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LDQ�GDPDJH�FDXVHG�E\�WRUVLRQ�GHWRUVLRQ�

Material and Methods
7KLV�UHVHDUFK�VWXG\�ZDV�FRQGXFWHG�XVLQJ����IHPDOH�:LVWDU�UDWV��$OO�VXEMHFWV�ZHUH�
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ÖZ
Amaç
%X�oDOÕúPDGD�WRUVL\RQ�GHWRUVL\RQ�DUDFÕOÕ÷Õ\OD�JHUoHNOHúHQ�
RYHU� KDVDUÕQGD� JHQWLVLN� DVLW¶LQ� WHGDYL� HGLFL� HWNLQOL÷LQLQ�
DUDúWÕUÕOPDVÕ�KHGHÀHQPLúWLU��

Gereç ve Yöntemler
%X� DUDúWÕUPD� oDOÕúPDVÕ�� ��� DGHW� GLúL� :LVWDU� VÕoDQ� NXO�
ODQÕODUDN� \DSÕOGÕ�� 'HQH\� SURVHG�U�QH� X\JXQ� RODUDN� W�P�
GHQHNOHU� VKDP�� WRUVL\RQ� GHWRUVL\RQ� �7'��� 7'�'�ú�N�
GR]� YH� 7'�<�NVHN� GR]� WHGDYL� JUXSODUÕ� RODFDN� ELoLPGH�
JUXSODQGÕUÕOGÕ�� 7'� PRGHOL� RYHUL� EHVOH\HQ� DUWHU� YH� NRO�
OHWHUDOOHULQ�WDPDPÕ���VDDW�NOHPSOHQHUHN�ROXúWXUXOGX��$N�
DELQGH� LVH� NOHPS� DoÕODUDN� �� VDDW� ER\XQFD� UHSHUI�]\RQD�
L]LQ� YHULOGL�� 7'�'�ú�N� YH�7'�<�NVHN� GR]� WHGDYL� JUX�
SODUÕ�7'�PRGHOL� LOH� EHUDEHU� �� KDIWD� V�UH\OH� ���� YH� ����
PJ�NJ�GR]ODUÕQGD�JHQWLVLN�DVLW�RUDO�\ROOD�X\JXODQGÕ��7�P�
V�UHoOHUGH�GHQHNOHULQ�DFÕ�GX\PDPDVÕ�LoLQ�DQHVWH]L�NRúXO�
ODUÕ�ROXúWXUXOGX��

Bulgular
6KDP� JUXEXQD� J|UH� 7'� JUXEXQGD� RNVLGDQ� SDUDPHWUHO�
HULQ� G�]H\OHUL� \�NVHOLUNHQ�� DQWLRNVLGDQ� G�]H\OHULQLQ� LVH�
7'�'�ú�N�GR]�YH�7'�<�NVHN�GR]�JUXSODUÕQGD� DQODPOÕ�
G�]H\GH� D]DOGÕ÷Õ� J|U�OG��� *HQWLVLN� DVLW� X\JXODPDODUÕQD�
ED÷OÕ� RODUDN� RNVLGDQ� SDUDPHWUHOHULQ� G�]H\OHUL� D]DOÕUNHQ��
DQWLRNVLGDQ�VHYL\HOHULQLQ�DUWWÕ÷Õ�EHOLUOHQGL��

Sonuç
0HYFXW�YHULOHU�7'
QLQ�QHGHQ�ROGX÷X�RYHU�KDVDUÕQÕQ�G�ú�N�
YH� \�NVHN� GR]� JHQWLVLN� DVLW� WHGDYLOHUL� LOH� KD¿ÀHWLOHEL�
OHFH÷LQL�J|VWHUGL�

Anahtar Kelimeler
*HQWLVLN�DVLW��7RUVL\RQ�GHWRUVL\RQ��<XPXUWDOÕN��6ÕoDQ

INTRODUCTION
2YDULDQ� WRUVLRQ� LV� D� VHULRXV� KHDOWK� SUREOHP�� HVSHFLDOO\�
DIIHFWLQJ�ZRPHQ�RI�UHSURGXFWLYH�DJH�DQG�UHVXOWLQJ�LQ�LQ�
IHUWLOLW\��2YDULDQ�WRUVLRQ�UDQNV�¿IWK�DPRQJ�J\QHFRORJLFDO�
HPHUJHQFLHV��ZLWK�DQ� LQFLGHQFH�RI������� ,Q�RYDULDQ� WRU�
VLRQ��SHULWRQLWLV�DQG�GHDWK�PD\�RFFXU�IROORZLQJ�LQIHFWLRQ�
�������:KLOH�VXUJLFDO�LQWHUYHQWLRQ�LV�FULWLFDO�LQ�SUHVHUYLQJ�
RYDULDQ�VXUYLYDO�DQG�IXQFWLRQ�LQ�\RXQJ�LQGLYLGXDOV��RYDU�
LDQ�WRUVLRQ�VXUJHULHV�DUH�JHQHUDOO\�SHUIRUPHG�ZLWK�ODSDUR�
VFRSLF� WHFKQLTXHV� ���� ����'HWRUVLRQ�RI� DGQH[D� IROORZLQJ�
RYDULDQ� WRUVLRQ� LV� LPSRUWDQW� IRU� UHGXFLQJ� WLVVXH� GDPDJH�
DQG�ULVN�RI�LQIHUWLOLW\��7RUVLRQ�DQG�GHWRUVLRQ��7�'��HYHQWV�
WRJHWKHU�FDXVH�LVFKHPLD�UHSHUIXVLRQ��,�5��LQMXU\���������

7KH�LQWHQVH�SURGXFWLRQ�RI�R[\JHQ�GHULYHG�UDGLFDOV�H[DFHU�
EDWHV�LVFKHPLD�EDVHG�GDPDJH�E\�FDXVLQJ�SHUR[LGDWLRQ�RI�
PDQ\�FHOOXODU�PROHFXOHV��VXFK�DV�PHPEUDQH�OLSLGV��UHVXOW�
LQJ�LQ�GLUHFW�F\WRNLQH�SURGXFWLRQ��HQGRWKHOLDO�GDPDJH��DQG�
DQWLR[LGDQW�HQ]\PH�GH¿FLHQF\� ��������6RPH�HQGRJHQRXV�
DQWLR[LGDQW�HQ]\PHV�VXFK�DV�VXSHUR[LGH�GLVPXWDVH��62'��

RU�VRPH�QRQHQ]\PDWLF�FRPSRXQGV��VXFK�DV�DVFRUELF�DFLG��
SURWHFW�WKH�WLVVXH�IURP�R[LGDWLYH�GDPDJH��2[LGDWLYH�VWUHVV�
LQGH[� �26,��� WKH� EHVW� LQGLFDWRU� RI� R[LGDWLYH� EDODQFH�� LV�
FDOFXODWHG�E\�WKH�UDWLR�RI�WRWDO�R[LGDQW�VWDWXV��726��WRWDO�
DQWLR[LGDQW�VWDWXV��7$6������������,Q�DGGLWLRQ�WR�R[LGDWLYH�
VWUHVV� LQMXU\�� DFFXPXODWLRQ�DQG�DFWLYDWLRQ�RI�QHXWURSKLOV�
FDXVH� ,�5� LQMXU\�� 0\HORSHUR[LGDVH� �032�� OHYHOV� LQGL�
FDWHV�QHXWURSKLO�DFFXPXODWLRQ�DQG�DFWLYLW\�������,QFUHDVHG�
SURLQÀDPPDWRU\�F\WRNLQHV�KDYH�EHHQ�VKRZQ�WR�JUDGXDOO\�
LQFUHDVH�LVFKHPLF�WLVVXH�GDPDJH��,QWHUOHXNLQ����,/����LV�DQ�
LPSRUWDQW�SURLQÀDPPDWRU\�F\WRNLQH�FDSDEOH�RI�DFFHOHUDW�
LQJ� WKH�H[SUHVVLRQ�RI�RWKHU� LQÀDPPDWRU\�PROHFXOHV�DQG�
LQGXFLQJ�LQ¿OWUDWLRQ�DQG�SUROLIHUDWLRQ�RI�QHXWURSKLOV������
�����:LWK�DOO�WKHVH�GDWD��LW�LV�QRWHZRUWK\�WKDW�DQWLR[LGDQW�
DQG�DQWL�LQÀDPPDWRU\�SURSHUWLHV�DUH�HIIHFWLYH� LQ� WKH� ,�5�
PRGHO��:H�KDYH�WULHG�WR�WDNH�DGYDQWDJH�RI�WKHVH�IHDWXUHV�
RI�JHQWLVLF�DFLG��7R�GDWH��WKHUH�DUH�YDULRXV�VWXGLHV�HYDOX�
DWLQJ�WKH�PHFKDQLVPV�RI�RYDULDQ�7�'�PHGLDWHG�,�5�LQMXU\��
0RUHRYHU��VWXGLHV�RQ�WKLV�VXEMHFW�KDYH�DOVR�DWWHPSWHG�WR�
UHSDLU� WKLV� WLVVXH� DQG�RUJDQ�GDPDJH�E\�XVLQJ�GUXJV� DQG�
DJHQWV�ZLWK�GLIIHUHQW�ELRORJLFDO�DFWLYLWLHV�������������

1RQ�V\QWKHWLF�SURGXFWV�KDYH�EHHQ�WKH�PDLQ�SKDUPDFHXWL�
FDO�LQJUHGLHQWV�XVHG�LQ�WKH�WUHDWPHQW�RI�GLVHDVHV�VLQFH�DQ�
FLHQW�WLPHV��0RUHRYHU��SKHQROLF�FRPSRXQGV�LVRODWHG�IURP�
QDWXUDO� SURGXFWV� DQG� KDYLQJ� D� ZLGH� UDQJH� RI� ELRORJLFDO�
DFWLYLWLHV�UHSUHVHQW�DQ�LPSRUWDQW�W\SH�RI�PHWDEROLWHV�WKDW�
DUH�RIWHQ�VWXGLHG�������*HQWLVLF�DFLG������GLK\GUR[\EHQ]R�
LF�DFLG��LV�D�PROHFXOH�IRXQG�LQ�PDQ\�SODQWV�VXFK�DV�PHO�
RQ��JRRVHEHUU\�DQG�LV�DOVR�NQRZQ�DV�DFHW\OVDOLF\OLF�DFLG�
PHWDEROLWH����������,Q�DGGLWLRQ��VFLHQWL¿F�VWXGLHV�KDYH�UH�
SRUWHG�WKDW�JHQWLVLF�DFLG�VKRZV�VRPH�SKDUPDFRORJLFDO�DF�
WLYLWLHV�VXFK�DV�DQWL�LQÀDPPDWRU\��DQWLR[LGDQW��QHXURSUR�
WHFWLYH�DQG�KHSDWRSURWHFWLYH�HIIHFWV����������� ,Q�DGGLWLRQ�
WR� UDGLFDO� VFDYHQJLQJ� DFWLYLWLHV� ZLWK� PLQLPDO� FKHODWLQJ�
HIIHFW��YDULRXV�PHGLFDO�DSSOLFDWLRQV�DUH�UHFRPPHQGHG�IRU�
JHQWLVLF�DFLG����������

6XFFHVVIXO�UHVXOWV�RI�JHQWLVLF�DFLG�LQ�YDULRXV�H[SHULPHQWDO�
SURWRFROV� DUH� DYDLODEOH� LQ� WKH� OLWHUDWXUH��+RZHYHU�� LW� KDV�
EHHQ�GHWHUPLQHG� WKDW� WKHUH� LV� QR� VWXG\� LQYHVWLJDWLQJ� WKH�
HIIHFWLYHQHVV�RI�JHQWLVLF�DFLG�RQ�RYDULDQ� WLVVXH�KDV�EHHQ�
FRQGXFWHG� VR� IDU��7KHUHIRUH�� WKH� SUHVHQW� VWXG\� DLPHG� WR�
HYDOXDWH�WKH�HIIHFWV�RI�JHQWLVLF�DFLG��ZKLFK�SRVVHVVHV�YDUL�
RXV�ELRORJLFDO�SURSHUWLHV��RQ�DOOHYLDWLQJ�RYDULDQ�R[LGDWLYH�
GDPDJH�LQ�WKH�DGQH[LDO�7�'�PRGHO�

MATERIALS and METHODS
Animals and Permissions
7KH�FXUUHQW�H[SHULPHQW�ZDV�DSSURYHG�E\�WKH�GHFLVLRQ�GDW�
HG������DQG�QXPEHUHG����RI�$WDW�UN�8QLYHUVLW\�([SHUL�
PHQWDO�$QLPDOV�(WKLFV�&RPPLWWHH��7KH�VWXG\�ZDV�FDUULHG�
RXW� XVLQJ� KHDOWK\� 6SUDJXH�'DZOH\� IHPDOH� UDWV� REWDLQHG�
IURP� WKH� VDPH� SODFH� LQ� ([SHULPHQWDO�$QLPDO� 5HVHDUFK�
DQG�$SSOLFDWLRQ�&HQWHU�RI�$WDW�UN�8QLYHUVLW\��5DWV�ZHUH�
NHSW� LQ� WKH� VWDQGDUG� ODERUDWRU\� FRQGLWLRQV� ���� KRXUV� LQ�
OLJKW�GDUN�F\FOH���������KXPLGLW\�DQG�������&���5DWV�KDG�
DFFHVV�WR�IRRG�DQG�ZDWHU�DG�OLELWXP��7R�IDFLOLWDWH�WKH�VXU�
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JLFDO�SURFHVV��DOO�DQLPDOV�ZHUH�GHSULYHG�RI�IRRG����KRXUV�
EHIRUH�WKH�H[SHULPHQW��EXW�ZHUH�DOORZHG�WR�GULQN�ZDWHU��

Groups and Torsion/Detorsion Model
,Q� WKH� FXUUHQW� VWXG\�� ��� 6SUDJXH�'DZOH\� IHPDOH� UDWV� ���
ZHHNV�ROG��QRQ�SUHJQDQW�DQG�ZHLJKLQJ���������J��ZHUH�
UDQGRPO\�GLYLGHG�LQWR���JURXSV��

7KH�SURFHGXUH�SHUIRUPHG�LQ�WKH�VKDP�JURXS�FRQVLVWHG�RI�
RQO\�PDNLQJ�DQ�DEGRPLQDO� LQFLVLRQ�DQG�FORVLQJ� LW� DJDLQ�
XQGHU�DQHVWKHVLD�

,Q�WKH�7�'�JURXS��DQHVWKHVLD�ZDV�FUHDWHG�DQG�WKH�VXEMHFWV�
ZHUH�¿[HG�LQ�WKH�GRUVDO�SRVLWLRQ��7KH�DEGRPLQDO�LQFLVLRQ�
DUHD�ZDV�VKDYHG�DQG�FOHDQHG�XVLQJ�SRYLGRQH�LRGLQH�VROX�
WLRQ��7KHQ��D�����FP�LQFLVLRQ�ZDV�PDGH��%LODWHUDO�DUWHULHV��
YHLQV� RI� RYDU\�� IDOORSLDQ� WXEH� DQG� RYDULHV� ZHUH� URWDWHG�
FORFNZLVH�E\�����GHJUHHV�DQG�KHOG�ZLWK�DWUDXPDWLF�PLFUR�
YDVFXODU�FODPS�IRU���KRXUV�DQG�WKXV�� WKH� WRUVLRQ�SURFHVV�
ZDV�SHUIRUPHG�������/DWHU��EORRG�FLUFXODWLRQ�ZDV�DOORZHG�
IRU���KRXUV�E\�RSHQLQJ�WKH�FODPSV�LQ�WKH�GHWRUVLRQ�SHULRG��
,QFLVLRQ�ZDV�FORVHG�ZLWK�VLON�����VXWXUH��7KH�RYDULDQ�WLV�
VXHV�ZHUH�UHPRYHG�DIWHU���K�RI�GHWRUVLRQ��

,Q� ORZ�DQG�KLJK�GRVH�JHQWLVLF�DFLG��*$��JURXSV��JHQWLV�
LF� DFLG� �SXUFKDVHG� IURP�6LJPD�$OGULFK�&R��ZDV�DGPLQ�
LVWHUHG� WR� DQLPDOV� LQWUDSHULWRQHDOO\� DW� WKH� GRVHV� RI� ����
DQG� ����PJ�NJ� ���PLQXWHV� EHIRUH� UHSHUIXVLRQ�� /DWHU� DV�
GHVFULEHG�LQ�7�'�JURXS�� WKH�7�'�PRGHO�ZDV�HVWDEOLVKHG��
7KH�JHQWLVLF� DFLG�GRVH�XVHG� DQG� WKH�RYDULDQ�7�'�PRGHO�
ZHUH�DSSOLHG�ZLWK�UHIHUHQFH�WR�SUHYLRXV�VWXGLHV�����������
$OO� VXUJLFDO� SURFHGXUHV� DSSOLHG� WR� DQLPDOV� ZHUH� SHU�
IRUPHG�XQGHU�DQHVWKHVLD�ZLWK����PJ�NJ��L�S�[\OD]LQH�K\�

GURFKORULGH� �5RPSXQ���%D\HU�� ,VWDQEXO�� DQG� ���PJ�NJ��
L�S�NHWDPLQH��.HWDODU���3¿]HU��,VWDQEXO���$W�WKH�HQG�RI�WKH�
VWXG\��DQLPDOV�ZHUH�GHFDSLWDWHG�XQGHU�DQHVWKHVLD��2YDULDQ�
WLVVXHV�ZHUH�UHPRYHG�DQG�NHSW�DW������&�IRU�DQDO\VLV��

Biochemical Analysis
)LUVW�� WKH� RYDULDQ� WLVVXHV� WDNHQ� IURP� WKH� VXEMHFWV� ZHUH�
ZHLJKHG�DQG�KRPRJHQL]HG�XVLQJ���P/�RI�SKRVSKDWH�EXI�
IHU��+RPRJHQL]HG� WLVVXHV�ZHUH� FHQWULIXJHG� DW� ����� USP�
IRU����PLQ�DW�����&��7KH�VXSHUQDWDQWV�REWDLQHG�IURP�WKH�
KRPRJHQDWH�ZHUH�FDUHIXOO\�WUDQVIHUUHG�WR�PLFURFHQWULIXJH�
WXEHV�DQG�PDLQWDLQHG�DW������&��7KH�PHDVXUHPHQW�EDVLV�RI�
PDORQGLDOGHK\GH��0'$��D�SURGXFW�RI�OLSLG�SHUR[LGDWLRQ��
LV� EDVHG�RQ�PHDVXULQJ� WKH� DEVRUEDQFH� DW� ����QP�RI� WKH�
SLQN�FRORUHG�FRPSRXQG� IRUPHG�DV� D� UHVXOW�RI� WKLREDUEL�
WXULF�DFLG�DQG�0'$�UHDFWLRQ�������726�DQG�7$6�PHDVXUH�
PHQWV�ZHUH�SHUIRUPHG�ZLWK�D�FRPPHUFLDOO\�DYDLODEOH�NLW�
�5HO�$VVD\�'LDJQRVWLFV���26,�ZDV�DFFHSWHG�DV�WKH�UDWH�RI�
726� WR�7$6��26,� OHYHO�ZDV� FDOFXODWHG� DV��26, >�726��
ȝPRO�/���7$6��PPRO�/�î��@��:H�XVHG�26,�DV�DQ�LQGLFDWRU�
RI�R[LGDWLYH�VWUHVV��26,�PD\�UHÀHFW�R[LGDWLYH�VWDWXV�PRUH�
DFFXUDWHO\�WKDQ�726��032�DFWLYLW\�GHWHUPLQDWLRQ�LV�EDVHG�
RQ� WKH� DEVRUEDQFH� PHDVXUHPHQW� PHWKRG� RI� WKH� \HOORZ�
LVK�RUDQJH�FRORUHG�FRPSOH[�DW�D�ZDYHOHQJWK�RI�����QP��
UHVXOWLQJ�LQ�WKH�R[LGDWLRQ�RI�R�GLDQLVLGLQH�ZLWK�032�LQ�WKH�
SUHVHQFH�RI�K\GURJHQ�SHUR[LGH��7KH�62'�HQ]\PH�LQGXF�
HV� WKH� UHDFWLRQ�RI� WKH� VXSHUR[LGH� UDGLFDO�ZLWK�PROHFXODU�
R[\JHQ�WR�IRUP�K\GURJHQ�SHUR[LGH��,Q�FDVH�RI�LQVXI¿FLHQW�
DFWLYLW\�RI�WKH�62'�HQ]\PH��IRUPD]DQ�G\H�LV�IRUPHG�DV�D�
UHVXOW�RI�WKH�VXSHUR[LGH�DQG�WHWUD]ROLXP�VDOW�UHDFWLRQ��7KH�
GHJUHH�RI�LQKLELWLRQ�RI�WKLV�UHDFWLRQ�LQGLFDWHV�62'�DFWLYLW\�
����� �����&\WRNLQH� OHYHOV� VXFK� DV� LQWHUOHXNLQ��ȕ� �,/��ȕ��
DQG�WXPRU�QHFURVLV�IDFWRU�DOSKD��71)�Į��ZHUH�PHDVXUHG�

XVLQJ�FRPPHUFLDO�NLWV��(ODEVFLHQFH��:XKDQ��&KLQD��
Statistical Analysis
7$6�� 726�� 26,�� 032�� 62'�� 71)�Į�� ,/��ȕ� DQG�0'$�
UHVXOWV� REWDLQHG� IURP� WKLV� VWXG\� ZHUH� DQDO\]HG� XVLQJ� D�
VWDWLVWLFDO� DQDO\VLV� �6366� ���� 86$�� SURJUDP�� 'HVFULS�
WLYH�VWDWLVWLFV�RI�WKH�YDOXHV�LQ�WKH�JURXSV�ZHUH�H[SUHVVHG�
DV�PHDQ� DQG� VWDQGDUG� GHYLDWLRQ� �6'���$�S�YDOXH��� �����
ZDV�FRQVLGHUHG� VWDWLVWLFDOO\� VLJQL¿FDQW��2QH�:D\�$QRYD�
WHVW�ZDV�SHUIRUPHG�DQG�7XNH\�WHVW�ZDV�XVHG�IRU�SRVW�KRF�
ELQDU\�FRPSDULVRQV��.UXVNDO�:DOOLV�WHVW��ZKLFK�LV�D�QRQ�
SDUDPHWULF� WHVW��ZDV�XVHG� IRU� WKH�SDUDPHWHUV� WKDW�GR�QRW�

FRQIRUP�WR�D�QRUPDO�GLVWULEXWLRQ�
Biochemical Results
$W� WKH�HQG�RI� WKH�H[SHULPHQW�� WKH�H[SHULPHQWDO�SURWRFRO�
ZDV� ZHOO� WROHUDWHG� E\� DOO� H[SHULPHQWDO� DQLPDOV� DQG� QR�
GHDWK� ZDV� REVHUYHG� LQ� WKH� H[SHULPHQWDO� DQLPDOV�� 7DEOH�
,�VXPPDUL]HV�WKH�RYDULDQ�WLVVXH�7$6��726�DQG�26,�YDO�
XHV�DQG�JURXS�FRPSDULVRQV�RI�DOO�JURXSV��&RPSDUHG�ZLWK�
VKDP�JURXS��7$6�YDOXH�ZDV�VLJQL¿FDQWO\�UHGXFHG�EXW�26,�
DQG�726�LQFUHDVHG�LQ�7�'�JURXS��,Q�WKHUDS\�JURXSV��726��
26,� DQG�7$6� YDOXHV�ZHUH� VLJQL¿FDQW� EHWZHHQ� WKH� ORZ�
GRVH�JHQWLVLF�DFLG�JURXS�DQG�VKDP�JURXS��EXW�726�YDOXH�

Table I. &RPSDULVRQV�RI�7RWDO�$QWLR[LGDQW�6WDWXV��7$6���PPRO�/����7RWDO�2[LGDQW�6WDWXV��726���ȝPRO�/��DQG�2[LGDWLYH�
6WUHVV�,QGH[��26,��OHYHOV�DPRQJ�WKH�H[SHULPHQWDO�JURXSV�

'DWD�DUH�SUHVHQWHG�DV�PHDQ���6�'��DS�������FRPSDUHG�WR�FRQWURO�JURXS��ES�������FRPSDUHG�WR�7�'�JURXS�
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ZDV�IRXQG�WR�EH�VLJQL¿FDQW�EHWZHHQ�WKH�KLJK�GRVH�JHQWLVLF�
DFLG�DQG�VKDP�JURXS��,Q�ERWK�WKHUDS\�JURXSV��7$6��726�
DQG�26,�YDOXHV�ZHUH�VLJQL¿FDQWO\�GLIIHUHQW�FRPSDUHG� WR�
WKH�7�'�JURXS��$�VLJQL¿FDQW�GLIIHUHQFH�ZDV�IRXQG�LQ�7$6�
DQG� 26,� YDOXHV� ZKHQ� WUHDWPHQW� JURXSV� ZHUH� FRPSDUHG�

ZLWK�HDFK�RWKHU��726�DQG�26,�YDOXHV�ZHUH� VLJQL¿FDQWO\�
GHFUHDVHG�DQG�7$6�YDOXHV�ZHUH�LQFUHDVH�DFFRUGLQJ�WR�7�'�
JURXS�LQ�WKHUDS\�JURXSV��62'��032��0'$��71)�Į��DQG�
,/��ȕ� YDOXHV�ZHUH� JLYHQ� LQ� RYDULDQ� WLVVXH� RI� DOO� JURXSV�
�7DEOH�,,�DQG�,,,���

,Q�WKH�7�'�JURXS��DOO�SDUDPHWHUV�ZHUH�VWDWLVWLFDOO\�GLIIHU�
HQW� IURP� VKDP� JURXS��:KHQ� WKH� WUHDWPHQW� JURXSV�ZHUH�
FRPSDUHG�WR�WKH�VKDP�JURXS��WKHUH�ZDV�D�VWDWLVWLFDOO\�VLJ�
QL¿FDQW�GLIIHUHQFH�EHWZHHQ�WKH�WLVVXH�FRQFHQWUDWLRQV�RI�DOO�
SDUDPHWHUV�H[FHSW�032�DFWLYLW\�LQ�WKH�ORZ�GRVH�JHQWLVLF�
DFLG�JURXS��:KHQ�VKDP�JURXS�DQG�KLJK�GRVH�JHQWLVLF�DFLG�
JURXS�ZHUH�FRPSDUHG��LW�ZDV�VHHQ�WKDW�WKH�FRQFHQWUDWLRQ�
RI�DOO�SDUDPHWHUV�DSSURDFKHG�WKRVH�RI�WKH�VKDP�JURXS�DQG�
WKH� GLIIH�� UHQFH� EHWZHHQ� WKH� JURXSV� FRXOG� QRW� EH� GHWHU�
PLQHG��

:KHQ� 7�'� DQG� ERWK� WUHDWPHQW� JURXSV� ZHUH� FRPSDUHG��
VWDWLVWLFDO�VLJQL¿FDQFH�ZDV�IRXQG�LQ�DOO�SDUDPHWHUV��:KHQ�
WKH�WUHDWPHQW�JURXSV�ZHUH�FRPSDUHG�ZLWK�HDFK�RWKHU��DOO�
SDUDPHWHUV�H[FHSW�0'$�ZHUH�VLJQL¿FDQW��0'$�OHYHO�DQG�
032�DFWLYLWLHV�ZHUH�VLJQL¿FDQWO\�GHFUHDVHG�DQG�62'�DF�
WLYLWLHV�ZHUH�LQFUHDVHG�DFFRUGLQJ�WR�7�'�JURXS�LQ�WKHUDS\�
JURXSV��0RUHRYHU��D�GUDPDWLF�LQFUHDVH�LQ�SURLQÀDPPDWR�
U\� F\WRNLQHV�ZDV� REVHUYHG� LQ� WKH� RYDULDQ�7�'� JURXS�� ,W�
ZDV�GHWHUPLQHG�WKDW�R[LGDWLYH�VWUHVV�FDXVHG�E\�7�'�LQ�WKH�
WLVVXH�WULJJHUHG�SURLQÀDPPDWRU\�F\WRNLQHV��EXW�F\WRNLQH�
OHYHOV�ZHUH�VLJQL¿FDQWO\�UHGXFHG�LQ�WKH�ORZ�DQG�KLJK�GRVH�
JHQWLVLF�DFLG�JURXSV�

DISCUSSION
,�5�GDPDJH��ZKLFK�RFFXUV�ZLWK� WKH�UHVXPSWLRQ�RI�EORRG�
ÀRZ�IROORZLQJ�GLVUXSWLRQ�RI�WLVVXH�YDVFXODUL]DWLRQ��LV�LP�
SRUWDQW�IRU�RUJDQ�WUDQVSODQWDWLRQ�DQG�JUDIW�IXQFWLRQV��3UH�
YHQWLRQ�RI�,�5�GDPDJH�LV�LPSRUWDQW�LQ�UHFRYHULQJ�FHOOXODU�
IXQFWLRQV�DQG�SUHYHQWLQJ�QHFURVLV�ZKLOH�WKHVH�FHOOXODU�DQG�
HQ]\PDWLF� HYHQWV� FRQWLQXH� WR� VWUHQJWKHQ� HDFK� RWKHU� ����
�����2YDULDQ�WRUVLRQ�LV�D�J\QHFRORJLFDO�HPHUJHQF\��HVSH�
FLDOO\� VHHQ� LQ� WKH�¿UVW� WKUHH�GHFDGHV�RI� OLIH�� UHVXOWLQJ� LQ�
LVFKHPLD�ZLWK�LPSDLUHG�FLUFXODWLRQ�IROORZLQJ�EHQGLQJ�RI�
WKH�OLJDPHQWV�DURXQG�WKH�RYDU\�����������2[LGDWLYH�GDP�
DJH�LV�WKH�PDLQ�FDXVH�RI�SDWKRORJ\�LQ�RYDULDQ�7�'�������

62'�LV�FRPPRQ�LQ�DOO�FHOO�W\SHV�DQG�SURWHFWV�WKH�WLVVXH�E\�
WU\LQJ�WR�QHXWUDOL]H�WKH�KDUPIXO�HIIHFWV�RI�IUHH�UDGLFDOV������
�����26,�LV�D�JRRG�LQGLFDWRU�WR�VKRZ�LQ�ZKLFK�GLUHFWLRQ�WKH�
R[LGDWLYH�EDODQFH�LV�GLVUXSWHG�DQG�KHOSV�WR�XQGHUVWDQG�WKH�
H[WHQW�RI�R[LGDWLYH�GDPDJH����������)UHH�R[\JHQ�UDGLFDOV�
UHVXOWLQJ� IURP�R[LGDWLYH�GDPDJH�R[LGL]H� FHOO�PHPEUDQH�
OLSLGV��OHDGLQJ�WR�0'$�IRUPDWLRQ�DQG�HOHYDWHG�0'$�OHY�
HOV�DV�D�PDUNHU�RI� OLSLG�SHUR[LGDWLRQ� ���������3URLQÀDP�
PDWRU\� F\WRNLQHV� ZHUH� LQFUHDVHG� DQG� DQWLLQÀDPPDWRU\�
F\WRNLQHV�ZHUH�GHFUHDVHG�LQ�UDWV��032�LV�D�PDUNHU�RI�QHX�

'DWD�ZHUH�SUHVHQWHG�DV�PHDQ���6�'��DS�������FRPSDUHG�WR�VKDP�JURXS��ES�������FRPSDUHG�WR�7�'�JURXS��

'DWD�ZHUH�SUHVHQWHG�DV�PHDQ���6�'��DS�������FRPSDUHG�WR�VKDP�JURXS��ES�������FRPSDUHG�WR�7�'�JURXS�

Table II. &RPSDULVRQV�RI�6XSHUR[LGH�'LVPXWDVH��62'���8�J�SURWHLQ���0\HORSHUR[LGDVH��032���8�J�SURWHLQ��DFWLYLWLHV�
DQG�0DORGLDOGHK\GH��0'$����PRO�J�SURWHLQ��OHYOH�DPRQJ�WKH�H[SHULPHQWDO�JURXSV�

Table III. &RPSDULVRQV�RI�7XPRU�1HFURVLV�)DFWRU�$OSKD��71)�Į����SJ�PJ�SURWHLQ���,QWHUOHXNLQ��EHWD��,/��ȕ���SJ�PJ�
SURWHLQ��WKH�H[SHULPHQWDO�JURXSV�
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WURSKLO�LQ¿OWUDWLRQ�DQG�LV�RQH�RI�WKH�PDMRU�HQ]\PHV�LQ�,�5��
&\WRNLQHV��VXFK�DV�71)�Į�� ,/���DQG�,/���� UHDFWLYDWH� WKH�
LQÀDPPDWRU\� FDVFDGH� WKURXJK� QHXWURSKLOV� DQG� LQFUHDVH�
GDPDJH�����������,QÀDPPDWLRQ��LQFUHDVHG�1)�ɤ%�H[SUHV�
VLRQ�DQG�LQÀDPPDWRU\�F\WRNLQHV�VXFK�DV�71)�Į�DQG�,/��ȕ�
DUH�UHVSRQVLEOH�IRU�WLVVXH�GDPDJH�DQG�DUH�DOVR�HIIHFWLYH�LQ�
WKH�SDWKRJHQHVLV�DQG�SURJUHVVLRQ�RI�PDQ\�GLVHDVHV�������

'RQJ�HW�DO��DOVR�VKRZHG�LQ�WKHLU�VWXGLHV�WKDW�JHQWLVLF�DFLG�
WUHDWPHQW� KDG� WKHUDSHXWLF� HIIHFWV� E\� UHGXFLQJ� WKH� VHUXP�
OHYHOV�RI�71)�Į�DQG�,/��ȕ�LQ�PLFH�ZLWK�UKHXPDWRLG�DUWKUL�
WLV�������,Q�DGGLWLRQ�WR�WKH�OLWHUDWXUH�LQIRUPDWLRQ�SUHVHQWHG��
D�SUHYLRXV�VWXG\�IRXQG�WKDW�71)�Į�DQG�,/��ȕ�H[SUHVVLRQ�
ZDV�VLJQL¿FDQWO\�KLJKHU�LQ�GLDEHWLF�PLFH�FRPSDUHG�WR�QRU�
PDO�FRQWURO�PLFH��DQG�WUHDWPHQW�RI�GLDEHWLF�PLFH�ZLWK�JHQ�
WLVLF�DFLG�VLJQL¿FDQWO\�UHGXFHG�WKH�OHYHO�RI�LQÀDPPDWRU\�
F\WRNLQHV��$GGLWLRQDOO\��LQ�WKH�VDPH�VWXG\��726�DQG�0'$�
OHYHOV�LQFUHDVHG�LQ�GLDEHWLF�PLFH��,W�KDV�EHHQ�DWWULEXWHG�WR�
1)�ɤ%��71)�Į�DQG�,/��ȕ�EHFDXVH�LQÀDPPDWLRQ�LV�NQRZQ�
WR� LQFUHDVH�526�SURGXFWLRQ� LQ� WLVVXHV�DQG� LQLWLDWH� WLVVXH�
GDPDJH�������7KH�UHVXOWV�RI�WKH�SUHVHQWHG�VWXG\�KDYH�GRF�
XPHQWHG�WKDW�JHQWLVLF�DFLG�DSSOLFDWLRQ�KDV�DQWLR[LGDQW�DQG�
DQWL�LQÀDPPDWRU\�HIIHFWV��UHGXFLQJ�WKH�SURGXFWLRQ�RI�R[�
LGDWLYH�DQG�LQÀDPPDWRU\�LQGLFHV�DQG�LQFUHDVLQJ�DQWLR[L�
GDQW�FDSDFLW\��$OO� WKHVH�UHVXOWV�KDYH�EHHQ�FRQ¿UPHG�DQG�
VXSSRUWHG�LQ�SUHYLRXV�VWXGLHV�

7KHUH�DUH�PDQ\�VWXGLHV�LQ�WKH�OLWHUDWXUH�WKDW�DUH�FRPSDWLEOH�
ZLWK�WKH�UHVXOWV�RI�WKLV�VWXG\��,Q�RXU�VWXG\��WKH�UHGXFWLRQ�RI�
R[LGDQW� DQG� LQÀDPPDWRU\�SDUDPHWHUV� LQ� WKH�RYDULDQ� ,�5�
PRGHO�LQ�UDWV�E\�JHQWLVLF�DFLG�VXJJHVWV�WKDW�JHQWLVLF�DFLG�
PD\� GHFUHDVH� ,�5�LQGXFHG� RYDULDQ� LQMXU\�� *HQWLVLF� DFLG�
KDV�EHHQ�VKRZQ�WR�KDYH�PRGXODWRU\�HIIHFWV�DJDLQVW�KHSD�
WRWR[LFLW\�DQG�JHQRWR[LFLW\�LQGXFHG�E\�F\FORSKRVSKDPLGH�
LQ�PLFH� E\� GHFUHDVLQJ�0'$� DQG� HQKDQFLQJ� DQWLR[LGDQW�
V\VWHP�DQG�SRVVHVV� UDGLFDO� VFDYHQJLQJ�FDSDFLW\� ������ ,Q�
DQRWKHU�VWXG\��JHQWLVLF�DFLG�ZDV�VKRZQ�WR�KDYH�D�EHQH¿FLDO�
UROH�E\�LQFUHDVLQJ�DQWLR[LGDQW�HQ]\PHV��LQKLELWLQJ�WXPRXU�
SURPRWLRQ�UHVSRQVHV��DQG�UHGXFLQJ�R[LGDWLYH�VWUHVV�LQ�PLFH�
������6DHHGDYL�HW�DO��� LQ�WKHLU�VWXG\�ZKHUH�WKH\�FUHDWHG�D�
JHQWDPLFLQ�LQGXFHG�QHSKURWR[LFLW\�PRGHO�LQ�UDWV��VKRZHG�
WKDW�JHQWLVLF�DFLG�UHGXFHV�R[LGDWLYH�VWUHVV�E\�VKRZLQJ�DQ�
WLR[LGDQW� DQG� DQWL�LQÀDPPDWRU\� HIIHFWV� ������ 1DIHHV� HW�
DO��DOVR�SURYHG�WKDW�JHQWLVLF�DFLG�KDV�D�VWURQJ�DQWLR[LGDQW�
HIIHFW� LQ� WKHLU� VWXGLHV� RQ� JHQRWR[LFLW\� DQG� KHSDWRWR[LFL�
W\�FDXVHG�E\�F\FORSKRVSKDPLGH�LQ�PLFH�������,Q�DQRWKHU�
VWXG\��WKH\�UHSRUWHG�WKDW�JHQWLVLF�DFLG�WUHDWPHQW�DPHOLRUDW�
HG�W\SH���GLDEHWHV�LQGXFHG�E\�1LFRWLQDPLGH�6WUHSWR]RWR�
FLQ�LQ�PDOH�PLFH�E\�DOOHYLDWLQJ�SDQFUHDWLF�R[LGDWLYH�VWUHVV�
DQG�LQÀDPPDWLRQ�WKURXJK�PRGXODWLRQ�RI�1UI��DQG�1)�ɤ%�
SDWKZD\V��������:LWKLQ�WKH�VFRSH�RI�WKH�VWXG\�SUHVHQWHG�LQ�
WKH�OLJKW�RI�WKHVH�VWXGLHV��LW�ZDV�GHWHUPLQHG�WKDW�JHQWLVLF�
DFLG�VKRZHG�DQWLR[LGDQW�DQG�DQWL�LQÀDPPDWRU\�HIIHFWV�LQ�
RYDULDQ� WLVVXHV�� ,Q� SDUDOOHO�ZLWK� WKHVH� VWXGLHV�� RXU� VWXG\�
VKRZHG�WKDW�JHQWLVLF�DFLG�KDV�VLJQL¿FDQW�DQWLR[LGDQW�DQG�
DQWL�LQÀDPPDWRU\�SURSHUWLHV�E\�UHGXFLQJ�R[LGDWLYH�PDUN�
HUV�DQG�SUR�LQÀDPPDWRU\�F\WRNLQH� OHYHOV�DQG� LQFUHDVLQJ�
DQWLR[LGDQW�OHYHOV�LQ�RYDULDQ�WLVVXHV��,Q�RUGHU�WR�VXFFHVV�
IXOO\� LPSURYH� WKH� GDPDJLQJ� HIIHFWV� FDXVHG� E\� ,�5�� LW� LV�

HVVHQWLDO�WR�EHWWHU�XQGHUVWDQG�WKH�SDWKRSK\VLRORJ\�RI�WKLV�
GDPDJH�DQG�GHYHORS�WUHDWPHQW�VWUDWHJLHV�DFFRUGLQJO\�

&OLQLFDO�DQG�H[SHULPHQWDO�VWXGLHV�RQ�,�5�FOHDUO\�VKRZ�WKDW�
VXSSUHVVLQJ�LQÀDPPDWLRQ�DQG�R[LGDWLYH�VWUHVV�GHYHORSLQJ�
LQ� WKH� WLVVXH� FDQ�PDNH� WUHPHQGRXV� FRQWULEXWLRQV� WR� ,�5�
WUHDWPHQW��6LPLODUO\�� LQ� WKLV�VWXG\�� WKH� UHVXOWV�RI�JHQWLVLF�
DFLG�LQ�WKH�WUHDWPHQW�RI�,�5�DUH�SURPLVLQJ��DV�LQÀDPPDWLRQ�
DQG�R[LGDWLYH�VWUHVV�SDWKZD\V�DUH�VXSSUHVVHG�E\�JHQWLVLF�
DFLG�

CONCLUSIONS
� *HQWLVLF� DFLG� SURYLGHV� SURWHFWLRQ� DJDLQVW� ,�5�LQGXFHG�
RYDULDQ�LQMXU\�ZLWK�LWV�DQWLR[LGDQW�DQG�DQWL�LQÀDPPDWRU\�
SURSHUWLHV��:H�KDYH�LQGLFDWHG�WKDW�WUHDWPHQW�ZLWK�JHQWLV�
LF�DFLG�UHGXFHV�RYDULDQ�GDPDJH� LQ�H[SHULPHQWDO�DQLPDOV�
H[SRVHG� WR� ,�5�PRGHO��0RUHRYHU�� LW� KDV� EHHQ� WDNHQ� LQWR�
FRQVLGHUDWLRQ� WKDW� IXUWKHU� UHVHDUFKH� LV� QHFHVVDU\� IRU� H[�
SODLQLQJ� WKH�RWKHU�SURWHFWLYH�PHFKDQLVP�RQ� ,�5�LQGXFHG�
RYDULDQ�LQMXU\��
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*�OHU�0&��7DQ\HOL�$��(UDVODQ�(��(NLQFL�$NGHPLU�
)1��5ROH�RI���VKRJDRO�DJDLQVW�RYDULDQ�WRUVLRQ�GH�
WRUVLRQ�LQGXFHG�UHSURGXFWLYH�RUJDQ�GDPDJH��1HZ�
7UHQGV�0HG�6FL��1706�������������������

7�UNHUL�g1��7DQ\HOL�$��.XUW�1��%DNDQ�1��(NLQFL�
$NGHPLU�)1��0RNKWDUH�%��%LRFKHPLFDO�DQG�+LV�
WRSDWKRORJLFDO�(YDOXDWLRQ�RI�WKH�3URWHFWLYH�(I¿FD�
F\�RI�7K\PRTXLQRQH� LQ�([SHULPHQWDOO\� ,VFKHPLD�
5HSHUIXVLRQ� ,QGXFHG� 5DW� 2YDULHV�� 1HZ� 7UHQGV�
0HG�6FL��1706��������������������

1\VND�$��.RKHQ�5��2[LGDWLRQ� RI� ELRORJLFDO� V\V�
WHPV�� 2[LGDWLYH� VWUHVV� SKHQRPHQD�� DQWLR[LGDQWV��
UHGR[�UHDFWLRQV��DQG�PHWKRGV�IRU�WKHLU�TXDQWL¿FD�
WLRQ��7R[LFRO�3DWKRO��������������������

3DUN�(6��.LP�-��+D�78��&KRL�-6��+RQJ�.6��5KR�-��
7'$*���GH¿FLHQF\�SURPRWHV�R[LGDWLYH�VWUHVV�LQ�
GXFHG�DSRSWRVLV�WKURXJK�WKH�JHQHUDWLRQ�RI�UHDFWLYH�
R[\JHQ� VSHFLHV� LQ� PRXVH� HPEU\RQLF� ¿EUREODVWV��
([S�0RO�0HG����������H���

$NGHPLU�)1(��%LQJ|O�d��<LOGLULP�6��.DQGHPLU�)��
.XFXNOHU�6��6DJODP�<��7KH�LQYHVWLJDWLRQ�RI�WKH�HI�
IHFW�RI�IUD[LQ�RQ�KHSDWRWR[LFLW\�LQGXFHG�E\�FLVSODWLQ�
LQ�UDWV��,UDQ�-�%DVLF�0HG�6FL����������������������

*�OHU�0&��7DQ\HOL�$��(UDVODQ�(��(NLQFL�$NGHPLU�
)1��1DFDU�7��7RSGDJL�g��+LJHQDPLQH�'HFUHDVHG�
2[LGDWLYH�.LGQH\�'DPDJH� ,QGXFHG�%\� ,VFKHPLD�
5HSHUIXVLRQ� LQ�5DWV��.DINDV�8QLY�9HW�)DN�������
�������������

$NGHPLU�)1(��<LOGLULP�6��.DQGHPLU�)0��7KH�SRV�
VLEOH�EHQH¿FLDO�LPSDFWV�RI�HYRGLDPLQH�RQ�KHSDWR�
WR[LFLW\�LQGXFHG�E\�FLVSODWLQ��(QYLURQ�6FL�3ROOXW�5�
����������������������

.DUKDXVHQ�-��4LQJ�0��*LEVRQ�$��0RHVHU�$-��*ULHI�
LQJKROW�+��+DOH�/3��,QWHVWLQDO�0DVW�&HOOV�0HGLDWH�
*XW� ,QMXU\� DQG� 6\VWHPLF� ,QÀDPPDWLRQ� LQ� D� 5DW�
0RGHO� RI� 'HHS� +\SRWKHUPLF� &LUFXODWRU\�$UUHVW��
&ULW�&DUH�0HG�������������(����(���

9LYR�9��=LQL�,��&DQWRQL�$0��*UDQGL�$��7RJQROLQL�
0��&DVWHOOL�5��3URWHFWLRQ�E\�WKH�(SK�(SKULQ�6\V�
WHP�$JDLQVW�0HVHQWHULF�,VFKHPLD�5HSHUIXVLRQ�,Q�
MXU\��6KRFN�������������������

(NLQFL�$NGHPLU�)1��7DQ\HOL�$��*�]HO�(UGR÷DQ�'��
(UDVODQ� (�� *�OHU�0&��7KH� (IIHFW� RI� 5RVPDULQLF�
$FLG�$JDLQVW�2YDULDQ�DQG�/XQJ� ,QMXULHV� ,QGXFHG�
E\�2YDULDQ�7RUVLRQ�'HWRUVLRQ�LQ�5DWV��3HGLDWU�3UDFW�
5HV�-�������������������

7RSGD÷Õ�<ÕOPD]�(3��7DQ\HOL�$�� (UDVODQ�(��*�OHU�
0&��(NLQFL�$NGHPLU�)1��*�]HO�(UGR÷DQ�'��HW�DO��
7KH�3URWHFWLYH�5ROH�RI�6\ULQJLF�$FLG�RQ�2YDULDQ�
,QMXU\�&UHDWHG�E\�,VFKHPLD�5HSHUIXVLRQ��9DQ�0HG�
-��������������������

3XMDUL�55��%DQGDZDQH�''��+HSDWRSURWHFWLYH�$F�
WLYLW\�RI�*HQWLVLF�$FLG�RQ���)OXRURXUDFLO�LQGXFHG�
+HSDWRWR[LFLW\� LQ�:LVWDU�5DWV��7XUN� -� 3KDUP�6FL�
�������������������

*ULI¿WKV� /$�� 3KHQROLF� DFLGV� DQG� ÀDYRQRLGV� RI�
7KHREURPD� FDFDR� /��� VHSDUDWLRQ� DQG� LGHQWL¿FD�
WLRQ� E\� SDSHU� FKURPDWRJUDSK\�� %LRFKHP� -� ������
�������������

+RUD[�5��+HWWLDUDFKFK\�1��&KHQ�3<��([WUDFWLRQ��
4XDQWL¿FDWLRQ��DQG�$QWLR[LGDQW�$FWLYLWLHV�RI�3KH�
QROLFV� IURP� 3HULFDUS� DQG� 6HHGV� RI� %LWWHU� 0HO�
RQV� +DUYHVWHG� DW� 7KUHH� 0DWXULW\� 6WDJHV� �,PPD�
WXUH��0DWXUH��DQG�5LSH���-�$JU�)RRG�&KHP�������
��������������

/RULFR�$��0DVWXU]R�3��9LOOD�6��6DOPRQD�0��6HP�
HUDUR�1��'HJDHWDQR�*��*HQWLVLF�$FLG���DQ�$VSLULQ�
0HWDEROLWH�ZLWK�0XOWLSOH�(IIHFWV�RQ�+XPDQ�%ORRG�
3RO\PRUSKRQXFOHDU� /HXNRF\WHV�� %LRFKHP� 3KDU�
PDFRO����������������������

$EHGL�)��5D]DYL�%0��+RVVHLQ]DGHK�+��$�UHYLHZ�RQ�
JHQWLVLF�DFLG�DV�D�SODQW�GHULYHG�SKHQROLF�DFLG�DQG�
PHWDEROLWH�RI�DVSLULQ��&RPSUHKHQVLYH�SKDUPDFRO�
RJ\��WR[LFRORJ\��DQG�VRPH�SKDUPDFHXWLFDO�DVSHFWV��
3K\WRWKHU�5HV��������������������
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$VKLGDWH�.��.DZDPXUD�0��0LPXUD�'��7RKGD�+��
0L\D]DNL�6��7HUDPRWR�7��HW�DO��*HQWLVLF�DFLG��DQ�DV�
SLULQ�PHWDEROLWH��LQKLELWV�R[LGDWLRQ�RI�ORZ�GHQVLW\�
OLSRSURWHLQ�DQG� WKH� IRUPDWLRQ�RI�FKROHVWHURO�HVWHU�
K\GURSHUR[LGHV�LQ�KXPDQ�SODVPD��(XU�-�3KDUPDFRO�
�������������������

.KDGHP�6��0DUOHV�5-��0RQRF\FOLF�3KHQROLF�$F�
LGV�� +\GUR[\�� DQG� 3RO\K\GUR[\EHQ]RLF� $FLGV��
2FFXUUHQFH�DQG�5HFHQW�%LRDFWLYLW\�6WXGLHV��0RO�
HFXOHV������������������������

6DHHGDYL�0��*RXGDU]L�0��)DWHPL�,��%DVLU�=��1RRUL�
60$��0HKU]DGL�6��*HQWLVLF�DFLG�PLWLJDWHV�JHQWD�
PLFLQ�LQGXFHG� QHSKURWR[LFLW\� LQ� UDWV��7LVVXH�&HOO�
����������������

<LOPD]�(37��7DQ\HOL�$��$NGHPLU�)1(��*�OHU�0&��
(UDVODQ�(��7KH�3RVVLEOH�%HQH¿FDO�(IIHFW� RI�$P�
SHORSVLQ�RQ�,QMXULHV�RI�2YDULDQ�DQG�/XQJ�7LVVXHV�
*HQHUDWHGE\� 2YDULDQ� 7RUVLRQ�'HWRUVLRQ�� -�$QLP�
3ODQW�6FL�3DN���������������������

2KNDZD�+��2KLVKL�1��<DJL�.��$VVD\�IRU�/LSLG�3HU�
R[LGHV� LQ�$QLPDO�7LVVXHV� E\�7KLREDUELWXULF�$FLG�
5HDFWLRQ��$QDO�%LRFKHP��������������������

%UDGOH\� 33�� 3ULHEDW� '$�� &KULVWHQVHQ� 5'�� 5RWK�
VWHLQ�*��0HDVXUHPHQW�RI�FXWDQHRXV�LQÀDPPDWLRQ��
HVWLPDWLRQ� RI� QHXWURSKLO� FRQWHQW�ZLWK� DQ� HQ]\PH�
PDUNHU��-�,QYHVW�'HUPDWRO�������������������

6XQ�<�� 2EHUOH\� /:�� /L�<��$� VLPSOH� PHWKRG� IRU�
FOLQLFDO�DVVD\�RI�VXSHUR[LGH�GLVPXWDVH��&OLQ�&KHP�
��������������������

7RSGDJL�g��7DQ\HOL�$��$NGHPLU�)1(��(UDVODQ�(��
*�OHU�0&��dRPDNOL�6��3UHYHQWLYH�HIIHFWV�RI�IUD[LQ�
RQ� LVFKHPLD�UHSHUIXVLRQ�LQGXFHG�DFXWH�NLGQH\� LQ�
MXU\�LQ�UDWV��/LIH�6FL������������������

%HFNHU� -+�� GH�*UDDII� -��9RV�&0��7RUVLRQ� RI� WKH�
RYDU\�� D� NQRZQ� EXW� IUHTXHQWO\�PLVVHG� GLDJQRVLV��
(XU�-�(PHUJ�0HG��������������������

%HUWRQL�6��$UFDUR�9��9LYR�9��5DSDOOL�$��7RJQROLQL�
0��&DQWRQL�$0��HW�DO��6XSSUHVVLRQ�RI�LQÀDPPDWR�
U\�HYHQWV�DVVRFLDWHG�WR�LQWHVWLQDO�LVFKHPLD�UHSHUIX�
VLRQ�E\���+7�$�EORFNDGH�LQ�PLFH��3KDUPDFRO�5HV�
���������������

-DQJ�+6�� .LP� -�� 3DUN�<.�� 3DUN� .0�� ,Q¿OWUDWHG�
PDFURSKDJHV�FRQWULEXWH�WR�UHFRYHU\�DIWHU�LVFKHPLF�
LQMXU\�EXW�QRW�WR�LVFKHPLF�SUHFRQGLWLRQLQJ�LQ�NLG�
QH\V��7UDQVSODQWDWLRQ��������������������

$EGROPRKDPPDGL� .�� 0DKPRXGL� 7�� $OLPRKDP�
PDGL�0��7DKPDVHEL� 6�� =DYYDU�0��+DVKHPL� 60��
0HVHQFK\PDO� VWHP� FHOO�EDVHG� WKHUDS\� DV� D� QHZ�
WKHUDSHXWLF�DSSURDFK�IRU�DFXWH�LQÀDPPDWLRQ��/LIH�
6FL������������������

'RQJ�;-��=KDQJ�4��=HQJ�)-��&DL�0;��'LQJ�'��7KH�
SURWHFWLYH�HIIHFW�RI�JHQWLVLF�DFLG�RQ�UKHXPDWRLG�DU�
WKULWLV�YLD�WKH�5$)�(5.�VLJQDOLQJ�SDWKZD\��-�2U�
WKRS�6XUJ�5HV������������������

&KHXQJ�5��3L]]D�*��&KDERVVHDX�3��5RODQGR�'��7R�
PDV�$��%XUJR\QH�7��*OXFRVH�'HSHQGHQW�PL5����E�
,V�D�1HJDWLYH�5HJXODWRU�RI�ȕ�&HOO�)XQFWLRQ��'LDEH�
WHV���������������������

1DIHHV�6��$KPDG�67��$UMXPDQG�:��5DVKLG�6��$OL�
1��6XOWDQD�6��0RGXODWRU\�HIIHFWV�RI�JHQWLVLF�DFLG�
DJDLQVW�JHQRWR[LFLW\�DQG�KHSDWRWR[LFLW\�LQGXFHG�E\�
F\FORSKRVSKDPLGH�LQ�6ZLVV�DOELQR�PLFH��-�3KDUP�
3KDUPDFRO��������������������

6KDUPD�6��.KDQ�1��6XOWDQD�6��6WXG\�RQ�SUHYHQWLRQ�
RI�WZR�VWDJH�VNLQ�FDUFLQRJHQHVLV�E\�+LELVFXV�URVD�
VLQHQVLV� H[WUDFW� DQG� WKH� UROH�RI� LWV� FKHPLFDO� FRQ�
VWLWXHQW��JHQWLVLF�DFLG�� LQ� WKH� LQKLELWLRQ�RI� WXPRXU�
SURPRWLRQ� UHVSRQVH� DQG�R[LGDWLYH� VWUHVV� LQ�PLFH��
(XU�-�&DQFHU�3UHY�������������������

5D]OLTL�51��$KDQJDUSRXU�$��0DUG�6$��.KRUVDQ�
GL� /�� *HQWLVLF� DFLG� DPHOLRUDWHV� W\SH� �� GLDEHWHV�
LQGXFHG� E\� 1LFRWLQDPLGH�6WUHSWR]RWRFLQ� LQ� PDOH�
PLFH�E\�DWWHQXDWLQJ�SDQFUHDWLF�R[LGDWLYH�VWUHVV�DQG�
LQÀDPPDWLRQ�WKURXJK�PRGXODWLRQ�RI�1UI��DQG�1)�
ɤ%�SDWKZD\V��/LIH�6FL������������������


