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VLQJOH�FRPSDUWPHQW�UHIULJHUDWHG�YHKLFOHV��7KH�PRGHO�SULPDULO\�FRQVLVWV�RI�KHDW�EDODQFHV�RYHU�WKH�
ZDOOV�DQG�DLU�LQVLGH�WKH�YHKLFOH��5HOHYDQW�SURSHUWLHV�RI�WKH�PRVW�FRPPRQ�PDWHULDOV�XVHG�LQ�WKH�
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H[SHFWHG�WR�FRPELQH�D�UHDVRQDEO\�DFFXUDWH�WHPSHUDWXUH�SUHGLFWLRQ�ZLWK�D�QHJOLJLEOH�FRPSXWDWLRQ�
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�
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5 ��� ����� � 	 � � � ZDUPWHRYHUJDQJVZHHUVWDQG�DDQ�
EXLWHQ]LMGH�YDQ�ZDQG�

P � �°&�: � � � � �

α 	 ��� 	 � � �� :DUPWHRYHUGUDFKWVFRsIILFLsQW�
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�� 0RGHOVWUXFWXXU�
+HW�UHNHQPRGHO�LV�PRGXODLU�RSJHERXZG�ZDDUELM�VFKHPDWLVFK�GH�FRPSRQHQWHQ�XLW�)LJ����ZRUGHQ�
RQGHUNHQG��,Q�GLH�ILJXXU�JHYHQ�GH�SHLOHQ�GH�ULFKWLQJ�YDQ�EHwQYORHGLQJ�ZHHU��%LMY��7 ����� � 	 � � �
EHwQYORHG�GH�WHPSHUDWXXU�YDQ�GH�ZDQGHQ��PDDU�DQGHUVRP�LV�HU�JHHQ�LQYORHG��'H�GXEEHOH�SLMO�
WXVVHQ�ZDQGHQ�HQ�7 	 ��� 	 � � �JHYHQ�DDQ�GDW�]LM�HONDDU�ZHGHU]LMGV�EHwQYORHGHQ��
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�
)LJ�����VFKHPDWLVFK�RYHU]LFKW�YDQ�GH�GLYHUVH�PRGHORQGHUGHOHQ�HQ�KXQ�RQGHUOLQJH�LQWHUDFWLH��
2PGDW�GH�JDVYRUPLJH�OXFKW�WLMGHQV�KHW�LQNRHOHQ�YRRUWGXUHQG�FLUFXOHHUW�WHUZLMO�GH�YDVWH�ZDQGHQ�
VWDWLRQDLU�]LMQ��]DO�YHUXLW�GH�JURRWVWH�WHPSHUDWXXUJUDGLsQW�LQ�GH�ZDQGHQ�RSWUHGHQ�HQ�QLHW�LQ�GH�
OXFKW��'DDURP�ZRUGW�KHW�JH]LHQ�DOV�HHQ�YHUDQWZRRUGH�YHUHHQYRXGLJLQJ�RP�LQ�GH�PRGHOOHULQJ�DDQ�
WH�QHPHQ�GDW�GH�OXFKWWHPSHUDWXXU�RYHUDO�LQ�KHW�ODDGUXLP�JHOLMN�LV��
� %LQQHQ�GH�ZDQGHQ�WUHHGW�QDWXXUOLMN�ZHO�GHJHOLMN�HHQ�WHPSHUDWXXUJUDGLsQW�RS��HQ�GLH�KHHIW�RRN�
XUHQ�QRGLJ�RP�]LFK�WH�VWDELOLVHUHQ��8LW�SDUDJUDDI���E�YDQ�KHW�$73��$73��������EOLMNW�GDW�GH�
RSVWHOOHUV�YDQ�KHW�$73�HU�YDQ�XLWJDDQ�GDW�ELM�NRHOFDUURVVHULHsQ�GLH�WHPSHUDWXXUJUDGLsQW�]LFK�
ELQQHQ���XXU�±�VWDELOLVHHUW��2P�GH�RQWZLNNHOLQJ�YDQ�GLH�WHPSHUDWXXUJUDGLsQW�YROGRHQGH�
QDXZNHXULJ�WH�NXQQHQ�EHUHNHQHQ�ZRUGW�HHQ�YRRU�LHGHUH�ZDQG�HHQ�ODJHQ�PRGHO�RSJHVWHOG�
FRQIRUP�KIVW�������
���� :DQGPRGHO�
(HQ�ZDQG�NDQ�EHVWDDQ�XLW�YHUVFKLOOHQGH�PDWHULDDOODJHQ��9HHO�NRHOFDUURVVHULH�EHVWDDQ�XLW���ODJHQ��
ELMY��DOXPLQLXP�385�VWDDO��%LQQHQ�KHW�UHNHQPRGHO�ZRUGW�LHGHUH�PDWHULDDOODDJ�LQ�GH�ZDQG�
RSJHGHHOG�LQ�1�PRGHOODJHQ��L�H��GHQNEHHOGLJH��FT��UHNHQNXQGLJH�ODJHQ���)LJ����JHHIW�GDW�
VFKHPDWLVFK�ZHHU�YRRU�HHQ��WKHRUHWLVFKH��ZDQG�EHVWDDQGH�XLW�VOHFKW�ppQ�PDWHULDDOODDJ��
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conductive flow φi 
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:DUPWHRYHUGUDFKWVFRsIILFLsQWHQ�α 	 ��� 	 � � �HQ�α ����� � 	 � � �KHEEHQ�JHGXUHQGH�GH�$73�.�ZDDUGH�WHVW��ELM�
OXFKWVQHOKHGHQ�YDQ�����P�V��HHQ�ZDDUGH�WXVVHQ���HQ����:�P � � �°& � � ��,Q�KHW�PRGHO�ZRUGW�
DDQJHQRPHQ�GDW�α ����� � 	 � � � ���:�P � � �°& � � ��HU�YDQ�XLW�JDDQGH�GDW�GH�OXFKWEHZHJLQJ�DDQ�GH�EXLWHQ]LMGH�
YDQ�KHW�NRHOYRHUWXLJ�ZDW�ODJHU�LV�GDQ�JHEUXLNHOLMN�WLMGHQV�GH�.�ZDDUGH�WHVW��9RRU�α 	 ��� 	 � � �ZRUGW�HHQ�
HPSLULVFKH�UHODWLH�PHW�FLUFXODWLHYRXG�JHQRPHQ��

CVinside *15.03+=α � >:�P � � �°& � � �@��������
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ZDDULQ�&9�KHW�FLUFXODWLHYRXG�LV��K � � ���%RYHQVWDDQGH�UHODWLH�LV�]XLYHU�HPSLULVFK��RQJHWZLMIHOG�
YDWEDDU�YRRU�YHUEHWHULQJ��PDDU�UHODWHHUW�α 	 ��� 	 � � �LQ�LHGHU�JHYDO�DDQ�&9�HQ�GDW�]RGDQLJ�GDW�GH�UHODWLH�
JURIZHJ�RYHUHHQNRPW�PHW�GH�ZDDUJHQRPHQ�UHODWLH�LQ�YDQ�GHU�9RRUW�HQ�/XNDVVH���������
���� 0HFKDQLVFKH�NRHOLQJ��X ������� �
(HQ�NRHOXQLW�ZRUGW��LQ�HHUVWH�LQVWDQWLH�JHNDUDNWHULVHHUG�GRRU�WZHH�NHQWDOOHQ��

3 ������� �7 	 ��� 	 � � �7 ����� � 	 � � �� ��QHWWR��NRHOYHUPRJHQ�#�7 	 ��� 	 � � �7 ����� � 	 � � �>N:@�
φ � � 	 
 � �OXFKWRSEUHQJVW�YDQ�YHUGDPSHUEORNYHQWLODWRU�>P � �K@�

%LQQHQ�GLW�SURMHFW�ZRUGW�GH�VSHFLILFDWLH�YDQ�3 ��� ��� �RS�WZHH�ZHUNSXQWHQ��JHEUXLNW��WH�ZHWHQ���������
HQ������°&���+HW�NRHOYHUPRJHQ�ELM�DQGHUH�7 	 ��� 	 � � ��ZRUGW�WLMGHQV�GH�EHUHNHQLQJ�EHSDDOG�GRRU�
OLQHDLUH�LQWHUSRODWLH��GDQZHO�H[WUDSRODWLH���'DW�KHW�NRHOYHUPRJHQ�RRN�HHQ�IXQFWLH�LV�YDQ�7 ����� � 	 � � �
ZRUGW�ELQQHQ�GLW�SURMHFW�EXLWHQ�EHVFKRXZLQJ�JHODWHQ��:DQQHHU�GH�ZHUNHOLMNH�3 ������� �ELM�PHHUGHUH�
FRPELQDWLHV�7 	 ��� 	 � � �7 ����� � 	 � � �EHNHQG�LV�GDQ�NDQ�RRN�GH�EXLWHQWHPSHUDWXXUVDIKDQNHOLMNKHLG�
JHPDNNHOLMN�LQ�KHW�PRGHO�ZRUGHQ�JHEUDFKW�PLGGHOV�LQWHUSRODWLH�WXVVHQ�GH�EHNHQGH�SXQWHQ���
� 'H�YDULDEHOH�3 ��� ��� �EHSDDOW�ZHO�GH�ZDUPWH�GLH�DDQ�KHW�ODDGUXLP�ZRUGW�RQWWURNNHQ��PDDU�QLHW�GH�
YHUGHOLQJ�RYHU�YRHOEDUH�HQ�ODWHQWH�ZDUPWH��
� 3 ��� ��� � �3 � � ��� 	 �
� � ���3� � � � � � �
2PGDW�GH�ODWHQWH�ZDUPWH�3 � � � � � � �ELMQD�GH�KHOIW�YDQ�GH�WRWDOH�RQWWURNNHQ�ZDUPWH�NDQ�XLWPDNHQ��]LH�
0ROOLHU�GLDJUDP��)LJ�����S�������LV�KHW�YRRU�GH�ZDUPWHEDODQV�YDQ�EHODQJ�GLW�DDQGHHO�FRUUHFW�LQ�WH�
VFKDWWHQ��+LHURQGHU�ZRUGW�GH�FRQGHQVDWLHVQHOKHLG�EHUHNHQG�GRRU�JHEUXLNPDNLQJ�YDQ�
HQWKDOSLHEDODQVHQ��'H�HQWKDOSLH�LQKRXG�YDQ�YRFKWLJH�OXFKW�GLH�HHQ�YHUGDPSHUEORN�ELQQHQWUHHGW��
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• FRQGHQVDWLH�WUHHGW�XLWVOXLWHQG�RS�RS�KHW�YHUGDPSHUEORN��7LMGHQV�YRRUNRHOHQ�JDDW�GH]H�
DDQQDPH�]RQGHUPHHU�RS��:DQQHHU�KHW�PRGHO�XLWJHEUHLG�ZRUGW�QDDU�ELMY��RSZDUPLQJ�WJY�
GHXURSHQLQJHQ�PRHW�KHW�RS�GLW�SXQW�HHUVW�ZRUGHQ�XLWJHEUHLG�PHW�FRQGHQVDWLH�RS�
ELQQHQZDQGHQ��

�� 0DWHULDDOHLJHQVFKDSSHQ�
=RDOV�EOLMNW�XLW�YJO����WP���]LMQ�HU�GULH�UHOHYDQWH�PDWHULDDOHLJHQVFKDSSHQ��λ��ρ�HQ�F��'H�
YHU]DPHOLQJ�YDQ�GLH�PDWHULDDOHLJHQVFKDSSHQ�LV�LQ�WZHH�VWDSSHQ�XLWJHYRHUG��
��� 2SVWHOOHQ�YDQ�HHQ�OLMVW�YDQ�UHOHYDQWH�PDWHULDOHQ��YRRUDO�DDQ�GH�KDQG�YDQ�LQ�GH�DIJHORSHQ���
MDDU�GRRU�:DJHQLQJHQ�85�XLWJHJHYHQ�$73�.�ZDDUGH�WHVWUDSSRUWHQ��

��� 2S]RHNHQ�YDQ�GH�ZDDUGHV�YDQ�λ��ρ�HQ�F�YRRU�GH�XLWJHNR]HQ�PDWHULDOHQOLMVW��+LHUYRRU�LV�
JHEUXLN�JHPDDNW�YDQ�SRO\WHFKQLVFK�]DNERHNMH��ZHEVLWHV�YDQ�OHYHUDQFLHUV�YDQ�
LVRODWLHPDWHULDOHQ��HQ�FRQQHFWLHV��

+HW�UHVXOWDDW�LV�ZHHUJHJHYHQ�LQ�7DEHO����
7DEHO����JHEUXLNWH�PDWHULDDOHLJHQVFKDSSHQ��
PDWHULDDO� O�>:��P��&�@�F�>-��NJ��&�@� U�>NJ�P�@� EURQ�

OXFKW����°&�������59�� ������ ����� ����
SRO\WHFKQLVFK�]DNERHNMH��
0ROOLHU�

385�5��� ������ ����� ���
ZZZ�WDUHF�FRP��SRO��
]DNE��

PXOWLSOH[� ����� ����� ���� VUGDWD�QLVW�JRY�
JODVZRO� ����� ���� ���� SRO\WHFKQLVFK�]DNERHNMH�
VWDDO��596������ ��� ���� ����� SRO\WHFKQLVFK�]DNERHNMH�
DOXPLQLXP� ���� ���� ����� SRO\WHFKQLVFK�]DNERHNMH�
SRO\HVWHU� ���� ����� ����� SRO\WHFKQLVFK�]DNERHNMH�
+'�����VW\URIRDP��;36�
YDQ�'RZ�� ������ ����� ��� 'RZ��SRO��]DNE��
570��VW\URIRDP��;36�YDQ�
'RZ�� ������ ����� ��� 'RZ��SRO��]DNE��

�� 6LPXODWLHPHWKRGH�
+HW�PRGHO�XLW�KIVW����LV�JHwPSOHPHQWHHUG�LQ�GH�SURJUDPPHHUWDDO�0$7/$%��ZZZ�PDWODE�FRP���
ZDDUPHH�GH�DXWHXUV�]HHU�EHNHQG�]LMQ��$OV�LQSXW�LQIRUPDWLH�YRRU�KHW�PRGHO�LV�GH�LQIRUPDWLH�XLW�
7DEHO���JHEUXLNW��8LW�EHWURXZEDUH�YHUWURXZHOLMNH�EURQ�ZHWHQ�GH�DXWHXUV�GDW�GH]H�VDPHQVWHOOLQJ�
YDQ�ZDQGHQ��DOVPHGH�GH�FRPELQDWLH�PHW�GH]H�NRHOPDFKLQH��UHDOLVWLVFK�LV��
� 7LMGHQV�GH�VLPXODWLHV�LV�LHGHUH�PDWHULDDOODDJ�LQ�GH�ZDQGHQ�RSJHGHHOG�LQ����PRGHOODJHQ��'LW�
UHVXOWHHUW�LQ�HHQ�UHNHQPRGHO�VDPHQJHVWHOG�XLW�����JHZRQH�GLIIHUHQWLDDOYHUJHOLMNLQJHQ�
�OXFKWWHPSHUDWXXU��OXFKWYRFKWLJKHLG��HQ����ODDJWHPSHUDWXXU�SHU�ZDQG���
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7DEHO����VWDQGDDUG�VSHFLILFDWLHV�NRHOYRHUWXLJ��LQ�6SHFLILFDWLH&DUURVVHULH6WDQGDDUG�[OV���
�LQZHQGLJH��KRRIGDIPHWLQJHQ�FDUURVVHULH� �� �� �� ��

OHQJWH��P�� ����� �� �� �� �� ��
EUHHGWH��P�� ������ �� �� �� �� ��
KRRJWH��P�� ������ �� �� �� �� ��

�� �� �� �� �� �� ��
�� �� �� �� �� �� ��
VSHFLILFDWLHV�ZDQGHQ� �� �� �� �� �� ��
�� ELQQHQEHNOHGLQJ� LVRODWLHODDJ� EXLWHQEHNOHGLQJ�

�� G��PP��PDWHULDDO� G��PP�� PDWHULDDO�
G�
�PP��PDWHULDDO�

GDN� ���� SRO\HVWHU� ���� 385�5��� ���� SRO\HVWHU�
]LMZDQGHQ� ���� SRO\HVWHU� ��� 385�5��� ���� SRO\HVWHU�
NRSVFKRW� ���� SRO\HVWHU� ��� 385�5��� ���� SRO\HVWHU�
DFKWHUGHXUHQ� ���� SRO\HVWHU� ��� 385�5��� ���� SRO\HVWHU�
YORHU� ��� PXOWLSOH[� ���� 385�5��� �� SRO\HVWHU�

�� �� �� �� �� �� ��
�� �� �� �� �� �� ��
VSHFLILFDWLHV�NRHOXQLW� �� �� �� �� �� ��

NRHOYHUPRJHQ�#��������J&��:�� �����
�&DUULHU
V�0D[LPD������DOV�YRRUEHHOG�
JHQRPHQ�� ��

NRHOYHUPRJHQ�#������J&��:�� ������ �� �� �� �� ��
OXFKWRSEUHQJVW��P��K�� ����� �� �� �� �� ��
�

�� 0RGHOYDOLGDWLH�
'RHO�YDQ�PRGHOYDOLGDWLH�LV�WH�YHULILsUHQ�RI�KHW�JHSURJUDPPHHUGH�PRGHO�GH�ZHUNHOLMNKHLG�
YROGRHQGH�QDXZNHXULJ�EHVFKULMIW��9RRU�PRGHOOHQ�YDQ�V\VWHHPG\QDPLFD�EHVWDDW�YDOLGDWLH�LQ�SULQFLSH�
XLW�PHHUGHUH�VWDSSHQ��

���YHULILHHU�GH�MXLVWKHLG�YDQ�JHEUXLNWH�LQSXW�LQIRUPDWLH��
���YDOLGDWLH�YDQ�YRRUVSHOGH�VWHDG\�VWDWH�FRQGLWLHV�

D�� LQ�VWHDG\�VWDWH�PRHW�JHOGHQ��
3 � ��� � � ��� � �8
�7 � � � � � ��� � � � �7 � � � � ����� ��� ��� �� >:@����������

E�� GH�VWHDG\�VWDWH�YDQ�KHW�G\QDPLVFK�PRGHO�PRHW�RQDIKDQNHOLMN�]LMQ�YDQ�KHW�DDQWDO�
PRGHOODJHQ�

���YDOLGDWLH�YDQ�YRRUVSHOGH�UHVSRQVWLMGHQ�
�
6WDS����YHULILFDWLH�YDQ�JHEUXLNWH�LQSXW�LQIRUPDWLH��
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8LW�GH�8�ZDDUGH�PHWLQJ�LV�EHNHQG�ZDW�GH�RYHUDOO�8�ZDDUGH�YDQ�GH�JHPRGHOOHHUGH�FDUURVVHULH�LV�
�8 .
$���'RRU�GH�EHUHNHQGH�RYHUDOO�8�ZDDUGH�WH�YHUJHOLMNHQ�PHW�GH�JHPHWHQ�8�ZDDUGH�LV�HHQ�
JOREDOH�IDOVLILFDWLH�YHULILFDWLH�PRJHOLMN�YDQ�GH�JHVSHFLILFHHUGH�ZDUPWHJHOHLGLQJVFRsIILFLsQWHQ�λ��
ODDJGLNWHV�G�HQ�FDUURVVHULH�OHQJWH��EUHHGWH�HQ�KRRJWH��8LW�GH�8�ZDDUGH�EHUHNHQLQJ�YDQ�GH�
JHPRGHOOHHUGH�FDUURVVHULH�YROJW�GDW�8� ������:�°&��'H]H�ZDDUGH�ZLMNW�PLQGHU�GDQ�����DI�YDQ�
GH�JHPHWHQ�8�ZDDUGH��ZDDUPHH�DDQQHPHOLMN�JHPDDNW�LV�GDW�HU�JHHQ��JURWH��IRXWHQ�]LWWHQ�LQ�GH�
JHEUXLNWH�ZDUPWHJHOHLGLQJVFRsIILFLsQWHQ�λ��ODDJGLNWHV�G�HQ�OHQJWH��EUHHGWH�HQ�KRRJWH�YDQ�GH�
FDUURVVHULH���
� :DW�RS�GH]H�PDQLHU�QLHW�JHYHULILHHUG�NDQ�ZRUGHQ�LV�GH�MXLVWKHLG�YDQ�GH�LQJHYRHUGH�LQSXWV�
P�E�W��ZDUPWHFDSDFLWHLWHQ��ρ � �HQ�F � �LQ�YJO������'H]H�WZHH�SDUDPHWHUV�NXQQHQ�VOHFKWV�JHYHULILHHUG�
ZRUGHQ�DDQ�GH�KDQG�YDQ�UHVSRQVWLMG�PHWLQJHQ��
�
6WDS����9DOLGDWLH�YDQ�YRRUVSHOGH�VWHDG\�VWDWH�FRQGLWLHV���
,Q�VWHDG\�VWDWH�PRHW�YJO�����JHOGHQ��7 � � � � � ����� ��� �RSORVVHQ�XLW�YJO�����JHHIW���
7 � � � � � ����� ��� � ��3 � ��� � � ��� ���8
7 � � � � ����� � � � � ��8�� >°&@����������

'RRU�QX�GH]H�HHQYRXGLJH�VWHDG\�VWDWH�EHUHNHQLQJ�XLW�WH�YRHUHQ�HQ�KHW�FRPSOH[H�G\QDPLVFKH�
PRGHO�RYHU����XXU�WH�VLPXOHUHQ��NDQ�GH�VWHDG\�VWDWH�XLWNRPVW�YDQ�KHW�G\QDPLVFKH�PRGHO�
JHYDOLGHHUG�ZRUGHQ��9RRU�GH�EHUHNHQGH�8 �����:�°&�HQ�GH�LQSXWV�7 � � � � ����� � � � � � �����°&�HQ�3 � ��� � � ��� � �
����:�PRHW�YROJHQV�YJO�����LQ�VWHDG\�VWDWH�JHOGHQ�
7 � � � � � ����� ��� � ��3 � ��� � � ��� ���8
7 � � � � ����� � � � � ��8 ���������
��������� ������� >°&@����������

)LJ����WRRQW�GH�KHDWLQJ�
VWDS
UHVSRQVLH�YDQ�KHW�G\QDPLVFKH�PRGHO�YRRU�GH]HOIGH�LQSXWV��=RDOV�WH�
]LHQ�LQ�GH�ILJXXU�FRQYHUJHHUW�RRN�KHW�G\QDPLVFKH�PRGHO�QDDU�GH�VWHDG\�VWDWH�YDQ������°&��,Q�HHQ�
VLPXODWLH�YRRU�1 ��WUHHGW�GH]HOIGH�FRQYHUJHQWLH�RS��)LJ������+LHUPHH�LV�JHYDOLGHHUG�GDW�KHW�
G\QDPLVFK�PRGHO�GH�VWHDG\�VWDWH�FRQGLWLHV�FRUUHFW�EHVFKULMIW��RQJHDFKW�KHW�DDQWDO�PRGHOODJHQ�1��
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�
)LJ�����LQSXW�VLJQDOV�KHDWLQJ�VWHS�UHVSRQVH��
VWDS����9DOLGDWLH�YDQ�YRRUVSHOGH�UHVSRQVWLMGHQ��
,GHDOLWHU�ZRUGW�GH�MXLVWKHLG�YDQ�UHVSRQVWLMGHQ�JHYHULILHHUG�GRRU�YHUJHOLMNLQJ�PHW�VWDSUHVSRQV�
PHHWGDWD��9DQ�GH�JHPRGHOOHHUGH�FDUURVVHULH�LV�KHODDV�JHHQ�]XLYHUH�VWDSUHVSRQV�EHVFKLNEDDU��:HO�
LV�HHQ�JHUHJHOGH�RSZDUPFXUYH�JHUHJLVWUHHUG��%HVFKLNEDUH�PHHWVLJQDOHQ�]LMQ�GH�WZHH�LQSXWV�
RPJHYLQJVWHPSHUDWXXU�7 ����� � � �	� �HQ�RSJHQRPHQ�HO��YHUPRJHQ�YRRU�LQWHUQH�YHUZDUPLQJ�3 
��
�
� � ��� ��:��
�)LJ������HQ�GH�LQZHQGLJH�OXFKWWHPSHUDWXXU�7 � ��� � �	� ��
PHDVXUHPHQW
�LQ�)LJ������'H�PHHWUHHNV�LV�PHW�
]HNHUKHLG�YDQXLW�VWHDG\�VWDWH�EHJRQQHQ�RPGDW�YRRU�DDQYDQJ�YDQ�GH�PHWLQJ�GH�NOLPDDWNDPHU�
UHHGV�YHOH�XUHQ�RS�����°&�VWRQG�PHW�GDDULQ�GH�FDUURVVHULH�PHW�JHRSHQGH�GHXUHQ�HQ�LQWHUQH�
KHDWHUV�XLW���
� =RDOV�WH�]LHQ�LQ�)LJ����YRRUVSHOW�KHW�PRGHO�PHW�FDUURVVHULH�VSHFV�YROJHQV�RSJDYH�IDEULNDQW�HHQ�
UHVSRQV�GLH�]HHU�JRHG�RYHUHHQNRPW�PHW�GH�ZHUNHOLMNH�PHWLQJ��'DDUPHH�]LMQ�RRN�GH�UHVSRQVWLMGHQ�
JHYDOLGHHUG��HQ�GXV�RRN�GH�JHEUXLNWH�PDWHULDDO�HLJHQVFKDSSHQ�F�HQ�ρ�LQ�7DEHO�����
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�
)LJ�����JHPHWHQ�HQ�JHVLPXOHHUGH�UHVSRQV�RS�LQSXWV�XLW�)LJ����PHW�WKHRUHWLVFKH�VSHFV�FDUURVVHULH��

�� 'LVFXVVLH�JHYDOLGHHUGH�PRGHO�
���� $DQQDPHV�
'H�DDQQDPH�GDW�GH�VSUHLGLQJ�LQ�GH�OXFKWWHPSHUDWXXU�ELQQHQ�GH�FDUURVVHULH�YHUZDDUORRVEDDU�LV��
YHUHHQYRXGLJW�GH�EHUHNHQLQJHQ�HQRUP��'H]H�DDQQDPH�JDDW�QLHW�KHOHPDDO�RS��=HNHU�ELM�
FRPELQDWLHV�YDQ�NRHOPRWRU�FDUURVVHULH�GLH�OHLGHQ�WRW�HHQ�ODDJ�FLUFXODWLHYRXG�NDQ�GLW�HHQ�ZDW�
RSWLPLVWLVFK�EHHOG�YDQ�GH�ZHUNHOLMNH�YRRUNRHOWLMG�JHYHQ��'DDUHQWHJHQ�NDQ�KHW�GRHOWUHIIHQG�
JHEUXLN�YDQ�OXFKWNDQDOHQ�ZHHU�GHHOV�FRPSHQVHUHQ�YRRU�HHQ�ODDJ�FLUFXODWLHYRXG��RRN�GDW�LV�LQ�GLW�
SURMHFW�EXLWHQ�EHVFKRXZLQJ�JHODWHQ��
���� 'H�GRPLQDQWH�WLMGFRQVWDQWH�DOV�PDDW�YRRU�GH�LQNRHOWLMG�
)LJ����WRRQW�YRRU�GH�VWDSUHVSRQV�XLW�)LJ����KHW�WHPSHUDWXXUYHUORRS�YRRU�DOOH�PRGHOODJHQ�HQ�GH�
OXFKW�ELQQHQ�GH�FDUURVVHULH��:DW�RSYDOW�LV�GDW�GH�WHPSHUDWXXU�YDQ�GH�OXFKW�HQ�GH�YORHUEHNOHGLQJ�
ELQQHQ�GH�LVRODWLH�JHGXUHQGH�GH�JHKHOH�VWDSUHVSRQV�HUJ�GLFKW�ELM�HONDDU�OLJJHQ��'H�
ELQQHQEHNOHGLQJ�YDQ�GH�YORHU�LV�QRJ�HUJ�GLN�W�R�Y��GLH�YDQ�GH�ZDQGHQ�HQ�KHW�GDN��9RRU�ZDQGHQ�HQ�
GDN�]DO�KHW�WHPSHUDWXXUYHUVFKLO�WXVVHQ�ELQQHQEHNOHGLQJ�HQ�OXFKW�GDQ�RRN�QRJ�NOHLQHU�]LMQ��
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�
)LJ�����WHPSHUDWXXUYHUORRS�YDQ�LHGHUH�PRGHOODDJ�WLMGHQV�GH�VWDSUHVSRQV�XLW�)LJ�����
� 'H�ZDDUPHQLQJ�GDW�GH�WHPSHUDWXUHQ�YDQ�GH�ELQQHQOXFKW�HQ�GH�ELQQHQEHNOHGLQJ�VWHHGV�HUJ�
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