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

-/.0.21436587:9<;:=?>@3BAC3@D�78587:A EGFIHJ.<7K3L5M>K=@3�=?>@N
.POQ1LR8STD�RK>@ULRKVXWQ3ZY[9\;]143Z=0D0=\7?.^D0_<V `Ia�bdc"e

f@g"h2g�f<ikj�l�m2n�i�oqpsr�t�u2gwv8g�f2ixj�l�m^n�iyoqp�tkz2gwv8g�{�|q}0okoq~�tkh2g��@g��<|q�k}0�x~"�k�
�T�����#�������������������������	�q�	�������������L�����x������������ ���¡£¢#¤�¤£¢�¥	��¦¨§�©�ª���ª	��«���¬������®	����������®	ª	������¯¨¤£°�±²�³ �������´���#�4��	�¶µ	��¦·���s�����s������������ 	��¡�¢	¤�¸�¤£¹���¦¨§©�ª���ª��	«¶����µ	§´ºk�£	ª�����»������£¦·���¢�°�¹ ¯¼�½¿¾�À�ÁÃÂ·Ä´Å·À£Å¨Á À�Æ�À�Ç�È�ÁÃÉ�Æ#Á Ê£Ë Ì´Í¿Å·ÁÎË Ì�Ï£Æ�Ë ÐÒÑ

Ó�Ô�Õ�Ô�Ö£×qØ	Ù�Ú�ÔÒÛ	Ø�Ü�Ý�ÕkÞkß�àÒá	Õ�â�ã	Ü�ä4å�æsç�Ù�×�è�ß�×2é�ê�ê	ëkì�Ë¿íîØ�Ù�Ú�Ý�àïØ�à�ß	à�ß�Õ�è�Ù�Ô�â�Üqðsñ�Õ�ß�Ô�Õqé�ê�ê�æxì�Ë
ÓòØ	Ù�ñ�Ù�ókÖ�äQô�õkö÷Ü´Ú£Ú�Ý´à�á´Ù�Þ�Õ�ç	Ù�Ú�Ù�à¶á#Ü´ç´à£ç´Ü´à@Ú�øyÝ�Û´â	Ô¶Û#Ü´ß�Û#ä�ókà�ùMÞ�Õ�Ý´à£ç´Ô�ç´Ù�Ú£Ô�Ö�äûúïü´ýÿþ���Ë�����Ú�â�Õ���Õ�ç´Ù

Ø	ß´à¶á#Ø´Ù�Ý´Ù���à�ç�Ü´à2ÙLÔ£Ù	ñ�í
	�Ô�Ù�	�Õ�Ú�Ô�Ù�Ô�Õ0øyÝ�Û�â	Ô¶Û#Õ�ã´Ü´Ü4Þ�Õ�Ý	à�ç�Ô�ç´Ù�Ú�Ô£Ü@Ü´Ù�ç´Ù�ÞLÜ�Ô�Ô£à�ß	è�Ü�×
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é��������ã�Ë���Ú£Ø´à�â�Ô�ß´à
� Ý´à£â	Ô£ß´Ù�ç´ç��
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ν >

é$� �%� ��ã�Ë � Ú£Ø´à�â�Ô�ß�Á
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Y[Z�\�]3^�_�]�`bac]3dfe�gih*d.j3^�^k^�l*]3mon�`*]�`fncg,pq\rholJ_3lUs�eAt
^�ncdfuJ`cj3vrwS]3x[y3dE]�h*_�solU`�`Ej3vzh*lEsEs*]3dEvfaEnovz{fsEn�\�l1mfn*_|h
_�j�hEncw j�`El1w}j3d.u�`�eAw vc\~dE]�`fn1vEw�p h*jJh
� d��Eh*_��fncs*�f����j3v \Jj3dc]�`c_�`olU^3_�u n l*�Us�j3Z3lU\Jj�`�n*]
_�vEx[]3dfeAt � ]�sow}nolo`olo\��S�!^�l*x[j3df]�`En���pS\�lJ_3d.n*�En*]�l*_
_�vEx[]3dfeAt � ]�s*w�n*lE`*lE\�p�\�h*dfj~^�^3]�^3lJ]3mfnE`c]�`cnfg�^
� d��Eh*_��fncs*�f���']�g \1j3df]�`*_�`*l*^�_�u�� nc`E_�]�`c^�nE\1`El
nE^3^�dc]�mElE\1j3dE^�v|dfn��[u �*��� � ���[m�`EjJh1l�mcd*v�\JeIvE^�`o]�`�n1vlU�*��not Z�j�h*lU`clJw,]�sE`clJ^3_�]�g `o]�l*�Jt�lJm�nEw
l�ncZ��E�1]�`�n*]
\�l*Z�w
l*x'`cl �Jl*dfu1�&]3�l �En*^3d.j�^�l*]3mfnE`c]�`cnfg y�_3lJ��l
h*d�j3^3^�jc� ��j3^3_�l~vf��j�v sfj3�1lU_�j {El1^�\�vc��]�`Ej
nE^3^�dc]�mElE\1j�`Enf� wS]3_�l*mEl1w ���[� m*l*mE]�h*j��JlEsEnomfj
nE_3_�]�sE�*n*v ��¡�� é�å pSh*l*_�lEsEe�g}p�^�l*�Kd�j3^�`clz¢�£Up¥¤E¦�p�_�j�h*x&]vc\~dEvE]3_�^�v ^�l*]3mfnE`c]�`Enc]3w ^ � dE�Eh*_3�on�s*�E�&�&]�g
\Jj�dc]�`c_�`clJ^3_�u1���
§�l*]3mfnE`c]�`Enc] �&¡.� éÒå {fscn*��lJ_�j�\�d.nE\1j�dEl*^�u \

nf`*mc�ohcafn*lE`E`clUg {E]3�Un \¨\1jJh1�E�*w,]©{Es�n £�ª*«*«¬�
�oj�solUw,]3_�s�n*�*]�^�hEn*w \~lU^3^3_�jJ`*lE\~dE]�`�n*]3w n*Z lEhUnc^�n
�¡ å�®[¯ p�Z�j3_�]3w�{*]�sE]�{*d.j�\�d*vEd�lJ^�uz\°m*�E�Klo\~lUg±{*]3�on±n
p�U_3lJ�EeincZ��*j�\Jnc_�u3^�v²l*_&{EsEncwS]3^�n��¡.� � pEsEj3^�_�\�lEs1vEdEl*^�u\³j3Z�l*_�`clUg´hEnc^�dclU_�]E�z§�{*l*w,lU�[u1�¨s*]�`E_���]�`*l*��s�j3wSw
�E^�_3jJ`*lE\�dc]�`�j lJmf`ol � j3Z�`*l*^�_3u lU�*sfj3Z�aEj�p {fso]�mE^3_�µ
jJ\�dovc�&�&]3�Kl ^3lJ�*lUg {clUsclU�&lEh �U]�sE`clJ��l a�\�]3_�j��
Y�Z�w,]�s*]�`�n1v {Esolo\~lJmfncdfnc^�u `�j mf\��*t l1�EsEj3Z�a�j3tI¶
�onc^3_�l*w´�¡.� éÒå n·�¡.� é¶å p�d�]���n�s*lU\1jJ`E`clJw¸£¹j3_E�%º
»'¼ ¯ + �©½Ej3mElJd.nE`�nEg l*�1d�j3mfj3]3_ �Enc^�_�l ^�{fnc`El*\Je�w
{fj�sEj~wSj~�(`c]3_�nEZ3w�l*w¿¾�l*^�`*lE\1`*l*]À^3lU^3_3l�vf`fno] æÂÁ ë£°�å�Ã nnE^�{*l*dfu�Z3�*]�_3^�vÄ\rh*j��1]�^3_�\~]|w,]�_�h*n,��Y[Z�w
]�sc]�`cn*vi�UeAd.n

\Je�{clJd.`*]�`fe `Ej �Ej3^�_3l*_�]
ν = ÅSÆ�Ç ½�½Ua \

_3]�w�{*]�sEj�_��fsE`*l*wzm�nEjJ{Ej3Z3lE`*]�È.p¥¤UÉ.Ê*«Ë���
��]3mfh*l1Z�]3w,]�d�uJ`EeÌ]ÍmElJmE]�hEj3�1loscnEmEe Î���Ï$ÐÑn*w,]��Ì_

hEsEnc^3_�j�dEd.n*�*]3^�h*�E�Òs*]��&]�_�h*� Ó�Ô1Õ�ÖA^�w,]�_�j3dEd.n*�*]�^�hEn*w
j3_3lUw
l*w×`Ej�w,]�^3_�]�Ó�Ô�nrho�U�1l*lUh*_�j3y�m�s*l*w×n*Z £�¤��Ul*sEl*\
`�j±wS]3^3_�]!Õ�Ö ¢ÙØ.¦����[�UeA�E`cl¹s*]3mfh1l*Z�]3w�]3d.u�`feA]inEl*`fe
\ Î���ÏÂÐ _�so]�t.\Jj3dE]�`c_�`Ee�pji{Esolo\~lJmfncw�l*^3_�uÚmElJmc]�hEj3�*l*µ
sEncmElU\ÛwS]3_�j3dEd�no�U]3^�hEj�v,�ÄÜ �Edfu~_�n�{*df]3_Ò�¡cÝ + ¾�È�Þ éß¯ pà�á ë ° å�Ã sfj3^��&]�{Edovo]3_3^�v hEsEnc^�_�j~dEd.n*�*]�^�hEn*w {*l*dE]�w
h*�*�En*�*]�^�h*l*g�^�n*w,w,]�_3sfnEn `Ej'mE�*�Udc]�_

Γ â pfhE\Jj�sc_�]3_ Γ à nmE�*�*dE]3_
Γ ã �,äål*^�`*lE\J`*l*wz^3l*^�_�lJvf`En�n w,lJ���U_�lohcj3Z�j3_�u3^�vhEsEj3w,]�s*^3lo\1eæmE�*�*dE]3_�e

Γ â ncdfn Γ ã pSn�`�j�`cnEt w,lUx[`cl`�j3�Jd.��mfj3_�ur^�n*��`Ej3d!���������[mf`Ej1h1lå^�n*��`cj3dÀ�����À`fj
�En*^3_�l*w¿�¡.� éÒå `�j3w�nç`c]è`�j3�Jd.��mfj3d�^�vS�i�s�n*�EnE`�jcp\�]�s*l1vE_�`ol�p Z�j�h*d.���Ej3]�_3^�v \ ^�dE]3mE�E�&�&]3w�� ��j�h
{clUhEj3Z�j3d�n n*^�^3d�]�m*lE\Jj�`�n1v y�dc]�h*_�s*l*{fs*lE\~lJmf`*l*^3_�nSp
\�l*^�{EsEn�n*w,�EnE\�l*^3_�n n � l*_3lJy3w�n*^�^�n�n ¢�£Up¥¤�¦�p
\Jj3d�]�`*_�`clJ^3_�u�nE_3_�]�sE�*n*v|\��¡G� é¨å `*]�ac]3dEl*�ono^�d�]�`c`fj�v�nsEj1\J`Ejé¤GpëêGpìjé{�s*lE\�lJm�n*w,lU^3_�u�{olUdc�o{�s*lE\�l1mf`En�h*lU\1j�v,�
í,j�h*l*] l1_�h*dclo`o]�`�n*] l*_ {clU\~]�mE]�`�n1v l1�EeA�o`ce�t
mEl1mE]�hcj3�Ul*sEncmElU\ ^�\3vEZ�j1`*l ^ ^3�E�[]3^�_3\�lE\Jj�`�n*]3w \
�¡G� é¨å � dE�Eh*_3�Enfs*�E�&�&]�g´\Jj�dc]�`c_�`clJ^3_�n´nclU`clU\·�¡}p_c� ]c��\Jj3dc]�`c_�`olU^3_�u � dE�Eh*_3�Enfs*�*]3_[w,]�x&mE��^�l*^3_�l1vf`En*vEw�n
�¡ ¯ + n¿�¡ å + p¹{EsEnc�*]�wîê*«cº \1sE]3w�]�`�nïnc_3_�]�sc�Un�g
`�j3tEl*mfn*_3^�v�\�_�so]�tf\1j�dE]�`c_�`El1wb^3lJ^3_�l~vc`�nEn ni£�«cºñðÑ\
mf\~�Ut.\Jj3dc]�`c_�`olUwÌ�Àò[nf`En�� ���[��l*_Ñ��¡ ¯ + w,lUx[`cl
`�j3�Jd.��mfj3_�u!_�l*dfu1hJlÒ\é_�l1wç^3df�*�Ej3]Ep|h1lU�Kmfj!�Ej3^3_�l1_�j
� dE�fh1_3�oj1aEn�nz\Jj~dE]�`E_�`clJ^3_�n

ν ú�ü w�]3x[mE� ��¡ ¯ + n �&¡ å +`�n*x[]Í�Ej3^�_3lJ_�e ������^�{E]�h1_�s*l*w,]3_�sfjc����lU^�h*l1d�u�h*�

ó ô.õ�ö*õßô1÷~øÂù�ú
ûK÷�ü�ý*þÂÿEõ��
õßô1÷~ø ù�ú
ûK÷�üJý*þ��fõ���õ����	��ü�ü�
~þ�ö*õ�.õ�����������
����Jþ��������



^�{c]�ho_�s ����� `*] `Ej~�Jd.��mfj3d�^�v,p {clUµ \Jncmfn*w,l1wS�
p
ν ú�ü >

£(« Ï�� ½Ua,�&ä,lUZ3w�l*x[`cl.p��J_3lb\ �&¡.� éÒå p�hEj�hinå\�E��� � ¢ßÈf¦�pU�Ej3^�_3lJ_�j � dE�Eh*_3�Ej�afn�n�{El*s*vEmEhEj�£�« é�å ÉI£�« éÒð½oa
�
ä,l�\�^3]�w�nf`*_3]�sE\Jj3d�]ç_3]�w�{*]�sfj3_3�Es�`Ej3�*df��mfj3dE^�v

nf`*_3]�`E^�nE\J`�e�gi^�nE��`�j3dæ�����ÀlJ_r»[¼ ¯�� ^���µ � j�h*_�losolUw
sfj�\1`Ee�w £U�¥ê��

±
«�p¥«U¤G�²í
]3w�{E]�sEj3_3�osc`fj�v�Z�j�\Jn*^�nEw,l1^�_�u

��nEscnf`Ee�dfnf`cnfn
δ� {oloh*j~Z�jJ`Ej´`�j´sEn*^c�À£*�b�'scn

_�]3w�{*]�s�j3_3�oscj3t¹`�n*x[] £�«b� `Ej~�Jd.��mfj3]3_3^�vb�E��ncs*]�`�n*]
d�nE`�nEn ���[��pf�*_3l�^�\3vEZ�j1`*l�^[y ��� ]�h*_�j3w}n�w�j3��`Enc_�`clJ��l
�f{*lEs1vEmElJ�*]�`EnovS��ä�e��']�¤U«k� ��nEsEn�`Ej�dfn�`En�n|�EeA^3_�s*l
�f\�]3dfnc�Un�\Jj3]3_�^�v×l*_z¤J«*«±�³m*lé£�¤J«*«±�³{fsEn	�1«±��pj
Z�j3_3]�wi\JeÌtEl*monc_�`�j�`�j3^�e��[]�`Enc]E�
í
]3wS{c]�sEj3_3�Esf`cj�v Z�j1\Jn*^�ncw�l*^�_�u

δ� \ y3_�lEgklU�1d�j3^3_�n
_�]3w�{*]�s�j3_3�os `c]�{*dfl1tfl lU{�n*^�e�\Jj~]�_�^�v
y�h*^�{clU`c]�`Ea�nEj~dfuJ`EeAwiZ�j1h1lo`olUw

δ� = 
	���� (−∆��� )
p

��mE] 
 =
ªJ¤*¤*«��

∆ =
ª������

í,j�h*l1]{clU\�]3mE]�`fno]
δ � ( � )

w,lJx�`*l�l*���EvE^�`fn*_�u&mE\��cw.v
{fsEnc�Un�`Ej~wSn}¶
£1� Y�Z sEj3�*lJ_ ¢��Gp¥Êf¦ nEZ�\�]3^�_3`ElGp �U_3l {El

y�h*^�{clU`c]�`Ea�nEj~dfuJ`*l*w
�ÍZ�j�h*l*`E��noZ�w,]�`1vE]�_3^�v��[n�sEn�`Ej
d�nE`�nEn

δ� {fscnélJ�*w,]�`c`El1wñ\�Z�j�ncwSl1mE]�g*^�_�\Jn�né^�{En�`Ej
{fsEncw�]3^�n ^ \�l*Z3�J�*x[mE]�`E`�eAw�n ^3l*^�_3l�vf`�n1vEw�n
w}j3�3`EnE_�`*lEgés*]��&]�_�hEn
��äñ`EjJ�']�w³^3df�*�Ej3]iy�_3læl*�Jw,]�`
^�{�nE`�j �(j3mclUd�nf`Enovå^kÞµ y�d�]�ho_�sEl*`fj3w�nb\~lJZ3�J�Ex&mE]�`E`clJ��l
^�l*^3_�l~vc`�n1v�n*lE`*lE\��¡ ¯�� �
¤�����[n�s*]�`Enc]

δ� ( � )
w,lUx&]3_ �*e�_�u´^�\3vEZ�j1`*lç^

^��f�']�^3_�\~lU\1j�`fn*]3w \ ^�{*]�h*_�s*] y�dE]�h*_�s*lE`E`�eAt
\�l*Z��1�*x[mE]�`Enfg �*Z�h*l*g �&]�d.n
p \�l1Z�`�nEhEj��&�&]�g
p

`�j�{EsfnowS]�s
p ncZ�µ Z�j ��n*�EsEnomfnEZ3jJaEn�n �(µ y�d�]�ho_�sEl*`El*\
{�s*lU\~lUm�n*w,lJ^3_�n´^·Þµ y�d�]�ho_�sEl*`fj3w�n´\Jj~dE]�`E_�`clUgÛZ�l*`fe
�¡}� ä�Z�j�n*w,lUm*]�gE^3_�\Jn*]¿^�{�nE`�j�»&¼ ¯ + ^3l�^�{fnc`fj3w�n
y3df]�h1_�s*lE`*lE\æném�e�s*lEh \1eAZ�e�\1j3]�_ �o��nEs*]�`�n*]×d�nf`En�n
�������|�l1^�holJd.u�h*�èh1l*dfnc�*]�^3_�\�l�� � Þ(µ \�lJZ3�*�*xmc]�`�nEg³n
^3lUl1_�\~]�_3^3_�\�]�`f`ol¸{odfl1_�`*l*^3_�uÑ^3lJ^3_3lJvf`En�g�`EjÍhcsEj3vEt
�&]3d�nksfj3^3_�]3_[y�h*^�{El*`E]�`Ea�nEj�dfu1`*l
pfZ�j�\Jnc^�n*w,l*^3_�u

δ� ( � )_�j�h*x&]²`*l*^�n*_�y�h1^�{El*`E]�`Ea�nfj3dfu1`Ee�gËtfj�sfj�ho_�]�s}�
äbsEj��JlJ_�]�¢Ùªc¦�§��*�$l*\�j�sUe±n mEsG��{*s*lU\3]�mU]3`Ee×scj�^��1]�_3e

Z�j�\�n*^3n*w�l�^3_�n ^3{EnE`Eµ%^3{EnE`1lU\3l*g s*]�d�j�h1^�j�aEncn � å− é¾ � å− é"!
δ � Ã {csEn1w�]3^�nr¾K^�lJ^�`*l*\�`EeIw Á ^�l�^3_�l3vf`*n*]�w Ã lJ_#

= $�� ¢&% (Γ æ ) −
%

(Γ � ) ¦´m*d*vîn*lU`olJ\ ��¡ ¯ + \�{Jl1dE]
h1�*�Jn*�J]�^�h1lJg ^�nJw
w�]3_�s*nEn
p×�Km*] � ð _�]�wS{*]�scj�_��Es*j'�
%

(Γ æ ) ð´y�`*]�so�(n~v|\�l�Z��1�Ux�m*]�`*`*l1�l�h*\�j�s1_�]�_3j Γ æ � % (Γ � )ð y�`1]�s1��n1vñl1^�`*l*\�`*l��Kl ^�l1^�_�l�vE`En1v�ð m*�J�1dE]�_�j
Γ �n*l*`Jl*\&��¡}�
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