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k�b ~ R i t � Y F
k�b 4 k�^ R ilk R d�fyu4a�ipo RlR o 4 kxq t�C@s o � s kxalq8�Jk ~ r�q PQR k R q�k � o|r�f O � ~ q V�knd�oQs_r4o R �� o|a � ilkxqJ�Jk ~ r�q PSR k R o � dtf R >/. �10 � K f R k mlacb d�fyg|o � fhd$u4alk_ILk � q z~ R i ~ R�� � z~ qtilfykxd�k zv 4 kxq$a zP a ~ R��p� f 4 rkxd R kni P u4a R fyu4ajrc��ipo�kxf R k d PS� u4alk zv 4 kxq�a zP a ~ R�� f R kxf R kxs H
kxoQgcr P qr� P ilknq�I P s 4 k R d�mpo � r�d$m[kngjr�q ~ s
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Abstand vom Epizentrum in Hiroshima [m]

HHK, 36Cl
36Cl

152Eu
60Co

154Eu
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Abstand vom Epizentrum in Nagasaki [m]

update
DS86

G 4D4 f � i ~ R�� � � t<&�� �"! ��O'�"$ (*� :M�"! � �"!G�r� �M�"#p�*&*&)�"LN�"! �'. 8"�"!*�*(*�MLN�"�9�"! � �6.M�?!9,PLN�"L�4>EP�y$+H)$ �"!A. L��%$�L �Q4��
�L4P&'4>EP$ ) ���"!G�9� 4 .5&	��� 	�!�� �#" � )�� $ � R.�8"�"! 5 !�R.A2G�9�"L J��*(*�ML�.ML��M�"L H ,PL%$ �&�(' &"�y$�#)�
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C:�$ � � �3
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R fyu4ajr OQP q�apo R ilk R fhd�r �
����� ���b� ������� �	�
�b��� � �	
+ �"���� �	�

�	���K�
� � �������Q��� �����Q�������@����� �K�?�"! �3���#�Q��� ���%$ ���'&	�?�Q�)(+*

>@fhk F2kxd�d ~ R�� k R ilkxq�GJgjr�f O fhknq ~ RD� k R i ~ q�u4a r�alknq�s fhd$u4alkL�
k ~ r�q PSR k R + ~ q�ilk R7OSPSR ~ R r�knq�d�u4a fhkxi � fhu4a k RV�q ~ mlm k R sVf r ~ R r�kxq$d�u4alfykxi � fhu4alk R F
k,r�a P ilk R i ~ q�u4a � k � z~ a q$r � >@fyk_K q � k 4 R fhd�d$k7d$u4alkxf R k R s fyr�kxf R o R �ilknq�g PSR d$fhd$r�k R ri� ~ d�kxf R � d P ipo��tfha R k R bDkxq$r�q�o ~ k R � ~ d�u4alk R gQk R fhd$r � E!
[k R fhd�r 4 fhd alk ~ r�kY� P 4 ilfyk P 4 k R
4 kxd�u4a q�fhk 4 k R k
>@fhd$g q$kxmpo R ��o ~ u4a � z~ q�d�u4a R k �h� k��Jk ~ r�q PSR k R 4 kxd�r�kxacr � >@fhkLd$u4a R k �h� k R �Jk ~ r�q PSR k R r�alkxqr�sVo � fyd�fhknq�k R R oQu4a2kxf R kxq � o � 4 +�kxq�r�d � zo R�� k OSPSR ~ R�� k � zoQalq7tYC1C8s f R C ~ � r��ld P ipo���o ~ u4a2ilknq 2 knq$rtilknqd�u4a R k �y� k R �
k ~ r�q PSR k R z~D4 knq�a zP acr�d$kxf R g zPSR R r�k � K d�d$kxf o R ilfykxd$kxq . r�k �h� k7ipo|q�o ~ � alf R�� k"+tfhkxd$k R � ilo��
� z~ q�i fhk-> P d�fhd7ilkxq zv 4 knq � k 4 k R ilk R ilfhkVd�u4a R k �h� k R �Jk ~ r�q PSR k R fys bDknq �S� kxfyu4a � ~ ilk R r�alknq�s fhd�u4a k Rq�k � k O o R r�kxq�d�f R i � >�oQalkxq fyd$r kxd +tfhu4acr�f � ��o ~ u4a ilfhk/d�u4a R k �y� k R �Jk ~ r�q PSR k R ilfhq$kxgcr R oQu4a�� ~ +Lknfhd�k R"�>@kxqtknf R �nf � k�ilfyq�kngjr�k7�JoQu4a5+Lknfhd OSPSR d�u4a R k �h� k R �
k ~ r�q PSR k R knq � PS� � r�k-z~D4 knqJilfyk F
kxd$d ~ RD� k R OQPSR 8 @ A
� � .l� X � . ~ � � X � �piloQd�z~D4 knq
i fhk�Htk oQgcr�f PSR 8 @ .d: R � m E 8 @ A o R .eu4a5+Lk � k � kxq-�xk ~ � r{+ ~ q�ilk � >@fyk�H
kxoQgcr�f PQRapo|r:kxf R k�K R knq � fykxd�u4a5+�k �y� k OQPSR ~ R�� k � zoQalq t F
k�b : d�fykxalk_G 4�4 � � � X E � 8 @ A �xkxq � zo �h� r
sVf rJknf R knq � o � 4 �+�kxq$r�da�nkxfyr OQPSR �!E�� X M�o � k R � J fhq��10`� ~ R r�kxqtG ~ d�d$k R i ~ R�� knf R knd-, m �NM�kxf � u4alk R d�f R ilk R V�q ~ R i�� ~ d$r�o R i
OSPQR 8 @ . � 2 k � k R ilkxqLg ~ qa�xk R � o � 4 +�kxq�r�da�nkxf r OSPSR 8 @ A 4 � fhk 4 k R ilfhk@F
kxd$d ~ R�� k R ilkxq�knq�d�r�k R 2 P u4a k R
R oQu4a2ilknqJK e m �yP d�f PSR ilkxqtkxf R �xf � k��:o|u4an+�kxfyd OQPSR d$u4a R k �h� k R �
k ~ r�q PSR k R f R�� fyq P d$alfhsVo �
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G � d ADq P 4 k R sVo|r�knq�fho � ilfyk R r�k d�u4a5+�k � k � apo � r�f � kxq _ � k 4 d�r P 
i��sVf r�ilkxs i fhk _�kxq�o|sVfyg5� ?Nd PS� o|r P q�k R OQPSR
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M�k � k � q�o|mlalk R � kxf r ~ RD� k R 4 k � kxd�r�f � r\+LoQq$k R"� >@fyk , m �NM�kxf � u4alk R + ~ q$ilk R sVf r kxf R kxs C�o ~ q$fyra�xk R �BK � kngjr�q P �d�g P m R oQu4a � k"+tfhkxd$k R"� >@fhkxd$k_F
kxd$d ~ R�� k R + ~ q$ilk R d�kxa q � k R o ~ z~�4 kxq�o|q 4 kxfyr�knr ~ R i � fyk � knq R f R d 4 knd PSR �ilknq�k-f R ilkxq�� zoQalk-i kxd � bem P �nk R r�q ~ sVd +tfyu4acr�f � k�>�o|r�k R � ~ q zv 4 kxq$mlq z~ � ~ R�� ilkxq f R >/. ��0�i ~ q$u4a �
� k � z~ alq$r�k R Htkxu4a R ~ RD� k R"� . P fhd�r7ilfyk-o ~ d7ilfykxd�k R F
kxd$d ~ RD� k R o 4 � kxd�u4a zo|r��,r�k/I P s 4 k R d$r zoQq�g|k-g PSR �d�fyd$r�k R r�s fyr o R ilkxq$k R G 4 d�u4a zo r�� ~ R�� k R;� >�oQd_K q � k 4 R fydc�i+tfykVknd_f R >/. ��0 O kxq zP|� � k R r � fhu4acr7fyd$rc�i�nkxf � rG 4D4 f � i ~ R�� � � E � >@knq v
R r�kxq � q ~ R i � z~ q�ilfyk-F
knd�d ~ R�� k R � o � 4 kxf X Y�C1C8ilm s : ilknu o b d7m kxq sVf R ~ r�k)EoQs � b m P �xk R r�q ~ s � >@fhknd�k
F
knd�d ~ R�� k R d�f R i 4 knf � q P �Qk R K R r � kxq R ~ R�� k R � 4 kxfli k R k R ilfykt>@fhd�gjq$kxmpo R �
� z~ q�r�alkxq$sVfyd�u4alk �Jk ~ r�q PSR k R 4 kxd$r�kxacr�� +�k � k R ilknq � q P �Qk R�J kxa � kxq R fyu4ajr
s kxalq
o ~ d�d�o � kxgjq zo � r�f � �
>@kxq@F
kc�Qm ~ R gcr 4 kxf �|CS�1C8s&d$r�k �y� rJf R I�kc� ~ � o ~ � ilk RTJ kxa � kxq:knf R k G ~ d R oQa sVk�iloQqc� kxq �nkxf � r@o 4 knq
� knq�oQilk/ilfyk � ~ kxqH+�oQq�r�k R ilk
KDq$a zP a ~ R�� � [ ~ q�I�k�+�kxq$r ~ R�� ilfhknd�kxdVF
k��Sm ~ R gjr�kxd � H P kx�4YM��I�o R i t �
.eknfyr�k tY010 �B� �tg PSRlR r�k_f R i kxq
C fyr�knq�o|r ~ q�gQknf R k�G ~ d�d�o � k � k � ~ R ilk R +Lknq�ilk R"�
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Abstand vom Hypozentrum [m]

Rechnung DS86
Messung
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G ~ d ilk R P 4 k R%� k R o R R r�k R V�q z~ R i k R 4 knd$r�kxacrDalk ~ r�� ~ r4o � k�knf R%� q P �Sknd8? R r�kxq$kxd$d�ktipoQq�o R �Silfyk J�� ~ k R ��8ilknq
d$u4a R k �h� k R �
k ~ r�q PSR k R
OQPSRQ� fhq P d�a fhsVoZ� ~ sVknd�d$k R"�
K f R k d�b d$r�kns o r�fhd$u4alks. ~ u4alk � F�. �10	�8kxq � o 4 d�kxu4a d_s�zP1�S� fhu4alk7� ~ g � fyilk3: d�fhknalk M3o 4 � � � t1E"�;ilfhk i ~ q�u4ad�u4a R k �y� k��
k ~ r�q PSR k R kxq-�xk ~ � r + ~ q�i k R ~ R i fys ADq$f R �nfhm�a k ~ r�k RlP u4a sVk�� 4 oQq3d�kxf R d PQ�h� r�k R"� _�q�f r�kxq$fhk Rilfykxd�knq{. ~ u4alk/+�o|q�k R &
��� I _ BCQ9G��z{���} >j~9Km:S>(@�B/K JDB _ >l02aLQ9BCQ�� _ ��� _ Q`@�@�B/0��FBC:S>z>jf
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Htk oQgcr�f PSR � <?>A@ ��� � 4 oQq R �
8 % _ : R � m Er8 % G:q t�0S� o CD� X Y
698GF ~ : R � m EH698,�Jf �)C1CD� ��o CD� � X% 84� 4 : R � t R E %9@ � 4 X � E1Y oh��C��lo CD� �!E%9@ F P : R � m E %9@ � 4 X � E1Y oh��C��lo CD� �S�<yfa< K ~ : R � t R E <yf9x K ~ X � � � o CD� � X@9x�% ILfA: R � t R E @9x�� ILf X � 0S�Doh��C f o �1� 0 �

M3o 4 k �h� kJ� � t & ! R, ��Oq$ (*� � J��I4>EP�?$0,PLN�"L 2 R.M! �"$�LN� !��*&*&6. L�� :M�*&	&)(*�MLN�"O�O'�"L � �6.M�y!-,PLN�"L�� .5&*&)�*& $�L
	 $�!9,)&*�M$�# 4 ) ��� $'&"� :L4P& ! 4
>1$�#7. # :M�*& �3$�!9E>.ML��P&/.'. �"!�&)(*�ML $��y�r�*&	$�# � �"!��"$ (*�
� $ E5� �
	�$ � !�� �&� 6 4 .5& �2!�� � ��� )

� �3b
� � <?>A@ �<��C % b �
� 2 fyq�g ~ R�� d ] ~ kxq$d�u4a R f r�r���� CD� C � 4 oQq R fys K R kxq � fhknf R r�knq O o �y�[OSPQR � g|k�b 4 fhd��)CDF2k�b �
� .eu4a5+�k �y� k R k R knq � fyk_ilknq
H
kxoQgcr�f PQR 4 kxf ~ R�� k � zoQalq���F
k�b �

b PSR ilk R d�knu4ald2?Nd P r P m[k R o ~ d/M�o 4 k �y� k � � t fhd�r 4 knd PSR i kxq�d2ipoQd2H
oQilf PSR ~ g � fhi 698 �Jf ~ R r�knq2o R ilkG�q�kns ilknd�apo � 4 f R r�kxq�knd�d�o R r���ipo�oQs F z~ R u4a R kxq�M3o R ilkns � o 4 P q 4 kxq�knfyr�d � kc�nkxf � r + ~ q$ilk�� ipoY��sVf r�r�k � dILknd�u4a � k ~ R f � kxq$s o|d�d�k R d�m kxgcr�q P s knr�q�fhk : G@F�. � oQuxunk � kxq�o r P q�sVoQd�d�d�m kxu,r�q P sVk,r�q�b�E f R ilfykxd�kns F�oQdr�
d�k R 4 knq�kxfyu4a zo ~ �Sknq�d�r�kxs mD^ R i � fyu4a H
oQilf PQR ~ g � fhilk � knsVknd�d$k R +�kxq$ilk R g zPSRlR k R"� . P + ~ q$ilk � z~ q f�% �Jfkxf R k-�JoQu4a5+Lknfhd � q�k R �xk OSPQR f�% �Jf�h|�Jf`k �1oy�)CMm < 8 knq�q�knfhu4acr � _ J _��4Y9� � G ~ �Qkxq�i kxs + ~ q�ilk�f R C f O kxqr�s PeP q$k�ilfhk/A q P 4 k R o ~ � 4 kxq$kxf r ~ R�� d$r ~ ilfykxq$rc� ~ R i kndVg oQsv� ~ knf R knq bDkxq�knf R 4 oQq ~ R�� ��ilfhknd�k zo ~ �Sknq�d�rkxs mD^ R i � fyu4alk
F
kxd$d ~ R�� f R F z~ R u4a k R i ~ q�u4a�� ~ � z~ alq$k R"� K f R +�kxf r�knq�kxq b P q�r�kxf �LOSPQR 698��
f�fhd$rc��ilo��
ipoQdJM�o|q � k,r�sVo|r�knq�f o � _ ~ m � kxqJkxf RQ� k 4 q zo ~ u4a � fhu4a kxd�F
o|r�knq�f o � fyd$rc� iloQd 4 kxfyd�mlfyk � dH+Lknfhd$k 4 kxf3H
k � k R q$f R �
R k R P ilkxq�I � fyra� o 4 � kxf r�knq R O kxq-+�k R ilknrs+tfhq�i � . P k e fhd�r�fhknq�k R O fyk � k � kxkxf �SR k,r�k2A q P 4 k R : d$fhknalk2o ~ u4aG 4 d�u4a R f r�rJ� � � � � E �i2 knfyr�knq�alf R d�f R i�. r zP q�q$k oQgcr�f PSR k R o R o R ilknq�k R M3oQq � knr�fhd P r P m k R o � dw698GF ~ � ~ O kxqr�
R oQu4a � zoQd$d�f � k R"� >@fykxd:g o R R s o R f R G 4�4 f � i ~ R�� � � � �;knf R kns)G ~ d�d$u4a R fyr$r o ~ d@i kxq�� ~ g � fhi g|o|q$r�kY� � ~ rkxq$gQk RlR k R;� K f R k R s zP1�Q� fhu4a k R ILknfyr�q�o � g zPSRlR r�k_ilfyk�Htk oQgcr�f PSR 6 @ �JfA: R���� �S#NEH698��
f � fyk � kxq R"� >@kxq��Jfhu4g|k � �
� knapo � r�fhs _ ~ m � kxqLs ~ ��o � d P � k R z~ � k R i � kxq�f R�� d�kxf R : >@fyd�g ~ d$d�f PQR ilkxd�kxq � o ~�4 r�k R �Jfhu4g|k � � kxapo � r�kndLf RG 4 d�u4a R f r�r_� � � � � E � 698 �Jf�fyd$r:ilkxd$apo � 4 d$kxalq � ~ r � knkxf �QR knrc�;ilk R�J3� ~ �Vilkxq@d$u4a R k �h� k R �Jk ~ r�q PQR k R ilknq
� fyq P d$alfhsVoP�NI P s 4 k{� ~34 knd$r�fysVs k R;� 2 k RlR s o R ilk R �Jk ~ r�q PQR k R�� ~ ��� +tfhk�knq�f R >/. �10 o R�� k � k 4 k Rfhd�r�� O kxqH+Lk R ilknrc�3knq�a zo � r�sVo R o � d@G 4 d�u4a zo|ra� ~ RD� f R ilkxq�� zoQalk�ilknd � b m P �xk R r�q ~ s d � �QX�� � � Y/oe��C��
698��Jfq�NG�r P s k)h � F ~ : d$fhknalk�M�o 4 � � � �)E �
� � 56'��M��#7� . = ��HKJ���# �� 	 �10 @)�?������� 0-��@�# = � � +-#,.S��� � �10-����*$*

>@fhkD?Nilknk�ilknq F
knd�d ~ R��@OSPSR 698 �JfM� ~ s �:o|u4an+�kxfyd8d�u4a R k �y� kxq��Jk ~ r�q PSR k R f RZ� fhq P d�alfys o|mlq P 4 k R + ~ q$ilkkxq$d$r�s o � d OSPSR .ealf 4 o|r4o knr�o � � � .e?H. � � E	� O knq zP 
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Co 63Co 60

m
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Ni Ni 65
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271,79 d

63,546

Cu

4

Zn 64Zn 63

7,4 10 a

Co 62

Zn 66

Co 61Co 58

27,93,1038,1 m

m

2,52 h

69,17

Zn 64

23 m

271,79 d
m

1,5141,65 h 271,79 d

5,1 m

Cu 60

26,22368,077

Ni 58

Cu 62

244,3 d

Co 60Co 59Co 56

Ni 61

9,74 m

100 a

Cu 66Cu 63

Ni 62

1,140

5,272

82 s 12,700 h

Cu 64
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Ni 63Ni 60

Cu 61Cu 59

77,26 d
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Cu 65

0,926

Ni 64

30,83

Co 57
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> ~ q$u4a�i fhk 2 kxu4ald$k � +tfyq�g ~ R�� ilknd ? PQR k R d�r�q�oQa � knd�sVf r�ilkxsWV oQd%: �{@)��>@q ~ u4g 4 kxf 698��
f �BF
kxd$d ~ RD� k REY�908s 4 oQq�E�f R i kxq�F
o �SR k,r�g oQs sVknqZ: HJo|ilf ~ d{CD� �1C8spE�d�r�k �h� r
d$fhu4a � z~ q
?Nd P 4 oQq�k_kxf R
OSPQR ilkxq{_�kxq Rl� oP�i ~ RD� da�xoQa � ��� o 4 a�zo R�� f � knq s fyr$r � kxq�knq�C�oQi ~ RD� da� ~ d$r�o R i U"�knf R"� . o bSkxq � o R i kxf R k�d�kxs fhknsVm fhq�fyd�u4alk
JpP q�s k � � ilfyk�ipoQd;bDkxq$apo � r�k R fys bDkxq �S� knfhu4a3� ~ ilk R k e m kxq$fhs k R r�k �h� k R >�o|r�k R oQs 4 kxd�r�k R 4 knd�u4alq$kxf 4 r� . o b Y Y`� �

U"/B��	�3o�
l� � ��� CS� o{k e m�
 � �1C��y��� m x�� f9x 6� ��� ��� x�� %�% 6���� � :?t � �)E

>�oQi ~ q�u4a�knq � f 4 r�d�fhu4a � z~ q3i fhk ?Nd P 4 o|q�k 698 F ~�~ R i 698 �Jf 4 knf knf R knq�K R knq � fyk OQPSR �{�c� F2k�b kxf R sVf r�r � kxq$kxqC�oQi ~ RD� da� ~ d$r�o R i U" OSPSR �{� � X 4 ��+ � �{�D� � � ? R G 4�4 f � i ~ R�� t � t fhd�r�ilfykJs fyr$r � kxq�ktsVo �SR k,r�fyd�u4alk . r�knf ^ � �gQknfyr � k � k R ilfhk�K R knq � fyk�o ~ �S� k,r�q�o � k R;� F
o R d$fhknajrti k R v
R r�kxq$d�u4alfykxi�+Lk � k R ilkxd ~ R r�knq�d�u4a fhkxi � fhu4a k RU" ~ R i
i fhk�K R knq � fyk o 4 a zo R�� f � gQknfyr � >@fhk�F2kxd�d ~ R�� k R f R ilfhknd�kxqt>@fym �hP s oQq 4 knfyr + ~ q$ilk R 4 knf K R kxq � fhk Rilknq
? PQR k R/OSPSR �{�5t F2k�b ���{�Q�DF
k�bZ� �{�10DF
k"b ~ R i �TY X F
k�b i ~ q�u4a � k � z~ alq�r �
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G 4D4 f � i ~ R�� t � t<& � $ �{#%$��y�?O'�"!��"L3# 4 ��LN�"�y$'&)(*� �"L � �9�"$ � �>E5�"$��9�"L�2 R. ! , * �=$��	. L�: , *3. . �9: ,PLN�"L�
 :�$ �7&"$ (*�
4 .5&	8 ,P!G#p�"O � ) $3�"! �M�'8"�"L�
 �M���M�"L :�$ � 4 !9,����-EP�?$�O'�"LN�"! ��$ � 4 .A2��M�"�y!I4 �M�"L )

> ~ q$u4a G Rl� k � k R kxf R kxd-F�o �SR k,r � k � ilknd-fhd�r-kxd R ~ R s zP��S� fyu4ad� 4 kxfhi k C�oQi ~ RD� da� ~ d$r zo R ilk zP q�r � fhu4a � ~r�q$k RlR k R"� >�o ilfhk/I�f � i ~ R�� kxf R kxd�s fyr$r � knq�k R C�oQi ~ R�� da� ~ d$r4o R ilkxd U" kxf R d�r4o|r�fhd�r�fhd$u4alkxq�A q P �xk�� fyd$r��s ~ ��i kxq@s fyr$r � knq�k7C�o|i ~ R�� d-� ~ d�r4o R i U"�� ilkxd�knf R �nk �yR k R ? PSR d R fhu4acr � k R o ~ sVf r U"Vilkxq�C�oQi ~ R�� d O kxqr�r�knf � ~ R�� z~�4 knq�knf R d�r�fhs s k R"� >@fhknd � z~ a q$r � ~ kxf R kxq7bDkxq 4 q�knfyr�knq ~ RD� ilkxd:? PSR k R d$r�q�oQa � kxd@f R�e �BHtfhu4acr ~ R��: d$k R gjq$kxu4acr � ~ ilk R F�o �SR knr � k � i � f R fhk R E � G ~ �Sknq�ilkns +�kxq$ilk R ilfhk
? PSR k R i ~ q�u4a . r zP �Sk s fyrVilkxsV�oQd � knd$r�q�k ~ r�:SbDknq 4 q$kxfyr�kxq ~ R�� f R e � ~ R i b5� H
fyu4ajr ~ R�� E � ? R d � kxd�oQs7r�knq � f 4 rVd�fhu4a 4 kxd PSR ilknq�d�f R
e �BHtfhu4acr ~ R�� knf R kXbDknq 4 q$kxfyr�kxq ~ R��l� > ~ q�u4a�E@m r�fysVfykxq ~ R�� ilknd=V�oQd$ilq ~ u4g|kxd@s ~ ��kxf R E@m r�fys ~ s ��+tf��
d�u4a k R .jr4o|r�fhd$r�fhg ~ R i
ILq�knfyr�k � k � ~ R i k R +�kxq$ilk R;�
� � 56'��M��#7� #$� ��#7�)�10 % = �(#$���W+-# = �(� �W����� ��0

K f R k�? PSR fyd�o|r�f PSR d�g oQs sVknq-fhd�r
m q�f R �xfhm fhk �y� kxf R s fyrQV�oQd � k � z~ �h� r�kxq2A � o r�r�k R g PQR ilk R d�o|r P q � > ~ q$u4a. r zP �Sk�ilknq�ADq PPR kxgcr�f � f PSR k R sVf r�ilk R V oQd�o|r P sVk R +Lknq�ilk R}� q$kxfhk/C�oQi ~ R�� d�r�q zo � kxq�knqa�nk ~ � rc��i fhk � ~ qG R P ilk : K � kxgcr�q PSR k R E P ilknq,_�o|r�a P ilk : ? PSR k R E o 4 � knd�o ~ � r +Lknq�ilk R"� > ~ q�u4aVkxf R J q�fyd�u4a � fyr�r�kxq +�kxq$ilk Rilfyk�.ef �SR o � k ~ R o 4 a zo R�� f � OSP s K R r�d�r�kna ~ R�� d P q$r � �:o|u4a}i kxs � o|d � k � z~ �h� r�k R F
o �SR k,r�k R +tfhq$i kxf R k
J q�fyd�u4a � f r�r�kxq�f PSR fyd�o|r�f PSR d$g oQsVs kxq O knq-+�k R i knr��;ilkxq$k R G RlP i k Rl� kxfyr�kxq$m � o|r$r�ks: d$fhknalk_G 4�4 � t � X E�f R/� z~ R �K R kxq � fhk O knq � ~ d$r�d�r�q$kxf � k R � � < � � ��f o ~ �S� k,r�kxf � r_fhd�r � >@kxq_kxq�d�r�k ~ R i}i kxq�ilq$fyr$r�k�K R knq � fyk O knq � ~ d$rH�d$r�q�knf � k R d$f R iwilfho �SPSR o �i� k,r�knf � rc� ~ s o ~ d�ilknq E�q�r�d$sVknd�d ~ R�� knf R k a P q�f � PSR r4o � k 2 f R gQk � f R � P q�sVo|r�f PSR� ~ kxq$apo � r�k R;� G ~ dtilkxq=[;kxf r�ilf�
;knq�k R �X��+tfhd$u4alk R	� ��@ ~ R i � � �=+tfyq�i/ilkxqtb5� 2 f R gQk � kxq�alo � r�k R : ILkG�
d�u4a q�kxf 4l~ R�� f R � _ R f ��0`�jE � >@knq : ilf�
;knq�k R r�fhk �h� k�EJK R knq � fyk O knq � ~ d$r ipK h|i e fhd�r�mlq P m P q�r�f PQR o � � ~ U" @ � d P
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ipo�� ilfhk_?Nd P 4 o|q�k ~ R r�kxq$d�u4alfykxi � fhu4alk .ef �SR o � k�f R ilk R kxf R �xk �hR k R G RlP ilk R d$r�q�kxf � k R knqa�xk ~ � k R"� ?Nd P r P m k
~ R r�knq�d$u4alkxfyilk R d�fyu4a 4 knf �S� kxfyu4alkxqJs o �QR knr�fhd�u4a kxqX.jr�kxf�^ � g|kxfyr:i ~ q$u4a fhalq$k�K R kxq � fhk ~ R i knqa�xk ~ � k R d Pkxf R ~ R r�kxq$d�u4alfykxi � fhu4alknd;.ef �SR o � � GJs<H
knu4a R knq,+�kxq�i k R J k R d$r�kxq 4 kxi f R�� ~ R�� k R o ~ � ilfhktkxf R �xk �hR k R � � �
� knd�knra�nr ~ R i2d P ilfhk . m[kngjr�q�k R � k"+ PSR R k R : d�fykxalk _�oQmlf r�k � EnE �

E1r E1l

E2l

E3lE3r

E4

E5

E2r

G 4D4 f � i ~ R�� t � X & O=LD&"$ (*�M� :M�"! O=L ,':M�"L O'�"$��9�"!�5 O 4��y�9� 0�$(
 � o�$ ��� #%# @ 
 :M�"!)� �y!
4P�MO EL,P#%#%� H ,PL1, 8"�"L�2 )
:G# L ,P!G# 4�O'�"L � �"�y!G$ �'8 &"$�L�: :�$ � �,LN�"! ��$ �6H��"!"O/.5&"��&)�-EP�3,P!��"L � �7@��P. L�: � �7@�� E>. !��#�
�M�*&)(*�MO ,)&*&)�"L ) �\# :�$ ���`LN�"! ��$ �6H��"!GO/.5&"�S&)�-EP��,P!��"L�$'&"�`�"$�L & ,��M�"L�4�L L �9�"!��K.�4�!
:��0J�$�L�� 

:M�"! 4 .62 O=L ,':M�"L 5�,P�9�"L �y$N4�O Oq$ ����� ) � 4L: . !�(*� B $�!
: H��"!��M$�L�:M�"!"� 
 :L4��	� 4L: .ML��M�"L : . !�(*�
� !G$ �*(*�5&"�y! R,P#p� 4L8 �`$ �2� �"L E R,PL LN�"L �2�	8�� �=< � )

v s � z~ q i fhk�a P u4ald�k R d�f 4 � k F
kxd$d ~ RD� fhs I�kxq�knfhu4a ilkxd_a P s P1� k R k R F�o �SR k,r � k � ilknd � ~ d�knf R �|+ ~ q$ilkipoQd:K f R r�q$fyr�r�d � k R d$r�kxq@f R ilk R >@knr�kngcr P qJi ~ u4a�I � k R ilk R�O knq�g � knf R knq$r � KDd � k � o R�� k R d P +�k R f � knq:?Nd P �
4 oQq$k f R ilk R >@k,r�kngjr P qc��d P ipo���ilfhkp[ zoQa � q�o|r�kVq$kxi ~ �nfhknq$r +tfyq�i � KDf R k s P ilkxq�o|r�k [ zoQa � q�o|r�k�fyd$r � z~ qilfyk F
kxd$d ~ R�� kxf R k R r�d�u4a kxfhi k R ilknd%_�q�f r�kxq$f ~ s��"ipo�sVo RwR fhu4acr�i ~ q�u4a i k R s zP1�Q� fhu4a k R ? PSR k R d$r�q P silknq�? PSR k R�] ~ k �y� k�� d PSR i kxq R i ~ q�u4a/ilfhk:a P alk [ zoQa � q�o r�k 4 k � q�k R �nrtfyd$r � . P s fyr�sVoQu4acr�knf R � o|d � k � z~ �h� r�kxqF�o �QR knr ilfyk � z~ q 698 �
f �BF
kxd$d ~ RD� k R s fyr�ILkxd$u4a � k ~ R f � kxq�sVoQd$d�k R d�m kxgcr�q P sVk,r�q$fhk kxq � P q�ilknq � fyu4alk �:oQu4aM�+�kxfhd$kxs mD^ R i � fhu4a gQkxf r
kxq�d�r
s zP1�Q� fhu4a �
>@fhk
?Nd P 4 oQq�k R ~ R r�kxq$ilq|z~ u4g ~ R�� 4 kxf;i kxqtF
knd�d ~ R�� OSPSR 698 �
f;d PS�h� r�k
fhs �S� knfhu4alk R ILknq�kxfyu4a +tfhk � z~ q f�% �Jf
� fyk � k R"� > P q�r%+ ~ q�i k
knf R k v
R r�kxq$ilq|z~ u4g ~ RD� ~ s ilk R J oQgcr P q��)C � kxq$q�kxfyu4acr � _ R f �10n� _ J _��4Y9� � ? Rilfykxd�knqtG:q 4 kxf r;+ ~ q�i k i fhkxd$k vJR r�knq�ilq|z~ u4g ~ R�� d P1� oQq RlP u4a O kxq � q{zP �Qkxq$rZ: d�fhknalk�G 4 d$u4a R f r�r E � t1E �
����� 
 � �$� ��� � � � � �
��
��� ��b��� � �$���D�(� 
 ��"��

698��Jf + ~ q$ilk
f Rs� fhq P d�a fhsVo�f R sVoQd$d�f O kxs _ ~ m � knq z~D4 knq�ilfyk
H
kxoQgcr�f PQR 698"F ~ : R � m EH698��JfXf R knf R knq,_ ~ mM�
� kxq$s o r�q�f e kxqa�nk ~ � r : d�fykxalk:G 4 d$u4a R fyr$rJ� � � E � >�oQdL?Nd P 4 o|qw698"F ~ : R o|r z~ q � fhu4alk � zo ~ ^ � gQknfyr70S��� E�fyd$r`� ~G Re� o R�� R k R oQu4a}ADq P 4 k ��� ���{��V�q zP �Qk RlP q$i R ~ R�� k R a zo ~ ^ � kxq � > ~ q�u4a u4alknsVfyd�u4alk bDknq � oQa q�k R s ~ �_ ~ m � knq8o ~ d�ilkxq A q P 4 k�k R r � knq R r +�kxq�i k R �1+ P 4 kxf i fhk;V�q�k R �xk R ilkxq FLalkxs fhk 4 knf knf R f � k R mlm 4 _ ~ m � knq
� fyk � k R"� >@fhknd k R r�d$mlq�fyu4ajr3kxf R kxqlbDknq�q�f R�� knq ~ R�� ilkndz_ ~ m � kxq�o R r�kxf � d ~ s unfhq$g|o;�nkxa R V�q zP �Sk RlP q�i R ~ R�� k R;�G R d�u4a � fhkc�Qk R i�s ~ ��ilfyk�A q P 4 k � ~ q F
knd�d ~ R���R P u4a�f R ilk R A q P 4 k R apo � r�knq z~�4 knq � z~ a q$r/+Lknq�ilk R"� ? R
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kontrollierte Spannung (bzw. Strom)

AnodeKathode

(Lösung)
Elektrolyt

2+Cu

2+Ni

G 4D4 f � i ~ R�� t � E�& 4 !G$�L��c$ 5 :M�"! �,O'�-EP�?!9,PO��)&)� 0��`O'�-EP�y!9,)(*� �"#%$ ��2
� .M!�(*� O=L O'���M�"L �"$�LN�*& 4 ,P�9�"L �y$N4�O & 0 � �"!"� � � � 
 ' � � ��2 O R,)&"�,&"$ (*� :�$ � � . 5 2��"!
4�L ,':M�
4 .A2 
 . . � � �9: ,PLN�"L B	4�L�:M�"!GL �'. !�� 4��S��,':M� . L�:7B`�"!
:M�"L3!*�I: . �c$ �"!G� 
 B R4P�M!��"L�: �=$ � � �
: ,PLN�"L $�L :M�"! �7R,)&6. L�� H��"! 8cO'�"$N8"�"L )

kxf R kxq�? PSR k R�] ~ k �y� k=+tfyq�i ilo RlR o ~ dLilkxqLADq P 4 k@ilkxqw. r�q�oQa � o ~ d R k � o|r�f O k R ? PSR k R kxq-�xk ~ � r � >@fyk:A q P �
4 k R o ~ � 4 knq�kxf r ~ RD� +tfhq$i�f R C f O knq�s PeP q�k�i ~ q$u4a � k � z~ alq$rc�"ilkxd$apo � 4 +tfhq$i�alfykxq R ~ q:g ~ qa�7ilfhk7F
knr�a P ilk
4 kxd�u4a q�fhk 4 k R"�
�K���K�
� � �'& � ����*7�(� � ���������=�Q���

G ~ �S� q ~ R i i kxd ~ R r�knq�d�u4a fhkxi � fhu4a k R k � kngcr�q P u4alknsVfyd�u4alk R A P r�k R r�f o � d OSPQR F ~ @ � h1F ~ x : � x B��XC �QX X Y��%�
� �JPS� �c�9�jE ~ R i �Jf @ � hQ�Jf x : � x B � C � tQ��C�� � � �
PS� �S�9�jE�fyd$r�knd_s zP1�S� fhu4ad�"s fyr$r�k � d�K � kngcr�q PQ� b d�k : d$fhkxa k
G 4D4 � t � E5E i fhk 4 knfhilk R F2knr4o �h� k3� ~ r�q�k R R k R"� > ~ q�u4a G Rl� k � k R kxf R kxqs.emlo RlR ~ R�� +tfhq�i}ilfykQ_ ~ mM�
� kxq$mlq P 4 ku: G RlP i k)E d P +tfhk
ipoQd ipoQq�f R k R r�apo � r�k R k��
fhu4g|k �
P)e fyilfhknq$r � >�o 4 knf � kxalk R 4 kxfyilk F2knr4o �h� ko � d �"+Lknf +�kxq�r�f � k-F
k,r4o �y� f PSR k R f R C zP d ~ R��l� G R i kxq�k 2 knq$r�f � g|kxfyr�k R d�f R i f R d$r�o 4 f � ~ R i g P s sVk R f R+ zoQd$d�q�f � kxq�C zP d ~ R�� R fhu4acr OSP qc�po ~ u4a�698��
f � fhk � rLf R ilkxqw_ ~ m � kxq$s o|r�q�f e �"+Lknf +�kxq�r�f ��OQP qc� +tfhk:f R M�kxd$rH�k e m kxq$fhs k R r�k R o|s C�C��:C � kc�nkxf � r + ~ q�i k � F � F � �4YQo9� � G ~ �S� q ~ R iwilknd�kxi � kxq�k R FLapoQq�o|gjr�kxq$d OQPSR_ ~ m � knq � zoY�Qr7d$fhu4a i fhkVK � kxgcr�q PS� b d$kxd�mlo RlR ~ R�� d P + zoQa � k R �8ipoY� R ~ q%F ~ @ � � ? PSR k R o R ilknq _�o|r�a P i kd�k � kngjr�f O � ~ k � kxs k R r4oQq$kxs F ~ q$kxi ~ �xfhknq$r +Lknq�ilk R �;+ zoQalq$k R i i fhk
�Jf @ � �N? PSR k R :S698��Jf ~ R i .em ~ q$k R
R o|rQz~ q � fhu4alk R �Jfyu4gQk � d*E ~ RjO kxq zo R ilknq$r2f R C zP d ~ R�� 4 � kxf 4 k R;� v s i fhk 4 k R zP r�f � r�k A q P 4 k R s k R�� k � ~kxq$apo � r�k R �3g o RlR o � d M�q{zo � knq�d ~�4 d$r�o R �
� s � d$r�o 4 f � kxd �Jfyu4gQk � � ~ � k � k 4 k R +�kxq$ilk R : d�fhknalk G 4 d$u4a R fyr$r� � � � t1E � . P 4 o � i knf R alf R q$kxfyu4alk R i kxq�M�kxf � i kxq%_ ~ m � knq�o R P ilkVf R C zP d ~ R�� � k � o R�� k R fhd$rc�i+tfyq�i ilfykxd$ki ~ q$u4a�knf R k�A � o r�f R k � kngcr�q P ilk@knq�d$knr��,r�� ~ s R ~ R ilfhk�C zP d ~ R���OSPSR _ ~ m � knq7� ~ q$kxf R f � k R"�
>@fhknd�knq A q P �nkc��q�kni ~ �nfhkxq�r ilk R _ ~ m � kxq � kxapo � r ~ s O fhk � k;V�q zP �Qk RlP q$i R ~ R�� k R � F � F � �4Y|o	� � � ~ R s ~ �ipoQd��Jf @ � �N? PSR o ~ � ilk R M�o|q � k,r�apo � r�knq � k 4 q�o|u4ajrz+Lknq�ilk R �1+ P 4 knf kxd�i P q$r8o � d J kxd�r�d$r P 
 OSP q � fhk � k R s ~ � �
�K���K��� � �'& � �����Q�	� &	�?� ���"&D�

_ ~ m � knq 4 k"^ R ilk,r/d�fhu4a f R .em ~ q$k R f R R oQalkc� ~ o �h� k R Htk o � k R �nfhk R ~ R i V�k � zo��Sk R;� >@knd�apo � 4 + ~ qr�ilk R ilfhk A q P 4 k R fhs sVknq7+tfykxilknq O knq ~ R q�kxf R f � r�� +�k R R d$fhk7f R ilk R M3oQq � knr�apo � r�kxq z~�4 knq � z~ a q$r +�kxq$ilk R� F � F � � Y 4 � � bDkxq$d�u4alfykxilk R kJF
knr�a P ilk R � z~ alq�r�k R � ~ kxf R kxs F ~ hQ�JfMbDkxq$a zo � r R fhd OSPSR ~ RD� k � zoQa q��)C m f �
v s ilfhk�A q P 4 k�f R ilk R A q P 4 k R apo � r�kxq;� ~ z~�4 knq � z~ a q�k R ~ R i3� ~ d zo|ra� � fhu4a RlP u4a�� ~ q$kxf R f � k R +tfhq$i�kxf R k
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� o 4 P q�r�knu4a R fhd$u4alkXb oQq�fho R r�k�ilknd@F PSR i � bDkxq � o|alq�k R d : d�fykxalk/� � I � � �JPS� �c�9�jE O knq-+�k R ilk,r � F � F � �4Y 4 � �
�Jf � E`F�E �� �
f9: F�E/E � ���)05t�ge�
>�o ilfykxd$kxq�A q P �xkc��d$kxalq�d$k � kxgcr�f O o ~ � �Jfhu4g|k � @ fyd$rc� +tfhq$i ilfyk�K � kngjr�q P u4alkxs fhk R ~ q RlP u4a O kxqH+Lk R ilk,r��
~ s ilk R � q zP �Qr�k R M�kxf � ilknd _ ~ m � kxq$d o 4 � ~ r�q$k RlR k R"� �JfA: F�E/E ��fyd$r7kxf R a P u4a � f � r�f � knd V�oQdc� iloQd � ~ �kxq$d$r f R d$m[k��xfhk �h� k R .eu4a q�fyr$r�k R � k 4 f � ilk,r ~ R i ipo R o|u4a sVf r�r�k � d�kxf R kxq V � oQd�g oQm f �h� oQq�k i fhq�kngcr o ~ � i k RA q P 4 k R apo � r�kxq � k � knfyr�k,rX+tfhq$iK: d�fykxalk�G 4D4 � t � �1E"�l+ P knd7o R ilknq t�C1C	�*F alkxf �Sk R E 4 knq � zoQu4a k +tfykxilknqilfyd�d P �xfhfykxq�r � F2fyr�i fhkxd$kxq�F
knr�a P i k=+ ~ q�i k R 4 kxf G�F�.n�BF
kxd$d ~ RD� k R oQs FLG�F�. F ~ hQ�Jf �AbDkxq$a zo � r R fyd�d�k
OSPQR 4 fyd � ~ t oy�)CMm � � F � F � �4Y 4 �pkxq$q�knfhu4acr � >@fykxd$kxq 2 kxq$r d$knr��,r�o �h� kxq�i f R�� d3kxf R k �S� knfhu4alktK q-�xk ~ � ~ R�� dr�k�� �nfhk R � � z~ q F ~ m � ~ R i �
f m � ? PSR k R2OSP q�o ~ d � ILknf O kxq$d�u4alfykxilk R k R ? PSR k R�] ~ k �y� k R ~ R i ILknilf RD� ~ R�� k Rf R ilk R ? PSR k R�] ~ k �y� k R g zPSRlR k R o 4 kxqDilfyk
G ~ d 4 k ~ r�k R d$u4a5+�o R gQk R;� >@knd�apo � 4 fyd$r ilfhknd�knq 2 kxq�r�s fyrDi k Ralfykxq � knsVknd�d�k R k R�2 knq$r�k R : d�fykxalk�G 4 d�u4a R f r�r�k X � t ~ R i X � 05E R ~ q 4 knilf R�� r O kxq �S� knfhu4a 4 oQq �

10 mm

Probenhalter, ca. 200°C

Glaskapillare
Gewindestift, V2A

Graphit

He +Ni(CO)
4

G 4D4 f � i ~ R�� t � �<& �d� �"!G#%$'&)(*� � � �"!�&)�"� �'.ML�� H ,PL � $"0 .�� 2�� $�# 4 !9, 8"�"LD��4�Oq�9�"! ) !�$�� 	 �"Oq$+.M# 4�O &
�D! R4 �M�"! �L4P& �M�"O 4�L������ $"0 .�� 2�� $�L :M�"L 4 !9, 8"�"LD��4�Oq�9�"! ) � ,P!G� �P�"!+2 R4�O�Oq� :�$ � � �"! 8c$�L/�
: .ML�� 4�L :M�"! � � � ��.T� �"$ � �"L�� 8"�"! � R4M(*� �K. L�: � $ &)(*�MO R4 ���N&"$ (*� 4�# �w!
465 �M$��|L $ �I:M�"! )4 !G$�L��c$ 5 4 .5& �2! 	�! � �=< 8�� )

2 fhu4acr�f � � z~ q:G�F�. fhd�r@ilfyk�K � �xfyk R � ilknd�u4alkxs fhd$u4alk R A q P �nkxd$d�kxd���ipo�A q P 4 k R sVo|r�kxq�fho � � 4 kxd PSR ilknq�d
4 kxf�A q P 4 k R o ~ d � fhq P d�alfys oD� d�kxa q{+�kxq$r OSPS�y� fyd$r � G:s C�C��:Cu+ ~ q$ilk7ilfyk_f R r�k � q�fhknq$r�k_K � �xfyk R �Y�;ipo|dA q P i ~ gcr o ~ dsFLalkxs fhkG� ~ R i ? PSR k RD] ~ k �h� k R k � �xfhk R ���`� ~ uxo � tN� 4 kxd�r�fhs s7r � F
uxG:�4Y`� � ? R ilfhknd�knq
G:q 4 knfyr + ~ q�ilk�fys#H
oQals k R knf R knq�G 4 d$u4a zo|ra� ~ R�� i ~ q$u4a �
k ~ r�q PSR k R oQgcr�f O fhknq ~ R�� d�o R o � b d�k�: �
G:G E
ilfyk�K � �nfhk R �_ilknd{F�oQq 4 PSR b � mlq P �xknd�d�knd=� ~
~ RD� k � zoQa q:�YC�� 4 knd$r�fhs s7r : d$fhknalk�G R apo R�� I;E �
ILknf�kxq$d$r�k R F
kxd$d ~ R�� k R o R A q P 4 k R OQP s C�C��:C + ~ q�i k fhs&? PSR k R d$r�q�oQa � kxf R a P alkxq _ ~ m � kxq ~ R r�kxqr�
� q ~ R i R oQu4a � k"+tfhknd�k R;� >�o/ilfhknd�kxq v
R r�kxq � q ~ R i o ~ d�ilknq�? PSR k RD] ~ k �h� k�d$r4o|sVs k R s ~ �Qr�k��l+tfhq$i�o ~ �ilfyk�KDq-�xk ~ � ~ R��VR k � o|r�f O kxqt? PSR k R d�r�q�o|a � k R
R zo|alkxqtkxf R�� k � o R�� k R"�

h	� _ E�\ BC0 �`:HIc@�B > &;1[02�FaLQ�3�IHB�Q _ 0 _ Qb>2B/0 B�
�>l02B/KmB/Q �eBj@�:=Q9Y _ Q`YLB/Q�f �]�eBC:HW�B/02Q9:HY�B &;1[02�	a�Q�3bI=B _ Q�>2B/02R`1[I=� k�aLQ
� +���BCIHk�:=Q�~�B/:=Q9W�B/02Q9:HY�B _ Q�>2B/02R`1[I=��kLa�Q ) +���BCIHk�:=Q T tDa�I�
���~	i�BC:S>2B ) �/��� ~ r Q9KmB/02W _ Q9Y() +XZ f
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>�o 4 kxf�kxq$d$r�k R F
kxd$d ~ R�� k R o R A q P 4 k R f R F z~ R u4a k R knf R a P a kxq _ ~ m � knq ~ R r�knq � q ~ R i � kxd�r � knd$r�k �h� r+ ~ q$ilk3: d$fhknalk�G 4 d�u4a R f r�r X � t1EG� +tfyq�i o ~ � ilfhk7KDq-�xk ~ � ~ R���R k � o|r�f O�� k � oQilk R kxq . r�q�oQa � k R R zo|alkxq@knf R �
� k � o R�� k R"� > ~ q$u4a .em ~ r$r�knq R kxf R kxd%F zoQd�f ~ s �r. r�q�oQa � kxd�o ~ � kxf R k � knd$r�k�E 4 kxq � zoQu4alk�g o R R ilfhkVG ~ dr�r�q$fyr$r�d�o|q 4 kxfyr
i ~ q�u4awILk � k � ~ R�� ilknq�E 4 kxq � zoQu4alk�d P +�kxf r�alknq�o 4 � kxd�k,r��,r +Lknq�ilk R �"ipoY��K � kxgcr�q PSR k R ilfykE 4 knq � zo|u4alk`� ~ d�oQs s k R sVf r�kxf R kxs �Jk ~ r�q�o � r�kxf � u4alk R O kxq � oQd�d$k R g zPSR R k R"� >@fhkxd$kxd3A q�f R �xfhm/+ ~ q$ilk OQPSRF
fyililk � r PSR 4 knf;? PSR k R�] ~ k �y� k R o R�� k"+Lk R ilknr ~ R i�ipo RlR +�kxf r�knq�k R r9+tfyu4gQk � r � F2fhip�5tM�lF
fyip� X ��_ . v �Q�	� �G ~ �S� q ~ R i}i kxq a P a k R K � �nfhk R �
o R R k � o r�f O k R ? PSR k R fyd$r i fhkxd$kxq ? PSR k R�] ~ k �h� k R rNbem . r4o R ipoQq$i 4 kxfG�F . �
�>06#$�)21#��
? R G 4�4 f � i ~ RD� X � � fhd$r�knf R .eu4a R f r�r3i ~ q�u4a7kxf R k�o|s M�o R ilkxs � o 4 P q � z~ q�G�F . O knq-+�k R i knr�k�? PQR k R�] ~ k �h� ks fyr�d$mla�zoQq$fhd�u4a kxs+? PSR fyd�o|r P q � k��xkxf � r �
G ~ d2knf R kns 4 kxalknf'�nr�k R H
knd�knq OSP fhq +tfhq$i F�zoQd$f ~ s ipoQs m � z~�4 kxq/kxf R i8z~ RlR knd�H P alq�i fhq�kngcr�o R i k R? PSR fyd�o|r P q3o ~ d�M3o R r4o � � k � knfyr�k,r � G R ilkxq3u o � �)C1C1C � F alkxf �Sk R E 4 kxq � zoQu4alkLg|o RlR F zoQd$f ~ s o � d3m P d$fyr�f O knd? PSR i kxd P q 4 fykxq�k R"� > ~ q�u4a�i fhk@o R�� k � k � r�k 08g5b .em ~ r�r�kxq�d$mpo RlR ~ RD� +tfyq�i-iloQd�FLd � � ? PSR o ~ � ilfhk:ADq P 4 kalf R 4 kxd$u4a � k ~ R f � r � > P q$r�d$m ~ r�r�kxq�r3knd R k ~ r�q�o � k G�r P s k P ilknq3F PS� kng z~ � kY� d P +tfhkDm P d�fyr�f O k ~ R i R k � o|r�f O k? PSR k R ~ R i}F PQ� kxg z~ � f PSR k R"� >@fyk R k � o|r�f O k R M�kxf � u4alk R +�kxq$ilk R i ~ q$u4a ilfhk .em ~ r$r�kxq$d�mpo RlR ~ R�� � ~ s? PSR fyd�o|r P q a f R 4 kxd$u4a � k ~ R f � r ~ R i]s fyrVkxf R kxq-K e r�q�oQgcr�f PSR d�d$mpo RlR ~ RD�}OQPSR tQ�8g5b o ~ d-i kxq3g ~ k �h� ko 4 � kxd�o ~ � r �
>@fhk�K � �xfyk R � ilknq_I�f � i ~ R���R k � o|r�f O knq ? PQR k R fhd$r OQPSR i k R g ~ k �h� k R mloQq�oQs knr�kxq R d$kxalq kxs mD^ R i � fyu4ao 4 a zo R�� f �l� .efyk�kxq$a zP acr d�fyu4a�� � I � 4 kxf � q zP �Sknq�knq�K � kxgcr�q PSR k R o�� R f r zo|r�ilknd�G�r P s kxd � G ~ �S� q ~ R i�ilknq
2 oQd�d$kxq�g z~ a � ~ R�� ilknd M3oQq � knr$r�q zo � kxq$d +tfhq�i knf R ktI�k � k � ~ R�� i kxqDA q P 4 k�s fyr8knf R knq FLdH�r.eu4alfhu4acr kxq$q�knfhu4acr
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CF 16 Flansch

IonisatorHitzeschild

Extraktionselektrode
(0 kV)

Bornitrid-Isolator

Cs-Zuführung

Isolator

Strahlformungselektrode

(-34 kV) (-28 kV)
Sputtertarget

Wassergekühlter
Targetträger

10 cm

zum Kückenventil

Hochvakuum,
zum 
Injektormagneten

G 4D4 f � i ~ R�� X � �@& 	 ,)(*�5&"�?!9,P#%$0,PLN�"L;.'. �"O�O'�/#%$�� &�5 �KR4�!G$'&)(*� �"#+: ,PL $'&'4���,P! )

~ R i iloQi ~ q$u4a ilfhk 2 oQa q�d�u4a kxf R � fhu4a gQkxf r � ~ q ILf � i ~ R�� kxf R kxd R k � o|r�f O k R ? PSR d8kxq$a zP acr � . P kxq � k 4 k R d�fyu4a
� z~ q��
fhu4g|k � f PSR k R K �s�nfhk R �xk R R k R oQu4aQV�k P s knr�q$fhk
ilkxd7F zo|d�f ~ sVd�r�q�o|a � knd ~ R i/ilkndtA q P 4 k R alo � r�kxq�dLfhsILknq�kxfyu4a �"�B��� � _ R f �1tM� _ P q�� YM� F
fyip�5t9� � G ~ �S� q ~ R i2ilknd
d$mla zoQq$fhd$u4alk R ? PQR fhd�o|r P q$d�d�m ~ r�r�knq$r
ilknq FLdr�. r�q�oQa �tR ~ qVo ~ � kxf R kxq J�� zo|u4alk OSPSR ~ R�� k � zo|alqst�sVs > ~ q�u4als kxd$d�kxq oQs A q P 4 k R s o|r�kxq$f o � � v q 4 �10D�_ . v �Q�	� � G R ilknq�k g ~ k �h� k R rNbem k R apo 4 k R ~ s V�q zP �Sk RlP q�i ~ R�� k R g � kxf R kxq$k@K � �xfyk R �nk R o R�R k � o|r�f O k R? PSR k R ~ R i
d$f R i2ilknd�apo � 4Q4 kxf +Lknq$r OQPS�h� k R A q P 4 k R2R ~ q 4 knilf R�� r � kxknf �SR k,r �
9 #:"G�?���!53'��W� +T��� @)��0 % = �)�?���O�)��*7*:�

>@fhk�? PSR k R�] ~ k �h� k fhd�r g � kxf R ~ R i g P sVmpo|gjrc��knq�s zP1�S� fyu4acr�kxf R k R d�u4a R k �h� k R �3kxf Re� oQu4alk R ADq P 4 k R +Lknu4a �d�k � z~�4 kxq�knf R _ z~ u4gQk RcO k R r�f � ~ R iwg o RlR o ~ u4a � knfhu4acr � knd zo ~D4 knq$rX+�kxq�i k R"� G �h� kxq�i f R�� dJk R r�a zo � r�ilfykxd$k
RlP q$s o � k-G@F�.n�Hg ~ k �h� k-s o|d�d�f O k�_ ~ m � knq$r�knf � k ~ R i}apo|r R ~ q�kxf R g � kxf R kxd b PS� ~ sVk R"� > ~ q$u4a knf R k R
� kng z~ a � r�k R .ekxf r�k R � o R d$u4aQ+ ~ q$ilk O kxq$d ~ u4acrc�[d�r zP q$k R ilknd:Htkxd�r � o|dJo R i kxq�g o � r�k R E 4 knq � zo|u4alk/� ~�4 f R �ilk R"� >@fhknd 4 q�oQu4acr�k-o 4 kxq�gQknf R k bDkxq 4 knd�d�knq ~ RD� ilkxd vJR r�knq � q ~ R ilknd � >@knd�apo � 4 + ~ q�ilkVkxf R kVo R ilkxq$k? PSR k R�] ~ k �y� k : d�fhknalktG 4�4 � X � EnE�sVf r8knf R kns�o R i kxq�k R _ PSR �xkxmer�knq�d�r�sVo � d8f R ILknr�q�fyk 4 � k R P sVs k R;� >@fhk
R k ~ k-? PSR k R�] ~ k �y� k +tfhq�i f R G 4 d�u4a R fyr$r X � E 4 kxapo R ilk � r � >�o2ilfhk V�k P s knr�q$fhk�ilknd .em ~ r$r�knq R d�� O fyk � k
2 kxq�gjd�r P 
[k ~ R i R zoQalknq ~ RD� d-+�kxfyd�k_o ~ u4a2ilfhk�K e r�q�oQgcr�f PSR d � k P s knr�q�fhk � z~ q 4 knfhilkXg ~ k �h� k R ilfyk �S� kxfhu4a kfhd�r���+ ~ q�ilk R i fhk�F2kxd�d ~ R�� k R s fyr3ilknq o � r�k R%�
P u4a d$r�q P s f PSR k R�] ~ k �y� k O kxqH+Lk R ilk,r�� ~ s knf R k;. b d$r�kns o �r�fyg�ilkxd _ ~ m � kxq ~ R r�kxq � q ~ R ilkxd=� ~ knq�gQk RlR k R"� . P 4 kc�nfhknalk R d$fhu4a i fhk � PS�'� k R ilk R 4 kxfhi k R G 4 d�u4a R fyr�r�ko ~ � ilfyk�o � r�k �JP u4ald$r�q P s f PSR k R�] ~ k �h� k �

 ��� � �$����
������	� � �$��� �  ���" ��"7
���� �$�
ILknf�ilkxs kxq�d�r�k R bDkxq$d ~ u4a}ilknq F2kxd�d ~ R���OSPSR 6984�Jf�knq � o 4 d$fhu4a kxf R d�kxa q a P alkxq v
R r�kxq � q ~ R i OQPSR698"F ~ fys ? PSR k R d$r�q�oQa � � ? R ilfhknd�kxs&G 4 d�u4a R fyr�r7+�kxq�i k R ilfyk_K q � k 4 R fhd�d$k7ilfykxd$kxq:F
kxd$d ~ R�� k RI� k��xkxf � r��
~ s iloQq�o ~ d
i fhk�C zP d ~ R�� d�o R d{zo|ra�xk � ~ kxq$gQk R R k R"�
2 fhk RlP u4a f R G 4 d�u4a R f r�r X � X � � 4 knd�u4alq$fhk 4 k R +tfyq�id��g oQs k R �"+LknfLGJq$r�k R OSPQR A q P 4 k R alo � r�kxq R � ~ sK f R d�o|r��Y� V�q�oQmlalf r�mlq P 4 k R apo � r�knqc� � P q$r4o R sVf r ��enene 4 kc�nkxfhu4a R knrc� ~ R i .ef � 4 knq�mlq P 4 k R apo � r�knqc� o����
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� k R o RlR r �
? R ilkxqtM3o 4 k �h� k X � ��fhd�rtkxf R zv 4 knq 4 � fhu4g z~�4 knqtilfhk � kxs kxd�d$k R k R .eu4a5+Lo R g ~ R�� k R ilknd=F ~ hQ�JfNbDknq�a zo � r-�
R fyd�d�knd � k��xkxf � r � >@fhk 2 knq$r�k@d�f R i R fyu4acr�o 4 d PS� ~ r�� ipo_ilfykJM�q�o R d�s fhd$d�f PQR : d$fhknalk:G 4 d�u4a R fyr�r E � � E R fyu4acrfhs s kxq�+tfhkxi kxq � k R o ~ � knmlq z~ � r=+ ~ q�ilk ~ R iwo ~ u4awilfhk�o 4 d PQ� ~ r�k R�2 kxq$r�k ilkxq O kxqH+Lk R ilknr�k R . r�q�oQa � �o 4 d$u4a5+ zoQu4alkxq kxf R k/H PS�h� kVd$mlfhk � k R < � I�kxf�knf R knq . r�q�oQa � �xkxf r�fys GJmlq�f � �xknf � r�k-ilfyk-d�o ~D4 knq�d$r�k2ADq P 4 kkxf R F ~ hQ�
f bDknq�a zo � r R fydLfys ILkxq$kxfhu4a ��CMm f � > P u4a-kxd;�nkxf � r�k R d�fhu4a � q P �Sk .eu4a5+�o R g ~ R�� k R
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