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�BV x[?;]'e���m`��Ao�	G}*6R1jF/JoI�X�	;~^Kjo���K (gradient strain) Ch	�Y6RoYQ
3Ch [70] 	��%
3o*v�ChqqoH7sj4�PTD�I;*6HO��\H\�H&o�xChP�9{ [40], [41] �	\�o3{3Ia;A4�o�min(Z
W (u) dx : u 2 L1(
;Rd); Z
 u dx = j
j( rXi=1 �iai))�P 
 )"\��0%o)����As W a�\��T^MH7Loof-Gibbs c��	 fu : W (u) = 0g = fa1; � � � ; arg � Rd 	 ai *]"\H\�o�T�=P�;MP�*3{�Uo+E	� d = 1; r = 2 Uo]��{� 1.1 ��%rR
 u = Cs -*]Q6TP*"\H\�PoiJ^M�(moaQ�e)"\H\�*3{U�+I�o�2$:�
1 2 3 4
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� 1.1: d = 1; r = 2 T W (u) n\��:�.jDp4�o�a1(}o�6R1(}^}�7)a~[PNfQ�T%Qk��J�-%�. Van Der Waals-Cahn-Hilliard ~[o�L ([41]) 	5s/d�qDk)L	o2}Mo�
<mj(}^�6*2}M}��@}T'�i3



2000 � 5 � �,-)M$<��z/���p���Qd7 4s	e*Q1�Mv\I��v�`o�P��<J�(u) = Z
 �W (u) + h(�; x;Du;D2u; � � �)� dx�Ph � ! 0 U	 h ! 0 �5s/d � IQU J�(u) aQwo+R^M	-�,/dh � ! 0 $:A J� d�aQwoaF^:�*qD;Do2}ML	5s>$�*HboaF>J�5\!4�o6F�*�Ph,T}*HCo��6*aF>J!a�.o �- aF�c1u	5sT>$ J� o �- aF�A�(}�	-!"�za+�2}o!4�o��*DpyKoGiA	Sg	<TDQI�
=���6T
=+@{Q J� o�- aF�);AA[aQR4�o�min8>><>>: Xi 6=j1�i;j�r Sijmij : u)+2}4�o�9>>=>>;�P Sij ) u �,+ ai 	 aj OHo)�o��vv`	� mij )���"��o�f-*v�P���2}M) �2 R
jDuj2 dx o$:	 Modica * [74] P�)Q d = 1; r = 2 o4��P.Sternberg * [87] P�)Q d = 1; 2	 r = 2o$:	-~ ai �:j R2D1H�!'Io)���@7?o!*G� I.Fonseca � L.Tartar* [37]P~� [87]B�}4�A{o
=�:j d = N � S.Baldo * [3] P�:Q [37] 	�)Q d > 1; r > 2o}�$:�R.V.Kohn � P.Sternberg * [59] P�4�inf Z
 �jDuj2 + ��1(u2 � 1)2 dx�]Q�C@Jo�;	-~�wo
=�:j Dp.q}�oVR$:�A.C.BarrosoF I.Fonseca* [8]P~2}M�:j �2 R
 h2(x;Du(x)) dx�I.FonsecaF C.Mantegazza* [36] P�)Q2}M) �4 R
jD2uj2 dx 	 r = 2 o$:�*�1v?1P	5sqf [36] F [3] oya	-~�
=�:j d > 1; r > 2!2}M) �2k R
jDkuj2 dx o$:�



� V NzZ
x2.1 �%uk7#9c�:C4�osjR�*D)*�*cH A D��*��P��A I(u) : A !R[ f+1g (��aQwo4��aQwo^*^Ch�C�T�AO*�|��^�|�E 2.1.1 0 M Rt2 Hausdor� uZ	s0 E :M ! R[+1 �*ZJ]�'x�� 2 R	PAK� = fu 2M ;E(u) � �g9g��K�g����RgfJ]�A�Mf�|�E 2.1.2 W0L.�*:B�PAfu 2M : E(u) > �g9q�	
� E(u) $Zg�kJ]�7�6O*�|o7?FPO�A I(u) oaQw^*o}�Ch	3�9/[X [7] F [88] �**a4�4�P	�P�A3�VI`�\[	e I(u) = R
W dx 	�PW = W (x; u;Du; � � � ; Dku) G)�Pu��� u }�n��* Sobolev 6v] BV 6v�*6R$:A	}�3�mj�AoaQReS*"6vPo}J��^	\��}3mT^*>gNobS	�aZU�>gN��Ao�A�Mf�|os@x �^�|c1m��7� I(u) nf>A�Mf�|� W o^MBvo7?	�6sop �6Tp oWx
=3�* [7], [24], [25], [32], [81] F [88] P3j�}�G)0E�JoCh�`��AaQo^*^�]Q.�@o�;	9{ [24],[32], [76], [77], [88], [90] �6Tp ~>A�Mf^F�`As*�T�NDo��R��Ao��^L?�<�6F5sS$}TWx
= ([25]) ��E 2.1.3 0 
R Rn���fqP	u : 
 � Rn! Rm	f : 
�Rm�Rnm! R	*:�'x (x0 ; u0; A0) 2 
�Rm�Rnm	'x�fqP D � Rn?'x� ' 2 W 1;10 (D;Rn)� 1measD ZD f(x0; u0; A0 +r'(x)) dx � f(x0; u0; A0)5



2000 � 5 � �,-)M$<��z/���p���Qd7 6
� f 9�M���h 2.1.4 B�W0L.	*: f �k	�M	��'x (x; u; A) 2 
�Rm�Rnm$ jf(x; u; A)j � a(x; juj; jAj)�� a � x mxsN	��D�2o�
�.1�
$<I(u;
) = Z
 f(x; u(x);ru(x))dx�uZ W 1;1 �- � Zg�k�c 2.1.5 � m = 1 K� n = 1 �3C	�M�M9�X���M<>��y?f�svy\ Rockafellar ��� [82] �c 2.1.6 |Lp�&"sv��� f(x; u;Du; � � � ; Dku) 	�q f �(Dt2o�9�M�	
�:���kfJ]Z	�?.=�|y?�d��x2.2 JU~�9�dM*�1Lvo1�P	�Cx�j}�o��&AAs6v�e BV 6v�o$�F^M�*6F5sk}fp�Avx�jo�7 Radon ;�o$�F^M%9. [20] ] [72] ��E 2.2.1 0 
 � Rn 9t2qP	 f 2 L1(
) ��yZ
jDf j = sup�Z
 f Div g dx��� g = (g1; � � � ; gn) 2 C10(
;Rn) ��'x x 2 
 	� kg(x)kl1 � 1 ��E 2.2.2 t2<> f 2 L1(
) j�*9� 
 ���fo|�	*:*.�y�R
jDf j <1 �U�^ L1(
) �B��fo|<>&��uZc* BV (
) �c 2.2.3 , f 2 BV (
) 	 Df 9 f �+vxyZ�E�	
 Df 9t2_��� Radon {�	 R
jDf j 9�� 
 .�$o|�~�U�sv�y RAjDf j 	��A � 
 um9qP��E 2.2.4 0 E R Rn �� Borel P	 
 R Rn ��qP	U�*Z�y E � 
���~ Per
(E) = Z
jD�Ej�� �E � E �D�<>�



2000 � 5 � �,-)M$<��z/���p���Qd7 7�E 2.2.5 *:t2 Borel PA E �mx��\�~	R Per
(E) < +1 �'x�fqP 
 �~	 E Rj�R Caccioppoli PA��E 2.2.6 0 E Rt2 Caccioppoli P	�y E � Reduced nf @�E R$Z�J]�� x �PA1). RB(x;�)jD�Ej > 0 	�'x� � > 0 �2). O\ �(x) = lim�!0 ��(x) �������(x) := RB(x;�)D�ERB(x;�)jD�Ej3). j�(x)j = 1\;�%�o Besicovitch {C ([33], 2.9) 	5sAk� jD�E j- gMVVo x 2Rn 	 �(x) ^*! j�(x)j = 1 IJ�!*6Tw5s�}3�D�E = �jD�E jReduced #��;ASx^M�6�o Caccioppoli cH E 	5s�Per
(E) = HN�1(@�E \ 
)Avag*7� BV AsoSx{C��h 2.2.7 (Zg�kf) 0 
 � Rn RqP	 ffng � BV (
) $ limn!1 fn =f in L1loc(
) �
 f 2 BV (
) 	��Z
jDf j � lim infn!1 Z
jDfnj�h 2.2.8 (gf	�+�|) 0 
 � Rn R6 Rellich �|�~��fqP�ffng � BV (
) �� BV �t��f	
 ffng � L1(
) �!g��h 2.2.9 (Coarea 57) 0 f 2 BV (
) 	�yFt = fx 2 
 : f(x) < tg
 Z
jDf j = Z 1�1 dt Z
jD�Ft j�h 2.2.10 �'x� Caccioppoli PA E  n	��t� C1 PA Ej 	6�Z j�E � �Ej j dx! 0; Z jD�Ej j ! Z jD�E j�7��&AAs6vFwc#�oJ@Ch	3�9/�A[X [33], [38],[75], [98] �



2000 � 5 � �,-)M$<��z/���p���Qd7 8x2.3 Young ��L.C.Young * [95] F [96] PTo Young ;�k)}*�K/'*�G^4�op P�:�Y����G^g^Ch)^Uo:M%
3FH&oChc1I��Av5s��k}wf�F�hB5sdp}*%�Y�o{C��h 2.3.1 (Ball, 1989). 0 
 � Rn 9�f�xi1s{P	 K 9 Rs ��lP	F j : 
! Rs; j = 1; 2; � � � Rxi1s{<>�	�$�'xh; K �qP U 	�lim measj!1fx 2 
 : F j(x) =2 Ug = 0:
�� F j �t2"�	(U* F j 	?t% Rs .��{� f�xg; x 2 
 	C�s{�uw� x 	s6��'x$ limjF j!1 g(F ) = 0��k<> g : Rs! R	�(i) RRs d�x � 1; a:e:x 2 
(ii) supp �x � K; a:e:x 2 
, vQ(iii) g(F j(x)) �* RRs g(F ) d�x(F ) in L1(
)itw	*: F j $*Z��fJ]���2�ku[�<> h : [0;1]! R	� limt!1 h(t) =1 	6�supj Z
 h(jF j j) dx <1	
� (i) ��=�~	�� 
 �'xs{"P	�g(F j)* ZRs g(F ) d�x(F ) in L1(E)�'x6 g(F j ) � L1(E) �-^�g��k<> g : Rs! R�~�Dv{Co@{%{ [4] �Young ;�xpQAso:}^M���{�	^MdV���ohp3�*�A1E�d�9/1E�P3j [4], [11], [24], [32], [81], [90] ��P [81] � Young;�o$�)^U	?�uhpQ�Ao>A�MfCh�x2.4 �- E*�1oWx/ka��Ao�	G}o}T�;F*Z^UD}*3��G^�j�oc*v�o~[oiT�Fv}1PSTo�T1EP}w	6T�;Y



2000 � 5 � �,-)M$<��z/���p���Qd7 9�QG) �- aFoCh�7�6*ChoJ@ / 1J@hp3�9{ [7], [26], [44],[47], [49] �Av5sdp �(L1)- aFoO*qt{���E 2.4.1 W0 Fn : L1(
;Rd)! [�1;1] 	 u 2 L1(
;Rd) ��y �- .O\? �-ZO\*Z�(L1)� lim inf Fn(u) := inf nlim infn!1 Fn(un) : un ! u in L1(
;Rd)o�(L1)� lim sup Fn(u) := inf �lim supn!1 Fn(un) : un ! u in L1(
;Rd)�*: �(L1)� lim inf Fn(u) = �(L1)� lim sup Fn(u) 	
/O\�lj�R Fn � u ��(L1)- O\	sjU* �(L1)� lim Fn(u) �itw	4�t%$< F� : L1(
;Rd)! [�1;1]; � > 0	*: u 2 L1(
;Rd)	U�� �(L1)�limF�(u) = F (u)	*:�B�i� �n ! 0+ 	� F (u) = �(L1)�lim F�n(u)��E 2.4.2 � F (u) R F� � u � �(L1)- O\	��h�(i) �B�$ un ! u in L1(
;Rd) � �n ! 0+ �i� fung ? �n 	�F (u) � lim infn!1 F�n(un)(ii) �B�<�� 0+ �i� f�ng 	��t2<>� un ! u in L1(
;Rd) 	$F (u) = limn!1F�n(un)c 2.4.3 �.=�y�	 L1(
) svH�'@t2 Hausdor� uZ X 	� ���(X)- O\��y�6!a �- aFoO*C{o{�	:�@{6O*{�aqto�



��V B/isS8�1P5s~�i}*���A�	G}�voCh
=�/d;Ao4�K 
 2 Rn )}*��-)�� u : 
! Rd 	 W : Rd! Rnf;A^M1: W (x) = 0() x 2 fa1; � � � ; arg 	�P ai 2 Rd; i = 1; � � � ; r �2: W (x)Mf	!*6&#V�}[.D	e^* C;R > 0	Ymh jxj > RU	� W (x) > Cjxj � 1=C �5s~�i;A�ASo �- aFF�(u) = Z
 �W (u)� + �2k�1jDkuj2� dxx3.1 H1HhHh 3.1.1 0 ' : (0;+1)! RRu_�M<>	
 J R~�R�>K� +1 �"Z	
�'x� u 2 L1loc(J;Rd) 	 u(k) 2 L1loc(J;Rd) 	�� k � 2; k 2 N 	U���� C = C(k) > 0 	� 81 � l � k � 1 	Z7�~ZJ ' ju(l)j(1 + C)d! dt � CC + 1 ZJ �' (juj) + '�ju(k)j�� dtXw z�2I d = 1 W]6�t^ u 2 W k;1(0; 1)	� (0; 1) Yl� 2l+1 � 1 ra� I1 ; � � � ; I2l+1�1 	c^ 2l r\ �0i 2 I2i�1 i = 1; � � � ; 2l� �ji �Kj u(j)(�ji ) = u(�j�12i )� u(�j�12i�1)�j�12i � �j�12i�1 ; i = 1; � � � ; 2l�jW\	Yb j = 1; 2; � � � ; l �d:C �0i Wcg	�DlTW.c\_D'58G k Wuv�%��N=Bb\^;VTLP � 2 (0; 1); C = C(k) > 0 	uVju(l)(�)j � C 2lXi=1 ju(�0i )j; i = 1; � � � ; 2lKecg:W x 2 (0; 1)	Dju(l)(x)j � C 2lXi=1 ju(�0i )j+ Z 10 ju(l+1)(t)j dt10



2000 � 5 � �,-)M$<��z/���p���Qd7 11d:Vr<Yvcg:W �0i 2 I2i�1 _C>��O�NcnvPMr I2i�1 nc �0il�VTjI2i�1j2lju(l)(x)j � C � jI2i�1j2l�1 2lXi=1 ZI2i�1 ju(�0i )j d�0i + jI2i�1j2l Z 10 ju(l+1)(t)j dtd:T 2lXi=1 ZI2i�1 ju(�0i )j d�0i = 2lXi=1 ZI2i�1 ju(t)j dt � Z 10 ju(t)j dt�ND ju(l)(x)j � C Z 10 ju(t)j dt+ Z 10 ju(l+1)(t)j dtc u(l+1) BnOWjg	38VTju(l+1)(x)j � C Z 10 ju(t)j dt+ Z 10 ju(l+2)(t)j dtPkn4v	�D ju(l)(x)j � C Z 10 ju(t)j dt+ Z 10 ju(l+2)(t)j dtjx9�	9�38TT'58G k WA} C 	uVju(l)(x)j � C Z 10 ju(t)j dt+ Z 10 ju(k)(t)j dtcg:W 1 � l � k � 1 C>�KeD1C + 1 ju(l)(x)j � CC + 1 Z 10 ju(t)j dt+ 1C + 1 Z 10 ju(k)(t)j dtd:TC[k^;	 u(l) x?.W	znvx��IIC>W�CG ' x�e<�W	�ND'� 1C + 1 ju(l)(x)j� � '� CC + 1 Z 10 ju(t)j dt+ 1C + 1 Z 10 ju(k)(t)j dt�� CC + 1'(Z 10 juj(t) dt) + 1C + 1'(Z 10 ju(k)(t)j dt)� CC + 1 �Z 10 '(juj(t)) dt+ Z 10 '(ju(k)(t)j) dt�cg: x 2 (0; 1)C>�� x K 0 T 1 l	�VZ 10 ' juj(l)(t)C + 1 ! dt � CC + 1 Z 10 �'(juj(t)) + '(ju(k)(t)j)� dt



2000 � 5 � �,-)M$<��z/���p���Qd7 12� J Yl�B� 1 Wa�b	PMra�bnBnO#J	O!�	�V�KXZd = 1 ]6�c d � 2 	p u(t) = (u1(t); � � � ; ud(t)) 	�NDZJ ' ju(l)(t)j(1 + C)d! dt � ZJ ' dXi=1 ju(l)i (t)j(1 + C)d! dt� 1d dXi=1 ZJ ' ju(l)i (t)jC + 1 ! dt� C(C + 1)d dX1 ZJ '(jui(t)j) + '(ju(k)i (t)j) dt� C(C + 1)d dX1 ZJ '(juj(t)) + '(ju(k)(t)j) dt= CC + 1 ZJ h'(juj(t)) + '(ju(k)(t)j)i dtX|Av5s{��YAs Gi : Rkd ! R; i 2 f1; � � � ; rg 	cH Aij 	 eAij FCs mij 	 emij �Gi(z0; � � � ; zk�1) := infg �Z 10 �W (g(t)) + jg(k)(t)j2� dt��P g(t) 2 Ck([0; 1];Rd); g(0) = z0; � � � ; g(k�1)(0) = zk�1; g(1) = ai; g(l)(1) = 0; l =1; � � � ; k� 1Y��M[jfsAs	e�{h z0 ! ai ! zl ! 0U	� Gi(z0; � � � ; zk�1)! 0�Aij := nf 2 W k;2loc (R;Rd) : 9C > 0; ht < �CUf(t) = ai; ht > CUf(t) = aj ; i 6= joeAij := �f 2 W k;2loc (R;Rd) : limt!�1 f(t) = ai; limt!+1 f(t) = aj�mij := inff �ZR�W (f) + jf (k)j2� dt : f 2 Aij�emij := inff �ZR�W (f) + jf (k)j2� dt : f 2 eAij�



2000 � 5 � �,-)M$<��z/���p���Qd7 13Hh 3.1.2 �'x� 1 � i; j � r 	 i 6= j 	U�� mij > 0 	� mij = emij*@{�CB�	5shB�p Nirenberg * [80] Po}*
=��h 3.1.3 0 u 2 Lq(
;Rn) 	� m b�> Dmu 2 Lr 	 1 � q; r � 1 �
��>Dju 	 0 � j < m 	*Z�u�7�~jDjujp � CjDmuj�r juj1��q��	 1p = jn + �(1r � mn ) + (1� �)1q�B�� � $ jm � � � 1 ��� C uw� n;m; j; q; r; � �c 3.1.4 ( [80] ) .=�|�*Z}O�v1. , j = 0 	 rm < n 	 q =1 	
U�gqitwW0K� u �V �!� 0 	K� u 2 L~q 	��2�\� ~q > 0 �~�2. , 1 < r <1 	� m � j � n=r 9t2).�>	
 � gq$ j=m � � < 1 �Av5s@{�C 3.1.2 �Xw z�XP mij > 0 ��NBhXg�l mij = 0 	p fn �Y�$�D�Ke�ND f (k)n ! 0 in L2 �FC Sobolev [k^;	 fn 2 Ck�1(R;Rd) �G S = �y : y 2 Rd; jy� aij = jai � aj j=2	, C Aij W^<�ND9Mn > 0; uV fn = aj ; ct > Mnfn = ai; ct < �MnzLP tn 2 RuV fn(tn) 2 S 	9��N38p tn = 0 �PZO Nirenberg W^; 3.1.3 bc � = jm ; r = 2; q = 1 m = k 	VTp = 2m2m�j �GxD kfnkW k;2m=(2m�1) D%	OC[k^;YDgD�he�n fn �Pg:D�a� J n5 W k�1;1 Ry@TS4r�} f 2 W k;2m=(2m�1)loc (R;Rd) 	Kj f (k) = 0 in J 	 f(0) 2 S �jJ47	mij = limn!1 ZR�W (fn) + jf (k)n j2� dt� limn!1 ZJ �W (fn) + jf (k)n j2� dt� ZJ W (f) dt > 0I�NWhX�pLd�Ke mij > 0 VX��O�NXP mij = emij �



2000 � 5 � �,-)M$<��z/���p���Qd7 14�e mij � emij ��OXP!hj#W<Yv�c^ � > 0	� f 2 eAij : emij+� > RR�W (f) + jf (k)j2� dt��NwQ4D Aij bW�}74) emij + � �c^ � < jaj � aij=2 	2I4r<�W��} ' : R! [0;+1) 	Kj'(t) < t2; 8t 2 R; '(jyj) < W (y + aj); 8y 2 B(0; �)n f0g � Rd'(t) = 0() t = 0i9XPV1W ' xLPW�c R > 0 	uV jf(t) � aj j < �; 8t > R �c f � aj B>; 3.1.1 DZ +1R ' jf (l)j(C + 1)d! < CC + 1 Z +1R �W (f) + jf (k)j2� � CC + 1( ~mij + �)3� Pk�1l=1 '� jf (l)j(C+1)d� P (R;+1) n3�GxLP xn ! +1 uVlimn!1 "k�1Xl=1 ' jf (l)(xn)j(C + 1)d!+ jf(xn)� aj j# = 0CG ' xQ]W	\'P x = 0 I� 0 	�NDk�1Xl=1 jf (l)(xn)j+ jf(xn)� aj j ! 09~	�N38VTLP yn ! �1 Kjk�1Xl=1 jf (l)(yn)j+ jf(yn)� aij ! 0�Oc gm(t) = ~gm(t� xm) 	 hm(t) = ~hm(t� ym + 1) �Yb ~gm 	 ~hm � Gi 	 Gj ^<bi,W�}	KjZ 10 �W (~gm) + j~g(k)m j2� dt � Gj(f(xm); � � � ; f (k�1)(xm)) + �Z 10 �W (~hm) + j~h(k)m j2� dt � Gi(f(ym); � � � ; f (k�1)(ym)) + �



2000 � 5 � �,-)M$<��z/���p���Qd7 15G ~fm(t) = 8>>>>>>><>>>>>>>: aj t � xm + 1gm(t) t 2 [xm; xm + 1]f(t) t 2 (ym; xm)hm(t) t 2 [ym � 1; ym]ai t � ym � 1 	R�NDemij + � > ZR�W (f) + jf (k)j2� dt> Z ymxm �W (f) + jf (k)j2� dt= ZR�W ( ~fm) + j ~f (k)m j2� dt� Z xm+1xm �W (gm) + jg(k)m j2� dt� Z ymym�1 �W (hm) + jh(k)m j2� dt� mij �Gj(f(xm); � � � ; f (k�1)(xm))�Gi(f(ym); � � � ; f (k�1)(ym))! mijGxD emij � mij �m��NXPVrm$\x38MTW�p ffng � ~mij W4r�$�-D��k38p fn(0) 2 S 	\ ffng P W k�1;1by@T f 2 Ck�1(R;Rd) 	9� f(0) 2 S �l f 3i,	RC Fatou >;� L2 RW�)9� f ���$\��O�NXP f x3i,W	� f 2 eAij �G L = nl 2 Rdj l�f(t)Rt! +1rW��\o 	CG W (f) 3	i9YU ai� aj P Lb��k aj 2 L�\FD l 6= ai P Lb��l ai 2 L	RC fn W?.)	� SW&)	YLP l 2 S; l 2 L��2IArQ]nqW\D fxig	fzig	xi+1�xi � 3	zi 2 [xi+1; xi+1� 1]	f(xi)! aj 	f(zi)! l �c 80 < � < min fjl � aij; jl� aj jg>km̂ = inf �Z yx �W (g) + jg(k)j2� dx : y � x � 3; z 2 [x+ 1; y � 1]; jg(z)� lj � ��Yb g 2 W k;2((x; y);Rd) ��X m̂ = 0 �hZ	p m̂ > 0 �C zn W)a6LP n0 	c 8n > n0 	 jf(zn)� lj < � 	GxZR�W (f) + jf (k)j2� dx � +1Xn0 Z xi+1xi �W (f) + jf (k)j2� dx = +1Ld�



2000 � 5 � �,-)M$<��z/���p���Qd7 16p gn 2 W k;2((xn; yn);Rd) �$� m̂ 	�k zn = 0 	Ke xn � �1; yn � 1 ��kgn ! g in W k�1;1 	BInOXPb
1Wjg38SGI m̂ > 0 Ld�GxR t ! +1 r	 fn ! aj 	
;	l ai 2 L 	R f ! ai; t! +1 �c t ! �1 38nIn|
1W�S��O]+X<
D f ! ai; t! �1 � f ! aj ; t! �1 �p lim�1 f = ai 	RLP xn ! +1 	uV Pk�1i=1 jf (l)(xn)j+ jf(xn) � aij ! 0 	Ke�N38TT�$�D ffng W4rgD�h�n ffng 	uV Pk�1i=1 jf (l)n (xn)j+jfn(xn)� aij ! 0 �KeDmij = ZR�W (f) + jf (k)j2�= limn!1 ZR�W (fn) + jf (k)n j�= limn!1�Z xn�1 �W (fn) + jf (k)n j2�+ Z +1xn �W (fn) + jf (k)n j2��=BIZOXP mij = emij r!
WwQjg	�NVTnv � lim supn!1 �Z xn�1 �W (fn) + jf (k)n j2�+ ~mij �Gi(fn(xn); � � � ; f (k�1)n (xn))�= lim supn!1 Z xn�1 �W (fn) + jf (k)n j2�+ ~miji9YUE7A"bW[4"NG 0 �Ld�X|c 3.1.5 ��p+0 f R.��|�Oa����	�y f�(t) = f(�t) 	
ZR�W (f) + jf (k)j2� dt � ZR�W (f�) + jf (k)� j2� dt�'x� � 2 R�~	0 I(�) = RR�W (f�) + jf (k)j2� dt 	�9 � = 1 R I(�) �O��	� U�� ZRW (f) = (2k� 1) ZRjf (k)j2�D��7	�U�^Jr�	.7)��z+q	p��^`f��� Gibbs #~���?p������ x3.2 V5Q7��5s}JaQReSo�^�



2000 � 5 � �,-)M$<��z/���p���Qd7 17x3.2.1 @��e�h 3.2.1 0 I R R.��fq"Z	, u� 2 W k;2(I ;Rd) 	 lim inf �!0+ F�(u�) <+1 	
��"� fu�ng ? u 2 BV (I ; fa1; a2; � � � ; arg) 	6� u�n ! u in L1(I ;Rd) �Xw p lim inf F�(u�) = K < +1 	YgD fu�ng Kj lim F�n(u�n) = K 	Ri9YU fu�ng KjZ| Ball ^;bW��	GxLPgD�h�n u�n �� Young @`�t(y) 	cg:W?.�} f 	Df(t; un)* �f = ZRd f(t; y) d�t(y)G f(y) = min fW (y); 1g	Ri9YU�t(y) = rXi=1 �i(t)�y=ai�X �i 2 f0; 1g ; i = 1; � � � ; r �^< Xij = �t 2 I ; 12� Z t+�t�� �k(s) ds 2 (0; 1); k = i; j; 8� > 0��N7XP Xij xD����pLP l > 1rXij b�<!
W\ fs1; s2; � � � ; slg	;� �0 = min fjsm � sm+1jg�c �1 < �0=2 uVc�D � < �1 ��D m 2 f1; � � � ; lg 	Z sm+�sm�� �i(s) ds > 0; Z sm+�sm�� �j(s) ds > 0{^ 0 < � < jaj � aij=2 	p '� 	  � 	 � l:� Rd ! RnKjj���W}��} supp'� � B(ai; �); '�(ai) = 1supp � � B(0; �);  �(0) = 1supp � � B(aj ; �); �(aj) = 1CG F�n (u�n) 4_D%	�ND u�n � � 2k�12n u(k)�n l:P L1(I) � L2(I) b4_D%�PZO Nirenberg W^; 3.1.3 bc � = i=k; r = 2; q = 1 �NYU	cg:Wi 	G ni = 2i; i = 1; � � � ; k � 1 	+D �nin u(i)�n ! 0 in L1(I) 	GxD  �(�nin u(i)�n ) ! �(0) in L1 	FC^; 2.3.1, '�(u�n) P L1 bm � y@T �i'�(ai) + �j'�(aj) = �i 	e �(u�n) P L1 bm � y@T �j �9�cMr m 2 f1; � � � ; lg �Mr n 	LPx+n;m; x�n;m 2 (sm � �1; sm + �1) ��k x�n;m < x+n;m �uVu�n(x+n;m) 2 B(aj ; �); u�n(x�n;m) 2 B(ai; �)



2000 � 5 � �,-)M$<��z/���p���Qd7 18j�nin u(i)�n (x+n;m)j < �; j�nin u(i)�n (x�n;m)j < �^< gn;m(t) = bgn;m t � x+n;m�n ! ; hn;m(t) = bhn;m t � x�n;m�n + 1!Yb bgn;m 	 bhn;m KjZ 10 �W (bgn;m) + jbg(k)n;mj2� < Gi(u�n(x+n;m); �n1n u0�n(x+n;m); � � � ; �nk�1u(k�1)�n (x+n;m)) + �nZ 10 �W (bhn;m) + jbh(k)n;mj2� < Gj(u�n(x�n;m); �n1n u0�n(x�n;m); � � ��nk�1u(k�1)� (x�n;m)) + �n�Nj�*p u�n  vn;m(t) = 8>>>>>>>>>><>>>>>>>>>>:aj t � x+n;m�n + 1bg t 2 [x+n;m�n ; x+n;m�n + 1]u�n t 2 [x�n;m�n ; x+n;m�n ]bh t 2 [x�n;m�n � 1; x�n;m�n ]ai t � x�n;m�n � 1K ni WcgYU vn;m 2 W k;2loc (R)GxK � lim inf�n!0+ lXm=1 Z x+n;mx�n;m � 1�nW (u�n) + �2k�1n ju(k)�n j2� dt= lim inf�n!0+ lXm=1 Z x+n;m�nx�n;m�n �W (vn;m) + jv(k)n;mj2� dt� min fmijg l � lim sup�n!0+ lXm=1[Gj(u�n(x�n;m); �n1n u�n(x�n;m); � � �) +Gi(u�n(x+n;m); �n1n u�n(x+n;m); � � �)]Yb m := min fmijg > 0 �G � ! 0+ 	�NVT K � ml 	Gx X xD����z�ND u 2 BV \ u�n ! u in L1 �X|



2000 � 5 � �,-)M$<��z/���p���Qd7 19x3.2.2 ���e�h 3.2.2 , u� 2 W k;2(
;Rd) 	$ lim inf �!0+ F�(u�) � +1 	
��"� fu�ng? u 2 BV (
; fa1; � � � ; arg) 	6�u�n ! u in L1(
;Rd)5shB�F �- ��o$�F}*�C ([36]) �E 3.2.3 �2<>� fu�g 	 fv�g j�R9 �- aj�	*: ku� � v�k < �5s-� u(y; z) : I � J ! R )I{��.� �As�;A��P I; J a-)v��6�o y 2 I 5s{� uy (z) := u(y; z) 	��6�o z 2 J 5s{�uz(y) := u(y; z) 	-G uy F uz ) u o}* ��Hh 3.2.4 0 fung 9�sN� ([25]) 	��'x � > 0 ��i� fvng,fwng �- ajfung 	� fvyng �SE��� y 2 I � L1(J ;Rd) �!g	 fwzng �SE��� z 2 J� L1(I ;Rd) �!g�
 fung � L1(
;Rd) �!g�Av5s@{{C�Xw �kp N = 2 �;z��p 
 = I � J 	Yb I; J �0a���N^<j�W4�i� F1� (u;A):F1� (u;A) :=8<: RA �W (u)� + �2k�1ju(k)j2� dt j~u 2 W k;2(A;Rd);+1 j~u 2 L1(A;Rd)nW k;2(A;Rd)Yb u 2 L1(A;Rd) e A x4r0a��6Y u 2 W k;2(
;Rd) 	=B C1 �}4)Z	+YUDc��IIW y 2 I 	uy 2 W k;2(J) �ec��IIW z 2 J 	 uz 2 W k;2(I) �\D@ku@zk (x) = dkuydzk (z); @ku@yk (x) = dkuzdyk (y); ca:e:x 2 
CJ�Ni9VTF�(u) � ZI F1� (uy ; J) dy; F�(u) � ZJ F1� (uz ; I) dz�P2I4k�} fu�g 	Kj F�(u�) < C < +1 �Gx R
W (u�)dx < C� 	�NDW (u�)! 0 in L1 	KeC (H2) �NVT u� WY3)��c^ � > 0	c �0 2 (0; �)Kj jSj < �0jJ j =) sup�>0 ZS(ju�(x)j+ ja1j) dx < �



2000 � 5 � �,-)M$<��z/���p���Qd7 20c � > 0 	�Nj�^< v� : 
! Rd:vy� (z) := ( uy� (z) = u�(y; z) j~F1� (uy� ; J) < C=�0a1 Y�p Z� := fx : vy� 6= uy� g 	CG C > sup�>0 ZI F1� (uy� ; J) dy;zD jZ�j � j�F1� (uy� ; J) > C=�0	j � �0C ZI F1� (uy� ; J) dy � �0;KeD ku� � v�k1 < ZZ��J ju�(x)� a1jdx < ZZ��J (ju�(x)j+ ja1j) < �cg: � > 0 C>�Ke�ND fv�g �-  ) fu�g ��Ni9VT fv�g We&)([25])�9~W	�N38wQ fw�g�-  ) fu�g	\cGg:WW z 2 J P L1(I ;Rd)be&�GxCnOW>; 3.2.4 �NVT u� P L1(
;Rd) be&�X| x3.3 �- E*�Xwx3.3.1 @��ex� 3.3.1 , u� 2 W k;2(I ;Rd) 	 lim inf �!0+ F�(u�) < +1 	
��"� fu�ng ?u 2 BV (I ; faig) 	6� u�n ! u in L1(I ;Rd) 	�itw�lim inf�!0+ F�(u�) �Xi;j mijPerI(fu = aig \ fu = ajg)Xw ^;WZ4=l6*Pn4"bXPC�e�4=lxn"^;XP�EW�Q�J�X|�h 3.3.2 , u 2 BV (I ; fa1; � � � ; arg) 	
� � lim sup�!0+ F�(u) �Xi;j mij PerI(fu = aig \ fu = ajg)



2000 � 5 � �,-)M$<��z/���p���Qd7 21Xw p u W�N\� S(u) = fs1; � � � ; slg � I = (�; �) 	 � < s1 < � � �< sl < � �G�0 = min fsj+1 � sj : j = 0; � � � ; lg	Yb s0 = �	sl+1 = �	\G Ii = [ si�1+si2 ; si+si+12 ]	i = 1; � � � ; l �c^ � 2 (0; �0) ;c fij 2 Aij 	KjZR(W (fij) + jf (k)ij j2)dt � mij + �c �n ! 0+ 	;c n jxN	uV �2�n > M �^< un(t) = 8>><>>: fij( t�si�n ) t 2 [ si�1+si2 ; si+si+12 ]; [u](si) = aj � aifij(� t�si�n ) t 2 [ si�1+si2 ; si+si+12 ]; [u](si) = ai � aju(t) Y�Yb [u](si) := u(si)� u(si�1) �Gx�NDlimn!1F�(un) �Xi;j mij PerI(fu = aig \ fu = ajg) + l�Ke9X�X|x3.3.2 ���e�h 3.3.3 0 u 2 L1(
;Rd)�, ��lim inf �!0+ F�(u) < +1	
 u 2 BV (
; fa1; � � � ; arg)	� � � lim inf�!0+ F�(u) � X1�i<j�rmijHN�1(@�Si \ @�Sj \ 
))Q@{6*{C	5s`xj}T_�/k�{�cHA�1;�2 := ng(t) j g 2 W k;2loc (R); 9M > 0; ht > MU; g(t) = �2; ht < �MU; g(t) = �1o�a5s{�;Ao�P�d(�1; �2) := inf �ZR�W (r(t)) + jr(k)(t)j2�dt; r(t) 2 A�1;�2�{�j ai o(BAs 'i(�) = d(�; ai) �K � 	� )O*?o?- Borel ;� ([72])	5s~ [3] {��aa �_ � ;A(� _ �)(A) = supn�(A0) + �(A00) : A0 \A00 = �; A0 [A00 � A; A0; A00a
Po-c�o�P A 2 
 a6�o-c�
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	- u(x) =Pri=1 ai�Si (x)	�P S1 ; � � � ; Sr �
 	OO1�	! j
n [r1 Sij = 0 �Av5s�p [3] Po}*}��x� 3.3.4 0 'i �u 2 BV (
)	U �i R*Z� Borel {� �i : E ! RE jD('i�u)j 	
U�� Per
(Si) < +1 � i = 1; � � � ; r �~	��(_ri=1�i)(
) = X1�i<j�r d(ai; aj)HN�1(@�Si \ @�Sj \ 
)Z�j d(ai ; aj) o{�	5s�(_ri=1�i)(
) = X1�i<j�rmijHN�1(@�Si \ @�Sj \ 
)D*5s<@{{C�Xwp �n ! 0+	un ! u in L1(
;Rd)\ F�n(un)y@T ��lim inf �!0+ F�(u) < +1�c^4rQ�#B � 2 SN�1 	�N�k�p un jLy;�\
 ! ujLy;�\
 in L1(Ly;� \ 
) 	c��IIW Ly;� := fy + s� : s 2 Rg� y 2 RN C>�Guy;�n (t) := un(y + t�) cHN�1a:e:y 2 �?�Nd:TZOW4�#~s�nXPC	cg:W i 2 f1; � � � ; kg 	jD('i � u)y;�(Ly;� \ 
)j � lim infn!1 ZLy;�\
 �W (uy;�n )�n + �2k�1n jdkuy;�ndtk j� dtGx	G vi = 'i � u 	RC Fatou >;� BV �}W Slicing )aDjD(vi)j(
) = Zy2�? jDvy;�i j(Ly;� \ 
)dHN�1(y)� Zy2�? lim infn!1 ZLy;�\
�W (uy;�n )�n + �2k�1n jdkuy;�ndtk j� dtdHN�1� lim infn!1 Zy2�? ZLy;�\
�W (un)�n + �2k�1n jDkunj2� dtdHN�1= lim infn!1 Z
 �W (un)�n + �2k�1jDkunj2� dx= �� lim inf�!0+ F�(u)CJ�NVT 'i � u 2 BV (
) �K _ W^<381G _ri=1�i xNGs �i Wm$@`	Gxi9YU _ki=1vi � �� lim inf F�(u)



2000 � 5 � �,-)M$<��z/���p���Qd7 23OCZOQ��NVT� � lim inf�!0+ F�(u) � X1�i<j�rmijHN�1(@�Si \ @�Sj \ 
)X|�h 3.3.5 ��2<> u 2 BV (
; fa1; � � � ; arg) 	U���� lim sup�!0+ F�(u) � X1�i<j�rmijHN�1(@�Si \ @�Sj \ 
)5shB@{ r = 2 o$\	-~�k)}*�C�l a = a1 	 b = a2 	m = m12 	 E = S1 �Hh 3.3.6 ��2<> u 2 BV (
; fa; bg) 	U���� lim sup�!0+ F�(u) � mPer
(fu = ag)Xwp u 2 BV (
; fa; bg)	� u = a�E+b(1��E)	Yb E Kj Per
(E) = jD�E j(
) <+1 ��Nz�2I E = eE \ 
 	Yb eE x RN bVD%}��W]6��N� @ eE = M �CG M x}�bO	zLP �0 > 0 	uVcg: � < �0 	LP4rK U� := �x 2 RN : dist(x;M) < �	 T M W}��@�G �n ! 0 	c vn 2W k;2loc (R;Rd) Kj vn(t) = ( a t < ��n=�nb t � �n=�n\ limn!1 RR(W (vn) + jv(k)n j2) dt = m �^< un : 
! Rd j�un(x) := 8>><>>: vn( edM (x)�n ) x 2 Un \ 
a x 2 EnUnb x 2 
n(E [ Un)Yb edM : RN ! Rx M WOm�-:�} (>�nH7) � edM P eE U$G 0, eUn := U�n ��N.j�W��7/c �n �n ! 0; �n=�n ! 0



2000 � 5 � �,-)M$<��z/���p���Qd7 24i91TnOW un x{G W k;2(
) W�Gx�NDlim supn!1 eF�n(un) = lim supn!1 Z
 �W (un)�n + �2k�1n jDkunj2� dx= lim supn!1 �ZUn W (vn(edM(x)=�n))�n dx+ ZUn �2k�1n jv(k)n redM � � �redM=�k + k�1Xi=1 1�i v(i)n Pij2 dx�Yb Pi � edM Z<qG k !WS%S}ZD"W���N�Pnj�8BP	 x := F (y; t)	Yb F :M � (��0=2; �0=2)! U�0=2 x4r�l
V	 F (y; t) := y + t�(y) 	 �(y) � M P y IcG eE W�g#��N�F (y; t) W Jacobi (Dv�n J(y; t) �Gx�NDlim supF�n(un)� lim supn!1 (ZM Z �n��n  W (vn(t=�n))�n + �2k�1n jv(k)n (t=�n)j2�2kn !J(y; t) dt dHN�1)+ C lim supn!1 Z �n��n �2k�1n Xi+j<2k1�i�k1�j�k jv(i)n (t=�n)jjv(j)n (t=�n)j 1�i+jn dt dHN�1(y)= lim supn!1 I(n)1 + lim supn!1 I(n)2V<BTC-:�}W�`R� 1 	eYq!S}= M &eD%��O�Nl:y� I(n)1 � I(n)2 �I(n)1 (u) = ZM Z �n��n  W (vn(t=�n))�n + jv(k)n (t=�n)j2�n ! J(y; t) dt dHN�1(y)= ZM Z �n=�n��n=�n �W (vn(s)) + jv(k)n (s)j2� J(y; s�n) ds dHN�1(y)�  supy2M;t2(��n;�n)J(y; t)!ZM ZR�W (vn(s)) + jv(k)n (s)j2� ds dHN�1(y)d:TCG M &	�ND J(y; t) R t ! 0 r4_y@T 1 	Gxi9VTlim sup I(n)1 � mPer
(E)



2000 � 5 � �,-)M$<��z/���p���Qd7 25�OXP I(n)2 ! 0 ��N]+X I(n)2 bWM4"Z �n��n �2k�1�i�jn jv(i)n (t=�n)jjv(j)n (t=�n)j dt�f n `#G�^y@T 0 �3�nv = ZR�2k�i�jn jv(i)n (s)jjv(j)n (s)j dt� �2k�i�jn v(i)n (s)L2 v(j)n (s)L2�PG wn(t) := vn(t=�n) 2 W k;2(��n; �n) 	Rlim supn!1 Z 1�1 � 1�nW (wn) + �2k�1n jw(k)n j2� dt= lim supn!1 Z �n��n � 1�nW (wn) + �2k�1n jw(k)n j2� dx= limn!1 ZR�W (vn) + jv(k)n j2� dt = mV<�N?BZO�TW Nirenberg W#~ (^; 3.1.3) 	VTw(i)n Lp(�1;1) � C w(k)n i=kL2 � kwnk1�i=kL1� C�� 2k�12k in � �1� iknYb p = 2k2k�i �F	�ND w(k)n Lp � C�� 2k�12n �o(1)	uB Sobolev [kW 1;p(�1; 1) ,!C0(�1; 1) 	�NVT w(i)n L2(�1;1) < C�� 2k�12n � o(1)Ke �k�in (ZRjv(i)n j2)1=2= �k�in �i�1=2n (Z �n��n jw(i)n j2)1=2= o(1)! 0Ke E }�W]'VX�



2000 � 5 � �,-)M$<��z/���p���Qd7 26�OXP E <x}�W]'�CL2YtbW^; 2.2.8 	LP4D}��Ei = eEi \ 
 	Yb eEi � RN bW}�D%�	Kj�Ei ! �E in L1(
); jD�Ei j(
)! jD�E j(
)�NcGM4r Ei 5U}�]'7wQ4l uni 	e�B4rc� jg�3�X|�A<5s�]{Co@{�Xw �N�7XP N = 2 W]'�P [3] bDj�#~Hh 3.3.7 0 u(x) =Pki=1 ai�Si (x)	Si � 
��u^`	�~�\	� j
n[ki=1Sij =0 �
�� 
 ��+� fSn1 ; � � � ; Snk g 	$(i) Sni R�ne"�	� HN�1(@Sni \ @
) = 0 �'x i = 1; � � � ; k �~�(ii) 
 un(x) =Pki=1 ai�Ski (x) 	
 un ! u in L1(
) �(iii) R
 un(x)dx = R
 u(x)dx = m �'x n 2 N �~�(iv) limn!+1 _ki=1 R
jD('i � un)j = _ki=1 R
jD('i � u)jCJ�Ni91T38wQ 
 W4kWl fEn1 ; � � � ; Enk g 	Kj(i') g:W 1 � i < j � k 	 Lij := @Eni \ @Enj x}�b b�\ Lij WAa/�[ b��n|>;bW�� (ii) 	 (iii) 	 (iv) �i91T	j~�NcKj�� (i') W fE1; � � � ; Eng XPC^;	R	�n|>;b��kW4)�c� JX�3XP40]6�W^;��O�N'cKj(i') W]6((XP�p x 2 
�Ab<
W Lij W�\	;p
,Go\Wb b��� fLi1j1 ; � � � ; Limjmg�G U l� = fy : dist(y; Liljl) < �gYb dist ��m�-:�;pd� := min ndist(y; x) : y =2 [ml=1U l�oi91TLP �0 jx$	uV3wQ x W}�EJM�0 	Kj1. dist(x; @M�0) > 2d�0 �2. @M�0 \ U l�0 cg:W l �[ b�d:TnO9&W x Wi}xD�W	�N38cT4r4_W �0 Kjn|2_�cGg:W � 2 R+ 	�N	�j�WF`8	7^<M�: M� = ��0 (M�0 � x) + x � 3.1: M� Xw;



2000 � 5 � �,-)M$<��z/���p���Qd7 27�N1T	PMr�\I�d4rn|EJ�	PH�WaJ<385U r = 2W]6((l:WwQ�XP�Ke�N]2XPR/ un 0�TMr M�n �	Dlimn!1 ZM�n �W (un)�n + �2k�1n jDkunj2� dx = 0 �7�Nc un ((0��gcSr M�n 	CGPY�Zj un 6*5Un"WjgwQ�5	Gx�N+2Pj����wQ un 2W k;2(M�n) unj@M�n 2 W k;2(@M�n)�6Y; @lun@�l = 0Yb l = 1; � � � ; k� 1 	 � � M�n W�g#�\ kunkL1 c n 4_D%�C M� WwQjg	�N38P M1 n$n|��	OF`8	T M�n n��O�NP M1 n((wQ�� evn : @M1 ! Rd �*�F`8	�P @M1 nW6Y7\�CG M1 x}�0�	zLP R > 0 	uV Bx;2R �� M1 �^<�� U :=�M1n(Bx;R [L) 	 V := [0; 1]� [0; 1]�Yb L x? @Bx;R � @M1 W4�[ b�i9YULP44Ao ' : U [ L! V 	Kj ' 2 C1 	 '�1 2 C1 �� @Bx;R 	 @M1l:AT [0; 1] � f0g � [0; 1]� f1g 	\uV ' � '�1 Ws!S}_xD%W�^< f(x) : [0; 1]! Rd � f(x) := ev � '�1(x; 1) �d: f 380�� Rn8 1 �cXWcX�}	\ f 2 W k;2[0; 1]��O�Nc g(y) : [0; 1]! R� C1 �}	Kjg(0) = 0; g(1) = 1g(l)(0) = g(l)(1) = 0; 8l 2 N�eV1W�}xLPW��P�Nj�wQ eu :M1 ! Rd eu(x) = 8>><>>: (g � f) � '(x) x 2M1nBx;R5?.)0� x 2 L0 x 2 Bx;R�Ni91T keunkL1(M1) � kevnkL1(@M1)keunkW k;2(M1) � C('; g) kevnkW k;2(@M1)�jJ0��VTW eun Kj�NW2_�



2000 � 5 � �,-)M$<��z/���p���Qd7 28Gx	�F`8		�NDZM�n �W (un)�n + �2k�1n jDkunj2� dx= ZM1 �W (eun)�n + �2k�1n jDkeunj2 1�2kn � � �2n dx= ZM1 ��2n�nW (eun) + �2k�1�2k�2 jDkeunj2� dxGx	]+c �n = o(�1=2n ) 	�3VT[4"��� 0 ��Oy�[f"� ZM1 jDkeunj2 dx� C Z@M1jev(k)n j2 ds= CXl Z@M1\U l1jev(k)n j2 ds� CXl ZR�2kn�2kn jvnij(k)j2 �n�n ds0� C �2k�1n�2k�1nYb vnij xnO r = 2 ]6bW vn 	]xB ai ; aj P� a; b �CJi91T[f"3x`#G 0 W�^;VX�d:TP [3] b	V<W>; 3.3.7 xcg:W 
 2 RN C>W	zc N � 3 W]6389~XP�X| x3.4 ,c*2}M) �2 R
jDuj2o1EP	�vo�f-�P�m+Vk 2min R ajai W 1=2(s)ds	�PoaQa*��M� ai � aj o C1 *GD(�:�@{6*Cs��1PoCsa}Jo�



���)��v}��R4



��V I=*�T��oH&DOP	�CTDgR��G^L?o^�*%QN�AOH�C	\I�eB@%:}o
3	}�GB)�%
3��{ [67], [10] Po!���\:CD.	6a�)�T\&��Pm�*�PDoetIs	�:�*>�D�q�&\��. Self-accommodation 	{ [6] �	iJ�Vm\&"aac�+E)g*mB}o"4\&ohH�\sjDC�6RDO	�,a{PuC�B	��c�Xho� ;l�H��o�/~[�j&ao�}k��)Q�6RDO}J}*sj~[	gS	<4skQI��K�Wxo~[�]	�S	e�/ogGG^~[� [28], [35], [50], [51], [58], [83], [84] �F 80 	e��/ogG�G^~[� [10], [11], [29], [30], [31], [48] ��6T~[I0u*sjD�cQ%
3o}T^M��,aV;<^%
3o�N6wo{^^M�6T~[TL	c�4-Zp ;G�Su���]j�	�d6Tj��
ogN^Ch� [52], [53], [91], [92] 9�gGG^~[�]Q}Tj�����gG�G^~[	�aPoj�VIFCh�;��{ [12], [13], [14] [17], [18], [19], [21],[22], [23], [39], [60], [61], [62], [63], [66], [67], [68], [69], [71], [73], [79], [85], [93], [94] �6T11}JQgG�G^~[sEj�ogN^Ch	-TQI�9�%
3sEj�oXo�
Fj�h��Dp~[H� Young ;�o$�<*sjD*]@%
3	z!av	�6F@%o:}<~�:CD�F@%o:}�*VmP	%
3-1a7?6F@%o	�a�}{9�	e�.N�o��U%
3z-1aH�:}�N6}*^M	*�d�Fmd�o��v!�[�9^
3F�?DOTD�!�o~[-1��c6TDO��	<	4s\j�FChD�6TDO�]Q}T���*j��v	 Bo Li& Luskin[69] F Zhiping Li [64], [65] ���vVo9^
3�]Q}TsE~���6�vosEj�+mQ}T�s�*ChD	�}R.
7)N�<"��.*v�P	e%
3+�o��vD��@o�P��a4s~gG�G^~[o�P�AqD}**v�PM�I)Xo%
3~[� R.V.Kohn � S.M�uller * [56] F [57] 6O11P/@Q}*wRo~[	\ChD@{Q��6*~[	�iQ�P �Ck6�?sKL�iToxQ��sT3+Q}*�cH{�?o\&As	��P�ChaQEa)����s�Z5;VmoaQ�zacH{o�Y}*Sx
=<c� GeorgDolzmann F Stefan M�uller o/k [27] ��sY�Y}*1�o*v�PM	@{Q*}{�|A	1[�6F@%o
3	e%
3oN�a�Fo��1Poc*v�o~[	�WxyKe<c�Dp11Fv}4�Po �- aF
=�����vDo�8N� (mesoscale) 
3 (;9^	�?) o\I!�	T�30



2000 � 5 � �,-)M$<��z/���p���Qd7 31Y�o}TChDo�c�*6T�vz�I�o/k� ; [54], [55], [86] F [89]\��H&o}�~[T�	�]�;Fj��); [2] ~6TDOoTD<��:M\&_jQ�Po"4aQ��;* [69] P	k5~B-��v}{(Bo<^
36{	�*j�PBNQ%
3�6VmDza}R}�o8w��1oj�z�yQ6R�
�



�$V �9z3�1P	5s~hB�F}AgG�G^~[d��*v�PosjCh	1L,T�1oj�~Y�osj~[�x5.1 H@&+5y2/d}7��	*6vP0%}7)� fu(x) : x 2 
g	�P u a\�.�9/3[�
 2 R3j R3o}*�I��xog^Ch ([15], [5])x(\&As u 2 W 1;p(
)a;A4�o� min Z
W (ru; �) dx�P � *]/��6wo u o^*^x( W a�.����o�{v�1	d�9/1E�����5s>$VCo%
34�<v	�� W 1;p Aso9P^	6wo u 1�*DT� 
 1*�}N�o@%:}^M	a1�H�|o��aHboo%
3sj~[!x( W 1nf���| ([10], [11], [67]) �5s/d;Ao�P�AI(u) = Z
W (ru; �) dxd�aQR4� min I(u); u 2 A�P A := fu 2 W 1;p(
); detru > 0; u(x)j@
 = u0(x)gVs*{	^*}*U�/� �0 	h/�'��U	��V�f}o'�G^3{�	G)�d���h/�s� �0 U	��o3{�&)g*	�G^�s	5sGB)md��\Vs5s3�mT W �nf;Ag*�|(u67^5sx( W *(uolHf&VAa1&o�eW (RF; �) = W (F; �); 8R 2 SO(3)FF 2 R3�3�P SO(3) *]]S[) 1 o?�#<�g\���G^5ssK�Pu� W nMQ��oi'�G^	e�d��)w<o�G0��9/7���0omb	; [42] ��\���W (RiFRTi ; �) = W (F; �); 8Ri 2 G32



2000 � 5 � �,-)M$<��z/���p���Qd7 33�P G = fR1; � � � ; RLg a�d�o�G0�5sl�d�H�o\&2P) ru = U0 	�P U0 nf RiU0RTi = U0 	W (U0; �1) = 0 ��a fRig !a�d��)w<o�G0��h/�A�js��0 U	md�TD	�)�G^x>�Kmd�o}*\&��) ru = U1 	ZfU1; � � � ; UMg = �RiU1RTi 	 �--%&7o�G^^M	 fU1; � � � ; UMg e*Qmd�o M *3{�	-!� W (F; �) = 0; 8F 2 U�P U = SO(3)U1 [ � � � [ SO(3)UM �Av5sdpgG�G^Cho}TWx
=�x� 5.1.1 ( [10]) 0 
 2 Rn Rt2�KqP	0 y 2 W 1;1(
;Rm) $Dy(x) = A; a:e:x 2 
ADy(x) = B; a:e:x 2 
B�� A;B 2 Mm�n 	 
A;
B s{	��{�	�$ 
 = 
A [ 
B �
��c 2 Rm; n 2 Rn; jnj = 1 	6� A� B = c
 n�� y(x) = y0 +Bx + �(x)c; x 2 
�� y0 2 Rm; y0 � c = 0; � 2 W 1;1(
) $ D�(x) = �A(x)n; a:e: 	 �A R A �D�<>��E 5.1.2 U�� F0 2 R3�3 ? F1 2 R3�3 ��t�a	*:�� a 2 R3 ?n 2 R3; jnj = 1 	6� F1 = F0 + a 
 n3�@{	h#E� Ui +6L}M�	�� Ui o�*�hH�L}M�U	�P�AoaQE13�*W 1;p(
)P_j	�aQReSgNj}*\[)PMi=1 �i�OiUio Young ;�	�P �i � 0;P�i = 1 	 Oi )g\#<	� �F )cP* F Dow;��" Young ;�!e*Q4���o%
3�6*%
3o�N�L}M�/{	��Pr*��0o�`�*3[6vP�� �i I? �



2000 � 5 � �,-)M$<��z/���p���Qd7 34x5.2 �u|lh W (u) = 0; a:e:x 2 
 U	*v�P�C;A*] ([67]):S = mXi=1 �i area Si�P i 'G��1�Hvo��v	�i > 0a��v i o*v�Pu�	Si a"��vov`�Y}�v	*Chp FVmj�P	##1�x( W (u) = 0 a:e:x 2
 	�Z��Y}R*v�o4Q ([67]) Ŝ(u) = �2 Z
rruArru dx�P A a}*]�2P	nf��o(u67^F�G^�{ [9], [46] �ZU`xaQRoe�P&)I(u) = Z
 �W (Du; �) + �2rruArru� dxx5.3 { �I�y2x5.3.1 y2���5s/d}*wRoc*v�%
3~[I�(u) = Z
 �W (Du) + �2jD2uj2� dx*VmP	OHBv>�<o9� %
3oN�xQI�	�!5sz-17Y>�<o'�
3	�Z5s>$*j�P�5Nf>�<o'�Z=	��~�.kak*1�mPo)�o��v�G�	6w!3��G^�<(�	P,I�1"xol��6!`x}*Xo�. "sharp" ~[	��Pxp1~=�>�<o'�Z=	�H~=�wRI)�#�Lo>�<O:oZ=�z!av	5s`x~ D2u o��M,y	VI Du *��vDo&A�*v}4�P	5s.jDp�A* R Du = m o�|A	� �- aF��@ D2u o}[M��7�A{�- aFo�i	3{ [34] ��^�6*yK5s�<;Ao}g�A~I�(u) = Z
W (Du) + ~�jD2uj5s:�Ak6O*�A*�| R Du = m Ao �- aFa}wo��L}*C1.bH��F�(��*5soj�P	5s~Y�6L}*�A�c 5.3.1 �U��TG�	�)h$<�\�J]su9 R Du = m 	 9 uj� =u0 �)wr��2J]Z9u�6|�tx+�d:��U���d5V.9L



2000 � 5 � �,-)M$<��z/���p���Qd7 35�*ZW0F��~�J] uj� = u0 �\�	)wr�� � lim�!0+ ��1I�(u) = +1�� fung 9$< I�(u) �Oa��[�U�W0�� 0 < � < 1 	6��� lim�!0+ ���I�(u) < +1
 �0 = maxn0 < � < 1 : �$.7osW0�3� � � lim�!0+ ���0I�(u) =M Z
jDuj < +1�� M 9t2�� 0 �}> ( y?��tx+�� m ) �Z�U�
 e� =M��0	3 eI�(u) l9t2A:� "sharp" ��$<�s�svr�	� e� Ba3	*: u 9 eI�(u) �Oae	
{� eI�(u) �M 0e� 	�� M 0 > 0 9}>���}T�lo$:	 [56], [57] F [78] TQA{o "sharp" ~[	-�6OA�Ao7?�]Q}Tp �x5.3.2 ��u|#9[E,�R5��5s@{D}�PO*�Ao�o^*^�hB5s~D}�PoK
o)u*pT<�{�;Ao}TcHA := �u : u 2 W 1;1(
); D2u 2 L2(
); u = u0 on �	eA := �u : u 2 W 1;1(
); Du 2 BV (
); u = u0 on �	�P � 2 @
 	! HN�1(�) > 0 �{�;AO*�AaQ4�"�@  min I�(u); u 2 A"��  min eI�(u); u 2 eA�h 5.3.2 .=�2TG�e���Xw �Nz�XP��4W$WLP)�



2000 � 5 � �,-)M$<��z/���p���Qd7 36p fung � A � I� W�$�-D	 lim inf I�(un) < +1 �CJ� W WSB)��	�ND fDung P L1(
) b4_D%�d:T un P7%nW4r N-1 �W@`�nc Dirichlet 7\	zC Poincar�e <Yv	D un P L1(
) b4_D%�F4jO	�NFYU D2un P L2(
) b4_D%�=J	=B[k^;� L2(
) Whh)	�NDLP fung W4rgD�h�n fung �P W 1;1 by@T u 2 W 1;1 	
rD D2un P L2(
) bmy@T D2u �Ke�NVT u 2 A ��O�NXP lim inf I�(un) � I�(u) �gc � > 0 	CG W (Du) P L1(
) n3	zLP s0 > 0 uVcg:Kj jEj < s0 W3?� E 	DjZEW (Du) dxj < �F4jO	CG Dun ! Du in L1(
)	LPgD (h�n Dun )��IIy@T Du 	GxC W W?.)D W (Dun )��IIy@T W (Du) �KeC Lusin ^; ([72])	LP E 3@\Kj jEj < s0 	uV W (Dun) P 
nE n4_y@T W (Du) �GxDlim inf Z
W (Dun) � lim Z
nEW (Dun) = Z
nEW (Du) � Z
W (Du)� �C � Wg:)	�ND lim infn!1 Z
W (Dun) dx � Z
W (Du) dxF4jO	C L2 RWm�1?.)	�NDlim infn!1 Z
jD2unj2 dx � Z
jD2uj2 dx^J��4$WLP)VX�cG��f$WLP)	]2d:T=B BV 4�W[k^;�N
138VT un P W 1;1(
) by@T u 	;d:T BV 1Rc L1 y@Dm�1?.)	+38BInO
1WjgXP�X| x5.4 f�"�x5.4.1 y2�f�BK (T; P1(T );�T) )G^Uz� ([16]) ��P T a?�\f�	 P1(T ) ) T DoG^As6v	� �T )�w9scH�l Th = fT1; � � � ; Tkg ) 
 of����{�B@4��o:ccH;AeAh := fuh : uhjT 2 P1(T ); T 2 Th; uhj�h = 0g



2000 � 5 � �,-)M$<��z/���p���Qd7 37�P �h = � \ @
 �{�B@�P�AeIh� := kXm=1 ZKm W (DuhjTm) + X1�i<j�k e�jLij jjDuhjTi �DuhjTj j�P Lij := @Ti \ @Tj �5s(�;AB@4� minuh2 eAh eIh�x5.4.2 f�"�E,T�R5�h 5.4.1 �'x� h > 0 	�� uh 2 eAh 	6�eIh� (uh) = minuh2 eAh eIh� (uh)Xw pD�M4�W��}� 'i ; i = 1; � � � ;Mh �Rcg:W uh 2 eAh D uh =PMhi=1 �i'i; �i 2 R�p umh =PMhi=1 �mi 'i � eIh� W�$�-D	�N]+XLP C > 0 	uVj�mi j < C; 8i;mBhXg�j~nv<C>	RLP i0 2 f1; � � � ;Mhg � mk !1 	uVj�mki0 j as k! 1p"\ i0 Wo9� x �R jumkh (x)j ! 1CG umkh j�h = 0 	zLP4rQM K 	uVlimk!1jDumkh (x)jKj ! 1Gx�ND limk!1 ZKW (Dumkh jK)dx!1I�pLd�Ke3^;VX�X|



�nV �"G�]S85s~Y� [62] F [63] P�/o")&Vho	F [65] Po")quyK<(�5so~[4�� x6.1 �0~C%!I�j�
= (; [23]) C]	h")o�NF%
3o�*�N}JU	*j�o")�� �]o$:A	813�mj�Do
=	z��8ogN}���h")o�NF%
3�N1}JU	!"a~")��quI�73�mjn�o
=	)ZT"a5kUoogN}�F.aogN1j-"aQo3��Zhiping Li * [62] F [63] PTo")&V�
*}{J�D�)Q6*4��")&V�
Yf�*(aQ>JP3��NG^\&	\�3�*}{J�D,W}b�%
3o�N��a*")�N�%
3�N1�o$:Az3�Y��]o")mj�Do
=�Av5s�F}A")&V�
�/d;AoaQR4�I(u; 
) = Z
W (ru(x)) dx�{��) U(u0; 
) = �u 2 W 1;p(
;Rm) : u(x) = u0(x) on @
0	{� T (
) = nL 2 W 1;1(
) : L�1 2 W 1;1(
)!detrL > 0; a:e: in 
o�6� L 2 T (
) d u 2 U(u0; 
) 	Z A 2 Rmn -;A{� ~u(x) : 
! Rm ~u(x) = u(L(x))�AL(x)�Z5s:�Ak ~u 2 U(~u0; 
)	�P ~u0(x) = u0(L(x))�AL(x) 	Z
W (A+r~u(x)(rL(x))�1)detrL(x) dx = I(u; 
)! inf~u2U(~u0;
)W (~u; L; 
) = infu2U(u0;
)W (u; 
)�P F (~u; L; 
) = Z
W (A +r~u(x)(rL(x))�1)detrL(x) dx38
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) ) 
 o}*?-���{ [16] �	ZTh(
) = nL 2 T (
) : LjK*8K 2 =h(
)P)�I&VoUh = nu 2 (C(�
))m : ujK*8K 2 =h(
)P)�I&VoUh(v; 
) = fu 2 Uh : uj@
0 = vg")&V�
(�;AoB@4�( m3(u; L) 2 Uh(�u0; 
)� Th(
)YmF (u; L; 
) = inf(u0 ;L0)2Uh(�u0;
)�Th(
) F (u0; L0; 
)gN^o@{3�{ [62] 	 [63] �x6.2 �\I�y2F�!5s8� [69] Po^�l�H� Cu-14at.% Al-3.9at.% Ni o�*j�~[�K%
3�;AoO*�m�U1 =  � 00 �! F U2 =  � 00 �!�P � = 1:0619 	 � = 1:0232 )\&�K�� [2] oVs
=	5s3�sKc^%
3��6O*m3I��a5s�	^*g\#< Q 	YmQU1 � U2 = a
 n�*+}�o4�5s~sK�) �QU1 + (1� �)U2 	-*+kv{UZ � = 0:5��}*,{o�` � 	5s��p7?[d;A7?R�U2 � [�QU1 + (1� �)U2] = b� 
m��m Q =  � ��� �! ; a = p2� ���! ; n = p22  11!R� = I + (�a
 n + b� 
m�)U�12 ; b� = ���p2(1 + �2)�2 + �2�2  �(1 + (1 + �)�)�(1� (1 + �)�)!m� = � 1p2(1 + �2)  � � 1� + 1!



2000 � 5 � �,-)M$<��z/���p���Qd7 40�P � = 2��=(�2 + �2) 	 � = (�2 � �2)=(�2 + �2) 	 � = (1� �)� �5s8��.o�gG�G^~[�	~\&As.k;A�AoaQR�I(u) = Z
W (Du(x)) + e�jD2u(x)j�P W (F ) a�.og^�Pu��5sY� [69] Po W (F ) W (F ) = ( W0(C11; C22; C12) =C11 � C22W0(C22; C11; C12) =C11 < C22�PW0(C11; C22; C12) = �12 (C11 � �2)2 + �22 (C22 � �2)2 + �32 (C11 + C22 � �2 � �2) + �42 C212�P C = (Cij) = FTF a Cauchy-Green �K2P	�z*9s) �1 = 27:5 	�2 = 37:2 	 �3 = �11:8 	 �4 = 16:7 �5s~RZmj�)�+)�]z#\	�#�,XD� n F m� 	#D�,) L1 	 L2 � x6.3 �\�!>c�Bx6.3.1 �\�!x6.3.1.1 D{�!5s*j�)�D8��t�d\o?���	-Y�G^Uz�F��5sY� [97] Po Polak-Ribiere-Polyak )-Z1p��
<(�B@LoaQ4��Z�j*��vV�"TDo9^]�?
3P	1�H)�o#�C1a�L}M��){o�N1�o��Z	*j�P	5sY� [62] Po")&V�
<xQ")��o;~	\�xQ(�P	�U#CgN^�x6.3.1.2 �!�/W>J���5s`xm(��v!�@%o9^]�?
3	5so")`x�C@u	�,* L2 �N.a;Z	6w7�/`j%
3o�N���1�	�s*{	")&�aQo(�Uv!&D	iQ
=k<"4aQo3�^z!&a�z�Ch~9^F�?oI�<�\&k<"4aQ	39{ [2] ���Z5s`xxQ(�4�o;~�5s8�;Ao�
<VD�vo�o�b~}\5s~��o")s6{��a	)Qm(%
3oN�	5s"a&R L2 	-~1�aQ)�oj�
=�] ���;=5s*j�PY�6{#E	-�



2000 � 5 � �,-)M$<��z/���p���Qd7 411�o L2 oj�VmDa*1�o#E�|A�]o	\�6wo �aq���o��Z5s8�U�#E	-� �P=L2 k)OH �o~%�-!	*j�>JP5s�@r}3�oU�^��0Jt*Vmoj�P5s�D	*")s<Eo$:A	")&V�
3��ZIaok�	�h")os�1�.�U	")&V�
=o#�1�xQ�6RDOBNo!�a����[(aQ�
�MDa"4o��Z5s>$*U�#Eo^UD�}3xQ")o;~	\�q8gNo}��5sY�;Ao")qu�
1. +RZ�� N1 �N2 	�]j��2. hj��]j}{J�U	~")quj 4N1 � 4N2 �3. nf�]j��Z�j 2. -ZU	")���>Q&\	1a;-o��Q�6Uoqu�ORh,r�*�&\o")Dqu����!)��]SX��qu	-*X")DkG^=E�*VzP5s�D ([65])	��}�* 1. P")[�N�ao&\��,a*5s7Yo � IQo$:A.a;Z�	�Tf�o\^&m�C@D	6U8�qu�
roS=##1;8��
�oS=��!{M�
�.�H��?oTD��Z5s*j�P8��
��x6.3.2 c�B5s8�}�o3eR�
	e�r}*f�	j�}*n� [0; 1] oEFTF � UT1 U1FTF � UT1 U1+ FTF � UT2 U2~ [0; 1]q�	r}���}*Y�E	�ZY�E�"f��]�O�*�1oVmk�P	5se1Y� 8 *Y�E�c 6.3.1 �s;G3q�x&o�I���0osu9]f�	 9�>f��R0 n 2I��R ( (R,G,B) )  (s1; s1; s1); � � � ; (sn; sn; sn) 	
3I�{$*Z8X s1s2 = � � �= sn�1sn\ [45] �
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�]j�F3eR�mosE
=�5s*D��po#D) L1 � L2 o)�D�]j��5s~�+}�HV#DoRE+)U := �QU1 + (1� �)U2 	�*Y}�~RE+)U�o<^
3	r}<9�)O*")	�D�,� r(QU1 �U) +U F r(U2�U) +U )#E	�P 0 < r a}*Vs�*O#Bvo")wD5s�G^=E���E	k)�%
3\Io}*iN��AIbP	=+�v{	5s}e+ r = 0:01 d � = 0:5 �*j�o>JP	5s6{�+}���d��HVVo x; y d u; v oE	�*Y}�	5s�6{ x; y oE�x6.4.1 J�u|AWd>(��Q3�4	5s�>+1�o L2 F � <8@6TDOoTD�� 6.1, � 6.2 F� 6.3 a1� � F L2 Aoj�
=�x6.4.2 Wd�Q3�
�>|l5s�>�'�1� L2 oU�)��](�	- �+$:AoaQ</{����* � oioN��*Vmj�P	5s� L2 �X��(
�]}*|�([97]) �mj
=;A 1. L1 = 1:0 e� 10�9 10�8 10�7 10�6 10�5L2 0.113276 0.218034 0.313778 0.555941 0.794845�P 0.000045 0.000055 0.000106 0.000422 0.000909



2000 � 5 � �,-)M$<��z/���p���Qd7 432. L1 = 4:0 e� 10�8 10�7 10�6 10�5L2 0.282777 0.397049 1:064933 2:276971�P 0.000421 0.000632 0.001243 0.002502~45s*Z 5.3.1 PosK	 e� =M��0h � IQU�����o�P) E �M 0��0 	e Ee� � M 0M )Cs��5sD*o
=.a 1.L1 = 1:0 e� 10�9 10�8 10�7 10�6 10�5�P /e� 4:5� 104 5:5� 103 1:06� 103 4:22� 103 9:09� 1032.L1 = 4:0 e� 10�8 10�7 10�6 10�5�P /e� 4:21� 104 6:32� 103 1:243� 103 2:502� 102\Dv3�.T	�P� e� B �aL5oxQ�.a�6v{5s*Z 5.3.1PosKI3�a1?/o�6RDOoTD3�a��;Ag*!�1. ��(aQ�
oFKF")B@oFK	5sq�(�j7?o�PaQ�2. 5so "sharp" ~[-1a!<�Ao �- aF�z!av	7?aQ�o "sharp"��I3��A{� [56] F [57] P�xpocH{
3	6R
3o��vv`1�"�}*o Hausdor� ;�<xp��Z5sD*~[Po*v�PM Vmoxa�\�iJQ�PH�� e� o�a�3. 5sAk	h e� xQU	�Ao�^�s	�aQo(�z[�}{�L�\5so
=<.	 e� &Q	���Po E�5s�jEoA,!&a	MI Eo&R���QPfDoA	�Z�j5s��1� e� F1�)�o(��a*�wo")D�]o	�Z(aQ�
oS=eY+1H�	z1��;ZaoA	���5s7)!� 2 o3�^ �a�I�!� 3 o�Ljt��a	{M��{P*p�6�vT`xk�}3op �
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� 6.7: L1 = 1:0; � = 10�6; L2 = 0:555941
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.qL � 6L Young ���B2-S86F5s@{}*7� Young ;�oQ
=� 
 *] Rn Po}*-c��h K .1.1 0�t�<> fn(x) : 
! Rm 	�� Young {� �x 	6�'(fn) �*< '; �x > in L1(
)�'x� ' 2 C(Rm) �~	
�� Rn ��'xPA E � Rn 	*: E $�x(@E) = 0 a:e:x 2 
 (�)l�*Z�d:�~�SE��� x 2 
 	?'x��5>� frkg 	 rk ! 0 	�limk!1 limn!1 meas fy : y 2 B(x; rk); fn(y) 2 EgmeasB(x; rk) = ZE d�xXwc0�D �E1l 		�E2l 		Kj E1l �� Eo � E �� E2l 	\ E1l ! E 	E2l ! E �Oc '1l ; '2l 2 C(Rm)	Kj '1l = ( 1 in E1l0 in RmnEo 	'2l = ( 1 in �E0 in RmnE2l �Gxcg:W k Dj�|�C>meas fy : y 2 B(x; rk); fn(y) 2 Eg � ZB(x;rk)'1l (fn) dy! ZB(x;rk) < '1l ; �y > dy� ZB(x;rk) �y(E1l ) dy= ZB(x;rk) ZE d�y dy � ZB(x;rk) �y(E �E1l ) dyCG �y (@E) = 0 	i9YU Rl!1r	D�y(E�E1l )! 0; a:e:y 	KeC5`y@^;3V Rl!1r	RB(x;rk) �y(E � E1l ) dy! 0 �Gxi9VTlimn!1meas fy : y 2 B(x; rk); fn(y) 2 Eg � ZB(x;rk) ZE d�y dy
;3V limn!1meas fy : y 2 B(x; rk); fn(y) 2 Eg � ZB(x;rk) ZE d�y dy50
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H8 measB(x; rk) 	;f k ! 1 	CG RE d�x x3�}	�NYU ([72]) Y^<Jb��IIx Lebesgue \	�limk!1 1measB(x; rk) ZB(x;rk) ZE d�y dy = ZE d�xGx9�^;VX�X|c K .1.2 J.M.Ball � [4] �*R�Lk�|�t2N����� Radon {��-<�xyZ	 lim�!0 limn!1 �nx;� = �x	��{� �nx;� �yR < �nx;�; ' >= (� R )B(x;�)'(fn(y))dy 	kS��|9t2aa�N9�c K .1.3 [81] �� 6 r.��'x�szP E 	��x(E) = lim�!0 limn!1 j�y 2 B(x; �) : fn(y) 2 E	jjB(x; �)j	�� j�j p8 Lebesgue {��U�^r�9u�%���#}*Z
 fn(x) = 1 � 1n 	)wr�	� fn(x) ^�X� Young {�R �x = �1 	#E = (0; 1) 	
� �x(E) = 0  	t�R 1 	�7u�~�



.qD � _g;��6aO���P5s~dp(BAso}T^M���o6RWx<c [43] �K 
 ) RN Po)�	�#��6�5s;A{��.�(BAs� d(x) d(x) = dist(x; @
)5sJ43�.T d(x) a Lipschitz o�Hh C .1.4 0 
 �f	 @
 2 Ck �k � 2 �
��t2uw� 
 �}> � 	6� d(x) 2 Ck(��) ��� �� := �x 2 
 j d(x) < �	Hh C .1.5 ([87]) 0 
 R RN �� Lipschitz nf��fqP	s0 A R RN ��C2 �g)unf�q"P	$ HN�1(@
\ @A) = 0 ��y8� @A ��-=nz<> d : 
! R*Z d(x) = ( dist(x;A) x 2 
nA� dist(x;A) x 2 A \ 

�� s > 0 	6� d 2 C2(fjd(x)j < sg) 	��jrdj = 1itwU�� lims!0HN�1(fd(x) = sg) = HN�1(@A)
52
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