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Ɉɞɢɥɠɨɧ�ɗ��ɁɂəȾɍɅɅ$ȿȼ�����EXODN����#\DQGH[�UX� 
Ⱥɛɞɭɜɚ[ɚɛ�ɂɄɊȺɆɈȼ���LNURPRY����#OLVW�UX� 
ɋɚɪɜɢɧɨɡ�ɂ��ɌɂɊɄȺɒȿȼȺ���VDUYLQR]LVRTRYQD#PDLO�UX� 
�ɑɢɪɱɢɤɫɤɢɣ�ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ�ɩɟɞɚɝɨɝɢɱɟɫɤɢɣ�ɭɧɢɜɟɪɫɢɬɟɬ��ɑɢɪɱɢɤ��ɍɡɛɟɤɢɫɬDɧ� 
�Ⱥɤɚɞɟɦɢɹ�ɦɢɧɢɫɬɟɪɫɬɜɚ�ɱɪɟɡɜɵɱɚɣɧɵɯ�ɫɢɬɭɚɰɢɣ��Ɍɚɲɤɟɬ��ɍɡɛɟɤɫɢɬɚɧ 
�Ɍɚɲɤɟɧɬɫɤɢɣ�ɯɢɦɢɤɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ�ɢɧɫɬɢɬɭɬ��Ɍɚɲɤɟɧɬ��ɍɡɛɟɤɢɫɬɚɧ 
�Ⱦɠɢɡɚɤɫɤɢɣ�ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ�ɩɟɞɚɝɨɝɢɱɟɫɤɢɣ�ɭɧɢɜɟɪɫɢɬɟɬ��Ⱦɠɢɡɚɤ��ɍɡɛɟɤɢɫɬɚɧ 

 
ɐɟɥɶɸ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɹɜɥɹɟɬɫɹ�ɪɚɡɪɚɛɨɬɤɚ�ɧɨɜɨɣ�ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ�ɫɢɫɬɟɦɵ�ɞɥɹ�ɫɢɧɬɟɡɚ�ɤɨɧɰɟɜɵɯ�ɚɰɟɬɢɥɟɧɨɜɵɯ�ɫɩɢɪɬɨɜ�

ɢ�ɜɧɭɬɪɟɧɧɢɯ�ɚɰɟɬɢɥɟɧɨɜɵɯ�ɫɩɢɪɬɨɜ�ɢɡ�ɪɟɚɤɰɢɢ�ɩɪɢɫɨɟɞɢɧɟɧɢɹ�ɯɥɨɪɢɞɚɛɟɧɡɨɥ�ɪɟɚɤɰɢɢ�ɋɨɧɨɝɚɲɢɪɚ��ȼ�ɷɬɨɣ�ɪɚɛɨɬɟ�ɜɩɟɪɜɵɟ�ɛɵɥɢ�
ɢɫɩɨɥɶɡɨɜɚɧɵ�ɧɟɤɨɬɨɪɵɟ�ɤɨɧɰɟɜɵɟ�ɚɰɟɬɢɥɟɧɨɜɵɟ�ɫɩɢɪɬɵ�ɫ�ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ�ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ�ɫɢɫɬɟɦɵ�3G�2$F���&X&O�(W�1�0H&1�
+�2� –� ���-ɞɢɦɟɬɢɥɩɟɧɬɢɧ-�-ɨɥ-��� �����-ɬɪɢɦɟɬɢɥɩɟɧɬɢɧ-�-ɨɥ-��� �-ɷɬɢɧɢɥɰɢɤɥɨɝɟɤɫɚɧɨɥ-��� �-ɷɬɢɧɢɥɚɞɚɦɚɧɬɚɧɨɥ-��� �-
ɮɟɧɢɥɛɭɬɢɧ-�-ɨɥ-��� �-�ɧɚɮɬɢɥ-��ɛɭɬɢɧ-�-ɨɥ-��� �-�ɮɭɪɚɧɢɥ-��ɛɭɬɢɧ-�-ɨɥ-�� ɢ� �-�ɩɢɪɢɞɢɧɢɥ-��ɛɭɬɢɧ-�-ɨɥ-�� ɧɚ� ɨɫɧɨɜɟ� ɪɟɚɤɰɢɣ� ɫ�
ɛɟɧɡɨɥɯɥɨɪɢɞɨɦ� ɫɢɧɬɟɡɢɪɨɜɚɧɵ� ɜɧɭɬɪɟɧɧɢɟ� ɚɰɟɬɢɥɟɧɨɜɵɟ� ɫɩɢɪɬɵ�� Ⱥɥɶɬɟɪɧɚɬɢɜɧɵɟ� ɭɫɥɨɜɢɹ� ɛɵɥɢ� ɨɩɪɟɞɟɥɟɧɵ� ɩɭɬɟɦ� ɢɡɭɱɟɧɢɹ�
ɦɨɥɶɧɵɯ� ɫɨɨɬɧɨɲɟɧɢɣ� ɢɫɯɨɞɧɵɯ� ɜɟɳɟɫɬɜ�� ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ� ɫɬɪɭɤɬɭɪɵ�� ɢɧɞɭɤɰɢɨɧɧɵɯ� ɷɮɮɟɤɬɨɜ� ɡɚɦɟɫɬɢɬɟɥɟɣ�� ɩɪɢɪɨɞɵ�
ɪɚɫɬɜɨɪɢɬɟɥɹ�ɢ� ɤɚɬɚɥɢɡɚɬɨɪɚ��ɚ�ɬɚɤɠɟ�ɜɥɢɹɧɢɹ�ɬɟɦɩɟɪɚɬɭɪɵ��ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ�ɪɟɚɤɰɢɢ�ɞɥɹ�ɞɨɫɬɢɠɟɧɢɹ�ɛɨɥɟɟ� ɜɵɫɨɤɨɝɨ�
ɜɵɯɨɞɧɨɝɨ�ɷɮɮɟɤɬɚ�ɜ�ɪɟɚɤɰɢɢ�ɋɨɧɨɝɚɲɢɪɚ��ɚ�ɦɟɯɚɧɢɡɦ�ɪɟɚɤɰɢɢ�ɛɵɥ�ɩɪɟɞɥɨɠɟɧ�ɧɚ�ɨɫɧɨɜɟ�ɥɢɬɟɪɚɬɭɪɧɵɯ�ɢɫɬɨɱɧɢɤɨɜ� 
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6DUYLQR]�,��7,5.$6+(9$���VDUYLQR]LVRTRYQD#PDLO�UX� 
�&KLUFKLN�6WDWH�3HGDJRJLFDO�8QLYHUVLW\��&KLUFKLN��8]EHNLVWDQ� 
�$FDGHP\�RI�WKH�0LQLVWU\�RI�(PHUJHQF\�6LWXDWLRQV��7DVKNHQW��8]EHNLVWDQ 
�7DVKNHQW�,QVWLWXWH�RI�&KHPLFDO�7HFKQRORJ\��7DVKNHQW��8]EHNLVWDQ 
�-L]]DNK�6WDWH�3HGDJRJLFDO�8QLYHUVLW\��-L]]DNK��8]EHNLVWDQ 
 

7KH�SXUSRVH�RI�WKH�VWXG\�LV�WR�GHYHORS�D�QHZ�FDWDO\WLF�V\VWHP�IRU�WKH�V\QWKHVLV�RI�LQWHUQDO�DFHW\OHQH�DOFRKROV�IURP�WKH�6RQRJDVWULF�
FRXSOLQJ�UHDFWLRQ�RI�WHUPLQDO�DFHW\OHQH�DOFRKROV�DQG�EHQ]ROFKORULGH��)RU�WKH�ILUVW�WLPH�LQ�WKLV�ZRUN��LQWHUQDO�DFHW\OHQH�DOFRKROV�KDYH�EHHQ�
V\QWKHVL]HG� EDVHG� RQ� UHDFWLRQV� RI� VRPH� WHUPLQDO� DFHW\OHQH� DOFRKROV� –� ���-GLPHWK\OSHQWLQ-�-RO-��� �����-WULPHWK\OSHQWLQ-�-RO-��� �-
HWK\Q\OF\FORKH[DQRO-��� �-HWK\Q\ODGDPDQWDQRO-��� �-SKHQ\OEXWLQ-�-RO-��� �-�QDSKWK\O-��EXW\Q-�-RO-��� �-�IXUDQ\O-��EXW\Q-�-RO-�� DQG� �-
�S\ULGLQ\O-��EXW\Q-�-RO-�� ZLWK� FKORULGHEHQ]HQH�� ,Q� RUGHU� WR� DFKLHYH� KLJK� SURGXFW� SURGXFWLYLW\� LQ� WKH� 6RQRJDVKLUD� UHDFWLRQ�� DOWHUQDWLYH�
FRQGLWLRQV�KDYH�EHHQ�LGHQWLILHG�E\�VWXG\LQJ�WKH�PRODU�UDWLRV��VSDWLDO�VWUXFWXUH��LQGXFWLRQ�HIIHFWV�RI�VXEVWLWXHQWV��VROYHQW�DQG�FDWDO\VW�QDWXUH��
DV�ZHOO�DV�WHPSHUDWXUH��UHDFWLRQ�GXUDWLRQ�HIIHFWV��DQG�WKH�UHDFWLRQ�PHFKDQLVP�KDV�EHHQ�SURSRVHG�RQ�WKH�EDVLV�RI�OLWHUDWXUH�VRXUFHV� 
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$EGXYDKDE�,.5$029���LNURPRY����#OLVW�UX� 
6DUYLQR]�,��7,5.$6+(9$���VDUYLQR]LVRTRYQD#PDLO�UX� 
�&KLUFKLT�GDYODW�SHGDJRJLND�XQLYHUVLWHWL��&KLUFKLT��2µ]EHNLVWRQ� 
�)DYTXORGGD�YD]L\DWODU�YD]LUOLJL�$NDGHPL\DVL��7RVKNHQW��2µ]EHNLVWRQ 
�7RVKNHQW�NLP\R-WH[QRORJL\D�LQVWLWXWL��7RVKNHQW��2µ]EHNLVWRQ 
�-L]]D[�GDYODW�SHGDJRJLND�XQLYHUVLWHWL��-L]]D[��2µ]EHNLVWRQ 
 

7DGTLTRWQLQJ� PDTVDGL� WHUPLQDO� DWVHWLOHQ� VSLUWODUL� YD� EHQ]RO[ORULGQLQJ� 6RQRJDVKLUD� ELULNLVK� UHDNVL\DVLGDQ� LQWHUQDO� DWVHWLOHQ�
VSLUWODUL� VLQWH]� TLOLVK� XFKXQ� \DQJL� NDWDOLWLN� VLVWHPDVL� LVKODE� FKLTLVKGDQ� LERUDW�� 8VKEX� LVKGD� LON� ERU� 3G�2$F���&X&O�(W�1�0H&1�+�2�
NDWDOLWLN�VLVWHPDVL�\RUGDPLGD�D\ULP�WHUPLQDO�DWVHWLOHQ�VSLUWODUL�–����-GLPHWLOSHQWLQ-�-RO-��������-WULPHWLOSHQWLQ-�-RO-����-HWLQLOVLNORJHNVDQRO-
����-HWLQLODGDPDQWDQRO-����-IHQLOEXWLQ-�-RO-����-�QDIWLO-��EXWLQ-�-RO-����-�IXUDQLO-��EXWLQ-�-RO-��YD��-�SLULGLQLO-��EXWLQ-�-RO-�QLQJ�[ORUEHQ]RO�
ELODQ� UHDNVL\DODUL� DVRVLGD� LQWHUQDO� DWVHWLOHQ� VSLUWODUL� VLQWH]� TLOLQJDQ�� 6RQRJDVKLUD� UHDNVL\DVLGD� \XTRUL�PDKVXORW� XQXPLJD� HULVKLVK�XFKXQ�
ERVKODQJµLFK�PRGGDODU�PRO� QLVEDWODUL�� ID]RYL\� WX]LOLVKL�� RµULQERVDUODUQLQJ� LQGXNVLRQ� WD¶VLUL�� HULWXYFKL� YD� NDWDOL]DWRU� WDELDWL�� VKXQLQJGHN��
KDURUDW�� UHDNVL\D�GDYRPL\OLJL� WD¶VLULQL�RµUJDQLVK�RUTDOL�PXTRELO� VKDURLW�DQLTODQJDQ�YD�UHDNVL\D�PH[DQL]PL�DGDEL\RW�PDQEDDODUL�DVRVLGD�
WDNOLI�HWLOJDQ�� 
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,ON�ERU�&KRZ�YD�XQLQJ�LOPL\�MDPRDVL�WRPRQLGDQ�
����-\LO� 3G&O��33K����&X-� NDWDOLWLN� VLVWHPD�
\RUGDPLGD� DURPDWLN� DWVHWLOHQ� VSLUWODULQL�
EURPEHQ]RO�ELODQ�6RQRJDVKLUD�UHDNVL\DVL�DVRVLGD�
GLDULO� DWVHWLOHQODU� VLQWH]L� DPDOJD� RVKLULOJDQ� >�@��
.H\LQFKDOLN� XVKEX� UHDNVL\DQL� +XD� YD� XQLQJ�
KDPNDVEODUL� [ORUEHQ]RO� ELODQ� 3G&O��3&\����
NDWDOLWLN�VLVWHPDGD�>�@��7VDL�HVD�\RGEHQ]RO�ELODQ�
)H&O�� NDWDOL]DWRUL� \RUGDPLGD� DPDOJD� RVKLUJDQ�
>�@�� 6RQRJDVKLUD� UHDNVL\DVL� DVRVLGD� LQWHUQDO�
DURPDWLN� DWVHWLOHQ� VSLUWODULQLQJ� [ORUEHQ]RO� ELODQ�
ELULNLVK� UHDNVL\DVL� 3DOODGDF\FOH�;SKRV�.�&2��

NDWDOLWLN� VLVWHPD� \RUGDPLGD� D]RW� DWPRVIHUDVLGD��
DWVHWRQLWULO� HULWPDVLGD� ���� ɨɋ� KDURUDWGD� ROLE�
ERULOJDQ� YD� ���� XQXPJDFKD� ��� [LO� WXUGDJL�
GLDULOODU� VLQWH]� TLOLQJDQ� >��@�� 0LV� �,�� NRPSOHNV�
WX]ODUL� LVKWLURNLGD� R-\RGDQLOLQ� ELODQ� WHUPLQDO�
DONLQODUQLQJ� 6RQRJDVKLUD� NURVV-ELULNLVK�
UHDNVL\DODUL� KDYR� DWPRVIHUDVLGD� DPDOJD�
RVKLULOJDQ� ��-���� XQXP� ELODQ� ELRORJLN��
IDUPDNRORJLN� IDRO� HWLQLODQLOLQ� KRVLODODUL� ROLQJDQ�
>��@�� 7HUPLQDO� DONLQODU� DVRVLGD� NURVV-ELULNLVK�
UHDNVL\DVLGDQ� VLOLNRQRUJDQLN� ELULNPDODUQLQJ�
PXKLP�VLQIL��DOOHQLO�ELULNPDODUQLQJ�ERVKODQJµLFK�
UHDJHQWL� KLVREODQJDQ� DURPDWLN� SURSDUJLOVLODQODU�
VLQWH]L� WROXRO� HULWPDVLGD� ��� ɨɋ� KDURUDWGD� �� VRDW�
GDYRPLGD� 3G�GED�ā&+&O�� NDWDOLWLN� VLVWHPDGD�
DPDOJD� RVKLULOJDQ�� >��@�� 5RVVL\D� ROLPODUL�
<�.RWRYVKFKLNRY� XFKODPFKL� SURSDUJLO� VSLUWODUL�
YD� DULO�JHWDULO�JDORJHQLGODUGDQ� PLV� WX]ODUL�
LVKWLURNLGD� ��� WXUGDJL� LQWHUQDO� GLDULOODU�
PDNVLPXP�����XQXPJDFKD�VLQWH]�TLOLQJDQ�>��@��
3G&O��33K���&O��&X-�NDWDOLWLN�VLVWHPD�\RUGDPLGD�
WHUPLQDO� DWVHWLOHQ� VSLUODUL� YD� �-\RGDONHQ-�-RO-��
QLQJ� 6RUQRJDVKLUD� ELULNLVK� UHDNVL\DVL� DVRVLGD�
\HQLQGLROODU� VLQWH]� TLOLQJDQ� YD� ROLQJDQ�
ELULNPDODUQLQJ� VLNORL]RPHUL]DWVL\D��
GHJLGURWVLNOL]DWVL\D� UHDNVL\DODUL� QDWLMDVLGD� �-��-
DONHQLO�IXUDQODU� VLQWH]L� WDGTLT� TLOLQJDQ� >��@�� 3G
�2$F���0H&1� NDWDOLWLN� VLVWHPDGD� ��� R&�
KDURUDWGD� ��� VRDW� GDYRPLGD� IHQLODWVHWLOHQQLQJ�
ELUODPFKL� DWVHWLOHQ� VSLUWODULJD� ELULNLVK�
UHDNVL\DODUL� ROLE� ERULOJDQ�� DONLQQLQJ� VHOHNWLY�
GLPHUODQLVKL� QDWLMDVLGD� WXUOL� \HQLQRO�� \HQLQGLRO��
\HQLQGLDULO�ELULNPDODU�ROLQJDQ�>��@���-EURPDQLOLQ�
YD� �-PHWLO-�-EXWLQ-�-ROGDQ� 6RQRJDVKLUD�
UHDNVL\DVL�DVRVLGD�RµSND��RVKTR]RQ��EX\UDN��MLJDU�
YD�NRµNUDN�VDUDWRQLGD�RµVLPWDQL�HSLGHPLDO�RµVLVK�
RPLOL�UHWVHSWRUODULJD�TDUVKL�LQJLELWRU�[LVREODQJDQ�
IDUPRNRORJLN� IDRO� ELULNPD� (UORWLQLE� VLQWH]L�
DPDOJD�RVKLULOJDQ�>��@�� 

7DGTLTRW�XVXOL 
&X&O�3G�2$F���(W�1�0H&1�+�2�

NDWDOLWLN� VLVWHPDVLGD� �-�IHQLOHWLQLO�
VLNORJHNVDQRO-�� VLQWH]L�� 7HUPLQDO� DWVHWLOHQ�
VSLUWODULGDQ� LQWHUQDO� DURPDWLN� DWVHWLOHQ� VSLUWODUL�
VLQWH]� TLOLVK� MDUD\RQL� KDMPL� ����PO� ERµOJDQ� EHVK�
RJµL]OL� NROEDGD� DPDOJD� RVKLULOGL�� 8VKEX� NROEDJD�
WRPL]JLFK� YRURQND�� PH[DQLN� DUDODVKWLUJLFK��
WHUPRPHWU� YD� TD\WDUPD� VRYXWJLFK� RµUQDWLOGL��
'DVWODE� NROEDJD� ����� J� ������ PRO�� �-
HWLQLOVLNORJHNVDQRO-�� YD� ����� J� ������ PRO�� &X&O�
VROLQGL�� .H\LQ� ����� J� ������ PRO�� SDOODGL\�,,�-
DWVHWDW��3G�2$F���QLQJ����PO�0H&1�YD���PO�+�2�
����� QLVEDWGD�� HULWXYFKLODU� \RUGDPLGD� WD\\RU�
ODQJDQ� VXVSHQVL\DVL� DUDODVKWLULOJDQ� KRODWGD�
TRµVKLOGL�� %XQGD� NROEDGDJL� KDURUDW� ��-��� R&� GD�
ERµOLVKL�NHUDN��+RVLO�ERµOJDQ�DUDODVKPDJD�������J�
������PRO��[ORUEHQ]RO��&�+�&O��YD����J������PRO��
���PO��WULHWLODPLQ�ELODQ�WD\\RUODQJDQ�VXVSHQVL\DVL�
���PLQXW�GDYRPLGD�WRPFKLODWLE�TRµVKLOGL��6RµQJUD�
DUDODVKPD����R&�KDURUDWGD����� VRDW�GDYRPLGD�ELU�
PH\RUGD� DUDODVKWLULOGL�� +RVLO� ERµOJDQ� UHDNVL\D�
PDKVXORWL� ��� PLQXWJD� WLQGLULVKJD� TRµ\LOGL��
6RµQJUD� ��� PO� ��î���� VRYXT� VXY� \RUGDPLGD�
JLGUROL]� TLOLQLE�� NDWDOLWLN� TLVP� DMUDWLE� ROLQDGL� YD�
TROJDQ� RUJDQLN� TLVPL� HVD� GL[ORURPHWDQ� ��� PO�
��î����\RUGDPLGD�TD\WD-TD\WD�HNVWUDNVL\D�TLOLQGL��
2UJDQLN�TLVPL�&D&O��\RUGDPLGD�ELU�VXWND�GDYRP�
LGD�TXULWLOLE��ILOWUODE�ROLQGL�YD�HULWXYFKL�RGGL\�KD\�
GDE� ROLQGL� YD� TROJDQ� TLVP� YDNXXPGD� KD\GDOGL��
5HDNVL\D�PDKVXORWODUL�6LOLNDJHO����NRORQNDOL�[UR�
PDWRJUDIL\D� \RUGDPLGD� $F2(W�JHNVDQ� ������ HOX�
HQWODU�RµWND]LOLE��5I�TL\PDWL�DQLTODQGL�YD�PDKVXORW�
WR]D�KRODWGD�DMUDWLE�ROLQGL��1DWLMDGD������J�UDQJVL]�
VX\XT� PRGGD� 
�-�IHQLOHWLQLO�VLNORJHNVDQRO-�� ������ XQXP� ELODQ�
VLQWH]�TLOLQGL�� 

8VKEX� XVXO� ERµ\LFKD� ���-GLPHWLOSHQWLQ-�-
RO-��� �����-WULPHWLOSHQWLQ-�-RO-��� 
�-HWLQLODGDPDQWDQRO-��� �-IHQLOEXWLQ-�-RO-��� �-
�QDIWLO-��EXWLQ-�-RO-��� �-�IXUDQLO-��EXWLQ-�-RO-�� YD�
�-�SLULGLQLO-��EXWLQ-�-RO-�� NDEL� WHUPLQDO� DWVHWLOHQ�
VSLUWODULQLQJ� 6RQRJDVKLUD� ELULNLVK� UHDNVL\DVL�
DVRVLGD�PRV�UDYLVKGDJL�LQWHUQDO�DURPDWLN�DWVHWLOHQ�
VSLUWODUL�� MXPODGDQ� ���� XQXP� ELODQ� 
���-GLPHWLO-�-IHQLOSHQWLQ-�-RO-��� ���� XQXP� ELODQ�
�����-WULPHWLO-�-IHQLOSHQWLQ-�-RO-��� ���� XQXP�
ELODQ� �-��-IHQLOHWLQLO�DGDPDQWDQRO-��� ���� XQXP�
ELODQ� ���-GLIHQLOEXWLQ-�-RO-��� ���� XQXP� ELODQ� �-
�QDIWLO-��-�-IHQLOEXWLQ-�-RO-��� ���� XQXP� ELODQ� �-
�IXUDQLO-��-�-IHQLOEXWLQ-�-RO-��YD�����XQXP�ELODQ�
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�-IHQLO-�-�SLULGLQLO-��EXWLQ-�-RO-��VLQWH]�TLOLQGL�� 
 
1DWLMDODU�YD�PXKRNDPD 
2OLE� ERULOJDQ� LOPL\� WDGTLTRWODU� DVRVLGD�

NDWDOL]DWRU� VLIDWLGD� 3G�2$F��� YD� \RUGDPFKL�
NDWDOL]DWRU� VLIDWLGD� &X&O�� KDP� SURPRWɨU�� KDP�
HULWXYFKL� YD]LIDVLQL� EDMDUXYFKL� (W�1� YD� 0H&1�
+�2������� HULWXYFKL� DUDODVKPDVLGDQ� WD\\RUODQJDQ�
NDWDOLWLN� VLVWHPD� \RUGDPLGD� WHUPLQDO� DWVHWLOHQ�
VSLUWODU� -� ���-GLPHWLOSHQWLQ-�-RO-��� �����-
WULPHWLOSHQWLQ-�-RO-��� �-HWLQLOVLNORJHNVDQRO�� 
�-HWLQLODGDPDQWDQRO-��� �-IHQLOEXWLQ-�-RO-��� �-
�QDIWLO-��EXWLQ-�-RO-����-�IXUDQLO-��EXWLQ-�-RO-��YD�

�-�SLULGLQLO-��EXWLQ-�-RO-�� QLQJ� DVRVOL� PXKLWGD�
[ORUEHQ]RO� ELODQ� ROLE� ERULOJDQ� UHDNVL\DODUL�
QDWLMDVLGD� TX\LGDJL� LQWHUQDO� DURPDWLN� DWVHWLOHQ�
VSLUWODUL� –� ���-GLPHWLO-�-IHQLOSHQWLQ-�-RO-�� �����
�����-WULPHWLO-�-IHQLOSHQWLQ-�-RO-�� ����� �-��-
IHQLOHWLQLO�VLNORJHNVDQRO� ����� 
�-��-IHQLOHWLQLO�DGDPDQWDQRO-�� ����� ���-
GLIHQLOEXWLQ-�-RO-�� ����� �-�QDIWLO-��-�-IHQLOEXWLQ-�-
RO-��������-�IXUDQLO-��-�-IHQLOEXWLQ-�-RO-������YD��-
IHQLO-�-�SLULGLQLO-��EXWLQ-�-RO-�� ���� VLQWH]�
TLOLQJDQ�� 5HDNVL\D� V[HPDVL� TX\LGDJLFKD� WDNOLI�
HWLOGL�>��@�� 
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OH

� � � � 

+
MeCN/H2O (3:1), 

8 soat, 40 oC

R

OH

R'

1-8

Cl
Pd(OAc)2/CuCl/Et3N

R

OH

R'

+ HCl

%X�\HUGD��5 �0H��5
 �L3U������5 �0H��5
 �W%X������55
 ��F+[������55
� �$G������5 �0H��5
 �3K������ 
5 �0H��5
 �ȕ1K������5 �0H��5
 �)U������5 �0H��5
 �3\���� 

 

CuCl

MeCN/H2O
CuCl+

OH
OH

5HDNVL\D� PH[DQL]PL�� �1DPXQD� VLIDWLGD� �� VLQWH]L� NHOWLULOJDQ�� 6RQRJDVKLUD� ELULNLVK�
UHDNVL\DVLQL� DPDOJD� RVKLULVK� XFKXQ� TRµVK� NDWDOL]DWRUODU� &X&O�3G�2$F��� WD¶VLULGD� ELU� SD\WGD� LNNLWD�
NDWDOLWLN� VLNO� DPDOJD� RVKDGL��%XQGD� ELULQFKL� NDWDOLWLN� VLNOGD� �-HWLQLOVLNORJHNVDQROQLQJ�PLV� �,�-[ORULG�
ELODQ�WD¶VLUODVKXYLGDQ�ʌ-NRPSOHNVQL�KRVLO�TLODGL��-DUD\RQGD�QXNOHRILO�HULWXYFKL�VLIDWLGD�0H&1�YD�VXY�
LVKWLURNLGD�ROLE�ERULOJDQ� 

6LVWHPDJD�TRµVKLOJDQ�WULHWLODPLQ�WDUNLELGDJL�D]RW�DWRPLQLQJ�ERJµ�KRVLO�TLOLVKGD�LVKWLURN�HWPDJDQ�
MXIW�HOHNWURQODUL�KLVRELJD�ʌ-NRPSOHNVQLQJ�YRGRURG�YD�[ORU�DWRPODUL�ELODQ�GRQRU�DNVHSWRU�ERJµODQLVK�DVR�
VLGD�ELULNWLULVKL�QDWLMDVLGD�PLV��,�-DWVHWLOHQLG�WX]L�ROLQDGL� 
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,QWHUQDO� DURPDWLN� DWVHWLOHQ� VSLUWODULQLQJ�

XQXPLJD� KDURUDW�� UHDNVL\D� GDYRPL\OLJL�� HULWXYFKL��
NDWDOL]DWRU� WDELDWL� KDPGD� ERVKODQJµLFK� PRGGDODU�
PRO�QLVEDWODUL�WD¶VLUL�WL]LPOL�WDKOLO�TLOLQGL��%XQGD� 

 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

GDVWODE� WHUPLQDO� DWVHWLOHQ� VSLUWODUQLQJ� [ORUEHQ]RO�
ELODQ� UHDNVL\DVL� XFKXQ� &X-�3G�2$F���� &X&O�3G
�2$F���� &X&O�3G�33K���&O��� &X-�3G�33K���&O��
NDWDOL]DWRUODUL� LVKWLURNLGD� LOPL\� WDGTLTRW� MDUD\RQL�

+
Cu Cl

+MeCN/H2O+

OH

Cu
OH

HClNN

-DUD\RQGD� LNNLQFKL� NDWDOLWLN� VLNOGD� DULO� JXUXK� WD¶VLULGD�3G�2$F��� QLQJ�RNVLGODQLVKLGDQ�3G� DWRP�
LQLQJ����RNVLGODQLVK�GDUDMDGDQ����RNVLGODQLVK�GDUDMDJD�RµWDGL�YD�QDWLMDGD�DULO�YD�[ORUQL�Rµ]LJD�ELULNWLUDGL� 

O
Pd

O

O

O

Cl
O

Pd

O

O

O

+
MeCN/H2O

Cl

.H\LQJL�ERVTLFKGD�PLV�,�-DWVHWLOHQLG�WD¶VLULGD�SDOODGL\QLQJ�YDOHQWOLJL�3G��JDFKD�TD\WDULOLE��VRµQJUD�
HOLPLQLUODQLVKLGDQ� LQWHUQDO� DURPDWLN� DWVHWLOHQ� VSLUWL� -� �-�IHQLOHWLQLO�VLNORJHNVDQRO-�� DMUDOLE� FKLTDGL� YD�
NDWDOLWLN�VLNO�\DQD�TD\WD�GDYRP�HWDGL� 

O
Pd

O

O

O

+
MeCN/H2O

Cl

O
Pd

O

O

O

OH

O
Pd

O

O

O

OH

Pd(OAc)2+eliminirlanish
OH

6RQRJDVKLUD� NURVV-ELULNLVK� UHDNVL\DVL� PH[DQL]PLQL� NDWDOLWLN� VLNO� NRµULQLVKLGD� WDVYLUODVK� WDNOLI�
HWLOGL� 
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ROLE�ERULOGL���-UDVP��� 
5DVPGDQ� NRµULQLE� WXULEGLNL�� WDQODQJDQ�

NDWDOL]DWRUODU� LFKLGD�PDKVXORW� XQXPL� HQJ� \XTRUL��
TRµVKLPFKD� PDKVXORWODU� PLTGRUL� HQJ� NDP� KRVLO�
ERµOLVKL� UHDNVL\D� &X&O�3G�2$F��� NDWDOLWLN�
VLVWHPDGD� ROLE� ERULOJDQGD� NX]DWLOGL�� %L]JD�
PD¶OXPNL�� QXNOHRILO� ELULNLVK� UHDNVL\DODULGD�
NDUEDQLRQQL� QXNOHRILOOLQLJL� RVKLULVK� RUTDOL� \XTRUL�
XQXPQL� WD¶PLQODVK� XFKXQ� LVKTRUL\� PXKLW� WDODE�
HWLODGL�� 7DGTLTRWGD� QLVEDWDQ� NXFKOL� NLVORWD�
KLVREODQJDQ� &X-� GDQ� IR\GDODQLOJDQGD� PXKLWQLQJ�
LVKTRUL\OLJL� SDVD\LVKL�� RUDOLT� �DONRJRO\DWODU�� YD�
TRµVKLPFKD��NRPSOHNV�ELULNPDODU��ELULNPDODUQLQJ�
PLTGRUL� RUWLVKL� KLVRELJD� DURPDWLN� DWVHWLOHQ�
VSLUWODUL� XQXPL� VHOHNWLYOLJL� SDVD\LVKL� DQLTODQGL��
.URVV-ELULNLVK� UHDNVL\DVL� &X&O�3G�33K���&O��
NDWDOLWLN� VLVWHPDGD� ROLE� ERULOJDQLGD� PDKVXORW�
XQXPL� NHVNLQ� SDVD\LVKL� ��–���� GDQ� ����JD�� ��–��
���GDQ�����JD�� ��–����GDQ�����JD�� ��–����GDQ�
����JD����–����GDQ�����JD����–����GDQ�����JD���
–����GDQ�����JD����–����GDQ�����JD��NX]DWLOGL��
%XQJD� VDEDE� PROHNXODGDJL� 3G� JD� ELULNNDQ�
WULIHQLOIRVILQ� KDPGD� [ORU� UDGLNDOL� KLVRELJD� XQJD�

VXEVWUDWQL� ELULNLVKL� XFKXQ� ID]RYL\� WRµVLOJDQOLJLQL�
NHOWLULVKLPL]�PXPNLQ�� 

.URVV-ELULNLVK� MDUD\RQL�XFKXQ� HULWXYFKLODU�
WD¶VLUL� WDKOLO� TLOLQGL��4XWEOL� DSURWRQ� HULWXYFKLODU�–�
DWVHWRQLWULO� �0H&1��� GL[ORURPHWDQ� �&+�&O����
DWVHWRQ� �$6(�� KDPGD� WHWUDJLGURIXUDQ� �7*)��
LVKWLURNLGD� ROLE� ERULOGL� YD� PDKVXORW� XQXPL�
VDPDUDGRUOLJLJD� WD¶VLUL� RµUJDQLOGL� YD� ROLQJDQ�
QDWLMDODU��-MDGYDOGD�NHOWLULOGL�� 

)R\GDODQLOJDQ� TXWEOL� DSURWRQ� HULWXYFKLODU�
61�� UHDNVL\DODUL� XFKXQ� TXOD\� VKDURLWQL� QDPR\RQ�
TLOVDGD�� DPPR� QLVEDWDQ� PDKVXORW� XQXPLQLQJ�
0H&1�+�2� GD� \XTRUL� HNDQOLJL� WDKOLO� QDWLMDODUL�
DVRVLGD� DQLTODQGL�� 6LVWHPDGD� HULWXYFKL� VLIDWLGD�
VXYGDQ� KDP� IR\GDODQLVKJD� VDEDE� NDWDOL]DWRUQLQJ�
HULVKL� YD� GLVVRWVL\DODQLVK� GDUDMDVLQL� RVKLULVKJD�
TDUDWLOJDQ�� 1DWLMDGD� NDWDOL]DWRU� IDROOLJLQLQJ� RU�
WLVKL�� MDUD\RQQLQJ� ERULVKL� XFKXQ� \XTRUL� KDURUDWQL�
WDODE�HWPDVOLJLJD�ROLE�NHOGL��$GDEL\RW�PDQEDDODUL�
GDQ�PD¶OXPNL��6RQRJDVKLUD�UHDNVL\DODUL���-����R&�
KDURUDW� RUDOLJµLGD� DPDOJD� RVKLULOJDQ�� 8VKEX� MD�
UD\RQ�TX\LGDJLFKD�L]RKODQDGL� 

-0H&1� YD� 7*)� ELSRO\DU� DSURWRQ� HULWX�

,QWHUQDO�DWVHWLOHQ�VSLUWODUL 0DKVXORW�XQXPL��� 
� � � � � � � � 

0H&1�+�2 �� �� �� �� �� �� �� �� 

&+�&O��+�2 �� �� �� �� �� �� �� �� 

$6(�+�2 �� �� �� �� �� �� �� �� 

7*)�+�2 �� �� �� �� �� �� �� �� 

�--DGYDO 
,QWHUQDO�DURPDWLN�DWVHWLOHQ�VSLUWODUL�XQXPLJD�HULWXYFKLODU�WDELDWLQLQJ�WD¶VLUL 
�UHDNVL\D�GDYRPL\OLJL���VRDW��KDURUDW����R&��NDWDOL]DWRU�&X&O�3G�2$F��Ϳ 

�-5DVP��,QWHUQDO�DURPDWLN�DWVHWLOHQ�VSLUWODUL�XQXPLJD�NDWDOL]DWRU�WDELDWL�WD¶VLUL 
�UHDNVL\D�GDYRPL\OLJL���VRDW��KDURUDW����R&��HULWXYFKL�0H&1Ϳ͘ 
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YFKLODU� 6RQRJDVKLUD� UHDNVL\DODULQLQJ� ERULVKLQL�
RVRQODVKWLUGL�� %XQLQJ� ERLVL� RµUJDQLOJDQGD�� KDU�
LNNDOD� HULWXYFKLODU� VXY� ELODQ� MXGD� \D[VKL�
DUDODVKLVKL�� VKXQLQJGHN�� KDP� TXWEOL�� KDP� TXWEVL]�
PRGGDODUQL�\D[VKL�HULWD�ROLVKL��VLVWHPDGDJL�SURWRQ�
QL�Rµ]LJD�ELULNWLULVKL�RUTDOL��PXKLWQLQJ� LVKTRUL\OLJL�
\DQDGD� RVKLULVKL� QDWLMDVLGD� UHDNVL\DQLQJ� ERULVKLQL�
WH]ODVKWLUGL�� $PPR� 0H&1� JD� QLVEDWDQ� 7*)� GD�
TXWEOLOLN� QLVEDWDQ� TX\L� NRµUVDWNLFK� QDPR\RQ�
TLOJDQOLJL� ERLV� PDKVXORW� XQXPLGD� SDVD\LVK� NX]D�
WLOGL� 

-'L[ORURPHWDQ�YD�DWVHWRQGD�KDP�0H&1�JD�
QLVEDWDQ� SDVW� PDKVXORW� XQXPLQL� QDPR\RQ� TLOGL��
&KXQNL�� XODUQLQJ� PRV� UDYLVKGD� WULHWLODPLQ� YD� WHU�
PLQDO�DWVHWLOHQ�VSLUW�ELODQ�TRµVKLPFKD�UHDNVL\D�ERU�
LVKL�DQLTODQGL�� 

-0H&1� QLQJ� ERVKTD� HULWXYFKLODUJD� TDUD�
JDQGD�SDOODGL\��,,�-WX]ODULQL�MXGD�\D[VKL�HULWLE��VXV�
SHQVL\D� KRVLO� TLOLVKL� DQLTODQGL� KDPGD� XQLQJ� GLHO�
HNWULN�NRQVWDQWDVL� �İ �����YD�GLSRO�PRPHQWL� ������
'�� \XTRUL� ERµOJDQOLJL� VDEDEOL�� LQWHUQDO� DURPDWLN�
DWVHWLOHQ� VSLUWODU� VLQWH]� TLOLVKGD� HQJ� \XTRUL�
PDKVXORW�XQXPLQL����–��������–��������–��������
–��������–��������–��������–�����YD����–������
EHUGL�� 

-$WVHWRQQLQJ�NRµSJLQD�NHWRQODU�VLQJDUL�NH�
WR� YD� HQRO� WDXWRPHUL\DVL� PDYMXG� ERµOLVKL�� XQLQJ�
HULWPDGDJL� LRQODUQLQJ� ID]RYL\� WRµTQDVKXYODU� VR�
QLQLQJ�NDP�ERµOJDQOLJL��VKXQLQJGHN��GLSRO�PRPHQ�
WL� PLTGRUL� KDP� NLFKLNOLJL� VDEDEOL� UHDNVL\DGD�
PDKVXORW�XQXPLQLQJ�SDVD\LVKLJD�ROLE�NHODGL�� 

-7*)�GLHOHNWULN�RµWND]XYFKDQOLN�NRQVWDQWD�

5HDNVL\D�
GDYRPL\OLJL��VRDW 

+DURUDW� 
R& 

0DKVXORW�XQXPL��� 

� � � � � � � � 

� 

�� �� �� �� �� �� �� �� �� 

�� �� �� �� �� �� �� �� �� 

�� �� �� �� �� �� �� �� �� 

� 

�� �� �� �� �� �� �� �� �� 

�� �� �� �� �� �� �� �� �� 

�� �� �� �� �� �� �� �� �� 

�� 

�� �� �� �� �� �� �� �� �� 

�� �� �� �� �� �� �� �� �� 

�� �� �� �� �� �� �� �� �� 

�--DGYDO 
,QWHUQDO�DURPDWLN�DWVHWLOHQ�VSLUWODUL�XQXPLJD�KDURUDW�WD¶VLUL� 

�UHDNVL\D�GDYRPL\OLJL���VRDW��NDWDOL]DWRU�&X&O�3G�2$F����HULWXYFKL�0H&1� 

VL�SDVW�ERµOJDQOLJL��İ �������DONLQ�LRQODUQLQJ�NHWRQ�
ODU�ELODQ� ID]RYL\� WRµTQDVKXYODU� VRQLQLQJ�\HWDUOLFKD�
ERµOPDVOLJL� RTLEDWLGD�XQXPQLQJ�SDVD\LVKLJD� VDEDE�
ERµODGL� 

6RQRJDVKLUD� UHDNVL\DVL� PDKVXORW� XQXP�
GRUOLJLJD� KDURUDWQLQJ� WD¶VLUL� ��·��� R&� LQWHUYDO�
RUDOLJµLGD�RµUJDQLOGL����-MDGYDO��� 

5HDNVL\D� &X&O�3G�2$F���(W�1� NDWDOLWLN�
VLVWHPDVLGD� ��� R&� GD� �� VRDW� GDYRPLGD� ROLE�
ERULOJDQGD� LQWHUQDO� DURPDWLN� DWVHWLOHQ� VSLUWODUL�
\XTRUL� XQXPGD� FKLTLVKL� NX]DWLOGL�� .X]DWLOJDQ�
UHDNVL\D� MDUD\RQODULGDQ� PD¶OXP� ERµOGLNL�� MDUD\RQ�
��� R&� KDURUDW� RUDOLTGD� ROLE� ERULOJDQGD� UHDNVL\DJD�
NLULVKPDVGDQ� TROJDQ� ERVKODQJµLFK� PDKVXORWODUQL�
\XSTD�TDWODPOL�[URPDWRJUDIL\DGD�DQLTODQGL��EX�HVD�
PROHNXODODUQLQJ� WRµOLT� LRQODUJD� GLVVRWVL\DODQLVKL�
DPDOJD� RVKPDJDQOLJL� PDKVXORW� XQXPLQLQJ� \XTRUL�
ERµOPDVOLJLJD�VDEDE�ERµOJDQ� 

-DUD\RQ����R&�JDFKD�RVKLULOJDQGD�VLVWHPDGD�
WDQODQJDQ� SDOODGL\� �,,�� DWVHWDWQLQJ� ERVKODQJµLFK�
UHDJHQWODU� ELODQ� TRµVKLPFKD� PDKVXORWODU� KRVLO�
ERµOLVKL�� DURPDWLN� DWVHWLOHQ� VSLUWODUL� Rµ]DUR� ELULNLE�
\HQLQGLROODU� KRVLO� TLOLVKL��SROLPHUODQLVKL� QDWLMDVLGD�
VPRODVLPRQ� PDKVXORWODUQLQJ� SD\GR� ERµOLVKL�
PDKVXORW�XQXPLQLQJ�NHVNLQ�SDVD\LVKLJD�ROLE�NHOGL� 

ȺURPDWLN� DWVHWLOHQ� VSLUWODULQLQJ� XQXPLJD�
UHDNVL\D� GDYRPL\OLJLQLQJ� WD¶VLUL� �-��� VRDW�
RUDOLJµLGD� WDKOLOL� DPDOJD� RVKLULOGL� ��-MDGYDOGD�
NHOWLULOJDQ��� %XQGD� KDURUDW� ��� R&�� HULWXYFKL�
DWVHWRQLWULO� PXKLWLGD� �� VRDW� GDYRPLGD� ROLE�
ERULOJDQGD�� ERVKODQJµLFK� UHDJHQW� ��-
HWLQLOVLNORJHNVDQRO��YD�VXEVWUDW��[ORUEHQ]RO��Rµ]DUR�
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WRµOLT�UHDNVL\DJD�NLULVKPDVGDQ�TROJDQOLJLQL�\XSTD�
TDWODPOL� [URPDWRJUDIL\D� DQDOL]L� RUTDOL� DQLTODQGL��
VKX� VDEDEOL� KDP� VDPDUDOL� PDKVXORW� XQXPLJD�
HULVKLOPDJDQ�� 5HDNVL\D� �� VRDW� GDYRPLGD� ROLE�
ERULOJDQLGD�WRµOLTURT�RKLULJDFKD�ERUJDQOLJLQL�IL]LN-
NLP\RYL\� WDKOLO� QDWLMDODUL� NRµUVDWGL�� EX� HVD�
ERVKODQJµLFK� PRGGDODU� 0H&1� GD� WRµOLT� HULE��
\XTRUL� GDUDMDGD� GLVVRWVL\DODQLVKQL� QDPR\RQ�
TLOJDQOLJL�� [ORUEHQ]RO� WD¶VLULGD� 3G�2$F��� QLQJ�
RNVLGODQLVKLGDQ� 3G� DWRPLQLQJ� ��� RNVLGODQLVK�
GDUDMDGDQ� ��� RNVLGODQLVK� GDUDMDJD� RµWLVKL� YD�
QDWLMDGD� DULO� YD� [ORUQL� Rµ]LJD� ELULNWLULVKL� \D¶QL�
³RNVLGODE� ELULNLVK´� ERVTLFKL� XFKXQ� KDPGD� FKLTLE�
NHWXYFKL�[ORU�PROHNXODVLQL�PLV� �,�� DWVHWLOHQLGQLQJ�
NDUEDQLRQ� TLVPLJD� DOPDVKLQLVKL� QDWLMDVLGD�
SDOODGL\QLQJ� YDOHQWOLJL� 3G�� JDFKD� TD\WDULOLE��
VRµQJUD� HOLPLQLUODQLVKL� XFKXQ� RSWLPDO� GDYU�
ERµOJDQOLJL�� LQWHUQDO� DURPDWLN� DWVHWLOHQ�
VSLUWODULQLQJ�XQXPLQL�\D¶QL���-����GDQ�����JD���-�
���GDQ�����JD���-����GDQ�����JD���-����GDQ�����
JD���-����GDQ�����JD���-����GDQ�����JD���-����GDQ�
����JD���-����GDQ�����JD�RµVKLVKLJD�ROLE�NHOJDQ�� 

5HDNVL\D� GDYRPL\OLJLQL� ��� VRDWJD�
RVKLUJDQLPL]GD� PXUDNNDE� DONRJRO\DWODU��
SROLDWVHWLOHQ� VSLUWODU�� HQLQGLROODU�� VPRODVLPRQ� YD�
SROLPHU� PDKVXORWODU� KRVLO� ERµOLVKL� QDWLMDVLGD�
DURPDWLN� DWVHWLOHQ� VSLUWODUL� XQXPLGD� SDVD\LVK�
NX]DWLOGL�� 0DVDODQ�� VLVWHPDGDJL� �-
HWLQLOVLNORJHNVDQROQLQJ� Rµ]DUR� ELULNLVKL� DVRVLGD�
TRµVKLPFKD�PDKVXORW� VLIDWLGD����
-��-EXWHQ-�-GLLO�
GLVLNORJHNVDQRO-��� KRVLO� ERµOLVKL� QDWLMDVLGD� DVRVL\�
PDKVXORW�XQXPLQLQJ�SDVD\LVKLJD�ROLE�NHODGL�� 

8QJD� NRµUD� NDWDOL]DWRU�PLTGRUL� ������PRO�
ROLQJDQGD� DURPDWLN� DWVHWLOHQ� VSLUWODUL� KRVLO� ERµOLVK�
XQXPLQLQJ� SDVWOLJL�� EXQJD� NDWDOLWLN� IDRO�
PDUND]ODUQLQJ� NDP� KRVLO� ERµOLVKL� KDPGD� UHDNVL�
\DQLQJ� IDROODQLVK� HQHUJL\DVLQLQJ� \XTRULOLJL� VDEDE�
VLIDWLGD�NHOWLULVK�PXPNLQ��.DWDOL]DWRU�PLTGRUL������
PRO�ROLQJDQGD�HVD�HQJ�\XTRUL�XQXP�NRµUVDWNLFKLQL�
KRVLO� TLOGL�� DPPR� NDWDOL]DWRUQLQJ� \DQDGD� RVKLULVK�
UHDNVL\D� VHOHNWLYOLJLQL� SDVD\LVKLJD� VDEDE� ERµOGL��
7D¶NLGODE� RµWLVK� MRL]NL�� PLTGRUQLQJ� RVKLULOLVKL�
VLVWHPDGD� TRµVKLPFKD� UHDNVL\DODUQLQJ� ERULVKL��
\D¶QL� VLQWH]�ERµOJDQ� LQWHUQDO� DWVHWLOHQ� VSLUWODULQLQJ�
RUWLTFKD� NDWDOL]DWRUODU� ELODQ� WD¶VLUODVKLE� DONRJRO\�
DWODU� KRVLO� TLOLVKL� VKXQLQJGHN�� SROLPHU�

MeCN
OH

10 soat, 40 oC
2

OH

OH

�-5DVP��$WVHWLOHQ�GLROODUL�XQXPLJD�NDWDOL]DWRU�PLTGRUL�WD¶VLUL� 
;ŚĂƌŽƌĂƚ�ϰϬ�Ž�͕�ĞƌŝƚƵǀĐŚŝ�DĞ�E͕�ƌĞĂŬƐŝǇĂ�ĚĂǀŽŵŝǇůŝŐŝ�ϴ�ƐŽĂƚ͕�ƚĞƌŵŝŶĂů�

ĂƚƐĞƟůĞŶ�ƐƉŝƌƚ͗�ǆůŽƌďĞŶǌŽů�ϭ͕ϱ͗ϭ�ŵŽů�ŶŝƐďĂƚĚĂͿ͘� 

PDKVXORWODUJD� D\ODQLVKL� WDKOLO� QDWLMDODUL� RUTDOL�
DQLTODQJDQ� 

2OLE� ERULOJDQ� WDGTLTRW� QDWLMDODULJD� NRµUD��
WDQODQJDQ� WHUPLQDO� DWVHWLOHQ� VSLUWODULQL� [ORUEHQ]RO�
ELODQ� 6RQRJDVKLUD� ELULNLVK� UHDNVL\DVL� &X&O�3G
�2$F���(W�1�NDWDOLWLN�VLVWHPD�\RUGDPLGD��&X&O�3G
�2$F���(W�1� Rµ]DUR� HNYLPRO\DU� QLVEDWGD�� 0H&1�
HULWPDVLGD�� �� VRDW� GDYRPLGD�� ���R&�KDURUDWGD�ROLE�
ERULOJDQGD� LQWHUQDO� DURPDWLN� DWVHWLOHQ� VSLUWODUL� HQJ�
\XTRUL�XQXP���-�������-�������-�������-�������-�
������-�������-�������-������ELODQ�VLQWH]�TLOLQGL�
YD�MDUD\RQ�XFKXQ�PXTRELO�VKDURLW�TLOLE�WDQODQGL� 

6LQWH]� TLOLQJDQ� DWVHWLOHQ� GLROODULQLQJ�
WR]DOLJL�� WDUNLEL�� WX]LOLVKL� YD� [XVXVL\� [RVVDODUL�
]DPRQDYL\� ,4-�� �+-<$05�� ��&-<$05�
VSHNWURVNRSL\D�� PDVV� VSHNWURPHWUL\D��
[URPDWRJUDILN� �<84;�� .;��� NYDQW-NLP\RYL\��
ELRORJLN� YD� ERVKTD� IL]LN-NLP\RYL\� WDGTLTRW�
XVXOODUL� \RUGDPLGD� WDKOLO� TLOLQGL�� ;XVXVL\�
NRQVWDQWDODUL� DQLTODQGL�� HQHUJHWLN� YD� NYDQW-
NLP\RYL\� NDWWDOLNODUL� KLVREODQGL�� PROHNXODGDJL�
DWRPODU� ]DU\DGODUL�� HOHNWURQODU� ]LFKOLJL� YD� RSWLN�
WDTVLPODQLVKL� NDEL� [RVVDODUL� PD[VXV� GDVWXUODU�
DVRVLGD�WDGTLT�TLOLQGL� 

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

DWVHWLOHQ� VSLUWODULQLQJ� [ORUEHQ]RO� ELODQ� 6RQRJRVKLUD�
ELULNLVK�UHDNVL\DVL�DVRVLGD�LQWHUQDO�DURPDWLN�DWVHWLOHQ�
VSLUWODUL-� ���-GLPHWLO-�-IHQLOSHQWLQ-�-RO-��� �����-
WULPHWLO-�-IHQLOSHQWLQ-�-RO-��� �-��-IHQLOHWLQLO�
VLNORJHNVDQRO�� �-��-IHQLOHWLQLO�DGDPDQWDQRO-��� ���-
GLIHQLOEXWLQ-�-RO-����-�QDIWLO-��-�-IHQLOEXWLQ-�-RO-����
-�IXUDQLO-��-�-IHQLOEXWLQ-�-RO-��YD��-IHQLO-�-�SLULGLQLO
-��EXWLQ-�-RO-��VLQWH]L�TLOLQJDQ� 

0DKVXORW� XQXPLJD� KDURUDW�� UHDNVL\D�
GDYRPL\OLJL�� HULWXYFKLODU�� NDWDOL]DWRU�� UHDJHQW� YD�
VXEVWUDWODUQLQJ� WDELDWL� YD� PLTGRUODUL� WD¶VLUL�
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5()(5(1&(6 
 

�� .DQZDO��,���0XMDKLG��$���5DVRRO��1���5L]ZDQ��.���0DOLN��$���$KPDG��*���1DVLU��1�0��3DOODGLXP�DQG�&RSSHU�&DWDO\]HG�6RQRJDVKLUD�FURVV�
&RXSOLQJ� DQ� ([FHOOHQW�0HWKRGRORJ\� IRU� &-&�%RQG� )RUPDWLRQ� RYHU� ���<HDUV�� $� 5HYLHZ��&DWDO\VWV�� ������ ���� ��� ����� '2,�� ��������
FDWDO��������� 

�� .XPDU��*��5���5DMHVK��0���/LQ��6���	�/LX��6��3URSDUJ\OLF�$OFRKROV�DV�&RXSOLQJ�3DUWQHUV�LQ�7UDQVLWLRQဨ0HWDOဨ&DWDO\]HG�$UHQH�&í+�$FWLYD�
WLRQ��$GYDQFHG�6\QWKHVLV�	�&DWDO\VLV���������������������-������'2,����������DGVF���������� 

�� 0RKMHU��)���0RIDWHKQLD��3���5DQJUD]��<���	�+HUDYL��0��0��3G-IUHH��6RQRJDVKLUD�FURVV-FRXSOLQJ�UHDFWLRQ��$Q�XSGDWH��-RXUQDO�RI�2UJDQRPH�
WDOOLF�&KHPLVWU\�������������������������'2,����������M�MRUJDQFKHP������������ 

�� ���<DQJ��<���&KHZ��;���-RKDQQHV��&��:���5RELQV��(��*���-RQJ��+���	�/LP��<��+��$�9HUVDWLOH�DQG�(IILFLHQW�3DOODGLXP-PHWD-7HUDU\OSKRVSKLQH�
&DWDO\VW� IRU� WKH�&RSSHU-)UHH� 6RQRJDVKLUD�&RXSOLQJ� RI� �+HWHUR-�$U\O�&KORULGHV� DQG�$ON\QHV��(XURSHDQ� -RXUQDO� RI�2UJDQLF�&KHPLVWU\��
��������������-������'2,����������HMRF���������� 

�� 6XQ��6���:DQJ��%���*X��1���<X��-�-7���&KHQJ��-��3DOODGLXP-&DWDO\]HG�$U\OFDUER[\ODWLRQ�RI�3URSDUJ\OLF�$OFRKROV�ZLWK�&2��DQG�$U\O�+DO�
LGHV�� $FFHVV� WR� )XQFWLRQDOL]HG� Į-$ON\OLGHQH� &\FOLF� &DUERQDWHV�� 2UJDQLF� /HWWHUV�� ������ ������ ����-������ '2,�� ��������
DFV�RUJOHWW��E������ 

�� 0XUDVKNLQD�$�9���0LWURIDQRY�$�<8���%HOHWVND\D�,�3��0HG
�Y�UHDNWVL\DNK�NURVV-VRFKHWDQL\D��,��5HDNWVL\D�VRQRJDVKLU\-NKDJLNKDUD�>&RSSHU�
LQ� FURVV-FRXSOLQJ� UHDFWLRQV�� ,�� 6RQRJDVKLUD-KDJLKDUD� UHDFWLRQ@�� =KXUQDO� RUJDQLFKHVNR\� NKLPLL�� ������ ������� ����-������ '2,�� ��������
6���������������; 

�� &KRZ��+�-)���:DQ��&�-:���/RZ��.�-+���	�<HXQJ��$�+LJKO\�6HOHFWLYH�6\QWKHVLV�RI�'LDU\OHWK\QHV�DQG�7KHLU�2OLJRPHUV�E\�D�3DOODGLXP-
&DWDO\]HG�6RQRJDVKLUD�&RXSOLQJ�5HDFWLRQ�XQGHU�3KDVH�7UDQVIHU�&RQGLWLRQV��7KH�-RXUQDO�RI�2UJDQLF�&KHPLVWU\������������������-������
'2,���������MR������T 

�� <L��&�<���+XD��5��0���=HQJ��+�;���+XDQJ��4�)��3DOODGLXP-&DWDO\]HG�(IILFLHQW�DQG�2QH-3RW�6\QWKHVLV�RI�'LDU\ODFHW\OHQHV�IURP�WKH�5HDF�
WLRQ� RI� $U\O� &KORULGHV� ZLWK� �-0HWK\O-�-EXW\Q-�-RO�� $GYDQFHG� 6\QWKHVLV� DQG� &DWDO\VLV�� ������ ����� ���� ����-������ '2,�� ��������
DGVF����������� 

�� +XQJ�� 7�-7��� +XDQJ��&�-0���	� 7VDL�� )�-<�� 6RQRJDVKLUD-+DJLKDUD�&RXSOLQJ� WRZDUGV�'LDU\O� $ON\QHV� &DWDO\]HG� E\� )H&O�2+�ڄ��&DWLRQLF�
���¶-%LS\ULG\O��&KHP&DW&KHP����������������-�����'2,����������FFWF���������� 

��� +X��+���<DQJ��)���	�:X��<��3DOODGDF\FOH-&DWDO\]HG�'HDFHWRQDWLYH�6RQRJDVKLUD�&RXSOLQJ�RI�$U\O�3URSDUJ\O�$OFRKROV�ZLWK�$U\O�&KORULGHV��
7KH�-RXUQDO�RI�2UJDQLF�&KHPLVWU\��������������������-�������'2,����������MR������� 

��� &KHQ��;LD��=KRX��;LDR-<X��$�&RQYHQLHQW��(IILFLHQW�� DQG� ,QH[SHQVLYH�&RSSHU� �,��&RPSOH[�&DWDO\]HG�6RQRJDVKLUD�&URVV-&RXSOLQJ�RI�R-
,RGRDQLOLQHV�ZLWK�7HUPLQDO�$ON\QHV��6\QWKHVLV-6WXWWJDUW��������������������-������'2,����������D-����-����� 

��� 0LNXV�3XULƼã��/XFDV�(LFKHQEHUJHU��-pU{PH�:DVHU��6\QWKHVLV�RI�SURSDUJ\O�VLODQHV�IURP�WHUPLQDO�DON\QHV�ǀŝĂ�D�PLJUDWRU\�6RQRJDVKLUD�UHDF�
WLRQ��&KHPLFDO�&RPPXQLFDWLRQV��������������������-������'2,����������'�&&�����' 

��� <XU\�1�� .RWRYVKFKLNRY��$UWHP�$�� %LQ\DNRYVN\�� *HQQDGLM� 9�� /DW\VKHY��1LNROD\�9�� /XNDVKHY�DQG� ,ULQD� 3��%HOHWVND\D� &RSSHU-FDWDO\]HG�
GHDFHWRQDWLYH�6RQRJDVKLUD�FRXSOLQJ��KƌŐĂŶŝĐ�%LRPROHFXODU�&KHPLVWU\����������������-������'2,����������MR������S 

��� ;LDRELQJ�=KDQJ��=KDQ�/X��&KXQOLQJ�)X��6KHQJPLQJ�0D��6\QWKHVLV�RI�SRO\VXEVWLWXWHG�IXUDQV�EDVHG�RQ�D�VWHSZLVH�6RQRJDVKLUD�FRXSOLQJ�RI�
�=�-�-LRGRDON-�-HQ-�-ROV�ZLWK�WHUPLQDO�SURSDUJ\OLF�DOFRKROV�DQG�VXEVHTXHQW�$X�,�-�RU�3G�,,�-FDWDO\]HG�F\FOL]DWLRQ-DURPDWL]DWLRQ�YLD�HOLPL�
QDWLRQ�RI�+�2��-RXUQDO�RI�2UJDQLF�&KHPLVWU\�������������������-������'2,����������MR������S 

��� /DXHU��0��*���+HDGIRUG��%��5���*REEOH��2��0���:H\KDXSW��0��%���*HUODFK��'��/���=HOOHU��0���	�6KDXJKQHVV\��.�+��$�7ULDON\OSKRVSKLQH-
'HULYHG�3DOODGDF\FOH�DV�D�&DWDO\VW�LQ�WKH�6HOHFWLYH�&URVV-'LPHUL]DWLRQ�RI�7HUPLQDO�$U\ODFHW\OHQHV�ZLWK�7HUPLQDO�3URSDUJ\O�$OFRKROV�DQG�
$PLGHV��$&6�&DWDO\VLV�������������������-������'2,����������DFVFDWDO��E����� 

��� )HUUD]]DQR��/���0DUWHOOL��*���)DQWRQL��7���'DND��$���&RUELVLHUR��'���9LROD��$���7RORPHOOL��$��)DVW�+HFN–&DVVDU–6RQRJDVKLUD��+&6��5HDF�
WLRQV�LQ�*UHHQ�6ROYHQWV��2UJDQLF�/HWWHUV��������������������-�����'2,����������DFV�RUJOHWW��F����� 

��� )DWK��5��+���	�+RVHLQL��6�� -��&RSSHU�,�� FRPSOH[� FRYDOHQWO\� DQFKRUHG�RQ�JUDSKHQH�R[LGH� DV�DQ� HIILFLHQW�DQG� UHF\FODEOH� FDWDO\VW� IRU�6R�
QRJDVKLUD�UHDFWLRQ��$SSOLHG�2UJDQRPHWDOOLF�&KHPLVWU\�������������-���'2,����������DRF����� 

��� /LX��<���%ODQFKDUG��9���'DQRXQ��*���=KDQJ��=���7OLOL��$���=KDQJ��:���7DLOOHIHU��0��&RSSHU-&DWDO\]HG�6RQRJDVKLUD�5HDFWLRQ�LQ�:DWHU��&KHP�
LVWU\�6HOHFW�������������������-�������'2,����������VOFW���������� 

 

RµUJDQLOJDQ��7DGTLTRWODU� WDKOLOL� QDWLMDVLGD� MDUD\RQ�
XFKXQ� PXTRELO� VKDURLW� WRSLOJDQ� YD� UHDNVL\D�
MDUD\RQLQLQJ� PH[DQL]PL� LVKODE� FKLTLOJDQ�� 6LQWH]�
TLOLQJDQ� LQWHUQDO� DURPDWLN� DWVHWLOHQ� VSLUWODULQLQJ�
WDUNLEL�� WR]DOLJL� YD� WX]LOLVKL� ]DPRQDYL\� IL]LN-
NLP\RYL\�XVXOODUGD�LVERWODQJDQ�� 

7HUPLQDO� DWVHWLOHQ� VSLUWODU�PROHNXODVLGDJL�
RµULQERVDUODUQLQJ�WDELDWL�YD�XODUQLQJ�ID]RYL\�WD¶VLU�

HWLVK�[RVVDVLJD�NRµUD�UHDNVL\D�ERULVKL�YD�PDKVXORW�
XQXPLJD�WD¶VLU�HWLVK�TRQXQL\DWL�WRSLOGL��XQJD�NRµUD�
�-�QDIWLO-��EXWLQ-�-RO-�����-�SLULGLQLO-��EXWLQ-�-RO-
�����-�IXUDQLO-��EXWLQ-�-RO-�����-IHQLOEXWLQ-�-RO-��
�� �-HWLQLODGDPDQWDQRO-�� �� �����-WULPHWLOSHQWLQ-�-
RO-�� �� ���-GLPHWLOSHQWLQ-�-RO-��� �-
HWLQLOVLNORJHNVDQRO�ERµ\LFKD�HWLQLOODVK�UHDNVL\DVLQL�
VDPDUDGRUOLJL�RVKLE�ERULVKL�DQLTODQJDQ�� 


