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7KH� WRWDO� QHXWURQ� FURVV�VHFWLRQ� RI� SRO\FU\VWDOOLQH� EHU\OOLXP� DQG� JUDSKLWH� KDVEHHQ�FDOFXODWHG�EH\RQG�WKH FXW�RII�ZDYHOHQJWK�XVLQJ D JHQHUDO�IRUPXOD��7KH FRPSXWHU�&2/'),/7(5�FRGH�ZDV�GHYHORSHG�LQ�RUGHU�WR�SURYLGH�WKH�UHTXLUHG�FDOFXODWLRQV� 7KH�FDOFXODWHG� QHXWURQ� WUDQVPLVVLRQV� WKURXJK� SRO\FU\VWDOOLQH� %H� DQG� JUDSKLWH� DW GLIIHUHQW�WHPSHUDWXUHV� ZHUH� FRPSDUHG� ZLWK� WKH� H[SHULPHQWDO� GDWD� PHDVXUHG� DW WKH (7�55���UHDFWRU� XVLQJ� WZR�72)� VSHFWURPHWHUV� $Q� RYHUDOO� DJUHHPHQW� LV� REWDLQHG EHWZHHQ� WKH�IRUPXOD� ILWV� DQG� H[SHULPHQWDO� GDWD� DW� GLIIHUHQW� WHPSHUDWXUHV� $� IHDVLELOLW\� VWXG\ LV�FDUULHG RQ�XVLQJ�SRO\FU\VWDOOLQH�%H�DV�DQ�HIILFLHQW�ILOWHU�IRU�QHXWURQV�ZLWK�HQHUJLHV�OHVV�WKDQ���PH9 �O !�����QP���ZKLOH�JUDSKLWH�IRU�HQHUJLHV�OHVV�WKDQ�����PH9� &DOFXODWLRQV�VKRZ WKDW� WKH� ��� FP� SRO\FU\VWDOOLQH� %H� FRROHG� WR� WKH� /LTXLG� 1LWURJHQ� �/1���WHPSHUDWXUH WUDQVPLWV� PRUH� WKDQ� ���� RI� LQFLGHQW� QHXWURQV� ZLWK� HQHUJLHV� OHVV� WKDQ� ��PH9 DQG UHMHFWV� �7Q �� ���� QHXWURQV� ZLWK� KLJKHU� HQHUJLHV� :KLOH WKH ��� FP� WKLFN�SRO\FU\VWDOOLQH� JUDSKLWH FRROHG� WR� WKH /1� WHPSHUDWXUH� KDV� D� KLJKHU� HIIHFW±WR�QRLVH�UDWLR�WKDQ�WKDW�IRU�%H�IRU�LQFLGHQW�QHXWURQ�HQHUJLHV�OHVV�WKDQ�����PH9�
.H\ZRUGV��&ROG�QHXWURQ�ILOWHUV��SRO\FU\VWDOOLQH�%H�DQG�*UDSKLWH�

,1752'8&7,21
1HXWURQ�GLIIUDFWLRQ�SRZGHU�LQYHVWLJDWLR Q�LV�XVXDOO\�FDUULHG�RXW�ZLWK�ZDYHOHQJWKV�UDQJLQJ�IURP����� WR������QP��$OWKRXJK�ORQJHU�ZDYHOHQJWKV�FDQ�OHDG�WR�DQ�LQFUHDVHG�UHVROXWLRQ�� WKHLU� XVH� LV� OLPLWHG� GXH� WR� KLJKHU �RUGHU� FRQWDPLQDWLRQ� SUREOHPV�� 7KH�GHYHORSPHQW�RI�WKH�WULSOH �D[LV�VSHFWURPHWHU�IRU�LQHODVWLF�QHXWURQ�VFDWWHULQJ�KDV�SURYHG�LQYDOXDEOH�IRU�H[FLWDWLRQV�LQ�VROLGV� OLTXLGV��DQG�JDVHV�>�@��7KLV�VSHFWURPHWHU�UHTXLUHV�D�PRQRFKURPDWRU�WR�VHOHFW�VLQJOH�LQFLGHQW� QHXWURQ�HQHUJ\�DQG�DQ�DQDO\]HU�WR�GHWHUPLQH�WKH�HQHUJ\�RI�QHXWURQV VFDWWHUHG�IURP�D�VDPSOH��,Q� VRPH�FDVHV��WKH�VSHFWURPHWHUV� DUH�UHTXLUHG� WR�RSHUDWH� LQ�JDLQ� HQHUJ\�PRGH >�@��6XFK D PRGH� VLPSOLILHV� WKH�DQDO\VLV RI�PHDVXUHG� SKRQRQ� VSHFWUXP�� :KHQ XVLQJ� VXFK� PRGH� WKH� VHOHFWHG� QHXWURQV� DUH� RI�ZDYHOHQJWKV�ORQJHU�WKDQ�����QP��FROG�QHXWURQV� >�@�

-RXUQDO�RI�1XFOHDU�DQG�5DGLDWLRQ�3K\VLFV��9RO�����1R�����������SS� �������



,W� LV� ZHOO� NQRZQ� WKDW�� WKH� FRKHUHQW� HODVWLF� VFDWWHULQJ� E\� D� FU\VWDOOLQH�PDWHULDO�FDQQRW� RFFXU� IRU� QHXWURQV�ZLWK�ZDYHOHQJWKV�ZKLFK� H[FHHG� VRPH�PD[LPXP� YDOXH� RI�
PD[O ��ZKHUH PD[O LV�JLYHQ�E\� PD[ PD[�GO  ��DQG� PD[G LV�WKH�ODUJHVW�G� VSDFLQJ�RI�SODQHV�LQ�WKH�FU\VWDO��7KH�YDULDWLRQ�RI�WKH�VFDWWHULQJ�FURVV �VHFWLRQ�LQ�WKH�YLFLQLW\�RI PD[O IRU�D�QXPEHU�RI�SRO\FU\VWDOOLQH�ILOWHUV�� RI�ZKLFK�%H��%H2��DQG�JUDSKLWH�DUH�SHUKDSV�WKH�PRVW�FRPPRQO\�XVHG�>�@��7KH�LQHODVWLF�FRQWULEXWLRQ�PD\�EH�UHGXFHG E\�FRROLQJ�WKH�PDWHULDO�WR�OLTXLG�QLWURJHQ�WHPSHUDWXUH�

$�VXIILFLHQWO\�WKLFN�ILOWHU�ZLOO�WKHQ�WUDQVPLW�D�EHDP�RI�FROG�QHXWURQV�ZLWK�OLWWOH�DWWHQXDWLRQ�� ZKLOH� UHGXFLQJ� WKH� LQWHQVLW\� ZLWK� PD[O OE E\� WKUHH� RU� IRXU� RUGHUV� RI�PDJQLWXGH�
,W� ZDV� VKRZQ� E\� )UHXQG� >�@� WKDW� WKH� WRWD O� FURVV�VHFWLRQ� GHWHUPLQLQJ WKH�DWWHQXDWLRQ� RI� QHXWURQV� E\� D� FU\VWDOOLQH� PDWHULDO� FDQ� EH� JLYHQ� E\� D� VHPL �HPSLULFDO�IRUPXOD� ,Q�WKLV�IRUPXOD�)UHXQG�>�@�QHJOHFWHG�WKH FRQWULEXWLRQ�RI�WKH�%UDJJ�VFDWWHULQJ�GXH�WR�UHIOHFWLRQV�IURP�FU\VWDO�SODQHV�RI�WKH WRWDO�DWWHQXDWLRQ�RI�QHXWURQV� 1DJXLE�DQG�$GLE�>���@�UHSRUWHG�D�IRUPXOD�ZKLFK�DOORZV�WR�FDOFXODWH�WKH�FRQWULEXWLRQ�RI�WKH�%UDJJ�VFDWWHULQJ�IURP�GLIIHUHQW��KNO��SODQHV�WR�WK H�QHXWURQ�RQ�WUDQVPLVVLRQ�WKURXJK�FU\VWDOOLQH�PDWHULDO�
7KH�SUHVHQW�ZRUN�FRQFHUQV�D�IHDVLELOLW\�VWXG\�IRU�XVH�RI�%H�DQG�JUDSKLWH�DV�D�FROG�QHXWURQ�ILOWHU��7KH�RSWLPXP %H�DQG�JUDSKLWH WKLFNQHVV�DQG� WKHLU WHPSHUDWXUH�IRU�HIILFLHQWO\�WUDQVPLWWLQJ�WKH�FROG�UHDFWRU�QHXWURQV�ZKLOH�UHMHFWLQJ�ERWK�IDVW�QHXWURQV�DQG�JDPPD�UD\V�DFFRPSDQ\LQJ�WK H�FROG�RQHV�DUH�DOVR�JLYHQ�

7+(25(7,&$/�75($70(17
7KH�WRWDO�FURVV�VHFWLRQ�GHWHUPLQLQJ�WKH�DWWHQXDWLRQ�RI�QHXWURQV�E\�D�FU\VWDOOLQH�VROLG�LV�JLYHQ�E\ V  � DEVV � WGVV � %UDJJV ���

ZKHUH WKH�QHXWURQ�FDSWXUH�FURVV �VHFWLRQ��L�H��DEVRUSWLRQ� DEVV IRU %H�DQG�JUDSKLWH REH\V�WKH�� ( ODZ��DQG�FDQ�EH�ZULWWHQ�DV� � � �DEV �& (�V  ��ZKHUH ( WKH�QHXWURQ�HQHUJ\�DQG�
�& D�FRQVWDQW�ZKLFK�FDQ�EH�FDOFXODWHG�IURP� YDOXHV�SURYLGHG�E\�6HDUV�>�@�$V�VKRZQ�E\ )UHXQG�>�@��WKH�VHFRQG�FRQWULEXWLRQ� WGVV FDQ�EH�VSOLW�LQ�WZR�SDUWV�
PSKV �PXOWLSOH�SKRQRQ��DQG� VSKV �VLQJOH�SKRQRQ���GHSHQGLQJ�RQ�QHXWURQ�HQHUJ\
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ZKHUH� :H� LV�WKH�'HE\H�:DOOHU�IDFWRU�>�@�� �& LV�D�FRQVWDQW�ZKLFK�LV�GHSHQGHQW�RQ�WKH�VFDWWHULQJ�PDWHULDO�DQG�JLYHQ�E\��& �  ����H[S>$���@� )UHXQG�>�@��� '; �7 T �7�LV�WKH�VDPSOH� WHPSHUDWXUH� � EDWV LV� � WKH� VXP� RI� FRKHUHQW� DQG� LQFRKHUHQW� VFDWWHULQJ� FURVV �VHFWLRQV� � RI� WKH� ERXQG� DWRP��� $ LQ� FDVH� RI� FRPSRXQGV� LV� WKH� DYHUDJH� DWRPLF�PDVV�QXPEHU��DQG�WKH�VHULHV� 5 LV�JLYHQ�E\� > @�� Q �QQ �5 % ; Q��Q � � ���

  �¦ ��ZLWK� Q% EHLQJ�WKH�%HUQRXOOL�QXPEHUV�
7KH�VLQJOH�SKRQRQ�VFDWWHULQJ�FURVV �VHFWLRQ FRQFHUQV�WKH�HQHUJ\�UDQJH�(�� % 'N T ��ZKHUH� %N LV�%ROW]PDQQ¶V�FRQVWDQW�DQG� 'T LV�WKH�'HE\H�WHPSHUDWXUH�FKDUDFWHULVWLF�RI�DPDWHULDO�� ,W� LV� GHWHUPLQHG� E\� SKRQ RQ� DQQLKLODWLRQ� SURFHVVHV�� 6HFRQG� SDUW� RI� 7'6� LVSUHGRPLQDQW� LQ� WKH� UDQJH� (t %N 7 � ZKHUH� DOVR� GRZQ� VFDWWHULQJ� DQG� PXOWL �SKRQRQ�SURFHVVHV�RFFXU�
+RZHYHU�� XVLQJ� WKH�VWDWLF� LQFRKHUHQW�DSSUR[LPDWLRQ��&DVVHOV� > �@�KDV�HVWLPDWHG�WKH�VKRUW�ZDYHOHQJWK�HODVWLF�FURVV �VHFWLRQ��ZKLFK�LV�H[WLQFW�IRU�SHUIHFW�VLQJOH�FU\VWDOV��+HQFH� WKH�PXOWL�SKRQRQ� VFDWWHULQJ� FURVV �VHFWLRQ� LQ� WKH� UDQJH�(!! %N T �� JLYHQ�E\� WKH�ILUVW�WHUP�RI�(T������FDQ�EH�UHSODFHG�E\�� � � �^ `� �PSK IUHH � �: � H[S �:ª ºV  V � O � � O¬ ¼ ���
7KH�FRQWULEXWLRQ�RI�%UDJJ�VFDWWHULQJ� V%UDJJ WR�WKH�WRWDO�FURVV�VHFWLRQ� WDNLQJ�LQWRDFFRXQW�WKH�UHVXOWLQJ�UHIOHFWLRQ�IURP�GLIIHUHQW�� KNO��SODQHV��ZKLFK�DUH�DEOH�RI�JLYLQJ�WKH�%UDJJ� UHIOHFWLRQ� IRU� WKH� QHXWURQ� ZDYHOHQJWK� O� ZDV� FDOFXODWHG�� ,Q� FDVH� RI� SRO\ �FU\VWDOOLQH�PDWHULDO��WKH�UHIOHFWLRQV�DUH�IURP�DOO�SODQHV�KDYLQJ�VSDFLQJ�G KNO t O���,W�ZDV� VKRZQ�E\�%DFRQ� >��@� WKDW� IRU�D�S RO\FU\VWDOOLQH�PDWHULDO�ZLWK�JUDLQ� VL]H�OHVV�WKDQ����� PP��WKH�WRWDO�FRKHUHQW�%UDJJ�VFDWWHULQJ�FURVV �VHFWLRQ�FDQ�EH�JLYHQ�DV�
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ZKHUH�1F LV�WKH�QXPEHU�RI�XQLW�FHOOV�SHU�FXELF�FHQWLPHWHU���) KNO LV�WKH�VWUXFWXUH�IDFWRU�RI�WKH�XQLW�FHOO�DQG�H��Z LV�WKH�'HE\H�:DOOHU�IDFWRU��
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$� FRPSXWHU� FRGH &2/'),/7(5� LV� DQ� DGDSWHG� YHUVLRQ� RI� ,6&$1)� DQG�,6&$1)�,,� FRGHV GHYHORSHG� LQ� RUGHU� WR� SURYLGH� WKH� UHTXLUHG� F DOFXODWLRQV >���@��7KH�FRGH� LV� EDVHG RQ� WKH� FDOFXODWLRQ� RI� QXFOHDU� DEVRUSWLRQ� DEVV DQG� WKH� WKHUPDO� GLIIXVH�VFDWWHULQJ�FURVV�VHFWLRQ� WGVV FRQWULEXWLRQ�IRU�ORQJ�ZDYHOHQJWK�LQ�VLPLODU�ZD\�DV�JLYHQ�,6&$1),, >�@�ZKLOH� IRU� VKRUW� ZDYHOHQJWK� XVLQJ� WKH� VWDWLF� LQFRKHUHQW� DSSUR[LPDWLRQ>�@�� 7KH� FRGH� DOVR� LQFOXGHV WKH� FDOFXODWLRQ� RI� WKH� %UDJJ� VFDWWHULQJ� WHUP� JLYHQ E\�(TXDWLRQ ����
)RU�FRPSDULVRQ�RI�WKH�H[SHULPHQWDO�WUDQVPLVVLRQ�GDWD�ZLWK�WK H�FDOFXODWHG�YDOXHV��WKH�FRGH WDNHV LQWR FRQVLGHUDWLRQ�WKH�HIIHFWV�RI�ERWK�QHXWURQ�ZDYHOHQJWK� UHVROXWLRQ�DQG�LQFLGHQW�QHXWURQ�EHDP�GLYHUJHQFH�>�� @�

&203$5,621�:,7+�(;3(5,0(17
,Q�RUGHU�WR�FKHFN�WKH�DSSOLFDELOLW\�RI�WKH�GHGXFHG�IRUPXOD��WKH�FDOFXODWLRQV�Z HUHFDUULHG� RXW� IRU� SRO\FU\VWDOOLQH�%H� DQG� JUDSKLWH DQG FRPSDUHG�ZLWK� WKH� H[SHULPHQWDO�RQHV��7KH�PDLQ�%H DQG�JUDSKLWH SK\VLFDO�SDUDPHWHUV�XVHG�IRU WKH FDOFXODWLRQV�DUH�OLVWHG�LQ�7DEOH ���

7DEOH��� 3K\VLFDO�SDUDPHWHUV�RI�%H�DQG�JUDSKLWH�3K\VLFDO�SDUDPHWHU %H *UDSKLWH
$WRPLF :HLJKW&U\VWDO�6WUXFWXUH/DWWLFH�&RQVWDQWV

1XPEHU�RI�DWRPV��XQLW�FHOO$WRPLF�3RVLWLRQV1XPEHU�RI�XQLW�FHOOV�FP�'HE\H�7HPSHUDWXUH1HXWURQ�FDSWXUH�FURVV�VHFWLRQDW�������H9VEDW&RKHUHQW�6FDWWHULQJ�DPSOLWXGH

���+&3D� ��������QPF� �������QP��������������������������������(���������.�����PE������E������IP

��+&3D� �E� ��������QP�F� ��������QP�� � � � � �� � � � � ������ � ���� � � �� � � ������(��������.�������E������E
�����IP

3RO\FU\VWDOOLQH�%H
7KH QHXWURQ� WUDQVPLVVLRQ WKURXJK� �� FP� %H� DW WKH URRP� WHPSHUDWXUH ZDVFDOFXODWHG�LQ�WKH�HQHUJ\�UDQJH�IURP���PH9�XS�WR���H9��ZDYHOHQJWK�EDQG�IURP�����QP �����QP��XVLQJ�WKH�&2/'),/7(5�FRGH��7KH�UHVXOW�RI�FDOFXODWLRQV� LV�GLVSOD\HG�LQ�)LJXUH��E\�VROLG�OLQH��)RU�FRPSDULVRQ�WKH�DYDLODEOH�H[SHULPHQWDO�YDOXHV � PHDVXUHG�IRU WKH ��
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FP�SRO\FU\VWDOOLQH�%H�DW WKH URRP�WHPSHUDWXUH >��@��ZHUH�DOVR�GLVSOD\HG�LQ�)LJXUH ��E\GRWV�� )URP� WKH� ILJXUH� RQH� FDQ� QRWLFH� WKDW�� W KH� FDOFXODWHG� YDOXHV� DW WKH URRP�WHPSHUDWXUH DUH�LQ�D�UHDVRQDEOH�DJUHHPHQW�ZLWK�WKH�H[SHULPHQWDO�RQHV��

)LJXUH �� 1HXWURQ�WUDQVPLVVLRQ�WKURXJK�� FP�SRO\FU\VWDOOLQH�%H�7R�VKRZ�WKH�HIIHFW�RI�ERWK�WKLFNQHVV�DQG�WHPSHUDWXUH�RI�WKH�SRO\FU\VWDOOLQH� %H�RQ� LWV� ILOWHULQJ� FKDUDFWHULVWLFV�� WKH� FDOFXODWLRQV� ZHUH� SHUIRUPHG� DW� URRP� DQG� OLTXLG�QLWURJHQ�WHPSHUDWXUHV�LQ�WKH�HQHUJ\�UDQJH�IURP���PH9�XS�WR�� H9��7KH�UHVXOWV RI WKHVHFDOFXODWLRQV DUH�GLVSOD\HG�LQ�)LJXUH ���

)LJXUH �� &DOFXODWHG�QHXWURQ�WUDQVPLVVLRQV�WKURXJK�SRO\FU\VWDOOLQH�EHU\OOLXP
7KH QHXWURQ�IOX[�KDYLQJ�0D[ZHOOLDQ�GLVWULEXWLRQ�ZLWK�QHXWURQ�JDV�WHPSHU DWXUH�FORVH�WR�URRP�WHPSHUDWXUH ���� .��WUDQVPLWWHG�WKURXJK�WKH��� FP�WKLFN SRO\FU\VWDOOLQH�
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%H DW� URRP� DQG OLTXLG� QLWURJHQ� WHPSHUDWXUHV DUH GLVSOD\HG LQ� )LJXUH �D� )LJXUH �EVKRZV� WKH� WUDQVPLWWHG� QHXWURQ� IOX[� ZLWK� QHXWURQ� JDV� WHPSHUDWXUH� FORVH� WR� OLTXLG�K\GURJHQ�RQH�
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1HXWURQ�:DYHOHQJWK�OO ��QP

)LJXUH��� 7UDQVPLWWHG QHXWURQ�IOX[�WKURXJK�SRO\FU\VWDOOLQH�EHU\OOLXP
,W�LV�DSSDUHQW�WKDW�%H�FDQ�EH�HIILFLHQWO\�XVHG�DV�D�FROG�QHXWURQ�ILOWHU�VSHFLDOO\�IRU�QHXWURQV�HPLWWHG�IURP�FROG�QHXWURQ�VRXUFH� 7KH����FP�SRO\FU\VWDOOLQH %H�FRROHG�WR�WKH/1� WHPSHUDWXUH�WUDQVPLWV�PRUH�WKDQ�����RI�LQFLGHQW�QHXWURQV ZLWK�HQHUJLHV�OHVV�WKDQ���PH9�ZKLOH�UHMHFWV��7Q �������QHXWURQV�ZLWK�KLJKHU�HQHUJLHV �3RO\FU\VWDOOLQH�JUDSKLWH
7KH� WRWDO�FURVV�VHFWLRQV RI�JUDSKLWH�DW� WHPSHUDWXUHV�RI���� .�DQG���� .�ZHUH�FDOFXODWHG� IRU�QHXWURQV� LQ� WKH�HQHUJ\� UDQJH�IURP����PH9�XS� WR�� H9��7KH� UHVXOWV�RIWKHVH� FDOFXODWLRQV DUH� GLVSOD\HG� LQ� )LJXUH� �� E\ VROLG� OLQHV�� )RU� FRPSDULVRQ�� WKH�H[SHULPHQWDO�GDWD� >��@�PHDVXUHG�DW WKH (7B55���DUH�DOVR�GLVSOD\HG� LQ�)LJXUH���7KH�FDOFXODWHG� GDWD DUH� DOPRVW� LQ� DJUHHPHQW� ZLWK� H[SHULPHQWDO� YDOXHV� IRU� WKH� ILWWHG�SDUDPHWHUV� &� ���� DQG� T' ���� .�� 2QH� FDQ� REVHUYH� WKDW� WKH� JUDSKLWH� WRWDO� FURVV �VHFWLRQ�EH\RQG�WKH�FXW �RII�ZDYHOHQJWK�OF �GRR� �DW�(����� PH9��LV�DERXW�����EDUQ��7KLV�YDOXH� LV PXFK OHVV� WKDQ WKH� IUHH� DWRPLF� FURVV�VHFWLRQ� ���� EDUQV DW� QHXWURQ� HQHUJLHV�KLJKHU�WKDQ�� H9�
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)LJXUH �� 7KH�WRWDO�QHXWURQ�FURVV�VHFWLRQ�RI�SRO\FU\VWDOOLQH�JUDSKLWH�7R�VKRZ�WKH�HIIHFW�RI�ERWK�WK LFNQHVV�DQG�WHPSHUDWXUH�RI�SRO\ FU\VWDOOLQH�JUDSKLWH�RQ LWV�ILOWHULQJ�IHDWXUHV��WKH�FDOFXODWLRQV�ZHUH�SHUIR UPHG�DW�URRP�DQG�/1� WHPSHUDWXUHV��IRU� QHXWURQV� LQ� WKH� HQHUJ\� UDQJH� �� ��� ± � H9�� 7KH� UHVXOWV� RI� WKHVH� FDOFXODWLRQV� DUH�GLVSOD\HG� LQ�)LJXUH ���7KH� LQGLFDWLRQ� LV� WKDW WKH���FP� WKLFN�SRO\FU\VWDOOLQH�JUDSKLWHFRROHG� WR� WKH /1� WHPSHUDWXUH�� KDV� D� EHWWHU� HIIHFW �WR�QRLVH� UDWLR� IRU� QHXWURQV� ZLWK�ZDYHOHQJWKV�t �����QP�

)LJXUH����1HXWURQ�WUDQVPLVVLRQ�WKURXJK�SRO\FU\VWDOOLQH�JUDSKLWH
7KH� FDOFXODWLRQ� RI� WKH� FROG� QHXWURQ� IOX[�� IRU� ZKLFK� WKH UH� LV� D� 0D[ZHOOLDQ�GLVWULEXWLRQ ZLWK� D� QHXWURQ� JDV� WHPSHUDWXUH� FORVH� WR WKH OLTXLG� K\GURJHQ RQH�� LV�GLVSOD\HG� LQ� )LJXUH �� EHIRUH� DQG� DIWHU� LWV� WUDQVPLVVLRQ� WKURXJK� WKH� �� FP� WKLFN�SRO\FU\VWDOOLQH�JUDSKLWH�FRROHG�WR��� .��,W LV�REVHUYHG�WKDW�WKH���FP JUDSKLWH�WUDQVPLWV�DERXW� ��� � QHXWURQV� ZLWK� ZDYHOHQJWK� t ���� QP�� 2QH� FDQ� FRQFOXGH� WKD W�SRO\FU\VWDOOLQH�JUDSKLWH�XQGHU�WKHVH�FRQGLWLRQV SURYLGHV D�KLJK�LQWHQVLW\�RI�WUDQVPLWWHG�FROG�QHXWURQV� ZKLOH�HIILFLHQWO\�UHPRYHV�WKH�HSLWKHUPDO�DQG�IDVW�QHXWURQV �OHVV WKDQ���������
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