
uwvm �D R�e� R� ROr�i p�Ot u�oOvQ�

�����������

��vt� CU� xO�O ��HOwN QO �Q xDWPo p�U �� QO u�yH u�v�O���� Q u� QDxDUHQ� R� �Q��U� s�v xm CUQyi u��

	CU� COt u�� QO ���� Q VywSB ��yOQw�DUO u� QDtyt w �y
w�wt u� QDd�O R� �Q��U� �xOvyOu�Wv

xR��H ���a� p�rO
Q�m pLt

�p�Ot Ci�� QO s�ovy QO�
p�Ot �xOvQ� xQovm pLt p�U

�a��wD �u�t� Q ��yx� wQ �� ��DQt ��WWwB ��yx� wQ �xv�tR QO VywSB
QO �O�OH ��yx��L V��Wo �Ov�CN� QxNQ� w s�D ���wD uwQ�w xm

�R�r�v�
Ovqvi 	�mv�Ury x�oWv�O TQwir� TQq

SwQv 	wrU� 
��

�r�t�v�t ��yx� wQ u��aD �xQ�� QO wDqB �xr�Ut QO syt C�k�kLD s�Hv�

�OvwW�t u��aD w �w� Qt sy x� �YNWt RQt �xr�Uw x� xm
CUwJ�U�t �Qw� v i �xUU�wt

�m� Qt� 	��D��s�� Tqo �O �UH

��DrO ���D R� xm xDi��s�taD ���D R� �O�OH swyit 	�y�� RwD �x� Q	v �x��Q�
�CU� xDiQo xtWJQU �Q	v l� R�i QO l �Q�O xUv�Qi 	�Uv�v x�oWv�O TDQ�wW u�Qwr

�m� Qt� 	G� Q�t�m 
����tyt G��Dv 
Um 	uwQ� wo� w p�� Qe ��yVwQ R� ���ys�taD �x��Q�
O�Oa� �x��k R� �D�tOkt �D��F� �x��Q� �u�t� Q ��DR ���D ��yQiY �xQ�� QO
Oa�YDl� QO pw� O�Oa� x� u� s�taD �� �VwOQ� p�B �Q�mty ��� pw�

�x�wNrO ���UL

�m� Qt� 	xDiQW�BC�ar��t �xUU�wt nQ�rU xrD�

VQ�tW�� ��yOQ� Q�m w R�Uty��yp�QoDv� �x� Q	v QO�tytG��Dv
Um
u�Wv ��Q�H ��yxD� Q�w 	XNWt Qw� x� w �Qr�m ��yxD� Q�w QO
	�yxD� Q�w xvwo u�� xm �yxi�� �Swrwtwywm j� Q� R� �w�wt u�� uO�O

�Ov�G�y ��yxv�tN

x�oWv�O w uB�S 	w�mwD x�oWv�O
�m� Qt� 	uwDUv� QB �Q��Owm wm�y�vwm

Ovry 	s�OQDUt� 
���
�� XwYN x� 	xQm �B wDwtwy ��yxwQo �xQ�� QO �tyt G��Dv 
Um
��a�VQDUo w OOHt �Ov�pwtQi ��i����yxr��vOVwQ R� xO�iDU�

��yxi�� 
ULQ� �rDNt ��yQ�eDt �x� Q	v syt ��ysmL R�
xUv�Qi 	�Uv�v x�oWv�O QU Q�B u�S

O�Oa� uOR 
� QkD �xQ�� QO �
��� QO� po� R �wD QwyWt �xr�Ut pL
xm ��xr��vO xm �
��� QO� �w�wt u�� C��F� w �� wo O�Oa� �� �Q�H
QiY �r�oJ ��Q�O OW��v ���UL Oa�YD CQwY x� OOa xU pt�W

��
��� QO u�QwD w VwOQ� R� �UOL� CU�

��v�D� Q� 	uOvr Gr�m �D�UQw�vw� EwQ Twqm

��v�D� Q� 	wQw�v�O� 
���
u�� ��
��� QO� �Q�H �SwrwB wD QO sU�OQw� wm �x� Q	v �xaUwD w ��O��
CU� �B wDwtwy �x� Q	v R� �U�U� �xO�iDU� Q� �vD�t �yxv�tN �Ov�xOQ
�CU� xOt�QO �Swrwtwywm �twta �x� Q	v �rY� p�Ft CQwY x� w

xUv�Qi 	nQw�U�QDU� x�oWv�O swD xvQ

�� �B��B �xQ�tW ��



xR��H ���a� p�rO
Q�m pLt

�p�Ot Ci�� QO s�ovy QO�
p�Ot �xOvQ� xQovm pLt p�U

�twta �x� Q	v QO XwYN x� 	��RH p�Uv�Qi�O CqO�at QO VywSB
�m� x� �yv� �xW� Q xm �r��Ut uwt�Q�B QO 	��N p�Uv�Qi�O ��yQorta

�OOQo�tQ� 
��� �xQovm QO CQ�r�y p��Ut R�
O�wU 	srymDU� x�oWv�O QOv�tQ �y TQq

O�wU 	srymDU� 
�
�
��r�U v�Qi �O Q�DN�U OvJ O v�w D�t �Oa � � �xQm l � xmv �� C�� F�
p�Uv�Qi�O �SwrwB wD V��O�B x� OQw�DUO u�� �OW�� xDW�O Cw�iDt

�CU� xOW QHvt
�m� Qt� 	uwDUv� QB x�oWv�O Qvr�t u�H

�x��k C��F� �K �x� Q	v �xv�tR QO MwQ�xUDQ�y �� lQDWt VywSB
�Q�mty �� �rDNt ��yxv�tN �wQ �w��� ��yQorta XN�W
�� ���DQ� QO Cw� �Q�mty �� C��F �x�kv �x��k l� C��F� �Qov�U

��TDWir pwtQi�

��v�D� Q� 	OQwiUm � x�oWv�O ��D� pm��t

O�LD� 	wmUt
�wQwW Q�y�tH 
�



�w�wt pY� pqkDU� C��F� QO �Q�y��� x� swUwtl�vmD R� xO�iDU�
Q�N� �xr�Ut �Q�DUw�B �xDi��s�taD ZQi w �yxawtHt �x� Q	v QO ��NDv�
�CU� xOw� 
��� �xQovm QO CQ�r�y p��Ut CUQyi QO xr�Ut u�rw�

�m� Qt� 	OQwiv�DU� x�oWv�O uywm hRwH p�B

�x� Q	v �xO�� w� ��mU� Q�R wp� w Q�m �xt�O� QO�Q�H �xUOvy ��U�U� OQ�W�B
��qkv� pwLDEa�� w xOQm�iQat �Q �l�OvDwQo ��yxkrL w �yxwQo�K
�CU� xOW �wmwywD �xr�kt� VQwyWt �xr�kt QO l� Swrwtwy Q�H QO

�tra �r�a C�ar��t �xUU�wt
xUv�Qi 	�IHES�

QOv�Umr�
l�OvDwQo

x� �Q xQ�mv�wB TOL s�taD u� QO xm 	p�Uv�Qi�O �SwrwB wD QO VywSB
��yxr�Ut w xr�Ut u�� pL ��Q� �w �CU� xOQm C��F n � � ��R�

�CU� xOwtv �iQat �Q ��yxQ�wDUO� VwQ 	xDU��w
�m� Qt� 	�rmQ� QO ��vQi�r�m x�oWv�O p�tU� uw�DU�

	�Hv� R� w 	�CQ�r�y sDiy �xr�Ut ��wH� QO��vW� � Ov�iro �x��k s�taD
�OvOw�v xDN�vW �q�k xm �r�aDt �O�Oa� O�rwD ��v�D� Q� 	G� Q�t�m x�oWv�O Qm�� ur�

xUv�Qi 	T�v 
���

��yxD� Q�w s�UQD x� �ysN ��Q� �mU� Q�R �ov�mD s�UQD VwQ s�taD
�QiY �xYNWt �� ��yu�O�t �wQ x�wNrO Oa� R� xv�mD �m� Qt� 	OQ�wQ�y x�oWv�O xmwU���y

�m �vwQ�y
��y�vDt �xO�U ��yxwQo �xty xm �C��i �Q�mty ��� smL u�� C��F�
	uUBt�D �xr�Uw x� OQw�DUO u�� s�taD �� �Ov�GwR �x�DQt ��Q�O �QwO�v
�y�vDt ��yxwQo �va� OvOW u��aD p�t�v�t �xO�U �y�vDt ��yxwQo

�OvQ�PBpL �yv� �xQU ��yxwQoQ� R xm ��xO�U

��v�D� Q� 	G� Q�t�m x�oWv�O uUBt�D u�H

C��F� �yv� u� QDhwQat xm 	�SwrwB wD QO �tyt ��yOQw�DUO 
Um
Q �P BjDWt ��yxv�tN �u�o � � QD vw B ��yxOQ l � Swrw B w D � ��OQw� v
swD ��y��i �B wDwtwy w �Swrwtwywm �UQQ� pt�W w� Q�m �CU�

�CU� �Thom�

Q�y�tH O�LD� 	wmUt x�oWv�O
�wQwW hwm�wwv �oQU

�a�wt TOL w 	RQ�lD ���wD 	pw� O�Oa� �xv�tR QO �U�U� VywSB
CqO�at �x� Q	v QO w 	�rDNt Q�eDt OvJ ���wD �x� Q	v QO 	M�� Q���
�xr�Ut pL QO XwYNx� �� p�t�v�t ��yx� wQ w ��RH p�Uv�Qi�O

�q�� O�a�� QO u��DWvQ�

��r�D�� 	�R�B x�oWv�O �Q��tw� wm� Qv�

�O�v�m 	Qwwmvw 
���
xm ���yxD� Q�w 	�yxv�t�B ��y xD� Q�w Q�DN�U w OwHw p��Ut QOVywSB
�Ovvm�t �QDt�Q�B �Q �UOvy  �W �awv �DN� Qm� ��yxOQ �yv� ��kv

��Q�H ��yx� wQ �x� Q	v QO syt OQw�DUO OvJ u�vJty
�m� Qt� 	OQ�wQ�y x�oWv�O OQit�t O�w�O

��yu�O�t x� u�t� Q �x��Qi ��ys�taD �xQ�� QO p� w TOL xU pL
�xUOvy uO�WN� COLw QO �tyt Vkv w� ��yVywSB ��y�vDt

�CU� xDW�O �Q�H �Oa� �x� Q	v w �Q�H

�tra �r�a C�ar��t �xUU�wt
xUv�Qi 	�IHES� u�r�O Q�B

Ovqvi 	�mv�Ury 
���
G��Dv K�LY ��ys�taD uDi�� j� Q� R� xm �OOaDt ��y�Qw�wv
�Oa� OvJ �rDNt R�r�v� QO �QovR�� Ea�� �u���B Oa� QO� l�Uqm

�CU� xOW
�m� Qt� 	uwDUv� QB x�oWv�O utQii RrQ�J

�� ���� u�DU��D



xR��H ���a� p�rO
Q�m pLt

�p�Ot Ci�� QO s�ovy QO�
p�Ot �xOvQ� xQovm pLt p�U

�O�OH EL�t 	CUq�� O�a�� QO �Q�H �K �x� Q	v �rY� Q�tat w�
pL w �Ov�pwtQi ��Q� �Ql� SwrwB wD w �UOvy ��yxO�� w �yVwQ xm
�ypwOt �x� Q	v w �yxkrL �x� Q	v XwYN x� 	Q�H QO ��xOta p��Ut

�OQ�o�t Q�m x�

CUwJ�U�t �Qw� v i �xUU�wt
�m� Qt� 	��D��s�� ur��wm p�v�O

Ovqvi 	�mv�Ury 
���
�wvDt EL��t x� w� OQw�DUO ��r ��yxwQo Q�DN�U �xv�Qw�wv p�rLD
	�m�t�v�O ��ysDU�U 	l�OwoQ� �x� Q	v 	p�Uv�Qi�O �xUOvy 	C����mQD

�OQ�O jraD �r ��yxwQo w

Q�y�tH O�LD� 	wmUt x�oWv�O
�wQwW

�Qwo� Qo
T�rwoQ�t

QO XwYN x� 	�Qorta ��yQ�H �x� Q	v QO syt ��yOQw�DUO
Um
��y�DN� QOwN�Ov�xOQ 	III�wvpt�waQ�DN�U �x��k w�rm�Ov�xOQ
Q�H�C� �x� Q	v ��yOQ� Q�m w 	w�DmSv� pt�wa�Ov�xOQ 	�y�vDtQ�� pt�a

��rm Qw� x� p�Uv�Qi�O �xUOvy w �y�Ov�nQ� QO

�tra �r�a C�ar��t �xUU�wt
xUv�Qi 	�IHES� u�m ur�

u�DUyr 	wWQw 
���
uO�O u�Wv ��Oa� � w � �SwrwB wD EL�t QO ��qkv� pwLD O�H��
�oQR� Q��U� �xOQ xm Q	v u�� �x��Q� �xUOvy w 	�SwrwB wD 	R�r�v� u�� �x���Q

�CU� �wrwrPy Q�DN�U ��Q�O �Oa� xU �xDU� ��yxv�tN R�
�m� Qt� 	uwDUv� QB x�oWv�O uDUQD s��r�w

��q�mTOL QOu�vJty 	p�Uv�Qi�O CqO�at QO���yOQw�DUO
Um
QO w 	s�a C��Uv �x� Q	v QO C�Ft sQH TOL QO 	�Q�H �xUOvy QO

�rDNt w �k�kL QBt��Svwt CqO�at

x D iQ W � B C� a r� � t �x UU�w t
�m� Qt� 	�IAS� w���nvwD nv	W

xmv�� uO�O u�Wv 	XwYN x� w �Oa� Q�yJ �SwrwB wD QO VywSB
OQ�O OwHw �UO�rk� �Oa� Q�yJ ���i �wQ �r�Uv�Qi�O �Q�DN�U

�CU� �rwtat Q�DN�U �� Cw�iDt xm
��v�D� Q� 	OQwiUm � x�oWv�O uUOrv�O ut��U

	�rmQ� x�oWv�O
�m� Qt� 
��
����UL �Q�H �xUOvy ��yVwQ R� xO�iDU� �� pOQwt TOL C��F� �m� Qt� 	uwDUv� QB x�oWv�O Tov�Dr�i CQo

��Oa� Q�yJ ��yxv�tNl� SwrwB wD p�rLD ��Q� O�OH ��yVwQ ��O��
�CU� �Oa� Q�yJ Cr�L QO xQ�mv�wB TOL C��F� 	w� G��Dv R� �m�

	wo �OuU 	� � vQ i � r� m x� oW v�O
�m� Qt� utO� Qi pm��t

�O�Oa� �x� Q	v QO w �twDv�wm ��yxwQo �xv�tR QO ���yOQw�DUO w u���B ��tO l� R�i �xUU�wt
x�UwQ 	V� Verkin �UOvyt Oriv� QO Q�t�Oqw

uB�S 	wDw�m 
���

�xk��U xm�FL�t �� �yxQo���� Q �xar��t u�� xQ	DvtQ�e���DQ�hWm
xm C����� Q �awv 	�Q�t�l�v�mt w �� OOQo�tQ� syORwv uQk x� u�
�OQ�O X�YDN� xir�wt �O�� R O�OaD �� �rDNt ��ysDU�U �UQQ� x�

�m� Qt� 	�rmQ� QO ��vQi�r�m x�oWv�O RvwH u�w

��yxD� Q�w �Ov�xOQ �xv�tR QO VOQw�DUO w uQwWCQ�y TOL C��F�
��Oa� xU �Q�H uB�S 	wDw�m x�oWv�O �twixo�W

�Qwt

����� Q pmW x� �m� R�i ��yxO�� Q��aD QO OQix� QYLvt ���v�wD x D iQ W � B C� a r� � t �x UU�w t
�m� Qt� 	�IAS� uD�w OQ�wO�

��y��i �xUOvy 	���� Q R�r�v� �RmQtEL�t OvJ QO ���yOQw�DUO
	xQNq�� w 	l�OwoQ� �x� Q	v 	R�Uty R�r�v� 	q�� O�a�� QO �OLD 	M�v��

����� Q l� R�i QO KQ�t ��NQ�e ��RH p�Uv�Qi�O CqO�at

�tra �r�a C�ar��t �xUU�wt
xUv�Qi 	�IHES� uoQw� u�S

T� wU 	M� QwR 
���

XwYN x� w ��NQ�e ��RH p�Uv�Qi�O CqO�at QO ���yOQw�DUO
xm �viscosity solutions� �oOv�UJ ��y��wH swyit �iQat

�CU� xDW�O ��RH p�Uv�Qi�O CqO�at �x� Q	v QO �tyt Q�F��D
xUv�Qi 	� T� Q�B x�oWv�O Rvw�r ��wr 
 Q�B

QO xJv� p��k R� 	�m�t�v�O �Q�O��B �� �Q�O��B ���y�oS� w C��F�
�Q�O��B �vat x� �Q�DN�U �Q�O��B �� 	CU� Q	v OQwt �WtW �xtw	vt

�sDU�U �QU�QU ��y�oS� w �QDt�Q�B C�Q��eD CLD

	

 �w vH T � Q� B x� oW v�O
xUv�Qi

hwDU� Qm 
 u�S
Rwmw�

�O��UvQ� �xOW OwOLt �xr�Ut pL
	wox�O uU QO ��vQi�r�m x�oWv�O

�m� Qt� hwv�trR s� Qi�

�� �B��B �xQ�tW �	



xR��H ���a� p�rO
Q�m pLt

�p�Ot Ci�� QO s�ovy QO�
p�Ot �xOvQ� xQovm pLt p�U

�O�OH �xOQ hWm w 	u��Wuwt TOL C��F� 	�U��Q ��yQ�H �iQat
�CN� QOwN ��y�vDt�v ��y�Q�rY�L R�

�m� Qt� 	�rmQ� QO ��vQi�r�m x�oWv�O
��v�D� Q� 	G� Q�t�m x�oWv�O w ROQJQw� OQ�J� Q

u�tr� 	u�rQ� 
���

R� xOQDUo �xO�iDU� �� 	�a��D R�r�v� QO �U�U� ��yOQw�DUO 
Um
u�� u�� Q�� QB Ovw�B �Q�QkQ� RQw�o syt ��yC�kiwt R� �m� �C����mQD

�Ow�v xDN�vW �q�k �yv� ���DQ� xm CU� EL�t wO
��v�D� Q� 	G� Q�t�m x�oWv�O RQw�o �Dwt�D

����� Q l� R�i �UOvy ��yx�vH �xQ�� QO syt ��yOQw�DUO 
Um
�tra �r�a C�ar��t �xUU�wt
x� oW v�O w xU v�Q i 	�IHES�

�m� Qt� 	RQoD�Q
I�wUDv�ms�Um �t

R� 	�m�t�v�O ��ysDU�U �x� Q	v �xN�W OvJ QO syt ��yVywSB
��kv �� RwD �xar��t 	��xrtH OvJ CqO�at ��tD� Qwor� �xar��t p��k
w 	CN� Qt�tD l�t�v�O 	�wrwrPy �xUOvy 	�r xwQo l� R� ��xm�W

�xR�� ��yCW�ov VQ�Hvy� R��

�m� Qt� 	OQ�wQ�y x�oWv�O urwtltT�DQm

�wQ �r � 
�GLr pt�m ��N ��yxwQo ��Q� ROvrnvr Q��vD C��F�
��a��D ��yu�O�t

�tra C�ar��t �r�a �xUU�wt
xUv�Qi 	�IHES� nQwiq u�Qwr

u�J 	umB ������yxD� Q�w �B wDwtwy �x� Q	v w l� w�Dwt �Swrwtwywm �x��Q� w h� QaD
��yu�O�t �K �x� Q	v �xQ�� QO Qvr�t ��yTOL C��F� ��Q�H

x D iQ W � B C� a r� � t �x UU�w t
�m� Qt� 	�IAS�

Q�t�Oqw
�mUOww

sy x� �Q �Q�H �xUOvy w 	�yV��tv �x� Q	v 	p�tDL� xm ���yOQw�DUO
�OvR�t Ovw�B �m� Qt� 	���trm x�oWv�O hwmvwm�� �QOv�

��v�BU� 	O� QO�t ���

w �R�r�v� Q�DN�U OQwt QO V���qkv� Ci��yQ w xUOvy QO VywSB

��J� Q VQ�W �UOvy �� u�trQB �Qwo� Qo

	R�Uty R�r�v� 	C����mQD 	��RH p�Uv�Qi�O CqO�at QO ���yOQw�DUO
�O�Oa� �atH �x� Q	v w

	TrHv�Tr QO ��vQi�r�m x�oWv�O
�m� Qt� w��D TvQD

�vw�Q� CmQL �xUOvy 	�iO�YD Qvw�r pt�mD �w�wt QO ���yOQw�DUO
�T�Oty u�O�t �x� Q	v w 	�Oa� wO

	

 �w vH T � Q� B x� oW v�O
xUv�Qi QvQw u�rxOvw

��yOQ� Q�m w 	l�OwoQ� �x� Q	v QO xR�Ov�C��rY �xQ�� QO �H��Dv
Um
�O�Oa� �x� Q	v QO �yv�

w TOktr�C�� �v�Q�a x�oWv�O
�m� Qt� 	uwDUv� QB x�oWv�O

uwr�
Tw�QDWvOv�r

Ovy 	O���QO�L ��
�
�iQat j� Q� R� CN� QOwN ��yCQwY �x� Q	v QO �U�U� sr C��F�

��UOvy��Q�H O�OH ��yVwQ

	

 �w vH T � Q� B x� oW v�O
C� a r� � t �x UUw t w x U v�Q i

�m� Qt� 	�IAS� xDiQW�B
w��J w��� wov�

l� R�i QO �vt�ynv� R�� pOt w uw�UqwmQB �T�Oty ���OQw�v C��F�
��Q�t� T� wU 	wvS x�oWv�O wqU�v�DU�

hwvQ�tU�

�u�tUDrw� �xrO�at��Q� pO�aD x����Qoty w��NQ�e w�Ovq���Q�tC��F� w 	uw � r Qw � Q B wU p� tQ v pw m �
xUv�Qi 	xQ�mv�wB �Qv�y �wD�DUv� �vq�w l� QOU

�� 	�m�t�v�O ��ysDU�U �x� Q	v QO R�UuwoQoO w j�ta ��yVywSB
�VN�COLw pY�l� u�wva x� VQ�Hvy� R�� OvtwQ�v �xO�� R� xO�iDU�

	CNRS wVIIT� Q�B x�oWv�O
C����� Q �rt �xUU�wt w xUv�Qi

xUv�Qi 	�OQ� Q�m w ZLt
q�w�� QDQ�

�xQm 	pw�U
�� wvH ��
�

VQ�tW QO �yv� OQ� Q�m w O�Oa� �xUOvy QO O�OH ��yVwQ ��O��
��w��� ��ysN�UwDt �x�DQ �R�U OwOLt wlJwm �x�DQ�� ��yxkrL

�m� Qt� 	uwDUv� QB x�oWv�O �w�oQ�y� pwHv�t

x� w �iO�YD ��RH p�Uv�Qi�O CqO�at �x� Q	v QO syt G��Dv 
Um
�CqO�at xvwo u�� ��Q� s	v ��yQ�DN�U �x� Q	v ��O�� XwYN ��v�D� Q� 	l� wQ�w x�oWv�O QQ��y u�DQ�t

�v�t� Q ��yx� wQ �xUOvy w l�t�v�O QO Q�otWJ ��yOQw�DUO 
Um
��yv� ��xv�t�B ��y��i w �m� Qt� 	OQwiv�DU� x�oWv�O �v�N�RQ�t s� Qt

�� ���� u�DU��D



ROr�i p�Ot u�oOvQ� u� QDQwyWt R� ��xOa

�� �B��B �xQ�tW �





