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ɂɋɋɅȿȾɈȼȺɇɂȿ�ɉɊɈɐȿɋɋȺ�ɉȿɇɈɈȻɊȺɁɈȼȺɇɂə�ɉɊɂ� 
ȺɁɈɌɇɈɄɂɋɅɈɌɇɈɆ�ɊȺɁɅɈɀȿɇɂɂ� 
ȾɈɅɈɆɂɌɈȼɈȽɈ�ɋɕɊɖə 
 
ɋɟɪɝɟɣ�ɉ��ȽɊȿɑɍɏȺ��VSJUHFKXKD#\DQGH[�UX� 
ɘɪɢɣ�Ƚ��ɉȺȼɅɘɄȿȼɂɑ��SDYOLXNHYLWFK#EHOVWX�E\�� 
Ʌɸɞɦɢɥɚ�Ɏ��ɉȺɉɄɈ��SDSNR#EHOVWX�E\�� 
Ɉɥɟɫɹ�Ɇ��ɆɈɀȾɀȿɊ��PR]KG]KHU�ROHV\D#PDLO�UX� 
Ⱥɥɟɤɫɚɧɞɪ�ɉ��ɄɊȺȼɑɍɄ��NUDYFKXN#EHOVWX�E\� 
Ȼɟɥɨɪɭɫɫɤɢɣ�ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ�ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ�ɭɧɢɜɟɪɫɢɬɟɬ��Ɇɢɧɫɤ��Ȼɟɥɚɪɭɫɶ� 
 

ɐɟɥɶɸ�ɪɚɛɨɬɵ�ɹɜɥɹɟɬɫɹ�ɩɪɨɜɟɞɟɧɢɟ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɜɥɢɹɧɢɹ�ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɝɨ�ɫɨɫɬɚɜɚ�ɞɨɥɨɦɢɬɚ�ɢ�ɢɡɜɟɫɬɧɹɤɚ�ɮɪɚɤɰɢɣ�
���–����ɦɦ�����–����ɦɦ�����–����ɦɦ�ɧɚ�ɫɤɨɪɨɫɬɶ�ɩɪɨɰɟɫɫɨɜ�ɫɬɟɤɥɨɨɛɪɚɡɨɜɚɧɢɹ�ɩɪɢ�ɫɢɧɬɟɡɟ�ɥɢɫɬɨɜɨɝɨ�ɫɬɟɤɥɚ��ɍɫɬɚɧɨɜɥɟɧɚ� ɡɚɜɢɫɢ�
ɦɨɫɬɶ�ɫɬɟɩɟɧɢ�ɞɟɤɚɪɛɨɧɢɡɚɰɢɢ�ɞɨɥɨɦɢɬɚ�ɢ�ɢɡɜɟɫɬɧɹɤɚ�ɨɬ�ɞɢɫɩɟɪɫɧɨɫɬɢ�ɱɚɫɬɢɰ�ɢ�ɜɪɟɦɟɧɢ�ɬɟɪɦɢɱɟɫɤɨɣ�ɨɛɪɚɛɨɬɤɢ��ɉɨ�ɪɟɡɭɥɶ�
ɬɚɬɚɦ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɜɥɢɹɧɢɹ�ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɝɨ�ɫɨɫɬɚɜɚ�ɤɚɪɛɨɧɚɬɧɵɯ�ɩɨɪɨɞ�ɧɚ�ɜɚɪɨɱɧɵɟ�ɫɜɨɣɫɬɜɚ�ɥɢɫɬɨɜɨɝɨ�ɫɬɟɤɥɚ�ɦɨɠɧɨ�
ɡɚɤɥɸɱɢɬɶ�ɨ�ɜɨɡɦɨɠɧɨɫɬɢ�ɢɫɩɨɥɶɡɨɜɚɧɢɹ�ɢɡɜɟɫɬɧɹɤɚ�ɥɢɛɨ�ɞɨɥɨɦɢɬɚ�ɮɪɚɤɰɢɢ����–����ɦɦ��ɋɨɜɦɟɫɬɧɨɟ�ɜɜɟɞɟɧɢɟ�ɤɪɭɩɧɨɡɟɪɧɢɫɬɵɯ�
ɤɚɪɛɨɧɚɬɨɜ�ɫɧɢɠɚɟɬ�ɨɞɧɨɪɨɞɧɨɫɬɶ�ɲɢɯɬɵ�ɢ�ɡɚɦɟɞɥɹɟɬ�ɩɪɨɰɟɫɫɵ�ɫɬɟɤɥɨɜɚɪɟɧɢɹ�� 

 
Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ��ɤɚɪɛɨɧɚɬɧɚɹ�ɩɨɪɨɞɚ��ɤɢɧɟɬɢɤɚ�ɞɟɤɚɪɛɨɧɢɡɚɰɢɢ��ɫɬɟɤɥɨɨɛɪɚɡɨɜɚɧɢɟ��ɥɢɫɬɨɜɨɟ�ɫɬɟɤɥɨ 

,1)/8(1&(�2)�7+(�*5$18/20(75,&�&20326,7,21�2)�&$5%21$7(�
52&.6�21�*/$66�)250$7,21�352&(66(6�,1�)/2$7�*/$66� 
7(&+12/2*<� 
 
6HUJH\�3��*5(&+8+$��VSJUHFKXKD#\DQGH[�UX� 
<XU\�*��3$8/,8.(9,&+��SDYOLXNHYLWFK#EHOVWX�E\�� 
/XGPLOD�)��3Ⱥ3.2��SDSNR#EHOVWX�E\�� 
2OHV\D�0��02=+'=+(5��PR]KG]KHU�ROHV\D#PDLO�UX� 
$OHNVDQGU�3��.5$9&+8.��NUDYFKXN#EHOVWX�E\� 
%HODUXVLDQ�6WDWH�7HFKQRORJLFDO�8QLYHUVLW\��0LQVN��%HODUXV� 

 
7KH�DLP�RI�WKLV�ZRUN�LV�WR�VWXG\�WKH�LQIOXHQFH�RI�WKH�JUDQXORPHWULF�FRPSRVLWLRQ�RI�GRORPLWH�DQG�OLPHVWRQH�RI����–����PP�����–����

PP�����–����PP�IUDFWLRQV�RQ�WKH�UDWH�RI�JODVV�IRUPDWLRQ�SURFHVVHV�LQ�WKH�V\QWKHVLV�RI�IORDW�JODVV��7KH�GHSHQGHQFH�RI�WKH�GHJUHH�RI�GHFDUERQL�
]DWLRQ�RI�GRORPLWH�DQG�OLPHVWRQH�RQ�WKH�GLVSHUVLRQ�RI�SDUWLFOHV�DQG�WKH�WLPH�RI�KHDW�WUHDWPHQW�KDV�EHHQ�HVWDEOLVKHG��$FFRUGLQJ�WR�WKH�VWXG\�RI�
WKH�LQIOXHQFH�RI�WKH�JUDQXORPHWULF�FRPSRVLWLRQ�RI�FDUERQDWH�URFNV�RQ�WKH�PHOWLQJ�FKDUDFWHULVWLF�RI�IORDW�JODVV��LW�FDQ�EH�FRQFOXGHG�WKDW�LW�LV�
SRVVLEOH� WR�XVH� WKH����–����PP� IUDFWLRQ�RI� OLPHVWRQH�RU�GRORPLWH�� 7KH� FRPELQHG� LQWURGXFWLRQ�RI� FRDUVH-JUDLQHG� FDUERQDWHV� UHGXFHV� WKH�
KRPRJHQHLW\�RI�WKH�EDWFK�DQG�VORZV�GRZQ�WKH�JODVV�PHOWLQJ�SURFHVV��� 

�� 
.H\ZRUGV��FDUERQDWH�URFN��GHFDUERQDWLRQ�NLQHWLFV��JODVV�IRUPDWLRQ��IORDW�JODVV 

'2/20,7�;20�$6+<2/$5,1,1*�1,75$7�.,6/27$/$5,'$� 
3$5&+$/$1,6+,'$1�.2¾3,.�+26,/�%2¾/,6+� 
-$5$<21/$5,1,�2¾5*$1,6+ 
 
6HUJH\�3��*5(&+8+$��VSJUHFKXKD#\DQGH[�UX� 
<XUL\�*��3$9/<8.(9,7&+��SDYOLXNHYLWFK#EHOVWX�E\� 
/\XGPLOD�)��3$3.2��SDSNR#EHOVWX�E\� 
2OHV\D�0��02=+'=+(5��PR]KG]KHU�ROHV\D#PDLO�UX� 
$OHNVDQGU�3��.5$9&+8.��NUDYFKXN#EHOVWX�E\� 
%HODUXV�GDYODW�WH[QRORJL\D�XQLYHUVLWHWL��0LQVN��%HODUXVL\D 
 

,VKQLQJ�PDTVDGL�GRORPLW�YD�RKDNWRVKQLQJ�JUDQXORPHWULN�WDUNLEL����-����PP�����-����PP�����-����PP�ER¶OJDQ�IUDNVL\DODULQLQJ�OLVWOL�
VKLVKD�VLQWH]LGD�VKLVKD�KRVLO�ER
OLVK� MDUD\RQLQLQJ� WH]OLJLJD�WD
VLULQL�R
UJDQLVKGLU��'RORPLW�YD�RKDNWRVKQLQJ�GHNDUERQL]DWVL\D�GDUDMDVL� ]DU�
UDFKDODUQLQJ� WDUTDOLVKLJD� YD� LVVLTOLN� ELODQ� LVKORY� EHULVK� YDTWLJD� ERJ
OLTOLJL� DQLTODQJDQ�� .DUERQDWOL� MLQVODUQLQJ� ]DUUDFKD� NDWWDOLJL�
WDTVLPRWLQLQJ�SLVKLULVK�[XVXVL\DWODULJD�WD
VLULQL�R
UJDQLVK�QDWLMDODULJD�NR
UD��RKDNWRVK�\RNL����-����PP�IUDNWVL\DOL�GRORPLWGDQ�IR\GDODQLVK�
PXPNLQ�GHJDQ�[XORVDJD�NHOLVK�PXPNLQ��'DJ
DO�GRQDOL�NDUERQDWODUQLQJ�ELUJDOLNGD�NLULWLOLVKL�RPL[WDQLQJ�ELU�[LOOLJLQL�SDVD\WLUDGL�YD�VKLVKD�
HULVK�MDUD\RQLQL�VHNLQODVKWLUDGL��� 

 
ɄɚOLW�VR
]ODU��NDUERQDW�MLQVL��GHNDUERQL]DWVL\D�NLQHWLNDVL��VKLVKD�KRVLO�ER
OLVKL��TDWODPOL�VKLVKD� 

�'2,�����������FFH������ 

�� 

0$7(5,$/6�6&,(1&(�$1'�(1*,1((5,1* 
ɆȺɌȿɊɂȺɅɈȼȿȾȿɇɂȿ�ɂ�ɌȿɏɇɈɅɈȽɂə 

0$7(5,$/6+8126/,.�9$�7(;12/2*,<$, 

,QWURGXFWLRQ 
7KH� FKDUDFWHULVWLFV� RI� UDZ� PDWHULDOV� –�

FKHPLFDO�DQG�SKDVH�FRPSRVLWLRQ��GLVSHUVLRQ�–�KDYH�
D� SURIRXQG� HIIHFW� RQ� WKH� JODVV� PHOWLQJ� SURFHVVHV��
WKH�VHTXHQFH�DQG�NLQHWLFV�RI�SKDVH�WUDQVIRUPDWLRQV��
WKH� PHOWLQJ� SRLQW� RI� HXWHFWLF� FRPSRVLWLRQV�� WKH�
WKHUPDO� FRQGXFWLYLW\� RI� WKH� EDWFK�� WKH� KHDW-
DEVRUELQJ�FDSDFLW\�RI�WKH�JODVV�PHOW�>����@� 

,Q�LQGXVWULDO�JODVVPDNLQJ��PXFK�DWWHQWLRQ�LV�
SDLG� WR� WKH�HQHUJ\�HIILFLHQF\� LQ�SURGXFWLRQ��ZKLFK�

LV�LQIOXHQFHG�E\�PDQ\�IDFWRUV��LQFOXGLQJ�WKH�FKRLFH�
RI� UDZ� PDWHULDOV�� 7KH� EDWFK� IRUPXODWLRQ� VKRXOG�
HQVXUH� WKH� UHGXFHG� HQHUJ\� FRQVXPSWLRQ� LQ� WKH�
JODVV� V\QWKHVLV�� 7HFKQRORJLFDO� DQG� HFRQRPLF� DV�
SHFWV�RI�JODVV�SURGXFWLRQ�DUH�DOVR�LPSRUWDQW�>�–�@� 

5DWLRQDO� VHOHFWLRQ� RI� WKH� JUDQXORPHWULF�
FRPSRVLWLRQ�RI� UDZ�PDWHULDOV� LV� DPRQJ� LPSRUWDQW�
WDVNV�RI�JODVV�PHOWLQJ��7KH�JUDLQ�VL]H�RI�WKH�EDWFK�
FRPSRQHQWV� DIIHFWV� WKH� UDWH� RI� VLOLFDWH� DQG� JODVV�
IRUPDWLRQ� SURFHVVHV�� DQG� WKH� SURFHVVHV� RI�PL[LQJ�
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0$7(5,$/6�6&,(1&(�$1'�(1*,1((5,1* 
ɆȺɌȿɊɂȺɅɈȼȿȾȿɇɂȿ�ɂ�ɌȿɏɇɈɅɈȽɂə 
0$7(5,$/6+8126/,.�9$�7(;12/2*,<$, 

 

WKH�EDWFK�DQG�LWV�KRPRJHQHLW\�>�–��@�� 
7KH� SUREOHP� RI� FKRRVLQJ� WKH� JUDQXOR�

PHWULF� FRPSRVLWLRQ� RI� UDZ� PDWHULDOV� PRVW� UHODWHV�
WR�VLOLFD�VDQG��ZKLOH��KRZHYHU��WKHUH�LV�QR�XQLIRUP�
DSSURDFK� WR� FKRRVLQJ� JUDLQ� FRPSRVLWLRQ� RI� FDU�
ERQDWH� URFNV�� $� FRPPRQ� SUDFWLFH� LQ� LQGXVWULDO�
JODVV�PHOWLQJ�LV�WKH�XVH�RI�ILQH�SDUWLFOH�IUDFWLRQV�RI�
GRORPLWH�DQG�OLPHVWRQH�����–����PP���$W�WKH�VDPH�
WLPH�� LW� LV� NQRZQ� WKDW� WKHVH�PDWHULDOV� DUH� XVHG� LQ�
ODUJHU� VL]HV� �FRDUVH-JUDLQHG� PDWHULDOV� �–�� PP���
DQG�WKH\�DUH�NQRZQ�WR�KDYH�D�SRVLWLYH�HIIHFW�RQ�WKH�
SURFHVV�RI�KRPRJHQL]DWLRQ�RI�JODVV�PHOW��7KH�XVH�
RI�FRDUVH-JUDLQHG�FDUERQDWH�URFNV�LV�KRZHYHU�SRV�
VLEOH�ZLWK�D�OLPLWHG�FRQWHQW�RI�VLOLFHRXV�LPSXULWLHV�
>����@� 

7KH�JUDLQ�VL]H�RI�FDUERQDWH�URFNV�FDQ�LQIOX�
HQFH�WKH�UDWH�RI�SURFHVVHV�LQ� WKH�EDWFK�� LQ�SDUWLFX�
ODU�� WKH� UDWH� RI� SKDVH� WUDQVIRUPDWLRQV�� ,Q� FDVH� RI�
VROLG-SKDVH�UHDFWLRQV��WKH�SDFNLQJ�RI�WKH�EDWFK�SDU�
WLFOHV� LV� LPSRUWDQW�� VLQFH� UHDFWLRQV� RFFXU� RQ� WKH�
VXUIDFH�RI�JUDLQV�DQG�DQ� LQFUHDVH� LQ� WKHLU� VL]H�FDQ�
KDYH�D�QHJDWLYH� LPSDFW�RQ� WKH� UDWH�RI�VLOLFDWH� IRU�
PDWLRQ�SURFHVVHV�� 

&DUERQDWH� JUDLQ� VL]H� FDQ� DOVR� DIIHFW� WKH�
UDWH� RI� GHFDUERQDWLRQ�� 7KH� UDWH� RI� FDUERQDWH� GH�
FRPSRVLWLRQ�� LQ� WXUQ�� DIIHFWV� WKH� UHDFWLYLW\� RI� GH�
FDUERQL]HG� SDUWLFOHV�� ,Q� DGGLWLRQ�� WKH� WHPSHUDWXUH�
UDQJH� RI� FDUERQ� GLR[LGH� HPLVVLRQV� FDQ� LQIOXHQFH�
WKH�SURFHVVHV�RI�PHOW�KRPRJHQL]DWLRQ�� 

7R� DVVHVV� WKH� LQIOXHQFH� RI� WKH� JUDQXOR�
PHWULF�FRPSRVLWLRQ�RI�FDUERQDWH�URFNV�RQ�WKH�PHOW�
LQJ� FKDUDFWHULVWLF� RI� IORDW� JODVV�� WKH� VWXG\� RI� WKH�
NLQHWLFV�RI�WKH�GHFDUERQL]DWLRQ�SURFHVV�RI�GRORPLWH�
DQG�OLPHVWRQH�ZDV�FDUULHG�RXW��ZKLFK�LQFOXGHG�GH�
WHUPLQLQJ� WKH� GHFRPSRVLWLRQ� UDWH� DQG� DFWLYDWLRQ�
HQHUJ\�RI�WKH�SURFHVV��VWXG\�RI�WKH�LQIOXHQFH�RI�WKH�

1R��RI�JODVV�
EDWFK 

*UDQXORPHWULF�FRPSRVLWLRQ�RI�FDUERQDWHV��PP *ODVV�EDWFK�FDOFXODWLRQ 
SDUWV�E\�ZHLJKW�SHU�����SDUWV�E\�ZHLJKW�RI�JODVV 'RORPLWH /LPHVWRQH 

� ����–���� ����–���� 

6LOLFD�VDQG���6RGD�DVK���
)HOGVSDU 

  
/LPHVWRQH���'RORPLWH 

����� 
  
  

����� 

� ����–���� ����–���� 

� ����–���� ����–���� 

� ����–���� ����–���� 

� ����–���� ����–���� 

� ����–���� ����–���� 

� ����–���� ����–���� 

JUDQXORPHWULF� FRPSRVLWLRQ� RI� FDUERQDWH� URFNV� RQ�
WKH� SURFHVVHV� RI� VLOLFDWH� DQG� JODVV� IRUPDWLRQ� DQG�
TXDOLW\� RI� IORDW� JODVV� V\QWKHVL]HG� XVLQJ� FDUERQDWH�
URFNV�RI�YDULRXV�JUDQXORPHWULF�FRPSRVLWLRQV�� 

 
5HVHDUFK�PHWKRGV 
7KH� IROORZLQJ� PDWHULDOV� ZHUH� XVHG� LQ� WKH�

VWXG\� 
–�FDUERQDWH�URFNV�–�GRORPLWH�DQG�OLPHVWRQH��

RI� YDULRXV� IUDFWLRQDO� FRPSRVLWLRQV� ����–���� PP��
���–����PP�DQG����–����PP�� 

–�D�EDWFK�RI�IORDW�JODVV�FRPSRVHG�XVLQJ�WKH�
VSHFLILHG� FDUERQDWH� URFNV�� VLOLFD� VDQG� �Ɉȼɋ-���-
ȼ���VRGD�DVK��JUDGH�$��DQG�IHOGVSDU��7DEOH���� 

+HDW�WUHDWPHQW�RI�WKH�EDWFK�ZDV�FDUULHG�RXW�
LQ�D�EDWFK-W\SH�JDV�IXUQDFH�DW�D�UDWH�RI�WHPSHUDWXUH�
ULVH� RI� ���� R&�K� DW� WHPSHUDWXUHV� EHWZHHQ� ���� R&�
DQG������ R&� LQ� LQFUHPHQWV�RI� ���� R&�DW� H[SRVXUH�
IRU� ���� KRXUV�� 7KH� JDV� HQYLURQPHQW� LV� R[LGL]LQJ�
ZLWK�DQ�H[FHVV�DLU�UDWLR�RI�����–������7KH�FUXFLEOHV�
ZHUH� UHPRYHG� IURP� WKH� IXUQDFH�� DQG�� DIWHU� WKHLU�
FRROLQJ�� WKH� TXDOLW\� RI� WKH� ZHOG� ZDV� YLVXDOO\� DV�
VHVVHG��$W�D�KHDW�WUHDWPHQW�WHPSHUDWXUH�RI�������&��
D�KRPRJHQHRXV�PHOW�ZDV�REWDLQHG��ZKLFK�ZDV�SUR�
GXFHG�E\�FDVWLQJ�LQ�WKH�IRUP�RI�SODWHV�� 

&KHPLFDO� DQDO\VLV� RI� FDUERQDWHV� SHUIRUPHG�
E\�XVLQJ�/($-6����ODVHU�DQDO\]HU��)RU�DQDO\VLV��WKH�
VDPSOH� ZDV� JURXQG� WR� D� SRZGHU\� VWDWH� LQ� D� 38/�
9(5,6(77(� �� &ODVVLF� OLQH� SODQHWDU\� PLOO� DQG�
SUHVVHG�LQWR�WDEOHWV� 

7KH� GLIIHUHQWLDO� VFDQQLQJ� FDORULPHWULF�
�'6&�� PHDVXUHPHQWV� KDYH� EHHQ� SHUIRUPHG� E\�
0(77/(5� 72/('2� ,QVWUXPHQWV� 7*$�'6&-
�������+)��7KH�KHDWLQJ� UDQJH�ZDV�XS� WR�������&�
DW�D�VSHHG�RI��� .�PLQ�� 

7KH�JDVRPHWULF�PHWKRG�ZDV�XVHG� WR� VWXG\�

7DEOH�� 
*UDQXORPHWULF�FRPSRVLWLRQ�RI�VDPSOHV�DQG�FRPSRVLWLRQ�RI�WKH�JODVV�EDWFK 
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WKH�NLQHWLFV�RI� WKH�GHFDUERQL]DWLRQ�SURFHVV�RI�GR�
ORPLWH�DQG�OLPHVWRQH��7KH�VWXGLHV�ZHUH�FDUULHG�RXW�
XQGHU�LVRWKHUPDO�FRQGLWLRQV�DW�WHPSHUDWXUHV�RI�����
DQG� ���� �&�� &DUERQDWH� URFNV� ZHUH� SODFHG� LQ� D�
FHUDPLF� ERDW-OLNH� FRQWDLQHU� DQG� LQVWDOOHG� LQ� D�
TXDUW]� UHDFWRU� LQ� D� WXEXODU� ODERUDWRU\� IXUQDFH�
612/������������7KH�UDWH�RI�FDUERQDWH�GHFRPSR�
VLWLRQ�ZDV�GHWHUPLQHG�E\� WKH� UDWH�RI�FDUERQ�GLR[�
LGH�HPLVVLRQ�� 

2SWLFDO�PLFURVFRS\�ZDV�SHUIRUPHG�E\�XV�
LQJ�1LNRQ�+���/�PLFURVFRSH��GHVLJQHG�IRU�VWXG\�
LQJ� WKH� PLFURVWUXFWXUH� DQG� WH[WXUH� RI� REMHFWV� LQ�
UHIOHFWHG�OLJKW�� 

6(0�('6� PHDVXUHPHQWV� KDYH� EHHQ� SHU�
IRUPHG�E\�-('-�����V\VWHP��ZRUNLQJ�ZLWK� -60-
�����/9��-(2/��VFDQQLQJ�HOHFWURQ�PLFURVFRSH� 

5DPDQ�VSHFWURVFRS\�ZDV�SHUIRUPHG�XVLQJ�
D�&RQIRWHF�05�����'�VFDQQLQJ�ODVHU�PLFURVFRSH�
DQG�����QP�ODVHU� 

 
5HVXOWV�DQG�'LVFXVVLRQ 
&KHPLFDO� FRPSRVLWLRQ� RI� FDUERQDWH� URFNV�

LV�SUHVHQWHG�LQ�7DEOH���� 
7KH� FKHPLFDO� FRPSRVLWLRQ� RI� GRORPLWH�

GRHV� QRW� UHYHDO� D� SURQRXQFHG� LQIOXHQFH� RI� WKH�
JUDQXORPHWULF� FRPSRVLWLRQ� RQ� WKH� FRQWHQW� RI� WKH�
PDLQ� FRPSRQHQWV�� ,Q� D� ILQHO\� GLVSHUVHG� GRORPLWH�
�IUDFWLRQ����–����PP���WKHUH�LV�D�KLJKHU�FRQWHQW�RI�
LPSXULW\� FRPSRQHQWV� –� 6L2��� $O�2��� )H�2��� 7KH�
LQIOXHQFH� RI� WKH� JUDQXORPHWULF� FRPSRVLWLRQ� RI�
OLPHVWRQH� RQ� LWV� FKHPLFDO� FRPSRVLWLRQ� LV� DV� IRO�
ORZV��DV�WKH�JUDLQ�VL]H�LQFUHDVHV��WKH�FRQWHQW�RI�WKH�
PDLQ� VXEVWDQFH� GHFUHDVHV�� ZKLOH� WKH� FRQWHQW� RI�
6L2�� LQ� VDPSOHV�RI� WKH����–����PP�–�EHIRUH������
ZW��� IUDFWLRQ� LQFUHDVHV� VLJQLILFDQWO\�� 7KH� LQVROX�
EOH� UHVLGXH� LQ�+&O� LV� � �� IRU� WKLV� VDPSOH��ZKLFK�
LQGLFDWHV� DQ� LQFUHDVHG� FRQWHQW� RI� VLOLFD�PDWHULDOV��

/LPHVWRQH� RI� WKH� ���–���� PP� IUDFWLRQ� LV� FRQVH�
TXHQWO\�FKDUDFWHUL]HG�E\�D�KLJK�FRQWHQW�RI� UHIUDF�
WRU\�LQFOXVLRQV�DQG�GRHV�QRW�PHHW�WKH�UHTXLUHPHQWV�
VSHFLILHG�IRU�LWV�FKHPLFDO�FRPSRVLWLRQ�� 

$FFRUGLQJ� WR� WKH� GRORPLWH� WKHUPDO� DQDO\�
VLV��WKHUH�LV�QR�LQIOXHQFH�RI�WKH�JUDQXORPHWULF�FRP�
SRVLWLRQ�RQ� WKH� WHPSHUDWXUHV�RI� WKH�PD[LPXP�HQ�
GR-HIIHFWV�DQG�WKH�ORVV�RI�PDVV�RI�WKH�PDWHULDO�GXU�
LQJ�GHFRPSRVLWLRQ��7KHUH�LV�DQ�LQFUHDVH�LQ�WKH�UDWH�
RI� PDVV� ORVV�� GHWHUPLQHG� IURP� WKH� GLIIHUHQWLDO�
FXUYH� GXULQJ� WKH� GHFRPSRVLWLRQ� RI�0J&2��� ZLWK�
LQFUHDVLQJ�JUDLQ�VL]H�� 

$Q� H[SHULPHQWDO� VWXG\� RI� WKH� NLQHWLFV� RI�
WKH�GHFDUERQL]DWLRQ�SURFHVV�RI�GRORPLWH�DQG�OLPH�
VWRQH� ZDV� FDUULHG� RXW� WR� DVVHVV� WKH� LQIOXHQFH� RI�
WHPSHUDWXUH� DQG� JUDLQ� FRPSRVLWLRQ� RQ� WKH� UDWH� RI�
WKHLU�GHFRPSRVLWLRQ�� 

7R�GHVFULEH�WKH�NLQHWLFV�RI�WKH�GHFRPSRVL�
WLRQ� UHDFWLRQ� RI� FDOFLXP� FDUERQDWH�� WKH� %�9��
(URIHHY�HTXDWLRQ�ZDV�XVHG�>������@�� 

�   ��� 
ZKHUH�Į�LV� WKH�FRQYHUVLRQ�� W� LV� WLPH�IURP�WKH�VWDUW�
RI� WKH� UHDFWLRQ��Q� LV�HPSLULFDOO\�GHWHUPLQHG�H[SR�
QHQW��N�LV�UHDFWLRQ�UDWH�FRQVWDQW� 

��    ��� 
ZKHUH�$� LV� SUHH[SRQHQWLDO� IDFWRU��(� LV� WKH� DFWLYD�
WLRQ�HQHUJ\��N-�PRO��5� LV� WKH�JDV�FRQVWDQW�������-�
�PRO�.� 

&DUERQDWH� FRQYHUVLRQ� �Į�� IRU� GLIIHUHQW�
WLPH� LQWHUYDOV� ZHUH� GHWHUPLQHG� JUDSKLFDOO\� XVLQJ�
)LJXUH���� 

7KH�NLQHWLFV�RI� WKH�GHFRPSRVLWLRQ�SURFHVV�
LV� LQIOXHQFHG� E\� VXFK� IDFWRUV� DV� WKH� JHQHVLV� RI�
VDPSOHV��JUDLQ�GLVSHUVLRQ�� LPSHUIHFWLRQ�RI� WKH�ODW�
WLFH� VWUXFWXUH�� WKH� SUHVHQFH� RI� GHIHFWV�� LPSXULW\�

�� 
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)UDFWLRQ 2[LGH�FRQWHQW��ZW�� 
/2, 

6L2� $O�2� )H�2� &D2 0J2 
'RORPLWH 

���–��� ���� ��� ����� ����� ����� ����� 

���–��� ���� ���� ����� ����� ����� ����� 

���–��� ���� ����� ����� ����� ����� ����� 
/LPHVWRQH 

���–��� ���� ���� ����� ����� ���� ����� 

���–��� ���� ����� ����� ����� ���� ����� 
���–��� ���� ����� ����� ����� ��� ����� 

7DEOH�� 
&KHPLFDO�FRPSRVLWLRQ�RI�FDUERQDWH�URFNV 
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FRQWHQW��HWF��>��–��@�� 
$FFRUGLQJ� WR� PRGHUQ� FRQFHSWV�� WKH� SUR�

FHVV� RI� GHFRPSRVLWLRQ� RI� FDOFLXP� FDUERQDWH� LQ�
OLPHVWRQH�LV�KHWHURJHQHRXV�DQG�SURFHHGV�LQ�VHYHU�
DO�VXFFHVVLYH�VWDJHV��QDPHO\��WKH�FU\VWDO�FKHPLFDO�
WUDQVIRUPDWLRQ�RI�&D&2��WR�&D2��&2��GHVRUSWLRQ�
LV� GLVWLQJXLVKHG� IURP� WKH� UHDFWLRQ� VXUIDFH�� &2��
GLIIXVLRQ�LQWR�WKH�FRUH�RI�WKH�JDV�IORZ��$FFRUGLQJ�
WR�WKH�PHFKDQLVP�RI�WKHVH�HOHPHQWDU\�VWDJHV��WKH\�
FDQ� EH� FRPELQHG� LQWR� WZR� JURXSV�� GLIIXVLRQ� DQG�
DGVRUSWLRQ-FKHPLFDO�RU�NLQHWLF� 

7KH� UHDFWLRQ� &D&2��VROLG��  � &D2�VROLG�� ��
&2��JDV��GRHV�QRW�EHJLQ�RQ�WKH�HQWLUH�VXUIDFH�RI�WKH�
RULJLQDO� VROLG�� EXW� DW� LQGLYLGXDO� SRLQWV�� OLQHV� DQG�
DUHDV�� WKH� VR-FDOOHG� SRWHQWLDO� UHDFWLRQ� FHQWHUV��
IURP� ZKHUH� WKH� UHDFWLRQ� JUDGXDOO\� VSUHDGV� GHHS�
LQWR�WKH�FU\VWDO��5HDFWLRQ�FHQWHUV�DUH�SODFHV�RQ�WKH�
VXUIDFH� RI� WKH� &D&2�� ZKHUH� ERQGV� ZLWK� QHDUE\�
SDUWLFOHV�DUH�ZHDNHQHG��6XFK�DFWLYH�SODFHV�LQFOXGH�
WKH�YHUWLFHV�RI�FRUQHUV��HGJHV�DQG�VRPH�SRLQWV�RQ�
WKH� IDFHV�RI� WKH�FU\VWDO��$UHDV�ZLWK�YDULRXV� W\SHV�
RI� VXUIDFH� GHIHFWV� DUH� SDUWLFXODUO\� UHDFWLYH� >��–
��@� 

6LQFH�WKH�SURFHVV�RFFXUV�RQO\�DW�WKH�SKDVH�
ERXQGDU\��ZKLFK�LV�LQLWLDOO\�VPDOO��WKH�VSHHG�RI�WKH�
SURFHVV� LV� ORZ��$V� WKH�QXFOHXV� LV�FRPSOHWHG�ZLWK�
QHZ�IRUPDWLRQV�RI�FDOFLXP�R[LGH� WKH�SKDVH�LQWHU�
IDFH�DW�HDFK�QXFOHXV� LQFUHDVHV�DQG��FRQVHTXHQWO\��
WKH�UDWH�RI�WKH�SURFHVV�DOVR�LQFUHDVHV��7KH�UHDFWLRQ�
IURQW� DW� HDFK� QXFOHXV� LQFUHDVHV� DQG� WKHQ� PHUJHV�
LQWR�D�VLQJOH�UHDFWLRQ�IURQW��$W�WKLV�WLPH��WKH�VSHHG�
RI�WKH�SURFHVV�UHDFKHV�LWV�PD[LPXP��+RZHYHU��LQ�
VR�IDU�DV� WKH�SLHFHV�RI�FDOFLXP�FDUERQDWH�KDYH�IL�
QLWH� VL]HV�� WKH� VXUIDFH� DUHD� EHJLQV� WR� GHFUHDVH�
GRZQ�WR�]HUR�IURP�D�FHUWDLQ�SRLQW�LQ�WLPH� 

$V� DOUHDG\� QRWHG�� WKH� GHFRPSRVLWLRQ� RI�

�� 
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FDOFLXP�FDUERQDWH� LQFOXGHV�DGVRUSWLRQ�DQG�FKHPL�
FDO� VWDJHV� DQG� GLIIXVLRQ� VWDJHV�� ZKLFK� RFFXU� VH�
TXHQWLDOO\��7KH�REVHUYHG�VSHHG�RI�WKH�SURFHVV�ZLOO�
EH�GHWHUPLQHG�E\�WKH�VSHHG�RI�LWV�VORZHVW�VWDJH��$W�
ORZ�WHPSHUDWXUHV��ZKHQ�WKH�HQHUJ\�RI�WKH�UHDFWLQJ�
PROHFXOHV� LV� ORZ�� WKH� VORZHVW� VWDJH� LV� WKH� FU\VWDO�
FKHPLFDO� WUDQVIRUPDWLRQ�� ZKLFK� RFFXUV� ZLWK� FRQ�
VLGHUDEOH� DFWLYDWLRQ� HQHUJ\��$W� KLJK� WHPSHUDWXUHV��
ZKHQ� WKH� HQHUJ\�RI� WKH� UHDFWLQJ�PROHFXOHV� LV� VLJ�
QLILFDQW�� WKH� VORZHVW� VWDJH� LV� WKH�GLIIXVLRQ�RI�&2��
IURP�WKH�UHDFWLRQ�]RQH��7KLV�FKDQJH�LQ�WKH�UDWH�UD�
WLR� LV� LPSOLHG�E\� WKH�GLIIHUHQW� GHJUHH�RI� LQIOXHQFH�
RI� WHPSHUDWXUH� RQ� WKH� UDWH� RI� FU\VWDO� FKHPLFDO�
WUDQVIRUPDWLRQ� DQG� WKH� UDWH� RI� WKH� GLIIXVLRQ� SUR�
FHVV� 

7KH�HIIHFW�RI�GLVSHUVLRQ�DQG�ILULQJ�WHPSHU�
DWXUH�RQ�WKH�GLVVRFLDWLRQ�RI�FDUERQDWHV�LQ�OLPHVWRQH�
LV�JLYHQ�LQ�)LJXUH��� 

7KH�GHSHQGHQFH�RI�WKH�GHJUHH�RI�OLPHVWRQH�
GHFDUERQL]DWLRQ�RQ�WKH�GLVSHUVLRQ�RI�SDUWLFOHV�DQG�
WHPSHUDWXUH�LQGLFDWHV�D�GLIIHUHQW�LQIOXHQFH�RI�WHP�
SHUDWXUH�RQ�GLIIHUHQW�IUDFWLRQV�RI� WKH�PDWHULDO��IRU�
SDUWLFOHV�RI����–����PP�LQ�VL]H�� WKH�GHJUHH�RI�GH�
FRPSRVLWLRQ�� RWKHU� WKLQJV� EHLQJ� HTXDO�� LV� ORZHU�
WKDQ�IRU�IUDFWLRQV�RI����PP��)RU�IUDFWLRQV�RI����–
���� DQG� ���–���� PP�� WKH� SURFHVV� RI� SDUWLFOH� GH�
FRPSRVLWLRQ� ORRNV� OLNH� EHLQJ� FRQWUROOHG� E\� ERWK�
NLQHWLF� IDFWRUV� DQG� WKH� UDWH� RI� KHDW� VXSSO\�� )RU�
ODUJH�SDUWLFOHV�RI����–����PP��WKH�SURFHVV�LV�SURE�
DEO\�OLPLWHG�RQO\�E\�WKH�VXSSO\�RI�KHDW�WR�WKH�]RQH�
RI�WKH�HQGRWKHUPLF�UHDFWLRQ��ZKLFK�SURFHHGV�IURQ�
WDOO\�IURP�WKH�VXUIDFH�RI� WKH�SDUWLFOH� WR� LWV�FHQWHU��
$W� WKH�VDPH� WLPH��XQGHU�FRQGLWLRQV�RI� UDSLG�KHDW�
LQJ� RI� ODUJH� SDUWLFOHV� RI� WKH� ���–���� DQG� ���–����
PP� IUDFWLRQ�� DQ� LQFUHDVH� LQ� WKH� GHIHFWLYHQHVV� RI�
&D2�FU\VWDOV�FDQ�EH�REVHUYHG��ZKLFK�LV�DVVRFLDWHG�

)LJXUH����7KH�HIIHFW�RI�GLVSHUVLRQ�DQG�ILULQJ�WHPSHUDWXUH�RQ�WKH�GLVVRFLDWLRQ�RI�FDUERQDWHV�LQ�OLPHVWRQH�� 
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ZLWK� WKH� LQVWDQWDQHRXV� GLVVRFLDWLRQ� RI� FDUERQDWHV�
GXULQJ� WKHUPDO� VKRFN�� GXULQJ� ZKLFK� WKH� FU\VWDO�
ODWWLFH� RI� WKH� UHVXOWLQJ� FDOFLXP� R[LGH� GRHV� QRW�
KDYH� WLPH� WR� IRUP� D� VWDEOH� VWUXFWXUH� DQG� KDV� LQ�
FUHDVHG�UHDFWLYLW\� 

7KH� WKHUPDO� GHFRPSRVLWLRQ� RI� GRORPLWH�
RFFXUV� VWHSZLVH� WR� IRUP��DW� WKH� ILUVW� VWDJH�� FDOFLWH�
�ɋɚɋɈ���DQG�PDJQHVLWH��0J&2����ZKLFK�LPPHGL�
DWHO\�GHFRPSRVHV�DW�D�KLJK�UDWH�LQWR�0J2�DQG�&2��

ZLWK� WKH� IRUPDWLRQ� RI� D� PHFKDQLFDO� PL[WXUH� RI�
PDJQHVLXP�R[LGH�DQG�FDOFLXP�FDUERQDWH�� WKH�GLV�
VRFLDWLRQ� RI�ZKLFK� RFFXUV� DW�PRUH� KLJK� WHPSHUD�
WXUH�>������–��@� 

&D0J�&2����ĺ�&D&2����0J&2��ĺ��
&D&2����0J2���&2��ĺ�&D2���0J2����&2�� 

0RGHUQ�FRQFHSWV�RI�WKH�PHFKDQLVP�RI�GH�
FRPSRVLWLRQ� RI� PDJQHVLXP� DQG� FDOFLXP� FDU�
ERQDWHV� GR� QRW� VLJQLILFDQWO\� GLIIHU� DQG� DUH� GH�
VFULEHG�XVLQJ�WKH�H[DPSOH�RI�&D&2��DERYH� 

7KH�GHSHQGHQFH�RI�WKH�GHJUHH�RI�GRORPLWH�

GHFRPSRVLWLRQ�RQ�WKH�WUHDWPHQW�WLPH�DW�D�WHPSHUD�
WXUH�RI�����R&�DQG�������ɋ�LV�JLYHQ�LQ�)LJXUH���� 

$�FKDUDFWHULVWLF�LQIOHFWLRQ�LQ�WKH�GHFRPSR�
VLWLRQ�FXUYHV�RI�GRORPLWH�RI� WKH����–����PP�IUDF�
WLRQ� LQGLFDWHV� D�PXOWL-VWDJH� SURFHVV�� IRU� IUDFWLRQV�
RI����–����DQG����–����PP��WKH�HIIHFW� LV� OHVV�SUR�
QRXQFHG�� VLQFH� DV� WKH� GRORPLWH� JUDLQ� ZDUPV� XS��
WKH�SURFHVVHV�LQ�WKH�YROXPH�RI�WKH�JUDLQ�DQG�RQ�WKH�
VXUIDFH�PD\�GLIIHU��7KH�RYHUDOO�UDWH�RI�WKH�SURFHVV�
ZLOO� EH� GHWHUPLQHG� E\� ERWK� WKH� LQWHQVLW\� RI� KHDW�
VXSSO\�DQG�WKH�UDWH�RI�WKHUPDO�GHFRPSRVLWLRQ��,Q�D�
FHUWDLQ� WHPSHUDWXUH� UDQJH�� WKH� UDWH� RI� GHFRPSRVL�
WLRQ�WXUQV�RXW�WR�EH�FRPPHQVXUDWH�ZLWK�WKH�UDWH�RI�
KHDW� VXSSO\�� DQG� WKHQ� WKH� UHVXOWLQJ� YDOXH� RI� WKH�
NLQHWLFV� RI� WKH� SURFHVV� LV� GHWHUPLQHG� E\� WKH� UDWLR�
RI�WKHVH�IDFWRUV� 

7KH�DFWLYDWLRQ�HQHUJ\�RI�WKH�FDUERQDWH�GLV�
VRFLDWLRQ� SURFHVV� ZDV� FDOFXODWHG� XVLQJ� WKHUPR�
JUDYLPHWULF� FXUYHV� RI� WKHUPDO� DQDO\VLV� EDVHG� RQ�
WKH�IRUPXODV�>��@ 
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)LJXUH����7KH�HIIHFW�RI�GLVSHUVLRQ�DQG�ILULQJ�WHPSHUDWXUH�RQ�WKH�GLVVRFLDWLRQ�RI�FDUERQDWHV�LQ�GRORPLWH�� 

Figure 3. Dependency graph 𝒍𝒏 𝒎 − 𝟐 ∙ 𝒍𝒏𝑻 = 𝒇 ቀ
𝟏

𝑻
ቁ. 
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� ��� 
ZKHUH�ȿ�LV�DFWLYDWLRQ�HQHUJ\��N-�PRO��5� LV�WKH�JDV�
FRQVWDQW�� -��PROڄ.���7� LV� WHPSHUDWXUH��Ʉ��P�–�GH�
FUHDVH� LQ� WKH�PDVV� RI� D� VXEVWDQFH� GHWHUPLQHG� E\�
WKH�7*�FXUYH�����PJ�� 

*UDSKV�FKDUDFWHUL]LQJ� WKH�NLQHWLF�SDUDPH�
WHUV� RI� WKH� GHFRPSRVLWLRQ� SURFHVV� RI� OLPHVWRQH�
DQG�GRORPLWH�RI�GLIIHUHQW�JUDQXORPHWULF�FRPSRVL�
WLRQV��SORWWHG�LQ�FRRUGLQDWHV�OQ�P�—��ÂOQ7� ��I���7���
DUH�JLYHQ�LQ�)LJXUH��� 

7KH� WDQJHQW�RI� WKH�DQJOH�RI� LQFOLQDWLRQ�RI�
WKH�UHVXOWLQJ�VWUDLJKW�OLQHV�FRUUHVSRQGV�WR�WKH�YDO�
XH�RI�WKH�DFWLYDWLRQ�HQHUJ\�� 

$FWLYDWLRQ� HQHUJ\� �ȿ�� -�PRO��� ZDV� FDOFX�
ODWHG�XVLQJ� 

 ���    �����íڄ��5ڄ�.� �)
ZKHUH�Ʉ�LV�VORSH�RI�FXUYH� 

,W� KDV�EHHQ� HVWDEOLVKHG� WKDW� WKH� DFWLYDWLRQ�
HQHUJ\� OHYHO� RI� OLPHVWRQH� LV� ZLWKLQ� WKH� UDQJH� RI�
���–���� N-�PRO��ZKLOH� WKH� KLJKHU� WKH� JUDLQ� VL]H��
WKH� KLJKHU� WKH� DFWLYDWLRQ� HQHUJ\� GXULQJ� GLVVRFLD�
WLRQ�� $� VLPLODU� GHSHQGHQFH� LV� VHHQ� IRU� GRORPLWH��
7KH� DFWLYDWLRQ� HQHUJ\� LV� LQ� WKH� UDQJH� RI� ��–����
N-�PRO�� 7KH� KLJKHVW� YDOXHV� RI� DFWLYDWLRQ� HQHUJ\�
IRU�WKH�GHFDUERQL]DWLRQ�SURFHVV�DUH�W\SLFDO�IRU�WKH�
���–����PP�IUDFWLRQ� 

7KXV�� GXULQJ� WKH� KHDW� WUHDWPHQW� RI� WKH�
EDWFK�DW�WHPSHUDWXUHV�FORVH�WR�WKH�FRRNLQJ�WHPSHU�
DWXUH��DOPRVW�LQVWDQWDQHRXV�WKHUPDO�GLVVRFLDWLRQ�RI�
FDUERQDWHV� RFFXUV�� 7KH� UHVXOWLQJ� FDOFLXP� R[LGH�
KDV� D� ILQH-FU\VWDOOLQH� GHIHFWLYH� VWUXFWXUH� DQG� LV�
FKDUDFWHUL]HG�E\�LQFUHDVHG�DFWLYLW\�� 

$FFRUGLQJ�WR�WKH�VWXG\�RI�WKH�LQIOXHQFH�RI�
WKH� IUDFWLRQDO� FRPSRVLWLRQ� RI� FDUERQDWH� URFNV� RQ�
JODVV� PHOWLQJ� SURFHVVHV�� WKHUH� LV� QR� LQIOXHQFH� RI�
WKH� JUDQXORPHWULF� FRPSRVLWLRQ� RQ� JODVV� PHOWLQJ�
SURFHVVHV�GXULQJ�KHDW� WUHDWPHQW�RI� WKH�EDWFK�� DQG�
WKH�JUDLQV�RI�FDUERQDWH� URFNV�YLVXDOO\� UHWDLQ� WKHLU�
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VL]HV��,W�LV�NQRZQ�WKDW�WKH�OLTXLG�SKDVH�LQ�WKH�EDWFK�
DSSHDUV�LQ�WKH�WHPSHUDWXUH�UDQJH�RI����–�����&�DV�
D�UHVXOW�RI�WKH�PHOWLQJ�RI�VRGLXP�FDUERQDWH��GRXEOH�
FDUERQDWHV� 1D�0J�&2���� DQG� 1D�&D�&2��� DQG�
HXWHFWLFV� EHWZHHQ� WKHVH� FRPSRXQGV� DQG� 1D�&2��

>��–��@�� 
,Q�WKH�WHPSHUDWXUH�UDQJH�RI�����–�����R&��

DFWLYH� GLVVROXWLRQ� RI� VLOLFD� JUDLQV� RFFXUV�� RQ� WKH�
VXUIDFH�RI�WKH�PHOW�RI�DOO�VDPSOHV��WKHUH�LV�D�FRQWLQ�
XRXV�VLOLFHRXV�FUXVW��$�ODUJHU�FUXVW�YROXPH�LV�FKDU�
DFWHULVWLF�RI�VDPSOHV�LQ�ZKLFK�D����–����PP�OLPH�
VWRQH�IUDFWLRQ�LV�XVHG��DV�ZHOO�DV�ZLWK�WKH�FRPELQHG�
LQWURGXFWLRQ�RI�ODUJH�JUDLQV�RI�OLPHVWRQH�DQG�GROR�
PLWH��:KHQ�WKH�EDWFK�ZDV�KHDW�WUHDWHG�LQ�D�JDV�IXU�
QDFH�DW�D�WHPSHUDWXUH�RI������R&��UHJDUGOHVV�RI�WKH�
IUDFWLRQDO� FRPSRVLWLRQ�RI� WKH�FDUERQDWHV�� D�KRPR�
JHQHRXV�PHOW�FRQWDLQLQJ�D�JDV�SKDVH�ZDV�REWDLQHG�� 

$FFRUGLQJ�WR�HOHFWURQ�PLFURVFRS\�GDWD��WKH�
RULJLQDO� GRORPLWH� JUDLQV� KDYH� D� GHQVH� VWUXFWXUH��
:KHQ�WKH�GRORPLWH�GHFRPSRVHV��D�SRURXV�VWUXFWXUH�
LV�IRUPHG��DQG�WKH�SRUH�VL]H�LQFUHDVHV�ZLWK�WKH�VH�
TXHQWLDO� GHFRPSRVLWLRQ� RI� 0J&2�� DQG� &D&2���
0LFURFUDFNV�DSSHDU�WKDW�GLYLGH�WKH�JUDLQ�LQWR�VHSD�
UDWH�]RQHV��*UDLQV�RI�OLPHVWRQH�DUH�ORRVHQHG�GXULQJ�
KHDW�WUHDWPHQW�� 

7KH� UHVXOWV� RI� VWXG\LQJ� WKH� VWUXFWXUH� RI�
EDWFK� �� �GRORPLWH� IUDFWLRQ����–����PP��7DEOH� ����
DV� REWDLQHG� E\� KHDW� WUHDWPHQW� DW� WHPSHUDWXUHV� RI�
����R&�DQG������R&�XVLQJ�HOHFWURQ�PLFURVFRS\��DUH�
JLYHQ�LQ�)LJXUH���� 

7KH�VWUXFWXUH�RI�WKH�VDPSOHV�FRQWDLQV�GROR�
PLWH� JUDLQV� ZLWK� D� VL]H� RI� DERXW� ���–����� ȝP��
ZKLFK�KDYH�D�SRURXV�VWUXFWXUH�GXH�WR�WKH�GHFRPSR�
VLWLRQ�RI�FDUERQDWHV��$W�����ɨɋ�DW�WKH�JUDLQ�ERXQG�
DU\��WKH�LQWHUDFWLRQ�RI�WKH�EDWFK�FRPSRQHQWV�RFFXUV�
ZLWK� WKH� IRUPDWLRQ� RI� VRGLXP� VLOLFDWH� RU�
1D�2î�&D2î�6L2��� $FFRUGLQJ� WR� PLFURSUREH�
DQDO\VLV��WKH�IRUPDWLRQ�RI�FDOFLXP�DQG�PDJQHVLXP�
VLOLFDWHV�RI�QRQ-VWRLFKLRPHWULF�FRPSRVLWLRQ� LV�DOVR�
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WKH�SKDVH�FRPSRVLWLRQ�RI�JUDLQV�GLVWULEXWHG� LQ� WKH�
JODVV\� DQG� JDVHRXV� SKDVHV� FRUUHVSRQGV� WR� TXDUW]�
�XS� WR������ �&���ZKLFK� WXUQV� LQWR�FULVWREDOLWH� DW� D�
WHPSHUDWXUH�RI������R&�� 

7R� DVVHVV� WKH� LQIOXHQFH� RI� WKH� JUDQXOR�
PHWULF�FRPSRVLWLRQ�RI�FDUERQDWHV�RQ�WKH�TXDOLW\�RI�
JODVV�� WKH� YROXPH� IUDFWLRQV� RI� SKDVHV� LQ� VDPSOHV�
V\QWKHVL]HG� LQ� D� JDV� IXUQDFH� DW� D� WHPSHUDWXUH� RI�
������&�ZHUH�GHWHUPLQHG��7KH�VL]HV�RI�JDV�LQFOX�
VLRQV� YDU\� ZLWKLQ� ���–����PP�� 7KH� YROXPH� IUDF�
WLRQ�RI�WKH�JDV�SKDVH�YDULHV�ZLWKLQ����–����YRO��� 

7KH� UHODWLRQVKLS� EHWZHHQ� WKH� IUDFWLRQDO�
FRPSRVLWLRQ� RI� FDUERQDWH� UDZ� PDWHULDOV� XVHG� IRU�
JODVV�V\QWKHVLV�DQG�WKH�SURSRUWLRQ�RI�WKH�JDV�SKDVH�
LQ� WKHP� LV� DPELJXRXV�� ,W� PXVW� EH� WDNHQ� LQWR� DF�
FRXQW�WKDW�WKH�WHPSHUDWXUH�IDFWRU��DQG�QRW�WKH�IUDF�
WLRQDO� FRPSRVLWLRQ� RI� FDUERQDWHV�� KDV� D� GHFLVLYH�
LQIOXHQFH�RQ� WKH�TXDOLW\� RI� JODVV�PHOW� LQ� WHUPV�RI�
JDV� SKDVH� FRQWHQW�� ,W� KRZHYHU� VHHPV� SRVVLEOH� WR�
HVWDEOLVK� JHQHUDO� WUHQGV� LQ� WKH� LQIOXHQFH� RI� WKH�
JUDQXORPHWULF� FRPSRVLWLRQ� DQG� W\SH� RI� FDUERQDWH�
UDZ�PDWHULDOV� RQ� WKH� SURSRUWLRQ� RI� JDV� LQFOXVLRQV�
LQ� WKH� JODVV� PHOW�� 7KH� FRPELQHG� LQWURGXFWLRQ� RI�
FRDUVH-JUDLQHG� OLPHVWRQH� DQG� GRORPLWH� �IUDFWLRQV�
���–����DQG����–�����PP�� OHDGV� WR�DQ� LQFUHDVH� LQ�
WKH� YROXPH� RI� JDV� LQFOXVLRQV� ����–���� YRO���� LQ�
FRPSDULVRQ� ZLWK� WKH� EDVH� EDWFK� ����� YRO����� )RU�
JODVV� EDVHG�RQ�EDWFK� LQWR�ZKLFK�RQO\�RQH� FRDUVH-
JUDLQHG� PDWHULDO� ZDV� LQWURGXFHG� –� GRORPLWH� RU�
OLPHVWRQH�RI����–����DQG����–����PP�IUDFWLRQV�–�D�
GHFUHDVH�LQ�WKH�SURSRUWLRQ�RI�WKH�JDV�SKDVH�WR����–
���� YRO��� LV� REVHUYHG�� 7KH� DQWDJRQLVWLF� HIIHFW� RI�
WKH�LQWURGXFWLRQ�RI�FRDUVH-JUDLQHG�UDZ�PDWHULDOV�LV�
SUREDEO\� DVVRFLDWHG� ZLWK� WKH� SDFNLQJ� GHQVLW\� RI�
SDUWLFOHV� LQ� WKH� SRZGHU� PL[WXUH�� $SSDUHQWO\�� WKH�
XVH� RI� GRORPLWH� DQG� OLPHVWRQH� RI� GLIIHUHQW� IUDF�
WLRQDO� FRPSRVLWLRQV�PDNHV� LW� SRVVLEOH� WR� LQFUHDVH�
WKH�SDFNLQJ�GHQVLW\�RI�JUDLQV�LQ�WKH�EDWFK��LQ�FRP�

UHFRUGHG��0HOWLQJ�RI�HXWHFWLF�PL[WXUHV�OHDGV�WR�WKH�
IRUPDWLRQ�RI�D�JODVV�SKDVH��,Q�WKH�VWUXFWXUH�RI�VDP�
SOHV�SURFHVVHG�DW�D�WHPSHUDWXUH�RI������R&��DW�WKH�
JUDLQ� ERXQGDU\� &D2� DQG�0J2�� WKH� IRUPDWLRQ� RI�
PDJQHVLXP�DQG�FDOFLXP�VLOLFDWHV��OLJKW�JUDLQV�VXU�
URXQGLQJ� WKH� JUDLQ� RI� GHFDUERQL]HG� GRORPLWH�� LV�
UHFRUGHG��$FWLYH�PHOWLQJ�RI�HXWHFWLFV�EHWZHHQ�VLOL�
FDWHV�DQG�WKH�LQLWLDO�FRPSRQHQWV�FDXVHV�DQ�LQFUHDVH�
LQ�WKH�YROXPH�RI�WKH�JODVV�SKDVH��*UDLQV�RI�GHFDU�
ERQL]HG�GRORPLWH�DUH�SUHVHUYHG�LQ�WKH�VWUXFWXUH�RI�
WKH�VDPSOHV�XS�WR�D�WHPSHUDWXUH�RI������R&��:KHQ�
WKH� KHDW� WUHDWPHQW� WHPSHUDWXUH� LQFUHDVHV� WR� �����
�&�DQG������R&�LQ�WKH�VWUXFWXUH�RI�WKH�VDPSOHV��WKH�
FU\VWDOOLQH� SKDVH� LV� UHSUHVHQWHG� RQO\� E\� UHVLGXDO�
VLOLFD� JUDLQV�� 8VLQJ� 5DPDQ� VSHFWURVFRS\�� LW� ZDV�
HVWDEOLVKHG� WKDW� XS� WR� D� WHPSHUDWXUH� RI� ����� R&�
VLOLFD� LV� UHSUHVHQWHG� E\� TXDUW]�� DW� ����� R&�FULVWR�
EDOLWH��DORQJ�ZLWK�TXDUW]��LV�UHFRUGHG��$W�D�WHPSHU�
DWXUH�RI������R&��WKH�FU\VWDOOLQH�SKDVH�LV�UHSUHVHQW�
HG�RQO\�E\�FULVWREDOLWH� 

7KH� UHVXOWV� RI� VWXG\LQJ� WKH� VWUXFWXUH� RI�
VDPSOHV� RI� EDWFK� �� �OLPHVWRQH� IUDFWLRQ� ���–����
PP�� 7DEOH� ���� REWDLQHG� DV� D� UHVXOW� RI� KHDW� WUHDW�
PHQW� DW� WHPSHUDWXUHV� RI� ���� R&�DQG� ����� R&�� DUH�
JLYHQ�LQ�)LJXUH���� 

7KH�FRPSRVLWLRQ�RI�JUDLQV�DW�SRLQWV���DQG�
��FRUUHVSRQGV�WR�&D2��$QDO\VLV�DW�SRLQW���UHYHDOV�
WKH�IROORZLQJ�JUDLQ�FRPSRVLWLRQ��ZW���������6L2����
�����&D2�� �����1D�2� �� $W� D� KHDW� WUHDWPHQW� WHP�
SHUDWXUH� RI� ����� R&�� WKH� VWUXFWXUH� FRQWDLQV� ORRVH�
&D2�JUDLQV�ZLWK�D�VL]H�RI�DERXW������ȝP��&DOFLXP�
VLOLFDWH��OLJKW�JUDLQV��LV�IRUPHG�DW�WKH�JUDLQ�ERXQG�
DU\�� LQ� SDUWLFXODU�� SRLQW� �� FRUUHVSRQGV� WR� WKH� IRO�
ORZLQJ�FRPSRVLWLRQ��ZW���������6L2��������&D2��
7KLV�FRPSRVLWLRQ�PD\�FRUUHVSRQG�WR�WKH�IRUPDWLRQ�
RI� VRGLXP� FDOFLXP� VLOLFDWH� RI� QRQ-VWRLFKLRPHWULF�
FRPSRVLWLRQ�� 

$FFRUGLQJ� WR� 5DPDQ� VSHFWURVFRS\� GDWD��
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JUDLQ�LQWR�VHSDUDWH�]RQHV��%DVHG�RQ�WKH�UHVXOWV�RI�D�
VWXG\�RI�WKH�NLQHWLFV�RI�WKH�SURFHVVHV�RI�GHFDUERQ�
L]DWLRQ�RI� GRORPLWH� DQG� OLPHVWRQH� LW� KDV�EHHQ� HV�
WDEOLVKHG�WKDW�DW�WHPSHUDWXUHV�RI�����DQG�������&�
WKH� WKHUPDO� GLVVRFLDWLRQ� RI� FDUERQDWHV� RFFXUV� LQ�
���–����V��7KHUH� LV�GHSHQGHQFH�RI� WKH�GHJUHH�RI�
GHFDUERQL]DWLRQ� RQ� WKH� SDUWLFOH� GLVSHUVLRQ� DQG�
KHDW�WUHDWPHQW�WLPH�� 

$FFRUGLQJ�WR�HOHFWURQ�SUREH�PLFURDQDO\VLV�
DW�KHDW�WUHDWPHQW�WHPSHUDWXUHV�RI�����R&�DQG������
R&� DW� WKH� JUDLQ� ERXQGDU\� FRQWDLQLQJ� &D2� DQG�
0J2�� WKH� FRPSRQHQWV� RI� WKH� EDWFK� LQWHUDFW� ZLWK�
WKH�IRUPDWLRQ�RI�VRGLXP��PDJQHVLXP�DQG�FDOFLXP�
VLOLFDWHV� RI� QRQ-VWRLFKLRPHWULF� FRPSRVLWLRQ�� $W�
SURFHVVLQJ� WHPSHUDWXUHV� RI� ������ ����� DQG� �����
ɨɋ�� WKH� FU\VWDOOLQH� SKDVH� LV� UHSUHVHQWHG� RQO\� E\�
TXDUW]� DQG� FULVWREDOLWH�� JODVV� IRUPDWLRQ� SURFHVVHV�
DUH� FRPSOHWHG� LQ� WKH� WHPSHUDWXUH� UDQJH�RI�����–
����� ɨɋ�� %DVHG� RQ� WKH� VWXG\� RI� JODVV� IRUPDWLRQ�
SURFHVVHV� DQG� WKH� TXDOLW\� RI� IORDW� JODVV�� ZH� FDQ�
FRQFOXGH�WKDW�LW�LV�SRVVLEOH�WR�XVH�OLPHVWRQH�RU�GR�
ORPLWH� RI� WKH� ���–���� PP� IUDFWLRQ� LQ� IORDW� JODVV�
WHFKQRORJ\��7KH�FRPELQHG�LQWURGXFWLRQ�RI�FRDUVH-
JUDLQHG�FDUERQDWHV�FDQ�UHGXFH�WKH�KRPRJHQHLW\�RI�
WKH� EDWFK� DQG�� DOWKRXJK� WR� D� VPDOO� H[WHQW�� VORZ�
GRZQ�WKH�JODVV�PHOWLQJ�SURFHVV�� 

SDULVRQ� ZLWK� D� EDWFK� FRQWDLQLQJ� RQO\� FRDUVH-
JUDLQHG� FDUERQDWHV�� ZKLFK� LQFUHDVHV� WKH� FRQWDFW�
DUHD�RI�WKH�UHDFWLQJ�SDUWLFOHV�DQG�WKH�UDWH�RI�UHDF�
WLRQV�LQ�WKH�EDWFK�� 

 
&RQFOXVLRQ� 
7R� UDWLRQDOO\� VHOHFW� WKH� JUDQXORPHWULF�

FRPSRVLWLRQ� RI� FDUERQDWH� URFNV� XVHG� LQ� WKH� SUR�
GXFWLRQ�RI�IORDW�JODVV��VWXGLHV�RI�WKH�WHFKQRORJLFDO�
SURSHUWLHV� RI� GRORPLWH� DQG� OLPHVWRQH� RI� WKH� IRO�
ORZLQJ� IUDFWLRQDO� FRPSRVLWLRQ� ZHUH� FDUULHG� RXW��
���–����PP�����–����PP�DQG����–����PP��&RDUVH
-JUDLQHG�FDUERQDWH�URFNV�ZHUH�LQWURGXFHG�LQWR�WKH�
PL[WXUH�ERWK� VHSDUDWHO\� DQG� LQ� FRPELQDWLRQ�ZLWK�
HDFK� RWKHU�� ,Q� GRORPLWH� RI� WKH� ���–����PP� IUDF�
WLRQ�� WUDGLWLRQDOO\�XVHG� LQ� LQGXVWULDO� JODVVPDNLQJ��
D� KLJKHU� FRQWHQW� RI� LPSXULW\� FRPSRQHQWV� �)H�2���
6L2���$O�2���ZDV� UHYHDOHG�� ,Q� WKH� FKHPLFDO� FRP�
SRVLWLRQ�RI� OLPHVWRQH��ZLWK� LQFUHDVLQJ�JUDLQ� VL]H��
WKH� FRQWHQW� RI� WKH�PDLQ� VXEVWDQFH� GHFUHDVHV� DQG�
WKH�FRQWHQW�RI�6L2�� WR������ZW���� ,W�KDV�EHHQ�HV�
WDEOLVKHG�WKDW�GXULQJ�KHDW�WUHDWPHQW��GRORPLWH�DQG�
OLPHVWRQH�JUDLQV�UHWDLQ�WKHLU�VL]HV�DIWHU�WKH�GHFDU�
ERQL]DWLRQ�SURFHVV��$FFRUGLQJ� WR�HOHFWURQ�PLFUR�
VFRSLF� UHVHDUFK�� D� SRURXV� JUDLQ� VWUXFWXUH� LV�
IRUPHG�� DQG� PLFURFUDFNV� DSSHDU� WKDW� GLYLGH� WKH�

5()(5(1&(6 
 

�� 6FKDHIIHU�+HOPXW�$��$OOJHPHLQH�7HFKQRORJLH�GHV�*ODVHV��*UXQGODJHQ�GHV�6FKPHO]HQV�XQG�GHU�)RUPJHEXQJ��,QVWLWXW�I�U�:HUNVWRII�ZLVVHQ�
VFKDIWHQ�,,,��*ODV�XQG�.HUDPLN���8QLYHUVLWlW�(UODQJHQ-1�UQEHUJ������������ 

�� /L�+��$OXPLQD�DQG�VLOLFD�VRXUFHV�IRU�(-JODVV�ILEHU�PDQXIDFWXULQJ-PHOWLQJ�HQHUJ\�DVSHFW��*ODVV�7HFK���(XU��-�*ODVV�6FL��7HFK��$�������������
–��� 

�� 3LHUUR�6��'��5DZ�0DWHULDOV�IRU�*ODVVPDNLQJ��3URSHUWLHV�DQG�&RQVWUDLQWV��LQ��3��5LFKHW��5��&RQUDGW��$��7DNDGD��-��'\RQ��(GV����(QF\FORSH�
GLD� RI� *ODVV� 6FLHQFH�� 7HFKQRORJ\�� +LVWRU\�� DQG� &XOWXUH�� 7KH� $PHULFDQ� &HUDPLF� 6RFLHW\�� ������ ��–���� '2,��
����������������������FK���� 

�� (5$0,1�5HVHDUFK�$JHQGD��$YDLODEOH�DW��KWWSV���KDO-LQVX�DUFKLYHV-RXYHUWHV�IU�LQVX-�����������DFFHVVHG�0D\������� 
�� 9DUVKQH\D�$�.���0DXUR�-�&��)XQGDPHQWDOV�RI�,QRUJDQLF�*ODVVHV���UG�HG��(OVHYLHU�,QF����������–����'2,������������������������FK��� 
�� +UPD�3���6FKZHLJHU�0�-���+XPULFNKRXVH�&�-���0RRG\�-�$���7DWH�5�7���5DLQVGRQ�7�7���7H*URWHQKXLV�1�(���$UULJRQL�%�0���0DUFLDO�-���5RGUL�

JXH]�&�3���7LQFKHU�%�+��(IIHFW�RI�JODVV-EDWFK�PDNHXS�RQ�WKH�PHOWLQJ�SURFHVV��&HUDPLFV–�6LOLNiW\����������������� 
�� 0DQHYLFK�9�(���6XEERWLQ�.�<X���(IUHPRY�9�9��6\UHY\H�PDWHULDO\��VKLKWD�L�VWHNORYDUHQLH�>5DZ�PDWHULDOV��EDWFK�DQG�JODVVPDNLQJ@��0RVFRZ��

6WURMPDWHULDO\�3XEO���������������,Q�5XVV���� 
�� 3DQNRYD�1��$���0LKDMOHQNR�1��<X��6WHNROQD\D�VKLKWD�L�SUDNWLND�HH�SULJRWRYOHQL\D�>*ODVV�EDWFK�DQG�WKH�SUDFWLFH�RI�LWV�SUHSDUDWLRQ@��0RVFRZ��

0HQGHOHHY�5XVVLDQ�8QLYHUVLW\�RI�&KHPLFDO�7HFKQRORJ\�3XEO��������������,Q�5XVV���� 
�� 3DQNRYD�1��$���0LKDMOHQNR�1��<X��7HRUL\D� L� SUDNWLND�SURP\VKOHQQRJR� VWHNORYDUHQL\D� >7KHRU\� DQG�SUDFWLFH� RI� LQGXVWULDO� JODVVPDNLQJ@��

0RVFRZ��0HQGHOHHY�5XVVLDQ�8QLYHUVLW\�RI�&KHPLFDO�7HFKQRORJ\�3XEO���������������,Q�5XVV���� 
��� *XOR\DQ� <X�$��)L]LNR-KLPLFKHVNLH� RVQRY\� WHKQRORJLL� VWHNOD� >3K\VLFRFKHPLFDO� IRXQGDWLRQV� RI� JODVV� WHFKQRORJ\@�� 9ODGLPLU�� 7UDQ]LW-,.6�

3XEO�������������� 
��� 7HUHVKHQNR�,�0��7HNKQRORJL\D�OLVWRYRJR�VWHNOD�>)ORDW�JODVV�WHFKQRORJ\@��0LQVN��%678�3XEO�������������� 
��� .LQHWLND�JHWHURJHQQRM�KLPLFKHVNRM�UHDNFLL��UDVFKHW�NLQHWLFKHVNLK�KDUDNWHULVWLN�UHDNFLL�UD]OR]KHQL\D�NDUERQDWD�NDOFL\D��>.LQHWLFV�RI�D�KHWHU�

RJHQHRXV�FKHPLFDO�UHDFWLRQ��FDOFXODWLRQ�RI�NLQHWLF�FKDUDFWHULVWLFV�RI�WKH�FDOFLXP�FDUERQDWH�GHFRPSRVLWLRQ�UHDFWLRQ�@��$YDLODEOH�DW��KWWSV���
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