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SYNTHESIS OF AROMATIC ACETYLENE ALCOHOLS BASED ON  
BENZALDEHYDE AND ITS HALOGENATED PRODUCTS 
 
6DQDW�6$0$729���VDQDW��������#PDLO�UX���ȺEGXYDNKDE�,.5Ⱥ029���LNUDPRY����#OLVW�UX��� 
6DLGD�Ⱥ%'85Ⱥ.+0Ⱥ129Ⱥ���VDLGDRLOJDV#PDLO�UX���2GLOMRQ�=,<$'8//Ⱥ(9���EXODN����#\DQGH[�UX��� 
*X]DO�27$08.+$0('29$���JX]DO������#\DQGH[�UX� 
�&KLUFKLN�6WDWH�3HGDJRJLFDO�,QVWLWXWH��&KLUFKLN��8]EHNLVWDQ 
�7DVKNHQW�&KHPLFDO-7HFKQRORJLFDO�,QVWLWXWH��7DVKNHQW��8]EHNLVWDQ 
�1DWLRQDO�8QLYHUVLW\�RI�8]EHNLVWDQ��7DVKNHQW��8]EHNLVWDQ 

 
7KH�DLP�RI�WKLV�VWXG\�LV�WR�V\QWKHVL]H�WKH�FRUUHVSRQGLQJ�DURPDWLF�DFHW\OHQLF�DOFRKROV�E\�DON\ODWLRQ�ZLWK�SKHQ\ODFHW\OHQH�LQ�D�

FRPSOH[�FDWDO\WLF�V\VWHP�EDVHG�RQ�=Q�27I���DQG�7%$)Â�+�2�IRU�WKH�ILUVW�WLPH�ZLWK�EHQ]DOGHK\GH�DQG�VRPH�RI�LWV�KDORJHQ�GHULYDWLYHV��
7KH�VHOHFWLYLW\�DQG�VWDELOLW\�RI�FDWDO\VWV�XVHG� IRU� WKH�\LHOGV�RI� UHDFWLRQV� IRU� WKH�V\QWKHVLV�RI�DURPDWLF�DFHW\OHQH�DOFRKROV�ZHUH�DQD�
O\]HG��7KH�HIIHFW�RI�EHQ]DOGHK\GH�DQG�LWV�KDORJHQDWHG�GHULYDWLYHV�RQ�WKH�SURGXFW�\LHOG�ZDV�DQDO\]HG��7KH�QDWXUH��VWUXFWXUH��LVRPHULVP��
VSDWLDO�VWUXFWXUH�DQG�RWKHU�SURSHUWLHV� LQIOXHQFHG�WR� WKLV�UHDFWLRQV�ZHUH�VWXGLHG��6RPH�IHDWXUHV�RI�UHDFWLRQV�RI�V\QWKHVLV�RI�DURPDWLF�
DFHW\OHQH� DOFRKROV� VXFK� DV� VWDJHV�� DFWLYDWLRQ� HQHUJLHV�� NLQHWLFV� RI� FKHPLFDO� FKDQJHV� ZHUH� GHWHUPLQHG�� UHDFWLRQ� PHFKDQLVPV� ZHUH�
SURSRVHG��WKH�PRVW�RSWLPDO�FRQGLWLRQV�IRU�DON\ODWLRQ�UHDFWLRQV�ZHUH�IRXQG��7KH�V\QWKHVL]HG�DURPDWLF�DFHW\OHQH�DOFRKROV�ZHUH�LGHQWL�
ILHG�� 7KHLU� VHYHUDO� SURSHUWLHV� VXFK� DV� SXULW\�� FRPSRVLWLRQ�� VWUXFWXUH�� VSHFLILF� DQG� TXDQWXP� FKHPLFDO� FRQVWDQWV� ZHUH� SURYHG� XVLQJ�
PRGHUQ�SK\VLFRFKHPLFDO� UHVHDUFK�PHWKRGV��$� VHULHV� RI� UHODWLYH� HIILFLHQFLHV�RI� DURPDWLF�DFHW\OHQH� V\QWKHVLV� EDVHG�RQ�EHQ]DOGHK\GH�
DQG�VRPH�RI�LWV�GHULYDWLYHV�LQ�WKH�VHOHFWHG�FDWDO\WLF�V\VWHP�KDV�EHHQ�SURSRVHG�� 

 
.H\ZRUGV��SKHQ\ODFHW\OHQH��EHQ]DOGHK\GH�DQG�VRPH�RI�LWV�GHU LYDWLYHV��]LQF�WU LIOXRURPHWKDQHVXOIRQDWH��WHWUDEXW\ODPPRQLXP�IOXRU LGH��WU LHWK\ODPLQH��DFHWRQLWU LOH��
DURPDWLF�DFHW\OHQH�DOFRKROV��SURGXFW�\LHOG� 

СИНТЕЗ АРОМАТИЧЕСКИХ АЦЕТИЛЕНОВЫХ СПИРТОВ НА ОСНОВЕ 
БЕНЗАЛЬДЕГИДА И ЕГО ГАЛОГЕНПРОИЗВОДНЫХ 
 
&ɚɧɴɚɬ�ɋȺɆȺɌɈȼ���VDQDW��������#PDLO�UX���Ⱥɛɞɭɜɚɯɚɛ�ɂɄɊȺɆɈȼ���LNUDPRY����#OLVW�UX��� 
ɋɚɢɞɚ�ȺȻȾɍɊȺɏɆȺɇɈȼȺ��VDLGDRLOJDV#PDLO�UX���Ɉɞɢɥɠɨɧ�ɁɂəȾɍɅɅȺȿȼ���EXODN����#\DQGH[�UX���� 
Ƚɭɡɚɥ�ɈɌȺɆɍɏȺɆȿȾɈȼȺ���JX]DO������#\DQGH[�UX�� 
�ɑɢɪɱɢɤɫɤɢɣ�ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ�ɩɟɞɚɝɨɝɢɱɟɫɤɢɣ�ɢɧɫɬɢɬɭɬ��ɑɢɪɱɢɤ��ɍɡɛɟɤɢɫɬɚɧ 
�Ɍɚɲɤɟɧɬɫɤɢɣ�ɯɢɦɢɤɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ�ɢɧɫɬɢɬɭɬ��Ɍɚɲɤɟɧɬ��ɍɡɛɟɤɢɫɬɚɧ 
�ɇɚɰɢɨɧɚɥɶɧɵɣ�ɭɧɢɜɟɪɫɢɬɟɬ�ɍɡɛɟɤɢɫɬɚɧɚ��Ɍɚɲɤɟɧɬ��ɍɡɛɟɤɢɫɬɚɧ� 
 

ɐɟɥɶɸ�ɧɚɫɬɨɹɳɟɝɨ�ɢɫɫɥɟɞɨɜɚɧɢɹ�ɹɜɥɹɟɬɫɹ�ɫɢɧɬɟɡ�ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ�ɚɪɨɦɚɬɢɱɟɫɤɢɯ�ɚɰɟɬɢɥɟɧɨɜɵɯ�ɫɩɢɪɬɨɜ�ɪɟɚɤɰɢ�
ɟɣ� ɚɥɤɢɥɢɪɨɜɚɧɢɹ� ɮɟɧɢɥɚɰɟɬɢɥɟɧɨɦ� ɜ� ɤɨɦɩɥɟɤɫɧɨɣ� ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ� ɫɢɫɬɟɦɟ� ɧɚ� ɨɫɧɨɜɟ� =Q�27I��� ɢ� 7%$)Â�+�2� ɜɩɟɪɜɵɟ� ɫ�
ɛɟɧɡɚɥɶɞɟɝɢɞɨɦ�ɢ�ɧɟɤɨɬɨɪɵɦɢ�ɟɝɨ� ɝɚɥɨɝɟɧɩɪɨɢɡɜɨɞɧɵɦɢ��ɂɫɫɥɟɞɨɜɚɧɚ� ɫɟɥɟɤɬɢɜɧɨɫɬɶ�ɢ� ɫɬɚɛɢɥɶɧɨɫɬɶ�ɤɚɬɚɥɢɡɚɬɨɪɨɜ�� ɢɫ�
ɩɨɥɶɡɨɜɚɧɧɵɯ�ɞɥɹ�ɷɮɮɟɤɬɢɜɧɨɫɬɢ�ɪɟɚɤɰɢɣ�ɫɢɧɬɟɡɚ�ɚɪɨɦɚɬɢɱɟɫɤɢɯ�ɚɰɟɬɢɥɟɧɨɜɵɯ�ɫɩɢɪɬɨɜ��Ⱥɧɚɥɢɡɢɪɨɜɚɧɨ�ɞɟɣɫɬɜɢɟ�ɩɪɢɪɨ�
ɞɵ��ɫɬɪɭɤɬɭɪɵ��ɢɡɨɦɟɪɢɢ��ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ�ɫɬɪɨɟɧɢɹ�ɢ�ɞɪɭɝɢɯ�ɫɜɨɣɫɬɜ�ɛɟɧɡɚɥɶɞɟɝɢɞɚ�ɢ�ɟɝɨ�ɝɚɥɨɝɟɧɨɜɵɯ�ɩɪɨɢɡɜɨɞɧɵɯ�ɧɚ�
ɜɵɯɨɞ�ɩɪɨɞɭɤɬɨɜ��Ɉɩɪɟɞɟɥɟɧɚ�ɤɢɧɟɬɢɤɚ�ɯɢɦɢɱɟɫɤɢɯ�ɢɡɦɟɧɟɧɢɣ��ɷɧɟɪɝɢɢ�ɚɤɬɢɜɚɰɢɢ��ɫɬɚɞɢɢ�ɪɟɚɤɰɢɣ�ɫɢɧɬɟɡɚ�ɚɪɨɦɚɬɢɱɟɫɤɢɯ�
ɚɰɟɬɢɥɟɧɨɜ��ɩɪɟɞɥɨɠɟɧɵ�ɦɟɯɚɧɢɡɦɵ�ɪɟɚɤɰɢɣ��ɧɚɣɞɟɧɵ�ɧɚɢɛɨɥɟɟ�ɨɩɬɢɦɚɥɶɧɵɟ�ɭɫɥɨɜɢɹ�ɪɟɚɤɰɢɣ�ɚɥɤɢɧɢɥɢɪɨɜɚɧɢɹ��ɂɞɟɧɬɢɮɢ�
ɰɢɪɨɜɚɧɵ� ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ� ɚɰɟɬɢɥɟɧɨɜɵɟ� ɚɪɨɦɚɬɢɱɟɫɤɢɟ� ɫɩɢɪɬɵ� ɢ� ɫ� ɩɨɦɨɳɶɸ� ɫɨɜɪɟɦɟɧɧɵɯ�ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ� ɦɟɬɨɞɨɜ�
ɢɫɫɥɟɞɨɜɚɧɢɹ�ɞɨɤɚɡɚɧɵ�ɢɯ�ɱɢɫɬɨɬɚ��ɫɬɪɨɟɧɢɟ��ɫɨɫɬɚɜ��ɫɨɛɫɬɜɟɧɧɵɟ�ɢ�ɤɜɚɧɬɨɜɨ-ɯɢɦɢɱɟɫɤɢɟ�ɤɨɧɫɬɚɧɬɵ��ȼ�ɜɵɛɪɚɧɧɨɣ�ɤɚɬɚ�
ɥɢɬɢɱɟɫɤɨɣ� ɫɢɫɬɟɦɟ� ɩɪɟɞɥɨɠɟɧ� ɪɹɞ� ɨɬɧɨɫɢɬɟɥɶɧɨɣ� ɷɮɮɟɤɬɢɜɧɨɫɬɢ� ɫɢɧɬɟɡɢɪɨɜɚɧɢɹ� ɚɪɨɦɚɬɢɱɟɫɤɢɯ� ɚɰɟɬɢɥɟɧɨɜɵɯ� ɫɩɢɪ�
ɬɨɜ�ɧɚ�ɨɫɧɨɜɟ�ɛɟɧɡɚɥɶɞɟɝɢɞɚ�ɢ�ɟɝɨ�ɩɪɨɢɡɜɨɞɧɵɯ��� 

 
Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ��ɮɟɧɢɥɚɰɟɬɢɥɟɧ��ɛɟɧɡɚɥɶɞɟɝɢɞ�ɢ�ɟɝɨ�ɩɪɨɢɡɜɨɞɧɵɟ��ɬɪɢɮɬɨɪɦɟɬɢɥɫɭɥɶɮɨɧɚɬ�ɰɢɧɤɚ��ɮɬɨɪɢɞ�ɬɟɬɪɚɛɭɬɢɥɚɦɦɨɧɢɹ��ɬɪɢɷɬɢɥɚɦɢɧ��ɚɰɟɬɨɧɢɬɪɢɥ��ɚɪɨɦɚ�
ɬɢɱɟɫɤɨɟ�ɚɰɟɬɢɥɟɧɨɜɵɟ�ɫɩɢɪɬɵ��ɜɵɯɨɞ�ɩɪɨɞɭɤɬɚ� 

BENZALDEGID VA UNING GALOGENLI XOSILALARI ASOSIDA AROMATIK 
ATSETILEN SPIRTRLARI SINTEZI  
 
6DQ¶DW��6$0$729���VDQDW��������#PDLO�UX���ȺEGXYD[DE�,.5Ⱥ029���LNUDPRY����#OLVW�UX��� 
6DLGD�Ⱥ%'85Ⱥ+0Ⱥ129Ⱥ���VDLGDRLOJDV#PDLO�UX���2GLOMRQ�=,<$'8//Ⱥ<(9���EXODN����#\DQGH[�UX��� 
*X]DO�27$08+$0('29$���JX]DO������#\DQGH[�UX� 
�7RVKNHQW�YLOR\DWL�&KLUFKLT�GDYODW�SHGDJRJLND�LQVWLWXWL��&KLUFKLT��2ƍ]EHNLVWRQ 
�7RVKNHQW�NLP\R-WH[QRORJL\D�LQVWLWXWL��7RVKNHQW��2ƍ]EHNLVWRQ 
�2ƍ]EHNLVWRQ�0LOOL\�XQLYHUVLWHWL��7RVKNHQW��2৞]EHNLVWRQ� 
 

8VKEX� LOPL\� WDGTLTRW� LVKLGDQ� PDTVDG� LON� ERU� EHQ]DOGHJLG� YD� XQLQJ� D\ULP� JDORJHQOL� KRVLODODULQL� =Q�27I��� YD� 7%$)Â�+�2�
DVRVLGD� WD\\RUODQJDQ� NRPSOHNV� NDWDOLWLN� VLVWHPDGD� IHQLODWVHWLOHQ� ELODQ� DONLQLOODVK� UHDNVL\DVL� ERƍ\LFKD� PRV� UDYLVKGDJL� DURPDWLN�
DWVHWLOHQ�VSLUWODULQL�VLQWH]�TLOLVK��$URPDWLN�DWVHWLOHQ�VSLUWODULQL�VLQWH]�TLOLVK�UHDNVL\DODUL�VDPDUDGRUOLJLJD�TRƍOODQLOJDQ�NDWDOL]DWRUODUQ�
LQJ� VHOHNWLYOLJL� YD� VWDELOOLJL� WDGTLT� TLOLQJDQ�� %HQ]DOGHJLG� YD� XQLQJ� JDORJHQOL� KRVLODODULQLQJ� WDELDWL�� WX]LOLVKL�� L]RPHUL\DVL�� ID]RYL\�
WX]LOLVKL� YD� ERVKTD� [RVVDODULQLQJ�PDKVXORW� KRVLO� ERƍOLVK� XQXPLJD� WD¶VLUL� WDKOLO� TLOLQJDQ�� $URPDWLN� DWVHWLOHQ� VSLUWODULQL� VLQWH]� TLOLVK�
UHDNVL\DODULQLQJ�ERVTLFKODUL�� IDROODQLVK�HQHUJL\DODUL��NLP\RYL\�Rƍ]JDULVKODU�NLQHWLNDVL�DQLTODQJDQ��UHDNVL\D�PH[DQL]PODUL� WDNOLI�HWLO�
JDQ��DONLQLOODVK�UHDNVL\DODULQLQJ�HQJ�PXTRELO�VKDURLWODUL� WRSLOJDQ��6LQWH]�TLOLQJDQ�DURPDWLN�DWVHWLOHQ�VSLUWODUL� LGHQWLILNDWVL\DODQJDQ��
WR]DOLJL��WDUNLEL��WX]LOLVKL��[XVXVL\�YD�NYDQW-NLP\RYL\�NRQVWDQWDODUL�]DPRQDYL\�IL]LN-NLP\RYL\�WDGTLTRW�XVXOODUL�\RUGDPLGD�LVERWODQJDQ��
7DQODQJDQ� NDWDOLWLN� VLVWHPDGD�EHQ]DOGHJLG� YD�XQLQJ� D\ULP� KRVLODODUL� DVRVLGD� DURPDWLN� DWVHWLOHQ� VSLUWODULQL� VLQWH]� TLOLVKQLQJ� QLVEL\�
VDPDUDGRUOLN�TDWRUL�WDYVL\D�TLOLQJDQ� 

 
ɄɚOLW� VR൏]ODU�� IHQLODWVHWLOHQ�� EHQ]DOGHJLG� YD� XQLQJ� KRVLODODU L�� UX[� WU LIWRUPHWLOVXOIRQDW�� WHWUDEXWLODPPRQL\� IWRU LG�� WU LHWLODPLQ�� DWVHWRQLWU LO�� DURPDWLN� DWVHWLOHQ�
VSLUWODUL��PDKVXORW�XQXPL� 
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IHQLODWVHWLOHQ�� WULPHWLOVLOLODWVHWLOHQ� YD� JHNVLQ-�� ODU�
ELODQ� HQDQWLRVHOHNWLY� DONLQLOODVK� MDUD\RQL� RUTDOL�
PRV� UDYLVKGD� DWVHWLOHQ� VSLUWODUL� VLQWH]� TLOLQJDQ��
8VKEX� MDUD\RQGD� HULWXYFKL� VLIDWLGD� JHNVDQ�� WROXRO�
\RNL� WHWUDJLGURIXUDQGDQ� IR\GDODQLOJDQ�� 2OLQJDQ�
QDWLMDODUJD�NRƍUD�[RQD�KDURUDWLGD����VRDW�GDYRPLGD�
WROXRO� HULWPDVLGD� NDWDOL]DWRU� VLIDWLGD� >���@� SDUDVL�
NORIDQ�DVRVLGDJL�NHWLPLQ�OLJDQGL����PRO�����YD�DO�
NLQLOUXK������PO��0��TRƍOODQLOJDQGD��-VLNORJHNVLO-�
-IHQLOSURSLQ-�-RO-�� ������� �-VLNORJHNVLO-�-
�WULPHWLOVLOLO�SURSLQ-�-RO-�� ������ YD� �-
VLNORJHNVLOJHSWLQ-�-RO-�� ������ XQXP� ELODQ� VLQWH]�
TLOLQJDQ��7DQODQJDQ�UX[�KRVLODODUL�RUDVLGD�DWVHWLOHQ�
VSLUWODUL� KRVLO� ERƍOLVK� VDPDUDGRUOLJL�
DONLOUXɯ�DONHQLOUXɯ�IHQLOUXɯ�DONLQLOUXɯ� TDWRUL� ERƍ
\LFKD� RVKLE� ERULVKL� DQLTODQJDQ� >�@�� .DUULHUD�
WRPRQLGDQ� DONLOUXK� YD� XODUQLQJ� KRVLODODULQL� VXSHU�
VWLR[LPHWULN�UHDJHQWODU�WD\\RUODVK�RUTDOL�DOGHJLGODU�
YD�DONLQODUQLQJ�Rƍ]DUR�UHDNVL\DODUL�RƍUJDQLOJDQ�>��-
��@��0DKVXORW�XQXPL�YD�WR]DOLJLQL�RVKLULVK�PDTVD�
GLGD� WROXRO�� WULHWLODPLQ� YD� ���-1-PHWLOHILGULQGDQ�
IR\GDODQJDQ�� 5HDNVL\D� ��-��� R&� KDURUDWGD� ROLE�
ERULOJDQ��)HQLODWVHWLOHQ�YD��-IHQLOEXWLQ-��QLQJ�EHQ�
]DOGHJLG�� L]REXWDQDO�� JHNVDQDO�� �-PHWLOSHQWDQDO� YD�
�-PHWLOSHQWDQDO� ELODQ� UHDNVL\DODU� DVRVLGD� \DQJL�
DWVHWLOHQ� VSLUWODUL���-����XQXP�ELODQ� VLQWH]�TLOLQ�
JDQ�>�@��6LNOLN�DOGHJLGODUQLQJ�[URP�\RNL�PDUJDQHWV�
PHWDOODUL�WX]ODUL�\RUGDPLGD�(W�2�HULWPDVLGD��(W�1�
LVKWLURNLGD� -��� –� ��� R&� KDURUDWGD�� ��-��� VRDW�
GDYRPLGD� WHUPLQDO� DONLQODU� JDORJHQOL� KRVLODODUL�
ELODQ� NRPSOHNV� NDWDOLWLN� VLVWHPD� LVKWLURNLGD� DO�
NLQLOODVK� UHDNVL\DVL� QDWLMDVLGD� DWVHWLOHQ� VSLUWODUL�
VLQWH]� TLOLQJDQ�� -XPODGDQ�� VLNORJHNVDQDO-O� �� R&�
KDURUDWGD�� ��� VRDWGD� �-EURPSURSLQ-�� ELODQ�
UHDNVL\DJD� NLULVKLE�� ���� XQXPGD� �-
VLNORJHNVLOEXWLQ-�-RO-��VLQWH]�TLOLQJDQ��8VKEX�XVXO�
ERƍ\LFKD�DWVHWLOHQ�VSLUWODULQL�VLQWH]�TLOLVKGD�DOGRO�
NRQGHQVDWVL\DODQLVKQLQJ�NXFKOL�URƍ\�EHULVKL��VLQ�
WH]�TLOLQJDQ�VSLUWODUQLQJ�VLVWHPDGD� L]RO\DWVL\DJD�
XFKUDE� TROLVKL�� NDUERQLO� JXUXKQLQJ� VWHULN� WRƍ
VLTTD�YD�GHDNWLYL]DWVL\DJD�XFKUDVKL�NDEL�VXE¶HN�
WLY� KRODWODU� NX]DWLOJDQ� >�-�@�� %X�12+-+�2-
'062� NDWDOLWLN� NRPSR]LWVL\DVL� LVKWLURNLGD� LON�
ERU� <H�<X�� 6KPLGW� LOPL\� ODERUDWRUL\DVLGD� DOL�
IDWLN�� VLNOLN��DWVLNOLN�� DURPDWLN�YD�JHWHURDURPDW�
LN� DOGHJLG� YD� NHWRQODUQLQJ� DWVHWLOHQ�ELODQ� HWLQLO�
ODVK�UHDNVL\DVL�RƍUJDQLOJDQ�ERƍOLE����-����XQXP�
ELODQ� PRV� UDYLVKGDJL� DWVHWLOHQ� VSLUWODUL� VLQWH]�
TLOLQJDQ�� -DUD\RQ� XFKXQ� PXTRELO� VKDURLW� –�
UHDNVL\D� GDYRPL\OLJL� �� VRDW�� KDURUDW� �� R&� TLOLE�
WDQODQJDQ�>�����@� 

7DGTLTRW�XVXOODUL 
$WVHWLOHQ�VSLUWODUL�VLQWH]L�KDMPL������PO�VLJƍ

LPJD� HJD� ERƍOJDQ� NLP\RYL\� FKLGDPOL�� WHUPLN� EDU�
GRVKOL� YD� PH[DQLN� PXVWDKNDP� VKDIIRI� VKLVKDGDQ�
�%RU6LOLFDWLXP�����PDUNDOL�� WD\\RUODQJDQ�EHVK�RJƍ
L]OL� LNNL� TDYDWOL� UHDNWRU� �$*�-����-�����PDUNDOL��
GD� DPDOJD� RVKLULOGL�� 8VKEX� UHDNWRUJD� TD\WDUPD�
VRYXWJLFK� �'LPURWD� 76���������� PP�� PDUNDOL���
DUDODVKWLUJLFK� �(XURVWDU� ���37)(���������������
PDUNDOL��� KDURUDWQL� QD]RUDW� TLOLVK� XFKXQ� VHQVRUOL�
WHUPRGDWFKLN� �2'�݊�'����� PDUNDOL�� YD� LNNLWD�
WRPL]JLFK�YRURQND��58-����7:����/�PDUNDOL��Rƍ
UQDWLODGL� 

'DVWODE� UHDNWRUGD� TDOD\� WULIWRUPHWLOVXOIRQDW�
�����J��������PRO���WHWUDEXWLODPPRQL\IWRULG�WULJLG�
UDW�����J��������PRO��YD����PO�������PRO��DWVHWRQL�
WULO����PLQXW�GDYRPLGD�Rƍ]DUR�DUDODVKWLULOLE�VXVSHQ�
]L\D� WD\\RUODQDGL�� +RVLO� ERƍOJDQ� VXVSHQ]L\DJD� ���
PLQXW� GDYRPLGD� �� PO� WULHWLODPLQGDJL� ����� PO�
IHQLODWVHWLOHQ������PRO��YD���PO�WULHWLODPLQGDJL������
PO� ������ PRO�� �-IWRUEHQ]DOGHJLGQLQJ� HULWPDVL�
WRPL]LODGL�� )HQLODWVHWLOHQ�� �-IWRUEHQ]DOGHJLG�� VLVWH�
PDGD�KRVLO�ERƍODGLJDQ��-��-IWRUIHQLO�-�-IHQLOSURSLQ
-�-RO-��� RUDOLT� YD� TRƍVKLPFKD� PRGGDODU� SROLPHU�
ODQLE� NHWPDVOLJL� XFKXQ� ERVKODQJƍLFK� UHDJHQWODUQL�
VLVWHPDJD� \XERULVKGDQ� ROGLQ� UHDNWRUGDJL� WULIWRU�
PHWLOVXOIRQDW�� WHWUDEXWLODPPRQL\IWRULG� WULJLGUDW� YD�
DWVHWRQLWULO� VXVSHQ]L\DVLJD� JLGUR[LRQRQ� TRƍVKLODGL��
<XTRUL� XQXP� ELODQ� PDKVXORW� ROLVK� XFKXQ�
UHDNWRUGDJL� KDURUDW� VX\XT� D]RW� \RUGDPLGD� GRLPL\�
QD]RUDW� TLOLQDGL� �VLVWHPDGDJL� KDURUDW� GRLPL\� UDY�
LVKGD� -��� ɨɋ� KDURUDWGD� ERƍOLVKL� NHUDN��� VXEVWUDW��
UHDJHQW��NDWDOL]DWRU�YD�HULWXYFKLGDQ� LERUDW�NRPSR�
QHQWODU� GDYUL\� UDYLVKGD� ELU� PDURPGD� X]OXNVL]�
DUDODVKWLULE� WXULODGL�� )HQLODWVHWLOHQ� YD� �-
IWRUEHQ]DOGHJLGQLQJ� WULHWLODPLQGDJL� HULWPDVL� WRƍOLT�
UHDNWRUJD�EHULOJDQGDQ�VRƍQJ��\DQD����PLQXW�GDYRP�
LGD��-���ɨɋ�KDURUDWGD�DUDODVKWLULE�WXULODGL��+RVLO�ERƍ
OJDQ� DUDODVKPD� ����PLQXW� GDYRPLGD� WLQGLULOLE�� VRƍ
QJUD� GLHWLOHILU� \RUGDPLGD� XFK� PDUWD� ��î��� PO��
HNVWUDNVL\D� TLOLQDGL�� (NVWUDNVL\D� TLOLQJDQ� RUJDQLN�
TDWODP� GDVWODE� HULWXYFKLODUGDQ� WR]DODQLE�� VRƍQJUD�
YDNXXPGD� KD\GDVK� RUTDOL� IUDNVL\DODUJD� DMUDWLE� ROL�
QDGL�� %XQGD� ����� J� �-��-IWRUIHQLO�-�-IHQLOSURSLQ-�-
RO-�� ������ XQXP� ELODQ� VLQWH]� TLOLQGL�� 8VKEX� XVXO�
ERƍ\LFKD� �-[ORUEHQ]DOGHJLG�� �-EURPEHQ]DOGHJLG� YD�
EHQ]DOGHJLGQL� IHQLODWVHWLOHQ� ELODQ� HWLQLOODVK�
UHDNVL\DVL�RUTDOL�����J��-��-[ORUIHQLO�-�-IHQLOSURSLQ-
�-RO-���������������J��-��-EURPIHQLO�-�-IHQLOSURSLQ
-�-RO-�� ������ YD� ����� J� ���-GLIHQLOSURSLQ-�-RO-��
�������XQXP�ELODQ�VLQWH]�TLOLQGL�� 
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-DUD\RQQLQJ����XPXPL\����UHDNVL\D����V[HPDVL� 

6LQWH]�TLOLQJDQ�DURPDWLN�DWVHWLOHQ�VSLUWODUL� 

1DWLMDODU�YD�PXKRNDPD 
5HDNVL\D�PH[DQL]PL��7DQODQJDQ� DOGHJLGODU�

QL�IHQLODWVHWLOHQ�LVKWLURNLGD�DONLQLOODVK�UHDNVL\DVL� 

$WVHWLOHQ� VSLUWODUL� VLQWH]� TLOLVKGD� GDVWODE� �,��
NDWDOL]DWRU� UX[� WULIWRUPHWLOVXOIRQDW� DWVHWRQLWULO� HULW�
PDVLGD� IHQLODWVHWLOHQ� PROHNXODVLGDJL� XFKERJƍJD�
RUL\HQWDWVLRQ�WD¶VLU�HWDGL�YD�QDWLMDGD�YRGRURG�DWRP�
LQLQJ� KDUDNDWFKDQOLJLQL� \DQDGD� RVKLULE�� ʌ-
NRPSOHNV�KRVLO�TLODGL�>������@��6LVWHPDGD�KRVLO�ERƍ
OJDQ�ʌ-NRPSOHNV�DWVHWRQLWULO�HULWPDVLGD�WULHWLODPLQ� 

PH[DQL]PL� DGDEL\RW� PDQEDODULGD� NHOWLULOJDQ�
PD¶OXPRWODU� DVRVLGD�TX\LGDJLFKD� WDNOLI� HWLOGL� >����
��@� 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

\RUGDPLGD� GHSURWRQODQLVKL� �,,�� KLVRELJD� EDUTDURU�
QXNOHRILO�UHDJHQW�IHQLOHWLQLOWULIWRUPHWLOVXOIRQDW�UX[�
WX]LJD�D\ODQDGL� >��@��+RVLO�ERƍOJDQ�RUDOLT�ELULNPD�
�QXNOHRILO�UHDJHQW��UHDNVL\D�PXKLWLQLQJ�LVKTRUL\OL�
JL� YD� PROHNXODODU� IDROOLJLQL� RVKLUXYFKL� WHWUDEX�
WLODPPRQL\�IWRULG�ELODQ�UHDNVL\DJD�NLULVKDGL��8VK�
EX� �,,,�� MDUD\RQGD� >1%X�@
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PHWLOVXOIRQDW� UX[� WX]LQL� IWRU� ELODQ� IDROODVKWLULE�
>3KŁ=Q)27I@->1%X�@

�� NRPSOHNVLQL� KRVLO� TLODGL��
>3KŁ=Q)27I@->1%X�@

�� PROHNXODVLGDJL� WULIODW� DQL�
RQLJD� ELULNNDQ� UX[� HOHNWURPDQIL\OLJL� \XTRUL� ERƍ
OJDQ� IWRU� WRPRQJD� VLOML\GL��1DWLMDGD� UX[� YD� VS� JL�
EULGODQJDQ� XJOHURG� RUDVLGDJL� LRQ� ERJƍ� RVRQ� X]LOLE�
HUNLQ�NDWLRQODU�KRVLO�ERƍODGL��EX�HVD�IHQLODWVHWLOHQQL�
DOGHJLGODU�ELODQ�ELULNLVKLQL�WH]ODVKWLUDGL��\D¶QL�WDQ�
ODQJDQ�DOGHJLGODUQLQJ�NDUERQLO�JXUXKLGDJL�HOHNWUR�
ILO� [RVVDJD� HJD� ERƍOJDQ� XJOHURGJD� IHQLODWVHWLOHQ�
DQLRQLQLQJ� QXNOHRILO� KXMXPLQL� RVRQODVKWLUDGL��1D�
WLMDGD� ,9� ERVTLFKGD� >3KŁ=Q)27I@->1%X�@

��
DOGHJLGQLQJ�NDUERQLO�JXUXKLJD�WD¶VLU��KXMXP��TLOLE�
TRƍVKLPFKD� PDKVXORW� VLIDWLGD� WHWUDEXWLODPPRQL�
\IWRULGQLQJ� OLJDQG� KRVLODVLJD� D\ODQDGL�� -DUD\RQ�
QLQJ� R[LUJL� 9� ERVTLFKLGD� HVD� KRVLO� ERƍOJDQ� TRƍ
VKLPFKD�PDKVXORW�VXY�WD¶VLULGD�JLGUROL]JD�XFKUDVKL�
QDWLMDVLGD� GDVWODE� NDWDOL]DWRUODU� >1%X�@

�)-� QL� WL�
NOD\GL�� VRƍQJUD�PRV� UDYLVKGDJL� DURPDWLN� DWVHWLOHQ�
VSLUWL� KDPGD� UX[JLGURNVRWULIWRUPHWLOVXOIRQDWJD�
D\ODQDGL� >���� ��@�� 6LVWHPDGDJL� WULHWLODPLQQLQJ�
WULIWRUPHWLOVXOIRQDW� WX]L� �+1�(W�2

-7I�� UX[JL�
GURNVRWULIWRUPHWLOVXOIRQDW� ELODQ� WD¶VLUODVKXYLGDQ�
WULHWLODPLQ�� UX[� WULIWRUPHWLOVXOIRQDW� YD� VXYQL� KRVLO�
TLODGL� �XVKEX� KRODW� NHOWLULOPDJDQ�� >��-��@��8VKEX�
UHDNVL\D� PH[DQL]PL� DGDEL\RW� PDQEDODUL� DVRVLGD�
WDNOLI� TLOLQJDQ� ERƍOLE�� UHDNVL\DQLQJ� [DYIVL]OLJL��
PH[DQLN� WDIVLORWODUL�� DVVLPHWULN� YDULDQWODUL�� MD�
UD\RQQL� ERVKTDULVK� YD� QD]RUDW� TLOLVKQLQJ� UHQWDEHO�
XVXOODUL�KR]LUGD�RƍUJDQLOPRTGD�YD�NHOJXVLGD�\DNX�
QL\�[XORVD�WRƍJƍULVLGD�PD¶OXPRW�EHULVK�UHMDODVKWLULO�
JDQ� 
$URPDWLN�DWVHWLOHQ�VSLUWODULQL�VLQWH]�TLOLVK�MDUD\RQL�
YD�PDKVXORW�XQXPLJD�WXUOL�RPLOODU��MXPODGDQ�HULWX�
YFKLODU� WDELDWL�� ERVKODQJƍLFK�PRGGDODU� YD�NDWDOLWLN�
NRPSRQHQWODU� PLTGRUL�� KDURUDW� YD� UHDNVL\D�
GDYRPL\OLJL�WD¶VLUODUL�WL]LPOL�UDYLVKGD�WDKOLO�TLOLQGL� 
�--DGYDOGD� WDQODQJDQ� DOGHJLGODU� ELODQ�
IHQLODWVHWLOHQQLQJ�UHDNVL\DVLJD�UHDNVL\D�GDYRPL\OL�
JL� WD¶VLUL� QDWLMDODUL� NHOWLULOJDQ�� %XQGD� DOGHJLGODUQL�

DONLQLOODVK� UHDNVL\DVL� �� VRDWGDQ� �� VRDWJDFKD� ERƍ
OJDQ�YDTW�GDYRPLGD�RƍUJDQLOGL�� 
2OLQJDQ� QDWLMDODUJD� NRƍUD� DONLQLOODVK� MDUD\RQL� ��
VRDW�GDYRPLGD�ROLE�ERULOJDQGD�UHDJHQW�YD�VXEVWDUW�
Rƍ]DUR�WRƍOLT�UHDNVL\DJD�NLULVKD�ROPDVOLJL�QDWLMDVLGD�
DOGHJLGODU� SURWRQ� �+��� WD¶VLULGD� NRQGHQVDWVL\DJD�
XFKUDE� TROLVKL� \RNL� \HQROODQLVKL� QDWLMDVLGD� EDU�
TDURU� RUDOLT� YD� TRƍVKLPFKD� ELULNPDODUQL� KRVLO� ERƍ
OLVKL�NX]DWLOGL��-DUD\RQ���VRDW�GDYRPLGD�ROLE�ERULO�
JDQGD�DWVHWLOHQ�VSLUWODUL�HQJ�\XTRUL�XQXP�ELODQ���௅�
������௅������௅����YD���௅�����KRVLO�ERƍOGL��5HDNVL�
\D�GDYRPL\OLJLQLQJ�\DQDGD�RVKLVKL�ELODQ�PDKVXORW�
XQXPLJD� VDOEL\� WD¶VLU� HWLVKL� NX]DWLOGL�� 0DVDODQ�
UHDNVL\D�GDYRPL\OLJLQL���VRDWGDQ���VRDWJD�RVKLULO�
JDQGD� VLVWHPDGD� KRVLO� ERƍOJDQ� VSLUWODUQLQJ� UX[�
WULIWRUPHWLOVXOIRQDW� ELODQ� DONRJRO\DWODU��
IHQLODWVHWLOHQ� ELODQ� YLQLORNVL� HILUODU� KRVLO� TLOLVKL�
QDWLMDVLGD� TRƍVKLPFKD� PDKVXORWODU� PLTGRULQLQJ�
RUWLVKL�� DURPDWLN� DWVHWLOHQ� VSLUWODUL� XQXPLQLQJ� HVD�
NHVNLQ�UDYLVKGD���௅�������௅�������௅����YD���௅�����
JDFKD�NDPD\LVKL�DQLTODQGL� 
$URPDWLN�DWVHWLOHQ�VSLUWODUL�VLQWH]LJD�KDURUDW�WD¶VLUL�
RƍUJDQLOGL�� $ONLQLOODVK� UHDNVL\DODUL� -��·��� R&� LQ�
WHUYDOODUGD�ROLE�ERULOGL��5DVPGDQ�NRƍULQLE�WXULEGLNL�
MDUD\RQ� -��� R&� KDURUDWGD� ROLE� ERULOJDQGD� UHDJHQW�
YD� VXEVWUDWQLQJ� HULWXYFKL� PROHNXODODULGD� KDUDNDW�
WH]OLJL� RUWLVKL� QDWDMDVLGD� \XTRUL� HQHUJL\DJD� HJD�
IDRO� PROHNXODODU� KRVLO� ERƍOLVKL� KLVRELJD� DURPDWLN�
DWVHWLOHQ�VSLUWODUL-���௅�������௅������௅����YD���௅������
XQXPL�HQJ�\XTRUL��FKLTLVKL�NX]DWLOGL��)DRO�PROHNX�
ODODU� ELU-ELUL� ELODQ� WRƍTQDVKLVKL� QDWLMDVLGD� Rƍ]DUR�
QXNOHRILO� ELULNLVK� UHDNVL\DODUL� RVRQ� VRGLU� ERƍODGL��
1DWLMDGD� VLVWHPDGD� IHQLOHWLQLOWULIWRUPHWLOVXOIRQDW�
UX[�WX]L�KDPGD�WHWUDEXWLODPPRQL\IWRULGQLQJ�OLJDQG�
KRVLODVLQLQJ� PLTGRUL� YD� IDROOLJL� RUWLE� ERULE�
PDKVXORW�XQXPLQLQJ�RUWLVKLJD�[L]PDW�TLODGL��%XQ�
GDQ�WDVKTDUL�UHDNVL\D��-���R&�KDURUDWGD�ROLE�ERULOVD�
VLVWHPDGDJL� WX]� PROHNXODVLGDJL� LRQ� ERJƍODUL� RVRQ�
X]LOLE�HUNLQ�NDWLRQODU�KRVLO�ERƍODGL��EX�HVD�DOGHJLGODU�
ELODQ�ELULNLVKLQL�WH]ODVKWLUDGL� 

POLYMER AND ORGANIC MATERIALS 
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5HDNVL\D�GDYRPL\OLJL��
VRDW 

$URPDWLN�DWVHWLOHQ�VSLUWODUL�XQXPL��� 

� � � � 

� �� �� �� �� 

� �� �� �� �� 

� �� �� �� �� 

� �� �� �� �� 

�--DGYDO 
0DKVXORW�XQXPLJD�UHDNVL\D�GDYRPL\OLJL�WD൏VLUL� 

�+DURUDW�-���ɨɋ��IHQLODWVHWLOHQ�DOGHJLG�PLTGRUL�����QLVEDWGD��HULWXYFKL�Ɇɟ&1� 
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5HDNVL\D�-���\RNL�XQGDQ�SDVW�ERƍOJDQGD�VLVWH�
PDGD� WDQODQJDQ� NDWDOL]DWRUODU� KDPGD� ERVKODQJƍLFK�
PRGGDODUQLQJ� HULWPDGD� HUXYFKDQOLJL� SDVW� ERƍOLVKL�
QDWLMDVLGD� VLVWHPDGD� NDWDOLWLN� IDRO� PDUND]ODUQLQJ�
NDPOLJL�� ]DUUDFKDODUQLQJ� Rƍ]DUR� WD¶VLUODVKXYL� VHNLQ�
ERULVKL�QDWLMDVLGD�DURPDWLN�DWVHWLOHQ�VSLUWODUL�XQXPL�
QLVEDWDQ�SDVW�FKLTLVKL�NX]DWLOGL�� 

+DURUDW����R&�JDFKD�NRƍWDULOLVKL�ELODQ�DURPDW�
LN�DWVHWLOHQ�VSLUWODULQLQJ�XQXPL�NHVNLQ�UDYLVKGD�SD�
VD\JDQOLJL� NX]DWLOGL��<D¶QL� MDUD\RQGD� KRVLO� ERƍOJDQ�
VSLUWODUQLQJ� TLVPDQ� SROLPHUODQLVKL�� VPRODVLPRQ� YD�
FKLTLQGL� PDKVXORWODUQLQJ� SD\GR� ERƍOLVKL�� NDWDOL]D�
WRUODU� DOGHJLGODU� ELODQ� UHDNVL\DJD� NLULVKLE� TRƍ
VKLPFKD�PDKVXORWODU�KRVLO�ERƍOLVKL�� VLVWHPDGD�KRVLO�
ERƍOJDQ� DURPDWLN� DWVHWLOHQ� VSLUWODUL� ERVKODQJƍLFK�
PDKVXORWODU�ELODQ�UHDNVL\DJD�NLULVKLE��YLQLORNVL�HILU�
ODUL� YD� DWVHWDOODUQLQJ� KRVLO� ERƍOLVKL� PDKVXORW� XQX�
PLQLQJ�PLQLPDOODVKXYLJD�ROLE�NHOGL�� 

2OLE� ERULOJDQ� WDGTLTRW� QDWLMDODULJD� DVRVODQLE�
WDQODQJDQ� DOGHJLGODUQL� IHQLODWVHWLOHQ� LVKWLURNLGD� DO�
NLQLOODVK� MDUD\RQL� XFKXQ� HQJ� PXTRELO� VKDURLW�
WRSLOGL��8QJD�NRƍUD�KDURUDW�-���R&��UHDNVL\D�GDYRPL�
\OLJL� �� VRDW�� NDWDOLWLN� VLVWHPD� =Q�27I���>1%X�@

�)-

ā�+�2�1(W�� NRPSRQHQWODUL� ������ PRO� QLVEDWGD��
ERVKODQJƍLFK� PRGGDODU� �IHQLODWVHWLOHQ�DOGHJLG�� HVD�
����QLVEDWGD��UHDJHQW�YD�VXEVWUDW�PDVVDVLJD�QLVEDWDQ�

HULWXYFKL�DWVHWRQLWULO�GH\DUOL� LNNL�NDUUD�RUWLTFKD�PL�
TGRUGD� ROLQJDQ� KRODWGD� DURPDWLN� DWVHWLOHQ� VSLUWODUL�
HQJ�\XTRUL�XQXP�ELODQ�VLQWH]�TLOLQGL� 

)L]LN-NLP\RYL\�WDGTLTRW�QDWLMDODUL� 
6LQWH]� TLOLQJDQ� DURPDWLN� DWVHWLOHQ� VSLUWODUL�

NYDQW-NLP\RYL\� NRƍUVDWNLFKODUL� í� PROHNXODQLQJ�
XPXPL\� HQHUJL\DVL�� ERVKODQJƍLFK� HQHUJL\DVL�� LV�
VLTOLN� HQHUJL\DVL�� HOHNWURQ� HQHUJL\DVL�� \DGUR� HQHU�
JL\DVL�� GLSRO� PRPHQWL� YD� NLVORURG� DWRPL� ]DU\DGL�
+\SHU�&KHP�$FWLYDWLRQ�����SDNHWL�67$7�GDVWXULQ�
LQJ� \DULP� HPSLULN� XVXOL� ERƍ\LFKD� DQLTODQGL� ��-
MDGYDO���6LQWH]�TLOLQJDQ�VSLUWODU�PROHNXODVLGDJL�NLV�
ORURG� DWRPL� Rƍ]LGD� \XTRUL� HQHUJL\DQL� VDTODJDQOLJL�
XFKXQ�PDKVXORW�XQXPLGD�KDP�PDNVLPXP�RUTDOL�Rƍ
WLVK�DQLTODQGL� 

6LQWH]� TLOLQJDQ� DURPDWLN� DWVHWLOHQ� VSLUWODULQ�
LQJ� WDUNLEL�� WR]DOLJL� YD� WX]LOLVKL� ]DPRQDYL\� IL]LN-
NLP\RYL\� WDGTLTRW�XVXOODUL� \RUGDPLGD� DQLTODQGL�YD�
WDKOLO�TLOLQGL� 

�-��-IWRUIHQLO�-�-IHQLOSURSLQ-�-RO-�� ���� ௅� 5I�
�JHNVDQ-HWLODWVHWDW� ������  � ������ PDKVXORW� XQXPL�
������ �+-� <05� �&'&O���� į� ����-����� �P�� �+���
����-����� �P�� �+��� ����-����� �P�� �+��� ����-�����
�P���+���������G��- ����+]���+���������G��- ����+]��
�+��� ��&-� <05� �&'&O���� į� ������� ������� �������
���������������������������������������������������� 

�-��-[ORUIHQLO�-�-IHQLOSURSLQ-�-RO-�� ���� ௅� 5I�
�JHNVDQ-HWLODWVHWDW� ������  � ������ PDKVXORW� XQXPL�
������ �+-� <05� �&'&O���� į� ����-����� �P�� �+���
������V���+���������EU���+�����&-�<05��&'&O����į�
������� ������� ������� ������� ������� ������� �������
������������������������ 

�-��-EURPIHQLO�-�-IHQLOSURSLQ-�-RO-�� ���� ௅� 5I�
�JHNVDQ-HWLODWVHWDW� ������  � ������ PDKVXORW� XQXPL�
�������+-�<05��&'&O����į�������GG��- ���������+]��
�+��� ����� �GG�� - ����� ���� +]�� �+��� ����-����� �P��
�+���������G��- ����+]���+���������G��- �����+]���+���
��&-�<05� �&'&O���� į� ������� ������� ������� �������
���������������������������������������������������� 

0DKVXORW�XQXPLJD�KDURUDW�WD¶VLUL��5HDNVL\D�GDYRPL\OLJL���VRDW��
IHQLODWVHWLOHQ�DOGHJLG�PLTGRUL�����QLVEDWGD��HULWXYFKL�0H&1�� 
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�--DGYDO 
6LQWH]�TLOLQJDQ�ELULNPDODUQLQJ�NYDQW-NLP\RYL\�KLVREODVKODUL 
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���-GLIHQLOSURSLQ-�-RO-�� ���� –� 5I� �JHNVDQ-
HWLODWVHWDW������� ��������PDKVXORW�XQXPL��������+
-� <05� �&'&O���� į� ����-����� �P�� �+��� ����-�����
�P�� �+��� ����-����� �P�� �+��� ����� �G�� - ���� +]��
�+���������G��- ����+]���+�����&-�<05��&'&O����
į��������������������������������������������������
������������������������ 

%XQGDQ� WDVKTDUL� VLQWH]� TLOLQJDQ� DURPDWLN�
DWVHWLOHQ� VSLUWODULQLQJ� PROHNXODODULQLQJ� ID]RYL\�
WX]LOLVKL��PROHNXODODUGD�]DU\DGODU�YD�HOHNWURQ�]LFK�
OLNQLQJ� WDTVLPODQLVKL� $6')5((��� GDVWXUL� RUTDOL�
RƍUJDQLOGL� 

 
;XORVD 
,ON� ERU� =Q�27I���Ɍ%Ⱥ)ā�+�2�1(W��0H&1�

NRPSOHNV� NDWDOLWLN� VLVWHPDVLGD� �-IWRUEHQ]DOGHJLG��
�-[ORUEHQ]DOGHJLG�� �-EURPEHQ]DOGHJLG� YD� EHQ�
]DOGHJLGQL� IHQLODWVHWLOHQ� LVKWLURNLGD� DONLQLOODVK�
UHDNVL\DVL�RUTDOL�PRV�UDYLVKGDJL�DURPDWLN�DWVHWLOHQ�
VSLUWODUL௅��-��-IWRUIHQLO�-�-IHQLOSURSLQ-�-RO-����-��-
[ORUIHQLO�-�-IHQLOSURSLQ-�-RO-��� ������ J� �-��-
EURPIHQLO�-�-IHQLOSURSLQ-�-RO-�� YD� ���-

GLIHQLOSURSLQ-�-RO-��ODUQL�VLQWH]�TLOLVKQLQJ�VDPDUDOL�
XVXOL�WRSLOGL�� 

4RƍOODQLOJDQ� NRPSOHNV� NDWDOLWLN� VLVWHPDQLQJ�
DURPDWLN�DWVHWLOHQ�VSLUWODUL�VLQWH]L�YD�XQXPLJD�WD¶VLU�
TLOLVK� TRQXQL\DWL� DQLTODQGL�� 7DQODQJDQ� NDWDOL]DWRU�
ODUQLQJ�VHOHNWLYOLJL��VDPDUDGRUOLJL�YD�VWDELOOLJL�LOPL\�
DVRVODQJDQ�� 

%HQ]DOGHJLG�YD�XQLQJ�JRPRORJODUL�PROHNX�
ODVLGDJL�JDORJHQODUQLQJ�PDYMXGOLJL��XODUQLQJ�WDEL�
DWL� YD� ID]RYL\� WD¶VLU� [RVVDVLJD� NRƍUD� WDQODQJDQ�
DOGHJLGODUQLQJ� IHQLODWVHWLOHQ� ELODQ� WD¶VLUODVKXYL�
TX\LGDJL� TDWRU� –� �-IWRUEHQ]DOGHJLG�� �-
[ORUEHQ]DOGHJLG�� �-EURPEHQ]DOGHJLG�� EHQ�
]DOGHJLG� TDWRUL� ERµ\LFKD� IDROODVKLE� ERULVKL�
DQTODQGL�� $URPDWLN� DWVHWLOHQ� VSLUWODULQLQJ� KRVLO�
ERƍOLVK�VDPDUDGRUOLN�TDWRUL�LVKODE�FKLTLOGL� 

7DGTLT�TLOLQJDQ�UHDNVL\DODUQLQJ�NLQHWLN�SDUD�
PHWUODUL� RƍUJDQLOGL�� UHDNVL\D� PD[DQL]PODUL� WDNOLI�
HWLOGL��VLQWH]�TLOLQJDQ�ELULNPDODUQLQJ�[XVXVL\�NDWWDO�
LNODUL� DQLTODQGL�� HOHNWURQ� WX]LOLVKL�� ]DU\DGODUQLQJ�
PROHNXODGD�WDTVLPODQLVKL��NYDQW-NLP\RYL\�YD�PROH�
NXODU-GLQDPLN�[XVXVL\DWODUL�RƍUJDQLOGL� 

 � � � � 

 
   

0ROHNXODGDJL�DWRPODUQLQJ�]DU\DG�TL\PDWODUL 

  
 

 

0ROHNXODODUGD�HOHNWURQ�]LFKOLNODUQLQJ�WDTVLPODQLVKL 

   
 

0ROHNXODODUQLQJ��'�ID]RYL\�VWUXNWXUD�WX]LOLVKL 
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POLIMER VA ORGANIK MATERIALLAR  

5()(5(1&(6 
 

�� )lVVOHU�5��7KH�PHWDODWLRQ�RI� WHUPLQDO�DON\QHV�E\�=Q,,�DQG�WKHLU�DGGLWLRQ�WR�QLWURQHV�DQG�DOGHK\GHV��'LVV��1DWXUZLVVHQVFKDIWHQ�(7+��1R��
�������=XULFK������������S�� 

�� =L\DGXOODHY�2���2WDPXNKDPHGRYD�*���,NUDPRY�$���$EGXUDNKPDQRYD�6���%R\WHPLURY�2��6\QWKHVLV�2I�$URPDWLF�$FHW\OHQH�$OFRKROV�8VLQJ�
&RPSOH[�&DWDO\WLF�6\VWHPV��&KHPLVWU\�DQG�&KHPLFDO�(QJLQHHULQJ��������QR�����ɪɪ����-����'2,�����������=<-+���� 

�� &RRN�$�0���:ROI�&�ɋ��(IILFLHQW�$FFHVV�WR�0XOWLIXQFWLRQDO�7ULIOXRURPHWK\O�$OFRKROV�WKURXJK�%DVH-)UHH�&DWDO\WLF�$V\PPHWULF�&–&�%RQG�
)RUPDWLRQ� ZLWK� 7HUPLQDO� <QDPLGHV�� $QJHZDQGWH� &KHPLH� ,QWHUQDWLRQDO� (GLWLRQ�� ������ YRO�� ���� QR�� ��� SS�� ����-����� 
'2,����������DQLH���������� 

�� 6WHIDQ�'DKPHQ�(QDQWLRVHOHFWLYH�$ON\Q\ODWLRQ�RI�$OGHK\GHV�&DWDO\]HG�E\�>���@3DUDF\FORSKDQH-%DVHG�/LJDQGV��2UJDQLF�/HWWHUV��������YRO��
���QR�����SS������-������'2,����������RO������E 

�� )UDQW]�'�*���)DVVOHU�5���7RPRRND�&�6���&DUUHLUD�(�0��7KH�'LVFRYHU\�RI�1RYHO�5HDFWLYLW\�LQ�WKH�'HYRORSPHQW�RI�&-&�%RQG-)RUPLQJ�5HDF�
WLRQ��,Q�6LW\�*HQHUDWLRQ�RI�=LQF�$FHW\OLGHV�ZLWK�=Q,,�5�1��$FFRXQWV�RI�&KHPLFDO�5HVHDUFK��������YRO������QR�����SS�����-���� 

�� ,QRXH�0���1DNDGD�0��6WXGLHV�RQ�FDWDO\WLF�DV\PPHWULF�1R]DNL-+L\DPD�SURSDUJ\ODWLRQ��2UJDQLF�/HWWHUV��������YRO������QR�����SS������-������
'2,����������RO������M 

�� /LX� 6���.LP� -���'RQJ�&���.LVKL�<��&DWDO\WLF�(QDQWLRVHOHFWLYH�0HGLDWHG�3URSDUJ\ODWLRQ��$SSOLFDWLRQ� WR�+DOLFKRQGULQ� 6\QWKHVLV��2UJDQLF�
/HWWHUV��������YRO������QR������SS������-������'2,����������RO������� 

�� 6HXQJ�:RRN�.LP��:DQGL�=KDQJ��DQG�0LFKDHO�-��.ULVFKH�&DWDO\WLF�(QDQWLRVHOHFWLYH�&DUERQ\O�$OO\ODWLRQ�DQG�3URSDUJ\ODWLRQ�YLD�$OFRKRO-
0HGLDWHG�+\GURJHQ�7UDQVIHU��0HUJLQJ�WKH�&KHPLVWU\�RI�*ULJQDUG�DQG�6DEDWLHU��$FFRXQWV�RI�&KHPLFDO�5HVHDUFK��������YRO������QR�����ɪɪ��
����í������'2,����������DFV�DFFRXQWV��E����� 

�� 6KPLGW�(�<���&KHULPLFKULQD�1�$���%XGXVHQNɨ�,�$���3URW]XN�1�,���7URILPRY�%�$��$ON\Q\ODWLRQ�RI�DOGHK\GHV�DQG�NHWRQHV�XVLQJ�WKH�%X�12+-
+�2-'062�FDWDO\WLF�FRPSRVLWLRQ��$�ZLGH-VFRSH�PHWKRGRORJ\��(XURSHDQ�-RXUQDO�2UJDQLF�&KHPLVWU\��������YRO������SS������-����� 

��� 6FKPLGW�(�<X���%LGXVHQNR�,�$���&KHULPLFKNLQD�1�$���7URILPRY�%�$��$FHW\OHQH�DV�GULYLQJ�DQG�RUJDQL]LQJ�PROHFXOH�LQ�WKH�DVVHPEOLQJ�UHDF�
WLRQV�ZLWK�FKDOFRQHV�LQ�WKH�1D2%XW�'062�VXSHUEDVH�V\VWHP��0HQGHOHHY�&RPPXQLFDWLRQV��������YRO������QR�����SS����-��� 

��� &KULVWRSKH�)���-HURPH�%���0DUWLQH�%���/DXUHQW�0��6\QWKHVLV�5HDFWLYLW\�RI�0L[HG�$ON\Q\ODODQHV�E\�'LUHFW�7ULHWK\ODPLQH-&DWDO\]HG�$OXPL�
QDWLRQ�RI�7HUPLQDO�$ON\QHV��2UJDQLF�/HWWHUV��������YRO�����QR������SS������-������'2,����������RO������Y 

��� <RQJ-)HQJ�.DQJ��/HL�/LX��5XL�:DQJ��:HQ--LQ�<DQ��<L-)HQJ�=KRX��7KH�XVH�RI�ELIXQFWLRQDO�FDWDO\VW�V\VWHPV�LQ�WKH�DV\PPHWULF�DGGLWLRQ�RI�
DON\Q\O]LQF�WR�DOGHK\GHV��7HWUDKHGURQ��$V\PPHWU\��������YRO������QR������SS������–������'2,����������M�WHWDV\������������ 

��� =L\DGXOOD\HY�2�(���$EGXUD[PDQRYD�6�6���7LUNDVKHYD�6�,���$EODTXORY�/�.��6LQWH]�DWVHWLOHQRY\NK�VSLUWRY�QD�RVQRYH�WHUPLQDO�DONLQRY�L�DO
GHJ�
LGRY�Y�SULVXWVWYLL� UD]OLFKQ\NK�NDWDOL]DWRURY� >6\QWKHVLV�RI�DFHW\OHQH�DOFRKROV�EDVHG�RQ� WHUPLQDO�DONHQHV�DQG�DOGHK\GHV� LQ� WKH�SUHVHQFH�RI�
YDULRXV� FDWDO\VWV@�� 9VHURVVL\VND\D� NRQIHUHQWVL\D� ©0DUNRYQLNRYVNL\H� FKWHQL\D�� 2UJDQLFKHVND\D� NKLPL\D� RW� 0DUNRYQLNRYD� GR� QDVKLNK�
GQH\ª�>$OO-5XVVLDQ�&RQIHUHQFH��0DUNRYQLNRY�5HDGLQJV��2UJDQLF�&KHPLVWU\�IURP�0DUNRYQLNRY�WR�WKH�3UHVHQW�'D\�@��6RFKL��������S������ 

��� =KHQ�/L��9HHQD�8SDGK\D\��$QQ�(��'H�&DPS��/LVD�'L�0LFKHOH��3DXO�-��5HLGHU��(QDQWLRVHOHFWLYH�$ON\Q\ODWLRQ�RI�$URPDWLF�$OGHK\GHV�&DWD�
O\]HG�E\�5HDGLO\�$YDLODEOH�&KLUDO�$PLQR�$OFRKRO-%DVHG�/LJDQGV��6\QWKHVLV��������SS������–������'2,����������V-����-���� 

��� $EGXUD[PDQRYD� 6�6��� =L\DGXOOD\HY� 2�(��� ,NUDPRY�$��� 'REULQNLQ�1�0���5RVWRYVKLNRYD� 7�1��� 2WDPX[DPHGRYD�*�4�� 7XUOL� NDWDOL]DWRUODU�
LVKWLURNLGD�EHQ]DOGHJLGQL�HWLQLOEHQ]RO�ELODQ�DONLQLOODVK�UHDNVL\DODUL�>$ONLQ\ODWLRQ�UHDFWLRQV�RI�EHQ]DOGHK\GH�E\�HWK\Q\OEHQ]HQH�LQ�WKH�SUHV�
HQFH�RI�VRPH�FDWDO\VWV@��&KHPLVWU\�DQG�&KHPLFDO�(QJLQHHULQJ��������QR�����SS����-��� 

��� =KHQ�/L��5RJHU�:�4��(ULF�1�-��0HFKDQLVP�RI�WKH��'LLPLQH�FRSSHU-&DWDO\]HG�$V\PPHWULF�$]LULGLQDWLRQ�RI�$ONHQHV��1LWUHQH�7UDQVIHU�YLD�
/LJDQG-$FFHOHUDWHG�&DWDO\VLV��-RXUQDO�$PHULFDQ�&KHPLVWU\�6RFLHW\��������YRO�������QR������SS������-������'2,����������MD�����D��� 

��� +D-(XQ�/HH��'RSLO�.LP��$KURP�<RX��0\XQJ�+ZDQ�3DUN��0LQ�.LP��&KHROMDH�.LP�7UDQVLWLRQ�0HWDO-&DWDO\]HG�Į-3RVLWLRQ�&DUERQ–&DUERQ�
%RQG�)RUPDWLRQV�RI�&DUERQ\O�'HULYDWLYHV��&DWDO\VWV��������YRO������QR�����ɪɪ�����-�����'2,����������FDWDO�������� 

��� <DQJMLH�:X��+RQJ\LQJ�<XQ��<XVKHQJ�:X��.XLOLQJ�'LQJ��<LQJ�=KRX��6\QWKHVLV�RI�1-Į-S\ULG\OPHWK\O�DPLQR�DOFRKROV�DQG�DSSOLFDWLRQ�LQ�
FDWDO\WLF�DV\PPHWULF�DGGLWLRQ�RI�GLHWK\O]LQF�WR�DURPDWLF�DOGHK\GHV��7HWUDKHGURQ��$V\PPHWU\��������YRO������QR������SS������–������'2,��
��������6����-�������������-� 

��� %DUU\�0��7URVW��0DUN�-��%DUWOHWW��$QGUHZ�+��:HLVV��$[HO�-DFREL�YRQ�:DQJHOLQ��9LQFHQW�6��&KDQ��'HYHORSPHQW�RI�=Q–3UR3KHQRO-&DWDO\]HG�
$V\PPHWULF�$ON\QH�$GGLWLRQ��6\QWKHVLV�RI�&KLUDO�3URSDUJ\OLF�$OFRKROV��&KHPLVWU\�D�(XURSHDQ�-RXUQDO��������YRO������QR������SS�������-
������ 

��� <RVKLKLUR�.RQ��7DNX\D�1DNDVKLPD��$NLUD�<DGD��7DGDKLUR�)XMLWDQL��6KXQ-\D�2QR]DZD��6KX�.RED\DVKL��.D]XKLNR�6DWR�3W-&DWDO\]HG�VHOHF�
WLYH�R[LGDWLRQ�RI�DOFRKROV�WR�DOGHK\GHV�ZLWK�K\GURJHQ�SHUR[LGH�XVLQJ�FRQWLQXRXV�IORZ�UHDFWRUV��2UJDQLF�	�%LRPROHFXODU�&KHPLVWU\��������
YRO������QR�����ɪɪ������-������'2,���������'�2%�����) 

��� $EGXUDNKPDQRYD� 6�6��� 2WDPXNKDPHGRYD� *�.��� =L\DGXOOD\HY� 2�(��� 7LUNDVKHYD� 6�,�� 6LQWH]� DURPDWLFKHVNLNK� DWVHWLOHQRY\NK� VSLUWRY� V�
LVSRO
]RYDQL\HP�NDWDOL]DWRUD�WULIWRUPHWLOVXO
IRQDWD�V\QND�L�RORYD�>6\QWKHVLV�RI�DURPDWLF�DFHW\OHQH�DOFRKROV�XVLQJ�D�]LQF�DQG�WLQ�WULIOXRURPH�
WK\OVXOIRQDWH�FDWDO\VW@��8QLYHUVXP��&KHPLVWU\�DQG�%LRORJ\��������YRO�����QR������SS���-����'2,�����������8QL&KHP����������-���-�� 
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