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	HIJKLKKLKMNONPQRSKTUHJQMVJHIHWHXHTJYKOHLSHXHMZPK[HOHLHWRH R\QSOYHUOHYUHILHXHNIMZPQLNTRUKSRNUKMVLH]

^LQYXNQ]G�^_:\HIWHMT`aKTR\YNQUMQUH]JMT\YKSONSN\HXYQbLHROV`H\YQJQMTOV\QYWNPLc]NYKRRQTLLc]SHU\HLQLOc

\HXMHaQLLH]JHIcWWHJLHU[KLOHUQ�dYQJMHeQLK\YHROKTUQOHJNSKJHINUQOYNN\ZPSHW[HOHLHWSYZXMHXHUKMHXH\H\QYQPLHE

XHRQPQLNTRG�^_OHYUHILcUR\QSOYHURNR\HMVIHWKLNQUJKLLH]UHJQMN:RHPQOK`aKTKfRHM`OLHQNIUQYQLNQ\HXMHaQLLH]W

WHJQJHIcWYQ[QYQLRLH]OHPSQWUKbNLLHER\QgN[NPLH]YQ[QYQLRLH]XQHUQOYNNRYKRPQOHUXMZfNLLHXHJHIHWHXHYKR\YQJQMQE

LNT\H\YHROcUKLKMNONPQRSNU[HYUZMKUJMTSYZXMch\ZPSHWR\YHNIWHMVLcUYKJNZRHU\H\QYQPLHXHRQPQLNT�

��������

�YKJNgNHLLcQOQhLHMHXNNHfMZPQLNTNRNROQUcJHINUQOE
YNPQRSHXH\MKLNYHWKLNTJNROKLgNHLLH][HOHLLH]MZPQWH]
OQYK\NNfKINYZ`ORTLKNIUQYQLNNR\HUHaV`NHLNIKgNHLLch
SKUQYJHIHWchYKR\YQJQMQLN]:RHIJKWKQUchSWKJYKOLcUN\HE
MTUNRYKIUQYKUNHO.×.JH.�×.�RU�:NLQ\YQJHROKWMT`O
YKIZULH]HRLHWcJMT ROQYQHOKSRNRK�
KMNfYHWSKUQXKWHMVOE
Lch\ZPSHW[HOHLHW:RHXMKRLH\YHOHSHMKU�LK\YNUQYi�j�:\YHE
NIWHJNORTNHLNIKgNHLLcUNSKUQYKUNW WHJLHU[KLOHUQLK
XMZfNLQ��RUHRN\ZPSKRSWKJYKOLcU\H\QYQPLcURQPQLNQU
��×��RU��kJLKSHW\HRMQJLNQJWKJQRTONMQONTbNYHSHQYKRE
\YHROYKLQLNQ\HMZPNMNOQhLHMHXNNUQJNgNLRSHXHHfMZPQLNT:
HRLHWKLLcQLKRHIJKLNN\YQJ\NRcWKQUchJHIHWchYKR\YQJQE
MQLN]\YN\HUHaN RZ\QY\HINgNN\HMQ]UKMch\H\QYQPLch
YKIUQYHW �l����N\YQgNINHLLHUHfMZPQLNNWcRHSNUNJHE
IKUNLQfHMVbNhLHWHHfYKIHWKLN]\ZPSKUNRUKMcUNSYZXMcE
UN\H\QYQPLcUNRQPQLNTUNJNKUQOYHU�:-����:�RU�ROQYQHOKSE
RNR��

�KYKSOQYLH]HRHfQLLHROV`ROQYQHOKSRNPQRSHXHHfMZPQLNT
TWMTQORTLQWHIUHeLHROVZROKLHWMQLNTYQ[QYQLRLchZRMHWN]
JMTSKMNfYHWSN\ZPSHW\H\HXMHaQLLH]JHIQWWHJQ:OKSSKS
HLNOQhLHMHXNPQRSNLQ R\HRHfLcWHRRHIJKOV\HMQYKIUQYHU
��×��RU��
YHUQOHXH:\YNNIUQYQLNNJHIcW\ZPSKhUKMch
YKIUQYHWWHILNSKQO\YHfMQUK\HOQYN^MQSOYHLLHXHYKWLHWQE
RNT��KMNPNQ^ONh\YHfMQU\YNWQMHSYKIYKfHOSQW����XHJZ
LHWHXH[HYUKMNIUK\HH\YQJQMQLN`\HXMHaQLLH]JHIcWWHJQ
WLQROKLJKYOLchZRMHWNTh i�j: NUQ`aNhUQROHWl���:YKE
JNHhNYZYXNNNROQYQHOKSRNRQ��QSHOHYcQ\YKSONPQRSNQKR\QSE
OcJHINUQOYNNUKMch\HMQ]YKRRUHOYQLcW\ZfMNSKgNN=>?@
A/B8CD���i�j�_UQROQROQUW^OH]HfMKRONHROKQORTULHXHLQE
TRLchWH\YHRHW:OYQfZ`aNhOaKOQMVLHXHNIZPQLNTNJQOKMNE
IKgNNi.jEiGj�

kJNLNI\ZOQ]:\YQJMKXKQUchWLHWHU[HYUKMNIUQ:IKSM`E
PKQORTWHWWQJQLNN\YHUQeZOHPLHXH\HLTONTUKbNLLHER\QgNE
[NPLHXH\HMT�@EAF:(�21')%E #%2'+'2�%+%�%)2%+'%&��JMTOQYKE
\QWONPQRSNhZROKLHWHS:WSHOHYchLQWHIUHeLHRHIJKLNQROKLE
JKYOLHXHH\HYLHXH\HMT�_HfaQU:@EAFJHMeLcfcOVUKSE
RNUKMVLH \YNfMNeQLc S ROKLJKYOLcU H\HYLcU \HMTU� _
ZRMHWNTh@EAF�H\YQJQMT`ORT SKMNfYHWHPLcQ KfRHM`OLcQ

ILKPQLNTJHI:SHOHYcQ\YNLQHfhHJNUHRONNR\HMVIZ`ORT\YN
JHINUQOYNN\HMQ]UQLVbNhYKIUQYHW�dYTUcQNIUQYQLNT W
UKMch \HMTh RWTIKLc R ULHXHPNRMQLLcUN OYZJLHROTUN:
WcIWKLLcUNHORZOROWNQU\H\QYQPLHXH^MQSOYHLLHXHYKWLHWQE
RNT:LQ\HMLH]WNJNUHROV`NROHPLNSKNI OHPSNJQOQSONYHWKE
LNT:^[[QSOHUZRYQJLQLNT\HHfmQUZJQOQSOHYKNWHIUZaQLNE
TUN:HfZRMHWMQLLcUN\YNRZOROWNQUJQOQSOHYKW\HMQNIMZPQE
LNT�

_YKRRUKOYNWKQUH]YKfHOQ\YQJMKXKQORTJMT\HWcbQLNT
OHPLHRONJHINUQOYNNSYZXMch\HMQ]UKMchYKIUQYHWNR\HMVE
IHWKOVYKRPQOLcQJKLLcQ\HXMZfNLLcUNYKJNKMVLcUYKR\YQE
JQMQLNTUJMT\ZPSHWSYZXMHXHRQPQLNTYKILchYKIUQYHW:\HE
MZPQLLcQLKHRLHWQJHIHWHXHTJYKJMTOHLSHXHMZPK��l���KE
SNQJKLLcQJK`OHOLHRNOQMVLZ`IKWNRNUHROVYKILch\KYKUQOE
YHWHOYKJNZRKSYZXMHXH\HMT:KWRHPQOKLNNRXYKJZNYHWSH]
JMT@EAE\HMQ]CKfRHM`OLcQ ILKPQLNTJHI��KLLc]\HJhHJ
YKRRUKOYNWKQORTWYKfHOQLK\YNUQYQ\ZPSKOHYUHILch[HOHE
LHWG�_�
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�HIHWHQTJYH �KLXM��� %5%�)%&��l: XQHUQOYNTSHOHYHXH
\YQJROKWMQLKLK
��,�G�:H\YQJQMTQORTSKSJHMTHO^LQYXNN[HE
OHLHWOHLSHXHMZPK:\HXMHaKQUKTWQJNLNgQHfmQUK\HMZfQRE
SHLQPLH]RYQJc �WJKLLH]YKfHOQCWHJK�WfMNIN\YHNIWHMVE
LH]OHPSN .r

�

nPNOcWKT:POHW\YNLTOH]JMTUHJQMNXQHUQOYNN
�l\KJKQOLHYUKMVLHLK\HMZfQRSHLQPLZ`RYQJZ:TJYHOHLSHE
XHMZPKIKWNRNOHOXMZfNLcYKR\HMHeQLNTYKRPQOLH]OHPSNH:
QQYKRROHTLNTHOHRNNROHPLNSKCNHO^LQYXNN[HOHLHWI�oZE
JQUHfHILKPKOV^OHTJYHPQYQIJOM�?:H:C�,

�QOYZJLH\HSKIKOV�RU�:LK\YNUQY:i�j�:POHJHIKWWHJLHU
[KLOHUQLKHRNJNRSHWHXHUHLHLK\YKWMQLLHXHNROHPLNSK[HE
OHLHWYKJNZRHUANSKPQROWHUK �
��,�G��RWTIKLKRJHIHWcU
TJYHU�lRHHOLHbQLNQU

0

( , , 0, ) 2 ( , 0) ( , ) ,
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R

D Q z r R r z K z r r dr= = π ψ = ⋅ ⋅ ⋅∫ 
���

XJQ��C:Hp��CYKR\YQJQMQLNQ[M`QLRK^LQYXNNLK\HWQYhLHRE
ON[KLOHUK< ( , )

��
K z r CJHIHWHQTJYH�l:ZRYQJLQLLHQ\HR\QSE

OYZ\KJK`aNh[HOHLHW�
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dQYQ]JQUOQ\QYVSYKRhHJTaNURT\ZPSKU�
��,�G����KSSKS
WYKfHOQNRRMQJZ`ORT\ZPSNRUKMcUSYZXMcU\H\QYQPLcURQE
PQLNQU�A≤�RU�:N:ZPNOcWKT:POHYKRROHTLNQHO\HWQYhLHRON
[KLOHUKJHNROHPLNSKHfcPLHq���RU:UHeLH\YNLTOV\YNE
fMNeQLNQUHLHLK\YKWMQLLHRON[HOHLHWW\ZPSQ �UKSRNUKMVE
Lc]ZXHM\KJQLNTr�:-s��tQKMVLZ`eQYKRhHJNUHROV\ZPSK
fZJQUZPNOcWKOVPQYQIXQHUQOYNPQRSHQHRMKfMQLNQ\HIKSHLZ
HfYKOLchSWKJYKOHWNNIUQLQLNQYKIUQYKHfMKRONNLOQXYNYHE
WKLNTAH�_^OHU\YNfMNeQLNNJHIKLKHRNYKRhHJTaQXHRTNI
OHPSNNROHPLNSK[HOHLHWYKJNZRHUALLK\HWQYhLHRONNSKPQE
ROWHUK�
��,�G��H\YQJQMTQORTPQYQIJHIHWHQTJYH�l\H[HYE
UZMQ
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XJQAHp��uHvF�wAL:KFCYKRROHTLNQHO\HWQYhLHRON[KLOHE
UKJHNROHPLNSK�

�LOQXYKMc ���N ���UHXZOfcOVWITOcKLKMNONPQRSN\YN
ZRMHWNNZJHfLH]JMTNLOQXYNYHWKLNT[HYUcUKOQUKONPQRSNh
UHJQMQ]:H\NRcWK`aNhJHIHWHQTJYH�lNYKR\YQJQMQLNT̂ LQYE
XQONPQRSHXH[M`QLRKLK\HWQYhLHRON[KLOHUK�

dHJYHfLc]HfIHYYKILchUHJQMQ]RJQMKLWYKfHOQi�j�kJLZ
NI RKUchZJHfLchJMTNLOQXYNYHWKLNTKLKMNONPQRSNh[HYU
JHIHWHXHTJYK\YQJMHeNMWRWHQWYQUTB�B1)% x�RRHKWOHYKE
UNWYKfHOQi�jWWNJQ

( , ) ( ) / ,
��

z za r b r
z zK z r A e B e r− ⋅ − ⋅= ⋅ + ⋅  ���

XJQMH:NH:1HNOHCSH^[[NgNQLOc:IKWNRTaNQHOR\QSOYK\ZPSK
NXMZfNLcOHPSN��hILKPQLNTJMTLQRSHMVSNhR\QSOYHWOHYE
UHILch\ZPSHW\HJfNYKMNRVWYKfHOQi�jR\HUHaV`LQMNLQ]E
LHXHUQOHJKLKNUQLVbNhSWKJYKOHWN RNR\HMVIHWKLNQUYQE
IZMVOKOHWYKRPQOKJHIHWchTJQY�lUQOHJHU�HLOQE
KYMH�
dYNPQUKWOHYc\H\cOKMNRVWc\HMLNOVK\\YHSRNUKgN`OKS:
POHfc\QYWc]PMQLW[HYUZMQ���H\NRcWKM\QYWNPLc]SHU\HE
LQLOTJYK�JHIKHO^MQSOYHLHW:HfYKIZ`aNhRT\YNWIKNUHJQ]E
ROWNNRWHJH]\QYWNPLHXHNIMZPQLNT�:KWOHYH]PMQLCYKRRQE
TLLc]SHU\HLQLO�JHIKHO[HOHLHW:YKRRQTLLchWWHJQ��kJLKE
SH\HIJLQQWYKfHOQiFjfcMH\HSKIKLH:POHYQIZMVOKOcYKfHOc
i�j\YNOKSHU\HJhHJQJMTXMZfNLHr��RU\QYQHgQLNWK`O\QYE
WNPLc]SHU\HLQLO: KYKRRQTLLc]SHU\HLQLO RHHOWQOROWQLLH
LQJHHgQLNWK`O�kOUQONUOKSeQ:POHYQIZMVOKOcLHWch:fHMQQ
OHPLchYKRPQOHWJHROKOHPLHRNMVLHHOMNPK`ORTHOYQIZMVOKE
OHWYKfHOci�j�

_LKROHTaQ]YKfHOQILKPQLNTJOM�?:H:C�WWHJQfcMNH\YQE
JQMQLcUQOHJHU�HLOQE
KYMHJMTYTJKR\QSOYHWOHYUHILch
\ZPSHWHO.JH�.�_NJMTR\QSOYK[HOHLHWOQYK\QWONPQRSHXH
K\\KYKOK�tk
n	$\HSHJZ?PE:C< �WQYRNT���- X���?PE:C<
TWMTQORT RZaQROWQLLH ZMZPbQLLH] WQYRNQ] SHJK?PEQ: \H
SHOHYHUZ fcMK YKLQQ \YHWQJQLK fHMVbKT PKROV YKRPQOHW
JOM�?:H:C��_PKROLHRON:RZaQROWQLLH]UHJN[NSKgNN\HJWQYXE
MHRVUHJQMNYHWKLNQOYKLR\HYOKLNISH^LQYXQONPQRSNh[HOHLHW

N^MQSOYHLHW:fcMNZPOQLcRWTIN^MQSOYHLHWWKOHUQN\YHE
gQRRcYQMKSRKgNNKOHUHW\HRMQSHU\OHLHWRSHXHYKRRQTLNTN
[HOH\HXMHaQLNT[HOHLHWN\Y�_YKRRUKOYNWKQUH]YKfHOQKLKE
MNINYZ`ORTYQIZMVOKOcJMTR\QSOYKOHYUHILHXH\ZPSKG�_:
LKNfHMQQPKROH\YNUQLTQUHXHWROQYQHOKSRNPQRSHUHfMZPQLNN
N\YNWHJNUHXHWfNfMNHOQSQ?PE:C<�

�HIHWHQTJYH�lJMTWRQhR\QSOYHWfcMHYKIJQMQLHLKJWK
SHU\HLQLOK6

R
OM
pR

OM:

uR

OM:L
:  �.�

XJQROM:
 C\QYWNPLc]SHU\HLQLO<ROM:L CYKRRQTLLc]SHU\HE
LQLOJHIHWHXHTJYK�

�MTKLKMNONPQRSH]K\\YHSRNUKgNNYKJNKMVLH]IKWNRNUHE
RON SKeJHXH SHU\HLQLOKLKUNfcMH\YNUQLQLH RMQJZ`aQQ
KLKMNONPQRSHQWcYKeQLNQ6

( )
,

1

( , ) ( ) ,
��

i

N
k z r

j i
i

K z r C z e r− ⋅

=

= ⋅∑  �-�

XJQ�SpBNMNLJMT\QYWNPLHXHNYKRRQTLLHXHSHU\HLQLOHWRHE
HOWQOROWQLLH<TCPNRMHPMQLHWRZUUc:IKWNRTaQQHOSKPQROWK
\ZPSKNWNJKSHU\HLQLOK<U2NV2C^U\NYNPQRSNQSH^[[NgNQLE
Oc:IKWNRTaNQHOXMZfNLc��MT\ZPSKG�_HSKIKMHRVJHROKE
OHPLcU\HJWKPMQLKWSKeJHUSHU\HLQLOQ�
H^[[NgNQLOc
LKhHJNMNR\HUHaV`\HJXHLSNSYQIZMVOKOKUYKRPQOKUQOHE
JHU�HLOQE
KYMH��QOHJNSK\HJXHLSN:H\NRKLLKTKWOHYKUN
WYKfHOKhi��jEi��j:\YQJROKWMTMKRHfH]RHPQOKLNTUQOHJKRMZE
PK]LHXH\HNRSKRUQOHJHULQMNLQ]LH]YQXYQRRNN�

_QYLQURTSJHINUQOYNNSYZXMch\ZPSHWRUKMcU\H\QYQPE
LcURQPQLNQU��MT\YHROHOcWHIVUQURLKPKMK RMZPK]HJLHE
YHJLHXHYKR\YQJQMQLNT[M`QLRK^LQYXNNLK\HWQYhLHRON[KLE
OHUKW\YQJQMKh\H\QYQPLchRQPQLN]\ZPSHW:O�Q�

;
( , 0)

0 .
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���

s

s

const r R
r z

r R

≤
ψ = =  >

 �G�

�MTOKSHXHRMZPKT:\HJROKWMTTZYKWLQLNQ �-�WZYKWLQLNT
���N���N\YHWHJTNLOQXYNYHWKLNQ:\HMZPKQURMQJZ`aNQWcE
YKeQLNQJMTHOJQMVLchSHU\HLQLOHW6
• JMTJNRSHWHXHUHLHLK\YKWMQLLHXHNROHPLNSK
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• JMT\ZPSKRSYZXMcU\H\QYQPLcURQPQLNQU:YKRhHJTaQXHE
RTNIOHPSN:

1, 2,
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1 1
1, 2,

1, 2,
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1 1 .
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�RMNYKJNKMVLHQYKR\YQJQMQLNQ^LQYXQONPQRSHXH[M`QLRK
W\ZPSQLK\HWQYhLHRON[KLOHUKH\NRcWKQORT\HMNLHUNKMVE
LcUWcYKeQLNQUNMNRZUUH]^SR\HLQLgNKMVLchPMQLHW:O�Q�
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N c r
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a r r R
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b e r R
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∑
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�F�

OHNLOQXYKMc���N���OHeQfQYZORTKLKMNONPQRSN�\YNLQHfhHE
JNUHRONJQOKMN\YQHfYKIHWKLN]UHXZOfcOV\HMZPQLcHOKWE
OHYHW��

dZROVYQ[QYQLRLKTOHPSKJMTKfRHM`OLH]JHINUQOYNNLKE
hHJNORTLKHRN\ZPSKYKJNZRHUA�LK\HWQYhLHRON �YQSHUQLE
JZQORTJMTUWO/CR:2X/A�p� RU�NLKXMZfNLQH���HXJKJHIK
HOJQMVLHXHSHU\HLQLOK\YNJYZXNh ILKPQLNTh ^ONh\QYQUQLE
LchRWTIKLK RH ILKPQLNQUJKLLHXHSHU\HLQLOKJHIcWYQ[QE
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YQLRLH]OHPSQLKHRN\ZPSKJMTRMZPKTYKRhHJTaQXHRT\ZPSK
RMQJZ`aNUHfYKIHU6
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XJQ7�p��uH�vF�<7p��uHvF�<AHp7AL< 0 0 .
oz sR g R=

dHMLKTJHIKWHfHNhRMZPKTh:RHXMKRLHUHJQMN:YKWLTQORT
RZUUQJWZhSHU\HLQLOHW�_WQJQUJMTSHU\KSOLHRON[NLKMVE
LHXHZYKWLQLNTJWQ[ZLSgNN6
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�HXJK\HMZPKQURMQJZ`aQQWcYKeQLNQJMTJHIc:RHIJKWKQE
UH]WWHJLHU[KLOHUQLKXMZfNLQH\ZPSHURSYZXMcU\H\QE
YQPLcURQPQLNQU:YKRhHJTaNURTNIOHPSNNNUQ`aQUYKJNZR
ALLK\HWQYhLHRON:PQYQIJHIZWYQ[QYQLRLH]OHPSQLKXMZfNLQ
y�\YNYKJNZRQ\ZPSKLK\HWQYhLHRON 0
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tKRPQOcJHIHWHXHTJYK�l[HOHLHWJMTOHYUHILHXHR\QSOE
YKG�_\YHWHJNMNRV\HSHJZ?PE:C<HOJQMVLHJMTSKeJHXH
SHU\HLQLOKJMTHp�:�-����F:�-RURbKXHU�:-RUNJMTC≤.GRU
JHJHRONeQLNTHOLHRNOQMVLH] ROKONRONPQRSH]\HXYQbLHRON

δr�z�{KX\H\HOQYTU^LQYXNNIKYTeQLLcUNPKRONgKUNYKWE
LTMRT�z��KfKIQ\HMZPQLLchYQIZMVOKOHWfcMK\HROYHQLK
UKOQUKONPQRSKTKLKMNONPQRSKTUHJQMV:H\NRKLLKTWcbQ�kOE
LHRNOQMVLKT RYQJLQSWKJYKONPLKT\HXYQbLHROVH\NRKLNTYQE
IZMVOKOHWYKRPQOKJHIHWHXHTJYKUQOHJHU�HLOQE
KYMHR\HE
UHaV`YKIWNOH]UHJQMNHSKIKMKRVr-z�|LKPQLNT^U\NYNE
PQRSNhSH^[[NgNQLOHWUHJQMNUHeLH\HMZPNOVHOKWOHYHW\H
IK\YHRZ�

�MT \YHWQYSN \YQJMKXKQUHXHUQOHJK JHINUQOYNN SYZXE
Mch\ZPSHWUKMchYKIUQYHWWSKPQROWQYQ[QYQLRLH]�SKMNfE
YHWHPLH]$ OHPSN fcMK WcfYKLK OHPSK LK XMZfNLLH] IKWNE
RNUHRON\HXMHaQLLH]JHIcWWHJQJMTHp.:�-RUNCp�JMT
\ZPSKALp�:�RU�k\YQJQMQLNQJHIc

0 0( , , , 0)sD Q R z r = W^OH]
OHPSQ\YHWHJNMHRV R NR\HMVIHWKLNQUJHIHWHXH TJYK�l\H
[HYUZMQ ��� W \YQJ\HMHeQLNNHJLHYHJLHXH YKR\YQJQMQLNT
[M`QLRK^LQYXNNW\H\QYQPLHURQPQLNNLK\HWQYhLHRON[KLE
OHUK��KMQQ\H[HYUZMQ����fcMNH\YQJQMQLcXMZfNLLcQJHE
IHWcQYKR\YQJQMQLNTJMTYKRhHJTaNhRT\ZPSHWSYZXMHXH\HE
\QYQPLHXHRQPQLNTRYKILcUNYKJNZRKUNLK\HWQYhLHRONWHJE
LHXH[KLOHUKALp�:�-<�:-<�:�N�:�RU\YNFp���RU�}ON
YKR\YQJQMQLNTRYKWLNWK`ORTLK
��,�YRYQIZMVOKOKUNYKRPQOK
JHIWJKLLchXQHUQOYNThUQOHJHU�HLOQE
KYMH\HJWZUUQE
OHJNSKU��K
��,�Y�RYKWLQLNQ\YHWHJNORTRYQIZMVOKOKUN:\HE
MZPQLLcUN\HUQOHJNSQ:WSHOHYH]UQOHJHU�HLOQE
KYMHYKE
IcXYcWKQORTOHMVSHLK\YKWMQLNQWcMQOK�l[HOHLHWNIOHPE
SNNROHPLNSK:KRKUWSMKJHOSHLSYQOLHXH�lH\YQJQMTQORTR
\HUHaV`JHIHWHXHTJYK�l\H[HYUZMKU�.�N�-���K
��,�Y�
RYKWLQLNQWc\HMLTQORT\HYQIZMVOKOKU\YTUHXHYKRPQOKJHIHE
WchXMZfNLLchYKR\YQJQMQLN]UQOHJHU�HLOQE
KYMH\HSHJZ
?PE:C<�2�zELH]\HOQYQ]^LQYXNNIKYTeQLLcUNPKRONgKUNLK
bKXQSHLJQLRNYHWKLLHXH ROHMSLHWQLNT�dYQJROKWMQLLcQLK

��,�YRYKWLQLNT\HSKIcWK`O:POHWHfHNhRMZPKThLKfM`JKQOE
RThHYHbQQRHW\KJQLNQYQIZMVOKOHW�
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_YQIZMVOKOQ\YHWQJQLLchNRRMQJHWKLN]YKIYKfHOKLKUKE
OQUKONPQRSKTUHJQMVJHIHWHXHTJYK�l[HOHLHWROHYUHILcU
R\QSOYHUG�_:WSM`PK`aKTWRQfTZJHfLZ`KLKMNONPQRSZ`
K\\YHSRNUKgN`YKJNKMVLH]IKWNRNUHRONJHIHWHXHTJYKNILKE
PQLNT^U\NYNPQRSNhSH^[[NgNQLOHW:WhHJTaNhWKLKMNONPQRE
SZ`K\\YHSRNUKgN`�dHXYQbLHROVYKRPQOKJHIHWHXHTJYK�l
\H\YQJMHeQLLH]UHJQMNUQLVbQ-z�	HIJKLLKTUKOQUKONE
PQRSKTUHJQMVJHIHWHXHTJYKMQXMKWHRLHWZ\YQJMHeQLLHXHW
YKfHOQUQOHJKJHINUQOYNN\ZPSHWRUKMcU\H\QYQPLcURQPQE
LNQU: RHPQOK`aQXHW RQfQKfRHM`OLcQNIUQYQLNTJHIcWHJE
LH]YQ[QYQLRLH]OHPSQWUKbNLLHER\QgN[NPLH]XQHUQOYNNN
KLKMNONPQRSN]YKRPQO XMZfNLLchJHIHWchYKR\YQJQMQLN]\H
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tKRRUKOYNWKQORT\YNUQLQLNQ RHWYQUQLLchUQOHJHWUKOQUKONPQRSH]HfYKfHOSNLQROKgNHLKYLchSWKIN\QYNHJNPQRSNhJKLE

LchJMTKLKMNIKWKYNKfQMVLHRONRQYJQPLHXHYNOUK�_	t��dHJYHfLHH\NRKLcUQOHJNSNH\YQJQMQLNTLHWch\HSKIKOQMQ]LQMNE

LQ]LHXHKLKMNIK_	t�tKIYKfHOKLcNUNOKgNHLLcQUHJQMNRQYJQPLHXHYNOUKRZPQOHU\YNRZOROWNTYKIMNPLchbZUHWch\YHE

gQRRHW�tKIYKfHOKLKUHJQMVRHROHTLNTRQYJQPLHERHRZJNROH]RNROQUcLKHRLHWQKLKMNIK_	t�dHMZPQLKOQHYQONPQRSKTHgQLSK

PZWROWNOQMVLHRON\HSKIKOQMQ]_	tSNIUQLQLN`RHROHTLNTRQYJQPLHERHRZJNROH]RNROQUcJMTUHJQMVLchJKLLch�
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_RHWYQUQLLH]SKYJNHMHXNPQRSH]\YKSONSQbNYHSHNR\HMVE
IZ`ORTUQOHJc KLKMNIK WKYNKfQMVLHRON RQYJQPLHXH YNOUK
�_	t�JMT\YHXLHRONPQRSHXHHfLKYZeQLNTYKIMNPLch\KOHMHE
XN]RQYJQPLHERHRZJNROH]RNROQUc i�jEi�j�	QYJQPLc]YNOUTWE
MTQORTWKeLcU[NINHMHXNPQRSNU\HSKIKOQMQU:HOYKeK`aNU
\YHgQRRcKWOHLHULH]:LQ]YHXZUHYKMVLH]NgQLOYKMVLH]YQE
XZMTgNNWRQYJQPLHERHRZJNROH]RNROQUQNHYXKLNIUQPQMHWQSK
WgQMHU:POHH\YQJQMTQOLQHRMKfQWK`aN]NLOQYQRSNRRMQJHE
WKLN`NIUQLPNWHRONRQYJQPLHXHYNOUKWLHYUQN\KOHMHXNN
JMT RHIJKLNTJNKXLHRONPQRSNhUQOHJNSW SKYJNHMHXNN: KLQE
ROQINHMHXNN:YQKLNUKOHMHXNN:LQWYHMHXNN: KWNKSHRUNPQRSH]
NR\HYONWLH]UQJNgNLQi�j�

_LKROHTaQQWYQUTLQNIZPQLLcUNHROK`ORTWH\YHRcOQHE
YQONPQRSH]\YNUQLNUHRONYKIMNPLchUQOHJHWUKOQUKONPQRSH]
HfYKfHOSNRMZPK]LchJKLLchSHgQLSQ_	t:LK\YNUQYHgQLSK
PZWROWNOQMVLHRONYKIMNPLch\HSKIKOQMQ]_	t:WOHUPNRMQLK
HRLHWQYKIYKfHOSNNKLKMNIKYKIMNPLchNUNOKgNHLLchUHJQE

MQ] RQYJQPLHXHYNOUK� tKRRUKOYNWKQUKTYKfHOK\HRWTaQLK
WH\YHRKU\YNSMKJLHXHNR\HMVIHWKLNT RHWYQUQLLchUQOHJHW
UKOQUKONPQRSH]HfYKfHOSNLQROKgNHLKYLchJKLLchSKLKMNE
IZYNOUKRQYJgK:K OKSeQOQHYQONPQRSH]HgQLSNPZWROWNOQMVE
LHRONYKIMNPLch\HSKIKOQMQ]_	tSNIUQLQLN`RHROHTLNTRQYE
JQPLHERHRZJNROH]RNROQUcLKHRLHWQYKRRUHOYQLNTNUNOKgNE
HLLchUHJQMQ]RQYJQPLHXHYNOUK�
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HU\MQSRLHQ WIKNUHJQ]ROWNQ YKILHHfYKILch[KSOHYHW:
HSKIcWK`aNhWMNTLNQLKRQYJQPLc]YNOU:HfZRMHWMNWKQOLQE
MNLQ]Lc]hKYKSOQYNIUQLQLN]QXH\HSKIKOQMQ]��MTNhH\NRKE
LNT\YNUQLT`OUQOHJcLQMNLQ]LH]JNLKUNSN: W PKROLHRON
[YKSOKMVLc]KLKMNIWYQUQLLch\HRMQJHWKOQMVLHROQ]:HgQLNE
WK`aN]UQYZRMHeLHRONNROQ\QLVRKUH\HJHfNTJKLLch�

kRLHWLHQWLNUKLNQWYKfHOQfcMHZJQMQLHLKNfHMQQRHWYQE
UQLLcU\HJhHJKUSUKOQUKONPQRSHUZKLKMNIZRQYJQPLHXHYNOE
UK:NR\HMVIZ`aNU\HRMQJLNQJHRONeQLNTWHfMKRONUQOHJHW
HfYKfHOSNLQROKgNHLKYLchSWKIN\QYNHJNPQRSNhJKLLch��MT


