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/VJxK+N+o LNFNJ2+ ,J2P PN- HGNJ2N @-NJ,Gz*M �*F %N,,0*-xN2,xK*+� JF J2P*,+-JNGGN2
]N-NJxK �zy(z,,N-z-FN #NxK2JH� *2P PN- L-��N-N @-NJ,Gz*M �*F %N,,0*-xN2,xK*+�
JF H0FF*2zGN2 ]N-NJxK �#-J2H(z,,N- � ^y(z,,N-�^y(z,,N--NJ2JL*2L � <yN-V��
xKN2(z,,N- � "MN-XG+-z+�]0PN2/z,,zLN � #-J2H(z,,N-��

��t [NJ,/JNGN w*, PN- DN,uKJuK+N PN- �w,,N-)N-,0-L*2L

��t�� [NPN2HN2,(N-+N, J2 �N*L2J,,N2 *2P $/*-N2 PN- !N-Lw2LN2KNJ+

^*,H*2M+ �yN-  J,,N2� @-Nz+J)J+�+ *2P E�KJLHNJ+N2 PN- >N2,xKN2 Hz22 PJN DN�
,xKJxK+N 2*- J2 PNF>z�N LNyN2� (JN ,xK-JM+GJxKN �N*L2J,,N 0PN- (N2JL,+N2, $/*-N2
FN2,xKGJxKN- #�+JLHNJ+ �*- !N-M�L*2L ,+NKN2� [zyNJ J,+ E0GLN2PN, yNFN-HN2,(N-+o
[JN ?NJ,+*2LN2 PN- z,,N-)N-,0-L*2L� ,0 GNyN2,(JxK+JL ,JN z*xK (z-N2� KzyN2 ,NG+N2



^2Gz,, �* ,xK-JM+GJxKN2 ]N-JxK+N2 LNLNyN2� ��B2LN2JN*-N� J2,yN,02PN-N  z,,N-yz*J2�
LN2JN*-N� KzyN2 �(z- 0M+ DN,xKJxK+N LNFzxK+� ,JN KzyN2 N, zyN- *2+N-Gz,,N2� ,JN �*
,xK-NJyN277 �Dz-y-NxK+� �pqt�� $0 ,J2P (J- 2NyN2 PN- B2+N-/-N+z+J02 ,xK-JM+GJxKN-
&*NGGN2 z*, Lz2� z2PN-N2 �*,zFFN2K�2LN2� PJN LNGNLN2+GJxK J2PJ-NH+ N+(z, �yN-
PN2 �NJ+LN2�,,J,xKN2 $+z2P PN-  z,,N-yz*+NxK2JH )N--z+N2� )0- zGGNF z*M $/*-N2
FN2,xKGJxKN- #�+JLHNJ+ z2LN(JN,N2� =0FzPN2)�GHN- KzyN2 HNJ2N PN-z-+JLN2 $/*-N2
KJ2+N-Gz,,N2� zyN- J2 DNyJN+N2 FJ+ K0KN- ]N,JNPG*2L,PJxK+N ,J2P ,NJ+ M-�KN,+N- �NJ+
%0K-GNJ+*2LN2 *2P #zG,/N--N2 yNHz22+ �,JNKN #zy� ��w��

[-NJ ]NJ,/JNGN� FJ+ PN2N2 KJN- PN- DN,xKJxK+N PN-  z,,N-)N-,0-L*2L PJN %N)N-N2�
N-(JN,N2 (J-P� +KNFz+J,JN-N2 P-NJN-GNJ 20xK KN*+N yNPN2HN2,(N-+N ^,/NH+No

z� PJN Gz2LN2� DN2N-z+J02N2 *FMz,,N2PN2 �NJ+-�*FN M�- NJ2N 2zxKKzG+JLN  z,,N-�
)N-,0-L*2L zF ]NJ,/JNG PN- '-0yGNFN >N,0/0+zFJN2,n

y� Pz, LN,xKJxK+GJxKN [*-xKV*,,/-J2�J/ )0- ZJ2M�K-*2L PN, @-NJ,Gz*M,�,+NF, PN-
>0PN-2Nn

x� PJN DNM�K-GJxKHNJ+ )02 /Gz*,JyGN2� LGNJxK(0KG z*M !0-*-+NJGN2 *2P CzGy(zK-KNJ�
+N2 yN-*KN2PN2 !0-,+NGG*2LN2 PN- �dN2+GJxKN2 >NJ2*2L z*M NJ2NF ,0 (JxK+JLN2
DNyJN+ (JN PN-  z,,N-)N-,0-L*2L�

��t�t YJN !N-,wG�*2L PN, [0PN2, J2 >N,0/0+wFJN2

Z*/K-z+ *2P #JL-J, /-�LN2 Pz, KJ,+0-J,xKN �(NJ,+-0FGz2P �>N,0/0+zFJN2� z-zyJ,xK
^G [,xKz,J-z�� NJ2 M-*xK+yz-N, ?z2P FJ+ �N*L2J,,N2 M-�KN,+N2 $+�P+Nyz*,� ��� � � �_
@NJ2 ?z2P )02 zGGN2� PJN (J- HN22N2� J,+ ,0 N-LJNyJL z2 @0-2 (JN PJN,N,� � � � �_ ^yN-
M�- PJN E-*xK+ PN- [NFN+N- J,+ N, ,0 L*+ LNNJL2N+� Pz,, N, J2 PN- %NLNG yJ, �* �(NJ�
K*2PN-+ @�-2N- GJNMN-+ *2P� (N22 N, ,JxK NJ2FzG ,NGyN- �yN-+-Jd+� ,0Lz- yJ, �* P-NJ�
K*2PN-+77 �CN-0P0+� *F ut� )�\K-�o =N*2 ]�xKN- PN- DN,xKJxK+N� B� �pv�� <K2N
]N(�,,N-*2L G�,,+ ,JxK zyN- 2*- JF=0-P0,+N2 PN,DNyJN+, NJ2N z*,H�FFGJxKN ?z2P�
(J-+,xKzM+ yN+-NJyN2� BF L-��+N2 #NJG >N,0/0+zFJN2, -NJxK+ PN- =JNPN-,xKGzL )02
��� yJ, w�� FF %NLN2 JF AzK- 2JxK+ z*,� E�- NJ2N ]N(�,,N-*2L yJN+N2 ,JxK PJN
yNJPN2 L-0�N2 EG�,,N z2� CJN-yNJ J,+ NJ2 M�- PJN %NLJ02 +�/J,xKN, (z,,N-(J-+,xKzM+�
GJxKN, '-0yGNF �* FNJ,+N-2� [JN ]NPJ2L*2LN2 ,J2P z2PN-N zG, zF =JG� (0 JF ^*L*,+
yJ, <H+0yN- � 2zxK PN- Z-2+N � Pz, C0xK(z,,N- 0K2N L-0�N2 $xKzPN2 PJN ENGPN-
FJ+ ,NJ2NF M-*xK+yz-N2 $xKGzFF �yN-V*+N+ *2P �*LGNJxK G�,GJxKN $zG�N z*, PNF
]0PN2 z*,,/�G+� BF DNLN2,z+� Pz�* H0FFN2 J2 >N,0/0+zFJN2 PJN zGGI�K-GJxKN2
$xKFNG�(�,,N- z*, PNF z-FN2J,xKN2C0xKGz2P �*- MzG,xKN2 �NJ+� $JN +-N+N2 �(J,xKN2
^/-JG *2P A*2J z*M� (N22 PJN ENGPN- ,xK02 G�2L,+ yN,+NGG+ ,J2P� Pz, DN+-NJPN zyN-
20xK *2-NJM *2P 2JxK+ zyLNN-2+N+ J,+� $0 (*-PN �yN- )JNGN DN2N-z+J02N2 KJ2(NL
�(z2L,G�*XL J2 INPNF AzK- �*2�xK,+ FJ+ *FMz2L-NJxKN2 @z2�GN2 Pz, >J++NG(z,,N-
0PN- Lz- =JNP-JL(z,,N- z*, Z*/K-z+ *2P #JL-J, �*- ]N(�,,N-*2L yN-NJ+LN,+NGG+� BF
^/-JG *2P A*2J PzLNLN2 F*,,+N2 Pz22 PJN ENGPN- )0- PNF C0xK(z,,N- LN,xK�+�+
(N-PN2�

B2 >N,0/0+zFJN2 yGJNy Pz, ]N(�,,N-*2L,(z,,N- z*M PN2 ENGPN-2 *2P ,+z*+N ,JxK
0K2N [-zJ2zLN� B2PNF Pz,  z,,N- )N-P*2,+N+� yGJNyN2 PJN JF EG*,,(z,,N- LNG�,+N2
$zG�N �*-�xH *2P (N22LGNJxK JK-N @02�N2+-z+J02 LN-J2L (z-� -NJxKN-+N2 ,JN ,JxK P0xK
zGGF�KGJxK JF ]0PN2 z2� [zKN- 2zKF PJN !N-,zG�*2L PN, ]0PN2, �(z- Gz2L,zF�
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#zyNGGN ��� %�xHLz2L PN- Z-+-�LN *2P �*2zKFN PN, ^2+NJG, z2 DN-,+N J2 >N,0/0+zFJN2
�@z2L� �J+JN-+ 2zxK Dz-y-NxK+� �pqt� $� rv�

'N-J0PN Z-+-�LN HL�Kz
 NJ�N2 *2P DN-,+N

!N-K�G+2J,
 NJ�N2 �* DN-,+N

N+(z vt�� )� \K-� ` � �* �
N+(z wu�� �r�� � �* s
N+(z w��� ���� � �* t�
N+(z �r�� r�� 2*- 20xK DN-,+N

zyN- ,+N+JL �*� [JN, G�,,+ ,JxK -�xHyGJxHN2P zF%�xHLz2L PN- Z-+-�LN *2P zF NxK,NG
PN- yN)0-�*L+N2 $zz+ )02  NJ�N2 �*- ,zG�-N,J,+N2+N2 DN-,+N zyGN,N2 �#zy� �����
~yN- AzK-+z*,N2PNKJ2(NL Lzy N, NJ2FNK- zG, GNJPGJxK L*+ M*2H+J02JN-N2PN, $�,+NF

(z,,N-yz*GJxKN- >z�2zKFN2 JF �(NJ,+-0FGz2P�  �K-N2P PN- �NJ+ PN- $*FN-N-
�v��� )�\K-�� (z-N2 JF ,�PGJxKN2 >N,0/0+zFJN2 (zK-,xKNJ2GJxK yN-NJ+, -*2P
v���� .HF yN(J-+,xKzM+N+ �Dz-y-NxK+� �pqt� $� rw�� ^*M PN- KN*+N JF ?0*)-N�>*�
,N*F �'z-J,� z*,LN,+NGG+N2 $�*GN FJ+ wqw %NxK+,,�+�N2 PN, yzy�G02J,xKN2 @�2JL,
CzFF*-zyJ ��rwq yJ, �sqs )�\K-�� ,J2P z*xK =0-FN2 M�- PJN 'VNLN PN- [�FFN
*2P @z2�GN PN- ]N(�,,N-*2L MN,+LNKzG+N2� ,0�*,zLN2 PN- "-,/-*2L KN*+JLN-  z,�
,N-Kz*,KzG+,LN,N+�N� !02 zGGN2 Z-0yN-N-2 (*-PN2 PJN  z,,N-yz*+N2 LNzxK+N+ *2P
LN/VNL+� yJ, v��� AzK-N ,/�+N-� 2zxK J2,LN,zF+ FJ2PN,+N2, ut�� AzK-N2 ,�,+NFz+J�
,xKN- ]N(�,,N-*2L�>02L0GN2,+�FFN *F �wts 2�\K-� PJN ^2GzLN2 ,0 L-�2PGJxK �N-�
,+�-+N2� Pz,, PJN ]N)�GHN-*2L J2 PN- E0GLN )02 wt>JGGJ02N2 z*M N+(z ��t>JGGJ02N2
ZJ2(0K2N- �*-�xHLJ2L�]J, �*F w�� AzK-K*2PN-+(*-PN NJ2 JNPN-z*Myz*PN- L-0�N2
]N(�,,N-*2L,,�,+NFN 2JxK+ )N-,*xK+�
B2 PN- �yN- �w� DN2N-z+J02N2 *FMz,,N2PN2 'N-J0PN� (�K-N2P PN-N- PJN ^2GzLN2

J2+zH+ (z-N2� GNy+N HNJ2NDN2N-z+J02 Gz2L LN2*L� *F PJN !N-�2PN-*2L PN- !N-,zG�*2L
(zK-�*2NKFN2� LN,xK(NJLN PN22 zG, '-0yGNF �* N-HN22N2� =*- E-zLN2 z2 PJN DN�
,xKJxK+N� PJN ,JxKN- 2JNFz2P LN,+NGG+ Kz+� K�++N2 ^2-NL*2LN2 M�- z2PN-N>z�2zKFN2
�*- 2zxKKzG+JLN2  z,,N-)N-,0-L*2L LNyN2 H�22N2� "2P KN*+N` � [z, "F(NG+y*2�
PN,zF+ �yN-GNL+� 0y N, ��2zxKKzG+JL77 FJ+ t� AzK-N2 0PN- FJ+ w�� AzK-N2 PNX2JN-+8
>J+ PNF>z�,+zy NJ2N- ,0GxK H*-�,JxK+JLN2 [NX2J+J02 LNFN,,N2� P�-M+N z*, KN*+JLN-
$JxK+ PN2 >N2,xKN2 J2 >N,0/0+zFJN2 2JxK+ )0-�*(N-MN2 ,NJ2� Pz,, ,JN J-LN2P N+(z,
MzG,xK LNFzxK+ K�++N2� "2P PN220xK ,J2P PJN 2zxK+NJGJLN2 E0GLN2 JK-N, ]N(�,,N�
-*2L,,�,+NF, JF %�xHyGJxH *2)N-HN22yz-�
[JN, N-Gz*y+ 2*- NJ2N2 $xKG*,,o 2zxKKzG+JLN  z,,N-)N-,0-L*2L L-NJM+ (NJ+N- J2 PJN

AzK-+z*,N2PN� [N- D-*2P,z+� ��yNJ MNKGN2PN- 2z+�-GJxKN- [-zJ2zLN HNJ2 ]N(�,,N�
-*2L,,�,+NF0K2N N2+,/-NxKN2PN, Z2+(�,,N-*2L,,�,+NF77F*,, z*ML-*2P yJ++N-N- Z-�
MzK-*2LN2 *2P yNJ @N22+2J, PN- H0F/GN�N2 !0-L�2LN �]0PN2 �  z,,N- � 'Vz2�N��
�*F ,+N+, yNzxK+N+N2 ^GGLNFNJ2(J,,N2 (N-PN2 �Dz-y-NxK+� �pqt�� z*xK (N22 ,NJ2N
]N-NxK+JL*2L z*, PN- Z-MzK-*2L NJ2N, NJ2�NG2N2 >N2,xKN2GNyN2, 2JxK+ zyGNJ+yz- J,+�

��w ]NJ,/JNGN z*, PN- DN,xKJxK+N PN-  z,,N-)N-,0-L*2L v



��t�s Yw, Y*-uKMG*,,/-J2�J/ wG, D-*2PGwLN PN- +-wPJ+J02NGGN2 $+-*H+*-
PN- �w,,N-)N-,0-L*2L *2P PN- {vN-Lw2L �*F @-NJ,Gw*M/-J2�J/
PN- >0PN-2N

[z,[*-xKV*,,/-J2�J/ PN- z,,N-)N-,0-L*2L Gz*+N+o )02 PN- &*NGGN �y�(� PNF]-*2�
2N2� P*-xK PJN $JNPG*2L J2 PN2 EG*,,� !02 ^2yNLJ22 PN, !0-H0FFN2, FN2,xKGJxKN-
$JNPG*2LN2 FJ+ K�KN-N- ]N)�GHN-*2L,PJxK+N J,+ �* yN0yzxK+N2� Pz,, #-J2H(z,,N- J2
PJN $+�P+N LNGNJ+N+ (*-PN� J2 PN2N2 N, M�- PN2 DNy-z*xK �*- !N-M�L*2L ,+z2P�  0KJ2
LNy-z*xK+N,  z,,N- N2+,0-L+ (*-PN� G�,,+ ,JxK 2*- )N-F*+N2�  zK-,xKNJ2GJxK INP0xK
V0,, N, FJ+ PNF "2-z+ yN-Lzy 0PN- )N-,JxHN-+N JF ]0PN2� !JNGMzxK (*-PN N, )0-KN-
J2 %0K-N2 0PN- @z2�GN2 LN,zFFNG+� *F N, z*, PNF $JNPG*2L,LNyJN+ KN-z*, �* GNJ+N2�

[z, '-J2�J/ PN, [*-xKV*,,N, ,JxKN-+N PJN �dN2+GJxKN C�LJN2N *2P (z- zGGLNFNJ2
�yGJxK� E�- NJ2N2 @-NJ,Gz*M PN,  z,,N-, yN,+z2P� ,0Gz2LN PJN ]N)�GHN-*2L,PJxK+N
J2,LN,zF+ LN-J2L (z-� HNJ2 ^2Gz,,�

ZJ2 )0-LN,xKJxK+GJxKN, ]NJ,/JNG J2 PJN,NF �*,zFFN2Kz2L yJN+N+ PN- >�+K0, PN-
t�^-yNJ+ PN, CN-zHGN, �PJN Fz2xKFzG z*xK zG, s� LN��KG+ (J-P�o PJN %NJ2JL*2L PN-
yJ, KN*+N ,/-JxK(�-+GJxK yN-�xK+JL+N2 ��$+�GGN PN, ^*LJz,77� [N- >�+K0, N2+K�G+ PJN
Z-��KG*2L )0F "-,/-*2L PN- $xK(NFFHz2zGJ,z+J02� PJN J2 F�HN2J,xKN- �NJ+ J2
D-JNxKN2Gz2P 0dN2,JxK+GJxK yNHz22+ (z-�

B2 PN- HGz,,J,xKN2 Ez,,*2L PN- Z-��KG*2L ,J2P �(NJ DN,xKJxK+N2 J2NJ2z2PN- )N-�
(0yN2� [JN NJ2N Pz)02 yN-JxK+N+� (JN CN-zHGN, FJ+ yG0�N2 C�2PN2 NJ2N2 (NJ�N2
$+JN- y�2PJL+� PN2 E�K-N- PN- �(�GM (NJ�N2 ]*GGN2 �,+NGG)N-+-N+N2P M�- PJN �(�GM
>02z+N PN, AzK-N,�� PJN �*- L-0�N2 CN-PN PN, @�2JL ^*LJz, LNK�-N2� [z, J,+ PN-
NJLN2+GJxKN >�+K0,� PN- ,NJ2N2 "-,/-*2L J2 NJ2N- )JNG �G+N-N2 Fz+-JGJ2NzGN2 @*G+*-
Kz+o PN- F�+K0G0LJ,xKN ^2(�-+N- z*M PJN @�2JL,(�-PN *2P I�K-GJxK 2N* N-(�KG+N
?JNyKzyN- PN- F�xK+JLN2 '-JN,+N-J2 PN->02PL�++J2 F*,,+N ,+N+, NJ2N KN-0J,xKN ^*M�
LzyN yN(�G+JLN2� *F ,JxK (�-PJL �* N-(NJ,N2n -J+*NGG ,+NK+ KJN-M�- PJN ]N�(J2L*2L
NJ2N, LNM�K-GJxKN2 #JN-N, �)LG� %z2HN�D-z)N,� �ps��� [N- �*,�+�GJxKN ^*M+-zL �*-
��%NJ2JL*2L PN- $+�GGN PN, ^*LJz,77� PN- J2 PN- ,xK-JM+GJxKN2 ~yN-GJNMN-*2L PN- �w^-�
yNJ+N2 PN,CN-zHGN, 2zFN2,LNyN2P M�- PJN Z/J,0PN J,+ *2P(NJ+FNK-%z*FNJ22JFF+
zG, PN- �G+N-N >�+K0,� ,xKNJ2+ NJ2N -0Fz2KzM+N Z-L�2�*2L PN- Z-��KGN- �* ,NJ2�
z2LN-NL+ P*-xK PN2 =zFN2 PN, ~yN-y-J2LN-, PN, ^*M+-zL, )02 @�2JL Z*-�,+KN*,
z2 CN-zHGN,� [N- ]0+N KJN� 2�FGJxK @0/-N*,� (z, ,0)JNG (JN [�2LN-Fz22 0PN-
!JNKFJ,+Fz22 yNPN*+N+ *2P PJN 'Kz2+z,JN PN- Z-��KGN- yNV�LNG+N� NJ2N JK2N2 yN�
Hz22+N #NxK2JH N+(z, �yN-�0LN2� ,0�*,zLN2 z2LN/z,,+ z2 PJN )N-F*+N+N2 E�KJLHNJ�
+N2 PN, CNGPN2� �* yN,xK-NJyN2�  JN (J- KN*+N (J,,N2� ,+z2PN2 JF F�HN2J,xKN2
�NJ+zG+N- Pz,  J,,N2 *2P N2+,/-NxKN2PN #NxK2JHN2 �*- !N-M�L*2L� PJN EG�,,N ,0 �*
LN,+zG+N2� Pz,, ,JN(�K-N2PPN-�NJ+ PN- $+z-H-NLN2 JFCN-y,+ J22N-KzGy NJ2N, NJ2�JLN2
#zLN, NJ2 CzMN2yNxHN2 0PN- NJ2N =JNPN-*2L ,z*yN- ,/�GN2 H022+N2� DN2z* PJN,N
#NxK2JH �*- ]N(�G+JL*2L ,NJ2N- ^-yNJ+ z2LN(z2P+ �* KzyN2 (J-P CN-zHGN, �*LN�
,xK-JNyN2o N- GNJ+N+N �(NJ EG�,,N �^G/KN*, *2P 'N2NJ, 0PN- >N2J0,� ,0 *F� ��Pz,,
JK-  z,,N- P*-xK PN2 C0M ,+�-�+N *2P JK2 -NJ2 ,xK(NFF+N77 �%z2HN�D-z)N,� �ps���

BF HGz,,J,xKN2 ^G+N-+*F (z-N2 JF D-*2PN zGGN #NxK2JHN2 NJ2N- ,JxKN-N2  z,,N-�
)N-,0-L*2L LNF�� PNF [*-xKV*,,/-J2�J/ yNHz22+o [JN Ez,,*2L PN- &*NGGN2� PJN
E0-+GNJ+*2L� PJN $/NJxKN-*2L J2 #zG,/N--N2� ^.*�P*H+N ��� ]� J2 =J2J)N� *2P [�HN-
��� ]� J2 'N-LzF02�� ]J, J2, ,/�+N �p� AzK-K*2PN-+ Lzy N, 2*- (N2JL� Pz, 2JxK+ �*�
FJ2PN,+ PNF '-J2�J/ 2zxK� (N22 2JxK+ ,0Lz- ,xK02 JF )0GGN2 "FMz2L� yN-NJ+, )02

u � ZJ2GNJ+*2L



PN2  z,,N-yz*+NxK2JHN-2 ]zy�G02,� ^,,�-JN2,� AN-*,zGNF,� 'zG�,+J2z,� @GNJ2z,JN2,
*2P D-JNxKN2Gz2P, )N-,*xK+ *2P /-zH+J�JN-+ (0-PN2 (�-N �)LG� #zy� ��w�� [JN B2LN�
2JN*-N %0F, H022+N2 KJN-z*M z*Myz*N2 *2P PJN yN-NJ+, )0-Kz2PN2N2#NxK2JHN2 NJ2N-
H0FF*2zGN2  z,,N-)N-,0-L*2L /N-MNH+J02JN-N2� CJ2�* HzF NJ2N z*,LNMNJG+N ^PFJ�
2J,+-z+J02� )02 PN-N2 ZdJ�JN2� PJN $xK-JM+N2 NJ2N, JF N-,+N2 AzK-K*2PN-+ 2�\K-� zG,
x*-z+0- z.*z-*F NJ2LN,N+�+N2 -�FJ,xKN2 $N2z+0-, *2P FNK-MzxKN2 @02,*G,� $N�+*,
A*GJ*, E-02+J2*,� yN-JxK+N2 �)LG� E-02+J2*,�DN,NGG,xKzM+� �pqw��
!02 PN2 !N-,0-L*2L,+NxK2JHN2 L-0�N- $+�P+N FJ+ .*NGGM-J,xKNF  z,,N- )N-�

PJN2+ NJ2N #NxK2JH Lz2� yN,02PN-N ]NzxK+*2Lo [JN @z2z+� 0PN- E0LLz-z�#NxK2JH
�z*xK yNHz22+ zG,o @KN++z-z,� Cz++z-z,� &*z2z+� DKz2z+� @�-J,� @N-J�� @z-N���
PJN )N-F*+GJxK J2 'N-,JN2 N2+(JxHNG+ (*-PN *2P ,/�+N- FJ+ PN2 ^-zyN-2 2zxK
=0-PzM-JHz� ^GLN-JN2� >z-0HH0 *2P $/z2JN2 *2P )02 P0-+ (NJ+N- 2zxK $�PzFN�
-JHz LNGz2L+N
^F E*� ,xK2NNyNPNxH+N- ]N-LN X2PN+ ,JxK JF ^GG*)JzGy0PN2 FNJ,+ L*+N, D-*2P�

(z,,N-� Pz, 0K2N ^*MyN-NJ+*2L zG, #-J2H(z,,N- PJN2N2 Hz22� Z, F*,, 2*- LNMz,,+
*2P J2 PJN $+�P+N LNGNJ+N+ (N-PN2� !JNGN D-0�,+�P+N PN-  NG+ yNPJN2N2 ,JxK KN*+N
PJN,N-  z,,N-)0-H0FFN2�  N22 Pz,  z,,N- 2JxK+ z*, NJ2N- &*NGGN 0yN-KzGy PN-
$+zP+ z*,+-J++� )02 PN- N, JF 0dN2N2 @z2zG �-�FJ,xKN ^.*�P*H+�#NxK2JH� zG, E-NJ�
,/JNLNGGNJ+*2L J2 PJN $+zP+ LNGNJ+N+ (N-PN2 Hz22�F*,, N, P*-xK $+0GGN2 LNMz,,+ (N-PN2�
[JN,N $+0GGN2 �t� yJ, q� xF y-NJ+ *2P yJ, �* �t� xF K0xK� F�,,N2 FJ+ LN-J2LNF
DNM�GGN (NJ+N- �*- $+zP+ )0-z2LN+-JNyN2 (N-PN2� Z+(z zGGN t�F (J-P NJ2 ,N2H-NxK+N-
$xKzxK+ LNL-zyN2 �IN 2zxK DNG�2PN N+(z w�F yJ, N+(z w��F +JNM� JF ZJ2�NGMzGG JF
B-z2 u��F�� P*-xK PN2 yNJF ]z* PN- ^y-z*F N2+MN-2+ (J-P� PN- Pz22 *F PN2
$xKzxK+ NJ2N2 @-zLN2 yJGPN+� $0 -NJK+ ,JxK $xKzxK+ z2 $xKzxK+ �yN- )JNGN @JG0FN+N-
�yJ, �* t�HF�� yJ, Pz,  z,,N- J2 PJN $+zP+ VJN�N2 Hz22� [JN @z2z+�#NxK2JH J,+ ,NK-
zG+ *2P 0dN2,JxK+GJxK JF ^G+N-+*F ,0 )N-y-NJ+N+ LN(N,N2� Pz,, N, ,JxK 2JxK+ G0K2+N�
Pz-�yN- �* yN-JxK+N2� [N2 N-,+N2 ,xK-JM+GJxKN2 CJ2(NJ, LJy+ NJ2N #02+zMNG z*, PNF
ENGP�*L $z-L02 BB �rww yJ, r�t )�\K-�� LNLN2 PJN"-�+N-�>NLz,+KN2N, yN-JxK+N+ �N+(z
v�� )�\K-�� )02 )JNGN2 ]NJ,/JNGN2 JF 2�-PGJxKN2 B2PJN2 �)LG� $FJ+K� �prq� $� ��u��
^*xK @z2z+N ,J2P PNF [*-xKV*,,/-J2�J/ �*�*0-P2N2� ,0(NJ+ PJN )N-,0-L+N $+zP+

NJ2N2 L*+ M*2H+J02JN-N2PN2 ^yV*,, M�- PJN ^y(�,,N- Kz+� PN- M�- PJN C�LJN2N N2+�
,xKNJPN2P J,+�
Z, LJy+ NJ2N LN0G0LJ,xKN $J+*z+J02� J2 PN- NJ2 M-NJN- ^yGz*M PN- LNy-z*xK+N2 �,,N-

2JxK+ FNK- LN(�K-GNJ,+N+ J,+� [JN, yN+-zM zG, '-0yGNF PJN (zxK,N2PN2 $+�P+N PN,
>J++NGzG+N-, J2 PN2 #JNMNyN2N2� $JN )N-,z2HN2 JF >0-z,+ *2P JF [-NxH *2P (*-PN2
)02 ,xK-NxHGJxKN2 $N*xKN2N/JPNFJN2 KNJFLN,*xK+�

��t�r YJN DNM�K-GJuKHNJ+ /Gw*,JvGN- !0-*-+NJGN *2P PJN !N-GN*FP*2L
PN- ��[-*22N2)N-LJM+*2L77

 *2,xK *2P  J-HGJxKHNJ+ GJN�N2 ,JxK J2 ]N�*L z*M NJ2N ,JxKN-N  z,,N-)N-,0-L*2L
J2 PN- FJ++NGzG+N-GJxKN2 $+zP+ )JNGMzxK 2JxK+ FNK- J2 ZJ2HGz2L y-J2LN2o N, MNKG+N2
PJN ,z*yN-N2 &*NGGN2� N, MNKG+N2 PJN ]N-LN� z*, PN2N2 @z2z+N ,z*yN-N,  z,,N- K�++N2
�*GNJ+N2 H�22N2� *2P )0- zGGNF MNKG+N N, z2 LNNJL2N+N2^yV�,,N2� E�- NJ2N2@-NJ,Gz*M
PN,  z,,N-, MNKG+N �*2�xK,+ Pz, +NxK2J,xKN  J,,N2� zyN- Gz2LN �NJ+ z*xK PJN ]N-NJ+�
,xKzM+� ,JxK NJ2N, H02+-0GGJN-+N2 +NxK2J,xKN2  z,,N-H-NJ,Gz*M, �* yNPJN2N2�

��w ]NJ,/JNGN z*, PN- DN,xKJxK+N PN-  z,,N-)N-,0-L*2L t



ZJ2N ,0GxKN $J+*z+J02� PJN J2Fz2xKN2 2JxK+ J2P*,+-JzGJ,JN-+N2?�2PN-2 JFFN- 20xK
+-z*-JLN J-HGJxKHNJ+ J,+� yJGPN+ NJ2N2 JPNzGN2=�K-y0PN2 M�- Z/JPNFJN2 )02 $N*xKN2
*2P 'z-z,J+N2� @z*F NJ2N- PN- ]N(0K2N- Hz22 LN,*2P ,NJ2� ^yN- J-LN2P(JN ,xKGJN�+
Fz2 PJN ^*LN2 )0- PN-  J-HGJxKHNJ+� z2 PN- �*FJ2PN,+ J2 PN- FJ++NGzG+N-GJxKN2 $+zP+
HNJ2N �2PN-*2L �*F ]N,,N-N2 F�LGJxK N-,xKJN2� >�LGJxKHNJ+ �*- ^yKJGMN ,zK Fz2
,xK02 PN,(NLN2 2JxK+� (NJG PJN "-,zxKN2 PN- Z-H-z2H*2LN2 2JxK+ LN2z* yNHz22+
(z-N2�(N22LGNJxK PN-�*,zFFN2Kz2L �(J,xKN2 $z*yN-HNJ+ *2PDN,*2PKNJ+ LNG�*XL
LN(N,N2 ,NJ2 P�-M+N� [JN,N- �*,zFFN2Kz2L (*-PN �yN- PJN �yGN2 DN-�xKN JPN2+J�
X�JN-+o [N- DN-*xK,,J22 ,JL2zGJ,JN-+N ��DNMzK-77� (N22LGNJxK 2zxK KN*+JLNF  J,,N2
PJNDN-*xK,,+0dN ,NGy,+ 2JxK+ PJN NJLN2+GJxKNDNMzK- Pz-,+NGG+N2� ,02PN-2 ,N2,0-J,xKN-
B2PJHz+0- NJ2N- DNMzK- (z-N2� ZJ2 ?NyN2 Gz2L )N-+-z+ JF �p� AzK-K*2PN-+ 20xK � Lz-
yJ, J2, w�� AzK-K*2PN-+ KJ2NJ2 � >z� )02 'N++N2H0MN- ��q�q��p���� PN- N-M0GL-NJxKN
C�LJN2JHN- z*, >�2xKN2� NJ2N #KN0-JN �yN- PJN "-,zxKN2 PN- \K0GN-z� (02zxK PJN
$N*xKN )02 ��^*,P�2,+*2LN2 NJ2N, ,JNxKN2KzM+N2 ]0PN2,77 KN--�K-N2 ,0GG+N� [z, ZJ2�
z+FN2 LN(J,,N- $*y,+z2�N2� PJN ,xK02 M-�KN- LNKNJF2J,)0GG zG, >Jz,FN2 �>Jz,Fzo
^2,+NxH*2L,,+0d )02 z*�N2n FJz,Fz+J,xKo z2,+NxHN2P� yN�NJxK2N+ (0-PN2 (z-N2�
,0GG+N PJN @-z2HKNJ+ z*,G�,N2� BF DNLN2,z+� KJN-�* ,+z2P PJN ~yN-�N*L*2L� Pz,,
NJ2 ��@02+zLJ*F77� N+(z, ?NyN2PN,� !N-FNK-*2L,M�KJLN,� "-,zxKN PN- ^2,+NxH*2L
,NJ2 F*,,+N� ,0 (JN N, PN- J+zGJN2J,xKN ^-�+ DJ-0GzF0 E-zxz,+0-0 yN-NJ+, �tus FJ+
]N�*L z*M PJN $�/KJGJ, zG, H02+zLJ�,N- �z2,+NxHN2PN-� @-z2HKNJ+ M0-F*GJN-+ Kz++N
�,JNKN  J2HGN� �ppr $� ttr�� Z, J,+ +-zLJ,xK� Pz,, 'N++N2H0MN- PJN ��@02+zL02J,+N277
,0 *2)N-,�K2GJxK yNH�F/M+N� PN22 PJN !N-H2�/M*2L ,NJ2N- #KN0-JN FJ+ PNF @02�
+zLJ*F PN, E-zxz,+0-0 K�++N PN2 (zK-N2 [*-xKy-*xK ,NJ2N- z*xK 0K2N PJN, N-,+z*2�
GJxK N-M0GL-NJxKN2 C�LJN2NFz�2zKFN2 LNy-zxK+� ^F Z2PN yNLJ2L 'N++N2H0MN-� )N-�
NJ2,zF+ *2P )N-yJ++N-+� Pz 2JNFz2P FNK- ,NJ2N- #KN0-JN yGJ2P )N-+-z*+N� �p�� JF
K0KN2 ^G+N- $NGy,+F0-P� >NPJ�J2KJ,+0-J,xK J,+ PJN CzFy*-LN- \K0GN-z�Z/JPNFJN
)02 �qpw PN-  N2PN/*2H+ JF !N-,+�2P2J, PN- ^*,y-NJ+*2L )02 $N*xKN2 FJ+ PNF
#-J2H(z,,N- �,JNKN �� ]� $xKzPN(zGP+� �ppun  J2HGN� �ppr�� �(z- (z- %0yN-+ @0xK
PJN Z2+PNxH*2L PN, \K0GN-z�]z�JGG*, ,xK02 �qqv JF %zKFN2 NJ2N- Z�/NPJ+J02 2zxK
�L�/+N2 �*- Z-M0-,xK*2L PN- "-,zxKN2 PN- P0-+JLN2 \K0GN-z�Z/JPNFJN NJ2(z2PM-NJ
LNG*2LN2� zyN- N-,+ �qpw H022+N2 N- *2P ,NJ2N $xK�GN- �zGGF�KGJxK� PJN EzxK(NG+
�yN-�N*LN2� Pz,, \K0GN-z FJ+ PNF #-J2H(z,,N- �yN-+-zLN2 (N-PN2 Hz22 *2P Pz,,
#-J2H(z,,N- )0- @02+zFJ2z+J02N2 P*-xK ^y(z,,N- LN,xK�+�+ (N-PN2 F*,, �DzN-+�
2N-� �p�t��

B2 "2HN22+2J, PN- (zK-N2 �*,zFFN2K�2LN� PJN PN2 >N2,xKN2 JF >J++NGzG+N-
*2P +NJG, 20xK yJ, J2 PJN =N*�NJ+ 2JxK+ NJ2FzG JF ^2,z+� �*L�2LGJxK (z-N2� ,zK
Fz2 ,JxK IzK-K*2PN-+NGz2L PN2 ^*,(J-H*2LN2 PN- $N*xKN2 ,xKJxH,zGKzM+ z*,LNGJN�
MN-+�

]0xxzxxJ0 ��v�v yJ, �vrt� yN-JxK+N+ zG, ^*LN2�N*LN ��J+JN-+ 2zxK D0xHNG� �ppr�o
��� � � �_ "F,02,+ (z- zGGN @G*LKNJ+ *2P FN2,xKGJxKN !0-,JxK+� � � � �_ *F,02,+ zGGN PN�
F�+JLN2 DNyN+N� � � � �_ �*- CNJG*2L ,xKJN2 (NPN- PN- %z+ NJ2N, ^-�+N, 20xK NJ2N
>NPJ�J2 J-LN2P N+(z, �* )N-F�LN2� Z, LN,*2PN+N2 2*- (N2JLNn Mz,+ zGGN ,+z-yN2 �� � �_
yJ22N2 NJ2N- E-J,+ )02 P-NJ #zLN2� � � � �_ "2P J2 PN- zG,0 )N-KNN-N2PN2 =0+ �� � �_ (z-
Pz, ^2,NKN2 PN-DN,N+�N� PN- L�++GJxKN2 (JN PN- FN2,xKGJxKN2� ,xKJN- )�GGJL LN,*2HN2
*2P )N-2JxK+N+� � � � �_ [JN CNJF,*xK*2L Kz++N PN2 CN-�N2 NJ2N2 $xKz*PN- )N-,N+�+�
� � � �_ >z2 /G�2PN-+N *2P -z*y+N� � � � �_ [N- ^y,xKz*F PN- >N2,xKN2 FzxK+N ,JxK
y-NJ+�77

s � ZJ2GNJ+*2L



#zyNGGN ��w �NJ++zMNG �*- KJ,+0-J,xKN2  z,,N-)N-,0-L*2L

�NJ+ >z�2zKFN2 PN-  z,,N-)N-,0-L*2L *2P (JxK+JLN Z2+(JxHG*2LN2

Y u��� )�\K-� N-,+N �yN-GJNMN-+N z,,N-yz*Fz�2zKFN2 J2>N,0/0+zFJN2��L�/+N2� B2PJN2
*2P \KJ2z

vt���v��� %0K-N �*-  z,,N-)N-,0-L*2L JF Z*/K-z+�#zG �$+zP+ Czy*yz @zyJ-z�
Y vw�� #zG,/N--N Az(z �A0-Pz2JN2�
v����wt��  z,,N-,+z2P,z2�NJLN zF =JG ���'zGN-F0�$+NJ2N77� =JG0FN+N- yNJ >NF/KJ,�

&*NGGMz,,*2L JF B2P*,�#zG
v����w��� ]N(�,,N-*2L )02 v >J0 CNH+z- J2 >N,0/0+zFJN2
Y wt�� ]-*22N2� ^y(z,,N-z2GzLN2� %NLN2(z,,N-2*+�*2L J2 PN2 $+�P+N2 �L�/+N2,

*2P >N,0/0+zFJN2,
?NJ+*2LN2 z*, LNy-z22+NF #02 J2 >0KN2I0 [z-0� B2P*,�#zG

zy wt�� FNxKz2J,xKN CNy*2L )02  z,,N- �$KzP0*M�#NxK2JH� zF =JG
?NJ+*2L,-0K-N z*, @*/MN-yGNxK JF #0+N2+NF/NG $zK*-N yNJ ^y*,J-

Y w��� 'zGz,+ )02 @20,,0, z*M @-N+z FJ+ %0K-GNJ+*2LN2 *2P %NLN2(z,,N-,/NJxKN-
Y �r�� DN,N+�N,H0PN� PN, CzFF*-zyJ FJ+ =0-FN2 �* ]N(�,,N-*2L *2P C0xK(z,�

,N-,xK*+�
#zG,/N--N2 *2P [�FFN JF CN+KJ+N-�%NJxK

Y �u��  z,,N-z*,Gz*M*K-N2 J2 @z-2zH ��L�/+N2�
C0xK(z,,N-,xK*+� J2 PN- @0/zJ,�ZyN2N J2 D-JNxKN2Gz2P

r�� N-,+N- ,xK-JM+GJxKN- CJ2(NJ, z*M @z2z+N J2 ^,,�-JN2 �#02+zMNG z*, PNF ENGP�
�*L $z-L02 BB�

r�� CN�NHJzK�#*22NG �(J,xKN2 PN- &*NGGN DJK02 *2P PN- $+zP+ AN-*,zGNF
tr��urt �N20/Kz2N, )02 @0G0/K02� N-,+N ,xK-JM+GJxKN #KN0-JN PN, 2z+�-GJxKN2  z,�

,N-H-NJ,Gz*M,
tv� CzMN2 )02 $zF0,� !N-,0-L*2L P*-xK PN2 Z*/zGJ20,�#*22NG
Y t�� !N-,0-L*2L PN- <z,N DKz-y P*-xK @z2z+N
v�w ]z* PN- EN-2GNJ+*2L� ^.*�P*H+ ^.*z ^//Jz �%0F�
Y v�� ^*,yz* PN- @z2zGJ,z+J02 )02 %0F
Y �q� ]z*PN-[-*xHGNJ+*2LN2 �*-!N-,0-L*2LPN- K�KN- LNGNLN2N2]*-L 'N-LzF02

J2 @GNJ2z,JN2 �>zP-zPzL�?NJ+*2L�
Y �q ]z* PN, '02+ P* Dz-P �*- !N-,0-L*2L )02 =JFN,
�� !N-yN,,N-*2L PN- ^PFJ2J,+-z+J02 P*-xK NJ2N2 x*-z+0- z.*z-*F J2 %0F

2�\K-� pr���v $N�+*, A*GJ*, E-02+J2*,� $N2z+0- *2P @02,*G� zG, x*-z+0- z.*z-*F +�+JL�
P0H*FN2+JN-+ Pz, NdJ�JN2+N !N-(zG+*2L,,�,+NF

��t� �J,+N-�JN2,N- )N-(N2PN2 ^y(�,,N- �*- ]N(�,,N-*2L PN-  JN,N2 *F
>zJGz2P

Y �wt�  z,,N-)N-,0-L*2L )02 [*yGJ2 ��z*M @0,+N2 PN- ]�-LN-77
�wts N2PL�G+JLN �N-,+�-*2L PN- ]N(�,,N-*2L,z2GzLN2 J2 >N,0/0+zFJN2 P*-xK

PJN >02L0GN2
�vup  z,,N--0K-N z*, EJxK+N2� *2P @JNMN-2K0G� J2 Z*-0/z
Y �ut�  z,,N--0K-N z*, D*�NJ,N2
�tst N-,+N �dN2+GJxKN  z,,N-)N-,0-L*2L J2  JN2 �CN-2zG,N-  z,,N-GNJ+*2L�
�tqw N-,+N  z,,N--zP/*F/N J2 ?02P02
�ss� N-,+N  z,,N-HG0,N++, J2 Z2LGz2P *2P E-z2H-NJxK
�rt� N-,+N !0-M0-F PN- #*-yJ2N � z,,N--zP )02 A�^� )02 $NL2N-�
�quq N-,+N �N2+-zGN  z,,N-)N-,0-L*2L [N*+,xKGz2P, J2 CzFy*-L
�qtv �N2+-zGN  z,,N-)N-,0-L*2L J2 ]N-GJ2 �@z2zGJ,z+J02 zy �qrv�
�qrw �N2+-zGN  z,,N-)N-,0-L*2L J2 @�G2
�qpw ]NLJ22 PN- F*G+J/GN2 ]z--JN-N2 2zxK PN- CzFy*-LN- \K0GN-z Z/JPNFJN
�qpt N-,+N, @G�-yNxHN2 [N*+,xKGz2P, J2 E-z2HM*-+�>zJ2

��w ]NJ,/JNGN z*, PN- DN,xKJxK+N PN-  z,,N-)N-,0-L*2L r



%z,N2PN^2L,+ yNXNG PJN>N2,xKN2�^2,xK*GPJL*2LN2 *2P!N-M0GL*2LN2 )02 $�2�
PN2y�xHN2 yGJNyN2 2JxK+ z*,� �*FzG PJN Z-MzK-*2L �* yN,+�+JLN2 ,xKJN2� Pz,, ,0GxKN
��DNLN2Fz�2zKFN277(J-H,zF(�-N2� Pz INPN,>zG PJN $N*xKN J-LN2P(z22z*,HGz2L�
[JN !N-H2�/M*2L J--z+J02zGN- �2L,+N FJ+ !0-*-+NJGN2 y-zxK+N PzFzG, PJN  zK2)0-�
,+NGG*2L NJ2N, *-,�xKGJxKN2 �*,zFFN2Kz2L, �(J,xKN2 >z,,N2N-H-z2H*2LN2 *2P
]-*22N2)N-LJM+*2LN2 KN-)0-� $JN J,+ ,0 GNyN2PJL LNyGJNyN2� Pz,, PJN $+-zM-NxK+,0-P�
2*2L J2 [N*+,xKGz2P� �,+N--NJxK *2P PN- $xK(NJ� yJ, J2 PJN I�2L,+N !N-Lz2LN2KNJ+
NJ2N ]-*22N2)N-LJM+*2L zG, NJ2 )N-y-NxKN-J,xKN, !N-LNKN2 FJ+ Kz-+N2 $+-zMz2P-0�
K*2LN2 yNGNL+N� ZJ2N -NzGN *2P 2zxK)0GG�JNKyz-N ]NPN*+*2L Hz22 PN- NJ2,xKG�LJLN
'z-zL-z/K �J2 [N*+,xKGz2P � vwu PN, $+-zMLN,N+�y*xKN,� Hz*F INFzG, LNKzy+ KzyN2�

BF>J++NGzG+N- HzFPN- ��]-*22N2)N-LJM+*2L77FNK- PN-\Kz-zH+N- NJ2N,!0-(z2PN,
�*� �*FNJ,+ NJ2N- 2JxK+ yN(NJ,yz-N2 0PN- z*xK )0-,�+�GJxK MzG,xKN2 ^2HGzLN� [z-z*,
G�,,+ ,JxK PJN NJLN2+GJxKN [NX2J+J02 PN,  0-+N, ��]-*22N2)N-LJM+*2L77 zyGNJ+N2o PJN
KNJF+�xHJ,xKN� J2MzFN !N-y-NJ+*2L /N-,02N2yN�0LN2N-� PJ,H-JFJ2JN-N2PN- DN-�xK+N
FJ+ PNF �JNG PN- $xK�PJL*2L PN- ^2LN,xK*GPJL+N2�

[JN z*, PNF !N-PzxK+ PN- ]-*22N2)N-LJM+*2L z2LN,+-N2L+N2 DN-JxK+,)N-MzK-N2
)N-,xK02+N2 Hz*F NJ2N ]N)�GHN-*2L,L-*//N� >NK-N-N K*2PN-++z*,N2P >N2,xKN2
,J2P J2 Z*-0/z )N-F*+GJxK ,0GxKN2 !N-M0GL*2LN2 �*F </MN- LNMzGGN2� ]N,02PN-N
LN,xKJxK+GJxKN ]NzxK+*2L LNy�K-+ PN- !JNG�zKG PN- (JGGH�-GJxKN2 A*PN2)N-M0GL*2LN2�
PJN JFFN- (JNPN- FJ+ PNF !N-PzxK+ z*M ]-*22N2)N-LJM+*2L yNL-�2PN+ (*-PN2
�D0xHNG� �ppr��

[z, "2KNJG)0GGN PJN,N- ]NKz*/+*2LN2 GzL JF @02,N2, PN- DN,NGG,xKzM+o ZJ2N LN�
2z*N '-�M*2L PN, ZJ2�NGMzGG, ,xKNJ2+ JFFN- Pz22 N2+yNK-GJxK� (N22 zGGLNFNJ2N �*�
,+JFF*2L �* NJ2N- yG0�N2 !N-F*+*2L N-(z-+N+ (N-PN2 Hz22�

ZJ2N F0PN-2N 'z-zGGNGN X2PN+ PJN,N- $zxK)N-KzG+ J2 PN- "2+N-,+NGG*2L� N, H�22N
�*H�2M+JL NJ2N2 @-JNL �(J,xKN2 PN2 !�GHN-2 PN- Z-PN *F Pz,  z,,N- LNyN2� ^*xK
KJN- HGJ2L+ PN- !N-PzxK+ zGGNJ2 /Gz*,JyNG *2P N2+MzG+N+ FJ+ NJ2N- ZJLN2P�2zFJH ,NJ2N
)N-KNN-N2PN  J-H*2L� PJN ,JxK ,xK02 KN*+N Hz*F FNK- z*MKzG+N2 G�,,+�

Z, HGJ2L+ �*2�xK,+ /Gz*,JyNG� Pz,, )JNGN-0-+, Pz,  z,,N- ,0 H2z// (N-PN2 H�22+N�
Pz,, PN,(NLN2 NJ2 @-JNL,L-*2P yN,+�2PN� "2P P0xK J,+ INPN- #zL @-JNL H0,+,/JNGJLN-
zG, zGGN (z,,N-(J-+,xKzM+GJxKN2 >z�2zKFN2� *F PN-  z,,N-H2z//KNJ+ (J-H,zF �*
yNLNL2N2� ^*xK PN- z2LNyGJxK �* yNM�-xK+N2PN @-JNL *F Pz,  z,,N- N-(NJ,+ ,JxK
zG, !0-(z2P z*, 2JNPN-N2]N(NLL-�2PN2� *Fz2PN-N2@-JNL,�JNGN2 PN,+0 *2LN,+�-+N-
2zxKLNKN2 �* H�22N2� [JN DN,xKJxK+N GNK-+ *2,� Pz,, 2JxK+ M-�K LN2*L PzFJ+ yN�
L022N2 (N-PN2 Hz22� (zK-N �*,zFFN2K�2LN yN(NJ,yz- Pz-�*GNLN2� *F FN2,xKN2�
)N-zxK+N2PN !0-(�2PN zG, ,0GxKN �* N2+Gz-)N2� ANPN >z�2zKFN �*- 2zxKKzG+JLN2
 z,,N-(J-+,xKzM+ J,+ J2 PJN,NF $J22N zH+J)N E-JNPN2,/0GJ+JH� (JN ,JN z2LN,JxK+, (NG+�
(NJ+N- (z,,N-(J-+,xKzM+GJxKN- >J,,,+�2PN P-J2LN2P LNy0+N2 J,+� B2 PJN,NF �*,zF�
FN2Kz2L +-�L+ PN- ]NL-Jd ��)J-+*NGGN, z,,N-77 )JNG �*-^*MHG�-*2L yNJ �,JNKN #zy� ��v��
Z- (*-PN )02 A� ^GGz2 �pp� NJ2LNM�K-+ *2P ,/�+N- )N-+JNM+ �^GGz2� �ppq�� *F �* PN�
F02,+-JN-N2� Pz,, P*-xK BF/0-+ )02 ?NyN2,FJ++NG2 NJ2 K0KN- ^2+NJG PN,  z,,N-yN�
Pz-M, z*, PNF NJLN2N2 ]N-NJxK J2 z2PN-N� (z,,N--NJxKN DNyJN+N )N-GzLN-+ (N-PN2
Hz22 *2P NJ2 @-JNL *F  z,,N- ,J22G0, J,+�
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#zyNGGN ��v  z,,N-yNPz-M J2 Fv IN ZJ2(0K2N- J2 NJ2NF AzK- �PN- ]N-NJxK FJ+ PNF L-��+N2
 z,,N-yNPz-M J,+ PJN ?z2P(J-+,xKzM+�

]NPz-M J2
$JNPG*2LN2
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0K2N EGNJ,xK FJ+ EGNJ,xK
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��s YN- \2+wL02J,F*, �(J,uKN2 Y*-uKMG*,,/-J2�J/ *2P @-NJ,�
Gw*M *2P PJN 2wuKKwG+JLN $JuKN-*2L PN- �w,,N-)N-,0-L*2L

"2,N- LNPz2HGJxKN, @02�N/+ )02 #-J2H(z,,N- 0-JN2+JN-+ ,JxK zF ]JGP NJ2N- HGz-N2
&*NGGN� �*-,/-�2LGJxK -NJ27� �NJ2 ?NyN2,.*NGG7� �*2)N-�JxK+yz-7� ^*, PJN,N- &*NGGN� PJN
LGNJxKF��JL IzK-NJ2 IzK-z*, VJN�+� (0GGN2 (J- LN-2N ,xK�/MN2 *2P Pz, )N-,xKF*+�+N
 z,,N- PN- =z+*- �yN-Gz,,N2� FJ+ PN- (J- PN220xK J2 Cz-F02JN �* GNyN2 +-zxK+N2�
ZJ2 ,0GxKN- 2zKN�* JPNzGN- Dz-+N2 ZPN2 J,+ 2*- z2 (N2JLN2 'G�+�N2 PN- Z-PN -Nz�
GJ,+J,xK� *2P 2*- (N2JLN 2JFF+ N- z*M� E�- PJN FNJ,+N2 )02 *2,� PJN ,JxK FJ+ z2PN-N2
%NzGJ+�+N2 �*-NxK+X2PN2 F�,,N2� KNJ�+ N,� PJN "F(NG+ ,0 LN,+zG+N2� Pz,, (J- *2,
zG, NJ2 #NJG )02 JK- )N-,+NKN2 *2P *2, J2 JK- (0KG M�KGN2� z*xK (N22 ^y,+-JxKN zF
BPNzGyJGP N-M0-PN-GJxK ,J2P�[JN,NDN,+zG+*2L �*- Z-KzG+*2L PN- DN,*2PKNJ+ PN,>N2�
,xKN2 2N22N2 (J-� (JN z2Mz2L, N-(�K2+� C�LJN2N�  �K-N2P H�-/N-GJxKN,  0KGyN�
X2PN2 20xK zF NKN,+N2 �* N--NJxKN2 J,+� +-�L+ �*F LNJ,+JLN2 *2P ,NNGJ,xKN2  0KG�
yNX2PN2 (N,N2+GJxK z*xK Pz, ]N(*,,+,NJ2 yNJ� JF ZJ2HGz2L FJ+ PN- =z+*- �* GNyN2�
NJ2 D-*2P,z+�� PNF ,JxK PJN DN,+zG+*2L NJ2N- 2zxKKzG+JLN2  z,,N-)N-,0-L*2L )N-�
/VJxK+N+ M�KG+ �)LG� Pz�* z*xK ?z2�� �ppr��
[*-xK (J-H,zFN >z�2zKFN2 PN- C�LJN2N *2P J2M0GLNPN,,N2 �*2NKFN2PN ?N�

yN2,N-(z-+*2L (�xK,+ PJN �zKG PN- >N2,xKN2� �*PNF LNK+ ,+NJLN2PN- K�LJN2J,xKN-
*2P zGGLNFNJ2N- ?NyN2,,+z2Pz-P +-zPJ+J02NGG FJ+ K�KN-N-  z,,N-2*+�*2L /-0 ZJ2�
(0K2N- NJ2KN-� [zFJ+ (�xK,+ PN- ]NPz-M z2 z,,N- ,+z-H z2� zyN- z*xK PJN ]NGz,+*2L
PN- "F(NG+ (�xK,+ P*-xK )N-FNK-+N  z,,N-2*+�*2L� CJN- *2+N-G�*M+ PN2 FNJ,+N2
>N2,xKN2 NJ2 LNPz2HGJxKN- ENKGN-� PN22 N, (J-P �FNJ,+� 2*- PN- ]NPz-M z2 ,z*yN-NF
 z,,N- M�- PN2 /-J)z+N2 ]N-NJxK yN+-zxK+N+� [zFJ+ J,+ Pz, '-0yGNF INP0xK 2JxK+
)0GG,+�2PJL N-Mz,,+� [N- (NJ+z*, L-��N-N  z,,N-yNPz-M� PN- INPNF ZJ2(0K2N-� z*xK
J2 PN2 $+�P+N2� �*�*-NxK2N2 J,+� PN- zyN- Hz*F J2, H0GGNH+J)N ]N(*,,+,NJ2 LNGz2L+�
J,+ PN-  z,,N-yNPz-M �*- Z-�N*L*2L PN- ?NyN2,FJ++NG� [JN,N- �*,zFFN2Kz2L �(J�
,xKN2 ]N(�,,N-*2L *2P =zK-*2L,N-�N*L*2L (J-P J2 PN2 2�-PGJxKN2 ?�2PN-2� PJN
FJ+ z*,-NJxKN2PNF %NLN2(z,,N-z*MH0FFN2 J2 PN2 $0FFN-F02z+N2 -NxK2N2 H�2�
2N2� 2JxK+ 0dN2H*2PJL� B2 #zy� ��v J,+ PN-  z,,N-yNPz-M PN- )N-,xKJNPN2N2 ]N-NJxKN
LNLN2�yN-LN,+NGG+�

[JN 0yJLN DNLN2�yN-,+NGG*2L �NJL+ 2N*N  NLN M�- NJ2N 2zxKKzG+JLN  z,,N-yN(J-+�
,xKzM+*2L z*Mo
ZJ2N-,NJ+, ,0GG+N 2JxK+ zGGN, )N-M�Lyz-N  z,,N- PJ-NH+ J2 PN- ?z2P(J-+,xKzM+ )N-�

(N2PN+ (N-PN2� ZJ2 #NJG Hz22 0K2N (NJ+N-N, �*2�xK,+ J2 PN2 $JNPG*2LN2 zG,  z,,N-
M�- PN2FN2,xKGJxKN2DNy-z*xK LN2*+�+ (N-PN2� ^2,xKGJN�N2P� 2zxK N2+,/-NxKN2PN-
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%NJ2JL*2L� Hz22 N, z2 PJN ?z2P(J-+,xKzM+ J2 PN- =�KN PN- $+�P+N zyLNLNyN2 (N-PN2
� JNPN-)N-(N2P*2L )02 z,,N- zG, NJ2 '-J2�J/ PN- 2zxKKzG+JLN2 z,,N-)N-,0-L*2L��

^2PN-N-,NJ+, Hz22 P*-xK BF/0-+ )02 ?NyN2,FJ++NG2 PN-  z,,N-yNPz-M J2 z-JPN2
DNyJN+N2 P-z,+J,xK LN,N2H+ (N-PN2� >z2 ,/-JxK+ )02 ��)J-+*NGGNF  z,,N-77� $0 JF�
/0-+JN-N2 �� ]� ?Jy�N2 0PN- B,-zNG ?NyN2,FJ++NG� M�- PJN ,JN� yNJ NJ2N- Z-�N*L*2L JF
?z2PN� IN ZJ2(0K2N- N+(z t��Fv I�K-GJxK FNK- z2 z,,N- yN2�+JLN2 (�-PN2 ��NK2�
PN-� �ppq�� [JN,N J2+N-2z+J02zGN ^-yNJ+,+NJG*2L Hz22� J2 !N-yJ2P*2L FJ+ >NN-(z,�
,N-N2+,zG�*2L� P*-xKz*, �*F ^*,LGNJxK (z,,N-(J-+,xKzM+GJxKN- "2LGNJxKLN(JxK+N
�(J,xKN2 PN2 %NLJ02N2 PN- Z-PN yNJ+-zLN2�

�*2NKFN2PN B2P*,+-JzGJ,JN-*2L yNGz,+N+ JK-N-,NJ+, PJN z.*z+J,xKN "F(NG+ yJ, �*F
@0GGz/,� $NGy,+ PJN %NJ2JL*2L J2P*,+-JNGGN- ^y(�,,N- )0- PN- ZJ2GNJ+*2L J2 2z+�-GJxKN
DN(�,,N- -NJxK+ zG, DNLN2Fz�2zKFN 2JxK+ FNK- z*,� PN22 (z, 2�+�N2 p�;  J-H�
,zFHNJ+� (N22 PJN $xKF*+�M-zxK+ *F Pz, C*2PN-+MzxKN� Iz #z*,N2PMzxKN �*LN20F�
FN2 Kz+` [JN $NGy,+-NJ2JL*2L,H-zM+ PN- EG�,,N J,+ ,xK2NGG N-,xK�/M+� $xK02 Gz2LN
)N-FzL PJN =z+*- Pz, ^y(z,,N- 2JxK+ FNK- �* -NJ2JLN2�

$0 J,+ PJN ZJ2,JxK+ J2 PJN =0+(N2PJLHNJ+ LN,xKG0,,N2N- @-NJ,G�*MN *2*FL�2LGJxKo
 z,,N- (J-P LNy-z*xK+� 2JxK+ )N-y-z*xK+� =zxK PNF DNy-z*xK J,+ N, )0GG,+�2PJL �*
-NJ2JLN2� PN22 INPN 20xK ,0 HGNJ2N %z+N NJ2N, 2JxK+ zyyz*yz-N2 $+0dN,� (N22 ,JN
PN- =z+*- �yN- AzK-�NK2+N �*LNF*+N+ (J-P� N-(NJ,+ ,JxK zG, J2 PN- $*FFN *2�*�
F*+yz-N C�/0+KNH� [JN "G+JFz %z+J0 PN-  z,,N-)N-,0-L*2L J,+ PNF2zxK NJ2N )0GG�
,+�2PJLN� 2JxK+ 2*- 2zKN�* )0GG,+�2PJLN%NJ2JL*2L�DNGJ2L+ N,� Pz, z,,N- )0GG,+�2PJL
�* -NJ2JLN2� Pz22 Hz22 N, (JNPN- )N-(N2PN+ (N-PN2�

ZJ2N (J-H*2L,)0GGN � 2zxKKzG+JLN �  z,,N-(J-+,xKzM+ J2 NJ2N- PJxK+ yN,JNPNG+N2
%NLJ02 F*,, z*M PNF '-J2�J/ PN, @-NJ,Gz*M, PN,  z,,N-, yN-*KN2�

[N- ^2+zL02J,F*, �(J,xKN2 PN2 yNJPN2 '-J2�J/JN2 ��[*-xKV*,,77 �!N-y-z*xK )02
 z,,N-� *2P ��@-NJ,Gz*M77 �DNy-z*xK )02 z,,N-� J,+ NJ2N- y-NJ+N2�dN2+GJxKHNJ+ 2JxK+
yN(*,,+� [JN, Hz22 �* >J,,)N-,+�2P2J,,N2 M�K-N2� (N22 PJN ]N(J-+,xKzM+*2L PN,
 z,,N-, z*M NJ2NF @-NJ,Gz*M yN-*K+� PJN �dN2+GJxKHNJ+ zyN- Pz)02 z*,LNK+� Pz,, N,
,JxK *F NJ2N2 [*-xKV*,, Kz2PNG+�

$0 H�22N2 yNJF [*-xKV*,, z2+K-0/0LN2N @02+zFJ2z+J02N2 L-*2P,�+�GJxK 2*-
zG, !N-,+0� LNLN2 Pz, !N-*-,zxKN-/-J2�J/ )N-,+z2PN2 (N-PN2� ^*, PJN,N- 'N-,/NH+J)N
(�-N NJ2 !N-,zLN2 PN- $0-LMzG+,/VJxK+ z*M $NJ+N2 PN- !N-*-,zxKN-� zyN- z*xK NJ2
!N-,zLN2 PN- ]NK�-PN2 yN��LGJxK PN- ^*M,JxK+ *2P NJ2 !N-,zLN2 PN- '0GJ+JH �?NLJ,�
Gz+J)N� yN��LGJxK (J-H,zFN- "F(NG+,xK*+�LN,N+�N 2JxK+ z*,�*,xKGJN�N2� ^*M ,JN zGGN
(�-N NJ2�*(J-HN2� *F @02+zFJ2z+J02,�%J,JHN2 yNJ PN-  z,,N-)N-� *2P �N2+,0-L*2L
�* FJ2PN-2� $0GxKN !0-(�-MN ,J2P J2 NJ2N- PJxK+ yN,JNPNG+N2 %NLJ02 INP0xK *2LN�
-NxK+MN-+JL+ *2P HNJ2 ]NJ+-zL �*- ?�,*2L PN- '-0yGNFN�

Dz2� z2PN-, )N-K�G+ N, ,JxK yNJ PN- ]N(N-+*2L PN- 2zxKLN-zPN�* *2)N-FNJPGJxKN2
z2+K-0/0LN2N2 !N-*2-NJ2JL*2LN2 PN,  z,,N-, yNJ yN(*,,+N- ]N(J-+,xKzM+*2L JF
@-NJ,Gz*M� CJN- ,J2P ]NGz,+*2L �@02+zFJ2z+J02� *2P %NJ2JL*2L J2+NL-zGN ]N,+z2P�
+NJGN PN, $�,+NF,� ^*MLzyN PN- !N-(zG+*2L J,+ PJN %NL*GJN-*2L PJN,N, '-0�N,,N, *2+N-
ZJ2yN�JNK*2L PN- ]NP�-M2J,,N PN- >N2,xKN2� PN- E0-PN-*2LN2 PN- C�LJN2N *2P
PN- +NxK2J,xKN2 >�LGJxKHNJ+N2� ^2+K-0/0LN2N @02+zFJ2z+J02N2 ,J2P yNJF @-NJ,�
Gz*M/-J2�J/ ,+N+, J2 LN-J2LN2� LN,*2PKNJ+GJxK *2P �H0G0LJ,xK *2yNPN2HGJxKN2 >N2�
LN2� ,0(NJ+ ,JN +NxK2J,xK *2)N-FNJPGJxK ,J2P� �*G�,,JL� >J+ PN-  NJ+N-N2+(JxHG*2L
PN- z2zG�+J,xKN2 >N+K0PN2 *2P PN-  NJ+N-N2+(JxHG*2L PN- +NxK2J,xKN2 >�LGJxK�
HNJ+N2 �*- !N-FNJP*2L )02 @02+zFJ2z+J02N2 *2P �*- Z2+MN-2*2L )02 $+0dN2 z*,
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PNF  z,,N- (N-PN2 PJN @02+zFJ2z+J02N2 ,+N+JL LN-J2LN- (N-PN2� $xK02 KN*+N ,J2P
zy2NKFN2PN@02+zFJ2z+J02N2 P*-xK $xK(N-FN+zGGN 0PN- P*-xK 'Vz2�N2,xK*+�FJ+�
+NG ]NJ,/JNGN PJN,N- Z2+(JxHG*2L� [JN ,NJ+ �ppw N2+PNxH+N2 @02+zFJ2z+J02N2 P*-xK
^-�2NJFJ++NG JF #-J2H(z,,N- (JPN-,/-NxKN2 PJN,N- #KN,N 2JxK+� [JN Z2+PNxH*2LN2
LNKN2 z*M NJ2N )N-yN,,N-+N ^2zG�,N2+NxK2JH �*-�xH *2P ,J2P D-*2PGzLN M�- �*H�2M�
+JLN� 2N*N !N-FNJP*2L,,+-z+NLJN2�

��r ?J+N-w+*-
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!N-GzL� >�2xKN2�  JN2�

DzN-+2N-� ^� ��p�t�o [JN C�LJN2N PN,  z,,N-,� !N-GzL !JN(NL *2P $0K2� ]-z*2,xK(NJL�
Dz-y-NxK+� D� ��pqt�o  z,,N-� !0--z+� ]NPz-M� =*+�*2L J2 DN,xKJxK+N *2P DNLN2(z-+� -0-0-0
$zxKy*xK� %0(0KG+ #z,xKN2y*xK !N-GzL� %NJ2yNxH yNJ CzFy*-L�

D0xHNG� ]� ��ppr�o ]-*22N2)N-LJM+*2L � M-zLFN2+z-J,xKN ]N+-zxK+*2LN2 �* NJ2NF ��,xK(z-�N277
@z/J+NG z*, PN- ]N�JNK*2L )02  z,,N-)N-,0-L*2L *2P /-zH+J�JN-+N- %NxK+,/VNLN� $xK-JM�
+N2-NJKN PN- E-02+J2*,�DN,NGG,xKzM+ �]-�PN-,+-� tv� t�uwr ]N-LJ,xK�DGzPyzxK�� CNM+ w��
$� ��r�

?z2�� @� ��ppt�o [z, D-NN2/NzxN�]*xK )0F  z,,N-� =z+*-y*xK�!N-GzL� ^*L,y*-L�
%z2HN�D-z)N,� %� )02 ��pqu�oD-JNxKJ,xKN>�+K0G0LJN� &*NGGN2 *2P[N*+*2L� -0-0-0 -0(0KG+,
N2��HG0/�PJN� =N*z*,LzyN %0(0KG+ #z,xKN2y*xK !N-GzL� %NJ2yNxH yNJ CzFy*-L�

$xKzPN(zGP+� C� ��ppu�o ~yN- PJN %�xHHNK- PN- $N*xKN2� !D$ !N-GzL,LN,NGG,xKzM+� @�G2 �M�-
%0y*LN2 DFyC� ^GGNN2,+-z�N ww� rvrv� Z,,GJ2LN2��

$FJ+K� =� ��prq�o >N2,xKh z,,N-� ]N(�,,N-*2L �  z,,N-)N-,0-L*2Lo !02 PN2 'Kz-z02N2
yJ, ^,,*z2� "P0 'M-JNFN- !N-GzL� >�2xKN2�

 J2HGN� $� ��ppr�o @*G+*-LN,xKJxK+N PN- $N*xKN2� !N-GzL ^-+NFJ, *2P  J2HGN-� [�,,NGP0-M�
��-JxK�

�NK2PN-� ^�A�]� ��ppp�o  z,,N-2*+�*2L *2P =zK-*2L,FJ++NG/-0P*H+J02 � NJ2N J2+N-2z+J02zGN
^-yNJ+,+NJG*2L� Z ^D =N(, �(((�Nz(zL�xK�� us� $� �q�w��

��u ?J+N-z+*- ��



�w � ZJ2GNJ+*2L



E0-+,N+�*2L PN- YNMJ2J+J02N2

#zyNGGN w�� &*N-)N-yJ2P*2LN2 PN- C�P-0LN0G0LJN �* z2PN-N2  J,,N2,xKzM+N2 �z*, ]N2PN-�
�pqu�

Meteorologie

Fernerkundung

Prospektions-Geophysik

Geochemie

Isotopengeochemie

Geohydraulik

Geologie

Bodenkunde

Ingenieurgeologie

Lagerstättenkunde

Geomorphologie

Petrographie

Stratigraphie

Hydrologie

Hydrogeologie

@w/J+NG t

C�P-0LN0G0LJN

D�>JuKNG

t�� XJ2M�K-*2L

[JN C�P-0LN0G0LJN J,+ PJN  J,,N2,xKzM+ )0F D-*2P(z,,N-� ^G, D-*2P(z,,N- (J-P
*2+N-J-PJ,xKN,  z,,N- yN�NJxK2N+� Pz, PJN C0KG-�*FN PN- Z-P-J2PN �*,zFFN2K�2�
LN2P z*,M�GG+ *2P PN,,N2 ]N(NL*2L,F�LGJxKHNJ+ z*,,xKGJN�GJxK P*-xK PJN $xK(N-�
H-zM+ yN,+JFF+ (J-P �[B=u�up� #NJG v� �ppu�� BF (NJ+N,+N2 $J22N LNK�-+ Pz, D-*2P�
(z,,N- �* PN2 2*+�yz-N2 ]0PN2,xK�+�N2� Z, (NJ,+ INP0xK �(NJ ]N,02PN-KNJ+N2 z*M�
PJN MN,+N2%0K,+0dN2 M-NFP ,J2Po Z, yN(NL+ ,JxK� �K2GJxK PNFZ-P�G� *2P N, *2+N-GJNL+
NJ2N- -z,xKN2 *2P yNJ2zKN ,+�2PJLN2 =N*yJGP*2L� *2P �(z- z*xK P0-+� (0 N, LN2*+�+
(J-P�
[JN C�P-0LN0G0LJN (JGG zG, LN0G0LJ,xKN  J,,N2,xKzM+ )N-,+z2PN2 ,NJ2�  NLN2 PN-

$02PN-,+NGG*2L PN, D-*2P(z,,N-, zGGN-PJ2L, H0FF+ PJN C�P-0LN0G0LJN 2JxK+ 0K2N
&*N-)N-yJ2P*2LN2 �* z2PN-N2 2z+*-(J,,N2,xKzM+GJxKN2 [J,�J/GJ2N2 z*, �#zy� w����
[N- z*xK LNy-�*xKGJxKN ]NL-Jd DN0K�P-0G0LJN yN+02+ PJN Fz+KNFz+J,xK�K�P-z*GJ�
,xKN ]NKz2PG*2L PN, D-*2P(z,,N-,� B2 ]N�*L z*M PJN C�P-0LN0G0LJN J,+ PJN ��C�P�
-0G0LJN77�]z*FLz-+2N- *� ?JNy,xKN-� �ppsn ]J,(z,� �pr�n [�xH� �pq�n @NGGN-� �prp�
zG, PJN  J,,N2,xKzM+ )0F  z,,N-� ,NJ2N2 Z-,xKNJ2*2L,M0-FN2 �yN-� z*M *2P *2+N-
PN- ?z2P0yN-V�xKN� ,NJ2N2 ZJLN2,xKzM+N2 *2P 2z+�-GJxKN2 �*,zFFN2K�2LN2� zG,
~yN-yNL-Jd �* )N-,+NKN2�
B2 JK-N2 KN*+JLN2 B2KzG+N2 J,+ PJN C�P-0LN0G0LJN NJ2N ,NK- I*2LN  J,,N2,xKzM+�

BF $xK-JM++*F +z*xK+ PN- ]NL-Jd ��C�P-0LN0G0LJN77 N-,+FzG, �q�w yNJ ANz2�]z/+J,+N



?zFz-xH ��ruu��qwpn ,JNKN \z--0��J� �psu� z*M� INP0xK 2JxK+ J2 PN- KN*+JLN2 ]N�
PN*+*2L� Z-,+ �qtt )N-(N2PN+N >z� )02 'N++N2H0MN- *2P ,/�+N- PN- Z2LG�2PN- A�
?*xz, ��qq�� PN2 ]NL-Jd M�- "2+N-,*xK*2LN2 z2 D-*2P(z,,N-)0-H0FFN2� !0-G�*�
MN- J2 PN- K�P-0LN0G0LJ,xKN2 '-z�J, (z-N2 PJN E-z2�0,N2 CN2-� [z-x� ��q�v��qtqn
,JNKN [z-x�� �qts� *2P ^yyN6 ANz2 'z-zFNGGN ��rp���qrt� �'z-zFNGGN� �qts��

^G,  NLyN-NJ+N- NJ2N- ,NGy,+,+�2PJLN2� z2LN(z2P+N2  J,,N2,xKzM+ PN- C�P-0LN0�
G0LJN (J-H+N2 �zKG-NJxKN DNGNK-+N� PJN ,JxK ,0(0KG )02 PN- DN0G0LJN zG, z*xK )02
PN2 B2LN2JN*-(J,,N2,xKzM+N2 KN- K�P-0LN0G0LJ,xKN2 E-zLN,+NGG*2LN2 2�KN-+N2� Z-�
(�K2N2,(N-+ ,J2P J2,yN,02PN-N PJN N-,+N2 ?NK-y�xKN- )02 A*GN, [N/*J+ ��qsv�� 'KJ�
GJ// E0-xKKNJFN- ��qqs� �p�u�� ^P0G/K #KJNF *2P D�2+N- #KJNF ��p�s�� @02-zP
@NJGKzxH ��pvt�� Cz2, C�MN- )02 CNJFKzG+ ��p�w��  JGKNGF @0NK2N ��puq�� <,xz-
>NJ2�N- ��pwv� �puw�� %*P0GM D-zKFz22 ��ptq��

$NJ+ PN2 �pq�N- AzK-N2 ,J2P �zKG-NJxKN K�P-0LN0G0LJ,xKN ?NK-y�xKN- N-,xKJN2N2�
PJN N2+(NPN- Pz, Lz2�N $/NH+-*F PN- C�P-0LN0G0LJN yJ, KJ2NJ2 J2 z2L-N2�N2PN J,�
,N2,xKzM+N2 zyPNxHN2 0PN- IN(NJG, yN,+JFF+N ^,/NH+N yN)0-�*L+ yN+02N2� [N2 ^2�
,/-*xKz*ML-��+F�LGJxKN!0GG,+�2PJLHNJ+N-M�GG+Pz,)02DN0-L>z++KN,,KN-z*,LNLNyN�
2N NGMy�2PJLN PN*+,xK,/-zxKJLN ?NK-y*xK PN- C�P-0LN0G0LJN� )02 PNF yJ,KN- 2N*2
]�2PN)N-M�Lyz- ,J2P �]zGHN N+ zG�� w���n]*,xKN+ zG�� �ppvnCNJ+MNGP� �pp�n@�,,� �ppwn
>z++KN,,�w��vn>z++KN,,*�"yNGG�w��vn>JxKNG��pprn>0,N-*�%z*N-+��pq�n'J22NHN-�
�ppw��ZJ2N2L*+N2~yN-yGJxH�yN-Pz,DN,zF+LNyJN+)N-FJ++NG+Pz,]*xK)02]N-2(z-P
C�G+J2L� (NGxKN, J22N-KzGy )02 �t AzK-N2 ,JNyN2 =N*z*MGzLN2 N-M*K- �C�G+J2L *2P
\0GPN(N�� w��p�� NJ+N-N PN*+,xK,/-zxKJLN ?NK-y�xKN- )N-�dN2+GJxK+N2 PJN ^*+0-N2
#K*-2N-��psr��D�@NGGN- ��psp��@-*,NFz2*2P[N%JPPN- ��prv��%JxK+N-*2P?JGGJxK
��prt��?z2LL*+K*2P!0JL+�w��u��@z--N2yN-L��pq���!JN-K*dN+zG� ��pq���A0-Pz2*2P
 NPN- ��ppt��[JN L�2LJLN2>N+K0PN2 PN-C�P-0LN0G0LJN(N-PN2 )02 vw^*+0-N2 JF
]z2Pv PN, )02 E�]N2PN- ��pqu� KN-z*,LNLNyN2N2 ?NK-y*xKN, PN- ^2LN(z2P+N2
DN0(J,,N2,xKzM+N2 yNKz2PNG+�

~yN- PJN ?�2PN-L-N2�N2 KJ2z*, yNHz22+N M-z2��,J,xKN ?NK-y�xKN- ,+zFFN2 )02
\z,+z2�� Z-Kz-P�\z,,NL-zJ2 3 >z-Lz+ *2P $xK0NGGN-n N2LGJ,xK,/-zxKJLN )02 [N
 JN,+� [z)J, 3 [N  JN,+� E-NN�N 3 \KN--�� ,0(JN PJN J2 PJN ?J+N-z+*-GJ,+N z*MLN�
20FFN2N2  N-HN )02 #0PP ��pq�� *2P )02 CNz+K ��pqq��

$xKGJN�GJxK ,J2P 20xK PJN K�P-0LN0G0LJ,xKN2@z-+N2 �* 2N22N2 �$+-*xHFNJN-� �pqp��
[zyNJ Kz2PNG+ N, ,JxK *F ,�20/+J,xKN [z-,+NGG*2LN2 K�P-0LN0G0LJ,xKN- [z+N2 *2P
JK-N- B2+N-/-N+z+J02 z*M NJ2N- +0/0L-z/KJ,xKN2 ]z,J,� $JN LNyN2 ^*,H*2M+ �yN- !N-�
y-NJ+*2L� >N2LN� #JNMN2GzLN *2P &*zGJ+�+ PN, D-*2P� *2P <yN-V�xKN2(z,,N-,�

t�t D-*2P(w,,N- wG, [N,+w2P+NJG PN- X-PN

t�t�� DN0G0LJ,uKN D-*2PGwLN2

 �K-N2P yN��LGJxK PN- B2PJ)JP*zGN2+(JxHG*2L NJ2N, <-Lz2J,F*, Hz*F '-0yGNFN
yNJ PN- �NJ+)0-,+NGG*2L N-(zxK,N2� J,+ PN- >N2,xK yNJ PN- ^y,+-zH+J02 PN- N20-FN2
LN0G0LJ,xKN2 �NJ+-�*FN K0d2*2L,G0, �yN-M0-PN-+� [z, FN2,xKGJxKN DNKJ-2 zG, $J+�
PN- LNJ,+JLN2 @z/z�J+�+N2 ,xKNJ2+ NJ2 [N2HN2 J2 ,0GxKN2 �NJ+Fz�,+�yN2 2JxK+ )0-�
�*,NKN2� [*-xK '-0INH+J02 N-PLN,xKJxK+GJxKN- �NJ+-�*FN z*M PN2 ^yGz*M NJ2N, NJ2�

�u w C�P-0LN0G0LJN



Steinschlag
Bergsturz
Rutschung
Solifluktion

Wasser
Gletschereis
Wind

Transport

ohne Transportmittel:

mit Transportmittel:

Umlagerung Ablagerung
= Sedimentation

der Lockergesteine

Verfestigung
= Diagenese

Sedimentgesteine

Exogene Vorgänge

Endogene Vorgänge

tektonische Krustenverstellungen

Abtrag
= Denudation, Erosion

durch Wasser, Gletscher, Wind

Böden

Verwitterung
mechanisch, chemisch, biogen

Aufsteigen der Kruste

Faltung
Absinken der Kruste

Gesteinsmetamorphose
Eruptivgesteine

Auskristallisation aus Eruptivgesteinen:
orthometamorphe
Gesteine

aus Sedimenten:
parametamorphe
Gesteine

Abkühlung

Aufstieg

Epi-Zone
Meso-Zone
Kata-Zone

Migmatisation
Bildung von Migmatiten

Aufschmelzung

Silikatschmelze = Magma

^yy� w�� $+0dz*,+z*,xK *2P $+0dH-NJ,G�*MN P*-xK N�0LN2N *2P N2P0LN2N !0-L�2LN z2 PN-
Z-PH-*,+N �z*, A�xHGJ� �pq���

�JLN2 AzK-N, J,+ INP0xK NJ2N LN(J,,N ^2,xKz*GJxKHNJ+ �* N--NJxKN2� P� K� PJN LN,zF+N
Z-PLN,xKJxK+N (J-P J2 PJN,NF !N-LGNJxK z*M wu $+*2PN2 LN,xK-*F/M+� [JN P*-xK E0,�
,JGJN2 yNGNL+N2 ^y,xK2J++N PN- Z-PLN,xKJxK+N �'Kz2N-0�0JH*F� yNLJ22N2 )0- N+(z
tu�>J0� AzK-N2 *2P PzFJ+ z*M *2,N-N- LNPzxK+N2 AzK-N,*K- N-,+ zF ��=0)NFyN-�
[N- >N2,xK H0FF+ Pz22 LN-zPN 20xK �*-NxK+� *F z*M PN- $JG)N,+N-MNJN- '-0,J+
=N*IzK- �* ,zLN2�
[z, LN0G0LJ,xKN DN,xKNKN2 KN*+N �^H+*0LN0G0LJN� J,+ PN- $xKG�,,NG M�- Pz, !N-�

,+�2P2J, PN- Z2+(JxHG*2L *2,N-N- Z-PN �A�xHGJ� �pqt�� DN0G0LJ,xKN "-H*2PN2 ,J2P
J2 N-,+N- ?J2JN PJN DN,+NJ2N�

w�w D-*2P(z,,N- zG, ]N,+z2P+NJG PN- Z-PN �t



[z,  NxK,NG,/JNG �(J,xKN2 PN2 N2P0LN2N2 @-�M+N2� �* PN2N2 PJN FzLFz+J,xKN2
^H+J)J+�+N2 *2P PJN +NH+02J,xKN2 ]N(NL*2LN2 LNK�-N2� *2P PN2 N�0LN2N2 @-�M+N2
�!N-(J++N-*2L� ^y+-zL*2L� $NPJFN2+z+J02� yN(J-H+ NJ2N2 ,+�2PJLN2 @-NJ,Gz*M PN-
$+0dN J2 PN- Z-PH-*,+N �A�xHGJ� �pq��� ^yy� w�� )N-z2,xKz*GJxK+ PJN !JNG,NJ+JLHNJ+
PJN,N-  NxK,NG(J-H*2LN2 �yN- PN- Z-P0yN-V�xKN �N�0LN2� *2P Pz-*2+N- �N2P0LN2�
yJ, J2 PJN ^,+KN20,/K�-N �NJ2N 2zxKLJNyJLN �02N� PJN FNK- zG, ��� HF *2+N- PN-
MN,+N2 Z-PH-*,+N )N-F*+N+ (J-P��

]NJ PJN,N2 H0F/GN�N2 *2P �*F #NJG ,xK(N- 2zxK)0GG�JNKyz-N2 !0-L�2LN2 ,/JNG+
Pz,  z,,N- NJ2N (N,N2+GJxKN %0GGN� ,NJ N, MN,+ �ZJ,�� V�,,JL� Lz,M�-FJL 0PN- J2 ,NJ2NF
�yN-H-J+J,xKN2 �*,+z2P zG, EG*JP yNJ K0KNF[-*xH �H-J+J,xKN #NF/N-z+*-hvru �\��
B2 PN2 C�/0+KN,N2� PJN "-,zxKN2 *2P \Kz-zH+N- PN, $+0dz*,+z*,xKN, �(J,xKN2
Z-PFz2+NG *2P Z-PH-*,+N �* N-HG�-N2 ,*xKN2� H0FF+ PN2 EG*JP,+-�F*2LN2 NJ2N
L-0�N ]NPN*+*2L �*� $JN (N-PN2 z*xK zG, NJ2N ^-+ ��$xKFJN-FJ++NG77 yNJ +NH+02J,xKN2
'-0�N,,N2 z2LN,NKN2 *2P ,J2P HNJ2 D-*2P(z,,N- JF NJLN2+GJxKN2 $J22N�

[JN �02N PN, D-*2P(z,,N-, -NJxK+ +KN0-N+J,xK 2zxK *2+N2 yJ, J2 PJN @-*,+N2yN�
-NJxKN KJ2NJ2� J2 PN2N2 /-zH+J,xK HNJ2N �*,zFFN2K�2LN2PN2 C0KG-z*F,�,+NFN
FNK- N�J,+JN-N2� ^GGN-PJ2L, H�22N2 ,0Lz- PJN,N ]N-NJxKN 20xK N+(z,  z,,N- J2 J,0�
GJN-+N2 '0-N2 *2P #-N22M*LN2 N2+KzG+N2� ]NJ,/JNG,(NJ,N (*-PN2 J2 PN- �yN-+JNMN2
]0K-*2L @0G,HzIz �CzGyJ2,NG @0Gz� ��� HF (N,+GJxK >*-Fz2,H� JF D-z2J+ 20xK
J2 �� HF #JNMN EG*JPN �Lz,� *2P (z,,N-KzG+JL� K0KN- >J2N-zGJ,z+J02 z2LN+-0dN2�

[JN "2+N-L-N2�N PN- P*-xKG�,,JLN2 DN,+NJ2N K�2L+ 2z+*-LNF�� )0F LN0G0LJ,xKN2
]z* zy� B2 !N-y-NJ+*2L,LNyJN+N2 )02 /G*+02J,xKN2 *2PFN+zF0-/KN2DN,+NJ2N2 GJNL+
PJN,ND-N2�NF�LGJxKN-(NJ,N ,xK02 yNJ v���F#JNMN� B2 +JNMN2 $NPJFN2+z+J02,yNxHN2
Hz22 PJN,N D-N2�N NJ2N #JNMN )02 2zKN�* �r HF N--NJxKN2� B2 #JNMN2 )02 FNK- zG,
t�s HF J,+ PN- ~yN-GzLN-*2L,P-*xH zyN- ,0 L-0�� Pz,, PN- !0G*FN2z2+NJG z2 0dN2N2
'0-N2 (N2JLN- zG, �; PN- DN,+NJ2,Fz,,N z*,FzxK+� CJN- J,+ NJ2 !0-H0FFN2 )02
 z,,N- 2*- 20xK J2 xKNFJ,xKN- ]J2P*2L FJ+ PNF DN,+NJ2 0PN- LNG�,+ J2 FzLFz+J�
,xKN2 $xKFNG�N2 F�LGJxK �>z++KN,, *� "yNGG� w��vn 'J22NHN-� �ppw��

t�t�t C�P-0,/K�-N

[JN C�P-0,/K�-N J,+ PJN *2�*,zFFN2K�2LN2PN  z,,N-K�GGN PN- Z-PN� yN,+NKN2P
z*, $zG�(z,,N-� $��(z,,N- *2P DGN+,xKN-NJ,� $JN *FMz,,+ PJN <�Nz2N FJ+ PN2 JK2N2
z2L-N2�N2PN2 %z2PFNN-N2� PJN $NN2� PJN $+-�FN� EG�,,N *2P ]�xKN� PJN DNyJ-L,�
LGN+,xKN-� '0GHz//N2 *2P Pz,D-*2P(z,,N-�^yy� w�w )N-z2,xKz*GJxK+ PJN LN,xK�+�+N2
 z,,N--N,N-)N2 PN- Z-PN �=zxN� �psq�� [zyNJ (J-P PJN DN,zF+(z,,N-FN2LN PNF
B2KzG+ NJ2N, w���?J+N-�Ez,,N, LGNJxKLN,N+�+� (0)02 Pz, >NN-(z,,N- pq; z*,FzxK+�
B2 PN2 '0GHz//N2 *2P DGN+,xKN-2 PN- Z-PN ,J2P u�w?J+N- MN,+LNGNL+ �w��;�� zF
zGGLNFNJ2N2  z,,N-H-NJ,Gz*M J,+ PN- B2KzG+ NJ2N, HGNJ2N2  z,,N-LGz,N, yN+NJGJL+� PN-
I�K-GJxKN =JNPN-,xKGzL �yN- PN- LN,zF+N2 ?z2P0yN-V�xKN /z,,+ J2 NJ2 ?JH�-LGz,�
PJN EG�,,N y-J2LN2 PJN E�GG*2L NJ2N- HGNJ2N2 $/-J+�N �tFG� J2, >NN-� [z, LN,zF+N
D-*2P(z,,N- *2,N-N- Z-PN N2+,/-JxK+ yNJ PJN,NF !N-LGNJxK NJ2NF (J2�JLN2 #-0/MN2
z2 PN- $/J+�N PN- @z2�GN�

EG�xKN2F��JL 2NKFN2 PJN <�Nz2N vs�>J0� HFw PN- t��>J0� HFw L-0�N2 Z-P�
0yN-V�xKN NJ2� zG,0 r��q;� [z, !0G*FN2 PN- >NN-N yN+-�L+ -*2P �vr�>J0� HFv�
zG,0 ��vr Y ��w�?J+N-� %JN,JLN $zG�FN2LN2 ,J2P Pz-J2 LNG�,+� Z, Kz2PNG+ ,JxK *F -*2P

�s w C�P-0LN0G0LJN



Gletscher,
Polkappen

Wasser-
kreislauf

Regen
auf Land-

oberfläche

Abfluss
ins Meer

Grund-
wasser

200 l

gesamter
Wasservorrat

97,5 % in den
Ozeanen

^yy� w�w DGNJxK2J, PN-  z,,N--N,N-)N2 PN- Z-PN �,JNKN #N�+��

#zyNGGN w�w [JN !N-+NJG*2L PN,  z,,N-, z*M PN- Z-PN �>z,02 *2P >00-N� �pqt�

!0G*FN2 J2 HFv >z,,N J2 D-zFF

>NN-(z,,N- ��vr Y ��p ��u� Y ��wu

ZJ, w�p Y ��r w�p Y ��ww

D-*2P(z,,N- q�u Y ��s q�u Y ��w�

$NN2 ��v Y ��t ��v Y ��w�

$zG�,NN2 *2P ]J22N2FNN-N ��� Y ��t ��� Y ��w�

 z,,N-PzF/M ��v Y ��u ��v Y ���p

EG�,,N ��v Y ��v ��v Y ���q

t Y ���s#022N2 $zG�� (NGxKN NJ2N2%z*F)02 w��s>J0� HFv NJ22�KFN2� zG,0 ,NxK,FzG
,0 )JNG (JN PN- B2KzG+ PN- N*-0/�J,xKN2 EN,+Gz2P,,xK0GGN� B2 PN2 z2PN-N2 ]N-NJxKN2
PN- C�P-0,/K�-N J,+ N, ,xK(JN-JLN-� �* /Gz*,JyGN2  N-+N2 �yN- Pz,  z,,N- �* H0F�
FN2� ZJ2N N-,+N ^22�KN-*2L )N-FJ++NG+ PJN #zy� w�w� [z, !0G*FN2 PN, D-*2P(z,,N-,
(J-P z*M q�u Y ��sHFv LN,xK�+�+ �>z,02 *� >00-N� �pqt�� ^2PN-N ^*+0-N2 2NKFN2
N+(z 2*- PJN C�GM+N z2 �>z++KN,, *� "yNGG� w��v��

t�t�s \G+N- PN, D-*2P(w,,N-,

[z, ^G+N- NJ2N, D-*2P(z,,N-, (J-P z*M PN,,N2 !N-(NJG�NJ+ JF "2+N-L-*2P yN�0LN2�
[zyNJ ,J2P �(NJ @z+NL0-JN2 �* *2+N-,xKNJPN2o LN0G0LJ,xK zG+N D-*2P(�,,N- *2P
)zP0,N D-*2P(�,,N-�
$0 LJy+ N, LN0G0LJ,xK zG+N D-*2P(�,,N-� (NGxKN ,NJ+ � yJ, w>JGGJ02N2 AzK-N2 0PN-

G�2LN- 2JxK+ zF  z,,N-H-NJ,Gz*M yN+NJGJL+ LN(N,N2 ,J2P� DNFNJ2+ ,J2P )0- zGGNF PJN
�*F #NJG K0xKFJ2N-zGJ,JN-+N2 H022z+N2 +JNMN2 D-*2P(�,,N- �N2LG� x022z+N (z+N-��
yNJ (NGxKN2 N, ,JxK *F ,�2,NPJFN2+�-N M0,,JGN �,,N- Kz2PNG+� $0GxKN �,,N- (N-PN2
J2 L-0�N2 z-+N,J,xKN2 ]NxHN2 z2LN+-0dN2� (0yNJ PJN D-*2P(z,,N-GNJ+N- 20xK (N�

w�w D-*2P(z,,N- zG, ]N,+z2P+NJG PN- Z-PN �r



Grundwasseroberfläche
Wasserscheide

Einzugsgebiet
Abflussgebiet

Tage

Jahre

Jahrzehnte

Jahrhunderte
Stromlinien

Grundwasserleiter Grundwassernichtleiter

Jahrtausende
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^yy� w�v $xKNFz )02 >J,xK*2LN2 )N-,xKJNPN2 zG+N- D-*2P(�,,N- �CNz+K� �pqq��

,N2+GJxK �G+N- ,NJ2 H�22N2 zG, Pz, J2 JK2N2 FNK- 0PN- (N2JLN- ,+zL2JN-N2PN D-*2P�
(z,,N-� $0 J,+ Pz, D-*2P(z,,N- J2 PN2 -*2P w��>J0� AzK-N zG+N2 'N-F� *2P #-Jz,�
zyGzLN-*2LN2 PN- @z,/J,xKN2 $N2HN *2P JF  0GLz�"-zG�DNyJN+ 2JxK+ �G+N- zG,
p�>J0� AzK-N� �K2GJxKN ^G+N- ��(J,xKN2 �� *2P ���>J0� AzK-N� (N-PN2 M�- PJN K0xK�
H02�N2+-JN-+N2 \z�\Gw�$0GN2 PN, z-+N,J,xKN2 ^2Lz-z�?N2z�]NxHN2, z2LNLNyN2� PJN
J2 �t�� yJ, v���F #JNMN J2 *2+N-HzFy-J,xKN2 DN,+NJ2N2 )0-H0FFN2 �'J22NHN-�
�ppwn $� wu��� B2 LN0G0LJ,xK I�2LN-N2 z-+N,J,xKN2]NxHN2 Hz22Pz,^G+N- PN, )N-,zG�+N2
D-*2P(z,,N-, FJ+ PNF PN, L-*2P(z,,N-M�K-N2PN2 DN,+NJ2, �yN-NJ2,+JFFN2n �� ]�
FJ+ -*2P ���>J0� AzK-N2 J2 PN- �N2+-zGN2 !0-PN-Hz*Hz,*,�%NLJ02�

[JN ]N,+JFF*2L ,0GxK K0KN-  z,,N-zG+N- N-M0GL+ 2zxK PNF CNGJ*F�^-L02�!N-�
K�G+2J, PN- JF  z,,N- LNG�,+N2 Dz,N� [JN >N+K0PN yN-*K+ Pz-z*M� Pz,, PJN >N2LN
z2^-L02� Pz, zG, Dz, Kz*/+,�xKGJxK z*, PN- ?*M+ ,+zFF+� �NJ+GJxK /-zH+J,xK H02,+z2+
yGNJy+� (�K-N2P CNGJ*F zG, -zPJ0LN2N, Dz, J2 D-*2P(�,,N-2 2zxK *2P 2zxK z2LN�
-NJxKN-+ (J-P� AN K�KN- Pz, D-*2P(z,,N-zG+N- J,+� PN,+0 L-��N- ,0GG+N Pz, !N-K�G+2J,
)02 CNGJ*F �* ^-L02 ,NJ2 �'J22NHN-� �ppw��

[z, D-*2P(z,,N- )zP0,N2 "-,/-*2L, �Gz+� )zP0,*,o ,NJxK+� J,+ LN0G0LJ,xK ,NK-
I*2L� *2P N, J,+ zF zGGLNFNJ2N2  z,,N-H-NJ,Gz*M yN+NJGJL+� (N22 JF ZJ2�NGMzGG z*xK
J2 ,�H*Gz-N2 �NJ+G�*MN2 *2P z*M +JNM-NJxKN2PN2� (NJ+N2 EGJN�(NLN2� >J+KJGMN -zPJ0�
zH+J)N- *2P ,+zyJGN- "F(NG+J,0+0/N ,J2P [z+JN-*2LN2 PN, D-*2P(z,,N-, yJ, N+(z
t���� AzK-N )0- KN*+N F�LGJxK �DN�K *� $xKGNJxKN-� �pp�n C0NM,� �pqrn B^Z^� �ppsn
>0,N- *� %z*N-+� �pq���

[JN ,0 LN2z22+N2 "F(NG+J,0+0/N ,J2P B,0+0/N� PJN Pz,  z,,N- )02 =z+*- z*,
0PN- zG, E0GLN PN-@N-2+NxK2JH N2+K�G+�CJN-�* LNK�-N2 )0- zGGNFPJN ,+zyJGN2 B,0+0/N
wC �[N*+N-J*F� *2P $z*N-,+0d �q< *2P Pz, -zPJ0zH+J)N B,0+0/ vC �#-J+J*F� PN,
 z,,N-F0GNH�G, ,0(JN Pz, JF C�P-0LN2xz-y02z+ PN,  z,,N-, N2+KzG+N2N ,+zyJGN B,0�
+0/ �v\ *2P Pz, -zPJ0zH+J)N B,0+0/ �u\�

[JN HGz,,J,xKN2 �u\�^2zG�,N2 PJN2N2 )0- zGGNF Pz�*� D-*2P(�,,N- FJ+ ^G+N-2
)02 AzK-K*2PN-+N2 yJ, AzK-+z*,N2PN2 �* *2+N-,xKNJPN2� $JN KNGMN2 Pz-�yN- KJ2z*,

�q w C�P-0LN0G0LJN
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saum
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oberfläche
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überdeckung

Grundwasser-
leiter

Boden

Sickerwasser-
zone

Grundwasser-
zone

= gesättigte Zone

= ungesättigte
Zone

Sohlschicht

^yy� w�u C�P-0LN0G0LJ,xKN DGJNPN-*2L PN, "2+N-L-*2PN, �>z++KN,, *2P "yNGG� w��vn [B=
u�up� #NJG v� �ppu��

yNJ PN- ^*M,+NGG*2L )02 >J,xKyJGz2�N2 *2P yNJ $+*PJN2 �yN-F��JLN- D-*2P(z,�
,N-2*+�*2L� [JN �*LGNJxK PzFJ+ z2MzGGN2PN2 Z-LNy2J,,N )02 !�v\�^2zG�,N2 KzyN2
,JxK yNJ PN- LN2N+J,xKN2 @Gz,,JXHz+J02 )02 D-*2P(�,,N-2 yN(�K-+� >J+ #-J+J*F�
^2zG�,N2 ,J2P FJ++GN-N !N-(NJG�NJ+N2 )02 NJ2JLN2 AzK-N2 yJ, �* N+(z, FNK- zG, NJ2NF
AzK-K*2PN-+ zy,xK�+�yz-� D-*2PGzLN J,+ +NxK20LN2N, #-J+J*F� Pz, ,NJ+ N+(z �psv
P*-xK @N-2(zdN2)N-,*xKN *2P ,NJ+ NJ2JLN2 AzK-N2 )N-FNK-+ P*-xK PJN =*HGNz-J2�
P*,+-JN J2 PJN C�P-0,/K�-N NJ2LNy-zxK+ (J-P� !�q<�]N,+JFF*2LN2 N-F�LGJxKN2 *2+N-
yN,02PN-N2 LN0F0-/K0G0LJ,xKN2 *2P V�xKN2F��JLN2 !0-z*,,N+�*2LN2 ^2LzyN2
)02 !N-(NJG�NJ+N2 �(J,xKN2 (N2JLN2 >02z+N2 *2P v�u AzK-N2� D-*2PGzLN J,+ PJN
#NF/N-z+*-zyK�2LJLHNJ+ *2P PzFJ+ PJN IzK-N,�NJ+GJxKN !N-�2PN-*2L PN- B,0+0/N2�
�*,zFFN2,N+�*2L J2 PN2 =JNPN-,xKG�LN2o [JN  J2+N-2JNPN-,xKG�LN ,J2P J,0+0/J,xK
GNJxK+N- zG, PJN PN, $0FFN-,� B2 PN- '-z�J, H�22N2 ,JxK )N-,xKJNPN2 zG+ND-*2P(�,,N-
,*FFJN-N2� [z, '-0P*H+ Hz22 NJ2 >J,xK(z,,N- ,NJ2� (JN ^yy� w�v �NJL+ �CNz+K�
�pqq��

t�s \GGLNFNJ2N C�P-0LN0G0LJN

t�s�� "2LN,�++JL+N $JuHN-(w,,N-�02N

[JN ^GGLNFNJ2N C�P-0LN0G0LJN yNMz,,+ ,JxK FJ+ PN2 (NJ+LNM�xKN-+N2 J2+N-PJ,�J/GJ2��
-N2 D-*2PGzLN2 *2P PN2 >N+K0PN2 PN- C�P-0LN0G0LJN *2P 2JFF+ ,0 NJ2N >J++�
GN-M*2H+J02 �(J,xKN2 PN- DN0G0LJN� DN0xKNFJN� ]0PN2H*2PN� C�P-0G0LJN�  z,,N-�
(J-+,xKzM+ *2P NJ2JLN2 B2LN2JN*-(J,,N2,xKzM+N2 NJ2� [N- E0-,xK*2L,J2KzG+ J,+ Pz,
*2+N-J-PJ,xKN  z,,N-� (NGxKN, NJ2N- *2LN,�++JL+N2 $JxHN-(z,,N-�02N *2P NJ2N- LN�
,�++JL+N2 D-*2P(z,,N-�02N �*�*0-P2N2 J,+ �^yy� w�u��
[JN *2LN,�++JL+N �02N yN,+NK+ z*, PNF[-NJ/Kz,N2,�,+NFDN,+NJ2,/z-+JHNGh?*M+

h z,,N-� B2 JK- (J-P *2+N-,xKJNPN2 �(J,xKN2 PNF M-NJyN(NLGJxKN2� PN- $xK(N-H-zM+
*2+N-GJNLN2PN2 $JxHN-(z,,N- �M-z2�� Nz* P1J2XG+-z+J02� N2LG� J2XG+-z+J02 (z+N-�� PNF

w�v ^GGLNFNJ2N C�P-0LN0G0LJN �p



scheinbare
Grundwasseroberfläche
(geschlossener)
Kapillarwasserraum
Grundwasseroberfläche
(p = P )atm

Grundwasser

Sickerwasser

offener
Kapillarwasserraum

Bodenluft mit
Wasserdampf

Bodenteilchen umgeben
von Adsorptionswasser

Haftwasser
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^yy� w�t Z-,xKNJ2*2L,M0-FN2 *2P ]N�NJxK2*2LN2 PN, *2+N-J-PJ,xKN2  z,,N-, �C�G+J2L�
�pps��

CzM+(z,,N-� (NGxKN, zG, C�*+xKN2� *2P '0-N2�(JxHNG(z,,N- zPK�,J) z2 ]0PN2/z-�
+JHNG LNy*2PN2 J,+� *2P PNF )02 PN- D-*2P(z,,N-0yN-V�xKN Hz/JGGz- z*M,+NJLN2PN2
@z/JGGz-(z,,N- �]0PN2,z*L(z,,N-�� [JN DN,zF+KNJ+ PJN,N-  �,,N- (J-P zG, ]0PN2�
MN*xK+NyN�NJxK2N+�^yy� w�t� N2+(0-MN2 )02E� �*2HN-� ,NJ+ �pv�(JNPN-K0G+ /*yGJ�JN-+
*2P 20xK zH+*NGG� )N-PN*+GJxK+ PJN Z-,xKNJ2*2L,M0-FN2 PN, *2+N-J-PJ,xKN2  z,,N-,�
[JN D-*2P(z,,N-�02N� P� K� PN- D-*2P(z,,N-H�-/N-� z*xK D-*2P(z,,N--z*F LN�
2z22+� yNLJ22+ P0-+� (0 Pz,  z,,N- PJN C0KG-�*FN �*,zFFN2K�2LN2P z*,M�GG+�
[N- ^y,+z2P PN- D-*2P(z,,N-0yN-V�xKN �*- Z-P0yN-V�xKN� PN- EG*-zy,+z2P� Hz22
�(J,xKN2 (N2JLN2 [N�JFN+N-2 �EGzxKGz2P� *2P FNK-N-N2 K*2PN-+ >N+N-2 �DNyJ-LN�
yN+-zLN2�

t�s�t DN,�++JL+N D-*2P(w,,N-�02N

t�s�t�� C�P-0LN0G0LJ,uKN D-*2PGwLN2

[z, K�P-0LN0G0LJ,xKN ZJ2+NJG*2L,/-J2�J/ PN- LN0G0LJ,xKN2 @�-/N- y�(� DN,+NJ2,�
)N-y�2PN yz,JN-+ z*M PNFD-zP JK-N- [*-xKG�,,JLHNJ+ *2P JK-N- NL,zFHNJ+ M�-  z,�
,N-� B2 ^2zG0LJN �*- ZGNH+-J�J+�+ J,+ NJ2N "2+N-,xKNJP*2L J2 D-*2P(z,,N-GNJ+N-�
D-*2P(z,,N-KzGyGNJ+N- *2P D-*2P(z,,N-2JxK+GNJ+N- )N-,+�2PGJxK� Z, GJNL+ J2 PN- %N�
Gz+J)J+�+ PN, ]NL-JdN, [*-xKG�,,JLHNJ+� Pz,, PJN LNLN2,NJ+JLN ^yL-N2�*2L 0M+ *2,xKz-M
J,+� ]NJ,/JNG,(NJ,N Hz22 NJ2 ENJ2,z2P LNLN2�yN- NJ2NF )JNG P*-xKG�,,JLN-N2 @JN, zG,
CzGy� 0PN- =JxK+GNJ+N- (J-HN2� LGNJxK�NJ+JL zyN- LNLN2�yN- NJ2NF $xKG*d 0PN- #02
zG, D-*2P(z,,N-GNJ+N-� [JN #zy� w�v LJy+ NJ2N ~yN-,JxK+ �yN- PJN �yGJxKN2 *2P M�G,xK�
GJxK 20xK )N-(N2PN+N2 ]NL-JdN� ^yy� w�s )N-PN*+GJxK+ PJN LNy-�*xKGJxKN2 K�P-0LN0�
G0LJ,xKN2 ]NL-JdN� 0K2N Pz,, KJN- [N+zJG, N-�-+N-+ (N-PN2 H�22N2� Z, (J-P z*M PJN
[B=u�up )N-(JN,N2 �[B=u�up� #NJG v� �ppu��

w� w C�P-0LN0G0LJN



GW-Oberfläche
= GW-Druckfläche

freies GW

GW-
Hemmer

GW-Nichtleiter
GW-Leiter

GW-Leiter

Quelle

GW-Deckfläche
= Oberfläche des
gespannten GW

GW-Druckfläche
( GW-Oberfläche)≠

steiler Anstieg der
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Verwerfung

GW-Austausch möglich

kein GW-Austausch

GW-Mächtigkeit

GW-Sohle (GW-
Unterfläche)

GW-Nichtleiter

GW-Nichtleiter

GW-Leiter

Druckspiegel des unteren GW-Stockwerks

^yy� w�s C�P-0LN0G0LJ,xKN ]NL-JdN �C�G+J2L 3 \0GPN(N�� w��p��

#zyNGGN w�v ]N�NJxK2*2LN2 *2P ]NJ,/JNGN )02 D-*2P(z,,N-GNJ+N-2 �D( J,+ PJN �yGJxKN ^y�
H�-�*2L M�- D-*2P(z,,N-�

]N�NJxK2*2L ?NK2(0-+ M�G,xKGJxK ]NJ,/JNGN

D( ?NJ+N- ^.*JMN- D( #-�LN-
D( C0-J�02+

@JN,N� $z2P�@JN,�DNFJ,xKN� >J,xK�
,z2PN� @zGH,+NJ2N� $z2P,+NJ2N� ]z,zG+N

D( CzGyGNJ+N- 0PN-
D( CNFFN-

^.*J+z-PN D( DN-J2LGNJ+N- ENJ2,z2PN� Fz2xKN $xKG*dN� LNHG�M+N+N
#02,+NJ2N� Fz2xKN $z2P,+NJ2N

D( =JxK+GNJ+N- ^.*JxG*PN D( $/N--N- D-z2J+� D2NJ,� $+NJ2,zG�� DJ/,
^.*JM*LN D( $+z*N-

D-*2P(z,,N-GNJ+N- �N2LG� z.*JMN-� M-z2�� z.*JMN5 -N� ,J2P DN,+NJ2,H�-/N-� PJN C0KG�
-�*FN N2+KzG+N2 *2P ,0FJ+ LNNJL2N+ ,J2P� D-*2P(z,,N- J2 2*+�yz-N- >N2LN �* ,/NJ�
xKN-2 *2P (NJ+N-�*GNJ+N2� [z,  0-+ D-*2P(z,,N-GNJ+N- (J-P zG,0 KJN- ,�202�F FJ+
^.*JMN- LNy-z*xK+� ZJ2JLN ^*+0-N2 yN�NJxK2N2 INP0xK 2*- PN2 (z,,N-N-M�GG+N2 #NJG
NJ2N, D-*2P(z,,N-GNJ+N-, zG, ^.*JMN- �%JxK+N- *� ?JGGJxK� �prt�� B2 DNyJN+N2� (0 Pz,
D-*2P(z,,N- H�2,+GJxK (NJ+-�*FJL *2P �*F #NJG yJ, �* FNK-N-N2 K*2PN-+ >N+N-
+JNM zyLN,N2H+ (J-P� �� ]� zF =JNPN--KNJ2� J2 =0-P0,+,zxK,N2 *2P J2 PN- ?z*,J+��
,xKzd+ NJ2N ,0GxKN ]N+-zxK+*2L,(NJ,N NKN- !N-(J--*2L zG, @Gz-KNJ+�
C�P-0LN0G0LJ,xK (J-P �(J,xKN2 '0-N2�� @G*M+� *2P @z-,+L-*2P(z,,N-GNJ+N-2 *2�

+N-,xKJNPN2�
B2 PN2 '0-N2L-*2P(z,,N-GNJ+N-2 �J-H*GJN-+ J2 PN- LN,zF+N2 (z,,N-LN,�++JL+N2 �02N

Pz,  z,,N- P-NJPJFN2,J02zG PJd*,� PJN K0-J�02+zGN %JxK+*2L Hz22 zG, E0GLN PN-
$xKJxK+*2L PN- DN,+NJ2N zGGN-PJ2L, yN)0-�*L+ ,NJ2� BF  N,N2+GJxKN2 Kz2PNG+ N, ,JxK

w�v ^GGLNFNJ2N C�P-0LN0G0LJN w�



*F @JN,N *2P $z2PN ,0(JN Lz2� ,NG+N2 *F /0-�,N $z2P,+NJ2N FJ+ z22�KN-2P LGNJxK�
F��JLN2 GzFJ2z-N2 $+-�F*2L,)N-K�G+2J,,N2 JF C0KG-z*Fz2+NJG� [JN,N- K�2L+ )02
PN- @0-2L-��N2)N-+NJG*2L �$0-+JN-*2L� *2P PN- E0-F PN- DN,+NJ2,/z-+JHNG� (N2JLN-
)02 JK-N- D-��N zy� ENJ2� *2P FJ++NGH�-2JLN, >z+N-JzG J,+ FNJ,+ L�2,+JLN- ,0-+JN-+�
FJ+ M-NJN2 �(J,xKN2-�*FN2 *2P )N-LGNJxK,(NJ,N L-0�NF 2*+�yz-N2 C0KG-z*Fz2+NJG�
]NJ $z2PN2 yN+-�L+ N- yJ, �* v�; PN, LN,zF+N2 DN,+NJ2,)0G*FN2,�

B2@G*M+L-*2P(z,,N-GNJ+N-2 �J-H*GJN-+ Pz,D-*2P(z,,N- JF N,N2+GJxKN2 �(NJPJFN2�
,J02zG V�xKN2KzM+ JF@G*M+-z*F��*PJN,NF(N-PN22NyN2@G*M+V�xKN2� $xKJxK+M*LN2
*2P $/zG+N2 z*xK ^yH�KG*2L,M*LN2Fz2xKN- FzLFz+J,xKN- DN,+NJ2N LN-NxK2N+� ]N�
,+JFF+N� P*-xK@G*M+,�,+NFN)0-LN�NJxK2N+N%JxK+*2LN2(N-PN2yN)0-�*L+� �(J,xKN2
�(NJ (z,,N-M�K-N2PN2 #-N22M*LN2 J,+ Pz, DN,+NJ2 ��+-0xHN277� Z, (J-H+ JF HGNJ2N2
]N-NJxK� PN- zG, ��Cz2P,+�xH77 yN�NJxK2N+(J-P� *2P*-xKG�,,JL� �* PN2@G*M+L-*2P(z,�
,N-GNJ+N-2 LNK�-N2 ,/-�PN$z2P,+NJ2N�@zGH� *2P[0G0FJ+,+NJ2N�Fz2xKN �P0G0FJ+J,xKN�
#02,+NJ2N� @02LG0FN-z+N� NJ2JLN &*z-�/0-/K�-N *2P ]z,zG+N �@z--N2yN-L� �pq���

@z-,+L-*2P(z,,N-GNJ+N- ,J2P .*z,J P*-xK xKNFJ,xKN ?�,*2L z*MLN(NJ+N+N @G*M+�
L-*2P(z,,N-GNJ+N- �]�LGJ� �prq�� [z, @z-,+L-*2P(z,,N- �J-H*GJN-+ J2 ?�2L,-JxK+*2L
���NJ2PJFN2,J02zG77� J2 GJ2Nz- z*,LN-JxK+N+N2� )JNGN @JG0FN+N- -NJxKN2PN2� )JNGMzxK LN�
(*2PN2N2 $/zG+N2� *2P C�KGN2,�,+NFN2 ���+G� �pru�� [N- =zxK(NJ, PN- D-*2P�
(z,,N-yN(NL*2L J2 PN2 $/zG+N2 Hz22 P*-xK >z-HJN-*2L,)N-,*xKN N-y-zxK+ (N-PN2
�@�,,� �ppw�� [JN,N ,0 LN2z22+N @z-,+�J-H*Gz+J02 J,+ yN,xK-�2H+ z*M -NGz+J) GNJxK+
G�,GJxKN @zGH� *2P [0G0FJ+,+NJ2N� ^2K�P-J+ *2P DJ/, ,0(JN JK-N >J,xKLGJNPN-�

t�s�t�t DN0K�P-w*GJ,uKN D-*2PGwLN2

^*, LN0K�P-z*GJ,xKN- $JxK+ (N-PN2 PJN DN,+NJ2N NJ2LN+NJG+ 2zxK JK-N- K�P-z*GJ,xKN2
?NJ+M�KJLHNJ+� zG,0 PN- [*-xKG�,,JLHNJ+ JF (NJ+N,+N2 $J22N� [z-*2+N- )N-,+NK+ Fz2
PJN ZJLN2,xKzM+ NJ2N, DNyJ-L,H�-/N-, �J2 PN- ]NPN*+*2L )02DN,+NJ2,)N-yz2P�� *2+N-
yN,+JFF+N2 [-*xH)N-K�G+2J,,N2 M�-  z,,N- *2P z2PN-N EG�,,JLHNJ+N2 P*-xKG�,,JL
y�(� P*-xKVJN�yz- �* ,NJ2� [JN K�P-z*GJ,xKN ?NJ+M�KJLHNJ+ K�2L+ zy )0F 2*+�yz-N2
�*,zFFN2K�2LN2PN2 P*-xKV*,,(J-H,zFN2 C0KG-z*F)0G*FN2� PNF C0KG-z*Fz2�
+NJG� Z, (J-P �(J,xKN2 NJ2N- DNyJ-L,�� DN,+NJ2,� *2P #-N22M*LN2P*-xKG�,,JLHNJ+ *2�
+N-,xKJNPN2� ]NJ PN2 ?0xHN-LN,+NJ2N2 N2+,/-JxK+ PJN DNyJ-L,P*-xKG�,,JLHNJ+ PN- DN�
,+NJ2,P*-xKG�,,JLHNJ+n yNJ PN2 EN,+LN,+NJ2N2 yJGPN+ ,JN PJN $*FFN z*, #-N22M*LN2�
*2P DNyJ-L,P*-xKG�,,JLHNJ+� (0yNJ N-,+N-N P0FJ2JN-+�

]NJ PN2 '0-N2L-*2P(z,,N-GNJ+N-2 (J-P PJN K�P-z*GJ,xKN ?NJ+M�KJLHNJ+ N�zH+ P*-xK
PJN J2 N+(z JPN2+J,xKN2 ]NL-JdN [*-xKG�,,JLHNJ+ *2P 'N-FNzyJGJ+�+ N-Mz,,+ �Z2LNG�
Kz-P+� �ps��� Z, Kz2PNG+ ,JxK *F NJ2N FN,,yz-N� LN,+NJ2,,/N�JX,xKN @02,+z2+N� PJN
IN(NJG, 2*- M�- NJ2N2 yN,+JFF+N2 DN,+NJ2,H�-/N- LJG+� Z2+,xKNJPN2P J,+ PJN IN(NJGJLN
<yN-V�xKN2zH+J)J+�+ PN, DN,+NJ2,�

[N- ]NL-Jd 'N-FNzyJGJ+�+ J,+ FJ+ PNF =zFN2 PN, M-z2��,J,xKN2  z,,N-yz*J2LN�
2JN*-, CN2-� [z-x� )N-H2�/M+� (NGxKN- �qts PJN 2zxK JKF yN2z22+N� ,NK- NJ2MzxKN
NF/J-J,xKN EGJN�LGNJxK*2L z*M,+NGG+N� [z, DN,N+� )02 [z-x� �^yy� w�r� Gz*+N+o

&fHM Y E Y K�GfHM Y E Y B �w���

[JN C�KN2PJdN-N2� K �F� �(J,xKN2 �(NJ $+z2P-0K-�$/JNLNGK�KN2 FJ+ PNF ^y,+z2P
G �F� N-LJy+ Pz,D-*2P(z,,N-LNM�GGN K�G� [N- !0G*FN2V*,,& �Fv�,� P*-xK NJ2N EG�xKN

ww w C�P-0LN0G0LJN
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^yy� w�r [z, DN,N+� )02 [z-x��

schluffiger Sand

Kies

k Wertf- 10-12 10-10 10-8 10-6 10-4 10-2 ms-1

plutonische und metamorphe Gesteine

Geschiebemergel

Schluff, LößTon

reiner Sand

fein grob

hohlraumreich

Kalkstein

zerklüftet

zerklüftet

zerklüftet

halbverfestigtzerklüftet

zerklüftet

Sandstein

unzerklüftet

unzerklüftet

unzerklüftet

Schiefer

Lava

Basaltgestein

^yy� w�q HM� N-+ 0PN- ,/N�JX,xKN- [*-xKV*,, )N-,xKJNPN2N- DN,+NJ2N �zyLN�2PN-+ 2zxK
CNz+K� �pqq��

E �Fw� K�2L+ zy )0F PJFN2,J02,G0,N2 K�P-z*GJ,xKN2 D-zPJN2+N2 B �F�F�� PN- JPN2�
+J,xK FJ+ PNF D-*2P(z,,N-LNM�GGN K�G J,+� *2P )0F [*-xKG�,,JLHNJ+,yNJ(N-+ HM �F�,��
zyLNH�-�+ HM� N-+� [N- K�P-z*GJ,xKN D-zPJN2+ N2+,/-JxK+ PN- ^y,N2H*2L PN- D-*2P�
(z,,N-0yN-V�xKN IN >N+N- N2+Gz2L PN- EGJN�,+-NxHN�
[N- HM� N-+ J,+ zyK�2LJL )0F M-NJN2 '0-N2-z*F PN, DN,+NJ2,� )02 PN2 P�2zFJ�

,xKN2 ZJLN2,xKzM+N2 PN- EG�,,JLHNJ+� (JN �� ]� !J,H0,J+�+ *2P [JxK+N� ,0(JN )02 PN-
$+�-HN PN, D-z)J+z+J02,MNGPN,� P� K� )02 PN- LN0L-z/KJ,xKN2 ?zLN� [N- HM� N-+ J,+
NJ2N (JxK+JLN @N22L-��N M�- zGGN *2+N-J-PJ,xKN2 EGJN�)0-L�2LN *2P M�- PJN K�P-z*�
GJ,xKN ]N(N-+*2L *2P*-xKG�,,JLN- $xKJxK+N2� AN HGNJ2N- PN- HM� N-+ J,+� PN,+0 LN-J2LN-
J,+ PJN [*-xKG�,,JLHNJ+ PN, DN,+NJ2,H�-/N-,� ]NJ NJ2NF K�P-z*GJ,xKN2 D-zPJN2+N2
)02 �F�F N2+,/-JxK+ PN- HM� N-+ PNF �zKGN2(N-+ )02 &� [N- HM� N-+ (J-P PzKN-
z*xK ,/N�JX,xKN- [*-xKV*,, LN2z22+� [N- HM� N-+ (J-P J2 �NK2N-/0+N2�N2 z*,LN�
P-�xH+ *2P NJL2N+ ,JxK �*F !N-LGNJxK PN- [*-xKG�,,JLHNJ+N2 )N-,xKJNPN2N- DN,+NJ2,�

w�v ^GGLNFNJ2N C�P-0LN0G0LJN wv



z-+N2 �^yy� w�q�� E�- NJ2N2 HM� N-+ )02 ��gp N-L�yN ,JxK +KN0-N+J,xK NJ2 ,/N�JX,xKN-
[*-xKV*,, )02 v�FF�AzK-�

[JN #*-y*GN2�N2 J2 Gz2L,zF VJN�N2PN2 D-*2P(z,,N-,+-�FN2 ,J2P �*�N-,+ LN-J2L�
[z, D-*2P(z,,N- yN(NL+ ,JxK GzFJ2z-� zG,0 (J-yNGM-NJ� [JN  z,,N-+NJGxKN2 yN(NLN2
,JxK z*M PJ,H-N+N2 $+-0FGJ2JN2 *2P )N-FJ,xKN2 ,JxK 2JxK+ FJ+ #NJGxKN2 yN2zxKyz-+N-
$+-0FGJ2JN2�

ZJ2N *2+N-N D-N2�N PN, D�G+JLHNJ+,yN-NJxKN, PN, DN,N+�N, )02[z-x� J,+ yNJ N�+-NF
Gz2L,zFN2 EGJN�LN,xK(J2PJLHNJ+N2 P*-xK +02JLN ���PJxK+N77� $NPJFN2+N LNLNyN2� J2
PN2N2 NGNH+-0,+z+J,xKN @-�M+N� PJN �(J,xKN2 PN2  z,,N-F0GNH�GN2 *2P PN2 #02FJ�
2N-zGJN2 (J-H,zF (N-PN2� �* 2JxK+ GJ2Nz-N2 !N-K�G+2J,,N2 �(J,xKN2 PNF D-*2P(z,�
,N-P*-xKV*,, *2P PNF K�P-z*GJ,xKN2 D-zPJN2+N2 M�K-N2� E�- HGNJ2/0-JLN ENJ2,+�
H0-2LNFJ,xKN J,+ INP0xK z*xK yNJ ,NK- HGNJ2N2 K�P-z*GJ,xKN2 D-zPJN2+N2 *2P LN�
-J2LN2 EGJN�LN,xK(J2PJLHNJ+N2 NJ2N *2+N-N D-N2�N PN- D�G+JLHNJ+ 2JxK+ �* PNX2JN-N2�

ZJ2N 0yN-N D-N2�N PN, [z-x�,xKN2 DN,N+�N, J,+ P*-xK PN2 ~yN-Lz2L )02 GzFJ�
2z-NF J2 +*-y*GN2+N, EGJN�N2 LNLNyN2� Z2+K�G+ Pz, DN,+NJ2 L-0�N C0KG-�*FN *2P
HGNJ2N '0-N2 Pz22 +-N+N2 #*-y*GN2�N2 �*2�xK,+ J2 PN2 L-��N-N2 C0KG-�*FN2 z*M
*2P L-NJMN2 N-,+ FJ+ �*2NKFN2PN- EGJN�LN,xK(J2PJLHNJ+ z*M PJN HGNJ2N2 '0-N2 �yN-�
[N,KzGy Hz22 HNJ2N NJ2KNJ+GJxKN D-N2�N PN- D�G+JLHNJ+ PN, DN,N+�N, )02 [z-x� N-�
(z-+N+ (N-PN2�

]NJ @G*M+L-*2P(z,,N-GNJ+N-2 Hz22 PN- HM� N-+ 2*- Pz22 KN-z2LN�0LN2 (N-PN2�
(N22 N2L,+�2PJLN #-N22M*LN2 )02 LN-J2LN- �d2*2L,(NJ+N ,+z+J,+J,xK LGNJxKF��JL
)N-+NJG+ ,J2P� [JN >NK-�zKG PN- @G*M+L-*2P(z,,N-GNJ+N- (NJ,+ INP0xK J2 0yN-V�xKN2�
2zKN2 ]N-NJxKN2 yJ, �* FNK-N-N2 K*2PN-+ >N+N- #JNMN HGzdN2PN #-N22M*LN2 z*M�
,0 Pz,, P0-+ HNJ2N GzFJ2z-N D-*2P(z,,N-,+-�F*2L )0-GJNL+ *2P PN,KzGy Pz, [z-�
x�,xKN DN,N+� 2JxK+ LJG+� ZJ2N !N-(N2P*2L PN, HM� N-+N, �*- ]N,xK-NJy*2L PN,  z,�
,N-GNJ+)N-F�LN2, ,0GxKN- @G*M+� ,0(JN z*xK PN- @z-,+L-*2P(z,,N-GNJ+N- J,+ PN,KzGy
*2H0--NH+ *2P J--NM�K-N2P �)LG� Pz�* ]N2PN-� �pqu�� CJN- NJL2N2 ,JxK �*- ]N,+JF�
F*2L PN- K�P-z*GJ,xKN2 ?NJ+M�KJLHNJ+ ^*d�GG)N-,*xKN� yNJ PN2N2 �yN- D-*2P(z,�
,N-FN,,-0K-N  z,,N- J2 PN2 ^.*JMN- NJ2LNM�GG+ 0PN- NJ2LN/-N,,+ (J-P� ^*, PN- ^*M�
2zKFNM�KJLHNJ+ N-K�G+ Fz2 [z+N2 �*- ]N-NxK2*2L PN- [*-xKG�,,JLHNJ+� ]NJ NJ2NF
L�2LJLN2 !N-MzK-N2 z*, PN- ]0K-� *2P B2INH+J02,+NxK2JH (N-PN2 PJN  z,,N-)N-G*,+N
*FLN-NxK2N+ z*M ?J+N- /-0 >J2*+N /-0 >N+N- ]0K-G0xK yNJ �� yz- [-*xH ��� yz-f
�>NLz 'z,xzG� >'z�� (NGxKN ZJ2KNJ+ zG, � ?*LN02 �G��FJ2 YF Y>'z�� PNX2JN-+ J,+�
�?*LN02 N2+,/-JxK+ NJ2NFHM� N-+ 2zxK[z-x� )02 N+(z��t Y ��grF�, �A�xHGJ� �pr���

t�s�s D-*2P(w,,N-2N*vJGP*2L

[z, �N2+-zGN #KNFz PN- C�P-0LN0G0LJN KNJ�+ D-*2P(z,,N-2N*yJGP*2L �N2LG� -N�
xKz-LN�� <K2N PJN,N2 H0F/GN�N2� ,JxK ,+�2PJL (JNPN-K0GN2PN2 !0-Lz2L L�yN N, HNJ2
D-*2P(z,,N-� [N- ZJ2L-Jd PN- >N2,xKN2 z*M PJN D-*2P(z,,N-2N*yJGP*2L yGNJy+
PzyNJ �*2�xK,+ *2yN-�xH,JxK+JL+�

[z, D-*2P(z,,N- J,+ NJ2 DGJNP JF K�P-0G0LJ,xKN2 @-NJ,Gz*M� [JN,N- ,xKGJN�+ =JN�
PN-,xKGzL �=�� !N-P*2,+*2L �!�� 0yN-J-PJ,xKN2 ^yV*,, �^��� B2XG+-z+J02� *2+N-J-PJ�
,xKN2 ^yV*,,� $/NJxKN-*2L �$� JF"2+N-L-*2P P*-xK !N-�2PN-*2L PN, EG*-zy,+z2P,
*2P  JNPN-z*,+-J++ PN, D-*2P(z,,N-, NJ2� [JN �(J,xKN2 PJN,N2 @0F/02N2+N2 yN�
,+NKN2PN2 FN2LN2F��JLN2 �*,zFFN2K�2LN (N-PN2 J2 PN-  z,,N-yJGz2�LGNJxK*2L

wu w C�P-0LN0G0LJN



N-Mz,,+� BF Gz2LI�K-JLN2 >J++NG Hz22 Pz-z*, M�- NJ2 -NLJ02zGN, ]N+-zxK+*2L,LNyJN+
PJN D-*2P(z,,N-2N*yJGP*2L,-z+N �^"� yN-NxK2N+ (N-PN2�

^"f=g!g^�g$ �w�w�

[JN =JNPN-,xKGzL,K�KN �=� J,+ PJN NJ2�JLN ZJ2Lz2L,L-��N PN- ]JGz2�JN-*2L *2P PN,�
KzGy )02 yN,02PN-N- ]NPN*+*2L� $JN (J-P J2 >JGGJFN+N- �FF� LNFN,,N2� �FF =JN�
PN-,xKGzL,K�KN N2+,/-JxK+ �?J+N-  z,,N- z*M NJ2N- ]0PN2V�xKN )02 �Fw� PJN, N2+�
,/-JxK+ ����Fv�HFw� [JN N-+N PN- �y-JLN2@0F/02N2+N2 (N-PN2 NyN2MzGG, J2>JGGJ�
FN+N- z2LNLNyN2� [N- DNyJN+,2JNPN-,xKGzL J,+ PJN �yN- NJ2 yN,+JFF+N, DNyJN+ LNFJ+�
+NG+N =JNPN-,xKGzL,K�KN �[B=u�up� #NJG v� �ppu�� [z, Gz2LI�K-JLN =JNPN-,xKGzL,FJ+�
+NG M�- PJN J2+N-2z+J02zGN $+z2Pz-P/N-J0PN �pv���ps� yN+-*L JF DNyJN+ PN- KN*+JLN2
(N,+GJxKN2 ]*2PN,G�2PN- qvrFF� JF ]N-NJxK PN- KN*+JLN2 �,+GJxKN2 ]*2PN,G�2PN-
(NLN2 JK-N- H02+J2N2+zGN-N2?zLN INP0xK 2*- swqFF�]NJ ZJ2�NGFN,,*2LN2F*,,FJ+
NJ2N-^y(NJxK*2L PN->N,,(N-+N )02 PN-(zK-N2=JNPN-,xKGzL,K�KN 2zxK *2+N2 )02
N+(z ��; LN-NxK2N+ (N-PN2� ^*xK yNJ PN- ~yN-+-zL*2L )02 =JNPN-,xKGzL,(N-+N2
z*M NJ2 L-��N-N, DNyJN+ H�22N2 ,JxK "2LN2z*JLHNJ+N2 N-LNyN2� CJN- GJNL+ yNJ PN-
-NxK2N-J,xKN2^*V�,*2L PN- z,,N-yJGz2�LGNJxK*2LPJN ,JL2JXHz2+N,+N"2,JxKN-KNJ+�
[JN !N-P*2,+*2L �!� J,+ PN- yN+-�xK+GJxKN #NJG PN, =JNPN-,xKGzL,� PN- M-�KN- 0PN-

,/�+N- (JNPN- J2  z,,N-PzF/M �yN-LNK+� Z, (J-P *2+N-,xKJNPN2 �(J,xKN2 PN- Z)z�
/0-z+J02 *2P PN- Z)z/0+-z2,/J-z+J02� ^G, Z)z/0-z+J02 (J-P PJN !N-P*2,+*2L )0F
]0PN2 0PN- )02 M-NJN2  z,,N-0yN-V�xKN2 J2 E0GLN NJ2N, /K�,JHzGJ,xKN2 "2LGNJxK�
LN(JxK+, z2LN,NKN2� [JN Z)z/0+-z2,/J-z+J02 J,+ NJ2 $*FFN2/z-zFN+N-� (NGxKN- PJN
/K�,J0G0LJ,xK LN,+N*N-+N #-z2,/J-z+J02 PN- !NLN+z+J02 FJ+ NJ2yN�JNK+� B2 [N*+,xK�
Gz2P yN+-�L+ Pz, Gz2LI�K-JLN >J++NG PN- !N-P*2,+*2L N+(z t��FF� Pz, ,J2P -*2P
s�; PN- =JNPN-,xKG�LN� [JN !N-P*2,+*2L Hz22 FJ+ ?�,JFN+N-2 PJ-NH+ LNFN,,N2
0PN- z*, E0-FNG2 zyLNGNJ+N+ (N-PN2 �^-yNJ+,H-NJ, D-*2P(z,,N-2N*yJGP*2L PN-
EzxK,NH+J02 C�P-0LN0G0LJN PN- [N*+,xKN2 DN0G0LJ,xKN2 DN,NGG,xKzM+� �prrn
[! @� �pq�n %JxK+N- *� ?JGGJxK� �prtn  0KG-zy *�z�� �ppw��
[N- 0yN-J-PJ,xKN DN,zF+zyV*,, yN,+NK+ z*, PNF [J-NH+zyV*,, �^<� *2P PNF

L-*2P(z,,N-y�-+JLN2^yV*,, �^*�� PN- PNF 0yN-J-PJ,xKNFDN(�,,N- FJ+ L-0�N- !N-�
��LN-*2L z*, PNFD-*2P(z,,N- �*VJN�+ 0PN- J2 &*NGGN2 z*,VJN�+� >J+ z2PN-N2 0-�
+N2o J2 #-0xHN2�NJ+N2 (N-PN2 PJN 0yN-J-PJ,xKN2 DN(�,,N- 2*- z*, PNF D-*2P(z,,N-
LN,/NJ,+� $0FJ+ N2+,/-JxK+ PN- #-0xHN2(N++N-zyV*,, PN- D-*2P(z,,N-2N*yJGP*2L�
*2P PJN @GNJ2,+(z,,N-M�K-*2L PN- DN(�,,N- J,+ NJ2 >z� M�- PJN )N-M�Lyz-N2 D-*2P�
(z,,N-FN2LN2� [JN C�KN PN, D-*2P(z,,N-z2+NJG, zF DN,zF+zyV*,, K�2L+ z*xK
)0F $/NJxKN--z*F PN, "2+N-L-*2PN, zy�
^G, $/NJxKN-*2L �$� (J-P PJN M�- PN2 ^yV*,, z*,LGNJxKN2P (J-HN2PN� P*-xK !N-�

�2PN-*2LN2 PN, EG*-zy,+z2P, yN(J-H+N !0--z+,�2PN-*2L J2 PN- *2LN,�++JL+N2 $JxHN-�
(z,,N-�02N yN�NJxK2N+� $JN Hz22 J2 PN- %NLNG 2*- yNJ �* yN+-zxK+N2PN2 �NJ+-�*FN2
)02 �yN- �NK2 AzK-N2 )N-2zxKG�,,JL+ (N-PN2�
[N- FNK- 0PN- (N2JLN- z*,LN/-�L+N %K�+KF*, J2 PN- D-*2P(z,,N-2N*yJGP*2L

,/JNLNG+ PJN @GJFz)N-K�G+2J,,N (JPN-� B2 [N*+,xKGz2P +-zLN2 PJN ,/�+KN-y,+GJxKN2
[z*N--NLN2 ,NK- (J-H*2L,)0GG �*- =N*yJGP*2L yNJ� JF E-�KIzK- J,+ N, PJN $xK2NN�
,xKFNG�N� �K-N2P PN- !NLN+z+J02,/N-J0PN N--NJxKN2 PJN )N-,JxHN-2PN2=JNPN-,xKG��
LN 2JxK+ PJN LN,�++JL+N �02N� ,02PN-2 )N-P*2,+N2 ,0M0-+ 0PN- VJN�N2 zG, ,0 LN2z22+N-
�(J,xKN2zyV*,, �B2+N-V0(� PNF DN(�,,N- 2zxK NJ2NF %NLN2 2*- FJ+ LN-J2LN- !N-�
��LN-*2L *2+N-J-PJ,xK �*�

w�v ^GGLNFNJ2N C�P-0LN0G0LJN wt



#zyNGGN w�u ]N�NJxK2*2L PN- D-*2P(z,,N-2N*yJGP*2L,-z+N �D-*2P(z,,N-,/N2PN�

,NK- HGNJ2 HGNJ2 FJ++NG L-0� ,NK- L-0�

G��, Y HFw� k� � yJ, t t yJ, �� ����t j�t
N+(z FF�z k v� v���s� �s��v�� v���t�� j t��

Niederschläge

Quellen
Verdunstung

Drainsysteme

Entnahmen aus Grundwasser-
fassungen

künstliche Entnahmenatürliche “Entnahme”

unterirdischer Abfluss

Wasserhaltungen

künstliche Grundwasseranreicherung

künstliche Neubildung

Bewässerungsverluste
Reserve-
änderung

Flussinfiltration

unterirdischer Zufluss

natürliche Neuildung

^yy� w�p [z-,+NGG*2L PN- )N-,xKJNPN2N2 '0,+N2 NJ2N- D-*2P(z,,N-yJGz2� �A�xHGJ� �pr���

]NJ PN-  z,,N-yJGz2� (J-P PN- ^yV*,, z*M PJN EG�xKN PN, ZJ2�*L,� y�(� PN, =JN�
PN-,xKGzL,LNyJN+N, yN�0LN2 *2P J2 G��, Y HFw� zG, ^yV*,,,/N2PN z2LNLNyN2� "F PN2
!N-LGNJxK FJ+ PNF =JNPN-,xKGzL *2P PN- !N-P*2,+*2L �* N-GNJxK+N-2� Hz22 PJN,N-
 N-+ ,+z++ z*M NJ2N $NH*2PN z*M NJ2 AzK- yN�0LN2 *2P J2 >JGGJFN+N-  z,,N-K�KN
z2LNLNyN2 (N-PN2 �� G��, Y HFw� N2+,/-JxK+ v��tFF�AzK-  z,,N-K�KN�� [N- *2+N-J-�
PJ,xKN D-*2P(z,,N-zyV*,,� PJN D-*2P(z,,N-,/N2PN� N2+,/-JxK+ PN- D-*2P(z,,N-�
2N*yJGP*2L,-z+N� (NGxKN )02 PN- ^yV*,,,/N2PN -NxK2N-J,xK zy�*+-N22N2 J,+� [JN,
J,+ 2JxK+ JFFN- NJ2MzxK� #zy� w�u )N-FJ++NG+ PJN D-��N20-P2*2L PN- D-*2P(z,,N-�
2N*yJGP*2L,-z+N J2 )N-,xKJNPN2N2 DNyJN+N2� $NK- HGNJ2N  N-+N ,J2P yNJ,/JNG,(NJ,N
)02 DNyJN+N2 FJ+ #02,+NJ2�!N-y-NJ+*2L� ,NK- L-0�N )02 @zGH,+NJ2�DNyJN+N2 �* N-�
(z-+N2�

B2 ^yy� w�p ,J2P PJN )N-,xKJNPN2N2 '0,+N2 NJ2N- D-*2P(z,,N-yJGz2� Pz-LN,+NGG+
�A�xHGJ� �pr��� CJN- ,J2P z*xK PJN yJ,KN- 2JxK+ N-�-+N-+N2 '0,+N2 P*-xK FN2,xKGJxKN
#�+JLHNJ+� P� K� H�2,+GJxKN =N*yJGP*2L y�(� Z2+2zKFN� yN-�xH,JxK+JL+� ~yN- PN- C0�
-J�02+zGN2 ,+NKN2 PJN ��ZJ22zKFN277 �J2/*+�� Pz-*2+N- PJN ��^*,LzyN277 �0*+/*+�� GJ2H,
PN- !N-+JHzGN2 PJN DGJNPN- PN, 2z+�-GJxKN2 @-NJ,Gz*MN,� 0K2N ZJ2V*,, PN- >N2,xKN2�
-NxK+, Pz)02 PJN H�2,+GJxKN2 ZJ2L-JdN�

ws w C�P-0LN0G0LJN



#zyNGGN w�t ZJ2V*,,MzH+0-N2 *2P '-0�N,,N LN0LN2N- D-*2P(z,,N-yN,xKzdN2KNJ+

ZJ2V*,,MzH+0-N2 z*M ?�,GJxKHNJ+ *2P
�N-,N+�*2L )02 >J2N-zGJN2 *2P
DN,+NJ2N2

'-0�N,,N FJ+ ^*,(J-H*2L z*M PJN
�*,zFFN2,N+�*2L PN,  z,,N-,

?�,*2L,LGNJxKLN(JxK+N ?�2LN PN, EGJN�(NLN,
�N-,N+�*2L P*-xK C�P-0G�,N PN- $JGJHz+N ^P,0-/+J02� [N,0-/+J02 *2P B02N2z*,+z*,xK
ZJ2V*,, )02 /C� N-+� %NP0�/0+N2�JzG
*2P B02N2zH+J)J+�+

<�JPz+J02,� *2P %NP*H+J02,/-0�N,,N

#NF/N-z+*-NJ2V*,, z*M ?�,GJxKHNJ+ *2P
C�P-0G�,N

>JH-0yJ0G0LJ,xKN '-0�N,,N

[-*xHzyK�2LJLHNJ+ PN- ?�,GJxKHNJ+ )02
Dz,N2

DN,+NJ2,yN,xKzdN2KNJ+ PN- D-*2P(z,,N-GNJ+N-
-

LN0LN2N D-*2P(z,,N-+�/N2

t�r C�P-0LN0uKNFJN

t�r�� DN0LN2N,N PN- B2KwG+,,+0MMN

BF N,N2+GJxKN2 K�2L+ PJND-*2P(z,,N-yN,xKzdN2KNJ+ )0FP*-xK,JxHN-+N2� yNGNy+N2
]0PN2� PNF P*-xK,+-�F+N2 DN,+NJ2� )02 PN- ?�2LN PN, EGJN�(NLN, ,0(JN PN- !N-�
(NJG�NJ+ JF"2+N-L-*2P zy� ]NJ NJ2N- LN2�LN2P Gz2LN2 !N-(NJG�NJ+ ,+NGG+ ,JxK �(J,xKN2
PN- xKNFJ,xKN2 �*,zFFN2,N+�*2L PN-DN,+NJ2N *2P PN-D-*2P(z,,N-yN,xKzdN2KNJ+
NJ2 z22�KN-2P K�P-0LN0xKNFJ,xKN, DGNJxKLN(JxK+ NJ2� [JN,N2 ,JF/GN2 �*,zFFN2�
Kz2L Hz22+N ,xK02 PN- -�FJ,xKN=z+*-M0-,xKN- *2P^PFJ-zG DzI*, 'GJ2J*, $Nx*2P*,
�'GJ2J*, P� �G+N-N�� wv�rp 2� \K-� �'GJ2J*, $Nx*2P*,� ~yN-,N+�*2L )02 �qtt�o ��#zGN,
,*2+ z.*zN .*zGN, +N--zN /N- .*z, V**2+77� >0PN-2 z*,LNP-�xH+o [JN D-*2P(z,�
,N-yN,xKzdN2KNJ+ J,+ z.*JMN-�,/N�JX,xK�
BF D-*2P(z,,N- LNG�,+N Cz*/+J2KzG+,,+0dN ��yN- ��FL�G� ,J2Po

� @z+J02N2o =z+-J*F �=zh�� >zL2N,J*F �>Lwh�� \zGxJ*F �\zwh�
� ^2J02N2o \KG0-JP �\Gg�� C�P-0LN2xz-y02z+ �C\<g

v �� $*GMz+ �$<
g
u �

^G, =NyN2yN,+z2P+NJGN ������� FL�G� LNG+N2 *2+N- z2PN-NFo

� @zGJ*F �@h�� >z2Lz2 �>2wh�� ZJ,N2 �ENwh�� $+-02+J*F �$-wh� ,0(JN =J+-z+ �=<g
v �

*2P EG*0- �Eg��

$/*-N2,+0dN JF D-*2P(z,,N- �*2+N- ���FL�G� H�22N2 )JNGN ZGNFN2+N PN, 'N-J0PN2�
,�,+NF, ,NJ2� �� ]� @*/MN-� ]GNJ� A0P *2P ]-0F�
^G, B2PJHz+0-N2 M�- z2+K-0/0LN2N !N-*2-NJ2JL*2LN2 LNG+N2 )0- zGGNF PJN $+JxH�

,+0d)N-yJ2P*2LN2 =J+-z+ �=<g
v �� =J+-J+ �=<g

w � *2P ^FF02J*F �=Ch
u � ,0(JN @z�

GJ*F �@h� *2P 'K0,/Kz+ �'<vg
u ��

[z,  z,,N- J,+ #-z2,/0-+FJ++NG *2P xKNFJ,xKN, %NzLN2� �*LGNJxK *2P X2PN+ PN2
@02+zH+ �* PN2 >J2N-zGJN2 PN- DN,+NJ2N �yN- %J,,N� @G�M+N *2P $/zG+N2� =*- (N22

w�u C�P-0LN0xKNFJN wr



,0GxKN )0-Kz2PN2 ,J2P� Hz22 PJN DN0LN2N,N PN- B2KzG+,,+0dN yNLJ22N2� (0yNJ PN-
EzH+0- �NJ+ NJ2N (N,N2+GJxKN %0GGN ,/JNG+� [JN  NxK,NGyN�JNK*2LN2 �(J,xKN2 PN2
ZJ2V*,,MzH+0-N2 *2P '-0�N,,N2 PN- DN0LN2N,N )N-z2,xKz*GJxK+ #zy� w�t�

t�r�t XJ2MG*,,MwH+0-N2 w*M PJN ?�,GJuKHNJ+

[N- ,+0dGJxKN ~yN-Lz2L z*, DN,+NJ2 J2 Pz,  z,,N- J,+ )02 FNK-N-N2 EzH+0-N2 zy�
K�2LJL �C�G+J2L 3 \0GPN(N�� w��pn >z++KN,,� w��vn $JLL *� $+*FF� �pp�n !0JL+�
�pp��� zGGN2 )0-z2 )02 PN- ?�,GJxKHNJ+ PN- >J2N-zGJN2� Z, LJy+ GNJxK+ G�,GJxKN >J2N�
-zGJN2 JF  z,,N- �;��� L�G� (JN �� ]� #KN2z-PJ+ �=zw$<u�� $+NJ2,zG� �=z\G�n ,xK(N-�
G�,GJxKN >J2N-zGJN2 �;� L�G� (JN ^2K�P-J+� DJ/, �\z$<u wCw<�� \zGxJ+ �\z\<v� *2P
/-zH+J,xK *2G�,GJxKN �>��� L�G�� �� ]� &*z-� *2P DGJFFN-�

[JN ?�,GJxKHNJ+ PN- IN(NJGJLN2 >J2N-zGJN2 J2 (�,,-JLN2 ?�,*2LN2 (NJxK+ )02 PN-
J2 -NJ2NF  z,,N- zy� ]NJ ^2(N,N2KNJ+ LGNJxKJ02JLN- !N-yJ2P*2LN2 J2 PN- ?�,*2L
J,+ ,JN N-2JNP-JL+� "2LGNJxKJ02JLN ?�,*2L,LN20,,N2 N-K�KN2 PzLNLN2 PJN ?�,GJxKHNJ+�
(JN PJN, z2Kz2P PN- �*2zKFN PN- ?�,GJxKHNJ+ )02 DJ/, yNJ ,+NJLN2PN2 =z�\G�@02�
�N2+-z+J02N2 PN*+GJxK (J-Po B2 DNLN2(z-+ )02 wt��FL�G =zhh\Gg N-K�K+ ,JxK PJN
\z$<u�?�,GJxKHNJ+ )02 w�� �J2 -NJ2NF  z,,N-� z*M w�t L�G �,JNKN ^y,xK2� v�w��

]N��LGJxK PN- ^-+ PN- ?�,GJxKHNJ+ ,J2P PJN DN,+NJ2N J2 �(NJ D-*//N2 NJ2�*,+*MN2o
$JN (N-PN2 N2+(NPN- )�GGJL z*MLNG�,+� 0PN- ,JN (N-PN2 �N-,N+�+ �K�P-0G�,JN-+��

[JN^*MG�,*2L N-M0GL+ P*-xK Pz, z,,N-F0GNH�G z*ML-*2P ,NJ2N- [J/0GNJLN2,xKzM�
+N2� [zyNJ (N-PN2 PJN >J2N-zGJN2 )�GGJL z*MLNG�,+ *2P NGNH+-0G�+J,xK J2 @z+J02N2
*2P ^2J02N2 �N-GNL+� �* PJN,N2 DN,+NJ2N2 ��KGN2 J2,yN,02PN-N $*GMz+LN,+NJ2N �DJ/,�
^2K�P-J+� *2P \KG0-JPLN,+NJ2N �CzGJ+N� $+NJ2,zG���

[JN�N-,N+�*2L PN- >J2N-zGJN2 *2+N- PNF ZJ2V*,, PN- <�02J*F��fC�P-02J*F��
B02N2�Cv<

h� z*xKzG,ChyN�NJxK2N+�LNFN,,N2zG,/C� N-+�*2PPN-C�P-0�JP�B02N2
�<Cg�(J-PzG,C�P-0G�,NyN�NJxK2N+*2PyN+-Jd+ PJN $JGJHz+LN,+NJ2N�[zyNJ yJGPN2 ,JxK
2N*N >J2N-zGJN2� (JN @z0GJ2J+ *2P $N-/N2+J2� *2P N, (N-PN2 ,xK-J++(NJ,N =z+-J*F��
@zGJ*F��\zGxJ*F�*2P>zL2N,J*F�B02N2,0(JN@JN,NG,�*-NJ2Pz, z,,N- M-NJLN,N+�+�

[N- ZJ2V*,, PN, [-*xHN, z*M PJN LN0LN2N+J,xKN D-*2P(z,,N-yN,xKzdN2KNJ+ J,+
(NJ+LNKN2P z*M PJN ?�,GJxKHNJ+ )02Dz,N2 yN,xK-�2H+�>J++NGyz-(J-H+ ,JxK Pz,(NJ+N-
z*, �yN- PN2 ZJ2V*,, PN- LNG�,+N2Dz,N� (N22 PJN Dz,N J2 PJN ?�,*2L,LGNJxKLN(JxK+N
NJ2L-NJMN2� $0 (N-PN2 PN- +NF/N-z+*-zyK�2LJLN ?�,*2L,)0-Lz2L *2P Pz, ?�,*2L,�
LGNJxKLN(JxK+ yNJ Z-PzGHzGJ�C�P-0LN2xz-y02z+� �,,N-2 )0F /C� N-+ *2P PJN,N-
)02 PN- /C� N-+�'*dN-*2L P*-xK \z-y02z+J02N2 *2P @0KGN2,�*-N LN,+N*N-+� [JN
?�,GJxKHNJ+N2 PN- FNJ,+N2 >N+zGG�B02N2� J2,yN,02PN-N PN- $xK(N-FN+zGGN� ,J2P ,+z-H
/C� N-+�zyK�2LJLo JF ,z*-N2]N-NJxK ,J2P ,JN GNJxK+ G�,GJxK� JF2N*+-zGN2 yJ, ,xK(zxK
yz,J,xKN2 Hz*F G�,GJxK� *2P JF PN*+GJxK yz,J,xKN2 ]N-NJxK ,J2P ,JN *2+N- @0F/GN��
yJGP*2L (JNPN- GNJxK+ G�,GJxK �,JNKN ^y,xK2� v�w��

t�r�s C�P-0uKNFJ,uKN '-0�N,,N JF D-*2P(w,,N-

 NJG PJN ^*V�,*2L z2 PN- DN,+NJ2,0yN-V�xKN z2,N+�+� ,J2P PJN D-��N PN- @02+zH+�
V�xKN2 �(J,xKN2 DN,+NJ2 *2P D-*2P(z,,N- *2P PJN ?�2LN PN, EGJN�(NLN, ,NK- yN�
PN*+,zF� ^*V�,*2L,�� zyN- z*xK z2PN-N xKNFJ,xKN !0-L�2LN JF VJN�N2PN2 D-*2P�

wq w C�P-0LN0G0LJN



(z,,N- )0GG�JNKN2 ,JxK *F,0 L-�2PGJxKN-� IN J2+N2,J)N- Pz, *FLNyN2PN DN,+NJ2 P*-xK
+NH+02J,xKN !0-L�2LN �N-y-0xKN2 *2P IN L-��N- PJN DN,+NJ2,P*-xKG�,,JLHNJ+ J,+� [JN
yNJF D-*2P(z,,N-VJN�N2 ,+z++X2PN2PN2 '-0�N,,N� (JN �*� 0PN- ^y2zKFN PN, ?��
,*2L,J2KzG+N,� ^P,0-/+J02� [N,0-/+J02� B02N2z*,+z*,xK� %NP0�� *2P FJH-0yJ0G0�
LJ,xKN '-0�N,,N ,J2P J2 PN- #zy� w�t N-Mz,,+� [JN,N '-0�N,,N M�K-N2 2JxK+ J2 INPNF
EzGG �* NJ2N- ^2-NJxKN-*2L )02 B2KzG+,,+0dN2 JF z,,N-� $0 Hz22 P*-xK ^P,0-/+J02
�G0,N ^2GzLN-*2L PN- B02N2 z2 <yN-V�xKN2 )02>J2N-zGJN2� PJN >J2N-zGJ,z+J02 z*xK
(JNPN- )N--J2LN-+ (N-PN2� A*)N2JGN @0KGN2,�*-N� G0HzG z*, PN- #JNMN z*M,+NJLN2P�
Hz22 PJN Gz2L�NJ+JL NJ2LN,/JNG+N2 EGJN�,�,+NFN PN, D-*2P(z,,N-, H-N*�N2 *2P M�K-+
Pz22 �* NJ2N- (NJ+N-N2 [JdN-N2�JN-*2L PN, \KNFJ,F*, �,JNKN >J2N-zG(�,,N-�
^yy� w�����
^2PN-N ,JL2JXHz2+N �2PN-*2LN2 PN- B2KzG+,,+0dN (N-PN2 P*-xK B02N2z*,+z*,xK�

!0-L�2LN )N-*-,zxK+� [zyNJ (N-PN2 �*,�+�GJxKN =z+-J*F�B02N2 LNG�,+� (�K-N2P \zG�
xJ*F�B02N2 *2P *2+N-LN0-P2N+ z*xK >zL2N,J*F�B02N2 z*, PN- ?�,*2L )N-,xK(J2�
PN2 �DG� w�v *2P w�u�� ^G, ^*,+z*,xKN- �^� H0FFN2 )0- zGGNF #02FJ2N-zGN (JN
>02+F0-JGG02J+ *2P �N0GJ+K J2 E-zLN� ]NJF B02N2z*,+z*,xK ��=z+-J*F LNLN2 \zG�
xJ*F77 ,+NJL+ PN- /C� N-+ z2 *2P N--NJxK+  N-+N� PJN PN*+GJxK �yN- q GJNLN2n LGNJxK�
�NJ+JL Hz22 PJN C�P-0LN2xz-y02z+�@02�N2+-z+J02 0K2N �*2zKFN )02 @0KGN2,�*-N
z2,+NJLN2� Z, N2+,+NK+ ��=z+-J*F�C�P-0LN2xz-y02z+� z,,N-77� 0M+FzG, FJ+ N-K�K+NF
EG*0-JP�DNKzG+� PN22 =z+-J*FV*0-JP �=zE� J,+ yN,,N- G�,GJxK zG, Pz, ,NK- ,xK(N-
G�,GJxKN \zGxJ*FV*0-JP �fEG*,,,/z+� fEG*0-J+� \zEw��

\zwhhw =z�^ ' \z�^hw =zh �w�v�

=NyN2NdNH+

\zEwhw =z�^ ' w Eghw =zhh\z�^ �w�u�

[JN  z,,N-G�,GJxKHNJ+ )02 ZGNFN2+N2� PJN J2 )N-,xKJNPN2N2 <�JPz+J02,,+*MN2 )0-�
H0FFN2� K�2L+ z*�N- )0F /C� N-+ z*xK )02 JK-N- JF IN(NJGJLN2 DN,+NJ2 0PN-
 z,,N- LNLNyN2N2 <�JPz+J02,,+*MN zy� [JN, yN+-Jd+ ZJ,N2� >z2Lz2� @*/MN-� !z2z�
PJ*F *2P "-z2 ,0(JN =J+-z+ *2P 0-Lz2J,xKN $+0dJ2KzG+N� ^G, >z� M�- PJN -NGz+J)N
^H+J)J+�+ PN- 0�JPJN-+N2 y�(� PN- -NP*�JN-+N2 $+0dN J2 NJ2NF $�,+NF PJN2+ Pz, %N�
P*H+J02,�<�JPz+J02,�'0+N2�JzG� H*-� %NP0��'0+N2�JzG LN2z22+� Z, (J-P LN(�K2GJxK
P*-xK Pz, $�Fy0G Z 0PN- ZK z2LNLNyN2 �ZK FJ+ ]N�*L z*M $+z2Pz-P� z,,N-,+0d�
ZGNH+-0PN� ,JNKN z*xK %NP0�,/z22*2L� ^y,xK2� v����
BFD-*2P(z,,N- ,J2P 2NyN2 xKNFJ,xKN2 z*xKFJH-0yJ0G0LJ,xKN '-0�N,,N ,NK- )JNG�

M�G+JL *2P HNJ2N,(NL, *FMz,,N2P yNHz22+ �[! @� �pqq� ,JNKN z*xK ^y,xK2� t�v����
[N- D-*2P(z,,N--z*F yJN+N+ 2z+*-LNF�� 2*- @GNJ2GNyN(N,N2 *2P z*xK PJN,N2 2*-
yNJ N2+,/-NxKN2PN- ^2/z,,*2L yNL-N2�+N Z�J,+N2�F�LGJxKHNJ+N2� ^F K�*XL,+N2
Kz2PNG+ N, ,JxK *F]zH+N-JN2� (NGxKN PJN 0-Lz2J,xKN2 B2KzG+,,+0dN� zyN- z*xK=J+-z+N
*2P $*GMz+N �N-,N+�N2�

t�r�r \vK�2LJLHNJ+ )02 PN- #NF/N-w+*-

?�,GJxKHNJ+N2 *2P PzFJ+ @02�N2+-z+J02N2 )02 $+0dJ2KzG+N2 JF D-*2P(z,,N- (JN
z*xK PJN B2+N2,J+�+N2 )02 '-0�N,,zyG�*MN2 2NKFN2 FJ+ PN- #NF/N-z+*- FNJ,+N2,
�*� ZJ2N (JxK+JLN ^*,2zKFN yJGPN2 PJN \z-y02z+N� PN-N2 ?�,GJxKHNJ+ FJ+ ,+NJLN2PN-
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#NF/N-z+*- zy2JFF+� [z PJN #NF/N-z+*- FJ+ PN- #JNMN *2+N- PN- Z-P0yN-V�xKN
z2,+NJL+� (N-PN2 PJN +NF/N-z+*-zyK�2LJLN2 ?�,GJxKHNJ+N2 *2P '-0�N,,N yN,xKGN*2JL+
�[! @� �pqvn [! @� �pqr�� [JN @02�N2+-z+J02 PN- NJ2�NG2N2@0F/02N2+N2 0PN-
PN-N2!N-K�G+2J,,N �*NJ2z2PN-� PJNFJ+ PN-"2+N-L-*2P+NF/N-z+*- J2�*,zFFN2Kz2L
LNy-zxK+ (N-PN2 H�22N2� 2N22+ Fz2 DN0+KN-F0FN+N-� $0 (*-PN2 yNJ,/JNG,(NJ,N
&*z-��� \KzGxNP02�� =z�@�� =z�@�\z� *2P =z�?J�DN0+KN-F0FN+N- N2+(JxHNG+� PJN
LNNJL2N+ ,J2P� LN0+KN-FJ,xKN ^20FzGJN2 JF CJ2yGJxH z*M NJ2N PN2Hyz-N LN0+KN-FJ�
,xKN =*+�*2L �* N-M0-,xKN2�

t�r�q ZKNFJ,uKN DGNJuKLN(JuK+N

ZJ2N >�LGJxKHNJ+� Pz, ?�,GJxKHNJ+,)N-KzG+N2 2z+�-GJxKN-  �,,N- �* )N-,+NKN2� yJN+N+
PJN #KN-F0P�2zFJH� [JN ^y(NJxK*2L )0F xKNFJ,xKN2 DGNJxKLN(JxK+ �?�,*2L,�
LGNJxKLN(JxK+ PN- >J2N-zGJN2� Hz22 zG, $�++JL*2L,J2PN� 0PN- zG, ?�,NHz/z�J+�+ z*,�
LNP-�xH+ (N-PN2� CJN-�* (*-PN2 )N-,xKJNPN2N NGNH+-02J,xKN %NxKN2/-0L-zFFN N2+�
(JxHNG+� $0 N-Gz*y+ Pz, DGNJxKLN(JxK+,�@02,+z2+N2�>0PNGG  ^#Z&E PJN J+N-z+J)N
]N-NxK2*2L PN- $/N�JN,�!N-+NJG*2L 2z+�-GJxKN-� H0F/GJ�JN-+ �*,zFFN2LN,N+�+N-
 �,,N- *2P PN- $�++JL*2L�B2PJxN, LNLN2�yN- N+(z ��� >J2N-zGJN2� [z, )0F "�$�
DN0G0LJxzG $*-)N� N2+(JxHNG+N '-0L-zFF 'C%ZZ&Z yN-�xH,JxK+JL+ ZGNH+-02N2�
]JGz2��DGNJxK*2LN2 *2P H0--JLJN-+ N+(zJLN P*-xK *2)0GG,+�2PJLN 0PN- MNKGN-KzM+N
xKNFJ,xKN ^2zG�,N2 yNPJ2L+N ?zP*2L,�"2LGNJxKLN(JxK+N PN- NJ2LNLNyN2N2  z,,N-�
z2zG�,N� >J+ ,NJ2N- CJGMN H�22N2 >z,,N2�~yN-L�2LN� >J,xK*2LN2 �(NJN- *2+N-�
,xKJNPGJxKN-  �,,N-� #J+-z+J02,-NzH+J02N2� /C� *2P ZC� N-+N� /C� N-+ '*dN-*2L
*2P $/N�JN,�!N-+NJG*2LN2 JF  z,,N- ,0(JN $�++JL*2L,J2PN�N LNLN2�yN- yN,+JFF+N2
>J2N-zGJN2 yN-NxK2N+ (N-PN2 �>z++KN,,� w��v�� �*,zFFN2,+NGG*2LN2 +KN-F0P�2z�
FJ,xKN- [z+N2� PJN M�- PJN ]N-NxK2*2L PN- xKNFJ,xKN2 DGNJxKLN(JxK+N yN2�+JL+ (N-�
PN2� ,J2P LN0xKNFJ,xKN2 #zyNGGN2 �* N2+2NKFN2 �%�,GN- *� ?z2LN� �prs��

t�r�p D-*2P(w,,N-vN,uKwMMN2KNJ+

ZJ2JLN -N/-�,N2+z+J)N ]NJ,/JNGN M�- LN0LN2 *2P z2+K-0/0LN2 yNNJ2V*,,+N D-*2P(�,�
,N- LJy+ PJN #zy� w�s� [z-J2 (J-P �*N-,+ NJ2N ^2zG�,N PN, =JNPN-,xKGzL,(z,,N-, zG,
"-,/-*2L PN, D-*2P(z,,N-, z*MLNM�K-+� [JN ^2zG�,N2 w yJ, q �NJLN2 PN*+GJxK PJN
^yK�2LJLHNJ+ PN-  z,,N-yN,xKzdN2KNJ+ )0F P*-xKV0,,N2N2 DN,+NJ2� [JN ^2zG�,N p
yNGNL+ NJ2 B02N2z*,+z*,xK� z,,N-� [N- !N-LGNJxK NJ2N- ^2zG�,N )02 =0-P,NN(z,,N-
�^2zG�,N ��� FJ+ PN- NJ2N, J2 PN2 "2+N-L-*2P PN- @�,+N2-NLJ02 NJ2LNP-*2LN2N2
>NN-(z,,N-, �^2zG�,N ��� G�,,+ N-HN22N2� Pz,, yNJ PN- 'z,,zLN JF D-*2P(z,,N-GNJ+N-
>zL2N,J*F JF $NPJFN2+ X�JN-+ (*-PN *2P Pz,, \zGxJ*F *2P =z+-J*F JF !N-K�G+2J,
�*F \KG0-JP�DNKzG+ �*LN20FFN2 KzyN2�  NJ+N- M0-+LN,xK-J++N2 J,+ PJN,N Z2+(JxH�
G*2L J2 PN- ^2zG�,N �w� yNJ PN- N, ,JxK (zK-,xKNJ2GJxK *F NJ2 M0,,JGN, H022z+N, z,,N-
Kz2PNG+� ]N,02PN-, z*dzGGN2P J,+ P0-+ PJN N�+-NFN !N-FJ2PN-*2L PN, $*GMz+LNKzG+N,�
[JN,N- J,+ P*-xK yzH+N-JNGGN %NP*H+J02 yNPJ2L+� [zyNJ (J-P PN- $z*N-,+0d PN, $*GMz+,
yNJF ^yyz* 0-Lz2J,xKN- $*y,+z2� �* @0KGN2,+0dPJ0�JP y�(� @0KGN2,�*-N 0PN- �*
C�P-0LN2xz-y02z+ N-2N*+ LNy*2PN2� [z, -NP*�JN-+N $*GXP�B02 yJGPN+ FJ+ $xK(N-�
FN+zGGN2 ,xK(N- G�,GJxKN !N-yJ2P*2LN2� PJN JF D-*2P(z,,N-GNJ+N- z*,MzGGN2� "2yN�
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q
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�w
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�vz
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�vz
D-*2P(z,,N-)N-*2-NJ2JL� P*-xK ?z2P(J-+,xKzM+
�?0xHN-LN,+NJ2� %z*F Cz220)N-� q F *� DNG��

�uz
D-*2P(z,,N-0yN-,+-0F NJ2N- Cz*,F�GGPN/02JN
�?0xHN-LN,+NJ2� %z*F E-z2HM*-+�>��

�uz
D-*2P(z,,N-*2+N-,+-0F NJ2N- Cz*,F�GGPN/02JN�
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Schnitt durch einen Brunnen
senkrecht zur Fließrichtung des GW

ursprüngliche
GW-Oberfläche

seitlicher GW-
Zustrom zum
Brunnen

Quellfassung

Entnahme-
trichter

oberirdische
Wasser-
scheide

unterirdisches Einzugsgebiet

schwebendes
GW

GW-
Oberfläche

GW-
anreicherungs-

becken

freies
GWLockergestein

Festgestein

Schacht-
brunnen

Bohr-
brunnenQuelle

Quelle

Quelle
Fluss

Pumpe

Pump-
station

artesischer
Brunnen

Schicht

undurchlässige

Bohrbrunnen

unterirdische
Wasser-
scheide

Sickerleitung

GW-
Oberfläche

gespanntes
GW

wasser-
ungesättigte

Zone

^yy� w��� #NxK2J,xKN ZJ2-JxK+*2LN2 �*- D-*2P(z,,N-LN(J22*2L �C�G+J2L *2P \0GPN(N��
w��p��

NJ2V*,,+N, D-*2P(z,,N- �NJL+ ^2zG�,N �vz� BF !N-LGNJxK Pz�* -N/-�,N2+JN-N2 PJN
^2zG�,N2 �vy� �uz *2P �uy z2+K-0/0LN2 yNNJ2V*,,+N D-*2P(�,,N-�

]N��LGJxK(NJ+N-N- ]NJ,/JNGN (J-P z*M Pz, $xK-JM++*F )N-(JN,N2 �[N*+,xKGz2PoC�G�
+J2L� �pp�n "$^o  KJ+N *�z�� �psvn >J2N-zG(�,,N-o \z-GN6 � �prtn >JxKNG� �ppr��

t�q D-*2P(w,,N-LN(J22*2L

[JN ^-+ PN- +NxK2J,xKN2 ZJ2-JxK+*2LN2� FJ+ (NGxKN2 z*, NJ2NF ^.*JMN- Pz, D-*2P�
(z,,N- M�- PJN =*+�*2L N-,xKG0,,N2 (J-P� K�2L+ )02 PN2 LNLNyN2N2 LN0G0LJ,xKN2
*2P K�P-0LN0G0LJ,xKN2 !N-K�G+2J,,N2 zy �^yy� w����� �* *2+N-,xKNJPN2 ,J2P &*NGG�
Mz,,*2LN2� (0�* JF(NJ+N-N2 $J22N z*xK $JxHN-,xK�xK+N *2P yN-LF�22J,xK z2LNGNL+N
$+0GGN2 �* -NxK2N2 ,J2P� ,0(JN ]-*22N2� PJN FNJ,+ )N-+JHzG� �*(NJGN2 z*xK ,xK-�L
0PN-� z*,LNKN2P )02 NJ2NF )N-+JHzGN2 $xKzxK+� K0-J�02+zG z2LNGNL+ (N-PN2� ZJ2N
yN,02PN-N E0-F PN- $+0GGN2 ,J2P PJN @z2z+N �,JNKN @z/� ��� PJN ,NJ+ AzK-+z*,N2PN2
z2LNGNL+ *2P yN+-JNyN2 (N-PN2� $JN yNGNLN2� Pz,, &*NGGMz,,*2LN2 *2P ]-*22N2yz*
NJ2N zG+N @*2,+ PN- >N2,xKKNJ+ ,J2P�

[JN KN*+JLN D-*2P(z,,N-LN(J22*2L N-M0GL+ �*2NKFN2P P*-xK ]-*22N2� Pz PN-N2
?NJ,+*2LN2 *2zyK�2LJL )0F =JNPN-,xKGzL,)N-KzG+N2 ,J2P� (�K-N2P PJN $xK�++*2L
PN- &*NGGN2 ,+z-H ,xK(z2HN2 Hz22� E�- LN2z*N-N ^*,M�K-*2LN2 �yN- PJN J2 PN-
'-z�J, LNy-�*xKGJxKN2 "2+N-,xKNJP*2LN2 �(J,xKN2 $xKzxK+y-*22N2� ]0K-y-*22N2�
$JxHN--0K-GNJ+*2LN2� C0-J�02+zGXG+N-y-*22N2 *2P &*NGGMz,,*2LN2 (J-P z*M Pz, zG+�
yN(�K-+N ]-*22N2y*xK )02 ]JN,HN ��ppw�� ,0(JN z*M Z�GN- N+ zG� ��pq��� $xK2NJPN-
��pqq� *2P z*M ]zGHN N+ zG� �w���� )N-(JN,N2�
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Ca-SO4

Ca-HCO3

Ca-Mg-HCO -SO -Säuerling3 4

Sole

Vulkan
schlot

Ca-Na-HCO -Cl-Säuerling3

Säuerling
Ca-HCO -Säuerling3

CO2

CO2
CO2

CO2

Überdeckung

Kalkstein

Sandstein

Gips

Ton und Tonstein

Steinsalz

gefaltetes Grundgebirge

Magmatit

^yy� w��� $xKNFz+J,xKN [z-,+NGG*2L PN- Z2+,+NK*2L )02 >J2N-zG(�,,N-2 �>JxKNG� �ppr��

t�p >J2N-wG�� #KN-FwG� *2P CNJG(w,,N-

t�p�� DN2N,N

^*xK yNJ PN- ]JGP*2L �DN2N,N� )02 >J2N-zG�� #KN-FzG� *2P CNJG(z,,N- LNG+N2 PJN
J2 ^y,xK2� w�u N-G�*+N-+N2 !0-L�2LN� PJN M�- PJN ]N,xKzdN2KNJ+ )02 D-*2P(z,,N-
)02 ]NPN*+*2L ,J2P� [z, z,,N- zG, ?�,*2L,FJ++NG PN- LNG�,+N2 MN,+N2 >J2N-zG,+0dN
*2P #-�LN- PN- #NF/N-z+*- J,+ N2+(NPN- )zP0,N-� H022z+N- 0PN- I*)N2JGN- CN-H*2M+�
A*)N2JG �Gz+� I*)N2JGJ,o I*LN2PM-J,xK� ,J2P  �,,N-� PJN z*, >zLFzKN-PN2 ,+zFFN2�
zG,0 N-,+FzGJL z*, PN- Z-PH-*,+N z2 PJN Z-P0yN-V�xKN LNGz2LN2�  NLN2 PN- K�*XL
yNJ !*GHz2�^*,y-�xKN2 yN0yzxK+N+N2 L-0�N2  z,,N-PzF/M�Z�KzGz+J02N2 (J-P IN�
P0xK J2 #KN-FzG(�,,N-2 PN- I*)N2JGN ^2+NJG Fz�G0, �yN-,xK�+�+�

t�p���� #KN-FwG(�,,N-

[JN #NF/N-z+*- PN- D-*2P(�,,N- (J-P P*-xK  �-FN�*M*K- z*, PN- Z-PH-*,+N yN�
,+JFF+� B2 PN- *2, yNHz22+N2 �*�N-N2 $xKzGN PN- Z-PH-*,+N 2JFF+ PJN #NF/N-z+*-
FJ+ PN- #JNMN �*� *2P �(z- *F,0 -z,xKN-� IN L-��N- PN-  �-FN,+-0F *2P IN HGNJ2N-
PJN �-FNGNJ+M�KJLHNJ+ PN,"2+N-L-*2PN, J,+� [JN LN0+KN-FJ,xKN #JNMN2,+*MN yNPN*+N+
JF =0-FzGMzGG NJ2N #NF/N-z+*-�*2zKFN )02 v �\ /-0 ���F #JNMN� B2 DNyJN+N2 FJ+
I*2LNF !*GHz2J,F*, yNX2PN2 ,JxK >zLFzKN-PN J2 -NGz+J) LN-J2LN- Z-P+JNMN ��� HF
*2P (N2JLN-� *2P PJN #NF/N-z+*-�*2zKFN J,+ N2+,/-NxKN2P K�KN-� $0GxKN +KN-FJ�
,xKN2 ^20FzGJN2 H�22N2 ,JxK yJ, z2 PJN Z-P0yN-V�xKN P*-xK/z*,N2� �� ]� JF =0-P�

w�s >J2N-zG�� #KN-FzG� *2P CNJG(z,,N- vv



5

4

6

8
7

1
Mendips

Jura und Trias

2

Bath

0

-1000

-2000

-3000 m

Grundwasserdruckfläche
des Kohlenkalks

Fließrichtung des
Thermalwassers

3

Unterkarbon

Oberkarbon

Silur

Devon

^yy� w��w DN2N,N PN, -zP02KzG+JLN2\z�$<u�#KN-FzG(z,,N-, J2 PN- ]z+K�]-J,+0G�>*GPN �>J�
xKNG� �ppr��

+NJG PN, <yN--KNJ2L-zyN2,� yNJ $+*++Lz-+ *2P JF CNLz*� CNJ�N, D-*2P(z,,N- +-J++
z*xK z*M� (0 J2>*GPN2,+-*H+*-N2 *2P z*M (z,,N-(NL,zFN2 $+�-*2L,�02N2 )zP0,N,
 z,,N- J2 ]N-NJxKN )02 v�t HF #JNMN LNGz2L+� Z, (J-P )02 P0-+ N2+,/-NxKN2P z*M�
LNKNJ�+ �*2PFJ2N-zGJ,JN-+� *2P ,+NJL+ Pz22(JNPN- z2 z2PN-N- $+NGGN �*- Z-P0yN-V�xKN
NF/0-� ]NJ,/JNGN KJN-M�- ,+NGGN2 PJN yN-�KF+N2 KNJ�N2 &*NGGN2 )02 ^zxKN2� \Kz*P�
M02+zJ2N�]NGLJN2� ]*Pz/N,+� 'M�MN-, *2P ]z+K�$�P(N,+N2LGz2P Pz-� [JN Z2+,+NK*2L
)02 >J2N-zG(�,,N-2 )N-PN*+GJxKN2 PJN ^yy� w��� *2P w��w�

t�p���t %wP02KwG+JLN ��,,N-

[N-%zP02�DNKzG+ PN->J2N-zG(�,,N- K�2L+FJ+ LN0G0LJ,xK zG+N2� ,z*-N2 H-J,+zGGJ2N2
DN,+NJ2N2 (JN D-z2J+N2� D2NJ,N2� &*z-�/0-/K�-N2 �zG+N %K�0GJ+KN� *� �� �*,zFFN2�
[JN,N DN,+NJ2N N2+KzG+N2 0M+FzG, MNJ2 )N-+NJG+ )N-,xKJNPN2N "-z2FJ2N-zGJN2� FJ+ PN�
2N2 Pz, J2 $/zG+N2 *2P @G�M+N2 �J-H*GJN-N2PN  z,,N- N2LN2 @02+zH+ Kz+� D-0�-�*�
FJLN ]NJ,/JNGN ,J2P �*F NJ2N2 PJN %zP02�%NLJ02 Z-�LNyJ-LN � !0L+Gz2P � EJxK+NG�
LNyJ-LN FJ+ ,0 yNHz22+N2 !0-H0FFN2 (JN ]zP $xKGNFz� ]zP ]-zFyzxK �-*2P
wr���].�G� ,0(JN ]zP $+NyN2 �-*2P w���].�G� *2P �*F z2PN-N2 PJN ,�P(N,+PN*+�
,xKN %NLJ02 z2 PN2 %�2PN-2 PN, <yN--KNJ2L-zyN2, FJ+ PN- ,*GMz+M-NJN2 -zP02KzG�
+JLN2 $0GN )02 CNJPNGyN-L� ]zP @-N*�2zxK *2P ]zP >�2,+N- zF $+NJ2�  NJ+N-N
yNHz22+N !0-H0FFN2 ,J2P ?zPNH �P-06 I �]zP ?z2PNxH� *2P ]zPLz,+NJ2�

t�p���s $�*N-GJ2LN

>J2N-zG(�,,N-� PJN FNK- zG, � L�HL M-NJN, \<w @0KGN2,+0dPJ0�JP �\<w� N2+KzG+N2�
LNG+N2 zG, $�*N-GJ2LN� DN,�++JL+ J,+ NJ2 $�*N-GJ2L FJ+ ��q L�HL \<w�Dz, yNJ � yz- 'z-�
+JzGP-*xH PN, \<w� ]NJ $�*N-GJ2LN2 ,xK(z2H+ Pz, !N-K�G+2J, )02  z,,N- �* Dz,

vu w C�P-0LN0G0LJN
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#zyNGGN w�r CN-H*2M+ PN, \<w JF D-*2P(z,,N-

^20-Lz2J,xKN CN-H*2M+

� FzLFz+J,xKo
/0,+)*GHz2J,xK �+N-+J�- yJ, -N�N2+�
)*GHz2J,xK �-N�N2+�
+JNMN-N FzLFz+J,xKN CN-PN �f -N�N2+N C�P-0+KN-FN2�
zy�,,J,xK �^*M,+JNL z*, Z-PFz2+NG�

� FN+zF0-/K z*, \z-y02z+N2o
H02+zH+FN+zF0-/K z2 >zLFzKN-PN2
+JNMN2FN+zF0-/K *2+N- �� HF #JNMN

� xKNFJ,xK z*, \z-y02z+N2o
?�,*2L P*-xK C�P-0LN2xz-y02z+� z,,N-
<�JPz+J02 )02 $*GXPN2 � $xK(NMNG,�*-N

<-Lz2J,xKN CN-H*2M+

� �N-MzGG )02 0-Lz2J,xKN- $*y,+z2�
� <�JPz+J02 )02 @0KGN2(z,,N-,+0dN2
� "FyJGP*2L /Vz2�GJxKN- $+0dN �* @0KGN �fB2H0KG*2L�

�(J,xKN2 �o v *2P �o w�n yNJ PN2 CzGyF0MN++N2 yN+-�L+ N, �o v� yJ, �o u�� >0MN++N2
�J+zG� F0MN+zo ^*,P�2,+*2L� ,J2P ^*,+-J++N )02 Lz,M�-FJLNF \<w� ]NHz22+N 2z+�-�
GJxKN >0MN++N2 ,J2P PJN [*2,+K�KGN J2 ]zP '�-F02+� PJN C*2P,L-0++N yNJ =Nz/NG
*2P PJN D-0++N J2 %0�z+�^*)N-L2N�

^yy� w��v �NJL+ PJN \<w�!N-y-NJ+*2L J2  �,,N-2 >J++NGN*-0/z,� Z, M�GG+ yN,02PN-,
z*M� Pz,, PJN $�*N-GJ2LN PN, z*�N-zG/J2N2 Z*-0/z NJ2 L-0�N, @-N*� yJGPN2� PN,,N2
&*N-yzGHN2 )02 PN- ZJMNG yJ, z2 PJN ZLN- yN,02PN-, H-�M+JL N2+(JxHNG+ J,+� Z, ,J2P PJN,
]N-NJxKN�(NGxKN P*-xK +N-+J�-N ]-*xK+NH+02JH*2P!*GHz2J,F*, LNHN22�NJxK2N+ ,J2P�
P� K�� PJNZ2+,+NK*2LPN,\<wKz+ N+(z,FJ+ +JNM-NJxKN2PN2$/zG+N2*2P>zLFz�* +*2�

[JN LN0G0LJ,xKN2 �*,zFFN2K�2LN ,NJN2 H*-� ,HJ��JN-+o [JN y-*xKyJGPN2PN $xK0G�
GN2FNxKz2JH L-Jd +JNM J2 PN2 0yN-N2 Z-PFz2+NG NJ2� z*xK P0-+� (0 N, 2JxK+ �* 0yN-�
V�xKGJxK z*LN2,xKNJ2GJxKN2 !N-,xKJNy*2LN2 PN- DN,+NJ2,,xKJxK+N2 HzF� [JN,N +JNMN2
]-*xK,+-*H+*-N2 ,/JNGN2 NJ2N [0//NG-0GGN� ZJ2N-,NJ+, N-F�LGJxKN2 ,JN Pz, E-NJ,N+�N2
PN, \<w z*, PNF Z-PFz2+NG� z2PN-N-,NJ+, Pz, ^*M,+NJLN2 PN, zGHzGJ,xKN2� yz,zG+J�
,xKN2 >zLFz, z*, FNK- zG, ��� HF #JNMN� [z-z*, N-LNyN2 ,JxK P-NJ >�LGJxKHNJ+N2
PN- PJ-NH+N2 0PN- J2PJ-NH+N2 ^y,+zFF*2L PN, \<w )02 NJ2NF yz,zG+J,xKN2 >zLFz
�>JxKNG� �ppr�o

� @0KGN2,�*-N �LN2z*N-o \<w� *2P ]z,zG+N ,+zFFN2 z*, PN2 LGNJxKN2 ^H+J)JN-*2L,�
�02N2 *2P ,J2P /0,+)*GHz2J,xKN- 0PN- )*GHz2J,xKN- CN-H*2M+� ]NJ,/JNGNo <,+(N,+�
MzGN2� =0-PKN,,N2�  N++N-z*� %K�2� ZLN-Gz2P�

� ]z,zG+J,xKN, >zLFz J,+ J2 +JNMN-N2 Z-P,xKJxK+N2 ,+NxHN2 LNyGJNyN2 *2P Kz*xK+
\<w �yN- +JNM-NJxKN2PN !N-(N-M*2LN2 z2 PN- Z-P0yN-V�xKN z*,� Z2LN ]J2P*2LN2
�(J,xKN2 >zLFz� Z-P(�-FN *2P \<w ,J2P 0dN2,JxK+GJxK� [z, '-0P*H+ ,J2P -N�
�N2+N C�P-0+KN-FN2� ]NJ,/JNGNo >J++NG(�-++NFyN-L �zF 0yN-N2 =NxHz- *2P PN-

vs w C�P-0LN0G0LJN



Z�zxK�� ]zP \z22,+z++� @GNJ2N2L,+J2LN2� D�//J2LN2� ]zP ~yN-HJ2LN2� ]zP "-�
zxK�� ]zP DGNJxKN2yN-L J2 PN- $+NJN-Fz-H� =0-P0,+�$G0(N2JN2�

� Z, yN,+NK+ HNJ2N ]N�JNK*2L �(J,xKN2 \<w *2P >zLFz� [N- @0KGN2,�*-Nz*M,+JNL
z*, ��� HF #JNMN N-M0GL+ zGGNJ2� [z, >zLFz J,+ JF 0yN-N2 >z2+NG )N-yGJNyN2�
[JN CN-H*2M+ PN, \<w J,+ zy�,,J,xK �L-JNxK� zy�,,0,o L-*2PG0,�� ]NJ,/JNGNo D-z*�
y�2PN2� ]*-LN2Gz2P� #z+-z� EJxK+NGLNyJ-LN�

Z, LJy+ z*xK z2PN-N >�LGJxKHNJ+N2 PN- 2z+�-GJxKN2 Z2+,+NK*2L )02 \<w �#zy� w�r��
(0yNJ z*�N- PN- FzLFz+J,xKN2 PJN E-NJ,N+�*2L )02 \<w P*-xK Z-KJ+�*2L �E-J++*2L�
)02 \z-y02z+N2 yNJ FN+zF0-/KN2 !0-L�2LN2 PJN 2zKNGJNLN2P,+N J,+�

t�p���r ZKG0-JP���,,N- *2P $0GN

$0GN� zG,0 K�KN- )N-,zG�+N,>J2N-zG(z,,N-� J,+ PN- ��?NyN2,,zM+77 PN- Z-PN� PN- 20-FzGN
B2KzG+ PN, '0-N2-z*FN, PN- $NPJFN2+N �Z2LNGKz-P+� �ps�n >JxKNG� �ppr�� [*-xK
�zKGG0,N ]0K-*2LN2 J2 zGGN2 Z-P+NJGN2 J,+ N-(JN,N2� Pz,, Fz2 J2 NJ2JLN- #JNMN *2+N-
PN- DNG�2PN0yN-V�xKN ,+N+, z*M xKG0-JPJ,xKN� ��,zGJ2z-N77  �,,N- ,+��+� E�- PJN Z2+�
,+NK*2L PJN,N,>J2N-zG(z,,N-+�/,(J-P �*FNJ,+ NJ2 *-,�xKGJxKN- �*,zFFN2Kz2L �(J�
,xKN2 $0GN *2P $zG�GzLN-2 y�(� $zG�,+�xHN2 )0-z*,LN,N+�+� P� K�� P0-+� (0 z2 PN-
Z-P0yN-V�xKN $0GN.*NGGN2 �* yN0yzxK+N2 ,J2P 0PN- N-y0K-+ (0-PN2 ,J2P� F��+N2
JF +JNMN-N2 "2+N-L-*2P z*xK $zG�GzLN-,+�++N2 )N-y-NJ+N+ ,NJ2 �^yy� w����� [JN, J,+
INP0xK HNJ2N,(NL, JFFN- PN- EzGG� <M+FzG, Kz2PNG+ N, ,JxK yNJ PN2 $0GN2 2�FGJxK
*F )N-�2PN-+N� ,+z-H FJ2N-zGJ,JN-+N� H022z+N  �,,N-� <PN- N, X2PN+ NJ2N $0GN(z2�
PN-*2L ,+z++� (JN �� ]� M�- ]zP =z*KNJF *2P PJN z2PN-N2 >J2N-zG.*NGGN2 zF #z*�
2*,-z2P z2LN20FFN2 (J-P�
[JN =z+-J*F�\KG0-JP� �,,N-� PJN M-�KN- F*-Jz+J,xKN &*NGGN2 KJN�N2 �Gz+� F*-Jzo

?zHN� $zG�y-�KN�� ,J2P ,0�*,zLN2 )N-P�22+N $0GN2 0PN- H022z+N- =z+*-� (JN �� ]�
JF 2JNPN-yz�N-J,xKN2 ]�PN-P-NJNxH ]J-2yzxK � E�,,J2L � D-JN,yzxK *2P JF yN2zxK�
yz-+N2 <yN-�,+N--NJxK� �� ]� ]zP $xKzGGN-yzxK�

t�p���q $*GMw+���,,N-

$*GMz+� �,,N- ,J2P (NJ+ )N-y-NJ+N+ *2P H�22N2 J2 PN2 FNJ,+N2 E�GGN2 )02 PN2 $*G�
Mz+LN,+NJ2N2 DJ/, �\z$<u Y wCw<� *2P ^2K�P-J+ �\z$<u� zyLNGNJ+N+ (N-PN2
�^yy� w����� ]NJ PN- ^*V�,*2L �$*y-0,J02� PJN,N- DN,+NJ2N yJGPN2 ,JxK JF "2+N-�
L-*2P C�KGN2� (NGxKN zG, Z-PM�GGN yJ, z2 PJN Z-P0yN-V�xKN P*-xKy-NxKN2 H�22N2�
ZJ2JLN yNHz22+N !0-H0FFN2 )02 \z�$<u� �,,N-2 X2PN2 ,JxK J2 ]zP >NJ2yN-L�
%0+KN2*dNG2�]zP=N22P0-M �@-z+N-.*NGGN�� ]zP>�2PN-� E�,,N2�Ez*GN2yzxK�?N*�
HN-yzP� \02+-N�N6 )JGGN� !J++NG� ]z+K� ZJ2N yN,02PN-N ^-+ ,J2P PJN =z�\z�$<u� �,,N-�
(0 B02N2z*,+z*,xK)0-L�2LN NJ2N %0GGN ,/JNGN2� �� ]� J2 ]zP >N-LN2+KNJF�

t�p���p $uK(NMNG���,,N-

[JN $xK(NMNG(z,,N-,+0d �Cw$� N2+KzG+N2PN2 $xK(NMNG� �,,N- N2+,+NKN2 N2+(NPN-
JF �*,zFFN2Kz2L FJ+ )*GHz2J,xKN- *2P /0,+)*GHz2J,xKN- #�+JLHNJ+ 0PN- P*-xK

w�s >J2N-zG�� #KN-FzG� *2P CNJG(z,,N- vr



%NP*H+J02 )02 $*GMz+N2 PN- '0-N2G�,*2LN2 J2 $NPJFN2+N2� ]NJ #NF/N-z+*-N2
*2+N- r����� �\ Hz22 PJN %NP*H+J02 )02 $*GMz+N2 �* $xK(NMNG(z,,N-,+0d 2*-
P*-xK >JH-00-Lz2J,FN2� PJN [N,*GM0)Jy-J02N2� )0GG�0LN2 (N-PN2� (NGxKN JK-N
GNyN2,20+(N2PJLN Z2N-LJN z*, NJ2N- 0-Lz2J,xKN2 $*y,+z2� �#0-M� >00-� ]-z*2�
H0KGN� Z-P�G� yN�JNKN2 *2P (NGxKN Fz2 ,xK02 yJ, J2 #JNMN2 )02 ����F *2P
FNK- LNM*2PN2 Kz+� [JN Z2+,+NK*2L )02 $xK(NMNG(z,,N-,+0d J2 0yN-V�xKN22z�
KNF D-*2P(z,,N- ,N+�+ Pz, !0-Kz2PN2,NJ2 )02 $*GMz+N2� )02 0-Lz2J,xKN- $*y�
,+z2� *2P )02 ,*GMz+-NP*�JN-N2PN2 ]zH+N-JN2 J2 NJ2NF ,z*N-,+0dM-NJN2  z,,N-
)0-z*,�

t�p�t [N�NJuK2*2LN2 �$+w2Pw-P,� M�- vN,02PN-N D-*2P(�,,N-

]NJ >J2N-zG�� #KN-FzG� *2P CNJG(z,,N- Kz2PNG+ N, ,JxK ,+N+, *F D-*2P(z,,N-� Pz,
z*ML-*2P yN,+JFF+N- ZJLN2,xKzM+N2�  J-H*2LN2 0PN- Z-(z-+*2LN2 NJ2N yN,02PN-N
]N�NJxK2*2L N-K�G+� [JN,N ]N�NJxK2*2LN2 (N-PN2 2zxK,+NKN2P N-G�*+N-+�

>J2N-zG(z,,N- J,+ 2z+*-(J,,N2,xKzM+GJxK LN,NKN2D-*2P(z,,N-FJ+ NJ2NF N-K�K+N2
DNKzG+ z2 LNG�,+N2 LN0LN2N2 $+0dN2� B2,0MN-2 *2+N-,xKNJPN+ N, ,JxK )02 #-J2H(z,,N-�
Pz, (N2JLN- zG, � L�G LNG�,+N $+0dN N2+KzG+N2 ,0GG+N� [JN �p�� J2 PN2 =z*KNJFN-
]N,xKG�,,N2 M�- CNJG(z,,N- �CJ2+� *� D-�2K*+� �p�s� MN,+LNGNL+N2 >J2PN,+LNKzG+N
)02 � L�HL LNG�,+N2 MN,+N2 >J2N-zG,+0dN2 *2P�0PN- � L�HL M-NJNF LNG�,+N2 @0KGN2�
,+0dPJ0�JP (*-PN2 J2 PN2 ]NL-Jd >J2N-zG(z,,N- JF/GJ�JN-+�

#KN-FzG(z,,N- J,+ /N- PNX2J+J02NF D-*2P(z,,N- FJ+ NJ2N- #NF/N-z+*- )02 FNK-
zG, w� �\�

CNJG(z,,N- J,+ NJ2 z-�2NJFJ++NG-NxK+GJxKN- ]NL-Jd �[N*+,xKN- ]�PN-)N-yz2P� w�����
CNJG(z,,N- F*,, z*M D-*2P ,NJ2N- xKNFJ,xKN2 �*,zFFN2,N+�*2L� ,NJ2N- /K�,JHz�
GJ,xKN2 ZJLN2,xKzM+N2 0PN- 2zxK yzG2N0G0LJ,xKN- Z-MzK-*2L LNNJL2N+ ,NJ2� CNJG�(N�
xHN2 �* PJN2N2� "F PJN ]N�NJxK2*2L CNJG(z,,N- M�K-N2 �* H�22N2� yNPz-M N, NJ2N-
z-�2NJFJ++NG-NxK+GJxKN2 �*Gz,,*2L PN, ]*2PN,J2,+J+*+N, M�- ^-�2NJFJ++NG *2P >NPJ�
�J2/-0P*H+N �]M^->�� ^*�N- PN2 LN2z22+N2>J2PN,+(N-+N2 )02 � L�HL>J2N-zG,+0M�
MN2 *2P�0PN- #NF/N-z+*- �yN- w� �\ H�22N2 z*xK $/*-N2NGNFN2+N (JN ZJ,N2� A0P�
$xK(NMNG *2P%zP02 zG, ,JL2JXHz2+N @-J+N-JN2 LNG+N2� Ez�J+o ZJ2>J2N-zG(z,,N- Hz22
�(z- NJ2 CNJG(z,,N- ,NJ2n NJ2 CNJG(z,,N- y-z*xK+ INP0xK 2JxK+ *2yNPJ2L+ NJ2 >J2N�
-zG(z,,N- �* ,NJ2� CNJG(�,,N-� PN-N2 >J2N-zGJ,z+J02 *2+N- � L�HL yN+-�L+ *2P PJN zF
&*NGGz*,+-J++ (�-FN- zG, w� �\ ,J2P� (N-PN2 �� ]� zG, ^H-z+0+KN-FN2 yN�NJxK2N+
�L-JNxK� zH-z+0,o *2LNFJ,xK+� -NJ2� ,+z-H��

=z+�-GJxKN, >J2N-zG(z,,N- J,+ NJ2 GNyN2,FJ++NG-NxK+GJxKN- ]NL-Jd� PNX2JN-+ J2 PN-
,NJ+ �pqu )N-yJ2PGJxKN2 >J2N-zG� *2P #zMNG(z,,N-�!N-0-P2*2L �>#!<� �&*N2+J2�
�pqqn Ez,,*2L )0F �u� �w� w���� ,JNKN ^2Kz2L�� DNLN2�yN- PN- t� AzK-N Gz2L yN�
(�K-+N2 #zMNG(z,,N-�!N-0-P2*2L )02 �pvu J,+ z*, %�xH,JxK+ z*M PJN Z*-0/�J,xKN
 J-+,xKzM+,LNFNJ2,xKzM+ PJN �L�HL�]NL-N2�*2L (NLLNMzGGN2� =*2FNK- ,J2P PJN ]N�
�NJxK2*2LN2 ��2z+�-GJxKN, >J2N-zG(z,,N-77� ��&*NGG(z,,N-77 *2P ��#zMNG(z,,N-77 �*G�,�
,JL� [z, ��2z+�-GJxKN >J2N-zG(z,,N-77 Kz+ ,NJ2N2 "-,/-*2L J2 *2+N-J-PJ,xKN2� )0-
!N-*2-NJ2JL*2LN2 LN,xK�+�+N2  z,,N-)0-H0FFN2� J,+ PzKN- )02 *-,/-�2LGJxKN-
%NJ2KNJ+ *2P yN,J+�+ yN,+JFF+N N-2�K-*2L,/K�,J0G0LJ,xKN  J-H*2LN2�

[z, ��&*NGG(z,,N-77 ,+zFF+ NyN2MzGG, z*, *2+N-J-PJ,xKN2  z,,N-)0-H0FFN2� [N-
]NL-Jd Kz+ FJ+ PNF K�P-0LN0G0LJ,xKN2 #N-FJ2*, &*NGGN 2JxK+, LNFNJ2�

vq w C�P-0LN0G0LJN



#zMNG(z,,N- J,+ #-J2H(z,,N-� (NGxKN, �*+z+N2 N2+K�G+� DNy-�*xKGJxK zG, �*+z+N2
,J2P =z+*-,0GN� >NN-(z,,N-� =z+-J*F� *2P \zGxJ*FxKG0-JP� =z+-J*F�� \zGxJ*F�
*2P >zL2N,J*Fxz-y02z+� =z+-J*FK�P-0LN2xz-y02z+ *2P @0KGN2,+0dPJ0�JP�

t�p�s %NLJ02wGN !N-v-NJ+*2L

#JNMN, D-*2P(z,,N- J,+ (NG+(NJ+ ,0(0KG )N-,zG�+ zG, z*xK K�KN- +NF/N-JN-+� D-*2P�
(z,,N- FJ+ PJN,N2 >N-HFzGN2 J,+ zG, PN- 20-FzGN V�,,JLN B2KzG+ PN- '0-N2� @G�M+N
*2P ,02,+JLN2 C0KG-�*FN PN- Z-PH-*,+N z2�*,NKN2o >J2N-zG� *2P #KN-FzG(�,,N-
,J2P PzKN- 2JxK+, ]N,02PN-N,� ,JN ,J2P 2JxK+ PJN ^*,2zKFN� ,02PN-2 PJN %NLNG� $JN
(N-PN2 J2 ]N-L(N-HN2 zG, D-*yN2(�,,N- *2P J2 Z-P�GGzLN-,+�++N2 zG, E0-Fz+J02,�
*2P %z2P(�,,N- z2LN+-0dN2� >J2N-zG� *2P #KN-FzG(�,,N- )N-Pz2HN2 INP0xK JK-N2
zGGLNFNJ2N2 ]NHz22+KNJ+,L-zP PN- yzG2N0G0LJ,xKN2 =*+�*2L�
%NLJ02zGN ]N,xK-NJy*2LN2 )02 >J2N-zG� *2P #KN-FzG(z,,N-)0-H0FFN2� PN-

CNJGy�PN- *2P JK-N- CNJG.*NGGN2 HzFN2 JF )0-JLN2 AzK-K*2PN-+ J2 >0PN� [JN ^*+0�
-N2 PJN,N- $xK-JM+N2 (z-N2 FNJ,+ �-�+N� "2�yN-+-0dN2 J2 ,NJ2NF B2M0-Fz+J02,(N-+
*2P J2 ,NJ2N- D-�2PGJxKHNJ+ J,+ 2zxK (JN )0- Pz, [N*+,xKN ]�PN-y*xK )02 �p�r
�CJF,+NP+� �p�r�� [JN IN(NJG, 2N*N,+N2 B2M0-Fz+J02N2 �yN- PJN z2N-Hz22+N2 CNJGy��
PN- *2P @*-0-+N J2 [N*+,xKGz2P N2+K�G+ PN- ��[N*+,xKN ]�PN-HzGN2PN-77 �[N*+,xKN-
]�PN-)N-yz2P� w��v�� ,0(JN PJN w�^*MGzLN PN, [N*+,xKN2 ]�PN-y*xKN, �@�,, 3
@�,,� w��q�� ZJ2N ,NJ+ �psq J2 '-zL z2LN,+-Ny+NDN,zF+,xKz* M�- zGGN ?�2PN- PN- Z-PN
�>J2N-zG z2P +KN-FzG (z+N-, 0M +KN (0-GP� �psp� yGJNy G�xHN2KzM+� ]N,xK-NJy*2LN2
GJNLN2 )0- FJ+ (NG+(NJ+N2 ~yN-,JxK+N2 �>N,,J2J *2P [J ?0GG0� �ptrn  z-J2L� �pst��
M�- >J++NGN*-0/z �\z-GN6 � �prt�� M�- )JNGN %NLJ02N2 J2 [N*+,xKGz2P �>JxKNG� �ppr��
�,+N--NJxK ���+G *2P D0GPy-*22N-� �ppv� *2P M�- PJN $xK(NJ� �C�LG� �pq���

t�o �w,,N-,uK*+�

t�o�� �w,,N--NuK+GJuKN D-*2P,�+�N

D-*2P(z,,N- J,+ *2,N-N (N,N2+GJxKN  z,,N--N,,0*-xN *2P Pz-M P*-xK �J)JGJ,z+0-J,xKN
ZJ2V�,,N 2JxK+ )N-*2-NJ2JL+ (N-PN2� [NF D-*2P(z,,N-,xK*+� H0FF+ 0yN-,+N '-J0�
-J+�+ �* �[B=w����� =zxK (JN )0- (N-PN2 J2 [N*+,xKGz2P N+(z r�; *2P JF ]N-NJxK
PN- Z" ,0Lz- rt; PN, )N-+NJG+N2 #-J2H(z,,N-, z*, D-*2P(z,,N- LN(022N2� D-*2P�
(z,,N- FJ+ #-J2H.*zGJ+�+ ,+NK+ 2JxK+ J2 *2yNL-N2�+N- >N2LN �*- !N-M�L*2L� D-*2P�
(z,,N-.*z2+J+�+ *2P �.*zGJ+�+ F�,,N2 J2 ^yK�2LJLHNJ+ )02 2z+�-GJxKN2  z,,N-Pz-�
LNy0+ *2P PNF  z,,N-yNPz-M PN, >N2,xKN2 yN(J-+,xKzM+N+ y�(� LN,xK�+�+ (N-PN2�
[JN, +-Jd+ ,NGy,+)N-,+�2PGJxK z*xK M�- <yN-V�xKN2(z,,N-�!0-H0FFN2 �*� (N22 z*,
JK2N2 #-J2H(z,,N- LN(022N2 (J-P�
DN2N-NGG yJN+N+ Pz,  z,,N-Kz*,KzG+,LN,N+� � CD� J2 PN- Ez,,*2L PN- ]NHz22+�

FzxK*2L )0F wv� $N/+NFyN- �pqs �]*2PN,LN,N+�yGz++ B� $� �twp� yN-JxK+JL+ zF q�<H�
+0yN- �pqs� $� �stu� JF � �z� ^y,�+�N � *2Pw� ,0(JN � v� ^y,z+� w� $z+� w� PJN Cz2P�
KzyN �* NJ2NF (J-H,zFN2 D-*2P(z,,N-,xK*+��

w�r  z,,N-,xK*+� vp



^GGN DN(�,,N- �0yN-J-PJ,xKN DN(�,,N-� @�,+N2LN(�,,N-� D-*2P(z,,N-� ,J2P ,0 �*
yN(J-+,xKzM+N2� Pz,, ,JN PNF 0KG PN- ^GGLNFNJ2KNJ+ *2P JF ZJ2HGz2L FJ+ JKF z*xK
PNF=*+�N2 NJ2�NG2N-PJN2N2 *2P INPN )N-FNJPyz-N]NNJ2+-�xK+JL*2L*2+N-yGNJy+�[JN
E-zLNPN,DN(�,,N-NJLN2+*F,(J-P2*- J2PJ-NH+ z2LN,/-0xKN2�Pz2�FGJxKNJ2D-*2P�
NJLN2+*F2JxK+ �*DN(�,,N-yN2*+�*2LN2yN-NxK+JL+� PJN2zxKPNF CD�%zKFN2LN�
,N+��*2P�0PN-PN2 z,,N-LN,N+�N2PN-]*2PN,G�2PN-NJ2N-Z-Gz*y2J,0PN-NJ2N-]N(JG�
GJL*2L yNP�-MN2 � CD� � �z� ^y,z+� v���� [z, yNPN*+N+� NJ2 D-*2PNJLN2+�FN- Hz22
2JxK+ �yN- Pz, D-*2P(z,,N- JF ]N-NJxK ,NJ2N, D-*2P,+�xHN, M-NJ )N-M�LN2� ZJ2N
Z-Gz*y2J, J,+ INPN-�NJ+ (JPN--*VJxK *2P Hz22 �NJ+GJxK yNM-J,+N+ (N-PN2 � CD� � q��
 NLN2 JK-N- �yN--NLJ02zGN2 %NxK+(J-H,zFHNJ+ yNPz-M PJN ]N(JGGJL*2L NJ2N, �dN2+GJ�
xKN2 !N-MzK-N2, � CD� � p�� ]N2*+�*2LN2 J2 HGNJ2N2 >N2LN2 M�- Cz*,KzG+� ?z2P�
(J-+,xKzM+� DN(N-yN *2P PN- LN(�K2GJxKN2 ]0PN2N2+(�,,N-*2L ,J2P N-Gz*y2J,M-NJ
� CD� � vv� ^y,z+� ��n ,0MN-2 PJN ?�2PN-LN,N+�N HNJ2N z2PN-N %NLNG*2L )0-,NKN2�

t�o�t #-J2H(w,,N-,uK*+�LNvJN+N M�- D-*2P(w,,N-

$0(NJ+ N, Pz,  0KG PN- ^GGLNFNJ2KNJ+ N-M0-PN-+� P� K� N, JF �dN2+GJxKN2 B2+N-N,,N
GJNL+� H�22N2  z,,N-,xK*+�LNyJN+N MN,+LN,N+�+ (N-PN2� B2 PJN,N2 H�22N2 yN,+JFF+N
Cz2PG*2LN2 )N-y0+N2 0PN- 2*- M�- yN,xK-�2H+ �*G�,,JL N-HG�-+ (N-PN2 � CD� � �p��
[JN ZJLN2+�FN- 0PN- =*+�*2L,yN-NxK+JL+N2 ,J2P �*- [*GP*2L )N-/VJxK+N+� !N-(zG�
+*2L,-NxK+GJxKN [N+zJG, ,J2P IN(NJG, J2 PN2 'z-zL-z/KN2 PN- ?z2PN,(z,,N-LN,N+�N
MN,+LNGNL+ �,JNKN z*xK ^y,xK2� p�w��

[*-xK PJN EN,+,N+�*2L )02  z,,N-,xK*+�LNyJN+N2 ,0GG N--NJxK+ (N-PN2� PJN D�+N
PN, D-*2P(z,,N-Pz-LNy0+N, �* N-KzG+N2 *2P LNLNyN2N2MzGG, �* )N-yN,,N-2� Z, LJG+�
LN,*2PKNJ+,LNM�K-PN2PN $+0dN *2P <-Lz2J,FN2 MN-2�*KzG+N2� ,0(JN $+0dN *2P <-�
Lz2J,FN2� PJN �(z- 2JxK+ LN,*2PKNJ+,LNM�K-PN2P ,J2P� INP0xK PJN ]N,xKzdN2KNJ+ PN,
 z,,N-, yNNJ2+-�xK+JLN2 H�22N2�  NJ+N-KJ2 ,J2P 2zxK+NJGJLN #NF/N-z+*-)N-�2PN-*2�
LN2 PN, D-*2P(z,,N-, �* )N-KJ2PN-2�

[JN [*-xKM�K-*2L PN- EN,+,N+�*2L,)N-MzK-N2 J,+ G�2PN-(NJ,N *2+N-,xKJNPGJxK LN�
-NLNG+� "F �yN- PJN D-N2�N2 PN- ]*2PN,G�2PN- KJ2(NL PN2 #-J2H(z,,N-,xK*+� J2
MzxKGJxKN- CJ2,JxK+ �* )N-NJ2KNJ+GJxKN2� (N-PN2 ,NJ+ �ptv JF #NxK2J,xKN2 %NLNG(N-H
PN, [!D  ��%JxK+GJ2JN2 M�- #-J2H(z,,N-,xK*+�LNyJN+N77 KN-z*,LNLNyN2 *2P -NxK+,�
)N-yJ2PGJxK z2LN(N2PN+� $JN yN,xK-�2HN2 ,JxK z*M 2z+*-(J,,N2,xKzM+GJxKN� K�LJN2J�
,xKN *2P +NxK2J,xKN DN,JxK+,/*2H+N� PJN yNJ PN- ^*,(NJ,*2L NJ2N,  z,,N-,xK*+�LN�
yJN+N, �*F $xK*+� )0- 2zxK+NJGJLN2 !N-�2PN-*2LN2 ,NJ2N- ]N,xKzdN2KNJ+ �* yNzxK+N2
,J2P�CN*+N LJG+ Pz, ^-yNJ+,yGz++ ��� PN,[!D � B� #NJG ��$xK*+�LNyJN+N M�-D-*2P�
(z,,N-77 J2 PN- Ez,,*2L )0F ENy-*z- �ppt�

^*,LNKN2P )02PN-~yN-GNL*2L� Pz,, PJNDNM�K-P*2LPN, LN2*+�+N2D-*2P(z,,N-,
FJ+ �*2NKFN2PN- Z2+MN-2*2L )02 DNMzK-N2KN-PN2 zy2JFF+� (N-PN2 PJN #-J2H(z,�
,N-,xK*+�LNyJN+N J2 P-NJ �02N2 *2+N-LGJNPN-+o

�02N Bo Ez,,*2L,yN-NJxK
�02N BBo Z2LN-N $xK*+��02N
�02N BBBo  NJ+N-N $xK*+��02N �ZJ2�*L,LNyJN+�

[JN �02N BB ,0GG PNF $xK*+� PN, D-*2P(z,,N-, )0- !N-*2-NJ2JL*2LN2 *2P ,02,+JLN2
]NNJ2+-�xK+JL*2LN2 PJN2N2� PJN (NLN2 JK-N- =�KN �*- Ez,,*2L,z2GzLN yN,02PN-,

u� w C�P-0LN0G0LJN



#zyNGGN w�q CNJG.*NGGN2,xK*+� �>JxKNG� �ppr�

.*z2+J+z+J)N- $xK*+� .*zGJ+z+J)�K�LJN2J,xKN- $xK*+�

[N- CNJG.*NGGN Pz-M Pz,  z,,N- 2JxK+
zyLNL-zyN2 (N-PN2� PJN Z-LJNyJLHNJ+
�&*z2+J+�+� F*,, N-KzG+N2 yGNJyN2�

MzxKLN-NxK+N *2+N-� *2P 0yN-J-PJ,xKN Ez,,*2L
2zxK PN2 %NLNG2 PN- #NxK2JH

@NJ2 >J2N-zG(z,,N-�>J2J2L� E�-PN-�
FN2LN ,0GG+N LN-J2LN- zG, =zxKV*,,
�=N*yJGP*2L� ,NJ2�

$xK*+� )0- FJH-0yJ0G0LJ,xKN2 !N-*2�
-NJ2JL*2LN2

[N- J2PJ)JP*NGGN \Kz-zH+N- PN- CNJG.*NGGN
J,+ �* yN(zK-N2� P�K� PJN .*z2+J+z+J)N2
!N-K�G+2J,,N PN- ?�,*2L,LN20,,N2 P�-MN2
,JxK 2JxK+ �2PN-2o [N- K�P-0xKNFJ,xKN
#�/ F*,, N-KzG+N2 yGNJyN2o &*z2+J+z+J)�
xKNFJ,xKN- $xK*+�

$xK*+� )0- xKNFJ,xKN2 $xKzP,+0dN2 �J2,yN�
,02PN-N 'Vz2�N2,xK*+�FJ++NG� \KG0-H0KGN2�
(z,,N-,+0dN� /0G���HGJ,xKN z-0Fz+J,xKN
@0KGN2(z,,N-,+0dN�

LNM�K-GJxK ,J2P� Z, J,+ yN,02PN-, z2 FJH-0yJNGGN !N-*2-NJ2JL*2LN2 LNPzxK+� (0yNJ
Pz)02 z*,LNLz2LN2 (J-P� Pz,, H-z2HKNJ+,N--NLN2PN @NJFN 2zxK t�#zLN2 !N-(NJG�
Pz*N- JF D-*2P(z,,N- zyLN,+0-yN2 ,J2P�
 N22 Pz, ZJ2�*L,LNyJN+ NJ2N-  z,,N-LN(J22*2L,z2GzLN (NJ+N- zG, w HF -NJxK+�

Hz22 NJ2N ^*MLGJNPN-*2L PN- (NJ+N-N2 $xK*+��02N J2 PJN �02N2 BBB ^ *2P BBB ]
N-M0GLN2� E�- NJ2N yN(JGGJL+N D-*2P(z,,N-N2+2zKFN )02 �>J0Fv�z J,+ NJ2 ZJ2�*L,�
LNyJN+ )02 N+(z t HFw EG�xKN �*L-*2PN �* GNLN2� !0-,xKG�LN M�- PJN ]NFN,,*2LN2
PN- NJ2�NG2N2 �02N2 (N-PN2 )02 C�P-0LN0G0LN2 z*,LNz-yNJ+N+ �)N-LG� C�G+J2L�
�pps��

t�o�s #-J2H(w,,N-,uK*+�LNvJN+N M�- <vN-MG�uKN2(w,,N-

Z, LJy+ DNyJN+N� J2 PN2N2 HNJ2N L-��N-N2 D-*2P(z,,N-)0-H0FFN2 )0-Kz2PN2 ,J2P�
*2PPJN #-J2H(z,,N-LN(J22*2Lz*,<yN-V�xKN2(z,,N-)0-H0FFN2� �yN-(JNLN2Pz*,
#zG,/N--N2� N-M0GL+� [JN,N %N,,0*-xN2 FJ+ JK-N2 ZJ2�*L,LNyJN+N2 ,J2P )0- DNMzK-N2�
,xK�PGJxKN2 ZJ2(J-H*2LN2 *2P !N-,xKF*+�*2L P*-xK ]N)�GHN-*2L� B2P*,+-JN� !N-�
HNK- ,0(JN ?z2P� *2P E0-,+(J-+,xKzM+ �* ,xK�+�N2� CJN-�* (*-PN yN-NJ+, �ptp Pz,
[!D �^-yNJ+,yGz++  ��w KN-z*,LNLNyN2� BF AzK-N w��� N-,xKJN2 Pz, 2N*N ^-�
yNJ+,yGz++  ��w �<yN-V�xKN2(z,,N-� zG, DNGyP-*xH� B2 JKF ,J2P PJN yJ,KN-JLN2 ^-�
yNJ+,yG�++N-  ��w �#zG,/N--N2� *2P  ��v �$NN2� LNy�2PNG+�

t�o�r CNJG.*NGGN2,uK*+�LNvJN+N

[N- $xK*+� PN- CNJG.*NGGN2 )0- PNF >N2,xKN2 J,+ FJ2PN,+N2, ,0 zG+ (JN JK-N +KN�
-z/N*+J,xKN =*+�*2L P*-xK PN2 >N2,xKN2� [JN D-*2PGzLN2 *2P PJN Cz2PKzy*2L
NJ2N, ,J22)0GGN2 CNJG.*NGGN2,xK*+�N, ,J2P J2 PN2 ��%JxK+GJ2JN2 M�- CNJG.*NGGN2,xK*+��
LNyJN+N77 PN- ?^ ^ �?�2PN-z-yNJ+,LNFNJ2,xKzM+  z,,N-� �ppq� MN,+LNGNL+� [z-J2

w�r  z,,N-,xK*+� u�



sonstige flache Fließsysteme

sonstige flache Fließsysteme

Typ 2 Bildungsgebiet mehrere 1000 m [ H < 1 TU]3

Heilwasser-Fließsystem

Heilwasser-Fließsystem

Überdeckung

Überdeckung

Sohlschicht des Fließsystems

HQ

HQ

H S
Rn

2

H S
Rn

2

T T T

CO
2

Rn
Rn Sohlschicht des FließsystemsT T

CO
2

Typ 3 Bildungsgebiet mehrere 100 m [ H < 25 TU]3

HQ Heilquelle
T Temperatur

^yy� w��u ]JGP*2L,�#�/N2 PN- CNJG.*NGGN2�

(J-P �(J,xKN2 PNF .*z2+J+z+J)N2 $xK*+� *2P PNF .*zGJ+z+J)�K�LJN2J,xKN2 $xK*+�
*2+N-,xKJNPN2� ]NJF GN+�+N-N2 J,+ PN- >z�,+zy (JN yNJ #-J2H(z,,N-,xK*+�LNyJN+N2
z2�*GNLN2� [N- .*z2+J+z+J)N $xK*+� PJN2+ PN- Z-KzG+*2L PN, B2PJ)JP**F, ��CNJG.*NG�
GN77 *2P -JxK+N+ ,JxK LNLN2 yN-Lyz*GJxKN *2P z2PN-N +JNMN ]0PN2NJ2L-JdN (JN ]z*�
L-*yN2� $+0GGN2� #JNMy0K-*2LN2 *�z� �#zy� w�q�� [JN -NxK+GJxKN2 !0-z*,,N+�*2LN2 �*-
^*,(NJ,*2L )02 CNJG.*NGGN2,xK*+�LNyJN+N2 ,J2P J2 PN2 ?z2PN,(z,,N-LN,N+�N2 MN,+�
LN,xK-JNyN2�

[JN %JxK+GJ2JN2 *2+N-,xKNJPN2 P-NJ ]JGP*2L,+�/N2� )02 PN2N2 �(NJ �#�/ w *2P
#�/ v� J2 ^yy� w��u )N-z2,xKz*GJxK+ ,J2P� $JN N-M0-PN-2 IN(NJG, *2+N-,xKJNPGJxKN
$xK*+�Fz�2zKFN2� [z, ]JGP*2L,LNyJN+ )02 #�/ � J,+ N-,+-NxH+ �yN- FNK- zG, ��
HF� J,+ zG,0 JF !N-LGNJxK �*F ]JGP*2L,LNyJN+ )02 #�/ w �,JNKN ^yy� w��u� ,NK- )JNG
L-��N-� [JN EGJN�,�,+NFN )02 #�/ � GJNLN2 ,NK- +JNM� Z, Kz2PNG+ ,JxK )0-(JNLN2P

uw w C�P-0LN0G0LJN



*F #KN-FzG(z,,N- FJ+ =z+-J*F�\KG0-JP�!0-FzxK+� �*F #�/ w LNK�-N2 NyN2MzGG,
=z�\G� �,,N- ,0(JN $<u� *2P C\<v� �,,N-� [N- LNLN2 !N-*2-NJ2JL*2LN2 -NGz+J)
z2M�GGJLN #�/ v -N/-�,N2+JN-+ $xK(NMNG� �,,N-� zyN- z*xK VzxK LNMz,,+N $�*N-GJ2LN�

t�n ?J+N-w+*-

^-yNJ+,H-NJ, D-*2P(z,,N-2N*yJGP*2L PN- EzxK,NH+J02 C�P-0LN0G0LJN PN- [N*+,xKN2 DN0G0�
LJ,xKN2 DN,NGG,xKzM+ ��prr�o >N+K0PN2 �*- ]N,+JFF*2L PN- D-*2P(z,,N-2N*yJGP*2L,-z+N�
DN0G� Ay�� \ �p� $� v�pq�

]zGHN� @��[�� ]NJF,� "�� CNN-,� E�� �� C�G+J2L� ]�� C0F-JLKz*,N2� %� �w����o ?NK-y*xK PN-
C�P-0LN0G0LJN� ]P� uo D-*2P(z,,N-N-,xKGJN�*2L� D-*2PGzLN2� ]-*22N2yz*�  z,,N--NxK+�
]0-2+-zNLN-� ]N-GJ2� $+*++Lz-+�

]z*FLz-+2N-� ^�� ?JNy,xKN-� C��A� ��pps�o ?NK-y*xK PN- C�P-0G0LJN� ]P� �o ^GGLNFNJ2N C��
P-0G0LJN� &*z2+J+z+J)N C�P-0G0LJN� ]0-2+-zNLN-� ]N-GJ2� $+*++Lz-+�

]N2PN-� E� �C-,L�� ��pqu�o ^2LN(z2P+N DN0(J,,N2,xKzM+N2� ]P� vo >N+K0PN2 PN- C�P-0LN0�
G0LJN� Z2HN� $+*++Lz-+� $� w�v�vss�

]JN,HN� Z� ��ppw�o ]0K-y-*22N2� %� <GPN2y0*-L� >�2xKN2�
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)02 ����t yz- �#-J/NG/*2H+�� CJN- *2P 2*- KJN- ,J2P zGGN P-NJ 'Kz,N2 PN,  z,,N-,
2NyN2NJ2z2PN- yN,+�2PJL� ]NJF $JNPN/*2H+ ��� ]� ����\ yNJ � yz-� LNK+  z,,N- *2+N-
^*V�,*2L PN- \G*,+N- J2 PJN Lz,M�-FJLN E0-F �yN- �[zF/M�� ]NJ K�KN-NF [-*xH
zG, � yz- Hz22  z,,N- z*M �yN- ����\ N-KJ+�+ (N-PN2 0K2N �* ,JNPN2� (0yNJ ,JxK
PJN �zKG PN- >0GNH�GN J2 PN2 \G*,+N-2 )N--J2LN-+ *2P PJN [JxK+N zy2JFF+� $xKGJN��
GJxK N--NJxK+  z,,N- yNJ PN- ,0 LN2z22+N2 H-J+J,xKN2 #NF/N-z+*- NJ2N LGNJxKN [JxK+N
*2P $+-*H+*- (JN [zF/M� ^*xK yNJ ,NK- K0KNF [-*xH J,+ J2 NJ2NF ,*/N-H-J+J,xKN2
V*JPN2 �*,+z2P HNJ2N Lz,M�-FJLN 'Kz,N FNK- )02 NJ2N- V�,,JLN2 �* *2+N-,xKNJPN2�
(0KG zyN- Hz22 ,JxK z*xK Pz22 NJ2N MN,+N 'Kz,N z*,yJGPN2�



#zyNGGN v�� 'K�,JHzGJ,xKN D-��N2 )02  z,,N- �?z2P0G+ *2P ]�-2,+NJ2� �pvs *2P ,/�+N-N
^*VzLN2�

>0GFz,,N J2 L�F0G �q���t
DNM-JN-/*2H+ yNJ � yz- J2 �\ ����
$JNPN/*2H+ yNJ � yz- J2 �\ �����
[JxK+NFz�JF*F J2 HL�FM ������ yNJ v�pq�\
$xKFNG�(�-FN yNJ � yz-� � �\ J2 A�L vvw�t
!N-PzF/M*2L,(�-FN yNJ � yz- ����\ J2 A�L wwtr �swr H K�Fv�

[JNGNH+-J�J+�+,H02,+z2+N yNJ w��\ q��vt
]-NxK*2L,J2PN� yNJ wt �\ ��vvwt�
F0Gz-N DNM-JN-/*2H+N-2JNP-JL*2L J2 @ Y G�F0G ��qtv
F0Gz-N $JNPN/*2H+,N-K�K*2L J2 @ Y G�F0G ��t�v

ZJ, [zF/M

gw��\ g���\ ��\ ����\ w���\ v���\ u���\

[JxK+N J2 HL�FM pw��w p�q�s p�s�r ��tpq ��usr ��vqu ��vws
,/N��  �-FN J2 A��L @� ��q�t
 �-FNGNJ+M�KJLHNJ+ w�w� ���wv ���v� ���vr ���uv
J2  ��F @�
P�2zFJ,xKN !J,H0,J+�+
J2 HL��F Y ,�

��wr Y ��HK ��st Y ��HK w��v Y ��HK w�ut Y ��HK

 z,,N- yNJ � yz- ��\ ���\ w��\ v��\ t��\ q��\ ����\

[JxK+N ppp�q ppp�s pps�w ppt�s ppq�� pr��q ptq�v
J2 HL�FM
[�2zFJ,xKN !J,H0,J+�+ ��rq ��v� ���� ��q�w ��tuu ��vts ��wqw
J2 ��HM HL��F Y ,�
y�(� ��HM = Y ,�FN
,/N��  �-FN J2 A��L @� u�w�s u��p� u��q� u��rr u��qu � �
 �-FNGNJ+M�KJLHNJ+ ��ttw ��trq ��tpq � ��su� ��ssp ��sqw
J2  ��@ Y F�
$JNPNP-*xH J2 Fyz- s��q �w�ws wv�vu uw�us �wv�u urv�s ���v
@z/JGGz-J+�+ M�- z2 ?*M+ ���rtu ���ru� ���rv ���r� ���sq � �
L-N2��  z,,N- J2 =�F
ZGz,+J�J+�+,F0P*G ��pv w��v w��s � � � �
J2 ��G =�FN
+KN-F� %z*Fz*,PNK2L�� � � w�� Y ��L � � � �
@0NdJ�JN2+ J2 ��@
@0F/-N,,JyJGJ+�+ J2 ��yz- � � u�p Y ��HK � � � �

s�����t 'K�,JHwGJ,uKN D-��N2

B2 #zy� v�� ,J2P /K�,JHzGJ,xKN D-��N2 PN,  z,,N-, �*,zFFN2LNMz,,+� ZJ2JLN PJN,N-
D-��N2 (N-PN2 N-G�*+N-+� (0yNJ PN- ^2,xKz*GJxKHNJ+ PN- !0-�*L )0- PN- ,+-N2L /K��
,JHzGJ,xKN2 [NX2J+J02 LNLNyN2 (J-P�

[JxK+NyN�NJxK2N+ zGGLNFNJ2 )0G*FN2yN�0LN2ND-��N2�>z,,NPJxK+N J2 HL�Fv(J-P
zyLNH�-�+[JxK+N / NJ2N, $+0dN, LN2z22+� $JN �2PN-+ ,JxKFJ+ PN- #NF/N-z+*- �%z*F�
z*,PNK2*2L,H0NdJ�JN2+� *2P PNF[-*xH �@0F/-N,,JyJGJ+�+�� z,,N- Kz+ PJN ZJLN2z-+
NJ2N, [JxK+NFz�JF*F, yNJ v�pq�\ � [zKN- ,xKJxK+N+ ,JxK  z,,N- FJ+ PJN,N- #NF�
/N-z+*- ,0(0KG *2+N- (�-FN-N, zG, z*xK *2+N- H�G+N-N,  z,,N-�

]NJ PN- ?�,*2L )02 $+0dN2 JF z,,N- )N-+NJGN2 ,JxK>0GNH�GN y�(� B02N2 �(J,xKN2
PN2  z,,N-F0GNH�GN2� FJ+ PN2N2 ,JN J2  NxK,NG(J-H*2L +-N+N2� [JN, M�K-+ Pz�*�

uq v \KNFJN PN,  z,,N-,



Pz,, Pz, !0G*FN2 2*- (N2JL �*2JFF+� [zKN- G�,,+ ,JxK NJ2N NJ2PN*+JLN ]N�JNK*2L
�(J,xKN2[JxK+N *2P PN- @02�N2+-z+J02 z2 LNG�,+NF $+0d �>N,,*2L FJ+ ^-�0FN+N-�
�� ]� D-zP <NxK,GN yNJF #-z*yN2,zM+ J2 ]N�*L z*M PN2 �*xHN-LNKzG+� 2zxK(NJ,N2�
[JN [JxK+N�*2zKFN N2+,/-JxK+ 2�KN-*2L,(NJ,N PN- >z,,N PN, z*MLNG�,+N2 $+0dN,
IN !0G*FN2�
[JxK+N*2+N-,xKJNPN )02  z,,N- ,J2P yNJ PN2 P*-xK #NF/N-z+*-L-zPJN2+N2 z*,LN�

G�,+N2 !0G*FN2,+-�FN2 J2 L-0�-�*FJLN2 ]NK�G+N-2� yNJ PN- ]N-NxK2*2L PN, ^*M�
+-JNy, )02 ZJ, *2P z*xK yNJ PN- ]N-NxK2*2L PN- >�xK+JLHNJ+ )02 ,0 LN2z22+N2
$��(z,,N-GJ2,N2� zG,0 $��(z,,N-,xKJxK+N2 0yN-KzGy )02 $zG�(z,,N- JFD-*2P(z,,N-
z2 PN- @�,+N �*F >NN-� �* yN-�xH,JxK+JLN2� [JN >�xK+JLHNJ+ KF PN- $��(z,,N-�
,xKJxK+ (J-P 2zxK M0GLN2PN- DGNJxK*2L z*, PN- [JxK+NPJdN-N2� �(J,xKN2 D-*2P(z,�
,N- �/L(f��pps� *2P >NN-(z,,N- �/,f���wq� yN-NxK2N+o

KFfKL( Y/L(��/,g/L(� �v���

�*2�xK,+ J,+ PJN >�xK+JLHNJ+ PN- $��(z,,N-GJ2,N yJ, J2 PJN =�KN PN- @�,+N2GJ2JN
,NK- L-0�� ]NJ NJ2N- $xKJxK+ PN, D-*2P(z,,N-, )02 wF �KL(fwF� �yN- PNF >NN�
-N,,/JNLNG -NJxK+ PJN $xKJxK+ PN, $��(z,,N-, yJ, N+(z J2 sw F #JNMN �KFfswF�� $JN
J,+ zyN- J2 PJN,N- >�xK+JLHNJ+ 2JxK+ )N-M�Lyz-� PN22 ,JN LNK+ ,NK- ,xK2NGG �*-�xH
*2P N, H0FF+ �* NJ2NF ZJ2y-*xK ,zGJ2N2  z,,N-, �]-zxH(z,,N-�� (N22 Pz, D-*2P�
(z,,N- z*M >NN-N,K�KN zyLN,N2H+ (J-P �KL( *2P PzFJ+ KFf���
[N- DNM-JN-/*2H+ J,+ )02 [-*xH *2P #NF/N-z+*- zyK�2LJL� DNG�,+N $+0dN ,N2HN2

JK2 /-0/0-+J02zG �*- >N2LN �2JxK+ �*- >z,,N� PN- LNG�,+N2 >0GNH�GN y�(� B02N2�
[N- EzH+0- KNJ�+ H-�0,H0/J,xKN @02,+z2+N �F0Gz-N DNM-JN-/*2H+N-2JNP-JL*2L�� B2
>NN-(z,,N-FJ+ ��tF0G�G@0xK,zG� �=z\G�� zG,0 ��tF0G�G=z+-J*F�B02N2*2P NyN2,0
)JNGN2 \KG0-JP�B02N2 yN+-�L+ PJN $+0dFN2LN �F0G�G� [JN,N,  z,,N- Kz+ NJ2N2 *F
��q�\ N-2JNP-JL+N2 DNM-JN-/*2H+� DGNJxK�NJ+JL )N-,xKJNy+ ,JxK J2 ,0GxKNF $zG�(z,,N-
Pz, [JxK+NFz�JF*F z*M  N-+N *2+N- PNF DNM-JN-/*2H+� (z, yNJ PN- #KN-FJH PN-
<�Nz2N )02 ]NPN*+*2L J,+�
]NJF $JNPN/*2H+ Kz+ Pz,  z,,N- NJ2N2 [zF/MP-*xH N--NJxK+� PN- PNF �*�N-N2

[-*xH N2+,/-JxK+� DNG�,+N $+0dN ,N2HN2 PN2 [zF/MP-*xH *2P N-K�KN2 PNFN2+,/-N�
xKN2P PN2 $JNPN/*2H+� *2P �(z- *F PN2  N-+ PN, '-0P*H+N, z*, $+0dFN2LN *2P
PN- ,0 LN2z22+N2 Ny*GGJ0,H0/J,xKN2 @02,+z2+N �F0Gz-N $JNPN/*2H+N-K�K*2L��
[JN %NGz+J)N ?*M+MN*xK+N J2 ; LJy+ Pz, !N-K�G+2J, )02  z,,N-PzF/M/z-+JzGP-*xH

�*[zF/MP-*xH �$JNPNP-*xH� (JNPN-� B,+ PN- [zF/MP-*xH )02 ZJ, 0PN- z,,N- K�KN-
zG, PN-  z,,N-PzF/M/z-+JzGP-*xH PN- *FLNyN2PN2 ?*M+ �-NG� ?*M+MN*xK+N *2+N-
���;�� ,0 )N-PzF/MN2 PJN,N� BF *FLNHNK-+N2 EzGG N-M0GL+ @02PN2,z+J02 )02  z,�
,N-PzF/M �*  z,,N- 0PN- PJ-NH+ �* ZJ,�
$J2P yNJPN [-�xHN LGNJxK �-NG� ?*M+MN*xK+N ���;�� ,0 J,+ PN- #z*/*2H+ N--NJxK+�

[zPN-[zF/MP-*xH *2P PzFJ+ PN- z,,N-PzF/M PN- ?*M+FJ+ ,+NJLN2PN-#NF/N-z+*-
�*2JFF+� HN22�NJxK2N+ PN- #z*/*2H+ ,NK- L*+ PN2  z,,N-LNKzG+ PN- ?*M+� $0 J,+
�� ]� LN+-0xH2N+N ?*M+ FJ+ NJ2NF #z*/*2H+ )02 ht�\ LNNJL2N+ M�- EJG+N-KzGGN2 �*-
D-*2P(z,,N-z*MyN-NJ+*2L� ?*M+ M�- <�02z2GzLN2 F*,, L-�2PGJxKN- LN+-0xH2N+ (N-�
PN2 *2P NJ2N2 #z*/*2H+ )02 gu��\ KzyN2�
[JN ?z+N2+N  �-FN (J-P J2 HA�F0G 0PN- HA�HL 0PN- HA�Fv LNFN,,N2 *2P HN22�

�NJxK2N+ PN2 Z2N-LJNyNPz-M yNJ NJ2N- 'Kz,N2*F(z2PG*2L )02 ZJ, �*  z,,N-
�$xKFNG�(�-FN� y�(�  z,,N- �*  z,,N-PzF/M �!N-PzF/M*2L,(�-FN� 0K2N #NF�
/N-z+*-N-K�K*2L�

v�� ZJLN2,xKzM+N2 PN,  z,,N-, up



[JN  �-FNHz/z�J+�+ HN22�NJxK2N+ PJN N-M0-PN-GJxKN Z2N-LJN �*- #NF/N-z+*-)N-�
�2PN-*2L� $0 LJy+ �� ]� NJ2  N-+ )02 u��q�� A��L Y@� z2� Pz, u��q�� A N-M0-PN-GJxK
,J2P� *F � L  z,,N- *F �@ �* N-(�-FN2 �N2+,/-� ���s�uH K��Fv Y @� yNJ w��\��
[JN  �-FNHz/z�J+�+ J,+ +NF/N-z+*-zyK�2LJL� [JN  �-FNGNJ+M�KJLHNJ+ "( J2
 ��F Y@� yN�NJxK2N+ PN2 Z2N-LJNV*,, P*-xK NJ2N EG�xKN � �Fw� N2+Gz2L NJ2N, #NF�
/N-z+*-L-zPJN2+N2 �@�F��

[JN @0F/-N,,JyJGJ+�+ (J-P zG, '-0/0-+J02zGJ+�+,MzH+0- J2 ��yz- y�(� Fw�= PN-
[-*xHzyK�2LJLHNJ+ PN- [JxK+N LNFN,,N2� [N- @NK-(N-+ KNJ�+ ZGz,+J�J+�+,F0P*G� Z �
*2P J,+ FJ+ PN- ^*,y-NJ+*2L,LN,xK(J2PJLHNJ+ z )02 [-*xH� 0PN- $xKzGG(NGGN2 )N-�
y*2PN2o

zf�Z �/�
��w �v�w�

>J+ Z fw��s Y ��p=�Fw *2P /f���� HL�Fv N--NxK2N+ ,JxK PJN M�-  z,,N- xKz-zH�
+N-J,+J,xKN $xKzGGLN,xK(J2PJLHNJ+ zf�uvtF�,� B2 %0K-GNJ+*2LN2 y-NJ+N2 ,JxK $xKzGG�
(NGGN2 Gz2L,zFN- z*,� (NJG PJN %0K-(z2P*2LN2 NGz,+J,xK z*M [-*xH(NGGN2 -NzLJN-N2�

[JN P�2zFJ,xKN !J,H0,J+�+ � )02  z,,N- J2 = Y ,�Fw 0PN- HL��F Y ,� HN22�NJxK2N+
PJN J22N-N %NJy*2L yNJ zGGN2 EGJN�)0-L�2LN2� [N- /K�,JHzGJ,xKN $J22 PJN,N- D-��N
J,+ z*, M0GLN2PN- ]N�JNK*2L N-,JxK+GJxKo

Ef( Y ^ Y P)�P� �v�v�

CJN-yNJ J,+ E PJN N-M0-PN-GJxK @-zM+ J2 =� *F �(J,xKN2 �(NJ EG�,,JLHNJ+,,xKJxK+N2
FJ+ PN- ]N-�K-*2L,V�xKN ^ J2 Fw PN2 DN,xK(J2PJLHNJ+,L-zPJN2+N2 DfP)�P� J2
��, z*M-NxK+�*N-KzG+N2� E�- /-zH+J,xKN ]N-NxK2*2LN2 (J-P PJN !J,H0,J+�+ z*M PJN
[JxK+N yN�0LN2 *2P HJ2NFz+J,xKN !J,H0,J+�+ ~ LN2z22+� $JN Kz+ PJN ZJ2KNJ+ Fw�,
*2P J,+ ]N�*L,L-��N PN- PJFN2,J02,G0,N2 %N�20GP,��zKG %N� FJ+ P zG, %0K-P*-xK�
FN,,N- *2P x zG, EGJN�LN,xK(J2PJLHNJ+ PN,  z,,N-,o

If(�/ *2P %NfP Y x�I �v�u�

BF  z,,N- LNG�,+N $+0dN )N-�2PN-2 PJN !J,H0,J+�+ �*F #NJG Lz2� N-KNyGJxK� ?z2L�
HN++JLN '0G�NGNH+-0G�+N ��� ]� z2J02J,xKN 0PN- Hz+J02J,xKN '0G�zx-�GzFJPN�� PJN zG,
EG0xH*2L,KJGM,FJ++NG PJN $xKN-MN,+JLHNJ+ PN- EG0xHN2 N-K�KN2� yN(J-HN2 ,xK02 yNJ
NJ2N- @02�N2+-z+J02 )02 ��� HL�Fv NJ2N N-KNyGJxKN �*2zKFN PN- !J,H0,J+�+� [zLNLN2
N-K�KN2 0-Lz2J,xKN '0G�FN-N FJ+ H*LNGJLN- >0GNH�GM0-F PJN !J,H0,J+�+ )02  z,,N-
Hz*F� B02N2 H�22N2 IN 2zxK ^-+ JK-N-  NxK,NG(J-H*2L FJ+ PN2  z,,N-F0GNH�GN2
*2P PN-  z,,N-,+0dy-�xHN2yJ2P*2L NJ2N-,NJ+, N-K�KN2P 0PN- z2PN-N-,NJ+, N-2JNP�
-JLN2P z*M PJN !J,H0,J+�+ (J-HN2�

[JN D-N2�V�xKN2,/z22*2L 0PN- @z/JGGz-J+�+ (J-P z*xK zG, <yN-V�xKN2,/z22*2L
PN,  z,,N-, yN�NJxK2N+ *2P Kz+ PJN ZJ2KNJ+ =�F� $JN J,+ Pz, Z-LNy2J, PN- LNLN2,NJ�
+JLN2 ^2�JNK*2L PN-  z,,N-F0GNH�GN� )N-,+�-H+ *F PJN  z,,N-,+0dy-�xHN2yJ2P*2L�
PJN z2 D-N2�V�xKN2 0PN- z2 PN- <yN-V�xKN PN,  z,,N-, 2*- J2, B22N-N LN-JxK+N+
,NJ2 Hz22� BK- �zKGN2(N-+ J2 =�F J,+ JPN2+J,xK FJ+ PNF �zKGN2(N-+ NJ2N- Z2N-LJN
0PN- J2 PJN,NF EzGG PN- ^-yNJ+ J2 =F�Fw� PJN N-M0-PN-GJxK J,+� *F PJN <yN-V�xKN
�* )N-L-��N-2� D-N2�V�xKN2zH+J)N $+0dN )N-FJ2PN-2 PJN  NxK,NG(J-H*2L PN-  z,�
,N-F0GNH�GN *2P PzFJ+ PJN@z/JGGz-J+�+� $0 H�22N2 ,JxK �� ]� 0yN-V�xKN2zH+J)N $+0dN
z2 PN- D-N2�V�xKN )02  z,,N- �* ?*M+ z2-NJxKN-2 *2P PJN  z,,N-F0GNH�GN P0-+
)N-P-�2LN2�  N22 PJN LNLN2,NJ+JLN ^2�JNK*2L PJN,N- $+0dF0GNH�GN ,NK- HGNJ2 J,+�
2JFF+ PJN M�- PJN !N-L-��N-*2L PN- ^-yNJ+ N-M0-PN-GJxKN Z2N-LJN� PJN �zKGN2F��JL

t� v \KNFJN PN,  z,,N-,



JPN2+J,xK FJ+ PN- @z/JGGz-J+�+ J,+� ,+z-H zy� [JN J2 2z+�-GJxKN2  �,,N-2 )0-H0FFN2�
PN2 $+0dN ,J2P Hz*F L-N2�V�xKN2zH+J)�
[*-xK PJN @z/JGGz-J+�+ N2+,+NK+ z2 LNH-�FF+N2 <yN-V�xKN2 NJ2 [-*xH� PN- zG,

@-�FF*2L,P-*xH 0PN- @z/JGGz-P-*xH yN�NJxK2N+ (J-P *2P PN,,N2  N-+ *FLNHNK-+
/-0/0-+J02zG �*F J22N-N2[*-xKFN,,N- PN-@z/JGGz-N J,+� B2 NJ2N- ,N2H-NxK+ z2LN0-P�
2N+N2 @z/JGGz-N 0PN- J2 ]�PN2 FJ+ NJ2N- !JNG�zKG )02 Hz/JGGz-N2 $/zG+N2 J2 *2P
�(J,xKN2 PN2 ]0PN2H-*FN2 ,+NJL+ Pz,  z,,N- ,0 (NJ+� yJ, PN-  z,,N-P-*xH PNF
@z/JGGz-P-*xH N2+,/-JxK+� BF ]0PN2 yJGPN+ ,JxK ,0 NJ2 @z/JGGz-,z*F 0yN-KzGy PN,
K�P-0,+z+J,xKN2D-*2P(z,,N-,/JNLNG, z*,� PN- FNK-N-N >N+N- yN+-zLN2 Hz22� B2 @z�
/JGGz-N2 FJ+ ��� FF [*-xKFN,,N- yN+-�L+ PJN $+NJLK�KN 2*- N+(z v� xF� (JN ,JxK
z*, 2zxK,+NKN2PN- DGNJxK*2L N-LJy+o

Kfu$��/ Y L Y P� �v�t�

$ J,+ PJN @z/JGGz-J+�+ J2 =�Fn L PJN =0-FMzGGyN,xKGN*2JL*2L �p�q�F�,w��
/ J,+ PJN [JxK+N J2 HL�Fv *2P P PN- J22N-N- [*-xKFN,,N- PN- @z/JGGz-N J2 F�

s���t 'K�,JH0uKNFJ,uKN XJLN2,uKwM+N2

s���t�� �w,,N- wG, ?�,NFJ++NG

ZJ2N HGz-N "2+N-,xKNJP*2L �(J,xKN2 xKNFJ,xKN2 *2P /K�,JH0xKNFJ,xKN2 ZJLN2�
,xKzM+N2 PN,  z,,N-, J,+ 2JxK+ JFFN- F�LGJxK� ^*xK J2 PJN,NF ^y,xK2J++ N-K�G+ PJN
^2,xKz*GJxKHNJ+ !0--z2L )0- PN- N�zH+N2 �*0-P2*2L�
[JN ?�,*2L )02 $+0dN2 J2  z,,N- ,N+�+ NJ2N  NxK,NG(J-H*2L �(J,xKN2 PN2 �*

G�,N2PN2 >0GNH�GN2 FJ+ PN2N2 PN,  z,,N-, )0-z*,� PJN FJ2PN,+N2, PJN  z,,N-,+0d�
y-�xHN2yJ2P*2L N-,N+�+�  NLN2 PN-  J2HNGM0-F PN,  z,,N-F0GNH�G, J,+ NJ2N  NxK�
,NG(J-H*2L FJ+ /0Gz-N2 $+0dN2 N-GNJxK+N-+ �,JN ,J2P NKN- (z,,N-G�,GJxK� *2P FJ+ *2�
/0Gz-N2 $+0dN2 N-,xK(N-+ �,xK(N-G�,GJxK J2  z,,N-�� '0Gz-N >0GNH�GN ,J2P ,0GxKN
>0GNH�GN� yNJ PN2N2 PJN $xK(N-/*2H+N PN- /0,J+J)N2 *2P 2NLz+J)N2 ?zP*2LN2 2JxK+
�*,zFFN2MzGGN2� $0GxKN >0GNH�GN F�,,N2 yNJ ^22�KN-*2L ^2�JNK*2L,H-�M+N z*M�
NJ2z2PN- z*,�yN2� PJN JK- !N-KzG+N2 �*NJ2z2PN- ,+z-H yNNJ2V*,,N2� [JN  z,,N-G�,�
GJxKHNJ+ )02 $+0dN2 2JFF+ FJ+ ,+NJLN2PN- '0Gz-J+�+ �*�
[JN  NxK,NG(J-H*2L PN- >0GNH�GN PN, LNG�,+N2 $+0dN, *2P PN,  z,,N-, M�K-+ yNJ

$+0dN2 FJ+ B02N2yJ2P*2L ��� ]� =z\G� �* PN-N2 $/zG+*2L� ,0 Pz,, JF  z,,N- 2N*N
$+0dN� 2�FGJxK )02NJ2z2PN- *2zyK�2LJLN B02N2 N2+,+NKN2�[JN,N ^*M,/zG+*2LFzxK+
,JxK J2,yN,02PN-N yNJ PN- NGNH+-J,xKN2 ?NJ+M�KJLHNJ+ PN,  z,,N-, yNFN-Hyz-� zyN-
z*xK � (NLN2 PN- �*2zKFN PN- 'z-+JHNG�zKG � yNJ PN- DNM-JN-/*2H+N-2JNP-JL*2L�
PN- $JNPN/*2H+,N-K�K*2L *2P yNJF 0,F0+J,xKN2 [-*xH�
B02N2yJ2P*2LN2� PJN 2JxK+ LN,/zG+N2 (N-PN2� HN22�NJxK2N2 PJN @0F/GN�N� �� ]�

PJN\�z2JP�@0F/GN�N PN,=JxHNG, 0PN- z2PN-N- $xK(N-FN+zGGN�=NyN2 PJN,N2 ,+z-HN2
@0F/GN�N2� PJN z2zG�+J,xK )02 PN2 LNG�,+N2 B02N2 L*+ �* *2+N-,xKNJPN2 ,J2P� N�J,�
+JN-N2 z*xK ,xK(zxKN @0F/GN�N PN- >N+zGGJ02N2 FJ+ $*GMz+�� \z-y02z+� 0PN- C�P�
-0��GJ02N2� [JN,N !N-yJ2P*2LN2 (N-PN2 zG, ^.*zH0F/GN�N yN�NJxK2N+� [JN *2+N-�
,xKJNPGJxKN2 ]J2P*2L,M0-FN2 (N-PN2 zG, $/N�JN, NJ2N, >N+zGG, yN�NJxK2N+� �� ]� ^G*�
FJ2z+� 2NyN2 ^G*FJ2J*F�B02 *2P NJ2� 0PN- FNK-HN-2JLN2 ^G*FJ2J*FK�P-0�0H0F�
/GN�N2� [JN ]JGP*2L )02 $/N�JN, �N2LGJ,xKo ,/NxJz+J02� J,+ N2+,xKNJPN2P M�- PJN  J-�

v�� ZJLN2,xKzM+N2 PN,  z,,N-, t�



Durchmesser in m

Bakterien

Moleküle, Ionen

Viren

Hydrokolloide (Huminstoffe, Tonminerale)

suspendierte Partikel, Trübstoffe

Algen

1 Å 1 nm 1 m 1mmµ

10-10 10-9 10-8 10-7 10-6 10-5 10-4 10-3

^yy� v�� D-��N2)N-+NJG*2L )02 $+0dN2 J2  z,,N-

H*2L PN- >N+zGGN J2 PN- "F(NG+� ^2zG�+J,xK J,+ ,JN 2JxK+ JFFN- �*L�2LGJxK� )JNGFNK-
F�,,N2 PJN $/N�JN, z*, PN- DN,zF+H02�N2+-z+J02 PN- >N+zGG)N-yJ2P*2LN2 *2P PNF
/C� N-+ yN-NxK2N+ (N-PN2 �^y,xK2� v�w��

$J2P Gz2LHN++JLN >0GNH�GN z*M PN- NJ2N2 $NJ+N /0Gz- *2P PzFJ+ NKN- (z,,N-G�,GJxK
*2P z2 JK-NF z2PN-N2 Z2PN *2/0Gz-� ,0 -NJxKN-2 ,JN ,JxK z2 D-N2�V�xKN2 z2 �0yN-�
V�xKN2zH+J)N $+0dN� #N2,JPN�� (NJG PJN *2/0Gz-N $NJ+N )0F  z,,N- zyLN,+0�N2 (J-P�
^*, PN- '0Gz-J+�+ )02 $+0dN2 Hz22 z*M JK-N Z2+MN-2yz-HNJ+ yNJ PN-  z,,N-z*MyN�
-NJ+*2L LN,xKG0,,N2 (N-PN2� "2/0Gz-N $+0dN H�22N2 P*-xK ^P,0-/+J02 z2 ^H+J)�
H0KGN 0PN- Z�+-zH+J02 FJ+ 0-Lz2J,xKN2 ?�,NFJ++NG2 )0F z,,N- zyLN+-N22+ (N-PN2�
DNG�,+N Dz,N *2P GNJxK+V�xK+JLN $+0dN (N-PN2 P*-xK ^*,Lz,N2 �$+-J//N2� N2+MN-2+�
B02N2(N-PN2 P*-xKE�GG*2L N2+MN-2+�D*+ G�,GJxKN B02N2(JN �� ]�=zh�B02N2 H�22N2
2*- P*-xK >NFy-z2)N-MzK-N2 �"FHNK-0,F0,N� 0PN- 'Kz,N2�yN-Lz2L PN,  z,,N-,
�[N,+JGGz+J02� ZJ,yJGP*2L� )0F  z,,N- LN+-N22+ (N-PN2�

!02 PN2 F0GNH*Gz-PJ,/N-,N2 $+0dN2 ,J2P PJN H0GG0JPPJ,/N-,N2 $+0dN �C�P-0H0G�
G0JPN� �* *2+N-,xKNJPN2� $JN KzyN2 NJ2N-,NJ+, NJ2N2 L-��N-N2 [*-xKFN,,N- zG, PJN
LNG�,+N2 $+0dN *2P ,J2P z2PN-N-,NJ+, JF  z,,N- z*ML-*2P JK-N- <yN-V�xKN2GzP*2L
)0- NJ2N- �*,zFFN2yzGG*2L �^LLG0FN-z+J02� LN,xK�+�+� [JN Z2+,+zyJGJ,JN-*2L PJN,N-
?zP*2L *2P PJN Pz-z*M NJ2,N+�N2PN ^LLG0FN-z+J02 (J-P EG0xH*2L LN2z22+� [JN
^y+-N22*2L PN- C�P-0H0GG0JPN FJ++NG, >NFy-z2N2 (J-P �*- "2+N-,xKNJP*2L )02
PN- "FHNK-0,F0,N zG, "G+-zXG+-z+J02 yN�NJxK2N+� $+0dN FJ+ 20xK L-��N-NF [*-xK�
FN,,N- KNJ�N2 #-�y,+0dN 0PN- $*,/N2,z 0PN- zyXG+-JN-yz-N $+0dN� >NJ,+ H�22N2
z*xK PJN,N $+0dN 2*- P*-xK EG0xH*2L )0F  z,,N- zyLN+-N22+ (N-PN2� [JN "2+N-�
,xKNJP*2L PN- $+0dN JF  z,,N- 2zxK JK-N- D-��N �NJL+ ^yy� v���

B2 PN- E0-FNG,/-zxKN PN- #KN-F0P�2zFJH P-�xH+ ,JxK PJN ?�,GJxKHNJ+ J2 NJ2N-
�*2zKFN PN- Z2+-0/JN PN- ?�,*2L JF !N-LGNJxK �* PN- $*FFN PN- Z2+-0/JN2 M�-
PN2 *2LNG�,+N2 $+0d *2P M�- -NJ2N,  z,,N- z*,� [z PJN M-NJN Z2+KzG/JN 2NLz+J) ,NJ2
F*,,� PzFJ+ NJ2 '-0�N,, M-NJ(JGGJL zyGz*MN2 Hz22 �'-J2�J/ PN, HGNJ2,+N2 �(z2LN,��
M0GL+� Pz,, PJN?�,*2L,(�-FN �?�,*2L,N2+KzG/JN� ,0(0KG /0,J+J)N N-+N �N2P0+KN-FN
%NzH+J02� zG, z*xK 2NLz+J)N N-+N �N�0+KN-F� z22NKFN2 Hz22� Z�0+KN-FN%NzH+J02
�Z-(�-F*2L� J,+ yNJ PN- ?�,*2L )02 (z,,N-M-NJN2 $zG�N2 ��� ]� =zw$<u� 0PN- H02�
�N2+-JN-+N2 $�*-N2 J2  z,,N- �* yN0yzxK+N2� [JN ?�,GJxKHNJ+ 2JFF+ FJ+ PN- #NF�

tw v \KNFJN PN,  z,,N-,



/N-z+*- zy� Z2P0+KN-FN %NzH+J02 �^yH�KG*2L� (NJ,N2 PJN $zG�K�P-z+N z*M� PN-N2
?�,GJxKHNJ+ FJ+ PN- #NF/N-z+*- �*2JFF+� ZJ2 yNHz22+N, ]NJ,/JNG J,+ Pz, C�P-z+ PN,
=z+-J*F,*GMz+,� =zw$<u Y ��Cw<� Pz, ,JxK *2+N- ^yH�KG*2L J2  z,,N- G�,+ *2P PN,�
,N2 ?�,GJxKHNJ+ yJ, vw�u�\ ,+z-H �*2JFF+� [z2zxK yJGPN+ ,JxK (z,,N-M-NJN, =z+-J*F�
,*GMz+ zG, ]0PN2H�-/N-� Pz, ,JxK *2+N- Z-(�-F*2L G�,+ *2P PN,,N2 ?�,GJxKHNJ+ FJ+
(NJ+N- ,+NJLN2PN- #NF/N-z+*- zy2JFF+� !02 NJ2JLN- +NxK2J,xKN- ]NPN*+*2L J,+ z*xK
PJN FJ+ PN- #NF/N-z+*- zy2NKFN2PN ?�,GJxKHNJ+ )02 \zGxJ*Fxz-y02z+ �,JNKN
#zy� v����� PJN �* @zGHzyGzLN-*2LN2 z2 N-(�-F+N2 EG�xKN2 JF @02+zH+ FJ+  z,,N-
M�K-+�
[JN J-H*2L PN-@�G+NFJ,xK*2L z*,=z\G *2PZJ, yN-*K+ z*M PN- �-FNz*M2zKFN

�*- @0F/N2,z+J02 PN- $xKFNG�(�-FN )02 ZJ,� Pz Pz, FJ+ N+(z tF0G�G G�,GJxKN
=z\G PN2 DNM-JN-/*2H+ z*M g�q�\ KN-zy,N+�+ �(NLN2 PN- $*FFN PN- B02N2H02�
�N2+-z+J02N2 z*, =zh *2P \Gg )02 J2,LN,zF+ ��F0G�G *2P NJ2N- F0Gz-N2 DNM-JN-�
/*2H+N-2JNPJL*2L )02 ��q@�F0G�� [zLNyN2 yN-*K+ PJN  J-H*2L )02 ^FF02JzH�
@�G+NFz,xKJ2N2 zyN- 2JxK+ z*M NJ2NF ,0GxKN2 N2P0+KN-FN2 ZdNH+� ,02PN-2 z*M PN-
 �-FNz*M2zKFN yNJ PN- Z�/z2,J02 PN, H0F/-JFJN-+N2 ^FF02JzH,�

s���t�t @02�N2+-w+J02,w2LwvN2 M�- $+0MMN JF �w,,N-

[JN )0G*FN2yN�0LN2N >N2LN NJ2N, $+0dN, JF  z,,N- �$+0dPJxK+N� (J-P zG, PN,,N2
@02�N2+-z+J02 yN�NJxK2N+� [N- "FLz2L FJ+ PJN,N- D-��N Hz22 ,NK- *2+N-,xKJNPGJxK
,NJ2� (N,(NLN2 NJ2JLN Z-G�*+N-*2LN2 N-M0-PN-GJxK ,J2P� $JN (J-P J2 PN- '-z�J, zG,
,HzGz-N D-��N )N-(N2PN+� yNJ PN- N, 2*- z*M PN2 �zKGN2(N-+� 2JxK+ zyN- z*M PJN
ZJ2KNJ+ z2H0FF+� >J+ ]N�*L z*M yN,+JFF+N ZJLN2,xKzM+N2 PN,  z,,N-, 0PN- z*M
D-N2�(N-+N 0PN- B2+N-)N2+J02,(N-+N Kz+ PJN @02�N2+-z+J02 0/N-z+J02zGN2 \Kz-zH�
+N-� NyN2MzGG, 0K2N (N,N2+GJxKN ]NzxK+*2L PN- ZJ2KNJ+� $0 J,+ yNJ PN- =J+-z+H02�N2+�
-z+J02 �*2�xK,+ PN- ]N�*L �*F D-N2�(N-+ t� )02 B2+N-N,,N *2P 2*- 2zxK-z2LJL PJN
ZJ2KNJ+ �FL�G�� [z N, ,JxK ,0FJ+ zG, z*�N-0-PN2+GJxK ,xK(JN-JL N-(JN,N2 Kz+� JF  z,�
,N-MzxK PJN ZJ2KNJ+N2 M�- @02�N2+-z+J02N2 �* Kz-F02J,JN-N2� (J-P (NJ+N-KJ2 FNK-�
LGNJ,JL )N-MzK-N2 �FL�G 2NyN2FF0G�G� Pz2NyN2 z*xK �� ]� //F zG, PJFN2,J02,G0,N
ZJ2KNJ+N2yN�NJxK2*2LN2��
[JN ZJ2KNJ+ PN- $+0dFz,,NH02�N2+-z+J02 @ J,+FL�G 0PN- L�Fv� [JN ZJ2KNJ+ PN-

$+0dFN2LN2H02�N2+-z+J02 x J,+FF0G�G 0PN- F0G�Fv� [JN "F-NxK2*2L N-M0GL+ FJ+
CJGMN PN- F0Gz-N2 >z,,N �#zy� v�w��
[JN ^2LzyN PN- @02�N2+-z+J02 N2+,/-JxK+ NJ2N- D-��N2LGNJxK*2L JF $J22N )02

[B=�v��� @0--NH+ J,+ �� ]� PJN ^2LzyN x�\zwh�fuFF0G�G J2 PN- %NJKN2M0GLNo

D-��Nf�zKGN2(N-+ Y ZJ2KNJ+ �v�s�

BF EGJN�+N�+ (J-P PJN,N DGNJxK*2L z*MLNG�,+ J2 uFF0G�G \zGxJ*F�B02N2� [zKJ2�
LNLN2 J,+ PJN ^2LzyN uFF0G \z�G *2LN2z* *2P F�LGJxK,+ �* )N-FNJPN2 �*2�*G�,,JLN
!N-FJ,xK*2L )02 D-��N *2P ZJ2KNJ+� ,JNKN z*xK #zy� v�w�� [JN ?zP*2L PN- B02N2
(J-P )JNGMzxK (NLLNGz,,N2� *F HGz-�*,+NGGN2� Pz,, PJN �yGJxKN ^2zG�+JH 2JxK+ PJN B0�
2N2,/N�JN, \zwh N-Mz,,+� ,02PN-2 PJN $*FFN zGGN- $/N�JN,� PJN \zGxJ*F N2+KzG+N2�
z*xK PJN @0F/GN�N PN, \zGxJ*F,�
>z,,N�� !0G*FN2� 0PN- $+0dFN2LN2z2+NJGN �y�(� �LNKzG+N� )LG� [B= �v��� H�22N2

zG, -NGz+J)N-  N-+ 0PN-� *F PJN ^2LzyN2 ,NK- HGNJ2N- �zKGN2 �* )N-FNJPN2� z*xK

v�� ZJLN2,xKzM+N2 PN,  z,,N-, tv



#zyNGGN v�w @02�N2+-z+J02,z2LzyN2 *2P "F-NxK2*2LN2

@02�N2+-z+J02,z2LzyN2 �zF ]NJ,/JNG PN, \zGxJ*F,�
$+0dFN2LN2H02�N2+-z+J02 x�\z� J2 F0G�Fv 0PN- FF0G�G
$+0dFz,,NH02�N2+-z+J02 @�\z� J2 L�Fv 0PN- FL�Gn "F-NxK2*2L @�\z�fx�\z� >�\z�
�.*J)zGN2+H02�N2+-z+J02 x��\z�fw Y x�\z� J2 F0G�F 0PN- FF0G�G
^2+NJG (�\z� J2 ; �/N- xN2+� 0PN- //F �/z-+, /N- FJGGJ02� 0PN- //y �/z-+, /N- yJGGJ02�

�zKGN2(N-+N M�- @02�N2+-z+J02N2 �zF ]NJ,/JNG PN, D-N2�(N-+N, M�- =J+-z+�
H0--NH+o x�=<g

v �f��q FF0G�G 0PN- x�=<g
v g=�f��q FF0G�G

@�=<g
v �ft� FL�G 0PN- @�=<g

v g=�f���v FL�G
LNy-�*xKGJxKo ��q FF0G�G =<g

v y�(� ��q FF0G�G =<g
v g=

t� FL�G =<g
v y�(� ���v FL�G =<g

v g=
�PJN ]N�NJxK2*2LN2 =<g

v y�(� =<g
v g= (N-PN2 JF $J22N NJ2N-

D-��N� 2�FGJxK x�=<g
v � y�(� x�=<g

v g=�� )N-(N2PN+�
�* )N-FNJPN2o ��q F0G =<g

v �G 0PN- �� FL =<g
v g=�G

�*2�*G�,,JLN !N-FJ,xK*2L )02 D-��N *2P ZJ2KNJ+�

F0Gz-N >z,,N2
�*- "F-NxK2*2L )02 FL�G z*M FF0G�G *2P )JxN )N-,z

L�F0G L�F0G

>�\z� u���rq >�\� �w����
>�>L� wu�v�t >�\<w� uu����
>�=z� ww�pp� >�C\<g

v � s����r
>�@� vp��pq >�\Gg� vt�utv
>�^G� ws�pqw >�=� �u���r
>�EN� tt�qur >�=<g

v � sw���t
>�>2� tu�pvq >�=<g

w � us���s
>�\*� sv�tus >�$<wg

u � ps��su
>��2� st�vp >�'� v��pru
>�=Cv� �r��v� >�'<vg

u � pu�pr�

"F-NxK2*2LN2
)02 FF0G�G �* FL�G @���fx��� >���� ��]� @�\z�f x�\z� Y u��rq
=J+-z+ t� FL�G =<g

v f��q�s FF0G�G =<g
v f���wpt FL�G =<g

v g=
'K0,/Kz+ t FL�G 'w<tf���r�u FF0G�G '<vg

u fs�sp FL�G '<vg
u

fw��q FL�G '<vg
u g'

C�-+N� $*FFN \zh>L � FF0G�Gft�s �PCfr �NCf�� �MC��

$�*-NHz/z�J+�+ �@,u�v� � FF0G�Gfw�q �PC ,0 LN2z22+N @z-y02z+K�-+N
]z,NHz/z�J+�+ @]q�w � FF0G�Gfuu���� FL�G \<w

NGNH+-J,xKN ?NJ+M�KJLHNJ+ � F$�Ff�� K$�xF
<�JPJN-yz-HNJ+� >2�!BB� � FL�G zG, <wfv�pt FL�G @>2<u

Ez-yN �$^@ uvs 2F� � Fg�d u� FL�G 'Gz+J2

�� �PC *2P N2+,/-NxKN2P �NC *2P �MC ,J2P PJN JF �p� AzK-K*2PN-+ N2+(JxHNG+N2� 2JxK+ FNK- �*G�,�
,JLN2 ZJ2KNJ+N2 M�- PJN $+0dFN2LN2H02�N2+-z+J02� PJN P*-xK F0G�G N-,N+�+ (*-PN2n JF  z,,N-MzxK
�yGJxK J,+ FF0G�G

tu v \KNFJN PN,  z,,N-,



J2 '-0�N2+� //F �/z-+, /N- FJGGJ02� 0PN- //y �/z-+, /N- yJGGJ02� z2LNLNyN2 (N-PN2�
[JN,N @�-�NG H�22N2 (JN ZJ2KNJ+N2 )N-(N2PN+ (N-PN2� P0xK J,+ �* yNzxK+N2� Pz,,
,JN PJFN2,J02,G0, ,J2P *2P �(J2LN2P PN- ]N�*L �>z,,N� !0G*FN2� $+0dFN2LN *�z��
FJ+ z2�*LNyN2 J,+� B2 PN- '-z�J, J,+ PJN, 2*- yNJ ; �yGJxK� �� ]� !0G*FN2�; ���]�
!0G*FN2�;Z+Kz20G JF NJ2� 0PN- >z,,N�;� [JN ^2LzyN>z,,N�//F J,+ *2�yGJxK�
zyN- PN220xK �*- !N-FNJP*2L )02>J,,)N-,+�2P2J,,N2 NF/MNKGN2,(N-+� [JN ^2LzyN
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PJN B02N2 yN(NLGJxKN- (N-PN2� [JN �2PN-*2L yN+-�L+ N+(z ��t yJ, w; IN D-zP�
[zKN- F*,, ,+N+, PJN #NF/N-z+*- z2LNLNyN2 (N-PN2� z*M PJN ,JxK PN- �zKGN2(N-+
PN- NGNH+-� ?NJ+M�KJLHNJ+ yN�JNK+ �,JNKN ^y,xK2� u�t�r�� [JN ?NJ+M�KJLHNJ+ )02 <Cg

y�(� Cv<
h�B02N2 J,+ *F NJ2 !JNGMzxKN, L-��N- zG, PJN PN- �y-JLN2 B02N2� [JN, GJNL+

Pz-z2� Pz,, PN-N2 ?zP*2L 2JxK+ P*-xK B02N2+-z2,/0-+� ,02PN-2 P*-xK $/-�2LN PN-
 z,,N-,+0dy-�xHN2yJ2P*2L �yN-+-zLN2 (J-P� $wt (J-P 2zxK M0GLN2PN- DGNJxK*2L yN�
-NxK2N+o

$wtf7�xJ YFJ Y �J� Y MNG �v����

$wt NGNH+-J,xKN ?NJ+M�KJLHNJ+ yN�0LN2 z*M wt�\ J2 F$�F
��F$�Ff�� K$�xF�n

xJ @02�N2+-z+J02 PN- B02N2z-+ J J2 F0G�Fvn
�J  N-+JLHNJ+ PN- B02N2z-+ Jn
FJ �.*J)zGN2+GNJ+M�KJLHNJ+ PN- B02N2z-+ J J2 �F$ YFw��F0G �#zy� v�t�n
MNG ?NJ+M�KJLHNJ+,H0NdJ�JN2+ �*- ]N-�xH,JxK+JL*2L PN- LNLN2,NJ+JLN2

]NKJ2PN-*2L PN- B02N2� =�KN-*2L,(N-+N J2 #zy� v�s�

v�� ZJLN2,xKzM+N2 PN,  z,,N-, tp



[JN �*� 0PN- ^y2zKFN PN- NGNH+-J,xKN2 ?NJ+M�KJLHNJ+ )02  z,,N- (NJ,+ z*M �2�
PN-*2LN2 PN- B02N2H02�N2+-z+J02N2 JF  z,,N-� �� ]� z*M NJ2N P-0KN2PN !N-,zG�*2L
PN, D-*2P(z,,N-, J2 >NN-N,2�KN� $JN J,+ NJ2 L*+N- @02+-0GG(N-+ M�- PJN !0GG,+�2�
PJLHNJ+ PN- ^2zG�,N� J2,yN,02PN-N (N22 ?NJ+M�KJLHNJ+,�2PN-*2LN2 J2 ^yK�2LJLHNJ+
)02 �2PN-*2LN2 PN- B02N2H02�N2+-z+J02N2 M�- NJ2 yN,+JFF+N,  z,,N- N�zH+ P0H*�
FN2+JN-+ ,J2P�  NLN2 PJN,N- !0-��LN *2P (NJG PJN NGNH+-J,xKN ?NJ+M�KJLHNJ+ H02+J�
2*JN-GJxK LNFN,,N2 (N-PN2 Hz22� Kz+ ,JN PN2 ^yPzF/M-�xH,+z2P zG, $*FFN2/z-z�
FN+N- )N-P-�2L+�

]NJ 2z+�-GJxKN2  �,,N-2 PN, C\<v�#�/, yN,+NK+ �(J,xKN2 PN- NGNH+-J,xKN2 ?NJ+�
M�KJLHNJ+ *2P PNF^yPzF/M-�xH,+z2P@ y�(� �(J,xKN2 PN- NGNH+-J,xKN2 ?NJ+M�KJLHNJ+
*2P PN- B02N2,+�-HN B 2zxK,+NKN2PN ]N�JNK*2LN2 �,JNKN #zy� v�s�o

@f$wt Y M@ FJ+ M@fp�v M�- @ J2 FL�G *2P $wt J2 F$�F �v����

B f$wt�MB FJ+ MBfs�t� M�- B J2 F0G�G *2P $wt J2 F$�F �v��w�

[JN @N22+2J, PN- B02N2,+�-HN J,+ �*- N�zH+N2 ]N-NxK2*2L )02 @02�N2+-z+J02N2
PN- B02N2 z*, xKNFJ,xKN2 DGNJxKLN(JxK+N2� (JN �� ]� PN- ^2J02N2 PN- @0KGN2,�*-N�
N-M0-PN-GJxK �,JNKN ^y,xK2� v�w��

s���t�o <,F0+J,uKN- Y-*uH

�(J,xKN2 NJ2N- (�,,-JLN2 ?�,*2L *2P -NJ2NF  z,,N- yN,+NK+ NJ2N Z2N-LJNPJdN-N2�
�+KN-F0P�2zFJ,xKN, '0+N2+JzG� ^0,F� PJN PN- >N2LN PN- LNG�,+N2 #NJGxKN2 /-0/0-�
+J02zG J,+� '-0/0-+J02zGJ+�+,MzH+0- J,+ Pz, '-0P*H+ z*, zy,0G*+N- #NF/N-z+*- # *2P
PN- zGGLNFNJ2N2 Dz,H02,+z2+N %� (z, ,JxK z*, +KN-F0P�2zFJ,xKN2 DGNJxK*2LN2
zyGNJ+N2 G�,,+o

^0,Ff/0,F Y !f% Y# Y 2 Y M0,F 0PN- /0,Ff%Y# Y7x�$J� Y M0,F �v��v�

% zGGLNFNJ2N Dz,H02,+z2+N q�v� A��@ F0G�
# zy,0G*+N #NF/N-z+*- J2 @
7x�$J� $*FFN PN- @02�N2+-z+J02N2 zGGN- LNG�,+N2 $+0dN *2P B02N2

J2 F0G�Fv

M0,F 0,F0+J,xKN- @0NdJ�JN2+� PN- ,JxK z*, PN- LNLN2,NJ+JLN2
]NNJ2+-�xK+JL*2L PN- #NJGxKN2 N-LJy+� M0,FX ��q

$0MN-2 (�,,-JLN ?�,*2L *2P -NJ2N,  z,,N- P*-xK NJ2N ,NFJ/N-FNzyGN >NFy-z2
LN+-N22+ (N-PN2� ,+NJL+ J2 PN- (�,,-JLN2 ?�,*2L PN- [-*xH P*-xK ^*M2zKFN )02
 z,,N- ,0 (NJ+ z2� yJ, PN- B22N2P-*xH PNF 0,F0+J,xKN2 [-*xH N2+,/-JxK+ *2P PJN
Z2N-LJNPJdN-N2� z*M PJN,N NJ,N z*,LNLGJxKN2(J-P� �,,-JLN ?�,*2LN2FJ+ LGNJxKNF
0,F0+J,xKN2 [-*xH 2N22+ Fz2 J,0+02J,xK� B,0+02J,xKN @0xK,zG�G�,*2L FJ+ ]N�*L
z*M ]G*+/Gz,Fz N2+K�G+ p L�G =z\G�

 z,,N- FJ+ �* L-0�NF 0,F0+J,xKN2 [-*xH Hz22 2JxK+ M�- Gz2P(J-+,xKzM+GJxKN
�(NxHN )N-(N2PN+ (N-PN2� Pz PJN 'Vz2�N2�NGGN2 2JxK+ KJN-z*M NJ2LN,+NGG+ ,J2P *2P
JK2N2  z,,N- N2+�0LN2 (J-P� ^G,0 Pz-M PN- $zG�LNKzG+� PN- )Jz NGNH+-J,xKN- ?NJ+M��
KJLHNJ+ PN,  z,,N-, �yN-(zxK+ (N-PN2 Hz22� 2JxK+ �* K0xK ,NJ2 �2JxK+ FNK- zG,
N+(z w���K$�xF yNJ wt�\��

s� v \KNFJN PN,  z,,N-,



#zyNGGN v�r %NP0�/0+N2�JzGN *2P ZGNH+-0PN2/0+N2�JzGN LNLN2 PJN =0-FzG(z,,N-,+0dNGNH+�
-0PN yNJ wt�\ �$+*FF *2P >0-Lz2� �ppt�

ZGNH+-0PN2-NzH+J02 Z� J2 ! ZGNH+-0PN2-NzH+J02 Z� J2 !

Cw<�Cw<w h��rr ENw"�ENv" h��rr
>2<w�>2<Hu h��r� BH�Bw h��tu
^*�^*" h��sq \*�\*w" h��vu
'y$<u�'y<w h��sq Cw�C" ����
>2w"�>2<Hu h��t� 'y�'yw" g���v
\GH�\Gw h��vs EN�ENw" g��uu
>2w"�>2<w h��wv EN�<C�w�EN�<C�v g��ts
Cw<�<w h��wv ^G�^Gv" g��ss
^L�^L" h��q� =z�=z" gw�r�
CL�CLw" h��rp \z�\zw" gw�qr

s���t�n %NP0�/0+N2�JwG *2P %NP0�,/w22*2L

[JN %NP0�,/z22*2L " J2 ! 0PN- F! Hz22 �(J,xKN2 NJ2N- J2N-+N2 ZGNH+-0PN �'Gz+J2�
2JxK+-0,+N2PN- $+zKG� *2P NJ2N- ]N�*L,NGNH+-0PN J2 INPNF z,,N- FJ+ NJ2NF K0xK0K�
FJLNF !0G+FN+N- LNFN,,N2 (N-PN2� [*-xK @02)N2+J02 (J-P PN- =0-FzG� z,,N-�
,+0d�ZGNH+-0PN �/Cf�� Cw�'z-+JzGP-*xH z2 NJ2N- 'Gz+J2NGNH+-0PN yNJ � yz-� Pz, '0�
+N2�JzG ����! �*LN0-P2N+� $JN J,+ ]N�*L,NGNH+-0PN PN- +KN-F0P�2zFJ,xKN2 D-��N2�
%NP0�/0+N2�JzGN ZK J2 ! 0PN- F! (N-PN2 KJN-z*M yN�0LN2� B2 PN- '-z�J, PJN2+ NJ2N
&*NxH,JGyN-�&*NxH,JGyN-xKG0-JP� �@zG0FNG�� 0PN- NJ2N $JGyN-�$JGyN-xKG0-JP�ZGNH+-0�
PN �^L\G� J2 NJ2N- @zGJ*FxKG0-JPG�,*2LFJ+ x�@\G�fv�tF0G�G zG, ]N�*L,NGNH+-0PNo

"HzG v�t fZKgwtuF! yNJ w��\ �v��u�

"^L\G v�tfZKgw�wF! yNJ w��\ �v��t�

[Jd*,J02,/0+N2�JzGN zF[Jz/K-zLFz �*- H02�N2+-JN-+N2@\G�?�,*2L PN- ]N�*L,�
NGNH+-0PN 0PN- z*xK ]NGzL,yJGP*2L (JN �� ]� >z2Lz2PJ0�JP z*M PN- 'Gz+J2NGNH+-0PN
M�K-N2 �* ENKGFN,,*2LN2�
DNK�-N2 PN- 0�JPJN-N2PN $+0d �<�� *2P PN- -NP*�JN-N2PN $+0d �%NP� NJ2N- %N�

zH+J02,LGNJxK*2L z2 �H02I*LJN-+N, %NP0�/zz-�� (JN �� ]� ENwh'ENvhhNg� ,0 Kz2�
PNG+ N, ,JxK *F NJ2N -N)N-,JyGN �*FHNK-yz-N� %NzH+J02� z*M PJN PJN =N-2,+1,xKN DGNJ�
xK*2L z2LN(N2PN+ (N-PN2 Hz22o

ZKfZ0�Kh%#�E Y ��� Y �GL^x�<���x�%NP�\g9�w Y GL^M�\_ �v��s�

ZK %NP0�/0+N2�JzG J2 F!� yN�0LN2 z*M PJN  z,,N-,+0dNGNH+-0PNn
Z0�K =0-FzG/0+N2�JzG PN- %NP0�-NzH+J02 J2 F! �#zy� v�r�n
%#�E =N-2,+1,xKN @02,+z2+N tq�wF! yNJ wt�\n
�  N-+JLHNJ+ y�(� ZGNH+-02N2�yN-L�2LN yNJF %NP0�)0-Lz2Ln
9�w ]JGz2� PN- ?zP*2L,.*zP-z+N PN- %NzH+J02

�,JNKN #zy� v�q *2P ^y,xK2� v�w�n
GL^M�\  N-+ PN, ^H+J)J+�+,H0NdJ�JN2+N2 �,JNKN #zy� v�p *2P ^y,xK2� v�w�n
x�<�� @02�N2+-z+J02 PN- 0�JPJN-N2PN2 $/N�JN, J2 F0G�Fvn
x�%NP� @02�N2+-z+J02 PN- -NP*�JN-N2PN2 $/N�JN, J2 F0G�Fvn

v�� ZJLN2,xKzM+N2 PN,  z,,N-, s�



]NJ PN- <�JPz+J02 )02 �(NJ(N-+JLNF ZJ,N2�B02 J,+ x�<��fx�ENvh�n x�%NP�f
x�ENwh�n �f� *2P 9�wf�� ]NJ PN- NGNH+-0G�+J,xKN2 ^*V�,*2L )02 >N+zGGN2 J,+
x�<��fx�>N�h� *2P x�%NP�f� �* )N-(N2PN2�

^*M NJ2N- 'Gz+J2NGNH+-0PN� PJN J2 NJ2 yNGJNyJLN, z,,N- NJ2+z*xK+� yJGPN+ ,JxK JFFN-
NJ2 '0+N2�JzG z*,� CJN-yNJ Kz2PNG+ N, ,JxK INP0xK 2JxK+ *F +KN-F0P�2zFJ,xK -N)N-�
,JyGN '0+N2�JzGN� ,02PN-2 *F /-zH+J,xKN %NP0�,/z22*2LN2� Pz z*M PN- 'Gz+J20yN-�
V�xKN LGNJxK�NJ+JL FNK-N-N %NP0�-NzH+J02N2 zyGz*MN2� )02 PN2N2 LN(�K2GJxK NJ2N
PJN $z*N-,+0d-NP*H+J02 J,+� Z, yJGPN+ ,JxK NJ2 >J,xK/0+N2�JzG z*,� Pz, ,/-zxKGJxK
zG, %NP0�,/z22*2L �"� )0F %NP0�/0+N2�JzG �Z� *2+N-,xKJNPN2 (J-P� [N220xK Kz+
PJN %NP0�,/z22*2L zG, B2PJHz+0- NJ2N2 N-KNyGJxKN2 /-zH+J,xKN2 =*+�N2� (NJG ,JN
FN,,+NxK2J,xK NJ2MzxK N-Mz,,yz- NJ2 >JGJN* yN,xK-NJy+� ]NJ,/JNG,(NJ,N J,+ FJ+ NJ2N-
]JGP*2L )02 MN,+ KzM+N2PN2� ,+�-N2PN2 ^yGzLN-*2LN2 ��� ]� !N-0xHN-*2L )02 ]-*2�
2N2 0PN- [-zJ2zLNGNJ+*2LN2� �* -NxK2N2� (N22 PJN %NP0�,/z22*2L "K PN2  N-+
)02 ��F!� yN�0LN2 z*M PJN  z,,N-,+0dNGNH+-0PN� �yN-,+NJL+� E�- NJ2N (J-H,zFN
[N,J2MNH+J02 FJ+ \KG0- F*,, NJ2N %NP0�,/z22*2L )02 FNK- zG, s��F! ,JxKN-LN�
,+NGG+ (N-PN2� (z, LN(�K2GJxK P*-xK ^*MyN-NJ+*2L *2P PzFJ+ Z2+MN-2*2L -NP*�JN�
-N2PN- $+0dN N--NJxK+ (J-P ��� ]� J2 $xK(JFFy�PN-2�� ^2PN-, z*,LNP-�xH+o  J-P
FJ+ 2*- ���FL�G \KG0- NJ2N %NP0�,/z22*2L )02 FNK- zG, s��F! LNLN2 NJ2N $JG�
yN-xKG0-JP�]N�*L,NGNH+-0PN N--NJxK+� ,0 J,+ PJN, NJ2 ,JxKN-N, �NJxKN2 PzM�-� Pz,, -N�
P*�JN-N2PN $+0dN MNKGN2 *2P ,JxK PJN [N,J2MNH+J02,(J-H*2L PN, \KG0-, N2+MzG+N2
Hz22 �B2PJHz+J02,.*zGJ+�+ PN- %NP0�,/z22*2L�� ^*xK �*- \Kz-zH+N-J,JN-*2L PN,
z2zN-0yN2� PN, z20�J,xKN2 *2P PN, zN-0yN2 �*,+z2P, )02 DN(�,,N-2 *2P $NPJFN2�
+N2 Hz22 PJN %NP0�,/z22*2L " KN-z2LN�0LN2 (N-PN2 �,JNKN z*xK ^y,xK2� u�t��

s�t $/N�JN, FJ+ /C��N-+ wG, ?NJ+/w-wFN+N-

s�t�� XJ2GNJ+*2L

[N- ]NL-Jd $/N�JN, (J-P M�- NJ2�NG2N xKNFJ,xKN !N-yJ2P*2LN2 )N-(N2PN+� *F z*M
,/N�JNGGN !N-yJ2P*2LN2 J2 NJ2N- zGGLNFNJ2N2 D-*//N z*MFN-H,zF �* FzxKN2� [JN
]N�NJxK2*2L (*-PN )02 PN- ]J0G0LJN �yN-20FFN2� (0 ,JN �*- "2+N-,xKNJP*2L PN-
^-+N2 �$/N�JN,� NJ2N- Dz++*2L PJN2+� \KNFJ,xKN $/N�JN, (N-PN2 P*-xK NJ2N ,+�xKJ0�
FN+-J,xK zyGz*MN2PN %NzH+J02 z*, PN2 @0F/02N2+N2 NJ2N, $�,+NF, LNyJGPN+� [JN
$/N�JN, ,J2P zG, *2+N-,xKJNPGJxKN� FJ+*2+N- GNJxK+ J2NJ2z2PN- *F(z2PNGyz-N !N-yJ2�
P*2LN2 P*-xK NJ2 LNFNJ2,zFN, ^2zG�,N2)N-MzK-N2 LNHN22�NJxK2N+� z*xK (N22 ,JN
*2+N-,xKJNPGJxKN xKNFJ,xKN 0PN- yJ0G0LJ,xKN 0PN- +0�JH0G0LJ,xKN ZJLN2,xKzM+N2 Kz�
yN2� B2 PN- ]NL-Jd,yN,+JFF*2LPN- ��B2+N-2z+J02zGN2"2J02 M�- -NJ2N *2P z2LN(z2P�
+N \KNFJN �B"'^\�77 J,+ ��,/NxJz+J02 +KN /-0xN,, �JNGPJ2L N)JPN2xN 0M +KN z+0FJx 0-
F0GNx*Gz- M0-F 0M z2 z2zG�+N77� Z, LJy+ )JNGN ]NJ,/JNGN M�- $/N�JN, J2 PJN,NF $J22N�
z2LNMz2LN2 )02 PN2 -zxNFJ,xKN2� Pz, ?JxK+ *2+N-,xKJNPGJxK P-NKN2PN2E0-FN2 NJ2N-
!N-yJ2P*2L *2P 2JxK+ N2PN2P yNJ PN2 )N-,xKJNPN2N2 B02N2 PN- $xK(N-FN+zGGN J2
!N-yJ2P*2L FJ+ ^2J02N2 JF  z,,N-� PJN zG, @0F/GN�N� C�P-0�0H0F/GN�N� 0PN-
C�P-z+N )0-GJNLN2�

$/N�JN, KzyN2 NJ2N yN,02PN-N ]NPN*+*2L� (N22 $+0dN � (JN Pz, ��M-NJN \KG0-77
0PN- Pz, ^FF02JzH � J2 PN- NJ2N2 Z-,xKNJ2*2L,M0-F ,NK- +0�J,xK ,J2P �C<\G 0PN-

sw v \KNFJN PN,  z,,N-,



=Cv�� J2 PN- z2PN-N2 zyN- 2*- ,NK- (N2JL +0�J,xK (J-HN2 �<\Gg y�(� =Ch
u �� 'K��

,J0G0LJ,xKN� �H0G0LJ,xKN *2P +0�JH0G0LJ,xKN  J-H*2LN2 PN- ZGNFN2+N ,J2P 2�FGJxK
,+z-H )02 PN- ]J2P*2L,M0-F zyK�2LJL� Z, J,+ z2LNFN,,N2� PN2 ]NL-Jd $/N�JN, �*
)N-(N2PN2� *F yNJ,/JNG,(NJ,N �(J,xKN2 >N+K�G.*NxH,JGyN- *2P CL�B02N2 �* *2+N-�
,xKNJPN2� ^*, PJN,NF D-*2P J,+ N, M�- yN,+JFF+N E-zLN,+NGG*2LN2 (NJ+z*, (JxK+JLN-
yN,+JFF+N ZGNFN2+,/N�JN, .*zGJ+z+J) *2P .*z2+J+z+J) �* N-Mz,,N2� zG, 2*- PN2 #0�
+zGLNKzG+ NJ2N, ZGNFN2+, �* yN,+JFFN2�
BF )0-GJNLN2PN2 ^y,xK2J++ (N-PN2 2*- $/N�JN, NJ2N, $�,+NF, yNKz2PNG+� PN-N2

@02�N2+-z+J02N2 �yN- PJN xKNFJ,xKN2 DGNJxKLN(JxK+N N-FJ++NG+ (N-PN2 H�22N2 *2P
�(z- JF �*,zFFN2Kz2LFJ+ PNF /C� N-+ zG, ?NJ+/z-zFN+N- �Fz,+N- )z-JzyGN� 2zxK
$JGGN6 2� �psrn $+*FF *2P >0-Lz2� �ppt� [JN, J,+ Pz22 )0-+NJGKzM+� (N22 >N+K0PN2
�*- ]N,+JFF*2L NJ2�NG2N- $/N�JN, z//z-z+J) *2P �NJ+GJxK ,NK- z*M(�2PJL ,J2P� (�K�
-N2P z2PN-N� FNJ,+ ,*FFz-J,xKN ^2zG�,N2)N-MzK-N2� NJ2MzxKN- P*-xK�*M�K-N2 ,J2P�
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-*2L )N-z2+(0-+GJxK ,J2P� ]NJ PN2FNJ,+N2 2z+�-GJxKN2 �,,N-2 J,+ PJN, PN- 'z-zFN+N-
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z2Mz2L, 20xK )JNG �* K0xK� Z-,+ P*-xK �*,z+� )02 \<w �z*, PN- ?*M+� G�,,+ N- ,JxK
z*M PN2  N-+ PN, 2z+�-GJxKN2  z,,N-, KN-zy,N+�N2� 0K2N PzyNJ PN2 �zKGN2(N-+ PN,
F� N-+N, �* )N-�2PN-2� [JN $�*-NHz/z�J+�+ N-(NJ,+ ,JxK KJN-yNJ zG, =z+-02Gz*LN�
�.*J)zGN2+� Pz, �* NJ2NF  z,,N- KJ2�*LNM�L+ (*-PN� *2zyK�2LJL Pz)02� (NGxKN
\<w�@02�N2+-z+J02 +z+,�xKGJxK z2Mz2L, )0-Kz2PN2 (z- 0PN- zF Z2PN PN- '-0�NP*-
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 z,,N- yNJ /C u�v yN,+NK+ NJ2 LN-J2LN- $�*-NyNPz-M )02 ���tFF0G�G� "F PJN,N2
]N+-zL J,+ PN- F� N-+ HGNJ2N- zG, @$u�v�
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y02z+H0F/GN�N� ,0(NJ+ ,JN M�- PJN ]JGz2� -NGN)z2+ ,J2P� yN-�xH,JxK+JL+n

� PJN ]JGz2� ,xKGJN�+ FJ+ PN- $*y+-zH+J02 PN- @02�N2+-z+J02 PN- C�P-02J*FJ02N2�
,JN Hz22 zG,0 z*xK 2NLz+J) (N-PN2n

� NJ2 /� N-+> � �2NLz+J)N- /� N-+n /C> q�w� HN22�NJxK2N+ NJ2N ?�,*2L FJ+ @0K�
GN2,�*-N�~yN-,xK*,, JF !N-LGNJxK �*- @02�N2+-z+J02 z2 \z-y02z+�B02N2�

�*- ]N-NxK2*2L )02 @$u�v *2P @]q�w z*, F� y�(� /� N-+ F*,, NJ2 )N-yGNJyN2PN-
 N-+ yNJ /C u�v y�(� q�w zyLN�0LN2 (N-PN2�

@$u�vfF� N-+gF� N-+yNJ u�v �v�vt�

@]q�wf/� N-+g/� N-+yNJ q�w �v�vs�

[N- )N-yGNJyN2PN  N-+ M�- PN2 F� N-+ J,+

F� N-+yNJ u�vf���� x�\+�gx�Cv<
h�u�vf���� x�\+�g��gu�v J2 F0G�G y�(�

F� N-+yNJ u�vf���� x�\+�g���t J2 FF0G�G

[JN ]N,+JFF*2L M�- @$u�v ,xK-NJy+ )0-� Pz,, N2+,+NKN2PN, \<w F�LGJxK,+ z*,LNyGz,N2
(J-P� [NF2zxK J,+ x�\+� )N-2zxKG�,,JLyz- *2P N, M0GL+o

F� N-+f@$u�vg���t 0PN- @$u�vfF� N-+h���t �J2 FF0G�G� �v�vr�

[JN ]N-NxK2*2L )02@]q�w z*, PNF /� N-+ N-M0GL+ z2zG0L� [JN,N- ]N-NxK2*2L H0FF+
zyN- LN-J2LN-N /-zH+J,xKN ]NPN*+*2L �*�
[JN KJN- Pz-LN,+NGG+N2 (z,,N-xKNFJ,xKN2 �*,zFFN2K�2LN N-Gz*yN2 2*2FNK-� PJN

#J+-z+J02,H*-)N )02 2z+�-GJxKN2  �,,N-2 N�zH+ �* yN-NxK2N2� [JN @02,+z2+N2 PN-
$/N�JN,yN-NxK2*2L *2P PN-N2 #NF/N-z+*-zyK�2LJLHNJ+ ,J2P yNHz22+� PJN ^H+J)J+�+,�
H0NdJ�JN2+N2 H�22N2 z*,-NJxKN2P LN2z* yN-�xH,JxK+JL+ (N-PN2 �,JNKN #zy� v�p�� "F
2JxK+ M�- INPN,  z,,N- NJ2N LN,02PN-+N @*-)N yN-NxK2N2 �* F�,,N2� (J-P PN- #J+-z�
+J02,(N-+ �F� N-+� z*M DN,zF+xz-y02z+ �[B\� \+� yN�0LN2�
[z, Z-LNy2J, M�- PJN !N-(N2P*2L J2 PN- '-z�J, J,+ J2 ^yy� v�v Pz-LN,+NGG+� ]NJF

#J+-z+J02,(N-+ F� N-+f� y�(� +fF�x�\+�f� GJNL+ J2 N+(z PN- /C� N-+ u�v )0-n
yNJ %NLN2(z,,N- PN- /C� N-+ t�s� [N- #J+-z+J02,(N-+ +fF�x�\+�f� N2+,/-JxK+
PNF /C ]N-NJxK q�v� [N- /C�$/-*2L yNJ u�v *2P q�v J,+� z*�N- yNJ ,NK- ,xK(zxK
LN/*dN-+NF %NLN2(z,,N-� L*+ z*,LNyJGPN+� [zLNLN2 J,+ PN- /C�$/-*2L yNJF #J+-z�
+J02,(N-+ +fF��x�\+�fw� PN- yNJ /C �w�v �* N-(z-+N2 (�-N� yNJ 2z+�-GJxKN2  �,�

v�w $/N�JN, FJ+ /C� N-+ zG, ?NJ+/z-zFN+N- rv



pH
-W

er
t

pH
-W

er
t

^yy� v�v ^*M DN,zF+xz-y02z+ �[B\� \+� yN�0LN2N #J+-z+J02,H*-)N PN- @0KGN2,�*-N�
<yN2o ~yN-,JxK+� NJ2LN�NJxK2N+ J,+ PJN #J+-z+J02 )02 *2LN/*dN-+NF  z,,N- �%NLN2(z,,N-��
"2+N2o ^*,,xK2J++ JF ]N-NJxK /C r yJ, /C p�u�

,N-2 2JxK+ �* N-HN22N2� (NJG KJN- PJN <C�B02N2H02�N2+-z+J02� JF !N-LGNJxK �* PN2
�yGJxKN2 @02�N2+-z+J02N2 )02 \+ 2JxK+ )N-2zxKG�,,JL+ (N-PN2 Hz22� ^F K�xK,+N2
J,+ PN- /C� N-+ yNJ HzG+NF� ,zG�z-FN2  z,,N-� [N- #J+-z+J02,(N-+ Hz22 z*, +f
F�x�\+� X @$u�v��@$u�vh@]q�w� yN-NxK2N+ (N-PN2�

!02 PN2 P-NJ >N,,L-��N2 /C� N-+� @$u�v *2P @]q�w F�,,N2 2*- �(NJ yN,+JFF+
(N-PN2n PJN P-J++N Hz22 z*, ^yy� v�v� Pz, �*- @02+-0GGN PN- ^2zG�,N KN-z2LN�0LN2
(N-PN2 Hz22� z*,-NJxKN2P LN2z* N-FJ++NG+ (N-PN2�

]NJ,/JNGo @$u�vfv�qFF0G�Gn @]q�wf��w�FF0G�G�
]N-NxK2N+ (J-P +fv�q��v�qh��w��fv�q�u��f��pt yNJ w��\�
CJN-z*, N-LJy+ ,JxK /Cfr�s yJ, r�stn NKN- yNJ r�sv�

$0MN-2PJN, zG, 2JxK+ z*,-NJxKN2P LN2z* z2LN,NKN2(J-P�F�,,N2 PJNDGNJxK*2LN2 v�vw
*2P v�vv J2 J+N-z+J)N2 ]N-NxK2*2LN2 z2LN(N2PN+ (N-PN2� E�- ,NK- N�zH+N ]N-NxK�
2*2LN2� *2+N- ]N-�xH,JxK+JL*2L )02 @0F/GN�yJGP*2LN2 *2P B02N2,+�-HN� NF/XNKG+
,JxK PJN ^2(N2P*2L NJ2N, %NxKN2/-0L-zFF,� �� ]� >B=Z&? �(((�FJ2N.G�x0F��

s�t�s�s YN- /C��N-+ vNG�M+N+N2 �w,,N-,

=NyN2 )JNGN2 z2PN-N2 ,/N�JX,xKN2 ZJLN2,xKzM+N2 J,+ N, NJ2 yN,02PN-N, >N-HFzG PN-
@0KGN2,�*-N� Pz,, ,JN 2JxK+ 2*- PNF  z,,N- �*LN,N+�+� ,02PN-2� JF DNLN2,z+� �*
zGGN2 z2PN-N2 $�*-N2� JKF z*xK (JNPN- N2+�0LN2 (N-PN2 Hz22� Pz ,JN FJ+ NJ2NF

ru v \KNFJN PN,  z,,N-,



LNG�,+N2 Dz,� PNF @0KGN2,+0dPJ0�JP� JF DGNJxKLN(JxK+ ,+NK+� [JN,N- !0-Lz2L PN-
�*LzyN *2P ^*,Lz,*2L )02 \<w J,+ 2JxK+ 2*- M�- PJN  z,,N-z*MyN-NJ+*2L )02 ]N�
PN*+*2L� Z- ,+NGG+ NJ2N2 (JxK+JLN2 >NxKz2J,F*, zGGN- ?NyN2,M*2H+J02N2 Pz-� yNJ
PN2N2 N2+(NPN- LNyJGPN+N, \<w z*,LNz+FN+ (N-PN2 0PN- \<w M�- PJN 'K0+0,�2+KN,N
LNy*2PN2 (N-PN2 F*,,�
[z PJN J2+NL-zGN '*dN-Hz/z�J+�+@$u�v 0PN- LN2z*N- PJN ]JGz2�F� N-+�>N,,L-��N2

,J2P� PJN )02 PN- \<w�@02�N2+-z+J02 *2zyK�2LJL ,J2P� ,0GG+N2 ,JN �*- ]N,xK-NJy*2L
PN, /C� N-+N, )02 yNG�M+N+NF  z,,N- KN-z2LN�0LN2 (N-PN2� Z, ,J2P �(NJ E�GGN �*
*2+N-,xKNJPN2o Ff� �-NJ2N,  z,,N- 0PN- *2yNGz,+N+N, %NLN2(z,,N-� *2P F *2�
LGNJxK �� ^*, DG�v�vw N-LJy+ ,JxK *2+N- PN- ]NPJ2L*2L PN- ?zP*2L,2N*+-zGJ+�+ M�-
*2yNGz,+N+N, %NLN2(z,,N- �Ff��o

x�C\<g
v �f x�Cv<

h� *2P z�Cv<
h�wf@e� Y x�\<wz.�

/Cf �
w �/@e�gGL^x�\<wz.�\� �v�vq�

]NJ,/JNGo [N- \<w�DNKzG+ PN- ?*M+ yN+-�L+ ��v�sFyz-� [JN CN2-��@02,+z2+N �,JNKN
^y,xK2� v���w�v� yNJ ���\ yN+-�L+ ��g��wrf���tuF0G��G Y yz-�� [JN ,JxK JF  z,,N-
JF DGNJxKLN(JxK+ FJ+ PNF \<w�DNKzG+ PN- ?*M+ NJ2,+NGGN2PN @02�N2+-z+J02 J,+
x�\<wz.�f����rFF0G�G �yNJ ���\� 0PN- ��r Y ��gtF0G�G� [N- ?0Lz-J+KF*, KJN-)02
J,+ gu�rr� [z yNJ ,zG�z-FNF  z,,N- �%NLN2(z,,N-� PN- ^H+J)J+�+,H0NdJ�JN2+ )N-�
2zxKG�,,JLyz- J,+ *2P PzKN- /@e�fs�ur yN+-�L+� M0GL+ zG, /C� N-+ )02 *2yNGz,+N+NF
%NLN2(z,,N- /Cf �

w �s�urhu�rr�f �
w ���wuft�sw� Z-,+ yNJ NJ2NF +JNMN-N2 /C� N-+

zG, t�s Hz22 )02 ,z*-NF %NLN2 LN,/-0xKN2 (N-PN2 �,JNKN ^y,xK2� r�v��
 �K-N2P *2yNGz,+N+N, %NLN2(z,,N- 2*- NJ2N2 $02PN-MzGG Pz-,+NGG+� J,+ PN- =0-�

FzGMzGG PN- 2z+�-GJxKN2  �,,N- P*-xK F� N-+ *2LGNJxK � LNHN22�NJxK2N+� [JN /C�
]N-NxK2*2L yN-*K+ z*M PNF LNFN,,N2N2  N-+ )02 @$u�v *2P PNF JF  z,,N- +z+�
,�xKGJxK �z*xK yNJ /C� N-+N2 �yN- q�w� )0-GJNLN2PN2 \<w�@02�N2+-z+J02N2� zG,0
z*,P-�xHGJxK 2JxK+ z*M @]q�w�

F� N-+f@$u�vg���t
F� N-+�x�\<wz.�fw x�\<wg

v ��x�\<wz.�hx�C\<g
v ��x�\<wz.�h9

FJ+ 9f�x�<Cg�gx�Cv<
h���x�\<wz.�

F� N-+fx�\<wz.� �w �@ew@e��z�Cv<
h�w�h@e��z�Cv<

h�_
hx�<Cg�gx�Cv<

h� �v�vp�

BF /C�]N-NJxK *2+N- p�t Hz22 PJN @02�N2+-z+J02 PN- C�P-0��G� *2P PN- \z-y02z+�
B02N2 J2 PN- ]JGz2� )N-2zxKG�,,JL+ (N-PN2o

�F� N-+hx�Cv<
h��fx�\<wz.� @e��z�Cv<

h�
GL^�F� N-+hx�Cv<

h�\f/Cg/@e�hGL^x�\<wz.�\

0yN-KzGy /C t�t Hz22 x�Cv<
h� )N-2zxKG�,,JL+ (N-PN2� ,02,+ J,+ B+N-z+J02 0PN- yN,,N-

DG� v�vp z2�*(N2PN2 �^xK+*2L� zGGN  N-+N J2 F0G�G�

GL^x�\<wz.�\fg/Ch/@e�hGL^�F� N-+h��g/C�\ M�- /C>p�t �v�u��

]NJ,/JNGo B,+ F� N-+fv�q����� F0G�G *2P PN- /C� N-+ r�sv� ,0 M0GL+ FJ+ /@�fs�vp
�w��\� *2P GL^M�\fg���wo

GL^x�\<wz.�\fgr�svhs�vpg���whGL^v�q�����h��gr�tt�fgv�sp

v�w $/N�JN, FJ+ /C� N-+ zG, ?NJ+/z-zFN+N- rt
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c(CO ) = konst. 0,017 mmol/l (0,75 mg/l bei 10° C; pCO = 0,316 mbar)
c(CO ) = 0,5 mmol/l (22 mg/l), bei 10°C
c(CO ) = 0,5 mmol/l (22 mg/l), bei 20°C
c(CO ) = 22,7 mmol/l (1.000 mg/l), bei 10°C
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pH-Wert bei:

^yy� v�u /C� N-+ PN,  z,,N-, J2 ^yK�2LJLHNJ+ )0F F� N-+ yNJ )N-,xKJNPN2N2� INP0xK
LGNJxKyGNJyN2PN2 \<w @02�N2+-z+J02N2

[JN, N2+,/-JxK+ x�\<wz.�f��w�uFF0G�G �!N-LGNJxK FJ+ PNF]NJ,/JNG PN- #J+-z+J02,�
H*-)N PN, )0-KN-JLN2 @z/J+NG,��

=NyN2 PN- M0-FNGF��JLN2 ]N,xK-NJy*2L J,+ M�- PJN '-z�J, PJN L-z/KJ,xKN [z-�
,+NGG*2L J2 ^yy� v�u J2+N-N,,z2+�

�*2�xK,+(J-PPJNE-zLNyNz2+(0-+N+�(NGxKN-/C� N-+yNJNJ2NFKJ2-NJxKN2P Gz2LN
yNG�M+N+N2  z,,N- �* N-(z-+N2 J,+� CJN-yNJ ,+NGG+ ,JxK JF  z,,N- PJN ,xK02 FNK-MzxK
N-�-+N-+N DGNJxKLN(JxK+,H02�N2+-z+J02 PN, @0KGN2,+0dPJ0�JP,FJ+ PNF 'z-+JzGP-*xH
PN- ?*M+ NJ2o x�\<wz.�f����wvFF0G�G yNJ w��\ �����rFF0G�G yNJ ���\�� yNJ NJ2NF
'z-+JzGP-*xH PN, \<w )02 ��v�s Fyz-� [N- /C� N-+ NJ2N, ,0GxKN-z-+ yNG�M+N+N2 z,�
,N-, J,+ )02 PN- '*dN-Hz/z�J+�+� z*,LNP-�xH+ zG, @$u�v 0PN- F� N-+� zyK�2LJL�

$zG�z-FN, z,,N- �N+(z%NLN2(z,,N-�DNyJ-L,(z,,N-� #zG,/N--N2(z,,N- 0PN- z,�
,N- )0F ^Fz�02z,� Kz+ (NLN2 NJ2N, 2JNP-JLN2 F� N-+N, NJ2N2 /C� N-+ *F s yJ,
N+(z r� ^*xK yNJ J2+N2,J)N- ]NG�M+*2L J,+ HNJ2 K�KN-N- /C� N-+ �* N--NJxKN2� D*+
LN/*dN-+N, D-*2P(z,,N- FJ+ @$u�vfvFF0G�G (J-P yNJ PN- ZJ2GNJ+*2L J2 NJ2 DN(�,�
,N- 2zxK H*-�N- �NJ+ NJ2N2 /C� N-+ )02 q *2P K�KN- NJ22NKFN2 �(0yNJ \zGxJ*F�
xz-y02z+ z*,MzGGN2 Hz22��

[JN ,NK- *FMz,,N2PN [z-,+NGG*2L )02 ^yy� v�u ,0GG z*M )N-,xKJNPN2N /-zH+J,xKN
E-zLN2 NJ2N ^2+(0-+ yN-NJ+KzG+N2o

�  JN ,xK02 N-(�K2+� Hz22 yNJ PN- ]NG�M+*2L )02 z,,N- NJ2 yN,+JFF+N- Fz�JFzGN-
/C� N-+ 2JxK+ �yN-,xK-J++N2 (N-PN2� PN- P*-xK PN2 \<w�'z-+JzGP-*xH PN- ?*M+
yN,+JFF+ (J-P� [JN,N- /C� N-+ GJNL+ yNJ *2LN/*dN-+N2  �,,N-2 NKN- yNJ r *2P
+JNMN- *2P yNJ L*+ LN/*dN-+N2  �,,N-2 NKN- yNJ q *2P K�KN- �(0yNJ yNJ ,0GxKN2
 �,,N-2 \zGxJ+ z*,M�GG+��

� ]NJ EJ,xK+N,+, 0PN- )N-LGNJxKyz-N2 #N,+, J,+ ,+-N2L z*M PN2 /C� N-+ PN,  z,,N-,
�* zxK+N2� CJN-yNJ J,+ Pz)02 z*,�*LNKN2� Pz,, ,JxK yNJ PN- ]NG�M+*2L NKN- PN- \<w�
'z-+JzGP-*xH PN- ?*M+ NJ2,+NGG+� z*xK (N22 NJ2N LN(J,,N \<w�^2-NJxKN-*2L P*-xK

rs v \KNFJN PN,  z,,N-,



PJN ^+F*2L PN- EJ,xKN 0PN- P*-xK ]zH+N-JN2 z2�*2NKFN2 J,+� >J+KJ2 J,+ PJN 0yN-N
@*-)N J2 ^yy� v�u z2�*(N2PN2�  J-P NJ2 /C� N-+ )02 �� ]� r�t )0-LNLNyN2� Pz22
Pz-M PN- F� N-+ 2JxK+ FNK- zG, ��wFF0G�G yN+-zLN2�

� $0GG yNJ $xK(JFFyzPN(z,,N- PN- /C� N-+ z*M  N-+N *2+N- r�u FJ+ \<w NJ2LN,+NGG+
(N-PN2 �(z, �* NF/MNKGN2 J,+� *F NJ2N ~yN-P0,JN-*2L PN- $�*-N z*,�*,xKGJN�N2��
,0 ,0GG+N PN- F� N-+ �y�(� @$u�v� NKN- yNJ ��t zG, yNJ tFF0G�G NJ2LN,+NGG+ (N-PN2�
*F FJ+ F�LGJxK,+ LN-J2LN- \<w�@02�N2+-z+J02 JF  z,,N- z*,�*H0FFN2� NJ2N
\<w�^*,Lz,*2L �* )N-FNJPN2 *2P ,0 PN2 ]NPz-M z2 \<w �* yNL-N2�N2�

� ]NJ ^.*zH*G+*-N2 Kz+ ,JxK PJN \<w�[�2L*2L NJ2LNy�-LN-+� Z, J,+ LNM�K-GJxK KJN-yNJ
NJ2N2 H02,+z2+N2 /C� N-+� �� ]� /C s�� NJ2�*-NLNG2� (NJG ,NK- K0KN \<w�@02�
�N2+-z+J02N2 �IN 2zxK PN- '*dN-Hz/z�J+�+ @$u�v y�(� F� N-+ PN,  z,,N-,� N--NJxK+
(N-PN2� PJN �* NJ2N- ~yN-P�2L*2L PN, ^.*z-J*F, M�K-N2� [N- $0GG�/C� N-+ M�-
PJN %NLNG*2L J,+ 2zxK PN- LN(�2,xK+N2 \<w�@02�N2+-z+J02 *2P PNF F� N-+ PN,
 z,,N-, z*,�*(�KGN2� BF ^GGLNFNJ2N2 -NJxKN2 ��tFF0G�G \<w �wwFL�G�� ,0 Pz,,
PJN FJ++GN-N @*-)N J2 ^yy� v�u z2�*(N2PN2 J,+� �^.*z-Jz2N- yN)0-�*LN2 PJN ]N�
�NJxK2*2L @z-y02z+K�-+N ,+z++ F� N-+� FNJ2N2 zyN- PN2 F� N-+ *2P 2JxK+ N+(z
PN2 \zGxJ*FLNKzG+o @Cfw�q F� N-+� J2 �PC��

�  J-P z2 (z-FN2 $0FFN-+zLN2 FJ+ B2)N-,J02,(N++N-GzLN2 zGGN, z20-Lz2J,xKN \<w

P*-xK ^GLN2 z,,JFJGJN-+� 0K2N z*, PN- ?*M+ N-L�2�+ (N-PN2 �* H�22N2� ,0 )N-yGNJy+
NJ2 x�<Cg�fF� N-+ *2P PN- /C� N-+ J2 PN2 $NN2 ,+NJL+ z*M  N-+N *F �� *2P
K�KN- �+KN0-N+J,xK z*M ����r yNJ w��\ *2P F� N-+f�FF0G�G�

� $�*N-GJ2LN FJ+ FJ2PN,+N2, ����FL�G \<w KzyN2 NJ2N2 /C� N-+ *2+N- r� ]NJ PN-
BF/-�L2JN-*2L )02  z,,N- FJ+ \<w yNJ t yz- (J-P NJ2 /C� N-+ JF ^GGLNFNJ2N2
*2+N- s N--NJxK+� yNJ LN-J2LN- '*dN-Hz/z�J+�+ ,0Lz- *2+N- u� [JN, J,+ P*-xK PJN
*2+N-N @*-)N J2 ^yy� v�u Pz-LN,+NGG+�

s�t�r ZwGuJ+G�,GJuKHNJ+

s�t�r�� DN,uKJuK+N PN, @wGH�@0KGN2,�*-N�DGNJuKLN(JuK+,

B2 [N*+,xKGz2P yN,+NK+ NJ2N Gz2LN #-zPJ+J02 yNJ PN- ]N0yzxK+*2L *2P ]N,xK-NJy*2L
PN- �*,zFFN2,N+�*2L 2z+�-GJxKN-  �,,N-� J2,yN,02PN-N PN- >J2N-zG(�,,N-� [zyNJ
(*-PN PN- @0KGN2,�*-N ,+N+, yN,02PN-N ]NzxK+*2L LN,xKN2H+� $JN LzG+ *2P LJG+ zG,
PN-IN2JLN $+0d� PN- PJN >J2N-zGJN2 z*M�*G�,N2 )N-FzL *2P PN- M�- PJN �*,zFFN2�
,N+�*2L PN- >J2N-zG(�,,N- )N-z2+(0-+GJxK J,+�
]N)0- PJN $/-zxKN PN- 2N*N-N2  z,,N-xKNFJN z2LN(N2PN+ (J-P� PJN ,JxK PN,  J,�

,N2, *F PJN Z�J,+N2� )02 $/N�JN, yNPJN2+� ,0GG PJN HGz,,J,xKN ?J+N-z+*- yNF�K+ (N-�
PN2� $JN N-HG�-+� (z-*F PJN Z�/N-JFN2+N PN, [-N,P2N- ^/0+KNHN-, $+-*(N ��qvwn
DN,*2Py-*22N2 J2 ]N-GJ2� ,JNKN ^y,xK2� p�v� yNJ PN- H�2,+GJxKN2 CN-,+NGG*2L )02
>J2N-zG(z,,N- z*, PNF >J2N-zG PN- yN+-NdN2PN2 DNLN2P� z*,  z,,N- *2P @0K�
GN2,�*-N zG, $N2,z+J02 NF/M*2PN2 (*-PN� Z, ,+z2P PNF 2z+�-GJxKN2 >J2N-zG(z,,N-
J2 2JxK+, 2zxK *2P yN(JN,� Pz,, PN- >N2,xK PJN =z+*- 2zxK�*zKFN2 )N-F0xK+N�
 J- GN,N2 zG,0 �D0N+KN� [JN  zKG)N-(z2P+,xKzM+N2� Z-,+N- #NJG� u�@z/J+NG�o

����]� (z, (J- @zGH,+NJ2 2N22N2 J,+ NJ2N FNK- 0PN- (N2JLN- -NJ2N @zGHN-PN� J22JL
FJ+ NJ2N- �z-+N2 $�*-N )N-y*2PN2� PJN *2, J2 ?*M+M0-F yNHz22+ LN(0-PN2 J,+� ]-J2L+

v�w $/N�JN, FJ+ /C� N-+ zG, ?NJ+/z-zFN+N- rr


