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7KH DUWLFOH SUHVHQWV EDVLF SK\VLFR�FKHPLFDO DQG SURFHVV SDUDPHWHUV� ZKLFK DUH LPSRUWDQW LQ

FDSDFLW\ HQKDQFHPHQW GHVLJQ RI WKH K\GURJHQ SHUR[LGH SURGXFWLRQ 7KH OLPLWLQJ VWHSV LQ WKH

JUHDWHU SURGXFWLRQ� WDNLQJ LQWR DFFRXQW WKH H[LVWLQJ SURGXFWLRQ SODQW� DUH R[LGDWLRQ DQG

H[WUDFWLRQ� 7KH R[LGDWLRQ LV D PRGHUDWHO\ VORZ UHDFWLRQ RFFXUULQJ PDLQO\ LQ EXON OLTXLG�

ZKRVH UDWH LV DIIHFWHG E\ WKH PDVV WUDQVIHU DFURVV WKH OLTXLG ILOP� 7KHUHIRUH� ERWK LQWHUIDFLDO

DUHD DQG OLTXLG KROG�XS VKRXOG EH PD[LPL]HG LQ WKH LQGXVWULDO UHDFWRU� ,Q WKH H[WUDFWLRQ

SURFHVV� WKH LGHD RI SVHXGR HTXLOLEULXP OLQH LV LQWURGXFHG� ,W ZDV IRXQG RXW WKDW NQRZLQJ

WUDQVSRUW FRHIILFLHQWV DQG LQWHUIDFLDO DUHD LV QRW HQRXJK WR SUHGLFW WKH SURFHVV LQ WKH

H[WUDFWLRQ FROXPQ�

,QWURGXFWLRQ�

7KH� SURGXFWLRQ� RI� K\GURJHQ� SHUR[LGH� �+�2��� YLD� DQWKUDTXLQRQH� RFFXUV� LQ� WKUHH�

VWHSV� �)LJXUH����� L�H��� ���� K\GURJHQDWLRQ� RI� ��HWK\OWHWUDK\GURDQWKUDTXLQRQH� �(74��� ����

R[LGDWLRQ� RI� WKH� SURGXFW� REWDLQHG� LQ� D� JDV�OLTXLG� UHDFWRU�� ���� H[WUDFWLRQ� RI� K\GURJHQ�
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)LJXUH���� 6FKHPDWLF�UHSUHVHQWDWLRQ�RI�+�2��SURGXFWLRQ��
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7KH�R[LGDWLRQ�VWHS��D�JDV�OLTXLG�UHDFWLRQ��LV�FRQVLGHUHG�DV�VORZ�WR�PRGHUDWHO\�IDVW��

7KH� DEVRUSWLRQ� UDWH� RI� R[\JHQ� LV� HVVHQWLDO� IRU� WKH� RYHUDOO� WUDQVIHU� UDWH�� 7KH� R[LGDWLRQ�

UHDFWLRQ�REH\V�WKH�ILUVW�RUGHU�NLQHWLF�ODZ�IRU�ERWK�R[\JHQ�DQG�DQWKUDTXLQRQH�
�
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7KH�DLP�RI�WKLV�ZRUN�LV�WR�GHILQH�EDVLF�SK\VLFR�FKHPLFDO�DQG�SURFHVV�SDUDPHWHUV��

ZKLFK� DUH� LPSRUWDQW� LQ� FDSDFLW\� HQKDQFHPHQW� GHVLJQ� RI� WKH� +�2�� SURGXFWLRQ�� 7KH�

OLPLWLQJ�VWHSV�LQ�WKH�JUHDWHU�SURGXFWLRQ��WDNLQJ�LQWR�DFFRXQW�WKH�H[LVWLQJ�SURGXFWLRQ�SODQW��

DUH�R[LGDWLRQ�DQG�H[WUDFWLRQ��7KHUHIRUH��WKH�UHVHDUFK�ZDV�RULHQWHG�WRZDUG��L��WKH�VWXG\�RI�

R[\JHQ�DEVRUSWLRQ�IROORZHG�E\�FKHPLFDO� UHDFWLRQ� LQ�DQ�R[LGL]HU�� �LL��DQDO\]LQJ�SURFHVV�

SDUDPHWHUV� ZKLFK� H[HUW� DQ� LQIOXHQFH� RQ� JOREDO� UHDFWLRQ� UDWH� RI� R[LGDWLRQ�� �LLL�� LQ� WKH�

H[WUDFWLRQ� SURFHVV� WKH� GHWHUPLQDWLRQ� RI� HTXLOLEULXP� GLDJUDP� +�2�±ZDWHU±ZRUNLQJ�

VROXWLRQ� DW� ��� �&�� DQG� �LY�� WKH� VWXG\� RI� HIIHFW� RI� SURFHVV� SDUDPHWHUV� DQG� SK\VLFR�

FKHPLFDO�SURSHUWLHV�RQ�WKH�HIILFLHQF\�RI�WKH�FROXPQ�ZLWK�SHUIRUDWHG�SODWHV��
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([SHULPHQWDO�

2[LGDWLRQ�H[SHULPHQWV�ZHUH�SHUIRUPHG�LQ�D�EDWFK�UHDFWRU�ZLWK�D�YROXPH�RI�����/�

�G� ������P��K� ������P���7KH�PL[LQJ�HTXLSPHQW�FRQVLVWHG�RI�D� VL[�EODGHG�SLWFK�EODGH�

WXUELQH�ZLWK�D�GLDPHWHU�RI�������P��7KH�UHDFWRU�ZDV�SODFHG�LQ�D�ZDWHU�EDWK�WKHUPRVWDW�WR�
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PDLQWDLQ�D�FRQVWDQW�UHDFWLRQ�WHPSHUDWXUH�DQG�LW�ZDV�IHG�ZLWK�D�����/�RI�ZRUNLQJ�VROXWLRQ�

FRQWDLQLQJ� K\GURJHQDWHG� DQWKUDTXLQRQH�� $IWHU� UHDFKLQJ� D� GHVLUHG� UHDFWLRQ� WHPSHUDWXUH�

����DQG���� �&��DLU�ZDV�SXUJHG�DW� WKH�ERWWRP�WKURXJK�D�VSDUJHU��7KH�IORZ�RI�DLU�YDULHG�

EHWZHHQ� ���� DQG� ����/�K�� )RUPHG�+�2�� KDV� D� JUHDWHU� VSHFLILF�ZHLJKW� DV� WKH�ZRUNLQJ�

VROXWLRQ�DQG�WHQGV�WR�GHSRVLW�DW�WKH�UHDFWRU�ERWWRP��7R�HOLPLQDWH�WKH�VHSDUDWLRQ�HIIHFW�WKH�

UDQJH� RI� WKH� VWLUULQJ� UDWH� ZDV� FKRVHQ� EHWZHHQ� ����� DQG� �����PLQ
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�� 7KH� DPRXQW� RI�

K\GURJHQ�SHUR[LGH� IRUPHG�DQG� DQWKUDTXLQRQH� FRQYHUWHG�ZHUH�GHWHUPLQHG�E\�K\GURJHQ�

SHUR[LGH�WLWUDWLRQ��

([WUDFWLRQ� H[SHULPHQWDO�ZRUN� FRPSULVHG�GHWHUPLQDWLRQ�RI� FKHPLFDO� DQG�SK\VLFDO�

FKDUDFWHULVWLFV� RI� D� V\VWHP� ZRUNLQJ� VROXWLRQ� ±� K\GURJHQ� SHUR[LGH� ±� ZDWHU� DW� ��� �&��

HQJLQHHULQJ�DQDO\VLV�RI�H[WUDFWLRQ�SURFHVV�DQG�SUHGLFWLRQ�RI� LQGXVWULDO�H[SHULPHQW��7KH�

ODVW� SKDVH� RI� WKH� UHVHDUFK�ZDV� UHDOL]DWLRQ� RI� DQ� LQGXVWULDO� H[SHULPHQW� IROORZHG� E\� WKH�

DQDO\VLV�RI�WKH�UHVXOWV��
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5HVXOWV�DQG�GLVFXVVLRQ�

2[LGDWLRQ��2[LGDWLRQ�RI�(74+��E\�R[\JHQ�RFFXUV�WKURXJK�WKH�IROORZLQJ�VWHSV������

GLIIXVLRQ� RI� R[\JHQ� IURP� WKH� JDV� SKDVH� WR� WKH� JDV�OLTXLG� LQWHUSKDVH�� ���� GLIIXVLRQ� RI�

R[\JHQ�IURP�WKH�OLTXLG�LQWHUSKDVH�LQWR�WKH�EXON�RI�WKH�VROXWLRQ�DQG�����FKHPLFDO�UHDFWLRQ�

LQ�WKH�VROXWLRQ��,W�ZDV�DVVXPHG�WKDW�WKH�PDLQ�UHVLVWDQFH�LV�DW�WKH�OLTXLG�VLGH��7KHUHIRUH��

WKH�ILUVW�VWHS�FDQ�EH�LJQRUHG��7KH�RWKHU�WZR�VWHSV�FDQ�RFFXU�VLPXOWDQHRXVO\��7KHUHIRUH��LQ�

RUGHU� WR� HYDOXDWH� WKH� H[WHQW� RI� WKH� UHDFWLRQ�RFFXUULQJ� LQ� WKH� OLTXLG� ILOP�� WKH�HQKDQFLQJ�

IDFWRU�RU�+DWWD�QXPEHU��+D��PXVW�EH�GHWHUPLQHG��

7R�GHILQH�TXDOLWDWLYHO\� WKH�HIIHFW�RI�SURFHVV�SDUDPHWHUV�RQ�FKHPLFDO�UHDFWLRQ�DQG�

PDVV�WUDQVIHU�WKH�R[LGDWLRQ�H[SHULPHQWV�DW�GLIIHUHQW�VWLUULQJ�VSHHGV��WHPSHUDWXUHV�DQG�JDV�

IORZ�UDWHV�ZHUH�SHUIRUPHG�DQG�FRPSDUHG��$OO�H[SHULPHQWV�ZHUH�FRQGXFWHG�E\�FKDQJLQJ�

RQO\� RQH� SDUDPHWHU� DW� WLPH� OHDYLQJ� WKH� RWKHU� WZR� FRQVWDQW�� 7KH� HIIHFW� RI� PL[LQJ� LV�

SUHVHQWHG�DW�)LJXUH����,W�FDQ�EH�FRQFOXGHG�WKDW�PDVV�WUDQVIHU�DIIHFWV�WKH�JOREDO�UHDFWLRQ�

UDWH��$Q�LQWHUIDFLDO�DUHD�LV�KLJKHU�DW�KLJKHU�VWLUULQJ�VSHHG�UHVXOWLQJ�LQ�KLJKHU�YROXPHWULF�

PDVV�WUDQVIHU�FRHIILFLHQW��N/D���
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7DEOH���SUHVHQWV�+D�DW�GLIIHUHQW�JDV�IORZ�UDWHV�DQG�WHPSHUDWXUHV��,W�FDQ�EH�VHHQ�WKDW�

WKH� +DWWD� QXPEHU� LV� LQ� WKH� UDQJH� EHWZHHQ� ����±������ WKDW� LV�� DQ� LQWHUPHGLDWH� UHJLRQ� ��

ZKHUH� �������+D��� ��� D� UDQJH� WR�ZKLFK� FRUUHVSRQGV� DQ� HQKDQFHPHQW� IDFWRU�RI���
�
�7KH�

FRQFOXVLRQ�LV�WKDW�R[LGDWLRQ�RI�(74+��LV�D�PRGHUDWHO\�VORZ�UHDFWLRQ�RFFXUULQJ�PDLQO\�LQ�

WKH� EXON� OLTXLG�� ZKRVH� UDWH� LV� DIIHFWHG� E\� WKH� PDVV� WUDQVIHU� DFURVV� WKH� OLTXLG� ILOP��

7KHUHIRUH��ERWK�LQWHUIDFLDO�DUHD�DQG�OLTXLG�KROG�XS�VKRXOG�EH�PD[LPL]HG�LQ�WKH�LQGXVWULDO�

UHDFWRU��
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([WUDFWLRQ�� $� VWDQGDUG� PHWKRG� ZDV� XVHG� WR� GHWHUPLQH� WKH� HTXLOLEULXP�

FRQFHQWUDWLRQV� RI�+�2�� LQ�ZRUNLQJ� VROXWLRQ� DQG� LQ�ZDWHU�� )URP� WKH� GDWD� REWDLQHG� WKH�

HTXLOLEULXP� GLDJUDP� �)LJXUH���� ZDV� FRQVWUXFWHG� IRU� WKH� V\VWHP� <�>NJ�+�2��NJ�+�2@±
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9 þODQNX VR SUHVWDYOMHQL RVQRYQL IL]LNDOQR�NHPLMVNL LQ SURFHVQL SDUDPHWUL� NL VR SRPHPEQL

]D SRYHþHYDQMH NDSDFLWHWH Y SURL]YRGQML NDSDFLWHWH YRGLNRYHJD SHURNVLGD� /LPLWQD SURFHVD

VWD RNVLGDFLMD LQ HNVWUDNFLMD� 2NVLGDFLMD SRWHND SUHGYVHP Y JODYQL PDVL WHNRþH ID]H� QMHQR

KLWURVW SD RPHMXMH DEVRUSFLMD NLVLND Y WHNRþR ID]R� =D SRYHþHYDQMH LQGXVWULMVNHJD UHDNWRUMD

MH ]DWR SRWUHEQR ]DJRWRYLWL þLP YHþMR PHGID]QR SRYUãLQR LQ VORM WHNRþH ID]H� 3UL ãWXGLMX
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