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~ � G Z T N J Za1 R G 3KR-0212L?Z H R �%G R J\J R%3¡g H R [vT Oa12L
R T R�O d 3!NMP9W#eNM3K^ G ^2R���O�e12�2RM�#k G RÚed PSR%O
_`1 J ^2R%3KkKR ~ R ��G R�W d 3K^¤"Æg G R�Ì]�'& G 3�k G R�Ã
3KR�OQ^ G R d L
^2R�OQR�opWK39R T s R%OakKR%3 [ NM3K3º�

¥o¦U§ Ng¨ ��¢ � ¡ ï � ï �ª© ï ¡ ï �}�+�«� ïG¬ ¢ � ¡ ï � À � À �
F;G R�Ã J R [YT Oa1M3KR�3KZ H R [YT OaR%3�sUR�Oak9R�3 N J Za1�k d OaopW íDN]O G N TcG 1M3'kKR�Z g HKd9J R�39Z T OQ12L
R�Z G 3ji
3KR�OQW!N J P�R G 3KR%Z P=R�Z TaG L
L T R%3 ~ R%OaR G opWKR�ZhN d _`^2R�3K1MLzL
R�3º� G 3�k9R�O x R�^2R JºG 3�gjopWKO GwTaT R�3
02123­$9�w�����
u ed OÄÃ J R [vT Oa123vqjÃ J R [YT Oa123�q�l�1 G 3 �%G kKR%3 � L
R�ZQZ d 3K^MR�3mZ T R%W Thd 39Z}R G 3�s R GIT R�OaR%Z�� [vJ R G 3KRfi
OaR�Z®�;OcN]3K^2R�39Z H R [YT OQ12LzR T R%O¯� [vJ R G 3KR°�;OcNM39^2R�� �%d O�íéR�OQ_ ed ^ d 3K^K��k!NMZ�N d _jR G 3KR�L Z H R ��G i
R J\J R�3���R%Z T R J\J PSR�_`R�Z TaG ^ T.G Z T�d 3Kk�k G OaR [YT NM3�k G R ^2OQ12�2R��;OaNM3K^2R NM3K^2R���NM3KZQopW T sUR�OQkKR�3[ N]3K3±�`Z����/P9Pº� À � À � d 3Kk ed P=R�OÄZ G R�L GwT R%0]N [vdKG R�O T s G OQkº� F;G R%ZaR%Z/g H R [vT Oa12L
R T R�O G Z T
P!N d ^ J R G opW L GIT kKR�OÄ^2OQ12�2R�3¤�;OcNM39^2RM�',QR%kK1�opWm3 d OÄR G 3 F O GITaT R J Za1
^2Oa12� d 39kmP=R�Z GwTc��T
k!NMWKR%Oh3 d OhÂ%$-î�R GwT R%OaZaopW J R G _`R�3º�

�/PKP GIJ k d 3K^ À � À ��F NMZ F 1 HKH R J 12OcN]3K^2R�39Z H R [YT OQ12LzR T R%O
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F;G R;^2OQ12�2R�3�íé12O T R GIJ R;k G R�ZQR�O}g H R [YT OQ12L
R T R%OÄZ G 39k �

² ^2Oa12�MR�O e�/ñS3 d 3K^2Zts G 3 [ R J �#³ N����µ´©02123�ÊP¶�P=R G kKR�O ^2Oa12�MR�3 d 3Kk ³ N���Êµ´ P=R G
kKR�O [vJ R G 3KR%3¤�;OaNM3K^2R]�

² ^ d9T R b L HKdKJ ZaN d ��e1MZ d 3K^ �6·#¸¸ ¹ $3�òÅ]´A�9P � s����P�k$°´ �hs NMZ R G 39R�O Ãé39R�Oa^ G R�i
N d � e12Z d 3K^-02123 R T s N �fq À ´ÎR%3 T Z H O G opW T �

² 3!NMWKR ��d ��$%$µ´ r}NMopWYs R G Zts NMW9OaZaopW9R G 3 J\G opW [ R GwT kKR%OÄZaR J R [YTcG R�O T R�3 Ã J R [vT Oa1239R�3º�
² ^ d9T R;�ER GwT N d �#e12Z d 39^�k d OQopW�k G R/Ã G ^2R�39ZaopW!N]_ T R�3�kKR%ZÄg �%G 3 TcGIJ\J N TcG 1M3KZakKR T R [vT 12OaZ%�

R/SyR�SUT º¼»½X¿¾¤^U»8À/WYX[Á¯Âe»½ÂeÃ�»ÄW#»8À/WYÁGX
F R%O
Ã J R [vT Oa1239R�3KkKR T R [vT 12OéPSR%Z T R�W T N d Z�R G 3KR%L [ R%^2R J _Qe12OaL G ^MR�3�V J R~! G ^ J NMZaO d L H _��]N d _
k9R�ZaZQR�3��;PSR%O���eNMopW9R Z G opW R G 3 V J NMZ TcG\[ Z ��G 3 TaG\J\J N T 1MOÅ�ùr/Ã7��$ À ��P=R ( 3Kk9R T � d 3Kk R G 39R�L
V
WK1 T 12L d9JITcGIHKJ\G R�O 0M12LÆ
DX HIÇ V À $ À $zkKR%O;u G OaLzNzV
W GIJ\G\H Z�� F;G R F;G o [ R�kKR%O�g �%G 3 TcGIJ iJ N TcG 123KZQZaopW G opW T ZaopW9O�eNM3 [YT kKR�3'3KNMopWYs R G ZaPKNMOaR%3ÚÃé39R�Oa^ G R�P=R�OQR G opW'R G 3º�Ky G O702R%OQ_ped ^MR�3�%d O��ER GIT ed PSR%O � s R G V J R~! G ^ J N]ZaO]ed L H _`R�L GIT R G 3KR�O���LzL���Ã ¦U§%È®É5Ê ¹ � n R�íc� d 3Kk
R G 3KR%O Â�L
LË�ùÃ ¦U§0È�É5Ê ¹ À n R�íc� k G o [ R%3 g ��G 3 TaG\JIJ N TaG 123KZQZaopW G opW T �vk G R?,QR%sUR GIJ Z G 3�kKR%O
u!R G 3KL
R�opW!N]3 G\[ sUR�O [ Z T N TQT}d 3KZaR%OaR�Z b 3KZ TaGITad9T R%Z}N]3K^2R%_`R%O TaG ^ T s d OQkKR�3E�
F R%O}g ��G 3 TaG\JIJ N T 12ODs G Oak�L GITaT R J Z R G 3KR�OÄ^2R%R G ^M3KR T R�3 �/N JwT R�O d 3K^
N d _.kKR�L�VéW91 T 12L dKJ iTaG\HKJIG R%O ( ! G R�O T ��s 12P=R G k G R%ZaR%O;k d OQopW�R G 39R�3IÌ=q n R T N J\J\� X J\G 39kKR�O7021M3�kKR�3'Z T e12OQR�3Kk9R�3n NM^23KR T _`R J kKR G 3Y� ed ZQZaR%3'kKR�Z/g H R [YT OQ12L
R T R%OaZ}NMPK^2R%ZaopW G OaL T s G Oakº�Kíé12OÄkKR%L+� d ZcN]L-i
L
R�3vP!N d kKR�Z F R T R [YT 12OQZ�s d Oak9R'k G R'� J NMZa1MPSR%O�� eNMopW9RmkKR%Z�V
WK1 T 1ML dKJITaG\HKJIG R%OaZ�L GIT
1 H9TcG ZaopWKR%L u!R TQT 02R%OaZaR%WKR�3E� d 39kÉkKR�Oìg �%G 3 TcGIJ\J N T 12O�L GIT R G 39R�O J R G opW T R�3 F OaR%W�P=R�i
sUR�^ d 3K^'N d _`^2R�ZQR Ta�%T � F N]k d OaopWÚs G OQk R G 3Ú1 H9TaG LzN J R%O/1 HjTcG ZQopWKR�O�l�123 T N [vT R%OaOaR G opW T �F;G R'g�opW!N JITad 3K^�_ped O�kKR%3Ag H NM3K3 d 39^2Z T R G\J R�O�k9R�Z n d9JITcGIHKJ\G R�OQZ-s G Oak L GIT � G\J _`R kKR%ZF N T R�3vP J N TaT R�Zd"ËV
W G �%$'& d 3Kk«kKR�L x N T kKR�OzÃ J R [vT Oa123 G\[ s R%O [ Z T N TaT�[ 123 ��G\H9G R�O T � F R�O
R%3 T Z H OaR�opW9R�3KkKR�gjopW!N JwTcHKJ NM3 G Z T�G 3Ú�/P9Pº�º� �w� ��d ZaR%WKR�3º�#|hL P=R G R G 3KR%O T X H9G ZaopW9R�3
íéR%OaZQ12Oa^ d 3K^2ZaZ H NM3K3 d 39^Ú0M123ªÍ�N ¬ À �ÆÂµÎ#Ï-��s NMZ�R G 3KR%L*g T OQ12L 02123¡o�N9��ÊK�òÅ�Lz�
R%3 T Z H O G opW T �DR G 3KR�^2O�e12� T L'e12^ J\G opW9R�g T NMP G\JIGIT eN T ^2R%^2R�3�
�R�L H R%OcN Tad OaR G 3Y��ed ZaZaR ��d W!N¼i
P=R�3E�]s d OQkKR k G R7gjopW!N JITcd 3K^�N d ZQZaopW JIG R%� J\G opW L GIT Â}y n R T N J\JÐ(!J L�s G kKR%OaZ T eNM3KkKR%3�OQR�N¼iJIG Z G R�O T � F R�O�g H NM393 d 3K^2Z T R GIJ R�O L d �'3K1�opW Z H R �%G R J\J NM3±��ZaR G 3KR%3Ä��V
WK1 T 12L dKJwTcG\H9J\G R%O
N]3K^2R H NM� T sUR�Oak9R�3º� F N k G R%ZaRÚÃ G 39Z T R J\JId 3K^ L GwT R G 3KR%O¤��Ñ ï Ã d Ã G opW#L d R J\J R�k d OaopW�i
^MR%_ ed WKO T s G Oakº��L d ��LzNM3 k9R�3 n d9JITcGIHKJ\G R�O 0M12O ed PSR%Oa^2R%WKR�3Kk�L GIT R G 3KR%L ^2R�R G ^239R T R%3�`k G o [ R�OQR�3��hg ��G 3 TcG\JIJ N T 12Oé02R�OQZaR%WKR�3º� d L�k G R;ÈKq9g T OaNMW JId 3K^�kKR T R [YTaG R�OQR�3 ��d [ e1M3K3KR�3E�
yðeN]WKOaR%3KkÚL�NM3'N d _DR G 3KR�LÒ��Z ��GIJ\J 1M^2OcN H WKR�3 k G R��}3K1�kKR�3KZ G ^23KN J R�PSR%12P!NMopW T R T �º0]N¼i
O G\G R�O T L�NM3�Z dK[v� R%ZaZ G 02R�k G R�P=R G kKR�3 Vµ1 T R�3 TaG 12L
R T R�O7kKR%O/g�opW!N JITad 3K^ d L�kKNMZ7^2O e1M� T i
L e12^ JIG opWKR/�/3K1�kKR�39Z G ^M3!N Jº�%d R%OaW!N JwT R%3º�
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��eN dY( ^ J N]ZaZaR%3�Z G opW�� d ZaZaNM^2R�3�ed PSR%OUk G R/l�R%Oa3KZ T O d9[vTad O R%OaZ T k d OQopW�ÈKqjl�1 G 3 �%G kKR%3 � i
LzR%ZaZ d 3K^2R�3ÖL�N]opWKR�3º�}Ã G 3A^2Oa1M�2R�O�íé12O T R GIJ kKR%OÕ�;OcN]3K^2R G Z T k G R d 3.ed P=R�O T OQ1MñER%3KR
Ãé39R�Oa^ G R�N d ��e12Z d 3K^ G L 3 G R�k9R�OaR%3KR�OQ^2R TaG ZQopWKR�3 ~ R�OQR G opWE�
kKR�O-Z G opW«^MR�OcN]kKR N d opW PSR G
Ã J R [YT OQ123�q9��NML
L�N�qjl�1 G 3 �%G kKR%3 � L
R�ZQZ d 39^2R�3�P=R � NMW JwT LzNMopW T �
� d k G R�ZQR�L*�Ss R%o [ 02R�Ot_fed ^2R%3�s G O G 3 ~ 12393§ed P=R�O�R G 3ìZ H R �%G R J\J R%Z���R%Z T R J\J L GIT 0 G R%O
o�12L H9T 1M3 d 3 T R�OQkKO]ed o [YT R�3���R�OQL�N]3 G\d L
kKR T R [YT 12OaR%3º��k!N]ZDeNMWK3 JIG opW;s G R
k G R [vJ R G 3KR?��OaNM3ji
^2R�k G opW T N]3 k!NMZ�^2OQ12�2R�g H R [vT Oa12L
R T R�O�^2R%ZaopWK1MPSR%3 sUR�OQkKR�3 [ NM3K3Ü��Z%���/P9Pº� À �ÆÂµ���F;G R�
 ed OUkKR�OD^2Oa1M�2R�3£��OaNM3K^2R G Z T k!NMWKR%O N d _Ý
.N]Oa^2R T W e12W9R}L GIT R G 3KR%L À L
L k G o [ R�3

�/P9P G\J k d 3K^ À �ÆÂ �!F R%OÄÃ J R [YT OQ123�q9��NML
L�N�� d _`P!N d NM3 kKR%Oh^MOa12�2R%3­��OaNM3K^2R
� J\d L G 3 G\d L-_`R�39Z T R%O
02R�OQZaR%WKR�3 d 3Kk�kKR%O �/P9Z T N]3Kk�kKR�Z/
µNMOQ^2R T Z ��d kKR%3 F R T R [YT 12OQR�3
PSR T O eN]^ T R T s N �d$
o%L �
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F;G Rh0 G R�OÄ��R�OQL�NM3 G\d L
kKR T R [YT 1MOaR�3�kKR�Z 3vq«
DX H Z7WKNMPSR%3�R G 3KR;OaR J N TaG 0MR;ÃEà ��G R%3 � 0M123
R T s N-Â%$%´ d 39k Z G 3Kkq,QR�s R G\J Z 02123�R G 3KR%L ~ ��� � q�ZaW G R J k�L GIT ZQR�opWKZhV
WK1 T 12L dKJwTcGIHKJ\G i
R%Oa3 d L
^2R%PSR%3º� F;d OQopWÚR G 39R �/3 TaG\[ 1 G 3 �%G kKR%3 � ZQopW!N JITad 3K^ � s G ZaopWKR%3ÚkKR�L F R T R [YT 12O{qd 3Kk k9R�L ~ ���hq9g G ^23!N JS[ N]3K3 R G 3KR�� 12L H9T 123 d 3 T R�OQkKO]ed o [�d 3K^�R�OQOaR G opW T s R%OakKR%3º�
F;G R���R�OQL�NM3 G\d L
kKR T R [YT 1MOaR�3�L GIT kKR%3 ~ �q�hq�ZQW G R J kKZ ZQ1�s G R;kKR%O7PSR%3 e1 TaG ^ T R�3�Ã J R [ iT Oa123 G\[ sUR�OQkKR�3 d 39Z
_`OQR d 3Kk J\G opW9R�O-y�R G ZaR�021M3 �}R%OaOQ3þV
Oa1M_�� F O%�¯*9�ékKR ~ 1�R�O-kKR%O
î n | ï n ed 3KopWKR%3 ��d O7íéR%OQ_fed ^ d 3K^z^MR�Z T R JIJIT �
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�
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F;G Rìr}R Ta� ^2R%O�eN T R�kKR%OmP=R G kKR�3ä��OaNM3K^2R%3KZ H R [YT Oa12L
R T R�O sUR�OQkKR�3�ed PSR%O k G R ZQR�O G R JIJ R
g�opWK3 GITQT Z T R JIJ R d 3KZaR%OaR%Z F N T R�3KN d _`3!NMW9LzR%ZQX�Z T R�L
Z���Z��;l�N HKGIT R J À �òÅP� NM3K^MR�Z T R d R%O T �
|hL R G 39R;^2O�e1M� T Lme12^ JIG opWKRÄ|h3!NMPKW#eN]3K^ G ^ [ R GwT 0M123 g T OcNMW J Z T Oa12L
ZaopWYs NM3 [vd 3K^2R%3º�#
µNMOti
^MR T k G o [ R d 3Kk NM3KkKR%OaR�3 � R GIT N]PKW#eNM3K^ G ^2R%3�g T e12O d 3K^2R�3 ��d PSR [ 12L
LzR%3 G Z T�G 3�k G RD^MOa12�2R�;OaNM3K^2R�R G 3 [vJ R G 39R�OÄV
WK1 T 12L dKJwTcG\H9J\G R%O L GIT V J NMZ TaG\[ Z �%G 3 TcGIJ\J N T 12O N J Z n 1M3 GIT 12OakKR T R [ iT 12OhR G 39^2R�P!N d9T �=kKR�O}k G R�R J NMZ TaG ZQopWm^2R%Z T OQR d9T R�3I
�R GIJ opWKR%3'3!NMopWYsUR G Z T � F R�O�g H R [vT Oa1]i
L
R T R�OQZ T OQ12L©s G Oak
3 d ODkKNM3K3-02R�O eNM3KkKR%O T ��sUR�3K3zkKR�O n 1M3 GIT 12O � eNMW J R%O
R G 3KRÄPSR%Z TcG LzL�iT RM� ��d 0M12O;^2R�s eNMW JwT RM�E�ºNMW J ZQ1 J opWKR%Oe
�R G\J opWKR�3mOaR�^ G Z T O G R�O T W!N T ��Z G R%WKR�N d opWÚl�N HKGIT R J
À �òÅ%�f�
F;G Rhî#1M^ G\[ kKR%Z Ã�! H R%O G LzR%3 T R�Zc� ~ R G Z HKG R J R G 3KR�ZDR¼ÇKqYÈ!qv� d _`P!N d Z N d _��/PKPE� À �ËÊå��s G OQk
L GIT r btn qjÃ G 3KZaopW ed PSR%3�OaR�N J\G Z G R�O T � F;G R�N d Z ��dKJ R�ZaR%3KkKR%3 V.NMOaNML
R T R%O;s R%OakKR%3¡k!NM393
N d _ Á qv_�N]opW�� � n �h�éq�� F � Z.kKR�O.u G OQL�NÄg GIJ R%3!N+�`Ê2ÊK� Á%æ íc�E^2R%^2R�P=R�3 d 3Kk ed PSR%O � s R G~Ud ñER%OhNM3�kKR�3mVU�þs R GIT R�Oa^MR J R GIT R T �

@�A~ç C ��� C ���.���'���ÕÔY�'�+F $ �

� J Z F N T R�3!N d _`3!NMWKL
R�ZtX�Z T R%L Z T R�W T d 3KZ ��d O �ER GIT R G 3 Á $MÊ Á � ��$%$ n � � VD�+L GIT
��� nm~¡x � n�d 3Kk�R T s N��7� ~ u!R�Z TcHKJ N TaT R�3 [ N H N ��GIT eN Tµ��d O�íéR�OQ_ped ^ d 3K^K�]u!R�OQ3KR�O [ NM393
ed PSR%O�kKR�3 R�! T R�Oa39R�3 Ã G 3K^YNM3K^mkKR�ZzgK�7g b ~ d ZQZaR�Z-R G 3 � F qvy O GwT R�O�NM3K^2R%ZaopW J 12ZaZQR�3
sUR�OQkKR�3E�}kKR%O�R�Z d 3KZ�R�O J N d P T �7k G R F N T R%3¼��k G OaR [YT ����ed P=R�O�R G 3 ~ d ñSR�O�q (!J Rd��N d _
R G 3KR � F ��d PKOQR�3K39R�3º� F;G R%Z�R�OQL'e1M^ J\G opW T R G 3KR�3 ZaR%WKO-R G 39_�NMopWKR%3 d 3Kk«WKNM3Kk JIG opWKR%3F N T R�3 T OcNM3KZt_`R�O � s G ZaopWKR%3mkKR%3 02R%OaZQopW G R%kKR�3KR%3 x R%opWK3KR%OaZQX�Z T R�L
R�3E� F NMZ 02R%OQsUR�3Kk9R�iT R gj1M_ T s NMOaR H N [ R T � � nmF �éè J eN d _ T�d 3 T R�O n gYqYy G 3KkK1�sÄZ
Â9�w� d 3Kk Z T NML
L T 0M123
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R�ZaZQR�3Ús R%OakKR%3 d 3KkÚk!NMWKR%O [ R G 3 |h3 T R�OQ^2O d 3Kk
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R�OaZéR%3 T Z H O G opW T � F N�R�ZDZ G opWzW G R%Otiê ý ����� �ð:ø�bnl:ôUø
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�}PKP GIJ k d 39^�Â9�ÆÊ �2~ R%Z TcG LzL d 3K^;kKR%O n dKJwTcG\H 1 J NMO GwT eN T kKR%Z À2À �ËÊvÅ [ R�í e|}P=R�Oa^2NM3K^2R%Z G L����� b O
ZQR�3KR
g H R [vT O d L+R G 3K^2R � R G opWK3KR T � F R%O;u GwT _ ed O}kKR�3ÚÃ À q e|}P=R�Oa^2NM3K^ � R G ^ T;G 393KR�OQW!N J P
k9R�O u!R%W J R%ODR G 3KR H NMZQZcNMP J R e|}P=R�OaR G 3KZ TcG LzL d 3K^�L GIT k9R�O n R�ZaZ d 3K^K��s 1MW G 3K^MR�^2R%3�kKR%O
u GIT _ped O7R G 3KR%3 Lme12^ JIG opWKR%3�Ã7��q e|hPSR%Oa^YNM39^
R G 3KR�kKR d9TcJIG opWKR��}PYs R G opW d 3K^ � R G ^ T � F;G R�ZJ eNM� T k G R
gjopW JId �M_`1 J ^2R�O d 3K^ �%d ��k!NM��R�Z�Z G opWìPSR G kKR�L À2À �ËÊvÅ [ R%íÄqjî G 3 G R d L R G 3KR%3
Ã À q e|}P=R�Oa^2NM3K^-W!NM3Kk9R JIT �
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kKR T R [YT 12OQR�3º�SZa1239kKR�OQ3�N d Z J 12^ G Z TaG ZaopW9R�3ì��OMed 3Kk9R�3
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kKR T R [YT 1MO'k d OQopWji
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N d ZQZaR%3KkKR T �
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: y = m * I + b
I in [ 0.1 A ]

un� tere Grenze:                obere Grenze:
b =
�

-619.47± 18.37 b =-305.80± 68.15
m = 0.520 ± 0.006 m = 0.545 ± 0.022
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