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7KH� SK\VLFDO� PRGHO� RI� D� FORVHG�FHOO� IRDP� PDWHULDO�� SURGXFHG� HLWKHU� E\IRDPLQJ� D� OLJXLG� VXEVWDQFH� RU� E\� PLFURVSKHUH� FRPSRXQGLQJ� �LQ� WKH� FDVH� RIV\QWDFWLF� IRDP��� RU� E\� PLFURVSKHUH� FDNLQJ� �JOXLQJ��� ,Q� RUGHU� WR� GHWHUPLQH� WKHHODVWLF�PRGXOL��D�IUDJPHQW�RI�WKLV�PDWHULDO�FDQ�EH�UHSUHVHQWHG�DV�D�VHW�RI�ERQGHGWKLQ�ZDOOHG�VSKHULFDO�VKHOO��WKH�SLFWXUH�FRUUHVSRQGV�D�UHDO�IRDP�VWUXFWXUH��ILJXUH����� 7R�REWDLQ�D�VWUXFWXUH�ZLWK�Q����ZH�KDYH�XVHG�WKH�VWURQJ�GHSHQGHQFH�RI�WKHEHQGLQJ� ULJLGLW\� RI� HODVWLF� URGV�� SODWHV� DQG� VKHOOV� RQ� WKH� LQLWLDO� FXUYDWXUH�DFFRUGLQJ�WR�WKH�FULWHULRQ��GHVFULEHG�HOVHZKHUH�>�@��LQ�WKH�IRUP�RI�WDQJHQWLDO�NW WRQRUPDO� NQ ULJLGLWLHV� UHODWLRQ�� YL]��� NNWQ � � �� 7KXV�� SRVLWLYH� YDOXHV� RI� 3RLVVRQ¶VUDWLR�IRU�FHOOHG�PDWHULDOV�KDYLQJ�D�FRPPRQ�VWUXFWXUH��HQHUJHWLFDOO\�IDYRXUDEOH�IRUIUHH� IRDPLQJ�� UHVXOW� IURP� WKH� SRVLWLYH� FXUYDWXUH� RI�PRVW� FHOOV��+RZHYHU�� LI� WKHYROXPHWULF� FRPSUHVVLRQ�ZDV� ODUJH�� D� SDUW�RI� WKH� FHOO� VXUIDFH� DFTXLUHV� ILUVW� ]HURWKHQ�QHJDWLYH�FXUYDWXUH�:H�KDYH�FRQGXFWHG�UHVHDUFK�DQG�PDGH�DQ� LQIHUHQFH�DERXW� WKH� UROH�RI� WKHFHOO�VL]H�QRQXQLIRUPLW\� IDFWRU� LQ� WKH� GHIRUPDWLRQ� RI� IRDPV�� 7KH� VDLGQRQXQLIRUPLW\� ZDV� WKRXJKW� WR� UHVXOW� IURP� GLIIHUHQW� FRQGLWLRQV� RI� ERWK� WKHIRUPDWLRQ�DQG�GHYHORSPHQW�RI� FHOOV� LQ� WKH�EXON� �ILJXUH�������7KH� FHOOV� RI� VPDOOVL]H� ZHUH� IRXQG� PRVWO\� WR� KROG� WKHLU� RULJLQDO� VKDSH�� EXW� ODUJHU� FHOOV� VKRZHGUHODWLYHO\� ORZ� ULJLGLW\�� DQG�ZKHQ� FRPSUHVVHG��ZRXOG� JHW� GHIRUPHG� VLPLODUO\� WRWKLQ�ZDOOHG� VKHOOV�� ZLWK� D� SRVVLELOLW\� RI� ORVLQJ� VWDELOLW\�� 7KXV�� WKH� YROXPHWULFFRPSUHVVLRQ�RI�D�IRDPHG�PDWHULDO�LV�PDLQO\�UHDOLVHG�DW�WKH�H[SHQVH�RI�GHFUHDVHGIUHH� YROXPH� RI� ODUJHU� FHOOV�� 9DULRXV� PRGHV� RIVWDELOLW\� ORVV� FDQ� WDNH� SODFH� GHSHQGLQJ� RQ� WKHORDGLQJ� UHJLPHV�� 6HSDUDWLRQ� RI� FHOOV� DFFRUGLQJ� WRGHIRUPDWLRQ�OHYHOV�ZDV�IRXQG�WR�FDXVH�DQRPDORXVHODVWLF� EHKDYLRU� LQ� FRQYHUWHG� FOR]HG�SRUH� IRDPV�WKH�DQRPDO\�LV�FKDUDFWHUL]HG�E\�QHJDWLYH�YDOXHV�RI3RLVVRQ¶V�UDWLR�

)LJ�������&RQYHQWLRQDOVLOLFRQH�UXEEHUIRDP >�@



,W�LV�ZRUWK�PHQWLRQLQJ��WKDW�WKHJLYHQ� GHIRUPDWLRQ� EHKDYLRU UHJXLUHGWR� UHDFK� D� FROODSVH�� FDQ� EH� DFKLHYHGDV�D�UHVXOW�RI�FRRSHUDWLYH�GHIRUPDWLRQRI�WKH�FHOO�V\VWHP��EHLQJ�V\PPHWULFDODORQJ� WKUHH� FRRUGLQDWH� D[HV�� ZLWKRXWORVLQJ� WKH� FHOO� FRQWLQXLW\�� 7KHSURQRXQFHG� V\PPHWU\� DQG� SUHVHQFHRI� DQ� DGHTXDWH� DPRXQW� RI� SDUWLFOHVDSSHDUHG� WR� LQFUHDVH� WKH� LVRWURS\� RIWKH� PHGLXP�� DV� ZHOO� DV� LWVSURGXFLELOLW\�� ,Q� YLHZ� RI� DOO� WKLV�� LWVHHPV� H[SHGLHQW� WR� JR IURP� WKHVWDWLVWLFDO�GHVFULSWLRQ�RI�D�PHGLXP� WRD�ORFDO�RQH�RQ�WKH�VFDOH�RI�D�VWUXFWXUDOXQLW� ,Q� YLHZ� RI� WKH� DERYH�� DVWUXFWXUDO� PRGHO� LV� VXJJHVWHG� RI� DQLVRWURSLF� FOR]HG�SRUH� IRDPHGPDWHULDO�� 7KH� PRGHO� LV� D� V\VWHP� RIVWDEOH��KROGLQJ�WKH�RULJLQDO�VSKHULFDO�VKDSH��DQG�FRQYHUWLEOH�FHOOV��ILJXUH�������,QRUGHU�WR�H[DPLQH�WKH�GHIRUPDWLRQ�HIIHFWV��D�VWUXFWXUDO�XQLW�LV�WDNHQ�RII�FRPSRVHGRI�D�FHQWUDO�FRQYHUWLEOH�FHOO�DQG�VL[�VDWHOOLWH�FHOOV�RI�D�PXFK�VPDOOHU�VL]H��DUUDQJHGV\PPHWUFDOO\�

)LJ�������7KH�PRGHO�LV�D�V\VWHP�RI�VWDEOH�DQG�FRQYHUWLEOH�FHOOV

)LJ�������&RQYHQWLRQDOSRO\HVWHU�IRDP >�@



7KLV� PRGHO� RI� D� PDWHULDO� FDQ� EH� UHDOL]HG� E\� IRDPLQJ� D� WKHUPRSODVWLFSRO\PHU��ZLWK�PDNLQJ�XVH� RI� D� SRUH� IRUPHU� KDYLQJ� IUDFWLRQV� RI� WZR�VL]HV�� 7KHPRGHO�FDQ�DOVR�EH� UHDOL]HG�E\�SURGXFLQJ�D� IRDP�E\�ZD\�RI� UHJXODUO\�DUUDQJLQJVSKHULFDO�FHOOV�RI�YDULRXV�VL]HV��$�VWUXFWXUDO�XQLW�RI�D�VXFK�PDWHULDO�SURYLGHV�IRU�DSRVVLELOLW\� RI� LWV� IXUWKHU� FRQYHUVLRQ� E\�PHDQV� RI� DOO�URXQG� FRPSUHVVLRQ� RI� WKHLQLWLDO�PDVV�� RQ�D� FHUWDLQ� VWDJH�� WKLV� WUHDWPHQW� FDQ�E\� FRPELQHG�ZLWK� D� WKHUPDOWUHDWPHQW� DW� WHPSHUDWXUHV�ZLWKLQ� WKH� VRIWHQLQJ� UDQJH�� DQG� FRROLQJ� GRZQ� WR� WKHURRP�WHPSHUDWXUH�ZLWK�WKH�SXUSRVH�RI�UHWDLQLQJ�WKH�REWDLQHG�FRQYHUWHG�VWUXFWXUH�DV�VKRZQ�LQ�ILJXUH�������PDLQWDLQLQJ�WKH�LVRWURS\�RI�WKH�HODVWLF�SURSHUWLHV�

)LJ�������7KH�PRGHO�LV�D�V\VWHP�RI�VWDEOH�DQG�UH�HQWUDQW�FHOOV
7KH� VKHDU� ULJLGLW\� RI� D� VXFK� V\VWHP� GHSHQGV� RQ� WKH� GHIRUPDWLRQFKDUDFWHULVWLFV�RI� WKH�RULJLQDO�PDWHULDO��ZKHUHDV� WKH� QRUPDO� ULJLGLW\� GHSHQGV�RQWKH�FRQYHUWLELOLW\� RI� WKH� FHOOV� DW� WKH� H[SHQVH�RI� WKH� IUHH�YROXPH��7KH� VWUXFWXUDOXQLW� RI� D� FRQYHUWHG� IRDP�� IRUPHG� LQ� WKLV� PDQQHU�� FDQ� SRVVHVV� WKH� IROORZLQJIHDWXUHV�x ORZ� QRUPDO� ULJLGLW\� DV� FRPSDUHG� ZLWK� WKH� VKHDU� ULJLGLW\�� WKXV� VDWLVI\LQJ� WKHFULWHULRQ�RI�KLJK�VKHDU�DQG�ORZ�QRUPDO�ULJLGLWLHV�



x SULRU FRQYHUVLRQ�RI�WKH�FHQWUDO�FHOO�RZLQJ�WR�LWV�UHODWLYHO\�ORZ�ULJLGLW\�WRZDUGVWKH�VDWHOOLWHV�
�����&RPSXWHU�WHVW

,Q� RUGHU� WR� H[DPLQH� WKH� GHIRUPDWLRQ� EHKDYLRXU� RI� IRDPV� E\� QXPHULFDOPHWKRGV� RI� PHFKDQLFV�� WKH� ILQLWH�HOHPHQW� DSSUR[LPDWLRQ� RI� D� IUDJPHQW� RI� DQHODVWLF�KHWHURJHQHRXV�PHGLXP�ZDV�DSSOLHG�>�@�

(YHU\�VWUXFWXUDO�XQLW�ZDV�FRQVWUXFWHG�DQG�MRLQHG�WR�QHLJKERXULQJ�XQLWV�E\PHDQV�RI�HLJKW�WULDQJXODU�SODWH�HOHPWQWV�VLPXODWLQJ�WKH�FKDUDFWHULVWLFV�RI� W\SLFDOVXEUHJLRQV� RI� WKH�PDWHULDOV�� HLJKW� URG� HOHPHQWV� DUUDQJHG� DORQJ� WKH� SURILOH� DQGFKDUDFWHUL]LQJ�WKH�UHLQIRUFHPHQW�RI�WKH�FHOO�ERXQGDULHV��DQG�IRXU�URG�HOHPHQWV�WRFRQQHFW�WKH�HGJH�PLGSRLQWV�RI�WKH�QHLJKERXULQJ�VWUXFWXUDO�XQLWV��ILJXUH������%\� YDU\LQJ� WKH� UDWLR� RI� <RXQJ¶V� PRGXOL� RI� WKH� SODWH� HOHPHQWV� WR� URGHOHPHQWV��RQH�KDV�D�SRVVLELOLW\� WR� WUHDW�GLIIHUHQW�KHWHURJHQHRXV�PDWHULDOV�� IRDPVLQFOXGHG��DV�D�OLPLWLQJ�FDVH�RI�H[LVWLQJ�D�SKDVH�ZLWK�D�]HUR�HODVWLF�PRGXOXV�7KH� GHVFULEHG�PRGHO� LV� HTXLYDOHQW� WR� WKH� VXJJHVWHG� SK\VLFDO� RQH� VLQFH� LWGHVFULEHV� YDULDWLRQV� LQ� WKH� VKDSH� RI� FHOOV� DW� WKH� H[SHQVH� RI� IUHH� YROXPH�� LIVWUXFWXUDO�XQLWV�DUH�ERQGHG�WR�SURYLGH�IRU�WKH�UHJXLUHG�GHIRUPDWLRQ�PRGH�7KH� PHWKRG� RI� ILQLWH� HOHPHQW� �� VRIWZDUH� $16<6� >��@� �� ZDV� XVHG� WRFDOFXODWH�WKH�GLVSODFHPHQW�ILHOGV�ZKHUH�D�IUDJPHQW�RI�WKH�FRQYHUWHG�VWUXFWXUH�ZLWK

)LJ�������7KH�GLVFUHWL]DWLRQ�RI�UHJXODU�FHOO�VWUXFWXUH�IUDJPHQW



FRQFDYHG� FHOOV�ZDV� VWUHWFKHG� XQLD[LDOO\�� 7KH� FDOFXODWLRQ� IRU� GHWDLOLQJ� �u�� DQG�u�� VWUXFWXUDO� XQLWV� VKRZHG�� WKDW� WUDVYHUVH� GLVSODFHPHQW� RI� WKH� QRGDO� SRLQWVEHORQJLQJ�WR�WKH�ULJKW�HQG�RI�WKH�IUDJPHQW�EHFRPH�SRVLWLYH��L��H��WKH�PRGHO�JLYHVQHJDWLYH�YDOXHV�RI�3RLVVRQ¶V�UDWLR��ILJXUH������
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E)LJ�������7UDQVYHUVH�GLVSODFHPHQW�RI�UH�HQWUDQHG�FHOOHG�VWUXFWXUH�D���EHIRUH�DQG�XQGHU�XQLD[LDO�WHQVLOH�ORGLQJ�E���WKH�OHYHOV�RI�GLVSODVHPHQW
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