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$EVWUDFW��%DFNJURXQG��7KH�DLP�RI�RXU�VWXG\�ZDV�WR�LQYHVWLJDWH�WKH�UROH�RI�YLVXDO�ORDG�
OHYHOV�LQ�WKH�,23�HOHYDWLRQ�LQ�WKH�SDWLHQWV�WDNLQJ�SURVWDJODQGLQ�DQDORJXHV�DQG�WR�WU\�
WR�RSWLPL]H�WKH�FRQGLWLRQV�IRU�WKHLU�HIIHFWV�RQ�WKH�XYHRVFOHUDO�RXWIORZ��
0DWHULDO�DQG�0HWKRGV�����SDWLHQWV�����H\HV��ZLWK�ILUVW�GLDJQRVHG�SULPDU\�RSHQ�DQJOH�
JODXFRPD�DQG�UHVLVWDQFH�WR�ODWDQRSURVW���������LQWUDRFXODU�SUHVVXUH�ZHUH�LQFOXGHG�
LQ� WKLV� VWXG\�� 7KHVH� SDWLHQWV� ZHUH� SUH�H[DPLQHG� ZLWK� WKH� GHILQLWLRQ� RI� YLVXDO� DQG�
UHDGLQJ� DFXLW\�� UHIUDFWLRQ�� WUXH�� WROHUDQW� DQG� WDUJHW� ,23� ZLWK� SHULPHWU\� DQG�
RSKWKDOPRVFRS\�� 6XEMHFWV� ZHUH� GLYLGHG� LQWR� �� JURXSV� RI� FRPSDUDEOH� DJH�� VH[��
UHIUDFWLRQ�� ,Q� HDFK� JURXS� WKH� WKLFNQHVV� RI� WKH� FLOLDU\� ERG\� E\� XOWUDVRXQG�
ELRPLFURVFRS\�ZDV�LQYHVWLJDWHG��OHYHO�RI�QHDU�YLVXDO�ORDG�DQG�WROHUDWHG�FRUUHFWLRQ�IRU�
QHDU�ZHUH�GHILQHG��
5HVXOWV�� ,W� ZDV� IRXQG�� WKDW� LQ� ERWK� JURXSV� ���� RI� WKH� H\HV� ZLWK� 32$*� 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��

�

5HIHUHQFHV��
���*H�-��=KDR�-/��&XL�+��������2SKWKDOPRORJ\��3HRSOH¶V�0HGLFDO�3XEOLVKLQJ�+RXVH��

���±�����

��� $GDWLD� )$�� 'DPML� .)� &KURQLF� RSHQ�DQJOH� JODXFRPD�� 5HYLHZ� IRU� SULPDU\� FDUH�

SK\VLFLDQV�&DQ�)DP�3K\VLFLDQ�������6HS��������������

��� +HLMO$�� /HVNH� 0&�� %HQJWVVRQ� %�� +\PDQ� /�� %HQJWVVRQ� %�� +XVVHLQ� 0�� (DUO\�

0DQLIHVW� *ODXFRPD� 7ULDO� *URXS�� 5HGXFWLRQ� RI� LQWUDRFXODU� SUHVVXUH� DQG� JODXFRPD�

SURJUHVVLRQ�� 5HVXOWV� IURP� WKH� HDUO\� PDQLIHVW� JODXFRPD� WULDO�� $UFK� 2SKWKDOPRO��

�����������������������

���9DQ�%XVNLUN�(0��&LRIIL�*$��*ODXFRPDWRXV�RSWLF�QHXURSDWK\��$P�-�2SKWKDOPRO��

���������������������

���4XLJOH\�+$��1XPEHU�RI�SHRSOH�ZLWK�JODXFRPD�ZRUOGZLGH��%U�-�2SKWKDOPRO��������

��������������

��� /LFKWHU� 35��0XVFK� '&�� *LOOHVSLH� %:��*XLUH� .(�� -DQ]� 1.��:UHQ� 3$�� ,QWHULP�

FOLQLFDO�RXWFRPHV�LQ�WKH�&ROODERUDWLYH�,QLWLDO�*ODXFRPD�7UHDWPHQW�6WXG\�FRPSDULQJ�

LQLWLDO� WUHDWPHQW� UDQGRPL]HG� WR� PHGLFDWLRQV� RU� VXUJHU\�� 2SKWKDOPRORJ\��

�������������±������

���*RUGRQ�02��%HLVHU� -$��%UDQGW� -'��+HXHU�'.��+LJJLQERWKDP�(-�� -RKQVRQ�&$��

HWDO�� 7KH� 2FXODU� +\SHUWHQVLRQ� 7UHDWPHQW� 6WXG\�� EDVHOLQH� IDFWRUV� WKDW� SUHGLFW� WKH�

RQVHW�RI�SULPDU\�RSHQ�DQJOH�JODXFRPD��$UFK�2SKWKDOPRO���������������±�����

��� -DPSHO� +'�� 7DUJHW� SUHVVXUH� LQ� JODXFRPD� WKHUDS\� >UHYLHZ@�� -� *ODXFRPD��

�������������±�����
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���,RPGLQD�(1��,JQDW
HYD�1,X��'DQLORY�1$��$UXWLXQLDQ�//��.LVHOHYD�2$��1D]DUHQNR�

/$��%LRFKHPLFDO�� VWUXFWXUDO� DQG�ELRPHFKDQLFDO� IHDWXUHV�RI�KXPDQ� VFOHUDO�PDWUL[� LQ�

SULPDU\�RSHQ�DQJOH�JODXFRPD��9HVWQ�2IWDOPRO�������1RY�'HF��������������

���� .RVKLWV,1�� 6YHWORYD29�� =DVHHYD09�� 6KXNKDHY69�� 0DNDURY)1�� .RWOLDU.(��

6PROQLNRY� %$�� 3K\VLRORJLFDO� SULQFLSOHV� RI� K\SRWHQVLYH� WKHUDS\� RI� RSHQDQJOH�

JODXFRPD� GXULQJ� SUHVE\RSLD� SHULRG�� 3DUW� ,�� ,QLWLDO� WKHRUHWLFDO� SUHVXSSRVLWLRQV��

K\SRWKHVHV�DQG�IDFWV�*ODXNRPD����������������

����.RVKLWV�,1��6YHWORYD�29��=DVHHYD�09��6KXNKDHY�69��0DNDURY�)1��.RWOLDU�.(��

6PROQLNRY� %$�3K\VLRORJLFDO� SULQFLSOHV� RIK\SRWHQVLYH� WKHUDS\� RI� RSHQDQJOH�

JODXFRPD� GXULQJ� SUHVE\RSLD� SHULRG�� 3DUW� ,,�� 3HUVSHFWLYH� DOJRULWKPV� RI� SUDFWLFDO�

VSDULQJ�HIIHFWV��*ODXNRPD����������������

���� %DODOLQ69�� )RNLQ� 93�� 2Q� WROHUDWHG� DQG� WDUJHW±RULHQWHG� LQWUDRFXODU� SUHVVXUH� LQ�

SULPDU\�RSHQ±DQJOH�JODXFRPD�5XV��0HG��-XUQ�������������±�����

���&KDXKDQ%&�� *DUZD\�+HDWK')�� *RxL� )-� HW� DO�� 3UDFWLFDO� UHFRPPHQGDWLRQV� IRU�

PHDVXULQJ� UDWHV� RI� YLVXDO� ILHOG� FKDQJH� LQ� JODXFRPD�� %ULWLVK� -RXUQDO� RI�

2SKWKDOPRORJ\����������������±�����

���� (XURSHDQ�*ODXFRPD� 6RFLHW\�� 7HUPLQRORJ\� DQG�*XLGHOLQHV� IRU�*ODXFRPD�������

��±����(GLWULFH�'2*0$��6DYRQD��,WDO\��

����/RVVLQJ�/$��6LQQRWW�/7��.DR�&<��5LFKGDOH�.��%DLOH\�0'��0HDVXULQJ�FKDQJHV�LQ�

FLOLDU\�PXVFOH�WKLFNQHVV�ZLWK�DFFRPPRGDWLRQ�LQ�\RXQJ�DGXOWV��2SWRP�9LV�6FL�������

0D\���������������

���� (JRURYD� (9�� %HVVDUDERY� $1�� 8]XQ\DQ� '*�� 6DUXNKDQ\DQ� $$�� $QDWRP\�

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����������������

�
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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��
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