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.LULVK 
$WVHWLOHQ� VSLUWODUL� YD� XODUQLQJ� GLROODUL�

RUJDQLN� VLQWH]GD� PXKLP� UHDJHQW� KLVREODQLE��
EXJXQJL� NXQGD� WLEEL\RWGD� DQWLELRWLNODU�� YLWDPLQODU��
SLJPHQWODU�� YD� JɚUPRQODU� LVKODE� FKLTDULVKGD�
TRµVKLPFKD� NRPSRQHQWODU� VLIDWLGD� NHQJ�

IR\GDODQLOPRTGD� >�-�@�� $WVHWLOHQ� GLROODULQL� \XTRUL�
XQXPODUGD� VLQWH]� TLOLVK� XFKXQ� DONLQODUQL� Q%X/L�
(W�2�NDWDOLWLN�VLVWHPDVLGD��-���

R&�KDURUDWGD����VRDW�
GDYRPLGD� DOGHJLGODU� ELODQ� UHDNVL\DVL� QDWLMDVLGD�
DONLQ-���-GLROODU� VLQWH]L� DPDOJD� RVKLULOJDQ� >�@��
$WVHWLOHQ�VSLUWODUL�DONLQLO�GLJDORJHQLG�KRVLODODULQLQJ�
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0X\DVVDU�.��6$/,(9$���PX\DVVDU�VDOL\HYD#PDLO�UX��� 
2GLOMRQ�(��=,<$'8//$(9������EXODN����#\DQGH[�UX��� 
*X]DO�.��27$08.+$0('29$���JX]DO������#\DQGH[�UX��� 
5LINDW�)��7$/,329���WDOLSRY#PDLO�UX��� 
/RFKLQ�.��$%/$.8/29���PRQRNRS��#PDLO�FRP� 
�&KLUFKLN�6WDWH�3HGDJRJLFDO�8QLYHUVLW\��&KLUFKLN��8]EHNLVWDQ� 
�$FDGHP\�RI�WKH�0LQLVWU\�RI�(PHUJHQF\�6LWXDWLRQV��7DVKNHQW��8]EHNLVWDQ 
�8ID�8QLYHUVLW\�RI�6FLHQFH�DQG�7HFKQRORJ\��8ID��5XVVLD 

 
7KH�SXUSRVH�RI�WKLV�ZRUN�LQ�WKLV�VWXG\��DFHW\OHQH�DOFRKROV�FRQWDLQLQJ�KHWHURDWRPLF�VXEVWLWXHQWV�LQ�WKHLU�PROHFXODU�FRPSRVLWLRQ-��-�-

WKLRSKHQ-�-\O�EXW-�-\Q-�-RO�� �-��-PHWK\OWKLRSKHQ-�-\O�EXW-�-\Q-�-RO�� �-�IXUDQ-�-\O�EXW-�\Q-�-RO�� �-�S\ULGLQ-�-\O�EXW-�-\Q-�-RO�� �-��-
FKORURWKLRSKHQ-�-\O�EXW-�-\Q-�-RO���-��-EURPRWKLRSKHQ-�\O�EXW-�-\Q-�-RO�DFHW\OHQH�GLROV�ZHUH�V\QWKHVL]HG�EDVHG�RQ�WKH�UHDFWLRQ�ZLWK�DFH�
WRQH�LQ�D�GLPHWK\O�VXOIR[LGH�VROYHQW�LQ�WKH�SUHVHQFH�RI�WKH�%X�12+�'062�+�2�FDWDO\WLF�V\VWHP��7KH�LQIOXHQFH�RI�WKH�PRODU�UDWLR�RI�VWDUWLQJ�
PDWHULDOV��UHDFWLRQ�GXUDWLRQ��WHPSHUDWXUH��QDWXUH�RI�WKH�FDWDO\VW�DQG�VROYHQWV�RQ�WKH�SURGXFW�\LHOG�ZDV�V\VWHPDWLFDOO\�VWXGLHG��7KH�FRPSRVL�
WLRQ��SXULW\�DQG�VWUXFWXUH�RI�WKH�QHZ�JHQHUDWLRQ�RI�V\QWKHVL]HG�DFHW\OHQHGLROV�KDYH�EHHQ�FRQILUPHG�E\�PRGHUQ�SK\VLFRFKHPLFDO�PHWKRGV��7KH�
PHFKDQLVP�RI�WKH�UHDFWLRQ�SURFHVV�KDV�EHHQ�GHYHORSHG� 

 
.H\ZRUGV��DFHW\OHQH�DOFRKROV��DFHWRQH��GLPHWK\OVXOIR[LGH��UHDFWLRQ�PHFKDQLVP� 
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ɋɂɋɌȿɆɕ�%X�12+�'062�+�2 
 
Ɇɭɹɫɫɚɪ�Ʉ��ɋȺɅɂȿȼȺ���PX\DVVDU�VDOL\HYD#PDLO�UX��� 
Ɉɞɢɥɠɨɧ�ɗ��ɁɂəȾɍɅɅ$ȿȼ�����EXODN����#\DQGH[�UX��� 
Ƚɭɡɚɥ�Ʉ��ɈɌȺɆɍɏȺɆȿȾɈȼȺ���JX]DO������#\DQGH[�UX�� 
Ɋɢɮɤɚɬ�Ɏ��Ɍ$ɅɂɉɈȼ�����WDOLSRY#PDLO�UX�� 
Ʌɨɱɢɧ�Ʉ��ȺȻɅȺɄɍɅɈȼ���PRQRNRS��#PDLO�FRP�� 
�ɑɢɪɱɢɤɫɤɢɣ�ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ�ɩɟɞɚɝɨɝɢɱɟɫɤɢɣ�ɭɧɢɜɟɪɫɢɬɟɬ��ɑɢɪɱɢɤ��ɍɡɛɟɤɢɫɬDɧ� 
�Ⱥɤɚɞɟɦɢɹ�ɦɢɧɢɫɬɟɪɫɬɜɚ�ɱɪɟɡɜɵɱɚɣɧɵɯ�ɫɢɬɭɚɰɢɣ��Ɍɚɲɤɟɬ��ɍɡɛɟɤɫɢɬɚɧ 
�ɍɮɢɦɫɤɢɣ�ɭɧɢɜɟɪɫɢɬɟɬ�ɧɚɭɤɢ�ɢ�ɬɟɯɧɨɥɨɝɢɣ��ɍɮɚ��Ɋɨɫɫɢɹ 

 
ɐɟɥɶ�ɪɚɛɨɬɵ�–�ɢɫɫɥɟɞɨɜɚɧɢɟ�ɚɰɟɬɢɥɟɧɨɜɵɯ�ɫɩɢɪɬɨɜ��ɫɨɞɟɪɠɚɳɢɯ�ɜ�ɦɨɥɟɤɭɥɹɪɧɨɦ�ɫɨɫɬɚɜɟ�ɝɟɬɟɪɨɚɬɨɦɧɵɟ�ɡɚɦɟɫɬɢɬɟɥɢ

–�-�ɬɢɨɮɟɧɢɥ-��ɛɭɬɢɧ-�-ɨɥ-����-��-ɦɟɬɢɥɬɢɨɮɟɧɢɥ-��ɛɭɬɢɧ-�-ɨɥ-����-�ɮɭɪɚɧɢɥ-��ɛɭɬɢɧ-�-ɨɥ-����-�ɩɢɪɢɞɢɧɢɥ-��ɛɭɬɢɧ-�-ɨɥ-����-��
-ɯɥɨɪɬɢɨɮɟɧɢɥ-��ɛɭɬɢɧ-�-ɨɥ-����-��-ɛɪɨɦɬɢɨɮɟɧɢɥ-��ɛɭɬɢɧ-�ɨɥ-��ɚɰɟɬɢɥɟɧ�ɞɢɨɥɵ�ɫɢɧɬɟɡɢɪɨɜɚɧɵɯ�ɧɚ�ɨɫɧɨɜɟ�ɪɟɚɤɰɢɢ�ɫ�ɚɰɟɬɨɧɨɦ�
ɜ�ɞɢɦɟɬɢɥɫɭɥɶɮɨɤɫɢɞɧɨɦ�ɪɚɫɬɜɨɪɢɬɟɥɟ�ɜ�ɩɪɢɫɭɬɫɬɜɢɢ�ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ�ɫɢɫɬɟɦɵ�%X�12+�'062�+�2��ɂɡɭɱɚɥɨɫɶ�ɜɥɢɹɧɢɟ�ɦɨɥɶ�
ɧɨɝɨ�ɫɨɨɬɧɨɲɟɧɢɹ�ɢɫɯɨɞɧɵɯ�ɜɟɳɟɫɬɜ��ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ�ɪɟɚɤɰɢɢ��ɬɟɦɩɟɪɚɬɭɪɵ��ɩɪɢɪɨɞɵ�ɤɚɬɚɥɢɡɚɬɨɪɚ�ɢ�ɪɚɫɬɜɨɪɢɬɟɥɟɣ�ɧɚ�
ɜɵɯɨɞ�ɩɪɨɞɭɤɬɚ��ɋɨɫɬɚɜ��ɱɢɫɬɨɬɚ�ɢ�ɫɬɪɨɟɧɢɟ�ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ�ɚɰɟɬɢɥɟɧɞɢɨɥɨɜ�ɧɨɜɨɝɨ�ɩɨɤɨɥɟɧɢɹ�ɩɨɞɬɜɟɪɠɞɟɧɵ�ɫɨɜɪɟɦɟɧɧɵɦɢ�
ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦɢ�ɦɟɬɨɞɚɦɢ��ɉɪɟɞɫɬɚɜɥɟɧ�ɦɟɯɚɧɢɡɦ�ɩɪɨɰɟɫɫɚ�ɪɟɚɤɰɢɢ�� 

 
Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ��ɚɰɟɬɢɥɟɧɨɜɵɟ�ɫɩɢɪɬɵ��ɚɰɟɬɨɧ��ɞɢɦɟɬɢɥɫɭɥɶɮɨɤɫɢɞ��ɦɟɯɚɧɢɡɦ�ɪɟɚɤɰɢɢ� 
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0X\DVVDU�.��6$/,<(9$���PX\DVVDU�VDOL\HYD#PDLO�UX��� 
2GLOMRQ�(��=,<$'8//$<(9�����EXODN����#\DQGH[�UX��� 
*Rµ]DO�.��27$08;$0('29$���JX]DO������#\DQGH[�UX��� 
5LINDW�)��7$/,329���WDOLSRY#PDLO�UX��� 
/RFKLQ�Ʉ��$%/$.8/29���PRQRNRS��#PDLO�FRP� 
�&KLUFKLT�GDYODW�SHGDJRJLND�XQLYHUVLWHWL��&KLUFKLT��2µ]EHNLVWRQ� 
�)DYTXORGGD�YD]L\DWODU�YD]LUOLJL�$NDGHPL\DVL��7RVKNHQW��2µ]EHNLVWRQ 
�8ID�IDQ�YD�WH[QRORJL\DODU�XQLYHUVLWHWL��8ID��5RVVL\D 
 

8VKEX�WDGTLTRW�LVKLQLQJ�PDTVDGL�PROHNXODVL�WDUNLELGD�JHWHURDWRP�RµULQERVDUODU�VDTODJDQ�DWVHWLOHQ�VSLUWODUL-��-�WLRIHQLO-��EXWLQ-�-
RO-��� �-��-PHWLOWLRIHQLO-��EXWLQ-�-RO-��� �-�IXUDQLO-��EXWLQ-�-RO-��� �-�SLULGLQLO-��EXWLQ-�-RO-��� �-��-[ORUWLRIHQLO-��EXWLQ-�-RO-��� �-��-
EURPWLRIHQLO-��EXWLQ-�RO-�� QL� %X�12+�'062�+�2� NDWDOLWLN� VLVWHPDVL� LVKWLURNLGD� HULWXYFKL� GLPHWLOVXOIRNVLGGD� DWVHWRQ� ELODQ� UHDNVL\DODUL�
DVRVLGD�DWVHWLOHQ�GLROODUL�VLQWH]�TLOLQJDQ��0DKVXORW�XQXPLJD�ERVKODQJµLFK�PRGGDODU�PRO�PLTGRUL�QLVEDWODUL��UHDNVL\D�GDYRPL\OLJL��KDURUDW��
NDWDOL]DWRU�YD�HULWXYFKLODU�WDELDWL�WD¶VLUL�WL]LPOL�UDYLVKGD�RµUJDQLOJDQ��6LQWH]�TLOLQJDQ�\DQJL�DYORG�DWVHWLOHQ�GLROODULQLQJ�WDUNLEL��WR]DOLJL�YD�
WX]LOLVKL� ]DPRQDYL\� IL]LN-NLP\RYL\� XVXOODUGD� LVERWODQJDQ�� 5HDNVL\D� MDUD\RQLQLQJ� PH[DQL]PL� LVKODE� FKLTLOJDQ�� 6LQWH]� TLOLQJDQ� DWVHWLOHQ�
VSLUWODULQLQJ�HOHPHQW�WDKOLOL�DPDOJD�RVKLULOJDQ� 

 
ɄɚOLW�VR൏]ODU��DWVHWLOHQ�VSLUWODUL��DWVHWRQ��GLPHWLOVXOIRNVLG��UHDNVL\D�PH[DQL]PL� 
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EXWLOOLWL\� \RNL� OLWL\� QDIWDOHQQL� WHWUDJLGURIXUDQGDJL�
HULWPDVLGD� YD� EHQ]DOGHJLG� ELODQ� WD¶VLUODVKLVKLGDQ�
\XTRUL� VHOHNWLYOLN� ELODQ� DVLPPHWULN� DWVHWLOHQ�
GLROODUL� VLQWH]� TLOLQJDQ� >�@�� <XH-4LQJ� *X�D� 3HQJ-
3HQJ� =KDQJ� KDPGD� XQLQJ� KDPNDVEODUL� WRPRQLGDQ�
DONLQGLROODUQLQJ� ROWLQ� �,�-NDWDOL]DWɨUL� LVKWLURNLGD�
VLNORL]RPHUL]DWVL\D�UHDNVL\DODUL�ROLE�ERULOJDQ�YD��-
RNVDELVLNOR>�����@� JHSWDQ� KDPGD� IDUQHVLIHURO� &�
QLQJ� DVVLPHWULN� XPXPL\� VLQWH]L� DPDOJD� RVKLULOJDQ�
>�@�� .DOVL\� NDUELGQLQJ� NHWRQODU� ELODQ�
HQDQWLRVHOHNWLY� ELULNLVK� UHDNVL\DODULGD� DWVHWLOHQ�
VSLUWODUL� ELODQ� ELUJDOLNGD� TRµVKLPFKD� PDKVXORW�
VLIDWLGD� DWVHWLOHQ� GLROODUL� KDP� KRVLO� ERµOLVKL�
DQLTODQJDQ� >�@�� )RUPDOGHJLGQLQJ� PLV� �,�� WX]ODUL�
NDWDOL]DWRUL� LVKWLURNLGD� DWVHWLOHQ� YD� XQLQJ�
JRPRORJODUL�ELODQ�DONLQLOODQLVKL�QDWLMDVLGD�DWVHWLOHQ�
GLROODUL� VLQWH]� TLOLQJDQ�� HULWXYFKL� WHWUDJLGURIX�
UDQGDQ� IR\GDODQLOJDQ� >�@�� .DOVL\� NDUELGQLQJ�
NHWRQODU� ELODQ� HQDQWLRVHOHNWLY� ELULNLVK� UHDNVL\DODUL�
DVRVLGD� DWVHWLOHQ� VSLUWODUL� YD� TRµVKLPFKD�PDKVXORW�
VLIDWLGD� DWVHWLOHQ� GLROODUL� KDP� KRVLO� ERµOLVKL�
DQLTODQJDQ� >�@�� 6KXQLQJGHN�� WHWUDJLGURIXUDQ�
HULWPDVLGD�� PLV� �,�� WX]ODUL� NDWDOL]DWRUL� LVKWLURNLGD�
DWVHWLOHQ� YD� XQLQJ� JRPRORJODUL� ELODQ�
IRUPDOGHJLGQLQJ� DONLQLOODQLVKL� QDWLMDVLGD� DWVHWLOHQ�
GLROODUL�VLQWH]�TLOLQJDQ�>��-��@��$WVHWLOHQ�GLROODULQL�
VLQWH]�TLOLVK�XFKXQ�DWVHWLOHQ�VSLUWODULQL���HNYLYDOHQW�
Q-EXWLOOLWL\� ELODQ� HOHNWURILO� ELULNLVK� UHDNVL\DVL�
DVRVLGD� KRVLO� ERµOJDQ� ELVOLWL\DONRJRO\DWJD� VHUL\�
�,,,�� [ORULG� LVKWLURNLGD� SURSLOHQ� RNVLG� ELODQ�
UHDNVL\DVLGDQ� IR\GDODQLOJDQ� >��@�� 7HWUD-Q-
EXWLODPPRQL\� JLGURNVLG� YD� GLPHWLOVXOIRNVLG�
DVRVLGD�WD\\RUODQJDQ�\XTRUL�DVRVOL�NDWDOLWLN�VLVWHPD�
\RUGDPLGD� �-HWLQLOVLNORJHNVDQROQLQJ� DOLIDWLN��
DURPDWLN� YD� DOLVLNOLN� NHWRQODUQL� WHUPLQDO� DWVHWLOHQ�
VSLUWODUL� ELODQ� QXNOHRILO� UHDNVL\DVL� DVRVLGD� \XTRUL�
XQXP� ELODQ� DWVHWLOHQ� GLROODUL� VLQWH]� TLOLQJDQ� >��@��
$WVHWLOHQ�VSLUWODUL� LNNL�HNYLYDOHQW�Q-EXWLO� OLWL\�ELODQ�
ELULNLVKL� QDWLMDVLGD� ELV-OLWL\� WX]ODUL� VLQWH]� TLOLQLE��
1+�&O� LVKWLURNLGD� XODUQLQJ� UHDNWLYOLJL� WHJLVKOL�
HOHNWURILOODU� VLIDWLGD� DOGHJLGODU�� NHWRQODU� ELODQ�
UHDNVL\DJD�NLULVKLVK�\RµOL�ELODQ�DWVHWLOHQ�GLROODUL�-��
-JHNVLQ-���-GLRO�VLQWH]�TLOLQJDQ�YD�VDUDWRQJD�TDUVKL�
SUHSDUDWODUQLQJ� DQDORJODUL� VLIDWLGD� LVKODWLOJDQ� >��@��
6KXQLQJGHN��JDORJHQ�DONQLODU�LVKWLURNLGD�WHWUDGHND-
���-GL\Q-���-GLRO� YD� �-PHWLOWHWUDGHND-���-GLLQ-���-
GLROODU�VLQWH]�TLOLQJDQ�YD�VDUDWRQ�NDVDOOLJLJD�TDUVKL�
HQJ� \D[VKL� NLP\RWHUDSHYWLN� IDROOLJL� MLKDWLGDQ�
VXOIRUDIDQ� ELODQ� WHQJOLJL� LVERWODQJDQ� >��@��
6KXQLQJGHN��5REHUWR�6DQV�'LH]��%ULDQ�$GJHUF�DQG�
(ULFN� 0�� &DUUHLUD� ROLPODU� WRPRQLGDQ� =Q�27I���

(W�2����-1-PHWLOHILGUHQ� LVKWLURNLGD� ���� �-DONLQ-�-
���-GLRO� VLQWH]� TLOLQJDQ� YD� ELU� TDWRU� ELRORJLN� [RV�
VDODUL� RµUJDQLOJDQ� >��@�� $WVHWOHQ� GLROODULQL� .2+�
NDWDOLWLN� VLVWHPD� LVKWLURNLGD� �-JHNVLQ-RO-�� DVRVLGD�
EXWLUDOGHJLG� ELODQ� QXNOHRILO� ELULOLNLVKL� QDWLMDVLGD�
GHWVLQ-�-GLRO-���� VLQWH]L� DPDOJD� RVKLULOJDQ� >��-��@��
8VKEX� XVXO� ELODQ� PɨOHNXODVL� WDUNLELGD� JHWHURDWRP�
VDTODJDQ�DWVHWLOHQ�VSLUWODUL-�-�WLRIHQLO-��EXWLQ-�-RO-���
�-��-PHWLOWLRIHQLO-��EXWLQ-�-RO-��� �-�IXUDQLO-��EXWLQ-
�-RO-��� �-�SLULGLQLO-��EXWLQ-�-RO-��� �-��-[ORUWLRIHQLO-
��EXWLQ-�-RO-��� �-��-EURPWLRIHQLO-��EXWLQ-�RO-�� QL�
%X�12+�'062�+�2�NDWDOLWLN�VLVWHPDVL� LVKWLURNLGD�
DWVHWRQ� ELODQ� QXNOHRILO� ELULNLVK� UHDNVL\DVL� DVRVLGD�
TX\LGDJL� DWVHWLOLQ� GLROODUL-�-PHWLO-�-��WLRIHQLO-��
JHNVLQ-�-GLRO-���� ����� �-PHWLO-�-��-PHWLOWLRIHQLO-��
JHNVLQ-GLRO-���� ����� �-�IXUDQLO-��-�-PHWLOJHNVLQ-�-
GLRO-���� ����� �-PHWLO-�-SLULGLQLO-��JHNVLQ-�-GLRO-����
������-��-[ORUWLRIHQLO-��-�-PHWLOJHNVLQ-�-GLRO-���������
�-�-�EURPWLRIHQLO-��-�-PHWLOJHNVLQ-�-GLRO-���� ����
QLQJ�VLQWH]L�DPDOJD�RVKLULOGL� 

 
7DGTLTRW�XVXOODUL 
%X�12+�'062�+�2� NDWDOLWLN� VLVWHPDVLGD�

ɚWVHWLOHQ� GLROODULQL� VLQWH]L� TLOLVK� XVXOL�� �1D¶PXQD�
VLIDWLGD� �-�IXUDQLO-��-�-PHWLOJHNVLQ-�-GLRO-����
VLQWH]L�NHOWLULOJDQ���5HDNVL\D�PH[DQLN�DUDODVKWLUJLFK�
�63;)/2:� /LJKWQLQ� /%��� ������������ USP�
PDUNDOL��� WRPL]JLFK� YRURQND� �,VR/DE� 76�������
PDUNDOL�� KDMPL� ���� PO�� TD\WDUPD� VRYXWJLFK�
�'LPURWD� 76������� ���� PP�� PDUNDOL��� VKOLIOL�
WHUPRPHWU� �7KHUPRPHWHU� //*-*HQHUDO� -��������
R&� PDUNDOL�� RµUQDWLOJDQ� PD[VXV� WD\\RUODQJDQ� LNNL�
TDYDWOL�� KDMPL� ����� PO� ERµOJDQ� UHDNWRUGD� DPDOJD�
RVKLULOGL�� 

'DVWODE�MDUD\RQ�����J����PRO��%X�12+�����
��VXYOL�HULWPDVL��YD�����PO�'062�ELODQ�KDURUDW���
R&�� ��� PLQXW� GDYRPLGD� DUDODVKWLULOLE�� VXVSHQ]L\D�
KRVLO� TLOLQGL��+RVLO� ERµOJDQ�NDWDOLWLN� VLVWHPDJD�����
J� ��� PRO�� �-�IXUDQLO-��EXWLQ-�-RO-�� VROLQGL� KDPGD�
DWVHWLOHQ� VSLUWL� YD� MDUD\RQGD� KRVLO� ERµODGLJDQ�
DWVHWLOHQ� GLROODU� SROLPHUODQLE� NHWPDVOLJL� XFKXQ�
VLVWHPDJD� JLGUR[LQRQ� TRµVKLOGL�� 6RµQJUD� ��� J� ���
PRO��DWVHWRQ����PLQXW�GDYRPLGD�DUDODVKWLULOJDQ�KR�
ODWGD� WRPFKLODWLE� TRµVKLOGL� YD� ��� PLQXW� GDYRPLGD�
DUDODVKWLULOGL�� VKXQGDQ� VRµQJ�� MDUD\RQ� ��� VRDW�
GDYRPLGD�WLQGLULOGL��5HDNVLRQ�DUDODVKPD�VRYXT�VXY�
ELODQ� ������ VX\XOWLULOGL� YD� GLHWLO� HILU� \RUGDPLGD� ��
PDUWD� ��î���PO�� HNVWUDNVL\D�TLOLQGL� YD� VXY� ��î����
PO�� ELODQ� \XYLOGL�� TXULWXYFKL� 1D�62�� \RUGDPLGD� ��
VRDW� GDYRPLGD� TXULWLOGL�� 0DKVXORW� ILOWUODE� ROLQLE��
YDNXXPOL�EXJµODWJLFK��*HUPDQL\DGD�LVKODE�FKLTDULO�
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JDQ� +HL–9$3� &RUH� +/�*�� PDUNDOL�� \RUGDPLGD�
HULWXYFKLODU� EXJµODWLOGL�� VRµQJUD� VLOLNDJHO� ���
[URPDWRJUDIL\D� NRORQNDVL� RUTDOL� HO\XHQW� �JHNVDQ�
HWLODWVHWDW�� ODUGDQ� RµWND]LOLE�� IUDNVL\DODU� \XSTD�
TDWODPOL� [URPDWRJUDIL\D� ³0HUFN� ��� )���´�
SODVWLQNDVLGD�5I�TL\PDWODUL�DQLTODQGL��%XQGD�������
J� �-�IXUDQLO-��-�-PHWLOJHNVLQ-�-GLRO-���� ��� ���
RUDOLT�PDKVXORW�����ERVKODQJµLFK�PRGGDODU����YD�

TRµVKLPFKD� PDKVXORWODU� ��� XQXP� ELODQ� VLQWH]�
TLOLVKJD�HULVKLOGL� 

5HDNVL\D� [LPL]PL� YD� PH[DQL]PL��
0ROHNXODVL�WDUNLELGD�JHWHURDWRP�VDTODJDQ�DWVHWLOHQ�
VSLUWODULQLQJ� %X�12+�'062�+�2� NDWDOLWLN�
VLVWHPDVL� LVKWLURNLGD� DWVHWRQ� ELODQ� QXNOHRILO�
ELULNLVK� UHDNVL\DVL� PH[DQL]PL� ɚGDEL\RW� PDQEDODUL�
DVRVLGD�TX\LGDJLFKD�WDNOLI�HWLOGL�>��@�� 

R

OH

Me

C C C

OH

CH3

CH3R

Me

OH

C CH + CH3 C

O

CH3
Bu4NOH/DMSO/H2O

1-6 7                                                            8-13                                                                 

R = 
S

(1); 
S

Me

(2);
S

Cl (5);
S

Br (6); 

N
(3);

O
(4);

'DVWODE� MDUD\RQGD� NDWDOL]DWRU� VLIDWLGD� LVKODWLOJDQ� %X�12+� DSURWRQ� HULWXYFKL� GLPHWLOVXOIRNVLG�
WD¶VLUL�RVWLGD�%X�12+�LRQODUJD�DMUDODGL�>��@�� 

N+

H3C

H3C

H3C

H3C

OH- DMSO
+ OH-

N+

H3C

H3C

H3C

H3C

1DWLMDGD� JLGURNVLG� DQLRQL� VS-V� ERJµLJD� WD¶VLU� TLOLE�� DWVHWLOHQ� VSLUWLQLQJ� XFK� ERJµLQLQJ�
GHSURWRQODQLVKLJD�VDEDE�ERµODGL��+RVLO�ERµOJDQ�QXNOHRILO�LRQL�HVD�WHWUD-Q-EXWLODPPRQL\�NDWLRQL�ELODQ�IDRO�
RUDOLT�PDKVXORW�KRVLO�TLODGL� 

N+

H3C

H3C

H3C

H3C

DMSO
+ R

OH

Me

-
_

N+

H3C

H3C

H3C

H3C

OH

Me

R
_

5HDNVL\DQLQJ� NH\LQJL� ERVTLFKLGD�� KRVLO� ERµOJɚQ� RUDOLT� PDKVXORWJD� RKLVWDOLN� ELODQ� NHWRQ�
TRµVKLOɚGL�� 6RµQJ� NHWRQ� WDUNLELGDJL� NDUERQLO� JXUXKL� KRVLO� ERµOJDQ� DWVHWLOHQLG� LRQLQLQJ� QXNOHRILO�
KXMXPLJD� XFKUDE�� DWVHWLOHQ� VSLUWLQLQJ� NLVORURG� PDUND]ODVKJDQ� DQLRQL� ELODQ� ELULNLE�� WHWUD-Q-
EXWLODPPRQL\�NDWLRQL�ELODQ�RUDOLT�PDKVXORW�KRVLO�TLODGL�� 

DMSO
N+

H3C

H3C

CH3

CH3

_

+ N+

H3C

H3C

CH3

CH3

OH

Me

R

O

CH3 CH3

OH

Me

R

CH3

CH3

O

6ɨµQJUD�� UHDNVL\D� QDWLMDVLGD� KRVLO� EɨµOJDQ� RUDOLT� PDKVXORW� JLGUɨOL]JD� XFKUDVKL� QDWLMDVLGD�
DWVHWLOHQ�GLROODUL�KRVLO�ERµODGL�� 

DMSO
N+

H3C

H3C

CH3

CH3

OH

Me

R

CH3

CH3

O +  H2O  N+

H3C

H3C

CH3

CH3

OH +

OH

Me

R

OH

CH3

CH3



 

CHEMISTRY AND CHEMICAL ENGINEERING 
ɏɂɆɂə�ɂ�ɏɂɆɂɑȿɋɄȺə�ɌȿɏɇɈɅɈȽɂə  �
���� .�, �0�<�2  

YD �NLP\R � W H[QR ORJ L\DV L  
�� 

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

.$7$/,=�9$�5($.6,<$�7(;12/2*,<$6, 

1DWLMDODU�YD�PXKRNDPD 
8VJEX� XVXO� ELODQ� WDUNLELGD� JHWHURDWRP�

VDTODJDQ� DWVHWLOHQ� VSLUWODUL-� �-�WLRIHQLO-��EXWLQ-�-RO-���
�-��-PHWLOWLRIHQLO-��EXWLQ-�-RO-����-�IXUDQLO-��EXWLQ-�-

RO-��� �-�SLULGLQLO-��EXWLQ-�-RO-��� �-��-[ORUWLRIHQLO-��
EXWLQ-�-RO-��� �-��-EURPWLRIHQLO-��EXWLQ-�RO-�� QL�
DWVHWRQ�ELODQ�DVRVOL�PXKLWGD�ROLE�ERULOJDQ�MDUD\RQ�QD�
WLMDVLGD�TX\LGDJL�DWVHWLOHQ�GLROODUL�VLQWH]�TLOLQGL� 

S

OH

Me

C C C

OH

CH3

CH3
S

Me

Me
OH

C C C

OH

CH3

CH3 O

OH

Me

C C C

OH

CH3

CH3

N

OH

Me C C C

OH

CH3

CH3

S
Cl C C C

OH

Me

C

CH3

OH

CH3
S

Br C C

OH

Me

C CH3

CH3

OH

8                                                                    9                                                           10

11                                                                   12                                                        13

8VKEX� MDUD\RQ� XFKXQ� NDWDOL]DWRUQLQJ�
ERVKODQJµLFK� PRGGDODU� PDVVDVLJD� QLVEDWDQ�
ROLQJDQ�PRO� PLTGRUL� WD¶VLUL�� UHDNVL\DQLQJ� ERULVKL�
YD�XQLQJ�ERVTLFKODUL��PDKVXORW�XQXPLJD�HULWXYFKL��
NDWDOL]DWRU�� KDURUDW�� UHDNVL\D� GDYRPL\OLJL� NDEL�
RPLOODUQLQJ�WD¶VLUL�RµUJDQLOGL� 

'DVWODE� DWVHWLOHQ� GLROODUL� VLQWH]L� XQXPLJD�
KDURUDW�YD�UHDNVL\D�GDYRPL\OLJL�WD¶VLUL�RµUJDQLOGL���
-5DVP�� 

�-5DVP��$WVHWLOHQ�GLROODUL�XQXPLJD�KDURUDW�YD�UHDNVL\D�GDYRPL\OLJL�
WD¶VLUL��ERVKODQJµLFK�PRGGDODU�YD�NDWDOL]DWRU�PRO�PLTGRUODUL�

HNYLPRO\DU�QLVEDWGD��HULWXYFKL�GLPHWLOVXOIRNVLG�� 

5DVPGDQ� NRµULQLE� WXULEGLNL�� UHDNVL\D� -��
R&·���R&�KDURUDW�RUDOLTODULGD�ROLE�ERULOGL��5HDNVL\D�
-�� ɨɋ� KDURUDWGD� ROLE� ERULOJDQGD� NDWDOL]DWRUQLQJ�
HUXYFKDQOLJL� YD� IDROOLJL� MXGD� SDVW� QDPR\RQ�
TLOJDQOLJL�NX]DWLOGL��-DUD\RQQLQJ�KDURUDWLQL���R&�JD�
RVKLULOJDQGD� PDKVXORW� XQXPL� \XTRUL� ERµOJDQL�
DQLTODQGL�� 0DKVXORW� XQXPLQL� RVKLULVK� PDTVDGLGD�
KDURUDW� �-� ��� R&� JDFKD� NRµWDULOJDQGD� VLVWHPDGD�
UHDNVL\DQLQJ� IDROODQLVK� HQHUJL\DVL� RUWLVKL� KLVRELJD�
TD\WDU� MDUD\RQQLQJ� URµ\� EHULVKL� RUTDOL� DVRVL\�

PDKVXORW� XQXPLQLQJ� SDVD\LVKLJD� VDEDE� ERµOGL��
5HDNVL\D� MDUD\RQL� ERVKODQJµLFK� PRGGDODU� YD�
NDWDOLWLN� VLVWHPD� PRO� PLTGRUODUL� ������ PRO�
QLVEDWODUGD�� HULWXYFKL� GLPHWLOVXOIRNVLG�� KDURUDW� ��
Rɋ��UHDNVL\D�GDYRPL\OLJL�����PLQXW�GDYRPLGD�ROLE�
ERULOJDQGD�� WRµTQDVKD\RWJDQ� ]DUUDFKDODUQLQJ�
HQHUJL\DVL� IDROODQLVK� HQHUJL\DVLJD� WHQJODVKLE�
PɨOHNXODODUGDJL� ERJµODU� X]XOLE�� \DQJL� DWVHWLOHQ�
VSLUWODUL� YD� NHWRQODU� RµUWDVLGDJL� &-&� ERJµODU� KRVLO�
TLOLVK� MDUD\RQL� NX]DWLOLE�� DWVHWLOHQ� GLROODUL�
XQXPGRUOLJL��-������-�������-�������-�������-
�������-����\XTRUL�ERµOJDQOLJL�NX]DWLOGL� 

0D]NXU� VLVWHPDGD� KDURUDW� ELODQ� ELUJDOLNGD�
DWVHWLOHQ� GLROODULQLQJ� HQJ� \XTRUL� XQXPGD� FKLTLVKL�
XFKXQ� UHDNVL\D� GDYRPL\OLJL� RPLOL� KDP� WDGTLT�
TLOLQGL���-UDVP�� 

7DQODQJDQ� DWVHWLOHQ� VSLUWODUL� YD� DWVHWRQ�
UHDNVL\DVL� GDVWODE� ���� GDTLTD� GDYRPLGD� DPDOJD�
RVKLULOGL�%X�YDTW�RUDOLJµLGD�ERVKODQJµLFK�PRGGDODU�
WRµOLT� UHDNVL\DJD� NLULVKD� ROPDJDQOLJL� YD�
DUDODVKPDGD� TROLE� NHWLVKL� QDWLMDVLGD� PDKVXORW�
XQXPLQLQJ� SDVW� FKLTLVKL� NX]DWLOGL�� 5HDNVL\D�
GDYRPL\OLJL� ���� GDTLTDJD� X]D\WLULOJDQGD� DWVHWLOHQ�
GLROODULODULQLQJ� XQXPGRUOLJL� RVKLVKLJD� VLVWHPDJD�
UHDJHQW� �DWVHWLOHQ� VSLUWL�� YD� VXEVWUDW� �NHWRQW�� QLQJ�
GH\DUOL� WRµOLT� UHDNVL\DJD�NLULVKJDQOLJL�VDEDE�ERµOGL�
YD�PDKVXORW�XQXPLJD� LMREL\� WD¶VLU�NRµUVDWGL��%LURT�
UHDNVL\D� GDYRPL\OLJL� ���� GDTLTDJD� \HWND]LOJDQGD�
DWVHWLOHQ� GLROODULQLQJ� XQXPL� NHVNLQ� NDPD\LE� NHWGL�
YD� EXQJD� WXUOL� UHDNVLRQ� KRODWODU� VDEDE� ERµOGL��
<D¶QL�� UHDNVL\D� GDYRPL\OLJL� RVKLULOJDQGD��
VLVWHPDGD� KRVLO� ERµOJDQ� DWVHWLOHQ� GLROODUL�
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PROHNXODVLGDQ� VXY� DMUDOLE� FKLTLVKL� QDWLMDVLGD�
VLVWHPDGD� TRµVKLPFKD� PDKVXORWODU�� MXPODGDQ�
DONRJRO\DWODU�� SROLDWVHWLOHQ� VSLUWODU�� NHWRQODU�� YLQLO�
HILUODU�� VPRODVLPRQ� YD� SROLPHU� PDKVXORWODU� KRVLO�
ERµOLVKL�QDWLMDVLGD�DWVHWLOHQ�GLROODUL�XQXPL��-������
�-��������-��������-��������-��������-�����JD�
NDPD\LVKL�NX]DWLOGL� 

$WVHWLOHQ�GLROODULQL�VLQWH]�TLOLVKGD�HULWXYFKL�
WDELDWL� WD¶VLULQL� RµUJDQLVK� PDTVDGLGD� DSUDWRQ�
HULWXYFKLODU� GLPHWLOIRUPDPLG� YD�
GLPHWLOVXOIRNVLGGDQ� IR\GDODQLOGL� ��--DGYDO���
'LPHWLOIRUPDPLG� TD\QDVK� KDURUDWL�
GLPHWLOVXOINVLGJD� QLVEDWDQ� SDVW� ERµOJDQ� DSURWLN�
HULWXYFKLGLU�� 8� 61�� UHDNVL\DODUL� NDEL� TXWE�
PH[DQL]PL� ELODQ� UHDNVL\DODUQL� UDJ
EDWODQWLUDGL��
/HNLQ� [RVVDVL� MLKDWLGDQ� NXFKOL� NLVORWDODU� YD�
DVRVODUJD� QLVEDWDQ� EDUTDURU� ERµOPDJDQOLJL� KDPGD�
GLPHWLOVXOIRNVLGJD� QLVEDWDQ� GLHOHNWULN�
RµWND]XYFKDQOLJL� ������� JD� WHQJ�� SDVWOLJL� WXID\OL�
LRQODU� ELODQ� WRµTQDVKLVKODU� VRQLQL� SDVD\LVKLJD� ROLE�
NHOGL�� QDWLMDGD� DWVHWLOHQ� KRVLODODULQLQJ� HUXYFKDQOLJL�
GLPHWLOVXOIRNVLGJD��QLVEDWDQ�SDVW�ERµOLVKL�NX]DWLOGL�� 

-DUD\RQ�DSURWRQ�HULWXYFKL�
GLPHWLOVXOIRNVLGGD�ROLE�ERULOJDQLGD�PDKVXORW�
XQXPL�\XTRUL�FKLTTDQOLJL�NX]DWLOGL��(ULWXYFKL�
GLPHWLOVXOIRNVLGQLQJ�TD\QDVK�YD�GLHOHNWULN�
RµWND]XYFKDQOLJL�GLPHWLOIRUPDPLGJD�QLVEDWDQ�

\XTRUL�ERµOJDQOLJL�PDKVXORW�XQXPLQLQJ�RUWLVKLJD�
VDEDE�ERµOGL�� 

2OLQJDQ� QDWLMDODU� DVRVLGD� DWVHWLOHQ� GLRO�
ODULQL� %X�12+�'062�+�2� NDWDOLWLN� VLVWHPDVLGD�
VLQWH]� TLOLVK� UHDNVL\DODULQLQJ� HQJ� PXTRELO�
VKDURLWODUL� DQLTODQJDQ�� 8QJD� NRµUD� DWVHWLOHQ�
VSLUWODULQL�NHWRQ�ELODQ�QXNOHRILO�UHDNVL\DODUL�XFKXQ�
KDURUDW� �� R&�� UHDNVL\D� GDYRPL\OLJL� ���� PLQXW��
ERVKODQJµLFK�PRGGDODU�UHDJHQW��DWVHWLOHQ�VSLUWL��YD�
VXEVWUDW� �NHWRQ�� QLQJ� PRO� QLVEDWODUL� HNYLPRO\DU�
QLVEDWGD� ROLQJDQ� KRODWGD� DWVHWLOHQ� GLROODUL� HQJ�
\XTRUL� ��-����� �-����� ��-����� 
��-����� ��-����� ��-����� XQXP� ELODQ� VLQWH]�
TLOLQGL� 

7DGTLTɨW� RE\HNWL� VLIDWLGD� WDQODQJDQ�
DWVHWLOHQ� VSLUWODULQLQJ� DWVHWRQ� ELODQ� UHDNVL\DVLGD�
ERVKODQJµLFK� PRGGDODUQLQJ� WDUNLELGDJL�
RµULQERVDUODULQLQJ� WD¶VLUL� QD]DUL\� WDKOLO� TLOLQGL� YD�
DWVHWLOHQ� GLROODUL� KRVLO� ER¶OLVK� XQXPLJD� DWVHWLOHQ�
VSLUWODULQLQJ� VDPDUDGRUOLN� TDWRUL� TX\LGDJLFKD� �-
�WLRIHQLO-��EXWLQ-�-RO-�����-��-PHWLOWLRIHQLO-��EXWLQ
-�-RO-�� �� �-��-EURPWLRIHQLO-��EXWLQ-�RO-�� �� �-��-
[ORUWLRIHQLO-��EXWLQ-�-RO-�����-�SLULGLQLO-��EXWLQ-�-
RO-�����-�IXUDQLO-��EXWLQ-�-RO-��RUWLE�ERULVKL� WDUWL�
ELGD�DQLTODQGL� 

6LQWH]� TLOLQJDQ� DWVHWLOHQ� GLROODUL� WDUNLEL�
HOHPHQW�DQDOL]�TLOLQGL���-MDGYDO�� 

�--DGYDO 
$WVHWLOHQ�GLROODUL�XQXPLJD�HULWXYFKLODU�WDELDWLQLQJ�WD¶VLUL 

Ⱥɋ %UXWWR�IRUPXODVL 7DKOLO�QDWLMDODUL 
(OHPHQWODU�QRPL�YD�WDKOLOL��� 

ɋ ɇ Ɉ 6 1 &O %U 

� 
&��+��2�6 +LVREODQJDQ ����� ���� ����� �����       

0U ����JU�PRO ȺQLTODQJDQ ����� ���� ����� �����       

� 
&��+��2�6 +LVREODQJDQ ����� ���� ����� �����       

0U ����JU�PRO ȺQLTODQJDQ ����� ���� ����� �����       

�� 
&��+��2� +LVREODQJDQ ����� ���� �����         

0U ����JU�PRO ȺQLTODQJDQ ����� ���� �����         

�� 
&��+��12� +LVREODQJDQ ����� ���� �����   ����     

0U ����JU�PRO ȺQLTODQJDQ ����� ���� �����   ����     

�� 
&��+��&O2�6 +LVREODQJDQ ����� ���� ����� �����   �����   

0U ������JU�PRO ȺQLTODQJDQ ����� ���� ����� �����   �����   

�� 
&��+��%U2�6 +LVREODQJDQ ����� ���� ����� �����     ����� 

0U� ����JU�PRO ȺQLTODQJDQ ����� ���� ����� �����     ����� 

�--DGYDO 
6LQWH]�TLOLQJDQ�DWVHWLOHQ�GLROODULQLQJ�HOHPHQW�WDKOLOL�QDWLMDODUL 

(ULWXYFKL 
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