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NUTaKM_�\R^zg[^=_�\)Z�WOrUKMHJ\RT�_�Q`K�Nk³t�

dS/dt
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K�\R_<�

π
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¦ D�D��0��G�� �À¿ � �d����	.B��0�!��G��<�!B��C��D�����	*��F��GÁ���!���<F&ÂG���!¯��	��^ÃED�����	*� � � ± º
¦ D�D��0��G�� �À¿ � �d����	.B��0�!�8G��0�!B��C� D�����	���F��G¢�!�!�:�0F&ÂG���!���	��^ÃED���� 	*��Ä � ± �
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hB\RK�sJ\RT=jÃQ`jo\=³{FzW=X®Q`T=¯)HYTOZ»F.QRIºIMK�Q`_MK�NPZ&K�\°c£\R_�NPI�NPN Q`TOZ&_�NPrP\RjkT=HJI�N�KMF.Q`K�cuW=_MKMFONU_
W=TOrP\RTaKM_�\RsYsJNPZ°jk_�\�iLKMFÃ\`cfKMFON�^�\R^=W=slQ`KMHJ\RT@Q`TOZ¼HYK�I�NPrP\RTO\RX<g1iLHYsYs²KMF=_�N�Q`K�NUT°KMFON�NUT��
n)HY_�\RT=X�NUTzKbc£\R_�^�NP\R^=sJNk³�QRI{i}NUsYsxQRI{c£\R_B\RKMFONU_bIM^�NPrUHJNPI�\RT��eQ`_MKMF��{EGFON4NUTanaHY_�\RT=X�NUTaK
iLHYKMF1HYK�I-\Rß�\RTON6slQ�goNU_�^=_�\RK�NPrUKMHJ\RT�³�jksJ\RS.Q`ser�Q`_MS�\RT��¶\P¹�g)joNUT¨rUg)rUsJNk³�S=HJ\aZ�HYnoNU_�IMHYKpgo³�Q`TOZ
T.Q`KMW=_�Q`sÊ_�NPI�\RW=_�rPNPI�_�NPI�NU_Mno\RHY_�IfHJI�HY_M_�NUnoNU_�I�HYS=sYg6ZOQ`X®Q`joNPZ�Szg�\RTONb\`c�KMFON�X�\kIMK�HYT�2OWONUT��
KMHlQ`s�NPrP\RTO\RX�HJr4QRrUKMHYn)HYKMHJNPI�³�HYTOZ�WOIMKM_Mgo�f�-NP\R_MjoNPI�rUW��¶��\)NUjoNUT@�����o�)�k³����o�R�o f^�\RHYTzK�NPZ�\RW=K
KMF.Q`K�KMFON�NUTzKMHY_�N�NPrP\RTO\RX<g HJI�Q�slQ`_MjoN�rP\RTanoNU_MK�NU_4\`cGQ`T1NUTO\R_MX�\RWOI�yaW.Q`TzKMHYKpg�\`c}sJ\�iG�
NUTaKM_�\R^zg�X®Q`K�NU_MHlQ`sJI��Ýc£\kI�I�HYs=cuWONUsJI¢³oX�NUK�Q`sÊ\R_�NPI� ´HYTzK�\4F=HYjkF��¶NUTzKM_�\R^zg�X®Q`K�NU_MHlQ`sJIB�uiGQRIMK�N¢ ��
EGFONLr�F.Q`T=joN{\`c�NUTaKM_�\R^zg�HJI²Z�HJrUK�Q`K�NPZ�Sag6KMFONLI�NPrP\RTOZ6slQPi»\`c�KMFONU_MX�\)Z�gaT.Q`X�HJrPI�³oiLF=HJr�F
Q`sJI�\BjkHYnoNPIxWOIxKMFONLZ�HY_�NPrUKMHJ\RT®\`c�KMFONLr�F.Q`T=joNk�ed}\RTOI�NPyaWONUTzKMsYgo³zKMFONGyzW.Q`sYHYKpg6Q`TOZ6TO\RK²KMFON
yaW.Q`TzKMHYKpg°\`c}T.Q`KMW=_�Q`sf_�NPI�\RW=_�rPNPI�HJI<Z=NU^=sJNUK�NPZ¨\R_�sJ\kIMK���EGFON�I�NPrP\RTOZ¨slQPi'\`cGKMFONU_MX�\`�
Z�g)T.Q`X�HJrPI{r�Q`T�_�N�Q`sYHJIMKMHJr�Q`sYsYg[Z=NUK�NU_MX�HYTON4KMFON�X®Q`jkT=HYKMWOZ=Nk³OK¶g)^�Nk³OQ`TOZ[sJ\ar�Q`KMHJ\RT \`c´KMFON
yaW.Q`sYHYK¶g6sJ\kI�I�NPI�KMF.Q`Ke_�NPIMW=sYK²c£_�\RX0KMFON{WOI�N�Q`TOZ�KM_�Q`TOI�c|\R_MX®Q`KMHJ\RTD\`c�T.Q`KMW=_�Q`sÊ_�NPI�\RW=_�rPNPI��
ÄBIMHJZ=N<cu_�\RXùKMFON6Z�_�QRIMKMHJr6X�N�QRIMW=_�N6K�\[I�sJ\�i+^�\R^=W=slQ`KMHJ\RT¨jk_�\�iLKMF@Q`TOZ�KMFON�NPrP\RTO\RX�HJr
jk_�\¢iLKMFÃSag1c|\R_�rPNk³xKMFON�X�\kI�K"N�Ù�NPrUKMHYnoNºi}QPg@K�\V_�NPZ�WOrPNºKMFONPI�N�sJ\kI�I�NPI<HJI"K�\VWOI�NºQ`TOZ
KM_�Q`TOI�c|\R_MXÅ_�NPI�\RW=_�rPNPI�X�\R_�N�N�É®rUHJNUTzKMsYgo�
�G\RKMFDyzW.Q`sYHYKpg�Q`TOZDyzW.Q`TaKMHYK¶g�\`c�_�NPI�\RW=_�rPNPI{Q`_�N�TONPNPZ=NPZ�c|\R_}Z=NUnoNUsJ\R^=X�NUTaK�³OQ`TOZDQ<IMWOI��
K�Q`HYT.Q`S=sJN-Z=NUnoNUsJ\R^=X�NUTaK�_�NPyaW=HY_�NPILKMFONUHY_{I�NPrUW=_�N-IMW=^=^=sYg[Q`KG_�N�QRI�\RT.Q`S=sJN�rP\kIMK�Q`TOZDiLHYKMF
X�HYT=HYX®Q`sfTONUjzQ`KMHYnoN®HYX�^.QRrUK�I��[�pT»���k�o�)³´KMFON�Â°\R_MsJZ$d}\RX�X�HJI�IMHJ\RT$\RT¨�²TanaHY_�\RT=X�NUTaK
Q`TOZ<]BNUnoNUsJ\R^=X�NUTaK{�uKMFONe�}_MW=TOZ�KMslQ`TOZ�d}\RX�X�HJI�IMHJ\RTÊ �iGQRI´KMFON²vO_�IMK�KMF.Q`KtslQ`W=TOr�FONPZ"KMFON
X�N�Q`T=HYT=jº\`cxIMWOI�K�Q`HYT.Q`S=sJN4Z=NUnoNUsJ\R^=X�NUTzK��{qaWOIMK�Q`HYT.Q`S=sJN<Z=NUnoNUsJ\R^=X�NUTzKBi}QRIBZ=N�vOTONPZ QRI
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é
æ¸åcê�ýkç¥å"þ)è£çuíîçlïPé���í|å6Szg¼Ø=_�NUTOr�F@QRr�QRZ=NUX�HJrUHlQ`TOI�³eéRë`éRçÝíYé���çuíîçuè � Sag�ÄbX�NU_MHJr�Q`T°I�rUHJNUTaKMHJIMK�IQ`TOZ¢åJS0åcê�ý � Szgº_�NPI�N�Q`_�r�FONU_�IbHYT��²W=_�\R^�Nk�
EGFON-joNUTONU_�Q`sxZ=N�vOT=HYKMHJ\RT¼\`c²N�¹=NU_MjkgDHJIbQ®yzW.Q`TaKMHYK¶g�\`c�if\R_M¯[iLF=HJr�F r�Q`T S�N�N�¹�KM_�QRrUK�NPZ
Sag�Q`T[N�¹)K�NU_MT.Q`s�rP\RTOIMW=X�NU_{Z�W=_MHYT=j�Q<_�NUnoNU_�IMHYS=sJNBHYTzK�NU_�QRrUKMHJ\RT�S�NUK¶i}NPNUTVQ"IMg)I�K�NUX¿Q`TOZ
HYK�IBIMW=_M_�\RW=TOZ�HYT=joI�W=TzKMHYs²NPyaW=HYsYHYS=_MHYW=XùHJI�_�N�QRr�FONPZ��B�²¹�NU_MjkgVZ=NU^�NUTOZ=I�\RT KMFON<_�NUslQ`KMHYnoN
IMK�Q`K�NPIV\`c6Q$IMg�IMK�NUX Q`TOZHYK�I[IMW=_M_�\RW=TOZ�HYT=joI¢³�QRI�Z=N�vOTONPZSzg8Q`TagA_�NUsJNUnkQ`TzK�I�NUK�\`c
^.Q`_�Q`X�NUK�NU_�I��$mbTOZ=NU_�rP\RX�^=sJNUK�N[NPyzW=HYsYHYS=_MHYW=X�³GN�¹=NU_Mjkg¨HJI6ß�NU_�\=�$ÄLrPrP\R_�Z�HYT=j°K�\�KMF=HJI
Z=N�vOT=HYKMHJ\RT»\`c-N�¹=NU_Mjkg@KMFOND^=_�\RS=sJNUX rP\RTOIMHJZ=NU_�NPZÆHYTOrUsYWOZ=NPI�vO_�I�K�³�KMFON�IMg�IMK�NUXô\R_�HYK�I
X®Q`K�NU_MHlQ`s�Q`TOZ�NUTONU_Mjkg�HYT=^=W=K�Q`TOZ4\RW=KM^=W=K.2.\¢i{I�³`KMFONUT�³¢KMFONeIMW=_M_�\RW=TOZ�HYT=joI�³kQ`TOZ�vOT.Q`sYsYgo³
KMFON�i}\R_M¯ºKM_�Q`TOIMc£NU_M_�NPZ[K�\�KMFON-N�¹)K�NU_MT.Q`s´rP\RTOIMW=X�NU_��



��� m�n�oqpPrtsvuxá�y9U�¤�r�uq}�â�ã�ä�r�z�}!¤
EGFON<slQ`KMK�NU_�TO\RKMHJ\RT�³�IMW=jkjoNPIMK�NPZ X�\R_�N<_�NPrPNUTaKMsYgVSagVÄxga_�NPI�NUK-Q`s��´�����k�k�o �³��b\kI�NUT�Q`TOZ
]BHYTOrPNU_-�����k�k�o �³a_�NUjzQ`_�Z=IGN�¹=NU_Mjkg�QRIGQ�X�N�QRIMW=_�NB\`c�^�\RK�NUTzKMHlQ`s�F.Q`_MX0c£_�\RXø^=_�\aZ�WOrUKMHJ\RT
Q`TOZ&rP\RTOI�W=X�^=KMHJ\RT»X®Q`K�NU_MHlQ`s�iGQRIMK�NPI�iLF=HJr�F3Q`_�N�Z�HJI�^�\kI�NPZ&HYTzK�\1KMFON�NUTanaHY_�\RT=X�NUTaK��
EGFONºHJZ=N�Q�NUX�NU_MjoNPZ@cu_�\RXCKMFON�c|QRrUK"KMF.Q`K6KMFONºr�FONUX�HJr�Q`s{N�¹�NU_Mjkg¨HYT¨c|\R_MXC\`cBr�FONUX�Hw�
r�Q`sYsYg®Q`TOZ®^=Fzg�IMHJr�Q`sYsYg�_�N�QRrUKMHYnoNbX®Q`K�NU_MHlQ`sÊiGQRIMK�NPIB�£\R_}N�¹)K�NU_MT.Q`s�N�¹=NU_Mjkg�sJ\kI�I�NPI� xr�Q`T�S�N
I�NPNUT�QRIBQ6X�N�QRI�W=_�N4\`c²^�\RK�NUTaKMHlQ`s´NUTanaHY_�\RT=X�NUTaK�Q`sxF.Q`_MX��}EGF=HJIBN�¹=NU_MjkgºHJIbZ�HJI�IMHY^.Q`K�NPZ
HYTaK�\VKMFON�NUTanaHY_�\RT=X�NUTaK�³eQ`TOZ°KMF=_�\RW=jkF@HYK�I<r�FONUX�HJr�Q`sf^�\RK�NUTzKMHlQ`sGr�Q`T@r�Q`WOI�N�F.Q`_MX
K�\
KMFON6NUTzn)HY_�\RT=X�NUTzK6Q`TOZ�sYHYnaHYT=j[rPNUsYsJI��6q)N�Q`joNU_-Q`TOZ1EGFONUHJI��|�k�k�k�kQ�³ SÊ bHYsYsYWOI�KM_�Q`K�NPZ1I�NUnz�
NU_�Q`s²Q`^=^=sYHJr�Q`KMHJ\RTOI�\`cer�FONUX�HJr�Q`s�N�¹=NU_Mjkg QRI�Q`T°Q`sYK�NU_MT.Q`KMHYnoN<K�\�HYTOZ�WOIMKM_MHlQ`s²NPrP\RsJ\RjkgVK�\
NUnkQ`sYW.Q`K�N4Q`TOZVQRI�I�NPI�IGKMFON-^�\RsYsYW=KMHJ\RT�^�\RK�NUTaKMHlQ`s�\`cxX®Q`K�NU_MHlQ`s�i}QRI�K�NPI��
ÚB\�i}NUnoNU_�³}Äxg)_�NPI�Q`TOZÆÞ¼QRIMHYT=H4�|�k�k�`�a �Q`_MjkWONPZ$KMF.Q`K�Hwc-N�¹�NU_Mjkg@HJI6K�\¼S�NDWOI�NPZÆQRI®Q
X�N�QRIMW=_�N-\`c�^�\RK�NUTaKMHlQ`s�NUTzn)HY_�\RT=X�NUTzK�Q`stF.Q`_MXÅKMFON�Z=N�vOT=HYKMHJ\RT�\`c´KMFONb_�N�c|NU_�NUTOrPN-IMK�Q`K�NPI
KMF.Q`K{iGQRIL^=_�\R^�\kI�NPZ[Szg�qaß¢Q`_MjkW=KbNUK�Q`s��������k�k�o LK�\�rP\RX�^=W=K�N-KMFON�IMK�Q`TOZOQ`_�ZVr�FONUX�HJr�Q`s
N�¹=NU_Mjkg@\`c-Q`Tzg$r�FONUX�HJr�Q`s�rP\RX�^�\RW=TOZÆIMFO\RW=sJZ$S�N�_�NU^=slQRrPNPZ��ÃEGFON�Q`_MjkW=X�NUTzK�I�NUTzW��
X�NU_�Q`K�NPZ�Szg�Äxg)_�NPI�Q`TOZ Þ¼QRIMHYT=H}�|�k�k�`�a {ifNU_�N"KMF.Q`KBKMFON4Z=N�vOT=HYKMHJ\RT1\`c�KMFON<_�N�c£NU_�NUTOrPN
IMK�Q`K�NPI4IMFO\RW=sJZ¼S�N�Z=NU^�NUTOZ=NUTzK<\RT1KMFON�NUTzn)HY_�\RT=X�NUTzK�Q`s}IMHYT=¯ HYTaK�\[iLF=HJr�FÃQDr�FONUX�HJr�Q`s
rP\RX�^�\RW=TOZDHJILZ�HJIM^�\kI�NPZD\R_L_�NUsJN�QRI�NPZ�Q`TOZºKMFONUg�IMFO\RW=sJZDS�N�Z=NU^�NUTOZ=NUTaK�\RTDiLF.Q`K{IM^�N��
rUHwv.r-_�N�QRrUKMHJ\RTOIB\)rPrUW=_{iLHYKMF=HYTVKMF.Q`KBIMHYT=¯��eÄxga_�NPIBQ`TOZ�Þ�QRI�HYT=Hf�|�k�k�`�a G^=_�\R^�\kI�NPZ[KMF.Q`K
KMFON6IMHYT=¯a�¶IM^�NPrUHwv.r<_�N�c|NU_�NUTOrPN6IM^�NPrUHJNPIBI�FO\RW=sJZ S�N<WOI�NPZ�HYTOIMK�N�QRZ¼\`ceKMFON6IMK�Q`TOZOQ`_�Z¼_�N�cÝ�
NU_�NUTOrPN�IM^�NPrUHJNPI�^=_�\R^�\kI�NPZ�Szg°qaß¢Q`_MjkW=K�NUK-Q`s��������k�k�o ��"Ä0r�FONUX�HJr�Q`s�IMW=SOIMK�Q`TOrPN6iLHYKMF
QDsJ\RT=j _�NPIMHJZ=NUTOrPN�KMHYX�N�HYT°KMFONºQ`KMX�\kIM^=FONU_�Nk³´sYHYKMFO\kIM^=FONU_�N�\R_4Fzg�Z�_�\kIM^=FONU_�N®X®Q�g1S�N
Q1r�Q`TOZ�HJZOQ`K�N�c£\R_�KM_�N�Q`KMX�NUTaKDQRI�Q¼IMHYT=¯z�¶I�^�NPrUHwv.r[_�N�c|NU_�NUTOrPN�IM^�NPrUHJNPI��&ÚB\�i}NUnoNU_�³}c£\R_
KMFON<^=W=_M^�\kI�N4\`ceNPIMKMHYX®Q`KMHYT=jºKMFON<r�FONUX�HJr�Q`s²N�¹�NU_Mjkg�\`cer�FONUX�HJr�Q`sxrP\RX�^�\RW=TOZ=IbHYT KMF=HJI
KMFONPIMHJI¢³�KMFON�r�Q`sJrUW=slQ`KMHJ\RT�Q`^=^=_�\oQRr�FVjkHYnoNUT�Sag�qaß¢Q`_MjkW=KbNUKbQ`s��������k�k�o GiLHYsYs�S�N�WOI�NPZ��
�pT�KMFON<Q`_�N�Q�\`c�Q`T.Q`sYg�IMHJI�³.HYTOZ�WOIMKM_MHlQ`s�NPrP\RsJ\Rjkg[HJIbrP\RTOrPNU_MTONPZViLHYKMF WOIMHYT=j�X�NUKMFO\)Z=I�K�\
Q`T.Q`sYg�I�N�Q`Tzg�¯)HYTOZ�\`c}X®Q`K�NU_MHlQ`sfQ`TOZ1NUTONU_Mjkg�_�NPI�\RW=_�rPN�Q`TOZ'2.\�i�KM_�Q`TOIMc£\R_MX®Q`KMHJ\RT°HYT
HYTOZ�WOIMKM_MHlQ`s}IMg�IMK�NUX�I���EGFON�I�NPrP\RTOZ1slQPiø\`c}KMFONU_MX�\)Z�g)T.Q`X�HJrPI4HJI�cuW=TOZOQ`X�NUTaK�Q`s}IMHYTOrPN
HYK�I{N�¹=NU_MjkgºX�N�QRIMW=_�N�HJI{rP\RT=TONPrUK�NPZ[K�\6KMFON-rP\R_M_�NPrUKbQRrPrP\RW=TaKMHYT=j�\`cxKMFON�nRQ`_MHJ\RWOI{¯aHYTOZ=I
\`c´X®Q`K�NU_MHlQ`stQ`TOZºNUTONU_Mjkg
2.\�i{I{Q`TOZDKMFON�rP\R_M_�NPrUK�Q`T.Q`sYg�IMHJIG\`c�KMFONUHY_LKM_�Q`TOI�c|\R_MX®Q`KMHJ\RTOI�³
iLHYKMFO\RW=KVN�¹=rPNU^=KMHJ\RT'�£�BQ`TzK¨���k�k��³{Þ¼Q`_�r�F.Q`s����k�k��³{Ø=_�Q`KMß�r�FONU_Ã���k�k��³bqaß¢Q`_MjkW=K Q`TOZ
±´NUK�NUslQ����k�k��³a�f_�\)Z�gzQ`TOIM¯)gº���o�R¤�³aÄ�FONU_MT ���k�k��³o�-NUT=TONUg[���k�`�O³z��\RK�QRIb���k�k��³)qaß¢Q`_MjkW=K
NUK[Q`s������k�k�o ���EGFON¼N�¹=NU_MjkgAQ`T.Q`sYg�IMHJIºX�NUKMFO\aZ3i}QRIDZ=NUnoNUsJ\R^�NPZ3K�\ÃZ=NUK�NU_MX�HYTON�KMFON
N�¹=NU_Mjkg�sJ\kI�I�NPI}Q`TOZ�KMFONb^�\RK�NUTaKMHlQ`s�\`c�_�NPZ�WOrUHYT=j6KMFONPI�N{sJ\kI�I�NPI�HYTºNUT=jkHYTONPNU_MHYT=j"IMg�IMK�NUX�I��
EGFON�K�\RK�Q`s.N�¹�NU_Mjkg6sJ\kI�IB�

Eloss
 ²r�Q`T�S�NLc£\RW=TOZ�Sag�IMW=S=KM_�QRrUKMHYT=j4KMFONbIMW=X0\`c�Q`sYsÊN�¹=NU_Mjkg

2.\¢i{IerP\RX�HYT=j4HYTaK�\�KMFON{I�g)IMK�NUX�³
Ein
³ocu_�\RX�KMFON�IMW=X�\`ctQ`sYs.N�¹�NU_Mjkgx2.\�i{I}rP\RX�HYT=j4\RW=K

c£_�\RX¿KMFON-IMg)I�K�NUX�³
Eout

�²EGFON-r�Q`sJrUW=slQ`KMHJ\RTV\`c
Ein
³
Eout

Q`TOZ
Eloss

HJIG_�N�c£NU_M_�NPZDK�\�QRI



á�yA@CB'n$D'o:¤¸â�n¸}FE³äco:¤GELs6oqp�p*�HD�r�n¸sd{�s�ä�}!¤¸â�� o$E³}!~4r�n¸svuJI9}�âFD�¤�oKIEz�ä�{xrt}
z ¤¸â�ã�{!r�uWz o:�(s�ä�}!��}(LFDNM �k�
N�¹=NU_MjkgDQ`T.Q`sYg�IMHJI�³OQ`TOZV��yÊ�����k�Y�¢ GjkHYnoNPI{KMFON�_�NUslQ`KMHJ\RT�c|\R_LKMFON�N�¹=NU_Mjkg�S.Q`slQ`TOrPNk�

Ein −Eout = Eloss
︸ ︷︷ ︸T�U
V�WYX�Z\[(]�^_]�`ba�V

���k�Y�¢ 

EGFONGN�¹=NU_Mjkg4sJ\kI�I²\`c�QBIMg�IMK�NUX?r�Q`T6S�Nfc|\RW=TOZ6iLHYKMFO\RW=K²X®Q`¯aHYT=j�W=^®Q`T�N�¹=NU_Mjkg4S.Q`slQ`TOrPN
Hwc�rP\R_M_�NPIM^�\RTOZ�HYT=j@K�\RK�Q`s�NUTzKM_�\R^ag&^=_�\)Z�WOrUKMHJ\RTAHJIDQPnkQ`HYslQ`S=sJNk�8EGFON1��\RW=gz��qaK�\)Z=\RslQ�½¾I
KMFONP\R_�NUX HJIBWOI�N�c£W=s�FONU_�N����-\RW=g¨���k�k��³tqaK�\aZ=\RslQ����k�k�o ��<EGFON<KMFONP\R_�NUX HJI�N�¹�^=_�NPI�I�NPZ
QRI

Eloss = T
0

(
dS

dt

)

irr

∆t

︸ ︷︷ ︸c >Jd Z
e%f4g >4hq> ^_]igYjbV > WYV�k
���k� �o 

iLFONU_�N
Eloss

HJIxKMFONLN�¹=NU_Mjkg4sJ\kI�IxHYT�KMFON}I�g)IMK�NUX�³
T

0

HJIxKMFONLNUTzn)HY_�\RT=X�NUTzKeK�NUX�^�NU_�Q`KMW=_�N
�
T

0

R'�k�k�º�4 �³�Q`TOZ
(dS/dt)irr

HJIbKMFON"K�\RK�Q`s²NUTzKM_�\R^ag ^=_�\)Z�WOrUKMHJ\RT¼_�Q`K�N�QRI�Q®_�NPIMW=sYK
\`c�KMFON[HY_M_�NUnoNU_�IMHYS=HYsYHYKpg&\`c�KMFON�^=_�\arPNPI�I�NPI�KMF.Q`K®\)rPrUW=_�HYT&KMFON�IMg�IMK�NUXú\¢noNU_ºQ¼jkHYnoNUT
HYTaK�NU_MnRQ`st\`cxKMHYX�N

∆t
�

EGFONU_�NVQ`_�NVK¶i}\°¯)HYTOZ=I®\`c�N�¹�NU_Mjkg$sJ\kI�I�NPI�HYTAQ°I�g)IMK�NUX�³fT.Q`X�NUsYgÆKMFON�N�¹�K�NU_MT.Q`sBQ`TOZ
HYTaK�NU_MT.Q`s�N�¹�NU_Mjkg�sJ\kI�I�NPI��²�x¹�K�NU_MT.Q`s�N�¹�NU_Mjkg�sJ\kI�I�NPILQ`_�NB_�NUslQ`K�NPZDK�\<KMFONB_�NUslQ`KMHYnoN�rP\RTOZ�Hw�
KMHJ\RTOI�\`c�KMFON{IMg�IMK�NUX0Q`TOZ�HYK�IeIMW=_M_�\RW=TOZ�HYT=joIB�uH��¾Nk�´TO\RT���HJZ=N�Q`sÊFON�Q`K�HYTOIMW=slQ`KMHJ\RT�³oW=TaWOI�NPZ
N�¹=NU_Mjkg�KMF.Q`KGsJN�QPnoNPI{Q4^=slQ`TzKLIMWOr�F[QRIGNUX�HJI�IMHJ\RTOI}HYT
2OWON�jzQRI�NPIG\R_GNUX�HJI�IMHJ\RTOI}HYTºi}Q`K�NU_
Ncb�WONUTaK�I�³a\RW=KÏ2.\¢i3rP\)\RsYHYT=j4iGQ`K�NU_�³)T=HYKM_�\RjoNUT®HYTºQ`HY_��¶I�NU^.Q`_�Q`KMHJ\RT�^=slQ`TaK�I� ��²EGFON�IMW=Xø\`c
N�¹�K�NU_MT.Q`s�N�¹=NU_MjkgDsJ\kI�I�NPI�\¢noNU_�Q`sYs�W=T=HYK�I�\`c�KMFON<IMg)I�K�NUXÜHJI{KMFON4K�\RK�Q`s�N�¹�K�NU_MT.Q`s�N�¹=NU_Mjkg
sJ\kI�IL\`cxKMF.Q`K�IMg�IMK�NUX��
�pTzK�NU_MT.Q`sGN�¹�NU_Mjkg¨sJ\kI�I�NPI6Q`_�N�Z�WON�K�\VKMFON�HY_M_�NUnoNU_�IMHYS=HYsYHYKpgÃ\`c{^=_�\)rPNPI�I�NPI<K�Q`¯aHYT=j¼^=slQRrPN
HYTOIMHJZ=NBKMFON�IMg�IMK�NUXÅZ�WONBK�\6^=_�NPI�IMW=_�N�Z�_�\R^�³�FON�Q`K�Q`TOZºX®QRI�IGKM_�Q`TOI�c|NU_LQ`TOZDKM_�Q`TOI�^�\R_MK��
EGFONPI�NGsJ\kI�I�NPI�Q`_�NLX®Q`HYT=sYg"_�NUslQ`K�NPZ�K�\-KMFONGHYX�^�NU_�c£NPrUKMHJ\RTOIf\`c�KMFONGX®Q`K�NU_MHlQ`sÊQ`TOZ®NUTONU_Mjkg
KM_�Q`TOI�c|\R_MX®Q`KMHJ\RTOI�HYT�N�QRr�F®HYTOZ�HYn)HJZ�W.Q`s.W=T=HYKf\`c�KMFON�IMg)I�K�NUX0Q`TOZ�KMFONLX®Q`T=TONU_eHYT®iLF=HJr�F
KMFONPI�N<W=T=HYK�I-Q`_�N"HYTzK�NUjk_�Q`K�NPZ¼HYTzK�\DKMFON"IMg�IMK�NUX���EGFON6IMW=X¬\`cfHYTzK�NU_MT.Q`s�N�¹=NU_Mjkg�sJ\kI�I�NPI
\¢noNU_bQ`sYs�W=T=HYK�I�\`cxKMFON�IMg�IMK�NUX¿HJILKMFON-K�\RK�Q`s�HYTaK�NU_MT.Q`s�N�¹=NU_Mjkg�sJ\kI�I{\`c´KMF.Q`KbIMg)I�K�NUX��
EGFON-Z�HJIMKM_MHYS=W=KMHJ\RT \`c´KMFON-HYTaK�NU_MT.Q`stN�¹=NU_Mjkg�sJ\kI�I�NPI{\�noNU_{KMFON�W=T=HYK�I�\`c´KMFON-IMg�IMK�NUXÜr�Q`T
S�N�\RS=K�Q`HYTONPZºc£_�\RX'KMFONBN�¹=NU_Mjkg�Q`T.Q`sYg)I�HJIGQ`K}KMFONBS�\RW=TOZOQ`_Mg�\`c�N�QRr�FDW=T=HYK�³�rP\RTOIMHJZ=NU_�NPZ
QRI}Q�S=slQRr�¯�S�\P¹��xEGFON�Z�HJIMKM_MHYS=W=KMHJ\RTD\`c�KMFONLHYTzK�NU_MT.Q`s�N�¹�NU_Mjkg�sJ\kI�I�NPI²HYT�N�QRr�F®S=slQRr�¯�S�\�¹
W=T=HYKLr�Q`T[S�NB\RS=K�Q`HYTONPZºc£_�\RXÅKMFON�NUTzKM_�\R^agºS.Q`slQ`TOrPN��uKMFONBvO_�I�KGNPyaW.Q`sYHYK¶gD\`c´�eyÊ�����k� ¤o M 
\R_Bc£_�\RX¬KMFON"HYTaK�NUjk_�Q`se\`cesJ\)r�Q`sxNUTaKM_�\R^zg¼^=_�\)Z�WOrUKMHJ\RT1_�Q`K�N"\¢noNU_-KMFON6no\RsYW=X�N

V
�uKMFON

slQRIMK{NPyaW.Q`sYHYK¶g[\`c²��y������k� ¤o M �³OHwcxQ�rP\RTzKM_�\Rs�I�W=_�c|QRrPN�HJIL^=W=K�HYT[KMFON4Q`^=^=_�\R^=_MHlQ`K�N�^=slQRrPNk�



��� m�n�oqpPrtsvuxá�y9U�¤�r�uq}�â�ã�ä�r�z�}!¤

(
dS

dt

)

irr

= A(Jout
s − J in

s )

︸ ︷︷ ︸T�`4gYW >Jl Z\[(]�^_]�`ba�V
=

∫

V
σdV > 0

���k� ¤o 

ÚBNU_�Nk³
(dS/dt)irr

HJI}KMFONbK�\RK�Q`s�NUTzKM_�\R^ag�^=_�\)Z�WOrUKMHJ\RTD_�Q`K�NB\`c�KMFONBI�g)IMK�NUX�³
Jout

s

HJI}KMFON
NUTaKM_�\R^zgÀ2OW�¹°\RW=K�\`cLKMFON6no\RsYW=X�N

V
\`cLKMFON�IMg�IMK�NUX�³

J in
s

HJI-KMFON�NUTaKM_�\R^zgÀ2OW�¹1HYTzK�\
KMFON"no\RsYW=X�N

V
\`cfKMFON�IMg)I�K�NUX�³

σ
HJI�KMFON"sJ\)r�Q`sxNUTaKM_�\R^zg¼^=_�\)Z�WOrUKMHJ\RT1_�Q`K�Nk³

A
HJIBKMFON

IMW=_�c�QRrPN�Q`_�N�Q6KMF=_�\RW=jkF iLF=HJr�F�KMFON82OW�¹=NPI{NUTaK�NU_BQ`TOZ[sJN�Q�noN-KMFON-no\RsYW=X�N
V
�

�p_M_�NUnoNU_�IMHYS=sJN�KMFONU_MX�\)Z�g)T.Q`X�HJrPI�\`Ù�NU_�I�Q1I�g)IMK�NUX®Q`KMHJr�i}QPgÆK�\@Z=NU_MHYnoN�KMFON[sJ\)r�Q`s�NUT��
KM_�\R^ag ^=_�\)Z�WOrUKMHJ\RT°_�Q`K�Nk³

σ
�"EGF=HJI�HJI�_�N�c£NU_M_�NPZ¼K�\�QRI�KMFON6sJ\)r�Q`s²NUTzKM_�\R^zg1^=_�\)Z�WOrUKMHJ\RT

r�Q`sJrUW=slQ`KMHJ\RT$�£ØOÛR_MslQ`TOZVNUK�Q`s��.�k�k���¢ ��

σ =
n∑

i=1

JiXi

︸ ︷︷ ︸m > a1]�^FV�`ngPW >Jl Z l W >4hbd a+gPo > `�a1]�^Aa d ^_]pgYo > `

���k� �a 

iLFONU_�N
Ji
Q`TOZ

Xi
Q`_�N�rP\RTR¸�W=jzQ`K�N^2OW�¹)�|c£\R_�rPN�^.Q`HY_�I¢���¶_M_�NUnoNU_�I�HYS=sJN�KMFONU_MX�\aZ�g)T.Q`X�HJrPI

jkHYnoNPI�KMF.Q`K{N�QRr�F¯2OW�¹DHJI�Q"sYHYTON�Q`_�cuW=TOrUKMHJ\RTV\`c�Q`sYs�c|\R_�rPNPI�³=\R_{HYTDc|\R_MX4W=slQ6c|\R_MX��

Ji =

n∑

j=1

LijXj
iLFONU_�N

i = 1, 2, ..., n
���k� �o 

iLFONU_�N
Lij

Q`_�N[KMFON[^=FONUTO\RX�NUTO\RsJ\RjkHJr�Q`s�rP\)N�É®rUHJNUTzK�I�³LQ`TOZ
Xj
Q`_�N[KMFON[KMFONU_MX�\)Z�gz�

T.Q`X�HJr"Z�_MHYnaHYT=j�c|\R_�rPNPIb\`c�KMFON<IMg)I�K�NUX��b~bTOI�Q`joNU_B^=_�NPI�rU_MHYS�NPZ KMF.Q`K�N�QRr�F«2OW�¹�HJIbrP\RT��
TONPrUK�NPZAK�\°HYK�I�rP\RTR¸�W=jzQ`K�NVc£\R_�rPNVnaHlQ1KMFON�^=FONUTO\RX�NUTO\RsJ\RjkHJr�Q`s�rP\)N�É®rUHJNUTzK�IºKMF.Q`KºQ`_�N
_�NUslQ`K�NPZ[SagDKMFON�c£\RsYsJ\¢iLHYT=j�_�NUslQ`KMHJ\RTÃ��~bTOI�Q`joNU_4���k¤���Q�³ SÊ ��

Lij = Lji
iLFONU_�N

i, j = 1, 2, ..., n
���k� �o 

�pKxHJI²HYX�^�\R_MK�Q`TaK�K�\�¯)TO\�iÆKMF.Q`K�KMFONGsYHYTON�Q`_P2OW�¹)�|c£\R_�rPN{_�NUslQ`KMHJ\RTOI²HYT���y��O���k� �o xQ`_�NLsJ\ar�Q`s
Q`TOZ�^�\kI�N-c|NUi9_�NPI�KM_MHJrUKMHJ\RTOI-\RT KMFONUHY_�WOI�Nk��EGFON<^=FONUTO\RX�NUTO\RsJ\RjkHJr�Q`serP\aN�É®rUHJNUTaK�I

Lijr�Q`T1S�N"cuW=TOrUKMHJ\RTOI4\`c}KMFON�IMK�Q`K�N6nkQ`_MHlQ`S=sJNPI<Q`TOZ¼KMFON6jksJ\RS.Q`s(2OW�¹a�|c|\R_�rPN�_�NUslQ`KMHJ\RTOI4Q`_�N
KMFONU_�N�c|\R_�NL\`cuK�NUT�TO\RT���sYHYTON�Q`_��²Ø.\R_´KMF=HJI�_�N�QRI�\RT�³kHY_M_�NUnoNU_�IMHYS=sJNGKMFONU_MX�\)Z�gaT.Q`X�HJrPI�KMFONP\R_Mg
K�\)ZOQPgºHJI{Q<noNU_�I�Q`KMHYsJN�KMFONP\R_Mg�KMF.Q`K�Q`^=^=sYHJNPI{K�\6X®Q`Tzgº^=_�QRrUKMHJr�Q`s�^=_�\RS=sJNUX�I<�£Ú�Q�c£IM¯�¸M\RsJZ



á�yA@CB'n$D'o:¤¸â�n¸}FE³äco:¤GELs6oqp�p*�HD�r�n¸sd{�s�ä�}!¤¸â�� o$E³}!~4r�n¸svuJI9}�âFD�¤�oKIEz�ä�{xrt}
z ¤¸â�ã�{!r�uWz o:�(s�ä�}!��}(LFDNM ��¤
Q`TOZ �bQ`KM¯�¸�N����k�k��³Ê�bÛkI£¸�\R_�Z=N<NUKBQ`s����k�k�k��³Ê�}¸MNUsJIMKM_MW=^¼Q`TOZ �GNPZ=N�Q`W�¹��k�k���k³���NUjkWONU_�Q
Q`TOZ[��W=S=H��k�k���k³=äBHYslQ`_�Q`TOZ��{W=S=Ht�k�k���k³O�bÛkI£¸M\R_�Z=N-NUK�Q`s��.�k�k���¢ ��
EGFON�N�¹=NU_Mjkg�S.Q`slQ`TOrPNk³�KMFON�NUTzKM_�\R^zgºS.Q`slQ`TOrPNk³.Q`TOZºKMFONBHYTzK�NUjk_�Q`s�\`ctKMFONBsJ\)r�Q`s�NUTzKM_�\R^zg
^=_�\)Z�WOrUKMHJ\RT[\�noNU_GKMFON�no\RsYW=X�N

V
r�Q`TºS�NBr�Q`sJrUW=slQ`K�NPZºHYTOZ=NU^�NUTOZ=NUTaKMsYgo³.Q`TOZ�X4WOIMKGjkHYnoN

KMFON�I�Q`X�N<Q`TOIMi}NU_{c|\R_{KMFON�K�\RK�Q`stNUTaKM_�\R^zg�^=_�\)Z�WOrUKMHJ\RT�_�Q`K�N4\`c²KMFON�IMg�IMK�NUX��}�eQRr�F¼\`c
KMFONPI�N{X�NUKMFO\aZ=IeF.QRI�HYK�Ie\¢iLTºQRZ�nkQ`TzK�Q`joNPIGQ`TOZ�_�Q`T=joN{\`ctQ`^=^=sYHJr�Q`S=HYsYHYKpgo�eØO\R_eN�¹OQ`X�^=sJNk³
HYK�HJI6^�\kI�IMHYS=sJNDK�\1r�FONPr�¯ÆKMFON[rP\RTOIMHJIMK�NUTOrUgÆ\`cBKMFON[X®Q`KMFONUX®Q`KMHJr�Q`s�X�\)Z=NUsJI�KMF.Q`K�Q`_�N
WOI�NPZ�K�\"X�\aZ=NUstQ`TOZDIMHYX<W=slQ`K�N�^=_�\arPNPI�I�NPIG\`cxQ<IMHYT=jksJNB^=_�\arPNPI�IGW=T=HYK��²EGF=HJIGHJILZ=\RTONBSag
r�FONPr�¯)HYT=j HwcLKMFON�sJ\ar�Q`seNUTaKM_�\R^zg@^=_�\aZ�WOrUKMHJ\RTÃ_�Q`K�N�HJI4^�\kIMHYKMHYnoN®HYTÃQ`sYsf^�\RHYTaK�I<\`c{KMF.Q`K
W=T=HYK��
�pK�HJI²KMFaWOIe^�\kI�IMHYS=sJNLK�\<\RS=K�Q`HYT®KMFONbrP\RX�^=sJNUK�NbyaW.Q`TzKMHYK�Q`KMHYnoNBr�F.Q`_�QRrUK�NU_MHJIMKMHJrPIG\`c�N�¹=NU_Mjkg
sJ\kI�I�NPI�HYT1Q®I�g)IMK�NUX��bEGFONPI�N<sJ\kI�I�NPI�Q`_�N"rP\RT=TONPrUK�NPZ�iLHYKMF�KMFON"HYTzK�NU_MT.Q`s�Q`TOZ¼N�¹)K�NU_MT.Q`s
rP\RTOZ�HYKMHJ\RTOI{\`c´KMFON-IMg�IMK�NUX��xhbN�¹�KGK�\6KMFONbsJ\)r�Q`KMHJ\RTOILiLFONU_�N-N�¹=NU_Mjkg®sJ\kI�I�NPIL\arPrUW=_�³�KMFON
_�N�QRI�\RTOIbiLFzg KMFONUgV\)rPrUW=_Br�Q`T�S�N<rUslQRI�IMHwv.NPZ��BEGF=HJIBHYT�c£\R_MX®Q`KMHJ\RT¼HJIBnoNU_Mg�HYX�^�\R_MK�Q`TzK
HYT»Q`sYs�rP\RTOrPNU^=KMHJ\RT�³�Z=NPIMHYjkTAQ`TOZ&\R^�NU_�Q`KMHJ\RTAIMK�Q`joNPI®\`c�KMFONVIMg)I�K�NUX��&ÄLrPrP\R_�Z�HYT=j¨K�\
�}_�\)Z�gzQ`TOIM¯ag�NUK´Q`s��a�����k�`�a �³��z�oû8\`c=KMFONeN�¹=NU_MjkgBsJ\kI�I�NPI�HYT<Q{IMg)I�K�NUX�r�Q`T4S�NeQ`KMKM_MHYS=W=K�NPZ
K�\DKMFON�I�K�Q`joN�\`c}^=_�\)rPNPI�I�rP\RTOrPNU^=KMHJ\RT�³xQ`TOZ1�z�oûÀK�\[KMFON�NUT=jkHYTONPNU_MHYT=j�Z=NPIMHYjkT¨IMK�Q`joNk�
EGFaWOI�³�Q`S�\RW=K4�k�oû¬\`c}KMFON�N�¹=NU_Mjkg�sJ\kI�I�NPI-HYT¨QDIMg�IMK�NUX Q`K-KMFON�\R^�NU_�Q`KMHYT=jVIMK�Q`joN�Q`_�N
TO\RKLsYHY¯oNUsYgDK�\6S�N�_�NPZ�WOrPNPZ��
E�\�IMW=X�X®Q`_MHJI�Nk³=KMFON�X®Q`HYT \RS�¸�NPrUKMHYnoNPIb\`cxN�¹=NU_Mjkg�Q`T.Q`sYg)IMHJIbQ`_�Nk�
�k��Et\°Z=NUK�NU_MX�HYTONVKMFON[^�\kI�IMHYS=HYsYHYK¶gÆ\`c�_�N�Q`sYHJIMHYT=jÃQ¼TONUiÁ^=_�\arPNPI�I®\R_®Z=NPIMHYjkT=HYT=j@Q
TONUiÈI�g)IMK�NUX¿\`c´Q`Tag�rP\RX�^=sJN�¹�HYK¶gºiLHYKMFO\RW=K{Z=NUK�NU_MX�HYT.Q`KMHJ\RTV\`ctKMFON�Z�HJIMKM_MHYS=W=KMHJ\RT
\`c}HYTaK�NU_MT.Q`sfN�¹=NU_Mjkg�sJ\kI�I�NPI��®qaWOr�F$Q[Z=NUK�NU_MX�HYT.Q`KMHJ\RTÃHJI-^�\kI�IMHYS=sJN6KMF=_�\RW=jkF¨KMFON
N�¹�NU_MjkgºS.Q`slQ`TOrPN<Q`KLKMFON-S�\RW=TOZOQ`_Mg[\`c´KMFON�^=_�\)rPNPI�I{\R_bIMg)I�K�NUXÁQ`TOZ[KMFON-IMW=SOI�N��
yzWONUTaK�Z=NUK�NU_MX�HYT.Q`KMHJ\RT�\`c´K�\RK�Q`stN�¹=NU_MjkgºsJ\kI�I{Q`TOZ�\`cxN�¹=NU_Mjkg[N�É®rUHJNUTOrUgo�

����Et\®Z=NUK�NU_MX�HYTON<KMFON�N�¹=NU_MjkgDsJ\kI�I�NPIbQ`TOZVKMFON�N�¹=NU_MjkgDN�É®rUHJNUTOrUHJNPI�\`ceQ`sYs�W=T=HYK�IB\`c
Q�I�g)IMK�NUX¬HYT1\R^�NU_�Q`KMHJ\RT��4Et\[Z=NUK�NU_MX�HYTON6KMFON"^�\kI�IMHYS=HYsYHYKMHJNPIBc£\R_BHYTOrU_�N�QRIMHYT=j[KMFON
N�¹�NU_Mjkg$N�É®rUHJNUTOrUgÃ\`c�KMFON[IMg�IMK�NUXúQRI®Q�iLFO\RsJNDSzgÃX�N�Q`TOI®\`cBHYTOrU_�N�QRIMHYT=j°KMFON
N�¹�NU_MjkgDN�É®rUHJNUTOrUHJNPIb\`cxKMFON-W=T=HYK�ILHYT�Q6IMg)I�K�NUX��²Et\�Z=NUK�NU_MX�HYTON4iLF=HJr�FVW=T=HYK�Ib\`c
KMFON4IMg�IMK�NUX¬Q`_�N<X�\kIMKbHYT�2OWONUTzKMHlQ`s²\RT HYK�IbN�¹�NU_Mjkg N�É®rUHJNUTOrUgo��Et\ºNUnkQ`sYW.Q`K�N4KMFON
sYHYX�HYK�I�\`c²N�¹�NU_Mjkg[N�É®rUHJNUTOrUHJNPILc|\R_{KMFON�I�^�NPrUHwv.r-rP\RTOZ�HYKMHJ\RTOIB\`c´KMFON�W=T=HYK�I{HYT�KMFON
IMg)I�K�NUX��

�pT�KMFON-Q`_�N�Q"\`ctX�N�QRIMW=_�NUX�NUTaK�³=HYTOZ�WOIMKM_MHlQ`s�NPrP\RsJ\Rjkg®HJIGrP\RTOrPNU_MTONPZDiLHYKMF[WOIMHYT=j"HYTOZ�HJr�Q��
K�\R_�I���~bTON�iGQPg®K�\6NUnkQ`sYW.Q`K�N�KMFONB^�NU_�c|\R_MX®Q`TOrPN�\`cxQ"IMg�IMK�NUX'K�\"KM_�Q`TOI�c|\R_MX¿_�NPI�\RW=_�rPNPI



�U� m�n�oqpPrtsvuxá�y9U�¤�r�uq}�â�ã�ä�r�z�}!¤
HJI6KMFON[N�¹=NU_MjkgÃN�É®rUHJNUTOrUgo�ÆÄÁc£W=TOZOQ`X�NUTzK�Q`s{_�\RsJNDHYT&Z=NUK�NU_MX�HYT.Q`KMHJ\RT3\`cBKMFON[N�¹=NU_Mjkg
N�É®rUHJNUTOrUg@HJI4^=slQ�goNPZ$Szg°KMFONºN�¹�NU_Mjkg¨sJ\kI�I�NPI<KMF.Q`K<K�Q`¯oNº^=slQRrPN�HYTÃNUnoNU_Mg°W=T=HYK�\`c{KMFON
IMg�IMK�NUX��²EGFON�N�¹=NU_MjkgDN�É®rUHJNUTOrUgºHJI�Z=N�vOTONPZ QRI��

ε =
Eout

Ein
= 1 − Eloss

Ein
= 1 −

T
0

(
dS
dt

)

irr
∆t

Eout + T
0

(
dS
dt

)

irr
∆t

���k�¡�k 

q)\R_MHYT�Q`TOZ6�f_�\)Z�gzQ`TOIM¯)g®�����k�k�o �I�FO\�ifNPZ6KMF.Q`K´KMFON}N�Ù�NPrUKx\`c.N�¹�NU_Mjkg4sJ\kI�I�NPI�HYT<Z�HwÙ�NU_�NUTzK
W=T=HYK�I<\`c{QVIMg�IMK�NUX HJI�W=TONPyaW.Q`s��DEGFON�c£W=_MKMFONU_�KMFON�W=T=HYK�I"Q`_�N�HYT°KMFON®^=_�\arPNPI�I<r�F.Q`HYT
\`c}KMFON�IMg)I�K�NUX�³�KMFON6jk_�N�Q`K�NU_�HJI�KMFON6N�Ù�NPrUK��6EGFON�N�Ù�NPrUKBHJI-rUsJ\kI�NUsYg _�NUslQ`K�NPZ¼iLHYKMF1KMFON
N�¹=NU_Mjkg"N�É®rUHJNUTOrUHJNPIf\`c�KMFON{W=T=HYK�I���Ä3r�F.Q`T=joN�HYT�N�¹�NU_Mjkg6N�É®rUHJNUTOrUg�\`c�\RTONGW=T=HYK}Q�Ù�NPrUK�I
KMFON<rP\RTOIMW=X�^=KMHJ\RT�\`ceN�¹=NU_Mjkg�Q`K�KMFON4HYT=^=W=Kb\`c�KMFON4NUTaKMHY_�N<I�g)IMK�NUXÁHYTOZ=NU^�NUTOZ=NUTaKMsYgV\`c
KMFON"sJ\)r�Q`KMHJ\RT°\`ceKMFON"W=T=HYKBHYT¼iLF=HJr�F1KMF=HJI-r�F.Q`T=joN�\)rPrUW=_�I��-Ä0r�F.Q`T=joN6HYT�KMFON6N�¹=NU_Mjkg
sJ\kI�I{�£\R_²NUTaKM_�\R^zg6^=_�\aZ�WOrUKMHJ\RTÊ ´\`c�\RTONGW=T=HYK²Z�HwÙ�NU_�NUTaKMsYg6Q`TOZ6TO\RT��¶NPyaW=HYnRQ`sJNUTaKMsYg�Q�Ù�NPrUK�I
KMFON®K�\RK�Q`sfN�¹=NU_Mjkg¼N�É®rUHJNUTOrUg°\`cLKMFON�IMg)I�K�NUX�³tiLHYKMF@KMFON�rP\RTOZ�HYKMHJ\RT@KMF.Q`K<KMFON®N�¹=NU_Mjkg
\RW=KM^=W=K�\`cxKMFON�IMg�IMK�NUXÅHJILKMFON-I�Q`X�Nk�
EGF=HJIºHJI�KMFON _�N�QRI�\RTAiLFagAQ`T3NUT=jkHYTONPNU_[IMFO\RW=sJZAvO_�IMK�KM_Mg&K�\ÃZ=NPrU_�N�QRI�N�KMFON N�¹=NU_Mjkg
sJ\kI�I�NPI"Q`K<KMFON®W=T=HYK�I<sJ\ar�Q`K�NPZ@HYT¨KMFON®vOT.Q`sGIMK�Q`joNPI<\`c{KMFON®^=_�\arPNPI�I<r�F.Q`HYT�³�Q`TOZ¨KMFONUT
KMFO\kI�NºsJ\)r�Q`K�NPZÃHYTÃKMFON[\RKMFONU_�IMK�Q`joNPI¢�°�¶TÆQRZ=Z�HYKMHJ\RT�³fKMFONºNUT=jkHYTONPNU_�I�FO\RW=sJZ¨vOTOZÃKMFON
Z�HwÙ�NU_�NUTzK6rP\RTzKM_MHYS=W=KMHJ\RTOI6K�\VKMFON®N�¹=NU_Mjkg1sJ\kI�I4\R_"NUTzKM_�\R^zg¨^=_�\aZ�WOrUKMHJ\RTÃHYT@N�QRr�F@W=T=HYK
\`c-KMFONVI�g)IMK�NUX��3EGFONVNUTaKM_�\R^zg&^=_�\)Z�WOrUKMHJ\RTÈr�Q`sJrUW=slQ`KMHJ\RT3\`Ù�NU_�I�Q1I�g)IMK�NUX®Q`KMHJrVi}Q�g
K�\ IM^=sYHYK�KMFON�K�\RK�Q`s}NUTzKM_�\R^ag°^=_�\aZ�WOrUKMHJ\RTÃ_�Q`K�N�S�NUK¶i}NPNUT@HYK�I<Z�HwÙ�NU_�NUTaK"rP\RTaKM_MHYS=W=KMHJ\RTOI
�£I�NPN�KMFON®N�¹OQ`X�^=sJN®\`c�QD^.Q`^�NU_<Z�_Mg)HYT=j�X®QRr�F=HYTON�HYT$dfF.Q`^=K�NU_6�o ���ÄBI<QD_�NPI�W=sYK�³tKMFON
rP\RTaKM_MHYS=W=KMHJ\RTOI}Z�WON�K�\�Z�HwÙ�NU_�NUTzKe¯)HYTOZ=Ie\`c�KM_�Q`TOIM^�\R_MKfIMWOr�F�QRI�X®QRI�I�³kFON�Q`K}Q`TOZ®r�F.Q`_MjoN
KM_�Q`TOIM^�\R_MKfr�Q`T�S�Nb\RS=K�Q`HYTONPZ��²�¶TºIMWOr�FDQ-iGQPg�HYKeHJIe^�\kI�IMHYS=sJN{K�\<yzW.Q`TaKMHwcug®Q`TOZ®sJ\ar�Q`sYHJI�N
KMFON�N�¹=NU_MjkgºsJ\kI�I{Z�WON-K�\�Z�HwÙ�NU_�NUTzKbKM_�Q`TOIM^�\R_MKL^=FONUTO\RX�NUT.Q��
�pT°QRZ=Z�HYKMHJ\RT�³�KMFONU_�N"HJI�Q`T�HYTaK�NU_�Z=NU^�NUTOZ=NUTOrPN®S�NUKpifNPNUT1KMFON�IMKM_MWOrUKMW=_�N6\`c}KMFON"I�g)IMK�NUX
Q`TOZ1HYK�I4K�\RK�Q`seN�¹=NU_Mjkg¼N�É®rUHJNUTOrUg¸exKMFON�N�¹=NU_Mjkg1N�É®rUHJNUTOrUg¼Z=NPrU_�N�QRI�NPI"QRI-KMFON�TzW=X4S�NU_
\`c�HYK�I"W=T=HYK�I"_MHJI�NPI����pTÆdfF.Q`^=K�NU_�I���Q`TOZÆ¤�HYK"iLHYsYsGS�N�IMFO\�iLT$KMF.Q`K6KMFON®F=HYjkFONU_6KMFON
rP\RX�^=sJN�¹�HYK¶g¨\`c{KMFON�IMg�IMK�NUX�I<Q`T.Q`sYg�I�NPZÈ�uH��¾Nk�[TzW=X<S�NU_6\`c{^=_�\arPNPI�I�W=T=HYK�I� �KMFON�sJ\¢ifNU_
KMFON�N�¹=NU_MjkgDN�É®rUHJNUTOrUgD\`cxKMFO\kI�N�I�g)IMK�NUX�I¢�
EGFON"N�¹�NU_Mjkg�N�É®rUHJNUTOrUg�I�FO\RW=sJZVS�N�WOI�NPZ�QRIbQ`T�HYTOZ�HJr�Q`K�\R_bHYT HYTOZ�WOIMKM_MHlQ`sxNPrP\RsJ\Rjkg�S�N��
r�Q`WOI�NDHYK�F.QRI�KMFON�QRZ�nRQ`TaK�Q`joN�K�\¼S�NDQ`^=^=sYHJr�Q`S=sJN NPyzW.Q`sYsYgÃifNUsYs{c£\R_�IMHYX�^=sJN�I�g)IMK�NUX�I
�£Nk� jO�LQ`TVHYTOZ�WOI�KM_MHlQ`st^=slQ`TzK� bQ`TOZ[c|\R_�rP\RX�^=sJN�¹VIMg�IMK�NUX�I4�£Nk� jO�LQ�T.Q`KMHJ\RT.Q`s�NPrP\RTO\RX4gO ��
~bKMFONU_}HYTOZ�HJr�Q`K�\R_�I}S.QRI�NPZ�\RT�KMFONbN�¹=NU_Mjkg�r�Q`sJrUW=slQ`KMHJ\RTDr�Q`T�S�N�rP\RX�^=sJNUX�NUTaK�Q`_MHYsYg�WOI�NPZ
K�\�HYTOZ�HJr�Q`K�N6N�¹�NU_Mjkg�N�É®rUHJNUTOrUgo��EGF=HJIbKMFONPIMHJIB_�NPrP\RX�X�NUTOZ=I�K¶if\D\RKMFONU_�N�¹�NU_Mjkga��S.QRI�NPZ



á�yA@CB'n$D'o:¤¸â�n¸}FE³äco:¤GELs6oqp�p*�HD�r�n¸sd{�s�ä�}!¤¸â�� o$E³}!~4r�n¸svuJI9}�âFD�¤�oKIEz�ä�{xrt}
z ¤¸â�ã�{!r�uWz o:�(s�ä�}!��}(LFDNM ���
HYTOZ�HJr�Q`K�\R_�I�c£\R_²HYTOZ�WOIMKM_MHlQ`sÊNPrP\RsJ\Rjkgo³ziLF=HJr�F�ifNU_�N�_�NPrPNUTzKMsYg6^=_�\R^�\kI�NPZ�HYT�KMFONLsYHYK�NU_�Q`KMW=_�N
�£]�NUiLW=swc²NUK�Q`s��O�k�k�k�o ���EGFONPI�N-HYTOZ�HJr�Q`K�\R_�I�ifNU_�N-K�NU_MX�NPZ[Sagº]�NUiLW=swc²NUK�Q`s��t�|�k�k�k�o LQRI
N�¹=NU_Mjkg�_�NUTONUiGQ`S=HYsYHYK¶g Q`TOZ[NUTanaHY_�\RT=X�NUTaK�Q`s´rP\RX�^.Q`KMHYS=HYsYHYKpgo�
�pT1KMFON®Q`_�N�Q[\`cL\R^=KMHYX�HJI�Q`KMHJ\RT�³�HYTOZ�WOIMKM_MHlQ`sfNPrP\RsJ\Rjkg¼HJI�rP\RTOrPNU_MTONPZ¨iLHYKMF1c£\R_MX<W=slQ`KMHYT=j
Q`TOZ@\R^=KMHYX�HJIMHYT=j1\RS�¸�NPrUKMHYnoN®cuW=TOrUKMHJ\RTOI¢�VEGFONº\RS�¸�NPrUKMHYnoN�c£W=TOrUKMHJ\RT@KMF.Q`K"HJI4^=_�\R^�\kI�NPZ
HYTÃKMF=HJI6KMFONPIMHJI6HJI"KMFONºK�\RK�Q`s{NUTzKM_�\R^zgÃ^=_�\)Z�WOrUKMHJ\RT��¨EGFONºX�HYT=HYX�HJI�Q`KMHJ\RT&^=_�\RS=sJNUXôHJI
c|\R_MX4W=slQ`K�NPZ�QRI

Ø´HYTOZ"X�HYT=HYX4W=X (dS
dt

)

irr

=

∫

V
σdV

IMW=S�¸�NPrUKLK�\�jkHYnoNUTVrP\RTOIMKM_�Q`HYTzK�I¢�
︸ ︷︷ ︸T.`ngYW >Jl Z l W >4hbd a+gYo > `�kqoA`boAkqoAr�]pgYo > ` l W > [b^AV�kts > WYk d ^_]pgPo > `

���k� �o 

EGF=HJI�NUTaKM_�\R^zgÆ^=_�\)Z�WOrUKMHJ\RT&X�HYT=HYX�HJI�Q`KMHJ\RTA^=_�\RS=sJNUXú^�\kI�NPZ$HYTÆ^=_�QRrUKMHJrPNk³fiLFONU_�N�ifN
Z=N�Q`s�iLHYKMF�NPyaW=HY^=X�NUTzK�\`c´vOT=HYK�N-IMHYß�N�iLF=HJr�F�ifN�iLHJIMF[K�\�\R^�NU_�Q`K�N�HYTDvOT=HYK�N�KMHYX�Nk³Or�Q`T
S�N�WOI�NPZ¨K�\ Q`TOIMi}NU_<KMFONºyzWONPI�KMHJ\RT¨iLF=HJr�F$\R^�NU_�Q`KMHJ\RT@^.Q`KMFÃF.QRI4X�HYT=HYX<W=X HYTzK�NU_MT.Q`s
N�¹=NU_Mjkg�sJ\kI�I{\R_LX�HYT=HYX4W=X¬NUTzKM_�\R^zg[^=_�\)Z�WOrUKMHJ\RTViLHYKMFVjkHYnoNUTVrP\RTOIMKM_�Q`HYTzK�I¢�
��yaW.Q`KMHJ\RT���k�¡�k �IMFO\¢i{I4KMF.Q`K6\RTONºIMKM_�Q`K�NUjkg1K�\ Z=NUnoNUsJ\R^$N�¹=NU_Mjkgz�¶N�É®rUHJNUTaK6\R^�NU_�Q`KMHJ\RT
^.Q`KMFOI<HYT¨HYTOZ�WOIMKM_MHlQ`s}^=_�\)rPNPI�I�NPI<X®QPg°S�N�K�\V_�NPZ�WOrPN®KMFON®K�\RK�Q`s}NUTaKM_�\R^zg¨^=_�\)Z�WOrUKMHJ\RT
_�Q`K�N��

(dS/dt)irr
 �³�¯oNPNU^=HYT=j�KMFON�I�Q`X�N�N�¹=NU_Mjkg�\RW=KM^=W=K��

Eout
 B\R_-KMFON�I�Q`X�N�N�¹=NU_Mjkg

HYT=^=W=K<�
Ein
 fc|\R_�Q6jkHYnoNUTVNUTanaHY_�\RT=X�NUTaK�Q`s�K�NUX�^�NU_�Q`KMW=_�N��

T
0

 GQ`TOZVQ6jkHYnoNUT�^�NU_MHJ\)Z�\`c
KMHYX�NV�

∆t
 ���ÂAFONUT°X�HYT=HYX�HJI�HYT=j KMFON�K�\RK�Q`s}NUTzKM_�\R^ag°^=_�\aZ�WOrUKMHJ\RT@_�Q`K�N®\`c{Q�IMg�IMK�NUX�³

HYK�HJI<KMFONUT¨^�\kI�IMHYS=sJN®K�\VZ�HJIMKMHYT=jkW=HJI�F¨S�NUK¶ifNPNUT$^=_�QRrUKMHJr�Q`sGIMKM_�Q`K�NUjkHJNPI<K�\�HYX�^=_�\�noNºKMFON
^=_�\RS=sJNUX�Ib_�NUslQ`K�NPZ�K�\�KMFON4_�NPI�\RW=_�rPN-KM_�Q`TOI�c|\R_MX®Q`KMHJ\RT¼\`cxKMF.Q`KbIMg)I�K�NUX��f��TO\¢iLHYT=j�KMFON
X®Q`HYT�I�\RW=_�rPNPIe\`c�NUTaKM_�\R^zg�^=_�\)Z�WOrUKMHJ\RT�X�N�Q`TOI�¯)TO\�iLHYT=j�KMFON{X®Q�¸�\R_�rP\RX�^�\RTONUTzK�If\`c�Q
IMg�IMK�NUX�½¾IGHY_M_�NUnoNU_�IMHYS=HYsYHYKpgo³�Q`TOZDKMFaWOI{^=HYT=^�\RHYTzK�Q"_�N�Q`sYHJIMKMHJr-KMFONU_MX�\)Z�gaT.Q`X�HJr-HYX�^=_�\¢noN��
X�NUTaK4^�\RK�NUTzKMHlQ`s�c|\R_�KMF.Q`K"IMg)I�K�NUX K�\[KM_�Q`TOI�c|\R_MX KMFON�_�NPI�\RW=_�rPNPI¢��EGF=HJI4^�\RK�NUTaKMHlQ`sfHJI
Z�HwÙ�NU_�NUTzK<KMF.Q`T¨KMF.Q`K4\RS=K�Q`HYTONPZ¨c£\R_-KMFON�rP\RTOZ�HYKMHJ\RT@\`cLX®Q�¹�HYX4W=X N�¹�NU_Mjkg1N�É®rUHJNUTOrUgo³
iLFONUT¨Q`sYsxHYTzK�NU_MT.Q`s}N�¹�NU_Mjkg sJ\kI�I�NPI�Q`_�N6ß�NU_�\�Q`K�KMFON�N�¹�^�NUTOI�N6\`cLQ`T1HYT�vOT=HYK�N�Q`_�N�Q�c£\R_
KMFON�NPyaW=HY^=X�NUTzK[Q`TOZAQ`TAHYT�vOT=HYK�N�KMHYX�N�c£\R_�KMFON�^=_�\)rPNPI�I�NPI�KMF.Q`Kº\arPrUW=_�WOIMHYT=j¨KMF.Q`K
NPyaW=HY^=X�NUTzK��
�pK-IMFO\RW=sJZ¼S�N6TO\RK�NPZ°KMF.Q`K-KMFON�KMFONU_MX�\aZ�g)T.Q`X�HJr�\R^=KMHYX�HJI�Q`KMHJ\RT¨^=_�\RS=sJNUXCQRI-Z=N�vOTONPZ
Q`S�\�noN-F.QRI�rP\RTOrPNU^=KMW.Q`stsYHYX�HYK�Q`KMHJ\RTOI��fEGFONPI�N4Q`_�N-Z�WON-K�\�KMFONBc�QRrUK{KMF.Q`K�NUTaKM_�\R^zg[^=_�\`�
Z�WOrUKMHJ\RT$X�HYT=HYX�HJI�Q`KMHJ\RT&Z=N�Q`sJI�\RT=sYg@iLHYKMFÃKMFONDrP\RTOIMW=X�^=KMHJ\RT»Q`TOZÃsJ\kI�I�NPI"\`cBN�¹�NU_Mjkgo³
iLFONU_�N�QRIGHYTD^=_�QRrUKMHJrPNk³=\RTONBX4WOIMKGK�\"K�Q`¯oNBHYTzK�\�QRrPrP\RW=TaK�Q4iLHJZ=NBnkQ`_MHJNUK¶gº\`c�rP\RTOIMW=X�^��
KMHJ\RTOI��ÈEGFONU_�N�c|\R_�Nk³LHYK®HJI�rU_MHYKMHJr�Q`sbK�\@r�Q`_M_Mg&\RW=KºQ°K�NPr�F=TO\`�¶NPrP\RTO\RX�HJr1Q`T.Q`sYg)I�HJIºQ`TOZ
\R^=KMHYX�HJI�Q`KMHJ\RTViLF=HJr�F�HYTano\RsYnoN�NPIMKMHYX®Q`K�NPI�\`c´TONPrPNPI�I�Q`_MgDr�Q`^=HYK�Q`s�Q`TOZ[I�\)rUHlQ`s�N�¹)^�NUTOI�NPI�³



��� m�n�oqpPrtsvuxá�y9U�¤�r�uq}�â�ã�ä�r�z�}!¤
Q`TOZºIMFO\RW=sJZºsJN�QRZ�³)HYT�KMFONbsJ\RT=j<_MW=T�³)K�\"NPrP\RTO\RX4gº\`ctT.Q`KMW=_�Q`sÊ_�NPI�\RW=_�rPNPI��²Úb\¢ifNUnoNU_�³=HYK
HJI�TO\RKb^�\kI�IMHYS=sJN-K�\®¯aTO\¢i�Hwce\RTON<r�Q`T�Q`_M_MHYnoN<Q`K�Q�KM_MW=sYg[K�NPr�F=TO\`�¶NPrP\RTO\RX�HJr�\R^=KMHYX4W=X
iLHYKMFO\RW=KBrP\RTOIMHJZ=NU_MHYT=j�HYT QRZ=Z�HYKMHJ\RT�KMFON4N�¹�NU_Mjkg[Q`T.Q`sYg)I�HJI{\`c´KMFON4NUTzKMHY_�N4I�g)IMK�NUX��
�pT�KMF=HJI�Z�HY_�NPrUKMHJ\RT�³ÊKMFONG¸M\RHYTzK�Q`^=^=sYHJr�Q`KMHJ\RT \`c�N�¹�NU_Mjkg�Q`T.Q`sYg�IMHJIbQ`TOZVNUT=jkHYTONPNU_MHYT=jºNPrP\`�
TO\RX�HJrPI²iGQRI�^=_�\R^�\kI�NPZ6W=TOZ=NU_�KMFONGT.Q`X�NL\`c��x¹=NU_Mjo\`�¶��rP\RTO\RX�HJrPIeSag�q)r�F=HYX�Z�KB�����k�k¤o �³
q)\R_MHYT[Q`TOZ��}_�\)Z�gzQ`TOIM¯)g �����k�k�o �³a�}_�\)Z�gzQ`TOIM¯)g®NUK}Q`s��������k�`�a �³O�-Q`jkjkHJ\RsYHx�����k�k��³����k�k¤o 
HYT®��W=_�\R^�Nk³�Q`TOZ�W=TOZ=NU_eKMFON{T.Q`X�N�\`c�EGFONU_MX�\`�¶��rP\RTO\RX�HJrPIGSzg�E�_MHYS=WOI������k���¢ �³z��nRQ`TOI
�����k�k�o �³��²sw��q�Q�goNPZ°Q`TOZ Äb^=sJNPrº�����o�R�o �³��²sw��q�Q�goNPZ°Q`TOZ �²nkQ`TOI������o�R�o LHYT�KMFON"m�T=HYK�NPZ
qaK�Q`K�NPI��A�¶TÆKMFONPI�N[K¶i}\°X�NUKMFO\)Z=I�³}KMFON�\R^=KMHYX�HJI�Q`KMHJ\RT»^=_�\RS=sJNUXÇHJI�IMHYX�HYslQ`_MsYgÆI�\RsYnoNPZ
WOIMHYT=j[Q�I�NUKb\`ceNPyaW.Q`KMHJ\RTOIbKMF.Q`K�rP\RX4S=HYTONPI�KMFON4^=_MHJrPNPI�\`c�KMFON<rP\RX�^�\RTONUTzK�I�\`cfQ�IMg)IM�
K�NUXCKMFONUHY_"\R^�NU_�Q`KMHYT=j�^.Q`_�Q`X�NUK�NU_�I�Q`TOZ°KMFONUHY_6N�¹�NU_Mjkg°N�É®rUHJNUTOrUHJNPI���EGFON�^=_MHJrPNPI"Q`_�N
TO\RK-I�NUK�Szg KMFON"W=T=HYKBX®QRI�I�³�S=W=KBSagVKMFON6IM^�NPrUHwv.r6N�¹�NU_Mjkg�rP\RTzK�NUTzK�\`cGN�QRr�F¼X®Q`K�NU_MHlQ`s
Q`TOZºNUTONU_Mjkg�IMKM_�N�Q`X��²EGFONPI�N�X�NUKMFO\)Z=I}F.QPnoNBK¶i}\6QRZ�nkQ`TzK�Q`joNPIL\¢noNU_GKMFONbrUslQRI�I�HJr�Q`s�\RTON
�uK�NPr�F=TO\`�¶NPrP\RTO\RX�HJr Q`T.Q`sYg�IMHJI� �³²NUnoNUTÆKMFO\RW=jkF$HYK�rP\RX�^=sJNUX�NUTzK�I�_�Q`KMFONU_�KMF.Q`TÆIMW=SOIMKMHw�
KMW=K�NPI�HYK��²EGFON4QRZ�nRQ`TaK�Q`joNPIb\`c´KMFONPI�N-X�NUKMFO\)Z=IbQ`_�Nk�

�k�LEGFONUgDZ�HY_�NPrUKMsYgD_�Nc2.NPrUK�yaW.Q`sYHYK¶gDsJ\kI�I�NPI{\`c²Q`sYs�¯)HYTOZ=I{\`cxT.Q`KMW=_�Q`st_�NPI�\RW=_�rPNPI¢�

���LEGFON�N�Ù�NPrUK�I�\`c´KMHYX�N��¶Z=NU^�NUTOZ=NUTzKbc|QRrUK�\R_�I"�£Nk� jO�x^=_MHJrPN-^�\RsYHJrUg= LQ`_�N-N�¹=rUsYWOZ=NPZ��

EGFONBZ=NUnoNUsJ\R^=X�NUTzKL\`c�KMFONPI�NbK¶i}\4X�NUKMFO\)Z=I}F.QRIfNUno\RsYnoNPZ�HYT�I�NUnoNU_�Q`s�Z�HY_�NPrUKMHJ\RTOI}HYT®KMFON
slQRIMK6KpifNUTzKpg$vOnoNDgoN�Q`_�IV�£Þ�\R_�Q`TÈ���k�k��³²�b\RK�QRIV���k�k��³xno\RT»qa^.Q`¯o\�i{I�¯aH�NUK�Q`s��L���k���k³
�²sw��q�Q�goNPZ¼���k�k¤�³zäeQ`sJNU_�\6NUK}Q`s������k�`�O³=q)rUHYW=S=S.Q<�k�k�`�a ��²ØO\R_GN�¹OQ`X�^=sJNk³ano\RT�qa^.Q`¯o\�i{I�¯aH
NUK�Q`s��{�����k���¢ <^=_�\R^�\kI�NPZÃK�\�N�¹�K�NUTOZ$KMFONDN�¹�NU_Mjkg$QRrPrP\RW=TzKMHYT=j°K�\¼HYTOrUsYWOZ=NDKMFONDNUTanaHw�
_�\RT=X�NUTaK�Q`sfN�¹�K�NU_MT.Q`sYHYKMHJNPI�³�iLF=HYsJN�q)rUHYW=S=S.Q¨�|�k�k�`�a BZ=NUnoNUsJ\R^�NPZ¨QºX�NUKMFO\)Z°r�Q`sYsJNPZ¼KMFON
�x¹�K�NUTOZ=NPZ$�x¹=NU_Mjkg¨ÄLrPrP\RW=TzKMHYT=jO³fiLF=HJr�F$K�Q`¯oNPI"HYTzK�\1QRrPrP\RW=TzK�slQ`S�\RW=_�³²r�Q`^=HYK�Q`s�³eQ`TOZ
NUTanaHY_�\RT=X�NUTaK�Q`s{_�NUX�NPZ�HlQ`KMHJ\RT&rP\kIMK�I��1hBNUnoNU_MKMFONUsJNPI�I�³²KMFONPI�N®X�NUKMFO\)Z=I�r�Q`TÃc|QRrUHYsYHYK�Q`K�N
KMFON�HYTOrP\R_M^�\R_�Q`KMHJ\RT \`c²Q`T�\R^=KMHYX�HJI�Q`KMHJ\RT�Q`^=^=_�\oQRr�FVHYT[HYTOZ�WOIMKM_MHlQ`s�NPrP\RsJ\Rjkgo�fÚb\¢ifNUnoNU_�³
KMFON�KMFONPI�HJI�Z=\aNPI4TO\RK�X®Q`¯oN�WOI�N�\`c�Q`Tag¼\`cGKMFONPI�N�X�NUKMFO\)Z=I����pTOIMK�N�QRZ�³tHYK�iLHYsYs�WOI�N®Q
X�NUKMFO\)Z$K�\�vOTOZÆX�HYT=HYX4W=XÇNUTzKM_�\R^zgÆ^=_�\)Z�WOrUKMHJ\RTAQ`^=^=sYg)HYT=j@Q X�NUKMFO\aZ&iLF=HJr�F&F.QRI
S�NPNUT�_�NPrPNUTaKMsYg�^=_�\�noNPZºK�\<S�NBQ�K�\)\Rs�K�\<QRr�F=HJNUnoN-Q`^=^=_�\oQRr�F.Q`S=sJN�Q`TOZºQ`KMK�Q`HYT.Q`S=sJN-I�\RsYW��
KMHJ\RTOI-\`ceKMFON"X�HYT=HYX<W=X N�¹�NU_Mjkg�sJ\kI�I�NPIBHYT�KMFON"Z=NPIMHYjkT°Q`TOZ¼\R^�NU_�Q`KMHJ\RT°\`cfHYTOZ�HYnaHJZ�W.Q`s
^=_�\)rPNPI�ILW=T=HYK�I��



á�yvuÒX�n¸sd{�r¹o�rWã�{8}!~[r�n¸s5s�îqo:�ßã<o�r�z�}!¤¢rt}�}!�|{�~�}!u�uqs�{q}<ãCuqä�sxã�{�sÓo:¤¸â«r�u¡o:¤F{W~�}!uJI
o�r�z�}!¤¯z ¤
z ¤¸â�ã�{!r�uWz o:�(s�ä�}!��}(LFD �¢�
Ú.ÛPw ö¬÷�ÒÅ×�Ö�àÊÖ�óf×Ï,ø°Ö�÷eÒøÒFÞ*à�Ñ¹ó�à�Ö�Ý¶ÏtÎ
ÖkÏ´Ï�Ñ¶×³ø�Ï,ïÆïoÒ.×`Ï�ó�ïzÌ�Ò óf×`Ò à�ÎfÓ

Ö�ï�à�Îe×�ø�Ï,ïzÕ$à�Ö�Ý�ÏtÎQÝ¶ÎÆÝpÎeÓ�óf×�ÖCï0Ýßà�Ñ{Ò.Ì�Ï�Ñ�Ï�Ô.ð
E�\BNUnkQ`sYW.Q`K�NGKMFON}^�NU_�c|\R_MX®Q`TOrPNL\`c�QBIMg�IMK�NUX�I�c£\R_x_�NPI�\RW=_�rPN}WOI�NLQ`TOZ"KM_�Q`TOI�c|\R_MX®Q`KMHJ\RTOI�³
HYTOZ�WOIMKM_MHlQ`s´NPrP\RsJ\Rjkg[X®Q`¯oNPI�WOI�N4\`c�I�NUnoNU_�Q`st^=Fag)I�HJr�Q`s�X�NUKMFO\)Z=IBQ`TOZVKMFONUHY_BQRI�I�\arUHlQ`K�NPZ
HYTOZ�HJr�Q`K�\R_�I��eEGFON-IMK�Q`KMWOIL\`c�KMFONPI�N�X�NUKMFO\)Z=I�Q`TOZDKMFON�HYTOZ�HJr�Q`K�\R_�ILHJIG^=_�NPI�NUTzK�NPZ[HYT[KMFON
c|\RsYsJ\�iLHYT=jO�
ÍQ��!�q¨�����!�<G1&¢������	.G��4F.QPnoN<S�NPNUT ^�\R^=W=slQ`_bK�\®Z=NUK�NU_MX�HYTON<KMFON4^=Fag)I�HJr�Q`stS.QRIMHJIB\`c
NPrP\RTO\RX�HJrGQRrUKMHYnaHYKpg<Q`TOZ<HYK�ItHYTaK�NU_�QRrUKMHJ\RT�iLHYKMF<KMFONfNPrP\kIMg)I�K�NUX¿�£ÄLZ�_MHlQkQ`TOI�N}NUK²Q`s��a���k�o�)³
Þ¼Q`KMKMFONUi{I�NUK4Q`s����k�k�k�o ���EGFONPI�N6X�NUKMFO\)Z=I4Z=NUK�NU_MX�HYTON�KMFON6X®QRI�I�\`cfX®Q`K�NU_MHlQ`s�2.\�i{I
KMF.Q`K�^.QRI�I�NPI�c£_�\RX KMFON�NPrP\kIMg�IMK�NUX�I�K�\�KMFON�NPrP\RTO\RX4g¨Q`TOZ1KMFON®NUX�HJI�IMHJ\RTOI-c£_�\RX KMFON
NPrP\RTO\RX<gVK�\�KMFON<NPrP\kIMg�IMK�NUX�I��BÞ�\kIMKB\`c�KMFON6IMKMWOZ�HJNPI-Q`_�N6Q`KbKMFON<sJNUnoNUs²\`ceKMFON"NUTzKMHY_�N
NPrP\RTO\RX<go³xS=W=K<Z�HJI�Q`jkjk_�NUjzQ`KMHJ\RTÃK�\�X�\R_�N�Z=NUK�Q`HYsJNPZ¨sJNUnoNUsJI<HJI�S�NUHYT=j Z=NUnoNUsJ\R^�NPZ���ØO\R_
N�¹OQ`X�^=sJNk³)KMFONbÞ¼Q`K�NU_MHlQ`s�Ø´sJ\¢iÈÄbT.Q`sYg�IMHJIfI�KMWOZ�HJNPIfKMFONbWOI�NB\`c�X®Q`K�NU_MHlQ`sJIGHYT�HYTaK�NUjk_�Q`K�NPZ
HYTOZ�WOIMKM_MHlQ`sxQ`TOZ rP\RTOI�W=X�HYT=jDQRrUKMHYn)HYKMHJNPI��bqaHYTOrPN4X®QRI�IbZ=\)NPI{TO\RK�r�Q`^=KMW=_�N<X®Q`TzgV\RKMFONU_
^=_�\R^�NU_MKMHJNPIt\`c=X®Q`K�NU_MHlQ`sJI�³RIMWOr�F<QRI�KMFONUHY_´NUTONU_Mjkg-Q`TOZ<N�¹�NU_Mjkg�nkQ`sYWONPI�³�KMFONfÞ Ø�ÄÃIMKMWOZ�HJNPI
Q`_�N�sYHYX�HYK�NPZVSzgºKMFONUX�I�NUsYnoNPI��
ÄbT.Q`sYg)I�K�I�Q`K�KMFONDÂ1W=^=^�NU_MK�Q`s��pTOIMKMHYKMW=K�N[F.Q�noN�Z=NUnoNUsJ\R^�NPZ»Q`TÆHYTOZ�HJr�Q`K�\R_®r�Q`sYsJNPZÆKMFON
ç�ékè¹åcê�ç|éRí²çÝæ$��þ)èq��åcê�ï!åcê�ë�ç£ð¡å
þaæOç£è��£Þ ��±fq= ��£�}_MHYT=joNUßPW¨NUK"Q`s������k�`�O³�q)r�F=X�HJZ�K��¶�}sJNPNU¯
���k�`�O³�ÚbHYTzK�NU_MS�NU_MjoNU_GNUK{Q`s������k�`�a ���EGF=HJI}HYTOZ�HJr�Q`K�\R_LX�N�QRIMW=_�NPI}KMFONBX®QRI�IG\`ct_�NPI�\RW=_�rPNPI
X�\¢noNPZ°c£_�\RX KMFON®NUTanaHY_�\RT=X�NUTaK"c£\R_<^=_�\�n)HJZ�HYT=j¼QDW=T=HYK"X®QRI�I<\`cG^=_�\)Z�WOrUK<\R_6Q[W=T=HYK
I�NU_Mn)HJrPNk��ÚBNU_MK¶iLHJr�F$Q`TOZ°rP\`��i}\R_M¯oNU_�I�³´HYT°KMFONUHY_4_�NUn)HJNUiÀ�£ÚBNU_MK¶iLHJr�FÃNUK<Q`s��e���k�o�k �³´Q`_��
jkWONPZºKMF.Q`KGKMF=HJIGHYTOZ�HJr�Q`K�\R_LHJI}TO\RKLQ<jo\)\aZ�K�\)\RsÊc|\R_}KMFONBNUnkQ`sYW.Q`KMHJ\RT�\`c�NUTanaHY_�\RT=X�NUTaK�Q`s
HYX�^.QRrUK�QRI�I�\arUHlQ`K�NPZDiLHYKMF[KMFON�_�NPI�\RW=_�rPN�WOI�NbS�NPr�Q`WOI�N-N�QRr�F�X®Q`K�NU_MHlQ`s�HYT[Þ ��±fq�HJIGTO\RK
NPyaW.Q`sYsYg W=TOZ=NPI�HY_�Q`S=sJNk��ØO\R_4N�¹OQ`X�^=sJNk³�iLFONUKMFONU_�KMFON�X®QRI�I-KMF=_�\RW=jkF=^=W=K<rP\RX�NPI-cu_�\RX
KMFON6T.Q`KMW=_�Q`sfjzQRI-KMF.Q`K-c£WONUsJI4QD^�\�ifNU_<^=slQ`TzK4\R_4KMFON�_MHYnoNU_�i}Q`K�NU_<KMF.Q`K4rP\)\RsJI-HYK�³�KMFON
Þ��p±}qDHJIBTO\RK�Q`S=sJN"K�\ºIMFO\�i�iLF=HJr�F1X®Q`K�NU_MHlQ`sxHJIbKMFON"X�\kIMKbW=TOZ=NPI�HY_�Q`S=sJN<K�\�joNUTONU_�Q`K�N
NUsJNPrUKM_MHJrUHYKpg@HYT&Q ^�\¢ifNU_�^=slQ`TaK��@�pT&QRZ=Z�HYKMHJ\RT�³eÞ��p±fq¨HJI6TO\RK�IMW�É®rUHJNUTaK�K�\�NUnkQ`sYW.Q`K�N
KMFOND_�NPI�\RW=_�rPNVWOI�NDS�NPr�Q`WOI�N[HYK®Z=\)NPI�TO\RK�K�Q`¯oN[HYTaK�\¨QRrPrP\RW=TzK[Q`Tzg$NUTONU_Mjkg$_�NPI�\RW=_�rPN
KM_�Q`TOI�c|\R_MX®Q`KMHJ\RT��
� ���0�:��%¸¨�������<G1&��<����	.G��"IMWOr�F°QRIbTONUK�NUTONU_Mjkg�Q`T.Q`sYg)IMHJI-Q`TOZVcuWONUsxrUg�rUsJN6Q`T.Q`sYg�IMHJI
Z=NUK�NU_MX�HYTONeKMFONP2.\�iÃ\`c=NUTONU_Mjkg�KMF=_�\RW=jkF<nRQ`_MHJ\RWOI�NPrP\RTO\RX�HJrfQRrUKMHYn)HYKMHJNPI}�£Ú�Q`T=TO\RT����o�R¤�³
d}\RTOIMK�Q`T=ß¢Q¼Q`TOZÃÚbNU_�NUTOZ=NPNUT8���k�`�O³²qa^=_�NUT=j&���k�k�o ��¼EGFONPI�NºX�NUKMFO\aZ=I6rP\RTOIMHJZ=NU_6KMFON
NUTONU_Mjkg�rP\RTzK�NUTaK´\`c�HYTOZ�WOIMKM_MHlQ`soHYT=^=W=K�I�cu_�\RX�NPrP\kI�g)IMK�NUX�I�Q`TOZ-HYTOZ�WOIMKM_MHlQ`sz\RW=KM^=W=K�I�cu_�\RX
KMFON�NPrP\RTO\RX4go����syx=^=^�NUs}NUK6Q`s��f�����k�o�k -^=_�\R^�\kI�NPZ¨KMFON�ð�þ0ç^þ)íwékè£çuë�å¯åUæ*åcê¥ý � æ0åcç�éRæ�æ
��d}��]� fHYTOZ�HJr�Q`K�\R_LS.QRI�NPZ[\RT[KMFONBTONUK{NUTONU_Mjkg[Q`T.Q`sYg)I�HJI��xEGF=HJILHYTOZ�HJr�Q`K�\R_LX�N�QRIMW=_�NPILHYT
âo\RW=sJNPI}KMFONBZ=NUX®Q`TOZ�\`c�^=_MHYX®Q`_Mg®NUTONU_Mjkg�c|\R_e^=_�\)Z�WOrUKMHJ\RTD\`c�Q4X®QRI�IfW=T=HYK}\`c�^=_�\aZ�WOrUK



��� m�n�oqpPrtsvuxá�y9U�¤�r�uq}�â�ã�ä�r�z�}!¤
\R_LQ�W=T=HYKG\`c�I�NU_Mn)HJrPNk�²�pKeHYTOrUsYWOZ=NPIGKMFONBNUTONU_Mjkg�_�NPyzW=HY_�NUX�NUTaK�I}c£\R_}KM_�Q`TOIM^�\R_MK�³=Q`TOZ®KMFON
c|NPNPZ=IMK�\)r�¯�NUTONU_Mjkg¨�uH��¾Nk�LKMFON4^=_MHYX®Q`_MgVNUTONU_Mjkg�Z=NUX®Q`TOZ�c|\R_�KMFON4X®Q`K�NU_MHlQ`sJIB^=_�\aZ�WOrPNPZ
c£_�\RXô\RHYs�³erP\oQ`sL\R_6if\)\aZ. º�£��sJáR^�Ù�NU_����k�o�)³²Ø=_MHJI�r�F=¯)TONPr�F9���k�o�)³´ØO_MHJI�r�F=¯)TONPr�F»NUK�Q`s��
���k�k�o ��ÃEt\°QRrPrP\RW=TaK6c£\R_�Q`sYs{NUTONU_Mjkg@Z=NUX®Q`TOZ=I¢³e��sJáR^�Ù�NU_V�����k�o�k <^=_�\R^�\kI�NPZ$K�\�WOI�N
KMFON�r�Q`sJ\R_MHwv.r®nRQ`sYWONPI4\R_�KMFON[íYìFz�åcê6ñ�åMéoè£çÝæ0ý ë�ékí þFå�ï��£ã�Úbä�I� �\`c{Q`sYs�¯)HYTOZ=I�\`cLNUTONU_Mjkg
_�NPI�\RW=_�rPNPI¢�Vã�HY¯oN�X®QRI�I�³xNUTONU_Mjkg@Q`sJI�\ Z=\aNPI<TO\RK6r�Q`^=KMW=_�N�KMFON�rP\RTzKM_MHYS=W=KMHJ\RT&\`c{TO\RT��
r�Q`sJ\R_MHwv.r4X®Q`K�NU_MHlQ`sJI�³.Q`TOZ[HYjkTO\R_�NPI�KMFON-I�NPrP\RTOZ[slQPi9\`c´KMFONU_MX�\)Z�gaT.Q`X�HJrPI¢�
EGFON6é���ç|ìkè£ç|ð�æ<å1�Êí|åUè£ç|ìRæ/�=ìkè¹å�æ.è£ç|éRíe�£ÄB]B±} ²HJI}WOI�NPZ®HYT�KMFONBIMK�Q`TOZOQ`_�Zºã�d}ÄX�NUKMFO\)Z�K�\
QRI�I�NPI�ILKMFON-HYX�^.QRrUK�\`c²_�NPI�\RW=_�rPN�WOI�N�\`c�Q6^=_�\aZ�WOrUK�sYHwc£N�rUg�rUsJNk�eÄLrPrP\R_�Z�HYT=j�K�\��BW=HYTONPN
Q`TOZ[F=HJI�rP\RsYsJN�Q`jkWONPI<���BW=HYTONPN�NUKBQ`s��O�k�k�k�o �³=KMFON�ÄB]B±&HJI�Q"X�N�QRIMW=_�N�\`cxKMFON�Z=NPrU_�N�QRI�N
\`c�KMFON{QPnkQ`HYslQ`S=HYsYHYK¶g�\`c�Q`S=HJ\RKMHJrL_�NPI�\RW=_�rPNPI²HYT®KMFONGT.Q`KMW=_�Q`s.NUTzn)HY_�\RT=X�NUTzK��fEGFONGX�NUKMFO\aZ
^=_�NPI�NUTaK�NPZ�Sag���W=HYTONPN�NUKtQ`s��z�|�k�k�k�o �_�NPyaW=HY_�NPI�KMFON�Z�HYn)HJIMHJ\RT�\`cOÄB]B±�HYT�K¶i}\�r�Q`K�NUjo\R_MHJNPI�³
\RTON�c£\R_}X®Q`K�NU_MHlQ`sJIGIMWOr�F�QRI}\R_�NPILQ`TOZ®X�HYTONU_�Q`sJI�³=Q`TOZD\RTON�c£\R_ec£\kI�I�HYsOc£WONUsJI}I�WOr�F[QRIf\RHYs�³
T.Q`KMW=_�Q`s�jzQRI}Q`TOZ�rP\oQ`s��²ÄbIfZ=NPI�rU_MHYS�NPZ®HYT�KMFON{X�NUKMFO\)Z�c|\R_�KMFONBr�Q`sJrUW=slQ`KMHJ\RTº\`c�Q`S=HJ\RKMHJr
Z=NU^=sJNUKMHJ\RT[\`c�_�NPI�\RW=_�rPNPIfK¶i}\<^=_�\RS=sJNUX�ILQ`_�NBZ=N�vOTONPZ�³)_�NPIMW=sYKMHYT=j<HYTºK¶i}\6Z�HwÙ�NU_�NUTaK}NUTOZ)�
^�\RHYTzK�I��ÃKMFON�sJ\kI�I[\`c"KMFON°QPnkQ`HYslQ`S=HYsYHYK¶g\`c<T.Q`KMW=_�Q`s�NUsJNUX�NUTaK�IVQ`TOZÈKMFON¼sJ\kI�ID\`c<KMFON
Q�nRQ`HYslQ`S=HYsYHYKpgA\`c�c£\kI�IMHYsLc£WONUsJI��ÈEt\1vOTOZ»KMFON�Q`X�\RW=TaKº\`c-KMFONVsJ\kI�I®\`c<Q�nRQ`HYslQ`S=HYsYHYKpg»\`c
c|\kI�IMHYs=c£WONUsJI�³aKMFON{sJ\¢ifNU_GFON�Q`KMHYT=j<nkQ`sYWONPI}\`c�c|\kI�IMHYs.cuWONUsJI}Q`_�N�WOI�NPZ��´ÚB\�i}NUnoNU_�³�KMFONU_�NbQ`_�N
Z�HwÙ�NU_�NUTzKGQ`sYK�NU_MT.Q`KMHYnoNPIfK�\�WOI�N{I�Q`X�NGc|\kI�IMHYs=_�NPI�\RW=_�rPNPI��²�¶T�KMFONbN�¹=Q`X�^=sJN�\`c�S=W=_MT=HYT=j"\`c
QBc|\kI�IMHYs�_�NPI�\RW=_�rPNk³aKMFON{N�¹=NU_Mjkg"rP\RTaK�NUTzKG\`c�S=W=_MTaK�c£WONUs=HJI²sJ\kIMKeNUTaKMHY_�NUsYgo�²EGFON{Z=NU^=sJNUKMHJ\RT
\`cGc|\kI�IMHYs²c£WONUsJI�iLHYsYsGQ`sJI�\[HYTOrU_�N�QRI�N®HYT¨KMFON�r�QRI�N�\`cLTO\RT��¶r�Q`sJ\R_MHwv.r®WOI�N®\`c}c|\kI�IMHYs�cuWONUsJI�³
c|\R_BN�¹OQ`X�^=sJNk³�HYT KMFON<^=_�\)Z�WOrUKMHJ\RT¼\`cf^=slQRIMKMHJrPI��BEGFON�c|\R_MX4W=slQ�WOI�NPZ K�\�r�Q`sJrUW=slQ`K�N"KMFON
ÄB]�±¨jkHYnoNPIeKMFON�I�Q`X�N�nRQ`sYWON{\`c�ÄB]�±¨HYT�S�\RKMF®KMFON�S=W=_MT=HYT=j"Q`TOZ®TO\RT��¶r�Q`sJ\R_MHwv.rbWOI�N{\`c
KMFON�I�Q`X�N�c£\kI�IMHYs�cuWONUs�³.I�NPN4�BW=HYTONPN�NUKbQ`s����|�k�k�k�o ��fÄBILIMK�Q`K�NPZ[Sag�d}\R_MTONUsYHJI�I�NUTÃ�����k�o�k 
HYT�F=HJIeKMFONPIMHJI�³zKMF=HJI²c�QRrUK�X®Q`¯oNPIeKMFON�Äb]�±°HYTOZ�HJr�Q`K�\R_}HYT.Q`^=^=_�\R^=_MHlQ`K�N�QRIfQ�X�N�QRIMW=_�N{c£\R_
KMFON�NUnkQ`sYW.Q`KMHJ\RTV\`cx_�NPI�\RW=_�rPN-WOI�N�Q`TOZ�KM_�Q`TOI�c£\R_MX®Q`KMHJ\RT��
� �,�<���F%¸¨�����!�<G$&��<����	.G���K�Q`¯oN-HYTzK�\�QRrPrP\RW=TzK�KMFONBvO_�I�K�Q`TOZ[I�NPrP\RTOZ[slQPi{I�\`c´KMFONU_��
X�\)Z�gaT.Q`X�HJrPI¢³zQ`TOZ"KMFONUg"r�Q`^=KMW=_�N{Q`T�Q`_M_�QPg6\`c.X®Q`K�NU_MHlQ`sÊQ`TOZ6NUTONU_Mjkgx2.\�i{I²W=TOZ=NU_xKMFON
I�Q`X�N�W=T=HYK�³zâo\RW=sJNk�eEGFONPI�NLX�NUKMFO\)Z=IeF.Q�noN�sJ\RT=j�S�NPNUT®WOI�NLK�\4Z=NUK�NU_MX�HYTONbKMFON{KMFONU_MX�\`�
Z�g)T.Q`X�HJr4N�É®rUHJNUTOrUg[\`c²HYTOZ�WOIMKM_MHlQ`st^=_�\)rPNPI�I�NPI<�£Ø=_�Q`KMß�I�r�FONU_6���k���k³.�G\kIMTR¸�Q`¯o\�n)HJr����k�k��³
�}_�\)Z�gzQ`TOIM¯ag1���o�R¤�³�qaß¢Q`_MjkW=KbNUKBQ`s������k�k��³.�b\RK�QRI<���k�k��³ÊØ�HYKMßPX�\R_M_MHJI�Q`TOZVÞ¼Q`F¨���k�k��³
�b\RK�QRIV���k�k�o �³fK�\°Q`T.Q`sYg)I�NDKMFONDS�NUF.QPn)HJ\RW=_®\`c-NPrP\kIMg�IMK�NUX�IV�£âo\R_MjoNUTOI�NUT9���k�o�k �³}Q`TOZ
K�\VQRrPrP\RW=TaK4c|\R_4Q`sYseNPrP\RsJ\RjkHJr�Q`s}^=_�\aZ�WOrUK�I"Q`TOZ°I�NU_Mn)HJrPNPI-HYT°KMFON�¸�\RHYTaK4NPrP\RTO\RX�HJr�Q`TOZ
NPrP\RsJ\RjkHJr�Q`s}IMg)I�K�NUX QRI4QDIMHYT=jksJN�TONUKpif\R_M¯°\`cGX®Q`K�NU_MHlQ`sfQ`TOZ°NUTONU_Mjkg'2.\�i{Iº�£ÚBQ`W¨Q`TOZ
�LQ`¯�IMF=H´�k�k�`�O³�mb¯aHJZ�i}N"Q`TOZ��LQ`¯)IMF=Hx�k�k�`�O³|{BH´NUK�Q`s����k�k�`�a ���äeQ`_MHJ\RWOI�N�¹�K�NUTOIMHJ\RTOI�\`c
N�¹=NU_Mjkg�Q`T.Q`sYg�IMHJI-IMWOr�F¨QRI-�¶TOZ�WOIMKM_MHlQ`sfdfW=X<W=slQ`KMHYnoN®�x¹=NU_Mjkg°d}\RTOIMW=X�^=KMHJ\RT°Ä�T.Q`sYg�IMHJI
��qaß¢Q`_MjkW=K�NUK²Q`s������k�k�o �³o�x¹=NU_MjoNUKMHJrLã�Hwc£NLdfg�rUsJN}ÄbT.Q`sYg�IMHJIL��d}\R_MTONUsYHJI�I�NUT[���k�o�k xQ`TOZ6ã�Hwc£N
dfg�rUsJN<�²¹�NU_MjkgVÄbT.Q`sYg�IMHJI"���-\RT=jDQ`TOZ Â¨Q`sYsx�k�k���¢ {ifNU_�N6Z=NUnoNUsJ\R^�NPZVK�\ºNUnkQ`sYW.Q`K�N4KMFON



á�yvuÒX�n¸sd{�r¹o�rWã�{8}!~[r�n¸s5s�îqo:�ßã<o�r�z�}!¤¢rt}�}!�|{�~�}!u�uqs�{q}<ãCuqä�sxã�{�sÓo:¤¸â«r�u¡o:¤F{W~�}!uJI
o�r�z�}!¤¯z ¤
z ¤¸â�ã�{!r�uWz o:�(s�ä�}!��}(LFD ���
^�NU_�c£\R_MX®Q`TOrPN4\`c´HYTOZ�WOIMKM_MHlQ`s�IMg)I�K�NUX�ILK�\6WOI�N�Q`TOZ[KM_�Q`TOI�c|\R_MXÜ_�NPI�\RW=_�rPNPI¢�
EGFONº�¶TOZ�WOI�KM_MHlQ`sLdfW=X<W=slQ`KMHYnoNº�²¹�NU_MjkgÃd}\RTOI�W=X�^=KMHJ\RTÃX�NUKMFO\)ZÃZ=NUK�NU_MX�HYTONPI6KMFON�rUW��
X<W=slQ`KMHYnoN�N�¹�NU_Mjkg$rP\RTOIMW=X�^=KMHJ\RT3\`cbHYTOZ�WOIMKM_MHlQ`s{^=_�\)Z�WOrUKMHJ\RT&^=_�\)rPNPI�I�NPI®Q`TOZÆr�F.Q`HYTOI��
qaß¢Q`_MjkW=KBNUKbQ`s��������k�k�o L^=_�\R^�\kI�NPZ�KMFON�ðqþ�ç^þaíYékè£çuë�å"åJS<åqê�ý � ð�ìkæ=ï¡þ�ç���è£ç£ìkæ1QRIBQ`TVHYTOZ�Hw�
r�Q`K�\R_�c£\R_b_�NPI�\RW=_�rPN<Z=NU^=sJNUKMHJ\RT�HYT�HYTOZ�WOIMKM_MHlQ`s�^=_�\)rPNPI�I�NPI¢�LEGF=HJI�HYTOZ�HJr�Q`K�\R_-Q`jkjk_�NUjzQ`K�NPI
Q`sYsGN�¹�NU_Mjkg¨_�NPyzW=HY_�NUX�NUTaK�I6c£\R_"KMFONº^=_�\aZ�WOrUKMHJ\RT&\`c�QVIM^�NPrUHwv.rºW=T=HYK<^=_�\)Z�WOrUK��°ÚB\�iG�
NUnoNU_�³GKMF=HJI�HYTOZ�HJr�Q`K�\R_ºZ=\)NPI�TO\RK�K�Q`¯oNVHYTaK�\ÃQRrPrP\RW=TaK�KMFON N�¹�NU_MjkgÆsJ\kI�I�NPI�QRI�I�\arUHlQ`K�NPZ
iLHYKMFDKMFON-Z�HJIM^�\kI�Q`s�\`ctKMFON�^=_�\)Z�WOrUK{\R_}KMFONBHYT�2OWONUTOrPN�\`c´_�NPrUg)rUsYHYT=j�\R_G_�NUWOI�N�\`c´^=_�\aZ)�
WOrUK�I���]BNUiLW=swcfQ`TOZ�ãtQ`T=joNUT=FO\¢noN��|�k�k�k¤o {rUslQ`HYX�NPZ1Q�I�\RsYW=KMHJ\RT K�\®KMF=HJIb^=_�\RS=sJNUX�³�Q`TOZ
Z=NUnoNUsJ\R^�NPZÆQ`TÃHYTOZ�HJr�Q`K�\R_�KMF.Q`K6iGQRI"r�Q`sYsJNPZ$KMFON�åJS0åcê�ý0åUè£ç£ðMç�ékè¹åcê�ç£ékífçuæF��þ�è\��åcê9þ)æOçuè
ï!åcê�ë¢ç£ð�åP�bEGF=HJIBHYTOZ�HJr�Q`K�\R_�K�Q`¯oNPIBHYTzK�\DQRrPrP\RW=TzK-KMFON"N�¹�NU_Mjkg[_�NPyaW=HY_�NUX�NUTzK�I�QRI�I�\arUHlQ`K�NPZ
iLHYKMFAKMFON Z�HJIM^�\kI�Q`sbQ`TOZA_�NPrUg�rUsYHYT=jÃ\`c�X®Q`K�NU_MHlQ`sJI����¶T3\RKMFONU_�i}\R_M¯�³GKMFONPI�N¼Q`W=KMFO\R_�I
F.Q�noNbHYTaK�NUjk_�Q`K�NPZ[I�NUnoNU_�Q`s�HYTOZ�WOIMKM_MHlQ`s�NPrP\RsJ\Rjkg®^=_MHYTOrUHY^=sJNPIGHYTzK�\�Q<I�NUKG\`c�HYTOZ�HJr�Q`K�\R_�I}c£\R_
NUTanaHY_�\RT=X�NUTaKBQRI�I�NPI�IMX�NUTzK�\`cxK�NPr�F=TO\RsJ\Rjkg¨�£]�NUiLW=swceQ`TOZ[ãtQ`T=joNUT=FO\¢noN"�k�k�k�o ��
q)rUHYW=S=S.Q@�|�k�k�`�a B^=_�\R^�\kI�NPZ°KMFON��x¹�K�NUTOZ=NPZ¨�²¹�NU_Mjkg1ÄLrPrP\RW=TzKMHYT=j�X�NUKMFO\)Z1K�\�Z=NUK�NU_��
X�HYTON}KMFONLrUW=X4W=slQ`KMHYnoN�N�¹�NU_Mjkg"rP\RTOIMW=X�^=KMHJ\RT�QRI�I�\)rUHlQ`K�NPZ"iLHYKMF�TO\RK²\RT=sYg4KMFONGX®Q`K�NU_MHlQ`s
Q`TOZ�NUTONU_Mjkg�HYT=^=W=K�IeS=W=KGQ`sJI�\�iLHYKMFºKMFON{slQ`S�\RW=_LQ`TOZ®r�Q`^=HYK�Q`s�HYT=^=W=K�I}\`c�TO\RT��¶N�¹=NU_MjoNUKMHJr
N�¹�K�NU_MT.Q`sYHYKMHJNPI<��q)rUHYW=S=S.Q��k�k�`�a ��
EGFONB�x¹=NU_MjoNUKMHJrBã�Hwc£N-dfg)rUsJNBÄbT.Q`sYg)IMHJIGQ`TOZDã�Hwc|N�dfg�rUsJNb�²¹�NU_Mjkg®ÄbT.Q`sYg�IMHJIei}NU_�N�NUslQ`S�\`�
_�Q`K�NPZ�c|\R_}Z�HwÙ�NU_�NUTzKL^=W=_M^�\kI�NPI��²EGFONB^=W=_M^�\kI�Nb\`c´KMFON{vO_�I�K}X�NUKMFO\)ZºHJI}K�\<HYTOrP\R_M^�\R_�Q`K�N
KMFONBN�¹�NU_MjkgºrP\RTOrPNU^=KGHYTºKMFON�IMK�Q`TOZOQ`_�ZDã�d}Ä"��EGF=HJIGHJI}iLFzgºQ`sYs�KMFON�IMK�NU^OI}HYT[ã�d}Ä9Q`_�N
KMFON"I�Q`X�N6QRIbKMFON6IMK�NU^OIbHYT1�x¹=NU_MjoNUKMHJr"ã´d}Ä<��EGFON"HYTznoNUTzK�\R_Mg¼IMK�NU^�HYT¼KMFON<�x¹=NU_MjoNUKMHJr
ã�d}Ä¬HJI®X�\R_�NVN�¹�K�NUTOIMHYnoN[KMF.Q`T»KMF.Q`Kº\`c-KMFON�IMK�Q`TOZOQ`_�Z3ã�d}Ä¬X�NUKMFO\aZ�³GS�NPr�Q`WOI�N[HYK
_�NPyaW=HY_�NPIBQ�rP\RX�^=sJNUK�Nx2.\�iG�¶IMFONPNUK-\`c�KMFON<X®QRI�I-Q`TOZ NUTONU_Mjkg¯2.\�i{I�\`cfQ`sYs�^=_�\)Z�WOrUKMHJ\RT
IMK�NU^OI¢��EGFON�HYX�^.QRrUKbQRI�I�NPI�IMX�NUTaK�IMK�NU^VrP\RTOIMHJI�K�I�\`cxKMFON4r�Q`sJrUW=slQ`KMHJ\RT \`c²KMFON�N�¹=NU_Mjkg[\`c
KMFON^2.\¢i{I"Q`TOZ¨KMFON®Z=NUK�NU_MX�HYT.Q`KMHJ\RT$\`cLKMFON®N�¹=NU_Mjkg�sJ\kI�I�NPI�HYT@Q`sYsf^=_�\aZ�WOrUKMHJ\RTÃIMK�NU^OI��
EGFONU_�NbHJI�TO\"rUslQRI�IMHwv.r�Q`KMHJ\RTDIMK�NU^��²EGFONLvOT.Q`s�_�NPIMW=sYKG\`c�KMF=HJIeX�NUKMFO\)Z�HJI�KMFONBIMW=X'\`c�Q`sYs
N�¹=NU_Mjkg�sJ\kI�I�NPI�³�iLF=HJr�FVHJI{Z=N�vOTONPZ QRILKMFON�sYHwc|N��¶rUg�rUsJN-HY_M_�NUnoNU_�IMHYS=HYsYHYK¶go�
EGFON�^=W=_M^�\kI�N \`c<KMFON�ã�Hwc£N°dfg�rUsJN��²¹�NU_Mjkg3Ä�T.Q`sYg�IMHJIºX�NUKMFO\aZ3HJIºK�\$NUnRQ`sYW.Q`K�N1Q`TOZ
X�N�QRIMW=_�N�KMFON�rP\RTOZ�HYKMHJ\RTOI�\`c<IMWOI�K�Q`HYT.Q`S=HYsYHYK¶g»HYTÈKMFON�Z=NPIMHYjkTÈ^=F.QRI�N�\`c<NUT=jkHYTONPNU_MHYT=j
IMg�IMK�NUX�IV���-\RT=jÃQ`TOZ&Â¨Q`sYs��k�k���¢ ��ÈEGF=HJI�rP\RTOZ�HYKMHJ\RT3HJI�r�F.Q`_�QRrUK�NU_MHJI�NPZASagÆKMFON[WOI�N
\`cGN�¹�NU_Mjkg�_�NPI�\RW=_�rPNPI-HYT°IMWOr�F@Qºi}Q�g¼KMF.Q`K-KMFON6HYT=^=W=K4\`c}N�¹=NU_Mjkg iLHYsYseS�N"^.Q`HJZ1S.QRr�¯
Z�W=_MHYT=jºKMFON4sYHwc|N<KMHYX�N<\`ceKMFON"IMg�IMK�NUX�³�Q`TOZVKMFON<WOI�NPZ�Z=NU^�\kIMHYK�IbX4WOI�KBS�N4rP\RX�^=sJNUK�NUsYg
_�NPIMK�\R_�NPZ��
E�\[I�\RsYnoN�KMFON6HYX�^�NU_�c£NPrUKMHJ\RTOI4^=_�\�n)HJZ=NPZ1Szg�X®QRI�I4Q`TOZ1NUTONU_Mjkg°QRI-X�N�QRIMW=_�NPI-c£\R_-KMFON
NUnkQ`sYW.Q`KMHJ\RT@\`cLX®Q`K�NU_MHlQ`sLQ`TOZ¨NUTONU_Mjkg1_�NPI�\RW=_�rPN®WOI�N®Q`TOZ°KM_�Q`TOIMc£\R_MX®Q`KMHJ\RT�³²Äxg)_�NPI4NUK



�k� m�n�oqpPrtsvuxá�y9U�¤�r�uq}�â�ã�ä�r�z�}!¤
Q`s��L�����k�k�o 6Q`TOZÆØ´HYT=TznoNPZ=NUT9�����k�`�a <HYTOZ=NU^�NUTOZ=NUTzKMsYg$^=_�\R^�\kI�NPZ$N�¹�NU_Mjkg$QRI�Q S�NUKMK�NU_
X�N�QRIMW=_�NLc£\R_²_�NPI�\RW=_�rPN{WOI�NLQ`TOZ�Z=NU^=sJNUKMHJ\RT�HYT�KMFONLã�d}ÄAX�NUKMFO\)Z��²Ø�HYT=TanoNPZ=NUT������k�`�a �³
Q`TOZ<slQ`K�NU_�Ø´HYT=TznoNPZ=NUT�Q`TOZ�}BIMKMsYW=TOZº�����k�o�k �³kI�W=jkjoNPIMK�NPZ<Q{KMFONU_MX�\aZ�g)T.Q`X�HJrLQ`^=^=_�\oQRr�F
HYT�iLF=HJr�FVKMFON-WOI�N-\`c´X®Q`K�NU_MHlQ`sxQ`TOZ�NUTONU_MjkgD_�NPI�\RW=_�rPNPI�HYT�ã´d}Ä+Q`_�N�K�\�S�N-Z=NPI�rU_MHYS�NPZ
QRI}NUHYKMFONU_}rP\RTOI�W=X�^=KMHJ\RTD\`ctN�¹=NU_Mjkg®\R_f^=_�\aZ�WOrUKMHJ\RT[\`ctNUTzKM_�\R^ago���²TaKM_�\R^zgº^=_�\aZ�WOrUKMHJ\RT
F.QRI-Q`sJI�\®S�NPNUT¼rP\RTOIMHJZ=NU_�NPZ1QRI-Q�X�N�QRIMW=_�N"\`ceNUTzn)HY_�\RT=X�NUTzK�Q`se^�\RsYsYW=KMHJ\RT&�£Äxg)_�NPIBQ`TOZ
Þ¼Q`_MKMHYT.QRI®���k�k�o �³xQ`TOZ¨QRI4Q`T¨NPrP\kI�g)IMK�NUX
Z�HJIMKMW=_MS.Q`TOrPN �£Ø.Q`S�NU_4NUK<Q`s��e���k�k��³´�BslQRIMSag
���k�k��³k��WONUX�X�NUst���k�k�o ��xÄxg)_�NPI�NUK�Q`s��O�����k�k�o xQ`_MjkWONPZ�KMF.Q`K�N�¹=NU_Mjkg4HJI�Q`T®Q`^=^=_�\R^=_MHlQ`K�N
rP\RTOrPNU^=KGc|\R_LIMK�Q`KMHJIMKMHJr�Q`s�WOI�Nk³)S�\RKMFVQRI{Q4X�N�QRI�W=_�N-\`ct_�NPI�\RW=_�rPN-IMK�\)r�¯�I{Q`TOZ
2.\�i{I�Q`TOZ
QRIeQBX�N�QRI�W=_�N{\`c�iGQRIMK�N{NUX�HJI�I�HJ\RTOIeQ`TOZ�^�\RK�NUTzKMHlQ`s=c|\R_�r�Q`WOIMHYT=j4NUTanaHY_�\RT=X�NUTaK�Q`sÊF.Q`_MX��
Äxg)_�NPI�NUK<Q`s��������k�k�o �IMK�Q`K�NPZ¼KMF.Q`K�KMFONU_�N®Q`_�N�KMF=_�NPN�QRZ�nRQ`TaK�Q`joNPI<\`cGWOIMHYT=j�N�¹=NU_Mjkg�HYT
KMFON�ã´d}Ä<�OEGFON-vO_�IMK�QRZ�nRQ`TaK�Q`joN�HJI�KMF.Q`K�N�¹�NU_Mjkg[Q`sYsJ\�i{I�KMFON�r�Q`sJrUW=slQ`KMHJ\RT \`c²KMFONU_MX�\`�
Z�g)T.Q`X�HJr��£N�¹�NU_MjoNUKMHJr¢ fN�É®rUHJNUTOrUgo��EGF=HJI}iLHYsYs�K�NUsYs�WOIfK�\<iLF.Q`KGN�¹�K�NUTzKGKMFONb^=_�\arPNPI�Ifr�Q`T
S�N}HYX�^=_�\�noNPZ���EGF=HJI²HYX�^=_�\¢noNUX�NUTzKfiLHYsYsOF.QPnoN{Q`T�HYX�X�NPZ�HlQ`K�N�HYX�^.QRrUK�\RT�KMFON{Q`X�\RW=TzK
\`c}_�NPI�\RW=_�rPNPI-WOI�NPZ1Q`TOZ¼i}QRI�K�NPI4Q`TOZ1\RKMFONU_�NUX�HJI�IMHJ\RTOI�joNUTONU_�Q`K�NPZ���EGFON�I�NPrP\RTOZ1QRZ)�
nkQ`TzK�Q`joN<\`cxN�¹=NU_Mjkgz�¶NUT=F.Q`TOrPNPZ ã�d}Ä�HJILKMFON�c�QRrUK{KMF.Q`K{HYKGc�QRrUHYsYHYK�Q`K�NPIbrP\RX�^.Q`_MHYT=j�noNU_Mg
Z�HwÙ�NU_�NUTzK}HYK�NUX�IfI�WOr�FºQRIfr�FONUX�HJr�Q`s�^=_�\aZ�WOrUK�I¢³zW=KMHYsYHYKMHJNPI}IMWOr�FDQRIeNUsJNPrUKM_MHJrUHYKpg�Q`TOZ�FON�Q`K�³
Q`TOZDiGQRIMK�Nk��EGFON-Q`W=KMFO\R_�I�Q`sJI�\6IMKM_�NPI�I�NPZ�KMF.Q`KLX�\RTONUK�Q`_MgºW=T=HYK�I{Q`_�N�X4WOr�F[sJNPI�ILI�Q`KMHJI��
c�QRrUK�\R_Mg�S�NPr�Q`WOI�Nb\RSanaHJ\RWOIMsYg®KMFONUg�iLHYsYsÊS�NbQ-cuW=TOrUKMHJ\RTD\`c�KMHYX�NBQ`TOZº\`ct\RKMFONU_}^�\RsYHYKMHJr�Q`s
c�QRrUK�\R_�IBKMF.Q`KbHYT�sJ\RT=jDK�NU_MXùQ`_�N<TO\RK-IMHYjkT=Hwv.r�Q`TzK���EGFON"KMF=HY_�Z�QRZ�nkQ`TzK�Q`joN6HJIbKMFON<^�\kI��
IMHYS=HYsYHYKpg[K�\®QRrPrP\RX�^=sYHJIMF goN�Q`_���K�\`��goN�Q`_�Q`WOZ�HYKMHYT=j®c£\R_{slQ`_MjoN�vO_MX�I�³=HYTOZ�WOIMKM_MHJNPI¢³.\R_�NUnoNUT
T.Q`KMHJ\RTOI��eEGFONBrUW=_M_�NUTaKbQ`^=^=_�\oQRr�F \`c´IMK�Q`TOZOQ`_�ZDã�d}Ä9HJIGF=HYjkF=sYg®W=TOI�Q`KMHJIMc|QRrUK�\R_Mgo³�iLHYKMF
Q4S=W=HYsYK���HYTDHYTOrP\RX�^�NUK�NUTOrPN�K�\"rP\RX�^.Q`_�NÓ2.\�i{IG\`c�Z�HwÙ�NU_�NUTzKGT.Q`KMW=_�Nk�²sYHY¯oN{µ�Q`^=^=sJNPI�·BQ`TOZ
µp\R_�Q`T=joNPI�·®�£Äxg)_�NPI{NUKbQ`s������k�k�o ����²¹�NU_MjkgD_�NUX�\�noNPI�KMF=HJI{HYX�^�\R_MK�Q`TzKBZ=N�v.rUHJNUTOrUgo�
Ú.Û6~ Ë�ÝpÕ Ï,ø-Ö�÷�ÒÃÖ�÷�Ò.×CÝp×
EGFON-KMFONPI�HJIbQ`HYX�I{K�\�_�NUHYT�c£\R_�rPN-HYTOZ�WOI�KM_MHlQ`s�NPrP\RsJ\Rjkg[SzgDKMFONP\R_�NUKMHJr�Q`s�HYT=^=W=K{c£_�\RXÜS�\RKMF
NUT=jkHYTONPNU_MHYT=j�KMFONU_MX�\)Z�g)T.Q`X�HJrPI{Q`TOZ�HY_M_�NUnoNU_�I�HYS=sJN�KMFONU_MX�\aZ�g)T.Q`X�HJrPI�Q`TOZºK�\"HYX�^=_�\�noN
KMFON�Q`^=^=sYHJr�Q`KMHJ\RT¨\`cGHYTOZ�WOIMKM_MHlQ`s�NPrP\RsJ\Rjkg c£\R_-KMFON�NUnkQ`sYW.Q`KMHJ\RT°\`cfKMFON6_�NPI�\RW=_�rPN�WOI�N6\`c
HYTOZ�WOIMKM_MHlQ`sGIMg�IMK�NUX�I��[EGFONºyzWONPI�KMHJ\RT¨KMF.Q`K"iLHYsYsfIM^�NPrUHwv.r�Q`sYsYg°S�N�QRZ=Z�_�NPI�I�NPZ¨HJI�����ìFz
ð�ékæªêvå�ïUì�þ0êMð�å'þaï�å éRæ�æ@è�ê�ékæ=ïY�PìCêcç�éoè£ç£ìRæ��våÀå�ë�éRí þ=ékè¹åWæ�� � çuæ�æCþaï�è�ê�ç|éRí#åMð�ìRíYìvý � � Et\
Q`TOIMi}NU_LKMF=HJIGyzWONPIMKMHJ\RT�³�KMFONBKMFONPIMHJIG^=_�\R^�\kI�NPI}K�\"HYTzKM_�\)Z�WOrPN-I�NUnoNU_�Q`s�HYTOZ�HJr�Q`K�\R_�I�³OI�\RX�N
\`cBKMFONUXô^=_�\R^�\kI�NPZÃSagÃ\RKMFONU_�I�³f\RTON[\`c�KMFONUXôTONUi��ÃEGFON[rP\RTOrPNU^=K�I�\`cbKMFONDI�NPrP\RTOZ
slQ�i0\`cfKMFONU_MX�\)Z�gaT.Q`X�HJrPI¢³�IMWOr�F¨QRI�N�¹=NU_MjkgM2.\¢i�³tN�¹=NU_Mjkg sJ\kI�I�Q`TOZ&�uX�HYT=HYX<W=X� -NUT��
KM_�\R^ag<^=_�\)Z�WOrUKMHJ\RT�³oiLHYsYs=S�N}WOI�NPZ"KMF=_�\RW=jkFO\RW=K�KMFONGKMFONPIMHJIxK�\BS=W=HYsJZ�Q`T�W=TOZ=NU_�IMK�Q`TOZ�HYT=j
\`cB_�NPI�\RW=_�rPNDWOI�N[Q`TOZÃKM_�Q`TOI�c£\R_MX®Q`KMHJ\RT»HYTÃHYTOZ�WOI�KM_MHlQ`s{IMg)I�K�NUX�I�³²HYT$joNUTONU_�Q`s�³}Q`TOZ$HYT
NUTONU_Mjkga��HYTzK�NUTOIMHYnoN<HYTOZ�WOIMKM_Mgo³=HYT[^.Q`_MKMHJrUW=slQ`_��



á�yv�ÒYÓã�r�� z ¤¸sx}!~[r�n¸s5r�n¸s�{Wz|{ ���
Ú.ÛP� � ó²ÖoÑ�Ý¶Î�Ò@Ï,ø-Ö�÷�ÒÃÖ�÷�ÒÊ×�Ýp×
Äb^.Q`_MK"cu_�\RX dfF.Q`^=K�NU_�I��[Q`TOZ»�VKMFONºKMFONPIMHJI�rP\RTOIMHJIMK�I�\`c�r�F.Q`^=K�NU_�I�iLF=HJr�FAQ`sYsGF.QPnoN
S�NPNUT�\R_�Q`_�N4Q`S�\RW=K{K�\6S�N�^=W=S=sYHJI�FONPZVI�NU^.Q`_�Q`K�NUsYgo�
� ���D��!�0� � ^=_�NPI�NUTzK�IBiLFzg�Q`TOZVFO\¢i�KMFON"I�NPrP\RTOZ slQPi+\`c�KMFONU_MX�\aZ�g)T.Q`X�HJrPI-IMFO\RW=sJZ
S�N<rP\RTOI�HJZ=NU_�NPZ¼HYT�HYTOZ�WOI�KM_MHlQ`s�NPrP\RsJ\Rjkgo�4�pK�Q`sJI�\ºHYTaKM_�\aZ�WOrPNPI-KMFON6r�QRI�N6IMKMWOZ�HJNPI�HYT¼KMFON
KMFONPIMHJI¢³bQ`TOZ3HYKDjkHYnoNPIDKMFON�I�K�Q`KMWOI[\`c4KMFON¼NUnRQ`sYW.Q`KMHJ\RTK�\)\RsJIºc£\R_D_�NPI�\RW=_�rPN�WOI�N1Q`TOZ
KM_�Q`TOI�c|\R_MX®Q`KMHJ\RT�HYT�HYTOZ�WOI�KM_MHlQ`stNPrP\RsJ\Rjkgo�
� ���D��!�0� � ^=_�NPI�NUTzK�I´KMFONeKMFONP\R_�NUKMHJr�Q`s�S.QRr�¯ajk_�\RW=TOZ6\`c.KMFONfKMFONPIMHJI��xq)NUnoNU_�Q`s�N�¹OQ`X�^=sJNPI
iLHYKMF[KMFON4Q`^=^=sYHJr�Q`KMHJ\RTOIB\`c²N�¹�NU_Mjkg[Q`T.Q`sYg)I�HJI�Q`TOZ�NUTzKM_�\R^ag[^=_�\aZ�WOrUKMHJ\RT X�HYT=HYX�HJI�Q`KMHJ\RT
Q`_�N�Q`sJI�\�^=_�NPI�NUTzK�NPZ��
� ���D��!�0� � r�Q`sJrUW=slQ`K�NPI�HYT&Z=NUK�Q`HYs{KMF=_�NPNVN�¹�NU_MjkgÃHYTOZ�HJr�Q`K�\R_�I�K�\1NUnkQ`sYW.Q`K�NDKMFON�IMWOI��
K�Q`HYT.Q`S=sJN�^�\�i}NU_L^=_�\aZ�WOrUKMHJ\RT[^.Q`KMFOIGHYTDK¶i}\�jzQRI��|vO_�NPZDrP\RX4S=HYTONPZVrUg)rUsJNB^�\�ifNU_L^=slQ`TaK�I
iLHYKMFVZ�HwÙ�NU_�NUTzK�Z=NUjk_�NPNPIB\`c�dL~

2
Q`S.Q`K�NUX�NUTaK-\R^=KMHJ\RTOI��fEGFON<I�Q`X�N-jzQRI�KMW=_MS=HYTON<rP\RX6�

S=HYTONPZÆrUg�rUsJNDK�NPr�F=TO\RsJ\Rjkg$HJI6WOI�NPZÃc|\R_6KMFOND^�\¢ifNU_�^=_�\)Z�WOrUKMHJ\RT&HYTÆS�\RKMFÆK¶if\°^�\¢ifNU_
^=slQ`TaK�I��fEGFON6dL~

2
NUX�HJI�IMHJ\RT�Q`S.Q`K�NUX�NUTzK-\R^=KMHJ\RTOIbQ`_�N4KMFON4I�NPyaWONPIMKM_�Q`KMHJ\RTV\`cfdL~

2
HYT

Q®Z=NU^=sJNUK�NPZVT.Q`KMW=_�Q`sxjzQRIb_�NPI�NU_Mno\RHY_�Q`TOZ KMFON�^=FO\RK�\kI�gaTaKMFONUKMHJr"rP\RTanoNU_�IMHJ\RT1\`c}dL~
2
K�\

S=HJ\RX®QRI�I{Q`TOZDKMFONUT[\`c´S=HJ\RX®QRI�ILK�\6IMg)TzKMFONUKMHJr�jzQRI�³OQ<^=HY^�NUsYHYTON��¶yzW.Q`sYHYKpgºX�NUKMF.Q`TON���_MHJr�F
jzQRI��
� ���D��!�0�¢Æ^=_�NPI�NUTzK�I6KMFONDN�¹�NU_Mjkg$Q`T.Q`sYg)I�HJI6Q`TOZ$sYHwc|NºrUg)rUsJNºHYTznoNUTaK�\R_MgÆ\`cBQ ^.Q`^�NU_
^=_�\)Z�WOrUKMHJ\RT¨Q`TOZ¼_�NPrUg)rUsYHYT=j�I�g)IMK�NUXùHYT°hB\R_Mi}Q�go�"EGF=_�NPN�^.Q`^�NU_-_�NPrUg�rUsYHYT=j�I�rPNUT.Q`_MHJ\kI
Q`_�NLrP\RTOIMHJZ=NU_�NPZ�HYT�_�NUslQ`KMHJ\RT�iLHYKMF�Q`T�HYTzK�NUjk_�Q`K�NPZ®^=W=sY^®Q`TOZ6^.Q`^�NU_²X�HYsYsOHYT�hB\R_Mi}Q�go��Ä
I�NUK²\`c�HYTOZ�HJr�Q`K�\R_�I�S.QRI�NPZ�\RT�S�\RKMF®N�¹=NU_Mjkg"Q`T.Q`sYg�IMHJIeQ`TOZ�sYHwc|NGrUg)rUsJN{HYTznoNUTzK�\R_Mg®Q`T.Q`sYg�IMHJI
HJIb^=_�\R^�\kI�NPZ K�\�S�N�WOI�NPZ�HYT vOTOZ�HYT=jºKMFON<S�NPIMKbiGQRIMK�NU^.Q`^�NU_B_�NPrUg�rUsYHYT=j[Z=NUjk_�NPN"HYT KMFON
X�HYsYs�rP\RTOIMHJZ=NU_�NPZ��
� ���D��!�0� ² IMFO\¢i{ILFO\�iK�\<c|\R_MX4W=slQ`K�Nk³Or�Q`sJrUW=slQ`K�N<Q`TOZ�X�HYT=HYX�HJI�N�KMFON�K�\RK�Q`s�NUTzKM_�\R^zg
^=_�\)Z�WOrUKMHJ\RT¼_�Q`K�N4HYT1Q�äeQ`sYX�NUKB^.Q`^�NU_BZ�_Mg)HYT=jDX®QRr�F=HYTONk��EGFON"HYX�^.QRrUK�IB\`cer�F.Q`T=jkHYT=j
KMFON�HYT=sJNUK{IMK�N�Q`XÅK�NUX�^�NU_�Q`KMW=_�NPI{HYT[KMFON-Z�_Mg)HYT=j�jk_�\RW=^OI{\`cxKMFON-Z�_MgaHYT=j�X®QRr�F=HYTONk³ÊQ`TOZ
\`c²r�F.Q`T=jkHYT=jDKMFON-HYT=sJNUK�Q`HY_�FzW=X�HJZ�HYKpg�HYT�KMFON<Z�_MgaHYT=j�X®QRr�F=HYTON"\RT�KMFON�K�\RK�Q`s´NUTzKM_�\R^zg
^=_�\)Z�WOrUKMHJ\RT�_�Q`K�N4Q`_�N�I�KMWOZ�HJNPZ��
� ���D��!�0�6±"^=_�NPI�NUTzK�I�Q�TONUi$HYTOZ�HJr�Q`K�\R_²KMF.Q`K�jkHYnoNPI�Q�_�N�Q`sYHJIMKMHJr}sYHYX�HYK´c£\R_´KMFONeHYX�^=_�\¢noN��
X�NUTaK�^�\RK�NUTzKMHlQ`s=\`cO_�NPI�\RW=_�rPNfWOI�N�^�NU_�c|\R_MX®Q`TOrPNf\`cÊQ`Tag�HYTOZ�HYnaHJZ�W.Q`s)^=_�\)rPNPI�ItW=T=HYK��´EGF=HJI
HYTOZ�HJr�Q`K�\R_�³�K�NU_MX�NPZ¼KMFON6^=_�\)rPNPI�I�X®Q`KMW=_MHYKpg HYTOZ�HJr�Q`K�\R_�³tHJI�WOI�NPZ�K�\[NUnRQ`sYW.Q`K�N6KMFON6Z�HJI��
K�Q`TOrPN}S�NUK¶ifNPNUT�KMFONLQRrUKMW.Q`sOQ`TOZ6\R^=KMHYX®Q`s=\R^�NU_�Q`KMHJ\RT�HYT"K�NU_MX�I²\`cÊNUTzKM_�\R^ag<^=_�\)Z�WOrUKMHJ\RT
c|\R_-KMFON6FON�Q`K4N�¹=r�F.Q`T=joNU_�I�³´r�FONUX�HJr�Q`sf_�N�QRrUK�\R_�I�³tZ�HJIMKMHYsYslQ`KMHJ\RTÃrP\RsYW=X�TOI�³�Q`TOZ@Qº^.Q`^�NU_



�k� m�n�oqpPrtsvuxá�y9U�¤�r�uq}�â�ã�ä�r�z�}!¤
Z�_Mg)HYT=j�X®QRr�F=HYTONk�
� ���D��!�0�E·6rP\RTOrUsYWOZ=NPIeKMFONLX®Q`HYT�vOTOZ�HYT=joIe\`c�KMFONLKMFONPIMHJIeQ`TOZ�jkHYnoNPIeI�\RX�N{Z�HY_�NPrUKMHJ\RTOI
c|\R_GcuW=KMW=_�N�_�NPI�N�Q`_�r�F[c|\R_{HYTOZ�WOIMKM_MHlQ`s�NPrP\RsJ\RjkgºHYT[KMFON4rP\RTzK�N�¹�K�IMK�Q`K�NPZVQ`S�\�noNk�
ØO\R_4TO\RK�Q`KMHJ\RTOI-_�NUsJNUnRQ`TaK4K�\[N�¹=NU_Mjkg�Q`T.Q`sYg�IMHJI-KMFON6KMFONPIMHJI-c£\RsYsJ\¢i{I-KMFON�_�NPrP\RX�X�NUTOZOQ��
KMHJ\RTOI<jkHYnoNUT¨Sag°EtI�Q`K�I�Q`_�\RT=HJI[�|�k�k�k�o ��[hB\RK�Q`KMHJ\RTOI4_�NUsJNUnkQ`TzK"K�\VNUTaKM_�\R^zg@^=_�\aZ�WOrUKMHJ\RT
X�HYT=HYX�HJI�Q`KMHJ\RTVX�NUKMFO\aZºc|\RsYsJ\�i8Z=N4�B_�\)\RK{Q`TOZ[Þ�Q`ßPW=_������k�`�a ��f~bKMFONU_�TO\RK�Q`KMHJ\RTOIGc£\Rsw�
sJ\¢i3KMFONB��mb±�Ä�dB½¾IG_�NPrP\RX�X�NUTOZ=NPZ[IMg)X4S�\RsJI��xEGFON�Q`S=S=_�NUn)HlQ`KMHJ\RTOI{Q`TOZºIMgaX<S�\RsJI}WOI�NPZ
HYT�KMF=HJI{KMFONPIMHJI�Q`_�N�Z=N�vOTONPZ[HYTVKMFON-hb\RX�NUTOrUslQ`KMW=_�Nk�



Õ Ö0%$7�2<�V� �

� þ §9¦�OÅ÷ � ý*� K J²þ J²þ Ù ó KM�¨¦�J²ª¬ÿ
§+«ýùÿxýlOÜ÷ � j � § §�� §�¦¢OÜ÷ õ §1�G� ýÂÙ

�q�1�)�\���'�K�����������7� a � �\�* ¡�7�+� �£¢�¤i¥ ���1�7�$¦.§7� a,b

a ¨ª©�«¬3®4¯b°±©�²³¯µ´3¶¸·0¹º©�°±»P¼4¯b®
½
b ¾ ²À¿ºÁº¼
¯�®�»P¬3ÂNÃ�Ä�´"ÂY´"Å3½ÇÆ�®
´"Å"®b¬.°:°±©È ´3®
É�©�Å"»P¬3²GÊª²º»6Ë"©�®
¼�»6¯J½Ç´3¶¸Ì|Ä�»Y©�²ºÄK©Í¬.²º¿?ÎÏ©�Ä(¹À²º´"ÂP´3Å3½È;ÐªÑ4Ò.Ó³Ô|Õ Î\®
´"²º¿º¹º©K»P°GÖ È ´"®
É0¬F½

×ÙØ�ÚÜÛNÝ�Ø�Þàß$á�â
ãiÚÜÛNÞKä�Þ�ß$ápâ
äµå%ã�æKçéè)Ø�Þàß$á�â
ãÏê$ëAì$ëAì7í�î	ï�â
ã�ðKñ�ò(ânó$â4ãpðàñôÞKÝ4ÝnæKõ�ï�á�ÚHï�ð�Þ�ï�äÞàï�Þ�öHñ$Û1ÚÜÛ+÷
ÚHïÇø.ù�úKû+ü�ý
ý�þµý1ÿ��������	�Jû�
����������ý��Hý������ë��)ã�Þ(á�á�â����! "��ë�#\ß.æ%$�õ& !'�ë�()��ÚHï�â�Þ�ï.ä+*-ë��Nâ4ãpç õ�ï�ä�Û�ð%,�ã�ä.-6â
ä�Û0/



�`� m�n�oqpPrtsvu0@�y¯`L¤¸svu�LFD21¸}�EL{�z ¤�z ¤¸â�ã�{�r�uWz o:�Ls�ä�}!��}(LFD43ÓX�n¸s6s�5�svu�LFD�ä�}!¤¸ä�s�pPr
¦ �����!���B��

Â°N-N�¹)^=slQ`HYT[FO\¢i8KMFON-N�¹=NU_Mjkg�rP\RTzK�NUTaKb\`c²Q"_�NPI�\RW=_�rPN-r�Q`T�S�NBr�Q`sJrUW=slQ`K�NPZ�iLHYKMF
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HYT�N�¹�NU_Mjkg[Q`T.Q`sYg�IMHJI��²EGFON�X�NUKMFO\)Z[\`Ù�NU_�IL\RTON�\`c´X®Q`Tzgºi}Q�g)I�K�\"\RS=K�Q`HYTVX�\R_�N
IMWOIMK�Q`HYT.Q`S=sJN"HYTOZ�WOIMKM_MHlQ`sx^=_�\)rPNPI�I�NPI��bÂ°N6IMW=jkjoNPIMKBKMF=_�NPN"N�¹=NU_Mjkga��S.QRI�NPZ�HYTOZ�HJr�Q��
K�\R_�I-KMF.Q`K�r�Q`T1S�N<WOI�NPZ¼K�\�Q`jkjk_�NUjzQ`K�N�N�¹�NU_Mjkg�r�Q`sJrUW=slQ`KMHJ\RTOI�³�Q`TOZ¼i}N�^=_�NPI�NUTaK
S�\RKMF�N�¹=Q`X�^=sJNPI�Q`TOZ�_�NPI�W=sYK�Ib\`c²KMFONUHY_-Q`^=^=sYHJr�Q`KMHJ\RTOIbHYT�NUsJNPrUKM_MHJrUHYK¶g�joNUTONU_�Q`KMHJ\RT
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_�\)\RX��x�fW=K�³ziLFONUT®HYK}rP\RX�NPIeK�\�Z=\RHYT=j<if\R_M¯�³zFON�Q`KfHJI{çuæ��!åcê�ç|ìCêBK�\4NUsJNPrUKM_MHJrbNUTONU_Mjkgo���¶T
N�Ù�NPrUK�³ONUsJNPrUKM_MHJrUHYK¶gVHJIGµ¶^=W=_�N�·-if\R_M¯��}Â°N-F.QPnoN4K�\�X4W=sYKMHY^=sYg

Q
SzgDKMFON�N�É®rUHJNUTOrUg�\`ceQ

dGQ`_MTO\RK�X®QRr�F=HYTON�HYT�\R_�Z=NU_fK�\�vOTOZ�KMFONLX®Q�¹�HYX4W=X'if\R_M¯6KMF.Q`Kfr�Q`T®S�NL\RS=K�Q`HYTONPZ�cu_�\RX

Q W '
a
b

p 1    T 1

1 2

p 2     T 2p 0   T 0
   Q 0

üeç ýCþ�êWåµ 3��ÿR�-&tñ�å�è�êMéRæ=ï�çuè£ç|ìRæ1ì��6ç�ékè¹åcê�ç£ékí¡ïq�cê�ìCçÜï�è�ékè¹å^ÿ±�pékè
p1 7 T1

#�è�ìÍ t��ékè
p2 7

T2
#^êvåJ�qþ)ç�êWå�ï"çÝæ$��þ)è}ì���ñ�åMéoè0�

Q
#®éRæ�æ zeìCê
�-�

W ′ # 7 �¡êMìCçÁèuñ�å�ïcþ0êcê�ì�þaæ�ækçÝæ0ýRï �pékè
p0 7

T0
#��;&tñ�å�ñ�å�ékè�æ<å�íîçÝë�åqêWåWæ�è�ì®èuñ�å�ïcþ0êcê�ì�þaæ�ækçÝæ0ýRï�çlï

Q0
�



�k� m�n�oqpPrtsvu0@�y¯`L¤¸svu�LFD21¸}�EL{�z ¤�z ¤¸â�ã�{�r�uWz o:�Ls�ä�}!��}(LFD43ÓX�n¸s6s�5�svu�LFD�ä�}!¤¸ä�s�pPr
KMFON�FON�Q`K<I�\RW=_�rPNk�®�pT1^=_�QRrUKMHJrPNk³´KMFON�\RS=K�Q`HYT.Q`S=sJN�i}\R_M¯�HJI<Q`sYi}QPg�I"IMX®Q`sYsJNU_�KMF.Q`T°KMFON
i}\R_M¯1cu_�\RXôQ¼dGQ`_MTO\RK<X®QRr�F=HYTONDS�NPr�Q`WOI�Nk³²Q`X�\RT=j¼KMFONº\RKMFONU_<_�N�QRI�\RTOI¢³xKMFONDdGQ`_MTO\RK
N�É®rUHJNUTOrUgDHJILKMFON-sYHYX�HYKMHYT=j�r�QRI�N�\`cxß�NU_�\�^�\¢ifNU_{^=_�\)Z�WOrUKMHJ\RT��
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^=_�\)Z�WOrUK�I²Q�cuK�NU_´WOI�N�Sag4I�\)rUHJNUK¶go�´�¶T�Q`T"HJZ=N�Q`s)IMHYKMW.Q`KMHJ\RT�³Ri}Nfr�Q`T"S=_MHYT=j�KMFONPI�N�^=_�\)Z�WOrUK�I
S.QRr�¯ºK�\�KMFONUHY_{_�N�QRrUK�Q`TzK�IMK�Q`K�Nk��ÄbTVN�¹=NU_MjkgºIMW=^=^=sYgDHJILWOI�W.Q`sYsYgºTONPNPZ=NPZVK�\6X®Q`¯oN�KMF=HJI
^=_�\)rPNPI�I6F.Q`^=^�NUT��Ã�pTÆIMWOr�F»Q�IMHYKMW.Q`KMHJ\RT�³fHYTOZ�WOIMKM_MHlQ`s{^=_�\)rPNPI�I�NPI�r�Q`TÆS�NDI�Q`HJZÃK�\¼S�N
ç�ìCêvå{ï¡þaï�è�éRçuæÊé���í|å�KMF.Q`T�HYT�KMFONLIMHYKMW.Q`KMHJ\RT�iLFONUT®KMFONG^=_�\aZ�WOrUK�I}Q`_�NLZ�HJIM^�\kI�NPZ6HYTzK�\-KMFON
NUTanaHY_�\RT=X�NUTaK}Q�c£K�NU_²WOI�Nk�xEGFONLN�¹�NU_Mjkg6IMW=^=^=sYg6r�Q`T�S�NGK�NU_MX�NPZ�KMFONLN�¹=NU_Mjkg"TONPNPZ=NPZ6c£\R_
Q`S.Q`K�NUX�NUTaK�³

Ein,abatement
³ÊQ`TOZ�HYK�r�Q`T S�N-K�Q`¯oNUT¼QRI�KMFON4N�¹�NU_Mjkg[K�\�X®Q`¯oN"Q�rPNU_MK�Q`HYT

^=_�\)rPNPI�I{X�\R_�N<IMWOIMK�Q`HYT.Q`S=sJN4Szg�Q`S.Q`K�NUX�NUTzK��LÚB\�i}NUnoNU_�³ÊKMFON�^�\kI�I�HYS=sJN-sJ\kI�I�\`c²T.Q`KMW=_�Q`s
r�Q`^=HYK�Q`s�HYT�KMFONLc|\R_MX'\`c�N�¹�F.Q`WOIMKMHYS=sJNb_�NPI�\RW=_�rPNPIfI�FO\RW=sJZ�S�NLK�Q`¯oNUT®HYTaK�\"QRrPrP\RW=TaKfiLFONUT
r�Q`sJrUW=slQ`KMHYT=j�KMFON�N�¹�NU_MjkgºTONPNPZ=NPZDc|\R_bQ`S.Q`K�NUX�NUTzK��
ÄbTO\RKMFONU_[^�\RHYTaKDK�\@S�N K�Q`¯oNUTHYTzK�\&QRrPrP\RW=TzK[HJIºKMFON¼N�¹=NU_MjkgAN�É®rUHJNUTOrUg3HYT3KMFON�WOI�N



@�yQd1`:5*svu�LFD'o:¤�o:�HD�{vz|{8}!¤'o:¤«oàL$L�uqsJL�o�rts�â
��s�î�sv�e3(`:5�svu�LFD&fW��o�{qs�â�z ¤¸â�z�äco�rt}!uv{ ¤k�
\`c�KMFON[_�NUTONUi}Q`S=sJN�Q`TOZÆTO\RT���_�NUTONUi}Q`S=sJN�_�NPI�\RW=_�rPNPI¢³

Eout
rP\RX�^.Q`_�NPZ&K�\

Ein
�&EGFON

rUsJ\kI�NU_-KMFON�K¶if\ nkQ`sYWONPI4Q`_�Nk³�KMFON�sJ\RT=joNU_<ifN�r�Q`T¨¯oNPNU^¨KMFON�N�¹=NU_Mjkg�\`cG_�NPI�\RW=_�rPNPI�c£\R_
KMFON�c£W=KMW=_�Nk�¿Ø=W=_MKMFONU_MX�\R_�Nk³�HYK[HJIDTO\RK Q`_MS=HYKM_�Q`_MHYsYg3iLF=HJr�F8_�NPI�\RW=_�rPNk³

Ein
³bifN¼WOI�N

HYT3\RW=_®^=_�\)Z�WOrUKMHJ\RTQ`TOZ3Q`S.Q`K�NUX�NUTzK[^=_�\)rPNPI�I�NPI���q)\RX�N _�NPI�\RW=_�rPNPI[Q`_�N�_�NUTONUiGQ`S=sJN
iLHYKMF[\R_GiLHYKMFO\RW=K{IMX®Q`sYs�Q`S.Q`K�NUX�NUTzK�N�¹=NU_Mjkg�TONPNPZ=I�³=I�\RX�N�Q`_�N�rP\RT=TONPrUK�NPZDiLHYKMF[slQ`_MjoN
Q`S.Q`K�NUX�NUTaK�N�¹=NU_Mjkg[_�NPyaW=HY_�NUX�NUTzK�I��bÂ°N4^=_�NPI�NUTzK�KMFON4N�¹=NU_Mjkgz��S.QRI�NPZVHYTOZ�HJr�Q`K�\R_�I�KMF.Q`K
yaW.Q`TzKMHwc£g�KMFONPI�N�c|QRrUK�\R_�I{S�NUsJ\¢i��
OPÛhg =98 ÒFïoÔ.ðQà�Î(à�Ñ¥ð�×CÝ¶× ÏtÎíà�ÎÇà�Ô�Ô�ïoÒOÔ,à�ÖkÒ.Ó�Ñ¶Ò�ÞtÒ.Ñ�õ =98 ÒFïoÔ.ð�ùqû�à�×`Ò.Ó ÝpÎPù

Ó�Ý¶Ì�à�ÖkÏ,ïz×
�x¹=NU_Mjkga��S.QRI�NPZ"HYTOZ�HJr�Q`K�\R_�I²ifNU_�NGHYTaKM_�\aZ�WOrPNPZ�Sag<]�NUiLW=swc�NUKeQ`s��=�|�k�k�k�o �K�\-QRZ=Z�_�NPI�IxKMFON
^�\RHYTzK�IBHYT°q)NPrUKMHJ\RT1��� ��\RT1Q`T¼Q`jkjk_�NUjzQ`K�NPZ¼sJNUnoNUs���EGFON6Q`W=KMFO\R_�I�X®QRZ=N"Q�Z�HJIMKMHYTOrUKMHJ\RT
S�NUK¶i}NPNUTºN�¹=NU_Mjkg�I�\RW=_�rPNPI�KMF.Q`KfifNU_�N{_�NUTONUiGQ`S=sJN�iLHYKMFO\RW=K}FzW=X®Q`Tºif\R_M¯�³aQ`TOZ�I�\RW=_�rPNPI
KMF.Q`K}ifNU_�NBTO\RT���_�NUTONUi}Q`S=sJNk�fEGFONUg®Z=N�vOTONPZºKMFONB_�NUTONUi}Q`S=HYsYHYK¶g�c£_�QRrUKMHJ\RTD\`c�KMFONBN�¹=NU_Mjkg
HYT=^=W=K�I��

α =
Ein,renewable

Ein

�|���¡�k 

ÚBNU_�Nk³
Ein,renewable

HJILKMFON�IMW=XÀ\`c²Q`sYstN�¹=NU_MjkgDIMW=^=^=sYHJNPZ[c£_�\RXÅ_�NUTONUi}Q`S=sJN<_�NPI�\RW=_�rPNPI��
�b\RW=K�N

B
HYT��²¹=Q`X�^=sJNº�<Q`S�\�noN<F.QRI

α
TON�Q`_�\RTON�e�Q`TOZ Q�nRQ`sYWON"\`c�\RTON4FONUsY^OIBZ=N�vOTON

Q`T[HJZ=N�Q`s�^=_�\)rPNPI�I��
EGFON-N�¹=NU_Mjkg[N�É®rUHJNUTOrUg1�

ε
 fi}QRI�Z=N�vOTONPZ QRI4�£I�NPN���y������k�¡�k �³ÊdfF.Q`^=K�NU_"�¢ ��

ε =
Eout

Ein
=
Ein − T

0
(dS/dt)irr∆t

Ein

�|��� �o 

EGFON"nkQ`sYWON�\`c}\RTON6_�NU^=_�NPI�NUTaK�I4Q�_�NUnoNU_�IMHYS=sJN�^=_�\)rPNPI�I�KMF.Q`K�F.QRI4Q�ß�NU_�\[NUTzKM_�\R^zg¼^=_�\`�
Z�WOrUKMHJ\RT¼_�Q`K�N[�

(dS/dt)irr
R'�o ��-EGF=HJIB^=_�\)rPNPI�IB_�NPyzW=HY_�NPI�HYT�vOT=HYK�N�Q`X�\RW=TaK�I�\`ceKMHYX�N

Q`TOZ�/`\R_�Q`_�N�Q��²Â°N�¯)TO\�iKMF.Q`K�KMFON�sYHYX�HYK��Bc£\R_
ε
HJIGW=T=_�N�Q`sYHJIMKMHJr�S�NPr�Q`WOI�N�i}N-Z=NUX®Q`TOZ

^=_�\)Z�WOrUK�I®\R_®I�NU_MnaHJrPNPI®HYTAQ�vOT=HYK�N�KMHYX�Nk�ÈEGFON[HYTOZ�HJr�Q`K�\R_
ε
HYTOZ�HJr�Q`K�NPI®FO\�iÀc|Q`_�i}N

Q`_�N®cu_�\RXC_�NUnoNU_�IMHYS=sJND\R^�NU_�Q`KMHJ\RT���EGFON[Q`SOI�\RsYW=K�NºnkQ`sYWONPI<\`c
Eout

Q`TOZ
Ein

Q`_�NºIMKMHYsYs
HYX�^�\R_MK�Q`TzK���Ä¿_�NUslQ`KMHYnoNUsYg¨IMX®Q`sYsGr�F.Q`T=joN�HYT

ε
³�H��¾Nk�Y³xHYT$Q�Z�HJIMKMHYsYslQ`KMHJ\RT$^=_�\)rPNPI�I�³xr�Q`T

IMKMHYsYs�X�N�Q`TVKMF.Q`KbQ"sJ\RK�\`c²N�¹�NU_MjkgDr�Q`T�S�N-I�QPnoNPZ���E´Q`S=sJN<��� ��^�\RHYTzK�NPZ \RW=KLKMF=HJILc�QRrUK��
EGFONGKMF=HY_�Z�HYTOZ�HJr�Q`K�\R_f^=_�\R^�\kI�NPZ�Szg6]�NUiLW=swc�NUKeQ`s��Ê�|�k�k�k�o ´HJI�NUTzn)HY_�\RT=X�NUTzK�Q`s�rP\RX�^.Q`K��
HYS=HYsYHYKpg¼�

ζ
 ��²�pKGHJIGKMFON-yzWO\RKMHJNUTaK�\`c�KMFON-N�¹=NU_MjkgºHYT=^=W=K�IGc£\R_GKMFON�^=_�\)Z�WOrUKMHJ\RT�^=_�\)rPNPI�I�NPI

�
Ein
 �Q`TOZ¼KMFON�IMW=X \`c{Q`sYs�N�¹�NU_Mjkg�HYT=^=W=K�I-TONPrPNPI�I�Q`_Mg K�\VQ`S.Q`K�N6KMFON®NUX�HJI�IMHJ\RTOI4Q`TOZ

^=_�\)Z�WOrUK�I-Q`KbKMFON"NUTOZ \`cfKMFONUHY_BsYHwc|N��
Ein,abatement

 {^=sYWOIBKMFON<N�¹=NU_Mjkg�HYT=^=W=K�Ibc|\R_bKMFON



¤k� m�n�oqpPrtsvu0@�y¯`L¤¸svu�LFD21¸}�EL{�z ¤�z ¤¸â�ã�{�r�uWz o:�Ls�ä�}!��}(LFD43ÓX�n¸s6s�5�svu�LFD�ä�}!¤¸ä�s�pPr
^=_�\)Z�WOrUKMHJ\RTV^=_�\)rPNPI�I�NPI��

Ein
 ��

ζ =
Ein

Ein +Ein, abatement

�|��� �o 
��yaW.Q`KMHJ\RT1�|��� �o �r�Q`TºIMFO\�i3WOI�iLFONUKMFONU_L\R_eTO\RKf^=_�\aZ�WOrUK�IGQ`TOZ�^=_�\aZ�WOrUKMHJ\RTDNUX�HJI�IMHJ\RTOI
TONPNPZ�Q"slQ`_MjoN-N�¹=NU_Mjkg�HYT=^=W=KGc|\R_LKMFONUHY_�Q`S.Q`K�NUX�NUTzKbK�\6X®Q`¯oN�KMFONUXÅF.Q`_MX�sJNPI�ILHYT�rP\RX6�
^.Q`_MHJI�\RT¼iLHYKMF�KMFON6N�¹�NU_Mjkg�HYT=^=W=Kbc|\R_bKMFON"^=_�\)Z�WOrUKMHJ\RT¼\`c�^=_�\)Z�WOrUK�I���Ú�Q`_MX�sJNPI�I�Z=\aNPI
TO\RK<X�N�Q`T@KMF.Q`K<KMFONUHY_"N�¹=NU_Mjkg°rP\RTzK�NUTaK"HJI4ß�NU_�\=³´HYK<\RT=sYg°IMK�Q`K�NPI<KMF.Q`K�³�c£\R_"N�¹=Q`X�^=sJNk³
KMFONU_�NDHJI�TO\°QRrPrUW=X<W=slQ`KMHJ\RTA\`c�r�Q`_MS�\RT»Z�HJ\�¹)HJZ=Nºc£_�\RX c|\kI�IMHYsLI�\RW=_�rPNPI�HYTÆKMFON�Q`KMX�\`�
IM^=FONU_�Nk³eS�NPr�Q`WOI�N�HYK6HJI"c|\R_6HYTOIMK�Q`TOrPN[I�NPyaWONPIMKM_�Q`K�NPZÃHYTzK�\°Q�Z=NU^=sJNUK�NPZÆjzQRI6_�NPI�NU_Mno\RHY_��
E´Q`¯oN�Q`jzQ`HYTÆKMFONºN�¹OQ`X�^=sJN[\`cbT.Q`KMW=_�Q`sLjzQRI��£\R_6X�NUKMF.Q`TON¢ <c|\R_�NUsJNPrUKM_MHJrD^�\¢ifNU_�^=_�\`�
Z�WOrUKMHJ\RT,e�r�Q`_MS�\RT�Z�HJ\P¹�HJZ=N4HJIbQ�^=_�\)Z�WOrUKb\`c²T.Q`KMW=_�Q`stjzQRIB\P¹�HJZOQ`KMHJ\RTViLHYKMF¼Q`HY_��}�pT�KMFON
IMHYX�^=sJNPI�K"_�NUjkHYX�Nº^�\kI�IMHYS=sJNº\RTONºX®QPg@rP\RTOI�HJZ=NU_®Q`T$Q`S.Q`K�NUX�NUTaK�^=_�\arPNPI�I4c|\R_6r�Q`_MS�\RT
Z�HJ\�¹)HJZ=N-\RT=sYgo�fqaHYTOrPN�KMFONB^=_�\)Z�WOrUK4�uH��¾Nk��NUsJNPrUKM_MHJrUHYK¶gO GZ=\)NPI}TO\RKLTONPNPZ�Q`S.Q`K�NUX�NUTzK�³=KMFON
NUTanaHY_�\RT=X�NUTaK�Q`s´rP\RX�^.Q`KMHYS=HYsYHYKpg�HYTOZ�HJr�Q`K�\R_{HJI{r�Q`sJrUW=slQ`K�NPZ�QRI��

ζc =
Ein

Ein +Ein,abatement of CO2

�|���Y���o 
ÄbT®N�¹�KM_�NUX�N�Q`S.Q`K�NUX�NUTzK}X®QPg�S�NGK�\�rUsJ\kI�NLKMFON�X®Q`K�NU_MHlQ`sÊrUg�rUsJNLHYT�Q-I�g)IMK�NUX��²dfsJ\kIMHYT=j
KMFON<X®Q`K�NU_MHlQ`s�rUg)rUsJN"r�Q`T�S�N"I�NPNUT1QRIB\RTON"IMKM_�Q`K�NUjkgVc£\R_b_�NUKMW=_MT=HYT=j[KMFON�vOT.Q`s²IMK�Q`K�N"\`c
^=_�\)Z�WOrUK�IbQ`TOZ NUX�HJI�IMHJ\RTOI{HYT�Q�IMg�IMK�NUXÜK�\�HYK�I�^=_�NUnaHJ\RWOIbIMK�Q`K�Nk�fEGF=HJIbIMKM_�Q`K�NUjkg[HJILTO\RK
TONPrPNPI�I�Q`_Mg¨KMFON�S�NPIMK�\RTONºHwc�KMFONº^=_�NUn)HJ\RWOI"I�K�Q`K�N�HJI6Z=N�vOTONPZ$HYT$X®QRrU_�\kI�rP\R^=HJrºK�NU_MX�I
iLHYKMFO\RW=KBK�Q`¯aHYT=jºHYTzK�\DQRrPrP\RW=TzK�KMFON<N�¹�NU_Mjkg�Z=NU^=sJNUKMHJ\RT¼\`ceN�¹)F.Q`WOI�KMHYS=sJN4_�NPI�\RW=_�rPNPI¢�{�¶T
KMF=HJI�rP\RTzK�N�¹�K�³LKMFON�IMHYT=¯a�¶IM^�NPrUHwv.r�Z=N�vOT=HYKMHJ\RT3\`c-KMFONV_�N�c£NU_�NUTOrPN IMK�Q`K�NPI�^=_�\R^�\kI�NPZ&Sag
Äxg)_�NPIfQ`TOZ�Þ¼QRIMHYT=Ht�|�k�k�`�a �³�QRI�Z�HJI�rUWOI�I�NPZ�HYTºq)NPrUKMHJ\RT �k� ��³zX®QPg6S�NLX�\R_�N�Q`^=^=_�\R^=_MHlQ`K�N
KMF.Q`T�KMFON-µpI�K�Q`TOZOQ`_�Z)·4_�N�c£NU_�NUTOrPN"IMK�Q`K�NPIB^=_�\R^�\kI�NPZVSag qaß¢Q`_MjkW=K-NUK�Q`s��´�����k�k�o ��bÚB\�iG�
NUnoNU_�³�c|\R_{KMFON-^=W=_M^�\kI�N-\`c²NPIMKMHYX®Q`KMHYT=j®KMFON4N�¹�NU_MjkgºHYTOZ�HJr�Q`K�\R_�I�HYT¼dfF.Q`^=K�NU_�Ib¤�Q`TOZ[�O³
KMFON4Q`^=^=_�\oQRr�FVjkHYnoNUT�SagVqaß¢Q`_MjkW=K�NUKbQ`s��������k�k�o }iLHYsYs�S�N�WOI�NPZ��
�pT KMFON4c|\RsYsJ\�iLHYT=jO³�K¶i}\�Q`^=^=sYHJr�Q`KMHJ\RTOI-\`ceKMFON"N�¹�NU_Mjkg�HYTOZ�HJr�Q`K�\R_�I�Q`_�N"^=_�NPI�NUTaK�NPZ��-E�Q��
S=sJN{��� ��jkHYnoNPIeN�¹=Q`X�^=sJNPI�\`c�K¶i}\�jzQRI��|vO_�NPZ®rP\RX4S=HYTONPZ�rUg�rUsJNL^�\�ifNU_e^=slQ`TzK�Ib�ßaÊno\RsYHYTOI�r�F=H
NUKbQ`s��Ê�k�k�k�`SÊ LQ`TOZ[K¶i}\�Fag)Z�_�\RjoNUT���S.QRI�NPZVc£WONUsw�¶rPNUsYstr�Q`_�I<�£hBNPNUsYHJI{NUKbQ`s��.�k�k�k�o �³OiLF=HJr�F
i}NU_�N4QRI�I�NPI�I�NPZDSzgDKMFON�KMF=_�NPN�N�¹=NU_Mjkgz��S.QRI�NPZ�HYTOZ�HJr�Q`K�\R_�I��
EGFON"IMKMWOZ�g[SzgÀaÊno\RsYHYTOI�r�F=H²NUKBQ`s��x�|�k�k�k�`SÊ bQ`T.Q`sYg)I�NPZ K¶i}\ºjzQRI��|vO_�NPZ rP\RX<S=HYTONPZ1rUg)rUsJN
^�\�i}NU_®^=slQ`TzK�I¢³{Q1IMK�Q`TOZOQ`_�Z&^�\�i}NU_�^=slQ`TaK�³GiLF=HJr�F3rP\RX4S=WOIMK�IºZ�HY_�NPrUKMsYgÆT.Q`KMW=_�Q`s�jzQRI
HYT@QºjzQRI�KMW=_MS=HYTONk³´Q`TOZ¨Q[TONUi?^=_�\R^�\kI�Q`seKMF.Q`K-vO_�IMK4rP\RTanoNU_MK�I�KMFON�T.Q`KMW=_�Q`s�jzQRI4HYTzK�\
Fag)Z�_�\RjoNUT$Q`TOZ¼KMFONUT¨rP\RX4S=WOIMK�I4KMFON�Fzg�Z�_�\RjoNUT¨HYT¨QºjzQRI�KMW=_MS=HYTONk�®EGFON®dL~

2
NUX�HJI��

IMHJ\RTOIfNUX�NU_MjoNPZ�c£_�\RX�KMFON{^�\�i}NU_e^=slQ`TaK�Iei}NU_�N�IMW=SOI�NPyaWONUTzKMsYg®Q`S.Q`K�NPZ®Szg6X�N�Q`TOI}\`c�Q`T
Q`X�HYTONDQ`SOI�\R_M^=KMHJ\RTÃ^=_�\arPNPI�I¢³´Q�^=FO\RK�\kIMgaTaKMFONUKMHJr�rP\RTanoNU_�IMHJ\RTÆ\`cbdL~

2
HYTzK�\VS=HJ\RX®QRI�I�³



@�yji V*r�uqsv¤"L�r�nF{6o:¤¸â"� zyIEzßr¹o�r�z�}!¤F{�}!~�s�5*svu�LFDMo:¤�o:�HDF{Wz|{ ¤o�
Q`TOZ¨QVQ`T.QRNU_�\RS=HJr�jzQRIMHwv.r�Q`KMHJ\RTÃ\`cGS=HJ\RX®QRI�I�HYTzK�\VX�NUKMF.Q`TONk��EGFON®nRQ`sYWONPI<\`c}KMFON®N�¹a�
NU_Mjkg�HYTOZ�HJr�Q`K�\R_�I��ÝvO_�I�Kb_�\¢i�HYT1E´Q`S=sJN6��� �o bIMFO\¢i+TO\ºQ�rUsJN�Q`_�iLHYT=TONU_��-EGFONU_�N�c£\R_�Nk³�HYT
KMF=HJIGr�QRI�Nk³)KMFONBHYTOZ�HJr�Q`K�\R_�I{r�Q`T=TO\RKGjkHYnoNBWOIfKMFONBHYT�c|\R_MX®Q`KMHJ\RT�I�\<KMF.Q`KG\RTON�r�Q`T[Z=NPrUHJZ=N
iLF=HJr�F�^�\¢ifNU_b^=slQ`TzK�IMFO\RW=sJZ�S�N-rP\RTOIMKM_MWOrUK�NPZ��
&Êé���í|åµ 3��kk�8iqS0åcê�ý � HJ�Mé`ï!åWæ[çuæ�æRç|ð�ékè�ìCê�ï��

α 7 ε éRæ�æ
ζc
#��UìCê�è�zeìºð�é`ï!å4ï�è�þ�æRçßå�ï(�

è¸åvå<è¹åJSkè|�Uì�êxåJS
�ÊíYéRæÊékè£ç|ìRæ=ï��
dGQRI�N�I�KMWOZ�HJNPI�Q`TOZ[^=_�\)rPNPI�I�NPILK�\6S�N-rP\RX�^.Q`_�NPZ
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# 7þzï!åP�cþaí�ånS<åcê¥ý � ìCþ)èv�*þ)è0�

Eout
# 7 åJS<åcê¥ý � çuæF��þ�è �PìCê�gGF
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Rù��� �k�k�

�£±²slQ`TaK[Ä� ®Q`TOZ
α

R ��� �k�k�3�£±²slQ`TaKº�{ ��}EGFON�TzW=X<S�NU_�Iº_�N�c|NU_�K�\¨KMFONV\R^�NU_�Q`KMHJ\RT.Q`s
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Q`sYK�NU_MT.Q`KMHYnoNPI"K�\�S�N®rP\RX�^.Q`_�NPZ@HJI<TO\�i0HYTÃ^=slQRrPNk�[Â°N®F.QPnoNºr�FO\kI�NUTÆQRI�S.QRI�N�r�QRI�NPI�³
^=slQ`TaK�I<iLF=HJr�F$Q`sY_�N�QRZ�g¨F.QPnoNDQ�rPNU_MK�Q`HYT$Z=NUjk_�NPNº\`cbdL~

2
Q`S.Q`K�NUX�NUTzK�³²H��¾Nk�VHYT¨K�NU_MX�I

\`cfQ`X�HYTON�Q`SOI�\R_M^=KMHJ\RT¼^=_�\)rPNPI�I�NPI��BEGFON<N�¹=NU_MjkgVN�É®rUHJNUTOrUg�\`cf±²slQ`TzK-Ä0Q`TOZ�±²slQ`TaK��



�k� m�n�oqpPrtsvuµu0y�`:5*svu�LFD�{!ã�{�r¹o:z ¤�o���z � zßrÜDMz ¤¸â�z�äco�rt}!uv{
iLHYKMFO\RW=K�KMFON6Q`X�HYTON6Q`SOI�\R_M^=KMHJ\RT�^=_�\)rPNPI�I�NPIbifNU_�N���� �k�ºQ`TOZ���� �a�)³�_�NPIM^�NPrUKMHYnoNUsYg@�uTO\RK
IMFO\¢iLT HYT¼E�Q`S=sJN6¤�� ¤o ��{Â3HYKMFO\RW=KBKMFON"Q`X�HYTON6Q`SOI�\R_M^=KMHJ\RT�^=_�\arPNPI�I�NPI�³.KMFON<NUTOZ)�¶IMK�Q`K�NPI
\`c.±²slQ`TaK�I²Ä&Q`TOZ<�@Q`_�NfZ�HwÙ�NU_�NUTzK�³kFO\¢ifNUnoNU_�³kX�N�Q`T=HYT=j�KMF.Q`K´KMFONPI�N}IMg)I�K�NUX�I�r�Q`T=TO\RK´S�N
rP\RX�^.Q`_�NPZVHYT Q<c|Q`HY_�i}QPgo�eÂ°N�rP\RX�^.Q`_�NPZ�KMFON�^=slQ`TaK�Ib\RT�Q<c|Q`HY_LS.QRIMHJI¢³=TONUnoNU_MKMFONUsJNPI�I�³
±²slQ`TaK-Ä+HJIbIMKMHYsYs�S�NPI�K�³Oc£_�\RX¬Q`T¼N�¹�NU_Mjkg�N�É®rUHJNUTOrUgV^�\RHYTaKB\`c�n)HJNUi���EGF=HJI�rP\RTOrUsYWOIMHJ\RT
iLHYsYs�TO\RKBr�F.Q`T=joN4Hwcxi}N�rP\RX4S=HYTON<KMFON-^=slQ`TaK�I�iLHYKMF1~b^=KMHJ\RT ]^e=KMFON�N�¹=NU_Mjkg[N�É®rUHJNUTOrUg
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 �Z=\)NPI"TO\RK<jkHYnoN[Q`TzgÃQ`_MjkW=X�NUTzK�K�\
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iLHYKMF�~b^=KMHJ\RTOI�d3\R_�]6�
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rP\RX<S=HYTONPZºrUg�rUsJN{^�\�i}NU_G^=slQ`TzK�³)iLHYKMF�HYK�IfN�¹)KM_�Q<NPyaW=HY^=X�NUTzK�³)KMFONBQRI�IMW=X�^=KMHJ\RT®X®Q�g�S�N
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N�É®rUHJNUTOrUg�HYTOZ�HJr�Q`K�\R_�I-jzQPnoN6KMFON"X�NPI�I�Q`joN<KMF.Q`K-±²slQ`TaK�Ä�iLHYKMFO\RW=K�N�¹�KM_�QDQ`S.Q`K�NUX�NUTzK
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���c<~b^=KMHJ\RT8d¿HJI®I�NUsJNPrUK�NPZ�³LKMF=HJI®F.QRI�KMFONVZ�_�Q�iLS.QRr�¯�I
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Q`_�N�QÃHJI[TONPNPZ=NPZ�³-Q`TOZÈKMFONU_�N¼HJI�I�KMHYsYsBHYTOrP\RX�^=sJNUK�NÃQ`S.Q`K�NUX�NUTzKV\`c�NUX�HJI�IMHJ\RTOI¢�'EGFON
yaWONPIMKMHJ\RT°KMF.Q`K"NUX�NU_MjoNPI-c£_�\RX KMF=HJI4Z�HJI�rUWOI�IMHJ\RT�³tHJI�iLFONUKMFONU_4HYK�KMFONUT@^.QPg�I�K�\VQ`S.Q`K�N
SagºI�NPyaWONPIMKM_�Q`KMHJ\RT¨��~b^=KMHJ\RT�]� }\R_GSzg[Q`T[X�\RTO\`�¶NUKMF.Q`TO\Rs�Q`X�HYTON4Q`SOI�\R_M^=KMHJ\RT[^=_�\)rPNPI�I
Q`sJ\RTONk�EGFON Z�HwÙ�NU_�NUTOrPN HYTANUTanaHY_�\RT=X�NUTaK�Q`s�rP\RX�^.Q`KMHYS=HYsYHYKpg»S�NUK¶i}NPNUT3±²slQ`TaKºÄ Q`TOZ
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KM_�QRZ=N��¶\`Ù²�eqaWOr�F�Q4KM_�QRZ=N��¶\`Ù�IMHYKMW.Q`KMHJ\RTºX®QPg�S�NbrP\RX�X�\RT�c|\R_GIMHYKMW.Q`KMHJ\RTOI}iLFONUT�c|\kI�IMHYs
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HYTOZ�HJr�Q`K�\R_�I�r�Q`T¼\`Ù�NU_-Q®yaW.Q`TzKMHYK�Q`KMHYnoN"S.QRIMHJIbc|\R_BQ`T.Q`sYg�IMHJIB\`cejzQ`HYTOIBQ`TOZ sJ\kI�I�NPI¢��EGF=HJI
HYT=^=W=K{X®Q�gDS�N�WOI�N�c£W=s�c|\R_{^�\RsYHYKMHJrUHlQ`TOI�HYT�KMFONUHY_{i}NUHYjkFzK�NPZ�Z=NPrUHJIMHJ\RT�³=S=W=KbQ`sJI�\�c£\R_LKMFON
jo\¢noNU_MT=X�NUTzK�Q`sxI�NPrUK�\R_{HYT[KMFONUHY_{_�NPI�N�Q`_�r�F�c£W=TOZ�HYT=j�^=_MHJ\R_MHYKMHJNPI��
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\`ctdL~
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Q`S.Q`K�NUX�NUTzK��e�fg"K�Q`¯)HYT=j�HYTzK�\"QRrPrP\RW=TzKeKMFONbI�NPrP\RTOZ�slQ�iA\`c�KMFONU_MX�\aZ�g)T.Q`X�HJrPI�³

i}N�r�Q`T8NPI�K�Q`S=sYHJIMF8Q@I�r�Q`sJN�c£\R_[NUTONU_MjkgAyaW.Q`sYHYK¶go³BT.Q`X�NUsYgAKMFON1N�¹�NU_Mjkg3I�r�Q`sJNk�0EGFON
yaW.Q`sYHYK¶gD\`c´NUTONU_MjkgºHYT[HYK�IGnRQ`_MHJ\RWOILc£\R_MX�IGHJILr�Q`sJrUW=slQ`K�NPZ�QRILN�¹�NU_Mjkgo�²EGF=HJILKMFONUTVQ`sYsJ\¢i{I
Q<rP\RX�^.Q`_MHJI�\RT[\`c´Q`Tzg�NUTONU_Mjkg�rP\RTznoNU_MKMHYT=j�^=_�\)rPNPI�I�³)N�¹=NUX�^=sYHwv.NPZ�FONU_�NBSag�K¶i}\6^�\¢ifNU_
^=_�\)Z�WOrUKMHJ\RTÃI�g)IMK�NUX�I¢���¶T@KMFON�vO_�I�K<^=slQRrPNk³xKMFONºZ=NUK�Q`HYsJNPZ@N�¹=NU_Mjkg@Q`T.Q`sYg�IMHJI<jkHYnoNUT@HYT
�B_�QRI�IMX®Q`T=T[Z�HlQ`jk_�Q`X�I�Q`TOZ[Ä�^=^�NUTOZ�HJrPNPILÄ9Q`TOZ[��³)HJI}WOI�N�c£W=s��²�¶TDKMFON-I�NPrP\RTOZº^=slQRrPNk³
KMFON-N�¹=NU_Mjkgz��S.QRI�NPZ[HYTOZ�HJr�Q`K�\R_�IbQ`_�N-WOI�N�cuW=s��
ØO\R_6KMFONº^=_�\`c|NPI�IMHJ\RT.Q`sLNUT=jkHYTONPNU_�³eN�¹=NU_Mjkg@Q`T.Q`sYg�IMHJI6r�Q`TÃS�NºWOI�NPZ@K�\ sJ\)r�Q`sYHJI�Nº^�\RHYTzK�I
iLFONU_�N4_�NPI�N�Q`_�r�F¼N�Ù�\R_MK�IBIMFO\RW=sJZVS�N�rP\RTOrPNUTaKM_�Q`K�NPZ�HYT \R_�Z=NU_BK�\�HYTOrU_�N�QRI�N<N�¹�NU_Mjkg�N�É��
rUHJNUTOrUgo�fEGFON4Q`T.Q`sYg)I�HJI�Q`sYsJ\�i{I�Q6rP\RX�^.Q`_MHJI�\RT�Q`TOZ QRI�I�NPI�IMX�NUTaK�\`c²Z�HwÙ�NU_�NUTaK�X®Q`K�NU_MHlQ`s
Q`TOZ1NUTONU_Mjkg¼rP\RTznoNU_�IMHJ\RT@IMg)I�K�NUX�I�iLHYKMF1KMFON�I�Q`X�N<cuW=TOrUKMHJ\RT@\RT1KMFON�I�Q`X�N�I�r�Q`sJNk�6�¶K
FONUsY^OI�HYTOZ�WOIMKM_MHlQ`s�NPrP\RsJ\RjkgÆK�\@QRZ�FONU_�N K�\°KMFON[vO_�I�K®slQPi QRI�ifNUsYs-QRI�K�\°KMFON�I�NPrP\RTOZ
slQ�i'\`cGKMFONU_MX�\aZ�g)T.Q`X�HJrPI��DEGFON®NUT=jkHYTONPNU_MHYT=j�^=_�\`c£NPI�IMHJ\RT.Q`sJI4r�Q`T@QRI�I�NPI�I-KMFON®^�\RK�NUT��
KMHlQ`s=c|\R_²HYX�^=_�\�noNUX�NUTaK�IL\`c�Q�IMg)I�K�NUX�³zQ`TOZ�KM_�Q`TOIMX�HYKeKMF=HJI�^�\RK�NUTzKMHlQ`s.K�\�KMFONLHYTOZ�WOIMKM_MHlQ`s
NPrP\RsJ\RjkHJIMK�³oiLFO\�iLHYsYs=KMFONUT�S�NGHYT�c|\R_MX�NPZ�Q`S�\RW=K²KMFONG^�\kI�IMHYS=sJN}sYHYX�HYK�I�\`c�KMFONGHYTOZ�HJr�Q`K�\R_�I��
EGFON²K�NPr�F=TO\RsJ\RjkHJr�Q`s=Z=NUK�Q`HYsJI�Q`_�N�jkHYnoNUT<HYT4Äb^=^�NUTOZ�HJrPNPI�Ä$Q`TOZ<�����¶K�HJI�rUsJN�Q`_�c£_�\RX8KMFONPI�N
Q`^=^�NUTOZ�HJrPNPI´KMF.Q`K�KMFONU_�NGQ`_�NeTaW=X�NU_�\RWOIxK�NPr�F=TO\RsJ\RjkHJr�Q`sOZ=NUK�Q`HYsJI´S�NUF=HYTOZ4KMFONfHYTOZ�HJr�Q`K�\R_�I��
qaWOr�F�Q{ifN�Q`sYKMF�\`cOK�NPr�F=T=HJr�Q`sOZ=NUK�Q`HYsJIxHJI�Z�HwÉ®rUW=sYKxK�\BrP\RX�^=_�NUFONUTOZ"c£\R_´TO\RT��¶NUT=jkHYTONPNU_MHYT=j
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EGFONPI�N"HYTOZ�HJr�Q`K�\R_�I-r�Q`T¼HYTOrUsYWOZ=N�Q`sYs´K�NPr�F=T=HJr�Q`s�Z=NUK�Q`HYsJI-\RT°Q�X�N�Q`T=HYT=jRc£W=seQ`jkjk_�NUjzQ`K�NPZ
sJNUnoNUs�³LQ`TOZÆKMFONUg&Q`_�N[KMFONU_�N�c|\R_�N[X4WOr�FAX�\R_�N QRrPrPNPI�IMHYS=sJN[K�\°Z=NPrUHJI�HJ\RT&X®Q`¯oNU_�I�KMF.Q`T
\RKMFONU_MiLHJI�Nk�
Â°N�I�QPiÜHYTÆKMFON�Z=N�vOT=HYKMHJ\RT3\`cBKMFON�HYTOZ�HJr�Q`K�\R_�I®KMF.Q`K�KMFONUgÆQ`sYs{F.Q�noNVQ`T&HJZ=N�Q`s{sYHYX�HYK
\`c4W=T=HYKpgo�?EGFONPI�N¼Q`_�NVW=T=_�N�Q`sYHJIMKMHJr�sYHYX�HYK�I[\`c<\R^�NU_�Q`KMHJ\RT�³{S�NPr�Q`WOI�N¼Q`Tzg&T.Q`KMW=_�Q`s�\R_
X®Q`T���X®QRZ=N¼IMg�IMK�NUX F.QRIºQ`TÈN�¹�NU_MjkgAN�É®rUHJNUTOrUg&S�NUsJ\¢iùW=T=HYK¶go�+EGFON rP\RTanoNU_�IMHJ\RT\`c
I�\RslQ`_6NUTONU_Mjkg°HYTÃ^=slQ`TzK�I"HJI<TONUnoNU_"iLHYKMFO\RW=K6N�¹=NU_Mjkg°sJ\kI�I�NPI��V�¶K"HJI4KMFONU_�N�c|\R_�N�S�NUgo\RTOZ
N�¹�^�NPrUK�Q`KMHJ\RT$KMF.Q`K�Q`Tzg@X®Q`T���X®QRZ=N[IMg�IMK�NUXCr�Q`T$_�N�QRr�FÆKMFON®HJZ=N�Q`sGsYHYX�HYK6c|\R_"N�¹=NU_Mjkg
N�É®rUHJNUTOrUgo�²ÄBI�Q�rP\RTOI�NPyaWONUTOrPNGKMFONLNUTzn)HY_�\RT=X�NUTzK�Q`s�rP\RX�^.Q`KMHYS=HYsYHYK¶g6HJI�Q`sYi}Q�g)I}Q�Ù�NPrUK�NPZ
SagDN�¹=NU_MjkgDsJ\kI�I�NPI�Q`TOZ�KMFON�N�¹�NU_MjkgDHYT=^=W=K�I�TONPNPZ=NPZ�K�\®Q`S.Q`K�N�NUX�HJI�IMHJ\RTOI�³=iGQRIMK�NPIbQ`TOZ
WOI�NPZ�^=_�\aZ�WOrUK�I��xEGFON{rP\RTOI�KM_MWOrUKMHJ\RT�\`c�X4W=sYKMHYsJNUnoNUs.X®Q`K�NU_MHlQ`s�rUg)rUsJNPI�iLHYKMF=HYT®HYTOZ�WOIMKM_MHlQ`s
IMg�IMK�NUX�I�c£\R_<Q`sYs}NUX�HJI�IMHJ\RTOI�³´iGQRIMK�NPI�³xQ`TOZ¨WOI�NPZ°^=_�\aZ�WOrUK�I�³´HJI"Q[K�QRIM¯�c|\R_4HYTOZ�WOIMKM_MHlQ`s
NPrP\RsJ\Rjkgo�
�pK�HJI�HYT@KMF=HJI4IMHYKMW.Q`KMHJ\RT@ifN�TONPNPZ@QD^=_�QRrUKMHJr�Q`s}_�\RW=K�N�K�\¢i}Q`_�Z=I6IMWOIMK�Q`HYT.Q`S=HYsYHYKpg@Q`TOZ@Q
X�NUKMFO\)Z=\RsJ\Rjkg6K�\�QRI�I�NPI�IxKMFONG_�\RW=K�Nk�xEGF=HJI²HJIxiLFzg"ifN{if\RW=sJZ�sYHY¯oNGK�\BT.Q`X�NLKMFONLN�¹=NU_Mjkg
HYTOZ�HJr�Q`K�\R_�Ifï¡þaï�è�ékçÝæÊé.��çÝíîç£è � çuæ�æRç|ð�ékè�ìCê�ï�³�S�NPr�Q`WOI�N�KMFONUg�jkHYnoNeIMWOr�F6Q{Z�HY_�NPrUKMHJ\RT��´EGFONUg�Z=\
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¡�¢�¢ ¯ ,�!¬�<
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� ÷SüKösø<� üø$�h÷�����3[ý½üKöG
÷qû��_û��½ý����tø � 36�GÿKü÷qÿ�8"R=��
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ε =
Eout

Ein
=
Eproducts +Ewastes

Ein

� ¶ 8 Ï #
)��h�����_ý½üKýéø��ÚüømüKös÷w÷��_÷�
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����

÷��s÷�36�9ùhý��½ý½üE���

α
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> �I� X � P SEDGb � P1> S >"X �&SED P �E� A   P SED [ @   @ DGSWM [U�V�E� y [ b >"X [ M @ DGS �8[ L � @ [ J D A �,� >"@�A [U� L >"@ D P
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� > � S � }g>"} ��� S �E� > SEy � @ S }~XY>"@ S c��Å{Ö�W{�d D @ÚB � XG�  z� h S � � S � >"@ � } [U� S A D � S >"@�P �
D � � � y h¨}~X  z� � � y � y } S*� �E� S  w� @�� ��� D � S � >"@ � } [U� SzD � A [ @ � ³��CL > � ³ > L �
S �E  P �o� � DGS �ê>(�<� S [ @~@ �,� P1>"}g>qP DGS*� �

�o�W² �8[ y S � � P [ XGX � P SED [ @�} [ D @ S¨S [ S � � y   @ D P D }g>"X � > � S � }g>"} ��� D @�P D @ ��� > SED [ @�}~XY>"@ Sc�B��Å¬�{\dih S � � S � >"@ � } [U� S A D � S >"@�P � D � �<� � y h"}~X  z� �<� � y � y } SY� �E� S  w� @������ D �
S � >"@ � } [U� S�D � A [ @ � ³�� A D �,�E� X S �E  P �m��[ M > � � S [ @RP1>"}g>qP DGS*� �

® > S > [ @ S � �£�E�,�8[q w� P �� z�E� >"@�A � yzD �E� D [ @ ���E� XY> S � A S [ S � � S � >"@ � } [U� S @ � S � [U�E� ³��y � >"@ �±[ M�y � A D   y�¡ � DG½ � AòA D �,�E� X S �E  P �m� c � � S [ @�d � ���E� S > ��� @ M �8[ y U �,��� c � ������di�
��� � >   S � [U� PKXY> DGy � A S �g> S�S � � > y [q  @ S [ M � J ��� L�� � } � @ S|D @ �E  P8� S �E  P �m� D � �o�G�1�"H
BÚa�A D �,�E� X � J ��� L�� } ����� L [ M }g>"} ���=[U� � > � S � }g>"} ��� } ���=� y÷S � >"@ � } [U� S A D � S >"@�P �
c�U �,���W� ������di�\��� � P8� � yzD P1>"X � J ��� L�� [ M<S � � A D �,�E� X M  z� X � DGS �Ú>"@ê> �E�E  y � A � > SED [���[ M¶
/
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Echem
diesel = LHVdieselψ + 9417S [kJ/kg diesel]

c Z �1� ¡ �)d

� � ���E�

ψ = 1.0401 + 0.1728
H

C
+ 0.0432

O

C
+ 0.2169

S

C
(1 − 2.0629

H

C
) [−]

c Z �1� ¡ � d

>"@�A
LHVdiesel = 42.7 [kJ/kg diesel]

c Z �1� ¡ ��d
��� � M [ XGX [ � D @ L X DlM � ¡ P � PKX ��� yzD �E� D [ @ � M [U��[ @ �=Ò a�A D �,�E� X � J ��� L�� � ���E� P1>"XxP   XY> S � A ³��U �,��� c � ������dNF � � � L P1> � ³ [ @ÑA D [ J D A � h��o�G�KH � L � � A �8[ P1> � ³ [ @ � h����~�"H/H � L @ DGS �8[ L � @y [ @ [ J D A � ho�o� � ð � L P1> � ³ [ @ y [ @ [ J D A � hw�o�~���/� � L }g> � SED P   XY> S � y > SES ���E� c�U �,���9� ������di�
® > S > [ @ D @ S ��� @g>"X�P [ y|³  z� SED [ @ � @ L/D @ ��� J ��� L�� P [ @ b ���E� D [ @ � Ó�P D � @�P � �,� SEDGy > S � � ���E�S > ��� @ M �8[ y¤�'� �E�,� c � ��� � di� ¬�@ S � D � � [U�E� h¥>"@ � J ��� L�� P [ @ b ���E� D [ @ � Ó�P D � @�P � [ M
� �~}O¬ � > � P1>"XxP   XY> S � A M [U� > M  z� X ¡ > D � H ¡ P � PKX � S �E  P �� @ L/D @ � S �g> S=D ��[ } ��� > S � AC> S >� } �,� A [ M � ����� � } y >"@�AÇ>"@R> b ��� > L � P [ y } �E�,�E� D [ @ � > SED [�[ M � �<��� ��� Ó�P D � @�P ��b >"X  z�
� > �¥[ ³~S > D @ � A�> M�S ���\�E  ³~S � >qP SED [ @ [ M¨D @ S ��� @g>"X � @ L/D @ � M � D P SED [ @ÕX [��E�E�,� h S � >"@ � yzD �E� D [ @X [��E�I�,� h S � � } � @g>"X S*�=M [U� b > � D > ³ X � X [ >qA � D @ � S [ } ¡ � S > � S  w� ³ >"@�A � DGb&D @ L h&>"@�A S � � X [��E�E�,�
D @ S �8[ A   P � A ³�� X DGL � SED @ L h�� � > SED @ L >"@�AR> D � P [ @�A DGSED [ @ D @ L �
�?> ³ X �¥Z �1� L/DGb �,� S � � D @ b � @ S [U� � A�> S > [ M´S � � S � >"@ � } [U� S > SED [ @Ç@ � S � [U�E� D @ Q P � @g> � D [��
$ h � >"@�AÇ¶�h M [U� S � � @g> �J�8[ � >"@�A � D A � ³ [q  @�A�> � D �,� �
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ujvwvTx�y{zw|W}¦� ��§�¨{xL��¨�x��<�¥�Ez���y��U� |
���Ox��
���?|
�^y{�j�w�,x�z |[y���¨�x¥�¥�Ez{x��
���3v{�SvTx��©z��?��|[y�©¥v{�O�p��x��"�
��� �[� @ S �g>"XG} � >"@�A � @ S �8[ } � P8�g>"@ L �,� M [U� � > S ��� ³ � S � �,� @ S � ��� S > S �,� D @ S � � }g>"} ���� � �,� S >"@�A S � � > D � @ � > � S [ S � � }g>"} ���V� � �,� S �E w� M >qP � hg> �E�

∆H = ∆sorH + ∆vapH +

∫ Tair

Tp

C in air
p,H2O dT

c ®�¡ �)d
>"@�A

∆S = −∆sorH

Tp
− R

MH2O
ln(Θ(w, Tp)) +

∆vapH

Tp

− R

MH2O
ln

(

pin air
H2O

p∗

)

+

∫ Tair

Tp

C in air
p,H2O

T
dT. (D − 2)

��� �\�8[U� } SED [ @ � @ S �g>"XG} � [ M X Dx¾   D A � > S ��� S [ }g>"} ��� D �

∆sorH = −R∂lnΘ(w, Tp)

∂(1/Tp)
.

c ®�¡ ��d

��� � A �,�8[U� } SED [ @ D �8[ S � ��� y [ M }g>"} ��� c�{ � >"�~X¨� j � � d D �

Θ(w, Tp) =
p∗p
p∗

= exp(β1Tp − β2),
c ®�¡ HTd

� � ���E� β1
>"@�A

β2 � ���E� A � S ��� yzD @ � A ³�� � > � X �E�w[ @�>"@�A Q [ D @ D @ � @Vc¸� j � � d

β1 = exp(−15.03w − 1.37
√
w − 3.14),

c ®�¡ }�d

β2 = exp(−13.53w − 2.90
√
w + 2.9).

c ®�¡ ��d
ë � D @ L Z XY>  z� D  z� ¡ Z XY>"} � � �8[ @ ¯ ���E� XY> SED [ @�h S � �\� b >"} [U� > SED [ @ � @ S �g>"XG} �RD �

∆vapH = −R∂ln(p∗/p	)

∂(1/Tp)
,

c ®�¡ ð/d

� � ���E� S � �]� ¾   D X DG³ � D   y b >"} [q w� } �E�,�I�E w�E� � > � L/DGb � @ ³�� {?> ��[ � �E� D � S >"Xn�´c¸� j�j �)dW> �
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p∗(Tp) = 0.133 × 103 exp(18.303 − 3816.44

Tp − 46.13
).

c ®�¡ � d

��� � � � > S P1>"}g>qP DGS*� [ M }g>"} ��� D � S > ��� @Ú> �

Cp,p = Cp,dry−p + wCp,H2O,
c ®�¡ j d

� � ���E� Cp,dry−p
D � S � �[� } � P D �gP�� � > S P1>"}g>qP DGSY� [ M A � � }g>"} ��� �Æ� D XG� � X y �E�8[ @ � S >"Xn�

c¸� j�j HTd �8  L/L �,� S � A S �g> SØS � � � � > S P1>"}g>qP DGS*� [ M @ � � � } � D @ S�D � � � }/�za / � � L �
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ujvwvTx�y{zw|W}¬«D�]§�¨{x¨�x���� �?�O�Uy{�:�+x��L���Exw®g� |�x�y^�O� �{�:x�z |
y ��¨{xÞ�¥�Ez{x��
���3v{�SvTx��©z��?��|[y�©¥v{�O�p��x��"�
��� � � � > S�S � >"@ � M ��� P [�� Ó�P D � @ S � ³ � S � �,� @(P � X D @�A ��� >"@�Az}g>"} ��� � ���E� P1>"XxP   XY> S � A � DGS �> �E� XY> SED [ @ L/DGb � @ ³�� ; � [ A D  z� >"@�A Ò¤[ SES � P8� D @ L c¸� j ð j d

hcyl−p = 1556.6w + 52.87.
c�I ¡ �)d

��� � � � > SWS � >"@ � M ��� P [�� Ó�P D � @ S � ³ � S � �,� @ S � � }g>"} ����� � �,� S >"@�AÇ> D � � ���E� P1>"XxP   XY> S � AM �8[ y S � � M [ XGX [ � D @ L �E� XY> SED [ @ � L/DGb � @ ³�� ¬!@�P �8[ } ��� >Ú>"@�A·� DGSES c¸� j � }�di�Ç� � � @ S � �
}g>"} ����� � �,� SØD � X [ P1> S � A ³ � S � �,� @ S � [ P � X D @�A ���E� h S � � � � > SØS � >"@ � M ��� P [m� Ó�P D � @ S�D �

hp−air =
κ

Dcyl
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Pr
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282000
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c�I ¡ � d

� � � @ S � � }g>"} ����� � �,� SWD � D @RP [ @ S >qP S � DGS ��P � X D @�A ��� h S � � � � > SØS � >"@ � M ��� P [m� Ó�P D � @ SD �

hp−air =
κ

l

(

0.664Re
1/2
l Pr1/3

) c�I ¡ ��d

� � � @ Rel < } ×105 h�>"@�A DGSWD �

hp−air =
κ

l
Pr1/3

(

0.037Re
4/5
l − 871

) c�I ¡ HTd

� � � @ Rel > 5 × 105 �
��� � ; � � @ [ XxA � >"@�A�{ � >"@�A S X´@   y|³ ���E� � ���E� A � S ��� yzD @ � A ³��

ReD =
v Dcyl

ν
Rel =

v l

ν
Pr =

Cpµ

κ
.

c�I ¡ }�d

� XGX^}~� � � D P1>"X�} �8[ } ��� SED �,�Ø[ M�S � � L > � }~�g> �I� c
Cp
h
κ
h
µ
>"@�A

ν
d�> �E� P1>"XxP   XY> S � A�> SWS � �

��X y S � y } ��� > S  w�E� cO> b ��� > L �|[ M
Tair

>"@�A
Tp
di�






