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12-fach koordinierte
Lücke Typ A

c-Achse

A : Sr

15-fach koordinierte
Lücke Typ B

c-Achse

B3

B1

B /B1 2

: Ba

: Sr/Ba

: leer

9-fach koordinierte
Lücke Typ C

c-Achse

C : leer

A B C
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Intensitätsmodulation

Modulation der Ladungsdichte

Modulation des elektrischen Feldes

∆
E = 4πρ

π/2φ =

∆ρ = − j
.

∆n(z) =        n r E(z)eff
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_	|}t�\)I1F�Î�G`_	[0[
G`_	[�fya�QSa�U	J)_	dMdøNcI1PSdãL�TO[0QSI1[>IKFMU�QRIKPS|}t�{KIKP9\)PRU�U�I1Q��a�[0|}t~\
qsPRJ>G�Îz _	QRQS[
IK[�FOPS|}t�\�\)tOI1J>dMPS[>|}tha$G�IKJ�I1QSI1«~\>J>PR[>|}th·$Ã�PRIKJA\�qsTOJ0GOI	X$o"PSI4Í^I1[>[>T�FOUÇGOIK[���IKT�U�TOFOU�[�kqsPSJ0«~TOFOU�[0U�J)_	G�IK[yIKJ z a	QSU	\mGO_	tOIKJsPRdhdMIKJ�dhP9\mIKPRFOIKdù[0|}t�qv_	|}t�IKFèln_	[0\>[0\)J>_	tOQ�Xo"IKJs��IKTOU�T�FOU�[0qsPRJ>«~TOFOU	[>U�J>_	G�«�_	FOF§PRdùêó_	QSQcIKQRIKdMIKF�\}_	J0IKJsfya�QSa�U	J)_	dMdhI4_	T z U	J>TOFOG�GOI1J].å.dMdhI<\)J>PRI�GOI1J§��J)_�U�U�k���IKGOPRFOU�TOFOUú_	TO|}t�dhP9\gGOI1J�]$PSU	F`_	QRq�IKQRQSI^_	TO[0U�IKQRIK[>I1F�q�I1J>GOI1F�Îz _	QRQS[�«�IKPRFû{1TO[ �_�\){KQRPS|}tOI1J�Ñ
ücIK«�\uº	a�J>QRPSIKU�\
Î�G�IKJuGOPRIK[>I�].å.dMdhI<\)J0PSI»[A\ �a�JA\
XmoD_	[hqsPSJ>G�PRFGOPRIK[>I1JvL�J0NcI1PR\v_	TO[>U	IKF~T�\){<\
¦`��IKP;Í�IK[>[0TOFOU�I1F§GOIK[v¨�I1J>[0\ �_	J>«~TOF�U�[ z _	«�\>a�J>[ z �TOJ�IKPRFOIDpDQSI1PSF$k[>PRU�F`_	Q9º�I1J>[0\®�_	J>«~TOF�UgPS[A\"GOPRIi��F�\)I1FO[>P9\��_�\"GOIKJ"]$PSU�FO_	QRq�IKQRQSI�U�IKU	IKFÁ�TONrIKJ�GOIKJ4��F~\>IKFO[0PR\®�_�\DGOI1JÔ
TOdM©~q�IKQRQSI�[0\)_	J>«¹_	NOU	IK[>|}t�qi�_	|}t�\KÎ	\�å.©OPS[0|}tOIKJAq�I1PS[>I�TOdîIKPSF�IKF�êó_	«�\>a�J�Y
Z�Z�Z�X�oD_	t�IKJª«�_�FOFGOI1J�].PSU�F`_�QS[0\>J)_	t�Q¢U�QRIKPS|}t�{KIKP9\)PRUÇ_	QS[mln_	[A\)[0\>J)_	t�Q�º	IKJAq�I1FOGOI1\4q�I1J>GOI1F�X
ý§þ�ÿ ���������	��

�������� ��������

���oD_	[�¨�I1J>t`_	Q9\)I1F¹G�IKJªÔ
tOa	\)a	QSIKP9\ z �_	t�PSU�«�IKPR\¢PSF�L�N�t �_	FOU�PRU�«	I1PR\�º	a�F¹GOIKJ��;PS|}t�\)PRF�\)IKF�[>PR\ �_�\;qsTOJ�kGOI
NrIKJ0IKPR\>[;PSdÜw4_�tOdhI1F�GOIKJ���_	GOT�FOU�[0\>J)_	F�[>©ra�J0\>dha.GOIKQRQSIªº�a�J0U�IK[A\)IKQRQR\KXK��F�GOPSI1[>I1døp�_	©OPR\>IKQq�IKJ>G�IKFúGOPRIÇ\)tOI1a�J>I<\)PS[0|}tOIKFbÂ¢TO[)_	dMdMIKFOt �_�FOU�IÅIKJ0Q �_	T�\>IKJA\
Î�GOPRIÅIKPSF�I���I1[>|}tOJ0IKPRNOTOFOU^TOFOGL�T�[0q�IKJ0\>TOFOUhGOIKJsU�I1dhI1[>[>I1FOIKF»oD_�\)I1F�U	IK[0\)_�\>\>IKF�Xo"PSI��;I1PR\ z �_�tOPSU�«�IKP9\èPS[A\�G�PSIj]$TOdMdMI _�TO[çGOIKJ�o"TOFO«�IKQSQRIKP9\ z �_	tOPRU�«	I1PR\�TOFOG G�IKJWÔ
tOa	\)a�kQSI1PR\ z �_	tOPSU	«	IKP9\vTOF�G^PR[0\sPSdxw4_�tOdhI1F§IKPSF�IK[yÑ
PSF$k�Â¢IKF�\)J0IKF�Í^a$G�IKQSQR[vU�I1U�IKNrIKF�GOTOJ0|}t�¦

� ° � ± ì ��� � ° � ± ì I ô È ô"!»ô$#§ô$% ét ô | ô �'& ³ V�Xµ´)(�¶dMPR\mGOI1Js[>©rIK{KP9·`[>|}t�IKFèÔ
tOa	\>a�QSI1PR\ z �_	tOPSU	«	IKP9\I ô È ô"!»ô*#�ô�% ét ô | ° ��� �� & ³ V�Xµ´�´�¶GOI1d a�©�\>PS[>|}t�IKFWL�NO[0a�J>©�\>PSa�F�[>«	a.I�+M{1PSIKF�\>IKF ! Î�GOIKd Ô�J0a$G�TO«�\�_�TO[¹��I1q�IKU�QRPS|}tO«�IKP9\�TOFOGwsIK«	a	d�NOPSFO_�\)PRa�FO[>{1IKP9\�G�IKJ�Ñ�QRIK«�\)J0a�FOI1F #§ô$% é T�FOG�GOI1J,�;PS|}t�\>PSF�\)I1FO[>P9\��_�\��}X.oD_	[�Ô
J>a.GOTO«�\#§ô$% é «�_�FOF§G`_	J)_�TO[sNcI1[0\)PRdhdi\vq�I1J>GOI1F»U�I1d»�_	¸#uô$% é ° t ô |I ô È ô"! ô.- ��� ���/ & ³ V�Xµ´�¿�¶
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q�IKFOF^GOPSID[0©cI1{KPR·O[>|}tOI�Ô�t�a	\)a�QRIKP9\ z �_	tOPRU�«	I1PR\�I<Ã$©cI1J>PRdhI1F~\>IKQRQ�NcI1[0\>PSdMd�\vqsTOJ0GOI	XÑ
PSFOIçtOa	QSa�U�J>_	©OtOPR[>|}tOI�Í^I1[>[0TOFOU GOI1J�Ô�t�a	\)a�QRIKP9\ z �_	tOPRU�«	I1PR\uI1J z a�QRU	\7�TONrIKJ§GOPRIÓÍ�IK[>[0TOFOUGOI1JuÂ¢IKP9\)«�a�FO[0\)_	F�\)I %�687 Î�G�PSI�GOIKF L4T z N`_	T TOFOG G�IKF�Â¢I1J z _	QRQmGOIK[�w4_	T�dhQS_	GOTOFOU	[ z IKQRGOIK[NrIK[>|}t�J>IKPRN�\ ³ ­DQ,X ³ V�X ò�ò�¶0¶<X¢o"PSIK[0I�IKF�\>[>©OJ0PS|}t�\ z �TOJDp ± ° p
9DGOIKJDGOPRIKQRIK«�\)J0PS[>|}t�IKFWwyI1QÄ_�Ã�_�k\)PRa�FO[0{KIKP9\ %�: ° ³<; ; 9<¶0õ � ° ¦ % Î`G�XÐt�X � ° ; ; 9Ï ö % ² ³ V�Xµ¿�Z�¶Í�_	FÇNrI
_�|}t~\>I	Î�GO_	[>[£G�PSIm��I1GOPSF�U�TOFOUDp ± ° p
9
TOF�GÇGOPSIm��IK[0\>PSdMd�TOFOUyº�a�F #§ô$% é [0IKQRNO[0\Ak«	a	FO[>PR[0\)I1F�\"[>PRFOG�¦c]$a z I1J>F�GOIKJsÒ�IKJ0\yº�a	F #§ô$% é F�PS|}t�\"_�TO[4I1PSFOI1Jy_	FOGOI1J>IKFèÍ^IK[0[>TOFOU�NcI�k«�_	FOF�\�PS[0\KÎ~d�TO[>[�GOPSIy��I1GOPSF�U�TOFOU�p ± ° p=9�{KTOJ���IK[A\)PRdhd�T�FOU¹º	a�F #§ô�% é _	FOU�I1FOa�dMdhI1Fq�IKJ>G�IKF�X�o"PSI§oD_	J0[0\>IKQSQRTOFOUèGOI1Jg­DJ®�a	¸�I§_	T z GOIKJÅJ>I1|}t�\)IKF�]$IKP9\)I§GOIKJh­DQSI1PS|}t~TOFOU ³ V�Xµ¿�Z�¶PSFWL�N�t��_	FOU�PRU�«	I1PR\�º�a	FÓGOI1J>�;PS|}t�\)PRF�\)IKF�[>PR\®�_�\¹PS[A\iGO_	[it�a�QSa�U	J)_	©Ot�PS[>|}t�IML4F`_	QRa�U�a�FW{KT�IKP9kFOI1J�«�a�F�º�IKF�\>PSa�FOI1QSQRIKFuÍ�IK[>[0TOFOUÇGOI1J�Ô
tOa�\)a�QRIKPR\ z �_	tOPRU�«	I1PR\
X	o"PRº.PSG�PSIKJA\
dh_	FhG�PSI�­�QRIKPS|}t~TOF�U³ V$X ¿�Z�¶�GOTOJ>|}t�GOPRI?�;PR|}t~\>PSF�\)I1FO[>P9\��_�\KÎO[>aÅI1J>t��_	Q9\sd�_�F;@; 9Ï ö�A 9 ° � ±� ì ��� �� ³ V�Xµ¿�Y�¶B ��� �� z �TOJ ³ � ±DC ��� � ¶ ³ V�Xµ¿�Ë�¶dMPR\ A 9 ° � ô$% ² ³ V�Xµ¿�V�¶oD_	dMPR\ÅPR[0\hIKPSF�I�tOa�QRa�U�J>_	©OtOPR[>|}tOI�Í^IK[0[>TOF�UjG�IKJ�[0©cI1{KP9·`[>|}tOI1FûÔ�t�a	\)a�QRIKP9\ z �_	tOPRU�«	I1PR\M_	T�[Ñ
PSFO{1IKQRdhI1[>[>T�FOU�IKF�d»�a�U	QSPS|}t¢¦�ÒÓI1J>GOI1F»{	Xµ��XrtOa�QRa�U�J)_�©OtOPS[0|}tOI�­�P9\>\)I1JmdhP9\sº�IKJ0[>|}tOPRIKGOI1FOIKFÒ�IKQSQRIKFOQ��_	FOU�I1F"U�I1[>|}tOJ0PSIKNrIKF¹TOFOG�U�I1Q��a�[0|}t�\
Î®[>as«�_	FOF�G`_�J)_	TO[;G�PSIÁÒ�IKQRQSIKF�Q��_	FOU	IKF`_	N�t��_	FOU�PRU�k«	I1PR\sGOI1Js[>©rIK{KP9·`[>|}t�IKFèÔ
tOa	\>a�QSI1PR\ z �_	tOPSU	«	IKP9\vNrIK[A\)PSdMd�\�q�I1J>GOI1F�X¢oD_�NcI1P�PS[A\m{KT�NcIK_	|}t�\)I1F�ÎG`_	[0[£GOPRI�L4F~q�IKF�GOTOFOU�GOI1J£a�NrIKF�U�I1F`_	FOF�\>IKFM­DQSIKPR|}t~TOFOU�I1F�TOFOG�GO_	dhP9\ªGOPSI���IK[A\)PSdMd�TOF�Uº�a	F #§ô$% é F~TOJ�d��a�U�QSPR|}tÇPS[A\
Î�q�IKFOFgG�IKJ�L�T z N`_�T�TOFOGgÂ¢IKJ z _	QSQOG�IKJ�tOa�QSa	U�J)_	©�tOPS[0|}tOIKF�­�P9\0k\)I1JÁdMa�FOa.I<Ã$©ra�FOIKF�\>PSIKQRQ,Î®_�QS[>a4dhP9\ ßFE Ý ßFG Â¢IKPR\>«	a�F�[0\}_�F~\>IKF�I1J z a�QRU	\
X�L4T z GOPRI���I1[>|}tOJ0IKPRNOTOFOUGOI1[ÇL�T z N`_�TO[ÇTOFOG7GOI1[MÂ¢IKJ z _�QSQS[¹tOa�QRa�U�J>_	©OtOPR[>|}tOI1JÅ­�P9\>\>IKJiqsPRJ>GúPRd F;�_	|}tO[0\>IKF p�_	©OPR\>IKQIKPRFOU�I1U�_	FOU�I1F�X��d w4_�tOdhI1F»IKPRFOIK["Âcq�I1P9k�Â¢IKF�\)J0IKF»a.GOIKJ�o"J>I1P9k�¨�_�QSIKF�{KIKF»Í^a.GOIKQRQS[yU�IKQRPSFOU	\yI1PSFOIiIKdM©OPSJ0P9k[>|}t�Ih��IK[>|}t�J>IKPRNOTOFOU�GOI1J¹��F�\>IKFO[0PR\��_�\)[)_�NOt��_	FOU	PSU�«�IKPR\"GOIKJ=�;IKP9\ z �_	t�PSU�«�IKPR\�dhP9\"I1PSFOI1J"[>TON�QSP9kFOIK_	J>I1Fiê`TOF�«~\>PSa�F¢X®o"IKdMIKF�\)[0©OJ>I1|}tOIKF�GiqsPSJ0G�_	F�GOPSIÁ«	a�F�º�I1F�\)PSa	FOIKQRQ�NcI1[0\)PRdhdi\)IKF¹Í�IK[>[0G`_�k\)I1F z a	QSU�I1FOGOI�ê`TOFO«�\)PRa�F�_	FOU�I1©`_	[0[0\
¦

� ° L Û ì � Û ô �IH ° � ± ì - ��� �� H / ô �IH ² ³ V�Xµ¿	Ï~¶oD_	NrIKPvqsPRJ>G7GOIKJhêó_	QSQ�GOIK[MQSPRFOI
_�J>IKFb¨�I1J>t`_	Q9\)I1FO[hG�TOJ>|}t7Ã ° Y§NcI1[>|}tOJ0PSI1NcI1F�Î�G�IKJMêó_	QSQGOI1["[>TON�QSPSF�I
_	J0IKF^¨�I1J>t`_�QR\)I1FO[�G�TOJ>|}t�ÃKJ Y�Xc��F»�v_	lmPMLONy·`FOGOI<\Dd�_�F�{	Xµ��XcZ ² ò�P ÃKJÜY¼¾¿�Ë$Î$¿�V$Î$¿	Ï	À�X$L4TO[�G�IKd ÔÁ_	J>_	dhI<\)I1Jv� Û «�_	FOFgU�I1d»�_�¸�GOI1Jm­DQSIKPR|}t~TOFOU ³ V�Xµ´�¿�¶£qsPSIKG�IKJvG`_�[Ô
J>a.GOTO«�\ #§ô$% é NrIK[A\)PRdhd�\¢q�I1J>GOI1F�X�Ñ�PRFOI�«	a�F�º	IKF�\)PRa�FOIKQRQSI�Í^I1[>[>T�FOU�GOI1JªÔ�t�a	\)a�QRIKP9\ z �_	tOPRU�k«	I1PR\ÁIKJ z a	QSU	\4�TONrIKJÁGO_	[QL"tOdM[>|}tOIs­DIK[0I1\>{vNcI1P�I1PSFOI1J£��I1QSIKT�|}t~\>TOFOUDdMPR\nTOF�\)I1J>[>|}t�PSIKG�QSPS|}t�IKF��F�\)I1FO[>P9\��_�\>IKF�X
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\ C]
O^4�_\ � ����` W � ao"IKJªI<Ã$©rIKJ0PSdMIKF�\)I1QSQSI�L4NOQÄ_	T z IKPRFOIKJªtOa�QRa�U�J)_�©OtOPS[0|}tOIKF�Í^IK[0[>TOF�UDPSdî]$|}t�J>IKPRN$k;T�FOG>���a�[0|}t$kdMa$GOT�[nqsPSJ0G�_	T�[ z �TOtOJ0QSPR|}t�PSdîp�_	©OP9\)I1Q.Ï�X�Ë4I1J>Q��_	T�\)I1J0\KX�L4F�GOPSI1[>I1J
].\>IKQSQRI�qsPRJ>G�GO_	J>U�I1[0\>IKQSQ9\
ÎqsPSIWGOPRIúÂ¢I1PR\}_�NOt��_	FOU	PSU�«�IKPR\§I1PSFO{1IKQRFOIKJ»Í^IK[0[>TOFOU	IKF \)t�IKa�J0I1\)PR[>|}tøNrIK[0|}tOJ>PRIKNrIKF q�IKJ0GOIKF«�_	FOF�Xo"PSIy¨�a�J>U	IKtOI1FO[0q�IKPR[>IDPS[A\�qsPRI z a�QSU�\
¦$Â¢TOF��_	|}t�[0\mqsPSJ0GgIKPRFuf4a	QSa�U�J>_	dMd¬NOPS[�PSFgGOI1F^]��_�\>\>P9kU�TOF�U�[>{1TO[0\)_	FOGjPSFúGOI1Fjp�J0PS[A\}_	QRQ�U�I1[>|}tOJ0PSI1NcI1F�X�Ñ
[Ç«�_�FOFbG`_	FOFj_	T z {<q�I1Pvº�I1J>[>|}t�PSIKG�IKFOIL�JA\)I1FgU�IKQ �a�[>|}t�\�q�I1J>GOI1F�¦óÂ¢TOd¤Ñ
PSF�IKFgGOT�J>|}tuG`_	[�L�TO[0QSI1[>IKFudMPR\�GOI1d Ô�T�dh©O[A\)J>_	tOQ,Î.GOI1JGOPRI»��J>_	U�U�k���IKGOPRFOU�TOF�UÓIKJ z �TOQSQ9\ ³ U�QSI1PS|}tO{1IKP9\)PSU	IK[��;IK[>I1F�TOFOGb� �a�[>|}t�IKFó¶�Îv{KTOd L�F�GOIKJ0IKFGOTOJ0|}tHGOPRIuL�TO[0«	a�©�©OQSTOF�UÓIKPRFOIK[ÅI�Ã$\>IKJ0FOIKFV���a	[>|}tO[A\)J)_�tOQS[h_	TO[ÅGOI1d ]$|}tOJ0IKPSN�QÄ_	[0IKJKX�oD_�[f4a	QSa�U�J>_	dMdãqsPRJ>GMPSd {<q�I1PR\>IKFgêó_	QRQOdMPR\
GOI1d¬[>|}t�q�_	|}tOIKF�].PSU�F`_�QS[0\>J)_	t�Q,Î	G�IKJ�GOPSIy��J>_	U�U�k��I1GOPSFOU	TOFOU�IKJ z �TOQSQ9\
Î�_	TO[>U	IKQSI1[>I1F�X.Í�_	FÅNrI
_	|}t�\)I�Î~G`_	[>[
PRFÅNcI1PSGOI1FÅêm�_	QSQRIKFÇtOa	QSa�U�J>_	©OtOPR[>|}tOI].\>J>IKT�U�PR\0\)IKJmU	IK[>|}t�J>PSI1NcI1F�q�IKJ0GOIKF^«c�a�FOFOI1F�ÎóGOIKJ0IKF^o�å$FO_	dhPR«hG�PSIdc0I1FOPSU	I"GOIK[�]$|}tOJ0IKPRNcI1FO[TOFOGe���a�[>|}t�IKFO[4GOIK[yÔ
J>PRd»�_	J0tOa�QRa�U�J)_�dhdM[��T�NcI1J>QÄ_�U�IKJ0F�Xo"PSI�L�NOt��_�FOU�PSU	«	IKP9\Çº�a�Fgf TOF�G GOPRIuL�NOt;�_	FOU�PRU�«	I1PR\ÅGOI1JM��F�\>IKFO[0PR\��_�\hG�IK[M_	NOU�I1NcI1TOU	\>IKF].\>J)_	tOQR[4qi�_	t�J>IKF�GèGOIK[
���a�[0|}tOIKF�[¹� ± º�a�F A ° � ô \4q�I1J>GOI1FçU�IKU�I1F A _	T z U�I<\)J>_	U�IKF�TOFOGdMPR\mGOI1F z a	QSU�I1FOGOIKF�ê`TOFO«�\>PSa�FOI1F�_�FOU�IK©O_	[>[A\
¦
f ³IA ¶ ° f 6 =Ih ôjik YmlbI<Ã$©onp�lrq AA 9tsQuwvxzy{ ³ V�Xµ¿�ò�¶

� ± ³IA ¶ ° � ± 9 ô I�Ã�©|np l q AA 9 s u vx ³ V�Xµ¿�½�¶o"PSI�GOTOJ0|}tÇGOPSI�­DQSIKPR|}t~TOFOU�I1F ³ V�Xµ¿�ò�¶;NO{<q�X ³ V$X ¿�½�¶�U�I1U�IKNrIKF�IKFÅê`TOFO«�\)PRa�FOI1F�[>PRFOG�IKPRFOI�dha�kGOP9·`{KPRIKJ0\>IhU	IK[0\>J>I1|}«~\>IuÑÁÃ$©ca�F�IKF�\)PS_	Q z TOF�«~\>PSa�FWNO{<q�XÁIKPRFOIMU�IK[A\)J>I1|}«�\)IuÑÁÃ$©ca	FOIKF�\)PS_	Q z T�FO«�k\)PRa�FèF`_	|}tWpDa�tOQRJ)_	T�[>|}t�Î¢Ò�PRQSQRPÄ_	dM[sTOFOGèÒú_�\>\)[ ³ p"Ò�Ò k�ê`TOFO«�\)PRa�Fó¶�X�o"IKJ"Ñ£Ã$©ra�FOI1F~\~}NrIK[>|}t�J>IKPRN�\MG`_	NrIKPmGOPRIgL�N�q�IKPR|}t.T�FOU�º	a�d&dMa�FOa.I<Ã$©ca	FOIKF�\)PRIKQRQSIKF7êó_	QRQ,Î�GOI1J z �T�J�} ° Yº�a	J>QSPRIKU	\KX�Ô
J>a	{KIK[0[>IhdhP9\
} C YMQÄ_	T z IKFçdhP9\DIKPRFOIKJ ��yNcI1J>QS_	U�IKJ0TOFOUuº.PSI1QSIKJ¹Â¢I1PR\>«	a�FO[A\}_	F.k\)I1F�_�N�X�o"PSI1[>IyoD_	J0[0\)I1QSQRTOFOUDPS[A\
Îó�_�tOFOQSPR|}t�qsPSIsGOPRIs��IK[0|}tOJ>I1PSNOTOF�U�GOI1J�Ô
tOa�\)a�QRIKPR\ z �_	tOPRU�«	I1PR\GOTOJ0|}t�I1PSFOIÇ[0TONOQRPSFOIK_	J>IÇê`TOF�«~\>PSa�F¢Î¢IKPRFOIÇIKdM©OPRJ>PS[0|}tOIÇ��I1[>|}tOJ0IKPRNOTOFOU�GOIKJ�o�å.F`_�dhPR«^GOI1[]$|}tOJ0IKPRNcI1FO[4T�FOG����a�[0|}tOIKF�[4º�a	F�fya�QSa�U	J)_	dMdhI1F�X
ý§þF� SUT��V��>W ��������
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�$��
 W ����>W ��
 �Ñ
PSFOI^­DQSI1PS|}t~TOFOUOÎ
G�PSI§GOPSI§L4NOt��_	FOU	PSU�«�IKPR\MGOI1[M¨�I1J>[A\��_	J0«.T�FOU�[ z _�«~\>a�J>[�fÜº�a�F GOIKJÅÒ�IKQ9kQSI1FOQ��_�FOU�I�NcI1[>|}tOJ0IKPSN$\
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G�IKFÇ\�å.©OPS[0|}tOIKFhI<Ã$©cI1J>PRdhI1F~\>IKQRQSIKF�L�T z N`_�TM{1TOJ�o"TOJ0|}t z �TOtOJ0TOFOUtOa�QRa�U�J>_	©OtOPR[>|}tOI1J�Âcq�IKPR[0\>J)_	tOQR«	a�©�©OQSTOF�U�[Ak�Ñ£Ã$©rIKJ0PSdMIKF�\)I�X�Ñ�PRF U	J>a�¸�I1JÅlnI1PSQmGOI1J�ÑÁÃ$©cI1J>P kdMIKF�\)IúqsTOJ0GOI7dhP9\»GOI1d f4I1QSPRTOdÅk��4I1a�F$kd��_	[0IKJ ³ È ° ½�V�Ë$Xµ´ FOd�Î�L4TO[>U�_�FOU�[>QRIKPR[0\)T�FOUY"(�dÅÒÜ¶iGOTOJ0|}tOU�I z �TOtOJ0\KX�o"IKJ���_	[0IKJ>[A\)J>_	tOQv©`_�[>[>PRIKJA\ÅIKPSF�I�].\)J>_	tOQÄ_�T z q�I1PR\>TOFOUOÎnGOPSIgG�IKF].\>J)_	tOQRGOTOJ0|}tOdhI1[>[0IKJuTOd GOIKFûêó_	«�\)a�JgË$XµVÓº�IKJ0U�J �a	¸�IKJA\
XmÑ
PSF�I��;a$|}t~NOQRIKFOGOIèdMPR\�IKPRFOIKdo"TOJ0|}tOdhI1[>[0IKJ4º	a�FçË	Z # d GOPRIKF�\�{1TOJ4w4_	T�d z J0I��~TOIKF�{1·`Q9\)IKJ0TOFOUOXcf4PRF�\)IKJyGOI1JD].\>J)_	tOQS_	T z kq�IKPR\>TOFOU¹«�_	FOF�{1TOJ�Ñ
PSFO«�a�©O©OQRTOFOU�q�I1PR\)I1J>I1Jj��_	[0IKJH�~TOI1QSQRIKFMIKPSFM{KT�[ �_�\>{KQSPR|}tOIKJ�]$©OPRIKU�I1Qr]�Ô�ZPSFhGOIKF�]~\)J)_�tOQSI1FOU�_	FOUiU�IK[A\)I1QSQR\�q�IKJ>G�IKF�X`oD_�GOTOJ>|}t�[0\)I1t�\s{1q�_	J�GOI1Jmf4I1QSPRTOdÅk��4I1a�F$kd��_	[0IKJFOPR|}t~\�dhI1tOJ�{1TOJ�¨�I1J z �TOU	TOFOUOÎ$IK[�qsPRJ>G~c0I1GOa.|}tuGOPSI­�;IKPS[A\)TOF�U�GOIKJ�IKPSF�U�IK«�a�©O©rIKQR\>IKF¸��_	[0IKJ�k
�~TOIKQRQSIMa�©�\>PSdh_	Q�_	TO[0U�IKF~T�\>{1\
X£oD_	tOIKJ�qsTOJ0GOIu_	T z I1PSFOI1F z I1[0\ÇPRFO[0\)_	QSQRPSIKJA\)I1FÓ]~\)J)_�tOQR\>IKPSQRIKJº�I1J>{1PS|}t�\)I<\
XOL4QSQSIsPRF�GOPRIK[>I1J�L4J>NrIKPR\�º�I1J0q�IKFOG�I1\)I1F���_	[0IKJI�.T�IKQSQRIKFh[>PSF�GgPSFhGOIKJ�lÁ_	NrIKQRQSIsÏOX9Y_	T z U	IKQSPR[0\>I1\
Xno"IKJ>�ª_�[>IKJ0[0\>J)_	tOQ�GOTOJ>|}t�Q��_	T z \Å{1TOJ�L4TO[>«�a�©O©OQRTOFOUçIKPRFOIK[Ç[0|}t~q�_	|}tOI1F ln_	[0\Ak��IK{1IKPS|}t�F.T�FOU fyIKJ>[A\)I1QSQSI1J ë ¨�I1J0\>J>IKPRNcI1J È ¼¾F�dMÀ Ô^¼¾dÅÒ�ÀwyI1G^fyI$�yI ½	V�Ë$Xµ´ Y"(]�_	©O©Ot�PSJ>IDÏ�´�´�kAË�Z í a�t�IKJ>I1F�\ Ï�´�´ Ë	Zí a�dh©O_	[>[yV�Y�ò	Í§k}Y�ò�Z ò�V�Ë Y�ò	Z�n­Dl í ½�ò	´�k�ò	Z ½�ò	´ V�´�n­Dl í ½�´�ò�k�ò	Z ��_	[0IKJslnI1|}tOFOa�QRa�U�PRIK[ ½	´�ò Ï�Z�n­Dl í (	´�ò�k�ò	Z (�´�ò J Ï~Ë
ln_	NcI1QSQRIyÏ�XRY�¦~��IK{KI1PS|}tOF~TOF�UOÎOfyIKJ>[A\)I1QSQSI1J�NO{1q�X~¨�IKJA\)J>I1PSNrIKJ1Î~Ò�IKQRQSI1FOQ��_	F�U�ImTOFOGgL4TO[>U�_	FOU�[�kQSI1PS[A\)TOFOUÅGOI1Jmº�IKJAq�I1FOGOI<\)IKF ��_	[0IKJI�.T�IKQSQRIKF�X[0\>J)_	t�QS[�IKPRFOI�©�QÄ_	FO©O_	J)_	QRQSI1QSI£Ô
QS_�\>\>I�Ô�ÔmY�G�IKJno"PS|}«	I�½�XµV£dhd _	TO[nf4IKJ>_	[>PRQ,X�o"I1Jªln_	[A\)[0\>J)_	t�QqsPSJ0GÇdhP9\
fyPSQ z I�º�a�FÅ{<q�I1Pr]$©OPSI1U�IKQRFÅ]�ÔmYsTOFOGh]�Ô�Ë"TOdMU�IKQRIKFO«�\
TOF�Gh_�FO[>|}tOQRPSI1¸�IKFOGÅGOT�J>|}tIKPRFOIu{1q�IKP9\)Iu©OQS_	FO©`_�J)_	QRQSIKQRI�Ô
QS_�\>\>IuÔ�Ô�Ë�qsPRIKGOI1JMPRFbGOIKF ].\>J)_	t�QSIKF�U�_	FOUèI1PSFOU�I1«	a�©�©cI1QR\
XÂ¢TOJÇÑ
PRFO[0\>IKQSQRTOFOUèGOI1JÇU�I1qÇ�T�FO[>|}t�\)I1F ��F�\)I1FO[>P9\��_�\ÅGOI1[ÅlÁ_	[A\)[A\)J)_�tOQS[Ç«c�a�FOF�IKFj{KTO[
�_�\){1QSPS|}t�I�4I1T�\)J>_	QR·OQR\)I1J���êîPSFbG�IKFHln_	[A\}_	J0d&U�IK[A\)I1QSQR\�q�I1J>GOI1F�X�o"PRIgI<Ã�_	«�\>I�pDa�QRQSPSF�I
_	J0PR\��_�\¹º	a�FÔ
J>PRd»�_	J�kªTOFOGgln_	[A\)[0\>J)_	t�QrqsPRJ>G�G�TOJ>|}tgG�PSIKJ	TO[0\)_	U�I"_�T z ��F�\)I1J z I1J>IKF�{DNcI1PSGOI1Jv].\>J)_	t�QÄ_	J0dhIÏ®(
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L�N�NOPSQRGOTOFOU Ï�XRY�¦�]$|}tOI1d�_�\)PS[0|}tOIj]$«~PS{1{KIbGOI1[èI<Ã$©rIKJ>PRdhI1F�\)IKQRQSI1F L�T z NO_	TO[è{KT�Jèo"TOJ>|}t.kz �TOtOJ0TOFOU4tOa�QSa	U�J)_	©�tOPS[0|}tOIKJnÂcq�IKPS[A\)J>_	tOQS«�a�©O©OQRTOFOU�[�k�ÑÁÃ$©cI1J>PRdhI1F~\>I	Î�_�¶;lnJ>_	FO[0dhPR[>[>PRa�FO[0U�IKa�kdMI1\)J0PSI�ÎONó¶vwsI1Ì`I�Ã�PRa�FO[0U�IKa�dMI1\>J>PRI	X
U�I<qi�_	tOJ>QRIKPR[0\)I<\
X¢Âcq�I1PÁI1QSIK«�\>J>a�FOPR[>|}tOIi¨�IKJ>[0|}tOQ0�T�[>[>Ih]�f¹Y�TOFOGW]$f"ËhGOPRIKFOI1Fè{KTOJ4L�TO[Aqv_�tOQGOI1[£Ô
J>PRd»�_	J�kóNO{<q�X�ln_	[0\)_	J>dM[KX�fyPSF�\)I1JnGOI1Jn©�QÄ_	FO©O_	J)_	QRQSI1QSIKF�Ô
QS_�\>\>I�Ô�Ô�ËyNrI1·OFOGOI1\Á[>PR|}t�IKPRFÔna	QÄ_	J0PS[)_�\)a�J�Ô�Z$Î¢[>a§G`_�[>[DPSd q�IKPR\>IKJ0IKF�].\)J>_	tOQRIKFOU�_�FOUgGOPRIK[>I1QSNrIÅÔna�QS_	J>PR[)_�\>PSa�F�[>J>PR|}t�\)TOFOU[>a®q�a�tOQrGOIK[m]$|}tOJ>I1PSN$k£_	QR[�_�TO|}tgGOI1[�ln_	[0\)_	J>dM[�U	I1q �_	tOJ0QSI1PS[0\>I1\�PS[A\
X.o"IKJ�].\)J>_	tOQ9\)IKPRQSI1J�]$lDY\)I1PSQ9\ÁGOI1F��ª_�[>IKJ0[0\>J)_	tOQ�[0å.dhdMI1\>J>PR[>|}tÇPSFÇ{<q�I1POtOa�QRa�U�J>_	©OtOPR[>|}tOIs].|}tOJ>I1PSNO[A\)J)_�tOQSI1FÅ_	T z Î	G�IKF]$PRU�F`_	QR[0\)J>_	tOQ;TOF�G»GOIKF»wyI z IKJ>I1FO{K[A\)J>_	tOQ,Xco"PSI1[>I�q�I1J>GOI1FèdhP9\>\>IKQS[sGOI1JD]$©�PSIKU	IKQn]�Ô�V�NO{<q�X]�Ô
Ïh_	T z GOPSI�Ô
J>a	NcI�TOdMU�IKQRIKFO«�\KXO��F�c0I1GOIKdxGOIKJsNrIKPSG�IKF�]$|}tOJ>I1PSNO[A\)J>_	tOQSI1F^NrI1·OFOGOI1\4[>PR|}tIKPRFjÔna�QS_	J>PR[)_�\>a�J�ÔmY§NO{1q�X�Ô�Ë»[>a®qsPRIuIKPSF�I È ë Ë®k�¨�IKJ0{��a�U	IKJ>T�FOU�[>©�QÄ_�\0\)I¸�
Y§NO{1q�XQ�ªË»{KT�JÑ
PSFO[A\)I1QSQST�FOU�G�IKJ	��PR|}t�\)©ra�QÄ_	J0PS[>_�\)PRa�FbNO{1q�X�GOI1J �;PS|}t�\>PSF�\)I1FO[>P9\��_�\MTOFOGHGOIK[h��F~\>IKFO[0PR\®�_�\)[�kº�I1J>t��_�QR\)F�PS[>[0IK[1XóÍ^PR\�f4PRQ z IyGOIKJ�IKQSI1«�\)J>a	FOPS[0|}tOIKFg¨�I1J>[>|}t�Q>�TO[0[>Ii]�f�ViNO{1q�XO]�f4ÏÇ«c�a�FOF�IKFuGOPRINrIKPSG�IKFè].|}tOJ>I1PSNO[A\)J)_�tOQSI1F�IKPRFO{KI1QSF z J>I1PSU�I1U�IKNrIKF^a$GOI1Jy_	NOU�I1NOQSa.|}«�\4q�IKJ0GOIKF�Xco"IKJ4pDJ>PR[0\}_�QSQ



Ï�¿
PS[A\4_	T z I1PSFOI1d Ô�J0a�NrIKFOt`_�QR\)I1J4NrI z I1[0\>PSU	\KÎ`GOIKJ4IKPSF�IKF�dMIK|}tO_	FOPS[0|}tOIKF»o"J>IKt�«.J>_	FO{i_	QS[4�v_�k[>PR[mt`_�\KXOoD_	J>_	T z PS[A\mIKPRFu{1q�IKPÄ_�|}tO[>PRU�IKJm¨�IKJ0«~PS©O©�\>PS[0|}t�lmlm�mk�´�Z�º	a�F �4I1qs©ra�JA\sdha�F�\>PSIKJA\
Xo"PSI1[>I¹NcI1PSGOI1F»Ñ
PSF�tOIKP9\)IKF^U�IK[A\}_�\0\)I1F»GOPSI�I�ÃO_�«~\>IÇÔna	[>PR\>PSa�F�PSIKJ0TOFOUÅGOI1J"Ô
J>a�NrI¹PSd ].\>J)_	t.kQSI1FOU�_	F�UOXvL�T z GOI1d ¨�IKJ0«.PR©O©�\>PS[>|}tÜNcI<·`FOGOI<\�[>PS|}tûIKPRFÜdMPR\§]$PSQRNcI1J>QSI1PR\>QÄ_	|}«7NrI z IK[A\)PRU	\)I1[ÔnI1QR\>PSIKJ�k�Ñ
QSI1dhI1F�\
Î�[>aèG`_�[>[�\>IKdM©cI1J)_�\>TOJ)_	N�t��_	FOU�PRU�I�Í^IK[0[>TOFOU	IKFjGOTOJ>|}t�U�I z �TOt�J0\�q�IKJ0GOIKF«c�a�FOFOI1F�X�o"PRI�L�JA\
GOI1J
êÁP9Ã$PRIKJ>T�FOU�GOI1[�pDJ>PS[A\}_	QRQS[n_	T z GOI1d ÔªIKQR\>PSI1JAk�Ñ
QRIKdMIKF�\Át;�_	FOU	\
GO_®º	a�F_	N�Î®q�IKQR|}tOIKJÁÔÁ_	J>_	dhI<\)I1JnPRdøÑÁÃ�©rIKJ0PSdMIKF�\ªº	_�J>PSPRIKJA\;qsPSJ>G¢X�o"PSI�IKF�\)[0©OJ>I1|}tOIKF�GOIKFhÑ
QSIKdMIKF�\>I{KT�d¤êÁP9Ã$PSI1J>I1FMG�IKJ�Ô
J>a�NrI4[0PSFOGMPSFÅGOI1J�L�NONOPRQSGOT�FOUiÏ�X�Ë"G`_	J0U�IK[A\)I1QSQR\KX���d¤êó_	QSQ$GOIKJ�\)I1dh©rI<k

+

a) b)

L�N�NOPSQRGOTOFOUuÏOX Ë$¦;Ñ
QRIKdMIKF�\)I�Î�GOPSI�{KTOJ¹êÁP Ã�PRIKJ0TOFOUgGOI1[¹p�J0PS[A\}_	QRQS["_�T z GOIKd Ô
J0a�NcI1FOt`_	Q9\)I1JGOPRIKFOI1F�Î`_�¶ z �TOJmG$å$FO_	dhPR[>|}tOI�TOF�G§\>IKdM©cI1J)_�\>TOJ)_�NOt��_	FOU	PSU�I�Í�IK[>[0TOFOU�I1F�ÎóNó¶ z �TOJyÍ^I1[>[0TOF$kU�I1F»PSF�L�NOt;�_	FOU�PRU�«	I1PR\4IKPSF�IK[�I�Ã.\)IKJ0FOIKFèI1QSI1«~\>J>PR[>|}tOI1Fèê`IKQSG�IK[�T�FOG z �TOJsqsPSFO«�IKQS_	NOt��_	F�U�PSU�IÍ^I1[>[>T�FOU�IKF¢XJ)_�\)TOJ>_	NOt��_	F�U�PSU�I1F�Í�IK[>[0TOFOU�I1FÇqsTOJ>GOI�IKPRF>�¢k�f4_	QR\>IKJ�_	TO[nL�QRTOdhPRFOPST�d dMPR\n]$PRQSNrIKJ>QRIKP9\)QÄ_�|}«_	T z GO_	[mÔnI1QR\>PSIKJ�k�Ñ
QSI1dhI1F�\v_	T z U�IK«~QSI1N�\ ³ L�NON¢X�ÏOX Ë	_�¶0¶<X.o"IKJ�f�_	Q9\)IKJ�NcI1[>P9\){1\�IKPRF¸�;a$|}tudMPR\IKPRFOIKd _�TO[>J0IKPS|}t�IKFOG»U	J>a�¸�I1F�o"T�J>|}tOdMIK[0[>IKJ1Îc[0a�G`_�[>[yGOPSIi]$|}tOJ0IKPRNO[0\>J)_	tOQRIKF^TOF�\)IKJ4IKPRFOIKdI<Ã.\>IKJ>F�IKF»��J)_	U�U�k�Ò�PSF�«	IKQcº�a�F�I1\�q�_�Ë�Z�ôs_	T z GOPSI�pDJ>PR[0\)_	QSQRa�NcI1J0Ìª�_�|}tOI"IKPRF z _	QRQSIKF�«¢�a	FOFOIKF¢X��d êr_�QSQmGOI1J§Í^IK[0[>TOF�U�IKF�PSFHL�NOt��_�FOU�PSU	«	IKP9\hº	a�F�IKPRFOIKd I<Ã.\>IKJ>F�IKF�IKQRIK«�\)J0PS[>|}t�IKF�ê`IKQRGTOFOGuG�IKJ�qsPRFO«	I1QÄ_	NOt;�_	FOU�PRU�IKF§Í�IK[>[0TOFOU�I1F�qsT�J>GOI1F�{<q�I1P;[>|}tOdh_	QRIO�¢k�f4_	QR\>IKJv_�TO[mpDTO© z I1JJ®�_�TOdhQRPS|}tÇU�I<\)J0IKFOF�\�PSdãL�NO[A\}_	F�Ghº�a	FhI<\�qv_ÅYs|Kd¬_	T z G`_�[�ÔªIKQ9\)PSI1JAk�Ñ�QRIKdMIKF�\�_	T z U�IK«~QSI1N�\
Î_	F¹GOPSI
dMPR\0\)I1QS[¢{<q�I1PSI1JÁpDJ>a	«	a.GOPSQR«.QRIKdMdhI1F�]$I1IKQSI�TOF�GiL4NO[>|}tOPRJ>d�T�FOU ³ Í�_	[0[>I®¶�GOI1[Áfya$|}t.k[>©O_	FOF~TOFOU�[0«�_	NcI1QS[§NrI z IK[A\)PRU	\uqsTOJ>G�IKF ³ L�NON¢XvÏOX Ë�Nó¶>¶�Xmo"PSI ��4NrIKJ>QS_	U�I1J>TOFOUbG�IKJ§NcI1PSGOI1F]$|}tOJ0IKPRNO[0\>J)_	tOQRIKFÇ«�_	FOF�dhP9\ÁI1PSFOI1J ízí o4k�p�_	dMIKJ>_4dMPR\ªIKPRFOIKdîº�a	J>U�I1[>|}t`_	Q9\)I<\)IKF�L"N�c0I1«�\)PRºU�I1IKPSU	FOI1\>IKJ���J0IKFOF�q�IKPR\>Is«	a�F�\)J0a�QSQRPSI1J0\
TOF�GMa	©�\)PRdhPRIKJ0\nq�I1J>GOI1F�X�L�T z U�J>TOF�GhGOI1J£\�å.©OPS[0|}tOIKFpDJ>PR[0\}_�QSQSG�PS|}«	I1F»º�a�FçI<\�qv_WYÇdhdæTOFOG�_	T z U�J0TOFOGçGOIK[�U�I1U�IKNrIKF�IKFÓ].\)J>_	tOQSG�TOJ>|}tOdMIK[0[>I1J>[_	d L"JA\�GOIKJ�Ô
J>a�NrIs«�_	FOFMd�_	FÅG`_
º	a�Fg_	T�[>U�I1tOIKF�Î~G`_�[>[�GOPSImU�I1[)_	di\)IypDJ>PS[A\}_	QRQSNOJ0IKP9\)I ³ \�å�k©OPR[>|}t�I1\�q�_gòÇdhd�¶�tOa�dMa�U�I1F�_	TO[>U	IKQSI1TO|}t�\)I<\�qsPSJ0G�X`o"PRI"\)J)_�FO[>dMPR\0\)PSI1J0\>IKFu��F�\)I1FO[>P9\��_�\>IKFGOI1J§]$|}tOJ0IKPSN�[0\)J>_	tOQRIKFHq�IKJ0GOIKF�[>|}t�QSPSI1¸�QSPR|}tHdMPR\M{1q�IKPD]$P9k�Ô�t�a	\)a.GOPSa.GOI1F GOI<\)I1«~\>PSI1J0\
Î�PSF$kGOI1d¬GOPSIy��F�\)IKF�[>PR\®�_�\)I1F�PRFhI1PSFOI1F�©OJ0a�©ca	J0\)PRa�F`_	QRIKFM].\>J>a�d¬T�dhU�I<qv_�FOGOIKQ9\
Î�º	IKJ>[A\��_	J0«�\
Î.TOFOG{KT�d Ñ�PRFOQSI1[>I1F PSFûIKF�\>[>©OJ0IK|}tOI1FOGOI7oD_�\>IKPSI1F _�F GOI1FøÍ^I1[>[>J0IK|}tOF�IKJ��TONrIKJ0dhP9\>\)I1QR\gq�IKJ�k
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GOI1F�X;¨�a�J�GOIKFbo"PRa$G�IKFèqsTOJ>G�IKF c0I<q�I1PSQS[�{<q�I1P���QRIKFOG�IKFÓdMPR\�I1PSFOI1d o"TOJ0|}tOdhI1[>[0IKJiº	a�FÏ�Z�Z # d PSFO[A\}_	QRQSPRIKJ0\KÎ�[0agG`_	[0["F~TOJ�GOI1J"��I1J>I1PS|}t»GOI1[�Í�_�Ã$PRd�TOdM[4GOI1JD­DLm�"]O].[>|}tOI1FW��F.k\)I1FO[>P9\��_�\>[0º	IKJ0\>IKPRQSTOFOU�GOIKJ���_	[0IKJ0[0\)J>_	tOQRIKFúGOI<\)I1«~\>PSI1J0\�qsPRJ>G�XªL�T z G�PSIK[0I�Ò�IKPS[0I�qsPSJ0GúGOI1JÑ
PSF�ÌOTO[>[§GOI1JuU�IK[>_	d�\)I1FÜPRFOtOa�dMa�U�I1FOIKF���F�\>IKFO[0PR\��_�\)[0º	IKJA\)IKPRQSTOF�UjPRFO[>NrIK[0a�FOGOI1J>I�_	T z GOPRI]$|}tOJ0IKPRN$knTOFOG	���a	[>|}tO{1IKPR\>IKFhNcI1[>IKP9\)PRU	\
X�o"PRIy].\)I1TOIKJ0TOFOUiGOIKJ�Í^I1[>[)_�NOQ��_	T z IyqsPRJ>GÅIKNrIKF z _�QSQS[º�a	dæwsIK|}t�FOIKJh�TONcI1J>FOa	dhdMIKF�X`��d êó_	QRQ�tOa�tOI1J"].|}tOJ>I1PSNOU�I1[>|}t�qsPSF�GOPSU�«�IKP9\)IKF¢Î¢G`_	[yPS[A\�PRFO[AkNrIK[>a	FOGOIKJ0I z �TOJ�«~QSI1PSFOIuo"a�\)PSI1J>TOF�U�[>«�a�FO{KI1F�\)J)_�\)PSa	FOIKFbGOI1JÅêó_	QSQ�Î�qsT�J>GOIu{1TOJÇL�T z FO_	tOdMIGOI1JÇÍ^I1[>[>GO_�\)I1F7q�IKU	IKFbGOI1J�NrIK[>[0IKJ0IKFjÂ¢IKP9\}_	T$Ìª�a�[>T�FOU»[0\)_�\>\iGOI1[ÇwyI1|}tOFOI1J>[�I1PSFúGOPRU�PR\)_�kQSI1[=L"[>{1PSQSQRa�[>«�a�©èlso�]OË�Ë�Zhº�a�FçlªIK«�\)J0a�FOP Ã»º�I1J0q�IKFOG�I1\
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� » dl_�f`_�a�m�_�ºo	üpt`_�c�é2bHo¥f~i�bHb,cI_�cH¿�c�yp_�def`_)ì�_�aHbH½j¸ukHº]`bIbH_
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y`kÁi#]u¹S_�detu_�a|bHo�kl½j¸`_�tïL�üz�¨Ù�axi#m�m#�d�Sºo�bI½j¸`w�_�bHbI]`t`m�bHdl_�¸�c|¹�o�kem�_�t`f`_�aHw+i�Ü�_�t
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_�t�cHbHÛ`aI_�½j¸`_�t`f`_
êödlt`Ô�_�keÛzo�bHd%cxdlo�t » ]`aIf`_Ã_�yz_�t�¹�i�keklbnt`o�cHde_�aIc�q�Â\de_�Â\dRüp_�aH_�t`¿�f`_�a�m�_�w+_�bHbH_��t`_�t�êödlt`Ô�_�keÛzo�bHd%cxdeo�t`_�t�_�aHm�dlyuc>f~i#t`t f`_�t�f`o�Û`Ûz_�k%cx_�t+ÙXaxi�m�m¤��êödetuÔ�_�k é�i�klbHo�f`_�t)êödet`Ô#_�k�é
f`_�t¥f`dl_�yp_�def`_�t¥��½j¸`aH_�dey`bhcxaHi�¸`ke_�t¥w�dlcH_�dlt~i�t`f`_�a�_�det`bI½j¸`kedl_�Ü�_�trq"Ù�_�a#º]`½jÔ�bHdl½j¸�cHdem�c�w+i�t�f`dl_
 _�o�w�_�cHaHde_�f`_�b���cxaHi�¸`klÛ`aHo��`keb>f`_�aX¾F_��`_�ù�_
]ut`f+fude_F�Ky`kl_�bI_�m�_�t~i�]`dlm�Ô�_�dlcSi�]u¹^f`_�wÆÂ\aH_�¸��



�#ð ��ÝKÞ�ß�àAá�â¡ã�ä~á�'\ÞSá�åFß �Vá�æ àAá�â�â�áSå�Ý�ç43���Ý�ç
Ô�axi�tu¿�é�bHo{Ô�o�tut�cH_�t¡f`de_�êödlt`Ô�_�k
i#]u¹K_�c » i4�uq���ô�m�_�t~i�]<_�dlt`m�_�bhcx_�keklc » _�aIf`_�t^qÞ��w f`dl_
ø>det`bhcx_�keke]ut`m�Õ�o�t¥f`o�Û`Ûz_�k%cx_�t¥ÙXaxi�m�m¤��êödetuÔ�_�klt�¿ » dlbH½j¸`_�t��)]`t`f���� ô ¿�]¥m�_ » ºi�¸`aIke_�debIcH_�tré
» ]`aIf`_Ãf`_�a>dlt)f`_�an�Ky`y`dlkef`]ut`m�ð`q ò#y"îAf~i#aHm�_�bIcx_�kek%cx_�ñ>aIo�yp_�t`¸~i�k%cx_�a�Õ�_�a » _�t`f`_�c�q�÷Kº]`a�_�det`_�t
» de_Fo�yz_�t�yz_�bH½j¸uaHde_�yp_�tÇ_�det`m�_�bIcH_�kek%cx_�t+ÙXaxi�m�m¤��êödetuÔ�_�k » ]`aHf`_�f~i�tut+f`_�a��^ºi#cHcHdem�]`tum�b » _�ahcf`_�b�ì�_�aHbIc�ºi�aHÔ�]`tum�bI¹�i�Ô�cHo�aHb » de_�dlt�ðuq ò�_�aIk¨ºi�]�cx_�ahc�é`yz_�bhcxdlw+w�c�q
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º]`a�f`dl_+cx_�w+Ûz_�aHi#cx]uaxi�y`¸2ºi�t`m�dlm�_�tvè¥_�bIbH]`tum�_�tôbIcxi�t`f�_�detvÄs_�w�Ûz_�axi¤cx]`aIaH_�m�_�ke]ut`m�bHm�_�a�ºi¤c
¿�]ua+ì�_�ah¹�º]`m�]`tum`é�f~i�b�t~i�½j¸¢f`_�w ñ�·�Â
�¨ñ>aHdetu¿�deÛ¡i�aIyp_�dlcx_�c�q�Â\dl_�_�t�cxbHÛuaH_�½j¸u_�t`f`_�tÖñAi�axiÎ�
w�_�cx_�a » ]`aIf`_�t£bIÛp_�¿�dl_�kekF¹�º]`a+f`de_�Õ�_�a » _�t`f`_�cx_{¼�o�w�y`dlt~i#cxdlo�t<i�]`b�¼�aIdebIcxi�kekl¸~i�k%cx_�a�]`t`fñA_�klcHde_�a���ø>ke_�w+_�t�c¥o�Ûucxdlw+dl_�aIc�q�·¨w ÷"i�kekKf`_�a�¸`de_�a¥fu]`aH½j¸`m�_�¹�º]`¸`ahcx_�t;è¥_�bIbH]`t`m�_�t » ]`aIf`_f~i�b 
 _�a�ºi#c�t`de½j¸�cXÕ�o�wÉ¾�_�½j¸`t`_�a�m�_�bhcx_�]`_�ahc�é`bIo�t`f`_�aHt�dewúw+i�t�]`_�keke_�t�è¥o�f`]`b�yp_�cxaHdl_�yz_�trq�
w�_�det`_?��i�t`m�¿�_�dlch�¨Äs_�w�Ûp_�axi#cH]`aHbhcji�yudeked%cÎºi#c�Õ�o�töJ���ô í ¿�]Vm�_ » ºi�¸uaHke_�debhcx_�t^é » ]`aIf`_�f~i#bñA_�klcHde_�a���ø>ke_�w+_�t�c�i�]�¹�_�detu_�t�¼ º]`¸`kly`keo�½jÔ"é�fu_�a�i#t�_�dlt`_�t�êvi�bHbI_�aIÔ�aI_�dlbHkÁi#]u¹si�t`m�_�bH½j¸`klo�bHbI_�t
» i�a�éAi�]u¹�m�_�bH_�cx¿�c�qA�
keb�ÄA_�w+Ûz_�aHi#cx]uaI¹ º]`¸`kl_�a�f`de_�t�cx_�_�det{cx_�w+Ûz_�aHi#cx]`aHi�y`¸ ºi#t`m�dem�_�a�ñ>kÁi#cHdet��êödefu_�aHbhcji�tufÖñ>Ä��������uéÃf`_�a�bHo<t~i�¸ » de_gwVºo�m�klde½j¸öi�tØf`_�a�ñ>aHo�yp_{w+d%c���dlkeyz_�aHkl_�d%cxkÁi#½jÔyz_�¹�_�bhcxdlm�c » ]`aHfu_�qÂ\_�a��Ky`kei�]u¹Ã_�det`_�a)è¥_�bHbI]`t`mgm�_�bhcji�k%cx_�cx_ÇbIde½j¸ » dl_+¹�o�klm�c�ïsõ^]`t2ºi�½j¸`bIc » ]`aHf`_Ç_�detu_�ÄA_�w �Ûz_�axi¤cx]`a\dlt�f`_�a=��ºi�¸`_)f`_�a|¾
i#]`w�cx_�w+Ûz_�aHi#cx]uaK_�dlt`m�_�bIcx_�kek%c�é"c¨ó�ÛudebH½j¸u_�a » _�dlbH_�ò#ðQô�qrÂ�i#t`t
» ]`aIf`_
_�det 
 d%cHcH_�a�det+�rºi#cIcxdlm�]`t`m|m�_�bH½j¸`aIde_�yz_�t^é�f`_�aSì�_�aHbhcÎºi�aIÔ�]ut`m�bI¹�i#Ô�cHo�a�yz_�bhcxdlw+w�c�]`t`fbH½j¸ukede_�Ü�kedl½j¸*_�dlt`_ i�t`fu_�aH_)Äs_�w�Ûz_�axi¤cx]`a�_�det`m�_�bIcH_�kek%c�q"ê ºi�¸`aI_�t`f{f`de_�bH_�a|ñ�aIo�¿�_�f`]`a�yz_�¹�i�t��
f`_�tØbIde½j¸£yz_�dlf`_g��½j¸`aI_�dly`bIcHaxi�¸`kl_�töbIcH_�cHb�i�]u¹|f`_�a�ñ�aIo�yz_�q�Â�i cI_�f`_�ø>detubIcx_�kekl]`t`m�_�det`_�a
i�t`fu_�aH_�tVÄs_�w�Ûp_�axi#cH]`aF_�dlt`_���cÎºo�aI]`t`m+f`_�b�yp_�aH_�dlcxbF_�det`m�_�bH½j¸`aIde_�yp_�t`_�t 
 dlcIcx_�aHbÃf~i�aIbIcH_�kek%c�é
Ô¤i�t`t�f`i�Õ�o�t<i�]`bIm�_�m�i#t`m�_�t » _�aIf`_�t^é�f~i�bIb�f~i�b 
 dlcIcx_�a�f~i#yp_�d.cI_�f`_�bIwÇi�kXt~i�½j¸`m�_�bH½j¸uaHde_��
yz_�t » ]uaHf`_#qj��w ¿�] º]`yz_�aIÛ`a º]�¹�_�tréSo�y<f`de_�b+�
]`b » dlaHÔ�]`t`m�_�töi�]u¹Kf`_�tö� ºi#cHcHdem�]`tum�b » _�ahcf`_�b�ì�_�aHbIc ºi�aHÔ�]`tum�bI¹�i�Ô�cHo�aHb¥¸~i#c�é » ]`aIf`_{f`de_4è¥_�bHbH]ut`m » de_�¹�o�klm�c�Õ#i�aHdlde_�aIc�ï�ø�b » ]`aIf`__�dlt`_�Äs_�w�Ûp_�axi#cH]`aF_�detum�_�bhcx_�klklcÃ]ut`f¥_�det 
 dlcHcH_�a�dlt�� ºi#cIcxdem�]`t`m m�_�bI½j¸`aHdl_�yz_�trq"Â\dl_�bI_�b 
 d%cI�
cx_�a » ]`aIf`_*yz_�d�f`_�a+_�t�cxbIÛ`aH_�½j¸`_�tuf`_�t×ÄA_�w+Ûz_�aHi#cx]`a+_�aIbIc�m�_�k¨ºo�bH½j¸�c�éXf~i�t`t¢fude_�t�ºi�½j¸`bhcx_Äs_�w�Ûp_�axi#cH]`a
_�det`m�_�bIcH_�klklc�]`t`f*_�det » _�dlcx_�aH_�b 
 d%cHcH_�aFdet*�rºi#cHcHdem�]ut`m+m�_�bH½j¸uaHde_�yp_�trqrÂ�i f`dl_ø>aHm�_�y`t`dlbHbH_Ãyz_�dlf`_�a>è¥_�cH¸`o�fu_�t�m�]ucKº]`yz_�aI_�dlt`bIcHdew�w�cx_�t�]`t`f)f`dl_�_�aIbIcH_�è¥_�cH¸`o�fu_ » _�tudem�_�a�K]�¹ » i�tufV_�ah¹�o�aHfu_�aIc�é » ]`aIf`_�fude_�bI_�è¥_�cH¸`o�fu_|¹jº]ua�fude_�è¥_�bHbH]ut`m�_�t¥Õ�_�a » _�t`f`_�c�q
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º]`a�f`dl_Xè¥_�bIbH]`t`m�_�t�dlt��
y`¸�ºi�t`m�dem�Ô#_�dlc�_�ù�cx_�aIt`_�aA_�kl_�Ô�cxaIdebH½j¸u_�aA÷"_�kef`_�a2bIcxi�t`f�_�det�aH_�½j¸`t`_�a��
bIcH_�]`_�aHy~i#aH_�aX}
o�½j¸`bIÛ~i�t`t�]`t`m�bIÕ�_�aHbhcÎºi�aIÔ�_�aFf`_�bXÄ�ó�Û`b�} í ì;��ð#���������\f`_�a�÷ndlaHw+i\÷~] 
 ¿�]ua
ì�_�ah¹�º]`m�]`tum`q~Â\de_�è�_�bHbI]`t`m�_�tVÔ#o�t`¿�_�t�cxaHdl_�ahcx_�t¥bHdl½j¸�¸`i�]`ÛucHb�ºi�½j¸`klde½j¸¥i�]u¹Af`de_�¸uo�keo�m�axi�Û`¸ud%�
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bH½j¸u_��
]u¹�t~i�¸`w�_\¹�_�aIaHo�_�kl_�Ô�cxaIdebH½j¸u_�aF}�ó�bhcx_�aI_�bI_�trqpø>det`_�bIo�ke½j¸`_�}Fó�bhcx_�aH_�bI_�w�_�bIbH]`t`mÇk¨ºi�]u¹Àc
» de_|¹�o�klm�c�i�yrïzõ^]`t2ºi�½j¸`bIc » deaIfré » de_|o�yz_�tVyz_�bI½j¸`aHdl_�yz_�tréz_�dlt*}�o�keo�m�axi�w�wÉdlt*�^ºi#cHcHdem�]`tum
m�_�bH½j¸`aIde_�yz_�t^q�Â�i�tut » _�aIf`_�t¢fude_¥��½j¸`aI_�deyubIcxaHi�¸`kl_�tëm�_�y`klo�½jÔ�c�]`t`f¡f`_�a+i�]`bIm�_�Ô#o�Û`Ûz_�klcH_ÄAi�bIcxi�aHw¯¹�aI_�dem�_�m�_�yp_�trq2·¨tv�
y`bIc�ºi�t`f`_�tvÕ�o�t{c¨ó�Û`debI½j¸`_�a » _�debH_$�nb » ]`aIf`_+f`i�t`tvf`i�b�_�det��m�_�bH½j¸`aIde_�yz_�tu_�}�o�keo�m�axi�w�w/i#]`bHm�_�ke_�bH_�t^é~¿�]`t�ºi#½j¸`bIcKw+d%cÃ_�dlt`_�wÉf`_�a
��½j¸`aI_�dly`bIcHaxi�¸`kl_�tVi�k%�
ke_�detré~f`i�t`tVw�dlcFyz_�dlf`_�t*��½j¸`aI_�deyubIcxaHi�¸`kl_�tVbIdew�]uklcji#trq 
 ke_�dl½j¸`¿�_�dlcHdem » ]`aHfu_�det�f`_�t`bH_�keyz_�tõ^_�d%cji�yubIcÎºi#t`f`_�t<f~i�b�_�ù�cH_�aHtu_¥_�ke_�Ô�cHaHdebI½j¸`_¥÷"_�kefôÕ#i�aHdlde_�ahc�éAdet¡��½j¸`aIdlcHcH_�t<Õ�o�t¢ò��nì ë w�w_�t�cHm�_�m�_�t�f`_�aX]`aHbIÛ`a#º]ut`m�kedl½j¸`_�t�ñAo�kl]`t`m�bIaHde½j¸�cH]`t`m�y`dlbX_�c » i|�¨ð&%��nì ë w�w¥é^º]`yz_�aX�nì ë w+wt~i�½j¸('\ð&%��nì ë w+w�é�bH½j¸ukede_�Ü�kedl½j¸ » de_�fu_�a ¿�]`a#º]`½jÔ<t~i�½j¸¢�nì ë w�w¥q>ø>dlt¡bIo�ke½j¸`_�a�õpó�Ô�ke]ub» ]`aIf`_�dlt�f`_�a�¾F_�m�_�k2¿�_�¸utVw+i�krf`]`aI½j¸`kÁi#]u¹�_�trq~�
]`b�f`_�t�m�_�w�_�bIbH_�t`_�tVê4_�ahcx_�t¥Ô¤i�t`t�bHo¤�
» o�¸`k�f`_�asÙ�_�]`m�]`t`m�b » deaHÔ�]`tum�bHm�aHi�f�yp_�aH_�½j¸ut`_�cAi�klb2i�]`½j¸�_�dlt\êv_�aIc2¹ º]`a2f`_�t�ì�_�aHbhc ºi�aIÔ�]`t`m�b��¹�i�Ô�cxo�a¥i#t`m�_�m�_�yz_�t » _�aIf`_�t^qKÂ�i�aHi�]`b » dlaHfîcI_ » _�deklb�f`_�a�êv_�aIc�¹ º]`a�f`dl_4ÙXaH_�½j¸�]`tum�bHdlt��f`_�ù2ºi#t`f`_�aI]`t`m)yz_�aI_�½j¸`t`_�cF]`t`f�m�_�m�_�tÇf~i�b�_�ù�cx_�aIt`_|÷~_�klf�i�]u¹�m�_�cxaHi�m�_�trq��K]u¹�f`dl_�bI_Kêv_�debI_
debhc�_�detu_�m�_�m�_�t`bH_�dlcxdlm�_�¼�o�t�cxaHo�keke_�f`_�a|êv_�aIcH_�é�f`de_�i�]ub�è¥_�bHbI]`t`m�_�t�f`_�b�Ù�_�]um�]`t`m�b » dea��Ô�]`t`m�bIm�axi#f`_�b�]`tuf4i#]`b|è¥_�bHbH]ut`m�_�t{f`_�b\ì�_�aHbhcÎºi�aIÔ�]`t`m�bh¹�i�Ô�cxo�aIb�¸`_�ahÕ�o�aIm�_�¸`_�tré2wVºo�m�kedl½j¸rq
Â\de_Ãì�_�a » _�t`f`]ut`m _�detu_�b�_�ù�cx_�aIt`_�t�ÄAi�bhcji�aIw+bS¿�]`wÅ�
]`bHkl_�bH_�t�f`_�a�}
o�klo�m�aHi�w+w�_ÃdebhcS¸`de_�a
dew 
 _�m�_�t`bxi¤cx¿�¿�]�fu_�t��Sºo�bH½j¸uw+_�bHbH]ut`m�_�t�t�ºo�cHdem`éÎf~i\f`i�b>ø>det�y`aIdet`m�_�t�_�dlt`_�bn¿�]`b�ºi#cx¿�kede½j¸u_�t
�KyubH½j¸ » ºi�½j¸`_�aHbKdlt�f`_�tV��cxaxi#¸`ke_�t`m�i�t`m�t~i�½j¸�f`_�w ��½j¸`aI_�deyz_�t�f`_�bF}
o�klo�m�aHi�w+w�bSÛ`aHo�yuke_��
w+i#cxdlbH½j¸�dlbIc�q#Â\dl_�b�¸�ºi�tum�cnf`i�w+d%cs¿�]`bHi�w+w�_�t^é¤f`i�bHbAt`_�yz_�t)f`_�w;Ù�_�]`m�]`t`m�b » deaHÔ�]`tum�bHm�aHi�fi�]`½j¸�fu_�a�ì�_�aHbIc�ºi�aHÔ�]`tum�bI¹�i�Ô�cHo�a)m�_�cxi�bIcH_�c » dlaHfrqAø>det`_�_�ù�cx_�aIt`_���c�ºo�aH]`tum » de_�_�c » i�f~i#bø>det�y`aIdet`m�_�t�f`_�b)�Ky`bI½j¸ » ºi#½j¸`_�aIb+yz_�_�det��~]ubHbIc fude_�ñ>¸~i#bH_�t�Õ�_�aHbI½j¸`de_�y`]`t`m4¿ » dlbH½j¸`_�t<fu_�tyz_�defu_�t�Äni�bhcxbhcxaxi#¸`ke_�t�]`t`f�bHo�w�dlc�fude_�f`]`aI½j¸�f~i�bn��½j¸`aI_�dlyp_�t�f`_�bn}�o�keo�m�axi�w�w+bp¹�_�bIcHm�_�kl_�m#�
cx_ ñ>¸~i#bH_�t�Õ�_�aHbI½j¸`de_�y`]`t`mV¿ » debI½j¸`_�tï�2de½j¸�cxdlt�cH_�ah¹�_�aH_�t`¿�w�]`bIcH_�a|]`t`f{Ù�aI_�½j¸�]`t`m�bIdet`fu_�ù�m�dlch�
cx_�a�qÎÂ\dl_�b2Ô¤i�t`t|¿�]�_�dlt`_�a�yz_�cHa ºi�½j¸�cxklde½j¸`_�t�¾F_�fu]`Ô�cxdeo�t�fu_�b�êv_�aIcx_�b2¹ º]`a�f`_�t|ì�_�aIbIc ºi#aHÔ�]`t`m�b��
¹�i�Ô�cxo�aÃyp_�dew �
]`bHkl_�bH_�tVm�_�m�_�t º]`yp_�aFf`_�w � ºi¤cHcxdlm�]`t`m�b » _�aIc�yz_�dlw ø>det`bI½j¸`aH_�deyz_�t¥f`_�b
}
o#�
keo�m�axi�w�w�b�¹�º]`¸`aH_�trq`ø>dlt`_KbIdem�t`d)�~Ô¤i�t�cx_KÙ�_�_�det��~]ubHbH]ut`m)f`_�b�}
o�klo�m�axi#w+w�b�f`]`aH½j¸�f`i�bÃi�t��
m�_�ke_�m#cx_�_�ù�cH_�aHtu_�_�ke_�Ô�cHaHdebI½j¸`_�÷"_�kef�m�dlyucF_�bFf~i#m�_�m�_�t¥tude½j¸�c�í ¼|i�Ûrq~��ql����î�q
ø>b » ]`aHf`_�t�i�]u½j¸Ç}Fó�bhcx_�aH_�bI_�Ô�]`ahÕ�_�t » ºi�¸uaH_�tuf+f`_�bX��½j¸`aH_�dey�Õ�o�aHm�i�tum�b�i#]u¹�m�_�tuo�w+w�_�t^q�·¨tf`dl_�bH_�w;÷zi#kek » deaIf�f~i#bn_�dlt`w+i�k�m�_�bI½j¸`aHdl_�yz_�t`_�}
o�klo�m�axi#w+w×f`]`aH½j¸)f`i�bni#t`m�_�kl_�m�cH_X_�ù�cx_�aIt`__�kl_�Ô�cxaIdebI½j¸`_F÷~_�kef�yp_�_�det*�~]`bHbhc�q�Â�i�¸u_�a » ]`aIf`_Ãf~i�b�}�o�keo�m�axi�w�w³yz_�d"cI_�f`_�wÆø�dlt`bIcH_�klke_�t�_�d%�
t`_�aFi�t`f`_�aH_�t¥÷~_�klf`bIc�ºi�aHÔ#_�y`debÃdlt�_�detu_�t¥�rºi#cIcxdem�]`t`m�bI¿�]`bhcji�t`f�t~i#½j¸`m�_�bI½j¸`aHdl_�yz_�trq«�Sºo�bI½j¸`_�t
f`_�b)}
o�klo�m�aHi�w+w�b�Õ�o�a�f`_�wüø>det`bhcx_�klke_�t�_�dlt`_�a�i�t`f`_�aH_�t<÷~_�klf`bIc�ºi�aHÔ#_Ç]`tufôi�t`bH½j¸ukede_�Ü�_�t��
f`_�b­��_�]`bI½j¸`aH_�deyz_�t*klde_�¹�_�aIc�f~i�bHbI_�klyp_�ø>aHm�_�y`t`dlb�q~�K]ub�Ûuaxi�Ô�cxdlbH½j¸`_�t 
 a#º]`tuf`_�t » ]`aHfu_�f~i#b�Ki#½j¸`bH½j¸`aI_�dlyp_�tVm�_�m�_�tnº]uyp_�a
f`_�w �
_�]`bH½j¸uaH_�dlyp_�tVyz_�Õ�o�aH¿�]`m�c�q
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·¨w­÷~o�klm�_�t`fu_�t » _�aHf`_�tvyz_�dlbHÛ`dl_�ke¸`i#¹Àc\¹ º]`a��uÙ,��%u��ï í a�f`de_+è¥_�bHbhÕ�_�ah¹�i�¸`aI_�t�f`_�a~�
_�]�cxaHo¤�
t`_�t~i�Ô�cxd%Õ�dl_�aI]`t`m�b��¥í�·d���K��îÇ]ut`f£f`_�a�¾�ºo�t�cxm�_�t��~]uo�aH_�bH¿�_�t`¿�i#t~i�kló�bI_¢í43�¾�÷>î�_�aHk¨ºi#]ucx_�aIc�q
�KtubH½j¸`klde_�Ü�_�t`f » _�aHf`_�t�f`de_Fw�dlcIcx_�klb>f`_�a�yz_�dlf`_�t�ì�_�aI¹�i#¸`aH_�tÇyz_�bIcHdew�w�cx_�t�¼|o�t`¿�_�t�cHaxi#cHdeo#�t`_�t�f`_�a�ø�kl_�w�_�t�cx_\��a�é�Ù�iué �
yÇ]`t`f�f`_�bÃÂ\o�cHde_�aI]`t`m�bI_�kl_�w�_�t�cx_�b í a�bIo » de_
Õ�o�t���Ûu]`aH_�t��_�kl_�w�_�t�cx_�trénfude_�w+d%c�f`_�t�m�_�t`i�t`t�cx_�tôø�kl_�w�_�t�cx_�t�o�fu_�a » ºi#¸`aH_�t`f�f`_�b)õ�º]`½j¸�cx]`t`m�bHÛ`aIo#�¿�_�bHbI_�bKdlt�f`_�t¥¼�aHdebhcji�klk^_�det`m�_�y~i�]uc » _�aIf`_�t^ézÕ�o�aHm�_�bIcH_�kek%c�q
�Kklke_¥¼�aHdebhcji�klke_#éSfude_¥¹jº]uaÇf`dl_53�¾�÷s�hè�_�bHbI]`t`m�_�t£Õ�_�a » _�t`f`_�c » ]uaHf`_�tré�¸~i#cIcx_�t£_�det 
 _��
» de½j¸�cÃÕ�o�t�_�c » i ð�����w+muq��
kebz��o�aHw�bH]`yubIcji#t`¿�_�t » ]uaHf`_�tV��a í LON�é`Ù�i í L
NF]`tufe��y76FL98
Õ�_�a » _�t`fu_�c�éXi�klke_�w�dlc�_�detu_�a�¾�_�det`¸u_�dlc�Õ�o�t:���uq;���&�_ó�q>Â\dl_�Â\o�cxdl_�aI]`t`m�bI_�ke_�w+_�t�cx_ » ]`a��f`_�t¡_�t�cHbHÛ`aI_�½j¸`_�t`f£¿�]<f`_�t �
o�aHw�bH]`y`bhcji�tu¿�_�t¡¸`detu¿�]`m�_�¹ º]`m�c�q�J�_�f`_¥ñ>aHo�yz_ » ]`aHfu_¥w�dlc�uq;%�mK�2d<6jÙ º L ì Õ�_�aHw�debI½j¸�c�é2i�tgf`_�a=��]�¹Àc�i�]u¹Xf`de_ ��½j¸`w+_�ke¿�cx_�w�Ûz_�axi¤cx]`aKÕ�o�t���ò�� ô í _�a��
¸`d%cx¿�c�]`t`f�i�t`bI½j¸`kedl_�Ü�_�t`f�det�_�det`_\¸uo�w+o�m�_�t`_���½j¸`_�dlyp_�fu_�aFÂ\de½jÔ#_���w�wÉ]`tuf�w�dlc�_�dlt`_�w
Â\]`aI½j¸`w+_�bHbI_�aFÕ�o�t¥��ònw�w/m�_�m�o�bHbI_�trqzÂ�i�yz_�d^Ô#i#t`t¥fude_���½j¸`_�deyz_�¹jº]uaÃf`de_���cHaxi�¸`kl]`t`m f`_�a
Õ�_�a » _�t`fu_�cx_�t*÷nkl]`o�aI_�bH¿�_�t`¿�kedlt`de_�tgí ¼ ß ¹�º]`a í a�]`t`fK� ß ¹�º]`aF��a�é`Ù�i�]ut`fK�
y"îXi�kebX]`t`_�tuf��
kedl½j¸�f`de½jÔ�yz_�cHaxi�½j¸�cH_�c » _�aIf`_�t^qp�
]u¹�f`dl_�bI_|ê4_�dlbH_ » ]`aIf`_�_�det`_�¾F_�de¸u_\Õ�o�t¥¿ » i�t`¿�dlm+bhó�t��cx¸u_�cxdlbH½j¸`_�t��
o�aIw+bI]`y`bhcji�t`¿�_�t�¸u_�aHm�_�bIcH_�klklc�é�f`dl_+bIde½j¸�dltvf`_�a�_�det`m�_ » o�m�_�tu_�t A ]~i�t�cxd%cÎºi#c_�dlt`_�bSyz_�bIcHdew�w�cx_�t�ø>ke_�w+_�t�cx_�bS]`t�cx_�aHbI½j¸`de_�f`_�trq`Â�i�¸`_�a�Ôpºo�t`tu_�t�èVi#cHaHdÚù��¨ø"=^_�Ô�cH_�Õ�_�aIaHdet��
m�_�aIc�]`t`f¡f`de_�¼�o�t`¿�_�t�cxaHi#cxdlo�t`_�t¡_�dlt`_�b yz_�bIcHdew�w�cx_�tëø>kl_�w�_�t�cx_�b+f`]uaH½j¸ëfude_�bI_¥kldet`_�i�aH_
ø>de½j¸�]`t`m�yz_�bIcHdew�w�c » _�aHfu_�trqzÂ\de_|÷~_�¸`ke_�aH��]`_�klke_�t�¹jº]uaÃf`de_��
t`m�i�yz_|f`_�aFm�_�w+d%cHcx_�klcH_�t���a��]`t`f�Ù�i¤��¼�o�t`¿�_�t�cxaHi#cxdlo�t`_�tÇbH_�cx¿�_�t�bHdl½j¸�¿�]`bHi�w+w�_�t�i�]`b�fu_�a�¿�_�aIcHd>�~¿�de_�aIcx_�t¸�
tum�_�t~i#]`dem#�
Ô�_�dlcKf`_�aKi�t~i�k%ó�cHdebI½j¸`_�tg��]`y`bIcxi�t`¿�_�trérfu_�aKm�_�bH½j¸2ºi#cx¿�cx_�to��t`m�_�t`i�]`dem�Ô�_�d%cKfu_�a\m�aHi�Õ�dÚ�X]`t`f
Õ�o�ke]`w�_�cHaHdebI½j¸`_�t�L\Ûp_�axi#cHdeo�tu_�tré~f`_�aFm�_�w�_�bIbH_�tu_�t���t`m�_�t`i�]`dem�Ô�_�d%cFf`_�bFì�_�aIke]`bhcx_�b
f`]uaH½j¸
f`_�t 
 k º]`¸�¹�i�Ô�cxo�aÃ]`tuf¥bI½j¸`kedl_�Ü�klde½j¸�f`_�a
ñso�debIbHo�t��h��cxi#cxdlbIcxdlÔ+fu_�a�ø>aH_�dlm�t`dlbHbH_#q
·¨wÍ÷"i�keknf`_�a�·d�
�
���hè�_�bHbI]`t`m�_�t�¸~i#cIcx_�tvi�kekl_ ñ>aHo�yz_�t4_�det 
 _ » de½j¸�c�¿ » dlbH½j¸`_�tôò���]`t`f����w�m`qÎÂ\de_Sñ>aHo�yp_�t » ]`aHfu_�t�¿�]`bxi�w�w�_�t�w�dlc�_�det`_�a���y���÷~o�klde_>w�dlc?����q������Qó��
y�]ut`f õ^ah�
÷nkl]`bHb��d�
o�aHw�bH]`y`bhcji�tu¿�_�t�¹�º]`a@%K��cx]ut`f`_�t�dew³¿�_�t�cxaxi#ke_�t�¼�_�aHt�f`_�bAÄF¾�· 
 ���¨¾�_�i�Ô�cxo�aIbAf`_�b
·¨t`bhcxdlcH]ucxb�¹jº]`a|¼�_�aHt`½j¸`_�w+dl_)f`_�a~��t`dlÕ�_�aHbIdlc�ºi#c�èVi�dlt`¿)yp_�bIcHaxi�¸`k%c�q2Â\_�a\cx¸`_�aHw�debI½j¸`_��
_�]��

��(
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ßhý`ý�á
cxaIo�t`_�t��~]`bIb�yz_�cxaI]`m�ð`q òCBe��� � 6 tÃ½�w ª 6 b ª � é2f`_�a�bI½j¸`t`_�keke_���_�]ucHaHo�t`_�t��~]`bIb�yz_�cHaH]`mVò*Be��� � 6
tÃ½�w ª 6 b ª � q�Â\de_�bI_�b|ì�_�aI¸�ºi�klcHt`deb » ]uaHf`_�f`]`aI½j¸vf~i�b�ì�_�aH¸�ºi�k%cxt`dlb\Õ�o�t 8 º è¥t{¿�] 8ED ÷~_ f`_�a_�dlt`m�_�y~i�]ucH_�t��
o�aHw�bH]`y`bhcji�tu¿�_�t<yz_�bIcHdew�w�c�qsÂ\dl_Çm�aIo�Ü�_��
t`¿�i�¸uk�bH½j¸`tu_�kekl_�a���_�]ucHaHo�tu_�t
m�_�bIcji¤cHcx_�cnfude_S�KÔ�cxd%Õ�dl_�aI]`t`m
Õ�o�t>��deo�y�f`]`aI½j¸�f`de_
í�tré ò¤t"î¨�¨¾�_�i�Ô�cxdeo�t�Õ�o�t D�N �
y�t~i�½j¸ D º ��y
w�dlc�_�dlt`_�a�}Ki�kly » _�ahcx¿�_�dlc�Õ�o�t£���uql�F��ÄAi�m�_�t^qn÷
º]ua�f`dl_Ç·d�
�
����è¥_�bIbH]`t`m�_�t » ]`aHfu_�t�f`dl_¹�o�klm�_�t`fu_�t5G~�d�2dlt`de_�t¥Õ�_�a » _�t`fu_�c�ïIH 8 ��a íJ����ðÇÔ�_�ì|î�é � N � Ù�i�í�ð&��%ÇÔ#_�ì|î�é D º ��y<íK����ðÇÔ�_�ì�î]`t`f 8 � í a)í ��ò��+Ô�_�ì�î�qr�
]`Ü�_�aHf`_�w@debhc\dlw+w�_�a�_�dlt`_�m�_�aHdetum�_)è¥_�t`m�_)ÄAiÇÕ�o�aI¸~i�t`fu_�trérbIo
f~i�bIb\f`dl_ � 6 HjÄAi¤�d�2dlt`de_�t<º]`yz_�a
f~i�bKm�i�t`¿�_)��Ûp_�Ô�cxaH]uw ¹jº]`a
f`de_���_�key`bhcji�y`bIo�aHÛ�cxdeo�t`bHÔ#o�aHaI_�Ô��
cx]uaFÕ�_�a » _�t`f`_�c » _�aHf`_�t*Ô�o�tut�cH_�trqpÂ\_�a
è¥_�bHbh¹�_�¸`kl_�a�kÁi�m ¸`dl_�aFyp_�d�i�kekl_�t�f`]`aI½j¸`m�_�¹�º]`¸`aIcH_�tè¥_�bHbH]ut`m�_�tVwÇi¤ù�dlwÇi�kzyz_�d2_�c » iÇ��ó�qõ^]`t�ºi#½j¸`bIc)bhcx_�keklc�w+i�t4¹�_�bIc�ésf~i�bIb�f~i�b�ì�_�aI¸�ºi�klcHt`deb|Õ�o�t<��a�¿�]�Ù�iVdlt�i�klke_�t{]`t�cx_�aHbI]`½j¸��
cx_�töñ>aHo�yz_�töbIcH_�cHb�m�ke_�de½j¸¢y`kl_�dlyuc�é�w+i�t£_�aI¸�ºi�klc�è¥dlcIcx_�k » _�aIcH_V¹�º]`a+f`_�t×��a�� 
 _�¸~i�k%c+Õ�o�t�uq;%u����íK��î!L ��cxo�w�_ ë ÷"o�aHw�_�ke_�det`¸u_�dlcNMzíO3\¾
÷�îsy`¿ » q��uq;%u�FA~íPA�î!L ��cxo�w�_ ë ÷~o�aIw+_�ke_�det`¸`_�dlcNMzí�·d�Ã��K�\î�]`tuf�¹�º]`aVf`_�t�Ù�i¤� 
 _�¸~i�klc�Õ�o�t��uq������~íK��î!L ��cxo�w�_ ë ÷~o�aIw+_�ke_�det`¸`_�dlcNM íO3\¾
÷�î�y`¿ » q�uq����&�`íK��î!L ��cxo�w�_ ë ÷"o�aHw�_�ke_�det`¸u_�dlcNM"í�·d�
�K�\îQLR%�%SM q�Â�i#axi�]`bsÔ¤i�t`t)w+i�t�bI½j¸`kedl_�Ü�_�tré¤f~i�bHb�i�k%�ke_�¼|aIdebhcji�klke_�cji#cHb�ºi�½j¸`klde½j¸|f`dl_�Ô�o�tum�aH]`_�t�cx_���½j¸`w�_�ke¿�¿�]`bHi�w�w+_�t`bH_�cx¿�]ut`m\��a@9UT V � Ù�iw9UT NEDâ�
y76FL9Vyz_�bHd%cx¿�_�tré~bIo+f~i#bHbFf`de_~��y���¼�o�t`¿�_�t�cxaHi#cxdlo�t�¹�º]`aÃf`_�t¥]`tuf`o�cxdl_�ahcx_�t¥¼�aHdlbIcji#kekÜ��y76�debIc�q
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Geradenanpassung (0 ppm < c           < 10000 ppm)Cr,Schm

Geradenanpassung (10000 ppm < c           < 40000 ppm)Cr,Schm

=> c /c = (1.20 0.01)Cr,Krist Cr,Schm
+-

+-=> c /c = (1.00 0.02)Cr,Krist Cr,Schm

�Kyuy`deklf`]`t`mW��ql��ï í a���¼�o�t`¿�_�t�cxaHi#cxdlo�t6dlw ¼�aHdebhcji�klk)m�_�m�_�t í a���¼�o�t`¿�_�t�cxaHi#cxdlo�t6dlt6f`_�a
��½j¸`w�_�kl¿�_#q"Â\de_|è¥_�bHbIÛ`]`t`Ô�cx_�bHo » o�¸`k�i�]`bFf`_�t$3\¾
÷s�Xi#kebÃi�]u½j¸¥f`_�t¥·d���K�F�hè¥_�bHbH]ut`m�_�tbHdlt`fÖm�_�cxaI_�t`t�c¥Õ�o�t`_�det~i#t`f`_�a�f~i�aIm�_�bhcx_�keklc�qFÂ\de_4è¥_�bHbHÛu]`t`Ô�cx_�Ôpºo�t`tu_�t�y`dlb¥½YX Û ¾ ¬ 7 � ² 

����������y`¿ » qzi�y�½YX Û ¾ ¬ 7 � ² 
 ����������cI_ » _�dekebÃw�dlc�_�detu_�a 
 _�axi�fu_�t¥i�t`m�_�Û~i�bHbhc » _�aHf`_�trq
·¨t�f`_�a��
y`y`deklf`]`t`mZ��q%�\bHdlt`fÇf`dl_Km�_�w+_�bHbI_�t`_�t í ah��Â\o#cxde_�aH]`tum�bHÔ#o�t`¿�_�t�cxaxi¤cxdeo�t`_�t�dlw ¼|aId%�
bIcxi�kekFm�_�m�_�t£fude_¥¼|o�t`¿�_�t�cHaxi#cHdeo�tu_�t¢dltëf`_�a���½j¸`w�_�kl¿�_*i#]u¹�m�_�cHaxi�m�_�trqXÂ�i�aHm�_�bIcH_�klklc�bHdlt`f
f`dl_
ø>aIm�_�y`tudebHbI_
bIo » o�¸uk"¹jº]ua�3\¾
÷��Ãí A ]~i�f`aHi#cx_�î�i�kebSi�]`½j¸�¹�º]`a�·d�
�
���hè�_�bHbI]`t`m�_�tgí ¼�aI_�d%�
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c = (1.997 0.006) - (11 2).10 .cNb

-7
Cr,Krist

+-+-

c = (1.996 0.004) - (9 2).10 .cNb
-7

Cr,Krist
+- +-

�Kyuy`deklf`]`t`m^��q ò�ï´�
y��¨¼|o�t`¿�_�t�cHaxi#cHdeo�t¡m�_�m�_�t í a���¼�o�t`¿�_�t�cxaHi#cxdlo�tëdlw ¼�aHdlbIcji#kek�q>��o » o�¸ukf`dl__3\¾
÷��Xi�keb�i�]`½j¸¥f`de_�·d���K�F��Â�i#cH_�t�Ô^ºo�t`t`_�t�cI_ » _�deklbFw+d%cÃ_�dlt`_�a 
 _�axi�fu_�t¥i�t`m�_�Û~i�bHbhc
» _�aHfu_�trq"Ù�_�def`_�è¥_�bIbIÕ�_�aI¹�i�¸uaH_�tV¿�_�dlm�_�t^éuf~i�bIbÃw+d%c�f`_�w/¿�]`t`_�¸uw+_�t`f`_�t¥ø>det�y~i�]�Õ�o�t í a
det�f`_�tV¼�aIdebIcxi�kekpf`de_=��y���¼�o�tu¿�_�t�cHaxi#cHdeo�t�kedlt`_�i#aÃi�y`t`dlw+w�c�q
bH_�î�q�Â\de_{ø>detu¸`_�d%c-L ��cxo�w+_ ë ��� V ÷~o�aIw+_�ke_�dlt`¸`_�dlcx_�t�M » dlaHfØdew ÷~o�klm�_�tuf`_�tØf`]`aI½j¸`L ÛuÛ`waM
i�y`m�_�Ô�º]`aH¿�c�qA�Kt�f`dl_�Â�i#cH_�t�Ôpºo�t`tu_�tô¿ » _�d 
 _�axi�f`_�tôi�t`m�_�Û~i�bIbIc » _�aIf`_�tré>_�det`_ 
 _�axi�fu_¿ » dlbH½j¸`_�t�½bX Û ¾ ¬ 7 � ² 
 �|]`t`f�����������Û`Û`w�é�]`t`f�_�dlt`_ 
 _�axi�fu_�¿ » debI½j¸`_�t�½YX Û ¾ ¬ 7 � ² 
 ���������]`t`f�ð���������Û`Ûuw¥qzÂ\_�a�aH_�ke_�Õ�i#t�cH_)ñni#axi�w�_�cH_�aKyz_�dsf`_�a 
 _�axi�fu_�t~i�tuÛ~i�bHbI]`t`m�dlbIc\¸ude_�a�f`dl_
��cH_�dem�]`t`m`é�bHde_�_�t�cxbHÛuaHde½j¸�c
f`_�w/ø>det�y~i�]`Ô#o�_F+�¿�de_�t�cx_�t�Õ�o�t í ¸`aIo�w/dlt�f`_�t¥¼�aHdebhcji�klk�q�Â\de_
�KtuÛ~i�bHbI]`t`m4i�tôf`de_�è�_�bHbIÛ`]`t`Ô�cH_Vy`dlb)½bX Û ¾ ¬ 7 � ² 
 ���������>Û`Û`w kede_�¹�_�ahc)_�dlt`_�t�ê4_�aIc)Õ�o�t
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 _�t`_�aI_�klk^debhcÃf`_�a
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ÄAi�yp_�kekl_���qÏð`ï��K]ubHbH_�aHo�aIf`_�t�cHkede½j¸u_Æí�_�îv]`t`f o�aIf`_�t�cxklde½j¸`_;í�o�î�Ù�aI_�½j¸�]`t`m�bIdet`fude¿�_�b<Õ�o�t
�uÙ,��%u��¹�º]`a ]`t`f`o�cHde_�aIcx_�¼�aHdlbIcxi�kekl_�q�Â\_�a ·¨t`f`_�ù��h]`Û7�{yp_�¿�_�dl½j¸`t`_�c�f`dl_¥ø>aIm�_�y`tudebHbI_�¹jº]ua
]`t`m�_�Ûzo�klcH_�é�f`_�a�·¨t`f`_�ù^�hm�Û7�|f`de_�cI_�t`dlm�_�t)¹jº]`a>m�_�Ûzo�klcH_F¼|aIdebhcji�klke_�q#Â\de_ÃÄAi�yz_�klke_�yz_�dlt`¸~i�k%cx_�c
f`dl_\êv_�aIcx_�¹jº]`aFf`dl_�det�f`dl_�bH_�aF�KaHyz_�d%cÃÕ�_�a » _�t`f`_�cx_�t���i�bH_�ah��ê4_�klke_�t`k¨ºi�tum�_�trq
o�aIf`_�t�cxklde½j¸`_�Ù�aI_�½j¸�]`t`m�bHdetuf`_�ù¥m�a�ºo�Ü�_�aFi#kebÃf`_�a
i#]`bHbI_�aHo�aHf`_�t�cHkedl½j¸`_�é"frqÏ¸rq~f`_�aK¼�aHdlbIcxi�kekzdebhc
yz_�d�¾�i�]`w�cH_�w�Ûp_�axi#cH]`aÃo�ÛucHdebH½j¸�_�dlt~i�½j¸`bIdem t`_�m�i#cxd%Õzq"Â�i fude_�ì�_�aIk¨ºi�]u¹�_�t ��í 	 î�]ut`fVt � í 	 îdew;bHdl½j¸�cxy~i�aI_�t+��Ûz_�Ô�cxaHi�keyz_�aI_�dl½j¸)]`t`f yp_�d~¾�i�]`w�cH_�w�Ûp_�axi#cH]`anÔ#_�detu_���½j¸`t`d%cHcxÛu]`t`Ô�cx_�i�]u¹Á�
» _�debI_�tré"dlbIcF¸`dl_�aÃ_�dlt`_|ñ>¸~i�bI_�t~i�tuÛ~i�bHbI]`t`m�tude½j¸�c�w*ºo�m�kede½j¸^q�K]ub�f`_�t�Â�i#cx_�tvf`_�a��Kt`Û`i�bHbI]`t`m�w�dlc�_�dlt`_�a���_�klkew�_�dl_�ah�¨÷~]`t`Ô�cxdlo�t » ]`aHf`_�t�f`de_ ê4_�aIcH_¹ º]`a>f`dl_FÙ�aH_�½j¸�]`t`m�bIdet`f`dl¿�_�bS¹ º]`a>fude_Ãdet f`dl_�bI_�a>�KaIyp_�dlc>Õ�_�a » _�tuf`_�cH_�t¸��i�bI_�ah��êv_�kekl_�t`k ºi�t`m�_�t
_�t�cHt`o�w�w+_�trq~Â\de_�bH_|bHdlt`f�det�ÄAi�yp_�kekl_m��q�ð ¿�]`bxi�w�w�_�t`m�_�bIcH_�kek%c�q
j Q¨§�Q j ��� µ~ª�´uËz¶\°��×«\´�UX² � µ`ª�U�Z
Â\de_So�ÛucHdebI½j¸`_��
y`bHo�aIÛucxdlo�t » ]`aIf`_�¹jº]`a í _���f`o�cHde_�ahcx_�b>�uÙ,�<Õ�o�t)ÙX]`bH_�_�c>i�k q*LÏ��AeM�¹jº]uanyz_�defu_�2de½j¸�cxÛzo�kei�aHdlbxi#cHdeo�t`_�t ]`t`f�¹�º]`a í ah��f`o�cxdl_�ahcx_�b��uÙ,�öÕ�o�t 
 i�o�L �����eMp¹jº]ua�_�dlt`_O�2dl½j¸�cHÛpo�kÁi�aId%�
bxi¤cxdeo�t�Û~i#axi�klke_�k�¿�]`anÔ�aIdebIcxi�keklo�m�aHi�Û`¸`dlbH½j¸`_�t�iÎ�¨�K½j¸ubH_�m�_�w�_�bHbI_�trq�Â\de_>¹�º]`asf`de_S�K]ub » _�aIcH]`t`mf`_�a>è¥_�bHbH_�aHm�_�y`t`dlbHbH_Fdlt�f`dl_�bH_�an�
aHyz_�dlcsaI_�ke_�Õ#i�t�cx_�t)o�ÛucxdlbH½j¸`_�t��Ky`bIo�aHÛ�cxdeo�t`bHÔ#o�_F++¿�de_�t�cH_�t
» ]`aIf`_�tg¹�º]`a í _���f`o�cHde_�ahcx_�b��uÙ,�Æ]`t`f 	�
 %���ò*n;A�tuwûf`_�a|�KaHyz_�d%c\Õ�o�t4ÙX]`bH_ _�c�i#k�q�L ��ASM
_�t�cHt`o�w�w+_�tv]`t`fvdet{f`_�a�Äni�yz_�klke_���q���¿�]`bxi�w�w�_�t`m�_�bIcH_�kek%c�q�Â\dl_��
y`bHo�aHÛucHdeo�t`bIbHÛz_�Ô�cxaI_�t

Â\o�cHde_�aH]`t`m ! � ! �L w�o�kÖóZM í _ L ½�w ª � M L ½�w ª � M
�uq���ò�ò �uq%� ��q �&�
�uqÏð�� ò�q�� ��q �
�uq;%�% ð`q�� ��q �
��q%��� Auq�� %�q �
ò�q��)( �Îò�q�� ��q �

ÄAi�yp_�kekl_q��q���ï.L\ÛucHdebH½j¸u_��
y`bHo�aHÛucHdeo�t`bIÔ�o�_�+�¿�dl_�t�cx_�t ! �\]ut`f ! � ¹�º]`a 	�
 %���ò*n;A>t`w�q2Â\de_ê4_�aIcH_|bHdetufV¾F_�¹�_�aH_�tu¿�L ��ASM�_�t�cxt`o�w�w�_�trq
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¹�º]`a í ah��f`o�cHde_�ahcx_�bS�uÙ,�£bHdlt`f+dlt+õ^]`bxi�w�w�_�t~i�aIyp_�dlc>w�dlc>Â�q�Ù�_�aIyp_�t+Õ�o�wúñ>¸�ó�bIdeÔ¤i�kldebH½j¸u_�t
·¨t`bhcxdlcH]ucXf`_�aj�
t`d%Õ�_�aIbHd%cÎºi#c�Ù�o�t`t�¹�º]`a�_�det`_��K]`b » i#¸`k^f`_�a�dltÇf`dl_�bH_�a��
aHyz_�dlcX]`t�cx_�aHbI]`½j¸�cx_�t¼�aHdlbIcji#keke_Ã¹jº]`a�_�detu_
�2de½j¸�cxÛzo�kÁi#aHdebHi#cxdlo�t�bHo » o�¸`krÛ~i�aHi�kekl_�k"¿�]uaÃÔ�aIdebhcji�klkeo�m�aHi�Û`¸`dlbH½j¸`_�tÇ½��Si�kebi�]`½j¸VÛ~i�axi#keke_�kr¿�]uaKÔ�aHdlbIcji#kekeo�m�axi�Ûu¸`debI½j¸`_�t¥i¤�¨�
½j¸`bH_�m�_�w�_�bIbH_�t » o�aHf`_�trqrÂ\dl_�ø>aIm�_�y`tudebHbI_bHdlt`f�det�f`_�a��
y`y`dlkef`]`tum���q �)f~i�aIm�_�bhcx_�keklc�q`�Kklke_\�
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Lichtpol. || c

SBN61:Cr
Lichtpol. || a

�Kyuy`deklf`]`t`m���q��uï��
y`bHo�aHÛucHdeo�t`bIbHÛz_�Ô�cxaI_�t¡_�detu_�a)�K]ub » i�¸`kFf`_�a dlt�f`de_�bH_�a �
aHyz_�dlc ]ut�cH_�a��bH]u½j¸�cH_�t í a��¨f`o#cxde_�aIcH_�t+�uÙ,�Ã��¼�aHdlbIcji#keke_S¹�º]`a�_�dlt`_m�2de½j¸�cxÛzo�kÁi#aHdebHi#cxdlo�t�Û~i#axi�klke_�k�¿�]`a�Ô�aHdlbIcxi�k%�
keo�m�axi�Ûu¸`debI½j¸`_�t�½��¨�
½j¸`bH_�í�o�yp_�aH_�b�Ù�deklf"î�]ut`f)Û~i�aHi�kekl_�k�¿�]`anÔ�aIdebhcji�klkeo�m�aHi�Û`¸`dlbH½j¸`_�t�i¤���K½j¸`bI_
í�]ut�cH_�aI_�b
Ù�deklf"î�q
w�]`w�f`_�a í ah���Ky`bIo�aHÛ�cxdeo�t*yp_�dA_�c » i�%����>t`w�qrõ^]`fu_�w bHdetuf*f`de_|ê4_�aIcH_�Õ�o�t ! ¹�º]`a
_�detu_�2de½j¸�cxÛzo�kei�aHdlbxi#cHdeo�t¥Û~i�axi#keke_�kn¿�]`a�Ô�aHdebhcji�klkeo�m�axi�Û`¸udebH½j¸u_�tgi¤���K½j¸`bI_�dltgf`_�w¯¸ude_�a�yz_�cHaxi�½j¸��
cx_�cx_�t*��Ûz_�Ô�cHaxi�klyp_�aH_�dl½j¸¥m�a�ºo�Ü�_�aÃi�klbÃf`de_\ê4_�ahcx_�¹�º]`aÃ_�dlt`_~�2de½j¸�cxÛzo�kÁi#aHdebHi#cxdlo�tÇÛ`i�axi�klke_�k^¿�]ua
Ô�aHdlbIcji#kekeo�m�axi�Ûu¸`debI½j¸`_�t�½��¨�K½j¸ubH_�q
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����� �� ��������

���
Â\de_v·¨t�cH_�t`bIdlc�ºi#cxb���]`t`f³êv_�kekl_�t`k�ºi�t`m�_�t~i�y`¸�ºi#t`m�dem�Ô�_�d%c*f`_�agñ>¸`o�cxo�ke_�d%cH¹Iºi�¸udem�Ô#_�dlc�¹�º]`a í _��
f`o�cHde_�aIcx_�b��uÙj� » ]`aIf`_v¹jº]`a�_�dlt`_�¾F_�dl¸`_gÕ�o�t³Â\o#cxde_�aH]`tum�bHÔ#o�t`¿�_�t�cxaxi¤cxdeo�t`_�t�¿ » debI½j¸`_�t
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SBN61:Cr, Lichtpol. || a, E || c0

0.11 mol%

0.17 mol%

0.22 mol%
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0.51 mol%
0.70 mol%

�Kyuy`deklf`]`t`m���qÏð`ï>·¨t�cx_�t`bHd%cÎºi#cHbxi�yu¸�ºi�t`m�dlm�Ô�_�dlc f`_�a���_�dlcI¹Iºi�¸`dem�Ô�_�d%c�¹jº]`a+�uÙj�F��¼�aIdebIcxi�kekl_Çw�dlc
]`t�cx_�aHbI½j¸`de_�f`kedl½j¸`_�t í ah��Â\o#cxde_�aH]`tum�_�t)¹�º]`a 	�
 ����ò�t`w6]ut`fÇ_�det`_m�2de½j¸�cHÛpo�kei�aHdlbxi#cHdeo�t�Û~i�ah�
i�klke_�k^¿�]`a�Ô�aHdebhcji�klkeo�m�axi�Û`¸udebH½j¸u_�t�i¤�¨�
½j¸`bH_#q"�Kt`Û~i#bHbH]ut`m�_�t�w�dlcFbI]`y`kldet`_�i�aH_�tV÷~]`t`Ô�cHdeo�t`_�t
i�t{f`de_ m�_�w+_�bHbI_�t`_�t�Â�i#cx_�tgm�_�wVºi�Ü�f`_�a 
 ke_�dl½j¸�]`t`mví �uq;��ð�îKbIdet`f{_�yz_�tu¹�i#kekeb�dltgf`de_ �Ky��
y`dlkef`]`tumÇ_�dlt`m�_�cxaxi#m�_�trqpÂ\de_�bHÛz_�¿�d>�~bI½j¸`_�t{ñ>¸`o�cHo�ke_�dlcH¹Iºi#¸`dem�Ô#_�d%cx_�t�_�aIm�_�yz_�tgbIde½j¸�i�]ub\f`_�w
ñni#axi�w�_�cH_�asÙQ �f`_�ani#t`m�_�Û`i�bHbhcx_�t�¼�]`aIÕ�_�tréÎf`dl_�Â\]`t`Ô�_�kekl_�dlcI¹Iºi�¸`dlm�Ô�_�dlcx_�t|i�]`b�f`_�anè�_�bHbI]`t`m
o�¸`tu_?�2dl½j¸�cHyp_�bIcHaxi�¸`kl]`t`m`q
�uq���ò���]ut`f���q;% 
 _ » q�ó í _*L96Ãdet�f`_�aF��½j¸`w�_�kl¿�_ í��uq��&��%�]`tuf�ò�q ��(nw+o�kÖó í _�dew ¼�aHdlbIcji#kekL ��òvMÁî�Õ�o�t¡Ù�]`bI_�_�c�i�k�qnm�_�w�_�bIbH_�t¡L ��ASMÃw�dlc�¹�o�kem�_�t`f`_�t¡¾F_�bI]`klcxi#cx_�trïSõ^]`t�ºi#½j¸`bIc�¿�_�dem�_�t
i�klke_+ñ�aIo�yz_�tv¹jº]`a�·¨t�cH_�t`bIdlc�ºi#cx_�t�o�yp_�aH¸~i#keyvÕ�o�t£������w ê ë ½�w 6 _�det`_+kedlt`_�i�aI_+�
y`¸�ºi�tum�dem#�Ô�_�dlc�f`_�a|ñ�¸uo�cxo�kl_�d%cH¹Iºi�¸`dlm�Ô�_�dlc
Õ�o�t{f`_�a|·¨t�cx_�t`bHd%cÎºi#c�q�¼�aHdebhcji�klke_�w+d%c\bH½j¸ » i�½j¸`_�t í _���¼�o�t��
¿�_�tucxaHi#cxdlo�t`_�tëí��uq��&��%�]`t`f4�uq ò�ònw+o�kMó î�¿�_�dem�_�tg_�dlt`_ i�]`bIm�_�Û`a�ºi�m�cH_	��de½j¸�cxkldet`_�i�aHd%cÎºi#c�éz¹jº]ua
¼�aHdlbIcji#keke_�w�dlcX_�detu_�a í _���¼�o�t`¿�_�t�cxaHi#cxdlo�t�m�a�ºo�Ü�_�aÃi#keb���q ò�ònw�o�kÖó6debIc�f`de_Kñ�¸uo�cxo�kl_�d%cH¹Iºi�¸`dlm#�
Ô�_�dlc�]`t~i�y`¸2ºi�t`m�dlm�Õ�o�t�f`_�a�¼�o�t`¿�_�t�cxaxi¤cxdeo�tv]`t`fvf`de_�·¨t�cx_�tubHdlc�ºi#cxbHi�y`¸�ºi#t`m�dem�Ô�_�d%c�t�ºi#¸`_�ahc
bHdl½j¸�f`_�wûkedlt`_�i�aI_�t�ì�_�aHkei�]u¹Si�t^qrÂ\_�aKønùuÛzo�t`_�t�c\ù*¿�_�dem#cK¹ º]`a\fu_�t�w�dlcK�uq ����%�w+o�kMó i�w
bH½j¸ » ºi�½j¸ubIcx_�t f`o�cxdl_�ahcx_�t�¼�aHdlbIcxi�kek#_�detu_�ê4_�klke_�t`k ºi�tum�_�t~i#y`¸ ºi�t`m�dem�Ô#_�dlc�é�_�asyz_�cHa ºi�m#c�_�c » iK�uq��¹ º]`a 	 J�������tuw�]`t`f�debIcA_�c » i��S¹ º]`a 	 c %&���>t`w�q¤÷ º]uaAi#keke_�i#t`f`_�aI_�t)ñ>aIo�yp_�t�dlbIc�ù�t~i�¸`_��¿�]Ç]`t~i�y`¸2ºi�t`m�dlm�Õ�o�t�f`_�aSêv_�kekl_�t`k�ºi�t`m�_F]`t`f » ºi�½j¸`bIc�w+d%c�ø>aI¸�ºo�¸�]`t`m)f`_�a�Â\o�cHde_�aH]`t`m�i�trqÂ\_�aS¼�aHdlbIcxi�kek`w�dlc�fu_�aSbH½j¸ » ºi�½j¸`bhcx_�t í _���¼�o�t`¿�_�t�cxaHi#cxdlo�t+¸`i#cS¿�]`f`_�wÅf`de_Fm�a�ºo�Ü�cx_FbIÛp_�¿�d>���
bH½j¸u_�ñ>¸`o�cHo�ke_�dlcH¹Iºi#¸`dem�Ô#_�d%c�q�Â\de_S��Ûz_�Ô�cxaI_�t�ºi�¸`t`_�ket�f`_�t cI_�t`dem�_�t�fu_�a��Ky`bIo�aHÛ�cxdeo�t`bHbIÛp_�Ô�cHaH_�trq
��o » o�¸`ksù*i�klbKi�]u½j¸ ��� � o#· H bHdlt`f*dew�¾�i�¸`w�_�tVf`_�a|è�_�bHbIm�_�t`i�]`dem�Ô�_�d%c�]`t~i#y`¸�ºi�t`m�dem+Õ�o�t
f`_�a,�2de½j¸�cxÛzo�kei�aHdlbxi#cHdeo�trq�Â\_�a�¼�aIdebIcxi�kek"w�dlcX�uq��&��%�w�o�kMó í _\¿�_�dem�cXdewÆì�_�aHm�kl_�de½j¸Ç¿�]�i�klke_�t
i�t`fu_�aH_�t�Â\o�cHde_�aI]`t`m�_�t+_�det`_F]`wÆÕ�dl_�a 
 a�ºo�Ü�_�tuo�aHf`t�]`tum�_�t+m�a�ºo�Ü�_�aH_�Â\]`tuÔ�_�klke_�dlcH¹Iºi#¸`dem�Ô#_�d%c�q
Â\de_Kè¥_�bHbH]ut`m f`_�a�ñ�¸uo�cxo�kl_�d%cH¹Iºi�¸`dlm�Ô�_�dlc�¹�º]`a��uÙ,��%u��ï í a » deaIf�dewÅ÷~o�klm�_�t`fu_�t+Õ�o�aHm�_�bIcH_�klklc�q
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λ = 532 nm, Lichtpol. || a

�Kyuy`deklf`]`t`mZ��q���ïuÂ\]`tuÔ�_�klke_�dlcH¹Iºi#¸`dem�Ô#_�d%cx_�t^é�bHÛz_�¿�d)�~bH½j¸u_|ñ�¸uo�cxo�kl_�d%cH¹Iºi�¸`dlm�Ô�_�dlcH_�t ]`t`f�ønù�Ûpo¤�
t`_�t�cH_�t£ù£i#]`b�f`_�aÇ�Kt`Û~i#bHbH]ut`môbH]`y`kldet`_�i�aH_�a�÷~]`t`Ô�cxdlo�t`_�t£det¢�
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¹�i�Ô�cxo�aHb�f×dltô�Ky`¸ ºi#t`m�dem�Ô�_�d%c�Õ�o�t¡f`_�a Ù�_�bhcxaHi�¸`ke]ut`m A é�fu_�w ñ>aHo�f`]`Ô�c�i�]ub�m�_�bxi#w�cx_�a
_�dltu¹�i�klke_�tuf`_�a�·¨t�cx_�t`bHd%c ºi#cX·�]`t`fÇf`_�a�õ^_�dlc�c�q��
kekl_­f^��è¥_�bIbH]`t`m�_�t » _�aHfu_�t�¹ º]`aSf`de_�¼�ke_�det`bId%�m�t~i#klÕ�_�aHbhc ºi�aIÔ�]ut`m f`]`aH½j¸um�_�¹ º]`¸uaIc�q`Â�i�b�·¨t�cx_�t`bHd%c ºi#cHbIÕ�_�aH¸ ºi#klcxtudebz}¦9Ã¿ » dlbH½j¸`_�tVñ>]`w�Û���]`t`f��dlm�t~i�klbIcxaHi�¸`k » deaIf�f`i�yp_�dubIo�m�aHo�Ü�_�det`m�_�bIcH_�kek%c�é#f~i�bHb>fude_�ì�_�aIbIc�ºi�aHÔ�]`t`m|f`_�bX��dem�t`i�kebhcxaxi#¸`kebo�¸`tu_�tu_�t`t`_�t`b » _�ahcx_�t£·¨t�cH_�t`bIdlc�ºi#cxbhÕ�_�aIke]`bhcÇfu_�b+ñ�]uw+Û`bhcxaHi�¸`keb _�aI¹�o�klm�c�qn÷Kº]`a)f`dl_�]ut�cH_�a��bH]u½j¸�cH_�t{ñ>aHo�yz_�tVdebIcKf`de_�bKm�_�m�_�yz_�t¥¹�º]`aD}¦9 B �������ué"f~i�b
_�t�cxbIÛ`aHdl½j¸�c\_�detu_�aO�2dl½j¸�cHw+o�f`]��
kÁi¤cxdeo�t�w 
 ��n���%���q~·¨tVf`dl_�bH_�w�÷"i�kek2Ôpºo�t`tu_�t��^ºi#cHcHdem�]`tum�b » _�ahcx_�Õ�o�t�f�i#]`b
fu_�a
i�t~i�k%ó�cHd%�
bH½j¸u_�te�Xºo�bH]`t`m)fu_�a�m�_�Ô�o�ÛuÛp_�klcx_�t�êv_�kekl_�t`m�kl_�dl½j¸�]ut`m�_�tÇm�_�wVºi�Ü)÷~o�aIw+_�kní��uq ò��ÎîSyz_�bhcxdlw+w�c
» _�aHfu_�trqQ��wOf`dl_Çì�_�aIbIcÎºi#aHÔ�]`t`m�bI_�dlm�_�t`bI½j¸~i#¹ÀcH_�t¢f`_�a)]`t�cx_�aHbH]u½j¸�cH_�të¼|aIdebhcji�klke_���]`i�t�cxd>���
¿�dl_�aI_�tÇ]ut`fÇw�dlcH_�det`i�t`f`_�anÕ�_�aHm�kl_�de½j¸u_�t�¿�]ÇÔpºo�t`t`_�tré » _�aHf`_�t�f`dl_�bH_K�rºi#cIcxdlm�]`t`m�b » _�aIcH_Df 6 ³ h¹�º]`a2Õ�_�aHbI½j¸`de_�f`_�t`_�Â\o�cxdl_�aH]ut`m�bH_�ke_�w+_�t�cH_�m�_�m�_�t�f`dl_SÂ\o�cxdl_�aH]ut`m�bHÔ#o�t`¿�_�t�cxaHi#cxdlo�t�i#]u¹�m�_�cHaxi¤�
m�_�trq"õ^]`a í ¸~i#axi�Ô�cx_�aHdlbHde_�aH]`tum�fu_�aFÂKó�t~i�w�deÔ�f`_�b
��½j¸uaH_�dlyp_�t`bÃÕ�o�t¥}
o�keo�m�aHi�w�w+_�t » deaIfi�t
cI_�f`_�ø>dlt`¿�_�keÔ�]`aIÕ�_OfSí A î>_�dlt`_Km�_�bIcHaH_�½jÔ�cH_�ønùuÛzo�t`_�t�cxdÁi#kl¹�]`t`Ô�cHdeo�t*í ¼\ê£ê¢��÷~]`t`Ô�cHdeo�t"îi�t`m�_�Û~i�bIbIcVí 
 k�q�í �uq;�&��îIî�q��
keb ¾F_�bI]`klcxi#cx_�_�aH¸ ºi�k%c)w+i�tôf`de_�ñAi�axi�w�_�cH_�a A 9�]`t`f }Sé�i�k%�
bHo�f`dl_�½j¸`i�axi�Ô�cH_�aHdlbIcHdebH½j¸u_Ç¼�o�t`bhcji�t�cH_ ¹ º]ua�fude_�Ù�_�bhcxaHi�¸`ke]ut`m�]`t`fvfu_�tv��cxaI_�½jÔ�_�ù�Ûpo�tu_�t��
cx_�tré�fu_�a�f`dl_V�
y » _�dl½j¸�]`t`môÕ�o�w w+o�t`o�_�ù�Ûpo�tu_�t�cxdl_�kekl_�të÷zi#kekFw+d%c } 
 ��yz_�bI½j¸`aH_�deyuc�q
ø>b�bH_�dXf`i�axi�tv_�aHdlt`t`_�aIc�ésf~i�bIb�bHdl½j¸�i�]`b�f`_�a��Ky » _�de½j¸�]`t`m�Õ�o�w­êv_�aIc���¾ º]`½jÔ�bI½j¸`kIº]`bIbH_
i�]u¹^f~i�b�¿�] 
 aH]`t`fu_�klde_�m�_�t`fu_m�si#f`]`t`m�bhcxaHi�t`bHÛzo�ahcxw�o�f`_�kek`¿�de_�¸`_�t�kÁi�bIbH_�t*í�ø�dlt��hõ^_�t�cxaH_�t��jé
õ » _�d%��õ^_�t�cxaI_�t���è¥o�f`_�klk�é�Â\aH_�d%��ìSi#ke_�tu¿�_�t��hè¥o�f`_�klk�é�b�q`¼|i�Ûrqu�uq ò�î�q�Â�i�yp_�d^dlbIc�¿�]�yp_�i�½j¸�cx_�tréf~i�bIb¥_�detØì�_�aHm�ke_�dl½j¸×¿ » debI½j¸`_�tÖÕ�_�aIbH½j¸`dl_�f`_�t`_�t�ê4_�ahcx_�t×Õ�o�t A 9�é�fude_g¿�q�ÙKq�i�]`bVè¥_�b��
bH]ut`m�_�t�w�dlc�]`t�cH_�aHbI½j¸`de_�f`kedl½j¸`_�tgÂ\o#cxde_�aH]`tum�bHÔ#o�t`¿�_�t�cxaxi¤cxdeo�t`_�t*o�f`_�aKyz_�d�Õ�_�aIbH½j¸`dl_�f`_�t`_�t
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ßhý`ý�á
ê4_�kekl_�t`k�ºi�t`m�_�t�¸`_�ahÕ�o�aIm�_�¸u_�trézt�]`aFbHdetut�Õ�o�kek^debIc�é » _�t`te}4Õ�_�aHm�kl_�dl½j¸�y`i�aH_|êv_�aIcH_�¿�_�dlm�c�q
Â\de_n�Ky`y`dlkef`]ut`m���q;%Ã¿�_�dlm�c�i�klbraH_�Û`a�ºi#bH_�t�cxi#cxd%Õ�_�bsÙ�_�debIÛ`de_�k�f`_�t�ì�_�aHkÁi#]u¹�Õ�o�t?f�dlt��Ky`¸2ºi�t`m�dlm#�
Ô�_�dlcsÕ�o�t A w+d%c�_�dlt`_�askeo�m�i�aHd%cx¸`w�debI½j¸�m�_�bhcxaH_�½jÔ�cx_�t A �h��Ô#i#kede_�aH]`tum�¹�º]`aAfude_Sw+d%cs�uql�*(nw+o�kÖóy`¿ » q^�uq����2w�o�kMó í aKf`o�cHde_�aIcx_�t��uÙj�F��¼�aIdebIcxi�kekl_�]`t`fV¹jº]ua 	�
 %���ò*n;A>t`w�qz�
t`Û~i�bIbH]`tum�_�t
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SBN61:Cr 0.17 mol%, Lichtpol. || c, = 632.8 nmλ

SBN61:Cr 0.51 mol%, Lichtpol. || c, = 632.8 nmλ
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�Kyuy`deklf`]`t`m°��q�%uï{ì�_�aIkÁi�]u¹�fSí A î³¹ º]`aÅ�uÙj�u%u��ï í aú�uq%�"(nw�o�kMó í�o�yz_�aH_�bÅÙ�deklf"î³]`t`f
�uÙ,��%u��ï í a\�uq����2w�o�kMó­í�]`t�cx_�aH_�b\Ù�deklf"îFw�dlc�klo�m�i�aIdlcx¸uw+dlbH½j¸�m�_�bhcxaH_�½jÔ�cx_�a A ����Ô¤i�kedl_�aH]ut`m`q÷
º]`a�fude_)bH½j¸ » i�½j¸`_�Â\o#cxde_�aH]`tum�kede_�¹�_�ahc�t�]`a|f`de_)�
t`Û~i�bIbH]`t`m¥w+d%c�f`_�a�¼\ê£ê¢�¨÷"]ut`Ô�cxdeo�t_�dlt`_Sm�]ucx_XÙ�_�bH½j¸`aI_�deyu]`t`m\f`_�a>è¥_�bHbIf~i#cx_�t*º]`yz_�a�¹�º]`tu¹ 
 a�ºo�Ü�_�t`o�aIf`t�]`t`m�_�trq#÷Kº]`a�f`de_SbIcxi�aHÔ#_
Â\o�cHde_�aI]`t`mF_�aIÔ�_�t`t�c>wÇi#t�f`dl_��Kt`t�ºi#¸`_�aI]`t`m�i�t�_�dlt`_�w+o�tuo�_�ùuÛzo�t`_�t�cxde_�kekl_�Ù�_�bI½j¸`aH_�dey`]`tum`q
w�dlc
_�detu_�a\ønù�Ûzo�t`_�t�cHdÁi�k%¹�]`t`Ô�cxdlo�tré"w+d%cKfu_�a���]`w+w�_�i#]`b\¿ » _�dnønùuÛzo�t`_�t�cxdÁi#kl¹�]`t`Ô�cHdeo�t`_�tbHo » dl_�w�dlc�f`_�a�¼\ê£ê¢��÷~]`tuÔ�cHdeo�t bIdet`f _�yz_�t�¹�i�keklb>det f`de_Ã�
y`y`dlkef`]`tum�_�detum�_�cHaxi�m�_�trq�ø>b�debhc_�dlt`f`_�]ucxdlm¥_�aHbHdl½j¸�cxkedl½j¸résf~i�bHb�f`de_+¼\ê£ê¢��÷~]`t`Ô�cHdeo�tg¹ º]`a�fude_ bH½j¸ » i�½j¸`_�Â\o�cxdl_�aI]`t`m�_�detu_m�]ucH_{Ù�_�bI½j¸`aH_�dey`]`tumëf`_�a¥m�_�w+_�bHbI_�t`_�t�Â�i#cH_�t º]`yp_�a�¹ º]`tu¹ 
 a ºo�Ü�_�t`o�aHf`t�]`t`m�_�tØm�_�bhcji#ch�
cx_�c�q�·¨t`bIyp_�bHo�t`fu_�aH_�_�det`_�w�o�t`o�_�ù�Ûpo�t`_�t�cxdl_�klke_FÙ�_�bH½j¸`aI_�deyu]`t`m�m�_�kedlt`m�cS¸`de_�a�o�=^_�t`bHdl½j¸�cxkedl½j¸
t`dl½j¸�c�q�÷
º]ua�f`de_XbIcxi�aHÔ#_FÂ\o�cxdl_�aH]ut`mKf~i#m�_�m�_�t bHdetuf�f`de_,�
t�cx_�aHbH½j¸ude_�fu_Ã¿ » debI½j¸`_�t�f`_�t i�t`m�_��Û~i�bIbIcH_�tg¼�]`aIÕ�_�t�t`dl½j¸�c\bHdlm�t`d)�~Ô¤i�t�c�é"f`de_�yz_�bIcH_�Ù�_�bH½j¸`aI_�dly`]`t`m�m�_�kedetum�cFw+d%c�_�detu_�a���]`w �
w�_)i�]`b�¿ » _�d>ønùuÛzo�t`_�t�cxdÁi#kl¹�]`t`Ô�cHdeo�t`_�trqrÂ\dl_��Ktut�ºi�¸`_�aH]`t`m�i�t�fude_�w�o�t`o�_�ù�Ûzo�t`_�t�cHde_�klke_Ù�_�bH½j¸`aI_�deyu]`t`m{f`_�a�è¥_�bHbIÔ�]uaIÕ�_�t¢w�dlc)ø>aI¸�ºo�¸�]`t`mgf`_�a Â\o�cxdl_�aH]ut`m*debhc)Ô�kÁi�a�_�aHbIde½j¸�cxklde½j¸rq
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Â\de_�b�ºi#]`bHbI_�aIc�bHdl½j¸�i�]`½j¸vdetvfu_�wÍ��]~i�ked%cji#cHdlÕ�_�t�ì�_�aIkÁi�]u¹�f`_�a�¼�]`aIÕ�_�trqn÷Kº]`a�f`de_ bH½j¸ » i¤�½j¸`_+Â\o�cxdl_�aI]`t`m�debhc|f`_�a���½j¸`aI_�dly�Õ�o�aHm�i�t`mV¿�]vÙX_�m�dlt`t4fu_�a�è¥_�bIbH]`tumVbH½j¸ut`_�klk�é2f`_�a�ê4_�ahc
Õ�o�t�f�_�aIaH_�de½j¸�cKbIÛ`aH]ut`m�i�ahcxdem B ��n���½�w ª � qpÂ�i#b
ø>aIaH_�dl½j¸`_�tV_�detu_�bK�rºi#cHcHdem�]ut`m�bH¿�]`bIcxi�t`f`_�b
_�ah¹�o�aHfu_�aIcÇcxaHo#cx¿�fu_�w _�det`_{è�_�bHbI]`t`m�º]`yz_�aÇ¹jº]`t�¹ 
 a�ºo�Ü�_�t`o�aHf`t�]`t`m�_�tödet A q�}�de_�a�f`_�]��cx_�c�bHdl½j¸öf`de_ º�
yz_�aHkei�m�_�aH]`t`m4Õ�o�tØñ>aHo�¿�_�bIbH_�tØw�dlc�]ut�cH_�aIbH½j¸`dl_�f`klde½j¸`_�tÖõ^_�dlcHÔ�o�t`bhcji�t�cH_�t
i�tré » i�b�yz_�dnf`_�a��
t`Û~i�bIbH]`t`m�w�dlc\fu_�a|¼\ê£ê¢��÷~]`t`Ô�cHdeo�t�¿�]{_�det`_�w@Ô�ke_�det`_�t*êv_�aIc|f`_�b
ønù�Ûpo�tu_�t�cx_�t�}VÕ�o�tÇ_�c » i��uq ò\¹�º]`¸`aIc�q�÷Kº]`aSf`de_Fbhcji�aIÔ�_
Â\o�cxdl_�aH]ut`m|_�aHÔ#_�t`t�cÃw+i�t yz_�d"m�ke_�d%�½j¸`_�aKõ^_�dlcxi�]��sºo�bI]`t`m)bI½j¸`o�t�¿�]¥Ù�_�m�dlt`t�f`_�a�è¥_�bIbH]`t`m+_�dlt�Ô�o�t�cxdlt�]`de_�aHkedl½j¸`_�bÃ�
t » i�½j¸ubH_�tÕ�o�t�f>ézfu_�a��^ºi#cHcHdem�]`tum�bH¿�]`bIcxi�t`f » dlaHf¥¹jº]ua
_�det`_�t¥ê4_�aIc
Õ�o�t A _�aHaI_�dl½j¸�c�épfu_�aK_�c » i+_�detu_
 a ºo�Ü�_�t`o�aIf`t�]`t`m�Ô�ke_�det`_�aFdebIc
dew ì�_�aHm�kl_�dl½j¸V¿�]Vf`_�a
bH½j¸ » i#½j¸`_�t4Â\o�cxdl_�aI]`t`m`q"Â\dl_�ÂKó�t~i¤�w�deÔ�f`_�b���½j¸`aH_�dey`Û`aIo�¿�_�bHbI_�b�Ô¤i�tutgi�t`t ºi�¸u_�aHtuf{fu]`aH½j¸g_�dlt`_�õ^_�d%cxÔ#o�t`bIcxi�t�cx_)yz_�bI½j¸`aHdl_�yz_�t
» _�aHfu_�trq>Â\dl_�b�bHÛ`dl_�m�_�klc�bHde½j¸vdet�f`_�w Õ�_�aIm�ke_�de½j¸`b » _�debH_�m�aHo�Ü�_�t4ê4_�ahc)f`_�b�ø�ù�Ûzo�t`_�t�cH_�tÕ�o�to} B �*n�� » dlf`_�a�qrø>det`_��K]`bIbxi�m�_)f`i�a#º]`yz_�a�érdet » _�ke½j¸`_�w¯f`_�aK]`t�cx_�aIbH½j¸`dl_�f`klde½j¸gbIcxi�aHÔ
f`o�cHde_�aIcx_�të¼�aIdebIcxi�kekl_Çf`_�a���½j¸`aH_�dey�Õ�o�aIm�i�t`m4bH½j¸`tu_�kekl_�a�i�y`k�ºi�]u¹Àc�é�debhcÇi#]`b f`de_�bH_�w 
 aH]ut`f
bH½j¸ » _�aX¿�]+cHaH_�=^_�trq�Â\_�a>ì�_�aIm�ke_�de½j¸)Õ�o�t�õ^_�dlcxÔ#o�t`bhcji�t�cx_�tré�f`de_�i�]ubS_�det`_�a��Kt`Û~i#bHbH]ut`m�w�dlcf`_�a ¼�ê£ê¢�¨÷~]`t`Ô�cxdlo�t�¹�º]`a�bhcji�aIÔ4Õ�o�t`_�dlt~i�t`f`_�a i�y » _�de½j¸`_�t`f`_¥ønùuÛzo�t`_�t�cx_�t<m�_ » o�tut`_�t
» ]`aIf`_�tré�dlbIc�t`dl½j¸�cSwVºo�m�klde½j¸ré#f~i�fude_ 
 a�ºo�Ü�_ % f~i#t`t+tude½j¸�cSw+_�¸`a�_�detuf`_�]ucHdem�f`_��~t`dl_�aIcSdlbIc�q
Â\de_K¿�] 
 aH]ut`f`_�kedl_�m�_�t`f`_�tVñ>aHo�¿�_�bIbH_�bHdlt`f�Õ�o�t�Õ�_�aIbH½j¸`dl_�f`_�t`_�aD�Ki#cH]`a�q
·¨tØf`_�a��Kyuy`deklf`]`t`md��q¨(�bHdlt`f×fude_{�rºi#cIcxdlm�]`t`m�b » _�aIcH_|f 6 ³ h Õ�o�t f6bIo » dl_gf`de_gñAi�axi�w�_��cx_�a A 9*]`tuf�}Åi�]`b*f`_�t��KtuÛ~i�bHbI]`t`m�_�t�w+d%c¥fu_�a 
 ke_�de½j¸�]`t`m�í �uq;�&��î�m�_�m�_�t³f`dl_ í a��
Â\o�cHde_�aI]`t`m�bIÔ�o�tu¿�_�t�cHaxi#cHdeo�t+í�kldet`Ô#_�b2ÙXdekef~îzbHo » dl_>m�_�m�_�t|f`de_ í _���Â\o�cHde_�aI]`t`m�bIÔ�o�tu¿�_�t�cHaxi#cHdeo�tí�aI_�½j¸�cx_�bSÙ�deklf"îsyz_�dlbHÛ`dl_�ke¸`i#¹Àcn¹jº]`a 	�
 ����ò�t`w/í  
 ��n�(SA # w�îni�]u¹�m�_�cxaHi�m�_�t^q�è¥_�bIbH]`tum�_�t
¹ º]`a 	�
 ð&A�A�tuw�í  
 �*n�(�� # w�î>bHo » dl_�¹ º]`a 	�
 %���ò*n;A�tuw í  
 ��n;��� # w�în¹ º]`¸`aI_�t���]~iÎ�
ked%cji#cHdlÕK¿�])f`_�t`bH_�keyz_�t ø>aHm�_�y`t`dlbHbH_�t)]`t`f)bIdet`f�f`i�¸`_�aAt`de½j¸�cnf~i�aHm�_�bIcH_�klklc�qÎ·¨t`bIm�_�bHi�w�c>bhcx_�keklc
w+i�tg÷~o�kem�_�t`f`_�bK¹�_�bhc�ï���o » o�¸`kn¹ º]ua�f`de_ í a���i�klb�i�]`½j¸�¹ º]`a�f`dl_ í _��¨Â\o�cxdl_�aI]`t`m�_�t�bIcx_�dem�_�t
f`dl_�ê4_�ahcx_+Õ�o�t�f 6 ³ h é A 9�]`t`fî}£yz_�dS_�dlt`_�a�ø�aI¸�ºo�¸�]`t`mVf`_�a�Â\o�cxdl_�aH]ut`m�bHÔ#o�t`¿�_�t�cxaHi#cxdlo�t
i�trq�ø>det`_
�K]`bIt~i�¸`w�_\y`dlkef`_�cS¸`de_�a�f`_�a�]`t`fuo�cxdl_�aIcH_\¼�aHdlbIcxi�kek é�f`_�aXm�a�ºo�Ü�_�aH_�êv_�aIcH_K¹�º]`a A 9�é
i�klbHo\Ô�ke_�det`_�aH_F��½j¸`aH_�dey`m�_�bH½j¸ » detuf`dem�Ô#_�d%cx_�t ¿�_�dem#c�i�kebAf`de_�f`o�cxdl_�ahcx_�t�¼|aIdebhcji�klke_�qÎ�
]`Ü�_�aIf`_�wm�dlyuc�_�b�dlwÍ÷"i�kek>f`_�a í a���Â\o�cHde_�aI]`t`m�_�t4_�det`_�t�bHÛuaH]`t`m�i�aIcHdem�_�tv�KtubIcxdl_�m¥f`_�a�ñni�aHi�w+_�cx_�a
¿ » dl½j¸`_�t{�uq���%�]`tuf4��q����2w�o�kÖó í a\w+d%c\_�det`_�wûkl_�de½j¸�cH_�tg�Kyu¹�i#keksy`deb���q�(���w�o�kÖó í a�qr·¨w
÷"i�kek�Õ�o�töf 6 ³ h ]`t`f A 9�bHdetufvf`dl_�ê4_�ahcx_+¹jº]ua�_�dlt`_��2dl½j¸�cHÛpo�kÁi�aIdebxi¤cxdeo�t�Û~i�axi#keke_�k>¿�]`a�Ô�aHd%�
bIcxi�keklo�m�aHi�Û`¸`dlbH½j¸`_�t¡½��¨�K½j¸ubH_*bhcx_�cHbÇm�a�ºo�Ü�_�aÇi�klb f`de_�cI_�t`dlm�_�t<¹�º]`a+_�det`_e�2de½j¸�cxÛzo�kei�aHdlbxi#cHdeo�t
Û~i�aHi�kekl_�kS¿�]`a Ô�aHdlbIcxi�keklo�m�axi#Û`¸`debI½j¸`_�t�i¤�¨�
½j¸`bH_#qXÂ�i#b)kede_�m�c�yz_�d,f 6 ³ h i�tôf`_�wOì�_�aI¸�ºi�klcHt`deb
f`_�a
kldet`_�i�aH_�t�_�ke_�Ô�cHaHo�o�ÛucHdebH½j¸u_�t¥¼|o�_�+�¿�de_�t�cH_�tVa�N�NK]`tuf¥a � N�é~f~i�b�_�c » i��)y`deb�% yp_�cxa�ºi�m�c�qÂ\_�a�ñni�aHi�w+_�cx_�a,}4¿�_�dlm�c�Ô#_�detu_�_�aHÔ#_�t`t�y~i#aH_|�Ky`¸2ºi�t`m�dlm�Ô�_�dlc�Õ�o�t�f`_�am�2dl½j¸�cHÛpo�kÁi�aIdebxi¤cxdeo�trq
Â\de_S��]~i�t�cxd%cji#cHdlÕ�_�t)ø>aHm�_�y`t`dlbHbI_�f`_�a�è¥_�bIbH]`tum�_�t yz_�d�Õ�_�aIbH½j¸`dl_�f`_�t`_�t ê4_�kekl_�t`k ºi�t`m�_�t » _�a��f`_�tÇdewÆ÷"o�kem�_�t`f`_�t ¹ º]`a�f`dl_�w�dlcS��q�����]`t`fÇ�uq¨(���w+o�kMó í aXf`o#cxde_�aIcH_�t+¼|aIdebhcji�klke_�bIo » dl_�¹ º]uaf`dl_�w�dlcX�uq;%�%�w�o�kMó�Õ�_�aHm�kl_�dl½j¸�y`i�aH_ í _���Â\o#cxde_�aH]`tum�]`tufÇ_�dlt`_­��dl½j¸�cxÛzo�kÁi�aIdebHi#cxdlo�t)Û~i�aHi�kekl_�k
¿�]ua�Ô�aIdebIcxi�keklo�m�aHi�Û`¸`dlbH½j¸`_�t�½��¨�
½j¸`bH_�Õ�o�aIm�_�bhcx_�keklc�q2÷
º]`a�fude_ m�_�t`i�t`t�cx_�t í ah�¨Â\o�cxdl_�aI]`t`m�_�t
» ºi�½j¸`bhc_f 6 ³ h Õ�o�t�_�c » iKò��>½�w ª � dlw�aHo�cH_�t���Ûp_�Ô�cxaxi#keyz_�aH_�de½j¸�i�]u¹`ê4_�ahcx_S¿ » dlbH½j¸`_�t)���F]`t`fð��>½�w ª � dew³y`kei�]��¨m�a�º]`t`_�t���Ûp_�Ô�cHaxi�klyp_�aH_�de½j¸�i#trq�Â\dl_>êv_�aIcx_�¹�º]`a A 9�kedl_�m�_�t�¹jº]`a 	�
 %���ò*n;A
]`t`f�����ònt`w ¿ » debI½j¸`_�t���n ònêöb�o#½�w 6 ]`tuf��2êöbµo#½�w 6 q�÷
º]`a 	�
 ð&A�A>t`w;debIc A 9Sw�dlcA_�c » i��n%�2êöb�o#½�w 6 y`debF¿�]¥_�dlt`_�a 
 a�ºo�Ü�_�t`o�aHfut�]ut`mÇÔ�ke_�det`_�a�é~f`dl_���½j¸`aH_�dey`m�_�bH½j¸ » detuf`dem�Ô#_�d%c\_�t�ch�
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�Kyuy`deklf`]`t`m¶��q�(�ï2�rºi#cHcHdem�]ut`m�b » _�ahcx_�f 6 ³ h ]`t`f{ñni#axi�w�_�cH_�a A 9|]`t`f }¡i�]`b�f`_�t4¼�]`ahÕ�_�t��
i�t`Û`i�bHbI]`t`m�_�t�detg�Kyu¸�ºi�t`m�dlm�Ô�_�dlc�Õ�o�tvf`_�a í a���Â\o�cHde_�aH]`t`m�bHÔ�o�t`¿�_�t�cHaxi#cHdeo�tëí�kldet`Ô#_�b�Ù�dlkef"î
]`t`fôf`_�a í _���Â\o#cxde_�aH]`tum�bHÔ#o�t`¿�_�t�cxaxi¤cxdeo�tØí�aH_�½j¸�cx_�b+Ù�dlkef"î�¹�º]`a 	�
 ����ò>tuw�qnÂ\de_¸�2dlt`de_�t
f`dl_�t`_�t¥f`_�aF�K]`m�_�tu¹�º]`¸`aI]`t`m`q

bHÛuaH_�½j¸u_�t`f�¸�ºo�¸`_�a�q�Â\de_Xê4_�ahcx_�Õ�o�t�}�kede_�m�_�t�¿ » debI½j¸`_�t��uq;A&�
]ut`f���q��uq�Â\dl_�bnÔ#o�w�w�c�_�det`_�aw�o�t`o�_�ù�Ûpo�t`_�t�cxdl_�klke_�t|ÙX_�bH½j¸uaH_�dly`]`t`m
f`_�a2ì�_�aHk¨ºi#]u¹�_QfSí A î^t~i�¸`_#qÎ÷Kº]`a2f`_�t�w�dlc2�uq�%�%�w+o�kÖóí _|f`o�cHde_�ahcx_�t�¼|aIdebhcji�klk » ºi�½j¸ubIcDf 6 ³ h Õ�o�t¥_�c » i ð��>½�w ª � dew aHo#cx_�t¥��Ûz_�Ô�cHaxi�klyp_�aH_�dl½j¸�i�]u¹
ê4_�aIcH_¥]uw A���½�w ª � dlw y`kÁi�]��¨m�a#º]`t`_�të��Ûz_�Ô�cxaHi�keyz_�aI_�dl½j¸¢i�trq�Â\dl_�bI_�ê4_�ahcx_�bHdetufë_�c » if`o�ÛuÛp_�klcÃbIo�m�aHo�Ü » dl_�f`de_�cI_�t`dlm�_�t+¹�º]`aÃf`de_
Õ�_�aIm�ke_�de½j¸�y~i�aI_�t í ah�¨Â\o�cxdl_�aI]`t`m�_�trq`Â\dl_
ê4_�aIcH_
Õ�o�t A 9+¹�i�klke_�tôf~i#yp_�dFÕ�o�të_�c » i�ò�êöbµo#½�w 6 i#]u¹��2êöb�o¤½�w 6 i�yré�frqÏ¸rq�f`dl_*��½j¸uaH_�dly`m�_��bH½j¸ » dlt`f`dem�Ô�_�d%c debhc)dewÍy`kei�]��¨m�a º]`t`_�t<��Ûz_�Ô�cxaHi�keyz_�aI_�de½j¸ô_�c » i�f`o�ÛuÛp_�klc)bIo{¸uo�½j¸ » dl_�dewaHo#cx_�tÇ��Ûz_�Ô�cxaHi�keyz_�aI_�dl½j¸rq�Â\de_�ê4_�ahcx_ÃÕ�o�t	}¥kede_�m�_�t)dlwúè¥d%cHcH_�k`yz_�d"�uq¨(�é�_�det)ì�_�aIm�ke_�de½j¸ f`_�a
��½j¸`aI_�dly`m�_�bI½j¸ » det`f`dlm�Ô�_�dlcH_�t�¿�]�f`_�t�w�dlc��uq�����]`t`f���q�(���w�o�kÖó í a�f`o�cHde_�ahcx_�t�¼|aIdebhcji�klke_�t
debhc�f~i#¸`_�a�tude½j¸�cÃbHdlt`t�Õ�o�klk�q�Ù�_�w�_�aIÔ�_�t`b » _�ahc
dlbIcÃfu_�a�w�dlc
��ð�ò�½�w ª � bI_�¸`aÃm�aHo�Ü�_�êv_�aIc�¹jº]ua
f`_�tV¸`o�klo�m�aHi�Û`¸`dlbH½j¸`_�t�ì�_�aHbhcÎºi�aIÔ�]ut`m�bI¹�i#Ô�cHo�a
¹jº]ua 	�
 ð&A�A>t`wÉ]`t`fV_�det`_�Â\o�cHde_�aH]`t`m w�dlc
��q%����w�o�kMó í _�q
ø>yp_�tu¹�i�klkeb�yp_�w+_�aHÔ#_�t`b » _�aIcFdebhc�é�f~i#bHb�fu_�a�w�dlcF��ò�������Û`ÛuwÅ¾�¸ ë �
yÇfuo�cxdl_�aIcH_�¼|aIdebhcji�klk~dewy`kei�]��¨m�a�º]`t`_�t¥��Ûp_�Ô�cxaxi#keyz_�aH_�de½j¸�Ô�ke_�det`_\ê4_�ahcx_�Õ�o�t A 9F¿�_�dlm�c�q`Â\de_�bI_�kedl_�m�_�t?cI_�t`i�½j¸¥_�det��
m�_�bIcx_�kek%cx_�a4�2de½j¸�cxÛzo�kei�aHdlbxi#cHdeo�t|¿ » dlbH½j¸`_�ta%_B���� ª N ]`tuf)ðmB���� ª 6 êöb�o#½�w 6 yp_�d�ê4_�ahcx_�t�Õ�o�t}{]`w/��q�(�quÂ\de_Fêv_�aIcH_\¹ º]`a�f`_�t�ì�_�aHbhc ºi�aIÔ�]ut`m�bI¹�i#Ô�cHo�aÃyz_�cxaHi�m�_�t�ò*n���½�w ª � í<�2de½j¸�cxÛzo�kJn¡»�½�î
y`¿ » qp�*n���½�w ª � íÊ�2dl½j¸�cHÛpo�kJn¡»�i�î�q
·¨t�cx_�t`bHd%cÎºi#cHbxi�y`¸2ºi�t`m�dlm�_�è¥_�bIbH]`tum�_�t4f`_�b=�Sºo�bI½j¸`Û`aHo�¿�_�bIbH_�b�m�_�bIcji¤cHcx_�tg_�detu_ Ù�_�bhcxdew�w�]`tum
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â
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f`_�aÇñ>¸`o�cHo�ke_�dlcI¹Iºi�¸`dem�Ô�_�d%c�m�_�w*ºi#Ü4f`_�t 
 ke_�de½j¸�]`t`m�_�t�í��uq;A)(�î�]`t`f�í �uq;����î�q�Â�i�axi#]`b Ô#i#t`t
m�_�w*ºi�Ügf`_�a 
 ke_�de½j¸�]`t`mëí ��q�A���î)f`i�b�ñ�aIo�fu]`Ô�c�i�]ubÇÙ�_ » _�m�kedl½j¸`Ô�_�dlc+]`t`fë¾�_�Ô�o�w�yudet~i#cHd%�o�t`bI¿�_�dlc�f`_�a
ø>ke_�Ô�cHaHo�tu_�tré # B %Y¤ é~yp_�bIcHdew�w�c » _�aHf`_�trqp}
de_�aF_�aI¹�o�kem�cFf`dl_|�Kt`Û~i#bHbH]ut`m�f`_�acx¸u_�o�aI_�cxdlbH½j¸`_�tØ÷"]ut`Ô�cxdeo�t`_�t£i#t¢f`de_�ì�_�aIk¨ºi�]u¹�_¥f`_�a�i�t¢_�dlt`_�w det¢�rºi#cIcxdem�]`t`m�m�_�bH½j¸`aIde_��
yz_�t`_�t 
 dlcHcH_�a�i�yum�_�yz_�]`m#cx_�t×·¨t�cx_�tubHdlc�ºi#c¥· ¢ dlt×�
y`¸�ºi�tum�dem�Ô#_�d%c�Õ�o�t×f`_�a¥Ù�_�bhcxaHi�¸`ke]ut`mA é�· ¢ í A î í 
 k�qSí��uq���%�îHî�qAÂ\_�a�ø>dlt��~]`bIb�¸`o�klo�m�aHi�Û`¸`dlbH½j¸`_�a���cxaH_�]`]`t`mVdebIc�w+i�bHbIdlÕ*¹jº]`a�f`dl_í _���f`o�cHde_�ahcx_�t�ñ�aIo�yz_�trq~Â\_�a�f`]`aI½j¸¥fude_���cxaH_�]`]`t`m)Õ�_�aH]uaHbxi#½j¸�cH_�ø>det�y`aI]`½j¸�det�fu_�a�cxaHi�t`b��
w�dlcHcHde_�aIcx_�t�·¨t�cx_�tubHdlc�ºi#c�f`_�b�ñ>]`w�Û���y`¿ » q�f`_�bý�Sºo�bI½j¸`bIcHaxi�¸ukeb�Ô#i#t`t{Õ�o�t{f`_�wÍø>det�y`aI]`½j¸
f`_�aÃ·¨t�cH_�t`bIdlc�ºi#c�é~f`_�aFi�kekl_�dlt�f`]`aI½j¸¥f`_�t �Xºo�bH½j¸`Û`aIo�¿�_�bHb�Õ�_�aI]`aHbHi�½j¸�c » dlaHfréut`de½j¸�cFm�_�cxaH_�t`t�c
» _�aHfu_�trq"Â�i�¸u_�a�Ô#o�t`t�cx_|¸`dl_�a�Ô#_�detu_�bHdetut�Õ�o�kekl_�Ù�_�bIcxdlw+w�]`t`m�Õ�o�t # B %�¤ i#]`bm� ºo�bH½j¸`w�_�b��
bH]ut`m�_�tVf`]`aH½j¸um�_�¹ º]`¸uaIc » _�aIf`_�t^q^Â�i�m�_�m�_�t¥dlbIc
f`_�a
ø>det��~]ubHb�¸`o�keo�m�axi�Ûu¸`debI½j¸`_�a
��cHaH_�]u]`t`myz_�d�i#keke_�tv]`t�cH_�aHbI]`½j¸�cx_�t í ah��f`o�cHde_�ahcx_�t�ñ>aHo�yz_�t�Õ�_�aHt`i�½j¸`k ºi#bHbHdlm�y~i�a�q�ø>detu_�Ù�_�bhcxaHi�¸`ke]ut`m
f`_�a ¼|aIdebhcji�klke_�t�]ua)w+d%c�f`_�wOdlt�cH_�t`bIdlÕ�_�t<ñ>]`w+ÛubIcxaHi�¸`k�klde_�¹�_�aIc�_�dlt`_�t<ø>det�y`aI]`½j¸ôdet�f`_�a
cxaHi�t`bIw+d%cHcxdl_�ahcx_�t�·¨t�cx_�t`bHd%cÎºi#cjJô��ó�q�Â�i�bn��½j¸`aI_�dlyp_�t�f`_�b�ñ�aIdewVºi�aHm�dlcHcH_�aIb » deaHf�i�kebIoKt`dl½j¸�cbHdlm�t`d)�~Ô¤i�t�c�f`]`aH½j¸+_�dlt`_�t+¸`o�keo�m�axi�Ûu¸`debI½j¸`_�tÇ��cxaI_�]`]ut�cH_�aIm�aH]`tuf�yp_�_�dlt��~]`bIbIc�q�Â�i�fu]`aH½j¸�debhc
f~i�b´�Sºo�bI½j¸`_�t+f`_�a�_�dlt`m�_�bH½j¸`aIde_�yz_�tu_�t�}�o�keo�m�axi�w�w�_�w�dlc>f`_�wúñ>]`w�Û`bIcHaxi�¸`k~wVºo�m�klde½j¸ré¤_�dlt�Sºo�bH½j¸�Õ�o�aHm�i#t`m¥w�dlcK_�dlt`_�wû¿�]`b�ºi#cx¿�kede½j¸u_�tïL9="��ÙXaxi�m�m¤�h��cHaxi�¸`ksdebhc�t`dl½j¸�c|t2ºo�cxdlm`qrÂ\_�aKì�_�a��
m�kl_�de½j¸�¿ » dlbH½j¸`_�t�_�det`_�an·¨t��¨Ù�axi#m�m#�p]`t`f)_�det`_�a_Lu=z�¨Ù�axi#m�m#�d�Sºo�bI½j¸`w�_�bHbI]`t`m\dlbIcni�kebAÙ�_�debHÛude_�k
¹�º]`a 	�
 �#��ò�t`wOf`]uaH½j¸`m�_�¹�º]`¸`ahc » o�aHfu_�trqS÷
º]`a f`dl_�bI_�ê4_�klke_�t`k¨ºi�tum�_�Ô�o�t`t�cx_�_�detôm�aIo�Ü�_�aìSi�aIdÁi#cHdeo�t`bIyp_�aH_�de½j¸v¹jº]`a)fude_�·¨t�cx_�t`bHd%cÎºi#c�f`_�b��Sºo�bH½j¸`bhcxaHi�¸`keb y`dlb B ��êWo¤½�w 6 i�y`m�_�f`_�½jÔ�c
» _�aHfu_�trq 
 _�tu_�aH_�kek » ]`aHfu_�t�¹�º]`a�f`de_+Ù�_�bhcxdlw+w�]ut`m¥Õ�o�t # B %Y¤ kedlt`_�i#aH_�÷~]`t`Ô�cxdlo�t`_�t�i�t
f`dl_�è¥_�bHbHf`i#cx_�tÖi�tum�_�Û~i#bHbIc�é�f`dl_V¿�]`bxi�w�w�_�t£w�dlc+f`_�tØè¥_�bHbIf~i#cx_�tödet¢f`dl_V�
y`y`deklf`]`t��
m�_�t5��q�A)y`dlbp��ql����_�detum�_�cHaxi�m�_�t�bHdetufrq¦�
wÉf`de_��
y » _�de½j¸�]`t`m�_�t¥Õ�o�w kedlt`_�i#aH_�t�ì�_�aH¸~i#klcx_�t
��]~i�t�cxd)�~¿�dl_�aI_�t�]`tuf�w�dlcsf`_�t�ø�aIm�_�yut`debIbH_�t�f`_�aAÔ�o�t�Õ�_�t�cxdeo�t`_�klke_�t�Ù�_�bhcxdlw+w�]ut`mKf`_�anñ>¸`o¤�
cxo�ke_�d%cH¹ ºi�¸udem�Ô#_�dlcÃÕ�_�aIm�ke_�de½j¸`_�t{¿�]*Ô ºo�t`t`_�tré » ]`aIf`_�t{i�]u½j¸�bH]`y`kldet`_�i�aH_�÷~]`t`Ô�cxdlo�t`_�t*i�t`m�_��Û~i�bIbIc�q�Â\_�a>¸`dl_�axi#]`b>aH_�bH]`k%cxde_�aH_�t`f`_Fønù�Ûpo�tu_�t�c>ù » ]`aHfu_�dlt)f`de_ÃÄAi�yz_�klke_���q¨(K_�dlt`m�_�cxaxi#m�_�trqõ^]`_�aHbIc�_�aI¹�o�klm�cx_�_�det`_|Ù�_�bIcHdew�w�]`t`m�Õ�o�t # B %�¤ ¹�º]`a
�uÙ,��%u��ï í aFi�keb�ì�_�aHm�kl_�dl½j¸�¿ » debI½j¸`_�tf`_�tvÂ\o�cHde_�aH]`t`m�bHÔ�o�t`¿�_�t�cHaxi#cHdeo�tu_�t{�uq����)w+o�kMó í a�]`t`f{�uq¨(���w+o�kÖó í a\¹�º]`a 	-
 %���ò�q;A
t`w�q��Kkekl_Ç}�o�keo�m�axi�w�w�_ » ]`aHfu_�t�w�dlc�_�dlt`_�aý��dl½j¸�cxÛzo�kÁi�aIdebHi#cxdlo�t »)½Çm�_�bH½j¸`aIde_�yp_�trq�Â\_�a
è¥o�f`]`kei#cxdlo�t`bHm�axi�f�yp_�cxaI]`m\w 
 ��n ��%�ò�é#i�kekl_Xè¥_�bIbH]`t`m�_�t » ]`aHfu_�t)yz_�d�¾
i�]uw�cx_�w+Ûz_�aHi#cx]`aÄ 
 ò���A�¼£f`]`aH½j¸um�_�¹jº]`¸uaIc�q�Â\dl_Fè¥_�bIbH_�aHm�_�y`t`debIbH_
w+d%c�f`_�tÇ¼�]`ahÕ�_�t`i�t`Û~i�bIbH]`tum�_�t�bIdet`f dlt
f`_�a
�
y`y`deklf`]`t`m���q;A�f`i�aHm�_�bIcH_�kek%c�qzõ^]`t2ºi�½j¸`bIc�¹Iºi�klklc�i�]u¹�é~f`i�bHb �7¢ t`dl½j¸�cKm�_�t~i�]¥m�_�t�]`m+yp_��bIcHdew�w�c » _�aIf`_�t�Ô¤i�t`trq�êv_�m�_�t�f`_�aÃÔ�kl_�dlt`_�t 
 a�ºo�Ü�_�t`o�aIf`t�]`t`m f`_�bFê4_�ahcx_�b�Õ�o�t �7¢ kedl_�m�cf`_�a��K½j¸`bI_�t~i#y`bH½j¸`tudlcHc
yz_�d^fu_�a 
 _�axi#f`_�t~i#t`Û~i�bIbH]`t`m bI_�¸`aÃt~i#¸`_�yp_�dÜ��]`kekp]`t`f�Ô¤i�t`t�f~i¤�
¸`_�a�yp_�drf`_�a��Kt`Û`i�bHbI]`t`m�bIÛ`aHo�¿�_�f`]ua
bhcji�aIÔ�Õ#i�aIdede_�aH_�trquÂ�qÏ¸rq��Kt`Û~i#bHbH]ut`m�_�t^é`f`_�aI_�t�ê4_�aIcH_
¹ º]`a>f`dl_Ã�K½j¸`bI_�t~i#y`bH½j¸`tudlcHcH_K¿#q ÙKq�]`wÆ_�dlt`_ 
 a ºo�Ü�_�t`o�aIf`t�]`t`m�Õ#i�aHdlde_�aI_�tré#kedl_�¹�_�aIt�Õ�_�aHm�kl_�de½j¸��
y~i�aI_*êv_�aIcH_g¹ º]ua�f`de_g��cx_�dlm�]`t`m�_�tré�f^q�¸rqÃfude_*bIÛp_�¿�d>�`bH½j¸`_�t�ñ>¸`o�cHo�ke_�dlcH¹ ºi#¸`dem�Ô#_�d%cx_�t^q�Â\_�a
ønù�Ûpo�tu_�t�c�ù�yp_�cxa ºi#m�cVí ��n;��ò~õ��*n �&��î�¹ º]ua)f`_�t<w+d%c �uq����2w�o�kMó í a f`o�cxdl_�ahcx_�t¡¼�aHdlbIcji#kek
]`t`f<í���n����Oõö��n�����îF¹jº]uaKf`_�t{w�dlcK�uq¨(���w�o�kMóÉfuo�cxdl_�aIcH_�tg¼�aHdlbIcxi�kek q"Â\de_�è¥_�bIbHÛ`]`tuÔ�cH_�¹jº]ua
yz_�defu_�Â\o�cxdl_�aI]`t`m�_�t�kedl_�m�_�tvbH_�¸`a)m�]uc�i�]u¹�_�dlt`_�a 
 _�axi�f`_�trénfude_ 
 º]`k%cxdem�Ô�_�d%c�_�det`_�b)ø>det��
õ^_�t�cHaH_�t��hè¥o�f`_�klkeb�¹�º]`a�¸�ºo�¸`_�aI_ í ah�¨Â\o�cxdl_�aH]ut`m�_�t » deaIf�yp_�bIc�ºi#cxdlm�c�qsÂ�i�b�ñ�aIo�fu]`Ô�c # B %Y¤
yz_�cxa�ºi�m�c\íh��q;A)õ|�uq%�Îî�Bl��� ª ��� ½�w 6 ì ª � ¹jº]`aXf`_�tÇw+d%c���q����2w�o�kÖó í a�fuo�cxdl_�aIcH_�t�¼�aIdebIcxi�keku]`t`f
íh��q��)õ|�uq%�Îî�Bl��� ª ��� ½�w 6 ì ª � ¹jº]ua
f`_�t*w�dlc��uq¨(���w�o�kMó í a�f`o�cHde_�aIcx_�t*¼�aHdlbIcxi�kek q~Â\de_�ê4_�aIcH_



(#ð �|ÝKÞ>ß�àAáSâV1�ä¥á�'�Þ�á�åFß �Vá�æ àAá�â�âsáöá�å�þFáQ��æ
ßhý`ý�á
	 ½bX Û è¥o�f`]`b # B %�¤ ùL t`wqM L w+o�kMórM L ��� ª ��� B�½�w 6 o¤ì�M

�uq���� ��n�A�õë��n%� ��n;��òmõë��n��&�%���ò�q;A �uq¨(�� �Sºo�bH½j¸`_�t ��n���õë��n%� ��n�����õë��n����
��½j¸`aI_�deyz_�t ��n òmõë��n%� ��n���A�õë��n���ð%&��A �Sºo�bH½j¸`_�t ��n�(mõë��n%� ��n��)(mõë��n�����uq���� ��½j¸`aI_�deyz_�t ��nl�Þõë��n%� ��n;����õë��n���ð����ò �Sºo�bH½j¸`_�t ��n òmõë��n%� ��n;A�%�õë��n�����Sºo�bH½j¸`_�t�íÊL9="��ÙXaxi�m�m�î �*n ��õë��n%� ��n;����õë��n���ð

ÄAi�yp_�kekl_9��q¨(�ï�êv_�aIcH_
¹�º]`a # B %�¤ ]`t`f�f`_�t�ønù�Ûpo�tu_�t�cx_�t�ùÇdet+�Ky`¸2ºi�t`m�dlm�Ô�_�dlcSÕ�o�t�f`_�a�Â\o#�
cxdl_�aI]`t`m�bIÔ�o�t`¿�_�t�cxaHi#cxdlo�t�]`t`f�f`_�a�êv_�kekl_�t`k�ºi�t`m�_#é�m�_�w+_�bHbI_�t�dewÉ��½j¸`aI_�dly��S]`t`fK�Sºo�bI½j¸`w+o¤�
f`]`b�q�Â\dl_�êv_�aIcx_�¹�º]`a # B %Y¤ » ]`aIf`_�t£fu]`aH½j¸ 
 _�aHi�f`_�t~i�t`Û~i#bHbH]ut`m�_�t£yz_�bhcxdlw+w�c¥í��Ky`y^q��q;A�y`debi��q%���Îî�q�õ^]`b�ºi#cx¿�kede½j¸ » ]uaHf`_�tÇ�KtuÛ~i�bHbI]`t`m�_�tÇw�dlc>bI]`y`kldet`_�i�aH_�t+÷~]`tuÔ�cHdeo�tu_�t f`]`aI½j¸��m�_�¹�º]`¸`aIc�í�o�¸`t`_S�Ky`y^q î�é¤]uw³_�det�èVi�ÜF¹�º]`a�f`dl_S�
y » _�de½j¸�]`t`m\Õ�o�t�f`_�a���dlt`_�i#aHdlc�ºi#c�¿�]�¸~i�yz_�t^q
bIcHdew�w+_�t�i�kebIo dew ¾�i�¸`w�_�t�f`_�b
è¥_�bIbI¹�_�¸uke_�aIb+º]`yz_�aI_�dltrq
Â\de_ ¿ » _�dlcx_Çè¥_�bHbH]ut`m�debhc�_�detgì�_�aIm�ke_�de½j¸{¿ » debI½j¸`_�t # B %Y¤ i#]`b�_�det`_�a���½j¸`aH_�dey��K]`t`f4_�d%�
t`_�a
�Sºo�bH½j¸`w�_�bIbH]`tum�¹jº]uaKf`_�t�w+d%cK��q����2w�o�kÖó í aKf`o�cHde_�aIcx_�t�¼�aHdlbIcji#kek�yp_�d@%���A�t`w�qp}�de_�a
Ô�o�t`t�cx_K_�det`_F_�c » i�bS¸�ºo�¸u_�aH_­�Sºo�bH½j¸udet�cx_�t`bHd%cÎºi#cSm�_�m�_�tnº]uyp_�aQ%���ò�q�A�tuwÆ_�aIaH_�dl½j¸�c » _�aIf`_�t�yz_�d_�dlt`_�aFt�]`aFm�_�aHdetum�¹�º]`m�dlm�_�t º�
t`f`_�aI]`t`m+f`_�aF¸`o�klo�m�aHi�Û`¸`dlbH½j¸`_�t 
 dlcIcx_�aIÔ�o�tubIcji#t�cH_+í ��n;��% # w
m�_�m�_�tnº]uyp_�a\��n;��� # w�î�qzÂ\dl_�ø>aIm�_�y`tudebHbI_�bHdl_�¸�c
wÇi�t¥det�f`_�a
�Ky`yudekefu]`t`m���q���q^��o » o�¸`ksf`dl_�KtuÛ~i�bHbI]`t`mÇi�t¥fude_�è¥_�bIb » _�ahcx_�épf`de_|i#]`b
fu_�w ��½j¸`aI_�dly`Û`aHo�¿�_�bIbKm�_ » o�t`t`_�t » ]`aHfu_�trépi�kebi�]`½j¸�fude_\�
t`Û~i�bIbH]`t`m�i�tÇf`de_\è¥_�bIb » _�aIcH_�é"f`dl_\i�]`b�f`_�w¤�Xºo�bH½j¸`Û`aIo�¿�_�bHbFm�_ » o�tut`_�t » ]`a��f`_�tréuklde_�¹�_�aHt�êv_�aIcx_
¹�º]`a�f`_�t�ønùuÛzo�t`_�t�cx_�t�ùpéuf`dl_KdlwÅ¾
i�¸uw+_�t�f`_�b�÷"_�¸`ke_�aHb\�Kyp_�cxaxi#m�_�trq
Â�qÏ¸{bIo » o�¸uk>f`]`aH½j¸{f`_�tv��½j¸`aH_�dey��
i�klb|i�]`½j¸gf`]`aI½j¸4fu_�t|�Xºo�bH½j¸`Û`aIo�¿�_�bHb » deaIf4i#]`½j¸g¸`de_�af`dl_ 
 º]`k%cxdem�Ô�_�d%cFf`_�b
ø>det���õ^_�t�cxaI_�t���è¥o�f`_�klkebFyp_�bIc�ºi#cxdlm�c�q"Â\dl_\êv_�aIcx_�Õ�o�t # B %Y¤ yz_�cHaxi�m�_�t
íh��q ò�õ|�uq%�Îî�Bl��� ª ��� ½�w 6 ì ª � ¹ º]`aFf`_�t*��½j¸`aI_�deyuÛ`aHo�¿�_�bIb\]`t`f�íh��q¨(�õ|�uql��î�Be��� ª ��� ½�w 6 ì ª � ¹ º]ua
f`_�t � ºo�bH½j¸`Û`aIo�¿�_�bHb�q�Â\_�a\i#]`b\f`_�w � ºo�bI½j¸`Û`aHo�¿�_�bIb|yp_�bIcxdlw+w�cx_�ê4_�ahc�debhc\i#kebHoÇ]`wû_�det`_�t
÷"i�Ô�cxo�aS��qÏð\m�a ºo�Ü�_�aAi�klbAf`_�a¡cI_�t`dem�_#é#fu_�a>i�]ubnf`_�wÆ��½j¸uaH_�dly`Û`aIo�¿�_�bHb>m�_ » o�tut`_�t » ]`aIf`_�q¤ì�_�a��m�kl_�de½j¸�c>w+i�t�fu_�t)¹�º]`a 	�
 %&��A
t`wÆi�]ub>f`_�w��Xºo�bH½j¸`Û`aIo�¿�_�bHbSyp_�bIcHdew�w�cx_�t�êv_�aIc�w�dlcAf`_�w
ê4_�aIc�épfu_�aK¹jº]`a 	g
 %���ò�q;A+t`wûi�]`b
f`_�w��Sºo�bH½j¸`ÛuaHo�¿�_�bHb�yz_�bhcxdlw+w�c » ]`aIf`_�í��
y`y`dlkef`]`tum��q;A�î�éubHo�bIcxdlw+w�_�t�yz_�dlf`_�êv_�aIcH_�dlw ¾�i�¸`w�_�t�f`_�bKè�_�bHbh¹�_�¸`kl_�aIb�º]`yz_�aI_�det^q
ø>yp_�tu¹�i�klkeb�_�det�ì�_�aIm�ke_�de½j¸V¿ » debI½j¸`_�t4��½j¸`aI_�dly��Ã]`tuf��Sºo�bH½j¸`w�_�bIbH]`tum�Ô#o�t`t�cx_�¹�º]`a9�#��ò+t`w
í  
 �uq¨(�A # wÇî�f`]`aH½j¸um�_�¹ º]`¸uaIc » _�aIf`_�t^qrÂ\de_|ø>aIm�_�y`tudebHbI_�bIdet`f¥det�f`_�a��Ky`yudekefu]`t`m���ql���f~i�aIm�_�bhcx_�keklc�qÎÂ\_�a2ê4_�aIcAf`_�bnønù�Ûpo�t`_�t�cx_�t�ù�yp_�cxa ºi�m�c�¹ º]`asf`de_�bH_�êv_�keke_�t`k ºi#t`m�_�í ��q�����õ��uq���ð�î
¹ º]`asf`_�t)��½j¸`aH_�dey`ÛuaHo�¿�_�bHbn]`t`f�í��uq;A�%)õ|�uq ����î2¹ º]uasfu_�t�� ºo�bI½j¸`Û`aHo�¿�_�bIb�q�·¨w�÷"i�klk�f`_�b���½j¸`aI_�dey��
Û`aIo�¿�_�bHbH_�b�m�_�kedetum�c>dewÆ¾
i�¸uw+_�t+f`_�b�÷~_�¸`ke_�aHb » de_�bH½j¸`o�tÇdew6aHo�cH_�t���Ûp_�Ô�cHaxi�klyp_�aH_�de½j¸�_�detu_m�]ucH_�kedlt`_�i#aH_�ÙX_�bH½j¸uaH_�dly`]`t`m�f`_�a|è¥_�bHbHf`i#cx_�tré » i#b�f`de_ 
 º]`k%cxdem�Ô�_�d%c�_�detu_�b�ø>det��hõ^_�t�cHaH_�t��è¥o�f`_�klkeb�i#yp_�aHw+i�keb\yz_�bhcÎºi#cHdem�c�q.�2_�f`dlm�kedl½j¸�f`_�a�ê4_�ahc�¹jº]ua�f`_�t|�Sºo�bH½j¸`ÛuaHo�¿�_�bHb » _�de½j¸�c�dewì�_�aIm�ke_�de½j¸*¿�]{i�kekl_�t*i#t`f`_�aI_�t4è¥_�bHbH]ut`m�_�t4ke_�de½j¸�c�i�y^qrÂ\de_�b » ]`aIf`_)f`]`aI½j¸{_�det`_ » _�dlcx_�aH_#édew Lu=z�¨Ù�axi#m�m#�hè�o�f`]ub�f`]`aI½j¸`m�_�¹�º]`¸`aIcH_�è¥_�bIbH]`tumØº]`yz_�aIÛ`a#º]�¹Àc�é�f`dl_�dewÍ�
t`bH½j¸`kl]`bHb t`o�½j¸
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= 632.8 nm ( = 0.93 m), Lichtpol. || c, m = 0.062, T = 298 Kλ Λ µ
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SBN61:Cr 0.51 mol%

SBN61:Cr 0.70 mol%
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�Kyuy`deklf`]`t`mq��q�Auïu}
o�klo�m�aHi�Û`¸`dlbH½j¸�yz_�bhcxdew�w�cH_\ñ>¸`o�cHo�ke_�dlcH¹ ºi#¸`dem�Ô#_�d%c�dlt��Ky`¸ ºi�t`m�dlm�Ô�_�dlc�Õ�o�t
f`_�a{·¨t�cH_�t`bIdlcÎºi¤cvyz_�dlw �Sºo�bH½j¸u_�t ¹jº]ua 	�
 %���ò*n;A>t`w�é\ì�_�aIm�ke_�de½j¸�¿ » dlbH½j¸`_�tÅ�uÙ,��%u��ï í a
�uq����2w�o�kMóú]`t`fV�uÙ,��%u��ï í a
��q�(���w�o�kÖó�q
f~i�aIm�_�bhcx_�keklc » deaHf^q2Â\de_�ê4_�ahcx_)¹�º]`a # B %Y¤ yp_�cxaxi#m�_�t¡íh��ql�"õ|�uq%�Îî�Bl��� ª ��� ½�w 6 ì ª � ¹jº]`a�fu_�t
��½j¸`aI_�dly`Û`aHo�¿�_�bIb�]`t`f;í���q òtõ��uq%�Îî·Be��� ª ��� ½�w 6 ì ª � ¹jº]uaÇf`_�tb�Xºo�bH½j¸`Û`aIo�¿�_�bHb�qFÙ�_�dlf`_¥ê4_�a��
cx_�bhcxdlw+w�_�t¢dlw ¾�i�¸`w�_�t£fu_�b�è¥_�bHbI¹�_�¸`ke_�aHbôº]`yz_�aH_�detrq�Â\_�aÇ¹jº]ua 	�
 ����ò�t`w ¹�º]`a�fu_�t
��½j¸`aI_�dly`Û`aHo�¿�_�bIbXm�_�w�_�bHbI_�t`_Fê4_�aIc�Õ�o�t # B %�¤ bhcxdew�w�c>w�dlcnf`_�t ê4_�aIcH_�t�dew aHo�cH_�tÇ��Ûp_�Ô��
cxaHi�keyz_�aI_�dl½j¸¢º]`yz_�aH_�detrq �2_�f`dlm�kedl½j¸Vf`_�aKêv_�aIc\¹jº]ua\f`_�t �Sºo�bI½j¸`Û`aIo�¿�_�bHb�debIc
¹�º]`a 	�
 ����ò�t`w
_�c » i+]uw _�dlt`_�t�÷"i�Ô�cxo�a���q���Ô�ke_�det`_�a�q
êöde_gyz_�aI_�dlcHb�_�a » ºi#¸`t�c�é » ]`aHf`_{f`dl_{·¨t���Ù�aHi�m�m#���Xºo�bH½j¸`w�_�bIbH]`t`m<¹�º]`a�����ò�t`w fu]`aH½j¸×_�d%�
t`_KLu="��Ù�aHi�m�m#���Sºo�bH½j¸`w�_�bIbH]`tum¢º]`yz_�aHÛua�º]u¹Àc�q�Â�i�b�ø�aIm�_�yut`deb�dlbIc�detvfu_�a��
y`y`deklf`]`t`m®��ql���
f~i�aIm�_�bhcx_�keklc�q~Â\de_=�2dlt`_�i�aIdlc�ºi#cÃf`_�aD�2_�d%cH¹Iºi�¸udem�Ô#_�dlc�y`¿�m�k q~f`_�aF·¨t�cx_�t`bHd%cÎºi#c
f`_�bD�Sºo�bI½j¸`bIcHaxi�¸`klb
Ô�o�t`t�cx_�¸`dl_�a|dew 
 _�m�_�t`bHi#cx¿+¿�]�fu_�t�i�tuf`_�aI_�tôè¥_�bHbI]`t`m�_�t³º]`yp_�a�_�det`_�t�m�aIo�Ü�_�t{·¨t�cx_�t��
bHd%cÎºi#cHbHyz_�aI_�de½j¸�y`dlbÃ_�c » i �>ê¡o#½�w 6 º]`yz_�aIÛ`a#º]�¹Àc » _�aHf`_�trqzÂ\de_\�
t`Û~i�bIbH]`t`m�w�dlc�_�det`_�aÃbH]`y��kedlt`_�i#aH_�t{÷~]`t`Ô�cHdeo�tg_�aIm�dey�c|_�detu_�t�êv_�aIc�f`_�b�ønù�Ûpo�t`_�t�cx_�tvÕ�o�t¢í���n����
õ×��n���ð�î�érbHo�f~i�bIb
¸`dl_�a|dew 
 _�m�_�t`bHi#cx¿+¿�]vfu_�a?� ºo�bH½j¸`w�_�bIbH]`t`mVdew¯·¨t��¨Ù�axi#m�m#�hè�o�f`]ub�fude_ 
 º]`k%cxdlm�Ô�_�dlc�f`_�b
ø>det���õ^_�t�cxaI_�t���è¥o�f`_�klkeb�Ô�kÁi�a�yz_�bhcÎºi#cHdem�c » dlaHfrqFÂ\_�a�êv_�aIc�¹�º]`a # B %Y¤ f`i�m�_�m�_�tØdebIc�w�dlc
í �*n ��õë��n%�Îî@B���� ª ��� ½�w 6 ì ª � ]`w�_�dlt`_�t*÷zi#Ô�cHo�aKò�q�� m�a�ºo�Ü�_�a
i�keb�f`_�a�ê4_�ahc�ézf`_�aKi�]`bKfu_�t
è¥_�bHbH]ut`m�_�tVdew/·¨t���Ù�aHi�m�m#��è¥o�fu]`b�í��
y`y`deklf`]`t`ma��ql����î�yp_�bIcxdlw+w�c » ]`aHfu_�q
õ^]`bHi�w+w�_�t�¹�i�bHbI_�t`f�Ô¤i�t`t�wÇi#t�¹�_�bIcHbIcH_�kekl_�tréuf~i�bHbÃ¹jº]`aFf`dl_|�uÙ,��%u���¨¼|aIdebhcji�klke_�w+d%cFÂ\o�cxdl_��
aH]ut`m�bHÔ#o�t`¿�_�t�cxaHi#cxdlo�t`_�t�Õ�o�t¥��q�����]ut`f��uq�(#��w+o�kMó í a�é`fude_\f`dl_\m�a�ºo�Ü�cx_�t�ì�_�aIbIcÎºi#aHÔ�]`t`m�b��
_�dlm�_�tubH½j¸~i#¹ÀcH_�tØÕ�o�tÖi�kekl_�tö]`t�cx_�aHbH]u½j¸�cH_�t í a��¨f`o�cHde_�aIcx_�tÖ¼�aIdebIcxi�kekl_�t£¿�_�dem#cx_�t^éÃ_�det×ø>det��
õ^_�t�cHaH_�t��hè¥o�f`_�klk�¹jº]`anf`_�t���i�f`]ut`m�bIcHaxi�tubHÛzo�aIcSi�tum�_�t`o�w+w�_�t » _�aIf`_�t�Ô¤i�t`trq�÷Kº]`a�bI½j¸ » ºi¤�
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SBN61:Cr 0.51 mol%
= 658 nm ( = 0.96 m), Lichtpol. || c, m = 0.062, T = 298 Kλ                    Λ µ
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�Kyuy`deklf`]`t`mq��q��uïu}
o�klo�m�aHi�Û`¸`dlbH½j¸�yz_�bhcxdew�w�cH_\ñ>¸`o�cHo�ke_�dlcH¹Iºi#¸`dem�Ô#_�d%c�dlt��Ky`¸2ºi�t`m�dlm�Ô�_�dlc�Õ�o�t
f`_�aÃ·¨t�cH_�t`bIdlc�ºi#c�¹�º]`a 	�
 %���A�t`w�é�ì�_�aHm�kl_�de½j¸�¿ » debI½j¸`_�t¥��½j¸`aI_�dly��S]`t`fK�Sºo�bI½j¸`Û`aHo�¿�_�bIb�¹jº]ua
�uÙ,��%u��ï í a��uq�����w�o�kÖó�q
½j¸`_�aH_�Â\o�cHde_�aH]`t`m�_�t{kede_�m�c�_�dlt�è¥_�¸`ah��õ^_�t�cxaI_�t�o�f`_�a�è¥_�¸uah��ìSi#ke_�tu¿�_�t�è¥o�fu_�kek�o�f`_�a�_�dlt
}
o�Û`Û`detum#�¨Äsaxi�tubHÛzo�aIcÃÕ�o�a�q

/�0·/ S��®­V��>W ��������

��¸YXa¯ W Z Xa¯ W [ 
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�$��
 W ����>W ��
 �
j Q j QIR ¹ °sWhWh°sZ�W�Ì¬�Z\[X°sZ\¬�«�¶�Ì¬�Z\[Xªh[i~X°sª�µ×®�°s²xº�ª�µ�µ`°�²~®9»
Z\¬�¼Éª�~
·¨tvfu_�a��Ky`y`dlkef`]ut`mf��ql�Îò�debhc�f`de_�bHÛz_�¿�d>�~bI½j¸`_�ñ>¸`o�cHo�ke_�dlcH¹Iºi#¸`dem�Ô#_�d%c�yp_�debIÛ`de_�ke¸~i#¹Àc�¹jº]ua�fu_�t
w�dlc��uq ò�ònw�o�kMó í a�fuo�cxdl_�aIcH_�t4¼�aHdebhcji�klkn]`tufv_�dlt`_��2de½j¸�cxÛzo�kÁi#aHdebHi#cxdlo�t�Û~i�aHi�kekl_�kA¿�]`a�Ô�aHd%�
bIcxi�keklo�m�aHi�Û`¸`dlbH½j¸`_�tôi¤�¨�
½j¸`bH_�f~i�aIm�_�bhcx_�keklc�q�Â\dl_�è¥_�bIbH]`tumv_�ah¹�o�kem#cx_�¸`dl_�a�t`i�½j¸¡fu_�a Ô�o�t��
Õ�_�t�cxdeo�t`_�klke_�t*è¥_�cH¸`o�f`_�épi�kebIo{º]uyp_�a
f~i#b
L\¸`w�bH½j¸`_ 
 _�bH_�cH¿�yz_�d�_�dlt`_�a
Ù�_�ke_�]u½j¸�cH]`t`m�w�dlc
]`t�cx_�aHbI½j¸`de_�f`kedl½j¸`_�t �2dl½j¸�cHdet�cx_�t`bHd%cÎºi#cH_�tÖí��
y`yrq���qÏð�î�q�Â\dl_�dlt�cx_�tubHdlc�ºi#cxbHi�y`¸�ºi#t`m�dem�_�t¡è¥_�b��
bH]ut`m�_�t » ]uaHf`_�yz_�d|Õ�_�aHbH½j¸ude_�fu_�t`_�t;ê4_�klke_�tuk¨ºi�t`m�_�tÖ¿ » debI½j¸`_�t�ðz���<]`t`fò(�%���t`w ]`t`f
det¢��½j¸`aIdlcHcH_�t<Õ�o�t³����tuw f`]`aH½j¸um�_�¹jº]`¸uaIc�q�èVi�t¢yz_�i#½j¸�cH_�éXf~i�bHb+f`de_�ì�_�aIk¨ºi�]�¹�_ � í�·hî)¹jº]uaf`dl_�]ut�cH_�aIbH]`½j¸�cx_ Â\o#cxde_�aH]`tum�t�]`a�w�dlcF_�dlt`_�aFbI]`y`kedlt`_�i#aH_�tV÷~]`t`Ô�cxdlo�tVi#t`m�_�Û`i�bHbhc » _�aIf`_�tÔ�o�t`t�cx_�t^ï � ð · H w�dlc�ù 
 ��n�A�%�JÖ��q�Â\de_�ê4_�klke_�tuk¨ºi�t`m�_�t~i�yu¸�ºi�t`m�dlm�Ô�_�dlcnf`_�aSbHÛz_�¿�d>�~bI½j¸`_�t
ñ>¸`o�cHo�ke_�dlcH¹Iºi#¸`dem�Ô#_�d%cS¹�o�kem�cXÔ�kÁi�aXf`_�w ì�_�aHkei�]u¹2fu_�aÃo�ÛucHdebI½j¸`_�t��
y`bHo�aIÛucxdlo�t�¹�º]`aXf`de_\]ut�cH_�a��
bH]u½j¸�cH_|Â\o�cxdl_�aI]`t`m`q�·¨t`bIyp_�bHo�t`fu_�aH_|bIÛ`de_�m�_�k%c�bIde_\f~i#bÃèVi¤ù�dlw�]`wÅf`_�a í ah�¨�
y`bHo�aHÛucHdeo�t�yz_�d	 B %&���>t`w » def`_�a�q÷
º]`a
f`_�t�w�dlcK�uq����2w�o�kMó í a\fuo�cxdl_�aIcH_�t�¼�aIdebIcxi�kek » ]`aIf`_�tg¸`o�keo�m�aHi�Û`¸`dlbH½j¸`_�è¥_�bIbH]`tum�_�tdew ��½j¸`aH_�dey���]ut`f¸�Sºo�bH½j¸uw+o�f`]`b�yz_�dpf`_�t+êv_�keke_�t`k¨ºi#t`m�_�t+ð&A�Aué�����ò�é*%���ò�q;AuéC%&��Aué*%�A&�|]`t`f
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SBN61:Cr 0.51 mol%
= 532 nm ( = 0.78 m), Lichtpol. || c, m = 0.062, T = 298 Kλ                    Λ µ
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Schreiben

Löschen
( )/(4 ) = (7 3).10 + (1.8 0.1).10 .Iε ε πτ33 0
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( )/(4 ) = (10 3).10 + (1.9 0.1).10 .Iε ε πτ33 0
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�Kyuy`deklf`]`t`mu��q%���uï¤}
o�klo�m�aHi�Û`¸`dlbH½j¸�yp_�bIcxdlw+w�cx_Sñ>¸`o�cxo�ke_�d%cH¹Iºi�¸udem�Ô#_�dlcrdet��
y`¸�ºi�tum�dem�Ô#_�d%csÕ�o�t
f`_�aÃ·¨t�cH_�t`bIdlc�ºi#c�¹�º]`a 	�
 �#��ò�t`w�é�ì�_�aHm�kl_�de½j¸�¿ » debI½j¸`_�t¥��½j¸`aI_�dly��S]`t`fK�Sºo�bI½j¸`Û`aHo�¿�_�bIb�¹jº]ua
�uÙ,��%u��ï í a��uq�����w�o�kÖó�q
(�A&�ntuw;fu]`aH½j¸`m�_�¹ º]`¸`ahc�q�÷ º]`a�f`dl_�bH_�Â\o�cxdl_�aI]`t`m�bIÔ�o�t`¿�_�t�cxaHi#cxdlo�t)Ô�o�t`t�cx_Ãf`dl_�ÂKó�t~i�w�deÔ�f`_�b
�K]�¹�y~i�]`b
]`t`fgõ^_�aI¹�i�klkebF¸`o�klo�m�axi#Û`¸`debI½j¸`_�a 
 dlcHcH_�aFw�o�t`o�_�ù�Ûpo�t`_�t�cxdl_�klksyz_�bI½j¸`aHdl_�yz_�t » _�a��f`_�trq�Â\de_�bH_ÃÙX_�f`dlt`m�]`t`m�dlbIc>fude_�ì�o�aIaxi�]ubHbH_�cx¿�]`t`m�¹ º]`a>_�dlt`_�¸`o�keo�m�aHi�Û`¸`dlbH½j¸`_�è¥_�bIbH]`tum�f`_�a
ñ>¸`o�cHo�ke_�dlcH¹Iºi#¸`dem�Ô#_�d%c�í�¼|i�Ûrqp�uq���î�qz�K]`b\fu_�a\�
t`Û~i�bIbH]`t`m�_�det`_�a\ønù�Ûpo�tu_�t�cxdei�kl¹�]`tuÔ�cHdeo�t*i�t
f`dl_\è¥_�bHbIf~i#cx_�t�aH_�bH]`k%cxde_�aIcH_�tÇfude_�½j¸~i�axi#Ô�cH_�aIdebIcHdebI½j¸`_�t�¼�o�tubIcji#t�cH_�t A 9�¹jº]uaXf`dl_KÙX_�bIcHaxi�¸��
ke]ut`m`é�i#]`b)f`_�tu_�tôm�_�wVºi�Ü�f`_�a 
 kl_�dl½j¸�]ut`m<í �uq;�u�Îî|f`de_�ê4_�klke_�t`k¨ºi�tum�_�t~i#y`¸�ºi�t`m�dem�Ô#_�dlc�f`_�a
bHÛz_�¿�d>�~bI½j¸`_�t�ñ�¸uo�cxo�kl_�d%cH¹Iºi�¸`dlm�Ô�_�dlcKyp_�bIcxdlw+w�c » ]`aHf`_#qAèVi�t{_�aH¸2ºi�klc�¹jº]`a|_�det`_ yz_�bIcHdew�w�cx_ê4_�kekl_�t`k�ºi�t`m�_|dlt`bHm�_�bxi�w�c
Õ�de_�a�ê4_�ahcx_�¹�º]`a A 9�é"¿ » _�dA¹�º]`a�f~i�b\��½j¸`aH_�deyz_�t*fu_�a\}�o�keo�m�axi�w)�w�_+w�dlc�_�dlt`_�a?�2de½j¸�cxÛzo�kÁi#aHdebHi#cxdlo�tgbHo » o�¸`k�Û`i�axi�klke_�kS¿�]`a�Ô�aIdebIcxi�keklo�m�aHi�Û`¸`dlbH½j¸`_�t4½��¨�K½j¸ubH_i�klb�i�]`½j¸gÛ~i�aHi�kekl_�ks¿�]`a�Ô�aIdebIcxi�keklo�m�aHi�Û`¸`dlbH½j¸`_�t�i¤�¨�
½j¸`bH_)]ut`fg_�t�cxbIÛ`aH_�½j¸`_�t`fv¿ » _�d�ê4_�aIcH_¹�º]`aFf~i�b­�Sºo�bH½j¸u_�t*f`_�a�}
o�klo�m�axi#w+w�_�q��
w f`dl_|�Ky » _�de½j¸�]`t`m�Õ�o�wGw�o�t`o�_�ù�Ûpo�t`_�t�cxdl_�klke_�t
÷"i�kek�¿�]���]~i�t�cHd>�~¿�de_�aI_�tré » ]`aIf`_�t i#t�f`dl_�è�_�bHbIf~i#cH_�t i�]`½j¸�m�_�bhcxaH_�½jÔ�cx_Ãønù�Ûpo�t`_�t�cxdei�kl¹�]ut`Ô��cxdlo�t`_�tÇi�tum�_�Û~i#bHbIc\í 
 k�q~í �uq;�&��î�y`¿ » qrí��uq���%�îHî�q�è¥dlcIcx_�k » _�aIcH_
fu_�bXø�ù�Ûzo�t`_�t�cH_�t¸}�é�f`_�a�i�]ub
f`_�t*�Kt`Û`i�bHbI]`t`m�_�t{aI_�bI]`klcHde_�ahc�é~yz_�cHaxi�m�_�t��uq;��ò�yu¿ » qn��q ��ò�¹ º]`a
f`_�tg��½j¸`aH_�dey`Û`aIo�¿�_�bHb�w�dlc_�dlt`_�aÞ�2de½j¸�cxÛzo�kei�aHdlbxi#cHdeo�t)Û~i#axi�klke_�ku¿�]`aSÔ�aHdebhcji�klkeo�m�axi�Û`¸udebH½j¸u_�t�½��Ay`¿ » q�i¤���K½j¸`bI_K]`t`f��uq����y`¿ » qn�uq;��ò�¹ º]`a�f`_�tï� ºo�bH½j¸`Û`aIo�¿�_�bHb�w�dlc�yz_�dlf`_�t|�2de½j¸�cxÛzo�kÁi#aHdebHi#cxdlo�t`_�trq2Â\de_)tude_�fuaHdem�bIcx_�t
ê4_�aIcH_
]ut`fÇf~i#w+d%c>f`de_Fm�a�ºo�Ü�cH_�t��Ky » _�de½j¸�]`t`m�_�t�Õ�o�wúw+o�tuo�_�ùuÛzo�t`_�t�cxde_�kekl_�t ÷"i�kekuyp_�cxaH]��
m�_�to} 
 ��n;A)(�í���½j¸uaH_�dlyp_�t4yz_�d 	�
 %&��A>t`w�é.�2dl½j¸�cHÛpo�k�qj»�½�î\]`tuf|} 
 ��n;Au��íÊ�Sºo�bI½j¸`_�t
yz_�d 	�
 ð�A�A>t`w�é_�2de½j¸�cxÛzo�ký»Çi�î�q>Â\de_Çê4_�ahcx_�¹�º]`a)f`dl_�bHÛz_�¿�d>�~bI½j¸`_Vñ>¸`o#cxo�kl_�dlcI¹Iºi�¸`dlm�Ô�_�dlc
bHdlt`f{det{f`_�a��Ky`yudekefu]`t`m5��ql����f`i�aHm�_�bIcH_�kek%c�qrêödl_�yz_�aI_�d%cxb�dew¯÷"i�klk�f`_�a�Ô#o�t�Õ�_�t�cHdeo�t`_�kekl_�t
è¥_�bHbH]ut`m4¹jº]`a�f`_�t<w+d%c)�uq ò�ònw�o�kMó í a)f`o#cxde_�aIcH_�t<¼�aHdebhcji�klkXyz_�o�y~i�½j¸�cx_�c�é>bHÛude_�m�_�ket<i�klke_



(�A �|ÝKÞ>ß�àAáSâV1�ä¥á�'�Þ�á�åFß �Vá�æ àAá�â�âsáöá�å�þFáQ��æ
ßhý`ý�á

0 1 2 3 4

0.0

0.5

1.0

1.5

2.0

SBN61:Cr 0.51 mol%
= 532 nm ( = 0.78 m), Lichtpol. || c, m = 0.062, T = 298 Kλ                    Λ µ
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Löschen (off-Bragg), Lichtpol. || a

( )/(4 ) = (1.1 0.9).10 + (5.5 0.1).10 .Iε ε πτ33 0
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�Kyuy`deklf`]`t`mu��q%����ï¤}
o�klo�m�aHi�Û`¸`dlbH½j¸�yp_�bIcxdlw+w�cx_Sñ>¸`o�cxo�ke_�d%cH¹ ºi�¸udem�Ô#_�dlcrdet��
y`¸ ºi�tum�dem�Ô#_�d%csÕ�o�t
f`_�a
� ºo�bH½j¸`dlt�cx_�tubHdlc ºi#c\¹ º]`a 	^
 ����ò�t`w ¹ º]ua��uÙ,��%u��ï í a��uq�����w�o�kMó�q"·¨w 
 _�m�_�t`bHi#cx¿�¿�]
f`_�a+dlt<fu_�a��Ky`y`dlkef`]ut`m���ql���{f~i#aHm�_�bIcx_�kek%cx_�t¡è¥_�bHbI]`t`m » ]`aIf`_¥¸ude_�a f`_�a��Xºo�bH½j¸`Û`aIo�¿�_�bHb
o�="��Ù�aHi�m�m)]`tuf¥w�dlcÃ_�det`_�aÃo�aHfu_�t�cxklde½j¸`_�t��2de½j¸�cHÛpo�kei�aHdlbxi#cHdeo�tÇf`]`aH½j¸um�_�¹jº]`¸uaIc�q
Õ�de_�aSì�_�aHk ºi#]u¹�_F��]`i�ked%cji#cHdlÕ�fu_�tÇì�_�aHkÁi#]u¹rf`_�aXo�ÛucxdlbH½j¸`_�t��Ky`bIo�aHÛ�cxdeo�t » defu_�aKí ¼|i�ÛrqC��q ò�q���î�qÂ\de_*ê4_�ahcx_�¹�º]`a�_�dlt`_o�2de½j¸�cxÛzo�kÁi#aHdebHi#cxdlo�t¢Û~i#axi�klke_�k
¿�]`a�Ô�aHdlbIcji#kekeo�m�axi�Ûu¸`debI½j¸`_�töi¤���K½j¸`bI_
bHdlt`fgm�a�ºo�Ü�_�a�i#keb�f`dl_dcI_�tudem�_�t*¹�º]`a�_�dlt`_��2de½j¸�cxÛzo�kÁi#aHdebHi#cxdlo�tVÛ`i�axi�klke_�kA¿�]`a|Ô�aIdebhcji�klkeo�m�aHi�Û`¸`dÚ�
bH½j¸u_�t�½����K½j¸`bI_�qn}
de_�a�bIÛ`de_�m�_�k%c�bIde½j¸�fude_+Ù�_�¿�de_�¸�]`tum ! � c ! � » def`_�a�qAõ^]`f`_�wÍbHdetufvf`dl_
ê4_�aIcH_¥¹jº]`a+f`de_V��½j¸`aI_�dly`w+_�bHbI]`t`m�_�t£bIcx_�cxb�Ô�kl_�detu_�a+i�keb�f`de_�cI_�t`dlm�_�t<¹�º]`a�f`de_e�Sºo�bH½j¸`w�_�b��
bH]ut`m�_�t^qn÷
º]ua 	�
 ����ò�t`w¯_�aH¸�ºi�k%c�wÇi�tëí ;@; 9�o`í�ðS½ A 9�îHî 
 í ��� � o#·hî 
 %�n ò9B���� ª ��� ½�w�oÎì 6dew�÷"i�klk2_�dlt`_�a­�Sºo�bH½j¸`w�_�bIbH]`tum�w�dlc�_�det`_�aD�2de½j¸�cHÛpo�kei�aHdlbxi#cHdeo�t�Û`i�axi�klke_�k2¿�]`a
Ô�aIdebhcji�klkeo�m�aHi¤�
Û`¸`dlbH½j¸`_�tgi¤�¨�
½j¸`bH_#q2Â\_�aKønùuÛzo�t`_�t�c
}<i�]`bKfu_�a\�
t`Û~i�bIbH]`t`m�w�dlc
f`_�a\¼\ê£ê ÷"]ut`Ô�cxdeo�t
yz_�cxaI]`m��uq;��ò�qÎ�
]`b�f`_�anÔ�o�t�Õ�_�t�cxdlo�t`_�keke_�t è¥_�bHbH]ut`m|aH_�bI]`klcHde_�aIcx_�¹�º]`aAf`de_�bH_�klyp_Sêv_�kekl_�t`k�ºi�t`m�_
]`t`fï�2de½j¸�cxÛzo�kÁi#aHdebHi#cxdlo�t�_�dlt4ê4_�ahc�Õ�o�t£í ��� � o#· H î 
 ò*n��tB���� ª � 9 í ¬ ª � ½�w ª � îUo`íÀêö½�w ª 6 î H
w�dlcÃù 
 ��n;A&�*í��Ky`y^q!��q���î�qp�
y`m�_�bI_�¸`_�tgf~i�Õ�o�tré^f~i�bHbKf`de_�·¨t�cH_�t`bIdlc�ºi#cxbHi�y`¸�ºi�tum�dem�Ô#_�d%c\f`_�a�2_�d%cH¹ ºi�¸`dlm�Ô�_�dlcFdlw ÷"i�kek^f`_�a�Ô�o�t�Õ�_�t�cxdlo�t`_�klke_�t�è¥_�bHbH]ut`m�¹ º]`aFf`_�t¥w+d%c��uq����2w+o�kMó í a�f`o#�
cxdl_�ahcx_�t�¼|aIdebhcji�klkSbI]`y`kldet`_�i�a�Õ�_�aHk ºi�]u¹Àc�éA]`t�cH_�aHbI½j¸`_�dlf`_�t<bHdl½j¸�f`de_�êv_�aIcH_�_�c » i�]`wü_�det`_�t
÷"i�Ô�cxo�aÃðuq

j Q j Q¨§ ¹ °sWhWh°sZ�W�Ì¬�Z\[X°sZ\¬�«�¶�Ì¬�Z\[Xªh[i~X°sª�µ¥®�°s´¶¾�Ì¬nµ�µ`ª�[�Y�Z\[S´*¿v°s²uµu°�´�À�UXZÁ
è¥_�bHbH]ut`m�_�t�f`_�b�ì�_�aHbhcÎºi�aIÔ�]`t`m�bh¹�i�Ô�cxo�aIb­fgdetÇ�Ky`¸�ºi#t`m�dem�Ô�_�d%c�Õ�o�t�f`_�a�ê4_�klke_�t`k¨ºi�tum�_
Ôpºo�t��
t`_�t+f`]uaH½j¸�f`de_Ãdlt ¼�i#Û`dlcH_�k~�uq¨(\f~i�aIm�_�bhcx_�klklcH_�ÄÃ¸`_�o�aHde_Ãyz_�bI½j¸`aHdl_�yz_�t » _�aHf`_�trq�Â�i�yp_�d » ]`a��
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�Kyuy`deklf`]`t`m¡��q%�Îò�ï���Ûz_�¿�d>�~bI½j¸`_¢ñ>¸`o�cHo�ke_�dlcI¹Iºi�¸`dem�Ô�_�d%c�det;�Kyu¸�ºi�t`m�dlm�Ô�_�dlcgÕ�o�tÆf`_�agê4_�k%�
ke_�t`k¨ºi#t`m�_�¹jº]ua\f`_�tgw�dlcK�uq ò�ònw+o�kMó í a\f`o�cHde_�aIcx_�tg¼�aHdebhcji�klk�]`t`fg_�dlt`_��2de½j¸�cxÛzo�kei�aHdlbxi#cHdeo�t
Û~i�aHi�kekl_�kp¿�]`aFÔ�aHdlbIcji#kekeo�m�axi�Ûu¸`debI½j¸`_�t�i¤���K½j¸`bI_�q

f`_\fu_�aFÙ�aHi�m�m#��êödet`Ô#_�k"¹�º]`aÃi�klke_Kè¥_�bIbH]`t`m�_�tVyz_�dzÕ�_�aHbH½j¸ude_�fu_�t`_�t¥ê4_�kekl_�t`k�ºi�t`m�_�t�i�]u¹�fu_�t
ê4_�aIct´ 
 ò��Qô
¹�_�bhcxm�_�ke_�m#c�qrÂ\dl_ º�
t`f`_�aI]`t`m�f`_�aKêv_�kekl_�t`k�ºi�t`m�_�_�t�cxbIÛ`aHdl½j¸�c|f`i�¸`_�a » _�m�_�tf`_�a�Ù�aHi�m�m#�¨Ù�_�f`dlt`m�]`tumV_�dlt`_�a º�Kt`fu_�aH]ut`m�f`_�a�ñA_�aHdeo�f`_+f`_�b�¸uo�keo�m�axi�Û`¸udebH½j¸u_�t 
 dlcIcx_�aIb�é
yz_ » deaIÔ�c�i�klbHo�f~i�bIbH_�klyp_ » de_�_�dlt`_ º�Kt`fu_�aH]ut`m�f`_�b�Ù�aHi�m�m#��êödet`Ô#_�keb>yz_�d"_�det`_�aS¹�_�bIcx_�tÇê4_�k%�ke_�t`k¨ºi#t`m�_�í�¼|i�Ûrqr��q�Aué!��q;%�î�q^Â\_�a=�
t�cH_�aHbI½j¸`de_�f4yz_�bhcx_�¸�c�i#keke_�det¥f~i�aHdltré^f`i�bHb�w�dlcKf`_�a\ìSi¤�
aHdei#cxdlo�tÇfu_�bFÙ�aHi�m�m#��êödet`Ô#_�kebX_�dlt�f`_�]ucHkedl½j¸�m�a�ºo�Ü�_�aH_�a�ìSi�aIdÁi#cHdeo�t`bIyp_�aH_�de½j¸Çfu_�a 
 dlcHcH_�aIÔ�o�t��
bIcxi�t�cx_�t�i�y`m�_�f`_�½jÔ�c » deaIfvi�klb|w+d%c|f`_�a�ìSi�aIdÁi#cHdeo�t�f`_�a�ê4_�klke_�t`k¨ºi�tum�_�q2ø>dlt`_�a º�Ktuf`_�aI]`t`mf`_�b+_�ù�cH_�aIt`_�töÙ�aHi�m�m#��êödet`Ô#_�klb)¿ » debI½j¸`_�t¢� ô ]`t`f¡ðz� ô yz_�d 	�
 %���ò*n;A>t`wO_�t�cHbHÛ`aIde½j¸�c
¿�q�ÙKqS_�dlt`_ º�
t`f`_�aI]`t`m�f`_�a 
 dlcIcx_�aIÔ�o�tubIcji#t�cH_�t£¿ » debH½j¸u_�tx%�n�� # w ]`t`f£��nÏðz� # w�qXø>det`_�aº�Ktuf`_�aI]`t`mVfu_�a|êv_�keke_�t`k¨ºi#t`m�_�¿ » debH½j¸u_�t�ð&A�A�t`w­]`t`fï(�A&�nt`w­yz_�d�´ 
 ò#�´ô�_�t�cHbHÛ`aIde½j¸�c
t�]`aF_�dlt`_ º�Kt`f`_�aH]`tum+f`_�a 
 d%cHcx_�aHÔ#o�t`bIcxi�t�cx_�t¥¿ » debH½j¸u_�t���n¨(�� # w ]`t`f{��n%�e� # w�q
Â\de_
êv_�keke_�t`k¨ºi#t`m�_�t`i�y`¸�ºi�tum�dem�Ô#_�d%c�f`_�bKÙ�aI_�½j¸�]`t`m�bHdetuf`_�ù-L ����òeMXí�¼|i�Ûrq³��q ò�qÏð�î » ]`aIf`_|¸`de_�ayz_�a#º]u½jÔ�bIde½j¸�cxdlm�c�é�f`de_�ê4_�klke_�t`k¨ºi�tum�_�t~i#y`¸�ºi�t`m�dem�Ô#_�dlcsÕ�o�t�a �M��]`tuf	�m�M�)i�]�¹�m�aH]`tuf�fu_�bSèVi�t��
m�_�keb|i�tgÕ�_�aHk ºi#bHbHklde½j¸`_�tvÂ�i¤cx_�tgf~i#m�_�m�_�t4tude½j¸�c�q�Â\dl_��Ky`yudekefu]`t`m���q%��ð�¿�_�dlm�c|f`dl_)m�_�w�_�b��
bH_�t`_�tôÂ�i¤cx_�tg¹ º]`a�_�dlt`_ �2dl½j¸�cHÛpo�kÁi�aIdebxi¤cxdeo�t�Û~i�axi#keke_�k�¿�]ua�Ô�aHdlbIcji#kekeo�m�axi�Ûu¸`debI½j¸`_�tg½��Ky`¿ » qi¤���K½j¸`bI_
_�det`bI½j¸`kedl_�Ü�klde½j¸ f`_�aS�KtuÛ~i�bHbI]`t`m�_�tÇÕ�o�t 
 ke_�dl½j¸�]`t`m+í �uq;�)(�î>i�t�f`dl_Kè�_�bHbIÛ`]`t`Ô�cH_�q
�K]uÜ�_�aIf`_�w » ]`aHf`_Vf~i�bÇì�_�aH¸�ºi�k%cxt`dlb*í�t N� o`í�t N� B�½�o�bÎí ò�´Y�%îIîHî@B�í<f.�Uotf � î det¢fude_V�
y`y`dlkef`]`tum_�dlt`m�_�cxaxi#m�_�trq�Â\dl_�bH_�a¥�
]`bHfuaH]`½jÔØ_�t�cxbIÛ`aHdl½j¸�c�t~i�½j¸×f`_�t 
 ke_�de½j¸�]`t`m�_�túí��uq¨(�%�î�é�í��uq�(t(�î�é
í ��q�(�A�î�é"í��uq�(S��î�é"í��uq%������îA]ut`f*í��uq%���u�Îînm�_�axi�fu_�fu_�w6ì�_�aH¸�ºi�k%cxt`dlb>a@N�N·o¤a � N 
 m�N�N·o#m � N�é » o�yp_�d¹�º]`a�_�dlt`_�t4bIó�w+w�_�cHaHdlbH½j¸`_�t�ø>detu¹�i�klk>]`t�cx_�aZ´ 
 ò��Qô�det{_�detu_�a�Äsaxi#t`bHw�debIbHdeo�t`bHm�_�o�w�_�cxaIde_
a h ¾ 7�M� B a�N�N�é~a h ¾ ³�M� 
 a � N�]`t`f¥t��M� B t��Ãm�_�bH_�cx¿�c » ]uaHf`_#q
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SBN61:Cr 0.51 mol%

Löschmessung, Lichtpol. || a
Löschmessung, Lichtpol. || c
Schreibmessung, Lichtpol. || a
Schreibmessung, Lichtpol. || c

�Kyuy`deklf`]`t`m¡��q%���uï���Ûz_�¿�d>�~bI½j¸`_¢ñ>¸`o�cHo�ke_�dlcI¹ ºi�¸`dem�Ô�_�d%c�det;�Kyu¸ ºi�t`m�dlm�Ô�_�dlcgÕ�o�tÆf`_�agê4_�k%�
ke_�t`k ºi#t`m�_>¹ º]`asf`_�t�w�dlcs��q����2w�o�kÖó í anfuo�cxdl_�aIcH_�t�¼|aIdebhcji�klk�q�Â\dl_�f~i�aHm�_�bIcH_�klklcx_�t)è¥_�bHbIÛ`]`t`Ô��
cx_F¿�_�dem�_�t f`de_�ê4_�ahcx_#é�fude_Fi�]`b�f`_�t+¸uo�keo�m�axi�Û`¸udebH½j¸)m�_�w�_�bHbI_�t`_�t�¼�o�t`bhcji�t�cx_�t A 9�¹�º]`a>f`dl_
Ù�_�bIcxaHi�¸`kl]`t`m�¹�º]`a�f`_�tv��½j¸`aH_�dey��
]`t`fo�Sºo�bI½j¸`Û`aHo�¿�_�bIb�w�dlcK_�detu_�a=�2de½j¸�cxÛzo�kei�aHdlbxi#cHdeo�t¥Û~i�ah�
i�klke_�kp¿�]`aFÔ�aHdlbIcxi�keklo�m�axi#Û`¸`debI½j¸`_�t�½��S]`t`f¥i¤�¨�
½j¸`bH_�yz_�bIcHdew�w�c » ]`aIf`_�t^q

Ù�_�d�f`_�tØ�Kt`Û`i�bHbI]`t`m�_�tÖf`_�a�cH¸`_�o�aH_�cHdebI½j¸`_�tÖ÷"]ut`Ô�cxdeo�t×i#tØfude_{è¥_�bHbHf`i#cx_�tÖcxaHi#c�f~i�b��
bH_�keyz_gñ>aHo�y`kl_�w i�]u¹�é » dl_�_�b�detÂL ðz�eM\yp_�bH½j¸`aIde_�yz_�t » deaIfré�f`_�a�ñni�aHi�w+_�cx_�a�Ù�¸`i#c�_�dlt
t`_�m�i#cxd%Õ�_�b
ì�o�aI¿�_�dl½j¸`_�t^q"êödl_�dlt-L ðz�vM�fu]`aH½j¸*_�det`_��KyubH½j¸ ºi#cH¿�]`tum�yp_�m�a º]`tuf`_�c�é » dlaHf¥i�]`½j¸¸`dl_�aÃÙ¢m�kl_�dl½j¸K�
]`klk^m�_�bH_�cH¿�c » ºi�¸`aI_�t`f�f`_�aF÷ndlcHÛ`aHo�¿�_�fu]`a�q��Kkeb�ø�aIm�_�yut`debÃ_�aH¸ ºi�k%cÃw+i�t�f`dl_ê4_�aIcH_�a@N�N 
 í�����òmõ¢ò�îuÛ`w�o¤ìG]ut`fôa � N 
 íh�F%*n��mõ¢��n ò�îuÛ`w�o¤ì�énf`dl_Ç]`wü_�detu_�tô÷"i�Ô�cxo�a
ò�q��+y`¿ » qrò�q ò Ô�kl_�dlt`_�aFbHdlt`f*i#keb�f`de_|êv_�aIcH_�¹jº]`a�]`t`fuo�cxdl_�aIcH_�¼�aIdebIcxi�kekl_�yp_�d 	�
 ����ð7n���t`w]`t`f{Ä 
 ò��Qô í í�a@N�N 
 í ò��&�mõ¢ò��ÎîuÛuw�o¤ìÅ]ut`f4a � N 
 í�ð®(mõ(��îuÛuw�o¤ì�îÃL ð��SM�q^�K]`½j¸4dew
aHo#cx_�tÖ��Ûz_�Ô�cxaHi�keyz_�aI_�dl½j¸×yz_�d_%���ò�q�A�tuw ]`t`fØÄ 
 ò��4ô í í�a�N�N 
 í�ò��)(zõ¢��îuÛ`w�oÎìÍ]`t`f
a � N 
 í��)(zõÖ�ÎîuÛ`w�o¤ì|îrL ð�ðSM�épbHdetuf{fude_�¸ude_�aKyp_�bIcxdlw+w�cx_�t*ê4_�ahcx_)]`w _�dlt`_�t{÷"i�Ô�cxo�a�ò�q��
y`¿ » q^ò�q ò�Ô�ke_�det`_�a�q

/�0'R S��®­ ��>W ��������

��¸YXa¯ W Z Xa¯�£ �¤\ � ���>¥¦� � W ��

�g§
õ^]`t�ºi#½j¸`bIc » ]uaHf`_�t{è¥_�bIbH]`t`m�_�tg¹�º]`aKf`_�t�bIó�w�w+_�cxaHdlbH½j¸`_�t�ø>detu¹�i#kek�f`_�a\��½j¸`aI_�deyubIcxaHi�¸`kl_�tdet�Äsaxi#t`bHw�debIbHdeo�t`bHm�_�o�w�_�cxaIde_+]`t`f�¹�º]`a�_�det`_K�2de½j¸�cHÛpo�kei�aHdlbxi#cHdeo�t{Û~i�aHi�kekl_�kS¿�]`a)Ô�aIdebIcxi�keklo#�
m�aHi�Û`¸`dlbH½j¸`_�t*½���]`t`fVi¤�¨�
½j¸`bH_�fu]`aH½j¸`m�_�¹�º]`¸`ahc�qpÂ\de_�Ù�_�bIcxdlw+w�]`t`m Õ�o�t*a�N�N�éza � NK]ut`f����M�
_�ah¹�o�kem#cx_�f~i#yp_�d�º]`yz_�a�f`dl_�ÄÃ¸`_�o�aHde_#é�f`dl_gLÚ�b%vMÃy`¿ » qpL ð&�eMÃ_�t�cHt`o�w�w+_�tô]`t`fôdewü¼|i�Û`dlcH_�k
�uq;AVÔ�]`aH¿Ç_�aHk�ºi�]ucH_�aIc » ]`aHfu_�q>Â\_�w+_�t�cHbHÛ`aI_�½j¸`_�t`f<_�aH¸2ºi�klc�wÇi#t�i�tô��cH_�klke_+Õ�o�t�a@N�N)_�det`_�t
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SBN61:Cr 0.51 mol%

λ [nm]
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-1

Λ µ[ m]

�Kyuy`deklf`]`t`mg��ql��ðuïAê4_�kekl_�t`k�ºi�t`m�_�t~i�y`¸2ºi�t`m�dlm�Ô�_�dlc|Õ�o�t f£¹�º]`a �uÙj�u%u��ï í a)�uq����2w�o�kMó¯w�dlc
_�dlt`_�am�2dl½j¸�cHÛpo�kÁi�aIdebxi¤cxdeo�t�Û~i�aHi�kekl_�k^¿�]`aFÔ�aHdebhcji�klkeo�m�axi�Û`¸udebH½j¸u_�t�½��Syu¿ » qzi¤�¨�
½j¸`bH_#q
_�=p_�Ô�cHdlÕ�_�t*_�kl_�Ô�cxaIo�o�ÛucxdlbH½j¸`_�t*¼�o�_F+�¿�de_�t�cx_�t¥a��M��f`_�a
m�_�wVºi�Ü 
 kl_�de½j¸�]`tum*í��uq�(S%�î��Kt�cx_�deke_
yz_�defu_�a,�2dl½j¸�cHÛpo�kÁi�aIdebxi¤cxdeo�t`_�t _�t�cH¸ ºi�klc�q�êv_�m�_�t�f`_�a�m�_ » ºi�¸`k%cx_�t�Ù�axi�m�m#��êödlt`Ô�_�kz¿ » debI½j¸`_�t��J�´ JOðz� ô í ��J�´Y��J �FA ô é�Æ c  c ��nÏðz� # w�î)Ô¤i�t`töf`de_¥êödet`Ô#_�kÁi#y`¸ ºi�t`m�dem#�
Ô�_�dlc�fu_�b|Ù�aI_�½j¸ » _�aIcH_�b|Õ�_�aIt~i�½j¸`k ºi�bHbIdem�c » _�aHf`_�trq�Â\_�b » _�m�_�tg]`t`f » _�m�_�tgf`_�a\ÄAi#cHbxi�½j¸`_#éf~i�bIb�a � N�_�c » i�]`w _�dlt`_�tØ÷"i�Ô�cxo�a�%vÔ�ke_�det`_�a�debhc�i�klbÇa@N�N�Ô¤i�t`t£w+i�t¢dlt¢m�]ucH_�a¸��ºi�¸`_��
aH]ut`m�i#t`t`_�¸uw+_�tré�f~i�bHbXa��M� B a�N�N�q�Â\_�aS¼�o�_F++¿�de_�t�cSa � N�Ô¤i�t`t+f`deaI_�Ô�cSyp_�bIcxdlw+w�c » _�aHf`_�trq÷
º]`a>���M��_�aH¸�ºi#klc�w+i�t�¿ » _�d�ê4_�aIcH_�é«cI_Çt~i�½j¸`f`_�w¥é » _�ke½j¸`_ �2de½j¸�cHÛpo�kei�aHdlbxi#cHdeo�tgm�_ » ºi�¸`k%c
» ]`aIf`_�q
�Kkekl_4è¥_�bIbH]`t`m�_�t » ]`aHfu_�t³w�dlc�_�dlt`_�w ·¨t�cx_�t`bHd%cÎºi#cHbIÕ�_�aH¸2ºi�klcHt`deb*fu_�aV_�detu¹�i#keke_�t��
f`_�tv��½j¸`aH_�dey`bhcxaxi#¸`ke_�tgÕ�o�t }¦9 B �)f`]`aH½j¸um�_�¹jº]`¸uaIc�q�}�de_�aI¹�º]`a
kede_�m�c\¿ » i#a�f`de_�m�a�ºo�Ü�cH_��Ky��bH½j¸ » ºi�½j¸�]`tum�fu_�bÃñ>]`w�Û`bIcHaxi�¸ukeb�Õ�o�a�é`è¥_�bHbI]`t`m�_�t�w�dlc�_�det`_�wúì�_�aH¸2ºi�klcHt`deb>Õ�o�t�}¦9 B �����
¿�_�dem�cH_�t¸cI_�f`o�½j¸résf~i�bHb�_�dlt`_�ì�_�aHaIdet`m�_�aH]`tumVf`_�a�ñ>]`w�Û`bIcHaxi�¸`kei�y`bI½j¸ » ºi#½j¸�]ut`mgÔ�_�dlt`_�tvbHd%�m�t`d)�~Ô¤i�t�cx_�t¡ø>dlt��~]`bIb i�]u¹�f`_�të�rºi#cIcxdlm�]`t`m�b » _�aIc�Õ�o�tgfØ¸~i¤c�q��
keke_�è¥_�bIbH]`tum�_�t¡_�aI¹�o�kem#�
cx_�tgyp_�d 	�
 %���ò*n�A>t`w ]`t`fgyz_�d>¾�i�]`w�cx_�w�Ûz_�axi¤cx]`a\ò#ð´ô í q2ø>b » ]`aHfu_�_�det`_�¾�_�de¸`_ í _��
f`o�cHde_�aIcx_�a�¼�aHdlbIcxi�kekl_�w+d%cÇf`_�t¢bIcxi�aHÔ#_�tØÂ\o�cHde_�aI]`t`m�bIÔ�o�tu¿�_�t�cHaxi#cHdeo�t`_�t£�uqÏð��uéX�uq;%�%ué���ql���
]`t`f{ò�q �)(nw�o�kÖó/bHo » de_�_�det*w�dlcK�uq��&���nw�o�kMó í a�é^_�det*w�dlcK�uq;%���w+o�kMó/ÄÃwa6âLON�]`t`f�_�dlt
w�dlcX�uq�����ð®(nw�o�kMó í o�6FLON�f`o�cHde_�ahcx_�a�¼�aHdlbIcji#kek"]`t�cx_�aHbH]u½j¸�c�q~Â\de_\è¥_�bIbH_�aHm�_�y`t`debIbH_|bHdlt`f�dlt
f`_�t��Kyuy`deklf`]`t`m�_�tZ��ql�e�Ã]`t`fZ��q%�F%�f`i�aHm�_�bIcH_�kek%c�é�dlt�fu_�aso�yp_�aH_�t�Ù�dlkef`¸ ºi#kl¹Àcx_A¹ º]`aA_�det`_´�2de½j¸�ch�
Ûzo�kÁi�aIdebHi#cxdlo�t�Û~i#axi�klke_�k�¿�]`a�Ô�aHdlbIcxi�keklo�m�axi#Û`¸`debI½j¸`_�t)½��jé�dlt f`_�a�]`t�cx_�aH_�t�Ù�dlkef`¸�ºi#kl¹Àcx_XÛ~i�aHi�kekl_�k
¿�]ua)Ô�aIdebhcji�klkeo�m�aHi�Û`¸`dlbH½j¸`_�t�i¤���K½j¸`bI_�q ø�b)dlbIc)¿�]ôyp_�w+_�aHÔ�_�tré>f~i�bIb�fØdlwO¾�i�¸`w�_�tôf`_�a
¿�]um�aH]`tuf`_�klde_�m�_�t`f`_�t�ÄÃ¸`_�o�aHde_�m�_�m�_�t�f`_�t�fuo�Û`Ûz_�klcH_�t�_�ù�cH_�aIt`_�t{Ù�aHi�m�m#��êödet`Ô#_�knò�´�i�]u¹Á�
m�_�cxaxi#m�_�t » dlaHfrq#÷
º]`asf`_�t)w+d%c�ò�q �)(nw�o�kÖó í _�f`o�cHde_�aIcx_�t�¼�aHdlbIcxi�kek » ]`aIf`_�t)_�det`dlm�_Sñ�]ut`Ô�cx_t~i�½j¸um�_�w�_�bIbH_�t^é^t~i�½j¸uf`_�w f`de_ýL\yp_�aN�sºi#½j¸`_�f`_�b�¼�aHdlbIcji#kekebÃt`i�½j¸`Ûzo�kedl_�aIc�é"i�kebIo+��]~i#kedlcxi#cxd%Õ
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ßhý`ý�á
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�Kyuy`deklf`]`t`mu��q%�e��ï�êödetuÔ�_�kei�y`¸�ºi#t`m�dem�Ô�_�d%c�f`_�bA¸`o�klo�m�axi#Û`¸`debI½j¸`_�t|ì�_�aIbIc�ºi�aHÔ�]`t`m�bI¹�i�Ô�cxo�aHbA¹jº]ua
_�dlt`_
¾�_�de¸`_Fw�dlc í _�f`o�cxdl_�ahcx_�aS¼�aHdlbIcxi�kekl_�¹ º]`a 	�
 %���òCn�A>t`w ]`t`f�_�det`_��2de½j¸�cxÛzo�kei�aHdlbxi#cHdeo�t
Û~i�aHi�kekl_�k`¿�]`a�Ô�aHdebhcji�klkeo�m�axi�Û`¸udebH½j¸u_�t ½����K½j¸`bI_)í�o�yp_�aH_�bXÙ�dlkef"îAyu¿ » q�Û~i�axi#keke_�ku¿�]`aXÔ�aIdebIcxi�keklo#�m�aHi�Û`¸`dlbH½j¸`_�tVi¤���K½j¸`bI_+í�]`t�cx_�aH_�bKÙ�dlkef"î�quÂ\dl_
�2det`dl_�t�_�t�cHbHÛ`aI_�½j¸`_�t*�KtuÛ~i�bHbI]`t`m�_�tVm�_�w*ºi#Ü
 ke_�dl½j¸�]`t`m¥í �uq%������î�q
Õ�_�aHyz_�bIbH_�ahc » ]uaHf`_#q�Â\de_�ø>aIm�_�y`tudebHbI_�i�]`b>f`_�t+¼�]`ahÕ�_�t~i�t`Û~i#bHbH]ut`m�_�t+bHdlt`f)det)f`_�a>Äni#yp_�keke_��q;A�i�]�¹�m�_�kldebIcH_�c�q�÷
º]`a�f`dl_ í _��¨f`o#cxde_�aIcH_�t�¼�aHdlbIcxi�kekl_�_�aH¸�ºi#klcXwÇi�t�¹�o�kem�_�t`f`_
¾F_�bH]uklcji¤cx_�ï�Â\de_
_�kl_�Ô�cxaIo�o�ÛucxdlbH½j¸`_�t4¼�o�_�+�¿�dl_�t�cx_�tga � N|]`t`f�a�N�N » i�½j¸`bI_�t4yp_�def`_�w�dlcKø>aH¸�ºo�¸�]ut`m¥fu_�a�Â\o#�cxdl_�aI]`t`m�bIÔ�o�t`¿�_�t�cxaHi#cxdlo�t�i�trquÂ\de_�êv_�aIcx_\¹jº]ua,���M� » i#½j¸`bH_�tVy`dlb�¿�]�_�det`_�a�¼�o�t`¿�_�t�cxaHi#cxdlo�tÕ�o�t���ql����w+o�kÖó×¿�]ut�ºi�½j¸`bhcSi�tréÎ¹�º]`aAfu_�t)w�dlcnò�q��)(nw+o�kMó í _�i#w;bhcÎºi�aIÔ�bIcx_�t f`o�cxdl_�ahcx_�t�¼|aId%�
bIcxi�kek2_�aI¹�o�klm�cF_�dltVø>dlt�yuaH]`½j¸rqzø>detu_|ì�_�aHyz_�bIbH_�aI]`t`m�f`_�a­L�yz_�a�� ºi�½j¸`_�t`��]~i�kldlc ºi¤c
_�aH¸ ºo�¸�c
f`dl_
� ºi#cIcxdlm�]`t`m�b » _�aIcH_FÕ�o�t	fV]`wÅò���ó/íÊ�2dl½j¸�cHÛpo�k�q�»�½�îny`¿ » q*���)ó/í<�2de½j¸�cxÛzo�k�q�»�i�î�i#]u¹�m�aH]ut`f
f`_�anì�_�aIaHdetum�_�aI]`t`m\f`_�a_�2de½j¸�cxbhcxaI_�]`]`tum|i�t�L\yp_�aN� ºi�½j¸u_�t`f`_�¹�_�Ô�cx_�tré » deaIÔ�c>bHdl½j¸)i�yz_�a�t`dl½j¸�cbHdlm�t`d)�~Ô¤i�t�cSi�]u¹2f`dl_�i�]`b�f`_�t+�Kt`Û`i�bHbI]`t`m�_�t�yp_�bIcxdlw+w�cx_�t Û`¸uo�cxo�aI_�¹�aHi�Ô�cxdlÕ�_�tÇñni�aHi�w+_�cx_�a
i�]`b�q
Â\de_Kkedetu_�i�aI_�t�_�ke_�Ô�cHaHo�o�ÛucxdlbH½j¸`_�t�¼|o�_�+�¿�de_�t�cH_�t�¹�º]`a�f`dl_�w+d%c í a�éuÄÃw/]`t`f í o f`o�cHde_�aIcx_�t
¼�aHdlbIcji#keke_�bHdlt`f�dewü¾�i�¸`w�_�t�f`_�b+è¥_�bIbI¹�_�¸uke_�aIb m�ke_�de½j¸�]`tuf<klde_�m�_�t�dlt�f`_�a 
 a�ºo�Ü�_�tuo�aHf��
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�Kyuy`deklf`]`t`mu��q%�F%uï�êödetuÔ�_�kei�y`¸�ºi#t`m�dem�Ô�_�d%c�f`_�bA¸`o�klo�m�axi#Û`¸`debI½j¸`_�t|ì�_�aIbIc�ºi�aHÔ�]`t`m�bI¹�i�Ô�cxo�aHbA¹jº]uaí ah�xé í o#�Ã]`t`f�ÄÃw)�¨f`o�cHde_�aIcx_�¼�aHdebhcji�klke_|¹�º]`a 	�
 %���ò*n;A>t`w�]`t`fg_�dlt`_��2de½j¸�cxÛzo�kei�aHdlbxi#cHdeo�t
Û~i�aHi�kekl_�k`¿�]`a�Ô�aHdebhcji�klkeo�m�axi�Û`¸udebH½j¸u_�t ½����K½j¸`bI_)í�o�yp_�aH_�bXÙ�dlkef"îAyu¿ » q�Û~i�axi#keke_�ku¿�]`aXÔ�aIdebIcxi�keklo#�m�aHi�Û`¸`dlbH½j¸`_�tVi¤���K½j¸`bI_+í�]`t�cx_�aH_�bKÙ�dlkef"î�quÂ\dl_
�2det`dl_�t�_�t�cHbHÛ`aI_�½j¸`_�t*�KtuÛ~i�bHbI]`t`m�_�tVm�_�w*ºi#Ü
 ke_�dl½j¸�]`t`m¥í �uq%������î�q
t�]`t`m4f`_�a êv_�aIcH_�¹ º]`a ]`tuf`o�cxdl_�ahcx_¥¼|aIdebhcji�klke_�qnÂ\de_�ê4_�ahcx_�¹ º]`a����M�<bHdlt`f¡_�c » i{]`w _�dlt
y`dlb�¿ » _�d 
 a ºo�Ü�_�t`o�aHf`t�]`t`m�_�tôÔ�ke_�dlt`_�a�i�keb�f`de_�cI_�t`dlm�_�tv¹ º]ua�f`de_ í _��¨fuo�cxdl_�aIcH_�tô¼�aHdlbIcxi�kekl_�q
Â\de_�bH_�b ¾�_�bH]`k%cji#c dlbIc dewO÷"i�kekSf`_�b�ÄÃw)�¨f`o�cHde_�aIcx_�tô¼�aHdebhcji�klkeb¥º]`yp_�aHaHi�bH½j¸`_�t`fré�f~igf`de_�bH_�a
_�dlt`_
Õ�_�aIm�ke_�de½j¸�y~i�aXbIcji#aHÔ�_\¼|o�t`¿�_�t�cHaxi#cHdeo�t+yp_�bHd%cx¿�c » de_
f`_�aXw+d%c���q�%�%�w�o�kÖó í _Kf`o#cxde_�aIcH_
¼�aHdlbIcji#kek�q
õ^]`a º��yp_�aHÛ`a º]u¹�]`t`m » ]`aIf`_)f~i�b\ì�_�aH¸ ºi�k%cxt`dlb
fÜ� ë f � m�_�y`dlkef`_�c�]`t`fgw�dlcKf`_�wû_�a » i�ahcx_�cH_�tcx¸u_�o�aI_�cxdlbH½j¸`_�t)ì�_�aHkei�]u¹"Õ�_�aHm�klde½j¸`_�trq�ø>dlt�ì�_�aHm�ke_�dl½j¸�¿ » dlbH½j¸`_�t+ÄÃ¸u_�o�aIde_�]`tuf+ønù�Ûz_�aHdlw+_�t�c
» deaIf|¸`de_�a2_�aHkl_�dl½j¸�cH_�ahc�é�f~iÃf`]uaH½j¸�fude_�ì�_�aI¸�ºi�k%cxt`dlbHy`dlkef`]`tum�f`de_n_�=p_�Ô�cxd%Õ�_S�Kt`¿�i�¸`kefude½j¸�cx_�f`_�aÛ`¸`o#cxo�aI_�¹�axi#Ô�cHdlÕ�_�t�õ^_�t�cxaH_�t*¸`_�axi�]`bh¹Iºi�kek%c�q"Â\dl_|ø�aIm�_�yut`debIbH_�bIdet`f¥det�f`_�a
�Ky`yudekefu]`t`m���ql�*(
¹�º]`a\�uÙ,�u%���ï í _ ��q�ð���é^�uq;%�%ués��q%���Ç]`tuf{ò�q ��(nw+o�kÖó/f~i�aIm�_�bhcx_�klklc�qz·¨t�fude_��
y`y`dlkef`]`tum�bHdlt`f
¿�]ub�ºi#cH¿�kedl½j¸�¿�]�f`_�t)è¥_�bIbHÛ`]`tuÔ�cH_�t cx¸`_�o�aH_�cxdlbH½j¸�yz_�aI_�½j¸`t`_�cx_�ì�_�aHk¨ºi#]u¹�_X_�det`m�_�¿�_�de½j¸`tu_�c�q#Â\de_
f`]`aI½j¸`m�_�¿�o�m�_�t`_O�2dlt`de_�dlbIc�w�dlc>fu_�t êv_�aIcx_�t+¹jº]`a�a�� ¶ i�]ubuL ð�ð�M"yz_�aI_�½j¸`tu_�cXyp_�¿uº]`m�klde½j¸�f`_�a�dlt
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ßhý`ý�á
Â\o�cxdl_�aH]ut`m è¥_�cx¸`o�f`_ a � N a�N�N a º 6 ���M�L w�o�kMórM L Û`w ì ª � M L Ûuw�ì ª � M L Û`w�ì ª � M L ��� �Êì ½�w ª N M
]`t`f`o�cHde_�aIc det�cH_�aI¹�_�aHo�w�_�cHaHdlbH½j¸ �)(�õ)� ò���(�õ�� � �
]`t`f`o�cHde_�aIc det�cH_�aI¹�_�aHo�w�_�cHaHdlbH½j¸ ð®(�õm� ò�����õ|ò�� � �f h ¾ 6½¼ ²�¾ ³ í�ò�´�î ���)õ�ò � � ��q���õ|�uq%�í _�é"�uqÏð�� f h ¾ 6½¼ ²�¾ 7 í�ò�´�î � �F���)õtA � ��q ò�õ|�uq%�f h ¾ 6½¼ ²�¾ ³ í�ò�´�î ���)õ�ò � � ò�q��)õ|�uq òf h ¾ 6½¼ ²�¾ 7 í�ò�´�î � ��ð��)õ��F% � ��q;%)õ|�uq%�í _�é"�uq;%�% f 68¼ ²�¾ 7 íK´ h� î ��%)õ|� �����)õ|ò�� � ò�q ò�õ|�uq%�f Û ¾ Û � h ¾ 7 í ! 6�î � � ��A)õ�ð ò�q ò�õ|�uq%�f h ¾ 6½¼ ²�¾ ³ í�ò�´�î (���õ|� � � �uq ò�õ|�uq��í _�é2��q%��� f h ¾ 6½¼ ²�¾ 7 í�ò�´�î � �)(SA)õ���� � ò�q;A)õ|�uq òf h ¾ 6½¼ ²�¾ ³ í�ò�´�î ���&��õ_A � � �uq¨(�õ|�uq%�í _�ézò�q��)( f h ¾ 6½¼ ²�¾ 7 í�ò�´�î � �������)õ=(�� � �uq¨(�ò�õ|�uq���%í _�ézò�q��)( f h ¾ 6½¼ ²�¾ ³ í�ò�´�î ��ð®(�õ)��� � � �uq;�)õ|�uq%�
í�t~i�½j¸uÛpo�k q î f h ¾ 6½¼ ²�¾ 7 í�ò�´�î � ����ð�ò�õtA&� � �uq;�)õ|�uq%�f h ¾ 6½¼ ²�¾ ³ í�ò�´�î ��ò�õ�ò � � �uq���ò�%)õ|�uq�����òí a�é"�uq��&��� f h ¾ 6½¼ ²�¾ 7 í�ò�´�î � �"(S%)õ��FA � �uq���ò��)õ|�uq������
ÄÃw�6âLON�é f h ¾ 6½¼ ²�¾ ³ í�ò�´�î ò�(�õm� � � �uq���ò�%)õ|�uq����)(
�uq�%�� f h ¾ 6½¼ ²�¾ 7 í�ò�´�î � �FA��"õ��"( � �uq���ò�%)õ|�uq�����ðí o�6âLON�é f h ¾ 6½¼ ²�¾ ³ í�ò�´�î �u�"õ)� � � �uq���ò��"õ|�uq����u�
�uq ����ð®( f h ¾ 6½¼ ²�¾ 7 í�ò�´�î � �F���)õ=( � �uq���ò��)õ|�uq����u�

ÄAi�yp_�kekl_t��q;Auï º�
yz_�aHbIde½j¸�c º]`yz_�a�fude_�i�]ub�f`_�t��
t`Û~i�bIbH]`t`m�_�t�m�_ » o�t`tu_�t`_�t¥Û`¸uo�cxo�aI_�¹�aHi�Ô�cxd%�Õ�_�tÇñAi�axi#w+_�cx_�a�q�Â\de_X_�aIbIcx_�t+yz_�dlf`_�t+õ^_�deke_�t�yz_�detu¸~i�klcH_�t)¿�]`w ì�_�aHm�kl_�de½j¸��2dlcH_�aHi#cx]`a » _�aIcH_¹�º]`aÃa � NK]`t`f�a@N�NF¹�º]`aÃ]`tuf`o�cxdl_�ahcx_�¼�aHdebhcji�klke_
yp_�d 	�
 %���òCn�A>t`wÇL ð�ðvM�y`¿ » qÈ����ð`q��ntuwÉL ð��SM q
f`_�t�è¥_�bIbH]`tum�_�t�Õ�_�a » _�t`fu_�cx_�t�ê4_�klke_�t`k ºi�tum�_ 	�
 %���òCn�A>t`w�q�Â\de_�m�_�bIcxaIde½j¸`_�klcH_D�2detude_Fdebhc
¿�]uw ì�_�aIm�ke_�de½j¸)w�dlcnf`_�t êv_�aIcH_�t)¹ º]`a>aN� ¶ i�]ubpL ð��vM`¹ º]`a 	�
 ����ð7n���t`w yz_�aI_�½j¸`tu_�c » o�aIf`_�t^q÷ º]`a�f`de_\w�dlc��uqÏð���]`t`f��uq;%�%�w�o�kMó í _�fuo�cxdl_�aIcH_�t�¼�aHdlbIcxi�kekl_
bhcxdew�w�_�t�ønù�Ûp_�aHdlw+_�t�c�]`t`f
ÄÃ¸`_�o�aHdl_�m�]uc+º]`yz_�aI_�det^qp÷
º]`aKf`_�t*w�dlc|��q%����w�o�kMó í _�f`o�cHde_�ahcx_�t*¼�aHdlbIcji#kek2kedl_�m�_�t¥yudeb
i�]u¹
f`dl_)_�aHbhcx_�t�yp_�def`_�tgyp_�dSÔ�kl_�detu_�t�êödet`Ô#_�klt4m�_�w+_�bHbI_�t`_�tvêv_�aIcH_+i#keke_�êv_�aIcx_�¿�]{t`dl_�f`aIdem`q
ø>det`_Vm�]ucx_ º�
yz_�aI_�detubIcxdlw+w�]`t`mvm�deyucÇ_�b~cI_�f`o�½j¸£yu¿�m�k qXf`_�a�¼�]`aIÕ�_*¹�º]`a�����ð`q��nt`w¥qXÂ\de_
ê4_�aIcH_�¹jº]ua�f`_�tvw�dlc�ò�q��)(nw�o�kMó í _Çfuo�cxdl_�aIcH_�t4¼�aHdebhcji�klk�kedl_�m�_�tgy`deb�i�]u¹�f`de_)ê4_�aIcH_�¹jº]ua
ò�´ 
 ð��´ôÃ]`tuf*ò�´ 
 (#�´ôÃm�_�t`_�aI_�klkr¿�]�¸`o�½j¸rq
Â\de_+ÄÃ¸`_�o�aHde_ » ]`aHf`_�_�a » _�dlcH_�ahc�í ¼|i�Ûrqn�uq;A�î�éAdet`f`_�wüfude_Çêödlt`Ô�_�kÁi�y`¸ ºi�t`m�dlm�Ô�_�dlc�fu_�a�_�¹Á�
¹�_�Ô�cHdlÕ�_�t 
 a�ºo�Ü�_�t{a��M�g]`t`f4t��M�{bHo » de_ Õ�o�t ; � ¶ cI_ t~i#½j¸vm�_ » ºi�¸`klcH_�a 
 _�o�w�_�cHaHde_)_�ù�Û`kedl¿�dlci�]`bIm�_�bI½j¸`aHdl_�yz_�t » ]uaHf`_#q^Â�i�fu]`aH½j¸¥_�t�cx¸~i#klcx_�tVf`dl_�ñni�aHi�w+_�cx_�a�fu_�a
÷"]ut`Ô�cxdeo�t`_�tré"f`dl_�i�tf`dl_*è¥_�bHbIÛ`]`t`Ô�cx_gi#t`m�_�Û`i�bHbhc » _�aHfu_�tréXi�]`bIbH½j¸`klde_�Ü�kede½j¸ 
 a�ºo�Ü�_�tré�f`de_�y`¿�m�k�q>f`_�b�Ù�aHi�m�m#�êödetuÔ�_�klbKcji¤cxb�ºi#½j¸`kedl½j¸*Ô�o�tubIcji#t�c|bIdet`f^qrø>det`_�f~i�aHi�]`bK¹�o�klm�_�tuf`_)è¥_�bHbIbIcxaHi#cx_�m�de_ » ]uaHf`_)dlt¼|i�Û`d%cx_�kr�uq�A)_�aHk¨ºi#]ucx_�aIc�q
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Messung, = 632.8 nmλ
Theorie, = 632.8 nmλ
Theorie, = 514.5 nmλ
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SBN61:Ce 0.66 mol%
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SBN61:Ce 0.40 mol%

2 [°]θ
�Kyuy`deklf`]`t`mg��ql�"(�ï�ì�_�aHkei�]u¹Ff`_�b A ]uo�cxdl_�t�cx_�töfÜ� ë f � det��
y`¸ ºi�t`m�dem�Ô#_�dlc�Õ�o�w f`o�ÛuÛp_�klcx_�t
_�ù�cH_�aHtu_�t�ÙXaxi�m�m¤��êödetuÔ�_�k�òS´v¹ º]`a¥�uÙ,�u%���ï í _{�uqÏð��uéF��q�%�%�é\��q%����]`t`fÖò�q ��(nw+o�kÖó�q�Â\de_
f`]`aI½j¸`m�_�¿�o�m�_�t`_K�2det`dl_+dlbIc�i�]`b�f`_�a�ÄÃ¸`_�o�aHdl_Çyz_�aH_�½j¸`t`_�c+w�dlc|ê4_�ahcx_�t�¹ º]ua�aN� ¶ � i�]`b¶L ð�ð�M¹�º]`aFf`dl_�dlt�f`_�t*è¥_�bIbH]`t`m�_�t*Õ�_�a » _�t`fu_�cx_�êv_�keke_�t`k¨ºi#t`m�_ 	�
 %���ò*n;A�tuw�é~f`de_|m�_�bIcxaIde½j¸`_�klcH_�2det`dl_\_�t�cHbHÛ`aI_�½j¸`_�t`f�w+d%c�ê4_�aIcH_�t¥i�]`b{L ð��SM2¹�º]`a 	�
 ����ð7n���t`w�q
ñ>aHdlt`¿�dlÛ`de_�kekKÔpºo�tut`_�t³i#keke_�¸uo�keo�m�axi�Û`¸udebH½j¸u_�tÖè¥_�bIbH]`t`m�_�tré
f`de_{dew ÷~o�klm�_�tuf`_�tØÛ`a�ºi#bH_�t��
cxdl_�ahc » _�aHfu_�tré2w�dlc
_�dlt`_�w@¼|aIdebhcji�klkeÛ`a�ºi�Û~i�aHi#c�det�÷~o�aIw _�det`_�b\êÅº]`aI¹�_�keb\w�dlcKi�]`bIaH_�de½j¸`_�t��
f`_�aK¼|i�t�cx_�t`k¨ºi#t`m�_|¿ » dlbH½j¸`_�tg� ]ut`fv����w�w/fu]`aH½j¸`m�_�¹�º]`¸`ahc » _�aIf`_�trqz·¨tVfude½jÔ�_�t*¼�aHdlbIcxi�k%�ke_�t » ºi�½j¸`bhczcI_�f`o�½j¸{fu_�a|ø>det��`]`bHb�¸`o�keo�m�aHi�Û`¸`dlbH½j¸`_�a|��cHaH_�]u]`t`m�L ð&�vM�q �
wûf`de_�bH_�t{ø"=p_�Ô�c
¿�]�w�detudew�de_�aI_�tré » ]uaHf`_�¹jº]`a�f`de_�è¥_�bIbH]`t`m�_�t<det�Äsaxi�tubHw�debHbIdeo�tum�_�o�w�_�cHaHdl_�_�det<��½j¸ut`dlcIcÛ~i�aHi�kekl_�k éX]`tufØdltØ¾�_��~_�ù�deo�t`bHm�_�o�w�_�cxaIde_*_�det×��½j¸`tudlcHc�bI_�t`Ô�aI_�½j¸�c*¿�]`a�Ô�aIdebhcji�klkeo�m�aHi�Û`¸`dÚ�
bH½j¸u_�t³½����K½j¸`bI_4Õ�_�a » _�tuf`_�c�é\yp_�def`_�cI_ » _�dlkeb�w�dlc�Â\de½jÔ#_�tÖÕ�o�tÖ_�c » i×�2w+w�q�õ^]`a�ì�_�a��w�det`f`_�aH]`tum�fu_�aF�Ky`bI½j¸ » ºi�½j¸�]`t`m�f`_�bKñ>]`w�Û`bIcHaxi�¸ukeb » ]`aHfu_�_�det�ì�_�aI¸ ºi�klcHt`debÃfu_�aFyp_�def`_�t��½j¸`aI_�dly`bIcHaxi�¸`kl_�tôÕ�o�t }¦9 B �����*_�det`m�_�bIcH_�kek%c�q�·¨wO÷"i�kekXf`_�a+è¥_�bHbHm�_�o�w�_�cHaHde_�tré>yz_�dÃf`_��
t`_�t{yz_�dlf`_ ��½j¸uaH_�dly`bIcHaxi�¸uke_�tgbhó�w�w�_�cxaIdebI½j¸4i#]u¹Sf`de_)¼�aIdebIcxi�keklo�yz_�aN��ºi�½j¸`_�cHaH_�=^_�tré » ]`aIf`_f`_�a�¸`o�klo�m�aHi�Û`¸`dlbH½j¸`_ 
 d%cHcH_�aIÕ�_�Ô�cxo�a �¼�bhcx_�cHb�Û~i�aHi�kekl_�k~¿�]`aXÔ�aIdebIcxi�keklo�m�aHi�Û`¸`dlbH½j¸`_�t+½��¨�K½j¸ubH__�dlt`m�_�bIcx_�kek%c�q�Â\]`aH½j¸Çf`de_
�K]u¹ » _�d%cx]`t`m�f`_�bÃ}�_$��_��d��i�bI_�aIbÃ]`wÅ_�detu_�t�÷"i�Ô�cxo�a�ò�q�� » deaIf�f`_�aº�
yz_�aIkÁi�ÛuÛëf`_�a���½j¸uaH_�dly`bIcHaxi�¸uke_�tëdew Ù�_�aH_�dl½j¸ëf`_�a+ê4_�½j¸`bI_�k » deaHÔ�]`tum�bHk�ºi�t`m�_¥o�Ûucxdlw+dl_�ahc�q



A�% �|ÝKÞ>ß�àAáSâV1�ä¥á�'�Þ�á�åFß �Vá�æ àAá�â�âsáöá�å�þFáQ��æ
ßhý`ý�á
·¨wÉ÷zi#kek"f`_�aÃè¥_�bIbH]`t`m�_�t�det�¾F_��`_�ù�deo�tubHm�_�o�w+_�cxaIde_ » ]uaHf`_\fu_�aÃ¼�aHdlbIcxi�kek"¿�]ua��Kt`Û`i�bHbI]`t`mf`_�bnÙ�aI_�½j¸�]`t`m�bHdetuf`_�ù�det�¼|i�t~i�f`i�y~i�klbxi�w×_�detum�_�yz_�cIcx_�c�é�]`w³f`dl_�÷"aI_�bIt`_�kÚ��¾F_��~_�Ô�cHdeo�tu_�t�¿�]
w�det`dlw+dl_�aH_�trq¤Â\_�anì�_�aHbhcÎºi�aIÔ�]ut`m�bI¹�i#Ô�cHo�a » ]`aHfu_
i#]`b>f`_�t�m�_�w+_�bHbH_�t`_�t	�2de½j¸�cxdlt�cx_�tubHdlc�ºi#cx_�t
m�_�w*ºi�Ü)fu_�a 
 kl_�dl½j¸�]ut`m¥í �uq ò��Îî�yp_�bIcxdlw+w�c�q
Â\de_��Ky`y`dlkef`]ut`m�_�t���q%�FA�]`tuf-��q%�F��¿�_�dem�_�tgf`de_)m�_�w+_�bHbI_�t`_�t�Â�i#cH_�t�¹�º]`a=f 68¼ ²�¾ 7 íK´ h� îK]`t`ff Û ¾ Û � h ¾ 7 í ! 6�îK_�det`bI½j¸`kedl_�Ü�klde½j¸�f`_�a|i�t`m�_�Û~i�bIbIcx_�t�¼�]`ahÕ�_�t^q¢Â\de_�ê�i�¸uk>f`_�a�è¥_�bHbIm�_�o�w�_�cHaHdÚ�

Γ
[c

m
]

-1

SBN61:Ce 0.66 mol%, Lichtpol. || c
A = 81 cm => r    = 56 pm/V
A = 459 cm => r    = 333 pm/V
B = 19.7 => N    = 2.2.10    cm

= 1700

1
-1

13

3
-1

33

eff
17 -3

33ε

0 20 40 60 80 100 120

0

10

20

30

40

50
0.1590.1390.1390.1590.2150.405

θi
t [°]

Λ µ[ m]

�Kyuy`deklf`]`t`m���q%�FAuï�êödlt`Ô�_�kÁi�yu¸�ºi�t`m�dlm�Ô�_�dlc2fu_�bs¸`o�keo�m�axi�Ûu¸`debI½j¸`_�t�ì�_�aIbIc�ºi�aHÔ�]`t`m�bI¹�i�Ô�cxo�aHbnyz_�d	�
 %���ò*n;A�tuw ¹jº]`a�f`_�t�bIó�w�w+_�cxaIdebH½j¸u_�t�ø>detu¹�i�klkpfu_�a���½j¸`aI_�dly`bIcHaxi�¸`kl_�t�w�dlc�_�detu_�az�2de½j¸�ch�
Ûzo�kÁi�aIdebHi#cxdlo�tÇÛ~i#axi�klke_�kp¿�]`aFÔ�aHdlbIcxi�keklo�m�axi#Û`¸`debI½j¸`_�t�½��¨�
½j¸`bH_#q
_�t » ]`aHf`_�yz_�aI_�d%cxb�dew ¼|i�Û`dlcH_�k��uq;A�i�t`¸`i�t`fëÕ�o�tëcx¸u_�o�aI_�cxdlbH½j¸£yz_�aI_�½j¸`t`_�cx_�tÖ¼�]`ahÕ�_�t^é
f`dl_
i#]u¹.�2dlcH_�aHi#cx]`a » _�aIcH_�tÇ¹jº]`a�f`dl_F¿�]Çyz_�bhcxdlw+w�_�t`fu_�t�ñAi�axi#w+_�cx_�a�y~i#bHde_�aH_�tré�yp_�m�a#º]`tuf`_�c�q·¨wÍ÷"i�kek>fu_�b�bhó�w+w�_�cHaHdebI½j¸`_�tvø>detu¹�i�klkeb�w�dlc�_�dlt`_�a~�2de½j¸�cHÛpo�kei�aHdlbxi#cHdeo�t�Û`i�axi�klke_�k>¿�]`a�Ô�aHd%�
bIcxi�keklo�m�aHi�Û`¸`dlbH½j¸`_�t�½��¨�
½j¸`bH_ » deaIf�dew èVi¤ù�dew�]uwü_�detô¸`o�¸`_�a�f^��ê4_�aIc)Õ�o�t B ðz��½�w ª �
m�_�w+_�bHbH_�tré » i�b�w�dlcSyz_�aI_�dlcHbXÕ�_�a ºoS=^_�t�cHkedl½j¸�cH_�t�Â�i#cH_�t º]uyp_�aH_�dlt`bIcHdew�w�cuLÏ���SM�q�·¨w ÷"i�kek"f`_�a
Â\aH_�¸�]`t`m*f`_�b�¼�aHdlbIcxi�keklb�det4¾�_��~_�ù�deo�t`bHm�_�o�w�_�cxaIde_�w+d%c|_�dlt`_�aý��dl½j¸�cxÛzo�kÁi�aIdebHi#cxdlo�t�Û~i�aHi�k%�
ke_�k\¿�]ua�Ô�aIdebIcxi�keklo�m�aHi�Û`¸`dlbH½j¸`_�t¢½����K½j¸`bI_4aI_�bH]uklcxdl_�ahc�i�]`bHm�_�¸`_�t`f×Õ�o�t×_�det`_�w ê4_�aIc�Õ�o�tfÜÛ ¾ Û � h ¾ 7 í���î 
 ��n��>½�w ª � _�dlt`_)bIó�w�w+_�cxaHdlbH½j¸`_)ìSi�aIdÁi#cHdeo�t�Õ�o�t|f¡yudeb\¿�]4_�det`_�wûê4_�aIc�Õ�o�tB ð7n���½�w ª � ¹�º]`a ! 6 
 ')�b%�n �tô�y`¿ » q ! 6 
 l��b%�n �tô�qÃÂ\de_Vø>aHm�_�y`t`debIbH_�f`_�a��Kt`Û`i�bHbI]`t`m
bHdlt`f�dlt�f`de_+Äni#yp_�keke_���q;AV_�dlt`m�_�cHaxi�m�_�trqAÂ\de_ 
 a�ºo�Ü�_�t�a � N)]`tuf<a�N�N » ]`aHfu_�t�f`]`aI½j¸ô_�detu_�KtuÛ~i�bHbI]`t`m�i�t f 6½¼ ²�¾ 7 íP´ h� î�yp_�bIcxdlw+w�c�é�a º 6Xyz_�¿�de_�¸�cXbHdl½j¸Çi�]�¹rf`dl_
Â\aI_�¸�]`t`m�f`_�b�¼�aHdlbIcxi�keklb�qÂ\_�a�ê4_�ahcÃ¹�º]`aÃf`dl_�_�=p_�Ô�cxd%Õ�_|�Ky`¿�i�¸`klf`de½j¸�cx_|f`_�aFÛ`¸`o�cHo�aH_�¹�axi�Ô�cxd%Õ�_�tVõ^_�t�cxaH_�t¥_�aHm�dlyucFbHdl½j¸
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SBN61:Ce 0.66 mol%, Lichtpol. || c
A = 81 cm (r    = 56 pm/V)
A = 459 cm (r    = 333 pm/V)
A = 107 cm => r    = 38 pm/V
B = 20.0 => N    = 2.2.10    cm
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�Kyuy`deklf`]`t`m���q%�F�uï�êödlt`Ô�_�kÁi�yu¸�ºi�t`m�dlm�Ô�_�dlc2fu_�bs¸`o�keo�m�axi�Ûu¸`debI½j¸`_�t�ì�_�aIbIc�ºi�aHÔ�]`t`m�bI¹�i�Ô�cxo�aHbnyz_�d	�
 %���ò*n;A�tuwÍ¹ º]ua�f`de_ÇÂ\aH_�¸�]ut`m�f`_�b�¼|aIdebhcji�klkeb�w+d%c�_�det`_�a>�2de½j¸�cxÛzo�kei�aHdlbxi#cHdeo�t{Û~i�aHi�kekl_�k
¿�]ua�Ô�aIdebIcxi�keklo�m�aHi�Û`¸`dlbH½j¸`_�t�½��¨�
½j¸`bH_#q

i�]`bFyz_�dlf`_�t�ì�_�ah¹�i�¸`aH_�t º]uyp_�aH_�dlt`bIcHdew�w+_�t`f�¿�]e���M� 
 ò*n òtB���� �Êì ½�w ª N q
/�0F� S��®­ ��>W ��������

��¸YXa¯ W Z Xa¯ W [ 

\úù�

£ ûï

\ � ¸�`�\üù
õ^]�ÙX_�m�dlt`tKcI_�f`_�a�è¥_�bIbH]`t`m » ]`aIf`_Ç_�detv}
o�klo�m�axi#w+w¯yz_�dX¾�i�]`w�cH_�w�Ûp_�axi#cH]`a|y`deb�¿�]`w
ø>aHaI_�de½j¸u_�tÇ_�det`_�bX�rºi#cHcHdem�]ut`m�bH¿�]`bIcxi�t`f`_�bXdlt f`_�t+¼�aHdebhcji�klkum�_�bH½j¸`aIde_�yp_�trq�Â�i�t`t » ]`aHf`_�f`_�a¼�aHdlbIcji#kekpi�]u¹�m�_�¸`_�dl¿�c�q"Â\dl_�b�Ô¤i�tutVi�]�¹n¿ » _�ds]ut�cH_�aIbH½j¸`dl_�f`klde½j¸`_|�Kahcx_�t¥f`]uaH½j¸`m�_�¹�º]`¸`ahc » _�a��f`_�trïsõ^]`w­ø>detu_�tgÔ¤i�t`t{f~i�b|}
o�keo�m�aHi�w�wût~i#½j¸4f`_�wü�Sºo�bH½j¸u_�tvyz_�d>_�det`_�a�yp_�bIcHdew�w�cx_�t
Äs_�w�Ûp_�axi#cH]`aÃ]`t`f�f`_�w/ø>det`bhcx_�klke_�t�_�det`_�aÃi�t`fu_�aH_�t¥Äs_�w�Ûz_�axi¤cx]`aÃt`_�]¥m�_�bH½j¸uaHde_�yp_�t » _�a��f`_�trq�õ^]`wÆ�Ktuf`_�aI_�t�Ô¤i�t`t�f`_�aX�
]u¹�¸`_�dl¿�Õ�o�aHm�i#t`m�]ut�cH_�aSÛp_�aHw+i�t`_�t�cH_�aXÙ�_�kl_�]`½j¸�cH]`t`m�w�dlc
f`_�t�yp_�def`_�t)��½j¸uaH_�dly`bIcHaxi�¸uke_�t�_�ah¹�o�kem�_�trqÎÂ�i
fude_Sø>det`bhcx_�klke]`tum
]`tuf�¾F_�m�_�ke]`t`m
f`_�asÄs_�w�Ûp_��
axi¤cx]`aSf~i�bX_�detuwÇi�k~m�_�bH½j¸uaHde_�yp_�t`_\}�o�keo�m�axi�w�w6yz_�_�det��`]`bHbhc�é » ]uaHf`_
detÇfude_�bI_�w ÷"i�kekut~i�½j¸cI_�fu_�a ø>det`bhcx_�keke]ut`mV_�det`_�a�ÄA_�w+Ûz_�aHi#cx]ua�m�_ » i�ahcx_�c�é�y`dlb » de_�f`_�a�_�det<�rºi¤cHcxdlm�]`t`m�bH¿�]ubIcji#t`f_�aIaH_�de½j¸�c » i�a�qzÂ�i�bF}
o�klo�m�aHi�w+w » ]`aIf`_�i#kebHoDcI_�f`_�bKèVi�k2t~i#½j¸`m�_�bI½j¸`aHdl_�yz_�trézo�¸`tu_�_�det`_�t
Õ�o�aH¸`_�a�f`]`aH½j¸um�_�¹jº]`¸uaIcx_�tré2f`_��~t`de_�aIcH_�to�Sºo�bH½j¸`ÛuaHo�¿�_�bHb�qsÙ�_�dlf`_�ì�_�ah¹�i�¸`aH_�t*¹�º]`¸`aI_�t cI_�f`o�½j¸
¿�]�f`_�w+bI_�keyz_�t���]~i�t�cxd%cji#cHdlÕ�_�t�ø>aHm�_�y`t`deb�q
Â�i�bF_�aIbIcH_�ì�_�aI¹�i�¸`aI_�t » ]`aHfu_�f~i#¿�]�Õ�_�a » _�t`f`_�c�é^]uwGf`de_|ÂKó�t~i�w�deÔ+f`_�bK��½j¸`aI_�dly`Û`aHo�¿�_�b��



A�A �|ÝKÞ>ß�àAáSâV1�ä¥á�'�Þ�á�åFß �Vá�æ àAá�â�âsáöá�å�þFáQ��æ
ßhý`ý�á
bH_�bKyz_�drÕ�_�aHbI½j¸`de_�f`_�tu_�tgÄA_�w+Ûz_�aHi#cx]uaH_�t¥¿�]¥]`t�cx_�aIbH]`½j¸u_�trqp·¨tVf`_�a
�
y`y`deklf`]`t`m���q ò�� bHdlt`f
f`dl_Çì�_�aIk¨ºi�]u¹�_�fXí A î�yp_�debIÛ`de_�ke¸~i#¹Àc�¹�º]`a�f`_�t¡w�dlc��uq����2w�o�kMó í a)f`o�cHde_�aIcx_�tô¼�aHdebhcji�klkXyz_�d
¾�i�]`w�cH_�w�Ûp_�axi#cH]`a\Ä 
 ò#ð´ô í éryz_�d�Ä 
 ���Qô í ]`t`fgÄ 
 %��Qô í dlw@ÙX_�aH_�de½j¸gf`_�b�ñ>¸~iÎ�
bH_�t�º]`yz_�aIm�i�t`m�bK]`t`f*yz_�dsÄ 
 ���Qô í o�yz_�aH¸`i�key¥f`_�bKñ�¸`i�bH_�t�º]`yz_�aHm�i�t`m�b�f~i#aHm�_�bIcx_�kek%c�q"Â\de_
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+ +

�Kyuy`deklf`]`t`m���q ò�ò�ï�ì�_�aHk¨ºi#]u¹�_´fXí�Ä�î^¹�º]`asÕ�_�aIbH½j¸`dl_�f`_�t`_ í _��¨Â\o�cxdl_�aI]`t`m�_�t�í�o�yp_�aH_�bnÙ�dlkef"îz]`t`f
i�]`b
f`_�t*ê4_�tuf`_�Û`]ut`Ô�cx_�tgyz_�bhcxdew�w�cH_�ñ>¸~i�bI_�tnº]uyp_�aHm�i�tum�bIcH_�w�Ûp_�axi#cH]`aH_�t�detV�
y`¸�ºi�tum�dem#�
Ô�_�dlc+Õ�o�t£f`_�a í _���¼�o�t`¿�_�t�cxaHi#cxdlo�t�í�]ut�cH_�aI_�b�Ù�dlkef"î�qXÂ\dl_Vø>aIm�_�y`tudebHbI_*Û�ó�aHo�_�ke_�Ô�cxaHdlbH½j¸`_�a
è¥_�bHbH]ut`m�_�tVbHdetuf�¿�]`w ì�_�aIm�ke_�de½j¸�_�yz_�t�¹�i�keklb�det�f`dl_��Ky`y`dlkef`]ut`m _�detum�_�cHaxi�m�_�trq

f`_�t¡w�dlc��uq�%�%�w+o�kÖó í _�f`o�cxdl_�ahcx_�t<¼�aHdlbIcxi�kekSyp_�aH_�dlcxb)dlt�f`_�a)�
y`y`dlkef`]`tum���q ò���m�_�¿�_�dem#c
» ]`aIf`_�q�Â\dl_��K]`bIy`deklf`]`t`m�f`dl_�bI_�a�èVi¤ù�dew+i�Ôpºo�t`t�cx_ w�dlcKf`_�w¯�
]u¹ÀcxaI_�cH_�t{_�detu_�a|bIcxi�aHÔ#_�t
¸`o�klo�m�aHi�Û`¸`dlbH½j¸`_�tÇ��cxaH_�]`]`t`m|dltÇ��Ù,�u%u��ï í _F¿�]ubxi�w�w+_�t`¸�ºi�tum�_�tré�f`de_Ãdlt��uÙ,�u%���ï í a�t`dl½j¸�c
bHdlm�t`d)�~Ô¤i�t�c�]`t`f�bIo�w�dlcSÕ�_�aIt~i�½j¸`k�ºi�bHbIdem�y`i�a�debhc�q��Kklb�ø>det`bhcxaHi�¸`ke¸uo�keo�m�axi�Û`¸ude_FÔ¤i�t`t�f`dl_\¸`o#�
keo�m�axi�Ûu¸`debI½j¸`_���cHaH_�]u]`t`m{t`_�yz_�tôf`_�a)¸`de_�a�Õ�o�aIm�_�bhcx_�keklcH_�t¡õ » _�debhcxaHi�¸`ke¸uo�keo�m�axi�Û`¸ude_+i�]`½j¸¿�]ua+Â\_�cx_�Ô�cHdeo�t�fu_�b+ñ�¸`i�bH_�t º]`yz_�aHm�i�t`m�b Õ�_�a » _�t`f`_�c » _�aIf`_�tWLÚ���#ðSM q>Â\de_�è�_�cx¸uo�f`_�f`_�aø>det`bhcxaHi�¸`ke¸uo�keo�m�axi�Û`¸ude_�debhcÇ¹ º]`a+¼�aHdlbIcji#keke_#é>f`de_¥_�dlt`_Vbhcji�aIÔ�_*¸`o�keo�m�aHi�Û`¸`dlbH½j¸`_V��cHaH_�]u]`t`m
¿�_�dem�_�tré2_�dlt`_)f`dlaH_�Ô�cH_�]ut`f4_�detu¹�i#½j¸`_+è¥_�cH¸`o�fu_�¿�]`a�Â\_�cH_�Ô�cxdlo�t4fu_�b�ñ>¸~i�bH_�t�º]`yz_�aIm�i�t`m�b�q
÷
º]`aÃ_�det�m�_�¿�de_�klcÃw�dlcIcx_�kebÃõ » _�dlbIcHaxi�¸`kl¸`o�klo�m�axi#Û`¸`de_�det�f`_�t�¼|aIdebhcji�klk^¸`dlt`_�dlt`m�_�bI½j¸`aHdl_�yz_�t`_�bñ>aHdlw*ºi�aI¸`o�klo�m�axi#w+w bhcx_�keklcKf`de_�¸`o�keo�m�axi�Ûu¸`debI½j¸`_ ��cHaH_�]u]`t`m�i�kekl_�aIf`det`m�b
_�det`_�t{bhcÎºo�aI_�t`fu_�t�
t�cH_�aHm�aH]`t`fvf~i�a�qs·¨tvfude_�bI_�w ÷"i�kek>m�deyuc�_�b�i�kebIo¥_�det`_ º�
yz_�aIkÁi�m�_�aH]ut`m¥Õ�o�tô��cHaH_�]u]`t�cx_�a��
m�aI]`t`f�]`t`f¥ñ�aIdewVºi�aH¸uo�keo�m�axi�w�w¥q
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T = (88 1) [°C] - (51 1) [°C/mol%] . cm Cr

+ +

T = (86 3) [°C] - (60 6) [°C/mol%] . cm Cr
+ +

�Kyuy`deklf`]`t`mu��q ò��uï�ì�_�aIk¨ºi�]�¹�_jfSí�Ä�îr¹�º]`a�Õ�_�aHbH½j¸ude_�fu_�t`_ í a���Â\o�cHde_�aH]`t`m�_�t�í�o�yz_�aH_�bnÙXdekef~î^]`t`f
i�]`b
f`_�t*ê4_�tuf`_�Û`]ut`Ô�cx_�tgyz_�bhcxdew�w�cH_�ñ>¸~i�bI_�tnº]uyp_�aHm�i�tum�bIcH_�w�Ûp_�axi#cH]`aH_�t�detV�
y`¸�ºi�tum�dem#�
Ô�_�dlc�Õ�o�t£f`_�a í ah�¨¼|o�t`¿�_�t�cHaxi#cHdeo�t;í�]`t�cx_�aH_�b�ÙXdekef~î�qSÂ\de_Vø�aIm�_�yut`debIbH_�Û�ó�aHo�_�ke_�Ô�cxaHdlbH½j¸`_�a
è¥_�bHbH]ut`m�_�tVbHdetuf�¿�]`w ì�_�aIm�ke_�de½j¸�_�yz_�t�¹�i�keklb�det�f`dl_��Ky`y`dlkef`]ut`m _�detum�_�cHaxi�m�_�trq

ê4_�dlcH_�aI¸`det+_�aHÔ#_�t`t�cFw+i�t�i#]`b�f`_�t��Ky`yudekefu]`t`m�_�t���q ò�ò�]`tuf¶��q ò��ué�f~i�bIb�f`_�aSêv_�aIcXÕ�o�tKf
bH½j¸uo�t+yz_�d`¾
i�]uw�cx_�w+Ûz_�aHi#cx]`anw+d%c�}�ºo�¸u_Ãf`_�a�Â\o�cHde_�aH]`t`m|i#t » ºi#½j¸`bIc�é » i�b�¸~i�]uÛucxb�ºi�½j¸`kedl½j¸Õ�_�aH]`aIbxi�½j¸�c » dlaHf�f`]uaH½j¸�_�det��
t » i�½j¸`bI_�t Õ�o�t�a@N�N�w�dlcAø>aH¸�ºo�¸�]ut`m�f`_�anÂ\o�cxdl_�aI]`t`m`q¤Â\de_�bH_�b�Kt » i�½j¸`bI_�t » dlaHf » de_�f`_�aI]`w@Õ�_�aH]`aIbxi�½j¸�c�f`]`aH½j¸{_�dltg�Kt » i#½j¸`bH_�t�f`_�a�Â\dl_�ke_�Ô�cxaHdl¿�d%cÎºi#cHbh�Ô�o�t`bIcxi�t�cx_�yp_�d2�Ky`bIdet`Ô#_�tVfu_�a�ñ>¸~i�bH_�t�º]`yz_�aIm�i�t`m�bhcx_�w+Ûz_�aHi#cx]`arLR��ASM q
Â\de_
ì�_�aHk ºi�]u¹�_=fSí�Ä�î » ]`aIf`_�t�¹ º]`aFf`de_�w�dlcÃ�uq�����]`t`f*��q�(���w�o�kÖó í aFf`o#cxde_�aIcH_�t�¼�aHdebhcji�klke_
i�]`½j¸g¹ º]`a�_�det`_��2de½j¸�cHÛpo�kei�aHdlbxi#cHdeo�t¥Û~i�aHi�kekl_�kn¿�]`a�Ô�aHdlbIcji#kekeo�m�axi�Ûu¸`debI½j¸`_�tgi¤���K½j¸`bI_ m�_�w�_�b��
bH_�trqp}
de_�aHyz_�d2_�aHm�i�yz_�t¥bHdl½j¸Vf`dl_�bH_�keyz_�t¥��]`i�ked%cji#cHdlÕ�_�t�ø�aIm�_�yut`debIbH_ » dl_�yz_�d�f`_�t�è¥_�bHbI]`t��m�_�t¢w+d%cÇ_�det`_�a��2de½j¸�cHÛpo�kei�aHdlbxi#cHdeo�tôÛ~i#axi�klke_�kÃ¿�]`aÇÔ�aIdebIcxi�keklo�m�aHi�Û`¸`dlbH½j¸`_�të½����K½j¸`bI_�qFè¥i�t
Ô¤i�t`t*f`i�axi�]ub\f`de_�ÄA_�w+Ûz_�aHi#cx]uaxi�y`¸2ºi�t`m�dlm�Ô�_�dlc
f`_�b A ]`o#cxde_�t�cx_�t fÜ�Notf � yz_�bhcxdlw+w�_�trézf`_�af`dl_�Äs_�w�Ûz_�axi¤cx]`aHi�y`¸�ºi�tum�dem�Ô#_�d%c f`_�b ì�_�aI¸�ºi�klcHt`debIbH_�b�fu_�a�kedetu_�i�aI_�tôy`¿ » q���]~i�fuaxi#cHdebH½j¸u_�t_�kl_�Ô�cxaIo�o�ÛucxdlbH½j¸`_�t¢¼�o�_F+�¿�de_�t�cx_�t » def`_�aHbIÛ`de_�m�_�k%c�q>Â\_�a ì�_�aHkei�]u¹�íÊfÜ�Uotf � î�í�Ä�î)dlbIc�det<f`_�a
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0.70 mol%

T = 42°Cm

T = 56°Cm

�Kyuy`deklf`]`t`m5��q ò#ð`ï�ÄA_�w+Ûz_�aHi#cx]uaIÕ�_�aHkei�]u¹Ff`_�b A ]`o�cHde_�t�cH_�töfÜ�Notf � ¹jº]`a�f`dl_+w�dlc��uq�����]`t`f�uq¨(���w�o�kMó í aFf`o�cxdl_�ahcx_�t�¼�aHdlbIcxi�kekl_�q�ê4_�m�_�t�f`_�aFm�aIo�Ü�_�tV��cHaH_�]u]`t`m�f`_�a
è¥_�bHb » _�ahcx_�¹jº]uaÄ c Ä ² bIdet`f�¹jº]`aFf`dl_�bI_�t�ÄA_�w+Ûz_�aHi#cx]`aIyp_�aH_�de½j¸�t`de½j¸�c
i�kekl_�è¥_�bHbIÛ`]`t`Ô�cx_�f~i�aHm�_�bIcH_�klklc�q
�Kyuy`deklf`]`t`ma��q ò#ð)f~i#aHm�_�bIcx_�kek%c�q`ÙX_�d�¾�i�]`w�cH_�w�Ûp_�axi#cH]`a�_�aIm�dey�cÃbHdl½j¸�¹jº]`aÃyz_�dlf`_�Â\o�cHde_�aH]`t��
m�_�t{fu_�a�_�a » i#aIcx_�cx_)ê4_�aIc�Õ�o�t B %uqp·¨wûê4_�d%cx_�aI_�t�Õ�_�aHk�ºi�]u¹Àc|f`_�a A ]uo�cxdl_�t�c|i�t`t2ºi�¸`_�aIt`f¸`o�aIde¿�o�t�cji�kpy`deb.cI_ » _�deklb�f`dl_�ñ>¸~i�bH_�t�º]`yz_�aIm�i�t`m�bhcx_�w+Ûz_�aHi#cx]`aF_�aHaH_�de½j¸�c » deaIfrq�Â\_�aÃÙ�_�aH_�de½j¸i�y¢Ä 
 Ä ² dlbIc+t`de½j¸�c�_�ùui�Ô�c�f`_��`t`de_�aIc�éSf~iv¸ude_�a+bHo » o�¸`kKfu_�a+ê4_�ahc�¹�º]`a	fÜ�Çi#keb+i�]`½j¸
f`_�a�ê4_�ahc�¹jº]`a?f � m�_�m�_�tï�
]`klk�bIcxaI_�yuc�qsÂ�i�¸`_�a�Ô¤i�t`t4_�b�¿�]�_�det`_�a�m�aHo�Ü�_�t���cH_�]`]ut`m*f`_�a
è¥_�bHb » _�ahcx_�Ô#o�w�w+_�trq
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Â�i�b|�Ktuke_�m�_�tv_�det`_�b�_�ù�cx_�aIt`_�tv_�ke_�Ô�cxaHdlbH½j¸`_�t�÷~_�klf`_�b|yz_�d�¸`o�klo�m�axi#Û`¸`debI½j¸`_�t�è¥_�bIbH]`tum�_�t
i�të�uÙ,��yp_�_�dlt��~]`bIbIc+bHo » o�¸`kFf~i�b+}
o�klo�m�axi#w+w bH_�key`bhcÇi#keb�i�]`½j¸¡f`de_�¹�_�aIaHo�_�kl_�Ô�cxaIdebH½j¸u_
ñAo�kÁi�aIdebxi¤cxdeo�t�f`_�b+èVi¤cx_�aIdÁi�klb�q º�
yz_�a f`_�t¡ø"=^_�Ô�c+_�det`_�b ¸`o�keo�m�axi�Ûu¸`debI½j¸`_�t 
 _�f ºi�½j¸�cHt`deb��
bH_�b_L ���&�eMp]`t`f º]uyp_�a�_�dltÇ¸�ó�bIcH_�aH_�bH_�i�aIcHdem�_�b�ì�_�aH¸`i�klcH_�t�f`_�b�ì�_�aIbIc ºi�aHÔ�]`t`m�bI¹�i�Ô�cxo�aHbzf�y`¿ » q_�dlt`_�o�ÛucxdlbH½j¸`_KÙ�debhcji�yudeked%c ºi#c�LÚ����%vM » ]`aHfu_\yp_�aHdl½j¸�cH_�c�quÂ�i�yz_�d » ]`aIf`_KdltfL ���&�eMp_�det`_�bH½j¸ » i¤�½j¸`_�Â\o�cHde_�aH]`t`m�Õ�o�t<�uq��&� 
 _ » q¨ó í _$L96Ví��uq%���2w+o�kMó í _�î|Õ�_�a » _�t`f`_�c�qSÂ\de_�¹�_�aHaIo�_�ke_�Ô��cxaIdebI½j¸`_�ñAo�kÁi�aIdebxi¤cxdeo�t{Ô#o�t`t�cx_Ç¸`de_�a�t�]`a�yz_�dX¸`o�¸`_�t�_�kl_�Ô�cxaIdebI½j¸`_�tô÷~_�klf`bIc�ºi�aHÔ#_�t�Õ�o�t�y`dlb
¿�]{�������nì ë w�w/m�_�bH½j¸~i#klcx_�c » _�aIf`_�t^qpø>dlt 
 aH]`tuf¥¸`dl_�ah¹�º]`aÃdebhc
fude_�¸�ºo�¸u_�aH_�ñ>¸~i�bI_�tnº]`yz_�a��m�i�tum�bIcH_�w�Ûp_�axi#cH]`a�f`_�a�bI½j¸ » i�½j¸�f`o�cHde_�ahcx_�t�m�_�m�_�tnº]`yz_�aXf`_�t�bhcji�aIÔ f`o�cxdl_�ahcx_�t�¼|aIdebhcji�klke_�tí ¼|i�Û^q"��q¨(�î�é » o�aHi�]`b�_�det`_+m�_�aIdet`m�_�aH_ÇÙ�_ » _�m�klde½j¸`Ô#_�d%c�f`_�a�¹�_�aIaHo�_�kl_�Ô�cxaIdebH½j¸u_�tôÂ\o�wVºi�t`_�t



��ð ��Ý\Þ>ß�àAá�âg1�ä~á�'�Þ�á�åFß �Vá�æ àAá�â�âsáöá�å�þFáQ��æ
ßhý`ý�á
yz_�dX¾
i�]uw�cx_�w+Ûz_�aHi#cx]`a�aH_�bH]`k%cxdl_�aIc�qsÂ�i�b�¸�ó�bIcH_�aI_�bH_�i�aIcHdem�_�ì�_�aH¸~i#klcx_�t » ]`aIf`_�yz_�aI_�dlcHb�dltL ����%vMAi�]�¹�f`dl_�ñ>aIo�Ûpo�aIcxdlo�t~i�kldlc�ºi#c�Õ�o�t�f�¿�]`a\��Ûpo�t�cxi�t`Ûzo�kÁi�aIdebHi#cxdlo�t�]`t`f¥f`de_�f~i�w�dlc�Õ�_�a��
y`]`tuf`_�t`_+¾Fde½j¸�cx]`tum�bxi�yu¸�ºi�t`m�dlm�Ô�_�dlc�fu_�b|¸`o�klo�m�axi#Û`¸`debI½j¸`_�t*ì�_�aHbhcÎºi�aIÔ�]ut`m�bHÛuaHo�¿�_�bHbI_�b�Õ�o�t
f`_�amL\aHde_�t�cxde_�aH]`tum�f`_�a�Ûpo�kÁi�aI_�tÇ�
½j¸`bH_�¿�]`a#º]u½jÔ�m�_�¹�º]`¸`ahc�q 
 _�wVºi�Ü�fu_�a�ÄÃ¸u_�o�aIde_\f`_�aFõ » _�d%�bIcHaxi�¸ukeÔ�o�Û`Û`ke]ut`m{í ¼|i�Ûrqr�uql��ql�Îî » deaHf�¿�]`t�ºi�½j¸ubIc�_�dlt{�
t`bIcHde_�m�Õ�o�tof¡yz_�d�ø�aI¸�ºo�¸�]`t`m�f`_�a
��c�ºi�aHÔ#_�f`_�b�_�ù�cx_�aIt`_�t�_�kl_�Ô�cxaIdebI½j¸`_�t�÷~_�klf`_�b�éuf~i#b�det�¾Fde½j¸�cH]`t`m)f`_�a�Ûpo�kÁi�aI_�tÇ½��¨�
½j¸`bH_�i�t��
m�_�ke_�m#c » dlaHfrézyp_�o�y~i�½j¸�cH_�caL ð®(�és���)(FM�qz·¨t�L ð®(vM » deaHf¥f`de_�bH_�b\�Kt » i�½j¸`bH_�t4bIo » o�¸ukA¹�º]`a
_�detu_bH½j¸ » i�½j¸�w�dlc í a>f`o�cxdl_�ahcx_Ãñ>aHo�yp_�í��uq ��� 
 _ » q�ó�é�_�t�cHbHÛ`aI_�½j¸`_�t`f��uq���ò�%�w�o�kÖó í aN6FLON�î�i�keb
i�]`½j¸+¹�º]`a�_�det`_�bIcxi�aHÔ w�dlc í a�f`o#cxde_�aIcH_Kñ>aHo�yp_�íh��q��u�F% 
 _ » q¨ó�é�_�t�cHbHÛ`aI_�½j¸`_�t`fVò�q�%���w+o�kÖóí aU6FLON�îKyz_�o�y~i�½j¸�cx_�c�q 
 _�m�_�t`bIcxi�t`fgf`_�a=��t�cx_�aIbH]`½j¸�]`tumVdetdL ���)(eM�debhc|_�dlt`_�bH½j¸ » i�½j¸�w�dlcí _�f`o�cxdl_�ahcx_�ñ�aIo�yz_�í��uq ��ò 
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Abnahme von | n |: 60 %∆ η

SBN61:Ce 0.66 mol%, Lichtpol. || c

I = 0.1 mW/cm
E    = 20 V/mm
t = 5 s

m = 0.089
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1. Durchläufe der Hysteresekurven
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9. Durchläufe der Hysteresekurven
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w�_�¸`aF_�aIaH_�de½j¸�c�qzÂ\_�tVñ�¹�i�fÂZðr_�aH¸�ºi�k%c�w+i�tré » _�tutvw+i�t�f`de_ ÷~_�kef`bhcÎºi�aIÔ�_)f`dlaH_�Ô�c|w�dlc�_�det`_�a|ñAo�kei�aHd%cÎºi#cKdetg¾Fde½j¸�cx]ut`mf`_�aÃ]`aHbIÛ`a#º]`tum�kedl½j¸`_�t�ñAo�ke]`t`m)_�aH¸�ºo�¸�c�é~frqÏ¸rq`o�¸`tu_\Õ�o�aI¸`_�aÃf`dl_\m�_�bxi�w�cH_|Ù�]ucIcx_�a��`ó���¼�]`ahÕ�_
f`]`aI½j¸`kÁi#]u¹�_�t�¿�]�¸~i#yp_�trq¤Â\de_�÷~o�aHw³fu_�aAÙ�]ucHcH_�a��`ó���¼�]`aIÕ�_�klde_�m#c�f~i�aHdlt�yz_�m�a�º]`t`fu_�c�é¤f~i�bIb|Ë
m�_�w*ºi�Ü�f`_�a 
 kl_�de½j¸�]`tum�í ��q�A�ò�îSw�dlcSf`_�a��Kw�Û`ked%cx]`f`_�f`_�a�Ù�aI_�½j¸�]`t`m�bIdet`fu_�ùrºi�t`f`_�aH]`tum � t
��]~i�f`aHi#cxdlbH½j¸¢¿�]`bxi#w+w�_�t`¸2ºi�t`m�c�qXÂ�i � tëm�_�w*ºi#Ü4f`_�t 
 ke_�dl½j¸�]`t`m�_�t³í ��q�A�î�]`tuf�í �uq�Ø���î
f`dlaH_�Ô�c+Û`aHo�Ûpo�ahcxdlo�t~i�kÃ¿�]`a+¹�_�aHaHo�_�kl_�Ô�cxaIdebI½j¸`_�t£ñso�kÁi#aHdebHi#cxdlo�tôdebhc�é�yp_�det`¸`i�klcH_�c�f`de_ 
 a ºo�Ü�_� t4fude_)·¨tu¹�o�aIwÇi¤cxdeo�t º]`yz_�a�f~i�b�ì�o�aI¿�_�de½j¸`_�t{Õ�o�t4fu_�a�ñAo�kei�aHdlbxi#cHdeo�t^éÈË*f`i�m�_�m�_�t{t`de½j¸�c�q
Ù�_�a º]`½jÔ�bHdl½j¸�cxdem#c�w+i�trérf`i�bHb|_�dltï��]`keklf`]`aI½j¸`m�i�t`m�Õ�o�t^ËV_�detu_�a�ì�o�aH¿�_�dl½j¸`_�t�]`w�Ô�_�¸`a�Õ�o�t� t4_�t�cxbHÛuaHde½j¸�c�ésf`i�t`t{Ô^ºo�t`t`_�t4f`de_�}Fó�bhcx_�aH_�bI_�Ô�]`ahÕ�_�t � t�í�ø�ä���î|i#]`b|f`_�t{¿�]`m�_�¸�ºo�aIdem�_�t
Ù�]ucIcx_�aN�`ó���¼�]`ahÕ�_�t�Ë^í ø�ä���îsyp_�aH_�½j¸ut`_�c » _�aIf`_�tré » dl_�dlw6¼|i�Û`d%cx_�k���q�A\m�_�¿�_�dem�c » ]`aHf`_#q�Â\de_÷~_�klf`bIc�ºi�aHÔ#_�tré~yz_�d�f`_�t`_�t¥_�det ��]`keklf`]`aH½j¸um�i�t`m bIcxi#cHcN�~t`f`_�c)í�b�q~o�yz_�t~îÃbhcxdlw+w�_�t�w�dlcÃfu_�t
÷~_�klf`bIc�ºi�aHÔ#_�trézyp_�dAfu_�t`_�t�f`_�a�ì�_�aHbhcÎºi�aIÔ�]`t`m�bh¹�i�Ô�cxo�atñ ð � tVbH_�dltVì�o�aI¿�_�dl½j¸`_�t » _�½j¸`bH_�klcí��
y`yrq«��q ò���î�é`dew/¾
i#¸`w+_�t�f`_�bKè¥_�bIbI¹�_�¸`ke_�aHb�º]`yp_�aH_�detrq
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�Kyuy`deklf`]`t`ma��q����uïuÙ�]ucIcx_�a��`ó���¼�]`ahÕ�_|¹�º]`aF�uÙ,��%u��ï í _�é2��q%����w�o�kMóÆ]`tuf�_�det`__×2dl½j¸�cHÛpo�kÁi�aId%�
bxi¤cxdeo�t¥Û~i#axi�klke_�k2¿�]`aKÔ�aIdebIcxi�keklo�m�aHi�Û`¸`dlbH½j¸`_�tVi¤���K½j¸`bI_�qpÂ�i�b�_�ù�cx_�aHt`_�_�ke_�Ô�cHaHdlbH½j¸`_�÷"_�kef�debhc
¿�]ut�ºi�½j¸`bhcK_�t�cHm�_�m�_�t`m�_�bH_�cx¿�cK¿�]`a�¾Fde½j¸�cx]ut`m+fu_�aF]`aHbIÛ`a#º]ut`m�kedl½j¸`_�t¥ñAo�ke]`t`m¥í�ñ>¹�i#f¥�\î�]`t`f
dew » _�d%cx_�aH_�t¥ì�_�aHkei�]u¹>m�_�wVºi�ÜÇf`_�aKf`]uaH½j¸*f`dl_�ñ�¹�i�f`_�Ù×y`dlb\Â Õ�o�aHm�_�m�_�yp_�t`_�tg¾Fde½j¸�cx]ut`m_�dlt`m�_�bIcx_�kek%c » o�aIf`_�t^q�Â\_�t�ñ�¹�i�f+ÂZð�_�aI¸�ºi�klc�w+i�tré » _�tutÇw+i�t+fude_�÷~_�kefubIcÎºi#aHÔ�_Fo�¸ut`_
_�det`_�tÕ�o�aH¸`_�aHm�_�¸`_�t`fu_�t¸��w ��]ut`f�¾ º]`½jÔ�Ûzo�ke]ut`m�bH¿�ó�Ô�kl]`bSdet�¾�dl½j¸�cx]`t`m|f`_�a>]`aHbIÛ`a#º]ut`m�kedl½j¸`_�t+ñAo¤�
ke]ut`m�i�t`ke_�m�c�q

Â\de_�¾Fo�½jÔ�detum�Ô�]`aIÕ�_�t » ]`aHfu_�tgdet¥¿ » _�d�]`t`i�y`¸�ºi�tum�dem�_�tgè¥_�bHbH]ut`m�_�t{_�t�cHkÁi�t`mÇf`_�aKñ>¹�i#f`_ÂZðudlt�¾�dl½j¸�cx]`t`m ¿�]`a�]`t`f���_�t�cHm�_�m�_�t`m�_�bH_�cx¿�c
¿�]uaÃ]`aHbIÛ`a#º]`tum�kedl½j¸`_�t�ñAo�ke]`t`m i#]u¹�m�_�tuo�w �
w�_�trq"�
i�½j¸�f`_�w;��½j¸`aI_�deyz_�t�_�dlt`_�bA}
o�keo�m�aHi�w�w+bpy`deb�det��rºi¤cHcxdlm�]`t`m » ]`aIf`_S¿�]`t�ºi#½j¸`bIcn_�detu_¾Fo�½jÔ�detum�Ô�]`aIÕ�_�yp_�d�ø�ä�� 
 ��ìmo#w�wÍi�]u¹�m�_�t`o�w�w+_�trqAÂ�i�t`t » ]uaHf`_�f~i#b�_�ù�cH_�aHtu_�_�ke_�Ô��cxaIdebI½j¸`_ ÷~_�kef*i�t`m�_�ke_�m#c�]`t`fgdet*¹jº]utu¹���½j¸`aHd%cHcH_�tgw+d%cK_�det`_�a���½j¸`aIdlcHc » _�d%cx_�Õ�o�t���%nì ë w�wy`dlb�i�]u¹#'�����ØAì ë w�wGí�_�t�cxbIÛ`aH_�½j¸`_�t`f�ñ�¹�i�f�ÂZð î�y`¿ » q������&ØAì ë w�w/í�_�t�cHbHÛ`aI_�½j¸`_�t`f�ñ�¹�i�f
��î _�dlt`m�_�bhcx_�keklc�q�Ù�_�d"òI_�fu_�w ��½j¸`aHd%cHc » ]`aHf`_V_�detu_V¾Fo�½jÔ�dlt`m�Ô�]`aIÕ�_�i�]u¹�m�_�t`o�w�w�_�trqSÂ\de_Â\aH_�¸�]`t`m�_�aI¹�o�kem�cH_\w+d%cÃ}�dekl¹�_K_�detu_�bÃw�o�cxo�aIdebIde_�ahcx_�t�Â\aH_�¸�Õ�_�aHbhcx_�keke_�aHb�ÂÃì
�¨ð���Õ�o�tVè¥de½�o�b�é
f`_�a>w+d%c�_�dlt`_�wÆòÎ��ñ>¸~i#bH_�t+��½j¸uaHdlcIcxw�o�cxo�a�i�]`bIm�_�bhcji#cIcx_�cXdlbIc>]ut`f)Õ�o�wú¾F_�½j¸ut`_�a�m�_�bIcx_�]`_�ahc
» ]`aIf`_�q�ø�dlt ��½j¸`aIdlcIcn_�t�cHbHÛ`aIde½j¸�cS��n�����A&Ø ô é#f`dl_�¾Fo�½jÔ�dlt`m�Ô�]`ahÕ�_�t » ]`aIf`_�t)dlw�Ù�_�aI_�dl½j¸)¿ » d%�bH½j¸u_�t lK�*n�A&Ø ô ]`t`f¶'���n;A&Ø ô i�]�¹�m�_�t`o�w+w�_�trq�Â�i�b�ø>aHm�_�y`t`debXdebhc�dltÇf`_�a��Kyuy`deklf`]`t`mZ��q ���
f~i�aIm�_�bhcx_�keklc�q�Â\_�a�Ù�_�]`m�]`t`m�b » deaHÔ�]`tum�bHm�aHi�f�Ë debhc�¸`dl_�aSm�_�m�_�t�f`_�t à4Ñ£ÐEÍ ß ÑóÍ�Ñ Â\aH_�¸ » dlt`Ô�_�kdew@Ù�_�aI_�dl½j¸4¿ » debH½j¸u_�t l
��n%�Îò��_ô�]`t`f�'���n%�Îò��_ô�i�]�¹�m�_�cHaxi�m�_�trq2�K]ub�f`_�a|�Ky`y`dlkef`]ut`m�debhc
_�aIbHdl½j¸�cHkedl½j¸ré^f~i#bHb�f`dl_�ê4_�aIcH_�Õ�o�t®Ë�¹�º]`a � ´ 
 � ô _�a » i#aIcx]ut`m�bHm�_�wVºi�Ü�i�]u¹�f`_�t4��Û`]`aI_�tf`_�a>ñ�¹�i�f`_FÂZð¤y`¿ » q��ëf`_�a>ÙX]ucHcH_�aN�uó��¨¼�]`aIÕ�_�klde_�m�_�trq�è¥d%c�f`_�a>ø>aH¸�ºo�¸�]`tum�fu_�a�÷~_�klf`bIc�ºi�aHÔ#_Õ�_�aHbI½j¸`de_�yuc)bHdl½j¸vf~i#b)èVi¤ù�dlw�]`w­]`w­¸�ºo�½j¸`bIcH_�t`b)�*n ����Ø��_ôÇí���n ���eØ#ð´ô�_�ù�cx_�aIt"î�éA_�t�cxbIÛ`aH_��
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�Kyuy`deklf`]`t`mZ��q ����ï�¾�o�½jÔ�det`m�Ô�]`ahÕ�_�t�¹�º]`a���Ù,�u%u��ï í _���ql����w�o�kÖó ]`t`f�_�det`_u×2de½j¸�cxÛzo�kÁi#aHdebHi¤�
cxdlo�t)Û~i�aHi�kekl_�k�¿�]ua>Ô�aIdebhcji�klkeo�m�aHi�Û`¸`dlbH½j¸`_�t)i¤���K½j¸`bI_�q�Â�i�b>_�ù�cH_�aIt`_F_�ke_�Ô�cxaHdlbH½j¸`_F÷~_�kef » ]`aIf`_bHo » o�¸`k�dlt�¾Fde½j¸�cx]`tumgí�o�yz_�aI_�b�ÙXdekef~î�i�klb\i�]u½j¸�_�t�cxm�_�m�_�tum�_�bI_�cx¿�c�¿�]`a�¾Fde½j¸�cH]`t`m�f`_�a\]`a��bHÛua�º]`t`m�kede½j¸u_�t�ñso�ke]ut`m�í�]`t�cx_�aH_�b�Ù�deklf"îri�t`m�_�ke_�m�c�qÎÂ\dl_>_�t�cxbIÛ`aH_�½j¸`_�t`fu_�t+¼|o�t��~m�]`aHi#cxdlo�t`_�t
» _�aHfu_�t�f`]`aI½j¸�fude_�yp_�def`_�t�·¨t`bH_�aIcxb�Õ�_�aHi�t`bH½j¸`i�]`kedl½j¸�c�q~Â�i�bX·¨t`bH_�aIcÃdlwÅo�yp_�aH_�t�Ù�deklf+bIÛ`de_��
m�_�klcFf`dl_|ñAo�kl]`t`m�bIÔ�o�t��`m�]`axi¤cxdeo�t » dlf`_�a�q
½j¸`_�t`f*¿ » _�dA��½j¸uaHdlcIcx_�tVf`_�b\è¥o#cxo�aIb�q"Â\de_�bH_�ì�_�aIbH½j¸`dl_�y`]ut`m�debhcFt`de½j¸�c
bHdlm�t`d>�`Ô#i#t�c�é`f~i bHdl_dewOÙ�_�aI_�dl½j¸ëf`_�b�è¥_�bHbh¹�_�¸`kl_�aHb+kedl_�m�c�q�·¨t¡fu_�a��Ky`y`dlkef`]ut`mg_�aHÔ#_�t`t�cÇwÇi�t » _�d%cx_�aI¸`det<f`dl_�K]ubHy`dlkef`]`tum{Õ�o�t ��_�yz_�t`w+i¤ù�dew+i*f`_�a+Ù�_�]`m�]`t`m¡��qiæ\aHf`t�]`tum`qXõ^]`a)�K]`b » _�aIcH]`t`m�f`_�a¾Fo�½jÔ�detum�Ô�]`aIÕ�_�t*w�dlcIcx_�klbÃf`_�a��KtuÛ~i�bHbI]`t`m�_�det`_�a�cH¸`_�o�aH_�cHdebI½j¸`_�t�÷~]`tuÔ�cHdeo�t » ]`aIf`_�t*fude_��bH_gi#]u¹|f`_�töm�a�ºo�Ü�cH_�t¢ê4_�aIcÇÕ�o�t�Ëzé�ËSä�é�t`o�aIw+dl_�ahc�qXÂ\_�aÇ�
]`bHfuaH]`½jÔ(Ë�oSËSä�debIcÇÕ�o�töf`_�a
�Kw�Û`kldlcx]uf`_�f`_�aXÙXaH_�½j¸�]`tum�bHdlt`f`_�ù�w�o�fu]`kÁi#cHdeo�t ]`t`i�y`¸�ºi�tum�dem`q�ø>det`_Ft`o�aIw+dl_�ahcx_Ã¼�]`ahÕ�_Fdebhc
yz_�debIÛ`de_�ke¸~i¤¹Àc2¹�º]`anø�ä�� 
 ��ìmo#w�w�dlt�f`_�aA�
y`y`dlkef`]`tum9��q���òFf~i�aHm�_�bIcH_�klklc�q��Kt�f`dl_S¾�o�½jÔ�det`m#�
Ô�]`aIÕ�_�t » ]`aHf`_�f`dl_|÷"]ut`Ô�cxdeo�t$Ë^í � ´$� ¾ �%îNoSË�ä�w�dlc
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�Kyuy`deklf`]`t`m¶��q ��ò�ïr¾Fo�½jÔ�detum�Ô�]`aIÕ�_ ¹jº]ua|�uÙ,��%u��ï í _���ql����w�o�kÖó/]`t`fg_�dlt`_q×2de½j¸�cxÛzo�kÁi#aHdebHi¤�
cxdlo�tgÛ~i�aHi�kekl_�kn¿�]`a|Ô�aHdebhcji�klkeo�m�axi�Û`¸udebH½j¸u_�tgi¤���K½j¸`bI_+yz_�d�ø�ä�� 
 ��ìmo#w�w�q�Â\de_)m�_�w+_�bHbI_�t
ê4_�aIcH_�Õ�o�t-Ë�bIdet`fvi�]u¹Ãdl¸`aH_�t�èViÎùudlwÇi#k » _�aIc�é2f`_�a�¸`dl_�a�yp_�d � ´$� ¾ � 
 ��ô|Õ�o�aIkedl_�m�c�é2t`o�ah�w�de_�ahc » o�aIf`_�trq�ø>det`_¥�Kt`Û~i#bHbH]ut`m�m�_�wVºi�Ü4f`_�a 
 ke_�de½j¸�]`t`m¢íJ��q;%�î debIc+_�yz_�t�¹�i�keklb+dltëf`dl_�Kyuy`deklf`]`t`m _�dlt`m�_�cxaxi#m�_�trq

Ërí � ´$� ¾ �%î 
 ô ä ô£õä½�o�b 6 íK´$� ¾ ��' � ´$� ¾ �%î Be× 6 B�_�ù�Ûeq�l ãOö � ' òtB ö
½�o�b�íK´$� ¾ ��' � ´$� ¾ �%î ç Be× s¿ bIdet`¸ 6 Ë ßF÷ Ç �6ùø 'ôbHdet 6 Ëvú � Ç �6ÂøË ß ÷ Ç �6 ø 6 ' ËSú � Ç �6 ø 6 û íK��q�%�î

� Ô 
 ¼üB�½�o�b�í4½?o�ò�' � ´$� ¾ �%î
]`t`fùËSä 
 Ërí � ´$� ¾ � 
 ��îÇi�t`m�_�Û~i�bIbIc�L ������é
�����eM�q�Â�i�yp_�dKdlbIc ô ä�f`dl_VÔ�o�w+Û`kl_�ù�_�¼�o�Û`Û��ke]ut`m�bHÔ#o�t`bhcji�t�cx_#é9×Æf`dl_v}�o�keo�m�axi�w�w�f`de½jÔ#_�]`t`f ö � f`_�aV�KyubH½j¸ » ºi�½j¸�]`t`m�bIÔ�o�_�ý�¿�dl_�t�c�qÂ\de_ 
 kl_�de½j¸�]`tumØíJ��q;%�î » ]`aIf`_{i�]`b�f`_�a�i#kekem�_�w�_�detu_�t 
 ke_�de½j¸�]`t`m�¹ º]`a�fude_�¸`dl_�aÇÕ�o�aHklde_��m�_�t`f`_)Ù�_�f`detum�]`t`m`épf~i�bIb\f`_�a 
 d%cHcx_�aIÕ�_�Ô�cxo�a
f`_�b\}
o�klo�m�axi#w+w�b �¼ÅÛ`i�axi�klke_�ks¿�]`a\Ô�aHdlbIcxi�k%�
keo�m�axi�Ûu¸`debI½j¸`_�t�½����K½j¸`bI_�o�aHde_�t�cxde_�aIcFdlbIc�é`i�y`m�_�ke_�d%cx_�c�q~è¥i�t¥yz_�i#½j¸�cH_�é"f~i�bIb
fu_�aF�K]`bIf`aH]u½jÔ
í ô ä ô õä o�½�o�b 6 íK´$� ¾ �S' � ´$� ¾ �%îHî@Be× 6 ¹ º]ua�Ë�y`¿ » q�í ô ä ô õä o�½�o�b 6 íP´$� ¾ �%îHî@Be× 6 ¹ º]`a�Ë�ä\yz_�d�f`_�aKÙ�dlk%�f`]`tum+f`_�b�þ�]uo�cxdl_�t�cx_�t¥f`_�t¥�
]`bHfuaH]`½jÔ�½�o�b 6 íK´$� ¾ �ÚîUo�½�o�b 6 íK´$� ¾ ��' � ´$� ¾ �ÚîÃ_�aHm�dlyuc�qÂ\de_
ø>aHm�_�y`t`dlbHbH_Kf`_�aX�Kt`Û~i#bHbH]ut`m�_�t�_�det`bI½j¸`kedl_�Ü�klde½j¸�f`_�a�}Ki�kly » _�ahcxy`aI_�d%cx_�tÇf`_�a�¾�o�½jÔ�det`m#�Ô�]`aIÕ�_�t;í�÷AêØ}\è4é��
y`yrq���q���ò�î)bHdetuf¡dltëf`_�a+ÄAi�yz_�kekl_���ql���Vi�]�¹�m�_�kldebIcH_�c�q>�K]`b�f`_�aÇ}
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