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.KDUNLY�1DWLRQDO�0HGLFDO�8QLYHUVLW\��8NUDLQH�
�
$EVWUDFW�� 7KH� DUWLFOH� GHVFULEHV� WKH� UHVXOWV�� DFKLHYHG� IURP� WKH� UHVHDUFK� RQ� WKH�
LQIOXHQFH� RI� WKH� LQIXVLRQ� IURP� 5XEXV� FDHVLXV� OHDYHV� RQ� WKH� SHQHWUDELOLW\� RI� UDWV¶�
YDVFXODU�ZDOOV��,W�ZDV�IRXQG�WKH�FDSLOODU\�VWUHQJWKHQLQJ�DFWLYLW\�RI�LQIXVLRQ�GXH�WR�WKH�
SUHVHQFH� RI� IODYRQRLGV� TXHUFHWLQ�� NDHPSIHURODQGUXWLQ�� 7KH� UHVXOWV� REWDLQHG� FRPSO\�
ZLWK� VFLHQWLILF� GDWD�� VXEVWDQWLDWLQJ� WKH� VWDWLVWLFDOO\�YDOLG� IDFW� WKDW� WKH� LQIXVLRQ� IURP�
5XEXV� FDHVLXV� OHDYHV� FDQ� GHFUHDVH� YDVFXODU� SHQHWUDELOLW\� XQGHU� WKH� ³SURWHLQ´��
³[\ORO´�RU�³IRUPDOLQ´�LQIODPPDWLRQV��
.H\ZRUGV�� 5XEXV� FDHVLXV�� WKH� FDSLOODU\� VWUHQJWKHQLQJ� DFWLYLW\�� KHPRVWDWLFV��
LQIODPPDWLRQ���
�
�

7KH�EURDGHQLQJ�UDQJH�RI�KHPRVWDWLFV�LV�PRWLYDWHG�E\�YDULRXV�IDFWRUV��VXFK�DV��

SRVW�VXUJHU\�FRPSOLFDWLRQV��LQWDNH�RI�GLIIHUHQW�PHGLFDPHQWV��GLVWXUELQJ�WKH�IXVLRQ�RI�

FRDJXODWLRQ� IDFWRUV� RU� VWLPXODWLQJ� ILEULQRO\VLV�� WKH� HIIHFW� RI� UDGLRWKHUDS\� DQG�

LQFUHDVHG�DOOHUJLVDWLRQ�RI�SRSXODWLRQ��UHVXOWHG�IURP�SUDFWLFH�RI�FKHPLFDO�WKHUDS\��2QH�

RI� WKH� ZD\V� WR� VROYH� WKLV� SUREOHP� LV� WR� SURGXFH� QHZ� KHPRVWDWLFV� DQG� UHPHGLHV��

VWUHQJWKHQLQJ� FDSLOODULHV�ZLWKRXW� VLGH� HIIHFWV�� ,Q� WKLV� YLHZ��PHGLFDPHQWV�� EDVHG� RQ�

KHUEDO� VXEVWDQFHV�� DUH� UDWKHU� SURVSHFWLYH�� JDLQLQJ�PRUH� DQG�PRUH� SRSXODULW\� LQ� WKH�

PDUNHW�RI�GUXJV��

7KH�5XEXV� FDHVLXV��ZHOO�NQRZQ� IRU� LWV� WKHUDSHXWLF� TXDOLWLHV� IRU� D� ORQJ� WLPH��

ZDV�PHQWLRQHG�E\�7KHRSKUDVWXV��$YLFHQQD�DQG�'LRVFRULGHV��7R�DFKLHYH�WKHUDSHXWLF�

HIIHFW�DQFLHQW�KHDOHUV�XVHG�LW�DV�GHFRFWLRQV�DQG�LQIXVLRQV�RI�EHUULHV��OHDYHV�DQG�URRWV��

7KH�PXOWLIDULRXV�FKHPLFDO�FRPSRVLWLRQ�RI�5XEXV�FDHVLXV�OHDYHV�PD\�SUHGHWHUPLQH�LWV�

PDQLIROG�DSSOLFDWLRQ�>�@��$FFRUGLQJ�WR�VFLHQWLVWV��OHDYHV�RI�WKH�5XEXV�FDHVLXV�H[HUW�D�

KHPRVWDWLF�� DVWULQJHQW�� VXGRULILF�� DQDOJHVLF� DQG� DQWL�LQIODPPDWRU\� HIIHFW�� DV�ZHOO� DV�

VKRZ�DQ�DQWLVHSWLF�HIIHFW�DQG�DFFHOHUDWH�GLJHVWLRQ�>����@���
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%HLQJ�VXEVWDQWLDO�IRU�KHPRVWDVLV��D�YDVFXODU�ZDOO�LV�WKH�ILUVW�WR�UHDFW�WR�LQMXULHV�

WKURXJK� UHIOH[� FRQWUDFWLRQ�� OHDGLQJ� WR� GHIODWLRQ� RI� EORRG� IORZ� WR� D� WUDXPDWLF� DUHD��

$SDUW� IURP� WKDW�� WKLV� ZDOO� VHUYHV� DV� D� VRXUFH� RI� WLVVXH� WKURPERSODVWLQ� DQG� RWKHU�

WKURPERJHQLF� IDFWRUV�� $� YDVFXODU� ZDOO� PDNHV� D� ELRV\QWKHVLV� RI� DGUHQDOLQH��

QRUDGUHQDOLQH�� OLSRLGV�� KHSDULQ� DQG� RWKHU� SK\VLRORJLFDOO\� DFWLYH� VXEVWDQFHV��

SDUWLFLSDWLQJ�LQ�EOHHGLQJ�FRQWURO�>�@���

7KH�LQIOXHQFH��H[HUWHG�E\�KHUEDO�GUXJV�RQ�KXPDQ�RUJDQLVP�WKURXJK�D�JURXS�RI�

ELRORJLFDOO\�DFWLYH�VXEVWDQFHV�DQG�PLFURHOHPHQWV��LV�PDQLIROG�>�@��&RQVHTXHQWO\��LW�LV�

D� WRSLFDO� LVVXH� LQ�PRGHUQ�SKDUPDFRORJ\� WR� VHHN�DQG�GHYHORS�QHZ� KHPRVWDWLFV�RI�D�

SODQW� RULJLQ��ZKLFK� DSDUW� IURP� EHLQJ� VSHFLILFDOO\� K\SHUDFWLYH�ZRXOG� EH� FRQYHQLHQW�

DQG�VDIH�LQ�DSSOLFDWLRQ���

7KH� SXUSRVH� RI� RXU� UHVHDUFK�ZDV� WR� LQYHVWLJDWH� WKH� LQIOXHQFH� RI� WKH� LQIXVLRQ�

IURP�WKH�5XEXV�FDHVLXV�RQ�WKH�SHUPHDELOLW\�RI�UDWV¶�YDVFXODU�ZDOOV��
0DWHULDOV�DQG�0HWKRGV��7KH�H[SHULPHQW�ZDV�FRQGXFWHG�RQ����:$*�OLQH�UDWV�

�ZHLJKW���������J���NHSW�RQ�D�VWDQGDUG�YLYDULXP�GLHW��$OO�H[SHULPHQWDO�DQLPDOV�ZHUH�

UDLVHG� LQ� WKH� YLYDULXP� LQ� WKH� &HQWUDO� UHVHDUFK� ODERUDWRU\� RI� WKH� 1DWLRQDO�

3KDUPDFHXWLFDO� 8QLYHUVLW\� DQG� VWDQGDUGL]HG� DFFRUGLQJ� WR� SK\VLRORJLF� DQG�

ELRFKHPLFDO�FULWHULD��

7KH�H[SHULPHQW�ZDV�FRQGXFWHG�LQ�YLYR��$QLPDOV�ZHUH�GLYLGHG�LQWR���JURXSV����

DQLPDOV�LQ�HDFK�RI�WKHP��H[SHULPHQW�DQG�FRQWURO��7KH�H[SHULPHQW�ODVWHG���PRQWK��7KH�

LQIXVLRQ� IURP� 5XEXV� FDHVLXV� OHDYHV� ZDV� RUDOO\� LQWUDJDVWULFDOO\� DGPLQLVWHUHG� WR� WKH�

DQLPDOV�IURP�WKH�H[SHULPHQW�JURXS�RQ�D�GDLO\�EDVLV����PO�NJ���:DWHU��HTXLYDOHQW�WR�

WKH�ZHLJKW�RI�WKH�FRQWURO�DQLPDOV��ZDV�JLYHQ�WR�WKH�ODWWHU��$V�VRRQ�DV�WKH�H[SHULPHQW�

FDPH�WR�DQ�HQG��RQ�WKH���WK�GD\�ORFDO�LQIODPPDWLRQ�ZDV�VWLPXODWHG�LQ�WKH�DQLPDOV�RI�

ERWK�JURXSV�E\�WKH�3�3��*ROLNRY�PHWKRG�ZLWK�XVH�RI�GLIIHUHQW�SKORJRJHQLF�VXEVWDQFHV��

VXFK�DV��HJJ�DOEXPLQ��SURWHLQ���[\ORO��KLVWDPLQ�DQG�IRUPDOLQ�>�@���

7KH�QXPEHU�RI�DQLPDOV�DQG�WKHLU�JURXS�GLVWULEXWLRQ�FRQIRUPHG�WR�HFRQRPLFDO�

DSSURDFK��ELRHWKLFDO� UXOHV� DQG� VWDWLVWLF� UHTXLUHPHQWV��5HFDOFXODWLRQ�RI�KXPDQ�GRVHV�

IRU�WKH�UDWV�ZDV�FRQGXFWHG�E\�<X��5��5\ERORYOHY�XVLQJ�WKH�UDWLR�RI�VSHFLHV�VHQVLWLYLW\�
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>�@��$�GDLO\�DYHUDJH�GRVH�IRU�D�SDWLHQW�PDNHV�����PO�RI�WKH�LQIXVLRQ��SUHSDUHG�LQ�DQ�

DPRXQW�RI�������DVVXPLQJ�WKDW�PO�NJ� �������

6WDWLVWLFDO�FDOFXODWLRQV�ZHUH�SHUIRUPHG�E\�FRQYHQWLRQDO�PHWKRGV�>�@��

7KH�ODERUDWRU\�DQLPDOV�HPSOR\HG�LQ�WKH�UHVHDUFK�ZHUH�NHSW�LQ�WKH�H[SHULPHQWDO�

ELRORJLFDO�FOLQLF�RI�WKH�.K108�XQGHU�6WRUDJH��&DUH�DQG�)HHGLQJ�1RUPV��FRQIRUPLQJ�

WR� WKH� SULQFLSOHV� RI� WKH� ³(XURSHDQ� &RQYHQWLRQ� IRU� WKH� 3URWHFWLRQ� RI� 9HUWHEUDWH�

$QLPDOV�8VHG�IRU�([SHULPHQWDO�DQG�2WKHU�6FLHQWLILF�3XUSRVHV´��6WUDVERXUJ��������>�@�

DQG�WKH�UHVROXWLRQ�RI�WKH�)LUVW�1DWLRQDO�&RQJUHVV�RQ�%LRHWKLFV��.\LY�������>��@��7KH�

H[SHULPHQWV�ZHUH�FDUULHG�RXW�LQ�WKH�PRUQLQJ��EHFDXVH�DFFRUGLQJ�WR�VFLHQWLVWV�WKLV�WLPH�

RI� GD\� VKRZV� WKH� GHSHQGHQFH� RI� WKH� PDLQ� SKDUPDFRORJLFDO� SDUDPHWHUV� DQG�

SKDUPDFRORJLFDO�DFWLYLW\�RI�WKH�KHUEDO�SURGXFW�XQGHU�VWXG\�RQ�FLUFDGLDQ�UK\WKPV�>����

��@��

5HVXOWV�DQG�'LVFXVVLRQ��7KH�DQLPDOV�IURP�WKH�FRQWURO�JURXS�SUHVHQWHG�IDVWHU�
FRORXULQJ� RI� VNLQ� SDSXOHV�� SURGXFHG� E\� SURWHLQ� ����� PLQ��� VORZHU� FRORXULQJ� ±� E\�

KLVWDPLQH������PLQ��DQG�IRUPDOLQ������PLQ��DQG�WKH�VORZHVW�RQH�±�E\�[\ORO������PLQ��

�7DEOH�����

7DEOH����
7KH�FDSLOODU\�VWUHQJWKHQLQJ�DFWLYLW\�RI�WKH�LQIXVLRQ�IURP�5XEXV�FDHVLXV�OHDYHV��

ZLWK�GRVH�RI����PO�NJ��Q� ����

ʋJU�� *URXSV�RI�
DQLPDOV�

7KH�GXUDWLRQ�RI�VNLQ�VWDLQLQJ��LQ�PLQXWHV��
XQGHU�WKH�LQIOXHQFH�RI�SKORJRJHQLF�DJHQWV�

(JJ�DOEXPLQ� [\ORO� KLVWDPLQ� IRUPDOLQ�
��� &RQWURO� ������������ ������������ ������������ ������������

���
7KH�LQIXVLRQ�
IURP�5XEXV�
FDHVLXV�OHDYHV�

�����������
� ������������
� ������������ �����������
�

1RWH��
���GLIIHUHQFH�LV�VWDWLVWLFDOO\�VLJQLILFDQW��YHUVXV�FRQWURO��
�

$V�FRPSDUHG�WR�WKH�FRQWURO�JURXS��WKH�LQIXVLRQ�IURP�5XEXV�FDHVLXV�OHDYHV�ZLWK�

D�GRVH�RI����PO�NJ�VWDELOL]HG�YDVFXODU�ZDOOV�ZKHQ�WKH�OHYHO�RI�WKHLU�SHQHWUDELOLW\�ZDV�

UDLVHG�E\�SURWHLQ��WZLFH���[\ORO��LQ�����WLPHV��DQG�IRUPDOLQ��WZLFH���7KH�UHVXOWV�RI�WKH�

H[SHULPHQW� VKRZ� WKDW� WKH� LQIXVLRQ� IURP� 5XEXV� FDHVLXV� OHDYHV� FDQ� UHGXFH� YDVFXODU�

SHQHWUDELOLW\�XQGHU�WKH�SURWHLQ��[\ORO�DQG�IRUPDOLQ�LQIODPPDWLRQV��7DEOH������
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7KH� REWDLQHG� UHVXOWV� DWWHVW� WR� WKH� IDFW� WKDW� WKH� LQIXVLRQ� SRVVHVVHV� D� FDSLOODU\�

VWUHQJWKHQLQJ� HIIHFW� DQG� FRQIRUPV� WR� VFLHQWLILF� GDWD�� VKRZLQJ� WKH� DELOLW\� RI� VXFK�

IODYRQRLGV� DV� TXHUFHWLQH�� NDHPSIHURO� DQG� UXWLQ� �FRQWDLQHG� LQ� OHDYHV� RI� WKH� 5XEXV�

FDHVLXV��WR�UHGXFH�WKH�SHQHWUDELOLW\�RI�ZDOOV�LQ�EORRG�YHVVHOV��WKH�VR�FDOOHG�5�YLWDPLQ�

DFWLYLW\��>��@���

7KH� JLYHQ�PHWKRG�RI� VWXG\LQJ� WKH�SHQHWUDELOLW\� RI� UDWV¶� YDVFXODU�ZDOOV� EHLQJ�

EDVHG�RQ�VLPXODWLQJ�ORFDO�LQIODPPDWLRQ�E\�SKORJRJHQLF�VXEVWDQFHV��ZH�FDQ�DVVXPH�WR�

D� FHUWDLQ� GHJUHH� WKDW� WKH� LQIXVLRQ� IURP� 5XEXV� FDHVLXV� OHDYHV� SHUIRUPV� DQ� DQWL�

LQIODPPDWRU\�DFWLYLW\��'XULQJ� LQIODPPDWLRQ�� LQGXFHG� LQ� UDWV�E\� KLVWDPLQ�� WKHUH�ZDV�

QR�SRVLWLYH�HIIHFW�RQ�VWDELOL]DWLRQ�RI�WKH�YDVFXODU�ZDOO�DIWHU�LQILOWUDWLRQ�RI�WKH�LQIXVLRQ�

IURP�5XEXV� FDHVLXV� OHDYHV�� 7KLV� IDFW� DOORZV� XV� WR� DVVXPH� WKDW� WKH� LQIXVLRQ� KDV�QR�

DQWL�DOOHUJLF�SURSHUWLHV���

&RQFOXVLRQV�� ��� 7KH� LQIXVLRQ� IURP� OHDYHV� RI� WKH� 5XEXV� FDHVLXV� SURGXFHV� D�
JHQHUDO�VWUHQJWKHQLQJ�HIIHFW�RQ�WKH�SHUPHDELOLW\�RI�EORRG�YHVVHO�ZDOOV�LQ�UDWV��

���/HDYHV�RI�5XEXV�FDHVLXV�DUH�SHUVSHFWLYH�UDZ�PDWHULDOV�IRU�VWXG\LQJ�IRU�WKH�

SXUSRVH�RI�LWV�DSSOLFDWLRQ�LQ�SK\WRWKHUDS\��

�
5HIHUHQFHV��

���Ʉɨɜɚɥɶɨɜ� ȼ�� Ɇ�� Ɏɚɪɦɚɤɨɝɧɨɡɿɹ� ɡ� ɨɫɧɨɜɚɦɢ� ɛɿɨɯɿɦɿʀ� ɪɨɫɥɢɧ� �� ȼ�� Ɇ��

Ʉɨɜɚɥɶɨɜ��Ɉ��ȱ��ɉɚɜɥɿɣ��Ɍ��ȱ��ȱɫɚɤɨɜɚ�±�ɏ���ȼɢɞ�ɜɨ�ɇɎɚɍ��³ɉɪɚɩɨɪ´��������±�����ɫ��

>3KDUPDNRJQRV\�ZLWK�IXQGDPHQWDOV�RI�ELRFKHPLVWU\�RI�SODQWV���9��Ɇ��ɄɨYɚO\ɨY��Ɉ��ȱ��

3ɚYOɿ\��Ɍ��ȱ��ȱVɚNɨYɚ�±�.KDUNLY��13ɚ8��³3UDSRU´��������±�����S���,Q�8NU��@�

��� ɍɧɢɜɟɪɫɚɥɶɧɚɹ� ɷɧɰɢɤɥɨɩɟɞɢɹ� ɥɟɤɚɪɫɬɜɟɧɧɵɯ� ɪɚɫɬɟɧɢɣ� �� >Fɨɫɬ�� �ɂ��

ɉɭɫɬɵɪɫɤɢɣ��ȼ��ɉɪɨɯɨɪɨɜ@��±�Ɇ���Ɇɚɯɚɨɧ��������±�����ɫ��>8QLYHUVDO�HQF\FORSHGLD�

RI�KHUEV���>DXWKRUV��,��3XVWɭUVNL\��9��3URKRURY@��±�ɆRVFRZ��ɆɚKɚɨQ��������±�����S��

�,Q�5XVV��@�

��� Ɇɚɦɱɭɪ� Ɏ�� ȱ�� Ⱦɨɜɿɞɧɢɤ� ɡ� ɮɿɬɨɬɟɪɚɩɿʀ� �� Ɇɚɦɱɭɪ� Ɏ�� ȱ�� ±� Ʉ��� Ɂɞɨɪɨɜ
ɹ��

������ ±� ���� ɫ�� >7KH� UHIHUHQFH� ERRN� RQ� SK\WRWKHUDS\� �� 0DPFKXU� )�� ,�� ±� Ʉ\LY��

=GRURY¶\D��������±�����S���,Q�8NU��@�

��� ȼɨɪɨɛɶɟɜ�ȼ��Ȼ��Ɏɢɡɢɨɥɨɝɢɹ�ɝɟɦɨɫɬɚɡɚ���ȼɨɪɨɛɶɟɜ�ȼ��Ȼ��±�Ɇɨɧɨɝɪɚɮɢɹ��
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Ɋɨɫɬɨɜ�ɧɚ�Ⱦɨɧɭ�� ɂɡɞɚɬɟɥɶɫɤɢɣ� ɞɨɦ� ©ɉɪɨɮ�ɉɪɟɫɫª�� ������ ±� ���� ɫ��

>+HPRVWDVLVSK\VLRORJ\� ��9ɨUɨE¶ɟY�9�� %�� ±�0RQRJUDSK�� ±� 5ɨVWRY�RQ�'ɨQ� �� ©3URI�

3UHVVª��������±�����S���,Q5XVV��@�

��� ɉɪɚɤɬɢɱɟɫɤɚɹ� ɮɢɬɨɬɟɪɚɩɢɹ� �� Ɍ�� Ⱥ�� ȼɢɧɨɝɪɚɞɨɜɚ�� Ȼ�� ɇ�� Ƚɚɠɟɜ�� ȼ�� ɇ��

ȼɢɧɨɝɪɚɞɨɜ�� ȼ�� Ʉ�� Ɇɚɪɬɵɧɨɜ�� ±� Ɇ�� �� ɂɡɞ�ɜɨ� �ɗɄɋɆɈ�ɉɪɟɫɫ��� ɋɉɛ��ȼɚɥɟɪɢ�

ɋɉȾ���������±�����ɫ��>3UDFWLFDO�SK\WRWKHUDS\���Ɍ��Ⱥ��9LQRJUDGRYD��%��1��*ɚ]KɟY��9��

1�� 9LQRJUDGRY�� 9�� Ʉ��ɆɚUWXQRY�� ±�ɆRVFRZ� �� �(&6ɆɈ�3UHVV��� 63E��9ɚOɟUL63'���

������±�����S���,Q5XVV��@�

��� Ƚɨɥɢɤɨɜ�ɉ��ɉ��Ɉɤɫɢɞ�ɚɡɨɬɚ�ɜ�ɤɥɢɧɢɤɟ�ɧɟɨɬɥɨɠɧɵɯ�ɡɚɛɨɥɟɜɚɧɢɣ���ɉ��ɉ��

Ƚɨɥɢɤɨɜ��±�Ɇ����Ɇɟɞɩɪɚɤɬɢɤɚ��������±�����ɫ��>*ROLNRY3��3��1LWURJHQ�R[LGH�LQ�WKH�

FOLQLF�RI�XUJHQW�GLVHDVHV��±�ɆRVFRZ���ɆɟGSUɚFWLFɚ��������±�����S���,Q5XVV��@�

��� Ɋɵɛɨɥɨɜɶɟɜ� ɘ�� Ɋ�� Ⱦɨɡɢɪɨɜɚɧɢɟ� ɜɟɳɟɫɬɜ� ɞɥɹ� ɦɥɟɤɨɩɢɬɚɸɳɢɯ� ɩɨ�

ɤɨɧɫɬɚɧɬɚɦ�ɛɢɨɥɨɝɢɱɟɫɤɨɣ�ɚɤɬɢɜɧɨɫɬɢ���ɘ��Ɋ��Ɋɵɛɨɥɨɜɶɟɜ��Ɋ��ɋ��Ɋɵɛɨɥɨɜɥɟɜ����

Ⱦɨɤɥɚɞɵ�Ⱥɇ�ɋɋɋɊ��±�������±�ɬ�������ʋ����±�ɫ�������������>'RVLQJ�RI�VXEVWDQFHV�

IRU�PDPPDOV�E\�ELRORJLFDO�DFWLYLW\�FRQVWDQWV���<X��5��5\ERORY\HY��5��&��5\ERORYOHY�

���5HSRUWV�RI�$FDGHP\�RI�6FLHQFHV�RI�WKH�8665��±�������±�9�������ʋ����±�3�������

������,Q�5XVV���@�

��� Ƚɥɚɧɰ�ɋ��Ɇɟɞɢɤɨ±ɛɢɨɥɨɝɢɱɟɫɤɚɹ�ɫɬɚɬɢɫɬɢɤɚ���ɋ��Ƚɥɚɧɰ��ɩɟɪ��F�ɚɧɝɥ��±�

Ɇ�� �� ɉɪɚɤɬɢɤɚ�� ������ ±� ���� ɫ�� >*ODQF� 6��0HGLFR�ELRORJLFDO� VWDWLVWLFV�� ±�0RVFRZ��

3UDFWLFD��������±�����S���,Q�5XV��@�

��� (XURSHDQ� FRQYHQWLRQ� IRU� WKH� SURWHFWLRQ� RI� YHUWHEUDWH� DQLPDOV� XVHG� IRU�

H[SHULPHQWDO� DQG� RWKHU� VFLHQWLILF� SXUSRVHV� �� &RXQFLO� RI� (XURSHDQ�� ±� 6WUDVERXUJ��

������±�ʋ������±����S��

����ɋɭɱɚɫɧɿ� ɩɪɨɛɥɟɦɢ� ɛɿɨɟɬɢɤɢ� �� ɜɿɞɩ�� ɪɟɞ�� ɘ�� ȱ�� Ʉɭɧɞɿɽɜ�� ±� Ʉ���

©Ⱥɤɚɞɟɦɩɟɪɿɨɞɢɤɚª��������±�����ɫ��>0RGHUQ�SUREOHPV�RI�ELRHWKLFV���HGLWHG�E\�<X��,��

.XQGLLHY��±�Ʉ\LY��$NDGHPSHULRGLFD��������±�����S���,Q�8NU��@�

����Ⱦɨɪɨɝɨɣ� Ⱥ�� ɉ�� Ʉ� ɜɨɩɪɨɫɭ� ɨ� ɯɪɨɧɨɩɚɬɨɥɨɝɢɢ�� ɯɪɨɧɨɬɟɪɚɩɢɢ� ɢ�

ɯɪɨɧɨɮɚɪɦɚɤɨɥɨɝɢɢ� ɜ� ɤɚɪɞɢɨɥɨɝɢɢ� �� Ⱥ�� ɉ�� Ⱦɨɪɨɝɨɣ� �� Ⱥɤɬɭɚɥɶɧɵɟ� ɩɪɨɛɥ�� ɜ�

ɫɨɜɪɟɦ��ɬɟɪɚɩɢɢ��ɫɛ��ɧɚɭɱ��ɬɪ��±�ɏ���������±�ɋ����±����>'RURJR\�$��3��2Q�WKH�LVVXH�

RI� FKURQRSDWKRORJ\�� FKURQRWKHUDS\� DQG� FKURQRSKDUPDFRORJ\� LQ� FDUGLRORJ\� ���
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�

$NWXDOQLH�SUREOHPX�Y�VRYUHPHQR\�WHUDSLL��VFLHQWLILF�SURFHHGLQJV��±�.KDUNLY��������±�

3����±�����,Q�5XVV��@�

����Ɂɚɩɚɞɧɸɤ� ɂ�� ɉ�� Ʌɚɛɨɪɚɬɨɪɧɵɟ� ɠɢɜɨɬɧɵɟ�� ɪɚɡɜɟɞɟɧɢɟ�� ɫɨɞɟɪɠɚɧɢɟ��

ɢɫɩɨɥɶɡɨɜɚɧɢɟ� ɜ� ɷɤɫɩɟɪɢɦɟɧɬɟ� �� ɂ�� ɉ�� Ɂɚɩɚɞɧɸɤ�� ȼ�� ɂ�� Ɂɚɩɚɞɧɸɤ�� ȿ�� Ⱥ��

Ɂɚɯɚɪɢɥ��±�Ʉ���ȼɢɳɚɲɤ���������±�ɋ��������������������>/DERUDWRU\�DQLPDOV��EUHGLQJ��

NHSLQJ��XVH�LQ�WKH�H[SHULPHQW���,��3��=DSDGQL\XN��9��,��=DSDGQL\XN��(��$��=DFKDULO��±�

.LHY��9LVKFKDVKNROD��������±�3���������������������,Q�5XVV��@�

����Ȼɚɪɚɛɨɣ� ȼ�� Ⱥ�� Ȼɢɨɥɨɝɢɱɟɫɤɨɟ� ɞɟɣɫɬɜɢɟ� ɪɚɫɬɢɬɟɥɶɧɵɯ� ɮɟɧɨɥɶɧɵɯ�

ɫɨɟɞɢɧɟɧɢɣ���Ȼɚɪɚɛɨɣ�ȼ��Ⱥ��±�Ʉ����ɇɚɭɤɨɜɚ�ɞɭɦɤɚ��������±�����ɫ��>%DUDER\�9��$��

7KH�ELRORJLFDO�HIIHFW�RI�SODQW�SKHQROLF�FRPSRXQGV��±�Ʉ\LY���1ɚɭɤɨYɚ�GXPNɚ��������±�

����S���,Q�5XVV��@�

�
Ɋɟɡɸɦɟ�� ɋɬɚɬɬɹ� ɩɪɟɞɫɬɚɜɥɹɽ� ɪɟɡɭɥɶɬɚɬɢ� ɞɨɫɥɿɞɠɟɧɧɹ� ɜɩɥɢɜɭ� ɧɚɫɬɨɸ� ɥɢɫɬɹ�
ɨɠɢɧɢ� ɫɢɡɨʀ� ɧɚ� ɩɪɨɧɢɤɧɿɫɬɶ� ɫɬɿɧɨɤ� ɫɭɞɢɧ� ɭ� ɳɭɪɿɜ�� Ȼɭɥɨ� ɜɫɬɚɧɨɜɥɟɧɨ��
ɤɚɩɿɥɹɪɨɡɦɿɰɧɸɸɱɭ� ɞɿɸ� ɧɚɫɬɨɸ�� ɹɤɚ� ɨɛɭɦɨɜɥɟɧɚ� ɧɚɹɜɧɿɫɬɸ� ɮɥɚɜɨɧɨʀɞɿɜ�
ɤɜɟɪɰɟɬɢɧ�� ɤɟɦɩɮɟɪɨɥ�� ɪɭɬɢɧ�� Ɉɬɪɢɦɚɧɿ� ɪɟɡɭɥɶɬɚɬɢ� ɭɡɝɨɞɠɭɸɬɶɫɹ� ɡ� ɞɚɧɢɦɢ�
ɥɿɬɟɪɚɬɭɪɢ�ɬɚ�ɩɿɞɬɜɟɪɞɠɭɸɬɶ�ɡɞɚɬɧɿɫɬɶ�ɧɚɫɬɨɸ�ɥɢɫɬɹ�ɨɠɢɧɢ�ɫɢɡɨʀ� ɫɬɚɬɢɫɬɢɱɧɨ�
ɜɿɪɨɝɿɞɧɨ� ɡɧɢɠɭɜɚɬɢ� ɫɭɞɢɧɧɭ� ɩɪɨɧɢɤɧɿɫɬɶ� ɩɪɢ� ©ɛɿɥɤɨɜɨɦɭª�� ©ɤɫɢɥɨɥɨɜɨɦɭª��
©ɮɨɪɦɚɥɿɧɨɜɨɦɭª�ɡɚɩɚɥɟɧɧɹɯ��
Ʉɥɸɱɨɜɿ� ɫɥɨɜɚ�� ɨɠɢɧɚ� ɫɢɡɚ�� ɤɚɩɿɥɹɪɨɡɦɿɰɧɸɸɱɚ� ɚɤɬɢɜɧɿɫɬɶ�� ɝɟɦɨɫɬɚɬɢɱɧɿ�
ɡɚɫɨɛɢ��ɡɚɩɚɥɟɧɧɹ��
�
Ɋɟɡɸɦɟ�� ɋɬɚɬɶɹ� ɩɪɟɞɫɬɚɜɥɹɟɬ� ɪɟɡɭɥɶɬɚɬɵ� ɢɡɭɱɟɧɢɹ� ɜɥɢɹɧɢɹ� ɧɚɫɬɨɹ� ɥɢɫɬɶɟɜ�
ɟɠɟɜɢɤɢ� ɫɢɡɨɣ� ɧɚ� ɩɪɨɧɢɰɚɟɦɨɫɬɶ� ɫɬɟɧɨɤ� ɫɨɫɭɞɨɜ� ɭ� ɤɪɵɫ�� Ȼɵɥɨ� ɭɫɬɚɧɨɜɥɟɧɨ�
ɤɚɩɢɥɥɹɪɨɭɤɪɟɩɥɹɸɳɟɟ� ɞɟɣɫɬɜɢɟ� ɧɚɫɬɨɹ�� ɨɛɭɫɥɨɜɥɟɧɧɨɟ� ɧɚɥɢɱɢɟɦ�
ɮɥɚɜɨɧɨɢɞɨɜ� ɤɜɟɪɰɟɬɢɧ�� ɤɟɦɩɮɟɪɨɥ�� ɪɭɬɢɧ�� ɉɨɥɭɱɟɧɧɵɟ� ɪɟɡɭɥɶɬɚɬɵ�
ɫɨɝɥɚɫɭɸɬɫɹ� ɫ� ɞɚɧɧɵɦɢ� ɥɢɬɟɪɚɬɭɪɵ� ɢ� ɩɨɞɬɜɟɪɠɞɚɸɬ� ɫɩɨɫɨɛɧɨɫɬɶ� ɧɚɫɬɨɹ�
ɥɢɫɬɶɟɜ� ɟɠɟɜɢɤɢ� ɫɢɡɨɣ� ɫɬɚɬɢɫɬɢɱɟɫɤɢ� ɞɨɫɬɨɜɟɪɧɨ� ɫɧɢɠɚɬɶ� ɫɨɫɭɞɢɫɬɭɸ�
ɩɪɨɧɢɰɚɟɦɨɫɬɶ�ɩɪɢ�©ɛɟɥɤɨɜɨɦª��©ɤɫɢɥɨɥɨɜɨɦª��©ɮɨɪɦɚɥɢɧɨɜɨɦª�ɜɨɫɩɚɥɟɧɢɹɯ��
Ʉɥɸɱɟɜɵɟ� ɫɥɨɜɚ�� ɟɠɟɜɢɤɚ� ɫɢɡɚɹ�� ɤɚɩɢɥɥɹɪɨɭɤɪɟɩɥɹɸɳɚɹ� ɚɤɬɢɜɧɨɫɬɶ��
ɝɟɦɨɫɬɚɬɢɱɟɫɤɢɟ�ɫɪɟɞɫɬɜɚ��ɜɨɫɩɚɥɟɧɢɟ��

�

�

�

5HFHLYHG�������������� � � � � � � $FFHSWHG�������������
�
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%RORNDG]H�(��

&+521,&�2%6758&7,9(�38/021$5<�',6($6(��
52/(�2)�85*(17�$63(&76�2)�',$*126,6�$1'�

352*126,6��
.KDUNLY�1DWLRQDO�0HGLFDO�8QLYHUVLW\��8NUDLQH�

�
$EVWUDFW��&XUUHQWO\�� FKURQLF� REVWUXFWLYH� SXOPRQDU\� GLVHDVH� �&23'�� LV� RQH� RI� WKH�
OHDGLQJ� SDWKRORJLHV�� OHDGLQJ� WR� WKH� TXLFN� GLVDELOLW\� RI� SDWLHQWV� DQG� D� VLJQLILFDQW�
UHGXFWLRQ� LQ� TXDOLW\� RI� OLIH�� :DGHOH\� ULVN� IDFWRUV� VXFK� DV� DJH�� 6PRNLQJ� KLVWRU\��
SUHYLRXVO\� WUDQVIHUUHG� GLVHDVHV� RI� WKH� UHVSLUDWRU\� V\VWHP�� WKH� KDUPIXO� IDFWRUV� RI�
SURGXFWLRQ�DQG�OLYLQJ�FRQGLWLRQV��,Q�WKLV�ZRUN� WKH�VWXG\�RI� WKH�UHODWLRQVKLS�EHWZHHQ�
IDFWRUV�VXFK�DV�6PRNLQJ�KLVWRU\��FKDQJH�RI�ERG\�PDVV�LQGH[��LQGLFDWRUV�RI�SXOPRQDU\�
IXQFWLRQ�WHVWV��DV�ZHOO�DV�VXEMHFWLYH�HYDOXDWLRQ�WHVWV��
.H\� ZRUGV�� FKURQLF� REVWUXFWLYH� SXOPRQDU\� GLVHDVH�� &$7� VFDOH�� P05&�� ��PLQXWH�
ZDON�WHVW��DOSKD���DQWLWU\SVLQ��
�
�

&KURQLF�REVWUXFWLYH�SXOPRQDU\�GLVHDVH��&23'��LV�WKH�IRXUWK�OHDGLQJ�FDXVH�RI�

GHDWK� LQ� WKH�ZRUOG�� DIWHU� FDUGLRYDVFXODU� V\VWHP� GLVRUGHUV�� LQIHFWLRQV�� VXFK� DV�+,9�

$,'6�� DQG� FDQFHU�� $FFRUGLQJ� WR� VWDWLVWLFV�� FKURQLF� REVWUXFWLYH� SXOPRQDU\� GLVHDVH�

DIIHFWV� DERXW����RI� WKH�8NUDLQLDQ�SRSXODWLRQ��7KH�GHYHORSPHQW� RI�&23'� LV� VORZ��

WKDW�LV�ZK\�WKLV�GLVHDVH�LV�RIWHQ�GLDJQRVHG�ILUVW�RQO\�LQ�WKH�DJH�RI����\HDUV�DQG�ROGHU�

>��� �@��&23'� LV� GHILQHG� DV� DQ� LQIODPPDWLRQ�RI� DLUZD\V� FKDUDFWHUL]HG� E\� SHUVLVWHQW�

DLUIORZ�OLPLWDWLRQV��7KLV�GLDJQRVLV�QRZ�HQFRPSDVVHV�VXFK�NQRZQ� WHUPV�DV��FKURQLF�

EURQFKLWLV�� DQG� �OXQJ� HPSK\VHPD��� 7KH� SURSRUWLRQ� RI� &23'� DPRQJ� WKH� OHDGLQJ�

FDXVHV�RI�GHDWK�LV�SURJUHVVLYHO\�LQFUHDVLQJ��$W�WKH�VDPH� WLPH�� WKH�DZDUHQHVV�RI� WKLV�

SUREOHP�LQ�WKH�VRFLHW\�LV�ORZ��DQG�WKH�IXQGLQJ�DOORFDWLRQ�IRU�&23'�UHVHDUFK�VWXGLHV�

LV� RQ� WKH� ��WK� SODFH� RQO\�� 2QO\� RQH�KDOI� RI� DOO� SDWLHQWV� ZLWK� &23'� KDYH� FOLQLFDO�

GLDJQRVLV��7KH� HFRQRPLF� EXUGHQ�RI� WKLV�GLVHDVH� LV� HQRUPRXV��DFFRUGLQJ� WR� WKH� GDWD�

DYDLODEOH�LQ�������&23'�LV�UHVSRQVLEOH�IRU�RQH�ILIWK�RI�DOO�FDVHV�RI�GLVDELOLW\��ZLWK�DQ�
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DYHUDJH� DJH�RI� UHWLUHPHQW� LQ� WKH� DIIHFWHG� SRSXODWLRQ� UHGXFHG�E\����\HDUV� >���@��$W�

SUHVHQW��&23'� LV� UHVSRQVLEOH� IRU�PHGLFDO�� VRFLDO�DQG�HFRQRPLF� ORVVHV� LQ� WKH� HQWLUH�

JOREDO�FRPPXQLW\��DQG�WKHVH�ORVVHV�DUH�SUREDEO\�HYHQ�PRUH�SURQRXQFHG�LQ�8NUDLQH��

7\SLFDO� V\PSWRPV� RI� WKH� GLVHDVH� LQFOXGH� FRXJKLQJ� ZLWK� SURGXFWLRQ� RI�

PXFXV�VSXWXP�SKOHJP�DQG�UHJXODU�EUHDWKLQJ�SUREOHPV��G\VSQRHD���7KH�PDLQ�IHDWXUH�

RI� WKH� GLVHDVH� LV� WKDW� D� �VLPSOH�� FRXJK� HYHQWXDOO\� SURJUHVVHV� WR� DFXWH� DQG� FKURQLF�

UHVSLUDWRU\� IDLOXUH�� DQG�G\VSQRHD� VWDUWV� WR� FDXVH� VLJQLILFDQW�GLVFRPIRUW��$V�D� UHVXOW��

RQH�WKLUG�RI�SDWLHQWV�ZLWK�&23'�GHYHORS�DSQRHD�� L�H�� FHVVDWLRQ� RI�EUHDWKLQJ�GXULQJ�

VOHHS�>�í�@��

7KH�&23'�$VVHVVPHQW�7HVW�ZDV�UHFHQWO\�GHYHORSHG�WR�DVVHVV�KHDOWK�VWDWXV�LQ�

SDWLHQWV�ZLWK�&23'��+RZHYHU��OLWWOH�ZDV�NQRZQ�DERXW�LWV�DSSOLFDWLRQ�WR�SDWLHQWV�ZLWK�

LQWHUVWLWLDO� OXQJ� GLVHDVH�� VR� ZH� H[DPLQHG� WKH� UHODWLRQVKLS� EHWZHHQ� WKH� &23'�

$VVHVVPHQW� 7HVW� VFRUH� DQG� UHVSLUDWRU\� LPSDLUPHQW� LQFOXGLQJ� WKH� FOLQLFDO� SLFWXUH� LQ�

VXEMHFWV�ZLWK�LQWHUVWLWLDO�OXQJ�GLVHDVH�

,W� VKRXOG� EH� UHPHPEHUHG�� WKDW� JHQHWLF� SUHGLVSRVLWLRQ� LV� DOVR� DQ� LPSRUWDQW�

FDXVDWLYH� IDFWRU� RI� &23'�� 7KLV� LV� VXSSRUWHG� E\� WKH� IDFW� WKDW� QRW� DOO� ORQJ�WHUP�

VPRNHUV�GHYHORS�&23'�>�����@��+RZHYHU��VPRNLQJ�DFFHOHUDWHV�WKH�RQVHW�RI�GLVHDVH���

'\VSQRHD�GHYHORSV�E\�WKH�DJH�RI����LQ�VPRNHUV�DQG�������\HDUV�ODWHU�LQ�SHRSOH�ZKR�

GR�QRW�VPRNH�>��í��@��

6WXG\�REMHFW�DQG�PHWKRGV��2XU�VWXG\�JURXS�LQFOXGHG����SDWLHQWV�ZLWK�&23'�
KRVSLWDOL]HG� LQ� WKH� 3XOPRQRORJ\� XQLW� RI� WKH� .KDUNLY� 5HJLRQDO� +RVSLWDO� DW� WKH�

'HSDUWPHQW� RI� 3URSHGHXWLFV� RI� ,QWHUQDO� 0HGLFLQH� 1R��� DQG� 1XUVLQJ� &DUH� RI� WKH�

.KDUNLY�1DWLRQDO�0HGLFDO�8QLYHUVLW\��7KH�FRQWURO�JURXS�FRQVLVWHG�RI����DSSDUHQWO\�

KHDOWK\� YROXQWHHUV�� 7KH� FRPSDULVRQ� JURXS� FRQVLVWHG� RI� ��� VXEMHFWV� ZLWK� FKURQLF�

EURQFKLWLV� DQG� EURQFKLDO� DVWKPD��&23'�ZDV� GHILQHG� DFFRUGLQJ� WR� WKH� RUGHU� RI� WKH�

0LQLVWU\� RI�+HDOWK� RI�8NUDLQH�1R������ FRUUHVSRQGLQJ� WR� WKH� GLDJQRVLV� FRGH� -��� LQ�

,&'����DFFRUGLQJ� WR� VWDWLVWLFDO� UHSRUWV�� DQG�DFFRUGLQJ� WR� WKH������*OREDO� ,QLWLDWLYH�

IRU� &KURQLF� 2EVWUXFWLYH� /XQJ� 'LVHDVH� �*2/'��� *HQHUDO� H[DPLQDWLRQ� LQFOXGHG�

PHDVXUHPHQWV� RI� DQWKURSRPHWULF� GDWD� VXFK� DV� KHLJKW��ZHLJKW��ZDLVW� FLUFXPIHUHQFH��

DQG�FDOFXODWHG�ERG\�PDVV�LQGH[��%0,���6PRNLQJ�GXUDWLRQ�ZDV�H[SUHVVHG�LQ�D�QXPEHU�
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RI�SDFN�\HDUV� FDOFXODWHG� E\� WKH� IRUPXOD� �QXPEHU�RI� FLJDUHWWHV�î� VPRNLQJ�GXUDWLRQ��

������

� $�VXUYH\�RI�SDWLHQWV�ZLWK�&23'��&$7�VFDOH��P05&���DQG�WKH���PLQXWH�ZDON�

WHVW���0:7��ZHUH�SHUIRUPHG��

:KHQ� VWXG\LQJ� WKH� UHVSLUDWRU\� IXQFWLRQ�� WKH�PRVW� DFFHVVLEOH� DQG� LQIRUPDWLYH�

LQGLFDWRUV� WR� DVVHVV� WKH� VHYHULW\� RI� DLUZD\� REVWUXFWLRQ�� VHYHULW\� DQG� VWDJH� RI�

SURJUHVVLRQ�RI�&23'�� LV� IRUFHG�H[SLUDWRU\�YROXPH�GXULQJ� WKH� ILUVW� VHFRQG� �)(9����

IRUFHG�YLWDO�FDSDFLW\�RI� WKH�OXQJV��)9&��DQG�WKH�)(9��)9&�UDWLR��$FFRUGLQJ�WR�WKH�

FXUUHQW�UHFRPPHQGDWLRQV��D�GLDJQRVWLF�FULWHULD�IRU�&23'�LV�FRQVLGHUHG�WR�EH�GHFUHDVH�

RI�)(9�������RI�WKH�QRUP��FRPELQHG�ZLWK�)(9��)9&�UDWLR�������LQGLFDWLQJ�D�QRQ�

IXOO\�UHYHUVLEOH�EURQFKLDO�REVWUXFWLRQ���

� 7KXV�� WKH� PDLQ� JURXS� LQFOXGHG� ��� PHQ� ������ DQG� ��� ZRPHQ� ������� ZLWK�

DYHUDJH�DJH�RI������������\HDUV� �PHQ�������������ZRPHQ������������� UHVSHFWLYHO\���

7KH�FRQWURO�JURXS� LQFOXGHG���PHQ� ������DQG���ZRPHQ� ������ZLWK�DYHUDJH�DJH�RI�

�����������\HDUV� �PHQ�������������ZRPHQ������������� UHVSHFWLYHO\���3DWLHQWV� LQ� WKH�

PDLQ�JURXS�KDG�JURXS�%�DQG�'��$PRQJ�WKHP��&23'�±�JURXS�%�ZDV�GLDJQRVHG�LQ����

SDWLHQWV�DQG�JURXS�'�LQ����SDWLHQWV��$OPRVW�DOO�SDWLHQWV�FRPSODLQHG�DERXW�FRXJKLQJ�

ZLWK�VFDUFH�VSXWXP�H[SHFWRUDWLRQ�DQG�G\VSQRHD�RI�YDU\LQJ�GHJUHHV�RI�VHYHULW\���

:H� DQDO\VHG� WKH� GDWD� FRQFHUQLQJ� VPRNLQJ� GXUDWLRQ�� ERG\� PDVV� LQGH[� �%0,���

UHVSLUDWRU\�IXQFWLRQ���0:7��P05&�DQG�&$7��7DEOH�����7KH�3DWLHQWV�RI� WKH�PDLQ�

JURXS�ZHUH�IXUWKHU�GLYLGHG�LQWR���VXEJURXSV���&23'�±%�DQG�&23'���'���

$QDO\VLV� RI� WKH� GDWD� REWDLQHG� VKRZHG� WKDW� FRPSDUHG� WR� WKH� UHVSHFWLYH�

SDUDPHWHUV�RI�WKH�FRQWURO�JURXS��VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQFHV�ZHUH�REWDLQHG�IRU�

WKH�IROORZLQJ�SDUDPHWHUV��VPRNLQJ�GXUDWLRQ�LQ�SDWLHQWV�ZLWK�,,� DQG�,,,�6WDJH�&23'�

ZDV� VLJQLILFDQWO\� KLJKHU� WKDQ� LQ� WKH� FRQWURO� JURXS�� %0,� DQG� UHVSLUDWRU\� IXQFWLRQ�

YDOXHV� LQ� SDWLHQWV� RI� WKH� VXEJURXS� �� ZHUH� VLJQLILFDQWO\� ORZHU� FRPSDUHG� ZLWK� WKH�

FRQWURO��ZKLOH�H[HUFLVH� WROHUDQFH� LQ�SDWLHQWV�RI� WKH� VXEJURXSV���DQG���ZHUH� HTXDOO\�

ORZHU�WKDQ�LQ�WKH�FRQWURO��:KHQ�DVVHVVLQJ�G\VSQRHD�DFFRUGLQJ�WR�WKH�P05&�VFDOH��LW�

ZDV�REVHUYHG�WKDW�LW�ZDV�DOPRVW�HTXDOO\�VHYHUH�LQ�ERWK�VXEJURXSV��LUUHVSHFWLYH�RI�WKH�

GLVHDVH� VWDJH� DQG� JHQGHU� RI� SDWLHQWV�� 7KH� &$7� WHVW� UHVXOWV� LQGLFDWHG� VLJQLILFDQW�
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GLIIHUHQFHV� LQ� SDWLHQWV� ZLWK� &23'� �� %� ZKHUH� WKH� DYHUDJH� VFRUH� ZDV� VLJQLILFDQWO\�

ORZHU�WKDQ�LQ�WKH�FRQWURO�JURXS���

7DEOH����
6PRNLQJ�GXUDWLRQ��%0,��UHVSLUDWRU\�IXQFWLRQ���0:7��P05&��ɋȺɌ�

3DUDPHWHUV� 0DLQ�JURXS� &RQWURO�JURXS�
� VXEJURXS����Q ���� VXEJURXS����Q ���� �Q ����
6PRNLQJ�GXUDWLRQ�
�SDFN�\HDUV�� ��������
� ��������
� ��������

� 0HQí���������
:RPHQí���������

�

%0,��NJ»P��� ��������� ��������
� ���������
� 0HQí���������

:RPHQí���������
�

3)7����RI�WKH�QRUP�� )(9�í���������
9&í���������

)(9�í��������
�
9&í��������
�

)(9�í���������
9&í���������

�0:7� ����������
�
0HQí�����������
:RPHQí�����������

����������
�
0HQí�����������
:RPHQí�����������

�����������
0HQí�����������
:RPHQí�����������

P05&� 6WDJH�,,�í��SDWLHQWV�������
6WDJH�,,,�í��SDWLHQWV�������

6WDJH�,,�í��SDWLHQWV�������
6WDJH�,,,�í���SDWLHQWV�������

�����

&$7��VFRUH�� 0HQí����
�
:RPHQí����
�

0HQí�����
:RPHQí�����
�

0HQí�����
:RPHQí�����


íɪ������YV��&RQWURO�
�

&RQFOXVLRQV��/RQJ�WHUP�VPRNLQJ�GXUDWLRQ�DQG�WKH�WUHQG�WR�GHFUHDVH�LQ�,07�LQ�

WKH�SDWLHQWV�ZLWK�&23'�PD\�EH�VXJJHVWHG�DV�SUHGLFWRUV�RI�WKH�GLVHDVH�SURJUHVVLRQ�DV�

GHILQHG� E\� D� GHFOLQH� LQ� UHVSLUDWRU\� IXQFWLRQ�� H[HUFLVH� WROHUDQFH� DQG� SURJUHVVLRQ� RI�

V\PSWRPV�RI�SXOPRQDU\�GLVHDVH��7KH�&$7�VFRUHV�ZHUH�FDWHJRUL]HG�LQWR�ORZ��PHGLXP��

KLJK��DQG�YHU\�KLJK�LPSDFW��DQG�XVHUV�RI�WKH�&$7�SURSRVHG�GHVFULSWLYH�VFHQDULRV��DV�

WKH�FOLQLFDO�SLFWXUH�RI�&23'�DQG�SRVVLEOH�PDQDJHPHQW�FRQVLGHUDWLRQV��DFFRUGLQJ�WR�

WKH�LPSDFW�RI�&23'�

�
5HIHUHQFHV��
��� )HVKFKHQNR�<X�,�*OREDO
QD\D�LQLFLDWLYD�SR�;2=/��>*OREDO�LQLWLDWLYH�IRU�&23'@��

í�.\LY��8NUDMLQV
N\M�SXO
PRQRORJLFKQ\M�]KXUQDO��í������í�1R�����±�3���í���$UWLFOH�
LQ�5XVVLDQ��

��� *OREDO�,QLWLDWLYH�IRU�&KURQLF�2EVWUXFWLYH�/XQJ�'LVHDVH��*2/'���*OREDO�VWUDWHJ\�
IRU�GLDJQRVLV��PDQDJHPHQW��DQG�SUHYHQWLRQ�RI�FKURQLF�REVWUXFWLYH�SXOPRQDU\�
GLVHDVH��1+/%,�:+2�ZRUNVKRS�UHSRUW��/DVW�XSGDWHG�������ZZZ�JROGFRSG�RUJ����

��� %XLVW�$��6��,QWHUQDWLRQDO�YDULDWLRQ�LQ�WKH�SUHYDOHQFH�RI�&23'��WKH�%2/'�6WXG\���
D�SRSXODWLRQ�EDVHG�SUHYDOHQFH�VWXG\���%XLVW�$��6���0F%XUQLH�0��$���9ROOPHU�:��
0���/DQFHW��������í9RO������í�Ɋ�����±������
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��� 6WDQIRUG�5��+��&RVW�RI�FKURQLF�REVWUXFWLYH�SXOPRQDU\�GLVHDVH�LQ�WKH�HPHUJHQF\�
GHSDUWPHQW�DQG�KRVSLWDO��DQ�DQDO\VLV�RI�DGPLQLVWUDWLYH�GDWD�IURP�����86�KRVSLWDOV�
��6WDQIRUG�5��+���6KHQ�<���0F/DXJKOLQ�7��7UHDW�5HVSLU�0HG��í�������í�Ɍ����í�Ɋ��
���±������

��� &��6WH\��7KH�HIIHFW�RI�RUDO�1�DFHW\OF\VWHLQH�LQ�FKURQLF�EURQFKLWLV��D�TXDQWDWLYH�
V\VWHPDWLF�UHYLHZ���&��6WH\���-��6WHXUHU��6��%DFKPDQQ���(XU��5HVSLU��-��±�������±�
9RO�����±�3������±������

��� �6XVFHSWLELOLW\�WR�H[DFHUEDWLRQ�LQ�FKURQLF�REVWUXFWLYH�SXOPRQDU\�GLVHDVH���+XUVW�-��
5���9HVWER�-���$Q]XHWR�$�>HW�DO��@����1�(QJO�-�0HG��í������í�9RO�������í�3������±
�������

��� )HVKFKHQNR� <X�,��� <DVKLQD� /�$�� +URQ\FKHVNRH� REVWUXNW\YQRH� ]DEROHYDQ\H�
OHJN\K�>&KURQLF�2EVWUXFWLYH�3XOPRQDU\�'LVHDVH@����'2.725��±���������1R����±�
3�����±������$UWLFOH�LQ�5XVVLDQ��

��� &KXFKDOLQ�$�*��$NWXDO
Q\H�YRSURV\�SXO
PRQRORJLL� �%HOD\D�NQLJD�� >$FWXDO� LVVXHV�
RI� SXOPRQRORJ\� �:KLWH� ERRN�@� ��� 5XVVNLM� PHGLFLQVNLM� ]KXUQDO±� ������ �� 1R���� ±�
ɋ����±������$UWLFOH�LQ�5XVVLDQ��

��� 9HHUDPDFKDQHQL�6�%���6HWKL�6��3DWKRJHQHVLV�RI�EDFWHULDO�H[DFHUEDWLRQV�RI�&23'��
���&23'�í�������í��1R����í�Ɋ�����±�����

�����&HOOL�%��5���%DUQHV�3��-��(IIHFW�RI�H[DFHUEDWLRQ�RQ�TXDOLW\�RI�OLIH�LQ�SDWLHQWV�ZLWK�
FKURQLF�REVWUXFWLYH�SXOPRQDU\�GLVHDVH����(XU�5HVSLU�-��í�����í9RO����í�3������±
�������

����5LQJEDHN�7���0DUWLQH]�*���/DQJH��3���������$�&RPSDULVRQ�RI�WKH�$VVHVVPHQW�RI�
4XDOLW\� RI� /LIH�ZLWK�&$7��&&4�� DQG� 6*54� LQ�&23'�3DWLHQWV�3DUWLFLSDWLQJ� LQ�
3XOPRQDU\� 5HKDELOLWDWLRQ�� &23'�� -RXUQDO� RI� &KURQLF� 2EVWUXFWLYH� 3XOPRQDU\�
'LVHDVH������������KWWS���G[�GRL�RUJ�������������������������������

�����1DJDWD� .��� 7RPLL� .��� 2WVXND� .��� HW� DO�� ������� (YDOXDWLRQ� RI� WKH� &KURQLF�
2EVWUXFWLYH� 3XOPRQDU\� 'LVHDVH� $VVHVVPHQW� 7HVW� IRU� 0HDVXUHPHQW� RI� +HDOWK�
5HODWHG�4XDOLW\�RI�/LIH�LQ�3DWLHQWV�ZLWK�,QWHUVWLWLDO�/XQJ�'LVHDVH��5HVSLURORJ\������
���������KWWS���G[�GRL�RUJ���������M����������������������[��

����%HUU\�&�(���'UXPPRQG�0�%���+DQ�0�.���HW�DO���������5HODWLRQVKLS�EHWZHHQ�/XQJ�
)XQFWLRQ�,PSDLUPHQW�DQG�+HDOWK�5HODWHG�4XDOLW\�RI�/LIH�LQ�&23'�DQG�,QWHUVWLWLDO�
/XQJ� 'LVHDVH�� &KHVW�� ����� ��������� )�� 6RPH\D�� 7�� 1DNDJDZD� �����
KWWS���G[�GRL�RUJ���������FKHVW���������

�����)HUUHLUD�$���%DUYH\�&���&RQQRUV�*�/���HW�DO���������3XOPRQDU\�5HKDELOLWDWLRQ�LQ�
,QWHUVWLWLDO�/XQJ�'LVHDVH��%HQHILWV�DQG�3UHGLFWRUV�RI�5HVSRQVH��&KHVW�����������
�����KWWS���G[�GRL�RUJ���������FKHVW���������

Ɋɟɡɸɦɟ�� ȼ� ɞɚɧɢɣ� ɱɚɫ� ɯɪɨɧɿɱɧɟ� ɨɛɫɬɪɭɤɬɢɜɧɟ� ɡɚɯɜɨɪɸɜɚɧɧɹ� ɥɟɝɟɧɶ� �ɏɈɁɅ�� ɽ�
ɨɞɧɿɽɸ� ɡ� ɩɪɨɜɿɞɧɢɯ�ɩɚɬɨɥɨɝɿɣ��ɳɨ� ɜɟɞɭɬɶ� ɞɨ�ɲɜɢɞɤɨʀ� ɿɧɜɚɥɿɞɢɡɚɰɿʀ� ɩɚɰɿɽɧɬɿɜ� ɿ�
ɡɧɚɱɧɨɝɨ� ɡɧɢɠɟɧɧɹ� ɹɤɨɫɬɿ� ɠɢɬɬɹ��ȼɚɞɟɥɹɸɬ� ɬɚɤɿ�ɮɚɤɬɨɪɢ� ɪɢɡɢɤɭ�� ɹɤ� ɜɿɤ�� ɫɬɚɠ�
ɬɸɬɸɧɨɩɚɥɿɧɧɹ�� ɩɟɪɟɧɟɫɟɧɿ� ɡɚɯɜɨɪɸɜɚɧɧɹ� ɞɢɯɚɥɶɧɨʀ� ɫɢɫɬɟɦɢ� ɜ� ɚɧɚɦɧɟɡɿ��
ɲɤɿɞɥɢɜɿ�ɮɚɤɬɨɪɢ�ɜɢɪɨɛɧɢɰɬɜɚ�ɬɚ�ɭɦɨɜ�ɩɪɨɠɢɜɚɧɧɹ��ȼ�ɞɚɧɿɣ�ɪɨɛɨɬɿ�ɩɪɨɜɟɞɟɧɨ�
ɞɨɫɥɿɞɠɟɧɧɹ� ɜɡɚɽɦɨɡɜ
ɹɡɤɭ� ɦɿɠ� ɬɚɤɢɦɢ� ɮɚɤɬɨɪɚɦɢ�� ɹɤ� ɫɬɚɠ� ɬɸɬɸɧɨɩɚɥɿɧɧɹ��
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ɡɦɿɧɚ� ɿɧɞɟɤɫɭ� ɦɚɫɢ� ɬɿɥɚ�� ɩɨɤɚɡɧɢɤɚɦɢ� ɮɭɧɤɰɿʀ� ɡɨɜɧɿɲɧɶɨɝɨ� ɞɢɯɚɧɧɹ�� ɚ� ɬɚɤɨɠ�
ɫɭɛ
ɽɤɬɢɜɧɢɦɢ�ɨɰɿɧɧɢɦɢ�ɬɟɫɬɚɦɢ��
Ʉɥɸɱɨɜɿ�ɫɥɨɜɚ��ɯɪɨɧɿɱɧɚ�ɨɛɫɬɪɭɤɬɢɜɧɚ�ɯɜɨɪɨɛɚ�ɥɟɝɟɧɶ��&$7�ɦɚɫɲɬɚɛ��P05&��
��ɯɜɢɥɢɧɧɢɣ�ɬɟɫɬ�ɯɨɞɶɛɢ��ɚɥɶɮɚ���ɚɧɬɢɬɪɢɩɫɢɧɭ��
�
Ɋɟɡɸɦɟ�� ȼ� ɧɚɫɬɨɹɳɟɟ� ɜɪɟɦɹ� ɯɪɨɧɢɱɟɫɤɨɟ� ɨɛɫɬɪɭɤɬɢɜɧɨɟ� ɡɚɛɨɥɟɜɚɧɢɟ� ɥɟɝɤɢɯ�
�ɏɈɁɅ�� ɹɜɥɹɟɬɫɹ� ɨɞɧɢɦ� ɢɡ� ɥɢɞɢɪɭɸɳɢɯ� ɩɚɬɨɥɨɝɢɣ�� ɜɟɞɭɳɢɯ� ɤ� ɛɵɫɬɪɨɣ�
ɢɧɜɚɥɢɞɢɡɚɰɢɢ� ɩɚɰɢɟɧɬɨɜ� ɢ� ɡɧɚɱɢɬɟɥɶɧɨɦɭ� ɫɧɢɠɟɧɢɸ� ɤɚɱɟɫɬɜɚ� ɠɢɡɧɢ��
ȼɚɞɟɥɹɸɬ�ɬɚɤɢɟ�ɮɚɤɬɨɪɵ�ɪɢɫɤɚ��ɤɚɤ�ɜɨɡɪɚɫɬ��ɫɬɚɠ�ɤɭɪɟɧɢɹ��ɪɚɧɟɟ�ɩɟɪɟɧɟɫɟɧɧɵɟ�
ɡɚɛɨɥɟɜɚɧɢɹ�ɞɵɯɚɬɟɥɶɧɨɣ� ɫɢɫɬɟɦɵ�� ɜɪɟɞɧɵɟ�ɮɚɤɬɨɪɵ�ɩɪɨɢɡɜɨɞɫɬɜɚ� ɢ� ɭɫɥɨɜɢɣ�
ɩɪɨɠɢɜɚɧɢɹ�� ȼ� ɞɚɧɧɨɣ� ɪɚɛɨɬɟ� ɩɪɨɜɟɞɟɧɨ� ɢɫɫɥɟɞɨɜɚɧɢɟ� ɜɡɚɢɦɨɫɜɹɡɢ� ɦɟɠɞɭ�
ɬɚɤɢɦɢ� ɮɚɤɬɨɪɚɦɢ�� ɤɚɤ� ɫɬɚɠ� ɤɭɪɟɧɢɹ�� ɢɡɦɟɧɟɧɢɟ� ɢɧɞɟɤɫɚ� ɦɚɫɫɵ� ɬɟɥɚ��
ɩɨɤɚɡɚɬɟɥɹɦɢ� ɮɭɧɤɰɢɢ� ɜɧɟɲɧɟɝɨ� ɞɵɯɚɧɢɹ�� ɚ� ɬɚɤɠɟ� ɨɰɟɧɨɱɧɵɦɢ�
ɫɭɛɴɟɤɬɢɜɧɵɦɢ�ɬɟɫɬɚɦɢ��
Ʉɥɸɱɟɜɵɟ� ɫɥɨɜɚ��ɯɪɨɧɢɱɟɫɤɨɟ�ɨɛɫɬɪɭɤɬɢɜɧɨɟ�ɡɚɛɨɥɟɜɚɧɢɟ�ɥɟɝɤɢɯ��P05&����
ɦɢɧɭɬɧɵɣ�ɬɟɫɬ�ɯɨɞɶɛɵ��ɚɥɶɮɚ���ɚɧɬɢɬɪɢɩɫɢɧ��
�
�
�
5HFHLYHG�������������� � � � � � � $FFHSWHG�������������
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=KXUDYO\RYD�/�9���6RNROQLNRYD�1�9���)LORQHQNR�0�9��

7+(�,1)/8(1&(�2)�,17(5/(8.,1��ȕ��
&$5%2+<'5$7(�$1'�/,3,'�0(7$%2/,60�21�
)250$7,21�2)�0<2&$5',$/�',$672/,&�

'<6)81&7,21�,1�7<3(���',$%(7(6�0(//,786�
.KDUNLY�1DWLRQDO�0HGLFDO�8QLYHUVLW\��8NUDLQH�

�
$EVWUDFW��$�WRWDO�RI�����SDWLHQWV�ZLWK�W\SH���GLDEHWHV�DQG�SUHVHUYHG�OHIW�YHQWULFXODU�
V\VWROLF� IXQFWLRQ� ZHUH� H[DPLQHG� LQ� WKH� HQGRFULQRORJ\� GHSDUWPHQW� RI� .KDUNLY�
5HJLRQDO� +RVSLWDO�� 7KH� IROORZLQJ� LQGH[HV� ZHUH� HYDOXDWHG�� ERG\� PDVV� LQGH[�� ZDLVW�
FLUFXPIHUHQFH��KLS�FLUFXPIHUHQFH��LQGH[HV�RI�FDUERK\GUDWH�DQG�OLSLG�PHWDEROLVP��DQG�
WKH�FRQFHQWUDWLRQ�RI�,/��ȕ��$OO�SDWLHQWV�XQGHUZHQW�HFKRFDUGLRJUDSK\�DORQJ�ZLWK�WKH�
GHWHUPLQDWLRQ�RI�SDUDPHWHUV�RI�GLDVWROLF� IXQFWLRQ��7KH�UHVXOWV� RI�VWDWLVWLFDO�DQDO\VLV�
VKRZHG�WKDW�OHYHO�RI�LQWHUOHXNLQ��ȕ��DJH��ERG\�PDVV�LQGH[��ZDLVW�WR�KLS�FLUFXPIHUHQFH�
UDWLR�DQG�WKH�OHYHO�RI� ORZ�GHQVLW\� OLSRSURWHLQ�WDNH�SDUW� LQ�WKH�IRUPDWLRQ�RI�GLDVWROLF�
G\VIXQFWLRQ���
.H\ZRUGV�� W\SH� �� GLDEHWHV� PHOOLWXV�� ERG\� PDVV� LQGH[�� LQWHUOHXNLQ��ȕ�� GLDVWROLF�
G\VIXQFWLRQ��

�
�

7\SH� �� GLDEHWHV� PHOOLWXV� �7�'0�� LV� RQH� RI� WKH� PDMRU� ULVN� IDFWRUV� IRU�

FDUGLRYDVFXODU� GLVHDVH�� 7KLV� HIIHFW� LV� UHDOL]HG� E\� D� GHWHULRUDWLRQ� RI� WKH� FRURQDU\�

DUWHULHV� DQG� P\RFDUGLXP� DV� D� UHVXOW� RI� WKH� GHYHORSPHQW� RI� GLDEHWHV�VSHFLILF�

PLFURDQJLRSDWK\�� PDFURDQJLRSDWK\�� PHWDEROLF� GLVRUGHUV� DQG� GLDEHWLF� DXWRQRPLF�

QHXURSDWK\�>����@��

'LDEHWLF� FDUGLRP\RSDWK\� LV� WKH� VSHFLILF�P\RFDUGLDO� LQMXU\��ZKLFK� GHYHORSV� LQ�

SDWLHQWV�ZLWK�7�'0�LQGHSHQGHQWO\�RI�FRURQDU\�KHDUW�GLVHDVH�DQG�K\SHUWHQVLRQ���7KH�

HDUO\� PDQLIHVWDWLRQ� RI� GLDEHWLF� FDUGLRP\RSDWK\� LV� OHIW� YHQWULFXODU� GLDVWROLF�

G\VIXQFWLRQ� �''�� >��� ��� �@�� 7KH� PDLQ� UROH� LQ� WKH� GHYHORSPHQW� RI� FDUGLRYDVFXODU�

OHVLRQV�LQ�7�'0��GXH�WR�WKH�GHYHORSPHQW�RI�PLFUR��DQG�PDFURDQJLRSDWK\�EHORQJV�WR�

LQVXOLQ�UHVLVWDQFH��K\SHULQVXOLQHPLD�DQG�FRPSHQVDWRU\�K\SHUJO\FHPLD��ZKLFK�ODXQFK�

D�QXPEHU�RI�SDWKRORJLFDO�PHFKDQLVPV�>����@��$V�D�UHVXOW�RI�WKHVH�FKDQJHV�WKH�EDVLF�
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PHWDEROLF�SURFHVVHV�LQ�WKH�ERG\�DUH�GHUDQJHG��LQFOXGLQJ�PHWDEROLVP�RI�FDUERK\GUDWHV��

IDWV�DQG�SURWHLQV��$OVR�JURZWK�DQG�GLIIHUHQWLDWLRQ�RI�FHOOV��'1$�V\QWKHVLV��UHJXODWLRQ�

RI� JHQH� WUDQVFULSWLRQ�� HWF��� DUH� EURNHQ�� >��� �@�� 7KH� ULVN� RI� P\RFDUGLDO� SDWKRORJ\�

LQFUHDVHV�VHYHUDO�WLPHV�ZKHQ�7�'0�LV�FRPELQHG�ZLWK�RWKHU�PHWDEROLF�GLVRUGHUV��

$� ODUJH� JURXS� RI� F\WRNLQHV�� LQFOXGLQJ� LQWHUOHXNLQV�� DORQJ� ZLWK� RWKHU� V\VWHPV�

SURYLGHV� D� UHJXODWLRQ� RI� WKH� EDVLF� IXQFWLRQV� LQ�QRUPDO� DQG� SDWKRORJLFDO� FRQGLWLRQV��

,QWHUOHXNLQ��ȕ��,/��ȕ��EHORQJV�WR�WKH�JURXS�RI�SUR�LQIODPPDWRU\�LQWHUOHXNLQV�WKDW�DUH�

GLUHFWO\� LQYROYHG� LQ� WKH� SDWKRJHQHVLV� RI� FDUGLRYDVFXODU� GLVHDVH� EHFDXVH� RI� WKHLU�

F\WRWR[LF�HIIHFW�RQ�WKH�P\RFDUGLXP�>��@���$FFRUGLQJ�WR�WKH�H[SHULPHQWDO�VWXGLHV��,/�

�ȕ�LQKLELWV�WKH�FRQWUDFWLOLW\�RI�P\RFDUGLXP�LQ�YLWUR�PRGHOV�RI�LVRODWHG�KHDUW�DV�ZHOO�DV�

LQ� WKH� FXOWXUH� RI� FDUGLRP\RF\WHV�� SURPRWHV� OHIW� YHQWULFXODU� UHPRGHOLQJ�� LQGXFHV�

DSRSWRVLV�RI�FDUGLRP\RF\WHV��DQG�GHUDQJHV�WKH�KHDUW�PXVFOH�IXQFWLRQ�LQ�KHDUW�IDLOXUH��

,/��ȕ� LV� DEOH� WR� TXLFNO\� VXSSUHVV� WKH� SRWHQWLDO�GHSHQGHQW� FDOFLXP� FKDQQHOV� LQ� UDW�

YHQWULFXODU�FDUGLRP\RF\WHV�DQG� WR�GHFUHDVH�P\RFDUGLDO�FRQWUDFWLOH� IXQFWLRQ� >��@�� ,Q�

UHFHQW�\HDUV��HYLGHQFH�DSSHDUHG�WKDW�'0���LV�DVVRFLDWHG�ZLWK�DQ�LPEDODQFH�RI�FHUWDLQ�

F\WRNLQHV�� LQFOXGLQJ� WKH� ULVH�RI� ,/��ȕ� >��@�� ,Q�DGGLWLRQ��VRPH� VFLHQWLVWV�EHOLHYH� WKDW�

DFWLYDWLRQ� RI� F\WRNLQHV� IURP� WKH� HDUO\� VWDJHV� RI� WKH� IRUPDWLRQ� RI� LQVXOLQ� UHVLVWDQFH�

V\QGURPH� LV� WKH� VHYHULW\� PDUNHU� DQG� SUHGLFWRU� RI� PHWDEROLF� GLVRUGHUV� DQG�

FDUGLRYDVFXODU� GLVHDVH� >��@�� 7KHUHIRUH�� LQ� UHFHQW� \HDUV�� FRQVLGHUDEOH� DWWHQWLRQ� RI�

UHVHDUFKHUV� LV� IRFXVHG�RQ� WKH�HOXFLGDWLRQ�RI�SDWKRSK\VLRORJLFDO� UROH�RI�F\WRNLQHV� LQ�

WKH�SDWKRJHQHVLV�RI�FDUGLRP\RSDWK\� LQ�SDWLHQWV�ZLWK�7�'0�>������@��+RZHYHU�� WKH�

UROH�RI� ,/��ȕ�LQ�WKH�GHYHORSPHQW�DQG�SURJUHVVLRQ�RI�GLDEHWLF�FDUGLRP\RSDWK\� LQ� LWV�

HDUO\� VWDJHV� DV� ZHOO� DV� LQ� WKH� VWDJHV� RI� DFWLYH� IRUPDWLRQ� RI� FRPSOLFDWLRQV� UHPDLQV�

SRRUO\�XQGHUVWRRG��

(YHQ� WKH� LQLWLDO� PHWDEROLF� DEQRUPDOLWLHV� FRQWULEXWH� WR� WKH� GHYHORSPHQW� DQG�

SURJUHVVLRQ�RI�GLDEHWLF�FDUGLRP\RSDWK\�LQ�SDWLHQWV�ZLWK�7�'0�ZKR�DUH�RYHUZHLJKW�

RU� KDYH� DQ� DEGRPLQDO� REHVLW\� >��� ��@�� +RZHYHU�� WKH� FRPELQDWLRQ� RI� YDULRXV�

SDWKRORJLFDO�IDFWRUV�RI�P\RFDUGLDO�GDPDJH�LV�VWLOO�SRRUO\�XQGHUVWRRG�LQ�SDWLHQWV�ZLWK�

7�'0�DQG�RYHUZHLJKW��
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7KH�SXUSRVH�RI�RXU�VWXG\�ZDV�WR�GHWHUPLQH�WKH�FRUUHODWLRQ�EHWZHHQ�WKH�VWDWH�RI�
OLSLG� DQG�FDUERK\GUDWH�PHWDEROLVP��SURLQIODPPDWRU\� ,/��ȕ� DQG� LQGLFHV�RI�GLDVWROLF�

P\RFDUGLDO�IXQFWLRQ�LQ�SDWLHQWV�ZLWK�7�'0���

0HWKRGV�� $� WRWDO� RI� ���� SDWLHQWV� DW� WKH� DJH� EHWZHHQ� ��� DQG� ��� \HDUV� ZLWK�
PRGHUDWHO\� VHYHUH� 7�'0�ZHUH� H[DPLQHG� LQ� HQGRFULQRORJ\� GHSDUWPHQW� RI�.KDUNLY�

5HJLRQDO�+RVSLWDO��'XUDWLRQ�RI�GLDEHWHV������\HDUV��QR�VHYHUH�GLDEHWLF�FRPSOLFDWLRQV�

ZHUH�REVHUYHG��7KH�FRQWURO�JURXS� LQFOXGHG����KHDOWK\� LQGLYLGXDOV�RI�FRUUHVSRQGLQJ�

DJH��

7KH�IROORZLQJ�SDUDPHWHUV�ZHUH�GHWHUPLQHG� LQ�H[DPLQHG�SDWLHQWV��ERG\�ZHLJKW��

KHLJKW��ZDLVW�DQG�KLS�FLUFXPIHUHQFH�ZLWK�VXEVHTXHQW�FDOFXODWLRQ�RI�ERG\�PDVV�LQGH[�

�%0,��XVLQJ�WKH�IRUPXOD��

%0,��NJ�P��� �ZHLJKW��NJ����KHLJKW��P���

7\SH�RI�DGLSRVH� WLVVXH�GLVWULEXWLRQ�ZDV�GHILQHG�DFFRUGLQJ� WR� WKH�ZDLVW� WR�KLS�

FLUFXPIHUHQFH�UDWLR��:+5���

)RU�WKH�SXUSRVH�RI�RXU� UHVHDUFK�DOO�SDWLHQWV�ZHUH� WHVWHG�IRU�VHUXP�JOXFRVH�E\�

JOXFRVH�R[LGDVH� 6RPRJ\L�1HOVRQ� DVVD\� E\� WKH� VWDQGDUG� PHWKRG�� WKH� OHYHO� RI�

JO\FRV\ODWHG�KHPRJORELQ� �+E$�F�� �� NLQHWLF�PHWKRG�XVLQJ� D� VHW�RI� UHDJHQWV� ©'$&�

6SHFWUR�0HGª��WRWDO�FKROHVWHURO��7&��DQG�WULJO\FHULGHV��7*����HQ]\PDWLF�SKRWRPHWULF�

PHWKRG� XVLQJ� D� VHW� RI� ©'$&�6SHFWUR� 0HGª�� KLJK� GHQVLW\� OLSRSURWHLQ� �+'/�� ��

SUHFLSLWDWLRQ�HQ]\PDWLF�SKRWRPHWULF�PHWKRG�XVLQJ�D�VHW�RI�©'$&�6SHFWUR�0HGª��WKH�

OHYHO�RI�ORZ�GHQVLW\�OLSRSURWHLQ��/'/��ZDV�FDOFXODWHG�E\� WKH�)ULHGHZDOG¶V�IRUPXOD��

7KH�FRQWHQW�RI�,/��ȕ�ZDV�GHWHUPLQHG�E\�LPPXQH�HQ]\PH�DVVD\�XVLQJ��9HFWRU�%HVW��

VHW�RI�UHDJHQWV���

7KH�IROORZLQJ�''�LQGLFHV�ZHUH�GHWHUPLQHG�DV�PDUNHUV�RI�GLDEHWLF�P\RFDUGLDO�

LQMXU\� E\� HFKRFDUGLRJUDSK\� E\� XQLYHUVDOO\� UHFRJQL]HG� PHWKRG� DFFRUGLQJ� WR� WKH�

UHFRPPHQGDWLRQV� RI� WKH� $PHULFDQ� &DUGLRORJ\� 6RFLHW\� >��@�� PD[LPXP� SHDN� RI�

GLDVWROLF�ILOOLQJ�YHORFLW\�GXULQJ�UDSLG�ILOOLQJ�RI�WKH�OHIW�YHQWULFOH�(��WKH�PD[LPXP�SHDN�

RI�GLDVWROLF� ILOOLQJ� YHORFLW\� RI� WKH� OHIW� YHQWULFOH�GXULQJ� V\VWROH�RI� WKH� OHIW� DWULXP�$��

(�$� UDWLR�� GXUDWLRQ� RI� LVRYROXPHWULF� UHOD[DWLRQ� RI�P\RFDUGLXP� ,957�� GHFHOHUDWLRQ�

WLPH�'7��7KH�VWXG\�LQFOXGHG�SDWLHQWV�ZLWK�HMHFWLRQ�IUDFWLRQ�DERYH������
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([DPLQHG�SDWLHQWV�ZHUH�GLYLGHG�LQWR���JURXSV�WKDW�GLIIHUHG�E\�WKH�GHJUHH�RI�OHIW�

YHQWULFXODU� ''� DFFRUGLQJ� WR� WKH� FODVVLILFDWLRQ� E\� FOXVWHU� DQDO\VLV� PHWKRGV��

&ODVVLILFDWLRQ� WUHH� PHWKRG� KDV� UHYHDOHG� WKDW� WKH� WKUHVKROG� IRU� WKH� GLVWULEXWLRQ� RI�

SDWLHQWV� LQWR� JURXSV� ZDV� %0,� ������ NJ�P��� ,Q� FDVH� RI� %0,� ������� NJ� �� P�� DQG�

V\VWROLF�EORRG�SUHVVXUH�EHORZ�����PP�+J�SDWLHQW�ZDV�DWWULEXWHG�WR�WKH�JURXS����Q� �

�����*URXS���LQFOXGHG�SDWLHQWV�ZLWK�%0,�!�������NJ�P��DQG�DYHUDJH�KHPRG\QDPLF�

EORRG�SUHVVXUH�DERYH�������PP�+J��Q� ����SDWLHQWV��>��@��

&RUUHODWLRQ�DQDO\VLV�ZDV�SHUIRUPHG�DPRQJ�DOO�VWXGLHG�SDUDPHWHUV�DFFRUGLQJ�WR�

WKHLU�GLVWULEXWLRQ�ODZ�XVLQJ�6WDWLVWLFD�����OLFHQVHG�SURJUDP���

'XULQJ�WKLV�FOLQLFDO�VWXG\�ZH�IROORZHG�WKH�VDIHW\�SUHFDXWLRQV�IRU� WKH�SDWLHQWV¶�

KHDOWK�� WKH� SURWHFWLRQ� RI� WKHLU� ULJKWV�� KXPDQ� GLJQLW\� DQG� HWKLFDO� VWDQGDUGV� LQ�

DFFRUGDQFH� ZLWK� WKH� SULQFLSOHV� RI� WKH� +HOVLQNL� 'HFODUDWLRQ� RI� +XPDQ� 5LJKWV�� WKH�

(XURSHDQ� &RQYHQWLRQ� RQ� +XPDQ� 5LJKWV� DQG� %LRPHGLFLQH�� DQG� DSSOLFDEOH� ODZV� RI�

8NUDLQH��

5HVXOWV��:KLOH�FRPSDULQJ�WKH�UHFHLYHG�GDWD��ZH�IRXQG�VLJQLILFDQW�GLIIHUHQFHV�LQ�

VHOHFWHG� JURXSV� QRW� RQO\� LQ� FRPSDULVRQ� ZLWK� WKH� FRQWURO� JURXS�� EXW� DOVR� EHWZHHQ�

SDWLHQWV�RI�WKH��VW�DQG��QG�JURXSV��7KH�GHWDLOV�DUH�VKRZQ�LQ�WKH�WDEOH����

,Q� WHUPV� RI� WKH� REMHFWLYHV� DQG� SXUSRVH� RI� WKH� VWXG\�� RI� FRXUVH�� ZH� ZHUH�

LQWHUHVWHG�LQ��QG�JURXS�RI�SDWLHQWV��7KH�GHWHUPLQDWLRQ�RI�FRUUHODWLRQ�GHSHQGHQFLHV�LQ�

WKLV�JURXS�EHWZHHQ�SDUDPHWHUV�RI�GLDVWROLF�IXQFWLRQ�DQG�%0,��:+5��VHUXP�JOXFRVH��

+E$�F��7&��+'/��/'/��7*��DQG�,/��ȕ�VKRZHG�WKH�SUHVHQFH�RI�VLJQLILFDQW�QHJDWLYH�

UHODWLRQ� EHWZHHQ� (�$� DQG� ,/��ȕ� �5�  � ������ �S� ��������� DQG� VLJQLILFDQW� SRVLWLYH�

UHODWLRQ�EHWZHHQ�'7�DQG�,/��ȕ��5� ��������S����������

+RZHYHU�� WKH� FRUUHODWLRQ� FRHIILFLHQWV� LQ� WKLV� FDVH�ZHUH� VPDOO� �5��������ZKLFK�

FRUUHVSRQGV� WR� D�ZHDN� OLQN�DFFRUGLQJ� WR�&KDGGRFN¶V� VFDOH��7KHUHIRUH��ZH�XVHG� WKH�

PHWKRG� RI� PXOWLSOH� FRUUHODWLRQ� �� PXOWLSOH� UHJUHVVLRQ� LQ� WKLV� VWXG\� LQ� RUGHU� WR�

GHWHUPLQH� WKH� LQIOXHQFH�RI� ,/��ȕ�� OLSLG�DQG�FDUERK\GUDWH�PHWDEROLVP�� VRPH�GDWD�RI�

REMHFWLYH�H[DPLQDWLRQ�RQ�WKH�IRUPDWLRQ�RI�WKH�EDVLF�LQGH[HV�RI�GLDVWROLF�IXQFWLRQ��7KH�

UHVXOWV� RI� PXOWLSOH� UHJUHVVLRQ� FDQ� EH� UHSUHVHQWHG� DV� UHJUHVVLRQ� HTXDWLRQ� DQG� WKH�

FRHIILFLHQW�RI�GHWHUPLQDWLRQ�5���ZKLFK�UHIOHFWV�WKH�DGHTXDF\�RI�WKH�UHJUHVVLRQ�PRGHO��
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7DEOH����

0HDQ�YDOXHV�RI�LQGLFHV�LQ�WKH�VWXG\�JURXSV�

,QYHVWLJDWHG�LQGLFHV� &RQWURO�JURXS�
�Q ����

*URXS��
�Q ����

*URXS���
�Q ����

$JH��\HDUV� ��������� ����������� �����������

%0,��NJ�P�� ����������� ����������� ���������
�

�

:+5� ����������� ���������� ���������
�

�

6HUXP�JOXFRVH��
PPRO�/�

�������� ��������
� ��������
�

+E$�F���� ����������� ��������
� ���������
�
7&��PPRO�/� ���������� ���������� ���������
�

�
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� ���������
�

�
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�
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� ����������
�
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�

�
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,957��PV� ����������
� �����������
� �����������
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�
'7��PV� ����������
� �����������
� �����������
�
1RWH��
���
�VLJQLILFDQWO\��ɪ�������GLIIHUV�IURP�WKH�FRQWURO�JURXS�
���
�

�VLJQLILFDQWO\��ɪ�������GLIIHUV�IURP�JURXS���DQG�FRQWURO�JURXS�
�

$FFRUGLQJO\��WKH�UHJUHVVLRQ�HTXDWLRQV�IRU�WKHP�DUH�DV�IROORZV��

(�$� ������������©$JHª��������©%0,ª��������©:+5ª��������©,/��ȕª�

'7� ������������©$JHª�������©/'/ª��������©,/��ȕª�

7KH�FRHIILFLHQW�RI�GHWHUPLQDWLRQ�5��LQ�WKH�ILUVW�FDVH�ZDV�HTXDO�WR�������DQG�LQ�WKH�

VHFRQG�FDVH���������7KLV�LQGLFDWHV�D�JRRG�DGHTXDF\�RI�WKH�UHJUHVVLRQ�PRGHO��L�H�������

DQG�����RI�FKDQJHV�RI� WKH�GHSHQGHQW�YDULDEOHV� �(�$�DQG�'7��DUH� VWLSXODWHG�E\� WKH�

LQIOXHQFH�RI�LQGLFHV�LQFOXGHG�LQ�WKH�HTXDWLRQ��

8QIRUWXQDWHO\�� LW� GLGQ¶W�ZRUN� WR�JHW� UHJUHVVLRQ� HTXDWLRQ�ZLWK�D�KLJK�GHJUHH�RI�

DGHTXDF\�IRU�,957�SDUDPHWHU��,Q�DGGLWLRQ��ZH�GLGQ¶W�UHFHLYH�UHJUHVVLRQ�PRGHO�ZLWK�D�

UHDVRQDEOH�GHJUHH�RI�DGHTXDF\�IRU�WKH��VW�JURXS�DQG�FRQWURO�JURXS���
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&RQFOXVLRQV��
7KH�DFWLYLW\�RI�SURLQIODPPDWRU\�,/��ȕ�LQFUHDVHV�DW�WKH�EHJLQQLQJ�RI�7�'0�DQG�

LV� SUREDEO\� RQH� RI� WKH� SDWKRJHQHWLF� PHFKDQLVPV� RI� GLDEHWLF� FRPSOLFDWLRQV�� 7KH�

UHFHLYHG� GDWD� LQGLFDWH� WKDW� ,/��ȕ� PD\� EH� FRQVLGHUHG� DV� D� PHGLDWRU� RI� P\RFDUGLDO�

GDPDJH� DQG� LWV� SURJUHVVLRQ� PDUNHU� LQ� SDWLHQWV� ZLWK� 7�'0� DQG� %0,� DERYH� ������

NJ�P��� ZKLFK� H[WHQGV� WKH� GLDJQRVWLF� DQG� SURJQRVWLF� FDSDELOLWLHV� ZKHQ� H[DPLQLQJ�

WKHVH�SDWLHQWV����

�
5HIHUHQFHV��
��� Ɋɵɛɱɟɧɤɨ�ɘ�Ȼ��ɉɨɪɚɠɟɧɢɟ�ɫɟɪɞɰɚ�ɩɪɢ�ɫɚɯɚɪɧɨɦ�ɞɢɚɛɟɬɟ��ɮɚɤɬɨɪɵ�ɪɢɫɤɚ�

ɢ� ɦɟɯɚɧɢɡɦɵ� ɪɚɡɜɢɬɢɹ� �� ɘ�Ȼ�� Ɋɵɛɱɟɧɤɨ�� Ʌ�Ʉ�� ɋɨɤɨɥɨɜɚ� ��� ɍɤɪɚʀɧɫɶɤɢɣ�

ɦɟɞɢɱɧɢɣ�ɱɚɫɨɩɢɫ��±���������ʋ�������±�9,,�9,,,��±�ɋ���������

��� 5DGHUPHFNHU�5�3��%ORRG�JOXFRVH�FRQWURO�DQG�FDUGLRYDVFXODU�GLVHDVH�LQ�SDWLHQWV�

ZLWK� W\SH� �� GLDEHWHV�� 5HVXOWV� RI� $&&25'�� $'9$1&(� DQG� 9$�'LDEHWHV� WULDOV� ��

5DGHUPHFNHU�5�3���3KLOLSV�-�&���-DQGULDQ�%��HW�DO�����5HY��0HG��/LHJH��±�������±�9RO��

����������±�3�����������

��� 3RS�%XVXL� 5�� 6\PSDWKHWLF� G\VIXQFWLRQ� LQ� W\SH� �� GLDEHWHV�� DVVRFLDWLRQ� ZLWK�

LPSDLUHG�P\RFDUGLDO� EORRG� IORZ� UHVHUYH� DQG� GLDVWROLF� G\VIXQFWLRQ� �� 3RS�%XVXL� 5���

.LUNZRRG�,���6FKPLG�+���HW�DO�����-��$P��&ROO��&DUGLRO��±�������±�9RO������±�3�������±

����

��� %RXGLQD� 6�� 'LDEHWLF� FDUGLRP\RSDWK\� UHYLVLWHG� �� %RXGLQD� 6��� $EHO� (�'�� ���

&LUFXODWLRQ��±�������±�9RO�������±�3������±����

��� Ʌɟɜɢɧɚ� Ʌ�ɂ�� ɋɚɯɚɪɧɵɣ� ɞɢɚɛɟɬ� ɢ� ɢɲɟɦɢɱɟɫɤɚɹ� ɛɨɥɟɡɧɶ� ɫɟɪɞɰɚ� �� Ʌ�ɂ��

Ʌɟɜɢɧɚ��Ⱥ�Ȼ��ɒɚɩɨɜɚɥɨɜɚ����ȼɪɚɱɟɛ��ɜɟɞɨɦɨɫɬɢ������������ʋ������ɋ����±����

��� 1LOVVRQ� 3�� Ⱥɪɬɟɪɿɚɥɶɧɚ� ɝɿɩɟɪɬɟɧɡɿɹ� ɿ� ɰɭɤɪɨɜɢɣ� ɞɿɚɛɟɬ� �� ɬɢɩɭ�� ɧɚɩɪɹɦɤɢ�

ɥɿɤɭɜɚɧɧɹ���1LOVVRQ�3�����ȼɧɭɬɪɿɲɧɹ�ɦɟɞɢɰɢɧɚ��±�������±�ʋ�����&���������

��� Ʉɪɚɜɱɭɧ� ɇ�Ⱥ�� Ɉɫɨɛɥɢɜɨɫɬɿ� ɮɨɪɦɭɜɚɧɧɹ� ɫɟɪɰɟɜɨ�ɫɭɞɢɧɧɢɯ� ɭɫɤɥɚɞɧɟɧɶ�

ɰɭɤɪɨɜɨɝɨ� ɞɿɚɛɟɬɭ� �� ɬɢɩɭ� ɭ� ɯɜɨɪɢɯ� ɿɡ� ɪɿɡɧɢɦɢ� ɩɪɨɹɜɚɦɢ� ɦɟɬɚɛɨɥɿɱɧɨɝɨ�

ɫɢɧɞɪɨɦɭ�ɬɚ�ʀɯ�ɮɚɪɦɚɤɨɥɨɝɿɱɧɚ�ɤɨɪɟɤɰɿɹ���ɇ�Ⱥ��Ʉɪɚɜɱɭɧ����Ⱥɜɬɨɪɟɮɟɪɚɬ�ɞɢɫ��ɧɚ�

ɡɞɨɛ��ɧɚɭɤ��ɫɬ��ɞɨɤɬɨɪɚ�ɦɟɞ��ɧɚɭɤ������������ɋ�������
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��

�

��� *XWLHUUH]� '�$�� ,PSDFW� � RI� LQFUHDVHG� DGLSRVH� WLVVXH� PDVV� RQ� LQIODPPDWLRQ��

LQVXOLQ�UHVLVWDQFH��DQG�G\VOLSLGHPLD���*XWLHUUH]�'�$���3XJOLVL�0�-���+DVW\�$�+�����&XUU��

'LDE��5HS��±�������±�9RO���������±�3��±��������

��� *DHGH�3��(IIHFW�RI�D�PXOWLIDFWRULDO�LQWHUYHQWLRQ�RQ�PRUWDOLW\�LQ�W\SH���GLDEHWHV���

*DHGH� 3��� /XQJ�$QGHUVHQ� +��� 3DUYLQJ� +�±+��� 3HGHUVHQ� 2�� ��� 1�� (QJO�� -�� 0HG�� ±�

������±�9RO�������±�3�����������

���� Ʉɨɜɚɥɟɜɚ�Ɉ�ɇ��ɐɢɬɨɤɢɧɵ��ɨɛɳɟɛɢɨɥɨɝɢɱɟɫɤɢɟ�ɢ�ɤɚɪɞɢɚɥɶɧɵɟ�ɷɮɮɟɤɬɵ� ��

Ɉ�ɇ��Ʉɨɜɚɥɟɜɚ��Ɍ�ɇ��Ⱥɦɛɪɨɫɨɜɚ��Ɍ�ȼ��Ⱥɳɟɭɥɨɜɚ��ɋ�ȼ��Ⱦɟɦɶɹɧɟɰ� ���ɏ��±�������±�

ɋ�������

���� Ƚɢɪɿɧ� ȼ�ȼ�� �� ɍɱɚɫɬɶ� ɰɢɬɨɤɿɧɨɜɨɝɨ� ɦɟɯɚɧɿɡɦɭ� ɭ� ɮɨɪɦɭɜɚɧɧɿ� ɰɭɤɪɨɜɨɝɨ�

ɞɿɚɛɟɬɭ���ɬɢɩɭ���ȼ�ȼ��Ƚɢɪɿɧ����Ʉɥɿɧɿɱɧɚ�ɦɟɞɢɰɢɧɚ��±���������ʋ��±�ɋ��������

���� 1DYDUUR�*RQ]DOH]� -�)�� 7KH� UROH� RI� LQIODPPDWRU\� F\WRNLQHV� LQ� GLDEHWLF�

QHSKURSDWK\���-�)��1DYDUUR�*RQ]DOH]��&��0RUD�)HUQDQGH]����-��$P��6RF��1HSKURO��²�

������²�9RO������²3�����������

���� Ʉɨɩɢɰɚ� ɇ�ɉ�� ȼɡɚɢɦɨɫɜɹɡɶ� ɭɪɨɜɧɹ� ɷɧɞɨɬɟɥɢɧɚ��� ɢ� ɦɚɪɤɟɪɨɜ� ɫɢɫɬɟɦɧɨɝɨ�

ɜɨɫɩɚɥɟɧɢɹ�ɭ�ɛɨɥɶɧɵɯ�ɫ�ɦɟɬɚɛɨɥɢɱɟɫɤɢɦ�ɫɢɧɞɪɨɦɨɦ�ɩɨɫɥɟ�ɢɧɮɚɪɤɬɚ�ɦɢɨɤɚɪɞɚ���

Ʉɨɩɢɰɚ�ɇ�ɉ���ɂ�Ɋ��Ʉɨɦɢɪ����ɍɤɪ���ɬɟɪɚɩɟɜɬ��ɠɭɪɧɚɥ��±���������ʋ��������ɋ��������

���� 3HGHUVHQ�%�.��3K\VLRORJLFDO�UROHV�RI�PXVFOH�GHULYHG�LQWHUOHXNLQ���LQ�UHVSRQVH�

WR� H[HUFLVH� �� 3HGHUVHQ�%�.��� )LVFKHU�&�3�� ���&XUU��2SLQ��&OLQ�� 1XWU��0HWDE��&DUH�� ��

������±�9RO������±�3�����±�����

���� )DQJ� =KL� <RX�� 'LDEHWLF� FDUGLRP\RSDWK\�� HYLGHQFH�� PHFKDQLVPV�� DQG�

WKHUDSHXWLF� LPSOLFDWLRQV� �� )DQJ� =KL� <RX�� 3ULQV� -�� %���0DUZLFN� 7�� +�� ��� (QGRFULQH�

5HYLHZV��²�������²�9RO������ʋ���²�3�����±�����

���� $&&)�$6(�$+$�$61&�+)6$�+56�6&$,�6&&0�� 6&&7�6&05� �����

$SSURSULDWH�8VH�&ULWHULD� IRU�(FKRFDUGLRJUDSK\� >7H[W@� �� 3�6��'RXJODV��0�-��*DUFLD��

'�(��+DLQHV�>HW�DO�@����-��$P��6RF��(FKRFDUGLRJU��±�������±�9RO������±�3����������

���� ɀɭɪɚɜɥɶɨɜɚ� Ʌ�ȼ�� Ƚɪɭɩɢ� ɪɢɡɢɤɭ� ɪɨɡɜɢɬɤɭ� ɞɿɚɫɬɨɥɿɱɧɨʀ� ɞɢɫɮɭɧɤɰɿʀ� ɭ�

ɯɜɨɪɢɯ�ɧɚ�ɰɭɤɪɨɜɢɣ�ɞɿɚɛɟɬ���ɬɢɩɭ���Ʌ�ȼ��ɀɭɪɚɜɥɶɨɜɚ��ɇ�ȼ��ɋɨɤɨɥɶɧɿɤɨɜɚ��Ⱥ�ȼ��

Ⱥɪɫɟɧɶɽɜ����ɍɤɪɚʀɧɫɶɤɢɣ�ɬɟɪɚɩɟɜɬɢɱɧɢɣ�ɠɭɪɧɚɥ��±���������ʋ��������ɋ�����±������

�
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Ɋɟɡɸɦɟ�� ȼ� ɟɧɞɨɤɪɢɧɨɥɨɝɿɱɧɨɦɭ� ɜɿɞɞɿɥɟɧɧɿ� ɄɁɈɁ� ©ɈɄɅ� ±� ɐȿɆȾ� ɬɚ� ɆɄª�
ɨɛɫɬɟɠɟɧɨ� ����ɯɜɨɪɢɯ� ɧɚ� ɰɭɤɪɨɜɢɣ� ɞɿɚɛɟɬ� �� ɬɢɩɭ� ɡɿ� ɡɛɟɪɟɠɟɧɨɸ� ɫɢɫɬɨɥɿɱɧɨɸ�
ɮɭɧɤɰɿɽɸ�ɥɿɜɨɝɨ�ɲɥɭɧɨɱɤɚ��Ȼɭɥɨ�ɜɢɡɧɚɱɟɧɨ�ɿɧɞɟɤɫ�ɦɚɫɢ�ɬɿɥɚ��ɨɤɪɭɠɧɿɫɬɶ�ɬɚɥɿʀ��
ɨɤɪɭɠɧɿɫɬɶ� ɫɬɟɝɨɧ�� ɩɨɤɚɡɧɢɤɢ� ɜɭɝɥɟɜɨɞɧɨɝɨ�� ɥɿɩɿɞɧɨɝɨ� ɨɛɦɿɧɿɜ�� ɚ� ɬɚɤɨɠ�
ɤɨɧɰɟɧɬɪɚɰɿɹ�ɿɧɬɟɪɥɟɣɤɿɧɭ��ȕ��ȼɫɿɦ�ɯɜɨɪɢɦ�ɛɭɥɨ�ɩɪɨɜɟɞɟɧɨ�ɟɯɨɤɚɪɞɿɨɝɪɚɮɿɱɧɟ�
ɞɨɫɥɿɞɠɟɧɧɹ� ɡ� ɜɢɡɧɚɱɟɧɧɹɦ� ɩɨɤɚɡɧɢɤɿɜ� ɞɿɚɫɬɨɥɿɱɧɨʀ� ɮɭɧɤɰɿʀ�� ȼ� ɪɟɡɭɥɶɬɚɬɿ�
ɫɬɚɬɢɫɬɢɱɧɨɝɨ� ɚɧɚɥɿɡɭ� ɜɫɬɚɧɨɜɥɟɧɨ��ɳɨ� ɭ� ɮɨɪɦɭɜɚɧɧɿ� ɞɿɚɫɬɨɥɿɱɧɨʀ� ɞɢɫɮɭɧɤɰɿʀ�
ɛɟɪɭɬɶ� ɭɱɚɫɬɶ� ɪɿɜɟɧɶ� ɿɧɬɟɪɥɟɣɤɿɧɭ��ȕ�� ɜɿɤ�� ɿɧɞɟɤɫ� ɦɚɫɢ� ɬɿɥɚ�� ɜɿɞɧɨɲɟɧɧɹ�
ɨɤɪɭɠɧɨɫɬɿ� ɬɚɥɿʀ� ɞɨ� ɨɤɪɭɠɧɨɫɬɿ� ɫɬɟɝɨɧ�� ɚ� ɬɚɤɨɠ� ɪɿɜɟɧɶ� ɯɨɥɟɫɬɟɪɢɧɭ�
ɥɿɩɨɩɪɨɬɟʀɧɿɜ�ɧɢɡɶɤɨʀ�ɳɿɥɶɧɨɫɬɿ��
Ʉɥɸɱɨɜɿ� ɫɥɨɜɚ�� ɰɭɤɪɨɜɢɣ� ɞɿɚɛɟɬ� �� ɬɢɩ�� ɿɧɞɟɤɫ� ɦɚɫɢ� ɬɿɥɚ�� ɿɧɬɟɪɥɟɣɤɿɧ��ȕ��
ɞɿɚɫɬɨɥɿɱɧɚ�ɞɢɫɮɭɧɤɰɿɹ��

�
�

Ɋɟɡɸɦɟ�� ȼ� ɷɧɞɨɤɪɢɧɨɥɨɝɢɱɟɫɤɨɦ� ɨɬɞɟɥɟɧɢɢ� ɄɍɈɁ� ©ɈɄȻ� ±� ɐɗɆɉ� ɢ� ɆɄª�
ɨɛɫɥɟɞɨɜɚɧɵ� ���� ɛɨɥɶɧɵɯ� ɫɚɯɚɪɧɵɦ� ɞɢɚɛɟɬɨɦ� �� ɬɢɩɚ� ɫ� ɫɨɯɪɚɧɟɧɧɨɣ�
ɫɢɫɬɨɥɢɱɟɫɤɨɣ� ɮɭɧɤɰɢɟɣ� ɥɟɜɨɝɨ� ɠɟɥɭɞɨɱɤɚ�� Ȼɵɥɢ� ɨɩɪɟɞɟɥɟɧɵ� ɢɧɞɟɤɫ� ɦɚɫɫɵ�
ɬɟɥɚ��ɨɤɪɭɠɧɨɫɬɶ�ɬɚɥɢɢ��ɨɤɪɭɠɧɨɫɬɶ�ɛɟɞɟɪ��ɩɨɤɚɡɚɬɟɥɢ�ɭɝɥɟɜɨɞɧɨɝɨ��ɥɢɩɢɞɧɨɝɨ�
ɨɛɦɟɧɨɜ�� ɚ� ɬɚɤɠɟ� ɤɨɧɰɟɧɬɪɚɰɢɹ� ɢɧɬɟɪɥɟɣɤɢɧɚ��ȕ�� ȼɫɟɦ� ɛɨɥɶɧɵɦ� ɛɵɥɨ�
ɩɪɨɜɟɞɟɧɨ� ɷɯɨɤɚɪɞɢɨɝɪɚɮɢɱɟɫɤɨɟ� ɢɫɫɥɟɞɨɜɚɧɢɟ� ɫ� ɨɩɪɟɞɟɥɟɧɢɟɦ� ɡɧɚɱɟɧɢɣ�
ɞɢɚɫɬɨɥɢɱɟɫɤɨɣ� ɮɭɧɤɰɢɢ�� ȼ� ɪɟɡɭɥɶɬɚɬɟ� ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ� ɚɧɚɥɢɡɚ� ɭɫɬɚɧɨɜɥɟɧɨ��
ɱɬɨ� ɜ� ɮɨɪɦɢɪɨɜɚɧɢɢ� ɞɢɚɫɬɨɥɢɱɟɫɤɨɣ� ɞɢɫɮɭɧɤɰɢɢ� ɭ� ɛɨɥɶɧɵɯ� ɫɚɯɚɪɧɵɦ�
ɞɢɚɛɟɬɨɦ� �� ɬɢɩɚ� ɭɱɚɫɬɜɭɸɬ� ɭɪɨɜɟɧɶ� ɢɧɬɟɪɥɟɣɤɢɧɚ��ȕ�� ɜɨɡɪɚɫɬ�� ɢɧɞɟɤɫ� ɦɚɫɫɵ�
ɬɟɥɚ�� ɨɬɧɨɲɟɧɢɟ� ɨɤɪɭɠɧɨɫɬɢ� ɬɚɥɢɢ� ɤ� ɨɤɪɭɠɧɨɫɬɢ� ɛɟɞɟɪ�� ɚ� ɬɚɤɠɟ� ɭɪɨɜɟɧɶ�
ɯɨɥɟɫɬɟɪɢɧɚ�ɥɢɩɨɩɪɨɬɟɢɧɨɜ�ɧɢɡɤɨɣ�ɩɥɨɬɧɨɫɬɢ��
Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ��ɫɚɯɚɪɧɵɣ�ɞɢɚɛɟɬ�ɬɢɩɚ����ɢɧɞɟɤɫ�ɦɚɫɫɵ�ɬɟɥɚ��ɢɧɬɟɪɥɟɣɤɢɧ��ȕ��
ɞɢɚɫɬɨɥɢɱɟɫɤɚɹ�ɞɢɫɮɭɧɤɰɢɹ��
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'REU]KDQVND�<X��

,008123$7+2/2*,&$/�)($785(6�2)�
3625,$6,6�

.KDUNLY�1DWLRQDO�0HGLFDO�8QLYHUVLW\��8NUDLQH�

�

$EVWUDFW��3VRULDVLV��D�FRPPRQ�PXOWLIDFWRU�VNLQ�GLVHDVH��KDV�UHFHLYHG�DWWHQWLRQ�DV�D�
WDUJHW�IRU�QHZ�SDWKRJHQHVLV�RULHQWHG�ELRORJLF�WKHUDSLHV��3VRULDVLV�LV�LPSRUWDQW�WR�WKH�
FOLQLFLDQ� EHFDXVH� LW� LV� FRPPRQ�DQG�KDV� WUHDWPHQW� LPSOLFDWLRQV� EH\RQG� WKH� FDUH� RI�
VNLQ�OHVLRQV��,W�LV�LPSRUWDQW�WR�WKH�SK\VLFLDQ�VFLHQWLVW�EHFDXVH�LW�VHUYHV�DV�D�PRGHO�IRU�
VWXGLHV�RI�PHFKDQLVPV�RI�FKURQLF�LQIODPPDWLRQ���
,Q�UHFHQW�\HDUV��VXEVWDQWLDO�DGYDQFHV�KDYH�EHHQ�PDGH�LQ�HOXFLGDWLQJ�WKH�PHFKDQLVPV�
RI�SVRULDVLV��+RZHYHU��PDMRU�LVVXHV�UHPDLQ�XQUHVROYHG��LQFOXGLQJ�WKH�SULPDU\�QDWXUH�
RI�WKH�GLVHDVH�DV�DQ�HSLWKHOLDO�RU�LPPXQRORJLF�GLVRUGHU��WKH�DXWRLPPXQH�FDXVH�RI�WKH�
LQIODPPDWRU\� SURFHVV�� WKH� UHOHYDQFH� RI� FXWDQHRXV� YHUVXV� V\VWHPLF� IDFWRUV�� DQG� WKH�
UROH�RI�JHQHWLF�YHUVXV�HQYLURQPHQWDO�LQIOXHQFHV�RQ�GLVHDVH�LQLWLDWLRQ��SURJUHVVLRQ�
7KLV�UHYLHZ�VXPPDUL]HV�UHFHQW�SURJUHVV�LQ�XQGHUVWDQGLQJ�RI� WKH� LPPXQRORJLF�EDVLV�
RI�SVRULDVLV�DQG�VKRZV�KRZ� LPSURYHG� LQVLJKW� LQWR�GLVHDVH�PHFKDQLVPV�KDV�DOUHDG\�
UHVXOWHG�LQ�WDQJLEOH�EHQHILWV� IRU�SDWLHQWV��LQFOXGLQJ�WKH�LQWURGXFWLRQ�RI�QHZ�WDUJHWHG�
WKHUDSLHV��
.D\�ZRUGV��SVRULDVLV��F\WRNLQH��LQWHUOHXNLQ��WUHDWPHQWV�IRU�SVRULDVLV�

�

�

'HVSLWH� WKH� IDFW� WKDW� SVRULDVLV� LV� D� FRPPRQ� PXOWLIDFWRU� VNLQ� GLVHDVH�� LWV�

GHILQLWLRQ� E\� )HUGLQDQG� YRQ�+HEUD� DV� D� GLVWLQFW� HQWLW\� GDWHV� EDFN� RQO\� WR� WKH� \HDU�

������DQG�HVWLPDWHV�RI�LWV�SUHYDOHQFH�±�DURXQG�����SHUFHQW�RI�SRSXODWLRQ�ZRUOGZLGH�

>��� �@�� %RWK� 8NUDLQLDQ� DQG� IRUHLJQ� UHVHDUFKHUV� QRWLFH� WKH� IROORZLQJ� IHDWXUHV� RI�

SVRULDVLV�� D� FKURQLF� GLVHDVH� DVVRFLDWHG� ZLWK� FKDUDFWHULVWLF� VNLQ� UDVK� LQ� D� IRUP� RI�

HSLGHUPDO�DQG�GHUPDO�SDSXOHV�FRQVLGHUDEOH�VNLQ�IODNLQJ��$�SVRULDWLF�SDWFK�LV�IRUPHG�

RQ� WKH� EDVLV� RI� WKH� LPSDLUHG� SUROLIHUDWLRQ� DQG� GLIIHUHQWLDWLRQ� RI� NHUDWLQRF\WHV� LQ�

FRPELQDWLRQ� ZLWK� LQFUHDVHV� SURFHVVHV� RI� DQJLRJHQHVLV� DQG� HSLGHUPDO� DQG� GHUPDO�

LQILOWUDWLRQ�ZLWK�PRQRQXFOHDU� FHOOV� >��� �@�� 1XPHURXV� IDPLO\� VWXGLHV� KDYH� SURYLGHG�

FRPSHOOLQJ�HYLGHQFH�RI�D�JHQHWLF�SUHGLVSRVLWLRQ�WR�SVRULDVLV��DOWKRXJK�WKH�LQKHULWDQFH�

SDWWHUQ�LV�VWLOO�XQFOHDU�>�@��7KH�LOOQHVV�GHYHORSV�LQ�DV�PDQ\�DV�KDOI�RI�WKH�VLEOLQJV�RI�

SHUVRQV� ZLWK� SVRULDVLV� ZKHQ� ERWK� SDUHQWV� DUH� DIIHFWHG�� EXW� SUHYDOHQFH� IDOOV� WR� ���
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SHUFHQW�ZKHQ�RQO\�RQH�SDUHQW�KDV�SVRULDVLV�DQG�WR���SHUFHQW�ZKHQ�QHLWKHU�SDUHQW� LV�

DIIHFWHG��

$� NH\� TXHVWLRQ� FRQFHUQV� WKH� DXWRLPPXQH� QDWXUH� RI� SVRULDVLV� DQG� WKH�

FRQWULEXWLRQ�RI�DXWRUHDFWLYH�7�FHOOV�WR�WKH�GLVHDVH�SURFHVV��&XUUHQWO\�DYDLODEOH�GDWD�GR�

QRW�VXSSRUW�WKH�QRWLRQ�WKDW�SVRULDVLV� LV�D�ERQD�ILGH�DXWRLPPXQH�GLVHDVH��3VRULDVLV� LV�

SUREDEO\�EHVW�SODFHG�ZLWKLQ�D�VSHFWUXP�RI�DXWRLPPXQH�UHODWHG�GLVHDVHV�FKDUDFWHUL]HG�

E\�FKURQLF�LQIODPPDWLRQ�LQ�WKH�DEVHQFH�RI�NQRZQ�LQIHFWLRXV�DJHQWV��7KH�WUDQVSRUW�RI�

7�FHOOV�IURP�WKH�GHUPLV�LQWR�WKH�HSLGHUPLV�LV�D�NH\�HYHQW�LQ�SVRULDVLV��3VRULDWLF�7�FHOOV�

SUHGRPLQDQWO\�VHFUHWH�LQWHUIHURQ�Ȗ�DQG�LQWHUOHXNLQ����>����@��

7KH� K\SRWKHVLV�RI� D� F\WRNLQH�QHWZRUN� LQ�SVRULDVLV�SURSRVHG� D� FHQWUDO� UROH�RI�

SURLQIODPPDWRU\� F\WRNLQHV�� LQFOXGLQJ� 71)�Į�� ,Q� UHWURVSHFW�� WKLV� WKHRU\� KDV� EHHQ�

YDOLGDWHG�E\�WKH�FOLQLFDO�VXFFHVV�RI�DQWL�71)�WKHUDS\�LQ�WKH�WUHDWPHQW�RI�SVRULDVLV��2Q�

WKH� EDVLV� RI� WKH� DQDO\VLV� RI� JHQH� VLJQDWXUHV� LQ� WKLV� GLVHDVH�� WKUHH� SUHGRPLQDQW�

F\WRNLQHV�VHHP�WR�EH�DW�SOD\��W\SH�,�LQWHUIHURQ��LQWHUIHURQ�Ȗ��DQG�71)�Į��%RWK�71)�Į�

DQG� LQWHUIHURQ�Ȗ�DOVR�KDYH�DQWL�LQIODPPDWRU\�SURSHUWLHV�� WKLV�PLJKW�H[SODLQ�� LQ�SDUW��

WKH�FRXQWHULQWXLWLYH�FOLQLFDO�REVHUYDWLRQ�WKDW�DQWL�71)�WKHUDS\�LQGXFHV�SVRULDVLV�LQ�D�

PLQRULW\� RI� SDWLHQWV�� ,Q� DGGLWLRQ�� GHQGULWLF� FHOO±GHULYHG� LQWHUOHXNLQ���� DQG�

GRZQVWUHDP�SURGXFWV�RI�KHOSHU�7�FHOOV��LQFOXGLQJ�LQWHUOHXNLQ���$�DQG�LQWHUOHXNLQ�����

DUH�RI�FRQVLGHUDEOH�LPSRUWDQFH��.H\�F\WRNLQHV�LQ�SVRULDVLV�DFW�WKURXJK�D�UHVWULFWHG�VHW�

RI�VLJQDOOLQJ�DQG�WUDQVFULSWLRQDO�SDWKZD\V�>����@��

,Q� VSLWH� RI� QXPHURXV� VWXGLHV� SHUIRUPHG�� SDWKRJHQHVLV� RI� SVRULDVLV� DQG�

PHFKDQLVPV� RI� LWV� RQVHW� KDYH� QRW� EHHQ� FODULILHG� \HW��0RVW� DFFHSWHG� WUHDWPHQWV� IRU�

SVRULDVLV�KDYH�EHHQ�GHYHORSHG�HPSLULFDOO\�RU�ZHUH�IRXQG�E\�FKDQFH��+RZHYHU��UHFHQW�

LQVLJKWV� LQWR� WKH� LPPXQRSDWKRJHQHVLV�RI�SVRULDVLV�KDYH�IXUWKHU� HOXFLGDWHG� WKH�PRGH�

RI� DFWLRQ� RI� VRPH� DFFHSWHG� FRPSRXQGV� >��� ��@� DQG� KDYH� SURYLGHG� QHZ� WUHDWPHQW�

VWUDWHJLHV� >���� ��@�� 7KH� VHYHULW\� RI� WKH� GLVHDVH� XVXDOO\� GHWHUPLQHV� WKH� WKHUDSHXWLF�

DSSURDFK��$SSUR[LPDWHO\����WR����SHUFHQW�RI�DOO�SDWLHQWV�ZLWK�SVRULDVLV�FDQ�EH�WUHDWHG�

DGHTXDWHO\�ZLWK�XVH�RI�WRSLFDO� WKHUDS\��0DLQO\�IRU�SUDFWLFDO�UHDVRQV�� WKH�YLWDPLQ�'��

DQDORJXHV� �FDOFLSRWULRO� DQG� WDFDOFLWRO�� DQG� WKH� WRSLFDO� UHWLQRLG� WD]DURWHQH� ±� DOO� RI�

ZKLFK�DIIHFW�NHUDWLQRF\WH�IXQFWLRQV�DQG�WKH�LPPXQH�UHVSRQVH�±�DUH�LQ�ZLGHU�XVH�WKDQ�
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LV�HLWKHU�DQWKUDOLQ�RU�FRDO�WDU��6LQFH�PRVW�RI�WKH�FRPSRXQGV�WKDW�KDYH�EHHQ�PHQWLRQHG�

PD\� LUULWDWH� GHOLFDWH� DUHDV� RI� VNLQ�� WRSLFDO� FRUWLFRVWHURLGV� DUH� XVHG� LQ� FRPELQDWLRQ�

ZLWK�WKRVH�FRPSRXQGV��SDUWLFXODUO\�LQ�LQWHUWULJLQRXV�DUHDV�>��������@��

,Q�FDVHV�RI�PRGHUDWH�WR�VHYHUH�SVRULDVLV��H�J���DIIHFWLQJ�ODUJH�VXUIDFH�DUHDV���WKH�

XVH� RI� SKRWRWKHUDS\�� V\VWHPLF� GUXJV�� RU� ERWK� PXVW� EH� FRQVLGHUHG�� $PRQJ� WKH�

HVWDEOLVKHG�UHJLPHQV��YDULRXV�WKHUDSHXWLF�PHWKRGV�PD\�KDYH�GLVWLQFW�PRGHV�RI�DFWLRQ��

)RU� H[DPSOH�� IXPDUDWHV� DQG� F\FORVSRULQH� DUH� SULPDULO\� LPPXQRVXSSUHVVLYH� DJHQWV��

ZKHUHDV� UHWLQRLGV� DQG� PHWKRWUH[DWH� DOVR� WDUJHW� NHUDWLQRF\WH� IXQFWLRQV�� 5DWLRQDO�

FRPELQDWLRQ�WUHDWPHQWV�WDUJHW�LQIODPPDWLRQ�DV�ZHOO�DV�HSLGHUPDO�DOWHUDWLRQV�DQG�PD\�

SURYLGH� LPSURYHG� HIILFDF\� DQG� VDIHW\�� 7KXV�� FRPELQDWLRQV� RI� WRSLFDO� YLWDPLQ�

'��DQDORJXHV�ZLWK�SKRWRWKHUDS\�RU�V\VWHPLF�UHWLQRLGV�SOXV�SVRUDOHQ�DQG�XOWUDYLROHW�$�

SKRWRWKHUDS\��5H389$��DUH�ZHOO�HVWDEOLVKHG�WUHDWPHQW�UHJLPHQV�IRU�SVRULDVLV�>�����@���

7KH� HYROXWLRQ� RI� D� SVRULDWLF� OHVLRQ� LV� EDVHG� RQ� D� FRPSOH[� LQWHUSOD\� EHWZHHQ�

HQYLURQPHQWDO�DQG�JHQHWLF�IDFWRUV�WKDW�VHWV�WKH�VFHQH�IRU�GLVHDVH�LQLWLDWLQJ�HYHQWV��$�

FDVFDGH�RI�HYHQWV�OHDGV�WR�DFWLYDWLRQ�RI�GHQGULWLF�FHOOV�DQG��LQ�WXUQ��WKH�JHQHUDWLRQ�RI�

HIIHFWRU� 7� FHOOV� WKDW� HPLJUDWHV� WR� DQG� UHVLGHV� LQ� VNLQ� WLVVXH�� &URVV�WDON� EHWZHHQ�

HSLWKHOLDO� FHOOV� DQG� LPPXQH� FHOOV� VKDSHV� DQG� PDLQWDLQV� WKH� LQIODPPDWRU\� PLOLHX��

5HVHDUFK�LQ�WKH�SDVW�GHFDGH�KDV�LGHQWLILHG�PDQ\�RI�WKH�FKHFNSRLQWV�JRYHUQLQJ�WKHVH�

SURFHVVHV�DQG�KDV�OHDG�WR�WKH�GHYHORSPHQW�RI�QHZ��KLJKO\�HIIHFWLYH�WDUJHWHG�WKHUDSLHV��

$OWKRXJK�WKLV�SURJUHVV�LV�UHPDUNDEOH��WKHUH�DUH�VWLOO�PDQ\�XQNQRZQV��HVSHFLDOO\�LQ�WKH�

DUHD�RI�GLVHDVH�SUHYHQWLRQ�DQG�WKH�GHYHORSPHQW�RI�GUXJV�ZLWK�DSSURSULDWH�ORQJ�WHUP�

ULVN�±�EHQHILW�DQG�FRVW�SURILOHV��)XWXUH�UHVHDUFK�ZLOO�QHHG�WR�WDFNOH�WKHVH�FKDOOHQJHV�LQ�

RUGHU� WR� HVWDEOLVK� WKHUDSHXWLF� DQG� SUHYHQWLYH� DSSURDFKHV� WKDW� XOWLPDWHO\� OHDG� WR�

LPSURYHG�RXWFRPHV�IRU�SDWLHQWV��

�

5HIHUHQFHV��
���&KULVWRSKHUV�(��3VRULDVLV���HSLGHPLRORJ\�DQG�FOLQLFDO�VSHFWUXP���&KULVWRSKHUV�(����

&OLQ�([S�'HUPDWRO����������3�����������

��� 6FK|Q� 0�3�� 3VRULDVLV� �� 6FK|Q� 0�3��� %RHKQFNH� :�+�� ��� 1� (QJO� -� 0HG� ������

�������������0D\��������'2,����������1(-0UD�������



BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�

�
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�

,QWHU�FROOHJDV��±�������±��������

��

�

��� *ULIILWKV� &�(�� 3DWKRJHQHVLV� DQG� FOLQLFDO� IHDWXUHV� RI� SVRULDVLV� �� *ULIILWKV�

&�(���%DUNHU�-�1�����/DQFHW����������������������

���1HVWOH�)�2��3VRULDVLV���1HVWOH�)�2����&XUU�'LU�$XWXLPPXQ������������������

��� +HQVHOHU� 7�� 3VRULDVLV� RI� HDUO\� DQG� ODWH� RQVHW�� FKDUDFWHUL]DWLRQ� RI� WZR� W\SHV� RI�

SVRULDVLV�YXOJDULV����+HQVHOHU�7��&KULVWRSKHUV�(�����-�$P�$FDG�'HUPDWRO�������������

�����

��� &DUXQWX� &�� 3URWHRPLFV� IRFXVLQJ� RQ� LPPXQH� PDUNHUV� LQ� SVRULDWLF� DUWKULWLV� ��

&RQVWDQWLQ� &DUXQWX�� 'DQLHO� %RGD�� *HRUJLDQD� 'XPLWUDVFX�� &DUROLQD� &RQVWDQWLQ��

0RQLFD�1HDJX����%LRPDUNHUV�LQ�0HGLFLQH��������3�������

���'DYLGVRQ�$��$XWRLPPXQH�GLVHDVHV����'DYLGVRQ�$��'LDPRQG�%�����1�(QJO�-�0HG��

��������������������

���/RZHV�0�$��3DWKRJHQHVLV�DQG�WKHUDS\�RI�SVRULDVLV����/RZHV�0�$�����1DWXUH�

������������������������

��� +H\GHQGDHO� 9�0�5�� 0HWKRWUH[DWH� YHUVXV� F\FORVSRULQH� LQ� PRGHUDWH�WR�VHYHUH�

FKURQLF�SODTXH�SVRULDVLV����+H\GHQGDHO�905��6SXOV�3,��2SPHHU�%&��HW�DO�����1�(QJO�-�

0HG�������������������

���� *UDQVWHLQ� 5�'�� 1HZ� WUHDWPHQWV� IRU� SVRULDVLV�� �� *UDQVWHLQ� 5�'�� ���

1�(QJO�-�0HG���������������������

����0HQGRQFD�&�2��&XUUHQW�FRQFHSWV�LQ�SVRULDVLV�DQG�LWV�WUHDWPHQW����0HQGRQFD�&�2���

%XUGHQ�$�'�����3KDUPDFRO�7KHU������������������

����1LFNRORII�%�-��5HFHQW�LQVLJKWV�LQWR�WKH�LPPXQRSDWKRJHQHVLV�RI�SVRULDVLV�SURYLGH�

QHZ� WKHUDSHXWLF� RSSRUWXQLWLHV�� �� 1LFNRORII� %�-��� 1HVWOH� )�2�� ��� -� &OLQ� ,QYHVW�

�������������������
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Ɋɟɡɸɦɟ�� ɉɫɨɪɢɚɡ� ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɟ� ɡɚɛɨɥɟɜɚɧɢɟ� ɤɨɠɢ� ɦɭɥɶɬɢɮɚɤɬɨɪɧɨɣ�
ɩɪɢɪɨɞɵ�� ɧɚɯɨɞɢɬɫɹ� ɩɨɞ� ɩɪɢɫɬɚɥɶɧɵɦ� ɜɧɢɦɚɧɢɟɦ� ɞɟɪɦɚɬɨɥɨɝɨɜ� ɢ� ɭɱɟɧɵɯ�
ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ� ɜɫɟɝɨ� ɦɢɪɚ� ɜ� ɤɚɱɟɫɬɜɟ� ɦɢɲɟɧɢ� ɞɥɹ� ɢɡɭɱɟɧɢɹ� ɩɚɬɨɝɟɧɟɡɚ� ɢ�
ɩɨɢɫɤɚ� ɧɨɜɵɯ� ɦɟɬɨɞɨɜ� ɥɟɱɟɧɢɹ�� ɂɡɭɱɟɧɢɟ� ɩɫɨɪɢɚɡɚ� ɨɱɟɧɶ� ɜɚɠɧɨ� ɤɚɤ� ɞɥɹ�
ɞɟɪɦɚɬɨɥɨɝɨɜ�� ɬɚɤ� ɢ� ɞɥɹ� ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ� ɜ� ɤɚɱɟɫɬɜɟ� ɦɨɞɟɥɢ� ɞɥɹ� ɢɡɭɱɟɧɢɹ�
ɦɟɯɚɧɢɡɦɨɜ�ɯɪɨɧɢɱɟɫɤɨɝɨ�ɜɨɫɩɚɥɟɧɢɹ��

ȼ� ɩɨɫɥɟɞɧɢɟ� ɝɨɞɵ� ɡɧɚɱɢɬɟɥɶɧɵɟ� ɭɫɩɟɯɢ� ɛɵɥɢ� ɞɨɫɬɢɝɧɭɬɵ� ɜ� ɜɵɹɫɧɟɧɢɢ�
ɦɟɯɚɧɢɡɦɨɜ� ɩɫɨɪɢɚɡɚ�� Ɍɟɦ� ɧɟ� ɦɟɧɟɟ�� ɨɫɧɨɜɧɵɟ� ɩɪɨɛɥɟɦɵ� ɨɫɬɚɸɬɫɹ�
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ɧɟɪɟɲɟɧɧɵɦɢ��ɜ�ɬɨɦ�ɱɢɫɥɟ�ɷɬɢɨɥɨɝɢɹ�ɡɚɛɨɥɟɜɚɧɢɹ��ɩɚɬɨɥɨɝɢɱɟɫɤɢɟ�ɩɪɨɰɟɫɫɵ�ɜ�
ɤɨɠɟ�� ɢɦɦɭɧɧɨɣ� ɫɢɫɬɟɦɟ�� ɚɭɬɨɢɦɦɭɧɧɵɟ� ɩɪɢɱɢɧɵ� ɜɨɫɩɚɥɢɬɟɥɶɧɨɝɨ� ɩɪɨɰɟɫɫɚ��
ɡɚɜɢɫɢɦɨɫɬɶ� ɤɨɠɧɵɯ� ɩɪɨɹɜɥɟɧɢɣ� ɨɬ� ɩɨɪɚɠɟɧɢɹ� ɞɪɭɝɢɯ� ɨɪɝɚɧɨɜ� ɢ� ɫɢɫɬɟɦ�� ɚ�
ɬɚɤɠɟ� ɪɨɥɶ� ɝɟɧɟɬɢɱɟɫɤɢɯ� ɮɚɤɬɨɪɨɜ� ɢ� ɜɨɡɞɟɣɫɬɜɢɟ� ɨɤɪɭɠɚɸɳɟɣ� ɫɪɟɞɵ� ɧɚ�
ɜɨɡɧɢɤɧɨɜɟɧɢɟ�ɩɫɨɪɢɚɡɚ�ɢ�ɟɝɨ��ɩɪɨɝɪɟɫɫɢɪɨɜɚɧɢɟ��

ɉɪɟɞɫɬɚɜɥɟɧɵ� ɞɨɫɬɢɠɟɧɢɹ� ɜ� ɢɡɭɱɟɧɢɢ� ɢɦɦɭɧɨɥɨɝɢɱɟɫɤɨɝɨ� ɡɜɟɧɚ�
ɩɚɬɨɝɟɧɟɡɚ�ɩɫɨɪɢɚɡɚ�ɢ�ɩɨɤɚɡɚɧɨ��ɤɚɤ�ɭɥɭɱɲɟɧɢɟ�ɩɨɧɢɦɚɧɢɹ�ɦɟɯɚɧɢɡɦɨɜ�ɛɨɥɟɡɧɢ�
ɭɠɟ�ɩɪɢɜɟɥɨ�ɤ�ɩɨɜɵɲɟɧɢɸ�ɷɮɮɟɤɬɢɜɧɨɫɬɢ�ɩɪɨɜɨɞɢɦɨɣ�ɬɟɪɚɩɢɢ��
Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ��ɩɫɨɪɢɚɡ��ɰɢɬɨɤɢɧɵ��ɢɧɬɟɪɥɟɣɤɢɧɵ��ɥɟɱɟɧɢɟ�ɩɫɨɪɢɚɡɚ��
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Ɋɟɡɸɦɟ�� ɉɫɨɪɿɚɡ� ɩɨɲɢɪɟɧɟ� ɡɚɯɜɨɪɸɜɚɧɧɹ� ɲɤɿɪɢ� ɦɭɥɶɬɢɮɚɤɬɨɪɧɨʀ� ɩɪɢɪɨɞɢ��
ɩɟɪɟɛɭɜɚɽ�ɩɿɞ�ɩɢɥɶɧɨɸ�ɭɜɚɝɨɸ�ɞɟɪɦɚɬɨɥɨɝɿɜ�ɿ�ɜɱɟɧɢɯ�ɞɨɫɥɿɞɧɢɤɿɜ�ɭɫɶɨɝɨ�ɫɜɿɬɭ�ɜ�
ɹɤɨɫɬɿ� ɦɿɲɟɧɿ� ɞɥɹ� ɜɢɜɱɟɧɧɹ� ɩɚɬɨɝɟɧɟɡɭ� ɬɚ� ɩɨɲɭɤɭ� ɧɨɜɢɯ� ɦɟɬɨɞɿɜ� ɥɿɤɭɜɚɧɧɹ��
ȼɢɜɱɟɧɧɹ�ɩɫɨɪɿɚɡɭ�ɞɭɠɟ�ɜɚɠɥɢɜɨ�ɹɤ�ɞɥɹ�ɞɟɪɦɚɬɨɥɨɝɿɜ��ɬɚɤ� ɿ�ɞɥɹ�ɞɨɫɥɿɞɧɢɤɿɜ�ɜ�
ɹɤɨɫɬɿ�ɦɨɞɟɥɿ�ɞɥɹ�ɜɢɜɱɟɧɧɹ�ɦɟɯɚɧɿɡɦɿɜ�ɯɪɨɧɿɱɧɨɝɨ�ɡɚɩɚɥɟɧɧɹ��

ȼ� ɨɫɬɚɧɧɿ� ɪɨɤɢ� ɡɧɚɱɧɿ� ɭɫɩɿɯɢ� ɛɭɥɢ� ɞɨɫɹɝɧɭɬɿ� ɜ� ɡ
ɹɫɭɜɚɧɧɿ� ɦɟɯɚɧɿɡɦɿɜ�
ɩɫɨɪɿɚɡɭ�� Ɍɢɦ� ɧɟ� ɦɟɧɲɟ�� ɨɫɧɨɜɧɿ� ɩɪɨɛɥɟɦɢ� ɡɚɥɢɲɚɸɬɶɫɹ� ɧɟɜɢɪɿɲɟɧɢɦɢ��
ɡɨɤɪɟɦɚ�ɟɬɿɨɥɨɝɿɹ�ɡɚɯɜɨɪɸɜɚɧɧɹ��ɩɚɬɨɥɨɝɿɱɧɿ�ɩɪɨɰɟɫɢ�ɜ�ɲɤɿɪɿ��ɿɦɭɧɧɿɣ�ɫɢɫɬɟɦɿ��
ɚɜɬɨɿɦɭɧɧɿ� ɩɪɢɱɢɧɢ� ɡɚɩɚɥɶɧɨɝɨ� ɩɪɨɰɟɫɭ�� ɡɚɥɟɠɧɿɫɬɶ� ɲɤɿɪɧɢɯ� ɩɪɨɹɜɿɜ� ɜɿɞ�
ɭɪɚɠɟɧɧɹ� ɿɧɲɢɯ� ɨɪɝɚɧɿɜ� ɿ� ɫɢɫɬɟɦ�� ɚ� ɬɚɤɨɠ� ɪɨɥɶ� ɝɟɧɟɬɢɱɧɢɯ� ɮɚɤɬɨɪɿɜ� ɿ� ɜɩɥɢɜ�
ɧɚɜɤɨɥɢɲɧɶɨɝɨ�ɫɟɪɟɞɨɜɢɳɚ�ɧɚ�ɜɢɧɢɤɧɟɧɧɹ�ɩɫɨɪɿɚɡɭ�ɿ�ɣɨɝɨ�ɩɪɨɝɪɟɫɭɜɚɧɧɹ��

ɉɪɟɞɫɬɚɜɥɟɧɿ� ɞɨɫɹɝɧɟɧɧɹ� ɭ� ɜɢɜɱɟɧɧɿ� ɿɦɭɧɨɥɨɝɿɱɧɨɝɨ� ɥɚɧɤɢ� ɩɚɬɨɝɟɧɟɡɭ�
ɩɫɨɪɿɚɡɭ� ɬɚ� ɩɨɤɚɡɚɧɨ�� ɹɤ� ɩɨɥɿɩɲɟɧɧɹ� ɪɨɡɭɦɿɧɧɹ� ɦɟɯɚɧɿɡɦɿɜ� ɯɜɨɪɨɛɢ� ɜɠɟ�
ɩɪɢɡɜɟɥɨ�ɞɨ�ɩɿɞɜɢɳɟɧɧɹ�ɟɮɟɤɬɢɜɧɨɫɬɿ�ɬɟɪɚɩɿʀ��
Ʉɥɸɱɨɜɿ�ɫɥɨɜɚ��ɩɫɨɪɿɚɡ��ɰɢɬɨɤɿɧɢ��ɿɧɬɟɪɥɟɣɤɿɧɢ��ɥɿɤɭɜɚɧɧɹ�ɩɫɨɪɿɚɡɭ��

�

�

�

5HFHLYHG�������������� � � � � � � $FFHSWHG�������������
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'DVKFKXN�$�0���3XVWRYD��1�2���3ORWQLNRYD�9�9��

,00812+,672&+(0,&$/�&+$5$&7(5,67,&�
2)�6.,1�,1�3$7,(176�:,7+�3625,$6,6�$1'�
&255(&7,21�2)�7+(�5(9($/('�',625'(56��

.KDUNLY�1DWLRQDO�0HGLFDO�8QLYHUVLW\��8NUDLQH�

�

$EVWUDFW��7KH�SXUSRVH�RI�WKH�UHVHDUFK�LV�GHWHUPLQDWLRQ�RI�UROH�RI�LQKLELWRUV�RI�FHOOXODU�
F\FOH� LQ� SDWKRJHQHVLV� RI� SVRULDVLV� DQG� HIILFDF\� HYDOXDWLRQ� IRU� SDWKRJHQHWLF�
PHFKDQLVPV� RI� WKHUDS\�� )RU� WKH� SXUSRVHV� RI� VWXG\� RI� F\WRORJLFDO� FKDUDFWHULVWLF� RI�
K\SHUSUROLSKHUDWLYH� SURFHVVHV� DW� WKH� LQKLELWRUV� RI� FHOOXODU� F\FOH� OHYHO� LQ� VNLQ� RI�
GLVHDVHG�SDWLHQWV�ZLWK�SVRULDVLV�DW�VWHDG\�VWDWH�DQG�SURJUHVVLYH�VWDWH�D�ELRSV\�RI�WKH�
SODTXH�VNLQ�ZDV�SHUIRUPHG��2Q�WKH�EDVLV�RI�WKLV�UHVHDUFK�HYDOXDWLRQ�RI�SDWKRJHQHWLF�
PHFKDQLVPV� GXULQJ� SVRULDVLV� DW� WKH� LQKLELWRUV� RI� FHOOXODU� F\FOH� OHYHO� ZDV� UHDOL]HG��
SURWHLQV��S����S����S����S����H[SUHVVLRQ�LQ�SVRULDWLF�SDWLHQW
V�VNLQ�EHIRUH�DQG�DIWHU�
WKHUDS\�ZDV�HYDOXDWHG���
.H\�ZRUGV��SVRULDVLV�WKHUDS\��*OXWD[LP�

�
�

3VRULDVLV�LV�PXOWLIDFWRULDO�GHUPDWRVLV��ZKRVH�SDWKRJHQHVLV�LV�EDVHG�RQ�D�ORW�RI�

WKHRULHV� >��� �@�� 'HVSLWH� WKH� UHFHQW� \HDUV� KDYH� ZLWQHVVHG� D� JUHDW� QXPEHU� RI�

SXEOLFDWLRQV��GHDOLQJ�ZLWK�ERWK�WKH�VWXG\�RI�LWV�SDWKRJHQHVLV�DQG�GHYHORSPHQW�RI�QHZ�

PHWKRGV�RI�WUHDWPHQW��SVRULDVLV�VWLOO�UHPDLQV�DQ�LPSRUWDQW�SUREOHP�RI�GHUPDWRORJ\��

$W� SUHVHQW�� SVRULDVLV� LV� FKDUDFWHUL]HG� DV� D� V\VWHPLF� DXWRLPPXQH�SURFHVV� >����

��@�ZLWK�WKH�IROORZLQJ�FKDQJHV�LQ�WKH�LPPXQH�VWDWXV��

��O\VR]\PH�DQG�SKDJRF\WLF�DFWLYLW\�RI�QHXWURSKLOLF�UHDFWLRQV�LV�LQKLELWHG��

��WKH�FRPSOHPHQW�DQG�FRQWHQW�RI�ODFWRIHUULQ�LQ�EORRG�DUH�LQFUHDVHG��

��WKH�FRXQW�RI�7�O\PSKRF\WHV�GHFUHDVHV��

�� FKDQJHV� WDNH� SODFH� LQ� WKH� WLWUH� RI� 7� O\PSKRF\WHV�� WKH� UDWLR� RI� 7� DQG� %�

O\PSKRF\WHV�DQG�LPPXQRUHJXODWRU\�LQGH[�DV�UHVXOW�RI�D�GHFUHDVHG�FRXQW�RI�7�KHOSHUV��

��WKH�FRXQW�RI�³]HUR´�O\PSKRF\WHV�LQFUHDVHV��
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,Q� WKLV� VLWXDWLRQ� D� ORZHU� OHYHO� RI� ,J*� LV� REVHUYHG� WRR�� WKH� QXPEHU� RI� &,&�

LQFUHDVHV��$OO� WKHVH� FKDQJHV� DUH� DOVR�PRVW�PDQLIHVWHG� LQ� FRPSOLFDWHG� IRUPV� RI� WKH�

GLVHDVH��D�IUHTXHQWO\�UHFXUUHQW�SURFHVV��SDUWLFXODUO\�LQ�SDWLHQWV�ZLWK�VRPH�FRQFRPLWDQW�

SDWKRORJ\�>������@��

3VRULDWLF� SODTXHV� DUH� NQRZQ� WR� IRUP� RQ� WKH� EDVLV� RI� GLVRUGHUV� LQ� HSLGHUPDO�

GLIIHUHQWLDWLRQ�� 7KH� ODWWHU� LV� D� YHU\� FRPSOH[� DQG� KLJKO\� UHJXODWHG� ELRFKHPLFDO�

SURFHVV�� FKDUDFWHUL]HG� E\� PRUSKRORJLFDO� FKDQJHV� LQ� DOO� VWUXFWXUDO� FRPSRQHQWV� RI�

HSLWKHOLDO� FHOOV��*HQHUDOO\� DFFHSWHG� LV� WKH�SRLQW�RI�YLHZ� WKDW� FHOO� UHQHZDO�SURFHVVHV�

SOD\� D� OHDGLQJ� SDUW� LQ� WKH�PRUSKRJHQHVLV� RI� SVRULDWLF� SODTXHV�� ZKRVH� IRUPDWLRQ� LV�

EDVHG�RQ�HSLGHUPDO�K\SHUSUROLIHUDWLRQ��FDXVHG�E\�FHOO�F\FOH�GLVRUGHUV��6HYHUDO�SKDVHV�

DUH�REVHUYHG�LQ�WKH�SURFHVV�RI�WKH�SUHSDUDWLRQ�RI�D�FHOO�IRU�LWV�GLYLVLRQ�DQG�VXEVHTXHQW�

IRUPDWLRQ�RI� WZR�QHZ�FHOOV��*���*���6��*��� �7KH� DFWLYDWLRQ�RI� VHTXHQFHV�RI� F\FOLQ�

GHSHQGHQW�NLQDVHV��&'.��LV�WKH�³PRWRU´�RI�WKH�FHOO�F\FOH��

3URWHLQV�S����S����S���DQG�S��� LQKLELW�RU�DFWLYDWH�GLIIHUHQW�&'.�FRPSOH[HV��

ZKLFK�DUH�UHVSRQVLEOH�IRU�WKH�QRUPDO�FRXUVH�RI�DOO�SKDVHV�LQ�WKH�FHOO�F\FOH��3VRULDVLV�LV�

FKDUDFWHUL]HG� E\� LQWUDFHOOXODU� SDWKRORJLFDO� SURFHVVHV�ZLWK� UHVXOWDQW� DIIHFWLRQ� RI� WKH�

QRUPDO�FHOO�F\FOH��WKHUHE\�LQFUHDVLQJ�&'&�FRPSOH[HV�DQG�H[SUHVVLRQ�RI�SURWHLQV�S����

S����S��� DQG� S����ZKLFK� DFWLYDWH� WKHVH� FRPSOH[HV��*HQH� S��� LV� RQH�RI� WKH� FHQWUDO�

FRPSRQHQWV�RI�WKH�V\VWHP��ZKLFK�HQVXUHV�HOLPLQDWLRQ�RI�SDWKRORJLFDO�FHOOV�IURP�WKH�

RUJDQLVP��S���LV�NQRZQ�DV�D�WXPRXU�VXSSUHVVRU��DQ�DFWLYDWRU�RI�DSRSWRVLV��

7KH� DFWLYDWLRQ� RI� SURWHLQ� S��� LV� FDXVHG� E\� GDPDJH� RI� FHOOV� YLD� VLJQDOOLQJ�

SDWKZD\V�� ZKLFK� FRQWURO� WKH� VWDWH� RI� FHOOV�� 3URWHLQ� S��� FRRUGLQDWHV� WKH� SURFHVV� RI�

UHSDUDWLRQ� RU� LQGXFHV� DXWRF\WRO\VLV�� 7KH� ORVV� RI� JHQH� S��� FDXVHV� DQ� XQFRQWUROOHG�

DFFXPXODWLRQ�RI�JHQHWLF�GDPDJHV�ZLWK�D�UHVXOWDQW�ORVV�RI�FRQWURO�IURP�WKH�SDUW�RI�WKH�

RUJDQLVP��D�SDWKRORJLFDO�JURZWK�RI�FHOOV�DQG�GHDWK��*HQH�S���SURGXFHV�WKH�SURWHLQ��

ZKLFK� FRQVLVWV� RI� ���� DPLQR� DFLGV� DQG� KDV� WKH� HOHFWURSKRUHWLF� PRELOLW\� RI� ��� N'�

�KHQFH�WKH�QDPH�RI�WKH�JHQH�DQG�SURWHLQ���3URWHLQV�S����S���DQG�S���DUH�PHPEHUV�RI�

WKH�&'&�IDPLO\��L�H��UHSUHVHQWDWLYHV�RI�QHJDWLYH�UHJXODWRUV�RI�WKH�FHOO�F\FOH��ZKLFK�DUH�

UHVSRQVLEOH� IRU� WKH� QRUPDO� FRXUVH� RI� WKH� FHOO� F\FOH� LQ� SKDVH� *��� WDNH� SDUW� LQ� WKH�

V\VWHP� RI� FRQWURO� RYHU� WKH� FHOO� F\FOH� DQG� VWRS� UHSURGXFWLRQ� RI� PDOLJQDQW� FHOOV�� $�
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KLJKHU�DFWLYLW\�RI�SURWHLQV�S����S���DQG�S���FDXVHV�EORFNDJH�RI�HQWHULQJ�SKDVH�6�E\�

FHOOV�DQG�WKHLU�SUHPDWXUH�DJLQJ��

)HZ�VWXGLHV�GHDOW�ZLWK�WXPRXU�PDUNHUV�LQ�SVRULDVLV�>�������@��7XPRXU�PDUNHUV�

%FO����.L�����S���DQG�S���ZHUH�GHWHFWHG��7KH�SURJUHVVLYH�VWDJH�RI�SVRULDVLV�UHYHDOHG�

D�KLJK�H[SUHVVLRQ�RI�.L����DQG�%FO����DV�ZHOO�DV�ORZ�OHYHOV�RI�S���DQG�S����$�UHOLDEOH�

LQFUHDVH� RI� S��� H[SUHVVLRQ� LQ� WKH� HSLGHUPLV� DW� WKH� VWDWLRQDU\� VWDJH� LQGLUHFWO\�

GHPRQVWUDWHV�DQ�LQWHQVLILFDWLRQ�RI�DSRSWRVLV�SURFHVVHV�LQ�WKH�HSLGHUPDO�OD\HU�>�@��7KH�

DSSHDUDQFH�RI� H[SUHVVLRQ�RI�S��� DQG� S��� LQ� WKH� VXSUDEDVDO� OD\HUV�RI� WKH� HSLGHUPLV�

JLYHV�HYLGHQFH�IRU�DQ�HDUO\�EHJLQQLQJ�RI�NHUDWLQL]DWLRQ�RI�FHOO�PHPEUDQHV��ZKLFK�DV�

UHVXOW�DUH�QRW�DEOH�WR�IRUP�WKH�QRUPDO�KRUQ\�OD\HU�DQG�PD\�IDFLOLWDWH�WKH�GHYHORSPHQW�

RI�SDUDNHUDWRVLV�>�@��

7KH�SXUSRVH�RI�WKH�SUHVHQW�VWXG\�ZDV�WR�UHYHDO�WKH�UROH�RI�FHOO�F\FOH�LQKLELWRUV�
LQ�WKH�SDWKRJHQHVLV�RI�SVRULDVLV�DQG�DVVHVV�WKH�HIILFDF\�RI�SDWKRJHQHWLF�PHFKDQLVPV�

RI�WKHUDS\��

*OXWR[LP� LV� RQH� RI� SURPLVLQJ� PHGLFLQHV�� ,W� UHSUHVHQWV� D� QHZ� FODVV� RI� GUXJ�

SUHSDUDWLRQV��WKLRSRHWLQV��DQG�KDV�XQLTXH�ELRORJLFDO�HIIHFWV��2ZLQJ�WR�WKHP�LW�DFWV�RQ�

WKH� LQWUDFHOOXODU� OHYHO� RI� WKLRO� PHWDEROLVP� DQG� SOD\V� DQ� LPSRUWDQW� SDUW� LQ� WKH�

UHJXODWLRQ� RI� PHWDEROLF� SURFHVVHV� LQ� FHOOV� DQG� WLVVXHV�� 7KH� LQIOXHQFH� RI� *OXWR[LP�

VWLPXODWHV�SUROLIHUDWLRQ�DQG�GLIIHUHQWLDWLRQ�RI�QRUPDO�FHOOV�DQG�DFWLYDWHV�SURFHVVHV�RI�

JHQHWLFDOO\� SURJUDPPHG� GHDWK� �DSRSWRVLV�� RI� WUDQVIRUPHG� FHOOV�� 7KH� GUXJ� DFWLRQ� LV�

UHDOL]HG� WKURXJK�DQ�LQFUHDVHG�KDOI�OLIH�RI�SURWHLQ�S���DQG�ZLWK�KHOS�RI� LQIOXHQFH�RQ�

WKH�FDVFDGH�RI�SKRVSKRSURWHLQ�NLQDVHV�RI�WKH�5DV�VLJQDOOLQJ�SDWKZD\��7KXV�*OXWR[LP�

QRUPDOL]HV� FHOO� PHWDEROLVP� DQG� SURGXFHV� WKH� F\WRSURWHFWLYH� HIIHFW�� ,W� LV� IRU� WKHVH�

UHDVRQV�WKDW�WKLV�PHGLFLQH�DWWUDFWHG�RXU�DWWHQWLRQ��ZKHQ�ZH�VWXGLHG�WKHUDS\�RI�SDWLHQWV�

ZLWK� SVRULDVLV�� 7KH� SRVLWLYH� HIIHFW� FRQVLVWV� LQ� D� KLJKHU� HIILFDF\� RI� WUHDWPHQW� RI�

SVRULDVLV�FDVHV�RZLQJ�WR�WKH�IDFW�WKDW�*OXWR[LP�DGGLWLRQDOO\�LQFUHDVHV�UHDFWLYLW\�RI�WKH�

RUJDQLVP��

0DWHULDOV� DQG�PHWKRGV�� 7KH� VWXG\� LQYROYHG� ����SDWLHQWV�� LOO�ZLWK� SVRULDVLV��
ZKR�ZHUH�GLYLGHG�LQWR�WZR�JURXSV��

±�7KH�PDLQ�JURXS�FRQVLVWHG�RI�����SDWLHQWV��LQFOXGLQJ��
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��� ���FDVHV�ZLWK�WKH�VWDWLRQDU\�VWDJH�RI�SVRULDVLV��

��� ���FDVHV�ZLWK�WKH�SURJUHVVLYH�VWDJH�RI�WKH�GLVHDVH��

±� 7KH� FRQWURO� JURXS�ZDV� FRPSRVHG� RI� SDWLHQWV� ZLWK� WKH� VDPH� GLDJQRVLV� ����

FDVHV���

7KH�FOLQLFDO�SLFWXUH�RI� WKH�GLVHDVH�VHYHULW\�ZDV�DVVHVVHG�E\�WKH�SVRULDVLV�DUHD�

DQG�VHYHULW\�LQGH[��3$6,���ZKLFK�DYHUDJHG�EHWZHHQ����DQG����XQLWV��

3DWLHQWV�ZLWK�SVRULDVLV�IURP�WKH�PDLQ�����FDVHV��DQG�FRQWURO�����FDVHV��JURXSV�

XQGHUZHQW�KLVWRORJLFDO�H[DPLQDWLRQV�RI�WKHLU�VNLQ�EHIRUH�DQG�DIWHU�WKH�PXOWLPRGDOLW\�

WUHDWPHQW�� %LRSV\� ZDV� FDUULHG� RXW� XQGHU� ORFDO� DQDHVWKHVLD� ZLWK� ���� �� VROXWLRQ� RI�

1RYRFDLQ�� 7KH� PDWHULDO� ZDV� IL[HG� LQ� ��� �� EXIIHUHG� DTXHRXV� VROXWLRQ� RI� QHXWUDO�

IRUPDOLQ� DQG� &DUQR\¶V� IOXLG�� DQG� XQGHUZHQW� FHOORLGLQ�SDUDIILQ� GRXEOH� HPEHGGLQJ��

6HULDO�����PFP�VOLFHV�ZHUH�SUHSDUHG��+HPDWR[\OLQ�HRVLQ� VWDLQLQJ�DIWHU�9DQ�*LHVRQ�

ZDV�XVHG�LQ�DOO�FDVHV��

'XULQJ� PRUSKRORJLFDO� H[DPLQDWLRQV�� ZH� FDOFXODWHG� WKH� LQILOWUDWH� YROXPH�

GHQVLW\�SHU� VTXDUH�PLOOLPHWUH�DQG�DVVHVVHG� WKH�GHJUHH�RI�DFDQWKRVLV�RQ� WKH�EDVLV�RI�

WKH�YLVXDO�DQDORJXH�VFDOH��

���VW�±�WKH�PLOG�GHJUHH�RI�DFDQWKRVLV�LV�UHJDUGHG�DV�DQ�LQVLJQLILFDQW�WKLFNHQLQJ�RI�

WKH�HSLGHUPLV��DFDQWKRO\WLF�EDQGV�VSUHDG�GHHS�LQWR�WKH�GHUPD�XS�WR�����RI�WKH�YLVXDO�

ILHOG��[������WKH�WRWDO�YLVXDO�DUHD�LV�����PP����

���QG� ±� WKH� PRGHUDWH� GHJUHH� RI� DFDQWKRVLV� LV� FKDUDFWHUL]HG� E\� H[WHQVLRQ� RI�

DFDQWKRO\WLF�EDQGV�DQG�WKHLU�VSUHDGLQJ�LQWR�WKH�GHUPD��EXW�DOUHDG\�WR�WKH�YLVXDO�ILHOG�

HGJH�ZLWK�WKH�DERYH�PDJQLILFDWLRQ��

���UG�±�WKH�PDUNHG�GHJUHH�RI�DFDQWKRVLV�PDQLIHVWV� LWVHOI�E\�D�ODUJHU�QXPEHU�RI�

DFDQWKRO\WLF�EDQGV��WKHLU�VSUHDGLQJ�RXWVLGH�WKH�YLVXDO�ILHOG�DQG�E\�H[WUHPH�WKLQQLQJ�RI�

WKH�VXSUDSDSLOODU\�OD\HUV�RI�WKH�HSLGHUPLV��

,Q�RUGHU�WR�VWXG\�WKH�LPPXQRKLVWRFKHPLFDO�FKDUDFWHULVWLFV�RI�K\SHUSUROLIHUDWLYH�

SURFHVVHV�DW�WKH�OHYHO�RI�FHOO�F\FOH�LQKLELWRUV�LQ�WKH�VNLQ�RI�SDWLHQWV�ZLWK�WKH�VWDWLRQDU\�

DQG�SURJUHVVLYH�VWDJHV�RI�SVRULDVLV�EHIRUH�DQG�DIWHU�WKHLU�WUHDWPHQW��ELRSV\�RI�WKH�VNLQ�

RI� SVRULDWLF� SODTXHV� ZDV� FDUULHG� RQ�� ,PPXQRKLVWRFKHPLFDO� H[DPLQDWLRQV� ZHUH�

SHUIRUPHG� RQ� �� PFP� SDUDIILQ� VOLFHV�� ZKLFK� ZHUH� GHSDUDIILQL]HG� E\� WKH� VWDQGDUG�
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WHFKQLTXH��7KH�VOLFHV�ZHUH�LQFXEDWHG�ZLWK�PRQRFORQDO�DQWLERGLHV�DJDLQVW�S���SURWHLQ�

�'2����� F\FOLQ�GHSHQGHQW�NLQDVH� LQKLELWRU� �S���,QN�'���S���SURWHLQ� �³1RYRFDVWUD´��

8.��� S��� FORQH� �*���� �%'� 3KDU0LQJHQ��� $YLGLQH�ELRWLQ�SHUR[LGDVH� FRPSOH[�

PHWKRG� �$%&� PHWKRG�� �1RYRVWDLQ� 8QLYHUVDO� 4XLFN� .LW� >1&/�578�48@�� 1RYR�

ɋDVWUD��8.��ZDV�XVHG�IRU� LPPXQH�VWDLQLQJ��,Q�DOO�FDVHV��QXFOHL�ZHUH�FRXQWHUVWDLQHG�

ZLWK�KDHPDWR[\OLQ��

%HIRUH�WUHDWPHQW��3$6,�LQ�WKH�SDWLHQWV�DYHUDJHG��

��DW�WKH�VWDWLRQDU\�VWDJH�RI�SVRULDVLV�±�������

��DW�WKH�SURJUHVVLYH�VWDJH�RI�SVRULDVLV�±�������

,PPXQRKLVWRFKHPLVWU\�EHIRUH�WUHDWPHQW�UHYHDOHG�D�KLJK�H[SUHVVLRQ�RI�SURWHLQV�

S���� S���� S��� DQG� S��� LQ� ��� SDWLHQWV�� ,Q� WKH� FDVHV� ZLWK� SVRULDVLV�� H[SUHVVLRQ� RI�

SURWHLQV� DW� WKH� VWDWLRQDU\� VWDJH�ZDV� VOLJKWO\� ORZHU� WKDQ� DW� WKH�SURJUHVVLYH�RQH��7KH�

FRQGXFWHG�VWXGLHV�PDNH�LW�SRVVLEOH�WR�VWDWH�WKDW�WKH�H[SUHVVLRQ�RI�FHOO�F\FOH�LQKLELWRUV�

LQ� SVRULDVLV� LQFUHDVHV�� WKLV� IDFW� EHLQJ� WDNHQ� E\� XV� LQWR� FRQVLGHUDWLRQ� GXULQJ� WKH�

PXOWLPRGDOLW\�WUHDWPHQW�RI�SDWLHQWV�IURP�WKH�PDLQ�JURXS��

7KH� FRQWURO� JURXS� SDWLHQWV� ���� FDVHV�� UHFHLYHG� WKH� VWDQGDUG� WKHUDS\�� ZKLFK�

LQFOXGHG��

��VHGDWLYH�GUXJV��

��DQWLKLVWDPLQH�GUXJV��

��YLWDPLQV�%��DQG�%���±�LQWUDPXVFXODUO\�HYHU\�RWKHU�GD\��1R�����

��H[WHUQDOO\�±�����VDOLF\OLF�RLQWPHQW�RQWR�WKH�VNLQ��

7KH�PDLQ�JURXS�RI�SDWLHQWV������FDVHV��UHFHLYHG��DJDLQVW�D�EDFNJURXQG�RI�WKH�

VWDQGDUG� WKHUDS\�� *OXWR[LP� GUXJ� LQ� WKH� IRUP� RI� LQWUDPXVFXODU� LQMHFWLRQV� RI� �� ��

VROXWLRQ�E\���PO��1R������

5HVXOWV��7KH� UDWH�RI� WKH� UHYHUVH�GHYHORSPHQW�RI� WKH�GLVHDVH�ZDV�DVVHVVHG�E\�
WKH�IROORZLQJ�LQGLFHV��LQILOWUDWLRQ��HU\WKHPD��RHGHPD��VFDOLQJ��LWFKLQJ��H[FRULDWLRQV��

$JDLQVW�D�EDFNJURXQG�RI�WKHLU�WUHDWPHQW��DOO�WKH�SDWLHQWV�IURP� WKH�PDLQ�JURXS�

UHSRUWHG�D�VLJQLILFDQW�GHFUHDVH�RI� LWFKLQJ�� WKH\�GHPRQVWUDWHG�GHFUHDVHV�RI�HU\WKHPD�

DQG� VNLQ� LQILOWUDWLRQ� LQ� WKH� IRFL� RI� OHVLRQ� DV� HDUO\� DV� RQ� WKH� �WK� GD\� RI� WKHUDS\�� WKH�

LQILOWUDWLRQ� DQG� HU\WKHPD� DOPRVW� FRPSOHWHO\� UHJUHVVLQJ� RQ� WKH� ��WK� GD\� RI� WKH�
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PXOWLPRGDOLW\� WKHUDS\�� $IWHU� WKH� HQG� RI� WKH� WKHUDS\� WKH� IRFL� KDG� RQO\� VHFRQGDU\�

SLJPHQWDWLRQ��3$6,�DIWHU�WKH�WUHDWPHQW�ZDV��

��LQ�SDWLHQWV�ZLWK�WKH�VWDWLRQDU\�VWDJH�RI�SVRULDVLV�±������

��LQ�SDWLHQWV�ZLWK�WKH�SURJUHVVLYH�VWDJH�±������

7KH� LPPXQRKLVWRFKHPLFKDO� LQGLFHV� RI� SDWLHQWV� ZLWK� SVRULDVLV� DIWHU� WKHLU�

WUHDWPHQW�ZHUH�DV�IROORZV��

��DW� WKH� VWDWLRQDU\� VWDJH�� WKH� H[SUHVVLRQ� RI� SURWHLQV� S���� S���� S��� DQG� S���

VORZO\�GHFUHDVHG�IURP���������WR�������WKHUHE\�GHPRQVWUDWLQJ�D�FKDQJH�LQ�WKH�UDWH�

RI�DSRSWRVLV�LQ�WKH�VNLQ�RI�FDVHV�DW�WKLV�VWDJH��

��DW� WKH� SURJUHVVLYH� VWDJH�� WKHUH� ZDV� D� ZHDN� DQG� PRGHUDWH� H[SUHVVLRQ� RI�

SURWHLQV�S����S����S���DQG�S���IURP�����WR������LQ�FHOOV�RI�WKH�EDVDO�DQG�VSLQRXV�

OD\HUV��

7KHVH�LQGLFHV� LQGLFDWH�DFFHOHUDWLRQ� LQ�FHOO�SUROLIHUDWLRQ�SURFHVVHV� �DFDQWKRVLV��

SDUDNHUDWRVLV�� K\SHUNHUDWRVLV��� ZKLOH� D� KLJKHU� FRQWHQW� RI� GLYLGLQJ� FHOOV� FRQILUPV� D�

GHFUHDVH�LQ�WKH�UDWH�RI�DSRSWRVLV��

$W�WKH�UHJUHVVLYH�VWDJH��WUHDWPHQW�ZLWK�XVH�RI�*OXWR[LP�UHVXOWHG�LQ�GHFUHDVHV�RI�

DFDQWKRVLV�� K\SR�� DQG� K\SHUNHUDWRVLV� �VWDJHV� ������ $� YHU\� ZHDN� H[SUHVVLRQ� RI�

SURWHLQV� S��� DQG� S���� D� PRGHUDWH� H[SUHVVLRQ� RI� SURWHLQ� S��� �XS� WR� ��� ��� DQG� D�

GHFUHDVHG�H[SUHVVLRQ�RI�SURWHLQ�S���ZHUH�REVHUYHG�� WKHUHE\�GHPRQVWUDWLQJ�D�KLJKHU�

DSRSWLF� DFWLYLW\� RI� NHUDWLQRF\WHV� DQG� D� GHFUHDVHG� SUROLIHUDWLYH� DFWLYLW\� LQ� WKH�

HSLGHUPLV��

7KH�GXUDWLRQ�RI�KRVSLWDOL]DWLRQ�ODVWHG��

��IRU�WKH�FRQWURO�JURXS�RI�SDWLHQWV�±����������EHG�GD\V��

��IRU�WKH�PDLQ�JURXS�RI�SDWLHQWV��ZKRVH�FRXUVH�RI�WUHDWPHQW�LQFOXGHG�*OXWR[LP�

±����������EHG�GD\V��

&RQFOXVLRQ�� )ROORZLQJ� WKHLU�PXOWLPRGDOLW\� WUHDWPHQW�ZLWK�*OXWR[LP�SDWLHQWV�
ZLWK�SVRULDVLV�GLG�QRW�UHYHDO�DQ\�H[SUHVVLRQ�RI�SURWHLQV�S���DQG�S���LQ�WKH�VSLQRXV�

DQG� EDVDO� OD\HUV��ZKLOH� WKH� H[SUHVVLRQ�RI� SURWHLQV�S���DQG�S���ZDV�ZHDN� ���������

WKHVH�IDFWV�GHPRQVWUDWLQJ�D�KLJKHU�DSRSWLF�DFWLYLW\�RI�HSLGHUPDO�FHOOV�DQG�D�GHFUHDVH�

RI�SUROLIHUDWLRQ��
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7KH�IROORZLQJ�SKHQRPHQD�ZHUH�REVHUYHG�GXULQJ�KLVWRORJLFDO�VWXGLHV��

��FKLHIO\�ZHDN�H[SUHVVLRQ�RI� WKH�KRUQ\� OD\HU�� LQ�VRPH�SODFHV� LW�KDG�PRGHUDWH�

K\SHUNHUDWRVLV��

�� SRVLWLYH� G\QDPLFV� LQ� WKH� VWDWH� RI� RWKHU� OD\HUV� RI� WKH� HSLGHUPLV� DQG� GHUPDO�

PLFURYDVFXODWXUH��

��DFFHOHUDWLRQ�RI�UHJUHVVLRQ�RI�SVRULDWLF�HUXSWLRQV��

��VKRUWHQLQJ�RI�WKH�SDWLHQWV¶�VWD\�DW�LQ�SDWLHQW�GHSDUWPHQW��

7KXV��WKH�XVH�RI�*OXWD[LP�UHVXOWV�LQ�SRVLWLYH�FOLQLFDO�DQG�LPPXQRKLVWRFKHPLFDO�

G\QDPLFV�DQG�FDQ�EH�UHFRPPHQGHG�LQ�ERWK�LQ�SDWLHQW�DQG�RXW�SDWLHQW�FRQGLWLRQV��

�
5HIHUHQFHV�
���Ⱦɚɳɭɤ�$�0��Ʉɨɠɧɵɟ�ɛɨɥɟɡɧɢ����ɏɚɪɶɤɨɜ��ɂɡɞ�ɜɨ�©ɋ�Ⱥ�Ɇ�ª�������������ɫ��

'DVKFKXN�$�0��6NLQ�GLVHDVHV����.KDUNLY��3XEOLVKLQJ�KRXVH��6$0��������������S��

���Ⱦɢɦɚɧɬ�Ʌ��ɗ��Ɍɟɪɚɩɢɹ�ɛɨɥɶɧɵɯ�ɩɫɨɪɢɚɡɨɦ�ɫ�ɭɱɟɬɨɦ�ɢɦɦɭɧɨɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ�

ɦɚɪɤɟɪɨɜ� ɜɨɫɩɚɥɟɧɢɹ� ɢ� ɩɪɨɥɢɮɟɪɚɬɢɜɧɨɣ� ɚɤɬɢɜɧɨɫɬɢ� ɤɟɪɚɬɢɧɨɰɢɬɨɜ� ɤɨɠɢ��

Ⱥɜɬɨɪɟɮ��ɞɢɫ������ɤɚɧɞ��ɦɟɞ��ɧɚɭɤ����������±���ɫ��

'LPDQW� /(� 7KHUDS\� RI� SVRULDVLV� SDWLHQWV� ZLWK� WKH� LQIODPPDWRU\� PDUNHUV�

LPPXQRPRUSKRORJLFDO�DQG�SUROLIHUDWLYH�DFWLYLW\�RI�NHUDWLQRF\WHV�RI�WKH�VNLQ��$XWKRU��

GLV������&DQG��PHG��6FLHQFHV����������±���ɪ��

��� Ʉɨɪɠɨɜɚ� Ɍ�ɉ�� Ɍɟɪɚɩɿɹ� ɩɫɨɪɿɚɡɭ� ɡ� ɭɪɚɯɭɜɚɧɧɹɦ� ɨɫɨɛɥɢɜɨɫɬɟɣ� ɤɥɿɧɿɱɧɨɝɨ�

ɩɟɪɟɛɿɝɭ�ɞɟɪɦɚɬɨɡɭ��ɩɪɨɰɟɫɿɜ�ɥɿɩɨɩɟɪɨɤɫɢɞɚɰɿʀ�ɬɚ�ɩɪɢ�ɧɚɹɜɧɨɫɬɿ�ɟɧɬɟɪɨɜɿɪɭɫɧɨʀ�

ɿɧɮɟɤɰɿʀ�ɜ�ɨɪɝɚɧɿɡɦɿ��Ⱥɜɬɨɪɟɮ��ɞɢɫ������ɤɚɧɞ��ɦɟɞ��ɧɚɭɤ�������������ɍɤɪ��ɧɚɰ��ɦɟɞ��

ɭɧ�ɬ�ɿɦ��Ɉ�Ɉ��Ȼɨɝɨɦɨɥɶɰɹ���Ʉ��������������ɫ��

&RUMRYD� (7&�� 7HUDSɿ\D� SVRUɿD]X� V� XUDKXYDQQ\DP� (VSHFLDOO\� NOɿQɿFKQRJR� SHUHEɿJX�

GHUPDWRVHV�SURWVHVɿY� OɿSRSHURNVLGDWVɿʀ� WKDW�ZKHQ�QD\DYQRVWɿ� HQWHURYɿUXVQRʀ� ɿQIHNWVɿʀ�

LQ�RUJDQɿ]Pɿ��$XWKRU�� GLV�� ����&DQG��PHG�� 6FLHQFHV�� ��������� ��8NU�� QDW��PHG��8QLY��

2�2��%RJRPROW]D��.��������������S��

��� Ʌɢɮɲɢɰ� ȿ�Ƚ��� Ɏɟɞɨɬɨɜ� ȼ�ɉ�� ɂɦɦɭɧɨɩɚɬɨ�ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɟ� ɚɫɩɟɤɬɵ�

ɩɫɨɪɢɚɬɢɱɟɫɤɨɣ�ɛɨɥɟɡɧɢ����Ⱦɟɪɦɚɬɨɜɟɧɟɪɨɥɨɝɢɹ��Ʉɨɫɦɟɬɨɥɨɝɢɹ��ɋɟɤɫɨɩɚɬɨɥɨɝɢɹ��

����������ʋ�����������ɋ�����������
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/LIVKLW]�(*��)HGRWRY�93� ,PPXQRSDWR�PRUSKRORJLFDO�DVSHFWV�RI�SVRULDWLF�GLVHDVH� ���

'HUPDWRORJ\��.RVPHWR¤ORJL\D��6H[XDO�SDWKRORJ\������������ʋ�����������Ɋ�����������

���ɇɨɜɢɤɨɜ�Ⱥ�ɂ���Ʉɨɧɨɧɨɜ�$�%���Ɉɯɥɨɩɤɨɜ�ȼ�Ⱥ���ɉɪɚɜɞɢɧɚ�Ɉ�ȼ���Ȼɪɚɬɭɯɢɢɚ�Ƚ�Ⱦ���

Ƚɨɪɨɞɢɥɨɜ� Ɋ�ȼ�� ɂɦɦɭɧɨɯɢɦɢɱɟɫɤɢɟ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɩɪɢ� ɩɫɨɪɢɚɡɟ� ��� ȼɟɫɬɧɢɤ�

ɞɟɪɦɚɬɨɥɨɝɢɢ�ɢ�ɜɟɧɟɪɨɥɨɝɢɢ�����������ʋ������ɋ���������

�1RYLNRY�$,��.RQRQRY�$%��2NKORSNRY�9$��3UDYGLQD�29��%UDWXKLLD�*'��*RURGLORY�

59�,PPXQRFKHPLFDO�VWXGLHV�LQ�SVRULDVLV����-RXUQDO�RI�'HUPDWRORJ\�DQG�9HQHUHRORJ\��

���������ʋ������Ɋ���������

���ɇɨɜɢɤɨɜ�Ⱥ�ɂ���Ʉɨɧɨɧɨɜ�$�%���Ɉɯɥɨɩɤɨɜ�ȼ�Ⱥ���ɉɪɚɜɞɢɧɚ�Ɉ��ȼ���Ȼɪɚɬɭɯɢɧɚ�Ƚ��Ⱦ���

Ƚɨɪɨɞɢɥɨɜ�Ɋ�ȼ���ɑɟɪɦɨɲɟɧɰɟɜ�$�$��ɗɮɮɟɤɬɢɜɧɨɫɬɶ�ɝɥɭɬɨɤɫɢɦɚ�ɜ�ɤɨɦɩɥɟɤɫɧɨɣ�

ɬɟɪɚɩɢɢ�ɛɨɥɶɧɵɯ�ɤɚɩɥɟɜɢɞɧɨɣ�ɮɨɪɦɨɣ�ɩɫɨɪɢɚɡɚ����Ɋɨɫɫɢɣɫɤɢɣ�ɠɭɪɧɚɥ�ɤɨɠɧɵɯ�

ɢ�ɜɟɧɟɪɢɱɟɫɤɢɯ�ɛɨɥɟɡɧɟɣ���������ʋ����ɋ���������

1RYLNRY� $,�� .RQRQRY� $%�� 2NKORSNRY� 9$�� 3UDYGLQD� 29�� %UDWXNKLQD� *'� ���

*RURGLORY� 59�� &KHUPRVKHQWVHY� $$� *OXWRNVLPD� HIILFLHQF\� LQ� WKH� WUHDWPHQW� RI�

SDWLHQWV�WHDUGURS�IRUP�RI�SVRULDVLV����5XVVLDQ�-RXUQDO�RI�6NLQ�DQG�9HQHUHDO�'LVHDVHV��

�������ʋ����Ɋ���������

��� ɋɤɪɢɩɤɢɧ� ɘ�Ʉ�� Ʉɥɢɧɢɱɟɫɤɚɹ� ɞɟɪɦɚɬɨɜɟɧɟɪɨɥɨɝɢɹ�� ɭɱɟɛɧɨɟ� ɩɨɫɨɛɢɟ��

ɘ�Ʉ�ɋɤɪɢɩɤɢɧ��ɘ�ɋ�Ȼɭɬɨɜ�����Ɇ���ȽɗɈɌȺɊ�Ɇɟɞɢɚ�������ǿǿ������������

-.� 6NULSNLQ�&OLQLFDO�'HUPDWRORJ\�� D� WXWRULDO� �� <X�.�6NULSNLQ��<X�6�%XWRY�� ���0� ���

*(27$5�0HGLD�������ǿǿ������������

��� :�%DWLQDF� Ɍ��� =DPROR� *��� -RQMLF� 1��� *PEHU� Ƚ��� 3HWURYHFNL� Ɇ�� ɪ��� SURWHLQ�

H[SUHVVLRQ� DQG� FHOO� SUROLIHUDWLRQ� LQ�QRQ�QHRSODVWLF� DQG� QHRSODVWLF�SUROLIHUDWLYH� VNLQ�

GLVHDVHV����7XPRUL�����������9RO������1R����3�����������

���*ULIILWKV�&�(��3DWKRJHQHVLV�DQG�FOLQLFDO� IHDWXUHV�RI�SVRULDVLV���&�(��*ULIILWKV��-�1�

%DUNHU�����/DQFHW��±�������±������±�Ɋ������������

����/RZHV�0�$��3DWKRJHQHVLV�DQG�WKHUDS\�RI�SVRULDVLV���Ɇ�Ⱥ��/RZHV���1DWXUH��±�������

�����������±�Ɋ�����������

����1HVWOH�)�2��3VRULDVLV����1HVWOH�)�2����&XUU�'LU�$XWXLPPXQ��±���������ʋ����±�Ɋ��

�������
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����7DQJ�4��7KH�)R[S���UHJXODWRU\�7�FHOO��D�MDFN�RI�DOO�WUDGHV��PDVWHU�RI�UHJXODWLRQ�

�7DQJ�4���%OXHVWRQH�-�$���1DW��,PPXQRO��±���������ʋ������±�Ɋ����������
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Ɋɟɡɸɦɟ�� Ɉɛɝɨɜɨɪɸɸɬɶɫɹ� ɪɟɡɭɥɶɬɚɬɢ� ɜɢɜɱɟɧɧɹ� ɿɦɭɧɨɝɿɫɬɨɯɿɦɿɱɧɢɯ�
ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɝɿɩɟɪɩɪɨɥɿɮɟɪɚɬɢɜɧɢɯ� ɩɪɨɰɟɫɿɜ� ɧɚ� ɪɿɜɧɿ� ɿɧɝɿɛɿɬɨɪɿɜ� ɤɥɿɬɢɧɧɨɝɨ�
ɰɢɤɥɭ� ɭ� ɯɜɨɪɢɯ� ɧɚ� ɩɫɨɪɿɚɡ� ɬɚ� ɨɰɿɧɤɢ� ɩɚɬɨɝɟɧɟɬɢɱɧɢɯ� ɦɟɯɚɧɿɡɦɿɜ� ɫɭɱɚɫɧɢɯ�
ɦɟɬɨɞɿɜ�ɬɟɪɚɩɿʀ��ȼɢɹɜɥɟɧɨ�ɩɿɞɜɢɳɟɧɧɹ�ɟɤɫɩɪɟɫɿʀ�ɛɿɥɤɿɜ�ɪ����ɪ����ɪ����ɪ���ɜ�ɲɤɿɪɿ�
ɯɜɨɪɢɯ�ɧɚ�ɩɫɨɪɿɚɡ��Ɋɨɡɪɨɛɥɟɧɨ�ɧɨɜɿ� ɿɦɭɧɨɝɿɫɬɨɯɿɦɿɱɧɿ�ɬɟɫɬɢ�ɞɥɹ�ɜɢɛɨɪɭ�ɬɟɪɚɩɿʀ�
ɬɚ�ɨɰɿɧɤɢ�ɩɪɨɝɧɨɡɭ�ɩɟɪɟɛɿɝɭ�ɩɫɨɪɿɚɡɭ��əɤɳɨ�ɜ�ɩɪɨɰɟɫɿ�ɩɪɨɜɟɞɟɧɨʀ�ɤɨɦɩɥɟɤɫɧɨʀ�
ɬɟɪɚɩɿʀ� ɟɤɫɩɪɟɫɿɹ� ɛɿɥɤɿɜ� ɪ���� ɪ���� ɪ���� ɪ��� ɧɟ� ɡɧɢɠɭɽɬɶɫɹ�� ɬɨ� ɰɟ� ɫɜɿɞɱɢɬɶ� ɩɪɨ�
ɧɟɟɮɟɤɬɢɜɧɿɫɬɶ� ɩɪɨɜɟɞɟɧɨʀ� ɬɟɪɚɩɿʀ�� ɚ� ɬɚɤɨɠ� ɝɨɜɨɪɢɬɶ� ɩɪɨ� ɧɟɫɩɪɢɹɬɥɢɜɢɣ�
ɩɟɪɟɛɿɝ� ɩɫɨɪɿɚɬɢɱɧɨɝɨ� ɩɪɨɰɟɫɭ�� əɤɳɨ� ɜ� ɦɿɠɪɟɰɢɞɢɜɧɢɣ� ɩɟɪɿɨɞ� ɞɨ� ɩɨɹɜɥɟɧɧɹ�
ɧɨɜɢɯ�ɜɢɫɢɩɿɜ�ɧɚ�ɲɤɿɪɿ�ɫɩɨɫɬɟɪɿɝɚɽɬɶɫɹ�ɩɿɞɜɢɳɟɧɚ�ɟɤɫɩɪɟɫɿɹ�ɛɿɥɤɿɜ�ɪ����ɪ����ɪ����
ɪ���� ɰɟ� ɫɜɿɞɱɢɬɶ� ɩɪɨ� ɩɨɱɚɬɨɤ� ɪɟɰɢɞɢɜɭ� ɿ� ɜɢɦɚɝɚɽ� ɩɪɢɡɧɚɱɟɧɧɹ�
ɩɪɨɬɢɜɨɪɟɰɢɞɢɜɧɨɝɨ�ɤɭɪɫɭ�ɬɟɪɚɩɿʀ��
Ʉɥɸɱɨɜɿ�ɫɥɨɜɚ��ɩɫɨɪɿɚɡ��ɬɟɪɚɩɿɹ��Ƚɥɭɬɨɤɫɢɦ�

�

Ɋɟɡɸɦɟ�� Ɉɛɫɭɠɞɚɸɬɫɹ� ɪɟɡɭɥɶɬɚɬɵ� ɢɡɭɱɟɧɢɹ� ɢɦɦɭɧɨɝɢɫɬɨɯɢɦɢɱɟɫɤɢɯ�
ɯɚɪɚɤɬɟɪɢɫɬɢɤ� ɝɢɩɟɪɩɪɨɥɢɮɟɪɚɬɢɜɧɵɯ� ɩɪɨɰɟɫɫɨɜ� ɧɚ� ɭɪɨɜɧɟ� ɢɧɝɢɛɢɬɨɪɨɜ�
ɤɥɟɬɨɱɧɨɝɨ�ɰɢɤɥɚ�ɭ�ɛɨɥɶɧɵɯ�ɩɫɨɪɢɚɡɨɦ�ɢ�ɨɰɟɧɤɢ�ɩɚɬɨɝɟɧɟɬɢɱɟɫɤɢɯ�ɦɟɯɚɧɢɡɦɨɜ�
ɫɨɜɪɟɦɟɧɧɵɯ� ɦɟɬɨɞɨɜ� ɬɟɪɚɩɢɢ�� ȼɵɹɜɥɟɧɨ� ɩɨɜɵɲɟɧɢɟ� ɷɤɫɩɪɟɫɫɢɢ� ɛɟɥɤɨɜ� ɪ����
ɪ���� ɪ���� ɪ��� ɜ� ɤɨɠɟ� ɛɨɥɶɧɵɯ� ɩɫɨɪɢɚɡɨɦ�� Ɋɚɡɪɚɛɨɬɚɧɵ� ɧɨɜɵɟ�
ɢɦɦɭɧɨɝɢɫɬɨɯɢɦɢɱɟɫɤɢɟ�ɬɟɫɬɵ�ɞɥɹ�ɜɵɛɨɪɚ�ɬɟɪɚɩɢɢ�ɢ�ɨɰɟɧɤɢ�ɩɪɨɝɧɨɡɚ�ɬɟɱɟɧɢɹ�
ɩɫɨɪɢɚɡɚ�� ȿɫɥɢ� ɜ� ɩɪɨɰɟɫɫɟ� ɩɪɨɜɟɞɟɧɧɨɣ� ɤɨɦɩɥɟɤɫɧɨɣ� ɬɟɪɚɩɢɢ� ɷɤɫɩɪɟɫɫɢɹ�
ɛɟɥɤɨɜ� ɪ���� ɪ���� ɪ���� ɪ��� ɧɟ� ɫɧɢɠɚɟɬɫɹ�� ɬɨ� ɷɬɨ� ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ� ɨ�
ɧɟɷɮɮɟɤɬɢɜɧɨɫɬɢ� ɩɪɨɜɟɞɟɧɧɨɣ� ɬɟɪɚɩɢɢ�� ɚ� ɬɚɤɠɟ� ɝɨɜɨɪɢɬ� ɨ� ɧɟɛɥɚɝɨɩɪɢɹɬɧɨɦ�
ɬɟɱɟɧɢɢ� ɩɫɨɪɢɚɬɢɱɟɫɤɨɝɨ� ɩɪɨɰɟɫɫɚ�� ȿɫɥɢ� ɜ� ɦɟɠɪɟɰɢɞɢɜɧɵɣ� ɩɟɪɢɨɞ� ɞɨ�
ɩɨɹɜɥɟɧɢɹ� ɧɨɜɵɯ� ɜɵɫɵɩɚɧɢɣ� ɧɚ� ɤɨɠɟ� ɧɚɛɥɸɞɚɟɬɫɹ� ɩɨɜɵɲɟɧɧɚɹ� ɷɤɫɩɪɟɫɫɢɹ�
ɛɟɥɤɨɜ� ɪ���� ɪ���� ɪ���� ɪ���� ɷɬɨ� ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ� ɨ� ɧɚɱɚɥɟ� ɪɟɰɢɞɢɜɚ� ɢ� ɬɪɟɛɭɟɬ�
ɧɚɡɧɚɱɟɧɢɹ�ɩɪɨɬɢɜɨɪɟɰɢɞɢɜɧɨɝɨ�ɤɭɪɫɚ�ɬɟɪɚɩɢɢ���
Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ��ɩɫɨɪɢɚɡ��ɬɟɪɚɩɢɹ��Ƚɥɭɬɚɤɫɢɦ�
�

�

�

5HFHLYHG�������������� � � � � � � $FFHSWHG�������������
�

�
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/DWRJX]�6�,���.LULFKHQNR�0�3��

7+(�())(&7�2)�75($70(17�:,7+�
75,0(7$=,',1(�21�7+(�&2856(�2)�

$55+<7+0,$�,1�3$7,(176�:,7+�,6&+(0,&�
+($57�'(6($6(�$1'�',$%(7(6�0(//,786�

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

�

$EVWUDFW�� ,W� ZDV� VWXGLHG� WKH� HIIHFW� RI� WULPHWD]LGLQH� LQ� SDWLHQWV� ZLWK� LVFKHPLF� KHDUW�
GLVHDVH�DQG�GLDEHWHV�PHOOLWXV�ZLWK�FRQFRPLWDQW�FDUGLDF�DUUK\WKPLDV��YHQWULFXODU�DQG�
VXSUDYHQWULFXODU� H[WUDV\VWROHV� DQG� FDUGLDF� ILEULOODWLRQ�� ,W� ZDV� LQYHVWLJDWHG� ���
SDWLHQWV�� DPRQJ� WKHP� ��� ZLWK� UHJLVWHUHG� VXSUDYHQWULFXODU� H[WUDV\VWROHV�� ��� ZLWK�
YHQWULFXODU�H[WUDV\VWROHV�����SDWLHQWV�ZLWK�SDUR[\VPDO�IRUP�RI�FDUGLDF�ILEULOODWLRQ��,W�
KDV�EHHQ�VKRZQ�WKDW�WKH�WUHDWPHQW�ZLWK�WULPHWD]LGLQH�LV�DFFRPSDQLHG�E\�GHFUHDVLQJ�
RI� WKH� QXPEHU� RI� VXSUDYHQWULFXODU� DQG� YHQWULFXODU� H[WUDV\VWROHV� LQ� SDWLHQWV� ZLWK�
LVFKHPLF�KHDUW�GLVHDVH�DQG�GLDEHWHV�PHOOLWXV���W\SH��7KH�WUHDWPHQW�ZLWK�WULPHWD]LGLQH�
LV�DFFRPSDQLHG�E\�WKH�UHGXFWLRQ�RI�VHYHULW\�RI�P\RFDUGLDO�LVFKHPLD���
.H\�ZRUGV��DUUK\WKPLD��WULPHWD]LGLQH��FKURQLF�LVFKHPLF�KHDUW�GLVHDVH��GLDEHWHV��OLSLG��
FDUERK\GUDWH�PHWDEROLVP��
�

�
�
$W� ODVW� WLPH��PXFK�DWWHQWLRQ� LV�JLYHQ� WR�GUXJV� WKDW�KDYH�D�SRVLWLYH�HIIHFW� RQ� WKH�

PHWDEROLVP�RI�LVFKHPLF�P\RFDUGLXP�>�����@���6RPH�GUXJV�LQ�WKLV�JURXS��QRW�KDYLQJ�

HOHFWURSK\VLRORJLFDO� SURSHUWLHV� KDYH� DQWLDUUK\WKPLF� HIIHFW� E\� LQIOXHQFLQJ� RQ� WKH�

GLIIHUHQW�PHFKDQLVPV�RI�DUUK\WKPRJHQHVLV�>����@��LQFOXGLQJ�P\RFDUGLDO�ILEURVLV��OHIW�

YHQWULFXODU� UHPRGHOLQJ�� � ,QGLUHFW� DQWLDUUK\WKPLF� SURSHUWLHV� RI� GUXJV� RI� PHWDEROLF�

DFWLRQV�VHUYH�DV�DQ�DGGLWLRQDO�DUJXPHQW�LQ�IDYRU�RI�WKHLU�DSSRLQWPHQW�LQ�SDWLHQWV�ZLWK�

LVFKHPLF�KHDUW�GLVHDVH��LQFOXGLQJ�SDWLHQWV�ZLWK�FRQFRPLWDQW�GLDEHWHV�PHOOLWXV���

$PRQJ� WKH� GUXJV� RI� PHWDEROLF� DFWLRQ� WKH� VSHFLDO� LQWHUHVW� LV� LQGXFHG� E\�

WULPHWD]LGLQH�>�@�� �5HFHQWO\�� WKH�GUXJ�HQWHUHG�LQ�WKH�DUVHQDO�RI�SUHSDUDWLRQV�WKDW�DUH�

XVHG�WR�WUHDW�SDWLHQWV�ZLWK�LVFKHPLF�KHDUW�GLVHDVH�DQG�FRQFRPLWDQW�GLDEHWHV�PHOOLWXV���

7ULPHWD]LGLQH� VHOHFWLYHO\� LQKLELWV� WKH� HQ]\PH� ��NHWRDF\O�.R$WLROD]X� DQG� FDXVHV� D�

SDUWLDO�GHFUHDVH�RI�ȕ�R[LGDWLRQ�RI�IUHH�IDWW\�DFLGV�>����@���,W�LV�QRWHG�WKH�LQFUHDVLQJ�RI�



BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�

�
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�

,QWHU�FROOHJDV��±�������±��������

��

�

JOXFRVH�PHWDEROLVP��LQFUHDVLQJ�RI�IRUPDWLRQ�RI�DGHQRVLQHGLSKRVSKDWH��WKH�LPSURYLQJ�

RI�P\RFDUGLDO�FRQWUDFWLOLW\� >��� ��@�� � ,Q�SDWLHQWV�ZLWK�GLDEHWHV�PHOOLWXV� WULPHWD]LGLQH�

RSWLPL]HV� WKH� P\RFDUGLDO� PHWDEROLVP� E\� UHVWRULQJ� WKH� EDODQFH� EHWZHHQ� JO\FRO\VLV�

DQG� JOXFRVH� R[LGDWLRQ� >��� ��@�� � 7KLV� UHVXOWV� LQ� D� PRUH� HFRQRPLFDO� ZD\� RI� WKH�

R[LGDWLRQ�RI�FDUERK\GUDWHV�DQG�UHGXFH�WKH�PDQLIHVWDWLRQV�RI�LVFKHPLD���,W�LV�LPSRUWDQW�

WR� HPSKDVL]H� WKDW� WKH� GUXJ� H[HUWV� WKH� DQWLK\SR[LDDQG� F\WRSURWHFWLYH� HIIHFW�

RQP\RFDUGLXP��UHGXFHV�WKH�QHJDWLYH�HIIHFW�RQ�LWV�IUHH�UDGLFDO�R[LGDWLRQ�>�@���,W�LV�QRZ�

HVWDEOLVKHG�WKDW�IUHH�UDGLFDOV�FRQWULEXWH�WR�WKH�DSSHDUDQFH�RI�FDUGLDF�DUUK\WKPLDV�DQG�

FDXVH�HOHFWULFDO�LQVWDELOLW\�RI�WKH�P\RFDUGLXP�>�@���$UUK\WKPLDV�DUH�RIWHQ�REVHUYHG�LQ�

SDWLHQWV� ZLWK� FRURQDU\� DUWHU\� GLVHDVH� ZLWK� FRQFRPLWDQW� GLDEHWHV�� HVSHFLDOO\� LQ� WKH�

SUHVHQFH� RI� P\RFDUGLDO� G\VIXQFWLRQ� >��� ��@�� � :LWK� WKH� GHYHORSPHQW� RI� FOLQLFDOO\�

VLJQLILFDQW�FKURQLF�KHDUW�IDLOXUH��WKH�YHQWULFXODU�DUUK\WKPLDV�DUH�UHJDUGHG�DV�SUHGLFWRU�

RI�VXGGHQ�GHDWK�>��@���

7KH�SXUSRVH�RI�WKH�VWXG\��7KH�VWXG\LQJ�RI�WKH�HIIHFWV�RI�WULPHWD]LGLQH�LQ�SDWLHQWV�
ZLWK�FRURQDU\�DUWHU\�GLVHDVH�DQG�GLDEHWHV�PHOOLWXV�,,�W\SHV�ZLWK�FRQFRPLWDQW�FDUGLDF�

DUUK\WKPLDV�� YHQWULFXODU� H[WUDV\VWROHV�� VXSUDYHQWULFXODU� H[WUDV\VWROHV� DQG� FDUGLDF�

ILEULOODWLRQ���

0DWHULDOV� DQG� PHWKRGV�� ,W� ZDV� H[DPLQHG� ��� SDWLHQWV�� DPRQJ� WKHP� ��� ZLWK�
UHJLVWHUHG� VXSUDYHQWULFXODU� H[WUDV\VWROHV�� ���ZLWK� YHQWULFXODU� H[WUDV\VWROHV�� ���ZLWK�

SDUR[\VPDO�FDUGLDF�ILEULOODWLRQ��7KH�DJH�RI�WKH�SDWLHQWV�ZDV�IURP����WR����\HDUV���7KH�

VWXG\�ZDV�FRQGXFWHG�E\�RSHQ�ZD\�ZLWKRXW�SUHVFULELQJ�D�SODFHER��7ULPHWD]LGLQH�ZDV�

DGPLQLVWHUHG�DW�D�GRVH�RI����PJ���WLPHV�D�GD\�RQ�D�EDFNJURXQG�RI�VWDQGDUG�WKHUDS\��

ZKLFK� LQFOXGHG� QLWUDWHV�� DQJLRWHQVLQ�FRQYHUWLQJ� HQ]\PH� LQKLELWRUV�� GLVDJJUHJDQWV��

,QLWLDOO\� DQG� DIWHU� �� PRQWKV� RI� WUHDWPHQW� WKH� HOHFWURFDUGLRJUDPPRQLWRULQJ� ZDV�

SHUIRUPHG���7RJHWKHU�ZLWK�DUUK\WKPLDV�LW�ZDV�HYDOXDWHG�WKH�QXPEHU�DQG�GXUDWLRQ�RI�

LVFKHPLF�HSLVRGHV�ZLWK�UHGXFWLRQ�RI�6�7�VHJPHQW�EHORZ�WKH�LVRHOHFWULF�OLQH�E\���PP�

RU�PRUH���

5HVXOWV�DQG�GLVFXVVLRQ��7KH�UHVXOWV�RI�LQYHVWLJDWLRQ�RI�SDWLHQWV�DUH�VKRZQ�LQ�WDEOH�
���$IWHU�WUHDWPHQW�ZLWK�WULPHWD]LGLQH�KHDUW�EHDW�UDWH��V\VWROLF�EORRG�SUHVVXUH��GLDVWROLF�

EORRG� SUHVVXUH� GLG� QRW� FKDQJH� IURP� EDVHOLQH� YDOXHV�� 1XPEHU� VXSUDYHQWULFXODU�
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H[WUDV\VWROHV� VLJQLILFDQWO\� GHFUHDVHG� IURP� ������ �� ���� WR� ������ �� ���� SHU� GD\� �S�

���������

�7DEOH�����
�7KH�UHVXOWV�RI�GDLO\�HOHFWURFDUGLRJUDP�PRQLWRULQJ�GXULQJ�WKH�WUHDWPHQW�ZLWK�

WULPHWD]LGLQH��

,QGLFDWRUV� 7KH�SHULRG�RI�
REVHUYDWLRQ�

*URXS�RI�SDWLHQWV�
6XSUDYHQWULFXO
DU�H[WUDV\VWROHV�

�Q� �����

9HQWULFXODU�
H[WUDV\VWROHV�
�Q� �����

&DUGLDF�
ILEULOODWLRQ�
�Q� �����

�+HDUW�EHDWV�UDWH���PLQ���
�%HIRUHWUHDWPHQW�� ������������� ������������� �������������

�$IWHU�WUHDWPHQW�� �������������
�S!������

�������������
�S!������

�������������
�S!������

6\VWROLF�EORRG�SUHVVXUH�
�%HIRUH�WUHDWPHQW�� �������������� �������������� ��������������

�$IWHU�WUHDWPHQW�� ��������������
�S!������

��������������
�S!������

��������������
�S!������

'LDVWROLF�EORRG�SUHVVXUH�
�%HIRUH�WUHDWPHQW�� ������������� ������������� �������������

�$IWHU�WUHDWPHQW�� �������������
�S!������

�������������
�S!������

�������������
�S!������

1XPEHU�RI�
VXSUDYHQWULFXODU�

H[WUDV\VWROHV�SHU�GD\��

�%HIRUH�WUHDWPHQW�� �������������� ���� ����

�$IWHU�WUHDWPHQW�� ��������������
�S�������� ���� ����

�7KH�QXPEHU�RI�
YHQWULFXODU�H[WUDV\VWROHV�

SHU�GD\��

�%HIRUH�WUHDWPHQW�� ���� ��������������� ����

�$IWHU�WUHDWPHQW�� ���� ���������������
�S������� ����

7KH�QXPEHU�RI�
SDUR[\VPDO�FDUGLDF�
ILEULOODWLRQ�SHU�GD\��

�%HIRUH�WUHDWPHQW�� ���� ���� ������������

�$IWHU�WUHDWPHQW�� ���� ���� ������������
�S!������

7KH�QXPEHU�RI�HSLVRGHV�
RI�6�7�SHU�GD\��

�%HIRUH�WUHDWPHQW�� ������������ ������������ ������������

�$IWHU�WUHDWPHQW�� ������������
�S�������

������������
�S�������

������������
�S�������

�7KH�GXUDWLRQ�RI�HSLVRGHV�
RI�UHGXFLQJ�6�7��PLQ���

�%HIRUH�WUHDWPHQW�� ������������ ������������ ������������

�$IWHU�WUHDWPHQW�� ������������
�S!������

������������
�S!������

������������
�S!������

�
$� VLJQLILFDQW� FKDQJH� LQ� WKH� IUHTXHQF\� RI� SDUR[\VPDO� FDUGLDF� ILEULOODWLRQ� LQ�

SDWLHQWV�ZDV�QRW�GHWHFWHG��S!���������7KH�QXPEHU�RI�YHQWULFXODU�H[WUDV\VWROHV�SHU�GD\�

DIWHU� WUHDWPHQW�ZLWK� WULPHWD]LGLQH� GHFUHDVHG� IURP� ������ �� ����� WR� ������ �� ����� �S�

�������� � $WWHQWLRQ� LV� GUDZQ� WR� WKH� IDFW� WKDW� WKH� GUXJ� WKHUDS\�ZDV� DFFRPSDQLHG� E\�

VWDWLVWLFDOO\� UHOLDEOH� VLJQLILFDQW� UHGXFWLRQ� LQ� WKH� QXPEHU� RI� HSLVRGHV� RI� P\RFDUGLDO�

LVFKHPLD� LQ� DOO� JURXSV� RI� SDWLHQWV� UHJDUGOHVV� RI� WKH� W\SH� RI� GLVWXUEDQFHV� RI� KHDUW�

UK\WKP��WDEOH�������
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,W�LV�LPSRUWDQW�WR�GHWHUPLQHG�WKHFKDUDFWHU�RI�WKH�LQIOXHQFH�RI�WULPHWD]LGLQH�RQ�WKH�

SHUIRUPDQFH�RI� UHQLQ�DQJLRWHQVLQ�DOGRVWHURQH�V\VWHP�� OLSLG�PHWDEROLVP�� WKH� OHYHO�RI�

HQGRWHOLQ���� FDWHFKRODPLQHV� DQG� F\FOLF� JXDQRVLQH� PRQRSKRVSKDWH� LQ� SDWLHQWV� ZLWK�

FRURQDU\�DUWHU\�GLVHDVH�DQG�GLDEHWHV�,,�ZLWK�FRQFRPLWDQW�FDUGLDF�DUUK\WKPLDV���

$V� LW� LV� VHHQ� IURP� WKH� WDEOH� �� WKH� GDWD� RI� WUHDWPHQWZLWK� WULPHWD]LGLQH� ZDV� QRW�

DVVRFLDWHG� ZLWK� VLJQLILFDQW� FKDQJHV� LQ� LQGLFDWRUV� RI� UHQLQ�DQJLRWHQVLQ�DOGRVWHURQH�

V\VWHP�� � 7KHUH� ZHUH� QR� VLJQLILFDQW� FKDQJHV� LQ� SODVPD� UHQLQ� DFWLYLW\�� DOGRVWHURQH��

DQJLRWHQVLQ�,,��HOHFWURO\WHV��S!��������WDEOH������

�7DEOH�����
�6\VWHP�VWDWXV�RI�UHQLQ�DQJLRWHQVLQ�DOGRVWHURQH�V\VWHP�LQ�SDWLHQWV�ZLWK�LVFKHPLF�

KHDUW�GLVHDVH�DQG�GLDEHWHV�PHOOLWXV�,,�W\SHV�ZLWK�FRQFRPLWDQW�FDUGLDF�
DUUK\WKPLDV�

,QGLFDWRUV� 7KH�SHULRG�RI�
REVHUYDWLRQ�

*URXS�RI�SDWLHQWV�
�VW� �QG� �UG�

6XSUDYHQWULFX
ODU�

H[WUDV\VWROHV�
�Q� �����

9HQWULFXODU�
H[WUDV\VWROHV�
�Q� �����

&DUGLDF�
ILEULOODWLRQ��Q�

 �����

$FWLYLW\RI�SODVPD�UHQLQ�
QJ�PO�J���

�%HIRUH�WUHDWPHQW�� �������������� �������������� ��������������

�$IWHU�WUHDWPHQW�� ��������������
S�������

�������������
�S!������

��������������
�S!������

�$OGRVWHURQH�SJ��PO��
�%HIRUH�WUHDWPHQW�� ��������������� ��������������� ���������������

�$IWHU�WUHDWPHQW�� ���������������
�S!������

���������������
�S!������

���������������
�S!������

�$QJLRWHQVLQ�,,�SJ�PO��
�%HIRUH�WUHDWPHQW�� �������������� ������������� �������������

�$IWHU�WUHDWPHQW�� ��������������
�S!������

�������������
�S!������

��������������
�S!������

�1D�PPRO�O�
�%HIRUH�WUHDWPHQW�� ��������������� ��������������� ��������������

�$IWHU�WUHDWPHQW�� ���������������
�S!������

���������������
�S!������
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�.�PPRO�O��
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�$IWHU�WUHDWPHQW�� ��������������
�S!������

��������������
�S!������

��������������
�S!������

��

'XULQJ� HYDOXDWLRQ� RI� WKH� LQIOXHQFH� RI� WULPHWD]LGLQH� RQ� OLSLG�PHWDEROLVP� LW� ZDV�

XQDEOH�WR�LGHQWLI\�DQ\�FKDQJHV�LQ�WKH�G\QDPLFV�RI�WKHUDS\��WDE�������

'XULQJ�WKH�WUHDWPHQW�ZLWK�WULPHWD]LGLQH�LW�ZDV�XQDEOH�WR�LGHQWLI\�LWV�LQIOXHQFH�RQ�

WKH�OHYHO�RI�SODVPD�FDWHFKRODPLQHV��WDE�������
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�7DEOH�����
�/LSLG�PHWDEROLVP�GXULQJ�WKH�WUHDWPHQW�ZLWK�WULPHWD]LGLQH��

,QGLFDWRUV� 7KH�SHULRG�RI�
REVHUYDWLRQ�

*URXS�RI�SDWLHQWV�
�VW� �QG� �UG�

6XSUDYHQWULF
XODU�

H[WUDV\VWROHV�
�Q� �����

9HQWULFXODU�
H[WUDV\VWROHV�
�Q� �����

&DUGLDF�
ILEULOODWLRQ��Q�

 �����

�7RWDO�FKROHVWHURO��
PPRO�O�

�%HIRUH�WUHDWPHQW�� ��������������� ��������������� ��������������

�$IWHU�WUHDWPHQW�� ���������������
�S!������

��������������
�S!������

���������������
�S!������

7ULJO\FHULGHV�PPRO�O��
�%HIRUH�WUHDWPHQW�� ��������������� ��������������� ���������������

�$IWHU�WUHDWPHQW�� ���������������
�S!������

���������������
�S!������

��������������
�S!������

/RZ�GHQVLW\�RI�
OLSRSURWHLQV��PPRO�O�

�%HIRUH�WUHDWPHQW�� �������������� �������������� ��������������

�$IWHU�WUHDWPHQW�� ��������������
�S!������

��������������
�S!������

��������������
�S!������

+LJK�GHQVLW\�RI�
OLSRSURWHLQV��PPRO�O�

�%HIRUH�WUHDWPHQW�� �������������� �������������� ��������������

�$IWHU�WUHDWPHQW�� ��������������
�S!������

��������������
�S!������

��������������
�S!������

�
�7DEOH�����

�&DWHFKRODPLQH�OHYHOV�GXULQJ�WKH�WUHDWPHQW�ZLWK�WULPHWD]LGLQH��

,QGLFDWRUV� 7KH�SHULRG�RI�
REVHUYDWLRQ�

*URXS�RI�SDWLHQWV�
�VW� �QG� �UG�

6XSUDYHQWULF
XODU�

H[WUDV\VWROHV�
�Q� �����

9HQWULFXODU�
H[WUDV\VWROHV�
�Q� �����

&DUGLDF�
ILEULOODWLRQ��Q�

 �����

�$GUHQDOLQH��PPRO�O��
�%HIRUH�WUHDWPHQW�� �������������� �������������� ��������������

�$IWHU�WUHDWPHQW�� ��������������
�S!������

��������������
�S!������

��������������
�S!������

1RUDGUHQDOLQH��PPRO�O��
�%HIRUH�WUHDWPHQW�� ��������������� ��������������� ���������������

�$IWHU�WUHDWPHQW�� ���������������
�S!������

���������������
�S!������

���������������
�S!������

�
7KH�WKHUDS\�ZLWK�WULPHWD]LGLQH�GLG�QRW�FDXVH�WKH�VLJQLILFDQW�FKDQJHV�LQ�WKH�OHYHO�

RI�SODVPD�HQGRWHOLQ����WDE������DOWKRXJK�WKH�WHQGHQF\�WR�LWV�GHFUHDVLQJ�ZDV�REVHUYHG�

LQ�DOO�JURXSV�RI�SDWLHQWV��EXW�LW�GLG�QRW�UHDFK�WKH�VWDWLVWLFDOO\�VLJQLILFDQW�LPSRUWDQFH���

'XULQJ� HYDOXDWLRQRI� WKH� LQIOXHQFH� RI� WULPHWD]LGLQH� RQ� F\FOLF� JXDQRVLQH�

PRQRSKRVSKDWHLW�ZDV�GHWHUPLQHG�WKDW�WKH�GUXJ�GRHV�QRW�HIIHFW�RQ�LWV�OHYHO�LQ�SDWLHQWV�

ZLWK� VXSUDYHQWULFXODU� H[WUDV\VWROHV� DQG� FDUGLDF� ILEULOODWLRQ�� EXW� LW� LV� REVHUYHG� WKH�
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WHQGHQF\� WR� LWV� LQFUHDVLQJ� LQ� SDWLHQWV�ZLWK� YHQWULFXODU� H[WUDV\VWROHV�� DOWKRXJK� LW� GLG�

QRW�UHDFK�WKH�VWDWLVWLFDO�VLJQLILFDQFH��WDE�������

�7DEOH�����
7KH�FKDQJHV�LQ�WKH�OHYHO�RI�HQGRWHOLQ���DQG�F\FOLF�JXDQRVLQH�PRQRSKRVSKDWHLQ�

WKH�FRXUVH�RI�WUHDWPHQW�ZLWK�WULPHWD]LGLQH��

,QGLFDWRUV� 7KH�SHULRG�RI�
REVHUYDWLRQ�

*URXS�RI�SDWLHQWV�
6XSUDYHQWULFX

ODU�
H[WUDV\VWROHV�
�Q� �����

9HQWULFXODU�
H[WUDV\VWROHV�
�Q� �����

&DUGLDF�
ILEULOODWLRQ��Q�

 �����

(QGRWHOLQ����QJ�PO��
�%HIRUH�WUHDWPHQW�� ��������������� ��������������� ���������������

�$IWHU�WUHDWPHQW�� ���������������
�S!������

��������������
�S!������
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&\FOLF�JXDQRVLQH�
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�$IWHU�WUHDWPHQW�� ��������������
�S!������

��������������
�S!������

��������������
�S!������

�
,Q�VWXG\LQJ�WKH�HIIHFWV�RI�WKH�GUXJ�RQ�FDUERK\GUDWH�PHWDEROLVP�LW�ZDV�QRW�QRWHG�LWV�

VLJQLILFDQW�HIIHFW�RQ�WKH�OHYHO�RI�LPPXQRUHDFWLYH�LQVXOLQ�DQG�SODVPD�JOXFRVH��WDE�������

�7DEOH�����
7KH�LQGH[HV�RI�FDUERK\GUDWH�PHWDEROLVP�

,QGLFDWRUV� 7KH�SHULRG�RI�
REVHUYDWLRQ�

*URXS�RI�SDWLHQWV�
�VW� �QG� �UG�

6XSUDYHQWULFX
ODU�

H[WUDV\VWROHV�
�Q� �����

9HQWULFXODU�
H[WUDV\VWROHV�
�Q� �����

&DUGLDF�
ILEULOODWLRQ��Q�

 �����

,PPXQRUHDFWLYH�
LQVXOLQ�N('�P��

�%HIRUH�WUHDWPHQW�� �������������� �������������� ��������������

�$IWHU�WUHDWPHQW�� ��������������
�S!������

��������������
�S!������

��������������
�S!������

�%ORRG�JOXFRVH��PPRO�O�
�%HIRUH�WUHDWPHQW�� ��������������� ��������������� ��������������

�$IWHU�WUHDWPHQW�� ���������������
�S!������

��������������
�S!������

��������������
�S!������

�
&RQFOXVLRQV��
���7KH�WKHUDS\�ZLWK�WULPHWD]LGLQH�LV�DFFRPSDQLHG�E\�GHFUHDVLQJ�RI�WKH�QXPEHU�RI�

VXSUDYHQWULFXODU�DQG�YHQWULFXODU�H[WUDV\VWROHV�LQ�SDWLHQWV�ZLWK�LVFKHPLF�KHDUW�GLVHDVH�

DQG�GLDEHWHV�PHOOLWXV���
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���7KH�GUXJ�KDV�QR�HIIHFWV�RQ�WKH�LQFLGHQFH�RI�SDUR[\VPDO�FDUGLDV�ILEULOODWLRQ��7KH�

WUHDWPHQW�ZLWK�WULPHWD]LGLQH�LV�DFFRPSDQLHG�E\�D�UHGXFWLRQ�RI�VHYHULW\�RI�P\RFDUGLDO�

LVFKHPLD���

���7KH�GUXJ�KDV�QR�HIIHFWV�RQ�WKH�LQGH[HV�RI�FDUERK\GUDWH�DQG�OLSLG�PHWDEROLVP��

WKH�VWDWH�RI�UHQLQ�DQJLRWHQVLQ�DOGRVWHURQH�V\VWHP��F\FOLF�JXDQRVLQH�PRQRSKRVSKDWH��

HQGRWHOLQ����LPPXQRUHDFWLYH�LQVXOLQ���

���7KH�DQWLDUUK\WKPLF�DQG�DQWL�LVFKHPLF�HIIHFWV�RI�WKH�GUXJ�DUH�GXH�WR�SULPDULO\�WR�

LWV�HIIHFWV�RQ�WKH�LQWUDFHOOXODU�PHWDEROLVP�LQ�FDUGLRP\RF\WHV���

���7ULPHWD]LGLQH�LQKLELWV��R[LGDWLRQ�E\�LQKLELWLQJ�WKH�PHWDEROLVP�RI�IDWW\�DFLGV��

DQG� WKLV� FRQWULEXWHV� WR� D� PRUH� HFRQRPLFDO� XVH� RI� R[\JHQ� LQ� WKH� R[LGDWLRQ� RI�

FDUERK\GUDWHV�DQG�WKXV�UHVXOWV�LQ�UHGXFLQJ�WKH�RFFXUUHQFH�RI�P\RFDUGLDO�LVFKHPLD�DQG�

DQWL�DUUK\WKPLF�DFWLRQ���

7KH� VWXG\� RI� WKH� HIIHFW� RI� WUHDWPHQW� ZLWK� WULPHWD]LGLQH� RQ� WKH� FRXUVH� RI�

DUUK\WKPLDV�LQ�SDWLHQWV�ZLWK�LVFKHPLF�KHDUW�GLVHDVH�DQG�GLDEHWHV�PHOOLWXV���W\SH�ZLOO�

EH�FRQWLQXHG�DQG�VWXGLHG�LQ�VXEVHTXHQW�VFLHQWLILF�LQYHVWLJDWLRQV���

�
5HIHUHQFHV��
���Ɇɟɬɚɛɨɥɢɱɟɫɤɚɹ�ɬɟɪɚɩɢɹ�ɩɨɜɪɟɠɞɟɧɢɹ�ɦɢɨɤɚɪɞɚ��ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ�ɢɲɟɦɢɟɣ��

ɧɨɜɵɣ� ɩɨɞɯɨɞ� ɤ� ɥɟɱɟɧɢɸ� ɢɲɟɦɢɱɟɫɤɨɣ� ɛɨɥɟɡɧɢ� ɫɟɪɞɰɚ� ɢ� ɫɟɪɞɟɱɧɨɣ�

ɧɟɞɨɫɬɚɬɨɱɧɨɫɬɢ���Ⱥɦɨɫɨɜɚ�ȿ�ɇ�����ɍɤɪɚʀɧɫɶɤɢɣ�ɤɚɪɞɿɨɥɨɝɿɱɧɢɣ�ɠɭɪɧɚɥ������������

ʋ������ɫ����������

��� ɇɚɪɭɲɟɧɢɹ� ɪɢɬɦɚ� ɫɟɪɞɰɚ� ɩɪɢ� ɯɪɨɧɢɱɟɫɤɨɣ� ɫɟɪɞɟɱɧɨɣ� ɧɟɞɨɫɬɚɬɨɱɧɨɫɬɢ� ��

Ȼɨɣɰɨɜ�ɋ�Ⱥ���ɉɨɞɥɟɫɨɜ�Ɇ�Ⱥ�����ɋɟɪɞɟɱɧɚɹ�ɧɟɞɨɫɬɚɬɨɱɧɨɫɬɶ������������ʋ�� � �± �ɫ � �

� �� � �

��� Ⱦɨɳɢɰɢɧ� ȼ�Ʌ�� Ʌɟɱɟɧɢɟ� ɚɪɢɬɦɢɣ� ɫɟɪɞɰɚ� �� Ⱦɨɳɢɰɢɧ� ȼ�Ʌ�� �� Ɇ��� Ɇɟɞɢɰɢɧɚ��

������±�����ɫ��

��� ɉɚɬɨɝɟɧɟɬɢɱɧɢɣ� ɚɫɩɟɤɬ� ɤɚɪɞɿɨɩɪɨɬɟɤɬɨɪɧRʀ� ɞɿʀ� ɚɧɬɢɫɬɪɟɫɨɜɢɯ� ɡɚɫɨɛɿɜ� ��

Ʉɚɪɜɚɭɯ�ȿ�ȼ���Ʉɢɪɢɱɨɤ�Ʌ�Ɍ�����Ʌɿɤɢ������������ʋ������ɫ���±����
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��� Ʉɭɲɚɤɨɜɫɤɢɣ� Ɇ�ɋ�� Ⱥɪɢɬɦɢɢ� ɫɟɪɞɰɚ�� ɇɚɪɭɲɟɧɢɹ� ɫɟɪɞɟɱɧɨɝɨ� ɪɢɬɦɚ� ɢ�

ɩɪɨɜɨɞɢɦɨɫɬɢ� �� Ʉɭɲɚɤɨɜɫɤɢɣ�Ɇ�ɋ�� Ɋɭɤɨɜɨɞɫɬɜɨ� ɞɥɹ� ɜɪɚɱɟɣ�� ��ɟ� ɢɡɞ�� ��ɋɉɛ�� ��

������������ɫ��

��� ɗɮɮɟɤɬɢɜɧɨɫɬɶ� ɫɢɫɬɟɦɧɨɣ� ɬɪɨɦɛɨɥɢɬɢɱɟɫɤɨɣ� ɬɟɪɚɩɢɢ� ɨɫɬɪɨɝɨ� ɢɧɮɚɪɤɬɚ�

ɦɢɨɤɚɪɞɚ�ɢ�ɤɪɢɬɟɪɢɢ�ɟɟ�ɨɩɪɟɞɟɥɟɧɢɹ���Ɇɚɥɚɹ�Ʌ�Ɍ���Ⱦɵɤɭɧ�ə�ȼ���Ʉɨɩɢɰɚ�ɇ�ɉ��ɢ�

ɞɪ������Ʉɥɢɧɢɱɟɫɤɚɹ�ɦɟɞɢɰɢɧɚ������������ʋ������ɫ���������

��� Ɇɟɬɟɥɢɰɚ� ȼ�ɂ�� ɋɩɪɚɜɨɱɧɢɤ� ɩɨ� ɤɥɢɧɢɱɟɫɤɨɣ� ɮɚɪɦɚɤɨɥɨɝɢɢ� ɫɟɪɞɟɱɧɨ��

ɫɨɫɭɞɢɫɬɵɯ�ɥɟɤɚɪɫɬɜɟɧɧɵɯ�ɫɪɟɞɫɬɜ���Ɇɟɬɟɥɢɰɚ�ȼ�ɂ����Ɇɨɫɤɜɚ��Ȼɢɧɨɦ����������ɫ��

���������

��� ɂɲɟɦɢɹ� ɦɢɨɤɚɪɞɚ�� ɨɬ� ɩɨɧɢɦɚɧɢɹ� ɦɟɯɚɧɢɡɦɨɜ� ɤ� ɚɞɟɤɜɚɬɧɨɦɭ� ɥɟɱɟɧɢɸ� ��

ɋɢɞɨɪɟɧɤɨ�Ȼ�Ⱥ��ɉɪɟɨɛɪɚɠɟɧɫɤɢɣ�Ⱦ�ȼ�����Ʉɚɪɞɢɨɥɨɝɢɹ������������ʋ������ɫ�����������

���ɋɭɦɚɪɨɤɨɜ�Ⱥ�ȼ���Ɇɨɢɫɟɟɜ�%�&��Ʉɥɢɧɢɱɟɫɤɚɹ� ɤɚɪɞɢɨɥɨɝɢɹ�� Ɋɭɤɨɜɨɞɫɬɜɨ� ɞɥɹ�

ɜɪɚɱɟɣ���ɋɭɦɚɪɨɤɨɜ�Ⱥ�ȼ����Ɇ���ɍɧɢɜɟɪɫɭɦ��������������ɫ��

���� .KDQ� 0�*�� &DUGLDF� GUXJ� WKHUDS\� �� .KDQ� 0�*�� �� /RQGRQ�� :�%�� 6DQGHUV�

&RPSDQ\����������ɪ�����������

����7ULPHWD]LGPH�LQKLELWV�IDWW\�DFLG�R[LGDWLRQ�LQ�UDWV���/RSDVFKXN�*��'���.R]DN�5����-�

0ROO�&HOO�&DUGLRO������������ʋ�����DEVWU�$������

�
Ɋɟɡɸɦɟ��Ȼɭɜ�ɜɢɜɱɟɧɢɣ�ɟɮɟɤɬ�ɬɪɿɦɟɬɚɡɿɞɿɧɭ�ɭ�ɯɜɨɪɢɯ�ɧɚ�ȱɏɋ�ɿ�ɋȾȱȱ�ɡ�ɫɭɩɭɬɧɿɦɢ�
ɩɨɪɭɲɟɧɧɹɦɢ� ɫɟɪɰɟɜɨɝɨ� ɪɢɬɦɭ�� ɲɥɭɧɨɱɤɨɜɚ�� ɫɭɩɪɚɜɟɧɬɪɢɤɭɥɹɪɧɚ�
ɟɤɬɪɚɫɢɫɬɨɥɿɹ� ɿ� ɦɢɝɨɬɥɢɜɚ� ɚɪɢɬɦɿɹ�� Ɉɛɫɬɟɠɟɧɨ� ��� ɯɜɨɪɢɯ�� ɫɟɪɟɞ� ɹɤɢɯ� ɭ� ���
ɪɟɽɫɬɪɭɜɚɥɚɫɹ� ɫɭɩɪɚɜɟɧɬɪɢɤɭɥɹɪɧɚ� ɟɤɫɬɪɚɫɢɫɬɨɥɿɹ�� ɭ� ��� ɲɥɭɧɨɱɤɨɜɚ�
ɟɤɫɬɪɚɫɢɫɬɨɥɿɹ��ɭ������ɩɚɪɨɤɫɢɡɦɚɥɶɧɚ�ɮɨɪɦɚ�ɦɢɝɨɬɥɢɜɨʀ�ɚɪɢɬɦɿʀ��ɉɨɤɚɡɚɧɨ��ɳɨ�
ɬɟɪɚɩɿɹ� ɬɪɿɦɟɬɚɡɿɞɿɧɨɦ� ɫɭɩɪɨɜɨɞɠɭɽɬɶɫɹ� ɡɦɟɧɶɲɟɧɧɹɦ� ɤɿɥɶɤɨɫɬɿ�
ɫɭɩɪɚɜɟɧɬɪɢɤɭɥɹɪɧɢɯ� ɿ� ɲɥɭɧɨɱɤɨɜɢɯ� ɟɤɫɬɪɚɫɢɫɬɨɥ� ɭ� ɯɜɨɪɢɯ� ɧɚ� ȱɏɋ� ɿ� ɋȾȱȱ��
Ʌɿɤɭɜɚɧɧɹ� ɬɪɿɦɟɬɚɡɿɞɿɧɨɦ� ɫɭɩɪɨɜɨɞɠɭɜɚɥɨɫɹ� ɡɦɟɧɲɟɧɧɹɦ� ɜɢɪɚɠɟɧɨɫɬɿ� ɿɲɟɦɿʀ�
ɦɿɨɤɚɪɞɚ��
Ʉɥɸɱɨɜɿ� ɫɥɨɜɚ�� ɚɪɢɬɦɿʀ�� ɬɪɿɦɟɬɚɡɿɞɿɧ�� ɯɪɨɧɿɱɧɚ� ɿɲɟɦɿɱɧɚ� ɯɜɨɪɨɛɚ� ɫɟɪɰɹ��
ɰɭɤɪɨɜɢɣ�ɞɿɚɛɟɬ��ɥɿɩɿɞɧɢɣ�ɨɛɦɿɧ��ɜɭɝɥɟɜɨɞɧɢɣ�ɨɛɦɿɧ��
�
Ɋɟɡɸɦɟ�� Ȼɵɥ� ɢɡɭɱɟɧ� ɷɮɮɟɤɬ� ɬɪɢɦɟɬɚɡɢɞɢɧɚ� ɭ� ɛɨɥɶɧɵɯ� ɂȻɋ� ɢ� ɋȾ,,� ɫ�
ɫɨɩɭɬɫɜɭɸɳɢɦɢ� ɧɚɪɭɲɟɧɢɹɦɢ� ɫɟɪɞɟɱɧɨɝɨ� ɪɢɬɦɚ�� ɠɟɥɭɞɨɱɤɨɜɚɹ��
ɫɭɩɪɚɜɟɧɬɪɢɤɭɥɹɪɧɚɹ� ɷɤɬɪɚɫɢɫɬɨɥɢɹ�ɢ�ɦɟɪɰɚɬɟɥɶɧɚɹ� ɚɪɢɬɦɢɹ��Ɉɛɫɥɟɞɨɜɚɧɨ����
ɛɨɥɶɧɵɯ�� ɫɪɟɞɢ� ɤɨɬɨɪɵɯ� ɭ� ��� ɪɟɝɢɫɬɪɢɪɨɜɚɥɚɫɶ� ɫɭɩɪɚɜɟɧɬɪɢɤɭɥɹɪɧɚɹ�
ɷɤɫɬɪɚɫɢɫɬɨɥɢɹ�� ɭ� ��� ɠɟɥɭɞɨɱɤɨɜɚɹ� ɷɤɫɬɪɚɫɢɫɬɨɥɢɹ�� ɭ� ��� ±� ɩɚɪɨɤɫɢɡɦɚɥɶɧɚɹ�
ɮɨɪɦɚ� ɦɟɪɰɚɬɟɥɶɧɨɣ� ɚɪɢɬɦɢɢ�� ɉɨɤɚɡɚɧɨ�� ɱɬɨ� ɬɟɪɚɩɢɹ� ɬɪɢɦɟɬɚɡɢɞɢɧɨɦ�
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ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ� ɭɪɟɠɟɧɢɟɦ� ɱɢɫɥɚ� ɫɭɩɪɚɜɟɧɬɪɢɤɭɥɹɪɧɵɯ� ɢ� ɠɟɥɭɞɨɱɤɨɜɵɯ�
ɷɤɫɬɪɚɫɢɫɬɨɥ�ɭ�ɛɨɥɶɧɵɯ�ɂȻɋ�ɢ�ɋȾ,,��Ʌɟɱɟɧɢɟ�ɬɪɢɦɟɬɚɡɢɞɢɧɨɦ�ɫɨɩɪɨɜɨɠɞɚɥɨɫɶ�
ɭɦɟɧɶɲɟɧɢɟɦ�ɜɵɪɚɠɟɧɧɨɫɬɢ�ɢɲɟɦɢɢ�ɦɢɨɤɚɪɞɚ��
Ʉɥɸɱɟɜɵɟ� ɫɥɨɜɚ�� ɚɪɢɬɦɢɢ�� ɬɪɢɦɟɬɚɡɢɞɢɧ��ɯɪɨɧɢɱɟɫɤɚɹ�ɢɲɟɦɢɱɟɫɤɚɹ�ɛɨɥɟɡɧɶ�
ɫɟɪɞɰɚ��ɫɚɯɚɪɧɵɣ�ɞɢɚɛɟɬ��ɥɢɩɢɞɧɵɣ�ɨɛɦɟɧ��ɭɝɥɟɜɨɞɧɵɣ�ɨɛɦɟɧ��

�
�
�
5HFHLYHG�������������� � � � � � � $FFHSWHG�������������
�

�
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6HQDWRURYD�$�6���/XSDOWVRYD�2�6���

,1'8&('�638780�$1$/<6,6�2)�,17(5/(8.,16�
63(&7580�,1�&+,/'5(1�:,7+�38/021$5<�

',6($6(6��
.KDUNLY�1DWLRQDO�0HGLFDO�8QLYHUVLW\��8NUDLQH�

�

$EVWUDFW�� 7KLV� DUWLFOH� KDV� EHHQ� SHUIRUPHG� WKH� LQYHVWLJDWLRQ� RI� LPPXQLW\� V\VWHP�
FKDUDFWHULVWLFV� LQ� FKLOGUHQ� ZLWK� EURQFKLWLV�� 7KHUH� KDV� EHHQ� LGHQWLILHG� IDFWRUV� RI�
XQIDYRXUDEOH�SURJQRVLV�RI�EURQFKLWLV�WUDQVIRUPDWLRQ�LQ�RWKHU�FKURQLF�OXQJ�GLVHDVHV��
ZKLFK�LQFOXGH�GLVRUGHU�RI�F\WRNLQHV�V\QWKHVLV��$�VWXG\�ZDV�XQGHUWDNHQ�WR�GHWHUPLQH�
WKH�DLUZD\�DQG�OXQJ�LQÀDPPDWLRQ��E\�DQDO\VLQJ�F\WRNLQHV�LQ�WKH�LQGXFHG�VSXWXP�IURP�
��� FKLOGUHQ� ZLWK� WKH� DFXWH� EURQFKLWLV�� ��� SDWLHQWV� ZLWK� WKH� DFXWH� SQHXPRQLD�� ���
FKLOGUHQ� ZLWK� WKH� FKURQLF� OXQJ� GLVHDVH�� ZKLFK� KDG� OXQJ� ILEURVLV�� DQG� ��� KHDOWK\�
FKLOGUHQ��6SXWXP�OHYHOV�RI�LQWHUOHXNLQ����,/�����LQWHUOHXNLQ����,/�����LQWHUOHXNLQ����,/�
���DQG� LQWHUOHXNLQ���� �,/����� LQ�DOO�JURXSV�ZHUH�VWDWLVWLFDOO\� VLJQL¿FDQWO\� LQFUHDVHG�
FRPSDUHG� ZLWK� QRUPDO� FRQWUROV�� 7KH� LQFUHDVH� LQ� WKH� LQWHUOHXNLQV� FRQFHQWUDWLRQ� LQ�
LQGXFHG�VSXWXP�RI�SDWLHQW�ZLWK�EURQFKLWLV�DQG�SQHXPRQLD�ZH�FDQ�XVH�LQ�FOLQLFDO�DV�
WKH�ULVN�VXEJURXS�RI�SDWLHQWV�ZLWK�FKURQLF�OXQJ�GLVHDVHV��
.H\�ZRUGV��EURQFKLWLV��SQHXPRQLD��LQWHUOHXNLQ�
�

�

7KH� XQGHUO\LQJ�PHFKDQLVPV� RI� OXQJ� LQÀDPPDWRU\� UHVSRQVH� LQ� FKLOGUHQ�ZLWK� WKH�

FKURQLF�OXQJ�GLVHDVH�KDV�QRW�\HW�EHHQ�FRPSOHWHO\�HOXFLGDWHG�>���@��:H�WKHUHIRUH�XVHG�

WKLV�WHFKQLTXH�WR�HYDOXDWH�WKH�SUHVHQFH�RI�DLUZD\�DQG�OXQJ�LQÀDPPDWLRQ�LQ�FKLOGUHQ�

ZLWK� WKH� DFXWH� EURQFKLWLV�� SQHXPRQLD�� FKURQLF� OXQJ� GLVHDVH�� � $QDO\VLV� RI� VSXWXP�

LQGXFHG�E\� LQKDODWLRQ�RI�K\SHUWRQLF�VDOLQH�KDV� UHFHQWO\�EHHQ�HVWDEOLVKHG�DV�D�XVHIXO�

QRQ�LQYDVLYH�WHFKQLTXH�IRU�PHDVXULQJ�DLUZD\�LQÀDPPDWLRQ�LQ�SDWLHQWV�>���@���

$LP�DQG�REMHFWLYHV�
$LP� LV� WR� LPSURYH� GLDJQRVLV� RI� LPPXQRORJLFDO� GLVRUGHUV� LQ� FKLOGUHQ� ZLWK�

UHVSLUDWRU\� GLVHDVHV�� ZKLFK� LQFOXGH� WKH� VWXG\� RI� FHOOXODU�� KXPRUDO� LPPXQLW\� DQG�

OHYHOV�RI�F\WRNLQH��,/����,/����,/����,/�����LQ�LQGXFHG�VSXWXP��
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0DWHULDO�DQG�PHWKRGV���
7KH� ���� SDWLHQWV� ZHUH� UHFUXLWHG� IURP� 5HJLRQDO� &KLOGUHQ� &OLQLFDO� +RVSLWDO�

�5&&+��� .KDUNLY�� 8NUDLQLDQ�� 7KH� +HDG� RI� 5&&+� LV� 0XUDWRY� *�5��� WKH� KHDG�

RI� �SHGLDWULF� GHSDUWPHQW� RI� .108� LV� '0HG6FL�� 3URI�� 6HQDWRURYD� *�6�� ��&KLOGUHQ�

ZLWK� WKH� DFXWH� EURQFKLWLV� �Q ���� DJHG� RQ� DYHUDJH� ���������� \HDUV� ZKR� KDG� EHHQ�

DGPLWWHG�WR�WKH�SXOPRQRORJ\�GHSDUWPHQW�VHUYHG�DV�JURXS����7KH�GLVWULEXWLRQ�LQ�WKH���

JURXS�ZDV�DV�IROORZV����������������ER\V�DQG���������������JLUOV��7KH�SDWLHQW�ZLWK�

WKH� DFXWH� SQHXPRQLD� �Q ���� DJHG� RQ� DYHUDJH� ���������� \HDUV�� VHUYHG� DV� JURXS�

7KH�FRQVWLWXHQWV�DYHUDJH�DUH����������������ER\V�DQG���� ������������JLUOV��)LIWHHQ�

FKLOGUHQ� ZLWK� WKH� FKURQLF� OXQJ� GLVHDVH� �Q ����� DJHG� RQ� DYHUDJH� ���������� \HDUV��

ZKLFK�KDG�OXQJ�ILEURVLV�� �VHUYHG�DV�JURXS�����7KH�GLVWULEXWLRQ� LQ�WKH���JURXS�ZDV�DV�

IROORZV���������������ER\V�DQG���������������JLUOV��+HDOWK\�FRQWUROV� �Q� ����ZHUH�

QHJDWLYH� IRU� DOOHUJLHV� DQG� UHVSLUDWRU\� GLVHDVHV�� 5HVSLUDWRU\� GLVHDVHV� ZDV� GH¿QHG�

DFFRUGLQJ� WR� WKH� 8NUDLQLDQ� SURWRFRO� RI� GLDJQRVLV� DQG� WUHDWPHQW� OXQJ� GLVHDVHV� LQ�

FKLOGUHQ�� $IWHU� FOLQLFDO� HYDOXDWLRQ� DQG� LPPXQRORJ\� EORRG� WHVWLQJ�� LQGXFHG� VSXWXP�

ZDV� FROOHFWHG�� 7R� GHWHUPLQH� WKH� ELRFKHPLFDO� DQDO\VLV� RI� VSXWXP� LQGXFHG� DIWHU�

LQKDODWLRQ�RI�K\SHUWRQLF�VDOLQH��ZH�DQDO\]HG�VSXWXP�LQGXFHG�LQ�FKLOGUHQ�VXEMHFWV��7KH�

VSXWXP�ZDV�LQGXFHG�ZLWK�LQKDODWLRQ�RI�XOWUDVRQLFDOO\�QHEXOL]HG�K\SHUWRQLF����������

VDOLQH� VROXWLRQ�� 7KH� VWXG\� ZDV� DSSURYHG� E\� WKH� HWKLFV� FRPPLWWHH� RI� WKH� .KDUNLY�

QDWLRQDO� PHGLFDO� XQLYHUVLW\� DQG� DOO� SDUHQWV� RI� FKLOGUHQ� JDYH� LQIRUPHG� FRQVHQW� WR�

SDUWLFLSDWH� LQ� WKH� VWXG\�� :H� SHUIRUPHG� ,/���� ,/���� ,/���� ,/���� � ³,)$�%HVW´� DV�

SUHYLRXVO\�GHVFULEHG�XVLQJ�D�PRQRFORQDO�DQWL�KXPDQ�LQWHUOHXNLQV�DQWL�ERG\�REWDLQHG�

E\� � �� ³,/���,)$�%HVW´�� ³,/���,)$�%HVW´�� ³,/���,)$�%HVW´�� ³,/����,)$�%HVW´���

5XVVLD�� � 6WDWLVWLFDO� DQDO\VLV� ZDV� SHUIRUPHG� XVLQJ� Ä6WDGLD��´�YHUVLRQ� ÄɊURI´��

Ä6WDWLVWLFD��´��

5HVXOWV�DQG�GLVFXVVLRQ�
:H�ILUVW�FRPSDUHG�,/���SURGXFWLRQ�RI�DOO�JURXSV�IURP�FRQWURO�VXEMHFWV��/RFDO�,/���

OHYHOV� LQ� VSXWXP�ZHUH�KLJKHU� LQ� WKH� VDPSOHV�RI� WKH� DOO� FDVHV� WKDQ� LQ� WKHLU� FRQWUROV��

:KHQ� FRPSDUHG� ZLWK� VSXWXP� IURP� QRUPDO� VXEMHFWV� VSXWXP� RI� SDWLHQWV� ZLWK�

EURQFKLWLV� ������ ������� ������ SJ�PO�� ɪ���������� ZLWK� SQHXPRQLD� ������ ������� ������
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SJ�PO�� ɪ ��������� ZLWK� FKURQLF� OXQJ� GLVHDVHV� ������ ������� ������ SJ�PO�� ɪ���������

FRQWDLQHG� D� VLJQLILFDQWO\� KLJKHU� OHYHOV� RI� ,/���� 7KHUH� ZDV� VWDWLVWLFDOO\� VLJQLILFDQW�

GLIIHUHQFH�EHWZHHQ�VSXWXP�,/���OHYHOV�RI�SDWLHQWV�ZLWK�SQHXPRQLD�DQG�ZLWK�FKURQLF�

OXQJ� GLVHDVH� �ɪ ��������� � 7KLV� REVHUYDWLRQ� LV� LQOLQH� ZLWK� UHSRUWV� LQGLFDWLQJ� D�

VLJQL¿FDQW� UROH� RI� ,/��� LQ� SURPRWLQJ� LQIODPPDWLRQ� LQ� WKH� OXQJ�� ,/��� LQFUHDVHV� WKH�

H[SUHVVLRQ�RI�RWKHU�LQIODPPDWRU\�F\WRNLQHV�IURP�ILEUREODVWV�WKDW�PLJKW�FRQWULEXWH�WR�

LQIODPPDWLRQ�DQG�OXQJ�UHPRGHOOLQJ�LQ�FKURQLF�UHVSLUDWRU\�GLVHDVHV��

,Q� SDWLHQWV� WKH�PHGLDQ� OHYHO� RI� ,/��� LQ� VSXWXP� RI� FKLOGUHQ�ZLWK� EURQFKLWLV��ZLWK�

SQHXPRQLD�DQG�ZLWK�FKURQLF�OXQJ�GLVHDVH�DQG�FRQWURO�JURXS�ZHUH���������������������

SJ�PO�� ɪ���������� � ������ ������� ���� SJ�PO�� ɪ ��������� ������ ������� ������ SJ�PO��
ɪ��������� DQG� � ����������� ������ SJ�PO�� 7KHUH� ZHUH� VLJQL¿FDQW� GLIIHUHQFHV� LQ� WKH�
VSXWXP� F\WRNLQH� OHYHOV� EHWZHHQ� WKH� VXEMHFWV� RI� FKLOGUHQ� ZLWK� EURQFKLWLV� DQG�

SQHXPRQLD��ɪ ��������DQG�EHWZHHQ�WKH�VXEMHFWV�RI�FKLOGUHQ�ZLWK�EURQFKLWLV�DQG�OXQJ�

ILEURVLV� �ɪ ��������� 7KH� SUHVHQW� GDWD� VKRZ� WKDW� SURGXFWLRQ� RI� ,/��� LQGLFDWLQJ� D�

VLJQL¿FDQW�UROH�LQ�WKH�SDWKRJHQHVLV�RI�DFXWH�LQÀDPPDWLRQ���

,Q�RXU�VWXG\�ZH�FRPSDUHG�,/���SURGXFWLRQ�LQ�WKH�VSXWXP�IURP�FRQWURO�VXEMHFWV�DQG�

IURP�DOO�SDWLHQWV��7KH�PHGLDQ�DQG�WKH�LQWHUTXDUWLOH�UDQJH�OHYHO�RI�,/���LQ�VSXWXP�DUH�

VXPPDULVHG�IRU�HDFK�DJH�JURXS��LQ�WKH�JURXS��������������������SJ�PO��ɪ����������LQ�
WKH� JURXS� �� ������ ������� �����SJ�PO�� ɪ���������� LQ� WKH� JURXS� �� ������ ������� ������
SJ�PO�� ɪ��������� DQG� LQ� WKH� FRQWURO� JURXS� ������������ ������ SJ�PO��� 6XEMHFWV� RI�
FKLOGUHQ�ZLWK�OXQJ�ILEURVLV�KDG�D�VLJQL¿FDQWO\�KLJKHU�FRQFHQWUDWLRQ�RI�,/���LQ�LQGXFHG�

VSXWXP� WKDQ� VXEMHFWV� RI� FKLOGUHQ� EURQFKLWLV� �ɪ��������� DQG� VXEMHFWV� RI� FKLOGUHQ�
SQHXPRQLD� �ɪ���������� 7KH� FRQFHQWUDWLRQ� RI� ,/��� LQ� WKH� LQGXFHG� VSXWXP� VDPSOHV�
GLIIHUHQWLDWHG�SDWLHQWV�ZLWK�EURQFKLWLV�DQG�SQHXPRQLD�IURP�SDWLHQW�ZLWK�OXQJ�ILEURVLV��

DQG�LQGLFDWHG�DW�ULVN�IRU�WUDQVIRUPDWLRQ�DFXWH�GLVHDVHV�WR�FKURQLF�OXQJ�GLVHDVHV��

,/����ZHUH�VLJQL¿FDQWO\� LQFUHDVHG� LQ�LQGXFHG�VSXWXP�VDPSOH�IURP�SDWLHQWV�RI�DOO�

JURXSV�FRPSDUHG�ZLWK�QRUPDO�VXEMHFWV��:H�IRXQG�WKDW�LQGXFHG�VSXWXP�IURP�VXEMHFWV�

RI�SDWLHQWV�ZLWK�EURQFKLWLV��������������������SJ�PO��ɪ����������ZLWK�SQHXPRQLD�������
������� ������SJ�PO��ɪ����������ZLWK�FKURQLF� OXQJ�GLVHDVHV� ������ �������������SJ�PO��
ɪ���������KDG�D�KLJKHU�FRQFHQWUDWLRQ�RI�,/�����FRPSDUHG�WR�FRQWURO�������������������
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SJ�PO���:H� IRXQG� WKDW� LQGXFHG�VSXWXP�IURP�VXEMHFWV�RI�SDWLHQWV�ZLWK� FKURQLF� OXQJ�

GLVHDVHV� KDG� D� KLJKHU� FRQFHQWUDWLRQ� RI� ,/���� FRPSDUHG� WR� FKLOGUHQ�ZLWK� EURQFKLWLV�

�ɪ��������� DQG�ZLWK�SQHXPRQLD� �ɪ���������� UHVSHFWLYHO\�� ,QFUHDVLQJ�VSXWXP� OHYHOV�
RI� ,/���� ,/���� ,/���� ,/���� RI� DOO� JURXSV� DUH� LQGLFDWLQJ� D� UROH� RI� F\WRNLQHV� LQ� WKH�

UHPRGHOLQJ�SURFHVV�RI�WKH�DLUZD\V�DQG�OXQJ��

&RQFOXVLRQV�
2XU� UHVXOWV� LQGLFDWH� WKDW� WKHUH� LV� D� SUHGRPLQDQW� LQÀDPPDWLRQ� LQ� WKH� DLUZD\V� RI�

SDWLHQWV�ZLWK�FKURQLF�OXQJ�GLVHDVHV�DVVRFLDWHG�F\WRNLQHV��7KH�SUHVHQW�GDWD�VKRZ�WKDW�

SURGXFWLRQ�RI�,/����,/����,/���DQG�,/����LQ�VSXWXP��UHÀHFWLQJ�XSSHU�DLUZD\�DQG�OXQJ�

LQIODPPDWRU\�UHVSRQVHV��ZDV�VWDWLVWLFDOO\�VLJQL¿FDQWO\�HOHYDWHG�LQ�FKLOGUHQ�ZLWK�OXQJ�

ILEURVLV��DV�FRPSDUHG�WR�FKLOGUHQ�ZLWK�EURQFKLWLV�DQG�SQHXPRQLD���

�
5HIHUHQFHV��
��� 6WULHWHU� 5�0�� :KDW� GLIIHUHQWLDWHV� QRUPDO� OXQJ� UHSDLU� DQG� ILEURVLV"�

,QIODPPDWLRQ�� UHVROXWLRQ�RI� UHSDLU�� DQG� ILEURVLV��5�0��6WULHWHU� ���3URFHHGLQJV�RI� WKH�

$PHULFDQ�7KRUDFLF�6RFLHW\������������9RO����ʋ�����3�����±�����

��� 0D]XU�:��ɋRPSDULVRQ�RI���,VRSURVWDQH�DQG�,QWHUOHXNLQ���LQ�,QGXFHG�6SXWXP�

DQG�([KDOHG�%UHDWK�&RQGHQVDWH�IURP�$V\PSWRPDWLF�DQG�6\PSWRPDWLF�6PRNHUV��:��

0D]XU��+��6WDUN��9/��.LQQXOD����5HVSLUDWLRQ����������9RO�ʋ������Ɋ�����±�����

��� ,QGXFHG�VSXWXP�LQ�FKLOGUHQ�ZLWK�QHZO\�GLDJQRVHG�PLOG�DVWKPD��WKH�HIIHFW�RI���

PRQWKV� RI� WUHDWPHQW� ZLWK� EXGHVRQLGH� RU� GLVRGLXP� FURPRJO\FDWH� �� 3�� 5\WLOD�� $�6��

3HONRQHQ��7��0HWVR�>HW�DO�@����$OOHUJ\����������9RO������ʋ������Ɋ�����±�����

��� :HLV]KDU�=��,QGXFHG�VSXWXP�DQDO\VLV��VWHS�E\�VWHS���=�:HLV]KDU��,��+RUYDWK����
%UHDWKH�����������9RO�������3�����������

��� 6DJHO� 6�'�� 6SXWXP� %LRPDUNHUV� RI� ,QIODPPDWLRQ� LQ� &\VWLF� )LEURVLV� /XQJ�

'LVHDVH�� 6�'�� 6DJHO�� -�)�� &KPLHO�� 0�:�� .RQVWDQ� ��� 3URFHHGLQJV� RI� WKH� $PHULFDQ�

7KRUDFLF�6RFLHW\���������±�9RO�����ʋ��±�3����������

�
Ɋɟɡɸɦɟ��ɍ�ɫɬɚɬɬɿ�ɧɚɜɟɞɟɧɿ�ɪɟɡɭɥɶɬɚɬɢ�ɞɨɫɥɿɞɠɟɧɧɹ�ɩɨɤɚɡɧɢɤɿɜ�ɿɦɭɧɧɨʀ�ɫɢɫɬɟɦɢ�
ɭ� ɞɿɬɟɣ� ɡ� ɛɪɨɧɯɿɬɚɦɢ�� Ȼɭɥɢ� ɜɿɞɨɛɪɚɠɟɧɿ� ɮɚɤɬɨɪɢ� ɬɪɚɧɫɮɨɪɦɚɰɿʀ� ɛɪɨɧɯɿɬɿɜ� ɜ�
ɯɪɨɧɿɱɧɭ� ɛɪɨɧɯɨɥɟɝɟɧɟɜɭ� ɩɚɬɨɥɨɝɿɸ�� ɜɤɥɸɱɚɸɱɢ� ɩɨɪɭɲɟɧɧɹ� ɩɪɨɞɭɤɰɿʀ�
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ɰɢɬɨɤɿɧɿɜ�� Ⱦɨɫɥɿɞɠɟɧɧɹ� ɜɢɡɧɚɱɢɥɨ� ɭɦɨɜɢ� ɩɟɪɫɢɫɬɟɧɰɿʀʀ� ɛɪɨɧɯɨɥɟɝɟɧɟɜɨɝɨ�
ɡɚɩɚɥɟɧɧɹ�� ɡɚ� ɞɨɩɨɦɨɝɨɸ� ɜɢɜɱɟɧɧɹ� ɤɨɧɰɟɧɬɪɚɰɿʀ� ɰɢɬɨɤɿɧɿɜ� ɜ� ɿɧɞɭɤɨɜɚɧɨɦɭ�
ɦɨɤɪɨɬɢɧɧɿ�ɭ����ɞɿɬɟɣ� ɡ� ɝɨɫɬɪɢɦɢ�ɛɪɨɧɯɿɬɚɦɢ��ɭ����ɞɿɬɟɣ� ɡ�ɩɧɟɜɦɨɧɿɹɦɢ��ɭ����
ɞɿɬɟɣ� ɡ� ɯɪɨɧɿɱɧɨɸ� ɛɪɨɧɯɨɥɟɝɟɧɟɜɨɸ� ɩɚɬɨɥɨɝɿɽɸ� ɬɚ� ɩɧɟɜɦɨɮɿɛɪɨɡɨɦ�� ɬɚ� ɭ� ���
ɡɞɨɪɨɜɢɯ�ɞɿɬɟɣ��ɉɪɢ�ɩɨɪɿɜɧɹɧɧɿ�ɡ�ɩɨɤɚɡɧɢɤɚɦɢ�ɝɪɭɩɢ�ɤɨɧɬɪɨɥɸ�ɭ�ɩɚɰɿɽɧɬɿɜ�ɜɫɿɯ�
ɞɨɫɥɿɞɠɭɜɚɧɢɯ� ɝɪɭɩ� ɜɿɞɡɧɚɱɚɥɢɫɹ� ɫɬɚɬɢɫɬɢɱɧɨ� ɞɨɫɬɨɜɿɪɧɨ� ɩɿɞɜɢɳɟɧɿ� ɪɿɜɧɿ�
ɿɧɬɟɪɥɟɣɤɿɧɿɜ��ȱɅ����ȱɅ����ȱɅ����ȱɅ�����ɜ�ɿɧɞɭɤɨɜɚɧɨɦɭ�ɦɨɤɪɨɬɢɧɧɿ��ɉɿɞɜɢɳɟɧɧɹ�
ɤɨɧɰɟɧɬɪɚɰɿʀ�ɿɧɬɟɪɥɟɣɤɿɧɨɜ�ɭ�ɿɧɞɭɤɨɜɚɧɨɦɭ�ɦɨɤɪɨɬɢɧɧɿ�ɭ�ɞɿɬɟɣ�ɡ�ɛɪɨɧɯɿɬɚɦɢ�ɬɚ�
ɩɧɟɜɦɨɧɿɹɦɢ�� ɦɨɠɥɢɜɨ� ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ� ɜ� ɹɤɨɫɬɿ� ɜɢɹɜɥɟɧɧɹ� ɝɪɭɩɢ� ɪɢɡɢɤɭ� ɭ�
ɮɨɪɦɭɜɚɧɧɿ�ɯɪɨɧɿɱɧɨʀ�ɛɪɨɧɯɨɥɟɝɟɧɟɜɨʀ�ɩɚɬɨɥɨɝɿʀ��
Ʉɥɸɱɨɜɿ�ɫɥɨɜɚ��ɛɪɨɧɯɿɬ��ɩɧɟɜɦɨɧɿɹ��ɿɧɬɟɪɥɟɣɤɿɧ�
�
�
Ɋɟɡɸɦɟ�� ȼ� ɫɬɚɬɶɟ� ɩɪɟɞɫɬɚɜɥɟɧɵ� ɪɟɡɭɥɶɬɚɬɵ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɩɨɤɚɡɚɬɟɥɟɣ�
ɢɦɦɭɧɧɨɣ� ɫɢɫɬɟɦɵ� ɭ� ɞɟɬɟɣ� ɫ� ɛɪɨɧɯɢɬɚɦɢ�� Ȼɵɥɢ� ɜɵɹɜɥɟɧɵ� ɮɚɤɬɨɪɵ�
ɧɟɛɥɚɝɨɩɪɢɹɬɧɨɝɨ� ɩɪɨɝɧɨɡɚ� ɢ� ɬɪɚɧɫɮɨɪɦɚɰɢɢ� ɛɪɨɧɯɢɬɨɜ� ɜ� ɯɪɨɧɢɱɟɫɤɭɸ�
ɛɪɨɧɯɨɥɟɝɨɱɧɭɸ� ɩɚɬɨɥɨɝɢɸ�� ɜɤɥɸɱɚɸɳɢɟ� ɧɚɪɭɲɟɧɢɟ� ɩɪɨɞɭɤɰɢɢ� ɰɢɬɨɤɢɧɨɜ��
ɂɫɫɥɟɞɨɜɚɧɢɟ� ɨɩɪɟɞɟɥɢɥɨ� ɮɚɤɬɨɪɵ�� ɫɩɨɫɨɛɫɬɜɭɸɳɢɟ� ɩɟɪɫɢɫɬɟɧɰɢɢ�
ɛɪɨɧɯɨɥɟɝɨɱɧɨɝɨ� ɜɨɫɩɚɥɢɬɟɥɶɧɨɝɨ� ɩɪɨɰɟɫɫɚ�� ɫ� ɩɨɦɨɳɶɸ� ɢɡɭɱɟɧɢɹ�
ɤɨɧɰɟɧɬɪɚɰɢɢ� ɰɢɬɨɤɢɧɨɜ� ɜ� ɢɧɞɭɰɢɪɨɜɚɧɧɨɣ� ɦɨɤɪɨɬɟ� ɭ� ��� ɞɟɬɟɣ� ɫ� ɨɫɬɪɵɦɢ�
ɛɪɨɧɯɢɬɚɦɢ�� ɭ� ��� ɞɟɬɟɣ� ɫ� ɩɧɟɜɦɨɧɢɹɦɢ�� ɭ� ��� ɞɟɬɟɣ� ɫ� ɯɪɨɧɢɱɟɫɤɨɣ�
ɛɪɨɧɯɨɥɟɝɨɱɧɨɣ� ɩɚɬɨɥɨɝɢɟɣ�� ɢɦɟɸɳɢɯ� ɩɧɟɜɦɨɮɢɛɪɨɡ� ɢ� ɭ� ��� ɡɞɨɪɨɜɵɯ� ɞɟɬɟɣ��
ɉɪɢ� ɫɪɚɜɧɟɧɢɢ� ɫ� ɩɨɤɚɡɚɬɟɥɹɦɢ� ɝɪɭɩɩɵ� ɤɨɧɬɪɨɥɹ� ɨɬɦɟɱɚɥɨɫɶ� ɞɨɫɬɨɜɟɪɧɨɟ�
ɩɨɜɵɲɟɧɢɟ� ɭɪɨɜɧɟɣ� ɢɧɬɟɪɥɟɣɤɢɧɨɜ� �ɂɅ���� ɂɅ���� ɂɅ���� ɂɅ����� ɜ�
ɢɧɞɭɰɢɪɨɜɚɧɧɨɣ� ɦɨɤɪɨɬɟ� ɜɨ� ɜɫɟɯ� ɢɫɫɥɟɞɭɟɦɵɯ� ɝɪɭɩɩɚɯ�� ɉɨɜɵɲɟɧɢɟ�
ɤɨɧɰɟɧɬɪɚɰɢɢ� ɢɧɬɟɪɥɟɣɤɢɧɨɜ� ɜ� ɢɧɞɭɰɢɪɨɜɚɧɧɨɣ� ɦɨɤɪɨɬɟ� ɭ� ɩɚɰɢɟɧɬɨɜ� ɫ�
ɛɪɨɧɯɢɬɚɦɢ�ɢ�ɩɧɟɜɦɨɧɢɹɦɢ��ɦɨɠɧɨ�ɢɫɩɨɥɶɡɨɜɚɬɶ�ɜ�ɤɚɱɟɫɬɜɟ�ɜɵɹɜɥɟɧɢɹ�ɝɪɭɩɩɵ�
ɪɢɫɤɚ�ɮɨɪɦɢɪɨɜɚɧɢɹ�ɯɪɨɧɢɱɟɫɤɨɣ�ɛɪɨɧɯɨɥɟɝɨɱɧɨɣ�ɩɚɬɨɥɨɝɢɢ��
Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ��ɛɪɨɧɯɢɬ��ɩɧɟɜɦɨɧɢɹ��ɢɧɬɟɪɥɟɣɤɢɧ��
�
�
�
5HFHLYHG�������������� � � � � � � $FFHSWHG������������
�
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�6HQDWRURYD�*�6����5LJD�2�2����*RQFKDU�0�$����.RQGUDWRYD�,�<X����%R\FKHQNR�$�'����

6HQDWRURYD�$�9����7HVOHQNR�7�$����.RPRYD��

48$/,7<�2)�/,)(�$1'�+($/7+�)$&7256�
$021*�:20(1�2)�5(352'8&7,9(�$*(�,1�

8.5$,1(�
�.KDUNLY�1DWLRQDO�0HGLFDO�8QLYHUVLW\���5HJLRQDO�3HULQDWDO�&HQWUH��.KDUNLY��8NUDLQH�

�

5HVXPH��$W�WKH�DUWLFOH�WKHUH�DUH�DVSHFWV�RI�PHGLFDO�DQG�*DOOXS�SROO�RI�FKLOGEHDULQJ�
DJH� ZRPHQ� RI� WKH� ELJJHVW� UHJLRQ� RI� (DVWHUQ� 8NUDLQH�� $XWKRUV� HOXFLGDWHG� D� ULVN�
IDFWRUV� KDYH� LQIOXHQFHG� RQ� ����ZRPHQ� UHSURGXFWLYH� KHDOWK� GXH� WR� WKH�TXHVWLRQLQJ��
7KH� HYDOXDWLRQ� RI� PHGLFDO� FDUH� TXDOLW\� WR� SUHJQDQF\� ZRPHQ� ZDV� SHUIRUPHG� LQ�
.KDUNLY�UHJLRQ��7KH�KHDOWK�DFWLYLWLHV�RI�PHGLFDO�VWDII�DQG�LQFUHDVLQJ�RI�PRWLYDWLRQ�WR�
LPSURYLQJ�SURSHU�KHDOWK�RI�ZRPHQ�DUH�FRQVLGHULQJ�LW�QHFHVVDU\�IRU�SURSK\ODFWLFV�RI�
SUHJQDQF\�ORVLQJ�DQG�QHRQDWDO�GLVHDVHV���
.H\� ZRUGV�� FKLOGEHDULQJ� DJH� ZRPHQ�� *DOOXS� SROO�� DGYHUVH� IDFWRUV� IRU� IHWXV� DQG�
QHZERUQ�
�

�
4XDOLW\�RI�OLIH��4R/��UHODWHV�WR�DQ�LQGLYLGXDO¶V�SHUFHLYHG�XQGHUVWDQGLQJ�RI�KLV�

RU� KHU� SODFH� LQ� OLIH� LQ� WKH� FRQWH[W� RI� FXOWXUH� DQG� HQYLURQPHQWDO� V\VWHPV�� ,W� LV� D�

FRPSOH[��PXOWLGLPHQVLRQDO�FRQVWUXFW�DIIHFWHG�E\�SK\VLFDO��PHQWDO��VRFLDO��HPRWLRQDO��

VH[XDO�� DQG� VSLULWXDO� SDUDPHWHUV� �%-2*��+&:,���*LYHQ� WKH� UDQJH� DQG� GHSWK� RI� LWV�

PHDVXUHV� TXDOLW\� RI� OLIH� FDQ� EH� D� SRZHUIXO� KHDOWK� LQGLFDWRU�� DQG� � TXDOLW\� RI� OLIH�

DVVHVVPHQWV� DUH� LQFUHDVLQJO\� EHLQJ� XWLOL]HG� WR� LQIRUP� GHVFULSWLRQV� RI� SRSXODWLRQ�

KHDOWK���

1XPHURXV� UHSRUWV� IURP� HDVWHUQ� (XURSH� VXJJHVW� WKDW� SUHYHQWDEOH� KHDOWK�

SUREOHPV� RI�ZRPHQ� LQ� WKLV� UHJLRQ�PD\� EH� HQGHPLF�� )HZ� GDWD� H[LVW�� KRZHYHU�� WKDW�

GHVFULEH� ZRPHQ¶V� KHDOWK� LQ� 8NUDLQH�� SDUWLFXODUO\� WKRVH� RI� UHSURGXFWLYH� DJH��

,QIRUPDWLRQ�JDSV�LQ�8NUDLQH�PD\�EH�D�FRQVHTXHQFH��DW�OHDVW�LQ�SDUW��RI�SRRU�URXWLQH�

DQWHQDWDO�FDUH� IRU�SUHJQDQW�ZRPHQ�� WKH�QDWLRQDO�2UGHU�RI� WKH�0LQLVWU\�RI�0HGLFLQH�

FXUUHQWO\�PDNHV�QR�SURYLVLRQ�IRU�WKLV�VHUYLFH���
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,PSURYHG�XQGHUVWDQGLQJ�RI� WKH�FXUUHQW�VWDWH�RI�ZRPHQ�RI�UHSURGXFWLYH�DJH�LQ�

8NUDLQH� LQ�FUXFLDO� WR�PD[LPL]LQJ� WKHLU�KHDOWK� DQWHSDUWXP�� DW� WKH� WLPH�RI�FKLOGELUWK��

DQG� SRVWSDUWXP�� ,Q� DGGLWLRQ�� WKHUH� LV� VWURQJ�HYLGHQFH� WKDW�PDWHUQDO� KHDOWK�KDV� YLWDO�

LPSOLFDWLRQV� IRU� WKH� KHDOWK� RI� XQERUQ� IHWXVHV� DQG� QHZERUQV�� DQG�� WKURXJK�

GHYHORSPHQWDO� µSURJUDPPLQJ¶� HYHQ� SOD\V� D� SRWHQWLDO� FRQWULEXWLQJ� UROH� WR� ULVN� RI�

DGXOW�RQVHW�FKURQLF�GLVHDVH����

7KH�DLP�RI�WKLV�VXUYH\�VWXG\�ZDV�WR��D��FRPSUHKHQVLYHO\�GHVFULEH��IRU�WKH�ILUVW�

WLPH��WKH�4R/�DQG�SULQFLSDO�KHDOWK�IDFWRUV�RI�ZRPHQ�RI�UHSURGXFWLYH�DJH�LQ�8NUDLQH��

�E��DQDO\]H�WKH�UHVXOWV�LQ�WKH�FRQWH[W�RI�FXUUHQWO\�DYDLODEOH�KHDOWK�VHUYLFHV��DQG��F��LI�

QHFHVVDU\�� GHYHORS� UHFRPPHQGDWLRQV� IRU� KHDOWK� V\VWHP� HQKDQFHPHQWV� WKDW� FRXOG�

FRQWULEXWH�WR�RSWLPL]DWLRQ�RI�ZRPHQ¶V�KHDOWK�FDUH�DQG�LPSURYHG�PDWHUQDO�RXWFRPHV����

0HWKRGV��7KH� LQYHVWLJDWLRQ� WRRN�SODFH� LQ�.KDUNLY�� WKH� ODUJHVW� DGPLQLVWUDWLYH�
UHJLRQ�RI�8NUDLQH�ZLWK�D�JHQHUDO�SRSXODWLRQ�RI�QHDUO\�����PLOOLRQ��$OO�ZRPHQ�DJHG�

������ IURP� .KDUNLY� ZKR� SUHVHQWHG� WR� WKH� PDWHUQLW\� FOLQLF� DW� .KDUNLY� 1DWLRQDO�

0HGLFDO�+RVSLWDO�GXULQJ������ZHUH�HOLJLEOH�IRU�WKH�VWXG\��7KH�VL]H�RI�WKH�VDPSOLQJ�RI�

SRSXODWLRQ�ZDV�FDOFXODWHG�EDVHG�RQ�SULRU�FKLOGELUWK�UDWHV�LQ�.KDUNLY�UHJLRQ��LQ�������

WKHUH�ZHUH��������OLYH�ELUWKV���

$�WRWDO�RI�����ZRPHQ�ZHUH�UDQGRPO\�VHOHFWHG�WR�SDUWLFLSDWH��$OO�ZRPHQ�WKDW�

ZHUH�DSSURDFKHG�WR�SDUWLFLSDWH�LQ�WKH�VXUYH\�DJUHHG�WR�GR�VR�DQG�ZHUH�FRQVHQWHG��7KH�

TXHVWLRQQDLUH� IRUP� XVHG� LQ� WKH� VWXG\� ZDV� PRGLILHG� IURP� YDOLGDWHG� WRROV� XVHG� E\�

$,+$� DQG� 86$,'�� >�@� 6WDWLVWLFDO� DQDO\VHV� ZHUH� SHUIRUPHG� ZLWK� D� FRPPHUFLDO�

VWDWLVWLFV�SDFNDJH��67$7,67,&$�����7KH�VWXG\�GHVLJQ�ZDV�DSSURYHG�E\�WKH�.KDUNLY�

1DWLRQDO�0HGLFDO�8QLYHUVLW\���

5HVXOWV�� 5HVSRQGHQWV� ZHUH� PRVWO\� 8NUDLQLDQV� ������� 6HYHQW\�SHUFHQW� RI�

ZRPHQ� ZHUH� PDUULHG�� ���� ZHUH� GLYRUFHG�� DQG� ��� ZHUH� VLQJOH�� 7KH� PDMRULW\� RI�

ZRPHQ�ZHUH�EHWZHHQ����DQG����\HDUV�RI�DJH���������

7KH� ���� RI� UHVSRQGHQWV� ZHUH� VDWLVILHG� ZLWK� WKHLU� KHDOWK�� ���� �� ZHUH� QRW�

VDWLVILHG��DW�WKDW������KDYH�GLIILFXOWLHV�LQ�IXOILOOLQJ�GLIIHUHQW�NLQGV�RI�DFWLYLWLHV��������

ZHUH�QRW�VDWLVILHG�WKHLU�LQFRPH��2QO\�����RI�ZRPHQ�ZKR�DUH�VDWLVILHG�ZLWK�WKH�OHYHO�

RI�KHDOWK� WKLQN� WKDW� WKHLU� SK\VLFDO�FRQGLWLRQ� FRUUHVSRQGV� WR� WKHLU� DJH�RU� HYHQ�EHWWHU�
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WKDQ�RWKHU�ZRPHQ¶V�FRQGLWLRQ�RI� WKHLU�DJH��7KH� ODVW� WKUHH�PRQWK�EHIRUH� WKH�ZRPHQ�

ZHUH�TXHVWLRQHG������RI�WKHP�KDG�KDG�PRGHUDWH�SDLQV�FDXVHG�E\�GLIIHUHQW�UHDVRQV��

:KHQ�FRPSDULQJ�WKHLU�SK\VLFDO�FRQGLWLRQ�ZLWK�WKH�SK\VLFDO�FRQGLWLRQ�RI�RWKHU�ZRPHQ�

RI�WKHLU�DJH�����UHVSRQGHQWV�FRQVLGHU��WKDW�LW�LV�GRHV�QRW�GLIIHU�IURP�WKH�ODWHVW�����RI�

ZRPHQ�FRQVLGHU�LW�WR�EH�ZRUVH�FRPSDULQJ�ZLWK�RWKHU�ZRPHQ�RI�WKHLU�DJH��

� 7KH�EUHDFK�RI�ZRUN�FRQGLWLRQV�RI�ZRPHQ�DQG�HVSHFLDOO\�RI�SUHJQDQW�ZRPHQ�LV�

RIWHQ� XQGHUHVWLPDWHG� DV� D� IDFWRU� IRU� WKHLU� DQG� IXWXUH� EDELHV¶� KHDOWK�� 0RVW� RI�

TXHVWLRQHG�ZRPHQ�LQ�.KDUNLY�UHJLRQ�DUH�HPSOR\HG��0RUHRYHU�����RI�WKHP�OLNH�WKHLU�

ZRUN��%XW� VWLOO�����ZRPHQ�FRQVLGHUHG�VWUHVV�DW�ZRUN� WKH�PDLQ�UHDVRQ�RI� WKHLU�EDG�

PRRG������RI�ZRPHQ�ZHUH�QRW�DIUDLG�WR�ORVH�WKHLU�MRE������RI�UHVSRQGHQWV�KDG�IHDUV�

WR�ORVH�WKHLU�MREV��

� ���UHVSRQGHQWV�RXW�RI�����KDYH�FKURQLF�GLVHDVHV��,W�LV�LQWHUHVWLQJ�WR�QRWLFH�WKDW�

WKH� PRVW� RI� WKHVH� GLVHDVHV� DUH� FKURQLF� XULQRVH[XDO� V\VWHP� GLVHDVHV�� ���� RI� WKH�

ZRPHQ� KDG� FKURQLF� RWRUK\QRODU\QJRORJLF� GLVHDVHV�� ���� �� SDWKRORJ\� RI� JDVWUR�

LQWHVWLQDO� WUDFW�� ���� �� UHVSLUDWRU\� V\VWHP� GLVHDVHV� DQG� DOOHUJ\�� ��� RI� ZRPHQ� KDG�

GLVHDVHV�RI�FDUGLR�YDVFXODU�V\VWHP���

� :H�UHFHLYHG�TXLWH�GLIIHUHQW�UHVXOWV�ZKHQ�ZH�FKDUDFWHUL]HG�WKH�GLVHDVHV�GXULQJ�

WKH�SUHJQDQF\��1R�GRXEW��WKDW�WKH�LQIRUPDWLRQ�FDQ¶W�EH�FRQVLGHUHG�IXOO��EXW�ZH�NHHS�WR�

WKH�SRLQW�WKDW�WKH�ZRPHQ�DUH�PRUH�FDUHIXO�DERXW�WKHLU�KHDOWK�GXULQJ�SUHJQDQF\�������

RI�WKHP�KDG�DFXWH�UHVSLUDWRU\�LQIHFWLRQV��DQG�����RI�WKHP�VSHFLILF�SUHJQDQF\�GLVHDVH���

,W�LV�H[WUHPHO\�GDQJHURXV�IRU�D�SUHJQDQW�WR�VPRNH�RU�GULQN�DOFRKRO��LW�OHDGV�WR�D�

FRPSOH[� RI� V\QGURPHV� RI� QHRQDWHV�� L�H�� SUHPDWXUHO\�� FRQJHQLWDO� DEQRUPDOLWLHV��

LQWUDXWHULQH�JURZWK�UHWDUGDWLRQ�DQG�SV\FKLF�GHYHORSPHQW��8QIRUWXQDWHO\�LW�LV�FRPPRQ�

IRU� WKH�8NUDLQLDQ�VRFLHW\� WR� VPRNH� WREDFFR�DQG�GULQN�DOFRKRO������RI�ZRPHQ�VDLG�

WKDW�WKH\�ZHUH�VPRNLQJ�DQG�����RI�WKHP�ZHUH�GULQNLQJ�DOFRKRO�EHLQJ�SUHJQDQW��,I�WR�

H[WUDSRODWH�WKLV�GDWD�LQWR�JHQHUDO�VDPSOLQJ�ZH�JHW�LPSUHVVLYH�ILJXUHV�±������ZRPHQ�

ZKR�DUH�LQ�SUHJQDQF\�VPRNH�DQG������ZRPHQ�GULQN��'HVSLWH�WKLV�IDFW��WKH�SK\VLFLDQV�

LQ�WKHLU�SUDFWLFH�XQGHUHVWLPDWH�LW��EHFDXVH�WKH\�DUH�QRW�UHIOHFWHG�SURSHUO\�LQ�PHGLFDO�

GRFXPHQWV��7KH�PHQWLRQHG�DERYH�IDFWV�DUH�LPSRUWDQW�EHFDXVH�WKH\�DUH�YLROHQW�IURP�
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WKH�PDWHUQDO�VLGH�WR�KHU�IHWXV�>�@��7KH�TXHVWLRQLQJ�VKRZHG��WKDW�WKH�KDOI�RI�WKH�ZRPHQ�

ZKR�KDG�QRW�EHHQ�VPRNLQJ�RU�GULQNLQJ�DOFRKRO��KDG�KXVEDQG�WKHVH�EDG�KDELWV��

)XUWKHU�ZH� VWXGLHG� WKH� FRQGLWLRQV�RI�ZRPHQ¶V�PHGLFDO�FDUH�DQG� WKHLU� TXDOLW\�

MXGJHG�E\�WKH�UHVSRQGHQWV������ZRPHQ�DQVZHUHG�WKH�TXHVWLRQ�DERXW�UHFHLYHG�KHDOWK�

FDUH�GXULQJ� WKHLU�SUHJQDQF\��6R�RXW�RI�DOO�DVNHG�ZRPHQ�����ZHUH�H[DPLQHG�E\�DQ�

REVWHWULFLDQ�DQG�J\QHFRORJLVW��������E\�D�PLGZLIH�������E\�D�IDPLO\�GRFWRU��EXW�����

ZHUH�QRW�H[DPLQHG�DW�DOO��7KH�DYHUDJH�GLVWDQFH�WR�D�KRVSLWDO�ZKHUH�WKH�ZRPHQ�ZHUH�

H[DPLQHG�ZDV���NP��PLQ�������NP��PD[�������NP���:H�GLG�QRW�UHFHLYH�DQ\�GLIIHUHQFH�

ZKHQ� ZH� FRPSDUHG� WKH� GLVWDQFH� IURP� WKH� PHGLFDO� RIILFH� DQG� WKH� PHGLFDO� VWDII�

TXDOLILFDWLRQ��(YHU\� WKLUG�ZRPDQ� LQ�.KDUNLY� UHJLRQ�XVHV�SXEOLF� WUDQVSRUW�RU� WD[L� WR�

JHW� WR� WKH�PHGLFDO�RIILFH�� HYHU\� IRUWK�ZRPDQ�XVHG�KHU�RZQ�FDU��:KHQ� OHDUQLQJ� WKH�

FRQGLWLRQV�RI�UHFHLYHG�PHGLFDO�FDUH�ZH�NQHZ�WKDW�HYHU\�WKLUG�ZRPDQ�KDG�WR�TXHXH�IRU�

D� ORQJ� WLPH� WR� EH� H[DPLQHG� DW� WKH� PHGLFDO� RIILFH�� $V� D� UXOH�� WKH� PHGLFDO� VWDII�

UHVSHFWIXO�WR�WKH�ZRPHQ��LW�ZDV�PDUNHG�E\�����RI�ZRPHQ��EXW�����RI�ZRPHQ�VDLG�

WKDW�WKH�SURSHU�QRUPV�RI�HWKLFV�DQG�GHRQWRORJ\�KDG�QRW�EHHQ�XVHG��

:H�VKRXOG�PHQWLRQ�WKDW�LQ�WKH�WLPH�RI�FRPSXWHU�WHFKQRORJLHV�����RI�ZRPHQ�

GLG�QRW�NQRZ�DERXW�WKH�SODFHV�ZKHUH�WKH\�FRXOG�UHFHLYH�PHGLFDO�FDUH��7KH�DXWKRUV�RI�

WKLV�DUWLFOH�SD\�PDUN�WKDW�WKHUH�LV�DQ�RSHUDWLQJ�LQVWLWXWH�RI�)DPLO\�3ODQQLQJ�LQ�.KDUNLY�

UHJLRQ������RI�ZRPHQ�DUH�QRW���DFTXDLQWHG�ZLWK�WKH�PHWKRGV�RI�IDPLO\�SODQQLQJ��1R�

GRXEW� WKDW� MXVW� WKLV� LQVWLWXWLRQ� OHWV� IRUFH� DQG� SUHYHQW� JLYLQJ� ELUWK� WR� FKLOGUHQ� ZLWK�

FRQJHQLWDO� PDOIRUPDWLRQV� DQG� LQKHULWHG� SDWKRORJ\� DQG� WKHQ� LQIOXHQFH� WKH� LQIDQW¶V�

GHDWK�DQG�LQFUHDVLQJ�RI�FKLOGUHQ¶V�GLVDELOLW\��

'LVFXVVLRQ�
%HVLGHV� QRZDGD\V� WKH� PDLQ� DSSURDFKHV� LQ� WKH� LQYHVWLJDWLRQ� RI� WKH� 4R/� LQ�

PHGLFLQH� DUH� WKH� IROORZLQJ�� VWXG\LQJ� WKH� LQIOXHQFH� RI� GLVHDVHV� RQ� SK\VLFDO��

SV\FKRORJLFDO�DQG�VRFLDO�IXQFWLRQLQJ�RI�D�SHUVRQ��VWXG\LQJ�WKH�LQIOXHQFH�IXQFWLRQLQJ�

RI� WUHDWPHQW� RQ� WKH� SDUDPHWHUV� RI� TXDOLW\� RI� D� SDWLHQW¶V� OLIH�� WKH� HVWLPDWLRQ� RI�

HIIHFWLYHQHVV� RI� PHGLFDO� VXSSOLHV�� SURJQRVWLF� GHWHUPLQDWLRQ� RI� WKH� SDUDPHWHUV� RI��

TXDOLW\� RI� OLIH��4R/� DV� D� FULWHULD� RI� D� SDWLHQW¶V� UHPLVVLRQ� RU� UHFRYHULQJ�� LQGLYLGXDO�

PRQLWRULQJ�RI�4R/�DQG�FDUU\LQJ�RXW�SRSXODWLRQ�VRFLDO�PHGLFDO�LQYHVWLJDWLRQV���
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&RQFOXVLRQV��
��� 7KH� FDUULHG� RXW� VRFLDO�PHGLFDO� UHVHDUFK� RI� WKH� SRSXODWLRQ� OHW� ILQG� RXW� ³KLGGHQ´�

IDFWRUV� ZKLFK� LQIOXHQFH� QRW� RQO\� UHSURGXFWLYH� KHDOWK� RI� D� ZRPDQ�� EXW� DOVR� KHU�

RIIVSULQJ��

��� ,Q�PRGHUQ� VRFLHW\�PRUH� DWWHQWLRQ� VKRXOG�EH� SDLG� WR� ODERU� K\JLHQH� RI� D�ZRUNLQJ�

ZRPDQ��EHFDXVH�WKHUH�LV�FORVH�FRQQHFWLRQ�EHWZHHQ�ZRPDQ¶V�KHDOWK�FRQGLWLRQ�DQG�

KHU�ODERU�FRQGLWLRQV�DQG�DWPRVSKHUH�DW�ZRUN���

���7KH� IDFWRUV�DQDO\VLV� WKH� UHYHOV� WKH�QHFHVVLW\�RI�DFWLYH�DFWLRQV�RI�PHGLFDO� VWDII� WR�

SUHYHQW�WKHVH�IDFWRUV��

���,W�LV�QHFHVVDU\�WR�DFWLYH�WKH�ZRUG�RI�WKH�)DPLO\�SODQQLQJ�LQVWLWXWH�LQ�WKH�UHJLRQ��

���,W�LV�HYLGHQW�WKDW�WR�SUHYHQW�SUHJQDQF\�ORVV�LW�LV�QHFHVVDU\�WR�UDLVH�WKH�PRWLYDWLRQ�RI�

ZRPHQ�WR�WDNH�EHWWHU�FDUH�RI�WKHLU�KHDOWK��

�

5HIHUHQFHV��
��� 6WDWLVWLF� RI� OHYHO� DQG� TXDOLW\� RI� OLIH�� ��KWWS�UHYROXWLRQ�DOOEHVW�UX��

VRFLRORJ\����������UWI�

��� 7KH�2UGHU�RI�WKH�0LQLVWU\�RI�PHGLFLQH�RI�8NUDLQH��ʋ������������������

��� 6HUJLHQNR� /�� (DUO\� RQWRJHQHVLV� ±� SHULRG� RI� ³SURJUDPPLQJ´� HQGRFULQH� DQG�

KRUPRQDO�GHSHQGLQJ� SDWKRORJ\� �PRGHUQ� DVSHFWV� RI� ROG� SUREOHPV�� ����� VHOHFWHG�

OHFWXUHV�RQ�HQGRFULQRORJ\���.KDUNLY����������ɫ����������,6%1�������������������

��� KWWS���ZZZ�HXUDVLDKHDOWK�RUJ�HQJ�KHDOWK�UHVRXUFHV�"3$*( ��	DGGBLQWB� �����

	DGGBVWUB� 	RUGHUE\ UHOHYDQF\	VHDUFKLQJ ��

��� �KWWS���VXULQ�PDUNHWRORJ�EL]�FDOFXODWRU�KWP�

��� /HYFKHQNR� HW� DOO� 3HULQDWDO� DVSHFWV� RI� YLROHQFH� FRQVHTXHQFHV� LQ� IDPLO\� �&KLOG¶V�

+HDLWK�±��������ʋ����������ɫ����������

�
Ɋɟɡɸɦɟ��ȼ�ɫɬɚɬɬɿ�ɜɿɞɨɛɪɚɠɟɧɿ�ɚɫɩɟɤɬɢ�ɦɟɞɢɤɨ�ɫɨɰɿɨɥɨɝɿɱɧɨɝɨ�ɨɩɢɬɭɜɚɧɧɹ�ɠɿɧɨɤ�
ɨɞɧɨɝɨ� ɡ� ɤɪɭɩɧɿɲɢɯ� ɪɟɝɿɨɧɿɜ� ɋɯɿɞɧɨʀ� ɍɤɪɚʀɧɢ�� Ɉɩɢɬɭɜɚɧɧɹ� ���� ɠɿɧɨɤ�
ɪɟɩɪɨɞɭɤɬɢɜɧɨɝɨ� ɜɿɤɭ� ɞɨɡɜɨɥɢɥɨ� ɚɜɬɨɪɚɦ�ɜɢɞɿɥɢɬɢ�ɮɚɤɬɨɪɢ�� ɹɤɿ� ɜɩɥɢɜɚɸɬɶ� ɧɚ�
ɪɟɩɪɨɞɭɤɬɢɜɧɟ� ɡɞɨɪɨɜ¶ɹ� ɠɿɧɨɤ�� ȼɢɹɜɥɟɧɚ� ɩɢɬɨɦɚ� ɜɚɝɚ� ɲɤɿɞɥɢɜɢɯ� ɡɜɢɱɨɤ��
ɜɢɩɚɞɤɿɜ� ɡɚɝɪɨɡ� ɬɚ� ɧɚɫɢɥɥɹ� ɜ� ɫɿɦ¶ʀ�� ɫɨɰɿɨɥɨɝɿɱɧɢɣ� ɩɨɪɬɪɟɬ� ɫɭɱɚɫɧɨʀ�
ɠɿɧɤɢ���ɉɪɨɜɟɞɟɧɚ�ɨɰɿɧɤɚ�ɹɤɨɫɬɿ�ɧɚɞɚɧɧɹ�ɦɟɞɢɱɧɨʀ�ɞɨɩɨɦɨɝɢ�ɜɚɝɿɬɧɢɦ�ɠɿɧɤɚɦ�ɜ�
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ɏɚɪɤɿɜɫɶɤɢɣ� ɨɛɥɚɫɬɿ�� Ⱦɥɹ� ɩɪɨɮɿɥɚɤɬɢɤɢ� ɜɬɪɚɬ� ɜɚɝɿɬɧɨɫɬɿ�� ɡɚɯɜɨɪɸɜɚɧɶ� ɭ�
ɧɟɦɨɜɥɹɬ� ɧɟɨɛɯɿɞɧɿ� ɡɚɯɨɞɢ� ɳɨɞɨ� ɩɿɞɜɢɳɟɧɧɹ� ɦɨɬɢɜɚɰɿʀ�� ɠɿɧɤɢ� ɛɿɥɶɲ�
ɜɿɞɩɨɜɿɞɚɥɶɧɨ� ɫɬɚɜɢɬɢɫɹ� ɞɨ� ɜɥɚɫɧɨɝɨ� ɡɞɨɪɨɜ¶ɹ�� ɿɫɧɭɽ� ɧɟɨɛɯɿɞɧɿɫɬɶ� ɚɤɬɢɜɧɨɝɨ�
ɜɬɪɭɱɚɧɧɹ�ɳɨɞɨ�ʀɯ�ɩɨɩɟɪɟɞɠɟɧɧɹ�ɡ�ɛɨɤɭ�ɦɟɞɢɱɧɢɯ�ɩɪɚɰɿɜɧɢɤɿɜ��
Ʉɥɸɱɨɜɿ�ɫɥɨɜɚ��ɠɿɧɤɚ�ɪɟɩɪɨɞɭɤɬɢɜɧɨɝɨ�ɜɿɤɭ��ɦɟɞɢɤɨ�ɫɨɰɿɨɥɨɝɿɱɧɟ��ɞɨɫɥɿɞɠɟɧɧɹ��
ɧɟɫɩɪɢɹɬɥɢɜɿ�ɮɚɤɬɨɪɢ�ɞɥɹ�ɩɥɨɞɭ�ɬɚ�ɧɨɜɨɧɚɪɨɞɠɟɧɨɝɨ��
�
Ɋɟɡɸɦɟ��ȼ�ɫɬɚɬɶɟ�ɨɬɪɚɠɟɧɵ�ɚɫɩɟɤɬɵ�ɦɟɞɢɤɨ�ɫɨɰɢɨɥɨɝɢɱɟɫɤɨɝɨ�ɨɩɪɨɫɚ�ɠɟɧɳɢɧ�
ɨɞɧɨɝɨ� ɢɡ� ɤɪɭɩɧɟɣɲɢɯ� ɪɟɝɢɨɧɨɜ� ȼɨɫɬɨɱɧɨɣ� ɍɤɪɚɢɧɵ�� Ɉɩɪɨɫ� ���� ɠɟɧɳɢɧ�
ɪɟɩɪɨɞɭɤɬɢɜɧɨɝɨ� ɜɨɡɪɚɫɬɚ� ɩɨɡɜɨɥɢɥ� ɚɜɬɨɪɚɦ� ɜɵɞɟɥɢɬɶ� ɮɚɤɬɨɪɵ�� ɤɨɬɨɪɵɟ�
ɜɥɢɹɸɬ� ɧɚ� ɪɟɩɪɨɞɭɤɬɢɜɧɨɟ� ɡɞɨɪɨɜɶɟ�� ɍɫɬɚɧɨɜɥɟɧ� ɭɞɟɥɶɧɵɣ� ɜɟɫ� ɜɪɟɞɧɵɯ�
ɩɪɢɜɵɱɟɤ��ɫɥɭɱɚɟɜ�ɭɝɪɨɡ�ɢ�ɧɚɫɢɥɢɹ�ɜ�ɫɟɦɶɟ��ɫɨɫɬɚɜɥɟɧ�ɫɨɰɢɨɥɨɝɢɱɟɫɤɢɣ�ɩɨɪɬɪɟɬ�
ɫɨɜɪɟɦɟɧɧɨɣ� ɠɟɧɳɢɧɵ�� ɉɪɨɜɟɞɟɧɚ� ɨɰɟɧɤɚ� ɤɚɱɟɫɬɜɚ� ɨɤɚɡɚɧɢɹ� ɦɟɞɢɰɢɧɫɤɨɣ�
ɩɨɦɨɳɢ� ɛɟɪɟɦɟɧɧɵɦ� ɠɟɧɳɢɧɚɦ� ɜ� ɏɚɪɶɤɨɜɫɤɨɣ� ɨɛɥɚɫɬɢ�� Ⱦɥɹ� ɩɪɨɮɢɥɚɤɬɢɤɢ�
ɩɨɬɟɪɶ� ɛɟɪɟɦɟɧɧɨɫɬɢ�� ɡɚɛɨɥɟɜɚɧɢɣ� ɭ� ɧɨɜɨɪɨɠɞɟɧɧɵɯ� ɧɟɨɛɯɨɞɢɦɵ� ɦɟɪɵ� ɩɨ�
ɩɨɜɵɲɟɧɢɸ� ɦɨɬɢɜɚɰɢɢ� ɠɟɧɳɢɧɵ� ɨɬɜɟɬɫɬɜɟɧɧɨ� ɨɬɧɨɫɢɬɶɫɹ� ɤ� ɫɨɛɫɬɜɟɧɧɨɦɭ�
ɡɞɨɪɨɜɶɸ�� ɫɭɳɟɫɬɜɭɟɬ� ɧɟɨɛɯɨɞɢɦɨɫɬɶ� ɚɤɬɢɜɧɨɝɨ� ɜɦɟɲɚɬɟɥɶɫɬɜɚ� ɫɨ� ɫɬɨɪɨɧɵ�
ɦɟɞɢɰɢɧɫɤɢɯ�ɪɚɛɨɬɧɢɤɨɜ��
Ʉɥɸɱɟɜɵɟ� ɫɥɨɜɚ�� ɠɟɧɳɢɧɚ� ɪɟɩɪɨɞɭɤɬɢɜɧɨɝɨ� ɜɨɡɪɚɫɬɚ�� ɦɟɞɢɤɨ�
ɫɨɰɢɨɥɨɝɢɱɟɫɤɨɟ� ɢɫɫɥɟɞɨɜɚɧɢɟ�� ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɟ� ɮɚɤɬɨɪɵ� ɞɥɹ� ɩɥɨɞɚ� ɢ�
ɧɨɜɨɪɨɠɞɟɧɧɨɝɨ��
�

�

�

5HFHLYHG�������������� � � � � � � $FFHSWHG�������������
�

�
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9,(:�21�7+(�48(67,21�2)�$&87(�$'+(6,9(�
,17(67,1$/�2%6758&7,21�
.KDUNLY�1DWLRQDO�0HGLFDO�8QLYHUVLW\��8NUDLQH�

�

$EVWUDFW��&XUUHQWO\��SHULWRQHDO�DGKHVLYH�GLVHDVH�LV�RQH�RI�WKH�FRPPRQ�GLVHDVHV�LQ�WKH�
ZRUOG��OHDGLQJ�WR�WKH�TXLFN�GLVDELOLW\�RI�SDWLHQWV�DQG�D�VLJQLILFDQW�UHGXFWLRQ�LQ�TXDOLW\�
RI� OLIH�� 7KH� DUWLFOH� LV� GHYRWHG� WR� QHFHVVDU\� RI� DQDO\]H� RI� WKH� FDXVHV� RI� SHULWRQHDO�
DGKHVLYH� GLVHDVH�� DGYHUVH� RXWFRPHV� RI� DFXWH� DGKHVLYH� LQWHVWLQDO� REVWUXFWLRQ�
H[DPLQLQJ� JHQHWLF�� LPPXQRORJLFDO�� ELRFKHPLFDO� DQG�PRUSKRORJLFDO� IHDWXUHV� RI� WKLV�
JURXS�RI�SDWLHQWV��GLVWLQJXLVK�DQDWRPLFDO�DQG�WRSRJUDSKLF�FULWHULD�IRU�WKH�SRVVLELOLW\�
RI� XVLQJ� WHFKQRORJ\� DV� D� PLQLPDOO\� LQYDVLYH� GLDJQRVLV� DQG� WUHDWPHQW� RI� DGKHVLYH�
GLVHDVH� RI� WKH� SHULWRQHXP�� GHYHORS� DQ� DOJRULWKP� IRU� GLDJQRVLV�� QHZ� PHWKRGV� RI�
SUHYHQWLRQ� DQG� WUHDWPHQW� RI� VXUJLFDO� DGKHVLYH� GLVHDVH� RI� WKH� SHULWRQHXP�� LWV�
FRPSOLFDWLRQV��
.H\�ZRUGV��3HULWRQHDO�DGKHVLYH�GLVHDVH��PRUSKRORJ\��FRPSOLFDWLRQ��
�

�

3HULWRQHDO� DGKHVLYH� GLVHDVH� LV� RQH� RI� WKH� FRPPRQ� GLVHDVHV� LQ� WKH� ZRUOG��

5HFHQWO\� VSUHDG�VSHFWUXP�DQG�YROXPH�RI� VXUJLFDO� LQWHUYHQWLRQV� D� VWHDG\� ULVH� LQ� WKH�

LQFLGHQFH�RI�SRVWRSHUDWLYH�GHYHORSPHQW�RI�SHULWRQHDO�DGKHVLYH�GLVHDVH��

,Q�FRQQHFWLRQ�ZLWK�WKH�ZLGHVSUHDG�LQWURGXFWLRQ�LQWR�VXUJLFDO�SUDFWLFH�VXUJHULHV�

RQ�DEGRPLQDO�RUJDQV�� WKH�UHOHYDQFH�SUREOHP�SHULWRQHDO�DGKHVLYH�GLVHDVH�LV�JURZLQJ�

VWHDGLO\��

'HVSLWH� LQWHQVLYH� GHYHORSPHQW� RI�PLQLPDOO\� LQYDVLYH� WHFKQRORJLHV� WKDW� KDYH�

VLJQLILFDQWO\� UHGXFHG� VXUJLFDO� WUDXPD�� WKH� QXPEHU� RI� WKH� QHDUHVW� DQG� ORQJ�WHUP�

FRPSOLFDWLRQV�FDXVHG�E\�DGKHVLRQ�SURFHVV�LV�QRW�UHGXFHG�>�@��

$EGRPLQDO�DGKHVLYH�GLVHDVH���D�VHULRXV� LOOQHVV��RIWHQ�RFFXUULQJ� LQ�\RXQJ�DQG�

ZRUNLQJ� DJH�� 3DWLHQWV� PXVW� DGKHUH� WR� D� VWULFW� GLHW�� DQG� IUHTXHQW� H[DFHUEDWLRQV�

SHULWRQHDO� DGKHVLYH� GLVHDVH� UHTXLULQJ� KRVSLWDOL]DWLRQ� XOWLPDWHO\� OHDG� WR� UHGXFHG�
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GLVDELOLW\�� HPRWLRQDO� LQVWDELOLW\�� VH[XDO� G\VIXQFWLRQ�� SHUVRQDOLW\� RI� QHXURWLFLVP��

GLVDELOLW\�DQG�VLJQLILFDQW�GHWHULRUDWLRQ�LQ�TXDOLW\�RI�OLIH��,Q�W\SLFDO�FOLQLFDO�VLWXDWLRQV�

DGKHVLYH�GLVHDVH�GLDJQRVLV�GRHV�QRW�SUHVHQW�DQ\�GLIILFXOWLHV��DQG�WKH�FKRLFH�RI�PHWKRG�

RI�WUHDWPHQW�GHSHQGV�RQ�WKH�SUHVHQFH�RU�DEVHQFH�RI�LQWHVWLQDO�REVWUXFWLRQ�>�����@��

,Q������'HGHUHU�ZURWH� WKDW� �DFXWH� LQWHVWLQDO�REVWUXFWLRQ�KDV� HDUQHG�QRWRULHW\�

YHU\�KHDY\�VWUHDP��GLIILFXOW�WR�GLDJQRVH�DQG�DGYHUVH�RXWFRPHV�IRU�WKH�GLVHDVH��>��@���

,Q� UHFHQW� GHFDGHV�� D� JURZLQJ� XQGHUVWDQGLQJ� RI� WKH� SDWKRJHQHVLV� RI� DFXWH�

DGKHVLYH�LQWHVWLQDO�REVWUXFWLRQ��GHYHORS�QHZ�ZD\V�WR�GLDJQRVH�� WUHDW��FXUH��LPSURYHG�

PHWKRGV�RI�DQHVWKHWLF�PDQDJHPHQW�DQG�H[WUDFRUSRUHDO�GHWR[LILFDWLRQ�>�����@��

&RPPRQ�RSHUDWLRQV�WKDW�FDXVH�DEGRPLQDO�DGKHVLYH�GLVHDVH���RSHUDWLRQV�RQ�WKH�

GHVFHQGLQJ� DQG� UHFWXP� ������� IROORZHG� E\� DSSHQGHFWRP\� ������� J\QHFRORJLF�

VXUJHU\� ������� DQG� WRWDO� FROHFWRP\� ������ ,Q� JHQHUDO�� ����� RI� SDWLHQWV� GHYHORSHG�

DGKHVLRQV� DIWHU� RSHUDWLRQV� SHUIRUPHG� EHORZ� WKH� WUDQVYHUVH� FRORQ�� ���� �� DERYH� WKH�

WUDQVYHUVH�FRORQ��DQG�LQ������RI�FDVHV�WKH�FDXVH�ZDV�SHULWRQLWLV�DGKHVLYH�REVWUXFWLRQ��

$ERXW�����RI�DOO�DGPLVVLRQV�WR�KRVSLWDOV�DQG�VXUJLFDO�ODSDURWRP\����GXH�WR�DGKHVLYH�

GLVHDVH�RI�WKH�DEGRPHQ�DQG�LWV�FRPSOLFDWLRQV�>��������@��

)UHTXHQF\� RI� DGKHVLRQ� IRUPDWLRQ� YDULHV� IURP� ��� �� WR� ���� DIWHU� VXUJLFDO�

DEGRPLQDO�RSHUDWLRQV�DQG�LV�QHDUO\�����DIWHU�RSHQ�J\QHFRORJLF�VXUJHU\��,Q�PRGHUQ�

DEGRPLQDO� VXUJHU\� SUREOHP� RI� SRVWRSHUDWLYH� DEGRPLQDO� DGKHVLRQV� QRW� ORVW� LWV�

UHOHYDQFH�>�����@��

$FXWH� DGKHVLYH� LQWHVWLQDO� REVWUXFWLRQ� GLVWLQJXLVK� WKH� VHYHULW\� DQG� UDSLG�

GHYHORSPHQW� RI� WKH� SDWKRSK\VLRORJLFDO� FKDQJHV� LQ� WKH� IRUPV� RI� VWUDQJXODWLRQ�� D�

YDULHW\�RI�FOLQLFDO�PDQLIHVWDWLRQV�DQG�UHODWHG�GLIILFXOWLHV�LQ�WKH�GLDJQRVLV��WDFWLFDO�DQG�

WHFKQLFDO�FRPSOH[LW\�RI�WKH�VXUJLFDO�WUHDWPHQW�DQG�SUHYHQWLRQ�>������@��

�7KHUHIRUH�� SRVWRSHUDWLYH�PRUWDOLW\� LQ� DFXWH� DGKHVLYH� LQWHVWLQDO� REVWUXFWLRQ� LV�

NHSW� DW� ���� FDSDFLW\� IRU� ZRUN� LV� UHVWRUHG� RQO\� ��� �� ���� RI� SDWLHQWV�� DQG� DIWHU�

FRQVHUYDWLYH�WUHDWPHQW���DW����������>��@��

:LQ� DFXWH� DGKHVLYH� LQWHVWLQDO� REVWUXFWLRQ� LV� ������� RI� WKH� LOHXV�� GXH� WR� WKH�

FRQVWDQWO\� JURZLQJ� QXPEHU� RI� RSHUDWLRQV� RQ� WKH� DEGRPLQDO� RUJDQV�� 7KXV�� VXUJLFDO�

FRPSOLFDWLRQV�DQG�GLVHDVHV�FDXVHG�E\�DGKHVLRQV�PD\�RFFXU�DOUHDG\�LQ�WKH�LPPHGLDWH�
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SRVWRSHUDWLYH�SHULRG��$FFRUGLQJ�WR�WKH�VXPPDU\�GDWD��WKH�IUHTXHQF\�RI�HDUO\�DGKHVLYH�

LQWHVWLQDO�REVWUXFWLRQ�YDULHV�EHWZHHQ�������������RI�DOO� W\SHV�RI� LOHXV�� ,Q�SHGLDWULF�

SUDFWLFH�� �� �� RI� QHZERUQV� ZKR� XQGHUZHQW� LQWHUYHQWLRQ� IRU� DEGRPLQDO� RUJDQV��

VXEVHTXHQWO\�VXEMHFWHG�WR�ODSDURWRP\�IRU�DFXWH�DGKHVLYH�LQWHVWLQDO�REVWUXFWLRQ�>�����@��

7RGD\��WKHUH�DUH�LQFUHDVLQJ�ZRUN��QRWHG�WKH�QHJDWLYH�LPSDFW�RI�DGKHVLRQV�LQ�WKH�

SHOYLF�DUHD�RQ�WKH�UHSURGXFWLYH�IXQFWLRQ�RI�\RXQJ�ZRPHQ������RI�SDWLHQWV�WKH�FDXVH�

RI� LQIHUWLOLW\� VWHHO� VSLNHV� LQ� WKH� IDOORSLDQ� WXEHV� DQG� RYDULHV�� IRUPHG� DV� D� UHVXOW� RI�

FKURQLF�SHOYLF�SURFHVVHV��$GKHVLRQV�RQ�WKH�EDFNJURXQG�RI�LQIODPPDWRU\�GLVHDVHV�RI�

WKH�LQWHUQDO�JHQLWDO�RUJDQV�DOVR�OHDGV�WR�FKURQLF�SDLQ�LQ�WKH�ORZHU�DEGRPHQ�LQ��������

RI�SDWLHQWV�XQGHUJRLQJ�SKHQRPHQRQ�RI��VDOSLQJRRIRULW�>�����@��

,Q� WKH� 8QLWHG� 6WDWHV� RYHU� WKH� DGKHVLYH� GLVHDVH� LQ� ������ WKHUH� ZHUH� DERXW�

�������� KRVSLWDOL]DWLRQV�� DQG� HFRQRPLF� FRVWV� DPRXQWHG� WR� DERXW� �� ���� ELOOLRQ� SHU�

\HDU�>��@��

+RVSLWDO� VWD\� DIWHU� DGKHVLRO\VLV� SHUIRUPHG� ODSDURWRP\� DFFHVV� LQ� XUJHQW�

SURFHGXUH�DYHUDJHV����GD\V��0RUWDOLW\� UHDFKHV�������������DQG�DW�DQ�HDUO\� IRUP�RI�

SRVWRSHUDWLYH� DGKHVLYH� REVWUXFWLRQ� �� �������������:LWK� HDFK� VXEVHTXHQW� DWWDFN� RI�

DFXWH�DGKHVLYH�LQWHVWLQDO�REVWUXFWLRQ�LOHXV�UHFXUUHQFH�ULVN�LQFUHDVHV�ZLWK�LQFUHDVLQJ�>���

��@��

7KH� UDSLG� JURZWK� RI� DGYDQFHG� WHFKQRORJLHV� LQ� PLQLPDOO\� LQYDVLYH� VXUJHU\��

ELRORJ\�� FKHPLVWU\�� SKDUPDFRORJ\� DQG� RWKHU� SDUDPHGLFDO� ILHOGV� RI� VFLHQFH� DQG�

WHFKQRORJ\�PDNH�LW�SRVVLEOH�WR�SXW�LQWR�SUDFWLFH�QHZ�ZD\V�DQG�PHDQV�RI�SUHYHQWLRQ��

GLDJQRVLV� DQG� WUHDWPHQW� RI� DGKHVLYH� GLVHDVH�� 3DWKRJHQHWLF� VRXQG� GLUHFWLRQ� LQ� WKH�

SUHYHQWLRQ�DQG�WUHDWPHQW�$$'3�LV�WKH�XVH�RI�YDULRXV�PHDQV�RI�SUHYHQWLQJ�DGKHVLRQ�

RI�FRQYHUJHQFH�DQG�LQMXUHG�SHULWRQHDO�VXUIDFHV�>�����@��

5HVHDUFKHUV�IURP�GLIIHUHQW�FRXQWULHV�DSSHDOHG�WR�WKH�GLDJQRVLV�DQG�WUHDWPHQW�RI�

DGKHVLYH�GLVHDVH�RI� WKH�SHULWRQHXP�XVLQJ�DQWLDGKHVLYH�EDUULHU�PHDQV��7KH�UHVXOWV�RI�

WKHLU� ZRUN� DUH� FRQWUDGLFWRU\�� SRVVLELOLWLHV� RI� WKH� PHWKRGV� DUH� DVVHVVHG� GLIIHUHQWO\��

PDQ\� LVVXHV� UHTXLUH� IXUWKHU� UHVHDUFK� DQG� GLVFXVVLRQ�� +RZHYHU�� PRVW� DXWKRUV� QRWH�

SURPLVLQJ� DSSOLFDWLRQ� DQWLDGKHVLYH� EDUULHU� PHDQV�� ODSDURVFRSLF� DQG� WUDGLWLRQDO�

LQWHUYHQWLRQV�LQ�SDWLHQWV�XQGHUJRLQJ�VXUJHU\�IRU�DEGRPLQDO�RUJDQV�>������@��
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$W�������������RI�SUHYLRXVO\�RSHUDWHG�SDWLHQWV�QR�VLJQV�RI�LQWHVWLQDO�REVWUXFWLRQ�

DQG�WKH�RQO\�FOLQLFDO�PDQLIHVWDWLRQ�RI�WKH�GLVHDVH�DUH�SHUVLVWHQW�DEGRPLQDO�SDLQ��,W�LV�

WKLV�JURXS�RI�SDWLHQWV�DUH� IUHTXHQW�GLDJQRVWLF�HUURUV� OHDGLQJ� WR�XQQHFHVVDU\�VXUJLFDO�

LQWHUYHQWLRQV�� 3DWLHQWV�ZLWK� DEGRPLQDO� DGKHVLRQV� RIWHQ� ORQJ�� XQVXFFHVVIXOO\� WUHDWHG�

ZLWKRXW�D�VSHFLILF�GLDJQRVLV��7KXV��DV�D�UXOH��WKH�GLDJQRVLV�DSSHDUV�QHXURWLF�V\QGURPH��

5HSRUW�WKLV�WDFWLF�GXH�WR�WKH�GLIILFXOW\�RI�HVWDEOLVKLQJ�WKH�WUXH�FDXVH�RI�SDLQ�>������@��

/HDGLQJ� UROH� LQ� WKH� GLDJQRVLV� RI� SHULWRQHDO� DGKHVLYH� GLVHDVH� DQG� � ;�UD\�

PHWKRGV�RI�LQYHVWLJDWLRQ�RI�WKH�JDVWURLQWHVWLQDO�WUDFW��3UHYLRXVO\�GHYHORSHG�WHFKQLTXH�

RI� ;�UD\� RI� WKH� VWRPDFK�� IROORZHG� E\� SDVVDJH� RI� EDULXP� DQG� IROORZ�XS� RI� KLV�

HYDFXDWLRQ� GRHV� QRW� DOZD\V� JLYH� DQ� LGHD� DERXW� WKH� WRSLF� RI� WKH� SURFHVV�� HVSHFLDOO\�

ZKHQ�WKHUH�YLVWVHURSDULHWDO�DGKHVLRQV��8VLQJ�VLPLODU�PHWKRGRORJ\�WR�WKH�EDFNJURXQG�

SQHXPRSHULWRQHXP�HQKDQFHG�LWV�GLDJQRVWLF�VLJQLILFDQFH��)XUWKHU�LPSURYHPHQW�RI�WKH�

PHWKRG�RI� FRQWUDVW� VWXG\�ZDV� UHWURJUDGH� ILOOLQJ� RI� DGGLWLRQDO� FRORQ� GRXEOH� FRQWUDVW�

EDFNJURXQG� IRU� WKH� GHWHFWLRQ� RI� FRORQ� SDWKRORJ\�� 7KHVH� PHWKRGV� KDYH� RQH� YHU\�

VLJQLILFDQW�GUDZEDFN���D�ODUJH�UDGLDO�ORDG�DQG�LQYDVLYHQHVV�VWXGLHV�DW�ORZ�VSHFLILFLW\�

DQG�VHQVLWLYLW\�>��������@��

8OWUDVRQRJUDSK\��86*��DEGRPHQ��ZLGHVSUHDG�LQ�UHFHQW�\HDUV��RSHQLQJ�XS�QHZ�

SRVVLELOLWLHV� LQ� WKH� GLDJQRVLV� RI� SHULWRQHDO� DGKHVLYH� GLVHDVH�� HVSHFLDOO\� LQ� WKH�

GHYHORSPHQW�RI� DFXWH�DGKHVLYH� LQWHVWLQDO�REVWUXFWLRQ��+RZHYHU��XOWUDVRXQG�KHOSV� WR�

FKRRVH� WKH� ]RQH� HQWU\� WURDFDUV� LQWR� WKH� DEGRPLQDO� FDYLW\�� IUHH� RI� YLVWVHURSDULHWDO�

DGKHVLRQV�>����������@��

7KH� UROH� RI� ODSDURVFRS\� LQ� WKH� GLDJQRVLV� RI� SHULWRQHDO� DGKHVLYH� GLVHDVH� LV�

FXUUHQWO\�QRW�IXOO\�XQGHUVWRRG��$FFRUGLQJ�WR�VRPH�DXWKRUV��WKH�SUHVHQFH�RI�DGKHVLRQV�

LV� D� FRQWUDLQGLFDWLRQ� IRU� ODSDURVFRS\� DQG� WKH� ULVN� RI� LWV� XVH� ZKHQ� RWKHU� PHWKRGV�

XQMXVWLILHG�� :LWK� WKH� DGYHQW� RI� QHZ� WHFKQRORJLHV� LQ� HQGRVFRSLF� VXUJHU\� DQG� WKH�

GHYHORSPHQW�RI�VDIH�PHWKRGV�RI�ODSDURVFRSLF�DSSURDFK�LQ�WHUPV�RI�UHOD[DWLRQ��DV�ZHOO�

DV� ZLWK� WKH� XVH� RI� XOWUDVRXQG� WR� YLVXDOL]H� WKH� SRVVLELOLWLHV� RI� WKH� PHWKRG�

YLVWVHURSDULHWDO� DGKHVLRQV� LQFUHDVHG� VLJQLILFDQWO\� GHFUHDVHG� DQG� WKH� QXPEHU� RI�

FRPSOLFDWLRQV�>�����@��
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'HYHORSPHQW�DQG�RXWFRPH�DIWHU�VXUJHU\�UHSDUDWLRQ�SDUDPRXQW�GHSHQGV�RQ�WKH�

ORFDO�UHDFWLRQ�RI�LQIODPPDWRU\�FHOOV��WKH�VWDWH�RI�ORFDO�LPPXQLW\��ZKLFK�FRQWUROV�WKH�

GLIIHUHQWLDWLRQ�RI�SURJHQLWRU�FHOOV�LQWR�ILEUREODVWV�DQG�UHJXODWH�WKHLU�DFWLYLW\��/DZV�RI�

G\VUHJXODWLRQ�RI� WKH� LPPXQH�V\VWHP� LQ� WKH� IRUPDWLRQ�RI�DGKHVLRQV� UHPDLQ�YLUWXDOO\�

XQH[SORUHG���

/DWHO\�SDWKRJHQHWLF�VHDUFK�PHWKRGV�IRU�SUHYHQWLRQ�DQG�LPSDFW�RQ�WKH�DGKHVLRQ�

SURFHVV� LV� FRQGXFWHG� DPRQJ� GUXJV� DFWLQJ� RQ� LPPXQRELRORJLFDO� UHDFWLYLW\� RI� WKH�

RUJDQLVP��6HW�RI�SUHYHQWLYH�PHDVXUHV�GLUHFWHG�RQO\�WR�WKH�DFWLYDWLRQ�RI�LPPXQH�DQG�

FHOOXODU�HOHPHQWV�SUROLIHUDWLRQ�E\�DIIHFWLQJ�WKH�ORFDO�LQIODPPDWLRQ���

0HWKRG� ODSDURVFRS\� ZDV� ILUVW� XVHG� WR� WUHDW� WKH� DGKHVLYH� GLVHDVH� DQG� LWV�

FRPSOLFDWLRQV�ZLWK�KLJK�HIILFLHQF\�����WR�������LQ�SHGLDWULF�VXUJHU\�>������@��

%XW� UHPDLQV�XQGHYHORSHG�DOJRULWKP�WUHDWPHQW�RI� WKLV�GLVHDVH��DV�FRQVHUYDWLYH�

WKHUDS\� SURYLGHV� RQO\� D� WHPSRUDU\� HIIHFW�� DQG� LQ� ����� �� RI� SDWLHQWV� KH� DEVHQW��

7UDGLWLRQDO� VXUJLFDO� LQWHUYHQWLRQV�XVHG� LQ� LQWHVWLQDO�REVWUXFWLRQ� DQG�GR�QRW� JLYH� WKH�

GHVLUHG�HIIHFW��LQHYLWDEO\�FDXVLQJ�D�UHFXUUHQFH�RI�DGKHVLRQV��7R�GLDJQRVH�WKH�FDXVH�RI�

REVFXUH� DEGRPLQDO� SDLQ� LQ� UHFHQW� \HDUV� KDYH� LQFUHDVLQJO\� XVHG� WKH� ODSDURVFRSLF�

DSSURDFK�� 2SHUDWLYH� ODSDURVFRS\� LV� ZLGHO\� XVHG� WR� WUHDW� SDWLHQWV� ZLWK� DEGRPLQDO�

DGKHVLRQV�GLVHDVH�>����������@��

:LGH�UDQJLQJ� GLVFXVVLRQ� RQ� WKH� GLDJQRVLV�� VXUJLFDO� WUHDWPHQW� RI� DGKHVLYH�

GLVHDVH� DEGRPHQ� LQGLFDWHV� VXVWDLQHG� XUJHQF\� RI� WKLV� SUREOHP�� +HWHURJHQHLW\� RI�

V\PSWRPV�� GLDJQRVWLF� GLIILFXOWLHV� DQG� DPELJXLW\� RI� LQWHUSUHWDWLRQ� RI� WKH� UHVXOWV�

REWDLQHG��DV�ZHOO�DV�WKH�LQDGHTXDF\�RI�H[LVWLQJ�GLIIHUHQWLDO�FULWHULD�FDXVH�GLIILFXOW\�LQ�

FKRRVLQJ�D�UDWLRQDO�PHWKRG�RI�WUHDWLQJ�D�GLVHDVH��,W�UHPDLQV�XQFOHDU�SODFH�PLQLPDOO\�

LQYDVLYH� LQWHUYHQWLRQV� LQ� WKH� WUHDWPHQW� RI� SDLQIXO� IRUPV� RI� DEGRPLQDO� DGKHVLYH�

GLVHDVH�>��������@��

,Q�FRQQHFWLRQ�ZLWK�WKH�DERYH�VWDWHG��ZH�EHOLHYH�LW� LV�QHFHVVDU\�WR�DQDO\]H�WKH�

FDXVHV�RI�SHULWRQHDO�DGKHVLYH�GLVHDVH��DGYHUVH�RXWFRPHV�RI�DFXWH�DGKHVLYH�LQWHVWLQDO�

REVWUXFWLRQ� H[DPLQLQJ� JHQHWLF�� LPPXQRORJLFDO�� ELRFKHPLFDO� DQG� PRUSKRORJLFDO�

IHDWXUHV�RI� WKLV� JURXS�RI�SDWLHQWV�� GLVWLQJXLVK� DQDWRPLF� DQG� WRSRJUDSKLF� FULWHULD� IRU�

WKH�SRVVLELOLW\�RI�XVLQJ�WHFKQRORJ\�DV�D�PLQLPDOO\�LQYDVLYH�GLDJQRVLV�DQG�WUHDWPHQW�RI�
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DGKHVLYH�GLVHDVH�RI�WKH�SHULWRQHXP��GHYHORS�DQ�DOJRULWKP�IRU�GLDJQRVLV��QHZ�PHWKRGV�

RI� SUHYHQWLRQ� DQG� WUHDWPHQW� RI� VXUJLFDO� DGKHVLYH� GLVHDVH� RI� WKH� SHULWRQHXP�� LWV�

FRPSOLFDWLRQV��

�

5HIHUHQFHV��
��� Ȼɟɥɹɜɫɶɤɚ�Ȼ�Ɇ��Ƚɨɫɬɪɚ�ɫɩɚɣɤɨɜɚ�ɤɢɲɤɨɜɚ�ɧɟɩɪɨɯɿɞɧɿɫɬɶ�ɩɿɫɥɹ�ɚɩɟɧɞɟɤɬɨɦɿʀ�

��Ȼ�Ɇ��Ȼɟɥɹɜɫɶɤɚ����ɇɚɭɤ��ɜɿɫɧ��ɍɠɝɨɪɨɞ��ɭɧ�ɬɭ��ɫɟɪɿɹ��Ɇɟɞɢɰɢɧɚ����±�������±�ʋ�

����±�&���������

��� ȼɨɪɨɛɶɟɜ� $�$��� Ȼɟɛɭɪɢɲɜɢɥɢ� Ⱥ�Ƚ�� ɏɢɪɭɝɢɱɟɫɤɚɹ� ɚɧɚɬɨɦɢɹ�

ɨɩɟɪɢɪɨɜɚɧɧɨɝɨ�ɠɢɜɨɬɚ�ɢ�ɥɚɩɚɪɨɫɤɨɩɢɱɟɫɤɚɹ�ɯɢɪɭɪɝɢɹ�ɫɩɚɟɤ����ȼɨɪɨɛɶɟɜ�$�$���

Ȼɟɛɭɪɢɲɜɢɥɢ� Ⱥ�Ƚ�� ��� � �� ȼɨɥɝɨɝɪɚɞ�� Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɟ� ɭɱɪɟɠɞɟɧɢɟ� �ɂɡɞɚɬɟɥɶ���

�����������ɫ��

��� Ʌɚɩɚɪɨɫɤɨɩɢɱɟɫɤɢɟ�ɪɟɤɨɧɫɬɪɭɤɬɢɜɧɵɟ�ɜɦɟɲɚɬɟɥɶɫɬɜɚ�ɜ�ɤɨɥɨɩɪɨɤ�ɬɨɥɨɝɢɢ�

�� Ʌɭɰɟɜɢɱ� Ɉ�ɗ��� Ƚɚɥɥɚɦɨɜ� ɗ�Ⱥ��� Ɍɨɥɫɬɵɯ� Ɇ�ɉ�� ɢ� ɞɪ� ��� Ⱥɤɬɭɚɥɶɧɵɟ� ɜɨɩɪɨɫɵ�

ɤɨɥɨɩɪɨɤɬɨɥɨɝɢɢ��Ɇɚɬɟɪɢɚɥɵ���ɝɨ�ɫɴɟɡɞɚ�ɤɨɥɨɩɪɨɤɬɨɥɨɝɨɜ�Ɋɨɫɫɢɢ����ɍɮɚ��������

��ɋ�����������

��� Ʌɢɩɚɬɨɜ� ȼ�Ⱥ�� ɋɩɚɟɱɧɚɹ� ɛɨɥɟɡɧɶ� ɛɪɸɲɢɧɵ� ɤɚɤ� ɩɨɥɢɷɬɢɨɥɨɝɢɱɟɫɤɨɟ�

ɦɭɥɶɬɢɮɚɤɬɨɪɢɚɥɶɧɨɟ� ɡɚɛɨɥɟɜɚɧɢɟ� ��ȼ�Ⱥ��Ʌɢɩɚɬɨɜ��Ⱥ�Ⱦ��Ɇɹɫɧɢɤɨɜ�� ���ɋɛɨɪɧɢɤ�

ɦɚɬɟɪɢɚɥɨɜ� Ɋɨɫɫɢɣɫɤɨɣ� ɧɚɭɱɧɨɣ� ɤɨɧɮɟɪɟɧɰɢɢ� ɫ� ɦɟɠɞɭɧɚɪɨɞɧɵɦ� ɭɱɚɫɬɢɟɦ�

�Ɇɟɞɢɤɨ� �� ɛɢɨɥɨɝɢɱɟɫɤɢɟ� ɚɫɩɟɤɬɵ� ɦɭɥɶɬɢɮɚɤɬɨɪɢɚɥɶɧɨɣ� ɩɚɬɨɥɨɝɢɢ��� ȼ� �� �� ɯ�

ɬɨɦɚɯ���Ʉɭɪɫɤ��ɄȽɆɍ����������Ɍɨɦ������ɋ�������������

��� Ɇɚɥɨɢɧɜɚɡɢɜɧɵɟ� ɬɟɯɧɨɥɨɝɢɢ� ɜ� ɞɢɚɝɧɨɫɬɢɤɟ� ɢ� ɥɟɱɟɧɢɢ� ɨɫɥɨɠɧɟɧɢɣ�

ɚɛɞɨɦɢɧɚɥɶɧɨɣ�ɯɢɪɭɪɝɢɢ���Ⱥ�Ƚ��Ȼɟɛɭɪɢɲɜɢɥɢ��ɂ�ȼ��Ɇɢɯɢɧ��Ⱥ�ɇ��Ⱥɤɢɧɱɢɰ��ȿ�ȿ��

ȿɥɢɫɬɪɚɬɨɜɚ�����ɗɧɞɨɫɤɨɩɢɱɟɫɤɚɹ�ɯɢɪɭɪɝɢɹ������������ʋ������ɋ����������

��� Ɇɟɬɨɞɵ� ɩɪɨɮɢɥɚɤɬɢɤɢ� ɛɪɸɲɢɧɧɵɯ� ɫɩɚɟɤ� ɩɪɢ� ɨɫɬɪɨɣ� ɫɩɚɟɱɧɨɣ�

ɤɢɲɟɱɧɨɣ� ɧɟɩɪɨɯɨɞɢɦɨɫɬɢ� �� ɋ�ɇ�� ɏɭɧɚɮɢɧ�� Ƚ�Ⱥ�� Ɇɭɪɡɢɧ�� $�$�� ɇɭɪɢɚɯɦɟɬɨɜ��

ɂ�ɏ�� Ƚɚɬɬɚɪɨɜ� ��� ɇɨɜɵɟ� ɬɟɯɧɨɥɨɝɢɢ� ɜ� ɯɢɪɭɪɝɢɢ�� Ɂɞɪɚɜɨɨɯɪɚɧɟɧɢɟ�

Ȼɚɲɤɨɪɬɨɫɬɚɧɚ������������ʋ���ɫɩɟɰ��ɜɵɩɭɫɤ����ɋ������������
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��� ɇɨɜɵɣ� ɩɨɞɯɨɞ� ɤ� ɩɪɨɮɢɥɚɤɬɢɤɟ� ɢ� ɥɟɱɟɧɢɸ� ɩɨɫɥɟɨɩɟɪɚɰɢɨɧɧɨɝɨ�

ɫɩɚɣɤɨɨɛɪɚɡɨɜɚɧɢɹ� �Ⱥ�Ʌ�� Ɇɢɪɢɧɝɨɮ�� ȼ�ȼ�� ɇɨɜɢɤɨɜ�� Ȼ�ɋ�� ɋɭɤɨɜɚɬɵɯ� ɢ� ɞɪ�� ���

ɗɧɞɨɫɤɨɩɢɱɟɫɤɚɹ�ɯɢɪɭɪɝɢɹ������������ʋ����ɋ�����������

��� ɋɢɞɨɪɱɭɤ� Ɋ�ȱ��Ⱥɛɞɨɦɿɧɚɥɶɧɢɣ� ɫɟɩɫɢɫ� �Ɋ�ȱ��ɋɢɞɨɪɱɭɤ�� ±�ɑɟɪɧɿɜɰɿ�� ȻȾɆɍ��

������±�����ɫ��

��� əɳɭɤ� Ⱥ�Ƚ��� Ɇɟɬɨɞ� ɩɪɨɮɢɥɚɤɬɢɤɢ� ɫɩɚɟɱɧɨɣ� ɛɨɥɟɡɧɢ� ɛɪɸɲɢɧɵ� ɜ�

ɧɟɨɬɥɨɠɧɨɣ�ɝɢɧɟɤɨɥɨɝɢɢ���Ⱥ�Ƚ��əɳɭɤ��ɇ�Ƚ��Ʉɭɥɶɦɭɯɚɦɟɬɨɜɚ����ɇɨɜɵɟ�ɬɟɯɧɨɥɨɝɢɢ�

ɜ� ɯɢɪɭɪɝɢɢ�� Ɂɞɪɚɜɨɨɯɪɚɧɟɧɢɟ� Ȼɚɲɤɨɪɬɨɫɬɚɧɚ�� �� ������ �� ʋ� ��� ɫɩɟɰ�� ɜɵɩɭɫɤ�� ��

ɋ������������

���� 6DHG�*�0��'LIIHUHQWLDO�H[SUHVVLRQ�RI�DOSKD�VPRRWK�PXVFOH�FHOO�DFWLQ�LQ�KXPDQ�

ILEUREODVWV� LVRODWHG� IURP� LQWUDSHULWRQHDO� DGKHVLRQV� DQG� QRUPDO� SHULWRQHDO� WLVVXHV� ��

*�0��6DHG��0�3��'LDPRQG����)HUWLO��6WHULO��±�������±�ʋ���������±�3�������������

���� $,� &KDODEL� +�$��� 9DOXH� RI� D� VLQJOH� LQWUDSHULWRQHDO� GRVH� RIKHSDULQ� LQ�

SUHYHQWLRQ� RI� DGKHVLRQ� IRUPDWLRQ�� DQ� H[SHULPHQWDO� HYDOXWLRQ� LQ� UDWV�� �� +�$�� $,�

&KDODEL��-�$��2WXGR����,QW�-�)HUWLO������������9R,������ʋ�������3�������������

���� $�UDQGRPL]HG�FRQWUROOHG�WULDO�RI������IHUULF�K\DOXURQDWH�JHO��,QWHUJHO��LQ�WKH�

SUHYHQWLRQ� RI� DGKHVLRQ� IROORZLQJ� DEGRPLQDO� VXUJHU\� �� &�/�� 7DQJ�� '�� *�� -D\QH�� )��

6HRZ�&KRHQ�HW��DO�����$QQ��6XUJ��±�������±�9RO�������±�3�����������

���� 0RQW]� )�� -�� 7KH�*RUH�7H[� VXUJLFDO�PHPEUDQH�� HIIHFWLYHQHVV� DV� D� EDUULHU� WR�

LQKLELW� SRVWUDGLFDO�SHOYLF� VXUJHU\� DGKHVLRQV� LQ� D�SRUFLQH�PRGHO� ��)�� -��0RQW]��%�� -��

0RQN��6��0��/DF\����*\QHFRO��2QFRO��±�������±�9RO������±�3�����������

���� 3UHYHQWLRQ� RI� SRVWRSHUDWLYH� DEGRPLQDO� DGKHVLRQ� E\� D� VRGLXP� K\DOXURQDWH�

EDVHG�ELRUHVRUEDEOH�PHPEUDQH��D�SURVSHFWLYH��UDQGRPL]HG��GRXEOH�EOLQG�PXOWLFHQWHU�

VWXG\���'��(��%HFNHU��0��7��'D\WRQ��9��:��)D]LR�HW�DO�����-��$P��&ROO��6XUJ��±�������±�

9RO�������±�3�����������

���� 3UHYHQWLRQ�RI�SRVWRSHUDWLYH�DEGRPLQDO�DGKHVLRQV�E\�D�QRYHO��JO\FHURO�VRGLXP�

K\DOXURQDWH�FDUER[\PHWK\OFHOOXORVH�EDVHG� ELRUHVRUEDEOH� PHPEUDQH�� D� SURVSHFWLYH��

UDQGRPL]HG�� HYDOXDWRU�EOLQGHG�PXOWLFHQWHU� VWXG\�� =�� &RKHQ�� $�� -�� 6HQDJRUH��0�� 7���

'D\WRQ�HW��DO�����'LV��&RORQ�5HFWXP��±�������±�9RO������±�3�������������
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���� 5HGXFWLRQ�LQ�DGKHVLYH�VPDOOERZHO�REVWUXFWLRQ�E\�6HSUDILOP�DGKHVLRQ�EDUULHU�

DIWHU�LQWHVWLQDO�UHVHFWLRQ���9�:��)D]LR��=��&RKHQ��-�:��)OHVKPDQ�HW�DO�� ���'LV��&RORQ��

5HFWXP��±�������±�9RO������±�3��������

���� 6SDUQRQ� $�� /�� 3KDUPDFRORJLFDO� PDQLSXODWLRQ� � RI� SRVWRSHUDWLYH� LQWHVWLQDO�

DGKHVLRQV���$��/��6SDUQRQ��/��6SOLW]����$XVW��1��=��-��6XUJ��±�������±�9RO������±�3������

�����

���� 7KH� LQFLGHQFH� DQG� ULVN� IDFWRUV� RI� SRVW�ODSDURWRP\� DGKHVLYH� VPDOO� ERZHO�

REVWUXFWLRQ��*��%DUPSDUDV��%�&��%UDQFR��%��6FKQXULJHU�HW�DO����-��*DVWURLQWHVW��6XUJ��±�

������±�9RO������1�����±�3�������±�������

���� 9ULMODQG� :�� :�� )HZHU� LQWUDSHULWRQHDO� DGKHVLRQV� ZLWK� XVH� RI� K\DOXURQLF�

DFLGFDUER[\PHWK\OFHOOXORVH�PHPEUDQH��D�UDQGRPL]H�FOLQLFDO�WULDO���:��:��9ULMODQG��/��

1��7VHQJ���+��-��(LMNPDQ�HW�DO�����$QQ��6XUJ��±�������±�9RO�������1����±�3������������

���� 5HGXFWLRQ�LQ�YLVFHUDO�VOLGH�LV�D�JRRG�VLJQ�RI�XQGHUO\LQJ�SRVWRSHUDWLYH�YLVFHUR�

SDULHWDO�DGKHVLRQV� LQ�FKLOGUHQ� ��+�/��7DQ��.�5��6KDQNDU��1��$GH��$MD\L� >HW�DO�@� ��� -��

3HGLDWU��6XUJ��±�������±�ʋ���������±�3�����������

���� 9ULMODQG� ::�� -HHNHO� -�� *HOGRUS� +-�� 6ZDQN� '-�� %RQMHU� +-�� $EGRPLQDO�

DGKHVLRQV�� LQWHVWLQDO� REVWUXFWLRQ�� SDLQ�� DQG� LQIHUWLOLW\�� 6XUJ� (QGRVF� ������������±

������

���� 0HQ]LHV�'�� 3DUNHU�0��+RDUH�5��.QLJKW�$�� 6PDOO� ERZHO�REVWUXFWLRQ�GXH� WR�

SRVWRSHUDWLYH� DGKHVLRQV�� 7UHDWPHQW� SDWWHUQV� DQG� DVVRFLDWHG� FRVWV� LQ� ���� KRVSLWDO�

DGPLVVLRQV��$QQ�5�&ROO�6XUJ�(QJO�����������±�����

���� )HYDQJ� %7�� -HQVHQ� '�� 6YDQHV� .�� 9LVWH� $�� (DUO\� RSHUDWLRQ� RU� FRQVHUYDWLYH�

PDQDJHPHQW�RI�SDWLHQWV�ZLWK�VPDOO�ERZHO�REVWUXFWLRQ"�(XU�-�6XUJ�������������±���

����0LOOHU�*��%RPDQ�-��6KULHU�,��*RUGRQ�3+��1DWXUDO�KLVWRU\�RI�SDWLHQWV�ZLWK�DGKHVLYH�

VPDOO�ERZHO�REVWUXFWLRQ��%U�-�6XUJ�������������±������

���� )HYDQJ� %7�� )HYDQJ� -0�� 6¡UHLGH� 2�� 6YDQHV� .�� 9LVWH� $�� 'HOD\� LQ� RSHUDWLYH�

WHDWPHQW�DPRQJ�SDWLHQWV�ZLWK� VPDOO�ERZHO�REVWUXFWLRQ��6FDQG�-�6XUJ������������±

�����
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Ɋɟɡɸɦɟ�� ȼ� ɞɚɧɢɣ� ɱɚɫ� ɫɩɚɣɤɨɜɚ� ɯɜɨɪɨɛɚ� ɽ� ɨɞɧɢɦ� ɡ� ɧɚɣɛɿɥɶɲ� ɩɨɲɢɪɟɧɢɯ�
ɡɚɯɜɨɪɸɜɚɧɶ�ɭ�ɫɜɿɬɿ��ɳɨ�ɩɪɢɡɜɨɞɢɬɶ�ɞɨ�ɲɜɢɞɤɨʀ�ɿɧɜɚɥɿɞɢɡɚɰɿʀ�ɯɜɨɪɢɯ�ɿ�ɡɧɚɱɧɨɝɨ�
ɡɧɢɠɟɧɧɹ� ɹɤɨɫɬɿ� ɠɢɬɬɹ�� ɋɬɚɬɬɹ� ɩɪɢɫɜɹɱɟɧɚ� ɧɟɨɛɯɿɞɧɨɫɬɿ� ɚɧɚɥɿɡɭ� ɩɪɢɱɢɧ�
ɩɟɪɢɬɨɧɟɚɥɶɧɨʀ� ɫɩɚɣɤɨɜɨʀ� ɯɜɨɪɨɛɢ�� ɧɟɫɩɪɢɹɬɥɢɜɢɯ� ɪɟɡɭɥɶɬɚɬɿɜ� ɝɨɫɬɪɨʀ�
ɫɩɚɣɤɨɜɨʀ�ɤɢɲɤɨɜɨʀ�ɧɟɩɪɨɯɿɞɧɨɫɬɿ��ɡ�ɞɨɫɥɿɞɠɟɧɧɹɦ�ɝɟɧɟɬɢɱɧɢɯ�� ɿɦɭɧɨɥɨɝɿɱɧɢɯ��
ɛɿɨɯɿɦɿɱɧɢɯ� ɿ� ɦɨɪɮɨɥɨɝɿɱɧɢɯ� ɨɫɨɛɥɢɜɨɫɬɟɣ� ɰɿɽʀ� ɝɪɭɩɢ� ɯɜɨɪɢɯ�� ȼɢɞɿɥɟɧɨ�
ɚɧɚɬɨɦɿɱɧɿ� ɬɚ� ɬɨɩɨɝɪɚɮɿɱɧɿ� ɤɪɢɬɟɪɿʀ� ɞɥɹ� ɦɨɠɥɢɜɨɝɨ� ɜɢɤɨɪɢɫɬɚɧɧɹ� ɬɟɯɧɨɥɨɝɿʀ�
ɦɿɧɿɦɚɥɶɧɨ� ɿɧɜɚɡɢɜɧɨʀ�ɞɿɚɝɧɨɫɬɢɤɢ�ɬɚ�ɥɿɤɭɜɚɧɧɹ�ɫɩɚɣɤɨɜɨʀ� ɯɜɨɪɨɛɢ�ɨɱɟɪɟɜɢɧɢ��
ɪɨɡɪɨɛɤɢ� ɚɥɝɨɪɢɬɦɭ� ɞɥɹ� ɞɿɚɝɧɨɫɬɢɤɢ�� ɧɨɜɢɯ�ɦɟɬɨɞɿɜ�ɩɪɨɮɿɥɚɤɬɢɤɢ� ɿ� ɥɿɤɭɜɚɧɧɹ�
ɯɿɪɭɪɝɿɱɧɨʀ�ɫɩɚɣɤɨɜɨʀ�ɯɜɨɪɨɛɢ�ɨɱɟɪɟɜɢɧɢ��ʀʀ�ɭɫɤɥɚɞɧɟɧɶ��
Ʉɥɸɱɨɜɿ�ɫɥɨɜɚ��ɫɩɚɣɤɨɜɚ�ɯɜɨɪɨɛɚ��ɦɨɪɮɨɥɨɝɿɹ��ɭɫɤɥɚɞɧɟɧɧɹ��
�
Ɋɟɡɸɦɟ�� ȼ� ɧɚɫɬɨɹɳɟɟ� ɜɪɟɦɹ� ɫɩɚɟɱɧɚɹ� ɛɨɥɟɡɧɶ� ɹɜɥɹɟɬɫɹ� ɨɞɧɢɦ� ɢɡ� ɧɚɢɛɨɥɟɟ�
ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ�ɡɚɛɨɥɟɜɚɧɢɣ�ɜ�ɦɢɪɟ��ɱɬɨ�ɩɪɢɜɨɞɢɬ�ɤ�ɛɵɫɬɪɨɣ�ɢɧɜɚɥɢɞɢɡɚɰɢɢ�
ɛɨɥɶɧɵɯ� ɢ� ɡɧɚɱɢɬɟɥɶɧɨɦɭ� ɫɧɢɠɟɧɢɸ� ɤɚɱɟɫɬɜɚ� ɠɢɡɧɢ�� ɋɬɚɬɶɹ� ɩɨɫɜɹɳɟɧɚ�
ɧɟɨɛɯɨɞɢɦɨɫɬɢ� ɚɧɚɥɢɡɚ� ɩɪɢɱɢɧ� ɩɟɪɢɬɨɧɟɚɥɶɧɨɣ� ɫɩɚɟɱɧɨɣ� ɛɨɥɟɡɧɢ��
ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ� ɢɫɯɨɞɨɜ� ɨɫɬɪɨɣ� ɫɩɚɟɱɧɨɣ� ɤɢɲɟɱɧɨɣ� ɧɟɩɪɨɯɨɞɢɦɨɫɬɢ�� ɫ�
ɢɫɫɥɟɞɨɜɚɧɢɟɦ� ɝɟɧɟɬɢɱɟɫɤɢɯ�� ɢɦɦɭɧɨɥɨɝɢɱɟɫɤɢɯ�� ɛɢɨɯɢɦɢɱɟɫɤɢɯ� ɢ�
ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ� ɨɫɨɛɟɧɧɨɫɬɟɣ� ɷɬɨɣ� ɝɪɭɩɩɵ� ɛɨɥɶɧɵɯ�� ȼɵɞɟɥɟɧɵ�
ɚɧɚɬɨɦɢɱɟɫɤɢɟ� ɢ� ɬɨɩɨɝɪɚɮɢɱɟɫɤɢɟ� ɤɪɢɬɟɪɢɢ� ɞɥɹ� ɜɨɡɦɨɠɧɨɝɨ� ɢɫɩɨɥɶɡɨɜɚɧɢɹ�
ɬɟɯɧɨɥɨɝɢɢ�ɦɢɧɢɦɚɥɶɧɨ�ɢɧɜɚɡɢɜɧɨɣ�ɞɢɚɝɧɨɫɬɢɤɢ�ɢ�ɥɟɱɟɧɢɹ� ɫɩɚɟɱɧɨɣ�ɛɨɥɟɡɧɢ�
ɛɪɸɲɢɧɵ�� ɪɚɡɪɚɛɨɬɤɢ� ɚɥɝɨɪɢɬɦɚ� ɞɥɹ� ɞɢɚɝɧɨɫɬɢɤɢ�� ɧɨɜɵɯ� ɦɟɬɨɞɨɜ�
ɩɪɨɮɢɥɚɤɬɢɤɢ� ɢ� ɥɟɱɟɧɢɹ� ɯɢɪɭɪɝɢɱɟɫɤɨɣ� ɫɩɚɟɱɧɨɣ� ɛɨɥɟɡɧɢ� ɛɪɸɲɢɧɵ�� ɟɺ�
ɨɫɥɨɠɧɟɧɢɣ��
Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ��ɫɩɚɟɱɧɚɹ�ɛɨɥɟɡɧɶ��ɦɨɪɮɨɥɨɝɢɹ��ɨɫɥɨɠɧɟɧɢɹ��
�
�
�
5HFHLYHG�������������� � � � � � � $FFHSWHG�������������
�

�
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,RIIH�,�9���3RVWHUQDN�*�,���6DWVXWD�6�9���6RNRORY�$�6���.ULYRUXFKNR�Ɇ�ȿ���.KDQLQ�<�9��

',))(5(17,$7('�,127523,&�6833257�$6�$�
0($1�2)�3523+</$&7,&�2)�7+(�

+(3$725(1$/�6<1'520(�,1�3$7,(176�:,7+�
$%'20,1$/�6(36,6�

6'��/XJDQVN�6WDWH�0HGLFDO�8QLYHUVLW\���/XJDQVN�5XEH]QRH��8NUDLQH�

�

$EVWUDFW�� $W� DUWLFOH�� ZH� VKRZHG� WKH� LQIOXHQFH� RI� GRSDPLQH� DQG� GREXWDPɿQD� RQ�
VSODKQLWLFKQ\� EORRG� IORZ� DQG� WKHLU� LPSDFW� RQ� FHOOXODU� PHWDEROLVP� LQ� SDWLHQWV� ZLWK�
DEGRPLQDO�VHSVLV��
.H\�ZRUGV��LQRWURSLF�VXSSRUW��SDWLHQWV��VHSVLV���

�
�
�
$FXWH�OLYHU�IDLOXUH�DQG�KHSDWRUHQDO�V\QGURPH��$/)+6��LV�D�NH\�FRPSRQHQW�RI�

PXOWLSOH�RUJDQ�G\VIXQFWLRQ�V\QGURPH��02'6��LQ�SDWLHQWV�ZLWK�DEGRPLQDO�VHSVLV�>�@��

([SHULPHQWDO� DQG� FOLQLFDO� VWXGLHV� SURYLGH� HYLGHQFH� WR� VXJJHVW� WKDW� VHYHUH�

V\VWHPLF� YDVRGLODWLRQ� LQ� FRQMXQFWLRQ� ZLWK� YDVRFRQVWULFWLRQ� RI� VSODQKLF� DUHD� DQG�

VXEVHTXHQW�WLVVXH�K\SR[LD�FDQ�VWLPXODWH�J\SRILOWUDLRQ�RI�NLGQH\�DQG�IOXLG�UHWHQWLRQ�LQ�

SDUHQFK\PDO�RUJDQV��YLRODWLRQ�RI�KHSDWLF�EORRG� IORZ�ZLWK� WKH�GHYHORSPHQW�RI� OLYHU�

IDLOXUH� >�@�� 7KLV�PHFKDQLVP� LV� RQH� RI� WKH� NH\� LQ� WKH� SDWKRJHQHVLV� RI� $/)+6� WKDW�

GHYHORSV�LQ�SDWLHQWV�ZLWK�DEGRPLQDO�VHSVLV��2QH�RI�WKH�PDLQ�ZD\V�RI�SUHYHQWLQJ�DQG�

WUHDWLQJ�WKLV�V\QGURPH��DORQJ�ZLWK�DGHTXDWH�VXUJLFDO�GHEULGHPHQW��DQWLELRWLF�DQG�IOXLG�

WKHUDS\� �� LV� WKH� XVH� RI� WRROV� WKDW� LPSURYH� V\VWHPLF� KHPRG\QDPLF� DQG� EORRG� IORZ�

VSODQKQLF��EXW�GR�QRW�KDYH�WKH�RSSRVLWH�HIIHFW�RQ�WKH�NLGQH\V�DQG�OLYHU��7UDGLWLRQDOO\��

WKH�PRVW� FRPPRQO\� XVHG�GUXJ� WKDW� VWLPXODWHV� WKH� FHQWUDO� KHPRG\QDPLFV�� LPSURYHV�

EORRG� IORZ�DQG� D�GLXUHWLF� HIIHFW�� DV�GRSDPLQH��/DUJHO\� WKDQNV� WR� WKLV� LWV� SURSHUWLHV�

GRSDPLQH�URXWLQHO\�XVHG�IRU�PDQ\�\HDUV�DQG�LV�XVHG�IRU�SUHYHQWLRQ�DQG�WUHDWPHQW�RI�

02'6� LQ� SDWLHQWV�ZLWK� DEGRPLQDO� VHSVLV��$W� WKH� VDPH� WLPH�� DFFXPXODWHG�RYHU� WKH�
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SDVW� \HDUV�� GDWD� LQGLFDWH� WKH�SUHVHQFH�RI�GRSDPLQH� LQ� FXPXODWLYH�SURSHUWLHV� DQG�DQ�

DPELJXRXV�HIIHFW�RQ�WKH�HQGRFULQH�SURILOH�LQ�FULWLFDOO\�LOO�SDWLHQWV�>�@��$Q�DOWHUQDWLYH�

WR�LW�LV�FRQVLGHUHG�QRQGRSDPLQHUJ�LQRWURSHV���GREXWDPLQH�>�@��$W�WKH�VDPH�WLPH��WKH�

DYDLODEOH� GDWD� LQ� WKH� OLWHUDWXUH� VXJJHVW� WKDW� WKH� UHVWRUDWLRQ� RI� VSODQKQLF� EORRG� IORZ�

DFFRPSDQLHG�E\�SRVWLVFKHPLF�UHSHUIXVLRQ�V\QGURPH�� WUDQVORFDWLRQ��ZKLFK�PD\� OHDG�

WR� WKH� JHQHUDOL]DWLRQ� RI� LQIODPPDWRU\�PHGLDWRUV�� UHODSVH� RI� V\VWHPLF� LQIODPPDWRU\�

UHVSRQVH�DQG�WKH�GHYHORSPHQW�RI��02'6�>�@��

7KH� DLP� RI� WKH� SUHVHQW� ZRUN� �� WR� GHWHUPLQH� WKH� HIIHFW� RI� ORZ� GRVHV� RI�
GRSDPLQH�DQG�GREXWDPLQH�LQ�WKH�OLYHU�DQG�NLGQH\�IXQFWLRQ�DQG�G\QDPLFV�RI�F\WRNLQH�

VWDWXV� LQ� SDWLHQWV� DW� ULVN� RI�$/)+6� RQ� WKH� EDFNJURXQG� RI� DEGRPLQDO� VHSVLV� LQ� WKH�

HDUO\�SRVWRSHUDWLYH�SHULRG��

0DWHULDOV�DQG�PHWKRGV��
$�SURVSHFWLYH��UDQGRPL]HG�VWXG\�LQ����PDOH�SDWLHQWV�ZLWK�D�ULVN�RI��$/)+6�RQ�

WKH�EDFNJURXQG�RI�DEGRPLQDO�VHSVLV������SRLQWV�RQ�WKH�VFDOH�62)$���7KH�PHGLDQ�DJH�

ZDV� ��� \HDUV�� 3DWLHQWV� ZHUH� GLYLGHG� LQWR� �� JURXSV�� ,Q� JURXS� �� �Q�  � ���� ZDV�

DGPLQLVWHUHG�DW�D�GRVH�RI�GRSDPLQH�RI�����J���PLQ��DW����Q� �������GREXWDPLQH�LQ�D�

GRVH�RI�����PFJ���PLQ��7KH�GUXJ�LV�DGPLQLVWHUHG�GXULQJ�WKH�ILUVW�WKUHH�SRVWRSHUDWLYH�

GD\V��

6WXGLHG� VWDQGDUG� FOLQLFDO� DQG� ODERUDWRU\� SDUDPHWHUV� VHSWLF� V\QGURPH�� KHSDWLF�

DQG�UHQDO�IXQFWLRQ��FUHDWLQLQH��ELOLUXELQ��$/7�VHUXP�KRXUO\�GLXUHVLV���DQG�WKH�FRQWHQW�

LQ�WKH�EORRG�SODVPD�OHYHOV�RI�71)�Į��,/���DQG�,/����7KHVH�SDUDPHWHUV�ZHUH�VWXGLHG�DW�

�����DQG���SRVWRSHUDWLYH�GD\V��6WDWLVWLFDO�UHSRUW���OLFHQVH�SDFNDJH�0LFURVRIW�([HO��

3RVWRSHUDWLYHO\�� SDWLHQWV� UHFHLYHG� FRPSDUDEOH� LQWHQVLYH� FDUH� DFFRUGLQJ� WR�

FXUUHQW�SURWRFROV��ZKLFK�ZDV�XQFKDQJHG�WKURXJKRXW�WKH�VWXG\��

5HVXOWV�DQG�GLVFXVVLRQ��
6XEVWDQWLDO� DQG� VWDWLVWLFDOO\� VLJQLILFDQW� GLIIHUHQFHV� LQ� FOLQLFDO� DQG� ODERUDWRU\�

SDUDPHWHUV� LQ� SDWLHQWV� ZLWK� VHSVLV� V\QGURPH� LQ� ERWK� JURXSV� ZHUH� REVHUYHG� DW� DOO�

VWDJHV�RI�WKH�VWXG\��H[FHSW�IRU�LQGLFDWRUV�RI�ERG\�WHPSHUDWXUH�DQG�OHXNRF\WRVLV��7DEOH��

����

�
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7DEOH�����

7KH�G\QDPLFV�RI�FOLQLFDO�DQG�ODERUDWRU\�SDUDPHWHUV�RI�VHSWLF�V\QGURPH�

7KH�G\QDPLFV�RI�
FOLQLFDO�DQG�
ODERUDWRU\�

SDUDPHWHUV�RI�VHSWLF�
V\QGURPH�

*URXS�
6WDJHV�

3HUIRUPDQFH�RI�WKH�RI�WKH�VWXG\�SDWLHQWV�
�

��VW�GD\� ���VW�GD\� ���VW�GD\�

7KH�QXPEHU�RI�
UHVSLUDWRU\�

PRYHPHQWV��PLQ�

�� ����� ����� �����

�� ����� ����� �����

+HDUW�UDWH��PLQ� �� ������ ������ �����
�� ������ ������ �����

%RG\�WHPSHUDWXUH��
ɋɨ�

�� ���������� ���������
� ����������
�� ���������� ���������
� ����������

:KLWH�EORRG�FHOO�
FRXQW
����

�� ��������� ��������� ���������
�� ��������� ��������� ���������

,PPDWXUH�IRUPV���� �� ��������� ��������� �������
�
�� ��������� ��������� ��������
�

�

$OO� SDWLHQWV� KDG� DEQRUPDO� OLYHU� IXQFWLRQ� DQG� NLGQH\� IDLOXUH��ZKLFK� DSSHDUHG�

FOLQLF�K\SHUELOLUXELQHPLD��LQFUHDVHG�DODQLQH�WUDQVIHUDVH�DQG�FUHDWLQLQH��7DEOH������

7DEOH�����

7KH�G\QDPLFV�RI�FOLQLFDO�DQG�ODERUDWRU\�SDUDPHWHUV�KHSDWRUHQDO�IXQFWLRQV�RQ�
WKH�VWDJHV�RI�WKH�VWXG\�

7KH�G\QDPLFV�RI�
FOLQLFDO�DQG�
ODERUDWRU\�
SDUDPHWHUV�
KHSDWRUHQDO�

IXQFWLRQV�RQ�WKH�
VWDJHV�RI�WKH�VWXG\�

*URXS�
6WDJHV�

3HUIRUPDQFH�RI�WKH�VWXG\�SDWLHQWV�

�VW�GD\� �QG�GD\� �UG�GD\�

%LOLUXELQ��PJ���G/� �� ����������� ����������� ���������
�� ����������� ��������� ���������

$ODQLQH�WUDQVIHUDVH���
PPRO�

�� �������� �������� ��������
�� �������� �������� ��������

&UHDWLQLQH�LQ�PJ���
G/�

�� �������� �������� ��������
�� �������� �������� �������

�

'LXUHVLV��PO���K� �� ����� ����
� ������

�
�� ����� ����� �������

1RWH��
���S�������FRPSDUHG�ZLWK�WKH�RULJLQDO�GDWD�

���3�������IRU�WKH�FRPSDULVRQ�
EHWZHHQ�JURXSV��
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'XULQJ� WKH� UHVHDUFK� LW�ZDV� IRXQG� WKDW�GRSDPLQH�VWLPXODWHG�GLXUHVLV��EXW�GRHV�

QRW� FKDQJH� FUHDWLQLQH� FOHDUDQFH�� &RQYHUVHO\�� GREXWDPLQH� FDXVHG� D� VLJQLILFDQW�

LQFUHDVH� LQ� FUHDWLQLQH� FOHDUDQFH�� EXW� ZLWKRXW� D� VLJQLILFDQW� LQFUHDVH� LQ� GLXUHVLV��

5HOLDEOH�ERWK�SRVLWLYH�DQG�QHJDWLYH�HIIHFWV�RQ�WKHLU�OLYHU�IXQFWLRQ�WHVWV�ZHUH�REVHUYHG��

6WXGLHV�KDYH�VKRZQ�WKDW� WKH�XVH�RI�GRSDPLQH�LQ�WKH�SUHYHQWLRQ�DQG�WUHDWPHQW�

$/)+6� � VKRZQ� LQ�SDWLHQWV�ZLWK� UHGXFHG� GLXUHVLV��ZKLOH� LQ�SDWLHQWV�ZLWK� SUHVHUYHG�

GLXUHVLV�� EXW� D� UHGXFHG� ILOWUDWLRQ� FDSDFLW\�� VXEVWDQWLDWHV� WKH� XVH� RI� GREXWDPLQH��

4XHVWLRQ�FRPELQHG�WKHLU�XVH�UHPDLQV�FRQWURYHUVLDO�DQG�UHTXLUHV�IXUWKHU�UHVHDUFK���

%DFNJURXQG� LQ� WKH� VWXG\� RI� F\WRNLQH�ZDV� REVHUYHG� D� VLJQLILFDQW� LQFUHDVH� RI�

FRQFHQWUDWLRQV�RI�SUR�LQIODPPDWRU\�F\WRNLQHV�71)�Į�DQG�,/���DQG�D�GHFUHDVH�LQ�,/����

DQWL�LQIODPPDWRU\� LQ� ERWK� JURXSV�� LQGLFDWLQJ� WKDW� WKH� GHYHORSPHQW� RI� WKH�

SKHQRPHQRQ�RI�UHSHUIXVLRQ��7DEOH������

7DEOH����
'\QDPLFV�RI�F\WRNLQH�EDFNJURXQG�RQ�WKH�VWDJHV�RI�UHVHDUFK�

�
'\QDPLFV�RI�
F\WRNLQH�

EDFNJURXQG�RQ�WKH�
VWDJHV�RI�UHVHDUFK�

*URXS�
6WDJHV�

3HUIRUPDQFH�RI�WKH�VWXG\�SDWLHQWV�

�VW�GD\� �QG�GD\� �UG�GD\�

71)�Į��SJ�PO� �� ����� ����� ����
�
�� ����� ����� ����
�

,/����SJ�PO� �� ���� ����� �����
�� ���� ����� �����

,/����SJ�PO� �� ����� ���� ����
�� ����� ���� ���
�

1RWH��
���S�������FRPSDUHG�ZLWK�WKH�RULJLQDO�GDWD��

'HVSLWH�WKH�UHODWLYH�LQWHUSUHWDWLRQ�RI�WKHVH�LQGLFDWRUV�>�@��DQDO\]LQJ�WKH�UHVXOWV��

LW�FDQ�EH�QRWHG�WKDW�GRSDPLQH�DQG�GREXWDPLQH�FDXVHV�V\PSWRPV�RI�WKH�SKHQRPHQRQ�

RI�UHSHUIXVLRQ�LQ�WKH�IRUP�RI�LQFUHDVLQJ�FRQFHQWUDWLRQV�RI�SURLQIODPPDWRU\�F\WRNLQHV��

$W� WKH� VDPH� WLPH�� URXWLQH�PHWKRGV�RI� LQYHVWLJDWLRQ�RI� WKH�G\QDPLFV�RI� FOLQLFDO� DQG�

ODERUDWRU\�SDUDPHWHUV�RI�VHSWLF�V\QGURPH�LQGLFDWHV�D�GHFUHDVH�LQ�LWV�VHYHULW\��$W�WKH�

VDPH�WLPH��WKHUH�ZDV�QR�VLJQLILFDQW�SRVLWLYH�VLGH�RI�WKH�OLYHU��*LYHQ�WKH�SK\VLRORJLFDO�

FKDUDFWHULVWLFV�RI�WKH�SRUWDO�V\VWHP�FDQ�DVVXPH�WKDW�RQH�RI�WKH�LPSRUWDQW�UHDVRQV�IRU�

SUHVHUYLQJ� KHSDWLF� G\VIXQFWLRQ�ZKHQ� UHVWRULQJ� EORRG� IORZ� LV� VHFRQGDU\� VSODQKQLWLF�
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F\WRNLQH�ORDG�DQG�UHWLFXORHQGRWKHOLDO�V\VWHP��&RQVHTXHQWO\��RQH�RI�WKH�PDLQ�ZD\V�RI�

SUHYHQWLQJ� WKH� RQVHW� DQG� SURJUHVVLRQ� RI� SRVW�LVFKHPLF� UHSHUIXVLRQ� V\QGURPH��

WUDQVORFDWLRQ� FDQ� EH� UHFRYHU\� RU�� DW� OHDVW�� WKH� RSWLPL]DWLRQ� RI� WKH� QDWXUDO� EDUULHU�

IXQFWLRQ�RI�WKH�LQWHVWLQH��

&RQFOXVLRQ�����3DWLHQWV�ZLWK�SULPDU\�GRSDPLQH�DFWV�DV�D�GLXUHWLF�DQG� LPSURYHV� WKH�
FUHDWLQLQH�FOHDUDQFH�����'REXWDPLQH�LQFUHDVHV�FUHDWLQLQH�FOHDUDQFH�ZLWKRXW�VLJQLILFDQW�

FKDQJHV�LQ�XULQH�RXWSXW�����%RWK�GUXJV�FDXVH�WKH�GHYHORSPHQW�RI�WKH�SKHQRPHQRQ�RI�

SRVW�LVFKHPLF�UHSHUIXVLRQ�WUDQVORFDWLRQ��

�
5HIHUHQFH��
���(��$EUDKDP�� ���:K\� LPPXQRPRGXODWRU\� WKHUDSLHV� KDYH� QRW�ZRUNHG� LQ� VHSVLV�� ���

,QWHQVLYH�&DUH�0HG��������ʋ�������������

���6HSVLV��HSLGHPLRORJ\��SDWKRJHQHVLV��GLDJQRVLV��LQWHQVLYH�FDUH����HG��FRUU��1$6�DQG�

$06�RI�8NUDLQH��SURI��/HRQLG�8VHQNR����'����$57�35(66��������������S��

���6HSVLV��&OLQLFDO�DQG�SDWKRSK\VLRORJLFDO�DVSHFWV�RI�LQWHQVLYH�FDUH�� ��99�0RUR]RY��

91�/XNDFV��(��0��6FKLIIPDQ�HW�DO����3HWUR]DYRGVN��,17(/7(&��������������S��

���3HULWRQLWLV��$�3UDFWLFDO�*XLGH����(G��96�6DYHO\HY���0����/LWWHUUD�������������F��

���1LHOV�&��5LHGPDQQ��5HQ�)HQJ�*XR��3HWHU�$��:DUG�� ���7KH�HQLJPD�RI�VHSVLV�� ���-��

&OLQ��,QYHVW���������ʋ����3����������

��� )XWXUH� WUHQGV� LQ� DQHVWKHVLD� DQG� LQWHQVLYH� FDUH�� ��� (G�� FRUU��$FDGHP\� RI�0HGLFDO�

6FLHQFHV�RI�8NUDLQH��SURI��9,�EODFN����.����+HDOWK�3URWHFWLRQ���������7��������ɪ��

�

Ɋɟɡɸɦɟ�� ȼ� ɪɨɛɨɬɿ� ɩɨɤɚɡɚɧɨ� ɜɩɥɢɜ� ɞɨɮɚɦɢɧɚ� ɢ� ɞɨɛɭɬɚɦɿɧɚ� ɧɚ� ɫɩɥɚɯɧɢɬɢɱɧɢɣ�
ɤɪɨɜɨɬɿɤ�ɬɚ�ʀɯ�ɜɩɥɢɜ�ɧɚ�ɤɥɿɬɢɧɧɢɣ�ɦɟɬɚɛɨɥɿɡɦ�ɭ�ɯɜɨɪɢɯ�ɧɚ�ɚɛɞɨɦɿɧɚɥɶɧɢɣ�ɫɟɩɫɿɫ��
Ʉɥɸɱɨɜɿ�ɫɥɨɜɚ��ɢɧɨɬɪɨɩɧɚ�ɩɿɞɞɬɪɢɦɤɚ��ɩɚɰɿɟɧɬɢ��ɫɟɩɫɢɫ��
�
Ɋɟɡɸɦɟ��ȼ�ɪɨɛɨɬɟ�ɩɨɤɚɡɚɧɨ�ɜɥɢɹɧɢɟ�ɞɨɮɚɦɢɧɚ�ɢ�ɞɨɛɭɬɚɦɢɧɚ�ɧɚ�ɫɩɥɚɯɧɢɬɢɱɧɵɣ�
ɤɪɨɜɨɬɨɤ�ɢ�ɢɯ�ɜɥɢɹɧɢɟ�ɧɚ�ɤɥɟɬɨɱɧɵɣ�ɦɟɬɚɛɨɥɢɡɦ�ɭ�ɛɨɥɶɧɵɯ�ɫ�ɚɛɞɨɦɢɧɚɥɶɧɵɦ�
ɫɟɩɫɢɫɨɦ��
Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ��ɢɧɨɬɪɨɩɧɚɹ�ɩɨɞɞɟɪɠɤɚ��ɩɚɰɢɟɧɬɵ��ɫɟɩɫɢɫ��
�
�
5HFHLYHG�������������� � � � � � � $FFHSWHG�������������
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6PDFK\OR�5�0��

75($70(17�2)�3$7,(176�:,7+�%,/(�
/($.6�$)7(5�/$3$526&23,&�

&+2/(&<67(&720<��
.KDUNLY�1DWLRQDO�0HGLFDO�8QLYHUVLW\��8NUDLQH�

�

$EVWUDFW��7KH�DQDO\VLV�RI�WUHDWPHQW�RI�����SDWLHQWV�ZLWK�ELOH�OHDNV�DIWHU�ODSDURVFRSLF�
FKROHF\VWHFWRP\� LV� GRQH�� ,Q� ��� SDWLHQWV� ELOH� OHDNDJH� FHDVHG� RQ� WKH� EDFNJURXQG� RI�
FRQVHUYDWLYH� WKHUDS\�� ��� SDWLHQWV� KDG� LQWUD�DEGRPLQDO� ELOH� FROOHFWLRQV�� ZKLFK�
UHTXLUHG� GUDLQLQJ� RSHUDWLRQV�� PRVW� RI� WKHP� ZHUH� SHUIRUPHG� E\� PLQLLQYDVLYH�
DSSURDFKHV�� (QGRVFRSLF� SDSLOORWRP\� ZDV� SHUIRUPHG� LQ� ��� SDWLHQWV�� LQ� ��� ZLWK�
UHPRYDO� RI� VWRQHV�� HQGRVFRSLF� VWHQWLQJ� RI� FRPPRQ� ELOH� GXFW� ±� LQ� ��� SDWLHQWV�� ���
SDWLHQWV�XQGHUZHQW�UHFRQVWUXFWLYH�VXUJHU\�IRU�FRPPRQ�ELOH�GXFW� LQMXULHV��0LQLPDOO\�
LQYDVLYH� LQWHUYHQWLRQV� WDNH� D� OHDGLQJ� SODFH� LQ� WKH� WUHDWPHQW� RI� SRVWRSHUDWLYH� ELOH�
OHDNV��EXW�RSHQ�VXUJHU\�KDYH�QRW�ORVW�WKHLU�LPSRUWDQFH�LQ�D�QXPEHU�RI�LQGLFDWLRQV��
.H\�ZRUGV��ODSDURVFRSLF�FKROHF\VWHFWRP\��ELOH�OHDN��FRPPRQ�ELOH�GXFW�LQMXU\�

�

�

%LOH� OHDNV� DIWHU� ODSDURVFRSLF� FKROHF\VWHFWRP\� �/&(�� LV� RQH� RI� WKH� PRVW�

FRPPRQ�SRVWRSHUDWLYH� FRPSOLFDWLRQV� >�@�� ,WV� FOLQLFDO� VLJQLILFDQFH� UDQJHV� IURP� VHOI�

FRQWUROOHG�ELOH�OHDNV�WR�OLIH�WKUHDWHQLQJ�HDUO\��ELOH�SHULWRQLWLV��VHSVLV��DQG�ODWH��ELOLDU\�

VWULFWXUHV��FRQGLWLRQV��7KH�PRVW�RIWHQ�VRXUFHV�RI�ELOH�OHDNV�DIWHU�/&(�DUH��JDOOEODGGHU�

EHG�� F\VWLF� VWXPS� DQG� FRPPRQ� ELOH� GXFW� LQMXU\� �&%',�� >�@�� &RQGLWLRQV� WKDW�

SUHGLVSRVH� WR� ELOH� OHDNV� LQFOXGH� REVWUXFWLRQ� RI� GLVWDO� FRPPRQ� ELOH� GXFW�� REVFXUH�

DQDWRP\�DQG�DOO�ULVN�IDFWRUV�RI�&%',��3UHRSHUDWLYH�GLDJQRVLV�RI�SDWHQF\�RI�WKH�GLVWDO�

FRPPRQ�ELOH�GXFW�UHPDLQV�D�SUHVVLQJ�SUREOHP�RI�ELOLDU\�VXUJHU\��2Q�DYHUDJH������RI�

SDWLHQWV�ZLWK�FKURQLF�FKROHF\VWLWLV��DQG�����RI�SDWLHQWV�ZLWK�DFXWH�FKROHF\VWLWLV�KDYH�

FKROHGRFKROLWKLDVLV��:LWK� WKH� LQWURGXFWLRQ� RI� ODSDURVFRSLF� FKROHF\VWHFWRP\� �/&(���

WKH�SDWLHQWV� DUH�RSHUDWHG�RQ�HDUOLHU� IRU�JDOOVWRQH�GLVHDVH� �*6'���ZKLFK� UHGXFHG� WKH�

LQFLGHQFH� RI� FKROHGRFKROLWKLDVLV� LQ� WKH� ZHVWHUQ� FRXQWULHV� WR� ���� 8QIRUWXQDWHO\�� D�

WKRURXJK� PHGLFDO� KLVWRU\�� SK\VLFDO� H[DPLQDWLRQ�� ELRFKHPLFDO� EORRG� WHVWV� �WRWDO�
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ELOLUXELQ�� WUDQVDPLQDVHV�� DP\ODVH�� OLSDVH���XOWUDVRQRJUDSK\� �86*��RI� WKH� DEGRPLQDO�

FDYLW\� LV� QRW�DOZD\V�SRVVLEOH� WR�GHWHFW� D�YLRODWLRQ�RI�SDWHQF\� RI� WKH�GLVWDO� FRPPRQ�

ELOH� GXFW� EHIRUH� WKH� FKROHF\VWHFWRP\� DQG� DYRLG� &%',�� ,Q� DGGLWLRQ�� D� QXPEHU� RI�

SDWLHQWV� DUH� RSHUDWHG� LQ� HPHUJHQF\� SURFHGXUHV� ZKHQ� WKHUH� LV� QR� ZD\� WR� GR� DOO�

QHFHVVDU\�WHVWV��

$LP��7R�GHYHORS�D�SURJUDP�RI�WUHDWPHQW�RI�SDWLHQWV�ZLWK�ELOH�OHDNV�DIWHU�/&(��

0DWHULDOV� DQG�0HWKRGV�� 5HVXOWV� RI� WUHDWPHQW� RI� ���� SDWLHQWV� WUHDWHG� LQ� WKH�
,QVWLWXWH�RI�*HQHUDO�DQG�8UJHQW�6XUJHU\�RI�$068�LQ�����������LV�SUHVHQWHG��0RVW�

SDWLHQWV�������ZHUH�WUDQVIHUUHG�DIWHU�SULPDU\�RSHUDWLRQV�LQ�RWKHU�KRVSLWDOV�RI�WKH�FLW\�

RI�.KDUNLY�DQG�.KDUNLY�UHJLRQ��7KHVH�SDWLHQWV�ZHUH�DGPLWWHG�LQ�D�SHULRG�IURP���GD\V�

WR���ZHHNV�IURP�WKH�LQLWLDO�VXUJHU\��7KH�UHVW�����SDWLHQWV�XQGHUZHQW�/&(�LQ�,QVWLWXWH��

7KHUH�ZHUH�����IHPDOHV�DQG����PDOHV��$JH�UDQJHG�IURP����WR����\HDUV��3DWLHQWV�ZHUH�

H[DPLQHG� E\� URXWLQH� FOLQLFDO� DQG� ODERUDWRU\� WHVWV�� XOWUDVRXQG�� &7�� (5&3�

ILVWXORJUDSK\��

5HVXOWV�� 7KH� SULPDU\� LQWHUYHQWLRQ� LQ� DOO� SDWLHQWV� ZDV� /&(� ZLWK� VXEKHSDWLF�
GUDLQDJH�� %LOH� OHDN� YROXPH� UDQJHG� IURP� ���� PO� WR� ����� PO� SHU� GD\�� WKH� ODVW�

FRUUHVSRQGHG�WR�WKH�WRWDO�H[WHUQDO�ELOLDU\�ILVWXOD��7KH�SKHQRPHQD�RI�MDXQGLFH�RFFXUUHG�

LQ����SDWLHQWV�DFFRPSDQLHG�ZLWK�FKRODQJLWLV�LQ�������SDWLHQWV�KDG�LQWUD�DEGRPLQDO�ELOH�

FROOHFWLRQV�� LQ����ZLWK� VLJQV� RI�GLIIXVH� ELOH�SHULWRQLWLV�� )ROORZLQJ�D� FRPSUHKHQVLYH�

FOLQLFDO�ODERUDWRU\� DQG� LQVWUXPHQWDO� H[DPLQDWLRQV� DLPHG� DW� DVVHVVLQJ� WKH� JHQHUDO�

FRQGLWLRQ�RI�WKH�SDWLHQW��WKH�SUHVHQFH�RI�LQWUD�DEGRPLQDO�FRPSOLFDWLRQV��WKH�SUHVHQFH�

RI�WKH�FRPPRQ�ELOH�GXFW�REVWUXFWLRQ��IXUWKHU�WDFWLFV�ZDV�GHWHUPLQHG���

7KH� SULPDU\� JRDO�ZDV� WKH� UHVROXWLRQ�RI� LQWUDDEGRPLQDO� FRPSOLFDWLRQV� FDXVHG�

E\� ELOH� OHDNV�� 7KXV� ELORPDV�ZHUH� GUDLQHG� XQGHU� XOWUDVRXQG�JXLGDQFH� LQ� �� SDWLHQWV��

UHODSDURVFRS\�� GUDLQDJH� RI� WKH� DEGRPLQDO� FDYLW\�ZDV�SHUIRUPHG� LQ� ���� ODSDURWRP\��

FKROHGRFKROLWKRWRP\��FRPPRQ�ELOH�GXFW�GUDLQDJH��GUDLQDJH�RI�WKH�DEGRPLQDO�FDYLW\�

ZDV� SHUIRUPHG� LQ� ��� �� SDWLHQWV� IURP� WKLV� JURXS� UHTXLUHG� IXUWKHU� LQWHUYHQWLRQV� WR�

FRQWURO�ELOH�OHDN�DIWHU�H[WHUQDO�GUDLQDJH��

7KH�QH[W�JRDO�ZDV�WR�GHWHUPLQH�WKH�FDXVH�RI�ELOH�OHDNV��3DWLHQWV�ZLWK�ORZ�JUDGH�

ELOH� OHDNV�ZLWKRXW� ORFDO� DQG� JHQHUDO� FRPSOLFDWLRQV� XQGHUJR� FRQVHUYDWLYH� WUHDWPHQW��
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ZKLFK� ZDV� HIIHFWLYH� LQ� ��� FDVHV� �LQ� WKHVH� SDWLHQWV� WKH� FDXVH� RI� ELOH� OHDNV� UHPDLQ�

REVFXUH��� 7KH� UHPDLQLQJ� SDWLHQWV� WRJHWKHU� ZLWK� �� SDWLHQWV� WKDW� ZHUH� GUDLQHG� IRU�

LQWUDDEGRPLQDO� ELOH� FROOHFWLRQV� XQGHUZHQW� GLDJQRVWLF� WHVWV� �(5&3� DQG�RU�

ILVWXORJUDSK\���7KH� VRXUFHV�RI�ELOH� OHDN�ZHUH�� JDOOEODGGHU� EHG� ±���� SDWLHQWV�� F\VWLF�

VWXPS� ±� ���� &%',� ±� ���� LQ� WKH� UHVW� FDVHV� WKH� VRXUFH� ZDV� QRW� LGHQWLILHG�� (5&3�

GLDJQRVHG�UHVLGXDO�FKROHGRFKROLWKLDVLV� LQ����SDWLHQWV��VWHQRVLV�RI� WKH�GLVWDO�FRPPRQ�

ELOH�GXFW�GXH�WR�FKURQLF�SDQFUHDWLWLV�±�LQ�����VWHQRVLV�RI�PDMRU�GXRGHQDO�SDSLOOD�±�LQ�

����&%',�ZLWKRXW�REVWUXFWLRQ�RI�FRPPRQ�ELOH�GXFW�±�LQ�����,Q���SDWLHQWV�(5&3�ZDV�

QRW� SRVVLEOH� GXH� WR� WHFKQLFDO� UHDVRQV� �%LOOURWK�,,� JDVWUHFWRP\�� D� ODUJH� SDUDSDSLOODU�

GLYHUWLFXOXP���

7KH�PDLQ�WUHDWPHQW�IRU�WKHVH�SDWLHQWV�ZDV�HQGRVFRSLF��(QGRVFRSLF�SDSLOORWRP\�

ZDV� SHUIRUPHG� LQ� ��� SDWLHQWV�� FRPPRQ� ELOH� GXFW� VWRQH� UHPRYDO� ±� LQ� ��� SDWLHQWV��

7KHVH�LQWHUYHQWLRQV�KDYH�SURYHG�HIIHFWLYH� LQ�������������$PRQJ� WKH�FRPSOLFDWLRQV�

DFXWH�SDQFUHDWLWLV�ZDV�REVHUYHG�LQ����SDWLHQWV��RI�ZKRP�WZR�ZLWK�VHYHUH�SDQFUHDWLWLV��

EOHHGLQJ� IURP� SDSLOOD� LQFLVLRQ� ±� LQ� ��� ZKLFK� ZDV� FRQWUROOHG� FRQVHUYDWLYHO\�� 7KHUH�

ZHUH�QR�GHDWKV����SDWLHQWV�LQ�ZKRP�(5&3�ZDV�QRW�SRVVLEOH�DQG�DQRWKHU����SDWLHQWV�

ZKR� IDLOHG� HQGRVFRSLF� WUHDWPHQW� XQGHUZHQW� ODSDURWRP\�� GUDLQDJH� RI� FRPPRQ� ELOH�

GXFW�����SDWLHQWV�KDG�&%',�ZLWKRXW�REVWUXFWLRQ�RI�GLVWDO�SRUWLRQ�RI�FRPPRQ�ELOH�GXFW���

(QGRVFRSLF� VWHQWLQJ�ZDV�VXFFHVVIXO� LQ����SDWLHQWV�� �7KH� UHVW� ���SDWLHQWV�XQGHUZHQW�

RSHQ� LQWHUYHQWLRQV� IRU�&%',�� UHSDLU� RI�&%',�RQ�7�GUDLQ�RU� WUDQVKHSDWLF�GUDLQ� LQ���

FDVHV��5RXJK�HQ�<�KHSDWLFRMHMXQRDQDVWRPRVLV�LQ����SDWLHQWV��7KHUH�ZHUH�WZR�GHDWKV��

2QH�SDWLHQW�ZLWK�ELOLDU\�SHULWRQLWLV�GLHG�GXH� WR�PXOWLSOH�RUJDQ� IDLOXUH��RWKHU�SDWLHQW�

GLHG� GXH� WR� FDUGLDF� IDLOXUH� RQ� WKH� VHFRQG� SRVWRSHUDWLYH� GD\� DIWHU� 5RXJK�HQ�<�

KHSDWLFRMHMXQRDQDVWRPRVLV��

'LVFXVVLRQ�� %LOH� OHDNV� DUH� UDWKHU� IUHTXHQW� FRPSOLFDWLRQ� DIWHU� JDOOEODGGHU�
UHPRYDO��'HVSLWH�WKH�IDFW�WKDW�WKH�PDQLIHVWDWLRQ�RI�WKLV�FRQGLWLRQ�LV�FKDUDFWHUL]HG�E\�

WKH�ELOH�GLVFKDUJH�IURP�WKH�DEGRPLQDO�FDYLW\��LWV�FDXVHV�DQG�VHYHULW\�YDULHV�ZLGHO\�>�@��

,W� PD\� EH� VHOI�FRQWUROOHG� ZLWKLQ� ���� GD\V� ELOH� OHDN�� DV� ZHOO� DV� OLIH�WKUHDWHQLQJ�

FRQGLWLRQ�ZLWK�WKH�GHYHORSPHQW�RI�ELOH�SHULWRQLWLV�RU�SHUVLVWHQW�H[WHUQDO�ELOLDU\�ILVWXOD�

GXH� WR�&%',��$OO� ELOH� OHDNV� DUH� FKDUDFWHUL]HG�E\�D�SDUWLFXODU� VRXUFH��ZKLFK� FDQ�EH�
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ERWK� LQWUDKHSDWLF� DQG� H[WUDKHSDWLF� ELOLDU\� GXFWV�� DQG� WKHUHIRUH� WKH� SUREOHP� LV� RIWHQ�

GLVFXVVHG� LQ� WKH� VHFWLRQ� RI� WKH� /&(� WKUHDWHQLQJ� FRPSOLFDWLRQV� OLNH� &%',�� 7KH�

IUHTXHQF\�RI�WKLV�FRPSOLFDWLRQ�LQ�WKH�OLWHUDWXUH�YDULHV�ZLGHO\��DQG�DERXW�LWV�WUHDWPHQW�

WKHUH�DUH�GLYHUJHQW�SRLQWV�RI�YLHZ�>�@��

7KH�ILUVW�OLQH�WDFWLFDO�DSSURDFK�LQ�SDWLHQWV�ZLWK�ELOH�OHDNV�DIWHU�WKH�/&(�LV�WKH�

LGHQWLILFDWLRQ� RI� SRVVLEOH� LQWUD�DEGRPLQDO� FRPSOLFDWLRQV� �ELOLDU\� SHULWRQLWLV��

LQWUDDEGRPLQDO� ELOH� FROOHFWLRQV��� )RU� WKLV� SXUSRVH�� WKRURXJK� FOLQLFDO� DVVHVVPHQW�

WRJHWKHU�ZLWK�GLDJQRVWLF� LQYHVWLJDWLRQV� �XOWUDVRXQG� DQG�&7�� LV� XVHG�� ,Q� SUHVHQFH�RI�

WKH� LQWUD�DEGRPLQDO� ELOH� FROOHFWLRQV�PLQLPDOO\� LQYDVLYH� WHFKQLTXHV� �GUDLQDJH� XQGHU�

XOWUDVRXQG� JXLGDQFH� DQG� UHODSDURVFRS\�� ZHUH� XVHG�� :H� SUHIHU� WR� SHUIRUP�

UHODSDURVFRS\�LQ�HDUO\�SHULRG�DIWHU�/&(�����FDVHV��DQG�SHUFXWDQHRXV�GUDLQDJH�XQGHU�

86�JXLGDQFH�LQ�PRUH�ODWH�WHUPV����FDVHV���2QO\�LQ�FDVHV�RI�GLIIXVH�ELOH�SHULWRQLWLV�ZH�

SHUIRUP� ODSDURWRP\�� H[WHUQDO� ELOLDU\� GUDLQDJH�� GUDLQDJH� RI� WKH� DEGRPLQDO� FDYLW\� ���

SDWLHQWV���,Q�WKH�DEVHQFH�RI�LQWUD�DEGRPLQDO�FRPSOLFDWLRQV�FRQVHUYDWLYH�WDFWLF�LV�XVHG�

LQLWLDOO\��,Q�RWKHU�FDVHV��PHDVXUHV��DLPHG�WR�LGHQWLI\�ERWK�WKH�VRXUFH�DQG�FDXVH�RI�ELOH�

OHDN��DUH�SHUIRUPHG��

&DUHIXOO\� DQDO\]LQJ� WKH� FOLQLFDO� FDVHV� RI� ELOH� OHDNV� ZH� QRWHG� WKH� IROORZLQJ�

DQDWRPLFDO�� WHFKQLFDO� DQG� FOLQLFDO� SUHGLFWRUV�RI� WKLV� FRPSOLFDWLRQ��/HDN� IURP�F\VWLF�

GXFW�VWXPS�GHYHORSV�XVXDOO\�IRU�WZR�UHDVRQV�RU�WKHLU�FRPELQDWLRQ��RQ�WKH�RQH�KDQG��LW�

LV�GLIILFXOW�F\VWLF�GXFW�VWXPS�FORVXUH��ZLGH�F\VWLF�GXFW��WKH�SUHVHQFH�RI�D�VPDOO�VWRQHV��

VHYHUH� LQIODPPDWRU\� FKDQJHV� LQ� WKH�F\VWLF�GXFW���RQ� WKH�RWKHU�KDQG� WKH�SUHVHQFH�RI�

ELOH�K\SHUWHQVLRQ� LQ�ELOLDU\� WUHH� �FKROHGRFKROLWKLDVLV�� FRQVWULFWLYH�SDSLOOLWLV�� VWHQRVLV�

RI�WKH�GLVWDO�SRUWLRQ�RI�FRPPRQ�ELOH�GXFW��DFXWH�SDQFUHDWLWLV���

,QMXU\� RI� WKH� ELOH� GXFWV� LQ� WKH� JDOOEODGGHU� EHG� RFFXUUHG� LQ� WKH� WUDXPDWLF�

VHSDUDWLRQ�RI�WKH�JDOOEODGGHU�ZDOO�IURP�WKH�OLYHU��HVSHFLDOO\�LQ�VFOHURVHG�JDOOEODGGHU��

ZKHQ�WKH�ZDOO�RI�WKH�JDOOEODGGHU�LV�LQWLPDWHO\�IL[HG�WR�WKH�OLYHU�SDUHQFK\PD���RU�LQ�WKH�

SUHVHQFH�RI�DEHUUDQW�GXFW�LQ�JDOOEODGGHU�EHG��

7KH�PRVW�GDQJHURXV�FDXVH�RI�ELOH�OHDN�LV�&%',��,WV�FDXVHV�DUH�OLVWHG�LQ�GHWDLO�LQ�

QXPHURXV�SDSHUV�DQG�PRVW�DFFXUDWHO\�DUH�GHVFULEHG�E\�WKH�WULDG��GDQJHURXV�DQDWRP\��

GDQJHURXV�SDWKRORJ\�DQG�GDQJHURXV�VXUJHU\��,Q�WKHVH�SDWLHQWV��WKH�HOHFWLYH�WDFWLFV�LV�
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XVHG� GHSHQGLQJ� RQ� WKH� W\SH� DQG� OHYHO� RI� LQMXU\�� SUHVHQFH� RI� MDXQGLFH� RU� LQWUD�

DEGRPLQDO� FRPSOLFDWLRQV�� 0LQLPDOO\� LQYDVLYH� DSSURDFKHV� �HQGRVFRSLF� VWHQWLQJ�� LI�

SRVVLEOH�LV�ILUVW� OLQH�DSSURDFK�GXULQJ�WKH�ODVW�GHFDGH�>����@��+RZHYHU��RSHQ�VXUJLFDO�

SURFHGXUHV� GR� QRW� ORVV� WKHLU� VLJQLILFDQFH�� 7KH\� DUH� FRQVLGHUHG� LQ� WKH� IROORZLQJ�

VLWXDWLRQV�� ��� WKH� LQDELOLW\� WR� SHUIRUP� (5&3� �JDVWUHFWRP\� DIWHU� %LOOURWK�,,��

FRQWUDLQGLFDWLRQV��� ��� WKH� LQHIIHFWLYHQHVV�RI� HQGRVFRSLF� LQWHUYHQWLRQV�� DQG����PDMRU�

&%',��,W�LV�YHU\�LPSRUWDQW�WR�GHWHUPLQH�WKH�RSWLPDO�WLPH�WR�SHUIRUP�UHSHDWHG�VXUJHU\��

,Q�WKH�SUHVHQFH�RI�FRPPRQ�ELOH�GXFW�GUDLQDJH�GHILQLWH�VXUJHU\�FDQ�EH�SRVWSRQHG�XQWLO�

D� PRQWK� ODWHU�� ZKLFK� IDYRUV� UHPLWWLQJ� LQIODPPDWRU\� FKDQJHV� LQ� WKH� DUHD� RI�

LQWHUYHQWLRQ�DQG�UHFRYHU\�RI�WKH�SDWLHQW��

&RQFOXVLRQV�� 7KH� FXUUHQW� WUHQGV� RI� WUHDWPHQW� RI� ELOH� OHDNV� DIWHU� /&(� DUH�
IRFXVHG� RQ� WKH�XVH� RI�PLQLPDOO\� LQYDVLYH� WHFKQLTXHV�� 7KLV� LV� SULPDULO\� HQGRVFRSLF�

SDSLOORWRP\��HQGRVFRSLF�VWRQH�UHPRYDO�LI�SUHVHQW�DQG�VWHQWLQJ��,Q�DGGLWLRQ��PLQLPDOO\�

LQYDVLYH� GUDLQLQJ� LQWHUYHQWLRQV� �XQGHU� XOWUDVRXQG� FRQWURO�� ODSDURVFRSLF�� VKRXOG� EH�

XVHG� IRU� LQWUDDEGRPLQDO�ELOH� FROOHFWLRQV��2SHQ�SURFHGXUHV� DUH� LQGLFDWHG� IRU� GLIIXVH�

ELOLDU\�SHULWRQLWLV��PDMRU�&%',�ZKHQ�(5&3�LV�QRW�SRVVLEOH�RU�FRQWUDLQGLFDWHG��

�
5HIHUHQFH��
���/LHQ�+�+��0DQDJHPHQW�RI��ELOH�OHDNDJH�DIWHU�ODSDURVFRSLF�FKROHF\VWHFWRP\�EDVHG�

RQ�HWLRORJLFDO�FODVVLILFDWLRQ���/LHQ�+�+���+XDQJ�&�6���6KL�0�<��>HW�DO�@����6XUJ��7RGD\��

±�������±�9RO������±�3�����±�����

���&RQQRU�6��%LOH�GXFW�LQMXU\�LQ�WKH�HUD�RI�ODSDURVFRSLF�FKROHF\VWHFWRP\���&RQQRU�6���

*DUGHQ�2�-�����%U�-�6XUJ��±�������±�9RO�����3�����±�����

��� .DWVLQHORV� 3�� 7KH� UROH� RI� HQGRVFRSLF� WUHDWPHQW� LQ� SRVWRSHUDWLYH� ELOH� OHDNV� ��

.DWVLQHORV� 3��� .RXQWRXUDV� -��� 3DURXWRJORX�*�� ��� +HSDWRJDVWURHQWHURORJ\�� ±� ������ ±�

9RO�����±�3�����±������

���.DVVDE�&��3UDW�)��/LJXRU\�&��0HGXUL�%��'XFRW�%��)ULWVFK�-��&KRXU\�$'��3HOOHWLHU�

*��(QGRVFRSLF�PDQDJHPHQW�RI�SRVW�ODSDURVFRSLF�FKROHF\VWHFWRP\�ELOLDU\�VWULFWXUHV��

/RQJ�WHUP� RXWFRPH� LQ� D� PXOWLFHQWHU� VWXG\�� ��� *DVWURHQWHURO� &OLQ� %LRO�� ±� ������ ±�

�������±�3����������
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Ɋɟɡɸɦɟ��ɍ�ɪɨɛɨɬɿ�ɩɪɨɜɟɞɟɧɢɣ�ɚɧɚɥɿɡ�ɥɿɤɭɜɚɧɧɹ�����ɩɚɰɿɽɧɬɿɜ�ɡ�ɠɨɜɱɟɜɢɬɿɤɚɧɧɹɦ�
ɩɿɫɥɹ� ɥɚɩɚɪɨɫɤɨɩɿɱɧɨʀ� ɯɨɥɟɰɢɫɬɟɤɬɨɦɿʀ�� ɍ� ��� ɯɜɨɪɢɯ� ɜɢɬɿɤɚɧɧɹ� ɠɨɜɱɿ�
ɩɪɢɩɢɧɢɥɨɫɶ� ɧɚ� ɬɥɿ� ɩɪɨɜɟɞɟɧɧɹ� ɤɨɧɫɟɪɜɚɬɢɜɧɨʀ� ɬɟɪɚɩɿɿ�� ��� ɩɚɰɿɽɧɬɢ� ɦɚɥɢ�
ɿɧɬɪɚɚɛɞɨɦɿɧɚɥɶɧɿ� ɫɤɭɩɱɟɧɧɹ� ɠɨɜɱɿ�� ɳɨ� ɜɢɦɚɝɚɥɨ� ɞɪɟɧɭɸɱɢɯ� ɨɩɟɪɚɰɿɣ��
ɛɿɥɶɲɿɫɬɶ� ɡ� ɹɤɢɯ� ɜɢɤɨɧɚɧɨ�ɦɿɧɿɿɧɜɚɡɢɜɧɨ�� ȿɧɞɨɫɤɨɩɿɱɧɚ� ɩɚɩɿɥɨɫɮɿɧɤɬɟɪɨɬɨɦɿɹ�
ɜɢɤɨɧɚɧɚ� ��� ɩɚɰɿɽɧɬɚɦ�� ɭ� ��� ɡ� ɜɢɞɚɥɟɧɧɹɦ� ɤɨɧɤɪɟɦɟɧɬɿɜ�� ɟɧɞɨɫɤɨɩɿɱɧɟ�
ɫɬɟɧɬɭɜɚɧɧɹ� ɝɟɩɚɬɢɤɨɯɨɥɟɞɨɯɭ� ±� ɭ� ���� ��� ɩɚɰɿɽɧɬɚɦ� ɩɪɨɜɟɞɟɧɿ� ɜɿɞɧɨɜɧɿ� ɿ�
ɪɟɤɨɧɫɬɪɭɤɬɢɜɧɿ� ɨɩɟɪɚɰɿʀ� ɡ� ɩɪɢɜɨɞɭ� ɩɨɲɤɨɞɠɟɧɶ� ɠɨɜɱɧɢɯ� ɩɪɨɬɨɤɿɜ��
Ɇɚɥɨɿɧɜɚɡɢɜɧɿ� ɜɬɪɭɱɚɧɧɹ� ɦɚɸɬɶ� ɩɪɨɜɿɞɧɟ� ɡɧɚɱɟɧɧɹ� ɭ� ɥɿɤɭɜɚɧɧɿ�
ɩɿɫɥɹɨɩɟɪɚɰɿɣɧɢɯ� ɠɨɜɱɟɜɢɬɿɤɚɧɶ�� ɨɞɧɚɤ� ɜɿɞɤɪɢɬɿ� ɨɩɟɪɚɰɿʀ� ɧɟ� ɜɬɪɚɬɢɥɢ� ɫɜɨɝɨ�
ɡɧɚɱɟɧɧɹ�ɩɪɢ�ɧɢɡɰɿ�ɩɨɤɚɡɚɧɶ��
Ʉɥɸɱɨɜɿ� ɫɥɨɜɚ�� ɥɚɩɚɪɨɫɤɨɩɿɱɧɚ� ɯɨɥɟɰɢɫɬɟɤɬɨɦɿɹ�� ɠɨɜɱɟɜɢɬɿɤɚɧɧɹ��
ɩɨɲɤɨɞɠɟɧɧɹ�ɠɨɜɱɧɢɯ�ɩɪɨɬɨɤɿɜ�

�
�

Ɋɟɡɸɦɟ��ȼ�ɪɚɛɨɬɟ�ɩɪɨɜɟɞɟɧ�ɚɧɚɥɢɡ�ɥɟɱɟɧɢɹ�����ɩɚɰɢɟɧɬɨɜ�ɫ�ɠɟɥɱɟɢɫɬɟɱɟɧɢɹɦɢ�
ɩɨɫɥɟ� ɥɚɩɚɪɨɫɤɨɩɢɱɟɫɤɨɣ� ɯɨɥɟɰɢɫɬɷɤɬɨɦɢɢ�� ɍ� ��� ɛɨɥɶɧɵɯ� ɢɫɬɟɱɟɧɢɟ� ɠɟɥɱɢ�
ɩɪɟɤɪɚɬɢɥɨɫɶ� ɧɚ� ɮɨɧɟ� ɩɪɨɜɟɞɟɧɢɹ� ɤɨɧɫɟɪɜɚɬɢɜɧɨɣ� ɬɟɪɚɩɢɢ�� ɭ� ��� ɩɚɰɢɟɧɬɨɜ�
ɨɬɦɟɱɟɧɵ�ɢɧɬɪɚɚɛɞɨɦɢɧɚɥɶɧɵɟ�ɫɤɨɩɥɟɧɢɹ�ɠɟɥɱɢ��ɱɬɨ�ɬɪɟɛɨɜɚɥɨ�ɞɪɟɧɢɪɭɸɳɢɯ�
ɨɩɟɪɚɰɢɣ�� ɛɨɥɶɲɢɧɫɬɜɨ� ɢɡ� ɤɨɬɨɪɵɯ� ɜɵɩɨɥɧɟɧɨ� ɦɢɧɢɢɧɜɚɡɢɜɧɨ��
ɗɧɞɨɫɤɨɩɢɱɟɫɤɚɹ� ɩɚɩɢɥɥɨɫɮɢɧɤɬɟɪɨɬɨɦɢɹ� ɜɵɩɨɥɧɟɧɚ� ��� ɩɚɰɢɟɧɬɚɦ�� ɭ� ��� ɫ�
ɭɞɚɥɟɧɢɟɦ�ɤɨɧɤɪɟɦɟɧɬɨɜ��ɷɧɞɨɫɤɨɩɢɱɟɫɤɨɟ�ɫɬɟɧɬɢɪɨɜɚɧɢɟ�ɝɟɩɚɬɢɤɨɯɨɥɟɞɨɯɚ���ɭ�
�������ɩɚɰɢɟɧɬɚɦ�ɩɪɨɜɟɞɟɧɵ�ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɟ�ɢ�ɪɟɤɨɧɫɬɪɭɤɬɢɜɧɵɟ�ɨɩɟɪɚɰɢɢ�
ɩɨ� ɩɨɜɨɞɭ� ɩɨɜɪɟɠɞɟɧɢɣ� ɠɟɥɱɧɵɯ� ɩɪɨɬɨɤɨɜ�� Ɇɚɥɨɢɧɜɚɡɢɜɧɵɟ� ɜɦɟɲɚɬɟɥɶɫɬɜɚ�
ɢɦɟɸɬ� ɜɟɞɭɳɟɟ� ɡɧɚɱɟɧɢɟ� ɜ� ɥɟɱɟɧɢɢ� ɩɨɫɥɟɨɩɟɪɚɰɢɨɧɧɵɯ� ɠɟɥɱɟɢɫɬɟɱɟɧɢɣ��
ɨɞɧɚɤɨ�ɨɬɤɪɵɬɵɟ�ɨɩɟɪɚɰɢɢ�ɧɟ�ɭɬɪɚɬɢɥɢ�ɫɜɨɟɝɨ�ɡɧɚɱɟɧɢɹ�ɩɪɢ�ɪɹɞɟ�ɩɨɤɚɡɚɧɢɣ��
Ʉɥɸɱɟɜɵɟ� ɫɥɨɜɚ�� ɥɚɩɚɪɨɫɤɨɩɢɱɟɫɤɚɹ� ɯɨɥɟɰɢɫɬɷɤɬɨɦɢɹ�� ɠɟɥɱɟɢɫɬɟɱɟɧɢɟ��
ɩɨɜɪɟɠɞɟɧɢɟ�ɠɟɥɱɧɵɯ�ɩɪɨɬɨɤɨɜ�
�
�
�
5HFHLYHG�������������� � � � � � � $FFHSWHG�������������

�
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.U\YRUXFKNR�,��$���*RQFKDURYD�1��0���7RQNRJODV�2��Ⱥ��

7+(�48(67,216�2)�$�&+521,&�3$1&5($7,7,6�
3$7+2*(1(6,6�$1'�,76�&203/,&$7,216��

.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�� ����������� ����������� �����������
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7KH�QRWH��
�±�LW�LV�DXWKHQWLF�ZLWK�FRQWURO��

�±�LW�LV�DXWKHQWLF�EHWZHHQ���DQG���JURXSV��



�±�LW�LV�DXWKHQWLF�EHWZHHQ���DQG���JURXSV��ɪ���������
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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��

VWUXFWXUH��IXQFWLRQ��DQG�ELRFKHPLWU\���5��9LVVH��+��1DJDVH����&LUFXODWLRQ�5HV��±�������

±�ʋ����±�3�����±�����
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���� �%XFKOHU�0��$�SURSRVDO�IRU�D�QHZ�FOLQLFDO�FODVVLILFDWLRQ�RI�FKURQLF�SDQFUHDWLWLV�

��0��%XFKOHU��0��0DUWLJQRQL��+��)ULHVV��3��0DOIHUWKHLQHU� ���%0&��*DVWURHQWHURO�� ±�

������±�9RO�����±�3�����±������

���� �2PDU\� 0�� %�� 7KH� SDQFUHDWLF� VWHOODWH� FHOO�� D� VWDU� RQ� WKH� ULVH� LQ� SDQFUHDWLF�

GLVHDVHV���0��%��2PDU\��$��/XJHD��$�:��/RZH��6�-��3DQGRO���-��&OLQ��,QYHVW��±�������±�

9RO�����������±�3���±����

���� �3DQGRO�6��(SLGHPLRORJ\��ULVN�IDFWRUV��DQG�WKH�SURPRWLRQ�RI�SDQFUHDWLF�FDQFHU��

UROH� RI� WKH� VWHOODWH� FHOO� �� 6�� 3DQGRO�� $�� *XNRYVND\D�� 0�� (GGHUNDRXL� >HW� DO�@� ��� -��

*DVWURHQWHURO��+HSDWRO��±�������±�9RO������VXSSO�����±�3������±������

���� �ɇɢɱɢɬɚɣɥɨ� Ɇ�� ȿ�� ɂɧɝɢɛɢɪɨɜɚɧɢɟ� ɚɤɬɢɜɢɪɨɜɚɧɧɵɯ� ɩɚɧɤɪɟɚɬɢɱɟɫɤɢɯ�

ɡɜɟɡɞɱɚɬɵɯ� ɤɥɟɬɨɤ� �ɜɢɬɚɦɢɧɚɦɢ� $� ɢ� (�� ɞɥɹ� ɩɪɟɞɭɩɪɟɠɞɟɧɢɹ� ɮɢɛɪɨɡɚ�

ɩɨɞɠɟɥɭɞɨɱɧɨɣ�ɠɟɥɟɡɵ�ɜ�ɦɨɞɟɥɢ�ɯɪɨɧɢɱɟɫɤɨɝɨ�ɚɥɤɨɝɨɥɶɧɨɝɨ�ɩɚɧɤɪɟɚɬɢɬɚ���Ɇ��

ȿ�� ɇɢɱɢɬɚɣɥɨ�� Ⱦ�� Ⱥ�� Ʉɪɚɜɱɟɧɤɨ�� ȿ�� Ȼ�� Ɇɟɞɜɟɰɤɢɣ�� ɂ�� ɋ�� ɒɩɨɧɶɤɚ�� ɂ�� Ɇ��

ɋɚɜɢɰɤɚɹ����Ɇɨɪɮɨɥɨɝɿɹ��±�������±�Ɍ��9ȱ��ʋ����±�ɋ�����±�����

���� �%LVWHU� 9�� ,QFUHDVHG� H[SUHVVLRQ� RI�PDWUL[�PHWDOORSURWHLQDVHV���� DQG� ���� DQG�

7,03���LQ�SDQFUHDWLF�DGHQRFDUFLQRPD���9��%LVWHU��7��6NRRJ��6�9LURODLQHQ�6��>ɟW�ɚO�@����

0RG��3DWKRO��±�������±�9RO������ʋ�����±�3�������±�������

���� �6WHWWHU�6WHYHQVRQ�:�*��0DWUL[�PHWDOORSURWHLQDVHV�LQ�DQJLRJHQHVLV��D�PRYLQJ�

WDUJHW�IRU�WKHUDSHXWLF�LQWHUYHQWLRQ����-��&OLQ��,QYHVW��±�������±�9RO�����������±�3�������

±�������

���� �'HVFDPSV�)�-���*HODWLQL]H�%�LV�GLDEHWRJHQLF�LQ�DFXWH�DQG�FKURQLF�SDQFUHDWLWLV�

E\� FOHDYLQJ� LQVXOLQ��� )�� -�� 'HVFDPSV�� 3�� (��9DQ� GHQ� 6WHHQ�� (��0DUWHQV� >HW� DO���� *��

)$6(%�-��±�������±�9RO�����±�3������±������

�

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��
�

�

�

�
5HFHLYHG�������������� � � � � � � $FFHSWHG�������������
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/LVRY\�9��1����3LOLSHQNR�,��1����3LOLSHQNR�1��,���

&216&,(1&(�%$6('�0(',&,1(��1(:�
$3352$&+(6�72�7+(�0$1$*(0(17�2)�

35267$7(�&$1&(5�3$7,(176�
.KDUNLY�1DWLRQDO�0HGLFDO�8QLYHUVLW\���*ULJRULHY�,QVWLWXWH�IRU�0HGLFDO�5DGLRORJ\�RI�

1$068���8NUDLQH�
�

7LPH�WR�IRFXV�RQ�SDWLHQWV�QRW�SURILW��(PSKDVL]H�
PHGLFLQH�QRW�PRQH\�«�EH�D�SDWLHQW�FDUH�

VSHFLDOW\�«�HWKLFV�EDVHG�RQ�ZKDW�LV�EHVW�IRU�WKH�
SDWLHQW�«�VHUYLFH�WR�FRPPXQLW\��

5��*��(YHQV�������
�

«WKH�DEVROXWH�QHFHVVLW\�IRU�PHGLFDO�OHDGHUVKLS�WR�
UHFRJQL]H�WKH�QHHG�IRU�FKDQJH��HVWDEOLVK�FRPPRQ�
SURIHVVLRQDO�YDOXHV��FUHDWH�D�YLVLRQ��DQG�SURYLGH�

FRXUDJH��VWUHQJWK��DQG�SDVVLRQ�WR�PDNH�WKH�FRUUHFW�
VWUDWHJLF�FKRLFHV�WR�HPSRZHU�WKH�VXFFHVV�RI�

PHGLFLQH�LQ�WKH�IXWXUH��
5��:��+ROGHQ�������

�

$EVWUDFW�� $OPRVW� KDOI� RI� SURVWDWH� PHQ� FDQFHU�� WKH� GLVHDVH� LV� EHQLJQ� DQG� QRW� OLIH�
WKUHDWHQLQJ��+RZHYHU��VRPH�SDWLHQWV�ZLWK�DJJUHVVLYH�WXPRUV�KDYH�PDQLIHVWDWLRQV�WKDW�
FDQ�OHDG�WR�GHDWK�LI�QRW�WUHDWHG��1RZ�WKH�SUREOHP�FRQFHUQV�WR�SUHGLFW�WKH�QDWXUH�RI�LWV�
FRXUVH��7KLV�ZLOO�SUHYHQW�XVHOHVV�VHYHUH�WUHDWPHQW�ZKHQ�PRVW�SDWLHQWV�WKH�WXPRU�FDQ�
EH�FRQWUROOHG�PLQLPDO�WKHUDSHXWLF�LQWHUYHQWLRQ�RU�HYHQ�MXVW�WR�NHHS�WKH�SDWLHQW�XQGHU�
UHJXODU� GLDJQRVWLF� FRQWURO�� $W� SUHVHQW� WKHUH� DUH� UHDO� SRVVLELOLWLHV� WR� FRQILGHQWO\�
HQRXJK�GLIIHUHQWLDWH� WKH�FDVHV�ZKHUH�D�UDGLFDO�PHGLFDO�DLG� WR� WKH�SDWLHQW� LV�QHHGHG�
DQG� ZKHUH� HLWKHU� RQO\� PLQLPDO� WKHUDSHXWLF� VXSSRUW� RU� HYHQ� MXVW� UHJXODU� SHULRGLF�
H[DPLQDWLRQV�DQG�FRQVXOWDWLRQV�ZRXOG�VXIILFH��:KDW�LV�UHVSHFWIXOO\�DFNQRZOHGJHG�DW�
PDMRU�PHHWLQJV�DQG� LQ�HGLWRULDOV� LV�QRW�EHLQJ�DSSOLHG� WR�SDWLHQWV��7KH�H[SODQDWLRQV�
DUH�FRPSOH[�DQG�URRWHG�LQ�D�FRQIOLFW�EHWZHHQ�NQRZOHGJH�DQG�EHOLHI�ZLWK�GLVWXUELQJ�
XQGHUWRQHV�RI�HFRQRPLF�VHOI�LQWHUHVW��,W�LV�WLPH�WR�SUDFWLFH�FRQVFLHQFH�EDVHG�PHGLFLQH��
.H\ZRUGV��SURVWDWH�FDQFHU��PDQDJHPHQW�RI�SDWLHQWV��FRQVFLHQFH�EDVHG�PHGLFLQH��

�

3URVWDWH�FDQFHU��3&��LV�RQH�RI�WKH�PRVW�FRPPRQ�PHQ�FDQFHU��,Q�1RUWK�$PHULFD�

HDUO\�H[SHFWHG�QXPEHU�RI�QHZ�SURVWDWH�FDQFHU�FDVHV�UDQJHV�IURP���������WR���������

FDVHV� DQG� IURP� ������� WR� ������� GHDWKV� >���@��$V� RQH� RI� WKH� ILYH� RU� VL[�PHQ�ZLOO�
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GHYHORS�3&�DW�VRPH�SRLQW� LQ�WKHLU� OLYHV��,QFLGHQFH� LQFUHDVHV�ZLWK�DJH�²�PRUH� WKDQ�

����RI�FDVHV�DUH�GLDJQRVHG�LQ�PHQ�RI����DQG�ROGHU�>����@��

0RUHRYHU�� ���� RI� PHQ� ROGHU� WKDQ� ��� \HDUV� DW� DXWRSV\� KDYH� 3&�� EXW� WKH�

SUREDELOLW\� RI� FOLQLFDO� GLDJQRVLV� LV� RQO\� DERXW� ����� 7KH� HVWLPDWHG� SUREDELOLW\� RI�

G\LQJ�IURP�3&�IRU�PHQ�LV�VHW�DW�������ZKLOH�WKH�PRVW�FRPPRQ�DFWXDO�FDXVH�RI�GHDWK�

RI� PHQ� GLDJQRVHG� ZLWK� 3&� DUH� FDUGLRYDVFXODU� GLVHDVHV� >��� �@�� ,Q� DQRWKHU� DXWRSV\�

VWXG\� LW� ZDV� VKRZHG� WKDW� KLJKO\� GLIIHUHQWLDWHG� SURVWDWLF� LQWUDHSLWKHOLDO� QHRSODVLD��

ZKLFK� LV� WKH� SUHFXUVRU� RI� 3&�� LV� SUHVHQW� LQ� DOPRVW� ����RI�PHQ� DJHG� ��� \HDUV� DQG�

ROGHU� >�@��,Q��������RI�PHQ�ZKR�DUH�GLDJQRVHG�ZLWK�3&�� WKH�GLVHDVH�LV�EHQLJQ�DQG�

QRW�OLIH�WKUHDWHQLQJ�>�@��

+RZHYHU�� VRPH�SDWLHQWV�ZLWK� DJJUHVVLYH� WXPRUV�KDYH�PDQLIHVWDWLRQV� WKDW� FDQ�

OHDG�WR�GHDWK�LI�QRW�WUHDWHG��+HQFH��HDUO\�GHWHFWLRQ�RI�DJJUHVVLYH�IRUPV�RI�WKH�GLVHDVH�

KHOSV�WR�UHGXFH�PRUWDOLW\�LQ�WKH�WUHDWPHQW�RI�ORFDOL]HG�GLVHDVH�DQG�LV�WKH�RQO\�FKDQFH�

IRU�VXFFHVVIXO�WUHDWPHQW�>������@��%HIRUH�WKH�EURDG�GLVWULEXWLRQ�RI�HDUO\�3&�GHWHFWLRQ�

PHWKRGV�� LQFOXGLQJ�GLJLWDO� UHFWDO�H[DPLQDWLRQ�DQG� WUDQVUHFWDO�XOWUDVRXQG�VWXGLHV�DQG�

PHDVXUHPHQWV� RI� VHUXP� 36$�� LQ� PRVW� FDVHV� 3&� ZDV� GLDJQRVHG� LQ� WKH� VWDJH� RI�

SURJUHVVLRQ�RI�WKH�GLVHDVH�DQG�WKH�PHQ�GLHG�ZLWKLQ�D�IHZ�\HDUV�DIWHU�GLDJQRVLV��

6R� QRZ� WKH� SUREOHP� FRQFHUQV� QRW� RQO\� DFFXUDWH� GLDJQRVLV� RI� 3&�� EXW� PRUH�

LPSRUWDQWO\�� WR� SUHGLFW� WKH� QDWXUH� RI� LWV� FRXUVH�� 7KLV� ZLOO� SUHYHQW� XVHOHVV� VHYHUH�

WUHDWPHQW� ZKHQ� PRVW� SDWLHQWV� WKH� WXPRU� FDQ� EH� FRQWUROOHG� PLQLPDO� WKHUDSHXWLF�

LQWHUYHQWLRQ�RU�HYHQ�MXVW�WR�NHHS�WKH�SDWLHQW�XQGHU�UHJXODU�GLDJQRVWLF�FRQWURO��ZKLFK�

VKRXOG�EH�JXDUDQWHHG�E\�XVLQJ�HIIHFWLYH�PHWKRGV��

5��&KRR�HW�DO��>��@�DQG�/��.ORW]�>��@�SURSRVH�WR�GHWHUPLQH�WKH�GHFLVLRQ�WR�LQWHU�

YHQH� E\� 36$� NLQHWLFV� DQG�RU� KLVWRORJLFDO� SURJUHVVLRQ� RI� WKH� WXPRU�� 7KLV� VWUDWHJ\�

RIIHUV� WKH� DWWUDFWLRQ� RI� LQGLYLGXDOL]LQJ� WKHUDS\� EDVHG� RQ� WKH� ELRORJLFDO� EHKDYLRU� RI�

FDQFHU��3DLHQWV�ZLWK�VORZ�JURZLQJ�WXPRU�ZLOO�EH�VSDUHG�WKH�QHJDWLYH�HIIHFWV�RI�UDGLFDO�

WUHDWPHQW�� ZKLOH� SDWLHQWV� ZLWK� UDSLGO\� SURJUHVVLQJ� FDQFHU� ZLOO� EHQHILW� IURP� WKLV�

WKHUDS\��

0DQ\� RSWLRQV� IRU� WKH�PDQDJHPHQW� RI� SDWLHQWV�ZLWK� QHZO\� GLDJQRVHG� 3&� DUH�

DYDLOEOH�� 0DJQHWLF� UHVRQDQFH� LPDJLQJ� �05,�� SOD\V� DQ� LPSRUWDQW� UROH� LQ� WKH� HDUO\�
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GLDJQRVLV�RI�3&��0RUHRYHU��LW�KHOSV�LGHQWLI\�WKH�UHPDLQV�RI�WKH�WXPRU�DIWHU�VXUJHU\�RU�

UHODSVH� DIWHU� WUHDWPHQW�� ZKHQ� WKHUH� LV� FOLQLFDO� RU� ELRFKHPLFDO� VXVSLFLRQ� RI� LW�� 7KH�

IHDVLELOLW\�WR�DVVHVV�3&�XVLQJ�FRQYHQWLRQDO�05,��7��DQG�7��ZHLJKWHG�VHTXHQFHV��05�

VSHFWURVFRS\��GLIIXVLRQ�ZHLJKWHG� LPDJLQJ�� DQG�G\QDPLF�FRQWUDVW� HQKDQFHPHQW�05,�

KDV�EHHQ� LQYHVWLJDWHG��$OO� IRUPV�RI� WUHDWPHQW� WR� D� JUHDWHU�RU� OHVVHU� H[WHQW� DOWHU� WKH�

05,�IHDWXUHV�RI�WKH�SURVWDWH��DQG�LW�LV�LPSRUWDQW�WR�EH�DEOH�WR�GLVWLQJXLVK�EHWZHHQ�WKH�

HIIHFWV�RI�WUHDWPHQW�DQG�UHFXUUHQW�RU�UHVLGXDO�FDQFHU�WR�DLG�LQ�IXUWKHU�FOLQLFDO�SDWLHQW�

PDQDJHPHQW�>��@��

'RXEWV� H[LVW� ZLWK� UHVSHFW� WR� WKH� EHQHILWV� RI� D� EURDG� VFUHHQLQJ� IRU� 3&�� ,Q� D�

UHFHQWO\�SXEOLVKHG�(XURSHDQ�VWXG\�KDV� VKRZQ� WKDW� VFUHHQLQJ�IRU�3&�PD\�SURYLGH�D�

UHGXFWLRQ� LQ�PRUWDOLW\� IURP� WKLV�FDQFHU�E\������EXW� WR�DYRLG�RQH�GHDWK����SDWLHQWV�

VKRXOG�EH�UDGLFDOO\�WUHDWHG�>��@��7KLV�VWXG\�HPSKDVL]HV�WKDW�DOWKRXJK�VFUHHQLQJ�DQG�

HDUO\� GHWHFWLRQ� SURYLGH� EHQHILWV� LQ� WHUPV� RI� UHGXFLQJ� PRUWDOLW\�� \HW� WKH\� FUHDWH� D�

VLJQLILFDQW� ULVN� RI� XQQHFHVVDU\� WUHDWPHQW�� 7KLV� LV� D� GLOHPPD� WKDW� XQGHUOLHV� WKH�

UHTXLUHPHQW�RI� VHOHFWLYH� WUHDWPHQW�DSSURDFK��(VWLPDWHV�VKRZ�WKDW�����RI�PHQ�ZKR�

KDYH�3&�GLDJQRVHG�RQ�WKH�EDVLV�RI�VFUHHQLQJ�ZRXOG�QRW�KDYH�DQ\�FOLQLFDO�V\PSWRPV�

RI�3&�GXULQJ�WKHLU�OLIHWLPH�>��@��7R�DYRLG�H[FHVVLYH�WUHDWPHQW�RI�SDWLHQWV�ZLWK�QRW�DQ�

DJJUHVVLYH� WXPRU�� OLIH� H[SHFWDQF\� DQG� FOLQLFDO�PDQLIHVWDWLRQV�� VXFK� DV� WXPRU� VWDJH��

36$� OHYHO�� DQG� ELRSV\� *OHDVRQ� VKRXOG� EH� WDNHQ� LQWR� DFFRXQW� >�@�� &XUUHQWO\��

KLVWRSDWKRORJLFDO�DQDO\VLV�RI�ELRSV\�PDWHULDO�REWDLQHG�E\�WUDQVUHFWDO�XOWUDVRQRJUDSK\�

LQ� FKHFN� LV� SHUIRUPHG� RQ� D�*OHDVRQ� VFDOH��7KLV� OHDGV� WR� DQ� XQGHUHVWLPDWLRQ� RI� WKH�

DJJUHVVLYHQHVV�RI�WKH�WXPRU�LQ���������RI�ELRSV\�VDPSOHV�FRPSDUHG�ZLWK�VDPSOHV�

REWDLQHG�DW�SURVWDWHFWRP\�>�����@��

7KHUH�LV�HYLGHQFH�WKDW�VFUHHQLQJ�IRU�3&�E\�36$�VHUXP�OHYHOV�UHGXFHV�PRUWDOLW\�

IURP�WKLV�GLVHDVH��EXW�WKLV�KDV�D�VLGH�HIIHFW�²�D�KLJK�OHYHO�RI�IDOVH�SRVLWLYH�GLDJQRVHV��

7KH�IUDFWLRQ�RI�IDOVH�SRVLWLYHV�UDQJHG�IURP�����WR�������LQ�RQH�URXQG��DQG�������RI�

PHQ�KDG�DW�OHDVW�RQH�IDOVH�SRVLWLYH�UHVXOW�IRU�WKUHH�URXQGV�>��@��$OVR�LQGLFDWHG�LV�WKDW�

GLJLWDO� UHFWDO� H[DPLQDWLRQ�� WUDQVUHFWDO� XOWUDVRXQG� DQG� 36$� DUH� OLPLWHG� DV� VFUHHQLQJ�

WHVWV�GXH�WR�WKHLU� ODFN�RI�VHQVLWLYLW\��VSHFLILFLW\�DQG� LQ�HIILFLHQF\�FRVWV�>����������@��

3&��K\SHUSODVLD�� DQG�SURVWDWH� LQIODPPDWLRQ�DUH�FKDUDFWHUL]HG�E\�YDU\LQJ�GHJUHHV�RI�



BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�

�
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�

,QWHU�FROOHJDV��±�������±��������

��

�

HOHYDWHG�36$�OHYHOV� >�����@��7KH�JURZWK�UDWH� LQ�VHUXP�36$�GXULQJ� WKH�\HDU�EHIRUH�

GLDJQRVLV� �36$� VSHHG��� DV� VKRZQ� LQ� D� QXPEHU� RI� UHVHDUFKHV�� LV� VLJQLILFDQWO\�

DVVRFLDWHG�ZLWK�WKH�WLPH�RI�UHFXUUHQFH��FDQFHU�VSHFLILF�PRUWDOLW\�>�����@��DQG�H[WHUQDO�

EHDP� UDGLRWKHUDS\� >��@�� ,Q� DGGLWLRQ�� FRQYHQWLRQDO� XOWUDVRXQG�� ZKLFK� LV� XVHG� IRU�

ELRSV\�JXLGDQFH�� L�VQRW�DFFXUDWH�HQRXJK�IRU�ELRSV\�HYHQ�LQ�WKH�'RSSOHU�PRGH�>��@��

&RQWUDVW�HQKDQFHG� WUDQVUHFWDO� XOWUDVRXQG� LV� PRUH� VHQVLWLYH� IRU� WKH� GHWHFWLRQ� RI�

PDOLJQDQW�FHOOV�LQ�WKH�SURVWDWH�ZLWKRXW�VLJQLILFDQW�ORVV�RI�VSHFLILFLW\�>��@��

5HVHDUFKHG�ZHUH�&7�VLJQV�VXFK�DV�XQHYHQ�HGJH�RI�WKH�SURVWDWH�DQG�REOLWHUDWLRQ�

RI� WKH� DQJOH� EHWZHHQ� WKH� SURVWDWH� DQG� QHLJKERULQJ� VHPLQDO� YHVLFOHV�� ,W� EHFDPH�

DSSDUHQW�WKDW�&7�GDWD�LV�QHLWKHU�VXIILFLHQWO\�VHQVLWLYH�QRU�VSHFLILF�IRU�WKH�GHWHFWLRQ�RI�

WXPRU�VSURXWLQJ��FRPSDUHG�WR�ZKDW�LV�QHHGHG�IRU�PDNLQJ�WKHUDSHXWLF�GHFLVLRQV��05,�

GHILQLWHO\�KDV�EHWWHU�FRQWUDVW�DQG�VSDWLDO�UHVROXWLRQ�WKDQ�&7�>��@��0DQ\�FRPSDULVRQV�

RI�05,�IHDWXUHV�DQG�SDWKRORJLFDO�ILQGLQJV�DUH�SXEOLVKHG��DQG�WKH�OLWHUDWXUH�FRQWDLQV�D�

QXPEHU�RI�05,�IHDWXUHV�IRU�GHWHFWLRQ�RI�H[WUD�FDSVXODU�GLVWULEXWLRQ�WXPRUV�>�����@���

,Q� D� ODUJH� VWXG\�� (�� .XOLJRZVND� HW� DO�� >��@� GHWHUPLQHG� WKH� DFFXUDF\� RI� 3&�

GHWHFWLRQ� E\� PHDQV� RI�� �D�� JUD\� DQG� FRORU� 'RSSOHU� WUDQVUHFWDO� XOWUDVRXQG�� �E��

H[FHVVLYH� OHYHOV� RI� 36$� LQ� EORRG� VHUXP�� DQG� �F�� VL[� IROG� WUDQVUHFWDO� ELRSV\� XQGHU�

XOWUDVRXQG�FRQWURO��7KHUH�DOVR�ZDV�D�UHODWLRQVKLS�EHWZHHQ�DQJLRJHQHVLV�LQ�WKH�WXPRU�

DQG�ELRORJLFDO�DFWLYLW\�RI�WKH�WXPRU�DVVHVVHG�E\�PHDQV�RI�XOWUDVRXQG�GDWD��*UD\�VFDOH�

XOWUDVRXQG� LPDJHV� IRXQG� ������ RI� FDQFHU� FDVHV�� ZKLOH� FRORU� 'RSSOHU� XOWUDVRXQG�

LPDJLQJ� UHYHDOHG� DGGLWLRQDO� ������ ������� WRWDO�� FDVHV��%\� XVLQJ� ELRSV\� ������RI�

FDQFHU�FDVHV�ZHUH�IRXQG��ZKLOH�D�VL[�IROG�ELRSV\�UHYHDOHG�������PRUH�FDQFHU�FDVHV�

������ WRWDO��� 7XPRU� K\SHUYDVFXODUL]DWLRQ� WKDW� ZDV� GHWHUPLQHG� E\� FRORU� 'RSSOHU�

XOWUDVRQRJUDSK\�FRUUHODWHV�ZLWK�ELRORJLFDO�DJJUHVVLYHQHVV�RI� WXPRUV��36$�OHYHO�ZDV�

QRUPDO� LQ� ������ RI� SDWLHQWV� ZLWK� 3&�� 7KH� DXWKRUV� FRQFOXGHG� WKDW� JUD\� VFDOH�

WUDQVUHFWDO� XOWUDVRXQG� HYHQ� LQ� FRPELQDWLRQ� ZLWK� FRORU� 'RSSOHU� XOWUDVRXQG� LV�

LQVXIILFLHQW�IRU�3&�VFUHHQLQJ��VR�ELRSV\�VKRXOG�DOZD\V�EH�DFFRPSDQLHG�E\�D�VHOHFWLRQ�

RI�VL[�ELRSV\�VDPSOHV��

$QDWRPLFDO� DQG� PHWDEROLF� SURVWDWH� PDSSLQJ� ZLWK�05� VSHFWURVFRS\� PDNH� LW�

SRVVLEOH� WR� RSWLPL]H� WUHDWPHQW� SODQQLQJ� �H[SHFWDQW� PDQDJHPHQW�� VXUJHU\�� RU�
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UDGLRWKHUDS\�� LQWHQVLW\�PRGXODWHG� RU� EUDFK\WKHUDS\��� DQG�� WKHUHIRUH�� WR� IXUWKHU�

H[SDQG� WKH� UROH� RI� 05,� LQ� DFKLHYLQJ� D� WUXO\� LQGLYLGXDO� DSSURDFK� WR� WKH� SDWLHQW�

PDQDJHPHQW�>��@��

0��0F1DXJKWRQ�&ROOLQV�HW�DO�� >��@� VWXGLHG� WKH�HIIHFW�RI�SHOYLF� LUUDGLDWLRQ�RQ�

WKH�VHUXP�36$��3DWLHQWV�UHFHLYHG�LUUDGLDWLRQ�DW�D�WRWDO�GRVH�RI������*\�RU�PRUH������

*\�SHU�IUDFWLRQ��DQG������*\�ZLWK�IUDFWLRQV�RI�����*\��5DSLG�ULVH�LQ�36$�OHYHO�ZDV�

IRXQG�GXULQJ�WKH�ILUVW���ZHHNV��XS�WR�����IROG�LQFUHDVH�FRPSDUHG�WR�WKH�LQLWLDO���$W�WKH�

HQG�RI�WUHDWPHQW�36$�OHYHO�ZDV�DOPRVW�QR�GLIIHUHQW�IURP�WKH�LQLWLDO��DQG�ODWHU�GHFOLQHG�

WR������

7KXV�� LW�FDQ�EH�QRWHG� WKDW�DW�SUHVHQW� WKHUH�DUH� UHDO�SRVVLELOLWLHV� WR�FRQILGHQWO\�

HQRXJK�GLIIHUHQWLDWH�WKH�FDVHV�ZKHUH�D�UDGLFDO�PHGLFDO�DLG�WR�WKH�SDWLHQW�LV�QHHGHG�DQG�

ZKHUH� HLWKHU� RQO\� PLQLPDO� WKHUDSHXWLF� VXSSRUW� RU� HYHQ� MXVW� UHJXODU� SHULRGLF�

H[DPLQDWLRQV�DQG�FRQVXOWDWLRQV�ZRXOG�VXIILFH��0HWKRGV�RI�WKH�GLVHDVH�WUHDWPHQW�YDU\�

ZLGHO\� IURP� REVHUYDWLRQ� ZLWKRXW� LQWHUYHQWLRQ� WR� D� YHU\� DJJUHVVLYH� VXUJHU\� RU�

UDGLDWLRQ� WKHUDS\�� ZKLFK� LV� FXUUHQWO\� DYDLODEOH� LQ� VHYHUDO� YDULDQWV�� 7KHUH� LV� PXFK�

GHEDWH� UHJDUGLQJ� WKH� EHVW� RU� PRVW� DFFHSWDEOH� WUHDWPHQW� IRU� GLIIHUHQW� VWDJHV� RI� WKH�

GLVHDVH��

0DQDJHPHQW� RSWLRQV� DUH� QXPHURXV��$� UHFHQW� VWXG\� RI� WKH� SULPDU\� WUHDWPHQW�

UHFHLYHG�E\��������PHQ�ZLWK�QHZO\�GLDJQRVHG�3&�VKRZHG�WKDW�LQ�DSSUR[LPDWHO\����

RI� FDVHV� DFWLYH� VXUYHLOODQFH� ZDV� HOHFWHG�� ���� ²� UDGLFDO� SURVWDWHFWRP\�� ���� ²�

H[WHUQDO� EHDP� UDGLDWLRQ� WKHUDS\� �57��� ����²�EUDFK\WKHUDS\�� ���²�FU\RDEODWLRQ��

DQG� ���� ²� DQGURJHQ� GHSULYDWLRQ� WKHUDS\� >��@�� 2WKHU� WUHDWPHQWV�� VXFK� DV� KLJK�

LQWHQVLW\� IRFXVHG� XOWUDVRXQG� DQG� SKRWRG\QDPLF� WKHUDS\� DUH� DOVR� EHFRPLQJ�

LQFUHDVLQJO\� DYDLODEOH��&RQWLQXRXV� LPSURYHPHQW� DQG� UHILQDQFLQJ� RI� WKHVH� WUHDWPHQW�

VWUDWHJLHV��DORQJ�ZLWK�WKH�WUHQG�WRZDUGV�HDUO\�GHWHFWLRQ�DQG�UHGXFWLRQ�LQ�3&�VWDJH�DW�

GLDJQRVLV�OHG�WR�D�����UHODWLYH�VXUYLYDO�DW���\HDUV�DIWHU�GLDJQRVLV�>�@��+RZHYHU��VRPH�

SDWLHQWV� VKRZHG� UHFXUUHQFH�RI� WKH� WXPRU��ZKLFK� LV�RIWHQ�VXVSHFWHG�EDVHG�RQ�GLJLWDO�

UHFWDO� H[DPLQDWLRQ� RU�36$� OHYHOV� LQFUHDVH��05,�PD\�SOD\� DQ� LPSRUWDQW� UROH� LQ� WKH�

HYDOXDWLRQ� RI� WKHVH� SDWLHQWV�� 7KH� FKRLFH� RI� WUHDWPHQW� GHSHQGV� RQ� VHYHUDO� IDFWRUV��

LQFOXGLQJ� WKH� SUREDELOLW\� RI� DFFXUDWH� GLDJQRVLV� RI� 3&�� WKH� GHJUHH� RI� KLVWRORJLFDO�
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DJJUHVVLYHQHVV�RI�WKH�WXPRU��WKH�DJH�DQG�RYHUDOO�KHDOWK��LQFOXGLQJ�FR�PRUELGLWLHV��DV�

ZHOO�DV�WKH�H[SHFWHG�UHVXOWV�DQG�SRVVLEOH�VLGH�HIIHFWV�DVVRFLDWHG�ZLWK�GLIIHUHQW�IRUPV�

RI�WUHDWPHQW�>�����@��

7KH� RSWLPDO� WUHDWPHQW� IRU� PHQ� ZLWK� 3&� UHPDLQV� FRQWURYHUVLDO� IRU� VHYHUDO�

UHDVRQV��)LUVW��WKH�SRVVLELOLW\�RI�VHWWLQJ�DQ�DFFXUDWH�GLDJQRVLV��VR�WKDW�LPDJLQJ�FDQQRW�

DOZD\V�LGHQWLI\�PHWDVWDWLF�3&��6HFRQG��WKH�*OHDVRQ�JUDGH��ZKLFK�LV�RQH�RI�WKH�PRVW�

LPSRUWDQW� IDFWRUV� SUHGLFWLQJ� GLVHDVH� SURJUHVVLRQ�� LV� VXEMHFWLYH� DQG� GHSHQGV� RQ� WKH�

LQWHUSUHWDWLRQ�RI�WKH�SUHVHQW�ELRSV\�PDWHULDO�E\�SDWKRORJLVW�>��@��7KLUG��VFUHHQLQJ�IRU�

3&� EDVHG� RQ� 36$� LV� QRW� DOZD\V� FHUWDLQ�� )RXUWK�� DQ� LPSRUWDQW� FRQVLGHUDWLRQ� LQ� WKH�

FKRLFH� RI� WUHDWPHQWV� JLYHQ� LV� WKH� TXDOLW\� RI� OLIH� >���� ��@�� )LQDOO\�� JLYHQ� WKDW�PRVW�

SDWLHQWV�ZLWK�3&�DUH�PHQ�RI� DGYDQFHG�DJH�� DJLQJ�SRSXODWLRQ�PDNHV� LW� LPSRUWDQW� WR�

FDUHIXOO\� H[DPLQH� WKH� UHVXOWV�RI� WUHDWPHQW�� VR� WKDW� WKH\� FDQ� KDYH� D� YHU\� VLJQLILFDQW�

LPSDFW� RQ� WKH� RYHUDOO� KHDOWK� RI� WKH� SRSXODWLRQ�� ,Q� WKLV� VHQVH�� WKH� XVH� RI� ODUJH�

GDWDEDVHV� LV� H[WUHPHO\� YDOXDEOH� DQG� SRZHUIXO� UHVRXUFH� IRU� HSLGHPLRORJLFDO� VWXGLHV�

EHFDXVH� WKH� JHQHUDO� SRSXODWLRQ� LV� PRUH� KHWHURJHQHRXV� FRPSDUHG�ZLWK� KRVSLWDOV� RU�

FHQWHUV�RI�REVHUYDWLRQDO�VWXGLHV�>��@��

/�0�� )UDQNV� >�@� HYDOXDWHG� WKH� UHVXOWV� RI� D� ZDLWLQJ� VWUDWHJ\� ZLWK� VHOHFWLYH�

GHOD\HG�LQWHUYHQWLRQ�DQG�XVLQJ�WKH�GHILQLWLRQ�RI�36$�SURJUHVVLRQ�RU�KLVWRORJLFDO�VLJQV�

DV� LQGLFDWLRQV� IRU�HDUO\� WUHDWPHQW�RI�FOLQLFDOO\� ORFDOL]HG�3&��$FWLYH�VXUYHLOODQFH� IRU�

ORFDOL]HG�3&�RI�ORZ�GHJUHH�RI�DJJUHVVLYHQHVV�PD\�UHGXFH�WKH�ULVN�RI�RYHU�WUHDWPHQW�

RI� FOLQLFDOO\� LQVLJQLILFDQW� WXPRUV�� ZKLOH� SUHVHUYLQJ� WKH� SRVVLELOLW\� RI� GHILQLWLYH�

WKHUDS\�IRU�WKRVH�SDWLHQWV�ZKR�DUH�WUDQVIHUUHG�RYHU�WLPH�LQWR�WKH�FDWHJRU\�RI�KLJK�ULVN��

7KHUH� DUH� VHYHUDO� WUHDWPHQW� RSWLRQV� IRU� ORFDOL]HG� 3&�� UDGLFDO� SURVWDWHFWRP\��

EUDFK\WKHUDS\�� H[WHUQDO� EHDP� UDGLDWLRQ� WKHUDS\�� DQGURJHQ� GHSULYDWLRQ� WKHUDS\� DQG�

DFWLYH� VXUYHLOODQFH� >�����@��(��+��=KRX�HW� DO�� >��@� VWXGLHG� WKH� UHODWLRQVKLS�EHWZHHQ�

GLVHDVH� VSHFLILF� VXUYLYDO� DQG� WKH� IRXU� VWDQGDUG� PHWKRGV� RI� WUHDWPHQW� �UDGLFDO�

SURVWDWHFWRP\�� EUDFK\WKHUDS\�� H[WHUQDO� EHDP� UDGLRWKHUDS\�� DQGURJHQ� WKHUDS\�� DQG�

REVHUYDWLRQ�ZLWKRXW�WUHDWPHQW�ZLWKLQ���PRQWKV�DIWHU� WKH�GLDJQRVLV�RI�3&��7KH�VWXG\�

LQFOXGHG��������PHQ�DJHG����\HDUV�DQG�ROGHU�ZLWK�SURVWDWH�FDQFHU�FDVHV�GLDJQRVHG�

EHWZHHQ� ����� DQG� ������ DQG� WKH� IROORZ� XS� WR� ������ 7UHDWPHQWV� ZHUH� FOLQLFDOO\�
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DFFHSWDEOH� WUHDWPHQW�RSWLRQV� IRU� WKH�GLVHDVH�� ,W�ZDV� VKRZQ�LQ� WKLV�SRSXODWLRQ�EDVHG�

VWXG\� WKDW� UDGLFDO� SURVWDWHFWRP\� DQG� EUDFK\WKHUDS\� LV� DVVRFLDWHG� ZLWK� LPSURYHG�

VXUYLYDO�RI�SDWLHQWV��

2QH�RI�WKH�VWDQGDUG�WUHDWPHQWV�IRU�ORFDOO\�DGYDQFHG�GLVHDVH�LV�D�UDGLFDO�FRXUVH�

RI� H[WHUQDO� EHDP� UDGLRWKHUDS\� FRPELQHG�ZLWK� DQGURJHQLF� VXSSUHVVLRQ�� /DUJH�PXOWL�

FHQWHU�UDQGRPL]HG�WULDOV�LQ�(XURSH�>��@�DQG�1RUWK�$PHULFD�>��@�VKRZHG�D�KLJK�OHYHO�

RI�GLVHDVH�IUHH�VXUYLYDO�ZKHQ�XVLQJ�WKLV�DSSURDFK��

%UDFK\WKHUDS\� DORQH� RU� FRPELQHG�ZLWK� H[WHUQDO� EHDP� UDGLRWKHUDS\� KDV� EHHQ�

ZLGHO\�UHFRJQL]HG�DV�D�ILUVW�OLQH�WUHDWPHQW�IRU�SDWLHQWV�ZLWK�ORFDOL]HG�SURVWDWH�FDQFHU�

>�����@��

1��3HUYH]��HW�DO��>��@�VWXGLHG�WKH�DFXWH�WR[LFLW\�RI�LQWHQVLW\�PRGXODWHG�UDGLDWLRQ�

WKHUDS\�FRPELQHG�ZLWK�DQGURJHQ�GHSULYDWLRQLQ�SDWLHQWV�ZLWK�KLJK�ULVN�3&��7KH�WRWDO�

ORFDO�GRVH�ZDV����*\�LQ����IUDFWLRQV�������*\�IUDFWLRQ��IRU���ZHHNV��,UUDGLDWHG�ZHUH�

SURVWDWH�DQG�VHPLQDO�YHVLFOHV��6LPXOWDQHRXVO\��SHOYLF�O\PSK�QRGHV�UHFHLYHG����*\�LQ�

��� IUDFWLRQV�� )RU� WKH� WUHDWPHQW� RI� SDWLHQWV� D� WRPRWKHUDS\� XQLW� ZLWK� LQWHQVLW\�

PRGXODWLRQ�ZDV�XVHG��0DQLIHVWDWLRQV�RI�DFXWH�WR[LFLW\�ZHUH�UHFRUGHG�ZHHNO\�GXULQJ�

WUHDWPHQW�DQG�LQ���PRQWKV�DW�WKH�HQG��0D[LPXP�DFXWH�WR[LFLW\�ZDV�DV�IROORZV������

RI� SDWLHQWV� KDG� JUDGH� �� WR[LFLW\� RI� WKH� JDVWURLQWHVWLQDO� WUDFW�� ������RI� SDWLHQWV� KDG�

JUDGH� �� DQG� ������� JUDGH� �� RI� WKH� JHQLWRXULQDU\� WR[LFLW\�� 7KUHH� PRQWKV� DIWHU�

UDGLRWKHUDS\� �57�� WKH� WR[LFLW\� VLJQLILFDQWO\� GHFUHDVHG�� 7KHUHIRUH�� WKH� LQYHVWLJDWHG�

PRGH�RI�FRPELQHG�KRUPRQDO�DQG�UDGLDWLRQ�WKHUDS\�LV�ZHOO�WROHUDWHG��

&��5��.LQJ� D��'�� 6��.DSS� >��@� FRQVLGHU�� WKDW� DIWHU� UDGLFDO� SURVWDWHFWRP\� WKH�

DFWXDO�GRVHV�UDGLFDO�LUUDGLDWLRQ�RI�SURVWDWH�EHG�IRU�ERWK�ɚGMXYDQW�UDGLRWKHUDS\��$57��

DQG�VDOYDJH�UDGLRWKHUDS\��657��KDYH�WR�EH�LQ�WKH�UDQJH�RI���±���*\��*UHDWHU�GRVHV�

ZRXOG�SRWHQWLDOO\�DFKLHYH�VLJQLILFDQWO\�JUHDWHU�GLVHDVH�IUHH�WXPRU�FRQWURO�UDWHV��$57�

LV�UDGLRWKHUDS\�ZKLFK�LV�SHUIRUPHG�LQ�WKH�LPPHGLDWH�SRVWRSHUDWLYH�VHWWLQJ��DQG�657�

LV� SHUIRUPHG� DIWHU� D� GHPRQVWUDWHG� LQ� DQ\�ZD\� �H�J��� ELRFKHPLFDO�� UHFXUUHQFH��$57�

DQG� 657� RIIHU� WKH� SRWHQWLDO� IRU� UDGLFDO� WUHDWPHQW� DIWHU� XQVXFFHVVIXO� SURVWDWHFWRP\�

�3(��� 7ZR� UDQGRPL]HG� VWXGLHV� KDYH� GHPRQVWUDWHG� DQ� LPSURYHPHQW� LQ� GLVHDVH�IUHH�

VXUYLYDO�IRU�$57�DIWHU�3(�LQ�SDWLHQWV�DW�KLJK�ULVN��GHILQHG�DV�S7��RU�SRVLWLYH�VXUJLFDO�
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PDUJLQ�>������@��7KH�SRVLWLYH�UROH�RI�657�ZLWK�ELRFKHPLFDO�UHODSVH�DIWHU�3(�KDV�DOVR�

EHHQ� GHPRQVWUDWHG� LQ� QXPHURXV� VWXGLHV� >���� ��@�� ,Q� WZR� VWXGLHV� RI�$57�� WKH� WRWDO�

GRVH� WR� WKH� WXPRU�EHG�ZDV����*\� >��@� DQG�������*\� >��@�� )RU�657� WKH�$PHULFDQ�

6RFLHW\�RI�7KHUDSHXWLF�5DGLRORJ\�DQG�2QFRORJ\�KDV�FRQVHQVXV� WR� UHFRPPHQG�KLJK�

GRVHV� RI� UDGLDWLRQ�� DW� OHDVW� ���*\� LQ� WKH� QRUPDO� IUDFWLRQDWLRQ� >��@��7KHUH� LV� DPSOH�

HYLGHQFH� WR� VXSSRUW� GRVH� HVFDODWLRQ� WR� ��� *\� IRU� UDGLFDO� 57� LQ� ORFDOL]HG� SURVWDWH�

WXPRUV�>�����@��

+RZHYHU��WKH�UHVXOWV�RI�WKH�PDQ\�VWXGLHV�KDYH�VKRZQ�WKDW�DFXWH�UHFWDO�UHDFWLRQ�

GHSHQGV�RQ�WKH�GRVH�DQG�WKH�GHJUHH�RI�PDQLIHVWDWLRQV�LV�DOVR�OLQNHG��3RVWRSHUDWLYH�57�

OHDGV�WR�PRUH�DFXWH�PDQLIHVWDWLRQV�RI�JDVWURLQWHVWLQDO�WR[LFLW\�WKDQ�UDGLFDO�57�DORQH��

)RU�SRVWRSHUDWLYH�57�LW�LV�ZLVH�WR�XVH�YDULRXV�UHVWULFWLRQV�LQ�GRVH�>��@��

57� DQG�53(� DUH�ZLGHO\� DFFHSWHG� WUHDWPHQWV� IRU� FOLQLFDOO\� ORFDOL]HG� SURVWDWH�

FDQFHU��$OWKRXJK�WKHVH�PHWKRGV�KDYH�FRPSDUDEOH�UHVXOWV��D�ODUJH�QXPEHU�RI�SDWLHQWV�

ZKR�FKRRVH�53�HYHQWXDOO\�SDVV�57�>������@�HLWKHU� LQ�WKH�DGMXYDQW�RU�VDOYDJH�IRUP��

'HSHQGLQJ� RQ� WKH� SDWKRORJLFDO� UHVXOWV� �H�J��� H[WUD� FDSVXODU� SHQHWUDWLRQ�� VHPLQDO�

YHVLFOHV� LQYDVLRQ�� SRVLWLYH� VXUJLFDO� HGJHV�� SDWLHQWV� XQGHUJRLQJ� LQLWLDO� SULPDU\�53(�

PD\�QHHG�$57�ZLWK� RU�ZLWKRXW�KRUPRQH� WKHUDS\��$57� LV� RIWHQ� DGPLQLVWHUHG� DIWHU�

53(� WR� SDWLHQWV� ZLWK� KLJK� ULVN� �H�J��� H[WUD� FDSVXODU� SHQHWUDWLRQ�� VHPLQDO� YHVLFOHV�

LQYDVLRQ�� SRVLWLYH� VXUJLFDO� HGJH�� KLJK� S7� RU� KLJK� *OHDVRQ� JUDGH�� DQG� DV� KDV� EHHQ�

VKRZQ� WR� UHGXFH� WKH� ULVN� IRU� PHWDVWDVLV� DQG� ELRFKHPLFDO� UHFXUUHQFH� LQ� PHQ� ZLWK�

SRVLWLYH� WKH�SDWKRORJLFDO� UHVXOWV�RI� WKH�53(�>��@�� ,Q�DGGLWLRQ��SDWLHQWV�ZKR� LQLWLDOO\�

KDG� 53(� WKHQ� PD\� EH� VXEMHFWHG� WR� 657� WKURXJK� VXVWDLQDEOH� JURZWK� 36$� DV�

ELRFKHPLFDO�VLJQ�RI�UHFXUUHQFH��7KH�TXHVWLRQ�RI�ZKHWKHU�WKH�57�VKRXOG�EH�SHUIRUPHG�

LPPHGLDWHO\�RU�SRVWSRQH�RQ�WHUP�IRU� LPSURYLQJ�WKH�36$�UHPDLQV�FRQWURYHUVLDO�>����

��@�� 7KH� FKRLFH� EHWZHHQ� WKHVH� WUHDWPHQWV� �57� ZLWK� RU� ZLWKRXW� KRUPRQH� WKHUDS\��

SULPDU\�53(�SOXV�$57��LV�ODUJHO\�GHSHQGHQW�RQ�WKHLU�DGYHUVH�HIIHFWV�DQG�EHQHILWV�IRU�

WKH�SDWLHQW��

&RPPRQ�VLGH�HIIHFWV�RI�QRUPDO�WLVVXH�DV�FRPSOLFDWLRQ�RI�57�LQFOXGH�OHVLRQV�RI�

WKH�UHFWXP�DQG�RU�EODGGHU��%RWK�DFXWH�DQG�ODWH�OHVLRQV�RI�WKH�JDVWURLQWHVWLQDO�WUDFW�DQG�

XURJHQLWDO� V\VWHP� DIWHU� KLJK� GRVH� 57� ZHUH� GRFXPHQWHG�� 6LQFH� WR[LFLW\� PD\�
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HYHQWXDOO\�EHFRPH�PRUH� VLJQLILFDQW�� DFXWH� WR[LFLW\� LV� DQ� LPSRUWDQW�SUHGLFWRU�RI� ODWH�

WR[LFLW\��6LQFH�WR[LFLW\�PD\�HYHQWXDOO\�EHFRPH�PRUH�VLJQLILFDQW��DFXWH�WR[LFLW\�LV�DQ�

LPSRUWDQW� SUHGLFWRU� RI� ODWH� WR[LFLW\� >��௅��@��$FXWH� VLGH� HIIHFWV� FDQ�EH�YHU\� VHULRXV�

DQG�OHDG�WR�LQWHUUXSWLRQ�RI�WKH�SODQQHG�WUHDWPHQW�LQ�����RI�SDWLHQWV�>��@��

3HUPDQHQW�EUDFK\WKHUDS\�ZLWK�,�����DQG�3G�����LPSODQWV�DW�KLJK�ELRORJLFDOO\�

HIIHFWLYH�GRVH�RI�����*\�JLYHV�������ORFDO�FRQWURO�RI�3&�>��@��2QH�RI�WKH�LPSRUWDQW�

EHQHILWV� RI� SHUPDQHQW� LPSODQWDWLRQ� RI� UDGLRDFWLYH� JUDLQV� LQ� WKH� WXPRU� LV� D� YHU\�

FRQIRUPDO� KLJK� GRVH� RI� LUUDGLDWLRQ� WR� WKH� SURVWDWH� JODQG�� +LJK� GRVHV�� DV� LW� VKRZQ�

DERYH�� DUH� QHFHVVDU\� IRU� PDOLJQDQW� WXPRU� HUDGLFDWLRQ� DQG� VLJQLILFDQWO\� UHGXFH� WKH�

OLNHOLKRRG� RI� ELRFKHPLFDO� �OHYHO� 36$�� UHFXUUHQFH� RI� WKH� WXPRU� >���� ��@�� 7KHUHIRUH�

YDULRXV� EUDFK\WKHUDS\� VFKHPHV� DUH� RIWHQ� XVHG� WR� FRQWURO� WXPRUV� LQ� DOO� VWDJHV�� 7KH�

UHVXOWV�RI�WUHDWPHQW�DUH�XVXDOO\�HYDOXDWHG�E\�PHDQV�RI�ELRFKHPLFDO�FRQWURO�>��@��7KH�

SUREOHP�RI�XVLQJ�36$�DV�DQ�HQGSRLQW�RI�D�SRVLWLYH�WUHDWPHQW�RXWFRPH�LV�WKDW�LW�GRHV�

QRW�GLVWLQJXLVK�EHWZHHQ�WKRVH�SDWLHQWV�ZLWK�D�V\VWHPLF�UHFXUUHQFH�FRPSDUHG�WR�ORFDO��

,Q� WKH� SDVW�� GLJLWDO� UHFWDO� H[DPLQDWLRQ� ZDV� XVHG� WR� DVVHVV� ORFDO� FRQWURO�� &XUUHQWO\�

DFFHSWHG� LV� WKDW� SURVWDWH� ELRSV\� LV� WKH� EHVW� PHWKRG� IRU� GHWHUPLQLQJ� UHVLGXDO� RU�

UHFXUUHQW�ORFDO�GLVHDVH�>��@��

,Q�DQ�HGLWRULDO�LQ�WKH��-RXUQDO�RI�FOLQLFDO�RQFRORJ\��$QWKRQ\�=LHWPDQ�>��@�IURP�

+DUYDUG�0HGLFDO�6FKRRO�ZURWH��©:KDW�EHJDQ�DV�D�VPDOO�FUDFN�LQ�WKH�VROLG�FRQFHSW�RI�

HDUO\�GHWHFWLRQ�DQG�HDUO\�WUHDWPHQW�IRU�SURVWDWH�FDQFHU�KDV�QRZ�ZLGHQHG�DQG�VSUHDG��

'HVSLWH� LPSHUIHFWLRQV� ZKLFK� OLPLW� WKHLU� LQWHUSUHWDWLRQ�� WKH� UHFHQWO\� SXEOLVKHG�

UDQGRPL]HG�VFUHHQLQJ�WULDOV�VKRZ�WKHUH�LV�RQO\�D�VPDOO�²�RU�HYHQ�QR�²�LPSURYHPHQW�

LQ�VXUYLYDO�IURP�HDUO\�GHWHFWLRQ�RYHU�WKH�ILUVW����\HDUV�>������@��2QH�WULDO�DOVR�VKRZHG�

WKDW� WKH� QXPEHU� RI� SDWLHQWV� �DURXQG� ���� WKDW� PXVW� EH� WUHDWHG� WR� VDYH� RQH� OLIH� LV�

DODUPLQJO\� KLJK� >��@�� 7KHVH� GDWD� FRPH� DW� D� WLPH� ZKHQ� PHGLFDO� VSHQGLQJ�� ORQJ�

UHFRJQL]HG�WR�EH�EH\RQG�WKH�QDWLRQ¶V�PHDQV��LV�WR�EH�WLJKWHQHG�DQG�UHVWUXFWXUHG�DORQJ�

HYLGHQFH�EDVHG� JXLGHOLQHV� ZLWK� FDUH� EHLQJ� GLUHFWHG� SUHIHUHQWLDOO\� WRZDUG� DUHDV� RI�

SURYHQ� EHQHILW�� 7KH� ,QVWLWXWH� RI� 0HGLFLQH� KDV� GUDZQ� XS� QDWLRQDO� SULRULWLHV� IRU�

FRPSDUDWLYH�HIIHFWLYHQHVV�UHVHDUFK��DQG�WKH�PDQDJHPHQW�RI�ORFDOL]HG�SURVWDWH�FDQFHU�

VLWV�VTXDUHO\�LQ�WKH�ILUVW�TXDUWLOH�>��@��,QGHHG��LW�LV�WKH�WRS�UDQNLQJ�RQFRORJLF�SULRULW\��
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$� SHUIHFW� VWRUP� RI� FOLQLFDO� HYLGHQFH� DQG� HFRQRPLF� UHDOLW\� KDV� DULVHQ� LQ� ZKLFK�

XURORJLVWV� DQG� UDGLDWLRQ� RQFRORJLVWV� QHHG� WR� H[DPLQH� WKH� HYLGHQFH�� H[DPLQH� WKHLU�

VRXOV��DQG�VWDUW�WR�FDUHIXOO\�ORRN�DW�HYHU\�QHZ�SDWLHQW�DVNLQJ��EHIRUH�DQ\WKLQJ�HOVH�²�

LV� WUHDWPHQW�UHDOO\�QHHGHG�DW�DOO"�,I�LW�LV�QRW��DQG�WKDW�ZLOO� IUHTXHQWO\�EH�WKH�DQVZHU��

WKHQ� WKH\�PXVW� EH�SUHSDUHG� WR� OHDG� WKH�SDWLHQW� DORQJ� WKH� OHVV� ILQDQFLDOO\� UHZDUGLQJ�

DQG� GHFLGHGO\� XQJODPRURXV� SDWK� RI� DFWLYH� VXUYHLOODQFH�� 7KH� WUDLQLQJ� RI� UHVLGHQW�

GRFWRUV�KDV�WR�GDWH�EHHQ�VR�IRFXVHG�RQ�FXUH��DQG�WKH�FXOWXUH�RI�HDUO\�GHWHFWLRQ�HDUO\�

WUHDWPHQW�VR�GHHSO\�LQJUDLQHG��WKDW�LW�LV�OLWWOH�ZRQGHU�WKDW�WKLV�VKLIW�LQ�WKLQNLQJ�LV�\HW�

WR� UHIOHFW� LWVHOI� LQ� HYHU\GD\� SUDFWLFH�� :KDW� LV� UHVSHFWIXOO\� DFNQRZOHGJHG� DW� PDMRU�

PHHWLQJV� DQG� LQ� HGLWRULDOV� LV� QRW�� LQ� WKH�GDLO\� UHDOLW\�RI� WKH� FOLQLF�� EHLQJ�DSSOLHG� WR�

SDWLHQWV�� ,QGHHG�� LQ� WKH� 8QLWHG� 6WDWHV�� WKH� SURSRUWLRQ� RI� PHQ� EHLQJ� PDQDJHG�

FRQVHUYDWLYHO\� KDV� DFWXDOO\� EHHQ� GHFOLQLQJ� >��@�� 7KH� H[SODQDWLRQV�� DV� KLQWHG�� DUH�

FRPSOH[� DQG� URRWHG� LQ� D� FRQIOLFW� EHWZHHQ� NQRZOHGJH� DQG� EHOLHI� ZLWK� GLVWXUELQJ�

XQGHUWRQHV� RI� HFRQRPLF� VHOI�LQWHUHVW�� ,W� LV� WLPH� WR� SUDFWLFH� FRQVFLHQFH�EDVHG�

PHGLFLQH���

�
5HIHUHQFHV��
��� -HPDO�$���6LHJHO�5���;X�-���:DUG�(��&DQFHU�VWDWLVWLFV��������&$�&DQFHU�-�&OLQ��
������YRO������SS�����±������
��� $PHULFDQ�&DQFHU�6RFLHW\��&DQFHU� IDFWV� DQG� ILJXUHV�� ������$WODQWD��*$��$&6��
�������
��� -HPDO�$���6LHJHO�5���:DUG�(���HW�DO��&DQFHU�VWDWLVWLFV��������&$�&DQFHU�-�&OLQ��
������YRO������SS����±�����
��� &DQDGLDQ�&DQFHU�6RFLHW\���1DWLRQDO�&DQFHU�,QVWLWXWH�RI�&DQDGD��1DWLRQDO�&DQFHU�
,QVWLWXWH� RI� &DQDGD�� ,Q�� &DQDGLDQ� FDQFHU� VWDWLVWLFV�� 7RURQWR�� 1DWLRQDO� ,QVWLWXWH� RI�
&DQFHU���������
��� -HPDO�$���6LHJHO�5���;X�-���:DUG�(��&DQFHU�VWDWLVWLFV��������&$�&DQFHU�-�&OLQ��
������YRO������3�����±�����>3XEOLVKHG�FRUUHFWLRQ�DSSHDUV�LQ�&$�&DQFHU�-�&OLQ��������
YRO������SS�����±����@��
��� )UDQNV� /�0�� 3URFHHGLQJV�� (WLRORJ\�� HSLGHPLRORJ\�� DQG� SDWKRORJ\� RI� SURVWDWLF�
FDQFHU��&DQFHU��������YRO������SS������±�������
��� +¡OXQG�%��/DWHQW�SURVWDWLF�FDQFHU�LQ�D�FRQVHFXWLYH�DXWRSV\�VHULHV��6FDQG�-�8URO�
1HSKURO��������YRO������SS����������
��� 6DNU�:$��*ULJQRQ�'-��+DDV�*3�� HW� DO�� (SLGHPLRORJ\� RI� KLJK� JUDGH� SURVWDWLF�
LQWUDHSLWKHOLDO�QHRSODVLD��3DWKRO�5HV�3UDFW��������YRO�������SS�����±������
��� :DOVK� 3�&��� 'H:HHVH� 7�/��� (LVHQEHUJHU� 0�$�� &OLQLFDO� SUDFWLFH�� ORFDOL]HG�
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SURVWDWH�FDQFHU��1�(QJO�-�0HG��������YRO�������SS������±������
���� �$PHULFDQ� &DQFHU� 6RFLHW\�� 3URVWDWH� FDQFHU�� $WODQWD�� *D�� $PHULFDQ� &DQFHU�
6RFLHW\���������
���� 0F1DXJKWRQ�&ROOLQV�0���5DQVRKRII�'�)���%DUU\�0�-��(DUO\�GHWHFWLRQ�RI�SURVWDWH�
FDQFHU��VHUHQGLSLW\�VWULNHV�DJDLQ���������YRO�������SS������±�������
���� &KRR�5���.ORW]� /��� 'DQMRX[�&��� HW� DO�� )HDVLELOLW\� VWXG\��:DWFKIXO�ZDLWLQJ� IRU�
ORFDOL]HG� ORZ� WR� LQWHUPHGLDWH� JUDGH� SURVWDWH� FDUFLQRPD� ZLWK� VHOHFWLYH� GHOD\HG�
LQWHUYHQWLRQ� EDVHG� RQ� SURVWDWH� VSHFLILF� DQWLJHQ�� KLVWRORJLFDO� DQG�RU� FOLQLFDO�
SURJUHVVLRQ��-�8URO��������YRO�������SS������±�������
���� .ORW]�/��$FWLYH�VXUYHLOODQFH�IRU�SURVWDWH�FDQFHU��)RU�ZKRP"�-�&OLQ�2QFRO��������
YRO������SS������±�������
���� 9DUJDV�+��$���:DVVEHUJ�&���$NLQ�2���+ULFDN�+��05�,PDJLQJ�RI�7UHDWHG�3URVWDWH�
&DQFHU��5DGLRORJ\��������YRO�������SS�����±�����
���� 6FKURGHU�)�+���+XJRVVRQ�-���5RRERO�0�-��� HW� DO��6FUHHQLQJ�DQG�SURVWDWH�FDQFHU�
PRUWDOLW\�LQ�D�UDQGRPL]HG�(XURSHDQ�VWXG\��1�(QJO�-�0HG��������YRO�������SS������±�
�������
���� 'UDLVPD� *��� %RHU� 5��� 2WWR� 6�-��� HW� DO�� /HDG� WLPHV� DQG� RYHUGHWHFWLRQ� GXH� WR�
SURVWDWHVSHFLILF� DQWLJHQ�VFUHHQLQJ��HVWLPDWHV� IURP� WKH�(XURSHDQ�5DQGRPL]HG�6WXG\�
RI�6FUHHQLQJ�IRU�3URVWDWH�&DQFHU��-�1DWO�&DQFHU�,QVW��������YRO������SS�����±������
���� .YɟOH�5���0ɲOOHU�%���:DKOTYLVW�5���HW�DO��&RQFRUGDQFH�EHWZHHQ�*OHDVRQ�VFRUHV�
RI� QHHGOH� ELRSVLHV� DQG� UDGLFDO� SURVWDWHFWRP\� VSHFLPHQV�� D� SRSXODWLRQ�EDVHG� VWXG\��
%-8�,QW��������YRO�������SS������±�������
���� 'LYULN�5�7���(URJOX�$���6DKLQ�$���=RUOX�)���2]HQ�+�� ,QFUHDVLQJ� WKH�QXPEHU�RI�
ELRSVLHV� LQFUHDVHV� WKH� FRQFRUGDQFH� RI� *OHDVRQ� VFRUHV� RI� QHHGOH� ELRSVLHV� DQG�
SURVWDWHFWRP\�VSHFLPHQV��8URO�2QFRO��������YRO������SS�����±������
���� 7RPLRND�6���1DNDWVX�+���6X]XNL�1���0XUDNDPL�6���0DWVX]DNL�2���6KLPD]DNL�-��
&RPSDULVRQ� RI� *OHDVRQ� JUDGH� DQG� VFRUH� EHWZHHQ� SUHRSHUDWLYH� ELRSV\� DQG�
SURVWDWHFWRP\�VSHFLPHQV�LQ�SURVWDWH�FDQFHU��,QW�-�8URO��������YRO������SS�����±������
���� 5DMLQLNDQWK� $��� 0DQRKDUDQ�0��� 6RORZD\� &�7��� &LYDQWRV� )�-��� 6RORZD\�0�� 6��
7UHQGV� LQ� *OHDVRQ� VFRUH�� FRQFRUGDQFH� EHWZHHQ� ELRSV\� DQG� SURVWDWHFWRP\� RYHU� ���
\HDUV��8URORJ\��������YRO������SS�����±������
���� .LOSHODLQHQ�7�3���7DPPHOD�7�/�-���0DDWWDQHQ�/���HW�DO��)DOVH�SRVLWLYH�VFUHHQLQJ�
UHVXOWV�LQ�WKH�)LQQLVK�SURVWDWH�FDQFHU�VFUHHQLQJ�WULDO��%ULWLVK�-RXUQDO�RI�&DQFHU��������
YRO�������SS�����±������
���� %HQVRQ� 0�&��� 0F0DKRQ� '�-��� &RRQHU� :�+��� 2OVVRQ� &�$�� $Q� DOJRULWKP� IRU�
SURVWDWH�FDQFHU�GHWHFWLRQ�LQ�D�SDWLHQW�SRSXODWLRQ�XVLQJ�SURVWDWH�VSHFLILF�DQWLJHQ�DQG�
SURVWDWH�VSHFLILF�DQWLJHQ�GHQVLW\��:RUOG�-�8URO��������YRO������SS�����±������
���� /HH� )��� 7RUS�3HGHUVHQ� 6�7��� 6LGHUV� '�%��� HW� DO�� 7UDQVUHFWDO� XOWUDVRXQG� LQ� WKH�
GLDJQRVLV� DQG� VWDJLQJ� RI� SURVWDWLF� FDUFLQRPD�� 5DGLRORJ\�� ������ YRO�� ����� SS�� ���±
������
���� /HH� )��� /LWWUXS�3�-���7RUS�3HGHUVHQ�6�7��� HW� DO�� 3URVWDWH� FDQFHU�� FRPSDULVRQ�RI�
WUDQVUHFWDO� 86� DQG� GLJLWDO� UHFWDO� H[DPLQDWLRQ� IRU� VFUHHQLQJ�� 5DGLRORJ\�� ������ YRO��
�����SS�����±������
���� /HH�)���/LWWUXS�3�-���/RIW�&KULVWHQVHQ�/���HW�DO��3UHGLFWHG�SURVWDWH�VSHFLILF�DQWLJHQ�
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UHVXOWV�XVLQJ�WUDQVUHFWDO�XOWUDVRXQG�JODQG�YROXPH��GLIIHUHQWLDWLRQ�RI�EHQLJQ�SURVWDWLF�
K\SHUSODVLD�DQG�SURVWDWH�FDQFHU��&DQFHU��������YRO������SS�����±������
���� /HH�)���/LWWUXS�3�-��7KH�UROH�RI�GLJLWDO�UHFWDO�H[DPLQDWLRQ��WUDQVUHFWDO�XOWUDVRXQG��
DQG� SURVWDWH� VSHFLILF� DQWLJHQ� IRU� WKH� GHWHFWLRQ� RI� FRQILQHG� DQG� FOLQLFDOO\� UHOHYDQW�
SURVWDWH�FDQFHU��-�&HOO�%LRFKHP�6XSSO��������YRO������SS����±�����
���� '¶$PLFR�$�9���&KHQ�0���5RHKO�.���HW�DO��3UHRSHUDWLYH�36$�YHORFLW\�DQG�WKH�ULVN�
RI�GHDWK�IURP�SURVWDWH�FDQFHU�DIWHU�UDGLFDO�SURVWDWHFWRP\��1�(QJO�-�0HG��������YRO��
�����SS�����±�����
���� 6HQJXSWD� 6��� 0\HUV� 5�3��� 6OH]DN� -�0��� HW� DO�� 3UHRSHUDWLYH� SURVWDWH�VSHFLILF�
DQWLJHQ� GRXEOLQJ� WLPH� DQG� YHORFLW\� DUH� VWURQJ� DQG� LQGHSHQGHQW� SUHGLFWRUV� RI�
RXWFRPHV�IROORZLQJ�UDGLFDO�SURVWDWHFWRP\��-�8URO��������YRO�������SS������±������
���� 3DWHO� '�$��� 3UHVWL� -�&���0F1%HDO� -�(��� HW� DO�� 3UHRSHUDWLYH� 36$� YHORFLW\� LV� DQ�
LQGHSHQGHQW�SURJQRVWLF� IDFWRU� IRU� UHODSVH�DIWHU� UDGLFDO�SURVWDWHFWRP\�� -�&OLQ�2QFRO��
������YRO������SS������±������
���� '¶$PLFR�$�9���5HQVKDZ�$�$��� 6XVVPDQ�%��� HW� DO�� 3UHWUHDWPHQW� 36$� YHORFLW\�
DQG� ULVN� RI� GHDWK� IURP� SURVWDWH� FDQFHU� IROORZLQJ� H[WHUQDO� EHDP� UDGLDWLRQ� WKHUDS\��
-$0$��������YRO�������SS�����±�����
���� &RUQXG�)���%HOLQ�;���3LURQ�'���HW�DO��&RORU�'RSSOHU�JXLGHG�SURVWDWH�ELRSVLHV�LQ�
���� SDWLHQWV�ZLWK� DQ� HOHYDWHG� VHUXP�36$� OHYHO�� LPSDFW� RQ�*OHDVRQ� VFRUH� IRU� QRQ�
SDOSDEOH�OHVLRQV��8URORJ\��������YRO������SS�����±�����
���� +DOSHUQ�(��-���5RVHQEHUJ�0���*RPHOOD�/��*��3URVWDWH�&DQFHU��&RQWUDVWHQKDQFHG�
86�IRU�'HWHFWLRQ��5DGLRORJ\��������YRO�������SS�����±������
���� /DZWRQ� &�� $��� *ULJQRQ� '��� 1HZKRXVH� -�� +��� HW� DO�� 3URVWDWLF� &DUFLQRPD��
5DGLR*UDSKLFV��������YRO������SS�����±������
���� 3HUURWWL� 0��� .DXIPDQ� 5�3��� -HQQLQJV� 7�$��� HW� DO�� (QGR�UHFWDO� FRLO� PDJQHWLF�
UHVRQDQFH�LPDJLQJ�LQ�FOLQLFDOO\�ORFDOL]HG�SURVWDWH�FDQFHU��LV�LW�DFFXUDWH"�-�8URO��������
YRO�������SS����±������
���� +XFK� %RQL� 5�$��� %RQHU� -�$��� 'HEDWLQ� -�)��� HW� DO�� 2SWLPL]DWLRQ� RI� SURVWDWH�
FDUFLQRPD�VWDJLQJ��FRPSDULVRQ�RI�LPDJLQJ�DQG�FOLQLFDO�PHWKRGV��&OLQ�5DGLRO��������
YRO������SS�����±������
���� *LUL�3�*���:DOVK�-�:���+D]UD�7�$���7H[WHU�-�+���.RRQW]�:�:��5ROH�RI�FRPSXWHG�
WRPRJUDSK\� LQ� WKH� HYDOXDWLRQ� DQG�PDQDJHPHQW� RI� FDUFLQRPD� RI� WKH� SURVWDWH�� ,QW� -�
5DGLDW�2QFRO�%LRO�3K\V��������YRO�����SS�����±������
���� &KHOVN\� 0�-��� 6FKQDOO� 0�'��� 6HLGPRQ� (�-��� 3ROODFN� +�0�� 8VH� RI� HQGRUHFWDO�
VXUIDFH�FRLO�PDJQHWLF�UHVRQDQFH�LPDJLQJ�IRU�ORFDO�VWDJLQJ�RI�SURVWDWH�FDQFHU��-�8URO��
������YRO�������SS�����±������
���� -DJHU�*�-��%DUHQWV]�-�2���GH�OD�5RVHWWH�-�-���5RVHQEXVFK�*��3UHOLPLQDU\�UHVXOWV�RI�
HQGRUHFWDO� VXUIDFH� FRLO� PDJQHWLF� UHVRQDQFH� LPDJLQJ� IRU� ORFDO� VWDJLQJ� RI� SURVWDWH�
FDQFHU��5DGLRORJ\��������YRO������SS�����±������
���� 0F6KHUU\� 6�$��� /HY\� )��� 6FKLHEOHU� 0�/��� .HHIH� %��� 'HQW� *�$��� 0RKOHU� -�/��
3UHRSHUDWLYH�SUHGLFWLRQ�RI�SDWKRORJLFDO�WXPRU�YROXPH�DQG�VWDJH�LQ�FOLQLFDOO\�ORFDOL]HG�
SURVWDWH� FDQFHU�� FRPSDULVRQ� RI� GLJLWDO� UHFWDO� H[DPLQDWLRQ�� WUDQVUHFWDO�
XOWUDVRQRJUDSK\��DQG�PDJQHWLF�UHVRQDQFH�LPDJLQJ��-�8URO��������YRO�������SS����±�����
���� &KHIFKDRXQL�0�&���)ODP�7���&RUQXG�)���HW�DO��5HVXOWV�RI�HQGRUHFWDO�05,�LQ�ORFDO�



BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�

�
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�

,QWHU�FROOHJDV��±�������±��������

���

�

VWDJLQJ� RI� SURVWDWLF� FDQFHU�� FRUUHODWLRQ� ZLWK� VSHFLPHQV� IURP� SURVWDWHFWRP\� ²�
DSURSRV�RI����FDVHV��-�8URO��������YRO�������SS����±����
���� %DUWROR]]L�&���0HQFKL�,���/HQFLRQL�5���HW�DO��/RFDO�VWDJLQJ�RI�SURVWDWH�FDUFLQRPD�
ZLWK� HQGRUHFWDO� FRLO� 05,�� FRUUHODWLRQ� ZLWK� ZKROH�PRXQW� UDGLFDO� SURVWDWHFWRP\�
VSHFLPHQV��(XU�5DGLRO��������YRO�����SS�����±������
���� %DWHV�7�6���&DYDQDJK�3�0���6SHDNPDQ�0���*LOODWW�'�$��(QGRUHFWDO�05,�XVLQJ�D�
����7�PLG�ILHOG�V\VWHP�LQ�WKH�VWDJLQJ�RI�ORFDOL]HG�SURVWDWH�FDQFHU��&OLQ�5DGLRO��������
YRO������SS�����±������
���� .XOLJRZVND�(���%DULVK�0��$���)HQORQ�+��0���%ODNH�0���3UHGLFWRUV�RI�3URVWDWH�
&DUFLQRPD�� $FFXUDF\� RI� *UD\�6FDOH� DQG� &RORU� 'RSSOHU� 86� DQG� 6HUXP� 0DUNHUV��
5DGLRORJ\��������YRO�������SS�����±������
���� &ODXV� )�� *��� +ULFDN� +��� +DWWHU\� 5�� 5��� 3UHWUHDWPHQW� (YDOXDWLRQ� RI� 3URVWDWH�
&DQFHU�� 5ROH� RI�05� ,PDJLQJ� DQG� �+05�6SHFWURVFRS\��5DGLR*UDSKLFV�� ������ YRO��
����6���±6������
���� &RRSHUEHUJ�0�5���%URHULQJ�-�0���&DUUROO�3�5��7LPH�WUHQGV�DQG�ORFDO�YDULDWLRQ�LQ�
SULPDU\�WUHDWPHQW�RI�ORFDOL]HG�SURVWDWH�FDQFHU��-�&OLQ�2QFRO��������YRO������SS������±�
�������
���� 3RWWHUV� /��� .OHLQ� (�$��� .DWWDQ� 0�:��� HW� DO�� 0RQRWKHUDS\� IRU� VWDJH� 7��7��
SURVWDWH� FDQFHU�� 5DGLFDO� SURVWDWHFWRP\�� H[WHUQDO� EHDP� UDGLRWKHUDS\�� RU� SHUPDQHQW�
VHHG�LPSODQWDWLRQ��5DGLRWKHU�2QFRO��������YRO������SS����±�����
���� &LH]NL� -�3��� .OHLQ� (�$��� $QJHUPHLHU� .��� HW� DO�� $� UHWURVSHFWLYH� FRPSDULVRQ� RI�
DQGURJHQ�GHSULYDWLRQ��$'��YV��QR�$'�DPRQJ�ORZULVN�DQG�LQWHUPHGLDWH�ULVN�SURVWDWH�
FDQFHU� SDWLHQWV� WUHDWHG� ZLWK� EUDFK\WKHUDS\�� H[WHUQDO� EHDP� UDGLDWLRQ� WKHUDS\�� RU�
UDGLFDO�SURVWDWHFWRP\��,QW�-�5DGLDW�2QFRO�%LRO�3K\V��������YRO������SS������±������
���� 5RHPHOLQJ� 6��� 5RRERO� 0�-��� 3RVWPD� 5��� HW� DO�� 0DQDJHPHQW� DQG� VXUYLYDO� RI�
VFUHHQ�GHWHFWHG� SURVWDWH� FDQFHU� SDWLHQWV� ZKR� PLJKW� KDYH� EHHQ� VXLWDEOH� IRU� DFWLYH�
VXUYHLOODQFH��(XU�8URO��������YRO������SS�����±������
���� %UDFDUGD� 6��� GH� &REHOOL� 2��� *UHFR� &��� HW� DO�� &DQFHU� RI� WKH� SURVWDWH�� &ULW� 5HY�
2QFRO�+HPDWRO���������YRO������SS�����±������
���� %LOO�$[HOVRQ�$���+ROPEHUJ� /��� 5XXWX�0��� HW� DO�� 5DGLFDO� SURVWDWHFWRP\� YHUVXV�
ZDWFKIXO�ZDLWLQJ�LQ�HDUO\�&D3��1�(QJO�-�0HG��������YRO�������SS������±�������
���� 6WHLQHFN� *��� +HOJHVHQ� )��� $GROIVVRQ� -��� HW� DO�� 4XDOLW\� RI� OLIH� DIWHU� UDGLFDO�
SURVWDWHFWRP\�RU�ZDWFKIXO�ZDLWLQJ��1�(QJO�-�0HG��������YRO�������SS�����±������
���� =KRX�(��+���(OOLV�5��-���&KHUXOOR�(���&ROXVVL�9���)DQJ�;X��:HL�'RQJ�&KHQ�HW�DO��
5DGLRWKHUDS\�DQG�VXUYLYDO�LQ�SURVWDWH�FDQFHU�SDWLHQWV��D�SRSXODWLRQ�EDVHG�VWXG\��,QW��
-��5DGLDWLRQ�2QFRORJ\�%LRO��3K\V���������YRO������SS����±�����
���� 7KRPSVRQ� ,��� 7KUDVKHU� -�%��� $XV�*��� HW� DO�� *XLGHOLQH� IRU� WKH�PDQDJHPHQW� RI�
FOLQLFDOO\� ORFDOL]HG�SURVWDWH�FDQFHU�������XSGDWH�� -�8URO��������YRO�������SS������±
�������
���� :LOW� 7�-���0DFGRQDOG�5��� 5XWNV� ,��� HW� DO�� 6\VWHPDWLF� UHYLHZ�� 7KH� FRPSDUDWLYH�
HIIHFWLYHQHVV� DQG� KDUPV� RI� WUHDWPHQWV� IRU� FOLQLFDOO\� ORFDOL]HG� SURVWDWH� FDQFHU��$QQ�
,QWHUQ�0HG���������YRO�������SS�����±������
���� '¶$PLFR�$�9���:KLWWLQJWRQ� 5���0DONRZLF]� 6�%��� HW� DO�� %LRFKHPLFDO� RXWFRPH�
DIWHU� UDGLFDO�SURVWDWHFWRP\�� H[WHUQDO�EHDP� UDGLDWLRQ� WKHUDS\��RU� LQWHUVWLWLDO� UDGLDWLRQ�
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WKHUDS\�IRU�FOLQLFDOO\�ORFDOL]HG�SURVWDWH�FDQFHU��-$0$��������YRO�������SS�����±������
���� %ROOD� 0��� &ROOHWWH� /��� %ODQN� /��� HW� DO�� /RQJ�WHUP� UHVXOWV� ZLWK� LPPHGLDWH�
DQGURJHQ� VXSSUHVVLRQ� DQG� H[WHUQDO� LUUDGLDWLRQ� LQ� SDWLHQWV� ZLWK� ORFDOO\� DGYDQFHG�
SURVWDWH�FDQFHU��DQ�(257&�VWXG\���$�SKDVH�,,,�UDQGRPLVHG�WULDO��/DQFHW��������YRO��
�����SS�����±������
���� +DQNV�*�(��� 3DMDN�7�)��� 3RUWHU�$��� HW� DO�� 3KDVH� ,,,� WULDO� RI� ORQJ�WHUP� DGMXYDQW�
DQGURJHQ�GHSULYDWLRQ�DIWHU�QHRDGMXYDQW�KRUPRQDO�F\WRUHGXFWLRQ�DQG�UDGLRWKHUDS\� LQ�
ORFDOO\� DGYDQFHG� FDUFLQRPD� RI� WKH� SURVWDWH�� 7KH� UDGLDWLRQ� WKHUDS\� RQFRORJ\� JURXS�
SURWRFRO��������-�&OLQ�2QFRO��������YRO������SS������±������
���� 6\OYHVWHU�-�(���%ODVNR�-�&���*ULPP�3�'���HW�DO��7HQ�\HDU�ELRFKHPLFDO�UHODSVH�IUHH�
VXUYLYDO� DIWHU� H[WHUQDO� EHDP� UDGLDWLRQ� DQG� EUDFK\WKHUDS\� IRU� ORFDOL]HG� SURVWDWH�
FDQFHU��7KH�6HDWWOH�H[SHULHQFH��,QW�-�5DGLDW�2QFRO�%LRO�3K\V��������YRO������SS�����±�
������
���� 3RWWHUV� /��� 0RUJHQVWHUQ� &��� &DOXJDUX� (��� HW� DO�� ���\HDU� RXWFRPHV� IROORZLQJ�
SHUPDQHQW�SURVWDWH�EUDFK\WKHUDS\�LQ�SDWLHQWV�ZLWK�FOLQLFDOO\�ORFDOL]HG�SURVWDWH�FDQFHU��
-�8URO��������YRO�������SS������±�������
���� =HOHIVN\� 0�-��� <DPDGD� <��� )XNV� =��� HW� DO�� /RQJ�WHUP� UHVXOWV� RI� FRQIRUPDO�
UDGLRWKHUDS\� IRU� SURVWDWH� FDQFHU�� ,PSDFW� RI� GRVH� HVFDODWLRQ� RQ� ELRFKHPLFDO� WXPRU�
FRQWURO�DQG�GLVWDQW�PHWDVWDVHVIUHH�VXUYLYDO�RXWFRPHV��,QW�-�5DGLDW�2QFRO�%LRO�3K\V��
������YRO������SS������±�������
���� 3HUYH]�1���6PDOO�&���0DFNHQ]LH�0���HW� DO��$FXWH� WR[LFLW\� LQ�KLJK� ULVN�SURVWDWH�
FDQFHU� SDWLHQWV� WUHDWHG� ZLWK� DQGURJHQ� VXSSUHVVLRQ� DQG� K\SRIUDFWLRQDWHG� LQWHQVLW\�
PRGXODWHG� UDGLRWKHUDS\�� ,QW�� -��5DGLDWLRQ�2QFRORJ\�%LRO�� 3K\V��� ������ YRO�� ���� SS��
��±����
���� .LQJ�&��5���.DSS�'��6��5DGLRWKHUDS\�DIWHU�SURVWDWHFWRP\�� LV� WKH� HYLGHQFH� IRU�
GRVH� HVFDODWLRQ�RXW� WKHUH"� ,QW�� -��5DGLDWLRQ�2QFRORJ\�%LRO�3K\V��������YRO������SS��
���±�������
���� %ROOD� 0��� YDQ� 3RSSHO� +��� &ROOHWWH� /��� HW� DO�� 3RVWRSHUDWLYH� UDGLRWKHUDS\� DIWHU�
UDGLFDO�SURVWDWHFWRP\��$� UDQGRPL]HG�FRQWUROOHG� WULDO� �(257&� WULDO���������/DQFHW��
������YRO�������SS�����±������
���� 7KRPSVRQ� ,��0��� 7DQJHQ�&��0��� 3DUDGHOR� -��� HW� DO��$GMXYDQW� UDGLRWKHUDS\� IRU�
SDWKRORJLFDOO\�DGYDQFHG�SURVWDWH�FDQFHU��$�UDQGRPL]HG�WULDO��-$0$��������YRO�������
SS������±������
���� 6WHSKHQVRQ�$��-���6FDUGLQR�3��7���.DWWDQ�0��:���HW�DO��3UHGLFWLQJ�WKH�RXWFRPH�RI�
VDOYDJH�UDGLDWLRQ�WKHUDS\�IRU�UHFXUUHQW�SURVWDWH�FDQFHU�DIWHU�UDGLFDO�SURVWDWHFWRP\��-�
&OLQ�2QFRO��������YRO������SS������±�������
���� +D\HV�6��%���3ROODFN�$��3DUDPHWHUV�IRU�WUHDWPHQW�GHFLVLRQV�IRU�VDOYDJH�UDGLDWLRQ�
WKHUDS\��-�&OLQ�2QFRO��������YRO������SS������±�������
���� &R[�-��'���*DOODJKHU�0��-���+DPPRQG�(��+���HW�DO�� IRU� WKH�$6752�&RQVHQVXV�
3DQHO��&RQVHQVXV� VWDWHPHQW� RQ� UDGLDWLRQ� WKHUDS\� RI� SURVWDWH� FDQFHU��*XLGHOLQHV� IRU�
SURVWDWH� UH�ELRSV\� DIWHU� UDGLDWLRQ� DQG� IRU� UDGLDWLRQ� WKHUDS\� ZLWK� ULVLQJ� 36$� OHYHOV�
DIWHU�UDGLFDO�SURVWDWHFWRP\��-�&OLQ�2QFRO��������YRO������SS������±�������
���� 3ROODFN�$���=DJDUV�*��.���6WDUNVFKDOO�*���HW�DO��3URVWDWH�FDQFHU�UDGLDWLRQ�GRVH±
UHVSRQVH�� 5HVXOWV� RI� WKH� 0�� '�� $QGHUVRQ� SKDVH� ,,,� UDQGRPL]HG� WULDO�� ,QW� -� 5DGLDW�



BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�

�
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�

,QWHU�FROOHJDV��±�������±��������

���

�

2QFRO�%LRO�3K\V��������YRO������SS������±�������
���� =LHWPDQ�$��/���'H6LOYLR�0��/���6ODWHU�-��'���HW�DO��&RPSDULVRQ�RI�FRQYHQWLRQDO�
GRVH�YV�KLJK�GRVH�FRQIRUPDO�UDGLDWLRQ�WKHUDS\�LQ�FOLQLFDOO\�ORFDOL]HG�DGHQRFDUFLQRPD�
RI�WKH�SURVWDWH��$�UDQGRPL]HG�FRQWUROOHG�WULDO��-$0$��������YRO�������SS������±�������
���� (DGH�7��1���+DQORQ�$��/���+RUZLW]�(��0��� HW� DO��:KDW� GRVH�RI� H[WHUQDO� EHDP�
UDGLDWLRQ�LV�KLJK�HQRXJK�IRU�SURVWDWH�FDQFHU"�,QW�-�5DGLDW�2QFRO�%LRO�3K\V��������YRO��
����SS�����±������
���� =HOHIVN\�0�� -��� /HLEHO� 6��$���*DXGLQ� 3��%��� HW� DO��'RVH�HVFDODWLRQ�ZLWK� WKUHH�
GLPHQVLRQDO�FRQIRUPDO�UDGLDWLRQ�WKHUDS\�DIIHFWV�WKH�RXWFRPH�LQ�SURVWDWH�FDQFHU��,QW�-�
5DGLDW�2QFRO�%LRO�3K\V��������YRO������SS�����±������
���� 9DOLFHQWL�5��.���*RPHOOD�/��*���,VPDLO�0���HW�DO��(IIHFW�RI�KLJKHU�UDGLDWLRQ�GRVH�
RQ�ELRFKHPLFDO�FRQWURO�DIWHU� UDGLFDO�SURVWDWHFWRP\� IRU�S7�1��SURVWDWH�FDQFHU�� ,QW�-�
5DGLDW�2QFRO�%LRO�3K\V��������YRO������SS�����±������
���� $QVFKHU�0��6���&ORXJK�5���'RGJH�5��5DGLRWKHUDS\�IRU�D�ULVLQJ�36$�DIWHU�UDGLFDO�
SURVWDWHFWRP\��7KH� ILUVW� ���\HDUV�� ,QW� -�5DGLDW�2QFRO�%LRO�3K\V��������YRO������SS��
���±������
���� &KHQJ�-��&���6FKXOWKHLVV�7��(���1JX\HQ�.��+���:RQJ�-��<��&���$FXWH�WR[LFLW\�LQ�
GHILQLWLYH� YHUVXV� SRVWSURVWDWHFWRP\� LPDJH�JXLGHG� UDGLRWKHUDS\� IRU� SURVWDWH� FDQFHU��
,QW��-��5DGLDWLRQ�2QFRORJ\�%LRO�3K\V��������YRO������SS�����±�����
���� .XSHOLDQ� 3�$��� 3RWWHUV� /��� .KXQWLD� '��� HW� DO�� 5DGLFDO� SURVWDWHFWRP\�� H[WHUQDO�
EHDP�UDGLRWKHUDS\�����*\��H[WHUQDO�EHDP�UDGLRWKHUDS\�!�RU� ���*\��SHUPDQHQW�VHHG�
LPSODQWDWLRQ��RU�FRPELQHG�VHHGV�H[WHUQDO�EHDP�UDGLRWKHUDS\�IRU�VWDJH�7��7��SURVWDWH�
FDQFHU��,QW�-�5DGLDW�2QFRO�%LRO�3K\V��������YRO������SS���±�����
���� 6ZDQVRQ�*�3���+XVVH\�0�$���7DQJHQ�&�0���HW�DO��3UHGRPLQDQW�WUHDWPHQW�IDLOXUH�
LQ� SRVWSURVWDWHFWRP\� SDWLHQWV� LV� ORFDO�� $QDO\VLV� RI� SDWWHUQV� RI� WUHDWPHQW� IDLOXUH� LQ�
6:2*�������-�&OLQ�2QFRO��������YRO������SS������±�������
���� %ROOD� 0��� YDQ� 3RSSHO� +��� &ROOHWWH� /��� HW� DO�� 3RVWRSHUDWLYH� UDGLRWKHUDS\DIWHU�
UDGLFDO� SURVWDWHFWRP\��$� UDQGRPLVHG�FRQWUROOHG� WULDO� �(257&� WULDO� ��������/DQFHW��
������YRO�������SS�����±������
���� 6NZDUFKXN� 0�:��� -DFNVRQ� $��� =HOHIVN\� 0�-��� HW� DO�� /DWH� UHFWDO� WR[LFLW\� DIWHU�
FRQIRUPDO� UDGLRWKHUDS\� RI� SURVWDWH� FDQFHU� �,��� 0XOWLYDULDWH� DQDO\VLV� DQG� GRVH�
UHVSRQVH��,QW�-�5DGLDW�2QFRO�%LRO�3K\V��������YRO������SS�����±������
���� .XSHOLDQ�3�$���5HGG\�&�$���&DUOVRQ�7�3���HW�DO��'RVH�YROXPH�UHODWLRQVKLS�RI�ODWH�
UHFWDO� EOHHGLQJ� DIWHU� H[WHUQDO� EHDP� UDGLRWKHUDS\� IRU� ORFDOL]HG� SURVWDWH� FDQFHU��
$EVROXWH�RU�UHODWLYH�UHFWDO�YROXPH"�&DQFHU�-��������YRO�����SS����±�����
���� 2¶%ULHQ� 3�&��� )UDQNOLQ� &�,��� 3RXOVHQ� 0�*�� HW� DO��� IRU� WKH� 7UDQV�7DVPDQ�
5DGLDWLRQ� 2QFRORJ\� *URXS�� $FXWH� V\PSWRPV�� QRW� UHFWDOO\� DGPLQLVWHUHG� VXFUDOIDWH��
SUHGLFW� IRU� ODWH� UDGLDWLRQ�SURFWLWLV��/RQJHU� WHUP� IROORZ�XS�RI� D�SKDVH� ,,,� WULDO�� ,QW� -�
5DGLDW�2QFRO�%LRO�3K\V��������YRO������SS�����±������
���� 'H� 0HHUOHHU� *��� 9DNDHW� /��� 0HHUVVFKRXW� 6��� HW� DO�� ,QWHQVLW\PRGXODWHG�
UDGLRWKHUDS\�DV�SULPDU\�WUHDWPHQW�IRU�SURVWDWH�FDQFHU��$FXWH�WR[LFLW\�LQ�����SDWLHQWV��
,QW�-�5DGLDW�2QFRO�%LRO�3K\V��������YRO������SS�����±������
���� 6FKXOWKHLVV�7�(���/HH�:�5���+XQW�0�$���HW�DO��/DWH�*,�DQG�*8�FRPSOLFDWLRQV�LQ�
WKH�WUHDWPHQW�RI�SURVWDWH�FDQFHU��,QW�-�5DGLDW�2QFRO�%LRO�3K\V��������YRO������SS���±�
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���� <HRK�(�(���%RWWHQ�5���5XVVR�$���HW�DO��&KURQLF�HIIHFWV�RI�WKHUDSHXWLF�LUUDGLDWLRQ�
IRU�ORFDOL]HG�SURVWDWLF�FDUFLQRPD�RQ�DQRUHFWDO�IXQFWLRQ��,QW�-�5DGLDW�2QFRO�%LRO�3K\V��
������YRO������SS�����±������
���� 6WRQH�1�� 1��� 6WRFN� 5�� *��� &HVDUHWWL� -�� $��� 8QJHU� 3��� /RFDO� FRQWURO� IROORZLQJ�
SHUPDQHQW� SURVWDWH� EUDFK\WKHUDS\�� HIIHFW� RI� KLJK� ELRORJLFDOO\� HIIHFWLYH� GRVH� RQ�
ELRSV\�UHVXOWV�DQG�RQFRORJLF�RXWFRPHV��,QW��-��5DGLDWLRQ�2QFRORJ\�%LRO�3K\V��������
YRO������SS�����±������
���� 6WRQH� 1�1��� 6WRFN� 5�*��� 8QJHU� 3�� ,QWHUPHGLDWH�WHUP� ELRFKHPLFDO� DQG� ORFDO�
FRQWURO�IROORZLQJ�,�����EUDFK\WKHUDS\�IRU�SURVWDWH�FDQFHU��-�8URO��������YRO�������SS��
���±������
���� 6WRFN�5�*���&DKORQ�2���&HVDUHWWL� -���HW�DO��&RPELQHG�PRGDOLW\�WUHDWPHQW� LQ� WKH�
PDQDJHPHQW�RI�KLJK�ULVN�SURVWDWH�FDQFHU��,QW�-�5DGLDW�2QFRO�%LRO�3K\V��������YRO������
SS������±�������
���� &R[� -�'��*ULJQRQ�'�-��.DSODQ�5�6�� &RQVHQVXV� VWDWHPHQW�� JXLGHOLQHV� IRU� 36$�
IROORZLQJ�UDGLDWLRQ�WKHUDS\��,QW�-�5DGLDW�2QFRO�%LRO�3K\V��������YRO������SS������±
�������
���� =LHWPDQ� $�� (YLGHQFH�%DVHG� 0HGLFLQH�� &RQVFLHQFH�%DVHG� 0HGLFLQH�� DQG� WKH�
0DQDJHPHQW�RI�/RZ�5LVN�3URVWDWH�&DQFHU��-��FOLQ�RQFRORJ\��������YRO������SS������±�
�������
���� $QGULROH� *�/��� &UDZIRUG� (�'��� *UXEE� 5�/��� HW� DO�� 0RUWDOLW\� UHVXOWV� IURP� D�
UDQGRPL]HG�SURVWDWH�FDQFHU�VFUHHQLQJ�WULDO��1�(QJO�-�0HG��������YRO�������SS������±�
�������
���� &RRSHUEHUJ�0��5���/XEHFN�'�3���0HQJ�0�9���HW�DO��7KH�FKDQJLQJ�IDFH�RI� ORZ�
ULVN�SURVWDWH�FDQFHU��7UHQGV�LQ�FOLQLFDO�SUHVHQWDWLRQ�DQG�SULPDU\�PDQDJHPHQW��-�&OLQ�
2QFRO��������YRO������SS������±�������
�
Ɋɟɮɟɪɚɬ�� Ɇɚɣɠɟ� ɭ� ɩɨɥɨɜɢɧɢ� ɯɜɨɪɢɯ� ɧɚ� ɪɚɤ� ɩɪɨɫɬɚɬɢ�� ɯɜɨɪɨɛɚ� ɩɪɨɬɿɤɚɽ�
ɞɨɛɪɨɹɤɿɫɧɨ� ɿ� ɧɟ� ɡɚɝɪɨɠɭɽ�ɠɢɬɬɸ��Ⱥɥɟ� ɭ� ɞɟɹɤɢɯ�ɩɚɰɿɽɧɬɿɜ� ɩɭɯɥɢɧɢ� ɛɭɜɚɸɬɶ� ɡ�
ɚɝɪɟɫɢɜɧɢɦɢ�ɩɪɨɹɜɚɦɢ�ɿ�ɦɨɠɭɬɶ�ɩɪɢɡɜɟɫɬɢ�ɞɨ�ɫɦɟɪɬɿ�ɹɤɳɨ�ɧɟ�ɥɿɤɭɸɬɶɫɹ��Ɍɚɤɢɦ�
ɱɢɧɨɦ��ɧɚɪɚɡɿ�ɫɬɚɜɢɬɶɫɹ�ɩɪɨɛɥɟɦɚ�ɩɪɨɝɧɨɡɭɜɚɬɢ�ɯɚɪɚɤɬɟɪ� ʀʀ�ɩɟɪɟɛɿɝɭ��ɐɟ�ɞɚɫɬɶ�
ɦɨɠɥɢɜɿɫɬɶ�ɡɚɩɨɛɿɝɬɢ�ɦɚɪɧɨɝɨ�ɬɹɠɤɨɝɨ�ɥɿɤɭɜɚɧɧɹ�ɭ�ɜɢɩɚɞɤɚɯ��ɤɨɥɢ�ɭ�ɛɿɥɶɲɨɫɬɿ�
ɯɜɨɪɢɯ�ɩɭɯɥɢɧɭ�ɦɨɠɧɚ�ɤɨɧɬɪɨɥɸɜɚɬɢ�ɦɿɧɿɦɚɥɶɧɢɦ�ɬɟɪɚɩɟɜɬɢɱɧɢɦ�ɜɬɪɭɱɚɧɧɹɦ�
ɚɛɨ� ɧɚɜɿɬɶ� ɜɟɫɬɢ� ɯɜɨɪɨɝɨ� ɥɢɲɟ� ɩɿɞ� ɪɟɝɭɥɹɪɧɢɦ� ɞɿɚɝɧɨɫɬɢɱɧɢɦ� ɤɨɧɬɪɨɥɟɦ��
ɇɚɪɚɡɿ� ɿɫɧɭɸɬɶ� ɪɟɚɥɶɧɿ� ɦɨɠɥɢɜɨɫɬɿ� ɞɨɫɬɚɬɧɶɨ� ɜɩɟɜɧɟɧɨ� ɞɢɮɟɪɟɧɰɿɸɜɚɬɢ�
ɜɢɩɚɞɤɢ� ɡɚɯɜɨɪɸɜɚɧɧɹ�� ɤɨɥɢ� ɧɟ� ɨɛɯɿɞɧɚ� ɪɚɞɢɤɚɥɶɧɚ� ɥɿɤɭɜɚɥɶɧɚ� ɞɨɩɨɦɨɝɚ�
ɯɜɨɪɨɦɭ�ɜɿɞ�ɬɢɯ��ɳɨ�ɩɨɬɪɟɛɭɸɬɶ�ɚɛɨ�ɦɿɧɿɦɚɥɶɧɭ�ɬɟɪɚɩɟɜɬɢɱɧɭ�ɩɿɞɬɪɢɦɤɭ��ɚɛɨ�ɠ�
ɥɢɲɟ� ɪɟɝɭɥɹɪɧɢɣ� ɩɟɪɿɨɞɢɱɧɢɣ� ɨɝɥɹɞ� ɿ� ɤɨɧɫɭɥɶɬɚɰɿɸ�� Ⱥɥɟ� ɬɟ�� ɳɨ� ɡ� ɩɨɜɚɝɨɸ�
ɜɢɡɧɚɧɨ�ɧɚ�ɜɟɥɢɤɢɯ�ɧɚɪɚɞɚɯ�ɬɚ�ɜ�ɪɟɞɚɤɰɿɣɧɢɯ�ɫɬɚɬɬɹɯ��ɧɟ�ɫɬɚɥɨ�ɩɨɜɫɹɤɞɟɧɧɨɸ�
ɤɥɿɧɿɱɧɨɸ� ɪɟɚɥɶɧɿɫɬɸ�� ɉɨɹɫɧɟɧɧɹɽ� ɫɤɥɚɞɧɢɦ� ɿ� ɣɞɟ� ɤɨɪɿɧɧɹɦ� ɭ� ɤɨɧɮɥɿɤɬ� ɦɿɠ�
ɡɧɚɧɧɹɦ� ɿ� ɜɿɪɨɸ� ɡ� ɬɪɢɜɨɠɧɢɦ� ɜɿɞɬɿɧɤɨɦ� ɟɤɨɧɨɦɿɱɧɢɯ� ɿɧɬɟɪɟɫɿɜ�� ɇɚɫɬɚɜ� ɱɚɫ�
ɦɟɞɢɰɢɧɢ��ɡɚɫɧɨɜɚɧɨʀ�ɧɚ�ɫɭɦɥɿɧɧɿ��
Ʉɥɸɱɨɜɿ�ɫɥɨɜɚ��ɪɚɤ�ɩɪɨɫɬɚɬɢ��ɜɟɞɟɧɧɹ�ɯɜɨɪɨɝɨ��ɫɭɦɥɿɧɧɚ�ɦɟɞɢɰɢɧɚ�
�
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Ɋɟɮɟɪɚɬ��ɉɪɢɦɟɪɧɨ�ɭ�ɩɨɥɨɜɢɧɵ�ɡɚɛɨɥɟɜɲɢɯ�ɪɚɤɨɦ�ɩɪɨɫɬɚɬɵ�ɛɨɥɟɡɧɶ�ɩɪɨɬɟɤɚɟɬ�
ɞɨɛɪɨɤɚɱɟɫɬɜɟɧɧɨ� ɢ� ɧɟ� ɭɝɪɨɠɚɟɬ� ɠɢɡɧɢ�� ɇɨ� ɭ� ɧɟɤɨɬɨɪɵɯ� ɩɚɰɢɟɧɬɨɜ� ɨɩɭɯɨɥɶ�
ɢɦɟɟɬ� ɚɝɪɟɫɫɢɜɧɨɟ� ɬɟɱɟɧɢɟ� ɢ� ɦɨɠɟɬ� ɩɪɢɜɟɫɬɢ� ɤ� ɫɦɟɪɬɢ�� ɟɫɥɢ� ɧɟ� ɥɟɱɢɬɶ��
ɋɥɟɞɨɜɚɬɟɥɶɧɨ�� ɧɵɧɟ� ɩɪɨɛɥɟɦɚ� ɫɨɫɬɨɢɬ� ɜ� ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɢ� ɯɚɪɚɤɬɟɪɚ�
ɡɚɛɨɥɟɜɚɧɢɹ�� ɗɬɨ� ɞɚɟɬ� ɜɨɡɦɨɠɧɨɫɬɶ� ɢɡɛɟɠɚɬɶ� ɞɥɹ� ɛɨɥɶɲɢɧɫɬɜɚ� ɛɨɥɶɧɵɯ�
ɬɹɠɤɨɝɨ�ɥɟɱɟɧɢɹ��ɤɨɧɬɪɨɥɢɪɭɹ�ɨɩɭɯɨɥɶ�ɬɨɥɶɤɨ�ɦɢɧɢɦɚɥɶɧɵɦɢ�ɫɪɟɞɫɬɜɚɦɢ��ɢɥɢ�
ɞɚɠɟ� ɜɟɞɹ� ɛɨɥɶɧɨɝɨ� ɥɢɲɶ� ɩɨɞ� ɪɟɝɭɥɹɪɧɵɦ� ɚɤɬɢɜɧɵɦ� ɧɚɛɥɸɞɟɧɢɟɦ�� ɇɵɧɟ�
ɫɭɳɟɫɬɜɭɸɬ� ɜɨɡɦɨɠɧɨɫɬɢ� ɞɨɫɬɚɬɨɱɧɨ� ɭɜɟɪɟɧɧɨ� ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɬɶ� ɫɥɭɱɚɢ�
ɡɚɛɨɥɟɜɚɧɢɹ�� ɤɨɝɞɚ�ɞɟɣɫɬɜɢɬɟɥɶɧɨ�ɧɟ�ɨɛɯɨɞɢɦɚ�ɪɚɞɢɤɚɥɶɧɚɹ�ɥɟɱɟɛɧɚɹ�ɩɨɦɨɳɶ�
ɛɨɥɶɧɨɦɭ�� ɨɬ� ɬɟɯ�� ɤɨɝɞɚ� ɧɭɠɧɚ� ɦɢɧɢɦɚɥɶɧɚɹ� ɬɟɪɚɩɟɜɬɢɱɟɫɤɚɹ� ɩɨɞɞɟɪɠɤɚ� ɢɥɢ�
ɞɚɠɟ�ɜɫɟɝɨ�ɥɢɲɶ�ɪɟɝɭɥɹɪɧɨɟ�ɩɟɪɢɨɞɢɱɟɫɤɨɟ�ɨɛɫɥɟɞɨɜɚɧɢɟ�ɢ�ɤɨɧɫɭɥɶɬɚɰɢɢ��Ɍɟɦ�
ɧɟ� ɦɟɧɟɟ�� ɬɨ�� ɱɬɨ� ɩɪɢɡɧɚɧɨ� ɧɚ� ɲɢɪɨɤɢɯ� ɫɨɜɟɳɚɧɢɹɯ� ɫɩɟɰɢɚɥɢɫɬɨɜ� ɢ� ɜ�
ɪɟɞɚɤɰɢɨɧɧɵɯ� ɫɬɚɬɶɹɯ�� ɧɟ� ɫɬɚɥɨ� ɲɢɪɨɤɨɣ� ɤɥɢɧɢɱɟɫɤɨɣ� ɪɟɚɥɶɧɨɫɬɶɸ�� ɇɚɣɬɢ�
ɨɛɴɹɫɧɟɧɢɟ� ɷɬɨɦɭ� ɹɜɥɟɧɢɸ� ɫɥɨɠɧɨ�� ɢ� ɭɯɨɞɢɬ� ɨɧɨ� ɤɨɪɧɹɦɢ�� ɜɟɪɨɹɬɧɨ�� ɜ�
ɤɨɧɮɥɢɤɬ� ɦɟɠɞɭ� ɡɧɚɧɢɟɦ� ɢ� ɜɟɪɨɣ� ɫ� ɬɪɟɜɨɠɧɵɦ� ɨɬɬɟɧɤɨɦ� ɷɤɨɧɨɦɢɱɟɫɤɢɯ�
ɢɧɬɟɪɟɫɨɜ��ɉɪɢɲɥɨ�ɜɪɟɦɹ�ɦɟɞɢɰɢɧɵ�ɫɨɜɟɫɬɢ��
Ʉɥɸɱɟɜɵɟ� ɫɥɨɜɚ�� ɪɚɤ� ɩɪɨɫɬɚɬɵ�� ɜɟɞɟɧɢɟ� ɛɨɥɶɧɨɝɨ�� ɨɫɧɨɜɚɧɧɚɹ� ɧɚ� ɫɨɜɟɫɬɢ�
ɦɟɞɢɰɢɧɚ��
�
�
�
5HFHLYHG������������ � � � � � � $FFHSWHG�������������
�
�
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%H]GLWNR�3���6KFKDGQ\NK�0��

5(*8/$7,21�2)�7+(�89(26&/(5$/�
287)/2:�,1�7+(3$7,(176�:,7+�35,0$5<�

23(1�$1*/(�*/$8&20$��
.KDUNLY�QDWLRQDO�PHGLFDO�XQLYHUVLW\��8NUDLQH�

�

$EVWUDFW��%DFNJURXQG��7KH�DLP�RI�RXU�VWXG\�ZDV�WR�LQYHVWLJDWH�WKH�UROH�RI�YLVXDO�ORDG�
OHYHOV�LQ�WKH�,23�HOHYDWLRQ�LQ�WKH�SDWLHQWV�WDNLQJ�SURVWDJODQGLQ�DQDORJXHV�DQG�WR�WU\�
WR�RSWLPL]H�WKH�FRQGLWLRQV�IRU�WKHLU�HIIHFWV�RQ�WKH�XYHRVFOHUDO�RXWIORZ��
0DWHULDO�DQG�0HWKRGV�����SDWLHQWV�����H\HV��ZLWK�ILUVW�GLDJQRVHG�SULPDU\�RSHQ�DQJOH�
JODXFRPD�DQG�UHVLVWDQFH�WR�ODWDQRSURVW���������LQWUDRFXODU�SUHVVXUH�ZHUH�LQFOXGHG�
LQ� WKLV� VWXG\�� 7KHVH� SDWLHQWV� ZHUH� SUH�H[DPLQHG� ZLWK� WKH� GHILQLWLRQ� RI� YLVXDO� DQG�
UHDGLQJ� DFXLW\�� UHIUDFWLRQ�� WUXH�� WROHUDQW� DQG� WDUJHW� ,23� ZLWK� SHULPHWU\� DQG�
RSKWKDOPRVFRS\�� 6XEMHFWV� ZHUH� GLYLGHG� LQWR� �� JURXSV� RI� FRPSDUDEOH� DJH�� VH[��
UHIUDFWLRQ�� ,Q� HDFK� JURXS� WKH� WKLFNQHVV� RI� WKH� FLOLDU\� ERG\� E\� XOWUDVRXQG�
ELRPLFURVFRS\�ZDV�LQYHVWLJDWHG��OHYHO�RI�QHDU�YLVXDO�ORDG�DQG�WROHUDWHG�FRUUHFWLRQ�IRU�
QHDU�ZHUH�GHILQHG��
5HVXOWV�� ,W� ZDV� IRXQG�� WKDW� LQ� ERWK� JURXSV� ���� RI� WKH� H\HV� ZLWK� 32$*� KDG�
PRGHUDWHO\�KLJK������KRXUV�SHU�GD\��DQG�KLJK��PRUH�WKDQ���KRXUV�D�GD\��QHDU�YLVXDO�
ORDG��0D[LPDO�FLOLDU\�ERG\�WKLFNQHVV�LQ�ERWK�JURXSV�ZDV�VLJQLILFDQWO\�KLJKHU�WKDQ�WKH�
UHVXOWV�UHFHLYHG�E\�RWKHU�DXWKRUV��������������PP�LQ�JURXS���DQG�������������PP�
LQ�JURXS����$OVR�D�GLUHFW�GHSHQGHQFH�RI�WKH�FLOLDU\�ERG\�WKLFNQHVV�DQG�WKH�WUXH�YDOXH�
RI� LQWUDRFXODU� SUHVVXUH�U ������ ZDV� REVHUYHG�� 7KH� K\SHUFRUUHFWLRQ� RI� SUHVE\RSLD�
ZDV� PDGH� LQ� JURXS� �� JUDGXDOO\�� LQ� VWHSV� RI� ����GLRSWHUV�7KH� YDOXH� RI� DGGLWLRQDO�
FRUUHFWLRQDYHUDJHG������ ����GLRSWHUV�� 7KH�PDJQLWXGH� RI� DGGLWLRQDO� FRUUHFWLRQ�ZDV�
LQYHUVHO\� UHODWHG� WRDJH� �U ������7R� DVVHVV� WKH� HIIHFWLYHQHVV� RI� SUHVE\RSLD�
RYHUFRUUHFWLRQ� LQ� UHGXFLQJ� ,23� RQH� \HDU� ODWHU� WRQRPHWU\�� WKH� FKHFNLQJ� RI� YLVXDO�
DFXLW\�� SHULPHWU\� �0'�\HDU� PHWKRG��� RSKWKDOPRVFRS\�� WKH� WKLFNQHVV� RI� WKH� FLOLDU\�
ERG\�ZHUH�HVWLPDWHG�,Q�WKH�JURXS��WKH�UHGXFWLRQ�RI�LQWUDRFXODU�SUHVVXUH��������������
PP�+J�� ZDV� VWDWLVWLFDOO\� VLJQLILFDQW� �S��������� LWV� YDOXH�ZDV� FORVH� WR� WKH� DYHUDJH�
WROHUDQW�,23��������������PP�+J���EXW�ZDV�KLJKHU�WKDQ�WKH�WDUJHW��������������PP�
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+J���$OVR�LQ�WKLV�JURXS�VWDWLVWLFDOO\�VLJQLILFDQW��S��������GHFUHDVH�LQ�WKH�WKLFNQHVV�RI�
WKH�FLOLDU\�ERG\�ZDV�REVHUYHG��PRUH�PDUNHG�LQ�SDWLHQWV�ZLWK�KLJK�QHDU�YLVXDO�ORDG��U�
 � ������� 3URJUHVVLRQ� RI� JODXFRPD� DFFRUGLQJ� WR�SHULPHWU\�ZDV� VLJQLILFDQWO\� OHVV� �S�
������� LQ� WKH�JURXS�ZLWK�D�K\SHUFRUUHFWLRQ�RI�SUHVE\RSLD�DV�FRPSDUHG�ZLWK�JURXS�
ZLWK�RUGLQDU\�FRUUHFWLRQ��
&RQFOXVLRQV�2YHUFRUUHFWLRQ� RI� SUHVE\RSLD�� DV� D� ZD\� WR� UHJXODWH� ,23� PD\� EH� LQ�
DGGLWLRQ� WR� DQWLK\SHUWHQVLYH� WKHUDS\� IRU� SDWLHQWV� ZLWK� KLJK� QHDU� YLVXDO� ORDG� DQG�
32$*��
.H\� ZRUGV�� SULPDU\� RSHQ�DQJOH� JODXFRPD�� UHVLVWDQW� LQWUDRFXODU� SUHVVXUH�� QHDU�
YLVXDO�ORDG�OHYHOV��SUHVE\RSLD�FRUUHFWLRQ��PD[LPDO�FLOLDU\�ERG\�WKLFNQHVV��

�

�

*ODXFRPD� LV� WKH� VHFRQG� OHDGLQJ� FDXVH� RI� EOLQGQHVV� DQG� WKH� ILUVW� FDXVH� RI�

LUUHYHUVLEOH� EOLQGQHVV� ZRUOGZLGH� >�@�*ODXFRPD� LV� VHQVLWLYH� WR� LQWUDRFXODU� SUHVVXUH�

�,23�RSWLF� QHXURSDWK\� WKDW� SURGXFHV� FKDUDFWHULVWLF� VWUXFWXUDO� FKDQJHV� WR� WKH� RSWLF�

QHUYH�KHDG��RIWHQ�ZLWK�FRUUHODWLQJ�WKH�YLVXDO�ILHOG�GHIHFWV�>�@��,W�LV�D�FKURQLF�GLVHDVH��

LQ�ZKLFK�WKH�FRQWURO�RI�LQWUDRFXODU�SUHVVXUH��,23��LV�WKH�RQO\�HYLGHQFH�EDVHG�PHWKRG�

RI� WUHDWPHQW� >���@��0HGLFDO� WKHUDS\� LV�XVXDOO\� WKH�ILUVW� OLQH�RI� WUHDWPHQW� IRU�32$*��

ZLWK�WUHDWPHQW�GLUHFWHG�WR�UHDFKLQJ�DQG�PDLQWDLQLQJ�D�SUHHVWDEOLVKHG�³WDUJHW�SUHVVXUH�

UDQJH´� WKDW� LV�H[SHFWHG� WR� VWRS�DQ�RSWLF�QHUYH�GDPDJH�DQG�YLVXDO� ILHOG� ORVV� >�����@��

7KH�ILUVW�OLQH�PHGLFLQHV�DUH�SURVWDPLGH�DQDORJXHV�DQG�EHWD�DGUHQHUJLF�DQWDJRQLVWV��,Q�

JHQHUDO�� EHWD�DGUHQHUJLF� DQWDJRQLVWV� DQG�FDUERQLF� DQK\GUDVH� LQKLELWRUV�GHFUHDVH� WKH�

SURGXFWLRQ� RI� DTXHRXV� KXPRXU�� 3URVWDJODQGLQ� DQG� SURVWDPLGH� DQDORJXHV�� ZKLFK�

SULPDULO\� LQFUHDVH� XYHRVFOHUDO� RXWIORZ�� ZKLOH� FKROLQHUJLFV� LQFUHDVH� WUDEHFXODU�

RXWIORZ�� )LQDOO\�� DOSKD��DGUHQHUJLF� DJHQWV� ERWK� GHFUHDVH� DTXHRXV� SURGXFWLRQ� DQG�

LQFUHDVH�XYHRVFOHUDO�RXWIORZ�>�@��:KHQ�RQH�SDUWLFXODU�GUXJ�GRHV�QRW�KHOS�WKH�SDWLHQW�

WR� UHDFK� WKH� WDUJHW� SUHVVXUH� OHYHO�� SK\VLFLDQV� FDQ� FKDQJH� LW� WR� D� GLIIHUHQW� FODVV�

PHGLFLQH�RU�DGG�DQ�DQRWKHU�GUXJ�IURP�D�GLIIHUHQW�FODVV��+RZHYHU��FRPELQDWLRQ�ZLWK�

GUXJV� ZKLFK� UHGXFH� WKH� SURGXFWLRQ� RI� LQWUDRFXODU� IOXLG� DQG� WKH� OHYHO� RI� H\H�

KHPRG\QDPLFV� FDQ� OHDG� WR� SRRU�QXWULWLRQ�RI� WKH� DQWHULRU� H\H� VHJPHQW�� ,W� FDQ�FDXVH�

SUHPDWXUH�DJLQJ�RI�WKH�DQWHULRU�H\H�VHJPHQW�VWUXFWXUHV�ZLWK�FDWDUDFW�GHYHORSPHQW�DQG�

VR�RQ��%HVLGHV�FKROLQHUJLF�GUXJV�XVDJH�LV�LQDSSURSULDWH�DIWHU�������\HDUV�ROG�GXH�WR�
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DJH�UHODWHG� GHFUHDVH� RI� VFOHUD� HODVWLFLW\� >�@�)XUWKHUPRUH� PRQRWKHUDS\� ZLWK�

SURVWDJODQGLQ� DQDORJXHV� QHHGV� WR� FUHDWH� WKH� RSWLPDO� FRQGLWLRQV� IRU� WKHLU� LPSDFW��

$FFRUGLQJ� WR� ,�1�� .RVKLWV� HW� DO>��@VXFK� FRQGLWLRQV� RFFXU� DW� D� VXIILFLHQW� ZLGWK� RI�

FLOLDU\� PXVFOH� LQWUDODPLQDU� VSDFHV� LQ� WKH� VWDWH� RI� LQWHUPHGLDWH� �QRW� PD[LPDO��

FRQWUDFWLRQ��:KHQ�WKH� WHQVLRQ�RI�FLOLDU\�PXVFOH� LV�PD[LPDO�RU� LWV� ILEHU�K\SHUWURSK\�

RFFXUV�� XYHRVFOHUDO� RXWIORZ� GHFUHDVHV� VLJQLILFDQWO\�� 7KH� UHOD[DWLRQ� RI� WKH� FLOLDU\�

PXVFOH� OHDGV� WR�QRW�PD[LPDO�VWDWH�RI�RXWIORZ�>�����@��7KH�DLP�RI�RXU�VWXG\�ZDV� WR�

LQYHVWLJDWH� WKH� UROH�RI�YLVXDO� ORDG� OHYHOV� LQ� WKH� ,23�HOHYDWLRQ� LQ� WKH�SDWLHQWV� WDNLQJ�

SURVWDJODQGLQ�DQDORJXHV�DQG�WR�WU\�WR�RSWLPL]H�WKH�FRQGLWLRQV�IRU�WKHLU�HIIHFWV�RQ�WKH�

XYHRVFOHUDO�RXWIORZ��

0DWHULDO� DQG� 0HWKRGV�� 3DWLHQW� VHOHFWLRQ� ZDV� SHUIRUPHG� LQ� WKH� RXWSDWLHQW�

GHSDUWPHQW�RI� WKH�.KDUNLY�5HJLRQDO�&OLQLFDO�+RVSLWDO�DPRQJ� WKH�SDWLHQWV�ZLWK� ILUVW�

GLDJQRVHG� SULPDU\� RSHQ�DQJOH� JODXFRPD�� IRU� ZKRP� ODWDQRSURVW� ������� ZDV�

SUHVFULEHG� DV� DQWLK\SHUWHQVLYH� WKHUDS\�� 7KHVH� SDWLHQWV�ZHUH� SUH�H[DPLQHG�ZLWK� WKH�

GHILQLWLRQ�RI�YLVXDO�DQG�UHDGLQJ�DFXLW\��UHIUDFWLRQ��WUXH��WROHUDQW�DQG�WDUJHW�,23�ZLWK�

SHULPHWU\� DQG� RSKWKDOPRVFRS\�� )RU� YLVXDO� DFXLW\� HVWLPDWLRQ� GHFLPDO� QRWDWLRQ� ZDV�

XVHG�� WKH� WDEOH� ZLWK� RSWRW\SHV� ZDV� VKRZQ� WR� SDWLHQWV� DW� WKH� GLVWDQFH� RI� �� P��

5HIUDFWLRQ� ZDV� GHWHUPLQHG� E\� DXWRUHIUDFWRPHWU\� DQG� VSKHULFDO� HTXLYDOHQW� RI�

UHIUDFWLRQ� ZDV� FDOFXODWHG�� 7UXH� ,23� ZDV� PHDVXUHG� XVLQJ� *ROGPDQQ� DSSODQDWLRQ�

WRQRPHWU\��WROHUDQW�LQWUDRFXODU�SUHVVXUH�ZDV�FDOFXODWHG�E\�IROORZLQJ�IRUPXOD���

Ɋ�WO� ������������['%3�±������[$JH�>��@��ZKHUH�Ɋ�WO�LV�WROHUDQW�LQWUDRFXODU�SUHVVXUH��

'%3�±�GLDVWROLF�EORRG�SUHVVXUH��$JH�±�DJH�RI�SDWLHQWV�LQ�\HDUV��

7DUJHW�LQWUDRFXODU�SUHVVXUH�ZDV�FDOFXODWHG�ZLWK�WKH�KHOS�RI�WKH�QH[W�IRUPXOD���

Ɋ�WDUJH�  � ���� �� ����['%3� ±� �����[$JH� >��@�� ZKHUH� Ɋ�WDUJH� LV� WDUJHW� LQWUDRFXODU�

SUHVVXUH��'%3�±�GLDVWROLF�EORRG�SUHVVXUH��$JH�±�DJH�RI�SDWLHQWV�LQ�\HDUV��

9LVXDO� ILHOG� H[DPLQDWLRQV�ZHUH� SHUIRUPHG�ZLWK� WKH�+XPSKUH\�)LHOG�$QDO\]HU�

�SURJUDP��������0'�ZDV�XVHG�IRU�DQDO\VLV��9LVXDO�ILHOG�SURJUHVVLRQ�RI�HDFK�SDWLHQW�

ZLWK�32$*�ZDV�DQDO\]HG�XVLQJ�WKH�PHWKRG�RI�0'�SURJUHVVLRQ�SHU�\HDU�>������@��$�

UHJUHVVLRQ�DQDO\VLV�RI�DOO�DYDLODEOH�0'�YDOXHV�GXULQJ�IROORZ�XS�ZDV�SHUIRUPHG��7KH�
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0'�SURJUHVVLRQ�SHU�\HDU�ZDV�FDOFXODWHG��7KH�SUHFRQGLWLRQ�WR�DQDO\]H�WKH�YLVXDO�ILHOG�

WHVWV�ZDV� WR� IXOILOO� WKH� FULWHULD� RI� UHOLDELOLW\�� WKDW� LV�� IDOVH� SRVLWLYH� IDXOW� �� ����DQG�

IDOVH�QHJDWLYH�IDXOW��������

,Q�GLUHFW�ELQRFXODU�RSKWKDOPRVFRS\�ZDV�SHUIRUPHG�ZLWK�D�VOLW�ODPS�DQG�DVSKHULF�

RSKWKDOPRVFRSLF�OHQV�$2/��'�,23FRQWURO�ZDV�SHUIRUPHG�DIWHU�������KRXUV��RQ�WKH�

WKLUGGD\���������DQG���ZHHNV�ODWHU�DIWHU�WKH�H[DPLQDWLRQ�DQG�ODWDQRSURVW�SUHVFULEWLRQ��

���SDUWLFLSDQWV�ZHUH�VHOHFWHG�DV�WKH�UHVXOW�RI�IXUWKHU�VWXG\��7KHVH�WKLUW\�WKUHH�VXEMHFWV�

�IRUW\� H\HV�� DJHG� ��� WR� ��� \HDUV� ROG� �DYHUDJH�� ����������� VHYHQWHHQ� PHQ�� VL[WHHQ�

ZRPHQ��JDYH�LQIRUPHG�FRQVHQW�WR�WDNH�SDUW�LQ�WKH�VWXG\��,Q�WZHQW\�VL[�SDWLHQWV�RQO\�

RQH�H\H�ZDV�H[DPLQHG�DQG�LQ�VHYHQ�SDWLHQWV�±�WZR�H\HV��,QFOXVLRQ±�H[FOXVLRQ�FULWHULD�

ZHUH�D�SULPDU\�RSHQ�DQJOH�JODXFRPD��ZLWKRXW�DQ\�RWKHU�RSKWKDOPLF�DEQRUPDOLW\�VXFK�

DV�GLDEHWLF�UHWLQRSDWK\��FRUQHDO�SUREOHPV�RU�PDFXODU�SUREOHPV���EHVW�FRUUHFWHG�YLVXDO�

DFXLW\�����DQG�PRUH��,23�ZDV�KLJKHU�WKDQ�LQGLYLGXDO�WROHUDQFH�DW�WKH�EDFNJURXQG�RI�

ODWDQRSURVW� ������� XVDJH� IRU� �ZHHNV�� 7KH� UHVHDUFK� ZDV� SHUIRUPHG� ZLWK� WKH�

SULQFLSOHV�RI�WKH�+HOVLQNL�'HFODUDWLRQ�DQG�ZDV�DSSURYHG�E\�WKH�HWKLFDO�FRPPLWWHHV��

6XEMHFWV�ZHUH�GLYLGHG�LQWR���JURXSV�RI�FRPSDUDEOH�DJH��VH[��UHIUDFWLRQ��*URXSV�

FKDUDFWHULVWLFV� DUH� SUHVHQWHG� LQ� 7DEOH� ��� ,Q� HDFK� JURXS� WKH� WKLFNQHVV� RI� WKH� FLOLDU\�

ERG\�E\�XOWUDVRXQG�ELRPLFURVFRS\�ZDV�LQYHVWLJDWHG��OHYHO�RI�QHDU�YLVXDO�ORDG�GHILQHG�

DQG�WROHUDWHG�FRUUHFWLRQ�IRU�QHDU�ZHUH�GHILQHG��0D[LPDO�WKLFNQHVV�RI�WKH�FLOLDU\�ERG\�

ZDV�GHWHUPLQHG�XVLQJ�6RQRPHG�9X0D[�8%0��LQ�WKH�URRP�OLJKWLQJ��DOO�WKH�SDWLHQWV�

ZHUH�LQVWUXFWHG�WR�FRQVLGHU�WKH�ILQJHU���

$PRXQW�RI�QHDU�YLVXDO�ORDG��UHDGLQJ��FRPSXWHU�ZRUN��HWF���KRXUV�GXULQJ�WKH�GD\�

LQ�WKH�SDWLHQWV�ZDV�GHWHUPLQHG�E\�TXHVWLRQLQJ��,Q�DFFRUGDQFH�ZLWK�WKH�UHVXOWV�RI�WKH�

TXHVWLRQQDLUH��SDWLHQWV�ZHUH�GHYLGHG�LQWR�IRXU�VXEJURXSV�����LQVLJQLILFDQW�QHDU�YLVXDO�

ORDG���QHDU�YLVXDO�ORDG�LUUHJXODU��OHVV�WKDQ���KRXU�SHU�GD\�����ORZ�QHDU�YLVXDO�ORDG���XS�

WR���KRXUV�D�GD\����PRGHUDWHO\�KLJK�QHDU�YLVXDO�ORDG���IURP���WR���KRXUV�SHU�GD\�����

KLJK�QHDU�YLVXDO�ORDG���PRUH�WKDQ���KRXUV�D�GD\���

0HDVXUHPHQW� RI� UHDGLQJ� DFXLW\� ZDV� SHUIRUPHG� ZLWK� WKH� KHOS� RI� 015($'�

DFXLW\� FKDUWV�� 7KH� FKDUW� ZDV� HYHQO\� LOOXPLQDWHG� DQG� WKH� OXPLQDQFH� RI� WKH� ZKLWH�
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EDFNJURXQG� RI� WKH� FKDUWV� ZDV��� FG�P��7KH� 015($'� VHQWHQFHV� ZHUH� VKRZQ� WR�

SDWLHQWV�DW�WKH�WHVWLQJ�GLVWDQFH�RI����FP�����LQFKHV���

$Q�HVWLPDWH�RI�UHDGLQJ�DFXLW\�ZDV�JLYHQ�E\�WKH�VPDOOHVW�SULQW�VL]H�DW�ZKLFK�WKH�

SDWLHQW� FDQ� UHDG� WKH� HQWLUH� VHQWHQFH� ZLWKRXW� PDNLQJ� VLJQLILFDQW� HUURUV�� $IWHU� WKH�

SDWLHQW�KDG� UHDG�DV�PXFK�RI� WKH�FKDUW�DV�SRVVLEOH�� WKH�QXPEHU�RI�VHQWHQFHV� WKDW� WKH�

SDWLHQW� UHDG�RU� DWWHPSWHG� WR� UHDG�ZDV� FRXQWHG�� 7KHQ� WKH�QXPEHU� RI�ZRUGV� WKDW� WKH�

SDWLHQW�UHDG�LQFRUUHFWO\�ZDV�FRXQWHG��)RU�FDOFXODWLQJ�RI�UHDGLQJ�DFXLW\��LQ�ORJ0$5��

ZDV� XVLQJ� WKH� IROORZLQJ� IRUPXOD�� $FXLW\�  � ���� ±� �VHQWHQFHVî����� �� �HUURUVî�������

5HDGLQJ� DFXLWLHV� LQ� ORJ0$5�ZDV� H[SUHVVHG� DV� D� 6QHOOHQ� IUDFWLRQ� ZLWK� WKH� KHOS� RI�

DSSOLFDWLRQ�WDEOHV��

5HVXOWV�� $V� D� UHVXOW�� WKH� WUXH� LQWUDRFXODU� SUHVVXUH� ZDV� LQ� DYHUDJH����� ��

����PP+J�� ZKLFK� LV� ������ PRUH� WKDQ� WKH� DYHUDJH� WROHUDWHG� SUHVVXUH� DQG� ������

PRUH�WKDQ�WKH�WDUJHW�,23��

,W�ZDV�IRXQG��WKDW�LQ�WKH�ILUVW�JURXS�WKUHH�SDWLHQWV����H\HV��KDG�ORZ�QHDU�YLVXDO�

ORDG�� VL[� SDWLHQWV� ��� H\HV�� ±� PRGHUDWHO\� KLJK� QHDU� YLVXDO� ORDG�� VHYHQ� SDWLHQWV� ����

H\HV��±�KLJK�QHDU�YLVXDO�ORDG��,Q�WKH�VHFRQG�JURXS�WZR�SDWLHQWV����H\HV��KDG�ORZ�QHDU�

YLVXDO�ORDG��IRXU�SDWLHQWV����H\HV��±�PRGHUDWHO\�KLJK�QHDU�YLVXDO�ORDG��HOHYHQ�SDWLHQWV�

����H\HV��±�KLJK�QHDU�YLVXDO�ORDG��7KXV�LQ�ERWK�JURXSV�����RI�WKH�H\HV�ZLWK�32$*�

KDG� PRGHUDWHO\� KLJK� DQG� KLJK� QHDU� YLVXDO� ORDG�� 8QFRUUHFWHG� YLVXDO� DFXLW\� ZDV�

����������LQ�WKH�ILUVW�JURXS��DQG�����������LQ�WKH�VHFRQG�RQH��%HVW�FRUUHFWHG�YLVXDO�

DFXLW\�ZDV����������� LQ� WKH� ILUVW� JURXS�DQG����������� LQ� WKH� VHFRQG�RQH��0D[LPDO�

WROHUDWHG� QHDU� FRUUHFWLRQ� ZDV� ���������� '� LQ� JURXS� �� DQG� ���������� '� LQ� JURXS�

��0D[LPDO� FLOLDU\� ERG\� WKLFNQHVV� LQ� ERWK� JURXSV�ZDV� VLJQLILFDQWO\� KLJKHU� WKDQ� WKH�

UHVXOWV�UHFHLYHG�E\�RWKHU�DXWKRUV��7KXV�/RVVLQJ�/��$��HW�DO�� >��@�PHDVXUHG�PD[LPDO�

FLOLDU\�ERG\�WKLFNQHVV�E\�DQWHULRU�VHJPHQW�ɈɋɌ�DQG�UHFHLYHG�WKH�UHVXOWV��FRQVLGHULQJ�

WKH�UHPRWH�REMHFW�����������������PP��FRQVLGHULQJ�FORVH�REMHFWV�������P������������

������PP��7KH�VWXG\�ZDV�FRQGXFWHG� LQ�\RXQJ�SHRSOH�DJHG�������\HDUV�� ,Q�DQRWKHU�

VWXG\� >��@LQ� SDWLHQWV� ZLWK� JODXFRPD�� ZH� PHDVXUHG� WKH� PD[LPDO� WKLFNQHVV� RI� WKH�

FLOLDU\� ERG\� XVLQJ� XOWUDVRXQG� ELRPLFURVFRS\� LQ� VLPLODU� WR� RXU� FRQGLWLRQV�� 6XEMHFWV�

ZHUH� DJHG� ��������� \HDUV� ROG�� DQG� WKH� UDWH� ZDV� ����������� PP�� (DUOLHU� ZH� DOVR�
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VWXGLHG� WKH� PD[LPDO� WKLFNQHVV� RI� WKH� FLOLDU\� ERG\� RI� ���� H\HV� RI� SDWLHQWV� ZLWK�

SULPDU\�RSHQ�DQJOH�JODXFRPD�DW�WKH�DJH�RI������������\HDUV�ROG�>��@��'DWD�REWDLQHG�

XVLQJ�XOWUDVRXQG�ELRPLFURVFRS\�IRU� WKH�PD[LPDO� WKLFNQHVV�RI� WKH�FLOLDU\�ERG\�ZHUH�

��������������PP��

7KXV�RXU�UHVXOWV�LQ�WKH�ILUVW��������������PP��DQG�WKH�VHFRQG��������������PP��

JURXSV�ZHUH�VLJQLILFDQWO\�KLJKHU�WKDQ�WKH�DYHUDJH�LQ�SDWLHQWV�ZLWK�32$*�DQG�ZLWK�WKH�

FRUUHVSRQGLQJ� DJH� LQ� RWKHU� VWXGLHV�� 7KHVH� UHVXOWV�� KRZHYHU�� ZHUH� FRPSDUDEOH� ZLWK�

PHDVXUHPHQWV� RI� WKH� FLOLDU\� ERG\� WKLFNQHVV� LQ� \RXQJ� KHDOWK\� SHRSOH�ZLWK� WHQVH� RI�

DFFRPPRGDWLRQ��,W�ZDV�DOVR�D�GLUHFW�GHSHQGHQFH�RI�WKH�FLOLDU\�ERG\�WKLFNQHVV�DQG�WKH�

WUXH�YDOXH�RI�LQWUDRFXODU�SUHVVXUH�ZLWK�D�FRUUHODWLRQ�UDWH�U ������

$FFRUGLQJ� WR� WKH� K\SRWKHVLV� RI� LQFUHDVHG� LQWUDRFXODU� SUHVVXUH� GXH� WR�

DFFRPPRGDWLYH�V\VWHP�WRQH��ZKLFK�LV�FRQVLVWHQW�ZLWK�RXU�GDWD��WR�UHGXFH�LQWUDRFXODU�

SUHVVXUH� WKH� WRQH� RI� DFFRPPRGDWLRQ� VKRXOG� EH� UHGXFHG�� )RU� WKLV� SXUSRVH�� ZH�

SUHVFULEHG�K\SHUFRUUHFWLRQ�RI�SUHVE\RSLD�IRU�WKH�ILUVW�JURXS�RI�SDWLHQWV�ZLWK�32$*��

7KH� FRUUHFWLRQ� ZDV� PDGH� JUDGXDOO\�� LQ� VWHSV� RI� ����GLRSWHUV� ZLWK� LQWHUYDOV� RI� ����

ZHHNV�� ,I� LQ� D� ZHHN� RU� HDUOLHU� DIWHU� LQFUHDVLQJ� QHDU� YLVLRQ� FRUUHFWLRQ� SDWLHQWV�

FRPSODLQHG�RI�KHDGDFKH��EOXUULQJ�� LPDJH�GLVWRUWLRQ��HWF��� WKH�YDOXH�RI� WKH�FRUUHFWLRQ�

ZDV� UHGXFHG� WR� ����� GLRSWHUV�� $V� D� UHVXOW�� WKH� YDOXH� RI� DGGLWLRQDO�

FRUUHFWLRQDYHUDJHG����������GLRSWHUV��IURP������WR����GLRSWHUVZLWK�D�PHGLDQ�RI�����

GLRSWHUV���7KH�PDJQLWXGH�RI�DGGLWLRQDO�FRUUHFWLRQ�ZDV�LQYHUVHO\�UHODWHG�WR�DJH��ZLWK�

FRUUHODWLRQ� U�  � ������ ,Q� WKH� VHFRQG� JURXS� RSWLFDO� FRUUHFWLRQ� DV� DGPLQLVWHUHG� ZLWK�

FRQVLGHULQJ�RI�UHIUDFWLRQ��DJH�DQG�LQGLYLGXDO�WROHUDELOLW\�RQO\��

3DWLHQWV�LQ�ERWK�JURXSV�ZHUH�IROORZHG�XS�ZLWK�SHULRGLF�H[DPLQDWLRQV��WRQRPHWU\�

ZDV� SHUIRUPHG� PRQWKO\� DQG� RQFH� LQ� WKUHH� PRQWKV� D� YLVXDO� DFXLW\� ZDV� FKHFNHG��

SHULPHWU\� DQG� RSKWKDOPRVFRS\�ZHUH�PDGH�� 7KHVH� H[DPLQDWLRQV�ZHUH� FRQGXFWHG� WR�

DYRLG�PLVVLQJ�D�VLJQLILFDQW�SURJUHVVLRQ�RI�32$*�LQ�WKH�REVHUYHG�JURXSV��6LJQLILFDQW�

SURJUHVVLRQ� RI� JODXFRPD� ZDV� FRQVLGHUHG� LQ� ZKLFK� WKH� 0'� DFFRUGLQJ� WR�

SHULPHWU\ZDV����� G%� IRU� �� PRQWKV�� L�� H���� G%� SHU� \HDU�� ,I� WKHUH� ZDV� D� VLJQLILFDQW�

GHFUHDVH�LQ�YLVXDO�IXQFWLRQ�RU�LQFUHDVH�RI� LQWUDRFXODU�SUHVVXUH��SDWLHQWV�ZHUH�RIIHUHG�

YDULRXV�ZD\V�RI�FRPELQHG�DQWLK\SHUWHQVLYH�WKHUDS\��ODVHU�RU�VXUJLFDO�SURFHGXUHV��7R�
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DVVHVV�WKH�HIIHFWLYHQHVV�RI�SUHVE\RSLD�RYHUFRUUHFWLRQ�LQ�UHGXFLQJ�,23�RQH�\HDU�ODWHU�

WRQRPHWU\��WKH�FKHFNLQJ�RI�YLVXDODFXLW\��SHULPHWU\��RSKWKDOPRVFRS\��WKH�WKLFNQHVV�RI�

WKH� FLOLDU\� ERG\�ZHUH� HVWLPDWHG��$V� D� UHVXOW�� ILYH� SDWLHQWV�ZHUH� H[FOXGHG� IURP� WKH�

VWXG\��IRXU�RI�WKHP�ZHUH�LQ�WKH�JURXS�ZLWKRXW�K\SHUFRUUHFWLRQ�DQG�RQH�LQ�WKH�JURXS�

ZLWK�RYHUFRUUHFWLRQ�RI�SUHVE\RSLD��'DWD�EHIRUH�DQG�DIWHU�RQH�\HDU�DUH�SUHVHQWHG�LQ�WKH�

WDEOH����

,Q�WKH�JURXS�ZLWK�K\SHUFRUUHFWLRQ�WKH�UHGXFWLRQ�RI� LQWUDRFXODU�SUHVVXUH���������

�����PP�+J��ZDV�VWDWLVWLFDOO\�VLJQLILFDQW��S���������LWV�YDOXH�ZDV�FORVH�WR�WKH�DYHUDJH�

WROHUDQW�,23��������������PP�+J���EXW�ZDV�KLJKHU�WKDQ� WKH�WDUJHW� �������������PP�

+J���,Q�VHYHQ�H\HV�WKH�WDUJHW�SUHVVXUH�ZDV�DFKLHYHG��LQ�ILYH�H\HV�,23�ZDV�DW�WKH�OHYHO�

RI�WROHUDQFH��DQG�LQ�HLJKW�H\HV�LW�ZDV�KLJKHU�WKDQ�WROHUDQFH��$QG�DOO�H\HV�UHDFKHG�WKH�

WDUJHW�SUHVVXUH�EHORQJHG�WR�SDWLHQWV�ZLWK�D�KLJK�QHDU�YLVXDO�ORDG��,Q�QRUPDO�FRUUHFWLRQ�

RI�SUHVE\RSLD�JURXS�QR�VLJQLILFDQW�,23�FKDQJHV�ZHUH�REVHUYHG��

��\HDU�ODWHU�LQ�WKH�JURXS�ZLWK�K\SHUFRUUHFWLRQ�D�VWDWLVWLFDOO\�VLJQLILFDQW��S��������

GHFUHDVH� LQ� WKH� WKLFNQHVV� RI� WKH� FLOLDU\� ERG\� DOVR� ZDV� REVHUYHG�� PRUH� PDUNHG� LQ�

SDWLHQWV�ZLWK�KLJK�QHDU�YLVXDO�ORDG��U� ��������3URJUHVVLRQ�RI�JODXFRPD�DFFRUGLQJ�WR�

SHULPHWU\� ZDV� VLJQLILFDQWO\� OHVV� �S� ������� LQ� WKH� JURXS� ZLWK� D� K\SHUFRUUHFWLRQ� RI�

SUHVE\RSLD� DV� FRPSDUHG�ZLWK�JURXS�ZLWK�RUGLQDU\� FRUUHFWLRQ��1HJDWLYH�SURJUHVV�RI�

SHULPHWU\�GDWD�ZDV�REVHUYHG�LQ���SDWLHQWV�ZKRVH�,23�KDG�KLJKHU�WROHUDQFH��

&RQFOXVLRQV��2YHUFRUUHFWLRQ�RI�SUHVE\RSLD��DV�D�ZD\�WR�UHJXODWH�,23�PD\�EH�LQ�

DGGLWLRQ�WR�DQWLK\SHUWHQVLYH�WKHUDS\�IRU�JODXFRPD��7KH�DGYDQWDJHV�RI�WKLV�PHWKRG�LV�

LWV�JHQWOH�SK\VLRORJLFDO�HIIHFWV�RQ�WKH�V\VWHP�RI�GHYHORSPHQW�DQG�RXWIORZ�RI�DTXHRXV�

KXPRU��+RZHYHU��XVLQJ�WKLV�PHWKRG��ORZHULQJ�,23�LV�OLPLWHG�E\�VHYHUDO�IDFWRUV��)LUVW��

D�UHTXLUHPHQW�IRU�FRPSOLDQFH�WR�WUHDWPHQW��EHFDXVH�RI�WKH�XVH�RI�RYHUFRUUHFWLRQ�LQ�WKH�

HDUO\� VWDJHV� PD\� EH� DFFRPSDQLHG� E\� VRPH� GLVFRPIRUW�� 7R� DYRLG� UHMHFWLRQ� RI�

FRUUHFWLRQ� RI� VXFK� SDWLHQWV� WKHUH� VKRXOG� EH� FDUULHG� RXW� GLVFXVVLRQV� ZLWK� WKH�

H[SODQDWLRQ�RI�DOO�WKH�DGYDQWDJHV�RI�WKLV�PHWKRG�RI�UHJXODWLRQ�RI�LQWUDRFXODU�SUHVVXUH��

6HFRQG��EDVHG�RQ�RXU� UHVHDUFK�� LW�ZDV� IRXQG� WKDW� WKH�JUHDWHVW� LPSDFW�RI�SUHVE\RSLD�

RYHUFRUUHFWLRQ� KDG� RQ� RSKWKDOPRWRQXV� RI� JODXFRPD� SDWLHQWV� ZLWK� KLJK� YLVXDO� ORDG�

�PRUH�WKDQ���KRXUV���GD\���3DWLHQWV�ZLWK�PRGHUDWHO\�KLJK�YLVXDO�ORDG�DUH�OHVV�DIIHFWHG�
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E\� RYHUVWDWHG� RSWLFDO� FRUUHFWLRQ� RI� SHUVE\RSLD�� 7KLV� PD\� EH� DVVRFLDWHG� ZLWK� PRUH�

SURORQJHG�H[SRVXUH�WR�WKH�RYHUFRUUHFWLRQ�RI�WKH�FLOLDU\�PXVFOH� WRQH�LQ�SDWLHQWV�ZLWK�

KLJK�QHDU�YLVXDO�ORDG��+RZHYHU��WKH�UROH�RI�LQFUHDVHG�YLVXDO�ORDG�LQ�ULJLGLW\�RI�,23�WR�

WKH� HIIHFWV� RI� SURVWDJODQGLQV� VHHPV� KLJK� EHFDXVH� ���� RI� VXFK� VXEMHFWV� KDG� QHDU�

YLVXDO�ORDG�PRUH�WKDQ���KRXUV�D�GD\��

&RQIOLFW� RI� ,QWHUHVWV��7KH� DXWKRUV� GHFODUH� WKDW� WKHUH� LV� QR� FRQIOLFW� RI� LQWHUHVWV�

UHJDUGLQJ�WKH�SXEOLFDWLRQ�RI�WKLV�SDSHU��

�
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WRSRJUDSKLF� IHDWXUHVRI� WKH� H\HV� LQ� YDULRXV� W\SHV� RI� UHIUDFWLRQ� DQG� WKHLU� FKDQJHV� LQ�

JODXFRPD� DFFRUGLQJ� WR� WKH� UHVXOWV� RI� XOWUDVRQLF� ELRPLFURVFRS\�� *ODXNRPD�� ������

���������

���%H]GHWNR� 3�� $EGRROD�� $0'�� 6KFKDGQ\NK� 0�� $QWHULRU� VHJPHQW� PRUSKRPHWULF�

SDUDPHWHUV� RI� SUHVE\RSLF� H\HV� ZLWK� DQG� ZLWKRXW� 32$*� DQG� YDU\LQJ� UHIUDFWLRQ��

.KDUNLY�6XUJLFDO�6FKRRO����������������

�



BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�

�
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�

,QWHU�FROOHJDV��±�������±��������

���

�

Ɋɟɡɸɦɟ�� Ɇɟɬɨɸ� ɧɚɲɨɝɨ� ɞɨɫɥɿɞɠɟɧɧɹ� ɛɭɥɨ� ɜɢɜɱɟɧɧɹ� ɜɩɥɢɜɭ� ɪɿɡɧɢɯ� ɪɿɜɧɿɜ�
ɡɨɪɨɜɨɝɨ�ɧɚɜɚɧɬɚɠɟɧɧɹ�ɧɚ�ɪɿɜɟɧɶ�ɜɧɭɬɪɢɲɧɶɨɨɱɧɨɝɨ�ɬɢɫɤɭ� �ȼɈɌ��ɭ� ɯɜɨɪɢɯ�ɧɚ�
ɩɟɪɜɢɧɧɭ� ɜɿɞɤɪɢɬɨɤɭɬɨɜɭ� ɝɥɚɭɤɨɦɭ� �ɉȼɄȽ��� ɹɤɿ� ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢ� ɚɧɚɥɨɝɢ�
ɩɪɨɫɬɚɝɥɚɧɞɢɧɿɜ�ɬɚ�ɨɩɬɢɦɿɡɭɜɚɬɢ�ʀɯ�ɜɩɥɢɜ�ɧɚ�ɜɿɞɬɿɤ�ɜɨɞɹɧɢɫɬɨʀ�ɜɨɥɨɝɢ�ɨɤɚ��
Ɇɚɬɟɪɿɚɥ�ɬɚ� ɦɟɬɨɞɢ�� ɍ� ɞɨɫɥɿɞɠɟɧɧɹ� ɛɭɥɨ� ɜɤɥɸɱɟɧɨ� ��� ɯɜɨɪɢɯ� ���� ɨɱɟɣ�� ɡ�
ɜɩɟɪɲɟ�ɞɿɚɝɧɨɫɬɨɜɚɧɨɸ�ɩɟɪɜɢɧɧɨɸ�ɜɿɞɤɪɢɬɨɤɭɬɨɜɨɸ�ɝɥɚɭɤɨɦɨɸ�ɬɚ�ɫɬɿɣɤɢɦ�ɞɨ�
ɥɚɬɚɧɨɩɪɨɫɬɭ� ������ �� ȼɈɌ�� ɐɿ� ɯɜɨɪɿ� ɛɭɥɢ� ɩɨɩɟɪɟɞɧɶɨ� ɞɨɫɥɿɞɠɟɧɿ� ɡ�
ɜɢɡɧɚɱɟɧɧɹɦ� ɝɨɫɬɪɨɬɢ� ɡɨɪɭ� ɜɞɚɥɟɱ� ɬɚ� ɡɛɥɢɡɶɤɚ�� ɪɟɮɪɚɤɰɿʀ�� ɿɫɬɢɧɧɨɝɨ��
ɬɨɥɟɪɚɧɬɧɨɝɨ� ɬɚ� ɰɿɥɶɨɜɨɝɨ� ȼɈɌ�� ɡ� ɜɢɤɨɧɚɧɧɹɦ� ɩɟɪɿɦɟɬɪɿʀ� ɬɚ� ɨɮɬɚɥɶɦɨɫɤɨɩɿʀ��
ɏɜɨɪɢɯ�ɛɭɥɨ�ɪɨɡɩɨɞɿɥɟɧɨ�ɧɚ���ɝɪɭɩɢ��ɩɨɞɿɛɧɿ� ɡɚ� ɜɿɤɨɦ��ɫɬɚɬɬɸ��ɪɟɮɪɚɤɰɿɽɸ��ȼ�
ɤɨɠɧɿɣ� ɝɪɭɩɿ� ɛɭɥɨ� ɜɢɡɧɚɱɟɧɨ� ɬɨɜɳɢɧɭ� ɰɢɥɿɚɪɧɨɝɨ� ɬɿɥɚ� ɡɚ� ɞɨɩɨɦɨɝɨɸ�
ɭɥɶɬɪɚɡɜɭɤɨɜɨʀ�ɛɿɨɦɿɤɪɨɫɤɨɩɿʀ��ɚ�ɬɚɤɨɠ�ɪɿɜɟɧɶ�ɡɨɪɨɜɨɝɨ�ɧɚɜɚɧɬɚɠɟɧɧɹ�ɡɛɥɢɡɶɤɚ�
ɬɚ�ɜɟɥɢɱɢɧɭ�ɫɬɟɪɩɧɨʀ�ɤɨɪɟɤɰɿʀ�ɞɥɹ�ɛɥɢɡɶɤɚ���
Ɋɟɡɭɥɶɬɚɬɢ�� Ȼɭɥɨ� ɜɫɬɚɧɨɜɥɟɧɨ��ɳɨ� ɜ� ɨɛɨɯ� ɝɪɭɩɚɯ� ���� ɨɱɟɣ� ɯɜɨɪɢɯ� ɡ� ɉȼɄȽ�
ɦɚɥɢ�ɩɨɦɿɪɧɨ�ɜɢɫɨɤɟ������ɝɨɞɢɧ�ɧɚ�ɞɟɧɶ��ɬɚ�ɜɢɫɨɤɟ��ɛɿɥɶɲ�ɧɿɠ���ɝɨɞɢɧ�ɧɚ�ɞɟɧɶ��
ɡɨɪɨɜɟ� ɧɚɜɚɧɬɚɠɟɧɧɹ� ɡɛɥɢɡɶɤɚ��Ɇɚɤɫɢɦɚɥɶɧɚ� ɬɨɜɳɢɧɚ� ɰɢɥɿɚɪɧɨɝɨ� ɬɿɥɚ� ɜ� ɨɛɨɯ�
ɝɪɭɩɚɯ� ɛɭɥɚ� ɡɧɚɱɧɨ� ɜɢɳɨɸ�� ɧɿɠ� ɞɚɧɿ�� ɳɨ� ɛɭɥɨ� ɨɬɪɢɦɚɧɨ� ɿɧɲɢɦɢ� ɚɜɬɨɪɚɦɢ��
������������ɦɦ�ɭ���ɝɪɭɩɿ�ɿ�������������ɦɦ�ɭ���ɣ�ɝɪɭɩɿ��Ɍɚɤɨɠ�ɧɟ�ɫɩɨɫɬɟɪɿɝɚɥɨɫɶ�
ɩɪɹɦɨʀ� ɡɚɥɟɠɧɨɫɬɿ� ɬɨɜɳɢɧɢ� ɰɢɥɿɚɪɧɨɝɨ� ɬɿɥɚ� ɬɚ� ȼɈɌ� �U ������� Ƚɿɩɟɪɤɨɪɟɤɰɿɹ�
ɞɚɥɟɤɨɡɨɪɨɫɬɿ� ɜ� ɩɟɪɲɿɣ� ɝɪɭɩɿ� ɩɪɨɜɨɞɢɥɚɫɹ� ɩɨɫɬɭɩɨɜɨ� ɡ� ɤɪɨɤɨɦ� ����� ɞɩɬɪ��
Ɂɧɚɱɟɧɧɹ�ɞɨɞɚɬɤɨɜɨʀ�ɤɨɪɟɤɰɿʀ�ɜ�ɫɟɪɟɞɧɶɨɦɭ�ɫɤɥɚɞɚɥɨ������������ɞɩɬɪ��ȼɟɥɢɱɢɧɚ�
ɞɨɞɚɬɤɨɜɨʀ� ɤɨɪɟɤɰɿʀ� ɛɭɥɚ� ɡɜɨɪɨɬɧɨ� ɩɨɜ¶ɹɡɚɧɚ� ɡ� ɜɿɤɨɦ� �U ������� Ⱦɥɹ� ɨɰɿɧɤɢ�
ɟɮɟɤɬɢɜɧɨɫɬɿ� ɝɿɩɟɪɤɨɪɟɤɰɿʀ� ɩɪɟɫɛɿɨɩɿʀ� ɱɟɪɟɡ� ɪɿɤ� ɩɪɨɜɨɞɢɥɢɫɹ� ɬɨɧɨɦɟɬɪɿɹ��
ɜɿɡɨɦɟɬɪɿɹ�� ɩɟɪɿɦɟɬɪɿɹ� �0'�ɝɨɞ� ɦɟɬɨɞ��� ɨɮɬɚɥɶɦɨɫɤɨɩɿɹ�� ɬɨɜɳɢɧɚ� ɰɢɥɿɚɪɧɨɝɨ�
ɬɿɥɚ�� ȼ� �� ɝɪɭɩɿ� ɫɩɨɫɬɟɪɿɝɚɥɨɫɹ� ɡɧɢɠɟɧɧɹ� ȼɈɌ� ������ �� ����� ɦɦ� ɪɬ�� ɫɬ��� ɛɭɥɨ�
ɫɬɚɬɢɫɬɢɱɧɨ� ɡɧɚɱɭɳɢɦ� �S��������� ɣɨɝɨ� ɡɧɚɱɟɧɧɹ�ɛɭɥɨ�ɛɥɢɡɶɤɢɦ�ɞɨ� ɫɟɪɟɞɧɶɨɝɨ�
ɩɨɤɚɡɧɢɤɚ�ɬɨɥɟɪɚɧɬɧɨɝɨ�ȼɈɌ��������������ɦɦ�ɪɬ�ɫɬ����ɚɥɟ�ɛɭɥɨ�ɜɢɳɢɦ��ɧɿɠ�ɬɢɫɤ�
ɦɟɬɢ� ������ �� ����� ɦɦ� ɪɬ�� ɫɬ����� Ɍɚɤɨɠ� ɜ� ɰɿɣ� ɝɪɭɩɿ� ɫɩɨɫɬɟɪɿɝɚɥɨɫɶ� ɫɬɚɬɢɫɬɢɱɧɨ�
ɡɧɚɱɭɳɟ��S��������ɡɦɟɧɲɟɧɧɹ�ɬɨɜɳɢɧɢ�ɰɢɥɿɚɪɧɨɝɨ�ɬɿɥɚ��ɳɨ�ɛɭɥɨ�ɛɿɥɶɲ�ɜɢɪɚɡɧɟ�
ɭ� ɩɚɰɿɽɧɬɿɜ� ɡ� ɜɢɫɨɤɢɦ� ɡɨɪɨɜɢɦ� ɧɚɜɚɧɬɚɠɟɧɧɹɦ� ɡɛɥɢɡɶɤɚ� �U�  � �������
ɉɪɨɝɪɟɫɭɜɚɧɧɹ�ɝɥɚɭɤɨɦɢ�ɡɚ�ɞɚɧɢɦɢ�ɩɟɪɿɦɟɬɪɿʀ�ɛɭɥɨ�ɡɧɚɱɧɨ�ɦɟɧɲɢɦ��S��������ɜ�
ɝɪɭɩɿ�ɡ�ɝɿɩɪɤɨɪɟɤɰɿɽɣ�ɩɪɟɫɛɿɨɩɿʀ�ɩɨɪɿɜɧɹɧɨ�ɡ�ɝɪɭɩɨɸ�ɡɿ�ɡɜɢɱɚɣɧɨɸ�ɤɨɪɟɤɰɿɽɸ��
ȼɢɫɧɨɜɤɢ�� Ƚɿɩɟɪɤɨɪɟɤɰɿɹ� ɩɪɟɫɛɿɨɩɿʀ�� ɹɤ� ɫɩɨɫɿɛ� ɪɟɝɭɥɸɜɚɧɧɹ� ȼɈɌ� ɦɨɠɟ� ɛɭɬɢ�
ɞɨɩɨɜɧɟɧɧɹɦ� ɞɨ� ɚɧɬɢɝɿɩɟɪɬɟɧɡɢɜɧɨʀ� ɬɟɪɚɩɿʀ� ɞɥɹ� ɩɚɰɿɽɧɬɿɜ� ɡ� ɜɢɫɨɤɢɦ� ɡɨɪɨɜɢɦ�
ɧɚɜɚɧɬɚɠɟɧɧɹɦ�ɡ�ɛɥɢɡɶɤɚ�ɬɚ�ɉȼɄȽ��
Ʉɥɸɱɨɜɿ� ɫɥɨɜɚ�� ɩɟɪɜɢɧɧɚ� ɜɿɞɤɪɢɬɨɤɭɬɨɜɚ� ɝɥɚɭɤɨɦɚ�� ɪɟɡɢɫɬɟɧɬɧɢɣ�
ɜɧɬɪɢɲɧɶɨɨɱɧɢɣ� ɬɢɫɤ�� ɪɿɜɧɿ� ɡɨɪɨɜɨɝɨ� ɧɚɜɚɧɬɚɠɟɧɧɹ� ɡɛɥɢɡɶɤɚ�� ɤɨɪɟɤɰɿɹ�
ɩɪɟɫɛɿɨɩɿʀ��ɦɚɤɫɢɦɚɥɶɧɚ�ɬɨɜɳɢɧɚ�ɰɢɥɿɚɪɧɨɝɨ�ɬɿɥɚ��
�

Ɋɟɡɸɦɟ�� ɐɟɥɶɸ� ɧɚɲɟɝɨ� ɢɫɫɥɟɞɨɜɚɧɢɹ� ɛɵɥɨ� ɢɡɭɱɟɧɢɟ� ɜɥɢɹɧɢɹ� ɪɚɡɥɢɱɧɵɯ�
ɭɪɨɜɧɟɣ� ɡɪɢɬɟɥɶɧɨɣ� ɧɚɝɪɭɡɤɢ� ɧɚ� ɭɪɨɜɟɧɶ� ɜɧɭɬɪɢɝɥɚɡɧɨɝɨ�ɞɚɜɥɟɧɢɹ� ɭ� ɛɨɥɶɧɵɯ�
ɩɟɪɜɢɱɧɨɣ� ɨɬɤɪɵɬɨɭɝɨɥɶɧɨɣ� ɝɥɚɭɤɨɦɨɣ�� ɤɨɬɨɪɵɟ� ɢɫɩɨɥɶɡɨɜɚɥɢ� ɚɧɚɥɨɝɢ�
ɩɪɨɫɬɚɝɥɚɧɞɢɧɨɜ� ɢ� ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ� ɢɯ� ɜɥɢɹɧɢɟ� ɧɚ� ɨɬɬɨɤ� ɜɨɞɹɧɢɫɬɨɣ� ɜɥɚɝɢ�
ɝɥɚɡɚ��
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ȼ�ɪɟɡɭɥɶɬɚɬɟ�ɪɚɛɨɬɵ��ɭɫɬɚɧɨɜɥɟɧɨ��ɱɬɨ�ɝɢɩɟɪɤɨɪɪɟɤɰɢɹ�ɩɪɟɫɛɢɨɩɢɢ��ɤɚɤ�ɫɩɨɫɨɛ�
ɪɟɝɭɥɢɪɨɜɚɧɢɹ� ɨɬɤɪɵɬɨɭɝɨɥɶɧɨɣ� ɝɥɚɭɤɨɦɵ� ɦɨɠɟɬ� ɛɵɬɶ� ɞɨɩɨɥɧɟɧɢɟɦ� ɤ�
ɚɧɬɢɝɢɩɟɪɬɟɧɡɢɜɧɨɣ� ɬɟɪɚɩɢɢ� ɞɥɹ� ɩɚɰɢɟɧɬɨɜ� ɫ� ɜɵɫɨɤɢɦɢ� ɡɪɢɬɟɥɶɧɵɦɢ�
ɧɚɝɪɭɡɤɚɦɢ��
Ʉɥɸɱɟɜɵɟ� ɫɥɨɜɚ�� ɩɟɪɜɢɱɧɚɹ� ɨɬɤɪɵɬɨɭɝɨɥɶɧɚɹ� ɝɥɚɭɤɨɦɚ�� ɪɟɡɢɫɬɟɧɬɧɨɟ�
ɜɧɭɬɪɢɝɥɚɡɧɨɟ� ɞɚɜɥɟɧɢɟ�� ɭɪɨɜɧɢ� ɡɪɢɬɟɥɶɧɨɣ� ɧɚɝɪɭɡɤɢ� ɜɛɥɢɡɢ�� ɤɨɪɪɟɤɰɢɹ�
ɩɪɟɫɛɢɨɩɢɢ��ɦɚɤɫɢɦɚɥɶɧɚɹ�ɬɨɥɳɢɧɚ�ɰɢɥɢɚɪɧɨɝɨ�ɬɟɥɚ��

�

�

�

5HFHLYHG������������� � � � � � � $FFHSWHG�������������
�
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+<*,(1(�

�

=DYJRURGQLL�,�9���6HPHQRYD�1�9���&KHKRYVND\D�,�0���3LRQWNRYVND�2�9�
��%HVK�$�,���

+<*,(1,&�)($785(6�2)�7+(�,1)/8(1&(�
352'8&('�%<�$�&203/(;�2)�

(19,5210(17$/�)$&7256�2)�1,&8�21�7+(�
+($/7+�2)�35(0$785(�1(:%2516�

.KDUNLY�1DWLRQDO�0HGLFDO�8QLYHUVLW\��.KDUNLY��8NUDLQH�


.KDUNLY�5HJLRQDO�&OLQLFDO�+RVSLWDO�ʋ���

�

$EVWUDFW��+\JLHQLF�SHFXOLDULWLHV�RI�H[SRVXUH�E\�FRPSOH[�FRQGLWLRQV�RI�HQYLURQPHQWDO�
IDFWRUV�RQ�SUHPDWXUH�LQIDQWV�LQ�WKH�1,&8V�KDYH�EHHQ�LQYHVWLJDWHG���
.H\�ZRUGV��QHRQDWDO�LQWHQVLYH�FDUH�XQLWV��QHRQDWH��SUHPDWXULW\��VWUHVV��
�

�
$� QHRQDWDO� LQWHQVLYH�FDUH� XQLW� �1,&8�� LV� DQ� LQWHQVLYH�FDUH� XQLW� VSHFLDOL]LQJ� LQ� WKH�

FDUH�RI�LOO�RU�SUHPDWXUH�QHZERUQ�LQIDQWV��7KH�1,&8�HQYLURQPHQW�SURYLGHV�FKDOOHQJHV�

DV�ZHOO� DV�EHQHILWV��6WUHVVRUV� IRU� WKH� LQIDQWV� FDQ� LQFOXGH�FRQWLQXDO� DQG�EULJKW� OLJKW��

XQIDYRUDEOH�PLFURFOLPDWH�FRQGLWLRQV��DQG�KLJK�OHYHOV�RI�QRLVH��HOHFWURPDJQHWLF�ILHOGV��

UHGXFHG�SK\VLFDO�FRQWDFW��SDLQIXO�SURFHGXUHV��VHSDUDWLRQ�IURP�WKHLU�PRWKHUV�>����@��$�

VSHFLDO�DVSHFW�RI�1,&8�VWUHVV�IRU�ERWK�SDUHQWV�DQG�VWDII�LV� WKDW�LQIDQWV�PD\�VXUYLYH��

EXW� ZLWK� GDPDJH� RI� WKH� EUDLQ�� HDUV� RU� H\HV�� 1HZERUQ� LQIDQWV� PD\� EH� SDUWLFXODUO\�

VHQVLWLYH�WR�WKH�HIIHFWV�RI�SDLQ�GXH�WR�WKH�LPPDWXULW\�RI�QHXURDQDWRPLFDO�QRFLFHSWLYH�

V\VWHP�>�������@���

2EMHFWLYH�� WR�H[DPLQH�WKH�GHYHORSPHQW�RI�SUHPDWXUH�LQIDQWV�LQ�FRPSOH[�FRQGLWLRQV�
RI�HQYLURQPHQWDO�IDFWRUV�LQ�WKH�1,&8��

5HVHDUFK�PHWKRGV��'XULQJ�RXU�UHVHDUFK�PDLQ�DWWHQWLRQ�KDV�IRFXVHG�RQ�VWXG\LQJ�WKH�
HIIHFWV�RI�FRQWLQXDO�DQG�EULJKW�OLJKW��XQIDYRUDEOH�PLFURFOLPDWH�FRQGLWLRQV��KLJK�OHYHOV�

RI�QRLVH��DQG�HOHFWURPDJQHWLF�ILHOGV�RQ�WKH�SUHPDWXUH�LQIDQWV��ZKR�QHHGV�QXUVLQJ�LQ�
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WKH�1,&8�IRU�D�ORQJ�SHULRG�RI�WLPH��7KLV�SHULRG�FDQ�ODVW�IRU�VHYHUDO�GD\V�RU�VHYHUDO�

ZHHNV��HYHQ�PRQWKV�XVLQJ�PHGLFDO�HTXLSPHQW��2XU�VWXG\�FRQVLVWHG�RI����SUHPDWXUH�

LQIDQWV�DW�������ZHHNV�JHVWDWLRQ��ZHLJKLQJ����������������JUDPV��6H[�GLVWULEXWLRQ�

RI�SUHPDWXUH� LQIDQWV�ZDV������3DUWLFLSDQWV�KDYH�EHHQ�GLYLGHG� LQWR���JURXSV�� WKH��VW�

JURXS��Q� ����SUHPDWXUH�LQIDQWV� LQ�WKH�1,&8�1R����ZLWK�YHU\�KLJK�OHYHO�RI�D�VHW�RI�

SK\VLFDO� HQYLURQPHQWDO� IDFWRUV� �QRLVH�� OLJKW�� HOHFWURPDJQHWLF� ILHOGV�� KXPLGLW\� DQG�

WHPSHUDWXUH��DQG�WKH��QG�JURXS��FRQWURO���Q� ����SUHPDWXUH�LQIDQWV�LQ�WKH�1,&8�1R��

��ZLWK�ORZ�OHYHO�RI�SK\VLFDO�HQYLURQPHQWDO�IDFWRUV�LQ�.KDUNRY��

$VVHVVPHQW�RI� WKH� OLJKW�� QRLVH�� HOHFWURPDJQHWLF� ILHOGV� DQG�PLFURFOLPDWH� FRQGLWLRQV���

KDYH� EHHQ� FRQGXFWHG� E\�K\JLHQLF�PHWKRGV��6RXQG� OHYHOV� KDYH�EHHQ�PHDVXUHG�RYHU�

WKH� HQWLUH� VSHFWUXP� RI� DXGLEOH� IUHTXHQFLHV�� 7KH� VSHFWUXP� KDV� EHHQ� GLYLGHG� LQWR�

VPDOOHU�IUHTXHQF\�VSDQV��VXFK�DV�RFWDYHV�RU�VSHFLILF�QDUURZ�EDQGZLGWKV��%DFNJURXQG�

QRLVH� UHIHUV� WR� WKH� FRQWLQXRXV� DPELHQW� VRXQG� LQ�D� VSDFH�GXH� WR� WKH�PHFKDQLFDO� DQG�

HOHFWULFDO� V\VWHPV� RI� WKH� IDFLOLW\� RU� EXLOGLQJ� LWVHOI� DQG� WR� SHUPDQHQW� HTXLSPHQW���

%DFNJURXQG�QRLVH�LV�SURGXFHG�E\�VRXUFHV�RXWVLGH�WKH�EXLOGLQJ�DQG�E\�WKH�EXLOGLQJ
V�

RZQ� KHDWLQJ�� YHQWLODWLRQ�� DQG� DLU�FRQGLWLRQLQJ� V\VWHPV�� YDFXXP� WXEH� V\VWHPV��

HOHYDWRUV�� SOXPELQJ�� DXWRPDWLF� GRRUV�� HWF� >�@�� �/LJKW� OHYHOV� KDYH� EHHQ�PHDVXUHG� DW�

HDFK�EHGVLGH��

$3*$5�VFRUH��$�SUDFWLFDO�PHWKRG�RI�HYDOXDWLQJ�WKH�SK\VLFDO�FRQGLWLRQ�RI�D�QHZERUQ�

LQIDQW� VKRUWO\� DIWHU� GHOLYHU\�� XVXDOO\� DW� WKH� �VW� DQG� WKH� �WK�PLQXWHV��$3*$5� VFRUH�

VKRZV� XV� D� QXPEHU� GHWHUPLQHG� E\� UDWLQJ� WKH� KHDUW� UDWH�� UHVSLUDWRU\� HIIRUW�� PXVFOH�

WRQH�� VNLQ� FRORU�� DQG� UHVSRQVH� WR� D� FDWKHWHU��ZKLFK� KDG� JHQWO\� WRXFKHG� WKH� QRVWULO��

(DFK�RI�WKHVH�REMHFWLYH�VLJQV�FDQ�UHFHLYH�������RU���SRLQWV�IRU�WKH�PD[LPXP�EHVW�VFRUH�

������7KH�XVXDO�$SJDU�VFRUH�LV�����RU�����IRU�D�KHDOWK\�EDE\��7KLV�PHDQV�WKH�EDE\�KDG�

D�VFRUH�RI���RU���DW�WKH�ILUVW�PLQXWH�RI�KLV�OLIH��DQG�DW�WKH�ILIWK�PLQXWHV�DIWHU�KLV�ELUWK��

WKH�EDE\�KDG�D�VFRUH����3RLQWV�DUH�XVXDOO\�WDNHQ�IRU�WKH�EDE\¶V�FRORU�>�@���

5HVXOWV� DQG� GLVFXVVLRQ�� 6FLHQWLVWV� VWXG\� SUREOHPV� RI� QXUVLQJ� SUHPDWXUH� LQIDQWV��
+RZHYHU��WKH�PHGLFDO�HTXLSPHQW�JHQHUDWLQJ�QRLVH�DQG�HOHFWURPDJQHWLF�ILHOGV��ZKLFK�

LV�LQ�XVH��GLVWXUEV�ELRORJLFDO�UK\WKPV�DQG�GLVUXSWV�PLFURFOLPDWH��
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7KH�PHGLFDO�HTXLSPHQW�JHQHUDWHV�QRLVH��SDUWLFXODUO\�V\VWHPV�RI�UHVXVFLWDWLRQ�±�IURP�

��� WR����G%�� LQFXEDWRUV� ±� IURP���� WR����G%�� ,QIXVLRQ�SXPSV�±� IURP���� WR����G%��

DVSLUDWRUV�±�IURP����WR����G%��DUWLILFLDO�OXQJ�YHQWLODWLRQ�±�IURP����WR����G%��7DEOH����

)LJXUH�����7KH�KLJKHVW�QRLVH�OHYHO�LQ�WKH�1,&8�1R����±����G%��LQ�WKH�1,&8�1R����±�

���G%��%DFNJURXQG�QRLVH�OHYHO�LQ�WKH�1,&8�1R����±����G%��LQ�WKH�1,&8�1R����±����

G%�� ,W� LV� LPSRUWDQW�� WKDW� ZLWKLQ� DQ\� FORVHG� VSDFH�� WKH� VRXQG� OHYHOV� GHSHQGV� E\�

UHIOHFWLRQV�RI�VRXQG�ZDYHV�IURP�VXUIDFHV��:KHQ�WKH�VXUIDFHV�DUH�SUHGRPLQDQWO\�KDUG��

VRXQG�SUHVVXUH�EXLOGV�XS�LQ�WKH�VSDFH��LQFUHDVLQJ�WKH�RULJLQDO�OHYHO�ZLWK�UHYHUEHUDWLRQ��

&RQYHUVHO\��ZKHQ�WKH�VXUIDFHV�DUH�VRIW�RU�DFRXVWLFDOO\�DEVRUSWLYH��UHIOHFWHG�HQHUJ\�LV�

UHGXFHG�DQG�VRXQG�SUHVVXUH�GRHV�QRW�EXLOG�XS��

7KH�FRPSUHVVRU�KDV�VHW�WKH�KLJKHVW�QRLVH�OHYHO��,Q�DOO�FDVHV�WKH�QRLVH�ZDV�EURDGEDQG��

$OVR��ZKHQ�WKH�DODUP�RI�PRQLWRUV�ZDV�VZLWFKHG�WKH�QRLVH�ZDV�LQWHUPLWWHQW���

7DEOH���

0D[LPXP�QRLVH�OHYHOV�RI�PHGLFDO�HTXLSPHQW��G%�

0HGLFDO�HTXLSPHQW� 1,&8�1R��� 1,&8�1R����
5HVXVFLWDWLRQ�V\VWHPV� ��� ���

,QFXEDWRUV� ��� ���
,QIXVLRQ�SXPSV� ��� ���

$VSLUDWRUV� ��� ���
$UWLILFLDO�OXQJ�YHQWLODWLRQ�

V\VWHPV� ��� ���

�

�
)LJXUH����0D[LPXP�QRLVH�OHYHOV�RI�PHGLFDO�HTXLSPHQW��G%�
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7KH�VRXUFHV�RI�OLJKW�JHQHUDWHG�OLJKW�OHYHOV�IURP���WR�����O[�LQ�WKH�1,&8�1R�����DQG�LQ�

WKH� 1,&8� 1R�� �� ±� IURP� ���� WR� ���� O[�� 7KHUH� DUH� IOXRUHVFHQW�� LQFDQGHVFHQW� DQG�

KDORJHQ� ODPSV� LQ� WKH� 1,&8V� 1R�� �� DQG� ��� 2XU� VWXGLHV� KDYH� FRQILUPHG� WKDW� XVLQJ�

GRXEOH�ZDOO� LQFXEDWRUV� DQG� FDSHV� RQ� WKHP� GHFUHDVHG� OLJKW� OHYHOV� IURP� �� WR� ��� O[�

�7DEOH�����

,W� LV� ZHOO� NQRZQ� WKDW� IOXRUHVFHQW�� LQFDQGHVFHQW� DQG� KDORJHQ� OLJKWV� FDXVH� YDULRXV�

QHJDWLYH�KHDOWK�HIIHFWV��

7KH�WHPSHUDWXUH�RI�ODPSV�LV�WKH�PRVW�LPSRUWDQW�FKDUDFWHULVWLF�RI�YLVLEOH�OLJKW��7KHUH�

DUH� KLJKHU� FRORU� WHPSHUDWXUHV�� PLG�UDQJH� FRORU� WHPSHUDWXUHV�� DQG� ORZHU� FRORU�

WHPSHUDWXUHV��

+LJKHU�FRORU�WHPSHUDWXUHV�������.�RU�PRUH��DUH�FDOOHG�GD\OLJKW�FRORUV��ZKLFK�DSSHDU�

EOXH�ZKLWH�DQG�DUH�DVVRFLDWHG�ZLWK�YLEUDQF\�DQG�IHHOLQJ�RI�DOHUW��

0LG�UDQJH� FRORU� WHPSHUDWXUHV� ������ .� ±� ����� .�� ORRN� DV� FRRO� ZKLWH� DQG� DUH�

FRQVLGHUHG�IULHQGO\�DQG�LQYLWLQJ��

/RZHU�FRORU�WHPSHUDWXUHV��XS�WR������.��DUH�FDOOHG�ZDUP�ZKLWH�FRORUV��UDQJH�IURP�

UHG�WR�\HOORZLVK�ZKLWH�LQ�WRQH��DQG�HYRNH�FDOPLQJ��ZDUP�DQG�LQWLPDWH�IHHOLQJV��

)RU� H[DPSOH�� WKH� VSHFWUXP� HPLWWHG� E\� LQFDQGHVFHQW� EXOEV� GRHV� QRW� PDWFK� WKH�

VHQVLWLYLW\�FKDUDFWHULVWLFV�RI�WKH�KXPDQ�H\H��WKH�OLJKW�HPLWWHG�GRHV�QRW�DSSHDU�ZKLWH��

DQG�PRVW�RI� WKHP�DUH�QRW� LQ� WKH� UDQJH�RI�ZDYHOHQJWKV� DW�ZKLFK� WKH� H\H� FDQ�EH� WKH�

PRVW�VHQVLWLYH��,QFDQGHVFHQW�ODPSV�DUH�LQFUHDVH�EULJKWQHVV�DQG�EOLQGLQJ�HIIHFWV��

7DEOH���
(IIHFWLYHQHVV�RI�WKH�SURSRVHG�PHWKRGV�IRU�UHGXFLQJ�EULJKWQHVV�RI�OLJKW��O[�

0HDVXULQJ�

SODFH�

7RQHG�OLJKW�

DSHUWXUHV�

/HYHOV�RI�DUWLILFLDO�OLJKW��O[�

5HVXVFLWDWLRQ�V\VWHP� 'RXEOH�ZDOO�LQFXEDWRU�
DQG�FDSHV�

1,&8�1R���� �� ���� ���

1,&8�1R���� �� ��� ���

�

1RFWXUQDO� H[SRVXUH� WR� OLJKW� LQ� WKH� VKRUW� ZDYHOHQJWK� UDQJHV� �EHORZ� ���� QP��

JHQHUDWHG�E\�IOXRUHVFHQW�ODPSV�PD\�LQWHUIHUH�ZLWK�PDPPDOLDQ�FLUFDGLDQ�UK\WKPV�GXH�
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WR� LWV�VXSSUHVVLQJ�HIIHFW�RQ�PHODWRQLQ�SURGXFWLRQ��)OXRUHVFHQW� ODPSV�ZLWK�PDJQHWLF�

EDOODVWV� IOLFNHU� DW� D� QRUPDOO\� XQQRWLFHDEOH� IUHTXHQF\� RI� ���� WR� ���� +]� DQG� WKLV�

IOLFNHULQJ�FDQ�FDXVH�SUREOHPV�IRU�VRPH�LQGLYLGXDOV�ZLWK�D�OLJKW�VHQVLWLYLW\��

ɌɚEOH���

3K\VLFDO�FRQGLWLRQ�RI�SUHPDWXUH�LQIDQWV������

*URXS�RI�

SUHPDWXUH�LQIDQWV�

$3*$5�VFRUH�

��PLQ�� ��PLQ��

��±�� �±�� �±�� ��±�� �±�� �±��

1,&81R���� �� ��� ��� ��� ��� ���

1,&81R���� �� ��� ��� ��� ��� ���

�

%XW�/('V��OLJKW�HPLWWLQJ�GLRGH��FUHDWH�D�VRIW��HYHQ��DQG�FRPIRUWDEOH�OLJKW��7KH\�

GR�QRW�IOLFNHU��VR�GR�QRW�WLUH�WKH�H\HV��'R�QRW�HPLW�XOWUDYLROHW�UDGLDWLRQ��WKHLU�FRORU�LV�

VLPLODU�WR�GD\OLJKW��,W�LV�YHU\�LPSRUWDQW�WR�WKH�LPPDWXUH�VWUXFWXUH�RI�SUHWHUP�LQIDQWV��

7DEOH���

$QWKURSRPHWULF�PHDVXUHPHQWV�RI�FKLOGUHQ�DFFRUGLQJ�WR�JHVWDWLRQ�DJH���Q ����LQ�
WKH�1,&8�1R����
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$W�WKH��VW�PLQXWH������RI�SUHPDWXUH�LQIDQWV�KDG�$SJDU�VFRUH�RI������DQG������±����

LQ�WKH�1,&8�1R�����7DEOH�����$W�WKH��VW�PLQXWH������RI�SUHPDWXUH�LQIDQWV�KDG�$SJDU�

VFRUH�RI������DQG������RI�SUHPDWXUH�LQIDQWV�±�OHVV�WKDQ�����DV�LQ�WKH�1,&8�1R�����

$W��WK�PLQXWH�RI�WKH�LQIDQWV¶�OLIH������SUHPDWXUH�LQIDQWV�UHFHLYHG�$SJDU�VFRUH�IURP�

����WR�����������±�OHVV�WKDQ������DQG������±�RYHU�����LQ�WKH�1,&8�1R����������RI�
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SUHPDWXUH�LQIDQWV�±�IURP�����WR�����������±�OHVV� WKDQ������DQG������RI� �SUHPDWXUH�

LQIDQWV�±�RYHU�����LQ�WKH�1,&8�1R�����

$QWKURSRPHWULF� PHDVXUHPHQWV� RI� SUHPDWXUH� LQIDQWV� LQ� WKH� 1,&8� 1R�� �� LQ� WKH�

QHRQDWDO�SHULRG�DQG�HDUO\�LQIDQF\�ZHUH�PRUH�WKDQ�WKRVH�LQ�WKH�1,&8�1R�����ZKLFK�LV�

H[SODLQHG�E\�KLJKHU�DYHUDJH�DJH�RI�JHVWDWLRQ�LQ�WKH�1,&8�1R����LQ�SUHPDWXUH�LQIDQWV�

������YV���������7KH�SK\VLFDO�SDUDPHWHUV�RI�WKHVH�QHRQDWDO�SHULRG�DQG�HDUO\�LQIDQF\��

ERWK� JURXSV� GLIIHUHG� IURP� DFFHSWHG� VWDQGDUGV� ZHLJKW� DQG� JURZWK� FRHIILFLHQW� DQG�

SRLQWHG�RXW�K\SRWURSK\��7DEOHV��������

7DEOH���

$QWKURSRPHWULF�PHDVXUHPHQWV�RI�FKLOGUHQ�DFFRUGLQJ�WR�JHVWDWLRQ�DJH���Q ����LQ�
WKH�1,&8�1R���

:
HH
NV
�R
I�

JH
VW
DW
LR
Q�

+
HL
JK
W�

:
HL
JK
W�

+
HD
G�

FL
UF
XP

IH
UH
QF
�

&
KH
VW
�

FL
UF
XP

IH
UH
QF
�

%R
G\
�0

DV
V�

,Q
GH
[�

:
HL
JK
W�R
I�J
LU
OV�

:
HL
JK
W�R
I�E
R\
V�

%R
G\
�0

DV
V�

,Q
GH
[�
RI
�J
LU
OV�

%R
G\
�0

DV
V�

,Q
GH
[�
RI
�E
R\
V�

���±���� ��� ���� ����� ����� ����� ������� ����� ����� �����

���±���� ����� ����� ����� ����� ����� ������� ����� ������ ����

�
$FFRUGLQJ� WR� WKH� FKLOG� GHYHORSPHQW�� ZKLFK� GHSHQGV� RQ� HQYLURQPHQWDO� IDFWRUV�� ZH�

KDYH�VWXGLHG�DQWKURSRPHWULF�PHDVXUHPHQWV�LQ�SUHWHUP�LQIDQWV�GXULQJ�WKH�KLJKHVW�UDWH�

RI� JURZWK� DQG� GHYHORSPHQW� RI� WKH� FKLOG
V� ERG\�� QDPHO\� LQ� LQIDQF\� DQG� HDUO\�

FKLOGKRRG��7DEOHV��������7KH�DYHUDJH�DJH�RI�WKH�LQIDQF\�LQ�JURXS���������PRQWKV��LQ�

JURXS���������PRQWKV��7KXV��HDUO\�FKLOGKRRG�LQ�JURXS��������PRQWKV��LQ�JURXS��������

PRQWKV�� ,Q� LQIDQF\� HVWDEOLVKHG�ZHLJKW� ORVV� LQ� WKH� �VW� JURXS�� ����� DQG� LQ� WKH� �QG�

JURXS����������$OVR�ZH�FDQ�VHH�D�GHFUHDVH�OHYHO�LQ�JURZWK����������VW�JURXS�DJDLQVW�

�����LQ��QG�JURXS�RI�FKLOGUHQ��7KLV�WUHQG�ZDV�REVHUYHG�DPRQJ������ER\V�LQ�WKH��VW�

JURXS�YV���������ER\V�LQ�WKH��QG�JURXS�DQG������JLUOV�YV����������,Q�HDUO\�FKLOGKRRG��

GLIIHUHQW�ZHLJKW� ORVV� ZHUH� VHW� WRR�� DV� ZH� FDQ� VHH� ������ LQ� WKH� ILUVW� JURXS� DJDLQVW�

�������WKH��QG�JURXS��DQG�D�GHFUHDVH�LQ�D�ERG\�JURZWK������YV�������

�
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7DEOH���

$QWKURSRPHWULF�PHDVXUHPHQWV�RI�FKLOGUHQ�LQ�WKH�G\QDPLFV��Q ����LQ�WKH�1,&8�
1R����

7K
H�
SH
UL
RG
�R
I�

2
EV
HU
YD
WLR
Q�
�

+
HL
JK
W�

:
HL
JK
W�

+
HD
G�

FL
UF
XP

IH
UH
QF
H�

&
KH
VW
�

FL
UF
XP

IH
UH
QF
H�

:
HL
JK
W�R
I�J
LU
OV�

:
HL
JK
W�R
I�E
R\
V�

,QIDQF\� ����� ����� ����� ����� ����� �����

(DUO\�FKLOGKRRG� ����� ������ ��� ��� ������ ��

�
7DEOH���

$QWKURSRPHWULF�PHDVXUHPHQWV�RI�FKLOGUHQ�LQ�WKH�G\QDPLFV��Q ����LQ�WKH�1,&8�
1R����

�

7KH�HUURU�RI�DQWKURSRPHWULF�LQGLFDWRUV�FDQQRW�EH�FRQVLGHUHG�DV�VLJQV�RI�KHDOWK��,W�LV�

ZHOO� NQRZQ� WKDW� LQ� PRGHUQ� FRQGLWLRQV�� VXFK� DV� DFFHOHUDWHG�� VDPH� DV� UHWDUGHG�

GHYHORSPHQW� RI� FKLOGUHQ� VKRXOG� EH� FRQVLGHUHG� DV� D� ULVN� IDFWRU� IRU� D� SDWKRORJLFDO�

GLVHDVH��7KH�GDWD��ZKLFK�VKRZHG�WKDW� WKH�VWDQGDUG�GHYLDWLRQ�RI�D�JURXS�RI�FKLOGUHQ��

ZKR�ZHUH�QXUVHG�LQ�WKH�1,&8�ZLWK�KLJKHU�OHYHOV�RI�HQYLURQPHQWDO�IDFWRUV�PD\�EH�D�

PDQLIHVWDWLRQ�RI�YLRODWLRQ�RI� UHJXODWRU\�PHFKDQLVPV�RI�HQHUJ\�DQG�PHWDEROLF� OHYHO��

ZKLFK�WDNH�SODFH�DW�DQ�XQVDWLVIDFWRU\�DGDSWDWLRQ�OHYHO�DQG�ZKDW�LV�HYHQ�ZRUVH��IDLOXUH�

RI�DGDSWDWLRQ�RI�WKH�ERG\��&KLOGUHQ�ZKR�ZHUH�QXUVH�LQ�WKH�1,&8�1R����KDG�PRVW�RI�
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(DUO\�FKLOGKRRG� ����� ������ ����� ��� ������ ��
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DOO�GLVKDUPRQLRXV�GHYHORSPHQW��FRPSDUHG�ZLWK�FKLOGUHQ�ZKR�ZHUH�QXUVH�LQ�WKH�1,&8�

1R�����

&RQFOXVLRQV��
��� ,W� LV� VKRZQ� WKDW� LQFUHDVHG� OHYHO� RI� HQYLURQPHQWDO� IDFWRUV� PD\� KDYH� D� QHJDWLYH�

LQIOXHQFH�RQ� WKH�SHUIRUPDQFH� IRU� WKH�KDUPRQLRXV�FKLOGUHQ�GHYHORSPHQW��ZKLFK�ZLOO�

ULVN�IDFWRU�RI�SDWKRORJ\�LQ�WKH�IXWXUH��

��� 7KH� QRLVH� VKRXOG� EH� FRQVLGHUHG� DV� D� IDFWRU� WKDW� FDQ� FRPSOLFDWH� QXUVLQJ� RI�

SUHPDWXUH� LQIDQWV�� (IIHFWV� RI� EULJKW� OLJKW� PD\� FDXVH� WKH� YLRODWLRQ� RI� JURZWK��

GHYHORSPHQW�DQG�GLIIHUHQWLDWLRQ�RI�WKH�YLVXDO�DQDO\]HU�LQ�SUHPDWXUH�LQIDQWV���

��� ,QFXEDWRUV� DQG� FDSHV� DUH� UHGXFLQJ� OLJKWLQJ� OHYHOV� WR� ���� O[� DQG� VKRXOG� EH�

HQFRXUDJHG�WR�UHGXFH�WKH�HIIHFWV�RI�EULJKW�OLJKW�LQ�WKH�QHRQDWDO�LQWHQVLYH�FDUH�XQLWV��

5HFRPPHQGDWLRQV���
$PELHQW� OLJKWLQJ� OHYHOV� LQ� LQIDQW� VSDFHV� VKRXOG�EH�DGMXVWDEOH� WKURXJK�D� UDQJH�RI�DW�

OHDVW� ��� EXW� QRW�PRUH� WKDQ� ���� O[�� DV�PHDVXUHG� DW� HDFK� EHGVLGH�� %RWK� QDWXUDO� DQG�

HOHFWULF� OLJKW�VRXUFHV�VKRXOG�KDYH�FRQWUROV� WKDW�DOORZ�LPPHGLDWHO\�GDUNHQLQJ�RI�DQ\�

EHG� SRVLWLRQ� VXIILFLHQW� IRU� WUDQV� LOOXPLQDWLRQ�� ZKHQ� LW� LV� QHFHVVDU\�� 7KH� VRXUFHV�

VKRXOG�DYRLG�XQQHFHVVDU\�XOWUDYLROHW�RU� LQIUDUHG�UDGLDWLRQ�E\� WKH�XVH�RI�DSSURSULDWH�

ODPSV��OHQV��RU�ILOWHUV��$Q\�OLJKWLQJ�XVHG�RXWVLGH�WKH�LQIDQW�FDUH�DUHD�VKRXOG�EH�ORFDWHG�

VR�DV�WR�DYRLG�DQ\�LQIDQW
V�GLUHFW�OLQH�RI�VLJKW�WR�WKH�IL[WXUH��

�
5HIHUHQFHV��
��� 3LQHOHV� %�/�� 6HQVLWL]DWLRQ� RI� FDUGLDF� UHVSRQVHV� WR� SDLQ� SUHWHUP� LQIDQWV� ���

1HRQDWRORJ\��±�������±�9RO������±�3������±������
���$EGXONDGHU�+���)UHHU�<���*DUU\�(��HW�DO��3UHPDWXULW\�DQG�QHRQDWDO�QR[LRXV�HYHQWV�

H[HUW�ODVWLQJ�HIIHFWV�RQ�LQIDQW�SDLQ�EHKDYH�RXU����(DUO\�+XP��'HY��±�������±�9RO������

ʋ����±�Ɋ������±�������

���%DUWRFFL�0���%HUJTYLVW�/���/DJHUFUDQW]�+��HW�DO��3DLQ�DFWLYDWHV�FRUWLFDO�DUHDV�LQ�WKH�

SUHWHUP�QHZERUQ�EUDLQ����3DLQ��±�������±�9RO�������ʋ���±����±�3������±������
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���'DYLGVRQ� 6��� 7UXRQJ�+���*LHVOHU�*��4XDQWLWDWLYH� DQDO\VLV� RI� VSLQRWKDODPLF� WUDFW�

QHXURQV�LQ�DGXOW�DQG�GHYHORSLQJ�PRXVH����&RPS��1HXURO��±�������±�9RO�������ʋ�����±�

3�������±�������

��� )LW]JHUDOG� 0��� :DONHU� 6�� ,QIDQW� SDLQ� PDQDJHPHQW�� D� GHYHORSPHQWDO�

QHXURELRORJLFDO�DSSURDFK����1DW��&OLQ��3UDFW��1HXURO��±�������±�9RO�����ʋ����±�3�����±�

����

��� 5HSRUW� RI� WKH� VL[WK� FHQVXV� FRQIHUHQFH� RQ�1HZERUQ� ,&8�'HVLJQ�� 5HFRPPHQGHG�

6WDQGDUWV�IRU�1HZERUQ�,&8�'HVLJQ��2UODQGR��)ORULGD��-DQXDU\����±����������

���%RYR�0-��7KH�EDE\��$YDLODEOH�KWWS���ZZZ�PMERYR�FRP�3UHJQDQF\�%DE\:HOO�KWP��

$FFHVVHG�)HEUXDU\����������
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Ɋɟɡɸɦɟ�� Ⱦɨɫɥɿɞɠɟɧɿ� ɝɿɝɿɽɧɿɱɧɿ� ɨɫɨɛɥɢɜɨɫɬɿ� ɜɩɥɢɜɭ� ɤɨɦɩɥɟɤɫɭ� ɱɢɧɧɢɤɿɜ�
ɧɚɜɤɨɥɢɲɧɶɨɝɨ� ɫɟɪɟɞɨɜɢɳɚ� ɧɚ� ɡɞɨɪɨɜ
ɹ� ɧɟɞɨɧɨɲɟɧɢɯ� ɞɿɬɟɣ� ɭ� ɜɿɞɞɿɥɟɧɧɹɯ�
ɪɟɚɧɿɦɚɰɿʀ�ɬɚ�ɿɧɬɟɧɫɢɜɧɨʀ�ɬɟɪɚɩɿʀ�ɧɨɜɨɧɚɪɨɞɠɟɧɢɯ����
Ʉɥɸɱɨɜɿ� ɫɥɨɜɚ�� ɜɿɞɞɿɥɟɧɧɹ� ɪɟɚɧɿɦɚɰɿʀ� ɬɚ� ɿɧɬɟɧɫɢɜɧɨʀ� ɬɟɪɚɩɿʀ� ɧɟɞɨɧɨɲɟɧɢɯ�
ɧɨɜɨɧɚɪɨɞɠɟɧɢɯ��ɧɟɞɨɧɨɲɟɧɢɣ�ɧɨɜɨɧɚɪɨɞɠɟɧɢɣ��ɧɟɞɨɧɨɲɟɧɿɫɬɶ��ɫɬɪɟɫ��
�
Ɋɟɡɸɦɟ��ɂɫɫɥɟɞɨɜɚɧɵ�ɝɢɝɢɟɧɢɱɟɫɤɢɟ�ɨɫɨɛɟɧɧɨɫɬɢ�ɜɥɢɹɧɢɹ�ɤɨɦɩɥɟɤɫɚ�ɮɚɤɬɨɪɨɜ�
ɨɤɪɭɠɚɸɳɟɣ�ɫɪɟɞɵ�ɧɚ�ɡɞɨɪɨɜɶɟ�ɧɟɞɨɧɨɲɟɧɧɵɯ�ɞɟɬɟɣ�ɜ�ɨɬɞɟɥɟɧɢɹɯ�ɪɟɚɧɢɦɚɰɢɢ�
ɢ�ɢɧɬɟɧɫɢɜɧɨɣ�ɬɟɪɚɩɢɢ�ɧɨɜɨɪɨɠɞɟɧɧɵɯ��
Ʉɥɸɱɟɜɵɟ� ɫɥɨɜɚ�� ɨɬɞɟɥɟɧɢɟ� ɪɟɚɧɢɦɚɰɢɢ� ɢ� ɢɧɬɟɧɫɢɜɧɨɣ� ɬɟɪɚɩɢɢ�
ɧɟɞɨɧɨɲɟɧɧɵɯ� ɧɨɜɨɪɨɠɞɟɧɧɵɯ�� ɧɟɞɨɧɨɲɟɧɧɵɣ� ɧɨɜɨɪɨɠɞɟɧɧɵɣ��
ɧɟɞɨɧɨɲɟɧɧɨɫɬɶ��ɫɬɪɟɫɫ��
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