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.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�/� ���������� ���������� �����������
Ɍ*��PPRO�/� ���������� ���������� �����������
+'/��PPRO�/� ���������� ��������� �����������
/'/��PPRO�/� ����������� ���������� ������������
ȱ/��ȕ��SJ�PO� ���������� ����������� ������������
Ɇ9��ȿ�Ⱥ� ���������� ���������� ������������
,957��PV� ����������� ������������ �������������
'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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