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NDWDOL]DWRU� WDELDWLJD� ERJµOLTOL� KROGD� UHDNVL\D�
MDUD\RQODULQLQJ� WXUOL� \RµQDOLVK� ERµ\LFKD� ERULVKL�
[ORUDWVHWLOODVK� UHDNVL\DODULGD�KDP�NRµULQDGL�YD�EX�
UHDNVL\DODUQL� VLVWHPDWLN� WDU]GD� RµUJDQLVKQLQJ�
QD]DUL\� YD� DPDOL\� WRPRQGDQ� RµWD� PXKLP� YD�
GRO]DUE�HNDQOLJLQL�NRµUVDWDGL�>�@��� 

0D¶OXPNL�� RUJDQLN� ELULNPDODU�� MXPODGDQ�
DURPDWLN� ELULNPDODUQLQJ� [ORUDWVHWLOODVK�
PDKVXORWODUL� YD� XODU� DVRVLGD� VLQWH]� TLOLQJDQ�

.LULVK 
$URPDWLN� ELULNPDODUQL� DWVLOODVK�

UHDNVL\DODUL� ERµ\LFKD� ROLE� ERULOD\RWJDQ� LOPL\�
WDGTLTRWODU� KR]LUJL� GDYUGD� KDP� RUJDQLN�
NLP\RQLQJ� MDGDO� VXU¶DWODU� ELODQ� ULYRMODQLE�
ERUD\RWJDQ� PXKLP� \RµQDOLVKODULGDQ� ELUL�
KLVREODQDGL�� $URPDWLN� KDOTD� WXWJDQ� WXUOL�
IXQNVLRQDO� JXUXKODUQLQJ� YD� DWVLOORYFKL�
DJHQWODUQLQJ� NLP\RYL\� WX]LOLVKLJD� KDPGD�

ɋɂɇɌȿɁ�Ɉ-ɏɅɈɊȺɐȿɌɂɅɌɂɆɈɅȺ�ɂ�ȿȽɈ�ɏɂɆɂɑȿɋɄȺə� 
ɆɈȾɂɎɂɄȺɐɂə� 
 
Ⱥɡɢɦɠɨɧ�ɍ��ɑɈɊɂȿȼ���D]LPMRQ-RUJDQLN#PDLO�UX� 
Ⱥɧɜɚɪ�Ʉ��ȺȻȾɍɒɍɄɍɊɈȼ���DEGXVKXNXURY-[LPLN#PDLO�UX� 
ɂɥɺɫ�ɍ��ɇɈɊɆɍɊɈȾɈȼ���LO\RVQRUPXURGRY��#JPDLO�FRP� 
ɋɚɪɜɢɧɨɡ�Ʉ��ɆɂɊɁȺȿȼȺ��VDUYLQR]������#PDLO�UX� 
�Ʉɚɪɲɢɧɫɤɢɣ�ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ�ɭɧɢɜɟɪɫɢɬɟɬ��Ʉɚɪɲɢ��ɍɡɛɟɤɢɫɬɚɧ 
�ɇɚɰɢɨɧɚɥɶɧɵɣ�ɭɧɢɜɟɪɫɢɬɟɬ�ɍɡɛɟɤɢɫɬɚɧɚ��Ɍɚɲɤɟɧɬ��ɍɡɛɟɤɢɫɬɚɧ 
�ɒɚɯɪɢɫɚɛɡɫɤɢɣ�ɮɢɥɢɚɥ�Ɍɚɲɤɟɬɫɤɨɝɨ�ɯɢɦɢɤɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ�ɢɧɫɬɢɬɭɬɚ��ɒɚɯɪɢɫɚɛɡ��ɍɡɛɟɤɢɫɬɚɧ� 

 
ɐɟɥɶ� ɢɫɫɥɟɞɨɜɚɧɢɹ� –� ɪɚɡɪɚɛɨɬɚɬɶ� ɭɞɨɛɧɵɣ� ɦɟɬɨɞ� ɫɢɧɬɟɡɚ� Ɉ-ɯɥɨɪɚɰɟɬɢɥɬɢɦɨɥɚ� ɢ� ɩɪɟɞɥɨɠɢɬɶ� ɦɟɯɚɧɢɡɦ� ɪɟɚɤɰɢɢ� Ɉ-

ɯɥɨɪɚɰɟɬɢɥɢɪɨɜɚɧɢɹ��ɋ�ɩɨɦɨɳɶɸ�ɬɨɧɤɨɫɥɨɣɧɨɣ�ɯɪɨɦɚɬɨɝɪɚɮɢɢ�ɢɡɭɱɟɧɵ�ɩɪɨɞɭɤɬɵ�ɪɟɚɤɰɢɣ�ɯɥɨɪɚɰɟɬɢɥɢɪɨɜɚɧɢɹ�ɢ�ɧɭɤɥɟɨɮɢɥɶɧɨ�
ɝɨ� ɡɚɦɟɳɟɧɢɹ� ɢ� ɩɨɞɬɜɟɪɠɞɟɧ� ɢɯ� ɫɨɫɬɚɜ� ɩɨ� ɷɬɚɥɨɧɧɵɦ� ɜɟɳɟɫɬɜɚɦ�� ɂɡɭɱɟɧɵ� ɪɟɚɤɰɢɢ� ɧɭɤɥɟɨɮɢɥɶɧɨɝɨ� ɨɛɦɟɧɚ� Ɉ-
ɯɥɨɪɚɰɟɬɢɥɬɢɦɨɥɚ�ɫ�ɨɤɫɚɥɚɬɨɦ�ɧɚɬɪɢɹ��ɬɚɪɬɪɚɬɨɦ�ɧɚɬɪɢɹ��ɪɨɞɚɧɢɞɚɦɢ�ɤɚɥɢɹ��Ȼɵɥɢ�ɧɚɣɞɟɧɵ�ɛɥɚɝɨɩɪɢɹɬɧɵɟ�ɭɫɥɨɜɢɹ�ɞɥɹ�ɩɪɨɜɟ�
ɞɟɧɢɹ�ɪɟɚɤɰɢɢ�ɧɭɤɥɟɨɮɢɥɶɧɨɝɨ�ɨɛɦɟɧɚ�ɢ�ɫɢɧɬɟɡɢɪɨɜɚɧɵ���ɧɨɜɵɯ�ɜɟɳɟɫɬɜɚ��ɧɟɢɡɜɟɫɬɧɵɯ�ɜ�ɥɢɬɟɪɚɬɭɪɟ��ɋɬɪɨɟɧɢɟ�ɫɢɧɬɟɡɢɪɨɜɚɧ�
ɧɵɯ�ɜɟɳɟɫɬɜ�ɩɨɞɬɜɟɪɠɞɟɧɨ�ɞɚɧɧɵɦɢ�ɂɄ�ɢ�əɆɊ�ɫɩɟɤɬɪɨɜ��� 

 
Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ��Ɉ-ɯɥɨɪɚɰɟɬɢɥɬɢɦɨɥ��ɫɢɧɬɟɡ��ɯɢɦɢɱɟɫɤɚɹ�ɦɨɞɢɮɢɤɚɰɢɹ��ɪɚɫɬɜɨɪɢɬɟɥɶ��ɯɪɨɦɚɬɨɝɪɚɮɢɹ��ɫɩɟɤɬɪɨɫɤɨɩɢɹ� 

6<17+(6,6�2)�2-&+/252$&(7</7+<02/�$1'�,76�&+(0,&$/� 
02',),&$7,21 
 
$]LPMRQ�8��&+25,(9���D]LPMRQ-RUJDQLN#PDLO�UX� 
$QYDU�.��$%'86+8.8529���DEGXVKXNXURY-[LPLN#PDLO�UX� 
,O\RV�8��1250852'29���LO\RVQRUPXURGRY��#JPDLO�FRP� 
6DUYLQR]�.��0,5=$<(9$��VDUYLQR]������#PDLO�UX� 
�.DUVKL�6WDWH�8QLYHUVLW\��.DUVKL��8]EHNLVWDQ 
�1DWLRQDO�8QLYHUVLW\�RI�8]EHNLVWDQ��7DVKNHQW��8]EHNLVWDQ 
�6KDNKULVDE]�EUDQFK�RI�7DVKNHQW�LQVWLWXWH�RI�&KHPLFDO�7HFKQRORJ\��6KDNKULVDE]��8]EHNLVWDQ 
 

7KH�DLP�RI�WKH�VWXG\�LV�WR�GHYHORS�D�FRQYHQLHQW�PHWKRG�IRU�WKH�V\QWKHVLV�RI�2-FKORURDFHW\OWK\PRO�DQG�WR�SURSRVH�WKH�PHFKDQLVP�RI�
WKH� 2-FKORURDFHW\ODWLRQ� UHDFWLRQ�� 7KLQ-OD\HU� FKURPDWRJUDSK\� RI� FKORURDFHW\ODWLRQ� DQG� QXFOHRSKLOLF� VXEVWLWXWLRQ� UHDFWLRQ� SURGXFWV� ZDV�
VWXGLHG�DQG�WKHLU�FRPSRVLWLRQ�ZDV�FRQILUPHG�E\�UHIHUHQFH�VXEVWDQFHV��1XFOHRSKLOLF�H[FKDQJH�UHDFWLRQV�RI�2-FKORURDFHW\OWK\PRO�ZLWK�VRGL�
XP�R[DODWH��VRGLXP�WDUWUDWH��SRWDVVLXP�UKRGDQLGHV�ZHUH�VWXGLHG��)DYRUDEOH�FRQGLWLRQV�IRU�FDUU\LQJ�RXW�WKH�QXFOHRSKLOLF�H[FKDQJH�UHDFWLRQ�
ZHUH�VHDUFKHG�DQG���QHZ�VXEVWDQFHV�XQNQRZQ�LQ�WKH�OLWHUDWXUH�ZHUH�V\QWKHVL]HG��7KH�VWUXFWXUH�RI�WKH�V\QWKHVL]HG�VXEVWDQFHV�ZDV�SURYHG�E\�
,5�DQG�105�VSHFWUD�� 

 
.H\ZRUGV��2-FKORURDFHW\OWK\PRO��V\QWKHVLV��FKHPLFDO�PRGLILFDWLRQ��VROYHQW��FKURPDWRJUDSK\��VSHFWURVFRS\� 

2-;/25$76(7,/7,02/��6,17(=,��9$��81,��.,0<29,<�� 
02',),.$76,<$/$6+� 
 
$]LPMRQ�8��&+25,<(9���D]LPMRQ-RUJDQLN#PDLO�UX� 
$QYDU�.��$%'86+8.8529���DEGXVKXNXURY-[LPLN#PDLO�UX� 
,O\RV�2µ��1250852'29���LO\RVQRUPXURGRY��#JPDLO�FRP� 
6DUYLQR]�.��0,5=$<(9$��VDUYLQR]������#PDLO�UX� 
�4DUVKL�GDYODW�XQLYHUVLWHWL��4DUVKL��2µ]EHNLVWRQ 
�2µ]EHNLVWRQ�0LOOL\�XQLYHUVLWHWL��7RVKNHQW��2µ]EHNLVWRQ 
�7RVKNHQW�NLP\R-�WH[QRORJL\D�LQVWLWXWL�6KD[ULVDE]�ILOLDOL��6KD[ULVDE]��2µ]EHNLVWRQ 
 

7DGTLTRWQLQJ� PDTVDGL� -� 2-[ORUDWVHWLOWLPRO� VLQWH]� TLOLVKQLQJ� TXOD\� XVXOLQL� LVKODE� FKLTLVK� YD� 2-[ORUDWVHWLOODVK� UHDNVL\DVLQLQJ�
PH[DQL]PLQL� WDNOLI� TLOLVKGDQ� LERUDW�� ;ORUDWVHWLOODVK� YD� QXNOHRILO� DOPDVKLQLVK� UHDNVL\D� PDKVXORWODULQLQJ� \XSTD� TDWODP� [URPDWRJUDIL\DVL�
RұUJDQLOGL�YD�XODUQLQJ�WDUNLEL�JXYRK�PRGGDODU�\RUGDPLGD�WDVGLTODQGL��2-[ORUDWVHWLOWLPROQLQJ�QDWUL\�RNVDODW��QDWUL\�WDUWUDW��NDOL\�URGDQLGODU�
ELODQ� QXNOHRILO� DOPDVKLQLVK� UHDNVL\DODUL� RұUJDQLOGL�� 1XNOHRILO� DOPDVKLQLVK� UHDNVL\DQL� ROLE� ERULVKQLQJ� TXOD\� VKDURLWODUL� L]ODE� WRSLOGL� YD�
DGDEL\RWGD�PD
OXP�ERұOPDJDQ��� WD�\DQJL�PRGGD�VLQWH]�TLOLQGL��6LQWH]�TLOLQJDQ�PRGGDODUQLQJ� WX]LOLVKL� ,4�YD�<D05�VSHNWUODUL�\RUGDPLGD�
LVERWODQGL���� 

 
ɄɚOLW�VRµ]ODU���2-[ORUDWVHWLOWLPRO��VLQWH]��NLP\RYL\��PRGLILNDWVL\DODVK��HULWXYFKL��[URPDWRJUDIL\D��VSHNWURVNRSL\D� 

�'2,�����������FFH������ 
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0LNURVLUNXO\DU� XVOXEGD� [URPDWRJUDIL\D�
SODVWLQNDVLJD� RGDWGDJLGHN�� �� VP� PDVRIDGD�
DUDODVKPDQLQJ�ELU�QHFKD�QDPXQDODUL�TRµ\LODGL�>�@��
6RµQJUD� LQJLFKND� NDSLO\DU� ELODQ� PRGGD�
DUDODVKPDVL� TRµ\LOJDQ� KDU� ELU� QXTWDQLQJ�
PDUND]LJD� GLDPHWUL� �� VP� QDP� KDOTD� KRVLO� TLOLVK�
XFKXQ�\HWDUOL�PLTGRUGD� WHNVKLULOD\RWJDQ� HULWXYFKL�
\RNL� HULWXYFKL� VLVWHPDVL� TRµ\LODGL�� 3ODVWLQND�
TXULWLOGL� YD� \RG� \RUGDPLGD� RFKLOGL�� %XQGD�
DUDODVKPDQLQJ� D\ULP� NRPSRQHQWODUL� XPXPL\�
PDUND]JD� HJD� ERµOJDQ� KDOTDODU� NRµULQLVKLGD�
DQLTODQGL�� 0RGGDODU� DMUDOLVKL� \D[VKL� ERµOJDQ�
VLVWHPDODU�WDQODE�ROLQGL��%XQGD�TX\LGDJL�HULWXYFKL�
VLVWHPDODUL�WHNVKLULOGL��JHNVDQ�YD�DVHWRQ������������
����� ����� ������ [ORURIRUP� YD� HILU� �������
WHWUD[ORUPHWDQ� YD� HILU� ������� JHSWDQ� YD� HILU� �������
[ORURIRUP� YD� PHWDQRO� �������� JHSWDQ� YD� DVHWRQ�
��������HWDQRO�YD�VXY��������JHNVDQ�YD�VLUND�NLVORWD�
������� ���������� JHNVDQ� YD� HILU� ������ ������ (ULWX�
YFKL� VLVWHPDODUL� WD\\RUODQJDQGDQ� VRµQJ� VLOXIROGD�
ERVKODQLVK� YD� WXJDVK� FKL]LTODUL� FKL]LOGL�� %RVK�
ODQLVK� FKL]LJµLJD� UHDNVL\DJD� NLULVKJDQ� LNNL� ERVK�
ODQJµLFK� PRGGDODU� YD� XODU� UHDNVL\DVL� QDWLMDVLGD�
KRVLO� ERµOJDQ� \DQJL� PRGGD� NDSLO\DU� \RUGDPLGD�
WRPL]LOGL��6RµQJUD��NDORQNDJD� MR\ODVKWLULOLE��HULWX�
YFKL� VLVWHPDVL� WXJDVK� FKL]LJµLJDFKD� VKLPLOLVKL�
NXWLOGL�� <RGOL� NDORQNDGD� RFKLOWLULOGL� YD� 5I�
TL\PDWODUL�DQLTODQGL� 

7LPROQL� [ORUDWVHWLOODVK�� 7HVNDUL�
VRYXWJLFKJD� YRGRURG� [ORULG� FKLTLVKL� XFKXQ�
PRVODVKJDQ� QD\FKD� RµUQDWLOJDQ� WXEL� GXPDORT�
NROEDGD� ��� J� ����� J-PRO�� WLPRO� ��� PO� JHSWDQGD�
HULWLOGL��XVWLJD������J� �����J-PRO��[ORUDWVHWLO[ORULG�
VROLQGL� YD� ��� VRDW� TD\QDWLOGL�� 9RGRURG� [ORULG�
FKLTLVKL� WRµ[WDJDQGDQ� VRµQJ�� JHSWDQ� RGGL\� VKD�
URLWGD� KD\GDOGL�� TROGLT� [RQD� WHPSHUDWXUDVLJDFKD�
VRYXWLOGL��0DKVXORW�XQXPL������J������� 

2-[ORUDWVHWLOWLPRO��DVRVLGD��VLQWH]ODU 
2-[ORUDWVHWLOWLPRO� YD� QDWUL\� RNVDODW�

UHDNVL\DVLGDQ� RNVDODW� NLVORWDQLQJ� PXUDNNDE�
HILULQL�ROLVK��0DJQLWOL�DUDODVKWLUJLFKJD�RµUQDWLOJDQ�
WDJL� WHNLV�� KDMPL� ���� PO� OL� NROEDJD� ����� J� ������
PRO�� QDWUL\� RNVDODW� YD� ����� J� ������ PRO�� 2-
[ORUDWVHWLOWLPRO� VROLQGL� YD� XVWLJD� ��� PO�
GLPHWLOIRUPDPLG� VROLE�� �� VRDW� GDYRPLGD� ��� R&�
KDURUDWGD� PDJQLWOL� DUDODVKWLUJLFK� ELODQ�
DUDODVKWLULOGL�� %X� YDTW� LFKLGD� QDWUL\� RNVDODW� WRµOLT�
HULE� NHWGL�� 5HDNVL\D� WXJDJDFK�� UHDNVL\D�
DUDODVKPDVL� [ORURIRUPGD� \XYLOGL� YD� ILOWUODQGL��
2OLQJDQ� [ORURIRUPOL� ILOWUDWQL� 1D�62�� ELODQ�
TXULWLOGL�� VRµQJUD� GHIOHJPDWRUOL� NROEDGD� DYYDO�
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KRVLODODU� [DOT� [RµMDOLJLGD� PXKLP� DKDPL\DW� NDVE�
HWDGL�� 8ODUGDQ� GRUL-GDUPRQODU�� SROLPHUODU� XFKXQ�
VWDELOL]DWRUODU�� VKXQLQJGHN� SHVWLVLGODU�� JHUELVLG��
IXQJLVLG� NDEL� TLVKORT� [RµMDOLN� HNLQODUL� XFKXQ�
NHUDNOL� SUHSDUDWODU� LVKODE� FKLTDULVKGD�
IR\GDODQLODGL�� 6KXQLQJ� XFKXQ� DURPDWLN�
ELULNPDODUQL� [ORUDWVHWLOODVK� ELODQ� [ORUDWVHWLO�
PDKVXORWODU� YD� XODUQLQJ� KRVLODODULQL� VLQWH]�
TLOLVKQLQJ� TXOD\� XVXOODULQL� WRSLVK�� XODUQLQJ�
ELRORJLN� [RVVDODULQL� DQLTODVK� VLQWHWLN� RUJDQLN�
NLP\RQLQJ�GRO]DUE�YD]LIDODULGDQ�ELULGLU�>�@� 

0DTRODGDQ� NRµ]ODQJDQ� PDTVDG� –� WLPROQL�
[ORUDVHWLOODVK� UHDNVL\DODUL� DVRVLGD� VLQWH]ODU� ROLE�
ERULVK� 

-2-[ORUDWVHWLOWLPRO� DVRVLGD� \DQJL�
PXUDNNDE� HILUODU� VLQWH]� TLOLVKQLQJ� TXOD\� XVOXELQL�
LVKODE�FKLTLVK� 

-2-[ORUDWVHWLOWLPRO� DVRVLGD� VLQWH]� TLOLQJDQ�
\DQJL� PXUDNNDE� HILUODUQL� DMUDWLE� ROLVK� KDPGD�
XODUQLQJ� WX]LOLVKLQL� ]DPRQDYL\� IL]LN-NLP\RYL\�
XVXOODU�ELODQ�WDGTLT�HWLVKGDQ�LERUDW� 

7DGTLTRWQLQJ� PDTVDGL� WLPROQL� 2-
[ORUDWVHWLOODVK� UHDNVL\DODUL� DVRVLGD� VLQWH]ODU� ROLE�
ERULVKGDQ�LERUDW� 

 
7DGTLTRW�XVXOODUL 
5HDNVL\D� PDKVXORWODULQLQJ� \XSTD� TDWODP�

[URPDWRJUDIL\DVL� 6LOXIRO-���� SODVWLQNDVLGD�
�[ORURIRUP-PHWDQRO� ����� VLVWHPD�� 8%� -�
RFKLOWLUJLFK�� RµWND]LOGL�� 6LQWH]� TLOLQJDQ�
PRGGDODUQLQJ� WX]LOLVKLQL� RµUJDQLVK� PDTVDGLGD�
XODUQL� 6)-��� VSHNWURPHWULGD� <D05-VSHNWUL��
6SHFRUG� ,5-��� VSHNWURPHWULGD� N\XYHWDQLQJ�
TDOLQOLJL� ��� PP� ERµOJDQ� PRVODPDGD� .%U�
WDEOHWNDVL� NRµULQLVKLGD� ���-����� VP-�� VRKDGD� ,4�
VSHNWUL�ROLQGL� 

6LQWH]� MDUD\RQLGD� [RVLO� ERµOJDQ�
PRGGDODUQLQJ��KDTLTDWGDQ�KDP�[RVLO�ERµOJDQOLJLJD�
LVKRQFK� [RVLO� TLOLVK� XFKXQ� IL]LN-NLP\RYL\�
XVXOODUJD� PXURMDDW� TLOLQJDQ�� 'DVWODENL� WHNVKLULVK�
LVKODUL�\XSTD�TDWODPOL�[URPDWRJUDIL\DVL�RµUJDQLOGL��
0RGGDODUQL� WR]DODVK��XODUQL�ELU-ELULGDQ�DMUDWLVK�YD�
DQLTODVK� XVXOODULGDQ� ELUL� [URPDWRJUDILN� DQDOL]�
XVXOL� KLVREODQDGL�� <X4;� VLOXIROGD� WXUOL�
HULWXYFKLODUGD�WHNVKLULE�NRµULOGL��(ULWXYFKLODU�[XGGL�
RUJDQLN�PRGGDODU�NDEL�PROHNXODODUQLQJ�TDQFKDOLN�
TXWXEOL� ERµOLVKLJD� TDUDE�� VKXQFKDOLN� NXFKOL�
DGVRUEVL\DODQDGL� >�@��.RµSLQFKD� LNNLWD�\RNL�XFKWD�
WXUOL� TXWEOL� HULWXYFKL� VLVWHPDODUL� \D[VKL� DMUDOLVKQL�
WD¶PLQOD\GL�� (ULWXYFKL� WDQODVK� XFKXQ�
PLNURVLUNXO\DU� XVXOGDQ� IR\GDODQGLN��
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YD� IRUPDOGHJLG� KRVLO� TLODGL�� XQLQJ� WDUNLELGD� DP�
PLDN�YD�VXY�KDP�ERµOLVKL�PXPNLQ��'LPHWLOIRUPD�
PLGQLQJ�DGDEL\RW�ERµ\LFKD�TD\QDVK� WHPSHUDWXUDVL�
����R&� 

1DWUL\� RNVDODW� ROLQLVKL�� ����� J� ����� PRO��
VXYVL]�1D�&2�� WRUWLE�ROLQGL� YD�����PO� VXYGD� HUL�
WLOGL�� 6RGD� EDWDPRP� HULE� NHWJDFK�� XQLQJ� XVWLJD�
FKLTLQGL� WDUNLELGDQ� \XTRULGDJL� XVXO� ELODQ� DMUDWLE�
ROLQJDQ� ���� PRO�� RNVDODW� NLVORWDVL� DUDODVKWLULE��
WXULOJDQ� KROGD� TRµVKLOGL�� (ULWPDGDJL� VRGD� WRµOLT�
UHDNVL\DJD� NLULVKJDQOLJLQL� ELOLVK� XFKXQ� HULWPDJD�
\DQD� R]URT� RNVDODW� NLVORWD� TRµVKLOGL�� $JDU� JD]�
DMUDOPDVD�� RNVDODW� NLVORWD� TRµVKLVK� WRµ[WDWLOGL��
+RVLO�ERµOJDQ�HULWPDQL�EXJµODWGLN�YD�WXVKJDQ�WX]QL�
TXULJXQFKD� TL]GLUGLN�� 4XULWLOJDFK� WX]QL� \D[VKLODE�
PD\GDODGLN�� HWLO� VSLUWLGDQ�TD\WD� NULVWDOODE�� UHDNVL�
\D� XFKXQ� LVKODWGLN�� 2OLQJDQ� QDWUL\� RNVDODW� RT�
UDQJOL�ERµOLE��VXYGD�RVRQ�HUL\GL� 

1DWUL\� RNVDODW� YD� 2-[ORUDWVHWLOWLPRO�
UHDNVL\DVLGDQ� ELV��-��-L]RSURSLO-�-PHWLOIHQRNVL�-
�-RNVRHWLO�� RNVDODW� ROLVK�� 7HVNDUL� VRYLWNLFKJD�
XODQJDQ�� KDMPL� ���� PO� ERµOJDQ� WXEL� \XPDORT�
NROEDJD�QDWUL\� RNVDODW� VROGLN�YD� HWLO� VSLUW� TRµVKLE�
TD\QDWGLN��2OLQJDQ�HULWPDQL�ELUR]�VRYXWGLN�YD�XQ�
JD� 2-[ORUDWVHWLOWLPRO� TRµVKLE� TD\QDWLVKQL� GDYRP�
HWWLUGLN�� �� VRDWGDQ� NH\LQ� UHDNVL\DQL� WRµ[WDWGLN� YD�
UHDNVL\D� DUDODVKPDVLQL� VRYXWGLN�� 2UWLTFKD� PL�
TGRUGDJL� VSLUWQL�KD\GDE�ROGLN��4ROJDQ�TROGLT� VXY�
ELODQ� \XYLOGL�� \RJµVLPRQ� TLVP� DMUDWLOGL�� %LV��-��-
L]RSURSLO-�-PHWLOIHQRNVL�-�-RNVRHWLO�� RNVDODWQL�
WRµOLT�DMUDWLE�ROLVK�XFKXQ�VXYOL�TLVPQL�EHQ]RO�ELODQ�
XFK� PDUWD� HNVWUDNVL\D� TLOGLN� YD� EHQ]ROOL� TDYDW�
GDVWODENL� \RJµVLPRQ� TDYDWJD� TRµVKLOGL�� 2OLQJDQ�
HULWPDQL� &D&O�� ELODQ� TXULWGLN� YD� VXY� QDVRVGD�
GDVWODE�EHQ]ROQL�KD\GDE�ROGLN� 

9LQR� NLVORWD� QDWUL\OL� WX]LQLQJ� 2-
[ORUDWVHWLOWLPRO� ELODQ� NDWDOLWLN� PLTGRUGDJL�
GLPHWLOIRUPDPLG� LVKWLURNLGDJL� UHDNVL\DVL��
0DJQLWOL� DUDODVKWLUJLFKJD� RµUQDWLOJDQ� WDJL� WHNLV��
KDMPL� ���� PO� OL� NROEDJD� ���� J� ������� PRO�� YLQR�
NLVORWDQLQJ� QDWUL\OL� WX]L� YD� ��� PO� ������ PRO�� 2-
[ORUDWVHWLOWLPRO�VROGLN�YD�XVWLJD�����PO�������PRO���
GLPHWLOIRUPDPLG� VROLE�� WRµUW� VRDW�GDYRPLGD���� R&�
KDURUDWGD� PDJQLWOL� DUDODVKWLUJLFK� ELODQ�
DUDODVKWLULOGL��0RGGDODUQLQJ� �PRO� QLVEDWODUL� �������
%X�YDTW�LFKLGD�YLQR�NLVORWDQLQJ�QDWUL\OL�WX]L�WRµOLT�
HULE�NHWGL��5HDNVL\D�WXJDJDFK��UHDNVLRQ�DUDODVKPD�
EHQ]ROGD� \XYLOGL� YD� ILOWUODQGL�� 2OLQJDQ� EHQ]ROOL�
ILOWUDW� 1D�62�� ELODQ� TXULWLOGL�� VRµQJUD� GHIOHJPDWRUOL�
NROEDGDQ� DYYDO� EHQ]RO� ��� R&GD� KD\GDE� ROLQGL��
0DKVXORW�XQXPL����� 

[ORURIRUPQL����R&GD�KD\GDE�DMUDWLOGL��TROGLT�[RQD�
WHPSHUDWXUDVLJDFKD�VRYXWLOJDQGD�NULVWDOODQGL�YD�X�
HWDQROGD� TD\WD� NULVWDOODE� WR]DODQGL�� 6X\XTODQLVK�
WHPSHUDWXUDVL����R&��HWDQRO���0DKVXORW�XQXPL�����
J������� 

2-[ORUDWVHWLOWLPRO� YD� QDWUL\� WDUWUDW�
UHDNVL\DVLGDQ�YLQR�NLVORWDQLQJ�PXUDNNDE�HILULQL�
ROLVK�� .H\LQJL� WDMULEDODU� DUDODVKPDQL� TD\QDWLVK�
ELODQ� ROLE� ERULOGL�� WHVNDUL� VRYLWNLFKJD� XODQJDQ��
KDMPL�����PO�ERµOJDQ�WXEL�\XPDORT�NROEDJD������
J� ������PRO�� QDWUL\� WDUWUDW�� ����� J� ������PRO��2-
[ORUDWVHWLOWLPRO� YD� ��� PO� GLPHWLOIRUPDPLG� VROLE��
UHDNVL\D� DUDODVKPDVL� �� VRDW� GDYRPLGD� TD\QDWLOGL��
5HDNVL\D� WXJDJDFK�� UHDNVLRQ� DUDODVKPD� VRYXWLOGL�
YD� ILOWUODE�� FKRµNPDGDQ� VX\XT� TLVP� DMUDWLOGL��
FKRµNPD� XFK� PDUWD� �� PO� [ORURIRUPGD� \XYLOLE��
[ORURIRUPOL� HULWPDQL� DYYDO� DMUDWLOJDQ� VX\XT�
TLVPJD� TRµVKLOGL� YD� TXULWLOGL�� ;ORURIRUPQL� ���
R&GD� KD\GDE� DMUDWLOGL�� TROGLT� [RQD�
WHPSHUDWXUDVLJDFKD�VRYXWLOJDQGD�NULVWDOODQGL�YD�X�
HWDQROGD� TD\WD� NULVWDOODE� WR]DODQGL�� 6X\XTODQLVK�
WHPSHUDWXUDVL����R&��HWDQRO������-'LJLGURNVL-�-��-
��-L]RSURSLO-�-PHWLOIHQRNVL�-�-RNVRHWRNVL�-�-
RNVREXWDQ�NLVORWD�PDKVXORW�XQXPL�����J������� 

2-[ORUDWVHWLOWLPRO� YD� NDOL\� URGDQLGQLQJ�
UHDNVL\DVLGDQ� �-L]RSURSLO-�-PHWLOIHQLO� �-
WLRVLDQDWRDVHWDWQL� VLQWH]� TLOLVK�� 0DJQLWOL�
DUDODVKWLUJLFKJD� RµUQDWLOJDQ� WDJL� WHNLV� NROEDJD�
����� J� ������ PRO�� NDOL\� URGDQLGQL� VROLE�� XQLQJ�
XVWLJD� ����� J� ������ PRO�� 2-[ORUDWVHWLOWLPRO�
TRµVKLOGL�� 6RµQJUD� XQJD� �-�� WRPFKL� WULHWLODPLQ�
TRµVKLOGL� YD� UHDNVL\DQL� ��� R&�� �� VRDW� GDYRPLGD�
ROLE� ERULOGL�� ,GLVK� WXELGDJL� NDOL\� URGDQLG� WRµOLT�
HULJDFK�� UHDNVL\D� WRµ[WDWLOGL� YD� RUWLTFKD� 2-
[ORUDWVHWLOWLPROQL�KD\GDE�ROLQGL��4ROGLT�VXY�ELODQ�
\XYLOGL�� <RJµOL� TLVP� DMUDWLE� ROLQGL�� VXYOL� TLVPQL�
[ORURIRUP� ELODQ� XFK� PDUWD� HNVWUDNVL\D� TLOLQGL��
;ORURIRUPQL� ��� ɨ&GD� KD\GDE� DMUDWLOGL�� TROGLT�
[RQD�WHPSHUDWXUDVLJDFKD�VRYXWLOJDQGD�NULVWDOODQGL�
YD� X� HWDQROGD� TD\WD� NULVWDOODE� WR]DODQGL��
6X\XTODQLVK� WHPSHUDWXUDVL� ��� R&� �HWDQRO���
0DKVXORW�XQXPL������J������� 

'LPHWLOIRUPDPLGQL�WR]DODVK� 
'LPHWLOIRUPDPLGQL� XQLQJ� WDUNLELGDJL�

VXYGDQ� WR]DODVK� XFKXQ� ���PO� GLPHWLOIRUPDPLGJD�
���PO�EHQ]RO�TRµVKLE��WRµJµUL�VRYXWNLFKJD�XODQJDQ�
WXEL�\XPDORT�NROEDGD�KD\GDGLN��%XQGD�ROGLQ�EHQ�
]ROQLQJ� VXYOL� D]HRWURS� DUDODVKPDVL� YD� ERVKTD�
DUDODVKPDODU� KD\GDOGL�� 'LPHWLOIRUPDPLG� ���� R&�
KDURUDWGD�KD\GDOGL��8]RT�VDTODQJDQ�GLPHWLOIRUPD�
PLG� \RUXJµOLN� WD¶VLULGD� SDUFKDODQLE�� GLPHWLODPLQ�
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5RGDQLG� NLVORWD� NDOL\OL� WX]LQLQJ� 2-
[ORUDWVHWLOWLPRO� ELODQ� NDWDOLWLN� PLTGRUGDJL�
GLPHWLOIRUPDPLG� LVKWLURNLGDJL� UHDNVL\DVL��
0DJQLWOL� DUDODVKWLUJLFKJD� RµUQDWLOJDQ� WDJL� WHNLV��
KDMPL�����PO�OL�NROEDJD�����J��������PRO��URGDQLG�
NLVORWDQLQJ� NDOL\OL� WX]L�� ��� PO� ������ PRO�� 2-
[ORUDWVHWLOWLPRO� YD� ���� PO� ������ PRO� ��
GLPHWLOIRUPDPLG�VROLE�� WRµUW� VRDW�GDYRPLGD����R&�
KDURUDWGD� PDJQLWOL� DUDODVKWLUJLFK� ELODQ�
DUDODVKWLUGLN��0RGGDODUQLQJ�PRO� QLVEDWODUL�� �������
%X�YDTW�LFKLGD�S-DPLQREHQ]R\�NLVORWDQLQJ�QDWUL\OL�
WX]L�WRµOLT�HULE�NHWGL��5HDNVL\D�WXJDJDFK��UHDNVLRQ�
DUDODVKPD�EHQ]ROGD� \XYLOGL� YD� ILOWUODQGL��2OLQJDQ�
EHQ]ROOL� ILOWUDW� 1D�62�� ELODQ� TXULWLOGL�� VRµQJUD�
GHIOHJPDWRUOL� NROEDGD� DYYDO� EHQ]RO� ��� R&GD�
KD\GDE�DMUDWLOGL��0DKVXORW�XQXPL����� 

2NVDODW� NLVORWD� QDWUL\OL� WX]LQLQJ� 2-
[ORUDWVHWLOWLPRO� ELODQ� NDWDOLWLN� PLTGRUGDJL�
GLPHWLOIRUPDPLG�LVKWLURNLGDJL�UHDNVL\DVL��0DJQLWOL�
DUDODVKWLUJLFKJD� RµUQDWLOJDQ� WDJL� WHNLV�� KDMPL� ����
PO�OL�NROEDJD�������PRO�RNVDODW�NLVORWDQLQJ�QDWUL\OL�
WX]L�� ����� PRO� 2-[ORUDWVHWLOWLPRO� YD� ����� PRO�
GLPHWLOIRUPDPLG� VROLE�� WRµUW� VRDW� GDYRPLGD� ��� R&�
KDURUDWGD� PDJQLWOL� DUDODVKWLUJLFK� ELODQ�
DUDODVKWLULOGL�� 0RGGDODUQLQJ� PRO� QLVEDWODUL�� �������
%X� YDTW� LFKLGD� RNVDODW� NLVORWDQLQJ� QDWUL\OL� WX]L�
WRµOLT� HULE� NHWGL�� 5HDNVL\D� WXJDJDFK�� UHDNVLRQ�
DUDODVKPD� EHQ]ROGD� \XYLOGL� YD� ILOWUODQGL�� 2OLQJDQ�
EHQ]ROOL� ILOWUDW� 1D�62�� ELODQ� TXULWLOGL�� VRµQJUD�
GHIOHJPDWRUOL� NROEDGD� DYYDO� EHQ]RO� ��� R&GD�
KD\GDE�DMUDWLOGL��0DKVXORW�XQXPL����� 

5HDNVLRQ� DUDODVKPDQL� TD\QDWLE� ROLE�
ERULOJDQ� WDMULED�� 7HVNDUL� VRYLWJLFKJD� XODQJDQ��

KDMPL�����PO�ERµOJDQ�WXEL�\XPDORT�NROEDJD������
PRO� QDWUL\� WDUWUDW�� �����PRO�2-[ORUDWVHWLOWLPRO� YD�
���� PO� ������ PRO�� GLPHWLOIRUPDPLG� VROLQLE��
PRGGDODU�DUDODVKPDVL���VRDW�GDYRPLGD�TD\QDWLOGL��
5HDNVL\D� WXJDJDFK�� DUDODVKPD� VRYXWLOGL� YD�
ILOWUODQGL�� FKRµNPD�XFK�PDUWD� ��PO� GDQ� EHQ]ROGD�
\XYLOLE�� EHQ]ROOL� HULWPD� DYYDO� DMUDWLOJDQ� VX\XT�
TLVPJD�TRµVKLOGL�YD�TXULWLOGL��%HQ]RO�VXY�QDVRVLGD�
KD\GDOGL��0DKVXORW�XQXPL����� 

5RGDQLG� NLVORWD� QDWUL\OL� WX]LQLQJ� 2-
[ORUDWVHWLOWLPRO� ELODQ� UHDNVL\DVL�� 7HVNDUL�
VRYLWJLFKJD� XODQJDQ�� KDMPL� ���� PO� ERµOJDQ� WXEL�
\XPDORT� NROEDJD� ������ PROURGDQLG� NLVORWDQLQJ�
QDWUL\OL� WX]L�� ������PRO�2-[ORUDWVHWLOWLPRO� YD� ����
PO� �������� PRO� �� GLPHWLOIRUPDPLG� VROLQLE��
PRGGDODU� DUDODVKPDVL� �� VRDW� � GDYRPLGD�
TD\QDWLOGL�� 5HDNVL\D� WXJDJDFK�� DUDODVKPD�
VRYXWLOGL�� ILOWUODQGL�� FKRµNPDGDQ� VX\XT� TLVP�
DMUDWLOGL�� FKRµNPD� XFK� PDUWD� �� PO� GDQ� EHQ]ROGD�
\XYLOLE�� EHQ]ROOL� HULWPD� DYYDO� DMUDWLOJDQ� VX\XT�
TLVPJD�TRµVKLOGL�YD�TXULWLOGL��%HQ]RO�VXY�QDVRVLGD�
KD\GDOGL� YD� �-L]RSURSLO-�-
PHWLOIHQLONDUERNVLPHWLOHQ� URGDQLG� DMUDWLOGL��
0DKVXORW�XQXPL����� 

 
1DWLMDODU�YD�PXKRNDPD 
Į-;ORUDOPDVKJDQ� VLUND� NLVORWDQLQJ� IHQLO�

HILUODUL� QXNOHRILO� DOPDVKLQLVK� UHDNVL\DODULJD� RVRQ�
NLULVKDGL� >�@�� Į-;ORUDOPDVKJDQ� VLUND� NLVORWDQLQJ�
IHQLO� HILUODULGDQ� IR\GDODQLE� WXUOL�ELULNPDODU� VLQWH]�
TLOLVK� PXPNLQ� >�@�� 2-[ORUDWVHWLOWLPRO� ELODQ�
RNVDODW�� YLQR�� URGDQLG� NLVORWDODUQLQJ� QDWUL\OL�
WX]ODUL�RµUWDVLGD�QXNOHRILO�DOPDVKLQLVK�UHDNVL\DODUL�
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ROLE� ERULOGL�� .LVORWDODUQLQJ� PXUDNNDE� HILUODULQL�
ROLVK�UHDNVL\D�V[HPDODUL�TX\LGDJLFKD�ERµODGL�>�@� 

.DUERNVLODW-� LRQ� 5&22-� MXGD� NXFKVL]�
QXNOHRILO�ERµOJDQOLJL�XFKXQ�XQLQJ�JDORJHQDONDQODU�
ELODQ� UHDNVL\DVL� SURWRQOL� HULWXYFKLODUGD� ERUPD\GL�
YD�PXUDNNDE�HILU�KRVLO�ERµOPD\GL� 

$JDU� NLVORWD� WX]LQLQJ� �5&220H��
DONLOJDORJHQLG� ELODQ� UHDNVL\DVL� *0)7$�
HULWPDVLGD� ROLE� ERULOVD�� PXUDNNDE� HILU� \XTRUL�
XQXP�ELODQ�KRVLO�ERµODGL�>�@� 

1XNOHRILOODUQLQJ� QLVEL\� ©IDROOLJLª� �UHDNVL-
\DJD� NLULVK� TRELOL\DWL�� XODUQLQJ� HOHNWURPDQIL\OLJL�
ELODQ�SDUDOOHO�UDYLVKGD�TX\LGDJLFKD�Rµ]JDUDGL� 

&)�&22
-!!��&+�&22

- 

$PPR� JDORJHQLG� LRQODU� TDWRULGD� NHWPD-
NHWOLN� ERVKTDFKD� ERµOLE�� XODUQLQJ� HOHNWURPDQIL\-
OLJLJD�WRµJµULGDQ�WRµJµUL�TDUDPD-TDUVKLGLU� 

,VKTRUL\� \HU� PHWDOODUQLQJ� TDWWLT� DQLRQODU�
WXWJDQ�WX]ODUL�.)��/L)��.&1��1D&1��5&221D�YD�
ERVKTDODU�� GLSRO\DU� DSURWRQ� HULWXYFKLODUGD�
'0)$�� GLPHWLODWVHWDPLG� �'0$76��� '062��
*0)7$�� DWVHWRQLWULOGD� \RPRQ� HUL\GL� YD�
UHDNVL\DODU� ERUPD\GL�� %X� TL\LQFKLOLNQL� EDUWDUDI�
HWLVK� XFKXQ� WHWUDDONLO-DPPRQL\� WX]ODULGDQ�
IR\GDODQLODGL�>�@��%XQGD\�WX]ODUJD� 

 
\RNL� �-���� SURWRQOL� HULWXYFKL� WXWJDQ� HULWX�

YFKLODUQLQJ� ELQDU� DUDODVKPDVL� '062-61�21��
'062-1�2��*0)7$-1�2�NLUDGL� 

$PPR� VKXQL� D\WLVK� OR]LPNL�� 61��
UHDNVL\DGD� DQLRQ� 1X�-� QLQJ� NRYDOHQW� ERJµ� WXWJDQ�
VXEVWUDW�5�$�ELODQ�GLSRO\DU�HULWXYFKLODUGD�ERUDGL�
JDQ� UHDNVL\D� WH]OLJLQL� NHVNLQ� RVKLVKLQL� DQLTOD\GL�
JDQ� \DJRQD� RPLO� QXNOHRILO� UHDJHQW� 1X�-QL� IDTDW�
VROYDWODQLVKL� HPDV�� %XQGD\� UHDNVL\DQLQJ� RµWLVK�
KRODWL� NDP� TXWEODQJDQ�� DPPR� GDVWODENL� UHD�
JHQWODUJD� QLVEDWDQ� NRµSURT� TXWEODQXYFKL� ERµOJDQL�
XFKXQ�GLSRO\DU�DSURWRQ�HULWXYFKLODU�SURWRQOL�HULWX�
YFKLODUJD�TDUDJDQGD�RµWLVK�KRODWLQL�VDPDUDOL� VROY�
DWOD\GL�� %X� HVD� IDROODVKWLULVK� HQHUJL\DVL� D*�
TL\PDWLQL�NDPD\LVKLQL�WD¶PLQOD\GL�>��@� 

$QLRQODUQL� NXFKVL]� VROYDWODQLVKL� YD�RµWLVK�
KRODWLQLQJ�VDPDUDOL� VROYDWODQLVKL�GLSRO\DU�DSURWRQ�
HULWXYFKLODUGDJL� LRQ-GLSRO� WD¶VLUODVKLVKL� 61��
UHDNVL\DODUQLQJ� WH]OLJLQL� NHVNLQ� RUWLVKLJD� ROLE�
NHODGL�>��@�� 

'LSRO\DU� DSURWRQ� HULWXYFKLODUGDQ�
*0)7$��1-PHWLOSLUUROLGRQ-�� \RNL� MXGD� DU]RQ� YD�
RVRQ� WRSLODGLJDQ� '0)$� YD� '0$76� TRµOODQLOLE�
\D[VKL� QDWLMDODU� ROLQGL�� %X� WDMULEDODUGD� PXUDNNDE�
HILUODUQLQJ� HQJ� \XTRUL� [RVLO� ERµOLVK� XQXPODUL�
WHJLVKOLFKD���������YD�����ODUQL�WDVKNLO�HWGL� 

0D¶OXPNL�� ELSRO\DU� DSURWRQ� HULWXYFKLODU�
�'062�� '0)$�� 7*)�� DWVHWRQ�� GLRNVDQ�� NDUERQ�
NLVORWD� WX]LGDJL� NDWLRQQL� VROYDWODVK� [LVRELJD�
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DONLOJDORJHQLGODU� ELODQ� ELPROHNXO\DU� QXNOHRILO�
DOPDVKLQLVK� UHDNVL\DVLQL� RVRQODVKWLUDGL�� 2-

[ORUDWVHWLOWLPRO� ELODQ� RNVLNLVORWDODUQLQJ� QDWUL\OL�
WX]ODULQL� GLPHWLOIRUPDPLG� LVKWLURNLGDJL� UHDNVL\D�

%X� V[HPDQL� ERVKTD� DQDORJ� UHDNVL\DODUJD�
KDP� TRµOODVK� PXPNLQ�� $QLRQODUQLQJ� GLSRO\DU�
DSURWRQ� HULWXYFKLODUGDJL� IDROOLJL� LRQQLQJ� KDMPL� YD�
]DU\DG� TL\PDWLJD� \D¶QL� DQLRQQLQJ� TDWWLTOLJLJD�
ERJµOLT� ERµODGL�� 'LSRO\DU� DSURWRQ� HULWXYFKLODUGDJL�
LRQ-GLSRO� WD¶VLUL�61�� UHDNVL\DODU� WH]OLJLQLQJ�NHVNLQ�
RUWLVKL�KDMPL�NLFKLN�TDWWLT�DQLRQODUGD�)-��-25��-2+��
-2&�+����

-22&5��&O-�NX]DWLODGL�>��@�� 
4DWWLT� YD� \XPVKRT� DQLRQODUQLQJ� SURWRQOL�

YD� GLSRO\DU� DSURWRQ� HULWXYFKLODUGDJL� VROYDWODQLVK�
GDUDMDVL� RUDVLGDJL� NDWWD� IDUTL� DQLRQODUQLQJ�

QXNOHRILOOLJLQL� LNNL� [LO� VLQI� HULWXYFKLODUGDJL�
Rµ]JDULVKLJD�ERJµOLT�ERµODGL�>��@� 

%LULQFKL� QDYEDWGD� JDORJHQLG� LRQODUQLQJ�
61�� UHDNVL\DODUGDJL� QXNOHRILOOLJL�� PHWDQRO�� HWDQRO�
YD� ERVKTD� SURWRQ� HULWXYFKLODUGD� TX\LGDJL� TDWRU�
ERµ\LFKD�NDPD\LE�ERUDGL� 

 
$PPR��'0)$��'062�YD�ERVKTD�GLSRO\�

DU� DSURWRQ� HULWXYFKLODUGD� HVD� WDPRPDQ� ERVKTDFKD�
NHWPD-NHWOLN�NX]DWLODGL� 

I  - >  Br  - >  Cl  - >   F  -
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WHQJOD
PDVLJD�
ERJµOLT�
KROGD�
PH[DQL
]PLQL�
TX\LGD
JLFKD�
WDNOLI�
TLOLVK�
PXPNL
Q� 

 
6KXQGDQ� [XORVD� TLOLE� D\WLVK� PXPNLQNL��

DQLRQODUQLQJ� GLSRO\DU� DSURWRQ� HULWXYFKLODUGDJL�
QXNOHRILOOLJL� SURWRQOL� HULWXYFKLODUGDJLJD� TDUDJDQ�
GD� XODUQLQJ� KDTLTL\� QXNOHRILOOLJLJD� PRV� NHODGL��
6ROYDWODQPDJDQ� ©\DODQJµRFKª� DQLRQODUQLQJ� JD]�
ID]DGDJL� UHDNVL\DJD� NLULVKLVK� TRELOL\DWL� WDMULED�
PD¶OXPRWODULJD� DVRVDQ� GLSRO\DU� DSURWRQ� HULWX�
YFKLODUGDJLJD� TDUDJDQGD� HQJ� NDPLGD� RµQ� NDUUD�
\XTRUL� ERµODGL�� (ULWXYFKLODU� WD¶VLULGD�
UHDJHQWODUQLQJ� QXNOHRILO� [RVVDVLQL�� UHDNVL\D�
WH]OLJLQL� YD� KDWWR� UHDNVL\D� PH[DQL]PLQL�
Rµ]JDUWLULVK�PXPNLQ�>��@� 

'LPHWLOIRUPDPLG� JDORJHQ� DWRPODULQL�
VROYDWODPD\GL�� QDWLMDGD� KDMPL� NLFKLN� [ORU�
DQLRQQLQJ� HQHUJL\DVL� KDMPL� NDWWD� EURP� YD� LRG�
DQLRQODULQLQJ� HQHUJL\DVLGDQ� NDWWD� ERµODGL��
6KXQLQJ� XFKXQ� [ORU� DQLRQL� EURP� YD� LRG�
DQLRQODULJD� TDUDJDQGD� NXFKOL� QXNOHRILO� ERµOLE�
TRODGL� 

1XNOHRILO� [RVVD� TDWRULQLQJ� DEVRO\XW�
VKNDODVLQL� WX]LVK� PXPNLQ� HPDV�� FKXQNL� ELWWD�
]DUUDFKDQLQJ� KDU� [LO� UHDNVL\DODUGDJL� QXNOHRILO�
[RVVDVL�ELU�[LO�HPDV��$PPR��VWDQGDUW�VXEVWUDWQLQJ�
WXUOL� QXNOHRILOODU� ELODQ� QLVEL\� UHDNVL\D� WH]OLJLQL�
WDTTRVODVK� RUTDOL� UHDJHQWODUQLQJ� PD¶OXP� ELU�
QXNOHRILO� [RVVDVL� TDWRULQL� NHOWLULE� FKLTDULVK�
PXPNLQ�� 1XNOHRILO� [RVVDQL� HPSLULN� DQLTODVK�
PXPNLQ��%XQLQJ�XFKXQ�VWDQGDUW�VXEVWUDWQLQJ�WXUOL�
QXNOHRILO� UHDJHQWODU� ELODQ� QLVEL\� UHDNVL\D� WH]OLJL�
DVRV�TLOLE�ROLQDGL�>��@� 

F  - >  Cl  - >  Br  - >   I  -
5HDNVL\D� ERULVKLQL� <X4;� �\XSTD� TDWODPOL�

[URPDWRJUDIL\D��XVXOL�\RUGDPLGD�QD]RUDW�TLOLQGL�YD�
FKRµNPDJD� WXVKJDQ� UHDNVL\D� PDKVXORWL� ILOWUODE�
ROLQGL� 

6LQWH]� TLOLQJDQ� PRGGDODUQLQJ� ,4�
VSHNWUODULQLQJ�WDKOLOL 

6LQWH]� TLOLQJDQ� PRGGDODUQLQJ� WX]LOLVKL� ,4�
VSHNWUODUL� \RUGDPLGD� WDVGLTODQGL�� 2-
[ORUDWVHWLOWLPROQLQJ� ,4� VSHNWULGD� -ɋ2-� JXUXKLGDJL�
YDOHQW� WHEUDQLVKL� ����-����� VP-�� GD�� DURPDWLN�
KDOTDGDJL� -ɋ &-� ERJµQLQJ� YDOHQW� WHEUDQLVKL� ����-
����� VP-�� GD�� \RQPD-\RQ� WXUJDQ� -ɋ+-� JXUXKLQLQJ�
GHIRUPDWVLRQ� WHEUDQLVKL� ����� -� RµULQ� DOPDVKJDQ��
���-���� VP-�� GD�� DURPDWLN� KDOTDGDJL� -&+-�
JXUXKLQLQJ� YDOHQW� WHEUDQLVKL� ����� VP-�� GD�� -&+�-�
JXUXKLQLQJ� VLPPHWULN� YD� DVLPPHWULN� YDOHQW�
WHEUDQLVKODUL� ����� VP-�� YD� ����� VP-�� GD�� -&+�-�
JXUXKLQLQJ� GHIRUPDWVLRQ� WHEUDQLVKL� ����� VP-�� GD�
YD� &-&O� ERJµLQLQJ� YDOHQW� WHEUDQLVKL� ���� VP-��
VRKDODUGD�QDPR\RQ�ERµOGL� 

�-5DVPGD� NHOWLULOJDQ� 2-
[ORUDWVHWLOWLPROQLQJ� ,4� VSHNWULGD� EX� ELULNPDGD�
DURPDWLN� KDOTD�� NDUERQLO� JXUXKL�� &-&O�� с&-2-&�� -
&+�&2-� ERJµODUQLQJ�� KDOTDGDJL� DOPDVKLQLVKL�
WLSODULQL� NRµUVDWXYFKL� \XWLOLVK� VRKDODULQL�
NRµUVDWDGL�2-[ORUDWVHWLOWLPRO� DVRVLGD� VLQWH]�
TLOLQJDQ� PXUDNNDE� HILUODUQLQJ� ,4� VSHNWUODUL� WDKOLO�
TLOLQJDQGD� TX\LGDJL� PD¶OXPRWODU� ROLQGL�� -&22-�
JXUXKLGDJL� YDOHQW� WHEUDQLVKODU� ����-����� VP-��

RUDOLJµLGD�� DURPDWLN� KDOTDGDJL� & &� ERJµODUQLQJ�
YDOHQW� WHEUDQLVKODUL� ������ ����� VP-�� RUDOLJµLGD��
\RQPD-\RQ� WXUJDQ� -&+-� JXUXKODULQLQJ�

�-5DVP��2-[ORUDWVHWLOWLPROQLQJ�,4�VSHNWUL� 
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GHIRUPDWVLRQ� WHEUDQLVKODUL� ����-DOPDVKLQJDQ�� ���-
����VP-��GD��&-&,�ERJµODULQLQJ�YDOHQW�WHEUDQLVKODUL�
����� ���� VP-�� GD�� DURPDWLN� KDOTDGDJL� -&+-�
JXUXKODULQLQJ�YDOHQW�WHEUDQLVKODUL������������GD��-
&+�-� JXUXKLGDJL� VLPPHWULN� YD� DVLPPHWULN� YDOHQW�
WHEUDQLVKODUL� ������ ����� VP-�� YD� ������ ����� VP-��
GD�� -&+�-� JXUXKLQLQJ� GHIRUPDWVLRQ� WHEUDQLVKL�
�����������VP-��RUDOLJµLGD�VRGLU�ERµODGL�� 

�-5DVPGD� NHOWLULOJDQ� GL��-L]RSURSLO-�-
PHWLOIHQLONDUERNVLPHWLOHQ�� RNVDODWQLQJ� ,4� VSHNWUL�

ELULNPDGDJL�DURPDWLN�KDOTD��NDUERQLO�JXUXKL��&-&O��
&-2-&�� -&+�&2-� ERJµODUQLQJ� KDOTDGDJL� DOPD-
VKLQLVKL� WLSODULQL� NRµUVDWXYFKL� WHEUDQLVK� VRKDODULQL�
NRµUVDWDGL��6LQWH]�TLOLQJDQ�PRGGDQLQJ�,4�VSHNWULGD�
����-�����VP-��VRKDGD�&-2-&�DWVHWRNVL�JXUXKLQLQJ�
YDOHQW� WHEUDQLVKL������-�����VP-��VRKDGD�DURPDWLN�
ELULNPDGDJL� &+� JXUXKLQLQJ� YDOHQW� WHEUDQLVKODUL�
NX]DWLOGL�� ����-����� VP-�� VRKDGD� DURPDWLN� KDOTD-
QLQJ� & &� ERJµLQLQJ� YDOHQW� WHEUDQLVKL�� ����� VP-��
VRKDGD�PHWLOHQ�JXUXKLQLQJ�VLPPHWULN�GHIRUPDWVLRQ�

�-UDVP��'L��-L]RSURSLO-�-PHWLOIHQLONDUERNVLPHWLOHQ��RNVDODWQLQJ�,4�VSHNWUL� 

�-UDVP���-L]RSURSLO-�-PHWLOIHQLONDUERNVLPHWLOHQ�WDUWUDWQLQJ�,4�VSHNWUL� 
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WHEUDQLVKL�� ����� VP-�� GD� PXUDNNDE� HILU�
ERJµODULQLQJ�DVVLPHWULN�YDOHQW�WHEUDQLVKL������VP-��
GD� RUWR-DOPDVKJDQ� EHQ]RO� KDOTDVLQLQJ� \DVVL�
ERµOPDJDQ� GHIRUPDWVLRQ� WHEUDQLVKL� QDPR\RQ�
ERµOGL�� ����� VP-�� VRKDGD� HVD� NDUERQLO� JXUXKLGDJL�
& 2�ERJµLQLQJ� YDOHQW� WHEUDQLVKL�� ����-����� VP-��
RµWLVK� VRKDVLGD� HVD� DURPDWLN� KDOTD� VNHOHWLQLQJ�
WHEUDQLVK� FKL]LTODUL� SD\GR� ERµOGL�� 0HWLOHQ�
JXUXKLGDJL�&-+�ERJµLQLQJ�GHIRUPDWVLRQ�WHEUDQLVKL�
�į&-+�������VP-��NX]DWLODGL� 

2OLQJDQ� EDUFKD� PRGGDODUGD� EHQ]RO� KDOTDVL�
ERµOJDQOLJL� WXID\OL� DURPDWLN� VLVWHPDGDJL� &-+�
ERJµLQLQJ�YDOHQW�WHEUDQLVKL��Ȟ&-+�DURP�������-�����VP-��
NXFKVL]� VRKDGD�� &�  � &� ERJµLQLQJ� YDOHQW� WHEUDQLVKL�
����-����� VP-�� RµUWD� VRKDGD� YD� &-+� ERJµLQLQJ�
GHIRUPDVLRQ� WHEUDQLVKL� �į&-+� DURP��� ���-���� VP-��
NXFKVL]�VRKDGD�QXU�\XWLOLVKL�NX]DWLODGL������-�����
VP-��RµWLVK�VRKDVLGD�HVD�DURPDWLN�KDOTD�VNHOHWLQLQJ�
WHEUDQLVKLGD�\XWLOLVK�FKL]LTODUL�SD\GR�ERµODGL� 

6LQWH]� TLOLQJDQ� PRGGDODUQLQJ� NDUERQLO�
JXUXKLQL� YDOHQW� WHEUDQLVKL� �Ȟ& 2�� ����-����� VP-��
LQWHQVLYOLJL� MXGD� NXFKOL� VRKDGD� QXU� \XWLOLVK�
FKL]LTODULQL� \DTTRO� NRµULVK�PXPNLQ�� (ILU� ERJµLQLQJ�
YDOHQW� WHEUDQLVKODUL� �Ȟ&-2-&�� ����-����� VP-���
LQWHQVLYOLJL� RµUWD� VRKDGD� \XWLOLVK� FKL]LJµL� KRVLO�
TLODGL�� $URPDWLN� KDOTDGDJL� LNNLWD� \RQPD-\RQ�
MR\ODVKJDQ� &+� JXUXKODUL� ����� –� DOPDVKLQLVKODU��
����-�����VP-��NXFKVL]�VRKDGD� WHEUDQLVK�FKL]LJµL�
EHUDGL� 

$URPDWLN� KDOTDGDJL� &� -� &� ERJµLQLQJ�
YDOHQW� WHEUDQLVKL� ����-����� VP-�� LQWHQVLY� VRKDGD�
\XWLOLVK�FKL]LJµL�NX]DWLODGL��0HWLOHQ�JXUXKLGDJL�&-
+� ERJµLQLQJ� GHIRUPDVLRQ� WHEUDQLVKL� �į&-+�� ����-
�����VP-��LQWHQVLY�VRKDGD�QXU�\XWLOLVKL�NX]DWLODGL��
0RQR[ORU� DOPDVKJDQ� DONLO-� YD� DULOJDORJHQLGODUGD�
&-&O� ERJµLQLQJ� YDOHQW� WHEUDQLVKODUL� ���-���� VP-��
VRKDGD� LQWHQVLYOLJL�RµUWDFKD�\XWLOLVK�FKL]LJµL�KRVLO�
TLODGL� 

6LQWH]�TLOLQJDQ�2-[ORUDWVHWLOWLPRO�KDPGD�X�
DVRVLGD�VLQWH]�TLOLQJDQ�PRGGDODUQLQJ�,4�VSHNWUODUL�
XODUQLQJ�WX]LOLVKLQL�WDVGLTOD\GL� 

6LQWH]�TLOLQJDQ�PRGGDODUQLQJ��+-<D05�
-�VSHNWUODULQLQJ�WDKOLOL 

<D05�VSHNWURVNRSL\DVL�UDGLR�WRµOTLQODUQLQJ�
\XWLOLVKLJD� DVRVODQJDQ�� 8QLQJ� \RUGDPLGD� ELU� [LO�
PDJQLW� [RVVDOL� \DGURODPLQJ� WXUOL� NLP\RYL\�
TXUVKRYODUGD� KDU� [LO� FKDVWRWDODUGDJL� UDGLRWRµOTLQ-
ODULQL�\XWLE��VLJQDOODU�EHULVKL�TD\G�TLOLQDGL��2TLEDWGD�
NLP\RYL\� MLKDWGDQ� HNYLYDOHQW�� DPPR� ID]RYL\� YD�
PDJQLW� TXUVKRYL� WXUOLFKD� EROJDQ� QRHNYLYDOHQW�
\DGURODPLQJ�VLJQDOODUL�PROHNXOD�WDUNLELGDJL�ERVKTD�
PDJQLW� [XVXVL\DWOL� \DGURODU� VRQL� YD� WDELDWLJD�
PXYRILT� RµWD� QR]LN� VWXNWXUDQL� KRVLO� TLODGL�� <D¶QL�
PROHNXODGDJL� \DGURODUQLQJ� Rµ]DUR� EHYRVLWD� YD�
ELOYRVLWD�VSLQ-VSLQ�WD¶VLUL�RTLEDWLGD�VLJQDOODU�\LJµLQ-
GLVL� �PDMPXDVL�-<D05� VSHNWUODUL� ROLQDGL�� +RVLO�
EROJDQ� VSHNWUGDJL� VLJQDO� LQWHQVLYOLJL� �VLJQDO�
FKRµTTLODULQLQJ� \X]DVL�� PROHNXOD� WDUNLELGDJL� KDU�

�-5DVPGD� NHOWLULOJDQ� ,4� VSHNWULGD�� � ����� VP-� ����� VP-� ����� VP-�

�����VP-� �����VP-� ����-�����VP-���d&+��с�����VP-�� �����GLDOPDVKJDQ�EHQ]RO�KDOTDVL���

d&+��с�����VP-���PRQRDOPDVKJDQ�EHQ]RO�KDOTDVL�� 

�-UDVP���-L]RSURSLO-�-PHWLOIHQLONDUERNVLPHWLOHQ�URGDQLGQLQJ�,4�VSHNWUL� 



 

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

YD �NLP\R � W H[QR ORJ L\DV L  
�� 

32/<0(5�$1'�25*$1,&�0$7(5,$/6 
ɉɈɅɂɆȿɊɇɕȿ�ɂ�ɈɊȽȺɇɂɑȿɋɄɂȿ�ɆȺɌȿɊɂȺɅɕ 

32/,0(5�9$�25*$1,.�0$7(5,$//$5  

�-UDVP���-L]RSURSLO-�-PHWLOIHQLONDUERNVLPHWLOHQ�WDUWUDWQLQJ�+-<D05�VSHNWUL� 

�-UDVP��'L��-L]RSURSLO-�-PHWLOIHQLONDUERNVLPHWLOHQ��RNVDODWQLQJ��+-<D05�VSHNWUL� 

�-UDVP��2-[ORUDWVHWLOWLPROQLQJ��+-<D05�VSHNWUL� 
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QDPR\RQ�ERµODGL� 
�-L]RSURSLO-�-PHWLOIHQLONDUERNVLPHWLOHQ� UR-

GDQLGQLQJ� �+-<D05� VSHNWULGD� �'062�� &+&����
*0'6�G��P�X���d  ����-����P�X�����$U+���������¶�¶���

�PXOWLSOHW��� d  ���-���� P�X�� ��� $U+� ����¶�¶���

�PXOWLSOHW���d  ����P�X����+�2&+����VLQJOHW��KROLGD�
NX]DWLOJDQ�� 305� VSHNWULGD� �'062�� &+&����
*0'6��G��P�X���d  ����P�X����+�$U+���¶�¶����d� ����
P�X����+�$U+���������d�������¶��
 ���-����P�X����+�$U+�

��������¶����� �PXOWLSOHW��� d  � ���� P�X�� ��+� 2&+���
�VLQJOHW��KROLGD�NX]DWLOJDQ���-UDVP�� 

6KXQGD\� TLOLE�� <D05-�+� VSHNWUL� PXOWL�
SOHWOLJLGDQ� IR\GDODQLE�� VRGGD� IRUPXODODU� XFKXQ�
VLJQDOL� NX]DWLOD\RWJDQ� SURWRQQLQJ� TRµVKQL� XJOHURG�
DWRPODULGDJL�SURWRQODU�VRQLQL�DQLTODVK�PXPNLQ� 

6LQWH]� TLOLQJDQ� PRGGDODUQLQJ� ��&-
<D05�VSHNWUODULQLQJ�WDKOLOL 

<D05-O�&� VSHNWURVNRSL\DVLGD� NLP\RYL\�
VLOMLVK� DVRVL\� SDUDPHWUGLU�� 2GDWGD� GLDPDJQLW�
RUJDQLN� PRGGDODUQLQJ� O�&� NLP\RYL\� VLOMLVKODU�
GLDSD]RQL� MXGD� NDWWD� ����� P�K��� ERµODGL�PXVEDW�
]DU\DGOL� NDUERQL\� NDWLRQL� PDUND]L\� XJOHURG-
DWRPLQLQJ� NLP\RYL\� VLOMLVKL� ���� P�K�� ERµOVD��
XJOHURG� DWRPLQLQJ� NLP\RYL\� VLOMLVKL� ���� P�K��
2GDWGD�NRµS�XFKUD\GLJDQ�QH\WUDO�RUJDQLN�PRGGDODU�
XFKXQ� ��&� NLP\RYL\� VLOMLVKL� WD[PLQDQ� ���� P�K��
DWURILGD� EROLE�� ��+-<D05� VSHNWUODUL� NLP\RYL\�
VLOMLVKLGDQ� NDWWD� ERµODGL� ��-UDVP��� <D05-� ��ɋ� GD�
NLP\RYL\� VLOMLVKODUL� VROLVKWLULOJDQGD�� XODU� RUDVLGD�
XPXPL\�TRQXQL\DW�PDYMXGOLJL�NX]DWLODGL��+DU�LNNL�
KROGD� KDP� NLP\RYL\� VLOMLVKODUQLQJ� ɨµ]JDULVKL�
ELUGHN� ERµODGL� �DONDQODU� �� DONLQODU� �� DONHQODU� ��
DUHQODU� �� DOGHJLGODU��� 2µULQERVDU� WXWJDQ� PHWDQ�
IRUPXODVLGDJL� �+� YD� ��&� \DGURODULPQJ� <D05�
VSHNWUODUL� VROLVKWLULOJDQGD�XODPLQJ�HNUDQODQLVKL�;-

TD\VL� JXUXK� PDJQLWOL� \DGURODUL� VRQLJD� WRµJµUL�
SURSRUVLRQDOGLU��%X�HVD�PXUDNNDE�DUDODVKPDODPLQJ�
�UHDNVL\D�PDKVXORWODUL��RUDOLT�PRGGDODU�� L]RPHUODU��
NRQILJXUDWVLRQ� VKDNOODU� YD� KRND]R�� PLTGRUL\�
WDUNLELQL�DQLTODVK�XFKXQ�LPNRQL\DW�EHUDGL� 

�-5DVPGD� NHOWLULOJDQ� 2-
[ORUDWVHWLOWLPROQLQJ� <D05� VSHNWULGD� TX\LGDJL�
UH]RQDQV�FKDVWRWDODU�NX]DWLOGL�������P�X��GD�-2&+��

JXUXKLGDJL� SURWRQODU� VLJQDOL� VLQJOHW� NRµULQLVKLGD�
QDPR\RQ� ERµODGL�� �� P�X� GD� ���� DOPDVKLQJDQ�
DURPDWLN�KDOTDGDJL� ���-SURWRQODU� VLJQDOL�PXOWLSOHW�
NRµULQLVKLGD�QDPR\RQ�ERµODGL�� �-�����P�X�� GD�����
DOPDVKLQJDQ� DURPDWLN� KDOTDGDJL� ���� SURWRQODU� YD�
PRQRDOPDVKLQJDQ� DURPDWLN� KDOTD� SURWRQODUL�
VLJQDOL�PXOWLSOHW�NRµULQLVKLGD�QDPR\RQ�ERµODGL�� 

�-5DVPGD� NHOWLULOJDQ� GL��-L]RSURSLO-�-
PHWLOIHQLONDUERNVLPHWLOHQ�� RNVDODWQLQJ� �+-<D05��
VSHNWULGD� PHWLOHQ� JXUXKLGDJL� YRGRURG� SURWRQODUL�
����� P�X�� GD� VLQJOHW� NLP\RYL\� VLOMLVK�� DURPDWLN�
KDOTDGDJL�YRGRURG�SURWRQODUL�HVD��������������������
����� P�X�� ODUGD� NLP\RYL\� VLOMLVK� QDPR\RQ� TLODGL��
&KXQNL�� EHQ]RO� KDOTDVLGD� ���-� KRODWGD� [ORU� YD�
NDUERNVLO� JXUXKL� MR\ODVKJDQ�� QDWLMDGD� DURPDWLN�
KDOTDGDJL�YRGRURG�SURWRQODULQLQJ�NLP\RYL\�VLOMLVKL�
ELU-ELULGDQ� IDUT� TLODGL�� 0HWLO� �-&+��� JXUXKLGDJL�
YRGRURG� DWRPODUL� � ����� P�X�� GD� NLP\RYL\� VLOMLVK�
EHUDGL� YD� TX\LGDJL� UH]RQDQV� FKDVWRWDODU� NX]DWLOGL��
���� P�X�� GD� -2&+��JXUXKLGDJL� SURWRQODU� VLJQDOL�
VLQJOHW�NRµULQLVKLGD�QDPR\RQ�ERµODGL�������P�X��GD�
-1+�� � SURWRQODULQLQJ� VLQJOHW� NRµULQLVKLGD�� �-����
P�X��RUDOLJµLGD�PXOWLSOHW�VLJQDOODUL���WD�KDOTDGDJL���
WD�SURWRQODUQLQJ�VLJQDOLJD�WHJLVKOLGLU� 

�-L]RSURSLO-�-PHWLOIHQLONDUERNVLPHWLOHQ�
WDUWUDWQLQJ� �+-<D05�VSHNWULGD�TX\LGDJL� UH]RQDQV�
FKDVWRWDODU� NX]DWLOGL�� ���� P�X�� GD� -2&+��

JXUXKLGDJL� SURWRQODU� VLJQDOL� VLQJOHW� NRµULQLVKLGD�

�-UDVP���-L]RSURSLO-�-PHWLOIHQLONDUERNVLPHWLOHQ�URGDQLGQLQJ��+-<D05�VSHNWUL�� 
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RµULQERVDUQLQJ�HOHNWURPDQIL\OLJL�ELODQ�EHOJLODQDGL��
<D05-��&� VSHNWUODUL� HULWPDGD� ROLQJDQOLJL� XFKXQ�
WDELL\NL��HULWXYFKLQLQJ�KDP�VLJQDOODUL�TD\G�HWLODGL� 

%HQ]RO� KDOTDVLJD� RµULQERVDUODUQLQJ� NLULWLOL-
VKL� ��&�� NLP\RYL\� VLOMLVKLQL� ���-�-���� P�K�� JDFKD�
Rµ]JDUWLUDGL��& ��JXUXKLQLQJ�IHQLO��YLQLO�NDEL�RµULQER
-VDUODU� ELODQ� WXWDVK� WL]LP� KRVLO� TLOLVKL� TRµVKLPFKD�

HNUDQODQLVKJD�ROLE�NHODGL�YD���F R��QLQJ�NDPD\LVKL-
JD�ROLE�NHODGL��2µULQERVDUODUQLQJ�XJOHYRGRURG�]DQMLUL�
X]D\VD�� & �-JXUXKQLQJ� XJOHURG� DWRPL� HNWDQODQLVKL�
NDPD\DGL�YD���F ���TL\PDWL�NDWWDODVKDGL����-UDVP�� 

0RQRNDUERQ� NLVORWDODU� XFKXQ� NDUERNVLO�
JXUXKLQLQJ� XJOHURG� DWRPL� DOGHJLG� YD� NHWRQODUJD�
QLVEDWDQ�\DQDGD�NRµSURT�HNUDQODQDGL��7HJLVKOL�DQL�

�� 
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�� &KRULHY�$�8���$EGXVKXNXURY�$�.���-XUD\HY�5�6���-XUDHYD�0�.��'L���-L]RSURSLO-�-PHWLOIHQLONDUERNVLPHWLOHQ��RNVDODW�VLQWH]L� >6\QWKHVLV�RI�
WKH� GL��-L]RSURS\O-�-PHWK\OSKHQ\ONDUERNVLPHWK\OHQ�� R[DODWH@��&KHPLVWU\� DQG� &KHPLFDO� (QJLQHHULQJ�� ������ ��� ��-���� '2,�� ���������
FFH������ 

�� 6DGLNRYD�6�%���$EGXVKXNXURY�$�.���&KRULHY�$�8�� >1XFOHRSKLOLF�VXEVWLWXWLRQ�UHDFWLRQ�RI�GLFKORURDFHW\O�K\GURTXLQRQH�ZLWK�VRGLXP�VDOWV�RI�
R[\DFLGV@��,QWHUQDWLRQDO�-RXUQDO�RI�3KDUPDFHXWLFDO�5HVHDUFK������������������-���� 

�� 0DNRV]D�0���)HGRU\QVNL�0���,Q�+DQGERRN�RI�3KDVH�7UDQVIHU�&DWDO\VLV��<��6DVVRQ��5��1HXPDQQ��(GV����&KDSPDQ�	�+DOO��/RQGRQ��������
���� 

�� 6DGLNRYD�6�%���$EGXVKXNXURY�$�.���&KRULHY�$�8��,PSURYLQJ�WKH�PHWKRG�RI�V\QWKHVLV�RI�FKORURDFHW\OS\URFDWHFKRO��-RXUQDO�RI�DFWXDO�SURE�
OHPV�RI�PRGHUQ�VFLHQFH��HGXFDWLRQ�DQG�WUDLQLQJ�����������-����� 

�� &OD\GHQ�-���*UHHYHV�1���:DUUHQ�6��2UJDQLF�&KHPLVWU\��2[IRUG�8QLYHUVLW\�3UHVV��1HZ�<RUN������� 
�� $NKPHGRY�.�1���<XOGDVKHY�;�<��2UJDQLN�NLP\R�XVXOODUL�>0HWKRGV�RI�2UJDQLF�FKHPLVWU\@��7DVKNHQW��8QLYHUVLWHW�3XEO������������� 
�� /DNHHY�6�1���0D\GDQRYD�,�2���0XOODFKPHWRY�5�)���'DY\GRYD�2�9��(VWHU�SODVWLFL]HUV�IRU�SRO\YLQ\O�FKORULGH��5XVVLDQ�-RXUQDO�RI�$SSOLHG�

&KHPLVWU\����������������–����'2,����������V���������������� 
�� 6FKDOOH\��&�$��7KHPDWLF�VHULHV�RQ�VXSUDPROHFXODU�FKHPLVWU\��%HLOVWHLQ��-��2UJ��&KHP�����������������-���'2,����������EMRF������ 
�� 6XPLQD�(�*���6KWLNRY�6�1���6RURNLQD�2�1�� L�GU��7RQNRVOR\QD\D�NKURPDWRJUDIL\D�IODYRQRLGRY�QD�VLOLNDJHOH�Y�PRGLILWVLURYDQQ\NK�PLWVHO�

O\DUQ\NK�SRGYL]KQ\NK�ID]DNK�QD�RVQRYH�GRGHWVLOVXOIDWD�QDWUL\D�>7KLQ�OD\HU�FKURPDWRJUDSK\�RI�IODYRQRLGV�RQ�VLOLFD�JHO�LQ�PRGLILHG�PLFHOODU�
PRELOH�SKDVHV�EDVHG�RQ�VRGLXP�GRGHF\O�VXOIDWH@��6RUEWVLRQQ\\H�L�NKURPDWRJU��3URWVHVV\�����������������-��� 

��� 'HKPORZ��(�9���'HKPORZ�6�6��3KDVH�7UDQVIHU�&DWDO\VLV���UG�HG���9HUODJ�&KHPLH��:HLQKHLP������������ 
��� /L�-�-��1DPH�5HDFWLRQV��$�&ROOHFWLRQ�RI�'HWDLOHG�0HFKDQLVPV�DQG�6\QWKHWLF�$SSOLFDWLRQV��%HUOLQ-+HLGHOEHUJ������������ 
��� 5HLFKDUGW�&��6ROYHQWV�DQG�6ROYHQW�(IIHFWV�LQ�2UJDQLF�&KHPLVWU\���QG�HG���9&+��1<������������ 
��� )LHOG�/�'���6WHUQKHOO�6���.DOPDQ�-�5��2UJDQLF�6WUXFWXUHV�IURP�6SHFWUD���UG�HGQ��:LOH\������������ 
��� 0DPDWNXORY�1�1���$EGXVKXNXURY�$�.���.KLGLURY�6K��5DNKPRQRYD��6��6\QWKHVLV�DQG�5HDUUDQJHPHQW�RI�S-7RO\O�&KORURDFHWDWH��5XVV��-��

2UJ��&KHP���������������������-������'2,���������$�������������� 
��� 6PLWK�0�%���0DUFK�-��$GYDQFHG�2UJDQLF�&KHPLVWU\��5HDFWLRQV��0HFKDQLVPV�DQG�6WUXFWXUH��86$��:LOH\������������ 
 

PDKVXORWODULQLQJ� \XSTD� TDWODP� [URPDWRJUDIL\DVL�
RދUJDQLOGL� YD� XODUQLQJ� WDUNLEL� JXYRK� PRGGDODU�
\RUGDPLGD� WDVGLTODQGL�� 2-[ORUDWVHWLOWLPROQLQJ�
QDWUL\�RNVDODW��QDWUL\� WDUWUDW��NDOL\� URGDQLGODU�ELODQ�
QXNOHRILO� DOPDVKLQLVK� UHDNVL\DODUL� RދUJDQLOGL��
1XNOHRILO� DOPDVKLQLVK� UHDNVL\DQL� ROLE� ERULVKQLQJ�
TXOD\� VKDURLWODUL� L]ODE� WRSLOGL� YD� DGDEL\RWGD�
PD¶OXP�ERދOPDJDQ���WD�\DQJL�PRGGD�VLQWH]�TLOLQGL��
6LQWH]� TLOLQJDQ� PRGGDODUQLQJ� WX]LOLVKL� ,4� YD�
<D05-�VSHNWUODUL�\RUGDPLGD�LVERWODQGL�� 

�� 
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RQODU� XFKXQ� EX� VLJQDO� �-�� P�K�� JDFKD� NXFKVL]�
PD\GRQJD� WRPRQ� VLOML\GL�� (ULWXYFKLODUQLQJ� WDEL�
DWLJD�PRV�UDYLVKGD�& ��JXUXKQLQJ�NLP\RYL\�VLOML�
VKL�Rµ]JDUDGL� 

 
;XORVD 
2-[ORUDWVHWLOWLPRO� VLQWH]� TLOLVKQLQJ� TXOD\�

XVXOL� LVKODE� FKLTLOGL� YD� 2-[ORUDWVHWLOODVK�
UHDNVL\DVLQLQJ� PH[DQL]PL� WDNOLI� TLOLQGL��
;ORUDWVHWLOODVK� YD� QXNOHRILO� DOPDVKLQLVK� UHDNVL\D�

��-UDVP���-L]RSURSLO-�-PHWLOIHQLONDUERNVLPHWLOHQ�URGDQLGQLQJ����&-<D05�VSHNWUL� 


	O-XLORATSETILTIMOL SINTEZI VA UNI KIMYOVIY MODIFIKATSIYALASH
	Recommended Citation

	O-XLORATSETILTIMOL  SINTEZI  VA  UNI  KIMYOVIY  MODIFIKATSIYALASH

