#,#. 10/#"23.  !#,#.  . 0!"64 (.,+4 /0

-3 ,'1, ,$!7. ,%#."14 4#4# (#+#.54! (#0#3"4- 16 !+)"4 3,+3 4%+3 /#07!%  !#,#.  .

.#)(4, "+'). ,%#."14  !%-(/#%01.,! /#07!%, (!,#0'4 #'2#43 /##&#(0 /##!%#+, !  .  

  

 51+3,.%4'!0(4   /#,0!'34(#5%! 4)".4 #,!,7. )  "!#)2 :( ,!,7.12/30 ,!,7. !%#4 

/#,%#."1, "(!#3 3!"24 ,!,7.4! 4'!0(4 4&+ ,+ #+)"4 4(#5%4 . !-"!)3112 3!"! /#"1. 

 5"6., 3"0.. !3 (!093(. (!(#5%4) 1!.#6)120( .4265 (#3"0. 5!" (3+!% "+)- , (!(#5%4  

 8!'44  !!#-3 (!093(.) 1!.#6)130(  

 ,!,7.08/26 /$ )"2% "12+4 ,!,7.4 ." !-"!)3657 (!)".44 ,!,7.- +.+. )!4! /#"1. 

#6-".4. !3 (!)".44 3!" . 3"0., 5"6.. (!093() 1!.#6)260.(  

 ,!,7.03/21"924 ,!,7.4 )!4  . !-"!)1780#-! /#"1.  4074 ,!,7.- "2#03 +.+. )!4 /!

12+4 ,!,7.4. 4)".4 ()"2, /#7!1.4 ,+ .  

    

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 $)",2 ./!,9(3(% ,+ "#!!) "$ , ,+ /#%!+4 !#2,5 () (!)",  (#%,.%4 .)47&%4!  !%-( (2,5. ,

2009(.  

  

!.32  -"+ "5$0"+  

7. +#3-,  !'9.  -!+ 4'!0(4 ,.% '14&+, /#07!%4 (0!%( 3!"! 46 +#3- (!09.)3 (#+0%  , 8"&

4&+, #+)"4 47#%-4 "0+ () 4!!4.4  !#"!$  3 :,5. . +#3- "3!0 4'!0(4 4&+ 51+ 8!(3

4503 /0#$43 /#07!%4 ,- /#07!% !#,0 #.#%'4 4+#$4 +#3- () 4!!4.! /#,%#."14  #3 "35.4   
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 ,%#."1,2!  -3)  "!#)3.(  

 /%+# 4&+4 51+32+3 /##(.!2 (,( 4##%5 #%3.  ,+ ,,!- 5163 /#5!(' 4##%5 #+"$.! /%!& 

 ,+ ,,!- 51+389/%!&  . )#4 (#%.6 !3 ,#-4, /#,!-# 4##%54 #+"$.+ /#3-"4 (!.-4500 

/#3-".  

 $)",3 .3(%, 4+#$4 #-"&"$  )+""( ,2009(  

  

%#34 (!7#13 /#7!1.4! /#07!%4 (0!%( (!#3203 4,!0 (!%!"5)4 /#%+3", , ,+ 4)9!(- ()6

 /#-#,4(/##.!2.! /##,3!,$ . (%+32008%#3 (!7#13 /#07!%4 ("!30( #%!(% !95 " !2 () ,11 

4%+3 /#07!%4  !#,#. ,!++!)(4 8#,4(. 2,5- ()6"5), #,)"+#4 (!"##(4 :%0 "30+ ( 

 (&)'#(%#)"492) ,) " (!#%#&. *!.#) ,+ 4)9!(-!"/#5!(' /##.+ ",)"+# (,+.. ,+. 

) "!#)4(  

   

 $)",4 . $4 (.$. (%+. /#07!%4 (0!%(3 ,!&#2002  )+""(,2009 (  

  

%#3 (!7#13 /#07!%4 (0!%(, 0$!%4 ,-3 (!#(&!%( (.##2 /#%!+4 4%+4 #+&!5  #3",)  "!#)5( .

 /#$54! *#24 #+&!5 /4 "(!#3 /#7!.04 /#+&!54) #,!#–"3!12!)  ( 5'% /43 /#+&!54 !,#)!

 :"!54 #+&!5 /4 "(!#3  124 )!4 (!,#0'4 )3.9& "–")!"3'  .( /#07!%4 (0!%(, &!$#%3
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%#34", ,/#%' (!7#13 /#07!%4 (0!%( - (%##')(. 4%#)! 4%+4 ,- 8"!), 43#9# (")+%  (!#9") 

(#(%!0 (!#(&!%(3 .  

   

 $)",5. 4%+4 #+&!5  #3 /#07!%4 (0!%( (!$,'(4 ,"(!#3 43"4 /#07!%4 (0!%( *#24 #+&!53 .

)+""((   

  

34 (!7#14 ,+ (!#(&!%(4%#"4..#4 (!0+3! /#%!+4 0!3+4 #.#3 /$ (%##')(. ,)  "!#)6( .

 /#"6!5! /#714 /#07!%! "-+ (!7#1 ,+ 4,!&$ (!.- 320 4"0 40!%( 4%+# #+#.5!  !+)" /#.#3

 (!+'!5.0!3+4 #'!7 .9!. &0! /##"493 #+#+ /!#." 8- 320  12 4'!0(4 4&+3 40!%(4 5'% +  

(3+3 471 ), ,0,) ("35+.  

+ 8,4.3 (!.&2!.4 "2!34 (!0)3 ,#5(.+ (!)".44 "9!0 /!#7 "5),- 01:403 /##(7.!  - 

05:30 (4'!0(4 4&+3 "(!#3 ,!&$4 40!%(4 5'% /+"% . (!0+318:00 – 24:00 (!,#0' 5'% /+"% 

 12 .  

  

 $)",6 .3(%. (!)".4 (!$,'(4" $– 5.6.094..#4 (!0+ #',   )+""(.(  

  

3(%, (#9")4 ")( ;.4 (#%-("$ ,.(" )2/4 , (!&+ (!+" (,0!' 4#(!)"!4, /)(43 "+)

 4'!0(43(#(3#374 (!#%#&.4  ##%0 , #(3#374 2"'3 4"#&$.)1 2"''" :#(3#374 8"0.4 (" ()

"(#('!0(4! (#(3#374 "!1#%4 (-"0. ." #(+. (3-"!.4 (-"0.4"492 (!%5( " #6!-#" "!1#%,

/#.46. #6!-#" 4+!,+ ,0 ,0'!. "!1#%4!  /#.46.4:  

1.5(  2%5 (!9!.)NOX (  
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2. #"'7!'!"1  !6!))O3 (  

3. /#%#&0 /#.#+% /#2#2,5).PM2.5(  

3(%3 (3-"!.4 "!1#%4 (-"0."3(% ,+ /!4#64 () ("1%. 4%%#) $" 4&#5#- $#,)%!#$"( () ),) 

"!6)3 /#"5) /!4#6 (!"!2.. 4&"'4 ),, 4&+4 "!6)3 /##24 /!4#64 . /)(43! 8- 320

'+44 (2#&3 ,+ (#.,!04 4.$., (-#"03 8"!94 4,!0 "#!!)4 /!4#6 ,0 4'!0( #,.%, +#+ (!0

3(%3 "9!%4 /!4#64 :2#4 () 2!&3#+  #5-!%4 "25."$ .  

  

2.2 "+)#  ') "7  

/#.46. #$!7 403") ,+ "!1#%3 2!70# "25.4:  

1./#%.#.5' :#- (!3!-"( ,+ 49!32.5'!  .#. #.!1). (!#!%34 (!#. CXHY) .( (!3!-"(

.+3 3#-". (!!4. 4,)  ,039 ,"#!!) /!4#6, /#."!$ /4. /#2,5! /#2,&! /#7.. . ).$!&

  6%34 46  .#.5',–) C6H6 .( (3!-"( )!4  6%34#1).!")(&). 4'#&%  . /#6!-#", 4'#+5

"!"3  '!)3 4"!+2- 45-!4  6%3 ,+ /#4!3$ #.2#!,4 , -, ,  1"7. ".!5-  6%34 "-!4

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

 ,,- 3"23 /&4  1"7 ,+ /#"2.,##7!,-!)44 . 41#,' #6$ ,+ 3-"43 "(!#3  -!7.4 ".!5-

6%3  .#.5'4 3+5% ,6#& #0!%..  (a)   "#') 3-&!& ,2007(.

2./#.#+% /#2#2,5 :,6#&3 /#0%!.4 ),) "2#03 /#0!%.. /#1,'% . /#1,'%4 /#2#2,54

 &). /#%12 /%#4 ,6#& #0!%..)90% . (!5' 1 UM (  "1!23 /#2#2,52.5 41.! "1.!"2#. 

/&)4 (!)#", "(!#3 /#%-!7.4 /4 . /#".!5 /#5'7% !#,) 4!3$ /#%' 51+ 4,) /#2#2,5,

'  !$- /#3" /#%1"7.! /#%-!7. #-"& 8!(, (!,23 /#')+% /4! (!&3- (!-(.! /#%.#.5

 4.#+%4) 3-&!& ,2007(. 

3. 2%5 (!9!.5( :  2%5 (9!.5( &5(NO)  2%5 (9!.5( !&! (NO2) 4)"%4 /&.&) /!5 6$ 

/#%#,'!"1. ,0.+ 5#'"03 , #-"&3 (!,5., /"!$ )!4 4.#+%4 #-"& 2.!0, "&!5 )!4 "+)-

+ (#%!7#54 (-"0.4 (+,54! 4.#+%4:!$4 , .#!!)3" /46.4. 2,5 8'!4 5!('4 CO 

 2%5 ,+ /#%#&0 /#,7!"), . ,+., /,!03 /#.#!7. /#"!6)3 /#!!4.  2%5 ,+ !,) /#,!7!")

4")3 7,$%) 7!,"3 , "#!!)3 /#.#+%4 /#%#&04 /#2#2,54 (!.-. +#,+) 3-&!& ,2007(. 

4. (#"'!$ (!9!.5((SOx)  :,#0" 6$ , 5#" ,03 #6!"!2%##'!)# ,75 (03 "2#03 "9!%! 039 "

&3- #,6!% 2,& ('#"+ . (#%9.5 (,( (#"'!$, "#!!)3 (%9.5(. (#%9.5 !&4 (#"'!$4(SO3) 

 ,+ :!"#94SO2 +SO3 (#"'!$ (!9!.5( 4%!-. (SOx) .SO2 - 4!!4. 95% ,+ 41#,'4. 

 ,+ 41#,' )!4 "(#4! (#"'!$ (!9!.5(SO3) "3"$ ,2009.(

  

 /#.46.4 (03")4,)"9!( /4 /##7!' /#2,& ('#"+ ,+ /#, ,41'%. /#2'!. : +.+.4  #7!"2

/#7!1.3  !,#74 #0!%. ,+ 40%4, , #,- ()! 4&+3 ,0!'4 "604 &!#9 () /#+.+.4  #6%3! ",!7

 /#+.+.4 3-"4,40#7%,.%4 ,) !%..!  .   

 #0!%. "!30 /#)(., !(!) 8'!4+ 4. 44!3$ (#1$"%) 4,!-( ,03 039 "75 ,6!% )!4  #7!"24

7 !,# ."3- (#%!,#7 40%4, +.+.  #7!"2446 $!7. /#0!%.3 +!.#+4 (#+)". .  2,& "+)

(#"'!$ (!9!.5( /4 !,+ 41#,'4 #"9!( :"+% /#7!1. , 2%5 (!9!.5( ,/#2#2,5! /#%.#.5' .

2,&3 /#'7!(4 $!7! !,+ 42!65(4 39. 0!%.4 /$&, :!'- 46 ,- .)Chevron Global Aviation, 
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(2009 .), 4(0 &0  !#"1#"2 )9.% &!5### ,&344! ",!7. !(!) ,#&34, ,!-#+  #7!"2,  )!4

41#,'4 $!73 ),! 41#,'4 (."3 (Cheung, 2004) .) #.!),%#34 (#5"6)4 4'!0(4  !$"

)ICAO (%4 /#".!54 ,+ (!1#,', (!,3$4 3#94" ()  #124, (%. ,0 4)".4! 4(#5%  .63 ,

02"24 #%'3 /!4#64 .'!$ (9!.5( ,+ 4(5'4 (#"SOX ,3) (!#%!-. #0!%.3 (+"&%  #) 4,3$4 

 )#4 ("(!.4 (!.-4! /#7!1.,PPM 3000  #3 &.!0 #.,!04 09!..4 ,3) 500-1000 PPM  .

  !#& /##2(.##+0(3(&0 ,3) (#"'!$4 (!.- () (#5'4, 4"1.3 4'!0(4 # /!+ !+0% ),  #

 ##%03 /##+0. /#&09.  

  

%(-"04  #7!"23 /#+.(+.+ /#7!1.4 10., )!4 4'!0(4 ,.%3 /!4#64. "-#% 2,5+ )#4 !

 /#'7!% /#,#7!' /#2,& #%+ ('#"+ ,+ 4)9!(– #6%3! ",!7  , #,-! "604 &!#9 () /#+.+.+

!%..! ,.%, /#07!%4 () /#,#3!.4 3-"4 ., "() #'"43#374 (!-#), &"+.4 -  "#!!) /!4#6

3-" #,-.) "43#374 (!-#), &"+.4 ,2009(,")3 ",!74 (!%!-(  #,)"+#  2( #', (!032% *107 .

 )194 "'7.  !$- /#%##'). "#&$. 46  2( ,&-! /#%9.5.4 (,!-(' ./!#- , (!2'7. 2,&4 (!%5(

 /0 ",!750 PPM! -10 PPM (#"'!$ . (%+. ,542009 ",!7 2" "-.## 10 PPM . #2% 46 ",!7

/#.46. ,+ ((5'!. 41#,', /"!$! "(!# .!.0, 3##5 *")3 "-.%4  #6%34(!+#"&3 & #,)"+#  2(

(" #90 . 12!)4 "'7.  !$- 2,&4 (!%!-( (!032% 46  2(3 ,!3-"4&!0! #.#-4 . (%+. ,542009 

 &0 ,#-.4  #6%33 +!.#+ 3##5. #,)"+#4  2(410PPM(#"'!$  . 4-!.%4 (#"'!$4 (,!-(

4"#3$.! 1,'%4 "#!!)4 /!4#6 () 4%#12.-"4. (!1#,' ((5'4, (!-"0.4 (!,#0# ()3 .  

#17#117 /!7"'3,2.,4 ,+ " 7).,"7, 2009 ( #,-. /#03!%4 /#"2#04 "#!!)4 #.46. #-  01%

3-" , (%+,  !-%2007, 2%5 (!9!.5(! /#%.#.5' /4  . -95%#%9.5 &54  .5'4 ,,-. CO    

3-" #,-3 /#2,& ('#"+ ,+ 4)9!( )!4  2%54 (!9!.5(. +#,+! . ,+  4&#"# 46 /,!)69% 

4 (!.-3-CO!  ,+ 4&#"#40%  (%+.  2%54 (!9!.5( (!.-3 1995 .   
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3 .$%&1  .2,-  

  

#!!)4 /!4#6 :2#4 !4.", 0 4'!0(4 ,.% (!,#0'3 !"!2.+" 3 +- !#"!$ *#24 #+&!53 ?  

 "25.4(!1#+ #(+ 3,+.(!#"2#0 : #1"!)#( ,&!. EDMS ,0!'3 /!4#64 (!.- (&#&.! 

"!1#% (!%5( (!09.)3,%. ,0 !)4 /!4#6 (!.- () &!.), (!3(% (!,#0'3 !"!2.+ "#"$.  

  

4 .$%&1  .)!"-&  

  

 *")4 "!&-3 /##54 ,0 46 /!4#6 ,+ !(0'+4, ("3!$! (-,!4 (!0&!. (!3203 (!%!"5)4 /#%+3

*.). !%+##.,!0  )#34, 9.9,!!.. , "(!# "5!). 3,+3 "+'). /#.46.4 /#."!$4 #!'#. &2.

 (&"!4, *.).4 ()(."!4#64  /4./#.46./##"2#04  .  

/#'#2. /#"25.)+!%3 /,!03 !.7"!' /#3"  ) /!4#64'!0( #,.% (!,#0'3 !"!2.+ "#!! .

 ,.% /!2#.  !$- (!1,54 (,32, 7#73 /#!!4. !,#) /#"25.44'!0( ,!(35"4 !) , (!,#0' (!0+

,.%4 ,&!0! 4(#5%! 4)".4 #,!,7. (0#32.  

*")3,,5- !.2!4+ "!1#% (!%5( #(+ 10., 2")(. (#%-!(. 24 , 4'!0(4 ,.%. /!4#64 )+!%

,'!1. !%%#) 10.- . /,!) ,+ !.!2#.3(%"/#3" /#3!+#, !(3"2! *")4 6-".3 $, /!#2 8#"9. 

!.- :#2. "25.09!.4 46 (%. ,0 46! "#!!)4 (!-#) ,0 4&+4 (!,#0' (0'+4 () &!.),  

!(3#373.  

"'7./#07!%4 0 4(#)! 4%+ #&#. 4,!0 4&+3 /$ 4,!"#!!), 1,'%4 /!4#64 (!.-  ,   (#%+ #'-

#1"!)#(4 02"4 2"'3 (!)", . "25.4 (!)9!(!"+')#, 3(% ,+ #&#(04 !5!(#' ,0 0#'+4" $

 43#374 ,0 !,+ (,#0'4 (0'+4 ,+ "(!# 43!1 4%34 8!(. 7#73 (!!4,!8+.4 #"25., 

 /#)+!%3/#'7!% !$- :  

).(1,'%4 /!4#64 (!.- /!9.9, (!#!"+').  

3.64 (0'+43(%, 3!"24 7!#&"3 4##7!,-!)4 (!)#"3 ,0 /!4#"$.

$. #75#4 !2,5 3!+#5 !(.!"(!3(% ,+",)"+#3 "#!!)4 /!4#63 $.

&./#'7!% 4'!0( #,.%,  )- !.+!#+ "25.4 (!1#+ (,54.
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5 .$%&1 .)("-  

  

(!1#+ #(+  #3 3,+, 0#9. "25.4:  

1.  +!.#+3(-"0. "!6#'! (1#,' ,&!.-Emissions and Dispersion Modeling System 

(EDMS) 5(!'+43 ,4%. ,)"&'4#4") ,+ 4'!0(, " 3Federal Aviation Administration 

(FAA) .  46 ,&!. (!09.)3,  (#% (!1#,'4 "!0#+ () &!.)3 ,+ 35"  !!$. /#.46./#1,'%4 

.(!,#0'3 /4,+ "604 &!#9! /#7!1. 4'!0( ,.% ! (#%!("603 /$  #!%#+ (!65, /##&#(0 /#

/#.46.4 (!1#,'33 4##,0. 4)9!(- "'7.(!7#14 .  

  

2. 3 /##24 "!1#%4 8"0. ,+ #!3#0+.5(!'7!% "!1#% (!%5(  .+&54 8"0.4 #6!-#" () 2!&3# 

 /#.46.4.!,#0'(3(% "$03")3 4/##"2#0 /#.46.  :CO, NOx, SOx, PM 2.5 ,,+ 3!,#+3 

/#$!,!"!)1. /#"1."' :4"!1"'.1,(#75# (!5,,5!" (.90!  !!#-  "!2. () 0!32, (%. ,0 

(!1#,'4.  

  

 (#% 09!.4 "!1#%4 8"0. ,+! #1"!)#(4 ,&!.4 ,+ 3!,#+ (!09.)3!%(0&, 4#4#  8#"04, 

43!1 (!"3(743,3(%. 1,'%4 /!4#64 :2#4 () " /#."!$4 ,+ #75#4 /2,5 () /$ !.- $

  /#"!+24 /#%!+434&+4 (!,#0'.  

5.17"*) .("2* 20)1 .5$/1 $)-Emissions and Dispersion Modeling System (EDMS) 

 47"$, +.(+., 8#"&. 8!(. 52,% !3 +!.#+4  '!)! ,&!.4 ,0 "37445.1 "3.1'73 4)9#+ 

20084 "(). -FAA.  

4 (!%+ 09.)3 5(!' 46 ,&!.-80,&!. ,+ 72,'.!2- /#3+5!.. /#  (!-#) () &!.), (%. ,0

 "#!!)4!(0'+4! ,00( #,.% 5!(#' 4")3 4'!"3. 4  %-!( "+) /#&&!34 /#,-4. &5) )!4 ,&!.

4'!0( ,.%3 (!#!,#0', /#"!+24 /#.46.4 /#."!$4 ,- () ,#-4,. #')"$ 4"!93 $#9. ,&!.4( 

 ,+ /#%!+4 /#$!7, (#+#) 4.)(4 093, +.(+., "+').! /#%!+4 /!4#64 (!"!2. ()

02"24 ,0 (#%-14 4-#.(4 ,+! /#7!1.4. "'7. "30 ,&!.4  /!#-! /#%+4 8,4.3 /#%!-&0

/,!03 !$!7. ,#3!., 3+5% .  

5.2   4*),20)1! -)1"-  

  

 ,&!.4..  !6#% /#%!(% "'73!+#5, 7#73 /#!!4.4/!4#64 (!.- :  

 '"#)(11 .)("2*- /#7!1. (!.- ,7!1.4 $!7,  #%.63 7!1.4 #0!%. (!,#0' ,$0.

4(#5% -4)".4#3,+3 !/#%!+4  ,41#,' #.&2.! /#%.64 5!,,+ /#0!%.4 . 

   *  4 5!,! 7!1.4 $!7 #3$, /#%!(%47#14 #%.6!,32(#  (&#5#. 47&%4!  !%-(3(% ,+ "$.     

       #%.67!1.4 #0!%. (!,#0'   4)".4 4(#5% ,$0. ,+ /#%!+4 /#3,+3 !&&.##51+3,    

       (!1#,' #.&2. #%!(%  !,#74 #0!%. ,32(#!. -International Civil Aviation 

Organization (ICAO).
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  /%$%  2/ '"#)(12 /)"# 0)"6)GSE(- 3-"4 $!7 ,4,!0'  .6 8+.41#,' #.&2.!  ,+ 

0!%.4. 

     * !(,!0'  .6 8+.! 3-"4 $!73(% (!"!2.."$ , (!1#,'4 #.&2.#!,32(#. - (ICAO).

  .)"21-& /)"# .)0"&"(APU)– 0!#74 #'!), ,+ 41#,'4 #.&2.! 4,!0'  .6 8+.     

#"!1)"%$4/.  

           * 3(% (!"!2.. !(,!0'  .6 8+.! 3-"4 $!7"$ . (!1#,'4 #.&2.#!,32(. - (ICAO).  

 $")),  +71-  ,&!.3 +!.#+ AERMET4 ,&!.. 2,5 !%#4+-EDMS. 

              +!.#+4..#4 (!0+ #', /##$!,!"!)1. /#%!(%3 ,,+ 4394!"#!!)4 3!3"0 (3-+ 43!$ .   

           * (!%!+4 "!1#%4 (!%5(. !,32(# /##$!,!"!)1.4 /#%!(%4  .:7!%3 , 4+0# +!.#+   

             #+ /#.46. "!6#' ,+ /#.(#"!$,)3!,32(. -Environmental Protection Agency's               

             (EPA).  

  *)/.  2132 '"/"+1  !5$ "25- ,&!.3 +!.#+ MOBILE6 9#5 ,&!. )!4+ ,+ #%!

4 ,&!.- 'EDMS # 0#$.4 40!%(4 5'% #', 3+!53(%,"$ , 3-"4 $!7)/#7!3!1!) , /#3-"

/##1"'( (,!0' #%.6 0 0!%.4" #%.6! /#%!+4 /#,%#."14 &0 "!30, /4#,0+ 25".4 '

4%(.4 .

          * (%. ,03+5, ()3(%, 0#$.+ 3-"4 #,- 5'% "$/$!7 ()! ,(-"0. /#2%  !#')  ! ("#'7  

              /#3-" (3+5!.."0+3 #+)"43(% ,+ "$.  #%!(%(!1#,' #.&2./#3-"4 ,+ 52,## !. 4 -

EPA.  

  

5.320)1  !)-"& .),6).   

  

/#)34 /#.46., (!75##(. ,&!.4 (!)9!(:  

  

1 .2CO) #%9.5 !&  .5' (/#7!1., 2" 3+!5.,

2 .CO) "361& 0& 41&*(,  

3 .THC) 47"/#%.#.5' !"&#4 -(! /#7!1., 3+!5. -APUS,  

4. NMHC)  )(. /%#)+ /#%.#.5' !"&#4(,  

5. VOC) (!'#&% (!#%$"!) (!3!-"(,  

6. TOG) 47"(!#%$"!) (!3!-"( -(,  

7 .XNO) 4%3& .)6)1&.(,  

8. XSO) ."$*+ .)6)1&.(,  

9. PM-10)  &0 /#2#2,510 !"2#. (,  

10. )- 10-PM 0/ '"%"%2& 2.54)$%"1 .  

  

+$&!.4 /#.46.409!.4 "25.4 8,4.3 !.2!#+ "!1#%4 (!%5(3 !"1!%# "+) /#.46.4 /4 /#.  
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5.4  20)1 ')5"#EDMS  

  

4 ,&!.3 +!.#+- EDMS ()  ##'), +.(+.4. +"!& (!,#0'4/#.46. (1#,', (."!$+  ,-. 

#"+') "!2. ,  #64, &5) ,- ,+ 4,!0'  .6 8+.! (!1#,'4 #.&2. ,+ /#%!(% /#."!$4. ! :7!%3

,3,+!(% /#$!,!"!)1. /#%/#%!+ /#'"$!)#$!.  (.#+" ,+ "#92( ,32(. ,&!.4 (,0'4 "5),

/#)9..4 !3! (!.- &5) ,-, /#%!+4 /#.46.4 /!4#64 #"9!# (!"!2.4. 47!  .6 (&#5#," -

,.%4. 25". ,+ 4#92%!'- #,,- . 0 (!&#5# #$!7 "'7. "!53,  (#%"+.(+.4 ("#53 '.  

  

5.5 $)("3 8$/1 .1%   

  

#&. /+, (&3(%. (1,'%4 (!1#,'4 :2#4"$,0!'3  , /#24, /#0#9. !%)5 :7!%3 "!1#% (!%5( 

(!.##2 "3-+ (!%5(4 #(+,. 4'!0(4 ,.% #35"3 /#%!+ (!.!2.3 !.2!.# "!1#%4 (!%5(  '!)3 

 "+')#+1,'%4 /!4#6, 3!1 #!7#-3(%. "$,  4 4)9!(-  4! /#7!1.4 (!,#0'.  4)9!(- (!,#0'.

"5) /#.46. /#."!$3(%3 /#,0!'4 /#"$, /#"1."'3 3+5(43 ##$!,!"!)1.//#%!+  .  (!%5(

 ,- ,+ #75#4 !2,5 () 3+5, /$  (#% 8-3! /#%!+4 (!,#0'4 #&2!., (!-#.73 !.2!# "!1#%4

"#!!), 1,'%4 /!4#64 ,- 873 /"!$.  

  

5.6 !.3! $)("3  .)3&. .#"$* 4*),"+  

 

 

 

 

 

 

 

 

 

 

 

  

                            

                       $)",7 . 3(%3 "!1#%4 (!%5( /!2#." $)47&%4!  !%-( (2,5. ,+""(.(  

  

  "!#)37 ,3(%3 "!1#%4 (!%5( /!2#. () (!)",  (#%"$ , (!%5( "+)-A-B ,(!%5(4  4 !,) 

 (!%5(! (!.##24C- E ,(!+&54 (!%5(4  4 !,).  

   3&.A :(%5( "!1#% "3(%"$ ")"4 &"+.4 $$ ,0 ()9.%4'!0(4 (!&+ (!+" ,+ #+.

   3&.B:  "!1#% (%5("423" (#3 "- 423" (#3 &7!. ,+ 4,,-.4 $$ ,0 ()9.% -850 

 ,%#."1, /!"&. "1.3-! -250/#,+!"# +#3-,  !'9. "1.  -3#3) ,( . 

0,!
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   3&.C: . 4)#9#3 /2!.( !6 4%5(4/#07!%4 /,!) &#, 5!!14 "92  !#%5 ,"!6)3 

"2!3234 ")!!9", 4)#4 45%4,+ 3(%, 0#$.4 3-" ,-" $"3!0 4%5(4  -,! 46 "!6)3 

"1%("2#03 !4#64 () / #,- ,+ 4"!35(4.  

   3&.D: 44%5(/2!( 3(% ,+ #,!0'(4 "!6)3 "$ , 02"24 0!#7 #3-" ,+ 4,!0'4 "!6)3

)GSE ( 0!#74 (!&#5#! (!#,.+54)APU.( 

  .)3&.G + F + E: 4(#5%4! 4)".44 #,!,7. "!6)3 !.2!.# !,) (!%5(  "2#03 !"1%#!

1,'%4 /!4#64 ()4(#5% ,$0. #3,+3 /#7!1.4.  -/#%!+4 4)".4 .   4%5(G /2!.( 

, 8!.73 !3 3,+3 4)".44 ,!,7..4/!4#64 (#3". "9!%! (#,.#72. 4.9!03 ,0!' 0!%  

02"24 #%' ,0. %5( (!E! - F #2!.!.  4(#5%4 ,!,7. "!6)3 4%5( "+)-E 43!"2 

4)".44 ,!,7., 4+#$4 ,!,7.,) 4 3,+-Taxing ( 4%5(!F  7!1.4 !3+ 3,+, 43!"2

02"23 0$!%! (5!%.

  

 ,+ 43!$3 !.2!.# (!%5(4 ,-10/#"1.  02"24 #%' ,0. 446 4#$!,!%-13 !#4#!  .  

. 3!,#+!,32(#+ /#%!(%4 . "!1#%4 (!%5( 03+ "!9#, ,-!%#1%)#&"$/ /#%!+4 /#.46.4 ,+ 

!,/#%!(%4 () (.-!1#,' (!.-  (#(+ 4"!93 "25.3 /#,,-%+ /#+&!54. &5) ,-, (09!.. (.  

 ,+ (!#1"!)#(4 (!)9!(4 () 2!&3, ,-!% "!1#%4 8"0. (!09.)3:2#4 !,32(#+ /!4#64   

/4%#3 4.)(4 (&#. () 2!&3, ,&!.3 +!.#+..  
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6. '"")*6  '""-%  .5$/ $%&1  8$/1!   

  

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

!3 "9!%+ /!4#64!(3#373 /!4#6 #"9!# (!"!2. ")+. ,  !$- /#,+!"# +#3-– 3#3) ,(

,)"+#3 "(!#3 /#7!.04 /#+#3-4. &5) ,3(%, (!-#.73 /#.2!..4 /#,0'."!-! $'.  

!. "!1#%4 (!%5( (.24 (!#!+0 47#14 (!5#133 0!$', –!(.4 (!%5(4 "2#03  (!%%-

4(#5%! 4)".4 #,!,7., (!-#.73 (!%34,.  

+. (!#!,( ),+ (!1#+ #(+ 3,+. "25.4+ 4&3!04 ,+3 4 (5)##%+34, /##!+0 

+ (!%!+ (!)9!( ,32(4,/%#)&5#3 (!3+##(. .  

0. /#%!(%4 :!7#) ,+ 3" "'7.! /#3" /#3)+. +"!& (2#!&. 4)9!( 8"!9,  /#."!$

 /#%(+.4 /#%!(%!/#"92  .6 #2"'3 .   

  

7.  .)00)1. '""-% 1 %2& '/  

 /0 &&!.(4, (%. ,04 4#034%!+)"4 ,3(%3 "9!%+ /!4#6, (75##(. "25.4 (,)+" #+&!53 $

&3,3 *#24 ,3#9# (!5!"4 "1+. !6 4'!2(3, (!)",  (#%+ #'-  "!#)8) .   !'9. )!4 5!"4  !!#-

/!"&, (!0+ 10., 24:00-6:00  40'+4  #)+ 8-4,!&$ ,+ 45( ,0 +#3- (!%!0+3 "!1#%4( /!#4 

3"04! ,  43 (!0+3 )#4 4#034 5!"4  !!#-8'4(. !'9, /!"&. (3+!% 5!"4! )  "!.)-24:00-

6:00(  46 39.3"3!&.4 +#3-4. "9!%+ /!4#64 () /$ "1%, (!,!-# "!1#%4 (!%5( . (!)",  (#%

 "!#)38 !,) (!0+3 40!%(4 5'% :7!%3! &!). 4-!.% !,) (!0+3 5!"4 (.9!0+  (#(!0.+. 8!.%

 /!4#64 3!" () !"1%# *#24 #+&!53 "!1#%4 (!%5(  -,! /!#4 (!0+3 "+).9!!##+"3(%3 "$.  

:7!%3,"!1#%4 ,0 2"! 8) 8.(7. !%#) 09!.4 "25.4 ,  () ,"1%. #1"!)#(4 ,&!.3 +!.#+4

3(%. 1,'%4 /!4#64 () 2"! 8) 3+5.! (!#%!9#54 (!0'+44"&3,3 $.  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

", $)8 .,.1!.#6) #', 5!"4  !!#-  ,!. 5!"4 (.9!0 )4##%+, "1. .(  (#%+ #'- (!)",3 /#'"$ 1-2 ,

 (!0+3 8'4(. 5!"4  !!#-20:00-6:00 ! ,#32.3 (!0+3 (#(!0.+. 4-!.% 5!"4 (.9!020:00-

7:00) .3(% "!1#% (%5( 43#374 (%$4, &"+.4 "(). !52,% /#%!(%4"  $19-20/6/09(.   

 .  

!.  
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8 .')5"#  

  

4#,0 (.$. 4%+# /#%!"5)4 /#"!+03 ,+ - - 5%  (#.,!04 (#"#!!)4 4"!35(3 /#07!%4 "'7.3

4%+3 )2003 ,Lee(. !6 4.$. ,+3 /#7!1.. /#.46. (!1#,' )+!%1"'3 4'!0( #,.% (!,#0'.!  

 )!4 "25. /!5(!3 2!70, /#3".+/,!03 .  "!0#+ (&#&., /#3" /#,&!.! (!1#+ !5(!'

+4 /#7!1.4. (!1#,'4 :)! /#%!)+!%3 /#"25. ,+ 3" "'7. !.7"!'.   

*")35(!'. !%#) )+!%4  ,/!4#64 :2#4 () 2&!34 "25. 8"0% ),!3(%3 "9!%4 "$.  ,+ !.!2#.

3(%"09!.4 "25.4 !.- :#2. "25. /!#2 8#"9. /#3" /#3!+#, !(3"2! *")4 6-".3 $.  

/#$54! *#24 #+&!53 093(4,  %-!(. "25.4 ,&!5 /4 !,) /#+&!5 (!.- (%#53. )#+4 #+

4'!0(4 ,.%, /#0#$.4 /#+%)4 (!.-! (!7#14 . (!3#9# )!4 !,) /#+&!53 &2.(4, :7!% ,!2#+

4"'7!.1)4 , (!-!.%4 (!3-+3 ")+% "9!%4 /!4#64! 4#7"3%#) (3-+ ("9!% *#24 #+&!53

4"'7!.1)3 3!1 "6'(. !%#)! . /#'9. !%)9!!## !,) /#+&!53+" /!4#64 ,).#72.4#(%3 3"$  .  

409!.4 "25. #(+ 3,+. "25.4 (!1#+, 3+5!.. ,&!. EDMS , (!.- #3$, 4-"04 !%, 2'7#+

 (!1#,'4/##%!9#5 /#."!$ ,+ (!0'+4 ),, /#%!+4 /#.46.4 ,+3 "!1#%4 8"0. #!3#0! ,.% 

,0!'3 /!4#64 (!1#,' () 2!&3#+ . 3!,#+ ,+ (!)9!( !%(## "!1#%4 8"0.! #1"!)#(4 ,&!.4

3!"#23 "+) 3!1 ,!&.)#. (!1#,'4 :2#4 ()  ,!,-.,#0'#!3(% (!"$.  

:7!%3 ,+#4%3(%. (!#&#(0 (!1#,' #!6#5, (!"+') "$#1"!)#(4 ,&!.4 (!09.)3  ,!&#$4 #', 

#&#(04 4'!0(4 ,.% 5!(#' () "(!# 43!1 4"!93  %-(, 4#4#  (#% 8-3! (!7#14 "'7.3 #!'94.   

!4 #&!5##! #%!+)" !%#4 46 "25.+  !!#-.)+!%3 8+.4 #"25. "'7., 7#734 () (!!4, ,!-# ).  
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 $.! 9&$#6  ."%#)  '5.#,  /  %% #6.6/ *.&&%0,#  *.6(%,' 6& 7%5., 7!6#  &4#5.   7%5./
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.%%)' &1$,.( 10  ,%#5&,"5%/#%  '%-0  . , , *.6(%,  %)3#.  15  &4#6 %".,5&+ '  *.&0 

46*%4# ,6&.%%)  *% .1' *,$.(! 64+ *..! ,"5/6 &  &%#!.  
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 &%1)  .6(%,' 7%5./  ,) 6(!'%  &.(.%36,.,%#5  & .  

.!5%"  &4!#  -4#,.$6 .,, !%,- *.)",  ,+$( 6 * 1#  &%1.$ ,) 7!%6  '-%#

..&$/%#8) *. )6 &4!#  ,')( ,) 7%!6' ..&$/%#8)  *.)",  ,+$(  * &%1.$ 634 '+ 

%&.)6 * 1# + '(  '5.# ,/.&4&%&.46 ,"/!%)#   ."%#). ,0 ",# &%&.46 ,"/!%)#   ."%#)  

 ,+6 -65 105 6'( &%1.$."%()&  , &%1.$  '-%# 75'% -65  10  &%1.$ ,)  1!.,%  ,) &%1.$' &6+# 

 *+ .6./)$,%##!, 10  .  

&4!#  ,&0/#6, * 1#  '( &%1.$  '+ *.+.$(#  *."%," &4/ +36,. .%%)6&7%05  : *."%,"

.$&0%$%8.* ,,./5, , *."%,"*.0%'%&%)8# ./%'5%) &%1.$%  . ,'64' &%1.$ '-%#6 %"1%.  ') *.)",

%5.&  0%'.$75%/#  &#%!  '( 6!&#6% 7#16 *.1, ,)1 '5, *.'.6%#  *.)",  ,) )%3#' ,"# '+ 

,'&,%.6 75%/#  (.!& . &4!#6 *.)",  %)3#.*.0%'%&%)8#  :!%& 7%%.5,,.&$/%#8) ,%6.3.  ,

,%!' ,*.+4(#*.+0$" '( &,%.6 6&  &$/#' '.6%# -65  10  7"+ '( %&%1.$ 634 7 6  &%8&$#8%  .  

%)#0%- ,%03%# ,%."%()& ,%)3%,5,6#  *."%5./ ,5&+  '-%# 8'$    )&"  (.!&, '+ //%

!  (.!&,5&,%.6 &%#, 0%'.$ ,$# ''%5 8'$  ../%'5%)   ,6!&#6 *.1%5.&  0%'.$ , 7%5./  ,$#
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1. '%!.   

1.1."44&  

  7%"6' ,#!'#' %#-4( *.(-%!6.."(  , .&!) *.(-%!6 &4.+6% , &&%+,  %".."+, , 

' +0%"  '56  6&( ,%.,6.6/  ,%+$( '% *."%5./'  ,&&%4#   ."%#)  '5.#2..(  '  $.! '+$#

 7%(.4  '#"6 *.'4.#.5 )3#"  $.! 9&$#6.  

 .60'  (4  ,4%'!#  64+ ,#&( 7%5./  $.! 9&$#6 '5.#   %% #,*.'-%# *.(&-" '(  

&,%.6 &%#!  (.!&,' '-%#  * .".6% *."%5./ ,5&+  )7%3.4 .( ''4(# 65&%# 7%5./ '-%# %5%,6

*.'-%# ,, &$/# :&%4# '-%# - !# '5.# # .%-.) %  3.&$  634 ,) 6(, * 1#  &%1.$ '-%# -  

&%4#  6.6/ *.1%5.&   -( ,) 6(!#   .)",6 ,%',5   "# '-%#% *..&$/%#8)   6.6/-   1%! 

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

 6.6/  ,%5.)6 *.84.%&$ /&%4  ,&0/#6&.%%) *% .1 )(%"6 , ,)16 ,+3%# ,+3  &4!# 

,".!6'* 1#  &%1.$ -75%/#  &#%!  ,..&$/%#8)  *.)",  ,+$( 6 *.   

1.2."+%)#"  1*+   

7 6 ,%"%), (!"5%/# &#%!'  ./%'5%) ,$ ,%(!&,# 7 &4.+6 '( 9%3.$ %)  $.'- 64+

 75%/# &#%!6 ..(+, .'+$#.  &#%! &.%%)6 )(." ,-65 &.%%) *% .1' *&%0/%'5%)6 +0%$% . ,.

%.')  $.(!  *+ &%1) .&#%!  ,%'.+&6  .%',  +.0$  ,&#%!  ,&.%%)6 %1%5.& , $.(!  2(# 

6%&$/#+0#6 %,.) %)6( *.(")  .#16 *..&$/%#8)  *.)",  ) ,%(!&,  7. +%& 1 0%/#  *". 

'+ +.$(#% 6%(! *&%0 %&%1.$ 7%%.5% /%.-&  .6!&#  '(  7"+&#%!75%/#   .  

 %(!&,  *."(  ,3%&#6 *'%+6*."5%/# *.&#%! '( ,%.&4, &$/#.  '(#'- %/%%/6 ,

  .'8.))1976( ,')$%66 , %-% )1984 (%4.")%! 7)/ &.+6% , %4./4#)1984(  (Lees, 1996) .-#6 ,".

 ')&(. 7..-+ +%&.) (!&,  )''  #%- '-%0 &-/6 *."5%/# *.&#%! '( *.+%&.)%') .  

,%&%$/ *.#+$ 9&)6 %(!&,  784 '-%0 &-/6  ."%#) ,8.'$ .+%&) ,'(#',  '+$#6" )"8

 0" "  .6%8 &)66 ,"(62006,+%&.)6  %+3$"5 -20  *.(")%.-6%+ %"%$ '+$#  &%1) # ) ,"%)," )"8

0%" " , &,)ynet( .%&.)+ +&.) :/%" ,#!'#6 .."(  7%"6' ,  &()5  ."%#) 10 '( ,%"%8  (.(

 +0$( '.8#  )3%,5 &.%%)' %8'$"&%1)6 "%#( ,..&4 .'4 2&%)6 *.(") &$/# %+0$" +%&.)6  

) "%#( ,..&4 ,"%), , &,)ynet( .  

.6 8&$6% *'%+6 %(!&, ( %') *.&4#"  .'+ &4!#  ,')( ,) %&&%+ ')&(%6+6 7%-%1  -.  
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1.3.("3%&"# $&+1  48%. -1*+   

 '( .,%#5 2&+"7%5./  "(Risk) +%&.)  ,%!.5(' *.+0$"  &$/# 7.6  "#5 &-0%# ) *.0%&  &$/#

7#1 ,-.!.' .( *%(.*."%5./ ,5&+ ' '-%# (Risk Assessment) ,.#.5   ..(+,6  '(  ."6 ''%5 

,,  (%'(-*.'-%#: 

1.&%4# '-%# (Source term model) :(!# &$/%#8)' ,&&!%(#  &#%!  ,%#5 ,) 6  

 3.&$  7#16. 

2.&%1.$ '-%# (Dispersion model): *.1%5.&   -( ,) 6(!#  : 6.6/  -%4" '56 1%5.& 

&%4# ,%8($,   7#16 . 

3. "# '-%# (Dose response model) :1%5.&6 ,%',5 *.+0$"  &$/# ,)  1%!  

 ../%'5%) &#%! %  $.(!  7#16%   . 

  

-%#   "6# &%.)6 &)%,# '1 .&%.)6 *."#%/# 8'4  ."%," 6% 36  '-%# '5 '( 8'$  ."%,"%

*%-)6 *."#%/#.  

  

 

  $&+1.  !2.

 +!/  48%-
 :6+%, +.%0 

 .!2.%  *",#

 /"0+$
 $%+!$# %  , 2"+, $+%2

 +%*. 48%.
 

+%7", 48%.
 

 48%.
 3.4  !%-$ 

5%&"# 

 7%&"+  -%4",

  !"!#!

 ("1-,3 +,#.

 : !"!#  "'3$

 $%!"2" ,0%+

(8'-"3! (%*".

  ,"/0 9/.

 )4* )4,

  

 &%.)1: '-%# ,.."66 *.'-%#  .,,6 *'%'4(% *.+.$(#  *.#&%0  ,) &),#   #.&1 *.(&,

7%5./ .  
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1.4.+*03  5*$. -+,.!  "3%.'  4&".  ,"0 6   

#.5*.'4.#.5  $.! ,&6! '(  ."%#)  '  $.! 9&$# &%1)6  -+ 7/!)#12 ."%#) 7%8 :')  .

*.-&$" *.&,) ."( *.'4.#.5  $.! '+$# ,%'+66 ."%#) 7%/!)'  $.! 9&$# &%1)6  . %6 &,)6

%1  -%6+ -4#,, , *!,#6 7%(.4  '#"6 *4%## &() 7%/!) '5.#6 ,&&%4#  ."%#) ,"/!%)#

 )&4"("/#."%$3  *.'4.#.5  :%) " &%.)1() *.'4.#.5  $.!, 2000(   

1.5.12%.  +*0. %$%!"/0%   

!%,$6 -4#,. 84.%&$ *%(..% ,, - *.)",  ,+$( 6 * 1#  &%1.$ ,) 7!%6  '-%#

..&$/%#8) * ,  (.!&,  ,) ,% 1'  &8#6&,%.6 75%/#75%/# &#%! ,3.&$ '(  "%),6 . 

 &4!# 4/%+ '5.# ,3.&$ '( 7!6#  &4#6  ."%#)  ,'1"%# &%&.46  $.! 9&$#6 .  

  ."%#)  '5.# $.! 9&$#6 ,.&%6.3 !%5.% ,!, .%3#  , 5 -+ +%-. )' %5&+( 7%5./  %% #. 

 7!6.  "%()&'  &,%.6 75%/#  (.!&, '(  &4#6 ."%#)  '5.# ,3.&$% !,%", *.)",  ,+$(  

 1 (.!&, ,%)3%, '+ *..&$/%#8)  .%5  3.&$ %".  7!6.( (.!&, ( ,'' ,+.0$ 64+ '5.#  '

'5.#  006 '.8,*.+.$(#  *.#&%0 % 75%/#  &#%!  '( &%1.$  ."..$%) %&4!. %1 ,&0/#6  .  

 *.#-4,# *.'-%# %')5'"*."%5./ ,5&+ ",  .(+, *%.4' *.(&-" )*-)  ,/"&$ ( -3'

 6.6/ % *-)  '+  &.#(.  

  

2."18. 1*+ :  8!& 7- +%7",4 ("48%.  

  

6 -4#,. +3%#  &4!#  !%,." 5.&6 #  .%-.) .&!)  ."%#)  &%1.$' *.'-%# ,&3%"  

'5.#  ,3.&$ &!)',  -)$#86 %".   5.&6 #  -),#   &%8& 5%#" , 105 0 ",# 75'%   -65

&.%%) # .  1 4&$6-65  10  7"+ ,%0 ",  &)%,,,%8&%$.  ,% %&%1.$ '+ *.+.$(#  *.#&%0  %&4/.

5%,#  &$/%#8)6 -65 10 &%1.$' *.'-%# *%&!6. *.$.-+  *.'-%#  ',.!5%"   -%6+.  

2.1.+%7",  "3"",%'  

.%%)  7# :%$3 10 '( &%1.$  &%).,' *.'-%#& ,#&),*. ,%8($,  ,)  7"+ 7"+ /%.-&6

* 1#  ,%,%$.$3% % 6%0  1%5.&  0%'.$% *%4#6% 7#16 &#%! ,,%',5 ,)1  6.6/  .)",6.  

 ,+64"  &$/%#8)6 &&!,( ( &#%!  ,%0 ", .-. '+3  ,./!. %,%$.$'.%%)&66%/  , 

..(+,6 *.'6%4#  *.6& *.&#%!  ,.#.5   *". *.-65.%%)  7# & % +$(%#  &$/%#8)6 *&%1.$

.."%.38.6&0 *.84$)#* , .6./$ &%1.$ '( *.5.' ,  ,%&60,  -+),.8"'%6&%8  .1%$.-- .-. '+ 

6%6&+.(  ,%&$/6 *.+.$%# %') .'-%#(Lees, 1996; World Bank, 1985; Kaiser, 1989)  

2.1.1.+%7",  "!4/7-  531   

*..&4.+ *.6'( ."(' 4'%!# -65 10 &%1.$ 7$%):.6./)$ &%1.$ 6'(% ."%.38.6&0 6'(  .

,, ."(# 65&%# &%1.$  ,) &),#  '-%# 25' *), 6-* ."6 &6+#  7%.&8.&4% *.'-%#:  
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1.6'(-65 10 &%1.$  :.%%) #   %60 10  7"+ ,%$.$3 ."%()&  6'(6&.$%) 75'  +$(%. &%1.$  

.."%.38.6&0 *.84$)# &4.+6* . 7"+  ,%$.$3   %60, ,%$.$36  &%4#  9&%$  &#%! 

)*..&$/%#8) *.)",6 &% 8 10 ,%$.$3- &%8&$#8% 9!' (% /%6  5%#"   &%8&$#86 %) .  

2.6'( .6./$ &%1.$  : 4!&#% 7#1 &!)' ,%'%6&+# ,+$( 6  6.6/  &.%) *+ ' #" 7"+  *.%/#

.%%) & , 25.%%)  ,%"%5,' *.6%&4 %6  &%8&$#8 % %,%$.$3(&66%/   . (&-"  1 6'(6

 '-%#6 (#,( '%).,' ,./%)0   &#, & '+6 &#%! '( &%1.$ ,.'&8." %) ,.6%.!  $.3. 

 '+ &4.+6 *.//%6# *.# 1# &%1.$' *.'-%# .")./%)0 '-%#(Gaussian Dispersion 

Model) 

7.6 &6+# 7%.&8.&4 (&-" &%1.$  '-%#6&%1.$  ,%&%3, .,( ) .0 !$/"6 8&%$#  #0%-' 7%.&8.&4'(  

2.1.2.+%*.  $1,/ ! +%7",  "!4/- 5.7! $%4$  

7#16 .%',  &%1.$ %".   "%),  3.&$6 %&%4#( 10 &%1.$ .$%) . ,5(%##  3.&$ '(  &4#6

:.3& &%&!( .-. '+ &)%,# ,%. ' '%5. &%1.$ .$%) .' *), 625 , ,%&%3 ."( ''%5 &%1.$  '-%#

,."!% ,:.3& %) .#%),$ &%4# &%6+:  

1. 6'(7#16 .%', :6( .-. '+ %,%8($, % 7"+  ,+%", ,&)%,#  1 6''-%# "7"+ !.$" " 

(Puff) :+" 7"+6 *.1%5.&   -( ,)  1%!-*%4#6% 7#16 ,%',  .  

2.6'(  :.3& :%'.$  &)%,#  1 6'(60 .-. '+ *.1%5.&    &#., '-%#(Plume) :  -( ,)  1%!

 &%6+ *.1%5.& :.3& &%4# -*%4#6 ,%', . 

0 !$/"6 *.&)%,# .6./)$ &%1.$ &%6+ *.'-%#'.  

  

2.1.3.7-  531 +%7", 41 ("1",/.  (".+%-

*.'-%#  .0%/ ."(6--65 10 &%1.$% .6./)$ &%1.$  ,*..$&0%$%8  *.)",  ,+$(  , ,./5,

 &%1.$  ,%"%( &8#&$6 *.)86,# *..0%'%&%)8#  *.)", %)0 !$/"6 &)%,#' .( 1 &8#&$  ",(# 

 &,%.6 8%($  '-%#6 *0).")./%)0  '-%#  (&%4# # 4!&#6 ,%',5 ,6 ,%6.3.6% !8(  ."$ .$%)

,.&$/%#8)  . *.$%4.( .-. '+ ,%&1! 5 ''5 2&-6 *.)86,#  ./&%%".)  ,65(% +4&4  ,%!5%"

&%1.$  ,)%%(# '(.  

&%1.$  .$%) '+ *..&$/%#8)  *.)",  ,+$(  &4!, ,.!5%"   -%6+6 ,7!6.% '-%# 

&!6"  (.!&,  ,) *(..# ,  *."%(  *.&8#&$  ,%+$(  %03%.% 1%5.&  0%'.$  .$ '+ *.'-%#

*."%( .  
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 &%.)2:-65 10 7"+ &%1.$ ."..$%).  

  

2.2.("48%.  +%'$

"..$)# % ,%&%4#  %&)%,.  1 :.+/6*.(%#.(6 *.'-%#  '(  . '-%# .")./%)0 , 10  &%1.$ '-%# 

-65  &6+#  7%.&8.&4% * ."6.   

2.2.1.+%7", 48%."!"#', -"3'"#%'-  48%.  

 2.&+ ' ,"# '+ ,)9&%$  &#%!  &%1.$ ,,%.&%)., &$/# %!,%$ , ,%.34"%$ ,&1+6 &()

,%.8/.88/ , #.&1  ,%)%%(#% , &.6/ 4%.-6 %$3)45-30% (*.1%5.&   -( 7"+ '( * 1#  &#%! . 

%,.$ 6 (.#( % &,%.6 &5%#  !&,%.+ !,%$ " .-&%$.0% '.%%4/$ (Pasquill, 1961),  !."#  1 !%,.$

&%1.$*.&.3  ,(%'(6 &#%!  '( ."./%)0 ,,%3&$,   7#16 &#%!  ,%"%5, ,) 7%6(!6 !4%'%  ,

&%&!(   6%0 ,!%&  ,%&. # ,,.&$/%#8) ,%6.3.. 0 !$/"6 8&%$# .")./%)0  '-%# '. 

-%#6)./%)0  '&%1.$  ,%"%( ,6(%!# .", #0%-' , '-%#Briggs (1973) #  !8( 7.6 7.!6

."6&%) !8(' !%,$5 ,.&$/%#8) ,%6.3.6 ,%', ,  *.4!&# *%!,610
2
<x<10

4
 m . &)%,# '-%# 

0 !$/"6 )%  :)'.  

  

2.2.2."%%'  5. (",%,2 ("7- 4/ +%7",4 ("48%.+  

 &() *.'-%# %1  -%6+6 (%#.(6 %. . 0%/# *.'-%# *".  "4 /$%" (Box Models) ,

.&%)., '+ *.//%6#  *.'-%#' ,./!. *.8%($' *.6(!" ,  -K) &.%) ,%'%6&+# '(  .1%$.-.(  

 '( '-%#  %".  ././6  '-%# Cox and Carpenter (1980).  '( &%)., &($)#  1 '-%# &%&!(

2(%##% .+0&:   

1. 03%.# .+0& &%&!(.-. '+ .'.'0 7"+ (top-hat)!) ,%$.$3 '+6  -. ,  '0'0+  &%3 '64# &()

)pancake (.."%.38.6&0 *.84$) ,+$( 6* , 7#16 %6% %15&# 6.6/ .').-& 7$%)6 8($,#

!%&  *+ *-4,#.  ,%8($,   ,) )86' 7,.",.6!%&  '(  )%%(#  ,%+3#)6  Van 

Ulden (1974) ,/%.-& ,) ,''4(#( ,% &.%%)' ,./!. 7"+  ,%$.$3%  6%0 6'('  #.),#

 .%&4 slumping)  '.$"(. )  )&!$/"(  

2. 03%.# 2(%## &%&!(.-. '+."6'# 2,! ,'+6  &#, , .-#'  &3,  7$%)6 ,8($,# &() .6!%&

)!%&  7%%.5' 63."6 (.%%)  ,%'%6&+#% -6%5  !%5 ,+$( 6&.  
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&%&!(  .0%/ ."(6 , % .+0& 2(%## ,.%%) &*.$%(!  %!8( ."$ 2&- 7"+  2%,' :!/"  

.%%)'& ..#' ,%&%4#.%%)6 7"+  '% &%,%8($,  7#16  *".  .,%"$%-6 6%6&+% !8(  ."$ 2&- 6%6&+% 

7%.'+ ,%') 6%6&+ .5.' ,   *.8'(".-. '+% ,.&$/%#8)   .3"'%6&%8   .-. '+'-6 . 7.6 ,%$.$3  

&.%%) % 7"+   .  

#  ,#& '+  &%8&$#8  ,+$( .'% , *%!  &6+# !%,." 2&- &%1.$  '-%#6 ,)86,# 

.%%) #&+' 7", ,3'%)#  +/  &%6+ *%!  &6+#%  #.&1  ,%)%%(# ,) &,%$ '-%#  )!%&  ,+$(  (

 ,.+68  +/  &%6+%) $.3  ,+$( ( , 7"+  '% .# ,#3%+ ,) 2.&+# 25' *), 6) 7"+  ,%$.$3 .%".(

7#16% *%4.#6.  

'-%# !%,."' '6%4# :/%"  -65  10  7"+ ,%8($,   %". '( Kaiser and Walker (1978) ,

# ,"5%,6 &,%.6  8%($   .3$%)5 '5%*."%5./  ,5&+   DENZ Fryer and Kaiser, 1974)(  .   

 '-%#  !."# .5  6'(6 7"+  2%,' &.%) ,$.!/ ''5 7.)-slumping , &)(" 1%5.& ( &#%'5

 1 6'( 2(#6 7"+6 +%64 .  1 '-%#0.3#  6'( 7.6 :/%" 6'( -slumping.6./$  6'( % :  6'( % 1

 -hugging, .%%)  ,$.!/ %6&7"+   6%06 '%-.0' ,#&%0 7"+  2%,' ,   6& 6 784 &%+.(6 2)

,.&$/%#8)    .3"'%6&%8  ,'%+$' *.),#  &%+.( #.  

7".  '-%#  '( ,%.&4.+  ,%!"  :  

1.-.!) %".  +4&4  /%$/!% *.!%8( *".  !8(  ."$. *..,%+#(# *.'%(5# 7.) &#%'5.  

2. *..0%'%&%)8#  *.)", )%&  ,%&. #,.&$/%#8) ,%6.3.% ! ( 7#16 *.",(# *".)

&%1.$ .  

2.2.3.$"!"#, +%7",4 +!1.  +%'"  

 ,%8($,   634 &()5,.6!%& + ,#&0"  " '+ &%60' '.!,# ,.&$/%#8)   .3"'%6&%8  .

*.."%.38.6&0 *.84$)# ,+6%"  ,%8($,   634 ,.6./$ &%1.$ '-%#' &6+# +36' (.. 7%.&8.&4 

,%"5%,  7.6 +%64 %".) &6+# (%#.(6 *..%3#  *.'-%# %  .  

.6./$  6'(' :%$3  6'(  7# &6+#  7%.&8.&4%".   7"+  7.6 ,%.%$.$3  (&$  &()5 

&!6"( *.%/# 2&+' ,!,# -&%. &.%%) %, '(#'  !=10
-3

 kg/m
3.  '(  '.0&   .3$%) ( 7..3' (.

 '-%#DENZ, '( '-%#' -)#  #%- - Cox and Carpenter , *."!6# ."(6 ,(#,(#

)*..6.8"&8',.6./$  6'(' &6+#  -+%# ,) +%64' ,"# '+ . 0 !$/"6 *.8&%$# *."%.&8.&4 ' .

 &4# '56,*'%5 '+ ,'6%4#(  8.( 7.) .  

  

2.3. 41 ("-%4%+%'). ("'3$ $1,/  +%7",8!&  7-   

  

-65  10  &%1.$ '+ *..0%'%&%)8#  *.)",  ,+$(  '( !%,." +36,. +3%#  &4!#6 , ,"# '+

.!&,  ,) +%64'&,%.6 75%/#  ( . *.+.$(#  *.#&%0  %8&$. .!5%"  :.+/6  '+ &%1.$.  
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2.3.1.(""-%4%+%'). ("+).+, 4/ 1%2". , 5.7 $%,%*$ 41

&.%) *% .1' *.'-%# &%6+ ,*'%+6% 9&)6 '6%4#, *."%," '( *.+3%##6 6(!, ' 

*..0%'%&%)8# ,(6 *.--#" +,!)   .  6./  ).  25' ,.&4.+  ,%.0%'%&%)8#  ,%5&+# 

 ,) ,%(#(# .%1.!  .15&# ,% &%,."  .15&# $%+,  .'#" ,6 *.--#" *."%,"  7 67#1 .4&$ '( 

,!)  +(, ".!6' *.!%,$% *.&#(" %''  *."%,"   .  

 ,%.,-%4" ,%-.-# )') ,!)  +( '+ +3%##  ,) *.03..# *".) *."%,"  ''5 2&-6

 2&+' ,%!4'" 10 '%0+  +( ."$' ,%4-  . :/)" +-.# %  &4#6&.%%) *% .1 ,".!6 ,%&8#' , .5&+

." *0 2)  +(6 *.--#" *.&8#&$ ,%&34 ,%$%4, '+  #.5/' ,%",,!)  +(# .  

*.&+ -%0.) '( &%8."  ,5&+#6 *% .1 ."%,"% *..0%'%&%)8#  *.",(#  *.--#" .%%) & 

,%4- (#!' ,!), .,+( .3! +3%##6 -%0.)  .-&(#' *.#&1%# %') *."%," ) *.&+ -%0.) &,)

! $..(  

 7%%.5(.  7%5./  0(%#.8/.88/ 0(%# %" ,,%/!..,  %1  -%6+6 ,(&-" 4& )'  63#'

' *0 )') *.%/# .&$/%#8)%,+$% ' ,%!.5( .  

2.3.2.0%+ :.2%1 , $%+" . 4",%+,% 5%%"&  

 ,) ,+-' (&-." *.6%(..  ,6.6/6 * 1#  &#%!  1%5.& ,) ,+-' .-56!%&  ,#3%+ ,

 "%%.5 ,' 2%#/6 ,%&. #  '.$%&$ .3"'%6&%8  ,#&% +4&4 .%') *.#&%0".   * &%1.$6 *..,%+#(# 

7"+    ../%'5%)  '+ *.+.$(#%% *..$&0%$%8  *.)",' *), 6'../%'5%)  &%1.$ .  

1. #3%+:  7"+  1%5.&/!.6 .%3#!%&  ,%&. #' 2%$   : &%1.$ &,%.   %60 !%&  ,%&. #( '55

&,%. 6& 7"+ . 1 *&%0 !%,."6 , )%3#' (&-..  ,)&%1.$'  '.6%#  !%&  ,#3%+ 1%5.&'% 7"+  

*.6(%.#  *.&%1)6 .6&# .  

2.7%%.5 :&  7%%5*.# 1#  ,%8($,  7%%5 ,) +64. !% ,!%&  7%%5 ,&-0  .$'. ,.6&+# !%& 

&%4# #  !&1# 7%%5' &%1.$' *%&0,, #/ '+2 7%%.5 ,) ,+-' (&-" &4!"  !8(6 *."%,"  

%,%!.5(% 75%/#  !%& . '(  4.8/.88/ )8%6#  "%%.5% !%&  ,#3%+   &%36 *..$)&0, 

 ,%!%&  ,"(%(5(wind rose)) - !$/"6  #0%-' 03%#'(  

3.'.$%&$ : .5.&+# 0%'.$ ,.&$/%#8)  '%60  ,65(' ,./5,  0%/% +4&4  ,+$( 6) 03%#

0 !$/"6' (&%.) 3 .,./5,6 .%',  1 '.$%&$ , '.'' *%. 7.6  ",(#   &%8&$#8  0%'.$6 .

 '( *.&8#&$&%1.$  .'-%#6 8'45 *."1%#  ,41!%  )%%(#  +%64 ,%(.0& ,) ,+-' (&-"% 

%') *.&8#&$' *.'-%#  .   

2.3.3. "234%!+%)  $.+ , +%)+,.)  4",%+,$"+,#%.)' $%!"2"% 

 &.%%) ,+%",  "   .3"'%6&%8%')4/6,,+3%##  !%&  ,+.64 7#1# &,%. ,%"84 7#1  

 ,.")5#  .3"'%6&%8 64+ ,%#&0" %) .-. '+&.%%)6(  $.3  84$.  ,65&%#  .3"'%6&%8  

%%56 ,%'%6&+##*..4$%) *."%( *." ,*..5") ,*..".6 ."%%5%  ,) ,%6&+#   %) .4" &.%%) *+ * 1#

,%!$ * %1#. 

,.")5#  .3"'%6&%8,#&0"  64+ .&%4#  !%&  7%%56  -#, ' +.&$#  .1.$ '%(5#,  7%05

*."6# %)  ..!#3 .55''%-0 &.%%)  ,%&. #( &,%.   ,55%&,%. '%-0 +4&4  /%$/!( ' 
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&,%.  '%-0 ,.")5#   .3"'%6&%8 ,  ,%"%( ,%.%&. # ''06 *0 &3%%. '  '%5. ,.")5#  .3"'%6&%8

6!&#6 *.5%#/ &.%%) .#&1 '(. 

 .3"'%6&%8-+4&4' 2%#/6 &.%%)  &%&.4 %) *%#.! .-. '+ ,#&0"  $.3 . '(  &4#6

*%#.! ,.6%.!  $.3 ,.3"'%6&%8&4   '+# .$'5 &.%) .#&1 &3%. +4, ,%&3%" '%-0 *%#.!6 

+.0 ' ,%.%(+(  #.&1 ,%'%6&+#-+ '(  6%0'  1000 – 1500*.&8# .,."..$%)  $.3 ,.3"'%6&%8  

()5 *%.  ..& 3 ,%+(' '4 !%& % *.""+# *..4" *..#(  & ,,)1 ,#%+', +4&4   '.'  ,%+(6 

2%$   7%%.56 &.%) .#&1 *.&3%"% ,&&4,#.  

#6*%.  2( , '+ *.+.63# *! &.%%) .#&1 *%.4 5%#" ,%6.3.,  ,+%",' *.'.6%# %') *.#&1

 '+# .$'5 &.%) ,*!  &.%) ,$.3' *), 6 ,#  '+ .%3.$' ,%5%$  ,%#.&1% &6+(  / .  #.&1 

 '+#-,#&%0  8#* 1#  '( .5") &%1.$' .  

  .3"'%6&%8  . ,  '4 !%& *+  '.'6,.&+1#  "6#  64+ 6.3. ,8   ,.")5#   .3"'%6&%

+ ,!$%,  "84 ,.'.'(   $.3  ,.3"'%6&%8 .-. .' %  #), 6,%'64,# ,./!. ,%"84 ,%'%6&+# 

,./!. 784 &%1.$%.  

 ,%6.3. 63# '( *.)", *.#..4 %''  *.63#  ."( 7.6.'&8.", +#5 7.) %') *.)",6  #.&1 8

+4&4' &.%%)  7.6 *%! '(65( '( '4 &%&.4 %) *%#.! %"(. 75% +4&4'  6%&4  &.%%)  ,.  

" 63#6 .&$/%#8)   &%8&$#8  '.$%&$&.%) .#&1 )'' .'&8.:  '4  -.&. ,#..4,# 

%&%8&$#86+4&4  ."$ '+#  6%06  ..'+  *+ ,) 75'% 784 .&$/%#8)  9!'   ..'+  *+ &.%%)  

,-&%.  &%8&$#8 .( 1 63#. '%-0 !$"' 8($, '  '+#'  '%+  &.%%)' &($)# .-5 2%, &,% 

9!'6  -.&. ,&%&.46 ,(!&,# ,%8($,    . &%8&$#8  +%$.( )&4" ".86).-) /$' "

(adiabatic lapse rate)   )%   '( 634 %0.098 K/m ." 63#6..%%)  *&1 .'&8& +4&4  -.' *!  

/$)' :)%( ,.86).-)  .%".('  6%&4  6%0  2&%)'  &%8&$#8  .%".( .  

4+ &3%%. ' *.'%5. *.'&8.."  *.)", ,%6./ &$/# 6:  

1(,)3%.   ".&4  ,)% ,/"5"  (#(  ,".&4 ,) ,5/##  ,%""+ .  

2(+4&4  -.' (!&,#( .5")  &%&.4  %) *%#.!  ,) 66&+,(  41! !%&.  

3( +.4( %  !.&1  &#%'5  '.'' *%. 7.6 &6+# .63# , ,%6.3.  63# ,)  "(,  &$/%#8) 

 6.3. .,'6' 6.3.#)2%$  %) (.'&8.." ,%6.3. 63# 2&- . 

2.3.4.' $!&/ $%0&%3%%3" "#+

  .%3#  #!  65( &()5  &$/%#8)6 ,%65( .,( ,%&3%" %6 63# '64,# *.#.%/# *.63#6

  &4  65( '+#– ./&%%".) .%%".)  ,+$( &.%%)  '( ,.5")   +%",  6%3..' ,#&%0  ../& ,

.5")  7%%56  6%0' &%1.$  ,"84 % .,.'.'( ,&-0%#  $.3  ,.3"'%6&%8  ') *.)",6 .+' 63# *.,

,.")5#   .3"'%6&%8  ,,!$ ' +.$(.  1.  

.)  ,65("+4&4' 2%#/6  &3  65(6 * 1#  ,).'5' ,#&%0  ./&%% , ,)  %% # 256%

 &%)5' &,%.6 75%/#  (.!&,   .)  ,65(  6%0. ./&%%" ,,#..4 *) , '( *.'-%#6 8'45 (&-"

*.# 1# &%1.$ . '( *.$%4.(5 *.8%($  *.'-%#6 )86,#  1( 7%," .''5  7%&,$ )!$/"6 8&%$#( 
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2.3.5.$"+,#%.)' $%!"2"-$%.+ $+8-    

 ,0%%/# ,.&$/%#8)  ,%6.3. (('  ,%.,%)6 ,%"#/#% ,%#&A-F)  )&0 !$/" '(,  %') *.5&+

."..3#* ) .3"'%6&%8 % &%1.$  ,%#& , ,.%% #%*&%1.$' *.'-%#' 8'4  . ,%.&4.+  ,%#&  (%'(

7".  )  '686 ,%#5%/#1 &%1.$  ,&%3%  &%.)62:(  

1.6.3. .,'6 – *.6.3. .,'6 *.)",6,%'%-0 ,%)'%' ,&%36 +.$%. 7"+  , 64+ ,&3%"  &%3  

4.# ,) *."(#  &.%%)  .#&16 * 1#  ,8.'4&.%%)  .#&1 ,%+%",' *), 6 *#%, ,%#5 

,+4%( *.&4  &.%%)  .#&16 ,8'4"  * 1#  . 7"+  '( ,%.5")  ,%+%",  ,) ,%)&' 7,."

 2&%)'#-4,   &.3.4$%)  ,%,%1.$   +( '( !%%86 ,./!. '%-0 .5")  &, 7%%5( ''06 

7%%0# ,%'%6&+# ,,./!. '%-0 .4$%) &%1.$ *0 &3%" .  

2..'&8.." – .." *.)",6,.")5#  .3"'%6&%8 ,(!&,# *..'&8 , 7  &.%%)  '( ,%'%6&+# 

*."%( *."%%5 ,%'+6 %4$%)  !%&  7%%56 ."%4 .&8#./ &%1.$ (!&,# 25#  )3%,5. ,(5 ()&

8'%$  &%4#  )%  /%"%4  .)' 7#16 *-4,# 7"+ '64" ,%'%6&+#  '( ."%".6  '-%0  ''06 

 "%( -%)#8'$"  ."%()&  7"+ # .  

3.6.3.- +# .#&,   "6#  *.6.3. *.)",65+#5 (!&,# )' 75'% ,.5")  +%", 6.5") &%1.$ 8 .

5+# )' .#&,   "6# ($) 7%%0# '64" 75'% ,.4$%)   +%",  ,) 67"+' ,%.%& ,  &3  +%3&#

,./!. 6!& .4$%) &%1.$' -+%  4-% .&%.)6 7"+  ,%&%3 ''5 ,) ,%)&' 7,." .  

  

 '68 1 :*."%( ,%6.3. .63# &%6+ *."%,".  

 ("'3$

 +,#%.)'!

("2%,3 ("'3$ 5%%"& +"%%' ".+7

(0

".+$  3!. ",%'

 "234%!+%) 

!"2" "$4!*..& 3 ,*..#( 

*..4" , '4 !%& 

 '+#' .86).-) &$%/ .5")% .4$%) 

"4+)"3 ,%""+ %)  41! !%&

  %60 , 7.6 &6+# %)

 '.'' *%. 

7.) .86).-)' 6%&4 ,

(6. 

+3%## 

!"2" '.' ,*..4" *..#( ,

 '4 !%& 

 8#'  %) .#&,%1.)

 ./&6".) 

,.5") ,5+%- 
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 &%.)3 : &#,  ,%&%3 ,%',5 ,.&$/%#8)  ,%6.3. 63#6.  

  

2.3.6. +%)+,.)  

&4 7"+ &%1.$6  "-  -%6+ ( 7%%.5 ,(   +.&5#  ".   6.6/  ,&%8&$#8 ,+$- (&$  

' 7"+  7.6 ,%&%8&$#8  +.4(  %)  $.3  ,#& ,) +6%4  6.6/ 7"+  '(, :/%"6 ,(. '.$%&$' 

,.&$/%#8)  ,%6.3.  '+  +$(   6%06 ,%',5  &%8&$#8 .  

4  ."$ ,&%8&$#8&%8."  ,%"!, .-. '+ +%64 7$%)6 ,--#" +4&.  

2.3.7.("1*/.% $%04

&4!"  &#%!' , ."%#) ,..8" $/. ' 0*.#6  ,75'% ,%!'  ,#& '+ *.+.$(# *.+4(# % ,

10  &%1.$,  &6.)5 %(#(.% &%1.$  ,#& ,) %".84.  %60 ,%!' %) ,%$.8 '( ,%!5%""&%6 " ,8.'4'

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

  ".  '4(# .%%.(6  ."%#)  ,%/./#89.9 [g/100ml] (0 °C)) ) !$/"' : ."%#) ,%"%5,( .  

  

1.3+$%"! 5&%#.  /"0+$  4/ "+,#%.)' !2.-5*$

*."%5./  !%,."6 !,$# 6'( %".  &,%.6 75%/#  (.!&,  ,&-0  .74,5 , 7%.&8.&4 &!6"

 .-. '+ 03% (Woodward and Wotthington (1999), *..&$/%#8)  *.)",  ,) &.-0 ' ,"# '+ 

 "*.&%#! "&,%.6, &,%.6 6&  7#1 2&%)' +4&4  '+ * 1#  '( &,%.6  %60  1%5.&' *.'.6%#  .  

 1 7%.&8.&4 .$ '+ , &!6"  ,+6 &,%.6 &%#!  (.!&,&%&!(4.'- %) 75%/# &#%!  , 7#16

",6 ,%4- &(+ '+  '%+  &%&!(  !%& ,%&. # *.)1.5 m/s ,.&$/%#8) ,%6.3.% F . .5 7..3' (.

7%.&8.&4 *..4 &%6+ &!) '+  '%+  &%&!( 60 ,%4-  +6%4  ,.&$/%#8) ,%6.3.D .  
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1.48!& 7- +%7",4 $%3&%$ +*#  

,"# '+&,%.6 &%#!  (.!&,' .').-.)  '-%#  ,) )%3#'  , (.+36' ,%"5%, '( &4/ 

,%'6%4# ,%.&!/# ,# '+,"3#'  )% ,) "5%,   #.),#  &,%.6  (.!&,' &4!"  .%#5 75 , 75,.

2&%3  . .% ,!)  "5%,# &,%.6 (#,( ' ,"# '+ &%1.$  ,) 2.&+ ' ,7%5./ % *.1%5.&   -( .

  '6862 ,%03%#  ,%"5%,  ,%".#1 -%6+' ,%'6%4# % .($%! 7$%)6  ,5&+ ' *.'-%#6 *."%5./ 

(Hanna, 2008).,  &%), ,%.($%!  ,%"5% &,)6 +.$%#  -&% ' ,%&($)% EPA 10 ,%"5%, :-6 

 -65),%&%4#6 &%(.4(.  

'  "5%, .$ '+ &!6., (%#.(,%65&%# ,#&  ,(.!&,' '-%#  ,%!"  ,#),  ,  ."6 -+%#

7%5-+% , 3&  7#1% ,%!%".  
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 '68 2 :-65 10 &%1.$' ,%"5%, 7.6  )%%(  (Hanna, 2008).  

 "5%,   ,$#!  ,%"%5,  ,%&+   

ALOHA  Office of emergency 

Management EPA and 

Emergency response 

division NOAA 

 '(  6!& ,'%5. ,'+6
  8%($% ,%"%5,

(%#.('.  

 &4.+6 (%#.(6 .,%&(
*%&.!.  

AERMOD AMS/EPA Regulatory 

Model Improvement 

Committee, AERMIC 

    

SLAB:  

An 

Atmospheric 

Dispersion 

Model for 

Denser-

Than-Air 

Releases 

Environmental Protection 

Agency 

 :%$3 7"+  1%!  '-%#
 5.&6#  -),  .

 7%'./ ''%5 '-%# 
.5").  

6 !,%$-1980   

9$%## EPA    
,.($%!  "5%,  

HGSYSTEM 9$%#+ "  .-EPA  ,, '-%#'  #.),#- 
 %) .8.) &%&!(% 9!'
 9!'6 &. # &%&!('

 %60  
  

-%# ,,*.' :

AEROPLUME, 

HEGADAS '-%#' 

&%4# , HEGABOX 
  1)$ .%".(% &%&!('

.-.#  

SCIPUFF   !"#$"%:Department of Defense 

 support(DOD). 

 #%'$6 -4#,# ,
 +0#% -65 10 ,%0 ", 6

+4&4  *+  

 ,%.%"5%/ (%#.(6
*'%+  .6!&6  

TRACE + 9$%#" .:SAFER Systems *."5%/# *.&#%! ,
.'- '-%# ''%5  $

&%1.$%  

6!& (%#.(6  

PHAST + 9$%#" .DNV  &%1.$%  $.'- '-%#  ' -%)#  #%--  

TRACE , (%#.(6
  ..(+, % ,%.%"5%/

,.#.5   

DEGADIS 

(Dense Gas 

Dispersion 

Model) 

EPA 

 

 

 .%-.) ''%5 '-%#
 5.&6#  

  

DENZE UKAEA-  .0&")  ,%"5%/ 
,.8.&6  ,.#%8)  

 .%-.)% &%1.$' '-%#
."5%/# *.10*.3.$"% *  
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3.50!.   +*. : ,"0 6+,.!  "3%.'  4&".  

  

 &)%,.  1 :.+/67!6#   &4#%1  -%6+6 !,%".(  ,75 %#5,74,#  &)%,.  , 75%/#  &#%! 

/%!..  (.!&,5 &!6"( (.!&, % .  

3.1. 5*$. –  "3%.'  4&".   

#.  ."%#)  '5%1  -%6+6 &4!"  ,' 2..( ,&6!"*.'4.#.5  $.!"&0"0  .&) ,%'+66(  ,

"*.'4.#.5  $.!".   "')&(.'  ."%#) '(  -.!.  ,.")%6.  .   

 '+$#"+6 *.'4.#.5  $.!"#" , ,"(6 *4% 1966  $.! 9&$# &%1)6 ) $#  )&(, '+$#  

 )3#",.)4.&#)   &6!  ,%'+66- Trans Resources Inc. . '( %.&3%,  *."(- *".  '+$#

% *..-%!.. ..(+,' *.'4.#.5,.15&#  *."(-  -!) '+$#6 *.&3%.#  *.)3%.#% '  )#5 ,%".-# 

 .6!&6*'%+  70'()  ,4"! %".  (KNO3) .70'()  ,4"! '( &%3..  2.' ,6 ."%#)6 *.(#,(#  

*'0 &#%!5) *.'4.#.5  $.!-&,)  ,2002.(  

*.-&$" *.&,) ."( *.'4.#.5  $.! '+$# ,%'+66 9&$# &%1)6  ."%#) ,"/!%)# * 6 

 $.! . ."%#) '(  "84 ,%#5'+$#  &3!6 ,"/!%)#  , ."(  &,)6) %1  -%6+ -4#,, %6( ,

)#7%/!) '5.#6 ,&&%4#  ."%#) ,"/!%, )&4"( *!,#6 7%(.4  '#"6 *4%## &() " :%/#

."%$3  *.'4.#.5 ) "*.'4.#.5  $.! ,2000.(   

 '#"# ,)6%.#  ."%#)Yuzhny ").&4%)6  , '#"6 *4%##  ."%$3  *.'4.#.5  :%/# ')

7%(.4 . 2&-  *.."%.!5 *.&-0%#  *.'+$#'  ."%#)  ,4$%/# :%/# )7%1# .'+$# ,  ..(+,

-%+% ,."%!8.6(,  ,%+3#)6 ')&(.'  +.0#  ."%#) 12 ,%."%)  "(6 ,5 ,)(%" ,!) '5-10,0007%8 , 

5 )%  '#"6  .."%) '5 '(  .. (  2(#-24,%+(  . ,%&%".3 ,%+3#)6 &#%!  &6+%#  ."%#)  '5##

(- '+$#' ,%.'5#%*.'4.#.5  $.! '( .#%&-  '+$#'% *..#.5 *.&#%!% *.".  

  

3.2. 5%#0' "'3$

9!' .'5.#6  ."%#)  7%/!)# ,+6%"   "5/  64+ , ,"(6  "6"1985&%&.46 7%/!)  74,#  )0 "), 

1985() )$&"' ,1985(:  

1..'1%" 63#6  ."%#) 7%/!)' '5.# , &%&.46 '(  &%8&$#86-33°C.&$/%#8) 9!'6% . 

2.%-0 -.!. '5.# '78.&%).'%$# .%(+  ,,.#&, --%6#. 

3. '5.# :4%#70# ,%&.4 0%16 *..6./)# 7%86#  . 

4. '5.#  :4%##6)(  &3'  ,&8# ,%&.4' 9%!# ') 2$(.,%  &4#6  ."%#)  ,) 7/!)

70#  . 

5. ,%%4.  70) .%3#'5.#  &%1)6,  ,"# '+'"#%7%5.,  *.  ')  ."%#)  ,5.$( + . 
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 &%.)4 : ."%#)  '5.#  

  

  

  

 &%.)5 : 74,#  ,6.6/) &,)Google Earth(  

  

  

*. ,..&4
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3.3.5&%#.  +.%0 -  "3%.' 

3.3.1. "3%.'  

  ."%#))Ammonia ( 7#.#% 74"! ,6%5&, ).   ,!/%"(NH3, ."%#)'  ,%6.(!    %60

 .0%'%.66% ,.#.5   ..(+,6   &%8&$#8% 9!' .)",6 6.6/ "%#)  10 ).   . !.& '+6% +63 &/! 

:.&!, &4.+6 (%#.( %6  (+"(*."(- &%3..'  ,*.&#.'%$% 9$" .&#%!. ) ,%$&%3#  ."%#) ,%"%5,

!$/"5(.   ."%#) 6 (%#.(6 ,)3#" +6 *.'4.#.5  $.!'  +.0#%  $%&.)6 ,&3%.# 9&)"# ,  "##

,%''%-#% ,%"84 ,%.%#56 6%&' ')&(.6  ..(+,  .'+$# *."%4 ,(- ,&.3.' 6%&'*.".  

&.%%)' ,./!. '4 10 %".   ."%#)  6.6/  ,&%8&$#86, .-. '+ %&%1.$ ,) 2.&+ ' 7,." 75'% 

 .6./)$ 10 '-%#)'.%%4/$ .")./%)0 '-%#.(  

3.3.2.$%4"1+  

&%+  *+ +0#6 %)  #.("6 '.+&  ."%#)  10 %,%%#' *%&0' '%'+ *.#.%/# *.&4#6. 1%5.&  

*&%0  .-..# 7$%)6  ,%).&6'  "5/' :) '%'+%*%&0',%%#'  . %"1100ppm   ,0$  ,%.&4.+  ,%+.

 ."6',%.%%5 7".  *-) ,.,#.(" '(5% *..".+6  +.0$) -&%$/4%) ,8./&6."%) &,)- MSDS ."%#) .(   

'-%# Level of Concern- LOC (#(#  *."%5./ ,5&+ ' /./6 '+*."4, &$/#, ,&-0 ' 

 1%5.& /./6 '+ 7%5./ ,%#& &%6.3 ,$.(! (Public exposure guidelines) (Lees, 1996):  

• AEGL (Acute Exposure Guideline Level) 

• ERPG (Emergency Response Planning Guideline) 

• TEEL (Temporary Emergency Exposure Limit) 

 74,ERPG  

 '(  $.(! 74,ERPG (emergency response planning guidance)  ,%0&- (%'( &.-0# 

5.& .$ '+ 7%5./  +( '(  $.(! 7#1 &%6+% :/ .1%  

      ."%#) &%6+ 2&+

[ppm]  

ERPG1  2.$  41" *+  $.(!' '.6%#  .6&# 1%5.& :/  

 ,%!%" .)' *%&0' '%5.  &.%%)6 1%5.& )*..%&.0% ,%6.&3 7%05( ,

,%!$ %)  +('  . . +0#  *)  5.$   )3%, .  

25 

ERPG2   '.6%#  .6&# 1%5.& :/ &%#! .,%).&6 7%5./'  

 *.5.$  .,'6 *.".#/,' *%&0' '%5.  &.%%)6 1%5.& , 7%5./'

,%8'#.   ,'%5.6  &%#!  +.0$ %) &%#! .,%).&6 , +0#  *)

,%!$ %)  +('  . . .  

30  

ERPG3   1%5.&  :/.&+1# '.6%#   7%5./',%%#'   

 +0#6  %)%6. *) ,%%#6 7%5./' *%&0' '%5.( &.%%)6 1%5.& 

 +( 2(#6 .5%) *.''%5 *.5&+ -6'6  ).&6 ,&0%6  ../%'.  

750  
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 74,TEEL  

."#1 --#, 7%5./ ,5&+ '  $.(!# '*."5%/# *.#.5 *.&#%!,  *.&#%!' &4.+6 .(%#.( 74, 

&-0%# 74, 7..-+ * ' 7.)( *..#.5 .75 %#5,  %-+%" %') *."4,3..'0 *.&#%! &$/# '(  .%$3  6%0, 

 "%), 7#16 *.'4.#.5  1%5.&  . .  # ,+-'% . ."4,TEEL,%!.86 .''5 *5%,6 *.''%5 *".) . 

 +6&) 74,' ,%0&-:  

  

 0&-   ,%+#(#    ."%#) &%6+ 2&+ 

[ppm]  

TEEL0 :/ 1%5.& , &#%!' *,$.(! ,) %(.0&. )' *.(") %.,!,#

75%/# .  

25  

TEEL1   )'% ,%"%,# ,%.)%$& ,%+$(  '( 7,+$% ' .6&# 1%5.&

,%."%3.4 ,*.+" )' !.& .-. '+   %1# .  

30  

TEEL2   *.+3#)6 8%4"' ,%&($) (. 7..-+( .6&# 1%5.&..6.84)* 

 +."#6 ,25 '5  (4 )' ,."$%0   +.0$ .  

160  

TEEL3 1%5.&  %.'+#  ,%%#)%  # ..-..  1100  

 

3.4. 5*$.  41 +*0. $%8%!1  

'5.# # 7%5./  ,5&+ ' ,%-%6+ &$/# %+3%6 &6+6 ) 6.6/  ,"0 ' -&(# - '% ."' 2.&-# 

*."%5./ ,2005(,  &4!#  7%."58)'0/% +8%", 2001 ( ,) 7!6(.!&,  '(  '( 7%.'+  4'!6  +.0$

 ."%#)  '5.# .5 )3#%  -+ +.0 '  '%'+ 7%5./6   , &()  ../%'5%) 200,000($"  . 75% .&4/

 *."%5./  %#5 *..+%34# *.#&%0 .-. '+ %+3%6(.#%(.. .+-# &4!#' -"'%  7%0&) TNO (TNO, 

2002) '5.#  ,) 7!6(  7%0&)%ADL, +%".(  .5.' , ,) 7!6( (ADL 2002) .  

 ')&(.6 *."5%/# *.&#%! &4/'  #4% ( ,-!%.#  -+% .."(  7%"6' ,#!'# ,%64+6 – 

&.$( ,-+%- .5  )3#%  ."%#)  '5.#6  "- &0' ,%'%'+   $&%, ,%-%4" ,%#..4  &4#6 %,3.&$' *%

 &.(.  +.0$ '( ,  -+%%  .$ '+ 5#  '+ .&4.+  *%.) '  '%'+(  #-) ,-.+&# )%  '%,%) /%&  

7.8%'!' ..5  )3#  -+%  ,'5#6  '4  +.0$ '(  &4#6 :*.+0$" .$') ,%&(+  #5' ,%)# 7.6 ,

 -+ '( /%.-&61.74 "# , (4  +.0$-'5#  '( ,8'!%#  3.&$  : -+90 &,%. '( /%.-&6 *.+0$" :') 

4  +6(#"#.  

 7%,.+ .&.4!,"9&)  " #!'#  ,%64+66 %!,#  :&%+  -%4.$ ,%' ",  '+  (4 ,&%4.

 #!'#6,)(%"' ,.&%6.3  ,%+-%#  ,) %'+ % ) &.4!,." 9&) " :"0 '( &%#.  '.&", 25.8.06 

" ."%#)  '-!#" ,31.8.06( ..1.%%'8  ,6,5  7%()&  9%&+  '( *.&.4!,  ,."5%,6 "."( 86# "

5  .+6  ,)  0.3 "$,4,4,#  33) " 6,5' :&%3# &%(.4(, ,%64+625  *."%.-  #5 %#..4,  

%6%,/"5  ,%-+ ".-#  &46# -&(#6% )  ".-#  &46#, 2003,  6.6/  ,%5.)% *."$ ,-+%, 2006(.  
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*'%) , %''  *.&4/ % *.&4!# ,%)3%, '+ %//6,  #,./!. *.8%($ *.'-%# !%,."' 

&%1.$  44& 12%! '4% (""+,#%.)'  ("'3$  $1,/ 4 1-%3! +*##8)  *.)",  .% .1%  *..&$/%

&,%.6 75%/#  63#' *.'.6%# . 

3.5. (""+/,' ("/"0+$4&".  $2"+,4   

&%4#  &6.) ,)  '.!, &.-0 ' (. +3%#  &4!#  &%6+-,%#5  &&!%(#  &#%!  '( *.)",% 

 6.6/', 3.&$  ,&%36%  "%),  (.!&,6 .%', &%4#  &6.)  .(%'(*..%3#  "%), .(.!&,   7%.-6 

*%.5 .&%6.3  :  

1.,.,#!'#  +.0$# ,''%5 '5.# ,/.&4 :15 *.8'$" 10 7%8 6 ,."%()&  416 ) '( ,%-.-# .$'

%!8.6  -&(#7'#) ,+.0$' "!( ,&#%!  &)( *+ ,.'%'(% ,'+$#6( ,%&3)#' *), 6, 

'  5.(## , :-" .) ,$/%"  #0%-' :'5.# 006  (%.84 ,84& ,+.0$- -+ &4!" )'( (.!&, 

 ,+( 

2. )'( ,''%5 '5.# ,/.&4,.,#!'#  +.0$#)  #-) ,-.+& )#0%-' (18%  416  *.8'$" 

*%4#6 ,&3%"  ,.'%'(# :-", ' 2.(## &#%!  &)(% ,."%()&.  

3.,%+46, ) '#) ,+.0$#  )3%,5" 10'# '(#' ,.,&0(  +.0$ %) *././& 7%05  &.(. )' ! (

– *."%( *.&846 '5.#  +%4.6 4-10 cm  .'1%"  ."$' ,!,#% '+#. 

  

 %') *.(.!&,&%4#  &6.) ,) %+64. ,.!5%"  &4!#6 *.&4!"  *.'-%#' 8'4  )% (.  
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4.+*0.  12%.    

  

 '5.# ,3.&$6 75%/#  (.!&,' *.'.6%#  *..&$/%#8)  *.)",  .% .16 4/%+ +3%#  &4!# 

 $.! 9&$#6  ."%#)  .  

4.1.  $+).+*0.  $4'/%  8%!1  

6 84.%&$ +3%# $...% !,%%*(,, - * 1#  &%1.$ ,) 7!%6  '-%# *.)",  ,+$( 6

..&$/%#8) * ,  (.!&,  ,) ,% 1'  &8#66 &,%.6 75%/#' *%&0,(  "%), '(  &4# ,3.&$

75%/# &#%! . $.! 9&$#6 &%&.46 ,'1"%#   ."%#)  '5.# ,3.&$ '( 7!6#  &4#6 4/%+ &4!# .   

7%5./  2&+ !%,."' *."%5./ ,5&+ ' *.'-%#' 8'4 .)",5 %(#(. &4!#  ,%)3%,, +6%"  

5%"# 74,# ,%! '.5#  ./%'5%) ,6.6/6 75%/# &#%!.  

&4!#  ,')(7#4'-5  !/%"  :..&$/%#8)  *.)",  ,+$(  . #** 1#  &%1.$ 634 '+  ,

%&.)6+&%&.46 ,"/!%)#   ."%#) ,3.&$ '( ,  $.! 9&$#6  ."%#)  '5.#6 ?  

  

4.2.+*0.  $)"/  

 %".  &4!# 8&%).,  -%6+.,,( ."%," :%/.) .-. '+ &4.+6 +36,#% !8 , *.'-%# *%(..

,%)3%,  !%,."% 6(!#6. *."%,"  %$/). * 6 *..&4.+ *.6'(  (%'( &4!#' , *.'-%# %#(%..

,%)3%,  %!,%".% &%1.$'.  

4.2.1.' !4/' : (0%$"3% (""+,#%.)' ("3%$3 :%#"'  

*.+%64 *."%," '( .,6.6/ &4/ '%'5. *."%,"  :%/.) '( ."%()&  6'(*..&$/%#8)% ,  

.) &-0%.  1 6'(6!%,."' &%4#  &6 :%.,%"%5,% &&!%(#  &#%!  ,%#5 .  

*.+%64  *.)",  &%6+ , '+ 4&/ +36,. .$&0%$%8 ,,./5, , ./%'5%) ,74,#  .8&$  *."%,"%

'+$#  4.,# *.'%+$,.   

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

*..,"( *.+3%##' -+ *..,+(,  ..&$/%#8)  *."%,"**".  *.(%&-   : '(  4.8/.88/

7"%%.5% ,%.%&. # ,,.&$/%#8) ,%6.3. ,,%&%8&$#8 ,%5% ,%!'' .  

%4  !%,." +36,.  1 6'(6%') *..&$/%#8) *."%," 7.6  .3'& %'.) )%3#' ,"# '+ 

# %.-!. *.+.$%#%  16  1 *..%', *.)",.   

4.2.2.! !4/' : 8!& 7- +%7", 4/ ("48%. (%/""  

6-65 10 &%1.$' ,%"%( ,%"5%, %#(%.. ."(  6'( , ,)  .,%!" 6 ,#)%,   "5%,  &!6.,%

,&4!"   .+6  .*."%(  *..&$/%#8)  *.)",6 *.1%5.&  ,%$# '( ,%', '64,,  1 6'(6. ,%', 

 ,% #6 ,.8/.88/  ".  %1, %.&-.(." , ,%!.5(  ,).3#' .,%&6,/  !%('  .&$/%#8) 63# '5

7!6"(.   
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4.2.3.- !4/' :  3. 48%.! $%'2%$ 0%$"3  

6.1%5.&  ,%$# %!,%". .(.'(  6'(*( .'6%4#% 8%($  "# '-%#6 %'64,, ,) '64' ,"# '+ 

 ,)% +%&.) '56 *.+0$"  &$/# 2&+ 7%5./ ).5(' *.+0$"  &$/# 7.6  "#!+%&.)  ,%.( 7%5./  2&+ 

  .&$/%#8)  63#  ,)   1."75%/# "'5.#  ,3.&$ '( (.!&,  ,!, &,%.6.   

,%)3%,  !%,."6, . ,%(.0& !%,." +36,(Sensitivity Analysis) '-%#  ,%(.0& 7!6., %6 

*."1%#  *..&$/%#8)  *."%,"  ,".!6# 8'46 *..%".('.  

  

4.3.+*0.  $%!"/0  

7.."+  ,%8'!   .'64# ."$6 6.3#  ./%'5%)' %,%5.#/%  ."%#)  74,# 6.6/ .&%6.3  

65 &0,)-,.68.#  8'! ' +.0 ' ,"# '+ ,, '+ 7#. # +-.#' *  *.(&-"   %% # %,%) 7%5./  2&+

74,#  .  

,+$( * '+ *.0%'%&%)8#  *."%,"  '( (.!&,  ,%)3%,  75%/# &#%! ,3.&$  ". 

&,%.6 ,.,%+#(# ,%% # &%1.$  '-%# 75( -%/.  ."6)# -!) ,) '(  #*."%5./ ,5&+  '-%.  '5

*.)",6 .%".(%')  .%(+ ,%"%( ,%)3%,' ).6 ' %6+(.!&, %,%) &,25 64+ , ,) ,+-' (&-." 

*..&$/%#8)  *.)",  '( 7,+$(  ,&,%.6 6&  7%5./' *.'.6%#  *.)",  ,)% .  

%,%!.5(% 75%/#  (.!&,  .60' ,(6%0#  "%#, &%3..% %1  ')( '+  "+. +3%#  &4!# .  

  

4.4. +*0.! $%"+/,' $%"1!  

 &4!#  ,%&8# ,0( 6%"5,. )(%"  ,%(.0& 64+ *..(4 &$/#  '( .8/.88/  .$%)%,%)3%, :  

1.*."%,"' ,%(.0" : 6'(6% 7.5# *."%,"  :%/.), ,%-0",  75,.,  '(  '%+$ :%,.( &/%!%

 74,#  ,'+6  &6! '%+$, ."%," ,4$/ ',,.&%6.3  ".!6# )(%"  ,%(.0& 64+ ,)1 , 

%./.! ,&.#(7."%!86 +-.# ,!86)% .&!/#  .,)1 ,%&#','+ *.4$/# *."%," )%3#' 7,."  

*..%'0 ,%&%4## 74,#  .75 %#5, '%+$, '+ -%#'' 7,." %5&-  .4&%86   1 74,# *..4 

74,# . 

2.*.)'# )' *..&$/%#8) *."%,": *.'-%#  *%(.. 2&%3' , :%/)' (&-" *."%,"

 *..&$/%#8) ,./!. *.8&%$#, '+ ,%3$' ,"# '+ ,%#.%/# ,%!"  %(&-. *.,.+' .5 75,. 

*.#.%/# *."%,"6 &/%! .0%-' # ,  &%36 :/)" )'( 7%," %".   ./&%%".)  ,65(  6%0

&%8."  ,%"!, .-. '+  $.3&,.0%'%&%)8#  7%5#  *+ *."%," 6.'3 ' (.% . 

3. .8/.88/ !%,." .,%&6,/ %,%)3%,  '( : *."%,"  '( .8/.88/  7..$%) 64+

 *..0%'%&%)8# , 6(%!#  7%5./  2&+6,.8/.88/  &%36 )%  *0 7..$%)# %1  -%6+ .

%1  &%36 ,03%#   )3%, &%6.3'% ,%8'!   .'64#' 7,03 % ,%)3%,  ,"6  '+  (4# 

6!&  .  
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5. ("3%$3 :%#"'  

  

.$&0%$%8 *."%," %$/). &4!"  &%1)  '+* ,% *.#.'4) '( *."%," ./%'5%) 0%'.$ 8'45 %(#(.( 

&%1.$  .'-%#' .  %8&%$.  1 :.+/6*,0( ' ,%&%4# # *.(%&-  *."%," ,& *."%,"  *."%()

6 !$/"6 *.15%&# %$/)"('.  

5.1. (",+-%,%) ("3%$3  

 *."%," *.$&0%$%8 , ,./5,% 8.'6, ,5 *.(&-"*.# 1# &%1.$ !%,."' *.'-%#' 8'4, ,#& 

%,%65&%# .$ '+ '-%#' '-%##  ",(#  1 8'46 (&-"  4%.- % 8%&$  .  

65&%# 8.'6, !%,."' ,.4#+% *.&  ,%!5%"5 *.65&%# *.'-%# *.(&-" *.#6-!%, 6%&', *&%0 

 )'% !%&  ."%%.5 ,"1 6 7%6(!6 !4'"  1%,."6!%#3+ '-%#   .+.$(# ,./5,   ,65( .$%) '+ 

%60 ' ,,"1%#%,%&. #  '.$%&$6 *.#-4# 6%(.!' 8'45 .  .''5 7$%)6 *.&-0%#  ,./5,  .0%/

7".  ,%"5%,6: !8( !%,$ ,")6&%)., &+. .'%5%.")6&%) %".  &4!"  &%1)  .%6%&6 , *.#-4#% 

!4'..%*), 6 .  

."%,"    * *..$&0%$%8!4'..%6!&  &%6.3' ,%".#1% ,%"5-%+# ,%$# !%,."# ,%&$% 8 . !4'.

15&# #')&(. .%$.#' ) 15&#  &,) .(6 !$/"6 ' ,$# ,03%#&%1) 46 &4!"  " #1:50:000.  

 *%!,&%1) '6%4#  !%,."' *."%5./ ,5&+ '  '( !%%8 %".  124 "74,# # # ,*'%) 75,. 

*3#%3.  1 !%%8(, ' *), 6 &%1.$  ,%$#% *.'-%#  ,%)3%,%'64,.(.   

5.2. ""#%4&%' -%4",%   

 &4!#6 %'64,.( &%1.$  '-%# ,%)3%, '( 6'%(# !%,." +36' (. 7%5./  ,+.64') ,%$#

(.!&, '5 &%6+ 1%5.&  0%'.$ (../%'5%)  0%'.$ *+ &4!"  !8(6  , "# '-%# .-. '+ ,)1 . 2&%3'

(&-" 25../%'5%)  ,%$.$3 0%'.$  !8(6  .  

 '( !%%86124 " ."%#)  '5.## # , ,"(' 7%5" *.&&%0,#2005 ,451,600($"  ,  4%'!  .$ '+

6 !$/"6 ,03%# '.&4!#  2' #6 %"5-%+. %') *."%,"  , %"1%.% 7./%'5%) 0%'.$ ,$# ,&%3' %-6%+.

8'45  "# '-%#' .%') *."%,"' ,%&%4#5 ,4#  ,%.%(&  %(#(. ,%-.-#  :0)% ,%.#%) 15&# &,)

')&(. .%$.#'.(   

  

5.3.(""-%4%+%'). ("3%$3  

 -%6+  '(  6.' 6' *".  *..0%'%&%)8#  *."%,"  ,&%1.$  .'-%#6 8'45 *.(&-" * % .

2' #6 !8(6 *.--#"  *..0%'%&%)8#  *."%," %$/). %1  -%6+6 *.+3%## 75% ,.0%3..  "( 

*..,"(,," '( .8/.88/ !%,." +36,. #% *.+3%## ,'64' %') *."% 7#1 .4&$ &%6+ ,%"%( .#-4

 *.",(#-.,"( +3%##' -+  +(# .  

 &%1.$ '-%#6  "1 ' *.(%&-  *."%,"   '686 *.03%#6 , &%1.$ '-%# '( 8'4 96%4'  #0%-%

- !$/"6 ,8&%$# ' ,"5%, '( 8'4 03%# %6SLAB.  
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 '68 3 :'%&%)8# *."%," ,'68*.(%&- *..0%  

 ",(#  +-..#  &%4#  ,%&+   

.&8#%&6 9!'  .0%'%&%)8# ,%&( ,*.&+ -%0.)    

 &%8&$#8  .0%'%&%)8# ,%&( ,*.&+ -%0.)    

,./!. ,%!'  .0%'%&%)8# ,%&( ,*.&+ -%0.)    

!%&  7%%.5  .0%'%&%)8# ,%&( ,*.&+ -%0.)    

!%&  ,#3%+  .0%'%&%)8# ,%&( ,*.&+ -%0.)    

,.&'%/  ".&4  (.0%'%&%)8# ,%& ,*.&+ -%0.)    

 ./&%%".)  6%0    %&-,( 5&+    

*.+4(#  .0%'%&%)8# ,%&( ,*.&+ -%0.)    

*(0  .0%'%&%)8# ,%&( ,*.&+ -%0.)    

,%""+  .0%'%&%)8# ,%&(  )6 !$/"6  #0%-'(  

,6(%!# ,%-..),   .0%'%&%)8# ,%&(    

  

 *."%," ,'64' 2#/%# &%4# %').0%'%&%)8#  ,%&(  %". ,  *."%," '64' &,%. !%" *'%)

# *.$/)"  $.! *.&+ -%0.) '( &%8."  ,%"!,, -%0.)'  *%.5 ''%5  ''5%(# &%8." 2&+#15 ,%"!, 

-%0.)  6!&#6 ,%!.." &%8." ,,!) ,-.."  "!,% &%1)6 &.%%)  ,%5.) ,) -%-#' ,"# '+%,%.&!) . 

)3#"  6(!%##  &46 15&# ') ,#) 7#16 ,&%(4,6 ,%&%(4 ,%"!, -%0.)  .-&(#6  , %.')

# +( .3!' ,!) *.&6+% ,&%8."  ,%"!, '56 ,%+36,#  *.# 1#  '( ,%-.-#.  ,%"!, ,/.&$

6 !$/"6 :&%3#  "!, '56 *.--#"  *.'-0 % &%8." '.  

),) ,..&4% *. ,..&46 ,%"!,  7".  74,.#' ,%5%#/  ,%"!,  , ."%()&  6'(6 *'%)

/)..:  )%%(  *(' ,%"!,  '5# +-.#  6!&#6 +%3.#% .  

  &%36 %!,%". %') *."%,"74, ,..8/% +3%## ,'64' ,.8/.88/,  15( !%,." 0%3..'  #0%- 

!%&  7%%.5 *.03%#  6 ,%!%&  ,"(%(5 03%# , 63# '5 &%6+ ,%!.5(%  ,#3%+)6 !$/"6 ' ,03%#

 #0%-' ,%!%&  ,"(%(.(  

  

6.$%"3%/'+ $%'2%$  

  

 !%,." ,%)3%,  #0%-' ,%03%#  1 :.+/6%1  -%6+' +3%#  '-%# . ,%)3%, '(  #0-  *('  03  

&%1.$ '-%# !%,." '( 8'$*."%5./ ,5&+  !%,." *+ %6%'.(% ,  #0%- ,%3& # !4'"  1 !%,." 

)&.$( .-+ '( ."( &)%,' &4!#  ,-%6+ ,&0/#6 .  
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6.1. 0$%3.  /"0+$   

  3.&$ %".  )#0%-5 !,%"#  (.!&,  ,''%5 '5.# '( ."%#)  9!'6 .%3#  %'( *.-), ,6.6/6 

 *+ *."84 *.6%(. ."( %63%  74,# 150.6(%, 4 '( *%!,6 *"74,#  &%1)6 +%6& #, *."%," 

%!4'" *..&$/%#8)  &%6+  '( !%& ,%&. #4m/s ,.&$/%#8) ,%6.3.6 .'&8.", ,1%5.&  6%(.!% *.

 7#16 ,%',5 *.+0$"  &$/#%&%&!(  64+. -6'6  #0- ' &!6"  1 (.!&,.   

.$  '-%#&   -( ,) 6(!# &%17#16 ,%',5 *.1%5.,6 )%  8'$   ,) *.0-#  8&/ ,&%3

7"+  ,%8($, ,  +( &!)' *.1%5.&   -( 03%#  #0- '  !%& ,%&. #64 m/s.    

&%1.$ '-%# '+ //%6# 7#16 .%',  '-%#   Puff% ,+36,#   -( '( 7#16  .3&08".)

,"# '+ *.1%5.& 6 '.+&  /#%+  ,) )%3#'  -%4" . %+ '( 7#16  .3&08".)6 '64,# '.+&  /#

+0&% +0& '56 '.+&  /#%+  .%&.)  64+ '64,#( '.+&  /#%+   -( 03%#+ . 6(%!#  1 /#%+#

8.6%&$ '-%# .$' *.+0$"  &$/#.  

6.2. $%'2%$  

+%&.)  ,%)3%,% 7%5./  ,) ,%$#' 7,.'5,( ,%$# ,&-/6 ,%)8%6# '-%#  ,%)3%, .

../%'5%)  0%'.$ ,%''%5 ,%$#   ,1%5.&  0%'.$ ,$# , --# .$' 7%5./ .&%1) ,$#ERPG, 7%5./ ,$# 

 --# .$'Probit %*.0%&  0%'.$ ,$# . &%.)66 03%#%$# ,% ,!%,." :  

1. ,$# 0%'.$../%'5%)  8'45 ,(#(#    , *.+.$%#  6 !%%86  ./%'5%) .1%5.& ."(14 " #

&%4# # , /" 5150(.)  .  

2. -(6 *.1%5.&  ,$#. 

3.  7%5./  2&+ ,$#,%%#' ,%&6,/. 

4. *.0%&   &$/# 0%'.$ ,$#.3&08".)% ''%5 *.0%&  &$/# ,).3#'  :7.1(.!&,6 *.0%&  .  

  

&%#)5 ,&4!#6 %'64,.( ,%)3%, .$%) '(  #0- 5 ,%03%# %') ,%)3%,.  
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 &%.)6 : ./%'5%) ,%$# ,*.1%5.& ,,15&# *.+0$"% 7%5./.  
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7.(%&"#  

  

.  ')&(. ,".-#+#  *'%+6 &,%.6 ,%$%$3  ,%".-#  ,!)  " .6&)' '+#-600 '5' *.6(%, 

#4"&(,:/%"6 , ' ..(+,, ,%6.(! ,+&5#')&(.6  '5'5  ,%!,$, 6  . 9&$#6  ."%#)  '5.#

 $.!,')&(. ,".-#6 ,.'5'5  ,%!,$, '  #&,(  ..(+,' )#0%- %".   , -66 -6%  "5/  %% #

%6.6/ ,&&%0,#   ./%'5%)', *.'-%#' *.#-4,# "*."%5./ ,5&+  "  .(+, *%.4' *.(&-"

)*-)  ,/"&$ ( 6.6/ % *-)  '+  &.#( -3'.  

,%#56 75%/# &#%! 74,# '( ,%!5%"# +6%"  7%5./  ,"6 ' '.6%. +3%#  84.%&$   5 

 $%$3  ./%'5%)' 2%#/6  '%-0, *.)",  ,+$( % 75%/#  (.!&,  .% .16 4%/+. &4!#  

%.'+ *..&$/%#8)  .$ 8&%)., %".  84.%&. *."%," '+ -65 10 &%1.$ !%,."' *.'-%# *(..% 

%"## +6%"  7%5./ % *.1%5.&   -( 6%(.!' !8(  '+ %$/).( *..&$/%#8).  
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8.(""$%+,# $%+%*.  

8.1.$%+,# 

Briggs, G.A. (1973) "Diffusion Estimation for Small Emissions", ATDL Contribution 

File No. 79, Atmospheric Turbulence and Diffusion Laboratory. 

Cox R.A. and Carpenter R.J., (1979). "Further developments of a dense vapour cloud 

dispersion model for hazard analysis". In: Symp. on Heavy Gas 

DispersionFrankfurt, S. Hartwig, Editor, Heavy Gas and Risk Assessment, Reidel, 

Dordrecht (1979), p. 55. 

Fryer, L.S. and G.D. Kaiser, (1979), "DENZ - A Computer Program for the Calculation 

of the Dispersion of Dense Toxic or Explosive Gases in the Atmosphere, United 

Kingdom Atomic Energy Authority", Report SRD R152 

Hanna, S. (2008) "Comparison of Six Widely-Used Dense Gas Dispersion Models for 

Three Recent Chlorine Railcar Accidents", Process Safety Progress, 27 (3), 248-

259. 

Kaiser, G.D. and Walker, B.C. (1978), "Release of anhydrous ammonia from 

pressurized containers—the importance of denser-than-air mixtures". Atmospheric

Environment 12 (1978), pp. 2289–2300. 

Lees, F.P. (1996) Loss Prevention in the Process Industries, Vol. 1-3, Butterworth- 

Heinemann, Oxford. 

Pasquill, F. (1961) "The estimation of the dispersion of windborn material", Meteorol.

Mag., 90, 33-49.  
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Environmental and Scientific Affairs, The World Bank. 

Woodward, J. and Wotthington D, (1999), Comparison of EPA Guidelines Tables 

With a Commercial Model, Process Safety Progress, Vo1.18, No. 

 

 .#%(. .+-# &4!#' -"'%  7%0&))T.N.O) (2002 (  $.!6  ."%#) ,%.%'.+$ '( *."%5./ !%,."

+6 *.'4.#.5" $.! 9&$# # ,-"'% . 

-'$"#%'6 ,/) .2005 (*."5%/# *.&#%! .'+$# 7%"5,6 ,.,6.6/ ,%.".-# :')&(. '(  &4#  ,+ ,-%6

2#/%# &)%,' &#0 , $.! ,8./&6."%) : 6.6/ .-%#.'%  .$&0%).0' 0%! .  

0 " ))1985 ( &&%4#  ."%#) '5.# ,#4 12,0007%8 -7%(.4  :%/# ,')&(.. 
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 6.6/  ,"0 ' -&(#  , ')&(.)2005 ( ,%.&4, '( 86. 6 *.!.." ,%&%4## *."%5./ '% ." 2.&-#

 *."5%/# *.&#%!)*..4 63#(-  &%- # 2.0 ,')&(. :*.'(%&.. 

  6.6/  ,%5.)% *."$ ,-+%)2006 ( &$/# '%4%8%&$39 ,')&(. :*.'(%&.. 

 *.'4.#.5  $.!)2000 ('+$# 4.,- !$/" 21- ."%#)  :%/#  ,')&(.: $.!. 

  ".-#  &46#)2003 (.,"( !%- 54 ,"(' 62003 *.$/5  ,"( ,%"%6(!'% 2002- *.+%&.) ,+."# 

*."5%/# *.&#%! * 6 *.6&%+#( ,')&(. :*.'(%&.. 

+8%" ,+ .'0/% ,.) .2001 (  ."%#) '5.# ,%!.8612,000*.'4.#.5  $.! '( 7%8  , $.! 7%."58. 

2%4 ,7)1 .2006,  ,&6%! /&%46 ,%)3& "*.'+$#6 ,%"%), 64+ *."%5./ ,5&+ *..#.5 " ,  #0# 

 6.6/ ,/-" ' , ,8./&6."%)6.6) ',. 

)$&" ')1985 ( ."%#) .'5.# 7%0.# :)%6# ,,%"4/#% *%5./ ,')&(..  

  

 

8.2.$/+! ("+$'  

 ."%#)  '5.#-+4&   

  

 $.! 9&$#6  ."%#)  '5.#' +0%"6 ."( 86# ,6,5 . *.4'!1-4  

de=hl&6803699976292393385-=docid?videoplay/de.google.video://http 

de=hl&7484418612909477562=docid?videoplay/de.google.video://http 

de=hl&8848668271560085143-=docid?videoplay/de.google.video://http 

461249462920490684-=docid?videoplay/de.google.video://http 

6  6,5"9&) "  

1=subContrassID&2=contrassID&875808=itemNo?jhtml.ShArtPE/pages/hasite/il.co.haaretz.www://http

0=ntrassIDsbSubCo&3 

&.$( !%-  ".-#  &46# *+ ,6%,5, 75%/#  (.!&,  '+ !%5.%  '+%  

rtf.25-07-2007/pnim/rtf/data/protocols/il.gov.knesset.www 

 '+$#6  ."%#) ,"%)," 0%" )"8 "– &,) ynet  

html.,003313227-L,,73400/articles/il.co.ynet.www://http 

  "%#( ,..&46  ."%#) ,"%),– &,) ynet  

html./874/7651ART/1/online/il.co.nrg.www://http  

  

  

  

*.# 1# &%1.$ ,%"5%,  

 &,)US. Environmental Protection Agency (EPA)  ,%).,' ,%"5%,&-65 10   

htm.alt_dispersion/001scram/gov.epa.www://http 

  

*."%,"-,%&%4#   



  32

 

 &,)Google Earth  

) &,"7"+ -%#+ ",%.$&0%$%8 ,%$#  

il.co.amudanan://http/ 

-&%$/4%) ,8./&6."%) &,)- MSDS ."%#)   

html.anhydrous_ammonia/AM/uk.ac.ox.chem.msds://http  

# &,)')&(. .%$.#' 15&   

il.gov.mapi.www://http/    

.0%'%&%)8#  ,%&.(  &,)  

htm.homepage/Tahazit_All/IMS/il.gov.ims.www://http  

 $.! *.&+ -%0.) &,)  

asp.100/heb/il.org.envihaifa.www://http  

 $.!6 8..(  7%-+%# &,)6  

haifa/forecast/com.windfinder.www://http  
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9.0,#3' ' : $%3%&$5&%#.  +.%0  – "3%.'  

  

/"6 ,%"%5, *.8&%$#  1 !$75%/#  &#%! - ."%#)   

9.1. "3%.'  

 '%4'%#  NH3  

  

  

 .$ '+ *."5%/#  *.&#%!  ,#.(&6 &$/#

%) "*  

1005 

 &$/#CASRN  7664-41-7  

,%"%5,-.''5   41! !.& '+6 +63 &/! 6.3. 10  

  

    ,%-.!.  2&+  

,.&'%#  /#  MW [kg/kmol]    17.0306  

$3,%$.  !"[kg/m
3
]  

  0.6942  

$#8 ' !.,&   Tb [°C]  -33.3  

2%,.  ,&%8&$#8  Tm  [°C] -77.73 

*.#6 ,%/./#    [g/100 ml] (0 °C)  89.9  

  

 *.-) 9!')%%(#)7)%8") ,(  

# $
CT

B
AP

%
%&10log  (1)

&()5:  

T       *%!,6   &%8&$#8(190 - 333 K)  [K] 

P  9!'  [kPa] 

A *-4#) ."%#) &%6+-  6.67956   

B *-4#) ."%#) &%6+- 1002.711   

C *-4#) ."%#) &%6+- 25.215   
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10.! 0,#3' : :%#"'"3%$3+%!1 (+*03  +%7'  - ,"0 6+,.   

  

 #0%-' *."%,"  ,03  ,&%3 75%  5 -+ %$/)"( *."%,"  *.$&%3# ,*..$&0%$%8 *."%," &%6+ , 0%'.$

../%'5%)  % *..0%'%&%)8# *."%," .  

10.1. (",+-%,%) ("3%$3  

 ,.$&0%$%8  $#(1:50,000) &4!"  &%1)  '(  #0%-'   

  

  

 &%.)7 :74,#  ,6.6/6 ,./5,% 8.'6,)  &,)"7"+ -%#+("  

  

10.2. ""#%4&%' -%4",%   

  '6864../%'5%)  0%'.$' +0%"6 *.."%()&  *."%,"  *.03%#  &4!"  !8(6  .%86 '( !%124 " #

 ."%#)  '5.## , ,"(' 7%5" *.&&%0,#2005 ,451,600 '686 8&%$#  0%'.$  .$ ($"  .  

  

 '68 4 :../%'5%)  0%'.$  &4!"  &%1)6 )-'$"#%'6 ,2005(  

6%(../&.+    ../%'5%))1000($" (   ,%$.$3]#4' ($""&[  

 $.!  267  4192.2  

4.').6 ,..&4  36.7  4469.6  

*. ,..&4  37.6  8732.6  

7.43%# ,..&4  39.8  10463.7  

),) ,..&4  49.2  2947.1  

&("  21.3  1760.7  

 /"5  451.6    
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10.3.("-%4%+%'). ("3%$3  

  

 7%," +0& '56 ).3% ' &($)  ,%&. #% !%&  ."%%.5 ,) .0%'%&%),#  ,%&( # *."%1"  *.&,)#

8..(  7%-+%# &,)6 )#0%-'.6 )#0%- ,03%# '68   '(!%&  7%%.5  ,!%&  ,%&. # ,  &%8&$#8 

%5%'  

 '68 5 :  #0%-' *..0%'%&%)8# *."%," ,'68– 2.&),6 *.'0 ,6 ,"!,28.7.09  

 Israel - Bat Gallim (GFS 28.07. 00 UTC) Powered by WINDGURU

Tu 

28. 

Tu 

28. 

Tu
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Tu 
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Tu 
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28.

We

29.
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We

29.

We

29.

We

29.

We

29.
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29.

Th
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30. 

Th 

30. 

Th 

30. 

Th 

30. 

Fr

31.

Fr

31.

03h 06h 09h 12h 15h 18h 21h 03h 06h 09h 12h 15h 18h 21h 03h 06h 09h 12h 15h 18h 21h 03h 06h

Wind speed (knots) 4 7 5 9 11 8 4 4 6 6 9 11 9 6 4 4 5 9 11 9 4 3 3

Wind direction 

Temperature (°C) 27 26 29 31 31 30 28 27 26 29 31 31 30 27 26 25 28 30 30 28 26 25 24

Cloud cover (%) -

Rain (mm/3h) -

Windguru rating 

 Lat: 32.83, Lon: 34.98 Timezone: IDT (UTC+3) 05:54 - 19:38 [Archive]

  

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

  

  

 & "/8 :$ % &' $() ) ,"0 &0-'+#1' .  
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10.4.  !"#$% &!$'& &(# ) !*+, -'$%   

  

 2""# , & /-+ 2"( $( % $"(, "&3"4 & 3+  )+)") '0"% 2"&4 1 #"/ ,) & -"(' $ (%$ - &0

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

'(%$ ,6* 2"11+(' 2"&-+&0' 2 6". ,, 6.  

  

',*- 6: '0"% 2"&4 1 #"/ ,) & -"( $ (%$)'0"% 2"&4 1 #"/ &$/(  

.+'& -"(' $ (%$ 2 3"+ 2"11+( 2"+'5+ 2"# , & /-+ 2"&-+&0 
2"11+( 

1 /$/ $""&3 %& '&, +  # ', 
"*"7"5 # & 8"3+ . 

SO2 ,NOx ,CO ,O3 

,  **, PM10*PM2.5,

WS, WD, RH, BPR, 

SR
2 &)( %& '2"+"' $)) 

3 7(/) '  ( %& ',",#' ,"*",$ .-
"% 

4 2""% $""&3 %& ''"(#1 SO2 ,PM10WS,WD, TEMP
5 $ "0,$ 3 ) %& '7"3&". SO2 ,NOx ,O3 ,

PM10

WS,WD, TEMP

6 7""-)("/ %& '7""-)("/ SO2TEMP, WS, WD
7 /'5 % %& '*& % SO2WS,WD, TEMP
8 7"3! + $""&3 %& '2"/( +)%', 

"*"$&) . 
SO2

9 2" $""&3 %& '2, 14, 
"*"2".,0+' . 

SO2WS, WD

10 3",/"* $""&3 %& ''(#'' SO2WS,WD
11 2"1".% &06 "$1' &4 (' &06, 

2"1".% &06 
SO2WS,WD

12 7 4*- $""&3 7 "& # 7* &66, 
'!4 +' 7"(* 

SO2 ,O3 ,NOx 

PM10

WS,WD, TEMP

13 3 .3!("&0) $0&! 9&1, 
*"$ +& . 

SO2 ,O3 ,NOxWS, WD

14 7"+"(* $""&3 7"+""(* $""&3, 
3 ./$/ 

SO2 ,PM10WS, WD

15 1 #"/  
)')1% '(%$( 

%& ' )+&%'24, 
!'-. 0 3 

SO2 ,NOx ,O3 

PM10/2.5 ,BTX

WS,WD,RH, BPR, 

PCIP, TEMP
16 $1""( '(%$  SO2, CO, NOxWS, WD 
  

2"43)+- PCIP ;  "&-+ &* :%,- BPR ;  $".%" $ %,- RH ;  % &' 7  "6- WD ;  % &' $+! 4- 

WS 2"+")( 2"3"3,% - PM10/PM2.5 ;  $"&, . '("&3- SR ;  '& -&0+-- TEMP ,2)#- PCIP 

 ; $"(!+%  1 $"&0 #- SO2 ; 7 5 /- O3 ; 7+%0' $! +%$ 1%- CO ;  73(% $ ! +%$- NOx ; 75(* ,

7/ , - ,'&/0- 7,".3-BTX ;  8"!& /, 3*/ 2# 1- Hi-Vol;   

 *1*,* 7(/) '  ( '(%$* ,40 +.  

 **/$/ $"&3  7(/) '  ( $ (%$* ,40 +. 

  

  



  37

 

11.. ')($' :/#01!2% 03 #"2&2  !+&

 

 $".%" 2"- )0' 2",1 +'  &/ $" '5 %0.(* +"),) 3&0*  &/ $) 22")&1( 2' 2', 2"( $('   .  

11.1.1!2 0#,#(+)  !*#)   

11.1.1.1#24 ,52,  !*#)  

 '&0. +-/* &+ %, "*"./0 & 5"0 1"+4 *!+*$/  )+  "1" ,4 &/ $+"(". /"# & 5"0  24 

 43&3' $ %6 (* $ *)%$'   

  

 !  !  !
"#

"
$
%
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"
'
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.
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(  11.1)

&)/6  

Q  & 3+ $+! 4  [kg/s] 

U  % & $ &"'+    

H  & &%) '* #    

/y73$ $""-. &"!, y  

/z73$ $""-. &"!, z  

x,y,z -/("1& / 3$,)  7(4' & 5"0    

  

'".&  ("/' $*6)  43&3' $ %6 (* $ *)%$' 9 $ & 5"0' $/  )+.  
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 ,1 +Briggs1973)  "(*& / %-), % $0 %-) 7"* 7"%*+6 $"&0. +-/ $ *"!"* $ ,$ , 2 %$*

  2"3%&+10
2
<x<10

4
 m .'%. (' "0,  ,,' 2"&)3' $/ 2 )&, 7$"( ",,6 70 /*  

  

 !n

iii bxax 03/ 1 (  11.3)

  

  

',*- 7 :*3 "4 Briggs (1973)'( ) $".6$ & *4  :"( &"4 %-)  % $0 %-)  

Model 1: Data

Briggs(1973)

Open Country a b c sigma_y

1 A 0.22 0.0001 -0.5 21.89082

2 B 0.16 0.0001 -0.5 15.9206

3 C 0.11 0.0001 -0.5 10.94541

4 D 0.08 0.0001 -0.5 7.960298

5 E 0.06 0.0001 -0.5 5.970223

6 F 0.04 0.0001 -0.5 3.980149

a b c sigma_z

1 A 0.22 0 1 22

2 B 0.12 0 1 12

3 C 0.08 0.0002 -0.5 7.92118

4 D 0.06 0.0015 -0.5 5.595029

5 E 0.036 0.0009 1 3.924

6 F 0.016 0.0003 1 1.648 

Urban country a b c sigma_y

1 A 0.32 0.0004 -0.5 31.37858

2 B 0.32 0.0004 -0.5 31.37858

3 C 0.22 0.0004 -0.5 21.57277

4 D 0.16 0.0004 -0.5 15.68929

5 E 0.11 0.0004 -0.5 10.78639

6 F 0.11 0.0004 -0.5 10.78639

a b c sigma_z

1 A 0.24 0.001 0.5 25.17141

2 B 0.24 0.001 0.5 25.17141

3 C 0.2 0 1 20

4 D 0.14 0.0003 -0.5 13.79461

5 E 0.08 0.00015 -0.5 7.940667

6 F 0.08 0.00015 -0.5 7.940667  

  

  

  

11.1.2.  !*#) 01!262*, #!0&

 ,1 + & 5"0 '2"&"!' $) ,)* &+ %' ,) "(". /# ("' 7+5* " ,$' :  
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(  11.4)

  

&)/6  

Q  & 3+ $+! 4  [kg] 

u  % & $ &"'+  [m/s] 

H  & &%) '* #  [m] 

/y
73$ $""-.  [m] 

/z
73$ $""-.  [m] 

/x=73$ $""-. 7  "6* x [m] 

x,y,z -/("1& / 3$  [m] 

  

$ "&0. +-/ $ " *"!" ) ,) 3& $ &1# + 7(4 ,1 + & *4 :*"!" ,",&-( ,*"!" /, . $ "-. ,) $ ,$

4 /!+( 73$'"2"&)3' " :  

  

n

y ax3/  (5)

n

z ax3/  

  

',*- 8 :7(4 ,1 + & *4 & 5"0' "4 *3  

sigma y sigma z

n a n a

Unstable 0.92 0.14 0.73 0.53

Netural 0.92 0.06 0.7 0.15

Very stable 0.89 0.024 0.61 0.05  
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11.2. 1,7 *.  !*#) 01!2  

 2",1 +'2"&/ $+' # .+ 2",1 + 2("' "'.0 3 "(Box Models) , 2"- )0, 2"*)%('

"& /"$ ,4 2".. *+' 2",1 +, $".%"$' -K) &" / $ , *&4+ ,) '"5 0"1 .(  ".".*' ,1 +'

 ,) ,1 +'  ("'Cox and Carpenter (1980).   

11.2.1.6$4% &!"3)&%

 #! "+ "4#& & &%)"1" ,4 ",",# 7(4 (top-hat)'1"%/ $ 0"0! ,4*  , '& ! ,*3+ &)/

 ',#,#4)pancake (""( "!-"*&# 2"-30/ $40)'*2 ,  *   56&+ *"*. ",/"1& 70 /* -)0$+

% &' 24 213$+ 7+5*.   

 $ -)0$'' $/ /-*, 7$"($"*% &' ,) '/  )+' $ 4!+/*  Van Ulden (1974) ,

. "1& $/ $,,3)+) ,  &"  /, $".%" 7(4' $ 0"0!  '* # " &3' *,), '+"/$+slumping 

)',"0((.  

  

 !11>3 cakgh
dt

dR
 (6)

  

&)/6  

R  $ ,$6 7(4' . "1&7+5*   [kg/s] 

h   '* #7+5* $ ,$6 7(4'  [m] 

>ca  "  /' $ 0"0!, $".%" 7(4' ,) $".%" $ 0"0!&  []  

g1* 6' $! /$ [m/s
2
] 

k   4 *3( "."("   

  

11.2.2.#!!+% &)#'( ,5- 6$40 

& &%)' "# . "()* ,9) ++'  "4#&' ,"  /'& 2"0 )%'  %-) "(0 9&1 7(4' 9 $, 8%.( 

"  /,& .7(4' , '"+, $ & 3+"  /* &"$ (0 1* * *&4 2("'  $ -)0$' 7+5*   %-)' "(0 9&1 * *&4  

7 ",4' . 7"* $ 0"0!' ,1*' "1" ,4  $"&0. +-/' '"!(, *& -' "1" ,4 2"-,)('  ,/ * *&4 "6",'$

&"  /'  7(4'  .  

7 ",4'  3,%+ , '"+ *!3  7(4' $ (01* , '"+ *!3+ 2 6. *6& + , '+' *!3 . &)0/+ '5 2 6.

9"&4',7(4' ,) ,, 6' , '"+ $/  ,$4! ++'  $ 0"0!   ,) '& -&0+-' $/ *)%, 2/$'*  .  

  

1* * *&4'$ (0   
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4 &/ $+"'/  )+' ":  

  

dt

dR
JhRQe 23 2  (7)

  

&)/6  

Qe      &"  /' $0"%. *!3  [m
3
/s] 

J  "( ".( 213+  [m] 

  

"  /' $0"%. *!3&7(4,  4 %-)' "(0+2"( ", 

4 /!+( &"  /' $0"%. ,) *!3'" 7 ",4' %-)' "(0 9&1 &"  /' $0"%. $ &"'+ ,) ',06+' "

7(4' ,) 7 ",4'  3,% ,) %-)* .7 ",4' %-)' "(0 9&1 &"  /' $0"%. $ &"'+ ,4 $+&#('" "

$"&0. +-/ '"!(, *& - ,4 $($"("'/  )+' ":  

  

Ri

U
Ue

?@
3  (8)

  

&)/6  

Ue  "  /' $0"%. $ &"'+&      [m/s] 

U?=$ "-(, *& -' $ &"'+ )9 6"%' $ &"'+, $"( "!& 0 &0( [m/s] 

Ri &0.+Richardson  [] 

@=( "."( 213+" ) ,1%+ $&"&* 9&4– 0.5(   

  

 &0.+Richardson4 7 $( "'/  )+' ":  

  

caU

gl
Ri

>
3

?
2

 (9)

  

&)/6  

l    "(""0 / "-(, *& - 9& /) *!+*  %-)' "(0 '* #* " ,$

$ *"!"'(  

[m] 
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11.2.3.#,#()  !*#)0  ,42%  !+#&  

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

,4 *!3 $ -)0$'' $4* (' 2"-30/+ 2""( "!-"*&# ,)" 4!*, &*4+ ,1 +, & 5"0 "*".0  .

 ("' &*4+, 7 "&-"&3':  

  

dt

d

dt

dr y/
3  (10)

  

 !"#  

 y  $%&"'(  )*&+, $,-& (  &.$/( 0*1+  [m] 

  

 23$! $/)Fryer & Carpenter (1979):    0$$4&$53$, '( 0$31/" 6$, ("&&!(

0$$34)&, &3:   

0$"42( $4! 0$+$$12+ 0" 75,2+  ,7+(:   

" .6+., $,-& (  &.$/( 0*1+ 2 .'4+ 631 647( )&*$' ,51) . 2&)2) ()$,1+ 6+., 2&)2(

6+., 647( 2&3!/2( 07 1- +,(  

dt

xd

dt

dr y )(
14.2

 
!  (11)

  

 (51, "5+4 %&$* (! 2),&1+( (-4(( )7 2%%&,+ &. (-4(-10%$%&"'( )$/& /( )! .  

 +&)# :/$-% 2& $(+ 2$# &"( 2$34)&, &3( 86 $(++ ()&*'  $&"( 2) 2$4&$5 /& /

9&#$-( 2& $(+).(  

1UU e "  (12)

 

 (. $"42  !"# 0$$12+(/12 $2), *,# .'  &.$/ ("&&!+(.  

, . $&&"(& 647( 6$, 2&$&/$/5( ! /( : ,7+( !- 2+  !"# ! /( 2&$&/$/5( 6$, 7(64 

 $&&"(& * &$ 2-2+ 9 7) 0$&%+  -,4! .+ 631 (. ! /( 0" 75,2+  ,7+(- 10
-3

 kg/m
3,  
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12.  !"#$' :%&'"#()*+, %(- , %-./- ,)&'0,  (1&"

  

12.1.,)&'0 1(-  %-./

  

 2-%&4)&,'( 2,#!, 2& $(+( '&)$/:  

  

n

aa

z

z

z

u

u
##
$

%
&&
'

(
)  

(13)

  

 !"#:  

uz   2& $(+ $1/&" (,&', -& (z71 1( )7+   [m/s]  

ua   (,&', -& ( 2& $(+(*$*+() -& ( *+.(  [m/s]  

z  71 1( )7+ (,&'  [m]  

za   (,&'(*$*+(71 1( )7+   [m]  

n (1.-$&)2( (2$ /%&+3"( 2&,$5$,  1$7,  ,  

 + (42!+0.07 0$,$5$ $2), 0$"42  &,7   

 *70.550$,$5$ 0$"42  &,7 .  

  

z0-  3+ /%&/%.) $4, &" -3!  &,7 :1.0-3.0(  [m] 

  

($)7! 0$34+)"(& 71 1( $4/) -& ( 6$, 9&#$- 31/" 0$$1 . (, 1, (431 -& ( 2& $(+

)*' 71 1(+ 1- +(! )&## ()*'& 71 1) .  

71 1( *$) -& ( 2& $(+ )7 9&#$- 2&75+", &7$/!$ 71 1( $4/ )7 0$"5+4( 0$31$$,&" .

/%- &4$( 3$%#2( 2  '5$$+(  3+ / 71 1( %&Z0 .  0$4&24 (.  3+ / )! 0$$%&/$3 0$# 7

(),3,. 

0$! 2, 2'5&+ 0&$( 9)(+, (,&' 07 -& ( 2& $(+ )! 0$%&/$3 2&'(42( .  
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  &$"9 :$&&"( 2& $(+ )$/& / 71 1) 9&+% (4&! 2$%#2  &,7 .  

  

12.2.%&)'% 1(-  %-./( ,)&'0 1(-  %-./  

 /+3( 2&'(42( 2'5&+($514&/# ( &3()$),& 0&$, (,&'( )!   .  

 

  

  

  &$"10:2$ /%&+3" 2&,' 2,#! :2$+ 2& (+$ . )$/& /.  
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13.  !"#$,' :*12 3-(2 %$.(% 1/  SLAB  

% SLAB data
%
% SLAB
%
% Shapira, A. 
% 14/07/09
%---------------------------------------------------------------------
-----
%
idspl =         2; %  idspl spill source type
%           1 - evaporating pool release
%           2 - horizontal jet release
%           3 - vertical stack/jet release
%           4 - instantaneous or short duration evaporating pool 
release
  ncalc =         1;%     - ncalc sub-step multiplier (input 
parameter)
  wms   =  0.016043;%     - wms   molecular weight of source gas (kg)
  cps   =   2238.00;%     - cps   heat capacity at const. p. (j/kg-'k)
  tbp   =    111.70;%     - tbp   boiling point temperature ('k)
  cmed0 =      0.00;%     - cmed0  initial liquid mass fraction
  dhe   =   509900.;%     - dhe   heat of vaporization (j/kg)
  cpsl  =   3348.50;%     - cpsl  liquid heat capacity (j/kg-'k)
  rhosl =    424.10;%     - rhosl liquid density of source material 
(kg/m3)
  spb   =     -1.00;%     - spb   saturation pressure constant
(default: spb=-1.)
  spc   =      0.00;%     - spc   saturation pressure constant
(default: spc=0.)
  ts    =    111.70;%     - ts    temperature of source material ('k)
  qs    =    117.00;%     - qs    mass source rate (kg/s)
  as    =    657.00;%     - as    source area (m2)
  tsd   =      107.;%     - tsd   continuous source duration (s)
  qtis  =      0.00;%     - qtis  instantaneous source mass (kg)
  hs    =      0.00;%     - hs    source height (m)
  tav   =     10.00;%     - tav   concentration averaging time (s)
  xffm  =   1000.00;%     - xffm  far field length (m)
  zp(1) =      0.00;%     - zp(i) heights of concentration 
calculation; i=1,4 (m)
  zp(2) =      0.00; 
  zp(3) =      0.00; 
  zp(4) =      0.00; 
  z0    =  0.000200;%     - z0    surface roughness height (m)
%   Meteorological Variables

  za    =      2.88;%     - za    ambient measurement height (m)
  ua    =      1.92;%     - ua    ambient wind speed (m/s)
  ta    =    306.00;%     - ta    ambient temperature ('k)
  rh    =      4.60;%     - rh    relative humidity (percent)
  stab  =      0.00;%     - stab  stability class values
%    class   value      description
%      a      1.0      very unstable
%      b      2.0        unstable
%      c      3.0    slightly unstable
%      d      4.0         neutral
%      e      5.0     slightly stable
%      f      6.0         stable
%
%   default   0.0    input 'ala' for stability
%
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  ala   =    0.0665;%     - ala   inverse monin-obukhov length (1/m)
%             (ala is an input parameter only when stab=0.0)
%
 z01=-1.; % =-1 end data 

%=====================================================================
===
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 #&#  6)'! ,035804699                 !#)!2009



2

)"1""1* 2/%.  

  

'!20$..............................................................................................................................3  

") -................................................................................................................................4  

!*,-+ *0'+ $'!0&...........................................................................................................5  

01-+ $#"/'..................................................................................................................15  

'01-+ $#"/ #/ +$) !/1..............................................................................................15  

'01-+ $)%!/.................................................................................................................16  

5!!).2+ 5!!/0+ #/ +4'*+..............................................................................................17  

# +*2+ 7/-+ '01-........................................................................................................17  

5)4!&.............................................................................................................................18  

$)')0- $-!/'................................................................................................................19  

5!1.&(...........................................................................................................................22

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

.%3%.

  

# $),)+# )(()2'  '- &!')  6-,#)35!'* ,)3!"-')8" + ! &# +.!1  , '/" $3/+  $) ' *!!&

)($,) *# 5!%))#'+ 5!()$(+ .# $),)+# /0 ( 9&)(  3 ' +2'-) +(-8- +/!,0+/ 6),'" 6!'0

)8 +,) * $!!1(+  .  
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$"4+.

  

 5)+!8- # )& :'.-+) +.!1 ')8"  '!))"+ $) ' 5!(/ +87/-$- )')0-/  *$/! +!+, 4 ,

+!3'(" ')2!!# $)!$/$ ,0)0!8 !$  ,#-( , + ' $!%'.) $!'1&- +') 1$)')8"+ $" $(!!."-+ .

- $1"$ 5)+!8+ $)')2 $)2).(+5!#)&)'!" "!+ ,5!02)- 5!0!0#15!'!*8  , 5!%#.(+ '!))"#

 $)!83 $) )'*$ 5* ,1!5! 4'+ #/ +%!#.+ $)')(!2-) $) )'"- . 5!# 0- 5!0!0#1+ +.)($

2! + #" 5$"!+'!.&)-%"  7)$ +-1 +-)#.+#*- 5$)" $0')8+ . 74 , $!&1! 5!, 4 5!0!0#1 

 *!3+# 5!#)4!5)'#6(*+ $)'2))!+ 7!#+$  0#1 $10#)  . ##3  )!!1 7')" '20+ 6(* #/+ 5/3

)$)0, $)'/*( !4 1!(+# /!5!0!0#1+ $)*./+- 0#1 ) $)-!!0$- +#") +,!- ( !,!# +(") $ 

  !)%! !*0/- $')2) 64)  )'0+ ')8"  !,!-+ 1))%  5  1)'+ ,')- # &1!')0-+%!#.+  .  

5! ' 5!'0)1, )1 "#"'/!  64) # , )(1 #/ 5$*./+ $" 5!()/ 5!3)&- 5!-+8- !8)4!' 

5!*0/-+ $)!)-4 #* '!))"  .5)!+ ,* , 6!"+-4&+# *3)(  08)1 52* #* 5!'*'*-+ /!) '/0+ 

)-)!0 .$"8 5* ,' 5!()/+ 5!'0)1+  '0  ,0.$# 5!#)4!+ 5!-!)&- 5!#)&)'!" !4 +*,+ $1))

5/3+ !((* $)'2))!+ !4!#+$ #* 5!*!./- $) *$+ !(!*'34.

 # /0 ( +8 '01-1 ) 6$" + 6!  '/0 !8)4!' :'.-+) +.!1 ')8"  5!%#.(+ 5!#)&)'!"+

!(3).)'$(" ')0-- ,')8"+ )$)"  $,,-(+ 5!*0/-+ $)-4# . 6)1 # !,4+8 '/09)&"# /0 (  

$(')8"  )-/'(/ 5!())3- 5!()  5!/)#/$)()'1"+ 5!(/+  ." +  #/  ,+#" 5!()$(  !2( 

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

 '/" 5!*0/-+ !()$(# 61 -+ $.)0$  #*).  ),,-(/ 5!*0/-+ !()$( $"))/+ $'8*  61 $

+81#,)-+  .9)& #, (2 * 61 () 5!*0/-+ $)-4# 5!#)&)'!"+ 8)4!' 6!  +!2#')0 $"  $*./+

 5!#)&)'!"+ 8)4!'+!).2+ 5!*0/-+ $)-4 #* $'8*  $,'#  $ 2+8)4!' 5!()/ 5!#,)-  !"($4 

!$#1$+ .



4

'%(-  

  

 #"'/!  '!))"+ 5)+!85!()/+ )!% !+ #* $) ' '01(/  1' 5)1$ )(!+ . )8 '01- $*2+ $0&)*

 5!!)&- % !+ )+) " 6!  '/0+8'!))"+ 5)+!!)&- ')8"  %#.(+  5 6! #$)!)-45!*0/-+  

')8"+ )$)"  $),')!+ .74 5/# ,'1 ( $)+) 3 '!))" 5)+!8 $)-'  6!!.)"-+ +.!1 ')8" . $#"/

 "!+ '01-+)"0%5%$"' 0,  *!,   .3"- " -)"60!1  ( "17%!%$.1' $%+--  $%&' 8$!-

)"*+,-  .%-/ 0*  !"#.3$%"  (   %.%'$%&'? $" 61 ( 74 5/#) '!))"+ 5)+!8 !(!!."- $"

 5!3)#)')"%-+ 5!($/-+ 5!*0/-+) ')8"+.!1  . 5!#,)-  /-$/( 9)& # 5!!3)#)')"%- #*

 $(-5!#)&)'!"+ +($/- $" ,,) # , *!./- +8 +($/- ,2!4 6)1 #)5!*0/-+ $)-4 #*')8"  .  

+!8+ ')0-# + '0  '$)! +) 3 ##4 7',  5!#)&)'!"+ 8)4!' 5"$+  *0'0# 7)-& ) 5)

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

# 3)- '!))"  5$!!+/ 7/-) '+- )*0/! . #/ 8)4!' ")2-# 5!$!*# 6$!( 5!-+)8- 5!')8" 

5!!0( 5!')8" $-)*# #,)3 !',& !(/  +) 3+ 5)+!8 !0!0#1.$) !/1 !)%!  !,!# +"  +.  #/ )

 )'0+ !&!.+ 1))%  5!#)&)'!"+ #/ +*./++ $" 61) + '01-.  

  $) ' '01( +8 "/)( , $)-4# 5!-+8- 8)4!' 6!  '/0# $)')'  $)(0&- )# 0$+ 5'% 7"

5!*0/- .$"8 5* ,1! ,"/)(  '01-+ #1+ 8"-, 5! '  *,-+ 5!/("-0.& )#!%+  $#)4! #/ )

 !/)("+ 6!-+ *!./+#$)!-!#0" $)*.)$ #* . 5* 5!(/+'' $+ $!*,-+ +#!+0#  !4 5,"+

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

'!))"+ 5)+!8 5!(3).)'$(" $)')0-- %#.(+ )+!/*$ ,+') 1$ ,$)"#01 ,$).!'/,)*) ( , *!./-

 #*3)& ,$)'2))!+ $)'!+-) #,)3#/ 55!((*+  .$"8 5* ,) 9" #*+1- 5!'0+"/)(  5! ' ,5)!+ ,* 

 6!")8 +*./+# +')'  +14)+ .$-)'$#/ )+8 '01-  , $(!1   "!++ '/0 ' ),-+ $)"2-" 

' * !()$( 6!8+# 6$!( 5+  5!#,)- ,74 ) $#)4! $" $-"# +!)8!1#/ #,)-+ .  $2'+ $'8* 

5!()/ 5)+!8 !8)4!' 5* 5!#,)-+ , '/."! *2)-+ '01-+'!"+ $*./+ $,!- $" 6)1 #5!#)&) 

 5!%#.(+  +.!1 ')8" 5!*0/-+ $)-4 #* $,')!+ ')8" +8.   
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"*3-  *+$  .$"+5  

  

'.$"%%' )% "&-"00/ *+$   

'!))"+ 5)+!8  $)')/0+ $)!3)&  /)',# )(")   ,+8 1()- '!,3+# )(!#* $!/"' . +')"4#/ 9" #*

+%)/.4 $!-,( )8 +-!/- ,$)()/ $)',3+ 74# +#*- $)'.&  6)!* .)( +8 !()/ 08(+ $,!-- * 

5)+!8+ 6- !'/."+ , $)()4(+) * %  5,"+ $) '*$+ !.#4 $)()/ $)!4'* $)/!3) 5)+!8+ ')0-

 )  +*!3. # 0#)6!!%/." ,2001 .()8 +,) *  , '!))"# "!+/#4 $.&)$4 '!))" 5)+!8# &1!!$(

,!$*  08( ##)1# !).2+ 7!#+$ #/ )$#!1$ $" $32!!-+ .)')0-- 5)+!8 $##)4 )8 +',3+ $

,1"4 5!!* %) 5!!(3).)'$(".  5!-+8-+ !3)& #* '!))"+ 5)+!8 $)*-/- $" 6! +# $(- #*

5+!$)')0-) 5!()/+ ,+8 5)+!8 !08(# +'20  $*,+ $" $$# /! . $*./)- '!))"+ 5)+!8 $'-)1

 ' 5+ )!08(/ 74- $) '-5!!-)1$ . + 1' +#"0&  5!*( )#" 5!08( #1+!%%&" 5)+!8- , $-3),

 '-$!-+ 6/*+ )'"- ,1!' !-)+!8 7', ,5!!)'!3 6)34 5!()/ 5!!$)"!'  5!08(# ,*) ,!" $)/)1$ -

$)1)( ,$)!3'#" ,$)!()'4 $)#1- ,+-!/( $)*'.+ , +#4) $)()/ $)#1-# 6)4!&+ $-'  +!!#*

$))-) $)!(.)& $)#1- !'0-  . $-!/() +.!/1- +"2)$4 $)()/ $)-'  *!.)+# 5!#)#* )#" #4

%+ ) 4'+  "#/ '!))"!*  . $" '!))"+ 5)+!8  $)"'# 5! ' )"! + )#" $)!$)"!'  $)"2)$

#"'/!  ')-1+ !$ ! &+ *3.-+ . + )1  $-#3- )8 +'!-")!$)"!' + 08(# %'. ( !(!!."- $"

+ ! &  )')%!( 52*) '!))"+ 5)+!8 $)%/.$+ .'-)#4 , 5!'1" 5!*3.-# ,)3!( )/*' 6)34 , $#)&.

5!- 5)+!8 9")( ,- '!))"+ 5)+!85!-)2* 5!01'-#) + ' $)'!+-  %/.$ . 6))!4) $)'!+-

 5!$!*# '4!( 6.)"  5!($/-+ 5! ' 5!3)#)')"%-) 5!!-!#0" 5!-')3  5!!)#$ )$)%/.$+

5!'20 6-8 !4/-  .  1'-  6+) 6-8  6+ '!))"+ 5)+!8 $-' !)8!1 #* +/0- )8 +, )*)6!!%/." ,

2001.(  

   '!))"+ 5)+!8+. $) 0*  '2)( !(3).)'$(") $)2) 0- 5!-+8- $%!#-5!()/ $)')0- .

+ $2) 0 $" $)##)4 )#" 5!-+8- $)2) 0 -PM) 5!#)&)'!" )" 5!.1'- 5!0!0#14 5!'4)-+( ,

 60(1 $)2)-1$(NOx) ,), $!'.)3 - $!(2-1(SO2) ,), 6-1. - !(2-1(CO2) , $)!(3')" $) )4'$

 $).!,((VOC) 6)8)") (O3)) .6!!%/." 6'!- ,2001 .(*2)-+ '01- 5!.1'-+ 5!0!0#1  ,0-$(  .  

+ $2) 0- PM,1! 53 5!#8)() 5!02)-- $) 4')-+ $) )'*$ $##)4  . )#" 5!0!0#1 '!,3+# 3)+(

4+.!2' $,,)  +,!1! ,$!#8)( )" +02)- ,6!  $)1)4  )!,1! $)081)-+ $) ' $)#)0#)- +#!4-+ -

 #* +#)* +#,)3) 5!'#)0#)-0.0016)'0!- .5!0!0#1 6)!-# /-/-+ ,,-+  "#) 5#,)3 ")+ )#" 

+($/-+ !-!4+ 5 4'+. 5+- 5'3!+# #)#*+ !(.)3+ 08(+ #* $)'!/! *!./- 5!0!0#1+ #,)3 .

- 5!(%0+ 5!0!0#1 -10 6)'0!- (PM10)$)"!'# '),1# 5!#)4!  . '$)! 5!(%0 5!0!0#1(PM2.5) 

$))-# 9") 6%'& ##)4+ ')-1 !$)"!'  08(# 5)'3# 5!#)#* .)#" 5!0!0#1 $%!#. ')0- ")+ 

$)')0- 6))3-  5!/1'$-+ +.!'/ !4!#+$  . $(/  )%#.( #"'/! 1999 44%+- -PM $)')0-- 

5!!$!!/*$ ,36%) #-/1 ')2!!- -20%+') 1$- .##44 ,!' '$)! +) 3  )' !. #* 5!#)&)'!"+ 8)4

5$%!#. $)')0-#) *0'0# 7)-&.64 )-4  ,44'$)! 5!(%0 5!0!0#1+/ #) , 5+ )  6-8+ 7/- #,3

!#)4!+'!.&)-%"  '"/!+# 5. 5!(/  1980-1996 , #/ +!!#* +#141% 5!0!0#1 $%!#.  

5!.1'- .44%8- !+) +8 5')0-) +!!/*$  ,36%) #-/1+ ')2!!  -20% +') 1$  ) ! 4' %'. 

#8!, .( $(/ 1996 #"'/!  )%#.( 40,000 5!.1'- 5!0!0#1 6)% )6!!%/." 6'!- ,2001 .(  
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(.- %  !"# $%&'( $"%%' )% "&8$!

')-"4 ,:'.-+) +.!1 ')8"  )($,) *  ,0-$(6-)&-+ 1%/  &- ')!"   '1 ,)!$)#) 3):  $!!'0

6).2- 6!02)- ,1'8-- 6)* % $!!'0, '*-- 5!+) 5)',- #-'4+ $'!% . $(- #* $"8  6)1 # ,2!4

 *!./-)##4  5" ()  $,')!+ 5!*0/-+ $)-4 #* +8 ')8"- %#.(+ 5)+!8+?  

  

  

  

  

'.-+) +.!1 ')8"#"'/! 6).2 / !$)*-/-+) #),3+ !$!!/*$+) !()'!*+ 84'-+ ")+ : . +8 ')8" 

 , # )4-240-0 "' () $)!-)0- $)!)/' '/* $)#*).5! /)$ 6)!#- !21 #*- 5!!1 , 5$!21-

 +.!1 '!*+ ! /)$)&- 1.&( '1 .($)!+ 90)$-)844 + ,5!' )*)  5! 4' !.#" $)'/*  , $)!"/-

5)! #4 5!&) )%)") .

 6)4(*' 6!%!()-- :'.-+) +.!1 ')8" # )& 5)!+# , '!))"+ )  ')8" #/ !)-!, )# '/)0+

'$)!  5+)8- . ' 4 +8 !)-!, !4 5!(*)%+ /!)(!"90$  , +'.$/+ +.!1  '!))"+ $)4!" 64/

 5!(/  $!$)*-/- $)()'1"+)$","!* ,2007 .(+')0- ')8"+ #/ )' *  ' &)- )8 +&!.$ #/ 

/ +,)'!+ '!))"+ $)4!" )$) ' 5!(/ 7/-  )  +$!+ .#/-# 74 , ')8"  )#*. 5!(/ '.&- !(.# ,*

5! ' 5)+!8 $)')0- $) '*$+) +*'.+ #4 "## , %)8- +.'/ '/" +, 4 +!!/*$4*.)+#  "##

 +# 8-4) +%!#. !(0$7/-  # 8 9'/( +  +(/+ $)-!  )' )7#-!( " ,2006 .( !4 +(*%# 0)8!14

/-) $4#)+ +.!1 ')8"  '!))"+ $)4!"$'.$ ,+ ! &+ $)4!"# ,'/-+ !-)&'. $" $)"'# 6$!( ,

 ),+ $!'.)3+ !8)4!' !4 $!(2-1 ),+ $!'.)3+ !8)4!' #/ +1!(2 $-3- #* 5!,-#-+ 5!()$(  3!2-+

60$+- + '+  $)+) 3+ $)-'- , + '+  )(-- $)4)-(+ $)-'#)&- 1.&( '2 .(
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.-+) +.!1 ')8"  %#.(+ '!))"+ 5)+!8 $)')0- $" 0#1# 6$!(5!!(/# :' : +!!/*$+

+') 1$+). +!!/*$+:5!()/ 5!3)&- +, 4 +!!/*$ $#*). :'.-+ ')8"   ,0)0!8 !$  , $(1$

1)4+ ,,4)' . $!'.)3+ $)2)-1$ ), $)%!#.# 5!!'0!*+ 5!-')$+ 5+ +#" 5!(0$-)SO2 .(64 )-4 ,

!#0!-!4 ')2!!  5!0&)*+ ')8"  5!'1" 5!#*.-5 ,5!(/, ,5!'1" 5! ' 5!'2)-) %#- 5!%#). 

 5!'1" 5!())3- 5!-+8- '!))"#)60(1 $)2)-1$4 ,5!.!,( 5!!(3')" 5!0!0#1 ,,4) 5!#)&)'!"' . (  

+') 1$+:4 5)! !,!- 5!' )* :'.-+) +.!1 ')8"  -125,0005!!%'.  4' !#4  ,30,000 $)!"/- 

5!&) )%)" $)"-) Broday, 2006)( .')8"  '!))"+ 5)+!8# $!$)*-/- 5!-')$ +#" 5! 4' .

,)*) $"8 , #-'4+ ')8" #/ +#)#$+ +!.'3).)%+# $-')3 :-"-  '#/ $*   4'+ !#4 !*)(- 

 $)!#*  5$*!&(74 )%!#.# $)' 3)- ) 5!()/+  4'+ !#4- 5!-+8- #/ $) $(3+# ,'/-+

+ ! &+ ,2007 .(

'!))" ')%!( 7'*- 50)+ )  :'"  6)/"'+ +!+ +.!1 :'.- ')8" . #* +-0)+ )8 $4'*-

,)3!" !,!5!* /+ $)(/ 9)&  + ! &+ $)4!"# +.!1 ')8" 5!'*  .5)!4 , ,1"  /1( +8 7'*-

5#)*  5!1#2)-+) 5!-,0$-+ .5)!+# 6)4( ,4 '!))"+ ')%!( 7'*- ##)4 -16 #/ ')%!( $)(1$ 

+ ! &# +.!1 ')8" 5!'* ,)3!" ,3 $(3+# ,'/-+ #/ $1" +(1$) #-/1+ $' 1 #/ $)(1$ 

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

5!-!)&- ,$) 2)- 6+ )  ')8"+ !.)"# 5"$+  .#/-# 74 , $)!+# $),*)!-+ $)(1$ ,)3!"+ #!*.-

5!')3- !84'-  $) 2)- ,5!!()'!* 5!84'- ,5!!'.4 5!1%/ ,5!' '. !1%/ ,+') 1$ !'!2 , !')8"

 5!')3& 5!( - ') * $)(1$ 64) +!!/*$) "7#-!( ,2006 .( #/  1' 6))3- $),,)- +#" $)(1$

!()$() 5!-+8-5 5!3)#)'"%-6,)*!!#) 6-)0!-# 5"$+   ,&- ')!"  $)"'# 6$!(/ !.4 '2  . 6)4(

5)!+# ,:'"  5!'%)(-+ 5!')8"+ ,1"  /1( :'.-+) +.!1 ')8" . $)(1$ 6!  *2)--+ 01'-+

 ")+ 5+8-+ )$)" $" $),,)-+ ')%!(3.2-50 " -Broday, 2006)(.  

  

  
&- ')!" '2 : 61 (+ ')8"+ #/ !.'3).)% '"$- 3!2- ,5!!84'- 5!/! 4 , ')%!(+ $)(1$ 5)0!-) +, 4 +!!/*$ !8)4!'

')8"  . $,,)- "!+ 5$)" 5!-+8-+ !3)&# 5"$+  $(-)&- ')%!( $(1$ #4Broday, 2006)( .

 5!(/+ 6! 2004#  - 2006 7'* Broday David .!1 ')8"  9!0- '01- $).-# +'%-  :'.-+) +

')8"  5!()/ 5!3)&- '!))" !-+8- #/ 5!8)4!') 5!&)., . !$/ /! !4 "2- )'01- " $),)0(
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$)-1" ,+ !8)4!' 6+  - PM10,1)!-  5!+) 3 5!*2)--+ . 6!0'!&  )1'  $1"+)0)/# 7)-& ( ,

6!-!(  $!!'0  +!!(/+) .&- ')!" '3+#" 5!"2-- 3!2- .  

  

 '.&- ')!"3 .-- 8)4!' #/ *2)10PM 5!(/+ 6!  2002-200461 (+ ')8"   .- $),!1! '"$- 6!-!- 5!4'*+ 5#)&" 3

 )0 '%-# . !$/ $)+8# 6$!("$)-1 $),)0( " 8)4!' 6+ +-10PM ,1)!-  ++) 3 *2)--+ . 6!0'!&  )1'  $1"+

)$!$1$+ '!*+ ')8" ( , 6!-!(  $!!'0  +!!(/+))"$" $!!'0 ,!# (Broday, 2006)( .  
  

'01- ) , "2-Broday )2006 ( ! )!1 '/0 :'.-+) +.!1 ')8"  5!!0 !4 +!2#')0  6!  ++) 3

PM10 #NOX- !#!#/ '/0)  +!2#')0 +) 3+ 6!  + - PM10) -NOX #-3O) &- 1.&( '4.( ')48# /! 

 !43O /-/+ !('0) 5!!()/"' 5!-+8- 6!  $!-!4)%). + )3$  '2)(+ !()!(/ 5+8- ")+ .64# , "#

 +8 5+8- "2-(1)'+ ,')-  "#" 5)+!8+ ')0-# 7)-&  .74!.# , 0!&+'0)1+ #/ 5')0- !4 

++8 ")+ +#" 5!-+8- $)2) 0 $/)#/. $-)*# $"8  ")+ "2-+!2#')0)-( +4 !8)4!' 6!  PM10 ,

3O) NOX-# -2SO .+ $%!#. ')0- !4 0!&+# )# 5'3 +8 "2---2SO $%!#. ')0-- +()/ PM10 ,

3O)  -NOX .1$+ !4 *),!/ 6))!4-$%!#.  $(!!."$- +')   NOX ,)*  5!+) 3 5!8)4!'  

 $%!#.  $(!!."$- +!!/*$+/2SO 5!+) 3 5!8)4!'  )6!!%/." ,2001.( Broday) 2006 ( !4 0!&+

+ $)%!#. #/ !'0!*+ 6')0- -PM10 +!!/*$+ "#) ')8"  +') 1$+ ")+ . '1"# +08)1 )8 +(0&-

 5!4)-( 60(1 $!'.)3 &1! )"'+ '/" $),!,-)."-++') 1$  )')0-/ 5)+!8 5!(!! ()#)4 ')8"  .

$"8 5* ,6!-!(  $!'0  $-0)-- *! 2+ 6+!#* $)-1+ $),)0(+ $1" !4 6!!2# !)"' . )(!" +8 ')8"

+') 1$ !&-)*  6!!."$-    .

64 5" +"'( , #* 6!.!0* ) $)'!/!  5!*!./-+ 5! ' 5!(!!."- :'.-+) +.!1 ')8"# !4

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

$)!-)0-+ $)!)/'  !) !'+) $())3-+ , $,,-(/ '!))"+ $)4!" #* $!$)*-/- +*./+ +#" #4#

')8"  .  

 5!((*+ $)'2))!+ !4!#+$ #* +*!./-+ 5!-+8-+ $2) 0 5+ 5!#)&)'!"+/ 6))!4-

5!*0/-+ $,!'!) , 1$+ "0)), !4 )(!"') +  )(,0-$++') , 5$%!#.# !'0!*+ ')0-+ "!+

')8"  .64 )-4 , #/ 5!+) 3 5!8)4!' ! 0* 6.)"  5!,,-( 6+  $)-!)&- $),)0( /! !4 )(!"'

5!#)&)'!" . 5!'')/+ 5!()/+ 5!($/-+ #/ +0)-* +( + ) 5! ' 5!()$(  7')2 /! +84/ '01- 

')8"  .'  5!-!!0$-+ 5! 4')-+ 6!#-)3+ !&1! $" 6! +# 1!#2( 74 0' 1))% ) $!-)0-+ +-

!,!!-+ 6-8+       .  
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."!$7%$%' .%11*0-$/(   

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

+) '!))" 74  )$)" $2#"- 9!0+# 5)&1-+ $" )"#*- &.%#)! . +"2)$4+ )3# '!+-+ &).!%+- 

 ''0$- '!))"+'+-!#+$ $" :!"-) $) *$++ 7. / 74# + !&+ 5!.'3)')"+ 5!((*+"5!/!3' "

5)+!8# '$)!  +2)*( 7!#+$+ /1'$- )  + )3.  +8 $)((* 3)& 5! *$- 5!-+ !," !(.# 7)-&  

*0'0+,##4 7',  '$)! 5+)8-/ 64!+  ,$) *$++ 7!#+$  5!.$$/- 5)+!8 !0!0#1 '$)!) .  

- +.!1  #-'4+ &4' #/ + )3# ,* "/($520# #*- '%- 5!+ !(. .  )'#5/3 $)4'*-  ,

  '*- 5)', 6))!4-  /(# $)#!1$- $)1)'+ $)31)6)*/+ 6))!4 5* . &1!  5!+ #/ )-)0!- #/ 

+/ !# ,! '*-  !4' 5* $)*!3- $)1)'+ '/"4 ,')! 5/3+.  ,* $! '*- $!-)', 1)'+ '/"4 64#

#-'4+ &4' #* 1$.$+# #"!2(%). $!.'3)')" $)((*# /! $! '*- ,+'0-  7" 5)+!8+ +8 

 5!((*  ' %2!/)-2* #-'4+ &4'-) !().2+ 9)1+ ')/!-  $)')0-- +!+!+#*-  5!"2-(+  

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

)#)4 :'.-+) +.!1 '!*+ ')8"- 5)+!8 $.&)$  &4'+ .  

  

7.)"11* .%$4%%" % )"0%5%$"'  

!" 6!  '/0+  %'.  61 )- 5!((* $)'2))!+# 5!#)&)'"!((*5/3 5!-1 " ,5!((* '-)#4  !,!')-

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

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

-+ 6+!(!  $)!)/3($+ !,! #* 1)4/ $(- #* +/)',+ +&-# $)*!3- 6+ '/" ,* $),4#$+# $)"! 

6(*  5!-!!0+ !)#!*+ $)1)4 #* ' 3! 6+!#* #*).+ +4!/-+ .)8 +&-# 6*!3+  6(*+ 6- $)#.)( 6+ 

*0'0+ #" 5!*0/-4 . +!))'# *!3+# 7')2 /! $)!#8)( $)().!%# ))+$! 5!')+% 5!- !,"/ $(- #*

 5!"($  $!'/." +(!"/ '!))" +  5!!* %+'!.&)-%" . !(!*'3 #/ 5$) !/1 +*!3- +.

$) *$++ , $!* % + ! &  $)().!%# 5!," $4!.+  $!()!1 5$)14)(/                                 

)Gunn and Phillips, 1957 .( "'0( +8 7!#+$"!(3)'%+ 7!#+$ "/ 6))!4-5!10)# )   0#1 !,"

 5!')+% 5!- 5* ,1!+ 5!02)- 5!0!0#1$) *$+ !(!*'34 5!,0.$-  - CCN                                  

Cloud Condensation Nuclei)( .$) *$+ !(!*'34 /-/# 5!-!"$- 5!#)&)'!"+ #4 "# . $(- #*

!.)0&)'3!+ $)!+# )!#* $) *$+ 6!*'34 ,0.$! 0!0#1/ ,5!- 1).&# $#)4! #*  '-)#4 , )-4

 5!%.#)&)5!1#- .8 5* ,1!$" , )')8!. )8)4!'  !)#$ $) *$+ 6!*'34 #)&)'!" #/ ,)0.$+  !%

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

!(%().& 6.)"  #),3# 6+!#* 5!- . '#!)0 $!')"!$)Köhler Theory ( !," )  7!#+$+ $" $'"$-

$)().!%# 5! *$- 5!- .'-)#4 ,+/)',+ +!))'+ !+- ,"$!%!'0+ +!))'+" , $().!% #,)3 ') *

 $(- #* 5!)&-)8/ !(%().& 6.)"  #),3# 7!/-$ ,),'$ +!))'+ 5" 53(5/3 $.!% #/ #,)3#  .  )/1

/ 6!!2## #*- ")+ $) *$+ 6!*'3 &)!,' #/ #,)3 ',& -0.1 6)'0!- , ,)* / 5/3 $.!% #/ +&)!,'

 #* +#)*1- "- .$)'1" 5!#!-  ,- $.!%/ *3'+$'2)( 6(*, !. #),3# +!#* 1,000 7).+# $(- #* 

$.!%#5/3 ,6(*+ #/ 5!!1+ 6-8 7#+-  $"8 #4).  
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   Schaefer )1946 (/ 5!()/"'+ 6!  +!+ $4  #*5!((* $) *$+ !4!#+$ "/)(.  $) 0* 

5!-!!0 5!#,)-) $),!,- #* )&& $+ '/" 5!.&)( 5! ' 5!'-"- ) $4( +8 '-"- . $'%-

!'-"-+ !'%/-  5!!,!$* 5!!)(!/ $)81# 1!#2+# 74 ) ' * !!)(!/ '$)!  )% 6! +# +$!+ 5

5#)*+ ! 1'  5!-/3+ .#/ )'.& Fletcher ,/(/  5&'). $1962 ,  /1(9!0-+ 5)&'.# 6)/"'+ 

6(*+ #/ +0!&!.)'0!-+ "/)( .  5!(3).)'$("+ 5!#)&)'!"+ #/ +*./++ #* +()/"'# 8-' '.&+

%(!"+ 7', 5!#0"+ #*5!((*+ 5* +!20"'.  

  

)"*+,-  .%-/0 )"0%5%$"' 2"(, $,+   

+ $)(/--60 5!*0/- $,!'!# $) *$++ !(!*'3 6! / '/0  0)&*# #1+) *,-+ 5#)* 5,0$+ .

)#!3 +#!1$ Twomey and Warner (1967a)  $)-4# $) *$++ !(!*'3 $)-4 6!  0+ )- '/0

6(*  $)().!%+. 5$,) *  , 5+ 5!"'-)8- 5!')8"  !4$)().!% '$)! +(!!+$ 5!#)&)'!"  5!-+ ,

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

 ,* #),3#) $!%!'0+ +!))'# *!3+# '$)! 7)-( !)4!& "!+ $)(%0 $)().!%+ #* /)',+ #0/-# +*3+

5!*0/-# 7).+# $(- . '01-  9&)( )0, Warner and Twomey (1967b)  $" 8)4!'+ $)().!%

 5!((*    +!#'%&)"  '4)& +(0 $),/ #/ $).!'/ !')8"+ 6! 5!(/1964-1966 . )*2!  9&)( 

5!'0)1+ +, *- $)0!,  . 5'01- $"2)$ 5!!0 !4 +* 0 ++) 3+ $)().!%+ 8)4!' 6!  !",)) '/0

'4)&+ +(0 $).!'/- '2)(+ 5)+!8# 5!((*  .#* ,!*+ '/0++ $)-4  +$1.+  6+  $).)0$  5/3

5!-+)8-+ 5!')8"  $).!'/ /!. Warner) 1968(  $)-")$+ $" 0, ) '01-+ $" 7!/-+

 '-"-+-5,)0+ . '1"# +(/6)/"'+ '-"-+ 5)&'. , 5&'.'-"-  ) ) #/ +0!,  3!2+60 $)(/ 

'4)&+ +(0 $),/ $'!20 !/,)1 $/)#/ #/ +.)0$  5!*0/- . $)-4  +,!'! #* ),!*+ )!"2--

  5!*0/-+'4)&+ ')2!! $ 1'+# #! 0-  $)(1$ , ,,-( "# 1)'+ +#*-  +'0 + $)(1$ / ,)* 

5!*0/-  !)(!/ .$"8 5* ,Warner )!$)(0&- 5)&'.  '+8( , !4 )(*)% $)'/."+/  5(/!

$)-#*$+# $($!( +(!" !-!#0"+ !)(!/# 5!-')3+ 5!.&)( 5!($/-) Warner, 1968(.  

Rosenfeld )1999 (!4  $4/*+ 6!  '/0+  $)-4  +$1.+# +!!1-2+ $).!'/- 6

$) ' 5!(/ +'*/+ ',3  +!+ 5!*0/-+ , 5!-/3 $),!,-- $-!/-- $)!.2$ 5* '&)+ 0.&+ 7"

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

 $)!.2$) $),!,-  -1997 . 5!((*- 5!*0/- $0&.+ !,4 ,* +$1.+ )#!3 $)!.2$+"5!-+)8- "

4# +*!3- 5$3&.  +')%'.-%+/ - c10 -5!.)'% 5!')8"   .Rosenfeld  $4) 9!&)+  74 #*

5!*0/-+ #* +!1-2 $).!'/- 5)+!8 $*./+# *3)(   '+ *,!# $!&1!/ , $*./+ #* *),! %*-

5!*0/-+ #* !$!!/*$ 5)+!8 . *,-+ $#!+0 +' & +#!1$ !$!!/*$+ 5)+!8+ #/ +*./++/

+!8+ #/ )8# +-), +!1-2 $).!'/- 5))Gunn and Phillips, 1957 .(7/-+  , 5!')8"  5!'01-

1)'+ ,')-  5!*0/-+ $" '! 3- 5)+!8+ !4 +' &+ $" )#*+ 5!/*)$- 5!')8" ) 5!(!#).)'%-                                  

)Eagen, Hobbs and Radke, 1974  ;1981 Braham et al., .() *$+ !(!*'3 $)48  $"8 5!!0(* $

)GCCN ( #* +#)* !$#1$++ 5#,)3/100 6)'0!-) Johnson, 1982 .($"8 5* , "# '01- 9"

0+ )- '/0 1!4)+# 1!#2+ .+ !&+ 5/3 !((* $)'2))!+ 7!#+$ #/ $) 4')-  +2)*( 74# 

 5!((*  5!()/ 5!-')3 6!  $) '+ $)!20"'%(!" ))Rosenfeld, 2000.(  
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0'$,"( )"$+#-  

- )*2)  #"'/!  53 #* +!!/*$ !')8"-) 5!'*+- !(3).)'$(" 5)+!8 $*./+ "/)(  5!'01

5!*0/-+ .Givati and Rosenfeld )2004 ( 6)'-)/+) +,)+! !'+  )0, # #! 0-  $" +!(').!#0

:'"+ 5!(.  5!.'3)')"+ 5!((*+ #* 9)1  !()'!*+ ')8"+- 5)+!8+ $*./+ ,'++ ')8"  . $)"2)$

+,!'! #* ),!*+ '01-+  #/15-25%5!*0/-  !$(/+ *2)--+-  , 1)'+ ,')-  '++ ')8" 

6!#).)'%-+- ,) !4)8 +,!'!1)'+ +#*-  $!()'!*+ $)#!*.+ $)%/.$+#) /)*!$# #! 0-  +"  . 

 $"8 ,)* /+- 1)'+ ,')-  "#/ 5!4)-& 5!')8" 6!#).)'%-5!*0/-+ $)-4  !)(!/ #4 6!" . 

)* 0 64# 5!'0)1+ )( '+  5!*0/-+ $)-4  +,!'! !4  9)1+ ')8"  5!%#.(+ 5!#)&)'!"+- $* 

+ 7!#+$  5!((*# 5!1.&( +#"/ '1"#!5$)'2)) . !,! #* '$&( +8 '-"-Alpert et al.) 2008 (

 !4 )#!3) )0, /  5!-/3+ $)-4  !$)*-/- !)(!/ 6!"  #"'/!  '+-50$)()'1"+ 5!(/+  , 9")

  +,,-(/ )8# &1!  '+  5!-/3+ $)-4  +!#* $)"'# )#!." 6$!(9)1.5$(*%#  , 74# + !&+

Givati and Rosenfeld  5!(.  5!-/3# +"))/++ ##3  "!+ '+  5!-/3+ $)-4  +$1.+# )(*%

:'"+$)48  ) '$+/  5)1+ !" (" ')"+! ')" 5!%0.") "5!'1" 5!(.  5!-/3+ 6!  /'.++ 64#

 :'"+ 5!(.  5!-/3# '+ *./+4 /').+ $!#!#/  5)+!8+ #/5!.'3)')"+ 5!-/3+ #*  '+.

  5!*0/-+ $)-4 6! # 5!#)&)'!"+ 8)4!' 6! / '/0+ "/)(  $)*, !0)#!1 5(/! 5)!+ ,* .

$)"2)$+ ! 3# $)(0.&  9" 5!$!*#) $)4$)1 $)14)+  "#) $)' &  )-4)& 5! ' 5!'01- . )-4

64 ,5!'1" 5!'-"- !,! #* )'$&( $)')'  $)"2)$# )(*%/ 5!'-"- . 64#6! + #(".  - !$#/--

!#0" !!)(!/# 5)IPCC ( $(/ 2007 5!#)&)'!" !4 +'! & $),* /! !4 8'4)+')0--  !(3).)'$(" 

* '!))"+ 38- #* 5!*!./-,! #:'"+ '),4  +!3'("+ 68"- !)(!/ ! . +(!'0 5!3.)& 5!#)&)'!"+

 +$"!2!  )" +'!.&)-%"# +$'!,1 $* :'"+ '),4  $%#0(+ +!3'("+ $)-4 $" 5!(/- 74 ) .

5!((*+ ,+!20"'%(!" $-!!0 5!# )" *0'0+ 6! # 5(! /, !!)(!/- 5!*./)- ++(!'0 , 53 74 )

+.!0* +')2  5!#)&)'!"+- 5!*./)-. $"8 $-)*#  !4 54)&*),!  #* 5!#)&)'!" $*./+ #* $)1.

5!*0/-+ .$)!20"'%(!"+) 7!#+$+ #/ $) 4')-+ #/ 5!!3)#)')"%-+ 5!'%-'.+ 6!  $) '+  ,

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

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

0/-+ $)-4  !)(!/# 5!#)&)'!" 6!  '/"- $)((*# 5!#)&)'!" 6!  '/0 5!*                                 

(Levin and Cotton, 2009).  

  

3.$"%%' 7&- "5%!3% $"%%' )% "& $+#( )"03%-( ,%-",   

) !)8!1#  )/1 !#4 ")+ !)8!1 !#,)-  /)-!/+#) '!))" 38- !&).,  5!!)(!/ ' &+$)-45!*0/-  .

) 5)0!-  !,!$* !3)#)')"%- *,!- 1$(- !)8!1 #,)- 3)- 5!"($5!', . $(8+ !,! #* +/*( ' ,+

 $).0/-+ $)!%-$- $)"1&)( 7)$# 5!.&)( 5!'%-'.) ' *+) +))++ 6- 5!!3)#)')"%- 5!()$(

5!!'.&)-%" 5!"($ . 5!#,)-  /-$/+# 6$!(#'!))" 5)+!8 $*./+ #/ !)8!1 , $%!#. )-4

5!#)&)'!" ,'!))"+ 38- #* . $'$)./  /1- $(4)$ !,! #* 5!*2 $- )#" 5!1)$!( $)"1&)(

 +2!'-)5!*0/-+ $-' #* 5!#)&)'!"+ 8)4!' $*./+ $" 5!-,-+ 5!-$!')3#") .)8 +'!0&  ,

 $)'2))!+ #* 5!#)&)'!" $*./+ #/ $!%-$- +!-,+) 5!*0/-  5!0&)*+ 5!#,)- %'.  61 (

 5!((*)5!*0/-+ $)-4.  
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 !"#$%  !#&$' #(!)?  

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

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

1!* 5!!#3!  !*#0$ , 6!3#*(!0#6  !$*! 5!6!+ .&"!$ &!1 + 7*!8& 0%3! & 56!$ ."#$0 .  !+!!9$

*!'. 9$9&  !&!3#  !-)!% :$* +(#& ,0%#*/ ,! (#%%.(#./9$ ,(!1 ##!%#9 ,./*/ ,0##1$8 , #$

*2% ,0#8/'%!/! 1,90 &9 #,$%#/ ,/-+ .*1+& (#%! %0  '80  &"!$0 5 !%! !# !#%3!   + 4#*$

 &9 #!6#1'!*/0 "# .' *8/ 5$6 #*-)!$,+0 '8$0)  !*!-)  !/" !+  !#%9 &9 &"!2 *")( . &.

* !# /!1*0 "# .&  #61  &'/&  %$ , ."#$0 1! #%  !+8! 9"1$  !+!!9$&  !%6!$ # &1 00 .

 06 '&9' '91$ &"!$0"5$6 ".8 "!%6!09 (#%!90 (#+% 0  !1 - 0 &9 :)!% #"# . .5$6 #".8 ,

:)!% '!9#1 *!'. (#'!9#10  !+8!   '80 !+ ,9/!'$0 5$60 ".#& &"!$0  .20& ". (#39$%.  

  

 !'*+% "#$% ,)!-'  

.8!$0 */1$0 ,# &. *#!!+0 (!0#6  .-90' /)!.00-#1 *!6+' (#./9$  "#* , ,*-' "/$ #

(#./9$ &"!$  3#*.'. !&+ (#&"!$ #/"'!  +  !$3! (#%%.  *#8# &. (#&!)!*#+0  .-90 

 (#%%.'  !'. 0 #%#.*2 6!3#*& *9/0' (#./9$0)CCN( . 6!3#* #3*.!  !$*  %60 #"# &.  +6

CCN (#%!9&"!$& .  

(#./9$0  $*' (##!%#9 #!6#1 *!'.  . !6 0"!'.'#!6#1 #&"!$ #%9' 9$ 9% :  

 #"$#$ !" &"!$ ""!' 5%.& )TAU 2-D(

  #*!6+ &"!$-  Regional Atmospheric Modeling System (RAMS) 

  

-!$$./ 01% !$1!2 !"#$%& ,$.#$$ !.  

9$ 9% (0' (#&"!$0 #%9  + *+ % (*,' , (#&"!$ #2!) #%9' 9$ 90& !%*1' .!"$ 5##8& '!91

(#%!9 .!+0 26$ #!6#1'*#! ,"# .0  +  !61& (#)%$ !%+ , #6!1+  +$' ! !9.& 5 #% !%#+9 *'"

(#$*!2 #%9 '/.  !+"!! .)!+3 +!0 "1+0 : '8$0  + ,&1!$ 5-!+'  !61& #*9-+ 06 5#+

!'9  !# "!% 0! #*-)!$,+0 .03*.0 +!0 #%90 (*!20 :  !+!!9$  *6.'  !'9!1$  !#61 

-0 (##!%#90! (#+% 0  +  !'91$0  !#,$ $ (##*+#%#& (%#+9 (##*-)!$,+0! (##&/#)#

/#!"$ 9!*#-& (#% #% (%#+! . /#!"$ 0'!9  5#+ ,  !&!'2'  !#0&  !3#*8 &"!$0  !+8!  7+

!%# !*,$& 4!1%0 /!#"0 .!6  !+"!! #+ '/. ,  + (&9!$ 5-!+'  !61& &"!$ :+ &9 ! &!3# #+!

 5#' *9/0(#&!)!*#+0&  !$3(#./9$0  , !%+%9 */1$' '&9% !*/#$0  $* *!'. (#&"!$ #

 &'/&  %$ &. !*/+$0  $* *!'.!*9+$ * !# 0'!, 0+8!  9!$#9 '"1+ &"!$.  
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 "#$%2-D  

 &"!$2-D!" 5%. &"!$ +!0 - #*,$#) #"$#$"5!% -#,,)!*"#0" ,(##&/#)#-!*/#$ (#3#&0  ,*-$0 

"1+ 5%. 7! ' . !*1+ (#&#$' ,06 &"!$%#"  + 51!' +/#$-0 (#3#&0 0  (##&/#)# 5%. 7! ' 

"1+. #%#.*2$ &10 (#%!9 (#'&9' (#%%.' (#./9$  !*8!!#0 &9 0#$"0 7!*.& 5%3! $ &"!$0 

 !'. 00 .09.%  +6 *!'.*&#!/  ##*!+# ' 9!$#9 0&.$&  *36!$0  , !' 7#&0 0  +  *+ $0

 !-#, (#*8!#! (#'. $ (#$ #"+ . 1*/0 #/#/&1! (#$0  !-#,' &!"#20  + '91$ &"!$0

'1*/! (#$ 5!.*#2 5!23 (#3#&0  *-)$ ,#!'#. ,:!)#+ ,*!-3 ,0)$0 ,0#8,%$#")! &,0  "!/%.  

  Yin (2000) $!*   + 5!1'&  %$ &. 06 &"!$' 9$ 90 (##/%.  !'. 0 #%#.*2  

GCCN*+"* #*610! (#./9$ #/#/&1  !1 - 0&  . 0 +*0 0+8! 09 -GCCN &'!9 (#*8!# 

%.0 ))*  8!- '  !&!"2  !-#, &9)#)'& 7!$)' 5! .  !'. 0 #%#.*2 &9 0!'2 6!3#* (##/ *9+3

(#%,/ ,(## 9'# (#%%.' 9#9 #-3 ,0  !13!% -GCCN 0&#'!$! (#$  !-#, 5#'  !26$ 0 08#+$ 

5%.0 &9 5! 1 0 !/&1'  !&!"2  !-#, &9  $"/!$  !1 - 0& . &9 7!$% 6!3#* (##/ *9+3

(#%,/  !'. 0 #%#.*2 ,##$# (#%%.' 91* $9 #-3( ,0  .-90 -GCCN  !1 - 0! * !# 0%,/ 

(#&!"2  !'. 0 #%#.*2 '#') *8!%0 ))* #"# &.  &'!$ (#./9$0 .  

 Teller and Levin (2006) &"!$' !9$ 90 TAU-2D   ##&.  .-90  + *!/1&  %$ &.

 6!3#*CCN ,GCCN!  -IN) 1*/ #%#.*2 ( 0%'$! (#./9$  !1 - 0 &.0(#%%. .  +6 !%1' (0

'!) (#%%.'- (#'*!.$ (#'&9' (!1 #3#&!$ (##-!*,(# :*!1 #+%  (#28##$0 (#%! %'!- (##%!3# 

(##%##-!+ .0 ##0 ( %/)$ 9(#06 (##2!&!*!+,$ (#+%   1  ,  !1- (#/#-$ (#$0!6$ (#%%.

(#./9$ ,* !# (#3!*+ 5%.0 ##1 79$! '3. $ (#./9$0  "#*# ".!$. *!#+' 5#!8$3 45&0&  ,             

Teller and Levin 0 6!3#*  ##&. (.9 !+8$ -CCN  1!- "#1# 5%.$  &&!30 (#./9$0  !$3 .  

  

                           

 *-)$ *!#+4 .0*/$ &3' ./*/0 &. !*8!%9 (#./9$0  &3 7) . &9 5%. #'!. *!.#9 #"# &. !'9!1 (#./9$0 7)

"1+ *,$!&#/.  
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 "#$%Regional Atmospheric Modeling System (RAMS)

 !#*-)!$,+  !.!%   !$"$0  !+1)!% 5!!2$ &&!30 '3*!$ &"!$ +!0 06 &"!$ ,  -)!0 7! 

*!'. (#*,$*- :$* +(#&,  #./*/!  #*+&!) 0%#*/ , !1& , (##&6!% (#./9$! (#%%. #3#&0 

(#+!-/! ,0*#-)!$,+' #!&2! * )% (!1 , !%!9 ./*/  !'39 ,0##1$8 , #$*2% , &9 #,$%#/ ,/-+

0#8/'%!/! 1,90 .RAMS$ (#*/!1 #"# &. 1 !- !"*&!/  ,#)*'#%!+ .6!0 ".!%0 5!!2$ &"!$ 

2!) &3$  !#2!&!*!+,$  !.-!   !61&!  !$"& .'!* #- &. , (#*!6+' 09.% 06 &"!$' 9!$#90

(#%,/ ,* !#' (#'1*% (#*!6+& (2 !' 9$ 90& 5 #% (&!+ .  

Van Den Heever (2006)0 6!3#*  .-90  + 5!1'& #"3 06 &"!$' 9$ 90  -CCN ,

GCCN!  -IFN0"#*!&- &9 #+0 #81 &.$  !-!)' (!1  3&!0 #%##-+$ &.  . 0+8$ !6 0/#"'

0 6!3#*  +&.09! 0-!) &9 #$%#"0 0%'$0 &. .#-90& &!3#  !'. 0 #%#.*2 #6!3#* 5!!2$9 -CCN 

./*/0 #%-& .#2$0 (920  !$3  + 0 #1-$ ,+' 28!$3)$ *!# '5  . +6  $!.& , #3 */!10 +8$

0 #6!3#*  +&.0 -GCCN0!  -IN (920  !$3  + 0&.$  &+ .#2$0 ./*/0.  

  
)$ *!#+ '5 . (#$  !%!-#,  ##$"0)$'"$ (0.9 &9 5$6 #.!'/' 0"#*!&- 4*-$ &.$ . 5%.  ##$"0 5#$#$"#/%" ,

9$ 5%. &+$"7&3!&$" - !'. 0 #%#.*2 &9 '* 6!3#* &.' .
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-*2%/ ,".+  

  

5!1'& 9/'% 06 */1$':  

 (#./9$0  !$3 &. 0-#1 4*-$' #%2!-!* %+ *!/$$ (#&!)!*#+ &9 0.-900  "#$ #0$  "*!#0

*!6+'?

  

  

-*2%/ ,".+ "+ /,$&!+2  

  

  !'!910  !#2!)0  1+' +#0 &+*9#  %#"$79$%0 (#$0 *'9$ . 0%#"$'  #'*$ 09'# *9+

0%90  !$# ,*'!2! 7&!0 0'9 (#$0 #'+9$ &!8#% "!.' , *9/0  %#1'&  #2!&!*"#0  !'#91 0%9#

 *#!!+ (!0#6 5#'& !$3 (#./9$0 ..8!$$0$  !3!$%  !%!*1+0 (#%9' (#./9$0  !#!$3 ,

!9 +#0 0%3)0*!)1$0 92*!# "# .'  !.8!$$ (#./9$  !#!$3 (. (#-*!1& 036% (+ (2 .0!!0 

  !&"&"#0& 06 5-!+'! (#$92 ,!.#$& (*!2 (#%%. (#*8!% !' *!6+' *#!!+0 (!0#6! 53 #9 *$!+

! ./*/0 #%- &. (#$0  !*!/$!&+ (#$92$ (#*2+%0 (!0 0 #$ . 06 */1$ &9  !/0'!$  !+8! 

0%&3!  +#'0& ,#."$0 ."#& ,*- ,(#$0  !*!/$' .2!-0 *#!!+0 (!0#6   1-0& 41&  &.-0&. 

!%'9 *'"(0!6$0 *!6+0 #'9!  &9 # !+#*'0 5!3#)0  +  #1-#! *#!!+0  !3#+  + 1#'9# :) .  

(#./9$  "#*#! (#%%.  !*8!!#0 &. (#&!)!*#+  .-90 */1 , */1%9 +9!% *!$+3 +!0

 !'* , -*!2 0%/)$ +&& .(#,.!$ !&+ (#*/1$ &+*9#' ,(&!.& )1#' , &9 !&+ (0' (#,&!'!

Givati and Rosenfeld) 2004(  &9! Alpert et al.)2008( .(#*/1$0&+  5-!+' 06 +9!% !/"' 

'1* ,7+  + !%1' +& (0 ' #%2 !-!* %+0 (!0#600-#1 *!6+ . "/!$$ 0&+9  /#"'& !% 3*.0& ,

/!"'& (#%##%!.$ !%+9 #-3 , 0!!0$ 0-#1 *!6+"0"'.$ "* !#' 0'!, . *#!!+0 (!0#69 (!9$  +6

* !#' '* *!6+'!9  !*!/$$ 4-!$! (#% ,0'* 0"#$' *,!%$ (2 7+ . !$353, (*!2 &$*30 )3* 

  #-*2!*!+  !%%.  !*8!!#0&0"09#2* "6!3#*& "1!#$'(#$06$0 (#%!90 *#!!+'  .53 (+ , 0%.$

/!&1 ."$0 0#&. 0&+9' #."$0 ."#0  + '#1*# !%280 0 !+ */1$0  &+9 &. ,  3#*. 7! 

$& (##',#$ (#+%  /-)$0 4*+ &'1' 06 2!)$ */1$06 2!)$ */1 .  
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-*2%/ ,$3!+  

  

. &"+' , !4$,4/ 5$6!.:  

 (#-)!% (#2!&!*!+,$ (#*,$*-! (#./9$0  !$3 :!)#+)0*!,*-$, ,1!* , #)1#  !1& , 41&

#*,$!*' ,0 $8!.! 1!*0 5!!#3 ( 09.# !$##/0 *!,#%0  !%1 $.$ !-)+## !&+ (#%! %  (#9!&9

 !%!*1+0 (#%90 ,#+8$0  !&'2$& (+ 0' . .2*3  +  !""!$0  !%1 0 ,!*#-  + !%#"#' 5#+

 #-)30 09#"0 &9' !""$ 50' 0-!/ 0 79$  +! (#./9$0  !$3 .53& ,*)10  "#$' , 06 ."#$

0  !%1 $ (&9!#!*-0 #2!&!*+,$0  !*#90 ."#$91,9'  ! ) 1-)%5( . !-)+# 53 !$36!3#* #

10PM!  -2.5PM%0 *!,#%0  !%1 $ " &'(#9!&9 !%!*1+0 (#%90  .

 &"+&' , !"#$%/ ,(-/ ,$4!%. ,*!#&$ :  

1( %60 (##2!&!*!+,$0 (#% 9$0 ,+&&(#./9$0  &"!$& 2-D  .-90  + 51'% (9 

!*/#$0 &. (#&!)!*#+0 - ""!' 5%. *!'. .

2( !*/+$0  $* &. (#&!)!*#+0  .-90  + 51'% +'0 '&9'– &"!$ *!'. #*!6+ RAMS).(

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

4( 4!*# &"!$0 *!'.(#9!&9  !%!*1+0 (#%90(#./9$  !#!$3 0%##0  !# !+8! !  .  !+8! 

!&+9!# &.!-' !"*#9 (#./9$0  !#!$3& !! , #%! %' (#&"!$0  !%$#0$  + 5!1'&  %$ &.

!-)+%9 0-#1 *!6+.  

  

&"+ 0' ,/ ,'7+/ ,4!2& !"$6$-!.:  

1(  /#"'&!)!*#+0  !$3 5#' *9/0 (#)10PM! -2.5PM (&(#./9$: *9/0  %#1'' 5##!$3   !

 !# .9 (!0#6 ,(#./9$0  !$3&  !# %!.!  !#$!# '"1# */1$0 *!6+ &3&! "*-%' 0%1  &3 ,

 *!'. (.-10PM  *!'. (.-!2.5PM . (#&!)!*#+0 5#' *9/0 +8$## 06 5-!+') (0#&"2'

(#%!90 (0%1  &3' (#./9$0  !$3 5#'& ,"1#  !%1 0 &&3'!!#.

2(  /#"'6!3#*' (##!%#9 0 &. ( .-90! (#&!)!*#+0(#./9$ : #6!3#*'  !9#2* #%1'$ .!8#'

0 -PM (#%!9 . !+'0 (#%90 9$1& &"!$0  8*0 #"# &. !9.## 0&+ (#%1'$ . 08*0 &3'

 0%%!9 0 6!3#*  !#!$3 -PM! 0%/"' 6!3#*' #!%#9 &3 *!'. (#./9$0  !#!$3  . 4!*# 0&#1 

006 6!3#* &. &"!$0(!#0 (##/&  .' 6!3#*0 0&.!# #%90 '&9'-10% ,'-20%'!  -50% 

! #9#&9' !#!$3 5 !+' "*!# .(#&!)!*#+0 &9 0.-900 &'/   73 ,(#%!9 (#&"2' , &. !$3 

(#./9$0.
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  !!$7(/  !!+*/ "+ /)-'/  

  

1(' 00!'2  #-)3 09#*"' !%&/ % 0-#1 4*-$  !%1 $ *!,#%0 #%! %  !"!+ ."#$ 2#90& !%%!#)%

. *!'  /-)+(#%! %0 .739 5!!#3 , (#%! %0 +!&$ (#$##/ 53+ #3 +"!!& !%& *9-+ 0 +&

(#9/!'$0 . :+ &.7*.$' !-)+% !&+ (#%! % !#%- &.90-#1 *!6+' *!,#%0  , (##/0 &.$(#9!&9 

%90 , !%1 0 &3' 0-!/ 0 &3 7*!+& !""$% (#9/!'$0 (#%! %0 &3 +&9 1#%0& 9# .

2(!$0  8#*  !+8! ! 0"#$'  !$3  +  !$+!  5%#+ (#./9$ #%! % 9# 50' (#%9 *!'. &"

/#-)$ 0'!, 0%#+ &"!$0  ##8!&!6*! 53 ##  !%1 ' 0 -8%9 (#./9$0 .  + *-9& 7*!8 9# 53&

 %3 $  *6.' &"!$0.

3( 0%#0  +& */1$0  !+8! 9 53 # !/0'!$ . 06 0*/$'0  !$3  + /!"'& 9# (#&!)!*#+ (#%%.'

#3 +"!!&  %$ &. *!6+' (#.#2$ (!0#60  !*!/$$ (#,&-%0 (#/#/&10 53+ (0#&+ .53& , !%+

 7!*.& (#8#&$$ (#*,$!*,/-)  !.8$+' !6 0/#"' ./*/0$(#""!$0 ,  !#,-!+  !,#9'

 !%!9 ,(&"!2  +(#%!90 5%.0 #/#/&1 &9 (*-)$! . !+.8'&  !"#"$ #$2!"  !.8$+' (#)!,$$ 

(#/#/&1 .(#%%)$ (#&#3$ 0&+ (#*#93$ , &.(#/#/&10 (#-)+% (0#'2 , 7! & (#'+9%0

0)#,0 7&0$' *#93$0.

  

  

  

8+%/ !-*2%" /'(/  

  

 #"##$!  #$!/$ 0.-90 /"!' .8!$0 */1$0 0-#1 4*-$ &9 (#&/+ !*/#$' -  (!0#60 "8#3

0-#1 *!6+' (#./9$0 &. .#-9$ 0-#1 *!6+$0 '#')!  . (92 5%. ##1 79$ #3 0"'!.0 &9'

!/"  !*9. +!0 !%*!6+'  ,0  !.-9009 *#')(#&!)!*#+ 1,90 (!1 ' #!,#' #"#& 0%+!'  

/"'%0 . +& *9+ 4*+0 (#%-' * !# (#/1!*$ (#*!6+ &. 0%&!1   !.-900! 53 ##  +6 (.

*/1$' (#&&3%. (#.#8$ !%+ 53& ,06 */1$ &. 7$ )0' ,"# .' */1$0  + '#1*0& , #%9'

(#%-!+:  

1('&  %$ &. */1$0 *!6+  !&!'2  + '#1*0& 0-#1 4*-$' *8!%0 *#!!+0 (!0#6 "8#3 5!1

 &. .#-9$& ". &+.*6# /$. 1*6$ 5!-8 ". 1*6$ (!*"$9 (#*!6+0 &#&25!#&.0.  

2(51!' */1$0PM10 ! -PM2.5 . (#%!9 (#$06$ &9 0.-90 /!"'& 79$0 */1$' (#.#8$ !%+

 (#*1+ (#&"2' (#&!)!*#+!)GCCN ,PM1 ( &.(#./9$0  !$3 .
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 $)!6   

  

 06 */1$'  !*!/$$ ,&-%0 *#!!+ (!0#6 5#' *9/0  + 5!1'& (#9/'$ !%+ (#%2!-!* %+ 0-#1'

*!6+'  "*!#0 (#./9$0  !$3& 4*-$0! .  !'!*$! ."#0 ,.!$$ !#&. +9!% *!/1& (#9/'$ !%+

 !*.900 .(#'* (#*/1$& "!2#%' , #$!/$ *9/ (##/ (+0 "!$&& !%%!8*') ,&-%0 (!0#60 (+0

#./9$0 &. .#-9$ *!6+'*!6+0 ! !+' (#"*!#0 ( (#"##$0 5$60 1!!,'!  . (!#3 /-)& 5 #% +&

/!"'& (#%##%!.$ !%+ 0 !+ */1$0  &+9&  /0'!$ 0'!9  . (#&!)!*#+ 5#' *9/0  13!0

*!6+' (#./9$0  !$3 &. 0.-90! (#%%.  !*8!!#0 #3#&0  5#'& #%2!-!* %+ *!/$$ (#,&-%0 ,

90 (#$06$0  .-90 */1' 7*" 5!#8 0!!0 (#&/+0 &. *#!!+' (#%! .73 (9& , 4*-$ 0!!0$

 0-#1"0"'.$ "0#2!)0  %#1'&  # !3#+ .!'9 '*0 #%2!-!* %+0 *#!!+0 (!0#6  !36'  +6 ,

  9#*-*!6+' *!,#%0  !%1 5 "!'.  -!/  7*!+! 79$!  (#$*!20 (##-*2!-!,0 (#%##-+$0 53! 

*!6+'  #-*2!*!+  !%%.  *#8#& .  

  #9' +!0 */1$0 "!1## !-)+%9 (##2!&!*!+,$ (#%! %! *#!!+0 *!,#% #%! % :!)#+ '!&

(#$"/ $ (##2!&!*!+,$ (#&"!$' ( %60!  !%!*1+0 (#%90 (#9!&9' . !%+ !' 5$60 1!!,

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

0-!/ 0 (!#) #%! %&  !+8! 0  +!!90! .!$#90#&"!$' 9 2D! - RAMS "!"#'  + *9-+$

(#%%.0  !*8!!#0 7#&0 ' (#&!)!*#+0  .-90 , (. &"!$0  8*0 #"# &. &9  !%!9  !$* *,$*-

06 . #6!3#*'  "*& (##!-8 (#./9$ 0$3 "!"$& 5 #% 06 5-!+'PM(#%!9  */1$0 *!6+'.  

   '!91 (!1  &. *!+ 7!-9& &3!# !# !+8!   %#1'! .8!$0 */1$0 .!8#'# !.$9$! . 9#

#%%. &. 0*#9# 0.-90 0%9# ("+& (+0 01,''  ."&(920 (06$ +!0 !' *!6+' (#*8!%0  ,

(#./9$0  !$3 &. 5+3$! . &9 # '#')0 *#1$0 *'"' 0%'00  + *-9# !6 0#2!)& 0%.$ 5 $

*#!!+0 (!0#6 ,  .!!9$0 4*+' (#./9$0  !$3  + *#'20& 5 #% !' 5-!+0 #'2& :)!% #&3 /-)#!

(#$& .06 */1$  1&80 ,(#-)!% (#$06$ #2!)&! * !# '1* #-*2!+#2 *!6+& ! '1*0 &. &/ .  



19

,$-$*% ,%!+-

# 7&$#%'+. ,2006 , 0-#1 4*-$' *#!!+ (!0#6–&!.-&  !8&$0! '8$  %!$   .!"" ".!#$0 1         

0'#')0  %20& *9& ,5$+% &+!$9 ")!$.

0-#1 *!6+ (#*. "!2#+ -0'#')  !3#+ ,  7*.$0-#1 *!6+' *!,#%0  !%1 ,' 1/&%-02/07/2009 ,

 ,%*,%#+0 * + 7! $asp.stations/heb/il.org.envihaifa.www://http  

5##,9-+ ,$. ,2001 ,&+*9#' *!'#80  !+#*'! *#!!+ (!0#6 ,&90 63*$.  

0/#,)#,,)&  #63*$0 039&0, 2008 ,  &.$ !%$9 (#'!9#' 0#)!&3!+2,000 *+9! (#'9!  

'  #*-3 0#)!&3!+ -/2008/1231 ,%' 1/&-/2009/0702,%*,%#+0 * + 7! $  :

pdf.3table/2009_new/population/il.gov.cbs.www://http

#')0  %20& "*9$00' ,2007 ,'3*$ 0,#&-0  $* &. (#.#-9$0 (#$*!20 ,' 1/&%-         

2009/07/02 ,%*,%#+0 * + 7! $,:

vw=enDisplay&BlankPage=enPage?jsp.en/bin/il.ovg.sviva.www://http

poll_car=enZone&3773l^Articals=enDispWho&Object=enDispWhat&

ution

0'#')0  %20& "*9$0 ,*#!!+ *!,#% 7*.$ ,' 1/&% -/2009/0702 ,,%*,%#+0 * + 7! $:

asp.DocGenerator/il.gov.sviva.ravi://http

&$910  *'1 ,2009 , (##9"!1  !1!"2009*#!!+  !3#+ *!,#% &9  ,' 1/&% -02/07/2009 , 7! $

,%*,%#+0 * +:  

-israel.www://http

I=ibpPage&view=ibpDisplay&zone=ibpDispWhat?jsp.ibp/bin/il.co.electric

&EnvMonitoring=ibpZone&EnvMonitoring=ibpDispWho&P
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 !2764  

  

6% 2764 '1  

  

51'%0 *!6+'  !#$!/$  !#!9* . 0/#,)#,,)&  #63*$0 039&0 #%! % #-&)  #63*$0 039&0

0/#,)#,,)& ,2008(:  

,$+-/ 0$6   +  &+$, 6% !  

0##*#.  0-#1  265,300  

0##*#.  + +  ##*/  50,000  

0##*#.  *9%  21,400  

0##*#.  5#/8!$  ##*/  39,800  

0##*#.  (#  ##*/  36,500  

0##*#.  /#&+#'  ##*/  36,300  

0##*#.  &$*30  *#,  18,800  

 #$!/$ 08.!$  5!.',  ##*/  14,400  

 #*!6+ 08.!$  5!&!'6  12,902  

 #$!/$ 08.!$  (#)3*  8,900  

  

 -76% 27642   

  

 #%8$1 !"0  #*-!20 #6!3#* ,  !%!*1+0 (#%90 (#*9.' 5%+9 0!!%' !""$%9 #-3)7&$#%'+ ,

2006:(  
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 -76% 27643  

+.0%1  &3' (#""$%0 (#*,$*-0 (!3#)! 0'#')0! 0-#1 (#*. "!2#+ &9 *!,#%0  !%1   $#9*)  "!2#+
0-#1 *!6+ (#*.(:  

6%'-$3!4/ ,$42, $*!%%/1% !##%4  ! !0$"$-$.3%  !-3%-7  
 !##%4

1+ +  ##*/1* '*&!$ !2!0,  
#'"5#6!2!* :#/$ )

2*9%1* '(#$#0  99

35%+9 0!!%1* '&#&20 ,#'"&  )-#1

SO2 ,NOx ,CO ,O3,  

*PM2.5,  

**PM10

WS, WD, RH,  

BPR, SR,

4(##1  ##*/1* '0#%2"SO2 ,PM10WS,WD, TEMP

5 !#-&  /!91* '5#/*#)SO2 ,NOx ,O3 ,PM10,WS,WD, TEMP

65##,9%#+1* '5##,9%#+SO2TEMP, WS,WD,

706!1+1* ''*!1SO2WS,WD, TEMP

85#/8!$  ##*/1* '(#+%!$910,  
#'" *9 )

SO2

9(#  ##*/1* '(&!".,  
#'"(#)&-$0 )

SO2WS, WD,

10/#&+#'  ##*/1* '0%200SO2WS,WD,

113(#"#)1 *-# "0 *.!%0 *-3,  
(#"#)1 *-3

SO2WS,WD,

125!.',  ##*/5!#*!2 5' *33,  
08.!$0 5#%'

SO2 ,O3, xNO , 10PMWS,WD, TEMP

13/ ./8%#*-9 -*8 7*",  
'" !$* )

SO2 ,O3 ,NOxWS, WD

145#$#%'  ##*/5#$##%'  ##*/,  
/ .+ +

SO2 ,PM10,WS, WD

15"!2#+  
)09"1 0%1 (

1* ' 9$*1024,  
8',)!- /

SO2 ,NOx ,O3,  

PM10/2.5 ,BTX,

WS,WD,RH, BPR,  

PCIP, TEMP

16 "##% 0%1 SO2 ,CO, NOxWS, WD
  

'. 0-#1 *!6+' &$910  *'1 &9 *!,#%0  !%1   $#9* 0%1  &3' (#""$%0 (#*,$*-0 ,!*#-!)  *'1

&$910:(  

/42,/  +   !##%4  !-3%-7  

(#2!1  2SO  

# -*8 &$*3  2SO , NOX ,3O ,10PM  

&$*30 /*+-  2SO  ,NOX , 3O ,10PM  

  

2.0'#')0  %20& "*9$0 &9 *!,#%0  %1  . 0' (#""$%0 (#*,$*-0 ,!*#-! 0$!/#$)  %20& "*9$0

0'#')0:(  

/42,/  +   !##%4  !-3%-7  

0-#1- !+$8.0  !*"9   CO ,NOX ,10PM ,NO ,NO2  

(#./9$- PCIP ;  #*,$!*' 41&- BPR ; )1#  !1&  # - RH ;  1!*0 5!!#3- WD ;  1!*0  $8!.- WS (#/#/&1 

 (#$#9%- PM10/PM2.5 ;   #*&!) 0%#*/- SR ;  0*!,*-$,- TEMP ,(92- PCIP ;   #%8$1 !"  #*-!2- SO2 ; 

 5!6!+- O3 ;  5$1-0  8!$1  "1- CO ;  5/%1  !8!$1 - NOx ; 56%' ,5+!&!, ,0*+-- 5&#)/-BTX ;  +& /'+ (2!"

 :#8* - Hi-Vol;   
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64% 276 '4  
  

90 (#$06$0 5#' ""$%9 *9/0  $*  +  *+ $0 0&', 0-#1 4*-$' (#%!(Broday, 2006):

  

  

  

  

  

  

  

  

 6% 2764 '5  

  

 ! '#')! */1$0 *!6+'  !#2!&!*!+,$0  !%1 0 *!6#-)Halfon et al., 2009(:  

  

  

  

  

2SO 10PM 3O NO2 NO  

-0.060.79  -0.780.85  1.00  NO
-0.420.69  -0.861.00  0.85  NO2

0.07  -0.601.00  -0.86-0.783O 
-0.171.00  -0.600.69  0.74  

10PM 
1.00-0.160.05-0.42-0.062SO



��
����������	
��������

����������
�����������������
�����

��
�������������	
��������
����

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


���	�����
��

��

��

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

�������

��

��

��

��

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

��

��

��



��

�

��

��

	������

��

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

	��������������


������
��	�� �����

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


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

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

�

�����
��
��	���
����������
���

��
�
	��������

	���!������	�����
����
��������
��	�
���������������
����


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

	��������
�������
����
��

����

�����������������������

	������
�������

	����
�
	�����!���������������

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

����� �	���� �������� ���

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


��
�������	������

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

�������"������	�
	��������#�����������	
���
���������
����������	�
��������	����

�	�
����������������

	������
��	���
�
������

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

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

"���
��	
�����������"����#�������������$���"�
��#�������������������$��
�������	���

� ��	��
� ����� �
���� ������ ��	��
� �
����"� ��� ��	�� �
����� 
��� �
���	
�%�&�"�������##

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

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


������������

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


��	
������



��

�

��

��
�� �

��

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

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

'�'�
�������������������������������������������������������������������������������������������������������������������������������������(��

��������������
��	���������������������������������������������������������������������������������������������������������������(��

'�)�
	����
����

	�����������������������������������������������������������������������������������������������������������*��

'�)�'�����

	�������������������	
��
���	�����������������������������������������������������������������������*��

'�)�+�����

	��������	���!�����	���������	�
���	�����������������������������������������������������������&��

'�)�)���
	�������

����������������������������������������������������������������������������������������������������&��

������ ����

	������������ � �� ���
���������������������������������������������������������������������������������,��

'�)�(�����

	��������
������� �� �� � �� �� �
��������������������������������������������������������������������,��

'�)�*�����

	�������
������� �� �� �
�����������������������������������������������������������������������������������,��

'�)�&�����	
��������������	
������������	�����	�
����

	����������������������������������������������-��

'�.������	����������������������������������������������������������������������������������������������������������������������������')��

'�(��
�����	��������������������������������������������������������������������������������������������������������������������������')��

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

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

)�'� �����������������������������������������������������������������������������'&��

)�+� ���� �������!��������������"�/�!��� ����������������������������������������'&��

)�)� ����#�����������$���$����#�����������������������������������������������������������'&��

)�.� ��������%�������������������������������������������������������������������������������������������������',��

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

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

!��
�
��������������������������������������������������������������������������������������������������������������������������� ���

��

��

��

��

��



��

�

�
��� �

��

��
����� ��� ��
�� ��
��� ����� �
���� 	
��� 
����� ��0��	�� �� ���
����� ���� ��� 	
��

� 
�
�����������
��0���	����
��0�����������

	�����"������
��	�������� #����

	��


����
���
	
��������
�
	���"���������
������	
������
�
��
�����
��
���
������#�����
��

���

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

���

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

����
�������������

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

���
�������

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

����������
�������������������

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

�� �������� ���

	����

������� �������� ��� ��

��� 
��� ���

	��� ��� ��	�� ��
��	�

��������

	���������
��	����
�������

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

	���� �
��	� ���������������	����

��	���
��
����������	��������������

��

��

��

��

��

��

��

��

��

��

��

��

��

��



&�

�

����������������� �

��

� ���

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

��

	���������
������������
��	���������

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

	���0����	�
���	�
����	����������
�	
�����

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

����������

�����������
	��� �


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

	������

	��������������������

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

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

�������(�	  	�	��� ��������#��

�� �������
������������

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

	��� ������

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

���
�����

�
�����	
������
��	���	�
��� ������ ��
���  	���� 	�������
�����
����	
�������	��0��

� ��	�� ������ ���'-,-!'-&.�"�%�)	��*� �!!+#�� �������� ��	���� ��������� �	���� �������� ��

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

��/�������
� ���	� ��
����� �����

���	��
�������� 
	����

��!����	��
���������
������
�	
������	�����
�����	
����������

�
�����
�� ��
������
������������ �����
�������
���
!���	�"���	���+%%.�#��
��� �����

����� �
��� ���

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

� ����	���/�	��� ����� ��� �
����� ���	��� ���� ����� ������ �������� ��� ����� ���
���  �

����
�������	������	
���������
�����������������",�%���	��� *����-�#��

� ��� ���	����� �
	
��������� ������� ��/����� ���� ��� 	� ��������� 	�
�
� ������

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

� ������� �������� ��"����� #
��
��� ���
����� ��
���� �	
����� ������ ��	
��
���	� �
���

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

��� ��������� �����

�
������	���������
�����������������������������.�/'
+����
��	��������
����������������

�������	����
�
��������������	�"�����	���+%%.#��

������ 	����	����+%%+��
�
�	���
�������������
��������
���!��$
��"%��#%%��#������


"��#%%��#���	
������
�	�������	
����
���������
����	����������
������
���������
������
��	�


�����$
��� �����������
������
��	�
����� ������������� 
��"��#%%�� #�
����
�
�����	
���



'�

�


����
��
�����(	  	��	��� �*������������
�������
��	���������������������
���
�������������

� ���� ������
����������� ��������.'��!��.'� �� 	�
��� ������ ���
�� 
������ 	������������

�������
���
���
����	
�������

��������������
�
������"
���
��� �

���	�
�������

	������ �

�������0���

	������
	�������"�����
��������	�
���#

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

	��
��������������

	��
���	��������

����������#���������
�
���������������	���
�������� �

��

���	�������	�
���������������

	���!�
����������
	���	�
��������������
	��$���������


�����	���������	�����
������
���	�

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

�	�
������
	�����
�	�
��������
�������$	�
��������
�����������
	����	���� ����
��

�������
����	������
����
�	�����

	�
��� ��	�
����

	���� ��
������ ���� �� ��
�
	
����� �����
� ���
��� �
��"	�����

�������
���
��
	���
	���#�����������������
�0�
����
�	
���
�
�	�����������
����	����
��

�����	������

�
�

����
�����
���������������

	��������
�������

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

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

����������	��	
��	
����

���	�
���������
������������

��

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

	��� ��� ��
��� ��
�� ������ �
�����

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

�	
����
��
�	�������	

���
������

� ������ ���

	��"�����	� �	�%1% 1#� �

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

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

��������	
������

�����!+1)�

��
����
��� �
��� $	��� 	
��� ��� 
����� ��������

	������

��� ��� ��
��� ������ ��� ��

��������
���!������
���
!����������$	���	
����������������

��	�� ��� 
���

	���� ������ ������ �������� ���� ���!� ���� ����� ���
���� ��!

���� ��� ���
�����������

	������
������	��������������������

	��0������ �
����

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

	����  ��� �
������ ���	�

� ���� ������������� �����������	��� 	�����	��
���������	�������������+ �� �����!

��+� �� ����"
	2�1���#����2���3*����4�#��

��



(�

�

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

��

�����	
�� 
�
��� ���� �	������������

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

������ �����������
��� 	�

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

�	��
�������

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

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

��	
����
��������	��������

	���������
�������� ���������������

	���������
����

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

��

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

���

	���������������	����	������
�������
0�����%������	��� ��!�-��
!�'����	��� ��

�!!+������	�
���
��
	�
����
0�����#�	�1��!!����(%������+�����
����	�
�
���

��
��
���
����	��	������
���
�����������
�
���
���0��5	�#�	��� �����+���	��

���� ������� ������ 
���� �����
� ���
��	�� ������� ��!��	�	 1)�� 	�� � �� ������������

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

� ����� ��
�
� ��	��� ����� �
	�� ����������"����
����!�����&�����#������������ ���



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

��� �
���� ��� ��	���
� �����

�� 
	���� ����
��� ����
��� � � ���

	���� �
	�

��� �
	
��� ��� �
�����0� � �(�	  	� 	�� � ��

���������

� ����������
�� ���� �������������

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

�
�	�
�����
��
������

���� �"�!������������
	�

���
��	�����������

	��#�� �� ����

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

�� ��� ������� ���� ���� ���
���

�
����������

	�������������
	�����
	�����
���	������!	�

���	��
��
�
�����
������

�����
����

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

������

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

����

	���������"
	2�1���#����2���3*����4�#��

������������#��������"��#

������
���� �

���
����� 
�������
������	
��	�����0��������������	��
������
	����������

��	�
� ���
��	���� ���� ����� ���
	��� ���	��� ���� ��� �
������� ��
��� ���!56���
	���


�� ��������� ��� ����� �
��� �
	�!)����
� �	��
����� ��
������ ��� ��
���� ���

�

���	�����
�������

�

�



)�

�

�

���
�������������
�����

�� ��

��

��

�

� ��

��

� ��

� � �

� �

�

� �

�

�

� �

�

��

��

���
�
���������������	�����������

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

���������� 
���� ��������

�����	�
��� �	�����
���� �
��
�!�� 4�� �� ��� ���
�� �����

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

����������	������
�
����� � �� ���
�

����� ���

	���������
�� ����� � �������
� ���

	���� �
��� ��� ���	��
� �
��	�

 ����	�����
	�� ���

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

���
�����"����������
�� �'#� ��
�����������������������
��	�
����	��������
������
�

�������
����������
����
������
�����������
�	�����
�������
��!���	�
���������������


��������������


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

	��0����
��� ���������

����
��	���������

	��� ����������
��������
	��!���������������������
�	�	�

����

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

	����
�	������������

��

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

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

���������������
��������������

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


	
��	
��������	
��������
������	
��������������	���!���� ��	�
���
�������
�������

	��


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

	���� �����


���	��������

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

����!�����
�"�����
�
������� �� �� �
� �

�
����������

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

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

	��


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

� �
	������ ���
� ���
��� �
	���� ���
��	�
�����	�
��� 	��� 
������ ����'���������

���
���������

	�����
�
�����

��

��

�



*�

�

��

��

� �

�	
��� �

� �

���� �

� �

�
	��� �

� �

�
�"� �

�� /� � �
�������� ��� �� �� ���� �� ����� �

��	�
�����
����� ��
���������	���

��	�
���������� �

��	�
�����������

	
��	
���� �

��
��������	�


��
����
�� �

��������
����
	��

��� �

�
��	� ��������������
��	

�������
����� �

�������	���������

�����������������

��
� �

�������
��������

"56#� �

������ ���� ��� 	� �� ��� ��� �

�
	���
	���������� ��+ �� ��
� �� ��+ �� ����� 	� ��

�� �� ������� �

�����

	��������� ������ ��
��� ������
��� �

����
��	�������	�

���
��� �

����� ����� ������
��� �

���������
����

�	����� �

��
�	������� ������������ ������

	�� �

�
	������
�� ���
�����������

������ �

���
��������

������
�������� �

�������	���	��

����������
�� �

��
	��������

�	��
����� �

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

��

�����'�����
���������

	�����
�
����
����

��

��

��

����������
"��
��������������$���#��$���
�
��������
������ �

��

���� ����� ���

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

	��


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

�����	� ���� �����
��� ���

	��� ��� ��	�
� ��	���!�
�� ���
�
	
���� �������� ���

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

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



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

	���������	���
������
������	
�

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



�+�

�

��	��
��
����������	���������������

	�����
��	�����������"
	2�1���#����2���3*�

���4�#��

��

�
	���
	�����

��	
���
	���������

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

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

	��
�����	������������	��� �����

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

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

��� �
	�� �
��

����

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

�����
	���
	�������� 	��

������
����
	���
	���������
���'%����������	����	��������� ���������
���������

������
��(����������	����	�����

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

��������!���������
��
� ��
��� �
��� �� 	���� �
�
	����� �

�"��
���� ��
� #��
�

�+ ��������������
���������
��������
������
�����
	����������� ��������� 	����� �

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

��0���

	����	
���� ������	�
���������������	
�������������
	����� ���
0��

�� �
	�� ��� �
�

�� �
�����0������� ����
� �
���� ���
��� �
	� �
	���� �� ��	
	�� 	���

�������������
	���
	����������!���

	�����
	�

���  �������� ������
��
���������

���

	�����
	�

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

��

��������

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

	��� 	
����� ����
�� ������ ���


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

	���	
��������

��	������0����������
�
���������	���
��
�
��������������

	�

������

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

���

	���� �
	�

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

���

	�����������

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

	��
�������

���
�	����������"2	��#	�%1���%�� �#�������������
���������	������������������
���	��

���
������������	
���
���� ������
���!���
�����
����

	�����������!������
��
	������

�	���
	�����"������	�����������	���������	���
���������	
����

	�������#����	������

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

	�����
��	

������
����

��

������
����

�������
���� ���	
�	��������� ��� ��

	�� ������ $��������� ���� $��� �������

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

	����������
��
������ ���
�������

������ ��
���� 	�

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



���

�

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

	��� ���
���� �
���� �
���

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

	���� ��� �� ��� �
��

�����
���
��	�������

	���������
���
	��������������
�����
���!�����
���
	����

����������

����

	�����-(2����

	���������
��
	����������� �������������
��!

,%2��
������

��

�	
�	��������	�

��
������

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

�������
	������
�
�����0����������������������
��������
���
��������������
����	
���

����������
�������
�
������	
�������
�
�	������ �
0���
�
����
�	������
�������������

��� ����������� �
�
������
	�

� ���	������������
����������

��������	
�	����� �

���

	���������	�������

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

���� �	
�	����� 	�

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

��� 
�� �	
�	����  ����

 
������

	�����������
������	�
����"
	2�1���#����2���3*����4�#���

��

�	
�������
���

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

����	
�����������

������������������������

	�����
��	������

���

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

��������������
����
�
	
�������	���"� �	���	��� �����*�(�7������#�5%1	�&	 #����4��

�������� ���

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


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

	����������	�

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

�������������

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

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

	���
��
��������

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


�

����
���������� ������
��
������������
������
��	�"5%1	�&	 #�	��� �*���������

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

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

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

� ������� ���� ������ ��� �

��  
	�� ��
���� ���� �
������� ��� �	
���� ��"��	��������%��#

��
����
"87��%�����1������%���#��


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

������
�
����
	
�	������
�����
�
	��	�
���
���
���
���������
����
��!��������������


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

������������������	������
����
"��� %���#��	�	�������-����



���

�

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


���������� �	
������� �
���� �
�
��� ��� %��"
�
�
���� ���"��/���������� 	
��� 	
�

�

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

�
	
�������������
�
������	
����	
����������
�������
��� �%��"
�
��������"��!���������

��	��� ���� ����� �
�
��
� �������� ����� �
�
��� ��� �������� 	
��� 	
�� ��� ��� %����"�

�����#�/����
�������
�������������	
����������	�����������
����������	
���	
�	�

���	��������	����
������	
����������������"6�1#� ���#�9� �)1	����������

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

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

������
���

���� ���

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

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

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

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

��	
������������ '	����%������	7	�������#	:��������

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

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


��
�	� ���0��
����� ������� ��
����	�
����	���
��������	���������
������������

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

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


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

������6	�'�	��� ����������

���������
�	������	����!�� '	����%������	7	����� ��#	:� ����������� 
�	��

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

����� ����� ��

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

���� ������

��� ��� ������ ��� �����
��� ���
���� ��������� ��
� �	
�	����!��7�� �; 	� <��	��

$���������<$�������������������

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

��!�87��%�9���1������%��� ��%� �5	�����	�� �5��%&&� ���	���������
�����
���
� ���
�����

��������
��
������ ��	��� ����
��
������ ��"���� 	�� � � ���4� �#���������� 
�	��� 
����

��� ���� ��	��� ����� �
����� �

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

�

����������������

	��	������

���� ������
��!�������

���
���������	�
��������


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

��

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

��������� ���

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

��������	
������������
���	�

���
		��������

��



���

�

������#�������� �

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

	���� �

��	���
��
�������

��

������#����
���#� �
��
��� ����� �������� ���

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

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

	���� �

���	��������	��	��

����
�
	
���!���������"	���� ���

	���� �
�����
������ �����
��� ������
����
��#��

���

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

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

�	�
����������������

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

��������

	���� �
��	���� ����
���  �0�������
����
��	� �
����� ���	��	
�����

������

���� ���� �	
�	���� ��
��� ���

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

��
�����	

�"��
����	
�!=����;� ������#������
��������
���������������������	�����	���


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


��	�������"���
����	
�
�$����#��������
����
���������������������	
�	���� ��������

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

�������
���	
�����

�����������	
�	������
������

	�����
��	�������
����

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

���	�
������
���������������	
����������
���������!���	�
�������
��	�����������

�����������

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

�������������
����	��
��������

	�����
��	��	���������
��
��	�����

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

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

	�����
��	�������

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



���

�

 ���	
�	� �

�

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

	������
��	

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

����
�����
��	��� ���������
������������	
�������
�"����#����������
����"����#��

� ���
����� $������ ��"���#�� ���� $������� �� �� ���
������ ���� �	
�	����	�

��
������
��


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

	��� ��� �����
������	����	
���

�����!'-&-��������+%%%����

������������

	�����
��	��������������
��	�����
�����	�"�������
��������

�	��
����

�#����
�����
�	�����!��9%'1��	�%1% ���#	:�������������
������������
�	�

�	�
�������'-&-����	��
'--)����
�����
'--*��	�������
+%%%���!�������	������������
�>=�

�	��
�� ����

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

��
��� ������ ���� ?� ��� �@�'+-�/��+-�A�� 	����'+-���� ���� ��� ������� ���	��� ���!

9%'1�� ��� ���  	
��+-��'�
!��+-������	�	
������	�
��������
�������	������� ���
	�

��	�������

	���� �����
� ���	�� ���
�����

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

���	�������,���
�������
���)(�
��������!�+%%�%%%����
������������
����
��
���
��	�

$	���	
�������������������	�����
�
�	������������	
������
����������������������������

�
����
�������
�����������
"9%��	1�	��� ��!!�*������#��

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

��	��
��
����������	���������������

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

�� ���� ��� 	������	
�������
����� ���������
�	�!�� '	�� ��%����� �	7	�����

��#	:�����������������������������
�	',&%!+%%)���������	�����
�
�	��+�(�����+�(�

����
�� ���� �����
� ����!�������	�
����� �
��������� ��� ������ �����
�� ���
����


��	��� ���� �
���� ��� ��	
���� ��
��!������� ���� �
���	
��� ���� ���'%�"��� �
��� #��!'%!�

"�����
���#��
������
����	
���������

���	���������
����
�
	��������
"�����+���#����
��

�	
����������������

���
������������

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


�
������ 
����� ��	��� ���	� ��� ���
�� ����� ��� �	
��� 	
��!��� '	�� �!-���� ��  	��

�!�4���
�!B�� ��!�-����

��

��

��

��

��

��

��



�&�

�

�������	��

��������
�

��+����,��	� 	-�	,	�.�/	�

��+�����**�� 0	�.�/	�

��+�����**� ,�1	�
	�.�/	�

��+�����**� ���23�.�/	�

+�&���+�**� ��4�5�	��/	��5	���

+��*����+��*� �	
�����,
��

�+�&����+�**� ��4�5�	��1�.��5	���

���+������**� ,��1�1��623�

���+������**� ,�1	�
	�1��623�

���+������**� �	0	�	�1��623�

���+�����	��� 	-�	,	�1��623�

��

�����+�/�	
����
����������	
����������� '	��"�� '	���!-��#��

�

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

� ��
��� �
�
�	�� ����(����� ( %;� � ��7	��%��� �%#	 ���� ��#� �������� ���#�	1��

� ��� 
��� �
�
�	C�=�� � C%�'� �3	#� ��&&	�	��	� =	�	����%�� ��#	:����������
����� 	��

'-,'!+%%*� ��� 
	�
�� 
��� ���
��0�� 	����� ��=655� �#7���	#� =	��� 6���� 5	1% ���%��

5�#�%'	�	���� ���

�� ��� �����CD�����
���� ��	
��� ������ ���
�� ������� 	
��� ��
��

����

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

�
"���3%��	��� *�����*�9��)	��	��� *�

����������	�!C�=�����������%��!'��	���%�
� 
�����������
���������!'����������
��������

�
�����

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

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

�
	�� ��������� ��

��
� ���� �	
�	���	� ������ ����� $���
� ������ �
���� ��	
��� ���
��

����������
�����	��	�!C$8��5	��� �1�1���%E	��������
��	��0��CD��/D�5/8�5
�

���*� F%� #	�*� $% %��#%*� >��*�� ����� 	��������G//222��#���%����%7/� ����	������

���
���������5	��� �1�1�� �	�
��������
���
	
�����
������
����������
�����	������
��

���
��� ��
���� ������

�� ��
���	���
���� ���0�
�
����� ��� ��
����	����
���������
��!�

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



�'�

�

��������
��������������
���'-&-!+%%&�������

�����
����������	�
��������
�
	
����

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



�(�

�

���
�����

��

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

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

� �%����'1��
������������	�����
�������������	
��
	����'�#$%��	 ���%�1�H�9	 	�

�%��	���%�1�+#��I	����	��	 	���%��)�#������	�
	�������� �%����'��.�#$�%11�=� �#���%��

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

������

���	������������������	����� �

�
���	
��� ��� �
����������� 
�����

��� ��
	����	������
����� ��	��
� �������!�

9%'1��	�%1% ���#	:��������	��	��������������
����������
�����
�
	�����
�
��

����

�
	�
� ��	��� �	�
����� $���� ����
���� ������ �
���� ����
���� �	
�	����� �����


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


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

�� ������	�������������������	��&����	�
�������	����� �

�� ��
��� ����!������	� 
	������������

�	� ���

��� ��
��� 	
���� ���� ��� ������

������������������
�� 	����� ��� ����������� ��� ��
���������  ������ ���	�� ���� 
���!

D7	��&�������"��	�12�� 	�� � *� ���-�#�D7	��&���������	���� �
��� ����	���
��������� 	���

������������������

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

�	�������
����
������

�����������������

	������������	����������
����������

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

������
���	��� 	����
���

���	� ����� �������	
�� ���� �������� �
��� ��� �
���� ����� ��� 	����� ��� ��!�I%�2��#�

�	 	���%���� ��� 	�5	��	11�%������
�����
�� 
��������������� 	������������������

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

�� ��� 	� 5	��	11�%�1���
	����
���� 
��� �
���� ��
�� ������ ���

���� ��� 	
���� ���
��

"�##�1%��	��� *����4�#��

���������������
���������
�	��� �


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

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


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

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

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

	���� �
��	!�C%��  ��	���

������	� 
	������� � �%����'1�� ���
������%��� =	��%�� ������	1�
!����&���� � C	��� �



�)�

�

C	�2%�)1����	�
�� 
�����
�� �
����
���� �
	��������������	��������	�	���� 
��
��

"$� 7%*�	��� �����4*���	��	�*�	��� �������#��

�����
����� �����	���� �

�� ��� ��
	�� �����5%����%�� 81��'���%�� ����� ������� �������� ������ ���

�������
���!���������
	�����
�
���
�������
������������ ��
��	���
������ ���
�
�

���
��	���
���������������������
���"�����	 1%�*��!����#��!B�&% #1���%11�7� �#���%���

�� ���
��� 	����� ��
��!B����!�
�
��� ��
��
�� 	���
� �
����� �	�
�� ���� ��
��� ����

���	
������
��������	������ �����B����
������B�����
����	
�����
�
����
��
��!����

���
��������������	��������222��1��'��	#�/J�2'/���%��� � ���
������
�����������

%7	��&��������������������
��������
��
�������
�
�������������������
������
61�*�	��

� �� ���+�������� �	
��
	��� ��� ���� �	��� ���������� ��	��	��� �
���� ���� ���  �	�����

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

	���� �
��	�� �
�
�

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


���

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

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

��

��



�*�

�

���
�	
�����
��
�� �

��

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

����
�
�������!9%'1��	�%1% � ��#	:���������������������������	
��������������
��

� ��	
��'!)���	�
����� �
����
� ����� �
�
��� �
���� 
��� �
���	
�� ������� �
��������

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



�����������
��������
�
���������
���
����	��
�������
���
���	
��"�������#����	���

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

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

�����
����
������	
��!����
�������	��������������	��������������
��������������	��


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

���	
��'�+�)�������������

	�����
��	�����������
���	
������������"� ������


� �	
���� ���"����#� �� ����� ����� $���"�
�� #��� ����� ����� ����� ���� $��
����� ������

�	
��������
�	�'��
��
������$���
�
�����
�
����
���	
���
��	
�������	
���������	�
��

��
�������������

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

��	��������������

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

���� ��
��� 	�
�� �
���0������
��� ���

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

����������"����������

	�����
��	���
	���
	���
���������
�������	����	������#����


���� �������� ���

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

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

���

	������������������

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

	�����

��

��
����/���	
��������
�����
���	
��"�����#������������

	�����
��	��������
"���#�������������
�
�������

'-,%!+%%+� �����	
������
�������������������� ����	���������
����
��������	
���������������������������	���

������������	
��������������������
���
����	��
�������	���"������#��

��



�+�

�

��

��

� 	
���+���	��
� �
����� ���� �	��� 	
���� ����	
��� ��� �
�	�� ����� ��$���� �
�
��

��
���
�
��
��������
�������������

	�����
��	������
������������$���������	�
����

�

������	����
��$������������
������������������
���������	������	��	������	
��

��
�����

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

������������	
����������$���
������������

	�����
��	������	����
��	
�����������

��

� �
�� �/�� ����� ����� $���� ������
���	
��"�
�� #� �����������

	���� �
��	� ���� ���
"��� #�������
�
�� ��� ��

�������!���K�����������	
������
�����������������������	
���������������������������	����������
����
������

������������	
����������������	���������
���
����	��
�������	���"������#��

��

�	
���)����	
������������$������������
�����
���
�$�����
�
�������
�	������

��
��� ���� �������� ���

	���� �
��	� �����

	���� �
��	� ��
�� ����� ���� $���� ���� ���

���������	
�� ��������� ���

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

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

	���������� �
���� 	���

���������



���

�

��

��
�����!��������������

	�����
��	��������
��������������������$���������
���	
��"���#��
�
������������

�������!���K�����������	
������
����������������������������
����
��������	
���������������������������	���

������������	
����������������	���������
���
����	��
�������	���"������#��

��������� ��	��� �	
��� �����
� �	
��� ��
��� 
���
� $���� �
�
�� ����� �������

����

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


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

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


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

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


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


��	
��
�������������

	������

��



���

�

���
����� �

��

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

�
�������������������������

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

$���
�����

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

�	�	�
�������
�������������

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

����� ���

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

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

�
�����������0���������
��������������������
������
��������������

	�����
��	���


������������
��	���
���	��������
���
�$�����
�
������

	�������
����������$��������

����� ����$������������������
������

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

����
�
	��������
�����������������

	����������


����
��
����
������ ���� ��� 	�����!
��
�
	
�����"� �������
��
����
��������

��!+�)'��#
����
��
�����	���	������������	��
����
��
����
�
	
����
����������������

	������
��
������
�������
��
���

����

���/�	�����
��
�� �������������
�������������	��	�����!��
�
�	�������������

���
������������	�����	
��������
����
��	
��"���
��0��������	���������#�������

�����������

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

��

��

��

��

��

��

��

��

��

��

��

��



���

�

!��
�
��� �
��

����
�	
������	����	�

���
����	
�����
�0������������+%%.���������
������	�������

���	�� ��"� �+%%.� �#	�

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

��
���
��������
��	����
����'%��))!)(��

�

�##�1%�*� L�� I�� ��*� B�� L�� ��(����*� ��<	�'�	�*� ��#� L���������	*� ���4G� �	������� ����
��

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

 �	�����
��!�	����������
��� �����
	����*��$9����	11������

�

�  	�*�<������!�4���� '	����%������	7	�������#	:G�
�'�����%�1���#��11�'���%�1��"��

#���
	�� �������	�������������K���!��

�

������������� �	�����*�C��6� &%�*�,��
	7��*� �������%	1������%  ���%��5	�  �������	11���	��������%�� ������������������������������������������������

� �1��	 M�*�"����
����� ���������	���������
���#���
	�����*�4�*�!++�!4+��

�

��#�	�1�8�
�*��!!������	2�1������	�	����%��&�����%�1�&%��2��#�1�		#�����%� �+�� �� �L��$%����

&��
����*���*���������4��

�

$� 7%*�5����*�6�����C�7%�	*� ��#�6�����$	����%*� ����G�C	��� �C	�2%�)���� �1�1� %&�9�'	�

�	��	1G���� �����%�1��%�$ �'�����������

�

������*�B��8��9�	�;	���*�9��"���*����4����( %;� �����1	��%&��� '	����%������	7	�������#	:�

&%�� ����K����G� 5	 ���%�1���� 2���� �%� � �%�1���	� ��#� 8&&	��1� %&� ���&��	�

<��'����"����
�����'������	��������*��*��������+���

�

�%�)	��*�<�����!!+������11%�����%��;	�2		�������%  ���%����#��%��� ���������:�>����$���	1��

9�	�C	2�8�� ��#�E%���� �%&�'	#����	�2���	���

�

�

(�����*� ����*� ��� �����	3������  �*� L���� ��	���*� L�� �%1�	#��*� ��#� L�� (%'	3� �!!+�*� <��#�

2�7	1�%&&� ��	�8;�%��	 ��*�C<��	#��	����	��*�"����
������
��������	��*� 4*�

�+���-���

�

�����(�%���*�I�*�(��9��F��	1*���#����L��C�	'����!!+���9�	�'� ����	���1��&��	�

������������������������� �'��% %���%&����	��%�� ���'%1��	����'%#	 �%7	����	�2	1�	���>���	#�����	1*�

������������������������"��#����*�-*����K�!�*��

�

(�7���� ��*� ��#� ��� 5%1	�&	 #*� ���4�� "�����&����� ��	��������%�� �����	11�%�� ��	� �%� ����

�%  ���%��"����
����� ���������	��������*�4+*���+�����-��

�

(%��*����
�*�
�����F����	*���#����
�3��	�������$���#�����	�%1% ��%#� 	�$���G���1�3	�

1	��	���	#� 1�'� ���%�� %&� ��'%1��	���� �	�%1% � ��%�	11	1� &%�� � �'��	� ��#� ����

N�� ����'%#	 1*� ���( %;� � 1	��1� �� �	�%1% � ��#� ��1� ;�#�	�1*� "��(���%��������*�

��4*�4��!��

�



���

�

(�	  	�� *<�*� ��� ���� �3*� O�� F� )��1)�*� ��#� I�� �	��	�	�� ������ ��& �	��	� %&� ��	� 1%���	��

&%�'� ���%�� %�� '%#	 ���� ��	� � %;� � #�1���;���%�� %&� 1	��1� �� �	�%1% *� "��

(���%�������������������!K�����4��

�

6	�'*�5��5�*� L��*� ��������%����� ��#��	1G��� �	7�	2�������%	)� �(��*
�� ��������	�������

<� ���	*�8#�*�5%�� 	#�	*���!K�-���

�

������������6�1#� *�6����#�
����9�  �)1	��	#1��*���������%�����87	����	&�����%�*� �!�+�,��%���
��

����������������������������������������	�����-*�>��7	�1����%&�D1 %*�C%�2��*�4������

�

61��$�<�*�$�$��$����*�$�L��
���*����+������������ �(��#	��%�����%���=	��%��$ �11�&�����%���

�

B�� *�9�5���!�-��9�	��	�1���7����%&���	��� '	����%������	7	�������#	:���#��� '	�P1�,���#	:�

�%���	���$� �;����%��$%	&&���	��1���� �#�����%�	���� �87��%����1������%�*�"��

#���
	�� �������	����*���*�����-��

�


	7��*�,�*����9	  	�*�8��(��%�*���#�O��O��������*�D����	����	�����%�1�%&�'��	�� �#�1�*�1	��

1� �� ������ 	1*� ��#� � %�#1G� �� '	�1��	'	��� ��#� '%#	 ���� 1��#�� &�%'� ��	�

�	#��	����	��� �1��	 �� ��1�� 8:�	��'	��� ��'�����*� "�� (���%���� ����*� ���*�

������*�#%�G������!/����L���������

�


	2�1*� 8�*� ��#� ��� 8�� ���2���3� ���4�*� �	�� 1� �� �	�%1% � ��%#����%�G��	�����1'1*��	��%#1*�

�	�1��	'	��1*���#��%#	 1G�4��+*�<�� 	�*�C	2�O%�)��

�

�����	 1%�*� L�*� �!��G� $�%11�=� �#���%�� ��� �����1���� � $ �'��	� I%�	��1�1��%#	 1��"����
�� ���

#���
	��
��� ���������	��������*��������!��-����

�

��	�12�*���#�$%����%�1*����-G�O�
8G�5���#���%�%�������&%��$%'� 	:�������������9�1)1��

,%�� ./	%�  #�� �!(0��� !�	���
	���
�� #���������� ��� 0��������� �����1����


����
	
��������20��34-5��

�

�%�����*� 8�� $�*� ��� 8�� ���	 *� ��#� B�� 
�� ��7�#1%�� �!�-�*� �� '%#	 � %&� '����	� �	�%1% �

�	�	����%�� 7��� 2���	���1� ��#� 2�7	� #�1�����%��� !�)� &��
���� 6%�	��
��� 
���

,%���� ����� ���  ��3��
� +7�%
���*� 	#��	#� ;�� 8�� $�� �%������ ��#� (��

���C�%���  *�C%�2	  *���11�*��-����4�

�

��� %� �����*� ��#� 
�� ��� �	�	���� ���-����%����� $%��	��1� ��#�$������	��3���%�G� $%'�������

��%����� ��#��	1���� �	#� ���
%�� � ��#�5	��%�� ���� 	1*�6
	��� !�	���
	���
�*�

+���*�+��K�4!��

�

�� '	�*�<�$�*��!-�G��	�	%�% %���� �#�%����������
��%�$
��������89��>����<	���	��F��	����

@CD���
�;�������#���&%�'���%���	�7��	1���7�1�%�*�<�1�����%�*���$�������A�

�

�	�	 1)�*�5��B�*�����G�D����	���	%���%&�$��B����
�	��"���������	�����

����������4��K4����

�

�

���3%�*�L�*���8��F�%2�*���#�$�L�9��)	�����������	  ��	���'	�1	��	1��%��	���%��%&�%�;��� �#��&��

����&���1��1����	'������ �'%#	�#	�%'�%1���%�����G�C��6�����8#��%��*�6� ;	���

6�����9���1&%�'G�����%#����%����#���� �����%�1*������-����-��



�&�

�

�

"����*���B�*�9����F��	1*���L��$%&&'��*�9�
����  	�*�L�8��L%��1%�*������$%7	��*�L����������#*�

$�C	�1�;*� ��#� 9�� C%7�)%7� ������ �� �%'����1%�� %&� �	�%1% � ��	'��� � ��#�

%����� ���%�	���	1�&�%'���	��1����#���#��	�%1% �$������	��3���%��8:�	��'	��1��

,�����*���F*��+!������

�

5%1	�&	 #���*�O��5�#���*�5��
���7*��������	1	�����1�������	11������	��������%�G����%11�; 	�

�	1	���&�����%��
%%�*�$� �*�!�����*��!����!����

�

�'���*����6�*����������)*���#����8��$%�1�	�#��	��!!+�*������	��	�%1% ��%��	������%�1���#�

	1��'��	#� & �	1� %7	�� ��	� 1	�*� "�� L�� 5�� �	�	%�% �� �%��*� ��!����*� ��!K��4*�

#%�G�������/NE�4!���!�������

�

��	��	�*� ��*� ��� <� �	�*� ��#� 6�� L�� ,�';�� *� ������ 9�	� ��� �����%�� %&� C%��
��	��� F��)�

��%������%�� C	��� � C	�2%�)� �%� ���#�� ��	� ��11� F� ���	� %&� (�%11	�

� 	�1��� 	�1��	�*��2��3	� ��#��"����
�����(�
�������*�����+�+�+�+��

�

9%��	1*�D�*���B��F�������*L�5��6	�'��*���������)���#�F��6% ;	���������� %����	�'��	�%�#�%&�

�	�%1% � %����� � ����)�	11� &�%'� 9D��� %;1	�7���%�1� ��#� �%'����1%�� �%�

�85DC89� '	�1��	'	��1*� "��  	��� ����*�!*+!��4�+��

�

9%��	1�D�*���B��F������*�L�5��6	�'�����#�,����'�#��!!����	��7���%��%&��	�%1% ���%�	���	1�

&�%'�1��	  ��	�'	�1��	'	��1�%&�;��)1����	�	#�� ���7�% 	����#����%���9�	%�	���� �

F�1�1*�"��(���%��������*���+*����!!��������

�

9��)	�*�$�L�*�L��8�����3%�*����8��F�%2�*����� ��;��)*�8��<����)*�5�����%�	�*�8��=	�'%�	�

��#� C�� 8 � �� 	%�1� ������ ��� 8:�	�#	#� �=655� ��)'� C�=�� ����� �	��

$%'����; 	� 2���� �D���� ��#� ��D9� =	�	����%�� C�=�� ������ !�	���
	���
��

"����
���������	���������*��-���*�44�����!���

� � �

,�)	�������*�I��(�%���*���#�Q��F�������*��%#	 ����%&�1	��1� ��������	��%�� �� �'��	�'%#	 G�

I �:	1���#���#����7	�&%�����*�"��(���%��������*���+���

�

,�%���<*�
	7���
*�5	�%�	��9*�6	�1�	��(�B*��#��)�����*����) ��5�	��� �����-����� �1�1�%&�

1�%����	�'� ��& �	��	1� %&� �';�	��� �	�%�  	��	�1� %�� �	#������� �%1���� � 7�1��1��

���	��	�%&�9%�� �8�7��%�'	����+��*���+��++��++-��

�

�

�

�

�

�


