
HAL Id: inria-00074001
https://inria.hal.science/inria-00074001

Submitted on 24 May 2006

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Dither in Systems with Hysteresis
Pierre-Alexandre Bliman, Alexander M. Krasnosel’Skii, Michel Sorine

To cite this version:
Pierre-Alexandre Bliman, Alexander M. Krasnosel’Skii, Michel Sorine. Dither in Systems with Hys-
teresis. [Research Report] RR-2690, INRIA. 1995. �inria-00074001�

https://inria.hal.science/inria-00074001
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

ap por t  


de  r ech er ch e 


1 9 9 4 


INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET AUTOMATIQUE

Dither in Systems with Hysteresis

Pierre-Alexandre Bliman, Alexander M. Krasnosel’skii, Michel Sorine

N˚ 2690
Octobre 1995

PROGRAMME 5

Traitement du signal,

automatique

et productique





���������
	��
���������������������������������
	��
�����

�
 "!$#�#%!$&('*)+!$,.-0/�1�#�!324)+ "56-0/879'*)"!$,:-;/<1�!$#�=?>:@3#
-BA�/.CDA�!$)FEGAIH9 " (7.=J LK
M.!$)8NDCO#% +/.!

P<QSRUTVQ(WYXZXZ[8\^]`_:QFW
acbS[IXZ[�d$b8e$f3gSacTUdOWYhLijWYf0bSRVX�W
bkamlUf;[8[�bon0QkR0e$fOpFbkaqlVf0[
P.QkR�rF[�bts$RVgSgkR

uvW
n0nBRUQkboe$[
QS[�pkw0[�QFpkw0[xd�yjzU{V|U}~]��
pFbSRV�0QS[Z�%|U|V\�]`�j�4nOWYTU[�g

���<�I�%�
�O�
�V�D_8w0acg�nOW
nB[�Qoe$[%W
hcg��8acbSw3e$a���[�Qk[�d$bSamW
hBacdOpFhcf0gkaGRVdZpFRUd$bFW
acd0acd0T�W
d*wj�$gkbS[�Qk[�gSacg8d0RVd0hcaGd;[�W
QkaGbL�
WYdOe6bL��R�acd0n;f0bSg%��W�pFRVd$bSQSRVh�acd0n0f0b3W
dOe�W�e$acbSw;[�Q3aGd;n0f0b3R
��w0acTUw��+QS[�lVf0[IdOpF�$�x��RUdBe$acbSacRUd0gZWYQS[
acd$bSQkR�e�fOpF[�e3f;dOe$[�Qv�8w0ampSw*acbSg8gSRVhcf0bSacRUd3WUe$X*acbSg�WYgS�$XZn0bkRUbkaqp��B[�wOW%�$acRUQ8�8w;[�d3bSw0[�e$acbSw;[�Q8�+Qk[�lVf0[�dOp��
TVRj[IgZbSR�acd$ Bd0acbL�j�¢¡
p�pFRUQFe$acd0T�bkR�W
gk�jX*n0bSRVbSamp�TVQSR
�8bkw£RY��bSw0[¤e�aGbkw0[�Q3W
XZn;hGacbkfOe$[Ui.bL��R�e$a���[IQS[�d$b
�B[�wOW%�$acRUQkg¥WYn0nO[%W
Q��4bkw0[�d0RUd;hGacd0[%W
QSacbL�¦acg�gkXZR$RUbkw0[�e¨§"QS[�gkn9��lVf0[�dOpkw0[�e;©�a��8bSw0[*�U[�hcR0pFacbSac[�g�acdOe�fOpF[�e
�$��bSw;[~e�aGbkw0[�QoWYQS[ªWYgS�$XZn;bSRUbkamp�W
hchc���BRUf0dOe�[�e«§+QS[IgSn9�;f0d$�ORVf0dOe$[�e;©�����RUd$�V[�QSTV[�dOpF[�Qk[�gSf;hGbkg��+RUQ� Od0acbk[
WYdOe¦acd$ Bd0acbS[4bSacXZ[�acd$bS[IQS�UW
hcg
W
QS[4TUac�V[�d9i9WYdOe¦hcacd0¬V[�e3�8acbSw­bSw0[�W%�U[IQ(W
TVacd0TZn0QkacdOpFacn0hc[U��_8w;[Zp�W
gk[®RY�
�BRUf0dBe$[�e¦e$acbkw0[�QSacd0T��V[�hcR0pFacbSac[�g8acg8R
��acd$bS[�Qk[�gSbvaGd¦W4X*[�pkwOW
d0amp�WYh�p�RUd$bS[F¯0b%iO�8w;[�QS[�w$�$gSbk[�QS[IgSacg
aGg8f;gS[�e
bkR¦XZR0e$[�h�e$QS�«�+QSampFbkacRUd9�*¡°�U[IQS�­aGd$bk[�QS[�gkbSacd0T«�+[�WYbSf0Qk[Zacg�bSwBW
b�bkw0[ZW%�U[�QFW
TV[�e�w$�$gSbk[�QS[�gkacg®RVnO[�QFW
bkRUQ
X3W%�¤�B[Zhcacd0[�WYQSac±�[�e²�+RVQ�gSX3W
hch��U[IhGR0pFacbkaG[Ig���_8w0[3w$�$nORVbSw0[IgS[�g�RVd�bSw;[³e�aGbkw0[�Q�acdOpFhcfOe�[ZnB[�QSacR0e$ampFacbL�ji
´vµLQS[InO[�bkacbSac�U[�d;[�gSg�W
dBe3§¶WYgS�$XZn;bSRUbkamp�©�WYhcXZRUgkbLµLnO[IQSacR0e$ampFacbL�j�
·*¸$¹DºS»�¼B�U½.�
�¦w$�$gSbk[�QS[IgSacg8RUnB[�Q(WYbSRVQSg�i0e�a¾�D[�Qk[�d$bSamW
hBacdOpFhcf0gSacRVd0g�i$W%�U[�QFW
TVaGd;T�n0QSacdOp�aGn;hG[VijWYhGX*RUgkbLµLnO[�QkacR
µ
e$amp¿�+f0dBpFbSacRUd;g�iOe�aGbkw0[�Q%iOe$Qk���+Qkaqp�bSacRUd

ÀmÁ�ÂÃ¶ÄLÅ�Æ ÂÃ<Ç:ÈcÄLÉLÊFË

ÌBÍUÎ*Ï
Ð¶Ñ"Ò�ÓFÔUÕ�ÒÖÍ
×ØÐ¶Õ�ÓFÙUÒÖÍUÚFÐLÑ�ÓFÐLÎ3ÛB×¾ÒmÍ¢ÜmÝ9Þ�Ümß?Þ9Ú%àSáIÙUÎLÔUàSÚ�Ù
Ð¶ÒLâ.ã
ä(åIæ�æ�å�ç�èIé�åkê�èkë�ì�æFå0ícî�é%äLï�èFëIð�äkë�æñä(è$í�òñæ$ó
ïUäFôFõ�å�é0íÖö�÷�æ%äLë�åFð%äSë%æ�äFè0íøòñæ%ù�ÌBÍUÎ8Ñ"ÎSàSÚ�ÔUÕoÓFÙUÒÖÍUÚFÐ9×¾Ñ�ÛB×¾ÒmÍ®ÜqÔUÑ+ÒÖ×¾ÒmÙUÒ"Î�úGÚFÐ�ÜcÔ
úcÚFÐ"ûoÓ�Òm×¾Ú�ÔoÌUÐLÓFÔUÑÖû8×¾Ñ+ÑÖ×¾ÚFÔ
ü0ÐLÚFý
þ¾ÎLûoÑkâUÿ��
�DÚFþmù��.ÓFÐLÎSÒÖÔ����$ÎLÐFùØâ�ÿ�	%ÿ�
�
���

Ú�Ñ"àSÚFÛ.â�ÞDÙUÑ"Ñm×¾ÓYâ�èkï���ð
äSã�ãYäjí�ïñö��Oímö��
ù�� ×¾ÑDÛOÚFÐ��oÛBÓ�Ñ��UÓ�Ð¶ÒÖ×¾ÓFþØþ���ÑÖÙ����jÚFÐLÒ"ÎSÕ�ý�����ÐLÓFÔ
Ò��
��� �!	%ÿ��"	�	�#�#�
�ÚFúOÞ ÙUÑ+ÑÖ×¾ÓFÔ%$
ÚFÙ
ÔUÕ
Ó�ÒÖ×¾ÚFÔ8ÚFú�$%Ù
ÔUÕ
ÓFûoÎLÔ
Ò"ÓSþ
Þ9ÎkÑ+ÎkÓFÐLà"ÍUÑSù
ÌBÍ
×¾ÑDÛOÚFÐ��ªÛBÓ�Ñ&�UÓFÐLÒÖþ���Õ
ÚFÔUÎ.Õ%Ù
Ð"×ØÔ('.ÒmÍUÎ*)I×¾Ñm×¾Ò"ÑDÚFú0ß�ù 
4ù���Ð¶Ó�ÑÖÔUÚ�Ñ"ÎLþ"+ Ñ,��×Ø×
Ò"Ú�ÜmÝ�Þ9Ümß«Þ9Ú%àSáIÙUÎLÔUàSÚ�Ù
Ð¶ÒLù
ÌBÍ
×¾Ñ&�UÓ��jÎ ÐO×¾Ñ�ÑmÙ
ý
û8×¾Ò"Ò+ÎkÕ�úcÚFÐ&�
Ù
ý
þØ×¾àSÓ�ÒÖ×¾ÚFÔ�×ØÔ.-%Ümß�
0/FÚ�Ù
Ð+ÔUÓFþUÚ�Ôªß1���
þØ×¾ÎkÕ�

Ó�ÒmÍUÎ ûoÓ�ÒÖ×¾àSÑ
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