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Periskop

PLL

f

3f

AOS

Messung der 142.175 GHz Resonanzlinie von Ozon

Frequenzabstand [MHz]

Gittersymbole

+45°

0° (vertikal)

90° (horizontal)

drehbar

Seitenbandfilter

Diplexer

Weglängenmodulator

Elevationsspiegel

Drehspiegel I

Drehspiegel II

Seitenband-
abschluß

kalte
Referenz

einstellbare
Referenz

Folienfenster
(Mylar)

Schottky
Mischer

LNA

293 K

100 K

Atmosphäre

20 K Kryostat

Horn-
Antenne

Lokal-
Oszillator Gunn

92 GHz

276 GHz

1.5-2.8 GHz
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0�Sl-��);<5)*�� [ 7#-B;<*0521l�D*0/2/+(2=LO�*0(hPg1<P,* [F` *4;g-�P $ ;�7]*0(�Y i�(2*�U*3.#*4O%P,(+o6(+Pg|�Pb&)*01�z�7)1,"L;<79*4;,1�(+1<Pb( [ kl*4;,*0(+:�� # Y !4? !$%U��C [ (+P�O%/2*4(25)*4;�?�� # &#ka1 ` *4C0(��#C0(+*0;<P0Y^�*41,1 $ 5)=L*05�7]*0(
� � � $ 5)& � � # /.�DC_*0;<=R-B7]*05 * *0;fPg*_O%/2*4(25)*4;b? �$��&#k�W4����X]cj�);��J(25McK-�/2/21fSU(25N?OB*4/�oB"L5 7M(21.C $ � ¤ � � YGiI(+*~S�-B; [ *�* -B1<P�7]*01<P,*��RP~- $ 1�&M* [ =L/2*4(2:��)*45 z�7)1,"B;,7]*0; [ -�P,*0;,(2-B/�YdN(+*}7]*3�#5)&M*4P�1,(+:��§- $ c & [ =L*47 $ 5)=L1fPg* [H` *0;,-�P $ ; $ 5)&�(21fP~(25 *0(25M* [ P �)*4; [ (21,:���(+1,"L/+(2*4;<Pg*45kl* �#|B/+P,*0;H- $ c�*4(25)* [ [ -�1,1,(hoL*45 ' $ ` cj*0;fPg;,|B=L*0; [ "L5RPg(2*4;<P0Y'i_-B& $ ;<:��aSb*0;,&M*05 O $ ;,C4C0*4(+Pg(+=L*dN:��RSl-B5)O $ 5)=L*45�&)*0;U�D- $ [ Pg* [F` *0;g-@P $ ;�SU(+;,O%1g- [ $ 5RPg*0;<&);,�M:VO%P0Y
& [ &)(+*�oL*0;fcj�)=L7#-�;,*I^�* � C4*0(hP [ �L=L/+(2:��)1fP'= $ P�5 $ PgC4*05\C $ OB�B5)5)*05��%Sb*0;<&)*05 7]*0(+&)*DiI;,* �N?1 ` (2*0=B*0/ [ (+P�1,* �);�1,:��)5M*0/2/+*05 dN*4;<oL"B1#"61<P,* [ *05�-�5)=L*4P,;,(+*07]*05�Y�^�(+P�*4(25)*4; & [ 1,:��)-B/+P,C0*0(hP�C4SU(�?1,:��M*05}&M*05�'<*ESl*4(2/+(2=L*45FdN(2=L5)-B/ � $ *4/2/2*458oL"B5HSb*05)(+=L*0;�-B/+1 ! � #�[ 1 $ 5)&H*4(25)*4;5�T5%P,*0=L;,-�Pg(+"L5)1<C0*0(hPoL"B5(�>1 ` ;,"}dN(+=L5#-B/ � $ *0/2/+*�S $ ;<&)*{*0(+5)*{1,*��M;DC $ cj;,(+*0&)*45)1<P,*0/+/2*05M&)* ��*0(+P,*KJFC0(+*05)C{*4;,;,*4(2:��RP�YzI/+1pdN*0(hPg*4567)-B5)&��#/hPg*4;\&)(2*45RP\*0(+5 ^m-B;fPg(256?6
 $ ` /+*4P,Pf?7�T5RPg*4;<cj*4;," [ *4P,*0;�W¡� A �3� !4X�YliI*0;\z�7N?1,:��M/ $)� &)*01 $ 5)*0;fSU�)5)1<:��%P,*05mdN*0(hPg*4567)-B5)&)*41l*0;fcj"L/2=�P [ (+P��D(2/hcj*D*4(25)*41b=B*0O%� �)/hPg*05}zI7)1<"L;,7]*0;<10�&)*4;�1<(2:��F( [ '�;#"L"B1<PV-@Pb7]*3�)5)&)*4P $ 5)&�*4(25)*D��*4/2/+(2=LO�*0(+P,1<P,* [F` *4;g-�P $ ;�oB"L5H:0-MY ! #%# ' *0;<;,*0(+:��RP�Y

�I-�:���&)*0;98'"L;<1,*4/2*0ORP,(2"L5 ` -B1,1<(2*0;fP�&#-B1�dN(2=L5)-B/�*4(25)*45 * *4=L/�|�5)=L*05 [ "6& $ /2-�Pg"L;4�#&)*0;IC $ ; &D5N?Pg*4;,&);<�):VO $ 5)= oL"B5 d%Pg*��RSb*0/+/2*05�&)(+*05RP�Y9iI(+*01,* '�" [F` "L5)*05RP,*8SU(2;<&n(25n*4(25)* [ &M*0;_cj"L/+=L*05)&M*05zI7M1,:��)5)(hP,P,*_=L*05)- $ *0;b79*41,:��);<(2*479*45�YMz�5 *0(25M* [ Sl*4(+P,*0;,*45p^m-B;fPg(+5N?6
 $ ` /+*4P<P<?7�T5RP,*0;<cj*4;," [ *4P,*0;4�&#-B1�-B/21liI( ` /+*;:N*0;�-B7)=L*41<Pg( [H[ P�(21fP��6*0;fcj"L/2=BPl&)(2*<��7]*0;</�-B=L*4; $ 5M= [ (hP�&)* [ d6(2=L5#-�/9&)*41�*�"LO@-@?
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/2"L1<C0(2/+/�-�P,"L;,1b��*
�{� YLi_-B15*���?fd6(2=L5#-�/N7]*0(N*4PTSl-8  � �(/.�DClSU(2;<&>oL"L5�*4(25)* [ ` �#-�1,*05M=L*0;<*0=L*4/+Pg*45
&R  ?!/{��C ?!/ $ 5)5N?��_1,C0(+/2/2-�Pg"L; [ (+Pp-B5M1,:��)/+(2* � *05)&)* [ 8'*0;<&);,*4(+cK-B:��)*4;�� %�;<( ` /+*0;g�}*0;,C4* $ =�P�YDiI(2*��;<*�� $ *45)C�&)*01�/ $ 5)56?��_1,C4(2/2/2-�Pg"B;,1D/�| � P�1,(+:���& $ ;<:�� 8�-�;,(�-@Pg(2"B5�&)*4;98'*0;<1,"L;<= $ 5)=L1<1 ` -�5)5 $ 5)=$ 5)&p& $ ;<:���*4(25)* [ *4:��#-B5)(+1,:��)*�z�7)1<P,( [F[ $ 5)=8(25\*4(25)* [ kl*4;,*4(2:�� C4SU(+1,:��)*45 & # Y � ? &R NY � /{��C*0(25M1<Pg*4/2/+*05�Y�iI(+*�*
��? z $ 1<=R-B5)=L1</2*4(21<P $ 5)=�7]*4Pg;,|B=BP�P7" ` (+1,:��)*4;<Sb*0(21<*>*4PTSl- # Y � [ * $ 5)&mO@-B5M5�)79*4;\&)(+*�z�5 ` -B1<1 $ 5)=¦- [ 8'*4;,&);<*0(hcK-B:��)*0;HoB-�;,(2(+*0;fPFSb*0;<&)*05�Y�zI/+1}�U*4cj*4;,*05MCmcj�);}&M(2* 
 *-*&)(2*45%P\*0(25a1<PV-�7)(2/+*0; ! #%# ^m�DCE? ( $ -B;,C4"L1,C4(2/2/2-�Pg"B;0Y'i_-B1p- $ 1,=L*4OB" `M` *4/+Pg*�dN(2=L5)-B/�&M*01 / $ 5)5N?
��1<C0(+/2/�-@Pg"L;<1�SU(2;<&��)7]*0;�*0(+5)*05 �#-�; [ "L5)(21<:��)*05Q^�(21,:��M*0;H� &MY��I-B; [ "B5)(21<:��)*s� $ 5)& [ (hP���(+/+cj**0(25M*01D�<
 A ���R  # d2"65RP �)*41,(+C0*0;<1I- $ ce&)(+*{�D*Ecj*0;<*05)CEcj;,*�� $ *45)C8O�"L5RoL*4;<Pg(+*0;fP�YiI* [ iI( ` /2* :N*0;�cj"L/+=BP�*4(25 
�"B/�-B;<(21g-@Pg(2"B5)1#�#/hPg*4;0�%&#-B1�&)(+* $ 5)*4;<SU�)5M1,:��RPg*45 �)"L;<(2C0"B5%Pg-B/ ` "�?/�-B;<(21,(+*0;fPg*05mdN(+=L5#-B/2-B5RPg*0(+/2*�- $ 1,O�" `)` *0/+P0Y]i $ ;,:��m*0(25m�#"L/2(+*05Mcj*45)1<P,*0;U=L*0/2-B5)=L*45�7]*0(+&)*8dN(2=L5)-B/2*�K&#-B1JC $ [ *41,1,*45)&)* $ 5M&�*��{��(+5>&)*05 '�;#"B"L1<Pg-�Pg*45��BSb"{1,(2:��~&M*0;�^�(+1,:��)*4; $ 5)&�&)*0;3;g- $ 1<:��#-B;�?[ *98'"L;foL*4;,1<Pg|B;,O�*0;8� * ��z_�l79*;�#5)&)*45�Y]kl*0(+&)* '�" [F` "L5M*05RPg*45�1<(25)& P �)*0; [ (+1,:���-B5p&)(2*�O@-B/hPg*d6P $ cj*8*0(25M*01_CESl*4(21<P $ �#=L*45 '{� �)/21!"N1fPg* [ 1 [ (+PD=L*41,:��)/+"L1,1<*05)* [ ��*4/2( $ [ O%;<*0(21</�- $ c3=L*47 $ 5)&M*05$ 5)&�Sl*4;,&)*45 7]*0(l*4PTSl-  %�('�7]*4Pg;<(2*479*45�Ye�3�M;>&)(2* & [ 1,*4P,C $ 5M=Q&M*01�/.- $)� 1,:��M*05 /{; $ 5)&N?[ "6&)*018(25�*4(25)*45¦��"��)/+/2*4(+Pg*4; [ "N&M*F( [ ^�(21<:��)*0;8SU(+;,&�*4(25)*\O�"L5)(+1,:��)*p�D"L;,5#-�5%P,*05)5M*��Q*0(+5i $ -B/�?f^�"6&)*E?T��"L;<5 5)-B:�� W ���BX��noB*0;fSl*45)&)*4P0Yez $ c�&)*05��'(+5)1g-@PgCF*0(25M*01>�U(2/+/2*45 �)"L;<5)1_S $ ;,&M*- $ c5/�; $ 5)&p&)*0;U*;:6P,;,* [ 1<:��RSU(2*0;<(2=L*45m�D*0;<1<Pg*4/2/ $ 5)=�C $ 5)|B:��)1<PDoL*4;,C4(2:��RPg*EP�Ykl*4(l&)* [ *4(25)=L*41,*EPgC4P,*05a^�(21<:��)*0; �)-B5)&)*4/+P~*41~1,(2:�� $ [ *0(+5)*05�;,- $ 1<:��#-B; [ *05§�J(256?7%G"L;f?�K1,(+5)=L/+*E?T*45)&)*4&��pdN:��)"BP<PgO "R?�iI(+"N&)*45N?f^�(21,:��M*0;0�U&)*4;�( [ =L*4O%� �)/+P,*05 kl*4P,;,(2*47�*4(25)*45 kb*0(+P,;g-B=C $ ;U� [F` cK|B5)=L*4;f?T��- $ 1,:��RPg* [H` *0;,-�P $ ;boL"L5 *EPTS�-���� # ' �Ki�dMk��l/+(2*4cj*4;<P0YMkl*4&)(25M=BP�& $ ;,:��p&)(2*^�(+P<Pg*05Ncj;,*�� $ *45)C�&)*01>oB*0;<Sb*05M&)*4P,*05�d ` *0ORP,;," [ *4P,*0;,1�/+(2*0=�P>&)*4; �9SU(21,:��M*05Mcj;<*�� $ *05MC07]*0;,*4(2:��79*4(� NY"! /{��CB��79*4(J*0(25M*0;�/{*41g- [ Pg7#-B5M&)7);,*4(+P,*>oL"L5 !�/{��C�Y�iI(+* '�"L5RoB*0;,1<(2"L5M1<oL*4;,/ $ 1<P,*}&)*41^�(21<:��)*0;<1b7]*4P,;g-B=L*45H*EPTS�-��{&#kIYR�J(25�oL*4;,1<:��)(2*47)7#-B;<*0;b��"��)/+/2*4(+Pg*4;,O $ ;<C01,:��M/ $)� [ (+P 8�-�O $M$ [ ?& $ ;,:��Ncj� �); $ 5)={*0; [ �L=L/+(2:��RP�*0(25M*�� ` Pg( [ (+*0; $ 5)=D&)*0;ez�5 ` -B1<1 $ 5M=_oL"L;J-�/2/2* [ 79*4( [ �#;,* � $ *05)C ?Sl*4:��)1,*4/�Y]iI*0;Uz�;,7]*0(+P,1 ` $ 5)ORPDSU(+;,&pC $ 1g|�P,C0/2(+:��pC $ ;�*���?6*�*0(+1<P $ 5)=~�)7]*0;U*0(+5)*98'"L;<1 ` -B5M5 $ 5)=*0(25M=L*01fPg*0/+/+P0Y#iI*0;U;,- $ 1,:��)-B; [ *{&);,*4(21<P $ �#=L*.���b^ %l? 8'"L;foL*0;<1<Pg|B;,O�*0; �)-�PU*0(+5)*05�/{*ESU(25)5 oB"L5�R }&#k $ 5M&Q( [ =L*0O%� �)/hPg*45�kl*4P,;,(2*47n*0(+5)*~�D- $ 1<:��%P,* [F` *4;g-�P $ ;IoB"L5�*4PTSl-p %� '~�]Sl-B1�*0(+5)*0;��- $ 1,:��)C0-��)/�oL"L5 # Y¡���>&#k�*05RPg1 ` ;,(+:��%P0YiI(+*~�D- $ 1,:��RP,* [F` *4;g-�P $ ;{&)*01�=L*41g- [ Pg*05 d2"61fPg* [ 1{79*EPg;,|B=BP{-B5M5#|��)*4;,5)& &�� # ' ��dMdMk��EYkl*0(�*4(25)*4; *��9*0ORPg(hoL*05��D- $ 1,:��6?�'{-B5#-B/+7#-B5)&M7);,*4(+Pg*ncj�M;\Sl*4( � *41p��- $ 1,:��)*45�oL"B5 !LY A ^m�DC��$ 5)&}*4(25)*4;bdN*0O $ 5)&M*$�T5RPg*4=L;g-@Pg(2"B5)1,C4*0(+P�7]*4P,;g|B=BP'&M(2*�z $ c,/+�L1 $ 5M=.cj�);J*4(25}^�* � "L72'<*0ORP [ (hPJ&)*4;��*0/+/2(+=LOB*4(+Pg1fPg* [H` *0;,-�P $ ;eoB"L5 !�� # ' :0-MY # Y A   '~Y6�3�);'*4(25)*I^�(25M&)*01fPV- $ c</2�B1 $ 5)={oL"B5 # Y # !�'~�&)(2*>cj�);.^�*01,1 $ 5)=L*45 oB"L5  !�)/2"L; [ "B5)" :M(+&�-B5)=L*41<P,;,*07NP�SU(2;,&���(21fP [ (hP�&)(+*01,* [ d2"61fPg* [ *4(25)*
�T5%P,*0=L;,-�Pg(+"L5)1<C0*0(hP�oL"L5 !LY A�� d6P $ 5M&)*05�7)C4S{Y�*4(25)*.^�* � C0*4(+PUoL"B5 �)Y !�d6P $ 5)&)*05�*0;fcj"L;,&)*4;,/+(2:���Y
q����9� t6�%$ �������b�%@�y �#"�� 1 (C $+� $2�54 1 y.@
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#�*�ST?VU�LXWZY\[�]�.	0�5^57")#�8_.7`MH�D+.	0	K^a/#N,+IJ"$*b*+#N(c*d?C.�De5	#�,e[�?A($OfST#�,+*3D+O	,3#�"$*+#�57#�,e%g")(c*3#�,+-/.	0	12*+")4A0Rh�($")#�KA*
OR#�"QiALXjkYl[_]AL



��� � � � � ����� 
�� ���	� ��
>�
� 	�� � 
 � � � � �
� � �
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Monitor-
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Kamm-
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10 dB
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z�7)7)(2/+& $ 5)= �6Y  NY���dN:��)-B/+P,7)(2/+& &)*0; ���G?�dN(2=L5)-B/�- $ cj79*4;,*0(hP $ 5M=)Y
;,*4:��RP �)"��M*05 /�*0;,-B&)*0- $ 1<oB*0;<1<PV|�;,O $ 5)=�1 ` (2*4/+PF*0(+5 �)(+5)1,(+:��RPg/2(+:�� &M*0;H�b^ 8�?Tz�1 ` *0ORPg*m1,"L;<=�?cK|B/hPg(2=B*0;{z $ cj7)- $ *0(+5)*}*45%P,1,:��)*4(2&)*45)&)*��U"L/2/+*BY�dN:��RSU(25)=B5)*0(+= $ 5)= $ 5M&¦�'(+5)1<P,;,* $)$ 5)=L*45�oL"L5�#;,* [ &)1<(2=L5)-B/2*45�OB�L5)5RP,*058&M(2*��#"L/2=L*45�*0(+5)*01 $ 5)C $ ;,*4(2:��)*45)&~-B7M=L*01<:��)(2; [ Pg*413d�"N1fPg* [ 1G1,*4(25�Y �T5&)* [ �)(+*0;IoB"L;,=B*01<P,*0/+/+Pg*45�d2"61<P,* [ S $ ;,&)*45Q&M(2* ��� ?�'�" [F` "L5M*05RPg*45n(25n*4(25)* [ *0(2=B*05)1_&)-�cj�);-B5)=B*4cj*0;fPg(+=BPg*45�zI/ $ [ (+5)( $ [ ?!/�*��)| $ 1,*41#"61<P,* [ 79*41<P,*��)*45)&a- $ 1 [ * �);,*4;,*05§�J(25MC0*0/+O@- [H[ *0;<5*0(+5)=L*47#- $ P0� $ [ &)(+*$8'*0;<1<Pg|B;,O $ 5)=B1,1<P $ cj*05�- $)� *0; �)-B/27\&M*0;loB"L;,=L*41,* �)*05)*45nd6(2=L5#-�/+Sb*0=L* [ �L=@?/2(+:��)1<P>*��9*0ORPg(ho oL"B5)*0(+5#-B5)&)*4;�C $ *05RPgO�" `)` *0/+5�YJzI5 [ "L5RPV-B=L*479*4&)(25M=BPg*45 %�;<*05)5)1fPg*4/2/2*45¦&)*01
'{- [F[ *4;,1#"61fPg* [ 1�S $ ;<&)*05�=L*0*4(2=L5)*EPg*��I� ?�iI(+:��%P $ 5)=L*45�*4(25)=B*01,*EPgCEP�Y iI*4;Gz�5)1,:��M/ $)� &)*0; 8'*4;f?1,"B;,= $ 5M=L1,1 ` -B5)5 $ 5)=B*05a*4;<cj"L/+=BP>�M79*4;>C $ 1,|�PgC4/2(+:��)*pi $ ;<:��Mcj� �); $ 5)=L1fPg(2*Ec ` |B1<1,*BY��3�M;>&)(2* ���G?
8'*0;<7)(25M& $ 5)=L*45�S $ ;,&M*05§- $ 1<1,:��)/+(2* � /2(2:�����*41<P [ -B5RP,*0/h?7*�*0(+P $ 5)=L*45 [ (+P �)"��)* [ dN:��M(2; [F[ - �oL*4;<Sb*05)&M*4P�Y�i_-�1>=L*01,- [ P,*�'.- [H[ *0;<1#"61<P,* [ SU(2;,&��M79*4;>*0(+5)*05�� -B1,1<*0;<O6;<*0(+1,/�- $ cUP �)*4; [ "�?1<Pg-�Pg(+1,(+*0;<P0� $ [ &)(2*�d6Pg-B7)(2/+(+Pg|�Pl&M*01Id2"61<Pg* [ 1�� /{*ESU(25)5)1<:��RS�-B5MO $ 5)=L*05#��C $ *0; �)���)*45�YzI7)7M(2/2& $ 5)= �NY  8C0*4(2=BP�*4(25 oL*4;,*4(25McK-B:��RP,*01�dN:��#-B/hPg7)(+/2&\&M*0; ���G?fd6(2=L5#-�/�- $ cj7]*0;<*0(hP $ 5)=MY%i_-B1*0(+5)1<P,*0/+/27#-B;<*�i_| [H` c $ 5)=L1,=B/2(2*4&>- [ �J(25)=L-B5)=_*4;,/�- $ 7MPe*4(25)*���*4(25)*4(25)1fPg*4/2/ $ 5)=I&)*41 ���G?6
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OCIN@cWCr30�O(@cIRD�JKD LRL WC=?BMDX=�dMDGIN] Z INDG=tl 5 L DXI e DXF LRQ'L FHr30 T @50CDGIu@c] LoL D20CI 0CFH]�>�INDXF,r30A@(=CDGO;DG= T DX=
>(7CI T FHD�=(@cr30 Q I ;cBM],FHr30CD 2 W L\e DGI Q W?=CB�O;D LRQ F,<�< Q DX=sJKD�B T @ Q DX= � e F L r30CDX=?DXINBcDXOC=CF LNL D vXW DGI\[
<SF QNQ DX],=0WC= T�L F,D Z =�],FH=CD T @cINvGW LRQ DX],]HDX=ml55FH=CD�DX= T B17C] Q FHBMD 2 W LRe DXI Q WC=CBEBMDX<SD LRL DX=?DXI U _PDXf Q INDX=�]D;?B Q�L FHr30�0<;cW��(B�DXI LRQ =C@cr30 T DG<55= T D DXF,=CDXI�J�D�B L DXINF,D D�
SvXF,DX= Q BMD L\Q @c] Q DX=ml 2 W L vGDXF Q ]HF,r30CDX=�8�DGIN]D;AW?>�DX=�DXF,=CDXI�J�D�B L DXINF,D�]j@ L [
L DG= L FHr30F0<;cW��CB e DXF Q DGIND , =?> Z IR<�@ Q F Z =?DX= BMD e FH=C=CDG=A@ T F,D e ;G0CINDG= T T DGI , = Q DXBMIN@ Q F Z = L vXDXF Q
= Z r30K=?FHr30 Q vXWCI 8�DGIR>(7CBMW?=CB LRQ D 0CDX=ml;n'@cvXW�v ;50?] Q vcl �'l T FHD�vXDGF Q ]HFHr30?D 55= Q�e F,r f�]HWC=CB T DXI���Dp[
Z O(@Ar30 Q WC=CB L O;D T FH=?BMWC=CBMDG=A@ T FHD T FHD(8 Z INF,= Q DXBcI|@ Q F Z =�d Z I T DXI�&�I Z _ ZML _80<;cINDG=x[2WC= T BMBc>{l T DXI
�qFH=?fcDX],f Z IRINDGf Q WCI�O;D LRQ FH<S< Q l
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Q|Z f Z ],]HFHDGINDG=tlPnu@ L DGI e DXF L\Q�L F,r30 @cWCr30�OPDXF T DXI U WCr30CD =(@cr30 ��I L @Ar30CDX=�>(7CI L _ Z I|@ T F L r30 @AW?>j[
Q IRD Q DX= T D L ��L\Q DX<�@ Q F L r30?D 5��mDGf Q D0@A] L�L D 0CI�d Z I Q DXF,]60(@A> Q ltnu@AI 7COPDXI�0CFH=C@cW L F L\Q D L <��MBM],FHr30A@
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BMDG= , = Q DXBcI|@ Q F Z = L vXDGF Q DG= F L\Q D L = ZcQ�e DX= T FHB=@ T F,DSdcDXIR>(7?BMO(@cIRD�JKD�BcvXDXF Q <��MBM],FHr30 L\Q�Z _ Q F,<�@c]
vXW%=�W Q vGDX=tl 2 W L�T DXI &#@ Q|L @Ar30CD?@ T @?B >(7CI T FHD �o= Q DGI T I 7Cr f�WC=CB T DGI�/�D e F,=C= L r30 e @c=Cf�WC=x[
BMDG= DGFH=CDE_;DGIN<�@c=CDX= Q D)��@A]HFHO?INFHDGINWC=?B�DXI\> Z I T DXIN],FHr30�F LRQ @;IND L WC] Q FHDGI Q DGFH=CD 8�DGIN] ;c=CBMDGINWC=CB T DXI
JKD�BA["BMDGBMDX=�7COPDXI T DXI , = Q DXBMIN@ Q F Z = L vGDXF Q WC< T DG= CP@Af QNZ I �?l � l � W L ; Q vG]HF,r30 <�7 LRL DX= & ZcQ vXDXF [
Q DG=KOPDXI 7Cr f L F,r30 Q FHB Q�e DXI T DX=A@ T F,D�O;DGF T DXI ��< L r30(@c] Q WC=CB�v e F L r30?DX= T DX< U F,BM=(@c] [5WC= T�T DG<
� DG>�DXIRDX=CvG_?>�@ T DX= Q|L\Q D20?DX=tl�n'FHD L D�IND T WCvXF,DXIRDX= T DX= 7 W Q vGWC=CB L >�@cf Q|Z I e DXF Q DXIGl 2 W LST FHD L DG<
/�INWC= T F LRQ D L = � Q FHB >(7?I T FHD�n'IRD20 L _CFHDGBMDX]"OPD LRZ = T DGI LSL r30C=CDG]H],D 2 = Q INF,DXOPDwvXW dMDGI e DX= T DG=
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WC= T�T FHD 2 =CvX@50C] T DXI���< L r30(@c] Q d Z IRB ;c=CBcD T WCIRr30�DXFH=?Du< �cBM]HF,r30 LRQ ]j@c=?BMDunu@AWCDXI T DGI7DXF,=CvXDG]�[
=CDX= JKD�BM_80(@ L DG=sf�]HDGFH=wvGW 0(@A] Q DG=tl� W L ; Q vG]HF,r30EvXW T FHD L DX= & ZcQ vXDGF Q DG= L F,= T = Z r30 T F,D Z O;DG= @c=CBMD L _CI Z r30?DX=CDG= � @c],FHOCIRFHDGINI Z W Q F [
=CDX=�WC= T T DXI 2 OCBM]HDGFHr30kv e F L r30CDX= U F,BM=(@c]�WC= T � DG>�DGINDX=?v"vXW OPDXI 7?r f L FHr30 Q F,BMDX=ml n'FHD L D LRZ ]H] Q DX=
DXOPDX=?>�@c],] L @cW?>(DGFH=�= ZcQ�e DX= T F,BMD L JKFH=?FH<kWC<yIND T WCvXF,DXI Q^e DGI T DG=tl1>�FHDGINOPDXF 0CDX]�>�DX=855I\>�@50CINW?=CB L [
e DGI Q D�@ T FHD"DG= QNL _CIRDXr30CDG= T DG=�JKD�BM_C@cI|@c<SD Q DXI e F,D"vcl|�ol T FHD >�;cW��(BMfADXF Q�T DXI C(IND24�WCDG=Cvp[ Z�T DXI> ZcQ ['& Z ] T [ � @c],FHOCIRFHDXIRWC=CB ZxT DXI @cWCr30 T F,D <�@ :xF,<�@c],D�vGWC]D; LNL F,BMD 2 O e DXF,r30�WC=CBsv e F L r30CDX= U F�[
BM=(@c]�WC= T � DG>�DXIRDX=Cv vXW~O;D LRQ FH<S<�DG=tl��o< T FHD JKD�BMvXDGF Q =CFHr30 Q WC=C= � Q FHB vGW dcDXIN] ;c=CBMDGIN=A@
LNZ ],] Q DG= @cW?r30�@c]H],D = ZcQ�e DX= T F,BMDX= 2 W L\e DGI Q DX@c]HB Z INF Q 0C<SDX=KWC= T�� I ZAQ|Z f Z ]H],FHDXI\d Z IRB ;c=CBcD e ;50x[
INDX= TyT DGI , = Q DGBMI|@ Q F Z = L _ 0C@ L DG= T WCIRr30CBMDp>(7 0CI QKe DGI T DG=tl �^ZML F Q F�d e FHIRfcDG= L F,r30~F,= T FHD L DX<� W L @c<S<SDX= 0(@A=CB�<SF Q J�WC] Q F Q @ L f�FH=CB�@cIRO;DGF Q DG= T D � DXr30C=CDGI L �xL\Q DG<�D�@cW L @ T FHD�vclN�'l T FHD�nu@ [
Q DX= L FHr30?DXINW?=CB�F,< >oF,= Q DXIRBMINW?= TKT WCINr30?>(780CINDG=tl
2 O L r30C]HF,D�BMDG= T vXDXF,B Q DGFH= LRQ @cINf�dMDGINDXF,=?>�@cr30 Q D L C#]HW=B T Fj@cBcI|@c<S<zFH= T DXI 2 OCOCFH] T WC=CB � l � l � T DG=
BMD L @c< Q DG= JKD�B @cOC]H@cW?>{l 55INB1;c=CvXDG= T F LRQ 0CFH=?vXWCvGW?>(7CBMDG=A@ T @?B e F,r30 Q FHBcD U��xL\Q DG<�_(@AI|@c<SD Q DXI�@
T FHD T DX=�vXDGF Q ],FHr30CDG= 2 OC]j@cWx>CDXF,=CDXI^JKD�B L DGINF,D e D L DG= Q ]HF,r30kOPD LRQ FH<S<�DG=A@ LNZ e F,D2>(7CI T F,D 2 W LRe DXI{[
Q WC=CB'DXIR> Z I T DGIN]HF,r30CD 2 =CB @cOPDX=EO;DGFH= 0(@A] Q DG=A@ FH= , =?F Q FH@c]HF L F,DXINW?=CB LNT @ Q DGFHDX=�vGW L @A<�<SDX=CBcD20(@c] Q DG=
e DGI T DG=tl U FHD e DXI T DX=�d Z I T DX<V�-DXBMF,=C=wDXF,=CDXI�J�D�B L DXINF,D�DXF,=CBMDX],D L DX=wWC= T�L\Q DX],]HDG=wDXFH=?DX=��-Dp[
LRQ @A= T?Q DGFH] T D L�� I ZcQNZ f Z ],] L^T @cIXlMn'FHD L D 8 Z IRBMD20CDG= LRe DXF L D�DXIR< �MBc]HFHr30 Q D L 0<;cW��(B�dMDXI e DG= T O(@AIND
� @cIN@c<�D Q DGI L ; Q vXD"vGW DXI LRQ DG]H],DX=A@ T FHD�FH= 2 O 0<;c=?BMFHBMfADXF Q d Z = T DX< JKD�BcvXFHDG]?WC= T T DX=��-D Z O(@cr30�[
Q WC=CB L OPD T F,=CBMWC=CBcDX=�BMD e ;50?] Q'e DXI T DX=�f��M=C=CDG=tl n'F,D�>o@cWC_ Q <�D�B L r30C],DXF�>�D e F,I T =�WCI�>(7CI T DG=
�-DXBMF,=C= DXFH=?DXI�=CDXWCDG= JKD�B L DGINF,D Z�T DXI�@cW?> 2 =?> Z I T DGINWC=CB T D L �u_;DGI|@ Q DXWCI L dcDXIR]j@ LRL DX=ml#nu@ L
F LRQ vGW��RD T DX< � DGF Q _CWC=Cf Q <��MBM]HF,r30A@?F,< n'FH@cBMIN@c<�<��RD TCZ r30K=CFHr30 Q D :?_?]HFHvGF Q DGFH=CBcDXvXDGFHr30C=?D Q l
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Initialisierungsprozeß:
Speicher, Grafik,
Hardwarekommunikation

Bestimmung des optimalen
Beobachtungswinkels

Kalibrierung der einstellbaren
Referenzquelle

Kalibrierungen:
Hot-Cold,
Frequenz

Berechnungen, On-line-
Darstellung
Protokolle fortsetzen

aktualisieren,

Beobachtungs-
bedingungen
unverändert ?

Kalibrierungen
erforderlich ?

S/R-Abgleich
erforderlich ?

Signal- + Referenzmessung

S/R-Abgleich
herstellen

Protokolle schließen,
neue Meßserie
beginnen

ja

ja

ja

nein

nein

nein

H
au

pt
m

eß
sc

hl
ei

fe
neue Meßserie beginnen,
Datenprotokolle eröffnen

Parallelverarbeitung

2 O?OCFH] T WC=CB � l �?l�� � I Z BMIN@c<S<�@cO?]j@cW?>P>(7CI��a@c=?BMvXDGF Q <SD�BcO;D Q INF,DXO�<�F Q O(@c]H@c=CrGFHDXI Q DGI � @c],FHOCIRFHDp[
INWC=?BCl
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nu@ L F,< � @50?<�DG= T DXI�d Z IR]HF,DXBMDG= T DX= n'F LRL DXI Q @ Q F Z = DX= Q�e FHr fADX] Q D /13�� [�/c� � [)( >ovp[ � @ T F Z <SDp[
Q DXI L ��LRQ DX< e WCI T D O;DGINDXF Q|L OPDXFtv e DGF�_ Z ]H@cINDG=sJ�D�BMf @c<S_(@cBM=?DX=�DXF,=CBMD L D Q v Q l6noFHD�DXI LRQ D�>�@c= T
d Z =�J�F QNQ D C6DGOCINWC@cI^O?F L 2 =?>�@A=CB 2 _CINF,] �+*,* ��FH= ��FHINW?=(@ . � 3xl � � 7 @�/��?l � �.- 0 L\Q @ QRQ @ T F,D2v e DGF Q D
FH< J ;cINv �+*/* 30@cW?> U _CF Q vXOPDXIRBMDX= F,= 7 � [10'],D L WC= T . 3c�?l2* � 7 @ ���Ml2* �3- 0 l , = T FHD L DX< � @c_CF Q DX]
e DGI T DG= T FHD e F,r30 Q FHB LRQ DG= 55IRBMDXOC=?F LNL D T FHD L DXIoJKD�BMf @c<S_(@cBM=CDG=KvGW L @A<�<SDX=CBcD Q IN@cBMDG=tl

n'F,D >o@cWC_ Q vXF,DX]HD T DGI0J�D LNL WC=CBMDG= FH= � F,INWC=C@ e @cIRDX= T F,D 55I\>�@ LNL WC=CB T DGI 55<SF LRL F Z = L [
L _PDXf Q IRDX= d Z = & 0C] Z IR< Z = Z54 F T WC= T T F,D U��xL\Q DG<�DGIN_CI Z OCWC=CB�F,< _CI|@Af Q F L r30CDX=	55F,= L @ Q vcl 5 L
e WCI T DG= T @50CDGI'=CDGO;DG= &-] - [ U _;DGf Q INDG=�@cWCr30 T FHD e DGF Q DGINDGI U _CWCIRDX=CBM@ L D e F,D - r @ 7 A - W?= T> 7 - r BMDG<�D LNL DG=tl 2 = >o@c= T�T DGI�FH= ��F,INWC=(@�BMD e�Z =C=CDG= 55IRfcDX=?= Q =CF LRL D 7COPDXI T @ L JKD�B L � [
LRQ DG< W?= T FH< >oFH=�OC],FHr f�@cWx> T FHD . T @c<�@A] L 0#OPDGd Z I L\Q D 0CDX= T D�JKD�BMf @c<S_(@cBc=CDoF,= 7 � [60'],D L W?= T
e WCI T D T @ L�� @ T F Z <SD Q DGI e DXF Q DXIRDX= Q�e FHr fADX] Q @ e @ L�L FHr30�F,=wDXFH=?DXI7dMDGINOPD LRL DXI Q DG=87uW(@c]HF Q ; Q�T DGI
@cW?>�BMDG= Z <S<�DG=CDX= U _PDXf Q IRDX= e F T DGI L _?FHDXBcDX] Q l

n'F,D J�D LNL WC=CBMDG=q@cW?> U _CF Q vXOPDXINBcDX= T FHDX= Q DX=9DGFH=CDG< FH= Q DGIN=(@ Q F Z =C@c]HDG=:9�DGINBM],DXF,r30%<SD20x[
INDXIRDXI�O Z�T DG=CBMDXO?WC= T DG=CDXI &-] - [ � @ T F Z <�D Q DGI L ��L\Q DX<SD?@ T @50CDGI e WCI T DX= =(@50CDGvXW @cW LNL r30C]HF,D�BA[
]HFHr30 &-] - [ U _PDXf Q IRDX=SBMDX<SD LRL DX=ml 2 = T DX<;9�DXIRBM]HDGFHr30�=(@50?<�DG= C Z I L r30�WC=CB L BMINW?_C_;DG=w@cW L�T DG=
� U 2 @=<M@c_(@c=�WC= T n'DXW Q|L r30?]j@c= T�Q DGFH]5� /��A��l2 OCOCFH] T WC=CB �?l �EvGDXFHB Q DGFH=K<�F Q >�FH]�>�D�DXFH=?DXI>9 Z I e ;cI QNL IRDXr30C=�WC=CB�DGIN<SF QNQ DX] Q D LoU _PDXf Q INWC<
>(7CI T DX= C(IND24�WCDG=CvXOPDXIRDXF,r30A@ FH= T DX< T @ L � @ T F Z <SD Q DXI L ��LRQ DX<zOPDXF T DX=EJKD LRL WC=CBcDX=kF,= ��F,INWC=(@
@cOCBMD LRQ F,<�< Q-e DXI T DX=�f Z =C= Q Dcl�C 7CI T FHD L D��-DGINDGr30C=�WC=CB e WCI T DG= L D20CI"BcW Q D���D Z O(@Ar30 Q WC=CB L [
O;D T FH=CBcWC=CBMDG=�@c=?BMDX= Z <�<SDX=A@ T l�0ml � � { T D L@? @ LRL DGI T @c<S_?> L ;cWC]HDG=CBMD 0(@c] Q D L�T D L-U�Q @c= T @cI T [? FH= Q DGIN_CI Z �(]HD L >(7CI"<�F QNQ ]HDXIRD��-IRDXF Q DX=tl

nu@ LuU _PDXf Q INWC< e FHI T d Z =svX@50C],INDXF,r30CDX= LRQ @cINfADX= - v Z = L F,BM=(@ Q WCINDG= TCZ <SFH=?FHDXI Q @ T FHD L F,r30FH= L O;D LNZ = T DXIND�OPDXF�JKD LNL WC=CBMDG= L r30 e @cr30CDGI U _PDXf Q IN@c]H],FH=CF,DX= F,< U _CFHDGBMDX] L DXF Q DG=�OC@c= T T FHD L DGI
�aF,=CFHDG= LRQ �MINDG= T O;DG<�DGINf�O(@cI'<�@cr30?DX=tlm�-DXF T DXI �-D LRQ FH<S<kWC=CB T D L C(IND 4�WCDX=CvGO;DGINDGFHr30CD L >(7CI
T FHD�JKD LNL W?=CBMDX= DXFH=?D L BMD e ;50C] Q DX= U _CW?INDX=?B @ L D L <kW B T F,D L D &^@ QNL @cr30CD�<�F Q OPDXI 7Cr f L FHr30 Q FHB Q
e DGI T DG=A@ T @ T @ L7U DXF Q DX=�O(@A= T �(] Q DXI T DG= U _CF,DXBMDG],>�IRD24�WCDX=?vXOPDXINDGFHr300=?FHr30 Q F,= L DXFH=?DXI2BMD L @c< Q DG=
�-INDGF Q D�d Z ]H] LRQ ;A= T FHBEWC= Q DXI T I 7?r f Q l
A8B+CDB E;FHGJIHKMLNI8O�IQPSRJT
�-DXF T DGI 2 O LRQ F,<�<EWC=CB T D L 55<�_x> ;c=CBMDGI L @cW?> T FHD�vXW <SD LRL DG= T D U _;DGf Q I|@c],]HF,=CFHD e F,I T T FHDC6IRDVU�WCDG=Cv T D L ] Z f @c],DX= - L vXF,]H]H@ Q|Z I LQW ;cW��(B LNZ BMD e ; W ] Q @ T @�B L F,r W T F,D L D U FHBc=(@ Q W?I�F,= T DGI
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2 O?OCFH] T WC=CB �?l �Ml�� � DGr W =CDGINF L r W DGIN<SF QNQ DX] Q D L5U _;DGf Q INW?< >(7CI T DX= 2 O LRQ F,<�<EO;DGINDXF,r W T D L /13 � [/c� � [ ( >�vp[ � @ T F Z <SD Q DXI L l 2 W?> (�INW?= T�T DXIaBMDXIRFH=CBcDX= , = Q DX= L F Q ; Q DG= e WCI T DX=
T FHD C(IND U�WCDX=CvGO;DGINDGFHr W DKFH= T DXI �o<SBMDGOCWC=CB T DXI &-] - [�WC= T T DGI >�� -�� [
� FH=CF,DX=CBMIRWC_C_PD'dMDGINBMI �1BMDGI Q�T @cIRBMD L\Q DX],] Q l

JKF QNQ D T D L��;e F L r W DX=?>�IRDVU�WCDX=?vXOPDXINDGFHr W D L OPD �(= T D Q l%C 7?I T DX= C6@c]H] T DXI &-] - [ �aF,=CFHDG=CBMIRWC_C_PDOPDXF /13c�xl � � ��( >�v�DGINBMF,O Q�L F,r W <SF Q T DXI�JKF QNQ DG=?>�IND U�WCDX=Cv T D L 2 - U d Z = /xl � ( >ov"WC= T OPDXFH<55<�_x>�@c=CB�FH< Z O;DGINDG= U DGF Q DX=�O(@c= T DXF,=CD � - [ C(IND U�W?DX=Cv�d Z = /13��xl � � � ( >�vcl
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