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����'pSDUWHPHQW�GH�7UDLWHPHQW�GHV�6LJQDX[�HW�GHV�,PDJHV�
eFROH�1DWLRQDOH�6XSpULHXUH�GHV�7pOpFRPPXQLFDWLRQV��85$�&156������3DULV

����'pSDUWHPHQW�GH�*pQLH�,QIRUPDWLTXH�HW�eOHFWULTXH�
,QVWLWXW�1DWLRQDO�GHV�6FLHQFHV�$SSOLTXpHV��7RXORXVH

��� ,QWURGXFWLRQ

/H�PRXYHPHQW�G©XQ�PHPEUH�SHXW�rWUH�GpFULW�SDU�XQH�IRQFWLRQ�GH�SOXVLHXUV�YDULDEOHV����IRUFHV�
LQHUWLH�� YLVFRpODVWLFLWp�� UDLGHXU� HWF�� 3RXU� SLORWHU� OHV�PRXYHPHQWV� UDSLGHV�� SOXV� EUHIV� TXH� OHV
GpODLV�GH�UHWRXU�HW�OHV�GXUpHV�GH�WUDLWHPHQW�GHV�LQIRUPDWLRQV�VHQVRULHOOHV��LO�IDXW�TXH�OH�6\VWqPH
1HUYHX[� &HQWUDO� SUHQQH� HQ� FRPSWH� FHWWH� IRQFWLRQ� ELRPpFDQLTXH� HW� HQ� HVWLPH� OD� IRQFWLRQ
G\QDPLTXH� LQYHUVH� >�����@�� 6HORQ� OH� SULQFLSH� TXH� QRXV� SURSRVRQV�� F©HVW� HQ� FDOFXODQW� GHV
IRQFWLRQV�LQYHUVHV�DSSUR[LPpHV�GHV�IRQFWLRQV�GLUHFWHV�GHV�RUJDQHV�VHQVRULHOV�HW�GHV�PHPEUHV
TXH� OHV� YRLHV� FpUpEHOOHXVHV� FRQWULEXHQW� j� OD� SUpFLVLRQ� GH� OD� SHUFHSWLRQ� HW� GX� FRQWU{OH� GHV
PRXYHPHQWV��(Q� HIIHW�� DQWLFLSHU� OHV� HIIHWV� GHV� VLJQDX[�PRWHXUV� VHUDLW� OD� IRQFWLRQ� SURSUH� GX
&RUWH[�&pUpEHOOHX[�GDQV�OH�FRQWU{OH�GHV�PRXYHPHQWV��HW�F©HVW�SDUFH�TX©LO�VHUDLW�SODFp�GDQV�XQH
ERXFOH� GH� UpWURDFWLRQ� TXH� OH� VLJQDO� DQWLFLSDWLI� FDOFXOp� SHUPHWWUDLW� G©HVWLPHU� XQH� IRQFWLRQ
LQYHUVH��8Q�PRGqOH�F\EHUQpWLTXH�GX�FRQWU{OH�G©XQ�VHJPHQW�GH�PHPEUH�D�SHUPLV�GH� VLPXOHU
FHWWH� LQYHUVLRQ� >���@�� 2U� VD� VWUXFWXUH�� TXL� UpVXOWH� GH� FRQVLGpUDWLRQV� IRQFWLRQQHOOHV�� HVW
FRPSDUDEOH�DX[�FRQQH[LRQV�DQDWRPLTXHV�GHV�YRLHV�FpUpEHOOHXVHV�

3RXU�pWXGLHU�SOXV�SUpFLVpPHQW�OD�IRQFWLRQ�GHV�YRLHV�FpUpEHOOHXVHV��OHV�pOpPHQWV�GH�FH�PRGqOH
F\EHUQpWLTXH� �ILOWUHV� SDVVH�EDQGH�� VRPPDWHXUV�� GpULYDWHXUV� HWF��� VRQW� PDLQWHQDQW� UHPSODFpV
SDU�GHV�UpVHDX[�GH�QHXURQHV�IRUPHOV�DGDSWDWLIV��GRQW�OD�FRQQHFWLYLWp�HVW�FRQIRUPH�j�FHOOH�GHV
UpVHDX[�GH�QHXURQHV�UpHOV��SDU�H[HPSOH�j�OD�FRQQHFWLYLWp�ELHQ�FRQQXH�GX�&RUWH[�&pUpEHOOHX[
>���@�� /H� FLUFXLW� GH� FRQWU{OH� DLQVL� FRQVWUXLW� SHUPHW� GH� SLORWHU� XQ� VHJPHQW� GH� EUDV� GH� URERW
DFWLRQQp�SDU�GHX[�PXVFOHV�SQHXPDWLTXHV�GH�0F.LEEHQ�

��� 0RGqOH�GX�FRQWU{OH�PRWHXU

���� 0RGqOH�F\EHUQpWLTXH

/D�ILJXUH���PRQWUH�OH�PRGqOH�F\EHUQpWLTXH��/HV�pOpPHQWV�J*�HW�J'� UHSUpVHQWHQW� OHV�IRQFWLRQV
ELRPpFDQLTXHV� GH� GHX[� PXVFOHV� DQWDJRQLVWHV� DJLVVDQW� VXU� XQ� VHJPHQW� GH� PHPEUH�� HW� *
UHSUpVHQWH� OD� G\QDPLTXH� GX� VHJPHQW�� &HV� IRQFWLRQV� VRQW� HQ� SUHPLqUH� DSSUR[LPDWLRQ
PRGpOLVpHV� SDU� GHV� ILOWUHV� SDVVH�EDV� GDQV� OH� GRPDLQH� GH� /DSODFH�� 6HORQ� O©LQWHUSUpWDWLRQ
DQDWRPLTXH�SURSRVpH��OHV�pOpPHQWV�HQWRXUpV�SDU�GHV�OLJQHV�WLUHWpHV�UHSUpVHQWHUDLHQW�OH�&RUWH[
&pUpEHOOHX[�� TXL� DSSUHQGUDLW� GHV� IRQFWLRQV� DSSUR[LPpHV� J*
� �� J'
� HW� *
� GH� FHV� IRQFWLRQV
ELRPpFDQLTXHV��VRXV�OD�VXSHUYLVLRQ�G©XQ�VLJQDO�SURIHVVHXU�LVVX�GH�O©2OLYH�,QIpULHXUH�
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/©2OLYH�,QIpULHXUH�GpWHFWH� OHV�HUUHXUV�GDQV� OHV�PRXYHPHQWV� �SRLQWDJH�RX�YLWHVVH� LQVXIILVDQWV
RX�H[FHVVLIV��HW�HQYRLH�SDU�OHV�)LEUHV�JULPSDQWHV��HQ�SRLQWLOOp�VXU�OD�ILJXUH���GHV�VLJQDX[�TXL
FRUULJHQW� OHV� PRXYHPHQWV� HQ� FRXUV�� UpJXOHQW� OHV� IRQFWLRQV� GX� &RUWH[� HW� GHV� 1R\DX[
&pUpEHOOHX[��HW�GpWHUPLQHQW�DLQVL�OH�JDLQ�GHV�UpDFWLRQV�VHQVRUL�PRWULFHV�

���� ,QWURGXFWLRQ�GH�UpVHDX[�GH�QHXURQHV�IRUPHOV�GDQV�FH�PRGqOH

/HV� pOpPHQWV� TXL� UHSUpVHQWHQW� OH� &RUWH[� &pUpEHOOHX[� VRQW� PDLQWHQDQW� UHPSODFpV� SDU� GHV
UpVHDX[� GH� QHXURQHV� IRUPHOV� GRQW� O©DUFKLWHFWXUH� HVW� GLUHFWHPHQW� LQVSLUpH� GH� OD� FRQQHFWLYLWp
DQDWRPLTXH��ILJXUH�����&KDTXH�FHUFOH�JULVp�V\PEROLVH�XQ�QHXURQH�IRUPHO�FDUDFWpULVp�SDU�GHX[
IRQFWLRQV� QRQ� OLQpDLUHV��� XQH� IRQFWLRQ� GH� UHFUXWHPHQW� HQ� HQWUpH� �GpFULWH� SDU� XQH� pTXDWLRQ
GLIIpUHQWLHOOH�� HW� XQH� IRQFWLRQ� VLJPRwGH� HQ� VRUWLH� �DVVXUDQW� XQH� VDWXUDWLRQ� GHV� UpSRQVHV��
&KDTXH� QHXURQH� IRUPHO� UHSUpVHQWH� OH� IRQFWLRQQHPHQW� GH� WRXW� XQ� JURXSH� GH� QHXURQHV� UpHOV�
&RQIRUPpPHQW� DX[� SULQFLSDOHV� FDUDFWpULVWLTXHV� DQDWRPLTXHV� GX� &RUWH[� &pUpEHOOHX[�� OD
FRQQHFWLYLWp�GX�UpVHDX�SUpVHQWH��
��8QH� JUDQGH� GLYHUJHQFH� GHV� LQIRUPDWLRQV� DSSRUWpHV� SDU� OHV� ILEUHV� PRXVVXHV� DX[� FHOOXOHV
JUDQXODLUHV�
��'HV�ERXFOHV�GH�UpWURDFWLRQ�*ROJL�JUDLQV�TXL�SDUWLFLSHQW�DX�WUDLWHPHQW�GHV�VLJQDX[�DIIpUHQWV�
��8QH� JUDQGH� FRQYHUJHQFH� GHV� VLJQDX[� LVVXV� GHV� JUDLQV� �HW� WUDQVPLV� OH� ORQJ� GHV� ILEUHV
SDUDOOqOHV��DX�QLYHDX�GHV�DUERULVDWLRQV�GHQGULWLTXHV�GHV�FHOOXOHV�GH�3XUNLQMH�

���� 5qJOH�G©DSSUHQWLVVDJH

/HV� VLJQDX[� GH� VRUWLH� GX� UpVHDX� GH� QHXURQHV� IRUPHOV� GpWHUPLQLVWHV� TXL�PRGpOLVH� OH� &RUWH[
&pUpEHOOHX[� VRQW� GHV� RUGUHV� SUpPRWHXUV�� 2U� OHV� GpFRXUV� WHPSRUHOV� TXH� FHV� RUGUHV� GRLYHQW
SUpVHQWHU� SRXU� TXH� OHV� PRXYHPHQWV� VRLHQW� FRUUHFWHPHQW� HIIHFWXpV� QH� VRQW� SDV� FRQQXV�� 8Q
DSSUHQWLVVDJH� VXSHUYLVp� FODVVLTXH� QH� SHXW� GRQF� SDV� rWUH� XWLOLVp� SRXU� UpJOHU� OHV� SRLGV
V\QDSWLTXHV�GDQV�FH�UpVHDX��HW�F©HVW�SRXUTXRL�QRXV�DYRQV�FKRLVL�GH�OHV�UpJOHU�DX�PR\HQ�G©XQ
DSSUHQWLVVDJH�SDU�UHQIRUFHPHQW�VpTXHQWLHO�VHPL�VXSHUYLVp�

3OXVLHXUV�VLWHV�G©DSSUHQWLVVDJH�H[LVWHQW���WRXWHV�OHV�V\QDSVHV�SURFKHV�G©XQH�WHUPLQDLVRQ�G©XQH
FROODWpUDOH�GH� ILEUH�JULPSDQWH� VRQW�YUDLVHPEODEOHPHQW� DGDSWDEOHV��'HV� VLPXODWLRQV� RQW� DLQVL
PRQWUp�TXH�GHV�PRGLILFDWLRQV�G©HIILFDFLWp�V\QDSWLTXH�HQWUH�OHV�ILEUHV�PRXVVXHV�HW�OHV�GHQGULWHV
GHV� FHOOXOHV� JUDQXODLUHV�� GDQV� OHV� JORPpUXOHV�� SRXUUDLHQW� SHUPHWWUH� GH� FKRLVLU� OHV� VLJQDX[
SHUWLQHQWV� SRXU� FRPELQHU� GHV� LQIRUPDWLRQV� VHQVRULHOOHV��&HV�PRGLILFDWLRQV� VRQW� LQGXLWHV� SDU
OHV� VLJQDX[�GHV� ILEUHV�JULPSDQWHV�TXL� SDUYLHQQHQW� DX[�JORPpUXOHV�SDU� OHV� FHOOXOHV�GH�*ROJL�
0DLV�SRXU�SLORWHU�XQ�VHJPHQW�GH�PHPEUH��O©DSSUHQWLVVDJH�j�OD�MRQFWLRQ�GHV�ILEUHV�SDUDOOqOHV�HW
GHV�FHOOXOHV�GH�3XUNLQMH�VXIILW�

3RXU� IRUPHU� OH� VLJQDO� SURIHVVHXU�� OHV� SRVLWLRQV� YRXOHV� HW� DWWHLQWHV� GX� VHJPHQW� PRELOH� VRQW
FRPSDUpHV� HW� TXDQG� OHXU� GLIIpUHQFH� H[FqGH� XQ� VHXLO�� XQ� VLJQDO� HVW� HQYR\p� YHUV� OH� UpVHDX� GH
QHXURQHV��&H�VLJQDO�HVW�XQH�VLPSOH�LPSXOVLRQ�G©DPSOLWXGH�IL[H��TXL�GXUH���SDV�GH�WHPSV��(OOH
QH�FRGH�GRQF�SDV�O©DPSOLWXGH�GH�O©HUUHXU�FRQVWDWpH��&RPPH�OH�PRXYHPHQW�HVW�GpMj�ILQL�TXDQG
OH�VLJQDO�SURIHVVHXU�DWWHLQW� OHV�GHQGULWHV�GHV�FHOOXOHV�GH�3XUNLQMH�� O©DFWLYLWp�GDQV�OH�UpVHDX�GH
QHXURQHV�Q©HVW�SOXV�FHOOH�TXL�D�SHUPLV�GH�FRPPDQGHU�OH�PRXYHPHQW��3RXU�GpWHUPLQHU�TXHOOHV
V\QDSVHV� GRLYHQW� rWUH� DGDSWpHV�� XQH� pOLJLELOLWp� HVW� FDOFXOpH� SRXU� FKDFXQH� FRQIRUPpPHQW� j
O
pTXDWLRQ�����

Ti  
dei

dt
� ei ( t)  gri (t) ���

8QH�pOLJLELOLWp�SHXW�rWUH�FDOFXOpH�DX�PR\HQ�GH�Q©LPSRUWH�TXHOOH�IRQFWLRQ�WHOOH�TXH�VD�YDOHXU�DLW
FRPPH�SURSULpWpV��

�� G©rWUH�QXOOH�DYDQW�TXH�OD�V\QDSVH�QH�VRLW�DFWLYH�



��

�� G©DXJPHQWHU�TXDQG�OD�V\QDSVH�HVW�DFWLYH�
�� GH�GpFURvWUH�DVVH]�OHQWHPHQW�SRXU�Q©rWUH�SDV�QXOOH�TXDQG�OH�VLJQDO�SURIHVVHXU�DUULYH�

/D�YDULDWLRQ�G©HIILFDFLWp�V\QDSWLTXH�HVW�DORUV�SURSRUWLRQQHOOH�DX�SURGXLW�GH� O©pOLJLELOLWp�HW�GX
VLJQDO�SURIHVVHXU��/H�UqJOH�G
DSSUHQWLVVDJH�GHYLHQW�DORUV�

'wgroP(i )  �D.FG(t).ei (t)

où       FG(t) signal professeur

                D   taux d' apprentissage 

�� ���

3HQGDQW� O©DSSUHQWLVVDJH�� XQ� HQVHPEOH� GH� ��� PRXYHPHQWV� HVW� UpSpWp� MXVTX©j� FH� TXH� O©pFDUW
PR\HQ� �UDFLQH� FDUUpH� GH� O©HUUHXU� TXDQGUDWLTXH� PR\HQQH�� HQWUH� OH� PRXYHPHQW� YRXOX� HW� OH
PRXYHPHQW�DFFRPSOL�VRLW�LQIpULHXU�j���GHJUp�

��� 6LPXODWLRQV�HW�UpVXOWDWV�H[SpULPHQWDX[

/H�PRGqOH�WRXW�HQWLHU��FRPSRUWDQW�XQ�UpVHDX�GH�QHXURQHV� LQFOXV�GDQV� OH�FLUFXLW�F\EHUQpWLTXH
LQLWLDO��D�pWp�DSSOLTXp�DX�FRQWU{OH�G©XQ�EUDV�GH� URERW�P��SDU�GHX[�PXVFOHV�SQHXPDWLTXHV�GH
0F.LEEHQ��/H�VLWH�H[SpULPHQWDO�HW�VRQ�VFKpPD�GH�PRQWDJH�VRQW�PRQWUpV�GDQV�OD�ILJXUH����/H
V\VWqPH�SpULSKpULTXH�SHXW�rWUH�GpFULW�SDU�OHV�pTXDWLRQV�VXLYDQWHV�>�@�

J
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dt2
 R F1(t) � F2(t)> @
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où     J        Moment d' inertie du bras   0.05 kg/m2 

         C       Coéfficient visqueuse   100 N.s

         R      0.015 m  ;   P0   2.5 bars  ; l0   0.3 m ; 

         Fmax  20kgf;   H0  0.1; Hm  0.25
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/H�VLJQDO�G©HQWUpH�GX�PRGqOH�HVW�OH�SURILO�GH�YLWHVVH�GX�PRXYHPHQW�YRXOX��/HV�RUGUHV�PRWHXUV
VRQW�DORUV�OHV�YDULDWLRQV�GH�SUHVVLRQ�GDQV�OHV�PXVFOHV��TXH�OH�IRQFWLRQQHPHQW�GX�PRGqOH�WRXW
HQWLHU� UpJXOH� VHORQ� OD� YLWHVVH� YRXOXH� HW� OD� SRVLWLRQ� ILQDOH� YLVpH�� HQ� WHQDQW� FRPSWH� GHV
FDUDFWpULVWLTXHV�PpFDQLTXHV�GX�EUDV��/©DSSUHQWLVVDJH�D�G©DERUG�pWp�VLPXOp�HQ�UHPSODoDQW� OHV
IRQFWLRQV�J�HW�*�SDU�FHOOHV��FRQQXHV��GHV�PXVFOHV�SQHXPDWLTXHV�HW�GX�PHPEUH��SXLV� LO� D�pWp
HIIHFWXp�VXU�OH�URERW�PrPH��HQ�LWpUDQW�����IRLV�XQ�HQVHPEOH�GH����PRXYHPHQWV�GLIIpUHQWV��/HV
GpODLV� PRWHXUV� HW� OHV� GpODLV� GH� WUDQVPLVVLRQ� GDQV� OHV� YRLHV� FpUpEHOOHXVHV� RQW� pWp� IL[pV
UHVSHFWLYHPHQW�HQWUH�������HW������PV�

/HV� UpVXOWDWV� DSSDUDLVVHQW� VXU� OD� ILJXUH� �� R�� OHV� OLJQHV� FRQWLQXHV� HW� WLUHWpHV� UHSUpVHQWHQW
UHVSHFWLYHPHQW� OHV� PRXYHPHQWV� YRXOXV� HW� DFFRPSOLV�� /D� ILJXUH� �$� HW� �%� PRQWUH
UHVSHFWLYHPHQW� OD�SHUIRUPDQFH�G
DSSUHQWLVVDJH�HQ�VLPXODWLRQ�HW�HQ�H[SpULPHQWDWLRQ��HIIHFWXp
VXU� OH� VLWH�PRQWUp�GDQV� OD� ILJXUH���� HQ� UpSRQVH�DX[�PrPHV�RUGUHV�PRWHXUV��8Q�HQVHPEOH�GH
PRXYHPHQWV� GLIIpUHQW� GH� FHOXL� XWLOLVp� SRXU� O©DSSUHQWLVVDJH� D� pWp� DXVVL� WHVWp�� HW� OHV� UpVXOWDWV
DSSDUDLVVHQW� VXU� OD� ILJXUH� �F�� 'DQV� OHV� GHX[� FDV� OHV� SHUIRUPDQFHV� REWHQXHV� RQW� pWp
FRPSDUDEOHV�
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��� &RQFOXVLRQ

/H�PRGqOH�SURSRVp�SHUPHW�GH�FRQWU{OHU�SUpFLVpPHQW�XQ�EUDV�GH� URERW�P��SDU�GHX[�PXVFOHV
DUWLILFLHOV��HW�OHV�UpVXOWDWV�GHV�VLPXODWLRQV�HW�GHV�H[SpULPHQWDWLRQV�VRQW�HQ�WUqV�ERQ�DFFRUG��/D
JUDQGH�GLYHUJHQFH�G©LQIRUPDWLRQ�j�O©pWDJH�G©HQWUpH�GX�UpVHDX�GH�QHXURQHV�IRXUQLW�GHV�VLJQDX[
QRPEUHX[� �HW�GLYHUV�� WUDLWpV�GDQV� OHV�ERXFOHV�GH� UpWURDFWLRQ�*ROJL�JUDLQ��TXL�FRPSRUWHQW�GHV
JDLQV�HW�GHV�GpODLV��&HV�VLJQDX[�SDUYLHQQHQW�HQVXLWH�DX[�FHOOXOHV�GH�3XUNLQMH��TXL�IRUPHQW� OD
VRUWLH�GX�UpVHDX��R��LOV�VRQW�FRPELQpV�DX�QLYHDX�GHV�V\QDSVHV�HQWUH�OHV�ILEUHV�SDUDOOqOHV�HW�OHV
FHOOXOHV�GH�3XUNLQMH��/HV�SRLGV�GHV�FRQQH[LRQV�VRQW�UpJXOpV�SDU�XQ�VLJQDO�G©HUUHXU�TXL�FRGH�OH
VHQV�GH�O©HUUHXU�PDLV�SDV�VRQ�DPSOLWXGH��8Q�UpVHDX�GH�QHXURQHV�GRQW�OD�FRQQHFWLYLWp�UHSURGXLW
FHOOH�GX�&RUWH[�&pUpEHOOHX[�SHXW�DLQVL�DSSUHQGUH�GHV�IRQFWLRQV�FRPSOH[HV�DX�PR\HQ�GH�UqJOHV
GH�IRQFWLRQQHPHQW�HW�GH�UpJXODWLRQ�WUqV�VLPSOHV�

,QVpUHU�XQ�UpVHDX�GH�QHXURQHV�IRUPHOV�UHSURGXLVDQW� OD�FRQQHFWLYLWp�QHXURQDOH�GDQV�XQ�FLUFXLW
F\EHUQpWLTXH�EDVp�VXU�GHV�SULQFLSHV�IRQFWLRQQHOV�SHUPHW�GRQF�j�OD�IRLV�GH�SLORWHU�XQ�PHPEUH
DUWLILFLHO�HW�GH�UHSURGXLUH�GHV�REVHUYDWLRQV�SK\VLRORJLTXHV�

5pIpUHQFHV
>�@� -�� 6�� $OEXV�� $� WKHRU\� RI� FHUHEHOODU� IXQFWLRQ�� 0DWKHPDWLFDO� %LRVFLHQFHV�
��a�������������

>�@� -�� &�� (FFOHV�� 0�� ,WR� DQG� -�� 6]HQWDJRWKDL�� 7KH� FHUHEHOOXP� DV� D� QHXURQDO
PDFKLQH��6SULQJHU�������

>�@�'��0DUU��$�WKHRU\�RI�FHUHEHOODU�FRUWH[��-RXUQDO�RI�3K\VLRORJ\�����a���������
�����

>�@� /�� =XSDQ�� 0RGpOLVDWLRQ� GX� 5pIOH[H� 9HUVWLEXOR�2FXODLUH� HW� 3UpGLFWLRQ� GHV
&LQpWRVHV�� 7KqVH� GH� GRFWRUDW�� (FROH� 1DWLRQDOH� 6XSpULHXUH� GHV
7pOpFRPPXQLFDWLRQV��-DQY�������

>�@� &�� 'DUORW�� /�� =XSDQ�� 2�� (WDUG� DQG� $�� 0DUXDQL�� &RPSXWDWLRQ� RI� LQYHUVH
G\QDPLFV� IRU� WKH� FRQWURO� RI� PRYHPHQWV�� %LRORJLFDO� &\EHUQHWLFV�� ��a���������
�����

>�@�1��6FKZHLJKRIHU��0��$��$UELE�DDQG�3��)��'RPLQH\��$�PRGHO�RIWKH�FHUHEHOOXP
LQ� DGDSWLYH� FRQWURO� RQ� VDFFDGLF� JDLQ�� ,�� WKH� PRGHO� DQG� LWV� ELRORJLFDO� VXEVWUDWH�
%LRORJLFDO�&\EHUQHWLFV����a�������������

>�@�1��6FKZHLJKRIHU��0��$��$UELE�DQG�3��)��'RPLQH\��$�PRGHO�RI�WKH�FHUHEHOOXP
LQ�DGDSWLYH�FRQWURO�RQ�VDFFDGLF�JDLQ��,,��VLPXODWLRQ�UHVXOWV����a�������������

>�@�%��7RQGX�HW�3��/RSH]��7KHRU\�RI�DQ�DUWLILFLDO�SQHXPDWLF�PXVFOH�DQG�DSSOLFDWLRQ
WR�WKH�PRGHOLQJ�RI�0F.LEEHQ�DUWLILFLDO�PXVFOHV��&�5�$�6���W�����a���������������
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)LJXUH����0RGqOH�F\EHUQpWLTXH�LQLWLDO

)LJXUH����$UFKLWHFWXUH�GX�UpVHDX�GH�QHXURQHV�XWLOLVp



��

$�

�%�
)LJXUH����$��/H�VLWH�H[SpULPHQWDO�DYHF�GHX[�PXVFOH�GH�0F.LEEHQ��%��/D�UHSUpVHQWDWLRQ

VFKpPDWLTXH�GX�FRQWU{OH�G
XQ�EUDV�PX�SDU�GHV�PXVFOHV�GH�0F.LEEHQ�
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)LJXUH����3HUIRUPDQFH�GX�V\VWqPH�DSUqV�O
DSSUHQWLVVDJH�$��3HUIRUPDQFH�G
DSSUHQWLVVDJH�HQ
VLPXODWLRQ�%��3HUIRUPDQFH�G
DSSUHQWLVVDJH�HQ�H[SpULPHQWDWLRQ�&���3HUIRUPDQFH�GX�URERW�VXU

OHV�PRXYHPHQWV�QRQ�DSSULV�


