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 (%'.�

/$! �$�-��/!-%./%� %(+! �)�! *" /$! /-��! 2*0'  �!
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�+( 24(8,175 5(&6,10 ',5&755(' +19 61 &$.&7.$6( 6+(
&+$4$&6(4,56,& ,/2('$0&( 1) $ 64$&( $0' 6+( 2412$=
*$6,10 4$6(5 1) 6+$6 5,*0$. $.10* $ 64$&(�  �+,5 5(&6,10
9,.. %4,().; ',5&755 6+( ())(&65 1) 64$05/,55,10 .,0(5
10 5,*0$. ,06(*4,6;�

�+( &$75( 1) 64$05/,55,10 .,0( ())(&65 ,5 ,/2('$0&(
/,5/$6&+(5�  �+(5( /,5/$6&+(5 1&&74 %(&$75( 1)
6+( ,/2('$0&( ',))(4(0&(5 %(69((0 6+( 64$05/,5=
5,10 .,0( $0' 6+( 5174&( $0' .1$'�  �+(; $4( $.51
&$75(' %; ,/2('$0&( ',5&106,07,6,(5 $0' 70(37$.
.1$',0* 1) 6+( 64$05/,55,10 .,0( $.10* ,65 .(0*6+�
�4$05/,55,10 .,0( 567%5 $0' 8,$5 $4( (:$/2.(5 1) ,/=
2('$0&( ',5&106,07,6,(5 16+(49,5( -0190 $5 ,/2('=
$0&( %7/25�

�0; 6,/( 6+( ,/2('$0&( $.10* $ 64$05/,55,10 .,0(
&+$0*(5� $ 81.6$*( 4().(&6,10 9,.. 1&&74�  ��
�
	 ��
5+195 $ 5,/2.,),(' ',$*4$/ 1) 6+( 64$05/,55,10 .,0(
(08,410/(06 6+$6 9,.. %( 75(' 61 ,..7564$6( 6+( &10=
&(26 1) 81.6$*( 4().(&6,105�

�6 6,/( �� 6+( 81.6$*( 5174&( 2418,'(5 $ &744(06
5174&( 61 6+( .1$' (37$. 61

IS�
VS

ZS� Z0� �3� 		

�,0&( 01 81.6$*( ,5 '4122(' $&4155 6+( 64$05/,55,10
.,0( �$557/( $ .155.(55 64$05/,55,10 .,0( $5 %()14(��
6+( 616$. 5722.,(' &744(06 /756 %( 76,.,<(' %; 6+(
.1$'�  �) 6+( .1$' 4(5,56$0&( ,5 016 (37$. 61 6+( &+$4=
$&6(4,56,& ,/2('$0&( 1) 6+( 64$&(� $ 81.6$*( 4().(&=
6,10 9,.. 1&&74�  �+( 4().(&6,10 &1()),&,(06 $6 6+( .1$'
,5 (:24(55(' $5
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ρL �
reflected voltage
incident voltage

�
VS1

VS
�
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$0' 6+( 4().(&6,10 &1()),&,(06 $6 6+( 5174&( ,5 52(&,=
),(' $5

ρS�
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�
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ZS� Z0� �3� 	�

�) 6+( .1$' +$5 $ .19(4 ,/2('$0&( 6+$0 6+( &+$4$&=
6(4,56,& ,/2('$0&( 1) 6+( 64$05/,55,10 .,0(� 6+(0 $
0(*$6,8( 81.6$*( 4().(&6,10 9,.. %( 5(06 %$&- 61 6+(
.1$'� ,0',&$6,0* 6+$6 6+( .1$' 18(4 75(' 6+( $8$,.$%.(
&744(06�  �) 6+( .1$' +$5 $ +,*+(4 ,/2('$0&( 6+$0 6+(
&+$4$&6(4,56,& ,/2('$0&( 1) 6+( 64$05/,55,10 .,0(�
6+(0 $ 215,6,8( 81.6$*( 9,.. %( 5(06 %$&- 61 6+(
5174&(� ,0',&$6,0* 6+$6 6+( .1$' 70'(4 75(' 6+(
$/1706 1) $8$,.$%.( &744(06�

�+( )1..19,0* (:$/2.( 5+195 6+( /$*0,67'( 1)
6+(5( 81.6$*( 4().(&6,105 ,0 $ 6;2,&$. 706(4/,0$6('
64$05/,55,10 .,0( %(,0* '4,8(0 %; $ �"����	�  �14
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����� ��  ���!�� 
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#� � �174&( �7..= 2 ���

#��� �174&( �7..=�190 ���

� �4$&( �(0*6+ ��
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4.4� 1.41� ln � 5.98 * 20
0.8 * 12� 1.4

� � 86.26�
�3� 	�

tpd � 1.017 0.475 * 4.4� 0.67� � 1.66ns�foot �3� 	




�!��#����� ��  ���� �� 	��" ��� � ���������

��



�853 :/09� :/, 25(+ (4+ 95;8*, 8,-2,*:054 *5,--0B

*0,4:9 *(4 ), *(2*;2(:,+�

ρSLH�
25� 86.26
25� 86.26

�� 0.55
�7� 
�

ρSHL�
10� 86.26
10� 86.26

�� 0.79
�7� 
�

ρL �
120, 000� 86.26
120, 000� 86.26

� 1.00
�7� 
�

$=5 95;8*, 8,-2,*:054 *5,--0*0,4:9 4,,+ :5 ), *(2*;B

2(:,+ -58 :/, ��&B:5B���� 5;:6;: :8(490:054 (4+

:/, ����B:5B��& 5;:6;: :8(490:054�  $/, 8,(954

-58 :/09 09 :/(: $$�B9:?2, 5;:6;: +80<,89 /(<, +0--,8B

,4: 8,909:(4*,9 +,6,4+04. 0- :/,? (8, +80<04. ����

58 ��&�  �4 :/, *(2*;2(:054 5- :/, 95;8*, *5,--0B

*0,4:9� :/, (*:;(2 5;:6;: 036,+(4*,9 -58 :/, 5;:6;:

+80<,89 (4+ :/, 046;: 036,+(4*, 5- :/, "�� 046;:

5- :/,  #�� =,8, ;9,+�  $/,? (8, 209:,+ 04 �	
�� ��

$/09 (4(2?909 (99;3,9 ( :8(493099054 204, ,>09:9�  $5

*54-083 :/09� :/, 6856(.(:054 +,2(? 09 ;9,+ 04 ���	�

�
�� ��

MIN[tR, tF] � 2 * tpd�

1.5� 2 * 1.69 �7� 
�

� *5362,:, �� (4(2?909 5- <52:(., 8,-2,*:0549 54

:/09 :?6, 5- :8(493099054 204, 09 45: *54+;*:,+ /,8,�

",-,8 :5 ",-,8,4*, �� (: :/, ,4+ 5- :/09 45:, -58 (

9(362, (4(2?909�  �: 09 03658:(4: :5 45:, -853 :/09

:/(: :/, <52:(., 8,-2,*:054 (: :/, 25(+ 09 6590:0<, (4+

:/, 8,-2,*:054 (: :/, 95;8*, 09 4,.(:0<,�  $/, 5665B

90:, 90.49 5- :/,9, :=5 8,-2,*:054B*5,--0*0,4:9 (4+ :/,

3(.40:;+, 5- :/,9, :=5 *549:(4:9 04+0*(:, :/(: 804.B

04. (254. :/, :8(493099054 204, *5;2+ 65:,4:0(22?

*(;9, ;4=(4:,+ *25*19 6;29,9 :5 ), 9,,4 (: :/, 25(+�

�
���� ��  9/5=9 :/, ,--,*:9 5- (4 ;4:,8304(:,+

:8(493099054 204,�  $/09 625: 09 :(1,4 -853 ( $,1:85B

40> �#� �	�� �0.0:0@04. #0.4(2 �4(2?@,8�  $/09 625:

04+0*(:,9 :/(: :/, :/, <52:(., 9*(2, 09 
%�+0< (4+ :/,

:03, 9*(2, 09 
 49�+0<�  $/, .85;4+ 90.4(2 09 04+0*(:,+

)? :/, .85;4+ 9?3)52 -5;4+ 54 :/, 2,-:B/(4+ 90+, 5-

:/, -0.;8,� :/8,, <52:(., +0<090549 -853 :/, )5::53�

$/, 9*56, :80..,8� 04+0*(:,+ )? (4 (885=� 09 :/, 
�
%

2,<,2 5- :/, 95;8*, =(<,-583�

$/09 (4(2?@,8 09 *(6()2, 5- :(104. 3,(9;8,3,4:9 54

:/,  =(<,-5839�  $/, )5::53 7;(8:,8 5- :/, 625: +09B

62(?9 :/, <(805;9 3,(9;8,3,4:9 :(1,4 54 :/, 95;8*,

=(<,-583�  $/, 809, (4+ -(22 3,(9;8,3,4:9 (8, :(1B

,4 ),:=,,4 :/, 	��% (4+ ��	% 2,<,2� =/0*/ 09 *54909B

:,4: =0:/ :/, 3,(9;8,3,4: 6504:9 5- :/, �'����
�

$/, 6;29, =0+:/ 3,(9;8,3,4: 09 :(1,4 (: :/, 
�
%

2,<,2 (4+ 09 ;9,+ :5 04+0*(:, :/, +;8(:054 5- :03, :/(:

:/, =(<,-583 96,4+9 ()5<, 
�
%�  $/09 09 ;9,+ :5 *(2B

*;2(:, :/, 5;:6;: +;:? *?*2, <(80(:054�  $/, 2(9: 3,(B

9;8,3,4: 9/5=4 54 :/09 625: 09 :/, -8,7;,4*?�  �4 :/09

*(9,� ( �
B��@ 95;8*, =(<,-583 09 ;9,+ (9 :/,

:80..,8�

$/, 95;8*, =(<,-583 9/5=4 04 �
���� �� 09 :/, �!	

5;:6;: 5- ( :?60*(2 �'����
B
�  $/, 25(+ =(<,-583

09 :/, ,4+ 5- 
�”  5- *5(>0(2 *()2, /(<04. ( */(8(*:,8B
09:0* 036,+(4*, 5- 
	��  �4 :/09 6(8:0*;2(8 ,>(362,

:/, 25(+ 09 *5362,:,2? ;425(+,+ ,>*,6: -58 :/, 9*56,

685), (4+ (995*0(:,+ *544,*:58 �(6685>03(:,2? 


6���  �9 *(4 ), 9,,4� )5:/ :/, 95;8*, (4+ :/, 25(+

(8, 80++2,+ =0:/ :8(493099054 204, ,--,*:9�  $/09 09

*(;9,+ )? :/, 6590:0<, <52:(., 8,-2,*:054 -853 :/,
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/4)&2 /540543 /0&2"4& ���; 0)"3& 3)*'4&% '2/- 4)&
�� *.054�   )*3 490& /' $/.'*(52"4*/. *3 53&'5, '/2 393<
4&- %&3*(.3 4)"4 2&15*2& " (2&"4&2 .5-#&2 /' $,/$+3
7*4) ���/ 0)"3& 3)*'4 �*.6&24&%��   )&3& *.6&24&%
$,/$+3 "2& 53&'5, '/2 $,/$+*.( ,/(*$ "4 47*$& 4)& '2&<
15&.$9 7*4)/54 %*342*#54*.( " )*()&2 '2&15&.$9
$,/$+�  �. 4)*3 $/.'*(52"4*/.� �/#/�,/$+ /''&23 
 *.<
6&24&% /540543 ".% 	 ./.<*.6&24&% /540543�   )*3
$/.'*(52"4*/. ",3/ )"3 4)& "%6".4"(& 4)"4 ",, /' 4)&
*.6&24&% /540543 $". #& 0)"3& 3)*'4&% ".% 4)& 
�.
/540543 $". &6&. #& $/.'*(52&% 4/ %*6*%& 4)& ���
'2&15&.$9 #9 47/ /2 '/52 7)*,& 34*,, -"*.4"*.*.(
0)"3& *.6&23*/.�

�' /.,9 47/ *.6&24&% $,/$+3 "2& .&&%&%� 4)&. ".9 /54<
054 &8$&04 4)& ��. /540543 $". #& $/..&$4&% 4/ 4)&
�� *.054�   )*3 7*,, ",,/7 4)& ��. /540543 4/ #& 3&<
,&$4&% '/2 /54054 *.6&23*/. 7*4)/54 "''&$4*.( 4)&
/4)&2 /540543�  �' 4)& ��� $,/$+ *3 ./4 #&*.( 53&% *.
/4)&2 0"243 /' 4)& 3934&-� #/4) /' 4)&3& 47/ $/.'*(5<
2"4*/. /04*/.3 9*&,% 4)& 3"-& .&4 &''&$4�
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�/#/�,/$+ 02/6*%&3 '2&15&.$9 %*6*3*/. 7)*,& 34*,,
-"*.4"*.*.( 6&29 ,/7 3+&7 #&47&&. 4)& 6"2*/53 /54<
054 &%(&3 �-/2& /. 4)*3 *. 4)& �� �0&$*'*$"4*/.3 3&$<
4*/.��  ���
	� �� 3)/73 �/#/�,/$+ $/.'*(52&% "3 "
'2&15&.$9 %*6*%&2�  �*.$& 4)& ��� *3 /0&2"4*.( "4 	�
��:� 4)& �� 0*. *. 4)*3 $/.'*(52"4*/. *3 4*&% 4/
(2/5.% *.%*$"4*.( 4)& 3&,&$4*/. /' 4)& ��� 4/

�<��: /0&2"4*.( 2".(&�  �9 3&,&$4*.( ��. � ���
4)& ��. /540543 7*,, %*6*%& 4)& �� '2&15&.$9 #9 47/�
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".% #9 3&,&$4*.( 
�. � ��� 4)& 
�. /540543 7*,, %*<
6*%& 4)& �� '2&15&.$9 #9 '/52�

�.9 /' 4)& ��. /2 	�. /540543 $/5,% )"6& #&&. 3&<
,&$4&% "3 4)& �� *.054 7*4) &15*6",&.4 2&35,43�  �/4&
"("*. 4)"4 4)& %*6*%&<#9<47/ ".% %*6*%&<#9<'/52 /54<
0543 )"6& ./ $/*.$*%&.4", 2*3*.( &%(&3�   )*3 '&"452&3
",,/73 4)& 3934&- %&3*(.&2 4/ 53& #/4) /540543 '/2
-5,4*0)"3& $,/$+*.( 7*4)/54 $/.$&2. '/2 3+&7 2&<
15*2&-&.43 #&47&&. 4)& 2*3*.( &%(&3 /' 4)&3& 47/
/540543�


�������" ����������

�/#/�,/$+ 02/6*%&3 '2&15&.$9 -5,4*0,*$"4*/. #9 3&<
,&$4*.( ". /54054 $/.'*(52&% 4/ %*6*%& #9 47/ /2 %*<
6*%& #9 '/52 "3 4)& �� *.054�  ���
	� �� 3)/73 �/#/<
�,/$+ -5,4*0,9*.( 50 4)& ��� *.054 '2&15&.$9�   )&

�. '5.$4*/. 3&,&$4 *.0543 "2& #/4) 4*&% 4/ !��� $/.<
'*(52*.( 4)& 
�. /540543 4/ %*6*%& #9 '/52�  �54 #&<
$"53& 
�� *3 53&% "3 4)& �� *.054� 4)& 
�. /540543
/0&2"4& "4 4)& 3"-& '2&15&.$9 "3 4)& ��� *.054�
 )& �/#/�,/$+ ���� 4)&2&'/2&� ./7 /0&2"4&3 "4
'/52 4*-&3 4)& ��� '2&15&.$9�   )*3 *3 4)& 2&"3/.
4)"4 4)& �� 0*. *3 4*&% 4/ !�� *.%*$"4*.( 4)& 3&,&$4*/.
/' 4)& '"34&34 /0&2"4*.(  '2&15&.$9 2".(&�   )& 3&,&$<
4*/. /' �� *3 #"3&% ./4 /. 4)& /0&2"4*.( '2&15&.$9
/' 4)& ��� *.054� #54 2"4)&2 /. 4)& /0&2"4*.( '2&<
15&.$9 /' 4)& !���   )& /0&2"4*.( '2&15&.$9 /' 4)&
!�� *3 4)& 3"-& '2&15&.$9 "3 4)& ��. ".% 	�. /54<
0543 "4 ",, 4*-&3 ".% ",3/ 4)& 
�. ".% ��. /540543
7)&. '2&15&.$9 %*6*3*/. *3 ./4 3&,&$4&%�

 )& ��. '5.$4*/. 3&,&$4 *.0543 "2& #/4) 4*&% 4/
(2/5.%� 7)*$) $/.'*(52&3 4)& ��. /54054 '/2 %*6*%&
#9 47/ -/%&�  �/4& 4)"4 4)*3 '*(52& ,//+3 -5$) 4)&
3"-& "3 ���
	� �� &8$&04 '/2 4)& 3&,&$4*/. /' 4)& ��
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"').-�

�!� #���& 
�$���! ��� �#�"�����!

�	��
� �� "%%.,-+�-�, !(0 �(�(
%(�$ ��' �� .,�� -(

�(-! &.%-")%1 �'� �"/"�� -!� ��� �+�*.�'�1�  ��+�

-!� �
� ", +.''"'  �- ����2�  �!� 	�' (.-).- ",

.,�� -( �"/"�� -!� ��� �+�*.�'�1 �1 -0( �'� -!�

��' (.-).-, �+� .,�� -( �"/"�� -!� ��� �+�*.�'�1

�1 �(.+�  	�� ", .,�� �, -!� �� "').- �(.�%"'  -!�

��� +�-��

�#�"�'�#��"��� 	���� 
!�$�!

�(�(
%(�$ ", -+.%1 � &.%-"4�.'�-"(' �%(�$ �+"/�+�  �-

!�, -!� ��"%"-1 -( &.%-")%1 .) -!� ��� �+�*.�'�1 �1
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-0( (+ �(.+� �"/"�� �(0' -!� ��� �+�*.�'�1 �1 -0(

(+ �(.+� )�+�(+& )!�,� "'/�+,"('� �+��-� )!�,� ��4

#.,-&�'-, .) -( 3�� -"&� .'"-,� 0!"%� �%0�1, )+(/"�4

"'  /�+1 %(0 (.-).- ,$�0�

�	��
� ��  ,!(0, �(�(
%(�$ �('�" .+�� �, � &.%-"4

�.'�-"(' �%(�$ �+"/�+�  �!", �" .+� ,!(0, !(0 �(�(4

�%(�$ ��' ,"&.%-�'�(.,%1 &.%-")%1 -!� ��� �+�*.�'4

�1 �1 �(.+ -( � ,)��� (� �� ��2 �'� �%%(0 -!�,�
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�)6A 7<0-: -@)584-; -@1;< 7. <0- <:-5-6,7=; +)8)D
*141<1-; 7. #7*7�47+3�  �@<-:6)4 +1:+=1<:A� .7: -@)5D
84-� +)6 *- 84)+-, *-<?--6 <0- #7*7�47+3 7=<8=<
)6, <0- �� 168=<�  %01; 5)A *- <0- +);- ?0-6 #7*7D
�47+3 1; =;-, <7 ,:1>- -@<-:6)4 *=..-:;� .:-9=-6+A ,1D
>1,-:;� 7: 5=4<1841-:;�  &1:<=)44A )6A ,-4)A -4-5-6<
+)6 *- 84)+-, *-<?--6 ) #7*7�47+3 7=<8=< )6, <0-
�� 168=<�  � .-? <016/;� 07?->-:� 5=;< *- :-5-5D
*-:-, ?0-6 ,716/ <01;�

� %0- �� 168=< 5=;< )4?)A; *- .=6+<176 7. 76- 7.
<0- #7*7�47+3 7=<8=<;�

� %0- 7<0-: 7=<8=<; ?144 *- :-.-:-6+-, <7 <0- 168=<
7. <0- -@<-:6)4 ,->1+- )6, <0- ,-4)A 5)A 67< *-
?-44 ,-.16-, ,=- <7 <0- <1516/ +0):)+<-:1;<1+; 7.
<0- -@<-:6)4 ,->1+-;�

� %0- 7=<8=< -,/- 84)+-5-6< ?144 *- ,-8-6,-6< 76
<0- .=6+<176 )6, ;3-? +0):)+<-:1;<1+; 7. <0- -@<-:D
6)4 ,->1+-�

� �6 -@<-:6)4 ,1>1,-: 7. 67 /:-)<-: <0)6 
� 5)A *-
=;-, 16 <0- �� 8)<0 �21<<-: ;8-+1.1+)<176; 5)A *-
+758:751;-,��

�	 �(��"�"��,"'&+

�)6A �� $8-+1.1+)<176; -@1;< .7: #7*7�47+3�  %0-
.7447?16/ ,1;+=;;176 ?144 -@84)16 ?0)< <0-;- ;8-+1.1D
+)<176; 5-)6 <7 <0- ,-;1/6-:�  %0-:- ):- .7=: ,1..-:D
-6< 8):<; 16 <0- #7*7�47+3 .)514A�  %0- �(����
 1;
) %%�D7=<8=< �	 <7 �& ;?16/� ,->1+- )6, <0-
�(����� 1; ) ��!$ 7=<8=< �	 <7 &�� ;?16/� ,-D
>1+-�  %0- �(����@�� 1; <0- 47?-;< ;3-? ,->1+- <0)<
�A8:-;; 7..-:;�  �<; 7=<8=< ;3-? 0); ) <A81+)4 >)4=-
7. 2=;< ��	 8; ?1<0 ) 5)@15=5 ;3-? 7. �		 8; ?014-
<0- �(����@�� 0); ) 5)@15=5 7=<8=< ;3-? 7.
764A ��	 8;�  %0- .7447?16/ ;-+<176; ?144 *-/16 ?1<0
<0- :-4->)6< ,)<);0--< ;8-+1.1+)<176�  !64A <0-
�(����@�� ;8-+1.1+)<176; ?144 *- -@84)16-,� *=< )44
;8-+1.1+)<176; )884A ,1:-+<4A <7 <0- �(����@�� ,-D
>1+-; -@+-8< .7: 8):)5-<-: >)4=-�  �4;7� 764A <0-
�(����
�� ,->1+- ?144 *- -@84)16-, =64-;; <0-
�(������� ,->1+- 0); ) ,1..-:-6< ;8-+1.1+)<176�

���� � �(�*�,"&  	$'�# �*�)-�&�1 "& �
2

	�����0

��*�%�,�* 
�+�*"(,"'& �"&� �1(� ��0� �&",

. !� �$ � �!' 
� �	 6;

�$ � ��� �� �	 6;

�$ � ���� 
	 �	� 6;

� %0- 5)@15=5 78-:)<16/ .:-9=-6+A 7. <0- ������� ,->1+-; 1;
�	 ��B�

%01; 8):)5-<-: 16,1+)<-; <0- .:-9=-6+A :)6/- :-4)D
<1>- <7 /1>-6 ;-4-+<176; 7. <0- �$ 816�  %0- <0:--D4->D
-4 �$ 168=< +)6 -1<0-: *- <1-, <7 /:7=6, ��!'�� 4-.<
=6+766-+<-, ������ 7: <1-, <7 &�� �������

%0- 78-:)<16/ .:-9=-6+A <0-;- :)6/-; :-.-: <7 1;
*);-, 76 <0- 78-:)<16/ .:-9=-6+A 7. <0- &�!�  �. )
,1>1,-D*AD<?7 7=<8=< 1; =;-, ); <0- �� 168=<� <0-6
<0- 78-:)<16/ .:-9=-6+A 7. <0- &�! 1; <?1+- <0)< 7.
<0- #�� 168=<�  �. ) ,1>1,-D*AD.7=: 7=<8=< 1; =;-, );
<0- �� 168=<� <0-6 <0- 78-:)<16/ .:-9=-6+A 7. <0-
&�! 1; .7=: <15-; <0)< 7. <0- #�� 168=<�  �. ) 676D
,1>1,-, 7=<8=< 1; =;-, ); <0- �� 168=< <0-6 <0- ;-4-+D
<176 7. <0- �$ 816 +)6 *- 5),- *);-, =876 <0- 78-:D
)<16/ .:-9=-6+A 7. <0- #�� 168=<�

�7: -@)584- 1. ) ,1>1,-D*AD.7=: 7=<8=< 1; =;-, ); <0-
�� 168=< <0-6 <0- <7<)4 87;;1*4- #�� 168=< .:-9=-6D
+A :)6/- 1; ���� <7 �	 ��B �C�
� <7 C��	 ��B��
�6, <0- .:-9=-6+A :)6/- 7. <0- #�� 168=< ?0-6 <0-
�$ 816 1; <1-, <7 /:7=6,� 16 8):<1+=4):� 1; ���� <7 ���	
��B�

,���
� ,���� ��� �-$+� �"�,! 
" ! �&� �'/

��*�%�,�* �"&� �1(� ��0� �&",

<#"'� ��	 6;

<#"'� ��	 6;

%0- .:-9=-6+A )6, 80);- ,-<-+<7: =;-; 764A <0- :1;D
16/ -,/- 7. <0- #�� )6, �� 168=<; .7: )41/65-6<
8=:87;-;�  #7*7�47+3� <0-:-.7:-� ,7-; 67< :-9=1:-
) �	��	 ,=<A +A+4- +47+3�  %0- <#"'@ 8):)5-<-: 1;
5-);=:-, )< <0- 
��& 4->-4�
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���		1��

��+�'!-!+ �$(� �2*� ��1� �($-

3�� �<��
 ��� ���
 -2


���		1��

��+�'!-!+ �$(� �2*� ��1� �($-

3�� �<��� ��� ���� -2

�$" 42$ .% 3'$ ���  1"'(3$"341$ .% �.!.�+."*

3'$1$ (2 -. 314$ /1./ & 3(.- #$+ 8 3'1.4&' 3'$ #$=

5("$  2 3'$1$ (2 (-   #$5("$ 24"'  2   ���
�� !4%%$1�

�'$ .43/432 .% �.!.�+."*  1$ (-#$/$-#$-3 .% 3'$

6 5$ 2' /$ .1 #438 "8"+$ .% 3'$ ��� (-/43�  �'$ ���
42$2 3'$ ���  -# �� /(-2 3. &$-$1 3$ 3'$ .43/432

!8  +(&-(-& 3'$2$ 36. (-/432 (- !.3' /' 2$  -# %1$=

04$-"8�

�'(2 23 3(" ,(2 +(&-,$-3 �3�� (- 3'$ # 3 2'$$3� , 8

!$ $(3'$1 /.2(3(5$ .1 -$& 3(5$  -# (2   %4-"3(.- .% 3'$

��� %1$04$-"8�  �'$ ;
�� /2 2/$"(%(" 3(.- (2 3.  "=

".,,.# 3$ 3'$ -.1, + 5 1( 3(.- (- /1."$22� 5.+3=

 &$� 3$,/$1 341$�  -# %1$04$-"8�  �6. / 132 ./$1 3=

(-&  3 3'$ 2 ,$ %1$04$-"8  -# 2(,(+ 1 5.+3 &$  -#

3$,/$1 341$ � //1.7(, 3$+8 ;	�� ,�  -# ;	�:��

6(++ -$5$1 ' 5$   3�� 5 1( 3(.- ,.1$ 3' - 
�� /2

6'(+$ 3'$ 3.3 + , &-(34#$ .% $(3'$1 ,(&'3 !$ 
�� /2��

�'(2 / 13=3.=/ 13 5 1( 3(.-  //$ 12  2 3����
 (- 3'$

# 3 2'$$3  -# (2 #(2"422$# !$+.6�  �'(+$ 3'$ ���

 +(&-2 3'$ ���  -# �� /(-2� 2.,$ 3(,$ #(%%$1$-"$

, 8 $7(23 !$36$$- 3'$ ���  -# �� /(- ��$$ ������

����
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�$".+! ���  �+)*�"�-$)( �!&�2
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�����


�$".+! ���  �!+)3�.-*.- ��-�#!  ��$+ �%!0

-���� 
 �.-*.- �%!0

�'$1$  1$ 2(7 #(%%$1$-3 / 1 ,$3$12 2/$"(%8(-& .43/43

2*$6�  � "' .% 3'$2$ / 1 ,$3$12 1$+ 3$2 3. #(%%$1$-3

.43/43 ".-%(&41 3(.-2  -# 3. #(%%$1$-3 .43/43 $#&$2�

� "' .% 3'$ %.++.6(-& 2$"3(.-2 6(++ #$2"1(!$ 3'$ / 1=

3("4+ 1 2*$6 / 1 ,$3$1 6(3'   #( &1 ,  -# (-"+4#$

 - $7 ,/+$ 2'.6(-& 6'$- 3'(2 / 1 ,$3$1 6.4+# !$

42$# 3. " +"4+ 3$ .43/43 2*$6�

��	���
 � ���� ������ 
����������� ����

��+�'!-!+ �$(� �2*� ��1� �($-

3������ ��	 ��

 -2

�'(2 / 1 ,$3$1 2/$"(%($2 3'$ , 7(,4,  ,.4-3 .%

2*$6 !$36$$- 36. .43/432 .% 3'$ 2 ,$ / (1 �$�&��

	�	  -# 	��� 6'$-  ++ .43/43  1$ ".-%(&41$# %.1 �

3��  �'(2 2/$"(%(" 3(.- ' 2   , 7(,4, 5 +4$ .% 

�

/2�  �$-"' "' 1 "3$1(9 3(.-� '.6$5$1� (-#(" 3$2 3' 3

3������ (2 1 1$+8 &1$ 3$1 3' - 	�� /2�  �'$  ##(3(.-=

 + , 1&(- (2 (-"+4#$# %.1 3$23$1 &4 1# ! -#�  �'$ 1$ =

2.- 3' 3 !.3' .43/432 .% 3'$ 2 ,$ / (1 " - !$ 2.

3(&'3+8 ".4/+$# (2 3' 3 $ "' / (1 ' 2   #$#(" 3$# /.6=

$1  -# &1.4-# /(-� 3' 3 3'$8 +($  #) "$-3 3. $ "' .3'=

$1  ++.6(-& 3'$, 3. 1$(-%.1"$ $ "' .3'$1 6(3' "1.22=

3 +* $%%$"32�  -# 3' 3 3'$8  1$ 2$/ 1 3$# %1.,

 #) "$-3 .43/432 !8  3 +$ 23 36. -.-=26(3"'(-& /(-2�

������ ��  2'.62 3' 3 2*$6 (2 ,$ 241$# %1., 3'$ %(123
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