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²YDGDV
'DUEH� WUXPSDL� DSåYHOJLDPRV� NHWXULRV� ãLÐ� PHWÐ� SXEOLNDFLMRV� >���@�� VNLUWRV� WROLPHVQLDP

DSLEHQGULQWRV�VLQFKURQL]DFLMRV��$6��W\ULPXL�EHL�VLQFKURQL]DFLMRV�WDUS�XåGHOVWÐ�FKDRWLQLÐ�VLVWHPÐ

SDQDXGRMLPXL�VODSWDP�LQIRUPDFLMRV�SHUGDYLPXL�

$SLEHQGULQWRV�VLQFKURQL]DFLMRV�LGHQWLILNDYLPDV�Lã�V�O\JLQLÐ�/LDSXQRYR�HNVSRQHQþLÐ
&KDRVR� VLQFKURQL]DFLMD� GDåQLDXVLDL� WLULDPD� HVDQW� VXVLHWRPV� LGHQWLãNRPV� FKDRWLQ¡PV

VLVWHPRPV��1HVHQLDL� EXYR� SUDG¡WD� YDUWRWL� $6� V�YRND� LU� YLHQSXVLãNDL� VXVLHWRPV� QHLGHQWLãNRPV
FKDRWLQ¡PV�VLVWHPRPV�>�@�WLUWL��-RV�WHRULMD�EXYR�Lã�GDOLHV�LãSO¡WRWD�>�@�GDUEH��%XYR�SDURG\WD��NDG
$6�JDOL�SDVLUHLNãWL�GYLHP�EÌGDLV��NDLS�VWLSULRML�LU�VLOSQRML�VLQFKURQL]DFLMD��DWLWLQNDQþLDLV�JORWQÐ�LU
QHJORWQÐ� �IUDNWDOLQ³�� VLQFKURQL]DFLMRV� SDYLUãLÐ�� $6� LGHQWLILNDYLPDV� ³PDQRPDV� SDQDXGRMDQW
SDJDOELQ
� DWVDNR� VLVWHP�� >�@�� âL� VLVWHPD� \UD� RULJLQDOLRVLRV� DWVDNR� VLVWHPRV� NRSLMD� LU� ML
SULMXQJLDPD�SULH�YDOGDQþLRVLRV�VLVWHPRV�WRNLX�SDW�EÌGX�NDLS�LU�RULJLQDOLRML��$6�DWLWLQND�LGHQWLãN�
RULJLQDOLRVLRV� LU� SDJDOELQ¡V� VLVWHPÐ� HOJHV³�� 7DþLDX� SDJDOELQ¡V� VLVWHPRV� PHWRGR� WDLN\PR
JDOLP\E¡V� \UD� ULERWRV�� -XR� QH³PDQRPD� SDVLQDXGRWL�� MHLJX� DWVDNR� VLVWHPRV�PRGHOLV� QHåLQRPDV�
.LWDV�JDOLPDV�$6�LGHQWLILNDYLPR�EÌGDV���DSVNDLþLXRWL�V�O\JLQHV�/LDSXQRYR�HNVSRQHQWHV��6/(V��
7DL�Y¡O�QHVXQNX�SDGDU\WL�åLQDQW�VLVWHPRV�PRGHO³��7DþLDX�MDV�JDOLPD�QXVWDW\WL�LU�Lã�HNVSHULPHQWH
PDWXRMDPÐ�VLJQDOÐ�

ýLD� VLÌORPDV� DOJRULWPDV�� ³JDOLQDQWLV� ³YHUWLQWL� 6/(V� Lã� GYLHMÐ� VNDOLDULQLÐ� ODLNR� VHNÐ�
DWLWLQNDQþLÐ� YDOGDQþL�M�� LU� DWVDNR� VLVWHPDV�� 7DLS� JDOLPD� HNVSHULPHQWH� LGHQWLILNXRWL� $6
QHVLQDXGRMDQW� SDJDOELQH� DWVDNR� VLVWHPD�� .LWD� YHUWXV�� UHPLDQWLV� � ãLDLV� W\ULPDLV� JDOLPD
SURJQR]XRWL�� NDLS� HOJWÐVL� SDJDOELQ¡� DWVDNR� VLVWHPD�� MHLJX� M�� JDOLPD� EÌWÐ� SDJDPLQWL� LU� SULMXQJWL
SULH� YDOGDQþLRVLRV� VLVWHPRV�� $OJRULWPDV� VXVLGHGD� Lã� WULMÐ� SDJULQGLQLÐ� åLQJVQLÐ�� ���� GLQDPLNRV
UHNRQVWUXNFLMRV� XåGHOVWÐ� NLQWDPÐMÐ� PHWRGX� LU� DUWLPÐMÐ� WUDMHNWRULMRV� NDLP\QÐ� QXVWDW\PR�� ���
WDQJHQWLQLÐ� DWYDL]GåLÐ� DSVNDLþLDYLPR� PDåLDXVLÐMÐ� NYDGUDWÐ� PHWRGX�� ���� 6/(Ð� VXUDGLPR� Lã
UHNRQVWUXRWÐ� WDQJHQWLQLÐ� DWYDL]GåLÐ�� âLV� DOJRULWPDV� SDQDãXV� ³� SDSUDVWÐ� /LDSXQRYR� HNVSRQHQþLÐ
VNDLþLDYLPR� DOJRULWP��� WLN� VNLUWXPDV� WDV�� NDG� þLD� UHLNLD� UHNRQVWUXRWL� WDQJHQWLQLXV� DWYDL]GåLXV
GYLHP�VLVWHPRPV��YDOGDQþLDMDL�LU�DWVDNR�

3LUPDPH� SDYHLNVO¡O\MH� SDYDL]GXRWDV
DOJRULWPR�YHLNVPLQJXPDV�GYLHP�YLHQSXVLãNDL
VXVLHWLHPV� +HQRQR� DWYDL]GåLDPV�� 3DURG\WD
PDNVLPDOLRV� 6/(� SULNODXVRP\E¡� QXR� U\ãLR
VWLSUXPR� k ��7DãNDL�DWLWLQND�YHUWHV��QXVWDW\WDV
Lã� ODLNR� VHNÐ�� SXQNW\ULQ¡� OLQLMD� �� WLHVLRJLDL� Lã
O\JþLÐ��.DLS�PDWRPH��DOJRULWPDV�GXRGD�SXLNÐ
VXWDSLP�� VX� WLNURVLRPLV� YHUW¡PLV�� ,QWHUYDODV
k k k1 2< < �DWLWLQND�VLOSQ�M��VLQFKURQL]DFLM���R

k k> 3 ���VWLSUL�M��
âLXR� DOJRULWPX� EXYR� V¡NPLQJDL

UHPWDVL�LU�VXG¡WLQJHVQ¡PV�VLVWHPRPV��WRNLRPV
NDLS� VXVLHWLHPV� 5|VVOHULR� LU� /RUHQ]R� PRGHOLDPV� >�@�� WDLS� SDW� HNVSHULPHQWH� >�@� QDXGRWLHPV
VXVLHWLHPV�HOHNWURQLQLDPV�FKDRVR�JHQHUDWRULDPV�WLUWL�
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7UÌNXVLV�FKDRVDV�WLHV�VLOSQRVLRV�VLQFKURQL]DFLMRV�VOHQNVþLX
*HUDL� åLQRPD� >�@�� NDG� WUÌNXVLV� FKDRVDV� �RQ�RII� LQWHUPLWWHQF\�� DWVLUDQGD� WDP� WLNURV

VLPHWULMRV� GLQDPLQ¡VH� VLVWHPRVH�� &KDRWLQLV� WRNLÐ� VLVWHPÐ� DWUDNWRULXV� JXOL� JORWQLDPH
LQYDULDQWLQLDPH�SDYLUãLXMH� �SDSUDVWDL� KLSHUSORNãWXPRMH��� NXULR� GLPHQVLMD� \UD�PDåHVQ¡� Xå� YLVRV
ID]LQ¡V� HUGY¡V� GLPHQVLM��� 7UÌNXVLV� FKDRVDV� DWVLUDQGD�� NDL� VLQFKURQL]DFLMRV� SDYLUãLXV� SUDUDQGD
VWDELOXP���-LV�SDVLUHLãNLD�GLQDPLQLR�NLQWDPRMR�YHUW¡V�ãRNLQ¡MLPDLV� WDUS�GYLHMÐ�EÌGLQJÐ�EÌVHQÐ�
SDVWRYLRVLRV� �þLD� VLVWHPD� EÌQD� LOJ�� ODLN��� EHL� VWDLJDXV� QXãRNLPR� QXR� ãLRV� EÌVHQRV� LU� VWDLJDXV
VXJU³åLPR�DWJDO�³�SUDGLQ
�EÌVHQ��

� ýLD� DSWLNWD� QDXMD� WUÌNLRMR� FKDRVR� DWVLUDGLPR� VLWXDFLMD�� âLV� UHLãNLQ\V� JDOL� DWVLUDVWL
VLVWHPRVH� EH� VLPHWULMRV�� QHWXULQþLRVH� MRNLÐ� WULYLDOLÐ� LQYDULDQWLQLÐ� SDYLUãLÐ�� -LV� JDOL� DWVLUDVWL� EHW
NRNLRMH� GLQDPLQ¡MH� VLVWHPRMH� VXGDU\WRMH� Lã� GYLHMÐ� YLHQSXVLãNDL� VXVLHWÐ� FKDRWLQLÐ� VLVWHPÐ� WLHV
VLOSQRVLRV� VLQFKURQL]DFLMRV� VOHQNVþLX�� 3DSUDVþLDXVLDV� WRNLRV� VLVWHPRV� SDY\]G\V� \UD� GX� VXVLHWL
ORJLVWLQLDL�DWYDL]GåLDL�
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NXU� ( ) ( )f x x x= −4 1 ��1RUV� ãL� VLVWHPD� LU� WXUL� LQYDULDQWLQ³� VLQFKURQL]DFLMRV�SDYLUãLÐ� y x= �� HVDQW
VLOSQDP� U\ãLXL� k �� VLVWHPRMH� DWVLUDQGD� $6� VLOSQRVLRV� VLQFKURQL]DFLMRV� SDYLGDOH�� 3DVWHE¡WL� $6
JDOLPD�SDVLQDXGRMDQW�SDJDOELQH�DWVDNR�VLVWHPD�

( ) ( ) ( ){ }y f y k f x f yn n n n' ' ' .+ = + −1
(2)

.DL� k k k1 2< < �� NXU� k1 ≈ �������� � k2 = ����� ��E�� LU� ���� VLVWHPRV� \UD� VLQFKURQL]XRWRV� ³SUDVWLQH
SUDVPH� y yn n' = ��R� VLVWHPRV� ��D�� LU� ��E�� �� QH� y xn n≠ ��ýLD�PHV� WXULPH� VLOSQ�M�� VLQFKURQL]DFLM�
WDUS���D��LU���E���6LVWHPRV�����GLQDPLND�NRODSVXRMD�³�VWDELOÐ�IUDNWDOLQ³�VLQFKURQL]DFLMRV�SDYLUãLÐ�
.DL� k k> 3 ��YLVRV�WU\V���D�����E��LU���F��VLVWHPRV�VLQFKURQL]XRWRV�³SUDVWLQH�SUDVPH�� y y xn n n' = = �
7DL�DWLWLQND�VWLSUL�M��VLQFKURQL]DFLM��WDUS���D��LU���E��

äHPLDX� VLOSQRVLRV� VLQFKURQL]DFLMRV
VOHQNVþLR�� NDL� k k< 1 �� IUDNWDOLQLV� VLQFKUR�
QL]DFLMRV� SDYLUãLXV� SUDUDQGD� VWDELOXP�� LU
VLVWHPRMH� DWVLUDQGD� WUÌNXVLV� FKDRVDV�� -³
³PDQRPD� SDVWHE¡WL� WLN� SDVLWHONXV� SDJDOELQ

DWVDNR� VLVWHP��� $QWUDPH� SDYHLNVO¡O\MH
SDYDL]GXRWD� RULJLQDOLRVLRV� DWVDNR� VLVWHPRV
yn � LU� VNLUWXPR� y yn n' − � GLQDPLND�� 7UÌNXVLV
FKDRVDV� U\ãNLDL�PDW\WL� VNLUWXPR�GLQDPLNRMH�
EHW� QHSDVWHELPDV� RULJLQDOLRVLRV� DWVDNR
VLVWHPRV� GLQDPLNRMH�� 3Då\P¡VLPH�� NDG
SDJDOELQ¡� DWVDNR� VLVWHPD� ���� QHWXUL� ³WDNRV
QDJULQ¡MDPRV� VLVWHPRV� ���� GLQDPLNDL�� -L� \UD
WLN�LQGLNDWRULXV��NXULR�SDJDOED�JDOLPD�DSWLNWL
WUÌNÐM³�FKDRV��QDJULQ¡MDPRMH�VLVWHPRMH�����

7\ULPDL� SDURG¡�� MRJ� þLD� VWHELPR
WUÌNLRMR� FKDRVR� VWDWLVWLQ¡V� VDY\E¡V� VXWDPSD
VX� ³SUDVWLQLR� WUÌNLRMR� FKDRVR� VWDWLVWLQ¡PLV
VDY\E¡PLV��²GRPX�SDVWHE¡WL��NDG�ãL�VLWXDFLMD�DWLWLQND�FKDRVDV���KLSHUFKDRVDV�ELIXUNDFLM���QHV�WLHV
k k= 1 �DWVDNR�VLVWHPRV���E��/LDSXQRYR�HNVSRQHQW¡�NHLþLD�åHQNO���R�YDOGDQþLRVLRV�VLVWHPRV���D�
/LDSXQRYR�HNVSRQHQW¡�\UD�YLVXRPHW�WHLJLDPD��QHVYDUEX�NRNV�EÌWÐ� k �
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8åGHOVWÐMÐ�FKDRWLQLÐ�VLVWHPÐ�SDQDXGRMLPDV�VODSWDP�LQIRUPDFLMRV�SHUGDYLPXL
9LHQDV� Lã� GDXJ� åDGDQþLÐ� FKDRWLQ¡V� VLQFKURQL]DFLMRV� WDLN\PÐ� \UD� MRV� SDQDXGRMLPDV

VODSWDP�LQIRUPDFLMRV�SHUGDYLPXL��,G¡MD�\UD�SDUHPWD�FKDRWLQ¡V�VLVWHPRV��VLÐVWXYDV��PRGXOLDYLPX
LQIRUPDFLQLX� VLJQDOX� LU� MRV� LãHLQDPRMR� VLJQDOR� SHUGDYLPX� NLWDL� LGHQWLãNDL� FKDRWLQHL� VLVWHPDL
�LPWXYDV���NXULRMH�XåNRGXRWD�LQIRUPDFLMD�GHNRGXRMDPD�VLQFKURQL]DFLMRV�EÌGX��'DXJHOLV�WHRULQLÐ
EHL� HNVSHULPHQWLQLÐ� GDUEÐ�� VNLUWÐ� VODSWDP� LQIRUPDFLMRV� SHUGDYLPXL�� QDXGRMD� FKDRWLQHV� PDåÐ
GLPHQVLMÐ� VLVWHPDV�� WXULQþLDV�SDSUDVWDL� WLN�YLHQ�� WHLJLDP��/LDSXQRYR�HNVSRQHQW
�� �7DþLDX�EXYR
SDURG\WD�� NDG� WRNLRV� VLVWHPRV� QHJDOL� XåWLNULQWL� SDNDQNDP�� XåNRGXRWRV� LQIRUPDFLMRV� VODSWXP��
7RG¡O� SDVWDUXRMX� PHWX� GLGHOLV� G¡PHV\V� VNLULDPDV� KLSHUFKDRWLQLÐ� �WXULQþLÐ� GDXJLDX� QHL� YLHQ�
WHLJLDP��/LDSXQRYR�HNVSRQHQW
��VLVWHPÐ�SDQDXGRMLPXL�

8åGHOVWRVLRV�FKDRWLQ¡V�VLVWHPRV�ODEDL�HIHNW\YLDL�JDOL�XåVODSWLQWL�LQIRUPDFLM���)D]LQ¡�WRNLÐ
VLVWHPÐ�HUGY¡� WXUL�EHJDOLQ
�GLPHQVLM�� LU� MRV�JDOL�JHQHUXRWL� ODEDL�VXG¡WLQJXV�FKDRWLQLXV�VLJQDOXV�
WXULQþLXV�QHULERW�� VNDLþLÐ� WHLJLDPÐ�/LDSXQRYR�HNVSRQHQþLÐ�� 3DSUDVþLDXVLD� VODSWRV� LQIRUPDFLMRV
SHUGDYLPR�VFKHPD�JDOL�EÌWL�SDUHPWD�GYLHMÐ��0DFNH\�*ODVVR�VLVWHPÐ�VLQFKURQL]DFLMD�
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LQIRUPDFLQLV� VLJQDODV�� %H� PRGXOLDFLMRV
LQIRUPDFLQLX� VLJQDOX� � L = 0��� VLÐVWXYDV
JHQHUXRMD� FKDRWLQ³� VLJQDO��� WXULQW³� WHLJLDPÐ

/LDSXQRYR� HNVSRQHQþLÐ� VNDLþLÐ�� SURSRUFLQJ�
XåGHOVLPR� ODLNXL� τ �� � .DL� D = 0 2. �� E = 10�
F = 01. � LU� τ = 100�� VLVWHPD� WXUL� QHW� SHQNLDV
WHLJLDPDV�/LDSXQRYR�HNVSRQHQWHV��,PWXYDV�\UD
WLHVLQ¡� VLVWHPD�� åDGLQDPD� SHUGXRWX� VLJQDOX

( )V W �SHU�QHWLHVLQ
� IXQNFLM�� I ��âL�NRQVWUXNFLMD
XåWLNULQD� JOREDOL�� �QHSULNODXVRP�� QXR
SUDGLQLÐ� V�O\JÐ�� VLÐVWXYR� LU� LPWXYR
VLQFKURQL]DFLM��� QHV� VNLUWXPDV� H \ [= −
WHQNLQD� SDSUDVW�� WLHVLQ
� O\JW³� �H FH= − � VX
JOREDOLDL� VWDELOLX� QXOLQLX� VSUHQGLQLX�
6LQFKURQL]DFLMRV� V�O\JD� WDLS� SDW� QHSULNODXVR
QXR� τ �LU�WLQND�EHW�NRNLDP�ODLVYDL�SDVLULQNWDP
WHLJLDPÐ�/LDSXQRYR�HNVSRQHQþLÐ�VNDLþLXL�

7UHþLDPH� SDYHLNVO¡O\MH� SDYDL]GXRWDV� SHUGXRWDV� VLJQDODV� LU� DWNXUWD� LQIRUPDFLMD�� NDL
LQIRUPDFLMRV�VLJQDODV�\UD�VLQXVLQ¡�EDQJD��³MXQJWD�WLHV� W = 200�LU�LãMXQJWD�WLHV� W = 800��²MXQJLPR�LU
LãMXQJLPR�PRPHQWDL�YLVLãNDL�QHVLPDWR�SHUGXRWDPH�VLJQDOH��*OREDOL�VLQFKURQL]DFLMD� WDUS�LPWXYR
LU� VLÐVWXYR� XåWLNULQD� PDå�� ãLRV� NRQVWUXNFLMRV� MDXWUXP�� WULXNãPDPV� EHL� LPWXYR� LU� VLÐVWXYR
SDUDPHWUÐ� QHVXWDSLPXL�� 7DLS� SDW� EXYR� SDQDJULQ¡WRV� VXG¡WLQJHVQ¡V� �GDU� ³VODSWHVQ¡V´�
NRQVWUXNFLMRV�� NDL� VLÐVWXYDV� LU� LPWXYDV� \UD� VXGDU\WL� Lã� JUDQGLQ¡O¡V� VXVLHWÐ� 0DFNH\�*ODVVR
VLVWHPÐ�
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,ãYDGRV

6XNXUWDV� VNDLWPHQLQLV� DOJRULWPDV� V�O\JLQ¡PV� � /LDSXQRYR� HNVSRQHQW¡PV� Lã� GYLHMÐ
VNDOLDULQLÐ� ODLNR� VHNÐ� QXVWDW\WL�� -XR� ³PDQRPD� HNVSHULPHQWLQ¡� DSLEHQGULQWRV� VLQFKURQL]DFLMRV
LGHQWLILNDFLMD�QHVLQDXGRMDQW�SDJDOELQH�DWVDNR�VLVWHPD�

$SWLNWD� LU� LãQDJULQ¡WD� QDXMD� WUÌNLRMR� FKDRVR� DWVLUDGLPR� VLWXDFLMD� WLHV� VLOSQRV
VLQFKURQL]DFLMRV� VOHQNVþLX�� NDL� Y\NVWD� WUDMHNWRULMÐ� SDE¡JLPDV� QXR� QHVWDELODXV� IUDNWDOLQLR
VLQFKURQL]DFLMRV�SDYLUãLDXV�

8åGHOVWÐMÐ� FKDRWLQLÐ� VLVWHPÐ� VLQFKURQL]DFLMRV� SDJULQGX� SDVLÌO\WD� HIHNW\YL� VODSWR
LQIRUPDFLMRV�SHUGDYLPR�VFKHPD��SDVLå\PLQWL�PDåX�MDXWUXPX�WULXNãPDPV�EHL�VLÐVWXYR�LU�LPWXYR
SDUDPHWUÐ�QHVXWDSLPDPV�

$SUREDFLMD

'DUER�UH]XOWDWDL�Lã�GDOLHV�EXYR�SDWHLNWL�WULMRVH�NRQIHUHQFLMRVH�
��7KLUG�(XURFRQIHUHQFH�RQ�1RQOLQHDU�'\QDPLFV�LQ�3K\VLFV�DQG�5HODWHG�6FLHQFH��&RQWURO

RI� &KDRV�� 1HZ� 3HUVSHFWLYHV� LQ� ([SHULPHQWDO� DQG� 7KHRUHWLFDO� 1RQOLQHDU� 6FLHQFH��0RQWHFDWLQL
�,WDO\���������0D\��������LQYLWHG�WDON��

�� 7KH� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� $SSOLHG� 1RQOLQHDU� '\QDPLFV� QHDU� WKH�0LOOHQQLXP�
8QLYHUVLW\�RI�&DOLIRUQLD��6DQ�'LHJR��-XO\�����������

�� ,QWHUQDWLRQDO� 6XPPHU� 6FKRRO� RQ� 5DQGRQHVV� DQG� 1RQOLQHDUW\�� 8SSVDOD� �6ZHGHQ��
$XJXVW��������������LQYLWHG�WDON��

/LWHUDWÌUD

�� .�3\UDJDV� ³&RQGLWLRQDO /\DSXQRY H[SRQHQWV IURP WLPH VHULHV´� 3K\V� 5HY� (� 9� ��� 1R �� S� ���������

�������

�� .�3\UDJDV� ³2Q�2II LQWHUPLWWHQF\ DW WKH 7KUHVKROG RI :HDN 6\QFKURQL]DWLRQ RI &KDRV´� &KDRV� 6ROLWRQV 	

)UDFWDOV� 9� �� 1R �� �������

�� .�3\UDJDV� ³7UDQVPLVVLRQ RI VLJQDOV YLD V\QFKURQL]DWLRQ RI FKDRWLF WLPH�GHOD\ V\VWHPV´� ,QW� -� RI %LIXUFDWLRQ

DQG &KDRV ������ DFFHSWHG IRU SXEOLFDWLRQ��

�� .�3\UDJDV� ³:HDN DQG VWURQJ V\QFKURQL]DWLRQ RI FKDRV´� LQ� 3URF� RI 7KH ,QW� &RQI� RQ $SSOLHG 1RQOLQHDU

'\QDPLFV DQG 6WRFKDVWLF 6\VWHPV QHDU WKH 0LOOHQQLXP� 8QLYHUVLW\ RI &DOLIRUQLD� 6DQ 'LHJR� -XO\ ��������� � S�

����� �

�� 1�)�5XONRY� 0�0�6XVKFKLN� DQG /�6�7VLPULQJ� ³*HQHUDOL]HG V\QFKURQL]DWLRQ RI FKDRV LQ GLUHFWLRQDOO\

FRXSOHG FKDRWLF V\VWHPV´� 3K\V� 5HY� (� 9� ��� 1R �� S� ������� �������

�� .�3\UDJDV� ³:HDN DQG VWURQJ V\QFKURQL]DWLRQ RI FKDRV´� 3K\V� 5HY� (� 9� ��� 1R �� S� 5��������� �������

�� $�.LWWHO� -�3DULVL� .�3\UDJDV� ³*HQHUDOL]HG V\QFKURQL]DWLRQ RI FKDRV LQ HOHFWURQLF FLUFXLW H[SHULPHQWV´�

3K\VLFD '� 9� ���� 1R � S� ������� �������

��� 1�3ODWW� (�$�6SLHJHO� DQG &�7WHVVHU� ³2Q�RII LQWHUPLWWHQF\� $ PHFKDQLVP IRU EXUVWLQJ´� 3K\V� 5HY� /HWW� 9�

��� 1R �� S� ������� �������


