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$VNDU�%��3$50$129���DVTDU�SDUPDQRY#PDLO�UX� 
6XYDQNXO�(��1850$129���QXUPRQRYBVH#PDLO�UX� 
6DLGD�6��$%'85$.+0$129$���VDLGDRLOJDV#PDLO�UX� 
6DUYLQR]�,��7,5.$6+(9$���VDUYLQR]LVRTRYQD#PDLO�UX� 
%HJ]RG�)��$'$6+(9���EHJ]RGDGDVKHY�#JPDLO�FRP� 
�1DWLRQDO�8QLYHUVLW\�RI�8]EHNLVWDQ��7DVKNHQW��8]EHNLVWDQ 
�-L]]DNK�6WDWH�3HGDJRJLFDO�8QLYHUVLW\��-L]]DNK��8]EHNLVWDQ 
 

,Q� WKLV�ZRUN� WKH� YLQ\ODWLRQ� UHDFWLRQV�RI�DURPDWLF� FDUER[\OLF� DFLGV�ZLWK� YLQ\O�DFHWDWH��ZKLFK�FRQWDLQ�YDULRXV� VXEVWLWXHQWV�� LQ� WKH�
SUHVHQFH� RI� �-FKORUR-���-GLPHWKR[\-�����-WULD]LQH� ZHUH� VWXGLHG� IRU� WKH� ILUVW� WLPH�� 7KH� LQIOXHQFH� RI� WKH� QDWXUH� RI� WKH� VWDUWLQJ� PDWHULDOV��
WHPSHUDWXUH�� UHDFWLRQ� GXUDWLRQ�� VROYHQW� DQG� UHDJHQWV� -� ]LQF� WULIODWH� �=Q�27I���� ���-GLSKHQ\OELQDSKWKRO� ����
-3K�%,12/-�/L��� WHUWLDU\�
SRWDVVLXP�EXW\ODWH��.2WU%X���EXW\OOLWKLXP��%X/L��IRU�WKH�V\QWKHVLV�RI�YLQ\O�HVWHUV��7KH�V\QWKHVLV�RI�YLQ\O�HVWHUV�RI�DURPDWLF�FDUER[\OLF�DFLGV�
ZDV� FDUULHG� RXW�� EHQ]RLɫ�� �-SKHQ\ODFHWLF�� �-PHWK\OEHQ]RLF�� �-PHWKR[\EHQ]RLF�� ���-GLPHWKR[\EHQ]RLF�� �-EURPEHQ]RLF�� �-EURPEHQ]RLF�� �-
IOXRUREHQ]RLF�� �-QLWUREHQ]RLF�� �-QLWUREHQ]RLF�� �-WHUWLDU\� EXW\OEHQ]RLF�� �-FKORUREHQ]RLF�� �-FKORUREHQ]RLF�� �-K\GUR[\EHQ]RLF� DQG� �-
K\GUR[\EHQ]RLF�DFLGV�KDV�EHHQ�VWXGLHG��7KH�VWUXFWXUH�RI�V\QWKHVL]HG�YLQ\O�HVWHUV�KDV�EHHQ�GHWHUPLQHG�E\�PRGHUQ�SK\VLFDO�PHWKRGV�DQG�D�
WHFKQRORJLFDO�VFKHPH�IRU�WKHLU�SURGXFWLRQ�KDV�EHHQ�HODERUDWHG� 

 
.H\ZRUGV��YLQ\ODFHWDWH��DURPDWLF�FDUER[\OLF�DFLG��YLQ\O�VXEVWLWXWLRQ�UHDFWLRQ��YLQ\O�HVWHU���-FKORUR-���-GLPHWKR[\-�����-WULD]LQH� 

ɌȿɏɇɈɅɈȽɂə�ɋɂɇɌȿɁȺ�ȼɂɇɂɅɈȼɕɏ�ɗɎɂɊɈȼ�ȺɊɈɆȺɌɂɑȿɋɄɂɏ� 
ɄȺɊȻɈɇɈȼɕɏ�ɄɂɋɅɈɌ�ɇȺ�ɈɋɇɈȼȿ�ȼɂɇɂɅȺɐȿɌȺɌȺ� 
 
Ⱥɫɤɚɪ�Ȼ��ɉȺɊɆȺɇɈȼ���DVTDU�SDUPDQRY#PDLO�UX� 
ɋɭɜɚɧɤɭɥ�ɗ��ɇɍɊɆȺɇɈȼ���QXUPRQRYBVH#PDLO�UX�� 
ɋɚɢɞɚ�ɋ��ȺȻȾɍɊɍɏɆȺɇɈȼȺ���VDLGDRLOJDV#PDLO�UX� 
ɋɚɪɜɢɧɨɡ�ɂ��ɌɂɊɄȺɒȿȼȺ���VDUYLQR]LVRTRYQD#PDLO�UX� 
Ȼɟɝɡɨɞ�Ɏ��ȺȾȺɒȿȼ���EHJ]RGDGDVKHY�#JPDLO�FRP� 
�ɇɚɰɢɨɧɚɥɶɧɵɣ�ɭɧɢɜɟɪɫɢɬɟɬ�ɍɡɛɟɤɢɫɬɚɧɚ��Ɍɚɲɤɟɧɬ��ɍɡɛɟɤɢɫɬɚɧ 
�Ⱦɠɢɡɚɤɫɤɢɣ�ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ�ɩɟɞɚɝɨɝɢɱɟɫɤɢɣ�ɭɧɢɜɟɪɫɢɬɟɬ��Ⱦɠɢɡɚɤ��ɍɡɛɟɤɢɫɬɚɧ� 
 

ȼ� ɪɚɛɨɬɟ� ɜɩɟɪɜɵɟ� ɛɵɥɢ� ɢɡɭɱɟɧɵ� ɪɟɚɤɰɢɢ� ɜɢɧɢɥɢɪɨɜɚɧɢɹ� ɜɢɧɢɥɚɰɟɬɚɬɨɦ� ɚɪɨɦɚɬɢɱɟɫɤɢɯ� ɤɚɪɛɨɧɨɜɵɯ� ɤɢɫɥɨɬ�� ɤɨɬɨɪɵɟ�
ɫɨɞɟɪɠɚɬ�ɪɚɡɥɢɱɧɵɟ�ɡɚɦɟɫɬɢɬɟɥɢ��ɜ�ɩɪɢɫɭɬɫɬɜɢɢ��-ɯɥɨɪ-���-ɞɢɦɟɬɨɤɫɢ-�����-ɬɪɢɚɡɢɧɚ��ɂɫɫɥɟɞɨɜɚɧɨ�ɜɥɢɹɧɢɟ�ɩɪɢɪɨɞɵ�ɢɫɯɨɞɧɵɯ�
ɜɟɳɟɫɬɜ�� ɬɟɦɩɟɪɚɬɭɪɵ�� ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ� ɪɟɚɤɰɢɢ�� ɪɚɫɬɜɨɪɢɬɟɥɹ� ɢ� ɪɟɚɝɟɧɬɨɜ� -� ɬɪɢɮɥɚɬ� ɰɢɧɤɚ� �=Q�27I����� ���-
ɞɢɮɟɧɢɥɛɢɧɚɮɬɨɥ� ����
-3K�%,12/-�/L��� ɬɪɟɬɢɱɧɵɣ� ɛɭɬɢɥɚɬ� ɤɚɥɢɹ� �.2WU%X��� ɛɭɬɢɥɥɢɬɢɣ� �%X/L�� ɧɚ� ɫɢɧɬɟɡ� ɜɢɧɢɥɨɜɵɯ� ɷɮɢɪɨɜ��
Ɉɫɭɳɟɫɬɜɥɟɧ� ɫɢɧɬɟɡ� ɜɢɧɢɥɨɜɵɯ� ɷɮɢɪɨɜ� ɚɪɨɦɚɬɢɱɟɫɤɢɯ� ɤɚɪɛɨɧɨɜɵɯ� ɤɢɫɥɨɬ�� ɛɟɧɡɨɣɧɨɣ�� �-ɮɟɧɢɥɭɤɭɫɧɨɣ�� �-ɦɟɬɢɥɛɟɧɡɨɣɧɨɣ�� �-
ɦɟɬɨɤɫɢɛɟɧɡɨɣɧɨɣ�� ���-ɞɢɦɟɬɨɤɫɢɛɟɧɡɨɣɧɨɣ�� �-ɛɪɨɦɛɟɧɡɨɣɧɨɣ�� �-ɛɪɨɦɛɟɧɡɨɣɧɨɣ�� �-ɮɬɨɪɛɟɧɡɨɣɧɨɣ�� �-ɧɢɬɪɨɛɟɧɡɨɣɧɨɣ�� �-
ɧɢɬɪɨɛɟɧɡɨɣɧɨɣ�� �-ɬɪɟɬɢɱɧɵɣ� ɛɭɬɢɥɛɟɧɡɨɣɧɨɣ�� �-ɯɥɨɪɛɟɧɡɨɣɧɨɣ�� �-ɯɥɨɪɛɟɧɡɨɣɧɨɣ�� �-ɝɢɞɪɨɤɫɢɛɟɧɡɨɣɧɨɣ� ɢ� �-ɝɢɞɪɨɤɫɢɛɟɧɡɨɣɧɨɣ�
ɤɢɫɥɨɬ��ɋɨɜɪɟɦɟɧɧɵɦɢ�ɮɢɡɢɱɟɫɤɢɦɢ�ɦɟɬɨɞɚɦɢ�ɛɵɥɚ�ɨɩɪɟɞɟɥɟɧɚ�ɫɬɪɭɤɬɭɪɚ�ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ�ɜɢɧɢɥɨɜɵɯ�ɷɮɢɪɨɜ�ɢ�ɪɚɡɪɚɛɨɬɚɧɚ�
ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ�ɫɯɟɦɚ�ɢɯ�ɩɨɥɭɱɟɧɢɹ� 

 
Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ��ɜɢɧɢɥɚɰɟɬɚɬ��ɚɪɨɦɚɬɢɱɟɫɤɢɯ�ɤɚɪɛɨɧɨɜɵɯ�ɤɢɫɥɨɬ��ɪɟɚɤɰɢɹ�ɜɢɧɢɥɨɜɨɝɨ�ɡɚɦɟɳɟɧɢɹ��ɜɢɧɢɥɨɜɵɣ�ɷɮɢɪ���-ɯɥɨɪ-���-ɞɢɦɟɬɨɤɫɢ-�����-ɬɪɢɚɡɢɧ� 

9,1,/$76(7$7�$626,'$�$520$7,.�.$5%21�.,6/27$�9,1,/�(),5/$5,�
6,17(=,1,�7(;12/2*,<$6,� 
 
$VNDU�%��3$50$129���DVTDU�SDUPDQRY#PDLO�UX� 
6XYDQNXO�(��1850$129���QXUPRQRYBVH#PDLO�UX� 
6DLGD�6��$%'85$;0$129$���VDLGDRLOJDV#PDLO�UX� 
6DUYLQR]�,��7,5.$6+(9$���VDUYLQR]LVRTRYQD#PDLO�UX� 
%HJ]RG�)��$'$6+(9���EHJ]RGDGDVKHY�#JPDLO�FRP� 
�Ɉµ]EHNLVWRQ�0LOOL\�XQLYHUVLWHWL��7RVKNHQW��Ɉµ]EHNLVWRQ� 
�-L]]D[�GDYODW�SHGDJRJLND�XQLYHUVLWHWL��-L]]D[��Ɉµ]EHNLVWRQ 
 

,VKGD�LON�ERU�D\ULP�WXUOL�ɨµULQERVDU�WXWJDQ�DURPDWLN�NDUERQ�NLVORWDODUQL�YLQLODWVHWDW�ELODQ�YLQLODOPDVKLQLVK�UHDNVL\DODUL��-[ORU-���-
GLPHWRNVL-�����-WULD]LQ� LVKWLURNLGD� ɨµUJDQLOJDQ�� 6LQWH]� TLOLQJDQ� YLQLO� HILUODU� XQXPLJD� ERVKODQJµLFK� PRGGDODU� WDELDWL�� KDURUDW�� UHDNVL\D�
GDYRPL\OLJL�� HULWXYFKL� YD� UHDJHQWODU-� UX[� WULIODW� �=Q�27I����� ���-GLIHQLO� ELQDIWRO� GLOLWL\� ����ƍ-3K�%,12/-�/L��� NDOL\� XFKODPFKL� EXWLODW�
�.2WU%X���EXWLOOLWL\��%X/L��WDELDWL�WD¶VLUL�ɨµUJDQLOJDQ��$URPDWLN�NDUERQ�NLVORWDODU��EHQ]R\���-IHQLOVLUND���-PHWLOEHQ]R\���-PHWRNVLEHQ]R\�����-
GLPHWRNVLEHQ]R\�� �-EURPEHQ]R\�� �-EURPEHQ]R\�� �-IWRUEHQ]R\�� �-QLWUREHQ]R\�� �-QLWUREHQ]R\�� �-XFKODPFKL� EXWLOEHQ]R\�� �-[ORUEHQ]R\�� �-
[ORUEHQ]R\���-JLGURNVLEHQ]R\�YD��-JLGURNVLEHQ]R\�NLVORWDODUQLQJ�YLQLO�HILUODUL�VLQWH]�TLOLQJDQ��2OLQJDQ�YLQLO�HILUODUQLQJ�WX]LOLVKL�]DPRQRYL\�
IL]LN-WDGTLTRW�XVXOODULGD�DQLTODQJDQ�YD�XODUQL�ROLVKQL�WH[QRORJLN�V[HPDVL�LVKODE�FKLTLOJDQ� 

 
ɄɚOLW�VR
]ODU��YLQLODWVHWDW��DURPDWLN�NDUERQ�NLVORWD��YLQLODOPDVKLQLVK�UHDNVL\DVL��YLQLO�HILU���-[ORU-���-GLPHWRNVL-�����-WULD]LQ� 
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&$7$/<6,6�$1'�5($&7,21�(1*,1((5,1* 
ɌȿɏɇɈɅɈȽɂə�ɄȺɌȺɅɂɁȺ�ɂ�ɊȿȺɄɐɂɃ 
.$7$/,=�9$�5($.6,<$�7(;12/2*,<$6, 

.LULVK 

.DUERQ� NLVORWDODU� DVRVLGD� WXUOL� [RVVDODUJD�
HJD�ELULNPDODU�ROLQDGL��.DUERQ�NLVORWDODUQLQJ�YLQLO�
HILUODUL� NHQJ� WDUTDOJDQ� ELULNPDODU� EɨµOLE�� \HQJLO�
VDQRDW�PDWHULDOODUL�� WHULQL�TD\WD� LVKODVK��TRJµR]�YD�
\RJµRFK� PDWHULDOODUL� XFKXQ� Eɨµ\RTODU� VLIDWLGD�
LVKODWLODGL� >�@�� .DUERQ� NLVORWD� HILUODUL� RGDWGD�

NDUERQ� NLVORWD� YD� VSLUWODUGDQ� HWHULILNDWVL\D�
UHDNVL\DVL� RUTDOL� VLQWH]� TLOLQDGL�� %XQGDQ� WDVKTDUL�
HSRNVLG�� NLVORWD� JDORJHQLGL� \RNL� NLVORWD�
DQJLGULGODULGDQ� KDP� PRV� UDYLVKGDJL� HILUODU� VLQWH]�
TLOLQDGL�� $PPR� EX� XVXOODUQL� NDUERQ� NLVORWD� YLQLO�
HILUODUL� XFKXQ� TɨµOODE� EɨµOPD\GL�� &KXQNL� UHDNVL\D�
VKDURLWLGD�YLQLO� HILUODUQLQJ�EDUTDURUOLJL�SDVW�EɨµOLE��
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.$7$/,=�9$�5($.6,<$�7(;12/2*,<$6, 

NDWDOL]DWRUODULQLQJ� VDPDUDGRUOLJL� TRQLTDUOL� HPDV��
.DWDOLWLN� PLTGRUGDJL� 3Gɏ��&+�&1��� ELODQ� YLQLO�
DOPDVKLQLVK� UHDNVL\DODUL� RUTDOL� ���� JDFKD� XQXP�
ELODQ� YLQLO� HILUODU� VLQWH]� TLOLVKJD� HULVKLOJDQ��
<XTRULGD� D\WLE� ɨµWLOJDQ� NDWDOL]DWRUODU� LVKWLURNLGD�
\XTRUL� XQXP� ELODQ� YLQLO� HILUODUQL� ROLVK� XFKXQ�
NDWDOL]DWRUQLQJ� IDROOLJL� YD� VHOHNWLYOLJLQL� RVKLULVK�
XFKXQ� WXUOL� TɨµVKLPFKD� OLJDQG� YD� HULWXYFKLODUGDQ�
�WROXRO� \RNL� 7*)�� IR\GDODQLODGL�� 4ɨµVKLPFKD�
OLJDQG� TɨµOODPDVGDQ� YLQLODWVHWDWGDQ� YLQLO�
DOPDVKLQLVK� UHDNVL\DVL� RUTDOL� VHOHNWLYOLN� ELODQ�
YLQLO� EHQ]RDWODU� EDUTDURU� YD� ]DKDUVL]� 5K� �,,,��
NDWDOL]DWRUODUL�LVKWLURNLGD�VLQWH]�TLOLQJDQ�>��-��@�� 

9LQLODWVHWDWQLQJ� YLQLO� JXUXKLQL� DOLIDWLN��
DURPDWLN�YD�JHWHURDURPDWLN�NLVORWDODUJD�NLULWLOLVKL�
YLQLO� HILUODUQL� [DYIVL]� YD� VDPDUDOL� XVXOGD� VLQWH]�
TLOLVKQL� WD¶PLQOD\GL� >��-��@�� 8VKEX� WDGTLTRW�
LVKLQLQJ�PDTVDGL� WXUOL�ɨµULQERVDU� WXWJDQ� DURPDWLN�
NDUERQ� NLVORWDODU� ELODQ� YLQLODWVHWDW� RUDVLGDJL�
YLQLODOPDVKLQLVK� UHDNVL\DVL� RUTDOL� NDUERQ�
NLVORWDODUQLQJ� YLQLO� HILUODULQL� VLQWH]� TLOLVK� YD�
PDKVXORW�XQXPLJD�WXUOL�RPLOODU� WD¶VLULQL�ɨµUJDQLVK�
KLVREODQDGL�>��@�� 

 
7DGTLTRW�XVXOL� 
7XUOL� ɨµULQERVDU� WXWJDQ� DURPDWLN� NDUERQ�

NLVORWDQLQJ� �����PROL� ELODQ� �����PRO� ������ J�� �-
[ORU-���-GLPHWRNVL-�����-WULD]LQ� ��� PO�
WHWUDJLGURIXUDQGD� �7*)�� HULWLOGL�� (ULWPD� �-�� �&�
JDFKD� VRYXWLOGL�� VɨµQJUD�1-PHWLOPRUIROLQQLQJ� ����
PO�PLTGRUL� ������PRO�� TɨµVKLOGL� YD� HULWPD��� VRDW�
GDYRPLGD�PH[DQLN� DUDODVKWLUJLFKGD� DUDODVKWLULOGL��
,NNLQFKL� LGLVKJD� HNYLYDOHQW� PLTGRUGD� UHDJHQW�
�������PRO�������J��=Q�27I����������PRO�������J��
���ƍ-3K�%,12/-�/L�������PRO� ������J��.2WU%X����
PO� ������ PRO�� %X/L� QLQJ� JHNVDQGDJL� ���� 0�
HULWPDVL� ELODQ� 7*)� QLQJ� ��� PO� VXVSHQ]L\DVL� -���
R&� JDFKD� VRYXWLOGL�� $UDODVKPDJD� ����� PO� ������
PRO�� YLQLODWVHWDWQLQJ���PO�7*)�GDJL�HULWPDVL���-
���PLQ�� GDYRPLGD� WRPL]LVK� \ɨµOL� ELODQ� TɨµVKLOGL��
9LQLODWVHWDW� EHULOLVKLGD� KDURUDW� -��� R&� GDQ�
\XTRULJD�NɨµWDULOLE�NHWPDVOLJL�QD]RUDW�TLOLE�ERULOGL�
YD� ��� PLQ�� DUDODVKWLULOGL�� 6KXQGDQ� VɨµQJ�
DUDODVKPDJD� NDUERQ� NLVORWDQLQJ� IDRO� WUL]LQ� HILUL�
TɨµVKLOGL��UHDNVL\D�-���R&�KDURUDWGD���VRDW�GDYRP�
HWWLULOGL��6ɨµQJUD�1+�&O�QLQJ����OL����PO�HULWPDVL�
ELODQ�LVKORY�EHULOGL��%XQGD�KDURUDWQLQJ�-���R&�GDQ�
\XTRULJD� NɨµWDULOLE� NHWPDVOLJL� QD]RUDW� TLOLQGL��
$UDODVKPD� GLHWLO� HILUL� ELODQ� � ��� PDUWD� ��� PO��
HNVWUDNVL\D�TLOLQGL�YD�VRYXWLOJDQ�1D+&2��QLQJ�����
0� HULWPDVL�� 1D+62�� QLQJ� �� 0� HULWPDVL��

XODU� DOGHJLGODUJD� L]RPHUODQDGL�� 6KXQJD� TDUDPD\��
ED¶]L� GDVWODENL� YLQLO� HILUODU� YLQLO� VSLUWLJD� PRV�
NHODGLJDQ� DOGHJLG-� DWVHWDOGHJLGGDQ� IR\GDODQLE�
VLQWH]�TLOLQJDQ�� ,ON�ERU������\LOGD�DWVHWDOGHJLG�YD�
VLUND�DQJLGULGQLQJ�EHQ]ROVXOIRQ�NLVORWD�NDWDOL]DWRUL�
LVKWLURNLGD� ��-���� XQXP� ELODQ� YLQLODWVHWDW� LVKODE�
FKLTDULVK� \ɨµOJD� Tɨµ\LOJDQ� >�@�� +R]LUJL� YDTWGD�
YLQLODWVHWDW� DVRVDQ� VLUND� NLVORWD� YD� HWLOHQQLQJ�
NLVORURG� LVKWLURNLGD� EXJµ� ID]DGD� UHDNVL\DVL� RUTDOL�
LVKODE� FKLTDULODGL�� 'XQ\R� Eɨµ\LFKD� YLQLODWVHWDW�
PRQRPHUL� LVKODE� FKLTDULOLVKL� ����� \LOQLQJ�
PD¶OXPRWODULJD� NɨµUD� ����� POQ�� WRQQDQL� WDVKNLO�
TLODGL�� %XQLQJ� GH\DUOL� \DUPL� SROL�YLQLODWVHWDW��
LVKODE�FKLTDULVK�XFKXQ�VDUIODQDGL��%XQGDQ�WDVKTDUL�
YLQLODWVHWDW� PRQRPHULGDQ� VDQRDW� PLT\RVLGD�
YLQLODWVHWDW�YD�SROL�YLQLO�VSLUW��VRSROLPHUODUL�LVKODE�
FKLTDULVKGD� IR\GDODQLODGL� >�@�� $URPDWLN� NDUERQ�
NLVORWDODUQLQJ� YLQLO� HILUODUL� [XVXVDQ�� YLQLO� EHQ]RDW�
ELRPDWHULDOODU�� TRSODPD� PDWHULDOODU�� \HOLPODU��
WLEEL\� PDKVXORWODU�� TRJµR]� TRSODPDODU�� TXULOLVK�
PDWHULDOODUL��RUJDQLN�VLQWH]�YD� IDUPDWVHYWLN�NLP\R�
VDQRDWLGD� DPDOGD� NHQJ� TɨµOODQLODGL�� 9LQLO�
HILUODUQLQJ� LVKODWLOLVKL� NHQJ� LPNRQL\DWODUJD� HJD�
EɨµOVDGD�� VLQWH]� TLOLVKGDJL� \X]DJD� NHODGLJDQ�
TL\LQFKLOLNODU� XODUQL� TɨµOODVK� VRKDVLGDJL�
LPNRQL\DWODUQL�FKHNOD\GL�>����@�� 

+R]LUJL� YDTWGD� YLQLO� HILUODUQL� VDQRDW�
PLT\RVLGD� VLQWH]L� NDUERQ� NLVORWDODUQL� DWVHWLOHQ�
ELODQ�YLQLOODVK� UHDNVL\DVL�RUTDOL� DPDOJD�RVKLULODGL��
$PPR� DWVHWLOHQQLQJ� SRUWORYFKDQOLN� [XVXVL\DWL��
UHDNVL\D� VKDURLWODULQLQJ� PXUDNNDEOLJL� YD� NLVORWDOL�
PXKLWGD� ROLE� ERULOLVKL� QDWLMDVLGD� PHWDOO�
XVNXQDODUQLQJ� NRUUR]L\DVLJD� VDEDE� EɨµOLVKL� YLQLO�
HILUODUQL� VLQWH]� TLOLVKGD� TL\LQFKLOLN� WXJµGLUDGL� >�-
�@��9LQLO�HILUODU�ROLVKGD�TɨµOODQLODGLJDQ�XVXOODULGDQ�
\DQD� ELUL� NDWDOL]DWRU� VLIDWLGD� UHQL\�� SDOODGL\��
UXWHQL\�YD�VLPRE�DWVHWDW�LVKWLURNLGD�NDUERQ�NLVORWD�
YD� YLQLO� DWVHWDW� ɨµUWDVLGDJL� YLQLO� DOPDVKLQLVK�
UHDNVL\DVL� KLVREODQDGL� >�-��@�� %DUFKD� VLQWHWLN�
XVXOODU� RUDVLGD� YLQLO� HILUODUQL� NDUERQ� NLVORWDVL� YD�
YLQLODWVHWDWGDQ� YLQLODOPDVKLQLVK� UHDNVL\DVL� RUTDOL�
VLQWH]� TLOLVK� LTWLVRGL\� VDPDUDGRU� \ɨµO� KLVREODQDGL�
YD� VɨµQJJL� \LOODUGD� XVKEX� WDGTLTRW� VRKDVLJD� NDWWD�
H¶WLERU� EHULOPRTGD�� 9LQLODOPDVKLQLVK�
UHDNVL\DODULGD� >,U&O�FRG�@�� >���� ��@�� ȺX&O33K��
>��@� YD� 3Gɏ��&+�&1��� �ɏ &O�� %U�� >��@� NDEL� ELU�
TDQFKD� NDWDOL]DWRUODU� TɨµOODQLOJDQ�� %LURT��
ȺX&O33K�� NDWDOL]DWRUODUL� YD� >,U&O�FRG�@��
NDWDOL]DWRUODUL� TDWWLT� UHDNVL\D� VKDURLWODULQL� WDODE�
TLODGL� YD� WRU� VXEVWUDW� GRLUDVL� ELODQ� FKHNODQJDQ��
%XQGDQ� WDVKTDUL�� 3Gɏ��&+�&1���
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GLVWLOODQJDQ� VXY�� NDOL\� [ORULGQLQJ� Wɨµ\LQJDQ�
HULWPDVL� YD� GLVWLOODQJDQ� VXY� ELODQ� NHWPD� NHWOLNGD�
\XYLOGL�� (NVWUDNW� �� J� 1D�62�� \RUGDPLGD� ��� VRDW�
GDYRPLGD�TXULWLOGL� YD� ILOWUODQGL��(ULWXYFKL� YDNXXP�
VKDURLWLGD� KD\GDOGL�� TROGLT� PDVVDVL� ɨµ]JDUPD\�
TROJXQFKD� YDNXXPOL� HNVLNDWRUGD� TXULWLOGL� YD� ����
QLVEDWGDJL� JHNVDQ�HWLO� DWVHWDW� VLVWHPDVL� RUTDOL�
[URPRWRJUDIL\D�NRORQNDVLGD�DMUDWLE�ROLQGL��2OLQJDQ�
YLQLO�HILUODU�,4-���+-����&-<$05�YD�;URPDWR-PDVV�
VSHNWU�DQDOL]ODUL�RUTDOL�WDKOLO�TLOLQGL� 

 
1DWLMDODU�YD�PXKRNDPD 
8VKEX� LVKGD� LON�ERU�D\ULP�WXUOL�RµULQERVDU�

WXWJDQ� DURPDWLN� NDUERQ� NLVORWDODUQL� YLQLODVHWDW�
ELODQ� YLQLODOPDVKLQLVK� UHDNVL\DODUL� �-[ORU-���-
GLPHWRNVL-�����-WULD]LQ� LVKWLURNLGD� RµUJDQLOGL��
6LQWH]�TLOLQJDQ�YLQLO�HILUODU�XQXPLJD�ERVKODQJµLFK�

PRGGDODU� WDELDWL�� KDURUDW�� UHDNVL\D� GDYRPL\OLJL��
HULWXYFKL�YD�UHDJHQWODU-�UX[�WULIODW��=Q�27I��������-
GLIHQLOELQDIWRO� ����ƍ-3K�%,12/-�/L��� NDOL\�
XFKODPFKL� EXWLODW� �.2WU%X��� EXWLOOLWL\� �%X/L��
WDELDWL� RµUJDQLOGL�� $URPDWLN� NDUERQ� NLVORWDODUGDQ��
EHQ]R\�� IHQLOVLUND�� �-PHWLOEHQ]R\�� �-
PHWRNVLEHQ]R\�� ���-GLPHWRNVLEHQ]R\�� �-
EURPEHQ]R\�� �-EURPEHQ]R\�� �-IWRUEHQ]R\�� �-
QLWUREHQ]R\�� �-QLWUREHQ]R\�� �-XFKODPFKL�
EXWLOEHQ]R\�� �-[ORUEHQ]R\�� �-[ORUEHQ]R\�� �-
JLGURNVLEHQ]R\�YD��-JLGURNVLEHQ]R\�NLVORWDODUQLQJ�
YLQLO� HILUODUL� VLQWH]� TLOLQGL�� 2OLQJDQ� YLQLO�
HILUODUQLQJ� WX]LOLVKL� ]DPRQRYL\� IL]LN-WDGTLTRW�
XVXOODULGD� DQLTODQGL� YD� XODUQL� LVKODE� FKLTLVK�
WH[QRORJLN�V[HPDVL�\DUDWLOGL�� 

5HDNVL\DQLQJ� XPXPL\� V[HPDVL� TX\LGD�
NHOWLULOJDQ� 

�� 

&$7$/<6,6�$1'�5($&7,21�(1*,1((5,1* 
ɌȿɏɇɈɅɈȽɂə�ɄȺɌȺɅɂɁȺ�ɂ�ɊȿȺɄɐɂɃ 
.$7$/,=�9$�5($.6,<$�7(;12/2*,<$6, 
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8PXPL\�KROGD�MDUD\RQ�PH[DQL]PLQL�TX\LGDJLFKD�WDNOLI�HWLVK�PXPNLQ�� 

6LQWH]�TLOLQJDQ�YLQLO�HILUODULQLQJ�WX]LOLVKL�,4-��
�1-����&�<$05�YD�;URPDWR-PDVV�VSHNWU�WDKOLOODUL�
\RUGDPLGD�LVERWODQGL��4X\LGD� ��-IHQLOVLUND�NLVORWD�

YLQLO� HILULQLQJ� ,4-VSHNWUL� ��-UDVP��� �1� <$05-
VSHNWUL� ��-UDVP��� ��&� 05-VSHNWUL� ��-UDVP�� YD�
;URPDWR-PDVV�VSHNWUL���-UDVP��NHOWLULOJDQ�� 
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LRQLQLQJ� ID]RYL\� TDUVKLOLJL� KDP� PDKVXORW�
XQXPLQLQJ�NDPD\LVKLJD�ROLE�NHODGL��+DURUDW�-���R&�
ɞɚ� =Q�27I���7Ƚ)� LVKWLURNLGD� YLQLO� HILUODU�
PDNVLPXP���í�����í�����í�����í�����í�����í����
�-�����-�����-������-������-������-������-������-
���� ��-����� XQXP� ELODQ� VLQWH]� TLOLQGL�� $URPDWLN�
NDUERQ� NLVORWD� YLQLO� HILUODUL� XQXPL� �-%U-
&�+�&22&+ &+���-&O-&�+�&22&+ &+�� ��-2+-
&�+�&22&+ &+���-2+-&�+�&22&+ &+�����-2�1-
&�+�&22&+ &+���-%U-&�+�&22&+ &+��� �-&O-
&�+�&22&+ &+�� �� �-2�1-&�+�&22&+ &+��� �-)-
&�+�&22&+ &+��� &�+�&22&+ &+���
&�+�&+�&22&+ &+��� ���-&+�2-
&�+�&22&+ &+��� �-&+�-&�+�&22&+ &+��� �-
�&+���&-&�+�&22&+ &+���-&+�2-
&�+�&22&+ &+��WDUWLEGD�RUWLE�ERUDGL� 

7DMULED�QDWLMDODULGDQ�NRµULQDGLNL�� WDQODQJDQ�
NDUERQ� NLVORWDODUQLQJ� NLVORWDOL� [RVVDVL� RUWJDQ� VDUL�
XODUQLQJ� IDRO� WULD]LQ� HILULGDQ� �-JLGURNVL-���-
GLPHWRNVL-�����-WULD]LQ� LRQLQLQJ� FKLTLE� NHWLVKL�
TL\LQODVKDGL�� QDWLMDGD� YLQLO� HILUODUQLQJ� XQXPL�
NDPD\DGL�� �-$OPDVKLQJDQ� RµULQERVDU� HOHNWURGRQRU�
JXUXK� ERµOVD� DURPDWLN� KDOTDJD� HOHNWURQ� HIIHNWL�
ELODQ� WD¶VLU� HWLE� IDRO� WULD]LQ� HILUL� KRVLO� ERµOLVKLQL�
RVRQODVKWLUDGL�� %XQGDQ� WDVKTDUL� JLGURNVL� YD�
QLWUREHQ]R\� NLVORWDODUGD� D]RW� YD� NLVORURG� DWRPODUL�
KDP� HOHNWURILO� PDUND]� ERµOJDQOLJL� XFKXQ�
TRµVKLPFKD� PDKVXORW� KRVLO� ERµOLVKL� NX]DWLOGL��
9LQLODVHWDWGDQ� YLQLORNVL� LRQLQLQJ� KRVLO� ERµOLVKL�

�-5DVP���-)HQLOVLUND�NLVORWD�YLQLO�HILULQLQJ�,4-�VSHNWUL�� �-5DVP��)HQLOVLUND�NLVORWD�YLQLO�HILULQLQJ��ɇ�<$05�–�VSHNWUL�� 

�-5DVP��)HQLOVLUND�NLVORWD�YLQLO�HILULQLQJ���&–VSHNWUL�� �-5DVP���-)HQLOVLUND�NLVORWD�YLQLO�HILULQLQJ�[URPDWR-PDVV�VSHNWUL�� 

6LQWH]� TLOLQJDQ� DURPDWLN� NDUERQ� NLVORWD�
YLQLO� HILUODULQLQJ� �+� <$05-VSHNWUODULQL� WDKOLO�
TLOLVK� QDWLMDVLGD� ����-����� P�X�� VRKD� RUDOLJµLGD�
YLQLO� JXUXKLGDJL� -&+�� JD� [RV� LNNLWD� SURWRQQLQJ�
GXEOHW-GXEOHW� VLJQDOODUL� YD� YLQLO� JXUXKLGDJL� -&+�
SURWRQLQLQJ�����-�����P�X��VRKDGD�NLP\RYL\�VLOMLVK�
VLJQDOL� NX]DWLOGL�� %XQGDQ� WDVKTDUL�� ,4-VSHNWUGD�
YLQLO� JXUXKLJD� �-&+ &+��� [RV� VLJQDO� ����-�����
VP-��VRKDODUGD�NX]DWLOGL�>��@� 

9LQLO� HILU� XQXPLJD� KDURUDWQLQJ� �-�-���� R&�
LQWHUYDOODU� RUDOLJµLGD� WD¶VLUL� WDGTLT� TLOLQGL��
7DQODQJDQ�VLVWHPDODUGD��=Q�27I�������ƍ-3K�%,12/
-�/L�� .2WU%X� YD� %X/L� UHDNVL\D� 7*)� HULWPDVLGD��
ERVKODQJµLFK�PRGGDODU� �NDUERQ� NLVORWD�YLQLODVHWDW��
PRO�PLTGRUL�����QLVEDWGD�ROLE�ERULOJDQGD�PDKVXORW�
XQXPL� QXNOHRILO� UHDJHQW� VLIDWLGD� WDQODQJDQ� PHWDOO�
RUJDQLN� ELULNPDODU� ���ƍ-3K�%,12/-�/L�� %X/L��
.2WU%X�JD� QLVEDWDQ�=Q�27I��� TRµOODQLOJDQGD� YLQLO�
HILU� XQXPL� PDNVLPXP� ERµOLVKL� DQLTODQGL� ��-
MDGYDO��� 

2OLQJDQ� QDWLMDODU� DVRVLGD�YLQLO� HILUODUQL� VLQWH]�
TLOLVKGD� TRµOODQLOJDQ� UHDJHQWODUQLQJ� NDWDOLWLN�
IDROOLN� TDWRUL� WRSLOGL�� XQJD� NRµUD�� -/3K�%,12-މ���
�/L�7Ƚ)� �� %X/L�7Ƚ)� �� .2W%X�7Ƚ)� �� =Q�27I���
7Ƚ)�NHWPD-NHWOLNGD�PDKVXORW�XQXPL�RVKLE�ERULVKL�
DQLTODQGL�� %XQLQJ� VDEDEL�� \XTRULGD� NHOWLULOJDQ�
WDUWLE� ERµ\LFKD� QXNOHRILO� UHDJHQWODUQLQJ�
EDUTDURUOLJL� RUWLE� ERUDGL�� ���-'LIHQLO� ELQDIWDODW�
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TD\WDU�MDUD\RQ�ERµOJDQOLJL�VDEDEOL�KDURUDWQLQJ�-���
GDQ� �� Rɋ� JDFKD� RUWLVKL� YLQLO� HILUL� XQXPLQLQJ�
NDPD\LVKLJD�ROLE�NHODGL� 

$URPDWLN����NDUERQ����NLVORWD����YLQLO���HILUL� 
 

+DURUDW� 
�& 

0DKVXORW�XQXPL��� 

� � � � � � � � � �� �� �� �� �� �� 

���ƍ-3K�%,12/-�/L 
-�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� 

-�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� 

� �� �� �� �� �� - �� �� �� �� �� �� �� �� �� 

  %X/L 

-�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� 

-�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� 

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

  .2WU%X 

-�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� 

-�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� 

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

  =Q�27I�� 

-�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� 

-�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� 

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

�--DGYDO 
.DUERQ�NLVORWD�YLQLO�HILUODUL�XQXPLJD�KDURUDW�WD¶VLUL� 

�NDUERQ�NLVORWD��YLQLODWVHWDW�����PRO�QLVEDWGD��HULWXYFKL-7*)��UHDNVL\D�GDYRPL\OLJL���VRDW� 

XQXPLJD� UHDNVL\D� GDYRPL\OLJL� WD¶VLULQL� RµUJDQLVK�
XFKXQ� YLQLODVHWDW� DVRVLGD� YLQLODOPDVKLQLVK�
MDUD\RQODUL� �-�� VRDW� RUDOLJµLGD� ROLE� ERULOGL� ��-
UDVP��� 

�-5DVP��.DUERQ�NLVORWD�YLQLO�HILU�XQXPLJD�UHDNVL\D�GDYRPL\OLJL�WD¶VLUL 
��KDURUDW�-���R&��HULWXYFKL�7*)��UHDJHQW-=Q�27I���� 

NDUERQ�NLVORWD���YLQLODVHWDW�PLTGRUL�����PRO�QLVEDWGD�� 
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HULWXYFKLODUGD� VH]LODUOL� GDUDMDGD� WH]� ERUDGL��
(ULWXYFKL� PROHNXODVL� XVKEX� MDUD\RQGD� KRVLO�
ERµOJDQ� YLQLODVHWDWQLQJ� YLQLORNVL� DQLRQLQL�
VROYDWODPDJDQOLJL� VDEDEOL� VXEVWUDW-NDUERQ� NLVORWD�
IDRO� WULD]LQ� HILUL� ELODQ� UHDNVL\DJD� NLULVKLVK� XFKXQ�
HUNLQ� ERµODGL� >��@�� 6KXQLQJ� XFKXQ� NDUERQ�
NLVORWDODUQLQJ� YLQLODVHWDW� ELODQ� YLQLODOPDVKLQLVK�
UHDNVL\DVLGD� ';0�� '((� YD� 7*)� HULWXYFKLODUL�
WDELDWLQLQJ� NDUERQ� NLVORWD� YLQLO� HILUL� XQXPLJD�
WD¶VLUL�RµUJDQLOGL���-UDVP��� 

1DWLMDODUGDQ�NRµULVK�PXPNLQNL��YLQLODVHWDW�
YD� NDUERQ� NLVORWDODU� UHDNVL\DVLGD� YLQLO� HILUODU�
ROLVKGD� 7*)� HULWXYFKLVL� TRµOODQLOVD� PDKVXORWQLQJ�
QLVEDWDQ�\XTRUL�XQXPL� �TX\LGDJLFKD�ERµOGL���í����
�í�����í�����í�����í�����í�����-�����-�����-����
��-���� ��-���� ��-���� ��-���� ��-��� YD� ��-�����
4RµOODQLOJDQ� HULWXYFKLODU� RUDVLGD� DSURWRQ�
HULWXYFKLODU� KLVREODQJDQ� '((� YD� 7*)� GD�
PDKVXORWQLQJ�VH]LODUOL�GDUDMDGD�\XTRUL�XQXP�ELODQ�
FKLTLVKLQL� TX\LGDJLFKD� L]RKODVK� PXPNLQ�� 4XWEOL�
DSURWRQ� HULWXYFKL� 7*)� HILUJD� QLVEDWDQ� NXFKOL�
VROYDWODVK� TRELOL\DWLJD� HJD� ERµOJDQ� HULWXYFKL�
KLVREODQDGL�� 8QLQJ� PROHNXODVLGDJL� HILU� TROGLJµL�
ERµOJDQ� DONLO� JXUXKLQLQJ� KDOTD� KRVLO� TLOLVKL�
NLVORURGQLQJ� WDTVLPODQPDJDQ� HOHNWURQ� MXIWODUL�
ELODQ�PHWDOO�LRQLQLQJ�WD¶VLUODVKLVKLQL�RVRQODVKWLUDGL�
YD�PHWDOO�LRQLQLQJ�EDUTDURUOLJLQL�RVKLUDGL��7*)�GD�
UHDJHQW� HULWPDJD� WH]� YD� RVRQ� RµWLE�� UHDNVL\DQLQJ�
ERULVKL�� \D¶QL� ERVKODQJµLFK� PRGGDODUGD� IDRO�
PDUND]�KRVLO�ERµOLVKL�XFKXQ�TXOD\�JRPRJHQ�PXKLW�
\DUDWDGL�� 'LHOHNWULN� GRLPL\OLJL� '((� �\H � ����� YD�
';0� �\H � ����� JD� QLVEDWDQ� \XTRUL� ERµOJDQ� 7*)�
GD��\H ������PXKLWQLQJ�TXWEOLOLJL�RUWLVKL�QDWLMDVLGD�
DNWLYODQJDQ� NRPSOHNVODUQLQJ� KRVLO� ERµOLVKL�
KLVRELJD� UHDNVL\D� WH]OLN� GRLPL\VL� RUWLE� ERUDGL�� EX�
HVD�YLQLO� HILU�XQXPL�\XTRUL�ERµOLVKLJD�ROLE�NHODGL��

&$7$/<6,6�$1'�5($&7,21�(1*,1((5,1* 
ɌȿɏɇɈɅɈȽɂə�ɄȺɌȺɅɂɁȺ�ɂ�ɊȿȺɄɐɂɃ 

.$7$/,=�9$�5($.6,<$�7(;12/2*,<$6, 

'DVWODE� UHDNVL\D� �� VRDW� GDYRPLGD� ROLE�
ERULOJDQLGD�� ERVKODQJµLFK� NDUERQ� NLVORWD� ELODQ� �-
[ORU-���-GLPHWRNVL-�����-WULD]LQ� WRµOLT� UHDNVL\DJD�
NLULVKPDJDQOLJL��RUDOLT�ELULNPD�NLVORWD�IDRO�WULD]LQ�
HILULQLQJ� \HWDUOL� PLTGRUGD� KRVLO� ERµOPDVOLJL�
DQLTODQGL�� -DUD\RQ� YDTWL� �� VRDWJD� X]D\WLULOJDQGD��
YLQLODOPDVKLQLVK� UHDNVL\DVLQLQJ� WRµOLT� ERULVKL��
VLVWHPDGD� WULD]LQ� IDRO�HILUQLQJ�KRVLO�ERµOLVKL�ELODQ�
UHDNVL\D� WH]OLJL� RUWLVKL� QDWLMDVLGD�PDKVXORW� XQXPL�
QLVEDWDQ� \XTRUL� ��í���� �í���� �í���� �í���� �í����
�í�����-�����-�����-������-������-������-������-
������-������-������ERµOLVKL�NX]DWLOGL��7DQODQJDQ�
NDUERQ� NLVORWDODUQL� YLQLODVHWDW� ELODQ�
YLQLODOPDVKLQLVK� UHDNVL\DVL� �� VRDWJDFKD�
RVKLULOJDQGD� HVD� DPDOGD� PDKVXORW� XQXPLGD�
Rµ]JDULVK� NX]DWLOPDGL�� -DGYDOGDQ� NRµULQLE�
WXULEGLNL�� UHDNVL\D� GDYRPL\OLJL� �� VRDW� ERµOJDQGD�
PDKVXORW� XQXPLQLQJ� PDNVLPXP� RUTDOL� RµWLVK�
NX]DWLOGL� 

+R]LUJL� YDTWGD� PHWDOORUJDQLN� ELULNPDODU�
RUTDOL� NRµSODE� RUJDQLN� UHDNVL\DODU� ROLE�
ERULOPRTGD�� 0HWDOORUJDQLN� ELULNPDODUQL� RUJDQLN�
VLQWH]GD� NRµS� TRµOODQLOLVKLJD� VDEDE� VKXNL�� XODU�
NLP\RYL\� MXGD� IDRO� YD� WXUOL� UHDNVL\DODUJD� RVRQ�
NLULVKDGL�YD�D\ULPODUL�VHOHNWLY�UHDJHQW�KLVREODQDGL�
>��@�� (ULWXYFKLODU� PHWDOORUJDQLN� ELULNPDODUQLQJ�
IDROOLJLJD�� UHDNVL\D� WH]OLJLJD�� VHOHNWLYOLNND� YD�
RUDOLT� PDKVXORWODUQLQJ� EDUTDURUOLJLJD� VH]LODUOL�
WD¶VLU� NRµUVDWDGL�� .RµSJLQD� PHWDOORUJDQLN�
ELULNPDODU� NHQJ� WDUTDOJDQ� RUJDQLN� HULWXYFKLODUGD�
HULPD\GL� YD� EXQGD� PD[VXV� HULWXYFKLODUGDQ�
IR\GDODQLVKQL� WDODE� TLODGL�� 6RµQJJL� YDTWODUGD�
PHWDOORUJDQLN� ELULNPDODU� LVKWLURNLGD� ERUDGLJDQ�
UHDNVL\DODU� WHWUDJLGURIXUDQ� �7*)��� GLHWLO� HILU�
�'((��� GL[ORUPHWDQ� �';0�� YD� WROXRO� NDEL� TXWEOL�
DSURWRQ�HULWXYFKLODU�LVKWLURNLGD�ROLE�ERULODGL�>��@� 

$URPDWLN�NDUERQ�NLVORWDODUQLQJ�YLQLODVHWDW�
ELODQ�YLQLODOPDVKLQLVK�UHDNVL\DVL�61��PH[DQL]PGD�
ERUDGL� YD� EXQGD� RUDOLT� PDKVXORW� NDUERQ� NLVORWD�
IDRO� WULD]LQ� HILULQLQJ� HOHNWURILO� NDUERQLO�
XJOHURGLQLQJ� QXNOHRILO� UHDJHQW� ELODQ� į�
ERJµODQLVKLQL� DPDOJD� RVKLULVK� XFKXQ� NDWLRQODUQL�
\D[VKL� VWDELOORYFKL� TXWEOL� DSURWRQ� HULWXYFKLODU�
TXOD\� KLVREODQDGL�� 0D¶OXPNL�� TXWEOL� DSURWRQ�
HULWXYFKLODU� NLVORWDOL� [RVVDJD� HJD� ERµOLE�� YRGRURG�
DMUDWPD\GL�� DPPR� WDUNLELGD� HOHNWURPDQIL\� DWRP�
PDYMXG� ERµOJDQOLJL� ERLV� PXVEDW� ]DU\DGOL� PHWDOO�
NDWLRQODUL� ELODQ� ERJµ� KRVLO� TLOD� RODGL� YD�
QXNOHRILOODUQL� VRO¶YDWODPD\GL�� 6KXQLQJ� XFKXQ�
QXNOHRILO� ELULNLVK� UHDNVL\DODUL� SURWRQ�
HULWXYFKLODUJD� TDUDJDQGD� TXWEOL� DSURWRQ�

�-5DVP��.DUERQ�NLVORWD�YLQLO�HILUL�XQXPLJD�HULWXYFKLODU�WDELDWL�
WD¶VLUL���KDURUDW�-���R&��UHDNVL\D�GDYRPL\OLJL���VRDW��UHDJHQW-�=Q

�27I���5-&22+�&+�-&22-&+ &+��PRO�PLTGRUL������� 
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'((� KDP� TXWEOL� DSURWRQ� HULWXYFKL� ERµOLE�� WDELDWL�
ML[DWLGDQ� 7*)� JD� Rµ[VKD\GL�� '((� PHWDOORUJDQLN�
ELULNPDODUQLQJ� IDROOLJLJD� YD� EDUTDURUOLJLJD� 7*)�
JD� Rµ[VKDE� WD¶VLU� TLODGL�� $PPR� '((� 7*)� JD�
QLVEDWDQ� PHWDOO� LRQODULQL� NDPURT�
EDUTDURUODVKWLUDGL��6KXQLQJ�XFKXQ�KDP�YLQLO�HILUODU�
XQXPLGD� NDPD\LVK� NX]DWLOGL�� 'L[ORURPHWDQ�
�&+�&O��� RUJDQLN� UHDNVL\DODUGD� NRµS� TLUUDOL�
HULWXYFKL� ERµOLE� RµUWDFKD� TXWEOLOLN� YD� WXUOL�
PHWDOORUJDQLN�ELULNPDODUQL� HULWLVKL� WXID\OL� RUJDQLN�
VLQWH]GD� NHQJ� TRµOODQLODGLJDQ� HULWXYFKLGLU�� ';0�
7*)�YD�'((�JD�TDUDJDQGD�NRµSODE�PHWDOORUJDQLN�
ELULNPDODUJD� QLVEDWDQ� LQHUW� ERµOLE�� EX� HULWXYFKLGD�
PHWDOORUJDQLN� ELULNPD� PROHNXODODUL� HUNLQ� \RNL�
GLPHU�KROLGD�PDYMXG�ERµODGL��6KXQLQJ�XFKXQ�YLQLO�
HILU�XQXPL�HQJ�SDVW�ERµOLVKL�NX]DWLOGL�>��@� 

8VKEX� WDGTLTRW� LVKLGD� YLQLODVHWDW� DVRVLGD�
DURPDWLN� NDUERQ� NLVORWDODUQLQJ� YLQLO� HILUODULQL�
LVKODE�FKLTDULVK�WH[QRORJL\DVL�\DUDWLOGL��-DUD\RQGD�
DWPRVIHUD� ERVLPL� RVWLGD� NDWDOL]DWRU� LVKWLURNLVL]�
YLQLODVHWDWQLQJ� YLQLO� JXUXKLQL� NDUERQ� NLVORWDJD�
YLQLODOPDVKLQLVK� UHDNVL\DVL� RUTDOL� NLULWLE� YLQLO�
HILUODUL�VLQWH]L�DPDOJD�RVKLULOGL� 

-DUD\RQGD� �-[ORU-���-GLPHWRNVL-�����-
WULD]LQQLQJ�YD]LIDVL�NDUERQ�NLVORWDQL�IDROODVKWLUDGL��
9LQLO� HILUODUQL� 7*)� HULWPDVLGD� JRPRJHQ� XVXOGD�
VLQWH]� TLOLVK� MDUD\RQL� LNNL� ERVTLFKGD� DPDOJD�

RVKLULOGL�� %LULQFKL� ERVTLFKGD� 7*)� HULWXYFKL�
PXKLWLGD� NDUERQ� NLVORWD� 1-PHWLOPRUIDOLQ�
LVKWLURNLGD��-�� ɨ&�KDURUDWGD��-[ORU-���-GLPHWRNVL-
�����-WULD]LQ� ELODQ� UHDNVL\DJD� NLULVKLE� NDUERQ�
NLVORWDQLQJ�IDRO�WULD]LQ�HILULQL�KRVLO�TLODGL��,NNLQFKL�
ERVTLFKGD� -��� ɨ&� KDURUDWGD� NDUERQ� NLVORWD� IDRO�
WULD]LQ� HILUL� ELODQ� YLQLO� DVHWDWQLQJ� UHDNVL\DVLGDQ�
PRV� UDYLVKGDJL� YLQLO� HILUODU� VLQWH]L� DPDOJD�
RVKLULODGL�� 

6LQWH]� MDUD\RQL� DWPRVIHUD� ERVLPLGD�� �-�-
���� ɨɋ� KDURUDWGD� GDYUL\� UDYLVKGD� DPDOJD�
RVKLULODGL��%XQGD�VRYXWLVK�WL]LPL�ELODQ�MLKR]ODQJDQ�
UHDNWRUJD� �5-���� PD[VXV� QD\ODU� \RUGDPLGD�
GDVWODENL� PRGGDODU�� NDUERQ� NLVORWD�� �-[ORU-���-
GLPHWRNVL-�����-WULD]LQ�� 1-PHWLOPRUIDOLQ� YD�
HULWXYFKL�7*)�\XNODQDGL��5HDNWRUGDJL�[RP�DVK\R�
�� VRDW� GDYRPLGD�� �-�� ɨ&� KDURUDWGD� DWPRVIHUD�
ERVLPLGD� PH[DQLN� DUDODVKWLUJLFK� \RUGDPLGD�
DUDODVKWLULODGL��6KX�ELODQ�ELU�YDTWGD�VRYXWLVK�WL]LPL�
ELODQ� MLKR]ODQJDQ� LNNLQFKL� UHDNWRUJD� �5-����
7*)GD� HULWLOJDQ� NDOL\� XFKODPFKL� EXWLODW� HULWPDVL�
\XERULOLE��-���ɨ&�KDURUDWJDFKD�VRYXWLODGL��6RµQJUD�
DUDODVKPDJD� YLQLODVHWDWQLQJ� 7*)GDJL� HULWPDVL�
VHNLQOLN� ELODQ� \XERULOLE�� ��� PLQ�� GDYRPLGD�
DUDODVKWLULODGL�� 6RµQJUD� ELULQFKL� UHDNWRUGDJL� KRVLO�
ERµOJDQ� NLVORWDQLQJ� IDRO� WULD]LQ� HILULQL� Rµ]� LFKLJD�
ROJDQ� UHDNVLRQ� DUDODVKPD� 1-��� QDVRV� ELODQ�

&$7$/<6,6�$1'�5($&7,21�(1*,1((5,1* 
ɌȿɏɇɈɅɈȽɂə�ɄȺɌȺɅɂɁȺ�ɂ�ɊȿȺɄɐɂɃ 
.$7$/,=�9$�5($.6,<$�7(;12/2*,<$6, 

�-5DVP��$URPDWLN�NDUERQ�NLVORWD�YLQLO�HILUODULQL�LVKODE�FKLTDULVK�TXULOPDVLQLQJ�SULQVLSLDO�WH[QRORJLN�V[HPDVL� 
5-����5-��–�6LQWH]�UHDNWRUODUL����P����,$-���–�LVVLTOLN�DOPDVKJLFK��1-����1-����1-����1-����1-����1-���QDVRVODU��(�-HNVWUDNVL\D�NRORQQDVL��
$-������P���–�DMUDWJLFK��<-������P����<-������P��-\XYLVK�NRORQQDVL��4-��-TXULWLVK�NRORQQDVL��9$-���YDNXXPOL�IUDNVL\DODVK��9-��������P����9

-��������P��–�VLJµLPODU��6W-���–�VRYXWLVK�WL]LPL� 
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SRµODWGDQ� WD\\RUODQJDQ� WUXEDODU� RUTDOL� �SRµODWGDQ�
\DVDOJDQ� WUXEDODU� WDUNLELGD� UDQJOL� PHWDOODU�
ERµOPDVOLJL� NHUDN�� LNNLQFKL� UHDNWRUJD� �5-����
\XERULODGL�YD���VRDW�GDYRPLGD�DUDODVKWLULODGL��6LQ�
WH]� MDUD\RQL� WXJDJDFK�� LNNLQFKL� UHDNWRUGDJL�
UHDNVLRQ� DUDODVKPD� ,$-��� LVVLTOLN� DOPDVKJLFK�
RUTDOL� [RQD� KDURUDWLJDFKD� ���� �&�� VRYLWLODGL��
,NNLQFKL� UHDNWRUGDJL� UHDNVLRQ�DUDODVKPDJD�1+�&O�
QLQJ� ��� OL� HULWPDVL� TRµVKLODGL� YD� 1-��� QDVRV�
RUTDOL� HNVWUDNVL\D� NRORQQDVLJD� \XERULODGL��
(NVWUDNVL\D�NRORQQDVLGD�UHDNVLRQ�DUDODVKPD��GLHWLO�
HILU�\RUGDPLGD�HNVWUDNVL\D�TLOLQDGL�YD�1-���QDVRV�
RUTDOL� DMUDWLVK� NRORQQDVLJD� RµWND]LODGL�� <XTRUL�
HILUOL� TDWODP� TLVPLGD� NDUERQ� NLVORWD� YLQLO� HILUL��
EXWLODVHWDW� HILUL�� VLUND� DOGHJLG� YD� NDP� PLTGRUGD�
UHDNVL\DJD� NLULVKPDJDQ� GDVWODENL� NDUERQ� NLVORWD�
PDYMXG�ERµODGL��$MUDWLVK�MDUD\RQLGD�7*)GD�HULJDQ�
SDVWNL� TDWODPGD� NDUERQ� NLVORWDQLQJ� WULD]LQ� IDRO�
HILUL�� �-JLGURNVL-���-GLPHWRNVL-�����-WULD]LQ�� 1-
PHWLOPRUIDOLQ� YD� TRµVKLPFKD� KDPGD� UHDNVL\DJD�
NLULVKPDJDQ� PRGGDODU� IUDNVL\DODUJD� DMUDWLOLE�
TD\WDGDQ�UHDNWRUJD�\XERULODGL�� 

'LHWLO� HILU� TDWODPLGD� HULJDQ� DVRVL\�
DUDODVKPD� 1-��� QDVRV� RUTDOL� <-��� \XYLVK�
NRORQQDVLJD� \XERULODGL�� <XYLVK� NRORQQDVLGD�
NDUERQ� NLVORWDQLQJ� YLQLO� HILULQL� Rµ]� LFKLJD� ROJDQ�
HILUOL� TDWODP� 1D+&2�� QLQJ� ���� 0� HULWPDVL� ELODQ�
\XYLODGL� YD� 1-��� QDVRV� RUTDOL� <-��� \XYLVK�
NRORQQDVLJD�\XERULODGL��%X�\HUGD�HILUOL�TDWODP���0�
1D+62�� HULWPDVL� ELODQ� \XYLODGL�� %X� MDUD\RQGD�
KDP� KRVLO� ERµOJDQ� MXGD� NDP� PLTGRUGDJL�
TRµVKLPFKD� PDKVXORWODU� DMUDWLE� ROLQLE� TD\WD�
LVKODQDGL��6RµQJUD�HILUOL�TDWODP�1-���QDVRV�RUTDOL�
TXULWLVK� NRORQQDVLJD� \XERULODGL�� (ILUOL� TDWODP�
1D�62�� \RUGDPLGD� VXYGDQ� TXULWLODGL�� VRµQJUD�
YDNXXPOL� KD\GDVK� RUTDOL� GLHWLO� HILU� YD� NDUERQ�
NLVORWDQLQJ�YLQLO�HILUL�DMUDWLE�ROLQDGL��HILU�VLVWHPDJD�
TD\WD�\XERULODGL��.DUERQ�NLVORWD�YLQLO�HILUL�VLQWH]L�
QL� DPDOJD� RVKLULVK� WH[QRORJLN� V[HPDVL� �-UDVPGD�
NHWLULOJDQ� 

.DUERQ� NLVORWDQLQJ� YLQLO� HILULQL� VLQWH]�
TLOLVKGD� KRVLO� EɨµODGLJDQ� RUDOLT� YD� TɨµVKLPFKD�
PDKVXORWODUQLQJ� WDUNLEL�� PLTGRUL� DQLTODQGL�� XODU�
LNNLODPFKL� TD\WD� LVKODQLE� WH[QRORJLN� MDUD\RQGD�
WDNURUDQ� EHULOGL�� QDWLMDGD� PDKVXORW� XQXPLQL�
RVKLULVKJD�� XQLQJ� WDQQDU[LQL� WXVKLULVKJD�� FKLTLQGL�
PDKVXORWODU�PLTGRULQL�NDPD\WLULVKJD�HULVKLOGL�� 

9LQLO� HILU� VLQWH]LQL� GDYUL\� DPDOJD�RVKLULVK�
XFKXQ� VLQWH]� UHDNWRULJD� UHJODPHQWGD� NRµUVDWLOJDQ�
KDMPODUGD� [RPDVK\R� \XNODQDGL�� 1DPXQD� VLIDWLGD�
����� NJ� �-XFKODPFKLEXWLO� EHQ]R\� NLVORWD� YLQLO�

HILULQL� LVKODE� FKLTDULVK� XFKXQ� VDUIODQDGLJDQ�
ERVKODQJµLFK� [RPDVK\RODUQLQJ� ELU� VRDWGD� YD�
VXWNDOLN� VDUIODUL� �-MDGYDOGD� NHOWLULOJDQ�� �-
8FKODPFKLEXWLO� EHQ]R\� NLVORWD� YLQLO� HILULGDQ� �����
NJ� LVKODE� FKLTDULVK� XFKXQ� [RPDVK\R�� PDWHULDOODU�
VDUIL� YD� PDWHULDO� EDODQVL� �-MDGYDOGD� NHOWLULOJDQ��
(NVWUDNVL\D� MDUD\RQLGD� DMUDWLE� ROLQJDQ� �-��-
XFKODPFKL� EXWLO�-���-GLPHWRNVL-�����-WULD]LQ�
EHQ]RDW�� �-JLGURNVL-���-GLPHWRNVL-�����-WULD]LQ�� 1-
0HWLOPRUIDOLQ�� WHWUDJLGURIXUDQ� YD� GLHWLO� HILUODU�
UHDNVL\DJD�TD\WD�EHULODGL��%X�HVD�PDKVXORW�XQXPLQL�
RVKLVKLJD�YD�WDQQDU[LQL�NDPD\LVKLJD�ROLE�NHODGL� 

 
;XORVD 
,ON� ERU� WXUOL� [LO� WDELDWJD� HJD� ERµOJDQ�

DURPDWLN� NDUERQ� NLVORWDODU� ELODQ� YLQLODVHWDWQLQJ� �-
[ORU-���-GLPHWRNVL-�����-WULD]LQ�� 1-PHWLOPRUIROLQ�
YD� UHDJHQWODU-� =Q�27I���� ���ƍ-3K�%,12/-�/L��
.2WU%X�� %X/L� LVKWLURNLGD� YLQLODOPDVKLQLVK�
UHDNVL\DVL� RUTDOL� DURPDWLN� NDUERQ� NLVORWD� YLQLO�
HILUODUL�VLQWH]�TLOLQGL� 

5HDNVL\D�ERULVK�PH[DQL]PL�WDNOLI�HWLOJDQ�YD�
�-[ORU-���-GLPHWRNVL-�����-WULD]LQ� YD� 1-
PHWLOPRUIROLQGDQ� IDRO� RUDOLT� WULD]LQ� HILU� KRVLO�
ERµOLVKL�� XQLQJ� YLQLODVHWQLQJ� YLQLORNVL� LRQL� ELODQ�
QXNOHRILO� ELULNLVK� UHDNVL\DVL� KLVRELJD� NDUERQ�
NLVORWDQLQJ�YLQLO�HILUL�KRVLO�ER¶OLVKL�NRµUVDWLOJDQ� 

9LQLO� HILUODU� XQXPLJD� ERVKODQJµLFK�

�� 

&$7$/<6,6�$1'�5($&7,21�(1*,1((5,1* 
ɌȿɏɇɈɅɈȽɂə�ɄȺɌȺɅɂɁȺ�ɂ�ɊȿȺɄɐɂɃ 

.$7$/,=�9$�5($.6,<$�7(;12/2*,<$6, 

�--DGYDO 
;RPDVK\RQLQJ�VDUIODUL 

ʋ ɏɨɦDVK\R ��W�PDKVXORW�
XFKXQ�VDUI��NJ 

� 
�-

8FKODPFKLEXWLO�
EHQ]R\�NLVORWD 

������ 

� 9LQLODWVHWDW ����� 

� 
�-;ORU-���-

GLPHWRNVL-�����-
WULD]LQ 

������ 

� 1-0HWLOPRUIDOLQ ����� 

� .DOL\�XFKODPFKL�
EXWLODW ����� 

� 7HWUDJLGURIXUDQ ������ 
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PRGGDODU� WDELDWL�� KDURUDW�� HULWXYFKLODU� WDELDWL��
UHDNVL\D� GDYRPL\OLJL� YD� UHDJHQWODU-� =Q�27I����
���ƍ-3K�%,12/-�/L�� .2WU%X�� %X/L� WDELDWL�
WD¶VLUODUL� WDGTLT� TLOLQGL� KDPGD� ROLQJDQ� QDWLMDODU�
DVRVLGD� MDUD\RQODUQLQJ� HQJ� PXTRELO� VKDURLWODUL�
WRSLOGL�� 8QJD� NRµUD� WDQODQJDQ� DURPDWLN� NDUERQ�
NLVORWDODU� ELODQ� YLQLODVHWDWQLQJ� YLQLODOPDVKLQLVK�
UHDNVL\DVL� XFKXQ� KDURUDW� -��� R&�� NDUERQ�
NLVORWD�YLQLODVHWDW�� ���� PRO� QLVEDWGD�� HULWXYFKL�
7*)�� UHDNVL\D� GDYRPL\OLJL� �� VRDW� ERµOJDQGD�

DURPDWLN� NDUERQ� NLVORWD� YLQLO� HILUODUL� HQJ� \XTRUL�
XQXP�ELODQ�VLQWH]�TLOLVKJD�HULVKLOGL� 

$URPDWLN� NDUERQ� NLVORWD� YLQLO� HILUODUL�
VLQWH]L�XFKXQ�WDQODQJDQ�HULWXYFKLODU–�7*)��'((�YD�
';0� WDKOLO� TLOLQJDQGD� HQJ� \XTRUL� XQXP� 7*)� GD�
KRVLO�ERµOJDQ� 

6LQWH]�TLOLQJDQ�YLQLO�HILUODUQLQJ�WX]LOLVKL�,4
-���+-����&-<$05�YD�0DVV-�VSHNWUODU�WDKOLOL�DVRVLGD�
LVERWODQJDQ�� 9LQLO� HILUODUQL� LVKODE� FKLTLVK�
WH[QRORJLN�V[HPDVL�WDNOLI�HWLOJDQ�� 
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