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7N~ ÎF'GÎF7 H'8N7G1�  8'..7N~ '67/ÎG/2* 

  �H'G.G. ''Î.Fg' G.'. Î.?F7 G'¯6F'/ �Î?Î.7 ?.'FG G/¯6F'/ �.7Î8 7Î/G GNF? Î7/FGG  GN7¯ �/67'  Î 7'F67'¯  FÎ7/.F' @7'G1

H'G.G. H'7Î' �
 H'7Î' �H'G.G.  �H'G.G. ''Î.Fg' G.'. Î.?F7  G'¯6F'/ �Î?Î.7 ?.'FG  G/¯6F'/ �.7Î8 7Î/G GNF? Î7/FGG  GN7¯  �7'Î6F'/ 2

 

G/Î¯�   
:G/G N GFÎG8 N/7  ̄8' F¯7'7 .'7'' N G/N. Î7¯6. GGG .g¯¯6G 8' Î¯Î G7'NGG 'NG Î¯/NF( G¯ ÎÎ'.F( 8'  7'.>

ÎG /NG¯6G ÎF'¯7F' ?G'N. ÎN7 7. H(  FÎ¯F¯7 .'6FG . F> FÎÎ?. ./G '. 7¯7'7  ÎÎ/. ''F �/¯6'.  7/ 7'.>N/7¯
/6 G'.F' 7G6 FÎ' FÎF¯'7 .Gg7 ¯7Î7 Î.'Î87' '. N H'.8'7. Î7G6 GÎ7FG 

:'G 8N7 N /'NG    F'7 H'.7.'. F7G 7/ 6GN�~ FÎ'1400?G. '. �/7¯ Î7N(H'.'Î. /77 8' 7'.>N 7G6 ÎF7' Î'G
GFNGF G/ 6̄ G'.F' ÎG/' 7̄. .7N 7̄ G. H'.8'7.?G. 8' 7~ 'G  8' 7~ N /F/ 6̄ ¯F' N ¯6̄. �H'.'Î. /7 7̄ 8' Î7N(

G/'G(7 7̄N. Fg/F'  N7 G. Î8' 7̄    /Î 7̄' 7'G�()  Î/Î 7̄' G 6̄G  7 7̄N. �
 Î7 G'¯. 7̄/ ... Î.F 7̄ÎÎ'ÎF' G/ 6̄   Î.'Î87' �FÎ¯F 7̄ .'6FG . F> FÎÎ?. 8' /?. G/F/Î/7¯ 6ÎF'F(

H( .Gg¯7 ¯¯7Î7GN7¯ 7/ 'G  .7N¯7 Î.¯7N~ .'G. N G'¯6F.¯7' �?F. 7Î¯7G G¯7 8' Hg'¯7¯76. N H'¯/N  ̄Î'G
G.G7Î'~ 
:''G G'GG''Î  ' 7/FÎ  Î/.� Î GFÎ¯F'Î̄  ( 7G .'6FG . ̄F>4/58N7 �)Î  (06/178( FG( �)86/14694F �) F¯̄ Î (03/30  �)
( GN7¯73/55G/'¯ �)GNÎ  (23/0(  7 7̄ �)53/60F 7̄7( N )¯Î  (88/3G )ÎFÎ¬G7¯  ¯ 7.G7¯NFÎ  ?.FÎÎ    �FG 7̄ 7/ G/ 6̄

'.F.Î  87'Î.'Î  7¯7̄Î  G H' 6̄F .Gg7̄Î¬/G/  G G¯H'6Î  7¯7̄Î  > .Gg7̄ÎF'77 7̄7Î  ((  .'6FG    H'¯/N¯ GN7  ̄7/
.FÎ  1-10  '.3-10  . Hg'7̄¯76. 7/ NFÎ  2-10  '.4-10  GÎ  ) /6̄'.1>(H'777̄ 7'/ÎG N �¬ÎÎ'8' ) )FÎ    .'6FG

 G/N//G 7/5-10  '.11- 10 G/7'/ 7'7F 
:Î7Î¯ G.ÎGF  G.¬7N7  �ÎF¯  GH'6Î  7¯¯̄7Î  > .Gg¯̄7ÎF'77¯̄77Î  F�GG NFÎ  87'Î.'Î  7¯¯̄7Î  F'77¯̄7Î   GN7  ̄N/ 7/

. G/N//G 7/ Hg'7̄¯76. N H'¯/N¯Î  77. F�GG �/7'/ 7'7FFÎ H'777̄ 7'/ÎG¬ÎÎ'8  F N GN7  ̄.'6FG F¯Î   G/N//G 7/
¯/NF( '.Î  ( F7.F¯ ./.6-10-  4-10G )Î/6'.  G.N. F.'F 77. NÎ  . 7 F 8'Î7'GÎ¬Î'G  77�ÎF'7  F¯'7 .Gg7FÎ  
/G. '7/Î GFÎ/F¯G 

:Î/ÎF¯ Î'G G�'N . 7'.>N/7¯�ÎF'.'Î .'6FG¬ �FÎ¯F7 87'Î.'Î   ¯7Î7 F'777�Î H'.8'7. 7G6 
 
 

 7'.Î.  7/ Î .G'  :10/06/1403   7'.Î.  6~Î67 :10/70/1403

 Î¯ÎFN7.¯F' .7~*NFÎG/F7   :FN&7G 
 

 :GF'FG FÎ' G. /'F.7' GN/F 
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N 7N~ ÎF'GÎF7 H'8N7G   8'..7N~ '67/ÎG/

105    f    GF.G  7/FGGÎ  .6'/G.  /GÎ�7 F'7 GG/6'N/� G7'G6 1�  6ÎÎ'~1403 

GG/FG 
.7.'GGÎ.  Î'G'G7G6  G.  H'Î&'.7N7  G.FN1 G.Î.F  7/  �

/67  Î.  H'.'.6 /FN7 N Î7G6  7'FG .Î?G. GÎN7Î.?F7-
  H/6F'77/ 'G7G6  .Î.Î¯  7.  Î.7.G Î'G/G'Î~  �7Î.' Î'G
7Î/G.7'  G.6'/  .7Î82  �'.7'7  FÎ'  7/  G Î'G7'.>N/7¯

Î7G6  7'FG 7/ ÎF'.'Î.�    .'6FG Î¯/NF( 7.'6 H'NF? G.
ÎG  Î7.7G.'  .'.N77  8'  Î6'F  FÎ¯F7  F.'F  GG7  N  /6'.

7Î/G  Î¯/NF(  7/  ÎG.N.7'/  Î7G6  .7Î8Î7N7 G.  �/ G¯
  . F>  6Î'6G'FÎ¯F7  .'6FG  H(  7/  /N.NG'G   /N77  '.

ÎG �ÎG7 7'FG .Î?G. .Gg7 7. /F'N.    Î7G67Î''. 7''¯
Î.?F7  G?7N.  '.  �FÎ¯F7  .'6FG  Î¯/NF(  G/6'.  N  H/6

 Î/. F¯6G ¯Î G. G.6'  ̄GG/ N/ Î7 7/ �?Î77 ÎFÎ6F7G6
.7Î8G/'. 7'.>N/7  ̄7/ Î7Î/G  Î7'7' ¯'. N Î7G6 N Î'

.7'  G/6  FÎ/..  Î87N'6¯3 Î'G7'.>N/7¯  �H'ÎG  FÎ'  7/  G
  Î'7.  GGG Î7.'6 �FÎ¯F7 .'6FG FG'7 H'NF? G.  Î7G6

ÎG  Î7G6   7'FG  .Î.Î¯   Î7N./6'.4G    .'6FG  FÎ¯F7
7/  /N.NG  FÎ'  7'.>N/7¯�'G   Î'G/Î/G.  .7'  F¯GG

/'.Î' ÎF'N'7G Î.6'/G. N Î¯Î�NFN¯'    /FF¯N    Î.'7'' FÎF/ G.
gN7  GN'/.  �H/N.  ÎG7 7Î FÎF  ÎÎ'GF¯76.  Î¯�ÎN  N  ./G

. F> 7/ Î.7 Î.7Î8G/7.7¯ G.N. �G¯ Î'G  /N. G. '7 Î'
/F8'7 .N7?G    7'.>N/7  ̄7/ /N.NG FÎ¯F7 .'6FG FÎ7.GGG

H'.'Î.F¯ÎF FG'6 'G  �ÎN7  � 77  �GN7¯ N GNÎG/'¯  ÎG/6'. �  
  G¯  Î.Gg7 77.  Î'7. Î7.6Î.  g'. .Î7'77 FÎF/ G. H'¯/N¯

 G.7'N.'F .77G FÎF�GG N GNG7 G. ..7F  H(  F'.F/ G. �'G
GNg? G. �/7'/   F.'F 7Î/'ÎG/7¯6Î7 FÎ' 8' ÎG.N.  'GÎG /F'N.

  Î'G7Î7G  Î77 8' N Î7.F.  H'G/   �/FN6 H'¯/N¯ H/. /7'N
H(  7/  Î.Gg7 77. FÎ'7.'F.  7.6Î.  Hg'7¯76.  ..7F  G.  'G

.7'  G�FÎF/  FÎGG  G.   Î.'Î87'  N  Î¯/NF(  /77  7Î.6.
  /N77 /7¯6Î7 7/ FÎ¯F7 .'6FG '. 7..7G .Gg7 ¯7Î7

H'.'Î.Î7G6  Î'G  G.7'  Î7N77  Î7G'  'Î.'Î87    ¯7Î7
H'7F'  .Gg7 �    7.  ÎF'G.7'  .'7''  FÎG..  .G.  Î/FÎ(7G
H'7F'  .Gg7  ÎG/6'.5G   7/  Î¯'.  N  ?Î7N  Î7'7'  /N.N

  7/  7'.>N/7¯  .'70  6Î'6G'  /'/.7  F'G.7'  H'.8'7.  7G6

ÎG  '7  GÎ7FG  Î'6G Î¯/NF(  7/  G¯  ÎFG'N?  GFG.  8'  G/G/
ÎG /F.7G FÎ./ 7G6 Î'NG  7/ ¯'. .'70 7'6.F' G. H'N.

 .ÎF'?G �GÎFÎF FÎ'7N ¯ÎG'7. �7'.>N/7¯ H'6ÎG 6Î'6G' N 'NG
 GF'.7'¯G'¯7'¯ N 'G  G7'6' 7G6 HNG'7Î~ G/F¯'7~ Î.?F7 Î'G
 G.  �/NGFÎ7N77G6   7'FG  8'  Î.7.  G¯    FÎ7.6Î.  Î'7'/
Î¯/NF( Î¯/NF( .Î?7N G. G.N. '. ''F G/F.7G Î.?F7 Î'G

G8'/F' �7G6 Î'NG  8' Î7G6 /77 7'.>N/7¯ Î.'Î87' N Î7Î¯
ÎG Î7N77 �ÎF'7F' .Gg7 7.'6 7 F  FÎ' G¯'7Î8 �/6'.

ÎG 7G'7Î/G .Î.Î¯ .Î?7N 8' ÎGGG .'?g7' /F'N.  .7Î8
 H'/FN7G6 .Gg7 6ÎF N GÎ7FG '7 G/Î'GF G&'7' 

6N7 N /'NG 'G
 G?F'7G /7NG G/N//G 

  )H'.7.6/  H'.77G6  6¯7G(  H'.8'7.  7G6  .7'7G  '.
   /N/71538  ?.7G 7.GNFÎ¯    ÎÎ'ÎG'7>. .'7..G N29   G.7/

  N15    N GÎÎF/29    N ÎF'G6 87? GÎF''51    N G.7/12   GÎÎF/
  N29    ÎF76 FN7 GÎF''  7/65   7/F.  G76 F'G6 Î7.GNFÎ¯

 G.  8'7Î6  Î'G7G6  ÎF'¯78'.  N  Î7'..7'  G'7  77  7/ �7G6N.
  G.7' G/6 ?F'N 7G6N.  F'7 7/ 7G6 FÎ' .Î?G.1395    7.'7.

  '.110567    H'.7' ¯76. 7G6 FÎGN/ 7 F FÎ' 8' G¯ /N. 7.F
 7G6N.ÎG/6'. G'. 7G6 FÎ' g'¯¯7 Î¯/¯¯F7'. FÎ¯¯¯¯F'Î¯G GF
262  Î¯¯FÎG  Î'¯¯G/  FÎ¯F'Î¯¯¯G  N  7¯¯.G9/27 G¯¯.7/ Î

Î.F'¯7Î¯¯G ¯6. N G7¯¯  ̄ÎF'¯¯.'Î. GÎ¯¯FF' Î'7'/ �/'7¯¯-
/¯¯6'.6 G 

GFNGF 6N7  Î7'/7. 
  ?¯Î8N. 8' G/'..¯7' '¯. GFNGF ¯Î.'G.7Î7Î7'/7.� F/G Î'G

  '¯.  7~¯7  N  /6  FÎÎ?.  G?F'7G  /7NG  GÎ7FG  7/  Î/'GF6Î~
F/G .Î?FNG /g7' G¯FNGF Î'¯GFNGF Î.7. �Î7'/7. G  Î'G

 �/F/Î/7¯  .'7  GFNGF  .6'/7.  .Î?FNG  7 F  8'  .7'FG'F
 ÎÎ'ÎG'7>. .'7..G FÎÎ?. .G. 7~7¯Î7G  8'

(  ÎÎ'ÎG'7>.  .¯Î?FNG  G.7Î7  G'¯.7/  8'  �7'ÎF )  
  ?NG.G 7/ G/6 G/'..7'30    G7ÎF8'H'.'Î. 7G6 /77 Î'G  

 GFNGF  Î'7.  Î7'/7. G.  /6   '..F'  '7  GÎ7FG  F¯  G¯  Î7N7
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  G/G/  66N~  8'   F..G  Î'G/7¯7'¯  '.  ÎÎ7'FG  7'ÎF  FÎ'
  �Î.'G/.  �Î7'..  �ÎFN¯7G   7'FG  GFG. /'NG  GF'.7'¯

ÎÎ''>¯7'~ N 7G6 FÎ/'ÎG �  'G  N  '7 ¯¯ÎG'7.7~ 7'ÎF FÎF�GG
  F¯6( /6 FG'61 GFNGF G)  'G F7G 7/ N G..G ¯Î Î7 7/  

   7'.  HN/.  N  ¯6.  G'G.  .Î'?7  '.  �)G'G7NÎ7G6(
 )Î6FG 7'6.' GFN  ̄7G 8' G/'..7' G/?( G/6 G&'7' Î'G/7'/F'.7'

  ¯G¯ '..7.  '>'¯ N Î¯Î.7g~ ÎGFF Î'G7( 7'F¯ 8' .F'.  
H'.'Î.'G  N  7'F¯  'G7'NÎ/  ?G. N .6'/7.Î7N(    G/F/Î/7¯ H8N

 GFNGF 7G Î.Î7Î.    7NF.G( Î.Î¯7.3   GF7'G '. �GG '. GFNGF50
 '.100)  300 G7¯ÎG/6'. 7/ 7'.>N/7¯ .'70 G G7Î¯ Î'G

 GFNGF  7N7.G  ÎFFÎ.'  ÎF~7'7F  Î7'/7.    G.G7¯N 8'  /?.
G7'G6 G/F/6 FÎ.FG G'¯6Î'G8( G. 'G6ÎF'F( G'.F' Î'7. Î7''¯  

7Î'ÎG  Î'7.  FÎF�GG G   . F>   GFNGF'G  '.   ̄ '.  �GÎ7FG   N/  
 GFNGF   ̄ '.   GFÎG8  ' 7.G ¯Î  G? 87/  7'FG 7/.  G/7N.F 

.6'/7. /6 G 
 

 
    

 
 

 GFNGF  Î'G/  7/  HN(  G'¯.7/  '.  G'¯6Î'G8(  7/  'G100  
Î.F'7 G.7/  ./G Î7 /'7¯24  G/F/6 ¯6. .?'7   Î'7.  

H'FÎG7'  8'  G/?  8N7.   Î'G'7.  G8'/F'N Î7Î¯  . F> G.7'/G-
 GFNGF �'G Î'G/ 7/ 'G4  Î.F'7 G¯.7//'7¯  F'�.Î 7/ � G¯F-

/H(  8'  G/F/Î/7¯  Î7'G¯  77F  '.  .'70  G¯  ÎÎ'.  8'  7.63  
 ÎF'7( G. 7.GN7¯ÎG  ÎG 6.~ N  F?G 'NG 7//7¯/F   F'G.7' N  

H'6/N7N   G.  .7Î7ÎG 7.6Î. Î7.F. G N /6'. /?'. G.Î.F7/
7'GÎ.Î ÎG ÎÎ'8/FN67�  ''F GFNGF ÎG'G. GFNGF G'7GG G. 'G Î'G

  .7/  7'ÎF  8'(  /G'6¯F'  8'  G'¯6Î'G8(  7/  )G/7N.F63  

  

7'.>N/7¯ Î7'/7.GFNGF 7'ÎF N 7G6N. H'.7' 7/ H'.8'7. 7G6 .Î?FNG .1 F¯6

7G 8' G7¯ 0/25 /N/7 7~7 G/F/6 G/'/ 7N.? Î7.GN7¯ÎG 'GGFNGF Î8'7G/'G& 6N7
 N7 G. �G/6 ¯F' N ¯6. GFNGF77N. Fg/F'   /Î7'7'G�

()  G/'G(  Î8'7
  N  /F/6  '.  Î/Î7'  G6G  G.Î.F  7/FG?F'7N.7/
  .G7¯  G'.F'  G.  FNF/G  �G6G  F7'7G  8'  /?.  G

  G.7 G. 7Î7Î. 7'.N/ 77ÎG  ( '¯. G/¯G( .¯7/25  ÎFÎG  7.ÎF
 ÎG'7 '¯>'¯ 77N. 7~7 N /6 G/F'77 102  /'N¯G GFN¯7G

 'Î  F?G .'7 .7N/¯   G/Î/7¯ GG'/' 7/ ÎFÎG ¯Î  Î76. '.
F/ G. GFNGF 7.ÎG'¯.7  Î7 ... Î'G7g~ .F7G/6
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N 7N~ ÎF'GÎF7 H'8N7G   8'..7N~ '67/ÎG/

107    f    GF.G  7/FGGÎ  .6'/G.  /GÎ�7 F'7 GG/6'N/� G7'G6 1�  6ÎÎ'~1403

  .G.G7¯  .7N7  .'6FG  6F'N Î'7.  
F7.F¯  .¯¯Î.Î¯    .¯Î.Î¯ FÎG6. N   GFNGF'G � 

 G¯¯FNGF 8'7'7¯. '. N /G'¯¯6 Î'G15  /77/8' GFNGF'G '.(
 .F/7Î85  )/77/ /Î/7¯ G/'..7'8�5G 

 .Gg7 ¯7Î7 Î.'Î67' F/G 
 Î.'Î87' F/G ¯7Î7 H'7F' .Gg7   /N.NG FÎ¯F7 .'6FG G.

H'.'Î. 7'.>N/7¯ 7/  .'7'7. 'G  G/6 G&'7' F/G  7F'�( 77N.
 .>'.77Î/G(  G//.G  .g'Î'  .7Î8  )
.7'8G    H'7F' Î7Î¯7'7F 87?G 7/ Î777. G. �F/G FÎ' 7/
  '.  FÎ¯F7 .'6FG  7.F. �?F. FG'6  '.7Î7G G7  Î77 8'

Î'7. G.7' G/6 G..'/7~ Î.7N~  '. N  7Î/'ÎG 7N FG FÎ'
(  .'6FG  GF'8N7   '.)  '.   '.  7Î7G  G77G  7/
( .g/'?G 8' G/'..7'1  '.3/6 G.7'/G )9G 

 GF/'?G1 

        
 GF/'?G2

         
 GF/'?G3 × 1026  ý��ÿþÿþÿý = C × SA × SL × ABS × EF × EDF

BW×ýÿ 
    Î'G7.G'7'~ .'.7'/G FÎ' 7/  �  N

  .Î.7. G. GF'8N7  '. FÎ¯F'ÎG.'6FGÎFÎG(  G7¯
  )8N7 7/ G7¯NFÎ¯ 7. Î77 8'    �Î.7N~  '. N 7.F. �?F.

 N7'.>N/7¯ 7/ .'6FG . F> ( ).7'   .'Î&6.

  7.G'7'~  7G ( FN/. 7/ 77. Î.'Î87'1G.7' G/G( )    8'  7~
  �'G7Î7G 8' ¯Î7G Î'7. .'6FG GF'8N7  '. 7'/ÎG G.7'/G

H'777 7Î> 77. ÎÎ'8    GN7¯ N/ 7G Î'7. 'G7Î7G F¯
H'6ÎG  ?NG.G   Î77  8'  Hg'7¯76.  N  H'¯/N¯    7G

/6 FÎÎ?. �6FG H( .ÎG7 7'/ÎG 7. 7Î7G10G       
 GF/'?G4 

  77. :H'777 7Î>ÎFÎG( .'6FG ÎÎ'8 7/ G7¯NFÎ¯ 7. G7¯
 �)8N7  77F? 8N/�G'    ?.7G 77F? 8N/ 

FN/¯. 7/  (2?¯.7G .ÎG¯7 7Î/'¯ÎG )  7N.¯'¯G N
 H'77¯7 .Î¯6 6FG Î'7. .'G.7' G/6 G/7N(7¯'

1<  ÎG 77. G. H'7F' .Gg7 �/6'.  7/ N /.G'1  g  
ÎF'777 7Î> .'7''/7'/F /N.N H'7F' .Gg7 7.7 G

 GF/'?G5 
HI = 3  

H'7777Î>  Î?G..  77.  7.'6  7'/ÎG  ÎÎ'8    F¯
  .'7'  7.  H'¯/N¯  N  Hg'7¯76.  GN7¯  N/  7G  Î'7.  .'6FG

( GF/'?G5ÎG G.7'/G ) G/N6    7¯' GF/'?G FÎ' 7/1>    /6'.
H'7777Î> .'7''  7'/ÎG N �.7' G¯ ÎÎ'8    FÎ.4 -1    Î'7'/
H'7777Î> .'7'' N 77N.G ÎÎ'81<H'777 7Î> 77. �-

8/7'/ ÎÎg'. ÎÎ'7G 
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GF.G 7/FGGÎ .6'/G.  /GÎ�7 F'7 GG/6'N/� G7'G6 1�   6ÎÎ'~1403   f   108

 
H'777  77.  Î.'Î87' .'6FG  ÎÎ'8      Î?G..  77.  N

 H'777 ÎÎ'8() 
H'777  77.  Î.'Î87' .'6FG  ÎÎ'8  8'  ¯Î  7G  Î'7.

 G7 Î'G7Î7G( .g/'?G 8' G/'..7' '. GF'¯6  N7ÎG G.7'/G )-
6/N11 G 

 GF/'?G6 
CR = 3ADD 

 GF/'?G7ÿýýÿþ × ý��ýþÿþ +ÿýÿÿ/ÿ × ý��ÿÿ/ÿ + ÿýÿÿý × ý��ÿÿý    

 
  �GNG  GF/'?G  7/  H'777  77.  ¯7Î7  �ÎÎ'8  ADDÿ  Î'G7Î7G 8' ¯Î 7G 7/ .'6FG GF'8N7  '. 7Î/'ÎG

7'7F( .'6FG 87?G 7/ Î7Î¯ÎFÎG8N7 7/ G7¯NFÎ¯ 7. G7¯ )
  Nÿÿýÿ    7/ H'777 G. g..' F'G.7' 7N.¯'G7'7F /7'N 7G-

 G.7' .'6FG 87?G 7/ Î7Î¯  ÎF'777 77. ?NG.G  ÎÎ'8
(H'777 .'6FG ) '8  N GNÎG/'¯ �¯ÎF77( �F¯ÎF �GN7¯(

 N Î.7N~ .'G. �?F. 7Î7G G7 7G 7/ ) 77  Î'7. �G'6F.7'
  77. 8' G/'..7' '. �Hg'7¯76. N H'¯/N¯ ÎF7 GN7¯ N/ 7G

H'777 Î?G..ÎÎ'8 ÎG FÎÎ?. /N611G 

  

)H'.8'7. 7G6 :Î/7NG G?F'7G( Î7G6 ÎF'.'Î. 7'.>N/7¯ 7/ FÎ¯F7 .'6FG 8' Î6'F .Gg7 ¯7Î7 Î.'Î87'

7GG'7'~ 7G Î'G//'N  GÎ7?. N 77. Î.'Î87' .g/'?G 7/ G/6 G/'GG7' Î'G7GG'7'~ .1 FN/. 
 ?.FG  H'¯/N¯  Hg'7¯76.  //'N  GÎ7?.  7GG'7'~
7 ÎFÎG G7¯NFÎ¯ 7. G7¯  . F> 7'.>N/7¯ .'6FG 
7 200 100 ÎFÎG 8N7 7. G7¯  ?F. .7N7 G. GG.'NG 07F

7 63/7 20  8N7 7. .?¯G7.G  7.F. .7N7 G. GG.'NG 07F

12 350 350  F'7 7. 8N7  .'6FG 87?G 7/ Î7Î¯7'7F Î'G8N7  ÎF'N'7G
12 6 24  F'7  .'6FG 87?G 7/ Î7Î¯7'7F ./G
12 15 70  G7¯NFÎ¯  H/. H8N

12 365 365 8N7   FÎ¯F'ÎG  Î'7. .'6FG 87?G 7/ Î7Î¯7'7F H'G8 ./G
H'777 7Î> ÎÎ'8

12 70×365 70×365 8N7   FÎ¯F'ÎG  Î'7. .'6FG 87?G 7/ Î7Î¯7'7F H'G8 ./G
 ÎÎ'8 H'777 

 

12 1×10-6 1×10-6  ÎFÎG 7. G7¯NFÎ¯ G7¯  7N.¯'GFÎ/..
12 1/36 109 1/36 109 NFÎ¯ 7. .?¯G7.G ̄ G7  'NG G.  .'70 7'6.F' 7N.¯'G

12 2800 5800 Î.F'7 ?.7G7.G GÎ7'F  87?G 7/ G.G7¯ 7'7F .7N~ /77 8' Î'
 7'.>N/7¯

7 07/0 2/0 ÎFÎGÎ.F'7 7. G7¯ ?.7G7.G  .7N~ G. 7'.>N/7¯ .'70 Î¯/F.7� 7N.¯'G
12 001/0 001/0   G. Î/77  '. 7N.¯'G .7N~
7  ÎFÎG 8N7 7/ G7¯NFÎ¯ 7. G7¯  .'6FG ?.7G 8N/ 7'/ÎG 

7   ÎFÎG 8N7 7/ G7¯NFÎ¯ 7. G7¯   G8'/F' /7'N 7G 7/ ÎÎ'8 H'777 g..' F'G.7' 7N.¯'G
 .'6FG Î7Î¯ 
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N 7N~ ÎF'GÎF7 H'8N7G   8'..7N~ '67/ÎG/

109    f    GF.G  7/FGGÎ  .6'/G.  /GÎ�7   G7N/12� G7'G6 1�  6ÎÎ'~1403

G.G'Î 'G 
  ÎF'.'Î.  7'.>N/7¯  7/  FÎ¯F7  .'6FG  . F>  Î7'G(  FÎF/.

 H'.8'7. 7G6 
 GÎ6..  FÎ¯F7 .'6FG . F> Î7'G( FÎF/.N  7G6 7'.>N/7¯

G7F  8'  G/'..7'  '.  H'.8'7.7'6G'N
  H�7N26    FÎ¯F'ÎG   ÎÎ/.  FÎ'  7/  G/6  G'.F'

  �7'Î?G  .'7/F'  �GFÎ6Î.  7'/ÎG  �GFÎG¯  7'/ÎG  �.'6FG  . F>
.Î77 �Î¯/Î6¯  �.'7ÎÎ>.Î¯FN� F'G7F  FÎF�GG N    H/N.
 G/'/7.  'G  ¯FÎN  N7Î~'6  HNG8(  .'7'

    �GNÎG/'¯ �GN7¯ �ÎN7 � 77 �FG( 6FG .6G Î'7.
/6 Î777. F¯ÎF N ¯ÎF77( �7G FN/.(3  N7Î~'6 HNG8( G)

ÎG  H'6F  ¯FÎN  7'/ÎG  �/G/  ÎF?G  /77()Î7'/
  .7N7 G. .'6FG ÎG'G. Î'7.5/0  ÎG G.Î.F 7/ �/6'.

G/'/  ÎG'G.ÎG  .Î?..  F'G7F  ?Î8N.  8'  'G/FF¯15    N16  G  .Î'.F
FÎ¯F7  .'6FG  . F>  FÎ¯F'ÎGÎG  H'6F G¯  /G/  FÎ7.G¯

. F> G.  7N.7G 6FG  GNÎG/'¯23/0  FÎ7.6Î.  N )
. F>  FÎ¯F'ÎG(  FG(  6FG  G.  7N.7G  86/14694  )

FG(  .7N7 G.  FÎ¯F7  .'6FG  . F>  ÎFN6F  7Î7  G.7' > 
ÎN7>  7G>   77>  GN7¯>    F¯ÎF>¯ÎF77(>    GNÎG/'¯

ÎG  G/G'6G  . F>  '.  .'6FG  . F>  FÎ¯F'ÎG  G7Î'ÎG  G/N6
H'6F GFÎG8  .'6FG G'G. FÎ¯F'ÎG . F> G¯ .7' FÎ' G/FG/

ÎG GFÎG8 8' 7.6Î.  7¯F'Î'GF 6FG 7G /'Î8 7'Î?G .'7/F' G/6'.
  7'.>N/7¯ 7/ 6FG H( .'7ÎÎ>. G7.7¯ G¯ .7' ?N7NG FÎ'

ÎG ?Î7N 7G6 G¯ �/6'.  7'Î?G .'7/F' FÎ7.6Î. G?F'7G FÎ' 7/
 FG  G.  7N.7GFG(  6(35/2941G¯  N  )  7'Î?G  .'7/F'  FÎ7.

( GNÎG/'¯ 6FG G. 7N.7G061/0ÎG )  .Î77 8' G/'..7' '. G/6'.
.'7ÎÎ>.�  ÎG  Î7Î'~7ÎÎ>.  N  Î¯/F¯'7~  G.7/  H'N.

G8'/F' '7 7'.>N/7¯ .'6FG . F>Î.7N7 7/ G/NGF Î7Î¯ G¯
  ÎN'7G  N  7.G¯  .'7ÎÎ>.  .Î7720    /77/%20(CVf  

  .'7ÎÎ>. .Î77 �¯/F' .'6FG . F> .'7ÎÎ>. G.7/ �/6'.
  FÎ.50-21  (  /77/50 %  gg%21)  .'7ÎÎ>.  G.7/  �

  FÎ. .'7ÎÎ>. .Î77 �77N.G .'6FG . F>100 -51   /77/
(%100g  g%51  7/ .'6FG . F> Î7Î'~7ÎÎ>. G.7/ �)

  7¯' N /'Î8 /7    8' 7.6Î.100%  H'6F �/N.Î. G/FG/ .Î'GF
  . F>  .'7ÎÎ>.  G.7/  H/N.ÎG  .'6FG/6'.13  FÎ'  7/  G¯  G

  .'7ÎÎ>. GN//G 7/ F¯ÎF N FG( �GN7¯ .'6FG . F>  ÎÎ/.
  .'7ÎÎ>. G/N//G 7/  77 �ÎN7 �GNÎG/'¯ .'6FG . F> �G¯

  '. 7G 6FG . F> N 77N.G56    '. GN//G 7/ 7ÎÎ>. /77/

  14�13�12 .'6FG .Î6 Î'G7NG¯'G N ?.7G Î'G8N/ 7Î/'FG .2FN/. 

 ÎG7 .'6FG

1g 1f
1 gf

3 hh
1 23 10 4 3 01 10 4 3 00 10 4  ̄ ÎF77(

h/g
h/1

1 10 5 1 10 3 1 10 3  GNÎG/'¯

f/84
f/91

2/06 10 2 2 10 6 2 10 2 F¯ÎF

42
f/g

6 00 10 5
2 86 10 5 3 00 10 3  GN7¯

f ff8g
f f42 5 25 10 4 3 52 10 3 3 10 3   77
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87'Î.'Î 7¯7Î 6'F .Gg7Î  ̄ F7 .'6FG 8'FÎ  . 7'.>N/7¯ 7/ÎF'.'Î 7G6Î /7NG G?F'7G(Î )H'.8'7. 7G6 :

GF.G 7/FGGÎ .6'/G.  /GÎ�7 F'7 GG/6'N/� G7'G6 1�   6ÎÎ'~1403   f   110

  7'/ÎG F'G7F ?Î8N. ¯Î Î'7. �O'FG7 G/F7'/ 7'7F /'Î8 .'7ÎÎ>.
  7.'7. Î¯/Î6¯3 ±  ÎG 7.7 7.'7. Î¯FN� N  .F'7 7/ G/6'.

(  G8'.  7/  Î¯/Î6¯  N  Î¯FN�  G�F'F�  ÎF¯2-  '.2  7'7F  )+

G/'/ �/6'.  G.6'/?Î8N. 8'  'G  /F.7G 7'/7N.7. F'G7F15/ G 7
  GGG  Î'7.  Î¯/Î6¯  N  Î¯FN�  FÎ¯F'ÎG  H'6ÎG   ÎÎ/.  FÎ'

77'F?F'G7F G/N//G 7/ N ../G (2- '.2G/7'/ 7'7F )+ 

 
ÎF'7777Î> ¯7Î7 Î.'Î87'.'6FG 7'.>N/7¯ 

  G/6 G&'7' F/G .'7' 7. .'6FG ÎF'7777Î> ¯7Î7 Î.'Î87'
7Î/G  .>'.7  7F'�(  77N.  '¯Î7G(  .7Î8  

  GN7¯ N/ 7/ .'6FG GFÎ6Î. N GFÎG¯ �FÎ¯F'ÎG 7'/ÎG G7  Î'7.
/6 FÎÎ?. N Î777. H'¯/N¯ N F'7¯76.8 G 

  GF'8N7  '. 7'/ÎG '/..'( .'6FG) �?F. 7Î7̄G G 7̄ 8'
G8'/F' Î.¯̄7N~ .'G. N G'¯̄6F.¯̄7' FÎ' .Î'.F G¯ �/¯̄6 Î7Î¯

Î.'Î̄87'( FN/.̄ 7/ 'Ḡ4GF̄'8N7  '.̄ 7'/Î̄G G/¯̄ ¯6 G/7N( ) 
Hg'¯̄ ¯7¯76. N H'¯̄ /N¯ Î'7. 7Î¯̄ ¯7G G¯̄ ¯7 7G 7/ .'6FG      

FÎ.10-10'. 11-10  G.7' 

 FG(  6FG  G.  7N.7G  .'6FG  GF'8N7   '.  7'/ÎG  FÎ7.6Î.         
(2  -10G¯ N H'¯/N¯ GN7¯ 7/ ?F.  Î77 8' N )   '. FÎ7.

( GNÎG/'¯ 6FG G. 7N.7G GF'8N72-10)    GN7  ̄7/ 7.F. 7Î7G  8'
ÎG Hg'7¯76.  ..7F G. H'¯/N¯ ÎG'G. 7/ ÎF¯ 7N7 G. G/6'.

  G.7'  7.6Î.  ÎG¯  .'6FG  GF'8N7   '.  7'/ÎG  Hg'7¯76.
FÎF�GG  N/ 7G 7/ GF'8N7  '. 7'/ÎG FÎ7.6Î.  ÎF7 GN7¯

  G. 7N.7G H( FÎ7.G¯ N ?F. 7Î7G 7/ .'6FG ÎG'G. Î'7. N
ÎG 7.F. G/6'. 

 

ÎG7N~ 7'G. N H'6FG7' �?F. FÎ77 G7 8' .'6FG GF'8N7 (6. H'6ÎG .4FN/.
 H'¯/N¯  Hg'7¯76.

 6FG
2/f9 1f-8 2/08 10-6 7/47 10-4 1/17 10-8 3/18 10-7 7/99× 10-5 4/58  FÎ¯F'ÎG

 7Gh/f8 1f-9 6/06 10-7 2/17 10-4 3/41 10-9 9/28 10-8 2/32 10-5 17 GFÎG¯
g/44 1f-8 5/42 10-6 1/94 10-3 3/05 10-8 8/29 10-7 2/08 10-4 152  GFÎ6Î.
1/99 1f-8 1/98 10-6 7/13 10-4 1/12 10-8 3/04 10-7 7/62 10-5 73/55  FÎ¯F'ÎG

 GN7¯1/g 1f-8 1/49 10-6 5/37 10-4 8/44 10-9 2/29 10-7 5/74 10-5 42 GFÎG¯
2/7g 1f-8 2/74 10-6 9/84 10-4 1/54 10-8 4/20 10-7 1/05 10-4 77  GFÎ6Î.

 ) ( H'.8'7.7G6 ÎF'.'Î. 7'.>N/7¯ 7/ FÎ¯F7 .'6FG .>F> Î7'G& G7g. .3 FN/. 

*  .
 

 .>F>
 GFÎG8

 Î¯/Î6¯  Î¯FN�  7'Î?G G'7/F' .Î76   .'7ÎÎ>.
 )/77/(

7/¯'//  FF'//  FÎ¯F'ÎG  77F?

1f3/f 40 927/0 - 365/0 36 /10 18 77 42 73 /55 GN7¯ 

g83/f 09 /0 960/0 25 /0 061/0 21 4/0 1/0 23 /0  GNÎG/'¯

hfh/f 15 196/0 762/0 32 /35 56 152 17 40 /58  7G

f94/f 19 07 /1 902/0 01 /6 19 47 21 03 /30  F¯ÎF

178/f 12 547/0 - 421/0 51 /25 42 117 22 53 /60  77

1f3/f 35 575/0 812/0 67 /70 39 361 54 06 /178  ÎN7
f91/f 9184 199/1 - 229/0 35 /2941 20 19972 10567 86 /14694 FG(
1g9/f 2/3 663/0 - 493/0 25 /1 21 /32 7/6 2 88 /3  ̄ ÎF77( 

*ÎF?G /77( ¯FÎN N7ÎÎ~'6 HNG8& 7/ Î7'/g /f< ) 
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N 7N~ ÎF'GÎF7 H'8N7G   8'..7N~ '67/ÎG/

111    f    GF.G  7/FGGÎ  .6'/G.  /GÎ�7 F'7 GG/6'N/� G7'G6 1�  6ÎÎ'~1403

8/23 1f-11 8/21 10-9 2/94 10-6 4/62 10-11 1/25 10-9 3/14 10-7 23/0  FÎ¯F'ÎG
 GNÎG/'¯4/29 1f-11 3/57 10-9 1/28 10-6 2/01 10-8 5/46 10-10 1/36 10-7 1/0 GFÎG¯

1/43 1f-1f 1/42 10-8 5/11 10-6 8/04 10-8 2/18 10-9 5/74 10-7 4/0  GFÎ6Î.
2/17 1f-8 2/16 10-7 7/74 10-4 2/1 10-8 3/30 10-7 8/28 10-5 53/60  FÎ¯F'ÎG

  777/87 1f-9 7/85 10-6 2/81 10-4 4/22 10-9 1/20 10-7 3/01 10-5 22 GFÎG¯
4/18 1f-8 4/17 10-7 1/49 10-3 2/35 10-8 6/38 10-7 1/6 10-4 117  GFÎ6Î.
g/28 1f-h 5/26 10-4 1/87 10-2 2/95 10-6 8/02 10-5 2/01 10-3 86/14694  FÎ¯F'ÎG

FG(3/78 1f-h 3/77 10-4 1/35 10-2 2/12 10-6 5/76 10-5 1/44 10-3 10567 GFÎG¯
7/1g 1f-h 7/13 10-4 2/55 10-2 4/01 10-6 1/09 10-4 2/73 10-3 19972  GFÎ6Î.
h/48 1f-8 4/64 10-6 2/27 10-3 3/57 10-8 9/72 10-7 2/43 10-4 96/178  FÎ¯F'ÎG

ÎN72/f7 1f-8 2/07 10-6 6/91 10-4 1/08 10-8 2/94 10-7 7/39 10-5 54 GFÎG¯
1/3f 1f-7 1/29 10-5 4/61 10-3 7/25 10-8 1/97 10-6 4/94 10-4 361  GFÎ6Î.
1/f7 1f-8 1/07 10-6 3/84 10-4 6/03 10-9 1/63 10-7 4/11 10-5 03/30  FÎ¯F'ÎG

F¯ÎF7/g1 1f-9 7/49 10-7 2/68 10-4 4/22 10-9 1/14 10-7 2/87 10-5 21 GFÎG¯
1/h8 1f-8 1/67 10-6 6/01 10-4 9/44 10-9 2/56 10-7 6/43 10-5 47  GFÎ6Î.
1/38 1f-9 1/38 10-7 4/96 10-5 7/79 10-10 2/11 10-8 5/31 10-6 88/3  FÎ¯F'ÎG

 ̄ ÎF77(7/1h 1f-1f 7/14 10-8 2/56 10-5 4/02 10-10 1/09 10-8 2/73 10-6 2 GFÎG¯
2/39 1f-9 2/39 10-7 8/57 10-5 1/34 10-9 3/65 10-8 9/17 10-6 7/6  GFÎ6Î.

G H'7777Î> Î?G.. 77. 7'/FÎÎ'8 () .'6FG  FÎ¯F7 
  7'/ÎG �77'7  ÎÎ/. 7/   H'¯/N¯ GN7¯FÎ.1-10  '.3 -10  
  FÎ.  Hg'7¯76. Î'7.  N2 -10  '.4-10  ÎG  /6'.1>  G¯ �

  N/ 7G 7/H'7777Î> Î?G.. 77. GN7¯ÎÎ'8  G.7' G  ̄ÎFÎ.

  7'/ÎG Î777. '.  ÎF¯7N7 G.    H'¯/N¯ 7/ �/6 7.6G
H'7777Î> 77.. 8' 7.6Î. ÎÎ'876ÎG Hg'7¯  N/ 7G 7/ G/6'.

H'7777Î>  77. GN7¯  8'  7.6Î.   77 N  GN7¯  .'6FG  ÎÎ'8
G¯ N .7' 7¯Î/ .'6FG G. 7N.7G GN7¯ N/ 7G 7/ 77. FÎ7.

  FN/.( .7' GNÎG/'¯ 6FG5  G) 

    H'.8'7. 7G6 7'.>N/7¯ FÎ¯F7 .'6FG ) ( ÎÎ'8H'7777Î> Î?G.. 77. N ÎÎ'8H'7777Î> 77..gFN/.

 Hg'7¯76.  H'¯/N¯  .'6FG

2/f3 1f-3 2 /66 10-5 2 /00 10-3 2 /79 10-7 1 /88 10-2 1 /74 10-4 1 /87 10-2 4 /98 10-7  FÎ¯F'ÎG

7Gg/9f 1f-4 7 /74 10-6 5 /82 10-4 8 /14 10-8 5/480 10-3 5 /06 10-4 5 /43 10-3 1 /45 10-7  GFÎG¯

g/27 1f-3 6 /92 10-5 5 /20 10-3 7 /27 10-7 4 /90 10-2 4 /52 10-4 4 /86 10-2 1 /30 10-7  GFÎ6Î.
3/f9 1f-2 5 /02 10-3 2 /51 10-2 3 /91 10-4 2 /71 10-1 3 /32 10-2 2 /37 10-1 6 /97 10-4  FÎ¯F'ÎG

 GN7¯2/33 1f-2 3 /82 10-3 1 /91 10-2 2 /95 10-4 2 /05 10-1 2 /50 10-2 1 /78 10-1 5 /25 10-4  GFÎG¯

4/27 1f-2 7 /10 10-3 3 /14 10-2 5 /41 10-4 3 /75 10-1 4 /58 10-2 3 /28 10-1 9 /63 10-4  GFÎ6Î.

4/4f 1f-4 1 /26 10-4 3 /14 10-4 4 /62 10-8 2 /94 10-3 1 /37 10-14 2 /94 10-3 8 /23 10-8  FÎ¯F'ÎG GNÎG/'¯
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87'Î.'Î 7¯7Î 6'F .Gg7Î  ̄ F7 .'6FG 8'FÎ  . 7'.>N/7¯ 7/ÎF'.'Î 7G6Î /7NG G?F'7G(Î )H'.8'7. 7G6 :

GF.G 7/FGGÎ .6'/G.  /GÎ�7 F'7 GG/6'N/� G7'G6 1�   6ÎÎ'~1403   f   112

2/3f 1f-4 6 /55 10-5 1 /36 10-4 2 /41 10-8 1 /53 10-3 5 /95 10-15 1 /27 10-3 4 /29 10-8  GFÎG¯

7/hh 1f-4 2 /18 10-4 5 /47 10-4 8 /04 10-8 5 /11 10-3 2 /38 10-14 5 /11 10-3 1 /43 10-7  GFÎ6Î.

2/43 1f-2 6 /29 10-4 2 /37 10-2 3 /46 10-6 2 /26 10-1 4 /12 10-3 2 /21 10-2 6 /16 10-6  FÎ¯F'ÎG

  778/84 1f-3 2 /28 10-4 8/609 10-3 1 /25 10-6 8 /19 10-2 1 /49 10-3 8 /03 10-3 2 /23 10-6  GFÎG¯

4/7f 1f-2 1 /21 10-3 4 /57 10-2 6 /68 10-6 4 /35 10-1 7 /95 10-3 4 /27 10-2 1 /18 10-5  GFÎ6Î.
1/7f 1f-2 1 /11 10-4 2 /29 10-3 1 /34 10-2 5 /40 10-2 7 /52 10-3 2 /24 10-2 2 /40 10-2  FÎ¯F'ÎG

FG(1/22 1f-2 8 /16 10-4 1 /68 10-4 9 /59 10-3 3 /87 10-2 5 /38 10-3 1 /60 10-2 1 /71 10-2  GFÎG¯

2/31 1f-2 1 /48 10-3 6 /19 10-4 1 /82 10-2 7 /31 10-2 1 /01 10-2 3 /04 10-2 3 /25 10-2  GFÎ6Î.

 

 
H'77777. Î.'Î87' ÎÎ'8 H'777 Î?G.. 77. N ÎÎ'8       

(  ) 
H'7777Î> .'7''  Î'7'/ Î777. /7NG 77'F? GGGÎG ÎÎ'8  �/F6'.

 GÎ.7  .77GG  .'7'  7.  ÎFN  ÎFFGF'  FÎ.  7F'�(  77N.  G¯  Î/F.
H'777 .'ÎÎÎ/. GÎG..7' G/6 �   H'777 .'6FG Î'7.

'8    FÎF/ G.  77 6FG FÎF�GG N ¯ÎF77( �F¯ÎF �GNÎG/'¯ �GN7¯ F/G
 ÎG 7.F. N ?F. G'7 8' H'7F' Î.Gg7 ÎN7 7. G¯ Î/'Î8 87'N?

¯.G7¯ .7N7 Î777. �/F7''17  7'/ÎG 7¯'   FÎ. G/N//G 7/

10-4  '.6-10  .7' F7.F¯ ./. N G/6 G.G7Î'~ ¯7Î7 Î'7'/ �/6'.
H'777 77. Î'7'/ .7' F¯GG GN//G FÎ' 8' 07'. N  Î'7. ÎÎ'8

  7.F HNÎFÎG ¯Î 7G/6'.12ÎG H'6F .Î'.F GH'777 7'/ÎG /G/  ÎÎ'8
  G/N//G 7/ )¯ÎF77( N F¯ÎF �7G �GN7¯� 77( .'6FG5-  10    '.

10-11 

  

   ÎÎ'8H'7777Î> Î?G.. 77. N H'.8'7. 7G6 7'.>N/7¯ FÎ¯F7 .'6FG ÎÎ'8ÎF'7777Î> 77.. gFN/. GG'/'  

 Hg'7¯76.  H'¯/N¯ .'6FG

8/29 1f-4 1 /62 10-5 8 /12 10-4 1 /20 10-7 7 /78 10-3 1 /05 10-4 7 /58 10-3 2 /14 10-7  FÎ¯F'ÎG

 ÎN72/g1 1f-4 4 /91 10-6 2 /46 10-4 3 /61 10-8 2 /33 10-3 3 /21 10-5 2 /30 10-3 6 /44 10-8  GFÎG¯

1/h8 1f-3 3 /28 10-5 1 /64 10-3 2 /43 10-7 1 /57 10-2 2 /14 10-4 1 /53 10-2 4 /34 10-7  GFÎ6Î.

2/f9 1f-3 3 /03 10-5 2 /05 10-4 2 /91 10-7 1 /93 10-2 1 /98 10-4 1 /90 10-2 5 /18 10-7  FÎ¯F'ÎG

 F¯ÎF1/4h 1f-3 2 /12 10-5 1 /43 10-3 2 /07 10-7 1 /36 10-2 1 /38 10-4 1 /34 10-2 3 /64 10-7  GFÎG¯

3/27 1f-3 4 /75 10-5 3 /21 10-3 4 /48 10-7 2 /97 10-2 3 /10 10-4 2 /94 10-2 7 /99 10-7  GFÎ6Î.
4/f4 1f-g 4 /03 10-5 1 /77 10-9 2 /59 10-9 1 /66 10-8 7 /95 10-3 1 /65 10-8 4 /61 10-13  FÎ¯F'ÎG

 ̄ ÎF77(2/f8 1f-g 2 /08 10-5 9 /12 10-10 1 /34 10-9 8 /58 10-9 5 /80 10-11 8 /52 10-9 2 /37 10-13  GFÎG¯
h/97 1f-g 6 /96 10-5 3 /05 10-4 4 /48 10-9 2 /87 10-8 1 /94 10-10 2 /85 10-8 7 /96 10-13  GFÎ6Î.
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N .7' H'ÎG FÎ' 7/ FÎ' G¯ �/7'/ '7 7'/ÎG FÎ7.6Î.

( F7.F¯ ./. N G/6 G.G7Î'~ G/N//G 7/ 7'/ÎG4 -10  '.6-10  )
N  GN7¯  6FG  G.  7N.7G  N  .7'(  F¯ÎF5-  10ÎG  )  G/6'.

FÎF�GG  (  77 6FG7-  10G¯ ) G.6'/ '7 7'/ÎG FÎ7.
Î. NH'777 6FG FÎ7.77.  FN/.( .7' '86  G)  Î?G.. 7'/ÎG

H'777ÎÎ'8   ÎÎ/.  FÎ'  .'6FG  ÎF7  GN7¯  N/  7G  Î'7.
  G/N.  F7.F¯  ./.  G/N//G  7/  )Hg'7¯76.  N  H'¯/N¯(    N

 G.  .'6FG  Î.7.  . F>  ÎFN  �/F7'/  ÎG¯  Î¯/NF(  7N7.
  ¯'F77. /7 G.  '.  /N6 .7' F  /Î'.  F¯ÎF  N  GN7¯  .'6FG

  G/F77F 

 //. 
  Î'G7G6  ÎF'.'Î.  7'.>N/7¯  7/  FÎ¯F7  .'6FG  . F>
  �ÎÎ'NG N  ( 7Î'76 �ÎÎ'ÎGÎ6N&� .Î¯7. G. G.7.  F..G
  ÎÎ/. 7/ G¯ �.7' .N'..G ÎF'7F' G/FÎg( ?.'FG N .Î?G.
  7Î/'ÎG G. ..7F FÎ¯F7 .'6FG . F> H/N. g'. 6ÎF 77'7

.ÎF'?G  7Î''.  GF'6F  �GFÎG8  . F>  6Î'6G'  7/  ÎF'7F'  Î'G
  �.7N7  7G  7/  G.7'  H'.8'7.  7G6  7'.>N/7¯  7/  77'F?

  7G6 .Gg7 .Î?7N 8'  Î/7.7'¯  ÎÎÎÎ/. 77'7 6GN�~
�.7'  H'.8'7.    ÎF'7777Î>  77. H(  7/  G¯( )    .'6FG

  FÎ¯F7   GFNGF  ÎF7' Î'G7Î7G 8'  �ÎF'¯.'Î. 7'.>N/7¯ Î'G
  Hg'¯¯7¯76. N H'¯¯¯/N  ̄Î'7¯¯. �7.F. N Î.7N~ .'G. �?F.

6ÎG G/¯¯6 Î.'Î87'H'7777Î> 77. H'  GN7¯ N/ 7G Î'7. ÎÎ'8
  ÎF7.'?F'7G  /FF'GG(2018)18  N

ZgCobicki N  (2021)7  ¯�N¯8'  7. ̄ Î  
(1>  GN7¯¯  7/  H(  H'6ÎG  FÎ7.G¯  N  FÎ7.6Î.  N  G/N.  )

  Î'7.  H'¯/N¯  ÎF¯7  Î'7.  .Î.7.  G.  FÎ¯F7  .'6FG  ÎG'G.
N  ?F.  7Î¯7G  77'7   ÎÎ/.  7/  FÎF�GG G/6  FÎÎ?.  7.F.

H'7777Î>  77.  FÎ7.6Î.'¯/N¯  Î'7.  ÎÎ'8H    Hg'7¯76.  N
G¯ N GN7¯ 6FG G. 7N.7G  N GNÎG/'¯ 6FG G. 7N.7G 77. FÎ7.

 Î77 8'7Î7G ?F.H'7777Î> 77. G/Î/7¯ 7.6G  7/ ÎÎ'8
  N H'¯/N¯  FÎ7.g'. ?F. 7Î7G 7/ .'6FG F¯ Î'7. Hg'7¯76.

 G. �/'/ 7'7..' /N. G. '7 7'/ÎG FÎ7.G¯ 7.F. 7Î7G 7/ N
  .'G. Î'7. N FÎ7.g'. 7.F. Î'7. G¯ FG( 6FG /7NG 7/ 6.

 G/6 Î.'Î87'  7'/ÎG FÎ7.G¯ Î.7N~  7'/ÎG    Î66Î7 7'.>
7G6  H'.8'7.    .'ÎÎÎ/. /FF'GG  ( H'7'¯GG N2015)19  N

        

8'..7N~ '67/ÎG/ N 7N~ÎF'GÎF7H'8N7G

Hg'7¯76. N H'¯/N¯ Î'7. 7'.>N/7¯ FÎ¯F7 .'6FG ÎÎ'8ÎF'777 Î?G.. 77. N ÎÎ'8H'777 77. .hFN/. 

 .'6FG
 FÎ¯F7

 Hg'7¯76. H'¯/N¯

 GN7¯
 FÎ¯F'ÎG 3/03 10-5-7/11 10-81/29 10-5-1/55 10-74/36 10-5
GFÎG¯ 2/28 10-5-51/4 10-89/84 10-6-1/21 10-73/29 10-5
 GFÎ6Î. 4/25 10-5-1/00 10-71/82 10-5-2/26 10-76/11 10-5

 GNÎG/'¯
 FÎ¯F'ÎG 1/59 10-6-4/64 10-116/58 10-7-1/04 10-102/86 10-6
GFÎG¯ 6/64 10-6-1/93 10-112/86 10-7-4/34 10-119/51 10-7

 GFÎ6Î. 2/56 10-6-7/73 10-111/14 10-6-1/73 10-103/80 10-6

 (77
 FÎ¯F'ÎG 7/4 10-7-7/81 10-112/41 10-7-1/75 10-108/04 10-7
GFÎG¯ 2/03 10-7-2/83 10-118/77 10-8-6/37 10-112/91 10-7
 GFÎ6Î. 1/08 10-6-1/50 10-104/66 10-7-3/39 10-101/55 10-6

F¯ÎF
 FÎ¯F'ÎG 2/97 10-5-7/74 10-101/28 10-5-1/74 10-94/26 10-5

GFÎG¯ 2/08 10-5-5/41 10-98/96 10-61/21 10-92/97 10-5
 GFÎ6Î. 4/66 10-5-1/21 10-92/00 10-52/72 10-96/66 10-5

 ̄ ÎF77&
 FÎ¯F'ÎG 6/34 10-64/34 10-81/79 10-92/72 10-62/65 10-84/04 10-99/07 10-6
GFÎG¯ 3/27 10-62/23 10-89/26 10-101 /40  .10-61/36 10-82/08 10-94/68 10-6
 GFÎ6Î. 1/9 10-57/50 10-83/10 10-94/71 10-64/58 10-86/98 10-91/56 10-6
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ZgCobicki   N   (2021)7  7/    7Î¯7G  G¯7 7¯G
7.F.�    �ÎF7  GN7¯  N/  7G  Î'7.  �?¯F.  N  Î.¯7N~   '.
¯�N¯ ̄ Î 8' 7.  (1�/G( .7/ G. )    N/ 7G 7/ FÎ'7.'F.

H'7777Î> Î?G.. 77. GN7¯ ÎÎ'8 �.7' G¯ ÎFÎ.FÎF�GG  
7'/ÎG H'¯/N¯ Î'7.  ¯76. Hg'7¯76. ..7F G./N. 7. G

   ( H'7'¯GG N2020)20    .Gg7 Î.'Î87'  8'  7~
   N7 '. GgÎ' 7G6 ÎF'.'Î. 7'.>N/7¯ FÎ¯F7 .'6FG ÎF'7F'
 G¯ /F/Î77 G.Î.F FÎ' G. 6ÎF 77'7 6GN�~ '. G.'6G .Î'.F N

H'7777Î> Î?G.. 77. 7Î/'ÎG   '. 7Î7G G7 7G 7/ ÎÎ'8
  6FG G¯FÎ' N .7' Hg'7¯76. 8' 7.6Î. H'¯/N¯ ÎF7 GN7¯ 7/

  G/7'/  '7  77.  FÎ7.G¯   77  (2018)21  
 7'.>N/7¯ 7/ ÎF'7F' .Gg7 7. FÎ¯F7 .'6FG 77. Î.'Î87'

 G.Î.F  N  /'/  G'.F'  '7  H'/'.(  7G6  ÎF'.'Î.   ÎÎ/.  G.'6G  Î'
FÎ' 7. ÎF.G /7N( .7/. 77'7  6FG ÎF7 GN7¯ N/ 7G 7/ G¯

. FÎ7.6Î. Î'7'/ GN7¯H'777 77  FÎ7.G¯  77 6FG N ÎÎ'8
FÎ'  G.  .Î'F?  '.  �/7'/  '7  77.ÎF7'  ?F.  7Î7G  G¯  G'7  FÎ7.

  6FG  '. 8' Î6'F 77. ''F .7' G/N. H/. G. .'70 /N7N
ÎG 6G'¯  Î77 FÎ' 8'  776Î. G¯ '7Î8 /.'Î  .'7'' FÎ7.

  Î7.F.   '. 7Î7G   Î77  8'  H/.  7/   77 77. N  Î.FG
ÎG  G/6'.  ( H'7'¯GG N2022)22  

  ÎF'.'Î. 7'.> 7/ .'6FG Î.6'/G. 77. Î.'Î87' N FÎF/. 7/
  .'70 ?F.  7Î7G  �77'7 6GN�~  .Î'.F  /ÎÎ'.  7/  07¯ 7G6
  N H'¯/N¯ Î'7. ÎG7 .'6FG '. GG.'NG ÎF7' 7Î7G '7 7'.>
   ÎÎ/. G.'6G  ÎÎ/. FÎ' 7/ FÎ'7.'F. �.7' G.7F'/ Hg'7¯76.

 7.G¯ 77. 7.'6 �77'7  GN7¯ N/ 7G Î'7. FGÎ' /77 8'
ÎG  ÎF7ÎG  H'6F  .Î'.F  G/6'.  77. FÎ¯F7  .'6FG  G¯  /G/

ÎF'7777Î>  G7Î'ÎG 7/  77 N GN7¯ .'6FG 'G' �/F7'/F ÎÎ'8
ÎG  �.'6FG  7Î'7  '.H'¯G  7/  /FF'N.  /FF'G  7G6  //7.7~  Î'G

G'77'G� N Î7'..  7'FGÎF'7777Î> .'77. �'G  G.6'/ ÎÎ'8
  Î?G.. 7'/ÎG G/F6'.H'777 ÎÎ'8   ÎÎ/. FÎ' 7/ 6ÎF .'6FG

 .'ÎÎÎ/. /FF'GG H'7'¯GG N (2015)19 NZgCobicki   
N(2021)7  �  N H'¯/N¯( ÎF7 GN7¯ N/ 7G Î'7.

  G/N. F7.F¯ ./. G/N//G 7/ )Hg'7¯76.(4-10  '.6 -10  )  N

  G/F7'/ ÎG¯ Î¯/NF(FÎF�GG  (  77 6FG7-  10G¯ )-
.  '7 7'/ÎG FÎ7 Î. N G.6'/H'777 6FG FÎ7.77..7' '8  'G' �

  /Î'. N G/N. 7.6Î. .'6FG GÎÎ. 8' F¯ÎF N GN7¯ .'6FG . F>
  '. �.7N7 7G 7/ G/F77F ¯'F77. /7 G. '. /FN6 .7' F
 7/ 'NG G.N. F.'F Î¯/NF( 7. ÎF.G G?F'7G FÎ' .Î'.F G. G.N.
 /N.G. .G. G�7'~¯Î Î.Î7Î/G .'G'/F' G'.F' �H'.8'7. 7G6

 G. Î7N77 'NG .Î.Î¯ÎG 7 F  7'NG Î'G7'¯G'7 GFG.8' �/77
ÎG GFÎG8 FÎ' 7/G/FÎg( 7G.7G 6Î'~ G. H'N. G?7N. �'NG Î'G

.7'Î7 G/NGF G7'6' 6.7 Î'6G G?7N. N ?G'. ÎF7.F¯ Î'G 
G.Î.F Î7Î¯ 

 /77 FÎÎ?. N .Gg7 ¯7Î7 Î.'Î87' G. 6GN�~ FÎ' 7/
  �F¯ÎF  �GN7¯  FÎ¯F¯7  .'6¯FG  Î¯/NF( �7G  �FG(  �ÎN7

  G..'/7~ H'.8'7. 7G6 7'.>N/7¯ 7/ ¯ÎF77( N F¯ÎF � 77
 GGG . F> FÎ¯F'ÎG Î.'Î87' G/6    FÎ¯F'ÎG G¯ /'/ H'6F .'6FG

  G. G.N. '. N .¯7' 7.6Î. GFÎG8 7'/ÎG 8' 77'F? GGG . F>
  FÎG8 G.7N~ 7/ Î?Î.7 7N7 G.  77'F? FÎ'  G¯ ?N7NG FÎ'
  7Î F  Î¯?Î.7  F¯G'N?  8'  7¯Î>  ÎFG'N¯?  'G'  �/F7'/  /N.N
  �'¯GN7/N. ¯Î.¯7g 6Î'¯7 N 6Î'¯77G �FÎ¯F¯7 ¯¯ÎG'7.

..N¯7 N .'6FG Î¯/7N.  6ÎF GÎFÎF FÎ'7N ÎG7¯7G Î'¯G
N GNÎG/'¯ �GN7¯ �F¯ÎF �ÎN7 �7G .'6FG 6Î'6¯G' /¯?'.

7/  77 ÎG ÎF'.'Î. Î'G7'.>/N6G   GFNGF 7'ÎF Î777. '.-
¯ GFNGF /6 7.6G Î7Î. Î¯/NF( G¯ ÎÎ'G G. ..7F Î7.6Î

ÎG H'6F 7¯Î/ 7'ÎF  g'.  ¯ÎG'7. '.  ÎÎ7'FG G.  7N.7G /FG/
  .'77' N 7'8'. GÎ7FG �/'Î8 Î¯/NF( '.  7'FG GFG. 8' �/F.7G

G'77'G� N H'.8'7. 7G6 ÎFÎG. G'G' H'/ÎG  07. Î7'.. Î'G
 G.7' 7G6 FÎ' 7'N.7' �'7'~ N GN¯67'/¯ÎG(7Î>77.-

7H'77)ÎÎ'8 �G¯?F'7G /7N¯G FÎ¯F¯7 .'6¯FG G¯GG Î'7¯.
(  F¯GÎ'  /7¯7  8'  7¯.G¯1>)ÎG FÎ'  G.Î.F  7/  �/6'.

Î7'GÎ. 7 F 8' Î7¯7. �¯ÎG .'6FG  Î'7. ÎF'77¯77¯Î> Î'G
GN7¯  Î.'Î87'  FÎF�GG G/F7'/F Hg'¯7¯76. N H'¯/N¯¯ Î'G

 ÎF'77¯7  77.ÎG H'¯6F G¯¯  /G/    GN//G  7/  GNÎG/'¯  6FG
ÎF'7777Î>N /7'/ 7'7F ÎÎ'8   G/F7'/F .Gg7 ÎN7 7. Î77.
 G¯ ÎF'77/ H'777 7¯7. ÎÎ'8 FÎ¯F'ÎG  �GN7¯ � F¯ÎF .'6FG
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 ?F.  7Î7G  8'   77  GFÎ6Î.  N  ¯ÎF77( ¯7Î7  G/N//G  7/
G/N. ÎFN.F F.'F N F7.F¯ ./.  (4-10  '.6 -10 )    77. G¯FÎ' '. N
Î7'GÎ. 7 F 8' ÎG.N. F.'F  '7 FÎF¯'7 .Gg7 �ÎF'777 Î'G

ÎGF /Î/G.�/FF¯    'G' 7/ .'6FG FÎ'  7'/ÎG 6G'¯ .G. 7/
G/NGF 0'..' /Î'. '7 Î7Î.'/. )Î7'..( //7.7~  7'FG 

 
 

 [
 D

O
I:

 1
0.

61
18

6/
je

he
.1

2.
1.

10
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 je
he

.a
bz

um
s.

ac
.ir

 o
n 

20
25

-1
2-

15
 ]

 

                            13 / 14

http://dx.doi.org/10.61186/jehe.12.1.103
https://jehe.abzums.ac.ir/article-1-1070-en.html


87'Î.'Î 7¯7Î 6'F .Gg7Î  ̄ F7 .'6FG 8'FÎ  . 7'.>N/7¯ 7/ÎF'.'Î 7G6Î /7NG G?F'7G(Î )H'.8'7. 7G6 :

116

1. Ssemugabo C, Nalinya S, Lubega GB, Ndejjo R, 
Musoke D. Health risks in our environment: Urban 
slum youth9perspectives using photovoice in 
Kampala, Uganda. Sustainability 2020; 13 (1): 248.

2. Jacob JM, Karthik C, Saratale R.G, Kumar SS, 
Prabakar D, Kadirvelu K, Pugazhendhi A. Biological 
approaches to tackle heavy metal pollution: a survey 
of literature. Journal of environmental management 
2018; 217: 56-70.

3. Ali Ismat H. Contamination and human health risk 
assessment of heavy metals in soil of a municipal solid 
waste dumpsite in khamees-mushait, Saudi Arabia. 
Toxin Reviews 2019; 40 (1): 102-115.

4. DytCow S, Górka-Kostrubiec B. Concentration of 
heavy metals in street dust: an implication of using 
different geochemical background data in estimating 
the level of heavy metal pollution. Environmental 
geochemistry and health 2021; 43 (1): 521-535.

5. Wang H, Maqbool A, Xiao X, Yang H, Bi W, Bian Z. 
Seasonal pollution and risk assessment of heavy 
metals in atmospheric dust from coal mining 
area. International Journal of Environmental Science 
and Technology 2022; 19 (12): 1963-11972.

6. General Directorate of Meteorology of Bushehr 
Province. Meteorology of Borazjan city. Bushehr 
Province General Directorate of Meteorology website. 
Available from: URL: https://www.bushehrmet.ir. 
Accessed 2021 [in Persian].

7. ZgCobicki W, Telecka M. Heavy metals in urban street 
dust: health risk assessment (Lublin City, E 
Poland). Applied Sciences 2021; 11(9): 4092.

8. Roy S, Gupta SK, Prakash J, Habib G, Baudh K, Nasr 
M. Ecological and human health risk assessment of 
heavy metal contamination in road dust in the National 
Capital Territory (NCT) of Delhi, 
India. Environmental Science and Pollution 
Research 2019; 26: 30413-30425.

9. Hou S, Zheng N, Tang L, Ji X, Li Y, Hua X. Pollution 
characteristics, sources, and health risk assessment of 
human exposure to Cu, Zn, Cd and Pb pollution in 
urban street dust across China between 2009 and 
2018. Environment International 2019; 128: 430-437.

10. Chonokhuu S, Batbold C, Chuluunpurev B, Battsengel 
E, Dorjsuren B, Byambaa B. Contamination and 
health risk assessment of heavy metals in the soil of 
major cities in Mongolia. International journal of 
environmental research and public health 2019; 
16(14): 2552.

11. Sun G, Li Z, Liu T, Chen J, Wu T, Feng X. Metal 
exposure and associated health risk to human beings 
by street dust in a heavily industrialized city of Hunan 
Province, Central China. International Journal of 
Environmental Research and Public Health 2017; 14 
(3): 261.

12. Aguilera A, Bautista F, Gutiérrez-Ruiz M, Ceniceros-
Gómez AE, Cejudo R, Goguitchaichvili A. Heavy 
metal pollution of street dust in the largest city of 
Mexico, sources and health risk 
assessment. Environmental Monitoring and 
Assessment 2021; 193: 1-16.

13. Shujaei Borjoi S, Azimzadeh H, Mosleh Arani A. 
Ecological risk assessment of some heavy metals of 
dust emitted from non-metallic industries in Ardakan 

city of Yazd in the summer of 2017: a descriptive 
study. Scientific Journal of Rafsanjan University of 
Medical Sciences 2019; 19 (2): 173-192 [in Persian].

14. Phil-Eze PO. Variability of soil properties related to 
vegetation cover in a tropical rainforest 
landscape. Journal of Geography and Regional 
planning 2010; 3 (7): 177.

15. Ho AD, Yu CC. Descriptive statistics for modern test 
score distributions: Skewness, kurtosis, discreteness, 
and ceiling effects. Educational and psychological 
measurement 2015; 75 (3): 365-388. 

16. Sahakyan L, Maghakyan N, Belyaeva O, Tepanosyan 
G, Kafyan M, Saghatelyan A. Heavy metals in urban 
dust: contamination and health risk assessment: a case 
study from Gyumri, Armenia. Arabian Journal of 
Geosciences 2016; 9 (2): 1-11.

17. Papic M, Vukovic M. Multivariate analysis of 
contamination of alluvial soils with heavy metals in 
Cacak, Serbia. Rom Journ Phys 2015; 60 (7-8): 1151-
1162. 

18. Ghanavati N. Assessment of the risk of heavy metals 
on human health in the street dust of Abadan city. 
Health and Environment Quarterly 2017; 11(1): 63-74 
[in Persian].

19. Xu X, Lu X, Han X, Zhao N. Ecological and health 
risk assessment of metal in resuspended particles of 
urban street dust from an industrial city in 
China. Current Science 2015; 72-79.

20. Ehtemae N, Ghanavati N, Nazarpour A, Babaenejad T, 
James Watts M. Assessment of Potential Ecological 
and Human Health Risk of Some Selected Heavy 
Metals in Street Dusts in Ilam. Journal of Water and 
Soil Science 2020; 23 (4): 183-197 [in Persian].

21. Ghanavati N. Human health risk assessment of heavy 
metals in street dust in Abadan. Iranian Journal of 
Health and Environment 2018; 11 (1): 63-74 [in 
Persian].

22. Azimi-Yancheshmeh R, Moeinaddin M, Mazloomi S, 
Feyz Nia S, Shahbazi R. Health Risk Assessment of 
Metals in Street Dust of Karaj City in 2018. 
Environmental Health Engineering 2022; 9 (3): 313-
332 [in Persian].

GF.G 7/FGGÎ .6'/G.  /GÎ�7 F'7 GG/6'N/� G7'G6 1�   6ÎÎ'~1403   f    [
 D

O
I:

 1
0.

61
18

6/
je

he
.1

2.
1.

10
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 je
he

.a
bz

um
s.

ac
.ir

 o
n 

20
25

-1
2-

15
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            14 / 14

https://www.bushehrmet.ir/
https://jstnar.iut.ac.ir/article-1-3765-en.html&sw=Ilam
https://jstnar.iut.ac.ir/article-1-3765-en.html&sw=Ilam
https://jstnar.iut.ac.ir/article-1-3765-en.html&sw=Ilam
https://ijhe.tums.ac.ir/article-1-5972-en.html
https://ijhe.tums.ac.ir/article-1-5972-en.html
https://jehe.abzums.ac.ir/search.php?sid=1&slc_lang=en&author=Azimi-Yancheshmeh
https://jehe.abzums.ac.ir/search.php?sid=1&slc_lang=en&author=Moeinaddini
https://jehe.abzums.ac.ir/search.php?sid=1&slc_lang=en&author=Mazloomi
https://jehe.abzums.ac.ir/search.php?sid=1&slc_lang=en&author=Shahbazi
https://jehe.abzums.ac.ir/article-1-940-en.pdf
https://jehe.abzums.ac.ir/article-1-940-en.pdf
http://dx.doi.org/10.61186/jehe.12.1.103
https://jehe.abzums.ac.ir/article-1-1070-en.html
http://www.tcpdf.org

