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)N--J2LN-2 *2P PzFJ+ PN2 ZdNH+ PN- ]N�
,xKz++*2L yNJ PN- ^*M2zKFN PN- $/NH+-zG�
,JL2z+*-N2 �* FJ2JFJN-N2� CJN-�* (*-PN2
PJN ]NGN*xK+*2L,.*NGGN2 z*, NJ2N- C�KN )02
��� xF FJ+ NJ2NF �N2J+(J2HNG )02 u�� z*,
LNLN2�yN- GJNLN2PN2 %JxK+*2LN2 ,0 z*M PJN
]N,+�2PN LN-JxK+N+� Pz,, PN- LN-JxK+N+N
?JxK+,+-zKG IN(NJG, PJN 2�KN- LNGNLN2N C�GM+N
PN, ]N/Vz2�*2L,Hz,+N2, z*,GN*xK+N+N� "F
J2 zGGN2 )JN- &*zP-z2+N2 IN(NJG, )02 NJ2N-
?JxK+.*NGGN PJ-NH+N $+-zKG*2L �* NF/Mz2LN2
(*-PN2 PJN 'Vz2�H�,+N2 z*M %0GG(zLN2 *2�
+N- PN- >N,,)0--JxK+*2L /z-zGGNG �*- ]N�
GN*xK+*2L,zxK,N LN,xK0yN2� [JN>N,,*2LN2
FJ+ PNF ENGP,/NH+-0FN+N- N-M0GL+N2 z*,
NJ2N- ^*M2zKFNK�KN )02 s� xF �yN- PNF
]0PN2Fz+N-JzG� [JN =0-FzGJ,JN-*2L PN-
$+-zKGPJxK+NFN,,*2LN2 N-M0GL+N �yN- PJN

tpo#K0-,+N2 >N(N, N+ wG�� $/NH+-wGN X2+FJ,uK*2L )02 %NMGN�J02,,JL2w+*-N2



)0-LN,xKzG+N+N >N,,*2L NJ2N,  NJ�,+z2�
Pz-P, �v�ev� xF� '0G�+N+-zV*0-0N+K�GN2�
Ez� ?zy,/KN-N B2x�� yNJ LGNJxK yGNJyN2PN-
^*M2zKFNH02XL*-z+J02�

BFDNLN2,z+� �*FDNM��)N-,*xK ,+NK+ JF
ENGP)N-,*xK PJN $022N zG, ?JxK+.*NGGN �*-
!N-M�L*2L� (z, z*ML-*2P PN, )z-JzyGN2 ^�J�
F*+� *2P �N2J+,+z2P, PN- $022N ,0(JN PN-
J2K0F0LN2N2 #-�y*2L PN- ^+F0,/K�-N
NJ2N ,�,+NFz+J,xKN !N-,*xK,P*-xKM�K-*2L
N-,xK(N-+� "F PJN $xK(z2H*2LN2 PN- "F�
LNy*2L,)z-JzyGN2 ,0 LN-J2L (JN F�LGJxK �*
KzG+N2� (*-PN2 ,�F+GJxKN >N,,*2LN2 �*-
>J++zL,�NJ+ P*-xKLNM�K-+� Pz KJN- PJN LN�
-J2L,+N ^y(NJxK*2L )0F �N2J+(J2HNG *2P
/0+N2�JNGG PN- L-��+N $+-zKG*2L,V*,, )0-�
GJNL+� [JN ]N/-0y*2L,V�xKN2 Kz++N2 IN(NJG,
NJ2N D-��N )02 t�et� xF� PJN P*-xK PJN
,/NH+-zGN >N,,*2L yN,+F�LGJxK N-Mz,,+ (N-�
PN2 ,0GG+N� [JN ^*M2zKFNK�KN M�- PJN
$+-zKGPJxK+NFN,,*2LN2 GzL N2+,/-NxKN2P JF
ENGP)N-,*xK yNJ p� xF �yN- PNF ]0PN2�

s Yw+N2/-0�N,,JN-*2L

[JN [z+N2)0-/-0�N,,JN-*2L yNJ2KzG+N+N )N-�
,xKJNPN2N^-yNJ+,,xK-J++N� PJN /-JF�- PJN>J�
2JFJN-*2L PN- $+�-NJ2V�,,N yNJ PN- [z+N2�
z*M2zKFN �*F �JNG Kz++N2� $JL2zG,+�-*2LN2
KzyN2 JK-N2 "-,/-*2L N2+(NPN- J2 ,�,+NF�
,/N�JX,xKN2 ]N,xK-�2H*2LN2 ��� ]� $JL2zG�
%z*,xK�!N-K�G+2J,� 0PN- J2 $xK(z2H*2LN2
PN- "FLNy*2L,)z-JzyGN2 ��� ]� z+F0,/K�-J�
,xKN-  z,,N-LNKzG+�� CJN-�* (*-PN2 PJN
$/NH+-zG,JL2z+*-N2 �*2�xK,+ NJ2N- 2JxK+�GJ�
2Nz-N2 E-N.*N2��EJG+N-*2L *2+N- PN- ^2�
2zKFN NJ2N, '0G�20F, M�2M+N- <-P2*2L FJ+
NJ2NF EJG+N-MN2,+N- )02 �� $+�+�,+NGGN2 *2�
+N-�0LN2 �)LG� $z)J+�H� 3 D0Gz� �psu��

=zxK PN- [z+N2LG�++*2L (*-PN Pz, $JL�
2zG�%z*,xK�!N-K�G+2J, *2+N-,*xK+� [JN, N-�
M0GL+NFJ++NG, ]N-NxK2*2L PN, ,/NH+-zGN2!z�
-Jz+J02,H0NdJ�JN2+N2 �x)� �yN- PJN  JNPN-�
K0G*2L,FN,,*2LN2 M�- INPN NJ2�NG2N '-0yN
�2fu� *2PPN- NF/J-J,xKN2[NX2J+J02 NJ2N,
D-N2�(N-+N, M�- x) �x)Fz��� Cz+ PN- N-+ Pz�
yNJ PN2 PNX2JN-+N2 D-N2�(N-+ x)Fz� �yN-�
,xK-J++N2� (*-PN2 PJN yN+-NdN2PN2  NGGN2�
G�2LN2yN-NJxKN z*,LN,xKG0,,N2� Pz JK- ZJ2�
V*,, z*M PJN [NX2J+J02 ,/NH+-zGN- Z2PFNF�
yN- �* L-0� (�-N *2P PJN Z-LNy2J,,N )N-M�G�

,xKN2 (�-PN� [*-xK PJN ^2zG�,N PN- !z-Jz�
+J02,H0NdJ�JN2+N2 (*-PN2 PJN [z+N2 M�- PN2
DNM��� ,0(JN M�- PN2 ENGP)N-,*xK z*M PJN
$/NH+-zGyN-NJxKN PN, ,JxK+yz-N2 ?JxK+, *2P
PN, 2zKN2 B2M-z-0+, �vtt��vup 2F� ,0(JN
PN, H*-�(NGGJLN2 B2M-z-0+, ��ut���rpp 2F�
yN,xK-�2H+� �* �(NxHN2 PN- [z+N2-NP*H�
+J02 *2P >J2JFJN-*2L )02 %NP*2Pz2�N2
(*-PN PN- [z+N2,z+� M�- PJN (NJ+N-N ]Nz-�
yNJ+*2L z*M �� 2F $+�+�,+NGGN2zy,+z2P -NP*�
�JN-+�
[JN $xK�+�*2L PN- ^y*2Pz2�N2 )02 DN�

FN2LNz2+NJGN2 z*, $/NH+-zGPz+N2 N-M0GL+N
z*M ]z,J, PN- >N+K0PN PN- $>^� [N- ^2�
,z+� PN- $>^ J2 PN- EN-2N-H*2P*2L LNK+
*-,/-�2LGJxK z*M PJN ^*,(N-+*2L -�*FGJxK
N�/GJ�J+N- ^yyJGP*2LN2 �*-�xH *2P PJN
'-0yGNFz+JH� Pz,, F*G+J,/NH+-zGN $N2,0-N2
J2 PN- %NLNG P*-xK PJN yNL-N2�+N -�*FGJxKN
^*V�,*2L 2JxK+ J2 PN- ?zLN ,J2P� PJN HGNJ2�
-�*FJLN CN+N-0LN2J+�+ NJ2N, ?z2P,xKzM+,�
z*,,xK2J++N, �* N-Mz,,N2� [z, Z-LNy2J, ,J2P
>J,xK,/NH+-N2 z*, %NVNH+z2�N2 )N-,xKJN�
PN2N- <yN-V�xKN2+�/N2� [JN $>^ LNK+ Pz�
)02 z*,� Pz,, ,JxK NJ2 >J,xK,/NH+-*F GJ2Nz-
z*, FNK-N-N2 ZJ2�NG,/NH+-N2� ,0 LN2z22�
+N2 Z2PFNFyN-z2+NJGN2 �*,zFFN2,N+�+
�^PzF, �pqs�� $J2P PJN Z2PFNFyN- �$/NH+�
-N2 K0F0LN2N- <yN-V�xKN2� yNHz22+� Gz,�
,N2 ,JxK +KN0-N+J,xK �yN- PJN $>^ PJN ^2�
+NJGN PJN,N- zF >J,xK,/NH+-*F yN-NxK2N2�
*2P ,0 Pz, -�*FGJxKN [N+zJG NJ2N- $N2,0-�
z*M2zKFN )N-yN,,N-2 �=JxK0G w��r�� [JN,N-
^2,z+� G�,,+ ,JxK 0K2N (NJ+N-N, z*M 2JxK+�
zyyJGPN2PN [z+N2� (JN PJN KJN- )0-GJNLN2PN2
$/NH+-zG,JL2z+*-N2 �yN-+-zLN2� CJN-yNJ
,N+�+ ,JxK INPN, $/NH+-*F LN2N-NGG z*, PN2
Z2PFNFyN-2?NL*FJ20,N�D-z, *2P ]0PN2
�*,zFFN2� [N- '-0�N,, PN- $/NH+-zGN2 Z2+�
FJ,xK*2L M�- PN2 KJN- )0-GJNLN2PN2 EzGG
(J-P P*-xK ^yy� � )N-z2,xKz*GJxK+� DNFN2�
LN/G0+ ^ y�(� ] ,+NKN2 IN M�- NJ2N2 JFzLJ�
2�-N2 >N,,(N-+� PJN KJ2,JxK+GJxK JK-N- ?zLN
J2 PNF P*-xK z*,LN(�KG+N Z2PFNFyN- zy�
LN,+NxH+N2 ]N-NJxK JF 2�PJFN2,J02zGN2
%z*F LN/-�M+ (N-PN2� [z, %N,*G+z+ PN-
$>^ ,J2P 20-FJN-+N ^y*2Pz2�(N-+N �� yJ,
���;� PN- NJ2�NG2N2 E-zH+J02N2 M�- PJN IN�
(NJGJLN ^2,zz+)z-Jz2+N� PJN zG, $xK�+�N- J2
NJ2 %NL-N,,J02,F0PNGG NJ2LNKN2� [JN "F�
,N+�*2L PN- Z2+FJ,xK*2L )02 $/NH+-zG,JL�

tpn 'K0+0L-wFFN+-JN Y EN-2N-H*2P*2L Y DN0J2M0-Fw+J02 r�t��n



\vv� �l %w*FwvL-N2�*2L JF 2�PJFN2,J02wGN2
%w*F P*-uK P-NJ X2PFNFvN- �)N-�2PN-+ 2wuK
CB?? �mmn��

#wv� tl >J++GN-N- \2+NJG )02 ?NL*FJ20,N2� �NJPNGL-w, *2P [NJH-�*+N-2 J2 PN- \2,ww+)w-Jw2+N� @�
rp�qt �)LG� CB>$#XY# t��q��

!z-Jz2+N #zLN 2zxK ^2,zz+  NJPNGL-z, �;_ ?NL*FJ20,N2 �;_ ]NJH-�*+N- �;_

 NJPNGL-z, ��� sv rp�wu � w��rs
%0+HGNN �w� sv � tq��p u��q�
 NJ�HGNN �v� sv � t��r� uq�wp
?*�N-2N �u� sv � sp��� v��p�

%0+HGNN� NJPNGL-z,
�t�

sv ut�ur u��up �v��u
up sv��v wu�u� �w�uq
vt ts�ur vw��� ���tv
w� up�pu uu�p� t��s

%0+HGNN� NJPNGL-z,
�ty�

sv sr�su �r�w� �t��s
up sr�uv p�tp ww�pp
vt rv�sq ���vs �u�ps
w� qw�us ����w s�tw

 NJ�HGNN� NJPNGL-z,
�s�

sv tr�sq �r�qs wu�us
up rw�ww �q��r p�s�
vt rv�w� �r�qr q�pw
w� rs�ts �r��� s�vv

?*�N-2N� NJPNGL-z,
�r�

sv ut�uw vs��t �q�uv
up sw�vu wp�ts q���
vt tr��p vs��v s�rq
w� t���t uu�uw u�uv

2z+*-N2 N-M0GL+N *2+N- !N-(N2P*2L PN- '-0�
L-zFFyJyGJ0+KNHN2 )02 B[? �J2+N-zx+J)N
Pz+z Gz2L*zLN� FJ+ PN- $0M+(z-N Z=!B�
[JN $xK�+�*2L PN- Z-+-zL,z2+NJGN z*, PN2

^y*2Pz2�(N-+N2 PN- Z2+FJ,xK*2L,/-0�N,�
,N N-M0GL+N P*-xK NJ2MzxKN%NL-N,,J02,z2zG��
,N� [JN ^-+ *2P $+�-HN PN, �*,zFFN2Kz2L,
(*-PN �yN- Pz, ]N,+JFF+KNJ+,Fz� ,0(JN
Pz, @02XPN2�2J)Nz* ,+z+J,+J,xK N-FJ++NG+�

r X-LNv2J,,N

r�� DNM��)N-,*uK

[JN Z-LNy2J,,N PN- ]N,+z2P,J2)N2+*- M�-
PN2 DNM��)N-,*xK w��t ,J2P J2 #zy� w �*�
,zFFN2LNMz,,+� ^*d�GGJL J,+ PN- K0KN ^2+NJG
z2 ]NJH-�*+N-2 yNJ PN2 %NJ2,zz+N2 %0+HGNN�
 NJ�HGNN *2P ?*�N-2N ,0(JN PJN !z-JzyJGJ+�+
PN- ^2+NJGN �yN- PJN  zxK,+*F,/N-J0PN
y�(� M�- PJN )N-,xKJNPN2N2 ^2,zz++N-FJ2N
)� z� J2 PN- ^2,zz+)z-Jz2+N t �%0+HGNN� NJ�
PNGL-z,��
[JN ^2+NJGN PN- ^2,zz+H0F/02N2+N2

D-z, *2P ?NL*FJ20,N ,+NGGN2 PJN zyK�2LJ�
LN2 !z-JzyGN2 M�- PJN %NL-N,,J02,z2zG�,N
Pz-� [JN N-HG�-N2PN2 !z-JzyGN2 (N-PN2
P*-xK PJN 20-FJN-+N2 ^y*2Pz2�N2 z*, PN-
$>^ LNGJNMN-+� CJN-yNJ (*-PN2 PJN ^2+NJGN
PN- ]NJH-�*+N- 2JxK+ yN-�xH,JxK+JL+� Pz KJN-�
M�- HNJ2 -N/-�,N2+z+J)N, Z2PFNFyN- LN2N�
-JN-+ (N-PN2 H022+N� E�- PJN $>^ (*-PN2
z*, PN2 %NJ2,zz+)z-Jz2+N2 � yJ, u ,0(JN PN-
]0PN2)z-Jz2+N �*2�xK,+ PJN ,/NH+-zGN2 Z2P�
FNFyN- � NJPNGL-z,7� �%0+HGNN7� � NJ�HGNN7�
�?*�N-2N7 *2P �]0PN27 LN2N-JN-+� (0yNJ /-0

tpm#K0-,+N2 >N(N, N+ wG�� $/NH+-wGN X2+FJ,uK*2L )02 %NMGN�J02,,JL2w+*-N2
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y = 0,5649x - 7,2218

R
2
= 0,732

0

20

40

60

80

100

0 20 40 60 80 100

normierte Endmember-Abundanz [%]

A
n
te
il
L
e
g
u
m
in
o
s
e
n
[%

]

\vv� tl %NL-N,,J02,F0PNGGN w*M [w,J, PN- $>\ �DNM��)N-,*uK� M�- PJN !w-Jw2+N2 Y+� �NJPNGL-w,
�GJ2H,� v�(� ?*�N-2N �-NuK+,� �ps 3 rm #wLN 2wuK \2,ww+� 2cn��

#wv� sl @0--NGw+J02,H0NMMJ�JN2+N2 2wuK 'Nw-,02 w*, 20-FJN-+N- X2PFNFvN-�\v*2Pw2� *2P \2+NJG
w2 DN,wF+�#-0uHN2Fw,,N J2 ; ��*- X-G�*+N-*2L PN- )N-(N2PN+N2 !w-Jw2+N2 M�- PJN X2PFNFvN-
)LG� #wv� ���

Z2PFNFyN-�
H0FyJ2z+J02

]N,+z2P,zG+N-
�#zLN 2zxK ^2,zz+�

2 [+�  NJPNGL-z, ?NL*FJ20,N2

^
!z-Jz2+N2
��w�]0PN2

w� h vt h up h sv �s up�rw �r�pr

vt h up h sv �w �sr�p� u��s�

up h sv q ��qp�qt �q��ww

sv u ��pp�u� pu�rv

]
!z-Jz2+N2
��v�]0PN2

w� h vt h up h sv �s uu�qw �u��u

vt h up h sv �w �s��uv vr�pw

up h sv q ��p��rw ��qu��v

sv u ��pp�ru pv�ww

\
!z-Jz2+N2
��u�]0PN2

w� h vt h up h sv �s u��t� r�qr

vt h up h sv �w �s���� vq�w�

up h sv q ��p���u ��qt�ts

sv u ��pq�q� p���q

�� [JN @0--NGz+J02 J,+ z*M PNF =J)Nz* )02 ���� �w�,NJ+JL� ,JL2JXHz2+�
� [JN @0--NGz+J02 J,+ z*M PNF =J)Nz* )02 ���t �w�,NJ+JL� ,JL2JXHz2+�

$>^�'-0�NP*- NJ2N PN- P-NJ ?NL*FJ20,N2�
z-+N2 ,+NGG)N-+-N+N2P M�- zGGN ,+z2P�[JN $>^
(*-PN z2,xKGJN�N2P M�- PJN $zz+LNFN2LN PN-
!z-Jz2+N2 t� ty� s *2P r� P*-xKLNM�K-+�

^yy� w �NJL+ yNJ,/JNGKzM+ $+-N*PJzL-zFFN
PN- ^2+NJGN )02  NJPNGL-z, y�(� ?*�N-2N
*2P PN- yN-NxK2N+N2 20-FJN-+N2 ^y*2Pz2�
z*, PN- ,/NH+-zGN2 Z2+FJ,xK*2L z*M� [N-

to� 'K0+0L-wFFN+-JN Y EN-2N-H*2P*2L Y DN0J2M0-Fw+J02 r�t��n



#wv� rl @0--NGw+J02,H0NMMJ�JN2+N2 2wuK 'Nw-,02 w*, 20-FJN-+N- X2PFNFvN-�\v*2Pw2� *2P \2+NJG
w2 DN,wF+�#-0uHN2Fw,,N J2 ; � H*F*GJN-+N [N,+w2P,wG+N- ��*- X-G�*+N-*2L PN- )N-(N2PN+N2 !w�
-Jw2+N2 M�- PJN X2PFNFvN- )LG� #wv� ���

Z2PFNFyN-�
H0FyJ2z+J02

]N,+z2P,zG+N-
�#zLN 2zxK ^2,zz+�

2 [+�  NJPNGL-z, ?NL*FJ20,N2

!z-Jz2+N2
��w�]0PN2

sp h rq h p� h �wv uq w�wu s�uq

rq h p� h �wv vs �t�wv �q��r

p� h �wv wu �u��r� �uw��t

�wv �w �s���� �sq�uq

!z-Jz2+N2
��v�]0PN2

sp h rq h p� h �wv uq ws�w� s�r�

rq h p� h �wv vs ��ur�rw �q���

p� h �wv wu �r�up wp�tq

�wv �w �s��st �sq�sw

!z-Jz2+N2
��u�]0PN2

sp h rq h p� h �wv uq v�ru ��rv

rq h p� h �wv vs t�tr s�uq

p� h �wv wu �u�qr ws�uw

�wv �w wt��u �sq�rt

�� [JN @0--NGz+J02 J,+ z*M PNF =J)Nz* )02 ���� �w�,NJ+JL� ,JL2JXHz2+�
� [JN @0--NGz+J02 J,+ z*M PNF =J)Nz* )02 ���t �w�,NJ+JL� ,JL2JXHz2+�

�*,zFFN2Kz2L �(J,xKN2 $>^�yz,JN-+N2
E-zH+J02,z2+NJGN2 *2P PN2 Hz-+JN-+N2 ^2�
+NJGN2 PN- ^2,zz+H0F/02N2+N2 J,+ HGz- N-�
,JxK+GJxK *2P ,+z+J,+J,xK ,JL2JXHz2+ 2zxK�
(NJ,yz-� [JN $*FFN PN- ^2+NJGN M�-  NJPNG�
L-z, *2P ?NL*FJ20,N GJNL+ ,0(0KG yNJ PN2
$xK�+�N-2 zG, z*xK yNJ PN2 N-HG�-N2PN2 !z�
-JzyGN2 J2 PN- %NLNG *2+N- ���;� (z, z*M
Pz, ENKGN2 PN- ]NJH-�*+N- *2P PN2 ^2+NJG
PN, ]0PN2,JL2zG, yNJ PN- Z2+FJ,xK*2L �*�
-�xH �* M�K-N2 J,+�
[JN $>^�'-0�N,,JN-*2LN2 (*-PN2 FJ+

P-NJ )N-,xKJNPN2N2 Z2PFNFyN-H0FyJ2z+J0�
2N2 P*-xKLNM�K-+ �[+�  NJPNGL-z,� ?NL*FJ�
20,N �^� NJ�HGNN� ]�%0+HGNN� \�?*�N-2N��
]0PN2�� (0yNJ� (JN 0yN2 yN-NJ+, yN,xK-JN�
yN2� PJN ^2+NJGN PN- IN(NJGJLN2 E-zH+J02N2
zG, DN,zF+Pz+N2,z+� J2 PJN $xK�+�*2L NJ2�
LJ2LN2� #zy� v Mz,,+ PJN Z-LNy2J,,N PN- $>^
M�- PN2 DNM��)N-,*xK �*,zFFN2� E�- PJN
,+z+J,+J,xKN ^2zG�,N PN- �*,zFFN2K�2LN
(*-PN2 PJN  N-+N/zz-N 2zxK PNF ]N,+z2P,�
zG+N- )02 �G+N-N2 �* I�2LN-N2 ]N,+�2PN2 �*�
,zFFN2LNMz,,+� [JN,N �*,zFFN2Mz,,*2L

(*-PN M�- PJN ]N+-zxK+*2L PN- I�2LN-N2 ]N�
,+�2PN JF DNM��)N-,*xK 20+(N2PJL� Pz 2*-
PJN �G+N,+N2 ]N,+�2PN JF DNM��)N-,*xK zG,
%NJ2,zz+N2 )0-GzLN2� [JN Z-LNy2J,,N PN-
,+z+J,+J,xKN2^2zG�,N �NJLN2 K0xK ,JL2JXHz2�
+N �*,zFFN2K�2LN �(J,xKN2 $xK�+�N-2
�20-FJN-+N ^y*2Pz2�N2� *2P ]N,+z2P,Pz�
+N2 �E-zH+J02N2� M�- PJN �G+N-N2 ]N,+�2PN
z*M �]N,+z2P,zG+N- sv 3 svhup #zLN�� CJN-�
yNJ J,+ N, *2N-KNyGJxK� (NGxKN PN- P-NJ ?NL*�
FJ20,N2z-+N2 zG, Z2PFNFyN- M�- PJN $>^
)N-(N2PN+ (*-PN� [JN $+�-HN PN, �*,zF�
FN2Kz2L, 2JFF+ *2+N- PNF ZJ2V*,, I�2LN�
-N- ]N,+�2PN *2P yNJ @0FyJ2z+J02 *2+N-�
,xKJNPGJxKN-  zxK,+*F,/Kz,N2 J2 NJ2NF
$xK�+�F0PNGG zy�

r�t ENGP)N-,*uK

[JN $>^ PN- $/NH+-zGPz+N2 z*, PNF ENGP�
)N-,*xK (*-PN J2 ^2zG0LJN �*F DNM��)N-�
,*xK M�- PJN P-NJ Cz*/+)z-Jz2+N2  NJPNG�
L-z,� NJ�HGNN�  NJPNGL-z,�%0+HGNN *2P
 NJPNGL-z,�?*�N-2N zG, DN,zF+Pz+N2,z+�

to�#K0-,+N2 >N(N, N+ wG�� $/NH+-wGN X2+FJ,uK*2L )02 %NMGN�J02,,JL2w+*-N2



#wv� ql @0--NGw+J02,H0NMMJ�JN2+N2 2wuK 'Nw-,02
w*, X2PFNFvN-�\v*2Pw2� *2P \2+NJG w2 DN�
,wF+�#-0uHN2Fw,,N J2 ; � 2JuK+�H*F*GJN-+N
[N,+w2P,wG+N- �2c�t��

Z2PFNFyN-�
H0FyJ2z+J02

]N,+z2P,�
zG+N-

�#zLN 2zxK
^2,zz+�

[+�
 NJPNG�
L-z,

?NL*FJ�
20,N2

!z-Jz2+N2
��w�]0PN2

sp w��pv wu�rq

rq �r��v ���v�

p� �r�vq �s��v

�wv �s���� �sq�uq

!z-Jz2+N2
��v�]0PN2

sp ���ww wr�rt

rq ��q���� ��rv

p� ��r� �s�rv

�wv �s���� �sq�sw

!z-Jz2+N2
��u�]0PN2

sp wp�ws uu��t

rq u�tq �t�pr

p� us�ur ww�s�

�wv wt��u �sq�rt

�� [JN @0--NGz+J02 J,+ z*M PNF =J)Nz* )02
���� �w�,NJ+JL� ,JL2JXHz2+�

� [JN @0--NGz+J02 J,+ z*M PNF =J)Nz* )02
���t �w�,NJ+JL� ,JL2JXHz2+�

P*-xKLNM�K-+� E�- INPN ^*,(N-+*2L LJ2L
NyN2MzGG, NJ2 ]0PN2,/NH+-*F zG, Z2PFNF�
yN- J2 PJN Z2+FJ,xK*2L NJ2� PJN ]NJH-�*+N-
(*-PN2 yNJ PN- $>^� NyN2,0 (JN JF DNM���
)N-,*xK 2JxK+ yN-�xH,JxK+JL+� [JN %N,*G+z+N
PN- %NL-N,,J02,z2zG�,N2 �(J,xKN2 E-zH+J0�
2N2 z*, PN- ]N,+z2P,J2)N2+*- *2P 20-FJN-�
+N- ^y*2Pz2� z*, PN- $>^ ,J2P J2 #zy� u
z*MLNM�K-+� [JN �*,zFFN2,+NGG*2L J,+ z2z�
G0L �* #zy� v LNLGJNPN-+ 2zxK PN- )N-(N2PN�
+N2 Z2PFNFyN-H0FyJ2z+J02 M�- PJN $>^�
,0(JN 2zxK PN- �*,zFFN2,N+�*2L �yN- Pz,
]N,+z2P,zG+N-�

^GGLNFNJ2 2JFF+ PJN D�+N PN, $xK�+�F0�
PNGG, *2+N- PNF ZJ2V*,, I�2LN-N- ]N,+�2PN
*2P yNJ @0FyJ2z+J02 *2+N-,xKJNPGJxKN-
 zxK,+*F,/Kz,N2 zy� [N- �*,zFFN2Kz2L
�(J,xKN2 ?NL*FJ20,N2z2+NJG *2P Z2PFNF�
yN-�^2+NJG J,+ JF ^GGLNFNJ2N2 ,+�-HN- zG, M�-

PJN $xK�+�*2L PN, D-z,z2+NJG,� [N- L-��N-N
$+JxK/-0yN2*FMz2L JF ENGP)N-,*xK N-F�L�
GJxK+ NJ2N �*,�+�GJxKN ,N/z-JN-+N ]N+-zxK+*2L
PN- NJ2�NG2N2  zxK,+*F,,+zPJN2 �#zy� t��
[JN �*,zFFN2K�2LN ,J2P (JN ,xK02 JF DN�
M��)N-,*xKFJ+ �*2NKFN2PNF]N,+z2P,zG+N-
,+�-HN-� [JN D�+N PN- %NL-N,,J02,F0PNGGN
J,+ )0- zGGNF yNJ PN2 I�2LN-N2 ]N,+�2PN2
,NK- LN-J2L� ,0 Pz,, �*FNJ,+ HNJ2 ,JL2JXHz2�
+N- �*,zFFN2Kz2L 2zxK�*(NJ,N2 J,+�

q YJ,H*,,J02

[JN JF ENGP� *2P DNM��)N-,*xK P*-xKLN�
M�K-+N2 $/NH+-zGN2 Z2+FJ,xK*2L,/-0�N,,N
�NJLN2 PN*+GJxKN "2+N-,xKJNPN JF Z-LNy2J,
z*M� [N- !N-LGNJxK PN- E-zH+J02,z2+NJGN z*,
PN- ]N,+z2P,J2)N2+*- FJ+ PN2 z*, PN2 Z2P�
FNFyN-2 zyLNGNJ+N+N2^y*2Pz2�N2 �NJL+ M�-
PN2DNM��)N-,*xK JF^GGLNFNJ2N2 PN*+GJxKN
�*,zFFN2K�2LN z*M� (0yNJ PJN D�+N PN-
$xK�+�*2L FJ+ PNF ]N,+z2P,zG+N- �*2JFF+�
ZJ2N Z-HG�-*2L KJN-M�- J,+� Pz,, PJN /-0�N2�
+*zGN2 E-zH+J02,z2+NJGN z*, PN- ]N,+z2P,J2�
)N2+*- ,JxK z*M PJN 0yN-J-PJ,xKN DN,zF+yJ0�
Fz,,N yN�JNKN2� *2zyK�2LJL )0F^2+NJG PN-
]0PN2yNPNxH*2L �*F �NJ+/*2H+ PN- Z-Mz,�
,*2L� ]NJ PN- 0/+J,xKN2 >N,,*2L F�,,N2 IN�
P0xK PJN $/NH+-zG(N-+N M�- 'Vz2�N2z2+NJG�
]0PN2 *2PF�LGJxK,+ z*xK $xKz++N2 yN-�xH�
,JxK+JL+(N-PN2� $0Gz2LN NJ2N K0KN]J0Fz,,N
)0-GJNL+� zG,0 PN- ^2+NJG PN, ]0PN2,JL2zG,
LN-J2L z*,M�GG+� ,+NGG+ PJN,N- "2+N-,xKJNP HNJ2
'-0yGNF Pz-� ]NJ PN- ]N+-zxK+*2L I�2LN-N-
]N,+�2PN F�,,+N zGGN-PJ2L, PN- EG�xKN2z2�
+NJG PN, ]0PN2, FJ+ NJ2yN�0LN2 (N-PN2�
�K2GJxKN, LJG+ M�- $xKz++N2(*-M� A�2LN-N ]N�
,+�2PN (NJ,N2 J2 PN- %NLNG NJ2N K�KN-N ]N�
,xKz++*2L P*-xK PJN ]N,+z2P,LN0FN+-JN z*M�
$xKz++N2 (J-H+ ,JxK JF ^GGLNFNJ2N2 P�F/�
MN2P z*M PJN -NVNH+JN-+N ,/NH+-zGN $+-zKG�
PJxK+N z*, *2P yNNJ2V*,,+ ,0FJ+ Pz, >N,,�
,JL2zG� PN- ZJ2V*,, Hz22 zyN- JF ^GGLNFNJ�
2N2 zG, zPPJ+J) y�(� ,*y+-zH+J) �yN- PN2 LN�
,zF+N2 NGGN2G�2LN2yN-NJxKyN+-zxK+N+ (N-�
PN2 *2P Kz+ ,0FJ+ HNJ2N2 ZJ2V*,, z*M PJN
,/NH+-zGN Z2+FJ,xK*2L �Z-z,FJ w��v�� BF
DN(�xK,Kz*, (*-PN PNF ZJ2V*,, PN- ]N�
,xKz++*2L PN220xK P*-xK NJ2N ^*,GN*xK�
+*2L FJ++NG, yJPJ-NH+J02zGN- ]NGN*xK+*2L
%NxK2*2L LN+-zLN2� BF ENGP)N-,*xK (z-N2

tot 'K0+0L-wFFN+-JN Y EN-2N-H*2P*2L Y DN0J2M0-Fw+J02 r�t��n



(Var. 3.1) (Var. 3.2)

(Var. 3.3) (Var. 3.4)

\vv� sl [N,+w2P,)N-LGNJuK PN- )JN- �JNPN-K0G*2LN2 PN- !w-Jw2+N %0+HGNN wF �(NJ+N2 >N,,+N-FJ2�

KJ2LNLN2 HNJ2N PN-z-+JLN2 ]NGN*xK+*2L,z2�
,�+�N -NzGJ,JN-yz-� B2,LN,zF+ �NJL+ ,JxK� Pz,,
P*-xK PJN K�KN-N !z-JzyJGJ+�+ PN- "F(NG+�
MzH+0-N2 PN- �*,zFFN2Kz2L� (NGxKN- JF
DNM��)N-,*xK NJ2PN*+JL 2zxK(NJ,yz- J,+�
PN*+GJxK LN,xK(�xK+ (J-P� [N- ^2+NJG PN- N-�
HG�-+N2 !z-Jz2� z*M ]z,J, PN- Z2PFNFyN-�
^y*2Pz2�N2 )z-JJN-+ J2,LN,zF+ ,NK- ,+z-H�
z*xK (N22 PJN ]N,+JFF+KNJ+,Fz�N �* PN2
,/�+N-N2>N,,+N-FJ2N2 NyN2MzGG, �*2NKFN2�
=NyN2 PN2 "F(NG+NJ2V�,,N2 ,/JNG+ JF E-NJ�
Gz2P)N-,*xK PJN HGNJ2-�*FJLN ]N,+z2P,KN+N�
-0LN2J+�+ NJ2N N2+,xKNJPN2PN %0GGN� ZJ2N2
]NGNL KJN-M�- GJNMN-2 $N2H-NxK+z*M2zKFN2
FJ+ NJ2N- [JLJ+zGHzFN-z� PJN zG, %NMN-N2� �*
PN2 MNGP,/NH+-0FN+-J,xKN2 >N,,*2LN2 z*M�
LN20FFN2 (*-PN2 �CJF,+NP+ w��t�� ^G,
]NJ,/JNG KJN-M�- ,J2P J2 ^yy� v PJN )JN- 'z�
-zGGNGN2 PN- !z-Jz2+N v �%0+HGNN� %NJ2,zz+�
zyLNyJGPN+�
[JN K0KN !z-Jz+J02 PN, ]N(*xK,N, J,+ z*M

PN2 ^*M2zKFN2 N-,JxK+GJxK� [JN,N CN+N-0�
LN2J+�+ J,+ )0- zGGNF J2 �H0G0LJ,xK yN(J-+�
,xKzM+N+N2 D-�2Gz2PV�xKN2 z*,LN/-�L+ *2P

,+NGG+ NJ2N yNPN*+N2PN CN-z*,M0-PN-*2L M�-
PJN +NJGV�xKN2,/N�JX,xKN ]N,+z2P,z2zG�,N
z*M ]z,J, 0/+J,xKN- $+-zKG*2L,,N2,0-N2 Pz-�
ZJ2N (NJ+N-N ZJ2,xK-�2H*2L PN- ^*,,zLN�

M�KJLHNJ+ JF E-NJGz2P)N-,*xK ,+NGG+ PN- K0KN
]NJH-�*+N-z2+NJG Pz-� PN- PJN E0GLN NJ2N-
,xK(JN-JLN2 ]N,+z2P,N+zyGJN-*2L 2zxK PN-
^2,zz+ (z-� [z M�- PN2 ENGP)N-,*xK HNJ2
N2+,/-NxKN2PN, Z2PFNFyN- LN2N-JN-+ (N-�
PN2 H022+N� J,+ PJN $/NH+-zGz*M2zKFN PN-
!z-Jz2+N ]NJH-�*+N- z*, PNF DNM��)N-,*xK
2JxK+ J2 PJN ^2zG�,N NJ2LNV0,,N2�  JN J2
#zy� w N-,JxK+GJxK J,+ PN- /-0�N2+*zGN ^2+NJG
PN- ]NJH-�*+N-M-zH+J02 -NGz+J) K0xK� [JN,N-
^2+NJG z2 PN- $/NH+-zG,JL2z+*- (J-P ,0 IN�
P0xK NJ2NF PN- )N-(N2PN+N2 P-NJ Z2PFNF�
yN- �*LN,xK-JNyN2� (z, �* ~yN-,xK�+�*2LN2
PN- N-HG�-N2PN2 ^y*2Pz2�N2 M�K-N2 Hz22
�)LG� ^yy� w�� "2+N-,xK�+�*2LN2 (NJ,N2 KJ2�
LNLN2 Pz-z*M KJ2� Pz,, NJ2 ^2+NJG NJ2N- E-zH�
+J02 NJ2NF 0PN- FNK-N-N2 Z2PFNFyN-2
NJ2N- z2PN-N2 E-zH+J02 �*LN+NJG+ (J-P� [JN
>J2JFJN-*2L )02 ~yN-� *2P "2+N-,xK�+�
�*2LN2 J,+ NJ2N E-zLN PN- &*zGJ+�+ PN- NJ2�

tos#K0-,+N2 >N(N, N+ wG�� $/NH+-wGN X2+FJ,uK*2L )02 %NMGN�J02,,JL2w+*-N2



�NG2N2 Z2PFNFyN- *2P (JN -N/-�,N2+z+J)
PJN Z2PFNFyN-H0FyJ2z+J02 M�- Pz, DN�
FN2LN,JL2zG J,+�

[N- !N-LGNJxK PN- H*F*GJN-+N2 *2P 2JxK+�
H*F*GJN-+N2 [z+N2,�+�N JF E-NJGz2P)N-,*xK
Kz+ LN�NJL+� Pz,, z*xK *2+N- E-NJGz2PyNPJ2�
L*2LN2 NJ2N $xK�+�*2L )02 DNFN2LNz2+NJ�
GN2 z*M ]z,J, PN- ,/NH+-zGN2 Z2+FJ,xK*2L J2
*2+N-,xKJNPGJxKN2 zxK,+*F,/Kz,N2 /-J2�J�
/JNGG F�LGJxK J,+�  N-PN2 PJN [z+N2 PN- )N-�
,xKJNPN2N2>N,,+N-FJ2NFJ+NJ2z2PN- H*F*�
GJN-+� J,+ LN2N-NGG NJ2N K0KN $JL2JXHz2� �*
)N-�NJxK2N2� #N2PN2�JNGG ,/JNLNG2 PJN Z-LNy�
2J,,N PN- 2JxK+�H*F*GJN-+N2[z+N2 �(z- �K2�
GJxKN, (JPN-� N, J,+ INP0xK yNJ PN2 I�2LN-N2
]N,+�2PN2 z*ML-*2P PN, LN-J2LN2 ]0PN2yN�
PNxH*2L,L-zP, J2 PN- %NLNG HNJ2 ,JL2JXHz2�
+N- �*,zFFN2Kz2L N-FJ++NGyz-�

[N- KJN- )0-LN,+NGG+N ^2,z+� PN- $/NH+-z�
GN2 Z2+FJ,xK*2L )02 %NVN�J02,,JL2z+*-N2
M�- )N-,xKJNPN2N ^2,zz+)z-Jz2+N2 JF D-z,�
Gz2P�E*++N-yz* �NJL+ Pz, '0+N2+JzG ,/NH+-0�
,H0/J,xKN- >N,,*2LN2 �*- ^2zG�,N +NJGV��
xKN2,/N�JX,xKN- ]N,+z2P,FN-HFzGN z*M�
[JN ]N-NxK2*2L )02 Z2PFNFyN-�^y*2�
Pz2�N2 N-F�LGJxK+ ^*,,zLN2 �yN- Pz, !0-�
H0FFN2 )02 E-zH+J02N2 J2DNFN2LNz2,zz�
+N2 *2P Hz22 PzFJ+ �*F NJ2N2 B2PJHz+0-N2
PN- E*++N-.*zGJ+�+ GJNMN-2 *2P �*F z2PN-N2
�*- Z-+-zL,0/+JFJN-*2L JF PN- +NJGV�xKN2�
,/N�JX,xKN2 ]N(J-+,xKzM+*2L )02D-z,Gz2P�
yN,+�2PN2 yNJ+-zLN2 � zxKN2P0-M w��t��

=NyN2PN- -�*FGJxKN2!z-JzyJGJ+�+ PN- ]N�
,+z2P,M-zH+J02N2 H022+N �yN- NJ2N  zxK,�
+*F,/N-J0PN )0- zGGNF z*xKPJN �NJ+GJxKN[��
2zFJH )02 DNFN2LNz2+NJGN2 *2+N- 2z+�-GJ�
xKN2 "FLNy*2L,yNPJ2L*2LN2 z*, ,/NH+-z�
GN- B2M0-Fz+J02 2zxKLN(JN,N2 (N-PN2�

#-0+� PN- z*MLN�NJL+N2 >�LGJxKHNJ+N2 PN-
$/NH+-zGz2zG�,N M�- PJN D-z,,Gz2P(J-+,xKzM+
J,+ PN- z*MLN�NJL+N !N-MzK-N2,(NL M�- PJN
/-zH+J,xKN ^2(N2P*2L �*-�NJ+ 20xK 2JxK+
-NzGJ,JN-yz-� [NFLNLN2�yN- ,+NKN2 yN-NJ+,
/-z�J,-NJMN Z2+(JxHG*2LN2 M�- PJN ZxK+�NJ+�
yN,+z2P,/VNLN z*M ]z,J, PJLJ+zGN- 'K0+0L-z�
/KJN� (JN �� ]� )02DNyKz-P+ *2P@�Kyz*xK
�w��r�� [JN ^*,(N-+*2L �NJ+GJxK *2P -�*F�
GJxK K0xKz*V�,N2PN- ,/NH+-zGN- B2M0-Fz�
+J02 ,+NGG+ zyN- z*xK M�- PJN D-z,Gz2P(J-+�
,xKzM+ )0- PNF CJ2+N-L-*2P zH+*NGGN- *2P
�*H�2M+JLN- $z+NGGJ+N2FJ,,J02N2 �*- Z-PyN0�

yzxK+*2L ��� ]�%z/JPZ�N� Z2>z/� NJ2N �*�
H*2M+,+-�xK+JLN 'N-,/NH+J)N Pz-�

Yw2H,wL*2L

[JN P*-xKLNM�K-+N2 "2+N-,*xK*2LN2 ,J2P
]N,+z2P+NJG PN, E0-,xK*2L,/-0INH+, ��$N2,0�
-J,xKN >N+K0PN2 *2P %�*FGJxKN ^2zG�,N2
J2 PN- E*++N-/-0P*H+J0277 zF EzxKLNyJN+
D-�2PGz2P(J,,N2,xKzM+ *2P =zxK(zxK,N2�
PN %0K,+0dN PN, EzxKyN-NJxK, �� PN- "2J�
)N-,J+�+ @z,,NG�

?J+N-w+*-

^PzF,� A�]�� $FJ+K�>�<�3 A0K2,02� '�Z�� �pqso
$/Nx+-zG FJ�+*-N F0PNGGJ2Lo z 2N( z2zG�,J, 0M
-0xH z2P ,0JG +�/N, z+ +KN !JHJ2L ?z2PN- � ,J+N�
� A0*-2zG 0M DN0/K�,JxzG %N,Nz-xK p�o q�p��
q��w�

]JN(N-� $�� E-JxHN� #�� Z-z,FJ� $��  zxKN2P0-M�
>� 3 @z//z,� >�� w��to $xK�+�*2L PN- Z-�
+-zL,� *2P PN- ]N,+z2PN,�*,zFFN2,N+�*2L )02
?NL*FJ20,N2�D-z,�DNFN2LN2 FJ++NG, PN-
ENGP,/NH+-0,H0/JN � Z-,+N Z-LNy2J,,N NJ2N, DN�
M��)N-,*xKN,� � >J++NJG*2LN2 PN- ^-yNJ+,LN�
FNJ2,xKzM+ D-�2Gz2P *2P E*++N-yz* ro tr�s��

\z-G,,02� D� 3 C*,,�[z2NGG� @�� w��vo =J+-0�
LN2 X�z+J02 J2 /N-N22JzG M0-zLN GNL*FN, J2 +KN
XNGP� � 'Gz2+ z2P $0JG wtvo vtv�vrw�

Z-z,FJ� $�� w��vo </+J,xKN EN-2N-H*2P*2L �*-
+NJGV�xKN2,/N�JX,xKN2 �*,+z2P,yN,xK-NJy*2L
)02 J2+N-(NJ�N2yN,+�2PN2� � D�++J2LN- DN0�
L-z/KJ,xKN ^yKz2PG*2LN2 ����

DNyKz-P+� $�� $xKNGGyN-L� A�� ?0xH� %� 3@�K�
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