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(O� PRGXO� G·HPPDJDW]HPDWJH� pV� XQ� SDUjPHWUH� LPSRUWDQW� MD� TXH� HQV�GyQD� LGHD�GHO�JUDX�G·RUGUH�L�GH�O·HPSDTXHWDPHQW�GHO�PDWHULDO��$L[t��PDWHULDOV�PpV� RUGHQDWV� L� PpV� HPSDTXHWDWV� SUHVHQWHQ� PzGXOV� G·HPPDJDW]HPDWJH� PpV�JUDQV�� 6·KDQ�GHVFULW�PLOORUHV� HQ� HOV� YDORUV� GHOV�PzGXOV� HQ�PRVWUHV� RULHQWDGHV�SHU�O·HIHFWH�G·XQ�FDPS�PDJQqWLF�HQ�FRPSDUDFLy�DPE�PRVWUHV�PDFURVFzSLFDPHQW�QR� RULHQWDGHV���������� L� TXH� DTXHVW� DXJPHQW� GHO� PzGXO� HVWj� UHODFLRQDW� DPE� HO�SDUjPHWUH�G·RULHQWDFLy�DVVROLW�SHO�PDWHULDO���
$� PpV�� PLWMDQoDQW� '07$� HV� SRGHQ� REVHUYDU� GLIHUHQWV� WUDQVLFLRQV�WqUPLTXHV�GHVLJQDGHV�SHU�OOHWUHV�JUHJXHV��Ä��Ã��L�Â���TXH�HVWDQ�UHODFLRQDGHV�DPE�GLIHUHQWV� PRYLPHQWV� LQWHUQV� GHO� PDWHULDO�� '·DTXHVWHV� WUDQVLFLRQV�� OD� PpV�LPSRUWDQW�pV�OD�WUDQVLFLy�Â TXH�HVWj�DVVRFLDGD�D�OD�WUDQVLFLy YtWULD�GHJXW�D�TXH�HV�SURGXHL[HQ�PRYLPHQWV�GHOV�VHJPHQWV�PROHFXODUV��$L[t��OD�WUDQVLFLy�Â��LJXDO�TXH�OD�7J�� HV� YHX� LQIOXHQFLDGD�SHU�GLIHUHQWV� IDFWRUV�� OD�QDWXUDOHVD�GHO�PDWHULDO�� OHV�FRQGLFLRQV�GH� FXUDW�� OD�GHQVLWDW�G·HQWUHFUHXDPHQW� L� LQWHUDFFLRQV� ItVLTXHV��HQWUH�G·DOWUHV�
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(Q�O·RULHQWDFLy�PLWMDQoDQW�XQ�FDPS�PDJQqWLF�LQIOXHL[HQ�GLIHUHQWV�IDFWRUV��$L[t��VL�OD�LQWHQVLWDW�GHO�FDPS�pV�EDL[D��OHV�PROqFXOHV�SRGHQ�GHVRUGHQDU�VH�GHJXW�D� IRUFHV� HOjVWLTXHV� TXH� DFWXHQ� VREUH� HOOHV�� HVVHQW� QHFHVVDUL� XQD� LQWHQVLWDW�PpV�JUDQ�SHU�SRGHU� RULHQWDU�PDFURVFzSLFDPHQW� OD�PRVWUD��(O� WHPSV�G·H[SRVLFLy� DO�FDPS� WDPEp� pV� XQ� IDFWRU� PROW� LPSRUWDQW� MD� TXH� O·RULHQWDFLy� QR� pV� XQ� SURFpV�LQVWDQWDQL�L�GHSqQ�WDPEp�GH�OD�VXVFHSWLELOLWDW�GLDPDJQqWLFD�GH�OD�PRVWUD��(Q�HO�FDV� GH� O·REWHQFLy� GH� /&7V� RULHQWDWV� HQ� HO� VL� G·XQ� FDPS� PDJQqWLF� Wp� PROWD�
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(Q�HO�SUHVHQW�WUHEDOO��V·KDQ�DYDOXDW�GLIHUHQWV�PRVWUHV�HQWUHFUHXDGHV�HQ�OD�PHVRIDVH��FXUDGHV�VRWD�O·HIHFWH�G·XQ�FDPS�PDJQqWLF�GH�����7HVODV�L�ILQDOPHQW�HQ�O·HVWDW�LVzWURS��'·DTXHVWD�PDQHUD�HV�SRGHQ�FRPSDUDU�OHV�SURSLHWDWV�GH�PDWHULDOV�RULHQWDWV�HQ�PLFURGRPLQLV��DPE�HOV�RULHQWDWV�PDFURVFzSLFDPHQW�L�HOV�PDWHULDOV�LVzWURSV�
7RWHV� OHV�PRVWUHV�FXUDGHV�YDQ�VHU�SUHSDUDGHV�GLQV�XQ�WXE�GH�YLGUH�GH���PP�GH�GLjPHWUH�LQWHULRU�SHU�SRGHU�VHU�FRPSDUDGHV�HQWUHV�HOOHV��$TXHVW�PRWOOH�YD� VHU� HOHJLW� GRQDW� OD� LGRQHwWDW� TXH� SUHVHQWDYD� SHO� FXUDW� GLQV� GHO� FDPS�PDJQqWLF��G·XQ�DSDUHOO�GH�501�GH�����0+]��/HV�WHPSHUDWXUHV�GH�FXUDW�YDQ�VHU�GHWHUPLQDGHV� DQWHULRUPHQW� SHU� '6&� L� 320� SHU� WDO� G·REWHQLU� /&7V�� WDQW�PLFURVFzSLFDPHQW� FRP� PDFURVFzSLFDPHQW� RULHQWDWV�� )LQDOPHQW�� OHV� PRVWUHV�FXUDGHV� HQ� O·HVWDW� LVzWURS� HV� YDQ� REWHQLU� FXUDQW� D� WHPSHUDWXUHV�PpV� HOHYDGHV�
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TXH� OHV� DQWHULRUV� L� IRUD� GH� O·LQWHUYDO� G·H[LVWqQFLD� GH� OD�PHVRIDVH�� (O� WHPSV� GH�FXUDW�YD�VHU�HO�PDWHL[�SHU�OHV�PRVWUHV�FXUDGHV�IRUD�L�GLQV�GHO�FDPS�PDJQqWLF�L�YD�VHU�HO�GREOH�GHO�PHVXUDW�SHU�'6&��3RVWHULRUPHQW�HV�YD�UHDOLW]DU�XQ�SRVWFXUDW�GH�WRWHV� OHV� PRVWUHV� GXUDQW� �� KRUHV� D� ����&� GLQV� XQD� HVWXID�� /HV� EDUUHJHV� GHOV�PRQzPHUV� DPE� DPLQHV� SULPjULHV� HV� YDQ� UHDOLW]DU� SHU� IXVLy�� LQWHQWDQW�DFRQVHJXLU� OD Pj[LPD� KRPRJHQHwWDW� SRVVLEOH�� (Q� FDQYL� OHV� EDUUHJHV� GHOV�PRQzPHUV�DPE�DPLQHV� WHUFLjULHV�YDQ�VHU�GLVVROWHV�SULPHU�HQ�GLFORURPHWj�L�XQ�FRS�HOLPLQDW�DTXHVW�HV�YD�SURFHGLU�D�RPSOLU�HO�PRWOOH�L�IRQGUH�OD�EDUUHMD��(V�YD�UHDOLW]DU� G·DTXHVWD�PDQHUD� MD� TXH� OD� UHDFFLy� FRPHQoD� UjSLGDPHQW� SURGXLQW�VH�XQ�DXJPHQW�GH�OD�YLVFRVLWDW�TXH�LPSHGLD�RPSOLU�HO�PRWOOH�DPE�HO�PDWHULDO�IRV�

&DO� UHFRUGDU� TXH� HOV� PRQzPHUV� FXUDWV� DPE� 1$�� YDQ� GRQDU� OORF� D� XQ�PDWHULDO� TXH� SUHVHQWDYD� SRUXV� D� OD� PRVWUD� GHJXW� D� OD� SqUGXD� GH� QLWURJHQ�PROHFXODU�HQ�HO�FXUDW��IHW�TXH�YD�LPSRVVLELOLWDU�XQ�HVWXGL�SHU�'07$��,JXDOPHQW��PHQWUH� HV� SUHSDUDYHQ� OHV� EDUUHJHV� GHOV� PRQzPHUV� DPE� GLLVRFLDQDW� HV� YD�REVHUYDU� WDPEp� O·DSDULFLy� GH� SHWLWV� SRUXV� HQ� OHV� PRVWUHV� FXUDGHV� GHJXW� D�O·HYDSRUDFLy�GHO�����WROXHQGLLVRFLDQDW��IHW�TXH�YD�LPSHGLU�O·REWHQFLy�GH�PRVWUHV�DGHTXDGHV�SHU�UHDOLW]DU�O·HVWXGL�GH�OOXUV�SURSLHWDWV�PHFjQLTXHV��
8Q� FRS� SUHSDUDGHV� OHV� PRVWUHV� HV� YD� SURFHGLU� D� WDOODU�OD� HQ� GLIHUHQWV�SDUWV�SHU�WDO�GH�UHDOLW]DU�OHV�GLYHUVHV�PHVXUHV�HQ�'07$�L�'5;��3HU�GHWHUPLQDU�HO�&7(�HV�YD�WDOODU�XQ�FLOLQGUH�GH���PP�GH�JUXL[�SHU�PHVXUDU�HO�&7(�SDUDO�OHO�DO�FDPS�L�SRVWHULRUPHQW�HV�YD�WDOODU�HQ�IRUPD�GH�SULVPD�WDPEp�GH���PP�G·DOW�SHU�PHVXUDU� HO�&7(�SHUSHQGLFXODU� DO� FDPS�� (OV� FLOLQGUHV� GH� ��PP�YDQ� VHUYLU�SHU�DQDOLW]DU� SHU� '5;� OD� WH[WXULW]DFLy� TXH� SUHVHQWDYHQ� HOV� /&7V� REWLQJXWV�� $PE�O·DQFRUDWJH� GH� IOH[Ly� GH� WUHV� SXQWV� HV� YDQ� PHVXUDU� FLOLQGUHV� GH� ��� PP� GH�OODUJDGD�SHU�DYDOXDU�HO�PzGXO�G·HPPDJDW]HPDWJH�L�OD�WUDQVLFLy�Â�
'RQDWV�HOV�UHVXOWDWV�REWLQJXWV�HQ�HO�SUHVHQW�WUHEDOO�RQ�QR�WRWHV OHV�VqULHV�GH�PRQzPHUV�KDQ�GRQDW�OORF�DOV�PDWHULDOV�GHVLWMDWV��HV�YDQ�HOHJLU�OHV�VqULHV�DPE�PDMRU� QRPEUH� GH� /&7V� REWLQJXWV�� $TXHVWHV� VyQ�� HOV� GtPHUV� ,%Q FXUDWV� DPE�'$7�L�DPE�'0$3�L�'$%&2��L�HOV�PRQzPHUV�,,$Q FXUDWV�DPE�'0$3�



5HVXOWDWV�L�GLVFXVVLyBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
�������/&7V�REWLQJXWV�D�SDUWLU�GHOV�GtPHUV�,%Q�FXUDWV�DPE�'$7

$TXHVWD�VqULH�GH�FRPSRVWRV�GRQDYD�PDMRUPHQW�/&7V�DPE� OD� IL[DFLy�GH�PHVRIDVHV�QHPjWLTXHV�� DPE� O·H[FHSFLy�GHOV�GtPHUV�,%G L� ,%� RQ�HV� IL[DYD�XQD�PHVRIDVH�6& L�HOV�GtPHUV�,%�� ,%� L�,%W TXH�GRQDYHQ�OORF�D�PDWHULDOV�LVzWURSV�
$�FRQWLQXDFLy�HV�PRVWUD�OD�YDULDFLy�GHO�PzGXO�G·HPPDJDW]HPDWJH��(·���HO�PzGXO�GH�SqUGXHV��(µ��L�OD�WDQJHQW�GH�Å GHO�/&7�REWLQJXW�GH�O·HQWUHFUHXDPHQW�GHO�GtPHU�,%� DPE�'$7��UHVSHFWH�OD�WHPSHUDWXUD�

���

���

���

���

7DQJHQW�GH�'HOWD

�

��

��

��

��

0zGXO�GH�SqUGXD�03D�

��

���

����

0zGX
O�G¶HP

PDJD
W]HPD

WJH�0
3D�

� �� ��� ��� ��� ���7HPSHUDWXUH���&�
)LJXUD����� (YROXFLy�GH�(·��YHUG���(µ��EODX��L�WDQ�Å �YHUPHOO��DPE�OD�WHPSHUDWXUD

(Q� OD� UHSUHVHQWDFLy� DQWHULRU� HV� SRGHQ� YHXUH� WUHV� ]RQHV� GLIHUHQWV�� /D�SULPHUD�]RQD�FRUUHVSRQ�D�OD�]RQD�YtWULD�L�QR�V·REVHUYD�FDS�FDQYL�VLJQLILFDWLX�HQ�HO�YDORU�GHO�(·�L�XQ�OOHXJHU�DXJPHQW�GH�(µ��(Q�OD�]RQD�GH�OD�WUDQVLFLy�YtWULD HV�RQ�HV� SURGXHL[� HO� FDQYL� PpV� JUDQ� HQ� HOV� WUHV� SDUjPHWUHV�� )LQDOPHQW�� HQ� O·HVWDW�FDXW[X�WDPSRF�QR�HV�SURGXHL[HQ�FDQYLV�LPSRUWDQWV�GH�(·�L�(µ�
$� OD� WDXOD�VHJ�HQW�HV� UHFXOOHQ�HOV� UHVXOWDWV�REWLQJXWV�UHVSHFWH�HO�PzGXO�G·HPPDJDW]HPDWJH� HQ� OD� ]RQD� YtWULD� �(·��� OD� WUDQVLFLy� Â �7J��� HO� SDUjPHWUH�



BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB5HVXOWDWV�L�GLVFXVVLy
G·RULHQWDFLy��3����L�HO�FRHILFLHQW�G·H[SDQVLy�WqUPLFD��&7(���PHVXUDW�HQ�OD�GLUHFFLy�SDUDO�OHOD�L�SHUSHQGLFXODU�DO�FDPS�PDJQqWLF�DSOLFDW��
7DXOD����� &RQGLFLRQV�GH�FXUDW��PHVXUHV�GHWHUPLQDGHV�SHU�'07$�L�SDUjPHWUH�G·RULHQWDFLy�GHOV�/&7V�REWLQJXWV�SHU�HQWUHFUHXDPHQW�DPE�'$7
0RVWUD &RQGLFLRQV�GH�FXUDW���&�PLQ� (·��03D� 7UDQVLFLy�Â ��&� 3� &7(���SSP��&�` ],%� ������� ���� ��� �� �,%��RUL ������� ���� ��� ���� � ��,%� ������� ��� ��� �� �,%��RUL ������� ��� ��� ���� � ��,%� ������� ��� ��� �� �,%��RUL ������� ��� ��� ���� �� ��,%� ������� ��� ��� �� �,%��RUL ������� ��� ��� ���� �� ��,%�� ������� ��� ��� �� �,%���RUL ������� ��� ��� ���� �� ��,%���LVR ������� ��� ��� �� �,%G ������� ��� ��� �� �,%G�RUL ������� ��� ��� ���� �� ��RUL��0RVWUD�FXUDGD�HQ�HO�VL�G·XQ�FDPS�PDJQqWLF�HQ�O·LQWHUYDO�GH�OD�PHVRIDVHLVR��0RVWUD�FXUDGD�IRUD�GH�O·LQWHUYDO�G·H[LVWqQFLD�GH�OD�PHVRIDVH

&DO� FRPHQWDU� GH� OHV� GDGHV� TXH� HV� UHFXOOHQ� D� OD� WDXOD� TXH�PDFURVFzSLFDPHQW�QR� V·KD�DFRQVHJXLW�XQD�RULHQWDFLy�GHOV�/&7V��ÔQLFDPHQW�HO�PRQzPHU� ,%�� FXUDW� DPE�'$7�SUHVHQWD� XQ�SHWLW� SDUjPHWUH�G·RUGUH��$L[z�YH�DFRPSDQ\DW�� HQ� WRWV�GHOV� FDVRV��G·XQD�GLIHUqQFLD�PROW�SHWLWD� HQWUH� HOV�PzGXOV�G·HPPDJDW]HPDWJH��
(O� EDL[� YDORU GHO� PzGXO� GHO� PRQzPHU� ,%� FXUDW� DPE� '$7� SHUPHW�FRQVWDWDU� O·HQWUHFUHXDPHQW� PHQ\V� HIHFWLX� TXH� DVVROHL[HQ� HOV� PRQzPHUV�



5HVXOWDWV�L�GLVFXVVLyBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
LPSDUHOOV� L� TXH� MD� KDYLD� HVWDW� GLVFXWLW� DQWHULRUPHQW��'H� OD� UHVWD� GH� YDORUV� GHO�PzGXO�HOjVWLF� V·REVHUYD�XQD�GLVPLQXFLy�G·DTXHVW�HQ�DQDU�DOODUJDQW� O·HVSDLDGRU�FHQWUDO��(OV�YDORUV�PpV�HOHYDWV�GHO�PzGXO�HQ�HO�FDV�GHOV�GtPHUV�,%��L�,%G FXUDWV�DPE�'$7�SRGULD�H[SOLFDU�VH�SHU�OD�PHVRIDVH�TXH�WHQHQ�UHWLQJXGD�DTXHVWV�/&7V��TXH�pV�XQD�RUGHQDFLy�WLSXV�HVPqFWLFD�&�L�SRVVHHL[�XQD�PDMRU�RUGHQDFLy�TXH�OD�PHVRIDVH�QHPjWLFD�GH�OD�UHVWD�GH�PRQzPHUV��

2Q� VL�TXH� V·REVHUYHQ�PLOORUHV� pV� FRPSDUDQW� OD�PRVWUD�FXUDGD�HQ� O·HVWDW�LVzWURS� DPE� O·RULHQWDGD� HQ� PLFURGRPLQLV�� MD� TXH� SUHVHQWD� XQ� DXJPHQW� GHO�PzGXO�G·XQ�IDFWRU�PpV�JUDQ�GH���
/D� PHVXUD� GHO� FRHILFLHQW� G·H[SDQVLy� WqUPLFD� KD� SRUWDW� D� O·REVHUYDFLy�G·XQD� DQLVRWURSLD� G·DTXHVW� FRHILFLHQW� HQ� OHV� PRVWUHV� PDFURVFzSLFDPHQW�RULHQWDGHV��SHUz�DPE�PHQRU�JUDX�GHOV�UHVXOWDWV�GHOV�TXH�HV�WUREHQ�GHVFULWV���������$�PpV�� HOV� YDORUV� GHO� &7(� SDUDO�OHO� DO� FDPS�PDJQqWLF� VyQ�PpV� SHWLWV� TXH� HOV�PHVXUDWV� HQ� OHV� PRVWUHV� QR� RULHQWDGHV� PHQWUH� TXH� HO� &7(� SHUSHQGLFXODU� pV�LJXDO�R�PpV�JUDQ��,JXDOPHQW�HV�YDQ�PHVXUDU HOV�&7(�HQ�OHV�GXHV�GLUHFFLRQV�HQ�OHV� PRVWUHV� RULHQWDGHV� HQ� PLFURGRPLQLV� FRPSURYDQW�VH� TXH� SUHVHQWDYHQ� XQV�YDORUV�SUjFWLFDPHQW�LJXDOV�HQ�OHV�GXHV�GLUHFFLRQV��(Q�FDQYL��HO�&7(�GHO�PDWHULDO�LVzWURS�KD�UHVXOWDW�VHU�PROW�VHPEODQW�DO�GHO�FRUUHVSRQHQW�/&7��FRQWUDULDPHQW�DO�TXH�HUD�G·HVSHUDU�
(OV�YDORUV�GH�OD�WHPSHUDWXUD�GH�WUDQVLFLy�YtWULD�QR�PRVWUHQ�XQD�GLIHUqQFLD�VLJQLILFDWLYD� HQWUH� OHV�PRVWUHV� FXUDGHV�GLQV� L� IRUD�GHO� FDPS�PDJQqWLF��SHUz�HV�SRW� REVHUYDU� XQD� OOHXJHUD� WHQGqQFLD� HQ� DQDU� GLVPLQXLQW� HO� YDORU� GH� OD 7J� HQ�DXJPHQWDU�OD�SURSRUFLy�GH�FDGHQD�DOLIjWLFD��(O�PDMRU�YDORU�GH�OD�7J�HQ�OD�PRVWUD�LVzWURSD�SRW�VHU�GHJXW�D�TXH�DTXHVWD�V·KD�SUHSDUDW�D�WHPSHUDWXUHV�PpV�HOHYDGHV�TXH�OD�UHVWD�
)LQDOPHQW��XQ�DOWUH�HVWXGL�TXH�HQV�SRGULD�GRQDU�LQIRUPDFLy�VREUH�HO�JUDX�G·RULHQWDFLy� GHOV�PDWHULDOV� pV� OD�'5;�� 7RW� L� TXH� O·HTXLS� TXH�GLVSRVHP�QR� HQV�SHUPHW� FDOFXODU� HO� SDUjPHWUH� G·RULHQWDFLy�� OD� FRPSDUDFLy� GH� OHV� GHQVLWDWV�G·LQWHQVLWDW�GH� OHV�EDQGHV�REVHUYDGHV�HQ�HOV�GLIUDFWRJUDPHV�GH�SRO�HQV�SHUPHW�FRPSDUDU� OHV� PRVWUHV� FXUDGHV� IRUD� L� GLQV� GHO� FDPS� PDJQqWLF�� /D� SHWLWD�



BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB5HVXOWDWV�L�GLVFXVVLy
GLIHUqQFLD�WUREDGD�HQWUH�OHV�LQWHQVLWDWV�GH�OHV�EDQGHV�HQV�YD�FRQILUPDU�GH�QRX�OD�SRFD� RULHQWDFLy� DFRQVHJXLGD� VRWD� O·HIHFWH� G·XQ� FDPS� PDJQqWLF� GH� ���� 7HVODV��([LVWHL[HQ� GLIHUHQWV� SRVVLEOHV� H[SOLFDFLRQV� D� DTXHVW� IHW� 8QD� SRGULD� VHU� OD�LQWHQVLWDW� GHO� FDPS� HPSUDW�� SHUz� HQ� QR� GLVSRVDU� G·XQ� DOWUH� HTXLS� GH�PpV� DOW�FDPS��QR�HV�YD�SRGHU�FRQILUPDU�DTXHVWD�KLSzWHVL��8QD�DOWUD�pV�OD�VLPHWULD�GH�OHV�PROqFXOHV� GLPqULTXHV� TXH� ID� TXH� V·DQXO�OLQ� R� HV� FRPSHQVLQ� SDUFLDOPHQW� HOV�PRPHQWV�GLDPDJQqWLFV��GLVPLQXLQW�OD�LQIOXqQFLD�GHO�FDPS�VREUH�OHV�PROqFXOHV��7DPEp�FDO�UHFRUGDU�TXH�OD�PRVWUD�V·KD�GH�FXUDU�HQ�O·HVWDW�PHVRPRUI�L�TXH�HQ�HO�FXUDW�DPE�'$7�OD�PHVRIDVH�QR�DSDUHL[�XQ�FRS�IRVD�OD�EDUUHMD��VL�QR�TXH�HV�IRUPD�DO� FDS� G·XQ� FHUW� WHPSV�� $TXHVW� WHPSV� LQLFLDO� RQ� OD� YLVFRVLWDW� pV� PROW� EDL[D� L�O·HVWDW� LVzWURS�GH� OD�PRVWUD� ID� TXH�QR� V·RULHQWLQ� HOV�PHVzJHQV� VRWD� O·HIHFWH�GHO�FDPS� PDJQqWLF�� L� TXH� XQ� FRS� IRUPDGD� OD� PHVRIDVH�� OD� YLVFRVLWDW� VLJXL� PpV�HOHYDGD�GLILFXOWDQW�O·RULHQWDFLy�
�������/&7V�REWLQJXWV�D�SDUWLU�GHOV�GtPHUV�,%Q�FXUDWV�DPE�'0$3�L�'$%&2

$PE� O·REWHQFLy� G·DTXHVWV� PDWHULDOV� HV� SRW� FRPSDUDU� OHV� SURSLHWDWV�PHFjQLTXHV�HQWUH�/&7V�REWLQJXWV�SHU�HQWUHFUHXDPHQW�DPE�DPLQHV�SULPjULHV� L�WHUFLjULHV�
/HV�PHVRIDVHV�IL[DGHV�HQ�DTXHVWV�/&7V�KDYLHQ�HVWDW�HQ�WRWV�HOV�FDVRV�6&��SHUz�HOV�GtPHUV� ,%� L� ,%� QR�KDYLHQ�FXUDW�HQ� OD� VHYD� WRWDOLWDW��(V�YDQ�FXUDU� OD�UHVWD�GH�PRQzPHUV�DPE�'0$3�L�QRPpV�GRV�G·HOOV�DPE�'$%&2�SHU�HVWXGLDU�OHV�SRVVLEOHV� GLIHUqQFLHV� HQ� OHV� SURSLHWDWV� PHFjQLTXHV�� $� OHV� WDXOHV� VHJ�HQWV� HVUHFXOOHQ�HOV�UHVXOWDWV�REWLQJXWV�DL[t�FRP�OHV�FRQGLFLRQV�GH�FXUDW�



5HVXOWDWV�L�GLVFXVVLyBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
7DXOD����� &RQGLFLRQV�GH�FXUDW��PHVXUHV�GHWHUPLQDGHV�SHU�'07$�L�SDUjPHWUH�G·RULHQWDFLy�GHOV�/&7V�REWLQJXWV�SHU�HQWUHFUHXDPHQW�DPE�'0$3
0RVWUD &RQGLFLRQV�GH�FXUDW���&�PLQ� (·��03D� 7J���&� 3� &7(���SSP��&�` ],%� ������� ��� ��� � �� �,%��RUL ������� ��� ��� ���� �� ��,%� ������� ��� ��� � �� �,%��RUL ������� ��� ��� ���� �� ��,%� ������� ��� ��� � �� �,%��RUL ������� ��� ��� ���� �� ��,%��LVR ������� ��� ��� � �� �,%�� ������� ��� ��� � �� �,%���RUL ������� ��� ��� ���� �� ��

7DXOD����� &RQGLFLRQV�GH�FXUDW��PHVXUHV�GHWHUPLQDGHV�SHU�'07$�L�SDUjPHWUH�G·RULHQWDFLy�GHOV�/&7V�REWLQJXWV�SHU�HQWUHFUHXDPHQW�DPE�'$%&2
0RVWUD &RQGLFLRQV�GH�FXUDW���&�PLQ� (·��03D� 7J���&� 3� &7(���SSP��&�` ],%� ������� ��� ��� � �� �,%��RUL ������� ��� ��� ���� �� ��,%�� ������� ��� �� � �� �,%���RUL ������� ��� �� ���� �� ��RUL��0RVWUD�FXUDGD�HQ�HO�VL�G·XQ�FDPS�PDJQqWLF�HQ�O·LQWHUYDO�GH�OD�PHVRIDVHLVR��0RVWUD�FXUDGD�IRUD�GH�O·LQWHUYDO�G·H[LVWqQFLD�GH�OD�PHVRIDVH

'HOV�YDORUV�G·DTXHVWHV�WDXOHV�HV�SRGHQ�WUHXUH�FRQFOXVLRQV�PROW�VHPEODQWV�D� OHV� H[WUHWHV� HQ� HO� FXUDW� GHOV� PDWHL[RV� PRQzPHUV� DPE� '$7�� 3ULPHU� FDO�HVPHQWDU� TXH� HOV� YDORUV� GHO� PzGXO� G·HPPDJDW]HPDWJH� VyQ� PpV� SHWLWV� HQ�DTXHVWV� PDWHULDOV�� LQGLFDQW� TXH� WHQHQ� SLWMRUV� SURSLHWDWV� PHFjQLTXHV�� PDOJUDW�TXH�OD�PHVRIDVH�IL[DGD�HQ�DTXHVWV�/&7V�pV�XQD�PHVRIDVH�6&��D�GLIHUqQFLD�GH�OD�PHVRIDVH�QHPjWLFD�TXH�PRVWUDYHQ�OD�PDMRULD�GH�/&7V�REWLQJXWV�HQ�HO�FXUDW�DPE�



BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB5HVXOWDWV�L�GLVFXVVLy
'$7��(Q�DTXHVWV�PDWHULDOV�QR�V·REVHUYD�XQD�WHQGqQFLD�GHO�YDORU�GHO�PzGXO�DPE�OD� OODUJjULD�GH� O·HVSDLDGRU�FHQWUDO��VL�QR�TXH�WRWHV� OHV�PRVWUHV�WHQHQ�XQV�YDORUV�VHPEODQWV��7DPSRF�H[LVWHL[HQ�JUDQV�GLIHUqQFLHV�HQWUH�HOV�PDWHULDOV�REWLQJXWV�SHU�HQWUHFUHXDPHQW� DPE�'0$3� L�'$%&2�� MD� TXH�SUHVHQWHQ XQD� HVWUXFWXUD�GH� OD�[DU[D�VLPLODU��

5HVSHFWH� DO� YDORU� GH� OD� WHPSHUDWXUD� GH� WUDQVLFLy� YtWULD�� QR� V·REVHUYHQ�GLIHUqQFLHV�VLJQLILFDWLYHV�HQ�HOV�YDORUV�GH�OD�7J�GHOV�/&7V�REWLQJXWV��ÔQLFDPHQW�OD� PRVWUD� LVzWURSD� PRVWUD� XQD� 7J� PpV� DOWD� D� FRQVHT�qQFLD� GH� OD� PDMRU�WHPSHUDWXUD�GH�FXUDW��
&RPSDUDQW� HOV� YDORUV� GH� &7(� V·DSUHFLHQ� SHWLWHV� GLIHUqQFLHV� HQWUH� OHV�PRVWUHV�PDFURVFzSLFDPHQW� RULHQWDGHV� L� OHV� RUGHQDGHV� HQ�PLFURGRPLQLV�� &RP�HUD�G·HVSHUDU��HO�YDORU�PpV�HOHYDW�GHO�&7(�pV�GH�OD�PRVWUD�,%��HQWUHFUHXDGD�HQ�O·HVWDW�LVzWURS��GHJXW�DO�PHQRU�HPSDTXHWDPHQW�TXH�DTXHVWD�PRVWUD�SUHVHQWD����
&RP�HQ�HO� FXUDW�DPE�'$7�� OHV�PRVWUHV�HQWUHFUHXDGHV�FDWDOtWLFDPHQW�QR�KDQ� SRUWDW� D� XQD� RULHQWDFLy� VRWD� O·HIHFWH� G·XQ� FDPS�PDJQqWLF�� $� PpV� GH� OHV�H[SOLFDFLRQV�DEDQV�HVPHQWDGHV��V·KD�GH�WHQLU�HQ�FRPSWH�TXH�HQ�DTXHVWV�SURFHVRV�GH� FXUDW� OD� PHVRIDVH� pV� SUHVHQW� GHV� GH� OD� IXVLy� GH� OD� EDUUHMD� L� TXH� SHU� WDQW�IDFLOLWDULD� O·RULHQWDFLy�GH� OHV�PROqFXOHV��3HUz�HQ�DTXHVW� FDV�� OD�SUHVqQFLD�G·XQD�PHVRIDVH� PROW� RUGHQDGD� 6$ LPSOLFD� TXH� O·RULHQWDFLy� SURYRFDGD� SHO� FDPS�QHFHVVLWD�QR� WDQW� VROV�RULHQWDU�HOV�PHVzJHQV�VLQy� WDPEp� OHV�FDSHV�HVPqFWLTXHV��UHVXOWDQW� XQ� SURFpV� PpV� FRPSOLFDW��� (Q� OD� SUHSDUDFLy� GH� OHV� PRVWUHV�� HV� YD�SRGHU�REVHUYDU�TXH�OD�YLVFRVLWDW�LQLFLDO�GH�OD�EDUUHMD�HUD�PpV�HOHYDGD�TXH�HQ�HOV�FXUDWV� DPE�'$7�� GRQDW� TXH� WDPEp� OD� YLVFRVLWDW� pV�PpV� DOWD� HQ� XQD�PHVRIDVH�HVPqFWLFD�TXH�QR�HQ�XQ�OtTXLG�LVzWURS�R�HQ�XQD�PHVRIDVH�QHPjWLFD��OD�TXDO�FRVD�GLILFXOWD�WDPEp�HO�SURFpV�G·RULHQWDFLy�GHOV�PHVzJHQV�SHU�HIHFWH�GHO�FDPS�

�������/&7V�REWLQJXWV�D�SDUWLU�GHOV�GtPHUV�,,$Q�FXUDWV�DPE�'0$3
'RQDWV�HOV�UHVXOWDWV�REWLQJXWV�HQ�O·~V�G·XQ�FDPS�PDJQqWLF��HQ�OD�VHJ�HQW�VqULH�GH�FRPSRVWRV�QRPpV�HV�YD�FXUDU�VRWD�O·HIHFWH�GHO�FDPS�XQD�GH�OHV�PRVWUHV��



5HVXOWDWV�L�GLVFXVVLyBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
/D� VqULH� ,,$Q FXUDGD� DPE� '0$3� YD� GRQDU� OORF� D� /&7V� DPE� OD� PHVRIDVH�QHPjWLFD�IL[DGD�L�GRQDGD�OD�VLPLOLWXG�HVWUXFWXUDO�GHOV�VHXV�PRQzPHUV�HV�SRGULD�FRPSDUDU� DPE� HOV� /&7V� DQWHULRUPHQW� HQWUHFUHXDWV� DPE� OD� PDWHL[D� DPLQD�WHUFLjULD�� $� OD� WDXOD� VHJ�HQW� HV� UHFXOOHQ� HOV� UHVXOWDWV� REWLQJXWV� DL[t� FRP� OHV�FRQGLFLRQV�GH�FXUDW�
7DXOD����� &RQGLFLRQV�GH�FXUDW��PHVXUHV�GHWHUPLQDGHV�SHU�'07$�L�SDUjPHWUH�G·RULHQWDFLy�GHOV�/&7V�REWLQJXWV�SHU�HQWUHFUHXDPHQW�DPE�'0$3
0RVWUD &RQGLFLRQV�GH�FXUDW���&�PLQ� (·��03D� 7J���&� 3� &7(���SSP��&�` ],,$� ������� ��� ��� � � �,,$� ������� ��� ��� � � �,,$� ������� ��� ��� � �� �,,$�� ������� ��� ��� � � �,,$���RUL ������� ��� ��� ��� � ��,,$���LVR ������� ��� ��� � �� �,,$�� ������� ��� ��� � �� �RUL��0RVWUD�FXUDGD�HQ�HO�VL�G·XQ�FDPS�PDJQqWLF�HQ�O·LQWHUYDO�GH�OD�PHVRIDVHLVR��0RVWUD�FXUDGD�IRUD�GH�O·LQWHUYDO�G·H[LVWqQFLD�GH�OD�PHVRIDVH

&RQFOXVLRQV�PROW�VHPEODQWV�D�OHV�DQWHULRUV�HV�SRGULHQ�H[WUHXUH�G·DTXHVWD�WDXOD�� 3HU� FRPHQoDU� HOV� /&7V� REWLQJXWV� D� SDUWLU� GH� OHV� VqULHV� ,%Q L� ,,$Q�SHU�HQWUHFUHXDPHQW� DPE� DPLQHV� WHUFLjULHV� WHQHQ� YDORUV� VHPEODQWV� GHO� PzGXO�G·HPPDJDW]HPDWJH� WRW� L� TXH� DPEGXHV� VqULHV� PRVWUHQ� /&7V� DPE� GLIHUHQW�PHVRIDVH�IL[DGD��(Q�DTXHVWV�PDWHULDOV�WRUQD�D�IHU�VH�HYLGHQW�XQD�GLVPLQXFLy�GHO�PzGXO�G·HPPDJDW]HPDWJH�DPE�OD� OODUJDGD�GH�O·HVSDLDGRU�FHQWUDO�� L�XQ�OOHXJHU�DXJPHQW�GHO�PzGXO�GHO�/&7�UHVSHFWH�HO�PDWHULDO�LVzWURS�
(O� SDUjPHWUH� G·RUGUH� DVVROLW� SHU� OD�PRVWUD� RULHQWDGD� VRWD� O·HIHFWH� G·XQ�FDPS� PDJQqWLF� KD� HVWDW� SHWLW�� (O� YDORU� GHO� PzGXO� G·HPPDJDW]HPDWJH� GH� OD�PRVWUD�RULHQWDGD�pV�VLPLODU�DO�GH�OD�QR�RULHQWDGD��7RW�DO�FRQWUDUL�GHO�FRHILFLHQW�



BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB5HVXOWDWV�L�GLVFXVVLy
G·H[SDQVLy� WqUPLFD� TXH�PRVWUD� XQ� YDORU�PROW� SHWLW� HQ� OD�GLUHFFLy�SDUDO�OHOD� DO�FDPS�PDJQqWLF� L�PROW�PpV� HOHYDW� HQ� OD�GLUHFFLy�SHUSHQGLFXODU��$L[t�PDWHL[� OD�PRVWUD� FXUDGD� HQ� O·HVWDW� LVzWURS�SUHVHQWD� XQ�YDORU�GH�7J�PpV� HOHYDW�GHJXW� DO�FXUDW� UHDOLW]DW�D�PpV�DOWHV� WHPSHUDWXUHV� L�XQ�YDORU�GHO�&7(�PpV�JUDQ�GHJXW�DO�VHX�SLWMRU�HPSDTXHWDPHQW�

/D�FRPSDUDFLy�GHOV�GLIUDFWRJUDPHV�GH�SRO�GH�OD�PRVWUHV�RUGHQDGHV�DPE�PLFURGRPLQLV� DPE� OHV� PDJQqWLFDPHQW� RULHQWDGHV� HV� PRVWUD� HQ� OD� ILJXUD�VHJ�HQW�

)LJXUD������'LIUDFWRJUDPHV�GH�SRO�GH�OHV�PRVWUHV�,,$���FXUDGD�DPE�'0$3�D��RUGHQDGD�HQ�PLFURGRPLQLV��L�E���FXUDGD�HQ�HO�VL�G·XQ�FDPS�PDJQqWLF

&RP�HV�SRW�REVHUYDU�HQ�HOV�GLIUDFWRJUDPHV�GH�SRO��H[LVWHL[HQ�GLIHUqQFLHV�HQWUH� OD� PRVWUD� RULHQWDGD� VRWD� O·HIHFWH� G·XQ� FDPS� PDJQqWLF� L� O·RUGHQDGD� HQ�PLFURGRPLQLV�� $TXHVWHV� GLIHUqQFLHV� QR� VyQ� PROW� JUDQV� GHJXW� DO� SRF� JUDX�G·RULHQWDFLy� DVVROLW�� $� OD� ILJXUD� ���D V·REVHUYD� XQD� SHWLWD� WH[WXULW]DFLy� GH� OD�PRVWUD� GRQDQW� FRP� D� FRQVHTXqQFLD� O·REWHQFLy� GH� SRFV� Pj[LPV� GH� GHQVLWDW�G·LQWHQVLWDW��(Q�FDQYL��D�OD�ILJXUD����E V·REVHUYHQ�HOV�Pj[LPV�EHQ�GHILQLWV�TXH�HV�WUREHQ�ORFDOLW]DWV�HQ�IRUPD�GH�FLUFXPIHUqQFLD�GHJXW�D�O·RULHQWDFLy�XQLD[LDO�GH�OD�PRVWUD�
(Q�DTXHVW�SXQW�FDO�FRPHQWDU�TXH�HO�JUDX�G·RULHQWDFLy�DVVROLW�HQ�HOV�/&7V�HQWUHFUHXDWV� HQ� HO� Vt� G·XQ� FDPS� PDJQqWLF� KD� HVWDW� PROW� SHWLW� VHJRQV� OHV�REVHUYDFLRQV�GHO�&7(��HQ�HO�GLIUDFWRJUDPHV�GH�'5;�L�GLFURwVPH�G·,5��7DQPDWHL[�
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HQ�HO�FDV�GHO�PRQzPHU�,,$���FXUDW�DPE�'0$3�V·REVHUYD�DQLVRWURSLD�WDQW�HQ�HO�YDORU�GHO�&7(�FRP�HQ� OHV� WH[WXUHV�GHOV�GLIUDFWRJUDPHV�GH�SRO��PDOJUDW�TXH�QR�V·REVHUYD�PLWMDQoDQW�GLFURwVPH�G·,5��7RW� L�TXH� OD� WqFQLFD�GH�GLFURwVPH�G·,5�KD�HVWDW� XWLOLW]DGD� SHU� OD� GHWHUPLQDFLy� GHO� SDUjPHWUH� G·RUGUH SRW� SUHVHQWDU�GLILFXOWDWV�HQ�HO�FDV�GH�GtPHUV�GHJXW�D�OD�VHYD�JHRPHWULD�

(OV� UHVXOWDWV�REWLQJXWV��RQ�QR� V·REVHUYD��PLWMDQoDQW�GLFURwVPH�G·,5��XQD�RULHQWDFLy�GH�OHV�PRVWUHV�HQWUHFUHXDGHV�HQ�HO�VL�G·XQ�FDPS�PDJQqWLF��GLIHUHL[HQ�GHOV� UHVXOWDWV� DVVROLWV� HQ� XQ WUHEDOO� DQWHULRU���� RQ� HOV� PRQzPHUV� HPSUDWV�FRQWHQLHQ�PHVzJHQV�PROW�PpV� JUDQV� L� GLVSRVDWV� DO� FHQWUH� GH� OD�PROqFXOD�� (Q�DTXHOO� WUHEDOO� Vt� V·REVHUYDYD� XQD� FHUWD� RULHQWDFLy� HQ� HOV� /&7V� REWLQJXWV� HQ� HO�FXUDW�GLQV�G·XQ�FDPS�PDJQqWLF�GH�����7��DPE�XQ�YDORU�GHO�SDUjPHWUH�G·RUGUH�GH�ILQV� D� ����� L� DFRQVHJXLQW�VH� XQ� DXJPHQW� GHO� PzGXO� G·HPPDJDW]HPDWJH� HQ�DOJXQV�FDVRV�G·DSUR[LPDGDPHQW�HO�GREOH�
$OJXQV�DXWRUV�� KDQ�DVVROLW�DXJPHQWV�GHO�PzGXO�G·HPPDJDW]HPDWJH�GH�ILQV�D�����YHJDGHV�L�SDUjPHWUHV�G·RULHQWDFLy�GH������VRPHWHQW�HO�PDWHULDO�GXUDQW�HO� SURFpV� GH� FXUDW� HQ� XQ� FDPS� PDJQqWLF� GH� ��� 7�� $L[t� PDWHL[�� HOV� YDORUV�REWLQJXWV�SHU�DO�PzGXO�G·HPPDJDW]HPDWJH�GH�TXDOVHYRO�GHOV�/&7V REWLQJXWV�HQ�HO� SUHVHQW� WUHEDOO� YDQ� UHVXOWDU� VHU� LQIHULRUV� DOV� SXEOLFDWV� SHU� DOWUHV�DXWRUV���������������� SRVVLEOHPHQW� GHJXW� D� OD� LQFRUSRUDFLy� G·XQD� FDGHQD� DOLIjWLFD�OODUJD�HQ�HOV�PRQzPHUV�GH�SDUWLGD�DPE�DUTXLWHFWXUD�GLPqULFD�


	1.1. Introducció
	Malgrat això, els polímers cristall líquid presenten males propietats mecàniques en la direcció perpendicular a l'orientació. Aquesta deficiència es pot solventar mitjançant entrecreuament.
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