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B?O=:N?CP! NQL=Q0RHS! CQ<! NQL="0NTC0NRQ! RU! 0H=C0:=Q0!

:=0OR<"! URH! ?O=:N?CP! "(V"0CQ?="! ("=<! C0! "(HCQCH==!

(QNL=H"N0S!RU!0=?OQRPRTSF

อ.ท่ีปรึกษาW!C++)+,A!D$./A!?2.&412)&4!D.35$%+'$,E!D2A<A!XYZ!หนาA!N"VQ)[\ZG]^^G_X]G[

งานวิจัยน้ีเปนการศึกษาเพ่ือเพ่ิมศักยภาพในการจัดการและบํ าบัดของเสียสารเคมีในมหาวิทยาลัย
เทคโนโลยีสุรนารี สวนแรกของงานวิจัยส ํารวจชนิดและปริมาณสารเคมีท่ีใชในหองปฏิบัติการ สวนท่ี
สองกลาวถึงการตกตะกอนและการดูดซับเปนวิธีที่ใชส ําหรับบํ าบัดสารเคมีท่ีนํ ามาศึกษาซ่ึงอยูในกลุม
ของสารเคมีท่ีใชเปนสวนใหญในมหาวิทยาลัย  วิธีการบํ าบัดสารเคมีมี  Y!! ข้ันตอน  ประกอบดวยสา
รอนินทรียบํ าบัดโดยขบวนการตกตะกอนและสารอินทรียบํ าบัดโดยขบวนการดูดซึมส ําหรับสารอนิน-
ทรียท่ีนํ ามาศึกษาประกอบดวย ทองแดง และ สังกะส ีความเขมขน Z_ มิลลิกรัม และ X_ มิลลิกรัม 
ตามลํ าดับ จากการศึกษาพบวาคา 5O ` เปนคาที่เหมาะสมส ําหรับการตกตะกอนของสารอนินทรีย
ดังกลาว และเม่ือเติมสารสมและเฟอรริกคลอไรดซ่ึงเปนสารกอตะกอน หลังจากเติมปูนขาวไมท ําให
ประสิทธิภาพของการตกตะกอนเพิ่มขึ้น
สารอินทรียสองชนิดท่ีใชในการทดลองการดูดซับประกอบดวย Acetic acid และ Ethyl acetate และสาร

ดูดติดผิวท่ีใชคือ ถานคารบอนแบบเกร็ด (coconut shell based granular activated carbon grade : DEO 8/30) จาก
การศึกษาโดยใชสมการ Freundlich isotherm พบวา Acetic acid และ Ethyl acetate มีคา log Kf เทากับ –2.00

และ –1.14 และ 1/n  มีคาเทากับ 1.27 และ 1.25 ตามลํ าดับ ซ่ึงถานคารบอนสามารถดูดซับ Ethyl acetate ได
ดีกวา Acetic acid เนื่องจาก Ethyl acetate มีขนาดโมเลกุลใหญกวาจึงท ําใหมีแรงกายภาพ (van der Waals 

force) มากกวา ทํ าใหสามารถดูดติดผิวคารบอนไดดี
การออกแบบระบบการกํ าจัดสารอินทรีย ในการทดลองใชถานคารบอนบรรจุในภาชนะทรง

กระบอก นํ าน้ํ าเสียสังเคราะหไหลผานทรงกระบอกแบบตอเน่ืองซ่ึงมีถานคารบอนจํ านวน Z__ กรัม
บรรจุอยู น้ํ าเสียสังเคราะหดังกลาวประกอบดวย C1',)1!%1)6 และ =,2-3!%1',%,' ความเขมขน _AX_
โมลตอลิตร และ _AXZ โมลตอลิตร ตามลํ าดับ ปริมาตรของสารเคมีท้ังสองชนิดสามารถไหลผานถาน
คารบอนไดจํ านวน XE___ มิลลิลิตร และ [E___ มิลลิลิตร ตามลํ าดับ กอนถึงสภาวะท่ีถานคารบอนไม
สามารถบํ าบัดสารเคมีได B7$'%a,2$.#42!1.&1'&,$%,).&F
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Z^Y \AX\XZ] _Ah_]^Y
Z]h \A^^\Y_ _A]YYZ]
]_Z \A`YZ`Y _AY\`hZ
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B2$F B4dPF %6+.$7'6!B4F !

YZ `AXYXZ` _AX^_^X
Z` \A_`[X` _AhZhZh
\Y \AY]hX^ _A]hY[`
[h \A\\h\` _A^_Yhh
XY_ \AX^__Y _AhYh_Z
XZZ \A]hX\[ _AZX_X]
Xh` \AhX]`Z _A^`^X^
X[Y hA][\[] _A`[Y_\
YXh hAh]]__ _A`h^]]
YZ_ hAhZXX[ _A`\_Z]
YhZ hA\^]Z\ _A`Y^^X
Y`` \AX\h`h _Ah_YhY
^XY \A\Y[^Z _A^Yh^`
^^h \AhX\hZ _A^`YY^
^h_ \AY`^X] _A]Z[Z\
^`Z \A\^]^] _A^Y^^`
Z_` \AhX\_Z _A^`Y]^
Z^Y \AhX\_Z _A^`Y]^
Z]h \Ah`X[_ _A^]_X_
]_Z \Ahh[Y[ _A^]hZ_
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YZ `A^\XZ` _A^_[`\
Z` \Ah[`]Y _AhZh^Z
\Y \A\Z^Y` _AhY^[h
[h \AZ[`hX _A\Zh^_
XY_ \A^X`_` _A`^h]h
XZZ \A^_ZY] _A`Z^Z`
Xh` hAh]`hX XAXhh^_
X[Y \AY^hZ[ _A`\\^h
YXh `A\\`hX _AX_h^_
YZ_ hAh_Zh_ XAX[^^_
YhZ \AZXZ`Y _A\``X[
^XY ]A[h`XY XA]XX]Z
^^h hA[[ZZ\ _A[[`^\
^h_ ]Ah[[\] XAhZ]\^
^`Z hAY_Y`^ XA^[ZX[
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YZ \A\X]ZZ _Ah^\``
Z` `A_X_X] _AZ[_]^
\Y \A^_hY\ _A`ZYZ\
[h hA[`]X^ XA__^_Z
XY_ hAYZ]XY XA^\^_Z
XZZ hA\YYZ_ XAX^ZZX
Xh` hAh]]`` XAXh\h\
X[Y ]A`X_\h XA][_YY
YXh \AX^Y[\ _A[Y[XY
YZ_ ]Ah^Y`` XAh\[X\
YhZ hA\[^ZX XA_[`[_
^XY hA^]h\h XA^X\Y^
^^h ]A\`h^h XAh_YZY
^h_ ]AY\X`Y XA`][h[
^`Z ]AYY\X] XA``Y_^
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YZ \AY[][\ _A`Z\hY
Z` hAh[h_] XAXZ\]`
\Y hA`\[Z[ XA_]]`h
[h hA]]ZhZ XAYX`Y`
XY_ hA]Y_Y` XAY^]Zh
XZZ hAYh]\Z XA^hY\^
Xh` hAX^XY[ XAZY[[h
X[Y ]A]`_`X XA\_]Y_
YXh hAZ\^\h XAY]`\Y
YZ_ ]A^^_Y^ XA`^_Z[
YhZ hA_ZXh[ XAZ\Z\h
^XY ]Ah]^h\ XAhh`\\
^^h ]AZX_]_ XA\[_^]
^h_ ZA`h`Y_ YA_hX]_
^`Z ZAX^Y`\ YAZY[X\
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YZ hAZX`_` XAY`h]h
Z` hAh[X`Y XAXZ[h[
\Y hA]X^[Z XAY^`hZ
[h hAY]]hX XA^h\`_
XY_ hAXX_][ XAZZ_^X
XZZ ZAZ[[X^ YAYZh_Z
Xh` hA_Z]_Z XAZ\^_[
X[Y ]AZ^Z`X XA\\`Y_
YXh hAh]^h\ XAXh`\\
YZ_ ]AY]YYh XA`h[Z\
YhZ hA[^\Y[ XA_Yh[h
^XY hA_[hh\ XAZZ\Y\
^^h ]AZY^\X XA\`^\]
^h_ ]A]_]\Z XA\ZY\^
^`Z ]AZZY^_ XA\\ZZ]
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YZ hA^[X\^ XAY[[\Z
Z` hA_][X^ XAZhh_Z
\Y ]AYY[__ XA``XX_
[h ]A]Z`[X XA\YXX]
XY_ ]A]Yh[\ XA\^YXY
XZZ ]AhZYhh XAh\ZY`
Xh` ]AZhXh_ XA\hZ`_
X[Y ZAX[Z[_ YA^[`X]
YXh ZAh`X_\ YAX]]_\
YZ_ ZA[_[X\ YA_ZX_Y
YhZ ZA]YXZY YAY^Z`[
^XY ZAZ`_^h YAY]]ZY
^^h ^A\X]]X YAh^\`]
^h_ ^A[_h^] YA]ZYZ^
^`Z ZA^`[X\ YA^_X_Y
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YZ ]A[h[__ XA]XXX_
Z` ZA[]_]_ YA_Y_^h
\Y ]AX`]`^ XA[_Yh[
[h ]A_Y]^_ XA[`Y[]
XY_ ZA[^[^X YA_Y][]
XZZ ZA]_^Y\ YAYZ^[\
Xh` ZA\[X]] YA_[[`^
X[Y ^A^]YY] YA`X[Z`
YXh ]A_]_^Y XA[\_ZZ
YZ_ ^AhhY]h YAhhZ^Y
YhZ hAYZZ\\ XA^\^YY
^XY ZA^h\\h YA^XX\Y
^^h ZAX[YYh YA^[[Z`
^h_ ^A\`^[\ YAh_^hY
^`Z ^A^Y]hZ YA`^Y\`
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B2$F B4dPF %6+.$7'6!B4F

YZ ]AZ``Z\ XA\]X^\
Z` ]A_hZ^^ XA[h^ZZ
\Y ZA\[hZ_ YA_[\Z_
[h ZA]^YX\ YAYY[]Y
XY_ ZAYhX\\ YA^hZ\Y
XZZ ZAZ\_h\ YAYh_Y\
Xh` ^A`\[_Z YA]]h_`
X[Y YA\^`X] ^AXYh]^
YXh ZA][]h_ YAX[\`_
YZ_ ^AYX\h^ YA``h\[
YhZ ^AhZ]]h YAh\Y`Y
^XY ^AZ^]h_ YA\\\`_
^^h ^A_`ZX] YA[]^]^
^h_ YA[h`[_ ^A_XXX]
^`Z ^Ah]_Y^ YAh\_Z[
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Q.A N&),)%3!,)8' ! ! ! ! ! ! ?.#,d?)&
! ! B8)&AF B83d8)&AF B83d8)&AF !!,$'%,'6!B83F !K%,'$!,$'%,'6!B83F ?.#, !
! X^WY] ! X\A_ ! ! ! ! !
! X^WY` ^ YYA_ X[A]_ ]`A]_ ]`A]_ ! !
X X^W^] \ YXA_ YXA]_ X]_A]_ Y_[A__ _A__XYh _A__[_`
Y X^WZ_ ] Y_A_ Y_A]_ X_YA]_ ^XXA]_ _A__Y]] _A_X`^Y
^ X^W]_ X_ X`A_ X[A__ X[_A__ ]_XA]_ _A__^X_ _A_YYYY
Z XZW__ X_ XhA_ X\A__ X\_A__ h\XA]_ ! !
] XZWX_ X_ XhA_ XhA__ Xh_A__ `^XA]_ _A_X_^X _A_\^[Y
h XZWY_ X_ X]A] X]A\] X]\A]_ [`[A__ _A_XX\^ _A_`Z_`
\ XZW^_ X_ X]A_ X]AY] X]YA]_ XXZXA]_ _A_X_XZ _A_\Yh`
` XZWZ_ X_ XZA_ XZA]_ XZ]A__ XY`hA]_ _A__[[\ _A_\XZ^
[ XZW]_ X_ XZA_ XZA__ XZ_A__ XZYhA]_ _A__`[h _A_hZYX
X_ X]W__ X_ XZA_ XZA__ XZ_A__ X]hhA]_ _A__`\_ _A_hY^Y
XX X]WX_ X_ XYA] X^AY] X^YA]_ Xh[[A__ _A__`Z` _A_h_`_
XY X]WY_ X_ XYA_ XYAY] XYYA]_ X`YXA]_ _A__`]X _A_hX_X
X^ X]W^_ X_ XYA_ XYA__ XY_A__ X[ZXA]_ _A__`[^ _A_hZ_^
XZ X]WZ_ X_ XXA_ XXA]_ XX]A__ Y_]hA]_ _A__`\Y _A_hYZ[
X] X]W]_ X_ X_A] X_A\] X_\A]_ YXhZA__ _A__`[Z _A_hZ_Z
Xh XhW__ X_ X_A_ X_AY] X_YA]_ YYhhA]_ _A_X_\] _A_\\_X
! X\WXh h XYA_ XXA__ hhA__ Y^^YA]_ ! !
X\ X\WY_ Z XYA_ XYA__ Z`A__ Y^`_A]_ _A_X_][ _A_\][X
X` X\W^_ X_ XXA_ XXA]_ XX]A__ YZ[]A]_ _A_XZ]Z _AX_ZY_
X[ X\WZ_ X_ X_A_ X_A]_ X_]A__ Yh__A]_ _A_XX\Z _A_`ZX]
Y_ X\WZ\ \ [A_ [A]_ hhA]_ Yhh\A__ _A_XXXh _A_`___
! XXWXY ] YYA] ! _A__ ! ! !
YX XXWY_ ` X[A_ Y_A\] XhhA__ Y`^^A__ _A_XZ\Y _AX_]Z[
YY XXW^_ X_ X\A_ X`A__ X`_A__ ^_X^A__ _A_X_\` _A_\\Y^
Y^ XXWZ_ X_ X]A] XhAY] XhYA]_ ^X\]A]_ _A_XX^\ _A_`X]X !
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Q.A N&),)%3!,)8' ! ! ! ! ! ! ?.#,d?)&
! ! B8)&AF B83d8)&AF B83d8)&AF !!,$'%,'6!B83F !K%,'$!,$'%,'6!B83F ?.#, !
YZ XXW]_ X_ X^A_ XZAY] XZYA]_ ^^X`A__ _A_X``h _AX^]XY
Y] XYW__ X_ XXA_ XYA__ XY_A__ ^Z^`A__ _A_Y\hh _AX[`Y_
Yh XYWX_ X_ X_A_ X_A]_ X_]A__ ^]Z^A__ _A_^]h\ _AY]]]h
Y\ XYWY_ X_ [A] [A\] [\A]_ ^hZ_A]_ _A_Z\X[ _A^^`X]
! XYWY^ ^ X`A_ [A]_ Y`A]_ ^hh[A__ ! !
Y` XYW^_ \ XhA_ X\A__ XX[A__ ^\``A__ _A_h^_` _AZ]X[Z
Y[ XYWZ_ X_ X]A] X]A\] X]\A]_ ^[Z]A]_ _A_[YX] _Ahh_YX
^_ XYW]_ X_ X]A_ X]AY] X]YA]_ Z_[`A__ _AX_\]^ _A\\_^`
^X X^W__ X_ XZA_ XZA]_ XZ]A__ ZYZ^A__ _AXX[X^ _A`]^Z`
^Y X^WX_ X_ XZA_ XZA__ XZ_A__ Z^`^A__ _AX^ZYY _A[hX][
! XZWZ_ X_ ^[A] ! _A__ ! ! !
! XZW]_ X_ ^]A_ ^\AY] ^\YA]_ Z\]]A]_ ! !
^^ X]W__ X_ ^YA] ^^A\] ^^\A]_ ]_[^A__ _AX]YY] XA_[_\\
! X]WX_ X_ ^_A_ ^XAY] ^XYA]_ ]Z_]A]_ ! !
^Z X]WY_ X_ Y`A_ Y[A__ Y[_A__ ]h[]A]_ _AXh_XY XAXZ\X]
! X]W^_ X_ Y\A_ Y\A]_ Y\]A__ ][\_A]_ ! !
^] X]WZ_ X_ YhA_ YhA]_ Yh]A__ hY^]A]_ _AX]]\h XAXX][X
! X]W]_ X_ YZA_ Y]A__ Y]_A__ hZ`]A]_ ! !
^h XhW__ X_ Y^A_ Y^A]_ Y^]A__ h\Y_A]_ _AXhhY[ XAX[X^h
! XhWX_ X_ YXA_ YYA__ YY_A__ h[Z_A]_ ! !
! XhWY_ X_ Y_A_ Y_A]_ Y_]A__ \XZ]A]_ ! !
^\ XhW^_ X_ X[A] X[A\] X[\A]_ \^Z^A__ _AX\XY[ XAYY\X`
! XhWZ_ X_ X`A_ X`A\] X`\A]_ \]^_A]_ ! !
! XhW]_ X_ XhA_ X\A__ X\_A__ \\__A]_ ! !
^` X\W__ X_ X]A_ X]A]_ X]]A__ \`]]A]_ _AX\^\X XAYZZ]X
! X\WX_ X_ X^A] XZAY] XZYA]_ \[[`A__ ! !
! X\WY_ X_ XYA_ XYA\] XY\A]_ `XY]A]_ ! ! !
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Q.A N&),)%3!,)8' ! ! ! ! ! ! ?.#,d?)&
! ! B8)&AF B83d8)&AF B83d8)&AF !!,$'%,'6!B83F !K%,'$!,$'%,'6!B83F ?.#, !
^[ X\W^_ X_ X_A_ XXA__ XX_A__ `Y^]A]_ _AX\^[Z XAYZhXh
! X\WZ_ X_ [A_ [A]_ []A__ `^^_A]_ ! !
! X\WZX X X^A_ [A__ [A__ `^^[A]_ ! !
! X\W]_ [ XYA_ XYA]_ XXYA]_ `Z]YA__ ! !
Z_ X`W__ X_ XXA_ XXA]_ XX]A__ `]h\A__ _AX\Y]X XAY^][Y
! XXWX_ X_ YXA] ! _A__ ! ! !
! XXWY_ X_ X[A_ Y_AY] Y_YA]_ `\h[A]_ ! !
! XXW^_ X_ X`A_ X`A]_ X`]A__ `[]ZA]_ ! !
ZX XXWZ_ X_ X`A_ X`A__ X`_A__ [X^ZA]_ ! !
! XXW]_ X_ XZA_ XhA__ Xh_A__ [Y[ZA]_ ! !
ZY XYW__ X_ X^A] X^A\] X^\A]_ [Z^YA__ _AX\\_^ XAYh`^_
! XYWX_ X_ XYA_ XYA\] XY\A]_ []][A]_ ! !
! XYWY_ X_ XXA] XXA\] XX\A]_ [h\\A__ ! !
Z^ XYW^_ X_ XXA_ XXAY] XXYA]_ [\`[A]_ _AXh[[` XAYX\\[
! XYWZ_ X_ XXA_ XXA__ XX_A__ [`[[A]_ ! !
! XYW]_ X_ X_A] X_A\] X_\A]_ X___\A__ ! !
ZZ X^W__ X_ X_A] X_A]_ X_]A__ X_XXYA__ _AXhhh\ XAX[Z_`
! X^WX_ X_ X_A_ X_AY] X_YA]_ X_YXZA]_ ! !
! X^WY_ X_ X_A_ X_A__ X__A__ X_^XZA]_ ! !
Z] X^W^_ X_ [A] [A\] [\A]_ X_ZXYA__ _AXhZ\_ XAX\[[h
! X^WZ_ X_ [A_ [AY] [YA]_ X_]_ZA]_ ! !
! X^W]_ X_ `A] `A\] `\A]_ X_][YA__ ! !
Zh XZW__ X_ `A_ `AY] `YA]_ X_h\ZA]_ _AXhY[\ XAXh\]\
! XZW_^ ^ [A_ `A]_ Y]A]_ X_\__A__ ! !
! XZWX_ \ [A_ [A__ h^A__ X_\h^A__ ! !
! XZWY_ X_ [A_ [A__ [_A__ X_`]^A__ ! !
Z\ XZW^_ X_ [A_ [A__ [_A__ X_[Z^A__ _AXh^hZ XAX\Y^\ !



\[

0%73'!?GXA!B1.&,)&#'6F!!?%$7.&!%6+.$5,).&!7$'%a,2$.#42!1#$*'!./!%1',)1!%1)6A!!N&/3#'&,!1.&1'&,$%,).&!B?)&F!k!_AXZ!:E!TC?!k!Z__!4A
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Q.A N&),)%3!,)8' ! ! ! ! ! ! ?.#,d?)&
! ! B8)&AF B83d8)&AF B83d8)&AF !!,$'%,'6!B83F !K%,'$!,$'%,'6!B83F ?.#, !
! XZWZ] X] `A] `A\] X^XAY] XX_\ZAY] ! !
! XZW]_ ] `A_ `AY] ZXAY] XXXX]A]_ ! !
Z` X]W__ X_ `A_ `A__ `_A__ XXX[]A]_ _AX]`]X XAX^]hY
! X]WX_ X_ ^XA_ `A__ `_A__ XXY\]A]_ ! !
! X]WY_ X_ Y[A_ ^_A__ ^__A__ XX]\]A]_ ! !
Z[ X]W^_ X_ YhA] Y\A\] Y\\A]_ XX`]^A__ _AXZhYY XA_Z\]\
! X]WZ_ X_ YhA_ YhAY] YhYA]_ XYXX]A]_ ! !
! X]W]_ X_ YZA_ Y]A__ Y]_A__ XY^h]A]_ ! !
]_ XhW__ X_ YZA_ YZA__ YZ_A__ XYh_]A]_ _AXZ^X[ XA_Y]`h
! XhWX_ X_ YYA] Y^AY] Y^YA]_ XY`^`A__ ! !
! XhWY_ X_ YYA] YYA]_ YY]A__ X^_h^A__ ! !
]_ XhW^_ X_ YYA_ YYAY] YYYA]_ X^Y`]A]_ _AXZY_h XA_X\\h
! XhWZ_ X_ Y_A] YXAY] YXYA]_ X^Z[`A__ ! !
! XhW]_ X_ Y_A_ Y_AY] Y_YA]_ X^\__A]_ ! !
]X X\W__ X_ X[A] X[A\] X[\A]_ X^`[`A__ _AX^[ZZ _A[[`[[
! X\WX_ X_ ^`A_ X[A]_ X[]A__ XZ_[^A__ ! !
! X\WY_ X_ ^]A_ ^hA]_ ^h]A__ XZZ]`A__ ! !
]Y X\W^_ X_ ^^A_ ^ZA__ ^Z_A__ XZ\[`A__ _AX^[Xh _A[[h[[
! X\WZ_ X_ Y[A_ ^XA__ ^X_A__ X]X_`A__ ! !
! X\W]_ X_ Y\A_ Y`A__ Y`_A__ X]^``A__ ! !
]^ X`W__ X_ YZA_ Y]A]_ Y]]A__ X]hZ^A__ _AX^\[\ _A[``Zh
! `W_] ] X\A] ! _A__ ! ! !
! `WY_ X] XZA_ X]A\] Y^hAY] X]`\[AY] ! !
]Z `W^_ X_ XYA] X^AY] X^YA]_ Xh_XXA\] _AX^`YX _A[[_X`
! `WZ_ X_ XXA] XYA__ XY_A__ XhX^XA\] ! !
! `W]_ X_ X_A_ X_A\] X_\A]_ XhY^[AY] ! !
]] [W__ X_ `A] [AY] [YA]_ Xh^^XA\] _AX^Z^[ _A[hY`X !
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Q.A N&),)%3!,)8' ! ! ! ! ! ! ?.#,d?)&
! ! B8)&AF B83d8)&AF B83d8)&AF !!,$'%,'6!B83F !K%,'$!,$'%,'6!B83F ?.#, !
! [WX] X] Y]A] `A]_ XY\A]_ XhZ][AY] ! !
! [WY_ ] YZA] Y]A__ XY]A__ Xh]`ZAY] ! !
! [WY] ] Y^A_ Y^A\] XX`A\] Xh\_^A__ ! !
! [W^_ ] Y^A_ Y^A__ XX]A__ Xh`X`A__ ! !
! [W^] ] YXA] YYAY] XXXAY] Xh[Y[AY] ! !
! [WZ_ ] Y_A_ Y_A\] X_^A\] X\_^^A__ ! !
! [W]_ X_ X\A_ X`A]_ X`]A__ X\YX`A__ ! !
]h X_W__ X_ XhA_ XhA]_ Xh]A__ X\^`^A__ _AX^]hX _A[\X]]
! X_WX_ X_ X]A] X]A\] X]\A]_ X\]Z_A]_ ! !
! X_WY_ X_ X]A_ X]AY] X]YA]_ X\h[^A__ ! !
! X_W^_ X_ XZA_ XZA]_ XZ]A__ X\`^`A__ ! !
! X_WZ_ X_ X^A_ X^A]_ X^]A__ X\[\^A__ ! !
! X_W]_ X_ XYA] XYA\] XY\A]_ X`X__A]_ ! !
]\ XXW__ X_ XYA_ XYAY] XYYA]_ X`YY^A__ _AX^`h_ _A[[Y[\
! XXWX_ X_ XYA_ XYA__ XY_A__ X`^Z^A__ ! !
! XXWY_ X_ X_A_ XXA__ XX_A__ X`Z]^A__ ! !
! XXW^_ X_ [A_ [A]_ []A__ X`]Z`A__ ! !
! XXW^X X ^YA_ [A__ [A__ X`]]\A__ ! !
! XXW^] Z ^XA] ^XA\] XY\A__ X`h`ZA__ ! !
! XXWZ] X_ ^_A_ ^_A\] ^_\A]_ X`[[XA]_ ! !
! XXW]_ ] Y[A_ Y[A]_ XZ\A]_ X[X^[A__ ! !
! XXW]] ] Y`A_ Y`A]_ XZYA]_ X[Y`XA]_ ! !
]` XYW__ ] Y\A_ Y\A]_ X^\A]_ X[ZX[A__ _AX^h\] _A[\[\Y
! XYWX_ X_ Y]A_ YhA__ Yh_A__ X[h\[A__ ! !
! XYWX] ] YZA_ YZA]_ XYYA]_ X[`_XA]_ ! !
! XYWY_ ] Y^A] Y^A\] XX`A\] X[[Y_AY] ! !
! XYWY] ] Y^A_ Y^AY] XXhAY] Y__^hA]_ ! ! !
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! XYW^_ ] YYA_ YYA]_ XXYA]_ Y_XZ[A__ ! !
! XYW^] ] YXA_ YXA]_ X_\A]_ Y_Y]hA]_ ! !
! XYWZ_ ] Y_A_ Y_A]_ X_YA]_ Y_^][A__ ! !
! XYWZ] ] X`A] X[AY] [hAY] Y_Z]]AY] ! !
! XYW]_ ] X`A_ X`AY] [XAY] Y_]ZhA]_ ! !
! XYW]] ] X\A_ X\A]_ `\A]_ Y_h^ZA__ ! !
][ X^W__ ] XhA_ XhA]_ `YA]_ Y_\XhA]_ _AX^^hX _A[]\YY
! \WX] _ Z`A_ _A__ ! ! ! !
h_ X]W^_ X] Z]A] ZhA\] \_XAY] YXZX\A\] _AXX\]\ _A`ZY^X
hX X]WZ] X] ]_A_ Z]A]_ h`YA]_ YYX__AY] _AXX\`h _A`ZZ^[
hY XhW__ X] Z[A_ Z[A]_ \ZYA]_ YY`ZYA\] _AXXh^^ _A`^^ZY
h^ XhWX] X] Z\A] Z`AY] \Y^A\] Y^]hhA]_ _AXXhXY _A`^X[Y
hZ XhW^_ X] ZXA_ ZZAY] hh^A\] YZY^_AY] _AXXhYh _A`^Y[Y
h] XhWZ] X] Z^AY ZXA__ hX]A__ YZ`Z]AY] _AXX\\\ _A`Z^\Z
hh X\W__ X] Z_A] ZXA`^ hY\A^` Y]Z\YAh^ _AXXYY\ _A`_Z^Z
h\ X\WX] X] ^[A_ ^[A\] ][hAY] Yh_h`A`` _AXX\ZX _A`ZXXh
! \W__ ! Z]A] _A__ ! ! ! !
h` \WX_ X_ ZXA_ Z^AY] Z^YA]_ Yh]_XA^` _AX^X[X _A[Z]_Z
h[ \WY_ X_ Z_A_ Z_A]_ Z_]A__ Yh[_hA^` _AXX[hY _A`]\__
\_ \W^_ X_ ^\A_ ^`A]_ ^`]A__ Y\Y[XA^` _AXXZ]\ _A`Y_`Y
\X \WZ_ X_ ^\A_ ^\A__ ^\_A__ Y\hhXA^` _AX^`[\ _A[[]h^
\Y \W]_ X_ ^hA_ ^hA]_ ^h]A__ Y`_YhA^` _AX^YZ[ _A[Z[Y_
\^ `W__ X_ ^]A_ ^]A]_ ^]]A__ Y`^`XA^` _AX^[]h _A[[[`]
\Z `WX_ X_ ^XA_ ^^A__ ^^_A__ Y`\XXA^` _AXZYZ] XA_Y_]h
\] `WY_ X_ ^XA_ ^XA__ ^X_A__ Y[_YXA^` _AX^Y\[ _A[]X^]
\h `W^_ X_ Y[A] ^_AY] ^_YA]_ Y[^Y^A`` _AXhYh\ XAXh]ZY
\\ `WZ_ X_ Y[A] Y[A]_ Y[]A__ Y[hX`A`` _AX^X^[ _A[ZX^Y !
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\` `W]_ X_ Y`A_ Y`A\] Y`\A]_ Y[[_hA^` _AXZ^YX XA_Yh__
\[ [W__ X_ YhA_ Y\A__ Y\_A__ ^_X\hA^` _AX^[_[ _A[[hZ`
`_ [WY_ X_ YhA_ YhA__ Yh_A__ ^_Z^hA^` _AX^[h\ XA___hZ
`X [W^_ X_ Y]A_ Y]A]_ Y]]A__ ^_h[XA^` _AX]Z\` XAX_``[
`Y [WZ_ X_ YZA] YZA\] YZ\A]_ ^_[^`A`` _AX][]` XAXZ^Y`
`^ [W]_ X_ Y^A_ Y^A\] Y^\A]_ ^XX\hA^` _AXZY_` XA_X\[X
`Z X_W__ X_ Y^A_ Y^A__ Y^_A__ ^XZ_hA^` _AX^[]\ _A[[[[Y
`] X_WX_ X_ YYA] YYA\] YY\A]_ ^Xh^^A`` _AX^[`[ XA__YYY
`h X_WY_ X_ YXA] YYA__ YY_A__ ^X`]^A`` _AXZX[h XA_X\_]
`\ X_W^_ X_ YXA_ YXAY] YXYA]_ ! ! !
`` X_WZ_ X_ X[A_ Y_A__ Y__A__ ^Y_]^A`` _AXY]^] _A`[`_]
`[ X_W]_ X_ X`A] X`A\] X`\A]_ ^YYZXA^` _AXZXYY XA_XX\]
[_ XXW__ X_ X`A_ X`AY] X`YA]_ ^YY^hA^` _AXZ_\` XA__`][
[X XXWX_ X_ X\A_ X\A]_ X\]A__ ^YZXhA^` _AX^[][ XA____\
[Y XXWY_ X_ XhA_ XhA]_ Xh]A__ ^YZ_XA^` _AX^[\[ XA__X]_
[^ XXW^_ X_ X]A] X]A\] X]\A]_ ^Y]\^A`` _AX^[\_ XA___`h
[Z XXWZ_ X_ X]A_ X]AY] X]YA]_ ^Y]]^A`` _AXZ_Z] XA__hY^
[] XXW]_ X_ XZA_ XZA]_ XZ]A__ ^Y\X`A`` _AXYh^` _A[_]Z^
[h XYW__ X_ XZA_ XZA__ XZ_A__ ^Yh[^A`` _AXZ_Z] XA__hY^
[\ XYWX_ X_ X^A_ X^A]_ X^]A__ ^Y`]^A`` _AXZ[_h XA_h\[X
! XYWZ_ X_ X_A] XXA\] ! ! ! !
[` XYW]_ X_ X_A] X_A]_ X_]A__ ^Y[]`A`` _AXZ_Z\ XA__h^\
! XYW]] ] Y\A_ X_A]_ ! ! ! !
[[ X^W__ ] YZA] Y]A\] XY`A\] ^^_`\Ah^ _AX^\\Z _A[`h`X
! X^W_] ] ^`A_ YZA]_ ! ! ! !
X__ X^WX_ ] ^_A] ^ZAY] X\XAY] ^^Y]`A`` _AXYZ_` _A```[]
X_X X^WY_ X_ ^_A] ^_A]_ ^_]A__ ^^]h^A`` _AX][]` XAXZ^Y` !
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X_Y X^W^_ X_ ^_A] ^_A]_ ^_]A__ ^^`h`A`` _AX^``` _A[[Z[`
X_^ X^WZ_ X_ Y[A] ^_A__ ^__A__ ^ZXh`A`` _AX^[[` XA__Y`h
X_Z X^W]] X_ Y[A_ Y[AY] Y[YA]_ ^ZZhXA^` _AX^[[^ XA__Y]_
X_] XZW__ X_ Y[A_ Y[A__ Y[_A__ ^Z\]XA^` _AXYhhX _A[_\_\
X_h XZWX_ X_ YhA^ Y\Ah] Y\hA]_ ^]_Y\A`` _AXZYY] XA_X[XY
X_\ XZWY_ X_ YhA^ YhA^_ Yh^A__ ^]Y[_A`` _AXZ\XY XA_]Z_X
X_` XZW^_ X_ Y]A\ YhA__ Yh_A__ ^]]]_A`` _AXZhZh XA_Z[Y[
X_[ XZWZ_ X_ Y]A_ Y]A^] Y]^A]_ ^]`_ZA^` _AXZ]h` XA_Z^\_
XX_ XZW]_ X_ YZA_ YZA]_ YZ]A__ ^h_Z[A^` _AXhYZh XAXh^[Y
XXX X]W__ X_ Y^A] Y^A\] Y^\A]_ ^hY`hA`` _AXZh]X XA_Z[hZ
XXY X]WX_ X_ Y^A_ Y^AY] Y^YA]_ ^h]X[A^` _AXZX_] XA_X_]^
XX^ X]WY_ X_ YYA_ YYA]_ YY]A__ ^h\ZZA^` _AXZhZZ XA_Z[XZ
XXZ X]W^_ X_ YYA_ YYA__ YY_A__ ^h[hZA^` _AXZXXX XA_X_[h
XX] X]WZ_ X_ YYA_ YYA__ YY_A__ ^\X`ZA^` _AXZ[Y^ XA_h[X^
XXh X]W]_ X_ YXA_ YXA]_ YX]A__ ^\^[[A^` _AXZ_`X XA__``X
XX\ XhW__ X_ Y_AY Y_Ah_ Y_hA__ ^\h_]A^` _AXZX[_ XA_XhhY
XX` XhWX_ X_ ^^A_ Y_AY_ Y_YA__ ^\`_\A^` _AXZZ]_ XA_^]YZ
XX[ XhWY_ X_ ^^A_ ^^A__ ^^_A__ ^`X^\A^` _AXZ_^Z XA__]ZZ
XY_ XhW^_ X_ ^XA] ^YAY] ^YYA]_ ^`Z][A`` _AXZY`` XA_Y^hZ
XYX XhWZ_ X_ ^XA_ ^XAY] ^XYA]_ ^`\\YA^` _AXZXXY XA_XX_^
XYY XhW]_ X_ Y[A] ^_AY] ^_YA]_ ^[_\ZA`` _AX^[X_ _A[[h]h
XY^ X\W__ X_ Y`A] Y[A__ Y[_A__ ^[^hZA`` _AXZXYY XA_XX\]
! X`W^Z ! ]\A] Y`A]_ ! ! ! !
XYZ X`WZ_ h ]ZA_ ]]A\] ^^ZA]_ ^[h[[A^` _AXY]h[ _A[__Z`
! X`WZZ h Y]A_ ]ZA__ ! ! ! !
XY] X`W]_ h Y^A] YZAY] XZ]A]_ ^[`ZZA`` _AXZX^_ XA_XY^Y
XYh X[W__ X_ Y^A_ Y^AY] Y^YA]_ Z__\\A^` _AXZY[_ XA_Y^\` !
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XY\ X[WX_ X_ YXA_ YYA__ YY_A__ Z_Y[\A^` _AXZY^Y XA_X[h^
XY` X[WY_ X_ Y_A_ Y_A]_ Y_]A__ Z_]_YA^` _AX^`h_ _A[[Y[\
XY[ X[W^_ X_ X[A_ X[A]_ X[]A__ Z_h[\A^` _AX^[^] _A[[`^]
X^_ X[WZ_ X_ X\A] X`AY] X`YA]_ Z_`\[A`` _AX^`[_ _A[[]XY
X^X X[W]_ X_ X]A_ XhAY] XhYA]_ ZX_ZYA^` _AXZ_Y^ XA__Zh]
! X[W]] h YXA_ X]A__ ! ! ! !
X^Y Y_W__ ] X[A] Y_AY] X_XAY] ZXXZ^Ah^ _AX^`YZ _A[[_Z_
X^^ Y_WX_ X_ X`A_ X`A\] X`\A]_ ZX^^XAX^ _AX^h[Z _A[`X_`
X^Z Y_WY_ X_ X\A_ X\A]_ X\]A__ ZX]_hAX^ _AXYZX` _A``[hh
! hWZ_ ! ^YA] _A__ ! ! ! !
X^] hW]_ X_ Y`A] ^_A]_ ^_]A__ ZX`XXAX^ _AX^h[_ _A[`_`_
X^h \W__ X_ Y^A_ Y]A\] Y]\A]_ ZY_h`Ah^ _AX^ZhY _A[hZZh
X^\ \WX_ X_ Y_A_ YXA]_ YX]A__ ZY_YhAX^ _AXZ^Y[ XA_Yh]`
X^` \WY_ X_ Y_A_ Y_A__ Y__A__ ZYYh`Ah^ _AX^`_\ _A[`[X`
X^[ \W^_ X_ Y_A_ Y_A__ Y__A__ ZYYYhAX^ _AX^`h` _A[[^]]
XZ_ \WZ_ X_ X`A] X[AY] X[YA]_ ZYZhXAX^ _AXZ`YX XA_hX`Y
XZX \W]_ X_ X`A] X`A]_ X`]A__ ZYZXXAX^ _AX^hh] _A[\[__
XZY `W__ X_ X`A] X`A]_ X`]A__ ZYhZhAX^ _AXZX^Z XA_XYh_
XZ^ `WX_ X_ X`A] X`A]_ X`]A__ ZY][hAX^ _AXZXXX XA_X_[h
XZZ `WY_ X_ X`A_ X`AY] X`YA]_ ZY`Y`Ah^ _AX^`_h _A[`[XX
XZ] `W^_ X_ X\A_ X\A]_ X\]A__ ZY\\XAX^ _AX^``` _A[[Z[`
XZh `WZ_ X_ X\A_ X\A__ X\_A__ ZY[[`Ah^ _AX^`_h _A[`[XX
XZ\ `W]_ X_ XhA_ XhA]_ Xh]A__ ZY[^hAX^ _AX^\[X _A[``_^
XZ` [W__ X_ X]A] X]A\] X]\A]_ Z^X]hAX^ _AX^[h^ XA___^]
XZ[ [WX_ X_ X]A_ X]AY] X]YA]_ Z^_``Ah^ _AXZ_h` XA__\``
! X_WZ] ! Y[A_ _A__ ! ! ! !
X]_ X_W]_ ] Y_A_ YZA]_ XYYA]_ Z^YXXAX^ _AXX][X _A`^_ZY !
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X]X XXW__ X_ X[A_ X[A]_ X[]A__ Z^Z_hAX^ _AXX[Y] _A`]Z^Z
X]Y XXWX_ X_ X`A_ X`A]_ X`]A__ Z^][XAX^ _AXYh\h _A[_`X]
X]^ XXWY_ X_ X\A] X\A\] X\\A]_ Z^\h`Ah^ _AX^YX` _A[Zh[`
X]Z XXW^_ X_ XhA] X\A__ X\_A__ Z^[^`Ah^ _AX^h`] _A[`_ZZ
X]] XXWZ_ X_ X]A_ X]A\] X]\A]_ ZZ_[hAX^ _AX^h\h _A[\[\[
X]h XXW]_ X_ XZA] XZA\] XZ\A]_ ZZYZ^Ah^ _AX^[^h _A[[`ZY
X]\ XYW__ X_ X^A_ X^A\] X^\A]_ ZZ^`XAX^ _AX^`[^ _A[[]^Z
! XYW_Y Y X`A] X^A__ ! ! ! !
X]` XYWX_ ` X\A_ X\A\] XZYA__ ZZ]Y^AX^ _AX^[`] XA__X[^
! XYWXY Y YhA_ X\A__ ! ! ! !
X][ XYWY_ ` X]A_ Y_A]_ XhZA__ ZZh`\AX^ _AXZYYZ XA_X[_]
! XYWY] ] ZYA_ X]A__ ! ! ! !
Xh_ XYW^_ ] ^[A_ Z_A]_ Y_YA]_ ZZ``[Ah^ _AXZY\Z XA_YYh^
XhX XYWZ_ X_ ^XA_ ^]A__ ^]_A__ Z]Y^[Ah^ _AXZ]X] XA_^[[_
XhY XYW]_ X_ Y\A] Y[AY] Y[YA]_ Z]]^YAX^ _AXZh`Z XA_]Y_X
! \WX\ ! ^]A] _A__ ! ! ! !
Xh^ \W^_ X^ ^YA_ ^^A\] Z^`A\] Z][\_A`` _AXY[[^ _A[^_`h
XhZ \WZ_ X_ Y[A_ ^_A]_ ^_]A__ ZhY\]A`` _AXZ^\h XA_Y[[Z
Xh] \W]_ X_ Y\A_ Y`A__ Y`_A__ ZhY]_A`` _AX]]Z_ XAXX^^Z
Xhh `W__ X_ Y]A_ YhA__ Yh_A__ Zh]^]A`` _AX^[X[ _A[[\Y_
Xh\ `WX_ X_ YZA] YZA\] YZ\A]_ ZhZ[`A^` _AX]hZh XAXY_[^
Xh` `WY_ X_ YYA] Y^A]_ Y^]A__ Zh\\_A`` _AXZ_[X XA__[]Y
Xh[ `W^_ X_ YYA] YYA]_ YY]A__ Zh\Y^A^` _AXZ[Z[ XA_\_[[
X\_ `WZ_ X_ Y_A] YXA]_ YX]A__ Zh[`]A`` _AXZX\^ XA_X]Z_
X\X `W]_ X_ X`A_ X[AY] X[YA]_ Zh[X]A`` _AXZYY^ XA_X`[`
X\Y [W__ X_ X\A] X\A\] X\\A]_ Z\Xh^A^` _AX]`Z^ XAX^]_Z
X\^ [WX_ X_ X]A_ XhAY] XhYA]_ Z\_\`A^` _AX][`\ XAXZ]^h !
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X\Z [WY_ X_ X]A_ X]A__ X]_A__ Z\^X^A^` _AXZY_] XA_X\h[
X\] [W^_ X_ XZA_ XZA]_ XZ]A__ Z\YY^A^` _AXZYYh XA_X[Y_
X\h [WZ_ X_ XXA_ XYA]_ XY]A__ Z\Z^`A^` _AXZ[\Z XA_\Y\[
X\\ [W]_ X_ X_A_ X_A]_ X_]A__ Z\^Y`A^` _AXZXZ[ XA_X^h`
! [W]Z h Y]A_ X_A__ ! ! ! !
X\` X_W__ h X\A] YXAY] XY\A]_ Z\Z]]A`` _AXZ_\_ XA__`_Y
X\[ X_WX_ X_ X^A] X]A]_ X]]A__ Z\hX_A`` _AXZ_[[ XA_X_X_
! X_WX] ] Y]A_ X^A]_ ! ! ! !
X`_ X_WY_ ] Y_A] YYA\] XX^A\] Z\\YZAh^ _AXZ_`Z XA__[_Y
X`X X_W^_ X_ X[A_ X[A\] X[\A]_ Z\[YYAX^ _AX^`YZ _A[[_Z_
X`Y X_WZ_ X_ X[A_ X[A__ X[_A__ Z`XXYAX^ _AX]^hZ XAX__\^
X`^ X_W]_ X_ X`A_ X`A]_ X`]A__ Z`Y[\AX^ _AX^Z`Y _A[h]`[
X`Z XXW__ X_ X\A_ X\A]_ X\]A__ Z`Z\YAX^ _AX^ZYh _A[hX``
X`] XXWX_ X_ X\A_ X\A__ X\_A__ Z`hZYAX^ _AX^^][ _A[]\_`
X`h XXWY_ X_ X\A_ X\A__ X\_A__ Z``XYAX^ _AX^XhZ _A[Z^XX
X`\ XXW^_ X_ XhA_ XhA]_ Xh]A__ Z`[\\AX^ _AX^Y]Y _A[Z[ZY
X`` XXWZ_ X_ XhA_ XhA__ Xh_A__ Z[X^\AX^ _AXX\ZX _A`ZXXh
X`[ XXW]_ X_ X]A_ X]A]_ X]]A__ Z[Y[YAX^ _AX^]Z` _A[\_hY
X[_ XYW__ X_ X^A] XZAY] XZYA]_ Z[Z^ZAh^ _AX^YXh _A[Zh`Z
X[X XYWX_ X_ XZA] X^A]_ X^]A__ Z[]h[Ah^ _AX^Y]` _A[Z[`]
X[Y XYWY_ X_ X^A] XZA__ XZ_A__ Z[\_[Ah^ _AX^X`Z _A[ZZ]Z
X[^ XYW^_ X_ X^A_ X^AY] X^YA]_ Z[`ZYAX^ _AX^Xh_ _A[ZY`Y
X[Z XYWZ_ X_ X^A_ X^A__ X^_A__ Z[[\YAX^ _AX^XYZ _A[Z_YZ
X[] XYW]_ X_ XYA] XYA\] XY\A]_ ]__[[Ah^ _AX^Y_[ _A[Zh^^
! X^WX\ ! ]XA] ! ! ]__[[Ah^ ! !
! X^WY_ ^ Z`A] ]_A__ X]_A__ ]_YZ[Ah^ ! !
! X^WY] ] Z`A_ Z`AY] YZXAY] ]_Z[_A`` ! ! !
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X[] X^W^_ ] Z`A_ Z`A__ YZ_A__ ]_\^_A`` _AXYY\Y _A`\[Y_
! X^W^] ] Z]A_ ZhA]_ Y^YA]_ ]_[h^A^` ! !
! X^WZ_ ] Z^A] ZZAY] YYXAY] ]XX`ZAh^ ! !
! X^WZ] ] ZXA] ZYA]_ YXYA]_ ]X^[\AX^ ! !
! X^W]_ ] Z_A_ Z_A\] Y_^A\] ]Xh__A`` ! !
! X^W]] ] ^`A_ ^[A__ X[]A__ ]X\[]A`` ! !
X[h XZW__ ] ^`A_ ^`A__ X[_A__ ]X[`]A`` _AX^\\_ _A[`h]^
! XZW_] ] ^hA_ ^\A__ X`]A__ ]YX\_A`` ! !
! XZWX_ ] ^]A_ ^]A]_ X\\A]_ ]Y^Z`A^` ! !
! XZWX] ] ^^A_ ^ZA__ X\_A__ ]Y]X`A^` ! !
! XZWY_ ] ^^A_ ^^A__ Xh]A__ ]Yh`^A^` ! !
! XZWY] ] ^_A] ^XA\] X]`A\] ]Y`ZYAX^ ! !
X[\ XZW^_ ] ^_A_ ^_AY] X]XAY] ]Y[[^A^` _AX^[_[ _A[[hZ`
! XZW^] ] Y[A_ Y[A]_ XZ\A]_ ]^XZ_A`` ! !
! XZWZ_ ] Y`A_ Y`A]_ XZYA]_ ]^Y`^A^` ! !
! XZWZ] ] Y\A_ Y\A]_ X^\A]_ ]^ZY_A`` ! !
! XZWZh ] ZXA_ ! ! ]^ZY_A`` ! !
! XZW]_ ] Z_A_ Z_A]_ Y_YA]_ ]^hY^A^` ! !
! XZW]] ] ^`A_ ^[A__ X[]A__ ]^`X`A^` ! !
X[` X]W__ ] ^\A_ ^\A]_ X`\A]_ ]Z__]A`` _AXZ_X_ XA__^\Y
! X]W_] ] ^^A] ^]AY] X\hAY] ]ZX`YAX^ ! !
! X]WX_ ] ^XA_ ^YAY] XhXAY] ]Z^Z^A^` ! !
! X]WX] ] Y`A] Y[A\] XZ`A\] ]ZZ[YAX^ ! !
! X]WY_ ] Y\A] Y`A__ XZ_A__ ]Zh^YAX^ ! !
! X]WY] ] Y^A_ Y]AY] XYhAY] ]Z\]`A^` ! !
X[[ X]W^_ ] YXA_ YYA__ XX_A__ ]Z`h`A^` _AXZX\] XA_X]]Z
! X]W^Z ] ZhA_ ! _A__ ]Z`h`A^` ! ! !
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! X]WZ_ ] ZZA_ Z]A__ YY]A__ ]]_[^A^` ! !
! X]WZ] ] ZXA_ ZYA]_ YXYA]_ ]]^_]A`` ! !
! X]W]_ ] ZXA_ ZXA__ Y_]A__ ]]]X_A`` ! !
! X]W]] ] ^[A_ Z_A__ Y__A__ ]]\X_A`` ! !
Y__ XhW__ ] ^\A] ^`AY] X[XAY] ]][_YAX^ _AXZ_][ XA__\Y^
! XhW_] ] ^\A] ^\A]_ X`\A]_ ]h_`[Ah^ ! !
! XhWX_ ] ^\A_ ^\AY] X`hAY] ]hY\]A`` ! !
! XhWX] ] ^hA_ ^hA]_ X`YA]_ ]hZ]`A^` ! !
! XhWY_ ] ^]A_ ^]A]_ X\\A]_ ]hh^]A`` ! !
! XhWY] ] ^^A_ ^ZA__ X\_A__ ]h`_]A`` ! !
Y_X XhW^_ ] ^YA_ ^YA]_ XhYA]_ ]h[h`A^` _AX^[\h XA__XY[
! XhW^] ] ^XA_ ^XA]_ X]\A]_ ]\XY]A`` ! !
! XhWZ_ ] ^XA_ ^XA__ X]]A__ ]\Y`_A`` ! !
! XhWZ] ] ^_A_ ^_A]_ X]YA]_ ]\Z^^A^` ! !
! XhW]_ ] Y`A_ Y[A__ XZ]A__ ]\]\`A^` ! !
! XhW]] ] Y`A_ Y`A__ XZ_A__ ]\\X`A^` ! !
Y_Y X\W__ ] Y\A] Y\A\] X^`A\] ]\`]\AX^ _AXZY]` XA_YXZ[
! X\W_Y Y ZYA_ ! _A__ ]\`]\AX^ ! !
! X\W_] ] Z_A] ZXAY] Y_hAY] ]`_h^A^` ! !
! X\WX_ ] ^`A_ ^[AY] X[hAY] ]`Y][Ah^ ! !
! X\WX] ] ^\A_ ^\A]_ X`\A]_ ]`ZZ\AX^ ! !
! X\WY_ ] ^]A_ ^hA__ X`_A__ ]`hY\AX^ ! !
! X\WY] ] ^^A] ^ZAY] X\XAY] ]`\[`A^` ! !
Y_^ X\W^_ ] ^XA_ ^YAY] XhXAY] ]`[][Ah^ _AX^[^` _A[[`]h
! \W_^ ] ^XA_ ^XA__ X]]A__ ][XXZAh^ ! !
! \W_] ] `ZA_ ! _A__ ][XXZAh^ ! !
! \WX_ ] \`A_ `XA__ Z_]A__ ][]X[Ah^ ! ! !
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! \WX] ] \hA_ \\A__ ^`]A__ ][[_ZAh^ ! !
! \WY_ ] \hA_ \hA__ ^`_A__ h_Y`ZAh^ ! !
! \WY] ] \XA_ \^A]_ ^h\A]_ h_h]YAX^ ! !
Y_Z \W^_ ] \_A_ \_A]_ ^]YA]_ hX__ZAh^ _AX^`^[ _A[[XZ\
! \W^] ] hhA_ h`A__ ^Z_A__ hX^ZZAh^ ! !
! \WZ_ ] h^A_ hZA]_ ^YYA]_ hXhh\AX^ ! !
! \WZ] ] h_A_ hXA]_ ^_\A]_ hX[\ZAh^ ! !
! \W]_ ] ]`A_ ][A__ Y[]A__ hYYh[Ah^ ! !
! \W]] ] ]ZA_ ]hA__ Y`_A__ hY]Z[Ah^ ! !
Y_] `W__ ] ]^A_ ]^A]_ Yh\A]_ hY`X\AX^ _AX^`\^ _A[[^[X
! `W_] ] ]_A_ ]XA]_ Y]\A]_ h^_\ZAh^ ! !
! `WX_ ] ZhA_ Z`A__ YZ_A__ h^^XZAh^ ! !
! `WX] ] ZYA_ ZZA__ YY_A__ h^]^ZAh^ ! !
! `WY_ ] Z_A_ ZXA__ Y_]A__ h^\^[Ah^ ! !
! `WY] ] ^\A_ ^`A]_ X[YA]_ h^[^YAX^ ! !
Y_h `W^_ ] YZA_ ^_A]_ X]YA]_ hZ_`ZAh^ _AXZXX^ XA_XXX_
! `W^] ] X__A_ ! _A__ hZ_`ZAh^ ! !
! `WZ_ ] X__A_ X__A__ ]__A__ hZ]`ZAh^ ! !
! `WZ] ] []A_ [\A]_ Z`\A]_ h]_\YAX^ ! !
! `W]_ ] [XA_ [^A__ Zh]A__ h]]^\AX^ ! !
! `W]] ] ``A_ `[A]_ ZZ\A]_ h][`ZAh^ ! !
Y_\ [W__ ] `_A_ `ZA__ ZY_A__ hhZ_ZAh^ _AX^[]h _A[[[`]
! [W_] ] \\A_ \`A]_ ^[YA]_ hh\[\AX^ ! !
! [WX_ ] \XA_ \ZA__ ^\_A__ h\Xh\AX^ ! !
! [WX] ] h\A_ h[A__ ^Z]A__ h\]XYAX^ ! !
! [WY_ ] hYA_ hZA]_ ^YYA]_ h\`^ZAh^ ! !
! [WY] ] h_A_ hXA__ ^_]A__ h`X^[Ah^ ! ! !
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Y_` [W^_ ] ]ZA_ ]\A__ Y`]A__ h`ZYZAh^ _AX^[h_ XA___XZ
! [W^] ] ]_A_ ]YA__ Yh_A__ h`h`ZAh^ ! !
! [WZ_ ] ZhA_ Z`A__ YZ_A__ h`[YZAh^ ! !
! [WZ] ] Z_A_ Z^A__ YX]A__ h[X^[Ah^ ! !
! [W]_ ] ^hA_ ^`A__ X[_A__ h[^Y[Ah^ ! !
! [W]] ] ^XA_ ^^A]_ Xh\A]_ h[Z[\AX^ ! !
Y_[ X_W__ ] YZA_ Y\A]_ X^\A]_ h[h^ZAh^ _AX^h^[ _A[\\XZ
! X_W_Y Y X_ZA_ ! _A__ h[h^ZAh^ ! !
! X_W_] ] ``A_ [hA__ Z`_A__ \_XXZAh^ ! !
! X_WX] ] `ZA_ `hA__ Z^_A__ \_]ZZAh^ ! !
! X_WY_ ] `XA_ `YA]_ ZXYA]_ \_[]\AX^ ! !
! X_WY] ] \_A_ \]A]_ ^\\A]_ \X^^ZAh^ ! !
YX_ X_W^_ ] \_A_ \_A__ ^]_A__ \Xh`ZAh^ _AX^``^ _A[[ZhY
! X_W^] ] hZA_ h\A__ ^^]A__ \Y_X[Ah^ ! !
! X_WZ_ ] hZA_ hZA__ ^Y_A__ \Y^^[Ah^ ! !
! X_WZ] ] ]`A_ hXA__ ^_]A__ \YhZZAh^ ! !
! X_W]_ ] ]ZA_ ]hA__ Y`_A__ \Y[YZAh^ ! !
! X_W]] ] ]YA_ ]^A__ Yh]A__ \^X`[Ah^ ! !
YXX XXW__ ] ]_A_ ]XA__ Y]]A__ \^ZZZAh^ _AX^`\X _A[[^\h
! XXW_] ] ZZA_ Z\A__ Y^]A__ \^h\[Ah^ ! !
! XXWX_ ] ZXA_ ZYA]_ YXYA]_ \^`[YAX^ ! !
! XXWX] ] ^]A_ ^`A__ X[_A__ \Z_`YAX^ ! !
! XXWY_ ] ^YA_ ^^A]_ Xh\A]_ \ZYZ[Ah^ ! !
! XXWY] ] ^_A_ ^XA__ X]]A__ \ZZ_ZAh^ ! !
YXY XXW^_ ] YhA_ Y`A__ XZ_A__ \Z]ZZAh^ _AX^\_[ _A[`YXh
! XXW^] ] XYhA_ ! _A__ \Z]ZZAh^ ! !
! XXWZ_ ] XX\A_ XYXA]_ h_\A]_ \]X]YAX^ ! ! !
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! XXWZZ Z X^`A_ XY\A]_ ]X_A__ \]hhYAX^ ! !
! XXWZ] X XX\Ah XY\A`_ XY\A`_ \]\`[A[^ ! !
! XXWZ[ Z XX\Ah XX\Ah_ Z\_AZ_ \hYh_A^^ ! !
! XXW]_ X `ZA_ X__A`_ X__A`_ \h^hXAX^ ! !
! XXW]] ] \hA_ `_A__ Z__A__ \h\hXAX^ ! !
YX^ XYW__ ] \XA_ \^A]_ ^h\A]_ \\XY`Ah^ _AXZ_Z\ XA__h^\
! XYW_] ] hhA_ h`A]_ ^ZYA]_ \\Z\XAX^ ! !
! XYWX_ ] hXA_ h^A]_ ^X\A]_ \\\``Ah^ ! !
! XYWX] ] ]ZA_ ]\A]_ Y`\A]_ \`_\hAX^ ! !
! XYWY_ ] ]YA_ ]^A__ Yh]A__ \`^ZXAX^ ! !
! XYWY] ] Z\A_ Z[A]_ YZ\A]_ \`]``Ah^ ! !
YXZ XYW^_ ] ZhA_ ZhA]_ Y^YA]_ \``YXAX^ _AX^`ZZ _A[[X`^
! XYW^] ] YhA_ ^hA__ X`_A__ \[__XAX^ ! !
! XYWZ_ ] XX_AZ ! _A__ \[__XAX^ ! !
! XYWZ] ] X__A_ X_]AY_ ]YhA__ \[]Y\AX^ ! !
! XYW]_ ] ZhA_ \^A__ ^h]A__ \[`[YAX^ ! !
! XYW]] ] ZZA_ Z]A__ YY]A__ `_XX\AX^ ! !
YX] X^W__ ] ZYA_ Z^A__ YX]A__ `_^^YAX^ _AX^h]` _A[\`]_
! X^W_] ] Z_A_ ZXA__ Y_]A__ `_]^\AX^ ! !
! X^WX_ ] ^`A_ ^[A__ X[]A__ `_\^YAX^ ! !
! X^WX] ] ^`A_ ^`A__ X[_A__ `_[YYAX^ ! !
! X^WY_ ] ^`A_ ^`A__ X[_A__ `XXXYAX^ ! !
! X^WY] ] hZA_ ! _A__ `XXXYAX^ ! !
! X^W^_ ] ! ! _A__ `XXXYAX^ ! !
! X^W^] ] Z`A_ ! _A__ `XXXYAX^ ! !
! X^W^h X h^A_ ]]A]_ ]]A]_ `XXh\Ah^ ! !
! X^WZ_ ] h`A_ h]A]_ ^Y\A]_ `XZ[]AX^ ! ! !



[Y

0%73'!?GXA!B1.&,)&#'6F!!?%$7.&!%6+.$5,).&!7$'%a,2$.#42!1#$*'!./!%1',)1!%1)6A!!N&/3#'&,!1.&1'&,$%,).&!B?)&F!k!_AXZ!:E!TC?!k!Z__!4A

! ! 0)8'!#+%4' U3.K!$%,' C*'$%4'!/3.K!$%,' L.3#8'!./!K%,'$ ?#8#3%,)*'!*.3#8'!./ =//3#'&,!1.&1A!B:F !

Q.A N&),)%3!,)8' ! ! ! ! ! ! ?.#,d?)&
! ! B8)&AF B83d8)&AF B83d8)&AF !!,$'%,'6!B83F !K%,'$!,$'%,'6!B83F ?.#, !
! X^WZ] ] hYA_ h]A__ ^Y]A__ `X`Y_AX^ ! !
! X^W]_ ] ][A_ h_A]_ ^_YA]_ `YXYYAh^ ! !
! X^W]] ] ]ZA_ ]hA]_ Y`YA]_ `YZ_]AX^ ! !
YXh XZW__ ] ]_A_ ]YA__ Yh_A__ `Yhh]AX^ _AX^\^^ _A[`^``
! XZW_] ] ZhA_ Z`A__ YZ_A__ `Y[_]AX^ ! !
! XZWX_ ] Z_A_ Z^A__ YX]A__ `^XY_AX^ ! !
! XZWX] ] ^ZA_ ^\A__ X`]A__ `^^_]AX^ ! !
! XZWX\ Y \[A_ ! _A__ `^^_]AX^ ! !
! XZWY_ ^ \[A_ \[A__ Y^\A__ `^]ZYAX^ ! !
! XZWY] ] \^A_ \hA__ ^`_A__ `^[YYAX^ ! !
YX\ XZW^_ ] \YA_ \YA]_ ^hYA]_ `ZY`ZAh^ _AX^\\] _A[`h``
! XZW^] ] h\A_ h[A]_ ^Z\A]_ `Zh^YAX^ ! !
! XZWZ_ ] hhA_ hhA]_ ^^YA]_ `Z[hZAh^ ! !
! XZWZ] ] hYA_ hZA__ ^Y_A__ `]Y`ZAh^ ! !
! XZW]_ ] hYA_ hYA__ ^X_A__ `]][ZAh^ ! !
! XZW]] ] ]`A_ h_A__ ^__A__ `]`[ZAh^ ! !
YX` X]W__ ] ]ZA_ ]hA__ Y`_A__ `hX\ZAh^ _AX^[\X XA___[^
! X]W_] ] ]YA_ ]^A__ Yh]A__ `hZ^[Ah^ ! !
! X]WX_ ] Z[A_ ]_A]_ Y]YA]_ `hh[YAX^ ! !
! X]WX] ] ZhA_ Z\A]_ Y^\A]_ `h[Y[Ah^ ! !
! X]WY_ ] ZYA_ ZZA__ YY_A__ `\XZ[Ah^ ! !
! X]WY] ] ZXA_ ZXA]_ Y_\A]_ `\^]\AX^ ! !
YX[ X]W^_ ] Z_A_ Z_A]_ Y_YA]_ `\]][Ah^ _AX^`YY _A[[_Y]
! X]W^Z Z XYZA] ! _A__ `\]][Ah^ ! !
! X]WZ_ ] XXZA_ XX[AY] ][hAY] ``X]]A`` ! !
! X]WZ] ] X_]A_ X_[A]_ ]Z\A]_ ``\_^A^` ! !
! X]W]_ ] X_`A_ X_hA]_ ]^YA]_ `[Y^]A`` ! ! !



[^

0%73'!?GXA!B1.&,)&#'6F!!?%$7.&!%6+.$5,).&!7$'%a,2$.#42!1#$*'!./!%1',)1!%1)6A!!N&/3#'&,!1.&1'&,$%,).&!B?)&F!k!_AXZ!:E!TC?!k!Z__!4A

! ! 0)8'!#+%4' U3.K!$%,' C*'$%4'!/3.K!$%,' L.3#8'!./!K%,'$ ?#8#3%,)*'!*.3#8'!./ =//3#'&,!1.&1A!B:F !

Q.A N&),)%3!,)8' ! ! ! ! ! ! ?.#,d?)&
! ! B8)&AF B83d8)&AF B83d8)&AF !!,$'%,'6!B83F !K%,'$!,$'%,'6!B83F ?.#, !
! X]W]] ] [^A_ X__A]_ ]_YA]_ `[\^`A^` ! !
YY_ XhW__ ] [[A_ [hA__ Z`_A__ [_YX`A^` _AX^\_[ _A[`YXh
! XhW_] ] X_YA_ X__A]_ ]_YA]_ [_\Y_A`` ! !
! XhWX_ ] \`A_ [_A__ Z]_A__ [XX\_A`` ! !
! XhWX] ] `XA_ \[A]_ ^[\A]_ [X]h`A^` ! !
! XhWY_ ] h[A_ \]A__ ^\]A__ [X[Z^A^` ! !
! XhWY] ] h[A_ h[A__ ^Z]A__ [YY``A^` ! !
YYX XhW^_ ] h_A_ hZA]_ ^YYA]_ [YhX_A`` _AX^`ZZ _A[[X`^
! XhW^^ ^ X`[A_ ! _A__ [YhX_A`` ! !
! XhW^Z X XXZA_ X]XA]_ X]XA]_ [Y\hYA^` ! !
! XhW^h Y \`A_ [hA__ X[YA__ [Y[]ZA^` ! !
! XhWZ_ Z \YA_ \]A__ ^__A__ [^Y]ZA^` ! !
! XhWZ] ] h[A_ \_A]_ ^]YA]_ [^h_hA`` ! !
! XhW]_ ] hhA_ h\A]_ ^^\A]_ [^[ZZA^` ! !
! XhW]] ] h_A_ h^A__ ^X]A__ [ZY][A^` ! !
YYY X\W__ ] h_A_ h_A__ ^__A__ [Z]][A^` _AX^`]^ _A[[YZ\
! X\W_] ] h_A_ h_A__ ^__A__ [Z`][A^` ! !
! X\WX_ ] h_A_ h_A__ ^__A__ []X][A^` ! !
! X\WX] ] ]ZA_ ]\A__ Y`]A__ []ZZZA^` ! !
! X\WY_ ] ]ZA_ ]ZA__ Y\_A__ []\XZA^` ! !
! X\WY] ] ]ZA_ ]ZA__ Y\_A__ [][`ZA^` ! !
YY^ X\W^_ ] ]XA_ ]YA]_ YhYA]_ [hYZhA`` _AX^`_h _A[`[XX
! X\W^] ] ]XA_ ]XA__ Y]]A__ [h]_XA`` ! !
! X\WZ_ ] ]XA_ ]XA__ Y]]A__ [h\]hA`` ! !
! X\WZ] ] ZYA_ ZhA]_ Y^YA]_ [h[`[A^` ! !
YYZ X\W]_ ] ZYA_ ZYA__ YX_A__ [\X[[A^` _AX^\hZ _A[`hX_
! hW^^ ! \YA_ ! ! ! ! ! !
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! hW^\ Z hhA_ h[A__ Y\hA__ [\Z\]A^` ! !
! hWZ_ ^ hhA_ hhA__ X[`A__ [\h\^A^` ! !
! hWZY Y XY[A_ hhA__ X^YA__ [\`_]A^` ! !
! hWZ] ^ XYhA_ XY\A]_ ^`YA]_ [`X`\A`` ! !
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!Y_ !hP^_ !_ ^!B] ^YBY] ^YYB]_ ^`Z][B`` _B_]Y]_ _B]!Z]Z
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!^[ \P^_ !_ Y_B_ Y_B__ Y__B__ ZYYYhB!^ _B_]_!^ _BZ[!YZ
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!h\ `P!_ !_ YZB] YZB\] YZ\B]_ ZhZ[`B^` _B_]Z`` _B]^\\`
!h` `PY_ !_ YYB] Y^B]_ Y^]B__ Zh\\_B`` _B_]]^h _B]ZY]_
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!\! `P]_ !_ !`B_ ![BY] ![YB]_ Zh[!]B`` _B_]Zh] _B]^]]\
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