
P

&$3Ë72/��
&21752/�'(�/$�)250$&,Ï�'(�%,2),/06�(1�6,67(0(6�'(

',675,%8&,Ï�'
$,*h(6�68%7(55¬1,(6





&DStWRO�� &RQWURO�GH�OD�)RUPDFLy�GH�%LRILOPV ���

&DStWRO��� &RQWURO�GH�OD�)RUPDFLy�GH�%LRILOPV
HQ�6LVWHPHV�GH�'LVWULEXFLy
G·$LJ�HV�6XEWHUUjQLHV

���� ,1752'8&&,Ï ���
5.1.1. CONDICIONADORS D’ AIGÜES 220
5.1.2. CONDICIONADORS CATALÍTICS D’AIGÜES 221
5.1.3. ACTIVITAT DEL CATALITZADOR ENFRONT DELS MICROORGANISMES 222
���� 0$7(5,$/�,�0Ê72'(6 ���
5.2.1. INSTAL·LACIÓ DEL CONDICIONADOR CATALÍTIC 223
���� 5(68/7$76�$�/$�=21$�'(�02675(,*�,��6$17�0$57Ë ���
5.3.1. DESENVOLUPAMENT DE BIOFILM EN SISTEMA CATALITZAT I SISTEMA CONTROL 224
5.3.2. COMPARACIÓ DEL Nº DE MICROORGANISMES EN FASE BIOFILM I PLANCTÒNICA 228
���� ',6&866,Ï ���
���� %,%/,2*5$),$ ���



���� ,QWURGXFFLy���

����� ,QWURGXFFLy

������ &RQGLFLRQDGRUV�G¶DLJ�HV

'LIHUHQWV�WLSXV�GH�FRQGLFLRQDGRUV�G¶DLJ�HV�V¶KDQ�XWLOLW]DW�DPE�XQ�q[LW�UHODWLX�GHV�GH�ID�EDVWDQWV�DQ\V��PDOJUDW�TXH�H[LVWHL[�XQD

FHUWD�FRQIXVLy�HQ�UHIHUqQFLD�DOV�EHQHILFLV�SURGXwWV�SHU� OD�XWLOLW]DFLy�G¶DTXHVWV�DSDUHOOV��'H�IHW��HO�PDWHL[� WHUPH� ³FRQGLFLRQDGRUV

G¶DLJ�HV´�pV�SURX�JHQqULF�L�DPSOL�FRP�SHU�GHILQLU�XQD�JUDQ�YDULHWDW�G¶DSDUHOOV�L�SURFHVVRV��(Q�DTXHVW�VHQWLW��DO�PHUFDW�HV�WUREHQ

VLVWHPHV�GH�FRQGLFLRQDPHQW�G¶DLJXD�TXH�IXQFLRQHQ�VHJRQV�SULQFLSLV�GLIHUHQWV��$OJXQHV�G¶DTXHVWHV�VROXFLRQV�HV�SUHVHQWHQ�FRP

D�SURGXFWHV�SHO� WUDFWDPHQW�GH� O¶DLJXD�GH� ³WHFQRORJLD�H[FOXVLYD´�� IHW�TXH�HOV�FRQYHUWHL[�HQ�FDL[HV�QHJUHV�SHO� WUDFWDPHQW��(Q� OD

PDMRULD�GHOV�FDVRV��HOV�IDEULFDQWV�GHO�SURGXFWH�QR�SURSRUFLRQHQ�LQIRUPDFLy�FLHQWtILFD�TXH�GRQL�VXSRUW�D�OD�VXSRVDGD�PLOORUD�HQ�OD

TXDOLWDW�GH�O¶DLJXD��7DPSRF�H[LVWHL[�OLWHUDWXUD�FLHQWtILFD�VREUH�HO�WHPD��H[FHSWH�DUWLFOHV�SXEOLFDWV�HQ�DOJXQD�UHYLVWD�SRODFD�R�UXVVD�

(Q�JHQHUDO��H[LVWHL[�XQD�LQFRQVLVWqQFLD�HQ�OD�PDMRULD�GH�UHVXOWDWV�REWLQJXWV�TXH��GH�IHW��HVWDQ�VXEMHFWHV�D�XQD�JUDQ�TXDQWLWDW�GH

YDULDEOHV�� &RP� D� H[HPSOH� VXSUHP� GHO� VXUUHDOLVPH� H[LVWHQW� HQ� DTXHVW� FDPS�� XQD� HPSUHVD� TXH� FRPHUFLDOLW]D� XQ� G¶DTXHVWV

SURGXFWHV�UHFRPDQD�OD�VHYD�FRPSUD�HQ�HOV�WHUPHV�VHJ�HQWV��³«ZH�GR�QRW�UHFRPPHQG�WKDW�\RX�SXUFKDVH�DQ\�EUDQG�RI�PDJQHWLF

FRQGLWLRQHU�RU�OLPH�ILJKWHU��LQFOXGLQJ�WKH�RQH�WKDW�ZH�RIIHU�´

0DOJUDW�WRW��PROWV�GHOV�XVXDULV�G¶DOJXQV�GHOV�FRQGLFLRQDGRUV�G¶DLJ�HV��HVSHFLDOPHQW�HQ�HO�FDPS�GH�OD�LUULJDFLy��KDQ�REVHUYDW�XQV

UHVXOWDWV�EDVWDQW�IDYRUDEOHV�SHOV�VHXV�LQWHUHVVRV��/D�PDMRULD�FRLQFLGHL[�HQ�DVVHQ\DODU�TXH�DTXHVWV�DSDUHOOV�KDQ�SUHVHQWDW�XQD

DFFLy�IDYRUDEOH��PLOORUDQW�DOJXQV�SDUjPHWUHV�GH�OD�TXDOLWDW�GH�O¶DLJXD��&DO�GHVWDFDU��O¶DFFLy�HQ�UHIHUqQFLD�D�

q 0LOORUD�GHOV�SUREOHPHV�GH�SUROLIHUDFLRQV�PLFURELDQHV�L�REWXUDFLRQV�HQ�FDQRQDGHV

q 5HGXFFLy�GHOV�SUREOHPHV�GHO�IHUUR�L�GHOV�EDFWHULV�GHO�IHUUR�HQ�HO�UHJ�JRWD�D�JRWD

q 6ROXFLy�DOV�SUREOHPHV�G¶LQFUXVWDFLRQV

q ,QFUHPHQW�GH�OD�WD[D�G¶LQILOWUDFLy�DO�VzO

q 5HGXFFLy�GH�OD�SUHFLSLWDFLy�GH�VDOV�HQ�SODQWHV�MRYHV�DOV�WHVWRV��D�OD�VXSHUItFLH�GH�OHV�IXOOHV�L�DO�VzO�L��HQ�JHQHUDO��GLVPLQXFLy
GH�OHV�SqUGXHV�HQ�FROOLWHV�DIHFWDGHV�SHU�SUREOHPHV�VDOLQV

6HQVH� jQLP� GH� VHU� H[KDXVWLXV� H[LVWHL[HQ� GXHV� DSUR[LPDFLRQV� HQ� HO� FRQGLFLRQDPHQW� GH� O¶DLJXD�� TXH� HV� GLIHUHQFLHQ� SHU� OD

XWLOLW]DFLy�R�QR�GH�VDOV��3RZHOO��������(OV�FRQGLFLRQDGRUV�TXH�XWLOLW]HQ�VDOV�DFWXHQ�UHHPSODoDQW�HOV�VzOLGV�GLVVROWV�UHVSRQVDEOHV

GH�OD�GXUHVD�GH�O¶DLJXD��FRP�HOV�FDUERQDWV�R�ELFDUERQDWV�GH�FDOFL�L�PDJQHVL��&DO�WHQLU�SUHVHQW�TXH�HOV�PLQHUDOV�TXH�DXJPHQWHQ�OD

GXUHVD� GH� O¶DLJXD� VyQ� HO� FDOFL� �&D���� L� HO�PDJQHVL� �0J����� HOV� TXDOV� IRUPHQ� XQD� FURVWD� TXH� V¶DFXPXOD� D� OHV� FDQRQDGHV� L� DOV

LQWHUFDQYLDGRUV�GH�FDORU��D�PpV�GH�TXDOVHYRO�OORF�TXH�HQWUL�HQ�FRQWDFWH�DPE�O¶DLJXD��/D�SUHVqQFLD�G¶DOWUHV�HOHPHQWV�D�O¶DLJXD�SRW

DUULEDU�D�SHUMXGLFDU� O¶HILFjFLD�GHO�FRQGLFLRQDGRU��FRP�HQ�HO�FDV�G¶DLJ�HV�DPE�HOHYDWV�FRQWLQJXWV�HQ�FORUXUV��VXOIDWV�R� IHUUR��3HU

WDQW��HOV�FDWDOLW]DGRUV�UHHPSODFHQ�HOV�FDUERQDWV�R�ELFDUERQDWV�GH�FDOFL�L�PDJQHVL�SHU�VDOV�FRP�HO�FORUXU�VzGLF�R�FORUXU�SRWjVVLF�

(Q� DTXHVW� SURFpV�� DQRPHQDW� LQWHUFDQYL� LzQLF� SRVLWLX�� D� PHVXUD� TXH� O¶DLJXD� SDVVD� SHO� WDQF� GHO� FRQGLFLRQDGRU� HV� SURGXHL[

O¶LQWHUFDQYL�R�VXEVWLWXFLy�HQWUH�HOV�LRQV�VRGL��1D����L�HO�FDOFL�L�HO�PDJQHVL��(O�PHGL�RQ�HV�SURGXHL[�O¶LQWHUFDQYL�DFRVWXPD�D�VHU�XQ�OOLW

DPE�UHVLQHV�GH�SROLHVWLUq��]HROLWD��FDUUHJDGHV�QHJDWLYDPHQW��DPE�XQD�JUDQ�FDSDFLWDW�SHU�DWUHXUH�OHV�FjUUHJXHV�SRVLWLYHV��4XDQ

O¶DLJXD�GXUD�SDVVD�SHO�OOLW�HPSDFDW�DPE�OHV�UHVLQHV�GH�SROLHVWLUq��O¶DWUDFFLy�G¶DTXHVWHV�FDS�DOV�LRQV�GH�FDOFL�L�PDJQHVL��DPE�GXHV

FjUUHJXHV�SRVLWLYHV��HQ�FDGD�FDV��pV�PpV�JUDQ�TXH�SHU�O¶Ly�VRGL��DPE�XQD�VROD�FjUUHJD���&RP�D�UHVXOWDW��HOV�LRQV�FDOFL�L�PDJQHVL

VyQ�UHWLQJXWV�PHQWUH�TXH�O¶Ly�VRGL�pV�DOOLEHUDW��DJDIDQW�HO�OORF�GHO�FDOFL�L�HO�PDJQHVL�D�O¶DLJXD��3RZHOO�������

(QWUH� HOV� FRQGLFLRQDGRUV� TXH� QR� HV� EDVHQ� HQ� OD� XWLOLW]DFLy� GH� VDOV� FDO� GHVWDFDU� HOV�PDJQqWLFV�� HOV� JDOYjQLFV� L� HOV� FDWDOtWLFV�

'
DTXHVWV� WUHV�� HOV� FRQGLFLRQDGRUV� FDWDOtWLFV� VyQ� HOV� ~QLFV� TXH� SHUPHWHQ� HO� WUDFWDPHQW� G
DLJ�HV�PROW� GXUHV� �ILQV� D� �����PJ

&D&2��/���(OV�FRQGLFLRQDGRUV�FDWDOtWLFV� LQYHUWHL[HQ�OD�SRODULWDW�GHOV�LRQV�DSRUWDQW�HOHFWURQV�GHO�WHUUD��SHU�VXEPLQLVWUDU�ORV�DOV

LRQV� FDOFL� ELFDUERQDW�� HOV� TXDOV� HQ� VyQ� GHILFLHQWV�� /D� SULQFLSDO� GLIHUqQFLD� G¶DTXHVWD� WHFQRORJLD� DPE� OHV� DQWHULRUV� pV� TXH� OHV

XQLWDWV�DIHJHL[HQ�HOHFWURQV�D�O¶DLJXD�D�SDUWLU�G¶XQD�IRQW�H[WHUQD��&DUH�)UHH�(XURSD�������
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������ &RQGLFLRQDGRUV�FDWDOtWLFV�G¶DLJ�HV

/D�FRQVFLqQFLD�FUHL[HQW�GHOV�HIHFWHV�SHUMXGLFLDOV�TXH�OD�VDO�SUHVHQWD�SHU�D�O¶DPELHQW��HO�FRV�KXPj�L�OHV�SODQWHV��KD�DXJPHQWDW�OD

GHPDQGD� GH� FRQGLFLRQDGRUV� G¶DLJXD� OOLXUHV� GH� VDO�� (Q� DTXHVW� VHQWLW�� HO� FDWDOLW]DGRU� &DUH�)UHH� pV� XQ� FRQGLFLRQDGRU� TXH� QR

DIHJHL[�FDS�FRPSRVW�TXtPLF�QL�GH�FDS�DOWUH�WLSXV�D�O¶DLJXD�

(O�FRQGLFLRQDGRU�FDWDOtWLF�&DUH�)UHH�FRQVWD�G¶XQD�FDUFDVVD�WXEXODU�H[WHULRU�DPE�XQ�QXFOL�FHQWUDO� LQWHUQ�SHU�RQ�FLUFXOD� O¶DLJXD�

7DQW�OD�WXEHULD�FRP�HO�QXFOL�HVWDQ�FRQVWUXwWV�DPE�XQ�DOLDWJH�GH�GLIHUHQWV�PHWDOOV������GH�QtTXHO������GH�FRXUH������GH�]HQF�L

����GH�WLWDQL���TXH�DSRUWD�HOHFWURQV�GHO�WHUUD�D�O¶DLJXD�FLUFXODQW��4XDQ�O¶DLJXD�FLUFXOD�SHU�OD�FDPEUD�LQWHUQD�R�QXFOL�GHO�FDWDOLW]DGRU

D�OD�YHORFLWDW�DGHTXDGD�HV�FDUUHJD�G¶HOHFWURQV��HOV�TXDOV�SURYRTXHQ�FDQYLV�HQ�O¶DGKHVLy�GHOV�PLQHUDOV�L�VDOV�D�O¶DLJXD��HYLWDQW�TXH

V¶DGKHUHL[LQ�HQWUH�VL�L�D�OHV�VXSHUItFLHV��(OV�HOHFWURQV�UHGXHL[HQ�OD�LQIOXqQFLD�QHJDWLYD�GHOV�PLQHUDOV�TXH�SRUWD�O¶DLJXD�L�HOLPLQHQ�OD

FRKHVLy�TXH�H[LVWHL[�HQWUH�DTXHVWHV�SDUWtFXOHV��*UjFLHV�D�XQD�FRQYHUVLy�LzQLFD�±�FDQYL�HOHFWURTXtPLF����HO�FDOFL�L�DOWUHV�DJHQWV�HQ

IRUPD�LzQLFD�VyQ�QHXWUDOLW]DWV�HQ�PROqFXOHV�HVWDEOHV��$TXHVWD�QHXWUDOLW]DFLy�GH�OD�FjUUHJD�SURYRFD�TXH�HOV�UHVSRQVDEOHV�GH�OD

GXUHVD��DL[t�FRP�DOWUHV�HOHPHQWV�GH�O¶DLJXD��SHUGLQ�FDSDFLWDW�SHU�DGKHULU�VH�D�OHV�VXSHUItFLHV��&RP�D�UHVXOWDW��DTXHVWV�HOHPHQWV

IOXLUDQ� D� WUDYpV� GHO� VLVWHPD� GH� FDQRQDGHV�� VHQVH� LQWHUIHULU�KL� QHJDWLYDPHQW� �&DUH�)UHH� (XURSD� ������� '
DTXHVWD� PDQHUD� HO

FDWDOLW]DGRU�HVWDELOLW]D� O¶tQGH[�GH�VDWXUDFLy�GH�/DQJHOLHU��SHUPHWHQW�TXH� OD� UHDFFLy�ELFDUERQDW�FDUERQDW�V¶HTXLOLEUL� VHQVH�DIHJLU

FDS�FRPSRVW�TXtPLF�R�VDO�D� O¶DLJXD��'
DOWUD�EDQGD��HO�GLVVHQ\�HVSHFLDO�GHO�QXFOL�GH� OD�FDQRQDGD�SURYRFD�XQHV�WXUEXOqQFLHV�GHO

IOX[�TXH�DMXGHQ�D�VHSDUDU�HOV�FRPSRQHQWV�XQLWV�DOV�PLQHUDOV�GH�O¶DLJXD�

6RWD� DTXHVWHV� FRQGLFLRQV� HOV� FDUERQDWV� IRUPHQ� XQD� SHOÂOtFXOD� PLFURVFzSLFD� TXH� HV� GLSRVLWD� GH� IRUPD� SHUPDQHQW� VREUH� OHV

FDQRQDGHV���$TXHVW�ILOP�SURWHJHL[�OHV�FDQRQDGHV�GHOV�DJHQWV�FRUURVLXV�VHQVH�HYROXFLRQDU�DPE�HO�WHPSV��GHJXW�D�TXH�OD�VLWXDFLy

G¶HTXLOLEUL�HQ�OD�UHDFFLy�ELFDUERQDW�FDUERQDW�QR�SHUPHW�O¶DXJPHQW�HQ�OD�SUHFLSLWDFLy�GHOV�FDUERQDWV��$L[t��HV�SRW�OOXLWDU�GH�IRUPD

HIHFWLYD�HQIURQW�GHOV�GLSzVLWV�L�SUHFLSLWDWV�GH�FDOFL��PDJQHVL�L�IHUUR�HQWUH�G¶DOWUHV��UHGXLQW�WDPEp�HOV�SURFHVVRV�GH�FRUURVLy�

(Q� JHQHUDO�� HO� FRQGLFLRQDPHQW� FDWDOtWLF� QR� SURYRFD� FDQYLV� LPSRUWDQWV� D� O¶DLJXD�� FRP� KR� GHPRVWUHQ� OHV� DQjOLVL� TXtPLTXHV

UHDOLW]DGHV��$0'(/��������PDOJUDW�TXH�HV�SRGHQ�DUULEDU�D�PRGLILFDU�OHV�FDUDFWHUtVWLTXHV�RUJDQROqSWLTXHV�GH�O¶DLJXD��PLOORUDQW�HO

VDERU� L�GLVPLQXLQW� OD�WHUEROHVD��(Q�DTXHVW�VHQWLW�� O¶DFFLy�GHO�FDWDOLW]DGRU�SURSRUFLRQDQW�HOHFWURQV�SRGULD�GHVWUXLU�DOJXQHV�GH�OHV

IRUPDFLRQV�FROÂORLGDOV�L�DJUHJDWV��DOOLEHUDQW�PLFURRUJDQLVPHV��JDVRV�L�DOWUHV�SDUWtFXOHV�

(O� FDWDOLW]DGRU�&DUH�)UHH� V¶KD�XWLOLW]DW� DPE�q[LW� HQ� GLIHUHQWV� WLSXV� G¶LQVWDOÂODFLRQV�� HVSHFLDOPHQW� D�$XVWUjOLD� L� HQ� HO� FDPS� GH

O¶DJULFXOWXUD��RQ�HV�YD�FRPHUFLDOLW]DU�ID����DQ\V�L�HVWj�DXWRULW]DW�HO�VHX�~V�HQ�VLVWHPHV�GH�VXEPLQLVWUDPHQW�G¶DLJXD��(QJLQHHULQJ

DQG�:DWHU�6XSSO\�'HSW���������$OJXQV�GHOV�VHXV�XVRV�PpV�IUHT�HQWV�KDQ�HVWDW�HOV�VHJ�HQWV�

q ÒV� UHVLGHQFLDO�� ÒV� HQ� FXLQHV�� UHQWDGRUHV�� EDQ\V�� GXW[HV� L� VHUYHLV�� UHGXLQW� OD� IRUPDFLy� GH� GLSzVLWV� L� DXJPHQWDQW� OD� YLGD
PLWMDQD� GHOV� DSDUHOOV�� (Q� SLVFLQHV� UHGXHL[� OHV� SREODFLRQV� G¶DOJXHV�� GLVPLQXLQW� OD� TXDQWLWDW� GH� SURGXFWHV� TXtPLFV
�HVSHFLDOPHQW�GHVLQIHFWDQWV��FRP�HO�FORU��TXH�V¶KDQ�G¶DIHJLU�D�O¶DLJXD�

q ÒV�LQGXVWULDO��$XWRFODXV��LQWHUFDQYLDGRUV�GH�FDORU��FRPSUHVVRUV��WDQFV�GH�UHVHUYD�L�FDQRQDGHV��'LVVRO��UHGXHL[�L�HOLPLQD�OD
IRUPDFLy�GH�SUHFLSLWDWV�L�GLSzVLWV��L�Q¶HYLWD�OD�IRUPDFLy��DOODUJDQW�OD�YLGD�GHOV�HTXLSV�

q ÒV�LQVWLWXFLRQDO��5HQWDSODWV��GHVDLJ�HV��FDOHQWDGRUV�G¶DLJXD��PjTXLQHV�GH�FDIq�L�DOWUHV��'LVVRO��UHGXHL[�L�HOLPLQD�OD�IRUPDFLy
GH�SUHFLSLWDWV�L�GLSzVLWV�L�Q¶HYLWD�OD�IRUPDFLy��DOODUJDQW�OD�YLGD�GHOV�HTXLSV��0LOORUD�HO�JXVW�GH�O¶DLJXD�

q ÒV�DJUtFROD��5HJ�GH�JHVSHV��SODQWHV�L�DUEUDW�HQ�JHQHUDO��GRQFV�QR�V¶DIHJHL[�FDS�FRPSRQHQW�D�O¶DLJXD�TXH�VLJXL�SHUMXGLFLDO
SHU� OD� YHJHWDFLy� L� HYLWD�HO� SUREOHPD�GH� O¶REWXUDFLy�GHOV�HTXLSV� JRWD� D� JRWD� L� GHO� UHJ� SHU� DVSHUVLy��0LOORUD� O¶HVWUXFWXUD�� OD
WH[WXUD� L� OD� SHUPHDELOLWDW� GHO� VzO�� UHGXLQW� OHV�SqUGXHV�SHU� HYDSRUDFLy�� /D�PHQRU�SUHFLSLWDFLy�GH�SDUWtFXOHV�PLQHUDOV� L� VDOV
QRFLYHV�D�OHV�IXOOHV��DXJPHQWD�OD�SURGXFFLy�GH�OHV�FROOLWHV�



���� ,QWURGXFFLy���

)LQDOPHQW��DTXHVW�VLVWHPD�QR� UHTXHUHL[� OD�XWLOLW]DFLy�GH� WHPSRULW]DGRUV�DPE�FRUUHQW�HOqFWULFD��QL� UHVLQHV�QL�VROXFLRQV�VDOLQHV� L

WDPSRF� UHTXHUHL[� OD� UHDOLW]DFLy� GH� FRQWUDUHQWDWV�� (Q� WRW� FDV�� O¶~QLF� FRVW� VHUj� OD� LQVWDOÂODFLy� UHDOLW]DGD� PpV� HO� PDQWHQLPHQW

QHFHVVDUL��TXH�FRQVLVWHL[�HQ�XQD�QHWHMD�GH�O¶LQWHULRU�GHO�FDWDOLW]DGRU��5HVSHFWH�DO�FRVW��HO�IXQFLRQDPHQW�G¶XQ�FRQGLFLRQDGRU�DPE

VDOV�SRW�DUULEDU�D� OHV���������SHVVHWHV�DQXDOV��PHQWUH�TXH�HQ�HO�FDV�GHO�FDWDOLW]DGRU�Q¶KL�KDXUj�SURX�DPE�XQD� LQYHUVLy� LQLFLDO

DSUR[LPDGD�GH���������SHVVHWHV��&DUH�)UHH�(XURSD�������

������ $FWLYLWDW�GHO�FDWDOLW]DGRU�HQIURQW�GHOV�PLFURRUJDQLVPHV

/D�IRUPDFLy�L�DFXPXODFLy�GH�VzOLGV��GLSzVLWV�LQRUJjQLFV��SURGXFWHV�GH�OD�FRUURVLy�L�DOWUHV�SURGXFWHV�VHPEODQWV��GHWHUPLQD�PROWHV

YHJDGHV�HO�GHVHQYROXSDPHQW�PLFURELj� �&RVWHUWRQ�HW�DO�������� LQFLGLQW� GLUHFWDPHQW�HQ�HO� ULVF� VDQLWDUL�� HVSHFLDOPHQW� HQ�DLJ�HV

VHQVH� FDS� WLSXV� GH� WUDFWDPHQW�� 'H� IHW�� HO� WUDFWDPHQW� FRQGLFLRQDGRU� GH� O
DLJXD� SHUPHW� FRQqL[HU� LQGLUHFWDPHQW� OD� LPSRUWjQFLD

G¶DTXHVWV�SURGXFWHV�HQ�HO�FUHL[HPHQW�PLFURELj�L�HO�GHVHQYROXSDPHQW�GHOV�ELRILOPV�

$O�SURSRUFLRQDU�HOHFWURQV�D� O¶DLJXD��HO�FDWDOLW]DGRU�&DUH�)UHH� SRW� SUHVHQWDU� XQ�HIHFWH� VREUH� OD� IUDFFLy� LQRUJjQLFD�GHO� ELRILOP�

GLVPLQXLQW�OD�GH�IRUPD�FRQVLGHUDEOH��'¶DTXHVWD�PDQHUD�GLVPLQXHL[�OD�FRUURVLy�L�OD�TXDQWLWDW�GH�VXEVWUDW�IjFLOPHQW�FRORQLW]DEOH�L�

GH�UHWUXF��SRW�GLVPLQXLU�HO�SRWHQFLDO�GH�IRUPDFLy�GHO�ELRILOP��3HUz�D�PpV��OD�GHVWUXFFLy�G¶DOJXQHV�GH�OHV�IRUPDFLRQV�FROÂORLGDOV� L

DJUHJDWV�SRW�LQFUHPHQWDU�O¶DOOLEHUDPHQW�GHOV�PLFURRUJDQLVPHV�TXH�HV�WUREHQ�DGKHULWV��3HU�WDQW��HO�FDWDOLW]DGRU�WDPEp�SRW�UHGXLU�OD

IRUPDFLy�GHOV�ELRILOPV��SRW�GLVJUHJDU�SDUW�GHOV�TXH�MD�HVWDQ�IRUPDWV�L��DOKRUD��SRW�DXJPHQWDU�OD�IUDFFLy�GH�FqOÂOXOHV�SODQFWzQLTXHV�

(O� FDWDOLW]DGRU� &DUH�)UHH� V¶KD� XWLOLW]DW� HQ� WRUUHV� GH� UHIULJHUDFLy� L� HYDSRUDGRUV� RQ� KD� DFWXDW� GH� IRUPD� SRVLWLYD�� HYLWDQW� OHV

SUROLIHUDFLRQV�GH�FRQWDPLQDQWV�PLFURELROzJLFV�FRP�/HJLRQHOOD��'LIHUHQWV�FDVRV�KDQ�GHPRVWUDW�FRP� OD�XWLOLW]DFLy�GH�ELRFLGHV�QR

KD� HVWDW� VXILFLHQW� FRP�SHU� HYLWDU� O¶DSDULFLy� GH� UHFUHL[HPHQWV� L� EURWV� GH�/HJLRQHOOD� �(GHOVWHLQ� ������4XLJOH\� ������� (Q� HO� FDV

G¶DTXHVW�EDFWHUL��OD�VHYD�GLVSHUVLy�HV�YHX�HVSHFLDOPHQW�DIDYRULGD�D� OHV�WRUUHV�GH�UHIULJHUDFLy�SHU� OD�IRUPDFLy�G¶DHURVROV��YHXUH

��������HOV�TXDOV�SRGHQ�WUDQVSRUWDU�/HJLRQHOOD�D�GLVWjQFLHV�SURSHUHV�D�����NP��PDQWHQLQW�OHV�YLYHV�GXUDQW�PpV�GH�GXHV�KRUHV�

(Q� XQD� H[SHULqQFLD� UHDOLW]DGD� DPE� HO� FDWDOLW]DGRU� &DUH�)UHH� GXUDQW� GRV� DQ\V�� HV� YD� DFRQVHJXLU� PDQWHQLU� XQD� WRUUH� GH

UHIULJHUDFLy�OOLXUH�GH�FUHL[HPHQW�GH�/HJLRQHOOD�VHQVH�OD�XWLOLW]DFLy�GH�ELRFLGHV��PHQWUH�TXH�HO�UHFRPSWH�GH�EDFWHULV�KHWHUzWURIV�HV

YD�VLWXDU�SHU�VRWD�GHOV�����8IF�P/��&DUH�)UHH�(XURSD�������
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����� 0DWHULDO�L�0qWRGHV

(V� YD� UHDOLW]DU� HO� VHJXLPHQW� GHOV� SULQFLSDOV� SDUjPHWUHV�PLFURELROzJLFV� GH� OD�PDQHUD� KDELWXDO�� GHWHUPLQDQW� O¶DEXQGjQFLD� GHOV

SULQFLSDOV� JUXSV� GH�PLFURRUJDQLVPHV� HQ� HOV� ELRILOPV� GHVHQYROXSDWV�� (O� VHJXLPHQW� HV� YD� UHDOLW]DU� HQ� H[SHULPHQWV� FRPSDUDQW

DLJ�HV�VHQVH�WUDFWDU�L�DLJ�HV�FRQGLFLRQDGHV�DPE�HO�FRQYHUWLGRU�FDWDOtWLF�&DUH�)UHH�

������ ,QVWDOÂODFLy�GHO�&RQGLFLRQDGRU�&DWDOtWLF

(OV�H[SHULPHQWV�HV�YDQ�SRGHU�UHDOLW]DU�DPE�XQ�FDWDOLW]DGRU�&DUH�)UHH�&)��������´���FHGLW�JHQWLOPHQW�SHU�&DUH�)UHH�(XURSD�6�/�

$TXHVW�FDWDOLW]DGRU��GLPHQVLRQDW�G¶DFRUG�DPE�HO�FDEDO�FLUFXODQW��HV�YD� LQVWDOÂODU�D� O¶HQWUDGD�G¶XQ�VLVWHPD�H[SHULPHQWDO�DPE���

UHDFWRUV� GH� OOLW� HPSDFDW�� WDO� FRP� HV� GHVFULX� D� OD� )LJXUD� ����� /¶DLJXD� DUULEDYD� HQ� SULPHU� OORF� D� XQD� FODX� G¶HVIHUD� DPE� XQD

ELIXUFDFLy��TXH�UHSDUWLD�O¶DLJXD�HQWUH�GRV�VLVWHPHV�H[SHULPHQWDOV��XQ�FDWDOLW]DW�L�O¶DOWUH�FRP�D�FRQWURO��VHQVH�FDWDOLW]DU�

(V� YDQ�VRWPHWUH�HOV�GRV� VLVWHPHV� H[SHULPHQWDOV� D� OHV�PDWHL[HV� FRQGLFLRQV� KLGURGLQjPLTXHV� L� DOV�PDWHL[RV� FRQWUROV� DQDOtWLFV

VHJXLQW�OHV�UHFRPDQDFLRQV�GHO�GLVWULEXwGRU��&DUH�)UHH�(XURSD�������GH�FDUD�D�DFRQVHJXLU�HO�Pj[LP�G¶HIHFWH��8QD�YHJDGD�HV�YD

GLPHQVLRQDU�FRUUHFWDPHQW�OD�XQLWDW��&)��������������O�K���HV�YD�LQVWDOÂODU�HO�VLVWHPD�GH�WHUUD�DGHTXDW��VHQVH�HO�TXDO�O¶DSDUHOO�QR

pV�HIHFWLX��)LQDOPHQW��HO�FDWDOLW]DGRU�HV�YD�XQLU�DPE�HOV�DOWUHV�HOHPHQWV�PLWMDQoDQW�MXQWHV�GH�WHIOy�

)LJXUD�������(VTXHPD�GH�OD�FRQQH[Ly�GHO�VLVWHPD�H[SHULPHQWDO�D�O¶DLJXD�IUHjWLFD�GHO�GLSzVLW�GH�UHVHUYD�G¶$OIRQV�HO�0DJQjQLP
�]RQD� GH� PRVWUHLJ� ��� 6DQW� 0DUWt�� %DUFHORQD��� $�� 6LVWHPD� H[SHULPHQWDO� VHQVH� WUDFWDU�� %�� 6LVWHPD� H[SHULPHQWDO� DPE
FDWDOLW]DGRU�&DUH�)UHH�� ��VLWXDW�SUqYLDPHQW�

6¶KD�SURFXUDW�UHDOLW]DU�XQ�PDQWHQLPHQW�DGHTXDW�GHO�FDWDOLW]DGRU�VHJXLQW�OHV�LQVWUXFFLRQV�GHO�IDEULFDQW��$L[t��SHU�DVVHJXUDU�TXH�HO

QXFOL�GHO�FDWDOLW]DGRU�VHJXHL[L�DFWXDQW�pV�LPSRUWDQW�DXJPHQWDU�OD�SHULRGLFLWDW�GH�OHV�QHWHJHV��HVSHFLDOPHQW�TXDQ�OD�FRQFHQWUDFLy

GH�IHUUR�D�O¶DLJXD�V¶LQFUHPHQWD�SHU�VREUH�GH���PJ�/�R�TXDQ�H[LVWHL[�XQ�QLYHOO�GH�PDQJDQqV�VXSHULRU�DOV�����PJ�/��(Q�HO�QRVWUH

FDV�HV�YD�UHDOLW]DU�XQ�PDQWHQLPHQW�FDGD���PHVRV��UHDOLW]DQW�XQ�UHQWDW�FRPSOHUW�GHVSUpV�GH�GHVPXQWDU�WRWD�OD�XQLWDW�

',3Ò6,7�$,*8$�)5(7,&$
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(Q�HO�GLVVHQ\�H[SHULPHQWDO�GHVFULW�DQWHULRUPHQW� �YHXUH������� L�)LJXUD������V¶KD�DIHJLW�XQ�VHJRQ�VLVWHPD�H[SHULPHQWDO� DPE���

UHDFWRUV�GH� OOLW� HPSDFDW�� (Q� DTXHVW� VHJRQ� VLVWHPD� V¶KD� VLWXDW� SUqYLDPHQW� HO� FDWDOLW]DGRU�&DUH�)UHH�� WDO� FRP�HV� GHWDOOD� D� OD

)LJXUD������(OV�GRV�VLVWHPHV�HV�YDQ�DOLPHQWDU�DO�PDWHL[�WHPSV�DPE�DLJXD�GHO�GLSzVLW�GH�UHVHUYD�GH�O¶HVWDFLy�H[SHULPHQWDO�VLWXDGD

D�$OIRQV�HO�0DJQjQLP��6DQW�0DUWt��%HVyV��

����� 5HVXOWDWV�D�OD�]RQD�GH�PRVWUHLJ�,��6DQW�0DUWt

������ 'HVHQYROXSDPHQW�GH�ELRILOP�HQ�VLVWHPD�FDWDOLW]DW�L�VLVWHPD�FRQWURO

/¶H[DPHQ�GHOV� UHVXOWDWV�REWLQJXWV�D�SDUWLU� GH� O¶DLJXD�VXEWHUUjQLD�GH� O¶HVWDFLy�H[SHULPHQWDO� GH�6DQW�0DUWt� HQV� LQGLTXHQ� TXH� HO

FRQGLFLRQDGRU�FDWDOtWLF�KD�SUHVHQWDW�XQ�HIHFWH�VLJQLILFDWLX�GLVPLQXLQW� OD� IRUPDFLy�GH�ELRILOP�HQ�HO� UHFRPSWH�GH�FqOÂOXOHV� WRWDOV� L

EDFWHULV�KHWHUzWURIV��)LJXUD�������FROLIRUPHV�WRWDOV�L�(VFKHULFKLD�FROL��)LJXUD�������L�ILQDOPHQW�HO�JUXS�3VHXGRPRQDV��)LJXUD������

7DQW�HQ�HO�FDV�GHOV�UHFRPSWHV�GH�FqOÂOXOHV�WRWDOV��7&1�$2'&��FRP�GH�YLDEOHV��EDFWHULV�KHWHUzWURIV��HQ�DJDU�5�$��)LJXUD�������HO

FDWDOLW]DGRU�KD�SUHVHQWDW�XQ�HIHFWH�VLJQLILFDWLX��GLVPLQXLQW�OD�IRUPDFLy�GH�ELRILOP�DO�PHGL�GH�VXSRUW�GHOV�UHDFWRUV��(Q�O¶~OWLP�FDV��OD

UHGXFFLy�V¶KD�DSUHFLDW�MD�GHV�GHOV����GLHV�GH�FRQWDFWH��HQFDUD�TXH�OHV�GLIHUqQFLHV�LPSRUWDQWV����ORJ��V¶KDQ�DVVROLW�D�SDUWLU�GHOV���

GLHV�GH�FRQWDFWH��(Q�DTXHVWD�IDVH��HOV�ELRILOPV�GHVHQYROXSDWV�HQ�HO�UHDFWRU�FDWDOLW]DW�V¶KDQ�PDQWLQJXW�SURS�GH�OHV�����8IF�FP��

PHQWUH� TXH� HQ� HO� FRQWURO� QR� FDWDOLW]DW� HOV� QLYHOOV� KDQ� HVWDW� OOHXJHUDPHQW� VXSHULRUV� D� OHV� ���� 8IF�FP��� PDQWHQLQW� GLIHUqQFLHV

OOHXJHUDPHQW�VXSHULRUV�D���ORJ�GHOV�����DOV�����GLHV�

/¶HIHFWH�GHO�FDWDOLW]DGRU�VREUH�HO�UHFRPSWH�GH�FqOÂOXOHV�WRWDOV�KD�HVWDW�PROW�VHPEODQW�DO�TXH�KD�SUHVHQWDW�VREUH�HO�UHFRPSWH�GH

YLDEOHV��/HV�GLIHUqQFLHV�VLJQLILFDWLYHV�HQWUH�HO�VLVWHPD�FDWDOLW]DW�L�HO�FRQWURO�V¶KDQ�REVHUYDW�D�OD�IDVH�HVWDFLRQjULD��D�SDUWLU�GHOV���

GLHV�G¶H[SRVLFLy�D� O¶DLJXD� IUHjWLFD��(Q�DTXHVWD� IDVH�V¶KD�REVHUYDW�XQD�GLIHUqQFLD�G¶DSUR[LPDGDPHQW��� ORJ�HQWUH�HO� QRPEUH�GH

FqOÂOXOHV�DO�VLVWHPD�FDWDOLW]DW��TXH�KD�VXSHUDW�OOHXJHUDPHQW�OHV�����&qOÂOXOHV�FP���L�DO�VLVWHPD�FRQWURO��RQ�KDQ�HVWDW�SHU�VREUH�GH

OHV�����&qOÂOXOHV�FP��

(Q�FDQYL��OHV�GLIHUqQFLHV�HQWUH�VLVWHPD�FDWDOLW]DW�L�VLVWHPD�FRQWURO�KDQ�HVWDW�IRUoD�PpV�UHGXwGHV�HQ�HO�UHFRPSWH�GH�YLDEOHV�DPE

O¶DJDU�3&$�D����&��(Q�DTXHVW�FDV��HOV�UHFRPSWHV�DO�VLVWHPD�FDWDOLW]DW�VHPSUH�KDQ�HVWDW�LQIHULRUV�DO�VLVWHPD�FRQWURO��HQFDUD�TXH

DPE�GLIHUqQFLHV�HVFDVVHV�GXUDQW�OD�PDMRU�SDUW�GHO�WHPSV�GH�FRQWDFWH������ORJ���$O�ILQDO�GHO�WHPSV�GH�FRQWDFWH�V¶KD�REVHUYDW�XQD

GLIHUqQFLD�GH�����ORJ�

5HVSHFWH�DOV�FROLIRUPHV�WRWDOV�L�(VFKHULFKLD�FROL��YHXUH�)LJXUD�������OHV�GLIHUqQFLHV�KDQ�HVWDW�VHPEODQWV�DO�UHFRPSWH�GH�YLDEOHV

DPE�5�$��HQFDUD�TXH�ILQV�L�WRW�V¶KDQ�GHWHFWDW�DEDQV�DO�OODUJ�GHO�WHPSV�G¶H[SRVLFLy��$L[t��OHV�GLIHUqQFLHV�V¶KDQ�PDQWLQJXW�DO�YR OWDQW

GH��� ORJ�D�SDUWLU�GHOV����GLHV��'HOV����DOV�����GLHV�� HO� VLVWHPD�DPE�FDWDOLW]DGRU�KD�GHVHQYROXSDW� ELRILOPV�RQ�HOV� YDORUV�GHOV

FROLIRUPHV� WRWDOV� KDQ� HVWDW� DO� YROWDQW� GH� OHV� ���� 8IF�FP��� PHQWUH� TXH� HQ� HO� VLVWHPD� VHQVH� FDWDOLW]DGRU� KDQ� HVWDW� LJXDO� R

OOHXJHUDPHQW�SHU�VREUH�GH�OHV�����8IF�FP���5HVSHFWH�D�(VFKHULFKLD�FROL��HOV�QLYHOOV�HQ�HO�VLVWHPD�FRQWURO�KDQ�HVWDW�DO�YROWDQW�GH

OHV�����8IF�FP��GHOV����DOV�����GLHV�G¶H[SRVLFLy��(Q�FDQYL��HQ�HO�VLVWHPD�FDWDOLW]DW�QR�V¶KD�GHWHFWDW�OD�VHYD�SUHVqQFLD�GXUDQW�OD

PDMRU�SDUW�G¶DTXHVW�SHUtRGH�

'H�IRUPD�VHPEODQW�DOV�FROLIRUPHV�WRWDOV�� OD�SUHVqQFLD�GH�3VHXGRPRQDV�KD�HVWDW�VHPSUH�PHQRU�HQ�HOV�ELRILOPV�GHVHQYROXSDWV

DPE�HO�VLVWHPD�FDWDOLW]DW��YHXUH�)LJXUD�����GDOW���$�SDUWLU�GHOV����GLHV��OHV�GLIHUqQFLHV�HQWUH�HO�VLVWHPD�FDWDOLW]DW�L�HO�FRQWURO�KDQ

RVFLOÂODW�GH�IRUPD�FRQVLGHUDEOH��HQWUH��������� ORJ��DUULEDQW�DOV�����GLHV�DO�Pj[LP�GH�GLIHUqQFLD��(Q�FDQYL�� OHV�GLIHUqQFLHV�V¶KDQ

UHGXwW� OOHXJHUDPHQW� GHOV� ���� DOV� ���� GLHV�� SHU� WRUQDU� D� DXJPHQWDU� GHOV� ���� DO� ILQDO� GHO� SHUtRGH� G¶H[SRVLFLy�� $L[t�� DPE� HO

FDWDOLW]DGRU�HOV�QLYHOOV�QR�KDQ�VXSHUDW�HQ�FDS�FDV�OHV�����8IF�FP��D�SDUWLU�GHOV����GLHV�GH�FRQWDFWH�DPE�O¶DLJXD�IUHjWLFD��PHQWUH

TXH�HO�VLVWHPD�FRQWURO�V¶KD�PDQWLQJXW�OOHXJHUDPHQW�SHU�VRWD�GH�OHV�����8IF�FP��
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Temps d'exposició (dies)

)LJXUD� ����� (IHFWH� GHO� FRQGLFLRQDGRU� FDWDOtWLF� HQ� HO� GHVHQYROXSDPHQW� GH� ELRILOP� D� SDUWLU� GH� O¶DLJXD
IUHjWLFD�GHO�GLSzVLW�G¶$OIRQV�HO�0DJQjQLP��6DQW�0DUWt��%DUFHORQD���/HV�EDUUHV�LQGLTXHQ�O¶HUURU�HVWjQGDUG�
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Temps d'exposició (dies)

)LJXUD������(IHFWH�GHO�FRQGLFLRQDGRU�FDWDOtWLF�HQ�HO�GHVHQYROXSDPHQW�GH�ELRILOP�D�SDUWLU�GH�O¶DLJXD
IUHjWLFD�GHO�GLSzVLW�GH�UHVHUYD�G¶$OIRQV�HO�0DJQjQLP��6DQW�0DUWt��%DUFHORQD��

(Q� FDQYL�� HOV� IRQJV� ILODPHQWRVRV� KDQ� SUHVHQWDW� D� OHV� DLJ�HV� FRQGLFLRQDGHV� XQ� FRPSRUWDPHQW� GLIHUHQW� D� OD� UHVWD�� 7DO� FRP

V
REVHUYD�D�OD�PDWHL[D�)LJXUD������SDUW�LQIHULRU���HO�VLVWHPD�FDWDOLW]DW�KD�SUHVHQWDW�XQD�HYROXFLy�SUjFWLFDPHQW�LGqQWLFD�DO�VLVWHPD

FRQWURO��VHQVH�REVHUYDU�VH�GLIHUqQFLHV�DSUHFLDEOHV�ILQV�DOV�����GLHV�G¶H[SRVLFLy��$�SDUWLU�GHOV�����L�ILQV�DOV�����GLHV�GH�FRQWDFWH

DPE� O
DLJXD�� HO� VLVWHPD� FDWDOLW]DW� KD� SUHVHQWDW� XQD�PDMRU� TXDQWLWDW� GH� IRQJV� ILODPHQWRVRV� DOV� ELRILOPV�� DPE� XQ� DXJPHQW� GH

SUjFWLFDPHQW� �� ORJ� UHVSHFWH� GHO� QR� FDWDOLW]DW�� 3RVWHULRUPHQW� L� ILQV� DO� ILQDO� GHO� SHUtRGH� GH� FRQWDFWH� DPE� O¶DLJXD� IUHjWLFD�� HO

FDWDOLW]DGRU�VHPEOD�KDYHU�SUHVHQWDW�XQ�HIHFWH�QHJDWLX�VREUH�OD�FRORQLW]DFLy�GHOV�UHDFWRUV�SHOV�IRQJV�ILODPHQWRVRV��$L[t��DO� ILQDO

GHO�SHUtRGH�G¶H[SRVLFLy��HO�VLVWHPD�FDWDOLW]DW�KD�SUHVHQWDW�XQ�QLYHOO�OOHXJHUDPHQW�LQIHULRU�D�OHV�����8IF�FP���PHQWUH�TXH�HO�VLVWHPD

FRQWURO�V¶KD�DUULEDW�DO�SXQW�Pj[LP��OOHXJHUDPHQW�LQIHULRU�D�OHV�����8IF�FP��

3RVWHULRUPHQW�HV�YD�LQWHQWDU�DGDSWDU�HO�FRQGLFLRQDGRU�FDWDOtWLF�D�O¶HVWDFLy�GH�PRVWUHLJ�GH�6DEDGHOO��(Q�HO�GLVVHQ\�H[SHULPHQWDO

GHVFULW�DQWHULRUPHQW��YHXUH������� L�)LJXUD������HV�YD�DIHJLU�XQ�VHJRQ�VLVWHPD�H[SHULPHQWDO�DPE���UHDFWRUV�GH� OOLW�HPSDFDW��(Q

DTXHVW�VHJRQ�VLVWHPD�HV�YD�VLWXDU�SUqYLDPHQW�HO�FDWDOLW]DGRU�&DUH�)UHH�� LJXDO�TXH�D�O¶HVWDFLy�H[SHULPHQWDO�GH�6DQW�0DUWt��(OV
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GRV�VLVWHPHV�HV�YDQ�DOLPHQWDU�DO�PDWHL[�WHPSV�DPE�DLJXD�GH�OD�PLQD�GH�5LEDWDOODGD��D�OHV�LQVWDOÂODFLRQV�GH�&$66$�D�6DEDGHOO�

0DODXUDGDPHQW��HO�VLVWHPD�GHVFULW�QR�YD�SRGHU� IXQFLRQDU�HO� WHPSV�DGHTXDW��SHUTXq� OD�ERPED�G¶LPSXOVLy�HV� YD�HVSDWOODU�GXHV

YHJDGHV��SURYRFDQW�VHQJOHV�DWXUDGHV�FRQVHFXWLYHV��'HJXW�D�DL[z��QR�V¶KDQ�SRJXW�REWHQLU�OHV�GDGHV�VXILFLHQWV�SHU�SRGHU�UHDOLW]DU

XQD�DQjOLVL�GH�OD�LQIOXqQFLD�GHO�FDWDOLW]DGRU�HQ�HO�VLVWHPD�D�6DEDGHOO�

(O�FRQGLFLRQDGRU�FDWDOtWLF�WDPEp�KD�DIHFWDW�O¶HVWUXFWXUD�L�O¶DUTXLWHFWXUD�GHOV�ELRILOPV�GHVHQYROXSDWV��(Q�DTXHVW�VHQWLW��HO�VHJXLPHQW

GH� O¶HVWUXFWXUD� WULGLPHQVLRQDO� GHOV� ELRILOPV� KD� SHUPqV� FRQVWDWDU� XQD� FODUD� UHGXFFLy� HQ� HO� JUXL[� L� HQ� OD� PDMRULD� GHOV� DOWUHV

SDUjPHWUHV�TXH�GHILQHL[HQ� OD� UXJRVLWDW�GHO�PDWHULDO�GH�VXSRUW�FRORQLW]DW� �)LJXUD�������$TXHVWD� UHGXFFLy�KD�HVWDW� HVSHFLDOPHQW

LPSRUWDQW�ILQV�DOV�����GLHV�GH�FRQWDFWH��WDO�FRP�HV�YHX�SHU�O¶HYROXFLy�GH�OD�SURIXQGLWDW�Pj[LPD�GH�UXJRVLWDW�R�5W�
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Temps d'exposició (dies)

)LJXUD������(IHFWH�GHO�FRQGLFLRQDGRU�FDWDOtWLF�HQ�HO�GHVHQYROXSDPHQW�GH�ELRILOP�D�SDUWLU� GH
O¶DLJXD�IUHjWLFD�GHO�GLSzVLW�GH�UHVHUYD�G¶$OIRQV�HO�0DJQjQLP��6DQW�0DUWt��%DUFHORQD��
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Temps d'exposició (dies)

)LJXUD������(IHFWH�GHO�FDWDOLW]DGRU�FDWDOtWLF�HQ�O¶HYROXFLy�DO�OODUJ�GHO�WHPSV�GHOV�SDUjPHWUHV�UHSUHVHQWDWLXV�GH�OD
UXJRVLWDW�GH�VXSHUItFLH��(VWDFLy�H[SHULPHQWDO�GH�6DQW�0DUWt��%HVyV���/HV�EDUUHV�LQGLTXHQ�O¶HUURU�HVWjQGDUG�

������ &RPSDUDFLy�GHO�Q��GH�PLFURRUJDQLVPHV�HQ�IDVH�ELRILOP�L�SODQFWzQLFD

6¶KD� FDOFXODW� OD� PHGLDQD� GHOV� PLFURRUJDQLVPHV� SUHVHQWV� D� OD� IDVH� SODQFWzQLFD� DO� OODUJ� GHO� SHUtRGH� DQDOLW]DW�� H[SUHVVDQW� HOV

UHVXOWDWV�SHU�D�FDGD�JUXS�HVWXGLDW��QRPEUH�P/�����(O�QRPEUH�REWLQJXW�V¶KD�FRPSDUDW�DPE�OD�PLWMDQD�GH�PLFURRUJDQLVPHV�DGKHULWV

D�SDUWLU�GHOV�����GLHV�GH�FRQWDFWH�DPE�O¶DLJXD�IUHjWLFD�L�ILQV�DO�ILQDO�GH�O¶H[SHULPHQW�DOV�����GLHV��WDQW�HQ�HO�VLVWHPD�FDWDOLW]DW�FRP

HQ�HO�FRQWURO�VHQVH�FRQGLFLRQDGRU�

$�OD�)LJXUD�����HV�SRW�REVHUYDU�O¶HIHFWH�GHO�FRQGLFLRQDGRU�FDWDOtWLF��FRPSDUDQW�HOV�UHVXOWDWV�REWLQJXWV�DPE�FDWDOLW]DGRU�L�VHQVH��/D

SUHVqQFLD�GHO�FDWDOLW]DGRU�KD�SURGXwW�XQD�GLVPLQXFLy�HQ� OD� UDWLR�ELRILOP�IDVH�SODQFWzQLFD�HQ� WRWV�HOV�SDUjPHWUHV�PLFURELROzJLFV

HVWXGLDWV��H[FHSWXDQW�HOV�IRQJV�ILODPHQWRVRV��/HV�UHGXFFLRQV�PpV�LPSRUWDQWV�V¶KDQ�SURGXwW�HQ�HOV�EDFWHULV�WRWDOV�HQ�SODFD�DPE

O¶DJDU�5�$��UDWLR�GH������HQ�HO�FRQWURO�D�����HQ�HO�VLVWHPD�FDWDOLW]DW���EDFWHULV�WRWDOV�HQ�SODFD�DPE�O¶DJDU�3&$��UDWLR�GH������D

������FqOÂOXOHV�WRWDOV��GH��������D��������L�FROLIRUPHV�WRWDOV��UDWLR�GH�������D�������

/D�IUDFFLy�GH�(VFKHULFKLD�FROL�SUHVHQW�DOV�ELRILOPV�UHVSHFWH�GH� OD�IDVH�SODQFWzQLFD� WDPEp�KD�GLVPLQXwW�HQ�HO�VLVWHPD�FDWDOLW]DW�

EDL[DQW�OD�UDWLR�GH�������D����DL[t�FRP�HQ�3VHXGRPRQDV��UDWLR�GH�������D��������(Q�FDQYL��HO�FDWDOLW]DGRU�KD�SUHVHQWDW�XQ�HIHFWH

FRQWUDUL�HQ�HOV�IRQJV�ILODPHQWRVRV��YHXUH�)LJXUD�������DXJPHQWDQW�OD�UDWLR�DPE�O¶~V�GHO�FDWDOLW]DGRU��GH��������D��������

eV�HYLGHQW�TXH�OD�GLVPLQXFLy�GH�OD�UDWLR�HQ�HOV�EDFWHULV�KHWHUzWURIV�DPE�DJDU�5�$�pV�XQ�GHOV�FDQYLV�PpV�VLJQLILFDWLXV�TXH�V¶KDQ

SURGXwW� SHO� FRQGLFLRQDGRU� FDWDOtWLF�� 'HOV� GLIHUHQWV� SDUjPHWUHV� HVWXGLDWV�� DTXHVW� pV� HO� TXH� KD� SUHVHQWDW� XQD� UDWLR� ELRILOP�IDVH

SODQFWzQLFD�PpV�HOHYDGD��HVVHQW�XQ�SDUjPHWUH�IRQDPHQWDO�SHU�GHILQLU�L�FDUDFWHULW]DU�HO�GHVHQYROXSDPHQW�GHOV�ELRILOPV�



&DStWRO�� &RQWURO�GH�OD�)RUPDFLy�GH�%LRILOPV ���

10 -1 10 0 10 1 10 2 10 3 10 4

5�$����&

3&$����&

&qO�OXOHV�7RWDOV

&ROLIRUPHV�7RWDOV

(��FROL

3VHXGRPRQDV

)RQJV�)LODPHQWRVRV

Control
Catalitzat

Ratio Biofilm/Fase Planctònica

)LJXUD� �����(IHFWH� GHO� FRQGLFLRQDGRU� FDWDOtWLF� HQ� OD� SURSRUFLy� HQWUH� HOV� PLFURRUJDQLVPHV� SUHVHQWV� DO� ELRILOP
�PLWMDQHV�� L�D� OD� IDVH�SODQFWzQLFD��PHGLDQHV���D�SDUWLU�GH� O¶DLJXD�GH�GUHQDWJH�GHO�GLSzVLW�GH� UHVHUYD�G¶$OIRQV�HO
0DJQjQLP��6DQW�0DUWt��%DUFHORQD��



��� 'LVFXVVLy���

����� 'LVFXVVLy

(Q�OHV�FRQGLFLRQV�H[SHULPHQWDOV�XWLOLW]DGHV��O¶~V�GHOV�FDWDOLW]DGRUV�&DUH�)UHH�KD�GLVPLQXwW�GH�IRUPD�DSUHFLDEOH�OD�IRUPDFLy�GH

ELRILOPV�DO�PHGL�GH�VXSRUW�GHOV�UHDFWRUV��(Q�SULPHU�OORF��FDO�GHVWDFDU�O¶HIHFWH�VREUH�HOV�EDFWHULV�KHWHUzWURIV��0DOJUDW�TXH�QR�KDQ

LPSHGLW�OD�IRUPDFLy�GH�ELRILOPV��O¶~V�GHOV�FDWDOLW]DGRUV�KD�DFRQVHJXLW�UHGXLU���ORJ�OD�SUHVqQFLD�GH�EDFWHULV�YLDEOHV�HQ�SODFD��,JXDO

KD�SDVVDW�DPE�HO�QRPEUH�GH�FqOÂOXOHV�WRWDOV�SUHVHQWV�DOV�ELRILOPV�

$TXHVWD�UHGXFFLy�HQ�HOV�UHFRPSWHV�PLFURELROzJLFV�HVWjQGDUGV�V¶KD�YLVW�DFRPSDQ\DGD�SHU�XQD�UHGXFFLy�HQ�HO�JUXL[�GHOV�ELRILOPV

GHVHQYROXSDWV�� 0DOJUDW� OHV� SRTXHV� GDGHV� TXH� V¶KDQ� SRJXW� UHFROOLU� DO� UHVSHFWH�� HOV� ELRILOPV� IRUPDWV� D� SDUWLU� GH� O¶DLJXD

FRQGLFLRQDGD� KDQ� SUHVHQWDW� XQD� HVWUXFWXUD� FRQVLGHUDEOHPHQW� PHQ\V� LPSRUWDQW�� IHW� TXH� V
KD� SRJXW� PHVXUDU� TXDQWLILFDQW� OD

UHGXFFLy�HQ�JUXL[�L�HQ�HOV�DOWUHV�SDUjPHWUHV�TXH�HQV�GHILQHL[HQ�OD�UXJRVLWDW�GH�OD�VXSHUItFLH�GHO�PDWHULDO�GH�VXSRUW��)LJXUD������

$� SDUW�� WDPEp� V¶KD� REVHUYDW� XQD�PHQRU� DFXPXODFLy� GH� SURGXFWHV� GH� OD� FRUURVLy� L� DOWUHV� GLSzVLWV� LQRUJjQLFV� L� VzOLGV�� $TXHVWV

GLSzVLWV�KDQ�HVWDW� IRUoD�DEXQGDQWV�DOV�ELRILOPV�GHVHQYROXSDWV�D�SDUWLU�GH� O¶DLJXD� IUHjWLFD�GH�6DQW�0DUWt��/D� VHYD� UHGXFFLy�SRW

SUHVHQWDU� XQ� HIHFWH� SRVLWLX� HQ� HO� FRQWURO� GH� OD� IRUPDFLy� GH� ELRILOPV�� SHUTXq� DOJXQV� G¶DTXHVWV� SURGXFWHV� DIDYRUHL[HQ� HO

GHVHQYROXSDPHQW�PLFURELj��&RVWHUWRQ�HW�DO���������7DO�FRP�KDQ�DVVHQ\DODW�DOWUHV�DXWRUV��&DPSHU�HW�DO��������9LFWRUHHQ�������

OD�LPSRUWDQW�SUHVqQFLD�G¶z[LGV�GH�IHUUR�DOV�ELRILOPV�GHVHQYROXSDWV�D�6DQW�0DUWt�SRW�KDYHU�DIDYRULW�OHV�SUROLIHUDFLRQV�PLFURELDQHV�

HVWLPXODQW�HO�FUHL[HPHQW�GHOV�ELRILOPV�

0DODXUDGDPHQW��QR�V¶KD�UHDOLW]DW�FDS�PHVXUD�GH�OD�SUHVqQFLD�GH�VzOLGV��&UHLHP�TXH�OHV�REVHUYDFLRQV�PLFURVFzSLTXHV�V¶KDXULHQ

GH�UHFRO]DU�DPE�PHVXUHV�TXH�TXDQWLILTXHVVLQ�OD�SUHVqQFLD�GH�VzOLGV��SHU�PLOORUDU�OD�FDUDFWHULW]DFLy�GHOV�ELRILOPV�GHVHQYROXSDWV

VRWD�O¶HIHFWH�GHO�FDWDOLW]DGRU�

(O�FDWDOLW]DGRU�WDPEp�KD�SUHVHQWDW�XQ�HIHFWH�SRVLWLX�VREUH�OD�PDMRULD�GHOV�DOWUHV�JUXSV�PLFURELDQV�HVWXGLDWV��UHGXLQW�QH�OD�VHYD

SUHVqQFLD� DOV� ELRILOPV� GHVHQYROXSDWV�� H[FHSWXDQW� HOV� IRQJV� ILODPHQWRVRV�� (Q� DTXHVW� VHQWLW�� VyQ� HVSHFLDOPHQW� UHOOHYDQWV� OHV

UHGXFFLRQV� GH� �� ORJ� HQ� OD� SUHVqQFLD� GHOV� FROLIRUPHV� WRWDOV� L�3VHXGRPRQDV�� R� HQ�(VFKHULFKLD� FROL�� TXH� SUjFWLFDPHQW� QR� V¶KD

GHWHFWDW�HQ�HOV�UHDFWRUV�FDWDOLW]DWV�

$TXHVWD�DSDUHQW�PLOORUD�HQ� OD�TXDOLWDW�PLFURELROzJLFD�GH� O¶DLJXD�SRGULD�HVWLPXODU� O¶~V�GHOV�FDWDOLW]DGRUV�FRP�D�VLVWHPHV�SHU� DO

FRQWURO� GH� OD� IRUPDFLy� GH� ELRILOPV� HQ� [DU[HV� GH� GLVWULEXFLy�� MD� TXH� SRGULHQ� DMXGDU� D� UHGXLU� HOV� ULVFRV� SHU� D� OD� VDOXW� S~EOLFD�

7DQPDWHL[�� FUHLHP� TXH� HOV� LQGXEWDEOHV� HIHFWHV� SRVLWLXV� G¶DTXHVWV� VLVWHPHV� HQ� DLJ�HV� FRP� OHV� HVWXGLDGHV�� V¶KDXULHQ� GH

FRPSOHPHQWDU�DPE�DOJXQ�DOWUH�VLVWHPD�TXH�DVVHJXUpV�OD�GHVLQIHFFLy�GH�O¶DLJXD��(Q�DTXHVW�VHQWLW��OD�LUUDGLDFLy�89�MD�V¶KD�XWLOLW]DW

HQ� DSOLFDFLRQV� RQ� HV� UHXWLOLW]HQ� HIOXHQWV� GH� TXDOLWDW� VLPLODU� D� O
DLJXD� IUHjWLFD� GHO� SRX� G
$OIRQV� HO� 0DJQjQLP�� DVVROLQW� HOV

HVWjQGDUGV�GH�TXDOLWDW�PLFURELROzJLFD�UHTXHULWV�HQ�HVWDWV�FRP�)ORULGD�L�&DOLIzUQLD��6DNDPRWR�HW�DO��������%RXUURXHW�HW�DO��������

(V� HYLGHQW�� TXH� O¶DFFLy� TXH� HO� FDWDOLW]DGRU� KD� SUHVHQWDW� UHGXLQW� OD� SUHVqQFLD� GH� SDUWtFXOHV� VzOLGHV� L� GH� PLFURRUJDQLVPHV�� L

FRQWURODQW�O¶H[WHQVLy�GHOV�ELRILOPV��UHSHUFXWHL[�GH�IRUPD�SRVLWLYD�HQ�VLVWHPHV�GH�GLVWULEXFLy�FRP�HOV�HVWXGLDWV��6HPEOD�FRPSURYDW

TXH� HO� FDWDOLW]DGRU� SRW� SUHVHQWDU� XQ� HIHFWH� EHQHILFLyV� GLVPLQXLQW� OHV� LQFUXVWDFLRQV� D� OD� [DU[D�� HO� JUDX� G¶REWXUDFLy� GH� OHV

FDQRQDGHV�L�UHGXLQW�DOKRUD�HOV�SUREOHPHV�GHO�IHUUR�L�GHOV�EDFWHULV�GHO�IHUUR��7RWV�DTXHVWV�HIHFWHV�VHUDQ�PROW�SRVLWLXV�HQ�[DU[HV�GH

GLVWULEXFLy�SHU�DO�UHJ��HVSHFLDOPHQW�HQ�LQVWDOÂODFLRQV�DPE�UHJ�JRWD�D�JRWD��UHJ�SHU�FDQRQDGHV�VXEWHUUjQLHV�L�UHJ�SHU�DVSHUVLy�
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GLVLQIHFWLRQ�V\VWHP�XVHG�IRU�ZDVWHZDWHU�UHFODPDWLRQ���UG��,QWHUWQDWLRQDO�6\PSRVLXP�RQ�:DVWHZDWHU��5HFODPDWLRQ��5HF\FOLQJ
DQG� 5HXVH�� ,Q�� �VW�� :RUOG� :DWHU� &RQJUHVV� RI� WKH� ,QWHUQDWLRQDO� :DWHU� $VVRFLDWLRQ� �,:$��� &RQIHUHQFH� 3UH3ULQW�� %RRN� ��
:DVWHZDWHU��UHFODPDWLRQ��UHF\FOLQJ�DQG�UHXVH��-XO\�������3DULV�
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&DUH�)UHH�(XURSD��������&DUH�)UHH�&DWDOL]DGRUHV�SDUD�DJXD��'HVFULSFLyQ��IXQFLRQDPLHQWR��LQVWDODFLyQ�\�PDQWHQLPLHQWR�JHQHUDO
HQ�WRUUHV�GH�UHIULJHUDFLyQ��%ROHWtQ�7pFQLFR�Q��������&DUH�)UHH�(XURSD�6�/��%DUFHORQD�

&DUH�)UHH� (XURSD�� ������ /D� /HJLRQHOOD�� ORV� VLVWHPDV� GH� DJXD� \� HO� FDWDOL]DGRU� GH� DJXD� &DUH�)UHH�� &DUH�)UHH� (XURSD� 6�/�
%DUFHORQD�

&RVWHUWRQ��-�:���/HZDQGRZVNL��=���&DOGZHOO��'���.RUEHU��'��	�+�0��/DSSLQ�6FRWW��������0LFURELDO�%LRILOPV��$QQX��5HY��0LFURELRO�
�����������

(GHOVWHLQ��3�+��������(QYLURQPHQWDO�DVSHFWV�RI�/HJLRQHOOD��$60�1HZV�����������������

(QJLQHHULQJ�DQG�:DWHU�6XSSO\�'HSDUWPHQW��������6WDWH�$GPLQLVWUDWLRQ�&HQWUH��6RXWK�$XVWUDOLD��(:6�������$*+�6/&�

3RZHOO��6�7��������$FRQGLFLRQDPLHQWR�GH�DJXDV�SDUD�OD�LQGXVWULD��(G��/LPXVD��0p[LFR�

4XLJOH\��&��������/HJLRQQDLUHV¶�'LVHDVH��0LFURELRORJ\�(XURSH��������������

6DNDPRWR��*���6FKZDUW]HO��'��	�'��7RPRZLFK��������89�GLVLQIHFWLRQ�IRU�UHXVH�DSSOLFDWLRQV�LQ�1RUWK�$PHULFD���UG��,QWHUWQDWLRQDO
6\PSRVLXP�RQ�:DVWHZDWHU��5HFODPDWLRQ��5HF\FOLQJ�DQG�5HXVH�� ,Q���VW��:RUOG�:DWHU�&RQJUHVV�RI� WKH� ,QWHUQDWLRQDO�:DWHU
$VVRFLDWLRQ��,:$���&RQIHUHQFH�3UH3ULQW��%RRN����:DVWHZDWHU��UHFODPDWLRQ��UHF\FOLQJ�DQG�UHXVH��-XO\�������3DULV�

9LFWRUHHQ��+�7��������7KH�UROH�RI�UXVW�LQ�FROLIRUP�UHJURWK��3URFHHGLQJV�RI�WKH�$PHULFDQ�:DWHU�:RUNV�$VVRFLDWLRQ�:DWHU�4XDOLW\
7HFKQLFDO�&RQIHUHQFH��'HQYHU��&ROR��$PHULFDQ�:DWHU�:RUNV�$VVRF���'HQYHU�
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������ $YDOXDFLy�GHO�ULVF�PLFURELj�SHU�D�OD�6DOXW�3~EOLFD�

/¶DYDOXDFLy�GHO�ULVF�V¶KD�FRQYHUWLW�HQ�XQD�HLQD�DQDOtWLFD�LPSRUWDQW�HQ�HO�FDPS�DPELHQWDO�HQ�JHQHUDO��(V�SRW�GHILQLU�FRP�O¶HVWLPDFLy

TXDQWLWDWLYD� GH� OD� SUREDELOLWDW� TXH� O¶H[SRVLFLy� D� XQ� IDFWRU� DPELHQWDO� SHULOOyV� DIHFWL� GH� IRUPD� DGYHUVD� D� OHV� SHUVRQHV� R� DOV

HFRVLVWHPHV��(Q�O¶DYDOXDFLy�GHO�ULVF�V¶XWLOLW]D�XQ�SURFpV�GH�YDORUDFLy�VLVWHPjWLFD�TXH�SHUPHW�GHWHUPLQDU�VL�XQ�SHULOO�H[LVWHL[�L��HQ

FDV� DILUPDWLX�� TXLQ� ULVF� SRWHQFLDO� SUHVHQWD� DTXHVW� SHU� D� OD� VDOXW� S~EOLFD�� 7RW� L� TXH� DTXHVW� PqWRGH� HV� EDVD� HQ� UHDOLW]DU

GHWHUPLQDGHV� DVVXPSFLRQV� L� TXH� HO� UHVXOWDW� TXDQWLWDWLX� SUHVHQWD� XQD� JUDQ� YDULDFLy� L� XQ� HOHYDW� JUDX� G¶LQFHUWHVD�� pV� ~WLO� SHU

FODVVLILFDU�HOV� WLSXV�GH�ULVF� L�SHU�FRPSDUDU�HOV�GLIHUHQWV�SUREOHPHV�DPELHQWDOV� L� OHV� VHYHV�VROXFLRQV��(Q�DTXHVW�VHQWLW��HIHFWHV

REVHUYDWV��HVWLPDFLRQV�L�H[WUDSRODFLRQV�V¶XWLOLW]HQ�VRYLQW�GH�IRUPD�FRQMXQWD�SHU�HVWDEOLU�OHV�HVWLPHV��LGHQWLILFDU�OHV�LQFHUWHVHV�L�SHU

GRQDU�VXSRUW�D�OD�SODQLILFDFLy�L�D�OD�SUHVD�GH�GHFLVLRQV��$L[z�SHUPHW�OD�VHYD�XWLOLW]DFLy�DPE�XQ�SURSzVLW�QRUPDWLX��MD�TXH�IDFLOLWD

O¶DQjOLVL�GH�OHV�HYLGqQFLHV�FLHQWtILTXHV�L�O¶DYDOXDFLy�GH�OD�UHODFLy�HQWUH�O¶H[SRVLFLy�D�FRQWDPLQDQWV�L�HO�GHVHQYROXSDPHQW�SRWHQFLDO

G¶XQD�PDODOWLD�

/¶DYDOXDFLy� GHO� ULVF� pV� XQD� WqFQLFD� TXH� V¶KD� XWLOLW]DW� IRQDPHQWDOPHQW� HQ� O¶DQjOLVL� G¶HFRVLVWHPHV� L� HQ� HO� GHVHQYROXSDPHQW� GH

QRUPDWLYHV�SHU�SURWHJLU�GH�O¶H[SRVLFLy�HQIURQW�GH�FRQWDPLQDQWV�Wz[LFV��(Q�FDQYL��HV�WUDFWD�G¶XQD�DSUR[LPDFLy�SRF�XWLOLW]DGD�HQ�HO

FDV� GH� PDODOWLHV� LQIHFFLRVHV�� RQ� KD� SUHGRPLQDW� O¶HQIRF� HSLGHPLROzJLF� L� O¶~V� GH� PLFURRUJDQLVPHV� LQGLFDGRUV� SHU� DYDOXDU� HO

SRWHQFLDO� GH� FRQWDPLQDFLy�� (Q� DTXHVW� FDPS� HV� FRPHQoD� D� LPSODQWDU� HQ� OD� PLFURELRORJLD� DOLPHQWjULD�� RQ� O¶DYDOXDFLy� GHO� ULVF

UHIRUoD�O¶HVWDEOLPHQW�GHOV�SXQWV�GH�FRQWURO�FUtWLF��&&3���SHU�JDUDQWLU�TXH�HO�SURGXFWH� ILQDO�QR�VHUj�SHUMXGLFLDO� �1RWHUPDQV�HW�DO�

������

0DOJUDW� OD�PDQFD�G¶H[SHULqQFLD�TXH�H[LVWHL[�HQ� O¶DSOLFDFLy�GH� O¶DYDOXDFLy�GHO� ULVF��HVSHFLDOPHQW�HQ�HO�FDPS�GH� O¶DLJXD�� OD�VHYD

XWLOLW]DFLy� FRPSRUWD� O¶DWUDFWLX� GH� IDFLOLWDU� OD� JHVWLy� HVWDOYLDQW� UHFXUVRV�� DOKRUD� TXH� HV� PDQWp� OD� VHJXUHWDW� SHOV� FRQVXPLGRUV�

$OJXQHV� DJqQFLHV� IHGHUDOV� DOV� (8$� KDQ� FRPHQoDW� D� GHVHQYROXSDU� HO� VLVWHPD� SHU� DYDOXDU� HO� ULVF�PLFURELj� L� DSOLFDU�KR� HQ� OD

PLOORUD�GH� OD� TXDOLWDW� GH� O¶DLJXD� L� OD� VDOXW� S~EOLFD�� GHVWDFDQW� HOV� WUHEDOOV� GH� O¶$JqQFLD� GH� 3URWHFFLy� $PELHQWDO� �86�(3$������

�������'¶DTXHVW�HVIRUo�FROÂOHFWLX�KDQ�VRUJLW�MD�DOJXQHV�QRUPDWLYHV��FRP�OD�TXH�V¶DSOLFD�SHU�D�*LDUGLD�HQ�HO� WUDFWDPHQW�G¶DLJ�HV

VXSHUILFLDOV��86�(3$�������

(Q� WRW� FDV�� XQ� GHOV� SULQFLSDOV� SUREOHPHV� SHU� GHVHQYROXSDU� O¶DYDOXDFLy� TXDQWLWDWLYD� GHO� ULVF�PLFURELj� pV� OD�PDQFD� GH� GDGHV� L

G¶LQIRUPDFLy�FRPSOHWD��([LVWHL[�HQFDUD�SRFD�LQIRUPDFLy�VREUH�O¶DSDULFLy�L�OD�GLVWULEXFLy�GHOV�GLIHUHQWV�JUXSV�PLFURELDQV�SDWzJHQV�

IHW�TXH� LPSHGHL[�XQD�DGHTXDGD�FDUDFWHULW]DFLy�GHO� ULVF� �5RVH�	�<DWHV��������(Q�DTXHVW�VHQWLW�� OD�PRQLWRULW]DFLy�DPELHQWDO�HV

FRQYHUWHL[� HQ� XQ� SXQW� FUtWLF�� HQFDUD� TXH� WDPEp� pV� QHFHVVjULD� O¶REWHQFLy� GH� GDGHV� D� SDUWLU� G¶HVWXGLV� FOtQLFV�� HSLGHPLROzJLFV� L

PRGHOV�GH�FRPSRUWDPHQW�±�FUHL[HPHQW��WUDQVSRUW��PRUW��«����GHOV�PLFURRUJDQLVPHV�

/¶DYDOXDFLy�GHO�ULVF�HQV�SHUPHW�DFRQVHJXLU�XQ�EDODQo�HQWUH�OD�UHGXFFLy�GHO�FRVW�L�HO�WHPSV�QHFHVVDUL�SHU�DFRQVHJXLU�XQD�PLOORU

LQIRUPDFLy�HQ�FDGD�FDV��SHUTXq�QR�VHPSUH�HV�WHQHQ�HOV�GLQHUV�QL�HO�WHPSV�QHFHVVDUL�SHU�DQDOLW]DU�O¶DLJXD�GH�IRUPD�H[KDXVWLYD�

(Q�JHQHUDO��O¶DYDOXDFLy�GHO�ULVF�DMXGD�D�HVWDEOLU�OHV�SULRULWDWV��JHVWLRQDQW�OHV�GDGHV�DGTXLULGHV�GH�OD�IRUPD�PpV�HIHFWLYD�SRVVLEOH

SHU� SUHQGUH� OHV� GHFLVLRQV� GH� FRQWURO� DGHTXDGHV�� 'H� IHW�� HO� FRQWURO� GHOV� FRQWDPLQDQWV� VHPSUH� pV� FRQYHUWHL[� DO� ILQDO� HQ� XQ

SUREOHPD� GH� JHVWLy�� OD� T�HVWLy� EjVLFD� VHPSUH� pV� TXq� IHU� GHVSUpV�� /¶DYDOXDFLy� GHO� ULVF� SHUPHW� DFWXDU� GH� IRUPD� FRQVWUXFWLYD

PDOJUDW�OD�LQFHUWHVD�TXH�HQV�HQYROWD��FHQWUDQW�HOV�HVIRUoRV�SULPHU�HQ�HOV�SLWMRUV�SUREOHPHV��UHGXLQW�HO�QRPEUH�GH�PRYLPHQWV�HQ

IDOV� L� DMXGDQW� D� DGTXLULU� XQHV� OtQLHV� G¶DFWXDFLy�PpV� FRQVLVWHQWV� L� SUjFWLTXHV� �86� (3$� ������� 3HU� WDQW�� O¶DYDOXDFLy� GHO� ULVF� HV

FRQYHUWHL[�HQ�HO�SDV�SUHYL�QHFHVVDUL�SHU�SRGHU�GHVHQYROXSDU�XQD�JHVWLy�GHO�ULVF�DGHTXDGD��TXH�FRPSRUWL�OD�SUHVVD�GH�GHFLVLRQV

RQ�DFFLRQV�L�SROtWLTXHV�HV�GHVHQYROXSLQ�XQD�YHJDGD�V¶KD�GHWHUPLQDW�O¶H[LVWqQFLD�G¶XQ�ULVF�



&DStWRO�� $YDOXDFLy�GHO�5LVF�6DQLWDUL ���

(OV�SURFHVVRV�G¶DYDOXDFLy�GHO�ULVF�VyQ�LQKHUHQWPHQW� LPSUHFLVRV��SHUTXq�HO�FRQHL[HPHQW�DFRVWXPD�D�VHU� LQFRPSOHW� L�HO� UHVXOWDW

DFRVWXPD�D�GHSHQGUH�GHOV�SURFHGLPHQWV�L�DVVXPSFLRQV�UHDOLW]DGHV��86�(3$��������3HU�DTXHVW�PRWLX��DO�UHDOLW]DU�LQIHUqQFLHV�pV

IRQDPHQWDO�VHJXLU�XQHV� OtQLHV�G¶DFFLy�JHQqULTXHV�HQ�FDGD�XQ�GHOV�SDVVRV��$TXHVWHV� OtQLHV�G¶DFFLy� IDFLOLWHQ�HO�SRGHU�XWLOLW]DU�HO

Pj[LP�G¶LQIRUPDFLy�FLHQWtILFD�FRQVLVWHQW��FRPSDUDQW�UHVXOWDWV�GLIHUHQWV��LGHQWLILFDQW�L�FDUDFWHULW]DQW�OD�LQFHUWHVD��OHV�DVVXPSFLRQV

UHDOLW]DGHV�L�OHV�OLPLWDFLRQV�SHU�FDGD�FDV�

6LPSOLILFDQW� DO� Pj[LP�� HOV� PLFURRUJDQLVPHV� SDWzJHQV� VXSRVHQ� XQ� ULVF� SHU� D� OD� VDOXW� S~EOLFD� TXH� GHSqQ� GHO�SHULOO� GH� FDGD

PLFURRUJDQLVPH� L� GH� O¶H[SRVLFLy� DO� PDWHL[�� /¶DYDOXDFLy� GHO� ULVF� PLFURELj� LQWHUSUHWD� OHV� HYLGqQFLHV� GHOV� SHULOOV� L� O¶H[SRVLFLy

SURSRUFLRQDQW�XQ�FULWHUL�SHU�GLVFHUQLU�VL�HV�SRGHQ�SURGXLU�R�QR�HIHFWHV�DGYHUVRV��L�SHU�UHDOLW]DU�HOV�FjOFXOV�QHFHVVDULV�SHU�HVWLPDU

OD�LPSRUWjQFLD�G¶DTXHVWV�HIHFWHV��(Q�JHQHUDO��HO�SURFpV�G¶DYDOXDFLy�GHO�ULVF�FRQVLVWHL[�GHOV�VHJ�HQWV�SDVVRV������LGHQWLILFDFLy�GHOV

SHULOOV������DYDOXDFLy�GH�O¶H[SRVLFLy������DYDOXDFLy�GRVL�UHVSRVWD�L�����FDUDFWHULW]DFLy�GHO�ULVF�

,GHQWLILFDFLy� GHOV� SHULOOV�� (O� SULPHU� SDV� HQ� WRWD� DYDOXDFLy� GH� ULVF� PLFURELj� FRQVLVWHL[� HQ� LGHQWLILFDU� TXLQV� VyQ� HOV

PLFURRUJDQLVPHV� TXH� SRGHQ� SURYRFDU� XQ� HIHFWH� VREUH� OD� VDOXW� S~EOLFD�� &DO� GHWHUPLQDU� OD� SUHVqQFLD� GHOV� GLIHUHQWV� DJHQWV

ELROzJLFV� SHULOORVRV� SHU� D� OD� VDOXW� S~EOLFD�� HOV� TXDOV� SRGHQ� HVWDU� SRWHQFLDOPHQW� HQ� O¶DLJXD� HVWXGLDGD�� SURYRFDQW�PDODOWLHV� DOV

WUHEDOODGRUV�� YLVLWDQWV� L� XVXDULV� KDELWXDOV� GH� OHV� ]RQHV� H[SRVDGHV� D� O¶DLJXD�� HQ� HO� QRVWUH� FDV� HOV� SDUFV� XUEDQV�� eV� LPSRUWDQW

GLVSRVDU�GH�GDGHV�ELEOLRJUjILTXHV��HSLGHPLROzJLTXHV�L�UHIHUHQWV��HQ�JHQHUDO��DOV�HIHFWHV�VREUH�OD�VDOXW�S~EOLFD��DL[t�FRP�HO�Pj[LP

G¶LQIRUPDFLy�VREUH�O¶H[LVWqQFLD�L�HOV�QLYHOOV�GHOV�SULQFLSDOV�PLFURRUJDQLVPHV�SDWzJHQV�

$YDOXDFLy� GH� O·H[SRVLFLy�� /¶REMHFWLX� SULQFLSDO� G¶DTXHVWD� HWDSD� pV� SURSRUFLRQDU� GDGHV� L�R� HVWLPHV� SHU� GHWHUPLQDU� GH� IRUPD

TXDQWLWDWLYD� OD� GRVL� GHOV� GLIHUHQWV� PLFURRUJDQLVPHV� DOV� TXDOV� HVWDQ� H[SRVDWV� HOV� FRQVXPLGRUV�� 6HPSUH� TXH� VLJXL� SRVVLEOH

O¶DYDOXDFLy� GH� O¶H[SRVLFLy� V¶KDXULD� GH� EDVDU� HQ� GDGHV� PHVXUDGHV�� PDOJUDW� TXH� WRW� VRYLQW� QR� HV� SRW� GLVSRVDU� GH� WRWHV� OHV

QHFHVVjULHV��(Q�DTXHVW�VHQWLW�� O¶DYDOXDFLy�GHO�ULVF�KD�GH�VHUYLU�SHU�RUGHQDU�WRWD�OD�LQIRUPDFLy�GLVSRQLEOH� L� LQFORXUH�QRYHV�GDGHV

FRP�D�UHVXOWDW�GHO�SURFpV��4XDQ�QR�H[LVWHL[�OD�SRVVLELOLWDW�QL�HO�WHPSV�SHU�UHDOLW]DU�OHV�PHVXUHV�DSURSLDGHV��OHV�GDGHV�HV�SRGHQ

EDVDU� HQ�PRGHOV�PDWHPjWLFV� YDOLGDWV� �86� (3$� ������� 1R� REVWDQW�� O¶DYDOXDFLy� GH� O¶H[SRVLFLy� EDVDGD� HQ�PRGHOV� V¶KDXULD� GH

FRPSOHWDU��D�SRGHU�VHU��DPE�PHVXUHV�DQDOtWLTXHV�ILGHGLJQHV�TXH�SRGHQ�XWLOLW]DU�VH�SHU�FDOLEUDU�HOV�PRGHOV�

7DQPDWHL[��HQ�TXDOVHYRO�DYDOXDFLy�GH�O¶H[SRVLFLy�H[LVWHL[�XQ�JUDX�G¶LQFHUWHVD�YDULDEOH��TXH�SRW�LQIOXLU�HQ�O¶H[DFWLWXG�L�OD�SUHFLVLy

GHO�SURFpV��3HU�DTXHVW�PRWLX�� O¶DYDOXDFLy�GH�OD� LQFHUWHVD�pV�XQD�SDUW� LPSRUWDQW�GH�TXDOVHYRO�DYDOXDFLy�GH�O¶H[SRVLFLy��86�(3$

������

/¶DYDOXDFLy�GH� O¶H[SRVLFLy� LQFORX� OD�GHWHUPLQDFLy�R� O¶HVWLPDFLy� �TXDOLWDWLYD�R�TXDQWLWDWLYD��GH� OD�PDJQLWXG�� IUHT�qQFLD�� GXUDFLy� L

UXWHV�G¶H[SRVLFLy��/D�PDJQLWXG�G¶XQD�H[SRVLFLy�HV�GHWHUPLQD�PHVXUDQW�R�HVWLPDQW�OD�TXDQWLWDW�G¶XQ�DJHQW��PLFURRUJDQLVPH�HQ�HO

QRVWUH�FDV���GLVSRQLEOH�D�QLYHOO�GH�OHV�VXSHUItFLHV�G¶LQWHUFDQYL�FRP�OD�SHOO�L�OHV�PHPEUDQHV�PXFRVHV�GXUDQW�XQ�SHUtRGH�GH�WHPSV

GHWHUPLQDW�

(O�SULPHU�SDV�GH�FDUD�D�SUHSDUDU� O¶DYDOXDFLy�GH� O¶H[SRVLFLy�FRQVLVWHL[�HQ�SUHSDUDU�XQ�GLDJUDPD�GH� IOX[� �YHXUH�)LJXUD�������SHU

GHWHUPLQDU�O¶DEDVW�GH�O¶DYDOXDFLy� L�PLQLPLW]DU�HOV�HVIRUoRV��/¶DYDOXDFLy�SUHOLPLQDU�GH�O¶H[SRVLFLy�KD�G¶LQLFLDU�VH�GHWHUPLQDQW�TXLQ

pV�HO�ULVF�TXH�V¶KD�G¶HVWXGLDU��3RVWHULRUPHQW��V¶KD�GH�FRQIHFFLRQDU�XQD�EDVH�GH�GDGHV�DPE�WRWD�OD�LQIRUPDFLy�GLVSRQLEOH�GHULYDGD

EjVLFDPHQW� GH�PHVXUHV� DPELHQWDOV�� 4XDQ� QRPpV� HV� GLVSRVD� G¶XQD� TXDQWLWDW� OLPLWDGD� GH� GDGHV�� HV� SRGHQ� UHDOLW]DU� HVWLPHV

EDVDGHV�HQ�PRGHOV��)LQDOPHQW��DTXHVWD�LQIRUPDFLy�KD�GH�VHUYLU�SHU�GHILQLU�TXLQHV�VyQ�OHV�jUHHV�DPE�O¶H[SRVLFLy�PpV�SUREDEOH�

$TXHVWD�DQjOLVL�SUHOLPLQDU�HQV�KD�GH�SHUPHWUH�GHFLGLU�VL�pV�QHFHVVDUL�VHJXLU�DPE�XQD�DQjOLVL�HQ�SURIXQGLWDW�R�VL��SHO�FRQWUDUL��QR

FDO�PpV�LQIRUPDFLy�



��� ,QWURGXFFLy���

)LJXUD������'LDJUDPD�GH� IOX[�SHU�D� O¶DYDOXDFLy�GH� O¶H[SRVLFLy��(OV�TXDGUDWV�DPE�FRORU�PDUUy� �JULV�� FODU� FRUUHVSRQHQ� D
O¶DYDOXDFLy�SUHOLPLQDU�GH�O¶H[SRVLFLy��PHQWUH�TXH�GH�FRORU�PpV�IRVF�FRUUHVSRQ�D�O¶DYDOXDFLy�HQ�SURIXQGLWDW��86�(3$�������
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&DStWRO�� $YDOXDFLy�GHO�5LVF�6DQLWDUL ���

/D�UHDOLW]DFLy�GH� O¶DYDOXDFLy�GH� O¶H[SRVLFLy�HQ�DLJ�HV�VXEWHUUjQLHV� WRSD�DPE� OD�PDQFD�GH�GDGHV�GLVSRQLEOHV��7UDGLFLRQDOPHQW�

V¶KDQ�XWLOLW]DW�HOV�FROLIRUPHV�IHFDOV�FRP�D�LQGLFDGRUV�GH�OD�SUHVqQFLD�GH�EDFWHULV�SDWzJHQV��5RVH�	�<DWHV��������PDOJUDW�TXH�QR

H[LVWHL[�DFWXDOPHQW�XQD�EDVH�GH�GDGHV�GHOV�PLFURRUJDQLVPHV�FDXVDQWV�G¶HSLGqPLHV�D�SDUWLU�GH�OHV�DLJ�HV�VXEWHUUjQLHV��$�PpV�

HOV�FROLIRUPHV�QR�VyQ�ERQV�LQGLFDGRUV�GH�OD�FRQWDPLQDFLy�SHU�YLUXV��*UDERZ���������'H�IHW��WHQLQW�HQ�FRPSWH�OD�PDQFD�GH�GDGHV

L�HO�IHW�TXH�DOJXQV�HVWXGLV�KDQ�PRVWUDW�OD�SUHVqQFLD�GH�YLUXV�HQ�XQ��������GH�OHV�DLJ�HV�VXEWHUUjQLHV�DOV�(8$��VL�GHVSUpV�GH

PRQLWRULW]DU�O¶DLJXD�QR�V¶DFRQVHJXHL[�FDS�GHWHFFLy�SRVLWLYD�V¶HVWLPD�XQ�ULVF�G¶LQIHFFLy�HQ���FDGD��������SHU�GLD��5RVH�	�<DWHV

������� (YLGHQWPHQW�� VL� H[LVWHL[� DOJXQD� GHWHFFLy� SRVLWLYD� R� O¶DLJXD� VXEWHUUjQLD� QR� UHS� FDS� WLSXV� GH� WUDFWDPHQW�� HO� ULVF� VHUj

VXSHULRU�

(Q�HOV�FDVRV�RQ�QR�V¶KD�SRJXW�PRQLWRULW]DU�GH�IRUPD�VXILFLHQW� O¶DLJXD�VXEWHUUjQLD�HV�SRW�HVWLPDU� OD�FRQWDPLQDFLy�PLFURELDQD�D

WUDYpV�GH�PRGHOV�TXH�LQFRUSRUHQ��HQWUH�G¶DOWUHV��OD�VXSHUYLYqQFLD�GHOV�PLFURRUJDQLVPHV�L�HO�WUDQVSRUW�GHV�GH�O¶RULJHQ��&RPELQDQW

HOV�PRGHOV�G¶DYDOXDFLy�GHO�ULVF�DPE�HOV�GH�WUDQVSRUW�HV�SRW�DUULEDU�D�SUHGLU�OD�FRQFHQWUDFLy�GH�PLFURRUJDQLVPHV�TXH�DUULEDUDQ�D

H[SRVDU� DO� FRQVXPLGRU� L� HO� QLYHOO� GHO� ULVF� G¶LQIHFFLy�� /D� PDMRULD� GHOV� PRGHOV� GH� WUDQVSRUW� PLFURELj� HV� EDVHQ� HQ� O¶HTXDFLy

G¶DGYHFFLy�GLVSHUVLy��GHVHQYROXSDGD�SHU�SUHGLU�HO�WUDQVSRUW�GH�FRPSRVWRV�TXtPLFV�GLVVROWV�D�O¶DLJXD��7DQPDWHL[��HOV�SRFV�LQWHQWV

TXH�V¶KDQ�UHDOLW]DW�SHU�DSOLFDU�DTXHVWV�PRGHOV�HQ�OD�SUHGLFFLy�GHO�FRPSRUWDPHQW�PLFURELj��<DWHV�������KDQ�GRQDW�UHVXOWDWV�IRUoD

QHJDWLXV��JHQHUDOPHQW�LQIUDHVWLPDQW�OHV�FRQFHQWUDFLRQV�ILQDOV�

$YDOXDFLy� GRVL�UHVSRVWD�� (Q� DTXHVWD� IDVH� HV� GHWHUPLQD� OD� SRWqQFLD� GH� FDGD� PLFURRUJDQLVPH�� HVWLPDQW� OD� UHODFLy� HQWUH� OD

TXDQWLWDW� G¶XQ� GHWHUPLQDW�PLFURRUJDQLVPH� L� OD� IUHT�qQFLD� L� OD�PDJQLWXG� GHOV� HIHFWHV� DGYHUVRV� VREUH� OD� VDOXW� KXPDQD� HQ� XQD

SREODFLy�GHWHUPLQDGD��6¶XWLOLW]D�XQD�JUDQ�YDULHWDW�GH�IRQWV�G¶LQIRUPDFLy������HVWXGLV�G¶LQJHVWLy�HQ�YROXQWDULV�KXPDQV������GDGHV�D

SDUWLU� G¶DQLPDOV�� ���� GDGHV� HSLGHPLROzJLTXHV�� ���� HVWDW� ILVLROzJLF� GHOV�PLFURRUJDQLVPHV�� ���� HVWDW� ILVLROzJLF� GH� OD� SREODFLy�� ���

HVWXGLV�FOtQLFV�L�GH�ODERUDWRUL������HVWLPHV�GH�OD�VHYHULWDW�L������LQIHFFLRQV�VHFXQGjULHV�

$PE� GDGHV� REWLQJXGHV� D� SDUWLU� G¶HVWXGLV� UHDOLW]DWV� DPE� KXPDQV� RQ� HV� YD�PRQLWRULW]DU� OD� VHYD� UHVSRVWD� HQ� IRUPD� G¶LQIHFFLy

�KDELOLWDW�SHU�FRORQLW]DU�HO�WUDFWH�LQWHVWLQDO��R�GH�PDODOWLD��V¶KDQ�REWLQJXW�PRGHOV�TXH�H[SOLFDULHQ�OD�SUREDELOLWDW�G¶LQIHFFLy�D�SDUWLU

GH�GHWHUPLQDWV�PLFURRUJDQLVPHV��&RP�HV�PRVWUD�D�OD�7DXOD������OD�PDMRULD�GH�PLFURRUJDQLVPHV�EDFWHULDQV�L�YLUXV�V¶DMXVWHQ�PLOORU

D�XQ�PRGHO�EHWD�3RLVVRQ� �5RVH�HW�DO���������PHQWUH�TXH�HOV�SURWR]RXV�FRP�*LDUGLD� L�&U\SWRVSRULGLXP� L� DOWUHV� YLUXV� V¶DMXVWHQ

PLOORU�D�XQ�PRGHO�H[SRQHQFLDO��5RVH�HW�DO��������+DDV�HW�DO���������/HV�GDGHV�PRVWUHQ�FRP�OD�SUREDELOLWDW�G¶LQIHFFLy�D�SDUWLU�GH

O¶H[SRVLFLy�D�XQ�VRO�PLFURRUJDQLVPH�RVFLOÂOD�HQWUH�XQ������D�XQ�����

7DXOD������0RGHOV�SHU�D�OD�SUREDELOLWDW�G¶LQIHFFLy�L�SDUjPHWUHV�GHO�PLOORU�DMXVW�HQ�HO�PRGHO�GRVL±UHVSRVWD��5RVH�	�<DWHV�������

0LFURRUJDQLVPH 0LOORU�PRGHO 3DUjPHWUHV�GHO�PRGHO 3UREDELOLWDW�G¶LQIHFFLy�D
SDUWLU�G¶XQ�RUJDQLVPH

6KLJHOOD %HWD�SRLVVRQ α �������β ���� ��������

&DPS\OREDFWHU %HWD�SRLVVRQ α �������β ���� ��������

5RWDYLUXV %HWD�SRLVVRQ α ������β ���� ������

&U\SWRVSRULGLXP ([SRQHQFLDO U ������� ��������

*LDUGLD ([SRQHQFLDO U ������ ��������

9LUXV�+HSDWLWLV�$ ([SRQHQFLDO U ����� ������

0RGHO�EHWD�3RLVVRQ 3L = 1− 1 + 1 β( )−α

0RGHO�([SRQHQFLDO 3L = 1exp −U1( )

3L� 3UREDELOLWDW�G¶LQIHFFLy��KDELOLWDW�GH�O¶RUJDQLVPH�SHU�UHSURGXLU�VH�DO�WUDFWH�LQWHVWLQDO��
1� ([SRVLFLy��H[SUHVVDGD�HQ�QRPEUH�GH�PLFURRUJDQLVPHV�LQJHULWV��8IF��8IS��FLVWV��RRFLVWV��
α��β��U�� &RQVWDQWV�SHU�RUJDQLVPHV�HVSHFtILFV��TXH�GHVFULXHQ�HO�PRGHO�GRVL�UHVSRVWD�



��� ,QWURGXFFLy���

&DUDFWHULW]DFLy�GHO�ULVF��(Q�DTXHVWD�IDVH�HV�FRPELQD�OD�LQIRUPDFLy�GH�OHV�HWDSHV�DQWHULRUV�SHU�FDOFXODU�HO�ULVF��&DO�GHVWDFDU�TXH

OD�OLPLWDFLy�SHU�OD�PDQFD�GH�GDGHV��HVSHFLDOPHQW�HQ�OD�GLVWULEXFLy�L�SUHVqQFLD�GHOV�PLFURRUJDQLVPHV�D�OHV�DLJ�HV�VXEWHUUjQLHV��KD

GLILFXOWDW�VRYLQW� OD�FDUDFWHULW]DFLy�GHO�ULVF�PLFURELj��$�SDUWLU�GH�OHV�SRTXHV�GDGHV�REWLQJXGHV�HV�GHGXHL[�TXH�OD�GLVPLQXFLy�GHOV

QLYHOOV� GH� FRQWDPLQDFLy� GH� O¶DLJXD� QR� DVVHJXUD� OD� EDL[DGD� GHO� ULVF�� SHUTXq� DTXHVW� HV� SRW� PDQWHQLU� LJXDO� GHJXW� D� YjULHV

H[SRVLFLRQV�DO�OODUJ�GHO�WHPSV��'¶DOWUD�EDQGD��HV�SRW�GHGXLU�FODUDPHQW�FRP�HOV�QLYHOOV�GHWHFWDWV�SRGHQ�FRQGXLU�D�XQD�HSLGqPLD�VL

OD�FRQWDPLQDFLy�GXUD�HQWUH���D����GLHV�

������ $VSHFWHV�VDQLWDULV�GH�OD�UHXWLOLW]DFLy�G¶DLJXD�IUHjWLFD�SHO�UHJ�GH�MDUGLQV�XUEDQV

0ROWV� GHOV� SURMHFWHV� H[LVWHQWV� VREUH� UHXWLOLW]DFLy� G¶DLJ�HV� IUHjWLTXHV� SODQWHJHQ� YjULHV� T�HVWLRQV� L� LQWHUURJDQWV� UHIHUHQWV� DOV

SRVVLEOHV�ULVFRV�VDQLWDULV��/D�PDQFD�GH�WUHEDOOV�VREUH�HO�WHPD�L�OD�SRFD�GHILQLFLy�GH�OHV�SULQFLSDOV�DJqQFLHV�JRYHUQDPHQWDOV�QR

DMXGD�JHQV�D�GHILQLU�O¶H[WHQVLy�G¶DTXHVWD�SUREOHPjWLFD��8Q�GHOV�~OWLPV�WUHEDOOV�VREUH�UHXWLOLW]DFLy�G¶DLJ�HV�UHVLGXDOV�FRP�D�DLJ�HV

SRWDEOHV�UHDOLW]DW�SHO�1DWLRQDO�5HVHDUFK�&RXQFLO�PDQLIHVWD�TXH��PDOJUDW�TXH�QR�V¶KDJLQ�GHPRVWUDW�HIHFWHV�SHUMXGLFLDOV�SHU�D� OD

VDOXW�� V¶KDXULHQ�G¶DXJPHQWDU� OHV�SURYHV�SHU�PHVXUDU�QH� OD� WR[LFLWDW� L� H[FORXUH¶Q�HO� ULVF�SRWHQFLDO� GH� OD� VHYD� UHXWLOLW]DFLy� �15&

�������/D� UHDOLWDW�pV�TXH�GLIHUHQWV�DVSHFWHV�PHWRGROzJLFV� IDQ�GLItFLO�GHWHUPLQDU�HO� ULVF�SHU�D� OD�VDOXW�S~EOLFD�GH� OD� UHXWLOLW]DFLy

G¶DLJ�HV�UHVLGXDOV�

/D� SUHRFXSDFLy� VDQLWjULD� IRQDPHQWDO� TXH� DTXHVWHV� DFWLYLWDWV� JHQHUHQ� HVWj� UHODFLRQDGD� DPE� HO� JUDX� GH� FRQWDFWH� GH� O¶DLJXD

UHXWLOLW]DGD�DPE� OHV�SHUVRQHV��(Q�DTXHVW�VHQWLW�� OD� UHXWLOLW]DFLy�G¶DLJXD�VXEWHUUjQLD�HQ�SDUFV� L� MDUGLQV�XUEDQV�SUHVHQWD�XQ�GHOV

HVFHQDULV�PpV�SUHRFXSDQWV�SHU�OHV�HOHYDGHV�SRVVLELOLWDWV�G¶H[SRVLFLy�D�O¶DLJXD��WDQW�GHO�S~EOLF�FRP�GHOV�WUHEDOODGRUV�YLQFXODWV�D

OHV�HPSUHVHV�GH� VHUYHLV��7DPEp�HV�SODQWHJHQ� DOWUHV� YLHV� GH� FRQWDFWH� FRP�HO� FRQVXP�GH� YHJHWDOV� R� HO� FRQWDFWH� DPE�PHGLV

FRQWDPLQDWV�LQGLUHFWDPHQW��DLUH��YHVWLWV��DLJXD�«��

4XDQ� OD� IRQW� GH� VXEPLQLVWUDPHQW� pV� GLIHUHQW� GH� OD� [DU[D� GH� GLVWULEXFLy� G¶DLJXD� SRWDEOH�� OD� TXDOLWDW� VDQLWjULD� GH� O¶DLJXD� L� OHV

PHVXUHV� GH� VHJXUHWDW� DSOLFDEOHV� HQ� OD� VHYD� GLVWULEXFLy� KDQ� GH� JXDUGDU� UHODFLy� DPE� OHV� SRVVLEOHV� YLHV� GH� FRQWDFWH� GH� OHV

SHUVRQHV�DPE�O¶DLJXD��DL[t�FRP�WDPEp�DPE�HO�QLYHOO�GH�TXDOLWDW�L�G¶KLJLHQH�GH�OD�SREODFLy�RQ�HV�SHQVD�LPSODQWDU�DTXHVWD�LQLFLDWLYD

�0XMHULHJR��������7HQLQW�HQ�FRPSWH�OD�JUDQ�LPSRUWjQFLD�GH�OHV�DLJ�HV�VXEWHUUjQLHV�SHU�DO�FRQVXP�GRPqVWLF��DJUtFROD�L�LQGXVWULDO

HQ�GLIHUHQWV�SDUWV�GHO�PyQ��YHXUH���������D�FXUW�SODo�HO�SULQFLSDO�ULVF�GH�OD�UHXWLOLW]DFLy�GH�O¶DLJXD�IUHjWLFD�HV�WURED�HQ�O¶DXJPHQW�GH

O¶H[SRVLFLy�GH�OD�SREODFLy�DOV�SDWzJHQV�

7RW� L� TXH� OD� PDMRULD� GH� EDFWHULV� SDWzJHQV� KXPDQV� HV� SRGHQ� WUDQVPHWUH� D� WUDYpV� GH� O¶DLJXD�� HV� SRGHQ� UHFRQqL[HU� GLIHUHQWV

EDFWHULV�DVVRFLDWV�KDELWXDOPHQW�DPE�EURWV�HSLGqPLFV�GH� WUDQVPLVVLy�KtGULFD� �YHXUH�7DXOD�������'¶DOWUD�EDQGD��XQD�GH� OHV�YLHV

WUDGLFLRQDOV� SHU� GHWHFWDU� L� TXDQWLILFDU� OD� FRQWDPLQDFLy� GHOV� DT�tIHUV� KD� HVWDW� OD� GHWHUPLQDFLy� GH� OD� SUHVqQFLD� G¶LQGLFDGRUV� GH

FRQWDPLQDFLy�GH�O¶DLJXD�SHU�PDWHULDOV�IHFDOV��0RVWUHV�G¶DLJXD�DPE�JUDQV�TXDQWLWDWV�G¶DTXHVWV�EDFWHULV�HQV�LQGLTXHQ�OD�SUHVqQFLD

GH�FRQWDPLQDFLy�G¶RULJHQ�IHFDO��0DOJUDW�TXH�OD�PDMRULD�G¶DTXHVWV� LQGLFDGRUV�EDFWHULDQV�QR�DFRVWXPHQ�D�VHU�SDWzJHQV�� OD�VHYD

SUHVqQFLD�HQV�GHWHUPLQD�GH�IRUPD�LQGLUHFWD�OD�VHJXUHWDW�PLFURELDQD�GH�O¶DLJXD��SHUTXq�D�PpV�LQGLFDGRUV�PpV�SUREDELOLWDW�GH�TXH

DXJPHQWL�HO�QRPEUH�GH�EDFWHULV�SDWzJHQV��$�OD�SUjFWLFD��DLJ�HV�UHVLGXDOV�GRPqVWLTXHV�L�GHVFjUUHJXHV�TXH�SURYHQHQ�GH�]RQHV

LQGXVWULDOV� L�R� DJUtFROHV� VyQ� OHV� IRQWV� PpV� KDELWXDOV� GH� FRQWDPLQDFLy�� L� HV� FRQVLGHUD� TXH� SRGHQ� SUHVHQWDU� XQ� ULVF� SHU� D� OD

SREODFLy�TXDQ�HO�QRPEUH�GH�FROLIRUPHV�pV�VXSHULRU�D���8IF�����P/��5HDVRQHU�������*HOGUHLFK�������

7DQPDWHL[�� H[LVWHL[� XQ� JUDQ� QRPEUH� GH�PLFURRUJDQLVPHV� TXH� SRGHQ� SUHVHQWDU� XQ� ULVF� SHU� D� OD� VDOXW� S~EOLFD� HQFDUD� TXH� QR

V¶DVVRFLwQ�D� OD�SUHVqQFLD�GHOV� LQGLFDGRUV�GH�FRQWDPLQDFLy� IHFDO� �%LWWRQ�HW�DO�������������� -DUYLV�HW�DO���������(Q�PROWV�FDVRV�

DTXHVWV�RUJDQLVPHV�VyQ�SDWzJHQV�QRVRFRPLDOV�SUHVHQWV�PROWHV�YHJDGHV�HQ�GHWHUPLQDWV�DPELHQWV�QDWXUDOV�L��SHU�WDQW��GLItFLOV�GH

GLIHUHQFLDU� GH� OD� PLFURELRWD� QDWXUDO�� $FRVWXPHQ� D� SURGXLU� SUREOHPHV� SHU� D� OD� VDOXW�� HVSHFLDOPHQW� HQ� KRVWHV� TXH� SUHVHQWHQ

DOJXQD�DOWHUDFLy�GHO�VHX�HVWDW�±QXWULFLRQDO��LPPXQROzJLF��ILVLROzJLF��HWF���QRUPDO�



&DStWRO�� $YDOXDFLy�GHO�5LVF�6DQLWDUL ���

'LIHUHQWV� HVWXGLV� PRVWUHQ� FRP� OD� FRQWDPLQDFLy� PLFURELDQD� GH� OHV� DLJ�HV� VXEWHUUjQLHV� DIHFWD� D� XQ� QRPEUH� VLJQLILFDWLX� GH

SHUVRQHV��HVSHFLDOPHQW�D�OHV�jUHHV�UXUDOV��/HV�SULQFLSDOV�VLWXDFLRQV�RQ�H[LVWHL[�OD�SRVVLELOLWDW�GH�FRQWDFWH�DPE�DJHQWV�SHULOORVRV

SHU�D�OD�6DOXW�3~EOLFD�VyQ�OD�IRUPDFLy�G¶DHURVROV��OD�LQJHVWLy�G¶DLJXD�R�HO�FRQWDFWH�DPE�OD�SHOO�L� OHV�PXFRVHV��(Q�XQD�UHYLVLy�GH

OHV� GDGHV� GH� EURWV� HSLGqPLFV� GH�PDODOWLHV� GH� WUDQVPLVVLy� KtGULFD� HQ� ��� HVWDWV� GHOV� (8$� ������������� HV� SRW� REVHUYDU� FRP

SUjFWLFDPHQW�HO�����HVWDYHQ�DVVRFLDWV�D�SRXV�G¶DLJXD��.UDPHU�HW�DO���������(Q�FDQYL��HO�QRPEUH�WRWDO�GH�SHUVRQHV�DIHFWDGHV�HUD

LQIHULRU�DO�SURYRFDW�SHU�DLJ�HV�VXSHUILFLDOV��MD�TXH�PROWV�GHOV�SRXV�DIHFWDWV�HV�WUREDYHQ�HQ�jUHHV�UXUDOV�RQ�GRQDYHQ�VHUYHL�D�XQ

QRPEUH�UHGXwW�GH�SHUVRQHV��$OWUHV�HVWXGLV�PRVWUHQ�FRP�OD�PDMRULD�GH�OHV�LQIHFFLRQV�SURYRFDGHV�SHU�SDWzJHQV�TXH�HV�WUREHQ�D

O¶DLJXD��������HVWDQ�DVVRFLDGHV�DO�FRQVXP�G¶DLJXD�VXEWHUUjQLD�FRQWDPLQDGD��0RRUH�HW�DO��������

7DXOD������3DWzJHQV�EDFWHULDQV�GH�WUDQVPLVVLy�KtGULFD

,QIHFFLRQV�,QWHVWLQDOV ,QIHFFLRQV�([WUD�,QWHVWLQDOV

6KLJHOOD 0LFREDFWHULV
6��G\VHQWHULDH /HJLRQHOOD
6��VRQQHL /HSWRVSLUD
6��IOH[QHUL
6��ER\GLL

6DOPRQHOOD
6��HQWHULWLGLV
6��W\SKL

(VFKHULFKLD�FROL
(��FROL�HQWHURWR[LJqQLFD
(��FROL�HQWHURKHPRUUjJLFD��VHURWLSXV
2����+��

9LEULR�FKROHUDH�2��L�2���
&DPS\OREDFWHU�MHMXQL
+HOLFREDFWHU�S\ORUL

3HU�SRGHU�GHILQLU�L�TXDQWLILFDU�O¶H[WHQVLy�GH�OHV�HSLGqPLHV�V¶DFRVWXPD�D�XWLOLW]DU�OD�PDJQLWXG��QRPEUH�WRWDO�GH�EURWV� L�FDVRV�� L� OD

VHYHULWDW��QRPEUH�GH�FDVRV�KRVSLWDOLW]DWV���/D�7DXOD�����PRVWUD�HOV�EURWV�HSLGqPLFV�DVVRFLDWV�D�OHV�DLJ�HV�VXEWHUUjQLHV�DOV�(8$

HQWUH� ����� L� ������ DPE� HO� QRPEUH� GH� FDVRV� L� O¶tQGH[� GH� VHYHULWDW� SHU� FDGD� FDV�� 0DOJUDW� TXH� HOV� SDWzJHQV� EDFWHULDQV� FRP

6DOPRQHOOD�W\SKL�L�<HUVLQLD�SUHVHQWHQ�XQ�QRPEUH�IRUoD�EDL[�GH�EURWV�HSLGqPLFV��SURYRTXHQ�XQV�QLYHOOV�IRUoD�HOHYDWV�GH�VHYHULWDW

�5RVH�	�<DWHV��������'¶DOWUD�EDQGD��OD�PDMRULD�GHOV�EURWV�FRUUHVSRQHQ�D�DLJ�HV�VXEWHUUjQLHV�QR�GHVLQIHFWDGHV��HQFDUD�TXH�XQ

����HVWDQ�DVVRFLDWV�D�DJHQWV�VHQVH�GHWHUPLQDU��5RVH�	�<DWHV��������/HV�DLJ�HV�IUHjWLTXHV�HV�SRGHQ�FRQWDPLQDU�SHU�EDFWHULV

SHUMXGLFLDOV�GH�GLYHUVHV�PDQHUHV��HQFDUD�TXH� OHV�PpV� IUHT�HQWV�VyQ� OD�FRQWDPLQDFLy�SHU� DERFDPHQWV�G¶DLJ�HV� UHVLGXDOV�TXH

SURYHQHQ�GHO�VLVWHPD�GH�FODYHJXHUDP�L�GH�IRVVHV�VqSWLTXHV�

$OV�(8$�HO�QRPEUH�G¶HSLGqPLHV�FDXVDGHV�SHU�SURWR]RXV�L�YLUXV�KD�DXJPHQWDW�GXUDQW�HOV�~OWLPV����DQ\V��$YXL�HQ�GLD��SURWR]RXV

FRP�*LDUGLD�L�&U\SWRVSRULGLXP�VyQ�OD�FDXVD�PpV�VLJQLILFDWLYD�GH�PDODOWLHV�SURYRFDGHV�D�SDUWLU�GH�O¶DLJXD�HQ�DTXHVW�SDtV��0DOJUDW

TXH�SHU�OD�JUDQGjULD�GHOV�FLVWV����[�����P��L�GHOV�RRFLVWV�����P��HV�SHQVDYD�TXH�OHV�DLJ�HV�VXEWHUUjQLHV�TXHGDYHQ�SURWHJLGHV

G¶DTXHVWV�SURWR]RXV��GDGHV�UHFHQWV�PRVWUHQ�HO�FRQWUDUL��WDO�FRP�HV�PRVWUD�D�OD�7DXOD������'H�IHW��HOV�SURWR]RXV�HQWqULFV�*LDUGLD�L

&U\SWRVSRULGLXP�WHQHQ�XQD�SUHVqQFLD�D�OHV�DLJ�HV�TXH�RVFLOÂOD�HQWUH�HO��������GH�OHV�PRVWUHV�H[DPLQDGHV��/LVOH�	�5RVH�������

$� PpV�� XQD� JUDQ� PDMRULD� GH� OHV� PDODOWLHV� ������ SURYRFDGHV� SHU� DTXHVWV� SURWR]RXV� SDWzJHQV� SURYHQHQ� D� SDUWLU� G¶DLJ�HV

VXEWHUUjQLHV��5RVH�	�<DWHV��������HQIURQW�G¶XQ�DOWUH�����D�SDUWLU�GH�OODFV�L�XQ������D�SDUWLU�GH�GLSzVLWV��WDQW�D�SDUWLU�GH�UHVLGXV

IHFDOV�DQLPDOV�FRP�KXPDQV�



��� ,QWURGXFFLy���

7DPSRF� H[LVWHL[HQ� JDLUHV� HVWXGLV� VREUH� OD� VXSHUYLYqQFLD� GHOV� FLVWV� L� RRFLVWV� D� OHV� DLJ�HV� VXEWHUUjQLHV�� DL[t� FRP� GH� OD� VHYD

FDSDFLWDW� GH�PRYLPHQW� DO� VXEVzO�� /D� FDSDFLWDW� GH�PLJUDFLy� GHOV� RRFLVWV� V¶KD� GHPRVWUDW� HQ� ODERUDWRUL�� (VWXGLV� DPE� FROXPQHV

SOHQHV�GH�GLIHUHQWV�WLSXV�GH�VzO�KDQ�PRVWUDW�FRP�SDUW�GHOV�RRFLVWV�LQRFXODWV�SRGHQ�DUULEDU�D�SURIXQGLWDWV�GH����FP��0DZGVOH\�HW

DO���������7HQLQW�HQ�FRPSWH�TXH�OHV�YDTXHV�SRGHQ�H[FUHWDU�ILQV�D����PLOLRQV�G¶RRFLVWV�SHU�GLD��VHPEOD�EDVWDQW�IDFWLEOH�TXH�OHV

DLJ�HV�VXEWHUUjQLHV�SRGHQ�DUULEDU�D�VHU�FRQWDPLQDGHV�SHU�&U\SWRVSRULGLXP�

7DXOD� ����� %URWV� HSLGqPLFV� DVVRFLDWV� D� OHV� DLJ�HV� VXEWHUUjQLHV� DOV� (8$� HQWUH� ����� L� ����� �&UDXQ� 	
&DOGHURQ��������,QGH[�GH�VHYHULWDW� ���FDVRV�KRVSLWDOLW]DWV�SHO�WRWDO�GH�FDVRV�

$JHQW�(WLROzJLF 1RPEUH
G¶HSLGqPLHV

1��&DVRV &DVRV
+RVSLWDOLW]DWV

�ËQGH[�GH
VHYHULWDW

6HQVH�GHWHUPLQDU ��� ����� ��� ����

6KLJHOOD �� ���� ��� ���

&RPSRVWRV�TXtPLFV �� ��� �� ���

+HSDWLWLV�$ �� ��� �� ����

*LDUGLD �� ��� � ���

9LUXV�1RUZDON �� ���� � ����

&DPS\OREDFWHU � ��� � ����

6DOPRQHOOD��QR�WLIRLGHD� � ��� �� ����

&U\SWRVSRULGLXP � ���� � ���

6��W\SKL � ��� ��� ��

<HUVLQLD � ��� �� ����

(��FROL����+�� � ���� � �

(QW��+\VWROLWLFD � � � ��

7RWDO ��� ����� ���

*LDUGLD�ODPEOLD�pV�OD�FDXVD�PpV�IUHT�HQW�G¶LQIHFFLRQV�SDUDVtWLTXHV�DOV�(8$��(Q�DTXHVW�PDWHL[�SDtV�V¶KD�FRQYHUWLW��HQWUH������L

������ HQ� OD� FDXVD� LGHQWLILFDEOH�PpV� LPSRUWDQW� TXH�RFDVLRQD�EURWV�HSLGqPLFV�D�SDUWLU� GH� O¶DLJXD� �&UDXQ� ������� SURYRFDQW� XQD

GLDUUHD� TXH� DIHFWD� DOV� LQGLYLGXV� LQIHFWDWV� GXUDQW� EDVWDQWV� GLHV��0DOJUDW� TXH� HOV� UHFRPSWHV� G¶DTXHVW� SDUjVLW� DFRVWXPHQ� D� VHU

EDVWDQW�EDL[RV�D�O¶DLJXD��&UDXQ��������XQD�LQIHFFLy�SRW�FRPHQoDU�DPE�QRPpV������FLVWV�YLDEOHV��$NLQ�	�-DNXERZVNL��������SHU

OD�TXDO�FRVD�HO� ULVF�SHU�D� OD�VDOXW�S~EOLFD�pV�EDVWDQW�HOHYDW��'H� IHW��HOV�QRPEURVRV� FDVRV�GH�JLDUGLDVL� HVGHYLQJXWV�GXUDQW� HOV

~OWLPV�DQ\V�DOV�(8$��.HQW�HW�DO��������KDQ�SURYRFDW�TXH�OD�(3$�KDJL�UHJXODW�HO�QLYHOO�SHUPqV�GH�FLVWV�D�O¶DLJXD�GH�EHJXGD��86

(3$�������

'¶DOWUD�EDQGD��&U\SWRVSRULGLXP�VSS��HV�YD�UHODFLRQDU�FRP�D�DJHQW�HWLROzJLF�GH�PDODOWLHV�HQ�KXPDQV�DO�������1LPH�HW�DO��������

/D�LQIHFFLy�HQ�KXPDQV�DPE�&U\SWRVSRULGLXP�SDUYXP� UHVXOWD�HQ�XQD�GLDUUHD�IXOPLQDQW�VHPEODQW�D� OD�GHO�FzOHUD��TXH�HQ�KRVWHV

LPPXQRGHSULPLWV�UHVXOWD�HQ�XQD�PDODOWLD�FUzQLFD��DPE�SHUFHQWDWJHV�GH�IDWDOLWDW�GHO���������$EEDV]DGHJDQ��������$YXL�HQ�GLD

QR�HV�GLVSRVD�GH�WUDFWDPHQW�L�OD�VHYD�LQFLGqQFLD�HQ�OD�SREODFLy�RVFLOÂOD�HQWUH�HO�����DO�����GHSHQHQW�GH�OHV�]RQHV��HQFDUD�TXH

OHV� SUHYDOqQFLHV�PpV� HOHYDGHV� HV� SURGXHL[HQ� D� ¬VLD�� $XVWUjOLD�� ¬IULFD� L� $PqULFD� /ODWLQD��8QD� HSLGqPLD� DO� ����� YD� DIHFWDU� D

��������SHUVRQHV�D�0LOZDXNHH��:LVFRQVLQ��86$��HQ�HO�EURW�HSLGqPLF�PpV�JUDQ�TXH�V¶KDJL�SURGXwW�PDL�D�SDUWLU�GH� O¶DLJXD�DOV

(8$� �$EEDV]DGHJDQ� ������� &U\SWRVSRULGLXP� pV� XQ� PLFURRUJDQLVPH� TXH� HQ� OD� IDVH� G¶RRFLVW� SUHVHQWD� XQD� UHVLVWqQFLD

H[WUDRUGLQjULD�D� OD�GHVLQIHFFLy�� L� QR�HV�SRW� GHVWUXLU� SHOV�SURFHGLPHQWV�QRUPDOV� GH� GHVLQIHFFLy� GH� O¶DLJXD��'DUUHUDPHQW�� DOWUHV

JUXSV�FRP�(QWDPRHED�VS���0LFURVSRULGLXP�VSS��L�&\FORVSRUD�VSS���V¶KDQ�DVVRFLDW�D�SUREOHPHV�SHU�D�OD�VDOXW�S~EOLFD�



&DStWRO�� $YDOXDFLy�GHO�5LVF�6DQLWDUL ���

7DXOD������3UHVqQFLD�GH�&U\SWRVSRULGLXP�L�*LDUGLD�D�OHV�DLJ�HV�VXEWHUUjQLHV�DOV�(8$��5RVH�	�<DWHV�������

0LFURRUJDQLVPH &RQFHQWUDFLy�0LWMDQD�SHU
����/

3RXV�9HUWLFDOV 3RXV
+RULW]RQWDOV

*DOHULHV
G¶,QILOWUDFLy

&U\SWRVSRULGLXP ���RRFLVWV �� ��� ���

*LDUGLD ��FLVWV �� �� ���

5HVSHFWH� D� OD� FRQWDPLQDFLy� YtULFD� GH� OHV� DLJ�HV� VXEWHUUjQLHV� V¶KD� GH� FRQVLGHUDU� OD� JUDQ� IDFLOLWDW� DPE� TXH� HOV� YLUXV� VyQ

WUDQVSRUWDWV�D�WUDYpV�GHO�VzO�L� OD�JUDQ�UHVLVWqQFLD�TXH�SUHVHQWHQ��'H�IHW��HOV�YLUXV�SRGHQ�VREUHYLXUH�DOJXQV�PHVRV�D� OHV�DLJ�HV

VXEWHUUjQLHV��L�VyQ�IRUoD�PpV�UHVLVWHQWV�TXH�HOV�EDFWHULV�FROLIRUPHV�D�OD�GHVLQIHFFLy��<DWHV�	�<DWHV��������$L[t��G¶XQ�WRWDO�GH����

EURWV�HSLGqPLFV�SURGXwWV�DOV�(8$�HQWUH������L������D�SDUWLU�G¶DLJXD�GH�EHJXGD��XQ����YDQ�DVVRFLDU�VH�DPE�YLUXV�HQWqULFV��86

(3$��������$�PpV��pV�PROW�SRVVLEOH�TXH�XQD�SDUW�LPSRUWDQW�GH�OHV�PDODOWLHV�WUDQVPHVHV�D�WUDYpV�GH�O¶DLJXD�RQ�QR�V¶KD�LGHQWLILFDW

O¶DJHQW�HWLROzJLF������GH�WRWV�HOV�EURWV�HSLGqPLFV���HVWLJXLQ�SURGXwGHV�SHU�YLUXV�

,JXDO�TXH�HQ�HO�FDV�GHOV�SURWR]RXV��PROW�VRYLQW�HOV�YLUXV�HV�WUREHQ�D�O¶DLJXD�HQ�XQ�QRPEUH�PROW�EDL[��SHU�OD�TXDO�FRVD�WDPEp�V¶KDQ

G¶XWLOLW]DU� SURWRFROV� HVSHFLDOLW]DWV� SHU� DFRQVHJXLU� PRVWUHMDU� JUDQV� YROXPV� G¶DLJXD�� &DO� GHVWDFDU� HQWUH� HOV� GLIHUHQWV� JUXSV� DOV

HQWHURYLUXV� �SROLRYLUXV�� HFKRYLUXV�� &R[VDFNLH� $� L� %��� SHUTXq� HV� SRGHQ� WUDQVPHWUH� SHU� OD� YLD� IHFDO�RUDO� D� WUDYpV� G¶DLJXD

FRQWDPLQDGD� �&UDXQ� ������� L� DPE� XQ� QRPEUH�PROW� EDL[� MD� HV� SRW� LQLFLDU� XQD� LQIHFFLy�� 3RGHQ� SURYRFDU� XQD� JUDQ� YDULHWDW� GH

PDODOWLHV��GHV�GH�JDVWURHQWHULWLV�D�PLRFDUGLWLV� L�PHQLQJLWLV� DVqSWLFD� �0HOQLFN��������'H� IHW�� GLIHUHQWV�HVWXGLV�KDQ�GHPRVWUDW� OD

SUHVqQFLD�GHOV�HQWHURYLUXV�RFDVLRQDOPHQW�HQ�DLJ�HV�GH�EHJXGD�WUDFWDGHV��.HVZLFN�HW�DO��������3D\PHQW�������L�DLJ�HV�UHVLGXDOV

�.HVZLFN�HW�DO��������

)RUPDFLy�GH�ELRILOPV��8Q�SUREOHPD�DIHJLW�D� OD�XWLOLW]DFLy�G¶DTXHVW� WLSXV�G¶DLJ�HV�pV� OD� IRUPDFLy�GH�ELRILOPV��TXH�HV�SURGXHL[

LQYDULDEOHPHQW�HQ�GLIHUHQWV�DPELHQWV�QDWXUDOV��FRP� MD�V¶KD�UHVVDOWDW�D� OD� LQWURGXFFLy� �YHXUH����� L������� L�SRW�SURGXLU�SUREOHPHV

LPSRUWDQWV�SHU�D� OD�6DOXW�3~EOLFD�� O¶HILFLqQFLD�GHO�VLVWHPD�GH�UHJ�L� OD�TXDOLWDW�GH� O¶DLJXD��YHXUH�7DXOD�������(O�GHVHQYROXSDPHQW

GHOV�ELRILOPV�HQ�OORFV�QR�GHVLWMDWV�FRPSRUWD�GHVSHVHV�LPSRUWDQWV��DL[t�FRP�XQD�UHGXFFLy�HQ�HOV�EHQHILFLV�D�PROWHV�HPSUHVHV��(O

FRQWURO� L� HOV� WUDFWDPHQWV�QHFHVVDULV� SHU� HOLPLQDU� HOV�ELRILOPV� YDQ� VXSRVDU� QRPpV� HQ� XQ� DQ\� ������� XQHV� GHVSHVHV� GH� �����

PLOLRQV�GH�GzODUV�DO�VHFWRU�LQGXVWULDO�GHOV�(8$����PHQWUH�TXH�DO�5HJQH�8QLW�HO�VHX�LPSDFWH�DQXDO�V¶KD�HVWLPDW�DO�YROWDQW�GHOV����

PLOLRQV�GH�OOLXUHV��&RVWHUWRQ�HW�DO��������

)RUPDFLy� G·DHURVROV�� 'LIHUHQWV� HVWXGLV� HSLGHPLROzJLFV� KDQ� GHPRVWUDW� OD� LPSRUWjQFLD� GHOV� DHURVROV� HQ� OD� WUDQVPLVVLy

G¶LQIHFFLRQV�UHVSLUDWzULHV� L�DOWUHV�DOWHUDFLRQV��+LFNH\�	�5HLVW�������7HU]LHYD�HW�DO���������SHU� OD�SUHVqQFLD�HQ�HOV�PDWHL[RV�GH

PLFURRUJDQLVPHV� YLDEOHV�� &DO� FLWDU� HOV� HVWXGLV� GH� %OHFNPRQ� HW� DO�� ������� L� 7KDFNHU� HW� DO�� �������� GHPRVWUDQW� OD� LQIHFFLy� SHU

/HJLRQHOOD�D�WUDYpV�GH�OD�IRUPDFLy�G¶DHURVROV��(OV�ELRDHURVROV�SRGHQ�FRQVWLWXLU�DSUR[LPDGDPHQW�HO�����GHO�WRWDO�GHO�QRPEUH�GH

SDUWtFXOHV�HQ�PRVWUHV�G¶DLUH�HQ�XQ�GLD�FODU��%RUUPDQQ�HW�DO��������� L�SRGHQ�LQFORXUH�EDFWHULV��HVSRUHV�I~QJLTXHV��SROÂOHQ��YLUXV�

HQGRWR[LQHV�L�UHVLGXV�DQLPDOV�L�YHJHWDOV��(Q�JHQHUDO��O¶H[SRVLFLy�D�ELRDHURVROV�SRW�SUHVHQWDU�WUHV�FODVVHV�G¶HIHFWHV�GLIHUHQWV�SHU

D�OD�VDOXW�S~EOLFD��LQIHFFLy��KLSHUVHQVLELOLWDW�L�WR[LFRVL�

/HV�LQIHFFLRQV�UHVXOWHQ�TXDQ�XQ�PLFURRUJDQLVPH�YLX�HQYDHL[�XQ�DOWUH�RUJDQLVPH��HV�PXOWLSOLFD�DO�VHX�LQWHULRU�L�DFDED�SURGXLQW�OL

XQD�PDODOWLD��(O�SRWHQFLDO�LQIHFWLX�GHOV�PLFURRUJDQLVPHV�SUHVHQWV�DOV�DHURVROV��pV�D�GLU��HO�QRPEUH�G¶LQGLYLGXV�YLXV�QHFHVVDULV�SHU

SURGXLU�XQD�PDODOWLD�GHSqQ�GH�OD�YLUXOqQFLD�GH�O¶RUJDQLVPH��KDELOLWDW�SHU�HQYDLU�O¶KRVWH��L�GH�OD�VHYD�JUDQGjULD��FRP�PpV�SHWLW�PpV

HIHFWLX���DL[t�FRP�GH�O¶HVWDW�GHO�VLVWHPD�LPPXQLWDUL�GH�O¶KRVWH��/D�JUDQGjULD�GH�OHV�SDUWtFXOHV�DIHFWD�GH�IRUPD�LPSRUWDQW�HO�SURFpV

LQIHFWLX��$L[t��DOJXQV�DJHQWV�QRPpV�SURGXHL[HQ�LQIHFFLy�D�QLYHOO�GHO�WUDFWH�UHVSLUDWRUL�VXSHULRU��L�HV�WUDQVPHWHQ�PLOORU�D�WUDYpV�GH

JUDQV�JRWHV��FRP�HQ�HO�FDV�GHOV�UHIUHGDWV�FRPXQV��



��� ,QWURGXFFLy���

7DXOD������3UREOHPHV�RULJLQDWV�SHU�OD�IRUPDFLy�GH�ELRILOPV�D�OHV�[DU[HV�GH�GLVWULEXFLy�GH�UHJ��PRGLILFDW�D�SDUWLU�GH�&RVWHUWRQ�HW
DO���������

5HVHUYRULV�GH�SDWzJHQV�PLFURELDQV

(SLVRGLV�GH�FROLIRUPHV�D�OD�[DU[D�GH�GLVWULEXFLy6DOXW�3~EOLFD

5HFUHL[HPHQWV�D�OD�[DU[D

5HGXFFLy�GHO�SDV�G¶DLJXD�SHU�OHV�FRQGXFFLRQV

,QFUHPHQW�UHVLVWqQFLD�D�OD�IULFFLy

2EWXUDFLRQV�HQ�HOV�SXQWV�GH�FRQQH[Ly

2EWXUDFLRQV�HQ�HOV�SXQWV�GH�VRUWLGD��JRWHUV�

&RUURVLy�GH�PDWHULDOV�PHWjOÂOLFV

(ILFLqQFLD�DO

6LVWHPD�GH�5HJ

$XJPHQW�GHOV�FRVWRV�G¶H[SORWDFLy

4XDOLWDW�GH�O·$LJXD &DQYLV�HQ�OHV�FDUDFWHUtVWLTXHV�RUJDQROqSWLTXHV

'H� WRWHV� PDQHUHV�� HOV� DHURVROV� LQIHFFLRVRV� KDQ� GH� PDQWHQLU� OD� VHYD� YLDELOLWDW� SHU� SRGHU� HQYDLU� O¶KRVWH� L� VHU� FDSDoRV� GH

PXOWLSOLFDU�VH��DIHFWDQW�DO�FRV�KXPj�SURGXLQW�PDODOWLD��1R�REVWDQW�� DPE�HO� WHPSV�HOV�DHURVROV� LQIHFFLRVRV�GHFDXHQ� ItVLFDPHQW

�GLVPLQXHL[�OD�FRQFHQWUDFLy�GH�PLFURRUJDQLVPHV��L�ELROzJLFDPHQW��FDGD�FqOÂOXOD�YD�SHUGHQW�FDSDFLWDWV�SHU�FDXVDU�OD�PDODOWLD���3HU

WDQW��OD�PDMRULD�GH�PDODOWLHV�LQIHFFLRVHV�SURGXwGHV�D�WUDYpV�GH�ELRDHURVROV�DFRVWXPHQ�D�HVWDU�SURYRFDGHV�SHU�RUJDQLVPHV�IRUoD

UHVLVWHQWV�L�DOKRUD�YLUXOHQWV��&DO�GHVWDFDU�DOV�EDFWHULV�FDXVDQWV�GH�OD�OHJLRQHORVL�L�OD�WXEHUFXORVL��HOV�YLUXV�GHO�JULS��[DUDPSLy�L�GHO

UHIUHGDW��L�IRQJV�FRP�+LVWRSODVPD�FDSVXODWXP�L�$VSHUJLOOXV�IXPLJDWXV�HQ�FDVRV�GH�KRVWHV�LPPXQRGHSULPLWV�

(OV�ELRDHURVROV� WDPEp�SRGHQ�DFWXDU�FRP�D�DOÂOqUJHQV�SURYRFDQW�GLIHUHQWV� WLSXV�G¶KLSHUVHQVLELOLWDWV�� /HV�SDUWtFXOHV�TXH�DFWXHQ

FRP�D�DOÂOqUJHQV�HV�VLWXHQ�HQ�XQ�UDQJ�GH�JUDQGjULHV�HQWUH��������µP�L�VyQ�VROXEOHV�HQ�DLJXD��6HULD�HO�FDV�GH�OD�ULQLWLV�DOÂOqUJLFD�
DVPD��GHUPDWLWLV�DOqUJLFD�L�DOYHROLWLV�DOÂOqUJLFD��SQHXPRQLWLV���+LVWzULFDPHQW��HOV�DFWLQRPLFHWV�WHUPRItOLFV�KDQ�HVWDW�HOV�DJHQWV�TXH

V¶KDQ�DVVRFLDW�GH�IRUPD�PpV�IUHT�HQW�D� OD�KLSHUVHQVLELOLWDW�SHU�SQHXPRQLWLV��$OWUHV�DJHQWV�TXH� WDPEp�SRGHQ�SURGXLU�DTXHVWD� L

DOWUHV� DOWHUDFLRQV� G¶KLSHUVHQVLELOLWDW� VHULHQ� OHV� HVSRUHV� GH� IRQJV�� HQ]LPV� EDFWHULDQV�� H[FUHPHQWV� G¶RFHOOV� L� DOWUHV�� (Q� DTXHVW

VHQWLW��FDO�UHFRUGDU�HOV�GLIHUHQWV�FDVRV�G¶KLSHUVHQVLELOLWDW�HQ�UHVSRVWD�D�OD�SUHVqQFLD�GH�WR[LQHV�D�OD�SROV�GH�JUDQV�R�OODYRUV��FRP

OD�IDPRVD�HSLGqPLD�GH�%DUFHORQD��RFRUUHJXGD�FRP�D�UHVSRVWD�D�OD�VRMD��$QWy�HW�DO��������

)LQDOPHQW��OHV�WR[LQHV�PLFURELDQHV�VyQ�SURGXFWHV�IDEULFDWV�SHOV�PLFURRUJDQLVPHV�TXH�SRGHQ�SUHVHQWDU�XQV�HIHFWHV�PXWDJqQLFV�

WHUDWRJqQLFV��WXPRURJqQLFV�L�FLWRWz[LFV�

/¶H[SRVLFLy� KXPDQD� DOV� ELRDHURVROV� LQFUHPHQWD� OD� PRUELOLWDW�� HQFDUD� TXH� WDPEp� DIHFWHQ� D� OD� PRUWDOLWDW�� $L[t�� DOJXQV� HVWXGLV

PRVWUHQ�FRP�O¶H[SRVLFLy�D�IRQJV�ILODPHQWRVRV�HVWj�UHODFLRQDGD�DPE� OD�PRUWDOLWDW�SHU�DVPD��7DUJRQVNL�HW�DO���������'H� IHW�� OHV

HVSRUHV�GH�IRQJV��DPE�JUDQGjULHV�VLWXDGHV�HQWUH�����D�!����µP���HVWDULHQ�HQWUH�HOV�FRPSRQHQWV�KDELWXDOV�GHOV�DHURVROV�DPE
FRQFHQWUDFLRQV� GH� ������������� HVSRUHV�P�� �0DGHOLQ� ������� DUULEDQW� D� �������� HVSRUHV�P�� HQ� ]RQHV� SURSHUHV� D� DFWLYLWDWV

DJUtFROHV��(O�SRWHQFLDO�GH� OHV�PDODOWLHV� LQGXwGHV�SHU� IRQJV�pV� IRUoD�PpV� LPSRUWDQW� HQ�SDFLHQWV� LPPXQRGHSULPLWV�� L� HQ�DTXHOOV

H[SRVDWV�GH�IRUPD�LQXVXDO�D�FRQFHQWUDFLRQV�PROW�HOHYDGHV��FRP�HQ�HO�FDV�GH�VROGDWV��



&DStWRO�� $YDOXDFLy�GHO�5LVF�6DQLWDUL ���

3HU� OD�VHYD�SDUW��HOV� UHFRPSWHV�EDFWHULDQV�SRGHQ�VHU�DO�YROWDQW�GH� OHV��������EDFWHULV�P��D� O¶HQWRUQ�GH�SODQWHV�GH� WUDFWDPHQW

G¶DLJ�HV�UHVLGXDOV��SODQWHV�GH�FRPSRVWDWJH�R�FHUWHV�DFWLYLWDWV�DJUtFROHV�L�VDOWV�G¶DLJXD�HQ�ULXV�FRQWDPLQDWV��/LJKWKDUW�	�6KDIIHU

������6KDIIHU�	�/LJKWKDUW��������(QFDUD�TXH�OD�VLPSOH�SUHVqQFLD�GH�EDFWHULV��IRQJV�L�DOWUHV�PLFURRUJDQLVPHV�DOV�DHURVROV�IRUPDWV

D� SDUWLU� GHO� UHJ� SHU� DVSHUVLy� QR� FRQILUPD� O¶H[LVWqQFLD� G¶XQ� ULVF� SHU� D� OD� 6DOXW� 3~EOLFD�� HO� SRWHQFLDO� GHPRVWUDW� GH� WUDQVPLVVLy

MXVWLILFDULD�OD�QHFHVVLWDW�GH�SRUWDU�D�WHUPH�XQ�FRQWURO�L�XQD�PRQLWRULW]DFLy�H[KDXVWLYD�GHOV�GLIHUHQWV�IDFWRUV�LPSOLFDWV�

)LQDOPHQW��FDO�GHVWDFDU�TXH�OD�SUHVqQFLD�GH�SDWzJHQV�D�O¶DLJXD�IUHjWLFD�UHXWLOLW]DGD�SRW�DIHFWDU�DO�VLVWHPD�VzO�SODQWD��(Q�DTXHVW

VHQWLW��HO�VLVWHPD�GH�UHJ�FRQGLFLRQD� OD�FRQWDPLQDFLy�PLFURELROzJLFD�GH� OD�VXSHUItFLH� LUULJDGD� L��D� OD�YHJDGD��Q¶DXJPHQWD�HO� ULVF

G¶H[SRVLFLy�KXPDQD��(O�UHJ�JRWD�D�JRWD�L�DPE�FDQRQDGHV�VXEWHUUjQLHV�HV�SODQWHMD�FRP�XQ�GHOV�PqWRGHV�G¶HOHFFLy��MD�TXH�SHUPHW

O¶DSURILWDPHQW�Pj[LP�GH�O¶DLJXD�L��D�OD�YHJDGD��UHGXHL[�OHV�SRVVLELOLWDWV�G¶H[SRVLFLy�KXPDQD�DOV�SDWzJHQV�

(Q�WRW�FDV��V¶KD�GH�WHQLU�VHPSUH�SUHVHQW�OD�FDSDFLWDW�GHOV�PLFURRUJDQLVPHV�SHU�VREUHYLXUH�VREUH�OD�YHJHWDFLy��D�O¶DLJXD�R�DO�VzO�

IHW�TXH�SUHVHQWD�XQ�HYLGHQW�IDFWRU�GH�ULVF�SHU�D�OD�VDOXW�S~EOLFD��'H�IHW��SDWzJHQV�FRP�(VFKHULFKLD�FROL�2����SRGHQ�PDQWHQLU�VH

D� O¶DLJXD� SRWDEOH� R� DLJ�HV� UHFUHDFLRQDOV� GXUDQW� ������ GLHV�� PHQWUH� TXH� DO� VzO� R� VREUH� OD� JHVSD� SRGHQ� VREUHYLXUH� SHUtRGHV

HQFDUD�PpV�OODUJV��ILQV�D�����GLHV��0DXOH��������$TXHVW�SDWRJHQ��LJXDO�TXH�DOWUHV�PLFURRUJDQLVPHV�VHPEODQWV��SRW�VREUHYLXUH�HO

VXILFLHQW� L� HQ� QRPEUH� VXILFLHQW� HQ� DTXHVWV� DPELHQWV�� FRP� SHU� WUDQVIHULU�VH� L� LQIHFWDU� D� OHV� SHUVRQHV�� $SDUW�� FRP�PROWV� DOWUHV

PLFURRUJDQLVPHV�SUHVHQWHQ�PHFDQLVPHV�SHU�DXJPHQWDU�OD�VHYD�UHVLVWqQFLD�D�IDFWRUV�H[WHUQV�GHVIDYRUDEOHV��HQWUDQW�HQ�XQ�HVWDW

YLDEOH�QR�FXOWLYDEOH�TXH�HOV�ID�PpV�UHVLVWHQWV�D�OD�GHVLQIHFFLy�R�VREUHYLYLQW�GLQV�G¶DPHEHV�FRP�$FDQWKDPRHED�SRO\SKDJD�



��� 0DWHULDO�L�0qWRGHV���

����� 0DWHULDO�L�0qWRGHV

������ 'LVVHQ\�GH�O¶DYDOXDFLy�GHO�ULVF�VDQLWDUL��7UDFWDPHQW�HVWDGtVWLF�GH�OHV�GDGHV�

6¶KD�UHDOLW]DW�XQD�DYDOXDFLy�SUHOLPLQDU�GHO�ULVF�VDQLWDUL�GH�OD�IRUPDFLy�GH�ELRILOPV�HQ�VLVWHPHV�GH�GLVWULEXFLy�G¶DLJXD��DQDOLW]DQW�OD

VHYD� LQFLGqQFLD�HQ� OD� UHXWLOLW]DFLy�G¶DLJ�HV� IUHjWLTXHV�SHU� DO� UHJ�GH�SDUFV� L� MDUGLQV�XUEDQV��3HU�SRUWDU�KR�D� WHUPH�V¶KD�HVFROOLW

O¶HVWDFLy�H[SHULPHQWDO�GH�6DQW�0DUWt��%HVyV���FRP�D�PRGHO�SHU�D�O¶DYDOXDFLy�GHO�ULVF�VDQLWDUL�GH�OD�IRUPDFLy�GH�ELRILOPV�HQ�DLJ�HV

VXEWHUUjQLHV�UHXWLOLW]DGHV�

(Q�SULPHU� OORF�V¶KD�GHVHQYROXSDW�XQ�HVTXHPD�FRPSOHW� �YHXUH���������RQ�V¶KDQ�GHILQLW�HOV� SULQFLSDOV�SDUjPHWUHV� LPSRUWDQWV�GH

FDUD�D�SRGHU�UHDOLW]DU�XQD�FDUDFWHULW]DFLy�GHO�ULVF�PLFURELROzJLF��1R�REVWDQW��OD�PDMRULD�GH�OHV�YHJDGHV�QR�HV�SRW�GLVSRVDU�GH�OHV

GDGHV�QHFHVVjULHV�L�VXILFLHQWV�FRP�SHU�SRGHU�DIURQWDU�DPE�SOHQHV�JDUDQWLHV�XQD�DYDOXDFLy�GHO�ULVF��(Q�HO�QRVWUH�FDV��WHQLQW�HQ

FRPSWH� D� PpV� OD� PDQFD� GH� GDGHV� VREUH� OD� GLVWULEXFLy� GHOV� SDWzJHQV� D� O¶DLJXD�� V¶KD� LQWHQWDW� UHDOLW]DU� XQD� DSUR[LPDFLy� GH

O¶H[SRVLFLy� D� SDUWLU� GHO� SRWHQFLDO� GH� IRUPDFLy� GH� ELRILOPV�� DL[t� FRP� GH� OD� SUHVqQFLD� G¶DOJXQV� GHOV� JUXSV�PLFURELDQV� HVWXGLDWV

SUqYLDPHQW�

$�SDUWLU�GH�OHV�GDGHV�REWLQJXGHV�HQ�FDStWROV�DQWHULRUV�V¶KD�FDOFXODW�OD�FRQWULEXFLy�GHO�ELRILOP�D�OD�FjUUHJD�PLFURELDQD�GH�O¶DLJXD�L�

SRVWHULRUPHQW�� V¶KD� UHDOLW]DW� XQD� DYDOXDFLy� SUHOLPLQDU� GHO� ULVF� VDQLWDUL� GHWHUPLQDQW� O¶H[SRVLFLy�� (O� SURFpV� V¶KD� SRUWDW� D� WHUPH

LGHQWLILFDQW�XQD�VqULH�G¶HVFHQDULV�GLIHUHQWV��RQ�O¶H[SRVLFLy�SRW�DUULEDU�D�VHU�VLJQLILFDWLYD�

$FWXDOPHQW��XQD�GH�OHV�HTXDFLRQV�PpV�XWLOLW]DGHV�SHU�DO�FjOFXO�GH�O¶H[SRVLFLy�SHU�OD�PDMRULD�G¶HIHFWHV�QR�FDUFLQRJqQLFV�pV�OD�GRVL

GLjULD�PLWMDQD��RQ�HV�GHWHUPLQD�HO�WHUPH�PLWMj�GH�OHV�GRVL�R�H[SRVLFLRQV�DO�OODUJ�GHO�SHUtRGH�GH�WHPSV�HQ�TXH�HV�SURGXHL[HQ��86

(3$�������
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/D�GRVL�GLjULD�PLWMDQD�HV�FDOFXOD�D�SDUWLU�GHO�WHUPH�PLWMj�GH�OD�GRVL�SRWHQFLDO��'SRW��SHO�SHV�GHO�FRV�GXUDQW�XQ�SHUtRGH�GHWHUPLQDW�

/D�GRVL�SRWHQFLDO�GHSqQ�GH�OD�FRQFHQWUDFLy�GHO�SDWRJHQ�R�GHO�FRQWDPLQDQW��&��DO�PHGL�HQ�T�HVWLy��GH�OD�WD[D�G¶LQFRUSRUDFLy��,5��L

GH�OD�GXUDFLy�GH�O¶H[SRVLFLy��('��

/D�WD[D�G¶HQWUDGD�GHSHQGUj�GHO�WLSXV�G¶HVFHQDUL�GHVFULW��L�HV�UHIHUHL[�D�OD�WD[D�G¶LQKDODFLy��FRQWDFWH�GqUPLF�L�R�LQJHVWLy��GHS HQHQW

GH�OD�UXWD�G¶H[SRVLFLy��3HU�DOV�FjOFXOV�GH�OD�GRVL�GLjULD�PLWMDQD�V¶KDQ�HVFROOLW�DOJXQV�GHOV�YDORUV�WDEXODWV�L�UHFRPDQDWV�SHU�OD�(3$

�86�(3$��������$L[t��V¶KDQ�DJDIDW�YDORUV�GH������NJ�SHU�DO�SHV�PLWMj�GHO�FRV�KXPj�DOV�KRPHV��L�GH������NJ�SHU�D�OHV�GRQHV�



&DStWRO�� $YDOXDFLy�GHO�5LVF�6DQLWDUL ���

����� 5HVXOWDWV

������ 'HVHQYROXSDPHQW� GH� O¶HVTXHPD� SHU� DYDOXDU� HO� ULVF� PLFURELROzJLF� SHU� D� OD� 6DOXW� 3~EOLFD� �5HXWLOLW]DFLy� G¶DLJ�HV

VXEWHUUjQLHV�SHU�D�OD�LUULJDFLy�GH�SDUFV�L�MDUGLQV�XUEDQV�

/¶DEDVWDPHQW�G¶DLJXD�D�OHV�JUDQV�FLXWDWV�L�jUHHV�PHWURSROLWDQHV�SODQWHMD�JUDQV�UHSWHV��IHQW�QHFHVVjULD�XQD�JHVWLy�LQWHJUDGD�GHOV

UHFXUVRV��/¶RFXSDFLy�ItVLFD�GHO�WHUULWRUL�ID�QHFHVVjULD�OD�JHVWLy�FRQMXQWD�GH�OHV�DLJ�HV�G¶HVFRODPHQW��OHV�DLJ�HV�VXEWHUUjQLHV�L�OHV

DLJ�HV� G¶DEDVWDPHQW� XUEj�� '¶DOWUD� EDQGD�� OD� PLOORUD� GH� OD� TXDOLWDW� GH� YLGD� SODQWHMD� QRYHV� GHPDQGHV� G¶DLJXD� SHU� D� XVRV

RUQDPHQWDOV�R�GH�MDUGLQHULD��D�PpV�GHOV�XVRV�WUDGLFLRQDOV�SHU�DEDVWDPHQW�GRPqVWLF�L�LQGXVWULDO�

/D�SURJUHVVLYD�UHFXSHUDFLy�GHOV�DT�tIHUV�GH�OD�]RQD�PHWURSROLWDQD�GH�%DUFHORQD�KD�REOLJDW�D�XQD�H[WUDFFLy� IRUoDGD�GH� O¶DLJXD

VXEWHUUjQLD�SHU�HYLWDU�HOV�SUREOHPHV�TXH�JHQHUD� OD�SXMDGD�GHO�QLYHOO� IUHjWLF� �YHXUH���������/D�XWLOLW]DFLy�G¶DTXHVW� UHFXUV�RIHUHL[

XQD�H[FHOÂOHQW�DOWHUQDWLYD�SHU�D�P~OWLSOHV�XVRV�XUEDQV�FRP�OD�LUULJDFLy�GH�SDUFV�L�MDUGLQV��O¶DEDVWDPHQW�G¶DLJXD�FRQWUD�LQFHQGLV�L�OD

QHWHMD�GH�FDUUHUV�

/D�XWLOLW]DFLy�GH�O¶DLJXD�IUHjWLFD�HQ�DTXHVWV�XVRV�XUEDQV�HVPHQWDWV�KD�GH�SODQWHMDU�OD�T�HVWLy�GH�OD�TXDOLWDW�VDQLWjULD�GH�O¶DLJXD�

eV�HYLGHQW�TXH� O¶~V�GH� O¶DLJXD�SHO� UHJ�GH�SDUFV� L� MDUGLQV�XUEDQV�DL[t� FRP�SHU�D� OD�QHWHMD�GH� FDUUHUV�JHQHUD�P~OWLSOHV� YLHV�GH

FRQWDFWH�GLUHFWH�L�LQGLUHFWH�DPE�HOV�SURSLV�WUHEDOODGRUV�L�HO�S~EOLF�HQ�JHQHUDO��6HQV�GXEWH��XQ�GHOV�SULQFLSDOV�REMHFWLXV�HQ�OD�JHVWLy

G¶DTXHVW�UHFXUV�KDXULD�GH�VHU�O¶DVVHJXUDPHQW�GH�OD�TXDOLWDW�PLFURELROzJLFD��GH�IRUPD�TXH�OD�VHYD�XWLOLW]DFLy�QR�UHSUHVHQWL�XQ�ULVF

DGGLFLRQDO�SHU�D�OD�VDOXW�S~EOLFD�

(Q� DTXHVWD� SDUW� GHO� WUHEDOO� V¶KD� LQWHQWDW� DYDOXDU� HO� ULVF� GH� UHXWLOLW]DU� DLJ�HV� IUHjWLTXHV� R� GH� GUHQDWJH�� FRP� OD� GH� O¶HVWDFLy

H[SHULPHQWDO� GH� 6DQW� 0DUWt� GH� 3URYHQoDOV� DO� %HVyV�� SHU� D� OD� LUULJDFLy� GH� SDUFV� L� MDUGLQV� XUEDQV�� %jVLFDPHQW�� V¶KD� LQWHQWDW

DQDOLW]DU�TXLQV�IDFWRUV�SRGHQ�LQIOXLU�HQ�O¶H[SRVLFLy�KXPDQD�DOV�DJHQWV�LQIHFFLRVRV�

$��,'(17,),&$&,Ð�'(/6�3(5,//6

$����0LFURRUJDQLVPHV�SDWzJHQV�HQ�O·DLJXD�VXEWHUUjQLD�UHXWLOLW]DGD

�3DWzJHQV�EDFWHULDQV�RSRUWXQLVWHV 3VHXGRPRQDV
$HURPRQDV
/HJLRQHOOD
0\FREDFWHULXP

�3DWzJHQV�EDFWHULDQV�SULPDULV 6DOPRQHOOD
6KLJHOOD

�3DWzJHQV�HPHUJHQWV (��FROL������+�
*LDUGLD
&U\SWRVSRULGLXP

�,QGLFDGRUV�GH�FRQWDPLQDFLy�IHFDO &ROLIRUPHV
�,QGLFDGRUV�DOWHUQDWLXV (VWUHSWRFRFV�)HFDOV

(VSRUHV�&ORVWULGLV
�9LUXV�SDWzJHQV
�)RQJV�ILODPHQWRVRV

$����'DGHV�HSLGHPLROzJLTXHV

�0DODOWLHV�UHODFLRQDGHV�DPE�O¶DSURILWDPHQW�G¶DLJ�HV�VXEWHUUjQLHV�
�,QIRUPDFLy�VREUH�OHV�WD[HV�G¶DWDF��VHYHULWDW��VtPSWRPHV��GHPRJUDILD�

$����3RWHQFLDO�GH�)RUPDFLy�GH�ELRILOPV

�5HFRPSWHV�GH�OD�SREODFLy�GH�EDFWHULV�KHWHUzWURIV��+3&�



��� 5HVXOWDWV���

%��$9$/8$&,Ð�'(�/·(;326,&,Ð

(V� GHWHUPLQD� R� V¶HVWLPD� OD� PDJQLWXG�� IUHT�qQFLD�� GXUDFLy� L� UXWHV� G¶H[SRVLFLy� DOV� PLFURRUJDQLVPHV� SDWzJHQV� L� OD� TXDQWLWDW
G¶DTXHVWV� HQ� FDGD� H[SRVLFLy�� 3HU� XQD� DYDOXDFLy� ULJRURVD� HV� QHFHVVLWHQ� WUHV� WLSXV� G¶LQIRUPDFLy�� ���� SUHVqQFLD� GHOV
PLFURRUJDQLVPHV�HQ� O¶DLJXD� UHXWLOLW]DGD�� ����HIHFWH� GH� OD� [DU[D� GH�GLVWULEXFLy�GH� O¶DLJXD� L� GH� OD� LUULJDFLy� HQ� HOV� SDWzJHQV� L�����
SDWURQV�G¶H[SRVLFLy�D�OD�SREODFLy�KXPDQD��*HQHUDOPHQW�V¶LGHQWLILTXHQ�HOV�HVFHQDULV�G¶H[SRVLFLy��TXDQWLILFDQW�O¶H[SRVLFLy�HQ�FDGD
XQ�G¶HOOV�L�HVWLPDQW�O¶H[SRVLFLy�WRWDO�

%����2ULJHQ
/ORF� RQ� HV� SURGXHL[� O¶HQWUDGD� GHOV�PLFURRUJDQLVPHV� DO� VLVWHPD�� 6¶KD� G¶HVWLPDU� OD� FRQFHQWUDFLy� GH�PLFURRUJDQLVPHV� TXH� SRW
H[LVWLU�DO�VLVWHPD��DYDOXDQW�OD�LQFHUWHVD�DVVRFLDGD�

%������2ULJHQ�GH�O¶DLJXD
½ $LJ�HV�6XSHUILFLDOV

$LJ�HV�GH�UHQWDW�L�HVFRODPHQW

)LOWUDFLRQV�VXSHUILFLDOV��³FRPELQHG�VXUIDFH�RYHUIORZV´�

3ROÂOXFLy�LQGXVWULDO

�,QWHQVLWDW��PP�K��GH�OHV�WRUPHQWHV
�'XUDFLy��PLQ��GH�OHV�WRUPHQWHV
�'HVFjUUHJD�Pj[LPD
�9ROXP�DLJXD�GH�UHQWDW
�7D[HV�G¶LQILOWUDFLy
�$ERFDPHQWV�D�OD�OOHUD�S~EOLFD�UHJLVWUDWV

½ ;DU[D�GH�&ODYHJXHUDP
7UDFWDPHQW�GH�OHV�DLJ�HV�UHVLGXDOV

3qUGXHV�GH�OD�[DU[D�GH�FODYHJXHUDP

���+DELWDWJHV�TXH�DERTXHQ�OHV�DLJ�HV�IHFDOV
�3qUGXHV�GH�OD�[DU[D

½ $LJ�HV�VXEWHUUjQLHV
$T�tIHU�DOÂOXYLDO

)LOWUDFLRQV�VXSHUILFLDOV��³FRPELQHG�VXUIDFH�RYHUIORZV´�

$ERFDPHQWV�GHV�GHO�FODYHJXHUDP

$ERFDPHQWV�GHV�GHO�VLVWHPD�GH�GLVWULEXFLy

3ROÂOXFLy�LQGXVWULDO

�6LWXDFLy�GHO�QLYHOO�IUHjWLF
�,QFUHPHQW� GHO� QLYHOO� IUHjWLF� HQ� XQ� GLD� SHU� OHV
WRUPHQWHV
�9DULDFLy�DO�OODUJ�GH�O¶DQ\

½ 6LVWHPD�GH�GLVWULEXFLy
;DU[D�GH�GLVWULEXFLy

7UDFWDPHQW�GH�O¶DLJXD�

�7LSXV�GH�WUDFWDPHQW�GH�O¶DLJXD
�'HVLQIHFFLy��FORUDFLy��GH�O¶DLJXD
�)OXFWXDFLRQV�GHOV�QLYHOOV�GH�FORU�

%������4XDOLWDW�GH�O¶DLJXD �4XDOLWDW�PLFURELROzJLFD
�4XDOLWDW�ItVLFR�TXtPLFD
�9DULDFLRQV�DO�OODUJ�GH�O¶DQ\

%������4XDOLWDW�GH�O¶DLJXD�GH�SOXMD�L�GH�UHQWDW��HVFRODPHQW� �4XDOLWDW�PLFURELROzJLFD
�4XDOLWDW�ItVLFR�TXtPLFD
�9DULDFLRQV�DO�OODUJ�GH�O¶DQ\

%����9LHV�G·H[SRVLFLy�L�GHVWt�GHOV�PLFURRUJDQLVPHV
&RP�HV�PRXHQ�HOV�PLFURRUJDQLVPHV�GHV�GH� OD� IRQW�R�RULJHQ� ILQV�D� OD�SREODFLy�H[SRVDGD��(Q�DEVqQFLD�GH�GDGHV�� OHV�HVWLPHV
VREUH� HO� GHVWt� GH� FDGD� JUXS� HV� SRGHQ� REWHQLU� D� SDUWLU� GH�PHVXUHV� L�R�PRGHOV� GH� ODERUDWRUL�� $OJXQHV� GH� OHV� UXWHV� HV� SRGHQ
FRQVLGHUDU�LQVLJQLILFDQWV��GHL[DQW�GH�VHU�DYDOXDGHV�

%������7UDQVSRUW �9HORFLWDW�GHO�IOX[�
�9HORFLWDW�GH�WUDQVSRUW�
�7LSXV�GH�PDWHULDO��SRURVLWDW�
�3HUVLVWqQFLD�GHOV�PLFURRUJDQLVPHV
�7D[D�G¶DGVRUFLy��ELRILOPV�

%������3ULQFLSDOV�UXWHV�G¶H[SRVLFLy

½ ;DU[D�GH�'LVWULEXFLy
&DUDFWHUtVWLTXHV�KLGURGLQjPLTXHV

)RUPDFLy�GH�ELRILOPV

5HFUHL[HPHQWV�GH�SDWzJHQV

�'LPHQVLRQV�GH�OD�[DU[D
�'LSzVLWV�GHO�VLVWHPD
�)OX[�L�HVIRUo�GH�FLVDOOD
�3RWHQFLDO�GH�IRUPDFLy�GH�ELRILOPV
�&DUERQL�RUJjQLF�ELRGHJUDGDEOH
�7D[D�GH�FRUURVLy
�3DWzJHQV�D�OD�[DU[D
�6XSHUYLYqQFLD�GH�SDWzJHQV
�7D[D�GH�VHSDUDFLy�GHO�ELRILOP

½ 6LVWHPD�G¶LUULJDFLy
7LSXV�G¶LUULJDFLy��([XGDFLy��DVSHUVRUV��«

)RUPDFLy�G¶DHURVROV

�3UHVqQFLD�GH�SDWzJHQV�DOV�DHURVROV
�'RVL�G¶LUULJDFLy

½ 3DUFV�L�-DUGLQV�8UEDQV
&RQVXP�G¶DLJXD�SHU�LUULJDFLy

7LSXV�G¶LUULJDFLy��([XGDFLy��DVSHUVRUV��«

'RVL�GH�UHJ

)RUPDFLy�G¶DHURVROV

7LSXV�GH�YHJHWDFLy

&RQVXP�G¶DLJXD�SHU�IRQWV�RUQDPHQWDOV

&RQVXP�G¶DLJXD�SHU�QHWHJHV�XUEDQHV

�3UHVqQFLD�GH�SDWzJHQV�DOV�DHURVROV
�&RQVXP�G¶DLJXD
�7HPSV�G¶RSHUDFLy�SHU�GLD�GHO�UHJ
�+RUD�G¶LQLFL�L�KRUHV�G¶RSHUDFLy
�&RVW�HFRQzPLF�GHO�PDQWHQLPHQW



&DStWRO�� $YDOXDFLy�GHO�5LVF�6DQLWDUL ���

%����&RQFHQWUDFLRQV�HVWLPDGHV�L�R�PHVXUDGHV

%������0HVXUHV�DPELHQWDOV
½ &RQFHQWUDFLy�PLFURRUJDQLVPHV�D�O¶DLJXD �5HFRPSWH�EDFWHULV�WRWDOV

�&ROLIRUPHV�WRWDOV�(VFKHULFKLD�FROL
�)RQJV�ILODPHQWRVRV
�3VHXGRPRQDV�L�$HURPRQDV
�(VSRUHV�GH�&ORVWULGLV
�/HJLRQHOOD�0\FREDFWHULXP

½ 'HVHQYROXSDPHQW�GH�ELRILOPV�D�OD�[DU[D �3RWHQFLDO�GH�IRUPDFLy�GH�ELRILOPV
�(VWDW� ILVLROzJLF� GH� OHV� FqO�OXOHV� �UDWLR� FqO�
$FWLYHV�7RWDO�FHO��

½ &RQFHQWUDFLy�PLFURRUJDQLVPHV�DOV�ELRILOPV �5HFRPSWH�EDFWHULV�WRWDOV
�&ROLIRUPHV�WRWDOV�(VFKHULFKLD�FROL
�)RQJV�ILODPHQWRVRV
�3VHXGRPRQDV�L�$HURPRQDV
�(VSRUHV�GH�&ORVWULGLV
�/HJLRQHOOD�0\FREDFWHULXP

½ &RQFHQWUDFLy�PLFURRUJDQLVPHV�DOV�DHURVROV �5HFRPSWH�EDFWHULV�WRWDOV
�&ROLIRUPHV�WRWDOV�(VFKHULFKLD�FROL
�)RQJV�ILODPHQWRVRV
�3VHXGRPRQDV�L�$HURPRQDV
�(VSRUHV�GH�&ORVWULGLV
�/HJLRQHOOD�0\FREDFWHULXP

%������(VWLPDFLy�GH�OHV�FRQFHQWUDFLRQV�DPELHQWDOV

$PE� HOV� PRGHOV� DGHTXDWV�� HV� UHDOLW]D� XQD� SUHGLFFLy�� � HVWLPDQW� � OD� FRQFHQWUDFLy� GH� PLFURRUJDQLVPHV� TXH� SRW� DUULEDU� DO
FRQVXPLGRU�XVXDUL�GHOV�SDUFV�L�MDUGLQV�XUEDQV��GHSHQHQW�GHO�WHPSV�L�GH�OHV�GLIHUHQWV�ORFDOLW]DFLRQV�JHRJUjILTXHV�GHO�VLVWHPD�

%����3REODFLy�H[SRVDGD

%������3REODFLy�JHQHUDO�HQ�FRQWDFWH�
½ 6XESREODFLy�DPE�VXVFHSWLELOLWDW�LQFUHPHQWDGD�
½ 6XESREODFLy�DPE�VHQVLELOLWDW�QRUPDO�

�*UDQGjULD�GH�OD�SREODFLy
�&DUDFWHUtVWLTXHV��GLVWULEXFLy�SHU�HGDWV�
�+jELWV

%������9LVLWDQWV�8VXDULV�SDUFV�XUEDQV� �1RPEUH�YLVLWDQWV�XVXDULV

%������7UHEDOODGRUV�GHO�6HUYHL�GH�3DUFV�L�-DUGLQV

%����$QjOLVL�LQWHJUDO�GH�O¶H[SRVLFLy

(V�FRPELQD�O¶HVWLPDFLy�GH�OHV�FRQFHQWUDFLRQV�DPELHQWDOV�DPE�OD�GHVFULSFLy�GH�OD�SREODFLy�H[SRVDGD�SHU�SURSRUFLRQDU
HOV�SHUILOV�GH�O¶H[SRVLFLy�

%������'HVHQYROXSDPHQW�GHOV�(VFHQDULV�G¶([SRVLFLy�

6¶LGHQWLILTXHQ�HOV�HVFHQDULV�RQ�HV�SRW�SURGXLU�XQD�H[SRVLFLy�VLJQLILFDWLYD�L�HV�TXDQWLILFD�O¶H[SRVLFLy�HQ�FDGD�XQ�G¶HOOV�

½ ([SRVLFLy�SHU�,QKDODFLy��DHURVROV�
(QWUH�OD�VXESREODFLy�DPE�VXVFHSWLELOLWDW�QRUPDO�

(QWUH�OD�VXESREODFLy�PpV�VXVFHSWLEOH�

�1��SHUVRQHV�H[SRVDGHV�DOV�DHURVROV�
�1�� EDFWHULV� SDWzJHQV� SHU� H[SRVLFLy� DOV
DHURVROV�
�'XUDFLy�L�IUHT�qQFLD�GH�O¶H[SRVLFLy�

½ ([SRVLFLy�SHU�&RQWDFWH�'LUHFWH��H[S��'qUPLFD�
(QWUH�OD�VXESREODFLy�DPE�VXVFHSWLELOLWDW�QRUPDO�

(QWUH�OD�VXESREODFLy�PpV�VXVFHSWLEOH�

�1��SHUVRQHV�H[SRVDGHV�
�1�� EDFWHULV� SDWzJHQV� SHU� H[SRVLFLy� �FRQWDFWH
GLUHFWH��
�'XUDFLy�L�IUHT�qQFLD�GH�O¶H[SRVLFLy�

½ ([SRVLFLy�SHU�,QJHVWLy
(QWUH�OD�VXESREODFLy�DPE�VXVFHSWLELOLWDW�QRUPDO�

(QWUH�OD�VXESREODFLy�PpV�VXVFHSWLEOH�

�1��SHUVRQHV�H[SRVDGHV�
�1��EDFWHULV�SDWzJHQV�SHU�H[SRVLFLy��LQJHVWLy��
�'XUDFLy�L�IUHT�qQFLD�GH�O¶H[SRVLFLy�

%������&jOFXO�GH�O¶H[SRVLFLy�JOREDO

(OV�UHVXOWDWV�V¶KDQ�GH�SUHVHQWDU�HQ�XQ�IRUPDW�FRQVLVWHQW�DPE� OHV� IXQFLRQV�GRVL�UHVSRVWD��'HVSUpV�GH�TXDQWLILFDU� O¶H[SRVLFLy�SHU�D
FDGD�HVFHQDUL��HV�FDOFXOD�O¶H[SRVLFLy�WRWDO��/D�PDMRULD�G¶DYDOXDFLRQV�GH�O¶H[SRVLFLy�HV�EDVHQ�HQ�FDOFXODU�OD�PLWMDQD�GLjULD�G¶H[SRVLFLy
DO�OODUJ�GHO�SHUtRGH�G¶H[SRVLFLy��1R�REVWDQW��TXDQ�HO�ULVF�SURYp�G¶H[SRVLFLRQV�GXUDQW�FXUWV�SHUtRGHV�GH�WHPSV��HV�SRGHQ�FDOFXODU�OHV
WD[HV�G¶H[SRVLFLy�GXUDQW�FXUWV�SHUtRGHV��SHU�DVVHJXUDU�TXH�HV�SRGUDQ�GHILQLU�XQV�QLYHOOV�Pj[LPV�GH�ULVF�

%������$YDOXDFLy�GH�OD�LQFHUWHVD

&DUDFWHULW]DQW� OD� LQFHUWHVD� pV� SRGHQ� LGHQWLILFDU� OHV� SRVVLEOHV� GLIHUqQFLHV� HQWUH� OD� GLVWULEXFLy� HVWLPDGD� GH� O¶H[SRVLFLy� L� OD� TXH
YHUWDGHUDPHQW�HQWUD�HQ�FRQWDFWH�DPE�OD�SREODFLy�

½ %DVDGHV�HQ�GDGHV�LQLFLDOV�OLPLWDGHV�
½ %DVDGHV�HQ�HVWLPHV�VXEMHFWLYHV�GH�OHV�YDULDEOHV�
½ %DVDGHV�HQ�GDGHV�D�SDUWLU�GH�PRGHOV
½ %DVDGHV�HQ�GDGHV�D�SDUWLU�GHOV�FjOFXOV�GH�O¶H[SRVLFLy�
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&����1RPEUH�GH�SHUVRQHV�LQIHFWDGHV�SHU�YLD�UHVSLUDWzULD

�FjOFXOV�GRVL�UHVSRVWD�

�(QWUH�SHUVRQHV�H[SRVDGHV�DPE�VXVFHSWLELOLWDW
LQFUHPHQWDGD�

�(QWUH�SHUVRQHV�H[SRVDGHV�DPE�VXVFHSWLELOLWDW
QRUPDO�

&����1RPEUH�GH�SHUVRQHV�LQIHFWDGHV�SHU�LQJHVWLy

�FjOFXOV�GRVL�UHVSRVWD��

�(QWUH�SHUVRQHV�H[SRVDGHV�DPE�VXVFHSWLELOLWDW
LQFUHPHQWDGD�

�(QWUH�SHUVRQHV�H[SRVDGHV�DPE�VXVFHSWLELOLWDW
QRUPDO�

&����1RPEUH�GH�SHUVRQHV�LQIHFWDGHV�SHU�FRQWDFWH�GLUHFWH

�FjOFXOV�GRVL�UHVSRVWD��

�(QWUH�SHUVRQHV�H[SRVDGHV�DPE�VXVFHSWLELOLWDW
LQFUHPHQWDGD�

�(QWUH�SHUVRQHV�H[SRVDGHV�DPE�VXVFHSWLELOLWDW
QRUPDO�

&����,PSDFWH�HQ�OD�SREODFLy �1RPEUH�GH�SHUVRQHV� LQIHFWDGHV�DPE�PDODOWLD
FOtQLFD�

�1RPEUH� G¶LQIHFWDWV� TXH� UHTXHUHL[HQ
KRVSLWDOLW]DFLy�

&����,PSDFWH�HFRQzPLF�GLUHFWH��FRVWRV�HQWUH�OD�SREODFLy�LQIHFWDGD� �&RVW�GLUHFWH�GHO�WUDFWDPHQW�

�&RVW�LQGLUHFWH�GH�OD�SqUGXD�GH�SURGXFFLy�

'��&$5$&7(5,7=$&,Ð�'(/�5,6&

(V� WUDFWD�G¶LQWHJUDU� WRWD� OD� LQIRUPDFLy�REWLQJXGD�GH� OHV�DYDOXDFLRQV� � GH� O¶H[SRVLFLy� L� GH� OD�GRVL�UHVSRVWD�� SHU
HVWLPDU�SHU�FDGD�SHULOO�OD�SUREDELOLWDW�GH�TXH�HV�SURGXHL[L�XQD�PDODOWLD�VRWD�OHV�GLIHUHQWV�FRQGLFLRQV�G¶H[SRVLFLy
KXPDQD�

'����5LVF�*OREDO��&RPELQDFLy�GH�OD�SUREDELOLWDW��LPSDFWH�L�LQFHUWHVD�

������ &RQWULEXFLy�GHO�ELRILOP�D�OD�FjUUHJD�PLFURELDQD�GH�O¶DLJXD

$VVXPLQW�TXH�OD�WD[D�GH�FUHL[HPHQW�L�HO�FUHL[HPHQW�SODQFWzQLFV�VyQ�QHJOLJLEOHV��OD�IyUPXOD�SHU�GHWHUPLQDU�OD�WD[D�HVSHFtILFD�GH

FUHL[HPHQW��YHXUH�HT������D��������HV�SRW�UHHVFULXUH�GH�OD�IRUPD�VHJ�HQW�

µ =
4 ⋅(;
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− ;
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RQ�;6� L�;(�VyQ�OD�FRQFHQWUDFLy�GH�OD�ELRPDVVD�HQ�VXVSHQVLy��FqOÂOXOHV�SODQFWzQLTXHV��FqOÂOXOHV�P/��D� OD�VRUWLGD� L�D� O¶HQWUDGD�GHO

UHDFWRU�UHVSHFWLYDPHQW��;E�pV�OD�GHQVLWDW�GH�FqOÂOXOHV�GHO�ELRILOP��FqOÂOXOHV�VqVVLOV��FqOÂOXOHV�FP����4�pV�HO�FDEDO�GH�OtTXLG�FLUFXODQW

SHO�VLVWHPD�L�$�pV�OD�VXSHUItFLH�PXOODGD�GHO�UHDFWRU��&RQHL[HQW�OD�WD[D�HVSHFtILFD�GH�FUHL[HPHQW�HV�SRW�FDOFXODU�OD�SURGXFFLy�GH

FqOÂOXOHV�DOOLEHUDGHV�SHO�VLVWHPD��GH�OD�IRUPD�VHJ�HQW�

3 = µ ⋅ ;E ⋅ $ �����
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(Q� DTXHVW� FDV� V¶DVVXPHL[� TXH� OD� WD[D� GH� FUHL[HPHQW� L� OD� WD[D� GH� VHSDUDFLy� QR� GHSHQHQ� GHO� IOX[� L� TXH� OD� ELRPDVVD� HVWj� HQ

HTXLOLEUL��pV�D�GLU��TXH� WDQWD�ELRPDVVD�V¶DGKHUHL[�FRP�HV�VHSDUD�GHO� ELRILOP��/D�SURGXFFLy� V¶KD� FDOFXODW� D�SDUWLU� GH� OHV�GDGHV

REWLQJXGHV�DQWHULRUPHQW��YHXUH���������RQ�HV�GHWHUPLQDYD�OD�WD[D�HVSHFtILFD�GH�FUHL[HPHQW�GHOV�ELRILOPV�GHVHQYROXSDWV�D�SDUWLU

GH�O¶DLJXD�GHO�SRX�G¶$OIRQV�HO�0DJQjQLP��DJDIDQW� OHV�GDGHV�GH�ELRPDVVD�DGKHULGD�SHU�D� OD� IDVH�HVWDFLRQjULD� �D�SDUWLU�GHOV���

GLHV��

&RQHL[HQW�HOV�GLIHUHQWV�SDUjPHWUHV�TXH�FDUDFWHULW]HQ�HO�SURMHFWH�GH�UHXWLOLW]DFLy�SHU�DO�UHJ�GH�O¶DLJXD�IUHjWLFD�GHO�SRX�G¶$OIRQV�HO

0DJQjQLP�V¶KD� LQWHQWDW� UHDOLW]DU� XQD�DSUR[LPDFLy�� VLPSOLILFDQW� DOJXQD�GH� OHV� YDULDEOHV�TXH� LQWHUYHQHQ� HQ� DTXHVW� VLVWHPD�� (Q

DTXHVW�VHQWLW��V¶KD�GHILQLW�XQD�]RQD�GH�UHJ�HVWjQGDUG��=RQD����TXH�FRUUHVSRQGULD�D�XQ�SDUF�PRGHO�DPE�XQHV�FDUDFWHUtVWLTXHV

PLWMDQHV�G¶HQWUH�HOV���SDUFV�TXH�DFWXDOPHQW�HV�UHJXHQ�DPE�DTXHVW�WLSXV�G¶DLJXD��/HV�FDUDFWHUtVWLTXHV�SULQFLSDOV�G¶DTXHVWD�]RQD

DL[t�FRP�GHO�VLVWHPD�GH�GLVWULEXFLy�D�SDUWLU�GHO�SRX�G¶$OIRQV�HO�0DJQjQLP�HV�GHWDOOHQ�D�OD�)LJXUD�����

)RQDPHQWDOPHQW�� OHV�]RQHV�YHUGHV�TXH�HV�UHJXHQ�DPE�DTXHVW�SURMHFWH�VyQ�HOV�SDUFV�GHO� IURQW�PDUtWLP�FUHDWV�DPE�PRWLX�GHOV

-RFV�2OtPSLFV�GHO�������$TXHVWV�SDUFV�SUHVHQWHQ�SULQFLSDOPHQW�]RQHV�GH�JHVSD���������P����DOWHUQDGHV�DPE�PDVVHV�DUEXVWLYHV

L�DUEzULHV��7DQPDWHL[��SHU�VLPSOLILFDU�HOV�FjOFXOV�GH�OD�GRVL�GH�UHJ�DSOLFDGD�DO�QRVWUH�SDUF�PRGHO�HVWXGLDW�V¶KD�HVFROOLW�~QLFDPHQW�D

OD�JHVSD�FRP�D�SODQWD�WLSXV��DGRSWDQW�XQ�FRQVXP�SHU�D�WRWD�OD�]RQD�LUULJDGD�GH�������/�P��DQ\�

/D�GRVL�GH�UHJ�GHSqQ�GH�OD�WD[D�G¶LQILOWUDFLy�GHO�VzO�TXH�OLPLWD�OD�GXUDGD�GHO�UHJ��DL[t�FRP�GH�OD�FOLPDWRORJLD��(Q�DTXHVW�VHQWLW��OD

GRVL�GH�UHJ�YDULD�VHJRQV�O¶qSRFD��GH�O¶DQ\��WDO�FRP�HV�GHWDOOD�D�OD�7DXOD������$L[t��GXUDQW�HOV�PHVRV�FjOLGV�D�O¶HVWLX��MXQ\��MXOLRO�L

DJRVW��HV�UHJD�GRV�FRSV�SHU�VHWPDQD�����VHWPDQHV��DPE�XQD�GRVL�GH�UHJ�GH����/�P���PHQWUH�TXH�GXUDQW�OD�UHVWD�GH�O¶DQ\����

VHWPDQHV��HV�UHJD���FRS�SHU�VHWPDQD�DPE�XQD�GRVL�GH�UHJ�GH����/�P��

)LJXUD������&DUDFWHUtVWLTXHV�JHQHUDOV�GHO�SDUF�PRGHO�SHU�DO�FjOFXO�GHO�ULVF�G¶H[SRVLFLy�
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��� 5HVXOWDWV���

7DXOD������'RVL�GH�UHJ�DSOLFDGD�VHJRQV�O¶qSRFD�GH�O¶DQ\�

ÊSRFD�GH�O¶DQ\ 6HWPDQHV 3HUtRGH�GH�UHJ 'RVL�GH�UHJ 5HJ�DVSHUVLy &RQVXP�7RWDO

-XQ\��-XOLRO��$JRVW �� ��FRSV�VHWPDQD ���/�P� ���PLQ ������P�

5HVWD�GH�O¶DQ\ �� ��FRS�VHWPDQD ���/�P� ���PLQ ������P�

6¶KDQ�HVFROOLW�XQV�DVSHUVRUV�HVWjQGDUGV�DPE�XQ�FDEDO�GH�VRUWLGD�GH����/�P��K� L�XQD�VXSHUItFLH�PXOODGD�GH�����P���7HQLQW�HQ

FRPSWH�OD�VXSHUItFLH�D�UHJDU��������P���V¶KDXULHQ�G¶XWLOLW]DU����DVSHUVRUV��SHUz�GHJXW�DO�VRODSDPHQW�TXH�HV�SURGXHL[�HQ�HO�UHJ

SHU�DVSHUVLy��HO�QRPEUH� ILQDO�G¶DVSHUVRUV�HVFROOLWV�KD�HVWDW�GH����XQLWDWV��&RQVLGHUDQW�TXH�V¶DGRSWD�XQD�GRVL� GLIHUHQW� VHJRQV

O¶qSRFD� GH� O¶DQ\� �YHXUH� 7DXOD� ������ HO� FRQVXP� SHU� GLD� GH� UHJ� D� O¶HVWLX� pV� GH� ������ P��GLD�UHJ�� PHQWUH� TXH� D� O¶KLYHUQ� HV

FRQVXPHL[HQ������P��GLD�UHJ��&RQHL[HQW�HO�FDEDO�G¶HQWUDGD�D� OD�[DU[D�VHFXQGjULD�GH�UHJ��XQV����P��K��V¶KD�GHWHUPLQDW�TXH�HO

WHPSV�QHFHVVDUL�SHU�SRGHU�LUULJDU�WRWD�OD�]RQD�pV�GH������KRUHV�

3HU�SRGHU�GHWHUPLQDU�OD�FRQWULEXFLy�GHO�ELRILOP�D�OD�FjUUHJD�PLFURELDQD�GH�O¶DLJXD�HV�FRQVLGHUHQ�GRV�FDVRV�H[WUHPV�HQ�HO�VLVWHPD

GH�GLVWULEXFLy�LQWHUQ�GHO�SDUF�PRGHO��VHJRQV�OD�GLVWjQFLD�GH�O¶DVSHUVRU�DO�FRPSWDGRU��&���DVSHUVRU�PpV�OOXQ\j�L��&���DVSHUVRU�PpV

SURSHU� �YHXUH�7DXOD�������$L[t�� HQ� OD� VHFFLy� GH� WXEHULD� TXH� SRUWD� D� O¶DVSHUVRU� VLWXDW�PpV� OOXQ\� GH� O¶HQWUDGD� GH� OD� [DU[D� �&���

O¶DLJXD�QRPpV�FLUFXODULD�GXUDQW����PLQXWV��HO�WHPSV�GH�OD�GRVL�GH�UHJ���PHQWUH�TXH�HQ�HO�FDV�PpV�IDYRUDEOH��&���OD�VHFFLy�GHO�WXE

HVWDULD�VRWPHVD�DO�UqJLP�GHO� IOXLG�GXUDQW������KRUHV��&RQHL[HQW�DTXHVWV� LQWHUYDOV�HQ�HOV�SHUtRGHV�GH�UHJ�L�HOV�SHUtRGHV�GH�UHJ

DSOLFDWV�VHJRQV�O¶qSRFD�GH�O¶DQ\��HV�SRW�FDOFXODU�OD�FRQWULEXFLy�GHO�ELRILOP�D�OD�FjUUHJD�PLFURELDQD�GH�O¶DLJXD�

7DXOD� �����&DUDFWHUtVWLTXHV� GH� OD� [DU[D� GH� FDSWDFLy� �$��� G¶LPSXOVLy� �%�� L� G¶LUULJDFLy� VHFXQGjULD� �&�� FRQVLGHUDQW� HO� FDV� DPE
O¶DVSHUVRU�PpV�OOXQ\j��&����L�HO�PpV�SURSHU��&���
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3URGXFFLy

�&qO��K�
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$ ����(��� ��� ���� ������ ���(��� ����(��� ������&RQWLQX�

% ����(��� ��� ���� ������ ���(��� ����(��� �����&RQWLQX�

&� ����(��� ��� ��� ������ ���(��� ����(��� ���������PLQ�GLD�UHJ�

&� ����(��� ��� ��� ����� ���(��� ����(��� �����������K�GLD�UHJ�

/D�[DU[D�GH�FDSWDFLy��$��L�OD�G¶LPSXOVLy��%��HVWDQ�IXQFLRQDQW�OHV����KRUHV��MD�TXH�DO�UHJ�GH�OHV�GLIHUHQWV�]RQHV�HQMDUGLQDGHV�V¶KL

KDQ�GH�VXPDU�OHV�H[WUDFFLRQV�UHDOLW]DGHV�DPE�FXEHV�GH�WUDQVSRUW�SHU�D�OD�QHWHMD�GH�FDUUHUV��$�OD�7DXOD�����V¶REVHUYHQ�HOV�YDORUV

HVWLPDWV�SHU�D�OD�SURGXFFLy�DFXPXODGD�L�HO�QRPEUH�GH�FqOÂOXOHV�TXH�SDVVHQ�D�OD�IDVH�SODQFWzQLFD�L�HV�PDQWHQHQ�HQ�IXQFLy�GH�OD

FRQWULEXFLy�GHO�ELRILOP�

3HO�FRQWUDUL��OD�[DU[D�GH�GLVWULEXFLy�LQWHUQD�D�OD�=RQD�GH�5HJ���QRPpV�HQWUDUj�HQ�IXQFLRQDPHQW�GXUDQW������KRUHV��GRV�GLHV�D�OD

VHWPDQD�HQ�SHUtRGH�HVWLYDO��L���FRS�SHU�VHWPDQD�HQ�SHUtRGH�G¶KLYHUQ��YHXUH�7DXOD�������$TXHVWD�DWXUDGD�GHO�IOX[�DO�VLVWHPD�GH

GLVWULEXFLy�SURGXHL[�XQ� LQFUHPHQW�HQ� OD�SURGXFFLy�DFXPXODGD�GHO�ELRILOP�� IHW�TXH�GH� UHWUXF�DXJPHQWD� OD�SURSRUFLy�GH�EDFWHULV

SUHVHQWV�D�OD�IDVH�SODQFWzQLFD��$L[t��HQ�OHV�FRQGLFLRQV�IL[DGHV�DO�QRVWUH�VLVWHPD�D�O¶HVWLX��UHJ���FRSV�SHU�VHWPDQD���HO�QRPEUH�GH

FqOÂOXOHV�SODQFWzQLTXHV�HQ�HO� FDV�&��SRGULD�H[SHULPHQWDU� XQ�DXJPHQW�HQ�XQD�VHWPDQD� GH� ���� ORJ�� GH� ����(����&qO��FP�� HQ

FRQGLFLRQV�QRUPDOV�GH�IXQFLRQDPHQW�FRQWLQX�GHO�UHDFWRU��YHXUH�7DXOD�������D�����(����&qO��FP���YHXUH�)LJXUD�������(Q�HO�FDV

&��HV�SRGULD�H[SHULPHQWDU�XQ�DXJPHQW�OOHXJHUDPHQW�LQIHULRU��GH�����ORJ��GH�����(����D�����(����&HO��FP��



&DStWRO�� $YDOXDFLy�GHO�5LVF�6DQLWDUL ���

'¶DOWUD�EDQGD��V¶KD�FRQVLGHUDW�WDPEp�OD�LPSRUWjQFLD�GH�OD�IUHT�qQFLD�GH�UHJ�SHU�VHWPDQD��/HV�GDGHV�REWLQJXGHV�FRQILUPHQ�TXH

HO� FDQYL� G¶XQ� UHJ�GH��� FRSV�SHU� VHWPDQD�D��� VROD� YHJDGD�D� OD� VHWPDQD�GHWHUPLQD� XQ�PROW� OOHXJHU� DXJPHQW� ������ ORJ�� HQ� OD

FRQFHQWUDFLy�GH�PLFURRUJDQLVPHV�SODQFWzQLFV�

7DXOD� �����'HWHUPLQDFLy� GHO� QRPEUH� GH� FqOÂOXOHV� GHO� ELRILOP� TXH� SDVVHQ� D� OD� IDVH� SODQFWzQLFD�� D� OHV
GLIHUHQWV�HWDSHV�GHO�VLVWHPD�GH�GLVWULEXFLy�G¶DLJXD���$��[DU[D�GH�FDSWDFLy���%��[DU[D�G¶LPSXOVLy�

+RUD
%LRPDVVD�$LJXD
(QWUDGD�;(�
�&qO��FP��

3URGXFFLy
�&qO��K�

3URG��$FXPXODGD &HO��FP�
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)LJXUD������(YROXFLy�GHO�QRPEUH�GH�EDFWHULV�HQ�IDVH�SODQFWzQLFD�DO�OODUJ�G¶XQD�VHWPDQD�GH�UHJ�D
O¶HVWLX�� HQ� IXQFLy� GH� OD� FRQWULEXFLy� GHO� ELRILOP� D� OD� FjUUHJD� PLFURELDQD� GH� O¶DLJXD�� (OV� YDORUV
VXSHULRUV�FRUUHVSRQHQ�VHPSUH�DO�FDV�&��
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��� 5HVXOWDWV���

������ 'HWHUPLQDFLy�GH�O¶tQGH[�GH�ULVF�VDQLWDUL

7HQLQW�HQ�FRPSWH�OD�FRQWULEXFLy�GHO�ELRILOP�D�OD�FjUUHJD�PLFURELDQD�GH�O¶DLJXD��HV�FDOFXOD�D�FRQWLQXDFLy�O¶H[SRVLFLy�SHU�D�FDGD�XQ

GHOV�HVFHQDULV�GHVFULWV�SUqYLDPHQW��6¶KD�FDOFXODW�OD�GRVL�SRWHQFLDO�Pj[LPD�L�PtQLPD�SHU�D�FDGD�HVFHQDUL�G¶H[SRVLFLy��HVFROOLQW�HOV

YDORUV�GH�FqOÂOXOHV�REWLQJXWV�DOV�DSDUWDWV�DQWHULRUV��(Q� WRW�FDV��V¶KDQ�HVFROOLW�VHPSUH� OHV�GDGHV�TXH�SRGHQ� UHSUHVHQWDU�XQ� ULVF

Pj[LP��GH�IRUPD�TXH�HOV�YDORUV�G¶H[SRVLFLy�REWLQJXWV�VREUHHVWLPLQ�VHPSUH�HO�ULVF�UHDO�

([SRVLFLy�SHU�LQKDODFLy��DHURVROV���(O�ULVF�SHU�D� OD�VDOXW�S~EOLFD�DVVRFLDW�D� O¶H[SRVLFLy�KXPDQD�D�FRQWDPLQDQWV�DHULV�pV�XQD

IXQFLy�GH�OD�FRQFHQWUDFLy�G¶DTXHVWV��GHO�WLSXV�GH�FRQWDPLQDQW��GH�OD�GXUDFLy�GH�O¶H[SRVLFLy� L�GH�OD�WD[D�G¶LQKDODFLy��&RP�MD�V¶KD

FRPHQWDW�DQWHULRUPHQW��OD�IRUPDFLy�G¶DHURVROV�D�SDUWLU�GHO�UHJ�D�MDUGLQV�L�SDUFV�S~EOLFV�DPE�XQ�QRPEUH�LPSRUWDQW�G¶XVXDULV��SRGULD

VXSRVDU�XQD�VLWXDFLy�SRWHQFLDO�GH�ULVF�

$GDSWDQW� O¶HTXDFLy�JHQHUDO�SHU�DO�FjOFXO�GH� O¶H[SRVLFLy��HV�FRQVLGHUD�TXH� OD� WD[D�G¶LQKDODFLy�FRUUHVSRQ�D� OD� WD[D�G¶HQWUDGD��(Q

DTXHVW�VHQWLW��PDOJUDW�TXH�H[LVWHL[HQ�HVWXGLV�TXH�GHWDOOHQ�HOV�YDORUV�UHFRPDQDWV�SHU�D�O¶H[SRVLFLy�SHU�LQKDODFLy�VHJRQV�O¶HGDW��HO

VH[H�GH�OD�SHUVRQD�L�O¶DFWLYLWDW�TXH�DTXHVWD�HVWLJXL�GHVHQYROXSDQW��VRYLQW�V¶DFRVWXPD�D�XWLOLW]DU�XQD�WD[D�G¶LQKDODFLy�HVWjQGDUG�GH

���P��GLD�

&DO� WHQLU� SUHVHQW� TXH� OD� LUULJDFLy� V¶DFRVWXPD� D� UHDOLW]DU� HQ� SHUtRGHV� QRFWXUQV� RQ� O¶DIOXqQFLD� GH� YLVLWDQWV� pV� QXOÂOD�� UHGXLQW� DO

Pj[LP� OHV�SRVVLELOLWDWV�G¶H[SRVLFLy��'H� IHW�� OD�PDMRULD�GH�YLVLWDQWV�XVXDULV�QR�HQWUDUDQ�HQ�FRQWDFWH�DPE�HOV�DHURVROV�JHQHUDWV�

GHJXW�D�TXH�XQD�IUDFFLy�LPSRUWDQW�GHO�UHJ�HQ�DTXHVWHV�]RQHV�HV�UHDOLW]D�H[FOXVLYDPHQW�HQ�KRUDUL�QRFWXUQ��(Q�DTXHVW�VHQWLW��V¶KD

DVVXPLW�TXH�HO�����GHOV�YLVLWDQWV�R�XVXDULV�QR�UHEUDQ�HQ�FDS�FDV�XQD�H[SRVLFLy�VLJQLILFDWLYD��SHUTXq�OD�VHYD�YLVLWD�QR�FRLQFLGLUj

DPE�XQ�SHUtRGH�GH�UHJ�

/D�UHVWD�G¶XVXDULV��SRGUDQ�VHU�H[SRVDWV�HQ�PDMRU�R�PHQRU�JUDX��7DPEp�DTXt�V¶DVVXPHL[�TXH�OD�PDMRULD�GH�YLVLWDQWV�QR�HVWDUDQ

PpV�GH���PLQXWV�HQ�FRQWDFWH�DPE�HOV�DHURVROV�JHQHUDWV�SURS�GHOV�DVSHUVRUV��$L[t��V¶KD�XWLOLW]DW�XQ�YDORU�Pj[LP�GH���PLQ�SHU

FDOFXODU�OD�GRVL�GLjULD�PLWMDQD�Pj[LPD��PHQWUH�TXH�O¶H[SRVLFLy�PtQLPD�VHULD�GH���VHJ�

'¶DOWUD� EDQGD�� HOV� UHFRPSWHV� UHDOLW]DWV� D� O¶DLJXD� L� DO� ELRILOP� GHO� VLVWHPD� GH� GLVWULEXFLy� �YHXUH� 7DXOD� ����� QR� KDQ� DFRQVHJXLW

GHWHFWDU�D�/HJLRQHOOD��PDOJUDW�TXH�VHJXUDPHQW�HQ�DTXHVW�FDV�V¶KDXULD�G¶KDYHU�DXJPHQWDW�O¶HVIRUo�GH�PRVWUHLJ��5HVSHFWH�DO�JUXS

GHOV�PLFREDFWHULV��V¶KD�REWLQJXW�XQ�YDORU�PLWMj�D�O¶DLJXD�GH�������8IF�P/�

$VVXPLQW�QRYDPHQW�TXH�OD�SUjFWLFD�WRWDOLWDW�GH�OHV�FqOÂOXOHV�GH�OD�IDVH�SODQFWzQLFD�VRUWLUDQ�D�WUDYpV�GHO�UHJ�SHU�DVSHUVLy��SDVVDQW

D�IRUPDU�SDUW�GHOV�DHURVROV��V¶KD�FDOFXODW�ILQDOPHQW�OD�GRVL�GLjULD�PLWMDQD�SRWHQFLDO�SHU�FDGD�FDV��KRPHV�GRQHV�L�Pj[LPD�PtQLPD�

D� SDUWLU� GH� OHV� GDGHV� REWLQJXGHV� DPE� HOV�PLFREDFWHULV� �YHXUH� 7DXOD� ������� &RP� HV� SRW� REVHUYDU�� H[LVWHL[HQ� TXDVL� �� ORJ� GH

GLIHUqQFLD� HQWUH� OD� GRVL� GLjULD� SRWHQFLDO� Pj[LPD� L� PtQLPD�� &RP� MD� HV� FRPHQWDUj� PpV� HQGDYDQW�� V¶KD� HVFROOLW� DO� JUXS

0\FREDFWHULXP�SHU� OD�VHYD�FDSDFLWDW�SHU�SURYRFDU� LQIHFFLRQV� UHVSLUDWzULHV��1R�REVWDQW�� V¶KD�GH� WHQLU�SUHVHQW�TXH�QR� WRWHV� OHV

HVSqFLHV� G¶DTXHVW� JUXS� SUHVHQWHQ� OD�PDWHL[D� SDWRJHQLFLWDW� L�� ILQV� L� WRW� DOJXQV� VyQ�PHPEUHV� GH� OD� PLFURELRWD� DXWzFWRQD� GHOV

VLVWHPHV�GH�GLVWULEXFLy�G¶DLJXD�

7DXOD� ����� 9DORUV� GHWHUPLQDWV� D� O¶DLJXD� L� HO� ELRILOP� GHO� VLVWHPD� GH� GLVWULEXFLy� GH� 6DQW� 0DUWt�� DOV� JUXSV� /HJLRQHOOD� L
0\FREDFWHULXP�SHU�DO�FjOFXO�GH�O¶H[SRVLFLy�SHU�LQKDODFLy�

$LJXD��8IF�P/� %LRILOP��8IF�FP��

/HJLRQHOOD Q�G� �Q �� Q�G� �Q ��

0\FREDFWHULXP�VS� ������±������ �Q ��� ����(����±������ �Q ���



&DStWRO�� $YDOXDFLy�GHO�5LVF�6DQLWDUL ���

7DXOD�������'RVL�GLjULD�PLWMDQD�SRWHQFLDO� �8�I�F�NJÂGLD��SHU�H[SRVLFLy�DOV�DHURVROV�DOV�SDUFV� L� MDUGLQV�XUEDQV��9DORUV
REWLQJXWV�D�SDUWLU�GH�OHV�GDGHV�GH�0\FREDFWHULXP�VS��D�O¶DLJXD��9DORUV�Pj[LP�SHU�XQD�H[SRVLFLy�GH���PLQ��L�PtQLP�SHU
XQD�H[SRVLFLy�GH���V�

+RPHV 'RQHV

'RVL�'LjULD�0LWMDQD��0j[LPD ����(��� ����(���

'RVL�'LjULD�0LWMDQD��0tQLPD ����(��� ����(���

([SRVLFLy�SHU�FRQWDFWH�GLUHFWH��H[SRVLFLy�GqUPLFD���/D�XWLOLW]DFLy�GHOV�SDUFV�L� MDUGLQV�XUEDQV�SRW�GHWHUPLQDU�XQ�FHUW�JUDX�GH

FRQWDFWH�HQWUH�HOV�XVXDULV� L� HOV�PLFURRUJDQLVPHV�SDWzJHQV�� GH� IRUPD�TXH� HV� SURGXHL[L� XQD� H[SRVLFLy� GqUPLFD�� $VVXPLQW� TXH

DTXHVW�WLSXV�G¶H[SRVLFLy�HV�SRW�SURGXLU�HVSHFLDOPHQW�SHO�FRQWDFWH�DPE�HOHPHQWV�GHO�VzO�L�R�OD�YHJHWDFLy�LUULJDGD��HO�ULVF�PLFURELj

SHU�D�OD�VDOXW�S~EOLFD�QRPpV�VHUj�VLJQLILFDWLX�VL�H[LVWHL[�XQ�FRQWDFWH�GLUHFWH�D�QLYHOO�G¶DOJXQD�IHULGD�R�G¶DOJXQD�GH�OHV�PXFRVHV�GHO

FRV� KXPj��(Q� HO� FDV� TXH� HQV� RFXSD� L� GHVFDUWDQW� D� OHV� IHULGHV� FRP�D� HOHPHQWV� SUjFWLFDPHQW� QHJOLJLEOHV�� QRPpV� TXHGDULD� HO

FRQWDFWH�GLUHFWH�DPE�OHV�PXFRVHV�RFXODUV�L�QDVDOV��FRP�D�HOHPHQWV�GH�ULVF�SHU�DO�FRQWDFWH�GLUHFWH��7DQPDWHL[��V¶KD�FRQVLGHUDW

TXH� DTXHVW� ULVF� pV� SUjFWLFDPHQW� QHJOLJLEOH�� FRQVLGHUDQW� O¶HVFDVVD� VXSHUItFLH� GH� OHV� PXFRVHV� H[SRVDGHV� DOV� FRQWDPLQDQWV

PLFURELDQV� �PHQ\V� GH� ������P���� L� GRQDW� HOV� EDL[RV� IDFWRUV� G¶DGKHUqQFLD� GHO� VzO� D� OD� SHOO� ���������PJ�FP��� VHJRQV�86� (3$

������

([SRVLFLy�SHU�LQJHVWLy��(Q�SULQFLSL��V¶KDXULD�GH�GHVFDUWDU�OD�LQJHVWLy�DFFLGHQWDO�G¶DLJXD��HQ�OD�SUHPLVVD�TXH�WRWV�HOV�WUHEDOODGRUV

HVWDUDQ�SHUIHFWDPHQW�LQIRUPDWV�GHO�ULVF�G¶XWLOLW]DFLy�G¶XQD�DLJXD�QR�SRWDEOH��1R�REVWDQW��QR�V¶KD�G¶REOLGDU�FRP�D�IDFWRU�GH�ULVF�HQ

]RQHV�LUULJDGHV�DPE�O¶DLJXD�IUHjWLFD��OD�SRVVLELOLWDW�G¶LQJHVWLy�GLUHFWD�GH�VzO��'H�IHW��V¶KD�GH�UHFRUGDU�OD�FDSDFLWDW�TXH�SUHVHQWHQ�OD

PDMRULD� GH� SDWzJHQV� SHU� VREUHYLXUH� DO� VzO�� GH� IRUPD� TXH� OD� FRQWDPLQDFLy� IHFDO� G¶DTXHVW� DPELHQW� SRW� FRQVWLWXLU� XQ� UHVHUYRUL

SRWHQFLDO�SHU�D� OD� LQIHFFLy�SHU�GLIHUHQWV�PLFURRUJDQLVPHV��$L[t��&DPS\OREDFWHU�SRW�VREUHYLXUH����GLHV�FRP�D�PtQLP�DO�VzO�� L��

VHWPDQHV�R�PpV�VL�pV�D�OD�IHPWD�GH�JRVVRV�R�DOWUHV�DQLPDOV��%ODVHU�HW�DO��������

(O�SRWHQFLDO�G¶H[SRVLFLy�D�WUDYpV�GH�OD�LQJHVWLy�GHO�VzO�pV�PpV�JUDQ�HQ�QHQV�SHWLWV�TXH�HQ�DGXOWV�GHJXW�DO�WtSLF�FRPSRUWDPHQW�GH

OD�LQIjQFLD��HVSHFLDOPHQW�DO�SRVDU�VH�HOV�GLWV�R�TXDOVHYRO�REMHFWH�D�OD�ERFD��0DOJUDW�TXH�DTXHVWD�LQJHVWLy�DFFLGHQWDO�WDPEp�HV�SRW

SURGXLU� HQ�DGXOWV�� LQJHULQW� SDUWtFXOHV�TXH�V¶KDQ�DGKHULW� DO�PHQMDU�� FLJDUUHWHV�R� OHV�PDWHL[HV�PDQV�� OD�PDMRULD�GH�GDGHV�V¶KDQ

REWLQJXW�HQ�HVWXGLV�UHDOLW]DWV�DPE�QHQV��/D�7DXOD������SUHVHQWD�HOV�YDORUV�UHFRPDQDWV�SHU�D�OD�LQJHVWLy�LQYROXQWjULD�GH�VzO�

7DXOD�������7D[HV�G¶HQWUDGD�SHU�D�OD�LQJHVWLy�GH�VzO��86�(3$�������

3REODFLy 0LWMDQD

1HQV ����PJ�GLD

$GXOWV ���PJ�GLD

&RQVLGHUDQW� OD� XWLOLW]DFLy� LPSRUWDQW� GHOV�SDUFV�SHU� XVXDULV�PROW� MRYHV� �QHQV����DQ\V��� L� WHQLQW� HQ� FRPSWH�TXH� OD� LUULJDFLy� GHOV

SDUFV�XUEDQV�HV�UHDOLW]D�DPE�DLJXD�IUHjWLFD�VHQVH�GHVLQIHFWDU��V¶KD�FRQVLGHUDW�FRQYHQLHQW�HVWLPDU�OD�GRVL�SRWHQFLDO��PDOJUDW�TXH

QR�V¶KDJL�GLVSRVDW�GH�GDGHV�VREUH�OD�SUHVqQFLD�PLFURELDQD�DO�VzO�R�OD�YHJHWDFLy��JHVSHV��GH�OHV�]RQHV�HVWXGLDGHV��7DQPDWHL[�

HQ�MDUGLQV�UHODWLYDPHQW�VHPEODQWV�D�%DUFHORQD�LUULJDWV�WDPEp�DPE�DLJXD�IUHjWLFD�V¶KDQ�REWLQJXW�YDORUV�GH�ELRPDVVD�SHU�DO�VXEVzO

HQWUH���������8IF�J��UHFRPSWH�DPE�DJDU�3&$�D����&��GDGHV�SUzSLHV�QR�SXEOLFDGHV��



��� 5HVXOWDWV���

1R�REVWDQW��FRQVLGHUDQW�TXH�HV�YRO�FDOFXODU�O¶H[SRVLFLy�SHU�LQJHVWLy�V¶KDQ�UHDOLW]DW�HOV�FjOFXOV�D�SDUWLU�GHOV�YDORUV�GH�(VFKHULFKLD

FROL��FRP�D�LQGLFDGRU�GH�FRQWDPLQDFLy�IHFDO��3HU�SRGHU�UHDOLW]DU�DTXHVWV�FjOFXOV�V¶KDQ�HVWLPDW�HOV�VHXV�YDORUV�DO�VzO��FRQHL[HQW�OD

VHYD�LPSRUWjQFLD�UHODWLYD�D� O¶DLJXD�HQIURQW�GHO�UHFRPSWH�WRWDO�HQ�SODFD���������������6HJRQV�DL[z�L� OHV�GDGHV�GHO�UHFRPSWH�GH

EDFWHULV�WRWDOV�HQ�SODFD�DO�VXEVzO��HO�QLYHOO�GH�(VFKHULFKLD�FROL�D�OHV�FDSHV�VXSHUILFLDOV�GHO�VzO�GHOV�SDUFV�HVWXGLDWV�SRGULD�RVFLOÂODU

HQWUH���������8IF�J��$�SDUWLU�G¶DTXHVWV�YDORUV�HV�FDOFXOD� ILQDOPHQW� OD�GRVL�GLjULD�PLWMDQD�SRWHQFLDO� �YHXUH�7DXOD������� �� WDO�FRP

V¶KD�IHW�DQWHULRUPHQW�

/D�7DXOD������UHVXPHL[�OHV�GDGHV�HVWLPDGHV�SHU�D�OD�GRVL�SRWHQFLDO�G¶H[SRVLFLy�HQ�FDGD�FDV��FRQVLGHUDQW�HOV�GLIHUHQWV�HVFHQDULV

LGHQWLILFDWV�DOV�SDUFV�L�MDUGLQV�XUEDQV�LUULJDWV�DPE�DLJXD�IUHjWLFD�

7DXOD�������'RVL�GLjULD�PLWMDQD�SRWHQFLDO��8�I�F�NJÂGLD��SHU�LQJHVWLy�DOV�SDUFV�L�MDUGLQV�XUEDQV��9DORUV�REWLQJXWV�D�SDUWLU
GH�OHV�GDGHV�GH�(VFKHULFKLD�FROL�D�O¶DLJXD��9DORUV�Pj[LP�L�PtQLP�SHU�XQD�H[SRVLFLy�GLjULD�

$GXOWV 1HQV

'RVL�'LjULD�0LWMDQD��0j[LPD ����(��� ����(���

'RVL�'LjULD�0LWMDQD��0tQLPD ����(��� ����(���

7DXOD�������9DORUV�HVWLPDWV�SHU�D�OD�GRVL�SRWHQFLDO�VHJRQV�HOV�GLIHUHQWV�HVFHQDULV�G¶H[SRVLFLy��7RWV�HOV�YDORUV�IDQ�UHIHUqQFLD
D�O¶H[SRVLFLy�GLjULD��8IF�NJ�GLD��

(VFHQDUL�G¶H[SRVLFLy 'RVL�SRWHQFLDO�PtQLPD 'RVL�SRWHQFLDO�Pj[LPD 'RVL�SRWHQFLDO�PLWMDQD

,QKDODFLy��KRPHV� ����(��� ����(��� ����(���

,QKDODFLy��GRQHV� ����(��� ����(��� ����(���

&RQWDFWH�GqUPLF � � �

,QJHVWLy��QHQV� ����(��� ����(��� ����(���

,QJHVWLy��DGXOWV� ����(��� ����(��� ����(���

$YDOXDFLy�GRVL�UHVSRVWD��&RQHL[HQW� O¶DEDVW�GH�O¶H[SRVLFLy��GRVL�SRWHQFLDO��SHU�FDGD�FDV��HV�FDOFXOD� OD�SUREDELOLWDW�G¶LQIHFFLy�D

SDUWLU�GHO�PRGHO�EHWD�3RLVVRQ��WDO�FRP�HV�GHWDOOD�D�OD�7DXOD������(Q�WRW�FDV��L�PDOJUDW�TXH�HOV�YDORUV�Pj[LPV�VHPEOHQ�LQGLFDU�TXH

V¶KD�VREUHHHVWLPDW�HQ�H[FpV�HO�ULVF�G¶LQIHFFLy��HOV�YDORUV�REWLQJXWV��YHXUH�7DXOD�������HYLGHQFLHQ� OD�SRVVLELOLWDW�TXH� O¶H[SRVLFLy

DFDEL�DIHFWDQW�D�XQ�FHUW�QRPEUH�G¶XVXDULV�GHOV�SDUFV��'¶DOWUD�EDQGD��DTXt�QRPpV�HV�SDUOD�GH�SUREDELOLWDW�G¶LQIHFFLy��VHQVH�YDORUDU

VL�DTXHVWD�LQFLGqQFLD�SRW�DIHFWDU�SURYRFDQW�KRVSLWDOLW]DFLy�HQ�DOJXQ�GHOV�FDVRV�

7DXOD�������9DORUV�HVWLPDWV�SHU�D�OD�SUREDELOLWDW�G¶LQIHFFLy�

(VFHQDUL�G·H[SRVLFLy 3UREDELOLWDW�,QIHFFLy

,QKDODFLy ��������������

&RQWDFWH�GqUPLF �

,QJHVWLy��Pj[LP� ��������������



&DStWRO�� $YDOXDFLy�GHO�5LVF�6DQLWDUL ���

����� 'LVFXVVLy

4XDQ�OD�IRQW�GH�VXEPLQLVWUDPHQW�pV�GLIHUHQW�GH�OD�[DU[D�GH�GLVWULEXFLy�G¶DLJXD�SRWDEOH��FRP�HQ�HO�FDV�TXH�HQV�RFXSD�L�HQFDUD

TXH� O¶DLJXD�QR�HVWLJXL�GHVWLQDGD�DO�FRQVXP�KXPj�� OD�TXDOLWDW�PLFURELROzJLFD� L� OHV�PHVXUHV�GH� VHJXUHWDW� DSOLFDEOHV�HQ� OD� VHYD

GLVWULEXFLy� KDQ� GH� JXDUGDU� UHODFLy� DPE� OHV� SRVVLEOHV� YLHV� GH� FRQWDFWH� GH� OHV� SHUVRQHV� DPE� O¶DLJXD�� DL[t� FRP� DPE� HOV

FRPSRUWDPHQWV�VRFLR�FXOWXUDOV�L�G¶KLJLHQH�GH�OD�SREODFLy�RQ�HV�SHQVD�LPSODQWDU�DTXHVWD�LQLFLDWLYD�

/D� PDQFD� GH� GHVLQIHFFLy� HQ� DTXHVW� VLVWHPD� FRPSRUWD� XQHV� H[LJqQFLHV� H[WUHPHV� HQ� WRWHV� OHV� PHVXUHV� SUHYHQWLYHV� GH� OD

FRQWDPLQDFLy�GH�O¶DLJXD��EDUUHUHV�GH�SURWHFFLy���DPE�OD�ILQDOLWDW�G¶DVVHJXUDU�TXH�O¶DLJXD�QR�HV�FRQWDPLQL�QL�HQ�RULJHQ�QL�GXUDQW�HO

VHX� GLSzVLW� R� OD� VHYD� GLVWULEXFLy�� $L[z� FRPSRUWD� O¶HVWDEOLPHQW� G¶XQ� SURJUDPD� HVWULFWH� GH� YLJLOjQFLD� L� FRQWURO�� YHULILFDQW

SHULzGLFDPHQW� TXH� OD� TXDOLWDW� GH� O¶DLJXD� HV�PDQWp� GLQV� GHOV� OtPLWV� ItVLFR�TXtPLFV� L�PLFURELROzJLFV� GHVLWMDEOHV�� $�PpV�� V¶KDXUj

G¶LQIRUPDU�DGHTXDGDPHQW�D�WRW�HO�SHUVRQDO�TXH�HVWj�HQ�FRQWDFWH�DPE�O¶DLJXD�HQ�TXDOVHYRO�GH�OHV�HWDSHV�GHO�VLVWHPD��FDSWDFLy�

GLVWULEXFLy� L�R� LUULJDFLy���SHU� WDO�TXH�FRQHJXLQ�TXH�HVWDQ�XWLOLW]DQW�DLJXD� IUHjWLFD�QR�DSWD�SHO�FRQVXP�S~EOLF��)LQDOPHQW��pV�PROW

LPSRUWDQW�LQFLGLU�HQ�OD�SREODFLy�GH�OD�]RQD�L�HQ�HOV�XVXDULV�SRWHQFLDOV�GHOV�SDUFV�S~EOLFV��LQIRUPDQW�L�SURPRFLRQDQW�O¶DSURILWDPHQW

GH�O¶DLJXD�IUHjWLFD��(QWUH�HOV�FULWHULV�TXH�KDQ�GH�JXLDU�OD�LQVWDOÂODFLy�L�HO�PDQWHQLPHQW�G¶XQD�[DU[D�G¶DLJXD�QR�SRWDEOH�FDO�GHVWDFDU

TXH�pV�EjVLF�DVVHJXUDU� O¶HVWDQTXwWDW� G¶DTXHVWD� [DU[D� VHFXQGjULD� L� HYLWDU� TXH� HV� SURGXHL[L� FDS� LQWHUFRQQH[Ly� DFFLGHQWDO� HQWUH

DTXHVWD� L� OD� [DU[D� G¶DEDVWDPHQW� G¶DLJXD� SRWDEOH�� 3HU� HYLWDU� DTXHVW� ~OWLP� SXQW�� V¶KDXULHQ� G¶XWLOLW]DU� FRQGXFFLRQV� GH� TXDOLWDW

VHPEODQW�D�OD�[DU[D�G¶DEDVWDPHQW��SHUz�FRGLILFDQW�OHV�DPE�XQ�FRORU�GLIHUHQFLDW�L�DPE�XQD�LQGLFDFLy�LPSUHVD�RQ�HV�OOHJHL[L�³DLJXD

UHJHQHUDGD´�

7RW� L� DVVXPLQW� TXH� HV� SUHQHQ� WRWHV� DTXHVWHV�PHVXUHV� L� GHVFDUWDQW� OD� SRVVLELOLWDW� G¶DOJXQ� FDV� G¶LQJHVWLy� RFDVLRQDO� G¶DLJXD� ±

HVSHFLDOPHQW�SHU�DOJXQ�WUHEDOODGRU�SRF�LQIRUPDW���H[LVWHL[�LJXDOPHQW�XQ�ULVF�G¶H[SRVLFLy��8QD�SDUW�IRQDPHQWDO�G¶DTXHVW�ULVF�SURYp

GH�OD�IRUPDFLy�GH�ELRILOPV�D�OHV�[DU[HV�GH�GLVWULEXFLy��TXH�DIDYRULUDQ�O¶DOOLEHUDPHQW�FRQWLQXDW�GH�FqOÂOXOHV�D� OD�IDVH�SODQFWzQLFD�

OHV�TXDOV�SRGHQ�DFDEDU�D�O¶DLUH�H[WHULRU�D�WUDYpV�GHOV�DHURVROV�R�D�OD�VXSHUItFLH�GH�OD�YHJHWDFLy�R�HO�VzO�GHOV�SDUFV�XUEDQV�

(Q�HOV�VLVWHPHV�GH�UHJ�GLVFRQWLQXV�O¶DEVqQFLD�WRWDO�GH�EDUUHMD�HV�SRW�FRQYHUWLU�HQ�XQ�IDFWRU�OLPLWDQW�LPSRUWDQW�SHO�FUHL[HPHQW�GHO

ELRILOP��GHJXW�DOV�HIHFWHV�HYLGHQWV�VREUH�O¶DUULEDGD�GH�FqOÂOXOHV�L�QXWULHQWV��7DQPDWHL[��DOJXQHV�FqOÂOXOHV�SRGHQ�XWLOLW]DU�HOV�VHXV

PHFDQLVPHV�GH�PRELOLWDW��PHQWUH�TXH�OD�GLIXVLy�PROHFXODU�L�OD�JUDYHWDW�SRGHQ�DMXGDU�DOV�PLFURRUJDQLVPHV�QR�PzELOV�D�DUULEDU�D�OD

VXSHUItFLH�GH� OD� WXEHULD�� /¶HVWXGL� GH� OD� FRQWULEXFLy�GHO� ELRILOP�D� OD� FjUUHJD�PLFURELDQD�GH� O¶DLJXD�PRVWUD� FODUDPHQW� FRP�HQ� HO

VLVWHPD� GH� UHJ� GLVFRQWLQX� HVWXGLDW� V¶KD� DIDYRULW� OD� SUHVqQFLD� D� OD� [DU[D� GH� SLFV� R� YDORUV�Pj[LPV� GH� FqOÂOXOHV� SODQFWzQLTXHV�

UHVXOWDW�GH�O¶DFXPXODFLy�G¶DTXHVWV�PLFURRUJDQLVPHV�SODQFWzQLFV�GXUDQW�HOV�SHUtRGHV�VHQVH�UHJ��$L[z�SRW�SURYRFDU�XQ�LQFUHPHQW

HQ�HO�ULVF�SHU�D� OD�6DOXW�3~EOLFD�TXDQ� OD�SURGXFFLy�GHO�ELRILOP�V¶DFXPXOD�HQ� IRUPD�GH�FqOÂOXOHV�SODQFWzQLTXHV�D� OD� IDVH� OtTXLGD�

DXJPHQWDQW� OD� TXDQWLWDW� GH� EDFWHULV� TXH� SRGHQ� SDVVDU� D� IRUPDU� SDUW� GHOV� DHURVROV� TXH� HV� JHQHUHQ� GXUDQW� HO� UHJ�� $L[t�� OD

XWLOLW]DFLy�G¶XQ�UHJ���FRSV�SHU�VHWPDQD�D�O¶HVWLX�GHWHUPLQD�O¶DXJPHQW�GH�TXDVL���ORJ�HQ�HOV�PLFURRUJDQLVPHV�SUHVHQWV�D�O¶DLJXD�GH

OD�[DU[D�GHO�VLVWHPD�GH�GLVWULEXFLy��UHVSHFWH�G¶XQ�VLVWHPD�FRQWLQX�

'HJXW� D� TXH� HO� QRPEUH� GH� FqOÂOXOHV� SODQFWzQLTXHV� pV� GLUHFWDPHQW� SURSRUFLRQDO� D� OD� ELRPDVVD� DGKHULGD� L� D� OD� VXSHUItFLH� GHO

VLVWHPD��XQD�GH�OHV�ERQHV�SUjFWLTXHV�D�UHDOLW]DU�HQ�DTXHVWV�VLVWHPHV�GH�UHJ�VHULD�XWLOLW]DU�OHV�FDQRQDGHV�DPE�OD�PHQRU�UHODFLy

VXSHUItFLH�YROXP�SRVVLEOH��PDOJUDW� OHV�GLILFXOWDWV�SUHVVXSRVWjULHV�TXH�DL[z�SRW� LPSOLFDU��'¶DOWUD� EDQGD�� WDPEp� HV� SRGULD� UHGXLU

O¶DFFpV� DO� VLVWHPD� GH� PDWqULD� RUJjQLFD� ELRGHJUDGDEOH�� SHU� OLPLWDU� DO� Pj[LP� HO� FUHL[HPHQW� GHOV� PLFURRUJDQLVPHV� DGKHULWV�

)LQDOPHQW��HO�VLVWHPD�GH�UHJ�FRQGLFLRQD� OD�FRQWDPLQDFLy�PLFURELROzJLFD�GH� OD�VXSHUItFLH� LUULJDGD� L��D� OD�YHJDGD��Q¶DXJPHQWD�HO

ULVF�G¶H[SRVLFLy�KXPDQD��(O�UHJ�JRWD�D�JRWD� L�DPE�FDQRQDGHV�VXEWHUUjQLHV�HV�SODQWHMD�FRP�XQ�GHOV�PqWRGHV�G¶HOHFFLy�� MD�TXH

SHUPHW�O¶DSURILWDPHQW�Pj[LP�GH�O¶DLJXD�L��D�OD�YHJDGD��UHGXHL[�OHV�SRVVLELOLWDWV�G¶H[SRVLFLy�KXPDQD�DOV�SDWzJHQV�



��� 'LVFXVVLy���

7DQPDWHL[��HQ�DTXHOOHV�VLWXDFLRQV�RQ�V¶KD�G¶XWLOLW]DU� OD� LUULJDFLy�DPE�DVSHUVRUV��VHPSUH�V¶KD�GH� WHQLU�SUHVHQW�TXH�SRW�KDYHU�KL

DOJXQ�SDWRJHQ�DPE�HIHFWHV�LPSRUWDQWV��FRP�/HJLRQHOOD���HQFDUD�TXH�HO�SHULOO�UHDO�GH�OD�JUDQ�PDMRULD�G¶DTXHVWV�PLFURRUJDQLVPHV

SHU� D� OD� VDOXW� S~EOLFD� VLJXL� EDL[�� 3HU� DTXHVW�PRWLX�� V¶KDXULD� GH� FRQVLGHUDU� OD� UHDOLW]DFLy� GH�PHVXUHV� SUHYHQWLYHV�� FRP� OLPLWDU

O¶DFFpV�GHO�S~EOLF�GXUDQW�HOV�SULPHUV�PLQXWV�G¶RSHUDFLy�GHO�VLVWHPD�GH�UHJ�R�UHDOLW]DU�XQ�UHQWDW�SUHYL�GH�OD�PDMRU�SDUW�GH�OD�[DU[D

DEDQV�GH�UHDOLW]DU�HO�UHJ�SHU�DVSHUVLy�

5HVSHFWH�D�DTXHVW�~OWLP�SXQW��HV�SRGULHQ�GLVVHQ\DU�HOV�DVSHUVRUV�GH� IRUPD�TXH� OD� LQFOXVLy�G¶XQD�YjOYXOD�GH�SXUJDW� IDFLOLWpV� OD

UHDOLW]DFLy�GHO�GUHQDWJH�GH�OHV�FDQRQDGHV��$TXHVW�VLVWHPD�KDXULD�GH�SHUPHWUH�HO�GUHQDWJH�GH�OHV�FDQRQDGHV�VHQVH�SURGXFFLy

G¶DHURVROV�GXUDQW�HOV�SULPHUV� LQVWDQWV�GHO� UHJ�±DPE�EDL[D�SUHVVLy���3DVVDW�XQ� WHPSV�GH�VHJXUHWDW�DGHTXDW�SHU�DO� UHQWDW�GH� OD

SURGXFFLy�DFXPXODGD�GHO�ELRILOP�D�OD�[DU[D�GH�GLVWULEXFLy��HO�VLVWHPD�LQLFLDULD�HO�IXQFLRQDPHQW�FRQYHQFLRQDO�

/D� GHWHUPLQDFLy� GH� � OD� SUREDELOLWDW� G¶LQIHFFLy� TXH� V¶KD� UHDOLW]DW� HQ� DTXHVW� WUHEDOO� QR� HV� SRW� DJDIDU� HQ� FDS� FDV� FRP� XQ� YDORU

DEVROXW��VLQy�TXH�PpV�DYLDW�V¶KD�WUDFWDW�G¶XQ�H[HUFLFL�SHU�GHPRVWUDU�OD�YLDELOLWDW�GH�OHV�WqFQLTXHV�G¶DYDOXDFLy�GHO�ULVF��(Q�DTXHVW

VHQWLW�� FDO� WRUQDU� D� UHPDUFDU� TXH� V¶KD� RSWDW� YROXQWjULDPHQW� SHU� DJDIDU� VHPSUH� HOV� YDORUV�Pj[LPV�� VREUHHVWLPDQW� HO� ULVF� UHDO

H[LVWHQW�

/HV�~QLTXHV�GDGHV�DPE� OHV�TXDOV� V¶KD�SRJXW� UHDOLW]DU� OD� GHWHUPLQDFLy�GH� OD�GRVL� G¶LQIHFFLy�KDQ�HVWDW� HOV� UHFRPSWHV�GHO�JUXS

0\FREDFWHULXP��MD�TXH�QR�V¶KD�SRJXW�DwOODU�FDS�/HJLRQHOOD��&HUWDPHQW��FDOGULD�KDYHU�UHDOLW]DW�XQ�PDMRU�VHJXLPHQW�G¶DTXHVW�~OWLP

JUXS�� DXJPHQWDQW� O¶HVIRUo� GH� PRVWUHLJ�� 7DQPDWHL[�� OHV� GDGHV� TXH� HV� WHQHQ� VREUH� HO� JUXS� 0\FREDFWHULXP� FRUUHVSRQHQ� D

DwOODPHQWV�HQ�XQ�PHGL�VHOHFWLX�DPE�XQ�SDV�SUHYL�SHU�GHVFRQWDPLQDU�OHV�PRVWUHV��HOLPLQDQW�JUDQ�SDUW�GH�OD�PLFURELRWD�DPELHQWDO

QR� UHVLVWHQW��� SRVLWLXV� SHU� OD� WLQFLy� =LHKO�1HHOVHQ�� (Q� DTXHVW� FDV�� pV� HYLGHQW� TXH� OD� GRVL� SRWHQFLDO� PLWMDQD� SHU� D� O¶H[SRVLFLy

G¶LQKDODFLy�KD�VREUHHVWLPDW�HQ�H[FpV�HO�ULVF��SHUTXq�V¶KD�GH�FRQVLGHUDU�TXH�OD�PHWRGRORJLD�XWLOLW]DGD�SHU�LGHQWLILFDU�HO�JUXS�GHOV

PLFREDFWHULV�SHUPHW�GHWHFWDU�D�GLIHUHQWV�VRTXHV�DPELHQWDOV�VHQVH�HIHFWHV�VREUH�HO�FRV�KXPj�

eV�HYLGHQW�TXH�O¶DYDOXDFLy�PLFURELDQD�GHO�ULVF�HV�WURED�OOXQ\�GH�VHU�XQD�WqFQLFD�jPSOLDPHQW�XWLOLW]DGD��VREUHWRW�SHU�OD�PDQFD�GH

GDGHV�GH�OD�SUHVqQFLD�L�GLVWULEXFLy���WHPSRUDO�L�HVSDFLDO���GHOV�PLFURRUJDQLVPHV�D�OHV�DLJ�HV�VXEWHUUjQLHV��4XHGD�HQFDUD�UHGXLU

OD� LQFHUWHVD�HQ� OD�TXDQWLILFDFLy�GH� O¶H[SRVLFLy��HVSHFLDOPHQW�PLOORUDQW�HOV�HVWXGLV�GH�VXSHUYLYqQFLD�GHOV�PLFURRUJDQLVPHV�D� OHV

DLJ�HV�VXEWHUUjQLHV��0DOJUDW�TXH�O¶DYDOXDFLy�SUHOLPLQDU�UHDOLW]DGD�QRPpV�HV�WUDFWD�G¶XQ�SULPHU�SDV��PROW�OLPLWDW�L�DPE�XQ�HOHYDW

JUDX�G¶LQFHUWHVD��XQD�DYDOXDFLy�HQ�SURIXQGLWDW�SRW�XWLOLW]DU�VH�FRP�D�HLQD�IRQDPHQWDO�HQ�OD�JHVWLy�GHO�ULVF�SHU�D�OD�VDOXW�S~EOLFD�

3HU� SRGHU� XWLOLW]DU� DPE� JDUDQWLHV� DTXHVWD� WqFQLFD� FDOGULD� UHDOLW]DU� XQ� VHJXLPHQW� PpV� FRQWLQXDW� L� DO� OODUJ� GHO� WHPSV� GHO� JUXS

/HJLRQHOOD� L�0\FREDFWHULXP�SHU� LGHQWLILFDU� OHV�VLWXDFLRQV�GH�ULVF�HVWDFLRQDO��&DOGULD�HYLGHQWPHQW��PLOORUDU� OD�TXDQWLILFDFLy�GH� OD

GRVL� LQIHFWLYD� HQ� FDGD� HVFHQDUL� G¶H[SRVLFLy�� UHDOLW]DQW� DQDOtWLTXHV� GH� OD� SUHVqQFLD� GH� PLFURRUJDQLVPHV� DOV� DHURVROV�� D� OD

VXSHUItFLH�GH� OD�YHJHWDFLy� L�DO�VzO��)LQDOPHQW�� WDPEp�V¶KDXULD�GH�PLOORUDU� OD�FDUDFWHULW]DFLy�GH� OD�SREODFLy�H[SRVDGD�� UHDOLW]DQW

HQTXHVWHV�GH�OD�XWLOLW]DFLy�GHOV�SDUFV�S~EOLFV�

'H�WRWHV�PDQHUHV�L�HQFDUD�TXH�OD�VLPSOH�SUHVqQFLD�GH�EDFWHULV��IRQJV�L�DOWUHV�PLFURRUJDQLVPHV�DOV�DHURVROV�IRUPDWV�D�SDUWLU�GHO

UHJ�SHU�DVSHUVLy�QR�FRQILUPD� O¶H[LVWqQFLD�G¶XQ�ULVF�SHU�D� OD�6DOXW�3~EOLFD��HO�SRWHQFLDO�GHPRVWUDW�GH� WUDQVPLVVLy� L� OD�SUHVqQFLD

G¶XQD�SDUW�LPSRUWDQW�GHOV�XVXDULV�GHOV�SDUFV�S~EOLFV�DPE�XQ�JUDX�PpV�HOHYDW�GH�VHQVLELOLWDW��MXVWLILFDULHQ�OD�QHFHVVLWDW�GH�SRUWDU�D

WHUPH� XQ� FRQWURO� L� XQD� PRQLWRULW]DFLy� H[KDXVWLYD� GHOV� GLIHUHQWV� IDFWRUV� LPSOLFDWV�� (Q� DTXHVW� VHQWLW�� O¶DSURILWDPHQW� G¶DLJ�HV

IUHjWLTXHV� DPE� XQD� EDL[D� TXDOLWDW�PLFURELROzJLFD� V¶KDXULD� GH� UHDOLW]DU� WHQLQW� HQ� FRPSWH� O¶HVWDEOLPHQW� G¶XQV� OtPLWV� GH� TXDOLWDW�

$TXHVWV���KDXULHQ�G¶LQFORXUH�DOJXQ�SDUjPHWUH�PLFURELROzJLF�FRP�/HJLRQHOOD��FRP�D�SDWRJHQ�RSRUWXQLVWD��L�(VFKHULFKLD�FROL�FRP�D

LQGLFDGRU�GH�FRQWDPLQDFLy�IHFDO�



&DStWRO�� $YDOXDFLy�GHO�5LVF�6DQLWDUL ���
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&DStWRO�� 'LVFXVVLy�*HQHUDO ���

/¶HVWXGL�L�HO�VHJXLPHQW�GH�OD�IRUPDFLy�GH�ELRILOPV�HQ�VLVWHPHV�GH�GLVWULEXFLy�G¶DLJXD�KD�SODQWHMDW�XQD�VqULH�GH�GLILFXOWDWV�SHU� OD

PDQFD�GH�WqFQLTXHV�DGHTXDGHV��0DOJUDW�OD�JUDQ�TXDQWLWDW�GH�PqWRGHV�GHVHQYROXSDWV��DFWXDOPHQW�QR�H[LVWHL[�HQFDUD�XQ�VLVWHPD

HVWDQGDUGLW]DW�L�jPSOLDPHQW�DFFHSWDW�SHU�D�OD�IRUPDFLy�GH�ELRILOPV�GH�IRUPD�FRQWURODGD��$TXHVW�WUHEDOO�DUUHQFD�DPE�OD�FODUD�LGHD

GH�GHVHQYROXSDU�XQ�VLVWHPD�H[SHULPHQWDO�TXH�SHUPHWL�UHDOLW]DU�XQ�VHJXLPHQW�GH�OD�FRORQLW]DFLy�PLFURELDQD�GH�VXSHUItFLHV�

(O� VLVWHPD� GLVVHQ\DW� KDYLD� GH� SRGHU� DSOLFDU�VH� HQ� FRQGLFLRQV� GH� ODERUDWRUL� L� DO� FDPS�� 'HVSUpV� GH� YDORUDU� GLIHUHQWV

DSUR[LPDFLRQV��HV�YD�RSWDU�SHU� OD�FRQILJXUDFLy�HQ�UHDFWRUV�GH� OOLW�HPSDFDW� IL[��DPE�HVIHUHV�GH�YLGUH�GH���PP�FRP�D�PHGL�GH

VXSRUW��$TXHVW�VLVWHPD�IjFLOPHQW�RSHUDWLX�L�GH�EDL[�PDQWHQLPHQW�KD�SHUPqV�REWHQLU�HO�Pj[LP�GH�PRVWUD�GH�ELRILOP�DPE�HO�PtQLP

HVSDL�QHFHVVDUL��$�SDUW��HV�SRW�GHWHUPLQDU�DOKRUD�OD�SREODFLy�SODQFWzQLFD�L�HO�SRWHQFLDO�GH�IRUPDFLy�GH�ELRILOPV�D�SDUWLU�G¶DLJ�HV

GH�GLIHUHQW�RULJHQ��L�HV�SRW�VHJXLU�O¶HYROXFLy�DO�OODUJ�GHO�WHPSV�GH�OHV�SREODFLRQV�TXH�IRUPHQ�SDUW�GHOV�ELRILOPV�GHVHQYROXSDWV��(Q

FRQWUDSDUWLGD��OHV�HVIHUHV�GH�YLGUH�GH���PP�QR�HV�SRGHQ�FRQVLGHUDU�FRP�XQ�VXSRUW�LGRQL�SHU�D�O¶REVHUYDFLy�GLUHFWD�GHOV�ELRILOPV

GHVHQYROXSDWV��3HU�DTXHVW�PRWLX��V¶KD�KDJXW�GH�UHDOLW]DU�XQ�WUHEDOO�LPSRUWDQW�SHU�SRVDU�D�SXQW�L�RSWLPLW]DU�XQD�VqULH�GH�WqFQLTXHV

PLFURVFzSLTXHV��IDFLOLWDQW�O¶REVHUYDFLy�GLUHFWD�GHO�PDWHULDO�GH�VXSRUW�L�OD�FDUDFWHULW]DFLy�DGHTXDGD�GH�OD�FRORQLW]DFLy�PLFURELDQD�

4XHGD�HQFDUD�XQD�WDVFD�LPSRUWDQW�SHU�PLOORUDU�L�RSWLPLW]DU�HO�GLVVHQ\�GHO�VLVWHPD�H[SHULPHQWDO��(Q�DTXHVW�VHQWLW��HV�SRW�DYDQoDU

HQ� OD� PLQLDWXULW]DFLy� GHO� VLVWHPD�� TXH� SRW� DUULEDU� D� FRQVWDU� TXDVL� ~QLFDPHQW� G¶XQ� VRO� UHDFWRU�� 'HVSUpV� G¶HVFROOLU� XQ� WHPSV

HVWjQGDUG�GH�FRQWDFWH�DPE�O¶DLJXD��OD�XWLOLW]DFLy�GH�UHDFWRUV�D�GLIHUHQWV�OORFV�GH�OHV�[DU[HV�GH�GLVWULEXFLy�SHUPHWULD�GHWHUPLQDU�HO

SRWHQFLDO�GH�IRUPDFLy�GH�ELRILOPV�GH�IRUPD�UjSLGD��FRPSDUDQW�OHV�GDGHV�VHJRQV�OD�ORFDOLW]DFLy�SHU�SRGHU�PRQLWRULW]DU� O¶DSDULFLy

GH�SUREOHPHV�HQ�OD�TXDOLWDW�PLFURELROzJLFD�GH�O¶DLJXD�

(O�VLVWHPD�H[SHULPHQWDO�GLVVHQ\DW�V¶KD�SRJXW�DSOLFDU�HQ�H[SHULPHQWV�GH�ODERUDWRUL�L�GH�FDPS��$O�FDPS��V¶KD�XWLOLW]DW�SHU�UHDOLW]DU

HO� VHJXLPHQW� GHO� GHVHQYROXSDPHQW� GH� ELRILOPV� D� SDUWLU� GH� GXHV� DLJ�HV� VXEWHUUjQLHV� G¶RUtJHQV� EHQ� GLIHUHQWV�� OD� PLQD� GH

5LEDWDOODGD�D�6DEDGHOO�L�HO�SRX�G¶$OIRQV�HO�0DJQjQLP�D�6DQW�0DUWt��%HVyV��%DUFHORQD���+D�TXHGDW�EDVWDQW�SDWHQW�TXH�OD�TXDOLWDW

PLFURELROzJLFD� G¶DTXHVWV� DT�tIHUV� SRW� RVFLOÂODU� GH� IRUPD� LPSRUWDQW�� SUHVHQWDQW� XQ� HOHYDW� SRWHQFLDO� GH� IRUPDFLy� GH� ELRILOPV�

6HJRQV�DL[z�� O¶DSURILWDPHQW�G¶DTXHVWHV�DLJ�HV�VXEWHUUjQLHV�SRGULD�DUULEDU�D�FRPSRUWDU�XQ�ULVF�SHU�D� OD�VDOXW�S~EOLFD��GHSHQHQW

GHO�WLSXV�G¶~V�TXH�VH¶Q�UHDOLW]pV��(O�VLVWHPD�WDPEp�V¶KD�SRJXW� LQVWDOÂODU�HQ�XQD�[DU[D�GH�GLVWULEXFLy�G¶DLJXD�SRWDEOH��(Q�DTXHVW

FDV�� V¶KD� SRJXW� FRPSURYDU� FRP� OD� GHVLQIHFFLy� GH� O¶DLJXD� DIHFWD� GH� IRUPD� LPSRUWDQW� D� O¶HVWUXFWXUD� L� FRPSRVLFLy� GHOV� ELRILOPV

GHVHQYROXSDWV�� TXH� KDQ� SUHVHQWDW� zEYLDPHQW� XQD� ELRPDVVD� FODUDPHQW� LQIHULRU� D� O¶REWLQJXGD� HQ� HOV� ELRILOPV� GHVHQYROXSDWV� D

SDUWLU�G¶DLJ�HV�IUHjWLTXHV�

/D�PLOORUD� L� RSWLPLW]DFLy�GHO� VLVWHPD�H[SHULPHQWDO� SDVVDULD�HQ�DTXHVW�SXQW� SHU� SRGHU� GHWHUPLQDU� HO� SRWHQFLDO� GH� IRUPDFLy� GH

ELRILOPV� GH� IRUPD� UjSLGD�� 6¶KD� H[SORUDW� OD� SRVVLELOLWDW� GH� UHDOLW]DU� OD� TXDQWLILFDFLy� GH� OD� ELRPDVVD� DGKHULGD� PLWMDQoDQW� OD

GHWHUPLQDFLy�GH�O¶$73�FHOÂOXODU��$TXHVWD�pV�XQD�GHWHUPLQDFLy�SURX�VHQ]LOOD�L�UjSLGD�TXH�V¶XWLOLW]D�VRYLQW�SHU�DYDOXDU�LQGLUHFWDPHQW

HO� QRPEUH� GH� FqOÂOXOHV� SUHVHQW� HQ� XQ� HFRVLVWHPD�� L� TXH� HV� SRGULD� XWLOLW]DU� SHU� TXDQWLILFDU� HO� QRPEUH� GH� PLFURRUJDQLVPHV

SODQFWzQLFV� L� GHO� ELRILOP��(V� WUDFWD�G¶XQ�PqWRGH� UjSLG�TXH�SHUPHW�REWHQLU� GDGHV�GHO� WRWDO� GH� FqOÂOXOHV�PLFURELDQHV� SUHVHQWV� D

O¶DLJXD�DO� FDS�GH� SRTXHV� KRUHV� G¶REWHQLU� OD�PRVWUD��&DO� DYDOXDU� OD� VHYD� XWLOLW]DFLy� FRP�D� HLQD� GH� FRQWURO� GH� OD� FRQWDPLQDFLy

PLFURELDQD��KDELOLWDQW�O¶jJLO�PRQLWRULW]DFLy�GH�OD�TXDOLWDW�PLFURELROzJLFD�GH�O¶DLJXD�L�DOKRUD�GHO�SRWHQFLDO�GH�IRUPDFLy�GH�ELRILOPV�

7DQPDWHL[��pV�HYLGHQW�TXH�O¶DGYHQLPHQW�GH�QRYHV�WqFQLTXHV�PROHFXODUV�G¶DQjOLVL�REUH�XQHV�SHUVSHFWLYHV�UDGLFDOPHQW�GLIHUHQWV

HQ�O¶HVWXGL�GH�FRPXQLWDWV�DPELHQWDOV��)LQV�DUD��HOV�PqWRGHV�PLFURELROzJLFV�FOjVVLFV�V¶KDQ�XWLOLW]DW�DPE�q[LW��PDOJUDW�OHV�HYLGHQWV

OLPLWDFLRQV�HQ�O¶HVWXGL�GH�PRVWUHV�DPELHQWDOV��'H�IHW��WDQW�O¶DwOODPHQW�HQ�FXOWLXV�SXUV�FRP�O¶HQXPHUDFLy�SHU�UHFRPSWH�PLFURVFzSLF

GLUHFWH�GHVWUXHL[HQ�JUDQ�SDUW�GH�OHV�LQWHUDFFLRQV�TXH�V¶HVWDEOHL[HQ�HQWUH�HOV�GLIHUHQWV�FRPSRQHQWV�GHO�PHGL�

/D�PDMRULD�GHOV�PqWRGHV�TXH�UHTXHUHL[HQ�GH�O¶DwOODPHQW�SUHVHQWHQ�OLPLWDFLRQV�LPSRUWDQWV�SHU�D�O¶DYDOXDFLy�GH�OD�FRPSRVLFLy�GH�OD

FRPXQLWDW�HQ�PRVWUHV�DPELHQWDOV��SHUTXq�VRYLQW�UHYHOHQ�PHQ\V�GHO����GH�OHV�SREODFLRQV�H[LVWHQWV��LQIUDHVWLPDQW�OD�LPSRUWjQFLD

GH�OD�FRPXQLWDW�H[LVWHQW�
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$�PpV��PROWHV�GH�OHV�WqFQLTXHV�FOjVVLTXHV�GHSHQHQ�GHO�FUHL[HPHQW�PLFURELj��UHDOLW]DQW�VH�XQD�VHOHFFLy�GHOV�PLFURRUJDQLVPHV

FXOWLYDEOHV��IHW�TXH�SURSRUFLRQD�SRFD�LQIRUPDFLy�GH�O¶HVWDWXV�QXWULFLRQDO�L�O¶DFWLYLWDW�LQ�VLWX�GH�OD�PLFURELRWD�DPELHQWDO��7qFQLTXHV

PROHFXODUV�FRP�OD�KLEULGDFLy�DPE�VRQGHV�G¶jFLGV�QXFOHLFV�SHUPHWHQ�MD�XQD�GHWHFFLy�PpV�UjSLGD�L�DSUR[LPDGD�D�OD�UHDOLWDW�GHOV

PLFURRUJDQLVPHV�SUHVHQWV�HQ�FRPXQLWDWV�DPELHQWDOV��FRP�HOV�ELRILOPV�SUHVHQWV�D�OHV�DLJ�HV��HOV�PLFURRUJDQLVPHV�GHOV�DHURVROV�

FRPXQLWDWV�GHO�VzO�L�GHO�VXEVzO�� L�DOWUHV��7DPEp�SHUPHWHQ�DYDOXDU�GH�IRUPD�TXDQWLWDWLYD� O¶LPSDFWH�GH�GLIHUHQWV�FRQWDPLQDQWV�HQ

OHV� FRPXQLWDWV�PLFURELDQHV� DXWzFWRQHV�� /D� LGHQWLILFDFLy� GH� FDQYLV� HQ� OD� GLVWULEXFLy� L� FRPSRVLFLy� GHOV�PLFURRUJDQLVPHV� G¶XQD

FRPXQLWDW�HV�SRW�XWLOLW]DU�FRP�XQD�LQGLFDFLy�ELROzJLFD�GH�OD�SUHVqQFLD�GH�FRQWDPLQDQWV�

/D�IRUPDFLy�L�DFXPXODFLy�GH�VzOLGV��GLSzVLWV�LQRUJjQLFV��SURGXFWHV�GH�OD�FRUURVLy�L�DOWUHV�SURGXFWHV�VHPEODQWV�WDPEp�SRW�DIDYRULU

HO�GHVHQYROXSDPHQW�GHOV�ELRILOPV��LQFLGLQW�GLUHFWDPHQW�HQ�HO�ULVF�VDQLWDUL��HVSHFLDOPHQW�HQ�DLJ�HV�VHQVH�WUDFWDU��/¶DYDOXDFLy�GH

O¶HIHFWH� GHO� FRQGLFLRQDPHQW� GH� O¶DLJXD� DPE� XQ� FDWDOLW]DGRU� KD� SHUPqV� HYLGHQFLDU� HOV� LQGXEWDEOHV� HIHFWHV� EHQHILFLRVRV� HQ� HO

FRQWURO� GH� OD� IRUPDFLy� GHOV� ELRILOPV�� GLVPLQXLQW� GH� IRUPD� VLJQLILFDWLYD� OD� ELRPDVVD� DGKHULGD��0DOJUDW� TXH� QR� V¶KD� UHDOLW]DW� GH

IRUPD�TXDQWLWDWLYD��HO�FRQGLFLRQDPHQW�WDPEp�GLVPLQXHL[�OD�TXDQWLWDW�GH�GLSzVLWV�D�OD�VXSHUItFLH�GHO�PDWHULDO�GH�VXSRUW�

(O� FRQWURO� GH� OD� IRUPDFLy� GH� ELRILOPV� HV� SRGULD� FRPSOHWDU� DPE� XQ� WUDFWDPHQW� GH� O¶DLJXD� IUHjWLFD� DPE� XQ� VLVWHPD� 89�� � (O

WUDFWDPHQW� DGGLFLRQDO� DPE� DTXHVW� VLVWHPD� SHUPHWULD� OD� UjSLGD� GHVLQIHFFLy� D� XQV� QLYHOOV� FRPSDUDEOHV� DOV� REWLQJXWV� DPE� OD

FORUDFLy�� VHQVH�PRGLILFDU� OHV� FDUDFWHUtVWLTXHV� ItVLFR�TXtPLTXHV� GH� O¶DLJXD�� 6¶KD� DYDOXDW� OD� SRVVLELOLWDW� G¶LQVWDOÂODU� XQ� G¶DTXHVWV

VLVWHPHV� DSWH� SHU� FDEDOV� ILQV� D� �������� /�K�� IjFLOPHQW� DGDSWDEOH� L� GH� EDL[� FRVW� RSHUDWLX�� &DOGULD� GHWHUPLQDU� OD� LQIOXqQFLD

G¶XWLOLW]DU�DTXHVW�VLVWHPD�HQ�HO�FRQWURO�GH�O¶H[WHQVLy�L�HO�GHVHQYROXSDPHQW�GHOV�ELRILOPV��Ep�HQ�VROLWDUL�R�GH�IRUPD�FRQMXQWD�DPE�XQ

FRQGLFLRQDGRU�FDWDOtWLF�

)LQDOPHQW��HQ�HO�FDStWRO���GHO�SUHVHQW�WUHEDOO�V¶KD�DERUGDW�O¶DYDOXDFLy�SUHOLPLQDU�GHO�ULVF�VDQLWDUL��6¶KD�GHVHQYROXSDW�XQ�HVTXHPD

TXH�LQFORX�HOV�SULQFLSDOV�SXQWV�SHU�SRGHU�DYDOXDU�HO�ULVF�PLFURELROzJLF�SHU�OD�VDOXW�S~EOLFD�GH�OD�UHXWLOLW]DFLy�G¶DLJ�HV�VXEWHUUjQLHV

SHU�D�OD�LUULJDFLy�GH�SDUFV�L�MDUGLQV�XUEDQV��3HU�SRGHU�DYDOXDU�HO�ULVF�PLFURELj�SHU�D�OD�VDOXW�S~EOLFD�HV�QHFHVVLWD�LQIRUPDFLy�VREUH

OD�SUHVqQFLD��IUHT�qQFLD�L�GLVWULEXFLy�GHOV�PLFURRUJDQLVPHV�HQ�WRW�HO�VLVWHPD�HVWXGLDW��(Q�HO�QRVWUH�FDV��V¶KDQ�SRJXW�REWHQLU� OHV

GDGHV�GH�O¶RULJHQ��SRX�G¶$OIRQV�HO�0DJQjQLP���DL[t�FRP�D�QLYHOO�GHO�GLSzVLW�G¶DFXPXODFLy�

$L[z� HQV� KD� SHUPqV� GHWHUPLQDU� OD� FRQWULEXFLy� GH� OD� FjUUHJD�PLFURELDQD� D� O¶DLJXD� GH� OD� [DU[D� GH� GLVWULEXFLy� L� HVWLPDU� DL[t�� HO

QRPEUH� GH� PLFURRUJDQLVPHV� TXH� SRGHQ� DUULEDU� D� O¶H[WHULRU� D� WUDYpV� G¶XQ� VLVWHPD� G¶LUULJDFLy� SHU� DVSHUVLy�� 7DQPDWHL[�� pV

LQGXEWDEOH�TXH�VHULD�LPSRUWDQW�SRGHU�GHWHUPLQDU� OD�TXDOLWDW�PLFURELROzJLFD�GHOV�DHURVROV�IRUPDWV�D�SDUWLU�GHO�VLVWHPD�G¶LUULJDFLy

XWLOLW]DW�DOV�SDUFV�XUEDQV��/HV�GDGHV�REWLQJXGHV�DPE�TXDOVHYRO�GHOV�VLVWHPHV�FRPHUFLDOV�GLVSRQLEOHV�TXH�HV�EDVHQ�HQ�HO�SULQFLSL

GHO� PRVWUHMDGRU� G¶$QGHUVRQ�� SHUPHWUDQ� UHDOLW]DU� XQ� VHJXLPHQW� GH� OD� SUHVqQFLD� DOV� DHURVROV� GHOV� SULQFLSDOV� JUXSV� GH

PLFURRUJDQLVPHV�HVFROOLWV�SHU�OD�VHYD�LQFLGqQFLD�HQ�OD�6DOXW�3~EOLFD�

(YLGHQWPHQW�� TXHGD� SHU� PLOORUDU� HO� VHJXLPHQW� GHOV� EDFWHULV� SDWzJHQV� D� O¶DLJXD� L� OD� VHYD� SHUVLVWqQFLD� GLQV� GHOV� ELRILOPV

GHVHQYROXSDWV�� 'HL[DQW� GH� EDQGD� HOV� YLUXV� L� SURWR]RXV�� QR� VHULD� SUjFWLFDPHQW� YLDEOH� PRQLWRULW]DU� JDLUHV� JUXSV� GH� SDWzJHQV

EDFWHULDQV�GLIHUHQWV��3HO�FRQWUDUL��HV�SRGULHQ�HVFROOLU�XQV�SRFV�RUJDQLVPHV�PRGHO�RQ�V¶KDXULD�GH�FHQWUDU�O¶HVIRUo�DQDOtWLF��VHJRQV

HO� WLSXV�G¶HVFHQDULV�G¶H[SRVLFLy�TXH�HV�SUHYHXHQ�HQ� O¶DSURILWDPHQW� GH� O¶DLJXD�� (Q� DTXHVW� VHQWLW�� HV� VXJJHUHL[� OD� XWLOLW]DFLy� GH

/HJLRQHOOD�FRP�D�SDUjPHWUH�PLFURELROzJLF�SHOV�HVFHQDULV�RQ�HV�YRO�DYDOXDU�O¶H[SRVLFLy�SHU�LQKDODFLy�� L�GH�(VFKHULFKLD�FROL�TXDQ

O¶HVFHQDUL�LQFORX�O¶H[SRVLFLy�SHU�LQJHVWLy�

'HVSUpV� G¶DQDOLW]DU� OHV� SRVVLEOHV� YLHV� G¶H[SRVLFLy� V¶KD� UHDOLW]DW� XQD� DQjOLVL� LQWHJUDGD� GH� O¶H[SRVLFLy� KXPDQD�� LGHQWLILFDQW� WUHV

SRVVLEOHV�HVFHQDULV��LQKDODFLy��FRQWDFWH�GLUHFWH�L�LQJHVWLy��$L[z�KD�SHUPqV�GHWHUPLQDU�OD�SUREDELOLWDW�G¶LQIHFFLy�D�SDUWLU�GH�FDGD�XQ

GHOV�HVFHQDULV�GLIHUHQWV�G¶H[SRVLFLy�

&DO�LQVLVWLU�TXH�OD� LUULJDFLy�GH�SDUFV�L� MDUGLQV�XUEDQV�VHQVH�FDS�UHVWULFFLy�G¶~V�JHQHUD�XQ�ULVF�G¶H[SRVLFLy�HYLGHQW��/D�PDQFD�GH

TXDOVHYRO�WLSXV�GH�WUDFWDPHQW�D�O¶DLJXD�L�OD�SUHVqQFLD�HQ�DTXHVWV�SDUFV�G¶XQD�SURSRUFLy�PpV�HOHYDGD�GH�SREODFLy�VHQVLEOH��QHQV�

JHQW�JUDQ��«���GHWHUPLQD�XQ�DXJPHQW�GHO�ULVF��'H�IHW��OHV�SUREDELOLWDWV�HVWLPDGHV�VyQ�VLJQLILFDWLYHV�HQ�HO�FDV�G¶XQD�H[SRVLFLy�SHU



&DStWRO�� 'LVFXVVLy�*HQHUDO ���

LQKDODFLy�L�SHU�LQJHVWLy�GH�VzO�FRQWDPLQDW�±HVSHFLDOPHQW�HQ�QHQV���UHDILUPDQW�OD�QHFHVVLWDW�GH�UHDOLW]DU�XQ�FRQWURO�GH�OD�TXDOLWDW

PLFURELROzJLFD� GH� O¶DLJXD� HQ� DTXHVWV� VLVWHPHV� GH� GLVWULEXFLy� G¶DLJXD� QR� SRWDEOH� XWLOLW]DWV� SHU� D� OD� LUULJDFLy� GH� SDUFV� L� MDUGLQV

XUEDQV�� /D� FDUDFWHULW]DFLy�GHO� ULVF�PLFURELj�SHU� D� OD� 6DOXW� 3~EOLFD� HQ� HO� FDV� TXH� HQV� RFXSD�� KD� G¶LQFORXUH� OD� UHDOLW]DFLy� G¶XQ

SURJUDPD�GH�VHJXLPHQW�GH�FDGD�XQ�GHOV�SDUjPHWUHV�PLFURELROzJLFV�R�SDWzJHQV�HVFROOLWV�

$TXHVW�HVWXGL�V¶KD�GH� UHDOLW]DU�FRQWURODQW�HOV�SULQFLSDOV�SDUjPHWUHV�DPELHQWDOV�TXH�SRGHQ� LQIOXLU�HQ� OD� YLDELOLWDW�� SHUVLVWqQFLD� L

GLVSHUVLy�GHOV�PLFURRUJDQLVPHV��7DPEp�HV�SRW�FRPSOHWDU�DPE�HO�VHJXLPHQW�GH�OD�PLFURELRWD�VXSHUILFLDO�HQ�OD�YHJHWDFLy��7HQLQW

HQ� FRPSWH� XQV� HVFHQDULV� G¶H[SRVLFLy� SHU� FRQWDFWH� GLUHFWH� L� SHU� LQJHVWLy�� FDOGULD� GHWHUPLQDU� OHV� SRVVLELOLWDWV� TXH� XQD� FjUUHJD

PLFURELDQD�HOHYDGD�HQ�VXSHUItFLH�SRJXpV�DIHFWDU�DOV�XVXDULV�GHOV�SDUFV��$�SDUW��DOJXQV�DXWRUV�SODQWHJHQ�TXH� OD�SUHVqQFLD�GH

FHUWV�PLFURRUJDQLVPHV�SRW�DIHFWDU�DO�VLVWHPD�VzO�SODQWD�
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&RQFOXVLRQV���

/HV�FRQFOXVLRQV�TXH�V¶H[WUHXHQ�GHOV�UHVXOWDWV�SUHVHQWDWV�D�OD�PHPzULD�SUHVHQWDGD�VyQ�OHV�VHJ�HQWV�

q 3ULPHUD�� 6¶KD� GLVVHQ\DW� XQ� VLVWHPD� H[SHULPHQWDO� DSOLFDEOH� WDQW� HQ� FRQGLFLRQV� GH� FDPS� FRP� GH� ODERUDWRUL�

HVWHULOLW]DEOH� L�GH� IjFLO�PDQHLJ��DPE�XQD�FRQILJXUDFLy�HQ� OOLW�HPSDFDW� IL[� TXH�SHUPHW�REWHQLU� HO�Pj[LP�GH�PRVWUD�GH

ELRILOP� ������� FP�� SHU� PRVWUHMDGRU�� HQ� HO� PtQLP� HVSDL� QHFHVVDUL�� FRQWURODQW� HO� JUDGLHQW� GH� YHORFLWDWV�� (O� QLYHOO� GH

FRORQLW]DFLy�TXH�V¶DVVROHL[�DPE�HO�YLGUH��FRP�D�PDWHULDO�GH�VXSRUW�HVWjQGDUG�XWLOLW]DW�HQ�HOV�UHDFWRUV��HVWj�GLQV�GHO�UDQJ

GH�YDORUV�TXH�V¶DVVROHL[HQ�DPE�DOWUHV�PDWHULDOV�XWLOLW]DWV�D�OHV�[DU[HV�GH�GLVWULEXFLy��&RPSDUDQW�DPE�DOWUHV�PDWHULDOV

WHVW��DPE�HO�YLGUH�V¶KD�REWLQJXW�OD�Pj[LPD�FRORQLW]DFLy�TXDQ�V¶KDQ�PHVXUDW�HOV�FROLIRUPHV�WRWDOV�L�QRPpV����YHJDGHV

LQIHULRU�D�OD�SURGXwGD�HQ�XQ�PDWHULDO�SOjVWLF��$%6��R�D�O¶DFHU�FURP��TXDQ�V¶KDQ�TXDQWLILFDW�HOV�EDFWHULV�WRWDOV�HQ�SODFD�

(Q�GHILQLWLYD��HO�VLVWHPD�GHVHQYROXSDW�SHUPHW�DYDOXDU�OD�FDSDFLWDW�GH�IRUPDFLy�GH�ELRILOPV�G¶XQD�DLJXD�GHWHUPLQDGD�GH

IRUPD�QR�LQWUXVLYD�

q 6HJRQD�� (VWDEOLQW� OD� VLPLOLWXG� KLGUjXOLFD� HQ� EDVH� D� OD� YHORFLWDW� GHO� IOX[� L� O¶HVIRUo� GH� FLVDOOD�� OHV� FRQGLFLRQV

KLGURGLQjPLTXHV�D� O¶LQWHULRU� GHOV� UHDFWRUV� VyQ� VHPEODQWV� D� OHV� TXH� V¶HVWDEOHL[HQ� D� OHV� FDQRQDGHV� GH� OHV� [DU[HV� GH

GLVWULEXFLy�XUEDQHV�L�GRPLFLOLjULHV��(OV�SDUjPHWUHV�KLGURGLQjPLFV�REWLQJXWV�DOV�UHDFWRUV�GH�OOLW�HPSDFDW�IL[�V¶KDQ�DMXVWDW

D�XQ�PRGHO� WHzULF��HQ�EDVH�D� O¶HTXDFLy�GH�%XUNH�3OXPPHU�SHU�D� IOX[� WXUEXOHQWV��(O�GHVHQYROXSDPHQW�GHO�ELRILOP� L� OD

VHYD�DFXPXODFLy�HQ�HO�PHGL�SRUyV�GLVPLQXHL[�VLJQLILFDWLYDPHQW�DO�OODUJ�GHO�WHPSV�OD�SRURVLWDW�PLWMDQD�GHOV�UHDFWRUV�GH

OOLW�HPSDFDW��LQFUHPHQWDQW�GH�UHWUXF�OD�SqUGXD�GH�FjUUHJD�TXH�HV�SURGXHL[�DO�VLVWHPD��7DQPDWHL[��OD�SqUGXD�GH�FjUUHJD

REWLQJXGD�DOV�UHDFWRUV�QR�pV�VLJQLILFDWLYD��HQIURQW�GH�OHV�FRQGLFLRQV�UHDOV�H[LVWHQWV�DOV�VLVWHPHV�GH�GLVWULEXFLy�G¶DLJXD�

q 7HUFHUD�� (Q� HO� UDQJ� GH� FDEDOV� XWLOLW]DWV�� OHV� YDULDFLRQV� HQ� O¶HVIRUo� GH� FLVDOOD� DIHFWHQ� D� OD� FRORQLW]DFLy� EDFWHULDQD�

SURGXLQW� YDULDFLRQV� VHPSUH� LQIHULRUV�D��� ORJ�HQ�HO� QRPEUH�GH�EDFWHULV� WRWDOV�� /¶HVIRUo� GH� FLVDOOD� SUHVHQWD� XQ� HIHFWH

GLIHUHQW�VHJRQV� O¶HVWDW�GH�GHVHQYROXSDPHQW�GHO�ELRILOP��(O�JUDX�GH�FRORQLW]DFLy�DXJPHQWD�DPE�HO�FDEDO��/¶HVIRUo�GH

FLVDOOD� SUHVHQWD� XQ� HIHFWH� GLIHUHQW� VHJRQV� O¶HVWDW� GH� GHVHQYROXSDPHQW� GHO� ELRILOP�� PDMRU� HQ� ELRILOPV� PDGXUV�� HQ

DXJPHQWDU�OD�VHSDUDFLy�

q 4XDUWD�� /D� TXDOLWDW� PLFURELROzJLFD� GHOV� DT�tIHUV� PRVWUHMDWV� �SRX� G
$OIRQV� HO� 0DJQjQLP� D� %DUFHORQD�� L� PLQD� GH

5LEDWDOODGD�D�6DEDGHOO���QR�FRPSOHL[�DPE�HOV�HVWjQGDUGV�UHFRPDQDWV�SHU�DO�UHJ�GH�SDUFV�XUEDQV��/D�IDFLOLWDW�DPE�TXH

DTXHVWV�VLVWHPHV�YHXHQ�DOWHUDGHV�OHV�VHYHV�SREODFLRQV�PLFURELDQHV�LQGLFD�OD�QHFHVVLWDW�G
HVWDEOLU�XQD�YLJLOjQFLD�GH�OD

TXDOLWDW�PLFURELROzJLFD�DO�OODUJ�GHO�WHPSV��MD�TXH�UHVXOWDWV�SXQWXDOV�EDL[RV�SRGHQ�GRQDU�IDOVD�VHQVDFLy�GH�VHJXUHWDW�

q &LQTXHQD��(O� VLVWHPD� H[SHULPHQWDO� GLVVHQ\DW� KD� SHUPqV� GHWHUPLQDU� HO� SRWHQFLDO� GH� IRUPDFLy� GH� ELRILOPV� D� SDUWLU

G
DLJ�HV� VXEWHUUjQLHV� G
RULJHQ� GLIHUHQW�� DL[t� FRP� D� SDUWLU� G
DLJ�HV� SRWDEOHV�� 7RWHV� OHV� DLJ�HV� DQDOLW]DGHV� KDQ

GHVHQYROXSDW�ELRILOPV�HVWDEOHV�HQ�XQ�SHUtRGH�Pj[LP�GH���PHVRV��(Q�DEVqQFLD�GH�GHVLQIHFWDQW�HOV�QLYHOOV�GH�ELRPDVVD

DGKHULGD� HVWDEOH� KDQ� HVWDW� HQWUH� ���� L� ���� &qO��FP��� DPE� XQ� DXJPHQW� VLJQLILFDWLX� DO� OODUJ� GHO� WHPSV� HQ� HO

GHVHQYROXSDPHQW�YHUWLFDO�L� OD�UXJRVLWDW�VXSHUILFLDO�GHOV�ELRILOPV��(Q�SUHVqQFLD�GH�����PJ�/�GH�&ORU�/OLXUH�OD�ELRPDVVD

DGKHULGD�HUD���RUGUHV�GH�PDJQLWXG�PHQRU��$�WRWHV�OHV�]RQHV�RQ�V¶KD�DGDSWDW�HO�VLVWHPD�H[SHULPHQWDO�OD�SURSRUFLy�HQWUH

HOV�EDFWHULV�YLDEOHV�HQ�SODFD�SUHVHQWV�DO�ELRILOP�L�D�OD�IDVH�SODQFWzQLFD�KD�HVWDW�VXSHULRU�D�����DPE�YDORUV�HQWUH�����

�����D�SDUWLU�GH�O¶DLJXD�G¶$OIRQV�HO�0DJQjQLP�

q 6LVHQD��6¶KDQ�DwOODW�GLIHUHQWV�SDWzJHQV�L�RSRUWXQLVWHV�DOV�ELRILOPV�GHVHQYROXSDWV�D�SDUWLU�GH�OHV�DLJ�HV�IUHjWLTXHV��(OV

YDORUV� Pj[LPV� G¶LQGLFDGRUV� GH� FRQWDPLQDFLy� IHFDO� FRP� HOV� FROLIRUPHV� WRWDOV� R� GH� JUXSV� FRP�3VHXGRPRQDV� V¶KDQ

REWLQJXW�DO�ILQDO�GHO�WHPSV�G¶H[SRVLFLy������GLHV�D�6DQW�0DUWt�����GLHV�D�6DEDGHOO�L����GLHV�D��SDUWLU�GH�O¶DLJXD�SRWDEOH��

(Q�FDQYL��(VFKHULFKLD�FROL�QRPpV�V¶KD�GHWHFWDW�DPE�QLYHOOV�VLJQLILFDWLXV�DOV�ELRILOPV�GHVHQYROXSDWV�D�SDUWLU�GH� O¶DLJXD

GHO�SRX�G¶$OIRQV�HO�0DJQjQLP�D�6DQW�0DUWt��RQ�KD�SHUVLVWLW�ILQV�DOV�����GLHV�



&DStWRO�� &RQFOXVLRQV ���

q 6HWHQD��(O�FRQGLFLRQDPHQW�FDWDOtWLF�SUHYL�GH�O
DLJXD�GLVPLQXHL[�VLJQLILFDWLYDPHQW�OD�IRUPDFLy�GH�ELRILOPV�DOV�UHDFWRUV�GH

OOLW�HPSDFDW��DPE�UHGXFFLRQV�VXSHULRUV�D���ORJ�HQ�OD�SUHVqQFLD�GH�FqOÂOXOHV�WRWDOV��EDFWHULV�YLDEOHV�HQ�SODFD��FROLIRUPHV

WRWDOV�� (VFKHULFKLD� FROL� L� 3VHXGRPRQDV�� (O� FDWDOLW]DGRU� KD� GLVPLQXwW� OD� TXDQWLWDW� GH� SURGXFWHV� GH� FRUURVLy� L� DOWUHV

GLSzVLWV�SUHVHQWV�D�OD�VXSHUItFLH�GHO�PDWHULDO�GH�VXSRUW�L��DOKRUD��KD�SUHVHQWDW�XQ�HIHFWH�VLJQLILFDWLX�HQ�O
HVWUXFWXUD�GHOV

ELRILOPV�GHVHQYROXSDWV��UHGXLQW�HO�JUXL[�L�OD�UXJRVLWDW�VXSHUILFLDO�

q 9XLWHQD��(OV�ELRILOPV�GHVHQYROXSDWV�D�SDUWLU�GH�O
DLJXD�GHO�SRX�G
$OIRQV�HO�0DJQjQLP�SUHVHQWHQ�XQ�WHPSV�GH�JHQHUDFLy

GH� ��� GLHV�� FRQWULEXLQW� D� OD� FjUUHJD� PLFURELDQD� GH� O
DLJXD�� /D� SUHVqQFLD� G¶DTXHVWV� ELRILOPV� FRQWULEXHL[� GH� IRUPD

LPSRUWDQW�D�OD�FjUUHJD�PLFURELDQD�HQ�VXVSHQVLy��$TXHVW�HIHFWH�pV�PpV�DFFHQWXDW�HQ�VLVWHPHV�TXH�IXQFLRQHQ�HQ�UqJLP

GLVFRQWLQX�� L� SRW� FRQWULEXLU� GH� IRUPD� GHFLVLYD� D� LQFUHPHQWDU� HO� ULVF� VDQLWDUL�� &DO� SUHQGUH�PHVXUHV� GH� SUHYHQFLy� SHU

GLVPLQXLU�DO�Pj[LP�DTXHVW�ULVF��FRQWURODQW�O¶H[WHQVLy�GHO�ELRILOP�DO�VLVWHPD�GH�GLVWULEXFLy��HYLWDQW�DO�Pj[LP�HO�FRQWDFWH

GHOV�YLVLWDQWV�DPE�HOV�DHURVROV�GHO�UHJ�SHU�DVSHUVLy�L�UHGXLQW�QH�OD�VHYD�JHQHUDFLy�
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(OV�$QQH[RV�HVWDQ�HQ� IRUPDW�GLJLWDO�� DO�&'�5RP�TXH�V
DGMXQWD�DPE�HO� WUHEDOO� HVFULW�� (Q�DTXHVW�&'�5RP�HV�SRGHQ� WUREDU�HOV

VHJ�HQWV�DU[LXV�

½ $U[LXV�7HVL��HQ�IRUPDW�3')�

½ ,PDWJHV��6HOHFFLy�G
LPDWJHV�GHOV�ELRILOPV��UHDOLW]DGHV�DPE�OHV�GLIHUHQWV�WqFQLTXHV�

½ 3URWRFROV�1RUPDOLW]DWV�GH�7UHEDOO�XWLOLW]DWV�HQ�FDGD�XQ�GHOV�H[SHULPHQWV�UHDOLW]DWV�

½ :HE�3HUVRQDO

(OV�3URWRFROV�1RUPDOLW]DWV�GH�7UHEDOO�TXH�V
KDQ�XWLOLW]DW�VyQ�HOV�VHJ�HQWV�

317����$QjOLVL�GH�PLFURRUJDQLVPHV�DGKHULWV�DO�PRVWUHMDGRU�GH�ELRILOPV

317����5HFRPSWH�GH�EDFWHULV�DHURELV��+3&��SHU�ILOWUDFLy�GH�PHPEUDQD

317����5HFRPSWH�GH�FROLIRUPHV�WRWDOV�L�(VFKHULFKLD�FROL�SHU�ILOWUDFLy�GH�PHPEUDQD

317����5HFRPSWH�GH�IRQJV�ILODPHQWRVRV�SHU�ILOWUDFLy�GH�PHPEUDQD

317����5HFRPSWH�GH�3VHXGRPRQDV�L�$HURPRQDV�SHU�ILOWUDFLy�GH�PHPEUDQD

317����5HFRPSWH�GH�FORVWULGLV�VXOILW�UHGXFWRUV�SHU�ILOWUDFLy�GH�PHPEUDQD

317����5HFRPSWH�GHO�JUXS�0\FREDFWHULXP�SHU�ILOWUDFLy�GH�PHPEUDQD

317����5HFRPSWH�GH�/HJLRQHOOD�SHU�ILOWUDFLy�GH�PHPEUDQD

317����5HFRPSWH�L�$wOODPHQW�GH�PLFURRUJDQLVPHV�SODQFWzQLFV�SHU�ILOWUDFLy�GH�PHPEUDQD

317�����5HFRPSWH�GH�EDFWHULV�DPE�WDURQMD�G
DFULGLQD

317�����5HFRPSWH�7RWDO�GH�EDFWHULV�DPE�'$3,

317�����5HFRPSWH�GH�FqOÂOXOHV�WRWDOV�L�YLDEOHV�DPE�&7&�'$3,

317�����5HFRPSWH�GH�EDFWHULV�WRWDOV�L�YLDEOHV�DPE�/,9(�'($'

317�����5HFRPSWH�GH�*UDP�DPE�/LYH�%DF/LJKW�%DFWHULDO�*UDP

3HU� DFFHGLU� DOV� GLIHUHQWV� DU[LXV� FDO� REULU� HQ� SULPHU� OORF� HO� ILW[HU� LQGH[�KWP�� L� GHVSUpV� HV� VHJXHL[� QDYHJDQW�� 2SWLPLW]DW� SHU

1HWVFDSH�1DYLJDWRU�����R�VXSHULRU�




