
PDHonline Course E122 (4 PDH)

Conduit System Design

Instructor: Ralph Fehr, Ph.D., P.E.

2012

PDH Online | PDH Center
5272 Meadow Estates Drive

Fairfax, VA 22030-6658
Phone & Fax: 703-988-0088

www.PDHonline.org
www.PDHcenter.com

An Approved Continuing Education Provider

http://www.PDHonline.org
http://www.PDHcenter.com


!!!"#$%&'()'*"&+,---------------------------------------#$%-.+/*0'-1233------------------------------------------------!!!"#$%+(45('"+*6-
! !

#76'-2-+8-29-

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

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

!"%0+,(!"#',#'(
&
.%(/&0(123/2/3&45/0627&"/0&0647&1817(91*&"&45/0627&12:(&9617&;(&1(#(47(0,& &<5/0627&
1%"##&;(&12:(0&15&4";#(1&4"/&;(&$6##(0&7%)563%&27&=27%567&0"9"32/3&7%(&4";#(&>"4?(7&5)&
2/16#"725/& "/0& 15& "0(@6"7(& 455#2/3& (A2171&=%(/& 7%(& 4";#(1& ")(& (/()32:(0,& & B%(&C-<&
#29271&45/0627&D2##&75&EFG*&9("/2/3&7%(&169&5D&7%(&4)511H1(4725/"#&")("1&5D&"##&4";#(1&2/&"&
45/0627& 4"//57& (A4((0&EFG&5D& 7%(& 4)511H1(4725/"#& ")("&0(D2/(0&;8& 7%(& 45/0627& 2/120(&
02"9(7(),&&B%(&)"725/"#(&D5)&7%(&EFG&D2##&)6#(&21&;"1(0&5/&"&@6"/7278&4"##(0&7%(&!"#$%"&'(,&&
ID& 7%(&4";#(1& >"9& 2/& 7%(&45/0627&06)2/3&$6##2/3*& 7%(& #2?(#2%550&5D&4";#(&0"9"3(& 21&%23%,&&
B%(&>"9&)"725&D5)&7%)((&12/3#(&45/06475)&4";#(1&5D&7%(&1"9(&02"9(7()&21&0(D2/(0&"1&7%(&
)"725&5D& 7%(&45/0627& 2/120(&02"9(7()& 75& 7%(&12/3#(&45/06475)&4";#(&567120(&02"9(7()*&"1&
1%5=/&2/&-@,&J,&
&
&

-@,&J&
&
&
&
K"992/3&4"//57&5446)&2D&7%(&>"9&)"725&21&3)("7()&7%"/&L,F*&"/0&/5)9"##8&05(1&/57&5446)&
=%(/&7%(&>"9&)"725&21&#(11&7%"/&M,N,&&K"9&)"7251&;(7=((/&M,N&"/0&L,F&1%56#0&;(&"O520(0*&
12/4(& 7%21& 21&"& P0"/3()&:5/(Q&=%()(& >"992/3& 21& #2?(#8& 75&5446),& &<5/120()& 7%)((&(@6"#H
12:(0&4";#(1&2/&"&45/0627&12:(0&75&7%(&C-<&EFG&D2##&#2927,&&B%(&>"9&)"725&4"/&;(&4"#46#"7(0&
"1&D5##5=1R&
&
&
&

-@,&M&
&
&
&
&
&
&
&

-@,&L&
&
&
&
&
&

&
-@,&E&

&
&
&

&
-@,&S&

4";#(

45/0627
TU
IU> ====

(((( )))) M4";#(

M
4";#(

4";#(1 TU
E
L

M
TULV ππππ====





ππππ====

(((( )))) M45/0627

M
45/0627

45/0627 IU
EM

IUV ππππ====




ππππ====

(((( )))) (((( )))) M45/0627
M

4";#( IU
E

EF,FTU
E
L






 ππππ====ππππ

(((( )))) (((( )))) M
45/0627

M
45/0627

M
4";#( WIUXJLL,FIU

L
EF,FTU ========



!!!"#$%&'()'*"&+,---------------------------------------#$%-.+/*0'-1233------------------------------------------------!!!"#$%+(45('"+*6-
! !

#76'-3-+8-29-

&
&
&
&

&
-@,&Y&

&
&
&

&
-@,&Z&

&
&
&
B%21&>"9&)"725&21&1#23%7#8&#(11&7%"/&7%(&M,N&7%)(1%5#0,&&B5&"O520&>"9&)"7251&2/&7%(&P0"/3()&
:5/(*Q&45/0627&D2##1&;(7=((/&J[L,F&X5)&LL,LGW&"/0&J[M,N&X5)&LS,ZGW&1%56#0&;(&"O520(0,&
&
V&92/2969&;(/02/3& )"0261&9617&;(&0(7()92/(0&"445)02/3& 75& 7%(&4";#(1&;(2/3&$6##(0,&&
)*'+,-+-&4";#(1&45/7"2/&"&9(7"##24&#"8()&>617&;(/("7%&7%(&>"4?(7&75&0217)2;67(&(O(/#8&7%(&
(#(47)24&D2(#0&3)"02(/7&7%)563%567&7%(&2/16#"725/,&&B%21&1%2(#0&21&159(729(1&$)5O20(0&2/&7%(&
D5)9&5D&"&7%2/&45$$()&7"$(*&5)&&".+$/*'+,-*&=%24%&21&3)56/0(0*&616"##8&"7&5/(&5D&7%(&4";#(&
7()92/"725/1,& & V/57%()& 1%2(#02/3& 5$725/& 21& "& 0(10+1&%'0$ 1+2&%",*& 2/& =%24%& 17)"/01& 5D&
45$$()&45/06475)&")(&$#"4(0& >617&;(/("7%& 7%(& >"4?(7,& &B%(1(&17)"/01&")(&61(0&D5)& 7%(&
/(67)"#&2/&"&D56)H=2)(&1817(9,&&B8$24"##8*&2/&7%)((H$%"1(&42)46271*&("4%&4";#(&%"1&(/563%&
45$$()& 17)"/01& 2/& 271& 45/4(/7)24& /(67)"#& 75& 9"?(& 6$& 5/(H7%2)0& 5D& 7%(& 1817(9& /(67)"#,&&
B"$(H1%2(#0(0& 4";#(1& )(@62)(& "& 1($")"7(& /(67)"#& 45/06475)& 2/& "002725/& 75& 7%(& $%"1(&
45/06475)1,& &\%2(#02/3& 21& )(@62)(0&=27%& $5=()& 4";#(1& ";5O(&S& ?]*& 21& 5$725/"#&=27%& 7%(&
S?]& 4#"11*& "/0& 21& 1(#059&61(0&=27%& 4";#(1& ;(#5=&S& ?],& &<5/7)5#& "/0& 2/17)69(/7"725/&
4";#(&21&5D7(/&1%2(#0(0&75&$)(O(/7&O5#7"3(1&D)59&;(2/3&2/064(0&5/&7%(&45/06475),&

(((( )))) 45/0627
M

45/06274";#( IULYS,FIUJLL,FTU ========

ZEF,M
&IULYS,F

IU>
45/0627

45/0627 ========



!!!"#$%&'()'*"&+,---------------------------------------#$%-.+/*0'-1233------------------------------------------------!!!"#$%+(45('"+*6-
! !

#76'-:-+8-29-

&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&

&
&
&
&
&
&
&
&
⇐ &'I^_!-&M&
&

V&H&<5/06475)&
`&H&I//()&1(9245/06475)&#"8()&
<&H&-7%8#(/(&$)5$8#(/(&
&&&&&&)6;;()&X-+!W&2/16#"725/&
U&H&T67()&1(9245/06475)&#"8()&
-&H&B"$(&1%2(#0&
'&H&K"4?(7&
&

&&'I^_!-&L&⇒ &
&

V&H&<5/06475)&
`&H&I//()&1(9245/06475)&#"8()&
<&H&-7%8#(/(&$)5$8#(/(&
&&&&&&)6;;()&X-+!W&2/16#"725/&
U&H&T67()&1(9245/06475)&#"8()&
-&H&<5/4(/7)24&/(67)"#&
'&H&K"4?(7&

&
&
&
&

'I^_!-&J&
_/1%2(#0(0&&<";#(&

3*(&($0(2%&+/4$(5$6*+$78(1'&+$9(:-

'I^_!-&M&
<5$$()&B"$(&
\%2(#0(0&<";#(&

3*(&($0(2%&+/4$(5$6*+$78(1'&+$9(:&

'I^_!-&L&
<5/4(/7)24&C(67)"#&
\%2(#0(0&<";#(&

3*(&($0(2%&+/4$(5$6*+$78(1'&+$9(:&

V&H&<5/06475)&
`&H&\(9245/06475)&#"8()&
<&H&-7%8#(/(&$)5$8#(/(& )6;;()& X-+!W
2/16#"725/&

U&H&K"4?(7&



!!!"#$%&'()'*"&+,---------------------------------------#$%-.+/*0'-1233------------------------------------------------!!!"#$%+(45('"+*6-
! !

#76'-;-+8-29-

_/#(11&57%()=21(&1$(42D2(0&;8&7%(&4";#(&9"/6D"476)()*&"&92/2969&;(/02/3&)"0261&5D&D2O(&
729(1& 7%(& 4";#(& 567120(& 02"9(7()& 4"/& ;(& "1169(0& D5)& 6/1%2(#0(0& 4";#(1,& & \%2(#0(0&
4";#(1&")(&"1169(0&75&%"O(&"&92/2969&;(/02/3&)"0261&5D&JM& 729(1& 7%(&4";#(&567120(&
02"9(7(),& & TD& 456)1(*& 612/3& 2/D5)9"725/& D)59& 7%(&9"/6D"476)()& 21& $)(D()";#(& 75& 7%(1(&
)6#(1&5D& 7%69;,& &`(/02/3& 7%(&4";#(&"7&"& )"0261& #(11& 7%"/& 7%(&92/2969&;(/02/3& )"0261&
4"/&0"9"3(&7%(&2/16#"725/*&#("02/3&75&4";#(&D"2#6)(,&
&
ID& 95)(& 7%"/& 7%(& D56)& aF°& ;(/01& "##5=(0& ;8& 7%(& C-<& ")(& )(@62)(0& 2/& 7%(& )"4(="8*&
.2,,;(<+/&164%&"1&7%(&5/(&1%5=/&2/&'23,&E&1%56#0&;(&2/17"##(0,&
&
&
&
&
&
&
&
&
&
&
&
&
&
V&$6##;5A&21&"&$2(4(&5D&%")0=")(&=27%&"&)(95O";#(&45O()&7%"7&21&2/1()7(0&2/&7%(&45/0627&
)"4(="8,&&<";#(&21&$6##(0&2/75&7%(&$6##;5A&"/0&567&7%)563%&7%(&)(95O";#(&45O(),&&B%(/&
7%(&4";#(&21&$6##(0&;"4?&2/75&7%(&45/0627&75&7%(&/(A7&$6##;5A&5)&75&7%(&(/0&5D&7%(&)"4(="8,&&
B%21&(DD(472O(#8&"##5=1&"&#5/3&$6##&=27%&9"/8&;(/01&75&;(459(&7=5&5)&95)(&1%5)7()&$6##1&
=27%&D(=()&;(/01,&
&
B%(&$6##;5A&1%5=/&2/&'23,&E&1%5=1&"&aF°&4%"/3(&5D&02)(4725/&2/&7%(&45/0627,&&+6##;5A(1&
"#15& 4"/& ;(& ;62#7& D5)& 17)"23%7H7%)563%& $6##1*& 5)& D5)& _H$6##1& =%()(& "& JNF°& 4%"/3(& 2/&
02)(4725/&21&/((0(0,&&\2:2/3&5D&$6##;5A(1&21&35O()/(0&;8&7%(&C-<,&
&
B%(&=207%&5D&"&$6##;5A&D5)&"&17)"23%7H7%)563%&$6##&21&0(7()92/(0&;8&7%(&12:(&5D&7%(&#")3(17&
45/0627& "/0& ;8& 7%(& 1$"4(& )(@62)(0& ;8& 7%(& #54?/671& "/0& ;61%2/31*& =%24%& 1(46)(& 7%(&
45/0627& 75& 7%(& ;5A,& & B%(& #(/37%& 4"//57& ;(& #(11& 7%"/& (23%7& 729(1& 7%(& 02"9(7()& 5D& 7%(&
#")3(17&45/0627,&
&
.%(/&"/&"/3#(&5)&_H$6##&21&)(@62)(0*&7%(&92/2969&#(/37%&)(@62)(9(/7&61(0&D5)&17)"23%7&
$6##1&"#15&0(7()92/(1&7%(&92/2969&=207%,&&V002725/"##8*&7%(&2/120(&#(/37%&5D&7%(&$6##;5A&
4"//57&;(& #(11& 7%"/&12A& 729(1& 7%(& #")3(17&45/0627&$#61& 7%(&169&5D& 7%(&02"9(7()1&5D&"##&
"002725/"#&45/06271&(/7()2/3&7%(&;5A,&&I/&7%(&4"1(&5D&"/&"/3#(&$6##*&7%(&02"35/"#&0217"/4(&
;(7=((/&7%(&4(/7()1&5D&7%(&45/06271&=%()(&7%(8&(/7()&"/0&(A27&7%(&;5A&9617&;(&"7&#("17&
12A& 729(1& 7%(& 45/0627& 02"9(7(),& & B%(& ="##& 5D& 7%(& $6##;5A& =27%& 7%(& 9517& 45/0627&
$(/(7)"725/1&9617&;(&61(0& 75& 12:(& 7%(&;5A,& &-A"9$#(1&5D&$6##;5A&12:2/3&")(& 1%5=/& 2/&
'23,&S,&
&

'I^_!-&E&
+6##;5A&2/&<5/0627&!"4(="8&



!!!"#$%&'()'*"&+,---------------------------------------#$%-.+/*0'-1233------------------------------------------------!!!"#$%+(45('"+*6-
! !

#76'-9-+8-29-

&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
+6##2/3&4";#(1& 7%)563%&"&45/0627& )"4(="8& )(@62)(1&1?2##&"/0&4")(,& &V&O")2(78&5D&;"1?(7&
3)2$1&"/0&$6##2/3&(8(1&")(&"O"2#";#(& 75&"77"4%& 7%(&$6##2/3& )5$(& 75& 7%(&4";#(X1W,& &+)5$()&
$6##2/3&3)2$&1(#(4725/&0($(/01&5/&7%(&)(@62)(0&$6##2/3&7(/125/*&"/0&21&4)642"#&75&$)(O(/7&
4";#(& "/0& (@62$9(/7& 0"9"3(& "/0& 2/>6)8& 75& 2/17"##"725/& $()15//(#,& & B=5& $")7246#")&
@6"/7272(1&9617&;(&4"#46#"7(0&;(D5)(&4";#(&21&$6##(0&2/75&45/0627&"/0&4")(D6##8&95/275)(0&
06)2/3&7%(&$6##2/3&$)54(11,&&B%(1(&@6"/7272(1&")(&.2,,'1=$&+1/'(1&"/0&/'-+>",,$.%+//2%+,&&
+6##2/3&7(/125/&21&7%(&7(/12#(&D5)4(&7%"7&9617&;(&"$$#2(0&75&7%(&4";#(&75&5O()459(&D)24725/&
"1& 7%(& 4";#(& 21& $6##(0& 7%)563%& 7%(& )"4(="8,& & \20(="##& $)(116)(& 21& 7%(& 4)61%2/3& D5)4(&
"$$#2(0&75&7%(&4";#(&;8&7%(&45/0627&2/&7%(&)"02"#&02)(4725/&"1&7%(&4";#(&21&$6##(0&")56/0&"&
;(/0,&&-A4((02/3&7%(&9"A2969&"##5=";#(&$6##2/3&7(/125/&21&1(#059&"&$)5;#(9&D5)&#")3(&
$5=()& 4";#(& 12/4(& 7%"7& 9"A2969& O"#6(& 21& 616"##8& @627(& #")3(& X2/& 7%(& 7%561"/01& 5D&
$56/01W,&&<5/7)5#&"/0&2/17)69(/7&4";#(1*&%5=(O()*&7(/0&75&%"O(&964%&#5=()&9"A2969&
"##5=";#(& $6##2/3& 7(/125/1,& & I7& 21& /57& 6/45995/& 75& (A4((0& 7%(& 9"A2969& "##5=";#(&
$6##2/3&7(/125/&D5)&7%(1(&78$(1&5D&4";#(1&2/&#5/3&)"4(="81,&&\20(="##&$)(116)(&21&616"##8&
7%(&45/7)5##2/3&D"475)&=%(/&0(123/2/3&45/0627&)"4(="81&D5)&#")3(&$5=()&4";#(1,&
&
.%(/& 4"#46#"725/1& 1%5=& 7%"7& 7%(& 9"A2969& "##5=";#(& $6##2/3& 7(/125/& D5)& "& 4";#(& 5)&
3)56$& 5D& 4";#(1& =2##& ;(& (A4((0(0*& 1(O()"#& 9("16)(1& 4"/& ;(& 7"?(/& 75& )(064(& 7%(&
)(@62)(0&$6##2/3&7(/125/,&&T/(&21&75&)(064(&7%(&45(DD242(/7&5D&D)24725/&;(7=((/&7%(&45/0627&
"/0& 7%(& 4";#(,& & ]")2561& 78$(1& 5D& #6;)24"/71& (A217& D5)& 7%21& $6)$51(*& ("4%& )(0642/3& 7%(&
45(DD242(/7&5D&D)24725/&75&"&1$(42D24&O"#6(,&&B%(&45(DD242(/7&5D&D)24725/&4"/&)"/3(&D)59&95)(&
7%"/& F,S& D5)& 0)8& 4";#(& 75& #(11& 7%"/& F,M& D5)& =(##H#6;)24"7(0& 4";#(,& & \627";#(& #6;)24"/71&
2/4#60(&=2)(&15"$1*&="A(1*&"/0&18/7%(724&$5#89()&459$56/01,& &b"/8& 2/17"##()1&$)(D()&
7%(&$5#89()& 459$56/01&;(4"61(& 7%(& 15"$1&"/0&="A(1& #("O(&"& )(1206(&5/& 7%(& 4";#(&
=%24%&4"/&;(&9(118&"/0*& 2/&159(&4"1(1*&459;6172;#(,& & ID& 7%(&4"#46#"7(0& 7(/125/1&")(&
6/"44($7";#8& %23%*& 27& 9"8& ;(& /(4(11")8& 75& 1(#(47& "& 02DD()(/7& #6;)24"/7& =27%& "& #5=()&
45(DD242(/7&5D&D)24725/&75&)(064(&7%(&)(@62)(0&$6##2/3&7(/125/&75&"/&"44($7";#(&O"#6(,&
&

Lc
Jc
Jc

bIC,&d-C^Be&f&&N&A&Lc&f&MEc

Lc
Jc
Jc

bIC,&d-C^Be&f&&bIC,&.IUBe&f&XY&A&LcW&g&Jc&g&Jc&f&MFc

Y&A&Lc&f&JNc&bIC,

Y&A&Jc&f&Yc&bIC,
'I^_!-&S&

+6##;5A&\2:2/3-



!!!"#$%&'()'*"&+,---------------------------------------#$%-.+/*0'-1233------------------------------------------------!!!"#$%+(45('"+*6-
! !

ID& 7%(& 45(DD242(/7& 5D& D)24725/& 4"//57& ;(& )(064(0& 16DD242(/7#8*& )(0642/3& 7%(& #(/37%& 5)&
4%"/32/3&7%(&02)(4725/&5D&7%(&$6##&9"8&;(&1644(11D6#,&&I/17"##2/3&$6##;5A(1&2/&7%(&)"4(="8&
4"/&)(064(&7%(&#(/37%&5D&7%(&$6##,&&<";#(&21&$6##(0&D)59&$6##;5A&75&$6##;5A*&15&2D&"&$6##;5A&
21&2/17"##(0&920="8&2/&"&LFF&D557&)6/&5D&45/0627*&7%(&2/17"##"725/&;(459(1&7=5&$6##1&5D&JSF&
D((7&("4%,&&ID&7%(&45/0627&21&(/4"1(0&2/&"/&6/0()3)56/0&0647&;"/?*&"&#"1*(,+&21&/((0(0&
75& 1()O(&"1& "& $6##& $52/7,& &_/#(11& 7%(& 3(59(7)8& 5D& 7%(& )"4(="8& 21& 1899(7)24*& 02DD()(/7&
7(/125/1&=2##&;(& )(@62)(0& 75&$6##&4";#(& D)59&(/0&V& 75&(/0&`&"/0&D)59&(/0&`& 75&(/0&V,&&
+6##2/3& 4"#46#"725/1& 1%56#0& ;(& 05/(& D5)& $6##2/3& 2/& ;57%& 02)(4725/1& 75& 0(7()92/(& =%24%&
02)(4725/&5D&$6##&=2##&)(@62)(&7%(&#(11()&7(/125/,&
&
.%(/&95)(& 7%"/& 5/(& 4";#(& 21& $6##(0& 2/& "& 45/0627*& "&>+'=*&$ 0(%%+0&'(1$ 5"0&(%& X=4W& 21&
/((0(0&75&"4456/7&D5)&7%(&"002725/"#&D)24725/&D5)4(1&7%"7&(A217&;(7=((/&7%(&4";#(1,&&B%(&
9517&45995/&4"1(&21&75& 2/17"##& 7%)((&4";#(1&5D& 7%(&1"9(&12:(& 2/&"&45/0627&D5)&"&7%)((H
$%"1(&$5=()&42)4627,& &B%(&=(23%7&45))(4725/&D"475)&0($(/01&5/&=%(7%()& 7%(&4";#(1&")(&
"))"/3(0& 2/& "& 7)2"/36#")& 5)& 4)"0#(0& 45/D236)"725/,& & V/& 2##617)"725/& 5D& 7%(1(& 7=5&
45/D236)"725/1&21&1%5=/&2/&'23,&Y,&
&
&
&
&
&
&
&
&
&
I/& 7%(& 7)2"/36#")& 45/D236)"725/*& 7%(&
459$")(0&75&7%(&57%()&7=5,&&I/&7%(&4)"
95)(& D)24725/& D5)4(1& 7%"/& 7%(& 57%()& 7=
757"#&)(@62)(0&7(/125/&21&0217)2;67(0&(@6
&
.(23%7&45))(4725/&D"475)1&D5)&4)"0#(0&"
7%(&D5)96#"1&1%5=/&2/&-@1,&N&"/0&a*&)(
&
&
&

&
&
&
&
&
&

&
&
&

M

4";#(45/0627

4";#(
4 TUIU

TU
L
EJ= 





−−−−

++++====

M

4";#(45/0627

4";#(

4

TUIU
TUJ

J=







−−−−

−−−−

====

<!VUd-U B!IVC^_dV!

X

<)"0#(0&"/0&B -

X

'I^_!-&Y&
)2"/36#")&<5/D236)"725/1
#76'-<-+8-29-

75$& 4";#(& 9"8& (A$()2(/4(& O()8& #277#(& 7(/125/&
0#(0&45/D236)"725/*&7%(&9200#(&4";#(&(A$()2(/4(1&
5& 4";#(1,& & B5& ;(& 45/1()O"72O(*& "1169(& 7%"7& 7%(&
"##8&;(7=((/&7=5&5D&7%(&7%)((&4";#(1,&

/0&7)2"/36#")&45/D236)"725/1&")(&4"#46#"7(0&612/3&
1$(472O(#8,&

-@,&N&

& -@,&a&7)2"/36#")W&

4)"0#(0W&



!!!"#$%&'()'*"&+,---------------------------------------#$%-.+/*0'-1233------------------------------------------------!!!"#$%+(45('"+*6-
! !

1%22&#/(3,#+&"#(
&
+6##2/3&7(/125/&21&7%(&7(/12#(&D5)4(&7%"7&9617&;(&"$$#2(0&75&7%(&4";#(&75&5O()459(&D)24725/&
"1& 7%(& 4";#(& 21& $6##(0& 7%)563%& 7%(& )"4(="8,& & B%(& 7(/125/& )(@62)(0& 75& $6##& "& 4";#(& 5)&
3)56$&5D&4";#(1&7%)563%&"&17)"23%7&1(4725/&5D&45/0627&21&(A$)(11(0&2/&-@,&JF,&
&

-@,&JF&
&
&
&
&
&
&
&
B%(&7(/125/&)(@62)(0&75&$6##&"&4";#(&7%)563%&"&%5)2:5/7"#&;(/0&21&1%5=/&2/&-@,&JJ,&
&

-@,&JJ&
&
&
&
&
&
&

&
&
.%(/&$6
;(/0*&7%(
6$%2##W&5)
$6##2/3&4"
9617&;(&
&
\59(729
ID&/5&164
)(@62)2/3
&
&
)&$,4
&
\20(="##&
02)(4725/
;(/02/3&
7%(& 45/0
45/06475
&
&
&

hi=
25

4(BB ====

.&

&

&

=%()(&B5&&f&&7(/125/&567&5D&7%(&;(/0&2/&$56/01&
B2&&&f&&7(/125/&4592/3&2/75&7%(&;(/0&2/&$56/01&
(&&&&f&&/"76)"#&#53")27%9&;"1(&
=4&&f&&=(23%7&45))(4725/&D"475)&X029(/125/#(11W&
µ&&&&f&&45(DD242(/7&5D&D)24725/&X029(/125/#(11W&
θ&&&&f&&;(/0&"/3#(&2/&)"02"/1&
B&f&=4&µ&d&
=%()(&B&&&f&&$6##2/3&7(/125/&2/&$56/01&
& =4&f&&=(23%7&45))(4725/&D"475)&X029(/125/#(11W&
& µ&&&f&&45(DD242(/7&5D&D)24725/&X029(/125/#(11W&
& d&&&f&&#(/37%&5D&17)"23%7&1(4725/&5D&45/0627&2/&D((7&
& .&&f&&=(23%7&5D&4";#(&2/&$56/01&$()&D557-
#76'-=-+8-29-

##2/3&4";#(&7%)563%&"&O()724"#&;(/0*&7%(&7(/125/&21&4"#46#"7(0&"1&D5)&"&%5)2:5/7"#&
/&7%(&4";#(&=(23%7&2/&7%(&O()724"#&1(4725/&21&(27%()&"00(0&X2D&7%(&4";#(&21&$6##(0&
&16;7)"47(0& X2D& 7%(&4";#(& 21&$6##(0&05=/%2##W& D)59& 7%(& )(@62)(0& 7(/125/,& &.%(/&
;#(&05=/%2##*&"&/(3"72O(&7(/125/&4"/&;(&4"#46#"7(0,&&B%21&2/024"7(1&7%"7&;)"?(1&
"$$#2(0&75&7%(&4";#(&16$$#8&)((#&75&$)(O(/7&7%(&4";#(&D)59&1$55#2/3&755&@624?#8,&

(1&$%8124"#&45/17)"2/71&)(@62)(&7%"7&7%(&4";#(&;(&$6##(0&2/&5/(&1$(42D24&02)(4725/,&&
%&45/17)"2/71&(A217*&"/&"77(9$7&1%56#0&;(&9"0(&75&$6##&7%(&4";#(&2/&7%(&02)(4725/&
&7%(&#(11()&$6##2/3&7(/125/,&

522(10,++%0,(
$)(116)(&21&7%(&4)61%2/3&D5)4(&"$$#2(0&75&7%(&4";#(&;8&7%(&45/0627&2/&7%(&)"02"#&
&"1& 7%(&4";#(& 21&$6##(0&")56/0&"&;(/0,& & I7& 21&"& D6/4725/&5D&$6##2/3& 7(/125/&"/0&
)"0261&5D&7%(&45/0627*&"/0&02DD()1&"445)02/3&75&7%(&"))"/3(9(/7&5D&7%(&4";#(1&2/&
627,& & B%)((H45/06475)& 4";#(1*& "1& 1%5=/& 2/& '23,& Z*& ;(%"O(& #2?(& 7%)((& 12/3#(&
)&4";#(1&#82/3&2/&"&7)2"/36#")&45/D236)"725/,&



!!!"#$%&'()'*"&+,---------------------------------------#$%-.+/*0'-1233------------------------------------------------!!!"#$%+(45('"+*6-
! !

#76'->-+8-29-

&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
&
B%(& D5)96#"1& 75& 4"#46#"7(& 120(="##& $)(116)(& D5)& O")2561&4";#(&"))"/3(9(/71&=%(/& 7%(&
45/0627&;(/0&)"0261&21&)&")(&1%5=/&2/&-@1,&JM&7%)563%&JE,&
&
&

-@,&JM&
&
&

-@,&JL&
&
&
&

-@,&JE&
&
&
&
\20(="##& $)(116)(& 21& 78$24"##8& 7%(& 45/7)5##2/3& D"475)& 2/& )"4(="8&0(123/& D5)& #")3(&$5=()&
4";#(,& &\6DD242(/7#8& #")3(&45/0627&;(/02/3& )"022&9617&;(&61(0*&"/0&$6##2/3& 7(/125/&9"8&
/((0&75&;(& #2927(0& 75&O"#6(1&=(##&;(#5=&7%(&9"A2969&"##5=";#(&$6##2/3& 7(/125/&D5)& 7%(&
4";#(&75&?(($&7%(&120(="##&$)(116)(&;(#5=&7%(&9"A2969&"##5=(0&;8&7%(&4";#(,&

)
B+ 5====






−−−−====
)
B

L
M=L+ 54






====
)
B

M
=+ 54

X5/(&12/3#(H45/06475)&4";#(W&

X7%)((&12/3#(H45/06475)&4";#(1&4)"0#(0W&

X7%)((&12/3#(H45/06475)&4";#(1&7)2"/36#")&5)&5/(&
7%)((H45/06475)&4";#(W&

'I^_!-&Z&
B%)((H<5/06475)&<";#(&

3*(&($0(2%&+/4$(5$6*+$78(1'&+$9(#."14:&

V&H&<5/06475)&&
`&H&I//()&1(9245/06475)&#"8()&&&
<&H&-7%8#(/(&$)5$8#(/(&)6;;()&
X-+!W&2/16#"725/&&

U&H&-A7)60(0&1(9245/06472/3&&&
&&&&&&-+!&2/16#"725/&14)((/&&
-&H&+%"1(&20(/72D24"725/&7"$(&&
'&H&<5$$()&3)56/02/3&45/06475)&
^&H&_/45"7(0&45$$()&1%2(#0&&
e&H&'2##()1&"/0&;2/0()&7"$(&&
K&H&K"4?(7&



!!!"#$%&'()'*"&+,---------------------------------------#$%-.+/*0'-1233------------------------------------------------!!!"#$%+(45('"+*6-
! !

#76'-?-+8-29-

.,+&/#(675-82,+(
&
<5/120()&7%(&45/0627&)"4(="8&#"8567&1%5=/&2/&'23,&N,&
&

&
V##&;(/01&#2(&2/&7%(&%5)2:5/7"#&$#"/(,&&B%)((&12/3#(H45/06475)&SFF&?492#&7"$(H1%2(#0(0&S&
?]& $5=()& 4";#(1& /((0& 75& ;(& $6##(0& 7%)563%& 7%(& 45/0627,& & B%(& 4";#(& %"1& "& J,JFH2/4%&
567120(&02"9(7()&"/0&=(23%1&J,NL&$56/01&$()& D557,& &V&45(DD242(/7&5D& D)24725/&5D&F,MS& 21&
"/7242$"7(0,&&B%(&)"4(="8&4"/&;(&0(123/(0&"1&D5##5=1R&
&
'2)17*&7%(&45/0627&9617&;(&12:(0,&&B%(&4)511H1(4725/"#&")("&5D&7%(&7%)((&4";#(1&21&
&

-@,&JS&
&
&
B%(& )(@62)(0& 4)511H1(4725/"#& ")("& 5D& 7%(& 45/0627& 75& 82(#0& "& EFG& D2##*& =%24%& 21& 7%(&
9"A2969&D2##&"##5=(0&;8&7%(&C-<*&21&
&

-@,&JY&
&
&
B%(&45))(1$5/02/3&02"9(7()&75&7%21&4)511H1(4725/"#&")("&21&
&
&

-@,&JZ&
&
&
B%21& 2/024"7(1& 7%"7&"&/592/"#&LH2/4%&45/0627&4"/&;(&61(0,& &`(D5)(&1(77#2/3&5/&"&LH2/4%&
45/0627*&7%(&>"9&)"725&9617&;(&4%(4?(0,&&B%(&>"9&)"725&2/&7%(&LH2/4%&45/0627&21&
&

-@,&JN&
&
&
B%21& O"#6(& 21& 4#51(& 75& 7%(& P0"/3()& :5/(Q& 5D& M,N& ≤& >& ≤& L,F& =%()(& >"992/3& 4"/& 5446),&&
`(D5)(& 7%(& (/32/(()& 4"/& "##5=& 7%21& >"9& )"725& "/0& $)54((0& =27%& 7%(& 0(123/& 5D& 7%(&
)"4(="8*&"/57%()&2116(&9617&;(&"00)(11(0,&&.%(/&"&45/0627&21&;(/7*&"&1#23%7&D#"77(/2/3&

M
M

4";#(1 2/NSJ,M
M
JF,JLV ====

















ππππ====

M
GWEFX45/0627 2/JMN,Z

EF,F
NSJ,MV ========

2/FJL,LWJMN,ZXEIU GWEFX45/0627 ====
ππππ

====

ZMZ,M
JF,J
L> cL ========

V `

< U

-

SF&D7

JSF&D7

V##&;(/01&#2(&2/&7%(
%5)2:5/7"#&$#"/(

MFF&D7
JF&D7

J,J&D7&)"0261
78$24"#

'I^_!-&N&
<5/0627&U(123/&-A"9$#(&jJ&



!!!"#$%&'()'*"&+,---------------------------------------#$%-.+/*0'-1233------------------------------------------------!!!"#$%+(45('"+*6-
! !

#76'-2@-+8-29-

5446)1*&7)"/1D5)92/3&7%(&42)46#")&4)511H1(4725/&5D&7%(&45/0627&2/75&"/&(##2$1(,&&B%(&9">5)&
"A21&5D&7%(&(##2$1(&21&78$24"##8&SG&#")3()&7%"/&7%(&02"9(7()&5D&7%(&42)46#")&4)511H1(4725/,&&
B%21&(/#")3(0&(DD(472O(&02"9(7()&82(#01&"&02DD()(/7&>"9&)"725&2/&7%(&;(/01&5D&7%(&)"4(="8,&&
B%21&>"9&)"725&21&
&

-@,&Ja&
&
B%21&>"9&)"725&21&2/&7%(&P0"/3()&:5/(,Q&&\2/4(&>"992/3&21&9517&#2?(#8&75&5446)&2/&"&;(/0*&
7%21& 45/0627& 12:(& 1%56#0&/57&;(&1(#(47(0,& &B%(&/(A7& #")3()&/592/"#& 45/0627& 12:(& 21&Lk&
2/4%(1,&&B%(&4)511H1(4725/"#&")("&5D&"&LkH2/4%&45/0627&21&
&
&

-@,&MF&
&
&
B%(&$()4(/7&D2##&D5)&7%(&LkH2/4%&45/0627&21&
&

-@,&MJ&
&
&
C(A7*&7%(&>"9&)"7251&")(&4%(4?(0&D5)&7%(&LkH2/4%&45/0627,&
&

-@,&MM&
&
&
\2/4(&>"992/3&4"//57&5446)&=%(/&>&l&L*&7%21&>"9&)"725&21&"44($7";#(,&&C5=*&7%(&>"9&)"725&
21&4%(4?(0&2/&7%(&;(/01*&"##5=2/3&D5)&"&SG&(#5/3"725/&5D&7%(&45/0627m1&2/120(&02"9(7(),&
&

-@,&ML&
&
&
B%21&>"9&)"725&21&"#15&"44($7";#(*&15&"&LkH2/4%&45/0627&=2##&;(&61(0,&
&
V&92/2969& ;(/02/3& )"0261& 9617& /5=& ;(& 0(7()92/(0& D5)& 7%(& 45/0627,& & B%(&92/2969&
;(/02/3&)"0261&5D&7%(&4";#(&21&JM&729(1&271&567120(&02"9(7()*&5)&
&

-@,&ME&
&
B%21&)"0261&=2##&;(&"1169(0&D5)&"##&45/0627&;(/01*&;67&9"8&%"O(&75&;(&2/4)("1(0&2D&7%(&
9"A2969&"##5=";#(&120(="##&$)(116)(&21&(A4((0(0,&
&
B%(& #"17& 7()9& 75&;(&4"#46#"7(0&;(D5)(& 7%(&$6##2/3&4"#46#"725/1&4"/&;(&$()D5)9(0& 21& 7%(&
=(23%7&45))(4725/&D"475),&&`(4"61(&5D&7%(&%23%&>"9&)"725*&"&4)"0#(0&4";#(&45/D236)"725/&21&
"1169(0,&
&
&

NYE,M
JF,J

WLXFS,J> ;(/01cL ========−−−−

M
M

cWM[JHLX45/0627 2/YMJ,a
E
WS,LXV ====ππππ====

GY,Ma
YMJ,a
NSJ,MD2##G ========

JNM,L
JF,J
S,L> cM[JHL ========

LEJ,L
JF,J

WS,LXFS,J> ;(/01cM[JHL ========−−−−

)&92/&f&JM&XJ,JFW&f&JL,M&2/&



!!!"#$%&'()'*"&+,---------------------------------------#$%-.+/*0'-1233------------------------------------------------!!!"#$%+(45('"+*6-
! !

#76'-22-+8-29-

&
-@,&MS&

&
&
C5=&7%(&$6##2/3&4"#46#"725/1&4"/&;(&05/(,&&'2)17*&7%(&4"#46#"725/1&=2##&;(&05/(&75&$6##&7%(&
4";#(1&D)59&$52/7&V&75&$52/7&-,&&B%(&7(/125/&)(@62)(0&75&$6##&7%(&4";#(1&D)59&$52/7&V&75&
$52/7&`*&612/3&-@,&JF*&21&
&

-@,&MY&
&
C57(&7%(&96#72$#2()&5D&L&75&"4456/7&D5)&7%)((&4";#(1&;(2/3&$6##(0,&&B%(&7(/125/&)(@62)(0&75&
$6##&7%(&4";#(1&7%)563%&;(/0&`*&612/3&-@,&JJ*&21&
&

-@,&MZ&
&
B%(&7(/125/&)(@62)(0&75&$6##&7%(&4";#(1&D)59&$52/7&`&75&$52/7&<&21&
&

-@,&MN&
&
&
B%(&7(/125/&)(@62)(0&75&$6##&7%(&4";#(1&7%)563%&;(/0&<&21&
&

-@,&Ma&
&
B5&$6##&7%(&4";#(1&7%)563%&7%(&/(A7&17)"23%7&1(4725/*&<&75&U*&7%(&)(@62)(0&7(/125/&21&
&

-@,&LF&
&
&
B5&$6##&7%)563%&;(/0&U*&7%(&)(@62)(0&7(/125/&21&
&

-@,&LJ&
&
+6##2/3&7%)563%&7%(&D2/"#&17)"23%7&1(4725/*&U&75&-*&)(@62)(1&
&

-@,&LM&
&
&
V&757"#&7(/125/&5D&JZJS,LE&$56/01&21&)(@62)(0&75&$6##&7%(&4";#(1&D)59&$52/7&V&75&$52/7&-,&&
C(A7*&7%(&$6##2/3&4"#46#"725/1&")(&)(05/(*&7%21&729(&$6##2/3&D)59&$52/7&-&75&$52/7&V,&&B%(&
4"#46#"725/1&")(&"1&D5##5=1R&
&

-@,&LL&
&
&

-@,&LE&

MN,J
JF,JS,L

JF,J
L
EJ=

M

4 ====





−−−−

++++====

#;MF,JES(NE,NZB WM[XWMS,FXWMN,JX
` ======== ππππ

#;YY,YZS(ZM,EFNB WM[XWMS,FXWMN,JX
< ======== ππππ

4AZY,JYaZ(FM,JFMZB WM[XWMS,FXWMN,JX
U ======== ππππ

#;FZ,Ma(SN,JZB WM[XWMS,FXWMN,JX
U ======== ππππ

BVH`&&f&XLW&XJ,MNW&XF,MSW&XSFW&XJ,NLW&f&NZ,NE&#;&

B`H<&&f&XLW&XJ,MNW&XF,MSW&XJSFW&XJ,NLW&g&B`&&
& &f&MYL,SM&g&JES,MF&f&EFN,ZM&#;&

B<HU& f&XLW&XJ,MNW&XF,MSW&XMFFW&XJ,NLW&g&B<&
&&&&&&f&LSJ,LY&g&YZS,YY&f&JFMZ,FM&#;&

BUH-&&f&XLW&XJ,MNW&XF,MSW&XJFW&XJ,NLW&g&BU&
& &&&f&JZ,SN&g&JYaZ,ZY&f&JZJS,LE&#;&

B-HU&&f&XLW&XJ,MNW&XF,MSW&XJFW&XJ,NLW&f&JZ,SN&#;&



!!!"#$%&'()'*"&+,---------------------------------------#$%-.+/*0'-1233------------------------------------------------!!!"#$%+(45('"+*6-
! !

-@,&LS&

&BUH<&&f&XLW&XJ,MNW&XF,MSW&XMFFW&XJ,NLW&g&BU&& &&&f&LSJ,LY&g&Ma,FZ&f&LNF,EL&#;&
&

-@,&LY&
&

&
-@,&LZ&

&

#;Na,YMN(EL,LNFB WM[XWMS,FXWMN,JX
< ======== ππππ

&
B<H`&&&f&XLW&XJ,MNW&XF,MSW&XJSFW&XJ,NLW&g&B<
& &&f&MYL,SM&g&YMN,Na&f&NaM,EJ&#;&
#76'-23-+8-29-

&
-@,&LN&

&
&

-@,&La&
&
&
+6##2/3& 7%(& 4";#(1& D)59& $52/7& -& 75& $52/7& V& )(@62)(1& 5/#8& JSYL,Fa& $56/01& 5D& 7(/125/,&&
\2/4(&#(11&7(/125/&21&)(@62)(0&75&$6##&7%(&4";#(1&D)59&$52/7&-&75&$52/7&V&7%"/&2/&7%(&57%()&
02)(4725/*&7%(&$)(D())(0&$6##2/3&02)(4725/& 21&D)59&$52/7&-&75&$52/7&V,& &\59(729(1*&06(&75&
$%8124"#& 45/17)"2/71*& 27& 21& 95)(& 02DD246#7& 5)& (O(/& 29$5112;#(& 75& $6##& 2/& 5/(& $")7246#")&
02)(4725/,&&ID&7%21&21&7%(&4"1(*&7%(&4";#(1&/((0&75&;(&$6##(0&2/&7%(&95)(&D("12;#(&02)(4725/,&&
ID&/5&$6##2/3&45/17)"2/71&(A217*&7%(&02)(4725/&)(@62)2/3&7%(&#(11()&$6##2/3&7(/125/&1%56#0&;(&
4%51(/,&
&
C5=&7%"7&27&%"1&;((/&0(7()92/(0&7%"7&7%(&4";#(1&=2##&;(&$6##(0&D)59&$52/7&-&75&$52/7&V*&
120(="##& $)(116)(1& ")(& 4"#46#"7(0& "7& ("4%& ;(/0,& & V& 9"A2969& "##5=";#(& 120(="##&
$)(116)(&5D&SFF&$56/01&$()&D557&5D&)"0261&21&0(7()92/(0&75&;(&
&

-@,&EF&
&
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&
&

-@,&EJ&
&
&
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-@,&EM&
&
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-@,&EL&
&
&

#;MS,JEZS(EJ,NaMB WM[XWMS,FXWMN,JX
` ======== ππππ

)#;[DMJ,JY
JF,J
FZ,Ma

L
MWMN,JXL+U ====





−−−−====

)#;[DYS,LSF
JF,J
Na,YMN

L
MWMN,JXL+< ====





−−−−====

#;[D7SY,NMM
JF,J
MS,JEZS

L
MWMN,JXL+` ====





−−−−====

B`HV& f&XLW&XJ,MNW&XF,MSW&XSFW&XJ,NLW&g&B`
& f&NZ,NE&g&JEZS,MS&f&JSYL,Fa&#;&

+9"A&f&XJ,JFW&XSFFW&f&SSF&#;&[&D7&
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+6##2/3&2/&7%(&)(O()1(&02)(4725/&=56#0&O25#"7(&7%(&9"A2969&120(="##&$)(116)(&#2927&"7&7%(&
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7%(&4";#(1&2/&7%(&=)5/3&02)(4725/*&7%(&(/32/(()&9"8&4%551(&75&61(&MFH2/4%&;(/0&)"022&"7&
"##&;(/01,& & ID&$%8124"#&45/17)"2/71&"##5=&D5)& 7%(& #")3()&;(/0&)"022*&612/3&"&MFH2/4%&;(/0&
)"0261&"7&("4%&;(/0&21&"0O21";#(,&
&
C(A7*&45/120()&7%(&45/0627&)"4(="8&#"8567&1%5=/&2/&'23,&a,&

&
&
&
&
V##&;(/01& #2(& 2/& 7%(&O()724"#&$#"/(,& &V1& 2/& 7%(& #"17&(A"9$#(*& 7%)((&12/3#(H45/06475)&SFF&
?492#& 7"$(H1%2(#0(0&S& ?]&$5=()& 4";#(1&=2##& ;(&$6##(0& 7%)563%& 7%(&45/0627,& &B%(& 4";#(&
567120(& 02"9(7()*& =(23%7*& "/0& 45(DD242(/7& 5D& D)24725/& ")(& J,JF& 2/4%(1*& J,NL& $56/01& $()&
D557*&"/0&F,MS*&)(1$(472O(#8,&&B%(&1"9(&45/0627&12:2/3&$)54(06)(&"1&61(0&2/&-A"9$#(&jJ&
0(7()92/(1&"&LkH2/4%&45/0627&12:(,&&V&92/2969&;(/0&)"0261&5D&JL,M&2/4%(1&"/0&"&=(23%7&
45))(4725/&D"475)&5D&J,MN&"#15&=2##&;(&61(0,&
&
'2)17*&7%(&)(@62)(0&7(/125/&75&$6##&7%(&4";#(1&D)59&$52/7&V&75&$52/7&U&21&4"#46#"7(0,&
&

-@,&EY&
&

-@,&EZ&
&

2/ZE,JaD7YS,J
SSF

WJF,JXWSY,NMMX)92/ ============

#;[D7LN,SEN
YS,J
MS,JEZS

L
MWMN,JXWLX+ cWMFX` ====





−−−−====

J , J & D 7 & ) " 0 2 6 1

78$24"#

SF&D7<
U

`V

SF&D7

LZS&D7

V##&;(/01&#2(&2/&7%(
O()724"#&$#"/(

BVH`&f&XLW&XJ,MNW&XF,MSW&XLZSW&XJ,NLW&f&YSN,NF&#;&

#;FZ,JFNa(NF,YSNB WM[XWMS,FXWMN,JX
` ======== ππππ

'I^_!-&a&
<5/0627&U(123/&-A"9$#(&jM&
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)(@62)(0,&
&
B%(& #"17&17($&5D& 7%(&0(123/& 21& 75&O()2D8& 7%"7& 7%(&120(="##&$)(116)(& 21& #(11& 7%"/& 7%(&SSF&
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#;MJ,JES(NE,NZB WM[XWMS,FXWMN,JX
` ======== ππππ

B`H<&f&XLW&XJ,MNW&XF,MSW&XSFW&XJ,NLW&g&JFNa,FZ&g&XLW&XSFW&XJ,NLW&
& f&NZ,NE&g&JFNa,FZ&g&MZE,SF&f&JESJ,EJ&#;-

B<HU& f&XLW&XJ,MNW&XF,MSW&XSFW&XJ,NLW&g&MLaa,LL&
& f&NZ,NE&g&MLaa,LL&f&MENZ,JZ&#;-

BUH<&f&XLW&XJ,MNW&XF,MSW&XSFW&XJ,NLW&f&NZ,NE&#;&

#;MJ,JES(NE,NZB WM[XWMS,FXWMN,JX
< ======== ππππ

B<H`&&f&XLW&XJ,MNW&XF,MSW&XSFW&XJ,NLW&g&JES,MJ&n&&XLW&XSFW&XJ,NLW&&
& &f&NZ,NE&g&JES,MJ&n&MZE,SF&f&n&EJ,ES&#;&

B(/7()2/3&`&f&XLW&XJ,MNW&XF,MSW&XSFW&XJ,NLW&f&NZ,NE&#;&

B`HV&f&XLW&XJ,MNW&XF,MSW&XLZSW&XJ,NLW&g&JES,MJ&
& f&YSN,NF&g&JES,MJ&f&NFE,FJ&#;&
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(

D7[#;aZ,NF
JF,J
MJ,JES

L
MWMN,JXL++ `< ====





−−−−========
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