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.KDUNLY�QDWLRQDO�PHGLFDO�XQLYHUVLW\��8NUDLQH�

�

$EVWUDFW�� %LRFKHPLFDO� VWXGLHV� ZHUH� SHUIRUPHG� LQ� ��� SDWLHQWV� ZLWK� SDQFUHDWLF�
SVHXGRF\VWV��DJHG��������������\HDUV��PDOH���IHPDOH�UDWLR�RI���������$OO�SDWLHQWV�ZHUH�
RSHUDWHG�RQ��6WXGLHV�KDYH�VKRZQ�WKDW� WKH�OHYHO�RI�,/����ZDV�KLJKHU�LQ�SDWLHQWV�ZLWK�
W\SH�,�SVHXGRF\VWV�����WLPHV�ZLWK�W\SH�,,�������WLPHV�DQG�W\SH�,,,�������WLPHV�FRPSDUHG�
ZLWK�WKH�FRQWURO��6XFK�D�WHQGHQF\�ZDV�QRWHG�IRU�,/���DQG�,/���DJDLQVW�LQFUHDVH�RI�,/�
��� LQ� D� �����IROG�� UHVSHFWLYHO\� �,� SDQFUHDWLF� SVHXGRF\VWV� W\SH��� ����� WLPHV� �,,�
SDQFUHDWLF�SVHXGRF\VWV� W\SH��DQG������ IROG�ZLWK� ,,,� W\SH�RI�SDQFUHDWLF�SVHXGRF\VWV��
7KH� FRQWHQW� RI� ,/���� DQG� JOXWDWKLRQH� SHUR[LGDVH� LQ� EORRG� LQ� GLIIHUHQW� W\SHV� RI�
SDQFUHDWLF�SVHXGRF\VWV�GLUHFWO\�FRUUHODWHV�ZLWK�WKH�VHYHULW\�RI�SDQFUHDWLWLV��:H�IRXQG�
D�FORVH�FRUUHODWLRQ�EHWZHHQ�WKH�OHYHO�RI�,/����DQG�JOXWDWKLRQH�FRQWHQW�LQ�EORRG�DW�DQ�
XQIDYRUDEOH�SURJQRVLV�RI�SRVWRSHUDWLYH�SHULRG��
$OO�SDWLHQWV�KDG�GHYHORSPHQW�RI�HQGRWKHOLDO�G\VIXQFWLRQ�DQG�HQGRWKHOLDO�GDPDJH��DV�
VYLGHWHVWYRYDOR�D� VLJQLILFDQW� LQFUHDVH� LQ�SODVPD�9(*)� UHVSHFWLYHO\�������� �,� W\SH�
SVHXGRF\VWV�����������,,�W\SH�SVHXGRF\VWV��DQG��������,,,�W\SH�SVHXGRF\VWV��UHODWLYH�
WR� WKH� FRQWURO�� 7KHVH� GDWD� VXJJHVW� WKDW� WKLV� FUHDWHV� IDYRUDEOH� FRQGLWLRQV� IRU� WKH�
UHPRGHOLQJ�RI� WKH�SDQFUHDV�ZKHQ� WKH�GHIHFW� UHSODFHG�FORWK�ZLWK� ORZHU� OHYHOV�RI� WKH�
RUJDQL]DWLRQ�� VXFK� DV� VFDU� DQG� UHSHDWHG� FHOO� LQMXU\� OHDGV� WR� JUHDWHU� DFWLYDWLRQ� RI�
36&V�DQG�LQFUHDVHG�SURGXFWLRQ�RI�H[WUDFHOOXODU�PDWUL[�FRPSRQHQWV��
.H\ZRUGV��SDQFUHDWLF�SVHXGRF\VW��PDWUL[�PHWDORSURWHLQD]H�SDWKRJHQHVLV��

�

�

7KH� FKURQLF� SDQFUHDWLWLV� �&3�� FRQFHUQV� WR� JURXS� RI� FKURQLF� GLVHDVHV� RI� D�

SDQFUHDV��3���PDLQO\�LQIODPPDWRU\�FDXVHV��ZLWK�SKDVH�SURJUHVVLQJ�IRFDO��VHJPHQWDU\�

RU� GLIIXVH� GHJHQHUDWH� DQG� LWV� GHVWUXFWLYH� FKDQJHV� RI� H[RFULQH� SDUW�� DQ� DWURSK\� RI�

JODQGXODU�HOHPHQWV��SDQFUHDF\WHV��DQG�UHSODFHPHQW�E\�WKHLU�ILEURXV�WLVVXH��FKDQJHV�LQ�

GXFWV�V\VWHP�RI�3��F\VWV�DQG�FDOFXOXV�IRUPDWLRQ��GLIIHUHQW�GHJUHH�GLVRUGHU�RI�H[RFULQH�

DQG�HQGRFULQH� IXQFWLRQV��&3� LV�SRO\HWLRORJLF�GLVHDVH�RI�3�ZKLFK�GHYHORSV�RZLQJ� WR�

DWWDFNV� RI� DFXWH� SDQFUHDWLWLV� �$3�� RU� WUDXPDV� RI� 3�� $V� IRU� OLWHUDWXUHV� WHVWLI\��

SUHYDOHQFH�&3�QHDUO\����FDVHV�RQ���������SHUVRQV�>�@��3ULRULW\�GLUHFWLRQV�RI�PRGHUQ�

UHVHDUFKHV�LQ�SDQFUHDWRORJ\�XQGHUVWDQG�WKH�PHFKDQLVP�RI�ORVV�IXQFWLRQLQJ�RI�3�WLVVXH�
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DQG�UHSODFHPHQW�E\�LWV�FRQQHFWLYH�WLVVXH��7KH�GHYHORSPHQW�RI�ILEURXV�FKDQJHV�RI�3��

DV� FRQVHTXHQFH� RI� WKH� G\QDPLF� FDVFDGH� RI� F\WRNLQH�� FKHPRNLQH�� IDFWRUV� RI� JURZWK�

DQG�PDQ\� RWKHU� IDFWRUV�� EDODQFH� LQIULQJHPHQWV� EHWZHHQ� SURFHVVHV� RI� V\QWKHVLV� DQG�

GLVLQWHJUDWLRQ� SURWHLQV� RI� H[WUD� FHOOXODU� PDWUL[� �(&Ɇ�� ZLWK� LWV� DFFXPXODWLRQ� DQG�

GHJUDGDWLRQ� >�@�� 3DQFUHDILEURVLV� QRZ� LW� LV� FRQVLGHUHG� DV� WKH� OHDGLQJ� SDWKRORJLFDO�

PHFKDQLVP�RI�GHYHORSPHQW�&3�DQG�LWV�FRPSOLFDWLRQV��DQG�PDLQ�UROH�LQ�WKLV�SURFHVV�

SHUIRUP�SDQFUHDWLF�VWHOODWH�FHOOV��36&V��>����@��

7KH�K\SRWKHVLV�IRUPXODWHG�E\�XV�EHFDPH�D�EDVLV�IRU�UHVHDUFK�FDUU\LQJ�RXW�WKDW�

LQ�K\SR[LD�DQG�LVFKHPLD�FRQGLWLRQV�RI�3�DIWHU�LWV�GDPDJH��DQJLRJHQLF�IDFWRUV�VXSSRUW�

HQGRWKHOLRF\WHV�DFWLYDWLRQ�DQG�SUROLIHUDWLRQ��ZKLFK�FRPHV�WR�WKH�HQG�ZLWK�SURFHVVHV�

QHRYDVFXODUL]DWLRQ��DQG�LQVXIILFLHQW�GHJUDGDWLRQ�RI�H[WUDFHOOXODU�PDWUL[�LV�WKH�FDXVH�RI�

SURJUHVVLYH�ILEURVLV�DQG�UHPRGXODWLQJ�3�ZLWK�GHYHORSPHQW�RI�FRPSOLFDWLRQV��7KXV�ZH�

FRQVLGHUHG�WKDW�UH�PRGXODWLQJ�RI�3�LV�KHWHURJHQHRXV�SURFHVV�ZKLFK�OHDGV�WR�FKDQJHV�

LQ�D�FRQQHFWLQJ�IDEULF�DQG�LQIULQJHPHQW�RI�VWUXFWXUH�DQG�IXQFWLRQ�RI�3���

7KH�ZRUN�SXUSRVH�±�WR�GHILQH�SURILEHUJHQLF�PHGLDWRUV��PDUNHUV�RI�HQGRWKHOLDO�
G\VIXQFWLRQ�DQG�KHPRVWDVLV�DW�SDWLHQWV�ZLWK�GLIIHUHQW�W\SHV�FRPSOLFDWLRQV�RI�SDQFUHDV�

SVHXGRF\VWV��

0DWHULDOV� DQG� UHVHDUFK�PHWKRGV�� 7KH� LQYHVWLJDWLRQ� LV� DSSURYHG� E\� (WKLFDO�
FRPPLWWHH��7KH�SDUWLFLSDQWV�KDYH�EHHQ�FRPSOHWHO\�LQIRUPHG��5HVHDUFKHV�ZDV�GRQH�DW�

���SDWLHQWV�LQ�DJH�DYHUDJH����������������\HDUV��D�SDULW\�RI�WKH�PDQ���ZRPHQ������

&ULWHULD� RI� LQFOXVLRQ�� SVHXGRF\VWV�RI�3�RQ�FODVVLILFDWLRQ�$��'
(JLGLR� DQG�Ɇ�

6FKHLQ��WR�,�W\SH�DUH�FDUULHG�SRVWQHFURWLF�SVHXGRF\VWV�RI�3��ZKLFK�ZHUH�IRUPHG�DIWHU�

HSLVRGH�RI�DFXWH�SDQFUHDWLWLV�RU�WUDXPDV�RI�3��WR�,,�W\SH�±�SRVWQHFURWLF�SVHXGRF\VWV�RI�

3�� ZKLFK� ZHUH� IRUPHG� RZLQJ� WR� DWWDFNV� RI� $3� DW� SDWLHQWV� ZLWK� &3�� WR� ,,,� W\SH� ±�

UHWHQWLRQ�F\VWV�ZKLFK�DURVH�DIWHU�&3�DV�D�UHVXOW�RI�SDQFUHDV�FKDQQHOV�VWULFWXUH�>�@���

&ULWHULD� RI� FXWWLQJ� RII�� LQ�RXU� UHVHDUFK�GLG� QRW� LQFOXGH�SDWLHQWV�ZLWK� D� OLYHU�
SDWKRORJ\� �KHSDWLWLV�� FLUUKRVLV�� FDQFHU�� DQG� FDQFHU� RI� 3�� WKH� VHFRQGDU\� DUWHULDO�

K\SHUWHQVLRQ�� DFFRPSDQ\LQJ� HQGRFULQH�� DXWRLPPXQH�� RQFRORJ\� SDWKRORJ\��ZLWK� WKH�

H[SUHVVHG�LQIULQJHPHQWV�RI�D�ZDUP�UK\WKP�DQG�FRQGXFWLYLW\��ZLWK�DFXWH�KHDUW�DWWDFN��
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DFXWH�KHDUW�LQVXIILFLHQF\��FDUGLRP\RSDWK\��DFFRPSDQ\LQJ�PHQWDO�GLVHDVHV��QDUFRWLVP��

DOFRKROLVP���

$OO�SDWLHQWV�KDYH�EHHQ�GLYLGHG�LQWR�WKUHH�JURXSV��WKH�ILUVW�±�SDWLHQWV�ZLWK�,�W\SH�

SVHXGRF\VWV�RI�3��FRPSOLFDWHG�E\�VXSSXUDWLRQ������DQG�DFXWH�EOHHGLQJ�LQ�D�FDYLW\�RI�

F\VW������ WKH�VHFRQG�±�SDWLHQWV�ZLWK�,,� W\SH�SVHXGRF\VWV�RI�3�����±�VXSSXUDWLRQ����±�

EOHHGLQJ�LQ�D�FDYLW\�RI�F\VW����±�UXSWXUH�RI�F\VW�ZLWK�D�EOHHGLQJ�LQ�DEGRPHQ�FDYLW\���

WKH�WKLUG�±�,,,�W\SH�SVHXGRF\VWV�RI�3�����SDWLHQWV�WKH�ILEURXV�GHJHQHUDWH�SDQFUHDWLWLV�

FRPSOLFDWHG�E\�GHYHORSPHQW�E\�VHFRQGDU\�SRUWDO�K\SHUWHQVLRQ��PHFKDQLFDO�MDXQGLFH��

HWF��*URXSV�RI�SDWLHQWV�ZHUH�FRPSDUDEOH��F� �������S!�������

&OLQLFDO� LQYHVWLJDWLRQ� LQFOXGHG� HVWLPDWLRQ� RI� FRPSODLQWV�� JDWKHULQJ� RI� WKH�

DQDPQHVLV� RI� WKH� EDVLF� GLVHDVH� DQG� DFFRPSDQ\LQJ� SDWKRORJ\�� DQ� HVWLPDWLRQ� RI�

DQWKURSRPHWULFDO� LQGLFDWRUV� �KHLJKW�� ZHLJKW�� DQ� LQGH[� RI� ZHLJKW� RI� D� ERG\���

HOHFWURFDUGLRJUDP��GHILQLWLRQ�RI�WKH�EDVLF�FOLQLFDO�DQG�ELRFKHPLFDO�SDUDPHWHUV�RI�WKH�

EORRG� DQG� XULQH�� XOWUDVRQLF�� ɋɌ�� Ɇ5Ɍ�� UDGLRJUDSKLF� H[DPLQDWLRQ� RI� VWRPDFK� DQG�

LQWHVWLQH��:DV�GRQH�DQ�HVWLPDWLRQ�RI�LQIODPPDWLRQ�IDFWRUV��K\SR[LD�DQG�FRQGLWLRQV�RI�

IDEULF� UHFRQVWUXFWLRQ� RI� 3�� 'HILQHG� 9(*)�� ɆɆ3���� LW� LQKLELWRU� Ɍ,Ɇ3��� DQG� D�

FRPSOH[�ZLWK� LQKLELWRU� �ɆɆ3���Ɍ,Ɇ3��� LQ� VHUXP�EORRG�ZLWK�XVH� LPPXQH�HQ]\PH�

PHWKRG�� ,/���� ɆɆ3���� Ɍ,Ɇ3��� UHVHDUFK� E\� FRPPHUFLDO� GLDJQRVWLF� VHWV� RI� ILUPV�

5	'� 'LDJQRVWLFV� ,QF�� �86$��� +XPDQ� ɆɆ3��� 4XDQWLNLQH� (/,6$� .LW�� FDWHJRU\�

'03����� +XPDQ� ɌȱɆ3��� 4XDQWLNLQH� (/,6$� .LW�� FDWHJRU\� '70����

�KWWS���ZZZ�UQGV\VWHPV�FRP�3URGXFWV�'70���!���+XPDQ� ,/���4XDQWLNLQH� (/,6$�

.LW�FDWHJRU\�'������+XPDQ�7*)�EHWD���4XDQWLNLQH�(/,6$�.LW�FDWHJRU\�'%���%��

'HILQLWLRQ�RI�SODVPDWLF�OHYHO�,/����,/����DQG�,/����ZDV�FDUU\�RXW�E\�LPPXQH�HQ]\PH�

PHWKRG�DQG� WHVW� V\VWHPV�PDQXIDFWXUH�©%HQGHU�0HGV\VWHPVª� �$XVWULD���*OXWDWKLRQH�

SHUR[LGDVH� �*32�� EORRG� DFWLYLW\� LQYHVWLJDWHG� RQ� VSHFWURSKRWRPHWHU�� $� PHWKRG�

SULQFLSOH�� *32� ����������� FDWDO\]HV� R[LGDWLRQ� UHDFWLRQ� RI� UHVWRUHG� JOXWDWKLRQH� LQ�

SUHVHQFH�RI�D�F\PHQH�VXEVWUDWH�ZKLFK�LV�DQ�R[LGL]HU��$FWLYLW\�RI�HQ]\PH�GHILQHV�RQ�

GHFUHDVH�RI� VXEVWUDWXP�*�6+� LQ� FRORU� UHDFWLRQ� RQ� K\GURVXOILGH�JURXSV�ZLWK�(OPDQ�
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UHDFWDQW� >�@�� 0DORQLF� GLDOGHK\GH� �Ɇ'Ⱥ�� LQ� EORRG� VHUXP� GHILQHG� E\�

VSHFWURSKRWRPHWULF�PHWKRG�RQ�/�ȱ��$QGUHHYRM�DQG�FR�DXWKRUV���������

6WDWLVWLFDO� SURFHVVLQJ� RI� UHVXOWV� ZDV� FDUU\� RXW� E\� VRIWZDUH� SDFNDJH�

�%LRVWDWLVWLFV�� �5XVVLD��� 7KH� FRUUHODWLRQ� DQDO\VLV� DSSOLHG� WR� DQ� HVWLPDWLRQ� RI�

FRPPXQLFDWLRQ�RI�WZR�TXDQWLWDWLYH�YDOXHV�DQG�ZDV�FDUU\LQJ�RXW�E\�6SHDUPHQ�PHWKRG�

DQG�WKH�RQH�IDFWRULDO�GLVSHUVLYH�DQDO\VLV��

5HVXOWV� DQG� WKHLU� GLVFXVVLRQ�� &OLQLFDO� GLVSOD\V� DQG� WKH� ODERUDWRU\�

FKDUDFWHULVWLF� DUH� UHVXOWHG� LQ� WDE�� ��� $W� ��� ������ ��� SDWLHQWV� K\SHUWKHUPLD� ZDV�

REVHUYHG��DW�����������±�MDXQGLFH��DW������������±�GLVWXUEDQFH�RI�GXRGHQDO�SDWHQF\��DW�

�� ���� ��� ±� GLVWXUEDQFH� 3� DQG� DW� �� �������� ±� ZLUVXQJROLWKLDVLV�� DW� ��� ������ ��� ±�

UHJLRQDO� SRUWDO� EORFN�� &RPSOLFDWLRQV� DUH� QRWHG� DW� DOO� SDWLHQWV�� SVHXGRF\VW� RI� 3�

VXSSXUDWLRQ�DW�������RI�WKH�ILUVW�JURXS��REVWUXFWLRQ�MDXQGLFH�DW��������RI�WKH�VHFRQG�

DQG��������RI�WKH�WKLUG�JURXS��GLVWXUEDQFH�RI�GXRGHQDO�SDWHQF\�������RI�SDWLHQWV�RI�

WKH� VHFRQG�DQG��������±� WKH� WKLUG�JURXS��FDOFLILFDWLRQ�RI�3�DW� �����SDWLHQWV�RI� WKH�

WKLUG�JURXS��ZLUVXQJROLWKLDVLV� DW� �������SDWLHQWV�RI� WKH� WKLUG� JURXS�� UHJLRQDO�SRUWDO�

EORFN�DW��������SDWLHQWV�RI�WKH�VHFRQG�DQG��������±�WKH�WKLUG�JURXS��FRPSUHVVLRQ�RI�

DGMDFHQW� RUJDQV� ±� DW� ������� SDWLHQWV� RI� WKH� VHFRQG� JURXS�� DVVRFLDWLRQ� RI� GLIIHUHQW�

FRPSOLFDWLRQV�±�DW��������SDWLHQWV�RI�WKH�VHFRQG�DQG�WKLUG�JURXS���

7KH� EDVLF� FRQFHSW� RI� RSWLPXP�FRPSOH[�RI�SDWLHQWV� WUHDWPHQW�ZKLFK�ZH�XVH�
VLQFH� ��WK� \HDUV� ROG� RI� ODVW� FHQWXU\�� WKH� PD[LPXP� SUHVHUYDWLRQ� RI� IXQFWLRQDO� 3�

UHVHUYH��ZKLFK�LV�EDVHG�RQ�XVH�RI�IRXU�EDVLF�GLUHFWLRQV�DW�DOO�VWDJHV�LV�����WKH�FRQWURO�

RI� DEGRPHQ�SDLQ����� WKH� WUHDWPHQW� RI�PDOGLJHVWLRQ� V\QGURPH�� ��� �PDQDJHPHQW��RI�

FRPSOLFDWLRQV�� ��� DV� LW� LV� SRVVLEOH� SUHVHUYDWLRQ� RI� RUJDQV� SDUHQFK\PD� DW� VXUJLFDO�

LQWHUYHQWLRQV�RQ�3��$OO�SDWLHQWV�KDYH�EHHQ�RSHUDWHG��$W�,�W\SH�SVHXGRF\VW�RI�3�KDYH�

EHHQ�XVHG�SXQFWXUH�GUDLQDJH�LQWHUYHQWLRQV�XQGHU�XOWUDVRQLF�FRQWURO�����SDWLHQWV��DQG�

RSHQ� RSHUDWLYH� LQWHUYHQWLRQV� ZLWK� H[WHUQDO� GUDLQDJH� RI� SVHXGRF\VW� FDYLWLHV� DQG�

ELRORJLFDO� WDPSRQDGH� E\� RPHQWXP�ZLWK� H[WHUQDO� GUDLQDJHV�� ��� SDWLHQWV���$W� ,,� W\SH�

SVHXGRF\VWV� RI� 3� KDYH� EHHQ� H[HFXWHG� ±� GUDLQDJHV� LQWHUYHQWLRQV� XQGHU� FRQWURO� E\�

XOWUDVRQLF� ������ DQG� DW� �� SDWLHQWV� ±� RSHUDWLYH� LQWHUYHQWLRQV� ZLWK� WDPSRQDGH� F\VW�

FDYLWLHV� LQ�DV�D�UHVXOW�RI�EOHHGLQJ�LQ�D�FDYLW\��3DWLHQWV�,,,�W\SH�SVHXGRF\VW�RI�3�DIWHU�
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SUHOLPLQDU\�SXQFWXUHV�XQGHU�XOWUDVRQLF�FRQWURO�ZDV�GRQH�UHVHFWLRQ�RI�YHQWUDO�SDUWV�RI�

KHDG� RI� 3� E\� )UH\� ���� SDWLHQWV��� D� VXEWRWDO� UHVHFWLRQ� RI� KHDG� RI� 3� E\� %HUQ�

PRGLILFDWLRQ� ���SDWLHQWV��DQG�F\VWRGLJHVWLY�GUDLQDJH� ���SDWLHQWV���)URP����DQDO\]HG�

SDWLHQWV�KDV�GLHG���IURP�DUURVLRQ�EOHHGLQJ��

7DEOH����

7KH�FOLQLFDO��ODERUDWRU\�FKDUDFWHULVWLF�RI�SDWLHQWV�ZLWK�SVHXGRF\VW�RI�3��
�0H��4��4����

,QGLFDWRU���FRQWURO� *URXSV�RI�SDWLHQWV��
7KH�ILUVW��Q ���� 7KH�VHFRQG��Q ���� 7KH�WKLUG��Q ����

$JH� ������������� ������������� �������������
Ɇ�)� ����� ����� �����

%RG\�PDVVHV�LQGH[��NJ�P�� ����������� ����������� �����������
%ORRG�OHXNRF\WHV��u�����O��
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�±�LW�LV�DXWKHQWLF�EHWZHHQ���DQG���JURXSV��
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6XEVWDQWLDO� LQFUHDVHV� RI� HQ]\PHV� DFWLYLW\� RI� /)7� ZHUH� REVHUYHG� DW� SDWLHQWV�

ZLWK�GLIIHUHQW�W\SHV�RI�SVHXGRF\VWV�RI�3��$V�WHVWLI\�FLWHG�JLYHQ��WDE������OHYHO�RI�,/����

ZDV�DERYH�LQ�WKH�ILUVW�JURXS�RI�SDWLHQWV�LQ�����WLPHV��LQ�WKH�VHFRQG�±�LQ�����WLPHV�DQG�

LQ� WKH� WKLUG� ±� LQ� ���� WLPHV� LQ� FRPSDULVRQ�ZLWK� FRQWURO� �ɪ� �������� 7KH� WHQGHQF\� LV�

QRWHG� IRU� ,/��� DQG� ,/��� DJDLQVW� LQFUHDVH� ,/���� DFFRUGLQJO\� LQ� ����� WLPHV� �,� W\SH�

SVHXGRF\VW�RI�3���LQ������WLPHV��,,�W\SH�SVHXGRF\VW�RI�3��DQG�LQ������WLPHV�DW�,,,�W\SH�

SVHXGRF\VW� RI� 3�� 7KH� SRVVLEOH� LQFUHDVH� LQ� OHYHO� ,/���� LV� DWWHPSWHG� WR� UHGXFH�

SURGXFWLRQ�SUR�LQIODPPDWRU\�F\WRNLQHV�ZKLFK�FRQWLQXHV�WR�ODVW���

$W� WKH� VDPH� WLPH�� OHYHO� DQWL�LQIODPPDWRU\� F\WRNLQHV� DW� SDWLHQWV� ,,,� W\SH�

SVHXGRF\VW�RI�3�RQ�WKH�DYHUDJH�RQ������ZDV�PRUH�ORZ��WKDQ�DW�SDWLHQWV�ZLWK�,�W\SH�

SVHXGRF\VW�DQG�RQ��������±�WKDQ�DW�SDWLHQWV�ZLWK�,,� W\SH��,/�����DOVR�NQRZQ�DV�WKH�

IDFWRU�LQGXFLQJ�,)1���Ȗ��,*,)���,W�KDV�LQLWLDOO\�EHHQ�FKDUDFWHUL]HG�DV�SRWHQWLDO�LQGXFWRU�

V\QWKHVLV�,)1���Ȗ�7���DQG�1.��FHOOV���

,/����� GHULYDWLYH� 7ɯ��� LW� FDQ� EH� FRQVLGHUHG� DV� WKH� DQWDJRQLVW� RI� VRPH� WKH�

F\WRNLQHV�� 6R�� ,/���� VXSSUHVVHV� SURGXFWLRQ� ,)1� Ȗ� 7K��� %HVLGHV�� LW� EUDNHV�

SUROLIHUDWLYH� DQVZHU� RI� 7�� FHOOV� WR� DQWLJHQV� DQG� PLWRJHQV�� DQG� DOVR� VXSSUHVVHV�

VHFUHWLRQ� DFWLYDWHG� PRQRF\WHV� ,/��ȕ�� ,/��� DQG� 71)�� $W� WKH� VDPH� WLPH� ,/����

VWLPXODWHV�VHFUHWLRQ�,J�%��FHOOV��,/����DOVR�FDQ�VWLPXODWH�V\QWKHVLV�,J�(�WKDW�FRQGXFWV�

WR� GHYHORSPHQW� RI� K\SHUVHQVLWLYLW\� RI� LPPHGLDWH� W\SH�� ,Q� WKH� LQIOXHQFH� RQ� FHOOXODU�

LPPXQLW\�,/����KDV�V\QHUJLVWLF�DFWLRQ�ZLWK�,/����$W�YDULRXV�SDWKRORJLFDO�FRQGLWLRQV�

LQFUHDVH� RI� OHYHO� ,/����� WKLV� LQFUHDVLQJ� LV� EDG� SURJQRVWLF� VLJQ�� ,/����� SRZHUIXO�

WUDQVIRUPLQJ�JURVVLQJ�IDFWRU��7*)��E��UHJXODWH�D�UHJHQHUDWLRQ�SKDVH��UHGXFHV�ILEURVLV�

DQG�DWURSK\��

'HWDLOHG�VWXG\LQJ�RI�F\WRNLQHV�HIIHFW�FDQ�EH�EDVH�IRU�ZRUNLQJ�RXW�RI�PHGLFLQHV�

IRU�WUHDWPHQW�RI�DFXWH�DQG�FKURQLF�SDQFUHDWLWLV�>�@��6R��E\�XV�LW�KDV�EHHQ�HVWDEOLVKHG�

WKDW�PDLQWHQDQFH� ,/���� DQG� JOXWDPLF� SKDVH� �*)�� LQ� EORRG� VHUXP�� DW� YDULRXV� W\SHV�

SVHXGRF\VWV� RI� 3�� GLUHFWO\� FRUUHODWHV� ZLWK� FRQGLWLRQ� SDWLHQWV�� DQG� VLPXOWDQHRXV�

GHFUHDVH�*)�DQG�LQFUHDVH�,/����LQ�FRPSDULVRQ�ZLWK�LQGLFDWRUV�ZKLFK�ZHUH�UHJLVWHUHG�

WKH�GD\�EHIRUH��RQ������DQG�LV�PRUH�FRQQHFWHG�ZLWK�WKH�EDG�SURJQRVLV��U� ���������S�
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�������� ,Q� RXU� RSLQLRQ�� LW� WHVWLILHV� WR� GHHS� GHSUHVVLRQ� RI� DQWLR[LGDQW� SURWHFWLRQ�� DQ�

H[KDXVWLRQ�RI�LWV�UHVHUYHV�DV�UHVXOW�RI�OLSLG�SHUR[LGDWLRQ�DFWLYDWLRQ�DQG�R[LGDQW�VWUHVV��

0RGHUQ�UHVHDUFKHV�KDYH�SURYHG��WKDW�WKH�SDQFUHDWLWLV�LV�LQLWLDWHG�DV�DQ�LQIODPPDWLRQ�

FRQGLWLRQ��GHVWUXFWLRQ�RI� DFLQDU�DQG�GXFWV� FHOOV�� LQWUD�±� DQG�SHULOREXODU� ILEURVLV� DQG�

VFOHURVLV�SDUHQFK\PD�RI�3��$FFRUGLQJ�WR�H[SHUWV��QHFURVLV��DSRSWRVLV�DQG�ILEURVLV�DUH�

G\QDPLF�SURFHVVHV�DQG�DFFRPSDQLHG�E\�SRO\SHSWLGH�FRQWURO�ZKLFK�FRQFHUQV�7*)�E���

RQH� RI� ZKLFK� IXQFWLRQV� LV� EDODQFH� UHJXODWLRQ� EHWZHHQ� WKH� QHJDWLYH� DQG� SRVLWLYH�

SURFHVVHV�RFFXUULQJ�LQ�3�WLVVXH�>�@��$W�H[SHULPHQWDO�UHVHDUFKHV�LW�KDV�EHHQ�HVWDEOLVKHG�

WKDW�K\SHU�SURGXFWLRQ�7*)�E��SURPRWHV�LQGXFWLRQ�DW�DQLPDOV�DV�SDQFUHDWLWLV��DQG�DQ�

DFFRPSDQ\LQJ� 7*)�D�GLDEHWHV� >�@�� 7*)�E�� DFWLYDWHV� SDQFUHDWLF� VWHOODWH� FHOOV� DQG�

VWUHQJWKHQV� WKHP�V\QWKHVLV�RI�H[WUDFHOOXODU�PDWUL[� �(&0��� LQFOXGLQJ�FROODJHQ� ,� DQG�

,,,� W\SHV�� 7KLV� F\WRNLQH� LQKLELW� GHJUDGDWLRQ� RI� �(&0�� DW� WKH� FRVW� RI� VSHFLILF�

PHWDOORHQ]\PH�DFWLYLW\�GHFUHDVH�>�@��7*)�ȕ���ZKLFK�LV�NH\�SURILEURVLV�F\WRNLQH��KDV�

EHHQ� VLJQLILFDQWO\� UDLVHG� DW�SDWLHQWV�RI�DOO� JURXSV��3VHXGRF\VWV�RI�3� DFFRUGLQJO\�RQ�

������������������DQG�RQ���������LQ�FRPSDULVRQ�ZLWK�FRQWURO�JURXS�WKDW��REYLRXVO\��

WHVWLILHV�WR�RQH�RI�UROHV�FRQGXFWLQJ�LW�LQ�GHYHORSPHQW�LQWUD�±�DQG�SHULOREXODU�ILEURVLV�

LUUHVSHFWLYH� RI� WKH� WULJJHU� PHFKDQLVP� RI� SDQFUHDWLWLV� GHYHORSPHQW� DQG� LWV�

FRPSOLFDWLRQV��+RZHYHU� WKH�PD[LPXP� LQFUHDVH�7*)�ȕ��QHYHUWKHOHVV�ZDV�REVHUYHG�

LQ�JURXS�RI�SDWLHQWV�ZLWK�DFXWH�SVHXGRF\VWV�RI�3��ZHUH�IRUPHG�DIWHU�����ZHHNV�IURP�

EHJLQQLQJ�RI�$3��

,W�LV�HVWDEOLVKHG�WKDW�GHILQLWLRQ�FLUFXODWLQJ�7*)�ȕ��FDQ�GLVSOD\�YDULRXV�VWDJHV�RI�

D� FXUUHQW� RI� D� SDQFUHDWLWLV� DQG� H[SUHVVLYHQHVV� RI� FRPSOLFDWLRQV� ZKLFK� GHYHORS� LQ�

YDULRXV�WHUPV�IURP�WKH�GLVHDVH�PRPHQW��7KH�REWDLQHG�GDWD�ZLOO�EH�FRRUGLQDWHG�ZLWK�

RSLQLRQ�RI�DXWKRUV�>���������������@��ZKLFK�KDYH�SURYHG�WKDW�WKH�WUDQVIRUPLQJ�IDFWRU�RI�

JURZWK� ȕ�� �7*)�ȕ��� ±� LV� SUHGLFWRU�ZKLFK� LQIOXHQFHV� WKH� SURFHVVHV� RI� SUROLIHUDWLRQ�

ILEUREODVWV� LQLWLDWLRQ�� V\QWKHVLV� RI� FRPSRQHQWV� (&0�� FRRSHUDWLRQ� FHOOV� RI� DQ�

LQIODPPDWLRQ��ILUVW�RI�DOO�PDFURSKDJHV���,Q�H[SHULPHQWDO�ZRUNV�RQ�DQLPDOV� WKH�KLJK�

H[SUHVVLRQ� RI� 7*)�ȕ�� LQ� DFXWH� SKDVH� RI� DQ� LQIODPPDWLRQ� DQG� LQ� D� ODWH� VWDJH� RI�

ILEURVLV� LV� GHILQHG�� DQG� LQIOXHQFH� RQ� LPPXQH� V\VWHP� HIIHFWV� 7*)�ȕ� ���ZLWK� LQKLELW�

IXQFWLRQV� SUHYDLOHG�� 7*)�ȕ�� VWLPXODWHV� VWUXFWXUH� 3=+� FKDQJH�� LW� UHPRGHOLQJ�� KDV�
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LPSRUWDQW� UROH� LQ� GHYHORSPHQW� ILEURVLV� DQG� SRWHQWLDWLQJ� DSRSWRVLV� FHOOV� RI� 3�� 7KLV�

PRUSKRORJLFDO�UHRUJDQL]DWLRQ�FDQ�EH�D�EDVLV�RI�SDQFUHDWLWLV�SDWKRJHQHVLV���

,W� LV� NQRZQ�� WKDW� ,/��� LV� RQH� RI� WKH� PRVW� DFWLYH� F\WRNLQHV�� SDUWLFLSDWLQJ� LQ�

LQIODPPDWRU\� UHDFWLRQ�� ,Q� UHVHDUFKHV�ZKLFK�ZH�KDYH�VSHQW�� OHYHO� ,/���KDV�DSSHDUHG�

FRQVLGHUDEO\� UDLVHG� LQ� DOO� JURXSV� RI� SDWLHQWV� ZLWK� SVHXGRF\VWV� RI� 3� LQ� FRPSDULVRQ�

ZLWK�FRQWURO��,Q�FDVH�RI�7*)�ȕ��OHYHO�UHVHDUFK�LQ�EORRG��LQFUHDVH�,/���ZDV�PD[LPXP�

DW� SDWLHQWV� ZLWK� ,� W\SH� SVHXGRF\VWV� RI� 3�� WKDW� ZLOO� EH� FRRUGLQDWHG� ZLWK� UHVHDUFKHV�

ZKLFK�GLVFXVV�WKH�VWDWXV�RI�F\WRNLQH�DV�DQ�LVFKHPLD�ELRPDUNHU�>������@��$W�DOO�W\SHV�

SVHXGRF\VWV�RI�3�WKH�OHYHO�RI�JHODWLQL]H�%�LQFUHDVHG�LQ�UHODWLRQ�WR�FRQWURO�JURXS��ILJ��

����$W�SDWLHQWV�ZLWK�,�W\SH�SVHXGRF\VWV�RI�3�WKH�OHYHO�RI�ɆɆ3���ZDV�UDLVHG�RQ���������

DW� ,,� W\SH� ±� RQ� ����� �� DQG� DW� ,,,� W\SH� �� RQ� ����� �� DFFRUGLQJO\� �S� ���������

&RQFHQWUDWLRQ� RI� WKH� LQKLELWRU� PDWUL[� PHWDOORSURWHLQDVH� �Ɍ,03����� ZDV� RQ� WKH�

DYHUDJH� RQ� ������� DERYH� DW� SDWLHQWV�ZLWK� ,� W\SH� SVHXGRF\VWV� RI� 3�� WKDQ� DW� FRQWURO�

JURXS� �S� ��������� DW� SDWLHQWV� ZLWK� ,,� W\SH� RI� GLVWLQFWLRQ�ZHUH� GRXEWIXO�� DW� SDWLHQWV�

DERXW�,,,�W\SH�±�OHYHO�Ɍ,03���ZDV�DQ�DYHUDJH�RQ�������PRUH�ORZ��WKDQ�DQ�LQGLFDWRU�LQ�

FRQWURO�JURXS��S���������ILJ������

�
)LJ�����0DLQWHQDQFH�ɆɆ3���LQ�D�EORRG�DW�SDWLHQWV�ZLWK�SVHXGRF\VWV�RI�SDQFUHDV��
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&RHIILFLHQW�RI�003���7,03����FRHIILFLHQW�RI�ɆɆ3���LQKLELWLRQ��ZDV�DERYH�DW�

SDWLHQWV�ZLWK�,�DQG�,,�W\SHV�SVHXGRF\VWV�RI�3��DQG�KDV�PDGH�DFFRUGLQJO\�����DQG�����

�LQ� FRQWURO� JURXS� ±� ������ �ɪ� ��������� $W� SDWLHQWV� ZLWK� ,,,� W\SH� SVHXGRF\VWV� WKH�

LQKLELWLRQ�IDFWRU�RQ�ɆɆ3���ZDV�PRUH�ORZ��WKDQ�LQ�ILUVW�WZR�JURXSV��EXW�RQ���������

H[FHHGHG�LQGLFDWRUV�RI�FRQWURO�JURXS��S����������3DULW\�003�����7,03���ZDV�DERYH�

DW� SDWLHQWV� RI� �QG� JURXS� DQG� RQ� �������� H[FHHGHG� LQGLFDWRUV� RI� FRQWURO� JURXS�� RQ�

�������±�LQGLFDWRUV�ZKLFK�KDYH�EHHQ�IL[HG�LQ��VW�JURXS�RI�SDWLHQWV�DQG�RQ��������±�

LQGLFDWRUV�ZKLFK�KDYH�EHHQ�IL[HG�LQ��UG�JURXS�RI�SDWLHQWV��S���������ILJ������

,W�LV�NQRZQ�WKDW�LQ�WKH�FRXUVH�RI�WKH�GHYHORSPHQW�SVHXGRF\VWV�RI�3�GXULQJ�WKH�

HDUO\� SHULRG� �WKH� ILUVW� ���� ZHHNV� IURP� WKH� EHJLQQLQJ� RI� DFXWH� SDQFUHDWLWLV��� WKHUH�

SDVVHV� D� QXPEHU� RI� VWDJHV�� ��� DFFXUDWHO\� SURVSHFWLYH� SURJUHVVLQJ� LQIODPPDWRU\�

LQILOWUDWH����DFXWH�FRQJHVWLRQ�RI�D�OLTXLG�����IRUPDWLRQ�HQFDSVXODWH�FRQJHVWLRQV�RI�WKH�

OLTXLG� ZLWK� DP\ODVH� DQG� OLPLWHG� E\� ILEURXV� WLVVXH� RI� SHULWRQHXP�� $EVHQFH� RI�

HSLWKHOLXP� DOORZV� GLIIHUHQWLDWLQJ� SVHXGRF\VW� DQG� QHZ� F\VWV�� $PRQJ� WKH� EDVLF�

FRPSRQHQWV� ZKLFK� SURGXFH� DFWLYDWHG� 36&V� LV� FROODJHQ� RI� ,� W\SH� DQG� LQ� VPDOOHU�

)LJ�����0DLQWHQDQFH�7,Ɇ3���LQ�D�EORRG�DW�SDWLHQWV�ZLWK�SVHXGRF\VWV�RI�SDQFUHDV��
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TXDQWLWLHV�FROODJHQV�RI�,,,�DQG�,9�W\SHV��DQG�DOVR�ILEURQHFWLQ��ODPLQLQ��K\DOXURQLF�DFLG��

HWF���

�
�

�

)RU� GLVLQWHJUDWLRQ� (&0� DQVZHU�PHWDOORSURWHLQDVH�PDWUL[� ±� DV� HQGRSHSWLGDVH�

JURXS�� ZKLFK� DUH� PDGH� 36&V�� DQG� WKHP� SURWHRO\WLF� DFWLYLW\� LV� UHJXODWHG� E\� WLVVXH�

LQKLELWRUV�±�SURWHLQ�JURXS��ZKLFK�WKH�VDPH�SURGXFHG�E\�36&V��([SUHVVLRQ�UHJXODWLRQ�

RI� PHWDOORSURWHLQDVH� RFFXUV� DW� WKUHH� OHYHOV�� ��� E\� JHQRPH�� ��� E\� DFWLYDWLRQ� RI�

SURHQ]\PHV� DQG� ��� E\� LQKLELWLRQ� RI� HQ]\PHV� DFWLYLW\� ZLWK� WKH� DVVLVWDQFH� RI� WLVVXH�

LQKLELWRUV�� 0RGXODWRUV� RI� H[SUHVVLRQ� RI� ɆɆ3� DUH� 71)�D�� ,/��E�� ,/���� ,/�����

HSLGHUPDO� JURZWK� IDFWRU� �(*)��� WUDQVIRUPLQJ� IDFWRU� RI� JURZWK� �7*)��� HWF�� $OO� RI�

WKHP�FDXVH�SURRI� IXQFWLRQV�GLVWXUEDQFH�RI�YDULRXV� W\SHV�RI� LPPXQRFRPSHWHQW�FHOOV�

>��@�� 2VWHRFDOFLWRQLQ�� GR[\F\FOLQH�� UHWLQRLGV�� JO\FRVDPLQRJO\FDQV� WR� LQKLELW� E\�

H[SUHVVLRQ�RI�ɆɆ3���

7KH� H[SUHVVLRQ� RI� ɆɆ3� LV� QDPH� WKH� PDMRU� IDFWRU� LQ� GHYHORSPHQW� RI�

GHJUDGDWLRQ� (&Ɇ�� �FULWLFDO� VWHS�� LQ� LW� UHPRGHOLQJ�� WKH� PDUNHU� RI� LQIODPPDWLRQ�

DFWLYLW\�� RI� ILEURVLV� DQG� VFOHURVLV� RI� 3�� +\DOXURQLF� DFLG�� WLVVXH� LQKLELWRUV� ɆɆ3�

)LJ�����,QKLELWLRQ�IDFWRUV�RQ�Ɇ03���DW�SDWLHQWV�ZLWK�GLIIHUHQW�W\SHV�SVHXGRF\VWV�RI�
SDQFUHDV�
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�Ɍ,Ɇ3���� ���� ODPLQLQ�� OHSWLQ�� FROODJHQ� RI� ,9� W\SH�� HWF�� DUH� XVHG� DV� WKH� LQGLFDWRUV�

UHIOHFWLQJ�TXDQWLW\�RI�D�FRQQHFWLYH�WLVVXH�>��@���

$FWLYLW\�RI�HQ]\PHV�GHSHQGV�DV�RQ�OHYHO�RI�DQ�H[SUHVVLRQ�RI� WKHLU�JHQHV��DQG�

SUHVHQFH�RI�DFWLYDWRUV�DQG�LQKLELWRUV��ɆɆ3��EDVLFDOO\��FRQFHUQ�WR��LQGXFHG��HQ]\PHV�

ZKLFK� WUDQVFULSWLRQ� VXEPLWV� WR� YDULHW\� IDFWRUV�� VWHURLG� DQG� WK\URLG� KRUPRQHV��

F\WRNLQHV��JURZWK�IDFWRUV��FKHPLFDO�DJHQWV��HWF��7KH�H[FHSWLRQ�PDNHV�ɆɆ3���ZKLFK�

H[SUHVVLRQ�RFFXUV�RQ�FRQVWLWXWLRQDO�W\SH��DQG�UHJXODWLRQ�RI�DFWLYLW\�RI�HQ]\PHV�DW�SRVW�

WUDQVPLWWLQJ�OHYHO�LV�FDUULHG�RXW�E\�DFWLYDWLRQ�RI�]\PRJHQV�RU� LQWHUDFWLRQ�ZLWK�WLVVXH�

LQKLELWRUV�ɆɆ3�>������@��

&RQWULEXWLRQ�RI�36&V�WR�SDWKRORJ\�RI�3�LV�QRW�OLPLWHG�WR�VXSHUIOXRXV�SURGXFWLRQ�

RI� D� FRQQHFWLQJ� WLVVXH�� EXW� DOVR� WKH\� VWLPXODWH� JURZWK� IDFWRUV�� WUDQVIRUPLQJ� IDFWRU�

�7*)�E��� SODWHOHW� �3'*)��� HWF�� %HVLGHV�� WKH� EDFWHULDO� LQIHFWLRQ� DQG� HQGRFHOOXODU�

SURGXFWLRQ� RI� R[\JHQ� UDGLFDOV� >��@� SURPRWH� IRUPDWLRQ� VWUHQJWKHQLQJ� 3� ILEURVLV��

3UROLIHUDWLRQ�36&V� OHDGV� WR� IRUPDWLRQ� RI� QHZ�EORRG�YHVVHOV�� 7KHVH� SURFHVVHV� JURZ�

RXW� RI� GHYHORSPHQW� 3� K\SR[LD� DQG� DFWLRQV� YDVRDFWLYH� PHGLDWRUV� DQG� F\WRNLQHV��

QLWURJHQ�R[LGH� DQG�RWKHU� IDFWRUV� >��@��7KH�SURFHVV�RI�DQJLRJHQHVLV� LV�QHFHVVDU\� IRU�

ORQJ� DGDSWDWLRQ�RI� WLVVXH� LQ� WKH� FRQGLWLRQV�RI�GDPDJH�� DQG� WKH�PDLQ�PHFKDQLVP�RI�

UHJXODWLRQ�RI�SURFHVVHV�DQJLRJHQHVLV�YDVRDFWLYH�LV�OLEHUDWLRQ�RI�DQJLRJHQLF�IDFWRUV���

$QJLRJHQHVLV� FDQ� EH� LQGXFHG� E\� SURFHVVHV� DQ� LQFUHDVH� RI� FRQFHQWUDWLRQ� RI�

VWLPXODWRUV� DQG� GHFUHDVH� OHYHO� RI� LQKLELWRUV�� RU� D� FRPELQDWLRQ� RI� WKRVH� DQG� RWKHU�

SURFHVVHV��7KXV�� WKH�HVVHQFH�RI�DQJLRJHQHVLV�SURFHVVHV�FRQVLVWV� WKDW�DIWHU�H[SDQVLRQ�

RI�YHVVHOV�DQG�LQFUHDVH�RI�WKHLU�SHUPHDELOLW\�RFFXUV�FRPSUHVVLRQ�RI�HQGRWKHOLDO�FHOOV�

DQG� UHGXFWLRQ� RI� GHQVLW\� RI� LQWHUFHOOXODU� FRQWDFWV�� $W� SDWKRORJLFDO� SURFHVVHV�

DQJLRJHQHVLV�DPSOLILHV�WKDW�FDQ�LQIOXHQFH�RQ�WKH�SURFHVVHV�LQ�(&0�>��@��

9DVFXORHQGRWKHOLDO� JURZWK� IDFWRU� �9(*)�� ±� SRWHQWLDO� PLWRJHQ� IRU� HSLWKHOLDO�

FHOOV�RI�YHVVHOV��,W�VWURQJO\�LQIOXHQFHV�SHUPHDELOLW\�RI�YHVVHOV��LV�SRZHUIXO�DQJLRJHQLF�

WLVVXH�� SDUWLFLSDWHV� LQ� SURFHVVHV�QHRYDVFXODULW\� DW� YDULRXV� SDWKRORJLFDO� VLWXDWLRQV�� LV�

VWXGLHG�ODVW�\HDUV��LQFOXGLQJ�&3��7KXV��WKH�FRQGXFWHG�UHVHDUFKHV�KDYH�VKRZQ�WKDW�WKH�

DJJUHVVLYH�DQG�KHDY\�FXUUHQW�DW�SDWLHQWV�ZLWK�SVHXGRF\VWV�RI�3����DQG�PRUH�SRLQWV�RQ�

VFDOH� 62)$�� DVVRFLDWHV� ZLWK� SUHVHQFH� RI� KLJKHU� YDOXHV� RI� OHYHO� ɆɆ3���� DQG�
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SURJUHVVLQJ� ILEURVLV� DQG� GHYHORSPHQW� RI� FRPSOLFDWLRQV� LQ� SDWLHQWV� ,,,� W\SH� RI�

SVHXGRF\VWV�DVVRFLDWHV�ZLWK�LQKLELWLRQ�RI�7,03����7KXV�WKH�DYHUDJH�OHYHO�RI�D�VWXGLHG�

LQGLFDWRU��ZDV�QRW�RQO\�PRUH�ORZ��WKDQ�DW�SDWLHQWV�RI�WKH�ILUVW�DQG�VHFRQG�JURXSV��EXW�

DOVR�RQ�WKH�DYHUDJH�RQ�������ZDV�EHORZ�LQGLFDWRUV�RI�FRQWURO�JURXS��ɪ����������:H�

KDG� EHHQ� VSHQW� VWXG\LQJ� RI� LQWUDJURXS� FRUUHODWLRQ� FRPPXQLFDWLRQV� EHWZHHQ�9(*)�

�LQGLFDWRU�RI�K\SR[LD�DQG�GDPDJHV�RI�HQGRWKHOLXP���ɆɆ3���DQG�7,03���WR�EORRG�RI�

SDWLHQWV�ZLWK�SVHXGRF\VWV�RI�3��WDE������7KH�FRQGXFWHG�UHVHDUFKHV�KDYH�VKRZQ��WKDW�LQ�

DW�DOO�W\SHV�SVHXGRF\VWV�RI�3�WKHUH�ZDV�D�SRVLWLYH�FRPPXQLFDWLRQ�RQO\�EHWZHHQ�OHYHO�

ɆɆ3���DQG�9(*)��DW�,�W\SH�LW�KDV�PDGH��������S���������DW�,,�W\SH�±�������S���������

DW�,,,�W\SH�±�������S���������5HVXOWV�RI�UHVHDUFK�VKRZ�WKDW�DW�DOO�SDWLHQWV�GHYHORSPHQW�

HQGRWKHOLXP�G\VIXQFWLRQV�ZLWK�GDPDJH�RI�HQGRWKHOLXP�WR�ZKDW�VXEVWDQWLDO�LQFUHDVH�LQ�

SODVPD�RI�EORRG�9(*)�DFFRUGLQJO\�RQ������������JURXS��������������JURXS��DQG�RQ�

����������JURXS��LQ�UHODWLRQ�WR�FRQWURO��S�������WHVWLILHG��ZDV�REVHUYHG���

7KXV��E\�PHDQV�RI�WKH�VLQJOH�IDFWRU�GLVSHUVLYH�DQDO\VLV�LW�LV�SRVVLEOH�WR�HVWLPDWH�

WKH� LPSRUWDQFH�RI�GLVWLQFWLRQV�EHWZHHQ�DYHUDJH�YDOXHV�RI� LQGLFDWRUV� LQ� IRXU�JURXSV��

$SSDUHQWO\� IURP� UHVXOWHG� GDWD�� DW� FRQILGHQWLDO� SUREDELOLW\� RI� ����� �� �ɪ� �������

LQGLFDWRU�ɆɆ3���VLJQLILFDQWO\�GLIIHUV�LQ�DOO�IRXU�JURXSV��)RU�Ɍ,Ɇ3���GLVWLQFWLRQV�DUH�

REVHUYHG�RQO\�IRU�WKH�ILUVW�DQG�WKLUG�JURXSV�RI�SDWLHQWV�DV�DPRQJ�WKHPVHOYHV��DQG�LQ�

UHODWLRQ� WR�FRQWURO�DQG� WR� WKH�VHFRQG�JURXS��$YHUDJH�UHODWLRQV�RI�ɆɆ3��� ��7,Ɇ3���

DUH�VLJQLILFDQWO\�YDULRXV�RQO\�IRU�FRQWURO�JURXS�DQG�WKH�WKLUG�JURXS�DPRQJ�WKHPVHOYHV�

DQG� LQ� FRPSDULVRQ�ZLWK� WKH� ILUVW� DQG� VHFRQG� JURXSV�� +LJK� DFWLYLW\� RI�ɆɆ3��� DQG�

Ɍ,Ɇ3��� DW� SDWLHQWV� ZLWK� ,� DQG� ,,� W\SHV� SVHXGRF\VWV� RI� 3�� SUREDEO\�� LV� FDXVHG� E\�

FRPSHQVDWRU\� UHDFWLRQ�� GLUHFWHG� RQ� VXSSUHVVLRQ� GHVWUXFWLRQ� RI� FROODJHQLF� QHWZRUN�

�EDVLFDOO\���FROODJHQ�,9��DQG�RQ�WKH�SUHYHQWLRQ�IXUWKHU�UHRUJDQL]DWLRQ�RI�FRQQHFWLQJ�

WLVVXH� RI� 3�� $W� SURJUHVVLQJ� ILEURVLV� RI� 3� �WKH� WKLUG� JURXS� RI� SDWLHQWV��ɆɆ3��� DQG�

Ɍ,Ɇ3���GHFUHDVHG�LQ�FRPSDULVRQ�ZLWK�WKH�ILUVW�DQG�VHFRQG�JURXSV�RI�SDWLHQWV��$W�,,,�

W\SH� SVHXGRF\VWV� RI� 3� WKH� OHYHO� RI� JHODWLQL]H� ZDV� RQ� ����� �� DERYH� LQGLFDWRUV� RI�

FRQWURO�JURXS��EXW�RQ��������DQG�RQ��������PRUH�ORZ��WKDQ�DW�SDWLHQWV�ZLWK�,�DQG�,,�

W\SHV�SVHXGRF\VWV�RI�3��7KXV�DYHUDJH�OHYHO�7,03���DFFRUGLQJO\�RQ��������DQG������

�ɪ�������� LQ� WKH� WKLUG�JURXS�RI�SDWLHQWV�ZDV�PRUH� ORZ�� WKDQ� LQ� WKH� ILUVW� DQG�VHFRQG�
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JURXSV��,W�LV�NQRZQ�WKDW�003���LV�WKH�LQGXFHG�HQ]\PH�ZKLFK�WUDQVFULSWLRQ�GHSHQGV�

RQ�YDULHW\�RI�IDFWRUV��OHYHO�RI�F\WRNLQHV��IDFWRUV�RI�JURZWK��FKHPLFDO�DJHQWV�HWF���DQG�

WKLV�HQ]\PH�SOD\V�DQ�LPSRUWDQW�UROH�DW�FKURQLF�SKDVHV�RI�YDULRXV�LOOQHVVHV�>��@��

7DEOH���

,QWUDJURXS�FRUUHODWLRQ�FRPPXQLFDWLRQV�EHWZHHQ�OHYHOV�9(*)��ɆɆ3���DQG�
7,03���DW�SDWLHQWV�ZLWK�SVHXGRF\VWV�RI�SDQFUHDV�

�
,�W\SH�RI�SVHXGRF\VWV�RI�SDQFUHDV�

� 9(*)� ɆɆ3��� 7,03���

9(*)�� ������� ������S������ ������S!�����

ɆɆ3��� ������S������ ������� �������S!�����

7,03��� ��������S!����� ������S!����� �������

,,�W\SH�RI�SVHXGRF\VWV�RI�SDQFUHDV�

� 9(*)� ɆɆ3��� 7,03���

9(*)�� ������� ������S������ ������S!�����

ɆɆ3��� ������S������ ������� ������S!�����

7,03��� ������S!����� ������S!����� �������

,,,�W\SH�RI�SVHXGRF\VWV�RI�SDQFUHDV�

� 9(*)� ɆɆ3��� 7,03���

9(*)�� ������� ������S������ ������S!�����

ɆɆ3��� ������S������ ������� �����S!�����

7,03��� ������S!����� ������S!����� �������

�

7KH�UHJUHVV�RI�H[WUDFHOOXODU�PDWUL[�RFFXUV�DOVR�EHFDXVH�RI�DSRSWRVLV�RI�36&V��

)XUWKHU�DOO�GHSHQGV�RQ��ZKHWKHU�DFWLRQ�RI� WKH�KDUPIXO�IDFWRU��YLUXVHV��DXWRDQWLERG\��

WR[LQV�� HWF��� VWRSV�� ,I� WKH� SDWKRJHQLF� IDFWRU� VWRS� LW� ZRUNV�� WKHUH� LV� FROODJHQ�

GHJUDGDWLRQ�� 6XFK� YDULDQW� LV� IDYRUDEOH� DQG� VLPLODU� VXSHUYLVLRQ� DUH� GHVFULEHG� DW�

SDWLHQWV� ZLWK� D� V\QGURPH� RI� RYHUORDG� E\� LURQ� DQG� FRSSHU�� DOFRKRO�LQGXFHG� OLYHU�

GHIHDW�� FKURQLF� YLUXV� KHSDWLWLVHV� DIWHU� YLUXV� HOLPLQDWLRQ�� KHSDWLWLV� HWF�� >��@�� 7KHVH�

UHVHDUFKHV�DOORZ�XV�WR�DVVXPH�WKDW�LQ�FRQGLWLRQV�RI�K\SR[LD�DQG�LVFKHPLD�RI�3��DV�D�
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UHVXOW�RI�LWV�GDPDJH�E\��DQJLRJHQLF�IDFWRUV�WKHUH�LV�DQ�DFWLYDWLRQ�DQG�SUROLIHUDWLRQ�RI�

HQGRWKHOLRF\WHV�� ZKLFK� FRPHV� WR� WKH� HQG� E\� UHPRGHOLQJ� RI� YHVVHOV� DQG�

QHRYDVFXODUL]DWLRQ�SURFHVVHV��2ZLQJ� WR� LQIULQJHPHQWV�RI�EDODQFH�EHWZHHQ�V\QWKHVLV�

RI�SURWHLQV�DQG�WKHLU�GLVLQWHJUDWLRQ�WKH�VWUXFWXUH�SDQFUHRF\WHV�RI�3�LV�FKDQJHV��'HOD\�

RI�SURFHVVHV�RI�UHF\FOLQJ�RI�H[WUDFHOOXODU�PDWUL[�FRPSRQHQWV��ZKLFK�FROOHFWV�LQ�D�]RQH�

RI�GDPDJH�RI�3��FRQGXFWV�WR�GHOD\�RI�D�UHSDUDWLRQ�SURFHVVHV�DQG�FDQ�EH�PDLQ�FDXVH�RI�

ILEURVLV� ZLWK� GHYHORSPHQW� RI� &3� DQG� LWV� FRPSOLFDWLRQV�� LQFOXGLQJ� ±� DV� D� UHVXOW� RI�

UHSHDWHG�LQIOXHQFH�RI�IDFWRUV�H[RJHQRXV�DQG�HQGRJHQRXV�QDWXUH�DQG�DFWLYDWLRQ�36&V��

DERXW� ZKDW� FDQ� LQFUHDVHV� LQ� FRQFHQWUDWLRQ� 7,03��� DQG� LQFUHDVHV� RI� IDFWRUV� RI�

LQKLELWLRQ� ɆɆ3��� DW� DOO� W\SHV� SVHXGRF\VWV� RI� 3�� $FFRUGLQJO\� LW� FUHDWHV� IDYRUDEOH�

FRQGLWLRQV�IRU�UHPRGHOLQJ�RI�3�ZKHQ��GHIHFW�RI�RUJDQ�SDUHQFK\PD�LV�UHSODFHG�ZLWK�D�

WLVVXH��IRU�H[DPSOH�±�VFDU��DQG�UHSHDWHG�GDPDJH�RI�FHOOV�FRQGXFWV�WR�ELJJHU�DFWLYDWLRQ�

36&V��WKDW�SURPRWHV�IRUPDWLRQ�RI�&3�DQG�LWV�FRPSOLFDWLRQV��

�

5HIHUHQFHV��
��� 6KLPL]X�.��0HFKDQLVPV�RI�SDQFUHDWLF�ILEURVLV�DQG�DSSOLFDWLRQV�WR�WKH�WUHDWPHQW�

RI�FKURQLF�SDQFUHDWLWLV���.��6KLPL]X����-��*DVWURHQWHURO��±�������±�9RO������ʋ�����±�3��

����±������

��� Ʌɚɡɟɛɧɢɤ� Ʌ�Ȼ�� Ɉɛɨɫɧɨɜɚɧɢɟ� ɧɨɜɵɯ� ɩɨɞɯɨɞɨɜ� ɢ� ɤɨɦɩɥɟɤɫɧɨɣ�

ɩɚɬɨɝɟɧɟɬɢɱɟɫɤɨɣ� ɬɟɪɚɩɢɢ� ɛɨɥɶɧɵɯ� ɯɪɨɧɢɱɟɫɤɢɦ� ɩɚɧɤɪɟɚɬɢɬɨɦ� �� Ʌ�� Ȼ��

Ʌɚɡɟɛɧɢɤ�� Ʌ�� ȼ�� ȼɢɧɨɤɭɪɨɜɚ�� ȿ�� Ⱥ�� Ⱦɭɛɰɨɜɚ� >ɢ� ɞɪ�@� ��� ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ� ɢ�

ɤɥɢɧɢɱɟɫɤɚɹ�ɝɚɫɬɪɨɷɧɬɟɪɨɥɨɝɢɹ��±�������±�ʋ����±�ɋ�����

��� 1ROVRH�5�� /��0XWDWLRQ� VFDQ� RI� D� W\SH� �� GLDEHWHV� FDQGLGDWH� JHQH�� WKH� KXPDQ�

LQWHUOHXNLQ����ELQGLQJ�SURWHLQ�JHQH� ��5��/��1ROVRH��)��3RFLRW��'��1RYLFN�� >HW� DO�@� ���

$QQ��1�<�$FDG��6HL��±�������±�9RO��������±�Ɋ������±�������

��� �,ZDL� <�� $Q� ,)1�JDPPD�,/���� VLJQDOLQJ� ORRS� DFFHOHUDWHV� PHPRU\� &'��� 7�

FHOO� SUROLIHUDWLRQ� �� <�� ,ZDL�� +�� +HPPL�� 2��0L]HQLQD�� 6�� .XURGD�� .�� 6XGD�� 5�� 0��

6WHLQPDQ����3/R6�2QH��±�������±�9RO�����ʋ����±�3���������

��� �ɓɟɪɛɚɧɶ� ɇ�� Ƚ�� Ʌɚɛɨɪɚɬɨɪɧɵɟ� ɦɟɬɨɞɢɤɢ� ɞɥɹ� ɢɡɭɱɟɧɢɹ� ɫɨɫɬɨɹɧɢɹ�

ɚɧɬɢɨɤɫɢɞɚɧɬɧɨɣ�ɫɢɫɬɟɦɵ�ɨɪɝɚɧɢɡɦɚ�ɢ�ɭɪɨɜɧɹ�ɩɟɪɟɤɢɫɧɨɝɨ�ɨɤɢɫɥɟɧɢɹ�ɥɢɩɢɞɨɜ�
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��ɇ��Ƚ��ɓɟɪɛɚɧɶ��Ɍ��ȼ��Ƚɨɪɛɚɱ��ɇ��Ɋ��Ƚɭɫɟɜɚ�>ɢ�ɞɪ�@����ɏɚɪɶɤɨɜ��ɏȽɆɍ��±�������±�

���ɫ��

��� �0lODUVWLJ� $�� 5DLVHG� LQWHUOHXNLQ���� LV� DQ� LQGLFDWRU� RI� SRRU� RXWFRPH� DQG�

HQKDQFHG� V\VWHPLF� LQIODPPDWLRQ� LQ� SDWLHQWV� ZLWK� DFXWH� FRURQDU\� V\QGURPH� �� $��

0lODUVWLJ��3��(ULNVVRQ��$��+DPVWHQ�>HW�DO�@����+HDUW��±�������±�9RO������±�3�����������

��� �*RODE� -�� ,QWHUOHXNLQ� ��aLQWHUIHURQ�JDPPD� LQGXFLQJ� IDFWRU�D� QRYHO� SOD\HU� LQ�

WXPRU�LPPXQRWKHUDS\"����&\WRNLQH��±�������±�9RO������±�3������±�������

��� �+R�/�3��5HGXFHG�LQWHUOHXNLQ����OHYHOV� LQ�%$/�VSHFLPHQV�IURP�SDWLHQWV�ZLWK�

DVWKPD�FRPSDUHG�WR�SDWLHQWV�ZLWK�VDUFRLGRVLV�DQG�KHDOWK\�FRQWURO�VXEMHFWV���/�3��+R��

0��'DYLV��$��'HQLVRQ��)�7��:RRG����&KHVW��������±�9RO�������ʋ����±�Ɋ������±������

��� �;LDQJ� <�� ,/���� ELQGLQJ� DQG� LQKLELWLRQ� RI� LQWHUIHURQ� JDPPD� LQGXFWLRQ� E\�

KXPDQ�SR[YLUXV�HQFRGHG�SURWHLQV��<��;LDQJ��%��0RVV����3URF��1DWO��$FDG��6HL��8�6�$��

±�������±�9RO������±�3��������±����������

���� �'
� (JLGLR� $�� 3DQFUHDWLF� SVHXGRF\VWV�� D� SURSRVHG� FODVVLILFDWLRQ� DQG� LWV�

PDQDJHPHQW�LPSOLFDWLRQV���$��'
(JLGLR��Ɇ��6FKHLQ����%U��-��6XUJ��±�������±�9RO�����

�����±�Ɋ������±������

���� �Ɉɫɨɛɥɢɜɨɫɬɿ� ɯɿɪɭɪɝɿɱɧɨɝɨ� ɥɿɤɭɜɚɧɧɹ� ɭɫɤɥɚɞɧɟɧɢɯ� ɮɨɪɦ� ɯɪɨɧɿɱɧɨɝɨ�

ɩɚɧɤɪɟɚɬɢɬɭ�ɡ�ɭɪɚɯɭɜɚɧɧɹɦ�ɹɤɨɫɬɿ�ɠɢɬɬɹ�ɯɜɨɪɢɯ� ��ɇ�Ɇ��Ƚɨɧɱɚɪɨɜɚ� ���Ⱥɜɬɨɪɟɮ��

Ⱦɢɫ��ɤɚɧɞ��ɦɟɞ��ɧɚɭɤ��±�ɏɚɪɤɿɜ��������±����ɫ��

���� �Ƚɧɨɣɧɵɣ� ɩɟɪɢɬɨɧɢɬ�� ɩɚɬɨɮɢɡɢɨɥɨɝɢɹ� ɢ� ɥɟɱɟɧɢɟ� �� ɉɨɞ� ɪɟɞ�� ɚɤɚɞ�� Ⱥ�� ə��

ɐɵɝɚɧɟɧɤɨ��±�ɏ��©Ʉɨɧɬɪɚɫɬª��������±�����ɫ��

���� �<RR�%��0��$PHOLRUDWLRQ� RI� SDQFUHDWLF� ILEURVLV� LQ�PLFH�ZLWK�GHIHFWLYH�7*)�

EHWD�VLJQDOLQJ����%��0��<RR��0��<HR��7��<��2K�>HW�DO�@����3DQFUHDV�±�������±�9RO������±�

Ɋ����±����

���� �9LVVH�5��0DWUL[�PHWDOORSURWHLQDVHV�DQG�WLVVXH�LQKLELWRUV�RI�PHWDOORSURWHLQDVHV��
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Ɋɟɡɸɦɟ�� ɉɪɨɜɟɞɟɧɨ� ɛɿɨɯɿɦɿɱɧɿ� ɞɨɫɥɿɞɠɟɧɧɹ� ɭ� ��� ɯɜɨɪɢɯ� ɡ� ɩɫɟɜɞɨɤɿɫɬɚɦɢ�
ɩɿɞɲɥɭɧɤɨɜɨʀ�ɡɚɥɨɡɢ��ɭ�ɜɿɰɿ��������������ɪɨɤɭ��ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ�ɱɨɥɨɜɿɤɢ��ɠɿɧɤɢ�
������� ɏɜɨɪɢɯ� ɛɭɥɨ� ɪɨɡɩɨɞɿɥɟɧɨ� ɧɚ� ɬɪɢ� ɝɪɭɩɢ� ɡɝɿɞɧɨ� ɤɥɚɫɢɮɿɤɚɰɿʀ� ɩɫɟɜɞɨɤɿɫɬ�
ɩɿɞɲɥɭɧɤɨɜɨʀ� ɡɚɥɨɡɢ� ɡɚ� $�� '
(JLGLR� ɬɚ� Ɇ�� 6FKHLQ� �������� ȼɫɿ� ɯɜɨɪɿ� ɛɭɥɢ�
ɨɩɟɪɨɜɚɧɿ�� Ɋɟɡɟɤɰɿɸ� ɜɟɧɬɪɚɥɶɧɨʀ� ɱɚɫɬɢɧɢ� ɝɨɥɿɜɤɢ�ɉɁ� ɡɚ�Ɏɪɟɽɦ� ɜɢɤɨɧɚɧɨ� ɭ� ���
ɩɚɰɿɽɧɬɿɜ�� ɫɭɛɬɨɬɚɥɶɧɭ� ɪɟɡɟɤɰɿɸ� ɝɨɥɿɜɤɢ� ɉɁ� ɡɚ� Ȼɟɪɧɫɶɤɨɸ� ɦɟɬɨɞɢɤɨɸ� ±� ���
ɞɪɟɧɭɜɚɧɧɹ�ɩɨɪɨɠɧɢɧɢ�ɤɿɫɬɢ�±�ɭ�����ɭ�ɩɨɽɞɧɚɧɧɿ�ɡ�ɩɪɨɬɨɤɨɜɨɸ�ɫɢɫɬɟɦɨɸ�ɉɁ�±�ɭ�
���� ɩɭɧɤɰɿɣɧɨ�ɞɪɟɧɭɸɱɿ� ɜɬɪɭɱɚɧɧɿ� ɩɿɞ� ɤɨɧɬɪɨɥɟɦ� ɍɁȾ� ±� ɭ� ���� ɜɿɞɤɪɢɬɿ�
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ɨɩɟɪɚɬɢɜɧɿ� ɜɬɪɭɱɚɧɧɹ� ɬɚ� ɡɨɜɧɿɲɧɽ� ɞɪɟɧɭɜɚɧɧɹ� ɩɨɪɨɠɧɢɧɢ� ɩɫɟɜɞɨɤɿɫɬɢ� ±� ɭ� ��
ɯɜɨɪɢɯ�� Ɂ� ��� ɩɚɰɿɽɧɬɿɜ�� ɳɨ� ɚɧɚɥɿɡɭɸɬɶɫɹ�� ɩɨɦɟɪ� �� ɜɿɞ� ɚɪɨɡɢɜɧɨʀ� ɤɪɨɜɨɬɟɱɿ��
ɉɪɨɜɟɞɟɧɟ�ɞɨɫɥɿɞɠɟɧɧɹ�ɩɿɞɬɜɟɪɞɢɥɨ��ɳɨ�ɪɿɜɟɧɶ�,/����ɛɭɜ�ɜɢɳɢɦ�ɭ�ɯɜɨɪɢɯ�ɧɚ�,�
ɬɢɩ� ɩɫɟɜɞɨɤɿɫɬ� ɜ� ���� ɪɚɡɢ�� ɧɚ� ,,� ɬɢɩ� ±� ɜ� ���� ɪɚɡɢ� ɿ� ɧɚ� ,,,� ɬɢɩ� ±� ɜ� ���� ɪɚɡɢ� ɭ�
ɩɨɪɿɜɧɹɧɧɿ� ɿɡ� ɤɨɧɬɪɨɥɟɦ� �ɪ��������ɉɨɞɿɛɧɚ� ɬɟɧɞɟɧɰɿɹ� ɜɿɞɡɧɚɱɟɧɚ� ɣ� ɞɥɹ� ,/��� ɬɚ�
,/���ɧɚ�ɬɥɿ�ɩɿɞɜɢɳɟɧɧɹ�,/����ɜɿɞɩɨɜɿɞɧɨ�ɜ������ɪɚɡɢ��,�ɬɢɩ�ɩɫɟɜɞɨɤɿɫɬ�ɉɁ���ɜ������
ɪɚɡɢ� �,,� ɬɢɩ� ɩɫɟɜɞɨɤɿɫɬ� ɉɁ�� ɬɚ� ɜ� ����� ɪɚɡɢ� ɩɪɢ� ,,,� ɬɢɩɿ� ɩɫɟɜɞɨɤɿɫɬ� ɉɁ��
ȼɫɬɚɧɨɜɥɟɧɨ�� ɳɨ� ɜɦɿɫɬ� ,/���� ɿ� ɝɥɭɬɚɬɿɨɧɩɟɪɨɤɫɢɞɚɡɢ� ɜ� ɫɢɪɨɜɚɬɰɿ� ɤɪɨɜɿ� ɩɪɢ�
ɪɿɡɧɢɯ� ɬɢɩɚɯ� ɩɫɟɜɞɨɤɿɫɬ� ɩɿɞɲɥɭɧɤɨɜɨʀ� ɡɚɥɨɡɢ� ɛɟɡɩɨɫɟɪɟɞɧɶɨ� ɤɨɪɟɥɸɽ� ɡ�
ɬɹɠɤɿɫɬɸ� ɩɚɧɤɪɟɚɬɢɬɭ�� ɇɚɦɢ� ɜɢɹɜɥɟɧɨ� ɬɿɫɧɭ� ɤɨɪɟɥɹɰɿɸ� ɦɿɠ� ɪɿɜɧɟɦ� ,/���� ɿ�
ɡɦɿɫɬɨɦ� ɝɥɭɬɚɬɿɨɧɩɟɪɨɤɫɢɞɚɡɢ� ɜ� ɤɪɨɜɿ� ɩɪɢ� ɧɟɫɩɪɢɹɬɥɢɜɨɦɭ� ɩɪɨɝɧɨɡɿ� ɩɟɪɟɛɿɝɭ�
ɩɿɫɥɹ�ɨɩɟɪɚɰɿɣɧɨɝɨ�ɩɟɪɿɨɞɭ��U ���������ɪ������

Ⱦɨɫɥɿɞɠɟɧɧɹɦɢ� ɩɿɞɬɜɟɪɞɠɟɧɚ� ɜɢɫɨɤɚ� ɚɤɬɢɜɧɿɫɬɶ� ɆɆɉ��� ɬɚ� ɌȱɆɉ��� ɭ�
ɯɜɨɪɢɯ�ɧɚ�,�ɬɚ�,,�ɬɢɩɢ�ɩɫɟɜɞɨɤɿɫɬ�ɉɁ��ɳɨ��ɦɨɠɥɢɜɨ��ɡɭɦɨɜɥɟɧɨ�ɤɨɦɩɟɧɫɚɬɨɪɧɨɸ�
ɪɟɚɤɰɿɽɸ�� ɹɤɚ� ɧɚɩɪɚɜɥɟɧɚ� ɧɚ� ɩɪɢɝɧɿɱɟɧɧɹ� ɞɟɫɬɪɭɤɰɿʀ� ɤɨɥɚɝɟɧɨɜɨʀ� ɦɟɪɟɠɿ�
�ɩɟɪɟɜɚɠɧɨ��� ɤɨɥɚɝɟɧɭ� ,9�� ɬɚ�ɩɨɩɟɪɟɞɠɟɧɧɹ�ɩɨɞɚɥɶɲɨʀ�ɩɟɪɟɛɭɞɨɜɢ�ɫɩɨɥɭɱɧɨʀ�
ɬɤɚɧɢɧɢ� ɉɁ�� ɉɪɢ� ɩɪɨɝɪɟɫɭɜɚɧɧɿ� ɮɿɛɪɨɡɭ� ɉɁ� �ɬɪɟɬɹ� ɝɪɭɩɚ� ɯɜɨɪɢɯ��ɆɆɉ��� ɬɚ�
ɌȱɆɉ���ɡɧɢɠɭɜɚɥɢɫɶ�ɭ�ɩɨɪɿɜɧɹɧɧɿ�ɡ�ɩɟɪɲɨɸ�ɬɚ�ɞɪɭɝɨɸ�ɝɪɭɩɚɦɢ�ɯɜɨɪɢɯ��ɉɪɢ�,,,�
ɬɢɩɿ�ɩɫɟɜɞɨɤɿɫɬ�ɉɁ�ɪɿɜɟɧɶ�ɆɆɉ���ɛɭɜ�ɧɚ�������ɜɢɳɟ�ɩɨɤɚɡɧɢɤɿɜ�ɤɨɧɬɪɨɥɶɧɨʀ�
ɝɪɭɩɢ��ɚɥɟ�ɧɚ�������ɬɚ�ɧɚ�������ɧɢɠɱɢɦ��ɧɿɠ�ɭ�ɯɜɨɪɢɯ�ɧɚ�,�ɬɚ�,,�ɬɢɩɢ�ɩɫɟɜɞɨɤɿɫɬ�
ɉɁ��ɉɪɢ�ɰɶɨɦɭ�ɫɟɪɟɞɧɿɣ�ɪɿɜɟɧɶ�7,03���ɜɿɞɩɨɜɿɞɧɨ�ɧɚ�������ɬɚ������ɪ�������ɜ�
ɬɪɟɬɿɣ�ɝɪɭɩɿ�ɯɜɨɪɢɯ�ɛɭɜ�ɧɢɠɱɢɦ��ɧɿɠ�ɜ�ɩɟɪɲɿɣ�ɬɚ�ɞɪɭɝɿɣ�ɝɪɭɩɚɯ��ɍ�ɜɫɿɯ�ɯɜɨɪɢɯ�
ɫɩɨɫɬɟɪɿɝɚɜɫɹ�ɪɨɡɜɢɬɨɤ�ɟɧɞɨɬɟɥɿɚɥɶɧɨʀ�ɞɢɫɮɭɧɤɰɿʀ�ɡ�ɩɨɲɤɨɞɠɟɧɧɹɦ�ɟɧɞɨɬɟɥɿɸ��
ɩɪɨ�ɳɨ�ɫɜɿɞɱɢɥɨ�ɡɧɚɱɧɟ�ɩɿɞɜɢɳɟɧɧɹ�ɭ�ɩɥɚɡɦɿ�ɤɪɨɜɿ�9(*)�ɜɿɞɩɨɜɿɞɧɨ�ɧɚ��������
�,�ɬɢɩ�ɩɫɟɜɞɨɤɿɫɬ�����������,,�ɬɢɩ�ɩɫɟɜɞɨɤɿɫɬ��ɬɚ�ɧɚ��������,,,�ɬɢɩ�ɩɫɟɜɞɨɤɿɫɬ��ɩɨ�
ɜɿɞɧɨɲɟɧɧɸ�ɞɨ�ɤɨɧɬɪɨɥɸ��S��������Ɉɬɪɢɦɚɧɿ�ɞɚɧɿ�ɞɨɡɜɨɥɹɸɬɶ�ɩɪɢɩɭɫɬɢɬɢ��ɳɨ�
ɰɟ� ɫɬɜɨɪɸɽ� ɫɩɪɢɹɬɥɢɜɿ� ɭɦɨɜɢ� ɞɥɹ� ɪɟɦɨɞɟɥɸɜɚɧɧɹ� ɩɿɞɲɥɭɧɤɨɜɨʀ� ɡɚɥɨɡɢ�� ɤɨɥɢ�
ɞɟɮɟɤɬ� ɩɚɪɟɯɢɦɢ� ɡɚɦɿɳɭɽɬɶɫɹ� ɬɤɚɧɢɧɨɸ� ɡ� ɧɢɠɱɢɦ� ɪɿɜɧɟɦ� ɨɪɝɚɧɿɡɚɰɿʀ��
ɧɚɩɪɢɤɥɚɞ� �� ɪɭɛɰɟɦ�� ɚ� ɩɨɜɬɨɪɧɟ� ɭɲɤɨɞɠɟɧɧɹ� ɤɥɿɬɢɧ� ɜɟɞɟ� ɞɨ� ɳɟ� ɛɿɥɶɲɨʀ�
ɚɤɬɢɜɚɰɿʀ�36&V�ɿ�ɡɛɿɥɶɲɟɧɧɹ�ɩɪɨɞɭɤɰɿʀ�ɤɨɦɩɨɧɟɧɬɚ�ɩɨɡɚɤɥɿɬɢɧɧɨʀ�ɦɚɬɪɢɰɿ��
Ʉɥɸɱɨɜɿ�ɫɥɨɜɚ��ɩɫɟɜɞɨɤɿɫɬɢ�ɩɿɞɲɥɭɧɤɨɜɨʀ�ɡɚɥɨɡɢ��ɦɚɬɪɢɤɫɧɿ�ɦɟɬɚɥɨɩɪɨɬɟʀɧɚɡɢ��
ɩɚɬɨɝɟɧɟɡ��

�

Ɋɟɡɸɦɟ�� ɉɪɨɜɟɞɟɧɵ� ɛɢɨɯɢɦɢɱɟɫɤɢɟ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɭ� ��� ɛɨɥɶɧɵɯ� ɫ�
ɩɫɟɜɞɨɤɢɫɬɚɦɢ� ɩɨɞɠɟɥɭɞɨɱɧɨɣ� ɠɟɥɟɡɵ�� ɜ� ɜɨɡɪɚɫɬɟ� ������ �� ����� ɥɟɬ��
ɫɨɨɬɧɨɲɟɧɢɟ�ɦɭɠɱɢɧɵ�ɠɟɧɳɢɧɵ��������Ȼɨɥɶɧɵɟ�ɛɵɥɢ�ɪɚɡɞɟɥɟɧɵ�ɧɚ�ɬɪɢ�ɝɪɭɩɩɵ�
ɫɨɝɥɚɫɧɨ�ɤɥɚɫɫɢɮɢɤɚɰɢɢ�ɩɫɟɜɞɨɤɢɫɬ�ɩɨɞɠɟɥɭɞɨɱɧɨɣ�ɠɟɥɟɡɵ�ɩɨ�$��'
(JLGLR�ɢ�Ɇ��
6FKHLQ� �������� ȼɫɟ� ɛɨɥɶɧɵɟ� ɛɵɥɢ� ɨɩɟɪɢɪɨɜɚɧɵ�� Ɋɟɡɟɤɰɢɹ� ɜɟɧɬɪɚɥɶɧɨɣ� ɱɚɫɬɢ�
ɝɨɥɨɜɤɢ�ɉɀ�ɩɨ�Ɏɪɟɸ�ɜɵɩɨɥɧɟɧɚ����ɛɨɥɶɧɵɦ�� ɫɭɛɬɨɬɚɥɶɧɚɹ�ɪɟɡɟɤɰɢɹ� ɝɨɥɨɜɤɢ�
ɉɀ�ɩɨ�Ȼɟɪɧɫɤɨɣ�ɦɟɬɨɞɢɤɟ�±����ɞɪɟɧɢɪɨɜɚɧɢɟ�ɩɨɥɨɫɬɢ�ɤɢɫɬɵ�±�ɭ�����ɜ�ɫɨɱɟɬɚɧɢɢ�
ɫ� ɩɪɨɬɨɤɨɜɨɣ� ɫɢɫɬɟɦɨɣ� ɉɀ� ±� ɭ� ���� ɩɭɧɤɰɢɨɧɧɨ�ɞɪɟɧɢɪɭɸɳɢɟ� ɜɦɟɲɚɬɟɥɶɫɬɜɚ�
ɩɨɞ�ɤɨɧɬɪɨɥɟɦ�ɍɁɂ�±�ɭ�����ɨɬɤɪɵɬɵɟ�ɨɩɟɪɚɬɢɜɧɵɟ�ɜɦɟɲɚɬɟɥɶɫɬɜɚ�ɢ�ɧɚɪɭɠɧɨɟ�
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ɞɪɟɧɢɪɨɜɚɧɢɟ� ɩɨɥɨɫɬɢ� ɩɫɟɜɞɨɤɢɫɬɵ� ±� ɭ� �� ɛɨɥɶɧɵɯ�� ɋ� ��� ɚɧɚɥɢɡɢɪɭɟɦɵɯ�
ɛɨɥɶɧɵɯ��ɭɦɟɪ���ɨɬ�ɚɪɪɨɡɢɜɧɨɝɨ�ɤɪɨɜɨɬɟɱɟɧɢɹ��

ɉɪɨɜɟɞɟɧɧɵɟ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɞɨɤɚɡɚɥɢ�� ɱɬɨ� ɭɪɨɜɟɧɶ� ,/���� ɛɵɥ� ɜɵɲɟ� ɭ�
ɛɨɥɶɧɵɯ�ɫ�,�ɬɢɩɨɦ�ɩɫɟɜɞɨɤɢɫɬ�ɜ�����ɪɚɡɚ��ɫɨ�,,�ɬɢɩɨɦ�±�ɜ�����ɪɚɡɚ�ɢ�ɫ�,,,�ɬɢɩɨɦ�±�
ɜ�����ɪɚɡɚ�ɩɨ�ɫɪɚɜɧɟɧɢɸ�ɫ�ɤɨɧɬɪɨɥɟɦ��ɪ��������ɉɨɞɨɛɧɚɹ�ɬɟɧɞɟɧɰɢɹ�ɨɬɦɟɱɟɧɚ�ɢ�
ɞɥɹ� ,/��� ɢ� ,/��� ɧɚ� ɮɨɧɟ� ɩɨɜɵɲɟɧɢɹ� ,/���� ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ� ɜ� ����� ɪɚɡɚ� �,� ɬɢɩ�
ɩɫɟɜɞɨɤɢɫɬ�ɉɀ���ɜ������ɪɚɡɚ��,,�ɬɢɩ�ɩɫɟɜɞɨɤɢɫɬ�ɉɀ��ɢ�ɜ������ɪɚɡɚ�ɩɪɢ�,,,�ɬɢɩɟ�
ɩɫɟɜɞɨɤɢɫɬ�ɉɀ��ɍɫɬɚɧɨɜɥɟɧɨ��ɱɬɨ�ɫɨɞɟɪɠɚɧɢɟ�,/����ɢ�ɝɥɭɬɚɬɢɨɧɩɟɪɨɤɫɢɞɚɡɵ�ɜ�
ɫɢɪɨɜɚɬɤɟ� ɤɪɨɜɢ� ɩɪɢ� ɪɚɡɧɵɯ� ɬɢɩɚɯ� ɩɫɟɜɞɨɤɢɫɬ� ɩɨɞɠɟɥɭɞɨɱɧɨɣ� ɠɟɥɟɡɵ�
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ�ɤɨɪɪɟɥɢɪɭɟɬ� ɫ� ɬɹɠɟɫɬɶɸ�ɩɚɧɤɪɟɚɬɢɬɚ��ɇɚɦɢ�ɜɵɹɜɥɟɧɚ� ɬɟɫɧɚɹ�
ɤɨɪɪɟɥɹɰɢɹ� ɦɟɠɞɭ� ɭɪɨɜɧɟɦ� ,/���� ɢ� ɫɨɞɟɪɠɚɧɢɟɦ� ɝɥɭɬɚɬɢɨɧɩɟɪɨɤɫɢɞɚɡɵ� ɜ�
ɤɪɨɜɢ�ɩɪɢ�ɧɟɛɥɚɝɨɩɪɢɹɬɧɨɦ�ɩɪɨɝɧɨɡɟ�ɬɟɱɟɧɢɹ�ɩɨɫɥɟɨɩɟɪɚɰɢɨɧɧɨɝɨ�ɩɟɪɢɨɞɚ��U �
��������ɪ������

ɂɫɫɥɟɞɨɜɚɧɢɹɦɢ�ɩɨɞɬɜɟɪɞɠɟɧɚ�ɜɵɫɨɤɚɹ�ɚɤɬɢɜɧɨɫɬɶ�ɆɆɉ���ɢ�ɌɂɆɉ���ɭ�
ɛɨɥɶɧɵɯ� ɫ� ,� ɢ� ,,� ɬɢɩɨɦ� ɩɫɟɜɞɨɤɢɫɬ� ɉɀ�� ɱɬɨ�� ɜɨɡɦɨɠɧɨ�� ɨɛɭɫɥɨɜɥɟɧɨ�
ɤɨɦɩɟɧɫɚɬɨɪɧɨɣ� ɪɟɚɤɰɢɟɣ�� ɤɨɬɨɪɚɹ� ɧɚɩɪɚɜɥɟɧɚ� ɧɚ� ɭɝɧɟɬɟɧɢɟ� ɞɟɫɬɪɭɤɰɢɢ�
ɤɨɥɥɚɝɟɧɨɜɨɣ� ɫɟɬɢ� �ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ� �� ɤɨɥɥɚɝɟɧɚ� ,9�� ɢ� ɩɪɟɞɭɩɪɟɠɞɟɧɢɹ�
ɞɚɥɶɧɟɣɲɟɣ� ɩɟɪɟɫɬɪɨɣɤɢ� ɫɨɟɞɢɧɢɬɟɥɶɧɨɣ� ɬɤɚɧɢ� ɉɀ�� ɉɪɢ� ɩɪɨɝɪɟɫɫɢɪɨɜɚɧɢɢ�
ɮɢɛɪɨɡɚ� ɉɀ� �ɬɪɟɬɶɹ� ɝɪɭɩɩɚ� ɛɨɥɶɧɵɯ�� ɆɆɉ��� ɢ� ɌɂɆɉ��� ɫɧɢɠɚɥɚɫɶ� ɩɨ�
ɫɪɚɜɧɟɧɢɸ�ɫ�ɩɟɪɜɨɣ�ɢ�ɜɬɨɪɨɣ�ɝɪɭɩɩɚɦɢ�ɛɨɥɶɧɵɯ��ɉɪɢ�,,,�ɬɢɩɟ�ɩɫɟɜɞɨɤɢɫɬ�ɉɀ�
ɭɪɨɜɟɧɶ�ɆɆɉ��� ɛɵɥ� ɧɚ� ������ ɜɵɲɟ�ɩɨɤɚɡɚɬɟɥɟɣ� ɤɨɧɬɪɨɥɶɧɨɣ� ɝɪɭɩɩɵ�� ɧɨ� ɧɚ�
������ɢ�ɧɚ�������ɧɢɠɟ��ɱɟɦ�ɭ�ɛɨɥɶɧɵɯ�ɫ�,�ɢ�,,�ɬɢɩɨɦ�ɩɫɟɜɞɨɤɢɫɬ�ɉɀ��ɉɪɢ�ɷɬɨɦ�
ɫɪɟɞɧɢɣ� ɭɪɨɜɟɧɶ�7ɂ0ɉ��� ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ� ɧɚ� ������ɢ� ���� �ɪ������� ɜ� ɬɪɟɬɶɟɣ�
ɝɪɭɩɩɟ�ɛɨɥɶɧɵɯ�ɛɵɥ�ɧɢɠɟ��ɱɟɦ�ɜ�ɩɟɪɜɨɣ�ɢ�ɜɬɨɪɨɣ�ɝɪɭɩɩɚɯ���

ɍ� ɜɫɟɯ� ɛɨɥɶɧɵɯ� ɧɚɛɥɸɞɚɥɨɫɶ� ɪɚɡɜɢɬɢɟ� ɷɧɞɨɬɟɥɢɚɥɶɧɨɣ� ɞɢɫɮɭɧɤɰɢɢ� ɫ�
ɩɨɜɪɟɠɞɟɧɢɟɦ� ɷɧɞɨɬɟɥɢɹ�� ɨ� ɱɟɦ� ɫɜɢɞɟɬɟɫɬɜɨɜɚɥɨ� ɡɧɚɱɢɬɟɥɶɧɨɟ� ɩɨɜɵɲɟɧɢɟ� ɜ�
ɩɥɚɡɦɟ� ɤɪɨɜɢ�9(*)� ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ� ɧɚ� ������� �,� ɬɢɩ� ɩɫɟɜɞɨɤɢɫɬ��� ������� �,,�
ɬɢɩ� ɩɫɟɜɞɨɤɢɫɬ�� ɢ� ɧɚ� ������ �,,,� ɬɢɩ� ɩɫɟɜɞɨɤɢɫɬ�� ɩɨ� ɨɬɧɨɲɟɧɢɸ� ɤ� ɤɨɧɬɪɨɥɸ�
�S�������� ɉɨɥɭɱɟɧɧɵɟ� ɞɚɧɧɵɟ� ɩɨɡɜɨɥɹɸɬ� ɩɪɟɞɩɨɥɨɠɢɬɶ�� ɱɬɨ� ɷɬɨ� ɫɨɡɞɚɟɬ�
ɛɥɚɝɨɩɪɢɹɬɧɵɟ� ɭɫɥɨɜɢɹ� ɞɥɹ� ɪɟɦɨɞɟɥɢɪɨɜɚɧɢɹ� ɩɨɞɠɟɥɭɞɨɱɧɨɣ� ɠɟɥɟɡɵ�� ɤɨɝɞɚ�
ɞɟɮɟɤɬ� ɩɚɪɟɯɢɦɵ� ɡɚɦɟɳɚɟɬɫɹ� ɬɤɚɧɶɸ� ɫ� ɛɨɥɟɟ� ɧɢɡɤɢɦ� ɭɪɨɜɧɟɦ� ɨɪɝɚɧɢɡɚɰɢɢ��
ɧɚɩɪɢɦɟɪ���ɪɭɛɰɨɦ��ɚ�ɩɨɜɬɨɪɧɨɟ�ɩɨɜɪɟɠɞɟɧɢɟ�ɤɥɟɬɨɤ�ɩɪɢɜɨɞɢɬ�ɤ�ɟɳɟ�ɛɨɥɶɲɟɣ�
ɚɤɬɢɜɚɰɢɢ�36&V�ɢ�ɭɜɟɥɢɱɟɧɢɸ�ɩɪɨɞɭɤɰɢɢ�ɤɨɦɩɨɧɟɧɬɚ�ɜɧɟɤɥɟɬɨɱɧɨɝɨ�ɦɚɬɪɢɤɫɚ���
Ʉɥɸɱɟɜɵɟ� ɫɥɨɜɚ�� ɩɫɟɜɞɨɤɢɫɬɵ� ɩɨɞɠɟɥɭɞɨɱɧɨɣ� ɠɟɥɟɡɵ�� ɦɚɬɪɢɤɫɧɵɟ�
ɦɟɬɚɥɨɩɪɨɬɟɢɧɚɡɵ��ɩɚɬɨɝɟɧɟɡ��
�
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