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PROGRAMME DE PHYSIQUE-CHIMIE TSI 
 

Préambule�
�
/H�SURJUDPPH�GH�SK\VLTXH�FKLPLH�GH�76,�V¶LQVFULW�GDQV�XQH�GRXEOH�FRQWLQXLWp���G¶XQH�SDUW�DYHF�OHV�
QRXYHDX[�SURJUDPPHV�GH�WHUPLQDOH�GHV�VpULHV�WHFKQRORJLTXHV�HW�G¶DXWUH�SDUW�DYHF�O¶HQVHLJQHPHQW�
GDQV�OHV�JUDQGHV�pFROHV��&H�SURJUDPPH�D�pWp�FRQVWUXLW�SRXU�IDLUH�UpXVVLU�WRXV�OHV�pOqYHV�TXL�RQW�pWp�
IRUPpV� GDQV� OH� FDGUH� GX� O\FpH� UpQRYp� HW� OHV� DPHQHU� SURJUHVVLYHPHQW� DX� QLYHDX� UHTXLV� SRXU�
SRXUVXLYUH� DYHF� VXFFqV� GHV� pWXGHV� VFLHQWLILTXHV� HW� WHFKQLTXHV� HQ� YXH� GH� GHYHQLU� LQJpQLHXU��
FKHUFKHXU�RX�HQVHLJQDQW�HW��SOXV�JpQpUDOHPHQW��rWUH�j�PrPH�GH�VH�IRUPHU�WRXW�DX�ORQJ�GH�OD�YLH��
�
/D�SK\VLTXH�HW�OD�FKLPLH�VRQW�GHV�VFLHQFHV�j�OD�IRLV�WKpRULTXHV�HW�H[SpULPHQWDOHV��&HV�GHX[�YROHWV��
V¶HQULFKLVVHQW�PXWXHOOHPHQW�HW�OHXU�LQWULFDWLRQ�HVW�XQ�pOpPHQW�HVVHQWLHO�GH�QRWUH�HQVHLJQHPHQW��&HOD�
QpFHVVLWH� G¶DVVHRLU� XQ� VRFOH� GH� FRQQDLVVDQFHV� HW� GH� FDSDFLWpV� GDQV� OH� GRPDLQH� GH� OD� SK\VLTXH�
FKLPLH�PDLV�DXVVL�GH�GpYHORSSHU�GHV�FRPSpWHQFHV�SHUPHWWDQW�GH�OHV�PHWWUH�HQ�°XYUH�GH�PDQLqUH�
HIILFLHQWH��/H�SURJUDPPH�HVW�FRQVWUXLW�DILQ�G¶DWWHLQGUH�FHV�GHX[�REMHFWLIV��
�
/H� GpYHORSSHPHQW� GHV� FRPSpWHQFHV� VH� IHUD� DX� PR\HQ� GH� OD� PLVH� HQ� °XYUH� GH� PRGDOLWpV�
SpGDJRJLTXHV� IDYRULVDQW� OD�PLVH�HQ�DFWLYLWp�GHV�pOqYHV�HW�V¶DSSX\DQW�VXU�GHV�FRPSRVDQWHV�GH� OD�
GpPDUFKH� VFLHQWLILTXH��� OD� GpPDUFKH� H[SpULPHQWDOH�� OD� UpVROXWLRQ� GH� SUREOqPH� HW� O¶DQDO\VH�
GRFXPHQWDLUH�� (OOHV� YLVHQW� j� GpYHORSSHU� FKH]� O¶pOqYH�� RXWUH� GHV� FRPSpWHQFHV� SXUHPHQW�
VFLHQWLILTXHV�� O¶DXWRQRPLH�� O¶HVSULW�FULWLTXH�� OD�SULVH�G¶LQLWLDWLYH�� OD�FDSDFLWp�j�DFTXpULU�SDU�VRL�PrPH�
GH� QRXYHOOHV� FRQQDLVVDQFHV� HW� FDSDFLWpV�� (OOHV� SHUPHWWHQW� DXVVL� j� FKDFXQ� G¶rWUH� DFWHXU� GH� VD�
IRUPDWLRQ�HW�IDYRULVHQW�O¶pSDQRXLVVHPHQW�GHV�GLIIpUHQWHV�LQWHOOLJHQFHV��
�
&RQFHUQDQW�O¶DVSHFW�WKpRULTXH��OH�VRFOH�GH�FRQQDLVVDQFHV�HW�GH�FDSDFLWpV�VFLHQWLILTXHV�D�pWp�FRQoX�
GH�PDQLqUH� j� DPHQHU� OHV� FRQFHSWV� VFLHQWLILTXHV� HW� OHV� RXWLOV� PDWKpPDWLTXHV� QpFHVVDLUHV� j� OHXU�
PRGpOLVDWLRQ� GH� PDQLqUH� WUqV� SURJUHVVLYH�� /D� SULRULWp� GRLW� rWUH� PLVH� VXU� OD� PRGpOLVDWLRQ� GHV�
SKpQRPqQHV�HW�VXU�O¶DQDO\VH�GHV�UpVXOWDWV�REWHQXV��/D�UpVROXWLRQ�GHV�pTXDWLRQV�LVVXHV�GHV�SKDVHV�
GH�PRGpOLVDWLRQ�GRLW� IDLUH�DSSHO�DXWDQW�TXH�SRVVLEOH�DX[�RXWLOV�QXPpULTXHV�DILQ�GH� UpGXLUH� OD�SDUW�
GHV� FDOFXOV� DQDO\WLTXHV� GDQV� OD� UpVROXWLRQ� GHV� SUREOqPHV� HW�� DLQVL�� GH� UHSRUWHU� O¶DWWHQWLRQ� GHV�
pWXGLDQWV� YHUV� OHV� TXHVWLRQV� GH� IRQG� �PRGpOLVDWLRQ�� DQDO\VH� GHV� UpVXOWDWV«��� &HOD� SHUPHW� DXVVL�
G¶DERUGHU��PrPH�PRGHVWHPHQW��GHV�V\VWqPHV�SOXV�SURFKHV�GH�OD�UpDOLWp�HQ�HQOHYDQW�OD�FRQWUDLQWH�
G¶REWHQLU�XQH�pTXDWLRQ�GRQW�OD�UpVROXWLRQ�DQDO\WLTXH�VHUDLW�DFFHVVLEOH�j�O¶pWXGLDQW���
�
/H� SURJUDPPH� IDLW� XQH� WUqV� ODUJH� SODFH� j� OD� GpPDUFKH� H[SpULPHQWDOH�� VHORQ� GHX[� D[HV� IRUWV� HW�
FRPSOpPHQWDLUHV���

•� OH� SUHPLHU� D� WUDLW� j� OD� IRUPDWLRQ� H[SpULPHQWDOH�� /HV� DFWLYLWpV� H[SpULPHQWDOHV� SHUPHWWHQW�
O¶DFTXLVLWLRQ�GH�FRPSpWHQFHV�VSpFLILTXHV��DLQVL�TXH�G¶XQ�UpHO�VDYRLU�IDLUH�GDQV�OH�GRPDLQH�GH�
OD�PHVXUH��UpDOLVDWLRQ��pYDOXDWLRQ�GH� OD�SUpFLVLRQ��DQDO\VH�GX�UpVXOWDW«��HW�GHV�WHFKQLTXHV�
DVVRFLpHV���

•� OH�VHFRQG�FRQFHUQH�O¶LGHQWLILFDWLRQ��WRXW�DX�ORQJ�GX�SURJUDPPH��GH�SUREOpPDWLTXHV�VH�SUrWDQW�
SDUWLFXOLqUHPHQW�j�XQH�DSSURFKH�H[SpULPHQWDOH��&HV�LWHPV��identifiés en gras��GRLYHQW�rWUH�
DERUGpV��DX�FKRL[��j�WUDYHUV�GHV�H[SpULHQFHV�GH�FRXUV�H[SORLWpHV�GH�PDQLqUH�DSSURIRQGLH�HW�
FROOHFWLYH�� RX� ORUV� GH� VpDQFHV� GH� WUDYDX[� SUDWLTXHV� GXUDQW� OHVTXHOOHV� O¶DXWRQRPLH� HW�
O¶LQLWLDWLYH�LQGLYLGXHOOH�GH�O¶pWXGLDQW�VRQW�GDYDQWDJH�SULYLOpJLpHV��

$X�UHJDUG�GH�FH�TXL�SUpFqGH��OH�SURJUDPPH�HVW�RUJDQLVp�HQ�WURLV�SDUWLHV���
�� GDQV� OD� SUHPLqUH� SDUWLH� VRQW� GpFULWHV� OHV� FRPSpWHQFHV�TXH� OD� SUDWLTXH�GH� OD�« démarche 

scientifique »�SHUPHW�GH�GpYHORSSHU�j�WUDYHUV�FHUWDLQHV�GH�FHV�FRPSRVDQWHV���OD�GpPDUFKH�
H[SpULPHQWDOH�� OHV� DSSURFKHV� GRFXPHQWDLUHV� HW� OD� UpVROXWLRQ� GH� SUREOqPH�� &HV�
FRPSpWHQFHV� HW� OHV� FDSDFLWpV� DVVRFLpHV� VHURQW� H[HUFpHV� HW� PLVHV� HQ� °XYUH� GDQV� GHV�
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VLWXDWLRQV�YDULpHV�WRXW�DX�ORQJ�GH�OD�SUHPLqUH�DQQpH�HQ�V¶DSSX\DQW�VXU�OHV�DXWUHV�SDUWLHV�GX�
SURJUDPPH��(OOHV�FRQWLQXHURQW�j�O¶rWUH�HQ�GHX[LqPH�DQQpH��/HXU�DFTXLVLWLRQ�GRLW�GRQF�IDLUH�
O¶REMHW�G¶XQ�VXLYL�GDQV�OD�GXUpH���

�� GDQV� OD� GHX[LqPH� SDUWLH� « formation expérimentale » VRQW� GpFULWHV� OHV� PpWKRGHV� HW� OHV�
FDSDFLWpV�H[SpULPHQWDOHV�TXH�OHV�pOqYHV�GRLYHQW�PDvWULVHU�j�OD�ILQ�GH�O¶DQQpH�VFRODLUH��/HXU�
PLVH� HQ� °XYUH� j� WUDYHUV� OHV� DFWLYLWpV� GRLW� V¶DSSX\HU� VXU� GHV� SUREOpPDWLTXHV� FRQFUqWHV�
FRQWHQDQW�FHOOHV�LGHQWLILpHV�HQ�JUDV�GDQV�OD�WURLVLqPH�SDUWLH��(OOHV�GRLYHQW�IDLUH�O¶REMHW�GH�OD�
SDUW�GX�SURIHVVHXU�G¶XQH�SURJUDPPDWLRQ�YLVDQW�j�V¶DVVXUHU�GH�O¶DSSUHQWLVVDJH�SURJUHVVLI�GH�
O¶HQVHPEOH�GHV�FDSDFLWpV�DWWHQGXHV���

�� GDQV� OD� WURLVLqPH� SDUWLH� VRQW� GpFULWHV� OHV� FRQQDLVVDQFHV� HW� FDSDFLWpV� DVVRFLpHV� DX[�
FRQWHQXV� GLVFLSOLQDLUHV�� (OOHV� VRQW� RUJDQLVpHV� HQ� GHX[� FRORQQHV��� j� OD� SUHPLqUH� FRORQQH�
©�QRWLRQV�HW�FRQWHQXV�ª�FRUUHVSRQG�XQH�RX�SOXVLHXUV�©�FDSDFLWpV�H[LJLEOHV�ª�GH�OD�GHX[LqPH�
FRORQQH�� &HOOH�FL� PHW� DLQVL� HQ� YDOHXU� OHV� pOpPHQWV� FOHIV� FRQVWLWXDQW� OH� VRFOH� GH�
FRQQDLVVDQFHV�HW�GH�FDSDFLWpV�GRQW�O¶DVVLPLODWLRQ�SDU�WRXV�OHV�pWXGLDQWV�HVW�UHTXLVH��(OOH�HVW�
RUJDQLVpH�VXU�GHX[�VHPHVWUHV���
•� premier semestre��� OD�SDUWLH�©�signaux physiques�ª�HVW�FRQVWUXLWH�DXWRXU�GH�OD�QRWLRQ�

GH� JUDQGHXUV� SK\VLTXHV� VFDODLUHV� GpSHQGDQW� GX� WHPSV� HW�� pYHQWXHOOHPHQW�� G¶XQH�
YDULDEOH� G¶HVSDFH�� (OOH� DERUGH� GLIIpUHQWV� FKDPSV� GH� OD� SK\VLTXH� DILQ� GH� PRQWUHU� OD�
WUDQVIpUDELOLWp�GH�FHUWDLQV�PRGqOHV��/D�SDUWLH�©�transformation de la matière�ª�SHUPHW�
GH�FRQWLQXHU�j�LQVWDOOHU�OHV�RXWLOV�QpFHVVDLUHV�j�OD�GHVFULSWLRQ�HW�O¶pYROXWLRQ�G¶XQ�V\VWqPH�
FKLPLTXH�� /D�SDUWLH�©�architecture de la matière�ª� YLHQW� FRPSOpWHU� OHV�FRQQDLVVDQFHV�
DFTXLVHV�SDU�OHV�pOqYHV�DX�O\FpH��

•� second semestre��� OHV� JUDQGHXUV� YHFWRULHOOHV� VRQW� LQWURGXLWHV� GDQV� OHV� SDUWLHV�
©�mécanique�ª�HW�©�induction�ª��/D�SDUWLH�©�thermodynamique�ª�SHUPHW�O¶XWLOLVDWLRQ�GH�
IRQFWLRQV� GH� SOXVLHXUV� YDULDEOHV�� /D� SDUWLH� ©�transformations chimiques en solution 
aqueuse�ª�D�SRXU�REMHFWLI�SULQFLSDO�GH�SHUPHWWUH�j�O¶pOqYH�GH�UHFRQQDvWUH�OHV�SULQFLSDX[�
W\SHV�GH�UpDFWLRQV�FKLPLTXHV�HQ�VROXWLRQ��j�WUDYHUV�OHV�SKpQRPqQHV�RX�GLVSRVLWLIV�IDLVDQW�
LQWHUYHQLU� GHV� UpDFWLRQV� G¶R[\GR�UpGXFWLRQ� HW� G¶DSSUHQGUH� j� XWLOLVHU� OHV� GLDJUDPPHV�
SRWHQWLHO�S+��

�
/HV�RXWLOV�PDWKpPDWLTXHV�TXH�OHV�pWXGLDQWV�GRLYHQW�VDYRLU�XWLOLVHU�GH�IDoRQ�DXWRQRPH�GDQV�OH�FDGUH�
GHV� HQVHLJQHPHQWV� GH� SK\VLTXH�FKLPLH� HQ� ILQ� GH� SUHPLqUH� DQQpH� GH� 76,� VRQW� SUpFLVpV� HQ�
DSSHQGLFH��
�
&H�SURJUDPPH�LQGLTXH�OHV�REMHFWLIV�GH�IRUPDWLRQ�j�DWWHLQGUH�SRXU�WRXV�OHV�pOqYHV��,O�QH�UHSUpVHQWH�
HQ� DXFXQ� FDV� XQH� SURJUHVVLRQ� LPSRVpH� j� O
LQWpULHXU� GH� FKDTXH� VHPHVWUH�� /H� SURIHVVHXU� GRLW�
RUJDQLVHU�VRQ�HQVHLJQHPHQW�HQ�UHVSHFWDQW�WURLV�JUDQGV�SULQFLSHV�GLUHFWHXUV���

-� OD� PLVH� HQ� DFWLYLWp� GHV� pOqYHV��� O¶DFTXLVLWLRQ� GHV� FRQQDLVVDQFHV�� GHV� FDSDFLWpV� HW� GHV�
FRPSpWHQFHV�VHUD�G¶DXWDQW�SOXV�HIILFDFH�TXH�OHV�pOqYHV�VHURQW�DFWHXUV�GH�OHXU�IRUPDWLRQ��/D�
IRUPDWLRQ� H[SpULPHQWDOH�� O¶DSSURFKH� GRFXPHQWDLUH�� OD� UpVROXWLRQ� GH� SUREOqPH� SHUPHWWHQW�
FHWWH�PLVH�HQ�DFWLYLWp��/H�SURIHVVHXU�SHXW�PHWWUH�HQ�°XYUH�G¶DXWUHV�DFWLYLWpV�DOODQW�GDQV�OH�
PrPH�VHQV���

-� OD� PLVH� HQ� FRQWH[WH� GHV� FRQWHQXV� VFLHQWLILTXHV��� OD� SK\VLTXH� HW� OD� FKLPLH� VH� VRQW�
GpYHORSSpHV�XQLTXHPHQW�DILQ�GH�UpSRQGUH�j�GHV�TXHVWLRQV�TXH�O¶+RPPH�VH�SRVH��$LQVL�HQ�
76,�� OH�TXHVWLRQQHPHQW�VFLHQWLILTXH�� SUpOXGH�j� OD� FRQVWUXFWLRQ�GHV�QRWLRQV�HW� FRQFHSWV�� VH�
GpSORLHUD� j� SDUWLU� G¶REMHWV� WHFKQRORJLTXHV� HPEOpPDWLTXHV� GX� PRQGH� FRQWHPSRUDLQ�� GH�
SURFpGpV� VLPSOHV� RX� FRPSOH[HV�� GH� SKpQRPqQHV� QDWXUHOV�� 7RXWH� GpPDUFKH� SXUHPHQW�
GHVFHQGDQWH�HVW�j�SURVFULUH���

-� une nécessaire mise en cohérence des différents enseignements scientifiques et 
technologiques : la progression en physique-chimie doit être articulée avec celles 
mises en œuvre dans les enseignements de mathématiques et de sciences 
industrielles��

�
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Démarche expérimentale 
�

Compétences mobilisées lors des activités expérimentales 

/HV�DFWLYLWpV�H[SpULPHQWDOHV�PLVHV�HQ�°XYUH�GDQV�OH�FDGUH�G¶XQH�GpPDUFKH�VFLHQWLILTXH�PRELOLVHQW�
OHV�FRPSpWHQFHV�TXL�ILJXUHQW�GDQV�OH�WDEOHDX�FL�GHVVRXV��'HV�FDSDFLWpV�DVVRFLpHV�VRQW�H[SOLFLWpHV�
DILQ� GH� SUpFLVHU� OHV� FRQWRXUV� GH� FKDTXH� FRPSpWHQFH�� HOOHV� QH� FRQVWLWXHQW� GRQF� SDV� XQH� OLVWH�
H[KDXVWLYH�HW�SHXYHQW�SDUIRLV�UHOHYHU�GH�SOXVLHXUV�GRPDLQHV�GH�FRPSpWHQFHV��
/HV�FRPSpWHQFHV�GRLYHQW�rWUH�DFTXLVHV�j�O¶LVVXH�GH�OD�IRUPDWLRQ�H[SpULPHQWDOH�HQ�&3*(��OH�QLYHDX�
G¶H[LJHQFH� HVW� QDWXUHOOHPHQW� j� PHWWUH� HQ� SHUVSHFWLYH� DYHF� FHOXL� � GHV� DXWUHV� FRPSRVDQWHV� GX�
SURJUDPPH�GH�OD�ILOLqUH�FRQFHUQpH��(OOHV�QpFHVVLWHQW�G¶rWUH�UpJXOLqUHPHQW�PRELOLVpHV�SDU�OHV�pOqYHV�
HW�VRQW�pYDOXpHV�HQ�V¶DSSX\DQW��SDU�H[HPSOH��VXU�O¶XWLOLVDWLRQ�GH�JULOOHV�G¶pYDOXDWLRQ��
/¶RUGUH�GH�SUpVHQWDWLRQ�GH�FHOOHV�FL�QH�SUpMXJH�SDV�G¶XQ�RUGUH�GH�PRELOLVDWLRQ�GH�FHV�FRPSpWHQFHV�
ORUV�G¶XQH�VpDQFH�RX�G¶XQH�VpTXHQFH��
�

Compétence Capacités exigibles associées 
S’approprier -� UHFKHUFKHU��H[WUDLUH�HW�RUJDQLVHU�O¶LQIRUPDWLRQ�HQ�OLHQ�DYHF�XQH�

VLWXDWLRQ�
-� pQRQFHU�XQH�SUREOpPDWLTXH�
-� GpILQLU�GHV�REMHFWLIV�

Analyser -� IRUPXOHU�XQH�K\SRWKqVH�
-� SURSRVHU�XQH�VWUDWpJLH�SRXU�UpSRQGUH�j�XQH�SUREOpPDWLTXH�
-� SURSRVHU�XQ�PRGqOH�
-� FKRLVLU�� FRQFHYRLU� RX� MXVWLILHU� XQ� SURWRFROH� RX� XQ� GLVSRVLWLI��

H[SpULPHQWDO�
-� pYDOXHU� O¶RUGUH� GH� JUDQGHXU� G¶XQ� SKpQRPqQH� HW� GH� VHV�

YDULDWLRQV�
Réaliser -� PHWWUH�HQ�°XYUH�XQ�SURWRFROH�

-� XWLOLVHU� �DYHF� OD� QRWLFH�� OH� PDWpULHO� GH� PDQLqUH� DGDSWpH�� HQ�
DXWRQRPLH�SRXU�FHOXL�GH�OD�OLVWH�©�*UDQGHXUV�HW�LQVWUXPHQWV�ª��
DYHF�DLGH�SRXU�WRXW�DXWUH�PDWpULHO�

-� PHWWUH�HQ�°XYUH�GHV�UqJOHV�GH�VpFXULWp�DGpTXDWHV�
-� HIIHFWXHU�GHV�UHSUpVHQWDWLRQV�JUDSKLTXHV�j�SDUWLU�GH�GRQQpHV�

H[SpULPHQWDOHV�
Valider -� H[SORLWHU� GHV� REVHUYDWLRQV�� GHV� PHVXUHV� HQ� LGHQWLILDQW� OHV�

VRXUFHV�G¶HUUHXUV�HW�HQ�HVWLPDQW�OHV�LQFHUWLWXGHV�
-� FRQIURQWHU�XQ�PRGqOH�j�GHV�UpVXOWDWV�H[SpULPHQWDX[�
-� FRQILUPHU�RX�LQILUPHU�XQH�K\SRWKqVH��XQH�LQIRUPDWLRQ�
-� DQDO\VHU�OHV�UpVXOWDWV�GH�PDQLqUH�FULWLTXH�
-� SURSRVHU�GHV�DPpOLRUDWLRQV�GH�OD�GpPDUFKH�RX�GX�PRGqOH�

Communiquer -� j�O¶pFULW�FRPPH�j�O¶RUDO���
o� SUpVHQWHU� OHV� pWDSHV� GH� VRQ� WUDYDLO� GH� PDQLqUH�

V\QWKpWLTXH��RUJDQLVpH��FRKpUHQWH�HW�FRPSUpKHQVLEOH�
o� XWLOLVHU�XQ�YRFDEXODLUH�VFLHQWLILTXH�DGDSWp�
o� V¶DSSX\HU�VXU�GHV�VFKpPDV��GHV�JUDSKHV�

-� IDLUH�SUHXYH�G¶pFRXWH��FRQIURQWHU�VRQ�SRLQW�GH�YXH�
Être autonome, faire 

preuve d’initiative 
-� WUDYDLOOHU�VHXO�RX�HQ�pTXLSH�
-� VROOLFLWHU�XQH�DLGH�GH�PDQLqUH�SHUWLQHQWH�
-� V¶LPSOLTXHU��SUHQGUH�GHV�GpFLVLRQV��DQWLFLSHU�

�
&RQFHUQDQW�OD�FRPSpWHQFH�©�Communiquer�ª��O¶DSWLWXGH�j�UpGLJHU�XQ�FRPSWH�UHQGX�pFULW�FRQVWLWXH�
XQ� REMHFWLI� GH� OD� IRUPDWLRQ�� /HV� DFWLYLWpV� H[SpULPHQWDOHV� VRQW� DXVVL� O¶RFFDVLRQ� GH� WUDYDLOOHU�
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O¶H[SUHVVLRQ�RUDOH� ORUV�G¶XQ�SRLQW�GH�VLWXDWLRQ�RX�G¶XQH�V\QWKqVH�ILQDOH�SDU�H[HPSOH��/H�EXW�HVW�GH�
ELHQ�SUpSDUHU�OHV�pOqYHV�GH�&3*(�j�OD�SUpVHQWDWLRQ�GHV�WUDYDX[�HW�SURMHWV�TX¶LOV�DXURQW�j�FRQGXLUH�
HW�j�H[SRVHU�DX�FRXUV�GH�OHXU�IRUPDWLRQ�HQ�pFROH�G¶LQJpQLHXU�HW��SOXV�JpQpUDOHPHQW��GDQV�OH�FDGUH�
GH�OHXU�PpWLHU�GH�FKHUFKHXU�RX�G¶LQJpQLHXU��/¶XWLOLVDWLRQ�G¶XQ�FDKLHU�GH�ODERUDWRLUH��DX�VHQV�ODUJH�GX�
WHUPH�HQ�LQFOXDQW�SDU�H[HPSOH�OH�QXPpULTXH��SHXW�FRQVWLWXHU�XQ�RXWLO�HIILFDFH�G¶DSSUHQWLVVDJH��
&RQFHUQDQW�OD�FRPSpWHQFH�©�Être autonome, faire preuve d’initiative�ª��HOOH�HVW�SDU�QDWXUH�WUDQVYHUVDOH�HW�
SDUWLFLSH�j�OD�GpILQLWLRQ�GX�QLYHDX�GH�PDvWULVH�GHV�DXWUHV�FRPSpWHQFHV��/H�UHFRXUV�j�GHV�DFWLYLWpV�V¶DSSX\DQW�
VXU�OHV�TXHVWLRQV�RXYHUWHV�HVW�SDUWLFXOLqUHPHQW�DGDSWp�SRXU�IRUPHU�OHV�pOqYHV�j�O¶DXWRQRPLH�HW�O¶LQLWLDWLYH��
 

Résolution de problème 
�
'DQV�O¶DFTXLVLWLRQ�GH�O¶DXWRQRPLH��OD�©�UpVROXWLRQ�GH�SUREOqPH�ª�HVW�XQH�DFWLYLWp�LQWHUPpGLDLUH�HQWUH�
O¶H[HUFLFH�FDGUp�TXL�SHUPHW�GH�V¶H[HUFHU�j�GH�QRXYHOOHV�PpWKRGHV��HW�OD�GpPDUFKH�SDU�SURMHW��SRXU�
ODTXHOOH�OH�EXW�j�DWWHLQGUH�Q¶HVW�SDV�H[SOLFLWH��,O�V¶DJLW�SRXU�O¶pWXGLDQW�GH�PRELOLVHU�VHV�FRQQDLVVDQFHV��
FDSDFLWpV� HW� FRPSpWHQFHV� DILQ� G¶DERUGHU� XQH� VLWXDWLRQ� GDQV� ODTXHOOH� LO� GRLW� DWWHLQGUH� XQ� EXW� ELHQ�
SUpFLV��PDLV�SRXU� ODTXHOOH� OH�FKHPLQ�j�VXLYUH�Q¶HVW�SDV� LQGLTXp��&H�Q¶HVW�GRQF�SDV�XQ�©�SUREOqPH�
RXYHUW�ª� SRXU� OHTXHO� RQ� VRXPHW� XQH� VLWXDWLRQ� HQ� GHPDQGDQW� ©�4XH� VH� SDVVH�W�LO�"�ª�� /¶REMHFWLI� j�
DWWHLQGUH� GRLW� rWUH� FODLUHPHQW� GRQQp� HW� OH� WUDYDLO� SRUWH� VXU� OD� GpPDUFKH� j� VXLYUH�� O¶REWHQWLRQ� GX�
UpVXOWDW�HW�VRQ�UHJDUG�FULWLTXH���
/D� UpVROXWLRQ�GH�SUREOqPH�SHUPHW�GH�VH�FRQIURQWHU�j�GHV�VLWXDWLRQV�R��SOXVLHXUV�DSSURFKHV�VRQW�
SRVVLEOHV��TX¶LO� V¶DJLVVH�GH� OD�PpWKRGH�PLVH�HQ�°XYUH�RX�GX�GHJUp�GH�SUpFLVLRQ� UHFKHUFKp��&HV�
VLWXDWLRQV�VH�SUrWHQW�ELHQ�j�XQH�UpVROXWLRQ�SURJUHVVLYH�SRXU� ODTXHOOH�XQ�SUHPLHU�PRGqOH�SHUPHWWUD�
G¶REWHQLU�UDSLGHPHQW�XQ�UpVXOWDW��TXL�VHUD�HQVXLWH�GLVFXWp�HW�DPpOLRUp��&HWWH�UpVROXWLRQ�pWDJpH�GRLW�
SHUPHWWUH� j� WRXV� OHV� pOqYHV� G¶DERUGHU� OH� SUREOqPH� VHORQ� OHXU� U\WKPH� HQ� V¶DSSX\DQW� VXU� OHV�
FRPSpWHQFHV�TX¶LOV�PDvWULVHQW��
��
&¶HVW�VXU�OD�IDoRQ�G¶DSSUpKHQGHU�XQH�TXHVWLRQ�VFLHQWLILTXH��VXU�OH�FKRL[�raisonné GH�OD�PpWKRGH�GH�
UpVROXWLRQ� HW� VXU� OHV� PR\HQV� GH� YpULILFDWLRQ� TX¶HVW� FHQWUpH� OD� IRUPDWLRQ� GH� O¶pOqYH� ORUV� GH� OD�
GpPDUFKH� GH� UpVROXWLRQ� GH� SUREOqPH�� /D� UpVROXWLRQ� GH� SUREOqPH� PRELOLVH� OHV� FRPSpWHQFHV� TXL�
ILJXUHQW�GDQV� OH� WDEOHDX�FL�GHVVRXV��'HV�FDSDFLWpV�DVVRFLpHV�VRQW�H[SOLFLWpHV�DILQ�GH�SUpFLVHU� OHV�
FRQWRXUV� GH� FKDTXH� FRPSpWHQFH�� HOOHV� QH� FRQVWLWXHQW� GRQF� SDV� XQH� OLVWH� H[KDXVWLYH� HW� SHXYHQW�
SDUIRLV�UHOHYHU�GH�SOXVLHXUV�GRPDLQHV�GH�FRPSpWHQFHV��
�

Compétence Capacités exigibles associées 
6¶DSSURSULHU�OH�SUREOqPH�� )DLUH�XQ�VFKpPD�PRGqOH��

,GHQWLILHU�OHV�JUDQGHXUV�SK\VLTXHV�SHUWLQHQWHV��OHXU�DWWULEXHU�
XQ�V\PEROH��
eYDOXHU�TXDQWLWDWLYHPHQW�OHV�JUDQGHXUV�SK\VLTXHV�LQFRQQXHV�
HW�QRQ�SUpFLVpHV��
5HOLHU�OH�SUREOqPH�j�XQH�VLWXDWLRQ�PRGqOH�FRQQXH��
«�

(WDEOLU�XQH�VWUDWpJLH�GH�
UpVROXWLRQ��DQDO\VHU���

'pFRPSRVHU�OH�SUREOqPH�HQ�GHV�SUREOqPHV�SOXV�VLPSOHV��
&RPPHQFHU�SDU�XQH�YHUVLRQ�VLPSOLILpH��
([SOLFLWHU�OD�PRGpOLVDWLRQ�FKRLVLH��GpILQLWLRQ�GX�V\VWqPH��«���
'pWHUPLQHU�HW�pQRQFHU�OHV�ORLV�SK\VLTXHV�TXL�VHURQW�XWLOLVpHV��
«�

0HWWUH�HQ�°XYUH�OD�VWUDWpJLH�
�UpDOLVHU���

0HQHU�OD�GpPDUFKH�MXVTX¶DX�ERXW�DILQ�GH�UpSRQGUH�
H[SOLFLWHPHQW�j�OD�TXHVWLRQ�SRVpH���
6DYRLU�PHQHU�HIILFDFHPHQW�OHV�FDOFXOV�DQDO\WLTXHV�HW�OD�
WUDGXFWLRQ�QXPpULTXH���
«��

$YRLU�XQ�UHJDUG�FULWLTXH�VXU�OHV�
UpVXOWDWV�REWHQXV��YDOLGHU���

6¶DVVXUHU�TXH�O¶RQ�D�UpSRQGX�j�OD�TXHVWLRQ�SRVpH��
9pULILHU�OD�SHUWLQHQFH�GX�UpVXOWDW�WURXYp��QRWDPPHQW�HQ�
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FRPSDUDQW�DYHF�GHV�HVWLPDWLRQV�RX�RUGUHV�GH�JUDQGHXUV�
FRQQXV��
&RPSDUHU�OH�UpVXOWDW�REWHQX�DYHF�OH�UpVXOWDW�G¶XQH�DXWUH�
DSSURFKH��PHVXUH�H[SpULPHQWDOH�GRQQpH�RX�GpGXLWH�G¶XQ�
GRFXPHQW�MRLQW��VLPXODWLRQ�QXPpULTXH��«���
eWXGLHU�GHV�FDV�OLPLWHV�SOXV�VLPSOHV�GRQW�OD�VROXWLRQ�HVW�SOXV�
IDFLOHPHQW�YpULILDEOH�RX�ELHQ�GpMj�FRQQXH��
«�

&RPPXQLTXHU� 3UpVHQWHU� OD� UpVROXWLRQ��HQ�HQ�H[SOLTXDQW� OH� UDLVRQQHPHQW�HW�
OHV�UpVXOWDWV��
«�

�
Remarques complémentaires 
6XLYHQW� GHV� SRVVLELOLWpV� G¶DUWLFXODWLRQ� HQWUH� OD� UpVROXWLRQ� GH� SUREOqPH� HW� OHV� DXWUHV� W\SHV� GH�
FRPSpWHQFHV�GpYHORSSpHV��
(Q�OLHQ�DYHF�OHV�LQFHUWLWXGHV����

•� pYDOXHU�RX�GpWHUPLQHU�OD�SUpFLVLRQ�GH�OD�VROXWLRQ�SURSRVpH��QRWDPPHQW�ORUVTX¶LO�V¶DJLW�G¶XQH�
VROXWLRQ�DSSURFKpH�VDQV�OD�VXUHVWLPHU�QL�OD�VRXV�HVWLPHU��RQ�D�VRXYHQW�WHQGDQFH�j�GLUH�TXH�
O¶RQ�IDLW�XQ�FDOFXO�G¶RUGUH�GH�JUDQGHXU�DORUV�TXH�O¶RQ�D�XQ�UpVXOWDW�j�����SUqV����

•� GpWHUPLQHU�FH�TX¶LO�IDXGUDLW�IDLUH�SRXU�DPpOLRUHU�OD�SUpFLVLRQ�G¶XQ�UpVXOWDW���
(Q�OLHQ�DYHF�O¶DQDO\VH�GH�GRFXPHQWV���

•� DQDO\VHU�GH�PDQLqUH�FULWLTXH�XQ�WH[WH�GRQW�O¶REMHW�HVW�VFLHQWLILTXH�RX�WHFKQLTXH��HQ�PRELOLVDQW�
VHV� FRQQDLVVDQFHV�� QRWDPPHQW� VXU� OHV� YDOHXUV� TXDQWLWDWLYHV� DQQRQFpHV�� (WUH� FDSDEOH� GH�
YpULILHU�OD�FRKpUHQFH�GHV�FKLIIUHV�SURSRVpV�HQ�GpYHORSSDQW�XQ�PRGqOH�VLPSOH���

•� YpULILHU� j� O¶DLGH� G¶XQ� GRFXPHQW� WHFKQLTXH�� G¶XQH� SKRWRJUDSKLH� «� OH� UpVXOWDW� G¶XQH�
PRGpOLVDWLRQ��

(Q�OLHQ�DYHF�OD�GpPDUFKH�H[SpULPHQWDOH���
•� O¶DSSURFKH� ©�UpVROXWLRQ� GH� SUREOqPH�ª� SHXW� VH� SUrWHU� j� GHV� DFWLYLWpV� H[SpULPHQWDOHV� SRXU�

OHVTXHOOHV� XQH� WDFKH� SUpFLVH� VHUD� GHPDQGpH� VDQV� TXH� OD� PpWKRGH� QH� VRLW� GRQQpH�� 3DU�
H[HPSOH��� PHVXUHU� XQH� TXDQWLWp� SK\VLTXH� GRQQpH�� FRPSDUHU� GHX[� JUDQGHXUV�� PHWWUH� HQ�
pYLGHQFH�XQ�SKpQRPqQH�«���

•� OD� YpULILFDWLRQ� G¶XQH� PRGpOLVDWLRQ� VHUD� HIIHFWXpH� HQ� UpDOLVDQW� O¶H[SpULHQFH�� &HOD� SHXW�
V¶HIIHFWXHU� HQ� SUpGLVDQW� TXDQWLWDWLYHPHQW� O¶LVVXH� G¶XQH� H[SpULHQFH�� SXLV� HQ� HIIHFWXDQW� OHV�
PHVXUHV�SRXU�YpULILHU�OHV�YDOHXUV�SUpGLWHV���

(Q�OLHQ�DYHF�OHV�FRPSpWHQFHV�GH�©�UpGDFWLRQ�ª���
•� UpGLJHU� GH�PDQLqUH� FRQFLVH� HW� GLUHFWH� XQH� VROXWLRQ� TXL� D� VRXYHQW�pWp� WURXYpH� SDU� XQ� ORQJ�

FKHPLQHPHQW��
�
 

Approches documentaires 
�
'DQV�XQ�PRQGH�R��OH�YROXPH�G¶LQIRUPDWLRQV�GLVSRQLEOHV�UHQG�HQ�SUDWLTXH�GLIILFLOH�O¶DFFqV�UDLVRQQp�j�
OD� FRQQDLVVDQFH�� LO� LPSRUWH� GH� FRQWLQXHU� OH� WUDYDLO� FRPPHQFp� DX� FROOqJH� HW� DX� O\FpH� VXU� OD�
UHFKHUFKH�� O¶H[WUDFWLRQ� HW� O¶RUJDQLVDWLRQ� GH� O¶LQIRUPDWLRQ� DILQ� G¶HQ� SHUPHWWUH� O¶DFFqV� HQ� WRXWH�
DXWRQRPLH� DYHF� OD� FRQVFLHQFH� GH� O¶H[LVWHQFH� G¶XQ� FRQWLQXXP� GH� QLYHDX[� GH� FRPSpWHQFH� VXU� XQ�
GRPDLQH�GRQQp�HQWUH�OD�PpFRQQDLVVDQFH��HW�GRQF�OD�GpFRXYHUWH��HW�OD�PDvWULVH�DEVROXH���
/H�SURJUDPPH�GH�SK\VLTXH�FKLPLH�SUpYRLW�TX¶XQ�FHUWDLQ�QRPEUH�GH� UXEULTXHV�� LGHQWLILpHV�GDQV� OD�
FRORQQH�FDSDFLWpV�H[LJLEOHV��UHOqYHQW�G¶XQH�©�approche documentaire�ª��/¶REMHFWLI�HVW�GRXEOH��� � LO�
V¶DJLW���
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•� GDQV� OD� SHUVSHFWLYH� G¶XQH� IRUPDWLRQ� WRXW� DX� ORQJ� GH� OD� YLH�� G¶KDELWXHU� OHV� pWXGLDQWV� j� VH�
FXOWLYHU� GLIIpUHPPHQW� HQ� XWLOLVDQW� GHV� GRFXPHQWV� DX� VXSSRUW� YDULp� �WH[WH�� YLGpR�� SKRWR������
GpPDUFKH�GDQV�ODTXHOOH�LOV�VRQW�DFWHXUV�GH�OHXU�IRUPDWLRQ���

•� G¶DFTXpULU� GHV� pOpPHQWV� GH� FXOWXUH� �JUDQGHV� LGpHV�� pWDSHV� G¶XQH� GpPDUFKH� VFLHQWLILTXH��
UDLVRQQHPHQWV��RUGUHV�GH�JUDQGHXUV��GDQV�OHV�GRPDLQHV�GH�OD�SK\VLTXH�HW�GH�OD�FKLPLH�GX�
;;qPH�HW�;;,qPH�VLqFOH�HW�GH�OHXUV�DSSOLFDWLRQV���

&HV�DSSURFKHV�GRFXPHQWDLUHV�VRQW�DXVVL�O¶RFFDVLRQ�G¶DSSRUWHU�GHV�pOpPHQWV�GH�FRPSUpKHQVLRQ�GH�
OD� FRQVWUXFWLRQ� GX� �VDYRLU� VFLHQWLILTXH�� �KLVWRLUH� GHV� VFLHQFHV�� GpEDWV� G¶LGpHV�� DYDQFpH� GH� OD�
UHFKHUFKH�VXU�GHV�VXMHWV�FRQWHPSRUDLQV��RXYHUWXUH�VXU�OHV�SUREOqPHV�VRFLpWDX[«���(OOHV�SHUPHWWHQW�
GH�GpYHORSSHU�GHV�FRPSpWHQFHV�G¶DQDO\VH�HW�GH�V\QWKqVH��6DQV�TXH�FHWWH� OLVWH�GH�SUDWLTXHV�VRLW�
H[KDXVWLYH�RQ�SRXUUD�� SDU�H[HPSOH�� WUDYDLOOHU� VXU� XQ�GRFXPHQW�H[WUDLW� GLUHFWHPHQW�G¶XQ�DUWLFOH�GH�
UHYXH�VFLHQWLILTXH��VXU�XQH�YLGpR��XQH�SKRWR�RX�VXU�XQ�GRFXPHQW�SURGXLW�SDU� OH�SURIHVVHXU��� � LO�HVW�
pJDOHPHQW�HQYLVDJHDEOH�GH�GHPDQGHU�DX[�pOqYHV�GH�FKHUFKHU�HX[�PrPHV�GHV�LQIRUPDWLRQV�VXU�XQ�
WKqPH� GRQQp��� FH� WUDYDLO� SRXUUD� VH� IDLUH� VRXV� IRUPH� G¶DQDO\VH� GH� GRFXPHQWV� GRQW� OHV� UpVXOWDWV�
VHURQW�SUpVHQWpV�DXVVL�ELHQ�j�O¶pFULW�TX¶j�O¶RUDO���
4XHOOH� TXH� VRLW� OD� IDoRQ� G¶DERUGHU� FHV� DSSURFKHV� GRFXPHQWDLUHV�� OH� U{OH� GX� SURIHVVHXU� HVW� GH�
WUDYDLOOHU�j�XQ�QLYHDX�DGDSWp�j�VD�FODVVH�HW�G¶DVVXUHU�XQH�V\QWKqVH�GH�FH�TX¶LO�FRQYLHQW�GH�UHWHQLU��
(OOHV� GRLYHQW� rWUH� HQ� FRKpUHQFH� DYHF� OH� VRFOH� GX� SURJUDPPH�� � (OOHV� SHXYHQW� rWUH� O¶RFFDVLRQ�
G¶DFTXpULU�GH�QRXYHOOHV�FRQQDLVVDQFHV�RX�G¶DSSURFKHU�GH�QRXYHDX[�PRGqOHV�PDLV�LO�IDXW�SURVFULUH�
WRXWH�GpULYH�HQ�SDUWLFXOLHU�FDOFXODWRLUH����

�
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&HWWH�SDUWLH��VSpFLILTXHPHQW�GpGLpH�j� OD�SUDWLTXH�GH�OD�GpPDUFKH�H[SpULPHQWDOH� ORUV�GHV�VpDQFHV�
GH�WUDYDX[�SUDWLTXHV��YLHQW�FRPSOpWHU�OD�OLVWH�GHV�WKqPHV�G
pWXGH�±�HQ�JUDV�GDQV�OD�WURLVLqPH�SDUWLH�
GX�SURJUDPPH�±�j�SDUWLU�GHVTXHOV�OD�SUREOpPDWLTXH�G
XQH�VpDQFH�SHXW�rWUH�GpILQLH��(OOH�SHUPHW�GH�
SRXUVXLYUH�OD�IRUPDWLRQ�LQLWLpH�HQ�WHUPLQDOH�GDQV�OH�GRPDLQH�GH�OD�©�mesure et des incertitudes »�
HW�O¶DFTXLVLWLRQ�GHV�FDSDFLWpV�H[SpULPHQWDOHV�SUpVHQWpHV�GDQV�OD�SDUWLH�©�mesures�et savoir-faireª�
DILQ�TX¶HOOHV�VRLHQW�SUDWLTXpHV�HQ�DXWRQRPLH�SDU�OHV�pWXGLDQWV�j�O¶LVVXH�GH�OHXU�SUHPLqUH�DQQpH�GH�
&3*(���

$X�ODERUDWRLUH�GH�FKLPLH�� OHV�pOqYHV�GRLYHQW�SUHQGUH�FRQVFLHQFH�GX�ULVTXH�OLp�j� OD�PDQLSXODWLRQ�HW�
DX�UHMHW�GH�SURGXLWV�FKLPLTXHV��/¶DSSUHQWLVVDJH�HW�OH�UHVSHFW�GHV�UqJOHV�GH�VpFXULWp�OHXU�SHUPHWWHQW�
GH�SUpYHQLU�HW�GH�PLQLPLVHU�FH�ULVTXH����

Mesures et incertitudes 

/¶LPSRUWDQFH� GH� OD� FRPSRVDQWH� H[SpULPHQWDOH� GH� OD� IRUPDWLRQ� GHV� pWXGLDQWV� GHV� &3*(�
VFLHQWLILTXHV� HVW� UpDIILUPpH��3RXU� SUDWLTXHU� XQH� GpPDUFKH� H[SpULPHQWDOH� DXWRQRPH�HW� UDLVRQQpH��
OHV�pOqYHV�GRLYHQW�SRVVpGHU�GH�VROLGHV�FRQQDLVVDQFHV�HW�VDYRLU�IDLUH�GDQV�OH�GRPDLQH�GHV�PHVXUHV�
HW� GHV� LQFHUWLWXGHV��� FHOOHV�FL� LQWHUYLHQQHQW� DXVVL� ELHQ� HQ� DPRQW�DX� PRPHQW� GH� O¶DQDO\VH� GX�
SURWRFROH��GX�FKRL[�GHV� LQVWUXPHQWV�GH�PHVXUH�«��TX¶HQ�DYDO� ORUV�GH� OD�YDOLGDWLRQ�HW�GH� O¶DQDO\VH�
FULWLTXH�GHV�UpVXOWDWV�REWHQXV��
�
/HV� QRWLRQV� H[SOLFLWpHV� FL�GHVVRXV� VXU� OH� WKqPH� ©�PHVXUHV� HW� LQFHUWLWXGHV�ª� V¶LQVFULYHQW� GDQV� OD�
FRQWLQXLWp�GH�FHOOHV�DERUGpHV�GDQV�OHV�SURJUDPPHV�GX�F\FOH�WHUPLQDO�GHV�ILOLqUHV�67,�'�HW�67/�GX�
O\FpH���
/HV�pOqYHV�GRLYHQW�DYRLU�FRQVFLHQFH�GH�OD�YDULDELOLWp�GHV�UpVXOWDWV�REWHQXV�ORUV�G¶XQ�SURFHVVXV�GH�
PHVXUH�� HQ� FRQQDvWUH� OHV� RULJLQHV�� HW� FRPSUHQGUH� HW� V¶DSSURSULHU� DLQVL� OHV� REMHFWLIV� YLVpV� SDU�
O¶pYDOXDWLRQ�GHV�LQFHUWLWXGHV��/HV�FRPSpWHQFHV�DFTXLVHV�SRXUURQW�rWUH�UpLQYHVWLHV�GDQV�OH�FDGUH�GHV�
WUDYDX[�G¶LQLWLDWLYH�SHUVRQQHOOH�HQFDGUpV����
�
3RXU�DVVXUHU� OH�VXFFqV�GH�FHWWH� IRUPDWLRQ�HQ� ILOLqUH�76,�� LO�HVW�HVVHQWLHO�TXH�FHV�QRWLRQV�GLIIXVHQW�
GDQV� FKDFXQ� GHV� WKqPHV� GX� SURJUDPPH� WRXW� DX� ORQJ� GHV� GHX[� DQQpHV� SUpSDUDWRLUHV� HW� TX¶HOOHV�
VRLHQW�UpJXOLqUHPHQW�pYDOXpHV��'DQV�XQ�VRXFL�GH�FRQWH[WXDOLVDWLRQ��RQ�pYLWHUD�WRXWHV�VpTXHQFHV�GH�
FRXUV� VSpFLILTXHV�� /¶LQIRUPDWLTXH� IRXUQLW� DX[� pOqYHV� OHV� RXWLOV� QpFHVVDLUHV� j� O¶pYDOXDWLRQ� GHV�
LQFHUWLWXGHV� �QRWDPPHQW� FRPSRVpHV�� VDQV� TX¶LOV� VRLHQW� FRQGXLWV� j� HQWUHU� GDQV� OH� GpWDLO� GHV�
FRQFHSWV�PDWKpPDWLTXHV�VRXV�MDFHQWV���
�
�

1RWLRQV�HW�FRQWHQX� &DSDFLWpV�H[LJLEOHV�
(UUHXU���FRPSRVDQWH�DOpDWRLUH�
HW�FRPSRVDQWH�V\VWpPDWLTXH�
GH�O¶HUUHXU��
�

8WLOLVHU�OH�YRFDEXODLUH�GH�EDVH�GH�OD�PpWURORJLH���PHVXUDJH��
YDOHXU�YUDLH��JUDQGHXU�G¶LQIOXHQFH��HUUHXU�DOpDWRLUH��HUUHXU�
V\VWpPDWLTXH��
�
,GHQWLILHU�OHV�VRXUFHV�G¶HUUHXUV�ORUV�G¶XQH�PHVXUH��

1RWLRQ�G¶LQFHUWLWXGH��
LQFHUWLWXGH�W\SH��
�
�
eYDOXDWLRQ�G¶XQH�LQFHUWLWXGH�
W\SH��
�
�
�
�

6DYRLU�TXH�O¶LQFHUWLWXGH�HVW�XQ�SDUDPqWUH�DVVRFLp�DX�UpVXOWDW�
G¶XQ�PHVXUDJH��TXL�FDUDFWpULVH�OD�GLVSHUVLRQ�GHV�YDOHXUV�TXL�
SHXYHQW�rWUH�UDLVRQQDEOHPHQW�DWWULEXpHV�j�OD�JUDQGHXU�PHVXUpH��
�
3URFpGHU�j�O¶pYDOXDWLRQ�GH�W\SH�$�GH�O¶LQFHUWLWXGH�W\SH�
�LQFHUWLWXGH�GH�UpSpWDELOLWp����
�
3URFpGHU�j�O¶pYDOXDWLRQ�GH�W\SH�%�GH�O¶LQFHUWLWXGH�W\SH�GDQV�GHV�
FDV�VLPSOHV��LQVWUXPHQWV�JUDGXpV��RX�j�O¶DLGH�GH�GRQQpHV�
IRXUQLHV�SDU�OH�FRQVWUXFWHXU��UpVLVWDQFH��PXOWLPqWUH��
RVFLOORVFRSH��WKHUPRPqWUH��YHUUHULH«����
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�
�
,QFHUWLWXGH�W\SH�FRPSRVpH��
�
�
�
�
�
,QFHUWLWXGH�pODUJLH��

�
(YDOXHU�O¶LQFHUWLWXGH�W\SH�G¶XQH�PHVXUH�REWHQXH�j�O¶LVVXH�GH�OD�
PLVH�HQ�°XYUH�G¶XQ�SURWRFROH�SUpVHQWDQW�SOXVLHXUV�VRXUFHV�
G¶HUUHXUV�LQGpSHQGDQWHV�j�O¶DLGH�G¶XQH�IRUPXOH�IRXUQLH�RX�G¶XQ�
ORJLFLHO��
&RPSDUHU�OHV�LQFHUWLWXGHV�DVVRFLpHV�j�FKDTXH�VRXUFH�G¶HUUHXUV���
�
$VVRFLHU�XQ�QLYHDX�GH�FRQILDQFH�GH������j�XQH�LQFHUWLWXGH�
pODUJLH��

3UpVHQWDWLRQ�G¶XQ�UpVXOWDW�
H[SpULPHQWDO��
�
$FFHSWDELOLWp�GX�UpVXOWDW�HW�
DQDO\VH�GX�PHVXUDJH���RX�
SURFHVVXV�GH�PHVXUH���

([SULPHU�OH�UpVXOWDW�G¶XQH�PHVXUH�SDU�XQH�YDOHXU�HW�XQH�
LQFHUWLWXGH�DVVRFLpH�j�XQ�QLYHDX�GH�FRQILDQFH���
�
&RPPHQWHU�TXDOLWDWLYHPHQW�OH�UpVXOWDW�G¶XQH�PHVXUH�HQ�OH�
FRPSDUDQW��SDU�H[HPSOH��j�XQH�YDOHXU�GH�UpIpUHQFH��
$QDO\VHU�OHV�VRXUFHV�G¶HUUHXUV�HW�SURSRVHU�GHV�DPpOLRUDWLRQV�GX�
SURFHVVXV�GH�PHVXUH��

�
Mesures et savoir-faire 

&HWWH�SDUWLH�SUpVHQWH�O¶HQVHPEOH�GHV�FDSDFLWpV�H[SpULPHQWDOHV�TXH�OHV�pOqYHV�GRLYHQW�DFTXpULU�DX�
FRXUV� GH� O¶DQQpH� GXUDQW� OHV� VpDQFHV� GH� WUDYDX[� SUDWLTXHV�� &RPPH� SUpFLVp� GDQV� OH� SUpDPEXOH�
FRQVDFUp� j� OD� IRUPDWLRQ� H[SpULPHQWDOH�� XQH� VpDQFH� GH� WUDYDX[� SUDWLTXHV� V¶DUWLFXOH� DXWRXU� G¶XQH�
SUREOpPDWLTXH��TXH� OHV� WKqPHV��� UHSpUpV�HQ�JUDV�GDQV� OH�FRUSV�GX�SURJUDPPH���SHXYHQW�VHUYLU�j�
GpILQLU��

/HV�FDSDFLWpV�UDVVHPEOpHV�LFL�QH�FRQVWLWXHQW�GRQF�HQ�DXFXQ�FDV�XQH�OLVWH�GH�WUDYDX[�SUDWLTXHV�TXL�
V¶DUWLFXOHUDLHQW� DXWRXU�G¶XQH�GpFRXYHUWH�GX�PDWpULHO��� SDU�H[HPSOH�� WRXWHV� OHV� FDSDFLWpV�PLVHV�HQ�
°XYUH� DXWRXU� GH� O¶RVFLOORVFRSH� QH� VDXUDLHQW� rWUH� O¶REMHFWLI� G¶XQH� VpDQFH� XQLTXH��PDLV� GRLYHQW� DX�
FRQWUDLUH� IDLUH� O¶REMHW� G¶XQ� DSSUHQWLVVDJH� SURJUHVVLI� FRQWH[WXDOLVp� R�� FKDTXH� pOpPHQW� DSSDUDvW�
QDWXUHOOHPHQW�j�O¶RFFDVLRQ�G¶XQ�SUREOqPH�FRQFUHW��

/HV�GLIIpUHQWHV�FDSDFLWpV�j�DFTXpULU� VRQW��SRXU�SOXV�GH�FODUWp�� UHJURXSpHV�SDU�GRPDLQH�� OHV�GHX[�
SUHPLHUV�pWDQW�GDYDQWDJH� WUDQVYHUVDX[��&HOD�QH�FRQVWLWXH�SDV�XQH� LQFLWDWLRQ�j� OLPLWHU�XQH�DFWLYLWp�
H[SpULPHQWDOH�j�XQ�VHXO�GRPDLQH��/D�FDSDFLWp�j�IRUPHU�XQH�LPDJH�GH�ERQQH�TXDOLWp��SDU�H[HPSOH��
SHXW�rWUH� PRELOLVpH� DX� FRXUV� G¶XQH� H[SpULHQFH� GH� PpFDQLTXH� RX� GH� WKHUPRG\QDPLTXH�� FHWWH�
WUDQVYHUVDOLWp�GH� OD� IRUPDWLRQ�GHYDQW�rWUH�XQ�PR\HQ��HQWUH�G¶DXWUHV��GH�IDYRULVHU� O¶DXWRQRPLH�HW� OD�
SULVH�G¶LQLWLDWLYH�GpFULWHV�SOXV�KDXW�GDQV�OD�SDUWLH�FRQVDFUpH�j�OD�GpPDUFKH�H[SpULPHQWDOH��

1DWXUH�HW�PpWKRGHV� &DSDFLWpV�H[LJLEOHV�
��� 0HVXUHV�G¶DQJOHV��GH�

ORQJXHXUV��GH�YROXPH�HW�GH�
PDVVH�

�
/RQJXHXUV���VXU�XQ�EDQF�
G¶RSWLTXH��
�
/RQJXHXUV���j�SDUWLU�G¶XQH�
SKRWR�RX�G¶XQH�YLGpR��
�
�
$QJOHV���DYHF�XQ�JRQLRPqWUH��
�

�
�
�
�
0HWWUH�HQ�°XYUH�XQH�PHVXUH�GH�ORQJXHXU�SDU�GpSODFHPHQW�G¶XQ�
YLVHXU�HQWUH�GHX[�SRVLWLRQV���
�
3RXYRLU�pYDOXHU�DYHF�SUpFLVLRQ��SDU�FRPSDUDLVRQ�j�XQ�pWDORQ��
XQH�ORQJXHXU��RX�OHV�FRRUGRQQpHV�G¶XQH�SRVLWLRQ��VXU�XQH�LPDJH�
QXPpULTXH���
�
8WLOLVHU�XQ�YLVHXU�j�IURQWDOH�IL[H��XQH�OXQHWWH�DXWRFROOLPDWULFH��
�
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�
�
�
/RQJXHXUV�G¶RQGH��
�

8WLOLVHU�GHV�YLV�PLFURPpWULTXHV�HW�XQ�UpWLFXOH�SRXU�WLUHU�SDUWL�GH�OD�
SUpFLVLRQ�DIILFKpH�GH�O¶DSSDUHLO�XWLOLVp��
�
eWXGLHU�XQ�VSHFWUH�j�O¶DLGH�G¶XQ�VSHFWURPqWUH�j�ILEUH�RSWLTXH��
�
0HVXUHU�XQH�ORQJXHXU�G¶RQGH�DFRXVWLTXH�j�O¶DLGH�G¶XQ�VXSSRUW�
JUDGXp�HW�G¶XQ�RVFLOORVFRSH�ELFRXUEH��

9ROXPH���DYHF�XQH�SLSHWWH��
pSURXYHWWH��ILROH��EXUHWWH��
9HUUHULH�MDXJpH�HW�JUDGXpH��
�
0DVVH���DYHF�XQH�EDODQFH�GH�
SUpFLVLRQ��

6pOHFWLRQQHU�HW�XWLOLVHU�OH�PDWpULHO�DGDSWp�j�OD�SUpFLVLRQ�UHTXLVH��
�
'LVWLQJXHU�YHUUHULH�LQ�HW�YHUUHULH�H[��
�
3UpSDUHU�XQH�VROXWLRQ�DTXHXVH�GH�FRQFHQWUDWLRQ�GRQQpH�j�SDUWLU�
G¶XQ�VROLGH�RX�G¶XQH�VROXWLRQ�GH�FRQFHQWUDWLRQ�PRODLUH�FRQQXH��

��� 0HVXUHV�GH�WHPSV�HW�GH�
IUpTXHQFHV�

�
)UpTXHQFH�RX�SpULRGH���
PHVXUH�GLUHFWH�DX�
IUpTXHQFHPqWUH�QXPpULTXH��j�
O¶RVFLOORVFRSH�RX�YLD�XQH�FDUWH�
G¶DFTXLVLWLRQ��
�
$QDO\VH�VSHFWUDOH��
�
�
'pFDODJH�WHPSRUHO��
GpSKDVDJH�j�O¶DLGH�G¶XQ�
RVFLOORVFRSH�QXPpULTXH��
�
�
�

�
�
�
&KRLVLU�GH�IDoRQ�FRKpUHQWH�OD�IUpTXHQFH�G¶pFKDQWLOORQQDJH��HW�OD�
GXUpH�WRWDOH�G¶DFTXLVLWLRQ��
�
�
�
(IIHFWXHU�O¶DQDO\VH�VSHFWUDOH�G¶XQ�VLJQDO�SpULRGLTXH�j�O¶DLGH�G¶XQ�
RVFLOORVFRSH�QXPpULTXH�RX�G¶XQH�FDUWH�G¶DFTXLVLWLRQ��
�
5HFRQQDvWUH�XQH�DYDQFH�RX�XQ�UHWDUG��
�
3DVVHU�G¶XQ�GpFDODJH�WHPSRUHO�j�XQ�GpSKDVDJH�HW�LQYHUVHPHQW��
�
5HSpUHU�SUpFLVpPHQW�OH�SDVVDJH�SDU�XQ�GpSKDVDJH�GH���RX�3L�
HQ�PRGH�;<��

��� eOHFWULFLWp�
�
0HVXUHU�XQH�WHQVLRQ���
�� PHVXUH� GLUHFWH� DX� YROWPqWUH�
QXPpULTXH� RX� j� O¶RVFLOORVFRSH�
QXPpULTXH��
�
0HVXUHU�XQ�FRXUDQW���
�� PHVXUH� GLUHFWH� j�
O¶DPSqUHPqWUH�QXPpULTXH���
�� PHVXUH� LQGLUHFWH� j�
O¶RVFLOORVFRSH� DX[� ERUQHV�
G¶XQH�UpVLVWDQFH�DGDSWpH��
�
0HVXUHU�XQH�UpVLVWDQFH�RX�XQH�
LPSpGDQFH���
��PHVXUH�GLUHFWH�j� O¶RKPPqWUH�
RX�DX�FDSDFLPqWUH���
�� PHVXUH� LQGLUHFWH� j�
O¶RVFLOORVFRSH� RX� DX� YROWPqWUH�
VXU�XQ�GLYLVHXU�GH�WHQVLRQ��

�
&DSDFLWpV�FRPPXQHV�j�O¶HQVHPEOH�GHV�PHVXUHV�pOHFWULTXHV���
�
��SUpFLVHU�OD�SHUWXUEDWLRQ�LQGXLWH�SDU�O¶DSSDUHLO�GH�PHVXUH�VXU�OH�
PRQWDJH�HW�VHV�OLPLWHV��EDQGH�SDVVDQWH��UpVLVWDQFH�G¶HQWUpH����
��GpILQLU�OD�QDWXUH�GH�OD�PHVXUH�HIIHFWXpH��YDOHXU�HIILFDFH��YDOHXU�
PR\HQQH��DPSOLWXGH��YDOHXU�FUrWH�j�FUrWH�«���
�
�
�
�
�
�
�
�
�
�
�
�
�
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�
&DUDFWpULVHU�XQ�GLS{OH�
TXHOFRQTXH��
�
eODERUHU�XQ�VLJQDO�pOHFWULTXH�
DQDORJLTXH�SpULRGLTXH�VLPSOH�
j�O¶DLGH�G¶XQ�*%)��
�
�
�
$JLU�VXU�XQ�VLJQDO�pOHFWULTXH�j�
O¶DLGH�GHV�IRQFWLRQV�VLPSOHV�
VXLYDQWHV����
��DPSOLILFDWLRQ��ILOWUDJH���
��VRPPDWLRQ��

�
�

�
�
7UDFHU�OD�FDUDFWpULVWLTXH�VWDWLTXH�G¶XQ�FDSWHXU.�
�
�
2EWHQLU�XQ�VLJQDO�GH�YDOHXU�PR\HQQH��GH�IRUPH��G¶DPSOLWXGH�HW�
GH�IUpTXHQFH�GRQQpHV��
�
*pUHU��GDQV�XQ�FLUFXLW�pOHFWURQLTXH��OHV�FRQWUDLQWHV�OLpHV�j�OD�
OLDLVRQ�PDVVH��
�
0HWWUH�HQ�°XYUH�OHV�IRQFWLRQV�GH�EDVH�GH�O¶pOHFWURQLTXH�
UpDOLVpHV�SDU�GHV�EORFV�GRQW�OD�VWUXFWXUH�QH�IDLW�SDV�O¶REMHW�G¶XQH�
pWXGH�VSpFLILTXH��
�
$VVRFLHU�FHV�IRQFWLRQV�GH�EDVH�SRXU�UpDOLVHU�XQH�IRQFWLRQ�
FRPSOH[H�HQ�JpUDQW�OHV�FRQWUDLQWHV�OLpHV�DX[�LPSpGDQFHV�
G¶HQWUpH�HW�RX�GH�VRUWLH�GHV�EORFV��

��� 2SWLTXH�
�
)RUPHU�XQH�LPDJH��
�
�
�
&UpHU�RX�UHSpUHU�XQH�GLUHFWLRQ�
GH�UpIpUHQFH��
�
�
$QDO\VHU�XQH�OXPLqUH�

�
�
eFODLUHU�XQ�REMHW�GH�PDQLqUH�DGDSWpH��
&KRLVLU�XQH�RX�SOXVLHXUV�OHQWLOOHV�HQ�IRQFWLRQ�GHV�FRQWUDLQWHV�
H[SpULPHQWDOHV��HW�FKRLVLU�OHXU�IRFDOH�GH�IDoRQ�UDLVRQQpH��
(VWLPHU�O¶RUGUH�GH�JUDQGHXU�G¶XQH�GLVWDQFH�IRFDOH��
�
5pJOHU�HW�PHWWUH�HQ�°XYUH�XQH�OXQHWWH�DXWRFROOLPDWULFH�HW�XQ�
FROOLPDWHXU��
�
2EWHQLU�HW�DQDO\VHU�XQ�VSHFWUH�j�O¶DLGH�G¶XQ�VSHFWURPqWUH���

��� 0pFDQLTXH�
�
9LVXDOLVHU�HW�GpFRPSRVHU�XQ�
PRXYHPHQW��
�
�
�
0HVXUHU�XQH�YLWHVVH��XQH�
DFFpOpUDWLRQ��
�
4XDQWLILHU�XQH�DFWLRQ��

�
�
0HWWUH�HQ�°XYUH�XQH�PpWKRGH�GH�VWURERVFRSLH��
(QUHJLVWUHU�XQ�SKpQRPqQH�j�O¶DLGH�G¶XQH�FDPpUD�QXPpULTXH�HW�
UHSpUHU�OD�WUDMHFWRLUH�j�O¶DLGH�G¶XQ�ORJLFLHO�GpGLp��HQ�GpGXLUH�OD�
YLWHVVH�HW�O¶DFFpOpUDWLRQ��
�
0HWWUH�HQ�°XYUH�XQ�FDSWHXU�GH�YLWHVVH��XQ�DFFpOpURPqWUH��
�
�
8WLOLVHU�XQ�G\QDPRPqWUH��XQ�FDSWHXU�GH�IRUFH��

��� 7KHUPRG\QDPLTXH�
�
0HVXUHU�XQH�SUHVVLRQ��
�
�
0HVXUHU�XQH�WHPSpUDWXUH��
�
(IIHFWXHU�GHV�ELODQV�G¶pQHUJLH��

�
�
0HWWUH�HQ�°XYUH�XQ�FDSWHXU��HQ�GLVWLQJXDQW�VRQ�FDUDFWqUH�
GLIIpUHQWLHO�RX�DEVROX��
�
0HWWUH�HQ�°XYUH�XQ�FDSWHXU�GH�WHPSpUDWXUH��
�
0HWWUH�HQ�°XYUH�XQH�WHFKQLTXH�GH�FDORULPpWULH��

��� &KLPLH�
�

�
�
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0pWKRGH�FRQGXFWLPpWULTXH��
�
�
0pWKRGH�S+�PpWULTXH��
�
�
�
,QGLFDWHXUV�FRORUpV��
�
0pWKRGH�SRWHQWLRPpWULTXH��
��
�
&LQpWLTXH�FKLPLTXH��

6XLYUH�XQ�WLWUDJH�SDU�FRQGXFWLPpWULH��5HSpUHU�O
pTXLYDOHQFH�HW�
O¶H[SORLWHU�SRXU�OH�FDOFXO�GH�OD�YDOHXU�G
XQH�FRQFHQWUDWLRQ��
�
6XLYUH�XQ�WLWUDJH�SDU�S+�PpWULH��5HSpUHU�O
pTXLYDOHQFH�HW�
O¶H[SORLWHU�SRXU�OH�FDOFXO�GH�OD�YDOHXU�G
XQH�FRQFHQWUDWLRQ��
'pWHUPLQHU�OD�YDOHXU�G
XQH�FRQVWDQWH�G
pTXLOLEUH��
�
(IIHFWXHU�XQ�WLWUDJH�HQ�XWLOLVDQW�XQ�LQGLFDWHXU�GH�ILQ�GH�UpDFWLRQ��
�
6XLYUH�XQ�WLWUDJH�SDU�SRWHQWLRPpWULH�j�LQWHQVLWp�QXOOH��([SORLWHU�OD�
FRXUEH�GH�WLWUDJH�SRXU�OH�FDOFXO�GHV�SRWHQWLHOV�VWDQGDUG��
�
eWDEOLU�XQH�ORL�GH�YLWHVVH�j�SDUWLU�GX�VXLYL�WHPSRUHO�G¶XQH�
JUDQGHXU�SK\VLTXH��

�
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Signaux physiques 
 

Présentation 
�

&HWWH�SDUWLH�FRQVWLWXH�OH�SURJUDPPH�GH�SK\VLTXH�GX�SUHPLHU�VHPHVWUH��(OOH�HVW�FRQVWUXLWH�DXWRXU�GX�
VLJQDO�SK\VLTXH��HW�GX�FDUDFWqUH�FHQWUDO�TX¶RFFXSH�OH�VLJQDO�VLQXVRwGDO�GDQV�O¶pWXGH�GHV�V\VWqPHV�
OLQpDLUHV�� 'DQV� OH� F\FOH� WHUPLQDO� GX� O\FpH�� OHV� SULQFLSDOHV� JUDQGHXUV� SK\VLTXHV� DVVRFLpHV� DX[�
SKpQRPqQHV� SK\VLTXHV� RQW� pWp� LQWURGXLWHV�� 8QH� DSSURFKH� pQHUJpWLTXH� D� pWp� PLVH� HQ� °XYUH�
SHUPHWWDQW� DLQVL� G¶LQVWDOOHU� OH� SULQFLSH� GH� FRQVHUYDWLRQ� GH� O¶pQHUJLH�� ,O� FRQYLHQW� PDLQWHQDQW� GH�
IDPLOLDULVHU� OHV�pOqYHV�DYHF� OD�PRGpOLVDWLRQ�GH�V\VWqPHV�GRQW� OHV�JUDQGHXUV�SK\VLTXHV�YDULHQW�GH�
PDQLqUH�WHPSRUHOOH�RX�VSDWLDOH�HQ�VH�OLPLWDQW�GDQV�FHWWH�SDUWLH�DX[�JUDQGHXUV�VFDODLUHV��

/¶HQVHLJQHPHQW�GH�FHWWH�SDUWLH�GRLW� IDLUH� WUqV� ODUJHPHQW�DSSHO�j� OD�GpPDUFKH�H[SpULPHQWDOH��TX¶LO�
V¶DJLVVH�G¶H[SpULHQFHV�GH�FRXUV�RX�GH�WUDYDX[�SUDWLTXHV���

'DQV� OD� partie 1 FRQVDFUpH� j� OD� SURSDJDWLRQ�� LO� HVW� LQGLVSHQVDEOH� GH� V¶DSSX\HU� VXU� O¶DSSURFKH�
H[SpULPHQWDOH�HW�VXU�GHV�ORJLFLHOV�GH�VLPXODWLRQ�SRXU�SHUPHWWUH�DX[�pWXGLDQWV�GH�IDLUH�OH�OLHQ�HQWUH�
O¶REVHUYDWLRQ� SK\VLTXH� GHV� VLJQDX[� TXL� VH� SURSDJHQW� HW� OHXUV� UHSUpVHQWDWLRQV� VSDWLDOHV� HW�
WHPSRUHOOHV�� VDQV� TX¶DXFXQH� UpIpUHQFH� VRLW� IDLWH� LFL� j� XQH� H[SUHVVLRQ� PDWKpPDWLTXH� GX� VLJQDO��
/¶LQWURGXFWLRQ�GH�OD�VRPPH�GH�GHX[�VLQXVRwGHV�j�WUDYHUV�OH�SKpQRPqQH�G¶LQWHUIpUHQFHV�SHUPHW�GH�
IDLUH�UHVVRUWLU� OH� U{OH�HVVHQWLHO�TXH� MRXH� OH�GpSKDVDJH�HQWUH�GHX[�VLJQDX[�GDQV� OH�VLJQDO� UpVXOWDQW�
REWHQX��/¶DSSURFKH�GH�OD�GLIIUDFWLRQ�HVW�SXUHPHQW�GHVFULSWLYH�HW�H[SpULPHQWDOH��HW�HQYLVDJpH�FRPPH�
XQH� SURSULpWp� XQLYHUVHOOH� GHV� RQGHV��� O¶REMHFWLI� HVW� LFL� G¶LQWURGXLUH� O¶DSSUR[LPDWLRQ� GH� O¶RSWLTXH�
JpRPpWULTXH���

/D�partie 2� SRUWDQW� VXU� O¶RSWLTXH� JpRPpWULTXH� QH� GRLW� SDV� rWUH� HQVHLJQpH� RX� pYDOXpH� SRXU� HOOH�
PrPH� PDLV� DYHF� FRPPH� VHXOV� REMHFWLIV� GH� VHUYLU� GH� SRLQW� G¶DSSXL� SRXU� GHV� DSSURFKHV�
H[SpULPHQWDOHV�HQ�SUHPLqUH�DQQpH�HW�SRXU�O¶pWXGH�GH�O¶RSWLTXH�SK\VLTXH�HQ�GHX[LqPH�DQQpH���

/D�partie 3� SUpVHQWH� O¶DVSHFW� FRUSXVFXODLUH� GH� OD� OXPLqUH�� VRQ� LQWHUDFWLRQ� DYHF� OD�PDWLqUH� HW� OHV�
FRQVpTXHQFHV�GH�OD�WKpRULH�GHV�TXDQWD�VXU�OH�IRQFWLRQQHPHQW�G¶XQH�GLRGH�pOHFWUROXPLQHVFHQWH�RX�
G¶XQH� FHOOXOH� SKRWRYROWDwTXH�� 2Q� pYLWHUD� WRXW� GpYHORSSHPHQW� WKpRULTXH��� DLQVL�� RQ� DGPHWWUD�
O¶H[LVWHQFH�GH�GHX[�EDQGHV�G¶pQHUJLH�GDQV�XQ�VHPL�FRQGXFWHXU��OD�EDQGH�GH�FRQGXFWLRQ�HW�OD�EDQGH�
GH� YDOHQFH�� VpSDUpHV� SDU� XQH� EDQGH� LQWHUGLWH� LQDFFHVVLEOH� DX[� pOHFWURQV�� 2Q� SRXUUD� SURILWHU� GH�
O¶RFFDVLRQ�SRXU�IDLUH�XQ�SHX�G¶KLVWRLUH�GHV�VFLHQFHV�HW�SRXU�VHQVLELOLVHU�OHV�pOqYHV�DX[�OLPLWHV�G¶XQH�
WKpRULH���pYRTXHU� OH�SUREOqPH�GH� OD�VWDELOLWp�GHV�DWRPHV�GDQV� OH�PRGqOH�GH�%RKU�� OHV�VSHFWUHV�GH�
UDLHV� GHV� ODPSHV� VSHFWUDOHV�� OH� UD\RQQHPHQW� GX� FRUSV� QRLU�� O¶HIIHW� SKRWRpOHFWULTXH�«� DXWDQW� GH�
TXHVWLRQQHPHQWV�TXL�RQW�FRQGXLW�j�O¶pPHUJHQFH�G¶XQH�QRXYHOOH�SK\VLTXH�j�O¶RULJLQH�GHV�UpYROXWLRQV�
WHFKQRORJLTXHV�GX���qPH�HW�GX���qPH�VLqFOH���

/D�partie 4�SRVH�OHV�EDVHV�QpFHVVDLUHV�SRXU�O¶pWXGH�GHV�FLUFXLWV�GDQV�O¶$SSUR[LPDWLRQ�GHV�5pJLPHV�
4XDVL�6WDWLRQQDLUHV� �$546���&RPSWH� WHQX� GX� SHX� GH� FRQQDLVVDQFHV� DFTXLVHV� DX� O\FpH� GDQV� FH�
GRPDLQH�� OH�FKRL[�D�pWp�IDLW�GH�VH�FRQFHQWUHU�VXU� OHV�GLS{OHV�5��/�HW�&��%LHQ�HQWHQGX�� OHV� WUDYDX[�
SUDWLTXHV�SHXYHQW�IDLUH�DSSHO�j�GHV�FRPSRVDQWV� LQWpJUpV�RX�QRQ�OLQpDLUHV��DPSOLILFDWHXUV� OLQpDLUHV�
LQWpJUpV� $/,�� ILOWUHV� j� FDSDFLWp� FRPPXWpH�� pFKDQWLOORQQHXU�EORTXHXU�� GLRGHV�� SKRWRUpVLVWDQFHV��
FDSWHXUV«��GqV�ORUV�TX¶DXFXQH�FRQQDLVVDQFH�SUpDODEOH�Q¶HVW�QpFHVVDLUH���

/HV�parties 5 et 6�DERUGHQW�O¶pWXGH�GHV�V\VWqPHV�OLQpDLUHV�GX�SUHPLHU�HW�GX�VHFRQG�RUGUH�HQ�UpJLPH�
OLEUH� SXLV� IRUFp�� HW� XQH� LQWURGXFWLRQ� DX� ILOWUDJH� OLQpDLUH�� ,O� V¶DJLW� DYDQW� WRXW� GH� FRPSUHQGUH� OHV�
SULQFLSHV�GHV�RXWLOV�XWLOLVpV��HW�O¶H[SORLWDWLRQ�GH�WHOV�RXWLOV�SRXU�DQDO\VHU�O¶pYROXWLRQ�GHV�VLJQDX[�GDQV�
XQ�V\VWqPH� OLQpDLUH��$LQVL� O¶pYDOXDWLRQ�QH�SHXW�HOOH�SRUWHU�VXU� OH� WUDFp�G¶XQ�GLDJUDPPH�GH�%RGH�j�
SDUWLU�G¶XQH�IRQFWLRQ�GH�WUDQVIHUW��RX�VXU�OD�FRQQDLVVDQFH�D�SULRUL�GH�FDWDORJXHV�GH�ILOWUHV��PrPH�V¶LO�
YD� GH� VRL� TXH� OH� SURIHVVHXU� SRXUUD�� V¶LO� OH� VRXKDLWH�� GpWDLOOHU� VXU� O¶H[HPSOH� VLPSOH� G¶XQ� ILOWUH� GX�
SUHPLHU� RUGUH� OH� SDVVDJH� GH� OD� IRQFWLRQ� GH� WUDQVIHUW� DX� GLDJUDPPH� GH� %RGH�� /¶REMHFWLI� HVW� ELHQ�
SOXW{W� LFL� GH� FRPSUHQGUH� OH� U{OH� FHQWUDO� GH� OD� OLQpDULWp� GHV� V\VWqPHV� SRXU� LQWHUSUpWHU� OH� VLJQDO� GH�
VRUWLH� G¶DSUqV� OH� VSHFWUH� GX� VLJQDO� G¶HQWUpH�� /¶pWXGH� GH� UpJLPHV� OLEUHV� j� SDUWLU� G¶XQ� SRUWUDLW� GH�
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SKDVHV�HVW�XQH�SUHPLqUH�LQWURGXFWLRQ�j�O¶XWLOLVDWLRQ�GH�WHOV�RXWLOV�TXL�VHURQW�HQULFKLV�GDQV�OH�FRXUV�GH�
PpFDQLTXH�SRXU�DERUGHU�OD�SK\VLTXH�QRQ�OLQpDLUH��

/D�SUpVHQWDWLRQ�GH�OD�SDUWLH�PpFDQLTXH�GH�OD�SDUWLH���GRLW��GDQV�PHVXUH�GX�SRVVLEOH��V
DSSX\HU�VXU�
GHV�V\VWqPHV�UpHOV�HW�FRQFUHWV�FKRLVLV�SDU�OH�SURIHVVHXU��3DU�H[HPSOH��RQ�SHXW�HQYLVDJHU�G¶pWXGLHU�
XQH�VXVSHQVLRQ�GH�YRLWXUH�� OD�PRGpOLVDWLRQ�SRUWHUDLW� WRXW�G
DERUG�VXU� OH� UHVVRUW�VHXO� �������PHWWDQW�
DLQVL� HQ� pYLGHQFH� OD� QpFHVVLWp� G
LQWpJUHU� XQ� V\VWqPH� GH� GLVVLSDWLRQ� GH� O
pQHUJLH� FLQpWLTXH�
DPRUWLVVDQW�OHV�RVFLOODWLRQV�GX�YpKLFXOH��������/H�V\VWqPH�JOREDO�SHUPHW�GH�ILOWUHU�OHV�LUUpJXODULWpV�GH�
OD�FKDXVVpH��������2Q�SULYLOpJLHUD�O¶XWLOLVDWLRQ�GH�O¶RXWLO�QXPpULTXH���

/D� IRQFWLRQ� ILOWUDJH� HVW� SUpVHQWpH� HQ� SK\VLTXH�� (Q� 6,,�� O¶RSpUDWLRQ� GH� ILOWUDJH� VH� OLPLWH� j� XQH�
DSSURFKH� SDU� JDEDULW� HW� OHV� ILOWUHV� VHURQW� PLV� HQ� °XYUH� GDQV� OH� FRQWH[WH� GH� OD� PHVXUH� VXU� XQ�
V\VWqPH��

Objectifs généraux de formation 

2XWUH� OD� PDvWULVH� GHV� FRPSpWHQFHV� UHOLpHV� DX[� QRWLRQV� DERUGpHV�� FHWWH� SDUWLH� D� SRXU� YRFDWLRQ�
O¶DFTXLVLWLRQ�SDU�O¶pWXGLDQW�GHV�FRPSpWHQFHV�WUDQVYHUVDOHV�VXLYDQWHV���

•� FRPSUHQGUH� OH� U{OH� MRXp� SDU� XQH� pTXDWLRQ� GLIIpUHQWLHOOH� GDQV� OD� PRGpOLVDWLRQ� GH�
O¶pYROXWLRQ�WHPSRUHOOH�G¶XQ�V\VWqPH���

•� FRPSUHQGUH�VD�WUDGXFWLRQ�GDQV�XQ�SRUWUDLW�GH�SKDVHV���
•� UHOLHU�OLQpDULWp�HW�VXSHUSRVLWLRQ���
•� H[SORLWHU� OD� GpFRPSRVLWLRQ� VLQXVRwGDOH� G¶XQ� VLJQDO� SRXU� SUpYRLU� VRQ� pYROXWLRQ� j�

WUDYHUV�XQ�V\VWqPH�OLQpDLUH���
•� LQWHUSUpWHU� SK\VLTXHPHQW� HW� GLVWLQJXHU� OHV� UHSUpVHQWDWLRQV� VSDWLDOHV� HW� WHPSRUHOOHV�

G¶XQ�VLJQDO�TXL�VH�SURSDJH���
•� GpJDJHU�OHV�VLPLOLWXGHV�GH�FRPSRUWHPHQW�HQWUH�V\VWqPHV�DQDORJXHV�SDU�XQH�PLVH�HQ�

pTXDWLRQ� SHUWLQHQWH� XWLOLVDQW� YDULDEOHV� UpGXLWHV� HW� SDUDPqWUHV� FDUDFWpULVWLTXHV�
DGLPHQVLRQQpV���

•� UpDOLVHU� GHV� FRQVWUXFWLRQV� JUDSKLTXHV� FODLUHV� HW� SUpFLVHV� SRXU� DSSX\HU� XQ�
UDLVRQQHPHQW�RX�XQ�FDOFXO��

�
,O� LPSRUWH� WRXWHIRLV� GH� UpDOLVHU� TX¶j� O¶LVVXH� GH� FHWWH� SDUWLH� GH� SURJUDPPH�� FHV� FRPSpWHQFHV� QH�
VDXUDLHQW�rWUH�FRPSOqWHPHQW�DFTXLVHV��HW�TX¶LO�FRQYLHQW�G¶\�UHYHQLU�j�FKDTXH�IRLV�TXH�O¶RFFDVLRQ�V¶HQ�
SUpVHQWH�GDQV�OD�VXLWH�GH�OD�IRUPDWLRQ��
�

1RWLRQV�HW�FRQWHQXV� &DSDFLWpV�H[LJLEOHV��
���3URSDJDWLRQ�G¶XQ�VLJQDO�
([HPSOHV�GH�VLJQDX[��VSHFWUH��
�

,GHQWLILHU�OHV�JUDQGHXUV�SK\VLTXHV�FRUUHVSRQGDQW�j�GHV�VLJQDX[�
DFRXVWLTXHV��pOHFWULTXHV��pOHFWURPDJQpWLTXHV��
�
&RQQDvWUH�TXHOTXHV�RUGUHV�GH�JUDQGHXU�GH�IUpTXHQFHV�GDQV�OHV�
GRPDLQHV�DFRXVWLTXHV�HW�pOHFWURPDJQpWLTXHV��

2QGH�SURJUHVVLYH�GDQV�OH�FDV�
G¶XQH�SURSDJDWLRQ�
XQLGLPHQVLRQQHOOH�OLQpDLUH�QRQ�
GLVSHUVLYH��&pOpULWp��UHWDUG�
WHPSRUHO��

3UpYRLU� GDQV� OH� FDV� G¶XQH� RQGH� SURJUHVVLYH� SXUH� O¶pYROXWLRQ�
WHPSRUHOOH� j� SRVLWLRQ� IL[pH�� HW� SUpYRLU� OD� IRUPH� j� GLIIpUHQWV�
LQVWDQWV��

2QGH�SURJUHVVLYH�VLQXVRwGDOH���
GpSKDVDJH�� GRXEOH� SpULRGLFLWp�

eWDEOLU� OD� UHODWLRQ� HQWUH� OD� IUpTXHQFH�� OD� ORQJXHXU� G¶RQGH� HW� OD�
FpOpULWp��
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VSDWLDOH�HW�WHPSRUHOOH��
�

�
Mesurer la célérité, la longueur d’onde et le déphasage dû à 
la propagation d’un phénomène ondulatoire. 

,QWHUIpUHQFHV� HQWUH� GHX[�
RQGHV� DFRXVWLTXHV� RX�
PpFDQLTXHV� GH� PrPH�
IUpTXHQFH��

Mettre en œuvre un dispositif expérimental pour visualiser 
le phénomène d’interférences de deux ondes. 
�
([SULPHU� OHV� FRQGLWLRQV� G¶LQWHUIpUHQFHV� FRQVWUXFWLYHV� RX�
GHVWUXFWLYHV��

Diffraction à l’infini.  
�

8WLOLVHU� OD� UHODWLRQ� θ� ≈� λ�G� HQWUH� O¶pFKHOOH� DQJXODLUH� GX�
SKpQRPqQH� GH� GLIIUDFWLRQ� HW� OD� WDLOOH� FDUDFWpULVWLTXH� GH�
O¶RXYHUWXUH��
�
Choisir les conditions expérimentales permettant de mettre 
en évidence le phénomène de diffraction en optique ou en 
mécanique.  

���2SWLTXH�JpRPpWULTXH�
6RXUFHV�OXPLQHXVHV��
�
0RGqOH� GH� OD� VRXUFH�
SRQFWXHOOH�PRQRFKURPDWLTXH��

&DUDFWpULVHU�XQH�VRXUFH�OXPLQHXVH�SDU�VRQ�VSHFWUH��

,QGLFH�G¶XQ�PLOLHX�WUDQVSDUHQW�� eWDEOLU� OD� UHODWLRQ� HQWUH� OD� ORQJXHXU� G¶RQGH� GDQV� OH� YLGH� HW� OD�
ORQJXHXU�G¶RQGH�GDQV�OH�PLOLHX��

$SSUR[LPDWLRQ�GH�O¶RSWLTXH�
JpRPpWULTXH�HW�QRWLRQ�GH�
UD\RQ�OXPLQHX[��

'pILQLU� OH� PRGqOH� GH� O¶RSWLTXH� JpRPpWULTXH� HW� LQGLTXHU� VHV�
OLPLWHV��

5pIOH[LRQ� ��5pIUDFWLRQ��/RLV�GH�
'HVFDUWHV��

eWDEOLU�OD�FRQGLWLRQ�GH�UpIOH[LRQ�WRWDOH��

0LURLU�SODQ�� &RQVWUXLUH� O¶LPDJH� G¶XQ� REMHW�� LGHQWLILHU� VD� QDWXUH� UpHOOH� RX�
YLUWXHOOH��

Conditions de Gauss. eQRQFHU� OHV� FRQGLWLRQV�SHUPHWWDQW� XQ� VWLJPDWLVPH�DSSURFKp�HW�
OHV�UHOLHU�DX[�FDUDFWpULVWLTXHV�G¶XQ�GpWHFWHXU��

Lentilles minces. 
�

8WLOLVHU� OHV� GpILQLWLRQV� HW� OHV� SURSULpWpV� GX� FHQWUH� RSWLTXH�� GHV�
IR\HUV� SULQFLSDX[� HW� VHFRQGDLUHV�� GH� OD� GLVWDQFH� IRFDOH�� GH� OD�
YHUJHQFH���
�
&RQVWUXLUH� O¶LPDJH� G¶XQ� REMHW� VLWXp� j� GLVWDQFH� ILQLH� RX� LQILQLH� j�
O¶DLGH�GHV�UD\RQV�OXPLQHX[��
�
([SORLWHU� OHV� IRUPXOHV� GH� FRQMXJDLVRQ� HW� GH� JUDQGLVVHPHQW�
WUDQVYHUVDO�IRXUQLHV��'HVFDUWHV�XQLTXHPHQW���
�
Mettre en oeuvre expérimentalement à l’aide de deux 
lentilles un dispositif optique d’utilisation courante. 

/¶°LO� 0RGpOLVHU� O¶°LO� FRPPH� O¶DVVRFLDWLRQ� G¶XQH� OHQWLOOH� GH� YHUJHQFH�
YDULDEOH�HW�G¶XQ�FDSWHXU�IL[H��
�
&LWHU�OHV�RUGUHV�GH�JUDQGHXU�GH�OD�OLPLWH�GH�UpVROXWLRQ�DQJXODLUH�
HW�GH�OD�SODJH�G¶DFFRPPRGDWLRQ��

/¶DSSDUHLO�SKRWRJUDSKLTXH�
QXPpULTXH� 

$SSURFKH� GRFXPHQWDLUH��� HQ� FRPSDUDQW� GHV� LPDJHV� SURGXLWHV�
SDU� XQ� DSSDUHLO� SKRWRJUDSKLTXH� QXPpULTXH�� GLVFXWHU� O¶LQIOXHQFH�
GH� OD� IRFDOH�� GH� OD� GXUpH� G¶H[SRVLWLRQ�� GX� GLDSKUDJPH� VXU� OD�
IRUPDWLRQ�GH�O¶LPDJH�HW�OH�U{OH�GX�FDSWHXU�VXU�OD�TXDOLWp�GH�FHWWH�
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LPDJH����
���$VSHFW�FRUSXVFXODLUH�GH�OD�OXPLqUH�
'XDOLWp� RQGH�SDUWLFXOH� SRXU� OD�
OXPLqUH�HW�OD�PDWLqUH��
eQHUJLH� G¶XQ� SKRWRQ� HW� G¶XQ�
IOX[�GH�SKRWRQV��
�

,QWHUSUpWHU� OHV� pFKDQJHV� G¶pQHUJLH� HQWUH� OXPLqUH� HW� PDWLqUH� j�
O¶DLGH�GX�PRGqOH�FRUSXVFXODLUH�GH�OD�OXPLqUH��
�
4XDQWLILHU�O¶pQHUJLH�UHoXH�SDU�XQH�FHOOXOH�SKRWRYROWDwTXH��
�
([SORLWHU�GHV�GRQQpHV�WHFKQLTXHV�GH�SHUIRUPDQFHV�G¶XQH�GLRGH�
pOHFWUROXPLQHVFHQWH� �HIILFDFLWp� pQHUJpWLTXH�� GXUpH� GH� YLH��
WHPSpUDWXUH�GH�FRXOHXU��,5&�«���

���&LUFXLWV�pOHFWULTXHV�GDQV�O¶$546�
&KDUJH�pOHFWULTXH�� LQWHQVLWp�GX�
FRXUDQW��
�
�
3RWHQWLHO�� UpIpUHQFH� GH�
SRWHQWLHO��WHQVLRQ��
�
�
�
�
�
�
�
�
�
�
�
�
�
'LS{OHV���UpVLVWDQFHV��
FRQGHQVDWHXUV��ERELQHV��
VRXUFHV�GpFULWHV�SDU�XQ�
PRGqOH�OLQpDLUH��
�

([SULPHU� XQH� FKDUJH� pOHFWULTXH� VRXV� IRUPH� TXDQWLILpH��
'LVWLQJXHU� OD� QDWXUH� GHV� GLIIpUHQWV� SRUWHXUV� GH� FKDUJHV� HW� OHV�
RULJLQHV�GX�FRXUDQW�pOHFWULTXH���
�
([SULPHU�O¶LQWHQVLWp�GX�FRXUDQW�pOHFWULTXH�HQ�WHUPHV�GH�GpELW�GH�
FKDUJH��
�
([SULPHU� OD�FRQGLWLRQ�G¶DSSOLFDWLRQ�GH� O¶$546�HQ�IRQFWLRQ�GH� OD�
WDLOOH� GX� FLUFXLW� HW� GH� OD� IUpTXHQFH��5HOLHU� OD� ORL� GHV� Q°XGV� DX�
SRVWXODW�GH�OD�FRQVHUYDWLRQ�GH�OD�FKDUJH��
�
8WLOLVHU�OD�ORL�GHV�PDLOOHV��
�
$OJpEULVHU� OHV� JUDQGHXUV� pOHFWULTXHV� HW� FRQQDvWUH� OHV�
FRQYHQWLRQV�UpFHSWHXU�HW�JpQpUDWHXU��
�
&RQQDvWUH�OHV�RUGUHV�GH�JUDQGHXU�GHV�LQWHQVLWpV�HW�GHV�WHQVLRQV�
GDQV�GLIIpUHQWV�GRPDLQHV�G¶DSSOLFDWLRQ��
�
&LWHU� OHV�UHODWLRQV�HQWUH� O¶LQWHQVLWp�HW� OD�WHQVLRQ�HW� OHV�RUGUHV�GH�
JUDQGHXUV�SRXU�OHV�FRPSRVDQWV�5��/��&��
�
0RGpOLVHU�XQH�VRXUFH�QRQ�LGpDOH�HQ�XWLOLVDQW�OD�UHSUpVHQWDWLRQ�GH�
7KpYHQLQ��

3XLVVDQFH�� ([SULPHU� OD� SXLVVDQFH� GLVVLSpH� SDU� HIIHW� -RXOH� GDQV� XQH�
UpVLVWDQFH��
�
([SULPHU� O¶pQHUJLH�VWRFNpH�GDQV�XQ�FRQGHQVDWHXU�RX�GDQV�XQH�
ERELQH��

$VVRFLDWLRQ� GH� GHX[�
UpVLVWDQFHV�
�

5HPSODFHU� XQH� DVVRFLDWLRQ� VpULH� RX� SDUDOOqOH� GH� GHX[�
UpVLVWDQFHV�SDU�XQH�UpVLVWDQFH�pTXLYDOHQWH��
�
eWDEOLU� HW� H[SORLWHU� OHV� UHODWLRQV� GH� GLYLVHXUV� GH� WHQVLRQ� RX� GH�
FRXUDQW��

5pVLVWDQFH� GH� VRUWLH��
UpVLVWDQFH�G¶HQWUpH��
�

Étudier l’influence de ces résistances sur le signal délivré 
par un GBF sur la mesure effectuée par un oscilloscope ou 
un multimètre. 
�
([WUDLUH� OHV� JUDQGHXUV� G¶XQH� QRWLFH� RX� G¶XQ� DSSDUHLO� DILQ�
G¶DSSUpKHQGHU� OHV� FRQVpTXHQFHV� GH� OHXUV� YDOHXUV� VXU� OH�
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IRQFWLRQQHPHQW�G¶XQ�FLUFXLW��
&DUDFWpULVWLTXH� G¶XQ� GLS{OH��
3RLQW�GH�IRQFWLRQQHPHQW�
�

Étudier la caractéristique d’un dipôle pouvant être 
éventuellement non-linéaire et mettre en œuvre un capteur 
dans un dispositif expérimental 

���&LUFXLW�OLQpDLUH�GX�SUHPLHU�RUGUH�
5pJLPH� OLEUH�� UpSRQVH� j� XQ�
pFKHORQ��
�

Réaliser, pour un circuit, l’acquisition d’un régime 
transitoire du premier ordre et analyser ses 
caractéristiques. Confronter les résultats expérimentaux 
aux expressions théoriques. 
�
'LVWLQJXHU� VXU� XQ� UHOHYp� H[SpULPHQWDO�� UpJLPH� WUDQVLWRLUH� HW�
UpJLPH� SHUPDQHQW� DX� FRXUV� GH� O¶pYROXWLRQ� G¶XQ� V\VWqPH� GX�
SUHPLHU�RUGUH�VRXPLV�j�XQ�pFKHORQ���
�
8WLOLVHU� XQ� PRGqOH� pTXLYDOHQW� DX[� GLS{OHV� SRXU� GpWHUPLQHU� OHV�
JUDQGHXUV�pOHFWULTXHV�HQ�UpJLPH�SHUPDQHQW��
�
,QWHUSUpWHU� HW� XWLOLVHU� OHV� FRQWLQXLWpV GH� OD� WHQVLRQ� DX[� ERUQHV�
G¶XQ�FRQGHQVDWHXU�RX�GH�O¶LQWHQVLWp�GDQV�XQH�ERELQH��
�
eWDEOLU� OD�UHODWLRQ�GLIIpUHQWLHOOH�GX�SUHPLHU�RUGUH�YpULILpH�SDU�XQH�
JUDQGHXU� pOHFWULTXH� GDQV� XQ� FLUFXLW� FRPSRUWDQW� XQH� RX� GHX[�
PDLOOHV��
�
3UpYRLU� TXDOLWDWLYHPHQW� O
pYROXWLRQ� GX� V\VWqPH� DYDQW� WRXWH�
UpVROXWLRQ�GH�O
pTXDWLRQ�GLIIpUHQWLHOOH���

6WRFNDJH�HW�GLVVLSDWLRQ�
G¶pQHUJLH��

5pDOLVHU�GHV�ELODQV�pQHUJpWLTXHV��

���&RPSRUWHPHQW�G\QDPLTXH�G¶XQ�V\VWqPH�DX�YRLVLQDJH�G¶XQH�SRVLWLRQ�G¶pTXLOLEUH�VWDEOH��
5pSRQVH�j�XQH�H[FLWDWLRQ�
�����2VFLOODWLRQ�KDUPRQLTXH�
�
0RXYHPHQW�KRUL]RQWDO�VDQV�
IURWWHPHQW�G¶XQH�PDVVH�
DFFURFKpH�j�XQ�UHVVRUW�OLQpDLUH�
VDQV�PDVVH��3RVLWLRQ�
G¶pTXLOLEUH���
�

 
 
eWDEOLU� HW� UHFRQQDvWUH� O¶pTXDWLRQ�GLIIpUHQWLHOOH�TXL� FDUDFWpULVH�XQ�
RVFLOODWHXU�KDUPRQLTXH���
�
([SULPHU�OD�VROXWLRQ�FRPSWH�WHQX�GHV�FRQGLWLRQV�LQLWLDOHV���
�
&DUDFWpULVHU� OH�PRXYHPHQW�HQ�XWLOLVDQW� OHV�QRWLRQV�G¶DPSOLWXGH��
GH�SKDVH��GH�SpULRGH��GH�IUpTXHQFH��GH�SXOVDWLRQ��
�
7UDFHU�OH�SRUWUDLW�GH�SKDVH��
�
&RQWU{OHU� OD� FRKpUHQFH� GH� OD� VROXWLRQ� REWHQXH� DYHF� OD�
FRQVHUYDWLRQ� GH� O¶pQHUJLH�PpFDQLTXH�� O¶H[SUHVVLRQ� GH� O¶pQHUJLH�
SRWHQWLHOOH�pODVWLTXH�pWDQW�LFL�DIILUPpH���
�
'pWHUPLQHU�� HQ� V¶DSSX\DQW� XQLTXHPHQW� VXU� GHV� DUJXPHQWV�
SK\VLTXHV�HW�XQH�DQDO\VH�GLPHQVLRQQHOOH��OD�SRVLWLRQ�G¶pTXLOLEUH�
HW�OH�PRXYHPHQW�G¶XQH�PDVVH�IL[pH�j�XQ�UHVVRUW�YHUWLFDO���

�����2VFLOODWHXUV�DPRUWLV�
&LUFXLW�5/&�VpULH�HW�RVFLOODWHXU�

 
Mettre en évidence la similitude des comportements des 
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PpFDQLTXH� DPRUWL� SDU�
IURWWHPHQW�YLVTXHX[��
�

oscillateurs mécanique et électronique. 
Réaliser l’acquisition d’un régime transitoire du deuxième 
ordre et analyser ses caractéristiques. 
�
$QDO\VHU��VXU�GHV�UHOHYpV�H[SpULPHQWDX[���O¶pYROXWLRQ�GH�OD�IRUPH�
GHV� UpJLPHV� WUDQVLWRLUHV� HQ� IRQFWLRQ� GHV� SDUDPqWUHV�
FDUDFWpULVWLTXHV���
�
3UpYRLU� O¶pYROXWLRQ� GX� V\VWqPH� j� SDUWLU� GH� FRQVLGpUDWLRQV�
pQHUJpWLTXHV��
�
3UpYRLU� O¶pYROXWLRQ�GX�V\VWqPH�HQ�XWLOLVDQW�XQ�SRUWUDLW�GH�SKDVH�
IRXUQL��
�
eFULUH� VRXV� IRUPH� FDQRQLTXH� OD� UHODWLRQ� GLIIpUHQWLHOOH� DILQ�
G¶LGHQWLILHU�OD�SXOVDWLRQ�SURSUH�HW�OH�IDFWHXU�GH�TXDOLWp��
�
&RQQDvWUH� OD� QDWXUH� GH� OD� UpSRQVH� HQ� IRQFWLRQ� GX� IDFWHXU� GH�
TXDOLWp��
�
'pWHUPLQHU� XQ� RUGUH� GH� JUDQGHXU� GH� OD� GXUpH� GX� UpJLPH�
WUDQVLWRLUH��VHORQ�OD�YDOHXU�GX�IDFWHXU�GH�TXDOLWp��

5pJLPH�VLQXVRwGDO�IRUFp��
LPSpGDQFHV�FRPSOH[HV��

eWDEOLU� HW� FRQQDvWUH� O¶LPSpGDQFH� G¶XQH� UpVLVWDQFH�� G¶XQ�
FRQGHQVDWHXU��G¶XQH�ERELQH�HQ�UpJLPH�KDUPRQLTXH��

$VVRFLDWLRQ� GH� GHX[�
LPSpGDQFHV��

5HPSODFHU� XQH� DVVRFLDWLRQ� VpULH� RX� SDUDOOqOH� GH� GHX[�
LPSpGDQFHV�SDU�XQH�LPSpGDQFH�pTXLYDOHQWH��

2VFLOODWHXU�pOHFWULTXH�RX�
PpFDQLTXH�VRXPLV�j�XQH�
H[FLWDWLRQ�VLQXVRwGDOH��
5pVRQDQFH��
�

Mettre en œuvre un dispositif expérimental autour du 
phénomène de résonance. 
�
8WLOLVHU�OD�PpWKRGH�GHV�FRPSOH[HV�SRXU�pWXGLHU�OH�UpJLPH�IRUFp��
�
$� O¶DLGH�G¶XQ�RXWLO�GH� UpVROXWLRQ�QXPpULTXH��PHWWUH�HQ�pYLGHQFH�
OH� U{OH� GX� IDFWHXU� GH� TXDOLWp� SRXU� O¶pWXGH� GH� OD� UpVRQDQFH� HQ�
pORQJDWLRQ�RX�HQ�WHQVLRQ��
�
5HOLHU�O¶DFXLWp�G¶XQH�UpVRQDQFH�DX�IDFWHXU�GH�TXDOLWp��
�
'pWHUPLQHU�OD�SXOVDWLRQ�SURSUH�HW�OH�IDFWHXU�GH�TXDOLWp�j�SDUWLU�GH�
JUDSKHV�H[SpULPHQWDX[�G¶DPSOLWXGH�HW�GH�SKDVH��

�����)LOWUDJH�OLQpDLUH� �
6LJQDX[�SpULRGLTXHV��
�

([SORLWHU� OH� VSHFWUH� G¶XQ� VLJQDO� SpULRGLTXH��� GpWHUPLQHU� OD�
FRPSRVDQWH�FRQWLQXH��OH�IRQGDPHQWDO�HW�OHV�KDUPRQLTXHV���
�
'pILQLU�OD�YDOHXU�PR\HQQH�HW�OD�YDOHXU�HIILFDFH���

*DEDULW�G¶XQ� ILOWUH��)UpTXHQFHV�
GH�FRXSXUH���
�
)RQFWLRQ� GH� WUDQVIHUW�
KDUPRQLTXH�� 'LDJUDPPHV� GH�
%RGH��
�

5HFRQQDvWUH� OHV� JDEDULWV� GHV� ILOWUHV� SDVVH�EDV�� SDVVH�KDXW� HW�
SDVVH�EDQGH��
�
'pWHUPLQHU� TXDOLWDWLYHPHQW� OH� VSHFWUH� GX� VLJQDO� GH� VRUWLH� G¶XQ�
ILOWUH��OH�VSHFWUH�GX�VLJQDO�G¶HQWUpH�HW�OH�JDEDULW�RX�OH�GLDJUDPPH�
GH�%RGH�GX�ILOWUH�pWDQW�GRQQpV���
�
3UpYRLU� OH� FRPSRUWHPHQW� G¶XQ� ILOWUH� HQ� KDXWHV� HW� EDVVHV�
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IUpTXHQFHV���
�
8WLOLVHU� XQH� IRQFWLRQ�GH� WUDQVIHUW� GRQQpH�G¶RUGUH���RX���HW� VHV�
UHSUpVHQWDWLRQV� JUDSKLTXHV� SRXU� O¶pWXGH� GH� OD� UpSRQVH� G¶XQ�
V\VWqPH�OLQpDLUH�j�XQH�H[FLWDWLRQ�VLQXVRwGDOH��j�XQH�VRPPH�ILQLH�
G¶H[FLWDWLRQV�VLQXVRwGDOHV��
�
8WLOLVHU� OHV� pFKHOOHV� ORJDULWKPLTXHV� HW� LQWHUSUpWHU� OHV� ]RQHV�
UHFWLOLJQHV�GHV�GLDJUDPPHV�GH�%RGH�G¶DSUqV� O¶H[SUHVVLRQ�GH� OD�
IRQFWLRQ�GH�WUDQVIHUW��
�
Mettre en œuvre un dispositif expérimental illustrant la 
fonction de filtrage d’un système linéaire. 

0RGqOHV� VLPSOHV� GH� ILOWUHV�
SDVVLIV�� SDVVH�EDV� HW� SDVVH�
KDXW� G¶RUGUH� ��� SDVVH�EDV� HW�
SDVVH�EDQGH�G¶RUGUH����
�

([SOLTXHU� O
LQWpUrW�� SRXU� JDUDQWLU� OHXU� IRQFWLRQQHPHQW� ORUV� GH�
PLVHV� HQ� FDVFDGH�� GH� UpDOLVHU� GHV� ILOWUHV� GH� WHQVLRQ� GH� IDLEOH�
LPSpGDQFH�GH�VRUWLH�HW�IRUWH�LPSpGDQFH�G
HQWUpH���
�
$SSURFKH�GRFXPHQWDLUH���H[SOLTXHU�OD�QDWXUH�GX�ILOWUDJH�LQWURGXLW�
SDU� XQ� GLVSRVLWLI� PpFDQLTXH� �VLVPRPqWUHV�� DPRUWLVVHXUV��
DFFpOpURPqWUH«���
�
Étudier le filtrage linéaire d’un signal non sinusoïdal à partir 
d’une analyse spectrale. 

�
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Transformation de la matière 

 
/D� FKLPLH� HVW� XQH� VFLHQFH� GH� OD� QDWXUH�� VFLHQFH� GH� OD� PDWLqUH� HW� GH� VD� WUDQVIRUPDWLRQ�� $ILQ�
G¶DSSURFKHU� OD� FKLPLH� SDU� XQ� DQJOH� PDFURVFRSLTXH�� FH� VRQW� OHV� HVSqFHV� FKLPLTXHV� HW� OHV�
WUDQVIRUPDWLRQV� GH� OD�PDWLqUH� TXL� VHURQW� DERUGpHV� HQ� SUHPLHU� OLHX�� /HV� H[HPSOHV� FKRLVLV� VHURQW�
QRPEUHX[� DILQ� G¶LOOXVWUHU� OD� YDULpWp� GH� GRPDLQHV� FRQFHUQpV� SDU� FHWWH� GLVFLSOLQH�� /¶DSSURFKH�
H[SpULPHQWDOH�VHUD�SULYLOpJLpH���
�
'DQV�XQ�SUHPLHU�WHPSV��OHV�RXWLOV�QpFHVVDLUHV�j�OD�GHVFULSWLRQ�HW�O¶pYROXWLRQ�G¶XQ�V\VWqPH�FKLPLTXH�
VHURQW�SUpVHQWpV��2Q�VH� OLPLWH�DORUV�j�XQ�V\VWqPH�HQ� WUDQVIRUPDWLRQ�FKLPLTXH�PRGpOLVpH�SDU�XQH�
VHXOH� UpDFWLRQ� FKLPLTXH� V\PEROLVpH� SDU� XQH� pTXDWLRQ� FKLPLTXH� j� ODTXHOOH� HVW� DVVRFLpH� XQH�
FRQVWDQWH� G¶pTXLOLEUH� WKHUPRG\QDPLTXH�� 6XU� GHV� H[HPSOHV� YDULpV� GH� WUDQVIRUPDWLRQV� FKLPLTXHV�
UHQFRQWUpHV�GDQV�OD�YLH�FRXUDQWH��DX�ODERUDWRLUH��GDQV�OH�PRQGH�GX�YLYDQW�RX�HQ�PLOLHX�LQGXVWULHO��RQ�
SUpYRLW� OH� VHQV� G¶pYROXWLRQ� GH� V\VWqPHV� KRPRJqQHV� RX� KpWpURJqQHV� HW� RQ� HQ� GpWHUPLQH� OD�
FRPSRVLWLRQ� j� O¶pWDW� ILQDO�� /HV� FDSDFLWpV� WUDYDLOOpHV� DX� SUHPLHU� VHPHVWUH� VHURQW� UpLQYHVWLHV� DX�
VHFRQG�VHPHVWUH��GDQV�OH�FDV�SDUWLFXOLHU�GHV�WUDQVIRUPDWLRQV�FKLPLTXHV�HQ�VROXWLRQ�DTXHXVH��
&HWWH�SDUWLH�GX�SURJUDPPH�SHUPHW�DLQVL�GH�UDSSHOHU�HW�GH�UpLQYHVWLU�OHV�DFTXLV�GX�O\FpH�FRQFHUQDQW�
OHV�WUDQVIRUPDWLRQV�DFLGR�EDVLTXHV�HW�G¶R[\GR�UpGXFWLRQ��
�
'DQV�XQ�GHX[LqPH�WHPSV��O¶pYROXWLRQ�WHPSRUHOOH�GHV�V\VWqPHV�FKLPLTXHV�VHUD�pWXGLpH��&HWWH�SDUWLH�
YD� SHUPHWWUH� G¶DFFpGHU� j� OD� YLWHVVH� GH� OD� UpDFWLRQ� FKLPLTXH� pWXGLpH� G¶DERUG� GDQV� OH� FDV� G¶XQ�
UpDFWHXU� IHUPp� SDUIDLWHPHQW� DJLWp�� /¶DSSURFKH� H[SpULPHQWDOH� SHUPHWWUD� GH� GpJDJHU� OHV� GLIIpUHQWV�
IDFWHXUV� FLQpWLTXHV� TXH� VRQW� OHV� FRQFHQWUDWLRQV�� OD� SUpVHQFH� RX� QRQ� G¶XQ� FDWDO\VHXU� HW� OD�
WHPSpUDWXUH��6L�OD�UpDFWLRQ�FKLPLTXH�DGPHW�XQ�RUGUH��OH�VXLYL�WHPSRUHO�GH�OD�WUDQVIRUPDWLRQ�FKLPLTXH�
GRLW� SHUPHWWUH� O¶pWDEOLVVHPHQW� GH� OD� ORL� GH� YLWHVVH�� /D� QRWLRQ� G¶RUGUH� pPHUJHUD� GX� VXLYL� WHPSRUHO�
G¶XQH� WUDQVIRUPDWLRQ� FKLPLTXH��'¶XQ� SRLQW� GH� YXH� H[SpULPHQWDO�� LO� SRXUUD� V¶DJLU� GH� OD�PHVXUH� GH�
O¶DEVRUEDQFH�RX�GH�OD�FRQGXFWLYLWp�GX�PLOLHX�UpDFWLRQQHO��/¶RXWLO� LQIRUPDWLTXH�VHUD�PLV�j�SURILW�SRXU�
pWDEOLU�OD�ORL�FLQpWLTXH�j�SDUWLU�GH�FH�VXLYL��
�

1RWLRQV�HW�FRQWHQXV� &DSDFLWpV�H[LJLEOHV��

���/D�WUDQVIRUPDWLRQ�GH�OD�PDWLqUH�
7UDQVIRUPDWLRQV�GH�OD�
PDWLqUH���
7UDQVIRUPDWLRQV�SK\VLTXH��
FKLPLTXH��QXFOpDLUH��

�
5HFRQQDvWUH�OD�QDWXUH�G¶XQH�WUDQVIRUPDWLRQ��

7UDQVIRUPDWLRQV�SK\VLTXHV��
eWDWV�GH�OD�PDWLqUH���JD]��
OLTXLGH��VROLGH�FULVWDOOLQ��VROLGH�
DPRUSKH�HW�VROLGH�VHPL�
FULVWDOOLQ��
�
1RWLRQ�GH�SKDVH��

�
5HFRQQDvWUH�XQH�WUDQVIRUPDWLRQ�DOORWURSLTXH��
�
�

6\VWqPH�SK\VLFR�FKLPLTXH���
&RQVWLWXDQWV�SK\VLFR�
FKLPLTXHV��
�
�
�
�

�
5HFHQVHU�OHV�FRQVWLWXDQWV�SK\VLFR�FKLPLTXHV�SUpVHQWV�GDQV�XQ�
V\VWqPH��
8WLOLVHU�GH�PDQLqUH�SUpFLVH�OH�YRFDEXODLUH���pOpPHQW��FRUSV�
VLPSOH��FRUSV�FRPSRVp��FRUSV�SXU��HVSqFH�FKLPLTXH��
�
'pWHUPLQHU�OD�PDVVH�PRODLUH�G¶XQH�HVSqFH�FKLPLTXH��
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0ROH��PDVVH�PRODLUH��
�
&RUSV�SXUV�HW�PpODQJHV���
FRQFHQWUDWLRQ�PRODLUH��IUDFWLRQ�
PRODLUH��SUHVVLRQ�SDUWLHOOH���
&RPSRVLWLRQ�G¶XQ�V\VWqPH�
SK\VLFR�FKLPLTXH��

�
'pFULUH�OD�FRPSRVLWLRQ�G¶XQ�V\VWqPH�j�O¶DLGH�GHV�JUDQGHXUV�
SK\VLTXHV�SHUWLQHQWHV���

7UDQVIRUPDWLRQ�FKLPLTXH��
5pDFWLRQ�FKLPLTXH���pTXDWLRQ�
GH�UpDFWLRQ��DYDQFHPHQW��
FRQVWDQWH�WKHUPRG\QDPLTXH�
G¶pTXLOLEUH��

�
'pFULUH�TXDOLWDWLYHPHQW�HW�TXDQWLWDWLYHPHQW�XQ�V\VWqPH�FKLPLTXH�
GDQV�O¶pWDW�LQLWLDO�RX�GDQV�XQ�pWDW�G¶DYDQFHPHQW�TXHOFRQTXH� �

eYROXWLRQ�G¶XQ�V\VWqPH�ORUV�
G¶XQH�WUDQVIRUPDWLRQ�FKLPLTXH�
PRGpOLVpH�SDU�XQH�UpDFWLRQ�
FKLPLTXH�XQLTXH��DFWLYLWp��
TXRWLHQW�UpDFWLRQQHO��FULWqUH�
G¶pYROXWLRQ��

Déterminer une constante d’équilibre. 
�
([SULPHU�O¶DFWLYLWp�G¶XQH�HVSqFH�FKLPLTXH�SXUH�RX�GDQV�XQ�
PpODQJH�GDQV�OH�FDV�GH�VROXWLRQV�DTXHXVHV�WUqV�GLOXpHV�RX�GH�
PpODQJH�GH�JD]�SDUIDLWV��
([SULPHU�OH�TXRWLHQW�UpDFWLRQQHO��
3UpYRLU�OH�VHQV�G¶pYROXWLRQ�VSRQWDQpH�G¶XQ�V\VWqPH�FKLPLTXH��

&RPSRVLWLRQ�FKLPLTXH�GX�
V\VWqPH�GDQV�O¶pWDW�ILQDO���pWDW�
G¶pTXLOLEUH�FKLPLTXH��
WUDQVIRUPDWLRQ�WRWDOH� 

'pWHUPLQHU�OD�FRPSRVLWLRQ�FKLPLTXH�GX�V\VWqPH�GDQV�O¶pWDW�ILQDO��
HQ�GLVWLQJXDQW�OHV�FDV�G¶pTXLOLEUH�FKLPLTXH�HW�GH�WUDQVIRUPDWLRQ�
WRWDOH��SRXU�XQH�WUDQVIRUPDWLRQ�PRGpOLVpH�SDU�XQH�UpDFWLRQ�
FKLPLTXH�XQLTXH��

���eYROXWLRQ�WHPSRUHOOH�GHV�V\VWqPHV�FKLPLTXHV�
Dans le cas d'un réacteur 
fermé de composition 
uniforme : 
�� YLWHVVHV� GH� GLVSDULWLRQ� G
XQ�
UpDFWLI� HW� GH� IRUPDWLRQ� G
XQ�
SURGXLW���
��YLWHVVH�GH�UpDFWLRQ�SRXU�XQH�
WUDQVIRUPDWLRQ�PRGpOLVpH�SDU�
XQH�UpDFWLRQ�FKLPLTXH�XQLTXH��

Déterminer l’influence d’un paramètre sur la vitesse d’une 
réaction chimique. 
 
5HOLHU�OD�YLWHVVH�GH�UpDFWLRQ�j�OD�YLWHVVH�GH�GLVSDULWLRQ�G¶XQ�
UpDFWLI�RX�GH�IRUPDWLRQ�G¶XQ�SURGXLW��

Lois de vitesse : réactions 
sans ordre, réactions avec 
ordre simple (0, 1, 2), ordre 
global, ordre apparent.  
 
�
7HPSV�GH�GHPL�UpDFWLRQ���
�

Établir une loi de vitesse à partir du suivi temporel d’une 
grandeur physique. 
�
([SULPHU�OD�ORL�GH�YLWHVVH�TXDQG�OD�UpDFWLRQ�FKLPLTXH�DGPHW�XQ�
RUGUH� HW� GpWHUPLQHU� OD� YDOHXU� GH� OD� FRQVWDQWH� FLQpWLTXH� j� XQH�
WHPSpUDWXUH�GRQQpH���
eYDOXHU�XQ�RUGUH�GH�UpDFWLRQ��j�O¶DLGH�GH�OD�PpWKRGH�GLIIpUHQWLHOOH�
RX�j�O¶DLGH�GHV�WHPSV�GH�GHPL�UpDFWLRQ��

�
Architecture de la matière 

�
'HSXLV�OD�FODVVH�GH�VHFRQGH��OHV�pOqYHV�RQW�DSSUpKHQGp�GLIIpUHQWHV�QRWLRQV�UHODWLYHV�j�O¶DUFKLWHFWXUH�
GH�OD�PDWLqUH��/¶REMHFWLI�GH�FHWWH�SDUWLH�HVW�GH�FRPSOpWHU�FHV�FRQQDLVVDQFHV��3RXU�FHOD��O¶pWXGH�HVW�
FHQWUpH� VXU� OD� FODVVLILFDWLRQ� SpULRGLTXH� GHV� pOpPHQWV�� RXWLO� LPSRUWDQW� GX� FKLPLVWH��� OH� SURJUDPPH�
YLVH�j�GpYHORSSHU� OHV� FDSDFLWpV� UHODWLYHV�j� VRQ�XWLOLVDWLRQ��� H[WUDFWLRQ�GHV� LQIRUPDWLRQV�TXL� \� VRQW�
FRQWHQXHV��SUpYLVLRQV�GH�UpDFWLYLWp�GHV�FRUSV�VLPSOHV��SUpYLVLRQ�GH�OD�QDWXUH�GH�OD�OLDLVRQ�FKLPLTXH�
GDQV�OHV�FRUSV�FRPSRVpV�����
�
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/D�TXDQWLILFDWLRQ�GHV�QLYHDX[�G¶pQHUJLH�HW� O¶LQWURGXFWLRQ�GHV�QRPEUHV�TXDQWLTXHV�VHURQW� O¶RFFDVLRQ�
SRXU� OH�SURIHVVHXU�GH�IDLUH� OH� OLHQ�DYHF�OH�EORF�©�PRGqOH�FRUSXVFXODLUH�GH�OD� OXPLqUH�ª�GH�OD�SDUWLH�
©�6LJQDX[�SK\VLTXHV�ª�GX�SURJUDPPH�GH�SK\VLTXH���
/¶REMHFWLI� GH� OD� GHX[LqPH� SDUWLH� HVW� GH� SURSRVHU� XQH� UHSUpVHQWDWLRQ� VLPSOH� G¶HQWLWpV� FKLPLTXHV�
PROpFXODLUHV� j� O¶DLGH� GX� PRGqOH� GH� /HZLV�� 2Q� QH� O¶DSSOLTXH� TX¶j� GHV� VWUXFWXUHV� FRQWHQDQW� OHV�
pOpPHQWV�&��+��2�HW�1���2Q�SRXUUD�PRQWUHU��VXU�TXHOTXHV�H[HPSOHV��OHV�OLPLWHV�GX�PRGqOH�GH�/HZLV���
4XHOTXHV� QRWLRQV� VXU� OHV� FULVWDX[� SDUIDLWV� WHUPLQHQW� FHWWH� SDUWLH��$XFXQ� FDOFXO� GH� FULVWDOORJUDSKLH�
Q¶HVW�DX�SURJUDPPH���
�

1RWLRQV�HW�FRQWHQXV� &DSDFLWpV�H[LJLEOHV�

���&ODVVLILFDWLRQ�SpULRGLTXH�GHV�pOpPHQWV�
$WRPHV�HW�pOpPHQWV��
(OHFWURQV��SURWRQV��QHXWURQV�
�
/H�QR\DX���QRPEUHV�=��$��
LVRWRSHV���
�

�
'RQQHU�OD�FRPSRVLWLRQ�G¶XQ�pOpPHQW�j�SDUWLU�GH�$�HW�=��
�
&RPSDUHU�OHV�RUGUHV�GH�JUDQGHXU�GH�OD�GLPHQVLRQ�G¶XQ�DWRPH�j�
FHOOH�GH�VRQ�QR\DX���
(VWLPHU�O¶RUGUH�GH�JUDQGHXU�GH�OD�PDVVH�G¶XQ�DWRPH���

1RPEUHV�TXDQWLTXHV�n��l��mO�HW�
mV��

eWDEOLU� XQ� GLDJUDPPH� TXDOLWDWLI� GHV� QLYHDX[� G¶pQHUJLH�
pOHFWURQLTXH�G
XQ�DWRPH�GRQQp��

&RQILJXUDWLRQ�pOHFWURQLTXH�G¶XQ�
DWRPH�HW�G¶XQ�LRQ�
PRQRDWRPLTXH��
eOHFWURQV�GH�F°XU�HW�GH�
YDOHQFH�

eWDEOLU�OD�FRQILJXUDWLRQ�pOHFWURQLTXH�G¶XQ�DWRPH�GDQV�VRQ�pWDW�
IRQGDPHQWDO��OD�FRQQDLVVDQFH�GHV�H[FHSWLRQV�j�OD�UqJOH�GH�
.OHFKNRZVNL�Q¶HVW�SDV�H[LJLEOH���
�
3UpYRLU�OD�IRUPXOH�GHV�LRQV�PRQRDWRPLTXHV�G¶XQ�pOpPHQW��

&ODVVLILFDWLRQ�SpULRGLTXH�GHV�
pOpPHQWV��

5HOLHU�OD�SRVLWLRQ�G¶XQ�pOpPHQW�GDQV�OH�WDEOHDX�SpULRGLTXH�j�OD�
FRQILJXUDWLRQ�pOHFWURQLTXH�HW�DX�QRPEUH�G¶pOHFWURQV�GH�YDOHQFH�
GH�O¶DWRPH�FRUUHVSRQGDQW��
3RVLWLRQQHU�HW�UHFRQQDvWUH�GDQV�OH�WDEOHDX�SpULRGLTXH�PpWDX[�HW�
QRQ�PpWDX[��
6LWXHU�GDQV�OH�WDEOHDX�OHV�IDPLOOHV�VXLYDQWHV�HW�pQRQFHU�OHXUV�
FDUDFWpULVWLTXHV���PpWDX[�DOFDOLQV�KDORJqQHV�HW�JD]�QREOHV��

���0ROpFXOHV�HW�FULVWDX[�
'HVFULSWLRQ�GHV�HQWLWpV�
FKLPLTXHV�PROpFXODLUHV��
6FKpPD�GH�/HZLV�G¶XQH�
PROpFXOH�RX�G¶XQ�LRQ�
SRO\DWRPLTXH�FRQVWLWXp�GHV�
pOpPHQWV�&��+��2�HW�1��
/LDLVRQ�FRYDOHQWH�ORFDOLVpH�
�PRGqOH�OLPLWH���

�
8WLOLVHU�OD�UqJOH�GH�O¶RFWHW�HW�GX�GXHW��
�

0RGqOH�GX�FULVWDO�SDUIDLW��
�
([HPSOHV�GH�FULVWDX[�
PpWDOOLTXHV��LRQLTXHV�HW�
FRYDOHQWV��

'pFULUH�XQ�FULVWDO�SDUIDLW�FRPPH�XQ�DVVHPEODJH�GH�PDLOOHV�
SDUDOOpOpSLSpGLTXHV��
6XU�GHV�PDLOOHV�VLPSOHV��UHFRQQDvWUH�OD�IRUPXOH�FKLPLTXH�TXL�
UHSUpVHQWH�OH�VROLGH��
�
Utiliser un logiciel ou des modèles cristallins pour visualiser 
des mailles et des sites interstitiels et pour déterminer des 
paramètres géométriques.   

�
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Mécanique�

�
Présentation 

�
$SUqV� OD� SDUWLH� ©�VLJQDX[� SK\VLTXHV�ª� GX� SURJUDPPH� R�� RQ� QH� V¶LQWpUHVVH� TX¶j� GHV� JUDQGHXUV�
VFDODLUHV�DVVRFLpHV�j�DX�SOXV�XQH�YDULDEOH�G¶HVSDFH�RX�GH�WHPSV��OD�SDUWLH�©�PpFDQLTXH�ª�FRQVWLWXH�
XQH�HQWUpH�FRQFUqWH�YHUV�OD�PDQLSXODWLRQ�GH�JUDQGHXUV�YHFWRULHOOHV�DVVRFLpHV�j�SOXVLHXUV�YDULDEOHV�
G¶HVSDFH��
/H�SURJUDPPH�GH�PpFDQLTXH�V¶LQVFULW�GDQV�OH�SURORQJHPHQW�GX�SURJUDPPH�GX�F\FOH�WHUPLQDO�GHV�
VpULHV� WHFKQRORJLTXHV� TXL� SULYLOpJLH� XQH� DSSURFKH� pQHUJpWLTXH�� /¶REMHFWLI� PDMHXU� HVW� OD� PDvWULVH�
RSpUDWLRQQHOOH�GHV�ORLV�IRQGDPHQWDOHV��ORL�GH�O¶LQHUWLH��SULQFLSH�IRQGDPHQWDO�GH�OD�G\QDPLTXH��ORL�GX�
PRPHQW�FLQpWLTXH��ORL�GH�O¶pQHUJLH�FLQpWLTXH��ORL�GHV�DFWLRQV�UpFLSURTXHV���2Q�VH�OLPLWH�j�O¶pWXGH�GH�OD�
PpFDQLTXH�GDQV�XQ�UpIpUHQWLHO�JDOLOpHQ��
�
/D� partie 1� GRQQH� GHV� pOpPHQWV� GH� FLQpPDWLTXH� GX� SRLQW� �OHV� H[HPSOHV� pWDQW� OLPLWpV� DX[�
PRXYHPHQWV�SODQV��HW�GH�FLQpPDWLTXH�GX�VROLGH��OLPLWpH�DX[�FDV�GH�OD�WUDQVODWLRQ�HW�GH�OD�URWDWLRQ�
DXWRXU� G¶XQ� D[H� IL[H��� ,O� FRQYLHQW� GH� FRQVWUXLUH� OHV� RXWLOV� VDQV� IRUPDOLVPH� H[FHVVLI� HQ� PRWLYDQW�
O¶pWXGH� SDU� GHV� H[HPSOHV� UpHOV�� WLUpV� SDU� H[HPSOH� G¶H[SpULHQFHV� GH� FRXUV� HW� G¶HQUHJLVWUHPHQWV�
YLGpR��$LQVL��O¶LQWURGXFWLRQ�GHV�V\VWqPHV�GH�UHSpUDJH�HVW�LOOXVWUpH�SDU�OH�PRXYHPHQW�j�DFFpOpUDWLRQ�
FRQVWDQWH�SRXU�OH�FDV�GX�UHSpUDJH�FDUWpVLHQ�HW�SDU�OH�FDV�GX�PRXYHPHQW�FLUFXODLUH�SRXU�OH�UHSpUDJH�
SRODLUH�� ,O� LPSRUWH� G¶rWUH� FRQVFLHQW� TXH� OD� JpRPpWULH� HVW� SHX� pWXGLpH� GDQV� OHV� FRXUV� GH�
PDWKpPDWLTXHV��� j� FHW� pJDUG� OD� FRPSUpKHQVLRQ� GX� U{OH� GH� O¶DFFpOpUDWLRQ� QRUPDOH� GDQV� XQ�
PRXYHPHQW�FXUYLOLJQH�SODQ�TXHOFRQTXH�HVW�XQH�FRPSpWHQFH�DWWHQGXH�PDLV�WRXW�FDOFXO�j�FH�VXMHW�HVW�
KRUV�GH�SRUWpH�GHV�pOqYHV�TXL�QH�FRQQDLVVHQW�SDV� OD�JpRPpWULH�GLIIpUHQWLHOOH� �UD\RQ�GH�FRXUEXUH��
WULqGUH�GH�)UHQHW���3RXU�OH�VROLGH�HQ�URWDWLRQ�DXWRXU�G¶XQ�D[H�IL[H�� LO�V¶DJLW�VLPSOHPHQW�GH�GpILQLU� OH�
PRXYHPHQW� SDU� OH� IDLW� TXH� WRXW� SRLQW� GX� VROLGH� GpFULW� XQ� FHUFOH� DXWRXU� GH� O¶D[H� DYHF� XQH�PrPH�
YLWHVVH�DQJXODLUH�ω�HW�G¶H[SOLFLWHU� OD�YLWHVVH�GH�FKDTXH�SRLQW�HQ�IRQFWLRQ�GH�ω�HW�GH� OD�GLVWDQFH�j�
O¶D[H�GH�URWDWLRQ���OD�FRQQDLVVDQFH�GX�YHFWHXU�URWDWLRQ�Q¶HVW�SDV�H[LJLEOH�PrPH�V¶LO�HVW�UHFRPPDQGp�
G¶HQ�SDUOHU�SRXU�TXH�OHV�pOqYHV�SXLVVHQW�IDLUH�OH�OLHQ�DYHF�OH�FRXUV�GH�6,,���
�
/D�partie 2�LQWURGXLW�OHV�EDVHV�GH�OD�PpFDQLTXH�QHZWRQLHQQH��,O�HVW�HVVHQWLHO�GH�QH�SDV�VH�OLPLWHU�j�
O¶pWXGH�GH�VLWXDWLRQV�TX¶RQ�DXUDLW�VLPSOLILpHV�j�O¶H[FqV�DILQ�GH�SDUYHQLU�j�XQH�VROXWLRQ�DQDO\WLTXH��,O�
HVW� DX� FRQWUDLUH� QpFHVVDLUH� G¶KDELWXHU� OHV� pWXGLDQWV� j� XWLOLVHU� OHV� RXWLOV� GH� FDOFXO� QXPpULTXH�
�FDOFXODWULFHV� JUDSKLTXHV�� ORJLFLHOV� G¶LQWpJUDWLRQ� QXPpULTXH«�� TXL� SHUPHWWHQW� GH� WUDLWHU� GHV�
SUREOqPHV� UpHOV� GDQV� WRXWH� OHXU� ULFKHVVH� �U{OH� GHV� IURWWHPHQWV�� HIIHWV� QRQ� OLQpDLUHV«��� /H�
SURJUDPPH� LQVLVWH� VXU� OH� SRUWUDLW� GH� SKDVH� FRQVLGpUp� FRPPH� XQ� UHJDUG� FRPSOpPHQWDLUH� VXU� OHV�
pTXDWLRQV� GLIIpUHQWLHOOHV�� /HV� SRUWUDLWV� GH� SKDVH� QH� GRLYHQW� SDV� GRQQHU� OLHX� j� GHV� GpERUGHPHQWV�
FDOFXODWRLUHV��� OHXU� FRQVWUXFWLRQ� H[SOLFLWH� HVW� GRQF� OLPLWpH� DX� FDV� GHV� RVFLOODWLRQV� KDUPRQLTXHV� DX�
YRLVLQDJH�G¶XQH�SRVLWLRQ�G¶pTXLOLEUH��(Q�UHYDQFKH�OHV�pWXGLDQWV�GHYURQW�VDYRLU�LQWHUSUpWHU�XQ�SRUWUDLW�
GH� SKDVH� SOXV� FRPSOH[H� TXL� OHXU� VHUDLW� IRXUQL� RX� TX¶LOV� DXUDLHQW� REWHQX� j� O¶DLGH� G¶XQ� ORJLFLHO� RX�
H[SpULPHQWDOHPHQW��&HWWH�SDUWLH� WURXYHUD�VRQ�SURORQJHPHQW�HQ�6,,� ORUV�GX� WURLVLqPH�VHPHVWUH�GH�
IRUPDWLRQ��
�
'DQV� OD� partie 3, O¶pWXGH� GX� PRXYHPHQW� G¶XQ� VROLGH� HQ� URWDWLRQ� DXWRXU� G¶XQ� D[H� JDUGDQW� XQH�
GLUHFWLRQ� IL[H�GDQV�XQ� UpIpUHQWLHO�JDOLOpHQ�PDLV�SRXU� OHTXHO� O¶D[H�GH� URWDWLRQ�QH�VHUDLW�SDV� IL[H�HVW�
H[FOXH��,O�HVW�HVVHQWLHO�GH�IDLUH�OH�OLHQ�DYHF�OH�FRXUV�GH�6,,�HW�GH�ELHQ�IDLUH�FRPSUHQGUH�DX[�pOqYHV�
TXH�GDQV�OH�FDV�SDUWLFXOLHU�G¶XQ�VROLGH�HQ�PRXYHPHQW�DXWRXU�G¶XQ�D[H�IL[H��XQH�pTXDWLRQ�VFDODLUH�HVW�
VXIILVDQWH�SRXU�FDUDFWpULVHU�OH�PRXYHPHQW���
�

Objectifs généraux de formation 
�
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/D� PpFDQLTXH� GRLW� FRQWULEXHU� SDU�DLOOHXUV� SOXV� SDUWLFXOLqUHPHQW� j� GpYHORSSHU� GHV� FRPSpWHQFHV�
WUDQVYHUVDOHV�VXLYDQWHV��
�

•� IDLUH� SUHXYH� GH� ULJXHXU��� GpILQLU� XQ� V\VWqPH�� SURFpGHU� j� XQ� ELODQ� FRPSOHW� GHV� IRUFHV�
DSSOLTXpHV���

•� IDLUH� SUHXYH� G¶DXWRQRPLH��� FKRLVLU� XQ� UpIpUHQWLHO�� FKRLVLU� XQ� V\VWqPH� GH� UHSpUDJH��
LGHQWLILHU� OHV� LQFRQQXHV�� FKRLVLU� XQH� PpWKRGH� GH� PLVH� HQ� pTXDWLRQV� ORUVTXH� SOXVLHXUV�
PpWKRGHV�VRQW�SRVVLEOHV���

•� PRGpOLVHU�XQH�VLWXDWLRQ���FKRLVLU�XQ�QLYHDX�GH�PRGpOLVDWLRQ�DGDSWp���SUHQGUH�FRQVFLHQFH�
GHV� OLPLWHV� G¶XQ� PRGqOH��� FRPSUHQGUH� O¶LQWpUrW� GH� PRGqOHV� GH� FRPSOH[LWp� FURLVVDQWH�
�SULVH�HQ�FRPSWH�GHV�IURWWHPHQWV��GHV�HIIHWV�QRQ�OLQpDLUHV����

•� XWLOLVHU�GLYHUV�RXWLOV��GLVFXVVLRQV�JUDSKLTXHV��UpVROXWLRQ�DQDO\WLTXH��UpVROXWLRQ�QXPpULTXH��
SRXU�FRQIURQWHU� OHV� LQIRUPDWLRQV�TX¶LOV� IRXUQLVVHQW�VXU� OD�RX� OHV�pTXDWLRQV�GLIIpUHQWLHOOHV�
PRGpOLVDQW�O¶pYROXWLRQ�WHPSRUHOOH�G¶XQ�V\VWqPH���

•� LGHQWLILHU�HW�XWLOLVHU�GHV�JUDQGHXUV�FRQVHUYDWLYHV���
•� UHFKHUFKHU�OHV�SDUDPqWUHV�VLJQLILFDWLIV�G¶XQ�SUREOqPH���
•� PHQHU�XQ�UDLVRQQHPHQW�TXDOLWDWLI�RX�VHPL�TXDQWLWDWLI�ULJRXUHX[���
•� IDLUH� DSSDUDvWUH� HW� H[SORLWHU� GHV� DQDORJLHV��� FLUFXLW� 5/&� HQ� pOHFWURFLQpWLTXH�� SHQGXOH�

VLPSOH�DX[�SHWLWV�DQJOHV�HW�V\VWqPH�PDVVH�UHVVRUW���
•� VFKpPDWLVHU�XQH�VLWXDWLRQ�HW�HQ�pWD\HU�O¶DQDO\VH�j�O¶DLGH�G¶XQ�VFKpPD�SHUWLQHQW��ELODQ�GHV�

IRUFHV«����
•� FRQIURQWHU�OHV�UpVXOWDWV�G¶XQH�pWXGH�j�FH�TX¶RQ�DWWHQGDLW�RX�j�GHV�REVHUYDWLRQV��

�
3RXU�TXH�O¶HQVHPEOH�GH�FHV�FRPSpWHQFHV�VRLW�SOHLQHPHQW�GpYHORSSp��LO�HVW�LQGLVSHQVDEOH�GH�QH�SDV�
SURSRVHU�DX[�pWXGLDQWV�H[FOXVLYHPHQW�GHV�VLWXDWLRQV�PRGpOLVpHV�j� O¶H[WUqPH��PDVVH�DFFURFKpH�j�
XQ�UHVVRUW«��HW�GH�QH�SDV�VH�OLPLWHU�j�GHV�VLWXDWLRQV�GpERXFKDQW�VXU�OD�UpVROXWLRQ�DQDO\WLTXH�G¶XQH�
pTXDWLRQ�GLIIpUHQWLHOOH��/¶pWXGH�DSSURIRQGLH�G¶XQ�QRPEUH�OLPLWp�GH�GLVSRVLWLIV�UpHOV�GRLW�rWUH�SUpIpUpH�
j�O¶DFFXPXODWLRQ�G¶H[HUFLFHV�VWDQGDUGLVpV� 
 

1RWLRQV�HW�FRQWHQXV� &DSDFLWpV�H[LJLEOHV��
���eOpPHQWV�GH�FLQpPDWLTXH��
����'HVFULSWLRQ�HW�SDUDPpWUDJH�
GX�PRXYHPHQW�G¶XQ�SRLQW�

�

(VSDFH� HW� WHPSV� FODVVLTXHV��
5pIpUHQWLHO� G¶REVHUYDWLRQ��
&DUDFWqUH� UHODWLI� GX�
PRXYHPHQW���
'HVFULSWLRQ�G¶XQ�PRXYHPHQW��
9HFWHXU�SRVLWLRQ��YHFWHXU�
YLWHVVH��YHFWHXU�DFFpOpUDWLRQ� 

Réaliser et exploiter quantitativement un enregistrement 
vidéo d’un mouvement : évolution temporelle des vecteurs 
vitesse et accélération. 

6\VWqPHV� GH� FRRUGRQQpHV�
FDUWpVLHQQHV��F\OLQGULTXHV��
�
�

8WLOLVHU� OHV� H[SUHVVLRQV� GHV� FRPSRVDQWHV� GX� YHFWHXU�SRVLWLRQ��
GX� YHFWHXU�YLWHVVH� HW� GX� YHFWHXU�DFFpOpUDWLRQ� GDQV� OH� VHXO� FDV�
GHV�FRRUGRQQpHV�FDUWpVLHQQHV�HW�SRODLUHV��
�
&KRLVLU�XQ�V\VWqPH�GH�FRRUGRQQpHV�DGDSWp�DX�SUREOqPH�SRVp��

0RXYHPHQW� UHFWLOLJQH� j�
DFFpOpUDWLRQ�FRQVWDQWH��
�

([SULPHU�OD�YLWHVVH�HW�OD�SRVLWLRQ�HQ�IRQFWLRQ�GX�WHPSV���
�
�
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0RXYHPHQW� FRXUEH� GH�
YHFWHXU�DFFpOpUDWLRQ�FRQVWDQW��

3UpYRLU� TXDOLWDWLYHPHQW� OHV�PRXYHPHQWV� SURMHWpV� VXU� GHV� D[HV�
SDUDOOqOH�HW�SHUSHQGLFXODLUH�DX�YHFWHXU�DFFpOpUDWLRQ���

0RXYHPHQW�FLUFXODLUH�XQLIRUPH�
HW�QRQ�XQLIRUPH��

([SULPHU� OHV� FRPSRVDQWHV� GX� YHFWHXU�SRVLWLRQ�� GX� YHFWHXU�
YLWHVVH�HW�GX�YHFWHXU�DFFpOpUDWLRQ�HQ�FRRUGRQQpHV�SRODLUHV��
�
,GHQWLILHU� OHV� OLHQV� HQWUH� OHV� FRPSRVDQWHV� GX� YHFWHXU�
DFFpOpUDWLRQ�� OD�FRXUEXUH�GH�OD�WUDMHFWRLUH�� OD�QRUPH�GX�YHFWHXU�
YLWHVVH� HW� VD� YDULDWLRQ� WHPSRUHOOH�� 6LWXHU� TXDOLWDWLYHPHQW� OD�
GLUHFWLRQ� GX� YHFWHXU�DFFpOpUDWLRQ� GDQV� OD� FRQFDYLWp� G¶XQH�
WUDMHFWRLUH�SODQH���

����'HVFULSWLRQ�GX�PRXYHPHQW�
G
XQ� VROLGH� GDQV� GHX[� FDV�
SDUWLFXOLHUV��

�

'pILQLWLRQ�G¶XQ�VROLGH�� 'LVWLQJXHU�XQ�VROLGH�G
XQ�V\VWqPH�GpIRUPDEOH��
7UDQVODWLRQ�� 5HFRQQDvWUH�HW�GpFULUH�XQH�WUDQVODWLRQ�UHFWLOLJQH��XQH�WUDQVODWLRQ�

FLUFXODLUH��
5RWDWLRQ�DXWRXU�G¶XQ�D[H�IL[H�� 'pFULUH�OD�WUDMHFWRLUH�G¶XQ�SRLQW�TXHOFRQTXH�GX�VROLGH�HW�H[SULPHU�

VD� YLWHVVH� HQ� IRQFWLRQ� GH� VD� GLVWDQFH� j� O¶D[H� HW� GH� OD� YLWHVVH�
DQJXODLUH���

���0pFDQLTXH�QHZWRQLHQQH�
����3ULQFLSH�IRQGDPHQWDO�GH�OD�G\QDPLTXH�
1RWLRQV�VXU�OHV�TXDWUH�
LQWHUDFWLRQV�IRQGDPHQWDOHV��

'LVWLQJXHU� OHV� LQWHUDFWLRQV� GH� SRUWpH� LOOLPLWpH� GH� FHOOHV� GRQW� OD�
SRUWpH�HVW�OLPLWpH�j�OD�GLPHQVLRQ�GX�QR\DX�DWRPLTXH���

)RUFHV�� /RL� GHV� DFWLRQV�
UpFLSURTXHV��

8WLOLVHU�OHV�IRUFHV�XVXHOOHV��HQ�SDUWLFXOLHU���SRLGV��IRUFH�GH�UDSSHO�
G¶XQ�UHVVRUW��WHQVLRQ�G¶XQ�ILO��IRUFHV�GH�IURWWHPHQWV�IOXLGH�HW�
VROLGH��SRXVVpH�G
$UFKLPqGH���
�
eWDEOLU�XQ�ELODQ�GHV�IRUFHV�HW�HQ�UHQGUH�FRPSWH�VXU�XQH�ILJXUH��

4XDQWLWp� GH� PRXYHPHQW� G¶XQ�
SRLQW�PDWpULHO�

8WLOLVHU� O¶H[SUHVVLRQ� GH� OD� TXDQWLWp� GH� PRXYHPHQW� G¶XQ� SRLQW�
PDWpULHO���

5pIpUHQWLHO� JDOLOpHQ�� /RL� GH�
O¶LQHUWLH���

'pILQLU� OH�PRXYHPHQW�UHODWLI�G¶XQ�UpIpUHQWLHO�JDOLOpHQ�SDU�UDSSRUW�
j�XQ�DXWUH�UpIpUHQWLHO�JDOLOpHQ���

4XDQWLWp� GH� PRXYHPHQW� G¶XQ�
SRLQW��
3ULQFLSH� IRQGDPHQWDO� GH� OD�
G\QDPLTXH�GDQV�XQ� UpIpUHQWLHO�
JDOLOpHQ��

'pWHUPLQHU� OHV�pTXDWLRQV�GX�PRXYHPHQW�G
XQ�SRLQW�PDWpULHO�RX�
GX�FHQWUH�G
LQHUWLH�G¶XQ�VROLGH��

0RXYHPHQW�GDQV� OH�FKDPS�GH�
SHVDQWHXU�XQLIRUPH��

0HWWUH� HQ� pTXDWLRQ� OH� PRXYHPHQW� VDQV� IURWWHPHQW� HW� OH�
FDUDFWpULVHU� FRPPH� XQ� PRXYHPHQW� j� YHFWHXU�DFFpOpUDWLRQ�
FRQVWDQW��

,QIOXHQFH� GH� OD� UpVLVWDQFH� GH�
O¶DLU��

3UHQGUH� HQ� FRPSWH� SDU� XQH� DSSURFKH� QXPpULTXH� GHV�
IURWWHPHQWV�IOXLGHV�SRXU�PRGpOLVHU�XQH�VLWXDWLRQ�UpHOOH���
�
([SORLWHU� QXPpULTXHPHQW� XQH� pTXDWLRQ� GLIIpUHQWLHOOH� VDQV� OD�
UpVRXGUH� DQDO\WLTXHPHQW� �� DQDO\VH� HQ� RUGUHV� GH� JUDQGHXU��
GpWHUPLQDWLRQ� GH� OD� YLWHVVH� OLPLWH�� XWLOLVDWLRQ� G
XQ� ORJLFLHO�
G
LQWpJUDWLRQ�QXPpULTXH�� 
 
Proposer un protocole expérimental de mesure de 
frottements fluides. 

3HQGXOH�VLPSOH��
�

eWDEOLU�O¶pTXDWLRQ�GX�PRXYHPHQW�GX�SHQGXOH�VLPSOH���
�
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-XVWLILHU� O¶DQDORJLH� DYHF� O
RVFLOODWHXU� KDUPRQLTXH� GDQV� OH� FDGUH�
GH�O
DSSUR[LPDWLRQ�OLQpDLUH���
�
eWDEOLU� O¶pTXDWLRQ�GX�SRUWUDLW�GH�SKDVH��LQWpJUDOH�SUHPLqUH��GDQV�
FH�FDGUH�HW�OH�WUDFHU��

/RLV�GH�&RXORPE�GX�IURWWHPHQW�
GH�JOLVVHPHQW�GDQV�OH�VHXO�FDV�
G¶XQ�VROLGH�HQ�WUDQVODWLRQ��
�

([SORLWHU�OHV�ORLV�GH�&RXORPE�IRXUQLHV�GDQV�OHV�WURLV�VLWXDWLRQV���
pTXLOLEUH��PLVH�HQ�PRXYHPHQW��IUHLQDJH���
�
)RUPXOHU� XQH� K\SRWKqVH� �TXDQW� DX� JOLVVHPHQW� RX� QRQ�� HW� OD�
YDOLGHU��
 
Mettre en œuvre un protocole expérimental permettant de 
mesurer un coefficient de frottement solide. 

����$SSURFKH�pQHUJpWLTXH�GX�PRXYHPHQW�G
XQ�SRLQW�PDWpULHO��
3XLVVDQFH� HW� WUDYDLO� G¶XQH�
IRUFH��

5HFRQQDLWUH�OH�FDUDFWqUH�PRWHXU�RX�UpVLVWDQW�G
XQH�IRUFH���

/RL�GH�O¶pQHUJLH�FLQpWLTXH�HW�ORL�
GH�OD�SXLVVDQFH�FLQpWLTXH�GDQV�
XQ�UpIpUHQWLHO�JDOLOpHQ��

8WLOLVHU�OD�ORL�DSSURSULpH�HQ�IRQFWLRQ�GX�FRQWH[WH��

(QHUJLH� SRWHQWLHOOH�� eQHUJLH�
PpFDQLTXH��
�

8WLOLVHU� OHV�H[SUHVVLRQV�GHV�pQHUJLHV�SRWHQWLHOOHV�GH�SHVDQWHXU�
�FKDPS�XQLIRUPH��HW�GH�O¶pQHUJLH�SRWHQWLHOOH�pODVWLTXH��

0RXYHPHQW�FRQVHUYDWLI��
�
0RXYHPHQW� FRQVHUYDWLI� j� XQH�
GLPHQVLRQ��

'LVWLQJXHU� IRUFH� FRQVHUYDWLYH� HW� IRUFH� QRQ� FRQVHUYDWLYH��
5HFRQQDLWUH� OHV� FDV� GH� FRQVHUYDWLRQ� GH� O
pQHUJLH� PpFDQLTXH��
8WLOLVHU�OHV�FRQGLWLRQV�LQLWLDOHV��
�
'pGXLUH� G¶XQ� JUDSKH� G¶pQHUJLH� SRWHQWLHOOH� OH� FRPSRUWHPHQW�
TXDOLWDWLI��� WUDMHFWRLUH� ERUQpH� RX� QRQ�� PRXYHPHQW� SpULRGLTXH��
SRVLWLRQV�GH�YLWHVVH�QXOOH��

3RVLWLRQV�G¶pTXLOLEUH��6WDELOLWp�� 'pGXLUH� G¶XQ� JUDSKH� G¶pQHUJLH� SRWHQWLHOOH� O¶H[LVWHQFH� GH�
SRVLWLRQV� G¶pTXLOLEUH�� HW� OD� QDWXUH� VWDEOH� RX� LQVWDEOH� GH� FHV�
SRVLWLRQV��

���0RXYHPHQW�G¶XQ�VROLGH�HQ�URWDWLRQ�DXWRXU�G¶XQ�D[H�IL[H�
0RPHQW�FLQpWLTXH�VFDODLUH�G
XQ�
VROLGH� HQ� URWDWLRQ� DXWRXU� G¶XQ�
D[H��0RPHQW�G¶LQHUWLH��

8WLOLVHU� OD� UHODWLRQ� SRXU� OH� VROLGH� HQWUH� OH� PRPHQW� FLQpWLTXH�
VFDODLUH�� OD� YLWHVVH�DQJXODLUH�GH� URWDWLRQ�HW� OH�PRPHQW�G¶LQHUWLH�
IRXUQL��
�
5HOLHU� TXDOLWDWLYHPHQW� OH� PRPHQW� G¶LQHUWLH� j� OD� UpSDUWLWLRQ� GHV�
PDVVHV���

0RPHQW� G¶XQH� IRUFH� SDU�
UDSSRUW�j�XQ�D[H�RULHQWp��
�
&RXSOH��
�
/LDLVRQ�SLYRW��

&DOFXOHU�OH�PRPHQW�G¶XQH�IRUFH�SDU�UDSSRUW�j�XQ�D[H�RULHQWp��
�
�
'pILQLU�XQ�FRXSOH�GH�IRUFHV��OH�PRPHQW�G¶XQ�FRXSOH��
�
'pILQLU�XQH�OLDLVRQ�SLYRW�HW�MXVWLILHU�OD�YDOHXU�GX�PRPHQW���
)DLUH� OH� OLHQ� DYHF� OHV� WRUVHXUV� G¶DFWLRQV� YXV� HQ� 6,,�� GLVWLQJXHU�
PRPHQW�HW�UpVXOWDQWH��

/RL� VFDODLUH� GX� PRPHQW�
FLQpWLTXH� DSSOLTXpH� DX� VROLGH�
HQ�URWDWLRQ�DXWRXU�G¶XQ�D[H�IL[H�
RULHQWp� GDQV� XQ� UpIpUHQWLHO�
JDOLOpHQ���

'pWHUPLQHU� O
pTXDWLRQ� GX� PRXYHPHQW�� OH� PRPHQW� G¶LQHUWLH� GX�
VROLGH�SDU�UDSSRUW�j�O
D[H�GH�URWDWLRQ�pWDQW�GRQQp��
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3HQGXOH�SHVDQW�� (WDEOLU�O¶pTXDWLRQ�GX�PRXYHPHQW���
�
([SOLTXHU�O¶DQDORJLH�DYHF�O¶pTXDWLRQ�GH�O¶RVFLOODWHXU�KDUPRQLTXH���
eWDEOLU�XQH�LQWpJUDOH�SUHPLqUH�GX�PRXYHPHQW��
�
/LUH� HW� LQWHUSUpWHU� OH� SRUWUDLW� GH� SKDVH��� ELIXUFDWLRQ� HQWUH� XQ�
PRXYHPHQW�SHQGXODLUH�HW�XQ�PRXYHPHQW�UpYROXWLI���
�
8WLOLVHU� XQ� ORJLFLHO� G
LQWpJUDWLRQ� QXPpULTXH� RX� GHV� VLPXODWLRQV�
SRXU�PHWWUH�HQ�pYLGHQFH�OH�QRQ�LVRFKURQLVPH�GHV�RVFLOODWLRQV� 
 
Réaliser l’acquisition expérimentale du portrait de phase 
d’un pendule pesant. Mettre en évidence une diminution de 
l’énergie mécanique du pendule. 

eQHUJLH� FLQpWLTXH� G¶XQ� VROLGH�
HQ�URWDWLRQ��

8WLOLVHU� O¶H[SUHVVLRQ� GH� O¶pQHUJLH� FLQpWLTXH�� OH� PRPHQW� G¶LQHUWLH�
pWDQW�IRXUQL��

/RL�GH�O¶pQHUJLH�FLQpWLTXH�� &RQVWDWHU� O¶pTXLYDOHQFH� GDQV� FH� FDV� HQWUH� OD� ORL� VFDODLUH� GX�
PRPHQW�FLQpWLTXH�HW�FHOOH�GH�O¶pQHUJLH�FLQpWLTXH��

�
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Induction et conversion électromécanique 
 

Présentation�

&HWWH�SDUWLH�HVW�QRXYHOOH�SRXU�OHV�pWXGLDQWV�SRXU�OHVTXHOV�VHXOH�XQH�DSSURFKH�GHVFULSWLYH�GX�FKDPS�
PDJQpWLTXH�D�IDLW�O¶REMHW�G¶XQH�SUpVHQWDWLRQ�HQ�FODVVH�GH�WHUPLQDOH�GDQV�OHV�VpULHV�WHFKQRORJLTXHV��
(OOH�D�SRXU�REMHFWLI�G¶LQVWDOOHU� OHV�FRQFHSWV�GH�EDVH�SHUPHWWDQW�GH�PRGpOLVHU� OHV�SKpQRPqQHV�GH�
FRQYHUVLRQ� pOHFWURPDJQpWLTXH�� /H� SRLQW� GH� YXH� DGRSWp� FKHUFKH� j� PHWWUH� O¶DFFHQW� VXU� OHV�
SKpQRPqQHV�HW�VXU�OD�PRGpOLVDWLRQ�VRPPDLUH�GH�OHXUV�DSSOLFDWLRQV��2Q�VH�OLPLWHUD�DX[�VWUXFWXUHV�QH�
FRPSRUWDQW� SDV� GH�PDWpULDX[� PDJQpWLTXHV�� /¶pWXGH� VHUD� PHQpH� j� SDUWLU� GX� IOX[� PDJQpWLTXH� HQ�
Q¶HQYLVDJHDQW�TXH�GHV�FKDPSV�PDJQpWLTXHV�XQLIRUPHV�j�O¶pFKHOOH�GH�OD�WDLOOH�GHV�V\VWqPHV�pWXGLpV��
7RXWH�pWXGH�GX�FKDPS�pOHFWURPRWHXU�HVW�H[FOXH��/¶LQGXFWLRQ�HW�OHV�IRUFHV�GH�/DSODFH�GDQV�XQ�FLUFXLW�
PRELOH�VRQW�LQWURGXLWHV�GDQV�OH�FDV�G¶XQ�FKDPS�XQLIRUPH�HW�VWDWLRQQDLUH��GDQV�OD�JpRPpWULH�GHV�UDLOV�
GH�/DSODFH��

/¶HQVHLJQHPHQW� GH� FHWWH� SDUWLH� GRLW� LPSpUDWLYHPHQW� V¶DSSX\HU� VXU� XQH� GpPDUFKH� H[SpULPHQWDOH�
DXWKHQWLTXH��TX¶LO�V¶DJLVVH�G¶H[SpULHQFHV�GH�FRXUV�RX�G¶DFWLYLWpV�H[SpULPHQWDOHV���

/D� partie� 1� ©�Champ magnétique ª� YLVH� j� IDLUH� OH� OLHQ� DYHF� OH� SURJUDPPH� GH� WHUPLQDOH� HW� j�
SHUPHWWUH�j�O¶pWXGLDQW�GH�GLVSRVHU�GHV�RXWLOV�PLQLPDX[�QpFHVVDLUHV���O¶DFFHQW�HVW�PLV�VXU�OH�FRQFHSW�
GH� FKDPS� YHFWRULHO�� VXU� O¶H[SORLWDWLRQ� GHV� UHSUpVHQWDWLRQV� JUDSKLTXHV� HW� VXU� OD� FRQQDLVVDQFH�
G¶RUGUHV�GH�JUDQGHXU���
'DQV�OD�partie�2�©�Forces de Laplace�ª��OD�IRUFH�GH�/DSODFH�HVW�LQWURGXLWH�VDQV�UpIpUHQFH�j�OD�IRUFH�
GH�/RUHQW]��,O�V¶DJLW�GH�VH�GRWHU�G¶H[SUHVVLRQV�RSpUDWLRQQHOOHV�SRXU�pWXGLHU�OH�PRXYHPHQW�GDQV�XQ�
FKDPS�XQLIRUPH���
/D�partie�3�©�Lois de l’induction�ª�UHSRVH�VXU� OD� ORL�GH�)DUDGD\�TXL�VH�SUrWH�SDUIDLWHPHQW�j�XQH�
LQWURGXFWLRQ� H[SpULPHQWDOH� HW� TXL� SHXW� FRQVWLWXHU� XQ� EHO� H[HPSOH� G¶LOOXVWUDWLRQ� GH� O¶KLVWRLUH� GHV�
VFLHQFHV��2Q�Q¶RPHWWUD�SDV��j�FH�VXMHW��G¶pYRTXHU�OHV�GLIIpUHQWV�SRLQWV�GH�YXH�TX¶RQ�SHXW�DYRLU�VXU�OH�
PrPH�SKpQRPqQH�VHORQ�OH�UpIpUHQWLHO�R��RQ�VH�SODFH�� 
/D� partie� 4� ©�Circuit fixe dans un champ magnétique qui dépend du temps�ª�DERUGH� OH�
SKpQRPqQH�G¶DXWR�LQGXFWLRQ�SXLV� OH�FRXSODJH�SDU�PXWXHOOH�HQWUH�GHX[�FLUFXLWV� IL[HV��(OOH� WUDLWH�GX�
PRGqOH� GX� WUDQVIRUPDWHXU� SDUIDLW� HW� SURSRVH� XQH� DSSURFKH� GRFXPHQWDLUH� GH� OD� SURGXFWLRQ� HW� GX�
WUDQVSRUW�GH�O¶pQHUJLH�pOHFWULTXH��(Q�6,,� OHV�WUDQVIRUPDWHXUV�SRXUURQW�rWUH�XWLOLVpV�GDQV�OH�FDGUH�GH�
O¶pWXGH�GH�V\VWqPHV�HQ�IDLVDQW�UpIpUHQFH�DX�FRXUV�GH�SK\VLTXH��
/D�partie�5 « Circuit mobile dans un champ magnétique stationnaire ª SUpVHQWH�GHV�V\VWqPHV�
VLPSOHV�GH�FRQYHUVLRQ�GH�SXLVVDQFH���
(QILQ�� OD� partie� 6 « Convertisseurs électromécaniques »� SUpVHQWH� OHV� FRQYHUWLVVHXUV� GH�
SXLVVDQFH� OHV� SOXV� FRXUDQWV�� /HV� SULQFLSHV� GH� IRQFWLRQQHPHQW� VRQW� H[SOLTXpV� TXDOLWDWLYHPHQW� HW�
O
pWXGH�VH�IRFDOLVH�VXU�OH�WUDQVIHUW�G
pQHUJLH�HW�VRQ�FDUDFWqUH�UpYHUVLEOH��&HWWH�SDUWLH�GRLW�PHWWUH�HQ�
pYLGHQFH�OD� OLPLWDWLRQ�HQ�SXLVVDQFH�GHV�GLVSRVLWLIV�Q¶XWLOLVDQW�SDV�GH�PDWpULDX[�PDJQpWLTXHV�HW� OHV�
OLPLWHV�GX�PRGqOH�GH�OD�IRUFH�GH�/DSODFH��
�

Objectifs généraux de formation�

2XWUH� OD� PDvWULVH� GHV� FDSDFLWpV� UHOLpHV� DX[� QRWLRQV� DERUGpHV�� FHWWH� SDUWLH� D� SRXU� YRFDWLRQ�
O¶DFTXLVLWLRQ�SDU�O¶pWXGLDQW�GHV�FRPSpWHQFHV�WUDQVYHUVDOHV�VXLYDQWHV���

•� PDvWULVHU�OHV�QRWLRQV�GH�FKDPS�GH�YHFWHXUV�HW�GH�IOX[�G¶XQ�FKDPS�GH�YHFWHXUV���
•� pYDOXHU�OHV�DFWLRQV�G¶XQ�FKDPS�PDJQpWLTXH�VXU�XQ�FLUFXLW�SDUFRXUX�SDU�XQ�FRXUDQW�RX��

SDU�DQDORJLH��VXU�XQ�DLPDQW���
•� XWLOLVHU�OD�QRWLRQ�GH�PRPHQW�PDJQpWLTXH���
•� pYDOXHU�GHV�RUGUHV�GH�JUDQGHXU���
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•� DQDO\VHU�TXDOLWDWLYHPHQW�OHV�V\VWqPHV�R��OHV�SKpQRPqQHV�G¶LQGXFWLRQ�VRQW�j�SUHQGUH�HQ�
FRPSWH���

•� PDvWULVHU�OHV�UqJOHV�G¶RULHQWDWLRQ�HW�OHXUV�FRQVpTXHQFHV�VXU�O¶REWHQWLRQ�GHV�pTXDWLRQV�
PpFDQLTXHV�HW�pOHFWULTXHV���

•� HIIHFWXHU�GHV�ELODQV�pQHUJpWLTXHV���
•� FRQQDvWUH�GHV�DSSOLFDWLRQV�UHOHYDQW�GX�GRPDLQH�GH�O¶LQGXVWULH�RX�GH�OD�YLH�FRXUDQWH�R��OHV�

SKpQRPqQHV�G¶LQGXFWLRQ�VRQW�SUpVHQWV�HW�GpWHUPLQDQWV�GDQV�OH�IRQFWLRQQHPHQW�GHV�
GLVSRVLWLIV���

•� PHWWUH�HQ�°XYUH�GHV�H[SpULHQFHV�LOOXVWUDQW�OD�PDQLIHVWDWLRQ�GHV�SKpQRPqQHV�
G¶LQGXFWLRQ��

�

1RWLRQV�HW�FRQWHQXV� &DSDFLWpV�H[LJLEOHV��
���&KDPS�PDJQpWLTXH�
6RXUFHV� GH� FKDPS�
PDJQpWLTXH��� FDUWHV�GH�FKDPS�
PDJQpWLTXH��

([SORLWHU� XQH� UHSUpVHQWDWLRQ� JUDSKLTXH� G¶XQ� FKDPS� YHFWRULHO��
LGHQWLILHU� OHV� ]RQHV� GH� FKDPS� XQLIRUPH�� GH� FKDPS� IDLEOH�� HW�
O¶HPSODFHPHQW�GHV�VRXUFHV��
�
,GHQWLILHU� O¶DOOXUH� GHV� FDUWHV� GH� FKDPSV� PDJQpWLTXHV� SRXU� XQ�
DLPDQW�GURLW��XQH�VSLUH�FLUFXODLUH�HW�XQH�ERELQH�ORQJXH��
�
'pFULUH� XQ� GLVSRVLWLI� SHUPHWWDQW� GH� UpDOLVHU� XQ� FKDPS�
PDJQpWLTXH�TXDVL�XQLIRUPH��
�
&LWHU� GHV� RUGUHV� GH� JUDQGHXU� GH� FKDPSV� PDJQpWLTXHV��� DX�
YRLVLQDJH� G¶DLPDQWV�� GDQV� XQH� PDFKLQH� pOHFWULTXH�� GDQV� XQ�
DSSDUHLO�G¶,50��GDQV�OH�FDV�GX�FKDPS�PDJQpWLTXH�WHUUHVWUH��

/LHQ� HQWUH� OH� FKDPS�
PDJQpWLTXH� HW� O¶LQWHQVLWp� GX�
FRXUDQW��

eYDOXHU� O¶RUGUH� GH� JUDQGHXU� G¶XQ� FKDPS� PDJQpWLTXH� j� SDUWLU�
G¶H[SUHVVLRQV�IRXUQLHV��

0RPHQW�PDJQpWLTXH�� 'pILQLU�OH�PRPHQW�PDJQpWLTXH�DVVRFLp�j�XQH�ERXFOH�GH�FRXUDQW�
SODQH��
�
3DU�DQDORJLH�DYHF�XQH�ERXFOH�GH�FRXUDQW��DVVRFLHU�j�XQ�DLPDQW�
XQ�PRPHQW�PDJQpWLTXH���

���)RUFHV�GH�/DSODFH�
5pVXOWDQWH� HW� SXLVVDQFH� GHV�
IRUFHV� GH� /DSODFH� V¶H[HUoDQW�
VXU� XQH� EDUUH� FRQGXFWULFH� HQ�
WUDQVODWLRQ� UHFWLOLJQH� VXU� GHX[�
UDLOV� SDUDOOqOHV� �UDLOV� GH�
/DSODFH�� GDQV� XQ� FKDPS�
PDJQpWLTXH� H[WpULHXU�
XQLIRUPH�� VWDWLRQQDLUH� HW�
RUWKRJRQDO�j�OD�EDUUH��
�

'LIIpUHQFLHU� OH� FKDPS� PDJQpWLTXH� H[WpULHXU� VXEL� GX� FKDPS�
PDJQpWLTXH�SURSUH�FUpp�SDU�OH�FRXUDQW�ILOLIRUPH��
�
eWDEOLU� HW� FRQQDvWUH� O¶H[SUHVVLRQ� GH� OD� UpVXOWDQWH� GHV� IRUFHV� GH�
/DSODFH� GDQV� OH� FDV� G¶XQH� EDUUH� FRQGXFWULFH� SODFpH� GDQV� XQ�
FKDPS�PDJQpWLTXH�H[WpULHXU�XQLIRUPH�HW�VWDWLRQQDLUH��
�
eYDOXHU�OD�SXLVVDQFH�GHV�IRUFHV�GH�/DSODFH���

&RXSOH� HW� SXLVVDQFH� GHV�
DFWLRQV� PpFDQLTXHV� GH�
/DSODFH� GDQV� OH� FDV� G¶XQH�
VSLUH� UHFWDQJXODLUH�� SDUFRXUXH�

eWDEOLU� HW� FRQQDvWUH� O¶H[SUHVVLRQ� GX�PRPHQW� GX� FRXSOH� VXEL� HQ�
IRQFWLRQ� GX� FKDPS� PDJQpWLTXH� H[WpULHXU� HW� GX� PRPHQW�
PDJQpWLTXH�GH�OD�VSLUH�UHFWDQJXODLUH���
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SDU� XQ� FRXUDQW�� HQ� URWDWLRQ�
DXWRXU�G¶XQ�D[H�GH�V\PpWULH�GH�
OD� VSLUH� SDVVDQW� SDU� OHV� GHX[�
PLOLHX[� GH� FRWpV� RSSRVpV� HW�
SODFpH� GDQV� XQ� FKDPS�
PDJQpWLTXH�H[WpULHXU�XQLIRUPH�
HW� VWDWLRQQDLUH� RUWKRJRQDO� j�
O¶D[H��
$FWLRQ�G¶XQ�FKDPS�PDJQpWLTXH�
H[WpULHXU� XQLIRUPH� VXU� XQ�
DLPDQW���
3RVLWLRQV� G¶pTXLOLEUH� HW�
VWDELOLWp���

Mettre en œuvre un dispositif expérimental pour étudier 
l’action d’un champ magnétique uniforme sur une 
boussole.  

&UpDWLRQ� G
XQ� PRXYHPHQW�
FLUFXODLUH 

Mettre en mouvement de rotation une aiguille aimantée 
grâce au champ magnétique créé par plusieurs bobines. 

���/RLV�GH�O¶LQGXFWLRQ�
)OX[�G¶XQ�FKDPS�PDJQpWLTXH��
�
)OX[�G¶XQ�FKDPS�PDJQpWLTXH�j�
WUDYHUV�XQH�VXUIDFH�V¶DSSX\DQW�
VXU�XQ�FRQWRXU�IHUPp�RULHQWp���

�
�
eYDOXHU� OH� IOX[�G¶XQ�FKDPS�PDJQpWLTXH�XQLIRUPH�j� WUDYHUV�XQH�
VXUIDFH�V¶DSSX\DQW�VXU�XQ�FRQWRXU�IHUPp�RULHQWp�SODQ���

/RL�GH�)DUDGD\��
�
&RXUDQW� LQGXLW� SDU� OH�
GpSODFHPHQW� UHODWLI� G¶XQH�
ERXFOH�FRQGXFWULFH�SDU� UDSSRUW�
j� XQ� DLPDQW� RX� XQ� FLUFXLW�
LQGXFWHXU�� 6HQV� GX� FRXUDQW�
LQGXLW��

�
�
Décrire, mettre en œuvre et interpréter des expériences 
illustrant les lois de Lenz et de Faraday. 

/RL�GH�PRGpUDWLRQ�GH�/HQ]��
�

8WLOLVHU� OD� ORL� GH� /HQ]� SRXU� SUpGLUH� RX� LQWHUSUpWHU� OHV�
SKpQRPqQHV�SK\VLTXHV�REVHUYpV��

)RUFH� pOHFWURPRWULFH� LQGXLWH��
ORL�GH�)DUDGD\��

8WLOLVHU� OD� ORL� GH� )DUDGD\� HQ� SUpFLVDQW� OHV� FRQYHQWLRQV�
G¶DOJpEULVDWLRQ��

���&LUFXLW�IL[H�GDQV�XQ�FKDPS�PDJQpWLTXH�TXL�GpSHQG�GX�WHPSV�
$XWR�LQGXFWLRQ��
)OX[� SURSUH� HW� LQGXFWDQFH�
SURSUH��
�
�
�
�
�
�
�
�
eWXGH�pQHUJpWLTXH���

�
'LIIpUHQFLHU�OH�IOX[�SURSUH�GHV�IOX[�H[WpULHXUV��
�
8WLOLVHU�OD�ORL�GH�PRGpUDWLRQ�GH�/HQ]��
�
eYDOXHU�O¶RUGUH�GH�JUDQGHXU�GH�O¶LQGXFWDQFH�SURSUH�G¶XQH�ERELQH�
GH� JUDQGH� ORQJXHXU�� OH� FKDPS�PDJQpWLTXH� FUpp� SDU� OD� ERELQH�
pWDQW�GRQQp��
�
Mesurer la valeur de l’inductance propre d’une bobine. 
 
&RQGXLUH� XQ� ELODQ� GH� SXLVVDQFH� HW� G¶pQHUJLH� GDQV� XQ� V\VWqPH�
VLqJH� G¶XQ� SKpQRPqQH� G¶DXWR�LQGXFWLRQ� HQ� V¶DSSX\DQW� VXU� XQ�
VFKpPD�pOHFWULTXH�pTXLYDOHQW��

&DV� GH� GHX[� ERELQHV� HQ�
LQWHUDFWLRQ��
,QGXFWDQFH� PXWXHOOH� HQWUH�
GHX[�ERELQHV��

�
�
'pWHUPLQHU� O¶LQGXFWDQFH�PXWXHOOH�HQWUH�GHX[�ERELQHV�GH�PrPH�
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� D[H� GH� JUDQGH� ORQJXHXU� HQ� ©�LQIOXHQFH� WRWDOH�ª�� OH� FKDPS�
PDJQpWLTXH�FUpp�SDU�XQH�ERELQH�pWDQW�GRQQp���

&LUFXLWV� pOHFWULTXHV� j� XQH�
PDLOOH� FRXSOpV� SDU� OH�
SKpQRPqQH� GH� PXWXHOOH�
LQGXFWLRQ�HQ�UpJLPH�VLQXVRwGDO�
IRUFp���

&LWHU�GHV�DSSOLFDWLRQV�GDQV�OH�GRPDLQH�GH�O¶LQGXVWULH�RX�GH�OD�YLH�
FRXUDQWH��
�
eWDEOLU� OH� V\VWqPH� G¶pTXDWLRQV� HQ� UpJLPH� VLQXVRwGDO� IRUFp� HQ�
V¶DSSX\DQW�VXU�GHV�VFKpPDV�pOHFWULTXHV�pTXLYDOHQWV��

eWXGH�pQHUJpWLTXH��� &RQGXLUH�XQ�ELODQ�GH�SXLVVDQFH�HW�G¶pQHUJLH��
7UDQVIRUPDWHXU� GH� WHQVLRQ�
SDUIDLW��

eWDEOLU�OD�ORL�GHV�WHQVLRQV��

3URGXFWLRQ�HW�WUDQVSRUW�GH�
O¶pQHUJLH�pOHFWULTXH��

$SSURFKH�GRFXPHQWDLUH���
•� PRELOLVHU� OHV� FRQQDLVVDQFHV� DFTXLVHV� SRXU� H[SOLTXHU� OH�

SULQFLSH� G¶XQH� FKDvQH� GH� SURGXFWLRQ� HW� GH� WUDQVSRUW�
G¶pQHUJLH�pOHFWULTXH��

•� FRQQDvWUH� GHV� RUGUHV� GH� JUDQGHXU� GH� OD� SXLVVDQFH�
FRQVRPPpH�RX�SURGXLWH�SDU�XQH�ODPSH��XQ�WpOpYLVHXU��XQ�
UDGLDWHXU� pOHFWULTXH�� XQH� pROLHQQH�� XQ� EDUUDJH�� XQH�
FHQWUDOH�QXFOpDLUH��

���&LUFXLW�PRELOH�GDQV�XQ�FKDPS�PDJQpWLTXH�VWDWLRQQDLUH�
&RQYHUVLRQ�GH�SXLVVDQFH�
PpFDQLTXH�HQ�SXLVVDQFH�
pOHFWULTXH��
5DLO�GH�/DSODFH���
�
�
�
�
�
�
)UHLQDJH�SDU�LQGXFWLRQ��
�
�
�

,QWHUSUpWHU�TXDOLWDWLYHPHQW�OHV�SKpQRPqQHV�REVHUYpV��
�
eWDEOLU� OHV� pTXDWLRQV� pOHFWULTXH� HW� PpFDQLTXH� HQ� SUpFLVDQW� OHV�
FRQYHQWLRQV�GH�VLJQH��
�
eWDEOLU�HW�LQWHUSUpWHU�OD�UHODWLRQ�HQWUH�OD�SXLVVDQFH�GH�OD�IRUFH�GH�
/DSODFH�HW�OD�SXLVVDQFH�pOHFWULTXH��
�
(IIHFWXHU�XQ�ELODQ�pQHUJpWLTXH��
�
([SOLTXHU�O¶RULJLQH�GHV�FRXUDQWV�GH�)RXFDXOW�HW�HQ�FRQQDvWUH�GHV�
H[HPSOHV�G¶XWLOLVDWLRQ��
�
Mettre en évidence qualitativement les courants de 
Foucault. 

&RQYHUVLRQ�GH�SXLVVDQFH�
pOHFWULTXH�HQ�SXLVVDQFH�
PpFDQLTXH��
+DXW�SDUOHXU�
pOHFWURG\QDPLTXH��
�
�
�
�
�
�
0RWHXU� j� FRXUDQW� FRQWLQX� j�
HQWUHIHU�SODQ� 

 
�
�
([SOLTXHU� OH� SULQFLSH� GH� IRQFWLRQQHPHQW� G¶XQ� KDXW�SDUOHXU�
pOHFWURG\QDPLTXH���
�
8WLOLVHU�OD�UHODWLRQ�HQWUH�OD�SXLVVDQFH�GH�OD�IRUFH�GH�/DSODFH�HW�OD�
SXLVVDQFH�pOHFWULTXH��
�
(IIHFWXHU�XQ�ELODQ�pQHUJpWLTXH��
�
([SOLTXHU� OH� SULQFLSH� GH� IRQFWLRQQHPHQW� G¶XQ�PRWHXU�j� FRXUDQW�
FRQWLQX�j�HQWUHIHU�SODQ�HQ�XWLOLVDQW�OHV�IRUFHV�GH�/DSODFH���
�
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���&RQYHUWLVVHXUV�pOHFWURPpFDQLTXHV�
0RWHXU� j� FRXUDQW� FRQWLQX��
PDFKLQH� V\QFKURQH�� PDFKLQH�
DV\QFKURQH��
�
�
�
�
3LORWDJH�GHV�PRWHXUV��

'pFULUH�TXDOLWDWLYHPHQW�OHV�SULQFLSHV�GHV�PDFKLQHV��
�
([SOLTXHU� OHV� DYDQWDJHV� HW� LQFRQYpQLHQWV� GHV� GLIIpUHQWHV�
PDFKLQHV�HW�GRQQHU�GHV�H[HPSOHV�G
XWLOLVDWLRQ��
�
Effectuer un bilan énergétique. 
�
Modifier le fonctionnement des moteurs (vitesse ou couple) 
en agissant sur certains paramètres électriques. 

�
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Thermodynamique 

 
Présentation 

'DQV� OH� F\FOH� WHUPLQDO� GH� OD� ILOLqUH� WHFKQRORJLTXH� GX� O\FpH�� OHV� pOqYHV� RQW� pWp� FRQIURQWpV� j� OD�
SUREOpPDWLTXH� GHV� WUDQVIHUWV� G¶pQHUJLH� HQWUH� V\VWqPHV� PDFURVFRSLTXHV�� /¶pQHUJLH� LQWHUQH� G¶XQ�
V\VWqPH�D�pWp�LQWURGXLWH�SXLV�UHOLpH�j�OD�JUDQGHXU�WHPSpUDWXUH�YLD�OD�FDSDFLWp�WKHUPLTXH�GDQV�OH�FDV�
G¶XQH� SKDVH� FRQGHQVpH�� /HV� pWXGLDQWV� RQW� DORUV� pWp� DPHQpV� j� VH� TXHVWLRQQHU� VXU� OH�PR\HQ� GH�
SDUYHQLU�j�XQH�PRGLILFDWLRQ�GH�FHWWH�pQHUJLH�LQWHUQH�FH�TXL�D�SHUPLV�G¶LQWURGXLUH�OH�SUHPLHU�SULQFLSH�
HW�OHV�GHX[�W\SHV�GH�WUDQVIHUW�pQHUJpWLTXH��OH�WUDYDLO�HW�OH�WUDQVIHUW�WKHUPLTXH��

$SUqV�DYRLU�PLV� O¶DFFHQW�VXU� OH�SDVVDJH�IRQGDPHQWDO�G¶XQH�UpDOLWp�PLFURVFRSLTXH�j�GHV�JUDQGHXUV�
PHVXUDEOHV�PDFURVFRSLTXHV�� FHWWH� SDUWLH� SURSRVH�� HQ� V
DSSX\DQW� VXU� GHV� H[HPSOHV� FRQFUHWV�� GH�
SRXUVXLYUH� OD� GHVFULSWLRQ� HW� O¶pWXGH� GH� OD� PDWLqUH� j� O¶pFKHOOH� PDFURVFRSLTXH�� O
REMHFWLI� pWDQW� GH�
G¶DERUGHU� GHV� DSSOLFDWLRQV� FRQFUqWHV� HW� PRWLYDQWHV�� /HV� FDSDFLWpV� LGHQWLILpHV� GRLYHQW� rWUH�
LQWURGXLWHV�HQ�V¶DSSX\DQW�GqV�TXH�SRVVLEOH�VXU�GHV�GLVSRVLWLIV�H[SpULPHQWDX[�SHUPHWWDQW�DLQVL� OHXU�
DFTXLVLWLRQ�SURJUHVVLYH�HW�DXWKHQWLTXH��&HV�FDSDFLWpV�VH� OLPLWHQW�j� O¶pWXGH�GX�FRUSV�SXU�VXELVVDQW�
GHV� WUDQVIRUPDWLRQV� ILQLHV�� H[FOXDQW� DLQVL� WRXWH� WKHUPRG\QDPLTXH� GLIIpUHQWLHOOH��� OH� VHXO� UHFRXUV� j�
XQH� TXDQWLWp� pOpPHQWDLUH� LQWHUYLHQW� ORUV� GH� O¶pYDOXDWLRQ� GX� WUDYDLO� DOJpEULTXHPHQW� UHoX� SDU� XQ�
V\VWqPH� SDU� LQWpJUDWLRQ� GX� WUDYDLO� pOpPHQWDLUH�� (Q� SDUWLFXOLHU�� SRXU� OHV� ELODQV� ILQLV� G¶pQHUJLH�� OHV�
H[SUHVVLRQV�GHV�IRQFWLRQV�G¶pWDW�8P�7�9P��HW�+P�7�3��VHURQW�GRQQpHV�VL�OH�V\VWqPH�QH�UHOqYH�SDV�GX�
PRGqOH� JD]� SDUIDLW� RX� GX�PRGqOH� GH� OD� SKDVH� FRQGHQVpH� LQFRPSUHVVLEOH� HW� LQGLODWDEOH��3RXU� OHV�
ELODQV�ILQLV�G¶HQWURSLH��O
H[SUHVVLRQ�GH�OD�IRQFWLRQ�G¶pWDW�HQWURSLH�VHUD�V\VWpPDWLTXHPHQW�GRQQpH�HW�
RQ�QH�V¶LQWpUHVVHUD�SDV�j�VD�FRQVWUXFWLRQ��

/H� FRXUV� GH� WKHUPRG\QDPLTXH� GH� SUHPLqUH� DQQpH� SUpSDUH� j� O¶DSSOLFDWLRQ� GHV� SULQFLSHV� DX[�
PDFKLQHV� WKHUPLTXHV�DYHF�pFRXOHPHQW�VWDWLRQQDLUH�GpYHORSSpHV�HQ�GHX[LqPH�DQQpH��&¶HVW�GDQV�
FH�FDGUH��TX¶XQH�DSSURFKH�GRFXPHQWDLUH��SULQFLSH�GH�IRQFWLRQQHPHQW�G¶XQH�FHQWUDOH�QXFOpDLUH��HVW�
SURSRVpH�j�OD�ILQ�GX�FRXUV�HW�HW�GRQW�O¶REMHW�HVW�GH�IDLUH�OH�OLHQ�DYHF�OHV�DSSOLFDWLRQV�LQGXVWULHOOHV�GH�
OD�WKHUPRG\QDPLTXH�DERUGpHV�HQ�GHX[LqPH�DQQpH���

2Q�XWLOLVHUD�OHV�QRWDWLRQV�VXLYDQWHV���SRXU�XQH�JUDQGHXU�H[WHQVLYH�$��D�VHUD�OD�JUDQGHXU�PDVVLTXH�
DVVRFLpH�HW�$P�OD�JUDQGHXU�PRODLUH�DVVRFLpH���
�

Objectifs généraux de formation 

,O�HVW�HVVHQWLHO�GH�ELHQ�VLWXHU�OH�QLYHDX�GH�FH�FRXUV�GH�WKHUPRG\QDPLTXH�FRPPH�XQH�LQLWLDWLRQ�j�XQ�
GRPDLQH� FRPSOH[H� GRQW� OH� WUDLWHPHQW� FRPSOHW� UHOqYH� GH� OD� SK\VLTXH� VWDWLVWLTXH� LQDERUGDEOH� j� FH�
VWDGH��2Q�V¶DWWDFKHUD�QpDQPRLQV��GH�IDoRQ�SULRULWDLUH��j�OD�ULJXHXU�GHV�UDLVRQQHPHQWV�PLV�HQ�SODFH�
�GpILQLWLRQ�GX�V\VWqPH��ORLV�XWLOLVpHV«���

2XWUH� OD� PDvWULVH� GHV� FDSDFLWpV� UHOLpHV� DX[� QRWLRQV� DERUGpHV�� FHWWH� SDUWLH� D� SRXU� YRFDWLRQ�
O¶DFTXLVLWLRQ�SDU�O¶pWXGLDQW�GHV�FRPSpWHQFHV�WUDQVYHUVDOHV�VXLYDQWHV���

•� GpILQLU�XQ�V\VWqPH�TXL�SHUPHWWH�GH�IDLUH�OHV�ELODQV�QpFHVVDLUHV�j�O¶pWXGH���
•� IDLUH�OH�OLHQ�HQWUH�XQ�V\VWqPH�UpHO�HW�VD�PRGpOLVDWLRQ���
•� FRPSUHQGUH� TX¶LO� SHXW� H[LVWHU� SOXVLHXUV� PRGqOHV� GH� FRPSOH[LWp� FURLVVDQWH� SRXU� UHQGUH�

FRPSWH�GHV�REVHUYDWLRQV�H[SpULPHQWDOHV���
•� XWLOLVHU�GHV�WDEOHDX[�GH�GRQQpHV�RX�GHV�UHSUpVHQWDWLRQV�JUDSKLTXHV�FRPSOH[HV��

�
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1RWLRQV�HW�FRQWHQXV� &DSDFLWpV�H[LJLEOHV��
���'HVFULSWLRQV�PLFURVFRSLTXH�HW�PDFURVFRSLTXH�G¶XQ�V\VWqPH�j�O
pTXLOLEUH�
eFKHOOHV� PLFURVFRSLTXH� HW�
PDFURVFRSLTXH���

&LWHU�O¶RUGUH�GH�JUDQGHXU�GX�QRPEUH�G¶$YRJDGUR��
�

6\VWqPH�WKHUPRG\QDPLTXH�� 'pILQLU�VL�XQ�V\VWqPH�HVW�RXYHUW��IHUPp��LVROp��
�

eWDW� G¶pTXLOLEUH� G¶XQ� V\VWqPH�
VRXPLV� DX[� VHXOHV� IRUFHV� GH�
SUHVVLRQ�� YDULDEOHV� G¶pWDW��
IRQFWLRQV� G¶pWDW�� pTXDWLRQ�
G¶pWDW���
([HPSOHV� G¶XQ� JD]� UpHO� DX[�
IDLEOHV� SUHVVLRQV� HW� G¶XQH�
SKDVH� FRQGHQVpH� SHX�
FRPSUHVVLEOH�HW�SHX�GLODWDEOH��
*UDQGHXU� H[WHQVLYH�� JUDQGHXU�
LQWHQVLYH��
�

&RPSDUHU� OH� FRPSRUWHPHQW� G¶XQ� JD]� UpHO� DX� PRGqOH� GX� JD]�
SDUIDLW� VXU� GHV� UpVHDX[� G¶LVRWKHUPHV� H[SpULPHQWDOHV� HQ�
FRRUGRQQpHV�GH�&ODSH\URQ�RX�G¶$PDJDW�� 
�
�
8WLOLVHU� O¶pTXDWLRQ� G¶pWDW� GHV� JD]� SDUIDLW�� O¶LQWHUSUpWHU� j� O¶pFKHOOH�
PLFURVFRSLTXH���
�
&DOFXOHU� XQH� SUHVVLRQ� j� SDUWLU� G¶XQH� FRQGLWLRQ� G¶pTXLOLEUH�
PpFDQLTXH��
�
'pGXLUH�XQH�WHPSpUDWXUH�G¶XQH�FRQGLWLRQ�G¶pTXLOLEUH�WKHUPLTXH���
�
&LWHU� TXHOTXHV� RUGUHV� GH� JUDQGHXU� GH� YROXPHV� PRODLUHV� RX�
PDVVLTXHV� GDQV� OHV� FRQGLWLRQV� XVXHOOHV� GH� SUHVVLRQ� HW� GH�
WHPSpUDWXUH���

eQHUJLH� LQWHUQH� G¶XQ� V\VWqPH�
G¶XQ� JD]� SDUIDLW�
PRQRDWRPLTXH�� ([WHQVLRQ�
TXDOLWDWLYH� DX[� JD]� SDUIDLWV�
SRO\DWRPLTXHV�� &DSDFLWp�
WKHUPLTXH�&Y�G¶XQ�JD]�SDUIDLW���
�

([SULPHU� O¶pQHUJLH� LQWHUQH� G¶XQ� JD]� SDUIDLW� PRQRDWRPLTXH� j�
SDUWLU�GH�O¶LQWHUSUpWDWLRQ�PLFURVFRSLTXH�GH�OD�WHPSpUDWXUH���
�
8WLOLVHU�8P� �8P�7��SRXU�XQ�JD]�SDUIDLW��

eQHUJLH� LQWHUQH� HW� FDSDFLWp�
WKHUPLTXH� &Y� G¶XQH� SKDVH�
FRQGHQVpH� FRQVLGpUpH�
LQFRPSUHVVLEOH�HW�LQGLODWDEOH�� 

8WLOLVHU�8P� �8P�7��SRXU�XQH�SKDVH�FRQGHQVpH�LQFRPSUHVVLEOH�HW�
LQGLODWDEOH��

&RUSV� SXU� GLSKDVp� HQ�
pTXLOLEUH���
'LDJUDPPH�GH�SKDVHV��3��7���
&DV� GH� O¶pTXLOLEUH� OLTXLGH�
YDSHXU� �� GLDJUDPPH� GH�
&ODSH\URQ��3��Y���WLWUH���

$QDO\VHU�XQ�GLDJUDPPH�GH�SKDVH�H[SpULPHQWDO��3��7���
�
3URSRVHU� XQ� MHX� GH� YDULDEOHV� G¶pWDW� VXIILVDQW� SRXU� FDUDFWpULVHU 
O¶pWDW� G¶pTXLOLEUH� G¶XQ� FRUSV� SXU� GLSKDVp� VRXPLV� DX[� VHXOHV�
IRUFHV�GH�SUHVVLRQ���
�
3RVLWLRQQHU�OHV�SKDVHV�GDQV�OHV�GLDJUDPPHV��3��7��HW��3��Y����
�
'pWHUPLQHU� OD� FRPSRVLWLRQ� G¶XQ� PpODQJH� GLSKDVp� HQ� XQ� SRLQW�
G¶XQ�GLDJUDPPH��3��Y����

���eQHUJLH�pFKDQJpH�SDU�XQ�V\VWqPH�DX�FRXUV�G¶XQH�WUDQVIRUPDWLRQ��
7UDQVIRUPDWLRQ�
WKHUPRG\QDPLTXH�VXELH�SDU�XQ�
V\VWqPH��

'pILQLU�OH�V\VWqPH��
�
8WLOLVHU� OH� YRFDEXODLUH� XVXHO��� WUDQVIRUPDWLRQV� LVRFKRUH��
PRQRWKHUPH��LVRWKHUPH��PRQREDUH��LVREDUH���

7UDYDLO�GHV�IRUFHV�GH�SUHVVLRQ��
7UDQVIRUPDWLRQV� LVRFKRUH��

&DOFXOHU� OH� WUDYDLO� SDU� GpFRXSDJH� HQ� WUDYDX[� pOpPHQWDLUHV� HW�
VRPPDWLRQ� VXU� XQ� FKHPLQ� GRQQp� GDQV� OH� FDV� G¶XQH� VHXOH�
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PRQREDUH���
�

YDULDEOH���
�
,QWHUSUpWHU� JpRPpWULTXHPHQW� OH� WUDYDLO� GHV� IRUFHV� GH� SUHVVLRQ�
GDQV�XQ�GLDJUDPPH�GH�&ODSH\URQ��

7UDQVIHUW�WKHUPLTXH���
7UDQVIRUPDWLRQ�DGLDEDWLTXH���
7KHUPRVWDW�� WUDQVIRUPDWLRQV�
PRQRWKHUPH�HW�LVRWKHUPH���

'LVWLQJXHU� TXDOLWDWLYHPHQW� OHV� WURLV� W\SHV� GH� WUDQVIHUWV�
WKHUPLTXHV���FRQGXFWLRQ��FRQYHFWLRQ�HW�UD\RQQHPHQW���
�
,GHQWLILHU� GDQV� XQH� VLWXDWLRQ� H[SpULPHQWDOH� OH� RX� OHV� V\VWqPHV�
PRGpOLVDEOHV�SDU�XQ�WKHUPRVWDW���
�
3URSRVHU� GH� PDQLqUH� DUJXPHQWpH� OH� PRGqOH� OLPLWH� OH� PLHX[�
DGDSWp� j� XQH� VLWXDWLRQ� UpHOOH� HQWUH� XQH� WUDQVIRUPDWLRQ�
DGLDEDWLTXH�HW�XQH�WUDQVIRUPDWLRQ�LVRWKHUPH���

���3UHPLHU�SULQFLSH��%LODQV�G
pQHUJLH�
3UHPLHU� SULQFLSH� GH� OD�
WKHUPRG\QDPLTXH���
∆8���∆(F� �4���:��
�
�

'pILQLU� XQ� V\VWqPH� IHUPp� HW� pWDEOLU� SRXU� FH� V\VWqPH� XQ� ELODQ�
pQHUJpWLTXH�IDLVDQW�LQWHUYHQLU�WUDYDLO�:�HW�WUDQVIHUW�WKHUPLTXH�4���
�
([SORLWHU�O¶H[WHQVLYLWp�GH�O¶pQHUJLH�LQWHUQH��
�
'LVWLQJXHU� OH�VWDWXW�GH� OD�YDULDWLRQ�GH�O¶pQHUJLH� LQWHUQH�GX�VWDWXW�
GHV�WHUPHV�G¶pFKDQJH���
�
&DOFXOHU� OH� WUDQVIHUW� WKHUPLTXH� 4� VXU� XQ� FKHPLQ� GRQQp�
FRQQDLVVDQW�OH�WUDYDLO�:�HW�OD�YDULDWLRQ�GH�O¶pQHUJLH�LQWHUQH�∆�8���

(QWKDOSLH� G¶XQ� V\VWqPH��
&DSDFLWp�WKHUPLTXH�&S�GDQV�OH�
FDV� GX� JD]� SDUIDLW� HW� G¶XQH�
SKDVH� FRQGHQVpH�
LQFRPSUHVVLEOH�HW�LQGLODWDEOH��

([SULPHU� O¶HQWKDOSLH� +P�7�� GX� JD]� SDUIDLW� j� SDUWLU� GH� O¶pQHUJLH�
LQWHUQH���
�
&RPSUHQGUH� SRXUTXRL� O¶HQWKDOSLH� +P� G¶XQH� SKDVH� FRQGHQVpH�
SHX�FRPSUHVVLEOH�HW�SHX�GLODWDEOH�SHXW�rWUH�FRQVLGpUpH�FRPPH�
XQH�IRQFWLRQ�GH�O¶XQLTXH�YDULDEOH�7���
�
([SULPHU� OH� SUHPLHU� SULQFLSH� VRXV� IRUPH� GH� ELODQ� G¶HQWKDOSLH�
GDQV�OH�FDV�G¶XQH�WUDQVIRUPDWLRQ�PRQREDUH��
�
Mettre en œuvre un protocole de mesure d'une capacité 
thermique. 
�
&RQQDvWUH� O¶RUGUH� GH� JUDQGHXU� GH� OD� FDSDFLWp� WKHUPLTXH�
PDVVLTXH�GH�O¶HDX�OLTXLGH��

(QWKDOSLH� DVVRFLpH� j� XQ�
FKDQJHPHQW� GH� SKDVH���
HQWKDOSLH� GH� IXVLRQ�� HQWKDOSLH�
GH� YDSRULVDWLRQ�� HQWKDOSLH� GH�
VXEOLPDWLRQ�� 

([SORLWHU� O¶H[WHQVLYLWp� GH� O¶HQWKDOSLH� HW� UpDOLVHU� GHV� ELODQV�
pQHUJpWLTXHV�HQ�SUHQDQW�HQ�FRPSWH�GHV�WUDQVLWLRQV�GH�SKDVHV��

Mettre en œuvre un protocole de mesure d’une enthalpie de 
transition de phases. 

���'HX[LqPH�SULQFLSH��%LODQV�G
HQWURSLH��
'HX[LqPH� SULQFLSH� �� IRQFWLRQ�
G¶pWDW�HQWURSLH��HQWURSLH�FUppH��
HQWURSLH�pFKDQJpH��
�∆6� �6HFK� ��6FUpp� � � � � � � � � � � � DYHF������
6HFK� �Σ4L�7L��

'pILQLU� XQ� V\VWqPH� IHUPp� HW� pWDEOLU� SRXU� FH� V\VWqPH� XQ� ELODQ�
HQWURSLTXH�� 5HOLHU� O¶H[LVWHQFH� G¶XQH� HQWURSLH� FUppH� j� XQH� RX�
SOXVLHXUV�FDXVHV�SK\VLTXHV�GH�O¶LUUpYHUVLELOLWp��

9DULDWLRQ� G¶HQWURSLH� G¶XQ� 8WLOLVHU�O¶H[SUHVVLRQ�IRXUQLH�GH�OD�IRQFWLRQ�G¶pWDW�HQWURSLH���
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V\VWqPH��
�
/RL�GH�/DSODFH��
�
&DV�SDUWLFXOLHU�G¶XQH� WUDQVLWLRQ�
GH�SKDVH��

�
�
8WLOLVHU� OD� ORL� GH� /DSODFH� DSUqV� DYRLU� UDSSHOp� VHV� FRQGLWLRQV�
G¶DSSOLFDWLRQ��
�
([SORLWHU�O¶H[WHQVLYLWp�GH�O¶HQWURSLH��
�
8WLOLVHU� OD� UHODWLRQ� HQWUH� OHV� YDULDWLRQV� G¶HQWURSLH� HW� G
HQWKDOSLH�
DVVRFLpHV�j�XQH�WUDQVLWLRQ�GH�SKDVH���∆K����7��� �7�∆V����7��

���0DFKLQHV�WKHUPLTXHV�
$SSOLFDWLRQ�GX�SUHPLHU�SULQFLSH�
HW� GX� GHX[LqPH� SULQFLSH� DX[�
PDFKLQHV� WKHUPLTXHV�
F\FOLTXHV� GLWKHUPHV��
UHQGHPHQW�� HIILFDFLWp��
WKpRUqPH�GH�&DUQRW��
�

$QDO\VHU�XQ�GLVSRVLWLI� FRQFUHW�HW� OH�PRGpOLVHU�SDU�XQH�PDFKLQH�
F\FOLTXH�GLWKHUPH��
�
'RQQHU� OH�VHQV�GHV�pFKDQJHV�pQHUJpWLTXHV�SRXU�XQ�PRWHXU�RX�
XQ�UpFHSWHXU�WKHUPLTXH�GLWKHUPH��
�
Mettre en œuvre un dispositif expérimental autour d’une 
évolution thermodynamique, et confronter modélisation et 
évolutions réelles. 
�
'pILQLU�XQ�UHQGHPHQW�RX�XQH�HIILFDFLWp�HW� OD� UHOLHU�DX[�pQHUJLHV�
pFKDQJpHV�DX�FRXUV�G¶XQ�F\FOH�� -XVWLILHU�HW�XWLOLVHU� OH� WKpRUqPH�
GH�&DUQRW��
�
&LWHU� TXHOTXHV� RUGUHV� GH� JUDQGHXU� GHV� UHQGHPHQWV� GHV�
PDFKLQHV�WKHUPLTXHV�UpHOOHV�DFWXHOOHV��
�
$SSURFKH� GRFXPHQWDLUH��� 3ULQFLSH� GH� IRQFWLRQQHPHQW� G¶XQH�
FHQWUDOH�QXFOpDLUH���

�
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Transformations chimiques en solution aqueuse 
 
 
/HV�WUDQVIRUPDWLRQV�FKLPLTXHV�HQ�VROXWLRQ�DTXHXVH�MRXHQW�XQ�U{OH�HVVHQWLHO�HQ�FKLPLH��HQ�ELRFKLPLH�
HW�GDQV�OHV�SURFHVVXV�HQYLURQQHPHQWDX[� 
8Q�QRPEUH� FRQVLGpUDEOH� GH� GpYHORSSHPHQWV� WHFKQRORJLTXHV� �JpQpUDWHXUV� pOHFWURFKLPLTXHV�� OXWWH�
FRQWUH� OD� FRUURVLRQ�� WUDLWHPHQW� GHV� HDX[�� PpWKRGHV� G¶DQDO\VH«�� UHSRVHQW� VXU� GHV� SKpQRPqQHV�
G¶R[\GR�UpGXFWLRQ� HQ� VROXWLRQ� DTXHXVH�� /¶LQIOXHQFH� GX� PLOLHX� �S+�� SRVVLELOLWp� GH� IRUPDWLRQ� GH�
FRPSRVpV� LQVROXEOHV«�� HVW� SULPRUGLDOH� GDQV� OD� FRPSUpKHQVLRQ� HW� OD� SUpYLVLRQ� GHV� SKpQRPqQHV�
PLV�HQ�MHX�� 
 
&HWWH�SDUWLH�GX�FRXUV�D�SRXU�REMHFWLI�SULQFLSDO�GH�SHUPHWWUH�j� O¶pOqYH�GH�UHFRQQDvWUH� OHV�SULQFLSDX[�
W\SHV� GH� UpDFWLRQV� FKLPLTXHV� HQ� VROXWLRQ�� j� WUDYHUV� QRWDPPHQW� OHV� SKpQRPqQHV� RX� GLVSRVLWLIV�
IDLVDQW�LQWHUYHQLU�XQH�RX�GHV�UpDFWLRQV�G¶R[\GR�UpGXFWLRQ� 
(OOH� GpEXWH� SDU� O¶R[\GR�UpGXFWLRQ��� OHV� QRWLRQV� GH� FRXSOHV� UHGR[� HW� GH� SLOHV�� UHQFRQWUpHV� GDQV� OH�
VHFRQGDLUH�� VRQW� UHSULVHV�� &HWWH� pWXGH� HVW� FRPSOpWpH� SDU� O¶XWLOLVDWLRQ� GH� OD� UHODWLRQ� GH� 1HUQVW�
�DGPLVH��HW�GH� OD�UHODWLRQ�HQWUH� OD�FRQVWDQWH� WKHUPRG\QDPLTXH�G
pTXLOLEUH�G¶XQH� UpDFWLRQ�G¶R[\GR�
UpGXFWLRQ� HW� OHV� SRWHQWLHOV� VWDQGDUG�� 8QH� IRLV� OD� FRQVWDQWH� WKHUPRG\QDPLTXH� GpWHUPLQpH�� OHV�
FDSDFLWpV�DFTXLVHV�DX�SUHPLHU�VHPHVWUH�GDQV� OD�SDUWLH�©�WUDQVIRUPDWLRQV�GH� OD�PDWLqUH�ª�SHXYHQW�
rWUH�UpLQYHVWLHV�SRXU�OD�GpWHUPLQDWLRQ�GH�O¶pWDW�ILQDO�GX�V\VWqPH�FKLPLTXH� 
$ILQ� GH� SRXYRLU� pWXGLHU� O¶LQIOXHQFH� GX� PLOLHX� VXU� OHV� HVSqFHV� UHGR[� HIIHFWLYHPHQW� SUpVHQWHV�� OHV�
QRWLRQV�G¶DFLGR�EDVLFLWp��UHQFRQWUpHV�GDQV�OH�VHFRQGDLUH��VRQW�UDSSHOpHV��(QVXLWH��OHV�SKpQRPqQHV�
GH�SUpFLSLWDWLRQ�HW�GH�GLVVROXWLRQ�GH�VROLGHV�VRQW�DERUGpV��OD�FRQGLWLRQ�GH�VDWXUDWLRQ�G¶XQH�VROXWLRQ�
DTXHXVH�HVW�SUpFLVpH� 
&RPSWH� WHQX� GHV� GLIIpUHQWHV� FRQYHQWLRQV� H[LVWDQWHV�� O¶pTXDWLRQ� GH� OD� UpDFWLRQ� DFFRPSDJQHUD� DX�
EHVRLQ�OD�GRQQpH�GH�OD�FRQVWDQWH�WKHUPRG\QDPLTXH�FRUUHVSRQGDQWH� 
&HV� GLIIpUHQWHV� WUDQVIRUPDWLRQV� HQ� VROXWLRQ� DTXHXVH� VRQW� DERUGpHV� HQ� PRQWUDQW� ELHQ� TX¶HOOHV�
FRQVWLWXHQW�GHV�LOOXVWUDWLRQV�GH�O¶pYROXWLRQ�GHV�V\VWqPHV�FKLPLTXHV�LQWURGXLWHV�DX�SUHPLHU�VHPHVWUH��
OHV� pWXGLDQWV� pWDQW� DPHQpV� j� GpWHUPLQHU� O¶pWDW� ILQDO� G¶XQ� V\VWqPH� HQ� WUDQVIRUPDWLRQ� FKLPLTXH�
PRGpOLVpH�SDU�XQH�VHXOH�UpDFWLRQ�FKLPLTXH��OD�UpDFWLRQ�SUpSRQGpUDQWH�HVW�IRXUQLH��� 
8QH� IRLV� OHV� RXWLOV� PLV� HQ� SODFH�� OH� SULQFLSH� GH� FRQVWUXFWLRQ� GHV� GLDJUDPPHV� SRWHQWLHO�S+� HVW�
SUpVHQWp�VXU� O¶H[HPSOH�GH�O¶pOpPHQW�IHU�PDLV� O¶REMHFWLI�SULQFLSDO�HQ��qUH�DQQpH�HVW� O¶LQWHUSUpWDWLRQ�HW�
O¶XWLOLVDWLRQ� GH� FH� GLDJUDPPH�� &HWWH� SUHPLqUH� DSSURFKH� VHUD� UpLQYHVWLH� HQ� �qPH� DQQpH� GDQV�
O¶XWLOLVDWLRQ�G¶DXWUHV�GLDJUDPPHV�� 
�
/¶HQVHPEOH�GHV�VpDQFHV�GH�WUDYDX[�SUDWLTXHV�FRQFHUQDQW�OHV�WUDQVIRUPDWLRQV�HQ�VROXWLRQ�DTXHXVH�
SHUPHWWUD� G¶DERUGHU� JOREDOHPHQW� RX� VSpFLILTXHPHQW� OHV� FDSDFLWpV� UHOHYDQW� G¶XQH� GpPDUFKH�
H[SpULPHQWDOH� PHQWLRQQpHV� GDQV� OH� SURJUDPPH�� 2Q� QRWHUD� TXH� OHV� GRVDJHV� SDU� WLWUDJH� VHURQW�
SUpVHQWpV�DX�WUDYHUV�GH�FHV�VpDQFHV�GH�WUDYDLO�H[SpULPHQWDO�TXL�SHUPHWWURQW�G¶LQVLVWHU�VXU�OD�TXDOLWp�
GH�OD�PHVXUH�� 
 

1RWLRQV�HW�FRQWHQXV Capacités exigibles 

���2[\GR�UpGXFWLRQ 
2[\GDQWV�HW�UpGXFWHXUV� 

-� QRPEUH�G¶R[\GDWLRQ��� 
-� SRWHQWLHO�G¶pOHFWURGH��

IRUPXOH�GH�1HUQVW�� 
-� GLDJUDPPHV�GH�

SUpGRPLQDQFH�RX�
G¶H[LVWHQFH� 

,GHQWLILHU�O¶R[\GDQW�HW�OH�UpGXFWHXU�G¶XQ�FRXSOH��
'pFULUH� OH� IRQFWLRQQHPHQW� G¶XQH� SLOH� j� SDUWLU� G¶XQH�PHVXUH� GH�
WHQVLRQ�j�YLGH�RX�j�SDUWLU�GHV�SRWHQWLHOV�G¶pOHFWURGHV��
'pWHUPLQHU�OD�FDSDFLWp�G¶XQH�SLOH��
8WLOLVHU� OHV� GLDJUDPPHV� GH� SUpGRPLQDQFH� RX� G¶H[LVWHQFH� SRXU�
SUpYRLU� OHV� HVSqFHV� LQFRPSDWLEOHV� RX� OD� QDWXUH� GHV� HVSqFHV�
PDMRULWDLUHV� 
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5pDFWLRQV�G¶R[\GR�UpGXFWLRQ 
-� DVSHFW�

WKHUPRG\QDPLTXH�� 
-� GLVPXWDWLRQ�HW�

PpGLDPXWDWLRQ� 

3UpYRLU�TXDOLWDWLYHPHQW�RX�TXDQWLWDWLYHPHQW�OH�FDUDFWqUH�
WKHUPRG\QDPLTXHPHQW�IDYRULVp�RX�GpIDYRULVp�G¶XQH�UpDFWLRQ�
G¶R[\GR�UpGXFWLRQ� 
Pratiquer une démarche expérimentale mettant en jeu des 
réactions d’oxydo-réduction. 

���$FLGR�EDVLFLWp��SUpFLSLWDWLRQ�
5pDFWLRQV�DFLGR�EDVLTXHV 

-� FRQVWDQWH�G¶DFLGLWp�� 
-� GLDJUDPPH�GH�

SUpGRPLQDQFH� 
 
 
 
 
 
 
 
 
 
 
5pDFWLRQV�GH�GLVVROXWLRQ�RX�GH�
SUpFLSLWDWLRQ 

-� FRQVWDQWH�GH�O¶pTXDWLRQ�
GH�GLVVROXWLRQ��SURGXLW�
GH�VROXELOLWp�KV�� 

-� VROXELOLWp�HW�FRQGLWLRQ�
GH�SUpFLSLWDWLRQ�� 

-� GRPDLQH�G¶H[LVWHQFH 
-� IDFWHXUV�LQIOXHQoDQW�OD�

VROXELOLWp��
 

 
,GHQWLILHU�OD�QDWXUH�GHV�UpDFWLRQV�HQ�VROXWLRQV�DTXHXVHV� 
 
([WUDLUH� GH� UHVVRXUFHV� GLVSRQLEOHV� OHV� GRQQpHV�
WKHUPRG\QDPLTXHV� SHUWLQHQWHV� SRXU� SUpYRLU� TXDOLWDWLYHPHQW�
O¶pWDW� ILQDO�G¶XQ�V\VWqPH�HQ�VROXWLRQ�DTXHXVH�RX�LQWHUSUpWHU�GHV�
REVHUYDWLRQV�H[SpULPHQWDOHV���
'pWHUPLQHU� OD� YDOHXU� GH� OD� FRQVWDQWH� G¶pTXLOLEUH� SRXU� XQH�
pTXDWLRQ�GH�UpDFWLRQ��FRPELQDLVRQ� OLQpDLUH�G¶pTXDWLRQV�GRQW� OHV�
FRQVWDQWHV�G¶pTXLOLEUH�VRQW�FRQQXHV��
5HWURXYHU� OHV� YDOHXUV� GH� FRQVWDQWHV� G¶pTXLOLEUH� SDU� OHFWXUH� GH�
FRXUEHV�GH�GLVWULEXWLRQ��
�
'pWHUPLQHU�OD�FRPSRVLWLRQ�FKLPLTXH�GX�V\VWqPH�GDQV�O¶pWDW�ILQDO��
HQ�GLVWLQJXDQW� OHV�FDV�G¶pTXLOLEUH�FKLPLTXH�HW�GH�WUDQVIRUPDWLRQ�
WRWDOH�� SRXU� XQH� WUDQVIRUPDWLRQ� PRGpOLVpH� SDU� XQH� UpDFWLRQ�
FKLPLTXH�XQLTXH��
8WLOLVHU� OHV� GLDJUDPPHV� GH� SUpGRPLQDQFH� RX� G¶H[LVWHQFH� SRXU�
SUpYRLU� OHV� HVSqFHV� LQFRPSDWLEOHV� RX� OD� QDWXUH� GHV� HVSqFHV�
PDMRULWDLUHV��
([SORLWHU� GHV� FRXUEHV� GH� VROXELOLWp� HQ� IRQFWLRQ� G¶XQH� YDULDEOH�
SHUWLQHQWH���
 
3UpYRLU�O¶pWDW�GH�VDWXUDWLRQ�RX�GH�QRQ�VDWXUDWLRQ�G¶XQH�VROXWLRQ��
HQ�VROLGH� 
 
Pratiquer une démarche expérimentale illustrant la 
dissolution ou la précipitation en solution aqueuse. 

7UDLWHPHQW�GHV�HIIOXHQWV�GDQV�
XQH�XVLQH�FKLPLTXH� 
�

$SSURFKH� GRFXPHQWDLUH��� j� SDUWLU� GH� GRFXPHQWV� GpFULYDQW� OH�
WUDLWHPHQW� GHV� HIIOXHQWV� G¶XQH� XVLQH� FKLPLTXH�� GpJDJHU� OHV�
QRWLRQV� GH� GpWHFWLRQ� G¶HVSqFHV� �PpWKRGHV� SK\VLTXHV� RX�
FKLPLTXHV��� G¶pYDOXDWLRQ� GHV� FRQFHQWUDWLRQV�� GH� YDOHXUV� OLPLWHV�
DFFHSWDEOHV� HW� OHV� WUDQVIRUPDWLRQV� PLVHV� HQ� MHX� SRXU� OD�
VpSDUDWLRQ�GHV�HVSqFHV�HW�OD�GpSROOXWLRQ� 

���'LDJUDPPHV�SRWHQWLHO�S+�GH�O¶HDX�HW�GX�IHU 
3ULQFLSH�GH�FRQVWUXFWLRQ��
OHFWXUH�HW�XWLOLVDWLRQ�GHV�
GLDJUDPPHV�SRWHQWLHO�S+�GH�
O¶HDX�HW�GX�IHU� 

 

5HWURXYHU�OD�YDOHXU�GH�OD�SHQWH�G¶XQH�IURQWLqUH�GDQV�OH�
GLDJUDPPH�SRWHQWLHO�S+�GX�IHU���
-XVWLILHU�OD�SRVLWLRQ�G¶XQH�IURQWLqUH�YHUWLFDOH��
3UpYRLU�OH�FDUDFWqUH�WKHUPRG\QDPLTXHPHQW�IDYRULVp�RX�QRQ�
G¶XQH�WUDQVIRUPDWLRQ�SDU�VXSHUSRVLWLRQ�GHV�GHX[�GLDJUDPPHV���
HQ�GpGXLUH�OD�VWDELOLWp�GHV�HVSqFHV�GDQV�O¶HDX��
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&RQIURQWHU�OHV�SUpYLVLRQV�j�GHV�GRQQpHV�H[SpULPHQWDOHV��PLVH�
HQ�pYLGHQFH�GX�IDFWHXU�FLQpWLTXH���
Mettre en œuvre une démarche expérimentale s’appuyant 
sur un diagramme potentiel-pH. 
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$X�QLYHDX�GHV�FODVVHV�SUpSDUDWRLUHV�� OH�U{OH�VWUXFWXUDQW� �GHV�RXWLOV� IRXUQLV�SDU� OHV�PDWKpPDWLTXHV�
HVW� LQFRQWRXUQDEOH� HQ� SK\VLTXH� HW� HQ� FKLPLH�� PDLV� LO� FRQYLHQW� G¶pYLWHU� OHV� GpULYHV� IRUPHOOHV� RX�
FDOFXODWRLUHV���OH�UHFRXUV�DX�FDOFXO�DQDO\WLTXH�GRLW�rWUH�OLPLWp�DX[�FDV�OHV�SOXV�VLPSOHV�HW�RQ�XWLOLVHUD�
GHV�RXWLOV�GH�FDOFXO�QXPpULTXH�RX�IRUPHO�GDQV�WRXV�OHV�DXWUHV�FDV��\�FRPSULV�GDQV�FHUWDLQV�FDV�R��
GHV�FDOFXOV�DQDO\WLTXHV�VHUDLHQW�D�SULRUL�SRVVLEOHV�PDLV�HQ�UpDOLWp�KRUV�GH�SRUWpH�GHV�pWXGLDQWV�GX�
IDLW�GH�OHXU�ORQJXHXU�RX�GH�OHXU�WHFKQLFLWp���
$ILQ� GH� FLEOHU� DX�PLHX[� OD� IRUPDWLRQ� HW� O¶pYDOXDWLRQ�� FHW� DSSHQGLFH� OLVWH� OHV� RXWLOV�PDWKpPDWLTXHV�
GRQW�XQH�ERQQH�PDvWULVH�HVW�LQGLVSHQVDEOH�SRXU�TXH�OHV�REMHFWLIV�GH�IRUPDWLRQ�GHV�SURJUDPPHV�GH�
SK\VLTXH� HW� GH� FKLPLH� SXLVVHQW� rWUH� SOHLQHPHQW� DWWHLQWV�� /H� QLYHDX� G¶H[LJHQFH� UHTXLV� HVW�
V\VWpPDWLTXHPHQW�SUpFLVp�SRXU�FKDTXH�RXWLO�DILQ�G¶pYLWHU�WRXWH�GpULYH��
L’apprentissage  de ces outils doit être réparti sur l’année en fonction de l’avancement des 
cours en  ayant  un souci permanent de contextualisation. Ceci suppose notamment une 
concertation au sein de l’équipe pédagogique.�
3RXU� OH�FDV�R��G¶DXWUHV�RXWLOV�VHUDLHQW�SRQFWXHOOHPHQW�QpFHVVDLUHV�� LO�FRQYLHQGUDLW�GH� OHV�PHWWUH�j�
GLVSRVLWLRQ� GHV� FDQGLGDWV� VRXV� XQH� IRUPH�RSpUDWLRQQHOOH� �IRUPXODLUHV«�� HW� GH� IDLUH� HQ� VRUWH� TXH�
OHXU�PDQLSXODWLRQ�QH�SXLVVH�SDV�FRQVWLWXHU�XQ�REVWDFOH��
�

OUTILS NIVEAU D’EXIGENCE 
1. Équations algébriques �

6\VWqPH�OLQpDLUH�GH�Q�pTXDWLRQV�
j�S�LQFRQQXHV�

�

•� ,GHQWLILHU� XQ� QRPEUH� PLQLPDO� G¶LQFRQQXHV�� FRQIURQWHU� DX�
QRPEUH�G¶pTXDWLRQV�LQGpSHQGDQWHV�GLVSRQLEOHV��

•� ([SULPHU�OD�GpSHQGDQFH�GDQV�OH�VHXO�FDV�Q S ���
•� 5pVRXGUH�DQDO\WLTXHPHQW�GDQV�OH�VHXO�FDV�Q S ���
•� 8WLOLVHU� GHV� RXWLOV� QXPpULTXHV� RX� IRUPHOV� GDQV� OHV� DXWUHV�

FDV��
eTXDWLRQ�QRQ�OLQpDLUH�

�
•� 'LVFXWHU� JUDSKLTXHPHQW� GDQV� OH� FDV� R�� O¶pTXDWLRQ� VH�

SUpVHQWH� VRXV� OD� IRUPH� I�[� J�[�� GH� O¶pJDOLWp� GH� GHX[�
IRQFWLRQV�I�HW�J�FODVVLTXHV���

•� 5pVRXGUH�GDQV�OH�FDV�JpQpUDO�j�O¶DLGH�G¶XQ�RXWLO�QXPpULTXH��
2. Équations 

différentielles 
�

(TXDWLRQ� GLIIpUHQWLHOOH� OLQpDLUH�
GX�SUHPLHU�HW�GX�VHFRQG�RUGUH�j�
FRHIILFLHQWV�FRQVWDQWV���
�

•� ,GHQWLILHU�O¶RUGUH��H[SOLFLWHU�OHV�FRQGLWLRQV�LQLWLDOHV��
•� ([SORLWHU�OH�SRO\Q{PH�FDUDFWpULVWLTXH��
•� 3UpYRLU� OH� FDUDFWqUH� ERUQp� RX� QRQ� GHV� VROXWLRQV� GH�

O¶pTXDWLRQ�KRPRJqQH��FULWqUH�GH�VWDELOLWp���
•� 0HWWUH� XQH� pTXDWLRQ� VRXV� IRUPH� FDQRQLTXH�� 7UDFHU�

QXPpULTXHPHQW�O¶DOOXUH�GX�JUDSKH�GHV�VROXWLRQV�HQ��WHQDQW�
FRPSWH�GHV�FRQGLWLRQV�LQLWLDOHV��&,���

•� 5pVRXGUH�DQDO\WLTXHPHQW��VROXWLRQ�FRPSOqWH��GDQV� OH�VHXO�
FDV� G¶XQH� pTXDWLRQ� GX� SUHPLHU� RUGUH� HW� G¶XQ� VHFRQG�
PHPEUH�FRQVWDQW��

•� 2EWHQLU�DQDO\WLTXHPHQW��QRWDWLRQ�FRPSOH[H��OH�VHXO�UpJLPH�
VLQXVRwGDO� IRUFp� GDQV� OH� FDV� G¶XQ� � VHFRQG� PHPEUH�
VLQXVRwGDO��

�
eTXDWLRQ�TXHOFRQTXH�� •� ,QWpJUHU�QXPpULTXHPHQW�DYHF�XQ�RXWLO�IRXUQL��
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�
3. Fonctions  �

�)RQFWLRQV�XVXHOOHV�� •� ([SRQHQWLHOOH�� ORJDULWKPH� QpSpULHQ� HW� GpFLPDO�� FRVLQXV��
VLQXV��WDQJHQWH��[��!�[���[��!���[��[��!�VTUW�[���

�'pULYpH��
�

•� ,QWHUSUpWHU�JpRPpWULTXHPHQW�OD�GpULYpH��
•� 'pULYHU�XQH�IRQFWLRQ�FRPSRVpH��

3ULPLWLYH�HW�LQWpJUDOH��
�
9DOHXU�PR\HQQH��

•� ,QWHUSUpWHU�O¶LQWpJUDOH�FRPPH�XQH�VRPPH�GH�FRQWULEXWLRQV�
LQILQLWpVLPDOHV���

•� ([SULPHU�OD�YDOHXU�PR\HQQH�VRXV�IRUPH�G¶XQH�LQWpJUDOH��
&RQQDvWUH�OD�YDOHXU�PR\HQQH�VXU�XQH�SpULRGH�GHV�IRQFWLRQV�
FRV��VLQ��FRV��HW�VLQ���

5HSUpVHQWDWLRQ�JUDSKLTXH�G¶XQH�
IRQFWLRQ��

•� 8WLOLVHU� XQ� JUDSKHXU� SRXU� WUDFHU� XQH� FRXUEH� G¶pTXDWLRQ�
GRQQpH��

•� 'pWHUPLQHU�XQ�FRPSRUWHPHQW�DV\PSWRWLTXH���UHFKHUFKHU�XQ�
H[WUHPXP��

•� 8WLOLVHU� GHV� pFKHOOHV� ORJDULWKPLTXHV��� LGHQWLILHU� XQH� ORL� GH�
SXLVVDQFH�HQ�pFKHOOH�ORJ�ORJ��

'pYHORSSHPHQWV�OLPLWpV�
�

•� &RQQDvWUH� HW� XWLOLVHU� OD� IRUPXOH� GH� 7D\ORU� j� O¶RUGUH� XQ� RX�
GHX[���LQWHUSUpWHU�JUDSKLTXHPHQW��

•� &RQQDvWUH� HW� XWLOLVHU� OHV�GpYHORSSHPHQWV� OLPLWpV�XVXHOV�DX�
YRLVLQDJH� GH� �� MXVTX¶DX� SUHPLHU� RUGUH� QRQ� QXO��� ���[����
H[SRQHQWLHOOH��VLQXV��FRVLQXV��/Q���[���

'pYHORSSHPHQW� HQ� VpULH� GH�
)RXULHU� G¶XQH� IRQFWLRQ�
SpULRGLTXH�

•� 8WLOLVHU�XQ�GpYHORSSHPHQW�HQ�VpULH�GH�)RXULHU�IRXUQL�YLD�XQ�
IRUPXODLUH��

4. Géométrie �
9HFWHXUV�HW�V\VWqPHV�GH�
FRRUGRQQpHV���

•� ([SULPHU�DOJpEULTXHPHQW�OHV�FRRUGRQQpHV�G¶XQ�YHFWHXU���
•� 8WLOLVHU�OHV�V\VWqPHV�GH�FRRUGRQQpHV�FDUWpVLHQQHV�HW�

F\OLQGULTXHV��
3URMHFWLRQ�G
XQ�YHFWHXU�HW�
SURGXLW�VFDODLUH�

�

•� ,QWHUSUpWHU�JpRPpWULTXHPHQW�OH�SURGXLW�VFDODLUH�HW�FRQQDvWUH�
VRQ� H[SUHVVLRQ� IRQFWLRQ� GHV� FRRUGRQQpHV� VXU� XQH� EDVH�
RUWKRQRUPpH���

•� 8WLOLVHU� OD� ELOLQpDULWp� HW� OH� FDUDFWqUH� V\PpWULTXH�GX� SURGXLW�
VFDODLUH��

3URGXLW�YHFWRULHO�
�

•� ,QWHUSUpWHU� JpRPpWULTXHPHQW� OH� SURGXLW� YHFWRULHO� HW�
FRQQDvWUH�VRQ�H[SUHVVLRQ�IRQFWLRQ�GHV�FRRUGRQQpHV���

•� 8WLOLVHU� OD� ELOLQpDULWp� HW� OH� FDUDFWqUH� DQWLV\PpWULTXH� GX�
SURGXLW�YHFWRULHO���

•� )DLUH�OH�OLHQ�DYHF�O¶RULHQWDWLRQ�GHV�WULqGUHV���
7UDQVIRUPDWLRQV�JpRPpWULTXHV� •� 8WLOLVHU�OHV�V\PpWULHV�SDU�UDSSRUW�j�XQ�SODQ��OHV��WUDQVODWLRQV�

HW� OHV� � URWDWLRQV�� &RQQDvWUH� OHXU� HIIHW� VXU� O¶RULHQWDWLRQ� GH�
O¶HVSDFH��

&RXUEHV�SODQHV�� •� 5HFRQQDvWUH� O¶pTXDWLRQ� FDUWpVLHQQH� G¶XQH� GURLWH� HW� G¶XQ�



APPENDICE : outils mathématiques 

��0LQLVWqUH�GH�O¶HQVHLJQHPHQW�VXSpULHXU�HW�GH�OD�UHFKHUFKH��������������������������� � � � �
� � � � � � � � � � � � � ������
41�
KWWS���ZZZ�HQVHLJQHPHQWVXS�UHFKHUFKH�JRXY�IU�� � � � � � � �
 

�
�
�
�
�
&RXUEHV�SODQHV�SDUDPpWUpHV��
�

FHUFOH���
•� 8WLOLVHU� OD� UHSUpVHQWDWLRQ� SRODLUH� G¶XQH� FRXUEH� SODQH���

XWLOLVHU� XQ� JUDSKHXU� SRXU� REWHQLU� VRQ� WUDFp��� LQWHUSUpWHU�
O¶H[LVWHQFH� GH� SRLQWV� OLPLWHV� RX� G¶DV\PSWRWHV� j� SDUWLU� GH�
O¶pTXDWLRQ�U�����

•� 5HFRQQDvWUH� � OHV�pTXDWLRQV�SDUDPpWULTXHV�[� �DFRV�ωW��HW��
\�  � EFRV�ωW�ϕ�� G¶XQH� HOOLSVH� HW� OD� WUDFHU� GDQV� OHV� FDV�
SDUWLFXOLHUV�ϕ� ����ϕ � �π���HW�ϕ� �π��

•� 7UDFHU�XQH�FRXUEH�SDUDPpWUpH�j�O¶DLGH�G¶XQ�JUDSKHXU��
/RQJXHXUV��DLUHV�HW�YROXPHV�
FODVVLTXHV�

•� &RQQDvWUH�OHV�H[SUHVVLRQV�GX�SpULPqWUH�GX�FHUFOH��GH�O¶DLUH�
GX�GLVTXH��GH� O¶DLUH�G¶XQH�VSKqUH��GX�YROXPH�G¶XQH�ERXOH��
GX�YROXPH�G¶XQ�F\OLQGUH��

%DU\FHQWUH�G
XQ�V\VWqPH�GH�
SRLQWV��

•� &RQQDvWUH� OD� GpILQLWLRQ� GX� EDU\FHQWUH�� 8WLOLVHU� VRQ�
DVVRFLDWLYLWp�� ([SORLWHU� OHV� V\PpWULHV� SRXU� SUpYRLU� OD�
SRVLWLRQ�GX�EDU\FHQWUH�G¶XQ�V\VWqPH�KRPRJqQH��

5. Trigonométrie  �
$QJOH�RULHQWp� •� 'pILQLU� XQH� FRQYHQWLRQ� G¶RULHQWDWLRQ� GHV� DQJOHV� GDQV� XQ�

SODQ�HW�OLUH�GHV�DQJOHV�RULHQWpV���
•� 5HOLHU� O
RULHQWDWLRQ� G
XQ� D[H� GH� URWDWLRQ� j� O
RULHQWDWLRQ�

SRVLWLYH�GHV�DQJOHV�GH�URWDWLRQ�DXWRXU�GH�FHW�D[H��
)RQFWLRQV�FRVLQXV��VLQXV�HW�
WDQJHQWH��
�
�
�
�

•� 8WLOLVHU� OH� FHUFOH� WULJRQRPpWULTXH� HW� O¶LQWHUSUpWDWLRQ�
JpRPpWULTXH�GHV�IRQFWLRQV�WULJRQRPpWULTXHV�FRVLQXV��VLQXV�
HW�WDQJHQWH�FRPPH�DLGH�PpPRLUH���UHODWLRQ�FRV�[�VLQ�[� ���
UHODWLRQV�HQWUH� IRQFWLRQV� WULJRQRPpWULTXHV�� SDULWpV�� YDOHXUV�
GHV��IRQFWLRQV�SRXU�OHV�DQJOHV�XVXHOV���

•� &RQQDvWUH� OHV� IRUPXOHV� G¶DGGLWLRQ� HW� GH� GXSOLFDWLRQ� GHV�
FRVLQXV�HW�VLQXV���XWLOLVHU�XQ�IRUPXODLUH�GDQV�OHV�DXWUHV�FDV���

1RPEUHV� FRPSOH[HV� HW�
UHSUpVHQWDWLRQ� GDQV� OH� SODQ��
6RPPH� HW� SURGXLW� GH� QRPEUHV�
FRPSOH[HV��

•� &DOFXOHU�HW� LQWHUSUpWHU�JpRPpWULTXHPHQW� OD�SDUWLH� UpHOOH�� OD�
SDUWLH�LPDJLQDLUH��OH�PRGXOH�HW�O¶DUJXPHQW���
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$SSHQGLFH�DX[�SURJUDPPHV�
�GH�SK\VLTXH�FKLPLH�HW�GH�VFLHQFHV�LQGXVWULHOOHV�GH�O¶LQJpQLHXU�GH�76,��

©�2XWLOV�PDWKpPDWLTXHV�ª�
�

$X�QLYHDX�GHV�FODVVHV�SUpSDUDWRLUHV�� OH� U{OH�VWUXFWXUDQW� GHV�RXWLOV� IRXUQLV�SDU� OHV�
PDWKpPDWLTXHV� HVW� LQFRQWRXUQDEOH� HQ� SK\VLTXH�FKLPLH� HW� HQ� VFLHQFHV� LQGXVWULHOOHV� GH�
O¶LQJpQLHXU��PDLV� LO�FRQYLHQW�G¶pYLWHU�OHV�GpULYHV� IRUPHOOHV�RX�FDOFXODWRLUHV��� OH�UHFRXUV�DX�
FDOFXO� DQDO\WLTXH� GRLW� rWUH� OLPLWp� DX[� FDV� OHV� SOXV� VLPSOHV� HW� RQ� XWLOLVHUD� GHV� RXWLOV� GH�
FDOFXO�QXPpULTXH�RX�IRUPHO�GDQV�WRXV�OHV�DXWUHV�FDV��\�FRPSULV�GDQV�FHUWDLQV�FDV�R��GHV�
FDOFXOV�DQDO\WLTXHV�VHUDLHQW�D�SULRUL�SRVVLEOHV�PDLV�KRUV�GH�SRUWpH�GHV�pWXGLDQWV�GX�IDLW�GH�
OHXU�ORQJXHXU�RX�GH�OHXU�WHFKQLFLWp���

$ILQ� GH� FLEOHU� DX�PLHX[� OD� IRUPDWLRQ�HW� O¶pYDOXDWLRQ�� FHW� DSSHQGLFH� OLVWH� OHV� RXWLOV�
PDWKpPDWLTXHV� GRQW� XQH� ERQQH� PDvWULVH� HVW� LQGLVSHQVDEOH� SRXU� TXH� OHV� REMHFWLIV� GH�
IRUPDWLRQ�GHV�SURJUDPPHV�GH�SK\VLTXH�FKLPLH�HW�GH�VFLHQFHV�LQGXVWULHOOHV�GH�O¶LQJpQLHXU�
SXLVVHQW� rWUH� SOHLQHPHQW� DWWHLQWV�� /H� QLYHDX� G¶H[LJHQFH� UHTXLV� HVW� V\VWpPDWLTXHPHQW�
SUpFLVp�SRXU�FKDTXH�RXWLO�DILQ�G¶pYLWHU�WRXWH�GpULYH��

/¶DSSUHQWLVVDJH� � GH� FHV� RXWLOV� GRLW� rWUH� UpSDUWL� VXU� O¶DQQpH� HQ� IRQFWLRQ� GH�
O¶DYDQFHPHQW� GHV� FRXUV� HQ� D\DQW� XQ� VRXFL� SHUPDQHQW� GH� FRQWH[WXDOLVDWLRQ�� &HFL�
VXSSRVH�QRWDPPHQW�XQH�FRQFHUWDWLRQ�DX�VHLQ�GH�O¶pTXLSH�SpGDJRJLTXH��

'DQV�OH�FDV�R��G¶DXWUHV�RXWLOV�VHUDLHQW�SRQFWXHOOHPHQW�QpFHVVDLUHV��LO�FRQYLHQGUDLW�
GH�OHV�PHWWUH�j�GLVSRVLWLRQ�GHV�pWXGLDQWV�VRXV�XQH�IRUPH�RSpUDWLRQQHOOH��IRUPXODLUHV«��HW�
GH�IDLUH�HQ�VRUWH�TXH�OHXU�PDQLSXODWLRQ�QH�SXLVVH�SDV�FRQVWLWXHU�XQ�REVWDFOH��

�
��
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��� (TXDWLRQV�DOJpEULTXHV� �

6\VWqPH�OLQpDLUH�GH�Q�pTXDWLRQV�j�S�
LQFRQQXHV�

�

,GHQWLILHU� XQ� QRPEUH� PLQLPDO� G¶LQFRQQXHV��
FRQIURQWHU� DX� QRPEUH� G¶pTXDWLRQV�
LQGpSHQGDQWHV�GLVSRQLEOHV��
([SULPHU�OD�GpSHQGDQFH�GDQV�OH�VHXO�FDV��
Q� �S� ����
5pVRXGUH�DQDO\WLTXHPHQW�GDQV�OH�VHXO�FDV�
�Q� �S� ����
8WLOLVHU�GHV�RXWLOV�QXPpULTXHV�RX�IRUPHOV�GDQV�
OHV�DXWUHV�FDV��
([HPSOHV���V\VWqPHV�G¶RUGUH�����Q� �S� ���HQ�
PpFDQLTXH��VWDWLTXH�GX�VROLGH���

eTXDWLRQ�QRQ�OLQpDLUH�
�

'LVFXWHU� JUDSKLTXHPHQW� GDQV� OH� FDV� R��
O¶pTXDWLRQ�VH�SUpVHQWH�VRXV�OD�IRUPH��
I�[�� �J�[��GH�O¶pJDOLWp�GH�GHX[�IRQFWLRQV�I�HW�J�
FODVVLTXHV���
5pVRXGUH�� GDQV� OH� FDV� JpQpUDO�� j� O¶DLGH� G¶XQ�
RXWLO�QXPpULTXH��
([HPSOHV��� SRLQW� GH� IRQFWLRQQHPHQW� G¶XQ�
DFWLRQQHXU� DVVRFLp� j� VD� FKDUJH�� G¶XQ�
JpQpUDWHXU�DVVRFLp�j�VD�FKDUJH��

�
� �
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��� (TXDWLRQV�GLIIpUHQWLHOOHV� �

eTXDWLRQ�GLIIpUHQWLHOOH�OLQpDLUH�GX�SUHPLHU�
HW� GX� VHFRQG� RUGUH� j� FRHIILFLHQWV�
FRQVWDQWV��
�

,GHQWLILHU� O¶RUGUH�� H[SOLFLWHU� OHV� FRQGLWLRQV�
LQLWLDOHV��
([SORLWHU�O¶pTXDWLRQ�FDUDFWpULVWLTXH��
3UpYRLU� OH� FDUDFWqUH� ERUQp� RX� QRQ� GHV�
VROXWLRQV� GH� O¶pTXDWLRQ� KRPRJqQH� �FULWqUH� GH�
VWDELOLWp���
0HWWUH� XQH� pTXDWLRQ� VRXV� IRUPH� FDQRQLTXH��
/¶pFULWXUH� GH� O¶pTXDWLRQ� GLIIpUHQWLHOOH� GRLW�
SHUPHWWUH�OD�YpULILFDWLRQ�GH�O¶KRPRJpQpLWp�GHV�
JUDQGHXUV�SK\VLTXHV���
7UDFHU� QXPpULTXHPHQW� O¶DOOXUH� GX�JUDSKH�GHV�
VROXWLRQV� HQ� WHQDQW� FRPSWH� GHV� FRQGLWLRQV�
LQLWLDOHV��&,���
5pVRXGUH� DQDO\WLTXHPHQW� �VROXWLRQ� FRPSOqWH��
GDQV� OH� VHXO� FDV� G¶XQH� pTXDWLRQ� GX� SUHPLHU�
RUGUH�HW�G¶XQ�VHFRQG�PHPEUH�FRQVWDQW��
2EWHQLU�DQDO\WLTXHPHQW��QRWDWLRQ�FRPSOH[H��OH�
VHXO�UpJLPH�VLQXVRwGDO�IRUFp�GDQV�OH�FDV�G¶XQ��
VHFRQG� PHPEUH� VLQXVRwGDO�� 0HWWUH� HQ�
pYLGHQFH� O¶LQWpUrW� G¶XWLOLVHU� OD� QRWDWLRQ�
FRPSOH[H� GDQV� OH� FDV� G¶XQ� UpJLPH� IRUFp�
VLQXVRwGDO���
'pWHUPLQHU� OH� PRGXOH� HW� OD� SKDVH� GHV�
JUDQGHXUV��
0HWWUH� HQ� pYLGHQFH� OHV� QRWLRQV� GH� UpJLPH�
OLEUH�� UpJLPH� SHUPDQHQW�� UpJLPH� IRUFp� HW�
UpJLPH�WUDQVLWRLUH��
([HPSOHV��� pOHFWURFLQpWLTXH�� PpFDQLTXH��
WKHUPLTXH«�
�

eTXDWLRQ�TXHOFRQTXH� ,QWpJUHU�QXPpULTXHPHQW�DYHF�XQ�RXWLO�IRXUQL��
([HPSOHV��� pTXDWLRQV� LVVXHV� GX� SULQFLSH�
IRQGDPHQWDO�GH�OD�G\QDPLTXH��

�
� �
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��� )RQFWLRQV�� �

�)RQFWLRQV�XVXHOOHV� ([SRQHQWLHOOH�� ORJDULWKPH�QpSpULHQ�HW� GpFLPDO��

FRVLQXV�� VLQXV�� WDQJHQWH�� 2x x �� 1x
x

 ��

x x ���
�'pULYpH�
�

,QWHUSUpWHU�JpRPpWULTXHPHQW�OD�GpULYpH��
'pULYHU�XQH�IRQFWLRQ�FRPSRVpH��
5HFKHUFKHU�XQ�H[WUpPXP��
([HPSOHV���SKpQRPqQH�GH�UpVRQDQFH��FRXSOH�
PD[LPXP�G¶XQH�PDFKLQH��DV\QFKURQH��

3ULPLWLYH�HW�LQWpJUDOH�
�
9DOHXUV�PR\HQQH�HW�HIILFDFH�
�

,QWHUSUpWHU�O¶LQWpJUDOH�FRPPH�XQH�VRPPH�GH�
FRQWULEXWLRQV�LQILQLWpVLPDOHV���
([SULPHU�OD�YDOHXU�PR\HQQH�VRXV�IRUPH�G¶XQH�
LQWpJUDOH��&RQQDvWUH�OD�YDOHXU�PR\HQQH�VXU�XQH�
SpULRGH�GHV�IRQFWLRQV�FRV��VLQ��FRV��HW�VLQ���
,QWHUSUpWHU�O¶LQWpJUDOH�HQ�WHUPHV�G¶DLUH�
DOJpEULTXH�SRXU�GHV�IRQFWLRQV�SpULRGLTXHV�
VLPSOHV��
([HPSOHV���IRQFWLRQV�SpULRGLTXHV�FRQVWDQWHV�
SDU�PRUFHDX[�SRXU�OHV�FRQYHUWLVVHXUV�
VWDWLTXHV��

5HSUpVHQWDWLRQ�JUDSKLTXH�G¶XQH�IRQFWLRQ� 8WLOLVHU� XQ� JUDSKHXU� SRXU� WUDFHU� XQH� FRXUEH�
G¶pTXDWLRQ�GRQQpH��
'pWHUPLQHU� XQ� FRPSRUWHPHQW� DV\PSWRWLTXH���
UHFKHUFKHU�XQ�H[WUHPXP��
8WLOLVHU� GHV� pFKHOOHV� ORJDULWKPLTXHV��� LGHQWLILHU�
XQH�ORL�GH�SXLVVDQFH�HQ�pFKHOOH�ORJ�ORJ��
([HPSOHV���UpSRQVHV�IUpTXHQWLHOOHV�
��GLDJUDPPH�GH�%RGH���

'pYHORSSHPHQWV�OLPLWpV�
�

&RQQDvWUH� HW� XWLOLVHU� OD� IRUPXOH� GH� 7D\ORU� j�
O¶RUGUH�XQ�RX�GHX[���LQWHUSUpWHU�JUDSKLTXHPHQW��
&RQQDvWUH�HW�XWLOLVHU�OHV�GpYHORSSHPHQWV�OLPLWpV�
XVXHOV�DX�YRLVLQDJH�GH���MXVTX¶DX�SUHPLHU�
RUGUH�QRQ�QXO������[�Į��H[SRQHQWLHOOH��VLQXV��
FRVLQXV��ORJDULWKPH�QpSpULHQ��

'pYHORSSHPHQW� HQ� VpULH� GH� )RXULHU�
G¶XQH�IRQFWLRQ�SpULRGLTXH�

8WLOLVHU� XQ�GpYHORSSHPHQW� HQ� VpULH� GH�)RXULHU�
IRXUQL�YLD�XQ�IRUPXODLUH��
0HWWUH� HQ�pYLGHQFH� OHV� SURSULpWpV� GH� V\PpWULH�
GDQV�OH�GRPDLQH�WHPSRUHO��GHPL�SpULRGH���

�
� �



�

�
��0LQLVWqUH�GH�O¶HQVHLJQHPHQW�VXSpULHXU�HW�GH�OD�UHFKHUFKH�������
KWWS���ZZZ�HQVHLJQHPHQWVXS�UHFKHUFKH�JRXY�IU� � ��

�
287,/6� 1,9($8�'¶(;,*(1&(�

��� *pRPpWULH� �

9HFWHXUV�HW�V\VWqPHV�GH�FRRUGRQQpHV��� ([SULPHU�DOJpEULTXHPHQW�OHV�FRRUGRQQpHV�G¶XQ�
YHFWHXU���
8WLOLVHU�OHV�V\VWqPHV�GH�FRRUGRQQpHV�
FDUWpVLHQQHV�HW�F\OLQGULTXHV��
([HPSOH���UHSpUDJH�G¶XQ�SRLQW�GDQV�O¶HVSDFH�
HQ�FLQpPDWLTXH��

3URMHFWLRQ�G
XQ�YHFWHXU�HW�SURGXLW�
VFDODLUH�

�

,QWHUSUpWHU�JpRPpWULTXHPHQW�OH�SURGXLW�VFDODLUH�
HW�FRQQDvWUH�VRQ�H[SUHVVLRQ�HQ�IRQFWLRQ�GHV�
FRRUGRQQpHV�GDQV�XQH�EDVH�RUWKRQRUPpH���
8WLOLVHU�OD�ELOLQpDULWp�HW� OH�FDUDFWqUH�V\PpWULTXH�
GX�SURGXLW�VFDODLUH��
([HPSOHV��� SURMHFWLRQ� HQ� PpFDQLTXH� GDQV� XQ�
UHSqUH��GLDJUDPPH�GH�)UHVQHO��

3URGXLW�YHFWRULHO�
�

,QWHUSUpWHU�JpRPpWULTXHPHQW�OH�SURGXLW�YHFWRULHO�
HW�FRQQDvWUH�VRQ�H[SUHVVLRQ�HQ�IRQFWLRQ�GHV�
FRRUGRQQpHV�GDQV�XQH�EDVH�RUWKRQRUPpH�
GLUHFWH��
8WLOLVHU�OD�ELOLQpDULWp�HW�OH�FDUDFWqUH�
DQWLV\PpWULTXH�GX�SURGXLW�YHFWRULHO���
)DLUH�OH�OLHQ�DYHF�O¶RULHQWDWLRQ�GHV�WULqGUHV���
([HPSOHV���FDOFXO�GHV�PRPHQWV��GpULYDWLRQ�GHV�
YHFWHXUV�XQLWDLUHV��

7UDQVIRUPDWLRQV�JpRPpWULTXHV� 8WLOLVHU�OHV�V\PpWULHV�SDU�UDSSRUW�j�XQ�SODQ��OHV��
WUDQVODWLRQV�HW�OHV�URWDWLRQV��&RQQDvWUH�OHXU�HIIHW�
VXU�O¶RULHQWDWLRQ�GH�O¶HVSDFH��

&RXUEHV�SODQHV�
�
�
�
&RXUEHV�SODQHV�SDUDPpWUpHV�
�

5HFRQQDvWUH�O¶pTXDWLRQ�FDUWpVLHQQH�G¶XQH�GURLWH�
HW�G¶XQ�FHUFOH���
8WLOLVHU�OD�UHSUpVHQWDWLRQ�SRODLUH�G¶XQH�FRXUEH�
SODQH���XWLOLVHU�XQ�JUDSKHXU�SRXU�REWHQLU�VRQ�
WUDFp���LQWHUSUpWHU�O¶H[LVWHQFH�GH�SRLQWV�OLPLWHV�
RX�G¶DV\PSWRWHV�j�SDUWLU�GH�O¶pTXDWLRQ�U I�𝜃���
5HFRQQDvWUH��OHV�pTXDWLRQV�SDUDPpWULTXHV�

cos( ) sin( )x a t et y a t         �G¶XQH�
HOOLSVH�HW�OD�WUDFHU�GDQV�OHV�FDV�SDUWLFXOLHUV���

0,
2
et      ��

7UDFHU�XQH�FRXUEH�SDUDPpWUpH�j�O¶DLGH�G¶XQ�
JUDSKHXU��

/RQJXHXUV��DLUHV�HW�YROXPHV�FODVVLTXHV� &RQQDvWUH� OHV� H[SUHVVLRQV� GX� SpULPqWUH� GX�
FHUFOH�� GH� O¶DLUH� GX� GLVTXH�� GH� O¶DLUH� G¶XQH�
VSKqUH��GX�YROXPH�G¶XQH�ERXOH��GX�YROXPH�G¶XQ�
F\OLQGUH��

%DU\FHQWUH�G
XQ�V\VWqPH�GH�SRLQWV� &RQQDvWUH� OD� GpILQLWLRQ� GX� EDU\FHQWUH�� 8WLOLVHU�
VRQ� DVVRFLDWLYLWp�� ([SORLWHU� OHV� V\PpWULHV� SRXU�
SUpYRLU� OD�SRVLWLRQ�GX�EDU\FHQWUH�G¶XQ�V\VWqPH�
KRPRJqQH��
([HPSOH��� UHFKHUFKH� G¶XQ� FHQWUH� GH� JUDYLWp�
G¶XQ�VROLGH��
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��� 7ULJRQRPpWULH�� �

$QJOH�RULHQWp� 'pILQLU� XQH� FRQYHQWLRQ� G¶RULHQWDWLRQ� GHV�
DQJOHV� GDQV� XQ� SODQ� HW� OLUH� GHV� DQJOHV�
RULHQWpV���
5HOLHU� O
RULHQWDWLRQ� G
XQ� D[H� GH� URWDWLRQ� j�
O
RULHQWDWLRQ� SRVLWLYH� GHV� DQJOHV� GH� URWDWLRQ�
DXWRXU�GH�FHW�D[H��

)RQFWLRQV�FRVLQXV��VLQXV�HW�WDQJHQWH�
�
�
�
�

8WLOLVHU� OH� FHUFOH� WULJRQRPpWULTXH� HW�
O¶LQWHUSUpWDWLRQ� JpRPpWULTXH� GHV� IRQFWLRQV�
WULJRQRPpWULTXHV� FRVLQXV�� VLQXV� HW�
WDQJHQWH�FRPPH� DLGH�PpPRLUH� �� UHODWLRQ�
FRV�[� �� VLQ�[�  � ��� UHODWLRQV� HQWUH� IRQFWLRQV�
WULJRQRPpWULTXHV�� SDULWpV�� YDOHXUV� GHV��
IRQFWLRQV�SRXU�OHV�DQJOHV�XVXHOV���
&RQQDvWUH� OHV� IRUPXOHV� G¶DGGLWLRQ� HW� GH�
GXSOLFDWLRQ� GHV� FRVLQXV� HW� VLQXV��� XWLOLVHU� XQ�
IRUPXODLUH�GDQV�OHV�DXWUHV�FDV���
3DVVHU�GH� OD� IRUPH� cos( ) sin( )A t B t    �j� OD�
IRUPH� cos( )C t   �
�

1RPEUHV� FRPSOH[HV� HW� UHSUpVHQWDWLRQ�
GDQV� OH� SODQ�� 6RPPH� HW� SURGXLW� GH�
QRPEUHV�FRPSOH[HV�
�
�

&DOFXOHU� HW� LQWHUSUpWHU� JpRPpWULTXHPHQW� OD�
SDUWLH�UpHOOH��OD�SDUWLH�LPDJLQDLUH��OH�PRGXOH�HW�
O¶DUJXPHQW�G¶XQ�QRPEUH�FRPSOH[H���
([HPSOHV���GLDJUDPPH�GH�)UHVQHO��$SSOLFDWLRQ�

DX[�V\VWqPHV�WULSKDVpV��
2
3

i
a e



 21 0a a   ��
&DOFXO�PDWULFLHO��HQ�6,,�XQLTXHPHQW�� (IIHFWXHU� OH� SURGXLW� G¶XQH� PDWULFH� SDU� XQ�

YHFWHXU��
([HPSOH���FDOFXO�GX�PRPHQW�G\QDPLTXH���
&KRLVLU� XQH� EDVH� SRXU� VLPSOLILHU� OD� VWUXFWXUH�
G¶XQH�PDWULFH���
([HPSOH��� VLPSOLILFDWLRQ� G¶XQH� PDWULFH�
G¶LQHUWLH��
�

�
�
�


