
&$3Ë72/

&$3Ë72/��

$9$/8$&,Ï�'(�/$�)250$&,Ï�'(�%,2),/06�(1
6,67(0(6�'(�',675,%8&,Ï�'
$,*8$





&DStWRO�� $YDOXDFLy�GH�OD�IRUPDFLy�GH�ELRILOPV�HQ�VLVWHPHV�GH�GLVWULEXFLy�G¶DLJXD ��

&DStWRO��� $YDOXDFLy�GH�OD�IRUPDFLy�GH
ELRILOPV�HQ�VLVWHPHV�GH
GLVWULEXFLy�G·DLJXD

3.1. INTRODUCCIÓ 92
3.1.1. MICROBIOLOGIA DE LES AIGÜES SUBTERRÀNIES 92
3.1.2. REUTILITZACIÓ D’AIGÜES FREÀTIQUES PER A LA IRRIGACIÓ I ESTALVI HÍDRIC 97
3.1.3. REUTILITZACIÓ DE L’AIGUA FREÀTICA PER A LA IRRIGACIÓ DE PARCS I JARDINS A SANT

MARTÍ DE PROVENÇALS (BARCELONA) 99
3.1.4. MICROBIOLOGIA DE LES XARXES D’AIGUA POTABLE 101
3.2. MATERIAL I MÈTODES 109
3.2.1. ZONA DE MOSTREIG I: POU D’A LFONS EL MAGNÀNIM (SANT MARTÍ-BESÓS) 109
3.2.2. ZONA DE MOSTREIG II: SABADELL 111
3.2.3. ZONA DE MOSTREIG III: LAB. MICROBIOLOGIA EUOOT 111
3.2.4. ANALÍTIQUES MICROBIOLÒGIQUES DE MOSTRES PLANCTÒNIQUES I DEL BIOFILM 114
3.2.5. IDENTIFICACIÓ DELS MICROORGANISMES 115
3.2.6. RECOMPTE DIRECTE: TINCIÓ DE MOSTRES PLANCTÒNIQUES 116
3.2.7. ESTIMA DE LA TAXA ESPECÍFICA DE CREIXEMENT DEL BIOFILM 118
3.2.8. ANALÍTIQUES QUÍMIQUES 118
3.3. RESULTATS A LA ZONA DE MOSTREIG I: SANT MARTÍ (BESÓS) 120
3.3.1. MICROORGANISMES PLANCTÒNICS 120
3.3.2. DESENVOLUPAMENT DE BIOFILM A PARTIR DEL POU DE CAPTACIÓ 122
3.3.3. DESENVOLUPAMENT DE BIOFILM A PARTIR DEL DIPÒSIT DE RESERVA 123
3.3.4. COMPARACIÓ DEL Nº DE MICROORGANISMES EN FASE BIOFILM I PLANCTÒNICA 125
3.3.5. CANVIS EN LA COMPOSICIÓ DE LA COMUNITAT DELS BIOFILMS 128
3.3.6. ESTIMA DE LA TAXA ESPECÍFICA DE CREIXEMENT 132
3.4. RESULTATS A LA ZONA DE MOSTREIG II: SABADELL 134
3.4.1. MICROORGANISMES PLANCTÒNICS 134
3.4.2. DESENVOLUPAMENT DE BIOFILM 136
3.4.3. COMPARACIÓ DEL Nº DE MICROORGANISMES EN FASE BIOFILM I PLANCTÒNICA 140
3.4.4. CANVIS EN LA COMPOSICIÓ DE LA COMUNITAT DELS BIOFILMS 141
3.5. RESULTATS A LA ZONA DE MOSTREIG III: XARXA DE DISTRIBUCIÓ D ’AIGUA POTABLE

(LAB. MICROBIOLOGIA EUOOT-UPC) 144
3.5.1. MICROORGANISMES PLANCTÒNICS 144
3.5.2. DESENVOLUPAMENT DE BIOFILM 146
3.5.3. COMPARACIÓ DEL Nº DE MICROORGANISMES EN FASE BIOFILM I PLANCTÒNICA 149
3.5.4. CANVIS EN LA COMPOSICIÓ DE LA COMUNITAT DELS BIOFILMS 150
3.6. DISCUSSIÓ 152
3.6.1. MICROORGANISMES PLANCTÒNICS 152
3.6.2. CINÈTIQUES DE COLONITZACIÓ 157
3.7. BIBLIOGRAFIA 166



��� ,QWURGXFFLy��

����� ,QWURGXFFLy

������ 0LFURELRORJLD�GH�OHV�DLJ�HV�VXEWHUUjQLHV

/HV� DLJ�HV� VXEWHUUjQLHV� V¶KDQ� FRQYHUWLW� HQ� XQD� IRQW� GH� SURYHwPHQW� LPSRUWDQW� SHU� DO� FRQVXP�GRPqVWLF�� DJUtFROD� L� LQGXVWULDO� D

GLIHUHQWV�SDUWV�GHO�PyQ��$OV�(8$�DSRUWHQ�DSUR[LPDGDPHQW�HO�����GH� O¶DLJXD�XWLOLW]DGD�SHU�DO�FRQVXP�S~EOLF� �3LOODL� �������(Q

DOWUHV�SDwVRV�DTXHVWV�SHUFHQWDWJHV�VyQ�HQFDUD�PpV�DOWV��FRP�D�'LQDPDUFD�� RQ�HO� ����GH� O¶DLJXD�GH�EHJXGD�V¶REWp�G¶DLJ�HV

IUHjWLTXHV��&]DNy��������0DOJUDW� OD�JUDQ� LPSRUWjQFLD�GH� O¶DLJXD�VXEWHUUjQLD�H[LVWHL[�XQD�PDQFD�GH�FRPSUHQVLy�GH�PROWV�GHOV

IDFWRUV�TXH�DIHFWHQ�OD�VHYD�GLVWULEXFLy��PRELOLWDW�L�VXVFHSWLELOLWDW�D�OD�FRQWDPLQDFLy��$�PpV��OD�ELRORJLD�GH�OHV�DLJ�HV�VXEWHUUjQLHV�L

GHO�VXEVzO�HV�PDQWp�FRP�XQD�GH�OHV�PHQ\V�FRQHJXGHV�HQWUH�HOV�GLIHUHQWV�DPELHQWV�WHUUHVWUHV��&XOOLPRUH�������

)LQV�QR�ID�JDLUH�HV�FRQVLGHUDYD�TXH�OHV�DLJ�HV�VXEWHUUjQLHV�SUHVHQWDYHQ�XQD�PLFURELRWD�SUjFWLFDPHQW�LQVLJQLILFDQW��(Q�JHQHUDO�

OHV�DLJ�HV�VXEWHUUjQLHV�VyQ�PROW�PpV�UHVLVWHQWV�D� OD�FRQWDPLQDFLy�TXH� OHV�DLJ�HV�VXSHUILFLDOV�GH�ULXV�R� OODFV��GHJXW�D� OD�VHYD

FDSDFLWDW� SHU� HOLPLQDU� WRWDO� R� SDUFLDOPHQW� HOV� GLIHUHQWV� WLSXV� GH� FRQWDPLQDQWV�� $� PpV�� DOJXQV� DT�tIHUV� HVWDQ� SURWHJLWV� GH� OD

FRQWDPLQDFLy�VXSHUILFLDO�SHU�OD�SUHVqQFLD�GH�FDSHV�LPSHUPHDEOHV�G¶DUJLOHV�R�DOWUHV�PDWHULDOV��1R�REVWDQW��GHV�GHOV�DQ\V�����V

V¶KDQ�SURGXwW�GLIHUHQWV�HSLVRGLV�GH�FRQWDPLQDFLy�DJUtFROD�L�LQGXVWULDO�D�SDUWLU�G¶DLJ�HV�VXEWHUUjQLHV��TXH�KDQ�DIHFWDW�OD�SHUFHSFLy

S~EOLFD�GH�OD�TXDOLWDW�GHOV�DT�tIHUV�

/D�TXDOLWDW�GH�O·DT�tIHU�QDWXUDO�GHSqQ�HQ�JUDQ�PHVXUD�GH�OD�]RQD�QR�VDWXUDGD�� OD�UHJLy�HQWUH� OD�VXSHUItFLH�GHO� WHUUD� L�HO�QLYHOO

IUHjWLF�ORFDO�L��HQ�FRQFUHW��GH�O¶HFRORJLD�PLFURELDQD�L�OD�TXDOLWDW�GH�O¶DLJXD�HQ�DTXHVWD�]RQD��/D�SUHVqQFLD�GH�PLFURRUJDQLVPHV�SRW

PRGLILFDU� JUDQ� SDUW� GHOV� FRQWDPLQDQWV� TXH� HV� PRXHQ� D� WUDYpV� GH� OD� ]RQD� QR� VDWXUDGD� GHOV� DT�tIHUV�� GHJUDGDQW�ORV� WRWDO� R

SDUFLDOPHQW� DEDQV� G¶DUULEDU� D� OD� ]RQD� VDWXUDGD�� /D� PDMRU� SDUW� G¶DTXHVWV� PLFURRUJDQLVPHV� GHSHQHQ� GH� OD� FRQFHQWUDFLy� GH

GLIHUHQWV�JDVRV�OOLXUHV�R�GLVVROWV��R[LJHQ��GLz[LG�GH�FDUERQL�R�QLWURJHQ���D�OD�]RQD�QR�VDWXUDGD��'H�IHW��DOJXQV�IDFWRUV�DPELHQWDOV

ItVLFV�L�TXtPLFV�SRGHQ�LQIOXLU�HQ�HO�FUHL[HPHQW�PLFURELj�HVWLPXODQW�OR�R��D�OD�LQYHUVD��DFWXDQW�FRP�D�LQKLELGRUV��Wz[LFV�JHQHUDOV�R

VHOHFWLXV��� 'LIHUHQWV� IDFWRUV� TXtPLFV� SRGHQ� SURYRFDU� O¶HVWUqV� GHOV�PLFURRUJDQLVPHV� SUHVHQWV� HQ� DTXHVWHV� ]RQHV�� DOWHUDQW� OHV

FRPXQLWDWV�GRPLQDQWV�L�DIDYRULQW�D�FHUWHV�HVSqFLHV�PpV�EHQ�DGDSWDGHV�SHU�OD�VHYD�YHUVDWLOLWDW��'¶DTXHVWD�IRUPD�HV�SRGHQ�DUULEDU

D�VHSDUDU�GLIHUHQWV�FRPXQLWDWV�HVWUDWLILFDGHV�GH�PLFURRUJDQLVPHV��VHJRQV�OD�VHYD�KDELOLWDW�SHU�DGDSWDU�VH�D�DTXHVWHV�FRQGLFLRQV

DPELHQWDOV�

$�OD�]RQD�VDWXUDGD�HO�TXLPLVPH�GH�O¶DLJXD�HYROXFLRQD�D�PHVXUD�TXH�HV�PRX�D�WUDYpV�GHO�VLVWHPD��GHSHQHQW�HQ�JUDQ�PHVXUD�GHO

WHPSV� GH� UHVLGqQFLD� GH� O¶DLJXD� L� GH� OD� FRQVWLWXFLy� GHO� VzO� L� OHV� URTXHV� SHU� RQ� SDVVD� O¶DT�tIHU�� (Q� JHQHUDO�� HOV� DT�tIHUV� YHOOV

WHQGHL[HQ�D�SUHVHQWDU�XQV�QLYHOOV�HOHYDWV�GH�PLQHUDOV�GLVVROWV�L�XQD�VDOLQLWDW�L�DOFDOLQLWDW�HOHYDGHV�D�PpV�G¶XQD�LPSRUWDQW�PDQFD

G¶R[LJHQ� GLVVROW� �'UHYHU� ������� (Q� FDQYL�� OD� SUHFLSLWDFLy� L� LQILOWUDFLy� UHFHQWV� SUHVHQWHQ�� GH� IRUPD� QDWXUDO�� XQ� FDUjFWHU� DFtGLF

�DSUR[LPDGDPHQW�S+ ����GHJXW�D�OD�SUHVqQFLD�GH�&2��DWPRVIqULF�GLVVROW��HQFDUD�TXH�GLVPLQXHL[�PpV�HQ�]RQHV�DPE�SOXMD�jFLGD�

L�XQ�HOHYDW�FRQWLQJXW�G¶R[LJHQ�GLVVROW��3LOODL�������

$�PHVXUD� TXH� HV� SURIXQGLW]D�� IDFWRUV� FRP� O¶LQFUHPHQW� HQ� WHPSHUDWXUD�� SUHVVLy� L� FRQFHQWUDFLy� GH� VDOV�� L� OD� GLVPLQXFLy� HQ� OD

GLVSRQLELOLWDW�G¶R[LJHQ�L�HO�SRWHQFLDO�UHGR[��(K��GHWHUPLQHQ�GH�IRUPD�LPSRUWDQW�OHV�HVSqFLHV�PLFURELDQHV�GRPLQDQWV��(Q�JHQHUDO

V¶KD�GHWHUPLQDW�XQ�LQFUHPHQW�PLJ�GH�WHPSHUDWXUD�GH������&�SHU�FDGD�����PHWUHV�GH�SURIXQGLWDW��'ULVFROO��������PHQWUH�TXH�OHV

SUHVVLRQV�KLGUjXOLTXHV�WDPEp�H[HUFHL[HQ�XQD�PDMRU�LQIOXqQFLD�D�PHVXUD�TXH�DXJPHQWD�OD�SURIXQGLWDW��5HVSHFWH�D�OD�GLVSRQLELOLWDW

G¶R[LJHQ��HO�Pj[LP�G¶DFWLYLWDW�L�GH�FRORQLW]DFLy�PLFURELDQD�HV�SURGXHL[�TXDQ�O¶DPELHQW�FRPHQoD�D�VHU�R[LGDWLX��SRWHQFLDO�(K�����

D��������HQ�OD�LQWHUIDVH�RQ�HV�SURGXHL[�HO�FDQYL�G¶DPELHQW�UHGXFWRU�D�R[LGDW��&XOOLPRUH�������

$OV�DPELHQWV�GHVFULWV��HOV�PLFURRUJDQLVPHV�SRGHQ�VHU�WUDQVSRUWDWV�SHU�OHV�DLJ�HV�VXEWHUUjQLHV�R�SHO�IOXLG�LQWHUVWLFLDO�GHOV�PHGLV

SRURVRV��R�Ep�HV�SRGHQ�DGVRUELU�D� OHV�VXSHUItFLHV�GH� OHV�SDUWtFXOHV�G¶DTXHVW�PHGL�� (O� GHVHQYROXSDPHQW�GHO� ELRILOP�HQ�PHGLV

SRURVRV� pV�� IRQDPHQWDOPHQW�� HO� UHVXOWDW� GH� OD� ELRPDVVD� DIHJLGD� D� OD� VXSHUItFLH� HQ� HOV� SURFHVVRV� G¶DGVRUFLy�� FUHL[HPHQW�

DGKHUqQFLD�L�ILOWUDFLy��PHQ\V�OD�TXDQWLWDW�GH�PDVVD�TXH�HV�VHSDUD�SHU�SURFHVVRV�GH�GHVRUFLy�L�VHSDUDFLy��&XQQLQJKDP�	�:DQQHU



&DStWRO�� $YDOXDFLy�GH�OD�IRUPDFLy�GH�ELRILOPV�HQ�VLVWHPHV�GH�GLVWULEXFLy�G¶DLJXD ��

�������6HQVH�REOLGDU�TXH�SRGHQ�SURGXLU�SUREOHPHV�SHU�D�OD�VDOXW�S~EOLFD��HOV�ELRILOPV�SUHVHQWV�HQ�DTXHVWV�DPELHQWV�DFWXHQ�FRP

D�FDWDOLW]DGRUV��HQWUH�G¶DOWUHV��GHOV�VHJ�HQWV�SURFHVVRV�

q 2EWXUDFLy�LQGXwGD�SHU�PLFURRUJDQLVPHV��0,)���(Q�DTXHVW�SURFpV�HO�FUHL[HPHQW�GHOV�PLFURRUJDQLVPHV�HQ�IRUPD�GH�ELRILOP
JHQHUD�HO�UHFREULPHQW�GH�OHV�VXSHUItFLHV�GHO�PHGL�SRUyV��$�PHVXUD�TXH�HO�ELRILOP�V¶H[SDQGHL[��OD�FDSDFLWDW�GH�WUDQVPLVVLy
GH�O¶DLJXD�D�WUDYpV�GHO�VLVWHPD�HV�UHGXHL[��REWXUDFLy��

q $FXPXODFLy� LQGXwGD� SHU� PLFURRUJDQLVPHV� �0,$��� TXH� SRW� LPSOLFDU� OD� ELRDFXPXODFLy� GH� GLIHUHQWV� LRQV�� FRP� HOHPHQWV
PHWjOÂOLFV�HQ�OHV�VHYHV�IRUPHV�GLVVROWHV�R�VDOV�LQVROXEOHV�L�FRPSOH[HV�RUJjQLFV�

q 'HJUDGDFLy� GH� FRQWDPLQDQWV� RUJjQLFV� LQGXwGD� SHU� PLFURRUJDQLVPHV�� $FWLYLWDW� ELRWUDQVIRUPDGRUD� LQ� VLWX� GH� GLIHUHQWV
FRPSRVWRV�RUJjQLFV�

q *HQHUDFLy� PLFURELDQD� GH� JDVRV� �0**��� FRP� GLz[LG� GH� FDUERQL�� PHWj�� VXOIXU� G¶KLGURJHQ� L� QLWURJHQ�� (V� SURGXHL[
HVSHFLDOPHQW�DPE�OD�PDGXUDFLy�GHOV�ELRILOPV�L�O¶H[WHQVLy�GHO�FUHL[HPHQW�DQDHUREL�

q &RUURVLy� LQGXwGD�SHU�PLFURRUJDQLVPHV��0,&���TXH�SRW� LQFORXUH� OD�JHQHUDFLy�GH�VXOIXU�G¶KLGURJHQ��FRUURVLy�HOHFWUROtWLFD�� L�R
jFLGV�RUJjQLFV��VROXELOLW]DFLy�GH�PHWDOOV���(O�ULVF�PpV�JUDQ�HV�SURGXHL[�TXDQ�HV�GHVHQYROXSHQ�ELRILOPV�HVWUDWLILFDWV� L�TXDQ
SUHVHQWHQ�XQD�FDSD�DQDHUzELFD�SHUPDQHQW�

7RW�DL[z� ID�TXH� OD�ELRPDVVD�GHOV�DPELHQWV�G¶DLJ�HV�VXEWHUUjQLHV�VLJXL�FRQVLGHUDEOHPHQW�VLJQLILFDWLYD��DUULEDQW�D�YDORUV�GH����

7RQHV�SHU�KHFWjUHD��'H� IHW��DLJ�HV�FULVWDOÂOLQHV�DSDUHQWPHQW�VHQVH�FRQWDPLQDFLy�PLFURELDQD�SRGHQ�DUULEDU� D�SUHVHQWDU� �[���

FqOÂOXOHV�P/��$OOHQ�������:LOVRQ�HW�DO��������-DUYLV�HW�DO��������%XFKDQRQ�0DSSLQ�HW�DO��������0DU[VHQ�������*HOGUHLFK�������

(QFDUD� TXH� OHV� WD[HV�PHWDEzOLTXHV� GH� OHV� FRPXQLWDWV� GHO� VXEVzO� DFRVWXPHQ� D� VHU� LQIHULRUV� D� OHV� WtSLTXHV� SHU� HFRVLVWHPHV

DTXjWLFV�R�SHO�VzO��V¶KD�SRJXW�GHWHUPLQDU�OD�SUHVqQFLD�VLJQLILFDWLYD�G¶DFWLYLWDW�PLFURELDQD�HQ�VLVWHPHV�G¶DLJ�HV�VXEWHUUjQLHV�PROW

SURIXQGHV� �$HOLRQ� HW� DO�� ������ :LOVRQ� HW� DO�� ������ &KDSHOOH� ������� '
DOWUD� EDQGD�� V¶KD� GH� FRQVLGHUDU� TXH� O¶DEVqQFLD� GH

PLFURRUJDQLVPHV� HQ� XQD� PRVWUD� SDUWLFXODU� G¶DLJXD� VXEWHUUjQLD� QR� HV� SRW� LQWHUSUHWDU� LQHYLWDEOHPHQW� FRP� OD� IDOWD� GH� OD� VHYD

SUHVqQFLD�GLQV�GHO�VLVWHPD�GH�O¶DT�tIHU�

5HVSHFWH�DOV�VHXV�UHTXHULPHQWV�QXWULWLXV�VHPEOD�H[LVWLU�XQD�FRQVLGHUDEOH�YDULDFLy�HQWUH�HOV�GLIHUHQWV�PLFURRUJDQLVPHV��$�PpV�

DYXL� HQ�GLD�HQFDUD�QR�HVWj� FODU� HO� VLJQLILFDW� GH� FDGD� XQ� GHOV� JUXSV� GH�PLFURRUJDQLVPHV� L� TXLQ� pV� HO� VHX� SDSHU� D� OHV� DLJ�HV

VXEWHUUjQLHV��(Q�SULQFLSL��HV�GLIHUHQFLHQ�GRV�JUDQV�JUXSV�

q 2UJDQLVPHV�LQGtJHQHV��TXH�HV�WUREHQ�GH�IRUPD�KDELWXDO�HQ�HOV�VLVWHPHV�G¶DLJ�HV�VXEWHUUjQLHV�

q 2UJDQLVPHV�RSRUWXQLVWHV��TXH�PDOJUDW�SUROLIHULQ�HQ�DOWUHV�]RQHV�GH�OD�ELRVIHUD��SRGHQ�HQYDLU�VRWD�GHWHUPLQDGHV�FRQGLFLRQV
HOV�VLVWHPHV�G¶DLJ�HV�VXEWHUUjQLHV�

(OV�~OWLPV�DQ\V�V¶KDQ�GHVHQYROXSDW�GLIHUHQWV�HVWXGLV�SHU�DXJPHQWDU�HO�FRQHL[HPHQW�VREUH�OD�FRQWDPLQDFLy�GHOV�DT�tIHUV� L�HO

WUDQVSRUW�PLFURELj��HVSHFLDOPHQW�SHU�O¶LQWHUqV�G¶XWLOLW]DU�OD�ELRGHJUDGDFLy�PLFURELDQD�HQ�OD�QHWHMD�GH�FRQWDPLQDQWV�SUHVHQWV�HQ

DT�tIHUV��(OV�WUHEDOOV�UHDOLW]DWV�RQ�V¶KD�FDUDFWHULW]DW�OD�PLFURELRWD�GHO�VXEVzO��:LOVRQ�HW�DO���������PRVWUHQ�FRP�DTXHVWD�DFRVWXPD

D�SUHVHQWDU�OD�FDSDFLWDW�SHU�DGDSWDU�VH�D�OD�SUHVqQFLD�GH�FRQWDPLQDQWV�L��ILQV�L�WRW��PHWDEROLW]DU�XQ�JUDQ�QRPEUH�GH�[HQRELzWLFV

�$HOLRQ�HW�DO��������

(O�IOX[�GH�O¶DLJXD�VXEWHUUjQLD�pV�IDFLOLWDW�SHU�OHV�REHUWXUHV��HVFOHW[HV�L�IUDFWXUHV�SUHVHQWV�D�OHV�GLIHUHQWV�IRUPDFLRQV�JHROzJLTXHV�

/D�OOHL�GH�'DUF\�GHVFULX�HO�IOX[�D�WUDYpV�G¶XQ�PDWHULDO�JHROzJLF�VDWXUDW�

T = −.
∆K
∆[

������

RQ�T�pV� OD�GHVFjUUHJD�HVSHFtILFD�R� OD�WD[D�GH�IOX[�SHU�XQLWDW�G¶jUHD�GH�PDWHULDO�JHROzJLF� �P�V���.�pV� OD�FRQGXFWLYLWDW�KLGUjXOLFD

�P�V��L�∆K�∆[�pV�HO�JUDGLHQW�KLGUjXOLF��pV�D�GLU��XQD�PHVXUD�GHO�FDQYL�HQ�HO�SRWHQFLDO�G¶HQHUJLD�GH�O¶DLJXD�
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$�OD�]RQD�QR�VDWXUDGD�HO�IOX[�G¶DLJXD�VXEWHUUjQLD�WDPEp�HVWj�JRYHUQDW�SHU�OD�OOHL�GH�'DUF\��HQFDUD�TXH�OD�FRQGXFWLYLWDW�KLGUjXOLFD

GHSqQ�HQ�DTXHVW�FDV�GHO� FRQWLQJXW� G¶KXPLWDW��4XDQ�HO� VzO� HVWj�D�SURS�GH� OD�SOHQD�VDWXUDFLy�HOV� YDORUV� V¶DSUR[LPHQ�DOV�GH� OD

FRQGXFWLYLWDW�KLGUjXOLFD�VDWXUDGD��4XDQ�HOV�YDORUV�G¶KXPLWDW�GLVPLQXHL[HQ�OD�FRQGXFWLYLWDW�KLGUjXOLFD�GLVPLQXHL[�UjSLGDPHQW��$L[z

GLILFXOWD�OD�SUHGLFFLy�GH�OHV�WD[HV�GHO�IOX[�L�GHOV�tQGH[V�GH�WUDQVSRUW�GH�FRQWDPLQDQWV�D�OD�]RQD�QR�VDWXUDGD�

/D�PDMRULD�GHOV�PDWHULDOV�JHROzJLFV�SUHVHQWHQ�XQD�SRURVLWDW�VXILFLHQW�SHU�SHUPHWUH�HO�FUHL[HPHQW�L�OD�PRELOLWDW�GH�JUDQ�SDUW�GHOV

PLFURRUJDQLVPHV�L��HVSHFLDOPHQW��GHOV�EDFWHULV��GLjPHWUHV�FHOÂOXODUV�HQWUH����� L����P���(Q�DTXHVW�VHQWLW��HO�FRPSRUWDPHQW�GHOV

FRQWDPLQDQWV� YDULDUj� PROW� HQ� IXQFLy� GHO� OORF�� GHSHQHQW� GH� OD� YDULDELOLWDW� JHROzJLFD�TXtPLFD�ELROzJLFD� QDWXUDO�� 3HU� DL[z�� OHV

SUHGLFFLRQV�GHO�PRYLPHQW�GH�FRQWDPLQDQWV��HQWUH�HOOV�HOV�PLFURELDQV��HQFDUD�SUHVHQWHQ�XQ�HOHYDW�JUDX�G¶LQFHUWHVD�L�D�OD�SUjFWLFD

O¶HVWLPD� GH� OHV� WD[HV� GH� WUDQVSRUW� EDVDQW�VH� HQ� OHV� SURSLHWDWV� KLGUjXOLTXHV� QR� pV� GHO� WRW� ILDEOH� �15&� ������� 7DQPDWHL[�� OD

YHORFLWDW�PLWMDQD�GH�O¶DT�tIHU�L�G¶XQD�VXEVWjQFLD�FRQWDPLQDQW�HV�SRW�GHWHUPLQDU�FRQHL[HQW�OD�FRQGXFWLYLWDW�KLGUjXOLFD�L�HO�JUDGLHQW

KLGUjXOLF�GH�O¶DT�tIHU�

Y =
T
ε
H

������

RQ�T�pV� OD�GHVFjUUHJD�HVSHFtILFD�GHWHUPLQDGD�D� WUDYpV�GH� OD� OOHL�GH�'DUF\� L�εH� pV� OD�SRURVLWDW� HIHFWLYD��(Q�DT�tIHUV�JUDQXODUV

IRUPDWV� SHU� VRUUHV� L� JUDYHV� OD� SRURVLWDW� HIHFWLYD� pV� HVVHQFLDOPHQW� LJXDO� D� OD� SRURVLWDW� WRWDO� �3LOODL� ������� SHUz� HQ� DT�tIHUV

IUDFWXUDWV�R�NjUVWLFV��RQ�OD�PDMRULD�GHO�IOX[�HV�SURGXHL[�D�WUDYpV�GH�IUDFWXUHV��DFRVWXPD�D�VHU�IRUoD�PHQRU�TXH�OD�SRURVLWDW�WRWDO�

(Q� HO� SULPHU� FDV�� HQ� DT�tIHUV� GH�PDWHULDOV� JUDQXODUV� QR� FRQVROLGDWV� �VRUUHV� QR� FLPHQWDGHV��� HOV� YDORUV� GH� SRURVLWDW� HIHFWLYD

SRGHQ�RVFLOÂODU�HQWUH���������PHQWUH�TXH�HQ�PDWHULDOV�IUDFWXUDWV�L�NjUVWLFV�HOV�YDORUV�VROHQ�VHU�EDVWDQW�LQIHULRUV��GH������D��������

�3LOODL��������$L[z� LPSOLFD�TXH� OHV�YHORFLWDWV�GHO� IOX[� L��SHU� WDQW�� OHV�YHORFLWDWV�GH� WUDQVSRUW�GHOV�FRQWDPLQDQWV�VHUDQ� IRUoD�PpV

JUDQV�HQ�PDWHULDOV�IUDFWXUDWV�L�NjUVWLFV��TXH�HQ�VRUUHV�L�JUDYHV�DPE�OHV�PDWHL[HV�SURSLHWDWV�KLGUjXOLTXHV��(Q�HO�SULPHU�FDV�L��VRWD

FRQGLFLRQV�QDWXUDOV�GH�IOX[��OHV�WD[HV�GH�WUDQVSRUW�SRGHQ�SXMDU�D�YDORUV�GH�GHVHQHV�GH�PHWUHV�SHU�GLD��HQ�HVWXGLV�UHDOLW]DWV�DPE

PDUFDGRUV�PLFURELDQV�FRP�EDFWHULV�L�EDFWHULzIDJV��.HVZLFN�HW�DO������D�E���(Q�DT�tIHUV�OOLXUHV�IRUPDWV�SHU�JUDYHV�L�VRUUHV�FHUWV

PLFURRUJDQLVPHV�SRGHQ�VHU�WUDQVSRUWDWV�D�YHORFLWDWV�GH�O¶RUGUH�GH�GHVHQHV�GH�FP�SHU�GLD��+DUYH\�HW�DO��������%DOHV�HW�DO��������

$O� VXEVzO� HOV� FRQWDPLQDQWV� �LQFORHQW� HOV� PLFURRUJDQLVPHV�� SRGHQ� HVWDU� VXEMHFWHV� D� GLIHUHQWV� SURFHVVRV�� TXH� HV� VHSDUHQ

JHQHUDOPHQW�HQ�GXHV�FDWHJRULHV�

q SURFHVVRV� G¶DGKHVLy�� PDMRULWjULDPHQW� UHYHUVLEOHV�� FRP� OD� VRUFLy�� ILOWUDFLy� L� VHGLPHQWDFLy�� 5HWDUGHQ� HO� PRYLPHQW� GHOV

FRQWDPLQDQWV�� VHQVH� HYLWDU� SHUz� OD� GLVSHUVLy� GHOV� PLFURRUJDQLVPHV� L� HO� VHX� HVWDEOLPHQW� HQ� ]RQHV� QR� FRORQLW]DGHV�� (Q

DTXHVW�VHQWLW��IRUFHV�KLGUjXOLTXHV�L�SURFHVVRV�ELROzJLFV��'DYLHV�HW�DO��������LQGXHL[HQ�HO�GHVSUHQLPHQW�GH�SDUWV�GHO�ELRILOP

�DPE�GLjPHWUHV�GH��������P��IHW�TXH�IDFLOLWD�OD�FRORQLW]DFLy�GH�QRXV�DPELHQWV��&XOOLPRUH��������$OJXQV�IDFWRUV�DPELHQWDOV

R�QXWULFLRQDOV�SRGHQ�SURYRFDU� O¶HVWUqV�GH� OHV�FqOÂOXOHV��SURGXLQW�XQD� UHGXFFLy�HQ� OD� VHYD�JUDQGjULD�QRUPDO� �FqOÂOXOHV�DPE

GLjPHWUH��������P���(V�IRUPHQ�HOV�DQRPHQDWV�XOWUDPLFUREDFWHULV��TXH�HV�SRGHQ�PDQWHQLU�HQ�IDVH�SODQFWzQLFD�QR�DGKHULWV

�HQ�VXVSHQVLy��GXUDQW�OODUJV�SHUtRGHV�GH�WHPSV�L�SUHVHQWHQ�XQ�HOHYDW�SRWHQFLDO�SHU�PLJUDU�D�WUDYpV�GHOV�PHGLV�SRURVRV�

q SURFHVVRV�GH�GHJUDGDFLy��PDMRULWjULDPHQW�LUUHYHUVLEOHV��TXH�FDQYLHQ�OD�QDWXUDOHVD�ItVLFD�L�TXtPLFD�GHO�FRQWDPLQDQW��FRP

OD�KLGUzOLVL�TXtPLFD�L�OD�PRUW�EDFWHULDQD�L�SRGHQ�UHSUHVHQWDU�OD�VHYD�HOLPLQDFLy�SHUPDQHQW��HQFDUD�TXH�HO�PpV�KDELWXDO�pV�OD

SURGXFFLy�GH�GLIHUHQWV�VXESURGXFWHV�TXtPLFV�Wz[LFV�

(Q�HO�WUDQVSRUW�GH�PLFURRUJDQLVPHV�HQ�DLJ�HV�VXEWHUUjQLHV�L�DO�VXEVzO�QR�HV�SRW�REOLGDU�GHOV�HIHFWHV�GH�OD�PRELOLWDW��(Q�DTXHVWV

DPELHQWV� L� HQ� VLVWHPHV� HVWjWLFV� OD� PDMRULD� GH� EDFWHULV� SRGHQ� GHVHQYROXSDU� UHVSRVWHV� HQ� IRUPD� GH� PRYLPHQWV� G¶DWUDFFLy� R

UHSXOVLy�FDS�D�GLIHUHQWV�VXEVWjQFLHV��DQRPHQDWV�PRYLPHQWV�TXLPLRWjFWLFV��-HQQHPDQ�HW�DO���������$TXHVWV�PRYLPHQWV�DMXGHQ�D

OD�SREODFLy�PLFURELDQD�GHO�VXEVzO�HQ�OD�ORFDOLW]DFLy�L�DSURSDPHQW�FDS�DOV�FRQWDPLQDQWV�TXtPLFV��+DUYH\�������L�DFRVWXPHQ�D�VHU

GHO�PDWHL[�RUGUH�GH�PDJQLWXG�TXH�HOV�HVWLPDWV�SHU�DOV�DT�tIHUV�WtSLFV��%DUWRQ�	�)RUG�������



&DStWRO�� $YDOXDFLy�GH�OD�IRUPDFLy�GH�ELRILOPV�HQ�VLVWHPHV�GH�GLVWULEXFLy�G¶DLJXD ��

/D�LQIRUPDFLy�H[LVWHQW�pV�FRQWUDGLFWzULD�UHVSHFWH�GH� OD� LPSRUWjQFLD�UHODWLYD�GH�OHV�FDUDFWHUtVWLTXHV�FHOÂOXODUV��FRP�OD�JUDQGjULD�

PRELOLWDW�� KLGURIRELFLWDW� L� DOWUHV�� HQ� O¶DGVRUFLy� L� WUDQVSRUW� D� WUDYpV� GH� PHGLV� SRURVRV�� (Q� JHQHUDO�� OHV� FqOÂOXOHV� DOWDPHQW

KLGURIzELTXHV� �0XHOOHU�HW�DO�������� L�DPE�FjUUHJD� �)RQWHV�HW�DO��������SUHVHQWHQ�XQD�PDMRU� WHQGqQFLD�D�DGKHULU�VH�DOV�PHGLV

SRURVRV�� '
DOWUD� EDQGD�� O¶HVWUqV� FHOÂOXODU� SHU� OD� SULYDFLy� GH� QXWULHQWV� JHQHUD� OD� UHGXFFLy� GH� OD� JUDQGjULD� FHOÂOXODU�� DIHFWDQW� HO

WUDQVSRUW�FHOÂOXODU�L�GLVPLQXLQW�OD�ILOWUDFLy��SHUTXq�XQ�EDFWHUL�PpV�SHWLW�SRW�VHU�WUDQVSRUWDW�GH�IRUPD�PpV�HIHFWLYD��0DF/HRG�HW�DO�

�������$OJXQV�DXWRUV�VXJJHUHL[HQ�TXH�OD�WD[D�G¶DGVRUFLy�SUHGLX�PLOORU�HOV�IHQzPHQV�GH�WUDQVSRUW�D�WUDYpV�GH�PHGLV�SRURVRV�TXH

OHV�FDUDFWHUtVWLTXHV�FHOÂOXODUV� LQGLYLGXDOV� �&DPSHU�HW�DO���������$TXHVW�SDUjPHWUH�VHULD�XQD�PHVXUD�TXDQWLWDWLYD�GH� OD� WD[D�GH

PRYLPHQW�GHOV�EDFWHULV��GHO�IOXLG�D�OD�VXSHUItFLH�GHO�PHGL�SRUyV��DL[t�FRP�GH�O¶DGKHUqQFLD�GHOV�EDFWHULV�HQ�DTXHVWD�VXSHUItFLH�

/HV�LQWUXVLRQV�PLFURELDQHV�GLQV�GHOV�VLVWHPHV�G¶DLJ�HV�VXEWHUUjQLHV�SRGHQ�SUHVHQWDU�XQ�ULVF�SHU�D�OD�SUzSLD�³VDOXW´�GH�O¶DT�tIHU

�-DUYLV�HW�DO���������6HJRQV�DL[z��HV�SRGHQ�VXEGLYLGLU�HOV�PLFURRUJDQLVPHV�HQ�GRV�JUXSV�GLIHUHQWV�����PLFURRUJDQLVPHV�RFOXVLXV�

TXH�FUHL[HQ�GLQV�OHV�HVWUXFWXUHV�SRURVHV�GHOV�DT�tIHUV�HQ�IRUPD�GH�ELRILOPV�L�SRGHQ�DUULEDU�D�EORTXHMDU�HO�PRYLPHQW�GH�O¶DLJXD�L�

���PLFURRUJDQLVPHV� SHUMXGLFLDOV� TXH� LQWHUIHUHL[HQ� HQ� OD� TXDOLWDW� GHO� VLVWHPD� G¶DLJ�HV� VXEWHUUjQLHV�� D� YHJDGHV� HQ� IRUPD� GH

SURGXFWHV�GH�O¶DFWLYLWDW�PLFURELDQD�FRP�RORUV�L�JXVWRV�GHWHFWDEOHV�

'H�IHW��OD�SULQFLSDO�SUHRFXSDFLy�HQ�UHODFLy�D�OD�PLFURELRORJLD�GH�OHV�DLJ�HV�VXEWHUUjQLHV�KD�HVWDW��GHV�GH�VHPSUH��HOV�SRVVLEOHV

HIHFWHV�DGYHUVRV�SHU�D�OD�VDOXW�S~EOLFD��&RP�HV�YHXUj�PpV�HQGDYDQW�TXDQ�HV�SDUOL�GHO�ULVF�VDQLWDUL�HQ�OD�UHXWLOLW]DFLy�G¶DLJ�HV

VXEWHUUjQLHV� �YHXUH��������� OD� FRQWDPLQDFLy�PLFURELDQD�GH� OHV�DLJ�HV� IUHjWLTXHV�DIHFWD�D�XQ�QRPEUH� VLJQLILFDWLX� GH� SHUVRQHV�

HVSHFLDOPHQW�D�OHV�jUHHV�UXUDOV��(OV�DJHQWV�HWLROzJLFV�VHUDQ�JHQHUDOPHQW�RUJDQLVPHV�SDWzJHQV��HOV�TXDOV�SURYRTXHQ�GH�IRUPD

UXWLQjULD�±VHPSUH�TXH�HO� VHX� QRPEUH� VLJXL� O¶DGHTXDW�� VtPSWRPHV� FOtQLFV� GH� OD�PDODOWLD� HQ� O¶KRVWH� LQIHFWDW�� FRP�HQ� HO� FDV� GHO

FzOHUD�R�OD�IHEUH�WLIRLGHD��$SDUW��HOV�SDWzJHQV�QRVRFRPLDOV��RSRUWXQLVWHV���IRUPHQ�SDUW�GHOV�DPELHQWV�QDWXUDOV�SHUz�SRGHQ�HQWUDU

HQ�XQ�KRVWH�GHELOLWDW�±LPPXQROzJLFD�R�ItVLFDPHQW��SURYRFDQW�HOV�VtPSWRPHV�FOtQLFV�G¶XQD�LQIHFFLy��1R�REVWDQW��DTXHVWV�SDWzJHQV

QRVRFRPLDOV�VRYLQW�QR�SURYRTXHQ�HOV�VtPSWRPHV�FOtQLFV�GH�OD�PDODOWLD��GLILFXOWDQW�HO�VHX�GLDJQzVWLF�

(QWUH� HOV� SULQFLSDOV� JUXSV� GH� PLFURRUJDQLVPHV�� PDMRULWjULDPHQW� KHWHUzWURIV�� SUHVHQWV� DOV� VLVWHPHV� G¶DLJ�HV� VXEWHUUjQLHV� FDO

GHVWDFDU�HOV�VHJ�HQWV�JUXSV�

%DFWHULV� (QWqULFV�� %DFLOV� JUDP�QHJDWLXV� FDSDoRV� GH� FUpL[HU� VRWD� FRQGLFLRQV� R[LGDWLYHV� R� UHGXFWRUHV� �DQDHURELV

IDFXOWDWLXV���/D�PDMRULD�VyQ� IHUPHQWDGRUV�TXH�SURGXHL[HQ�jFLGV�RUJjQLFV� L�JUDQV�TXDQWLWDWV�GH�JDV� �QRUPDOPHQW�&2�� L

+����6yQ�KDELWDQWV�GHO� WUDFWH� LQWHVWLQDO� G¶DQLPDOV�GH� VDQJ�FDOHQWD� L� VyQ�HYDFXDWV�GH� IRUPD�VLJQLILFDWLYD�HQ�HO�PDWHULDO

IHFDO��3HU�DTXHVW�PRWLX��V¶KDQ�XWLOLW]DW�FRP�D�LQGLFDGRUV�GH�FRQWDPLQDFLy�IHFDO�L�GHO�ULVF�VDQLWDUL��*HOGUHLFK�������&DOGZHOO

	�0RULWD�������

&RFV�*UDP�SRVLWLXV��([LVWHL[HQ�XQ�JUDQ�QRPEUH�GH�EDFWHULV�HVIqULFV�JUDP�SRVLWLXV�TXH�HV�SRGHQ�WUREDU�WDQW�HQ�DLJ�HV

VXSHUILFLDOV�FRP�VXEWHUUjQLHV��(Q�PROWV�FDVRV�� IRUPHQ�SDUW�GHOV�ELRILOPV�TXH�SURGXHL[HQ�HSLVRGLV�G¶REWXUDFLRQV� �0,)��

(QWUH�HOV�FRFV�DHUzELFV�FDO�GHVWDFDU�HOV�JqQHUHV�0LFURFRFFXV�L�'HLQRFRFFXV�

*UXS�3VHXGRPRQDV��%DFWHULV�JUDP�QHJDWLXV�DHUzELFV�TXH�DFRVWXPHQ�D�FUpL[HU�HQ�IRUPD�GH�ELRILOPV�HQ�DVVRFLDFLy�DPE

DOWUHV� JUXSV� PLFURELDQV�� $OJXQV� GHOV� PHPEUHV� G¶DTXHVW� JUXS� VyQ� SDWzJHQV�� FRP� 3V�� DHUXJLQRVD�� TXH� SRW� LQIHFWDU

SHUVRQHV�SRF�UHVLVWHQWV�L�SURYRFDU�LQIHFFLRQV�HQ�HO�WUDFWH�XULQDUL�� LQIHFFLRQV�RFXODUV� L�HQYDLU�jUHHV�FUHPDGHV��(Q�DOWUHV

FDVRV� HV� SRGHQ� DVVRFLDU� DPE� EDFWHULV� UHGXFWRUV� GH� VXOIDWV� �65%��� SURGXLQW� SURFHVVRV� GH� FRUURVLy� LQGXwGD� SHU

PLFURRUJDQLVPHV��0,&��

%DFWHULV�(VSRUXODWV�*UDPSRVLWLXV��(OV�EDFWHULV�TXH�SURGXHL[HQ�HVSRUHV�SUHVHQWHQ�XQ�JUDX�PROW�HOHYDW�GH�UHVLVWqQFLD

HQIURQW�GH�GLIHUHQWV� IDFWRUV�DPELHQWDOV�DGYHUVRV��$L[z�SRW� DMXGDU�D�DXJPHQWDU� OD� VHYD�VXSHUYLYqQFLD�HQ�HOV� VLVWHPHV

G¶DLJ�HV�VXEWHUUjQLHV��RQ�OHV�HQGRVSRUHV�SRGHQ�DUULEDU�D�YLDWMDU�GLVWjQFLHV�FRQVLGHUDEOHV��(QWUH�HOV�GLIHUHQWV�JUXSV�FDO

GHVWDFDU� HQ� SULPHU� OORF� HO� JqQHUH� %DFLOOXV�� EDFWHULV� HVSRUXODWV� DHURELV� TXH� HV� WUREHQ� KDELWXDOPHQW� HQ� DLJ�HV

VXEWHUUjQLHV� DPE� SUHVqQFLD� G¶R[LJHQ�� ([FHSWXDQW� D� %DFLOOXV� DQWKUDFLV�� TXH� QR� V¶REVHUYD� DOV� VLVWHPHV� G¶DLJ�HV



��� ,QWURGXFFLy��

IUHjWLTXHV��OD�UHVWD�QR�VyQ�SDWzJHQV��HQFDUD�TXH�VRYLQW�SURGXHL[HQ�IHQzPHQV�G¶REWXUDFLy�LQGXwGD�SHU�PLFURRUJDQLVPHV

�0,)���(Q�VHJRQ�OORF��FDO�SDUODU�GHOV�EDFWHULV�HVSRUXODWV�DQDHURELV�GHO�JqQHUH�&ORVWULGLXP��/D�SUHVqQFLD�G¶DTXHVW�JUXS�GH

EDFWHULV�HQV�SRW� LQGLFDU�TXH� O¶DLJXD�pV�SUREDEOHPHQW�DQz[LFD� �����SSE�G¶R[LJHQ�� L�TXH� � KD�SDVVDW� SHU� XQD� ]RQD�DPE

GHVFRPSRVLFLy�LQWHQVD�GH�PDWHULDOV�RUJjQLFV�

$FWLQRPLFHWV� ILODPHQWRVRV��*UDQ�JUXS�GH�EDFWHULV� JUDP�SRVLWLXV�� DHUzELFV� OD�PDMRULD�� TXH� SUHVHQWHQ� HVWUXFWXUHV� HQ

IRUPD�GH�ILODPHQWV�TXH�SRGHQ�UDPLILFDU�VH��(Q�HOV�VLVWHPHV�G¶DLJ�HV�VXEWHUUjQLHV�DTXHVWV�RUJDQLVPHV�HV�ORFDOLW]HQ�GH

IRUPD�KDELWXDO�D�OHV�LQWHUIDVHV�HQWUH�]RQHV�VDWXUDGHV�L�QR�VDWXUDGHV�DPE�SUHVqQFLD�G¶R[LJHQ��$L[z�HV�SURGXHL[�VREUHWRW

D�OD�]RQD�FDSLODU�LPPHGLDWDPHQW�VXSHULRU�D�OD�]RQD�VDWXUDGD��(O�JUXS�PpV�QRPEUyV�DVVRFLDW�D� OHV�DLJ�HV�VXEWHUUjQLHV

SHUWDQ\�DO�JqQHUH�6WUHSWRP\FHV��SURGXFWRUV�G¶DQWLELzWLFV�FRP�OHV�WHWUDFLFOLQHV�L�HOV�DPLQRJOXFzVLGV��/D�SUROLIHUDFLy�GHOV

6WUHSWRP\FHV�HV�SRW�GHWHFWDU�D�O¶DLJXD�SHU�OD�WtSLFD�RORU��D�WHUUD�KXPLW��IORULGXUD��

%DFWHULV�5HGXFWRUV� GH�6XOIDWV� �65%��� 6yQ� RUJDQLVPHV� SHUMXGLFLDOV� SHOV� SUREOHPHV� GH� JXVW� L� RORU� TXH� SURYRTXHQ� D

O¶DLJXD�L�SHU�HVWDU�DVVRFLDWV�DOV�SURFHVVRV�GH�FRUURVLy� LQGXwGD�SHU�PLFURRUJDQLVPHV��0,&���3UROLIHUHQ�HVSHFLDOPHQW�HQ

DPELHQWV�DPE�DEVqQFLD�G¶R[LJHQ�L�DPE�TXDQWLWDWV�VXILFLHQWV�GH�PDWHULDOV�RUJjQLFV�GLVVROWV��$TXHVWV�DPELHQWV�HV�IRUPHQ�

KDELWXDOPHQW��SHO�GHVHQYROXSDPHQW�GH�ELRILOPV�HVWUDWLILFDWV��8QD�YHJDGD�HVWDEOHUWV�� DTXHVWV�EDFWHULV� UHGXHL[HQ�JUDQV

TXDQWLWDWV� GH� VXOIDWV� JHQHUDQW� VXOIXU� G¶KLGURJHQ� �+�6�� D� PHVXUD� TXH� FUHL[HQ� �+DPLOWRQ� ������� $TXHVW� JDV� pV� HO

GHVHQFDGHQDQW� G¶XQ� SURFpV� GH� FRUURVLy� HOHFWUROtWLFD� TXH� HV� SURGXHL[� HQ� FHUWHV� VXSHUItFLHV�PHWjOÂOLTXHV�� 'HJXW� D� TXH

KDELWXDOPHQW� FUHL[HQ� DGKHULWV� D� OHV� VXSHUItFLHV� HQ� DPELHQWV� DQDHURELV� L� HQYROWDWV� SHU� DOWUHV� WLSXV� GH� EDFWHULV�� OD

UHDOLW]DFLy� GH� WHVWV� D� O¶DLJXD� SRW� UHVXOWDU� QHJDWLYD�� 3HU� WDQW�� OD� LGHQWLILFDFLy� GH� SUREOHPHV� SURYRFDWV� SHOV� EDFWHULV

UHGXFWRUV�GH�VXOIDWV�pV�PpV�IjFLO�G¶DFRQVHJXLU�UHFRQHL[HQW�OHV�VHYHV�PDQLIHVWDFLRQV��FRP�OD�WtSLFD�SXGRU�D�³RXV�SRGULWV´�

SURGXFFLy�GH�WXEHUFOHV�L�VLJQHV�GH�FRUURVLy�D�OHV�HVWUXFWXUHV�PHWjOÂOLTXHV��/D�GLVPLQXFLy�HQ�HO�SRWHQFLDO�UHGR[��(K��SRW

XWLOLW]DU�VH�FRP�XQD�ERQD�HLQD�GH�PRQLWRULW]DFLy��SHU�DGYHUWLU�QRV�TXH�OHV�FRQGLFLRQV�SRGHQ�WRUQDU�VH�IDYRUDEOHV�DO�VHX

FUHL[HPHQW�

%DFWHULV� PHWDQzJHQV�� $OJXQV� G¶DTXHVWV� RUJDQLVPHV� SRGHQ� DUULEDU� D� SUROLIHUDU� HQ� DPELHQWV� G¶DLJ�HV� VXEWHUUjQLHV�

SURGXLQW�PHWj�D�SDUWLU�GH�&2���+���IRUPDW��DFHWDW�R�DOWUHV�HQ�]RQHV�DQDHUzELTXHV�ULTXHV�HQ�PDWHULDOV�RUJjQLFV�

$OJXHV�� /D�PDMRULD�GH�PLFUR�DOJXHV�HV�SRGHQ� UHFXSHUDU� RFDVLRQDOPHQW� G¶DPELHQWV�G¶DLJXD� VXEWHUUjQLD�� 7RWV� DTXHVWV

RUJDQLVPHV� SRGHQ� UHDOLW]DU� OD� IRWRVtQWHVL� ILQV� L� WRW� VRWD� QLYHOOV�PtQLPV� GH� OOXP�� $OV� VzOV�� DOJXQV� WLSXV� G¶DOJXHV� SRGHQ

FUpL[HU� IRWRWUzILFDPHQW� D� SURIXQGLWDWV� SHU� VRWD� GHOV� ��� PP� �&XOOLPRUH� ������� $OWUHV� SRGHQ� FUpL[HU� WDPEp� GH� IRUPD

KHWHUzWURID� �FRP�HOV� FORUzILWV� L� HXJOHQRLGV��� FRPSHWLQW� DPE� HOV� EDFWHULV�� IRQJV� L� DOWUHV� RUJDQLVPHV� SHU� O¶H[SORWDFLy� GH

QXWULHQWV�RUJjQLFV��1R�REVWDQW��TXDQ�EDL[HQ�HOV�QLYHOOV�GH�QXWULHQWV�RUJjQLFV��72&����SSP���OHV�DOJXHV�TXH�HV�WUREHQ�DOV

VLVWHPHV� IUHjWLFV� DFRVWXPHQ� D� SURYHQLU� GH� OD� UHFjUUHJD� G¶DLJ�HV� TXH� SURYHQHQ� GHO� VzO� R� GH� UHVHUYRULV� VXSHUILFLDOV

G¶DLJXD�TXH�VXSRUWHQ�HO�VHX�FUHL[HPHQW�

)RQJV�� (QWUH� HOV�PLFURRUJDQLVPHV� HXFDULRWHV� HOV� IRQJV� SUHVHQWHQ� XQ� SDSHU� LPSRUWDQW� HQ� OD� ELRGHJUDGDFLy� HQ�PHGLV

SRURVRV�QR�VDWXUDWV�L�HQ�VXSHUItFLHV�RUJjQLTXHV�VRWD�FRQGLFLRQV�DHUzELTXHV��$OV�VzOV��HOV�IRQJV�SRGHQ�DUULEDU�D�GRPLQDU

OD�ELRPDVVD�PLFURELDQD��DPE�YDORUV�HVWLPDWV�GH���WRQHV�+D�DOV�SULPHUV����FP�

3URWR]RXV��$OJXQV�GHOV�SURWR]RXV�VyQ�SDWzJHQV�LQWHVWLQDOV��L�HQWUH�HOOV�GHVWDTXHQ�*LDUGLD�VSS�L�&U\SWRVSRULGLXP�VSS�

9LUXV��(OV�YLUXV�HQWqULFV�V¶H[FUHWHQ�D�OD�IHPWD�G¶LQGLYLGXV�LQIHFWDWV��HQ�XQ�QRPEUH�EDVWDQW�LPSRUWDQW����������SHU�JUDP�GH

IHPWD���SHU�OD�TXDO�FRVD�SRGHQ�FRQWDPLQDU�OHV�DLJ�HV��WDQW�VXSHUILFLDOV�FRP�VXEWHUUjQLHV�



&DStWRO�� $YDOXDFLy�GH�OD�IRUPDFLy�GH�ELRILOPV�HQ�VLVWHPHV�GH�GLVWULEXFLy�G¶DLJXD ��

������ 5HXWLOLW]DFLy�G¶DLJ�HV�IUHjWLTXHV�SHU�D�OD�LUULJDFLy�L�HVWDOYL�KtGULF

$FWXDOPHQW�TXDVL�HO�����GH�OD�SREODFLy�YLX�HQ�]RQHV�XUEDQHV��DPE�YDORUV�TXH�RVFLOÂOHQ�GHO�����SHOV�SDwVRV�GHVHQYROXSDWV�DO

����GHOV�SDwVRV�HQ�YLHV�GH�GHVHQYROXSDPHQW�G¶¬IULFD�L�¬VLD��8QLWHG�1DWLRQV��������$�&DWDOXQ\D��PpV�GHO�����GH�OD�SREODFLy�HV

WURED�D�OD�IUDQMD�FRVWDQHUD�L��PpV�FRQFUHWDPHQW��D�OD�]RQD�SURSHUD�D�7DUUDJRQD�L�VREUHWRW�GH�%DUFHORQD��$L[z�ID�TXH�OHV�GHQVLWDWV

GH�SREODFLy�VLJXLQ�HVSHFLDOPHQW�HOHYDGHV��FRP�KR�SRGHQ�VHU�HOV�����+DE��+D�D�%DUFHORQD�FLXWDW��)71�������

(O�PHGL� DPELHQW� XUEj� L� SHULXUEj�pV�� GHV�GH� ID�EDVWDQW� WHPSV�� XQ�PRVDLF�G¶KjELWDWV�DUWLILFLDOV� L� QDWXUDOV� DPE� XQHV� FRQGLFLRQV

HFROzJLTXHV�TXH�HO�GLIHUHQFLHQ�GH�OHV�]RQHV�UXUDOV�DGMDFHQWV��$�OD�PDMRULD�GH�OHV�FLXWDWV�L�G¶jUHHV�GHQVDPHQW�SREODGHV�V¶LQWHQWD

JHQHUDU�XQHV� FRQGLFLRQV�GH� YLGD�DJUDGDEOHV�� L� XQD�GH� OHV� IRUPHV�G¶DFRQVHJXLU�KR�pV�PLWMDQoDQW� O¶~V�G¶XQD� JUDQ�GLYHUVLWDW� GH

YHJHWDFLy��$L[z�H[SOLFDULD�HOV�HOHYDWV�YDORUV�TXH�OHV�jUHHV�YHUGHV�RFXSHQ�D�O¶HVSDL�GH�OHV�FLXWDWV��ILQV�D�XQ��������G¶RFXSDFLy��

PDOJUDW�TXH�HQ�UHDOLWDW�QRPpV�XQ�����GHO�WHUUHQ\�FRUUHVSRQ�D�HVSDLV�REHUWV��$TXHVWD�YHJHWDFLy�TXH�HV�SODQWD�L�HV�JHVWLRQD�GLQV

GH�OHV�FLXWDWV�FRPSOHL[�P~OWLSOHV�REMHFWLXV��FRP�SRGHQ�VHU�O¶RUQDPHQWDO��HVWqWLF��VDQLWDUL�L�PHGLDPELHQWDO��7DQPDWHL[��HV�HYLGHQW

TXH�SHU�SRGHU�DVVROLU�DTXHVWV�REMHFWLXV�V¶KDXUj�G¶DGDSWDU�D�XQHV�FRQGLFLRQV�PROW�FRQFUHWHV��HQ�JHQHUDO�H[WUHPHV��(Q�DOJXQV

FDVRV��V¶KDXUj�GH�VHOHFFLRQDU�DO�YHJHWDO�SHU�OD�VHYD�UHVLVWqQFLD�HQIURQW�GH�GLIHUHQWV�WLSXV�G¶HVWUqV�R��HQ�G¶DOWUHV�FDVRV��V¶KDXUj

GH�WUDFWDU��FXOWLYDU�L�JHVWLRQDU�DPE�WqFQLTXHV�L�VLVWHPHV�PpV�R�PHQ\V�FRPSOH[HV�

/D�PDMRU�SDUW�GHO�QRVWUH�SDtV�HV�WURED�VRWPqV�GH�SOH�HQ�XQHV�FRQGLFLRQV�DPELHQWDOV�HVSHFLDOPHQW�GXUHV��IHW�TXH�HV�FRQYHUWHL[

HQ�XQ�GHOV�SULQFLSDOV� IDFWRUV�FUtWLFV�SHU�DO�GHVHQYROXSDPHQW� L� FUHL[HPHQW�GH� OHV�SODQWHV��7HUUDGDV�	�6DYp��������$L[t�� FDOGULD

GHVWDFDU�D� O¶HVWUqV�KtGULF�FRP�HO� IDFWRU� OLPLWDQW�SULQFLSDO�� WDQW�GH�PDQHUD�GLUHFWD�FRP� LQGLUHFWD�D�FDXVD�G¶XQD�VHTXHUD��DVIL[LD�

DOWHV�L�R�EDL[HV�WHPSHUDWXUHV��VDOLQLWDW��HWF��$�PpV��D�O¶jUHD�PHGLWHUUjQLD�V¶KDQ�G¶DIHJLU�XQHV�FRQGLFLRQV�WqUPLTXHV�H[WUHPHV��DPE

HVWLXV�FDORURVRV�L�KLYHUQV�IUHGV��7DPEp�FDOGULD�GHVWDFDU�XQV�UqJLPV�SOXYLRPqWULFV�GHILFLWDULV�L�R�LUUHJXODUPHQW�GLVWULEXwWV�UHVSHFWH

GH�OD�IHQRORJLD�GHOV�YHJHWDOV��DL[t�FRP�XQD�LPSRUWDQW�GHJUDGDFLy�GH�OD�VXSHUItFLH�GHO�VzO�SURYRFDGD��OD�PDMRULD�GH�OHV�YHJDGHV�

SHU�FDXVHV�DQWURSRJqQLTXHV�

7RWHV�DTXHVWHV�FRQGLFLRQV�DPELHQWDOV�SODQWHJHQ�SUREOHPHV�LPSRUWDQWV�DPE�HO�PDWHULDO�YHJHWDO�TXH�V¶XWLOLW]D�D�OD�PDMRU�SDUW�GH

SODQWDFLRQV� L� UHYHJHWDFLRQV� GH� OD� ]RQD� PHGLWHUUjQLD� L�� GH� UHWUXF�� HQ� OD� TXDQWLWDW� G¶DLJXD� QHFHVVjULD� SHU� DVVHJXUDU� O
q[LW

G
DTXHVWHV� SODQWDFLRQV�� 5HVSHFWH� DO� VHJRQ� SXQW�� pV� HYLGHQW� TXH� DQXDOPHQW� V¶XWLOLW]HQ� JUDQV� TXDQWLWDWV� G¶DLJXD� GH� SULPHUD

TXDOLWDW�SHU�D�OD�LUULJDFLy�GH�MDUGLQV�XUEDQV�L�UHVWDXUDFLRQV�SDLVDWJtVWLTXHV�HQ�DPELHQWV�SHULXUEDQV��)HOGPDQ�HW�DO����������$L[t��HO

FRQVXP�G¶DLJXD�SHU�D�~V�S~EOLF�D�%DUFHORQD��R�DOWUHV�FLXWDWV�GH�OD�]RQD��HV�VLWXD�DO�YROWDQW�GHO������GH�O¶DLJXD�FRQVXPLGD�SHU�OHV

PDWHL[HV� FLXWDWV� �3HOHJUL� ������� '¶DTXHVW� SHUFHQWDWJH� XQD� SDUW� LPSRUWDQW� pV� OD� TXH� V¶XWLOLW]D� SHO� UHJ�� (Q� HO� FDV� FRQFUHW� GH

%DUFHORQD��DQXDOPHQW�HV�FRQVXPHL[HQ������+P��G¶DLJXD�SHU�D�XVRV�S~EOLFV��HO�TXH�UHSUHVHQWD�XQ������GHO�FRQVXP�WRWDO��GHO

TXDO�O¶DLJXD�GH�UHJ�XWLOLW]DGD�DOV�MDUGLQV�S~EOLFV�HQ�UHSUHVHQWD�OD�WHUFHUD�SDUW��3HOHJUL�������

$TXHVWV�HOHYDWV�FRQVXPV�HV�SRGHQ�UHGXLU�XWLOLW]DQW� OD�[HURMDUGLQHULD�DPE�HVSqFLHV�DXWzFWRQHV�� OHV�TXDOV�SUHVHQWHQ�XQD�PDMRU

UHVLVWqQFLD�D�OHV�DGYHUVHV�FRQGLFLRQV�ORFDOV��6DYp�HW�DO���������DGDSWDQW�OD�WqFQLFD�GHO�UHJ�PtQLP��6DYp�HW�DO��������R�DSURILWDQW

L�R�UHXWLOLW]DQW�DLJ�HV�IUHjWLTXHV��3HOHJUL�������

$WHQHQW� D� DTXHVWHV� FRQVLGHUDFLRQV� L� WHQLQW� HQ� FRPSWH� TXH� HOV� UHFXUVRV� KtGULFV� VyQ� HVFDVVRV� L� TXH�� SHU� WDQW�� QR� HV� SRGHQ

PDOEDUDWDU��pV�HYLGHQW�TXH�OD�UHFHUFD�GH�QRXV�UHFXUVRV�G¶DLJXD�L�OD�UHXWLOLW]DFLy�HV�SODQWHJLQ�FRP�D�SROtWLFD�SULRULWjULD�HQWUH� OHV

GLIHUHQWV�DGPLQLVWUDFLRQV�LPSOLFDGHV��)LQV�L�WRW�OD�/OHL���������GHO���GH�QRYHPEUH��GH�UHIRUPD�GH�OD�-XQWD�GH�6DQHMDPHQW��'2*&

������� GHILQHL[� FRP� XQD� GH� OHV� IXQFLRQV� GH� OD� -XQWD� OD� SURPRFLy� L� FRRUGLQDFLy� GHOV� VLVWHPHV� GH� UHXWLOLW]DFLy� GH� OHV� DLJ�HV

GHSXUDGHV��(Q�DTXHVW�VHQWLW�� OD�SRVDGD�HQ�VHUYHL�GHOV�WUDFWDPHQWV�ELROzJLFV�SHUPHW�HQWUH�G
DOWUHV�� L�DPE�XQ�WUDFWDPHQW�WHUFLDUL

DGGLFLRQDO��HO�UHDSURILWDPHQW�G
DTXHVWHV�DLJ�HV�SHU�D�XVRV�DJUtFROHV��LQGXVWULDOV�L�GH�UHJ�GH�SDUFV�L�MDUGLQV��6HJRQV�GDGHV�GH�OD

SUzSLD� -XQWD� GH� 6DQHMDPHQW�� TXDQ� HV� ILQDOLW]L� HO� 3URJUDPD� GH� 6DQHMDPHQW� G¶DLJ�HV� UHVLGXDOV� XUEDQHV� VH¶Q� UHXWLOLW]DUDQ� ���

+P��DQ\�D�OD�&DWDOXQ\D�LQWHULRU�L������+P��DQ\�D�OHV�jUHHV�FRVWDQHUHV��-XQWD�6DQHMDPHQW�������



��� ,QWURGXFFLy��

3HU�WDQW��QR�pV�HVWUDQ\�TXH�KDJLQ�VRUJLW�GXUDQW�HOV�~OWLPV�DQ\V�GLIHUHQWV�SURMHFWHV�GH�UHXWLOLW]DFLy�G¶DLJ�HV�UHVLGXDOV�GHSXUDGHV�

DLJ�HV�IUHjWLTXHV�R�DLJ�HV�GH�GUHQDWJH�GH�GLIHUHQW�RULJHQ��5HVSHFWH�DO�SULPHU�FDV��DFWXDOPHQW�V
HVWDQ�UHDSURILWDQW�GLUHFWDPHQW

������� P��GLD�� FRVD� TXH� VXSRVD� XQ� ������ GH� O
DLJXD� WUDFWDGD� �-XQWD� GH� 6DQHMDPHQW� ������� /HV� SHUVSHFWLYHV� DFWXDOV� KDQ

HVWDEOHUW�GHPDQGHV�GH�ILQV�D���������P��GLD��TXH�VXSRVDULHQ�XQ�����GHO�WRWDO�WUDFWDW��WDO�FRP�V¶REVHUYD�D�OD�7DXOD�����

8QD�SDUW� LPSRUWDQW� GH� OHV� LQVWDOÂODFLRQV� TXH� MD� IXQFLRQHQ� D� &DWDOXQ\D� SHUPHWHQ� OD� UHXWLOLW]DFLy� G¶DLJ�HV� UHJHQHUDGHV� D� SDUWLU

G¶DLJ�HV� UHVLGXDOV�SHU� D� OD� LUULJDFLy�GH� ]RQHV�HQMDUGLQDGHV�� FDPSV�GH�JROI� L� FXOWLXV�DJUtFROHV� �7DXOD�������(Q�JHQHUDO�� DTXHVW

UHDSURILWDPHQW�VXSRVD�XQ� LQFUHPHQW�QHW�GH� UHFXUVRV�KtGULFV� L�XQD� UHJXODULWDW� L�GLVSRQLELOLWDW� ORFDO� GHO� VXEPLQLVWUDPHQW��PHQWUH

TXH�HQ�HOV�UHDSURILWDPHQWV�DJUtFROHV�H[LVWHL[�D�PpV�XQ�HVWDOYL�HQ�O
DSRUWDFLy�GH�QXWULHQWV�DO�VzO��6HJRQV�OD�PDWHL[D�WDXOD�HV�SRW

YHXUH�FRP�OD�SODQLILFDFLy�GH�OD�-XQWD�GH�6DQHMDPHQW�SUHYHX�XQ�DXJPHQW�PROW�LPSRUWDQW�GHO�UHJ�DJUtFROD�

7DXOD������5HXWLOLW]DFLy�G¶DLJ�HV�UHVLGXDOV�D�&DWDOXQ\D��-XQWD�GH�6DQHMDPHQW�������

'LVWULEXFLy�VHJRQV�DERFDPHQWV��P��GLD�

([SORWDFLy
DFWXDO

5HXWLOLW]DFLy�DFWXDO ([SORWDFLy�IXWXUD 5HXWLOLW]DFLy�IXWXUD

0DU ������� �������������� ��������� ���������������

(O�3UDW�GH
/OREUHJDW

���������������

&RQVRUFL�&RVWD
%UDYD

������������� ���������������

3RUW�$YHQWXUD ��������������

$OWUHV ������������� ��������������

,QWHULRU ������� �������������� ������� ���������������

727$/ ��������� �������������� ��������� ���������������

'LVWULEXFLy�VHJRQV�XVRV��P��GLD�

([SORWDFLy
DFWXDO

5HXWLOLW]DFLy�DFWXDO ([SORWDFLy�IXWXUD 5HXWLOLW]DFLy�IXWXUD

$LJXDPROOV ����� ������

&DEDO�(FROzJLF �������

'LYHUVRV �������

*ROI ������ ������

,QG~VWULD ����� ������

5HJ�$JUtFROD ������ �������

5HJ�-DUGLQV ������ ������

727$/ ������ �������



&DStWRO�� $YDOXDFLy�GH�OD�IRUPDFLy�GH�ELRILOPV�HQ�VLVWHPHV�GH�GLVWULEXFLy�G¶DLJXD ��

(O� SDQRUDPD�H[LVWHQW� HQ�DOJXQV�SDwVRV�GHVHQYROXSDWV�pV� IRUoD�PpV�DYDQoDW�� SHO� TXH� ID�D� OD� WHFQRORJLD� L� D� OHV� LQVWDOÂODFLRQV

H[LVWHQWV�SHU�D�OD�UHXWLOLW]DFLy�G¶DLJ�HV��$OV�(8$��RQ�MD�ID�WHPSV�TXH�V¶XWLOLW]HQ�OHV�DLJ�HV�UHVLGXDOV�SHU�D�OD�UHFjUUHJD�G¶DT�tIHUV

�0XMHULHJR��������H[LVWHL[HQ�SURMHFWHV�GH�UHXWLOLW]DFLy�GH�OHV�DLJ�HV�GH�GUHQDWJH�DJUtFROHV��UHDSURILWDQW�OHV�SHU�DO�UHJ�GHOV�SURSLV

FXOWLXV� �/LVN��������$OJXQHV� WHFQRORJLHV�� FRP� OD�PLFURILOWUDFLy� �86)LOWHU�&R�� &DOLIRUQLD�� SHUPHWHQ� HO� WUDFWDPHQW� G¶DTXHVW� WLSXV

G¶DLJXD�HOLPLQDQW� HOV� FRPSRVWRV�TXtPLFV�SHULOORVRV� FRP�HOV�QLWUDWV�R�HO� VHOHQL��'
DOWUD�EDQGD�� FRPXQLWDWV�DPE� UHFXUVRV�PROWV

HVFDVVRV�G¶DLJXD�HVWDQ�FRQVLGHUDQW�±�HQ�DOJXQV�FDVRV�H[FHSFLRQDOV�MD�V¶DSOLFD����DIHJLU�DLJXD�UHVLGXDO�UHJHQHUDGD�D�OHV�VHYHV

IRQWV�G¶DLJXD�SRWDEOH��&ROH��������7DQPDWHL[��HO�GHVFRQHL[HPHQW�GH�PROWV�GHOV�DVSHFWHV�UHODFLRQDWV�DPE�OD�VDOXW�S~EOLFD�ID�TXH

OD�PDMRULD� G¶DTXHVWV� SURMHFWHV� HV� SODQWHJLQ�� GH� IRUPD�PDMRULWjULD�� HQ� OD� UHXWLOLW]DFLy� SHU� D� XVRV� QR� SRWDEOHV� FRP� OD� LUULJDFLy�

UHIULJHUDFLy�L�DOWUHV�XVRV�LQGXVWULDOV�

(Q�HO�FDV�TXH�HQV�RFXSD��OD�UHXWLOLW]DFLy�SHU�D� OD� LUULJDFLy�GH�SDUFV� L� MDUGLQV�XUEDQV�WDPEp�SUHVHQWD�FHUWV� LQWHUURJDQWV�VREUH�OD

LGRQHwWDW�GHO�VHX�~V�L��HVSHFLDOPHQW��SHO�TXH�ID�UHIHUqQFLD�DO�VHX�SRVVLEOH�ULVF�VDQLWDUL��0DOJUDW�WRW��DTXHVW�WLSXV�GH�UHXWLOLW]DFLy�GH

OHV�DLJ�HV�IUHjWLTXHV�VXSRVD�XQ�HVWDOYL�HFRQzPLF�PROW�LPSRUWDQW��SHU�OD�UDFLRQDOLW]DFLy�GH�O¶~V�G¶XQ�Ep�HVFjV�±HVSHFLDOPHQW�HQ

jUHHV�XUEDQHV�GH�OD�]RQD�PHGLWHUUjQLD��FRP�pV�O¶DLJXD�SRWDEOH��DLJXD�GH�JUDQ�TXDOLWDW�L�G¶HOHYDW�FRVW������SWD�P���

������ 5HXWLOLW]DFLy�GH�O¶DLJXD�IUHjWLFD�SHU�D�OD�LUULJDFLy�GH�SDUFV�L�MDUGLQV�D�6DQW�0DUWt�GH�3URYHQoDOV��%DUFHORQD�

7HQLQW� HQ� FRPSWH� OHV� FRQVLGHUDFLRQV� H[SRVDGHV� DQWHULRUPHQW�� GHV� GH� O¶DQ\� ����� O¶,QVWLWXW� 0XQLFLSDO� GH� 3DUFV� L� -DUGLQV� GH

%DUFHORQD�YD� IL[DU� HQWUH� HOV� VHXV� REMHFWLXV� HO� SURJUDPD� GH� JHVWLy� GLIHUHQFLDGD� GHOV� HVSDLV� YHUGV� S~EOLFV�� DSOLFDQW� FULWHULV� GH

VRVWHQLELOLWDW� G¶DFRUG� DPE� OHV� GLUHFWULXV�PDUFDGHV� D� O¶$JHQGD� /RFDO� ��� L� UHFROOLGHV� D� OD� &DUWD� GH� OHV� FLXWDWV� HXURSHHV� �&DUWD

G¶$DOERUJ��PDLJ�GH��������8QD�GH�OHV�GLUHFWULXV�SULQFLSDOV�GH� OD�JHVWLy�GLIHUHQFLDGD�GHOV�HVSDLV�YHUGV�KD�G
pVVHU� OD�SURWHFFLy�L

SRWHQFLDFLy�GH�OD�QDWXUD�D�OD�FLXWDW��SHU�FRQWULEXLU�D�O¶HTXLOLEUL�DPELHQWDO�GHO�VLVWHPD�DUWLILFLDO�GH�OHV�JUDQV�FLXWDWV��$L[z�LQFORX�XQD

UDFLRQDOLW]DFLy�GHO�FRQVXP�GH�UHFXUVRV�L�O¶HVWDEOLPHQW�GH�GLIHUHQWV�DFWXDFLRQV�DPE�XQ�PDUFDW�FDUjFWHU�HFROzJLF��(QWUH�HOOHV��FDO

SDUODU�GH�OD�XWLOLW]DFLy�G¶HVSqFLHV�DXWzFWRQHV��LQFHQWLYDFLy�G
XQ�~V�G¶DUEUHV�L�DUEXVWV�L�SODQWD�YLYDo�HQ�GHWULPHQW�GH�OD�SODQWD�DQXDO

L� OD� JHVSD�� LQFUHPHQW� GH� OD� ELRGLYHUVLWDW� G¶HVSqFLHV�� UHFLFODWJH� GH� OHV� UHVWHV� YHJHWDOV� TXH� HV� JHQHUHQ� HQ� HO� PDQWHQLPHQW�

UHGXFFLy�GH�O¶~V�GH�SHVWLFLGHV�L�IHUWLOLW]DQWV�TXtPLFV�VROXEOHV�L�XWLOLW]DFLy�GH�YHKLFOHV�PHQ\V�FRQWDPLQDQWV��$�PpV��L�HVSHFLDOPHQW

LPSRUWDQW�SHO�TXH�HQV�RFXSD��HV�PHQFLRQD�OD�UDFLRQDOLW]DFLy�GHO�FRQVXP�GH�O¶DLJXD�GH�UHJ�� LPSODQWDFLy�GH�VLVWHPHV�G¶LUULJDFLy

PpV�HILFLHQWV�L�DSURILWDPHQW�GH�OHV�DLJ�HV�IUHjWLTXHV�SHU�DO�UHJ�

&RP�D�UHVXOWDW�GH�O¶DSOLFDFLy�G¶DTXHVWV�FULWHULV��GXUDQW�HOV�~OWLPV�DQ\V�V¶KD�UHGXwW�HO�FRQVXP�G¶DLJXD�SRWDEOH�SHO�UHJ��SDVVDQW�G¶XQ

FRQVXP� GH� ����� P��P�� O¶DQ\� ����� ILQV� HOV� ����� P��P�� GH� O¶DQ\� ������ 'H� WRWHV� IRUPHV�� OD� FLXWDW� GH� %DUFHORQD� SUHVHQWD� HQ

O¶DFWXDOLWDW�XQ� WRWDO�GH�����+D�G¶HVSDLV�YHUGV��DPE�XQ�FRQVXP�G¶DLJXD�GH������+P��DQ\� �0HPzULD�3DUFV� L� -DUGLQV��������TXH

UHSUHVHQWD�HO��������GHO�FRQVXP�G¶DLJXD�SRWDEOH�TXH�OD�FLXWDW�GHVWLQD�D�O¶~V�S~EOLF�

/¶H[LVWqQFLD�G¶DLJXD�DEXQGDQW�DO�VXEVzO� L� OD�SUREOHPjWLFD�TXH�SODQWHMD�DUUDQ�GH�O¶LQFUHPHQW�SURJUHVVLX�GHO�VHX�QLYHOO�GHJXW�D� OD

UHGXFFLy�GH�OHV�FDSWDFLRQV��HVSHFLDOPHQW�HQ�]RQHV�LQGXVWULDOV��KD�RULJLQDW�O¶HODERUDFLy�G¶XQ�SOD�SHO�VHX�DSURILWDPHQW��(Q�DTXHVW

VHQWLW��XQ�HVWXGL�UHDOLW]DW� O¶DQ\������HQ�FROÂODERUDFLy�HQWUH� O¶$MXQWDPHQW�GH�%DUFHORQD�� OD�8QLYHUVLWDW�3ROLWqFQLFD�GH�&DWDOXQ\D� L

&/$%6$��&ODYHJXHUDP�GH�%DUFHORQD��6$����GHPRVWUD�FRP�HO�QLYHOO�IUHjWLF�DFWXDO�HVWj�D����P�SHU�VREUH�GHO�QLYHOO�GHO�PDU�L��HQ

DOJXQHV�]RQHV�GH�6DQW�0DUWt�GH�3URYHQoDOV�L�GH�*UjFLD��DUULED�D�VLWXDU�VH�D���PHWUHV�SHU�VRWD�GH�OD�VXSHUItFLH��%DUUHUD�������

'H�IHW��OD�WUDQVIRUPDFLy�HFRQzPLFD�GH�OD�FLXWDW�DPE�XQD�SURJUHVVLYD�GLVPLQXFLy�GH�OD�LQG~VWULD�HQ�EHQHILFL�GHO�VHFWRU�WHUFLDUL��KD

HVWDW�GHWHUPLQDQW�SHU�LQYHUWLU�OD�WHQGqQFLD�FDS�D�XQD�SURJUHVVLYD�VDOLQLW]DFLy�GH�OHV�DLJ�HV�IUHjWLTXHV��$TXHVW�FDQYL�GH�O¶DFWLYLWDW

HFRQzPLFD� KD� DMXGDW� D� GLVPLQXLU� OHV� H[WUDFFLRQV� G¶DLJXD�� SHUPHWHQW� OD� UHJHQHUDFLy� GH� O¶DT�tIHU� DPE� DLJXD� GROoD�� /HV

HVWDGtVWLTXHV� PRVWUHQ� FRP� D� ILQDOV� GHOV� DQ\V� ��� V¶H[WUHLHQ� GHO� VXEVzO� EDUFHORQt� PpV� GH� ��� +P��DQ\� DPE� ���� SRXV

FRPSWDELOLW]DWV��PHQWUH�TXH�HOV�DQ\V���������O¶H[WUDFFLy�HV�YD�UHGXLU�DOV���+P��DQ\��%DUUHUD�������



��� ,QWURGXFFLy���

$TXHVWD�GLVPLQXFLy�HQ�OHV�FDSWDFLRQV�L�OD�FRQVHT�HQW�SXMDGD�GHO�QLYHOO�IUHjWLF�KD�SURYRFDW�LQXQGDFLRQV�GH�VRWHUUDQLV�HQ�DOJXQHV

]RQHV��&RP�D�H[HPSOH��TXDVL� OD� WRWDOLWDW�GH� OD�[DU[D�GHO�PHWUR�DPE�XQD�H[WHQVLy�GH�������.P� L� ����HVWDFLRQV�� SUHVHQWD�XQ

WUDoDW�TXH�FRPSRUWD� O¶DSDULFLy�GH� ILOWUDFLRQV�G¶DLJXD�GH�GLYHUVD�SURFHGqQFLD��IUHjWLTXHV��SOXYLDOV�� UHVLGXDOV��PDULQHV��GH�UHQWDW�

HWF����$FWXDOPHQW�H[LVWHL[HQ�DO�PHWUR�����SRXV�TXH� UHFXOOHQ�DTXHVWHV�DLJ�HV� VXEWHUUjQLHV�G¶RULJHQ�GLYHUV� L� OHV�H[WUHXHQ�DPE

O¶DMXGD�GH�����ERPEHV��DPE�XQ�YROXP�DSUR[LPDW�GH����+P��DQ\�

(Q�DTXHVW�FRQWH[W��O¶DQ\������HV�YD�LQLFLDU�OD�UHGDFFLy�G¶XQ�SURMHFWH�SLORW�D�SDUWLU�G¶XQ�DFRUG�ILUPDW�HQWUH�7UDQVSRUWV�0HWURSROLWDQV

GH�%DUFHORQD��70%��L�O¶,QVWLWXW�0XQLFLSDO�GH�3DUFV�L�-DUGLQV�GH�%DUFHORQD��SHU�D�OD�UHXWLOLW]DFLy�G¶DLJ�HV�IUHjWLTXHV�TXH�SURYHQHQ

GH�OD�[DU[D�GH�W~QHOV�GHO��PHWUR��$TXHVWHV�DLJ�HV�HV�UHXWLOLW]DULHQ�SHU�D�GLIHUHQWV�XVRV�XUEDQV��HQWUH�HOV�TXDOV�FDO�GHVWDFDU�HO�UHJ

G¶XQD�]RQD�GH�SDUFV�L�MDUGLQV�GH����+D�L�OD�QHWHMD�GH�FDUUHUV�L�FODYHJXHUDP�

(Q�HO�SURMHFWH�PXQLFLSDO�HV�SODQWHMD�OD�FRQVWUXFFLy�G¶XQ�DQHOO�GH�GLVWULEXFLy�G¶DLJXD�DO�GLVWULFWH�GH�6DQW�0DUWt�GH�3URYHQoDOV��DPE

XQ� FRQVXP� GH� ����� +P��DQ\� ������� P��GLD��� /D� SULPHUD� IDVH� GHO� SURMHFWH�� LQDXJXUDGD� HO� �� GH� MXOLRO� GH� ����� SHUPHW� HO

VXEPLQLVWUDPHQW�G¶DLJXD�IUHjWLFD�SHO�UHJ�D����+DV��DJRVW�������GHOV�SDUFV�GHO� OLWRUDO�GH�%DUFHORQD��GHV�G¶$OIRQV�HO�0DJQjQLP

ILQV�HO�3DUF�GH�OHV�&DVFDGHV��SDVVDQW�SHO�3DUF�GH�1RYD�,FjULD� L�HO�GHO�3RUW��YHXUH�)LJXUD�������(Q�XQD�VHJRQD�IDVH�HV�SUHYHX

DUULEDU� ILQV�D�*UDQ�9LD��*OzULHV��0HULGLDQD� L�0DULQD��3HU�FREULU�DTXHVWHV�QHFHVVLWDWV�G¶DLJXD�V¶XWLOLW]D�XQ�SRX�G¶HVJRWDPHQW�GH

)&0%�VLWXDW�D�$OIRQV�HO�0DJQjQLP��HO�TXDO�SRW�DSRUWDU�XQ�FDEDO�VXSHULRU�D���+P��DQ\�

)LJXUD������=RQHV�GH�UHJ�D�%DUFHORQD��3DUFV�GHO�/LWRUDO��9LOD�2OtPSLFD��6DQW�0DUWt��%DUFHORQD��



&DStWRO�� $YDOXDFLy�GH�OD�IRUPDFLy�GH�ELRILOPV�HQ�VLVWHPHV�GH�GLVWULEXFLy�G¶DLJXD ���

������ 0LFURELRORJLD�GH�OHV�[DU[HV�G¶DLJXD�SRWDEOH

/D� SUHVqQFLD� GH� GHVLQIHFWDQW�� OHV� EDL[HV� FRQFHQWUDFLRQV� GH� FDUERQL� RUJjQLF�� OHV� EDL[HV� WHPSHUDWXUHV� L� HO� UqJLP� GHO� IOX[� VyQ

QRPpV�DOJXQHV�GH�OHV�FDUDFWHUtVWLTXHV�TXH�FRQYHUWHL[HQ�DOV�VLVWHPHV�GH�GLVWULEXFLy�G¶DLJXD�SRWDEOH�HQ�DPELHQWV�KRVWLOV�SHU�DO

FUHL[HPHQW�PLFURELj��0DOJUDW�DTXHVWHV�FRQGLFLRQV�DGYHUVHV��GLIHUHQWV�H[HPSOHV�GRFXPHQWHQ�HO�FUHL[HPHQW�L�OD�SHUVLVWqQFLD�GHOV

PLFURRUJDQLVPHV�L��HVSHFLDOPHQW��GHOV�EDFWHULV�D�OHV�[DU[HV�GH�GLVWULEXFLy��*UDQ�SDUW�GH�OHV�UDRQV�TXH�H[SOLTXHQ�DTXHVW�q[LW�HV

GHXHQ�DO�VHX�FUHL[HPHQW�HQ�IRUPD�GH�ELRILOPV�D�OHV�VXSHUItFLHV�GH�OHV�FDQRQDGHV�D�OD�[DU[D��L�HQ�VHGLPHQWV�GH�WDQFV�L�GLSzVLWV�

$PE�[DU[HV�GH�GLVWULEXFLy�TXH�SRGHQ�WHQLU�H[WHQVLRQV�GH�PLOHUV�GH�TXLOzPHWUHV�L�WHPSV�GH�UHVLGqQFLD�D�O¶DLJXD�HQWUH����K�L���PHV

�%ORFN��������QR�pV�JHQV�HVWUDQ\�TXH�OD�YDULDFLy�GHOV�GLIHUHQWV�SDUjPHWUHV��YHXUH�7DXOD������FRQGLFLRQL�O¶HYROXFLy�GH�OD�TXDOLWDW

GH�O¶DLJXD�D�OHV�]RQHV�GH�PRVWUHLJ�

7DXOD������9DULDFLRQV�G¶DOJXQV�SDUjPHWUHV�DO�OODUJ�GH�OD�[DU[D�GH�GLVWULEXFLy��%ORFN�������

,QFUHPHQWV 'LVPLQXFLRQV

7HPSHUDWXUD &ORU
&RQGXFWLYLWDW S+
%DFWHULV $2&�%'2&

&DO� LQVLVWLU�HQ�HO� IHW�TXH��DYXL�HQ�GLD�� OD�PDMRULD�GHOV�SURFHGLPHQWV�XWLOLW]DWV�SHUPHWHQ�GHWHFWDU�XQD� IUDFFLy� IRUoD�SHWLWD�GH� OHV

SREODFLRQV�SUHVHQWV�D�O¶HFRVLVWHPD�GH�OD�[DU[D�GH�GLVWULEXFLy�G¶DLJXD�SRWDEOH��'H�IHW��HO�PDQWHQLPHQW�G¶XQ�UHVLGXDO�GH�FORU�OLPLWD

OD� SUROLIHUDFLy� GH� OD�PLFURELRWD� KHWHURWUzILFD� L� UHGXHL[� HO� ULVF� G¶XQD� SRVVLEOH� FRQWDPLQDFLy� GH� O¶DLJXD� GH� OD� [DU[D�� HQFDUD� TXH

DXJPHQWD�OD�SURSRUFLy�GH�FqOÂOXOHV�OHVLRQDGHV��$TXHVWHV��VyQ�LQFDSDFHV�GH�GHVHQYROXSDU�VH�HQ�HOV�PHGLV�GH�FXOWLX�XWLOLW]DWV�GH

IRUPD�UXWLQjULD��+DELWXDOPHQW��OD�VHYD�SUHVqQFLD�DOV�VLVWHPHV�GH�GLVWULEXFLy�FORUDWV�pV�EDVWDQW�HOHYDGD��GRQFV�HQWUH�HO�������

GHOV�FROLIRUPHV�SUHVHQWHQ�DTXHVW�HVWDW��/H&KHYDOOLHU�	�0F)HWHUV�����D��0F)HWHUV�HW�DO��������

$FXPXODFLy�GH�PLFURRUJDQLVPHV�D�OHV�SDUHWV�GH�OHV�FDQRQDGHV��4XDVL�HO�����GHOV�PLFURRUJDQLVPHV�TXH�VyQ�WUDQVSRUWDWV

HQ�VXVSHQVLy�D�O¶DLJXD���IDVH�SODQFWzQLFD���KR�VyQ�HQ�IRUPD�G¶DJUHJDWV�PpV�JUDQV�GH����P�R�DGKHULWV�D�SDUWtFXOHV�VXSHULRUV�D�OHV

�� �P� �0F)HWHUV� HW� DO�� ������� /D� ELRPDVVD� DGKHULGD� FRPSDUWHL[� OD� VXSHUItFLH� GH� OHV� SDUHWV� GH� OHV� WXEHULHV� GHO� VLVWHPD� GH

GLVWULEXFLy� DPE� GLIHUHQWV� SUHFLSLWDWV�� SDUWtFXOHV� LQRUJjQLTXHV�� GLSzVLWV�� LQFUXVWDFLRQV� L� WXEHUFOHV�� HQ� XQ� SDWUy� KHWHURJHQL

�/H&KHYDOOLHU�HW�DO��������

&DO� LQVLVWLU�TXH� OD�SUHVqQFLD�GHO�ELRILOP�QR� LPSOLFD� O¶H[LVWqQFLD�G¶XQD�SHOÂOtFXOD�KRPRJqQLD�GH�JUXL[� UHJXODU��PpV�DYLDW� V¶KD�GH

FRQVLGHUDU�FRP�XQD�DFXPXODFLy�PpV�R�PHQ\V�H[WHQVD�D� OD�VXSHUItFLH�GH� OHV�FDQRQDGHV�� IRUPDGD�SHU�PLFURRUJDQLVPHV�YLXV� L

PRUWV��PpV�SROtPHUV�L�R�PDFURPROqFXOHV�H[FUHWDGHV�SHU�OD�ELRPDVVD�TXH�IDFLOLWHQ�OD�VHYD�DGKHVLy�LUUHYHUVLEOH��0DXO�HW�DO��������

$L[t��OD�SUHVqQFLD�GHOV�EDFWHULV�GLQV�GH�OD�[DU[D�GH�GLVWULEXFLy�HV�SURGXHL[��PDMRULWjULDPHQW��D�OD�IDVH�VqVVLO�HQ�IRUPD�GH�ELRILOP�L

QR�D�O¶DLJXD�

'LIHUHQWV� IDFWRUV�FRQWUROHQ� OHV�FDUDFWHUtVWLTXHV�GHO�ELRILOP��HQFDUD�TXH�HQWUH�HOV�PpV� LPSRUWDQWV�HV�SRGHQ�FLWDU�HO�QRPEUH� L� OD

GLYHUVLWDW� G¶HVSqFLHV� SUHVHQWV� D� O¶DLJXD�� OD� FRQFHQWUDFLy� L� QDWXUDOHVD� GH� OD� PDWqULD� RUJjQLFD� ELRGHJUDGDEOH� D� O¶DLJXD� L� D� OHV

VXSHUItFLHV� �&DPSHU� HW� DO�� ������� HO� UqJLP� KLGUjXOLF� GHO� VLVWHPD�� OHV� YDULDFLRQV� HVWDFLRQDOV� HQ� OHV� WHPSHUDWXUHV�� HO� WLSXV� GH

GHVLQIHFWDQW��OHV�FDUDFWHUtVWLTXHV�GHO�PDWHULDO�GH�VXSRUW�L�OD�SUHVqQFLD�GH�SURGXFWHV�GH�FRUURVLy��-D�V¶KD�FRPHQWDW�DQWHULRUPHQW

�YHXUH������FRP�HOV�QXWULHQWV�WHQGHL[HQ�D�DGVRUELU�VH�D�OHV�VXSHUItFLHV��IHQW�ORV�PpV�GLVSRQLEOHV�D�OHV�FqOÂOXOHV�VqVVLOV�DGKHULGHV

�)OHWFKHU�	�0DUVKDOO��������(Q�DOJXQV�FDVRV��HOV�PDWHULDOV�GH�OHV�FDQRQDGHV�SRGHQ�DOOLEHUDU�FRPSRVWRV�Wz[LFV�R�LRQV�PHWjOÂOLFV

FRP�HO�FRXUH��TXH�SRGHQ�LQKLELU�HO�FUHL[HPHQW�PLFURELj��$VVDQWD�HW�DO���������$OWUHV�YHJDGHV��HOV�PDWHULDOV�DOOLEHUDWV�SRGHQ�VHU

DVVLPLODWV�SHOV�PLFURRUJDQLVPHV�L�IDFLOLWDU�HO�VHX�FUHL[HPHQW��6FKRHQHQ�������



��� ,QWURGXFFLy���

(O�FUHL[HPHQW�EDFWHULj�D� OD�IDVH�OtTXLGD�pV�SUjFWLFDPHQW�QHJOLJLEOH�HQ�HOV�VLVWHPHV�GH�GLVWULEXFLy�G¶DLJ�HV�SRWDEOHV�� MD�TXH�HOV

EDFWHULV�DGKHULWV�VyQ�HOV�~QLFV�TXH�HV�PXOWLSOLTXHQ� �YDQ�GHU�:HQGH�HW�DO��������/H&KHYDOOLHU�HW�DO��������������/HV� WD[HV�GH

FUHL[HPHQW�YDULHQ�GHSHQHQW�GH�OHV�FRQGLFLRQV�HQWUH��������K���L������GLHV����SHU�OD�TXDO�FRVD�HO�WHPSV�GH�GXSOLFDFLy�R�JHQHUDFLy

GH�OD�SREODFLy�EDFWHULDQD�YDULD�HQWUH������GLHV��0DXO�HW�DO��������%ORFN�HW�DO���������$TXHVWV�YDORUV�GH� OD� WD[D�GH�FUHL[HPHQW

GLVPLQXHL[HQ� UDGLFDOPHQW� D�PHVXUD�TXH�HQV�DOOXQ\HP�DO� OODUJ�GH� OD� [DU[D�� HVSHFLDOPHQW� SHO� FRQVXP�GH� OD�PDWqULD� RUJjQLFD�

DUULEDQW�D�WHPSV�GH�GXSOLFDFLy�GH��������GLHV��%ORFN��������'H�IHW��DO�YROWDQW�GHO������GH�OD�PDWqULD�RUJjQLFD�ELRGHJUDGDEOH�HV

FRQVXPHL[�GHVSUpV�GH����K��%ORFN�������

&RQVHT�HQWPHQW��HO�FRQWURO�GH�O¶DFXPXODFLy�GHO�ELRILOP�UHTXHUHL[�GLIHUHQWV�WLSXV�G¶DFFLRQV�FRPELQDGHV��WDQW�D�QLYHOO�GH�OD�SODQWD

GH� WUDFWDPHQW� FRP� GH� OD� [DU[D� GH� GLVWULEXFLy�� VL� HV� YROHQ� DFRQVHJXLU� VLVWHPHV� GH� GLVWULEXFLy� HVWDEOHV� ELROzJLFDPHQW� �%ORFN

������� 7UDGLFLRQDOPHQW�� HO� FRQWURO� GH� O¶H[WHQVLy� GHOV� ELRILOPV� V¶KD� UHDOLW]DW� DPE� O¶DSOLFDFLy� GH� ELRFLGHV� D� OD� FROXPQD� G¶DLJXD�

VHQVH�WHQLU�HQ�FRPSWH�TXH�O¶DGKHUqQFLD�L�OD�IRUPDFLy�GHOV�ELRILOPV�pV�XQ�SURFpV�IRQDPHQWDO�SHU�GHVHQYROXSDU�OD�UHVLVWqQFLD�D�OD

GHVLQIHFFLy� �/H&KHYDOOLHU�HW�DO���������SURWHJLQW�D� OHV�FqOÂOXOHV�VqVVLOV�GH� O¶DWDF�GHO�FORU� UHVLGXDO��(OV�FDQYLV�HQ� OHV� FRQGLFLRQV

DPELHQWDOV�±QXWULHQWV��GHVLQIHFWDQW�R�KLGURGLQjPLFD�GHO�PHGL��SRGHQ�DIDYRULU� OD�VHSDUDFLy�GH�VHJPHQWV�R�SDUWV�GHO�ELRILOP�� IHW

TXH�IDFLOLWDUj�O¶H[WHQVLy�G¶DTXHVWHV�FqOÂOXOHV�FDS�D�OD�UHVWD�GHO�VLVWHPD�GH�GLVWULEXFLy�

(VWUXFWXUD�GHOV�ELRILOPV�D� OHV� [DU[HV�GH�GLVWULEXFLy�� /¶HVWUXFWXUD� GHOV� ELRILOPV� D� OHV� [DU[HV� GH� GLVWULEXFLy� G¶DLJXD� SRWDEOH

DFRVWXPD�D�VHU�GLItFLO�G¶HVWXGLDU�SHU� OD�JUDQ�TXDQWLWDW�GH�GHWULWXV��SURGXFWHV�GH�FRUURVLy� L�DOWUHV� IRUPHV�GH�PDWqULD� LQRUJjQLFD�

ÑEYLDPHQW�� OD� GHVLQIHFFLy� Wp� XQD� JUDQ� LQIOXqQFLD� HQ� O¶HVWUXFWXUD� JHQHUDO� GH� OHV� SREODFLRQV� QDWXUDOV� TXH� IRUPHQ� HOV� ELRILOPV

�&DPSHU�HW�DO���������(Q�SUHVqQFLD�GH�FORU�OHV�FqOÂOXOHV�GHOV�ELRILOPV�DFRVWXPHQ�D�GLVSRVDU�VH�VREUH�OD�VXSHUItFLH�HQ�DJUHJDWV�

RFXSDQW�QRPpV�GHWHUPLQDGHV�jUHHV�L�VHQVH�FRORQLW]DU�OD�UHVWD��RQ�QR�V¶REVHUYHQ�RUJDQLVPHV�LQGLYLGXDOV��(O�ELRILOP�DFRVWXPD�D

VHU� PROW� HVSDUV� L� OHV� FqOÂOXOHV� DFRVWXPHQ� D� VHU� PpV� SHWLWHV� ������� SURGXLQW�VH� XQ� FDQYL� GH� PRUIRORJLD� RQ� SUHGRPLQHQ� OHV

FqOÂOXOHV�PpV�DUURGRQLGHV��&DPSHU�HW�DO���������/¶DFWLYLWDW�GHOV�ELRILOPV�HQ�DTXHVWV�VLVWHPHV�FORUDWV�DFRVWXPD�D�VHU�LQIHULRU�DOV

VLVWHPHV�QR�FORUDWV��DPE�XQ�������GH�OHV�FqOÂOXOHV�DFWLYHV��&DPSHU�HW�DO��������%ORFN�HW�DO��������

&RPSRVLFLy�GH�OD�FRPXQLWDW�GH�PLFURRUJDQLVPHV��/D�VXSHUItFLH�LQWHUQD�GH�OHV�FDQRQDGHV�GHO�VLVWHPD�GH�GLVWULEXFLy�G¶DLJXD

SRWDEOH�UHYHOD�O¶H[LVWqQFLD�G¶XQ�HFRVLVWHPD�FRPSOHW�RQ�SUHGRPLQHQ�HOV�GLIHUHQWV�PLFURRUJDQLVPHV��QR�QRPpV�EDFWHULV��DGDSWDWV

DOV�DPELHQWV�DTXjWLFV�DPE�FRQGLFLRQV�ROLJRWUzILTXHV��/HV�GLIHUHQWV�FODVVHV�GH�PLFURRUJDQLVPHV�SUHVHQWV�HQ�DTXHVWV�DPELHQWV

HV�SRGHQ�DJUXSDU�HQ���JUXSV�GLIHUHQWV��0DXO�HW�DO��������

� (VSqFLHV�LQGtJHQHV��TXH�LQFORXHQ�EDFWHULV��OOHYDWV�L�IRQJV�

� (VSqFLHV�DGYHQWtFLHV��TXH�DUULEHQ�GH�IRUPD�IRUWXwWD��FRP�SRGHQ�VHU�SURWR]RXV�L�PDFURLQYHUWHEUDWV��3RGHQ�VREUHYLXUH�L�
ILQV�L�WRW��PXOWLSOLFDU�VH�

� (VSqFLHV� SHUMXGLFLDOV�� SHUTXq� SURGXHL[HQ� SUREOHPHV� GH� FRUURVLy� GH� PDWHULDOV� �/HH� HW� DO�� ������ R� LQFUHPHQWHQ� OD
SUHVqQFLD�GH�SDUWtFXOHV�GH�IHUUR�D�O¶DLJXD�GH�FRQVXP��9LFWRUHHQ�������R�DOWHUHQ�OHV�SURSLHWDWV�RUJDQROqSWLTXHV�GH
O¶DLJXD��FRP�HO�JXVW�L�O¶RORU�HQ�HO�FDV�GHOV�$FWLQRP\FHWHV�R�IRQJV��2OVRQ�������

� (VSqFLHV�SHULOORVHV��TXH�SURYRTXHQ�SUREOHPHV�SHU�D�OD�VDOXW�S~EOLFD�TXDQ�SUROLIHUHQ�HOV�SDWzJHQV�D�OD�[DU[D�

(OV�RUJDQLVPHV�TXH�FRORQLW]HQ�HOV�PDWHULDOV�GH�OHV�FDQRQDGHV�GHOV�VLVWHPHV�GH�GLVWULEXFLy�SURYHQHQ�G¶RUtJHQV�GLIHUHQWV��HQFDUD

TXH�OD�PDMRULD�HV�SRGHQ�WUREDU�DO�SURYHwPHQW�G¶DLJXD�GHO�VLVWHPD��(OV�ELRILOPV�VHUYHL[HQ�GH�UHIXJL�D�GLIHUHQWV�PLFURRUJDQLVPHV�L

SRGHQ�DIDYRULU�HO�UHFUHL[HPHQW�GH�EDFWHULV�KHWHUzWURIV�L�FROLIRUPHV��RULJLQDQW�YLRODFLRQV�GH�OHV�UHJXODFLRQV�H[LVWHQWV��&DPSHU�HW

DO���������$�PpV��FDO�WHQLU�HQ�FRPSWH�OD�FDSDFLWDW�TXH�SUHVHQWHQ�GLIHUHQWV�SDWzJHQV�L�RSRUWXQLVWHV�SHU�FRORQLW]DU�OHV�VXSHUItFLHV

GH�OHV�FDQRQDGHV��SURGXLQW�LQIHFFLRQV�JDVWURLQWHVWLQDOV�L�DOWUHV�LQIHFFLRQV�QRVRFRPLDOV��8QLWHG�6WDWHV�(QYLURQPHQWDO�3URWHFWLRQ

$JHQF\�������



&DStWRO�� $YDOXDFLy�GH�OD�IRUPDFLy�GH�ELRILOPV�HQ�VLVWHPHV�GH�GLVWULEXFLy�G¶DLJXD ���

(Q�JHQHUDO��OD�GLYHUVLWDW�PLFURELDQD�pV�XQ�SDUjPHWUH�TXH�HQV�SRW� LQGLFDU� OD�VHYHULWDW�R�VHOHFWLYLWDW�GH� O¶DPELHQW�G¶XQD�[DU[D�GH

GLVWULEXFLy��/H&KHYDOOLHU�HW�DO���������SHUTXq�QR�pV�JHQV�HVWUDQ\�TXH�V¶REVHUYLQ�DXJPHQWV�GH�OD�GLYHUVLWDW�D�PHVXUD�TXH�O¶DLJXD

V¶DOOXQ\D�GH�OD�SODQWD�GH�WUDFWDPHQW��$�OD�7DXOD�����HV�UHFXOOHQ�DOJXQV�GHOV�SULQFLSDOV�JUXSV�GH�EDFWHULV�DwOODWV�D� OHV�[DU[HV�GH

GLVWULEXFLy�G¶DLJ�HV�SRWDEOHV��DL[t�FRP�OD�SRVVLEOH�VLJQLILFDFLy�GH�FDGD�XQ�G
DTXHVWV�JUXSV�

$�OD�IDVH�SODQFWzQLFD�OD�PLFURELRWD�SUHVHQW�HQ�DTXHVWV�VLVWHPHV�YDULD�HQWUH���������FqOÂOXOHV�P/��YLDEOHV�L�PRUWHV��L�HQWUH������

8IF�P/� �'ROODUG� HW� DO�� ������� SUHGRPLQDQW� HOV� EDFWHULV� JUDP�QHJDWLXV� FRP� HOV� JqQHUHV� 3VHXGRPRQDV� L� )ODYREDFWHULXP

�/H&KHYDOOLHU� HW� DO�� ������ %ORFN� ������� $OWUHV� PLFURRUJDQLVPHV� SUHVHQWV� HQ� DTXHVWV� VLVWHPHV� VyQ� HOV� IRQJV� L� OOHYDWV�� HQ

FRQFHQWUDFLRQV�DO�YROWDQW�GH�������FqOÂOXOHV�/�L�DOJXHV�HQWUH���������FqOÂOXOHV�/��5L]HW�HW�DO���������L�SURWR]RXV�GHO�JqQHUH�$PRHED

L�IODJHOÂODWV��$�PpV��QR�pV�JHQV�HVWUDQ\�GHWHFWDU�RUJDQLVPHV�SDWzJHQV�FRP�/HJLRQHOOD��+VX�HW�DO��������+DELFKW�	�0XOOHU��������

6WDSK\ORFRFFXV� DXUHXV� �/H&KHYDOOLHU� HW� DO�������� <HUVLQLD� HQWHURFROLWLFD� �6FKLQGOHU� ������ L� DOWUHV�� /D� SUHVqQFLD� G¶DOJXQV

G¶DTXHVWV�RUJDQLVPHV�QR�VHPSUH�FRLQFLGHL[�DPE�HSLGqPLHV�HQ�OD�SREODFLy�VHUYLGD��'H�IHW��GLIHUHQWV�EURWV�HSLGqPLFV�TXH�DIHFWHQ

D�OD�SREODFLy�QR�SRGHQ�DVVRFLDU�VH�PDL�D�FDS�DJHQW�HWLROzJLF�HVSHFtILF��&ROOLQ�HW�DO��������

/D�SREODFLy�EDFWHULDQD�DGKHULGD�SRW�DUULEDU�D�GHQVLWDWV�HQWUH��������8IF�FP�� �/H&KHYDOOLHU�HW�DO��������PDOJUDW�TXH�HOV�YDORUV

PpV�QRUPDOV�HQ�SUHVqQFLD�GH�����PJ�/�GH�FORU�OOLXUH�RVFLOÂOHQ�HQWUH�������8IF�FP���1DJ\�	�2OVRQ��������/HV�GHQVLWDWV�FHOÂOXODUV

HVWDQ�QRUPDOPHQW�DO�YROWDQW�GH�OHV�����FqOÂOXOHV�FP���GH�OHV�TXDOV�HQWUH�XQ�������VyQ�YLDEOHV��%ORFN�HW�DO��������&DPSHU�HW�DO�

�������5HVSHFWH�DOV�IRQJV�HOV�YDORUV�HVWDULHQ�HQWUH�������8IF�FP��SHU�D� OD�SREODFLy�GH� OOHYDWV� L�GH������8IF�FP��SHU�DOV�IRQJV

ILODPHQWRVRV��1DJ\�	�2OVRQ�������

/¶KHWHURJHQHwWDW� GHOV� ELRILOPV� FRQGXHL[� D� OD� IRUPDFLy� GH� PLFURQtQ[ROV� DPE� GLIHUHQWV� FRQGLFLRQV� ILVLROzJLTXHV�� TXtPLTXHV� L

HVWUXFWXUDOV��YHXUH���������IHW�TXH�IDFLOLWD�OD�SUROLIHUDFLy�GH�WRWV�DTXHVWV�RUJDQLVPHV��(Q�DTXHVW�VHQWLW��FDO�GHVWDFDU�OD�SUHVqQFLD

GH�JUDGLHQWV�GH�(K��S+��R[LJHQ��QXWULHQWV��PHWDEROLWV��(36��HWF��$L[t��HOV�ELRILOPV�IRUPDWV�SHU�SREODFLRQV�GH�EDFWHULV�KHWHUzWURIV

SRGHQ�DFWXDU�FRP�D�UHVHUYRUL�HQIURQW�GH�OHV�FRQGLFLRQV�DPELHQWDOV�SHU�D�PLFURRUJDQLVPHV�DQDHURELV�R�PLFURDHUzILOV��FRP�HQ�HO

FDV�GH�/HJLRQHOOD�SQHXPRSKLOD�R�&DPS\OREDFWHU�MHMXQL�

(O�VLVWHPD�GH�GLVWULEXFLy�HV�FRPSRUWD�HQ�DTXHVW�DVSHFWH�FRP�XQ�JUDQ�UHDFWRU�KHWHURJHQL�DPE�]RQHV�GLIHUHQWV�GH�FRPSRUWDPHQW

TXDVL� LQGHSHQGHQW�� HVSHFLDOPHQW� SHO� TXH� ID� UHIHUqQFLD� D� OD� GLYHUVLWDW� GH� OHV� SREODFLRQV� EDFWHULDQHV� �%ORFN� ������� 'H� IHW�� OD

GLVWULEXFLy�GHOV�GLIHUHQWV�WLSXV�GH�EDFWHULV�DO�VLVWHPD�QR�pV�KRPRJqQLD�� L�FHUWHV�]RQHV�DSDUHL[HQ�GRPLQDGHV�SHU�GHWHUPLQDGHV

HVSqFLHV��(Q�JHQHUDO��HOV�ELRILOPV�HQ�DTXHVWV�VLVWHPHV�DFRVWXPHQ�D�GHVHQYROXSDU�VH�FRP�XQ�FRQVRUFL�GH�PLFURRUJDQLVPHV�RQ

V¶KL�SRGHQ�UHIXJLDU�EDFWHULV�DHURELV�L�DQDHURELV��SURWR]RXV��QHPjWRGHV�L�IRQJV��$OJXQV�G¶DTXHVWV�RUJDQLVPHV�SRGHQ�VREUHYLXUH

GLQV�GHOV�ELRILOPV�GXUDQW� YjULHV� VHWPDQHV�PDQWHQLQW� XQ�HVWDW� LQIHFFLyV�� FRP�HQ�HO� FDV�GHOV� FLVWV�GH�&U\SWRVSRULGLXP�SDUYXP

�.HHYLO�HW�DO��������

*HQHUDOPHQW�� OD�PDMRULD� G¶HVWXGLV� VREUH� OD� FRPSRVLFLy� GH� OD� FRPXQLWDW� GHOV� ELRILOPV� HQ� VLVWHPHV� FORUDWV� KDQ� FRQVLVWLW� HQ� OD

PRQLWRULW]DFLy� GH� PHPEUHV� GLVFUHWV�� SHU� GHWHUPLQDU� UHVSRVWHV� HVSHFtILTXHV� D� YDULDFLRQV� HQ� OHV� FRQGLFLRQV� DPELHQWDOV�

'¶DTXHVWD� PDQHUD� V¶KD� HVWXGLDW� OD� GLVWULEXFLy� L� SUHVqQFLD� G¶LQGLFDGRUV� GH� FRQWDPLQDFLy� IHFDO� L� GH� EDFWHULV� SDWzJHQV�� /D

IUHT�qQFLD�G¶DwOODPHQW�GHOV�FROLIRUPHV� IHFDOV� �(VFKHULFKLD�FROL�� L�GHOV�HVWUHSWRFRFV� IHFDOV� �6WUHSWRFRFFXV� IDHFDOLV��DFRVWXPD�D

VHU�EDVWDQW�EDL[D��DPE�YDORUV�GHO��������GH�OHV�PRVWUHV�SRVLWLYHV��%RXUELJRW�HW�DO���������(OV�FROLIRUPHV�WRWDOV�V¶DFRVWXPHQ�D

GHWHFWDU� GH� IRUPD�PpV� KDELWXDO� �*HOGUHLFK� ������� $TXHVWD� VLWXDFLy� DPE� XQ� FRPSOLPHQW� DGHTXDW� GH� OHV� QRUPDWLYHV� GH� VDOXW

S~EOLFD� HV� SURGXHL[� WtSLFDPHQW� HQ� DPELHQWV� L� ]RQHV� XUEDQHV�� RQ� O¶HVIRUo� SHU�PRQLWRULW]DU� OD� TXDOLWDW� GH� O¶DLJXD� pV�PpV� JUDQ�

7DQPDWHL[�� HQ� ORFDOLWDWV� PHQ\V� SREODGHV� L� ]RQHV� UXUDOV� pV� EDVWDQW� IUHT�HQW� O¶LQFRPSOLPHQW� GH� OHV� UHJXODFLRQV� VDQLWjULHV

�6ZRUREXN�HW�DO��������



��� ,QWURGXFFLy���

7DXOD������%DFWHULV�GH�OHV�[DU[HV�GH�GLVWULEXFLy�G¶DLJXD�SRWDEOH�L�OD�VHYD�SRVVLEOH�VLJQLILFDFLy��DGDSWDW�GH�GLIHUHQWV�DXWRUV��

0LFURRUJDQLVPH (IHFWHV�SRWHQFLDOV
$FLQHWREDFWHU $QWDJRQLVWD�G¶LQGLFDGRUV�EDFWHULDQV��3DWRJHQ�RSRUWXQLVWD
$FURPRQDV 3DWRJHQ�SRWHQFLDO��RSRUWXQLVWD
$FWLQRP\FHWH
$HURPRQDV 3DWRJHQ�SRWHQFLDO��RSRUWXQLVWD
$OFDOLJHQHV
$UWKUREDFWHU $QWDJRQLVWD�G¶LQGLFDGRUV�EDFWHULDQV��FRORU�D�O¶DLJXD
%DFLOOXV $QWDJRQLVWD�G¶LQGLFDGRUV�EDFWHULDQV��FRUURVLy��UHGXFFLy�QLWUDWV�
%HJJLDWRD &RORU�GH�URYHOO�D�O¶DLJXD��R[LGDFLy�GH�VRIUH
&KURPREDFWHULXP
&LWUREDFWHU
&ORVWULGLXP
&RU\QHEDFWHULXP
&UHQRWKUL[ &RORU�GH�URYHOO�D�O¶DLJXD��EDFWHUL�GHO�IHUUR�
'HVXOIRYLEULR $LJ�HV�QHJUHV��SURGXFFLy�+�6��FRUURVLy
(GZDUVLHOOD 3DWRJHQ�SRWHQFLDO��RSRUWXQLVWD
(PSHGREDFWHU
(QWHUREDFWHU
(VFKHULFKLD ,QGLFDGRU�GH�FRQWDPLQDFLy�IHFDO
)ODYREDFWHULXP 3DWRJHQ�RSRUWXQLVWD��$QWDJRQLVWD�G¶LQGLFDGRUV�EDFWHULDQV
)OH[LEDFWHU
*DOOLRQHOOD &RORU�GH�URYHOO�D�O¶DLJXD��EDFWHUL�GHO�IHUUR���FRUURVLy
+DIQLD
.OHEVLHOOD 3DWRJHQ�SRWHQFLDO
/HJLRQHOOD 3DWRJHQ�SRWHQFLDO
/HSWRWKUL[ &RORU�GH�URYHOO�D�O¶DLJXD��EDFWHUL�GHO�IHUUR�
0HWKDQRPRQDV 2[LGDFLy�GH�PHWj
0LFURFRFFXV 5HGXFFLy�GH�QLWUDW��FRUURVLy��$QWDJRQLVWD�G¶LQGLFDGRUV
0RUD[HOOD 3DWRJHQ�RSRUWXQLVWD
0\FREDFWHULXP 3DWRJHQ�SRWHQFLDO
1LWUREDFWHU 3URGXFFLy�GH�QLWUDW��FRUURVLy
1LWURVRPRQDV 3URGXFFLy�GH�QLWUDW��FRUURVLy
1RFDUGLD 3DWRJHQ�SRWHQFLDO
3URWHXV $QWDJRQLVWD�G¶LQGLFDGRUV�EDFWHULDQV
3URYLGHQFLD 3DWRJHQ�RSRUWXQLVWD
3VHXGRPRQDV 3DWRJHQ�RSRUWXQLVWD���DQWDJRQLVWD�G¶LQGLFDGRUV�EDFWHULDQV
6DOPRQHOOD 3DWRJHQ�SRWHQFLDO
6HUUDWLD 3DWRJHQ�RSRUWXQLVWD
6SKDHURWLOXV &RORU�GH�URYHOO�D�O¶DLJXD
6SLULOOXP
6SRURVDUFLQD
6WDSK\ORFRFFXV 3DWRJHQ�SRWHQFLDO
6WUHSWRFRFFXV ,QGLFDGRU�GH�FRQWDPLQDFLy�IHFDO
6WUHSWRP\FHV 3UREOHPHV�G¶RORUV�L�JXVW
<HUVLQLD 3DWRJHQ�SRWHQFLDO

+DELWXDOPHQW�HOV�FROLIRUPHV�FUHL[HQ�HQ�IRUPD�GH�PLFURFROzQLHV�PpV�TXH�HQ�FqOÂOXOHV�DwOODGHV��&DPSHU��������HQFDUD�TXH�VL�HV

WUDQVSRUWHQ� DO� ELRILOP� HQ� SDUWtFXOHV� GH� FDUEy� DFWLX� JUDQXODU� OD�PDMRULD� VHJXLUj� HQ� IRUPD� GH� FqOÂOXOHV� LQGLYLGXDOV� �0RULQ� HW� DO�

������� '¶DOWUD� EDQGD�� HQ� DPELHQWV� RQ� HOV� QXWULHQWV� VyQ� OLPLWDQWV� DOJXQV� GHOV� PLFURRUJDQLVPHV� KHWHUzWURIV�� HOV� DQRPHQDWV

DQWDJRQLVWHV�GH�FROLIRUPHV��HQWUHQ�HQ�FRPSHWqQFLD�DPE�HOV�FROLIRUPHV�GLILFXOWDQW�HO�VHX�HVWDEOLPHQW�DOV�ELRILOPV��/H&KHYDOOLHU�	

0F)HWHUV�����E���$OJXQV�HVWXGLV�KDQ�PRVWUDW�OD�SUHVqQFLD�G¶HIHFWHV�VREUH�OD�VDOXW�S~EOLFD�DPE�OD�LQJHVWLy�GH�QRPpV�������P/

G¶XQD�DLJXD�±�QR�FORUDGD���DPE�XQD�GHQVLWDW�UHODWLYDPHQW�EDL[D�GH�(VFKHULFKLD�FROL���������P/���3D\PHQW�HW�DO��������

(Q�TXDQ�DOV�SDWzJHQV�RSRUWXQLVWHV��UHSUHVHQWDULHQ�DO�YROWDQW�GHO�����GH�OD�SREODFLy�WRWDO��PHQWUH�TXH�SDWzJHQV�FRP�6DOPRQHOOD

SRGHQ�DGKHULU�VH�L�SHUVLVWLU�DOV�ELRILOPV�ILQV�D����GLHV�HQ�SUHVqQFLD�GH�FORU��JHQHUDOPHQW�HQ�IRUPD�GH�FqOÂOXOHV�LQGLYLGXDOV��PHQWUH

TXH�DOWUHV�FRP�(VFKHULFKLD�FROL�2����+��SRGHQ�GHVDSDUqL[HU�D�OHV���VHWPDQHV�GHO�ELRILOP��&DPSHU�HW�DO��������



&DStWRO�� $YDOXDFLy�GH�OD�IRUPDFLy�GH�ELRILOPV�HQ�VLVWHPHV�GH�GLVWULEXFLy�G¶DLJXD ���

3UROLIHUDFLRQV� EDFWHULDQHV� D� OHV� [DU[HV� GH� GLVWULEXFLy�� (O� GHVHQYROXSDPHQW� GHOV� ELRILOPV� SRW� SURYRFDU� WRWD� XQD� VqULH� GH

SUREOHPHV�DOV�VLVWHPHV�GH�GLVWULEXFLy�G¶DLJXD�SRWDEOH�

q (OV�EDFWHULV�SRGHQ�VHU�O¶LQLFL�G¶XQD�[DU[D�WUzILFD�TXH�FRQGXHL[L�D�OD�SUROLIHUDFLy�G¶RUJDQLVPHV�VXSHULRUV�LQGHVLWMDEOHV�

q $OJXQHV�HVSqFLHV�SRGHQ�JHQHUDU�SUREOHPHV�GH�WHUEROHVD��PDOHV�RORUV�L�JXVWRV�

q 5HFRPSWHV�HOHYDWV�GHOV�EDFWHULV�KHWHUzWURIV��+3&��SRGHQ�LQWHUIHULU�DPE�OD�GHWHFFLy�GHOV�FROLIRUPHV�R�DOWUHV�LQGLFDGRUV
VDQLWDULV

q (OV�ELRILOPV�DXJPHQWHQ�OD�UHVLVWqQFLD�D�OD�IULFFLy��UHGXLQW�OD�FDSDFLWDW�GH�WUDQVSRUW�GHOV�VLVWHPHV�GH�GLVWULEXFLy�G¶DLJXD

q )DOODGD�GHO�VLVWHPD�GH�GLVWULEXFLy�YLRODQW�HOV�FULWHULV�HVWDEOHUWV�GH�TXDOLWDW�GH� O¶DLJXD� �SHU�FROLIRUPHV�R� UHFRPSWHV�GH
EDFWHULV�KHWHUzWURIV��

'LIHUHQWV�IDFWRUV�DOJXQV�G¶HOOV�HQFDUD�QR�GHO�WRW�EHQ�FRQHJXWV�SRGHQ�RFDVLRQDU�SUREOHPHV�LPSRUWDQWV��DIDYRULQW�O¶LQFUHPHQW�GH�OD

GHQVLWDW�GH�PLFURRUJDQLVPHV�DPE�HO�WHPSV�GH�UHVLGqQFLD�L�R�DPE�OD�GLVWjQFLD�GH�OD�SODQWD�GH�WUDFWDPHQW�DO�SXQW�GH�GLVWULEXFLy�DO

FRQVXPLGRU��(V�SURGXHL[HQ�HOV�DQRPHQDWV�HSLVRGLV�R�EURWV�DPE�OD�GHWHFFLy�D�O¶DLJXD�ILQDO�G
XQV�QLYHOOV�GH�EDFWHULV�KHWHUzWURIV�L�

HVSHFLDOPHQW�� GH� FROLIRUPHV� SHU� VREUH� GHOV� HVWjQGDUGV� GH� TXDOLWDW�� 4XDQ� HV� SURGXHL[� OD� SUROLIHUDFLy� G¶DTXHVWV� EDFWHULV� ±HQ

VXVSHQVLy�R�DGKHULWV�� GH� IRUPD�FUzQLFD�R�SHULzGLFD�HV�SDUOD�GH�UHFUHL[HPHQW��$TXHVWHV�SUROLIHUDFLRQV�SRGHQ�VHU� GHJXGHV� D

DYDULHV�GHO�VLVWHPD�GH�SRWDELOLW]DFLy��RQ�HOV�EDFWHULV�SDVVHQ�D�WUDYpV�GHO�WUDFWDPHQW�L�GH�OHV�EDUUHUHV�GH�OD�GHVLQIHFFLy�

7DQPDWHL[�� pV� HYLGHQW� TXH� HO� WUDFWDPHQW� SRWDELOLW]DGRU� PpV� VRILVWLFDW� QR� DFRQVHJXHL[� HOLPLQDU� PDL� OD� WRWDOLWDW� GHOV

PLFURRUJDQLVPHV�SUHVHQWV�DO�VLVWHPD��6HPSUH�URPDQ�XQD�SREODFLy�GH�PLFURRUJDQLVPHV�YLXV�MD�VLJXL�HQ�HVWDW�GDQ\DW�R�LQWDFWHV�

G¶DSUR[LPDGDPHQW�����P/��XQ������GHO�WRWDO�RULJLQDO��0DXO�HW�DO���������3HU�WDQW��HO�VLVWHPD�GH�GLVWULEXFLy�HV�FRQWDPLQD�GH�IRUPD

SHUPDQHQW�DPE�XQD�PLFURELRWD�HQ�VXVSHQVLy�TXH��HQ�XQD�SDUW�LPSRUWDQW��SDVVDUj�D�IRUPDU�SDUW�GHOV�ELRILOPV�

7UDGLFLRQDOPHQW�OD�SUHVqQFLD�GH�FROLIRUPHV�D�O¶DLJXD�GH�EHJXGD�V¶XWLOLW]D�FRP�D�LQGLFDGRU�GH�FRQWDPLQDFLy�IHFDO�SURYRFDGD�SHU

FRQQH[LRQV�FUHXDGHV�� WUDFWDPHQW� LQDGHTXDW�R� OD� LPSRVVLELOLWDW�GH�PDQWHQLU�XQD�FRQFHQWUDFLy� UHVLGXDO�GHO�GHVLQIHFWDQW�XWLOLW]DW�

$YXL�HQ�GLD��OD�SUROLIHUDFLy�GH�FROLIRUPHV�HQ�DLJ�HV�WUDFWDGHV�pV�XQD�GH�OHV�UDRQV�KDELWXDOV�TXH�FRQGXHL[HQ�D�O¶LQFRPSOLPHQW�GH

OHV� UHJXODFLRQV�HVWDEOHUWHV�SHU�DLJ�HV�SRWDEOHV�DOV�GLIHUHQWV�SDwVRV� �/H&KHYDOOLHU�HW�DO�� ����E���1R�REVWDQW�� DOJXQV� FDVRV�GH

UHFUHL[HPHQWV�EDFWHULDQV�L�GH�FROLIRUPHV�D�O¶DLJXD�GH�EHJXGD�SRGHQ�QR�HVWDU�UHODFLRQDWV�DPE�OD�SUHVqQFLD�GH�FRQWDPLQDFLy�IHFDO

R�GH�SDWzJHQV��/H&KHYDOOLHU�HW�DO������E���3HU�DTXHVW�PRWLX��DOJXQHV�DJqQFLHV�JRYHUQDPHQWDOV�KDQ�GHVHQYROXSDW� FULWHULV�SHU

UHFROOLU�XQD�FHUWD�YDULDQoD�HQ�OD�QRUPDWLYD�TXH�HVSHFLILFD�OD�SUHVqQFLD�GH�FROLIRUPHV�D�O¶DLJXD�GH�EHJXGD��86(3$�������

3HU�SRGHU� FUpL[HU� HQ� DLJ�HV� SRWDEOHV� HOV� FROLIRUPHV� QHFHVVLWHQ�� LJXDO� TXH� DOWUHV� EDFWHULV� KHWHUzWURIV�� WUHV� IDFWRUV� EjVLFV� TXH

DIDYRUHL[LQ�OD�VHYD�SUROLIHUDFLy��QXWULHQWV��UHIXJL� L�FRQGLFLRQV�DPELHQWDOV�IDYRUDEOHV��1RPpV�OD�PDQFD�G¶DTXHVWV�WUHV�IDFWRUV�GH

PDQHUD�VLPXOWjQLD�SRW�LPSHGLU�HO�FUHL[HPHQW�G¶DTXHVWV�RUJDQLVPHV�D�OHV�[DU[HV�GH�GLVWULEXFLy��/H&KHYDOOLHU�HW�DO������E��

&DUERQL��QLWURJHQ�L�IzVIRU�VyQ�HOV�QXWULHQWV�PpV�LPSRUWDQWV�SHOV�EDFWHULV�KHWHUzWURIV�L�HOV�FROLIRUPHV��HQ�XQD�UHODFLy����������SHU

D�XQ�FUHL[HPHQW�HTXLOLEUDW��&DPSHU��������3HU�DTXHVW�PRWLX��HO�FDUERQL�RUJjQLF�HV�FRQYHUWHL[�VRYLQW�HQ�HO�QXWULHQW�OLPLWDQW�L�HQ�HO

UHVSRQVDEOH�GHO�UHFUHL[HPHQW�GHOV�FROLIRUPHV�HQ�SODQWHV�UHDOV��&DPSHU��������&RP�D�H[FHSFLy��HV�FRQHL[HQ�DOJXQV�FDVRV�RQ�HO

IzVIRU� SRW� DUULEDU� D� VHU� OLPLWDQW�� GHSHQHQW� HO� FUHL[HPHQW� GH� OD� SUHVqQFLD� GH� IRVIDWV� D� OD� [DU[D� GH� GLVWULEXFLy� G¶DLJXD� SRWDEOH

�0LHWWLQHQ�HW�DO��������

/D�YDULHWDW�GH�VXEVWjQFLHV�RUJjQLTXHV�TXH�HV�WUREHQ�D�OHV�DLJ�HV�SRWDEOHV��DPE�SURS�GH�����FRPSRVWRV�FRQHJXWV��0DXO�HW�DO�

������� KDQ� DIDYRULW� O¶~V� GH� SDUjPHWUHV� PpV� JHQHUDOV� FRP� HO� FDUERQL� RUJjQLF� DVVLPLODEOH� L� HO� FDUERQL� RUJjQLF� GLVVROW

ELRGHJUDGDEOH��D�SDUWLU�G¶DUD�$2&�L�%'2&�UHVSHFWLYDPHQW���SHU�D�OD�GHWHUPLQDFLy�GHO�QLYHOO�GH�QXWULHQWV��7RWV�GRV�VyQ�LQGLFDGRUV

GH� OD�ELRHVWDELOLWDW�GH� O¶DLJXD� L� HV�SRGHQ�XWLOLW]DU� SHU�PRQLWRULW]DU� HOV� SURFHVVRV�GH� WUDFWDPHQW�� (O� FDUERQL� RUJjQLF�DVVLPLODEOH

�$2&��pV�OD�IUDFFLy�GH�OD�PDWqULD�RUJjQLFD�GLVVROWD��'2&��TXH�pV�XWLOLW]DGD�SHOV�EDFWHULV�L�HV�FRQYHUWHL[�HQ�ELRPDVVD�L��SHU�WDQW�

HV�PHVXUD�D�SDUWLU�GHO�FUHL[HPHQW�EDFWHULj�Pj[LP��1PD[��TXH�FDGD�PRVWUD�SRW�SURPRXUH�



��� ,QWURGXFFLy���

(O� %'2&� HQV� GyQD� HQ� FDQYL� XQD�PHVXUD� GHO� FDUERQL� RUJjQLF� FRQVXPLW� SHU� OHV� FRPXQLWDWV� PLFURELDQHV�� L� HV�PHVXUD� SHU� OD

GLVPLQXFLy�GH�'2&�D�OHV�PRVWUHV�HQ�XQ�SHUtRGH�GHILQLW�GH�WHPSV��-RUHW�������)ULDV�HW�DO���������&RP�D�FRQVHT�qQFLD�GLUHFWD�GH

OD� ELRGHJUDGDFLy�DVVLPLODFLy� GH� OD� PDWqULD� RUJjQLFD� �GLVPLQXFLy� %'2&�� V¶LQFUHPHQWD� HO� QRPEUH� GH� FqOÂOXOHV� �6HUYDLV� HW� DO�

������

'H�IHW��V¶KD�VHQ\DODW�D�OD�IUDFFLy�DVVLPLODEOH��$2&��FRP�HO�SULQFLSDO�QXWULHQW�UHVSRQVDEOH�GHOV�UHFUHL[HPHQWV�GH�FROLIRUPHV�L�GH

EDFWHULV�KHWHUzWURIV�TXH�HV�SURGXHL[HQ�D�OD�[DU[D��/H&KHYDOOLHU�HW�DO��������YDQ�GHU�.RRLM��������7HzULFDPHQW�HV�SRGHQ�HVWDEOLU

XQV�YDORUV�PtQLPV�GH�QXWULHQWV�SHU�IRPHQWDU�HO�GHVHQYROXSDPHQW�GH�ELRILOPV��(Q�JHQHUDO��HOV�FROLIRUPHV�VyQ�RUJDQLVPHV�IRUoD

FRSLRWUzILFV��pV�D�GLU��QHFHVVLWHQ�QLYHOOV�HOHYDWV�GH�QXWULHQWV�SHU� LQLFLDU�HO� UHFUHL[HPHQW� �/H&KHYDOOLHU�	�0F)HWHUV�����E���/HV

FRQFHQWUDFLRQV� OOLQGDU�GH�$2&�HV� VLWXHQ�DOV�����J�&�/�SHOV�KHWHUzWURIV� �YDQ�GHU�.RRLM� ������ L� GH�����J�&�/�SHOV� FROLIRUPHV

�/H&KHYDOOLHU�HW�DO������D���5HVSHFWH�DO�%'2&��GLIHUHQWV�DXWRUV�DVVHQ\DOHQ�HOV������PJ�/�FRP�D�OOLQGDU�DVVRFLDW�D� O¶HVWDELOLWDW

ELROzJLFD�GH�O¶DLJXD�L�SHU�FRQWURODU�HO�FUHL[HPHQW�GHOV�EDFWHULV�KHWHUzWURIV��EDFWHULV�+3&��HQ�DLJ�HV�VHQVH�FORU�UHVLGXDO��6HUYDLV

HW�DO���������'H�IHW��V¶KDQ�UHODFLRQDW�HSLVRGLV�GH�FROLIRUPHV�DPE� O¶DXJPHQW�SHU�VREUH�GHOV������PJ�/�DOV�QLYHOOV�GH�%'2&�GHO

VLVWHPD�GH�GLVWULEXFLy��9RON�	�-RUHW�������

(Q�DOJXQV�FDVRV��O¶DXJPHQW�PLFURELj�DVVRFLDW�D�QLYHOOV�HOHYDWV�GH�$2&�HV�SURGXHL[��ILQV�L�WRW��HQ�SUHVqQFLD�G¶XQ�UHVLGXDO�GH�FORU�

VLVWHPHV� DPE� YDORUV� GH� $2&� HOHYDWV� QHFHVVLWHQ� QLYHOOV� PpV� DOWV� GH� GHVLQIHFFLy� SHU� DVVHJXUDU� OD� TXDOLWDW� EDFWHULROzJLFD

�/H&KHYDOOLHU�HW�DO������D���$L[z�HQV�VXJJHUHL[�TXH�OD�UHGXFFLy�HQ�HOV�QLYHOOV�GH�$2&�GHO�VLVWHPD�GH�GLVWULEXFLy�SRW�UHSHUFXWLU�GH

PDQHUD�PROW�HIHFWLYD�HQ�OD�GLVPLQXFLy�GHO�UHVLGXDO�GH�FORU�QHFHVVDUL�

6¶KD�GH�UHVVDOWDU�OD�LPSRUWjQFLD�GH�OHV�SDUWtFXOHV�LQRUJjQLTXHV�TXH�FRQWHQHQ�HOV�ELRILOPV�GHOV�VLVWHPHV�GH�GLVWULEXFLy��(OV�~OWLPV

HVWXGLV�UHDOLW]DWV�UHPDUTXHQ�FRP�DOJXQHV�SDUWtFXOHV�GH�FRUURVLy��SHU�H[HPSOH�HOV�z[LGV�GH�IHUUR��LQIOXHL[HQ�HQ�HO�FUHL[HPHQW�GH

OHV�SREODFLRQV�GHOV�ELRILOPV�G¶DPELHQWV�ROLJRWUzILFV� �&DPSHU�HW� DO�� ������� $OWUHV�DXWRUV� LQGLTXHQ�TXH�VyQ�QHFHVVDULV� ���PJ�/

G¶z[LG�GH� IHUUR� �)H�2���SHU�HVWLPXODU�HO�FUHL[HPHQW�GHOV�FROLIRUPHV� �9LFWRUHHQ��������$TXHVWV�SURGXFWHV�GH�FRUURVLy� WHQHQ�XQ

JUDQ�SRWHQFLDO�SHU�D�O¶DGVRUFLy�GH�PDWqULD�RUJjQLFD��120��L��HVSHFLDOPHQW��GH�VXEVWjQFLHV�K~PLTXHV��$TXHVWHV�� WDQW�HOV�jFLGV

I~OYLFV� FRP� HOV� K~PLFV�� VyQ� XQ� GHOV� FRPSRQHQWV�PDMRULWDULV� GH� OD� PDWqULD� RUJjQLFD� �������� HQ� DLJ�HV� VXSHUILFLDOV� L� YDORUV

LQIHULRUV�HQ�DLJ�HV�VXEWHUUjQLHV���L�SUHVHQWHQ�XQD�JUDQ�FDSDFLWDW�SHU�DGVRUELU�VH�D�OD�VXSHUItFLH�GHOV�SURGXFWHV�GH�OD�FRUURVLy��*X

HW� DO�� �������0DOJUDW� TXH� HV� FRQVLGHUHQ� FRP� D� SRF� ELRGHJUDGDEOHV� D� OD� IDVH� OtTXLGD�� DYXL� HQ� GLD� H[LVWHL[HQ� HYLGqQFLHV� TXH

GHPRVWUHQ� OD� XWLOLW]DFLy� ELROzJLFD� GH� OHV� VXEVWjQFLHV� K~PLTXHV�� eV� SUREDEOH� TXH� DOJXQV� PHFDQLVPHV�� QR� FRQHJXWV� HQFDUD�

IDFLOLWLQ� OD� VHYD� ELRGLVSRQLELOLWDW� TXDQ� V¶DGVRUEHL[HQ� D� OHV� VXSHUItFLHV� �&DPSHU� HW� DO�� ������� 'H� FRQILUPDU�VH� DTXHVWD� WHRULD

V¶KDXULD�GH�UHYLVDU�OD�PHWRGRORJLD�G¶DQjOLVL�GHO�$2&�%'2&�SHU�PHVXUDU�HO�SRWHQFLDO�GH�UHFUHL[HPHQW��MD�TXH�DFWXDOPHQW�QRPpV

HV�Wp�HQ�FRPSWH�HO�FDUERQL�RUJjQLF�HQ�GLVVROXFLy�

$OJXQV�GHOV�PDWHULDOV�XWLOLW]DWV�HQ�OD�FRQVWUXFFLy�GH�OHV�[DU[HV�GH�GLVWULEXFLy�SRGHQ�DIDYRULU�HO�FUHL[HPHQW�PLFURELj��6FKRHQHQ�	

6FKROHU� ������� (OV� SUREOHPHV� PpV� LPSRUWDQWV� GH� FRORQLW]DFLy� PLFURELDQD� HQ� FDQRQDGHV� GH� PDWHULDOV� SOjVWLFV� DFRVWXPHQ� D

SUHVHQWDU�VH� TXDQ� DTXHVWHV� VyQ� H[SRVDGHV� D� DLJ�HV� DPE� SUHVqQFLD� GH� SURGXFWHV� GH� FRUURVLy�� FRQVHT�qQFLD� G¶XQ� HOHYDW

FRQWLQJXW�GH� IHUUR�D� O¶DLJXD�R�GH� OD�SUHVqQFLD�G
DOWUHV� WXEHULHV�G¶DFHU�D� OD�[DU[D� �&DPSHU��������$OWUHV�SDUWtFXOHV��FRP� OHV�GH

FDUEy�DFWLX�JUDQXODU�SRGHQ�IDFLOLWDU�OD�WUDQVPLVVLy�GH�FROLIRUPHV�L�DOWUHV�PLFURRUJDQLVPHV�GH�OD�IDVH�OtTXLGD�DO�ELRILOP��0RULQ�HW�DO�

�������(O�FRQWURO�GH�OD�FRUURVLy�XWLOLW]DQW�LQKLELGRUV�L�UHGXLQW�OD�TXDQWLWDW�L�H[WHQVLy�GH�OHV�FDQRQDGHV�G¶DFHU�DFRQVHJXHL[��PROWHV

YHJDGHV�� OD� UHGXFFLy�GHOV�SURGXFWHV�GH� FRUURVLy� L� GHO� QRPEUH� GH�PLFURRUJDQLVPHV� �/H&KHYDOOLHU� HW� DO�� ����D��&DPSHU� HW� DO�

�����

(OV�PLFURRUJDQLVPHV�TXH�FUHL[HQ�D� OD�[DU[D�GH�GLVWULEXFLy� WUREHQ�UHIXJL�HQ�HOV�ELRILOPV��(Q�DTXHVW�FDV��HQWUH�HOV�DYDQWDWJHV

HFROzJLFV�GHO�FUHL[HPHQW�HQ�IRUPD�VqVVLO�FDO�FLWDU�O¶DSURILWDPHQW�GHOV�QXWULHQWV�DFXPXODWV�D�OD�LQWHUIDVH�VzOLG�OtTXLG��O¶LQFUHPHQW�HQ

HO� WUDQVSRUW� GH� QXWULHQWV� L� OD� SURWHFFLy� HQIURQW� GHOV� GHSUHGDGRUV� L� HO� GHVLQIHFWDQW� �&KDUDFNOLV� 	� 0DUVKDOO� ������� 5HVSHFWH� D

DTXHVW�~OWLP� IDFWRU�� OD�PDMRULD�GH� OHV� YHJDGHV�HO� VLPSOH� LQFUHPHQW�HQ� OD� FRQFHQWUDFLy�GH� FORU� QR�pV� VXILFLHQW� SHU� FRQWURODU� OD

SUHVqQFLD�GHOV�FROLIRUPHV�R�GHOV�EDFWHULV�KHWHUzWURIV��$L[z�pV�SHUTXq�HOV�EDFWHULV�TXH�FUHL[HQ�D�OHV�VXSHUItFLHV�GH�OHV�FDQRQDGHV



&DStWRO�� $YDOXDFLy�GH�OD�IRUPDFLy�GH�ELRILOPV�HQ�VLVWHPHV�GH�GLVWULEXFLy�G¶DLJXD ���

SRGHQ�VHU�YjULHV�YHJDGHV��FHQWHQDUV��PpV�UHVLVWHQWV�D�OD�GHVLQIHFFLy�DPE�FORU�TXH�OHV�FqOÂOXOHV�SODQFWzQLTXHV��/H&KHYDOOLHU�HW

DO�� ������ ������� $TXHVW� IHW� VHPEOD� VHU� HVSHFLDOPHQW� LPSRUWDQW� HQ� VXSHUItFLHV� GH� FDQRQDGHV� G¶DFHU�� MD� TXH� HOV� PDWHULDOV

G¶DTXHVWHV�WXEHULHV�LQFUHPHQWHQ�OD�GHPDQGD�GH�FORU��/H&KHYDOOLHU�HW�DO��������

'¶DOWUD�EDQGD��OD�FRUURVLy�HQ�FDQRQDGHV�G¶DFHU�SRW�SURGXLU�WXEHUFOHV�TXH�LQFUHPHQWHQ�OD�VXSHUItFLH�GH�OD�FDQRQDGD��DXJPHQWHQ

OD� EDUUHMD� KLGUjXOLFD� L� HO� WUDQVSRUW� GH� QXWULHQWV� D� OD� VXSHUItFLH� �ELRILOP��� SURGXHL[HQ� OD� SUHFLSLWDFLy� GH� FRPSRVWRV� RUJjQLFV� HQ

IRUPD� GH� GLSzVLWV� VXSHUILFLDOV� L� SURSRUFLRQHQ� HVFOHW[HV� L� DOWUHV� HVTXHUGHV� RQ� HOV� EDFWHULV� HV� SRGHQ� SURWHJLU� GH� O¶DFFLy� GHOV

GHVLQIHFWDQWV��/H&KHYDOOLHU�HW�DO������E���7HQLQW�HQ�FRPSWH�WRWV�DTXHVWV�IHWV�O¶HVWXGL�G¶DOJXQ�tQGH[�GH�FRUURVLy�HV�FRQYHUWHL[�HQ

XQD�HLQD�GH�GLDJQzVWLF� LPSRUWDQW� SHU� D� OHV�SODQWHV�SRWDELOLW]DGRUHV��(Q�DTXHVW� VHQWLW� V
KD�XWLOLW]DW� O¶tQGH[�GH�/DUVRQ�� TXH�HQV

GyQD�OD�SURSRUFLy�HQWUH�OD�FRQFHQWUDFLy�PRODU�GH�FORUXUV�L�VXOIDWV��L�HOV�ELFDUERQDWV�

/D� TXDQWLWDW� GH� GLSzVLWV� L� WDQFV� GH� UHVHUYD� WDPEp� pV� XQ� IDFWRU� TXH� V¶KD� UHODFLRQDW� DPE� HOV� HSLVRGLV� GH� FROLIRUPHV�� $TXHVWV

IDFLOLWHQ�OD�FRQWDPLQDFLy��HO�FUHL[HPHQW�PLFURELj�DOV�VHGLPHQWV�L�OD�GLVVLSDFLy�GHO�FORU��LQFUHPHQWDQW�HOV�QLYHOOV�GH�$2&�GHJXW�D�OD

UHGHVLQIHFFLy� �/H&KHYDOOLHU� HW� DO�� ����E��� $OWUHV� ]RQHV� TXH� DIDYRUHL[HQ� HO� FUHL[HPHQW�PLFURELj� VyQ� HOV� ILOWUHV� GH� FDUEy� DFWLX

JUDQXODU�R�GH�VRUUD�GH� OHV�SODQWHV�GH� WUDFWDPHQW�SRWDELOLW]DGRU��$�PpV��DOJXQD�G
DTXHVWHV�SDUWtFXOHV�SRGHQ�SDVVDU�D� OD�[DU[D

FDUUHJDGHV�GH�PLFURRUJDQLVPHV��&DPSHU�HW�DO��������

7HQLQW�HQ�FRPSWH�TXH�OD�PDMRULD�G¶RUJDQLVPHV�TXH�RFXSHQ�HOV�VLVWHPHV�GH�GLVWULEXFLy�MD�HVWDQ�DGDSWDWV�DOV�DPELHQWV�SREUHV�HQ

QXWULHQWV�� OD� YDULDFLy� GH� OHV� FRQGLFLRQV� DPELHQWDOV� SRW� LQIOXLU� GH� IRUPD� GHFLVLYD�� IDFLOLWDQW� HQ� DOJXQV� FDVRV� O¶DSDULFLy� GH

UHFUHL[HPHQWV� EDFWHULDQV�� /D� WHPSHUDWXUD� pV� SUREDEOHPHQW� HO� IDFWRU� TXH�PpV� LQIOXqQFLD� Wp� VREUH� HO� FUHL[HPHQW�PLFURELj�� GH

IRUPD�GLUHFWD�R�LQGLUHFWD��$FWXD�VREUH�SDUjPHWUHV�FRP�OD�WD[D�GH�FUHL[HPHQW�PLFURELj��O¶HILFLqQFLD�GH�OD�GHVLQIHFFLy��OD�GLVVLSDFLy

GHOV� UHVLGXDOV�GHO� GHVLQIHFWDQW�� OD� WD[D�GH� FRUURVLy�� OD�KLGUjXOLFD� L� OD� YHORFLWDW� GH� O¶DLJXD�DO� VLVWHPD�GH�GLVWULEXFLy� GHJXW� D� OHV

DOWHUQDQFHV�GLjULHV�L�HVWDFLRQDOV�HQ�O¶~V��'H�IHW��VHPEOD�H[LVWLU�XQD�UHODFLy�GLUHFWD�HQWUH�OD�WHPSHUDWXUD�GH�O¶DLJXD�L�OD�GHQVLWDW�GH

OD�SREODFLy�EDFWHULDQD�DGKHULGD��'RQODQ�	�3LSHV��������0DOJUDW�TXH�GHSqQ�GH�FDGD�VLVWHPD�L�GH�OD�FOLPDWRORJLD�ORFDO��HQ�JHQHUDO

V¶KD�GHWHUPLQDW�TXH� OD�SRVVLELOLWDW�GH�UHFUHL[HPHQW�GHOV�FROLIRUPHV�DXJPHQWD�SHU�VREUH�GHOV����&��/H&KHYDOOLHU�HW�DO������E��

,QFUHPHQWV�GH�QXWULHQWV�DVVRFLDWV�DPE�HO�UHQWDW�SURYRFDW�SHU� OD�SUHFLSLWDFLy� L� OL[LYLDFLy�GHOV�PDWHULDOV�GH� OHV�FDQRQDGHV�SRGHQ

DMXGDU�D�LQFUHPHQWDU�HO�FUHL[HPHQW�PLFURELj��&DPSHU�������

&DO�UHFRUGDU�TXH�HO�PDQWHQLPHQW�G¶XQD�FRQFHQWUDFLy�UHVLGXDO�GH�FORU�DO�OODUJ�GHO�VLVWHPD�GH�GLVWULEXFLy�V¶XWLOLW]D�SHU�SURGXLU�XQHV

FRQGLFLRQV� GHVIDYRUDEOHV� SHU� DOV� PLFURRUJDQLVPHV�� (Q� JHQHUDO�� HV� UHFRPDQD� XQ� UHVLGXDO� PtQLP� GH� ���� PJ�/� GH� FORU� OOLXUH

�$::$� ������� ÑEYLDPHQW� L� VHJRQV� HO� TXH� V¶KD� H[SOLFDW�� DTXHVW� UHVLGXDO� QR� VHPSUH� JDUDQWHL[� O¶HOLPLQDFLy� GHOV� HSLVRGLV� GH

FROLIRUPHV��$�SDUW��OD�FORUDFLy�GH�OD�[DU[D�SRW�LQDFWLYDU�±R�GDQ\DU��OD�PDMRULD�GH�FqOÂOXOHV�SODQFWzQLTXHV��GRQDQW�OD�LPSUHVVLy�TXH

HO�FORU�HVWj�H[HUFLQW�O¶HIHFWH�EXVFDW��DPE�XQ�UHVXOWDW�GH�QR�GHWHFFLy�GH�EDFWHULV�D�O¶DLJXD��$O�PDWHL[�WHPSV��HO�FORU�SRW�QR�DIHFWDU

OD� IRUPDFLy� GHO� ELRILOP�� VHQVH� LQWHUIHULU� HQ� OHV� FDXVHV� GH� SUROLIHUDFLRQV�PLFURELDQHV�� $� SDUW�� HOV� DJHQWV� R[LGDQWV� FRP� HO� FORU

WUHQTXHQ�OHV�FDGHQHV�G¶HOHYDW�SHV�PROHFXODU�GHOV�FRPSRVWRV�RUJjQLFV�HQ�jFLGV�RUJjQLFV�VLPSOHV��DXJPHQWDQW� OHV�SRVVLELOLWDWV

GH�FUHL[HPHQW�SHOV�EDFWHULV�KHWHUzWURIV��YDQ�GHU�.RRLM�HW�DO���������3HU�WDQW��HO�FORU�SRW�HPPDVFDUDU�HQ�UHDOLWDW�XQ�SUREOHPD�QR

UHVROW��O¶DFXPXODFLy�GH�EDFWHULV�HQ�IRUPD�GH�ELRILOP�D�OD�LQWHUIDVH�DLJXD�FDQRQDGD�

5HVSHFWH�DO�WLSXV�GH�GHVLQIHFWDQW�OD�LQWHUDFFLy�GHO�FORU�DPE�OD�PDWqULD�RUJjQLFD�QDWXUDO��120��UHVXOWD�HQ�XQV�VXESURGXFWHV�FRP

HOV� WULKDORPHWDQV�GHOV�TXDOV�HV�VRVSLWD�GH� OD� VHYD�FDUFLQRJHQLFLWDW��7DQPDWHL[�� HO� FDQYL� D�XQ�DOWUH�GHVLQIHFWDQW� FRP� O¶R]y�SRW

DXJPHQWDU� ±SHU� OD� VHYD� UHDFFLy� DPE� OD�PDWqULD� RUJjQLFD�� OHV� SRVVLELOLWDWV� GH� FUHL[HPHQW� GHOV�PLFURRUJDQLVPHV� �&ODUN� HW� DO�

������

(O� WLSXV� GH� UqJLP� KLGUjXOLF�� FRQWURODW� SHO� GLVVHQ\� RULJLQDO�� GHSqQ� HQ� JUDQ� SDUW� GH� OD� GHPDQGD� G¶DLJXD� GH� O¶XVXDUL�� $L[t�� VyQ

IUHT�HQWV� OHV�IRUWHV�RVFLOÂODFLRQV�HVWDFLRQDOV� L�GLjULHV�HQWUH�HOV�Pj[LPV�SHULzGLFV�DO�PDWt� L�D� OHV�WDUGHV�� L�HO�PtQLP�QRFWXUQ��/HV

FRQGLFLRQV�GH�IOX[�HOHYDW�SRGHQ�LQFUHPHQWDU�HO�WUDQVSRUW�GH�QXWULHQWV�DOV�RUJDQLVPHV�DGKHULWV��HQFDUD�TXH�WDPEp�V¶LQFUHPHQWD�HO

IOX[� GHO� GHVLQIHFWDQW� L� O¶HVIRUo� GH� FLVDOOD� D� OD� VXSHUItFLH�� $TXHVW� ~OWLP�� DIDYRUHL[� HO� GHVSUHQLPHQW� GH� FDSHV� GHO� ELRILOP� GH� OD



��� ,QWURGXFFLy���

PDWHL[D� IRUPD�TXH�DPE�HO� FRS�G¶DULHW�� TXDQ�V¶REUH�R�HV� WDQFD�XQD�YjOYXOD�GH� IRUPD�EUXVFD��6LWXDFLRQV�GH� IOX[� UHGXwW� SRGHQ

FRQGXLU�D�OD�GLVPLQXFLy�HQ�OHV�FRQFHQWUDFLRQV�GHO�GHVLQIHFWDQW�L�DIHFWDU�HO�WUDQVSRUW�GH�QXWULHQWV�

8Q�DOWUH�IDFWRU�UHODFLRQDW�TXH�LQIOXHL[�HQ�OD�GLVWULEXFLy�GHOV�RUJDQLVPHV�pV�HO�WHPSV�GH�UHVLGqQFLD�GH�O¶DLJXD�DO�VLVWHPD��SHUTXq

OHV�FRQFHQWUDFLRQV�GH�$2&� L�%'2&�DFRVWXPHQ�D�GLVPLQXLU�D�PHVXUD�TXH� O¶DLJXD�HV�PRX�D� WUDYpV�GHO� VLVWHPD�GH�GLVWULEXFLy

�/H&KHYDOOLHU�HW�DO��������YDQ�GHU�.RRLM��������)LQDOPHQW��OHV�SOXJHV�WDPEp�V¶KDQ�DVVRFLDW�DOV�HSLVRGLV�GH�UHFUHL[HPHQW�EDFWHULj

L� GH� FROLIRUPHV�� SHUTXq� SRGHQ� LQFUHPHQWDU� HOV� QLYHOOV� GH� PDWqULD� RUJjQLFD� ELRGHJUDGDEOH� DO� UHQWDU� HOV� QXWULHQWV� GLVVROWV

�/H&KHYDOOLHU�HW�DO������E���/D�IDOWD�GH�SOXMD�HQ�WHPSV�GH�VHTXHUD�SRW�UHSHUFXWLU�HQ�XQ�DXJPHQW�GHOV�QXWULHQWV�D�O¶DLJXD��IHW�TXH

SRW�HVWLPXODU�OD�FRUURVLy�L�HO�FUHL[HPHQW�EDFWHULj�

'HJXW�D�OD�UHODWLYD�LQHILFjFLD�GH�PROWV�GHOV�GHVLQIHFWDQWV�O¶HVWUDWqJLD�GH�FRQWURO�GHOV�PLFURRUJDQLVPHV�DGKHULWV�L�GHOV�HSLVRGLV�GH

UHFUHL[HPHQWV� HQ� [DU[D� HV� FRQYHUWHL[� HQ� XQ� DIHU� FRPSOH[� TXH� UHTXHUHL[� XQD� DFFLy� FRQWLQXDGD�� RQ� LQWHUDFFLRQHQ� GLIHUHQWV

SDUjPHWUHV� ItVLFV�� TXtPLFV�� ELROzJLFV�� RSHUDFLRQDOV� L� G¶HQJLQ\HULD�� (VSHFLDOPHQW�� V¶KD�GH�SURFXUDU�PDQWHQLU� XQ� UqJLP� KLGUjXOLF

DGHTXDW�L�OLPLWDU�HO�FDUERQL�RUJjQLF�ELRGHJUDGDEOH��DL[t�FRP�OD�FRQFHQWUDFLy�GH�FqOÂOXOHV�EDFWHULDQHV�HQ�VXVSHQVLy�D�O¶DLJXD�TXH

HQWUHQ�DO�VLVWHPD��(O�PDQWHQLPHQW�G¶XQD�FRQFHQWUDFLy�UHVLGXDO�GH�FORU�L�HO�FRQWURO�GH�OD�FRUURVLy��HO�UHQWDW�SHULzGLF�GHO�VLVWHPD�GH

GLVWULEXFLy� �³IOXVKLQJ´��� OD� XWLOLW]DFLy� GH� OD� ILOWUDFLy� DPE� VRUUD� R� DPE� FDUERQL� DFWLX� JUDQXODU� �*$&�� SHU� DXJPHQWDU� O¶DFWLYLWDW

PLFURELDQD�L�GLVPLQXLU�DOKRUD�HOV�QLYHOOV�GH�FDUERQL�RUJjQLF��$2&���L�HO�PDQWHQLPHQW�DGHTXDW�GHOV�GLSzVLWV�L�WDQFV�GH�UHVHUYD��VyQ

DOJXQV�GHOV� IDFWRUV�RQ�HV�SRW� DFWXDU� SHU� JHVWLRQDU�GH� IRUPD� FRUUHFWD� OD� [DU[D� GH� GLVWULEXFLy� L� UHGXLU� DO�Pj[LP� HOV� SUREOHPHV

PLFURELROzJLFV�



&DStWRO�� $YDOXDFLy�GH�OD�IRUPDFLy�GH�ELRILOPV�HQ�VLVWHPHV�GH�GLVWULEXFLy�G¶DLJXD ���

����� 0DWHULDO�L�0qWRGHV

3HU�SRGHU�DYDOXDU� L�DSOLFDU� HO� VLVWHPD�H[SHULPHQWDO� SHU� D� OD� FRORQLW]DFLy�GH� VXSHUItFLHV� L�PRQLWRULW]DU� HO� GHVHQYROXSDPHQW�GH

ELRILOPV�D�SDUWLU�G¶DLJ�HV�VXEWHUUjQLHV��V¶KDQ�XWLOLW]DW�GXHV�HVWDFLRQV�H[SHULPHQWDOV��XQD�SURS�GHO�%HVyV��D�SDUWLU�GHO�SRX�G¶$OIRQV

HO�0DJQjQLP�DO�EDUUL�GH�6DQW�0DUWt��%DUFHORQD���L�O¶DOWUH�D�6DEDGHOO��D�&DQ�2ULDF��/HV�GDGHV�REWLQJXGHV�V¶KDQ�FRPSDUDW�DPE�XQ

WHUFHU� VLVWHPD� TXH� V¶KD� XWLOLW]DW� SHU� GHWHUPLQDU� OD� IRUPDFLy� GH� ELRILOPV� D� SDUWLU� G¶XQD� [DU[D� GH� GLVWULEXFLy� G¶DLJXD� SRWDEOH

�/DERUDWRUL�0LFURELRORJLD��(8227��

������ =RQD�GH�PRVWUHLJ�,��3RX�G¶$OIRQV�HO�0DJQjQLP��6DQW�0DUWt�%HVyV�

$TXHVWD�HVWDFLy�H[SHULPHQWDO� DSURILWD� O¶DLJXD�GH� O¶DT�tIHU� DOÂOXYLDO� GH� OD� FRQFD� GHO� ULX� %HVyV�� VLWXDW� DO� QRUG� GH�%DUFHORQD�� /D

LQVWDOÂODFLy��YHXUH�)LJXUD������FDSWD�XQ�FDEDO�GH����P��K�GH�IRUPD�LQLQWHUURPSXGD�GHO�SRX��������GH�OD�OtQLD���GHO�PHWUR��VLWXDW

HQWUH�OHV�HVWDFLRQV�GH�%HVyV�L�%HVyV�0DU��DO�FDUUHU�G¶$OIRQV�HO�0DJQjQLP��GLVWULFWH�GH�6DQW�0DUWt��%DUFHORQD��

(Q�DTXHVWD�jUHD�HO�QLYHOO� IUHjWLF� HV� WURED�VLWXDW� JHQHUDOPHQW� D�����PHWUHV�SHU� VRWD�GH� OD� VXSHUItFLH�� HQFDUD�TXH�RVFLOÂODFLRQV

SHULzGLTXHV�SRGHQ�MXJDU�XQ�SDSHU�LPSRUWDQW�HQ�OD�GLVSHUVLy�GHOV�FRQWDPLQDQWV��(Q�DTXHVW�VHQWLW��D�OD�]RQD�HV�WUREDYHQ�DOJXQHV

H[WUDFFLRQV�G¶jULGV�TXH�YDQ�VHU�UHRPSOHUWHV�DQWLJDPHQW�DPE�UHVLGXV�XUEDQV�L�LQGXVWULDOV�

$�SDUW��HO�SRX�G¶HVJRWDPHQW��SRX�GH�FDSWDFLy��UHFXOO�DOWUHV�DSRUWV�G¶DLJ�HV�G¶RULJHQ�GLYHUV��HQFDUD�TXH�FDO�GHVWDFDU�HOV�DSRUWV�GH

IXLWHV� GHO� VLVWHPD� GH� GLVWULEXFLy�� GHO� VLVWHPD� GH� FODYHJXHUDP�� DERFDPHQWV� GH� UHVLGXV� LQGXVWULDOV� OtTXLGV� G¶LQVWDOÂODFLRQV

LQGXVWULDOV�HQ�PDO�HVWDW�L�LQILOWUDFLRQV�GH�PHWDOOV�SHVDQWV�GH�VzOV�FRQWDPLQDWV�SURS�G¶LQG~VWULHV��1DYDUUR�HW�DO��������

/¶DLJXD�GHO�SRX�GH�FDSWDFLy�pV�FRQGXwGD��YHXUH�)LJXUD������SHU�XQD�WXEHULD�GH�SROLHWLOq�L�HV�WUDVOODGD�D�WUDYpV�GH�����P�SHO�FDUUHU

G¶$OIRQV�HO�0DJQjQLP�ILQV�DO�GLSzVLW�DFXPXODGRU�GH�����P��GH�FDSDFLWDW�QHWD��TXH�HV�WURED�D�OD�FRQIOXqQFLD�G¶DTXHVW�FDUUHU�DPE

HO�FDUUHU�GH�/OXOO��(Q�DTXHVW�SXQW�HV�GLVSRVD�OD�VDOD�GH�ERPEHLJ�DPE�XQD�SRWqQFLD�LQVWDOÂODGD�GH����&9��FDSDo�GH�ERPEDU�ILQV�D

����P��K�D�XQD�YHORFLWDW�GH������P�V�D�WUDYpV�G¶XQD�[DU[D�GH�GLVWULEXFLy�GH����EDU�GH�SUHVVLy�L�XQD�ORQJLWXG�GH�������P��$TXHVWD

[DU[D� GH� GLVWULEXFLy� WUDYHVVD� HO� EDUUL� GHO� 3REOH�1RX� DUULEDQW� ILQV� D� OD� 9LOD�2OtPSLFD� SHU� O¶LQWHULRU� GH� OD� JDOHULD� GH� VHUYHLV� GH

5DPEOD�3ULP� L�HO�3DVVHLJ�GH�*DUFLD�)DULD��(Q�DTXHVWD�SULPHUD� IDVH�HV� UHJD�XQD�VXSHUItFLH� WRWDO�GH���������P��GH���SDUFV� L

SDUWHUUHV�YLDULV�

)LJXUD������(VTXHPD�GHO�SURMHFWH�SLORW�GH�UHXWLOLW]DFLy�G¶DLJ�HV�IUHjWLTXHV�D�SDUWLU�GHO�SRX�G¶$OIRQV�HO�0DJQjQLP��6DQW�0DUWt�
%DUFHORQD��

=RQD�G¶LUULJDFLy

3RX�GH�FDSWDFLy
������+P��DQ\�

'LSzVLW
������P

�
�

6LVWHPD�'LVWULEXFLy������NP�



��� 0DWHULDO�L�0qWRGHV���

(VTXHPD�GHO�VLVWHPD�H[SHULPHQWDO��$� O¶HVWDFLy�H[SHULPHQWDO�GH�6DQW�0DUWt� V¶KDQ�GLVSRVDW�GRV�VLVWHPHV�SHU�PRQLWRULW]DU� HO

GHVHQYROXSDPHQW�GH�ELRILOPV��(O�SULPHU�FDSWD�O
DLJXD�GLUHFWDPHQW�GHO�SRX�GH�FDSWDFLy���������GH�OD�OtQLD���GHO�PHWUR��L�HO�VHJRQ

V
KD�VLWXDW�D�OD�VDOD�GH�ERPEHLJ�D�SDUWLU�GH�O¶DLJXD�GHO�GLSzVLW��YHXUH�)LJXUD������

3HU� ERPEDU� O¶DLJXD� GHO� SRX� L� H[WUHXUH�OD� ILQV� D� OD� FDQRQDGD� GH� VHUYHL� H[LVWHL[HQ� GXHV� ERPEHV� FHQWUtIXJXHV�� TXH� SRGHQ

SURSRUFLRQDU�XQ�FDEDO�GH����P��K��$TXHVWHV�ERPEHV�HV�SRVHQ�HQ�PDU[D�TXDQ�HO�QLYHOO�GH�O¶DLJXD�DUULED�DOV���PHWUHV�G¶DOoDGD�

EDL[DQW� ����PHWUHV� GHVSUpV� G¶XQD� KRUD� GH� IXQFLRQDPHQW�� 3HU� LQVWDOÂODU� HO� VLVWHPD� GH�PRQLWRULW]DFLy� GHO� GHVHQYROXSDPHQW� GH

ELRILOPV�V¶KD�XWLOLW]DW�XQD�DOWUD�ERPED�DX[LOLDU��TXH�KD�SHUPqV� UHDOLW]DU� O¶DVVDLJ�HQ�FRQWLQX� L�HVWXGLDU��GH� IRUPD�DFFHOHUDGD�� OD

IRUPDFLy�GH�ELRILOPV�HQ�DTXHVW�WLSXV�G¶DLJ�HV��YHXUH�)LJXUD�����$��

3HU�IDFLOLWDU�OD�UHFROOLGD�GH�OHV�PRVWUHV��HO�VLVWHPD�H[SHULPHQWDO�V¶KD�VLWXDW�D�OD�VXSHUItFLH�GHO�SRX��YHXUH�)LJXUD�����$���IHW�TXH�KD

FRQGLFLRQDW�GH�IRUPD�LPSRUWDQW�O¶HOHFFLy�GH�OD�ERPED��$�OD�7DXOD�����HV�GHWDOOHQ�DOJXQHV�GH�OHV�FDUDFWHUtVWLTXHV�G¶DTXHVW�SRX�GH

FDSWDFLy��(Q�SULQFLSL��OHV�ERPEHV�GH�VXSHUItFLH�VyQ�HFRQzPLFDPHQW�IRUoD�PpV�DVVHTXLEOHV�L�GH�PDQWHQLPHQW�PpV�VHQ]LOO��SHUz

QR�SRGHQ�ERPEDU�DLJXD�GHV�GH�TXDOVHYRO�SURIXQGLWDW�� MD�TXH�GHO�FRQWUDUL�HV�SURGXHL[HQ� IHQzPHQV�GH�FDYLWDFLy�R� IRUPDFLy�GH

YDSRU�D�O¶LQWHULRU�GH�OD�ERPED��DPE�HOV�SUREOHPHV�TXH�DL[z�FRPSRUWD��/HV�ERPEHV�VXEPHUJLGHV��HQ�FDQYL��QR�SUHVHQWHQ�DTXHVWV

SUREOHPHV�SHUz�HO�VHX�SUHX�pV�IRUoD�PpV�FDU�TXH�OHV�ERPEHV�GH�VXSHUItFLH��SHU�D�OHV�PDWHL[HV�FRQGLFLRQV�GH�FDEDO�L�SUHVVLy�

7DXOD������&DUDFWHUtVWLTXHV�SULQFLSDOV�GHO�SRX�GH�FDSWDFLy�G¶$OIRQV�HO�0DJQjQLP��6DQW�0DUWt�%HVyV��

3RX�GH�FDSWDFLy�%HVyV���������

'LPHQVLRQV $OoDGD ��P

$PSODGD ��P

/ODUJ ��P

9ROXP ���P�

3URIXQGLWDW�VRWD�OD�VXSHUItFLH ���P

&RQGLFLRQV�ItVLTXHV 7HPSHUDWXUD ���&

7HQLQW�HQ�FRPSWH�TXH�V¶KDXULHQ�GH�ERPEDU�DSUR[LPDGDPHQW��������/�K�GHV�G¶XQD�SURIXQGLWDW�GH���PHWUHV�� L�DPE�XQD�SUHVVLy

QHFHVVjULD� GH� �� P�� HV� YD� RSWDU� SHU� WULDU� XQD� ERPED� VXEPHUJLGD�� (O� PRGHO� HVFROOLW�� (63$� $FXDULD� ����� �(VSD�� %DQ\ROHV��

UHODWLYDPHQW�VREUHGLPHQVLRQDW��SUHVHQWD�XQD�FRUED�FDUDFWHUtVWLFD�EDVWDQW� YHUWLFDO� SHUTXq�HQV� LQWHUHVVD�FRQWURODU� HO� FDEDO� SHU

SRGHU�GHWHUPLQDU� OD�SqUGXD�GH�FDUUHJD� L� WRWV�HOV�SDUjPHWUHV�KLGURGLQjPLFV��3HU� WDQW��HV� WUDFWD�G¶XQD�ERPED�TXH�D�YDULDFLRQV

JUDQV�G¶DOoDGD�PDQRPqWULFD�QR�SUHVHQWDUj�YDULDFLRQV�EUXVTXHV�GH�FDEDO�

/¶DLJXD�ERPEDGD�SDVVDYD�D�WUDYpV�GH�OHV�WXEHULHV�ILQV�DO�VLVWHPD�H[SHULPHQWDO�VRUWLQW�SHU�OD�SDUW�VXSHULRU�GHO�PDWHL[�GH�IRUPD

TXH�FREULD�WRW�HO�VLVWHPD��UHWRUQDQW�FDS�DO�PDWHL[�SRX�D�WUDYpV�G¶XQD�DOWUD�FDQRQDGD�TXH�GLVPLQXwD�OD�IRUPDFLy�GH�WXUEXOqQFLHV

�YHXUH�)LJXUD�����$��

(O�VHJRQ�VLVWHPD�H[SHULPHQWDO�HV�YD�LQVWDOÂODU�GLQV�GH�OD�VDOD�GH�ERPEHLJ�VLWXDGD�D�FRVWDW�GHO�GLSzVLW�GH�UHVHUYD�GH�����P��GH

FDSDFLWDW� QHWD�� TXH� HV� WURED� D� OD� FRQIOXqQFLD� G¶$OIRQV� HO�0DJQjQLP� DPE� HO� FDUUHU� GH� /OXOO�� (Q� DTXHVW� FDV� HV� YD� DSURILWDU� OD

SUHVVLy�H[HUFLGD�SHU�O¶DLJXD�GHO�GLSzVLW����PFD���SHU�LPSXOVDU�O¶DLJXD�GHO�PDWHL[�ILQV�DO�VLVWHPD�H[SHULPHQWDO��YHXUH�)LJXUD�����%��

1R�YD�VHU�SRVVLEOH�UHWRUQDU�O¶DLJXD�TXH�VXUW�GHO�VLVWHPD�DO�GLSzVLW��SHU�OD�TXDO�FRVD�HV�YD�GLULJLU�D�OD�FDQRQDGD�VHFXQGjULD�GH�OD

VRUWLGD�JHQHUDO�GHO�VLVWHPD�GH�UHJ��YHXUH�)LJXUD�����%���TXH�HV�WURED�DO�PDWHL[�QLYHOO�TXH�HO�VLVWHPD�H[SHULPHQWDO��3HU�DTXHVW

PRWLX��SHU�DO�ERPEDPHQW�GH�O¶DLJXD�GH�VRUWLGD�GHO�VLVWHPD�HV�YD�SRGHU�XWLOLW]DU�XQD�ERPED�GH�PHQ\V�FDSDFLWDW��FRP�HO�PRGHO

(63$�'LS������(VSD��%DQ\ROHV��



&DStWRO�� $YDOXDFLy�GH�OD�IRUPDFLy�GH�ELRILOPV�HQ�VLVWHPHV�GH�GLVWULEXFLy�G¶DLJXD ���

������ =RQD�GH�PRVWUHLJ�,,��6DEDGHOO

/¶HVWDFLy� H[SHULPHQWDO� GH� 6DEDGHOO� HVWj� VLWXDGD� DO� QRUG�RHVW� GH� OD� FLXWDW� L� DO� ILQDO� GH� OD� PLQD� GH� 5LEDWDOODGD�� HQ� XQHV

LQVWDOÂODFLRQV�GH� OD�&RPSDQ\LD�G¶$LJ�HV�GH�6DEDGHOO��&$66$��DO�EDUUL�GH�&DQ�2ULDF��/D�PLQD�GH�5LEDWDOODGD�UHFXOO� OHV�DLJ�HV

TXH�SURYHQHQ�GHO�WRUUHQW�GH�%RWHOOHV�L�GHO�WRUUHQW�GH�&DVD�)RQW��HOV�TXDOV�V¶XQHL[HQ�SHU�IRUPDU�HO�WRUUHQW�GH�5LEDWDOODGD��0DOJUDW

OHV�SRTXHV�GDGHV�H[LVWHQWV��pV�HYLGHQW�TXH�OD�SUzSLD�QDWXUDOHVD�GHOV�PDWHULDOV�TXH�FRQVWLWXHL[HQ�HO�VXEVzO�GH�OD�SODQD�YDOOHVDQD

SHUPHW� OD� LQILOWUDFLy�GH� OHV�DLJ�HV�GH�SOXMD��DIDYRULQW� OD�FRQVWLWXFLy�G¶DT�tIHUV� LPSRUWDQWV��/D�PLQD�V¶RULJLQD�SURS�GH� OD� IRQW� GH

%RWHOOHV� �FRWD��������P���VHJXHL[�SHO� WRUUHQW�GH�%RWHOOHV��SDVVD�SURS�GH� O¶HUPLWD�GH�6DQW� -XOLj�G¶$OWXUD� �����P�� L� GHVSUpV�GH

FUHXDU�OD�FDUUHWHUD�GH�0DWDGHSHUD�DUULED�ILQV�D�&DQ�2ULDF������P���RQ�V¶HPPDJDW]HPD�DO�GLSzVLW�GHO�FDUUHU�1jSROV��(Q�WRWDO��OD

PLQD�UHDOLW]D�XQ�UHFRUUHJXW�G¶DSUR[LPDGDPHQW���NP��L�YD�VHUYLU�SHU�SURYHLU�G¶DLJXD�SRWDEOH�D�OD�]RQD�DOWD�GH�6DEDGHOO�ILQV�D�����

�����PLOLRQV�GH�OLWUHV�GXUDQW��������$�SDUWLU�G¶DTXHVW�DQ\��SUREOHPHV�PLFURELROzJLFV�YDQ�REOLJDU�D�VXVSHQGUH�HO�VHX�DSURILWDPHQW�

3UREDEOHPHQW�� OD� SUHVqQFLD�GH� OHV�XUEDQLW]DFLRQV�GH�&DQ�)RQW� L� &D�Q¶$YHOODQHGD�KDQ�SUHVHQWDW� XQ� LPSDFWH�QHJDWLX� VREUH� OD

TXDOLWDW� PLFURELROzJLFD� GH� O¶DLJXD�� $FWXDOPHQW� OHV� DLJ�HV� GH� OD� PLQD� GH� 5LEDWDOODGD� V¶XWLOLW]HQ� QRPpV� SHU� D� FHUWV� XVRV� QR

SRWDEOHV��FRP�OD�QHWHMD�GH�FDUUHUV�L�SHU�O¶H[WLQFLy�G¶LQFHQGLV�

7RW�L�TXH�DFWXDOPHQW�DTXHVWD�H[SORWDFLy�HV�WURED�HQ�GHV~V��SUHVHQWD�XQHV�ERQHV�SHUVSHFWLYHV�GH�FDUD�D�OD�SRVVLEOH�UHXWLOLW]DFLy

GH�O¶DLJXD�IUHjWLFD�SHO�UHJ�GH�SDUFV�L�MDUGLQV�XUEDQV��(Q�DTXHVW�VHQWLW��FDO�GHVWDFDU�TXH�HV�WURED�MXVW�DO�OtPLW�HQWUH�HO�EDUUL�GH�&DQ

2ULDF�L�HO�QRX�GHVHQYROXSDPHQW�XUEj�GH�&DQ�/ORQJ��&DQ�/ORQJ�pV�XQD�GH�OHV�~OWLPHV�]RQHV�RQ�V¶HVWj�UHDOLW]DQW�XQ�JUDQ�SURMHFWH

G¶XUEDQLW]DFLy� D� 6DEDGHOO�� $SURYDW� DO� 3OD� *HQHUDO� GH� ������ RFXSD� �������� P�� GH� VXSHUItFLH� L� HV� SUHYHX� FRQVWUXLU� �����

KDELWDWJHV�� /D� SUHVqQFLD� GH� ]RQHV� HQMDUGLQDGHV� VHUj� EDVWDQW� LPSRUWDQW�� MD� TXH� HQ� OD� VHYD� IDVH� LQLFLDO� HO� SURMHFWH� SUHYHX� OD

SODQWDFLy�GH�������DUEUHV��������P��GH�JHVSD�L�����DUEXVWRV��$MXQWDPHQW�GH�6DEDGHOO��������3RVWHULRUPHQW��HQ�XQD�VHJRQD�IDVH

HV�UHDOLW]DUj�HO�3DUF�GH�OHV�$LJ�HV�DPE��������P���JUDQ�SDUW�G¶HOOV�FRUUHVSRQHQWV�D�]RQHV�HQMDUGLQDGHV�L��FRP�HO�VHX�QRP�LQGLFD�

DPE�OD�SUHVqQFLD�G¶XQD�JUDQ�OjPLQD�G¶DLJXD�TXH�RIHULUj�DOV�YLVLWDQWV�O¶DVSHFWH�G¶XQ�OODF�XUEj�

(VTXHPD�GHO�VLVWHPD�H[SHULPHQWDO�D�6DEDGHOO��(O�VLVWHPD�SHU�PRQLWRULW]DU�HO�GHVHQYROXSDPHQW�GH�ELRILOPV�HV�YD�SRVDU�D�OHV

LQVWDOÂODFLRQV�GH�&$66$�� WDO�FRP�HV�PRVWUD�D� OD�)LJXUD������(V�YD�DIHJLU� XQD�ERPED�DX[LOLDU� LJXDO� TXH�HQ�HO� FDV�GHO� SRX�GH

FDSWDFLy�GHO�%HVyV��SHU�SRGHU�UHDOLW]DU�O¶DVVDLJ�HQ�FRQWLQX�L�HVWXGLDU�GH�IRUPD�DFFHOHUDGD�OD�IRUPDFLy�GH�ELRILOPV�HQ�DTXHVW�WLSXV

G¶DLJ�HV��/D�VLWXDFLy��ERQD�DFFHVVLELOLWDW�L�PDQFD�GH�SURIXQGLWDW�GH�OHV�PLQHV�G¶DLJXD�GLQV�GH�OD�LQVWDOÂODFLy�GH�&$66$�DO�GLSzVLW

GHO�FDUUHU�1jSROV��YDQ�IDFLOLWDU�HO�PRVWUHLJ�L�OD�UHFROOLGD�GH�OHV�PRVWUHV��(O�VLVWHPD�H[SHULPHQWDO�HV�YD�LQVWDOÂODU�GLQV�G¶XQD�GH�OHV

PLQHV��HQ�XQD�GH�OHV�UDPLILFDFLRQV�ILQDOV�TXH�DUULEHQ�DO�GLSzVLW��)LJXUD�������7RWV�DTXHVWV�IDFWRUV�KDQ�DMXGDW�D�VLPSOLILFDU�O¶HOHFFLy

GH�OD�ERPED��(V�YD�RSWDU�SHU�XQD�ERPED�GH�VXSHUItFLH�VLWXDGD�PROW�D�SURS�GH�OD�PLQD��OD�TXDO�SUHVHQWD�XQD�IRQGjULD�PLWMDQD�GH

���FP��(V�YD�HVFROOLU� OD�ERPED�FHQWUtIXJD�KRULW]RQWDO�(63$�$VSUL�������(VSD��%DQ\ROHV���DPE�FDSDFLWDW�SHU�ERPEDU�GH������

/�PLQ�D�XQD�DOoDGD�GH�������P��/¶DLJXD�ERPEDGD�SDVVDYD�D� WUDYpV�GH� OHV� WXEHULHV� ILQV�DO�VLVWHPD�H[SHULPHQWDO�VLWXDW�D�GLQV

PDWHL[�GH�O¶DLJXD�GH�OD�PLQD��L�VRUWLD�SHU�OD�SDUW�VXSHULRU�GHO�PDWHL[��YHXUH�)LJXUD������SDUW�LQIHULRU��

������ =RQD�GH�0RVWUHLJ�,,,��/DE��0LFURELRORJLD�(8227

/D�WHUFHUD�HVWDFLy�H[SHULPHQWDO�HV�YD�VLWXDU�DO�/DERUDWRUL�GH�0LFURELRORJLD�GH�O¶(VFROD�8QLYHUVLWjULD�G¶ÑSWLFD�L�2SWRPHWULD�GH�OD

83&�D�7HUUDVVD��SHU�HVWXGLDU�OD�IRUPDFLy�GH�ELRILOPV�HQ�XQD�[DU[D�GH�GLVWULEXFLy�G¶DLJXD�SRWDEOH��/HV�GDGHV�REWLQJXGHV�V¶KDQ

XWLOLW]DW�SHU�DYDOXDU�HO�SRWHQFLDO�GH�IRUPDFLy�GH�ELRILOPV�HQ�VLVWHPHV�G¶DLJXD�SRWDEOH� L��DOKRUD��FRPSDUDU� OHV�GDGHV�REWLQJXGHV

DPE� HOV� VLVWHPHV� G¶DLJ�HV� IUHjWLTXHV� RQ� QR� HV� UHDOLW]D� FDS� WLSXV� GH� GHVLQIHFFLy�� 3HU� DL[z�� HV� YD� VHOHFFLRQDU� XQD� [DU[D� GH

GLVWULEXFLy� LQWHUQD� GLQV� GH� O¶HGLILFL� GH� O¶(VFROD�8QLYHUVLWjULD� G¶ÑSWLFD� L� 2SWRPHWULD� �/DE��0LFURELRORJLD�� (8227�� 83&��� SHUTXq

UHSUHVHQWD�O¶~OWLP�SDV�HQ�XQ�VLVWHPD�GH�GLVWULEXFLy�DEDQV�G¶DUULEDU�D�O¶XVXDUL�

/¶DLJXD�SRWDEOH�SURYp�GH�OHV�LQVWDOÂODFLRQV�GH�0LQD�3~EOLFD�GH�7HUUDVVD��RQ�HV�FDSWD�O¶DLJXD�GHO�ULX�/OREUHJDW�D�O¶DOoDGD�G¶2OHVD

GH�0RQWVHUUDW�L�HV�WUDFWD�HQ�XQD�(7$3��(Q�WUHEDOOV�SUHYLV�HV�YD�HVWXGLDU�OD�UHVLVWqQFLD�EDFWHULDQD�DO�FORU��DwOODQW�XQD�JUDQ�YDULHWDW

GH�PLFURRUJDQLVPHV�GH�OHV�GLIHUHQWV�HWDSHV�GHO�WUDFWDPHQW�SRWDELOLW]DGRU�G
DTXHVWD�SODQWD��0LU�HW�DO��������



��� 0DWHULDO�L�0qWRGHV���

$

%
6LVWHPD�'LVWULEXFLy������NP�

=RQ D�G·LUULJDFLy

)LJXUD������6LWXDFLy�GHOV�VLVWHPHV�H[SHULPHQWDOV�SHU�OD�PRQLWRULW]DFLy�GHO�GHVHQYROXSDPHQW�GH�ELRILOPV�DO�SURMHFWH�SLORW�GH�UHXWLOLW]DFLy
G¶DLJ�HV�IUHjWLTXHV�GH�6DQW�0DUWt��D�%DUFHORQD��$��3RX�GH�&DSWDFLy��LPDWJHV�D�OD�SDUWLU�LQIHULRU��%��'LSzVLW�GH�UHVHUYD��LPDWJHV�D�OD�SDUW
VXSHULRU�

3RX�GH�FDSWDFLy
������+P��DQ\�



&DStWRO�� $YDOXDFLy�GH�OD�IRUPDFLy�GH�ELRILOPV�HQ�VLVWHPHV�GH�GLVWULEXFLy�G¶DLJXD ���

)LJXUD� �����0RQLWRULW]DFLy� GHO� GHVHQYROXSDPHQW� GH� ELRILOPV� D� SDUWLU� GH� O¶DLJXD� VXEWHUUjQLD� GH� OD� PLQD� GH� 5LEDWDOODGD�
6DEDGHOO��3DUW�VXSHULRU��ILQDO�GHO�EDUUL�GH�&DQ�2ULDF�L�SDUW�GHO�IXWXU�EDUUL�GH�&DQ�/ORQJ��3DUW�LQIHULRU��PLQD�GH�5LEDWDOODGD�DO
GLSzVLW�GH�1jSROV��LQVWDOÂODFLRQV�GH�&$66$��L�GHWDOO�GH�OD�ERPED�G¶LPSXOVLy�G¶DLJXD� L�GHO�VLVWHPD�H[SHULPHQWDO�VLWXDW�GLQV
G¶XQD�GH�OHV�PLQHV�



��� 0DWHULDO�L�0qWRGHV���

(VTXHPD�GHO� VLVWHPD� H[SHULPHQWDO� D� O·(8227�� (V� YD� GLVSRVDU� XQ� VLVWHPD� H[SHULPHQWDO� IRUPDW� SHU� ��PRVWUHMDGRUV� GH� OOLW

HPSDFDW��GH�OD�IRUPD�KDELWXDO��$TXHVW�VLVWHPD�HV�YD�FRQQHFWDU�D�XQD�GH�OHV�DL[HWHV�GHO�ODERUDWRUL�GH�0LFURELRORJLD�GH�O¶(8227�

PLWMDQoDQW�WXEHULD�GH�Q\ORQ��1HRSODVW�8OWUDYLQLO�WUDQVSDUHQW���(O�FDEDO�HV�YD�UHJXODU�DPE�XQD�FODX�G¶HVIHUD�VLWXDGD�SUqYLDPHQW�D

O¶DL[HWD��/¶DLJXD�UHJXODGD�SHU�OD�FODX�G¶HVIHUD�SDVVDYD�GLUHFWDPHQW�D�WUDYpV�GHOV�UHDFWRUV�GHO�VLVWHPD�H[SHULPHQWDO�L�VRUWLD�SHU�OD

SDUW�VXSHULRU�GHOV�PDWHL[RV��(O�VLVWHPD�HV�YD�GHL[DU�GLQV�GH�OD�SLFD��GH�IRUPD�TXH�O¶DLJXD�FREULD�WRW�HO�VLVWHPD��DQDQW�O¶H[FpV�FDS

D�OD�FDQRQDGD�GH�VRUWLGD�L�DO�FODYHJXHUDP�

������ $QDOtWLTXHV�PLFURELROzJLTXHV�GH�PRVWUHV�SODQFWzQLTXHV�L�GHO�ELRILOP

0RVWUHLJ� L� WUDQVSRUW�GH� OHV�PRVWUHV�� 6¶KD� UHDOLW]DW� XQ�PRVWUHLJ�PHQVXDO� GH� O¶DLJXD� GH� OHV� HVWDFLRQV� GH�PRQLWRULW]DFLy�� SHU

DQDOLW]DU� OHV� SREODFLRQV� GH� PLFURRUJDQLVPHV� SODQFWzQLFV� �YHXUH� 317����� /HV� PRVWUHV� HV� WUDQVSRUWDYHQ� DO� ODERUDWRUL� GH

0LFURELRORJLD�VHJRQV�OHV�UHFRPDQDFLRQV�GH�6WDQGDUG�0HWKRGV��(DWRQ�HW�DO���������HQ�ERWHOOHV�6FKRWW�HVWqULOV�D�OD�IRVFRU�L�GLQV

G¶XQD�QHYHUD�SRUWjWLO�D���&��±���&���/HV�PRVWUHV�HV�PDQWHQLHQ�GLQV�GHO�ODERUDWRUL�HQ�XQ�UHIULJHUDGRU�D���&��±���&����/HV�GLIHUHQWV
DQDOtWLTXHV�PLFURELROzJLTXHV�HV�YDQ�UHDOLW]DU�GLQV�GH�OHV�SULPHUHV���KRUHV�VHJ�HQWV�DO�PRVWUHLJ�

3HU�D� O¶DQjOLVL�GH� OHV�PRVWUHV�GH�ELRILOP�DGKHULGHV�DO�PDWHULDO�GH�VXSRUW�HV� UHWLUDYD�FDGD� UHDFWRU�GH�OOLW�HPSDFDW�GHVSUpV�TXH

O¶DLJXD� KDJXpV� FLUFXODW� SHO� VHX� LQWHULRU� GXUDQW� SHUtRGHV� SUHGHWHUPLQDWV� GH� WHPSV�� (OV� UHDFWRUV� V¶DJDIDYHQ� DPE� OHV�Pj[LPHV

FRQGLFLRQV�G¶DVqSVLD�L�HV�SRVDYHQ�GLQV�G¶DPSROOHV�6FKRWW�HVWqULOV�SOHQHV�DPE�O¶DLJXD�GHO�PDWHL[�RULJHQ��(Q�HO�OORF�GHVRFXSDW�HV

VLWXDYD�XQ�DOWUH�UHDFWRU�HVWqULO��SHU�D�XQD�DQjOLVL�SRVWHULRU��(O�WUDQVSRUW�GH�OHV�PRVWUHV�SHU�D�O¶HVWXGL�GH�OD�IRUPDFLy�GH�ELRILOPV�HV

UHDOLW]DYD�GH�OD�PDWHL[D�IRUPD�TXH�HQ�OHV�PRVWUHV�SODQFWzQLTXHV��WDO�FRP�V¶KD�GHVFULW�DQWHULRUPHQW�

0HGLV�GH�FXOWLX��LQFXEDFLy�L�UHFRPSWH�GH�YLDEOHV��/D�7DXOD�����PRVWUD�HOV�GLIHUHQWV�PHGLV�GH�FXOWLX�XWLOLW]DWV�SHU�D�O¶HVWXGL�GH

OHV�PRVWUHV� SODQFWzQLTXHV� L� GH� ELRILOP�� HQ� OHV� DQjOLVL� UXWLQjULHV� UHDOLW]DGHV� FDGD�PHV�� DL[t� FRP� HQ� OHV� DQDOtWLTXHV� FRPSOHWHV

UHDOLW]DGHV�XQD�YHJDGD�FDGD�GRV�PHVRV��VHJXLQW�UHFRPDQDFLRQV�GH�6WDQGDUG�0HWKRGV��(DWRQ�HW�DO��������

3HU�SRGHU�GHWHUPLQDU�OD�FRPSRVLFLy�L�FRQFHQWUDFLy�GH�PLFURRUJDQLVPHV�GLQV�GH�OD�IDVH�SODQFWzQLFD�L�GHO�ELRILOP��O¶DLJXD�GH�FDGD

HVWDFLy�GH�PRVWUHLJ�L�OD�PRVWUD�VRQLFDGD�GHO�ELRILOP�UHVSHFWLYDPHQW��HV�YDQ�GLOXLU�GH�IRUPD�VHULDGD�HQ�VROXFLy�VDOLQD�HVWqULO��1D&O

DO�������L�HV�YDQ�LQRFXODU�HQ�GLIHUHQWV�PHGLV�VHOHFWLXV�L�QR�VHOHFWLXV�

/HV�PRVWUHV�V¶KDQ�DQDOLW]DW�SHU�GHWHUPLQDU�HO�UHFRPSWH�GH�EDFWHULV�KHWHUzWURIV�WRWDOV��+3&��YHXUH�317���D�O¶DQQH[���XWLOLW]DQW�OD

WqFQLFD�GH�OD�ILOWUDFLy�SHU�PHPEUDQD��G¶DFRUG�DPE�6WDQGDUG�0HWKRGV��(DWRQ�HW�DO���������DPE�ILOWUHV�GH�������P�GH�JUDQGjULD�GH

SRUXV�L�O¶DJDU�3&$�

7DXOD������0HGLV�GH�FXOWLX�XWLOLW]DWV�SHU�D�O¶HVWXGL�GH�OHV�PRVWUHV�SODQFWzQLTXHV��$��L�GH�ELRILOP��%���HQ�DQjOLVL
UXWLQDUL��1��L�FRPSOHW��&��

Medi de cultiu Paràmetre Microbiològic A B

R2A Bacteris heteròtrofs totals N N

PCA Bacteris heteròtrofs totals N N
Chromocult Coliform Agar Coliformes totals, (��FROL N N
Agar Sabouraud amb gentamicina Fongs filamentosos N N
Agar GSP + Penicilina 3VHXGRPRQDV��$HURPRQDV N N
Agar SPS Clostridis sulfit-reductors C C
Agar Middlebrook 7H10 + OADC 0\FREDFWHULXP C C
Agar GVPC /HJLRQHOOD C C



&DStWRO�� $YDOXDFLy�GH�OD�IRUPDFLy�GH�ELRILOPV�HQ�VLVWHPHV�GH�GLVWULEXFLy�G¶DLJXD ���

'HJXW�D� O¶H[LVWqQFLD�GH�PLFURRUJDQLVPHV��HVSHFLDOPHQW� EDFWHULV�� FDSDoRV�G¶HVFDSDU�D� OD�GHWHFFLy�DPE�HOV� ILOWUHV�GH�������P

�6KLUH\�	�%LVVRQQHWWH��������V¶KDQ�HVFROOLW�HOV�ILOWUHV�GH�������P�DPE�O¶DJDU�5�$�FRP�D�PHWRGRORJLD�UXWLQjULD��SHU�PD[LPLW]DU�OD

GHWHFFLy�GHOV�EDFWHULV�KHWHUzWURIV�WRWDOV��/HV�PRVWUHV�G¶DJDU�3&$�V¶KDQ�LQFXEDW�D����&�GXUDQW��������KRUHV�L���GLHV��PHQWUH�TXH

OHV�PRVWUHV�G¶DJDU�5�$�V¶KDQ�LQFXEDW�D����&��GXUDQW���GLHV��(V�YD�GHWHUPLQDU�HO�WRWDO�GH�EDFWHULV�KHWHUzWURIV�HQ�DJDU�3&$�L�HQ

5�$�FRPSWDELOLW]DQW�HO�QRPEUH�G¶XQLWDWV�IRUPDGRUHV�GH�FROzQLHV��8IF��SHU�YROXP�HQ�HO�FDV�GH�PRVWUHV�SODQFWzQLTXHV��R�SHU�XQLWDW

G¶jUHD��FP���HQ�HO�FDV�GH�PRVWUHV�VqVVLOV�GH�ELRILOPV�

������ ,GHQWLILFDFLy�GHOV�PLFURRUJDQLVPHV

$wOODPHQW� L� UHVHPEUD�GHOV�PLFURRUJDQLVPHV�� $� OHV� GLIHUHQWV� HVWDFLRQV�PRVWUHMDGHV� HV� YDQ� DwOODU� GLIHUHQWV�PHPEUHV� GH� OD

PLFURELRWD� DXWzFWRQD� GH� O¶DLJXD�� WDQW� GH� OD� IDVH� SODQFWzQLFD� FRP� GHO� ELRILOP�� /D� GLIHUHQFLDFLy� HV� YD� UHDOLW]DU� HQ� EDVH� D

FDUDFWHUtVWLTXHV�FRORQLDOV�GHVSUpV�GH�O¶DwOODPHQW�HQ�GLIHUHQWV�PHGLV�GH�FXOWLX�VzOLGV��/D�7DXOD�����PRVWUD�HOV�SULQFLSDOV�PHGLV�GH

FXOWLX�XWLOLW]DWV�SHU�D�O¶HVWXGL�GH�OHV�PRVWUHV�SODQFWzQLTXHV�L�GH�ELRILOP��VHJXLQW�UHFRPDQDFLRQV�GH�6WDQGDUG�0HWKRGV��(DWRQ�HW�DO�

������

(OV�FROLIRUPHV�WRWDOV�L�(VFKHULFKLD�FROL�HV�YDQ�HQXPHUDU�L�DwOODU�DPE�OD�WqFQLFD�GH�ILOWUDFLy�SHU�PHPEUDQD��YHXUH�317���D�O¶DQQH[��

DPE�ILOWUHV�GH�������P�L�HO�PHGL�&KURPRFXOW�&ROLIRUP�$JDU��LQFXEDQW�D����&�GXUDQW����K��/HV�(VFKHULFKLD�FROL�DwOODGHV�DO�PHGL

&KURPRFXOW�&ROLIRUP�$JDU�HV� YDQ� YHULILFDU� DPE� OD� SURYD� GH� O¶LQGRO�� XWLOLW]DQW� HO� UHDFWLX� LQGRO� GH� .RYDFV� R� HO� NLW� G¶LGHQWLILFDFLy

UjSLGD�%DFWLGHQW�(��FROL��TXH�GHWHFWD�DOKRUD�O¶DFWLYLWDW�β±'�JOXFRURQLGDVD�L�WULSWRIDQDVD��SURGXFFLy�G¶LQGRO��

/D�GHWHFFLy�L�TXDQWLILFDFLy�GHOV�IRQJV�ILODPHQWRVRV�V¶KD�UHDOLW]DW�XWLOLW]DQW� OD�WqFQLFD�GH�OD�ILOWUDFLy�SHU�PHPEUDQD�DPE�ILOWUHV�GH

������P�GH�JUDQGjULD�GH�SRUXV��XWLOLW]DQW�HO�PHGL�$JDU�6DERXUDXG�VXSOHPHQWDW�DPE�VXOIDW�GH�JHQWDPLFLQD�FRP�D�DQWLEDFWHULj��L

LQFXEDQW�D�WHPSHUDWXUD�DPELHQW�����&��GXUDQW���GLHV��YHXUH�DQQH[��317����

(OV�EDFWHULV�GHO�JqQHUH�3VHXGRPRQDV� L�$HURPRQDV�V¶KDQ�HQXPHUDW�DPE�OD�WqFQLFD�GH�OD�ILOWUDFLy�SHU�PHPEUDQD�DPE�ILOWUHV�GH

������P�GH�JUDQGjULD�GH�SRUXV��XWLOLW]DQW�HO�PHGL�$JDU�*63�VXSOHPHQWDW�DPE�3HQLFLOLQD�*�6DO�VzGLFD�����������8,������J�/���L

LQFXEDQW�D�WHPSHUDWXUD�DPELHQW�����&��GXUDQW����KRUHV��YHXUH�DQQH[��317����

(OV�FORVWULGLV�VXOILW�UHGXFWRUV�V¶KDQ�HQXPHUDW�DPE�OD�WqFQLFD�GH�OD�ILOWUDFLy�SHU�PHPEUDQD�DPE�ILOWUHV�GH�������P�GH�JUDQGjULD�GH

SRUXV�� XWLOLW]DQW� HO� PHGL� $JDU� 636�� GHVSUpV� GH� UHDOLW]DU� XQ� WUDFWDPHQW� WqUPLF� ��� PLQXWV� D� ���&�� SHU� HOLPLQDU� OHV� IRUPHV

YHJHWDWLYHV��(OV� ILOWUHV�HV�GLSRVLWDYHQ�SRVDQW� OD� VHYD�SDUW�VXSHULRU�HQ�FRQWDFWH�DPE�HO�PHGL�D�VREUH�GH�SODTXHV�HVWqULOV�� L� HV

FREULHQ�GHVSUpV�DPE�PpV�PHGL�GH�FXOWLX��/HV�PRVWUHV�V¶LQFXEDYHQ�GLQV�GH�JHUUHV�DQDHUzELTXHV�D����&��GXUDQW�������K��YHXUH

DQQH[��317����

(OV�EDFWHULV�GHO� JUXS�0\FREDFWHULXP� V¶KDQ�HQXPHUDW� DPE� OD� WqFQLFD�GH� OD� ILOWUDFLy�SHU�PHPEUDQD�DPE� ILOWUHV�GH�������P�GH

JUDQGjULD� GH� SRUXV�� GHVSUpV� GH� GHVFRQWDPLQDU� OHV�PRVWUHV� DPE� ���PLQ� G¶H[SRVLFLy� D� ������� S�Y� GH� FORUXU� GH� FHWLO�SLULGLQL

�6FKXO]H�5|EEHFNH� HW� DO�� ������ 3DSDSHWURSRXORX� HW� DO�� ������� (OV� ILOWUHV� GH� PHPEUDQD� V¶KDQ� LQFXEDW� DPE� HO� PHGL� $JDU

0LGGOHEURRN� �+��� VXSOHPHQWDW� DPE� 2$'&�� D� ���&� GXUDQW� �� PHVRV� �YHXUH� DQQH[�� 317����� &DGD� WLSXV� FRORQLDO� DPE� XQD

PRUIRORJLD��SLJPHQWDFLy�L�WD[D�GH�FUHL[HPHQW�FDUDFWHUtVWLTXHV��V¶DwOODYD�L�HV�VRWPHWLD�D�OD�WLQFLy�jFLG�DOFRKRO�UHVLVWHQW�VHJRQV�HO

SURWRFRO� GH�=LHKO�1HHOVHQ�� UHDOLW]DQW� HO� UHFRPSWH�GH� OHV� FROzQLHV�GH�EDFLOV� jFLG�DOFRKRO� UHVLVWHQWV�� )LQDOPHQW��/HJLRQHOOD� V¶KD

HQXPHUDW�DPE�HO�PqWRGH�GH�OD�VHPEUD�HQ�VXSHUItFLH��'HQQLV�HW�DO��������$)125�������YHXUH�317���D�O¶DQQH[���/D�PRVWUD�HV

FRQFHQWUD� DPE� ILOWUHV� GH� ����� �P� L� V¶H[WUHX� SRVDQW� HO� ILOWUH� �� PLQ� HQ� XQ� EDQ\� G¶XOWUDVRQV�� VHPEUDQW� SRVWHULRUPHQW� YROXPV

FRQHJXWV�HQ�OD�VXSHUItFLH�GH�PHGLV�VHOHFWLXV��DEDQV�L�GHVSUpV�GH�VRWPHWUH¶OV�D�WUHV�WUDFWDPHQWV�GLIHUHQWV�SHU�HOLPLQDU�SDUW�GH�OD

IORUD�DFRPSDQ\DQW��XQ�SUH�WUDFWDPHQW�jFLG�FHQWULIXJDQW�OD�PRVWUD����PLQ�D�������USP�L�EDUUHMDQW�OD�GHVSUpV�DPE�LJXDO�YROXP�GH

WDPSy�+&O�.&O��XQ�WUDFWDPHQW�WqUPLF�H[SRVDQW�OD�PRVWUD�D����&�GXUDQW����PLQ�L�XQ�FRQWURO�VHQVH�FDS�SUH�WUDFWDPHQW��(OV�ILOWUHV

GH�PHPEUDQD�V¶LQFXEDYHQ�HQ�O¶DJDU�*93&�D����&�GXUDQW��������GLHV��/HV�FROzQLHV�VRVSLWRVHV�HV�UHVHPEUDYHQ�HQ�O¶$JDU�%&<(�

&\V�L�HQ�DJDU�&$62��6¶KDQ�FRQVLGHUDW�FRP�VRVSLWRVHV�GH�/HJLRQHOOD�SQHXPRSKLOD�TXDOVHYRO�VRFD�GH�PRUIRORJLD�VRVSLWRVD�HQ

*93&�L�%&<(�&\V��TXH�QR�FUHL[L�HQ�O¶DJDU�&$62�



��� 0DWHULDO�L�0qWRGHV���

,GHQWLILFDFLy�ELRTXtPLFD�GH�EDFWHULV��'HVSUpV�GHO� SHUtRGH�G¶LQFXEDFLy� DGHTXDW� SHU� D� FDGD�PHGL� GH� FXOWLX� HV� SURFHGLD� D� OD

VHOHFFLy�GH�OHV�PRUIRORJLHV�FRORQLDOV�SUHGRPLQDQWV�SHU�DO�VHX�HVWXGL�L� LGHQWLILFDFLy��/H&KHYDOOLHU�HW�DO���������/D�FDUDFWHULW]DFLy

VRO� LQFORXUH� HQ� HO� VHX� RUGUH� G¶H[HFXFLy�� ��� LGHQWLILFDFLy� FRORQLDO�� ��� DwOODPHQW� L� UHVHPEUD�� ��� WLQFLy� GH� JUDP� L� REVHUYDFLy

PLFURVFzSLFD�L�����LGHQWLILFDFLy�ELRTXtPLFD�

'HVSUpV�GH�GHVFULXUH�HOV�WLSXV�FRORQLDOV��3DUNHU�	�'XHUHQ��������L�IHU�HO�UHFRPSWH�GHO�WRWDO�GH�FROzQLHV�H[LVWHQW�GH�FDGD�WLSXV��OD

FROzQLD�EDFWHULDQD�HVFROOLGD�SHU�D�OD�LGHQWLILFDFLy�HV�UHVHPEUDYD�HQ�XQ�PHGL�VHOHFWLX�DSURSLDW��(O�PLFURRUJDQLVPH�VHOHFFLRQDW�HV

WHQ\LD�DPE�OD�WLQFLy�GH�*UDP�XWLOLW]DQW�HO�PqWRGH�GH�+XFNHU��&RZHQ������� L�HV�SURFHGLD�D� OD�VHYD�REVHUYDFLy�DO�PLFURVFRSL�D

[������DPE�ROL�G¶LPPHUVLy�

3HU� D� OD� LGHQWLILFDFLy� ELRTXtPLFD� V¶KDQ� XWLOLW]DW� EjVLFDPHQW� HOV� NLWV� G¶LGHQWLILFDFLy� $3,� ��6� �%LRPHULHX[� ��������� SHU� D

(QWHUREDFWHULV�L�DOWUHV�EDFLOV�*UDP�QHJDWLXV��DL[t�FRP�HO�$3,����1(��%LRPHULHX[���������SHU�D� OD� LGHQWLILFDFLy�GH�EDFLOV�*UDP�

QHJDWLXV�QR�HQWHUREDFWHULV��/HV�FROzQLHV�REWLQJXGHV�D�OHV�UHVHPEUHV�V¶KDQ�XWLOLW]DW�SHU�LQRFXODU�OD�WLUD�GH�UHDFWLXV�HQ�FDGD�FDV

VHJXLQW� OHV� LQVWUXFFLRQV�GHO� IDEULFDQW�� L�SHU�IHU�HO� WHVW�GH� OD�R[LGDVD�VHJRQV�HO� UHDFWLX�%DFWLGHQW�2[LGDVD��0HUFN�����������/HV

WLUHV�GH�UHDFWLXV�V¶KDQ�LQFXEDW����K�L�V¶KDQ�DQRWDW�HOV�UHVXOWDWV��/D�LGHQWLILFDFLy�GHOV�PLFURRUJDQLVPHV�V¶KD�UHDOLW]DW�XWLOLW]DQW�HOV

SHUILOV� DQDOtWLFV�$3,� �3KLOOLSV�	�$PVWHUGDP�������DGHTXDWV�HQ� FDGD�FDV�� L� FRPSDUDQW� HOV� UHVXOWDWV� REWLQJXWV� DPE� OD� EDVH� GH

GDGHV�3UREDELOLVWLF�,GHQWLILFDWLRQ�%DFWHULD��7UHYRU�%U\DQW��)UHHZDUH�9HUVLRQ������

,GHQWLILFDFLy�PRUIROzJLFD�GHOV�IRQJV�ILODPHQWRVRV��6¶KD�UHDOLW]DW�XQD�VHOHFFLy�GH�OHV�PRUIRORJLHV�FRORQLDOV�SUHGRPLQDQWV�GHOV

IRQJV�ILODPHQWRVRV�SHU�DO�VHX�HVWXGL� L� LGHQWLILFDFLy�� WDQW�HQ�HO�FDV�GH�PRVWUHV�SODQFWzQLTXHV�FRP�GH�ELRILOP��6¶KD�UHDOLW]DW�XQD

LGHQWLILFDFLy� WHPSWDWLYD� XWLOLW]DQW� ³0HGLFDOO\� ,PSRUWDQW� )XQJL�� $� JXLGH� WR� LGHQWLILFDWLRQ´� �/DURQH� ������� L� ³,OOXVWUDWHG� JHQHUD� RI

LPSHUIHFW�IXQJ\´��%DUQHWW�	�+XQWHU�������

������ 5HFRPSWH�GLUHFWH��7LQFLy�GH�PRVWUHV�SODQFWzQLTXHV

6¶KDQ�UHDOLW]DW�GLIHUHQWV�WLSXV�GH�WLQFLRQV�XWLOLW]DQW�OD�PLFURVFzSLD�GH�IOXRUHVFqQFLD�SHU�GHWHUPLQDU�HO�QRPEUH�WRWDO�GH�FqOÂOXOHV�GH

FDGD�PRVWUD��6¶KDQ�SURYDW�GLIHUHQWV�IOXRURFURPV�FRPHUFLDOLW]DWV�UHFHQWPHQW��HOV�TXDOV�SHUPHWHQ�IHU�DOKRUD�HO�UHFRPSWH�WRWDO�GH

FqOÂOXOHV�L�OD�GHWHUPLQDFLy�GHO�QRPEUH�GH�FqOÂOXOHV�YLDEOHV�G¶XQD�PRVWUD��/D�7DXOD�����UHVXPHL[�OHV�SULQFLSDOV�WqFQLTXHV�XWLOLW]DGHV

SHU�D�OD�WLQFLy�GH�PRVWUHV�SODQFWzQLTXHV�

7DXOD������3ULQFLSDOV�WLQFLRQV�XWLOLW]DGHV�SHU�D�OD�TXDQWLILFDFLy�GH�PRVWUHV�SODQFWzQLTXHV�

7LQFLy &RQFHQWUDFLy
0j[LP

([FLWDFLy�(PLVVLy 9DULDEOH 5HIHUqQFLD

7DURQMD
G¶DFULGLQD

����� ������������QP 1��FHO��WRWDO +REELH�HW�DO������

(DWRQ�HW�DO������

'$3, ���J�P/ ��������QP 1��FHO��WRWDO .HSQHU�	�3UDWW�����

&7& �����P0 ��������QP 1��FHO��YLDEOHV 5RGULJXH]�HW�DO������

3\OH�HW�DO������

0F)HWHUV�HW�DO������

/LYH�'HDG ���0�6\WR��

����0�LRGXU
GH�SURSLGL

��������QP

��������QP

1��FHO��YLDEOHV

1��FHO��WRWDO

.RUEHU�HW�DO������

0ROHFXODU�3UREHV������



&DStWRO�� $YDOXDFLy�GH�OD�IRUPDFLy�GH�ELRILOPV�HQ�VLVWHPHV�GH�GLVWULEXFLy�G¶DLJXD ���

5HFRPSWH�WRWDO�DPE�WDURQMD�G·DFULGLQD��6¶KD�XWLOLW]DW�OD�PLFURVFzSLD�GH�IOXRUHVFqQFLD�SHU�DYDOXDU�GH�IRUPD�UXWLQjULD�HO�QRPEUH

WRWDO� GH� FqOÂOXOHV� EDFWHULDQHV� GH� OHV�PRVWUHV�� WDQW� SODQFWzQLTXHV� FRP� GH� ELRILOP�� WHQ\LQW� DPE� WDURQMD� G¶DFULGLQD� DO� ������ OHV

PRVWUHV�SUHVHUYDGHV�SUqYLDPHQW�DPE����Y�Y�GH�IRUPDOGqKLG��+REELH�HW�DO��������(DWRQ�HW�DO��������YHXUH�317����D�O¶DQQH[��

5HFRPSWH� WRWDO�DPE�'$3,��$OJXQHV�GH� OHV�PRVWUHV� V¶KDQ�REVHUYDW� DPE�PLFURVFzSLD�GH� IOXRUHVFqQFLD�SHU� DYDOXDU� GH� IRUPD

UXWLQjULD�HO�QRPEUH�WRWDO�GH�FqOÂOXOHV�EDFWHULDQHV�GH�OHV�PRVWUHV��WDQW�SODQFWzQLTXHV�FRP�GH�ELRILOP��WHQ\LQW�DPE�'$3,��.HSQHU�	

3UDWW�������YHXUH�317����D�O¶DQQH[���/D�PRVWUD�HV�ILOWUD�L�HV�FREUHL[�GXUDQW���PLQXWV�DPE�����P/�GH�'$3,�����J�P/���0DOJUDW

TXH� HO� '$3,� SUHVHQWD�PLOORUV� SURSLHWDWV� TXH� HO� WDURQMD� G¶DFULGLQD�� WDPSRF� HVWj� H[HPSW� GH� SUREOHPHV� SHU� WLQFLy� LQHVSHFtILFD

�=ZHLIHO�	�+DJVWU|P�������&KRL�HW�DO��������R�SHU�GLVPLQXFLy�GH�OD�IOXRUHVFqQFLD�HQ�PRVWUHV�FORUDGHV��6DE\�HW�DO��������

5HFRPSWH�GH�YLDEOHV�L�WRWDOV�DPE�&7&�L�'$3,��6¶KD�XWLOLW]DW�OD�WLQFLy�DPE�'$3,�GH�IRUPD�VLPXOWjQLD�DPE�HO�FRPSRVW�UHGR[���

&\DQR�����GLWRO\O� FORUXU� GH� WHWUD]ROL� �&7&��� XQ� FRORUDQW� TXH�SHUPHW�GHWHUPLQDU� HOV� QRPEUH� GH� EDFWHULV�PHWDEzOLFDPHQW� DFWLXV

�EDFWHULV� UHVSLUDQW��� (OV� UHVXOWDWV� REWLQJXWV� KDQ� GH� SUHYHXUH� HOV� SRVVLEOHV� HIHFWHV� Wz[LFV� GHO� FRPSRVW� &7&� VREUH� HOV� SURSLV

RUJDQLVPHV��8OOULFK�HW�DO���������6¶KD�XWLOLW]DW�HO�PqWRGH�GH� OD� ILOWUDFLy�SHU�PHPEUDQD� �3\OH�HW�DO��������0F)HWHUV�HW�DO�������

YHXUH�317���� D� O¶DQQH[��� (O� ILOWUH� HV� WUDQVIHULD� D� XQD� SODFD� GH� 3HWUL� HVWqULO�� RQ� V¶DIHJLHQ� ����P/� GH�&7&������P0�HQ� DLJXD

GHVWLOÂODGD��'HVSUpV�G¶LQFXEDU���K� �SURWHJLW� GH� OD� OOXP��� HV� WUHLD�HO�&7&� L� V¶DIHJLHQ�����P/�GH� IRUPDOGqKLG� ���� GHL[DQW�KR� HQ

FRQWDFWH���PLQ��)LQDOPHQW��HV�WRUQDYD�HO� ILOWUH�D� OD�WRUUH�GH�ILOWUDFLy��HV�WHQ\LD�DPE�����P/�GH�'$3,����J�P/��GXUDQW���PLQ��HV

ILOWUDYD�L�HV�IHLD�XQ�UHQWDW�DPE���SURSDQRO�SHU�HOLPLQDU�WLQFLRQV�LQHVSHFtILTXHV�

5HFRPSWH�GH�YLDEOHV�L�WRWDOV�DPE�WLQFLy�/LYH�'HDG��$OJXQHV�GH�OHV�PRVWUHV�V¶KDQ�WHQ\LW�XWLOLW]DQW�HO�NLW�/LYH�'HDG�%DF/LJKW�SHU

GHWHUPLQDU�OD�YLDELOLWDW�EDFWHULDQD��YHXUH�317����D�O¶DQQH[���IRUPDW�SHU�GRV�IOXRURFURPV�HVSHFtILFV�SHOV�jFLGV�QXFOHLFV��6<72���

XQ� FRORUDQW� IOXRUHVFHQW� YHUG� DPE� XQ�Pj[LP� G¶H[FLWDFLy�HPLVVLy� GH� �������� QP�� L� HO� LRGXU� GH� SURSLGL�� XQ� FRORUDQW� IOXRUHVFHQW

YHUPHOO����������QP���/D�FRPELQDFLy�G¶DTXHVW�GRV�FRORUDQWV�SHUPHW�REVHUYDU�HOV�EDFWHULV�DPE�PHPEUDQHV�FHOÂOXODUV�LQWDFWHV�GH

FRORU�YHUG�IOXRUHVFHQW��PHQWUH�TXH�OHV�TXH�SUHVHQWHQ�DOJXQD�DOWHUDFLy�D�QLYHOO�GH� OHV�PHPEUDQHV�HV� WHQ\LUDQ�GH�FRORU�YHUPHOO

IOXRUHVFHQW��MD�TXH�HO�LRGXU�GH�SURSLGL�QRPpV�SRW�HQWUDU�HQ�DTXHOOHV�FqOÂOXOHV�TXH�SUHVHQWLQ�OD�PHPEUDQD�GDPQDGD��.RUEHU�HW�DO�

������

/D�PRVWUD�HVFROOLGD�HV�EDUUHMD�DPE�LJXDO�YROXP�GH�OD�VROXFLy�VWRFN���[���SURGXLQW�XQD�FRQFHQWUDFLy�ILQDO�GH����0�GH�6<72���L���

�0�GH�LRGXU�GH�SURSLGL��'HVSUpV�GH�EDUUHMDU�DGHTXDGDPHQW�L�G¶LQFXEDU����PLQ�D�WHPSHUDWXUD�DPELHQW�L�D�OD�IRVFRU��V¶KD�ILOWUDW�OD

PRVWUD�D�WUDYpV�GH�ILOWUHV�1XFOHRSRUH�QHJUHV�GH������P��(OV�ILOWUHV�V¶KDQ�SRVDW�D�VREUH�GH�SRUWDREMHFWHV�GH�YLGUH��DIHJLQW�����

�/�G¶ROL�GH�PXQWDWJH�%DF/LJKW��0ROHFXODU�3UREHV��&RPSRQHQW�&�� tQGH[�GH�UHIUDFFLy�D����&� �������� L�DPE�XQ�FREUHREMHFWHV�

6¶KD�UHDOLW]DW�O¶REVHUYDFLy�DPE�XQ�PLFURVFRSL�2O\PSXV�%+���HTXLSDW�DPE�XQ�ILOWUH�WLSXV�%��YHXUH�7DXOD������ L�XQD�OjPSDGD�GH

PHUFXUL�GH�����Z�



��� 0DWHULDO�L�0qWRGHV���

������ (VWLPD�GH�OD�7D[D�(VSHFtILFD�GH�&UHL[HPHQW�GHO�%LRILOP

/D�FDUDFWHULW]DFLy�GH�OD�WD[D�HVSHFtILFD�GH�FUHL[HPHQW�GHO�ELRILOP�HV�SRW�REWHQLU�D�SDUWLU�GHO�VHJ�HQW�PRGHO�VLPSOLILFDW��YDQ�GHU

:HQGH�HW�DO��������%ORFN�HW�DO��������
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RQ�;6� L�;(�VyQ� OD� FRQFHQWUDFLy�GH� OD�ELRPDVVD�HQ� VXVSHQVLy� �FqOÂOXOHV� SODQFWzQLTXHV�� FqO��P/���� D� OD� VRUWLGD� L� D� O¶HQWUDGD� GHO

UHDFWRU�UHVSHFWLYDPHQW��'�pV�OD�WD[D�GH�GLOXFLy�DO�UHDFWRU��K�����;E�pV�OD�GHQVLWDW�GH�FqOÂOXOHV�GHO�ELRILOP��FqOÂOXOHV�VqVVLOV��FqOÂOXOHV��

FP����� 9� pV� HO� YROXP� GHO� UHDFWRU� L� $� pV� OD� VXSHUItFLH� PXOODGD� GHO� UHDFWRU� �VXSHUItFLH� GH� GHSRVLFLy� WRWDO��� (Q� DTXHVW� PRGHO

V¶DVVXPHL[�TXH�OD�WD[D�GH�PRUWDOLWDW�L�HO�FUHL[HPHQW�SODQFWzQLFV�VyQ�QHJOLJLEOHV�

������ $QDOtWLTXHV�4XtPLTXHV

$QDOtWLTXHV� UXWLQjULHV�� (Q� LQWHUYDOV� UHJXODUV� V¶KDQ� DQDOLW]DW� FHUWV� SDUjPHWUHV� ItVLFR�TXLPLFV� GH� OHV� WUHV� HVWDFLRQV� GH

PRQLWRULW]DFLy�� G¶DFRUG�DPE� WqFQLTXHV�QRUPDOLW]DGHV�VHJRQV�6WDQGDUG�0HWKRGV� �(DWRQ� HW� DO�� ������� WDO� L� FRP�HV� GHWDOOD� D� OD

7DXOD������$O�PDWHL[�WHPSV��V¶KD�LQWHQWDW�GLVSRVDU�G¶DQDOtWLTXHV�UHDOLW]DGHV�DOV�PDWHL[RV�OORFV�L�GXUDQW�OHV�PDWHL[HV�qSRTXHV��SHU

HQWLWDWV�FRP�O¶,QVW��0XQLFLSDO�GH�3DUFV�L�-DUGLQV�GH�O¶$MXQWDPHQW�GH�%DUFHORQD��HQ�HO�FDV�GHO�SRX�G¶$OIRQV�HO�0DJQjQLP��%HVyV��

(Q�HO�FDV�GH�O¶HVWDFLy�H[SHULPHQWDO�XELFDGD�DO�ODERUDWRUL�GH�0LFURELRORJLD��V¶KD�PHVXUDW�HO�FORU�WRWDO�L�OOLXUH�GH�O¶DLJXD�GH�OD�[DU[D�

XWLOLW]DQW�HO�PqWRGH�'3'��G¶DFRUG�WDPEp�DPE�6WDQGDUG�0HWKRGV��(DWRQ�HW�DO��������

7DXOD������7qFQLTXHV�GH�ODERUDWRUL�XWLOLW]DGHV�SHU�GHWHUPLQDU�HOV�SDUjPHWUHV�ItVLFR�TXtPLFV�GH�OHV�HVWDFLRQV�GH
PRQLWRULW]DFLy�

3DUjPHWUH 7qFQLFD�8WLOLW]DGD 8QLWDWV

&DUjFWHUV�)tVLFR�4XtPLFV

S+ 3KPHWUH��SRWHQFLRPqWULF 8QLWDWV�S+
&RQGXFWLYLWDW�D����& (OHFWURPHWULD��0$�4���� �V�FP
&ORUXUV 9ROXPHWULD�DPE�$J���0$�4���� PJ�&O�/

6XOIDWV &URPDWRJUDILD�LzQLFD��0$�4���� PJ�62��/
&DOFL 9DORUDFLy�FRPSOH[RPqWULFD��0$�4���� PJ�&D�/
'XUHVD�7RWDO 9DORUDFLy�FRPSOH[RPqWULFD��0$�4���� PJ�&D&2��/
0DJQHVL 9DORUDFLy�FRPSOH[RPqWULFD��0$�4���� PJ�0J�/
6RGL )RWRPHWULD�GH�IODPD��0$�4���� PJ�1D�/
3RWDVVL )RWRPHWULD�GH�IODPD��0$�4���� PJ�.�/
$OFDOLQLWDW 9ROXPHWULD�jFLG�EDVH��0$�4���� PJ�&D&2��/

6XEVWjQFLHV�QR�GHVLWMDEOHV

1LWUDWV &URPDWRJUDILD�LzQLFD��0$�4���� PJ�12��/

$OWUHV�SDUjPHWUHV

%LFDUERQDWV 9ROXPHWULD�jFLG�EDVH��0$�4���� PJ�+&2��/
&DUERQDWV 9ROXPHWULD�jFLG�EDVH��0$�4���� PJ�&2��/
%URPXUV &URPDWRJUDILD�LzQLFD��0$�4���� PJ�%U�/



&DStWRO�� $YDOXDFLy�GH�OD�IRUPDFLy�GH�ELRILOPV�HQ�VLVWHPHV�GH�GLVWULEXFLy�G¶DLJXD ���

0HVXUD� GHO� &ORU�� (V� YD�PHVXUDU� HO� FORU� ±OOLXUH� L� WRWDO�� SUHVHQW� D� OD� [DU[D� GH� GLVWULEXFLy� GHO� /DE�� GH�0LFURELRORJLD� GH� IRUPD

UXWLQjULD�FDGD���VHWPDQHV��L�VHPSUH�TXH�HV�UHDOLW]DYD�DOJXQ�PRVWUHLJ��XWLOLW]DQW�HO�PqWRGH�FRORULPqWULF�'3'��(DWRQ�HW�DO��������

(OV�UHDFWLXV�SHO�FORU�OOLXUH��'3'�)UHH�&KORULQH�+DFK��FDW�������������L�HO�FORU�WRWDO��'3'�7RWDO�&KORULQH�+DFK��FDW������������HV

GLVVROHQ�UjSLGDPHQW�HQ�O¶DLJXD�L�HV�FRPSDUD�HO�FRORU�REWLQJXW�DPE�XQD�HVFDOD�HVWjQGDUG��(O�FORU�FRPELQDW�HV�YD�GHWHUPLQDU�FRP

OD�GLIHUqQFLD�HQWUH�HO�FORU�WRWDO�L�HO�OOLXUH�

$QDOtWLTXHV� GH� FDPS�� 6¶KDQ� PHVXUDW� DO� FDPS� OD� WHPSHUDWXUD�� S+�� R[LJHQ� GLVVROW� L� FRQGXFWLYLWDW� XWLOLW]DQW� XQD� VRQGD

PXOWLSDUDPqWULFD�(&0�0XOWL��1HXUWHN�0HGLR�$PELHQWH��=DUDXW]��

$QjOLVL� GHO� &DUERQL� 2UJjQLF� %LRGHJUDGDEOH� �%'2&��� 7DPEp� V¶KD� PHVXUDW� GH� IRUPD� SXQWXDO� OD� FRQFHQWUDFLy� GH� FDUERQL

RUJjQLF�GLVVROW�ELRGHJUDGDEOH��XWLOLW]DQW�HO�PqWRGH�GHOV�EDFWHULV�DGKHULWV�HQ�VRUUD��-RUHW�	�/HYL�������-RUHW�HW�DO��������9RON�HW�DO�

������� (Q� DTXHVW� PqWRGH� OD� PRVWUD� G¶DLJXD� V¶LQFXED� D� ���&� L� D� OD� IRVFRU�� DPE� VRUUD� FRORQLW]DGD� SUqYLDPHQW� SHU� EDFWHULV�

3UqYLDPHQW� OD�VRUUD�V¶KD�GH�UHQWDU����YHJDGHV� ILQV�TXH� O¶DOOLEHUDPHQW�GH�FDUERQL�RUJjQLF�GLVVROW�VLJXL� LQIHULRU�DOV�����PJ�/��(O

SURFpV�V¶KD�GH� UHDOLW]DU�HQ�PDWUDXV�GH�YLGUH� OOLXUHV�GH�FRQWDPLQDFLy�SHU�FDUERQL�RUJjQLF� �VRWPHVRV�D�XQ� WUDFWDPHQW� WqUPLF�D

����&�GXUDQW���K��SHU�R[LGDU�TXDOVHYRO�UHVWD�GH�FDUERQL�RUJjQLF���L�WDSV�GH�OHV�PDWHL[HV�FDUDFWHUtVWLTXHV�TXH�HOV�PDWUDXV��YHXUH

7DXOD������

7DXOD������)ODVFRQV�G¶LQFXEDFLy�L�GH�FRQWURO�SHU�OD�GHWHUPLQDFLy�GHO�%'2&�

0RVWUD�G¶DLJXD $FHWDW�GH�VRGL
�����PJ�&�/�

$FHWDW�GH�VRGL
���PJ�&�/�

,QzFXO��VRUUD�

)ODVFy�LQFXEDFLy ����P/ ��P/ ��P/ ����J�

&RQWURO�$FWLYDFLy ��P/ ��P/ ����P/ ����J�

&RQWURO�,QKLELFLy ����P/ ��P/ ��P/ ����J�

'LjULDPHQW��L�GHV�GHO�SULQFLSL�GH�O¶H[SHULPHQW��HV�PHVXUDYD�OD�FRQFHQWUDFLy�GH�FDUERQL�RUJjQLF�GLVVROW��'2&���DPE�XQ�DQDOLW]DGRU

GH�FDUERQL�RUJjQLF� WRWDO�6KLPDG]X�72&�����$� �6KLPDG]X� ,QF����/¶DVVDLJ� V¶DWXUD�TXDQ� OD�FRQFHQWUDFLy�GH�FDUERQL�DUULED�D�XQ

QLYHOO�PtQLP��TXH�FRUUHVSRQ�D� OD� IUDFFLy�GH�'2&�QR�ELRGHJUDGDEOH��/D�FRQFHQWUDFLy�GH�FDUERQL�RUJjQLF�GLVVROW�ELRGHJUDGDEOH

�%'2&��HV�GHILQHL[�FRP�OD�GLIHUqQFLD�HQWUH�HOV�YDORUV�LQLFLDO�L�PtQLP�GH�'2&�

$�PpV�GH�OHV�PRVWUHV�DQDOLW]DGHV��WDPEp�HV�YD�UHDOLW]DU�XQ�FRQWURO�SHU�DYDOXDU�O¶DFWLYLWDW�GH�O¶LQzFXO��VRUUD�FRORQLW]DGD���DIHJLQW�D

DTXHVW�~OWLP�XQD�VROXFLy�PLQHUDO�DPE�DFHWDW�GH�VRGL�FRP�D�IRQW�GH�FDUERQL������P/�G¶XQD�VROXFLy�GH���PJ�&�/���)LQDOPHQW��HV�YD

UHDOLW]DU�XQ�VHJRQ�FRQWURO�SHU�GHWHFWDU�OD�SRVVLEOH�LQKLELFLy�GHO�FUHL[HPHQW�EDFWHULj�SHU�DOJXQ�FRPSRQHQW�GH�OD�PRVWUD��DIHJLQW��

P/�G¶XQD�VROXFLy�VWRFN�G¶DFHWDW�GH�VRGL������PJ�&�/���D�OD�PRVWUD�L�D�O¶LQzFXO�



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

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

������ 0LFURRUJDQLVPHV�SODQFWzQLFV

(V�YD�DQDOLW]DU�PLFURELROzJLFDPHQW�O¶DLJXD�GH�O¶HVWDFLy�H[SHULPHQWDO�D�6DQW�0DUWt�GH�3URYHQoDOV��%HVyV���GXUDQW�HO�SHUtRGH�TXH

YD�GH�MXOLRO�GHO������ILQV�D�O¶DJRVW�GH�������$�OD�)LJXUD������SDUW�VXSHULRU��V¶REVHUYD�FRP�HO�QLYHOO�GH�EDFWHULV�KHWHUzWURIV�WRWDOV

GHWHUPLQDW�HQ�SODFD�DPE�O¶DJDU�5�$��YD�HVWDU�HQWUH�����8IF�P/������[����8IF�P/��DJRVW�������L�HOV�����8IF�P/������[����8IF�P/�

PDLJ�������

/HV�GDGHV�REWLQJXGHV�PRVWUHQ�XQD� OOHXJHUD� WHQGqQFLD�G¶HPSLWMRUDPHQW�GH� OD�TXDOLWDW�PLFURELROzJLFD�GH� O¶DLJXD�FDS�DO� ILQDO�GHO

SHUtRGH�PRVWUHMDW��DXJPHQWDQW�HO�QRPEUH�GH�EDFWHULV�WRWDOV�TXDQ�DTXHVWV�HV�PHVXUDYHQ�DPE�O¶DJDU�5�$�L�D����&��DL[t�FRP�DPE

O¶DJDU�3&$�UHFRPDQDW�SHU�OD�QRUPDWLYD�G¶DQjOLVL�G¶DLJ�HV�SRWDEOHV�

'H�OD�PDWHL[D�IRUPD�TXH�KDQ�LQGLFDW�DOWUHV�DXWRUV�HQ�WUHEDOOV�SUHYLV��5HDVRQHU�	�*HOGUHLFK��������HOV�UHFRPSWHV�GHO�QRPEUH�GH

EDFWHULV� WRWDOV� HQ� SODFD� YDQ� VHU� VLJQLILFDWLYDPHQW�PpV� DOWV� DPE� O¶DJDU� 5�$� TXH� DPE� O¶DJDU� 3&$�� L� GLQV� GH� O¶DJDU� 3&$��PpV

HOHYDWV�HQ�HOV�UHFRPSWHV�LQFXEDQW�D����&�TXH�D����&�

'¶DOWUD�EDQGD��FDO�GHVWDFDU�OD�SUHVqQFLD�GH�GRV�SXQWV�RQ�HO�QRPEUH�GH�PLFURRUJDQLVPHV�KD�HVWDW�Pj[LP��HVSHFLDOPHQW�HQ�HO�FDV

GHO�QRPEUH�GH�EDFWHULV�WRWDOV�GHWHUPLQDWV�DPE�O¶DJDU�5�$�L�3&$��$TXHVWV�SXQWV�H[WUHPV��HO�IHEUHU�L�PDLJ�GH�������SRGHQ�KDYHU

HVWDW� UHODFLRQDWV� DPE� DOJXQD� DOWHUDFLy� WHPSRUDO� L� UHODWLYDPHQW� LPSRUWDQW� GH� OD� TXDOLWDW� GH� O¶DT�tIHU�� &DO� UHFRUGDU� TXH� GXUDQW

DTXHVW� PDWHL[� SHUtRGH� V¶KDQ� UHDOLW]DW� H[FDYDFLRQV� SHU� D� OD� UHDOLW]DFLy� GHO� FRPSOH[� XUEDQtVWLF� GH� 'LDJRQDO�0DU�� DPE� XQD

H[WUDFFLy�LPSRUWDQW�GH�PDWHULDOV�GHO�VXEVzO�TXH�SRW�KDYHU� LQFLGLW�HQ�OD�TXDOLWDW�GH�O¶DLJXD�IUHjWLFD�GH�OD�]RQD��'H�IHW��HOV�YDORUV

KDQ�GLVPLQXwW�WRUQDQW�D�YDORUV�PpV�KDELWXDOV�GHVSUpV�GH�SRF�WHPSV�

$� OD� JUjILFD� VXSHULRU� GH� OD� )LJXUD� ���� V¶REVHUYD� FRP� HO� QLYHOO� GH� IRQJV� ILODPHQWRVRV�� GHWHUPLQDWV� DPE� O¶DJDU� VDERXUDXG

VXSOHPHQWDW� DPE� JHQWDPLFLQD� V¶KD� PDQWLQJXW� HQWUH� ���� L� ���� � 8IF�P/�� 'H� OD� PDWHL[D� IRUPD� TXH� HQ� HO� QRPEUH� GH� EDFWHULV

KHWHUzWURIV��V¶KDQ�REVHUYDW�XQHV�SXQWHV�R�YDORUV�Pj[LPV�FRLQFLGLQW�DPE�HO�PDWHL[�SHUtRGH�HQWUH�IHEUHU�L�PDLJ�GH������

$�OD�SDUW�FHQWUDO�GH�OD�PDWHL[D�)LJXUD�����HV�PRVWUD�O¶HYROXFLy�DO�OODUJ�GHO�WHPSV�GHOV�FROLIRUPHV�WRWDOV��HQWUH�����L�����8IF�����P/

L�(VFKHULFKLD�FROL�HQWUH�����L������8IF�����P/��$�OD�SDUW�LQIHULRU��HV�GHWDOOHQ�HOV�QLYHOOV�REVHUYDWV�SHU�D��3VHXGRPRQDV�HQWUH�����L

����8IF�����P/�L��ILQDOPHQW��SHU�D�OHV�HVSRUHV�GH�FORVWULGLV��DPE�YDORUV�TXH�KDQ�RVFLOÂODW�HQWUH������L�����8IF�����P/�

0HPEUHV�GH�OD�PLFURELRWD�DXWzFWRQD�GH�O¶DLJXD�YDQ�VHU�DwOODWV�GH�O¶DLJXD�VXEWHUUjQLD�UHXWLOLW]DGD��D�SDUWLU�GHO�SRX�L�GHO�GLSzVLW�GH

UHVHUYD�� 'HVSUpV� GHO� SHUtRGH� G¶LQFXEDFLy� DGHTXDW� SHU� D� FDGD� PHGL� GH� FXOWLX�� HV� YDQ� VHOHFFLRQDU� D� O¶DW]DU� OHV� GLIHUHQWV

PRUIRORJLHV� FRORQLDOV� SUHGRPLQDQWV� SHU� DO� VHX� HVWXGL� L� LGHQWLILFDFLy�� $� OD� 7DXOD� ���� HV� GHWDOOHQ� OHV� VRTXHV� DwOODGHV�� RQ� FDO

GHVWDFDU� OD� SUHVqQFLD� GH� PHPEUHV� GH� OD� IDPtOLD� (QWHUREDFWHULDFHDH� FRP� (VFKHULFKLD� FROL�� (QWHUREDFWHU� VS�� L� (QWHUREDFWHU

FORDFDH��EDFWHULV�QR�IHUPHQWDGRUV�GHO�JUXS�3VHXGRPRQDV�FRP�3VHXGRPRQDV�IOXRUHVFHQV�L�3VHXGRPRQDV�SXWLGD��PHPEUHV�GHO

JqQHUH�$FLQHWREDFWHU��EDFWHULV�JUDP�SRVLWLXV�FRP�6WDSK\ORFRFFXV�VS��L�IRQJV�FRP�&HSKDORVSRULXP�VS��L�&ODGRVSRULXP�VS���DL[t

FRP�DOWUHV�VRTXHV�GHO�JUXS�0\FREDFWHULXP�



&DStWRO�� $YDOXDFLy�GH�OD�IRUPDFLy�GH�ELRILOPV�HQ�VLVWHPHV�GH�GLVWULEXFLy�G¶DLJXD ���
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)LJXUD� ����� $QjOLVL� PLFURELROzJLFD� GH� O¶DLJXD� GH� GUHQDWJH� UHXWLOLW]DGD� D� SDUWLU� GHO� SRX� G¶$OIRQV� HO
0DJQjQLP��D�O¶HVWDFLy�H[SHULPHQWDO�GH�6DQW�0DUWt��%HVyV��



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

7DXOD� ����� 0LFURRUJDQLVPHV� DwOODWV� L� LGHQWLILFDWV� D� O¶DLJXD� GH� GUHQDWJH� UHXWLOLW]DGD� GHO� SRX� G¶$OIRQV� HO
0DJQjQLP�D�6DQW�0DUWt��%HVyV�� ��

$Í//$0(17 '$7$ (63Ê&,(

$,*8$�3RX ������� (VFKHULFKLD�FROL
$,*8$�3RX ������� (VFKHULFKLD�FROL
$,*8$�3RX ������� (QWHUREDFWHU�FORDFDH
$,*8$�3RX ������� (QWHUREDFWHU�FORDFDH
$,*8$�3RX ������� (VFKHULFKLD�FROL
$,*8$�3RX ������� (QWHUREDFWHU�VS�
$,*8$�3RX ������� .OHEVLHOOD�SQHXPRQLDH
$,*8$�3RX ������� +DIQLD�DOYLL
$,*8$�3RX ������� &HSKDORVSRULXP�VS�
$,*8$�3RX ������� (QWHUREDFWHU�FORDFDH
$,*8$�3RX ������� (QWHUREDFWHU�FORDFDH
$,*8$�3RX ������� (VFKHULFKLD�FROL
$,*8$�3RX ������ (UZLQLD�KHUELFROD
$,*8$�3RX ������ (VFKHULFKLD�FROL
$,*8$�3RX ������� (VFKHULFKLD�FROL
$,*8$�3RX ������� 6WDSK\ORFRFFXV�VS���FRDJ����
$,*8$�GLSzVLW ������� 6WDSK\ORFRFFXV�VS�
$,*8$�GLSzVLW ������� (VFKHULFKLD�FROL
$,*8$�GLSzVLW ������� (VFKHULFKLD�FROL
$,*8$�GLSzVLW ������� (VFKHULFKLD�FROL
$,*8$�GLSzVLW ������� (VFKHULFKLD�FROL
$,*8$�GLSzVLW ������� 0\FREDFWHULXP�VS�
$,*8$�GLSzVLW ������� 0\FREDFWHULXP�VS�
$,*8$�GLSzVLW ������� 0\FREDFWHULXP�VS�
$,*8$�GLSzVLW ������� %DFLOOXV�VS�
$,*8$�GLSzVLW ������� (VFKHULFKLD�FROL
$,*8$�GLSzVLW ������� 0\FREDFWHULXP�VS�
$,*8$�GLSzVLW ������ $FLQHWREDFWHU�EDXPDQQLL�FDOFRDFHWLFXV
$,*8$�GLSzVLW ������ $FLQHWREDFWHU�MXQLL�MRKQVRQLL
$,*8$�GLSzVLW ������ $FLQHWREDFWHU�EDXPDQQLL�FDOFRDFHWLFXV
$,*8$�GLSzVLW ������ 3VHXGRPRQDV�IOXRUHVFHQV
$,*8$�GLSzVLW ������ 3VHXGRPRQDV�SXWLGD
$,*8$�GLSzVLW ������ 0\FREDFWHULXP�VS�
$,*8$�GLSzVLW ������ 0\FREDFWHULXP�VS�
$,*8$�GLSzVLW ������ (QWHUREDFWHU�FORDFDH
$,*8$�GLSzVLW ������ 3VHXGRPRQDV�VSS�
$,*8$�GLSzVLW ������ &ODGRVSRULXP�VS�
$,*8$�GLSzVLW ������� $FWLQRPLFHWV
$,*8$�GLSzVLW ������� &KU\VHREDFWHULXP�PXOWLYRUXP
$,*8$�GLSzVLW ������ (QWHUREDFWHU�FORDFDH
$,*8$�GLSzVLW ������ (QWHUREDFWHU�FORDFDH
$,*8$�GLSzVLW ������ .OHEVLHOOD�VS�
$,*8$�GLSzVLW ������ (QWHUREDFWHU�FORDFDH

������ 'HVHQYROXSDPHQW�GH�ELRILOP�D�SDUWLU�GHO�SRX�GH�FDSWDFLy

/¶H[DPHQ�GHOV�UHVXOWDWV�GHO�GHVHQYROXSDPHQW�GH�ELRILOPV�D�SDUWLU�GHO�SRX�GH�FDSWDFLy��YHXUH�)LJXUD������SDUW�VXSHULRU���LQGLFD�XQ

LQFUHPHQW� VXEVWDQFLDO� HQ� HO� QLYHOO� GH� EDFWHULV� WRWDOV� L� IRQJV� ILODPHQWRVRV� DO� OODUJ� GHO� WHPSV� G¶H[SRVLFLy� �ILQV� D� ���� GLHV��

GHWHUPLQDWV�HQ�SODFD�L�DPE�O¶DJDU�5�$�����&��L�6DERXUDXG�VXSOHPHQWDW�DPE�JHQWDPLFLQD�����&��UHVSHFWLYDPHQW�

6HJRQV�HOV�UHVXOWDWV�REWLQJXWV�HO�ELRILOP�DUULED�D� OD�VHYD�IDVH�GH�GHVHQYROXSDPHQW�Pj[LP�±IDVH�HVWDFLRQjULD� ��GHVSUpV�GH���

GLHV��TXDQ�HV�PHVXUD�SHO�UHFRPSWH�GH�EDFWHULV�KHWHUzWURIV�WRWDOV�HQ�SODFD��DJDU�5�$�����&���(Q�DTXHVW�SXQW��HOV�YDORUV�KDQ�HVWDW

OOHXJHUDPHQW�VXSHULRUV�D�����8IF�FP��



&DStWRO�� $YDOXDFLy�GH�OD�IRUPDFLy�GH�ELRILOPV�HQ�VLVWHPHV�GH�GLVWULEXFLy�G¶DLJXD ���

/D� SUHVqQFLD� GHOV� IRQJV� ILODPHQWRVRV� DOV� ELRILOPV� WDPEp� KD�PRVWUDW� XQ� DXJPHQW� DO� OODUJ� GHO� WHPSV� G¶H[SRVLFLy� D� O¶DLJXD� GH

GUHQDWJH�GHO�PHWUR�GH�%DUFHORQD��&DO�GHVWDFDU�O¶LQFUHPHQW�G¶DSUR[LPDGDPHQW���ORJ��HQWUH�HOV����L�HOV�����GLHV��DUULEDQW�DO�ILQDO

GHO�WHPSV�G¶H[SRVLFLy�D�YDORUV�SURSHUV�D�����8IF�FP��

(O�UHFRPSWH�PLFURVFzSLF�UHDOLW]DW�DPE�WDURQMD�G¶DFULGLQD��YHXUH��������KD�PRVWUDW�YDORUV�HQWUH���������&qOÂOXOHV�FP��D�SDUWLU�GHOV

���GLHV��)LJXUD������SDUW�VXSHULRU���$�OD�IDVH�HVWDFLRQjULD��D�SDUWLU�GHOV����GLHV�HO�QRPEUH�WRWDO�GH�EDFWHULV�DGKHULWV�D�OD�VXSHUItFLH

GHO� PHGL� SRUyV� GHOV� UHDFWRUV� �HVIHUHV� GH� YLGUH�� KD� HVWDW� DSUR[LPDGDPHQW� ���� ORJ� PpV� JUDQ� �����[���� &qO��FP��� TXH� HOV

UHFRPSWHV�GH�YLDEOHV�HQ�SODFD�H[SUHVVDWV�HQ�XIF�FP�� �����[����&qO��FP����3HU� WDQW��HOV� UHFRPSWHV�GH�8IF�KDQ�UHSUHVHQWDW�HQ

UHDOLWDW��PHQ\V�GHO������GHO�WRWDO�GH�OD�SREODFLy�GH�FqOÂOXOHV�DGKHULGD�DO�PHGL�SRUyV�GHOV�UHDFWRUV����������

/D�)LJXUD������SDUW�LQIHULRU��PRVWUD�OD�SUHVqQFLD�DOV�ELRILOPV�GHVHQYROXSDWV��DL[t�FRP�O¶HYROXFLy�DO�OODUJ�GHO�WHPSV�G¶H[SRVLFLy��GHOV

FROLIRUPHV�WRWDOV��(VFKHULFKLD�FROL�L�EDFWHULV�GHO�JUXS�3VHXGRPRQDV��GHWHUPLQDWV�WDO�FRP�V¶H[SOLFD�D�O¶DSDUWDW��������$�GLIHUqQFLD

GHO� UHFRPSWH�GH�EDFWHULV�KHWHUzWURIV� WRWDOV�HQ�SODFD� �5�$����&���HO�QLYHOO�GH�FROLIRUPHV� WRWDOV�HV�YD� LQFUHPHQWDU� GXUDQW� WRW� HO

SHUtRGH�G¶H[SRVLFLy�D�O¶DLJXD�VXEWHUUjQLD��/¶DXJPHQW�SURGXwW�KD�HVWDW�GH���ORJ�GHV�GHOV����GLHV�ILQV�DO�ILQDO�GHO�WHPSV�G¶H[SRVLFLy

DOV�����GLHV��DPE�XQ�YDORU�GH�����[����8IF�FP��� �(Q� WRW�FDV��DTXHVW�JUXS�GH�EDFWHULV�DUULEDULD�DO�VHX�Pj[LP�GLQV�GHO�ELRILOP

GHVSUpV�GHOV�����GLHV�G¶H[SRVLFLy�D�O¶DLJXD�IUHjWLFD�

$TXHVWD�WHQGqQFLD�WDPEp�V¶KD�REVHUYDW��HQFDUD�TXH�PHQ\V�SURQXQFLDGD��HQ�O¶HYROXFLy�GH�(VFKHULFKLD�FROL�DO�OODUJ�GHO�WHPSV��(Q

DTXHVW�FDV�FDO�GHVWDFDU�OD�JUDQ�RVFLOÂODFLy�GHOV�YDORUV�HQWUH�HOV����L�HOV����GLHV��PHQWUH�TXH�GHOV����DOV�����GLHV�HV�YD�SURGXLU

XQD�FHUWD�HVWDELOLW]DFLy�YRUD�HOV�����8IF�FP��

)LQDOPHQW��D�OD�PDWHL[D�ILJXUD�HV�PRVWUD�O¶HYROXFLy�GH�3VHXGRPRQDV�DO�OODUJ�GHO�WHPSV�G¶H[SRVLFLy��DPE�XQD�WHQGqQFLD�VLPLODU�D

O¶REVHUYDGD�SHOV�EDFWHULV�WRWDOV��DPE�XQD�HVWDELOLW]DFLy�D�SDUWLU�GHOV�������GLHV�D�O¶HQWRUQ�GH�OHV�����8IF�FP��

'¶LJXDO� IRUPD� TXH� D� O¶DSDUWDW� DQWHULRU� SHU� D� O¶DLJXD� GH� OD� ]RQD� GH�PRVWUHLJ� L� WDO� FRP� V¶H[SOLFD� D� O¶DSDUWDW� ������� HV� YDQ� DwOODU

GLIHUHQWV� PHPEUHV� GH� OD� PLFURELRWD� DXWzFWRQD� D� SDUWLU� GHOV� ELRILOPV� IRUPDWV� SHU� O¶H[SRVLFLy� GHO� PHGL� GH� VXSRUW� D� O¶DLJXD

VXEWHUUjQLD� UHXWLOLW]DGD��'HVSUpV� GHO� SHUtRGH� G¶LQFXEDFLy� DGHTXDW� SHU� D� FDGD�PHGL� GH� FXOWLX� HV� YDQ� VHOHFFLRQDU� D� O¶DW]DU� OHV

SULQFLSDOV�PRUIRORJLHV�FRORQLDOV�SUHGRPLQDQWV�SHU�DO�VHX�HVWXGL�L�LGHQWLILFDFLy��$�OD�7DXOD������V¶REVHUYHQ�OHV�VRTXHV�DwOODGHV��RQ

FDO� GHVWDFDU� OD� SUHVqQFLD� GH� PHPEUHV� GH� OD� IDPtOLD� (QWHUREDFWHULDFHDH� FRP� 6HUUDWLD� ILFDULD�� PHPEUHV� GHO� JUXS� GH� OHV

3VHXGRPRQDV� FRP� 3VHXGRPRQDV� YHVLFXODULV�� 3V�� FHSDFLD�� 3V�� GLPLQXWD�� 3V�PHVRSKLOLFD�� EDFWHULV� JUDP�SRVLWLXV� FRP

6WDSK\ORFRFFXV�VS��L�IRQJV�ILODPHQWRVRV�FRP�3HQLFLOOLXP�VS���*OLRFODGLXP�VS���&ODGRVSRULXP�VS���3KRPD�VS��L�DOWUHV�

������ 'HVHQYROXSDPHQW�GH�ELRILOP�D�SDUWLU�GHO�GLSzVLW�GH�UHVHUYD

/¶H[DPHQ� GHOV� UHVXOWDWV� GHO� GHVHQYROXSDPHQW� GH� ELRILOPV� D� SDUWLU� GHO� GLSzVLW� GH� UHVHUYD� GH� O¶HVWDFLy� H[SHULPHQWDO� GHO� %HVyV

�YHXUH� )LJXUD� ����� SDUW� VXSHULRU��� LQGLFD� XQ� LQFUHPHQW� VXEVWDQFLDO� HQ� HO� QLYHOO� GH� EDFWHULV� WRWDOV� L� IRQJV� DO� OODUJ� GHO� WHPSV

G¶H[SRVLFLy� �ILQV�D�����GLHV���GHWHUPLQDWV� UHVSHFWLYDPHQW�DPE�DJDU�5�$�D����&��3&$�D����&� L� DJDU�6DERXUDXG�VXSOHPHQWDW

DPE�JHQWDPLFLQD�D�OD�PDWHL[D�WHPSHUDWXUD��(Q�DTXHVW�FDV��HO�ELRILOP�KD�DUULEDW�D�OD�VHYD�IDVH�GH�GHVHQYROXSDPHQW�Pj[LP�±IDVH

HVWDFLRQjULD��HQWUH�HOV��������GLHV��TXDQ�V¶KD�PHVXUDW�SHO� UHFRPSWH�GH�EDFWHULV�KHWHUzWURIV� WRWDOV�HQ�SODFD� �DJDU�5�$� L� DJDU

3&$�� D� ���&��� &DO� GHVWDFDU� SHUz�� TXH� HOV� YDORUV� REWLQJXWV� D� OD� IDVH� HVWDFLRQjULD� GH� GHVHQYROXSDPHQW� GHO� ELRILOP� KDQ� HVWDW

VXSHULRUV�DOV�GHO�SRX�GH� FDSWDFLy�� ���� ORJ�GH�GLIHUqQFLD�DOV�����GLHV�HQ�HO� UHFRPSWH�DPE�DJDU�5�$� �����[����8IF�FP�� HQ�HO

GLSzVLW�GH�UHVHUYD�L�����[����8IF�FP��DO�SRX�GH�FDSWDFLy��

/D�SUHVqQFLD�GH�IRQJV�ILODPHQWRVRV�DOV�ELRILOPV�GHVHQYROXSDWV�D�SDUWLU�GH�O¶DLJXD�GHO�GLSzVLW�GH�UHVHUYD��YHXUH�)LJXUD������SDUW

VXSHULRU���KD�DXJPHQWDW�GXUDQW�HOV�SULPHUV����GLHV�DUULEDQW�D�XQ�YDORU�Pj[LP�GH�����[����8IF�FP���3RVWHULRUPHQW��GHOV����DOV

����GLHV�V¶KD�REVHUYDW�XQD�GLVPLQXFLy�DVVROLQW�XQ�YDORU�PtQLP�GH�����[����8IF�FP��DOV�����GLHV��PHQWUH�TXH�GHOV�����ILQV�DOV

����GLHV�HOV�YDORUV�KDQ�WRUQDW�D�UHFXSHUDU�VH�D�XQ�QLYHOO�VHPEODQW�D�O¶REVHUYDW�HOV����GLHV�G¶H[SRVLFLy������[����8IF�FP���
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)LJXUD������'HVHQYROXSDPHQW�GH�ELRILOP�D�SDUWLU�GH�O¶DLJXD�GH�GUHQDWJH�GHO�SRX�GH�FDSWDFLy�G¶$OIRQV
HO�0DJQjQLP��UHXWLOLW]DGD�SHU�DO�UHJ�D�6DQW�0DUWt��9LOD�2OtPSLFD��%DUFHORQD��



&DStWRO�� $YDOXDFLy�GH�OD�IRUPDFLy�GH�ELRILOPV�HQ�VLVWHPHV�GH�GLVWULEXFLy�G¶DLJXD ���

(Q�HO�UHFRPSWH�PLFURVFzSLF�UHDOLW]DW�DPE�WDURQMD�G¶DFULGLQD��)LJXUD�����SDUW�VXSHULRU��HO�QRPEUH�GH�FqOÂOXOHV�WRWDOV�KD�SUHVHQWDW

XQV� YDORUV� VHPEODQWV�DO� SRX�G¶$OIRQV�HO�0DJQjQLP��DVVROLQW� XQ� YDORU� SURSHU�D� OHV�����&qO��FP�� GHVSUpV�GH����GLHV��'HVSUpV

G¶XQD�OOHXJHUD�GLVPLQXFLy�HOV�YDORUV�V¶KDQ�PDQWLQJXW�HQWUH���������&qO��FP��ILQV�DO�ILQDO�GHO�SHUtRGH�G¶H[SRVLFLy�D�O¶DLJXD�IUHjWLFD�

(Q�DTXHVW�SHUtRGH�ILQDO�HO�QRPEUH�WRWDO�GH�EDFWHULV�DGKHULWV�D� OD�VXSHUItFLH�GHO�PHGL�SRUyV�GHOV� UHDFWRUV� �HVIHUHV�GH�YLGUH��KD

HVWDW�VXSHULRU�HQ�DSUR[LPDGDPHQW��� ORJ������[����&qO��FP���DOV�UHFRPSWHV�G¶XQLWDWV�IRUPDGRUHV�GH�FROzQLHV��8IF��GHWHUPLQDWV

HQ�SODFD�DPE�O¶DJDU�5�$������[����8IF�FP����$L[t��HOV�UHFRPSWHV�G¶8IF�KDQ�UHSUHVHQWDW�HQ�UHDOLWDW�PHQ\V�GH�O¶���GHO�WRWDO�GH�OD

SREODFLy�GH�FqOÂOXOHV�DGKHULGD�DO�PHGL�SRUyV�GHOV�UHDFWRUV��������

(OV�FROLIRUPHV�WRWDOV��)LJXUD������SDUW�FHQWUDO��KDQ�DVVROLW�DOV�ELRILOPV�GHVHQYROXSDWV�XQ�QLYHOO�Pj[LP�TXH�QR�KD�VXSHUDW�HQ�FDS

FDV�OHV�����8IF�FP���DSUR[LPDGDPHQW��[����8IF�FP���HQWUH�HOV��������GLHV��3RVWHULRUPHQW��L�GHVSUpV�G¶XQD�OOHXJHUD�GLVPLQXFLy�

HOV�QLYHOOV�V¶KDQ�HVWDELOLW]DW�HQ�YDORUV�VXSHULRUV�D�����8IF�FP���$�OD�PDWHL[D�ILJXUD�V¶REVHUYD�FRP�(��FROL�KD�VHJXLW�XQD�HYROXFLy

VHPEODQW�D�O¶REVHUYDGD�HQ�HO�SRX�GH�FDSWDFLy��/D�SUHVqQFLD�Pj[LPD�DOV�ELRILOPV�GHVHQYROXSDWV�V¶KD�SURGXwW�SURS�GHOV�����GLHV

G¶H[SRVLFLy� �����[����8IF�FP����$�SDUWLU�G¶DTXHVW�SXQW�HOV�YDORUV�KDQ�GLVPLQXwW�GH� IRUPD�DSUHFLDEOH�� EDL[DQW� SUjFWLFDPHQW�D��

GHOV�����DOV�����GLHV�G¶H[SRVLFLy�

(O� QLYHOO� GH�3VHXGRPRQDV� �)LJXUD� ����� SDUW� LQIHULRU�� KD� VHJXLW� XQD� HYROXFLy� VHPEODQW� D� OD� TXH� KDQ� H[SHULPHQWDW� HOV� IRQJV

ILODPHQWRVRV�� DUULEDQW� DO� Pj[LP� GH� ���� 8IF�FP�� DOV� ������ GLHV� �WDO� FRP� KD� SDVVDW� WDPEp� DO� SRX� GH� FDSWDFLy��� GLVPLQXLQW

OOHXJHUDPHQW� GHVSUpV� ����� ORJ�� SHU� HVWDELOLW]DU�VH� ILQDOPHQW� D� SDUWLU� GHOV� ���� GLHV� ��������[���� 8IF�FP���� (O� JUXS�$HURPRQDV

QRPpV�V¶KD�GHWHFWDW�HQWUH�HOV��������GLHV�

'¶LJXDO� IRUPD� TXH� HQ� HOV� H[SHULPHQWV� H[SOLFDWV� HQ� HOV� DSDUWDWV� DQWHULRUV� HV� YDQ� DwOODU� GLIHUHQWV� PHPEUHV� GH� OD� PLFURELRWD

DXWzFWRQD�D�SDUWLU�GHOV�ELRILOPV�IRUPDWV�SHU�O¶H[SRVLFLy�GHO�PHGL�SRUyV�D�O¶DLJXD�VXEWHUUjQLD�UHXWLOLW]DGD�GHO�GLSzVLW�GH�UHVHUYD��$

OD� 7DXOD� ����� V¶REVHUYHQ� OHV� VRTXHV� DwOODGHV� DOV� ELRILOPV� GHVHQYROXSDWV�� RQ� FDO� GHVWDFDU� OD� JUDQ� DEXQGjQFLD� GH� IRQJV�� OD

SUHVqQFLD�GH�PHPEUHV�GH�OD�IDPtOLD�(QWHUREDFWHULDFHDH�FRP�(VFKHULFKLD�FROL��DL[t�FRP�DOWUHV�VRTXHV�GHO�JqQHUH�3VHXGRPRQDV�L

GHO�JUXS�0\FREDFWHULXP�

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

6¶KD� YROJXW� FRPSDUDU� OD� SUHVqQFLD� GHOV� GLIHUHQWV� PLFURRUJDQLVPHV� HVWXGLDWV� DOV� ELRILOPV�� DPE� OD� TXH� SUHVHQWHQ� HQ� IDVH

SODQFWzQLFD�� (Q� SULPHU� OORF�� V¶KD� FDOFXODW� OD�PLWMDQD� GHOV�PLFURRUJDQLVPHV� SUHVHQWV� D� OD� IDVH� SODQFWzQLFD� DO� OODUJ� GHO� SHUtRGH

DQDOLW]DW�� H[SUHVVDQW� HOV� UHVXOWDWV� SHU� D� FDGD� JUXS� HVWXGLDW� �QRPEUH� P/����� /¶H[LVWqQFLD� GH� GRV� SXQWV� DPE� XQV� YDORUV

PLFURELROzJLFV�DQRUPDOPHQW�DOWV��FRPSDUDQW�KR�DPE�HOV�REWLQJXWV�GXUDQW�OD�PDMRU�SDUW�GHO�SHUtRGH�HVWXGLDW��GLVWRUVLRQD�HQ�FHUWD

IRUPD� OD�PLWMDQD�REWLQJXGD�SHU�D� OD� IDVH�SODQFWzQLFD�� 3HU�DTXHVW�PRWLX�HOV� FjOFXOV� V¶KDQ� UHDOLW]DW� WDPEp�DPE� OD�PHGLDQD�� XQ

HVWDGtVWLF�TXH�HQV�GyQD�XQD�PHVXUD�GH�OD�WHQGqQFLD�FHQWUDO�G¶XQD�PRVWUD�L�TXH�pV�PpV�UREXVW�D�OD�SUHVqQFLD�GH�YDORUV�H[WUHPV�

'¶DOWUD�EDQGD��HOV�ELRILOPV�KDQ�DUULEDW�D�XQD�HVWDELOLW]DFLy�HQ�HO� QRPEUH�GH�EDFWHULV� WRWDOV� GHWHUPLQDWV�HQ�SODFD�� DL[t� FRP�HQ

DOWUHV� SDUjPHWUHV� FRP� 3VHXGRPRQDV�� D� SDUWLU� GHOV� ���� GLHV� G¶H[SRVLFLy� �YHXUH� )LJXUD� ������ 3HU� REWHQLU� OD� PLWMDQD� GHOV

PLFURRUJDQLVPHV�DGKHULWV�HQ�IDVH�HVWDFLRQjULD��V¶KDQ�VHOHFFLRQDW�OHV�GDGHV�REWLQJXGHV�HQ�FDGD�FDV�D�SDUWLU�GHOV�����GLHV�L�ILQV

DO� ILQDO�GHO� WHPSV�G¶H[SRVLFLy�� SHUTXq�DOJXQV�GHOV�SDUjPHWUHV�PLFURELROzJLFV�HVWXGLDWV�SUHVHQWHQ�HQFDUD�XQD�FHUWD�RVFLOÂODFLy

GHOV�����DOV�����GLHV�

$�OD�)LJXUD�����V¶REVHUYD�OD�UDWLR�ELRILOP�IDVH�SODQFWzQLFD�SHOV�GLIHUHQWV�SDUjPHWUHV�PLFURELROzJLFV�HVWXGLDWV�D�SDUWLU�GH� O¶DLJXD

GHO�SRX�G¶HVJRWDPHQW�L�GHO�GLSzVLW�GH�UHVHUYD��7HQLQW�HQ�FRPSWH�TXH�DO�SRX�G¶HVJRWDPHQW�QR�V¶KDQ�REWLQJXW�GDGHV�SHO�UHFRPSWH

GH�EDFWHULV�HQ�SODFD�DPE�O¶DJDU�3&$�D����&��)LJXUD�����HVTXHUUD���O¶DXJPHQW�PpV�LPSRUWDQW�D�OD�IDVH�ELRILOP�UHVSHFWH�GH�OD�IDVH

SODQFWzQLFD�V¶KD�SURGXwW�HQ�HOV�IRQJV�ILODPHQWRVRV��UDWLR� ��������VHJXLW�SHOV�EDFWHULV�WRWDOV�GHWHUPLQDWV�HQ�SODFD�DPE�O¶DJDU�5�$

�UDWLR� ������L�SHO�QRPEUH�GH�FqOÂOXOHV�WRWDOV��UDWLR� �������&DO�GHVWDFDU�HOV�YDORUV�REWLQJXWV�HQ�HO�FDV�GH�(VFKHULFKLD�FROL��UDWLR� 

������FROLIRUPHV�WRWDOV��UDWLR��������L�3VHXGRPRQDV��UDWLR� ������TXH�PRVWUHQ�FRP�DTXHVWV�JUXSV�V¶DFXPXOHQ�GH�IRUPD�SUHIHUHQW

D�OD�IDVH�VqVVLO��RQ�KDQ�DGTXLULW�XQV�YDORUV�IRUoD�PpV�HOHYDWV�VL�HV�FRPSDUHQ�DPE�HOV�GH�OD�IDVH�SODQFWzQLFD�
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&DStWRO�� $YDOXDFLy�GH�OD�IRUPDFLy�GH�ELRILOPV�HQ�VLVWHPHV�GH�GLVWULEXFLy�G¶DLJXD ���

7DXOD� ������0LFURRUJDQLVPHV� DwOODWV� L� LGHQWLILFDWV� DOV� ELRILOPV� IRUPDWV� D� SDUWLU� GH� O¶DLJXD� GH� GUHQDWJH� GH
O¶HVWDFLy�H[SHULPHQWDO�GHO�SRX�G¶$OIRQV�HO�0DJQjQLP��6DQW�0DUWt�%HVyV��

$wOODPHQW 'DWD 7HPSV�([S� (VSqFLH
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%(626��' ������ ���GLHV (VFKHULFKLD�FROL
%(626��' ������ ���GLHV (QWHUREDFWHU�FORDFDH
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%(626��' ������� ���GLHV (VFKHULFKLD�FROL
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%(626��( ������� ���GLHV (VFKHULFKLD�FROL
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%(626�� ������� ���GLHV 0\FREDFWHULXP�VS�
%$5%,�� ������� ���GLHV 3VHXGRPRQDV�DHUXJLQRVD
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%(626�� ������� ����GLHV 6SRURWULFKXP�VS�
%(626�� ������� ���GLHV 0XFRU�VS�
%(626�� ������� ����GLHV $VSHUJLOOXV�IODYXV
%(626�� ������� ���GLHV (VFKHULFKLD�FROL
%(626�� ������� ���GLHV (VFKHULFKLD�FROL
%(626�� ������� ���GLHV 0\FREDFWHULXP�VS�
%(626�� ������� ���GLHV 0\FREDFWHULXP�VS�
%$5%,�� ������� ���GLHV &ODGRVSRULXP�VS�
%$5%,�� ������� ���GLHV *UDSKLXP�VS�
%$5%,�� ������ ����GLHV (VFKHULFKLD�FROL
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%(626�� ������ ���GLHV (VFKHULFKLD�FROL
%(626�� ������ ���GLHV (VFKHULFKLD�FROL
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��� 5HVXOWDWV�D�OD�]RQD�GH�PRVWUHLJ�,��6DQW�0DUWt��%HVyV����

$O�GLSzVLW�GH�UHVHUYD��)LJXUD�����GUHWD���O¶DXJPHQW�PpV�LPSRUWDQW�D�OD�IDVH�ELRILOP�UHVSHFWH�GH�OD�IDVH�SODQFWzQLFD�V¶KD�SURGXwW�HQ

HO�UHFRPSWH�GH�EDFWHULV�WRWDOV�HQ�SODFD�DPE�O¶DJDU�5�$��UDWLR� ��������&DO�GHVWDFDU�TXH�DTXHVW�DXJPHQW�KD�HVWDW�HVSHFLDOPHQW

FRQVLGHUDEOH�VL�HV�FRPSDUD�DPE�HO�TXH�V¶KD�REWLQJXW�DO�SRX�G¶HVJRWDPHQW��UDWLR� �������(OV�EDFWHULV�WRWDOV�GHWHUPLQDWV�HQ�SODFD

DPE� O¶DJDU�3&$�KDQ�SUHVHQWDW�XQV�YDORUV� OOHXJHUDPHQW� LQIHULRUV� �UDWLR� ��������PHQWUH�TXH�HQ�HO� UHFRPSWH�GH�FqOÂOXOHV� WRWDOV

DPE�WDURQMD�G¶DFULGLQD�KDQ�SUHGRPLQDW�WDPEp�HOV�RUJDQLVPHV�DGKHULWV�HQ�IDVH�VqVVLO��UDWLR� ������

/D�UHVWD�GH�JUXSV�HVWXGLDWV�WDPEp�V¶KDQ�DFXPXODW�GH�IRUPD�SUHIHUHQW�D�OD�IDVH�VqVVLO��ELRILOP���PDOJUDW�TXH�OD�VHYD�SURSRUFLy�KD

GLVPLQXwW�VL�HV�FRPSDUD�DPE�HOV�YDORUV�REWLQJXWV�DO�SRX��$L[t�KD�SDVVDW�HQ�HOV�IRQJV�ILODPHQWRVRV��UDWLR� �������HOV�FROLIRUPHV

WRWDOV��UDWLR� ������3VHXGRPRQDV��UDWLR� �����L�(VFKHULFKLD�FROL��UDWLR� �����

&RPSDUDQW�O¶HYROXFLy�DO�OODUJ�GHO�WHPSV�GHOV�ELRILOPV�GHVHQYROXSDWV�HQ�HOV�GRV�FDVRV�HVWXGLDWV�DO�VLVWHPD�GHO�%HVyV��GDGHV�TXH

QR� HV� PRVWUHQ��� WDQW� D� SDUWLU� GH� O¶DLJXD� GH� GUHQDWJH� GHO� SRX� G¶HVJRWDPHQW� FRP� GHO� GLSzVLW� GH� UHVHUYD�� OD� LPSRUWjQFLD� GHOV

PLFURRUJDQLVPHV�GHO�ELRILOP�UHVSHFWH�GH�OD�IDVH�SODQFWzQLFD�V¶KD�LQFUHPHQWDW�HQ�OD�PDMRULD�GHOV�FDVRV�HQ�DXJPHQWDU�HO� WHPSV

G¶H[SRVLFLy�
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&ROLIRUPHV�7RWDOV
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0LWMDQHV�0HGLDQHV

Ratio Biofilm (Dipòsit) / Fase Planctònica

)LJXUD������3URSRUFLy�HQWUH�HOV�PLFURRUJDQLVPHV�SUHVHQWV�DO�ELRILOP�L�D�OD�IDVH�SODQFWzQLFD��D�SDUWLU�GH�O¶DLJXD�GH�GUHQDWJH
GHO�SRX�G¶HVJRWDPHQW��HVT���L�GHO�GLSzVLW�GH�UHVHUYD��GUHWD���DO�VLVWHPD�H[SHULPHQWDO�GH�6DQW�0DUWt�

������ &DQYLV�HQ�OD�FRPSRVLFLy�GH�OD�FRPXQLWDW�GHOV�ELRILOPV

7HQLQW�HQ�FRPSWH�OD�JUDQ�LPSRUWjQFLD�GHOV�EDFWHULV�KHWHUzWURIV�DOV�ELRILOPV�GHVHQYROXSDWV�±TXDQWLILFDWV�HQ�SODFD�DPE�O¶DJDU�5�$

D����&���V¶KD�GHWHUPLQDW�HQ�FDGD�FDV� OD� LPSRUWjQFLD�GHOV�DOWUHV�JUXSV�PLFURELDQV�UHVSHFWH�GHOV�EDFWHULV� WRWDOV�GHWHUPLQDWV�HQ

SODFD�� 3HU� DL[z�� V¶KD� FRPSDUDW� OD� YDULDFLy� DO� OODUJ� GHO� WHPSV� GH� OD� SURSRUFLy� GHOV� GLIHUHQWV� JUXSV� PLFURELDQV� HQ� UHODFLy� DOV

EDFWHULV�KHWHUzWURIV�TXDQWLILFDWV�DPE�O¶DJDU�5�$�D����&��WDQW�HQ�HO�FDV�GHOV�EDFWHULV�SUHVHQWV�D�OD�IDVH�SODQFWzQLFD�D�O¶DLJXD�GH

GUHQDWJH��)LJXUD������FRP�HQ�HOV�GRV�FDVRV�GH�ELRILOPV�GHVHQYROXSDWV�D�SDUWLU�GHO�SRX�GH�FDSWDFLy��)LJXUD�������L�GHO�GLSzVLW�GH

UHVHUYD��)LJXUD��������&DO� LQVLVWLU�HQ�HO� IHW�TXH� OD�SUHVqQFLD�G¶DOJXQV�GHOV�JUXSV�PLFURELDQV�HVWXGLDWV�D� OD� IDVH�SODQFWzQLFD�KD

SUHVHQWDW�RVFLOÂODFLRQV�FRQVLGHUDEOHV�VHJRQV�O¶qSRFD�GH�O¶DQ\��IHW�TXH�SRW�GLILFXOWDU�OD�VHYD�FRPSDUDFLy�DPE�HOV�H[SHULPHQWV�GH

GHVHQYROXSDPHQW�GH�ELRILOP�

)DVH� 3ODQFWzQLFD�� /D� LPSRUWjQFLD� UHODWLYD� G¶DOJXQV� GHOV� JUXSV� PLFURELDQV� D� OD� IDVH� SODQFWzQLFD� UHVSHFWH� GHOV� EDFWHULV

KHWHUzWURIV�GHWHUPLQDWV�DPE�5�$�KD�PDQWLQJXW�YDORUV�VHPEODQWV�DO� OODUJ�GHO�SHUtRGH�HVWXGLDW��$L[t� V¶KD�SURGXwW�HQ�HO�FDV�GHOV

EDFWHULV�KHWHUzWURIV�GHWHUPLQDWV�DPE�3&$��IRQJV�ILODPHQWRVRV�L�(VFKHULFKLD�FROL��RQ� OHV�RVFLOÂODFLRQV�KDQ�HVWDW�PHQRUV�G¶�� ORJ�

(Q�FDQYL��HOV�FROLIRUPHV�WRWDOV� L�3VHXGRPRQDV�KDQ�PRVWUDW�RVFLOÂODFLRQV�PpV�JUDQV��OOHXJHUDPHQW� LQIHULRUV�D��� ORJ��DO� OODUJ�GHO

SHUtRGH�HVWXGLDW��YHXUH�)LJXUD������
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$� OD� PDWHL[D� )LJXUD� ���� V¶REVHUYD� FRP� D� OD� IDVH� SODQFWzQLFD� HOV� EDFWHULV� WRWDOV� GHWHUPLQDWV� HQ� SODFD� DPE� O¶DJDU� 3&$� KDQ

SUHVHQWDW�YDORUV�OOHXJHUDPHQW�LQIHULRUV�DOV�REWLQJXWV�DPE�O¶DJDU�5�$��'HVSUpV��HO�JUXS�TXH�KD�SUHVHQWDW�XQD�PDMRU�LPSRUWjQFLD

UHODWLYD�pV�3VHXGRPRQDV��(OV�YDORUV�GH�OD�UDWLR�3VHXGRPRQDV�5�$�KDQ�HVWDW�HQWUH���L�±��ORJ��H[FHSWXDQW�HO�PDUo�GH�������RQ�KD

DVVROLW�XQ�YDORU�PtQLP�HQ�UHODFLy�DOV�EDFWHULV�WRWDOV�GHWHUPLQDWV�DPE�O¶DJDU�5�$��������ORJ���(O�YDORU�Pj[LP�V¶KD�SURGXwW�DO�IHEUHU

GH�������������ORJ���'HVSUpV�GHO�JUXS�3VHXGRPRQDV��HOV�FROLIRUPHV�WRWDOV�L�HOV�IRQJV�ILODPHQWRVRV�KDQ�HVWDW�HOV�VHJ�HQWV�JUXSV

HQ� LPSRUWjQFLD� UHODWLYD�� /D� UDWLR� SHU� DOV� FROLIRUPHV� WRWDOV� KD� RVFLOÂODW� HQWRUQ� GH� ±�� L� ±�� ORJ� GXUDQW� OD� PDMRU� SDUW� GHO� SHUtRGH

PRVWUHMDW��(OV� IRQJV� ILODPHQWRVRV�KDQ�PDQWLQJXW� XQD� WHQGqQFLD� VLPLODU� L� DPE�XQV� YDORUV� OOHXJHUDPHQW� LQIHULRUV� DOV� FROLIRUPHV

WRWDOV��UDWLR�HQWUH�±��L�±��ORJ��GXUDQW�JUDQ�SDUW�GHO�SHUtRGH�HVWXGLDW��(VFKHULFKLD�FROL�KD�PRVWUDW�XQV�YDORUV�VHQVLEOHPHQW�LQIHULRUV�

HQWUH�±��L�±��ORJ��PDQWHQLQW�VH�OD�UDWLR�VHPSUH�SHU�VRWD�GHOV�DOWUHV�SDUjPHWUHV�PLFURELROzJLFV�FRPHQWDWV�
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��� 5HVXOWDWV�D�OD�]RQD�GH�PRVWUHLJ�,��6DQW�0DUWt��%HVyV����

)DVH�6qVVLO��$OV�ELRILOPV�IRUPDWV�D�SDUWLU�GH�O¶DLJXD�GHO�SRX�GH�FDSWDFLy��)LJXUD�������WDPEp�V¶KDQ�REVHUYDW�YDULDFLRQV�DO� OODUJ

GHO� WHPSV� G¶H[SRVLFLy� HQ� OD� LPSRUWjQFLD� UHODWLYD� GH� OD� PDMRULD� GHOV� JUXSV� PLFURELDQV� UHVSHFWH� GHOV� EDFWHULV� KHWHUzWURIV

GHWHUPLQDWV� DPE� 5�$�� (OV� IRQJV� ILODPHQWRVRV� KDQ� SUHVHQWDW� XQD� LPSRUWjQFLD� UHODWLYD� DOV� UHFRPSWHV� HQ� 5�$� OOHXJHUDPHQW

VXSHULRU�D�3VHXGRPRQDV�GXUDQW�OD�PDMRU�SDUW�GHO�SHUtRGH�HVWXGLDW��DPE�YDORUV�GH�OD�UDWLR�HQWRUQ�GHOV�±��ORJ��/D�VHYD�LPSRUWjQFLD

UHODWLYD�HQ�HOV�ELRILOPV�GHVHQYROXSDWV�KD�GLVPLQXwW� OOHXJHUDPHQW�DOV����GLHV��PDOJUDW�TXH�SRVWHULRUPHQW�V¶KDQ�UHFXSHUDW� ILQV�D

YDORUV�VHPEODQWV�DOV����GLHV��DO�ILQDO�GHO�SHUtRGH�G¶H[SRVLFLy�D�O¶DLJXD�GH�GUHQDWJH��3HO�FRQWUDUL��OD�LPSRUWjQFLD�GH�3VHXGRPRQDV

HQIURQW� GH� 5�$� KD� GLVPLQXwW� TXDVL� �� ORJ� GXUDQW� HOV� SULPHUV� ��� GLHV� G¶H[SRVLFLy�� $� SDUWLU� G¶DTXt�� HOV� QLYHOOV� V¶KDQ� UHFXSHUDW

UjSLGDPHQW�TXDVL�����ORJ�DOV����GLHV��GLVPLQXLQW�PROW�OOHXJHUDPHQW������ORJ��GHOV����ILQV�DOV�����GLHV�
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&DStWRO�� $YDOXDFLy�GH�OD�IRUPDFLy�GH�ELRILOPV�HQ�VLVWHPHV�GH�GLVWULEXFLy�G¶DLJXD ���

$�OD�PDWHL[D�)LJXUD������V¶REVHUYD�FRP�OD�LPSRUWjQFLD�UHODWLYD�Pj[LPD�±HQIURQW�GH�5�$��GHOV�FROLIRUPHV�WRWDOV�V¶KD�SURGXwW�DOV

���GLHV��PDQWHQLQW�VH�OD�UDWLR�HQWUH�±��L�±��ORJ�DO�OODUJ�GH�WRW�HO�SHUtRGH�G¶H[SRVLFLy��VHPSUH�SHU�VRWD�GHOV�IRQJV�ILODPHQWRVRV� L

3VHXGRPRQDV��)LQDOPHQW��(VFKHULFKLD�FROL�KD�SUHVHQWDW�RVFLOÂODFLRQV�EDVWDQW�PpV�LPSRUWDQWV��TXDVL�����ORJ�GHOV����DOV����GLHV�

GLVPLQXLQW�SULPHU�OD�VHYD�SUHVqQFLD�L�UHFXSHUDQW�VH�PpV�WDUG��(Q�FDQYL��GHOV����DOV�����GLHV�HOV�QLYHOOV�V¶KDQ�PDQWLQJXW�

/¶HYROXFLy�GHOV�GLIHUHQWV�SDUjPHWUHV�HQ�UHODFLy�DO�UHFRPSWH�GH�EDFWHULV�WRWDOV�HQ�SODFD��DJDU�5�$��DOV�ELRILOPV�GHVHQYROXSDWV�D

SDUWLU�GH�O¶DLJXD�GHO�GLSzVLW�GH�UHVHUYD�KD�HVWDW�EDVWDQW�VHPEODQW�D�OD�SURGXwGD�HQ�HO�SRX�GH�FDSWDFLy��(Q�HO�GLSzVLW�GH�UHVHUYD

�)LJXUD� ������� OD� LPSRUWjQFLD� UHODWLYD� GHOV� EDFWHULV� KHWHUzWURIV� GHWHUPLQDWV� DPE� 3&$� UHVSHFWH� GHOV� EDFWHULV� KHWHUzWURIV

GHWHUPLQDWV�DPE�5�$�V¶KD�PDQWLQJXW�GXUDQW�HOV�SULPHUV����GLHV�G¶H[SRVLFLy�� SHUz�D�SDUWLU� G¶DTXHVW�PRPHQW� L� ILQV�DO� ILQDO� GHO

WHPSV� G¶H[SRVLFLy� DOV� ���� GLHV� HOV� YDORUV� GH� OD� UDWLR� KDQ� GLVPLQXwW� TXDVL� �� ORJ�� 6HPEODULD� FRP� VL� OD� SUHVqQFLD� G¶DOJXQV

PLFURRUJDQLVPHV��DGDSWDWV�D�O¶DPELHQW�ORFDO�TXH�HV�FUHD�DOV�ELRILOPV�GHO�PDWHULDO�GH�VXSRUW�GHOV�UHDFWRUV��DXJPHQWpV�GH�IRUPD

FRQVLGHUDEOH�D�SDUWLU�GHOV����GLHV�
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��� 5HVXOWDWV�D�OD�]RQD�GH�PRVWUHLJ�,��6DQW�0DUWt��%HVyV����

'HVSUpV� GHOV� EDFWHULV� WRWDOV� HQ� DJDU� 3&$� HO� JUXS� TXH� KD� GRQDW� XQ� UHFRPSWH� PpV� HOHYDW� DO� GLSzVLW� GH� UHVHUYD� KD� HVWDW

3VHXGRPRQDV��VHJXLW�GHOV�IRQJV� ILODPHQWRVRV� L�HOV�FROLIRUPHV� WRWDOV��(Q�HO�FDV�GH�3VHXGRPRQDV�� OD�VHYD� LPSRUWjQFLD� UHODWLYD

HQIURQW�GH�5�$�YD�DXJPHQWDU�TXDVL�����ORJ�GXUDQW�HOV�SULPHUV����GLHV�DOV�ELRILOPV�GHVHQYROXSDWV�D�SDUWLU�GHO�GLSzVLW�GH�UHVHUYD�

'HOV����DOV����GLHV�V¶KD�REVHUYDW�XQ�DXJPHQW�GH�OD�LPSRUWjQFLD�UHODWLYD�GHOV�IRQJV�ILODPHQWRVRV��PHQWUH�TXH�HQ�3VHXGRPRQDV�L

HOV�FROLIRUPHV�WRWDOV�KD�GLVPLQXwW��GH����D�±��ORJ�L�GH����D�±��ORJ�UHVSHFWLYDPHQW�

'HOV����DOV�����GLHV�WRWV�WUHV�SDUjPHWUHV�KDQ�VHJXLW�GLVPLQXLQW�UHVSHFWH�GHOV�EDFWHULV�WRWDOV�HQ�5�$��DUULEDQW�D�YDORUV�SURSHUV

DOV�±�� ORJ�SHU� FDGD�XQ��)LQDOPHQW�� GHOV� ���� DOV� ���� GLHV� G¶H[SRVLFLy� HOV� YDORUV� GH�3VHXGRPRQDV� L� GHOV� FROLIRUPHV� WRWDOV� HQ

UHIHUqQFLD� DOV� UHFRPSWHV� HQ� 5�$� V¶KDQ� PDQWLQJXW� SUjFWLFDPHQW� HVWDEOHV�� PHQWUH� TXH� HQ� HOV� IRQJV� ILODPHQWRVRV� OD� UDWLR� KD

DXJPHQWDW�����ORJ�OD�VHYD�LPSRUWjQFLD�UHODWLYD��SDVVDQW�GH�±��D�±����ORJ��5HVSHFWH�D�(VFKHULFKLD�FROL�HOV�VHXV�YDORUV�HQ�UHODFLy

DO�UHFRPSWH�GH�5�$�V¶KDQ�PDQWLQJXW�HQWUH�±��L�±��ORJ��DOV�ELRILOPV�IRUPDWV�D�SDUWLU�GH�O¶DLJXD�GHO�GLSzVLW�GH�UHVHUYD�ILQV�DOV����

GLHV��$�SDUWLU�G¶DTXHVW�PRPHQW�L�ILQV�DO�ILQDO�GHO�SHUtRGH�HVWXGLDW��QR�V¶KD�SRJXW�GHWHFWDU�

3HU�WDQW��OD�LPSRUWjQFLD�UHODWLYD�GHOV�GLIHUHQWV�JUXSV�HVWXGLDWV�KD�YDULDW�GH�IRUPD�VLJQLILFDWLYD�DO�OODUJ�GHO�SHUtRGH�G¶H[SRVLFLy��$L[t

PDWHL[��V¶KDQ�REVHUYDW�GLIHUqQFLHV�DSUHFLDEOHV�HQWUH�OD�FRPSRVLFLy�GHOV�ELRILOPV�IRUPDWV�D�SDUWLU�GH�O¶DLJXD�GHO�SRX�GH�FDSWDFLy�L

GHO� GLSzVLW� GH� UHVHUYD�� (Q� JHQHUDO�� OD� LPSRUWjQFLD� GHOV� GLIHUHQWV� JUXSV� HVSHFtILFV� GHWHUPLQDWV� HQ� UHODFLy� DOV� UHFRPSWHV� GH

EDFWHULV� KHWHUzWURIV� HQ� 5�$� KD� HVWDW� PDMRU� HQ� HO� FDV� GHOV� ELRILOPV� GHVHQYROXSDWV� D� SDUWLU� GH� O¶DLJXD� GHO� SRX� �PHQRU� UDWLR��

H[FHSWXDQW�HO�FDV�GH�OHV�$HURPRQDV�

7DQPDWHL[�� OD�PDMRU�SUHVqQFLD�GH�EDFWHULV�KHWHUzWURIV�D� OD�IDVH�HVWDFLRQjULD�GHOV�ELRILOPV�GHVHQYROXSDWV�D�SDUWLU�GH�O¶DLJXD�GHO

GLSzVLW�GH�UHVHUYD��ID�GLVPLQXLU�OD�LPSRUWjQFLD�UHODWLYD�GHOV�DOWUHV�JUXSV�PLFURELDQV��,JXDO�SDVVD�TXDQ�HV�FRPSDUD�OD�LPSRUWjQFLD

UHODWLYD�GH�FDGD�JUXS�D�OD�IDVH�SODQFWzQLFD�L�DOV�ELRILOPV��GHJXW�DO�JUDQ�LQFUHPHQW�HQ�HO�QRPEUH�GHOV�EDFWHULV�KHWHUzWURIV�SUHVHQWV

DOV�ELRILOPV�� (Q�FDQYL�� HO� JUXS�3VHXGRPRQDV� KD�PRVWUDW� UHVSHFWH� GHO� UHFRPSWH� GH� EDFWHULV� KHWHUzWURIV� DPE� O¶DJDU�5�$�� XQD

PDMRU�DEXQGjQFLD�D�OD�IDVH�SODQFWzQLFD��)LJXUD������

������ (VWLPD�GH�OD�WD[D�HVSHFtILFD�GH�FUHL[HPHQW

6¶KD�FDUDFWHULW]DW� OD�WD[D�HVSHFtILFD�GH�FUHL[HPHQW�GHO�ELRILOP��YHXUH��������HTXDFLy�������(O�PRGHO�VLPSOLILFDW�TXH�V¶KD�XWLOLW]DW

�9DQ� GHU� :HQGH� HW� DO�� ������ DVVXPHL[� TXH� WDQW� OD� WD[D� GH� PRUWDOLWDW� FRP� HO� FUHL[HPHQW� SODQFWzQLF� VyQ� QHJOLJLEOHV�� (Q

H[SHULPHQWV� UHDOLW]DWV� D� SDUWLU� GH� O¶DLJXD� IUHjWLFD� GHO� GLSzVLW� GH� UHVHUYD� G¶$OIRQV� HO�0DJQjQLP� �HVWDFLy� H[SHULPHQWDO� GH� 6DQW

0DUWt��%HVyV���V¶KD�REVHUYDW�XQD�JUDQ�YDULDELOLWDW�HQ�HOV�UHVXOWDWV�REWLQJXWV��YHXUH�7DXOD�������

/D�WD[D�GH�FUHL[HPHQW�PLWMDQD�KD�HVWDW�UHODWLYDPHQW�EDVWDQW�HOHYDGD������[�����±�����[�����K����DPE�XQD�PHGLDQD�GH������[����

K����$L[z�VLJQLILFD�TXH�HO�WHPSV�GH�JHQHUDFLy�R�WHPSV�GH�GXSOLFDFLy�PLWMj�GHO�ELRILOP�KD�HVWDW�DO�YROWDQW�GHOV����GLHV�������GLHV��

DPE�XQD�PHGLDQD�GH������GLHV��XQ�Pj[LP�GH������L�XQ�PtQLP�GH�����GLHV�



&DStWRO�� $YDOXDFLy�GH�OD�IRUPDFLy�GH�ELRILOPV�HQ�VLVWHPHV�GH�GLVWULEXFLy�G¶DLJXD ���

7DXOD�������7D[D�HVSHFtILFD�GH�FUHL[HPHQW�GHO�ELRILOP�VHJRQV�HO�PRGHO��GH�9DQ�GHU�:HQGH�HW�DO��������

3HUtRGH ;E

�FHO��FP���

;(

�FHO��FP���

;6

�FHO��FP���

'

�K���

µ

�K���

7��JHQHUDFLy

�GLHV�

PDU��� ���(��� ����(��� ����(��� ������ ����(��� �����
PDU��� ���(��� ����(��� ����(��� ������ ����(��� ����

PDU��� ���(��� ����(��� ����(��� ������ ����(��� �����

DEU��� ���(��� ����(��� ����(��� ������� ����(��� �����

DEU��� ���(��� ����(��� ����(��� ������� ����(��� �����

DEU��� ���(��� ����(��� ����(��� ������� ����(��� �����

PDL��� ���(��� ����(��� ����(��� ������ ����(��� �����

MXO��� ���(��� ����(��� ����(��� ������ ����(��� �����

MXO��� ���(��� ����(��� ����(��� ������ ����(��� �����

DJR��� ���(��� ����(��� ����(��� ������ ����(��� �����

0LWMDQD ����(��� ����(��� ����(��� ����(��� ����(��� �����

(UURU�6WG� ����(��� ����(��� ����(��� ����(��� ����(��� ����

0D[� ����(��� ����(��� ����(��� �������� ����(��� �����

0LQ� ����(��� ����(��� ����(��� ������� ����(��� ����

;E��%LRPDVVD�DGKHULGD
;(��5HFRPSWH�GH�FqOÂOXOHV�WRWDOV�D�O¶HQWUDGD
;6��5HFRPSWH�GH�FqOÂOXOHV�WRWDOV�D�OD�VRUWLGD



��� 5HVXOWDWV�D�OD�]RQD�GH�PRVWUHLJ�,,��6DEDGHOO���

����� 5HVXOWDWV�D�OD�]RQD�GH�PRVWUHLJ�,,��6DEDGHOO

������ 0LFURRUJDQLVPHV�SODQFWzQLFV

,JXDOPHQW� TXH� D� OD� ]RQD� GH� PRVWUHLJ� GH� 6DQW� 0DUWt� �%HVyV�� %DUFHORQD��� HV� YD� SRUWDU� D� WHUPH� XQ� VHJXLPHQW� GH� OD� TXDOLWDW

PLFURELROzJLFD�GH�O¶DLJXD��YHXUH�)LJXUD��������GH�O¶HVWDFLy�H[SHULPHQWDO�GH�&DQ�2ULDF��6DEDGHOO��D�OHV�LQVWDOÂODFLRQV�GH�&$66$�

GXUDQW�HO�SHUtRGH�GH�QRYHPEUH�GH������ILQV�DO�VHWHPEUH�GH�������(O�QLYHOO�GHOV�EDFWHULV�KHWHUzWURIV�WRWDOV�GHWHUPLQDWV�HQ�SODFD

DPE�O¶DJDU�5�$�D����&�YD�RVFLOÂODU�HQWUH�������[����8IF�P/��PDLJ�������L�����8IF�P/������[����8IF�P/��DJRVW�������

&DO�UHPDUFDU�OD�SUHVqQFLD�G¶RVFLOÂODFLRQV�TXH�VHPEOHQ�KDYHU�PRVWUDW�XQD�FHUWD�SHULRGLFLWDW��PDOJUDW�TXH�HOV�LQFUHPHQWV�VREWDWV

��� ORJ�� DO� OODUJ� GHO� PRVWUHLJ� V¶KDQ� SURGXwW� HQ� qSRTXHV� GLIHUHQWV� GH� O¶DQ\�� &DOGULD� HVWXGLDU� OD� UHODFLy� GHOV� GLIHUHQWV� IDFWRUV

DPELHQWDOV�LPSRUWDQWV�HQ�DTXHVWV�DXJPHQWV�GHO�QRPEUH�GH�EDFWHULV�KHWHUzWURIV��GHVHPEUH�GH�������IHEUHU�L�PDLJ�GH������L�MXOLRO

GHO�������

/D�GHWHUPLQDFLy�GHO�QRPEUH�GH�EDFWHULV�KHWHUzWURIV�DPE�O¶DJDU�3&$�KD�PRVWUDW�YDORUV�IRUoD�VHPEODQWV�DOV�REWLQJXWV�DPE�O¶DJDU

5�$��HQWUH�����L�����8IF�P/���TXDQ�V¶LQFXED�D����&��)LJXUD�������SDUW�VXSHULRU���'H�OD�PDWHL[D�IRUPD�TXH�SDVVDYD�D�OD�]RQD�GH

PRVWUHLJ�GH�6DQW�0DUWt��%HVyV���O¶DJDU�5�$�YD�GRQDU�XQV�UHFRPSWHV�VLJQLILFDWLYDPHQW�PpV�DOWV�TXH�O¶DJDU�3&$�HQ�WRWV�HOV�FDVRV�

H[FHSWXDQW� XQ� SXQW� �DJRVW� GH� ������� 7DQPDWHL[�� DPE� O¶DJDU� 3&$� D� ���&� HOV� QLYHOOV� YDQ� PRVWUDU� PHQ\V� RVFLOÂODFLRQV�

HVSHFLDOPHQW�GXUDQW�OD�SULPHUD�SDUW�GHO�PRVWUHLJ��VHQVH�DSUHFLDU�VH�HOV�DXJPHQWV�H[SHULPHQWDWV�DPE� O¶DJDU�5�$�DO�GHVHPEUH

GH������L�DO�IHEUHU�GH������

/¶RVFLOÂODFLy�D� OHV�GLIHUHQWV�qSRTXHV�GH� O¶DQ\�KD�HVWDW�PDMRU� TXDQ�V¶KD� LQFXEDW� O¶DJDU�3&$�D����&� �SUHVHQWDQW� XQD� GLIHUqQFLD

OOHXJHUDPHQW�VXSHULRU�D���ORJ�HQWUH�HO�YDORU�Pj[LP�L�HO�PtQLP���HQFDUD�TXH�HOV�UHFRPSWHV�KDQ�HVWDW�PDMRULWjULDPHQW�LQIHULRUV�DOV

REWLQJXWV� TXDQ� V¶KD� LQFXEDW� HO�PDWHL[�PHGL� D� ���&�� (Q� FRQFUHW�� D� SDUWLU� GHO� MXQ\� GH� ����� HO� QRPEUH� GH� EDFWHULV� KHWHUzWURIV

GHWHUPLQDWV�DPE�3&$�D����&�KD�HVWDW�VLJQLILFDWLYDPHQW�LQIHULRU�DO�GHWHUPLQDW�DPE�HO�PDWHL[�PHGL�LQFXEDQW�D����&��DUULEDQW�D��

ORJ�GH�GLIHUqQFLD�Pj[LPD�HO�MXOLRO�GH������

$� OD� PDWHL[D� )LJXUD� ����� �SDUW� VXSHULRU�� V¶REVHUYD� FRP� HO� QLYHOO� GH� IRQJV� ILODPHQWRVRV� GHWHUPLQDWV� DPE� O¶DJDU� VDERXUDXG

VXSOHPHQWDW�DPE�JHQWDPLFLQD�KD�RVFLOÂODW�GH�IRUPD�FRQVLGHUDEOH�HQWUH�����L�����8IF�P/���&XULRVDPHQW��HO�YDORU�Pj[LP�V¶KD�WUREDW

DO�MXQ\�GH����������[����8IF�P/��FRLQFLGLQW�DPE�XQ�GHOV�SHUtRGHV�GH�PHQRU�SUHVqQFLD�GHOV�EDFWHULV�KHWHUzWURIV�GHWHUPLQDWV�HQ

SODFD��'XUDQW�HO�SHUtRGH�DQDOLW]DW�FRUUHVSRQHQW�D������V¶KD�REVHUYDW�XQ�DXJPHQW�GHO� QRPEUH�GH� IRQJV� ILODPHQWRVRV�� TXH�KD

FRLQFLGLW�DPE�OD�SULPHUD�SDUW�GH�O¶DQ\��ILQV�D� O¶HVWLX��/HV�GDGHV�REWLQJXGHV�O¶DQ\������VHPEOHQ�LQGLFDU�TXH�HO�QRPEUH�GH�IRQJV

ILODPHQWRVRV�GLVPLQXHL[�D�SDUWLU�GH�FRPHQoDPHQWV�GH�O¶HVWLX�

(OV�FROLIRUPHV�WRWDOV�L�(VFKHULFKLD�FROL�KDQ�SUHVHQWDW�XQ�FRPSRUWDPHQW�VLPLODU�DO�OODUJ�GHO�SHUtRGH�PRVWUHMDW��YHXUH�)LJXUD������

SDUW�FHQWUDO��HQWUH�����[���� L�����[����8IF�����P/�� L�HQWUH��� L����[����8IF�����P/�UHVSHFWLYDPHQW��'RV�GHOV�SXQWV�RQ� OD�VHYD

SUHVqQFLD�KD�HVWDW�Pj[LPD��GHVHPEUH�GH������L�PDLJ�GH��������KDQ�FRLQFLGLW�DPE�HOV�Pj[LPV�WUREDWV�SHOV�EDFWHULV�KHWHUzWURIV�L

SHU�3VHXGRPRQDV��(Q�FDQYL��O¶LQFUHPHQW�REVHUYDW�HQ�HOV�KHWHUzWURIV�L�3VHXGRPRQDV�GXUDQW�HO�IHEUHU�GH������KD�HVWDW�VHJXLW�SHU

XQD�GLVPLQXFLy�GHOV�FROLIRUPHV�WRWDOV�L�GH�(VFKHULFKLD�FROL�

3VHXGRPRQDV�KD�VHJXLW�XQ�FRPSRUWDPHQW�SUjFWLFDPHQW� LGqQWLF�D� O¶REVHUYDW�DQWHULRUPHQW�SHOV�EDFWHULV�KHWHUzWURIV�GHWHUPLQDWV

DPE�5�$��)LJXUD�������SDUW�LQIHULRU���$L[t�V¶KDQ�REVHUYDW�RVFLOÂODFLRQV�GH�IRUPD�FRLQFLGHQW��GHVHPEUH�GH�������IHEUHU�L�PDLJ�GH

�����L�MXOLRO�GHO��������RQ�HOV�QLYHOOV�G¶DTXHVW�JUXS�GH�EDFWHULV�KDQ�DXJPHQWDW�GH�IRUPD�VLJQLILFDWLYD��/D�YDULDFLy�Pj[LPD�KD�HVWDW

VXSHULRU����ORJ��D�OD�GHOV�EDFWHULV�KHWHUzWURIV��DPE�XQ�PtQLP�GH��[����8IF�����P/��JHQHU�������L�XQ�Pj[LP�GH�����[����8IF����

P/��GHVHPEUH�������

)LQDOPHQW��HO�QRPEUH�G¶HVSRUHV�GH�FORVWULGLV�KD�HVWDW�QXO�GXUDQW�JUDQ�SDUW�GHO�PRVWUHLJ�UHDOLW]DW��H[FHSWXDQW�HO�SHUtRGH�TXH�YD�GH

PDLJ�GH������ILQV�DO�MXQ\�GH�������RQ�HOV�QLYHOOV�KDQ�RVFLOÂODW�TXDVL���ORJ�HQWUH�����[����L�HOV�����[����8IF�����P/�
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��� 5HVXOWDWV�D�OD�]RQD�GH�PRVWUHLJ�,,��6DEDGHOO���

$�OD�7DXOD������V¶REVHUYHQ�OHV�VRTXHV�DwOODGHV�GH�OD�PLFURELRWD�DXWzFWRQD�GH�O¶DLJXD�VXEWHUUjQLD��RQ�FDO�GHVWDFDU�OD�SUHVqQFLD�GH

PHPEUHV�GH�OD�IDPtOLD�(QWHUREDFWHULDFHDH���FRP�(VFKHULFKLD�FROL� L�(QWHUREDFWHU�DHURJHQHV��DL[t�FRP�DOWUHV�VRTXHV�GHO�JqQHUH

3VHXGRPRQDV�L�GHO�JUXS�0\FREDFWHULXP�

7DXOD�������0LFURRUJDQLVPHV�DwOODWV�L�LGHQWLILFDWV�D�O¶DLJXD�GH�O¶HVWDFLy�H[SHULPHQWDO�D�6DEDGHOO�

AÏLLAMENT DATA ESPÈCIE

6$%$'(//�$,*8$ ������� (VFKHULFKLD�FROL

6$%$'(//�$,*8$ �������� (VFKHULFKLD�FROL

6$%$'(//�$,*8$ �������� 0\FREDFWHULXP�VS�

6$%$'(//�$,*8$ �������� (VFKHULFKLD�FROL

6$%$'(//�$,*8$ ������� (VFKHULFKLD�FROL

6$%$'(//�$,*8$ �������� (VFKHULFKLD�FROL

6$%$'(//�$,*8$ �������� 3VHXGRPRQDV�FHSDFLD

6$%$'(//�$,*8$ �������� (QWHUREDFWHU�DHURJHQHV

6$%$'(//�$,*8$ �������� 0\FREDFWHULXP�VS�

6$%$'(//�$,*8$ ������� 5KRGRWRUXOD�VSS�

6$%$'(//�$,*8$ ������� 3HQLFLOOLXP�VS�

6$%$'(//�$,*8$ �������� (VFKHULFKLD�FROL

6$%$'(//�$,*8$ ������� 6WHPSKLOLXP�VS�

6$%$'(//�$,*8$ ������� &ODGRVSRULXP�VS�

6$%$'(//�$,*8$ ������� (VFKHULFKLD�FROL

6$%$'(//�$,*8$ ������� 6WDSK\ORFRFFXV�VS�

6$%$'(//�$,*8$ ������� 6WDSK\ORFRFFXV�VS���FRDJ���

6$%$'(//�$,*8$ �������� %DFLOOXV�VS�

6$%$'(//�$,*8$ �������� .OHEVLHOOD�VS�

6$%$'(//�$,*8$ �������� (VFKHULFKLD�FROL

6$%$'(//�$,*8$ �������� (VFKHULFKLD�FROL

������ 'HVHQYROXSDPHQW�GH�ELRILOP

/¶H[DPHQ�GHOV�UHVXOWDWV�GHO�GHVHQYROXSDPHQW�GH�ELRILOPV�D�SDUWLU�GH�O¶DLJXD�IUHjWLFD�GH�O¶HVWDFLy�H[SHULPHQWDO�GH�&$66$�D�&DQ

2ULDF��6DEDGHOO��YHXUH�)LJXUD�������LQGLFD�HO�PDQWHQLPHQW�GXUDQW�OD�PDMRU�SDUW�GHO�WHPSV�G¶H[SRVLFLy�GHO�UHFRPSWH�GH�EDFWHULV

KHWHUzWURIV�GHWHUPLQDWV�DPE�DJDU�5�$�D����&��HQWUH�����L�����8IF�FP��

(O� Pj[LP� GH� GHVHQYROXSDPHQW� GHO� ELRILOP� ±TXDQWLILFDW� VHJRQV� HOV� EDFWHULV� KHWHUzWURIV�� V¶KD� REWLQJXW� DO� SULQFLSL� GHO� WHPSV

G¶H[SRVLFLy��$L[t��DOV�GRV�GLHV�HV�YD�DUULEDU�D�����[����8IF�FP���PHQWUH�TXH�WRW�MXVW�DO�ILQDO�GHO�PDWHL[�V¶KD�DUULEDW�D�XQ�YDORU�GH

����[����8IF�FP��

(Q�HOV� UHFRPSWHV�GH�EDFWHULV�KHWHUzWURIV�DPE�DJDU�5�$�V¶KD�REVHUYDW� �)LJXUD�������SDUW�VXSHULRU��XQ�HOHYDW�JUDX�G¶RVFLOÂODFLy

�HQWUH�����L�����8IF�FP����HVSHFLDOPHQW�GHV�GHO�VHJRQ�GLD�G¶H[SRVLFLy�D�O¶DLJXD�VXEWHUUjQLD�ILQV�DOV����GLHV��$TXHVWD�YDULDFLy�KD

GLVPLQXwW�GH�IRUPD�FRQVLGHUDEOH�D�SDUWLU�GHOV����GLHV��PDQWHQLQW�VH�HOV�YDORUV�SURS�GHOV�����8IF�FP��



&DStWRO�� $YDOXDFLy�GH�OD�IRUPDFLy�GH�ELRILOPV�HQ�VLVWHPHV�GH�GLVWULEXFLy�G¶DLJXD ���

(Q�HO�FDV�GHOV�IRQJV�ILODPHQWRVRV�V¶KD�REVHUYDW�XQD�WHQGqQFLD�VLPLODU��RVFLOÂODQW�HQWUH�����L�����8IF�FP���/D�YDULDFLy�REVHUYDGD

HQ�HOV�UHFRPSWHV�KD�HVWDW�HVSHFLDOPHQW�LPSRUWDQW�GXUDQW�HO�SHUtRGH�FRPSUqV�HQWUH�HOV�GLHV���L�����GH�OD�PDWHL[D�PDQHUD�TXH�HQ

HO�UHFRPSWH�GH�EDFWHULV�KHWHUzWURIV��$�SDUWLU�G¶DTXHVW�PRPHQW��HO�QLYHOO�GHOV�IRQJV�ILODPHQWRVRV�DOV�ELRILOPV�GHVHQYROXSDWV�V¶KD

PDQWLQJXW�HQWUH����� L�����8IF�FP���$O� ILQDO�GHO� WHPSV�G¶H[SRVLFLy� OD�SUHVqQFLD�G¶DTXHVW�JUXS�GH�PLFURRUJDQLVPHV�KD�GLVPLQXwW

TXDVL���ORJ��WHQGqQFLD�LQYHUVD�D�O¶REVHUYDGD�HQ�HOV�EDFWHULV�KHWHUzWURIV��5�$��GXUDQW�HO�PDWHL[�SHUtRGH�

(Q�HO� UHFRPSWH�PLFURVFzSLF� UHDOLW]DW�DPE�WDURQMD�G¶DFULGLQD��YHXUH�)LJXUD�������SDUW�VXSHULRU��HO�QRPEUH�GH�FqOÂOXOHV� WRWDOV�YD

DXJPHQWDU� LQLFLDOPHQW�� DUULEDQW� D� XQ� Pj[LP� GH� FRORQLW]DFLy� GHO� PDWHULDO� GH� VXSRUW� GH� ���[���� &qO��FP�� DOV� ��� GLHV�

3RVWHULRUPHQW��HO�UHFRPSWH�GH�FqOÂOXOHV�WRWDOV�DGKHULGHV�DO�PDWHULDO�GH�VXSRUW�YD�GLVPLQXLU��PDQWHQLQW�VH�D� OD�IDVH�HVWDFLRQjULD

HQWUH���������&qO��FP���$� OD�PDWHL[D� IDVH�HVWDFLRQjULD�HO� UHFRPSWH�GH�YLDEOHV�KD�UHSUHVHQWDW��HQ�UHDOLWDW��HQWUH�XQ��������GHO

WRWDO�GH�OD�SREODFLy�GH�FqOÂOXOHV�DGKHULGD�DO�PHGL�GH�VXSRUW�GHOV�UHDFWRUV�

/D�SUHVqQFLD�GHOV�FROLIRUPHV�WRWDOV�L�(VFKHULFKLD�FROL�DOV�ELRILOPV�GHVHQYROXSDWV�WDPEp�KD�SUHVHQWDW�XQD�JUDQ�YDULDELOLWDW�DO�OODUJ

GHO�WHPSV��YHXUH�)LJXUD�������SDUW�FHQWUDO���(OV�FROLIRUPHV�WRWDOV�KDQ�RVFLOÂODW�HQWUH�HOV�����L�����8IF�FP���SURGXLQW�VH�HO�Pj[LP�GH

YDULDFLy�GXUDQW�HOV�SULPHUV����GLHV�G¶H[SRVLFLy�D� O¶DLJXD�IUHjWLFD��7DPEp�V¶KDQ�REVHUYDW�GRV�Pj[LPV�GH�FRORQLW]DFLy��HVVHQW�HO

PpV�LPSRUWDQW�DOV����GLHV�G¶H[SRVLFLy�DPE�����[����8IF�FP��HQ�HO�FDV�GHOV�FROLIRUPHV�WRWDOV�L������[����8IF�FP��SHU�(VFKHULFKLD

FROL�

'HVSUpV�G¶XQD�GLVPLQXFLy�QRWDEOH�D�SDUWLU�GHOV����GLHV��HOV�FROLIRUPHV�WRWDOV�KDQ�DXJPHQWDW�XQD�DOWUD�YHJDGD�OD�VHYD�SUHVqQFLD

DOV����GLHV������[����8IF�FP����$�SDUWLU�G¶DTXHVW�PRPHQW�KDQ�GLVPLQXwW�TXDVL���ORJ��3HU�OD�VHYD�SDUW��OD�SUHVqQFLD�GH�(VFKHULFKLD

FROL�DOV�ELRILOPV�GHVHQYROXSDWV�KD�HVWDW�SUjFWLFDPHQW�QXOÂOD�GXUDQW�OD�PDMRU�SDUW�GHO�WHPSV�G¶H[SRVLFLy�D�O¶DLJXD�IUHjWLFD��(OV�VHXV

YDORUV�VHPSUH�KDQ�HVWDW�LQIHULRUV�DOV�����8IF�FP���H[FHSWXDQW�HO�Pj[LP�GHOV����GLHV��FRPHQWDW�DQWHULRUPHQW�

(OV�JUXSV�3VHXGRPRQDV� L�$HURPRQDV�KDQ�PRVWUDW�XQD�HYROXFLy�VHPEODQW�DO� OODUJ�GHO� WHPSV� �YHXUH�)LJXUD�������SDUW� LQIHULRU��

$L[t��HOV� UHFRPSWHV�KDQ�DXJPHQWDW�HQ�HOV�GRV�FDVRV�GH� IRUPD�FRQVLGHUDEOH��DUULEDQW�D�XQ�Pj[LP�GH�FRORQLW]DFLy�DOV����GLHV

G¶H[SRVLFLy�D�O¶DLJXD�IUHjWLFD��DPE�XQV�YDORUV�GH�����[����8IF�FP��L�����[����8IF�FP��UHVSHFWLYDPHQW��$�SDUWLU�GHOV����GLHV��HOV

QLYHOOV�GHOV�GRV�JUXSV�KDQ�GLVPLQXwW�DSUR[LPDGDPHQW���ORJ�ILQV�DOV����GLHV��(Q�DTXHVW�SXQW��V¶KD�SURGXwW�XQ�VHJRQ�LQFUHPHQW�HQ

OD�SUHVqQFLD�GH�3VHXGRPRQDV� L�$HURPRQDV�DOV�ELRILOPV�GHVHQYROXSDWV��GH�IRUPD�VHPEODQW�D�OD�TXH�V¶KD�SURGXwW�HQ�HO�FDV�GHOV

FROLIRUPHV�WRWDOV��3RVWHULRUPHQW��L�ILQV�DO�ILQDO�GHO�SHUtRGH�PRVWUHMDW��HOV�UHFRPSWHV�GH�3VHXGRPRQDV�KDQ�GLVPLQXwW�PpV�G¶XQ�ORJ�

PHQWUH�TXH�$HURPRQDV�KD�DXJPHQWDW�GH�IRUPD�OOHXJHUDPHQW�LQIHULRU�D���ORJ�

$�OD�7DXOD������V¶REVHUYHQ�OHV�VRTXHV�DwOODGHV�GH�OD�PLFURELRWD�DXWzFWRQD�D�SDUWLU�GHOV�ELRILOPV�IRUPDWV�SHU�O¶H[SRVLFLy�GHO�PHGL

SRUyV� D� O¶DLJXD� VXEWHUUjQLD�� &DO� GHVWDFDU� OD� SUHVqQFLD� GH� PHPEUHV� GH� OD� IDPtOLD� (QWHUREDFWHULDFHDH�� DOJXQV� GHOV� TXDOV

V¶LQFORXHQ�GLQV�GHOV�FROLIRUPHV��FRP�(VFKHULFKLD�FROL� L�&LWUREDFWHU� IUHXQGLL��SHUz�VREUHWRW�HOV�SDWzJHQV�<HUVLQLD�HQWHURFROLWLFD� L

6DOPRQHOOD�FKROHUDVXLV��7DPEp�V¶KDQ�DwOODW�QRPEURVHV�HVSqFLHV�GHO�JqQHUH�3VHXGRPRQDV� L�$HURPRQDV��DOJXQHV�GH�OHV�TXDOV

SRGHQ�DFWXDU�FRP�D�SDWzJHQV�RSRUWXQLVWHV��$�PpV��FDO�GHVWDFDU�OD�SUHVqQFLD�GH�GLIHUHQWV�VRTXHV�GHOV�DQRPHQDWV�DQWDJRQLVWHV

GH�FROLIRUPHV��FRP�)ODYREDFWHULXP��3DVWHXUHOOD��$FLQHWREDFWHU��HWF�
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&DStWRO�� $YDOXDFLy�GH�OD�IRUPDFLy�GH�ELRILOPV�HQ�VLVWHPHV�GH�GLVWULEXFLy�G¶DLJXD ���

7DXOD� ������0LFURRUJDQLVPHV� DwOODWV� L� LGHQWLILFDWV� DOV� ELRILOPV� IRUPDWV� D� SDUWLU� GHO� VLVWHPD� H[SHULPHQWDO� GLVSRVDW� D
O¶HVWDFLy�H[SHULPHQWDO�GH�&$66$�D�6DEDGHOO�

$Í//$0(17 '$7$ 7(036�'¶(;326,&,Ï (63Ê&,(

6$%$'(//�� ������� ���GLHV (VFKHULFKLD�FROL
6$%$'(// ������ ��PLQ� 6DOPRQHOOD�FKROHUDVXLV
6$%$'(// ������ ��PLQ� ;HQRUKDEGXV�OXPLQLVFHQV
6$%$'(// ������ ��PLQ� 3VHXGRPRQDV�YHVLFXODULV
6$%$'(// ������ ��PLQ� ;HQRUKDEGXV�QHPDWRSKLOXV
6$%$'(// ������ ��PLQ� )ODYREDFWHULXP�PHQLQJRVHSWLFXP
6$%$'(// ������ ��PLQ� 3VHXGRPRQDV�GLPLQXWD
6$%$'(// ������ ��PLQ� %DFLOOXV�VS�
6$%$'(// ������ ��PLQ� 6WUHSWRFRFFXV�VS�
6$%$'(// ������ ��PLQ� 6WDSK\ORFRFFXV�VS�
6$%$'(// ������ ��PLQ� 6WDSK\ORFRFFXV�VS���FRDJ���
6$%$'(// ������ ��PLQ� 6WDSK\ORFRFFXV�VS�
6$%$'(//�� ������� ���GLHV (VFKHULFKLD�FROL
6$%$'(//�� ������� ���GLHV 3HQLFLOOLXP�VS�
6$%$'(//�� ������� ���GLHV %DFLOOXV�VS�
6$%$'(//��� ������ ��PLQ� ;HQRUKDEGXV�QHPDWRSKLOXV
6$%$'(//�� ������ ���GLHV &KDHWRPLXP�VS�
6$%$'(//��� ������ ��PLQ� %DFLOOXV�VS�
6$%$'(//�'� ������ ���GLHV 3VHXGRPRQDV�PDOWRSKLOLD
6$%$'(//�'� ������ ���GLHV 5KRGRWRUXOD�VSS�
6$%$'(//�'� ������ ���GLHV %DFLOOXV�VS�
6$%$'(//�'� ������ ���GLHV $FLQHWREDFWHU�OZRIILL
6$%$'(//�'� ������ ���GLHV &RPDPRQDV�DFLGRYRUDQV
6$%$'(//�'� ������ ���GLHV $FLQHWREDFWHU�EDXPDQQLL�FDOFRDFHWLFXV
6$%$'(//�(� ������ ���GLHV 3DVWHXUHOOD�VSS�
6$%$'(//�'� ������� ���GLHV (VFKHULFKLD�FROL
6$%$'(//�'� ������� ���GLHV 3VHXGRPRQDV�IOXRUHVFHQV
6$%$'(//�'� ������� ���GLHV 3VHXGRPRQDV�PHQGRFLQD
6$%$'(//�'� ������� ���GLHV 3VHXGRPRQDV�DHUXJLQRVD
6$%$'(//�'� ������� ���GLHV 3VHXGRPRQDV�IOXRUHVFHQV
6$%$'(//�'� ������� ���GLHV &RPDPRQDV�WHVWRVWHURQL
6$%$'(//�'� ������� ���GLHV &RPDPRQDV�WHVWRVWHURQL
6$%$'(//�'� ������� ���GLHV 3VHXGRPRQDV�IOXRUHVFHQV
6$%$'(//�'� ������� ���GLHV &LWUREDFWHU�IUHXQGLL
6$%$'(//�(� ������� ���GLHV &LWUREDFWHU�IUHXQGLL
6$%$'(//�(� ������� ���GLHV 3DVWHXUHOOD�VSS�
6$%$'(//�(� ������� ���GLHV $HURPRQDV�K\GURSKLOD
6$%$'(//�(� ������� ���GLHV &LWUREDFWHU�EUDDNLL
6$%$'(//�(� ������� ���GLHV 6SKLQJREDFWHULXP�PXOWLYRUXP
6$%$'(//�(� ������� ���GLHV &KU\VHREDFWHULXP�PHQLQJRVHSWLFXP
6$%$'(//�(� ������� ���GLHV 3DVWHXUHOOD�VSS�
6$%$'(//�'� ������� ���GLHV 3VHXGRPRQDV�VSS�
6$%$'(//�'� ������� ���GLHV <HUVLQD�HQWHURFROLWLFD
6$%$'(//�(� ������� ���GLHV %UHYXQGLPRQDV�YHVLFXODULV
6$%$'(//�(� ������� ���GLHV (VFKHULFKLD�FROL
6$%$'(//�'� ������� ���GLHV (VFKHULFKLD�FROL
6$%$'(//�'� ������� ���GLHV .OHEVLHOOD�R[\WRFD
6$%$'(//�'� ������� ���GLHV (VFKHULFKLD�FROL
6$%$'(//�(� ������� ���GLHV (VFKHULFKLD�FROL
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������ &RPSDUDFLy�GHO�Q��GH�PLFURRUJDQLVPHV�HQ�IDVH�ELRILOP�L�SODQFWzQLFD

6¶KD�FRPSDUDW�OD�SUHVqQFLD�GHOV�JUXSV�GH�PLFURRUJDQLVPHV�HVWXGLDWV�WDQW�D�OD�IDVH�SODQFWzQLFD�FRP�HQ�IDVH�VqVVLO��FDOFXODQW�OD

PLWMDQD�GHOV�PLFURRUJDQLVPHV�SUHVHQWV�D�OD�IDVH�SODQFWzQLFD�L�H[SUHVVDQW�HOV�UHVXOWDWV�SHU�D�FDGD�JUXS�HVWXGLDW��QRPEUH�P/����

,JXDO� TXH�V¶KD� IHW� DPE� HOV� UHFRPSWHV� REWLQJXWV� D� 6DQW�0DUWt� �%HVyV��� V¶KDQ� UHDOLW]DW� DOKRUD� HOV� FjOFXOV� DPE� OD�PHGLDQD�� (OV

ELRILOPV� GHVHQYROXSDWV� KDQ� DUULEDW� D� XQD� IDVH� GH� FHUW� HTXLOLEUL� D� SDUWLU� GHOV� ��� GLHV� G¶H[SRVLFLy�� WDO� FRP� V¶KD� REVHUYDW� HQ� OD

PDMRULD�GHOV�SDUjPHWUHV�HVWXGLDWV��YHXUH�)LJXUD��������$L[t�� OD�PLWMDQD�GH�PLFURRUJDQLVPHV�DGKHULWV�V¶KD�FDOFXODW�VHOHFFLRQDQW

OHV� GDGHV� REWLQJXGHV�� HQ� FDGD� FDV�� D� SDUWLU� GHOV� ��� GLHV� G¶H[SRVLFLy�� '¶DTXHVWD� IRUPD� HV� WHQHQ� HQ� FRPSWH� OHV� RVFLOÂODFLRQV

SURGXwGHV�GXUDQW�DTXHVW�~OWLP�SHUtRGH�G¶H[SRVLFLy�D�O¶DLJXD�IUHjWLFD�

$� OD� )LJXUD� ����� V¶REVHUYD� OD� UDWLR� ELRILOP�IDVH� SODQFWzQLFD� SHOV� GLIHUHQWV� SDUjPHWUHV�PLFURELROzJLFV� HVWXGLDWV� HQ� HO� VLVWHPD

H[SHULPHQWDO�VLWXDW�D�6DEDGHOO��/¶DXJPHQW�PpV� LPSRUWDQW�D� OD� IDVH�ELRILOP�UHVSHFWH�GH� OD� IDVH�SODQFWzQLFD�V¶KD�SURGXwW�HQ�HOV

EDFWHULV�WRWDOV�GHWHUPLQDWV�HQ�SODFD�DPE�O¶DJDU�5�$��UDWLR� ���������VHJXLW�MD�DPE�XQD�UDWLR�IRUoD�LQIHULRU�SHOV�IRQJV�ILODPHQWRVRV

�UDWLR� �������L��3VHXGRPRQDV��UDWLR� ��������'¶DOWUD�EDQGD��OD�SUHVqQFLD�GH�FROLIRUPHV�WRWDOV�KD�HVWDW�OOHXJHUDPHQW�VXSHULRU�DOV

ELRILOPV�TXH�D� OD� IDVH�SODQFWzQLFD� �UDWLR� ��������PHQWUH�TXH�(VFKHULFKLD� FROL� �UDWLR� �������SUjFWLFDPHQW�QR� V¶KD�GHWHFWDW� DOV

ELRILOPV��GXUDQW�OHV�~OWLPHV�IDVHV�GHO�SHUtRGH�G¶H[SRVLFLy�D�O¶DLJXD�
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)RQJV�ILODPHQWRVRV Mitjanes/Mitjanes
Mitjanes/Medianes

Ratio Biofilm / Fase Planctònica

)LJXUD�������3URSRUFLy�HQWUH�HOV�PLFURRUJDQLVPHV�SUHVHQWV�DO�ELRILOP�L�D�OD�IDVH�SODQFWzQLFD��D�SDUWLU�GH
O¶DLJXD�IUHjWLFD�GH�O¶HVWDFLy�H[SHULPHQWDO�GH�&$66$�D�6DEDGHOO�

eV� HYLGHQW� OD� LPSRUWjQFLD� TXH� SRGHQ� DGTXLULU� HOV� PLFURRUJDQLVPHV� GHO� ELRILOP� UHVSHFWH� GH� OD� IDVH� SODQFWzQLFD�� WDO� FRP� KR

GHPRVWUHQ�OHV�GDGHV�SHU�DOV�EDFWHULV�KHWHUzWURIV��7DQPDWHL[��FDO�FRQVLGHUDU�TXH�DOJXQ�IDFWRU�SRW�KDYHU�GLILFXOWDW�OD�UHFXSHUDFLy

GH�SDUW�GH�OD�PLFURELRWD�SUHVHQW�DOV�ELRILOPV��GLVPLQXLQW�G¶DTXHVWD�IRUPD� OD� UDWLR�ELRILOP�IDVH�SODQFWzQLFD��(Q�DTXHVW�VHQWLW��OHV

REVHUYDFLRQV�YLVXDOV�GHOV�ELRILOPV��YHXUH��������KDQ�SHUPqV�FRQVWDWDU�OD�SUHVqQFLD�GH�SUHFLSLWDWV�LQRUJjQLFV�D�OD�VXSHUItFLH�GHO

PDWHULDO�GH�VXSRUW�GHOV�UHDFWRUV��$TXHVWV��V¶KDQ�SRJXW�REVHUYDU�D�VLPSOH�YLVWD�D�SDUWLU�GHOV����GLHV�G¶H[SRVLFLy�D�O¶DLJXD�IUHjWLFD

�YHXUH� )LJXUD� ������� HQFDUD� TXH� pV� LQGXEWDEOH� TXH� KDQ� DGTXLULW� PpV� LPSRUWjQFLD� D�PHVXUD� TXH� KD� DXJPHQWDW� HO� WHPSV� GH

FRQWDFWH��eV� UDRQDEOH�SHQVDU�TXH� OD� IRUPDFLy�G¶DTXHVWV�SUHFLSLWDWV� LQRUJjQLFV�SRW� KDYHU�GLILFXOWDW� OD� UHFXSHUDFLy�GH�SDUW� GHOV

PLFURRUJDQLVPHV�TXH�IRUPHQ�SDUW�GHO�ELRILOP��6HJXUDPHQW��HO�GHVHQYROXSDPHQW�G¶DTXHVWV�SUHFLSLWDWV�KD�GLILFXOWDW�OD�PHWRGRORJLD

GH�VHOHFFLy�HPSUDGD��HVSHFLDOPHQW�SHO�TXH�ID�UHIHUqQFLD�D�OD�XWLOLW]DFLy�G¶XQ�EDQ\�G¶XOWUDVRQV�SHU�VHSDUDU�HOV�PLFURRUJDQLVPHV

GHO�PDWHULDO�GH�VXSRUW��&DOGUj�FRQILUPDU�DTXHVWD�KLSzWHVL�DPE�REVHUYDFLRQV�PLFURVFzSLTXHV�L�DOWUHV�SURYHV�



&DStWRO�� $YDOXDFLy�GH�OD�IRUPDFLy�GH�ELRILOPV�HQ�VLVWHPHV�GH�GLVWULEXFLy�G¶DLJXD ���

������ &DQYLV�HQ�OD�FRPSRVLFLy�GH�OD�FRPXQLWDW�GHOV�ELRILOPV

7DO� L� FRP� V¶KD� IHW� DQWHULRUPHQW� V¶KD� YROJXW� GHWHUPLQDU� HQ� FDGD� FDV� OD� LPSRUWjQFLD� GHOV� GLIHUHQWV� JUXSV�PLFURELDQV� HVWXGLDWV

UHVSHFWH�GHOV�EDFWHULV�KHWHUzWURIV� �TXDQWLILFDWV�HQ�SODFD�DPE� O¶DJDU�5�$�D����&���$� OHV� VHJ�HQWV�GXHV� ILJXUHV�HV� FRPSDUD� OD

YDULDFLy�DO�OODUJ�GHO�WHPSV�GH�OD�SURSRUFLy�GHOV�GLIHUHQWV�JUXSV�PLFURELDQV�HQ�UHODFLy�DOV�EDFWHULV�KHWHUzWURIV�TXDQWLILFDWV�HQ�SODFD

DPE� O¶DJDU�5�$�� WDQW� HQ�HO� FDV�GHOV�EDFWHULV� SUHVHQWV�D� OD� IDVH�SODQFWzQLFD� �)LJXUD������� FRP�HQ� HOV� ELRILOPV� GHVHQYROXSDWV

�)LJXUD�������

)DVH�3ODQFWzQLFD�� $� OD� IDVH� SODQFWzQLFD� �)LJXUD� ������� OD� LPSRUWjQFLD� UHODWLYD� G¶DOJXQV� GHOV� JUXSV�PLFURELDQV� UHVSHFWH� GHOV

EDFWHULV�KHWHUzWURIV�GHWHUPLQDWV�DPE�5�$�KD�RVFLOÂODW�GH�IRUPD�DSUHFLDEOH��YDULDQW� OD�UDWLR�HQWRUQ�GHOV��� ORJ�HQ�OD�PDMRULD�GHOV

FDVRV� HVWXGLDWV�� (O� JUXS�PpV� UHSUHVHQWDWLX� HQIURQW� GHOV� EDFWHULV� KHWHUzWURIV� KD� HVWDW�3VHXGRPRQDV� GXUDQW� OD�PDMRU� SDUW� GHO

SHUtRGH�HVWXGLDW��VHJXLW�GHOV� IRQJV� ILODPHQWRVRV��HOV�FROLIRUPHV� WRWDOV� L�(VFKHULFKLD�FROL�HQ� O¶~OWLP� OORF��(O�SULPHU�JUXS�KD�HVWDW

WDPEp�HO�TXH�KD�SUHVHQWDW�PHQ\V�RVFLOÂODFLRQV�D�OD�IDVH�SODQFWzQLFD��PDQWHQLQW�YDORUV�VHPEODQWV�DO�OODUJ�GHO�WHPSV�G¶HVWXGL��$L[z

KD�IHW�TXH�OD�UHODFLy�3VHXGRPRQDV�5�$�V¶KDJL�PDQWLQJXW�GXUDQW�OD�PDMRU�SDUW�GHO�WHPSV�DO�YROWDQW�GH����ORJ�
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��� 5HVXOWDWV�D�OD�]RQD�GH�PRVWUHLJ�,,��6DEDGHOO���

(O�VHJRQ�JUXS�HQ�LPSRUWjQFLD�KDQ�HVWDW�HOV�IRQJV�ILODPHQWRVRV��VXSHUDWV�~QLFDPHQW�HQ�GRV�PRPHQWV�SXQWXDOV�SHOV�FROLIRUPHV

WRWDOV��/D�UHODFLy�)RQJV�ILODPHQWRVRV�5�$�V¶KD�PDQWLQJXW�GXUDQW�OD�SULPHUD�SDUW�GH�O¶DQ\������DO�YROWDQW�GH����ORJ���1R�REVWDQW��OD

VHYD�LPSRUWjQFLD�UHODWLYD�KD�DXJPHQWDW�GH�IRUPD�FRQVLGHUDEOH�D�O¶HVWLX��HVSHFLDOPHQW�DO������

(Q�DTXHVW�VHQWLW��FDO�UHPDUFDU�O¶RVFLOÂODFLy�LPSRUWDQW�TXH�V¶KD�SURGXwW�HQ�HOV�GLIHUHQWV�JUXSV�HVWXGLDWV�GXUDQW�HO�SHUtRGH�HVWLYDO�GH

������&RQFUHWDPHQW�DO�MXQ\�GH�������OD�LPSRUWjQFLD�UHODWLYD�GHOV�GLIHUHQWV�JUXSV�HQ�UHODFLy�DOV�EDFWHULV�KHWHUzWURIV�KD�DXJPHQWDW

GH� IRUPD�FRQVLGHUDEOH�� ILQV�DUULEDU� OD� UHODFLy�D�YDORUV�SURSHUV�DOV���/RJ�HQ�HO�FDV�GHOV� IRQJV� ILODPHQWRVRV��FROLIRUPHV� WRWDOV� L

3VHXGRPRQDV��5HVSHFWH�DOV�FROLIRUPHV�WRWDOV��OD�VHYD�SUHVqQFLD�D�OD�IDVH�SODQFWzQLFD�KD�YDULDW�GH�IRUPD�FRQVLGHUDEOH��TXDVL��

ORJ���(O�Pj[LP�V¶KD�SURGXwW� DO� GHVHPEUH�GH������ L�� FRP� MD� V¶KD� FRPHQWDW�� GXUDQW� O¶HVWLX� GH� ������&XULRVDPHQW�� HO�PtQLP� GH

SUHVqQFLD�HQ�UHODFLy�DOV�EDFWHULV�KHWHUzWURIV�V¶KD�SURGXwW�GXUDQW�O¶HVWLX�GH�������FRQFUHWDPHQW�DO�MXOLRO�

(VFKHULFKLD�FROL�KD�VHJXLW�XQD�WHQGqQFLD�PROW�VHPEODQW�DOV�FROLIRUPHV�WRWDOV�HQ�OHV�VHYHV�YDULDFLRQV�DO�OODUJ�GHO�SHUtRGH�HVWXGLDW�

HQFDUD�TXH�UHVSHFWH�GHO�EDFWHULV�KHWHUzWURIV�GHWHUPLQDWV�DPE�O¶DJDU�5�$�KD�HVWDW�HO�JUXS�TXH�KD�SUHVHQWDW�OD�UDWLR�PpV�EDL[D��GH

���D����/RJ�

)DVH�6qVVLO�� ,JXDO�TXH�KD�SDVVDW�HQ�HO�FDV�GHO�VLVWHPD�H[SHULPHQWDO�VLWXDW�D�6DQW�0DUWt��HOV�JUXSV�HVWXGLDWV�TXH� IRUPHQ�SDUW

GHOV�ELRILOPV�GHVHQYROXSDWV�D�SDUWLU�GH�O¶DLJXD�VXEWHUUjQLD�D�6DEDGHOO�KDQ�YDULDW�OD�VHYD�LPSRUWjQFLD�UHODWLYD�DO�OODUJ�GHO�SHUtRGH

G¶H[SRVLFLy��0DOJUDW�OD�SUHVqQFLD�G¶DOJXQHV�WHQGqQFLHV�JHQHUDOV�VLPLODUV��V¶KDQ�REVHUYDW�GLIHUqQFLHV�DSUHFLDEOHV�HQ�OD�SUHVqQFLD

GH�OD�PDMRULD�GHOV�JUXSV�HVWXGLDWV�DO�OODUJ�GHO�WHPSV�G¶H[SRVLFLy��)LJXUD�������

(O�JUXS�3VHXGRPRQDV�V¶KD�PDQWLQJXW�DOV�ELRILOPV��LJXDO�TXH�D�OD�IDVH�SODQFWzQLFD��FRP�HO�PpV�LPSRUWDQW�HQ�UHODFLy�DOV�EDFWHULV

KHWHUzWURIV� 5�$� �YHXUH� )LJXUD� ������ SDUW� LQIHULRU��� $L[z� KD� HVWDW� DL[t� GXUDQW� HOV� SULPHUV� ��� GLHV� G¶H[SRVLFLy�� HQFDUD� TXH� FDO

FRQVWDWDU� OD� SUHVqQFLD� G¶RVFLOÂODFLRQV� LPSRUWDQWV�� $TXHVWHV� YDULDFLRQV� HQ� HO� QLYHOO� GH�3VHXGRPRQDV� UHVSHFWH� GHOV� EDFWHULV

KHWHUzWURIV�V¶KDQ�SURGXwW��HVSHFLDOPHQW��HQWUH�HOV����L�HOV����GLHV��6HJXUDPHQW�HV�SRGULD�HVWDEOLU�XQD�UHODFLy�DPE�OD�IRUPDFLy�GH

SUHFLSLWDWV� LQRUJjQLFV� DO� PDWHULDO� GH� VXSRUW�� SHUTXq� DTXHVWV� GLILFXOWDULHQ� OD� UHFXSHUDFLy� G¶XQD� SDUW� LPSRUWDQW� GHOV

PLFURRUJDQLVPHV�DGKHULWV��WDO�FRP�V¶KD�FRPHQWDW�DQWHULRUPHQW��$�SDUWLU�GHOV����L�ILQV�DOV����GLHV��OD�UHODFLy�3VHXGRPRQDV�5�$

V¶KD�PDQWLQJXW�D�O¶HQWRUQ�R�OOHXJHUDPHQW�SHU�VREUH�GHOV����ORJ�

$�OD�PDWHL[D�)LJXUD������FDO�GHVWDFDU�OD�SUHVqQFLD�DOV�ELRILOPV�GHO�JUXS�$HURPRQDV��PDOJUDW�TXH�QR�HV�YD�SRGHU�DwOODU�HQ�FDS�FDV

GH� OD� IDVH�SODQFWzQLFD��/D� UHODFLy�$HURPRQDV�5�$�KD�HVWDW� HQWUH� ��� L� ��� ORJ�GXUDQW� OD�PDMRU� SDUW� GHO� WHPSV�G¶H[SRVLFLy�� DPE

RVFLOÂODFLRQV� LPSRUWDQWV� GHOV� VHXV� QLYHOOV� GXUDQW� HOV� SULPHUV� ��� GLHV�� FRP� KD� SDVVDW� HQ� HOV� DOWUHV� JUXSV�� $� SDUWLU� G¶DTXHVW

PRPHQW��OD�VHYD�LPSRUWjQFLD�UHODWLYD�UHVSHFWH�GHOV�EDFWHULV�KHWHUzWURIV�V¶KD�PDQWLQJXW�OOHXJHUDPHQW�SHU�VREUH�GHOV�±��ORJ�

(OV�FROLIRUPHV�WRWDOV��)LJXUD�������SDUW�VXSHULRU��KDQ�PRVWUDW�DOV�ELRILOPV�XQHV�RVFLOÂODFLRQV������ORJ��VHPEODQWV�D�3VHXGRPRQDV

GXUDQW�HOV�SULPHUV����GLHV�G¶H[SRVLFLy�D� O¶DLJXD��/D�VHYD�LPSRUWjQFLD�UHODWLYD�WDPEp�KD�GLVPLQXwW�GH�IRUPD�DSUHFLDEOH����ORJ��D

SDUWLU� GHOV� ��� GLHV� L� ILQV� DO� ILQDO� GHO� WHPSV� G¶H[SRVLFLy�� 'HVSUpV� GHOV� FROLIRUPHV� WRWDOV�� HO� WHUFHU� JUXS� HQ� LPSRUWjQFLD� UHODWLYD

HQIURQW�GHOV�EDFWHULV�KHWHUzWURIV�KDQ�HVWDW�HOV� IRQJV� ILODPHQWRVRV��HQWUH� ��� L� ��� ORJ�GXUDQW�HOV�SULPHUV����GLHV�G¶H[SRVLFLy��1R

REVWDQW�� OD� VHYD� SUHVqQFLD� KD� HVWDW� VXSHULRU� DOV� FROLIRUPHV� WRWDOV� HQ� DOJXQ� SXQW�� /D� LPSRUWjQFLD� GHOV� IRQJV� ILODPHQWRVRV� HQ

UHODFLy�DOV�EDFWHULV�WRWDOV�GHWHUPLQDWV�HQ�SODFD�DPE�O¶DJDU�5�$�KD�GLVPLQXwW�D�SDUWLU�GHOV����GLHV��GH�IRUPD�VHPEODQW�DOV�DOWUHV

JUXSV�FRPHQWDWV�

)LQDOPHQW�� OD� UHODFLy�(VFKHULFKLD� FROL�5�$� V¶KD� PDQWLQJXW� DO� YROWDQW� GHOV� ��� ORJ� GXUDQW� OD� PDMRU� SDUW� GHO� WHPSV� G¶H[SRVLFLy�

H[FHSWXDQW� HO� SHUtRGH� TXH� YD� GHOV� ��� DOV� ��� GLHV��'XUDQW� DTXHVW� WHPSV� HOV� QLYHOOV� GH�(VFKHULFKLD� FROL� UHVSHFWH� HOV� EDFWHULV

KHWHUzWURIV�KDQ�RVFLOÂODW�GH�IRUPD�FRQVLGHUDEOH��DUULEDQW�HQ�XQ�FDV�D�XQD�LPSRUWjQFLD�UHODWLYD�����ORJ�����GLHV��VHPEODQW�D�OD�GHOV

IRQJV�ILODPHQWRVRV�L�QRPpV�OOHXJHUDPHQW�LQIHULRU�D�OD�GHOV�FROLIRUPHV�WRWDOV�



&DStWRO�� $YDOXDFLy�GH�OD�IRUPDFLy�GH�ELRILOPV�HQ�VLVWHPHV�GH�GLVWULEXFLy�G¶DLJXD ���

(Q�WRW�FDV��HOV�UHFRPSWHV�HQ�5�$�KDQ�VXSRVDW�XQD�IUDFFLy�PROW�SHWLWD�GH�OHV�FqOÂOXOHV�WRWDOV��7DO�FRP�HV�SRW�DSUHFLDU�D�OD�)LJXUD

����� �SDUW� VXSHULRU�� HOV� UHFRPSWHV� GH� YLDEOHV� KDQ� UHSUHVHQWDW� D� OD� IDVH� HVWDFLRQjULD� HQWUH� ������� GHO� WRWDO� GH� OD� SREODFLy

DGKHULGD�DO�PHGL�GH�VXSRUW�GHOV�UHDFWRUV�

0DOJUDW� TXH� OHV� RVFLOÂODFLRQV� GHOV� QLYHOOV� SRGHQ� GLILFXOWDU� OHV� FRPSDUDFLRQV�� VHPEOD� HYLGHQW� TXH� OD� LPSRUWjQFLD� UHODWLYD� GHOV

GLIHUHQWV� JUXSV� HVWXGLDWV� HQIURQW� GHOV� EDFWHULV� KHWHUzWURIV� KD� HVWDW�PHQRU� DOV� ELRILOPV� TXH� D� OD� IDVH� SODQFWzQLFD�� /HV�PDMRUV

GLIHUqQFLHV�V¶KDQ�SURGXwW�HQ�HO�FDV�G¶$HURPRQDV� L�(VFKHULFKLD�FROL�� VHJXLWV�SHOV� IRQJV� ILODPHQWRVRV��HOV�FROLIRUPHV� WRWDOV� L��HQ

~OWLP�OORF��3VHXGRPRQDV�
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��� 5HVXOWDWV�D�OD�]RQD�GH�PRVWUHLJ�,,,��/DE��0LFURELRORJLD�(8227���

����� 5HVXOWDWV�D�OD�]RQD�GH�PRVWUHLJ�,,,��;DU[D�GH�GLVWULEXFLy�G·DLJXD�SRWDEOH��/DE��0LFURELRORJLD�(8227�83&�

������ 0LFURRUJDQLVPHV�SODQFWzQLFV

/D� )LJXUD� �����PRVWUD� HOV� UHVXOWDWV� GH� O¶DQjOLVL� PLFURELROzJLF� UHDOLW]DW� D� OD� [DU[D� GH� GLVWULEXFLy� G¶DLJXD� SRWDEOH� GH� O¶(8227

�/DERUDWRUL�GH�0LFURELRORJLD��(8227�83&��7HUUDVVD���(O�QLYHOO�GH�EDFWHULV�KHWHUzWURIV� WRWDOV�GHWHUPLQDWV�HQ�SODFD�DPE� O¶DJDU

5�$�HV�YD�PDQWHQLU�DO�YROWDQW�GH�����8IF�P/�GXUDQW�OD�PDMRU�SDUW�GHO�SULPHU�SHUtRGH�HVWXGLDW��PDUo�MXOLRO�GH��������DPE�XQ�YDORU

Pj[LP�GH�����[�����PDUo�GH��������$TXHVWV�QLYHOOV�YDQ�GLVPLQXLU�HQFDUD�PpV�ILQV�D�YDORUV�SUjFWLFDPHQW�QXOV��DO�VHWHPEUH�GH

�����

/D�SUHVqQFLD�GH�IRQJV�WRWDOV�HV�YD�PDQWHQLU�VHPSUH�SHU�VRWD�GH�OHV�����8IF�P/��DUULEDQW�D�XQ�Pj[LP�GH����[����8IF�P/�HO�MXOLRO

GH� ����� �)LJXUD� ������ SDUW� VXSHULRU��� QR� REVHUYDQW�VH� IRQJV� ILODPHQWRVRV� GXUDQW� WRW� HO� SHUtRGH�� 7DPSRF� HV� YDQ� GHWHFWDU

FROLIRUPHV� WRWDOV� QL�(VFKHULFKLD� FROL� DO� OODUJ� GHO� WHPSV� GH�PRVWUHLJ� �)LJXUD� ������ SDUW� FHQWUDO��� )LQDOPHQW�� D� OD�PDWHL[D� ILJXUD

V¶REVHUYD�FRP�HO�JUXS�3VHXGRPRQDV�YD�SDVVDU�GHOV�YDORUV�QXOV�LQLFLDOV�D�XQ�Pj[LP�GH����[����8IF�����P/�DO�ILQDO�GHO�SHUtRGH

HVWXGLDW�

$O�PDWHL[�WHPSV�TXH�HV�UHDOLW]DYD�HO�PRVWUHLJ�PLFURELROzJLF�HV�YDQ�GHWHUPLQDU�HOV�QLYHOOV�GH�FORU�WRWDO�L�OOLXUH�GH�OD�IRUPD�GHVFULWD

D��������$�OD�7DXOD������V¶REVHUYD�FRP�HOV�QLYHOOV�QR�YDQ�GLVPLQXLU�PDL�SHU�VRWD�GH���PJ�/�GH�FORU�OOLXUH�L�GH������PJ�/�GH�FORU

WRWDO��(Q�JHQHUDO��HOV�QLYHOOV�PpV�HOHYDWV�GH�FORU�HV�YDQ�SUHVHQWDU�DOV�PHVRV�HVWLYDOV��DPE�XQ�Pj[LP�GH�����PJ�/�GH�FORU�OOLXUH�L

����PJ�/�GH�FORU�WRWDO�D�ILQDOV�GH�MXOLRO�GH������

7DXOD�������1LYHOOV�GH�FORU�OOLXUH�L�WRWDO�D�O¶DLJXD�SRWDEOH�GH�OD�[DU[D�GH�GLVWULEXFLy
LQWHUQD�GHO�/DE��GH�0LFURELRORJLD�GH�O¶(8227��83&��7HUUDVVD��

0RVWUHLJ &ORU�/OLXUH��PJ�/� &ORU�7RWDO��PJ�/�
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7DPEp�HV�YDQ�DwOODU�GLIHUHQWV�PHPEUHV�GH� OD�PLFURELRWD�DXWzFWRQD�GH� O¶DLJXD�SRWDEOH��/D�PDMRULD�G¶DTXHVWV�DFRVWXPHQ�D�VHU

RUJDQLVPHV� UHVLVWHQWV� D� QLYHOOV� HOHYDWV� GH� FORU�� FRP� V¶KD� GHPRVWUDW� HQ� WUHEDOOV� DQWHULRUV� �0LU� HW� DO�� ������� $� OD� 7DXOD� ����

V¶REVHUYHQ� OHV�VRTXHV�DwOODGHV��RQ�FDO�GHVWDFDU� OD�SUHVqQFLD�GH�EDFWHULV�*UDP�SRVLWLXV�FRP�6WDSK\ORFRFFXV�VS���0LFURFRFFXV

VS��L�%DFLOOXV�VS��$OWUHV�HVWXGLV�DQWHULRUV�MD�KDQ�GHVWDFDW�OD�FDSDFLWDW�TXH�SUHVHQWHQ�DOJXQV�G¶DTXHVWV�EDFWHULV�*UDP�SRVLWLXV�SHU

UHVLVWLU�FRQFHQWUDFLRQV�HOHYDGHV�GH�FORU��/H&KHYDOOLHU�HW�DO��������0LU�HW�DO��������
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)LJXUD�������$QjOLVL�PLFURELROzJLFD�GH�O¶DLJXD�SRWDEOH�GH�OD�[DU[D�GH�GLVWULEXFLy�LQWHUQD�GHO�/DE�
GH�0LFURELRORJLD�GH�O¶(8227��83&��7HUUDVVD��



��� 5HVXOWDWV�D�OD�]RQD�GH�PRVWUHLJ�,,,��/DE��0LFURELRORJLD�(8227���

7DXOD�������0LFURRUJDQLVPHV�DwOODWV�L�LGHQWLILFDWV�D�O¶DLJXD�SRWDEOH�GH�OD�[DU[D�GH�GLVWULEXFLy�LQWHUQD�GHO�/DE�
GH�0LFURELRORJLD�GH�O¶(8227��83&��7HUUDVVD��

$Í//$0(17 '$7$ (63Ê&,(

(8227 ������� %DFLOOXV�VS�

(8227 ������� 6WDSK\ORFRFFXV�VS�
(8227 �������� 6WDSK\ORFRFFXV�VS�

(8227 �������� 3VHXGRPRQDV�VSS�

(8227 �������� 3VHXGRPRQDV�IOXRUHVFHQV
(8227 �������� 6WDSK\ORFRFFXV�VS�

(8227 �������� %DFLOOXV�P\FRLGHV

(8227 �������� 6WDSK\ORFRFFXV�VS�
(8227 �������� 3VHXGRPRQDV�VSS�

(8227 �������� %DFLOOXV�VS�
(8227 ������� 0LFURFRFFXV�OXWHXV

(8227 �������� 6WDSK\ORFRFFXV�VS�

(8227 �������� 3VHXGRPRQDV�VSS�
(8227 �������� %DFLOOXV�VS�

(8227 �������� 0LFURFRFFXV�OXWHXV

(8227 �������� &RPRPRQDV�WHVWRVWHURQL
(8227 �������� 6WDSK\ORFRFFXV�VS�

(8227 �������� %DFLOOXV�VS�

������ 'HVHQYROXSDPHQW�GH�ELRILOP

(O�QLYHOO�GH�EDFWHULV�KHWHUzWURIV�SUHVHQWV�DOV�ELRILOPV�GHVHQYROXSDWV�D�SDUWLU�GH�O
DLJXD�GH�OD�[DU[D�GH�GLVWULEXFLy�G¶DLJXD�SRWDEOH

DO�/DERUDWRUL�GH�0LFURELRORJLD�GH�O¶(8227��83&��7HUUDVVD��GHWHUPLQDW�DPE�O¶DJDU�5�$��HV�YD�HVWDELOLW]DU�HQ�YDORUV�SURSHUV�D

����8IF�FP�� �YHXUH� )LJXUD� ������ SDUW� VXSHULRU��� (O� ELRILOP� KD� DVVROLW� YDORUV� HVWDEOHV� HQ� SRF� WHPSV�PDOJUDW� OD� JUDQ� YDULDELOLWDW

H[LVWHQW�� QHFHVVLWDQW� QRPpV� �� GLHV� SHU� DUULEDU� D� ����[���� 8IF�FP��� $TXHVWV� YDORUV� V¶KDQ�PDQWLQJXW� HVWDEOHV� ILQV� DOV� ��� GLHV

G¶H[SRVLFLy�D�O¶DLJXD�SRWDEOH��$�SDUWLU�G¶DTXHVW�PRPHQW�L�ILQV�DOV����GLHV��HO�UHFRPSWH�GH�EDFWHULV�KHWHUzWURIV�KD�RVFLOÂODW�HQWUH����

L�����8IF�FP���DPE�XQ�Pj[LP�GH�����[����8IF�FP��DOV����GLHV��'XUDQW�O¶~OWLP�SHUtRGH�GH�WHPSV�HVWXGLDW�HOV�QLYHOOV�KDQ�GLVPLQXwW

PpV� GH� �� ORJ� HQ� HO� PHQRU� FDV�� RVFLOÂODQW� HQWUH� ����� L� ���� 8IF�FP�� L� DPE� XQ� YDORU� PtQLP� GH� ���[����� 8IF�FP�� � DOV� ��� GLHV

G¶H[SRVLFLy�

(Q�HO�UHFRPSWH�PLFURVFzSLF�GLUHFWH�UHDOLW]DW�DPE�WDURQMD�G¶DFULGLQD�V¶KD�REVHUYDW�XQD�HVWDELOLW]DFLy�HQWUH�OHV����� L�����&qO��FP�

�)LJXUD� ������ SDUW� VXSHULRU��� DUULEDQW� HQ� �� GLHV� D� ����[���� &qO��FP��� $TXHVW� YDORU� V¶KD� PDQWLQJXW�� PDOJUDW� DOJXQD� OOHXJHUD

GLVPLQXFLy�SRVWHULRU�� ILQV�DOV����GLHV�GH� FRQWDFWH��0pV� WDUG�� HO� QRPEUH�GH� FqOÂOXOHV� WRWDOV�SUHVHQWV�DOV�ELRILOPV� KDQ� GLVPLQXwW

OOHXJHUDPHQW��SHU�PDQWHQLU�VH�ILQV�DO�ILQDO�GHO�WHPSV�GH�FRQWDFWH�SURS�GH�OHV�����&qO��FP����(OV�UHFRPSWHV�GH�YLDEOHV��8IF�FP��

KDQ�UHSUHVHQWDW�D�OD�IDVH�HVWDFLRQjULD��DSUR[LPDGDPHQW�HO�������GHO�WRWDO�GH�OD�SREODFLy�GH�FqOÂOXOHV�DGKHULGD�DO�PHGL�SRUyV�GHOV

UHDFWRUV�

(OV�IRQJV�ILODPHQWRVRV�KDQ�PRVWUDW�DOV�ELRILOPV�XQD�SUHVqQFLD�IRUoD�UHGXwGD��'H�IHW��QRPpV�HV�YDQ�SRGHU�DwOODU�HQ�GRV�SXQWV�GHO

PRVWUHLJ��DOV���L�DOV����GLHV��DPE�XQ�YDORU�Pj[LP�HQ�DTXHVW�~OWLP�GH�����[����8IF�FP��
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)LJXUD�������'HVHQYROXSDPHQW�GH�ELRILOP�D�SDUWLU�GH� O¶DLJXD�SRWDEOH�GH� OD�[DU[D�GH�GLVWULEXFLy� LQWHUQD
GHO�/DE��GH�0LFURELRORJLD�GH�O¶(8227��83&��7HUUDVVD��



��� 5HVXOWDWV�D�OD�]RQD�GH�PRVWUHLJ�,,,��/DE��0LFURELRORJLD�(8227���

/D� )LJXUD� ����� WDPEp� PRVWUD� OD� SUHVqQFLD� DOV� ELRILOPV� GHOV� FROLIRUPHV� WRWDOV�� (VFKHULFKLD� FROL� L� HOV� EDFWHULV� GHO� JUXS

3VHXGRPRQDV�� '¶DTXHVW� WUHV�� O¶~OWLP� JUXS� pV� HO� TXH� KD� SUHVHQWDW� XQV� UHFRPSWHV�PpV� HOHYDWV� DO� OODUJ� GHO� WHPSV� G¶H[SRVLFLy�

([FHSWXDQW�GRV�SXQWV��DOV����L�DOV����GLHV��3VHXGRPRQDV�KD�DXJPHQWDW�OD�VHYD�SUHVqQFLD�DOV�ELRILOPV�GXUDQW�WRW�HO�SHUtRGH�GH

PRVWUHLJ��YHXUH�)LJXUD�������SDUW� LQIHULRU��� ,QLFLDOPHQW��HOV�QLYHOOV�V¶KDQ�LQFUHPHQWDW�GH� IRUPD�UjSLGD��VXSHUDQW� OHV�����8IF�FP�

�����[���� 8IF�FP��� HQ� QRPpV� �� GLHV�� 3RVWHULRUPHQW�� V¶KD� SURGXwW� XQD� GLVPLQXFLy� IRUoD� EUXVFD� VHJXLGD� G¶XQD� UHFXSHUDFLy

SRVWHULRU���DXJPHQWDQW���ORJ�GHOV����DOV����GLHV��RQ�V¶KD�DUULEDW�D�VXSHUDU�XQD�DOWUD�YHJDGD�OHV�����8IF�FP�������[����8IF�FP����

'HVSUpV�V¶KD�WRUQDW�D�SURGXLU�XQD�GLVPLQXFLy�DO�YROWDQW�GHOV����GLHV�G¶H[SRVLFLy��TXH�KD�FRLQFLGLW�DPE�XQD�UHGXFFLy�VHPEODQW�HQ

HO�QRPEUH�GH�EDFWHULV�KHWHUzWURIV��)LQDOPHQW��HOV�QLYHOOV�KDQ� WRUQDW�D�SXMDU� ILQV�D�XQ�YDORU�Pj[LP�GH�����[����8IF�FP�� �DOV���

GLHV�

$� OD�PDWHL[D� ILJXUD� �SDUW� FHQWUDO�� V¶DSUHFLD� FRP�(VFKHULFKLD� FROL� QRPpV� V¶KD� SRJXW� DwOODU� HQ� GRV� SXQWV�� DPE� QLYHOOV� VHPSUH

LQIHULRUV�D�����8IF�FP��������[�����8IF�FP���DOV����L�����[�����8IF�FP���DOV����GLHV���)LQDOPHQW��HOV�FROLIRUPHV�WRWDOV�KDQ�RVFLOÂODW

GH� IRUPD� FRQVLGHUDEOH� �OOHXJHUDPHQW� SHU� VREUH� GHOV� �� ORJ� GH� GLIHUqQFLD�� GXUDQW� OD� PDMRU� SDUW� GHO� WHPSV� G¶H[SRVLFLy�� &RP

V¶REVHUYD�D�OD�PDWHL[D�)LJXUD�������SDUW�FHQWUDO��HOV�SHUtRGHV�DPE�XQD�SUHVqQFLD�SUjFWLFDPHQW�QXOÂOD�KDQ�DOWHUQDW��HQ�GLIHUHQWV

RFDVLRQV��DPE�QLYHOOV�OOHXJHUDPHQW�LQIHULRUV�D�OHV�����8IF�FP���(O�Pj[LP�V¶KD�SURGXwW�DOV����GLHV��DPE�����[����8IF�FP���

$�OD�7DXOD������HV�GHWDOOHQ�HOV�GLIHUHQWV�PHPEUHV�GH�OD�PLFURELRWD�DXWzFWRQD�TXH�V¶KDQ�DwOODW�DOV�ELRILOPV�GHVHQYROXSDWV�GHVSUpV

G¶H[SRVDU� HOV� UHDFWRUV� D� O¶DLJXD� SRWDEOH�� &DO� GHVWDFDU� OD� SUHVqQFLD� GH� GLIHUHQWV� HVSqFLHV� GHO� JUXS� 3VHXGRPRQDV�� FRP

3VHXGRPRQDV�IOXRUHVFHQV��3VHXGRPRQDV�PDOWRSKLOLD��3VHXGRPRQDV�VWXW]HUL��3VHXGRPRQDV�SVHXGRDOFDOLJHQHV�L�DOWUHV��7DPEp

V¶KDQ�DwOODW�HQ�GLIHUHQWV�RFDVLRQV�FRFV�*UDP�SRVLWLXV�GHO�JqQHUH�6WDSK\ORFRFFXV� L�EDFLOV�*UDP�SRVLWLXV�HVSRUXODWV��GHO�JqQHUH

%DFLOOXV�VS�

7DXOD� ������0LFURRUJDQLVPHV� DwOODWV� L� LGHQWLILFDWV� DOV� ELRILOPV� IRUPDWV� D� SDUWLU� GHO� VLVWHPD�H[SHULPHQWDO� VLWXDW� D� OD
[DU[D�GH�GLVWULEXFLy�GHO�ODERUDWRUL�GH�0LFURELRORJLD�GH�O¶(8227��83&��

$Í//$0(17 '$7$ 7(036�'¶(;326,&,Ï (63Ê&,(

(8227�� �������� ��GLHV &RPDPRQDV�DFLGRYRUDQV
(8227�� �������� ��GLHV ;HQRUKDEGXV�OXPLQLVFHQV

(8227�� �������� ��GLHV 3VHXGRPRQDV�IOXRUHVFHQV

(8227�� �������� ���GLHV 3URYLGHQFLD�SVHXGRPDOOHL
(8227�� �������� ���GLHV 6WDSK\ORFRFFXV�VS�

(8227�� �������� ���GLHV 6WDSK\ORFRFFXV�VS�

(8227�� �������� ���GLHV $FLQHWREDFWHU�OZRIILL
(8227�� �������� ���GLHV &RPDPRQDV�WHVWRVWHURQL

(8227�� �������� ���GLHV &RPDPRQDV�WHVWRVWHURQL
(8227�� �������� ���GLHV 7ULFKRGHUPD�VS�

(8227�� �������� ���GLHV 3VHXGRPRQDV�VSS�

(8227�� �������� ���GLHV 3VHXGRPRQDV�PDOWRSKLOLD
(8227�� �������� ���GLHV 3VHXGRPRQDV�OHPRLJQHD

(8227�� �������� ���GLHV .LQJHOOD�GHQLWULILFDQV

(8227�� �������� ���GLHV 3VHXGRPRQDV�VWXW]HUL
(8227�� �������� ���GLHV 3VHXGRPRQDV�SVHXGRDOFDOLJHQHV

(8227�� �������� W ���PLQ� 6WDSK\ORFRFFXV�VS��FRDJ���
(8227�� �������� ����GLHV 0LFURFRFFXV�VS�

(8227�� �������� ���GLHV 6WDSK\ORFRFFXV�VS�

(8227�� �������� ���GLHV 3VHXGRPRQDV�VWXW]HUL
(8227�� �������� ���GLHV 0LFURFRFFXV�OXWHXV



&DStWRO�� $YDOXDFLy�GH�OD�IRUPDFLy�GH�ELRILOPV�HQ�VLVWHPHV�GH�GLVWULEXFLy�G¶DLJXD ���

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

7DPEp� V¶KD� FRPSDUDW� OD� SUHVqQFLD� GHOV� JUXSV� GH�PLFURRUJDQLVPHV� HVWXGLDWV�� WDQW� D� OD� IDVH� SODQFWzQLFD� FRP� HQ� IDVH� VqVVLO�

FDOFXODQW�OD�PLWMDQD�L�OD�PHGLDQD�GHOV�PLFURRUJDQLVPHV�SUHVHQWV�D�OD�IDVH�SODQFWzQLFD�DO�OODUJ�GHO�SHUtRGH�DQDOLW]DW�L�H[SUHVVDQW

HOV� UHVXOWDWV� SHU� D� FDGD� JUXS� HVWXGLDW� �QRPEUH�P/����� /D�PLWMDQD� GH�PLFURRUJDQLVPHV� DGKHULWV� V¶KD� FDOFXODW� VHOHFFLRQDQW� OHV

GDGHV�REWLQJXGHV��HQ�FDGD�FDV��D�SDUWLU�GHOV����GLHV�G¶H[SRVLFLy��'¶DTXHVWD�IRUPD��V¶KDQ�FRQVLGHUDW�OHV�RVFLOÂODFLRQV�SURGXwGHV

GXUDQW�DTXHVW�~OWLP�SHUtRGH�G¶H[SRVLFLy�D�O¶DLJXD�IUHjWLFD�

&DO�GHVWDFDU�OD�LPSRUWjQFLD�TXH�HOV�FROLIRUPHV�WRWDOV�L�(VFKHULFKLD�FROL�KDQ�DVVROLW�DOV�ELRILOPV�GHVHQYROXSDWV��HVSHFLDOPHQW�VL�HV

FRPSDUD�DPE�OD�VHYD�QXOÂOD�SUHVqQFLD�D�OD�IDVH�SODQFWzQLFD��(O�FDQYL�PpV�QRWDEOH�V¶KD�SURGXwW�HQ�HOV�FROLIRUPHV�WRWDOV��TXH�GH�QR

DwOODU�VH� D� OD� IDVH� SODQFWzQLFD�� KD� SDVVDW� D� YDORUV� SURSHUV� R� OOHXJHUDPHQW� VXSHULRUV� D� OHV� ���� 8IF�FP�� HQ� IDVH� VqVVLO�� (Q

(VFKHULFKLD�FROL�HQ�FDQYL��HOV�QLYHOOV�KDQ�HVWDW�QXOV�D�SDUWLU�GHOV����GLHV�G¶H[SRVLFLy�D�O¶DLJXD�SRWDEOH��WDQW�D�OD�IDVH�SODQFWzQLFD

FRP�HQ�IDVH�ELRILOP��7DQPDWHL[��V¶KDQ�SRJXW�DwOODU�DO�ELRILOP�HQWUH�HOV���� L�HOV����GLHV�G¶H[SRVLFLy��HQFDUD�TXH�DPE�XQV�QLYHOOV

FHUWDPHQW�UHGXwWV��DO�YROWDQW�GH������XIF�FP���

$� OD�)LJXUD������V¶REVHUYD� OD� UDWLR�ELRILOP�IDVH�SODQFWzQLFD�D�SDUWLU�GH� O¶DLJXD�SRWDEOH�GH� O¶(8227��1R�V¶KDQ�FDOFXODW� WRWHV� OHV

UDWLRV�SHU�D�FDGD�JUXS��SHUTXq�DOJXQV�GHOV�PLFURRUJDQLVPHV�QR�V¶KDQ�GHWHFWDW�D�OD�IDVH�SODQFWzQLFD�QL�GXUDQW�O¶~OWLP�SHUtRGH��D

SDUWLU�GHOV����GLHV��D�OD�IDVH�VqVVLO��/¶DXJPHQW�PpV�LPSRUWDQW�D�OD�IDVH�ELRILOP�UHVSHFWH�GH�OD�IDVH�SODQFWzQLFD�V¶KD�SURGXwW�HQ�HO

JUXS�3VHXGRPRQDV��UDWLR� ��������VHJXLW�DPE�XQD�UDWLR�IRUoD�LQIHULRU�SHOV�EDFWHULV�WRWDOV�GHWHUPLQDWV�HQ�SODFD�DPE�O¶DJDU�5�$

�UDWLR� ��������

$QDOLW]DQW�OD�IRUPDFLy�GH�ELRILOP�DO�VLVWHPD�GHO�ODERUDWRUL�GH�0LFURELRORJLD��(8227�83&���pV�HYLGHQW�OD�LPSRUWjQFLD�TXH�SRGHQ

DGTXLULU� DOJXQV� GHOV� PLFURRUJDQLVPHV� GHO� ELRILOP� UHVSHFWH� GH� OD� IDVH� SODQFWzQLFD�� WDO� FRP� KR� GHPRVWUHQ� OHV� GDGHV� SHU� D

3VHXGRPRQDV��EDFWHULV�KHWHUzWURIV�L�WDPEp�SHOV�FROLIRUPHV�WRWDOV�

10 0 10 1 10 2 10 3 10 4

5�$����&

3VHXGRPRQDV

Mitjanes/Mitjanes
Mitjanes/Medianes

Ratio Biofilm / Fase Planctònica

)LJXUD�������3URSRUFLy�HQWUH�HOV�PLFURRUJDQLVPHV�SUHVHQWV�DO�ELRILOP�L�D�OD�IDVH�SODQFWzQLFD��D�SDUWLU�GH
O¶DLJXD�SRWDEOH�GH�OD�[DU[D�GH�GLVWULEXFLy�LQWHUQD�GHO�ODERUDWRUL�GH�0LFURELRORJLD�GH�OD�(8227��83&��



��� 5HVXOWDWV�D�OD�]RQD�GH�PRVWUHLJ�,,,��/DE��0LFURELRORJLD�(8227���

������ &DQYLV�HQ�OD�FRPSRVLFLy�GH�OD�FRPXQLWDW�GHOV�ELRILOPV

)DVH�3ODQFWzQLFD��&RP�TXH�OD�PDMRU�SDUW�GHOV�JUXSV�HVWXGLDWV�QR�V¶KDQ�GHWHFWDW�D�O¶DLJXD�SRWDEOH��YHXUH�)LJXUD��������QRPpV

V¶KD� TXDQWLILFDW� OD� LPSRUWjQFLD� UHODWLYD� GHO� JUXS�3VHXGRPRQDV� UHVSHFWH� GHOV� EDFWHULV� KHWHUzWURIV� GHWHUPLQDWV� DPE� 5�$�� (Q

DTXHVW� FDV�� V¶KD� REVHUYDW� XQD� RVFLOÂODFLy� LPSRUWDQW� HQ� OD� UDWLR� REWLQJXGD�� YDULDQW� HQWRUQ� GHOV� �� ORJ� �YHXUH� )LJXUD� ������

3VHXGRPRQDV�KD�HVWDW� O
~QLF�JUXS�UHSUHVHQWDWLX�HQIURQW�GHOV�EDFWHULV�KHWHUzWURIV��DXJPHQWDQW�HO�VHX�QLYHOO� UHODWLX�GXUDQW� WRW�HO

SHUtRGH�PRVWUHMDW��D�H[FHSFLy�GH�OD�GLVPLQXFLy�GH�TXDVL���ORJ�REWLQJXGD�HO�MXOLRO�GH�������'H�IHW��DO�ILQDO�GHO�SHUtRGH�GH�PRVWUHLJ

�VHWHPEUH�GH�������OD�UHGXFFLy�HQ�HO�QRPEUH�GH�EDFWHULV�KHWHUzWURIV�KD�IHW�DXJPHQWDU�OD�UHODFLy�3VHXGRPRQDV�5�$�ILQV�D�YDORUV

SRVLWLXV�����/RJ���)LJXUD�������

-10

-7.5

-5

-2.5

0

2.5

5

7.5

10

Pseudomonas/R2A

1998

feb mar abr mai jun jul ago set oct

Lo
g 

R
at

io
 (

R
ec

. G
ru

p/
R

2A
)

)LJXUD�������9DULDFLy�DO�OODUJ�GHO�WHPSV�GH�OD�SURSRUFLy�GHO�JUXS�3VHXGRPRQDV�HQ�UHODFLy�DO�WRWDO�GH�EDFWHULV
KHWHUzWURIV� TXDQWLILFDWV� DPE� O
DJDU� 5�$� D� OD� IDVH� SODQFWzQLFD�� D� SDUWLU� GH� O¶DLJXD� SRWDEOH� GH� OD� [DU[D� GH
GLVWULEXFLy�LQWHUQD�GHO�/DE��GH�0LFURELRORJLD�GH�O¶(8227��83&��7HUUDVVD��

)DVH� 6qVVLO�� ,JXDO� TXH� KD� SDVVDW� D� OHV� DOWUHV� HVWDFLRQV� GH� PRVWUHLJ� HVWXGLDGHV� �6DQW� 0DUWt�%HVyV� L� 6DEDGHOO��� HOV� JUXSV

PLFURELDQV�HVWXGLDWV�DOV�ELRILOPV�KDQ�YDULDW�OD�VHYD�LPSRUWjQFLD�UHODWLYD�DO�OODUJ�GHO�SHUtRGH�G¶H[SRVLFLy��)LJXUD��������'XUDQW�HOV

SULPHUV� ��� GLHV� HO� JUXS�3VHXGRPRQDV� V¶KD�PDQWLQJXW� DOV� ELRILOPV� FRP� HO� PpV� LPSRUWDQW� HQ� UHODFLy� DOV� EDFWHULV� KHWHUzWURIV

GHWHUPLQDWV�DPE�O¶DJDU�5�$��YHXUH�)LJXUD��������/D�VHYD�LPSRUWjQFLD�UHODWLYD�KD�RVFLOÂODW�DSUR[LPDGDPHQW���ORJ��GH�±����D�±���

ORJ�

(OV�IRQJV�ILODPHQWRVRV�KDQ�HVWDW�HO�VHJRQ�JUXS�HQ�LPSRUWjQFLD�UHODWLYD�UHVSHFWH�GHOV�EDFWHULV�KHWHUzWURIV��GXUDQW�DTXHVW�SULPHU

SHUtRGH�� (O� VHX� QLYHOO� KD� RVFLOÂODW� TXDVL� �� ORJ�� HQWUH� ±���� L� ±���� ORJ�� )LQDOPHQW�� HO� WHUFHU� JUXS� HQ� LPSRUWjQFLD� KDQ� HVWDW� HOV

FROLIRUPHV� WRWDOV��TXH�KDQ�RVFLOÂODW� �� ORJ�� GH�±����D�±���� ORJ�� $OV����GLHV� V¶KD�REVHUYDW� XQ�DXJPHQW� IRUoD� FRQVLGHUDEOH�HQ� OD

LPSRUWjQFLD� UHODWLYD� GHOV� WUHV� JUXSV� HVWXGLDWV�� UHVSHFWH� GHOV� EDFWHULV� KHWHUzWURIV�� (Q� DTXHVW� VHQWLW�� OD� UHODFLy� &ROLIRUPHV

WRWDOV�5�$�KD�HVWDW�OD�TXH�PpV�KD�DXJPHQWDW��GH�±�����D�±������VHJXLGD�GH�OD�UHODFLy�HQWUH�)RQJV�ILODPHQWRVRV�5�$��GH�±�����D

±�����L��ILQDOPHQW��GHO�JUXS�3VHXGRPRQDV��TXH�KD�DXJPHQWDW�GH�±�����D�±������$�SDUWLU�G¶DTXHVW�PRPHQW��OD�LPSRUWjQFLD�UHODWLYD

GHOV�WUHV�JUXSV�KD�WRUQDW�D�GLVPLQXLU�



&DStWRO�� $YDOXDFLy�GH�OD�IRUPDFLy�GH�ELRILOPV�HQ�VLVWHPHV�GH�GLVWULEXFLy�G¶DLJXD ���

(Q� UHVXP��HOV� IRQJV� ILODPHQWRVRV�V¶KDQ�PDQWLQJXW� DOV� ELRILOPV� FRP�HO� JUXS�PpV� LPSRUWDQW� HQ� UHODFLy�DOV�EDFWHULV� KHWHUzWURIV�

HQWUH�HOV���� L�HOV����GLHV�G¶H[SRVLFLy�D� O¶DLJXD�SRWDEOH��VHJXLWV�GH� IRUPD�TXDVL� LGqQWLFD�SHOV�FROLIRUPHV� WRWDOV� L�3VHXGRPRQDV�

'HOV����DOV����GLHV�G¶H[SRVLFLy��HOV�FROLIRUPHV� WRWDOV�KDQ�SDVVDW�D�VHU�HO�JUXS�PpV� LPSRUWDQW�� VHJXLWV� GH�3VHXGRPRQDV� L� HOV

IRQJV�ILODPHQWRVRV�

6L� HV� FRPSDUHQ� OHV� GLIHUqQFLHV� REWLQJXGHV� GXUDQW� HO� SULPHU� SHUtRGH� G¶H[SRVLFLy� L� ILQV� DOV� ��� GLHV�� FDO� FRQVWDWDU� TXH� OD

LPSRUWjQFLD�UHODWLYD�GHOV�FROLIRUPHV�WRWDOV�HQIURQW�GH�5�$�KD�HVWDW�PDMRU�D�OD�IDVH�SODQFWzQLFD�TXH�DOV�ELRILOPV��$L[z�KD�FDQYLDW�D

SDUWLU�GHOV����GLHV��PDOJUDW�TXH�OHV�RVFLOÂODFLRQV�GHOV�QLYHOOV�HQ�FDGD�XQ�GHOV�JUXSV�KDQ�GLILFXOWDW�OD�UHDOLW]DFLy�GH�FRPSDUDFLRQV�

(Q�WRW�FDV��HOV�UHFRPSWHV�HQ�5�$�KDQ�VXSRVDW�XQD�IUDFFLy�PROW�SHWLWD�GH�OHV�FqOÂOXOHV�WRWDOV��)LJXUD��������SHUTXq�HQ�UHDOLWDW�HOV

UHFRPSWHV�GH�YLDEOHV�KDQ�UHSUHVHQWDW�VHPSUH�PHQ\V�GHO������GHO�WRWDO�GH�OD�SREODFLy�DGKHULGD�DO�PHGL�GH�VXSRUW�GHOV�UHDFWRUV�

DUULEDQW�HQ�DOJXQV�FDVRV�D�YDORUV�LQIHULRUV�D���������
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��� 'LVFXVVLy���

����� 'LVFXVVLy

������ 0LFURRUJDQLVPHV�SODQFWzQLFV

&RPSDUDQW�OD�TXDOLWDW�PLFURELROzJLFD�GH�O¶DLJXD�HQ�HOV�WUHV�VLVWHPHV�HVWXGLDWV�V¶REVHUYD�FRP�D�OHV�GXHV�]RQHV�GH�PRVWUHLJ�RQ

O¶DLJXD�SURYp�G¶DSRUWDFLRQV�GHO�IUHjWLF��HOV�YDORUV�KDQ�HVWDW�IRUoD�VLPLODUV��'H�IHW��OHV�~QLTXHV�GLIHUqQFLHV�LPSRUWDQWV�HV�WUREDULHQ

HQ� HO� QRPEUH� GH� EDFWHULV� WRWDOV� GHWHUPLQDWV� HQ� SODFD� DPE� 5�$� L� 3&$� D� ���&� �YHXUH� 7DXOD� ������� OOHXJHUDPHQW� VXSHULRU� D

O¶HVWDFLy�GH�6DQW�0DUWt��%HVyV���L�HO�QRPEUH�GH�3VHXGRPRQDV�OOHXJHUDPHQW�VXSHULRU�D�6DEDGHOO�HQ�HO�VHX�YDORU�PtQLP��/D�UHVWD

GH�SDUjPHWUHV�HVWXGLDWV�KDQ�SUHVHQWDW�YDORUV�SUjFWLFDPHQW�LGqQWLFV�D�OHV�GXHV�]RQHV�GH�PRVWUHLJ�

6HJRQV�OD�QRUPDWLYD�GH�TXDOLWDW�H[LJLEOH�SHU�D�OHV�DLJ�HV�VXSHUILFLDOV�TXDQ�HV�GHVWLQHQ�D�OD�SURGXFFLy�G¶DLJXD�SRWDEOH��'LUHFWLYD

�������&((�������%2(������������OHV�DLJ�HV�GH�6DEDGHOO�L�6DQW�0DUWt�FRUUHVSRQGULHQ�D�OHV�FDWHJRULHV�$��R�$����GHSHQHQW�GH

O¶qSRFD�GH�O¶DQ\����HVSHFLDOPHQW�GHJXW�DOV�HOHYDWV�UHFRPSWHV�GH�FROLIRUPHV�WRWDOV�L�(VFKHULFKLD�FROL�

0DOJUDW� DTXHVWD� UHODWLYD� VHPEODQoD� HQ� OD� TXDOLWDW� PLFURELROzJLFD�� OHV� GXHV� ]RQHV� RQ� V¶KD� PRVWUHMDW� GHO� IUHjWLF� SUHVHQWHQ

FDUDFWHUtVWLTXHV�IRUoD�GLIHUHQWV��/¶HVWDFLy�H[SHULPHQWDO�GH�6DQW�0DUWt��%HVyV��FRUUHVSRQGULD�D�XQD�DLJXD�GH�GUHQDWJH�G
XQD�]RQD

XUEDQD�SHULXUEDQD��LQGXVWULDO���RQ�O¶DSRUWDFLy�IRQDPHQWDO�SURYp�GH�O¶DT�tIHU�DOÂOXYLDO�GHO�%HVyV�L��GH� IRUPD�PHQ\V� LPSRUWDQW��GH

IXLWHV�GHO�VLVWHPD�GH�FODYHJXHUDP�L�DOWUHV�DERFDPHQWV�L�LQILOWUDFLRQV�TXH�DFRVWXPHQ�D�HPSLWMRUDU�OD�TXDOLWDW�GH�O¶DLJXD��/D�PLQD

GH�5LEDWDOODGD�D�6DEDGHOO��HQ�FDQYL��UHFXOO�OHV�DSRUWDFLRQV�GHO�VXEVzO�GH�OD�SODQD�YDOOHVDQD�HQ�XQD�]RQD�IRUHVWDO�L�OHV�FRQGXHL[

ILQV�D�OHV�LQVWDOÂODFLRQV�GH�&$66$�D�&DQ�2ULDF��/HV�FDUDFWHUtVWLTXHV�GH�OD�]RQD�SHUPHWHQ�OD�LQILOWUDFLy�GH�OHV�DLJ�HV�GH�SOXMD��IHW

TXH�DIDYRUHL[�OD�FRQVWLWXFLy�G¶DTXHVWV�DT�tIHUV��$L[z��WDPEp�KD�IDFLOLWDW�OD�VHYD�FRQWDPLQDFLy�D�SDUWLU�G¶DERFDPHQW�LQFRQWURODWV�L

DLJ�HV�UHVLGXDOV�VHQVH�WUDFWDU��GHJXW�D�OD�SUHVqQFLD�HQ�DTXHVWD�]RQD�GH�GXHV�XUEDQLW]DFLRQV��&DQ�)RQW�L�&D�Q¶$YHOODQHGD���/D

PDQFD� GH� SURWHFFLy� D� O¶DT�tIHU� TXH� SURYHHL[� OD�PLQD� GH� 5LEDWDOODGD� �6DEDGHOO�� HQ� SOHQD� ]RQD� IRUHVWDO�� KD� GLVPLQXwW� OD� VHYD

TXDOLWDW�PLFURELROzJLFD�ILQV�D�HTXLSDUDU�OD�D�OD�GHO�IUHjWLF�GH�6DQW�0DUWt��%HVyV��

$FWXDOPHQW�� D� OD� ]RQD�PHWURSROLWDQD� GH� %DUFHORQD� V¶HVWDQ� DSURILWDQW� DLJ�HV� IUHjWLTXHV� DPE� XQD� TXDOLWDW� VHPEODQW� D� OHV� DTXt

DQDOLW]DGHV�SHU�DO�UHJ�GH�SDUFV�L�MDUGLQV�XUEDQV��HVSHFLDOPHQW�SHO�TXH�ID�DO�UHFRPSWH�GH�EDFWHULV�KHWHUzWURIV�WRWDOV��$L[t��DO�3DUF

GH� %HOOYLWJH�� OHV� DQDOtWLTXHV� PLFURELROzJLTXHV� UHDOLW]DGHV� DO� SRX� G¶DEDVWDPHQW� PRVWUHQ� YDORUV� GH� EDFWHULV� DHURELV� WRWDOV

�UHFRPSWHV�D����&��HQWUH���������8IF�P/��GDGHV�QR�SXEOLFDGHV���(Q�FDQYL��HQ�DTXHVW�PDWHL[�SRX�HOV�YDORUV�SHU�DOV�FROLIRUPHV

WRWDOV�KDQ�RVFLOÂODW�HQWUH�HOV������8IF�����P/��FODUDPHQW�LQIHULRUV�DOV�WUREDWV�D�6DQW�0DUWt�L�D�6DEDGHOO�

'H�IHW��OHV�DLJ�HV�IUHjWLTXHV�DQDOLW]DGHV�D�6DQW�0DUWt�L�D�6DEDGHOO�SUHVHQWHQ�XQD�TXDOLWDW�PLFURELROzJLFD�UHODWLYDPHQW�VHPEODQW�D

OD�G¶DOJXQHV�DLJ�HV�VXSHUILFLDOV��FRP�HO�ULX�/OREUHJDW�D� O¶DOoDGD�G¶2OHVD�� OORF�RQ�HV�VLWXD�O¶(7$3�GH�0LQD�3~EOLFD�TXH�SURYHHL[

7HUUDVVD� G¶DLJXD� SRWDEOH�� (Q� DTXHVW� SXQW� D� O¶HQWUDGD� GH� OD� SODQWD� SRWDELOLW]DGRUD�� HOV� YDORUV� SHU� DOV� EDFWHULV� DHURELV� WRWDOV

RVFLOÂOHQ�HQWUH���������8IF�P/�VHJRQV�O¶qSRFD�GH�O¶DQ\��0RUDWy�������

/D�TXDOLWDW�PLFURELROzJLFD�GH�OHV�DLJ�HV�VXEWHUUjQLHV�GH�6DQW�0DUWt� L�GH�6DEDGHOO�KD�H[SHULPHQWDW� IOXFWXDFLRQV�UHPDUFDEOHV�DO

OODUJ�GHO� WHPSV��$�6DQW�0DUWt�� HOV�Pj[LPV� UHFRPSWHV� GH� EDFWHULV� KHWHUzWURIV� KDQ� FRLQFLGLW� VHPSUH� HQ� SHUtRGHV� GH� SULPDYHUD

�PDUo��R� WDUGRU� �VHWHPEUH�RFWXEUH��� �PHQWUH�TXH�HOV�PtQLPV�KDQ�HVWDW� D� O¶KLYHUQ� �GHVHPEUH�JHQHU�� L� D� O¶HVWLX� �MXQ\�MXOLRO��� /HV

IOXFWXDFLRQV�HQ�OD�TXDOLWDW�PLFURELROzJLFD�SRGULHQ�DQDU�OOLJDGHV�HQ�SDUW�DO�UqJLP�SOXYLRPqWULF��HQFDUD�TXH�QR�HV�SRW�REOLGDU�TXH�OD

WHPSHUDWXUD� DIHFWD� GH� IRUPD� LPSRUWDQW� HO� FUHL[HPHQW� GHOV� PLFURRUJDQLVPHV� DTXjWLFV�� H[LVWLQW� XQD� UHODFLy� GLUHFWD� HQWUH� OD

WHPSHUDWXUD�GH�O¶DLJXD�L�OD�GHQVLWDW�GH�OD�SREODFLy�EDFWHULDQD��'RQODQ�	�3LSHV��������$L[t��GXUDQW�O¶DQ\������HOV�UHFRPSWHV�PpV

HOHYDWV�GH�EDFWHULV�KHWHUzWURIV�V¶KDQ�SURGXwW�TXDQ�KDQ�FRLQFLGLW� OHV�SUHFLSLWDFLRQV�DPE� OD�SUHVqQFLD�GH� WHPSHUDWXUHV�HOHYDGHV

�VHWHPEUH�RFWXEUH���(Q�FDQYL��HQ�DOWUHV�SHUtRGHV�GH�SUHFLSLWDFLy�Pj[LPD�SHUz�DPE�EDL[HV�WHPSHUDWXUHV��JHQHU�L�GHVHPEUH���HOV

UHFRPSWHV�KDQ�HVWDW�PtQLPV�



&DStWRO�� $YDOXDFLy�GH�OD�IRUPDFLy�GH�ELRILOPV�HQ�VLVWHPHV�GH�GLVWULEXFLy�G¶DLJXD ���

$�6DEDGHOO�OHV�RVFLOÂODFLRQV�HQ�HOV�UHFRPSWHV�GH�YLDEOHV�WDPEp�KDQ�HVWDW�LPSRUWDQWV����ORJ���DO�OODUJ�GH�WRW�HO�SHUtRGH�HVWXGLDW��'H

WRWHV� PDQHUHV�� HQ� DOWUHV� DT�tIHUV� HVWXGLDWV� V
KDQ� REVHUYDW� YDULDFLRQV� VHPEODQWV� R� ILQV� L� WRW� PpV� JUDQV� GH� OD� TXDOLWDW

PLFURELROzJLFD� �/DGG� HW� DO�� ������� '¶DOWUD� EDQGD�� HOV� UHFRPSWHV� GH� EDFWHULV� WRWDOV� D� 6DQW� 0DUWt� �HQWUH� ���� L� ���� &HO��P/�

FRQFRUGHQ�DPE�YDORUV�REWLQJXWV�SHU�DOWUHV�DXWRUV�D�SDUWLU�G¶DT�tIHUV� OOHXJHUDPHQW�R�PLWMDQDPHQW�FRQWDPLQDGHV� �FRQWDPLQDFLy

RUJjQLFD���0DU[VHQ�������.LQJ�	�3DUNHU�������

7DXOD�������4XDOLWDW�PLFURELROzJLFD�GH�O¶DLJXD�D�OHV�WUHV�]RQHV�GH�PRVWUHLJ�HVWXGLDGHV��9DORUV�PtQLP�L�Pj[LP�REWLQJXWV�DO�OODUJ
GHO�SHUtRGH�PRVWUHMDW�

=RQD�GH
0RVWUHLJ

&qO��7RWDOV 5�$����& 3&$����& )RQJV�)LO� &ROLIRUPHV
7RWDOV

(��FROL 3VHXGRPRQDV $HURPRQDV

&HO��P/ 8IF�P/ 8IF�P/ 8IF�P/ 8IF�����P/ 8IF�����P/ 8IF�����P/ 8IF�����P/

6DQW�0DUWt ������� ������� ������� ������� ������� ����� ������� �����

6DEDGHOO ������� ������� ������� ������� ������� ����� ������� �����

(8227 ������� �������� � � � � ����� �

/D�TXDOLWDW�PLFURELROzJLFD�GH� OHV�DLJ�HV� VXEWHUUjQLHV�PRVWUHMDGHV�KD�HVWDW� UDGLFDOPHQW� GLIHUHQW� D� OD� TXH� KD� SUHVHQWDW� O¶DLJXD

SRWDEOH�GH�O¶(8227��(Q�DTXHVWD�~OWLPD�]RQD�GH�PRVWUHLJ�QR�V¶KDQ�GHWHFWDW�EDFWHULV�WRWDOV�HQ�SODFD�TXDQ�V¶KD�XWLOLW]DW�O¶DJDU�3&$

D����&��PHQWUH�TXH�DPE� O¶DJDU�5�$�D�����&�KDQ�SUHVHQWDW�XQ�QLYHOO�Pj[LP� OOHXJHUDPHQW� LQIHULRU�D�����8IF�P/��GH���D��� ORJ

LQIHULRU�D�O¶REWLQJXW�D�6DQW�0DUWt�L�D�6DEDGHOO��YHXUH�7DXOD��������'H�IHW��DTXHVWV�YDORUV�VyQ�IUHT�HQWV�D�OHV�[DU[HV�GH�GLVWULEXFLy

G¶DLJXD�SRWDEOH��'ROODUG�HW�DO��������

$� O¶DLJXD� GH� OD� [DU[D� GH� GLVWULEXFLy� GH� O¶(8227� WDPSRF� V¶KD� GHWHFWDW� OD� SUHVqQFLD� GH� IRQJV� ILODPHQWRVRV�� FROLIRUPHV� WRWDOV�

(VFKHULFKLD�FROL�QL�$HURPRQDV��PHQWUH�TXH�3VHXGRPRQDV�KD�SUHVHQWDW�XQ�YDORU�Pj[LP�GH�����8IF�����P/��GH���D���ORJ�LQIHULRUV

DOV� REVHUYDWV� D�6DQW�0DUWt� L� D� 6DEDGHOO�� (V� WUDFWD� GRQFV�� G¶XQD� DLJXD� SRWDEOH� TXH� FRPSOHL[� DPE� HOV� HVWjQGDUGV� GH� TXDOLWDW

VHJRQV� OD�QRUPDWLYD�DFWXDO�G¶DLJ�HV�SRWDEOHV� �5'�������������&RP� MD�V¶KD�FRPHQWDW�DQWHULRPHQW��HQ�VLVWHPHV�GH�GLVWULEXFLy

G¶DLJ�HV�SRWDEOHV� OD�GHVLQIHFFLy�SURYRFD�TXH�HO�FUHL[HPHQW�EDFWHULj�D� OD� IDVH� OtTXLGD�VLJXL�SUjFWLFDPHQW�QHJOLJLEOH��HVVHQW�HOV

EDFWHULV�DGKHULWV�HOV�~QLFV�TXH�HV�SRGHQ�DUULEDU�D�PXOWLSOLFDU��/H&KHYDOOLHU�HW�DO��������������

&RPSDUDFLy� GH� OHV� GDGHV� DPE� OD� QRUPDWLYD� H[LVWHQW�� (O� PDUF� VDQLWDUL� GH� OD� UHXWLOLW]DFLy� G¶DLJ�HV� SODQWHMD� DYXL� HQ� GLD

QRPEURVRV�LQWHUURJDQWV�D�QLYHOO�PXQGLDO��1R�HVWj�JHQV�FODU�HQFDUD�TXLQD�KD�GH�VHU�OD�TXDOLWDW�GH�OHV�DLJ�HV�VHJRQV�DOJXQV�GHOV

XVRV�DOV�TXDOV�V¶KDQ�GH�GHVWLQDU��(OV�SDwVRV�GHVHQYROXSDWV�DPE�UHFXUVRV�SRGHQ�DUULEDU�D�FRQWURODU�OD�TXDOLWDW�PLFURELROzJLFD�GH

OHV�DLJ�HV�� HVSHFLDOPHQW� JUjFLHV�D� OD�JHQHUDOLW]DFLy� GHO� WUDFWDPHQW� GH� OHV� DLJ�HV� UHVLGXDOV�� $OV� SDwVRV� VXEGHVHQYROXSDWV� HQ

FDQYL��OHV�PDQFDQFHV�HFRQzPLTXHV�QR�SHUPHWHQ�SRUWDU�D�WHUPH�XQ�FRQWURO�H[KDXVWLX�GH�OD�TXDOLWDW�PLFURELROzJLFD��QL�HVWHQGUH�HO

WUDFWDPHQW�D�OD�PDMRULD�GH�OHV�DLJ�HV�

6L�HQV�FHQWUHP�HQ�OD�TXDOLWDW�PLFURELROzJLFD�GH�O¶DLJXD�OD�PDMRU�SDUW�GH�QRUPDWLYD�DFWXDO� ID� UHIHUqQFLD�H[FOXVLYDPHQW�D�DLJ�HV

SRWDEOHV��GHVWDFDQW�OHV�UHIHUHQWV�D�DLJ�HV�VXSHUILFLDOV�SHU�D�OD�SURGXFFLy�G¶DLJXD�SRWDEOH��'LUHFWLYD��������&((��L�OD�G¶DLJXD�GH

FRQVXP�S~EOLF�SHU�[DU[D�GH�GLVWULEXFLy��'LUHFWLYD��������&((��5'�������������5HIHUHQW�D�DOWUHV�XVRV�TXH�QR�VLJXLQ�HO�FRQVXP

S~EOLF�QRPpV�H[LVWHL[�OHJLVODFLy�SHU�D�O¶DLJXD�GH�EDQ\��'LUHFWLYD��������&((��5'�����������TXH�DFWXDOPHQW�HVWj�HQ�UHYLVLy�

(Q�FDQYL��DFWXDOPHQW� O¶DLJXD�GHVWLQDGD�SHU�D�~V�DJUtFROD�QR�KD�GH�FRPSOLU�DPE�FDS�UHTXHULPHQW�GH�TXDOLWDW�PLFURELROzJLFD�� MD

TXH� QR� H[LVWHL[� OHJLVODFLy� DO� UHVSHFWH�� (Q� PROWV� SDwVRV� HVWUDQJHUV� V¶DVVRFLHQ� HOV� SHUPLVRV� SHU� UHJDU� DO� IHW� TXH� O¶DLJXD�

HVSHFLDOPHQW�VL�HV�WUDFWD�G¶DLJXD�UHVLGXDO��KDJL�VRIHUW�XQ�GHWHUPLQDW�WUDFWDPHQW��6HJRQV�TXLQ�VLJXL�DTXHVW�WUDFWDPHQW�HV�SRGUj

DSOLFDU�O¶DLJXD�D�XQ�R�DOWUH�WLSXV�GH�FRQUHX�



��� 'LVFXVVLy���

1RPpV� TXDQ� HO� UHJ� V¶KD� GH� UHDOLW]DU� DPE� DLJXD� UHVLGXDO� pV� SRVVLEOH� WUREDU� OHJLVODFLy�� HVSHFLDOPHQW� HQ� DTXHOOV� SDwVRV� DPE

HOHYDGD�FDSDFLWDW�WHFQROzJLFD��HVFDVVHWDW�G¶DLJXD�L�XQ�FHUW�QLYHOO�HFRQzPLF��$TXHVWHV�FLUFXPVWjQFLHV�V¶KDQ�GRQDW�SULQFLSDOPHQW

HQ�GRV�OORFV��(8$�L�,VUDHO��'H�IHW��&DOLIzUQLD�L�DOWUHV�HVWDWV�GHO�VXG�GHOV�(8$�FRP�)ORULGD�VyQ��MXQW�DPE�SDwVRV�PHGLWHUUDQLV�FRP

,VUDHO��HOV�FDSGDYDQWHUV�HQ�OD�UHXWLOLW]DFLy�G¶DLJ�HV�FRP�XQD�DOWHUQDWLYD�SHU�D�OHV�H[SORWDFLRQV�DJUtFROHV�R�HOV�SDUFV�XUEDQV��WDQW

G¶~V�S~EOLF�FRP�SULYDW��1R�HV�JHQV�HVWUDQ\�TXH�VLJXL�SUHFLVDPHQW�HQ�DTXHVWV�HVWDWV�RQ�OD�QRUPDWLYD�VREUH�UHXWLOLW]DFLy�G¶DLJ�HV

HVWLJXL� PpV� DYDQoDGD�� /¶DFFHSWDFLy� GHO� UHJ� G¶KRUWDOLVVHV� GH� FRQVXP� FUX�� WDQW� SHU� OHV� DXWRULWDWV� VDQLWjULHV� FRP� SHOV� SURSLV

FRQVXPLGRUV�� QRPpV� HV� SRW� EDVDU� HQ� EDVH� D� XQV� OtPLWV� GH� TXDOLWDW� REWLQJXWV� L� FRQILUPDWV� HQ� SURMHFWHV� GH� UHFHUFD� L� GH

GHPRVWUDFLy�VXSHUYLVDWV�L�FRRUGLQDWV�SHU�OHV�DXWRULWDWV�GH�VDOXW�S~EOLFD�L�GH�SURWHFFLy�GH�OD�TXDOLWDW�GH�O¶DLJXD��'¶$QJHOR�������

/¶H[SHULqQFLD�G¶DTXHVWHV�]RQHV�KD�TXHGDW�UHFROOLGD�HQ�GLIHUHQWV�GRFXPHQWV�D� O¶DEDVW�GHO�S~EOLF� L�GHOV�RUJDQLVPHV�JHVWRUV��&DO

GHVWDFDU� FRP� D� PpV� LPSRUWDQWV� OHV� GLUHFWULXV� SHU� DIDYRULU� XQD� UHXWLOLW]DFLy� SODQLILFDGD� HQ� XVRV� XUEDQV� QR� SRWDEOHV�� XVRV

LQGXVWULDOV� L� XVRV� DJUtFROHV� �86(3$� ������� R� HO� PDQXDO� SUjFWLF� TXH� UHFXOO� HOV� DVSHFWHV� WqFQLFV�� HFRQzPLFV� L� GH� JHVWLy� PpV

LPSRUWDQWV�L�UHODWLXV�D�OD�UHXWLOLW]DFLy�G¶DLJXD��:DWHU�3ROOXWLRQ�&RQWURO�)HGHUDWLRQ�������

'H�IHW��HOV�SDwVRV�TXH�HV�SODQWHJHQ�OD�UHXWLOLW]DFLy�G¶DLJXD�UHVLGXDO�XWLOLW]HQ�FRP�D�IRQW�GH�UHIHUqQFLD�DTXHVWHV�QRUPHV�GH�TXDOLWDW

GH�&DOLIzUQLD�R�)ORULGD��LQFRUSRUDGHV�HVVHQFLDOPHQW�D�OHV�GLUHFWULXV�GH�OD�86(3$��86(3$��������R�D�OHV�GLUHFWULXV�GH�TXDOLWDW�GHO

UHJ� DJUtFROD� SURSRVDGHV� SHU� OD� 206� �206� ������� /D� GLIHUqQFLD� HQ� HO� QLYHOO� GH� TXDOLWDW� GH� O¶DLJXD� HQWUH� DTXHVWHV� GXHV

QRUPDWLYHV�pV�UHODWLYDPHQW�LPSRUWDQW��%jVLFDPHQW��OHV�GLUHFWULXV�GH�OD�86(3$��YHXUH�7DXOD�������HVWDEOHL[HQ�TXH�QR�HV�GHWHFWL

OD� SUHVqQFLD� GH� FROLIRUPHV� IHFDOV� HQ� ���� P/� G¶DLJXD�� PHQWUH� TXH� OHV� GH� OD� 206� HVWDEOHL[HQ� TXH� O¶DLJXD� XWLOLW]DGD� SHO� UHJ

DJUtFROD� QR� KD� GH� VXSHUDU� HOV� ����� FROLIRUPHV� IHFDOV� SHU� ����P/� G¶DLJXD�� /HV� GXHV� GLUHFWULXV� FRUUHVSRQHQ� D� OD� UHXWLOLW]DFLy

G¶DLJ�HV� UHVLGXDOV� SHO� UHJ� DJUtFROD� L� GH� MDUGLQV� VHQVH� FDS� UHVWULFFLy� G¶~V�� FRP� SRGHQ� VHU� HO� UHJ� GH� SURGXFWHV� KRUWtFROHV� GH

FRQVXP�FUX�R�HO�UHJ�SHU�DVSHUVLy�GH�MDUGLQV�S~EOLFV��VHQVH�UHVWULFFLRQV�G¶DFFpV�L�G¶~V�SHU�SDUW�GHO�S~EOLF�

$FWXDOPHQW��DO�QRVWUH�SDtV�QR�H[LVWHL[�XQD�QRUPDWLYD�VREUH�OD�UHXWLOLW]DFLy�G¶DLJ�HV�UHVLGXDOV�SHU�D�XVRV�XUEDQV�QR�SRWDEOHV��$

SDUW�GH� OHV� LQLFLDWLYHV�G¶DOJXQHV�FRPXQLWDWV�DXWzQRPHV�TXH�KDQ�HVWDEOHUW� UHFRPDQDFLRQV� �'LU��*HQ��6DOXW� 3~EOLFD�������� XQD

&RPLVVLy� ,QWHUPLQLVWHULDO� HVWj� WUHEDOODQW� HQ� O¶HODERUDFLy� G¶XQ� WH[W� GH� UHIHUqQFLD� �0XMHULHJR� ������� $O� PDUJH� GHO� UHVXOWDW� ILQDO

G¶DTXHVW� SURFpV� DGPLQLVWUDWLX� L� UHJODPHQWDUL�� pV� HYLGHQW� TXH� O¶DSURILWDPHQW� G¶DLJ�HV� IUHjWLTXHV� DPE� XQD� EDL[D� TXDOLWDW

PLFURELROzJLFD�V¶KD�GH�UHDOLW]DU� WHQLQW�HQ�FRPSWH� O¶HVWDEOLPHQW�G¶XQV� OtPLWV�GH�TXDOLWDW��TXH�KDXULHQ�G¶LQFORXUH�DOJXQ�SDUjPHWUH

PLFURELROzJLF�

7HQLQW� HQ� FRPSWH� TXH� GLIHUHQWV� IDFWRUV� SRGHQ� DIHFWDU� OD� TXDOLWDW� GH� OHV� DLJ�HV� VXEWHUUjQLHV� L�� HVSHFLDOPHQW�� OD� TXDOLWDW

PLFURELROzJLFD��HQ�WRW�PRPHQW�V¶KD�G¶HVWDEOLU�XQ�EDODQo�DGHTXDW�HQWUH�HO�TXH�HV�SRW�FRQVLGHUDU�VHJXUHWDW�HQ�O¶~V�R�UHXWLOLW]DFLy�GH

O¶DLJXD�L�HO�ULVF�TXH�HV�SRW�SURGXLU�SHU�D�OD�VDOXW�S~EOLFD��$L[z�pV�HVSHFLDOPHQW�UHOOHYDQW�HQ�DTXHOOV�FDVRV�RQ�O¶DLJXD�VXEWHUUjQLD

V¶KD�G¶XWLOLW]DU�HQ�HO�UHJ�GH�SDUFV�XUEDQV��VHQVH�UHVWULFFLy�GH�FRQWDFWH�R�DFFpV�GHO�S~EOLF�

(Q� HO� QRVWUH� FDV�� OHV� DLJ�HV� VXEWHUUjQLHV� GH� 6DQW� 0DUWt� L� GH� 6DEDGHOO� QR� V¶DMXVWHQ� D� FDS� GHOV� HVWjQGDUGV� GH� TXDOLWDW

PLFURELROzJLFD�SHU�DO�UHJ�HQ�SDUFV�XUEDQV��YHXUH�7DXOD��������6HJRQV�HOV�FULWHULV�PLFURELROzJLFV��FROLIRUPHV� WRWDOV��� OHV�DLJ�HV

IUHjWLTXHV�HVWXGLDGHV� VXSHUHQ�VHPSUH�HOV� YDORUV� UHFRPDQDWV� D� OHV� QRUPDWLYHV� GHOV� HVWDWV� GH�&RORUDGR��&DOLIzUQLD� L� ,VUDHO�� $

PpV��DO�WUDFWDU�VH�G¶DLJ�HV�TXH�QR�KDQ�UHEXW�FDS�WUDFWDPHQW�WDPSRF�FRPSOLULHQ�DPE�HOV�HVWjQGDUGV�GH�)UDQoD�

$VVXPLQW�TXH�HQ�HO�QRVWUH�FDV�V¶KD�DQDOLW]DW�OD�SUHVqQFLD�GH�(VFKHULFKLD�FROL��XQ�SDUjPHWUH�PLFURELROzJLF�PpV�HVWULFWH�TXH�HOV

FROLIRUPHV�IHFDOV��OHV�DLJ�HV�HVWXGLDGHV�VXSHUDULHQ�HQ�PRPHQWV�SXQWXDOV�OHV�QRUPDWLYHV�GH�OD�206��GH�O¶HVWDW�GH�0LQQHVRWD�L�

HVSHFLDOPHQW��GH�OD�86(3$�L�GH�)ORULGD��$�O¶DLJXD�IUHjWLFD�GHO�SRX�G¶$OIRQV�HO�0DJQjQLP��6DQW�0DUWt��HO�SHUFHQWDWJH�GH�SRVLWLYLWDW

SHU�(VFKHULFKLD�FROL� �KD�HVWDW�GHO�����O¶DQ\�������Q �����EDL[DQW�DO�����O¶DQ\�������Q �����$�6DEDGHOO��HOV�SHUFHQWDWJHV�KDQ

HVWDW�PROW�VHPEODQWV������O¶DQ\�������Q ����L�����O¶DQ\�������Q ����



&DStWRO�� $YDOXDFLy�GH�OD�IRUPDFLy�GH�ELRILOPV�HQ�VLVWHPHV�GH�GLVWULEXFLy�G¶DLJXD ���

7DXOD� ������ &ULWHULV� GH� TXDOLWDW� GH� O¶DLJXD� DSOLFDEOHV� D� O¶~V� G¶DLJ�HV� UHVLGXDOV� UHJHQHUDGHV� SHU� DO� UHJ� G¶DLJXD� �DGDSWDW� GH
GLYHUVHV�IRQWV���'DGHV�GHOV�FROLIRUPHV�WRWDOV�L�FROLIRUPHV�IHFDOV�HQ�8IF�����P/�

&ULWHULV
&RO��7RW &RO��)HF

7UDFWDPHQW 7LSXV�GH�5HJ

206 ����� � 5HJ�DJUtFROD�L�XUEj�VHQVH�UHVWULFFLRQV

86(3$ � � 5HJ�DJUtFROD�L�XUEj�VHQVH�UHVWULFFLRQV

��� � � $PE�FRQWURO�G¶DFFpV�D�OD�]RQD&RORUDGR
�(8$�

�� � � ([SRVLFLy�GHO�S~EOLF�OLPLWDGD��UHJ�GH�QLW�

)ORULGD��(8$� � � (YLWDU�O¶DFFpV�GHO�S~EOLF�
1R�SRGHQ�KDYHU�KL�FRQQH[LRQV�DPE�FDQRQDGHV�G¶DLJXD
SRWDEOH�
6HQ\DOLW]DFLy�GH�OD�]RQD�LUULJDGD
5HGXLU�OD�IRUPDFLy�G¶DHURVROV

0LQQHVRWD
�(8$�

��� � $SOLFDFLy����PP�VHWPDQD
&RQWURO�GH�OHV�DLJ�HV�VXEWHUUjQLHV

��� &RQUHXV�GH�FRQVXP�HQ�FUX��UHJ�HQ�VXSHUItFLH�

��

7UDFWDPHQW�VHFXQGDUL�L
GHVLQIHFFLy &DPSV�GH�JROI��FHPHQWLULV��SDUFV��VHQVH�FRQWDFWH�GHO

S~EOLF�DPE�O¶DLJXD�

��� &RQUHXV�GH�FRQVXP�HQ�FUX��UHJ�SHU�DVSHUVLy�

&DOLIzUQLD
�(8$�

��

7UDFWDPHQW�VHFXQGDUL�
FRDJXODFLy��ILOWUDFLy�L
GHVLQIHFFLy 3DUFV��SDWLV�G¶HVFROD��]RQHV�G¶HVEDUMR�RQ�KL�KD�FRQWDFWH

GHO�S~EOLF�DPE�O¶DLJXD

��� � 9HJHWDOV�SHODWV�L�FXLQDWV

&DPSV�GH�IXWERO�L�GH�JROI

,VUDHO

�� �
7RW�WLSXV�GH�FRQUHX
9HJHWDOV�GH�FRQVXP�HQ�FUX
3DUFV

≤��� /ODFXQDWJH��DPE�WHPSV�GH
UHWHQFLy�GH�������G�

)UXLWHUV��SDVWXUD��KRUWDOLVVHV�L�OOHJXPV
$VSHUVLy�D�EDL[D�SUHVVLy�L�VROFV

)UDQoD

≤��� 7HUFLDUL�PpV�GHVLQIHFFLy�
/ODFXQDWJH��DPE�WHPSV�GH
UHWHQFLy�GH�������G�

=RQHV�YHUGHV�G¶DFFpV�DO�S~EOLF
$VSHUVLy�D�EDL[D�SUHVVLy

5LVF�G·REWXUDFLy�GHO�VLVWHPD�GH�GLVWULEXFLy��(O�GHVHQYROXSDPHQW�GH�ELRILOPV�DOV�VLVWHPHV�GH�GLVWULEXFLy�SRW�SURYRFDU��D�SDUW

GH�SUREOHPHV�VDQLWDULV��HO�GHWHULRUDPHQW�R�OD�FRUURVLy�GH�JUDQ�SDUW�GH�OHV�FDQRQDGHV�XWLOLW]DGHV��UHVWULQJLQW�HO� IOX[� L�DUULEDQW�HQ

DOJXQV�FDVRV�D�REWXUDU�OHV�FDQRQDGHV��&RVWHUWRQ��������'H�IHW��HOV�ELRILOPV�HV�SRGHQ�DFXPXODU�HQ�HOV�FDSoDOV�GHOV�DVSHUVRUV�

DOV�JRWHUV�L�DOWUHV�RULILFLV�GH�VRUWLGD�L�DOV�SURSLV�WXEV�GH�VXEPLQLVWUDPHQW��DUULEDQW�HQ�DOJXQV�FDVRV�D�UHVWULQJLU�WRWDOPHQW�OD�VRUWLGD

GH�O¶DLJXD��0XMHULHJR�������

$TXHVW�SUREOHPD�HV�SRW�PDQLIHVWDU�GH�IRUPD�JUHX�HQ�VLVWHPHV�GH�UHJ�SHU�DVSHUVLy�L��HVSHFLDOPHQW��HQ�VLVWHPHV�GH�UHJ�ORFDOLW]DW�

(QWUH� HOV� IDFWRUV� TXH� PpV� SRGHQ� LQIOXLU� DXJPHQWDQW� O¶REWXUDFLy� GH� OHV� FDQRQDGHV� FDO� GHVWDFDU� OD� SUHVqQFLD� GH� TXDQWLWDWV

HOHYDGHV� GH� PLFURRUJDQLVPHV�� $� SDUW�� WDPEp� FDO� GHVWDFDU� OD� SUHVqQFLD� GH� TXDQWLWDWV� HOHYDGHV� GH� IHUUR�� PDQJDQqV� L� VXOIXU

G¶KLGURJHQ��YHXUH�7DXOD��������ÑEYLDPHQW�� O¶DSDULFLy�GH�SUREOHPHV�G¶REWXUDFLy�SHU� OD� IRUPDFLy�GH�ELRILOPV� WDPEp�GHSHQGUj�HQ

JUDQ�SDUW�G¶DOWUHV�IDFWRUV�LPSRUWDQWV�HVPHQWDWV�HQ�DOWUHV�DSDUWDWV��FRP�HO�FDEDO�XWLOLW]DW��HO�WLSXV�GH�JRWHUV��OD�WHPSHUDWXUD��HWF�



��� 'LVFXVVLy���

/¶DLJXD� IUHjWLFD�GH�6DQW�0DUWt� �%HVyV��SUHVHQWDULD�SRFV�SUREOHPHV�G¶REWXUDFLy��VHJRQV�HO� QRPEUH�GH�EDFWHULV� KHWHUzWURIV� �HQ

SODFD���1R�REVWDQW��FDOGULD�UHDOLW]DU�XQ�VHJXLPHQW�GHOV�QLYHOOV�GH�IHUUR� L�PDQJDQqV��YHXUH�7DXOD�������SHU�GHWHUPLQDU�VL�SRGHQ

DIHFWDU�QHJDWLYDPHQW�DO�UHJ�ORFDOLW]DW�

0DOJUDW� TXH� OD� GHQVLWDW� FHOÂOXODU� KD� HVWDW� D� 6DEDGHOO� OOHXJHUDPHQW� LQIHULRU� TXH� D� 6DQW� 0DUWt�� VRYLQW� V¶KDQ� SURGXwW� SUREOHPHV

G¶REWXUDFLy�SHU� OD�IRUPDFLy�GH�SUHFLSLWDWV�GH�FDUERQDWV��'H�IHW�� O¶DLJXD�G¶DTXHVWD�HVWDFLy�GH�PRVWUHLJ�KD�SUHVHQWDW�XQ�JUDX�GH

PLQHUDOLW]DFLy�IRUoD�HOHYDW��DPE�XQD�GXUHVD�WRWDO�TXH�KD�VXSHUDW�HQ�PRPHQWV�SXQWXDOV�HOV�����PJ�&D&2��/�

7DXOD�������)DFWRUV�TXH�LQIOXHL[HQ�HQ�O¶DSDULFLy�GH�SUREOHPHV�G¶REWXUDFLy�SURYRFDWV�SHU�O¶DLJXD�XWLOLW]DGD�HQ�VLVWHPHV
GH�UHJ�ORFDOLW]DW��0XMHULHJR�������

5HVWULFFLRQV�D�O¶~V�GH�O¶DLJXD7LSXV�GH�3UREOHPD

(VFDVVHV 'qELOV�D
PRGHUDGHV

6HYHUHV

S+ ���� ��� � ��� !���

0DQJDQqV��PJ�/� ���� ��� � ����� !�����

)HUUR��PJ�/� ���� ��� � ��� !���

6XOIXU�G¶KLGURJHQ��PJ�/� ���� ��� � ��� !���

5HFRPSWH�EDFWHULV�KHWHUzWURIV�HQ�SODFD
�Q��PD[��P/�

���� ��� � �[��� �[���

(YROXFLy�GH� OD�TXDOLWDW�PLFURELROzJLFD�GH� O·DLJXD�DO� OODUJ�GHO� WHPSV��(O�VHJXLPHQW�GHOV�GLIHUHQWV�JUXSV�PLFURELDQV�HQV�KD

SHUPqV�HVWXGLDU�O¶HYROXFLy�GH�OD�TXDOLWDW�PLFURELROzJLFD�DO�OODUJ�GHO�WHPSV��/HV�GDGHV�GH�OD�)LJXUD������)LJXUD������L�)LJXUD������

RQ�HV�SRW�FRPSDUDU�OD�SURSRUFLy�GHOV�GLIHUHQWV�JUXSV�PLFURELDQV�HQ�UHODFLy�DO�WRWDO�GH�EDFWHULV�KHWHUzWURIV�TXDQWLILFDWV�DPE�5�$�D

���&��HV�PRVWUHQ�GH�IRUPD�UHVXPLGD�D�OD�7DXOD������

6L�REVHUYHP�O¶DEXQGjQFLD�UHODWLYD�GH�FDGD�JUXS�D�OHV�DLJ�HV�IUHjWLTXHV�GH�6DQW�0DUWt��YHXUH�7DXOD��������HO�PpV�LPSRUWDQW�pV�HO

JUXS� 3VHXGRPRQDV�� DPE� XQD� PLWMDQD� GH� ±���� ORJ�� UHSUHVHQWDQW� XQD� PLFD� PHQ\V� GHO� ��� UHVSHFWH� GHO� WRWDO� GH� EDFWHULV

KHWHUzWURIV��HQFDUD�TXH�HQ�PRPHQWV�SXQWXDOV�KD�UHSUHVHQWDW�HO�WRWDO�GHOV�EDFWHULV�KHWHUzWURIV�GHWHUPLQDWV��UDWLR� �����6HJXLULHQ

HQ� LPSRUWjQFLD�HOV�FROLIRUPHV� WRWDOV� L�HOV� IRQJV� ILODPHQWRVRV� �UDWLR� � ��� ORJ���TXH� UHSUHVHQWDULHQ�XQ���� UHVSHFWH�GHOV�EDFWHULV

DHURELV� WRWDOV�� $PE� SHUFHQWDWJHV� PHQRUV�� $HURPRQDV� DPE� XQD� PLWMDQD� GH� ±���� ORJ��(�� FROL� DPE� ±���� ORJ� L�� ILQDOPHQW�� HOV

FORVWULGLV�VXOILWRUHGXFWRUV��DPE�±����ORJ�

$� 6DEDGHOO� O¶RUGUH� G¶LPSRUWjQFLD� UHODWLYD� GHOV� JUXSV� KD� HVWDW� HO� PDWHL[�� 8QD� DOWUD� YHJDGD�� HO� JUXS� PpV� DEXQGDQW� KD� HVWDW

3VHXGRPRQDV�DPE�±����ORJ��XQ�YDORU�VXSHULRU�DO�����GHO�WRWDO�GH�EDFWHULV�KHWHUzWURIV��+DQ�VHJXLW�HOV�IRQJV�ILODPHQWRVRV��UDWLR� 

������L�HOV�FROLIRUPHV�WRWDOV��UDWLR� ��������DPE�YDORUV�OOHXJHUDPHQW�VXSHULRUV�DO����GHO�WRWDO�GH�EDFWHULV�KHWHUzWURIV��$PE�YDORUV

LQIHULRUV��$HURPRQDV��UDWLR� ��������(��FROL��UDWLR� �������L�HOV�FORVWULGLV��UDWLR� �������

$QDOLW]DQW�OD�GLIHUqQFLD�HQWUH�HO�Pj[LP�L�HO�PtQLP�SHU�D�FDGD�JUXS�PLFURELj��YHXUH�7DXOD�������HV�FRQVWDWD�OD�UHPDUFDEOH�YDULDFLy

TXH� OD�TXDOLWDW�PLFURELROzJLFD� GH� O¶DLJXD� KD� SDWLW� DO� OODUJ� GHO� WHPSV��$TXHVWHV� IOXFWXDFLRQV� KDQ� HVWDW�PpV� DSUHFLDEOHV� D�6DQW

0DUWt��GH�����D���ORJ�GH�GLIHUqQFLD�HQWUH�HO�Pj[LP�L�HO�PtQLP�VHJRQV�HO�JUXS��PHQWUH�TXH�D�6DEDGHOO�OHV�GLIHUqQFLHV�KDQ�RVFLOÂODW

HQWUH�����ORJ��3HU�WDQW��QR�HV�SRW�REOLGDU�TXH�VLVWHPHV�G¶DLJ�HV�VXEWHUUjQLHV�FRP�HOV�HVWXGLDWV�SRGHQ�SDWLU�DOWHUDFLRQV�LPSRUWDQWV

HQ�OD�VHYD�TXDOLWDW�PLFURELROzJLFD�
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(Q�DTXHVW�VHQWLW��L�GLQV�GH�O¶HQWRUQ�GHO�ULVF�VDQLWDUL�HV�FRQVWDWD�LPSRUWDQW�PDQWHQLU�XQD�YLJLOjQFLD�DO�OODUJ�GHO�WHPSV�GH�OD�TXDOLWDW

PLFURELROzJLFD� GH� OHV� DLJ�HV� IUHjWLTXHV�� 'HO� FRQWUDUL�� EDL[HV� FRQFHQWUDFLRQV� HQ� PRPHQWV� SXQWXDOV� SRGULHQ� GRQDU� XQD� IDOVD

VHQVDFLy� GH� VHJXUHWDW�� 3HU� WDQW�� QLYHOOV� UHODWLYDPHQW� EDL[RV� HQ�PRPHQWV� SXQWXDOV� QR� HV� SRGHQ� DJDIDU� FRP� D� LQGLFDGRUV� GH

VHJXUHWDW��MD�TXH�HOV�VLVWHPHV�VyQ�UHODWLYDPHQW�GH�IjFLO�DOWHUDFLy�

$�O¶DLJXD�SRWDEOH�GHO�/DE��GH�0LFURELRORJLD�GH�O¶(8227�QRPpV�V¶KD�SRJXW�GHWHFWDU�DO�JUXS�3VHXGRPRQDV��TXH�KD�UHSUHVHQWDW�GH

PLWMDQD�XQ�YDORU�OOHXJHUDPHQW�LQIHULRU�DO����GHO�WRWDO�GH�EDFWHULV�KHWHUzWURIV��UDWLR� ��������'H�WRWHV�PDQHUHV�L��GXUDQW�PRPHQWV

SXQWXDOV��HO�JUXS�3VHXGRPRQDV�KD�DUULEDW�D�UHSUHVHQWDU� OD�JUDQ�PDMRULD�GHOV�EDFWHULV�DwOODWV�D�QLYHOO�GH� OD�[DU[D�GH�GLVWULEXFLy

G¶DLJXD�SRWDEOH�
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(OV�PRVWUHMDGRUV�IRUPDWV�SHU�UHDFWRUV�GH�OOLW�HPSDFDW�KDQ�SHUPqV�VHJXLU�HO�GHVHQYROXSDPHQW�GHOV�ELRILOPV��HQ�WRWV�HOV�VLVWHPHV

HVWXGLDWV��$�OD�7DXOD������HV�PRVWUHQ�HOV�SULQFLSDOV�UHVXOWDWV�REWLQJXWV�SHU�D�OD�FRORQLW]DFLy�GHO�PDWHULDO�GH�VXSRUW�GHOV�UHDFWRUV�L�

DO�PDWHL[�WHPSV��HOV�QLYHOOV�G¶DOJXQV�GHOV�IDFWRUV�TXH�SRGHQ�DIHFWHQ�OD�FRORQLW]DFLy�PLFURELDQD��(OV�SDUjPHWUHV�DQDOLW]DWV�V¶KDQ

FRPSDUDW�VHOHFFLRQDQW�OHV�GDGHV�REWLQJXGHV�D�SDUWLU�GHO�SHUtRGH�GH�HVWDELOLW]DFLy�GH�OHV�FLQqWLTXHV�GH�FRORQLW]DFLy�PLFURELDQD�

5HFRPSWHV�GH�FqOÃOXOHV�WRWDOV��6HJRQV�HOV�UHFRPSWHV�GH�FqOÂOXOHV�WRWDOV�D�OD�IDVH�HVWDFLRQjULD��YHXUH�7DXOD��������OD�]RQD�GH

PRVWUHLJ� VLWXDGD� D� 6DQW� 0DUWt� �%HVyV�� KD� SUHVHQWDW� OD� GHQVLWDW� FHOÂOXODU� PpV� HOHYDGD� DPE� �������� &qO��FP��� OOHXJHUDPHQW

VXSHULRU�DOV�ELRILOPV�GHVHQYROXSDWV�D�SDUWLU�GH�O¶DLJXD�GHO�SRX��(O�PRVWUHLJ�D�SDUWLU�GH�OD�PLQD�5LEDWDOODGD�D�6DEDGHOO�KD�REWLQJXW

YDORUV� ���� ORJ� LQIHULRUV�� DPE� �������� &qO��FP��� ÑEYLDPHQW�� HOV� QLYHOOV�PpV� EDL[RV� V¶KDQ� WUREDW� D� SDUWLU� GH� O¶DLJXD� SRWDEOH� GH

O¶(8227��DPE���������&qO��FP��

(O� QRPEUH�GH� FqOÂOXOHV� WRWDOV�HV� WURED�GLQV�GHO� UDQJ�KDELWXDO� VHJRQV� OD� ELEOLRJUDILD� H[LVWHQW� SHU� HFRVLVWHPHV� DTXjWLFV�� RQ� HOV

UHFRPSWHV�PpV�HOHYDWV� ����������&qOÂ�FP���FRUUHVSRQGULHQ�DOV�ELRILOPV�SUHVHQWV�DOV�VHGLPHQWV�GH� FRPXQLWDWV�EHQWzQLTXHV�DOV
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DO��������



��� 'LVFXVVLy���

7DXOD�������'HVHQYROXSDPHQW�GH�ELRILOP�DOV� UHDFWRUV�GH� OOLW� HPSDFDW� VLWXDWV�D� OHV�GLIHUHQWV� ]RQHV�GH�PRVWUHLJ� HVWXGLDGHV��(OV
YDORUV�FRUUHVSRQHQ�D�OD�IDVH�GH�Pj[LP�GHVHQYROXSDPHQW��HWDSD�HVWDFLRQjULD�G¶HVWDELOLW]DFLy��

&ORU�/OLXUH '2& %'2& $LJXD
%DFWHULV�$HURELV

%LRILOP
%DFWHULV�$HURELV

%LRILOP
&qOÂOXOHV�7RWDOV

���9LDEOHV
&XOWLYDEOHV

�PJ�/� �PJ&�/� �PJ&�/� �8IF�P/� �8IF�FP�� �&qO��FP��

6DQW�0DUWt
3RX

� ���� ���� ������� ������� ������� �����D����

6DQW�0DUWt
'LSzVLW

� ���� ���� ������� ������� ↓�������� ����D��

6DEDGHOO � ���� ���� ������� ��� ������� ����D��

(8227 ��� ���� ���� �������� ������� ������� �����D����

5HFRPSWHV�GH�EDFWHULV�YLDEOHV�HQ�SODFD��(O�QRPEUH�PpV�HOHYDW�GH�EDFWHULV�KHWHUzWURIV�HQ�DJDU�5�$��YHXUH�7DXOD��������O¶KDQ

SUHVHQWDW�HOV�ELRILOPV�GHVHQYROXSDWV�D�SDUWLU�GH�O¶DLJXD�IUHjWLFD�GH�6DQW�0DUWt��%HVyV���DPE���ORJ�GH�GLIHUqQFLD�HQWUH�O¶DLJXD�GHO

SRX�L�GHO�GLSzVLW�L�YDORUV�PpV�HOHYDWV�DO�GLSzVLW����������8IF�FP���

'¶DOWUD�EDQGD��VHPEOD�FRP�VL�HO�FXUW�UHFRUUHJXW�GH�O¶DLJXD�GHV�GHO�SRX�G¶$OIRQV�HO�0DJQjQLP�ILQV�DO�GLSzVLW��VLWXDW�����P�HQOOj�DO

PDWHL[�FDUUHU��VLJXL�VXILFLHQW�SHU�DXJPHQWDU�HO�SRWHQFLDO�GH�IRUPDFLy�GH�ELRILOPV��(Q�JHQHUDO��HOV�GLSzVLWV�GH�UHVHUYD�WHQGHL[HQ�D

DXJPHQWDU� HO� FUHL[HPHQW� PLFURELj�� SHUTXq� IDFLOLWHQ� OD� IRUPDFLy� GH� VHGLPHQWV� �/H&KHYDOOLHU� HW� DO�� ����E��� $OKRUD�� SHUPHWHQ

O¶DXJPHQW�HQ�OD�FRQFHQWUDFLy�G¶R[LJHQ�GLVVROW�LQFUHPHQWDQW�HO�FRQWDFWH�GH�O¶DLJXD�DPE�O¶DLUH��WDO�FRP�HV�SRW�YHXUH�D�OD�7DXOD������

(O�QRPEUH�GH�PLFURRUJDQLVPHV�SODQFWzQLFV�WDPEp�YD�VHU�LQIHULRU�D�O¶DLJXD�GHO�SRX��YHXUH�)LJXUD�����SDUW�VXSHULRU��ILQV�HO�MXOLRO�GH

�������(OV�UHFRPSWHV�GH�PLFURRUJDQLVPHV�SODQFWzQLFV�SUHVHQWV�DO�GLSzVLW��YHXUH�)LJXUD�����SDUW�VXSHULRU��GHO�MXOLRO�GH������ILQV�D

O¶DJRVW�GH�������YDQ�PRVWUDU�XQ�FODU�DXJPHQW�HQ�OD�VHYD�YDULDELOLWDW��$TXHVW�SHUtRGH�YD�FRLQFLGLU�DPE�O¶LQLFL�GH�OD�FRQVWUXFFLy�GHO

FRPSOH[�'LDJRQDO�0DU��TXH�YD�UHPRXUH�XQD�TXDQWLWDW�FRQVLGHUDEOH�GH�WHUUD�L�VRUUD�HQ�XQD�]RQD�PROW�SURSHUD�DO�SRX�G¶$OIRQV�HO

0DJQjQLP�� $TXHVWD� DFWLYLWDW� SRW� KDYHU� DOWHUDW� OD� TXDOLWDW� PLFURELROzJLFD� GH� O¶DT�tIHU�� HVSHFLDOPHQW� VL� HV� FRQVLGHUD� TXH� HQ

DTXHVWD�]RQD�HO�QLYHOO�IUHjWLF�HV�WURED�JHQHUDOPHQW�GH���D���PHWUHV�SHU�VRWD�GH�OD�VXSHUItFLH�

0DOJUDW�TXH�O¶DLJXD�GH�6DEDGHOO�SUHVHQWD�XQHV�FDUDFWHUtVWLTXHV�UHODWLYDPHQW�VHPEODQWV�D�OHV�GHO�SRX�G¶$OIRQV�HO�0DJQjQLP��HOV

ELRILOPV�GHVHQYROXSDWV�D�SDUWLU� GH� OD�PLQD�5LEDWDOODGD�KDQ�SUHVHQWDW� XQ�QRPEUH�GH�EDFWHULV� IRUoD� LQIHULRU� D� O¶REWLQJXW� D� 6DQW

0DUWt��DPE�����8IF�FP���YHXUH�7DXOD��������'¶DOWUD�EDQGD�O¶DLJXD�HV�SRW�TXDOLILFDU�GH�PROW�GXUD��DPE�YDORUV�PLWMDQV�GH�FORUXUV�

VRGL� L� VDOLQLWDW� HOHYDWV� �7DXOD� ������� 6HJXUDPHQW�� O¶HOHYDGD� PLQHUDOLW]DFLy� GH� O¶DLJXD� KD� IDFLOLWDW� HQ� PRPHQWV� SXQWXDOV� HO

GHVHQYROXSDPHQW� G¶LPSRUWDQWV� TXDQWLWDWV� GH� SUHFLSLWDWV� �FDUERQDWV��� HOV� TXDOV� KDQ� GLILFXOWDW� OD� VHSDUDFLy� GH� SDUW� GHOV

PLFURRUJDQLVPHV� GHO�PDWHULDO� GH� VXSRUW�� $L[t�� DOJXQHV� GH� OHV� DQDOtWLTXHV� UHDOLW]DGHV� KD�PRVWUDW� XQV� YDORUV� IRUoD� HOHYDWV� GH

GXUHVD�WRWDO������PJ�/��L�FDOFL������PJ�/���3HU�WDQW�� OD�PHWRGRORJLD�XWLOLW]DGD�SRW�KDYHU� LQIUDHVWLPDW�HO�QRPEUH�UHDO�GH�EDFWHULV

KHWHUzWURIV�YLDEOHV�
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0DOJUDW�TXH�HQFDUD�QR�H[LVWHL[�XQ�PqWRGH�HVWjQGDUG�SHU� GHWHUPLQDU� OD� IUDFFLy�GH� FqOÂOXOHV�PHWDEzOLFDPHQW�DFWLYD�D�SDUWLU� GH

PRVWUHV� QDWXUDOV� �%DUWVFKW� HW� DO�� ������� OHV� DLJ�HV� IUHjWLTXHV� DQDOLW]DGHV� KDQ� PRVWUDW� SHUFHQWDWJHV� GH� FqOÂOXOHV� YLDEOHV

FXOWLYDEOHV� LJXDO�R� LQIHULRUV�D� O¶����$L[t��HO�SHUFHQWDWJH�KD�HVWDW�HQWUH�HO�������� WDQW�DO�GLSzVLW�GH�6DQW�0DUWt� FRP�D�6DEDGHOO�

PHQWUH�TXH�DO�SRX�GH�6DQW�0DUWt�L��O¶DLJXD�SRWDEOH�KD�HVWDW�HQWUH������������YHXUH�7DXOD�������
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6¶KD� VXJJHULW� TXH� OD� PDMRULD� GHOV� EDFWHULV� QR� VyQ� FXOWLYDEOHV� HQ� SODFD� GHJXW� D� TXH� HQ� UHDOLWDW� HVWDQ� DGDSWDWV� D� EDL[HV

FRQFHQWUDFLRQV� GH� QXWULHQWV�� L� QRPpV� SRGHQ� DUULEDU� D� EDL[HV� WD[HV� GH� FUHL[HPHQW� Pj[LP� �6FKXW� HW� DO�� ������� 7DQPDWHL[�

LQYHVWLJDFLRQV�UHFHQWV�VHPEOHQ�LQGLFDU�TXH��DOPHQ\V�HQ�FHUWV�DPELHQWV��HV�SRW�DUULEDU�D�FXOWLYDU�PpV�GHO�����GH� OHV�FqOÂOXOHV
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�YHXUH�7DXOD��������&RP�HV�YHX�D� OD�PDWHL[D� WDXOD�HO�QLYHOO�GH�'2&�pV�SUjFWLFDPHQW� LGqQWLF�D� O¶DLJXD�GHO�SRX� L�DO�GLSzVLW��(Q

FDQYL��HO�QLYHOO�GH�%'2&�pV�VLJQLILFDWLYDPHQW�LQIHULRU�D�O¶DLJXD�GHO�SRX��3HU�WDQW��HO�FXUW�UHFRUUHJXW�GH�O¶DLJXD�GHV�GHO�SRX�ILQV�DO
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&ORUXUV PJ�&O�/ ��� � ��� �� ��� �

6XOIDWV PJ�62��/ Q�G� Q�G� ��� �� ��� �

&DOFL PJ�&D�/ ��� � ��� �� ��� �

0DJQHVL PJ�0J�/ ���� � ���� �� �� �

'XUHVD�7RWDO PJ�&D&2��/ ��� � Q�G� Q�G� ��� �

%LFDUERQDWV PJ�&D&2��/ ��� � Q�G� Q�G� ��� �

$OFDOLQLWDW PJ�&D&2��/ Q�G� Q�G� ����� �� ��� �

1LWUDWV PJ�12��/ ���� � Q�G� Q�G� ���� �



��� 'LVFXVVLy���

$� OD� 7DXOD� ����� HV� FRPSDUHQ� HOV� QLYHOOV� TXH� HOV� SULQFLSDOV� JUXSV� PLFURELDQV� KDQ� DVVROLW� D� OD� IDVH� HVWDFLRQjULD� GH

GHVHQYROXSDPHQW�GHOV�ELRILOPV��&RPSDUDQW� OHV�GXHV�DLJ�HV� IUHjWLTXHV��HOV�YDORUV�KDQ�HVWDW�VLJQLILFDWLYDPHQW�PpV�DOWV� D�6DQW

0DUWt�TXH�D�6DEDGHOO��&DO�GHVWDFDU�HOV�FROLIRUPHV�WRWDOV��GH���D���ORJ�PpV�D�6DQW�0DUWt�DPE�YDORUV�HQWUH����� L�����8IF�FP���(Q

DTXHVWD�HVWDFLy�GH�PRVWUHLJ�HOV�FROLIRUPHV�WRWDOV�V¶KDQ�PDQWLQJXW�D�OD�IDVH�HVWDFLRQjULD�DO�OODUJ�GHO�WHPSV�GH�FRQWDFWH�HVWXGLDW�

ILQV�DOV�����GLHV�DO�SRX� L� ILQV�DOV�����GLHV�DO�GLSzVLW��3HU�WDQW��VHPEOD�HYLGHQW�TXH�HO�PDWHULDO�GH�VXSRUW�GHOV�UHDFWRUV�KD�HVWDW

FRORQLW]DW�SHOV�FROLIRUPHV�WRWDOV��HOV�TXDOV�V¶KDQ�PRVWUDW�FDSDoRV�GH�FRPSHWLU�DPE�q[LW�DPE�HOV�EDFWHULV�KHWHUzWURIV��(Q�DTXHVWD

VLWXDFLy� HV� EDVWDQW� UDRQDEOH� SHQVDU� TXH� DTXHVWV� PLFURRUJDQLVPHV� SRGULHQ� H[SHULPHQWDU� HSLVRGLV� SHULzGLFV� G¶DOOLEHUDPHQW� D

O¶DLJXD��DXJPHQWDQW�WHPSRUDOPHQW�HQ�DTXHVWD�IDVH�HOV�FROLIRUPHV�SODQFWzQLFV�TXH�HV�SRGHQ�DwOODU�D�SDUWLU�GH�O¶DLJXD�

$TXHVWV�HSLVRGLV�GH�UHFUHL[HPHQWV�GHOV�FROLIRUPHV�DFRVWXPHQ�D�SURGXLU�VH�TXDQ�OD�WHPSHUDWXUD�GH�O¶DLJXD�SXMD�SHU�VREUH�GHOV

���&��/H&KHYDOOLHU�HW�DO������E���IHW�EDVWDQW�SUREDEOH�DWHVD�OD�WHPSHUDWXUD�PLWMDQD�DO�OODUJ�GHO�SHUtRGH�G¶H[SHULPHQWDFLy��GDGHV

TXH�QR�HV�PRVWUHQ���6HJRQV�OHV�GDGHV�SUzSLHV�G¶DwOODPHQWV�IHWV�D�O¶DLJXD�L�DOV�ELRILOPV�GHVHQYROXSDWV�D�SDUWLU�GHO�SRX�L�GHO�GLSzVLW

D� 6DQW� 0DUWt� �YHXUH� 7DXOD� ���� L� 7DXOD� ������� HQWUH� HOV� FROLIRUPHV� KD� SUHGRPLQDW�(QWHUREDFWHU� FORDFDH�� $OWUHV� DXWRUV� MD� KDQ

VHQ\DODW�TXH�HQ�HOV�HSLVRGLV�GH�UHFUHL[HPHQW�GHOV�FROLIRUPHV�HQ�[DU[HV�GH�GLVWULEXFLy�DFRVWXPD�D�GRPLQDU�XQD�VROD�HVSqFLH�

FRP�.OHEVLHOOD�R[\WRFD��*HOGUHLFK�������5LEDV�FRP��SHUV��������

(Q� FDQYL�� (VFKHULFKLD� FROL� DFRVWXPD� D� VHU� XQ� RUJDQLVPH� WUDQVLWRUL� TXH� GHVDSDUHL[� UjSLGDPHQW� GH� OHV� [DU[HV� GH� GLVWULEXFLy

�*HOGUHLFK� ������� $L[z� HV� SURGXHL[� KDELWXDOPHQW� HQ� DPELHQWV� RQ� HOV� QXWULHQWV� VyQ� OLPLWDQWV�� SHUTXq� HOV� DQWDJRQLVWHV� GH

FROLIRUPHV�HQWUHQ�HQ�FRPSHWqQFLD�GLUHFWD�DPE�HOV�FROLIRUPHV��GLILFXOWDQW�HO�VHX�HVWDEOLPHQW�DOV�ELRILOPV��/H&KHYDOOLHU�	�0F)HWHUV

����E���0DOJUDW�WRW��(VFKHULFKLD�FROL�KD�PDQWLQJXW�YDORUV�SURSHUV�D�����8IF�FP��ILQV�DOV�����GLHV�GH�FRQWDFWH��WDQW�DO�SRX�FRP�DO

GLSzVLW�G¶$OIRQV�HO�0DJQjQLP��6DQW�0DUWt���(Q�FDQYL��QR�V¶KD�SRJXW�GHWHFWDU�OD�VHYD�SUHVqQFLD�D�SDUWLU�GHOV�����GLHV�G¶H[SRVLFLy

DO�GLSzVLW�GH�O¶DLJXD�IUHjWLFD��YHXUH�)LJXUD������SDUW�FHQWUDO��

$� 6DEDGHOO� HOV� FROLIRUPHV� WRWDOV� V¶KDQ�PDQWLQJXW� HQWUH� ���� L� ���� 8IF�FP�� D� OD� IDVH� HVWDFLRQjULD� GHOV� ELRILOPV� GHVHQYROXSDWV�

PHQWUH�TXH�(VFKHULFKLD�FROL�SUjFWLFDPHQW�QR�V¶KD�GHWHFWDW��YHXUH�)LJXUD�������SDUW�FHQWUDO���&DO�LQVLVWLU�TXH�HQ�DTXHVWD�]RQD�GH

PRVWUHLJ�OD�LPSRUWDQW�TXDQWLWDW�GH�SUHFLSLWDWV��FDUERQDWV��KD�GLILFXOWDW�OD�VHSDUDFLy�GH�SDUW�GHOV�PLFURRUJDQLVPHV�GHO�PDWHULDO�GH

VXSRUW�

)LQDOPHQW��D�SDUWLU�GH�O¶DLJXD�SRWDEOH�GH� O¶(8227�HO�QLYHOO�GHOV�FROLIRUPHV� WRWDOV�DOV�ELRILOPV�KD�RVFLOÂODW�D� OD� IDVH�HVWDFLRQjULD

HQWUH��� L� ����8IF�FP�� �YHXUH�)LJXUD������ L�7DXOD��������PHQWUH�TXH�QR� V¶KD�GHWHFWDW�(VFKHULFKLD� FROL�D� SDUWLU� GHOV� ��� GLHV� GH

FRQWDFWH��7DQPDWHL[�� V¶KD�GH� UHFRUGDU�TXH�DOJXQV�G¶DTXHVWV�EDFWHULV� JUDP�QHJDWLXV�SRGHQ�HQWUDU� HQ�XQ� HVWDW� YLDEOH� SHUz� QR

FXOWLYDEOH� �9%1&�� �%\UG�HW� DO�� ������%DUFLQD�HW� DO�� ������� RQ� UHWHQHQ� OD� FDSDFLWDW� GH� SURGXLU�PDODOWLHV� L� SRGHQ� DFWXDU� FRP�D

DJHQWV�HWLROzJLFV�DPE�VLJQLILFDFLy�SHU�D�OD�VDOXW�S~EOLFD��*ULPHV�	�&ROZHOO�������

7DXOD�������3UHVqQFLD�GHOV�JUXSV�PLFURELDQV�HVWXGLDWV�DOV�ELRILOPV�GHVHQYROXSDWV��D�OD�IDVH�HVWDFLRQjULD��D�SDUWLU�GHOV����GLHV
D�6DQW�0DUWt��L�D�SDUWLU�GHOV����GLHV�D�6DEDGHOO�L�D�O¶DLJXD�SRWDEOH�GH�O¶(8227���9DORUV�PtQLP�L�Pj[LP�HQ�8IF�FP��

&ROLIRUPHV�7RWDOV (��FROL 3VHXGRPRQDV $HURPRQDV )RQJV�)LODP�

6DQW�0DUWt�3RX ������� ������� ��� ����� �������

6DQW�0DUWt�'LSzVLW ������� ����� ������� ����� �������

6DEDGHOO ������� ������ ������� ������� �������

(8227 ����� � ������� � �����



&DStWRO�� $YDOXDFLy�GH�OD�IRUPDFLy�GH�ELRILOPV�HQ�VLVWHPHV�GH�GLVWULEXFLy�G¶DLJXD ���

3VHXGRPRQDV� KD�PDQWLQJXW� YDORUV� SURSHUV� D� ���� 8IF�FP�� DOV� ELRILOPV� GHVHQYROXSDWV� D� SDUWLU� GH� O¶DLJXD� VXEWHUUjQLD� GH� 6DQW

0DUWt�� L� HQWUH���������8IF�FP�� D�6DEDGHOO��'¶DOWUD�EDQGD�� DTXHVW� JUXS�KD�PDQWLQJXW� D� O¶DLJXD�SRWDEOH�GH� O¶(8227�XQV�QLYHOOV

IRUoD�HOHYDWV�HQ�IDVH�HVWDFLRQjULD��HQWUH���������8IF�FP���DUULEDQW�D�VXSHUDU� OD�GHQVLWDW�GHOV�EDFWHULV�KHWHUzWURIV��YHXUH�)LJXUD

������

0HQWUH�TXH�$HURPRQDV�QR�V¶KD�GHWHFWDW�DOV�ELRILOPV�GHVHQYROXSDWV�D�SDUWLU�GH�O¶DLJXD�SRWDEOH��KD�PDQWLQJXW�YDORUV�SURSHUV�D����

8IF�FP��D�OD�IDVH�HVWDFLRQjULD�GHOV�ELRILOPV�IRUPDWV�D�SDUWLU�GH�O¶DLJXD�VXEWHUUjQLD�GH�6DQW�0DUWt��L�D�6DEDGHOO��7DQPDWHL[��D�6DQW

0DUWt� VHPEOD� TXH�$HURPRQDV� KD� GHL[DW� GH� IRUPDU� SDUW� GHOV� ELRILOPV� GHVSUpV� GH� ��� GLHV� GH� FRQWDFWH� DPE� O¶DLJXD� GHO� SRX�� L

GHVSUpV�GH�����GLHV�GH�FRQWDFWH�DPE�O¶DLJXD�GHO�GLSzVLW��(Q�FDQYL��D�6DEDGHOO��KD�PDQWLQJXW�XQD�GHQVLWDW�HQWUH���������8IF�FP�

ILQV�DO�ILQDO�GHO�SHUtRGH�GH�FRQWDFWH��)LQDOPHQW��QR�V¶KD�GHWHFWDW�$HURPRQDV�DOV�ELRILOPV

7DPEp� V¶KD� SRUWDW� D� WHUPH� XQ� VHJXLPHQW� GHOV� IRQJV� ILODPHQWRVRV� DOV� ELRILOPV� GHVHQYROXSDWV�� 0DOJUDW� TXH� FRP� D� SDWzJHQV

RSRUWXQLVWHV� VyQ� KDELWXDOPHQW� SRF� VLJQLILFDWLXV� SHU� D� OD� VDOXW� S~EOLFD�� HQ� FHUWHV� FRQGLFLRQV� SRGHQ� DUULEDU� D� FRORQLW]DU� HO� FRV

KXPj��(OV�UHFRPSWHV�GH�IRQJV�ILODPHQWRVRV�PpV�HOHYDWV�V¶KDQ�REVHUYDW�D�6DQW�0DUWt��DPE�YDORUV�SURSHUV�D�����8IF�FP��DO�ILQDO

GHO� SHUtRGH� GH� FRQWDFWH� HQ� IDVH� HVWDFLRQjULD�� 7DQPDWHL[�� V¶KD� GH� UHPDUFDU� TXH� HQ� SOHQD� IDVH� HVWDFLRQjULD� DTXHVW� JUXS� GH

PLFURRUJDQLVPHV� KD� H[SHULPHQWDW� RVFLOÂODFLRQV� LPSRUWDQWV�� G¶DSUR[LPDGDPHQW� �� ORJ�� (Q� FDQYL�� D� 6DEDGHOO� HOV� QLYHOOV� KDQ

GLVPLQXwW�FODUDPHQW� �PpV�GH��� ORJ��GXUDQW�HO�SHUtRGH�HVWDFLRQDUL��DVVROLQW�DO� ILQDO�GHO� WHPSV�GH� FRQWDFWH�YDORUV�SURSHUV�D����

8IF�FP��� )LQDOPHQW�� DOV� ELRILOPV� GHVHQYROXSDWV� D� SDUWLU� GH� O¶DLJXD� SRWDEOH� QR� V¶KDQ� GHWHFWDW� IRQJV� ILODPHQWRVRV� D� OD� IDVH

HVWDFLRQjULD�

7DXOD�������3UHVqQFLD�GHOV�JUXSV�PLFURELDQV�HVWXGLDWV�DOV�ELRILOPV�GHVHQYROXSDWV�D�OHV�WUHV�]RQHV�GH�PRVWUHLJ��9DORUV�PLWMDQV
�PLWMDQD�DULWPqWLFD��L�Pj[LPV�DO�OODUJ�GHO�WRWDO�GHO�WHPSV�G¶H[SRVLFLy�HQ�8IF�FP��

&ROLIRUPHV�7RWDOV (��FROL 3VHXGRPRQDV $HURPRQDV )RQJV�)LODP�

0D[� ����(��� ����(��� ����(��� ����(��� ����(���6DQW�0DUWt
3RX

������������
0LWMDQD ����(��� ����(��� ����(��� ����(��� ����(���

0D[� ����(��� ����(��� ����(��� ����(��� ����(���6DQW�0DUWt
'LSzVLW

����������� 0LWMDQD ����(��� ����(��� ����(��� ����(��� ����(���

0D[� ����(��� ����(��� ����(��� ����(��� ����(���

6DEDGHOO 0LWMDQD ����(��� ����(��� ����(��� ����(��� ����(���

0D[� ����(��� ����(��� ����(��� ����(��� ����(���(8227

0LWMDQD ����(��� ����(��� ����(��� ����(��� ����(���



��� 'LVFXVVLy���

&RPSDUDFLy� GHO� QRPEUH� GH�PLFURRUJDQLVPHV� HQ� IDVH� ELRILOP� L� SODQFWzQLFD�� � 6¶KD� FRPSDUDW� OD� SUHVqQFLD� GHOV� GLIHUHQWV

JUXSV� GH� PLFURRUJDQLVPHV� DOV� ELRILOPV� L� D� OD� IDVH� SODQFWzQLFD� �YHXUH� )LJXUD� ����� )LJXUD� ����� L� )LJXUD� ������� &RPSDUDQW� OD

SUHVqQFLD�GHOV�EDFWHULV�KHWHUzWURIV��UHFRPSWH�HQ�5�$�D����&��D�SDUWLU�GH�OHV�DLJ�HV�IUHjWLTXHV��OD�SURSRUFLy�KD�SUHVHQWDW�YDORUV

VXSHULRUV�D�����HQ�WRWV�HOV�FDVRV�HVWXGLDWV��DPE�HOV�YDORUV�PpV�HOHYDWV�DO�GLSzVLW�GH�6DQW�0DUWt��UDWLR �������VHJXLW�GHO�SRX�GH�OD

PDWHL[D� ]RQD� �UDWLR ������ L� ILQDOPHQW� D�6DEDGHOO� �UDWLR ��������� � /HV� GHWHUPLQDFLRQV� UHDOLW]DGHV� DPE�3&$� KDQ� GRQDW� YDORUV

VHPEODQWV��HQFDUD�TXH�OOHXJHUDPHQW�LQIHULRUV�DOV�REWLQJXWV�DPE�5�$�D����&��'¶DOWUD�EDQGD��DOV�ELRILOPV�GHVHQYROXSDWV�D�SDUWLU

GH�O¶DLJXD�SRWDEOH�HOV�EDFWHULV�KHWHUzWURIV�KDQ�DXJPHQWDW�QRPpV����YHJDGHV�UHVSHFWH�GHOV�SUHVHQWV�D�OD�IDVH�SODQFWzQLFD�

(OV�FROLIRUPHV�WRWDOV�L�(VFKHULFKLD�FROL�SUHVHQWV�DOV�ELRILOPV�KDQ�DXJPHQWDW�OD�VHYD�UDWLR�UHODWLYD�D�6DQW�0DUWt�SHU�VREUH�GH�OHV���

YHJDGHV�UHVSHFWH�GHOV�SUHVHQWV�D� OD� IDVH�SODQFWzQLFD��(Q�DTXHVW�FDV�� O¶DXJPHQW�KD�HVWDW�VLJQLILFDWLYDPHQW�PpV�HOHYDW�DO�SRX�

DPE�XQD�UDWLR�GH�����SHU�(VFKHULFKLD�FROL�L�GH�������SHOV�FROLIRUPHV�WRWDOV��PHQWUH�TXH�DO�GLSzVLW�OHV�UDWLRV�KDQ�HVWDW�GH����SHOV

FROLIRUPHV� WRWDOV� L�GH����SHU�(VFKHULFKLD�FROL��3HU� WDQW��HOV� FROLIRUPHV� WRWDOV� L�(VFKHULFKLD�FROL� V¶KDQ�DFXPXODW�D�6DQW�0DUWt�GH

IRUPD�SUHIHUHQW�DOV�ELRILOPV�GHVHQYROXSDWV��PDOJUDW�TXH�DTXHVW�DXJPHQW�KD�HVWDW�PHQRU�D�PHVXUD�TXH�HQV�DOOXQ\HP�GH�O¶RULJHQ

GH�O¶DLJXD�IUHjWLFD��$TXHVWHV�GDGHV�VHPEOHQ�HVSHFLDOPHQW�UHOOHYDQWV�SHU�(VFKHULFKLD�FROL��TXH�G¶XQD�UDWLR�GH�����SDVVD�D����DO

FDS�GH�����PHWUHV�GH� UHFRUUHJXW�SHU� OD�[DU[D�GH�GLVWULEXFLy��'H� IHW� L� WDO� FRP� MD� V¶KD�FRPHQWDW�DQWHULRUPHQW�� V¶KD�GH� WHQLU� HQ

FRPSWH�TXH�O¶DXJPHQW�VLJQLILFDWLX�HQ�HO�QRPEUH�GH�EDFWHULV�KHWHUzWURIV�DO�GLSzVLW� L��GH�UHWUXF��HQ�HOV�DQWDJRQLVWHV�GH�FROLIRUPHV

SRW�KDYHU�GLILFXOWDW�HO�UHFRPSWH�GHOV�FROLIRUPHV��$�6DEDGHOO�O¶DXJPHQW�GHOV�FROLIRUPHV�WRWDOV�L�(VFKHULFKLD�FROL�DOV�ELRILOPV�KD�HVWDW

SRF�LPSRUWDQW��UDWLRV�GH������L������UHVSHFWLYDPHQW��

3VHXGRPRQDV�WDPEp�V¶KD�DFXPXODW�SUHIHUHQWPHQW�DOV�ELRILOPV��DPE�UDWLRV�TXH�KDQ�RVFLOÂODW�D�6DQW�0DUWt�HQWUH����� L����� L�IRUoD

PHQRU�D�6DEDGHOO��UDWLR� ��������&DO�GHVWDFDU�OD�LPSRUWjQFLD�GHO�JUXS�3VHXGRPRQDV�DOV�ELRILOPV�GHVHQYROXSDWV�D�SDUWLU�GH�O¶DLJXD

SRWDEOH��UDWLR� ��������DPE�XQD�UDWLR���ORJ�VXSHULRU�D�OD�GHOV�EDFWHULV�KHWHUzWURIV�GHWHUPLQDWV�DPE�5�$�D����&�

)LQDOPHQW��HOV�IRQJV�ILODPHQWRVRV�V¶KDQ�DFXPXODW�GH�IRUPD�VLJQLILFDWLYDPHQW�LPSRUWDQW�DOV�ELRILOPV�GHVHQYROXSDWV�D�6DQW�0DUWt�L

D�6DEDGHOO��(Q�HO�SULPHU�FDV��KD�HVWDW�HO�JUXS�DPE�OD�UDWLR�PpV�HOHYDGD�DO�SRX�G¶$OIRQV�HO�0DJQjQLP��UDWLR��������VXSHUDQW�ILQV�L

WRW�DOV�EDFWHULV�KHWHUzWURIV��$O�GLSzVLW��V¶KDQ�REVHUYDW��YDORUV�OOHXJHUDPHQW�LQIHULRUV�DOV�EDFWHULV�KHWHUzWURIV�GHWHUPLQDWV�DPE�5�$

L�DPE�3&$��UDWLR� ������$�6DEDGHOO�O¶DXJPHQW�KD�HVWDW�VLJQLILFDWLYDPHQW�LQIHULRU��UDWLR� ���������OOHXJHUDPHQW�SHU�VREUH�GHO�TXH

V¶KD�SURGXwW�HQ�3VHXGRPRQDV�

(Q�UHVXP��OHV�GDGHV�LQGLTXHQ�TXH�D�6DQW�0DUWt�HOV�GLIHUHQWV�JUXSV�PLFURELDQV�HVWXGLDWV�V¶KDQ�DFXPXODW�GH�IRUPD�SUHIHUHQW�DOV

ELRILOPV�� GHVWDFDQW� HQ� SULPHU� OORF� HOV� EDFWHULV� KHWHUzWURIV� GHWHUPLQDWV� DPE� 5�$� R� 3&$� L� HOV� IRQJV� ILODPHQWRVRV�� L� GH� IRUPD

OOHXJHUDPHQW� LQIHULRU�DOV�FROLIRUPHV� WRWDOV��(VFKHULFKLD� FROL� L�3VHXGRPRQDV�� $�6DEDGHOO�� V¶KDQ�DFXPXODW� DOV� ELRILOPV�GH� IRUPD

SUHIHUHQW�HOV�EDFWHULV�KHWHUzWURIV�GHWHUPLQDWV�DPE�5�$��L�DPE�XQD�UDWLR���ORJ�LQIHULRU�HOV�IRQJV�ILODPHQWRVRV�L�3VHXGRPRQDV��(Q

FDQYL��HOV�FROLIRUPHV�WRWDOV�L�(VFKHULFKLD�FROL�KDQ�SUHVHQWDW�YDORUV�VHPEODQWV�D�OD�IDVH�SODQFWzQLFD�L�DO�ELRILOP��)LQDOPHQW��D�O¶DLJXD

SRWDEOH� OHV� GDGHV� VHPEOHQ� LQGLFDU� FODUDPHQW� TXH� DOV� ELRILOPV� HV� SURGXHL[� OD� VHOHFFLy� G¶XQ� JUXS� GH� PLFURRUJDQLVPHV� TXH

SHUWDQ\HQ�DO�JUXS�3VHXGRPRQDV�

&DQYLV�HQ�OD�FRPSRVLFLy�GH�OD�FRPXQLWDW�GHOV�ELRILOPV��(O�VHJXLPHQW�GHOV�GLIHUHQWV�JUXSV�PLFURELDQV�HQV�KD�SHUPqV�HVWXGLDU

O¶HYROXFLy�GH�OD�FRPSRVLFLy�GHOV�JUXSV�PLFURELDQV�TXH�IRUPHQ�SDUW�GH�OD�FRPXQLWDW�GHO�ELRILOP��GHWHUPLQDQW�OD�LPSRUWjQFLD�UHODWLYD

GH�FDGD�XQ�GHOV�JUXSV�HVWXGLDWV�UHVSHFWH�GHOV�EDFWHULV�WRWDOV�GHWHUPLQDWV�HQ�SODFD�DPE�O¶DJDU�5�$��YHXUH�)LJXUD������L�)LJXUD

�����SHU�D�6DQW�0DUWt��)LJXUD������SHU�D�6DEDGHOO�L�)LJXUD������SHU�DOV�ELRILOPV�IRUPDWV�D�SDUWLU�GH�O¶DLJXD�SRWDEOH�GH�O¶(8227��

/HV�GDGHV�REWLQJXGHV�HV�UHVXPHL[HQ�D�OD�7DXOD������

6L� REVHUYHP� O¶DEXQGjQFLD� UHODWLYD� GH� FDGD� JUXS� DOV� ELRILOPV� GHVHQYROXSDWV� D� SDUWLU� GH� O¶DLJXD� GHO� SRX� G¶$OIRQV� HO�0DJQjQLP

�YHXUH�7DXOD��������HOV�PpV�DEXQGDQWV�KDQ�HVWDW�HOV�IRQJV�ILODPHQWRVRV�L�3VHXGRPRQDV��UHSUHVHQWDQW�XQ����UHVSHFWH�GHO�WRWDO

GH�EDFWHULV�KHWHUzWURIV��VHJXLWV�DPE�XQD�LPSRUWjQFLD�UHODWLYD�IRUoD�PHQRU�SHOV�FROLIRUPHV�WRWDOV�����ORJ���(VFKHULFKLD�FROL�����ORJ��L



&DStWRO�� $YDOXDFLy�GH�OD�IRUPDFLy�GH�ELRILOPV�HQ�VLVWHPHV�GH�GLVWULEXFLy�G¶DLJXD ���

$HURPRQDV�����ORJ���(Q�HOV�~OWLPV�GRV�FDVRV�V¶KDQ�REVHUYDW�RVFLOÂODFLRQV�LPSRUWDQWV�DO�OODUJ�GHO�WHPSV�GH�FRQWDFWH��DXJPHQWDQW

OD�VHYD�LPSRUWjQFLD�FDS�DO�ILQDO�GHO�PDWHL[��HQ�SOHQD�IDVH�HVWDFLRQjULD��VHJRQV�HOV�EDFWHULV�KHWHUzWURIV��

$OV� ELRILOPV� GHVHQYROXSDWV� D� SDUWLU� GHO� GLSzVLW� GH� UHVHUYD� D� 6DQW� 0DUWt� HO� JUXS� PpV� LPSRUWDQW� KDQ� HVWDW� HOV� EDFWHULV� WRWDOV

GHWHUPLQDWV�HQ�SODFD��KHWHUzWURIV��DPE�O¶DJDU�3&$���DPE�XQ�YDORU�G¶DSUR[LPDGDPHQW�±����ORJ�GXUDQW�OD�IDVH�HVWDFLRQjULD��+DQ

VHJXLW�HQ�LPSRUWjQFLD�HOV�IRQJV�ILODPHQWRVRV��DPE�XQD�PLWMDQD�GH�±����ORJ��3VHXGRPRQDV��DPE�XQD�PLWMDQD�GH�±����ORJ�L�SURS

GHOV� ±���� ORJ� HQ� IDVH� HVWDFLRQjULD�� L� HOV� FROLIRUPHV� WRWDOV� DPE� ±���� ORJ� GH� PLWMDQD�� SHUz� D� O¶HQWRUQ� GHOV� ±�� ORJ� HQ� IDVH

HVWDFLRQjULD��3HU�OD�VHYD�SDUW��(VFKHULFKLD�FROL� L�$HURPRQDV�KDQ�SUHVHQWDW�YDORUV�SURSHUV�D�±��ORJ�TXH�KDQ�GLVPLQXwW� ILQV�D�QR

GHWHFWDU�VH�D�SDUWLU�GHOV�����GLHV�G¶H[SRVLFLy�

(Q�JHQHUDO� GRQFV�� OD� LPSRUWjQFLD� UHODWLYD�GH� FDGD�XQ�GHOV�JUXSV� UHVSHFWH�GHOV�EDFWHULV� KHWHUzWURIV�GHWHUPLQDWV� DPE�5�$�KD

GLVPLQXwW�FODUDPHQW�HQ�HO�GLSzVLW�GH�UHVHUYD��/HV�GDGHV�VHPEODULHQ�LQGLFDU�TXH�HO� WUDQVSRUW�GH�O¶DLJXD�D�WUDYpV�GHOV�����P��GH

FDQRQDGD�L�HO�VHX�GLSzVLW�SRVWHULRU�PRGLILFD� OD�FRPXQLWDW�GH�PLFURRUJDQLVPHV��(O�FDQYL� IRQDPHQWDO�KD�HVWDW� OD�VHOHFFLy�G¶XQHV

SREODFLRQV�GH�EDFWHULV�KHWHUzWURIV�TXH��FRP�V¶KD�YLVW�DQWHULRUPHQW��KDQ�DXJPHQWDW�GH�IRUPD�VLJQLILFDWLYDPHQW�PpV�LPSRUWDQW�D

OHV�SREODFLRQV�GHVHQYROXSDGHV�D�SDUWLU�GH�O¶DLJXD�GHO�GLSzVLW��YHXUH�)LJXUD������

$�6DEDGHOO�� O¶RUGUH�G¶LPSRUWjQFLD� UHODWLYD�GHOV�JUXSV�KD�GLVPLQXwW�GH� IRUPD�DSUHFLDEOH�FDS�DO� ILQDO� GHO� SHUtRGH�HVWDFLRQDUL�� (Q

DTXHVW�FDV��OD�LPSRUWDQW�TXDQWLWDW�GH�SUHFLSLWDWV��FDUERQDWV��KD�GLILFXOWDW�OD�VHSDUDFLy�GH�SDUW�GHOV�PLFURRUJDQLVPHV�GHO�PDWHULDO

GH�VXSRUW��6HJXUDPHQW��HOV�UHVXOWDWV�REWLQJXWV�KDQ�VXEHVWLPDW�OD�LPSRUWjQFLD�GH�FDGD�JUXS�PLFURELj�HVWXGLDW��'H�WRWHV�IRUPHV�

3VHXGRPRQDV�KD�SUHVHQWDW�OD�PLWMDQD�PpV�HOHYDGD��DPE�±����ORJ��PDQWHQLQW�VH�D�OD�IDVH�HVWDFLRQjULD�HQ�YDORUV�SURSHUV�DOV�±���

ORJ�� +DQ� VHJXLW� HQ� LPSRUWjQFLD� HOV� IRQJV� ILODPHQWRVRV� L� HOV� FROLIRUPHV� WRWDOV� DPE� XQD�PLWMDQD� GH� ±���� ORJ� SHUz� DPE�PHQRU

LPSRUWjQFLD�UHODWLYD�DTXHVW�~OWLP�L��ILQDOPHQW��$HURPRQDV�DPE�XQD�PLWMDQD�GH�±����ORJ�L�(VFKHULFKLD�FROL�DPE�XQ�YDORU�SURSHU�DOV

±���ORJ�DO�ILQDO�GHO�SHUtRGH�GH�FRQWDFWH�

$�6DEDGHOO�FDO�GHVWDFDU�TXH�OD�LPSRUWjQFLD�UHODWLYD�GH�FDGD�JUXS�UHVSHFWH�GH�OD�SREODFLy�GH�EDFWHULV�KHWHUzWURIV�KD�GLVPLQXwW�GH

IRUPD�LPSRUWDQW�D�OD�IDVH�HVWDFLRQjULD��3HU�WDQW�L�GH�PDQHUD�VHPEODQW�DO�GLSzVLW�GH�6DQW�0DUWt��DOV�ELRILOPV�GHVHQYROXSDWV�D�SDUWLU

GH� O¶DLJXD�GH� OD�PLQD�GH�5LEDWDOODGD�V¶KDQ�VHOHFFLRQDW�XQHV�SREODFLRQV�GH�EDFWHULV�KHWHUzWURIV��'H� IHW�� WDO�FRP�V¶KD�FRPHQWDW

DEDQV��YHXUH�)LJXUD�������D�6DEDGHOO�O¶DXJPHQW�PpV�LPSRUWDQW�D�OD�IDVH�ELRILOP�UHVSHFWH�GH�OD�IDVH�SODQFWzQLFD�V¶KD�SURGXwW�HQ

HOV�EDFWHULV�KHWHUzWURIV�

7DXOD�������9DULDFLy�DO�OODUJ�GHO�WHPSV�GH�OD�SURSRUFLy�GHOV�GLIHUHQWV�JUXSV�PLFURELDQV�DOV�ELRILOPV�HQ�UHODFLy�DO�WRWDO
GH�EDFWHULV�KHWHUzWURIV�TXDQWLILFDWV�DPE�O¶DJDU�5�$�D����&��'DGHV�HQ�ORJ�5DWLR��5HFRPSWH�JUXS�HVSHFtILF�5�$��

3VHXGRPRQDV )RQJV�)LODPHQW� &ROLIRUPHV�7RWDOV $HURPRQDV (��FROL

0D[� 0LWM� 0D[� 0LWM� 0D[� 0LWM� 0D[� 0LWM� 0D[� 0LWM�
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(8227 ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

)LQDOPHQW�� DOV� ELRILOPV� GHVHQYROXSDWV� D� SDUWLU� GH� O¶DLJXD� SRWDEOH� GH� O¶(8227� FDO� GHVWDFDU� FRP� D� JUXS� PpV� LPSRUWDQW� D

3VHXGRPRQDV��DPE�XQD�PLWMDQD�GH�±���� ORJ��5HVSHFWH�GH�OD�VHYD�SUHVqQFLD�D� OD�IDVH�SODQFWzQLFD��YHXUH�)LJXUD�������HO�JUXS

3VHXGRPRQDV� KD� DXJPHQWDW� D� OD� IDVH� ELRILOP� TXDVL� �� ORJ�PpV� TXH� HOV� EDFWHULV� KHWHUzWURIV�� 3HU� WDQW�� pV� LQGXEWDEOH� TXH� DOV

ELRILOPV� GHVHQYROXSDWV� D� SDUWLU� GH� O¶DLJXD� SRWDEOH� GH� O¶(8227� V¶KD� VHOHFFLRQDW� SUHIHUHQWPHQW� XQD� FRPXQLWDW� IRUPDGD� SHU



��� 'LVFXVVLy���

EDFWHULV� GHO� JUXS� 3VHXGRPRQDV�� D� PpV� G¶DOWUHV� EDFWHULV� KHWHUzWURIV�� /D� LPSRUWjQFLD� GHOV� IRQJV� ILODPHQWRVRV� ������ ORJ��

$HURPRQDV� ������ ORJ�� L�(VFKHULFKLD� FROL� ������ ORJ�� SHUz� DPE� YDORUV� SURSHUV� DOV� ±�� ORJ� D� OD� IDVH� HVWDFLRQjULD��� KD� HVWDW� IRUoD

PHQRU��)LQDOPHQW�� HOV� FROLIRUPHV� WRWDOV� ������ ORJ�GH�PLWMDQD��KDQ�H[SHULPHQWDW� RVFLOÂODFLRQV� LPSRUWDQWV�DO� ILQDO� GHO� SHUtRGH� GH

FRQWDFWH��DUULEDQW�HQ�DOJXQ�FDV�D��YDORUV�VHPEODQWV�DOV�GHOV�EDFWHULV�WRWDOV�

&LQqWLTXHV�D�WHPSV�FXUWV��(Q�H[SHULPHQWV�GH�ODERUDWRUL�V¶KD�FRPSURYDW�FRP�O¶DGKHVLy�pV�XQ�IHQRPHQ�UjSLG�TXH�HV�SURGXHL[

HQWUH�HOV�SULPHUV�PLQXWV�L�OHV���KRUHV�GHVSUpV�GH�OD�LQRFXODFLy��6RPPHU�HW�DO��������L�TXH�GHSqQ��HQWUH�G¶DOWUHV��GH�OHV�SURSLHWDWV

GHO� VXEVWUDW�� GH� OHV� FDUDFWHUtVWLTXHV� ItVLFR�TXtPLTXHV� L� HVWUXFWXUDOV� GHO�PLFURRUJDQLVPH�� GHO� VHX� HVWDW� ILVLROzJLF� L� GHO� IOX[� TXH

LQIOXHL[�VREUH�HO�VXEVWUDW�

(OV�UHFRPSWHV�PLFURELDQV�REWLQJXWV�D�SDUWLU�GH�OHV�FLQqWLTXHV�GH�FRORQLW]DFLy�UHDOLW]DGHV�KDQ�DUULEDW�D�YDORUV�IRUoD�HOHYDWV�HQ�SRF

PHQ\V�GH���GLHV��$� O¶HVWDFLy�GH�6DQW�0DUWt� �%HVyV��V¶KDQ�REVHUYDW�YDORUV�HQWUH���������8IF�FP��HQ�PHQ\V�GH���GLD��GHVSUpV

G¶H[SRVDU�HOV�UHDFWRUV�D�O¶DLJXD�GHO�SRX�G¶$OIRQV�HO�0DJQjQLP��L�HQWUH���������8IF�FP��TXDQ�V¶KDQ�H[SRVDW�D�O¶DLJXD�GHO�GLSzVLW

GXUDQW�HO�PDWHL[�SHUtRGH��(O�QLYHOO�GH�EDFWHULV�DHURELV�HQ�SODFD�KD�SXMDW�ILQV�D�����8IF�FP��GHVSUpV�GH�QRPpV���GLHV�G¶H[SRVLFLy

D�OD�PDWHL[D�DLJXD�IUHjWLFD��7DQPDWHL[��FDO�WHQLU�SUHVHQW�TXH�HO�QRPEUH�GH�EDFWHULV�DGKHULWV�DEDQV�GH�OHV����KRUHV�DOV�UHDFWRUV

QR�KD�VXSHUDW�HQ�FDS�FDV�HO������������GHO�WRWDO�GH�EDFWHULV�DHURELV�HQ�SODFD�SUHVHQWV�D�OD�IDVH�HVWDFLRQjULD�GHO�ELRILOP��D�SDUWLU

GHOV����GLHV��

$�6DEDGHOO�V¶KDQ�REVHUYDW�QLYHOOV�GH�FRORQLW]DFLy�HQFDUD�VXSHULRUV�SHU�D� OHV�SULPHUHV����KRUHV��1R�REVWDQW�� L� WDO� FRP� MD� V¶KD

FRPHQWDW� UHSHWLGDPHQW�� KD� H[LVWLW� XQ� SUREOHPD� HYLGHQW� HQ� OD� UHFXSHUDFLy� G¶XQD� SDUW� VLJQLILFDWLYD� GH� OHV� SREODFLRQV� GH

PLFURRUJDQLVPHV�DGKHULWV�

&RQVLGHUDQW�TXH�OD�WD[D�G¶DGVRUFLy��DGKHVLy��V¶LQFUHPHQWD�GH�IRUPD�OLQHDO�HQ�DXJPHQWDU�OD�FRQFHQWUDFLy�GH�EDFWHULV�DHURELV�HQ

SODFD��8IF�P/��D�O¶DLJXD��&KDUDFNOLV�	�0DUVKDOO��������HOV�UHDFWRUV�H[SRVDWV�D�O¶DLJXD�SRWDEOH�KDQ�G¶KDYHU�SUHVHQWDW�HOV�YDORUV

PpV� EDL[RV�� (IHFWLYDPHQW�� D� SDUWLU� GH� O¶DLJXD� SRWDEOH� GH� O¶(8227� V¶KD� REVHUYDW� FRP� O¶DGKHUqQFLD� LQLFLDO� KD� HVWDW� FODUDPHQW

PHQRU�DOV�GRV�FDVRV�DQWHULRUV��$L[t��DO�FDS�GH����KRUHV�V¶KDQ�REWLQJXW�YDORUV�LQIHULRUV�D���8IF�FP���PHQWUH�TXH�DOV���GLHV�WRW�MXVW

V¶KD�DUULEDW�D���8IF�FP���+DQ�HVWDW�QHFHVVDULV���GLHV�G¶H[SRVLFLy�D�O¶DLJXD�SRWDEOH�SHU�REWHQLU�YDORUV�VXSHULRUV�D����8IF�FP���HQ

FRQFUHW����8IF�FP��

7D[D�HVSHFtILFD�GH�FUHL[HPHQW�GHO�ELRILOP��$VVXPLQW�TXH�OD�WD[D�GH�PRUWDOLWDW�pV�UHODWLYDPHQW�EDL[D�L�TXH�HO�FUHL[HPHQW�D�OD

IDVH� SODQFWzQLFD� pV� SUjFWLFDPHQW� QHJOLJLEOH� GHJXW� D� O¶HOHYDGD� WD[D� GH� GLOXFLy� GHO� VLVWHPD�� V¶KD� SRJXW� GHWHUPLQDU� OD� WD[D

HVSHFtILFD�GH�FUHL[HPHQW�GHOV�ELRILOPV�GHVHQYROXSDWV�D�SDUWLU�GH�O¶DLJXD�GHO�GLSzVLW�G¶$OIRQV�HO�0DJQjQLP��8WLOLW]DQW�SHU�DO�FjOFXO

HO�QRPEUH�GH�FqOÂOXOHV�WRWDOV�GHWHUPLQDGHV�DPE�UHFRPSWHV�PLFURVFzSLFV�GLUHFWHV��HSLIOXRUHVFqQFLD���V¶KDQ�REWLQJXW�YDORUV�HQWUH

�������L�������K��HO�TXH�VLJQLILFD�XQ�WHPSV�GH�JHQHUDFLy�HQWUH���L����GLHV��DPE�XQ�YDORU�PLWMj�GH������±�����GLHV�

/D� WD[D�GH�FUHL[HPHQW�REWLQJXGD�SHU�DTXHVW�VLVWHPD� LQGLFD� OD�SUHVqQFLD�GH�QLYHOOV� UHODWLYDPHQW�EDL[RV�GH�PDWqULD�RUJjQLFD�D

O¶DLJXD��'H�IHW��FRQFHQWUDFLRQV�LQIHULRUV�DOV�����J�/�GH�$2&�R������J�/�GH�%'2&�SRGHQ�DUULEDU�D�OLPLWDU�HO�FUHL[HPHQW�EDFWHULj

�6HUYDLV�HW�DO��������%ORFN�HW�DO���������HQFDUD�TXH�QLYHOOV�GH�%'2&�D�O¶HQWRUQ�GHOV�����J�/�SRGHQ�DUULEDU�D�VRVWHQLU�OD�SURGXFFLy

FHOÂOXODU� �%ORFN� HW� DO�� ������� (Q� PHVXUHV� UHDOLW]DGHV� D� OHV� [DU[HV� GH� GLVWULEXFLy� G¶DLJXD� SRWDEOH� HOV� YDORUV� GH� OD� WD[D� GH

FUHL[HPHQW�GLVPLQXHL[HQ� UDGLFDOPHQW�D�PHVXUD�TXH�HQV�DOOXQ\HP�DO� OODUJ�GH� OD� [DU[D�� GHJXW� DO� FRQVXP�GH�PDWqULD�RUJjQLFD�

DXJPHQWDQW� HO� WHPSV� GH� GXSOLFDFLy� ILQV� D� YDORUV� HQWUH� ������� GLHV� �%ORFN� ������� $L[t�� HO� %'2&� DFRVWXPD� D� VHU� UjSLGDPHQW

FRQVXPLW� HQ� DEVqQFLD� GH� FORU� �6HUYDLV� HW� DO�� ������� &RP� D� FRQVHT�qQFLD� G¶DTXHVWD� ELRGHJUDGDFLy�DVVLPLODFLy� GH� OD�PDWqULD

RUJjQLFD��DXJPHQWD�HO�QRPEUH�GH�FqOÂOXOHV�TXH�IRUPHQ�SDUW�GHO�ELRILOP�L�GH�OD�IDVH�SODQFWzQLFD�



&DStWRO�� $YDOXDFLy�GH�OD�IRUPDFLy�GH�ELRILOPV�HQ�VLVWHPHV�GH�GLVWULEXFLy�G¶DLJXD ���

3UHVqQFLD�GH�SDWzJHQV��7HQLQW�HQ�FRPSWH�TXH�OD�PHWRGRORJLD�UHDOLW]DGD�QR�KD�DQDW�HQFDPLQDGD�D�GHWHFWDU�HVSHFtILFDPHQW�WRWV

HOV�SDWzJHQV�SUHVHQWV�D� O¶DLJXD�R�DO� ELRILOP�� VLQy�TXH�PpV�DYLDW� V¶KDQ� VHOHFFLRQDW� OHV�PRUIRORJLHV� FRORQLDOV� SUHGRPLQDQWV�� OD

7DXOD������PRVWUD�HOV�SDWzJHQV� L�SDWzJHQV�RSRUWXQLVWHV�DwOODWV�D� OHV� WUHV�]RQHV�GH�PRVWUHLJ�� WDQW�D�SDUWLU�GH� O¶DLJXD�FRP�GHOV

ELRILOPV�GHVHQYROXSDWV��(OV�SDWzJHQV�RSRUWXQLVWHV�VyQ�DTXHOOV�RUJDQLVPHV�TXH�SRGHQ�IRUPDU�SDUW�GH�OD�PLFURELRWD�GHO�FRV�KXPj�

SHUz�TXH�VRWD�GHWHUPLQDGHV�FRQGLFLRQV�SRGHQ�SURGXLU�PDODOWLHV��HVSHFLDOPHQW�HQ�LQGLYLGXV�VXVFHSWLEOHV��QHQV�SHWLWV��JHQW�JUDQ�

PDODOWV�GH�6,'$��PDODOWV�GH�FjQFHU�VRWPHVRV�D�WUDFWDPHQWV�DPE�TXLPLRWHUjSLD��FUHPDWV��SDFLHQWV�GH�GLjOLVL��WUDQVSODQWDWV��HWF���

(QWUH� HOV� PLFURRUJDQLVPHV� KHWHUzWURIV� TXH� WHQHQ� HO� SRWHQFLDO� G¶DFWXDU� FRP� D� SDWzJHQV� RSRUWXQLVWHV� FDO� GHVWDFDU� HOV

PLFREDFWHULV�jFLG�UHVLVWHQWV��QR�WXEHUFXORVRV���.OHEVLHOOD�G¶RULJHQ�IHFDO��)ODYREDFWHULXP��/HJLRQHOOD�SQHXPRSKLOD��3VHXGRPRQDV

DHUXJLQRVD��6WDSK\ORFRFFXV�DXUHXV�L�IRQJV�RSRUWXQLVWHV��*HOGUHLFK�������

(Q�JHQHUDO��OD�GRVL�LQIHFWLYD�SHU�SDWzJHQV�RSRUWXQLVWHV�DFRVWXPD�D�VHU�EDVWDQW�HOHYDGD��DPE�YDORUV�VXSHULRUV�D��[�����FqOÂOXOHV

SHU�D�XQD�WD[D�G¶DWDF�GHO������*HOGUHLFK��������0DOJUDW�TXH�DTXHVWV�QRPEUHV�SRGHQ�VHPEODU�EDVWDQW�HOHYDWV��HO�YROXP�G¶DLJXD

TXH�V¶XWLOLW]D�SHU�XQD�GXW[D�R�XQ�EDQ\�SRGHQ�VXEPLQLVWUDU�IjFLOPHQW�DTXHVWD�GHQVLWDW�GXUDQW�XQ�SHUtRGH�G¶H[SRVLFLy�GHWHUPLQDW�

$�OHV�DLJ�HV�VXEWHUUjQLHV�GH�6DQW�0DUWt�L�GH�6DEDGHOO�V¶KDQ�DwOODW�GLIHUHQWV�PHPEUHV�TXH�SHUWDQ\HQ�DOV�SDWzJHQV�RSRUWXQLVWHV��L

D�6DEDGHOO�V¶KDQ�DwOODW�GRV�SDWzJHQV�FRP�6DOPRQHOOD�FKROHUDVXLV� L�<HUVLQLD�HQWHURFROLWLFD��$� O¶DLJXD�SRWDEOH�QR�V¶KD�DwOODW�FDS

SDWRJHQ�RSRUWXQLVWD��PHQWUH�TXH�D�SDUWLU�GHOV�ELRILOPV�GHVHQYROXSDWV�V¶KDQ�DwOODW�GRV�RSRUWXQLVWHV�

/D�SUHVqQFLD�GH�EDFWHULV�SDWzJHQV�L�RSRUWXQLVWHV�D�OHV�DLJ�HV�IUHjWLTXHV�HVWXGLDGHV�SRW�OLPLWDU�HO�VHX�~V��VL�HV�FRQVLGHUD�OD�VHYD

UHXWLOLW]DFLy�SHU� D� OD� LUULJDFLy�GH�SDUFV� L� MDUGLQV�XUEDQV�DPE� XQD� DIOXqQFLD� FRQVLGHUDEOH� G¶XVXDULV�� eV� HYLGHQW� TXH� OD� FRUUHFWD

JHVWLy�GH�OD�UHXWLOLW]DFLy�G¶DTXHVWHV�DLJ�HV�REOLJD�D�O¶DYDOXDFLy�GHO�ULVF�VDQLWDUL�TXH�SUHVHQWHQ�SHU�D�OD�VDOXW�S~EOLFD�

7DXOD� ������3DWzJHQV� L� SDWzJHQV� RSRUWXQLVWHV� DwOODWV� D� OHV� WUHV� ]RQHV� GH�PRVWUHLJ�� D� SDUWLU� GH� O¶DLJXD� L� GHOV� ELRILOPV
GHVHQYROXSDWV�DO�PHGL�GH�VXSRUW�GHOV�UHDFWRUV�
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