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Entwicklung eines Konzeptes zur Digitalisierung des Labors der mechanischen 
Verfahrenstechnik der HAW, inklusive einer ersten Teilumsetzung 

Stichworte 
Verfahrenstechnik, Digitalisierung, ISA-S95, B2MML, Labordatenstruktur, 
Kuchenfiltration, Wirbelschichtverfahren, Workflow, Konzeptentwicklung, LabVIEW 

Kurzzusammenfassung 
Im Verlauf des Projekts wurden Konzepte zur Digitalisierung des verfahrenstechnischen 
Labors erstellt. Es sind zwei Konzepte erstellt worden, die aufeinander aufbauen. Das 
erste Konzept mit dem Titel Konzept 3.0 beschreibt die Generierung von Messwertdaten 
mittels Sensoren und die softwaretechnische Verarbeitung und Archivierung. Das zweite 
Konzept, mit dem Titel Konzept 4.0 beschreibt die zukünftige, potenzielle 
Implementierung weitere Applikationen im Rahmen von Big Data. Da das zweite 
Konzept Datenbankmanagementsysteme im Zentrum hat, ist ein Datenbankkonzept, 
angelehnt an den ISA-S95 and B2MML, erstellt und dieses anschließend auf ein 
relationales Datenbankkonzept transferiert worden. Abschließend wurden zwei 
Versuchsstände, die Wirbelschichtversuchsanlage und die Filterkuchenversuchsanlage, 
mit digitaler Sensorik ausgestattet und Programme in LabVIEW geschrieben, die die 
Datenströme beider Versuchsstände verarbeiten können und Tabstoppgetrennte *.txt-
Dateien generieren. 
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Abstract 
During the project, concepts for digitizing the process engineering laboratory were 
created. Two concepts have been created. The second one build on top of the first one. 
The first concept, entitled Concept 3.0, describes the generation of measured value data 
by means of sensors and the software processing and storage. The second concept, 
titled Concept 4.0, describes the future, potential implementation of further applications 
in the context of Big Data. Since the second concept has database management 
systems at its core, a database concept, based on ISA-S95 and B2MML, has been 
created and then transferred to a relational database concept. Finally, two test rigs, the 
fluidization bed test rig and the filtration (fixed-bed) test rig, have been equipped with 
digital sensors. Programs have been written in LabVIEW that can process the data 
streams of both test rigs and generate tab-stop separated *.txt files. 
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"OIBOH EFS 4DIOJĨTUFMMFOQSPHSBNNJFSVOH � � � � � � � � � � � � � � � � � � � � � � � � � � YY
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%BOLTBHVOH
*DI NÕDIUF NJDI IFS[MJDI CFJ BMMFO CFEBOLFO EJF NJDI CFJ EFS &SSFJDIVOH NFJOFT BLBEFNJTDIFO ;JFMT
VOUFSTUÛU[U IBCFO�"MMFO WPSBO TFMCTUWFSTUÅOEMJDINFJOF HFMJFCUF.VĨFS EJFNJS JO.PNFOUFO JO EFOFO
JDI BVGHSVOE OJDIU PĎFOTJDIUMJDIFS UFDIOJTDIFS 1SPCMFNF GBTU WFS[XFJGFMU CJO PEFS JO EFO ;FJUFO JO EF�
OFO JDI OJDIU XVTTUF XJF JDI OFVFT KFEPDI OPUXFOEJHFT OFVFT8JTTFO FSTDIMJF�FO LBOONJDINPUJWJFSU
PEFS BCFS HF[XVOHFO IBU BO 5BHFO BO EFOFO JDI ����� 4UVOEFO BN 1SPKFLU HFBSCFJUFU IBCF 'FJFSBCFOE
[V NBDIFO OBKB�� CJT BVG EJF MFU[UF 8PDIF IBIBIB� "VDI NFJO CFTUFS 'SFVOE .VIBNNFOE BLB� .P
XBS FJO VOIFJNMJDI XJDIUJHFS #FJTUBOE JDI %BOLF EJS CFTPOEFST�

*DI CFEBOLF NJDI BVT HBO[FN )FS[FO CFJ NFJOFO 5FBNLPMMFHFO.� )BOOBQQFM VOE 4� 8JśLPXTLJ VOE
EFO 1SPGFTTPSFO $� 'SBOL .� (FXFLF .� )ÕMMJOH "� 4JFWFST &� 4UÕWFS EJF NJDI VOE NFJOF VOLPO�
WFOUJPOFMMF FOFSHFUJTDIF "SU VOE 8FJTF TPXJF )VNPS��� tFSUSBHFOi��� IBCFO� %JF 8FMU LBOO FJO HSBVFS
0SU TFJO VOE VOTFSF ;FJU BVG &SEFO JTU EFėOJUJW CFHSFO[U XFOO OJDIU JDI EBT XFJ� XFS EBOO� "VT EJF�
TFN(SVOEFNVTT NBO KFEF.JOVUF OVU[FO VOE [VHMFJDI HFOJF�FO� %JF CFTUF "SU EJFT [V UVO JTU NFJOFT
&SBDIUFOT/63EVSDI)VNPS VOE EVSDI EJF8FSUTDIÅU[VOH KFEFO.PNFOUT VOE EFO.FOTDIFO JO EFJ�
OFN 0SCJU EJF BVDI OVS EBT #FTUF GÛS FJOFO XPMMFO�

"VG UFDIOJTDIFS &CFOF HJMUNFJO BV�FSPSEFOUMJDIFS%BOL 1SPG� C.Frank� *DIXFJ� OJDIU XP JDI PIOF 4JF
JO #F[VH BVG EJF FMFLUSPUFDIOJTDIF TPXJF QSPHSBNNJFSUFDIOJTDIF )JMGF CFJ NFJOFO )FSBVTGPSEFSVOH
XÅSF� 4JF IBCFO FT NJS FSNÕHMJDIU OBDI ÅV�FSTU VOBOHFOFINFO 4UBSUTDIXJFSJHLFJUFO FJO 'V� JO EJF
NJS OPDI VOCFLBOOUF 8FMU EFS TFSJFMMFO 4DIOJĨTUFMMFO 1SPHSBNNJFSVOH NJU 1ZUIPO TPXJF -BC7*&8
[V TFU[FO�

4JF BMMF IBCFO NJS HFIPMGFO BMT NJS NFJO 1SJWBUMFCFO NFJOF "SCFJU FSTDIXFSU IBU�

7*&-&/ %"/,���



"CLÛS[VOHTWFS[FJDIOJT

"CLÛS[VOHTWFS[FJDIOJT

"* BSUJėDJBM JOUFMMJHFODF
"/4* "NFSJDBO /BUJPOBM 4UBOEBSET *OTUJUVUF
"4$** "NFSJDBO 4UBOEBSE $PEF GPS *OGPSNBUJPO *OUFSDIBOHF
#E #BVESBUF
#% #MPDLEJBHSBNN
#% #MPDLEJBHSBNN
#V# #FEJOVOH VOE #FPCBDIUVOH
$PN 4FSJFMMFS "OTDIMVTT VOUFS8JOEPXT
$54 $MFBS UP 4FOE
%"2 EBUB BDRVJTJUJPO %BUFOBLRVJTJUJPO
%#.4 %BUFOCBOL.BOBHFNFOU 4ZTUFNFO
%&& %BUFOFOEFJOSJDIUVOH
%¾& %BUFOÛCFSUSBHVOHTFJOSJDIUVOH
&*" &MFDUSPOJD *OEVTUSJBM "MMJBODF
&-/ &MFDUSPOJD -BCPSBUPSZ /PUFCPPL
&31 &OUFSQSJTF 3FTPVSDF 1MBOOJOH
'1 'SPOU 1BOFM
'1 'SPOU 1BOFM
(/% 4JHOBM (SPVOE
).* )VNBO�.BDIJOF�*OUFSGBDF
*$4 *OEVTUSJBM $POUSPM 4ZTUFN 	EFVUTDI *OEVTUSJFMMF ,POUSPMMTZTUFNF

*.4 *OGPSNBUJPOTNBOBHFNFOUTZTUFNF
*P5 *OUFSOFU PGĉJOHT
*4" *OUFSOBUJPOBM 4PDJFUZ PG "VUPNBUJPO
*40 *OUFSOBUJPOBM 0SHBOJ[BUJPO GPS 4UBOEBSEJ[BUJPO
,* LÛOTUMJDIF *OUFMMJHFO[
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"CLÛS[VOHTWFS[FJDIOJT

-*.4 -BCPS.BOBHFNFOU *OGPSNBUJPOT 4ZTUFNF
.&4 .BOVGBDUVSJOH &YDFDVUJPO 4ZTUFN
.&4" .BOVGBDUVSJOH &OUFSQSJTF 4PMVUJPOT "TTPDJBUJPO
.0. .BOVGBDUVSJOH 0QFSBUJPOT.BOBHFNFOU
.75 NFDIBOJTDIF 7FSGBISFOTUFDIOJL
1&Ć 1VSEVF &OUFSQSJTF 3FGFSFODF "SDIJUFDUVSF
S. SFDIUF.BVTUBTUF
34���� 3FDPNNFOEFE 4UBOEBSE PEFS 3BEJP 4FDUJPO ���
354 3FRVFTU UP 4FOE
3Y% 3FDFJWF %BUB
4&547* 4JNQMF &MBQTFE 5JNF 4VC 7*
4,%. 4DIXFCFLÕSQFSEVSDIĚVTTNFTTFS
42- 4USVDUVSFE2VFSZ -BOHVBHF
447* 4FSJBM 4VC 7*
5Y% 5SBOTNJU %BUB
64# 6OJWFSTBM 4FSJBM #VT
7* 7JSUVFMMFT *OTUSVNFOU
75 7FSGBISFOTUFDIOJL
8#' 8PSME #BUDI 'PSVN
84/ 8JSFMFTT 4FOTPS /FUXPSL
9.- &YUFOTJCMF.BSLVQ -BOHVBHF
94% <9.-> 4DIFNB%FėOJUJPO
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4ZNCPMWFS[FJDIOJT

4ZNCPM #F[FJDIOVOH &JOIFJU

A "OTUSÕNĚÅDIF N�

a⃗ #FTDIMFVOJHVOH N/T�

#E #BVESBUF #ZUF�T
cp 8ÅSNFLBQB[JUÅU L+/LH · ,
cw 8JEFSTUBOETCFJXFSU �
d %VSDINFTTFS NN�

ε 1PSÕTJUÅU �
η EZOBNJTDIF 7JTLPTJUÅU 1BT
&V &VMFSHMFJDIVOH
F ,SBě /
F⃗ ,SBěWFDUPS LH · N/T�

F ,SBě /
g (SBWJUBUJPOTLPOTUBOUF N/T�

I 4USPNTUÅSLF "
k %FIOVOHTFNQėOEMJDILFJU �
m .BTTF LH
ν 2VFSLPOUSBLUJPOT[BIM 	1PJTTPO�,POTUBOUF
 �
P, p %SVDL //N�

ψ %FIOVOH �
πl,t MPOHJUVEJOBMF�USBOTWFSTBMF 1JF[PLPOTUBOUF 1B¢�

R FMFLUSJTDIFS8JEFSTUBOE Ω

3F 3FZOPMET[BIM �
ρ %JDIUF LH/N�

ρel TQF[JėTDIFS FMFLUSJTDIFS8JEFSTUBOE Ω ·N
S 4VSGBDF NN�
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4ZNCPMWFS[FJDIOJT

s 'JMUFSLVDIFOEJDLF
σl,t MPOHJ��USBOTW� NFDIBOJTDIF 4QBOOVOHTLPNQPOFOUF 1B
T 5FNQFSBUVS ,
U FMFLUSJTDIF 4QBOOVOH 7
V̇ 7PMVNFOTUSPN N�/T
v (FTDIXJOEJHLFJU -FFSSPISHFTDIXJOEJHLFJU N/T
w DIBSBLUFSJTUJTDIF (FTDIXJOEJHLFJU N/T
x 'FJOIFJUTNFSLNBM NN
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*OEFYWFS[FJDIOJT

*OEFYWFS[FJDIOJT

*OEFY #F[FJDIOVOH

�� 4BVUFS	�EVSDINFTTFS

" "VěSJFC
B "OTUSÕN	�ĚÅDIF

#S 8IFBUTUPOF #SÛDLF
D $PSJPMJT
FM FMFLUSJTDI
G 'MVJE
GC 'FTUCFĨ
'. 'JMUFSNJĨFM
GT 'FTUTUPĎ
( (SBWJUBUJPO
I IZESBVMJTDI
JSS JSSFWFSTJCFM
, 'JMUFSLVDIFO
LPOTU LPOTUBOU
- -ÅOHF
M MPOHJUVEJOBM
N .BTTFO	�LPO[FOUSBUJPO

NG NJOJNBM 'MVJEJTBUJPO
2 2VFSLPOUSBLUJPO
T 4JOL	�HFTDIXJOEJHLFJU

U USBOTWFSTBM
7 7PMVNFO
WT 7PMVNFO	�LPO[FOUSBUJPO

8,X 8JEFSTUBOE
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XT 8JSCFMTDIJDIU
Y 'FJOIFJUTNFSLNBM
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(MPTTBS FOHMJTDIFS #FHSJĎF

(MPTTBS FOHMJTDIFS #FHSJĻF

&OHMJTDI %FVUTDI

"* LÛOTUMJDIF *OUFMMJHFO[
DMBTTJėDBUJPO ,MBTTJė[JFSFO
%"2 %BUFOBLRVJTJUJPO
EJHJUBM 5XJO EJHJUBMFS ;XJMMJOH
ESZGSFF[FS (FGSJFSUSPDLOFS
EVTUėMUSBUJPO 4UBVCBCTDIFJEVOH
ėYFE�CFE 'FTUCFĨ
ĚVJEJ[BUJPO 'MVEJTJFSVOH
IJHI QSFTTVSF IPNPHFOJ[FS )PDIESVDLIPNPHFOJTBUPS
MBTFS EJĎSBDUJPO EFWJDF -BTFSCFVHFSQBSUJLFMBOBMZTBUPS
NBDIJFO MFBSOJOH NBTDIJOFMMFT -FSOFO
QBSUJDMF CFE ėYFE�CFE ėMUSBUJPO 'FTUCFĨ�� ,VDIFOėMUSBUJPO
VOJU PQFSBUJPO WFSGBISFOTUFDIOJTDIF (SVOEPQFSBUJPO
QSJODJQBM "VěSBHHFCFS⇒%P[FOUFO
SPMMDSVTIFS 8BM[FOCSFDIFS
TJFWFJOH 4JFCFO
TUBOEBSE PQFSBUJOH QSPDFEVSFT 	401
 )BOEMVOHTBOXFJTVOH 7FSTVDITBOXFJTVOH
TVQFSWJTPS 4DIJDIUMFJUFS⇒XJTTFOTDIBěMJDIFS.JUBSCFJUFS
UFOTJM UFTUFS ;VHWFSTVDIBQQBSBUVS
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5PPMT

5PPMT
"MMF 5PPMT EJF JN 7FSMBVG EFT 1SPKFLUT FJOHFTFU[U XVSEFO TJOE JO EFS GPMHFOEFO -JTUF BVGHFMJTUFU�

r )BSEXBSF

m 4NBSUQIPOF 1��� 	QSJWBU
 GÛS EJF 'PUPEPLVNFOUBUJPO

m .BD#PPL 1SP ���� 	QSJWBU


m 8JOEPXT �� %FTLUPQ 1$ 	QSJWBU


m 8JOEPXT �� %FTLUPQ 1$

r 4PěXBSF

m 1PXFSQPJOU GÛS1SÅTFOUBUJPO(SBėLFSTUFMMVOH	[�#� FMFLUSJTDIFT4DIBMUTDIFNB%BUFOCBOL

VOE #JMENBOJQVMBUJPOFO�

m 1%'��

� [VN CFTDIOFJEFO EFS 1%' 3ÅOEFS

� ;VN u%SVDLFOuWPO %BUFJFO JO FJO 1%' BOTUFMMF FJOFT 1BQJFST

m 5BCFMMFOLBMLVMBUJPOTQSPHSBNN� &YDFM

m #JMENBOJQVMBUJPO� (*.1

m 5FYUTBU[� -"5&9[VS "OGFSUJHVOH EFT %PLVNFOUT

� 'POUT 	9F-B5F9 OPUXFOEJH VN EJF 'POUT OVU[FO [V LÕOOFO


� "SOP 1SP

� )ZQBUJB 4BOT

3 Menlo (Python font)

� #JCMJPUIFLTNBOBHFNFOU� +BC3FG

� 'ÛS 'PSNFMO JN )BVQUEPLVNFOU XVSEFO EJF GPMHFOEFO /PSNFO CFBDIUFU�

p %*/ ���� 'PSNFMTDISFJCXFJTF VOE 'PSNFMTBU[

p %*/ ���� 'PSNFM[FJDIFO

p %*/ ���� &JOIFJUFOOBNFO &JOIFJUFO[FJDIFO

p %*/ ���� (SÕ�FO

m -BC7*&8 ���� BVG EFO ).*AT BO EFS )"8 -JGF 4DJFODFT

7***



5PPMT

m -BC7*&8 ���� BVG EFN .BD#PPL QSP VOE EFN QSJWBUFN 1$

m -BC7*&8 ���� BVG EFO ).*AT BO EFS )"8 -JGF 4DJFODFT

m "OBDPOEB BMT 1ZUIPO %JTUSJCVUJPO

� 4QZEFS BMT 1ZUIPO &EJUPS
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� &JOMFJUVOH

� &JOMFJUVOH
%JF %JHJUBMJTJFSVOH JO EFS 8JSUTDIBě IBU JN +BISF ���� %JNFOTJPOFO FSSFJDIU EBTT 'PSTDIFS NJĨFMT
t4VQFSDPNQVUFSOi VOE LÛOTUMJDIFS *OUFMMJHFO[ 	,*
 CFJTQJFMTXFJTF DIFNJTDIF 7FSCJOEVOHFO GÛS EJF 3FJ�
GFOIFSTUFMMVOH PEFS &O[ZNGPSNVMJFSVOH FSSFDIOFO NJU EFS EJF &UIBOPMQSPEVLUJPO PQUJNJFSU XFSEFO
LBOO <�>� .JĨFMT %JHJUBMFS ;XJMMJOH JN FOHMJTDIFO EJHJUBM 5XJO LÕOOFO 1SPEVLUF 1SPEVLUJPOTBCMÅVGF
PEFS FJO HFTBNUFS 1SP[FTT EVSDI EJF ,PQQMVOH WPO 1SPEVLUJPOT� VOE 1SPEVLU 5XJO BCHFCJMEFU VOE
TPNJU PQUJNJFSU XFSEFO� .JĨFMT %JHJUBM 5XJOT MBTTFO TJDI TPHFOBOOUF 4Pě�4FOTPSFO JOUFHSJFSFO 	BO�
HFXBOEUF OVNFSJTDIF 4JNVMBUJPO
� *O 1SPEVLUJPOTQSP[FTTBCTDIOJĨFO JO EFOFO EJF #FEJOHVOHFO FT
OJDIU FSMBVCFO FJOFO SFBMFO -BOH[FJUTFOTPS [V JNQMFNFOUJFSFO LÕOOFO NJĨFMT %JHJUBM 5XJOT 4FOTP�
SFO JO 4JNVMBUJPOTTPěXBSF HFOFSJFSU XFSEFO EJF NJU FJOFN 1SP[FTT TZODISPOJTJFSU TJOE VN 5PU[FJUFO
[V WFSSJOHFSO PEFS [V FMJNJOJFSFO CJT TDIMFDIUF 1SPEVLUJPOTCFEJOHVOHFO EFUFLUJFSU XFSEFO LÕOOFO�
%BEVSDI LBOO EJF &đ[JFO[ FJOFT 1SP[FTTFT TJHOJėLBOU HFTUFJHFSU XFSEFO <��>�

"CIÅOHJH WPN,POUJOFOU 4UBBU 3FHJPO VOE#SBODIFXJSE EFS EJHJUBMF8BOEFM BOEFST XBISHFOPNNFO�
&JOF &JOUFJMVOH OBDI ,POESBUKFX JTU OJDIU &JOEFVUJH EFOOPDI FSGÛMMU EFS EJHJUBMF 8BOEFM HFNÅ� <�>
BMMF ,SJUFSJFO VN EFO 1MBU[ EFT �� ,POESBUKFX�;ZLMVT FJO[VOFINFO� *N 1SJWBUTFLUPS OJNNU EJF ;BIM
BO tTNBSUFOi (FSÅUFO TUFUJH [V� %BT FJO 4NBSUQIPOF NJU FJOFN 4NBSU 57 BVUPOPN LPNNVOJ[JFSU JTU
CFSFJUT HFMFCUFS "MMUBH� "VDI JO EFS *OEVTUSJF LPNNVOJ[JFSFO 4FOTPSFO (FSÅUF .BTDIJOFO "HHSFHBUF
CFSFJUT BVUPOPN VOUFSFJOBOEFS BCFS BVDI NJU &OUFSQSJTF 3FTPVSDF 1MBOOJOH 	&31
� .BOVGBDUVSJOH
&YDFDVUJPO 4ZTUFNFO 	.&4
 PEFS .BOVGBDUVSJOH 0QFSBUJPOT .BOBHFNFOU 	.0.
 VOE ÅIOMJDIFN�
4NBSUF 4FOTPSFO TJOE JN 4UBOEF CFJ BVUPOPNFS &SLFOOVOH FJOFS &SIÕIVOH EFS 4UBOEBSEBCXFJDIVOH
TJDI TFMCTU [V LBMJCSJFSFO <��>�

&T MÅTTU TJDI FSBIOFO EBTT TJDI EJF %BUFONFOHFO QSP ;FJUFJOIFJU 1SP[FTT P�Å� EJF OÅDITUFO +BISF TUF�
UJH FSIÕIFO XJSE� /VO TJOE ,PO[FQUF HFGSBHU XJF TJDI EJF tSFMFWBOUFOi %BUFO JOUFMMJHFOU BSDIJWJFSFO
MBTTFO VN TJF JO &DIU[FJU PEFS [V FJOFN TQÅUFSFO ;FJUQVOLU WFSIÅMUOJTNÅ�JH FJOGBDI WFSBSCFJUFO VOE
BVTXFSUFO [V LÕOOFO VN CFJTQJFMTXFJTF 1SPEVLUJPOTQSP[FTTF [V PQUJNJFSFO�

%BNJU [VLÛOěJHF "CTPMWFOUFO EFS )"8 EJFTFO "OGPSEFSVOHFO TDIOFMMFS HFSFDIU XFSEFO LÕOOFO JTU
EBT FSTUF ;JFM EJFTFS "SCFJU EFO 4UBUVT RVP EFT WFSGBISFOTUFDIOJTDIFO-BCPST [V FSGBTTFO VNEJF OÅDIT�
UFO 4DISJĨF FJO[VMFJUFO EBNJU EFS 4UBOE EFS 5FDIOJL JO EFS *OEVTUSJF OPDI CFTTFS BQQSPYJNJFSU XFSEFO
LBOO�

�



� &JOMFJUVOH

��� *TU�"OBMZTF EFT 7FSGBISFOTUFDIOJL -BCPST

*O EFS 7FSGBISFOTUFDIOJL HJCU FT GÛS EJF VOUFSTDIJFEMJDITUFO WFSGBISFOTUFDIOJTDIFO 0QFSBUJPOFO 	6OJU
0QFSBUJPOT
XJF [�#� EBT5SFOOFOWPO4UPĎHFNJTDIFOPEFSEBT;FSLMFJOFSO WPO1BSUJLFMO WFSTDIJFEFOF
7FSTVDITTUÅOEF� 6N TJDI FJOFO¾CFSCMJDL ÛCFS EBT WFSGBISFOTUFDIOJTDIF 	75
 -BCPS [VNBDIFO LBOO
EBT -BCPS BVG NJOEFTUFOT ESFJ VOUFSTDIJFEMJDIF 8FJTFO CFUSBDIUFU XFSEFO�

�� %BT 75�-BCPS LBOO JO EJF 6OJU 0QFSBUJPOT NJU EFO 7FSTVDITTUÅOEFO VOE EFO KFXFJMJHFO ,PN�
QPOFOUFO XJF "QQBSBUF .FTTUFDIOJL VOE %BUFOWFSBSCFJUVOH VOUFSUFJMU XFSEFO� %JFTF 4JDIUXFJTF
FJHOFU TJDI CFTPOEFST VN TJDI FJOFO ¾CFSCMJDL [V WFSTDIBĎFO�

�� #FUSBDIUFU NBO EBT 75�-BCPS VOUFS EFN "TQFLU EFS BOGBMMFOEFO %BUFO 	TJFIF 5BCFMMF �� JN "O�
IBOH
 EJF CFJ EFO7FSTVDITTUÅOEFO HFOFSJFSU XFSEFO EBOO LBOO EBT 75�-BCPS JO EJTLSFUF VOE LPO�
UJOVJFSMJDI BOGBMMFOEF %BUFO VOUFSUFJMU XFSEFO� 'PMHMJDI TJOE JN 3BINFO FJOFS %BUFOWFSBSCFJUVOH
NJOEFTUFOT [XFJ -ÕTVOHTBOTÅU[F OPUXFOEJH�

�� &JOF EJĎFSFO[JFSUF #FUSBDIUVOH EFS BOGBMMFOEFO%BUFO GÛISU [VS OÅDITUFO,MBTTJė[JFSVOH EJF &JOUFJ�
MVOH OBDI.FTTBVGHBCF� 7FSGBISFOTUFDIOJTDIF .FTTBVGHBCFO LÕOOUFO EJF GPMHFOEFO TFJO�

r 7PMVNFOTUSPN��.BTTFOTUSPNNFTTVOH 	LPOUJOVJFSMJDI


r 5FNQFSBUVSNFTTVOH 	LPOUJOVJFSMJDI�EJTLSFU


r 8JFHFO 	LPOUJOVJFSMJDI�EJTLSFU


r %SVDLNFTTVOH 	LPOUJOVJFSMJDI�EJTLSFU


r ,PO[FOUSBUJPOTNFTTVOH 	LPOUJOVJFSMJDI�EJTLSFU


� -VěGFVDIUFCFTUJNNVOH 	EJTLSFU�LPOUJOVJFSMJDI


� 'FVDIUFCFTUJNNVOH WPO 'FTUTUPĎFO 	EJTLSFU


� Q)�8FSU .FTTVOH 	LPOUJOVJFSMJDI�EJTLSFU


� (BTLPO[FOUSBUJPOTNFTTVOH 	LPOUJOVJFSMJDI


%JF"VTHBOHTTJUVBUJPOEFTNFDIBOJTDIFN5FJMT EFTWFSGBISFOTUFDIOJTDIFO-BCPST 	.75�-BCPS
XVS�
EF JO FJOFS &YDFM�%BUFJ EPLVNFOUJFSU 	TJFIF "OIBOH� *TU�"OBMZTF�75�-BCPS�YMTY
� *O EFS 5BCFMMF � TJOE
EJF 7FSTVDITTUÅOEF EFS .75� ESFJ 7FSTVDITTUÅOEF EFS 6OJU 0QFSBUJPO 5SFOOFO EFS UIFSNJTDIFO 7FS�
GBISFOTUFDIOJL 	IFMMSPU FJOHFGÅSCU
 EJF IÅVėH *ISF "OXFOEVOH JO EFS .75 ėOEFO TPXJF FJOJHF "OB�
MZTFFJOSJDIUVOHFO 	IFMMCMBV FJOHFGÅSCU
� BVGHFMJTUFU� %BT ;JFM EFS *TU�"OBMZTF XBS FT EFO t(SBE EFS %J�
HJUBMJTJFSVOHi [V #FHJOO EFT 1SPKFLUT [V FSVJFSFO� .JU t(SBE EFS %JHJUBMJTJFSVOHi JTU HFNFJOU XJF WJFMF

�



� &JOMFJUVOH

Tabelle 1: .FDIBOJTDIF 6OJU 0QFSBUJPOT EFSFO 7FSTVDITTUÅOEF VOE NFTTUFDIOJTDIF
&JOSJDIUVOHFO

7FSTVDITTUÅOEF EJHJUBMF 4DIOJĨTUFMMF
4JDIUFO LFJOF

,VDIFOėMUSBUJPO LFJOF
#MBJOF LFJOF

4UBVCBCTDIFJEVOH 64#
(FGSJFSUSPDLOFO 64#
5SPDLOVOHTPGFO 64# -"/
7BLVVNUSPDLOFS LFJOF

8JSCFMTDIJDIU LFJOF
#BDLFOCSFDIFS LFJOF

1MBOFUFOLVHFMNÛIMF 34���� 34����
1SBMMNÛIMF LFJOF

8BM[FONÛIMF LFJOF
4DIOFJENÛIMF LFJOF

)PDIESVDLIPNPHFOJTBUPS LFJOF
*OUFOTJWNJTDIFS 64#

$PODIJFSNBTDIJOF LFJOF
3ÛISWFSTVDI 34����
;VHWFSTVDI 34����

4JFCUVSNBOBMZTF LFJOF
-VěTUSBIMTJFCVOH 34���� 64#

4DIFS[FMMF 34����
4UBNQGEJDIUF LFJOF

-BTFSCFVHVOHT�1BSUJLFMHSÕ�FOBOBMZTF 64#
8BBHFO 64#

*3�8BBHFO 34����
3FGSBDUPNFUFS 34����

'MVJEEJDIUFNFTTFS 34����
(BTQZLOPNFUFS 34����

.JLSPTLPQF 64#
7JTLPTJNFUFS 64#

6OJU 0QFSBUJPOT

5SFOOFO

,MBTTJFSFO

'JMUSBUJPO

UIFSNJTDI

'MVJEJTJFSFO

1BSUJLFM[FSLMFJOFSVOH

.JTDIFO

.75

"OBMZTFFJOSJDIUVOHFO

�
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Tabelle 2: t(SBE EFS %JHJUBMJTJFSVOHi EFS .75 (FSÅUF VOE "OMBHFO

.75 7FSTVDITTUÅOEF 4FOTPSJL
[XFDLNÅ�JH

4FOTPSJL
WPSIBOEFO

tFĎFLUJWFi
4DIOJĨTUFMMF

QSJPSJTJFSUF
&JOSJDIUVOHFO

4JDIUFO
,VDIFOėMUSBUJPO ◦ ✗

#MBJOF
4UBVCBCTDIFJEVOH ◦ ✓ ✓ ✓

8JSCFMTDIJDIU ◦ ✗

#BDLFOCSFDIFS
1MBOFUFOLVHFMNÛIMF ◦ ✓ ✗

1SBMMNÛIMF
8BM[FONÛIMF
4DIOFJENÛIMF

)PDIESVDLIPNPHFOJTBUPS
*OUFOTJWNJTDIFS ✓ ✗

$PODIJFSNBTDIJOF
3ÛISWFSTVDI ◦ ✓ ✓ ✓

4VNNF BMMFS ✓ PEFS ◦ � � � �
4VNNF BMMFS ✗ PEFS ✗ � �

QSP[FOUVBMFS "OUFJM SFMBUJW [V BMMFO
&JOSJDIUVOHFO ] 4QBMUFOFJOUSÅHFO �� � �� � �� � ���

.75 "OBMZTFFJOSJDIUVOHFO 4FOTPSJL
[XFDLNÅ�JH

4FOTPSJL
WPSIBOEFO

tFĎFLUJWFi
4DIOJĨTUFMMF

QSJPSJTJFSUF
&JOSJDIUVOHFO

;VHWFSTVDI ◦ ✓ ✓

4JFCUVSNBOBMZTF[[HM� EJHJUBM 8BBHF ◦ ✓ ✗ ✗

-VěTUSBIMTJFCVOH ◦ ✓ ✓ ✓

4DIFS[FMMF ◦ ✓ ✗ ✗

4UBNQGEJDIUF
-BTFSCFVHVOHT�

1BSUJLFMHSÕ�FOBOBMZTF ◦ ✓ ✓ ✓

4VNNF BMMFS ✓ PEFS ◦ � � � �
4VNNF BMMFS ✗ PEFS ✗ � �

QSP[FOUVBMFS "OUFJM SFMBUJW [V BMMFO
&JOSJDIUVOHFO ] 4QBMUFOFJOUSÅHFO �� � �� � �� � ���

�
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7FSTVDITTUÅOEF EJHJUBMF .FTTUFDIOJL WFSXFOEFO NJU EFOFO %BUFO [XFDLT 8FJUFSWFSBSCFJUVOH HFOF�
SJFSU XFSEFO LÕOOFO�.FTTUFDIOJLLPNQPOFOUFONJU FJOFS EJHJUBMFO 4DIOJĨTUFMMF XFSEFO JN7FSMBVG
EJFTFS "SCFJU OVS 4FOTPSFO HFOBOOU� %JF ;FMMFO JO EFS 5BCFMMF � CFJ EFOFO FJO 6QHSBEF BVG 4FOTPSFO
TJOOIBě XÅSF XFSEFO HSBV TDISBđFSU FJOHFGÅSCU�

%FS 5BCFMMF � LBOO FOUOPNNFOXFSEFO EBTT �� EFS ��.757FSTVDITTUÅOEF LFJOF 4FOTPSFO CFTJU[FO�
&JOJHF "OBMZTFFJOSJDIUVOHFO XFSEFO J� E� 3� OVS JN 3BINFO EFS .75 HFOVU[U VOE TJOE JO EFS 5BCFM�
MF � NJU .75 NBSLJFSU� "MMF XFJUFSFO NFTTUFDIOJTDIFO &JOSJDIUVOHFO XFSEFO OFCFO EFS .75 BVDI
JO EFS DIFNJTDIFO VOE UIFSNJTDIFO 7FSGBISFOTUFDIOJL HFOVU[U� &JO 6QHSBEF NJU 4FOTPSFO JTU CFJ EFN
8JSCFMTDIJDIU� VOE EFN 'JMUFSLVDIFOWFSTVDITTUBOE TJOOIBě EBIFS TJOE EJFTF [XFJ 7FSTVDITTUÅOEF JO
EFS 5BCFMMF HSBV TDISBđFSU�

Tabelle 3: 4DIOJĨTUFMMFOWFSUFJMVOH
JN .75�-BCPS

4DIOJĨTUFMMF "O[BIM

34���� 	%#��
 ��
34���� 	%#���
 �

64# �
-"/ �

34���� 	%#��
 �

*O EFS 5BCFMMF � JTU EJF 4DIOJĨTUFMMFOWFSUFJMVOH EFS 7FSTVDIT�
TUÅOEF JN .75 -BCPS EBSHFTUFMMU� %FS 5BCFMMF JTU [V FOUOFI�
NFO EBTT �� 	��%#�� VOE��%#��� 4UFDLFS TJFIF"CCJMEVOH
�� JO"CTDIOJĨ�����
(FSÅUFEJF34����4DIOJĨTUFMMF CFTJU[FO
TJFCFO (FSÅUF IBCFO FJOF 64# 4DIOJĨTUFMMF ESFJ (FSÅUF IBCFO
FJOF -"/ 4DIOJĨTUFMMF VOE FJO (FSÅU IBU FJOF 34���� 4DIOJĨ�
TUFMMF� *O EFS 5BCFMMF � TJOE EJF 7FSTVDITTUÅOEF VOE "OBMZTF�
FJOSJDIUVOHFO EFS .75 BVGHFMJTUFU� /FCFO EFS 4QBMUF NJU EFO
7FSTVDITTUÅOEFO� VOE"OBMZTFFJOSJDIUVOHFO HJCU FT WJFS XFJUF�
SF 4QBMUFO�

r 4FOTPSJL [XFDLNÅ�JH

� 7FSTVDITTUÅOEF VOE "OBMZTFFJOSJDIUVOHFO CFJ EFOFO 4FOTPSFO ;XFDLNÅ�JH TJOE TJOE JO EJFTFS
4QBMUF NJU FJOFN ,SFJT 	◦
 NBSLJFSU� %FS QSP[FOUVBMF "OUFJM EFS KFXFJMT MFU[UFO ;FJMF JTU SFMBUJW
[V BMMFO 7FSTVDITTUÅOEFO C[X� "OBMZTFFJOSJDIUVOHFO�

r 4FOTPSJL WPSIBOEFO

� *O EJFTFS 4QBMUF IBCFO BMMF 7FSTVDITTUÅOEF VOE "OBMZTFFJOSJDIUVOHFO FJOFO )BLFO EJF CFSFJUT
ÛCFS 4FOTPSJL WFSGÛHFO� %FS QSP[FOUVBMF "OUFJM EFS KFXFJMT MFU[UFO ;FJMF JTU SFMBUJW [V BMMFO 7FS�
TVDITTUÅOEFO C[X� "OBMZTFFJOSJDIUVOHFO�

r tFĎFLUJWFi4DIOJĨTUFMMF

� *O EJFTFS 4QBMUF IBCFO EJF 7FSTVDITTUÅOEF VOE "OBMZTFFJOSJDIUVOHFO EJF FJOF EJHJUBMF 4DIOJĨ�
TUFMMF CFTJU[FO VOE BVDI CFJ EFO 7FSTVDIFO WFSXFOEFU XFSEFO FJOFO )BLFO� %FS QSP[FOUVBMF

�



� &JOMFJUVOH

"OUFJM EFS KFXFJMT MFU[UFO ;FJMF JTU SFMBUJW [V BMMFO 4QBMUFOFJOUSÅHFO�

r QSJPSJTJFSUF &JOSJDIUVOHFO

� 7FSTVDITTUÅOEF VOE"OBMZTFFJOSJDIUVOHFO EJF JO EJFTFS 4QBMUF BVGHFGÛISU TJOE IBCFO GÛS EJF 1SÅ�
TFO[WFSBOTUBMUVOH FJOF IPIF#FEFVUVOHVOE TPMMUFO XFOO OJDIU CFSFJUT WPSIBOEFO VOWFS[ÛHMJDI
FJOF 4JHOBMWFSBSCFJUVOHTBQQMJLBUJPO FSIBMUFO PEFS NJU 4FOTPSFO BVTHFTUBĨFU XFSEFO� %JF SPUFO
,SFV[F CFUPOFO EJF 8JDIUJHLFJU EFS 7FSTVDITTUÅOEF EJF OPDI OJDIU BVG EFN 4UBOE EFS BOFSLBOO�
UFO 3FHFMO EFS 5FDIOJL TJOE� %FS QSP[FOUVBMF "OUFJM EFS KFXFJMT MFU[UFO ;FJMF JTU SFMBUJW [V BMMFO
4QBMUFOFJOUSÅHFO�

��� %JHJUBMF 5SBOTGPSNBUJPO

"O EJFTFS 4UFMMF CJFUFU FT TJDI BO EJF #FEFVUVOH EFS 4DIMBHXPSULPNCJOBUJPO tEJHJUBMF 5SBOTGPSNBUJPOi
LVS[ [V FSMÅVUFSO� 4PMM FJO 6OUFSOFINFO PEFS EFSHMFJDIFO EJHJUBM USBOTGPSNJFSU XFSEFO EBOO JTU OJDIU
WPO FJOFN 1SPKFLU EJF 3FEF� %JF EJHJUBMF 5SBOTGPSNBUJPO JTU FJO 1SP[FTT XFMDIF MFEJHMJDI NJU FJOFN
1SPKFLU JOJUJJFSU XJSE� 4PMDI FJO 1SPKFLU LBOO XJF JN 3BINFO EJFTFT 1SPKFLUT NJU EFN FSTUFMMFO FJOFT
%JHJUBMJTJFSVOHTLPO[FQUT EFN "VGSÛTUFO WPO 7FSTVDITBOMBHFO JN -BCPSNB�TUBC NJU 4FOTPSFO CFHJO�
OFO EPDIEBSGNJU EFS #FFOEJHVOHEFT 1SPKFLUT OJDIU BMT BCHFTDIMPTTFO CFUSBDIUFUXFSEFO� *NBLBEFNJ�
TDIFO 3BINFO TJOE EJF )BVQĨSFJCFS 	FOHM� FOBCMFS
 EJHJUBMF 5FDIOPMPHJFO XJF EJF &SNÕHMJDIVOH WPO
*OGSBTUSVLUVSFO�7FSOFU[VOHFO PEFS "OXFOEVOHFO� %PDI BVDI "LUFVSF XJF EFS 4UBBU 6OUFSOFINFO
EJF 8JTTFOTDIBě 	'PSTDIVOH VOE -FISF
 VOE (FNFJOTDIBěFO LÕOOFO FJOF EJHJUBMF 5SBOTGPSNBUJPO
USJHHFSO� *O "OMFIOVOH BO <��> USBHFO EJF 4UVGFO EFS EJHJUBMFO 5SBOTGPSNBUJPO JN BLBEFNJTDIFO 3BI�
NFO GPMHFOEF -BCFM�

r %JHJUBMF 5SBOTGPSNBUJPO

� 8FJUFSFOUXJDLMVOH EFS -FISF EFT .JOETFUT EFS %P[FOUFO TPXJF 4UVEJFSFOEFO

� EFT ,VOEFOFSMFCOJTTFT �� EJF ,PNQFUFO[FO XFMDIF "CTPMWFOUFO JO EJF 6OUFSOFINFO
FJOCSJOHFO XFSEFO

� EFS(FTDIÅěTNPEFMMF JO "OBMPHJF EFS BLBEFNJTDIFO.PEFMMF 	EJF 7JTJPO EFT t-FSOSBVNT
EJHJUBMF 6OGPSNUFDIOJLi WPO 1SPG� %S� &� 4UÕWFS TJFIF "CTDIOJĨ ��� "CTBU[ � OBDI EFN
1BSBHSBQI LÛOTUMJDIF *OUFMMJHFO[


r %JHJUBMF /VU[VOH

�



� &JOMFJUVOH

� "OXFOEVOH EFS EJHJUBMFO5PPMT WPO EFO%P[FOUFO TPXJF 4UVEJFSFOEFO VOE TPNJU [VHMFJDI
(FOFSJFSVOH WPO QSBLUJTDIFO&SGBISVOHFO EFS 4UVEJFSFOEFO JN3BINFOEFS EJHJUBMFS%P�
LVNFOUBUJPO VOE %BUFOWFSBSCFJUVOH

r %JHJUBMF ,PNQFUFO[

� &JOGBDIFS &JOTUJFH JN 6NHBOH NJU OFVFO 5FDIOPMPHJFO

6N EJF EJHJUBMF 5SBOTGPSNBUJPO FSGPMHSFJDI FJO[VMFJUFO JTU [JFMHFSJDIUFUFT )BOEFMO FSGPSEFSMJDI� 8JF
TPMMUF EJF EJHJUBMF *OGSBTUSVLUVS BVTTFIFO 8JF TJFIU EBT PQFSBUJWF (FTDIÅě JN 6OUFSOFINFO IFVUF JO
OBIFS ;VLVOě TPXJF WJTJPOÅS CFUSBDIUFU BVT VOE XJF LBOO EBT BMT )PDITDIVMF BQQSPYJNJFSU XFSEFO 
8BT GÛS ,PNQFUFO[FO TPMMUF EFS )PDITDIVMBCTPMWFOU WPONPSHFO JO FJO 6OUFSOFINFO FJOCSJOHFO LÕO�
OFO 8FS TJOE EJF 4UBLFIPMEFS JO EFS )PDITDIVMF VOE XJF LÕOOFO EJFTF BCHFIPMU XFSEFO %BT 4UJDI�
XPSU BO EFS 4UFMMF JTU$IBOHF.BOBHFNFOU� 8JF JTU EJF 0SHBOJTBUJPO BO[VQBTTFO VN EFO "OTQSÛDIFO
HFSFDIU [V XFSEFO 

%JFTF 'SBHFO TPMMUFO JN BLBEFNJTDIFO 3BINFO CFBOUXPSUFU XFSEFO VN FJOFO FSGPMHSFJDIFO 4UBSU HF�
XÅISMFJTUFO [V LÕOOFO� *O EFS GPMHFOEFO"VĚJTUVOH OBDI <��> TJOE FJOJHF)JMGFTUFMMVOHFO VNEJF PCFO
HFOBOOUFO 'SBHFO QSÅ[JTFS TUFMMFO [V LÕOOFO 	HSBVNBSLJFSUF 1VOLUF TQJFMFO JN BLBEFNJTDIFO3BINFO
FJOF FIFS VOUFSHFPSEOFUF 3PMMF
�

r %JHJUBMF *OGSBTUVSLUVS

� %BUFOJOUFHSBUJPO

� FSXFJUFSUF "OBMZTFO

� %BUFOTDIVU[

� %BUFOTJDIFSIFJU w

r ,VOEF

� 6OUFSOFINFO

� ,VOEFOWFSTUÅOEOJT

� $VTUPNFS &YQFSJFODF .BOBHFNFOU w

r 5SBOTGPSNBUJPOTNBOBHFNFOU

� %JHJUBMF 4USBUFHJF

� $IBOHF .BOBHFNFOU w

r 0QFSBUJWFT (FTDIÅě

� *OUFHSJFSUF *5

� %JHJUBMF 8FSUTDIÕQGVOHTLFĨF

� %JHJUBMF 1SPEVLUJPO w

r 0SHBOJTBUJPO

� "HJMJUÅU

� "SCFJUTQMBU[ EFS ;VLVOě

� %JHJUBMFT %FOLFO � )BOEFMO w

r 8FSUWFSTQSFDIFO

� 4NBSUF 1SPEVLUF

� *OEJWJEVBMJTJFSVOH

� %JHJUBMF ¸LPTZTUFNF w

�
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/FCFOEFN$IBOHF.BOBHFNFOU TJOEPěNBMT FJO GFIMFOEFT#FXVTTUTFJO FJOFOJDIU WPSIBOEFOF%SJOH�
MJDILFJU VOE EJF GFIMFOEF 7JTJPO EFS &OUTDIFJEFS JO #F[VH BVG EJF /PUXFOEJHLFJU FJOFS EJHJUBMFO 5SBOT�
GPSNBUJPO XFTFOUMJDIF )FSBVTGPSEFSVOHFO� %FT 8FJUFSFO IBCFO XJS EFS[FJU EBT ;FJUBMUFS EFS EJHJUB�
MFO 7FSOFU[VOH� *N 1SJWBUTFLUPS TJOE FT 1IÅOPNFOF XJF 4PDJBM .FEJB PEFS tTNBSUF (FSÅUFi EJF BVUP�
OPN LPNNVOJ[JFSFO� *O EFS *OEVTUSJF TJOE FT 4FOTPSFO 1SP[FTTLFĨFO 4PěXBSFMÕTVOHFO 	&31 .&4
VWN���
 BCFS BVDI FOUMBOH EFS HFTBNUFO 8FSUTDIÕQGVOHTLFĨF E�I� WPN 'PSTUXJSU CJT [VN 5PJMFĨFO�
QBQJFSWFSLBVG JN &JO[FMIBOEFM ėOEFU PEFS CFTTFS TPMMUF FJOF 7FSOFU[VOH C[X� ,PNNVOJLBUJPO TUBĨėO�
EFO 	4UJDIXPSU #VMMXIJQ &ĎFLU
� "VT EFS 4JDIU EFS )PDITDIVMF LÕOOUF FT NFIS ,PNNVOJLBUJPO [XJ�
TDIFO EFO 'BLVMUÅUFO TPXJFNFIS,PNNVOJLBUJPO VOE JOUFSEJT[JQMJOÅSF 1SPKFLUF [XJTDIFO EFO%FQBS�
UFNFOUT FJOFS)PDITDIVMF BCFS BVDI [XJTDIFO WFSTDIJFEFOFO)PDITDIVMFO VOE6OJWFSTJUÅUFO BMT BVDI
NJU 6OUFSOFINFO 	4UJDIXPSU JTU [�#� EJF 7JTJPO EFT TUFMMWFSUSFUFOEFN %FQBSUFNFOUMFJUFST 1SPG� %S� &�
4UÕWFS EFN EJHJUBMFO -FSOSBVN BN #FSMJOFS 5PS
 TFJO�

��� .PUJWBUJPO VOE ;JFMTFU[VOH

*OEFS *OEVTUSJF JTU EFS&JOTBU[ 	EJHJUBMFS
4FOTPSFO EFS"OMBHFOTUFVFSVOHNJĨFMT1SPDFTT-PHJD$POUSPMMFSO
	1-$ VOUFS 4JFNFOT 414
 BMT BVDI EFS &JOTBU[ WPO %BUFOCBOLFO BOFSLBOOUFS 4UBOE EFS 5FDIOJL� %JF
%PLVNFOUBUJPONJĨFMT EJHJUBMFS.FEJFO JTU JN PQFSBUJWFN(FTDIFIFO WPO6OUFSOFINFO BCFS BVDI JO
EFS 'PSTDIVOH VOE&OUXJDLMVOH CFSFJUT 4UBOE EFS5FDIOJL�%VSDI EJF TUSVLUVSJFSUF "SDIJWJFSVOH JO%B�
UFOCBOLFO JTU FJOF QSÅ[JTF "CGSBHFNÕHMJDI XPEVSDI EJF %BUFO WPO WFSTDIJFEFOTUFO 4PěXBSFMÕTVOHFO
XJF 4JNVMBUJPOTTPěXBSF .BDIJOF -FBSOJOH "QQMJLBUJPOFO 7JSUVBM PEFS "VHNFOUFE 3FBMJUZ $"% VWN�
BCHFHSJĎFO XFSEFO LÕOOFO <� ��>�

.JU EFN 4DIMBHXPSU *OEVTUSJF ��� BTTP[JJFSU NBO EJF NPOFUÅSF /VU[VOH EFS HFOBOOUFO 4PěXBSFMÕTVO�
HFO BCFS BVDIEJF7FSOFU[VOH WPO"QQMJLBUJPOFO 4FOTPSFO VOE1SP[FTTLFĨFO TPXJF EJFNVMUJNFEJBMFO
%PLVNFOUBUJPOTNÕHMJDILFJUFO�

*N (FHFOTBU[ [V EFO %BUFOCBOLFO XFSEFO EJF %BUFO JO TPHFOBOOUFO %BUB -BLF�T VOTUSVLUVSJFSU BCHF�
MFHU� *O %BUB -BLFT LÕOOFO EJF VOUFSTDIJFEMJDITUFO %BUFOUZQFO 	5FYUEBUFJFO  "VEJPT (SBėLFO #JMEFS
FUD�
 BSDIJWJFSU XFSEFO� &T JTU EFNOBDINJU EFS 7FSXFOEVOH FJOFS $MPVE 	0OF%SJWF %SPQCPY FUD�
 JN
1SJWBUCFSFJDI WFSHMFJDICBS <��>� 6NEJF GPMHFOEFO(FOFSBUJPO WPO 4UVEFOUFO PQUJNBM BVG EBT PQFSBUJWF
(FTDIÅě WPSCFSFJUFO [V LÕOOFO JTU FT OPUXFOEJH OFCFO EFO &JOTBU[ WPO 4FOTPSFO EJHJUBMF.FEJFO GÛS
EJF 1SPUPLPMMJFSVOH FJO[VGÛISFO TPXJF "QQMJLBUJPOFO JN 3BINFO WPO #JH %BUB JOLSFNFOUFMM [V JNQMF�
NFOUJFSFO�

�
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*N 3BINFO EJFTFT 1SPKFLUT TPMM FJO ,PO[FQU FOUXPSGFO XFSEFO EBTT EJF EJHJUBMF 5SBOTGPSNBUJPO EFT
NFDIBOJTDIFO7FSGBISFOTUFDIOJL-BCPST JN'PLVT IBU�%BT,PO[FQU TPMM OFCFOEFNNFDIBOJTDIFO7FS�
GBISFOTUFDIOJL -BCPS VOUFS BOEFSFN BVDI BVG EBT DIFNJTDIF VOE UIFSNJTDIF 7FSGBISFOTUFDIOJL -BCPS
BOXFOECBS TFJO� #FJ EFS %JHJUBMJTJFSVOH TPMM EFS (SBE EFS "VUPNBUJTJFSVOH EFS -BCPSWFSTVDIFNJOJNBM
TFJO VN EFO -FSOFĎFLU GÛS EJF 4UVEJFSFOEFO [V FSIBMUFO EFO NBO EVSDI EJF QSBLUJTDIF %VSDIGÛISVOH
EFS 7FSTVDIF FSIÅMU� ;V #FHJOO JTU [V FSVJFSFO XJF WJFMF -BCPSWFSTVDIF EJHJUBM .FTTXFSUF CFSFJUTUFM�
MFO VOE XFMDIF 4DIOJĨTUFMMFO [VS 7FSGÛHVOH TUFIFO� #FJ #FEBSG TPMM BMUFSOBUJWF .FTTUFDIOJL PEFS HBO[
7FSTVDITBOMBHFO SFDIFSDIJFSU VOE EJTLVUJFSU XFSEFO� &T JTU FJOF -ÕTVOH [V FSVJFSFO EJF EJHJUBMFO 3PI�
EBUFO [V BSDIJWJFSFO VN TJF [V FJOFN CFMJFCJHFO ;FJUQVOLU WFSXFOEFO [V LÕOOFO� "CTDIMJF�FOE TPMM
EBT HBO[IFJUMJDIF %JHJUBMJTJFSVOHTLPO[FQU [VN 5FJM VNHFTFU[U VOE WBMJEJFSU XFSEFO� 'PMHFOE TJOE EJF
;JFMF EFT 1SPKFLUT OPDI FJONBM BVGHFMJTUFU�

r &STUFMMVOH FJOFT %JHJUBMJTJFSVOHTLPO[FQU GÛS EBT 7FSGBISFOTUFDIOJL 	75
 -BCPS

r &STUFMMVOH FJOFS *TU�"OBMZTF EFT NFDIBOJTDIFO 7FSGBISFOTUFDIOJL -BCPST

r %JF "LRVJTF VOE 4QFJDIFSVOH EJHJUBMFS %BUFO 	4JHOBMWFSBSCFJUVOH


r JN #FEBSGTGBMM EJHJUBMF .FTTUFDIOJL FSVJFSFO

r 7BMJEJFSVOH EFT ,PO[FQUT EVSDI 5FJMVNTFU[VOH BOIBOE FJOFS BVTHFXÅIMUFO 7FSTVDITBOMBHF

�



� 4UBOE EFS 5FDIOJL

� 4UBOE EFS 5FDIOJL
*O EJFTFN "CTDIOJĨ XJSE EFS 4UBOE EFS 5FDIOJL JO EFO #FSFJDIFO .FTTUFDIOJL BVTHFXÅIMUFS WFSGBI�
SFOTUFDIOJTDIFS 1SP[FTTF EJHJUBMF 4DIOJĨTUFMMFO VOE 4JHOBMWFSBSCFJUVOH TPXJF%BUFOWFSXBMUVOH JO #F�
[VH BVG EJF EJHJUBMF 5SBOTGPSNBUJPO EFT 75�-BCPST FSMÅVUFSU�

��� .FTTUFDIOJL

*O EJFTFN"CTDIOJĨXFSEFO BVTHFXÅIMUF EJHJUBMF %SVDL� VOE7PMVNFOTUSPNNFTTUFDIOJLFO BVGHF[FJHU
EJF JO -BCPSFO "OXFOEVOH ėOEFO�

����� %JHJUBMF %VSDIňVTTNFTTUFDIOJL GÛS (BTF

;VNNFTTFO WPO%VSDIĚÛTTFO PEFS.FOHFO HJCU FT FJOF 7JFM[BIM WPO 7FSGBISFO� *O EFS "CCJMEVOH � JTU
FJOF ¾CFSTJDIU EFS WFSTDIJFEFOFO .FTTWFSGBISFO BCHFCJMEFU� /JDIU BMMF .FTTWFSGBISFO EFS "CCJMEVOH
� TJOE EBGÛS HFFJHOFU VN 7PMVNFO� PEFS.BTTFOTUSÕNF WPO (BTFO [VNFTTFO� "VG EJF.FTTQSJO[JQJFO
BMMFS 4FOTPSFO EJFTFT "CTDIOJĨT XJSE JN 3BINFO EJFTFS "SCFJU OJDIU FJOHFHBOHFO� 'ÛS UJFGHSFJGFOEF
*OGPSNBUJPOFO XJSE BVG 'BDIMJUFSBUVS XJF [�#� <�� �� �� ��> WFSXJFTFO� .FTTQSJO[JQJFO EJF GÛS EJF
.FTTVOH WPO -Vě HFFJHOFU TJOE VOE JO 4FOTPSFO JISF "OXFOEVOH ėOEFO TJOE EJF GPMHFOEFO�

r t,SBě BVG ,ÕSQFSi %VSDIĚVTTNFTTVOH 	7PMVNFOTUSPN OPO�EJHJUBM


r %JĎFSFO[ESVDLWFSGBISFO 	7PMVNFOTUSPN

m -PDICMFOEF
m 7FOUVSJ�3PIS

r 7PSUFYEVSDIĚV�NFTTVOH	7PMVNFOTUSPN GÛS(BTFOVS JO,PNCJOBUJPONJU%JDIUFNFTTVOH.BT�
TFOTUSPN


r UIFSNJTDIF .BTTFOEVSDIĚVTTNFTTVOH 	.BTTFOTUSPN


r $PSJPMJT %VSDIĚVTTNFTTVOH 	.BTTFOTUSPN


,SBŉ BVG ,ÕSQFS %VSDIňVTTNFTTVOH %B FJO 7FSTVDITTUBOE JN 3BINFO EJFTFS "SCFJU [V #F�
HJOO EFT 1SPKFLUT FJOFO 	BOBMPH
 4DIXFCFLÕSQFSEVSDIĚVTTNFTTFS 	4,%.� TJFIF "CCJMEVOH �a
 CF�
TJU[U VOE FJOF EJWFSTJUÅSF 3FEVOEBO[ NJĨFMT EJHJUBMFN 4FOTPS FSGPMHFO TPMM XJSE EBT 8JSLQSJO[JQ EJF�
TFT SFJO BOBMPHFO.FTTWFSGBISFOT FSMÅVUFSU� (FNÅ� <�� 4� ��� Ď�> XJSE EJFTFT.FTTWFSGBISFO t,SBě BVG
,ÕSQFS HFOBOOUi� &JO 'FTULÕSQFS XJSE JO FJOFS LPOJTDIFO 3PISMFJUVOH BOHFTUSÕNU VOE XJSE BOHFIPCFO

��
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Abbildung 1: ¾CFSTJDIU WFSTDIJFEFOFS %VSDIĚVTT� VOE .FOHFONFTTWFSGBISFO <�� 4� ���>

PEFS BVTHFMFOLU JN 'BMMF FJOFT 'FEFSTDIFJCFOEVSDIĚVTTNFTTFST CFJ IJOSFJDIFOE HSP�FS "OTUSÕN�
HFTDIXJOEJHLFJU� &JOF ÅRVJWBMFOUF -ÕTVOH JTU EBTT JOTUBMMJFSFO FJOFT LPOJTDIFO 4DIXFCFLÕSQFS JO FJOF
#MFOEFOÕĎOVOH� 4PCBME TJDI FJO ,SÅěFHMFJDIHFXJDIU FJOTUFMMU WFSIBSSU EFS 'FTULÕSQFS JO EFS 1PTJUJPO�
%JF HFPNFUSJTDIFO 'PSNFO EFS 'FTULÕSQFS LÕOOFO [�#� FJO ,POVT 	4,%.
 PEFS FJOF 4DIFJCF 	'FEFS�
TDIFJCFOEVSDIĚVTTNFTTFST
 TFJO <�� 4� ���>� %FS BC[VMFTFOEF 7PMVNFOTUSPN JTU TPNJU VOUFS BOEFSFN
FJOF 'VOLUJPO EFT EVSDITUSÕNUFO 2VFSTDIOJĨTA� %BT QIZTJLBMJTDIF 8JSLQSJO[JQ JTU FJO ,SÅěFHMFJDI�
HFXJDIU� 8FOO TJDI EJF (SBWJUBUJPOTLSBěF( BC[ÛHMJDI EFS "VěSJFCTLSBěF" FJOFT 1BSUJLFMT PEFS 'FTU�
LÕSQFST NJU EFS 8JEFSTUBOETLSBě F8 JN (MFJDIHFXJDIU CFėOEFU 	TJFIF (MFJDIVOH �
 EBOO CFėOEFU
TJDI EJF 4USÕNVOH JO FJOFN TUBUJPOÅSFN ;VTUBOE� 'ÛS FJO GSFJ CFXFHMJDIFT 'FTULÕSQFSQBSUJLFM XFMDIFT
TJDI JN (SBWJUBUJPOTGFME CFėOEFU VOE WFSUJLBM WPO VOUFO BOHFTUSÕNU XJSE 	[�#� 4,%.
 HJMU (MFJDIVOH
� <�� 4� ��� Ď�>�

��
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F( − F" = F8 	�


%JF 8JEFSTUBOETLSBěF8 FJOFT 'FTULÕSQFST JO FJOFS 4USÕNVOH MBVUFU�

F⃗8 = cX(3Fx) · A · ρG ·
v⃗ · |v|
2

	�


%FS cX 8FSU HJCU EFO 8JEFSTUBOE FJOFT 1BSUJLFMT JO FJOFS 4USÕNVOH BO� &S JTU BCIÅOHJH WPO EFS 'PSN
TPXJF (SÕ�F FJOFT 1BSUJLFMT 	*OEFY x
 VOE JTU FJOF 'VOLUJPO EFS 3FZOPMET[BIM�

%JĻFSFO[ESVDLCBTJFSUF 4FOTPSFO %JĎFSFO[ESVDLCBTJFSUF 4FOTPSFO TJOE SPCVTU CJFUFO FJOF IP�
IF 1SP[FTTTJDIFSIFJU VOE TJOE LPTUFOHÛOTUJH� 4JF FJHOFO TJDI CFTPOEFST GÛS HSP�F %VSDIĚVTTNFOHFO�
%JFTFT 7FSGBISFO XJSE BVDI8JSLESVDLWFSGBISFO HFOBOOU� %JF/VU[VOH FJOFS-PDICMFOEF IBU EFO 7PS�
UFJM EBTT FJO HSP�FS .FTTCFSFJDI EVSDI 8FDITFM C[X� 7BSJBUJPO EFS -PDICMFOEF HFOBVFS %VSDIĚVTT�
ÕĎOVOH SFBMJTJFSCBS JTU� 'ÛS EFO #FUSJFC FJOFT EJĎFSFO[ESVDLCBTJFSUFO 4FOTPST NJĨFMT -PDICMFOEF JTU
[V CFBDIUFO EBTT EVSDI EJF %SPTTFMVOH VOE EJF EBEVSDI BVěSFUFOEF %JTTJQBUJPO WPO &OFSHJF IPIF
#FUSJFCTLPTUFO FOUTUFIFO LÕOOFO� 7FOUVSJ�3PISF IBCFO FJOF CFTTFSF &OFSHJFCJMBO[ HFHFOÛCFS -PDI�
CMFOEFO� %FT8FJUFSFO XFJTFO 7FOUVSJ�3PISF HFHFOÛCFS -PDICMFOEFO XFOJHFS 7FSTDIMFJ� BVG VOE TJOE
EFNOBDI XFOJHFS 8BSUVOHTJOUFOTJW <�� 4� ��� Ď�>�

4FOTPSFO BVG #BTJT EFS $PSJPMJTLSBŉ 6N EFO .BTTFOTUPN WPO 'MVJEFO [V FSNJĨFMO LBOO TJDI
EJF BVT EFN [XFJUFO OFXUPOTDIFO"YJPNIFSHFMFJUFUF $PSJPMJTLSBě [V OVU[F HFNBDIU XFSEFO� %JF $P�
SJPMJTLSBě JTU XJF EJF ;FOUSJGVHBMLSBě FJOF 4DIFJOLSBě� %JF $PSJPMJTLSBě 	F⃗c = f (⃗aD
 
 [VS #FTUJN�
NVOH EFT.BTTFOEVSDIĚVTTFT JTU QSPQPSUJPOBM [VS.BTTF EFT EVSDITUSÕNUFO.FTTSPIST 	F⃗D = m· a⃗D

JO EFS "CCJMEVOH �c VOE �d JTU FT EBT6�3PIS� %BT.FTTSPIS XJSE FMFLUSPNBHOFUJTDI JO 4DIXJOHVOH HF�
TFU[U� 8JSE EBT .FTTSPIS EVSDITUSÕNU USJĨ EFS $PSJPMJT�&ĎFLU BVG VOE EBT .FTTSPIS PT[JMMJFSU VN EJF
Z�"DITF 	TJFIF "CCJMEVOH �d
� 'ÛS UJFGHSFJGFOEFT 8JTTFO [VN 8JSLQSJO[JQ EFT 4FOTPST NVTT BVG 'BDI�
MJUFSBUVS WFSXJFTFO XFSEFO <�� 4� ��� Ď�>�

7PSUFYEVSDIňVTTTFOTPSFO %JF JOEVTUSJFMMF /VU[VOH WPO 7PSUFYEVSDIĚV�TFOTPSFO 	8JSCFMTFO�
TPSFO TJFIF "CCJMEVOH �e
 CFHBOO JO EFO ����FS�+BISFO� %BT QIZTJLBMJTDIF (SVOEQSJO[JQ JTU EJF ,ÃS�
NÃOTDIF8JSCFMTUSB�F� %BT8JSLQSJO[JQ CFSVIU BVG EFS "OSFHVOH FJOFT 4UÕSLÕSQFST XJF FJOFT %SBIUFT

��
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(a) 4DIXFCFLÕSQFSEVSDIĚVTTNFTTFS 	links

'FEFSTDIFJCFOEVSDIĚVTTNFTTFS 	rechts


(b) 8JSLESVDLESPTTFMHFSÅUF ¾CFSTJDIU OBDI %*/

(c) BOHFSFHUFS $PSJPMJTTFOTPS PIOF %VSDITBU[ (d) BOHFSFHUFS $PSJPMJTTFOTPS NJU %VSDITBU[

(e) 7PSUFYTFOTPS (f) %SBMMTFOTPS

Abbildung 2: ¾CFSTJDIU FJOJHFS 4FOTPSFO EJF GÛS EJF .FTTVOH WPO (BTEVSDIĚÛTTFO HFFJHOFU JTU� 	B

.FDIBOJTDIF %VSDIĚVTTTFOTPSFO 	C
 8JSLESVDLWFSGBISFO <�� 4� ���> 	D E
 $PSJP�
MJTFOTPS <�� 4� ���> 	F G
 7PSUFY� TPXJF %SBMMTFOTPS

��



� 4UBOE EFS 5FDIOJL

JO FJOFS 4USÕNVOH�%JF 4DIXJOHGSFRVFO[ JTU QSPQPSUJPOBM [VS "OTUSÕNHFTDIXJOEJHLFJU VOE BOUJQSPQPS�
UJPOBM [VS %JDLF EFT %SBIUFT� %JF 6STBDIF EFS 4DIXJOHVOH JTU EJF 8JSCFMBCMÕTVOH IJOUFS FJOFN 4USÕ�
NVOHTXJEFSTUBOE�%JF(FPNFUSJF EFT 4UÕSLÕSQFST CFFJOĚVTTU EJF8JSCFMCJMEVOHVOE TPNJU EJF 4DIXJO�
HVOHNB�HFCMJDI�#FJ EFS%VSDIĚVTTCFTUJNNVOHWPO(BTFO JTU FJOF4FOTPSOBIF#FTUJNNVOHEFS%JDI�
UF FSGPSEFSMJDI EB EVSDI EJF ,PNQSFTTJCJMJUÅU WPO (BTFO %JDIUFEJĎFSFO[FO BVěSFUFO LÕOOFO EJF TJDI
NB�HFCMJDI BVG EJF HFNFTTFOF %VSDITBU[NFOHF BVTXJSLFO� 'ÛS (BTF JTU EFS 7PSUFYTFOTPS EVSDI EJF
,PNCJOBUJPO NJU FJOFS %JDIUFNFTTVOH TPNJU OVS BMT .BTTFOEVSDIĚVTTTFOTPS HFFJHOFU� &JOF 8FJUFS�
FOUXJDLMVOH EFT 7PSUFYEVSDIĚVTTFOTPST JTU EFS %SBMMTFOTPS 	TJFIF "CCJMEVOH �f
� %VSDI EFO JOEV[JFS�
UFO %SBMM LBOO EJF &JOMBVGTUSFDLF TJHOJėLBOU WFSLÛS[U XFSEFO <�� 4� ��� Ď�>�

ĳFSNJTDIFS.BTTFOEVSDIňVTTTFOTPS %JF%VSDIĚVTTNFTTVOHWPO(BTFO JTUNJĨFMT UIFSNJTDIFO
.BTTFOEVSDIĚVTTNFTTFS NÕHMJDI� ;VS .FTTVOH EFT .BTTFOEVSDIĚVTTFT XJSE EJF 8ÅSNFMFJUGÅIJHLFJU
EFT [VNFTTFOEFO'MVJET HFOVU[U�%FS QSJO[JQJFMMF"VčBV TP FJOFT 4FOTPST JTU JO"CCJMEVOH�EBSHFTUFMMU�

Abbildung 3: 1SJO[JQ FJOFT UIFSNJTDIFO .BTTFOEVSDIĚVTTFOTPST <�� 4� ���>

"VG EBT .FTTQSJO[JQ EJFTFT 4FOTPST XJSE HFOBVFS FJOHFHBOHFO EB FS JN 3BINFO EJFTFT 1SPKFLUT VOE
JO EFO GPMHFOEFO 1SBYJTWFSBOTUBMUVOHFO WFSXFOEFU XJSE� *N *OOFSFO EFT %VSDIĚVTTNFTTFST TJOE [XFJ
5FNQFSBUVSTFOTPSFO WFSCBVU� &JO 4FOTPS CFėOEFU TJDI OJDIU EJSFLU JN 4USÕNVOHTLBOBM 	JO FJOFN 4BDL�
MPDI
 VOE NJTTU EJF 7FSÅOEFSVOH EFS 6NHFCVOHTUFNQFSBUVS T6 BMT BVDI EJF 8ÅSNFÛCFSUSBHVOH EFT
'MVJET BMT 3FGFSFO[� %FS [XFJUF 4FOTPS XJSE CFIFJ[U� %JF 5FNQFSBUVSEJĎFSFO[ ∆T XJSE LPOTUBOU HF�
IBMUFO� +F IÕIFS EJF 'MJF�HFTDIXJOEJHLFJU EFT .FEJVNT EFTUP NFIS &OFSHJF NVTT EFN [XFJUFO 4FOTPS
[VHFGÛISU XFSEFO VN EJF 5FNQFSBUVSEJĎFSFO[ LPOTUBOU [V IBMUFO� %FS .BTTFOTUSPN ṁ JTU EFN 8ÅS�
NFTUSPN Q̇ QSPQPSUJPOBM� &T HJMU GPMHFOEFS ;VTBNNFOIBOH [XJTDIFO .BTTFO� VOE 8ÅSNFTUSPN�

Q̇ = ṁ · cQ ·∆T 	�


��
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%FS .BTTFOTUSPN JTU EFS [VHFGÛISUFO &OFSHJF JO 'PSN WPO 4USPN I2 QSPQPSUJPOBM� %FS [XFJUF 4FOTPS
IBU FJOFO UFNQFSBUVSBCIÅOHJHFO 8JEFSTUBOER(T )�

ṁ =
R(T ) · I2

cQ ·∆T
	�


#FJEF4FOTPSFO TJOE [VFJOFS8IFBUTUPOF�TDIFO.FTTCSÛDLF WFSTDIBMUFU
√
ṁ JTU EFS"VTHBOHTTQBOOVOH

∆U#S QSPQPSUJPOBM <�� 4� ���>�

����� %SVDLNFTTVOH

*O EFS *OEVTUSJF JTU EJF#FTUJNNVOH WPO%SÛDLFO FJOF GVOEBNFOUBMF.FTTPQFSBUJPO� #JT JO EJF TFDI[JHFS
+BISFO XVSEF EFS %SVDL JO EFS *OEVTUSJF NJĨFMT NFDIBOJTDIFO .BOPNFUFSO CFTUJNNU� %JFTF 5FDI�
OPMPHJF XVSEF EBSBVĖJO WPO EFO TPH� %SVDLBVGOFINFSO NJĨFMT %FIOVOHTNFTTTUSFJGFO 	%.4
 EFT
8FSLTUPĎT .FUBMM PEFS %SVDLTFOTPSFO VOUFS EFS 7FSXFOEVOH WPO )BMCNFUBMMFO BCHFMÕTU�

%FIOVOHTSFTJTUJWF 4FOTPSFO %SVDLTFOTPSFO NJĨFMT %.4 TJOE TPH� EFIOVOHTSFTJTUJWF %SVDLTFO�
TPSFO� %FIOVOHTSFTJTUJWF 4FOTPSFO OVU[FO FMFLUSJTDI -FJUFOEF 8FSLTUPĎF C[X� .FUBMMF� %BT .FTTQSJO�
[JQ CFSVIU BVG EFS ¨OEFSVOH EFT FMFLUSJTDIFO8JEFSTUBOEFTR FJOFT FMFLUSJTDI MFJUFOEFO8FSLTUPĎT BMT
'PMHF FJOFS NFDIBOJTDIFO 7FSGPSNVOH� &T FYJTUJFSFO ESFJ %SVDLTFOTPSUFDIOPMPHJFO BVG .FUBMMCBTJT�

r %.4 BVT %SBIU

r .FUBMMGPMJFO�%.4

r %ÛOOėMN�%.4

*OEFO +BISFO WPO����CJT [VN&OEFEFS ��FS +BISFCFTUBOEEFS%.4BVT FJOFN%SBIU EFSNÅBOEFSGÕS�
NJH BVG FJOFO%FIOLÕSQFS BVGHFCSBDIU XVSEF� %FS%SBIU XVSEF WPO.FUBMMGPMJFO VOE TQÅUFS%ÛOOėMN�
%.4 BCHFMÕTU <�� 4� ���>� ;VS &SMÅVUFSVOH EFT QIZTJLBMJTDIFO8JSLQSJO[JQT XJSE BMT.PEFMM FJO [ZMJO�
EFSGÕSNJHFS ,ÕSQFS HFOVU[U�

;ZMJOEFSNPEFMM &JO [ZMJOEFSGÕSNJHFS FMFLUSJTDI MFJUFOEFS 8FSLTUPĎ DIBSBLUFSJTJFSU EVSDI EJF
"VTHBOHTMÅOHF l� "VTHBOHTRVFSTDIOJĨA� VOE EFN TQF[JėTDIFN FMFLUSJTDIFN 8JEFSTUBOE ρFM IBU FJ�
OFO FMFLUSJTDIFO 8JEFSTUBOE 3 HFNÅ� GPMHFOEFS (MFJDIVOH <�� 4� � Ď�>�

��
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R = ρFM ·
l�
A�

	�


7PO EJFTFN .PEFMM BVTHFIFOE XJSE EJF SFMBUJWF 8JEFSTUBOETÅOEFSVOH∆R/R EVSDI EJF #JMEVOH EFT
UPUBMFO %JĎFSFO[JBMT CFSFDIOFU� %JF -ÕTVOH EFS %JĎFSFO[JBMHMFJDIVOH HFNÅ� <�� 4� � Ď�> 	TJFIF "O�
IBOH (MFJDIVOH 	��
 VOUFS EFS %FėOJUJPO FJOJHFS 3BOECFEJOHVOHFO GÛISU [VS (MFJDIVOH 	�
�

∆R

R
=

∆ρFM
ρFM

+
∆l

l�
− ∆A

A�
	�


%JF HFPNFUSJTDIF 7FSGPSNVOH XJSE EVSDI EJF CFJEFO MFU[UFO 5FSNF SFQSÅTFOUJFSU� %JF -ÅOHFOEFIOVOH
ψ- FSTFU[U∆l/l� VOE EFS 5FSN∆A/A� XJSE EVSDI EJF 2VFSLPOUSBLUJPO (MFJDIVOH 	�
 NJU EFS 2VFS�
LPOUSBLUJPOT[BIMν 	−ψ-/ψ2
 BVDI1PJTTPO�,POTUBOUF HFOBOOU CFTDISJFCFO�%JFNBUIFNBUJTDIF6N�
GPSNVOH EFT 5FSNT∆A/A�  VOUFS "OXFOEVOH WPO (MFJDIVOH 	�
 GÛISU [VS (MFJDIVOH 	�
 �

ψ2 =
∆D

D�
= −ν · ψ- 	�


∆A

A�
= 2ψ2 = − 2 · ν · ψ- 	�


%VSDI &JOTFU[FO EFS (MFJDIVOH 	�
 VOE EFS NFDIBOJTDIFO %FIOVOH ψ- JO EJF (MFJDIVOH 	�
 FSIÅMU
NBO�

∆R

R
=

∆ρFM
ρFM

+ (1 + 2ν) · ψ- 	�


%FS 5FSN∆ρFM/ρFM JTU EFS TPH� QJF[PSFTJTUJWF "OUFJM
(
QSÅ[JTJFSU JO "CTDIOJĨ)BMCMFJUFS%SVDLTFOTPSFO

(MFJDIVOH 	��

)
 EFS CFJ NFUBMMJTDIFO -FJUFSO WFSOBDIMÅTTJHCBS JTU KFEPDI CFJ )BMCMFJUFSO FJOFO TJHOJ�

ėLBOUFO &JOĚVTT IBU�8JSE OVO EJF TPH�%FIOVOHTFNQėOEMJDILFJU 	FOHM� HBVHF�GBDUPS
 k FJOHFGÛISU FSIÅMU
NBO GPMHFOEF (MFJDIVOH 	GÛS %.4 BVG .FUBMMCBTJT XJSE EFS 5FSN∆ρFM/ρFM BMT � BOHFOPNNFO
�

��
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∆R

R
=

(
1 + 2ν +

∆ρFM
ρFM

· ψ-
−1

)

︸ ︷︷ ︸
=k

· ψ- 	��


*N BMMH� JTU EJF %FIOVOHTFNQėOEMJDILFJU k OJDIU LPOTUBOU EB TJF FJOF 'VOLUJPO EFS NFDIBOJTDIFO 7FS�
GPSNVOH FJOFT FMFLUSJTDI MFJUFOEFO 8FSLTUPĎT JTU� 'ÛS NFUBMMJTDIF -FJUFS MJFHU EFS 8FSU WPO k [XJTDIFO
� VOE � VOE LBOO CFJ WJFMFO %.4 BMT FJOF ,POTUBOUF BOHFOPNNFO XFSEFO� #FJ )BMCMFJUFS�%.4 LBOO
EFS k 'BLUPS �� NBM HSÕ�FS TFJO VOE XFJTU EBEVSDI BVGHSVOE EFS "CIÅOHJHLFJU WPO EFS %FIOVOH FJOF
TJHOJėLBOUF /JDIUMJOFBSJUÅU BVG� &JOF 8IFBUTUPOF�#SÛDLF XBOEFMU EJF 8JEFSTUBOETÅOEFSVOH∆R JO FJ�
OF QSPQPSUJPOBMF 4QBOOVOHTÅOEFSVOH VN <�� 4� ��� Ď�>�

2VBEFSNPEFMM %FS %SBIU BMT %.4 XVSEF JO EFO ��FS +BISFO WPO EFO .FUBMMGPMJFO�%.4� NJU
EFO %JNFOTJPOFO -ÅOHF L #SFJUF b )ÕIF h� FSTFU[U EFTTFO FMFLUSJTDIFS 8JEFSTUBOE TJDI XJF GPMHU
CFSFDIOFU�

R = ρFM
L

b · h 	��


R̆(ψ-) = ρFM(ψ-)
L(1 + ψ-)

b · h(1− ν · ψ-)2
	��


"VG EJF )FSMFJUVOH EFT FYBLUFO FMFLUSJTDIFO 8JEFSTUBOET R̆ EFS (MFJDIVOH �� XJSE JN 3BINFO EJFTFS
"SCFJU WFS[JDIUFU� .FDIBOJTDIF %FIOVOHFO ψ- JO -ÅOHTSJDIUVOH TJOE JN UFDIOJTDI SFMFWBOUFO #FSFJDI
LMFJOFS �� �� 'ÛS EJFTF %FIOVOHFO LBOO EFS OJDIUMJOFBSF 5FSN WFSOBDIMÅTTJHU XFSEFO� 'ÛS EJF -JOFBSJ�
TJFSVOH EFT TQF[� FMFLUSJTDIFO 8JEFSTUBOET FJOFT 2VBEFST XJSE EBT UPUBMF %JĎFSFO[JBM EFT FMFLUSJTDIFO
8JEFSTUBOET 	(MFJDIVOH ��
 HFCJMEFU� %JF -ÕTVOH JTU (MFJDIVOH �� <�� 4� �� G�>�

∆R

R
=

∆ρFM
ρFM

−∆b

b
− ∆h

h︸ ︷︷ ︸
=−2 ν ψ-

+
∆L

L︸︷︷︸
=ψ-

	��


=
∆ρFM
ρFM

+ (1 + 2ν)
︸ ︷︷ ︸

=k

·ψ- 	��


��
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8JF[V#FHJOOEJFTFT"CTDIOJĨT FSXÅIOU FYJTUJFSFOOFCFOEFO%.4BVT.FUBMMGPMJF FCFOGBMMT%ÛOOėMN�
%.4� %VSDI EJF %ÛOOėMNUFDIOPMPHJF LÕOOFO HFHFOÛCFS EFO.FUBMMGPMJFO�%.4 LMFJOFSF.FTTCFSFJ�
DIFFSTDIMPTTFOXFSEFO�%FS'FSUJHVOHTBVGXBOEWPO%ÛOOėMN�%.4 JTU TJHOJėLBOUIÕIFS <�� 4� ���Ď�>�
'ÛS HFOBVFSF *OGPSNBUJPO NVTT BO 'BDIMJUFSBUVS WFSXJFTFO XFSEFO�

)BMCMFJUFS%SVDLTFOTPSFO /FCFOEFONFUBMMJTDIFO%SVDLTFOTPSFO FYJTUJFSFO%SVDLTFOTPSFOBVT
)BMCMFJUFSO� &T FYJTUJFSFO EJF GPMHFOEFO [XFJ %SVDLTFOTPSUFDIOPMPHJFO BVG )BMCMFJUFSCBTJT�

r QJF[PSFTJTUJWF %SVDLTFOTPSFO

r LBQB[JUJWF %SVDLTFOTPSFO

&JOF5BCFMMFNJU EFO,FOOEBUFO WPO QJF[PSFTJTUJWFS VOE LBQB[JUJWFS%SVDLTFOTPSFO CFėOEFU TJDI JN"O�
IBOH JO EFS 5BCFMMF ���

8JF JN WPSIFSJHFO "CTDIOJĨ FSXÅIOU JTU EJF %FIOVOHTFNQėOEMJDILFJU k CFJ)BMCMFJUFSO OJDIU BMT FJOF
,POTUBOUF BO[VOFINFO� %FS QJF[PSFTJTUJWF "OUFJM ∆ρFM/ρFM JTU FJOF 'VOLUJPO EFS MPOHJUVEJOBMFO 	*OEFY
M
 VOE USBOTWFSTBMFO 	*OEFY t
 NFDI� 4QBOOVOHT[VTUÅOEFO σM,U VOE EFO 1JF[PLPOTUBOUFO πM,U FJOFT FMFL�
USJTDI MFJUFOEFO 'FTUTUPĎT HFNÅ� (MFJDIVOH 	��
�

∆ρFM
ρFM

= σM · πM + σU · πU 	��


��
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��� 7FSGBISFOTUFDIOJTDIFS 1SP[FTT� %VSDITUSÕNVOH WPO 4DIÛśVOHFO

'ÛS EJF %VSDITUSÕNVOH QPSÕTFS 4DIJDIUFO FYJTUJFSFO [XFJ VOUFSTDIJFEMJDIF "OTÅU[F�

r %BT .PEFMM EFT IZESBVMJTDIFO %VSDINFTTFST�

r %BT .PEFMM EFS &JO[FMLPSOVNTUSÕNVOH�

&JOF 1BSUJLFMTDIJDIU XJSE BVDI 4DIÛĨVOH PEFS 'FTUCFĨ HFOBOOU� "VT EFN .PEFMM EFT IZESBVMJTDIFO
%VSDINFTTFST XVSEFO EJWFSTF FNQJSJTDIF (MFJDIVOHFO BCHFMFJUFU EJF TJDINB�HFCMJDI WPO *ISFN(ÛM�
UJHLFJUTCFSFJDI VOUFSTDIFJEFO� .JU EFO FNQJSJTDIFO (MFJDIVOHFO XFSEFO TUSÕNVOHTNFDIBOJTDIF &G�
GFLUF OJDIUNJU BCHFCJMEFU EJF JO EFN.PEFMM EFS &JO[FMLPSOVNTUSÕNVOH JNQMFNFOUJFSU TJOE� 'ÛS WJFMF
"OXFOEVOHFO SFJDIU EJF"QQSPYJNBUJPO EVSDI/VU[VOH FJOFS FNQJSJTDIFO(MFJDIVOH BVT� #FJ EFS"VT�
XBIM FJOFS FNQJSJTDIFO (MFJDIVOH TJOE EJF (ÛMUJHLFJUTCFSFJDIF VOE 3BOECFEJOHVOHFO [V CFBDIUFO�

(MFJDIVOHFO [VS #FTDISFJCVOH WPO 4DIÛĨVOHTEVSDITUSÕNVOHFO HFCFO EFO ;VTBNNFOIBOH BVT GPM�
HFOEFO 7BSJBCMFO BO <�� 4� ���>�

r FJOF DIBSBLUFSJTUJTDIF%VSDITUSÕNVOHTHFTDIXJOEJHLFJUw CTQX� EJFNJĨMFSF-FFSSPISHFTDIXJO�
EJHLFJU 	v̄ = V̇ /AB


r FJOF %SVDLEJĎFSFO[∆p

r 'MVJEFJHFOTDIBěFO XJF EJF 'MVJEEJDIUF ρG VOE 7JTLPTJUÅU η

r VOE 4DIJDIUCFTDISFJCFOEF (FPNFUSJFO XJF�

m 'FJOIFJUTNFSLNBM x EFS 1BSUJLFM PěNBMT EFS 4BVUFSEVSDINFTTFS d32

m EJF 1PSÕTJUÅU ε

m EJF 4DIJDIUIÕIF∆L

m EFS "OTUSÕNCPEFO PEFS EJF "OTUSÕNĚÅDIFAB

m ���

&JO %JNFOTJPOTBOBMZUFS "OTBU[ [VS &SVJFSVOH WPO %VSDITUSÕNVOHTHMFJDIVOHFO GÛISU VOUFS EFS "O�
XFOEVOH EFT #VDLJOHIBN�TDIFOΠ�ĉFPSFNT [V EFO GPMHFOEFO EJNFOTJPOTMPTFO ,FOO[BIMFO�

��
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Π1 ≡
∆p

ρ · w2
= &V (&VMFS[BIM) 	��


Π2 ≡
w · x · ρ

η
= 3F (3FZOPMET[BIM) 	��


Π3 ≡
∆L

x
(-ÅOHFOTJNQMFY) 	��


Π4 ≡ ε =
V)

V
=

1− VGT

V
(1PSÕTJUÅU) 	��


%JF 1PSÕTJUÅU ε JTU EBT 7FSIÅMUOJT WPO )PIMSBVNWPMVNFO V) [V (FTBNUWPMVNFO V VOE LBOO HFNÅ�
(MFJDIVOH 	��
 CFSFDIOFU XFSEFO� %FS 'FTUTUPĎ PEFS 1BSUJLFM XJSE JN GPMHFOEFONJU GT JOEJ[JFSU <�� 4�
���>�

;VS #FTDISFJCVOH WPO 1BSUJLFMO OVU[UNBO 'FJOIFJUTNFSLNBMF� %FS 4BVUFSEVSDINFTTFS d32 XJSE JO WJF�
MFO (MFJDIVOHFO [VS #FTDISFJCVOH WPO 1BSUJLFMO WFSXFOEFU� %FS NJĨMFSF 4BVUFSEVSDINFTTFS d̄32 FJOFS
4DIÛĨVOH LBOO TJDI GÛS 1BSUJLFM EJF LFJOFIPIF1PSÕTJUÅU 	TJHOJėLBOU IPIF1BSUJLFMPCFSĚÅDIF
 BVG�
XFJTFO HFNÅ� (MFJDIVOH 	��
 BVT FJOFS 1BSUJLFMHSÕ�FOWFSUFJMVOH CFSFDIOFO MBTTFO� %BT 7PMVNFO EFT
J�UFO 1BSUJLFMHSÕ�FOJOUFSWBMMT JTU NJU Vi HFLFOO[FJDIOFU <�� 4� ���� Ď�>�

d̄32 =

[
N∑

i=1

(
Vi

V
· 1

d32i

)]−1

	��


%FS IZESBVMJTDIF %VSDINFTTFS dI TUFIU NJU EFN 4BVUFSEVSDINFTTFS d32 VOE EFS TQF[JėTDIFO 0CFSĚÅDIF
S7 JN GPMHFOEFN ;VTBNNFOIBOH <�� 4� ���>�

dI = 4 · ε

1− ε
· 1

S7
	��


dI =
2

3
· ε

1− ε
· d32 	��


%FS IZESBVMJTDIF%VSDINFTTFS dI JTU EFSNJĨMFSF 1PSFOEVSDINFTTFS FJOFS 4DIÛĨVOH�%BT.PEFMM BQQSP�
YJNJFSU EJF 1PSÕTJUÅU FJOFS 4DIÛĨVOH EVSDI QBSBMMFMF ,BOÅMF EJF OJDIU NJUFJOBOEFS JO 8FDITFMXJSLVOH
TUFIFO <�� 4� ���� Ď�>�

��
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����� %BSDZHMFJDIVOH

/FCFO EFS %JNFOTJPOTMPTFOLFOO[BIM ε JTU EJF &JOGÛISVOH EFS 3FZOPMET[BIM 3F [JFMGÛISFOE� %JF 3FZ�
OPMET[BIM JTU EBT 7FSIÅMUOJT EFS 5SÅHIFJUTLSBě [VS 3FJCVOHTLSBě FJOFS 4USÕNVOH VOE JTU GÛS EJF6NTUSÕ�
NVOH WPO 1BSUJLFMO FJOFT 'FJOIFJUTNFSLNBMT xXJF GPMHU EFėOJFSU�

3Fx =
w̄ · x̄ · ρG

η
	��


"MT DIBSBLUFSJTUJTDIF (FTDIXJOEJHLFJU XJSE EJF -FFSSPISHFTDIXJOEJHLFJU v HFXÅIMU�

*O EFS 4USÕNVOHTMFISF GÛS EJF 6NTUSÕNVOH WPO &JO[FMQBSUJLFMO XJSE [XJTDIFO ESFJ 4USÕNVOHT[V�
TUÅOEFO VOUFSTDIJFEFO EJF JO EFS 3FBMJUÅU ĚJF�FOE JOFJOBOEFS ÛCFSHFIFO� #FJ EFS %VSDITUSÕNVOH WPO
4DIÛĨVOHFO XJSE [XJTDIFO [XFJ 4USÕNVOHT[VTUÅOEFO� HFNÅ� "CCJMEVOH �� [ÅIF %VSDITUSÕNVOH 	*

VOE [ÅI�UVSCVMFOUF %VSDITUSÕNVOH 	**
� OBDI 4UJF� VOUFSTDIJFEFO <�� 4� ���>� *O EFS "CCJMEVOH � JTU
EJF 8JEFSTUBOETGVOLUJPO f(3F, ε
 HFHFO 3F BVGHFUSBHFO�

Abbildung 4: 8JEFSTUBOETGVOLUJPO GÛS EJF %VSDITUSÕNVOH WPO 4DIÛĨHÛUFSO HFNÅ� <�� 4� ���>

%JF 8JEFSTUBOETGVOLUJPO LBOO HFNÅ� GPMHFOEFS (MFJDIVOH CFSFDIOFU XFSEFO�

f(3Fx, ε) =
,POTUBOUF (ε)

3Fx
	��


%JF t,POTUBOUFi [VS #FSFDIOVOH EFS 8JEFSTUBOETGVOLUJPO NVTT WPO EFS 1PSÕTJUÅU EFS 4DIÛĨVOH BC�
IÅOHFO�(FNÅ�"CCJMEVOH � JTU EFS(SFO[XFSU [XJTDIFO EFOFO EJF 4USÕNVOH VOUFSTDIJFEFOXJSE FJOF
3FZOPMET[BIM EFT #FUSBHT WPO DB� ��

��
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%JF %BSDZHMFJDIVOH JTU GÛS EJF #FSFDIOVOH WPO TUSÕNVOHTJOEV[JFSUFO %SVDLWFSMVTUFO∆p [ÅI EVSDI�
TUSÕNUFS 4DIÛĨVOHFO 	*
 BOXFOECBS� 6OUFS EFS "OOBINF EBTT EBT Π�ĉFPSFN NJU EFO -ÕTVOHFO
(
(MFJDIVOH 	16 − 19


)
OBDI EFS &VMFS[BIM BVĚÕTCBS JTU EBT 4DIÛĨVOHFO IPNPHFO TJOE VOE *TPUSPQJF

JOOFSIBMC EFS 4DIÛĨVOH WPSMJFHU HJMU (MFJDIVOH <�� 4� ���>�

Eu =
∆L

d
· f(3Fx, ε) 	��


8FSEFO EJF (MFJDIVOHFO 	��
 VOE 	��
 JO EJF &VMFSHMFJDIVOH 	��
 FOHFTFU[U FSIÅMU NBO

∆p

∆L
=

,POTUBOUF (ε)
x̄2

· η · v̄. 	��


%JF 4DIJDIUFJHFOTDIBěFO XFSEFO JO EFS %VSDIMÅTTJHLFJUB XJF GPMHU [VTBNNFOHFGBTTU�

B ≡ x̄2

,POTUBOUF (ε)
	��


%JF %VSDIMÅTTJHLFJUB NVTT GÛS KFEF 4DIÛĨVOH FNQJSJTDI FSNJĨFMU XFSEFO VOE XJSE JO <m2> BOHFHF�
CFO� %JF %VSDIMÅTTJHLFJU DIBSBLUFSJTJFSU EJF 1PSFORVFSTDIOJĨF <�� 4� ���>� %BEVSDI WFSFJOGBDIU TJDI
(MFJDIVOH 	��
 [V GPMHFOEFS (MFJDIVOH�

∆p

∆L
=
η · v̄
B

	��


��
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����� "CMFJUVOH EFS 'JMUFSHMFJDIVOH BVT EFS %BSDZHMFJDIVOH

6N FJOF 'JMUFSHMFJDIVOH GÛS EFO #FUSJFCT[VTUBOE FJOFS LPOTUBOUFO JSSFWFSTJCMFO %SVDLEJĎFSFO[ ∆pJSS

[V FSIBMUFO NVTT EJF "CMFJUVOH HFNÅ� <�� 4���� Ď�> NJU GPMHFOEFO "OOBINFO FSGPMHFO�

�� %JF .BTTFOLPO[FOUSBUJPO cN C[X� EJF 7PMVNFOLPO[FOUSBUJPO cWT EFS 4VTQFOTJPO CMFJCU [FJUMJDI
VOE ÕSUMJDI ,POTUBOU

�� %BT HFXPOOFOF 'JMUSBU JTU 'FTUTUPĎGSFJ

�� %FS '*MUFSLVDIFO XFJTU FJOF IPNPHFOF *TPUSPQF 4USVLUVS BVG

�� 'JMUFSLVDIFO TPXJF 'JMUFSNJĨFM XFSEFO [ÅI %VSDITUSÕNU 	*
�

%BT GPMHFOEFNBUIFNBUJTDIF.PEFMM [VS"CMFJUVOHEFS'JMUFSHMFJDIVOH MJFHU EFS"CCJMEVOH� [VHSVOEF�

Abbildung 5: 'JMUFSLVDIFONPEFMM [VS "CMFJUVOH EFS 'JMUFSHMFJDIVOH HFNÅ� <�� 4���� Ď�>

%FS HFTBNUF JSSFWFSTJCMF 	JSS�
%SVDLWFSMVTU∆pJSS JTU FJOF 4VNNFBVT ėMUFSLVDIFOJOEV[JFSUFN∆p, VOE
ėMUFSNJĨFMJOEV[JFSUFN∆p'. %SVDLWFSMVTU�

∆pJSS = ∆p, +∆p'. 	��


%FS %SVDLWFSMVTU EFT 'JMUFSNJĨFMT NJU EFS 'JMUFSNJĨFMEJDLF s VOE EFS 'JMUFSNJĨFMEVSDIMÅTTJHLFJUB'.
LBOO HFNÅ� (MFJDIVOH 	��
 XJF GPMHU CFSFDIOFU XFSEFO�

��
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∆p'. =
η · s
B'.

· V̇
A

	��


%FS 7PMVNFOTUSPN JTU JN 7FSMBVG EFS 'JMUSBUJPO [FJUMJDI OJDIU LPOTUBOU EBIFS JTU EBT 7PMVNFO V ÛCFS
EJF ;FJU [V EJĎFSFO[JFSFO�

∆p'.(t) =
η · s

B'. · A · EV
E t

	��


"OBMPH JTU [VS #FSFDIOVOH EFT %SVDLWFSMVTUFT EVSDI EFO 'JMUFSLVDIFO NJU EFS [FJUMJDI BOXBDITFOEF
'JMUFSLVDIFOEJDLF L(t) VOE EFTTFO %VSDIMÅTTJHLFJUTLPOTUBOUFB'. 	VOUFS EFS "OOBINF WPO *TPUSPQJF
VOE )PNPHFOJUÅU
 GPMHFOEFS "OTBU[ [V XÅIMFO�

∆pK(t) =
η · L(t)
B, · A · EV

E t
	��


4VNNJFSU NBO (MFJDIVOH 	��
 VOE (MFJDIVOH 	��
 FSIÅMU NBO (MFJDIVOH 	��
�

∆pJSS(t) =
η

A
·
[
L(t)

B,
+

s

B'.

]
· EV

E t
	��


%VSDI EJF &JOGÛISVOH EFT 'JMUFSNJĨFMXJEFSTUBOEFT β = s/B'. VOE EFT TQF[JėTDIFO 'JMUFSLVDIFOXJ�
EFSTUBOET α7 = 1/B, WFSFJOGBDIU TJDI (MFJDIVOH 	��
 [V�

∆pJSS(t) =
η

A
·
[
α7 · L(t) + β

]
· EV

E t
	��


6OUFS EFS 7PSBVTTFU[VOH 	�
 TPXJF 	�
 EBTT EBT ,VDIFOWPMVNFOV, VOE EBT 'JMUSBUWPMVNFOV JO FJOFS
EJSFLU QSPQPSUJPOBMFO #F[JFIVOH [VFJOBOEFS TUFIFO 	V, ∼ V 
 LBOO EJF 1SPQPSUJPOBMJUÅUTLPOTUBOUF κ
FJOHFGÛISU XFSEFO�

L(t) =
V,(t)

A
= κ · V (t)

A
	��


&JO XFJUFSFS 7PSUFJM EFS &JOGÛISVOH EFS 1SPQPSUJPOBMJUÅUTLPOTUBOUFκ JTU EJF 4VCTUJUVUJPO EFS TDIXJFSJH
[VNFTTFOEFO'JMUFSLVDIFOEJDLFL(t) EVSDI EBT 'JMUSBUWPMVNFOV (t) EJF TJDI QSÅ[JTF CFTUJNNFO MÅTTU�
4FU[U NBO (MFJDIVOH 	��
 JO (MFJDIVOH 	��
 FJO EBOO FSIÅMU NBO FJOF MFJDIU BVTXFSUCBSF (MFJDIVOH
GPMHFOEFS 'PSN�

��
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∆pJSS(t) =
η

A
·
[αV · κ

A
· V (t) + β

]
· EV

E t
	��


����� "CMFJUVOH EFS 'JMUFSHMFJDIVOH GÛS EJF #FUSJFCTXFJTF NJU FJOFS LPOTUBOUFO
%SVDLEJĻFSFO[

'JMUSBUJPOFO LBOO NBO EVSDI VOUFSTDIJFEMJDIF #FUSJFCTXFJTFO SFBMJTJFSFO� *O EFS GPMHFOEFO "VĚJTUVOH
TJOE EJF NÕHMJDIFO 7BSJBOUFO BVGHFMJTUFU�

* *TPCBS m∆p = LPOTUBOU

** *TPDIPS m∆V = LPOTUBOU

*** 1PMZUSPQ m∆p VOE∆V WBSJBCFM�

'ÛS EJF JTPCBSF 'JMUSBUJPO NJU FJOFS LPOTUBOUFO %SVDLEJĎFSFO[∆pLPOTU,JSS HJMU EFS OVO GPMHFOEF "OTBU[�

%VSDI 5SFOOVOH EFS 7BSJBCMFO EFS (MFJDIVOH 	��
 FSIÅMU NBO (MFJDIVOH 	��
 XPEVSDI NBO EVSDI
*OUFHSBUJPO (MFJDIVOH 	��
 FSIÅMU�

E t =
1

∆pLPOTU,JSS
·
[η · α7 · κ

A2
· V (t) +

β · η
A

]
· EV 	��


t =
η · α7 · κ

A2 · 2 ·∆pLPOTU,JSS
· V 2(t) +

η · β
A ·∆pLPOTU,JSS

· V (t) 	��


-ÕTU NBO (MFJDIVOH �� OBDI V (t) BVG FSIÅMU NBO (MFJDIVOH 	��
 XPEVSDI EJF [FJUMJDI [VOFINFOEF
'JMUSBUNFOHF CFSFDIOFU XJSE� %JF HSBėTDIF%BSTUFMMVOH FJOFS 'JMUFSLVSWF JTU EFS "CCJMEVOH � [V FOUOFI�
NFO�

V (t) =

√
( β · A
αV · κ

)2
+

2 · A2 ·∆pLPOTU,JSS
η · α7 · κ

· t− β · A
α7 · κ

	��


&JOF XFJUFSF -ÕTVOH JTU EJF -JOFBSJTJFSVOH EFS (MFJDIVOH �� EVSDI %JWJTJPO EVSDI EBT 7PMVNFO BMT
'VOLUJPO EFS ;FJU V (t)� %JF HSBėTDIF %BSTUFMMVOH EFS (MFJDIVOH 	��
 JTU EFS "CCJMEVOH � [V FOUOFI�
NFO�

��
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Abbildung 6: 'JMUFSLVSWF CFJ JTPCBSFS #FUSJFCTXFJTF <�� 4� �>

t

V (t)
=

η · α7 · κ
A2 · 2 ·∆pLPOTU,JSS

· V (t)

︸ ︷︷ ︸
a1

+
η · β

A ·∆pLPOTU,JSS︸ ︷︷ ︸
a0

	��


Abbildung 7: 'JMUFSHFSBEF GÛS EJF JTPCBSF #FUSJFCTXFJTF <�� 4���� Ď�>

��



� 4UBOE EFS 5FDIOJL

%JF "CMFJUVOHFO EFS %BSDZ�(MFJDIVOH GÛS EJF JTPDIPSF 	**
 PEFS QPMZUSPQF 	***
 #FUSJFCTXFJTF XFSEFO
JN 3BINFO EJFTFS "SCFJU OJDIU FSMÅVUFSU�

"ONFSLVOH /FCFO EFS %BSDZ�(MFJDIVOH FYJTUJFSFO OPDI XFJUFSF FNQJSJTDIF (MFJDIVOHFO [VS #F�
TDISFJCVOHWPO4DIÛĨVOHFO�%JF OFCFOEFS%BSDZ�(MFJDIVOH IÅVėHHFOVU[UFOFNQJSJTDIFO(MFJDIVO�
HFO XFSEFO OBDIGPMHFOE BVGHFMJTUFU <�� 4� ��� Ď�><�� 4� ���� G�>�

r [ÅI EVSDITUSÕNUF 4DIÛĨVOH

m $BSNBO�,P[FOZ�(MFJDIVOH 	IÕIFSFS %FUBJMHSBE


r [ÅI UVSCVMFOU EVSDITUSÕNUF 4DIÛĨVOH

m &SHVO�(MFJDIVOH

m #SBVFS�(MFJDIVOH

%BT.PEFM EFS &JO[FMQBSUJLFMVNTUSÕNVOH OBDI.PMFSVT LBOO CTQX� EFN7%*�8ÅSNFBUMBT FOUOPNNFO
XFSEFO <�� 4� ���� Ď�>�

��
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��� 7FSGBISFOTUFDIOJTDIFS 1SP[FTT� (BT�'FTUTUPĻ8JSCFMTDIJDIU

%BT8JSCFMTDIJDIUWFSGBISFO JTU FJOF WFSGBISFOTUFDIOJTDIF (SVOEPQFSBUJPO 	FOHM� 6OJU 0QFSBUJPO
� %JF�
TFT 7FSGBISFO XJSE JN 4QSBDIHFCSBVDI EFS 8JSCFMTDIJDIĨFDIOJL BVDI 'MVJEJTJFSVOH 	FOHM� ĚVJEJ[BUJPO

HFOBOOU� %JF 'MVJEJTJFSVOH XJSE GÛS WFSTDIJFEFOF ;XFDLF FJOHFTFU[U XJF [�#� [VN 'ÕSEFSO .JTDIFO
"HHMPNFSJFSFO <��> 5SPDLOFO 3ÕTUFO BCFS BVDI JO EFS 3FBLUPSUFDIOJL XJF [VN 7FSCSFOOFO WPO
4DIÛĨHÛUFSO <��>� %BT 1BSUJLFMCFĨ 	FOHM� ėYFE�CFE
 MJFHU JO FJOFN 8JSCFMTDIJDIUBQQBSBU BVG "OTUSÕN�
CÕEFOAB� *N -BCPSNB�TUBC FOUTQSJDIU EBT FJOFN 'JMUFSHFXFCF�

����� 'FTUCFś��8JSCFMTDIJDIUQBSBNFUFS

&JO 4DIÛĨHVUQBSUJLFMCFĨ XFMDIFT LFJOF "OTUSÕNVOH EVSDI FJO 'MVJE FSGÅISU PEFS LFJOFO ĚVJEÅIOMJ�
DIFT 7FSIBMUFO IBU XJSE BMT 'FTUCFĨ 	FOHM� ėYFE�CFE
 CF[FJDIOFU� &T LFOO[FJDIOFU TJDI EVSDI GPMHFOEF
1BSBNFUFS BVT <�� 4� ���� Ď�>�

r EBT 4DIÛĨHVĨWPMVNFO VGC

r EFS .BTTFmGT

r EJF %JDIUF EFS 1BSUJLFM ρGT

r EFS 'FTUCFĨQPSÕTJUÅU εGC EFS 1BSUJLFMHSÕ�FOWFSUFJMVOH� EJF EFN 'FJOIFJUTNFSLNBM EFS 1BSUJLFM
EFN TPH� 4BVUFSEVSDINFTTFS d32 	d32 = 6/S7
 JOIÅSFOU JTU

r VOE EFS BQQBSBUBCIÅOHJHFO "OTUSÕNĚÅDIFAB

r %JF NJĨMFSF -FFSSPISHFTDIXJOEJHLFJU v̄

*O EFS8JSCFMTDIJDIĨFDIOJL WFSXFOEFU NBO EJF -FFSSPISHFTDIXJOEJHLFJU� %JF -FFSSPISHFTDIXJOEJH�
LFJU v̄ JTU BVG EJF MFFSF 8JSCFMTDIJDIURVFSTDIOJĨTĚÅDIFAB CF[PHFOF 'MVJEHFTDIXJOEJHLFJU�
%FT8FJUFSFOXFSEFO GÛS EJF WPMMTUÅOEJHF #FSFDIOVOH EFS8JSCFMTDIJDIU XFJUFSF EJNFOTJPOTMPTF,FOO�
[BIMFO CFOÕUJHU BVG EJF JN3BINFOEJFTFS "SCFJU OJDIUXFJUFS FJOHFHBOHFOXJSE�/ÅIFSF *OGPSNBUJPOFO
LÕOOFO CTQX� EFN 7%*�8ÅSNFBUMBT FOUOPNNFO XFSEFO <�� 4� ���� Ď�>�

����� ,MBTTJŅ[JFSVOH WPO 4DIÛśHÛUFSO OBDI (FMEBSU

/JDIU BMMF 4DIÛĨHÛUFS TJOE GÛS 8JSCFMTDIJDIUFO HMFJDIFSNB�FO HFFJHOFU� (FMEBSU IBU FJOF ,MBTTJė[JF�
SVOH EVSDIHFGÛISU 	TJFIF "CCJMEVOH �
� *N TPH� (FMEBSU�%JBHSBNN JTU BVG EFS 0SEJOBUF EJF %JDIUF�
EJĎFSFO[ [XJTDIFO 'MVJE VOE 1BSUJLFM EBSHFTUFMMU� "VG EFS "C[JTTF JTU EFS NJĨMFSF 1BSUJLFMEVSDINFTTFS
d̄32 	HFNÅ� (SBėL dQ
 BVGHFUSBHFO� *O EFS "CCJMEVOHFO TJOE WJFS $MVTUFS 	$ " # %
 [XFJ CSFJUF VOE

��
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FJO TDINBMFS ¾CFSHBOHTCFSFJDI [V FSLFOOFO� %BT 7FSIBMUFO EFS 4DIÛĨHÛĨZQFO JO FJOFS 8JSCFMTDIJDIU
VOUFSTDIFJEFU TJDI [�5� TJHOJėLBOU <�� 4� ����>�

(SVQQF $ 4DIÛĨHÛUFS EJF OBDI ,MBTTF $ LMBTTJė[JFSU XFSEFO IBCFO LMFJOF NJĨMFSF 1BSUJLFMEVSDI�
NFTTFS VOE XFJTFO HSÕ�FSF )BěLSÅěF BVG BMT EJF EVSDI EJF 4USÕNVOH JOEV[JFSUF ,SBě� &T CJMEFO TJDI
,BOÅMF BVT� &JOF "VTCJMEVOH FJOFS 8JSCFMTDIJDIU JTU OVS EVSDI BQQBSBUJWF )JMGTNJĨFM PEFS EFS ;VTBU[
EVSDI 'MJF�NJĨFM NÕHMJDI <�� 4� ����>�

(SVQQF " 0CFSIBMC EFS -PDLFSVOHTHFTDIXJOEJHLFJU CJMEFU TJDI FJOF IPNPHFOF8*SCFMTDIJDIU BVT�
8JSE EJF -FFSSPISHFTDIXJOEJHLFJU XFJUFS FSIÕIU #JMEFO TJDI #MBTFO BVT EJF TJDI CFJN FNQPSTUFJHFO
[VTBNNFOTDIMJF�FO 	,PBMFT[FO[
� %JF #MBTFOBVGTUJFHTHFTDIXJOEJHLFJU JTU IÕIFS BMT EJF EFT ;XJTDIFO�
SBVNHBT VOE EJF #MBTFOHSÕ�F JTU BC FSSFJDIFO FJOFS CFTUJNNUFO #FĨIÕIF CFHSFO[U� 8JSE EJF "OTUSÕ�
NVOH VOUFSCSPDIFO LPMMBCJFSU EBT 1BSUJLFMCFĨ MBOHTBN <�� 4� ����>�

(SVQQF # 6ONJĨFMCBS OBDI ¾CFSTDISFJUFO EFS -PDLFSVOHTHFTDIXJOEJHLFJU CJMEFO TJDI #MBTFO BVT�
%JF #MBTFOBVGTUJFHTHFTDIXJOEJHLFJU JTU IÕIFS BMT EJF EFT ;XJTDIFOSBVNHBT� %JF #MBTFOHSÕ�F JTU OJDIU
CFHSFO[U� %JF #FĨBVTEFIOVOH JTU HFSJOHFS BMT EJF EFS 4DIÛĨHÛUFS EFS (SVQQF "�8JSE EJF "OTUSÕNVOH
VOUFSCSPDIFO LPMMBCJFSU EBT #FĨ TDIMBHBSUJH <�� 4� ����>�

(SVQQF% %JF 1BSUJLFM EJFTFS(SVQQF TJOE HSP� VOEXFJTFO FJOF HSP�F%JDIUF BVG� %JF #MBTFO IBCFO
FJOF HFSJOHFSF "VGTUJFHTHFTDIXJOEJHLFJUFO BMT EJF EFT ;XJTDIFOSBVNHBTFT� /VU[U NBO LFJOFO CSFJUFO
"OTUSÕNCPEFO TPOEFSO OVS FJOF ;FOUSBMF #PISVOH EBOO CJMEFU TJDI CFJ IJOSFJDIFOE HSP�FS "OTUSÕN�
HFTDIXJOEJHLFJU FJOF 4USBIMTDIJDIU BVT <�� 4� ����>�

��



� 4UBOE EFS 5FDIOJL

Abbildung 8: ,MBTTJė[JFSVOH WPO 4DIÛĨHÛUFSO OBDI (FMEBSU <�� 4� ���� Ď�>

����� 8JSCFMTDIJDIU[VTUÅOEF FJOFT GÛS EJF 'MVJEJTJFSVOH PQUJNBMFO 4DIÛśHVUT

6N EJF 'VOLUJPOTXFJTF EFS 8JSCFMTDIJDIU [V WFSTUFIFO XFSEFO WJFS ;VTUÅOEF EFS 8JSCFMTDIJDIU� BO�
IBOE FJOFT GÛS EJF TPH� 'MVJEJTJFSVOH PQUJNBMFO 4DIÛĨHVUT 	,MBTTJė[JFSVOH OBDI (FMEBSU "
 HFNÅ� EFS
"CCJMEVOH �� CFTDISJFCFO� *O EFS "CCJMEVOH � TJOE 8JSCFMTDIJDIU[VTUÅOEF BMT 'VOLUJPO EFS "OTUSÕN�
HFTDIXJOEJHLFJU TDIFNBUJTDI EBSHFTUFMMU <�� 4� ���� G�>�

"CCJMEVOH �a [FJHU FJO 4DIÛĨHVUGFTUCFĨ XFMDIFT NJU FJOFN V̇ 7PMVNFOTUSPN CFBVGTDIMBHU XJSE XFM�
DIFS LMFJOFS JTU BMT EFS NJOJNBMF 'MVJEJTJFSWPMVNFOTUSPN V̇NG� %JF .FISIFJU EFS 1BSUJLFM CFėOEFU TJDI
JO ,POUBLU�

4PCBME EJF "OTUSÕNHFTDIXJOEJHLFJU EFS NJOJNBMFO 'MVJEJTJFSHFTDIXJOEJHLFJU FOUTQSJDIU JTU EFS TPH�
-PDLFSVOHTQVOLU FSSFJDIU 	"CCJMEVOH �b
� %BT 4DIÛĨHVU OJNNU ĚVJEÅIOMJDIFT 7FSIBMUFO BO� %BT HF�
TBNUF OVO 'MVJECFĨCFĨ JTU JO FJOFS IPNPHFOFO #FXFHVOH� &T MJFHU EFS ;VTUBOE EFS .JOJNBMĚVJEJTB�
UJPO WPS�

8JSE EJF 4USÕNVOHTHFTDIXJOEJHLFJU XFJUFS FSIÕIU USJĨ FJOF #MBTFOCJMEVOH BVG� 8FMDIF 'PSN EFS #MB�
TFOCJMEVOH FOUTUFIU JTU VOUFS BOEFSFNBCIÅOHJH WPOEFS(FPNFUSJF EFT"QQBSBUFT 	WHM�"CCJMEVOHFO�c
VOE �d
� #FJN"VGTUFJHFO EFS WFSFJO[FMUFO(BTCMBTFO WFSTDINFM[FO EJFTF� %JFTFS 7PSHBOH XJSE ,PBMFT�
[FO[ HFOBOOU�

��
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Abbildung 9: 8JSCFMTDIJDIU[VTUÅOEF BMT 'VOLUJPO EFS "OTUSÕNHFTDIXJOEJHLFJU <�� 4� ����>

*TU EJF "OTUSÕNHFTDIXJOEJHLFJU WJFM HSÕ�FS BMT EJF NJOJNBMF 'MVJEJTJFSHFTDIXJOEJHLFJU VOE FSSFJDIU
C[X� ÛCFSTUFJHU EJF 4JOLHFTDIXJOEJHLFJU EFS 1BSUJLFM 	&JO[FMLPSOTJOLHFTDIXJOEJHLFJU
 EBOO CSJDIU EJF
#MBTFOCJMEVOH BVG VOE EFS 'FTUTUPĎ XJSE BVTHFUSBHFO 	TJFIF "CCJMEVOH �e
� 8JF JO EFS "CCJMEVOH �e
[V FSLFOOFO CJMEFO TJDI 'FTUTUPĎTUSÅIOFO EBEVSDI JTU EJF "VGSFDIUFSIBMUVOH EFS 8JSCFMTDIJDIU NÕH�
MJDI�8FOOEBT;JFM EFS8JSCFMTDIJDIU OJDIU EFS1BSUJLFMGÕSEFSVOH FOUTQSJDIU EBOO JTU FJOF3ÛDLGÛISVOH
EFS 1BSUJLFM CTQX� EVSDI FJOFO OBDIHFTDIBMUFUFO ;ZLMPO HFNÅ� "CCJMEVOH �e [V SFBMJTJFSFO�

"ONFSLVOH 4DIÛĨHÛUFS EFS (FMEBSULMBTTJė[JFSVOH $ VOE % CFOÕUJHFO BOEFSF BQQBSBUJWF -ÕTVO�
HFO� &T XJSE BVG 'BDIMJUFSBUVS XJF CTQX� EFO 7%*�8ÅSNFBUMBT IJOHFXJFTFO�

����� %SVDLWFSMVTU CFJN #FUSJFC FJOFS8JSCFMTDIJDIU

%JF8JSCFMTDIJDIUXJSEEBEVSDI BVTHF[FJDIOFU EBTT TJDIEBT1BSUJLFMCFĨ JO FJOFNEFėOJFSUFO7PMVNFO�
TUSPNJOUFSWBMM XJF FJO 'MVJE WFSIÅMU� %BT 1BSUJLFMCFĨ IBU JO EFN *OUFSWBMM [XJTDIFO EFS -PDLFSVOHTHF�
TDIXJOEJHLFJU v̄NG VOE EFS 1BSUJLFMBVTUSBHTHFTDIXJOEJHLFJU ĚVJEÅIOMJDIF &JHFOTDIBěFO� %JF 1BSUJLFM�
BVTUSBHTHFTDIXJOEJHLFJU LBOO NJU EFS &JO[FMLPSOTJOLHFTDIXJOEJHLFJU w̄GT BCHFTDIÅU[U XFSEFO� %BT

��
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-FFSSPISHFTDIXJOEJHLFJUTJOUFSWBMM EFS 'MVJEJTJFSVOH JTU TPNJU [v̄NG; v̄GT] <�� 4� ���� Ď�>�

%FS 8JSCFMTDIJDIU MJFHU FJO ,SÅěFHMFJDIHFXJDIU [VHSVOEF� *N TUBUJPOÅSFO ;VTUBOE CFėOEFO TJDI EJF
1BSUJLFM JO EFS 4DIXFCF� *O EFS "CCJMEVOH �� JTU EBT ,SÅěFHMFJDIHFXJDIU FJOFT 8JSCFMTDIJDIUFMFNFOUT
TLJ[[JFSU� %BT ,SÅěFHMFJDIHFXJDIU FJOFT 8JSCFMTDIJDIUFMFNFOUT EFS -ÅOHF∆L VOE EFS "OTUSÕNĚÅDIF
AB MÅTTU TJDI XJF GPMHU CFSFDIOFO�

∆P4DIJDIU · AB = GGT +GG 	��


%BT 'FTUTUPĎHFXJDIUGGT FSHJCU TJDI GÛS FJOF 4DIJDIU NJU EFS 'FTUTUPĎEJDIUF ρGT EVSDI

GGT = ρGT (1− ε) g AB ∆L 	��


VOE EBT (FXJDIU EFT 'MVJET NJU EFS 'MVJEEJDIUF ρG EVSDI

GG = ρG ε g AB ∆L. 	��


%FS %SVDLBCGBMM FJOFS 4DIJDIU CFSFDIOFU TJDI NJU EFO (MFJDIVOHFO �� VOE �� BVT (MFJDIVOH �� XJF
GPMHU�

∆P4DIJDIU = (ρGT − ρG)(1− ε) g∆L︸ ︷︷ ︸
=∆pJSS

+ ρG g∆L︸ ︷︷ ︸
=∆pSFWFSTJCFM

	��


%FS FSTUF 5FSN SFQSÅTFOUJFSU EFO JSSFWFSTJCMFO "OUFJM EFT %SVDLBCGBMMT� 6N EJF 1BSUJLFM JO EFS 4DIXF�

Abbildung 10: 8JSCFMTDIJDIULSÅĕFHMFJDIHFXJDIU BO FJOFN 8JSCFMTDIJDIUFMFNFOU EFS -ÅOHF ∆L
VOE "OTUSÕNĚÅDIFA BOHFMFIOU BO <�� 4� ����>

��
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Abbildung 11: ,POTUBOU[ EFT EJNFOTJPOTMPTFO %SVDLT BC EFN ÛCFSTDISFJUFO EFS -PDLFSVOHTHF�
TDIXJOEJHLFJU vNG JO "OMFIOVOH BO <�� 4� ����>

CF [V IBMUFO XJSE &OFSHJF CFOÕUJHU EJF TJDI BOIBOE EFT FSTUFO 5FSNT CFSFDIOFO MÅTTU� %FS JSSFWFSTJCMF
"OUFJM EFT %SVDLBCGBMMT TFU[U TJDI BVT EFS (FXJDIUTLSBě QSP 'MÅDIF 	(MFJDIVOH ��
 BC[ÛHMJDI EFS WP�
MVNFOTUSPNJOEV[JFSUFO "VěSJFCTLSBě QSP 'MÅDIF 	(MFJDIVOH ��
 [VTBNNFO <�� 4� ���� Ď�>�

pGT = ρGT (1− ε) g∆L 	��


pG = −ρG (1− ε) g∆L 	��


%FS [XFJUF 5FSN EFS (MFJDIVOH 	��
 SFQSÅTFOUJFSU EJF QPUFOUJFMMF &OFSHJF EFT HFGÕSEFSUFO 'MVJET EFS
)ÕIF∆L� %JFTF &OFSHJF LBOO JN 'BMMF FJOFS 'MÛTTJH�'FTUTUPĎXJSCFMTDIJDIU CTQX� EVSDI EJF /VU[VOH
FJOFS 5VSCJOF [VSÛDLHFXPOOFO XFSEFO <�� 4� ���� Ď�>�

%JF -FFSSPISHFTDIXJOEJHLFJU EFS .JOJNBMĚVJEJTBUJPO vNG BVDI -PDLFSVOHTHFTDIXJOEJHLFJU HFOBOOU
LBOO FNQJSJTDI FSNJĨFMU XFSEFO� 8JSE EFS EJNFOTJPOTMPTF %SVDL HFHFO EJF -FFSSPISHFTDIXJOEJHLFJU
BVGHFUSBHFO JTU EJF -PDLFSVOHTHFTDIXJOEJHLFJU NJU EFN FSSFJDIFO EFT EJNFOTJPOTMPTFO %SVDLT NJU
EFN #FUSBH WPO � FSSFJDIU 	TJFIF "CCJMEVOH ��
� "C EFN ¾CFSTDISFJUFO EFS -FFSSPISHFTDIXJOEJHLFJU
JTU EFS %SVDLWFSMVTU SFMBUJW [VS 6NHFCVOH ∆p FCFOGBMMT LPOTUBOU EB[V XJSE FJOF EPQQFMU MPHBSJUINJ�
TDIF "VěSBHVOH FNQGPIMFO� 4JNVMUBO [VN "OTUJFH EFS -FFSSPISHFTDIXJOEJHLFJU BC EFS -PDLFSVOHT�
HFTDIXJOEJHLFJU vNG JTU FJOF &YQBOTJPO EFS8JSCFMTDIJDIU NFTTCBS� %JF %SVDLLPOTUBO[ BC EFN -PDLF�
SVOHTQVOLU JTU EBNJU [V FSLMÅSFO EBTT EJF FSIÕIUF &OFSHJF[VGVS GÛS EJF &YQBOTJPO EFS 8JSCFMTDIJDIU
HFOVU[U XJSE� "C FJOFS CFTUJNNUFO &YQBOTJPO TDIMJF�FO TJDI)PIMSÅVNF [VTBNNFO VOE FT LPNNU [VS
#MBTTFOCJMEVOH 	TJFIF "CCJMEVOH �
� %JFTFS &ĎFLU MJFHU EFS ,PBMFTFO[ [VHSVOEF�

��
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����� "ONFSLVOH

'ÛS UJFGHSFJGFOEFT 8JTTFO [VS #FSFDIOVOH WPO 8JSCFMTDIJDIUFO XJSE BVG 'BDIMJUFSBUVS XJF EFN 7%*
8ÅSNFBUMBT <�� 4� ���� Ď�> WFSXJFTFO�

��
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��� 4JHOBMWFSBSCFJUVOH

*O EJFTFN"CTDIOJĨ XFSEFO EJF (SVOEMBHFO EFS 4JHOBMWFSBSCFJUVOH FSMÅVUFSU� *N FSTUFO "CTDIOJĨ XFS�
EFOOPDINBMT EJF(SVOEMBHFOEFS3FDIOFSLPNNVOJLBUJPO FSMÅVUFSU HFGPMHU WPOEFN6OUFSTDIJFE [XJ�
TDIFO BOBMPHFO VOE EJHJUBMFO 4JHOBMFO� &T XFSEFO FJOJHF ,BCFMHFCVOEFOF 4DIOJĨTUFMMFO BCFS BVDI
4DIOJĨTUFMMFO EJF WJB 'VOL GVOLUJPOJFSFO FSMÅVUFSU�

����� 7PN #JU CJT [VS tWPN.FOTDIFO MFTCBSFOi "MQIBOVNFSJD

4PCBME NBO WPO EJHJUBMFO %BUFO TQSJDIU JTU WPO #JU FODPEJFSUFO CJOÅSFO %BUFO EJF 3FEF� 1$�T TJOE JO
EFS -BHF EJFTF 'PSN EFS 4JHOBMF EJSFLU [V WFSBSCFJUFO� *O EFS "CCJMEVOH �� TJOE WFSTDIJFEFOF %BUFO�
HSÕ�FOCJOÅSFS%BUFO BVGHF[FJHU� *O EFS"CCJMEVOH WBSJJFSU EJF 4QBOOFEFS%BUFOHSÕ�FOMÅOHF WPO FJOFN
#JU CJT [V FJOFN8PSU CFTUFIFOE BVT ���#JU� #JOÅSF EJHJUBMF%BUFO TJOE EJTLSFU� &JO#JU IBU [XFJNÕHMJDIF
;VTUÅOEF BO PEFS BVT EJF EVSDI EJF CJOÅSFO 8FSUF � PEFS � TPXJF EFO CPPMFTDIFO "VTESÛDLFO true

PEFS false SFQSÅTFOUJFSU XFSEFO LÕOOFO� %JF "O[BIM XJF WJFMF #JU FJO ;FJDIFO 	FOHM� DIBSBDUFS
 SFQSÅ�
TFOUJFSU LBOO TJDI VOUFSTDIFJEFO� )ÅVėH XJSE FJO #ZUF CFTUFIFOE BVT � PEFS ��Bit WFSXFOEFU� *O EFS
"CCJMEVOH �� JTU FJOF #ZUF-ÅOHF WPO ��Bit IÅVėH BVDI 0LUFĨ HFOBOOU EBSHFTUFMMU� &JO #ZUF XFMDIFT
BVT ��#JU CFTUFIU IBU ��� NÕHMJDIF ;VTUÅOEF� %JF )ÅMěF FJOFT 	��#JU
 #ZUF XJSE /JCCMF HFOBOOU <��
4� �>� 4JOE 4JHOBMF "4$** FODPEJFSU CFUSÅHU EJF #ZUF -ÅOHF � #JU� %FS "4$** ;FJDIFOTBU[ CFJOIBMUFU
TPNJU ��� 	� � ���
 ;FJDIFO� "4$**�5BCFMMFO LÕOOFO BMMF ;FJDIFO EFS ��#JU "4$** $PEJFSVOH TPXJF
EJF ;VPSEOVOH EFS EF[JNBMFO VOE IFYBEF[JNBMFO 8FSUF FOUOPNNFO XFSEFO�

Abbildung 12: #JOBSZ %BUB 4J[FT <�� 4� �>

��
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)FYBEF[JNBM ;FJDIFO LÕOOFO OFCFO EFS CJOÅSFS VOE EFS EF[JNBMFO%BSTUFMMVOH BVDI)FYBEF[JNBM
EBSHFTUFMMU XFSEFO�%JF)FYBEF[JNBMF 4LBMB HFIU WPO � CJT � HFGPMHU WPO"CJT '�%JF 4LBMB IBU TPNJU FJOF
EF[JNBMF;JĎFSOMÅOHF WPO��� &JO/JCCMF LBOO TPNJU EVSDI FJOF IFYBEF[JNBMF;JĎFS EBSHFTUFMMU XFSEFO�

����� "OBMPHF VOE EJHJUBMF 4JHOBMF

.ÕDIUF NBO 4JHOBMF WFSBSCFJUFO EBOO JTU [XJTDIFO [XFJ 4JHOBMUZQFO [V VOUFSTDIFJEFO� %JF SFBMF 8FMU
MÅTTU TJDI EVSDI FJO ,POUJOVVN WPO ;VTUÅOEFO CFTDISFJCFO� &MFLUSJTDIF .FTTHFSÅUF FSGBTTFO EJFTF ;V�
TUÅOEF VOE FS[FVHFO CTQX� FJOF 4QBOOVOH� #FJ FJOFS LPOUJOVJFSMJDIFO .FTTVOH XÛSEFO CFJ FJOFS EFė�
OJFSUFO 'SFRVFO[ 4JHOBMF JO 'PSN WPO 4QBOOVOH HFOFSJFSU XFSEFO� "MT #FJTQJFM XFSGFO XJS FJOFO #MJDL
BVG EBT .FTTFO FJOFS 5FNQFSBUVS� #FJ EJFTFN #FJTQJFM OFINFO XJS FJONBM BO EBTT XJS FJOFO 5FNQFSB�
UVSGÛIMFS WFSXFOEFO EFS FJOF.FTTHFOBVJHLFJU WPO �.���� �$ CFTJU[U� #FJ EFS.FTTVOH EFS 5FNQFSBUVS
WPO 8BTTFS LÕOOUF NBO FJOF (MFJULPNNB[BIM 	ĚPBUJOH QPJOU OVNCFS PEFS LVS[ ĚPBU
 WPO ��.���� �$
BOHF[FJHU CFLPNNFO� #JT [VS [XFJUFO .FTTVOH LÕOOUF FJO 5FNQFSBUVSBVTHMFJDI [XJTDIFO 6NHFCVOH
VOE EFN 8BTTFS FSGPMHU TFJO XBT [V FJOFN BOEFSFO 5FNQFSBUVSNFTTXFSU WPO CTQX� ��.��� �$ GÛISFO
LÕOOUF� "OBMPHF 4JHOBMF TJOE FJO ,POUJOVVN WPO 4JHOBMFO�

1$�T TJOE JO EFS -BHF EJHJUBMF 4JHOBMF TFRVFO[JFMM [V WFSBSCFJUFO� &JO EJHJUBMFT 4JHOBMF SFQSÅTFOUJFSU FJO
QIZTJLBMJTDIFT 4JHOBM 4USPN PEFS 4QBOOVOH� *O EFS "CCJMEVOH �� TJOE UZQJTDIF .FUIPEFO BCHFCJMEFU
XJF %BUFO FJOFT .FTTPCKFLUT BLRVJSJFSU VOE BO FJOFO 1$ ÛCFSNJĨFMU XFSEFO� 0CFO JN #JME TJOE WJFS
4DIBMUFS [V FSLFOOFO EJF FJOFO 4USPNLSFJT TDIMJF�FO LÕOOFO� %JFTF 'PSN EFS 4JHOBMÛCFSUSBHVOH XJSE
EJTLSFU HFOBOOU� "VG EFN #JME TJOE BMMF 4DIBMUFS HFÕĎOFU EBIFS XÅSF QSP -FJUFS FJO CJOÅS 8FSU WPO �
[V FSXBSUFO� *O EFS .JĨF EFS "CCJMEVOH JTU FJO #JU�TFSJFMMFS %BUFOTUSPN BOIBOE EFS 3FDIUFDLGVOLUJPO
VOE EFO CJOÅS8FSUFO [V FSLFOOFO� *N VOUFSFO 5FJM EFS "CCJMEVOH JTU FJO BOBMPHFT 4JHOBM [V FSLFOOFO
XFMDIFT NJĨFMT FJOFT BOBMPH [V EJHJUBM 8BOEMFST EJF 4JHOBMF JO FJOFT WPO FJOFN 1$ JOUFSQSFUJFSCBSFT
4JHOBM XBOEFMU� %JF VNHFXBOEFMUFO %BUFO XFSEFO NJĨFMT QBSBMMFMFS 4DIOJĨTUFMMF BO FJOFO 1$ TFOEFU�

����� 4DIOJśTUFMMFO

.FTTHFSÅUF WFSGÛHFO ÛCFS 4DIOJĨTUFMMFO ÛCFS EJF %BUFO� VOE 4UFVFSTJHOBMF BO BOEFSF ,PNQPOFOUFO
PEFS FJOFO .FTTHFSÅUFCVT FSGPMHFO� "O FJOFO .FTTHFSÅUFCVT XFSEFO .FTTHFSÅUF 	4MBWFT
 VOE 3FDIOFS
	.BTUFS
 BOHFTDIMPTTFO� %JF%BUFOÛCFSUSBHVOH JTU FOUXFEFS #JU� PEFS #ZUF�TFSJFMM� %FS "OTDIMVTT FJOFT
.FTTHFSÅUT BO FJOFO 1$ LBOO ÛCFS [XFJ.FUIPEFO FSGPMHFO�.FTTHFSÅUF LÕOOFO ÛCFS BOBMPH 4JHOBMBVT�
HÅOHF WFSGÛHFO�%JFTF 4JHOBMFNÛTTFO JO FJOFN BOBMPH�EJHJUBM8BOEMFS JO FJO EJHJUBMFT 4JHOBM HFXBOEFMU
XFSEFO� %BT.FTTHFSÅU LBOO FJOFO JOUFHSJFSUFO BOBMPH�EJHJUBM8BOEMFS VOE EJHJUBMF 4DIOJĨTUFMMF WFSGÛ�

��
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Abbildung 13: %JHJUBM BOE BOBMPH EBUB JOQVUT <��>

HFO ÛCFS EJF 4JHOBMF EJSFLU BO FJOFO 1$ HFTFOEFU XFSEFO LÕOOFO� %JF [XFJ .FUIPEFO LÕOOFO EFS
"CCJMEVOH �� FOUOPNNFO XFSEFO <� 4� ���>� %JFTF BOBMPHFO 4JHOBMF NÛTTFO NJĨFMT FJOFS .FTTLBS�
UF JO FJO EJHJUBMFT 4JHOBM VNHFXBOEFMU XFSEFO EJF JN "OTDIMVTT JO FJOFN 1$ JO FJOFS 4PěXBSF XFJUFS
WFSBSCFJUFU XFSEFO LÕOOFO� *N GPMHFOEFNXFSEFO [XFJ ,BCFMHFCVOEFOF 	64# 34����
 VOE [XFJ ,B�
CFMMPTF 	#MVFUPPUI VOE 8�-"/
 4DIOJĨTUFMMFO FSMÅVUFSU�

Abbildung 14: "OTDIMVTT FJOFT .FTTHFSÅUFT BO EFO 1$ BOHFMFIOU BO <� 4� ���>

PCFONJU .FTTLBSUF
VOUFONJU EJHJUBMFS 4DIOJĨTUFMMF

����� 7FSCJOEFS

6N FJOF ,PNNVOJLBUJPO [XJTDIFO EFO (FSÅUFO [V FSNÕHMJDIFO CFEBSG FT QIZTJLBMJTDIFS 4DIOJĨTUFM�
MFO� *N -BCPSVNGFME XFSEFO EJF 64# 4DIOJĨTUFMMF VOE EJF %#�� 4DIOJĨTUFMMF CFTPOEFST IÅVėH BOHF�

��
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USPĎFO� *O EFS "CCJMEVOH �� JTU FJO NÅOOMJDIFS %#�� 4UFDLFS BCHFCJMEFU�

Abbildung 15: %#�� QJO BOE TPDLFU OVNCFSJOH <��>

����� #JUTFSJFMMF %BUFOÛCFSUSBHVOH

&T HJCU WFSTDIJFEFOF .ÕHMJDILFJUFO 4JHOBMF C[X� %BUFO [V ÛCFSUSBHFO� &JOF .ÕHMJDILFJU JTU EJF TFSJFM�
MF %BUFOÛCFSUSBHVOH� &JOF HFOBVFSF #F[FJDIOVOH XÅSF #JU�TFSJFMMF %BUFOÛCFSUSBHVOH EFOO HFOBV HF�
OPNNFO HJCU FT FJOF 3FJIF WPO #JU�TFSJFMMFO %BUFOÛCFSUSBHVOHTTZTUFNFO VOUFS BOEFSFN KFEPDI BVDI
EJF #ZUF�TFSJFMMF %BUFOÛCFSUSBHVOH�

%FT 8FJUFSFO HJCU FT [XFJ 'PSNFO EFS TFSJFMMFO %BUFOÛCFSUSBHVOH EJF TZODISPOF VOE EJF BTZODISPOF
%BUFOÛCFSUSBHVOH� *O "CCJMEVOH �� JTU FJOF TZODISPOF%BUFOÛCFSUSBHVOH EBSHFTUFMMU� "O EFN"VTHBOH
$MPDL 0VU JTU [V FSLFOOFO EBTT EBT (FSÅU " EFO 5BLU VOE TPNJU EJF "VTUBVTDISBUF EFS 4DIOJĨTUFMMF
WPSHJCU�%BUFO TJOE OVS [VN ;FJUQVOLU EFS GBMMFOEFO 'MBOLF EFT 5BLUTJHOBMT WBMJEF� &T JTU [V FSLFOOFO
EBTT EFS 5BLU TUFUT EJF.JĨF EFS #JU 1PTJUJPO USJĕ VNNÕHMJDIF 'FIMFS WPS[VCFVHFO� %JF tSFBMFi 3FDIU�
FDLGVOLUJPO JTU FJOF 4VQFSQPTJUJPO WPO 'VOLUJPO WFSTDIJFEFOFS 'SFRVFO[FO XBT EB[V GÛISU EBTT CFJ
BVGTUFJHFOEFS 'MBOLF VOE CFJN GBMMFO EFS 'MBOLF FJO &JOTDIXJOHFO EFS 'VOLUJPO TUBĨėOEFU CJT TJDI FJO
LPOTUBOUFS 8FSU FJOTUFMMU 	TJFIF "CCJMEVOH ��
� *O EFS 1SBYJT XJSE FJOF BTZODISPOF #JU�TFSJFMMF %BUFO�
ÛCFSUSBHVOH IÅVėHFS HFOVU[U� &JOF GFIMFSGSFJF,PNNVOJLBUJPO TPMM EJF TPHFOBOOUF%BUFOĚV�TUFVFSVOH
	FOHM� ĚPX DPOUSPM
 ÛCFSOFINFO� #FJ BTZODISPOFS %BUFOÛCFSUSBHVOH FYJTUJFSU TPNJU LFJO 5BLUTJHOBM� #FJ
FJOFS BTZODISPOFS %BUFOÛCFSUSBHVOH LBOO EFS #JU %BUFOTUSPN OFCFO EFS tHFXÛOTDIUFOi *OGSPNBUJP�
OFO [�#� WPO FJOFS .FTTVOH OPDI %BUFOĚV�TJHOBMF FOUIBMUFO� %BUFOĚV�TJHOBMF LÕOOFO QIZTJLBMJTDIF

��
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Abbildung 16: 4ZODISPOPVT TFSJBM EBUB DPNNVOJDBUJPO <�� 4� ��>

4JHOBMF TFJO� %JFTF 'PSN EFS 'MV�TUFVFSVOH OFOOU TJDI )BSEXBSF�)BOETIBLF� &JOF BOEFSF .ÕHMJDILFJU
EFS %BUFOĚV�TUFVFSVOH JTU EFS TPH� 4PĜXBSF�)BOETIBLF� %JF %BUFOĚV�TJHOBMF TJOE Startbit Stop-
bit VOE Paritätsbit EJF FJO ;FJDIFO 	FOHM� $IBSBDUFS
 WPO FJOFN BOEFSFO;FJDIFO BCHSFO[U� ;FJDIFO
LÕOOFO #VDITUBCFO ;BIMFO 7PS[FJDIFO FUD� TFJO EJF CJOÅS WFSTFOEFU XFSEFO 	� PEFS �
 VOE CFJTQJFMT�
XFJTF "4$** FODPEJFSU TJOE�

Abbildung 17: *EFBM WFSTVT SFBM TRVBSF XBWFT <�� 4� �>

��
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����� 34����

%JF 34���� 4DIOJĨTUFMMF XVSEF JO EFO ���� +BISFO WPO EFS &MFDUSPOJD *OEVTUSJBM "MMJBODF 	&*"
 TUBO�
EBSEJTJFSU� +FEFT [V ÛCFSUSBHFOEF ;FJDIFO 	;BIM #VDITUBCF 4POEFS[FJDIFO
 XJSE [XJTDIFO � VOE � #JU
DPEJFSU XPCFJ � VOE � #JU BN HFCSÅVDIMJDITUFO TJOE� %JF 5SFOOVOH WPO CFOBDICBSUFO ;FJDIFO XFSEFO
NJU 4UBSU� VOE 4UPQCJU SFBMJTJFSU� %JF ¾CFSUSBHVOHTSBUF LBOO [XJTDIFO �� #E VOE ���� L#E CFUSBHFO�
%JF &OUGFSOVOH EJF FS[JFMU XFSEFO LBOO JTU TUBSL WPN WFSXFOEFUFN ,BCFM VOE EFS ¾CFSUSBHVOHTHF�
TDIXJOEJHLFJU BCIÅOHJH� &T TJOE &OUGFSOVOHFO CJT [V FJOFN ,JMPNFUFS SFBMJTJFSCBS� %JF ¾CFSUSBHVOHT�
HFTDIXJOEJHLFJU XJSE #BVESBUF HFOBOOU� &JO #E FOUTQSJDIU � ;FJDIFO QSP 4FLVOEF� &JO 4ZNCPM�$IBSBD�
UFS LBOO BVT FJOFN PEFSNFISFSFO #JUT CFTUFIU� %JF ¾CFSUSBHVOHTSBUF JTU TPNJU JN7FSHMFJDI [V BOEFSFO
4DIOJĨTUFMMFONJU JN/PSNBMGBMM WPO FJOFN#JU QSP ;FJDIFO EFS¾CFSUSBHVOHTHFTDIXJOEJHLFJU WPO ��
CJT ���� LCJU�T WFSIÅMUOJTNÅ�JH HFSJOH SFJDIU BCFS GÛS EJFNFJTUFO.FTTUFDIOJTDIFO"OXFOEVOHFO BVT�
'ÛS EJF ,PNNVOJLBUJPONJĨFMT 34���� CFOÕUJHU NBO FJOF TPH� 'MVTTTUFVFSVOH 	FOHM� ĚPX DPOUSPM
� %FS
4FOEFS VOE EFS &NQGÅOHFS NÛTTFO TJDI HFHFOTFJUJH NJĨFJMFO PC TJF TFOEF� PEFS FNQGBOHTCFSFJU TJOE
VN%BUFOWFSMVTUF [V WFSNFJEFO� %JF 4JHOBMF EJFNBO EBGÛS CFOÕUJHU XFSEFO Handshake-Signale HF�
OBOOU�%FSHandshake MÅTTU TJDINJU QIZTJTDIFO4JHOBMFOÛCFS4UFVFSMFJUVOHFO	Hardware-Handshake

PEFS ÛCFS EJHJUBMF 4JHOBMF 	4PĜXBSF�)BOETIBLF
 SFBMJTJFSFO� %JF 4PěXBSF�)BOETIBLF 4JHOBMF XFSEFO
ÛCFS EJF 5Y% 4JHOBMMFJUVOHFO WFSTFOEFU� 'ÛS EFO 4PĜXBSF�)BOETIBLF JTU EJF 90/�90'' VOE GÛS EFO
)BSEXBSF )BOETIBLF EJF %BUFOĚV�TUFVFSVOH NJĨFMT $54�354 FJOF HÅOHJHF .FUIPEF <� 4� ��� G�>�

34���� CFTDISFJCU 4QBOOVOHTQFHFM VOE 5JNJOH [XJTDIFO EFS %BUFOÛCFSUSBHVOHTFJOSJDIUVOH 	%¾&

VOE %BUFOFOEFJOSJDIUVOH 	%&&
� /JDIU #FTUBOEUFJM EFT 4UBOEBSET JTU EBT FJHFOUMJDIF ¾CFSUSBHVOHT�
QSPUPLPMM XJF EJF 4JHOBMF LPEJFSU TJOE 	[�#� "4$**
 'FIMFSFSLFOOVOH VTX�� 4PMDIF 1BSBNFUFS NÛTTFO
[XJTDIFO EFS %BUFOÛCFSUSBHVOHTFJOSJDIUVOH VOE EFS %BUFOFOEFJOSJDIUVOH BVTHFIBOEFMU XFSEFO <��>�
¾CMJDIFSXFJTF XFSEFO GÛS EJF ¾CFSUSBHVOH ��1PMJHF %�4VC ,BCFM WFSXFOEFU BCFS 34���� JTU OJDIU
BO EJFTF ,BCFM VOE 4UFDLFS ,PNCJOBUJPO HFCVOEFO� *O EFS "CCJMEVOH"CCJMEVOH �� TJOE BMMF 4JHOBMF
VOE EJF %FėOJUJPO EFS 4JHOBMF EFS %#�� 4DIOJĨTUFMMF BVGHFMJTUFU� #FJ EFS 7FSXFOEVOH FJOFT 4PěXBSF�
)BOETIBLF TJOE OVS � 4JHOBMMFJUVOHFO OPUXFOEJH EB EJF 4UFVFSTJHOBMF ÛCFS EJF %BUFOMFJUVOHFO HF�
TFOEFU XJSE� 'ÛS EFO %BUFOUSBOTGFS NJĨFMT ��1PMJHFO %�4VC ,BCFM 	TJFIF "CCJMEVOH ��
 TJOE TPNJU
MFEJHMJDI EJF 1JOT � 	3Y%
 � 	5Y%
 VOE � 	(/%
 OPUXFOEJH� #FJ EFS 7FSXFOEVOH FJOFT )BSEXBSF�
)BOETIBLFT XFSEFO EJF %BUFOMFJUVOHFO ÛCFS EJF 1JOT � 	354
 VOE � 	$54
 OPUXFOEJH <��>� 34����
JTU FJOF 7PMU�CBTJFSUF 4DIOJĨTUFMMF� %FS MPHJTDIF 8FSU XBIS 	true
 JTU EFN OFHBUJWFO 7PMU�-FWFM [VHF�
PSEOFU VOE EFS MPHJTDIF 8FSU GBMTDI 	false
 JTU EFN QPTJUJWFO 7PMU�-FWFM [VHFPSEOFU� %JF 4QBOOF EFS
7PMU�4QBOOVOH JTU JO 34���� WPO ��� � 7 CJT ��� �� 7 TQF[Jė[JFSU�

��
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����� 34����

34���� JTU FJOF 8FJUFSFOUXJDLMVOH EFT 34���� 4UBOEBSET� 34���� JTU FJO #VT 4ZTUFN XFMDIF CJT [V ��
%BUFOTFOEFS VOE &NQGÅOHFS WFSCJOEFO LBOO VOE XJSE JO EFS 1SP[FTTNFTT� VOE 1SP[FTTMFJĨFDIOJL BO�
HFXBOEU� &T TJOE ¾CFSUSBHVOHTHFTDIXJOEJHLFJUFO WPO CJT [V ��.#JU�T NJU EFS 7FSXFOEVOH FJOFT ��
.FUFS ,BCFMT VOE ��� ,#JU�T NJU FJOFS ,BCFMMÅOHF WPO ���� .FUFS NÕHMJDI� %JF 34���� 4DIOJĨTUFMMF
WFSGÛHU ÛCFS � 4JHOBMLBCFM� %JF 1PMBSJUÅU EFS CFJEFO ,BCFM JTU HFHFOTÅU[MJDI 	WFSHMFJDIF "CCJMEVOH ��
�
#FJEF -FJUVOHFO LÕOOFO 4JHOBMF JO CFJEF 3JDIUVOHFO TFOEFO KFEPDI OJDIU [VS HMFJDIFO ;FJU� %FS 4J�
HOBMBCHSJĎ JTU TPNJU EJĎFSFOUJFMM� %BT 4JHOBM XJSE TPNJU OJDIU HFHFO /VMM HFNFTTFO TPOEFSO [XJTDIFO
EFO [XFJ -FJUFSO HFHFOTÅU[MJDIFS 1PMBSJUÅU� *O"CCJMEVOH �� JTU FJOF ��#JU BTZODISPOF%BUFOÛCFSUSBHVOH
WJB 34���� [V FSLFOOFO� "N "OGBOH VOE EFN &OEF EFS ��#JU CFėOEFU TJDI FJO 4UBSU� VOE FJO 4UPQCJU
<�� 4� ��� G�>�

Abbildung 18: 34���� TJHOBM MFWFMT <�� 4� ���>

����� 64#

%JF ÛCFSCSÛDLCBSF -ÅOHF WJB 64# MJFHU VOUFS � N VOE MJFHU TPNJU XFJU VOUFS EFS &OUGFSOVOH EJF NJU
34���� NÕHMJDI TJOE� 64# XVSEF [XFDLT 4DIBĎVOH FJOFS FJOIFJUMJDIFO 4DIOJĨTUFMMF GÛS BMMF "SUFO WPO
1$�T -BQUPQT WPO */5&- FOUXJDLFMU� 64#�,BCFM IBCFO WJFS -FJUVOHFO [XFJ GÛS EJF #JU�TFSJFMMF CJEJSFL�
UJPOBMF %BUFOÛCFSUSBHVOH FJOF -FJUVOH GÛS EJF ��7 7FSTPSHVOHTTQBOOVOH VOE FJOF GÛS EBT .BTTFQP�
UFO[JBM� "O FJOFO64#�"OTDIMVTT FJOFT 1$�T MBTTFO TJDI UIFPSFUJTDI CJT [V ���(FSÅUF BOTDIMJF�FO EB EJF
BOHFTDIMPTTFOFO .FTTHFSÅUF EVSDI EFO 64#�$POUSPMMFS JN 1$ NJU FJOFS ��#JU�"ESFTTF BESFTTJFSU XFS�
EFO� %BSBVT GPMHFO 27 = 128NÕHMJDIF .FTTHFSÅUF� 1SBLUJTDI TJOE FT ��� EB EJF "ESFTTF t/VMM i 	���

��
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����
 GÛS EJF (FSÅUF�*EFOUJė[JFSVOH HFOVU[U XJSE� 64# WFSGÛHU ÛCFS [XFJ &JHFOTDIBěFO EFN t)PU�
1MVHHJOHi VOE EFN t1MVH�BOE�1MBZi� %BOL EFN )PU�1MVHHJOH JTU FT WPS EFN 7FSCJOEFO FJOFT (FSÅUT
NJU EFN 1$ OJDIU OPUXFOEJH EJFTFO BVT[VTDIBMUFO� %BOL 1MVH�BOE�1MBZ LPOėHVSJFSU TJDI EJF 7FSCJO�
EVOH TFMCTU� 64# ��� IBU FJOF ¾CFSUSBHVOHTHFTDIXJOEJHLFJU WPO �� C[X� �� .#JU�T 64# ��� CJT [V
��� .#JU�T VOE 64# ��� IBU FJOF )JHITQFFEÛCFSUSBHVOHTSBUF WPO � (#JU�T� &T JTU KF OBDI WFSXFOEF�
UFN(FSÅUFNÕHMJDI EJFTF BO FJOFS64#�4DIOJĨTUFMMF [V CFUSFJCFO EJF FJOF HFSJOHFSF¾CFSUSBHVOHTSBUF
CFTJU[FO BMT EJF 64#�4DIOJĨTUFMMF EFT 1$�T�

����� #MVFUPPUI

#MVFUPPUI JTU FJOF LBCFMMPTF %BUFOÛCFSUSBHVOHTNFUIPEF WJB 'VOL� %FS 'SFRVFO[CFSFJDI JTU [XJTDIFO
���� CJT ���� ()[� %JF ¾CFSUSBHVOHTEJTUBO[ CFUSÅHU DB� �� N NJU FJOFS ¾CFSUSBHVOHTHFTDIXJOEJH�
LFJU WPO �� .#JU�T GÛS EJF 4QF[JėLBUJPO #MVFUPPUI ��� � &%3 	&OIBODFE %BUB 3BUF
 <� 4� ��� G�>�
#MVFUPPUI ��� � &%3 JTU ���� BVG EFN .BSLU FSTDIJFOFO� #MVFUPPUI ��� 4NBSU JTU ���� NJU &JOGÛISVO�
HFO WPO XJDIUJHFO 'VOLUJPOFO GÛS EBT *OUFSOFU EFS %JOHF 	*P5
 FSTDIJFOFO� #MVFUPPUI � 	����
 JTU EJF
BLUVFMMTUF 7FSTJPO VOE IBU *P5 JN 'PLVT� #MVFUPPUI � VOUFSTUÛU[U ¾CFSUSBHVOHTSBUFO WPO �.#JU�T VOE
FJOFS 3FJDIXFJUF WPO NBYJNBM ��� N <�>�

%SBIUMPTF *P5�-ÕTVOHFOOFINFO JOEFS QSPEV[JFSFOEFO *OEVTUSJF BO#FEFVUVOH [V�%BLBCFMMPTF/FU[�
XFSLF CFJN "VčBV WPO OFVFO 'FSUJHVOHTMJOJFO ĚFYJCMFS TJOE BMT LBCFMHFCVOEFOF /FU[XFSLF JTU #MVF�
UPPUI JN 3BINFO WPO *OEVTUSJF ��� FJOF CFEFVUFOEF 4DIOJĨTUFMMF� #MVFUPPUI.FTI /FUXPSLJOH XVSEF
VOUFS BOEFSFN GÛS JOEVTUSJFMMF ESBIUMPTF 4FOTPSOFU[XFSLF LPO[JQJFSU 	84/
� .JU EJFTFN 4UBOEBSE JTU
FTNÕHMJDI WJFMF(FSÅUF VOE 4FOTPSFO JO FJOFN#MVFUPPUIOFU[XFSL LPNNVOJ[JFSFO [V MBTTFO� +FEFT(F�
SÅU XJSE t,OPUFOi HFOBOOU <�>�

4JDIFSIFJU� .FTI�7FSOFU[VOH QFS #MVFUPPUI <�> %JF /FU[XFSLTJDIFSIFJU CFJ QSPEV[JFSFOEFO
#FUSJFCFO JTU OJDIU WFSIBOEFMCBS� %JF 4JDIFSIFJU CFJ EFS 7FSXFOEVOH WPO #MVFUPPUI TPMM EVSDI EJF TPH�
.FTI�7FSOFU[VOH HFXÅISMFJTUFU XFSEFO� %JF *OGPSNBUJPOTTJDIFSIFJU TPMM EVSDI FJO 4DIJDIUFONPEFMM FS�
SFJDIU XFEFO EBTT BVG WPOFJOBOEFS HFUSFOOUFO 4JDIFSIFJUTTDIMÛTTFM CBTJFSU�

/FU[XFSLTDIMÛTTFM 	/FU,FZT
 HFMUFO GÛS BMMF /BDISJDIUFO JN /FU[XFSL EBNJU EJF ,OPUFO TJDIFS
NJUFJOBOEFS LPNNVOJ[JFSFO�

"OXFOEVOHTTDIMÛTTFM 	"QQ,FZT
 TDIÛU[FO/BDISJDIUFO [V CFTUJNNUFO "OXFOEVOHFO XJF ,MJ�
NBBOMBHF #FMFVDIUVOH PEFS QIZTJTDIF 4JDIFSIFJU�

��



� 4UBOE EFS 5FDIOJL

(FSÅUFTDIMÛTTFM 	%FW,FZ
 FSNÕHMJDIFOEBT&JOSJDIUFOVOE,POėHVSJFSFOFJOFT,OPUFOT VNOFVF
(FSÅUF [VN /FU[XFSL IJO[V[VGÛHFO�

8-"/

8-"/FSNÕHMJDIU EJF%BUFOÛCFSUSBHVOH WJB 'VOL FSNÕHMJDIU KFEPDI FJOF TJHOJėLBOU IÕIFSF¾CFSUSB�
HVOHTHFTDIXJOEJHLFJU VOE ¾CFSUBHVOHTSFJDIXFJUF BMT #MVFUPPUI� .JU EFS UFDIOJTDIFO -ÕTVOH ������
JTU FJOF (SVQQF WPO 4UBOEBSET GÛS 'VOLOFU[XFSLF EFT *OTUJUVUF PG &MFDUSJDBM BOE &MFDUSPOJDT &OHJOFFST
	*&&&
 FOUXJDLFMU XPSEFO�

������ 7FSBSCFJUVOH EJHJUBMFS 4JHOBMF JO -BCWJFX

+FĎ ,PEPTLZ FU BM� IBU JO ;VTBNNFOBSCFJU NJU EFS 6OJWFSTJUZ PG 5FYBT EJF 1SPHSBNNJFSTQSBDIF ( VOE
EJF EB[VHFIÕSJHF &OXJDLMVOHTVNHFCVOH -BC7*&8 FOUXJDLFMU�
-BC7*&8 TUFMMU [VN VNTFU[FO TQF[JFMMFS "OXFOEVOH TQF[JėTDIF 8FSL[FVHF VOE .PEFMMF CFSFJU� %BT
;JFM XBS FT FJO 5PPM [V FOUXJDLFMO XPEVSDI.FOTDIFONJU VOUFSTDIJFEMJDIFN LOPX�IPX JN 1SPHSBN�
NJFSFO CFGÅIJHU XFSEFO NB�HFTDIOFJEFSUF 1SPHSBNNF HSBėTDI HFOFSJFSFO [V LÕOOFO EB TJDI JN -B�
CPSVNGFME 7FSTVDITBVčBVUFO VOE TPNJU BVDI .FTTVOHTBVGHBCFO VOE 1SP[FTTBCMÅVGF TDIOFMM ÅOEFSO�
%JFTF 1SPHSBNNF OFOOFO TJDI 7JSUVBM *OTUSVNFOUT 	7*
 VOE FNVMJFSFO QIZTJTDIF *OTUSVNFOUF� %JFTF
1SPHSBNNJFSTQSBDIF TFU[U TJDI BVT [XFJ 1SPHSBNNJFSNFUIPEFO [VTBNNFO EFN TUSVLUVSPSJFOUJFSUFN
1SPHSBNNJFSFO VOE EFS EBUFOTUSPNPSJFOUJFSUFO 1SPHSBNNJFSVOH <��>� ;V EFO TUSVLUVSPSJFOUJFSUFO
UFYUCBTJFSUFO 1SPHSBNNJFSTQSBDIFO HFIÕSFO VOUFS BOEFSFN $�� +BWB VOE Python� 1SPHSBNNJFSTQSB�
DIFO EJF TUSVLUVSPSJFOUJFSU BSCFJUFO CFGPMHFO BVG EFS VOUFSTUFO'VOLUJPOTFCFOF GPMHFOEFESFJ,POUSPMM�
TUSVLUVSFO <�>�

�� 4FRVFO[JFMMF "CBSCFJUVOH WPO 1SPHSBNNBOXFJTVOHFO

�� 7FS[XFJHVOH JOOFSIBMC 1SPHSBNNBCTDIOJĨF 	JG�XIFO�FMTF


�� *UFSBUJPOFO�4DIMFJGFO

7JFMF .FTTPCKFLUF HFOFSJFSFO LPOUJOVJFSMJDIF %BUFOTUSÕNF� %JF EBUFOTUSPNPSJFOUJFSUF 1SPHSBNNJFS�
NFUIPEF JTU CFJ EJFTFS "SU WPO.FTTPCKFLU EJF.FUIPEF EFS8BIM EBIFS MJFHU EFS 1SPHSBNNJFSTQSBDIF
( JN XFTFOUMJDIFO EBT %BUFOĚVTTLPO[FQU [VHSVOEF� ( JTU FJOF Fđ[JFOUF 1SPHSBNNJFSTQSBDIF EJF EJF
,PNNVOJLBUJPONJU EFO (FSÅUFO EJF 7JTVBMJTJFSVOH WPO%BUFO VOE EFSFO "OBMZTF FSNÕHMJDIU� .JĨFMT
-BC7*&8 MBTTFO TJDI 1SPHSBNNF HSBėTDINJĨFMT ESBH BOE ESPQ FOUXJDLFMO� -BC7*&81SPHSBNNF TFU�
[FO TJDI BVT JOUFSBLUJWFO 'SPOU 1BOFMT VOE EFN 1SPHSBNN JO 'PSN WPO #MPDLEJBHSBNNFO [VTBNNFO

��



� 4UBOE EFS 5FDIOJL

Abbildung 19: #FJTQJFM GÛS FJO #MPDLEJBHSBNN VOE EBT [VHFIÕSJHF 'SPOUQBOFM <��>

<��>� %BT 'SPOU 1BOFM JTU EJF 1SPHSBNNPCFSĚÅDIF EFT 1SPHSBNNT XPNJU EBT 1SPHSBNN BOHFXFOEFU
XJSE� *O "CCJMEVOH �� TJOE 'SPOUQBOFM VOE #MPDLEJBHSBNN FJOFT FJOGBDIFO 1SPHSBNNT EBSHFTUFMMU�

��
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��� %BUFOWFSXBMUVOH

%JF BOBMPHFO 4JHOBMF EJF WPO FJOFN .FTTPCKFLU BLRVJSJFSU 	FOHM� BDRVJTJUJPO
 JO EJHJUBMF 4JHOBMF VNHF�
XBOEFMU VOE JO EFS 4JHOBMWFSBSCFJUVOH BVčFSFJUFU XFSEFO TPMMFO JO EFONFJTUFOT 'ÅMMFO XFJUFSWFSXFO�
EFU XFSEFO� %JF 7FSXFOEVOH EJFTFS %BUFO LBOO KF OBDI "OXFOEVOHTGFME JO &DIU[FJU PEFS [V FJOFN
CFMJFCJHFO ;FJUQVOLU FSGPMHFO� %FS ;FJUQVOLU EFS8JFEFSWFSXFOEVOH JTU CFJ EFS8BIM EFS 5FDIOPMPHJF
[VS 7FSXBMUVOH EFS %BUFO [V CFBDIUFO� 8FMDIF "SU WPO %BUFO HFTQFJDIFSU XFSEFO TPMMFO EFUFSNJOJFSU
FCFOGBMMT EJF 8BIM EFS -ÕTVOH� 4PMMFO [�#� OVS ;BIMFO PEFS 4USJOHT BCHFTQFJDIFSU XFSEFO PEFS JTU BVDI
EJF 4QFJDIFSVOH WPO "VEJP #JME PEFS 7JEFPT FSXÛOTDIU PEFS JO #FUSBDIU [V [JFIFO� %FT 8FJUFSFO VO�
UFSTDIFJEFO TJDI 4PěXBSFMÕTVOHFO EBSJO PC EJF %BUFO WPO FJOFN "OXFOEFS PEFS WPO FJOFS 4PěXBSF
ÅVUPOPNÅCHFSVGFO VOE WFSXFOEFU XFSEFO TPMMFO <�� 4� � Ď�>�

*O EJFTFN "CTDIOJĨ XFSEFO *OGPSNBUJPOTNBOBHFNFOUTZTUFNF EBT 1&Ć .PEFMM [VS 4USVLUVSJFSVOH
WPO "VUPNBUJTJFSVOHTOFU[FO XFMDIFT 5FJM EFT *4"��� 4UBOEBSET JTU TPXJF *4"�4�� FSMÅVUFSU�

����� *OGPSNBUJPOTNBOBHFNFOUTZTUFNF

'ÛS TUSVLUVSJFSUF MFJDIU BCSVčBSF %BUFO CJFUFO TJDI *OGPSNBUJPOTNBOBHFNFOUTZTUFNF 	*.4
 BO� *N
3BINFO HSP�FS %BUFONFOHFO JO EFS 1SJWBUXJSUTDIBě JTU EFS #FHSJĎ %BUBXBSFIPVTF [V OFOOFO EBSBVG
XJSE JN 3BINFO EJFTFS "SCFJU OJDIU XFJUFS FJOHFHBOHFO� *.4 LÕOOFO WFSTDIJFEFOTUF *OGPSNBUJPOFO
NJUFJOBOEFS 7FSLOÛQGFO� %JF BVUPNBUJTJFSUF &SIFCVOH WPO ,FOO[BIMFO JTU EBNJU FJOGBDI [V FSSFJDIFO�
%FT 8FJUFSFO XJSE FJOF TDIOFMMF 7FSGÛHCBSLFJU EFS *OGPSNBUJPOFO 	EJF TJDI JN *.4 CFėOEFO
 GÛS "O�
XFOEFS VOE 4PěXBSF EVSDI HVU QSPHSBNNJFSCBSF "CGSBHFO 	FOHM� 2VFSZT
 FSNÕHMJDIU� %FS/BDIUFJM CF�
TUFIU EBSJO EBTT EJF %BUFO EJF EBT *.4 FSIFCU C[X� EFN *.4 [VHFGÛISU XFSEFO TPMMFO JN 7PSXFHF
EFėOJFSU XFSEFO NÛTTFO� 'PMHMJDI LBOO EBSBVT FJO %BUFO C[X� *OGPSNBUJPOTWFSMVTU FOUTUFIFO <�� 4�
� Ď�>� %JF %BUFO VOE *OGPSNBUJPOFO EJF IFVUF OPDI BMT VOXJDIUJH HFMUFO LÕOOFO NPSHFO FJOF TJHOJė�
LBOUF 3FMFWBO[ JO #F[VH BVG EJF 8FĨCFXFSCTGÅIJHLFJU FJOFT 6OUFSOFINFOT IBCFO <��>� *.4 NÛTTFO
WPO"ENJOJTUSBUPSFO 	4QF[JBMJTUFO
 JOTUBOE HFIBMUFOXFSEFO XPEVSDI,PTUFO FOUTUFIFO�/VU[UNBO FJ�
OFO%JFOTUMFJTUFS GBMMFO J�E�3 OVS HVU LBMLVMJFSCBSF 'JYLPTUFO BO�8JSE TJDI GÛS FJO CFUSJFCTJOUFSOFT *.4
FOUTDIJFEFO FOUTUFIFO 'JYLPTUFO VOE WBSJBCMF ,PTUFO 	TPCBME 6QEBUFT PEFS .PEJėLBUJPOFO PEFS EFS
HMFJDIFO BO EFS *.4 4USVLUVS BOGBMMFO
� %FS 5SFOE WPO 6OUFSOFINFO JO #F[VH BVG *.4 HFIU XFH WPO
CFUSJFCTJOUFSOFS %BUFOWFSXBMUVOH JO 3JDIUVOH EFS /VU[VOH WPO %JFOTUMFJTUFSO XJF "NB[PO VOE DP��
7PS� VOE/BDIUFJMF WPO *OGPSNBUJPOTNBOBHFNFOUTZTUFNFO LÕOOFO EFS 5BCFMMF � FOUOPNNFOXFSEFO�
*OGPSNBUJPOFO TJOE JO WJFMFO #SBODIFO FOUTDIFJEFOE GÛS EJF ,POLVSSFO[GÅIJHLFJU FJOFT6OUFSOFINFOT�
*OGPSNBUJPOFO LÕOOFO TJDI BVT %BUFO EFTUJMMJFSFO MBTTFO VOE TJOE JO EFN EFS[FJUJHFO EJHJUBMFN ;FJUBM�
UFS WPOHSP�FS#FEFVUVOH�/FCFOEFOLPOWFOUJPOFMMFO1SPEVLUJPOTGBLUPSFO"SCFJU #PEFOVOE,BQJUBM

��
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Tabelle 4: 7PS� VOE /BDIUFJMF WPO *OGPSNBUJPOTNBOBHFNFOUTZTUFNFO <�� 4� � Ď�>

7PSUFJMF /BDIUFJMF
r TDIOFMMF 7FSGÛHCBSLFJU WPO *OGPSNBUJPO
GÛS 4PěXBSF VOE "OXFOEFS

r QPUFOUJFMMFS *OGPSNBUJPOTWFSMVTU WPO
WFSNFJOUMJDI VOXJDIUJHFO %BUFO

r ,FOO[BIMFOHFOFSJFSVOH r 8BSUVOHT��*OTUBOEIBMUVOHTLPTUFO
r *OGPSNBUJPOTWFSLOÛQGVOH

LÕOOUFO *OGPSNBUJPOFOC[X�8JTTFO TPNJU IJO[VHF[ÅIMUXFSEFO� 1SPEVLUJPOTGBLUPSFO TJOE8JSUTDIBěT�
HÛUFS EJF HFOVU[U XFSEFO VN -FJTUVOHFO FSCSJOHFO [V LÕOOFO� 1SPEVLUJPOTGBLUPSFO TJOE 3FTTPVSDFO
EJF HFQMBOU HFTUFVFSU ÛCFSXBDIU VOE LPOUSPMMJFSU XFSEFONÛTTFO�8JSE TJDI EBGÛS FOUTDIJFEFO8JTTFO
C[X� %BUFO BMT FJOFO 1SPEVLUJPOTGBLUPS [V CFUSBDIUFO XJSE EBT %BUFONBOBHFNFOU [VS 'ÛISVOHTBVGHB�
CF� %JF &OUTDIFJEVOH *OGPSNBUJPOFO BMT 1SPEVLUJPOTGBLUPS BO[VFSLFOOFO XJSLU TJDI XJF GPMHU BVT <��
4� � G� >�

r &OUTDIFJEVOHTHSVOEMBHF� 'ÛS WJFMF &OUTDIFJEVOHFO EJFOFO %BUFO BMT (SVOEMBHF TPNJU TJOE TJF GÛS
BMMF 0SHBOJTBUJPOTGVOLUJPOFO WPO #FEFVUVOH�

r 2VBMJUÅUTBOTQSVDI�7FSGÛHCBSLFJU ,PSSFLUIFJU VOE 7PMMTUÅOEJHLFJU TJOE NB�HFCMJDI GÛS EJF 2VBMJUÅU
EFS %BUFO�

r *OWFTUJUJPOTCFEBSG�%JF 4QFJDIFSVOH7FSXBMUVOH VOE HHG� "VčFSFJUVOH WPO%BUFO FS[FVHFO,PTUFO
VOE FSGPSEFSO EFNOBDI ,BQJUBM�

r *OUFHSBUJPOTHSBE�%FS *OUFHSBUJPOTHSBE EFS %BUFO CFTUJNNU EJF 7FSLOÛQčBSLFJU WPO *OGPSNBUJPOFO
[XJTDIFO EFO "VGHBCFOHFCJFUFO VOE �USÅHFS KFEFS 0SHBOJTBUJPO�

*O EFS "CCJMEVOH �� JTU EBT 4DIFNB FJOFT *OGPSNBUJPOTNBOBHFNFOUTZTUFNT EBSHFTUFMMU XFMDIFT NJU
FJOFN ,PNNVOJLBUJPOTOFU[ C[X� NJU EFN *OUFSOFU WFSCVOEFO JTU� *OGPSNBUJPOTTZTUFNF LÕOOFO FJOF
8JTTFOTCBOL .FUIPEFOCBOL VOE�PEFS %BUFOCBOL FOUIBMUFO� "VG EJF .FUIPEFO� VOE 8JTTFOTCBOL
XJSE JN 3BINFO EJFTFS "SCFJU OJDIU XFJUFS FJOHFHBOHFO <�� 4� � G� >�

%BUFOCBOLNBOBHFNFOUTZTUFNF &JO%BUFOCBOLTZTUFN	FOHM� EBUBCBTFNBOBHFNFOU TZTUFN%#.4

EJFOU EFS 4QFJDIFSVOH VOE"CGSBHF WPO%BUFO VOE CFTUFIU BVT FJOFS 4QFJDIFS� VOE7FSXBMUVOHTLPNQP�
OFOUF� %JF 4QFJDIFSVOHTLPNQPOFOUF VNGBTTU BMMF %BUFO XFMDIF JO FJOFS PSHBOJTJFSUFO 'PSN BCHFTQFJ�
DIFSUXFSEFO TPXJF EFSFO#FTDISFJCVOH�6NEJF%BUFOVOE *OGPSNBUJPOFO WFSÅOEFSO VOE BVTXFSUFO [V
LÕOOFO CFEBSG FT FJOFS "CGSBHF� VOE .BOJQVMBUJPOTTQSBDIF EJF EJF 7FSXBMUVOHTLPNQPOFOUF EBSTUFMMU�

��
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Abbildung 20: "SDIJUFLUVS VOE ,PNQPOFOUFO FJOFT *OGPSNBUJPOTTZTUFNT <�� 4� �>

%JF ;VHSJĎ� VOE #FBSCFJUVOHTSFDIUF XFSEFO FCFOGBMMT WPO EFS 7FSXBMUVOHTLPNQPOFOUF WFSXBMUFU� *O
EFS 1SBYJT LPNNFO IÅVėH 42-�%BUFOCBOLFO 	4USVDUVSFE 2VFSZ -BOHVBHF
 [VN &JOTBU[� 4JOE %BUFO�
CFTUÅOEF IFUFSPHFOFS /BUVS VOE NÛTTFO JO &DIU[FJU WFSBSCFJUFU XFSEFO EBOO TJOE 42-�%BUFOCBOLFO
VOHFFJHOFU� 'ÛS TPMDIF "OXFOEVOHTGÅMMF CJFUFO TJDI -ÕTVOH JN 3BINFO WPO #JH %BUB PEFS )ZCSJEMÕ�
TVOHFO BO� %BUFOWFSXBMUVOHTMÕTVOHFO JN 3BINFO WPO #JH %BUB TJOE /P�42-%BUFOCBOLFO 	OPU POMZ
42-�%BUFOCBOLFO
 <�� 4� � G�>�

42-�%BUFOCBOLFO 42-�%BUFOCBOLFO TBNNFMO %BUFO C[X� *OGPSNBUJPOFO JO 5BCFMMFO� %JFTF 5B�
CFMMFO LÕOOFO NJUFJOBOEFS JO #F[JFIVOH TUFIFO� "VT EJFTFN (SVOEF XFSEFO 42-�%BUFOCBOLFO BVDI
SFMBUJPOBMF %BUFOCBOLFO HFOBOOU� *O EFS "CCJMEVOH ��a JTU FJOF 5BCFMMF BCHFCJMEFU EJF EFO /BNFO
.*5"3#&*5&3 USÅHU� 5BCFMMFO CFTUFIFO BVT 4DIMÛTTFMNFSLNBMFO VOE "ĨSJCVUFO� 4DIMÛTTFMNFSLNBMF
EJFOFO EFS FJOEFVUJHFO *EFOUJėLBUJPO� &JO .FSLNBM PEFS "ĨSJCVU PSEOFU KFEFN &JOUSBH FJOFS 5BCFM�
MF FJOFO CFTUJNNUFO %BUFOXFSU BVT FJOFN WPSEFėOJFSUFO 8FSUFCFSFJDI 	FOHM� EPNBJO
 [V� 4PNJU LBOO
KFEFS .JUBSCFJUFS EFS FJOEFVUJH NJU EFS .JUBSCFJUFS *% JEFOUJė[JFSU XFSEFO LBOO NJU /BNFO VOE 0SU
FJOHFUSBHFO VOE JO EFS 5BCFMMF HFGVOEFO XFSEFO� "MT 4DIMÛTTFMNFSLNBM CJFUFU TJDI EFNOBDI EJF .JU�
BSCFJUFS *% 	.�
 BO� %JF NJOJNBMF 4DIMÛTTFMLPNCJOBUJPO XJSE JO EJFTFN #FJTQJFM EVSDI EFO *EFOUJ�
ėLBUJPOTTDIMÛTTFM .� SFQSÅTFOUJFSU� 4DIMÛTTFMLPNCJOBUJPOFO IBCFO FJOFO .JOJNBMJUÅUTBOTQSVDI� *O
EJFTFN 'BMM EBSG LFJO 4DIMÛTTFM PEFS ,PNCJOBUJPO HFTUSJDIFO XFSEFO PIOF EBTT EJF FJOEFVUJHF *EFOUJ�
ėLBUJPO WFSMPSFO HFIU� &JO 4DIMÛTTFM JTU NJU EFO 'PSEFSVOHFO EFS.JOJNBMJUÅU VOE &JOEFVUJHLFJU WPMM�
TUÅOEJH DIBSBLUFSJTJFSU�%BUFOXFSUF EÛSGFONFISGBDI WPSLPNNFO TJFIF"CCJMEVOH ��b� &JOF LPNQMFĨF
;FJMF FJOFS 5BCFMMF XJSE %BUFOTBU[ C[X� 5VQFM HFOBOOU VOE CFTDISFJCU FJO 0CKFLU JO FJOFS 5BCFMMF 	*%
/BNF "ESFTTF VTX�
 <�� 4� � Ď�>�

��
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%JF "O[BIM BO 4QBMUFO VOE ;FJMFO JTU VOCFHSFO[U� %JF #FOFOOVOH WPO 5BCFMMFO VOE .FSLNBMFO TP�
XJF EFS *EFOUJėLBUJPOTTDIMÛTTFM C[X� 4DIMÛTTFMLPNCJOBUJPONVTT FJOEFVUJH TFJO�.BUIFNBUJTDI JTU FJOF
3FMBUJPO 3 EJF EJFTFO "OGPSEFSVOH FSGÛMMU FJOF 5FJMNFOHF BVT EFN LBSUFTJTDIFO 1SPEVLU WPO 8FSUF�
CFSFJDIFO 3 ⊆ %1 · %2 · ...%O NJU %J BMT 8FSUCFSFJDI EFT J�UFO .FSLNBMT <�� 4� � Ď�>�

(a) 5BCFMMFOHFSÛTU (b) "VTQSÅHVOHFO

Abbildung 21: 3FMBUJPOFONPEFMM� 5BCFMMFOHFSÛTU VOE "VTQSÅHVOH FJOFS BN #FJTQJFM FJOFS
.*5"3#&*5&3 5BCFMMF

&JO5VQFM S JTU EFNOBDI 	S = E1, E2, ..., EO
� 5VQFMSFEVOEBO[FO TJOE BVGHSVOEEFT5FJMNFOHFOCFHSJĎT
OJDIU FSMBVCU E�I� 3 = {S1, S2, ..., SO}

"ONFSLVOH� #FJN QSPHSBNNJFSFO TJOE 5VQFM VOWFSÅOEFSCBSF TDISFJCHFTDIÛU[UF "SSBZT�

4USVLUVSJFSUF "CGSBHFTQSBDIF 42- 42- 	4USVDUVSFE 2VFSZ -BOHVBHF
 JTU FJOF EFTLSJQUJWF WPO
"/4* VOE *40 HFOPSNUF "CGSBHF� VOE .BOJQVMBUJPOTTQSBDIF GÛS 5BCFMMFO� *O EFS "CCJMEVOH �� JTU
FJO #FJTQJFM FJOFS "CGSBHF� VOUFS EFS 5BCFMMF .*5"3#&*5&3 JTU EJF "CGSBHF JO OBUÛSMJDIFS 4QSBDIF
	j4FMFLUJFSF EFO ��� XPIOFOv
 [V TFIFO� %BT 3FTVMUBU EFS "CGSBHF TPMMFO BMMF /BNFO�1FSTPOFO EJF EFO
8PIOPSU -JFTUBM BOHFHFCFO IBCFO TFJO� %JF 'PSNVMJFSVOH FJOFS "CGSBHF HFOÛHU EFN4DIFNB 4&-&$5�
'30.�8)&3&� &JOF 'PSNVMJFSVOH JO 42- TJFIU XJF BVG "CCJMEVOH �� [V FSLFOOFO GPMHU BVT <�� 4�
� Ď�>�

4&-&$5 /BNF
'30. .*5"3#&*5&3

8)&3& 0SU � �-JFTUBM�

��
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Abbildung 22: 'PSNVMJFSVOH FJOFS 42- "CGSBHF

'ÛS UJFGHSFJGFOEFT8JTTFO CF[ÛHMJDI 42-�%BUFOCBOLFONVTT BVG 'BDIMJUFSBUVS XJF <��> WFSXJFTFO XFS�
EFO�

#JH %BUB %BUFOCFTUÅOEF EJF NJU EFO IFSLÕNNMJDIFO UFDIOJTDIFO -ÕTVOHFO 	42-�%BUFOCBOLFO

BVGHSVOE WPN TFIS IPIFN %BUFOWPMVNFO FJOFS IFUFSPHFOJUÅU WPO %BUFO VOE EFS /PUXFOEJHLFJU EJF�
TF JO &DIU[FJU CFJ FJOFS IJOSFJDIFOEFS (FTDIXJOEJHLFJU [V WFSBSCFJUFO OJDIU NFIS [V IBOEIBCFO TJOE
XFSEFO VOUFS EFN #FHSJĎ WPO #JH %BUB [VTBNNFOHFGBTTU� %FS #FHSJĎ #JH %BUB JTU OJDIU LMBS EFėOJFSU�
%BUFOTQF[JBMJTUFO XJF EJF (BSUOFS (SPVQ EFėOJFSU #JH %BUB JO JISFN t*OGPSNBUJPO 5FDIOPMPHZ (MPTTB�
SZiNJU EFN 7PSIBOEFOTFJO WPO NJOEFTUFOT ESFJ V�T <�� 4� ��>�

t#JHEBUB JT IJHI�vPMVNFIJHI�vFMPDJUZ BOE�PSIJHI�vBSJFUZ JOGPSNBUJPOBTTFUT UIBUEFNBOEDPTU�FĎFDUJWF
JOOPWBUJWF GPSNT PG JOGPSNBUJPO QSPDFTTJOH UIBU FOBCMF FOIBODFE JOTJHIU EFDJTJPONBLJOH BOE QSPDFTT
BVUPNBUJPO�i <��>�

8JF CFSFJUT JO ,BQJUFM ����� FSMÅVUFSU TJOE *OGPSNBUJPOFO FOUTDIFJEFOE GÛS EJF ,POLVSSFO[GÅIJHLFJU WPO
6OUFSOFINFO JO WJFMFO #SBODIFO� %JF (BSUOFS (SPVQ CF[FJDIOFU *OGPSNBUJPOFO TPHBS BMT 7FSNÕHFOT�
XFSU PEFS *OGPSNBUJPOTLBQJUBM 	FOHM� JOGPSNBUJPO BTTFU
�
&JOF 1SÅ[JTJFSVOH EFS ESFJ V�T MBVU<��> JTU GPMHFOEF�

r 7FMPDJUZ� %BUFOTUSÕNF TPMMFO JO &DIU[FJU BOBMZTJFSU VOE BVTHFXFSUFU XFSEFO LÕOOFO

��
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r 7PMVNF� 6NGBOHSFJDIF %BUFOCFTUÅOEF CJT [VN ;FĨBCZUFCFSFJDI 	� ;FĨBCZUF+1012 (#


r 7BSJFUZ� 4USVLUVSJFSUF TFNJ�TUSVLUVSJFSUF VOE VOTUSVLUVSJFSUF.VMUJNFEJB�%BUFO 	5FYUF #JMEFS (SB�
ėLFO "VEJP 7JEFPT
 TPMMFO HFTQFJDIFSU XFSEFO LÕOOFO�

;VMFU[U CMFJCU OPDIEJF *OGPSNBUJPO BMTVFSNÕHFOTXFSU 	FOHM�vBMVF
 VOEEJF"VTTBHFLSBěC[X�8BISIBG�
UJHLFJU 	FOHM� vFSBDJUZ
 EFS %BUFO C[X� "VTXFSUVOHTFSHFCOJTTF� %B EJF %BUFO JN 3BINFO WPO #JH %BUB
IFUFSPHFOFS/BUVS JO"SU VOE1SÅ[JTJPO TJOENÛTTFO TQF[JFMMF"MHPSJUINFO GÛS IJOSFJDIFOEF&SHFCOJTTF
BOHFXFOEFU XFSEFO�

����� 1&3"�*$4 .PEFMM

%JF 1VSEVF &OUFSQSJTF3FGFSFODF "SDIJUFDUVSF 	1&Ć
 XVSEF "OGBOH ���� FOUXPSGFO VN "VUPNBUJ�
TJFSVOHTOFU[F [V CFTDISFJCFOVOE [VVOUFSUFJMFO�%FT8FJUFSFO EJFOU FT VOUFS BOEFSFNEB[V EFO4DIVU[
WPO JOEVTUSJFMMFO 4UFVFSVOHT� VOE "VUPNBUJTJFSVOHTOFU[F WPS )BDLFSO [V HFXÅISMFJTUFO� ,MBTTJTDI
XJSE EBT *$4�.PEFMM 	*OEVTUSJBM$POUSPM 4ZTUFN
 JO GÛOG &CFOFO 	FOHM� -FWFM� TJFIF "CCJMEVOH ��
 VO�
UFSUFJMU� %JF PCFSFO [XFJ )JFSBSDIJFFCFOFO TJOE HFNÅ� 1&Ć�*$4 WPO -FWFM � CJT -FWFM � BVT TJDIFS�
IFJUTUFDIOJTDIFO(SÛOEFO QIZTJTDI WPOFJOBOEFS HFUSFOOU <�� 4� �� Ď�>� "VG EJF 'VOLUJPOFO VOE,PN�
QPOFOUFOXJF [�#�).*�#V#	)VNBO�.BDIJOF�*OUFSGBDF�#FEJFOVOHVOE#FPCBDIUVOH
.BOVGBDUVSJOH
&YFDVUJPO 4ZTUFN 	.&4
 PEFS.BOVGBDUVSJOH0QFSBUJPOT.BOBHFNFOU 	.0.
 VOE&OUFSQSJTF3FTTPVSDF
1MBOJOH 	&31
 4ZTUFNF VTX� EJF BVG EFO -FWFMO WPSIBOEFO TJOE XJSE JN 3BINFO EJFTFS "SCFJU OJDIU
FJOHFHBOHFO�

-FWFM � (FNÅ� EFT *$4�,PNQFOEJVNT EFT #VOEFTBNUFT GÛS 4JDIFSIFJU JO EFS *OGPSNBUJPOTUFDIOJL
CFėOEFU TJDI WPSEFN-FWFM �EFSNBUFSJFMMF1SPEVLUJPOTQSP[FTT <�� 4� ��>� *OEFN*$4�,PNQFOEJVN
JTU FT OJDIU HFMBCFMU EPDI JO WJFMFO BOEFSFO 2VFMMFO XJSE EJFTFT NJU -FWFM � EFLMBSJFSU�

-FWFM � -FWFM � JTU EJF 1SP[FTTGÛISVOH JN 'FME 	FOHM� #BTJD $POUSPM
� %BUFO VOE 4JHOBMF XFSEFO BVG
EJFTFS &CFOF JO 3FBMUJNF HFOFSJFSU VOE FSGBTTU� %JF "VTGÛISVOH EFS 4UFVFS� VOE 3FHFMVOH QIZTJTDIFS
1SP[FTTF HFTDIJFIU BVG EJFTFS &CFOF� "MT #FJTQJFMF GÛS EJF *OGSBTUSVLUVS EJFTFS &CFOF  LÕOOFO 3FNPUF
*�0 	HHG� NJU 4JHOBMWPSWFSBSCFJUVOH EBOO TQSJDIU NBO WPO 356
 *OUFSGBDF�#BVTUFJOF [VS 4JHOBMLPO�
EJUJPOJFSVOH 4XJUDIFT CFJ 7FSXFOEVOH WPO 'FMECVT -ÕTVOHFO HFOBOOU XFSEFO <�� 4� ��>�

-FWFM � ,PNQPOFOUFO EFS 3FBMUJNF 4JHOBMWFSBSCFJUVOH JN 4JOOF EFS %BSTUFMMVOH EFS BVUPNBUJ�
TJFSUFO 'VOLUJPOFO TJOE EFN -FWFM � [VHFPSEOFU� #FJTQJFMF LÕOOFO ;VTUÅOEF EFS ,PNQPOFOUFO EFS

��
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-FWFM � )JOUFS -FWFM � WFSCJSHU TJDI EJF 1SPEVLUJPOTGÛISVOH NJU 'VOLUJPOFO XJF &31 "OCJOEVOH
	JOUFSBHJFSU PěNBMTNJU.&44ZTUFNF	-FWFM �
 WJB9.-�#�..- TJFIF"CTDIOJĨ����� *OUFS��*OUSBOFU
;VHBOH 3FNPUF "DDFTT &JOSJDIUVOHFO 	[VS 'FSOXBSUVOH
 <�� 4� �� G�>�

����� *4"�4��

6OUFSOFINFO TJOE TP[JP�ÕLPOJNJTDIF 4ZTUFNF� 6N HMPCBM XFĨCFXFSCTGÅIJH [V CMFJCFO JTU 'MFYJCJMJ�
UÅU VOE EBT "OXFOEFO Fđ[JFOUFSFS.FUIPEFO BMT 6OUFSOFINFO BVT t#JMMJHMPIOMÅOEFSOi FJONVTT� 6N
EJF8FĨCFXFSCTGÅIJHLFJU [V HFXÅISMFJTUFO JTU FJO 4ZTUFN OPUXFOEJH XFMDIFT EJF HFTBNUF8FSUTDIÕQ�
GVOHTLFĨF BCCJMEFO LBOO� &JO "VTUBVTDI WPO%BUFO CTQX� [XJTDIFO EFS 4VQQMZ $IBJO VOE EFS 1SPEVL�
UJPO XJSE EBEVSDI FSNÕHMJDIU�

6OUFSOFINFOLÕOOFOIJFSBSDIJTDI OBDI-FWFM VOUFSUFJMUXFSEFO�%JF *OUFSOBUJPOBM4PDJFUZPG "VUPNBUJPO
LVS[ *4" IBU ���� FJOFO SUBOEBSE FUBCMJFSU EFS5FSNJOPMPHJF VOE BCTUSBLUF.PEFMMF GÛS EFO Fđ[JFOUFO
%BUFOBVTUBVTDI [XJTDIFO 4ZTUFNFO WFSTDIJFEFOFS )JFSBSDIJFTUVGFO FSNÕHMJDIU� &JO Fđ[JFOUFS %BUFO�
ĚVTT [XJTDIFO WFSTDIJFEFOFO 6OUFSOFINFOTTZTUFNFO XJF &31 	-FWFM �
 PEFS .&4 	-FWFM �
 XJSE
EVSDI EFO *4"��� SUBOEBSE FSNÕHMJDIU� *4"�4�� EFėOJFSU 5FSNJOPMPHJF VOE FJOIFJUMJDIF .PEFMMF VN
EJF ,PNNVOJLBUJPO [XJTDIFO TÅNUMJDIFO ,POUSPMM� VOE 6OUFSOFINFOTTZTUFNFO [V WFSCFTTFSO� %JF
"LUJWJUÅUFO JOOFSIBMC FJOFT 6OUFSOFINFOT XFSEFO OBDI EFN 1&Ć�*$4 .PEFMM VOUFSUFJMU� %JF -FWFM
� � VOE � EFDLFO EBNJU EJF "LUJWJUÅUFO EFS 1SPEVLUJPO BC�%FNOBDI FOUIÅMU EFS 4UBOEBSE BMMFT XBT
6OUFSOFINFO CFOÕUJHFO VN TJDI JIS.&4 FOUXJDLFMO [V LÕOOFO <��>�

*4"�4�� EFėOJFSU LFJOF %BUFOUZQFO� %JF %FėOJUJPO JO XFMDIFS 'PSN%BUFO GÛS EJF %BUFOLPNNVOJLB�
UJPO WPS[VMJFHFO IBCFO ÛCFSOJNNU#�..- �#VTJOFTT5P.BOVGBDUVSJOH.BSLVQ-BOHVBHF� *O9.-�
4DIFNB%FėOJUPO 	94%
XJSE EJF%BUFOTUSVLUVS GFTUHFMHFMFHU <��>� %JF 94%�%BUFJFO EJFOFO TPNJU BMT
3FGFSFO[ [VS7BMJEJFSVOHEFS9.-�%BUFJFONJU EFOFO JN6OUFSOFINFOPQFSJFSUXJSEVOELÕOOFO TJDI
EFNOBDI KF OBDI6OUFSOFINFOVOE6OUFSOFINFOTGVOLUJPO VOUFSTDIFJEFO� "VG EFS 4FJUF EFT *4"�4��
HJCU FT EJWFSTF #�..- 9.-�4DIFNBUB GSFJ [VN EPXOMPBEFO <��>� "VG 9.- XJSE JN 3BINFO EJFTFS
"SCFJU OJDIU XFJUFS FJOHFHBOHFO� *4"�4�� CFTUFIU BVT EFO GPMHFOEFO GÛOG 1BSUT�

1BSU � %FS FSTUF 1BSU t.PEFMT BOE 5FSNJOPMPHZ 	WFSÕĎFOUMJDIU ����
i LBOO BMT -FJUGBEFO EJFOFO
VN 4DIOJĨTUFMMFO [XJTDIFO 1SP[FTT� VOE 1SPEVLUJPOT�� -FJUTZTUFNFO [V EFėOJFSFO <��>�

1BSU � *O 1BSU [XFJ t0CKFDU .PEFM "ĨSJCVUFT 	WFSÕĎFOUMJDIU ����
i XFSEFO JO ,PNCJOBUJPO NJU
1BSU � EJF *OIBMUF EFS 4DIOJĨTUFMMFO [XJTDIFO EFO 4UFVFSVOHTGVOLUJPOFO JO EFS 1SPEVLUJPO VOE EFS

��
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6OUFSOFINFOTGÛISVOH EFėOJFSU <��>�

1BSU � %FS ESJĨF 1BSU t.PEFMT PG.BOVGBDUVSJOH0QFSBUJPOTi LPO[FOUSJFSU TJDI BVG EJF 1SPEVLUJPOT�
VOE .&4 &CFOF 	-FWFM �
� %FS 'PLVT MJFHU BVG EFO "LUJWJUÅUFO VOE 'VOLUJPOFO WPO 1SPEVLUJPO 8BS�
UVOH -BHFSIBMUVOH VOE 2VBMJUÅUTLPOUSPMMF <��>�

1BSU � t0CKFDU.PEFMT BOE"ĨSJCVUFT PG.BOVGBDUVSJOH0QFSBUJPOT.BOBHFNFOUi EJFOU BMT #BTJT GÛS
EBT %FTJHO VOE EJF *NQMFNFOUJFSVOH WPO 4DIOJĨTUFMMFOTUBOEBSET <��>�

1BSU � 1BSU � t#VTJOFTT UPNBOVGBDUVSJOH USBOTBDUJPOTi OVU[U EJF BCTUSBLUFO.PEFMMF BVT 1BSU � TPXJF
� VOE EFėOJFSU 5SBOTBLUJPOTNPEFMMF GÛS EFO *OGPSNBUJPOT��%BUFOBVTUBVTDI <��>�

����� #�..-

%BT 8PSME #BUDI 'PSVN 	8#'
 IBU JO #F[VH BVG *4"�S�� EJF #VTJOFTT 5P .BOVGBDUVSJOH .BSLVQ
-BOHVBHF 	#�..-
 FUBCMJFSU� 8#' JTU FJO 5FJM EFS .BOVGBDUVSJOH &OUFSQSJTF 4PMVUJPOT "TTPDJBUJPO
	.&4"
� *4"�S�� HJCU EJF5FSNJOPMPHJF VOE EJF BCTUSBLUFO.PEFMMF WPS VOE EBT8#'IBUNJU #�..-
FJOFO %BUFOUZQ CFSFJU HFTUFMMU� #�..- VOE 9.- TJOE UFYUCBTJFSUF 'PSNBUF VOE MBTTFO TJDI TPNJU WPO
.FOTDIFO MFTFO 	WHM� "VTTDIOJĨ EFS 1SPDFTT4FHNFOU 94% JO EFS "CCJMEVOH �� JN "OIBOH
� #�..-
JTU FJOF BCHFXBOEFMUF 'PSN EFT VSTQSÛOHMJDIFO 9.- 'PSNBUT� 'ÛS #BUDI VOE LPOUJOVJFSMJDIF 1SP[FTTF
IBU EBT 8#' OFCFO EFN #�..- FCFOGBMMT #BUDI.- FUBCMJFSU� 6N EJF %BUFOTUSVLUVS CFTTFS [V WFS�
TUFIFO XJSE FJO ėLUJWFS 	TJFIF "CCJMEVOH ��
 KFEPDI QMBVTJCMFS 1SP[FTT VOE EJF 1SP[FTTTFHNFOU 94%
	TJFIF "CCJMEVOH ��
 JO WJTVBMJTJFSUFS 'PSN EFT .FUIPET "SUJLFM <��> WFSXFOEFU� *N 3BINFO EJFTFS
&SMÅVUFSVOH TPMM EJFTF 1SP[FTTLFĨF FJOFO 8JSCFMTDIJDIUSFBLUJPOTQSP[FTT EBSTUFMMFO�

Abbildung 24: 'JLUJWFS 1SP[FTT EFT "SUJLFMT <�� 4� �>

*O EFS "CCJMEVOH �� JTU FJOF 4DIFNB FJOFS 1SP[FTTLFĨF FJOFT #BUDIQSP[FTT� WPN 3PINBUFSJBM CJT [VN
GFSUJHFO1SPEVLU� BCHFCJMEFU�%JF WFSGBISFOTUFDIOJTDIFO4DISJĨF TJOEEBTIPNPHFOJTJFSFONJĨFMT.JYFS
	[XFJ WFSGÛHCBS
 EFS 3FBLUPS JO EFN EJF DIFNJTDIF 3FBLUJPO TUBĨėOEFU VOE EJF 7FSQBDLVOH XPGÛS
ESFJ 1BDLTUBUJPOFO PEFS "CGÛMMVOHFO [VS 7FSGÛHVOH TUFIFO� *O EFS "CCJMEVOH �� JTU EBT %BUFOGPSNBU

��
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EFS 1SP[FTTTFHNFOU 94% JO WJTVBMJTJFSUFS 'PSN EBSHFTUFMMU� &T JTU FJOF IJFSBSDIJTDIF 4USVLUVS [V FS�
LFOOFO� %FS )JFSBSDIJFVSTQSVOH XJSE 8VS[FMFMFNFOU HFOBOOU VOE JTU JO EJFTFS 94% 7JTVBMJTJFSVOH
1SPDFTT4FHNFOU*OGPSNBUJPO� +FEF #�..- PEFS #BUDI.- %BUFJ IBU FJOFO JEFOUJTDIFO "VčBV� 1SPDFTT�
4FHNFOU*OGPSNBUJPO *% 	�
 LÕOOUF [�#� t8JSCFMTDIJDIUSSFBLUJPOTQSP[FTTi IFJ�FO� %FNOBDI HÅCF FT ESFJ
1SPDFTT4FHNFOU *%�T 	�
� GÛS tNJYJOHi tSFBDUJPOi tQBDLBHJOHi�%B TJDI&RVJQNFOU EFT HMFJDIFO5ZQT [�#�
.JYFS JO JISFS 'VOLUJPO VOUFSTDIFJEFO LÕOOFO FNQėFIMU FT TJDI HHG� &RVJQNFOU$MBTT*%�T 	�
 [V WFSHF�
CFO�%FT8FJUFSFO LÕOOFO"CIBOHJHLFJUFO 	FOHM� %FQFOEFODZ
 [XJTDIFO EFO1SPDFTT4FHNFOUT FYJTUJFSFO
EJF VOUFS EFN 3FJUFS 4FHNFOU%FQFOEFODZ 	� � �
 HFOBV EFėOJFSU XFSEFO LÕOOFO�

Abbildung 25: 1SP[FTTTFHNFOU *OGPSNBUJPOFO <��>

*O EFS GPMHFOEFO-JTUF JTU FJO5FJM EFS WPSEFėOJFSUFO EFS BVG EFS.&4" GSFJ FSIÅMUMJDIFO94%�'JMFT OBDI
&STUFMMVOH FJOFT "DDPVOUT BVGHFMJTUFU <��>�

r 1SPDFTT4FHNFOU*OGPSNBUJPO 	#�..-�7�����1SPDFTT4FHNFOU�YTE


r &RVJQNFOU*OGPSNBUJPO 	#�..-�7�����&RVJQNFOU�YTE


��
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r .BUFSJBM*OGPSNBUJPO 	#�..-�7�����.BUFSJBM�YTE


r 1FSTPOOFM*OGPSNBUJPO 	#�..-�7�����1FSTPOOFM�YTE


r 0QFSBUJPOT$BQBCJMJUZ 	#�..-�7�����0QFSBUJPOT$BQBCJMJUZ�YTE


r 0QFSBUJPOT%FėOJUJPO*OGPSNBUJPO 	#�..-�7�����0QFSBUJPOT%FėOJUJPO�YTE


r 0QFSBUJPOT4DIFEVMF 	#�..-�7�����0QFSBUJPOT4DIFEVMF�YTE


r 0QFSBUJPOT3FTQPOTF 	#�..-�7�����0QFSBUJPOT1FSGPSNBODF�YTE


r #BUDI.-�7�����#BUDI*OGPSNBUJPO�YTE

r #BUDI.-�7�����#BUDI1SPEVDUJPO3FDPSE�YTE

r #BUDI.-�7�����(FOFSBM3FDJQF�YTE

��
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� ,PO[FQUFOUXJDLMVOH GÛS EJF -BCPSEJHJUBMJTJFSVOH
*O EJFTFN "CTDIOJĨ XFSEFO EJF ,PO[FQUF FSMÅVUFSU EJF JN 7FSMBVG EFT 1SPKFLUT FSBSCFJUFU XFSEFO� &T
XFSEFO [XFJ ,PO[FQUF FOUXJDLFMU EJF BVG EBT HFTBNUF WFSGBISFOTUFDIOJTDIF -BCPS BOHFXFOEFU XFSEFO
LÕOOFO� %JF ,PO[FQUF TDIMJF�FO TJDI OJDIU HFHFOTFJUJH BVT TPOEFSO CBVFO BVGFJOBOEFS BVG� "MT FSTUFT
XJSE EBT ,PO[FQU FSMÅVUFSU XFMDIFT BVG EJF 7FSXFOEVOH FJOFS %BUFOCBOL WFS[JDIUFU� "MT [XFJUFT XJSE
FJO ,PO[FQU FSMÅVUFSU JO EFTTFO ;FOUSVN TJDI FJOF %BUFOCBOL CFėOEFU� %JF %BUFOÛCFSUSBHVOHTXFHF
TJOE EVSDIOVNNFSJFSU� %FT8FJUFSFO HJCU FT QSP WPSHFTUFMMUFN&OUXVSG BMUFSOBUJWF%BUFOÛCFSUSBHVOHT�
XFHF PEFS -ÕTVOHFO EJF KFEPDI OJDIU CFUSBDIUFU XFSEFO�

&T XVSEFO "OGPSEFSVOHFO GÛS EJF ,PO[FQUJPOJFSVOH EFėOJFSU EJF OBDIGPMHFOE BVGHFMJTUFU TJOE�

r %BT ,PO[FQU TPMM GÛS EBT WFSGBISFOTUFDIOJTDIF -BCPS BMMHFNFJOHÛMUJH TFJO�

r %JF tEJHJUBMFO,PNQFUFO[FOi EFS 4UVEJFSFOEFO TPMMFONBYJNJFSU XFSEFO PIOF EJF GBDIMJDIFO,PN�
QFUFO[FO TJHOJėLBOU [V SFEV[JFSFO EVSDI

r FJO .JOJNVN BO "VUPNBUJTJFSVOH�

m 6OUFS "VUPNBUJTJFSVOH LBOO [�#� EJF .BOJQVMBUJPO WPO %BUFO XJF EJF %FUFLUJPO WPO "VTSFJ�FS
VOE EFTTFO &OUGFSOVOH HFOBVF -FJUGÅEFO JO EFS )BOEIBCVOH EJF LFJOF 'FIMFS NFIS [VMBTTFO
P�Å� WFSTUBOEFO XFSEFO�

r %FS NPOFUÅSF "VGXBOE TPMM NJOJNBM TFJO�

r .ÕHMJDILFJUFO EFS %BUFOFSGBTTVOH�4JHOBMWFSBSCFJUVOH TPMMFO FSVJFSU XFSEFO�

r %JF JOLSFNFOUFMMF *NQMFNFOUBUJPO WPO "QQMJLBUJPOFO JN 3BINFO WPO *OEVTUSJF ��� VOE #JH %BUB
	,* %JHJUBM 5XJO FUD�
 TPMM UFOEFO[JFMM NÕHMJDI TFJO�

r $MPVE $PNQVUJOH TPMM JO #FUSBDIU HF[PHFO XFSEFO�

m &STUFS 4DISJĨ EFS 6NTFU[VOH� 4QFJDIFSVOH EFS 3PIEBUFO BVG EFS )"8 $MPVE

m ;XFJUFS 4DISJĨ EFS6NTFU[VOH� $MPVEOVU[VOH HFNÅ� EFT *NQVMTWPSUSBHT [VN%JHJUBMJTJFSVOHT�
GPOE⇒ "NB[PO (PPHMF .JDSPTPě "[VSF

r %JF HFTBNUF 1SPUPLPMMJFSVOH EFS 4UVEJFSFOEFO TPMM JO ;VLVOě EJHJUBM TFJO�

��
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��� ,PO[FQUFOUXVSG ��� 	PIOF %BUFOCBOL


*O EFS "CCJMEVOH �� JTU FJO %JHJUBMJTJFSVOHTFOUXVSG PIOF EJF 7FSXFOEVOH FJOFS %BUFOCBOL EBSHFTUFMMU�
%JF'FMEFCFOFBVGEFS MJOLFO4FJUFEFS"CCJMEVOHVOEEJF4PěXBSFFCFOF TJOEEVSDIFJOF4USJDI�%PQQFMQVOLU
-JOJF WPOFJOBOEFS HFUSFOOU� %FS 'FMEFCFOF TJOE 'FMEHFSÅUFEBUFO VOE %BUFO EJF NBOVFMM FJOHFHFCFO
XFSEFONÛTTFO [VHFPSEOFU�%JF%BUFOFSGBTTVOHVOEEBT4DISFJCFOWPO.FTTXFSUEBUFO JO$47�%BUFJFO
EJF "VTXFSUVOH VOE EJF 1SPUPLPMMJFSVOH TJOE EFS 4PěXBSFFCFOF [VHFPSEOFU� $47�%BUFJFO TJOE 5FYU�
EBUFJFO EJF JO FJO 5BCFMMFOLBMLVMBUJPOTQSPHSBNN JNQPSUJFSU XFSEFO LÕOOFO EFSFO 4QBMUFO EVSDI FJO
GSFJ XÅIMCBSFT 5SFOO[FJDIFO HFUSFOOU TJOE� *O EFO GPMHFOEFO TFDIT "CTÅU[FO XFSEFO EJF &MFNFOUF EFS
'FME� VOE 4PěXBSFFCFOF FSMÅVUFSU�

Abbildung 26: %JHJUBMJTJFSVOHTFOUXVSG PIOF %BUFOCBOL

'FMEHFSÅUFEBUFO %JF 'FMEHFSÅUFEBUFO XJF [�#� XFMDIF "OMBHF.BTDIJOF.FTTFJOSJDIUVOH VOE EF�
SFO .FTTXFSUEBUFO TJOE EFS 'FMEFCFOF [VHFPSEOFU� "VDI EJF 4JHOBMF PEFS %BUFO EJF WPO FJOFN (FSÅU
FSGBTTU XFSEFO TJOE EFS 'FMEHFSÅUFFCFOF [VHFPSEOFU�

.BOVFMMFS %BUFOJOQVU %FNNBOVFMMFO%BUFOJOQVU TJOE BMMF %BUFO [VHFPSEOFU EJF EPLVNFOUJFSU
XFSEFO NÛTTFO� 6OUFS EFO [V EPLVNFOUJFSFOEFO %BUFO LÕOOFO 7FSTVDITQBSBNFUFS XJF EJF 1BSUJLFM�
EJDIUF EJF 4DIÛĨHVUNBTTF FUD� TFJO� 0SHBOJTBUPSJTDIF%BUFO TJOE FCFOGBMMT [V EPLVNFOUJFSFO VOE LÕO�
OFO CTQX� EJF (SVQQFO *% "OXFTFOIFJUTJOGPNBUJPOFO P�Å� TFJO�

��
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%BUFOFSGBTTVOH 'ÛS EJF %BUFOFSGBTTVOH BVDI %BUFOBLRVJTJUJPO 	%"2  FOHM� EBUB BDRVJTJUJPO
 CJF�
UFO TJDI -ÕTVOHFO NJU FJOFS HSBėTDIFO #FOVU[FSPCFSĚÅDIF 	FOHM� HSBQIJD VTFS JOUFSGBDF (6*
 BO� %JF
%BUFOFSGBTTVOH LBOONJĨFMT FJOFS HSBėTDIFO 1SPHSBNNJFSTQSBDIF XJF [�#� -BC7*&8 SFBMJTJFSU XFSEFO
PEFS NJU FJOFS UFYUCBTJFSUFO 1SPHSBNNJFSTQSBDIF XJF CTQX� 1ZUIPO <��>� %FT8FJUFSFO JTU FJOF %BUFO�
FSGBTTVOHTTPěXBSF EFS (FSÅUFIFSTUFMMFS FCFOGBMMT EFOLCBS 	[�#� -BTFSCFVHVOH�1BSUJLFMHSÕ�FOBOBMZTF
�
%BUFONBOJQVMBUJPOFO XÅISFOE EFS %BUFOFSGBTTVOHFO NÛTTFO EPLVNFOUJFSU VOE OBDIWPMM[PHFO XFS�
EFO LÕOOFO�

.FTTXFSU�%BUBMPHHJOH %JF EJTLSFUFO PEFS LPOUJOVJFSMJDIFO %BUFO WPO .FTTFJOSJDIUVOHFO LÕO�
OFO JO FJOF %BUFJ HFTDISJFCFO XFSEFO� 1SJO[JQJFMM TJOE [XFJ %BUFOGPSNBUF NÕHMJDI EBT TDISFJCFO EFS
%BUFO JN "4$**�'PSNBU PEFS CJOÅS� %BT FOUTDIFJEFOEF "VTXBIMLSJUFSJVN JTU EFS 4QFJDIFSCFEBSG 	WHM�
"CCJMEVOH �� JN "OIBOH <�� 4� ��>
� &JOF FUBCMJFSUF %BUFJGPSN GÛS .FTTVOHTEBUFO JTU EJF 4QFJDIF�
SVOH JO 5FYU�%BUFJFO HFOBOOU $47�%BUFJ� $47 TUFIU GÛS DPNNB TFQBSBUFE WBMVF� %JF 4QBMUFOFJOUSÅHF
TJOE EVSDI FJO 4QBMUFOUSFOO[FJDIFO 	FOHM� EFMJNJUFS
 HFUSFOOU� "MT 4QBMUFOUSFOO[FJDIFO LBOOOFCFOEFN
,PNNB FJO CFMJFCJHFT ;FJDIFO HFXÅIMU XFSEFO� %JF -ÕTVOH EFT %BUBMPHHJOHT JO $47�%BUFJFO IBU FJ�
OFO HFSJOHFO 4QFJDIFSCFEBSG 	[�#� JN WHM� [V &YDFMT ��YMTY�%BUFJFO
 EB OVS t/VU[EBUFOi TPXJF EFMJNJUFS
KFEPDI LFJOF 'PSNBUJFSVOHTJOGPSNBUJPO PEFS EFS (MFJDIFO WPSIBOEFO TJOE <�� 4� ���>�

"VTXFSUVOH %JF "VTXFSUVOH LBOO KF OBDI 7PSHBCF NJU FOUTQSFDIFOEFO 4PěXBSFMÕTVOHFO 	&YDFM
.BUMBC 1ZUIPO FUD�
 SFBMJTJFSU XFSEFO� %JF 3PIEBUFO 	FOHM� SBX EBUB
 BVT EFO $47�%BUFJFO LÕOOFO
CTQX� JO &YDFM JNQPSUJFSU VOE XFJUFS WFSBSCFJUFU XFSEFO�

1SPUPLPMMJFSVOH %BT%JHJUBMJTJFSVOHTLPO[FQUXFMDIFTPIOFEJF/VU[VOHFJOFS%BUFOCBOLBVTLPNNU
OVU[U [VS%BUFOBSDIJWJFSVOH VOE1SPUPLPMMJFSVOH FJO TPH� &MFLUSPOJTDIFT -BCPS/PUFCPPL 	&-/
 BVDI
-BCPS +PVSOBM HFOBOOU� *O &-/�T LÕOOFO &JOHBCFNBTLFO GÛS EJTLSFUF %BUFO 	7FSTVDITQBSBNFUFS PS�
HBOJTBUPSJTDIF *OGPSNBUJPOFO���
 HFOFSJFSU XFSEFO� %FT 8FJUFSFO MBTTFO TJDI HÅOHJHF %BUFJGPSNBUF QFS
ESBH BOE ESPQ [VS %PLVNFOUBUJPO JO FJO &-/ JNQPSUJFSFO <�� 4��� G�>�

%JF EVSDI EJF 4FOTPSFO FSGBTTUFO .FTTXFSUF XFSEFO [�#� ÛCFS FJOF 34���� 4DIOJĨTUFMMF BO EJF %B�
UFOFSGBTTVOHTTPěXBSF ÛCFSUSBHFO 	�
� "MT %BUFOFSGBTTVOHTTPěXBSF LÕOOUF CFJTQJFMTXFJTF -BC7*&8
HFOVU[U XFSEFO� %JF 7FSTVDITTJOGPSNBUJPOFO ;FJUSFJIFOEBUFO VOE #FPCBDIUVOH XÅISFOE EFS 7FSTV�
DIF LÕOOFO JO EFS %BUFOFSGBTTVOHTTPěXBSF BVGHFOPNNFO XFSEFO 	�
� %JF FSGBTTUFO %BUFO VOE HHG�
#FPCBDIUVOHFO XFSEFO JO FJOF 5FYUEBUFJ 	$47
 HFTDISJFCFO 	�
� *N FOHMJTDIFO 4QSBDIHFCSBVDI XJSE
FJO 1VOLU BMT %F[JNBMUSFOO[FJDIFO WFSXFOEFU XPSBVT EJF 7FSXFOEVOH EFT ,PNNBT BMT EFMJNJUFS LFJ�
OFN ,POĚJLU HFHFOÛCFSTUFIU� *N EFVUTDITQSBDIJHFN 3BVN JTU EBT ,PNNB KFEPDI OJDIU BMT EFMJNJUFS

��
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[VN FNQGFIMFO <�� 7PSXPSU>� "MT EFMJNJUFS GÛS EJF 4QBMUFO JO EFS 5FYUEBUFJ CJFUFU TJDI EBT Tabualtor
;FJDIFO BO� &T JTU HFGPSEFSU EBTT EJF HFOFSJFSUFO $47�%BUFJFO TDISFJCHFTDIÛU[U TFJO TPMMFO� &JOF 4QFJ�
DIFSVOH EFS 3PIEBUFO TPMM BVG EJF )"8 $MPVE FSGPMHFO� %JF 3PIEBUFO EFS 7FSTVDIF LÕOOFO GÛS EJF
"VTXFSUVOH CTQX� JO &YDFM JNQPSUJFSU 	�
 VOE TPMMFO EFN 1SPUPLPMM BMT "OMBHF BOHFIÅOHU XFSEFO 	�
�
"MMF [XFDLNÅ�JHFO%BUFONBOJQVMBUJPOFO EJF BVG EFO 1GBEFO � CJT � EVSDIHFGÛISU XFSEFO NÛTTFO CF�
LBOOU VOE OBDIWPMM[JFICBS EPLVNFOUJFSU XFSEFO� ;XFDLNÅ�JHF %BUFONBOJQVMBUJPOFO LÕOOUFO (MÅU�
UVOHTPQFSBUJPOFO EFS %BUFO XJF EFS HMFJUFOEFS .JĨFMXFSU EJF &OUGFSOVOH WPO "VTSFJ�FSO EBT -PHB�
SJUINJFSFO FUD� TFJO�

��� ,PO[FQUFOUXVSG ��� 	NJU %BUFOCBOL VOE
4PŉXBSFWFSOFU[VOHTNÕHMJDILFJUFO


*O EFS "CCJMEVOH �� JTU FJOF &SXFJUFSVOH EFT [VWPS EBSHFTUFMMUFO,PO[FQUT EBSHFTUFMMU� *N;FOUSVNEJF�
TFT &OUXVSGT TUFIU EJF 7FSXFOEVOH FJOFS %BUFOCBOL� %FS 4PěXBSFFCFOF XVSEFO CFJ EJFTFN ,PO[FQU
ESFJ &MFNFOUF IJO[VHFGÛHU� /BDIGPMHFOE XFSEFO EJF ESFJ &MFNFOUF FSMÅVUFSU�

Abbildung 27: %JHJUBMJTJFSVOHTFOUXVSG NJU %BUFOCBOL

��



� ,PO[FQUFOUXJDLMVOH GÛS EJF -BCPSEJHJUBMJTJFSVOH

Tabelle 5: 7PS� VOE /BDIUFJMF EFS /VU[VOH WPO %BUBCBTF� PEFS 1MBĨGPSN�BT�B�4FSWJDF HFNÅ� EFS
2VFMMFO <�� �� ��>

7PSUFJMF /BDIUFJMF
� ,PTUFOFSTQBSOJT � "CIÅOHJHLFJU WPN %JFOTUMFJTUFS

r %FTBTUFS 3FDPWFSZ .B�OBINFO r6O[VSFJDIFOEF ,BQB[JUÅUFO
r6QEBUFT 8BSUVOH *OTUBOEIBMUVOH r *OTPMWFO[
r *OGSBTUSVLUVS r ,VOEFOTFSWJDF
r 4PěXBSF � %BUFOTDIVU[
r 1FSTPOBMLPTUFO r 4FSWJDFTUBOEPSU Pě OJDIU JO &6�%U�

� *OGSBTUVLUVS � %BUFOTJDIFSIFJU 	%BUFOWFSMVTU

r 3FDIFOMFJTUVOH � FJHFOF *5�,PNQFUFO[
r 4QFJDIFLBQB[JUÅU � *OGSBTUVLUVS
r/FU[XFSLLBQB[JUÅU r -BUFO[[FJUFO

� "OQBTTCBS� VOE 4LBMJFSCBSLFJU r MPLBMF "VTGÅMMF
� (VU LBMLVMJFSCBSF 'JYLPTUFO r MPLBMF 4USPN� PEFS /FU[XFSL "VTGÅMMF
� 4JDIFSIFJU JO #F[VH��

r BVG .JUBSCFJUFS
r %F[FOUSBMJUÅU
· 4DIVU[ WPS MPLBMF )BDLFSBOHSJĎF
· TPDJBM IBDLJOH 1SÅWFOUJPO

� 1PSUGPMJPTPěXBSF ,PNQBUJCJMJUÅU

%BUFOCBOL &T LÕOOUF FJOF MPLBMF PEFS FJOF DMPVECBTJFSUF %BUFOCBOL [VN &JOTBU[ LPNNFO� "VG
EFN.BSL HJCU FT %JFOTUMFJTUFS EJF DMPVECBTJFSUF -ÕTVOHFO BOCJFUFO� %FSFO (FTDIÅěTNPEFMMF XFSEFO
9�BT�B�4FSWJDF HFOOBOU� %BT 9 EJFOU BMT 1MBU[IBMUFS GÛS 1MBĨGPSN%BUBCBTF *OGSBTUSVDUVSF 4PěXBSF FUD�
<��>� %JF 7PSUFJMF VOE/BDIUFJMF WPO 1MBĨGPSN� PEFS %BUBCBTF�BT�B�4FSWJDF TJOE JO EFS 5BCFMMF � BVGHF�
MJTUFU <�� �� ��> XFSEFO JN 3BINFO EJFTFS "SCFJU KFEPDI OJDIU OÅIFS FSMÅVUFSU�

%JHJUBM 5XJO &T FYJTUJFSFO WFSTDIJFEFOF 'PSNFO EFT TPH� tEJHJUBMFO ;XJMMJOHTi 	FOHM� %JHJUBM 5XJOT
�
.JĨFMT%JHJUBM 5XJOT LÕOOFO 1SPEVLUF 1SPEVLUJPOTBCMÅVGF PEFS FJO HFTBNUFS 1SP[FTT EVSDI EJF ,PQQ�
MVOH WPO1SPEVLUJPOT� VOE1SPEVLU5XJO BCHFCJMEFU VOE TPNJU PQUJNJFSUXFSEFO�.JĨFMT%JHJUBM5XJOT
MBTTFO TJDI TPHFOBOOUF 4Pě�4FOTPSFO JOUFHSJFSFO 	BOHFXBOEUF OVNFSJTDIF 4JNVMBUJPO
� *O 1SPEVLUJ�
POTQSP[FTTBCTDIOJĨFO JO EFOFO EJF #FEJOHVOHFO FT OJDIU FSMBVCFO FJOFO SFBMFO -BOH[FJUTFOTPS [V JN�
QMFNFOUJFSFO LÕOOFONJĨFMT%JHJUBM5XJOT 4FOTPSFO JO 4JNVMBUJPOTTPěXBSF HFOFSJFSUXFSEFO EJFNJU
FJOFN 1SP[FTT TZODISPOJTJFSU TJOE VN 5PU[FJUFO [V WFSSJOHFSO PEFS [V FMJNJOJFSFO CJT TDIMFDIUF 1SP�
EVLUJPOTCFEJOHVOHFOEFUFLUJFSUXFSEFOLÕOOFO�%BEVSDILBOOEJF&đ[JFO[ FJOFT1SP[FTTFT TJHOJėLBOU

��
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HFTUFJHFSU XFSEFO LBOO� 'ÛS EJF 4JNVMBUJPO NJĨFMT %JHJUBM 5XJOT XFSEFO 1SP[FTT� 3PITUPĎ� VOE HFP�
NFUSJTDIF %BUFO CFOÕUJHU� %JF 'PSN EFS 3BOECFEJOHVOHFO LÕOOFO WJFMGÅMUJH TFJO VOE VOUFSTDIFJEFO
TJDI KF OBDI 4JNVMBUJPOTPCKFLU� 3BOECFEJOHVOHFO LÕOOUFO 1BSBNFUFS EFS 6NHFCVOH CFUSFĎFOE NB�
UFSJBMBCIÅOHJHF 1BSBNFUFS PEFS 1BSBNFUFS EJF EFS 8FSUTDIÕQGVOHTLFĨF [VHFIÕSJH TJOE TFJO� "MT #FJ�
TQJFM GÛS 1BSBNFUFS EFS 8FSUTDIÕQGVOHTLFĨF LBOO FJO UFOEFO[JFMM BVěSFUFOEFS 3PITUPĎFOHQBTT EVSDI
-JFGFSWFS[VH TFJUFOT EFT ;VMJFGFSFST HFOBOOU XFSEFO <��>� 8FJUFSF *OGPSNBUJPOFO JTU XFJUFSGÛISFOEFO
'BDIMJUFSBUVS [V FOUOFINFO�

,ÛOTUMJDIF *OUFMMJHFO[ &JO5FJMHFCJFU EFS *OGPSNBUJL JTU EBTĉFNFOHFCJFU EFS tLÛOTUMJDIFO *OUFMMJ�
HFO[i 	,* FOHM� BSUJėDJBM JOUFMMJHFODF "*
� 5FJMHFCJFUF EFS ,ÛOTUMJDIFO *OUFMMJHFO[ TJOE EBT .BDIJOF -FBS�
OJOH 	FSHÅO[VOH JN "OIBOH
 3PCPUJL TPH� &YQFSUFOTZTUFNF .VTUFSFSLFOOVOH EJF 7FSBSCFJUVOH OBUÛS�
MJDIFS 4QSBDIF PEFS NBTDIJOFMMFT ¾CFSTFU[FO 	EFFQM�DPN
 <��>�
%JF QPUFO[JFMMFO 'ÅIJHLFJUFO WPO ,* "QQMJLBUJPOFO TJOE EBT -FSOFO 1MBOFO VOE 1SPCMFNMÕTFO� %JF
"OTÅU[F TJOE KFEPDI IVNBO[FUSJFSU [VS 6OUFSTUÛU[VOH EFS .FOTDIFO CFJ JISFO 5ÅUJHLFJUFO� 1SÅ[JTJFSU
CFEFVUFU EBT <� 4� �>�

r8JTTFOTFSXFSC r LPHOJUJWFT &SGBTTFO VOE "VUPNBUJTJFSFO
MPHJTDIFS 4DIMVTTGPMHFSVOHFO

r.BTDIJOFOMFSOFO r 1MBOVOH VOE "VTGÛISVOH JOEVTUSJFMMFS
"VUPNBUJTJFSVOHTQSP[FTTF

r #JME� VOE 4QSBDIFSLFOOVOH r.VTUFSFSLFOOVOH

%FS &OUXVSG BVT EFN WPSIFSJHFO "CTDIOJĨ XJSE VN EJF 7FSXFOEVOH FJOFS %BUFOCBOL FSXFJUFSU� %B�
EVSDI XJSE EJF /VU[VOH OFVFS 4PěXBSF GÛS EJF &STDIMJF�VOH OFVFS 1SP[FTTF 1SP[FTTPQUJNJFSVOH VO�
E�PEFS 7BMJEJFSVOH FSNÕHMJDIU� %JF 'FMEHFSÅUFEBUFO XFSEFO XJF CFJ EFN WPSIFSJHFO ,PO[FQU BO FJOF
%BUFOFSGBTTVOHTPěXBSF ÛCFSUSBHFO 	1
� %JF EJTLSFUFO VOE�PEFS LPOUJOVJFSMJDIFO%BUFOXFSEFO EVSDI
EJF%BUFOFSGBTTVOHTTPěXBSF EJSFLU JO FJOF%BUFOCBOL HFTDISJFCFO 	9
� /BDI EFS &JOSJDIUVOH FJOFS%B�
UFOCBOL JTU FT UIFPSFUJTDINÕHMJDI BVG EBT.FTTXFSU�%BUBMPHHJOH JO 'PSN WPO$47�%BUFJFO [V WFS[JDI�
UFO 	3
 KFEPDI LÕOOUF FJOF SFEVOEBOUF %BUFOTJDIFSVOH TJOOIBě TFJO� %VSDI EJF 7FSXFOEVOH FJOFS
%BUFOCBOL FSHFCFO TJDI OFVF %BUFOÛCFSUSBHVOHTXFHF 	7 � 11
� &JOF 4PěXBSF 4DIOJĨTUFMMF XJSE "1*
	BQQMJDBUJPO QSPHSBNNJOH JOUFSGBDF
 HFOBOOU� 4PMMUF BVG #BTJT EJFTFS "SCFJU FJOF .BDICBSLFJUTTUVEJF
EJFTFT ,PO[FQUT FSGPMHFO EBOO JTU EJF "1* ,PNQBUJCJMJUÅU KFHMJDIFS QPUFO[JFMM FSXÛOTDIUFS 4PěXBSF [V
QSÛGFO� %VSDI EJF 7FSXFOEVOH FJOFS %BUFOCBOL JTU FT NÕHMJDI %BUFO TUSVLUVSJFSU [V BSDIJWJFSFO 	7 �
11
 VOENJĨFMT TPH� "CGSBHFO 	2VFSZT
NJU HFSJOHFN"VGXBOEXJFEFS BC[VSVGFO 	7 10 11
� %VSDI EJF

��
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7FSXFOEVOH FJOFS %BUFOCBOL LBOO EJF /VU[VOH WPO tFJOGBDIFOi ,*�T 	10
 VOE %JHJUBM 5XJOT FSNÕH�
MJDIU 	11
 TPXJF EJF &SHFCOJTTF EFS #FSFDIOVOHFO JO EFS "VTXFSUVOH EJTLVUJFSU XFSEFO 	7
�

%FN1SPGFTTPS GÛS6NGPSNUFDIOJL TPXJF TUFMMWFSUSFUFOEFO-FJUFS EFT.BTDIJOFOCBV VOE1SPEVLUJPOT�
UFDIOJL %FQBSUNFOUT %S� &� 4UÕWFS CFJ FJOFN [XFJTUÛOEJHFN PĎFOFN %JBMPH NJU 1SPG� %S� $ 'SBOL
1SPG� %S� ,� 'SFVEFOUIBM 1SPG� %S� (FXFLF %JQM��*OH� .� )BOOBQQFM 1SPG� &� 4UÕWFS %JQM��*OH� 4� 8JĨ�
LPXTLJ OBDI FJOFN 7PSUSBH WPO NJS %� -VEXJH #FHJOO 9 6IS [VN ;JFM EFS EJHJUBMFO 5SBOTGPSNBUJPO
EFT WFSGBISFOTUFDIOJTDIFN -BCPST NJU EFN 4DIXFSQVOLU EJFTFS .BTUFSUIFTJT BN 26.08.2020 WPO
9 CJT 12 6IS FOUOFINFO EBTT EJF 7JTJPO EFT ,PO[FQUT EJFTFS .BTUFSUIFTJT tJO EJF SJDIUJHF 3JDIUVOH
[FJHUi� 1SPG� %S� &OOP 4UÕWFS JTU EBCFJ EJF *EFF EFT t-FSOPSUT %JHJUBMF 6NGPSNUFDIOJLi VN[VTFU[FO�
%BCFJ WFSGPMHU FS BVDI EJF 7JTJPO EBTT 6OUFSOFINFO VOE 4UVEJFSFOEF JO FJOF ,PPQFSBUJPO BN0SU EFS
)PDITDIVMF LPNNFO� %BCFJ NVTT EFS 1SPGFTTPS OJDIU EFS *OJUJBUPS TFJO TPOEFSO WJFMNFIS EFS 0SU BMT
5SFĎQVOLU EJF ,PPQFSBUJPO BVG OJFESJHFN -FWFM CFHÛOTUJHFO� %JF 7JTJPO WPO 1SPG� %S� &� 4UÕWFS JTU FT
EFO tEJHJUBMFO -FSOPSU 6NGPSNUFDIOJLi BO EFS )"8 BN #FSMJOFS 5PS [V FUBCMJFSFO� -FBO 3VOEFO EFS
4UVEJFSFOEFO TJOE HFMFCUFS "MMUBH VOE EJF 7JTJPO JTU GPMHFOEF

t%FS t-FSOPSU %JHJUBMF 6NGPSNUFDIOJLi TUFMMU FJOFO QIZTJTDIFO 3BVN VOE FJOF WJSUVFMMF
1MBĨGPSN GÛS EJF -FISFOEFO VOE EJF 4UVEJFSFOEFO EFS )"8)BNCVSH TPXJF 6OUFSOFI�
NFO EFS.FUSPQPMSFHJPO)BNCVSH [VNĉFNFOCFSFJDI *OEVTUSJF ��� VOE%JHJUBMJTJFSVOH
JN #FSFJDI EFS 6NGPSNUFDIOJL EBS� "OXFOEVOHTCF[PHFOF -ÕTVOHFO XFSEFO IJFS BVT�
QSPCJFSU VOE TUFIFO [VN HFNFJOTBNFO LPNQFUFO[PSJFOUJFSUFO GPSTDIVOHTCBTJFSUFO VOE
EJHJUBM VOUFSTUÛU[UFN -FSOFO CFSFJU� /FVF -ÕTVOHFO XFSEFO HFNFJOTBN JN ;VTBNNFO�
TQJFM WPO 1SBYJT VOE -FISF FOUXJDLFMU <��>�i

#FJ FJOFS#FHFIVOHEFSNFDIBOJTDIFOWFSGBISFOTUFDIOJTDIFO&JOSJDIUVOHEFS56))NJU%S� 4�1JFUTDI
BN 14.09.2020 BC 146IS IBU TJDI IFSBVTHFTUFMMU EBTT FJO HBO[IFJUMJDIFT ,PO[FQU VOUFS EFS 7FSXFO�
EVOH FJOFS %BUFOCBOL JN BLBEFNJTDIFO 3BINFO tJOOPWBUJW TFJO LÕOOUFi� %JF 56))IBU FJO %JHJUBM
5XJO ,PO[FQU JN 1SPKFLUCBDLMPH XFMDIFT JOOFSIBMC FJOFT ;FJUSBINFOT WPO DB� [XFJ +BISFO VNHFTFU[U
C[X� JOUFHSJFSU XFSEFO TPMM� %JF *NQMFNFOUBUJPO FJOFT %BUFOCBOLNBOBHFNFOUTZTUFNT JTU OJDIU BOHF�
EBDIU� &JOF ,PPQFSBUJPO NJU HFHFOTFJUJHFN /VU[FO LÕOOUF NÕHMJDI TFJO�

*N 7FSMBVG FJOFS ;00. 1SÅTFOUBUJPO NFJOFSTFJUT BN 26.10.2020 WPO 16:156IS CJT 17:456IS NJU
EFO 5FJMOFINFSO 1SPG� %S� (FXFLF 1SPG� %S� )ÕMMJOH 1SPG� %S� 4JFWFST LPOOUF JDI WPO 1SPG� 4JFWFST FOU�
OFINFO EBTT FJO 7PSUFJM EFT EBUFOCBOLPSJFOUJFSUFO ,PO[FQUT EJF WFSFJOGBDIUF *OWFTUJHBUJPOTNÕHMJDI�
LFJU CFJ WFSNFJOUMJDI LPOTUBOUFO #FUSJFCTQBSBNFUFSO KFEPDI VOUFSTDIJFEMJDIFO &SHFCOJTTFO JTU� %BS�
BVT MJF�FO TJDI TDIOFMMFS TUVEFOUJTDIF 1SPKFLUF BCMFJUFO�%FN1SPGFTTPS EFSNFDI� 7FSGBISFOTUFDIOJL.�

��
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(FXFLF LPOOUF JDI JN 7FSMBVG EJFTFT .FFUJOHT FOUOFINFO EBTT EJF /VU[VOH FJOFT %BUFOCBOL PSJFO�
UJFSUFO,PO[FQUT FJOFOXFJUFSFO/VU[FOIBU�%JF$PWJE���4JUVBUJPOIBU 4DIXÅDIFO JNLPOWFOUJPOFMMFO
4ZTUFNBVGHF[FJHU� &JOF VOTUSVLUVSJFSUFNVMUJNFEJBMF"SDIJWJFSVOH IBU FJOFO HSP�FO"VGXBOE FS[FVHU
VN BMUFSOBUJWF -FISJOIBMUF [VN OJDIU EVSDIGÛISCBSFN 7FSGBISFOTUFDIOJL TPXJF -FCFOTNJĨFMUFDIOJL�
QSBLUJLVN [V HFOFSJFSFO�

4� 4DIXFNN #� 4D� 4UVEFOU EFS 7FSGBISFOTUFDIOJL IBU NJS JO FJOFN LVS[FN *OUFSWJFX TFJOF 4DIXJF�
SJHLFJU NJU EFN EBSBVT SFTVMUJFSFOEFO tBMUFSOBUJWFN -FISJOIBMUi OBIFHFMFHU� %JF )ZQPUIFTF EJF NBO
EBSBVT TDIMVTTGPMHFSO LÕOOUF JTU EJF GPMHFOEF

t%JF &OFSHJF EFS 1SPGFTTPSFO EJF JO EJF 4VDIF WPO HFFJHOFUFO BVGFJOBOEFS BCHFTUJNNUFO
%BUFO EJTTJQJFSU JTU IÅĨF VOE LBOO JO ;VLVOě WFSNJFEFO XFSEFO� %JF TPNJU WFSGÛHCBSF
&OFSHJF EFS 1SPGFTTPSFO LBOO [VN 0QUJNJFSFO EFS -FISJOIBMUF HFOVU[U XFSEFO� ;V WFS�
NVUFO EBTT EFS 8PSTU $BTF FJOHFUSPĎFO VOE ÛCFSTUBOEFO JTU TPXJF ÅIOMJDIF 4JUVBUJPOFO
tVOXBISTDIFJOMJDIi TJOE XÅSF GBISMÅTTJH i�

��� 'B[JU

%BT WFSGBISFOTUFDIOJTDIF -BCPS TPMM [FJUHFNÅ� EJHJUBM USBOTGPSNJFSU XFSEFO� "O EFS 4UFMMF NVTT OPDI�
NBMT FSXÅIOU XFSEFO EBTT FJOF EJHJUBMF 5SBOTGPSNBUJPO FJO 1SP[FTT VOE LFJO 1SPKFLU JTU� %JF CFJEFO
WPSHFTUFMMUFO ,PO[FQUF TDIMJF�FO TJDI OJDIU HFHFOTFJUJH BVT� %BT ,PO[FQU PIOF %BUFOCBOL 	%#
 LBOO
BMT 7PSTUVGF EFT ,PO[FQU NJU FJOFS %# CFUSBDIUFU XFSEFO� %BT ,PO[FQU ��� JTU FJOF .JOEFTUBOGPSEF�
SVOH GÛS EJF EJHJUBMF 5SBOTGPSNBUJPO EFT WFSGBISFOTUFDIOJTDIFN -BCPST� &JO ;JFM EJFTFT 1SPKFLUT JTU FT
.FTTXFSUF EJHJUBM WFSGÛHCBS [VNBDIFOVOEEJFTF [V EPLVNFOUJFSFO� &JOXFJUFSFT;JFM EFT 1SPKFLUT JTU FT
FJOFO 8BOEFM WPO EFS 7FSTVDITEPLVNFOUBUJPO JO )BSEDPQZ [V FJOFS EJHJUBMFO %PLVNFOUBUJPO FJO[V�
MFJUFO� &T JTU BO[VNFSLFO EBTT EJFTFT ,PO[FQU EJF BCTPMVUF .JOEFTUBOGPSEFSVOH GÛS EFO FSTUFO 4DISJĨ
JO EJF EJHJUBMF 5SBOTGPSNBUJPO EBSTUFMMU�

*N GPMHFOEFO XFSEFO EJF 7PSUFJMF EFT ,PO[FQUT PIOF FJOF %BUFOCBOL BVGHFMJTUFU�

r %JF 7FSGÛHCBSLFJU WPO EJHJUBMFO .FTTXFSUFO XJSE FSNÕHMJDIU

r %JF %PLVNFOUBUJPO EFS 7FSTVDITSBOECFEJOHVOH FJOHFTFU[UF 3PITUPĎF FUD� LBOO EJHJUBM EVSDI�
HFGÛISU XFSEFO

r %JF 7FSGÛHCBSLFJU EFS 7FSTVDITEBUFO VOE &SHFCOJTTF XJSE EVSDI EJF &JOGÛISVOH FJOFT FMFLUSPOJ�
TDIFO -BCPS /PUFCPPLT WFSCFTTFSU

��
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r 7FSTVDITCFPCBDIUVOHFO LÕOOFO EJSFLU EFN ;FJUTUFNQFM [VHFPSEOFU XFSEFO�

&JOF .JOEFTUBOGPSEFSVOH TPMMUF KFEPDI LFJO .B�TUBC GÛS FJOF )PDITDIVMF EBSTUFMMFO� .FJOFT &SBDI�
UFOT OBDI VOUFSMJFHU EFS "VGXBOE EFN /VU[FO EFS ,PO[FQUSFBMJTJFSVOH VOUFS EFS 7FSXFOEVOH FJOFS
%BUFOCBOL JN IPIFN .B�F BVT EFO GPMHFOEFO (SÛOEFO�
*N BLBEFNJTDIFO 3BINFO VOUFSMJFHU EFS "VGXBOE EFS 3FBMJTJFSVOH EFT [XFJUFO ,PO[FQUT NJU %BUFO�
CBOL FJOFO HSP�FO.FISXFSU JO #F[VH BVG EBT 7FSTUÅOEOJT VOE -FSOFSGPMH EFS 4UVEJFSFOEFO� %JF %B�
UFOCBOL LÕOOUF BVDI GÛS EFO -BCPSCFUSJFC EFT %FQBSUNFOUT HFOVU[U XFSEFO XPEVSDI TJDI NÕHMJDIFS�
XFJTF PSHBOJTBUPSJTDIF 7FSFJOGBDIVOHFO XJF [�#� $IFNJF� VOE 7FSGBISFOTUFDIOJLMBHFSWFSXBMUVOH P�Å�
SFBMJTJFSFO MBTTFO� %FT8FJUFSFO LÕOOUF EJF %BUFOCBOL GÛS EJF WFSGBISFOTUFDIOJTDIF 'PSTDIVOH 1SPKFL�
UF JN 3BINFO EFS BOHFXBOEUFO OVNFSJTDIF 4JNVMBUJPO VWN� HFOVU[U XFSEFO�� %JF HSÕ�UF )ÛSEF GÛS
EJF ,PO[FQU ��� 3FBMJTJFSVOH LÕOOUF EFS$IBOHFQSP[FTT TFJO�

*O VOTFSFS BHJUJFSUFO8FMU JTU XFEFS 1MBU[ GÛS TDIXFSF6OUFSOFINFOTUBOLFS OPDI GÛS USÅHF6OJWFSTJUÅUFO
PEFS)PDITDIVMFO� *O EFS ;FJU EFS (MPCBMJTJFSVOH VOE EJHJUBMFO5SBOTGPSNBUJPO JTU 'MFYJCJMJUÅU VOE7FS�
OFU[VOH OJDIU OVS FJOF IJOSFJDIFOEF 'PSEFSVOH TPOEFSO BCTPMVU OPUXFOEJH� 6OUFSOFINFO TPMMUFO TJDI
*ISF 4QJU[FOLSÅěF TDIBĎFO� %FS 4QSVDI tWPO EFS #FSVGTBVTCJMEVOH PEFS EFN4UVEJVNCSBVDIUNBO BN
&OEF EFT 5BHFT NBYJNBM �� �i JTU OJDIU UPMFSJFSCBS TPXJF [V WFSBOUXPSUFO VOE EPDI JTU FT BVT FJHFOFO
&SGBISVOHFO 3FBMJUÅU� 8JF MBOHF ¾CFSMFCU FJO 6OUFSOFINFO XFMDIFT �� � "VTTDIVTT IBU 8FOO EVSDI
EJFTF"SU EFT 1BSBEJHNFOXFDITFMT FJOF"VTTDIVTTSFEVLUJPO BVG CTQX� ���FSGPMHU JTU EBT FJO JNNFOTFS
'PSUTDISJĨ� *O EFS 5BCFMMF � TJOE EJF 7PS� VOE /BDIUFJMF EFT ,PO[FQUT ��� BVGHFMJTUFU�

��
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Tabelle 6: 7PS� VOE /BDIUFJMF EFT ,PO[FQUFOUXVSGT ���

7PSUFJMF /BDIUFJMF

� 4UBOEEFS5FDIOJL JOEFS *OEVTUSJF �;FJUHFNÅ�

� /VU[CBS GÛS 5ÅUJHLFJUFO BV�FSIBMC WPN 75�
VOE 75� 1SBLUJLVN 	'PSTDIVOH 0SHBOJTBUP�
SJTDIFT XJF

� -BHFSWFSXBMUVOH BOHFXBOEUF OVNFSJTDIF 4J�
NVMBUJPO VWN�


� XFOO $MPVETFSWJDFOVU[VOH EBOO 1PSUGPMJP�
TPěXBSF ,PNQBUJCJMJUÅU EFT "OCJFUFST

� *NBHF�1SPGFTTJPOBMJUÅU 	V�B� BVDI "ONFSLVO�
HFO WPO #BDIFMPSBCTPMWFOUFO &OEF ����


� HHG�NFIS,PPQFSBUJPOTQSPKFLUFNJU6OUFSOFI�
NFO VOE 6OJWFSTJUÅUFO

� ,PNQFUFO[TUFJHFSVOH EFS )PDITDIVMF VOE
"CTPMWFOUFO

� JOUFSEJT[JQMJOÅSF 7FSOFU[VOH�1SPKFLUF 	*OEVT�
USJF ���≡ 7FSOFU[VOH


� HVUF *OWFTUJHBUJPOTNÕHMJDILFJUFO CFJ 1SPEVLU�
BCXFJDIVOH CFJ LPOTUBOUFO 1BSBNFUFSO →
4UVEFOUFOQSPKFLUF

m $IBOHFQSP[FTTF

� OPUXFOEJHFT ,OPX�)PX FSGPSEFSMJDI

� "VGXBOE EFS &STUFMMVOH EFS %BUFOCBOL

� &JOSJDIUVOH BVUPNBUJTDIFS &JOTQFJTVOH EFS
4FOTPSEBUFO JO EJF %BUFOCBOL

� ,PTUFO LÕOOUFO FOUTUFIFO
r NÕHMJDIFSXFJTF 4QPOTPSJOH�,PPQFSBUJPO
	BMT (FHFOMFJTUVOH 1SPKFLUF P�Å
 EB )PDI�
TDIVMF

r HFSJOHF %BUFONFOHFO JN WHM� [V 6OUFSOFI�
NFO → NÕHMJDIFSXFJTF LFJOF PEFS HFSJOHF
,PTUFO

��� 4USVLUVSLPO[FQU FJOFS SFMBUJPOBMFO %BUFOCBOL

*N 3BINFO EJFTFS 1SPKFLUBSCFJU XVSEF FJOF %BUFOTUSVLUVS GÛS FJOF SFMBUJPOBMF %BUFOCBOL FOUXPSGFO�
%BT,PO[FQUXVSEFEFS *4"�4��4USVLUVSOBDIFNQGVOEFO� *4"�4��HMJFEFSU6OUFSOFINFOIJFSBSDIJTDI
BVG� &JOF%BUFOTUSVLUVS HJCU *4"�4�� KFEPDI OJDIU WPS�"CUFJMVOHFO VOE3VCSJLFOXFSEFO EFNOBDI IJFS�
BSDIJTDI BVGHFHMJFEFSU� &JOF 3VCSJL LÕOOUF CTQX� BMMF *OGPSNBUJPOFO 	���@*OGPSNBUJPOT
 TFJO EB[V
TQÅUFS NFIS� %JF 6OUFSUFJMVOH FSGPMHU EFNOBDI WPO FJOFN 8VS[FMFMFNFOU 	FOHM� SPPUFMFNFOU
 JO "C[XFJ�
HVOHFO 	FOHM� CSBODIFMFNFOUT
 VOE%PLVNFOUSFGFSFO[FO 	FOHM� TIFFUFMFNFOUT� TJFIF "CCJMEVOH ��
� "O EFS
#F[FJDIOVOH %PLVNFOUSFGFSFO[FO MÅTTU TJDI FSLFOOFO EBTT EJF TUSVLUVSWPSHBCF %PLVNFOUFOCBTJFSU FS�

��











� ,PO[FQUFOUXJDLMVOH GÛS EJF -BCPSEJHJUBMJTJFSVOH

���@� *O EJFTFN 'BMM XÅSFO FT EJF QSP[FTTQF[JėTDIFO 1BSBNFUFS EFT8JSCFMTDIJDIUWFSTVDIT BO
EFN KFXFJMJHFO 7FSTVDITTUBH

%JF 0QFSBUJPO NJU SFMBUJPOBMFO %BUFOCBOLFO BVDI 42- %# HFOBOOU HFTUBMUFU TJDI JO WJFMFO "OXFO�
EVOHTGÅMMFO FJOGBDIFS� %FT8FJUFSFO TJOE 42-%# BNXFJUFTUFO WFSCSFJUFU VOE 1SPHSBNNTDIOJĨTUFMMFO
TJOE JO WJFMFO 'ÅMMFO GÛS SFMBUJPOBMF %BUFOCBOLFO 	%#
 BVTHFMFHU� 5SBOTGFSJFSU NBO EBT IJFSBSDIJTDIF
,PO[FQU WPO *4"�4�� VOE #�..- BVG FJOF 42- %# EBOO CJMEFU KFEFT FJO[FMOF &MFNFOU FJOF FJHFO�
TUÅOEJHF 5BCFMMF BC� &JOF EPLVNFOUFOCBTJFSUF %BUFOCBOL XÛSEF CFJTQJFMTXFJTF FJOF HBO[F 6OJU 0QF�
SBUJPO JO FJOFN %PLVNFOU [VTBNNFOGBTTFO 	WHM� "CCJMEVOH ��
� *O FJOFS 42- %# CFTDISFJCFO EFN�
OBDI WJFMF 5BCFMMFO FJOF 6OJU 0QFSBUJPOT C[X� FJOFO 7FSTVDITEVSDIMBVG� 'PMHMJDI JTU EFS "VGXBOE EFS
5BCFMMFOFSTUFMMVOHNÕHMJDIFSXFJTF IÕIFS KFEPDI JTU EJF &STUFMMVOH EFS BCGSBHFO WJB 42- FJOGBDI [V SFB�
MJTJFSFO� %BIFS XJSE EBT *4"�4�� #�..- ,PO[FQU BVG FJOF SFMBUJPOBMF 4USVLUVS USBOTGFSJFSU 	WHM� ��
�
%JF #F[FJDIOVOHFO JO EJFTFN ,PO[FQUBCTDIOJĨ XVSEFO JOT FOHMJTDIF ÛCFSGÛISU�

*O EFS "CCJMEVOH �� JTU FJOF QPUFOUJFMMF %BUFOTUSVLUVS GÛS FJOF 42-%BUFOCBOL BCHFCJMEFU� &T JTU [V FS�
LFOOFO EBTT 5BCFMMFO EFS VOUFSTDIJFEMJDITUFO 3VCSJLFO� ���@*OGPSNBUJPOT ���@1SPDFTT&OHJOFFSJOH
���@5SJBMT� JO FJOFS ��/ #F[JFIVOH [V FJOBOEFS TUFIFO� %JFTF 4USVLUVS LÕOOUF EFO 8JSCFMTDIJDIUWFS�
TVDI IJOSFJDIFOE BCCJMEFO EFOO�

���@ *OGPSNBUJPOT TUFIFO JO SFMBUJPO NJU EFS 6OJU 0QFSBUJPO ���@'MVJEJ[BUJPOCFE

⋄ 1FSTPOFMMF *OGPSNBUJPOFO XFSEFO FSGBTTU�

��� "VěSBHHFCFS 	1SPGFTTPSFO VOE %P[FOUFO


��� 8JTTFOTDIBěMJDIF .JUBSCFJUFS

��� (SVQQFOJOGPSNBUJPOFO

⋄ "MMHFNFJOF *OGPSNBUJPOFO XFSEFO FSGBTTU� %BUFJQGBESFGFSFO[FO LÕOOFO IJOUFSMFHU XFS�
EFO� "O EJFTFS 4UFMMF LÕOOUF FJOF EPLVNFOUFOCBTJFSUF %BUFOCBOL *ISF "OXFOEVOH ėO�
EFO VOE EJF "SDIJWJFSVOHTBVGHBCF CFTTFS MÕTFO BMT FJOF 42- %#

��� (FSÅUFJOGPSNBUJPOFO LÕOOUFO TJDI BVDI %PLVNFOUFOCBTJFSU BCCJMEFO MBTTFO

��� 7FSTVDITBOXFJTVOH 	4UBOEBSE 0QFSBUJOH 1SPDFEVSFT


��� .BUFSJBMEBUFOCMÅĨFS

��� #FUSJFCTBOXFJTVOHFO WPO (FSÅUFO VOE "OMBHFO

��



� ,PO[FQUFOUXJDLMVOH GÛS EJF -BCPSEJHJUBMJTJFSVOH

��� (FPNFUSJTDIF %BUFO WPO 7FSTVDITBOMBHFO VOE ,PNQPOFOUFO LÕOOUFO %PLV�
NFOUFOCBTJFSUNÕHMJDIFSXFJTF Fđ[JFOUFS BSDIJWJFSUXFSEFO�&JOF.ÕHMJDILFJU WJB
42- JTU FT GÛS KFEFT ,PNQPOFOU FJOF 5BCFMMF [V HFOFSJFSFO� %PLVNFOUFOCBTJFSU
XÛSEF FJO #BVUFJM FJO %PLVNFOU FSIBMUFO VOE BMMF ,PNQPOFOUFO FOUIBMUFO�

���@ 5SJBMT XFSEFO WJB EJWFSTFS 5BCFMMFO FSGBTTU

��� LÕOOUF PSHBOJTBUPSJTDIF %BUFO EJF WFSTVDITUBHCF[PHFO TJOE XJF CTQX� EBT %BUVN PEFS
EFS XJFWJFMUF 7FSTVDI 	TPMMUF FJOF (SVQQF NBM HFTDIFJUFSU TFJO
 BCFS BVDI EBT )PDIMB�
EFEBUVN TPXJF FJOF 4QFJDIFSPSUSFGFSFO[ FSGBTTFO� 'ÛS EJF 4QFJDIFSVOH EFS 1SPUPLPMMF
LÕOOUF FCFOGBMMT FJO EPLVNFOUFOCBTJFSUF %# -ÕTVOH [VN &JOTBU[ LPNNFO�

��� 1FSTPOFOCF[PHFOF *OGPSNBUJPOFO QSP 7FSTVDITUBH XFSEFO FSGBTTU

��� LÕOOUF CFJ SFEVOEBOUFO "QQBSBUFO (FSÅUFO "HHSFHBUFO SFMFWBOU TFJO

��� &SGBTTU BMMF [VFSGBTTFOFO%BUFO�%BSVOUFS HFIÕSFOEJTLSFUF TPXJFLPOUJOVJFSMJDIF%BUFO�

���@� 8JFHFEBUFO

���@� %SVDLNFTTVOHTEBUFO

���@� 7PMVNFOTUPNNFTTVOHTEBUFO

m "O EFS 4UFMMF LÕOOFO EJWFTFS ,PNNFOUBSGFMEFS FJOHFGÛHU XFSEFO EJF FJOFO
7FSTVDI CFTDISFJCFO XJF 4VCKFLUJWF #FPCBDIUVOHFO EJF 8JSCFMTDIJDIUIÕIUF
VOE EJF 8JSCFMTDIJDIUQPSÕTJUÅU�

���@� )JFS XFSEFO EJF QSP[FTTTQF[JėTDIFO 1BSBNFUFS EPLVNFOUJFSU

*N "OIBOH CFėOEFU TJDI FJOF (SBėL EJF WFSTDIJFEFOF "CTUSBLUJPOTFCFOFO WFSNJTDIU EBSTUFMMU 	TJFIF
"CCJMEVOH ��
� "VG EFS VOUFSTUFO "CTUSBLUJPOTFCFOF XÅSFO EJF FYQMJ[JUFO 5BCFMMFO BVG[VėOEFO� &JOF
CFJTQJFMIBěF ;VTBNNFOTUFMMVOH JTU EFN "OIBOH EFS "CCJMEVOH �� [V FOUOFINFO�

����� 'B[JU

*N 3BINFO EFS "OXFOEVOHTGÅMMF JN)PDITDIVMBMMUBH LÕOOUFO 42-%BUFOCBOLFO EFO "OGPSEFSVOHFO
HFOÛHFO� %BT ,OPX�)PX NJU EJFTFS TUBOEBSEJTJFSUFO %BUFOCBOL 5FDIOPMPHJF JTU BVG BOEFSF 4PěXBSF�
UFDIOPMPHJFO USBOTGFSJFSCBS� &T TPMMUF BVDI NÕHMJDI TFJO EJF &STUFMMVOH FJOFS %BUFOCBOL JN 3BINFO
TUVEFOUJTDIFS "SCFJUFO [V EFMFHJFSFO� %FT 8FJUFSFO JTU BVDI JN 7FSMBVG EFT %JHJUBMJTJFSVOHTQSP[FTT FJOF
)ZCSJEMÕTVOH EFOLCBS�

��



� ,PO[FQUFOUXJDLMVOH GÛS EJF -BCPSEJHJUBMJTJFSVOH

210_Fluidization
211_FluidizationBed
Comments

302_TrialDevices
ID
Unit_ID
Device_ID
Comment

104_DeviceInformations
ID
Device
SerialNumber
ModelNumber
ProcVar
Unit
UnitRange
UnitRangeStart
UnitRangeEnd
Comment

300_Trials
ID
Unit_ID
Date
Attempt
ProtocolLocation
ProtocolAdded

303_2_ PressuremeasurmentProcessDatas

ID
Trial_ID
TrialDevice_ID
TimeStamp
P_DataValue
Log

303_1_ScaleProcessDatas
ID
Trial_ID
TrialDevice_ID
Timestamp
Value
Comments

301_TrialPersonel-
Informations
ID
Trial_ID
Unit_ID
Principal_ID
Supervisor_ID
Group_ID

101_PrincipalsPersonel-
Information
ID
Initials
Added
102_SupervisorPersonel-
Information
ID
Initials
Added
103_GroupInformations
ID
Added
Semester
InitialsMembers
Comments

303_3_ VolumestreamProcessDatas
ID
Trial_ID
TrialDevice_ID
TimeStamp
VS_DataValue
T_DataValue
Comments1  (observations)
Comments2 (fluidizationbed heigt)
Comments3 (porosity)
Log

1:N

1:N

1:N

1:N

1:N

1:N

1:N

100_Informations
ID
Principal_ID
Supervisor_ID
Group_ID
Device_ID
Comment

Abteilung UnitOperations (UO) Labor, des Department 
VT
Reine Informationensintegration, UO unabhängig
Versuchsabhängige Datensätze

105_StandardOperating-
Procedures
ID
Unit_ID
Added
SheetLocation
Version
106_MaterialSafetySheets
ID
Unit_ID
Added
SheetLocation
Version

107_DeviceManuals
ID
Unit_ID
Device_ID
Added
SheetLocation
Version

108_Components
Geometrydatas
ID
Unit_ID
Component
Component_Number
Legth
Heigth
Depth
Diameter
Volume
Mass
Added
Comments

304_1_Fluidizationbed
ID
Trial_ID
Added
Material
TotalMass
Volume
Particledensity
ParticlebedHeight
FluidizationbedHeight
SauterDiameter
Porosity0
Comment

Abbildung 32: %BUFOTUSVLUVSFOUXVSG FJOFS SFMBUJPOBMFO %BUFOCBOL [VS #FTDISFJCVOH EFS 8JSCFM�
TDIJDIU 6OJU 0QFSBUJPO BOHFMFIOU BO *4"�4�� VOE #�..-

��



� 4JHOBM� VOE %BUFOWFSBSCFJUVOH WPO.FTTFJOSJDIUVOHFO

� 4JHOBM� VOE %BUFOWFSBSCFJUVOH WPO.FTTFJOSJDIUVOHFO
%BUFOFSGBTTVOH PEFS BVDI %BUFOBLRVJTJUJPO 	FOHM� EBUB BDRVJTJUJPO
 XJSE IÅVėH %"2 BCHFLÛS[U� *O EFO
GPMHFOEFO "CTDIOJĨFO XJSE EJF %"2 NJĨFMT

JOUFHSJFSUFS.FTTEBUFOFSGBTTVOH WJB34���� 4DIOJUUTUFMMF,

BOBMPH 4JHOBMVNXBOEMVOHNJUUFMT/*�64# ����.FTTLBSUF WJB64# 4DIOJUUTUFMMF

VOUFS EFS 7FSXFOEVOH WPO -BC7*&8 	���� ���� VOE ����
 FSMÅVUFSU� 'ÛS EJF 6NTFU[VOH XVSEFO
"OGPSEFSVOHFO EFėOJFSU EJF XJF GPMHU BVGHFMJTUFU TJOE�

r %JF "QQMJLBUJPOFO TPMMFO FJOF HSBQIJTDIF 0CFSĚÅDIF IBCFO�

r %FS "VGXBOE GÛS EJF "QQMJLBUJPOTHFOFSJFSVOH TPMM NJOJNBM TFJO�

r %JF "QQMJLBUJPOFO TPMMFO OVS WPO BVTHFXÅIMUFO 1FSTPOBM 	tMFJDIUi
 BOQBTTCBS TFJO�

r %JF WFSXFOEFUF 4PěXBSF TPMM JO EFS -BHF TFJO %BUFO EFS WFSTDIJFEFOTUF 7FSTVDITTUÅOEF VOE (FSÅUF
VOUFSTDIJFEMJDIFS )FSTUFMMFS BC[VCJMEFO�

r &T TPMMFO &DIU[FJUHSBQIFO HFOFSJFSU XFSEFO LÕOOFO�

r %JF WFSXFOEFUF "QQMJLBUJPO TPMM LPOUJOVJFSMJDIF VOE EJTLSFUF %BUFO WFSBSCFJUFO LÕOOFO�

r %JF.ÕHMJDILFJU EJF %BUFO JO ;VLVOě EJSFLU JO FJOF %BUFOCBOL TDISFJCFO [V LÕOOFO JTU XÛOTDIFOT�
XFSU�

&T XFSEFO.PEVMF QSPHSBNNJFSU NJU EFOFO LPOUJOVJFSMJDIF VOE EJTLSFUF 4JHOBMTUSÕNF VOE%BUFO WFS�
BSCFJUFOXFSEFO LÕOOFO� 4PNJU JTU FTNÕHMJDI GÛS BMMF6OJU0QFSBUJPOT1SPHSBNNFNJĨFMT -BC7*&8[V
TDISFJCFO�%JFTF EJTLSFUFO%BUFO LÕOOFO JO FJOFS TFQBSBUFO%BUFJ PEFS BMT)FBEFS FJOFS [�#� Tabulator
HFUSFOOUFO t kontiMessungs.txti %BUFJ HFTQFJDIFSU XFSEFO� .BO JTU OJDIU EBSBO HFCVOEFO BMT 4QBM�
UFOUSFOO[FJDIFO 	FOHM� EFMJNJUFS
 Tabulator [V WFSXFOEFO BVDI EJF7FSXFOEVOH FJOFT Komma 	 *.csv
%BUFJ
 Semikolon PEFS BVDI FJO GSFJ XÅIMCBSFT 5SFOO[FJDIFO JTU NÕHMJDI� "VGHSVOE EFS JOUFSOBUJPOB�
MFO ,POWFOUJPOTVOUFSTDIJFEF JO #F[VH BVG EBT %F[JNBMUSFOO[FJDIFO 	"4$** ’.’ JO %FVUTDIMBOE ’,’

FUD�
 JTU WPO EFS 7FSXFOEVOH FJOFT Kommata KFEPDI BC[VSBUFO�

34���� [V64#"EBQUFS 8FOO FJO1$LFJOF34���� 4DIOJĨTUFMMF CFTJU[U LBOO FJO34���� [V64#
"EBQUFS WFSXFOEFU XFSEFO� &JO .JLSPQSP[FTTPS JN ,BCFM FNVMJFSU FJOF 34���� 4DIOJĨTUFMMF�

��



� 4JHOBM� VOE %BUFOWFSBSCFJUVOH WPO.FTTFJOSJDIUVOHFO

��� 4FSJFMMF 4DIOJśTUFMMFOLPOŅHVSBUJPO VOE 4JHOBMWFSBSCFJUVOH WPO
.FTTFJOSJDIUVOHFO

*O EJFTFN"CTDIOJĨXFSEFO WJSUVFMMF *OTUSVNFOUF 	7*
 [VS 7FSBSCFJUVOH LPOUJOVJFSMJDIFS VOE EJTLSFUFS
%BUFO JN "4$** 'PSNBU 	"4$** encoded
 QSPHSBNNJFSU EJF ÛCFS FJOF 34���� 4DIOJĨTUFMMF FNQGBO�
HFO XFSEFO VOE EJF %BUFO WFSBSCFJUFU� *O EFS "CCJMEVOH �� JTU [V FSLFOOFO XJF EJF IBSEXBSFTFJUJHF
%BUFOWFSBSCFJUVOH JN 'BMMF FJOFT .FTTHFSÅUT NJU JOUFHSJFSUFS EJHJUBMFS 4DIOJĨTUFMMF BVTTJFIU� %BT .FTT�
PCKFLU EBTT LÕOOUF CTQX�� EJF HSBWJNFUSJTDIF#FTUJNNVOH FJOFT 4ZOUIFTFQSPEVLUT TFJO XJSENFTTUFDI�
OJTDINJĨFMT 4FOTPS FSGBTTU VOE USBOTNJĨJFSU EBTT JN.FTTHFSÅU CFSFJUT VNHFXBOEFMUF 4JHOBM BO FJOFO
.JDSPDPOUSPMMFS 	"SEVJOP 3BT1J ���
 1$ PEFS ÅIOMJDIFT�

Abbildung 33: %"2 WPO .FTTFJOSJDIUVOHFO NJU JOUFHSJFSUFS EJHJUBMFS 4DIOJĨTUFMMF

&T XFSEFO EJF 4DISJĨF FSLMÅSU XJF NBO NJU -BC7*&8 FJOFO LPOUJOVJFSMJDIFO %BUFOTUSPN WFSBSCFJ�
UFU EFS ÛCFS FJOF 34���� 4DIOJĨTUFMMF FNQGBOHFO XJSE� &T XJSE FJO 8JOEPXT �� 1$ TPXJF FJO .BD
#PPL 1SP VOE -BC7*&8 ���� TPXJF -BC7*&8 ���� WFSXFOEFU VN EJF 7*�T [V QSPHSBNNJFSFO VOE
EJF 4JHOBMF FJOFT .FTTJOTUSVNFOUT [V WFSBSCFJUFO� "MT %FNPOTUSBUJPOTNFTTTZTUFN XJSE FJOF %JHJUBM�
XBBHF EFT .PEFMMT ������/ EFT )FSTUFMMFST ,&3/ BVTHFMFTFO VOE EJF %BUFO JOUFSQSFUJFSU EJF JO FJOF
5BCVMBUPS HFUSFOOUFO 5FYU�%BUFJ 	 *.txt
 HFTDISJFCFO XFSEFO� %JF 8BBHF IBU FJOFO JOUFHSJFSUFO BOB�
MPH�EJHJUBM 8BOEMFS VOE CFTJU[U FJOF 34���� 4DIOJĨTUFMMF� %BT 1SPHSBNN XJSE BVT NFISFSFO 4VC 7*�T
VOE EFN )BVQU 7* CFTUFIFO�

*O FJOFN7* XJSE EFS %BUFOTUSPN EFS WPO EFS8BBHF ÛCFSNJĨFMU XJSE BLRVJSJFSU� %BT 4VC 7* XJSE GPM�
HFOE Serial Sub VI PEFS JO EFS ,VS[GPSN SSVI HFOBOOU� %BT)BVQU 7* XJSE EJF %BUFO EJF FT WPN
4VC 7* FSIÅMU WFSBSCFJUFO�JOUFSQSFUJFSFO VOE JO FJOF *.txt%BUFJ MPHHFO� %FT 8FJUFSFO TPMM EBT )BVQU
7* FJOFO MJWF QMPĨFS CFTJU[FO� 'ÛS FJOFO NPEVMBSFO )FBEFS XFSEFO 4VC 7*�T HFTDISJFCFO XFMDIFS %B�
UFO XJF (SVQQFOOVNNFS MPLBMFS 	EFT KFXFJMJHFO 1$�T
 %BUVN� VOE ;FJUTUFNQFM 	NPEJė[JFSCBS
 EJF
75 1SBLUJLVNT /S� P�Å� FOUIÅMU�

6N EJF LPSSFLUF ,POėHVSBUJPO *ISFT (FSÅUT WPS[VOFINFO [V LÕOOFO JTU JO EFN)BOECVDI EFT (FSÅUT
OBDI GPMHFOEFO 1BSBNFUFSO [V TDIBVFO�

��



� 4JHOBM� VOE %BUFOWFSBSCFJUVOH WPO.FTTFJOSJDIUVOHFO

r ;FJDIFO $PEJFSVOH [�#� �� Bit �"4$**�

r Baudrate

r Paritätsbit

r Stopbit

r Flow Control 	FOHM� EU� 'MVTTTUFVFSVOH


%JF%JHJUBMXBBHF TFOEFU JISFEJHJUBMFO4JHOBMFÛCFS FJOF34����4DIOJĨTUFMMF EJF �� Bit"4$**�FODPEJFSU
TJOE� 6N FJOFO LPOUJOVJFSMJDIFO %BUFOTUSPN [V FSIBMUFO VOE TPNJU LPOUJOVJFSMJDI [V XJFHFO XJSE
JO EFS &JOTUFMMVOH EFS 8BBHF tBVUPNBUJTDIFT 4FOEFOi FJOHFTUFMMU 	EBT (FXJDIU TPMM HFTFOEFU XFSEFO
BVDI XFOO EFS 8FSU OJDIU TUBCJM JTU
� %JF TFSJFMMFO ,POėHVSBUJPOTQBSBNFUFS EFS 8BBHF VOE EFT 1$�T
C[X� EFT WFSBSCFJUFOEFO 1SPHSBNNT XJF [�#� -BC7*&8 NÛTTFO JEFOUJTDI TFJO VN EFDPEJFSCBSF %BUFO
FNQGBOHFO [V LÕOOFO�%JFTF&JOTUFMMVOHFO TJOE ÛCFS EBT.FOÛEFS8BBHF WPS[VOFINFO� *O EFS5BCFMMF
� XFSEFO EJF WFSXFOEFUFO TFSJFMMFO ,POėHVSBUJPOTQBSBNFUFS EFS8BBHF ������/ EFT)FSTUFMMFST ,FSO
BVGHFMJTUFU 	,VS[TDISFJCXFJTF JO 	FOHM� TIPSUIBOE OPUBUJPO

�

Tabelle 7: 34���� ,POėHVSBUJPOTQBSBNFUFS EFS %JHJUBMXBBHF ,FSO ������ / JO TIPSUIBOE
OPUBUJPO ��/��

Baudrate JO T−1 1200
ByteMÅOHF JO Bit 8

Paritätsbit None (N)
Stopbit 1
Encoded "4$**

Flow-Control Software-Handshake

"ONFSLVOH� 'ÛS EJF 1SPHSBNNJFSVOH XVSEF FJOF %JHJUBMXBBHF EFT )FSTUFMMFST ,FSO EFT 5ZQT ������
/ HFXÅIMU� %BT 1SPHSBNN XJSE BVG BOEFSF (FSÅUF ÛCFSUSBHCBS TFJO� %JF FJO[JHF "OGPSEFSVOH JTU EBTT
EJF 34���� 1BSBNFUFS BVGFJOBOEFS BCHFTUJNNU XFSEFO�

��� 4FSJFMMF 4DIOJśTUFMMF JN #FUSJFCTTZTUFN ŅOEFO VOE %FCVHHFO

%JF GÛS EFO #FOVU[FS TJDIUCBSF #FOFOOVOH EFT 34���� 1PSUT VOUFSTDIFJEFU TJDI [XJTDIFO EFO#FUSJFCT�
TZTUFNFO� *N 7FSMBVG EFT 1SPKFLUT XVSEF NJU FJOFN 6OJY 	.BD #PPL 1SP
 VOE 8JOEPXT �� #FUSJFCT�
TZTUFN HFBSCFJUFU�

��



� 4JHOBM� VOE %BUFOWFSBSCFJUVOH WPO.FTTFJOSJDIUVOHFO

.JDSPTPŉ8JOEPXT #FJ EFS 7FSXFOEVOH FJOFT 8JOEPXT 1$�T XJSE EFS 1PSU EFS TFSJFMMFO 4DIOJĨ�
TUFMMF $PN 1PSU HFOBOOU VOE XJSE JN (FSÅUFNBOBHFS VOE JO 1SPHSBNNFO XJF [�#� JO -BC7*&8 COM
1-N BVGHFMJTUFU�

.BD6OJY #FJ EFS7FSXFOEVOH FJOFT."$04�6OJY JTU EJF TFSJFMMF 4DIOJĨTUFMMF JN5FSNJOBM EFT.BD
VOUFS EFW�ĨZ�� VOE EFW�DV�� [V ėOEFO VOE XJSE JO -BC7*&8 ASLR 1-N::INSTR HFOBOOU�

6NEJF SJDIUJHFO 1BSBNFUFS [V JEFOUJė[JFSFO PEFS PC HFOFSFMM 4JHOBMF VOEXFOO JOXFMDIFS 'PSN FNQ�
GBOHFO XFSEFO LBOO NJU FJOJHFO 5PPMT FSNJĨFMU XFSEFO�

5PPM [VS *EFOUJŅLBUJPO VOE %FCVHHFO TFSJFMMFS 4DIOJśTUFMMFO 6N IFSBVT[VėOEFO PC EJF
,POėHVSBUJPOTQBSBNFUFS TUJNNFO� FJO (FSÅU %BUFO TFOEFU XJF EBT %BUFOGPSNBU BVTTJFIU VOE PC EJF
%BUFO LPSSFLU ÛCFSNJĨFMU XFSEFO� LBOO NBO VOUFS 8JOEPXT EBT LPTUFOMPTF 5PPM OBNFOT I5FSN WFS�
XFOEFO�&JO FUXBTXFOJHFS LPNGPSUBCMFT KFEPDI WFSHMFJDICBSFT PQFO TPVSDF5PPM VOUFS.BDPEFS-JOVY
JTU $PPM5FSN�

��� ,POUJOVJFSMJDIF %BUFO WJB 34���� VOE -BC7*&8 WFSBSCFJUFO

%JF HSBėTDIF 1SPHSBNNJFSTQSBDIF ( NJU EFS &OUXJDLMVOHTVNHFCVOH -BC7*&8 JTU JO EFS -BHF %BUFO
WJB34����4DIOJĨTUFMMF [V BLRVJSJFSFOVOE [V JOUFSQSFUJFSFO�6NFJOF TFSJFMMF 4DIOJĨTUFMMF JO-BC7*&8
BVTMFTFO [V LÕOOFO XJSE EFS/*�7*4" 5SFJCFS CFOÕUJHU�

"ONFSLVOH� &T XFSEFO VOUFS."$04 FJOJHF 'VOLUJPOFO OJDIU VOUFSTUÛU[U XJF VOUFS BOEFSFN EFS -BC7*&81BLFUNB�
OBHFS VOE FJOJHF 1BLFUF XJF CTQX� %"2NY GÛS EFO.BD [V FSIBMUFO VOE [V JNQMFNFOUJFSFO IBU t1PUFOUJBMMi�

����� "OQBTTVOH EFS -BC7*&8�&JOTUFMMVOHFO

%BNJU 5FYUFJOHBCFO JO &JOHBCFGFOTUFSO 	$POUSPM 'FOTUFS
 NJU EFS #FUÅUJHVOH WPO &OUFS RVJĨJFSU XFS�
EFO JTU JO EFO -BC7*&8 &JOTUFMMVOHFO GPMHFOEFS )BLFO [V TFU[FO�

5PPMT � 0QUJPOT ��� � $BUFHPSZ � &OWJSPNFOU � &OE UFYU FOUSZ XJUI &OUFS LFZ <BLUJWJFSFO>

8FOOFJO TFSJFMMFS 1PSU HFÕĎOFUXJSE JTU FTXJDIUJH EBTTCFJ EFN#FFOEFOEFT1SPHSBNNTEFS TFSJFMMF
1PSU HFTDIMPTTFO XJSE� 8FOO EFS "CCSVDI #VĨPO 	FOHM� BCPSU CVĪPO
 WPO -BC7*&8 HFOVU[U XJSE
XJSE EFS 1PSU OJDIU HFTDIMPTTFO EBIFS TPMM EBT 7* OVS ÛCFS EFO 4UPQ #VĪPO EFT 'SPOUQBOFMT HFTDIMPTTFO
XFSEFO� 6N EFO "CPSU #VĪPO GÛS EBT HFSBEF WFSXFOEFUF 7* 	1SPHSBNN
 [V FOUGFSOFO HFIFO 4JF CJĨF
XJF GPMHU WPS�

��



� 4JHOBM� VOE %BUFOWFSBSCFJUVOH WPO.FTTFJOSJDIUVOHFO

'JMF � 7* QSPQFSUJFT � 8JOEPX "QQFSBODF � $VTUPNJ[F ��� � 4IPX "CPSU CVĨPO <EFBLUJWJFSFO>

����� 4FSJFMMF 4VC 7* QSPHSBNNJFSVOH

;V #FHJOO XJSE FJO 7* PEFS XJF BVDI OBDIGPMHFOE0CKFLU HFOBOOU QSPHSBNNJFSU 	JO -BC7*&8 BVG FOH�
MJTDI 'VODUJPO
� %JFTFT 7* XJSE JN GPMHF "CTDIOJĨ JO EBT )BVQU 7* BMT 4VC 7* NJU EFN /BNFO 4FSJBM
4VC 7* JOUFHSJFSU� ;V #FHJOO ÕĎOFU NBO FJO OFVFT MFFSFT 7*� %BT 4FSJBM 4VC 7* JN GPMHFOEFO 447* XJSE
GÛS EJF ,POėHVSBUJPO FJOFS TFSJFMMFO 4DIOJĨTUFMMF WFSXFOEFU� %JF WPO -BC7*&8 WFSXFOEFUFO 0CKFLUF
LÕOOFO 4JF EFO 5BCFMMFO � VOE � FOUOFINFO� *O EFO 5BCFMMFO � VOE � 	EJF TJDI FCFOGBMMT JN "OIBOH
CFėOEFO
 TJOE BMMF 0CKFLUF BVGHFMJTUFU EJF CFOÕUJHU XFSEFO VN EJF 7*�T [V QSPHSBNNJFSFO� *O EFO 5B�
CFMMFO � VOE � XJSE EBT #MPDLEJBHSBNN NJU #% EBT 'SPOU 1BOFM NJU '1 VOE EJF SFDIUF .BVTUBTUF NJU
S. BCHFLÛS[U� *O EFO GPMHFOEFO 1SPHSBNNJFSBCCJMEVOHFO TJOE EJF 'VOLUJPO XJF JO EFO 5BCFMMFO � VOE
� OVNNFSJFSU�

��



� 4JHOBM� VOE %BUFOWFSBSCFJUVOH WPO.FTTFJOSJDIUVOHFO

Tabelle 8: #FOÕUJHUF -BC7*&8 ,POėHVSBUJPOTGVOLUJPOFO 5FJM �

/S� 'VOLUJPO -PLBMJTBUJPO EFS 'VOLUJPO JO -BC7*&8
� 'PS -PPQ #%�'VODUJPOT�1SPHSBNNJOH�4USVDUVSFT
� $BTF 4USVDUVSFT #%�'VODUJPOT�1SPHSBNNJOH�4USVDUVSFT
� 'JSTU $BMM #%�'VODUJPOT�1SPHSBNNJOH�4ZODISPOJ[BUJPO
� $POėHVSF 1PSU #%�'VODUJPOT�*OTUSVNFOUT *�0�4FSJBM
� #ZUFT BU QPSU #%�'VODUJPOT�*OTUSVNFOUT *�0�4FSJBM
� 3FBE #%�'VODUJPOT�*OTUSVNFOUT *�0�4FSJBM
� 8SJUF #%�'VODUJPOT�*OTUSVNFOUT *�0�4FSJBM
� $MPTF #%�'VODUJPOT�*OTUSVNFOUT *�0�4FSJBM
� 'MVTI #VĎFS #%�'VODUJPOT�*OTUSVNFOUT *�0�4FSJBM
�� 4USJOH ,POTUBOUF #%�S. BVG 'VOLUJPOTFJOHBOH�$SFBUF $POTUBOU
�� /VNFSJTDIF $POTUBOUF #%�S. BVG 'VOLUJPOTFJOHBOH�$SFBUF $POTUBOU
�� 4USJOH *OEJDBUPS '1�.PEFSO�4USJOH � 1BUI
�� 7*4" SFTTPVSDF '1�.PEFSO�*�0
�� 4UPQ #VĨPO '1�#PPMFBO
�� 7* 0CKFDU *�0 %FėOJUJPO PCFSF SFDIUF &DLF EFT -BC7*&8 'FOTUFST
�� 4FSJBM 4VC 7* ESBH BOE ESPQ 	TJFIF "CCJMEJOH ��
�� $PODBUFOBUF 4USJOHT #%�'VODUJPOT�1SPHSBNNJOH�4USJOHT
�� *UFSBUJPOT[[ÅIMFS TJFIF "CCJMEVOH ��
�� 4IJě 3FHJTUFS TJFIF "CCJMEVOH ��

�� 8IJMF -PPQ
"CCSVDICFEJOHVOH TJFIF "CCJMEVOH ��

�� 4USJOH *OEJDBUPS�"O[FJHF '1�.PEFSO�4USJOH � 1BUI�4USJOH *OEJDBUPS PEFS
S. BVG %BUFORVFMMF�$SFBUF *OEJDBUPS

�� 4USJOH $POUSPM�&JOHBCF '1�.PEFSO�4USJOH � 1BUI�4USJOH *OEJDBUPS PEFS
S. BVG %BUFORVFMMF�$SFBUF $POUSPM

�� 4FBSDI�4QMJU 4USJOH #%�'VODUJPOT�1SPHSBNNJOH�4USJOH�"EEJUJPOBM 4USJOH 'VOD�
UJPOT

�� $BTF 4FMFLUPS TJFIF "CCJMEVOH ��
�� 4USJOH 4VCTFU #%�'VODUJPOT�1SPHSBNNJOH�4USJOH
�� &RVBM #%�'VODUJPO�1SPHSBNNJOH�$PNQBSJTPO
�� /PU #%�'VODUJPO�1SPHSBNNJOH�CPPMFBO
�� 3FHVMBS &YQSFTTJPO .BUDI #%�'VODUJPOT�1SPHSBNNJOH�4USJOH
�� -PDBM WBSJBCMF #%�'VODUJPOT�4USVDUVSFT

��



� 4JHOBM� VOE %BUFOWFSBSCFJUVOH WPO.FTTFJOSJDIUVOHFO

&STUFS 4DISJś� 4FSJFMMF 0CKFLUF /BDI EFN &STUFMMFO FJOFT OFVFO 7*�T GÛHU NBO BMMF 0CKFLUF FJO
EJF NBO GÛS EFO %BUFOUSBOTGFS NJU TFSJFMMFS 4DIOJĨTUFMMF CFOÕUJHU 	� � � JO 5BCFMMF �
 	TJFIF "CCJMEVOH
��
�

Abbildung 34: &JOGÛHFO BMMFS TFSJFMMFO 'VOLUJPOFO

;XFJUFS4DISJś�1PSU *OJUJBMJTJFSVOHT�VOE"CCSVDITLPOŅHVSBUJPO "OEFN0CKFLU Configure
Port TJOE ,POTUBOUFO NJU EFO ,POėHVSBUJPOTXFSUFO IJO[V[VGÛHFO� "O EFO 0CKFLUFJOHÅOHFO BVG EFS
MJOLFO4FJUF EFT0CKFLUT FSTUFMMUNBO,POTUBOUFO 	SFDIUF.BVTUBTUF� Create Constant 	��
 TJFIF"C�
CJMEVOH ��a
 EJF EJF TFSJFMMFO,POėHVSBUJPOTQBSBNFUFS FOUIBMUFO 	TJFIF5BCFMMF �
�6NEFO"OXFOEFS
EJFTFT 7*�T EFO HFTBNUFO ,PNCJOBUJPOTSBVN EFS 1BSBNFUFS [V 7FSGÛHVOH [V TUFMMFO JTU FT BVDI NÕH�
MJDI BOTUFMMF EFS ,POTUBOUFO Controls [V WFSXFOEFO� "OTDIMJF�FOE [JFIU NBO FJOF Case-Structur

	�B
 VN EBT Configure Port 	[[HM� ,POTUBOUFO
 TPXJF EBT Flush Buffer 	�
 0CKFLU VOE FJOF XFJ�
UFSF Case-Structur 	�C
 VN EBT Close Port0CKFLU� 8JSE EJF Case-Structure 	��
 NJĨFMT FJOFT
8BISIFJUTXFSUT 	CPPMFBO WBSJBCMF true� false
 HFUSJHHFSU XJSE TPNJU EFS 1PSU ,POėHVSJFSU VOE EFS
*�0 #VĎFS HFĚVTIFE� %JF Case Structure 	�C
 BVG EFS SFDIUFO 4FJUF XJSE NJĨFMT FJOFT Stop But-

tons BVG true HFTUFMMU VN EFO 1PSU NJĨFMT EFT Close 	�
 0CKFLUT [V TDIMJF�FO�

%FO 4UPQ #VĪPO 	��
 EJF 7*4" SFTTPVSDF OBNF 	��
 [VS "VTXBIM EFT 1PSUT VOE EFO 4USJOH *OEJDBUPS
	��
 	TJFIF 5BCFMMF � �� � ��
 GÛHU NBO [�#� ÛCFS EBT 'SPOU 1BOFM IJO[V VOE QPTJUJPOJFSU EJF EB[VHFIÕ�
SJHFO 0CKFLUF EJF BVUPNBUJTDI JN #MPDLEJBHSBNN FSTDIFJOFO BO EFS SJDIUJHFO 1PTJUJPOFO� %FS 4UPQ
#VĪPO XJSE NJU EFN $BTF 4FMFLUPS EFS [XFJUFO $BTF�4USVDUVSF 	�C
 WFSCVOEFO� 8JSE EBT 1SPHSBNN

��



� 4JHOBM� VOE %BUFOWFSBSCFJUVOH WPO.FTTFJOSJDIUVOHFO

EVSDI EJFTFO 4UPQ #VĪPO CFFOEFU XJSE TPNJU EFS 1PSU HFTDIMPTTFO� "VGHSVOE EFTTFO JTU FT XJDIUJH
EFO 7* "CCSVDI #VĨPO [V %FBLUJWJFSFO� 'JMF � 7* QSPQFSUJFT��� � 8JOEPX "QQFSBODF � $VTUPNJ[F
��� � <.BSLJFSVOH FOUGFSOFO> 4IPX "CPSU CVĪPO� &JO *OEJDBUPS [VN "O[FJHFO VOE [VN XFJUFSSFJDIFO
EFT EVSDI EBT 3FBE 0CKFLU 	�
 BVTHFMFTFOFO 4USJOHT XJSE BO EBT 3FBE 0CKFLU 	�
 BOHFTDIMPTTFO� %JF
FSTUF $BTF 4USVDUVSF 	�B
 XJSE EVSDI FJO 'JSTU $BMM 	�
 0CKFLU HFUSJHHFSU�

%SJśFS 4DISJś� / � � 'PS -PPQ 90/ ňPX DPOUSPM /VO [JFIU NBO FJO FJOF For Loop VN BMMF
0CKFLUF CJT BVG EJF VISA Resource VOE EBT Flush Buffer 0CKFLU� %JF For Loop XJSE JO EJFTFN
'BMM NJU EFS ,POTUBOUF � JOJUJBMJTJFSU 	TJFIF "CCJMEVOH ��b PCFO MJOLT
� /BDI EFN IJO[VGÛHFO WPO [XFJ
4DIJFCFSFHJTUFSO 	FOHM� 4IJĜ 3FHJTUFS
 TJOE BMMF 0CKFLUF XJF JO "CCJMEVOH ��b [V WFSESBIUFO� %VSDI EBT
)JO[VGÛHFO FJOFT Shift Registers BO FJOFN &OEF FJOFS For Loop PEFS While Loop XFSEFO BVUP�
NBUJTDI EJF Shift Register BVG EFS BOEFSFO 4FJUF EFT -PPQT HFOFSJFSU� "MMF 'VOLUJPOFONÛTTFO OVO
XJF JO"CCJMEVOH ��b WFSCVOEFOXFSEFO 	EJF CMBVF-FJUVOH [XJTDIFO Bytes at PortVOE Read Port

JTU FCFOGBMMT [V WFSCJOEFO
� %B EJF t7FSLBCFMVOHi JN true $BTF CFJEFS Case Structures WFSLBCFMU
TJOE NVTT TFMCJHFT OPDI JN false$BTF CFJEFS Case Structures 	�BC
 HFTDIFIFO 	TJFIF "CCJMEVOH
��a
� %BT Write 0CKFLU 	�
 JTU NJU EFS 4USJOH ,POTUBOUF 	��
 NJU EFN 8FSU 11 [V WFSLOÛQGFO� %JF
String Konstante 11 CFJOIBMUFU EBT "4$** ĚPX DPOUSPM 	TJFIF "CTDIOJĨ 34����
 4JHOBM 90/ VOE
TJHOBMJTJFSU EFS 8BBHF EBTT EFS 1$ CFSFJU JTU %BUFO [V FNQGBOHFO EB EJF 8BBHF BMT flow control

EFO 4PěXBSF�)BOETIBLF WFSXFOEFU� 5FDIOJTDI XJSE BO EJF 8BBHF EFS )FYBEF[JNBMF DIBSBDUFS �� HF�
TDIJDLU BMTP 0x11� 0x11 JTU EBT "4$** )FYBEF[JNBM[FJDIFO GÛS 90/� %JFTFT 0CKFLU JO EJFTFS 'PSN JTU
OVO BMMFJOTUFIFOE GÅIJH EFO TFSJFMMFO 1PSU [V LPOėHVSJFSFO EFS8BBHF EBT flow control 4JHOBM 90/
[V TFOEFO EJF #ZUFT BVT[VMFTFO VOE EBS[VTUFMMFO PEFS EFN)BVQU 7* [V ÛCFSHFCFO TPXJF EFO TFSJFMMFO
1PSU [V TDIMJF�FO XFOO EBT 1SPHSBNN ÛCFS EFO 4UPQ #VĨPO CFFOEFU XJSE�

7JFSUFS 4DISJś� 0QUJNJFSVOH %BT 1SPHSBNN JO "CCJMEVOH ��b VOE ��a LPOėHVSJFSU CFJ KFEFS
*UFSBUJPO EFO 1PSU VOE ÕĎOFU JIO� %BT ÕĎOFO FJOFT TFSJFMMFO 1PSUT EFS CFSFJUT HFÕĎOFU JTU LBOO [V 4UÕ�
SVOHFO GÛISFO EBIFS TPMMUF EJF,POėHVSBUJPO EFT 1PSUT ÛCFS EBT)BVQU�7* FSGPMHFO�%FS *�0�#VĎFS TPMM
BVDI OVS CFJ EFS FSTUFO *UFSBUJPO EFT )BVQUQSPHSBNNT HFMÕTDIU XFSEFO EFS XJSE FCFOGBMMT JOT )BVQU
7* WFSMBHFSU� *O "CCJMEVOH ��b JTU EBT 0CKFLU OBDI EFS 0QUJNJFSVOH BCHFCJMEFU� 6N EFO BVTHMFTFOFO
4USJOH OBDI "CTDIMVTT EFS *UFSBUJPO BO EBT )BVQU 7* ÛCFSHFCFO [V LÕOOFO XJSE EFS SFBE #VĎFS SFDIUT
BVT EFS 'PS -PPQ HFMFJUFU� %BT0CKFLU Configure Port IBU GÛS EFO *OQVUCVĎFS QFS EFGBVMU ���� Bytes

	"ONFSLVOH� 4PMMUF &JO *�0 #VĎFS PWFSĚPX P�Å� BVěSFUFO EBOO LÕOOUF EJF 1BVTF [XJTDIFO *UFSBUJP�
OFO [V MBOH TFJO
� .JU "CTDIMVTT EJFTFS 4DISJĨF JTU EBT 7* 0CKFLU FJOTBU[CFSFJU VOE LBOO JO NFISFSF
1SPHSBNNFO JNQMFNFOUJFSU XFSEFO� %BGÛS NÛTTFO JO EFS PCFSFO SFDIUFO &DLF EFT 'SPOUQBOFMT EJF

��



� 4JHOBM� VOE %BUFOWFSBSCFJUVOH WPO.FTTFJOSJDIUVOHFO

(a) &JOGÛHFO WPO 4UPQ #VĨPO *OEJDBUPST VOE 7*4" SFTPVSDF

(b) &JOGÛHFO WPO 'PS -PPQ VOE 4DIJFCFSFHJTUFS

Abbildung 35: &JOGÛHFO WPO 4UPQ #VĨPO *OEJDBUPST 7*4" SFTPVSDF 'PS -PPQT VOE 4DIJFCFSFHJTUFS
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� 4JHOBM� VOE %BUFOWFSBSCFJUVOH WPO.FTTFJOSJDIUVOHFO

(a) t7FSESBIUVOHi EFS false$BTFT

(b) 0QUJNJFSUFT 447*

Abbildung 36: t7FSESBIUVOHi EFS false$BTFT VOE 0QUJNJFSUFT 447*

��



� 4JHOBM� VOE %BUFOWFSBSCFJUVOH WPO.FTTFJOSJDIUVOHFO

&JO� VOE "VTHÅOHF EFT 7* GFTUHFMFHU XFSEFO 	TJFIF "CCJMEVOH �� /S� ��
� %B[V LMJDLU NBO BVG FJO 'FME
EFT *DPOT JO EFS PCFSFO SFDIUFO &DLF VOE BVG FJOF 'VOLUJPO EJF TJDI JN 'SPOUQBOFM CFėOEFU� *O EJFTFN
#FJTQJFM XVSEF EJF PCFSF SFDIUF &DLF EFT NJOJ *DPOT BOHFXÅIMU VOENJU FJOFN,MJDL BVG read buffer
EFN BVTHFMFTFOFO 4USJOH [VHFPSEOFU� %JF PCFSF MJOLF &DLF EFTNJOJ *DPOTXJSENJU 7*4" SFTPVSDF OBNF
VOE EJF &DLF VOUFO MJOLT NJU EFN Stop Button CFMFHU�

Abbildung 37: %FėOJUJPO EFS 7* 0CKFLU &JO� VOE "VTHÅOHF

����� ,POUJOVJFSMJDIF .FTTEBUFOFSGBTTVOH 34���� JN )BVQU 7*

%JF%BUFO EJFNBO WJB34���� FNQGÅOHUNÛTTFO JOUFSQSFUJFSU VOE JO FJOFS ��UYU%BUFJ HFMPHHFEXFSEFO�
%JF FNQGBOHFOFO %BUFO IÅOHFO WPO EFS WFSXFOEFUFO .FTTUFDIOJL BC� %BT 6OUFSTVDIVOHTPCKFLU JN
3BINFO EJFTFT "CTDIOJĨT JTU FJOF %JHJUBMXBBHF 	,&3/ ������/
� %BT %BUFOGPSNBU EJFTFS 8BBHF JTU
XJF GPMHU�

�� &T LÕOOFO CFMJFCJH WJFMF -FFS[FJDIFO [V #FHJOO EFT 4USJOHT WPSIBOEFO TFJO 	 ’\s’


�� &T LBOO EJF 7PS[FJDIFO + PEFS - FOUIBMUFO

�� &T LÕOOFO CFMJFCJH WJFMF ’\s’ GPMHFO

�� &T LÕOOFO CFMJFCJH WJFMF ;JĎFSO GPMHFO

�� &T XJSE FJO EF[JNBM 5SFOOVOHT[FJDIFO GPMHFO 	"4$** FODPEJFSU XÅSF FT EFS 1VOLU ’.’


�� &T LÕOOFO XJFEFS VOCFLBOOU WJFMF ;JĎFSO GPMHFO

�� &T LÕOOFO CFMJFCJH WJFMF ’\s’ GPMHFO

�� &T LBOO EJF .B�FJOIFJU ’g’ GPMHFO XFOO EFS .FTTXFSU TUBCJM JTU

��



� 4JHOBM� VOE %BUFOWFSBSCFJUVOH WPO.FTTFJOSJDIUVOHFO

�� &T LÕOOFO CFMJFCJH WJFMF ’\s’ GPMHFO

��� %BT ;FJMFOFOEF LBOO KF OBDI 4ZTUFN WBSJJFSFO� &T LBOO ’\r’ ’\n’ ’\r”\n’ PEFS ’\r\n’ TFJO

&STUFS 4DISJś� 1PSU ,POŅHVSBUJPO VOE 4USJOH WFSLFśFO�BO[FJHFO MBTTFO /BDI EFN &STUFM�
MFO FJOFT OFVFO MFFSFO 7*�T XJSE EBT 7* EFT WPSIFSJHFO "CTDIOJĨT QFS ESBH BOE ESPQ JO EBT MFFSF 7*
HF[PHFO� %B[V [JFIU NBO EBT 4ZNCPM �� EFT 447* 	TJFIF "CCJMEVOH ��
 JO EBT OFVF 7*� "MT OÅDITUFT
TFU[U NBO FJOF 8IJMF -PPQ VN EJFTFT 7* 0CKFLU VOE WFSLOÛQě FJOFO 4UPQ #VĨPO 	��
 NJU EFN 4UPQ
&JOHBOH EFT 447* TPXJF EFN "CCSVDILSJUFSJVN EFS 8IJMF -PPQ 	��
� "V�FSIBMC EFT -PPQT XJSE EJF
1PSULPOėHVSBUJPO 	TJFIF 5BCFMMF �
 VOE EBT 0CKFLU XFMDIFT EFO *�0 #VĎFS 	�
 MÕTDIU QMBU[JFSU� 6N
EJF %BUFO EFS 8BBHF JO 'PSN FJOFT 4USJOHT BVT EFN 447* BVT[VMFTFO XJSE EJF 'VOLUJPO [VN 7FSLFU�
UFO WPO 4USJOHT FOHM� $PODBUFOBUF 4USJOHT 	��
 JO EFO -PPQ QMBU[JFSU� .BO CFOÕUJHU 4DIJFCFSFHJTUFS 	FOHM�
4IJĜ 3FHJTUFS
 FSXFJUFSU EBT Concatenate Strings 	��
 0CKFLU BVG [XFJ &JOHÅOHF VOE WFSCJOEFU
EJF Shift RegisterNJU EFS$PODBUFOBUF 4USJOHT 	��
 'VOLUJPO 	MJOLT PCFSFS &JOHBOH EFT$PODBUFOBUF
4USJOHT 	��
 0CKFLUT
� %BNJU EBT Shift Register CFJ EFS FSTUFO *UFSBUJPO 	*OEFY � � EB -BC7*&8
XJF WJFMF BOEFSF 1SPHSBNNJFSTQSBDIFO � JOEFYJFSU BSCFJUFU
 MFFS JTU XJSE EBT MJOLF Shift Register

NJU FJOFS MFFSFO 4USJOH LPOTUBOUF HFMÕTDIU� *O"CCJMEVOH �� TJOE EJF CFTDISJFCFOFO'VOLUJPOFO BCHFCJM�
EFU� 6N [V TFIFO PC VOE XBT FNQGBOHFO VOE WFSLFĨFU XJSE GÛHFO XJS FJOFO String Indicator 	��

FJO� %B EFS /VU[FS EFT 1SPHSBNNT VISA Ressource VOE String Indicator TFIFO XJSE JTU FT FNQ�
GFIMFOTXFSU FT JN '1 JO FUXBT FJOEFVUJHFT VN[VCFOFOOFO� 6N FJOEFVUJH FSLFOOFO [V LÕOOFO XFMDIF
;FJDIFO FNQGBOHFO XFSEFO LBOO NBO JN 'SPOU 1BOFM QFS SFDIUT�LMJDL JO EBT FOUTQSFDIFOEF 'FOTUFS
EJF String Indicator "O[FJHF JO ’\’ VNTUFMMFO 	TJFIF "CCJMEVOH ��
�

Abbildung 38: #% )BVQU 7*� 447* *OUFHSBUJPO 1PSU ,POėHVSBUJPO 4USJOH BVTMFTFO VOE WFSLFĨFO

��



� 4JHOBM� VOE %BUFOWFSBSCFJUVOH WPO.FTTFJOSJDIUVOHFO

Abbildung 39: '1 )BVQU 7*� 447* *OUFHSBUJPO 1PSU ,POėHVSBUJPO 4USJOH BVTMFTFO VOE WFSLFĨFO

;XFJUFS 4DISJś� t4USJOH 4MJDJOHi %BT 7* WFSLFĨFU EFO 4USJOH CJT [VN #FFOEFO EFT 1SPHSBNNT�
6N FJOF FJO[JHF BCHFTDIMPTTFOF ;FJDIFOLFĨF 	WPO 4USJOH #FHJOO CJT ’\n’
 [V FSIBMUFO NÛTTFO XJS
EFO 4USJOH LÛS[FO 	FOHM� TMJDJOH
� %B[V XJSE FJOF Case Structure 	�D
 QSPHSBNNJFSU EJF EFO 4USJOH
WFSLFĨFU CJT EJF Search/Split String 	��
'VOLUJPO EBT WPOVOT HFTVDIUF;FJDIFO EBT"4$** 4UFV�
FS[FJDIFO ’\n’ MJFTU� &T LÕOOFO [XFJ ;VTUÅOEF WPSMJFHFO true VOE false�

"ONFSLVOH� #FJ EFS 'VOLUJPO Configure Port 	�
 JTU QFS EFGBVMU5FSNJOBUJPO $IBSBDUFS
BVG true HFTFU[U XBT EB[V GÛISU EBTT Read 	�
 EFT 447* CFJN EFDPEJFSFO EFS CZUFT EJF
TJDI JN *OQVU #VĎFS EFT 4FSJBM 1PSUT CFėOEFO CFJN EFDPEJFSFO EFT 4UFVFS[FJDIFOT ’\n’
EJF ;FJDIFOLFĨF UFSNJOJFSU VOE BMMF XFJUFSFO #ZUFT EJF TJDI JN *OQVU #VĎFS CFėOEFO JO
EFS OÅDITUFO *UFSBUJPO CJT NBYJNBM [V FJOFN ’\n’ HFMFTFO VOE EFDPEJFSU XFSEFO�

GBMTF %JF Search/Split String 'VOLUJPO TPMM OBDI FJOFN ’\n’ 4VDIFO� %FS PĎTFU PG NBUDI "VT�
HBOHEFS'VOLUJPO HJCU EFO *OEFYEFT.BUDIFT JN4USJOH BO�8FOOEJF Search/Split String'VOLUJPO
EBT [V TVDIFOEF ;FJDIFO 	JO EJFTFS 4JUVBUJPO ’\n’
 OJDIU ėOEFU HJCU PĎTFU PG NBUDI �� XJFEFS� %JFTF
*OGPSNBUJPO XJSE HFOVU[U VN EFO $BTF 4FMFLUPS BVG false [V TFU[FO�
8FOO EFS 4USJOH LFJO ’\n’ FOUIÅMU HJCU EJF 'VOLUJPO BMT offset of match EFO *OEFY �� [VSÛDL EFN�
OBDI JTU EBT CPPMTDIF 4JHOBM true BVT EFS Equal? 	��
 'VOLUJPO�%JFTFT 4JHOBM XJSENJU EFNCPPMTDIFO
0QFSBUPS Not 	��
 OFHJFSU� %FS Case Selector 	��
 JTU TPNJU BVG false HFTFU[U�

��



� 4JHOBM� VOE %BUFOWFSBSCFJUVOH WPO.FTTFJOSJDIUVOHFO

*TU EFS Case Selector 	��
 BVG false XJSE EFS %SBIU EFS EFO WFSLFĨFUFO 4USJOH 	 Shift Register

VOE SSVI
 FOUIÅMU JO EJF Case Structure 	�D
 HFMFJUFU VOE NJU EFN SFDIUFO Shift Register WFS�
CVOEFO�

"O EJFTFS 4UFMMF 	TJFIF "CCJMEVOH ��
 XJSE OVO FJOF 4JDIFSIFJU FJOHFCBVU� %FS 4USJOH TPMM FSTU JOUFS�
QSFUJFSU XFSEFO XFOO EJF -ÅOHF EFT 4USJOHT HSÕ�FS FJOFS 7PSHBCF JTU� %JF -ÅOHF FJOFS ;FJMF LBOO EFN
)BOECVDI EFT KFXFJMJHFO (FSÅUT FOUOPNNFO XFSEFO PEFS TJF XJSE EVSDI EBT NBOVFMMF %FCVHHJOH [�#�
I5FSN PEFS USJBM BOE FSSPS FSVJFSU�

Abbildung 40: 4MJDJOH #FEJOHVOH

USVF 8FOO EFS 4USJOH ’\n’ FOUIÅMU HJCU PĎTFU PG NBUDI EFN Search/Split String 	��
 0CKFLU
EFO *OEFY BO XP EBT ;FJDIFO 	JO EJFTFN 'BMM '\n'
 JN 4USJOH HFGVOEFO XVSEF� %FS JTU VOHMFJDI �� EFS
CPPMTDIF ;VTUBOE JTU TPNJU false VOE XJSE NJU EFS Not 	��
 'VOLUJPO XJFEFS JO FJO true VNHFXBO�
EFMU� %FS Case Structure Selector 	��
 JTU EBNJU BVG true HFTFU[U� /VO TPMM EFS 'PMHFJUFSBUJPO EFS
5FJM EFT 4USJOHT BC EFN HFTVDIUFO ;FJDIFO ÛCFSHFCFO XFSEFO� %BT LBOO NJUIJMGF EFT 0CKFLUT String

Subset FSSFJDIU XFSEFO JOEFN NBO EFO 3FTU EFT 4USJOHT EFT 0CKFLUT Search/Split String 	��

JN true$BTF EFN0CKFLU String Subset 	��
 ÛCFSHJCU� %BT 0CKFLU String Subset 	��
 XJSE EJF
,POTUBOUF � EFS 'VOLUJPO PĎTFU [VHFXJFTFO� %VSDI EJFTF ,POėHVSBUJPO EFS 'VOLUJPOFO XJSE EFS 3FTU
EFT 4USJOHT OBDI EFN HFTVDIUFO ;FJDIFO 	 ’\n’
 EFN Shift Register 	��
 ÛCFSHFCFO� *TU EFS 1$
VOE EBT 1SPHSBNN TDIOFMMFS BMT EJF FNQGBOHFOFO %BUFO EBOO JTU EFS ÛCFSHFCFOF 4USJOH MFFS�

��
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� 4JHOBM� VOE %BUFOWFSBSCFJUVOH WPO.FTTFJOSJDIUVOHFO

%SJśFS 4DISJś� t%BUFOJOUFSQSFUBUJPOi 4PCBME FJOF WPMMTUÅOEJHF ;FJDIFOLFĨF HFMFTFO XVSEF
NÛTTFO EJF %BUFO JO JISF #FTUBOEUFJMF [FSMFHU XFSEFO 	TJFIF "CCJMEVOH ��
� *O EFS Case Structu-

re 	�D
 XJSE JN true $BTF NJU EFN 0CKFLU Regular Expression Match 	��
 BVT EFN HFTBNUFO
WPSHFMFHUFO 4USJOH BMMF HFXÛOTDIUFO VOE QPUFOUJFMM WPSLPNNFOEFO "VTESÛDLF 	FOHM� FYQSFTTJPOT
 TFQB�
SBU FYUSBIJFSFO� *O EFS GPMHFOEFO -JTUF TJOE EJF "VTESÛDLF 	FOHM� 4VCNBUDIFT
 BVGHFMJTUFU EJF EFS 4USJOH
FOUIÅMU C[X� FOUIBMUFO LÕOOUF�

��



� 4JHOBM� VOE %BUFOWFSBSCFJUVOH WPO.FTTFJOSJDIUVOHFO

r &T LBOO FJO ’+’ PEFS ’-’ FOUIBMUFO

r #FMJFCJH WJFMF ’\s’ 	-FFS[FJDIFO


r #FMJFCJH WJFMF ;JĎFSO

r %F[JNBMUSFOO[FJDIFO 	VOUFS "4$** ’.’


r #FMJFCJH WJFMF ;JĎFSO

r #FMJFCJH WJFMF ’\s’

r &T LBOO FJO ’g’ FOUIBMUFO TFJO

r #FMJFCJH WJFMF ’\s’

*O EFS GPMHFOEFO -JTUF XFSEFO EJF WFSXFOEFUFO 3FHVMBS &YQSFTTJPO 0QFSBUPSFO FSLMÅSU�

r (Y) HFOFSJFSU FJO 4VCNBUDI EFT "VTESVDLT Y

r Y? EFS "VTESVDL Y LBOO OVMM PEFS FJONBM WPSLPNNFO

r Y* EFS "VTESVDL Y LBOO OVMM PEFS WJFMF NBMF WPSLPNNFO

r \d+ FT LÕOOFO CFMJFCJH WJFMF ;JĎFSO 	FOHM� EJHJUT
 WPSLPNNFO

r [���] FSTUFMMU FJOF ;FJDIFOLMBTTF EJF "OHBCF WPO [YZ[] CFEFVUFU FT LBOO Y Z PEFS [ WPSLPNNFO
◦ TPMMFO &MFNFOUF EFS ;FJDIFOLMBTTF NFISGBDI WPSLPNNFO EÛSGFO EBOO JTU [���] FJO + OBDI�

[VTUFMMFO EBSBVT GPMHU [YZ[]+

%FN0CKFLU3FHVMBS &YQSFTTJPO.BUDINÛTTFO XJS GPMHFOEFO "VTESVDL JO FJOFS 4USJOH ,POTUBOUFONJU�
UFJMFO EJF ESFJ 4VCNBUDIFT HFOFSJFSU�

\s*([\+-])?\s*(\d+\.\d+)\s*(g?)\s*

4VCNBUDI � 	<=��
 

4VCNBUDI � 	=E�=�=E�


4VCNBUDI � 	H 


��



� 4JHOBM� VOE %BUFOWFSBSCFJUVOH WPO.FTTFJOSJDIUVOHFO

/VO JTU FJOF 4USJOH[FJMF [V LPOTUSVJFSFO 	TJFIF "CCJMEVOH ��
� %BT ;JFM JTU FJOF ��UYU %BUFJ CFJ EFS EJF
4QBMUFO EVSDI EBT Tabulator 4UFVFS[FJDIFO 	 ’\t’
 	��
 HFUSFOOU XFSEFO� #FJN *NQPSU FJOFS NJU
EJFTFN1SPHSBNNHFOFSJFSUFO Tabulator-getrennt.txt�%BUFJ JO [�#� FJO5BCFMMFOLBMLVMBUJPOT�
QSPHSBNN XJF &YDFM JTU BMT 4QBMUFOUSFOO[FJDIFO 5BCVMBUPS BO[VHFCFO� 'ÛS EJF ,POTUSVLUJPO 	7FS�
LFĨVOH WPO 4USJOHT
 FJOFS ;FJMF WFSXFOEFU NBO EBT Concatenate 	��
 0CKFLU� &JO 4USJOH XJSE JO FJ�
OFS UFYUCBTJFSUFO 1SPHSBNNJFSTQSBDIF XJF 1ZUIPONJU "OGÛISVOHTTUSJDIFO 	 ”
 EFLMBSJFSU� %BT 0CKFLU
$PODBUFOBUF WFSLFĨFU 4USJOHT�

$PODBUFOBUF 	��
 CFXJSLU GPMHFOEFT� 	�JDI CJO� � �FJO 4USJOH� � �JDI CJO FJO 4USJOH�


-BC7*&8�T Read 	�
 0CKFLU MJFTU Bit�TFSJFMM WPN 1PSU WFSTFOEFU OBDI EFN -FTFO Byte TFSJFMM� &JOF
WPO EFS 8BBHF HFTFOEFUF ;FJMF LÕOOUF XJF GPMHU BVTTFIFO�

'\s''\+''\s''\s''\s''\s''12''\.''8''\s''g''\s''\r''\n'

#FJ EFN Configure Port0CKFLU 	�
 JTU QFS EFGBVMU5FSNJOBUJPO $IBSBDUFS BVG true HFTFU[U E�I� Read
	�
 MJFTU CJT [V FJOFN ’\n’� %FS 3FTU WFSCMFJCU GÛS EJF GPMHFOEFO *UFSBUJPOFO JN *OQVU #VĎFS� &JOF WPMM�
TUÅOEJH WPO Read 	�
 HFMFTFOF ;FJMF FSHJCU TPNJU GPMHFOEFO 4USJOH�

'\s\+\s\s\s\s12\.8\sg\s\r\n'

/VO TPMMFO EJF ESFJ QPUFOUJFMMFO #FTUBOEUFJMF 	 '+'  '12.8'  'g' 
 FYUSBIJFSU XFSEFO�%BT7PS[FJ�
DIFO VOE EFS $IBSBDUFS ’g’ LÕOOFO NÛTTFO BCFS OJDIU WPSLPNNFO� %JF ESFJ 4VCNBUDIFT TJOE TPNJU�

'+'  '12.8'  'g'

.JU EFO ESFJ &MFNFOUFO TPMM FJOF %BUBMPHHFS ;FJMF HFOFSJFSU XFSEFO� %JF ;FJMF TPMM XJF GPMHU BVGHFCBVU
TFJO�

Zeitstempel \t Messwert \t Einheit in g \t Versuchsbeobachtung \n

7JFSUFS 4DISJś� ;FJMFOLPOTUSVLUJPO %BT 1SPHSBNN XJSE ;FJMF GÛS ;FJMF EFO *OIBMU EFS JO EJF
5BCHFUSFOOUF�UYU %BUFJ HFTDISJFCFO XFSEFO TPMM WPSFSTU BMT 4USJOH WFSLFĨFO� %JFTFS 4USJOH XJSE OBDI
EFN4UPQQFOEFT1SPHSBNNT JOEJF ��UYU%BUFJ HFTDISJFCFO� 'ÛS EJF,POTUSVLUJPO FJOFS 4USJOH;FJMFXJSE
EBT $PODBUFOBUF 	��
 0CKFLU HFOVU[U 	TJFIF "CCJMEVOH ��
� &JOF %BUBMPHHFS[FJMF XJSE JO EJFTFS ,PO�
ėHVSBUJPO 	�� ��B �� ��C �� �� VOE ��B
 XJF JN WPSIFSJHFO "CTDIOJĨ HFGPSEFSU LPOTUSVJFSU� %JF
7FSTVDITCFPCBDIUVOHFO XFSEFO NJĨFMT $POUSPM 	��B
 EFN KFXFJMJHFO ;FJUTUFNQFM [VHFPSEOFU� /BDI

��



� 4JHOBM� VOE %BUFOWFSBSCFJUVOH WPO.FTTFJOSJDIUVOHFO

EFN 4DISFJCFO JO EJF ��UYU %BUFJ NVTT EJF $POUSPM 	��B
 NJU FJOFN MFFSFO 4USJOH HFMÕTDIU XFSEFO 	TJF�
IF "CTDIOJĨ ����� "CCJMEVOH ��
� %JF WFSLFĨFUF ;FJMF JTU FJOFN $POUSPM NJĨFMT FJOFS MPLBMFO 7BSJBCMF
EFN7BSJBCMFOTQFJDIFS � 	��B
 [V ÛCFSNJĨFMO�.JU EFS *OGPSNBUJPO EJF JN7BSJBCMFOTQFJDIFS � IJOUFSMFHU
XJSE JTU EBT LPOUJOVJFSMJDIF -PHHFO JO FJOF ��UYU NJU ’\t’ BMT EFMJNJUFS NÕHMJDI�

Abbildung 42: 4USJOH��;FJMFOLPOTUSVLUJPO

'ÛOŉFS 4DISJś� ;FJUTUFNQFMQSPHSBNNJFSVOH %FS ;FJUTUFNQFM 	FOHM� 5JNFTUBNQ
 LBOO EVSDI
EJF GPMHFOEFO [XFJ .FUIPEFO JNQMFNFOUJFSU XFSEFO� #FJ EFS FSTUFO .FUIPEF XJSE NJĨFMT EFT 0CKFLUT
'PSNBU %BUF�5JNF 4USJOH 	TJFIF "CCJMEVOH �� 	��
 VOE 	��C

 FJOF GSFJ GPSNBUJFSCBSF ;FJUSFJIF NÕH�
MJDI 	GÛS HFOBVFSF *OGPT TDIBVFO 4JF CJĨF JO <��>
�

6NBMT ;FJUTUFNQFM EJF WFSTUSJDIFOF;FJU JONT [V CFLPNNFO JTU EBT0CKFLUXJF JO EFS "CCJMEVOH �� [V
1SPHSBNNJFSFO 	751&MBQTFE5JNF4VC7*
 	��
�%VSDI EJFTF.FUIPEF JTU FTNÕHMJDI CFJ "LUJWJFSVOH
EJFTFT 7*AT FJOF 4UBSU[FJU [V FSNJĨFMO� %JF 4UBSU[FJU XJSE GÛS EFO)FBEFS VOE GÛS EFO 4UBSU EFT %BUBMPHT
OBDI #FUÅUJHVOH EFS 4UBSU Datalogging in Tabgetrennt.txt %BUFJ CFOÕUJHU� "VT EJFTFN (SVOE
TJOE [XFJ ,PQJFO EJFTFT 7*AT OÕUJH�

4FDITUFS4DISJś�7FSTVDITCFPCBDIUVOHFO &T JTU FJOF,PNNFOUBSGVOLUJPOHFXÛOTDIU�%BT,PN�
NFOUBS TPMM FJOHFHFCFOXFSEFOLÕOOFOVOEOBDIEFS#FTUÅUJHVOHEFS&JOHBCFNJU Enter TPMM EFS,PN�
NFOUBS [VN;FJUQVOLU EFS Enter CFUÅUJHVOH EFN KFXFJMJHFO;FJUTUFNQFM [VHFPSEOFUXFSEFO�%BGÛS JTU

��



� 4JHOBM� VOE %BUFOWFSBSCFJUVOH WPO.FTTFJOSJDIUVOHFO

Tabelle 9: #FOÕUJHUF -BC7*&8 ,POėHVSBUJPOTGVOLUJPOFO 5FJM �

/S� 'VOLUJPO -PLBMJTBUJPO EFS 'VOLUJPO JO -BC7*&8

�� -&% #%�S. BVG 0CKFLUBVTHBOH PEFS
%BUFOMFJUVOH�$SFBUF *OEJDBUPS

�� 'PSNBU %BUF�5JNF 4USJOH #%�'VODUJPOT�1SPHSBNNJOH�5JNJOH
�� 5BCVMBUPS #%�'VODUJPOT�1SPHSBNNJOH�4USJOH
�� -JOFGFFE�/FXMJOF #%�'VODUJPOT�1SPHSBNNJOH�4USJOH
�� XBJU 	NT
 #%�'VODUJPOT�1SPHSBNNJOH�5JNJOH
�� XBJU VOUJM OFYU NT NVMUJQMF #%�'VODUJPOT�1SPHSBNNJOH�5JNJOH
�� 5JDL $PVOU 	NT
 #%�'VODUJPOT�1SPHSBNNJOH�5JNJOH
�� #PPMFBO $POUSPM S.�$SFBUF $POUSPM
�� 8SJUF UP 5FYU #%�'VODUJPOT�1SPHSBNNJOH�'JMF *�0

�� 4FU 'JMF 1PTJUJPO #%�'VODUJPOT�1SPHSBNNJOH�
'JMF *�0�"EW 'JMF 'VOD

�� #VJME 1BUI #%�'VODUJPOT�1SPHSBNNJOH�'JMF *�0
�� $MPTF 'JMF #%�'VODUJPOT�1SPHSBNNJOH�'JMF *�0
�� 0QFO�$SFBUF�3FQMBDF 'JMF #%�'VODUJPOT�1SPHSBNNJOH�'JMF *�0
�� &MBQTFE 5JNF #%�'VODUJPOT�1SPHSBNNJOH�5JNJOH
�� 751 &MBQTFE 5JNF "CCJMEVOH ��
�� 4USJOH -FOHIU #%�'VODUJPOT�1SPHSBNNJOH�4USJOH
�� 0S #%�'VODUJPO�1SPHSBNNJOH�#PPMFBO
�� (SFBUFS #%�'VODUJPO�1SPHSBNNJOH�$PNQBSJTPO

��



� 4JHOBM� VOE %BUFOWFSBSCFJUVOH WPO.FTTFJOSJDIUVOHFO

(a) true (b) false

Abbildung 43: .FUIPEF � t751 &MBQTFE 5JNF JO NTi 4VC 7* 	��


EJF &JOTUFMMVOH HFNÅ� "CTDIOJĨ ����� WPS[VOFINFO� &JO $POUSPM0CKFLU 	��
 LBOO BMT 7BSJBCMFOTQFJ�
DIFS JOUFSQSFUJFSU XFSEFO� /BDI EFS ¾CFSHBCF FJOFT 8FSUFT BO EBT Control 0CKFLU EFT ,PNNFOUBS
NVTT EJFTF OBDI EFS "VTHBCF XJFEFS HFXJQFE XFSEFO� ;VN tMÕTDIFOi EFS MFU[UFO &JOHBCF JO Control

0CKFLUFO JTU EJFTF NJU FJOFS MFFSFO 4USJOHLPOTUBOUFO [V ÛCFSTDISFJCFO 	TJFIF "CCJMEVOH �� 
 ��B� %FS
1SPHSBNNBCMBVG XÅSF EBOO XJF GPMHU�

r 7FSTVDITCFPCBDIUVOH XJSE FJOHFHFCFO 	��B


r $BTF 4FMFLUPSXJSE HFUSJHHFSU EVSDI1SPHSBNNTUBSU PEFSXFOOEJF%BVFS GÛS FJO.FTTXFSUBVGOBI�
NFJOUFSWBMM WFSTUSJDIFO JTU

r TPCBME EFS %BUBMPHHFS $BTF 4FMFLUPS HFUSJHHFSU XJSE TDIBMUFU EJF Case Structure BVG true

r -ÕTDIFO EFS $POUSPM 7FSTVDITCFPCBDIUVOH EVSDI EJF MPLBMF 7BSJBCMF 	���


4JFCUFS4DISJś�%BUBMPHHFSQSPHSBNNJFSVOH %JF.FTTXFSUF TPMMFO JO FJOF TabulatorHFUSFOO�
UF ��UYU HFTDISJFCFO XFSEFO� "MT OÅDITUFT JTU FJO %BUBMPHHFS [V QSPHSBNNJFSFO 	TJFIF "CCJMEVOH ��
�
.JU EFO0CKFLUFO �� CJT �� LBOO FJO %BUBMPHHFS QSPHSBNNJFSU XFSEFO EFS KFEF While Loop *UFSBUJPO
EJF %BUFO JO FJO ��UYU TDISFJCU EJF FS JO EFS KFXFJMJHFO *UFSBUJPO ÛCFSHFCFO CFLPNNU� 8ÅISFOE FJOFS
*UFSBUJPO LBOO FS CFMJFCJH WJFMF ;FJMFO JO EJF ��UYU %BUFJ TDISFJCFO� *N true $BTF XJSE EFS 4USJOH BVT
7BSJBCMFOTQFJDIFS � JO EJF ��UYU %BUFJ HFTDISJFCFO EJF JO ��C WPS 1SPHSBNNBVTGÛISVOH [V CFOFOOFO JTU
	 test_aller_Funktionen_Beispiel.txt
�.JU EFN Elapsed Time0CKFLU 	��
 LBOO FJO Control

0CKFLU QSPHSBNNJFSU XFSEFO NJU EFN EBT 8FSUBVGOBINFJOUFSWBMM JO T FJOHFTUFMMU XFSEFO LBOO� %JFTF
XJSENJU EFS 'VOLUJPO Time Target 	T
 EFT Elapsed Time 	��
0CKFLUT WFSCVOEFO� ¾CFS EJFTF $PO�
USPM LBOONBO EBT.FTTXFSUBVGOBINFJOUFSWBMM WBSJFSFO BVDIXÅISFOE EFT 1SPHSBNNBCMBVGT� %FS5JNF
IBT &MBQTFE CPPMTDIF "VTHBOH JTU NJU FJOFN Or 	��
 [V WFSCJOEFO Case Selector� 8FOO EFS *UFSBUJ�
POT *OEFY � PEFS EJF BOHFHFCFOF ;FJU WFSTUSJDIFO JTU XJSE FJO.FTTXFSU HFMPHHFE C[X� BMMF ;FJMF JO EJF
��UYU %BUFJ HFTDISJFCFO EJF EFN 8SJUF UP 5FYU 'JMF 	��
 0CKFLU ÛCFSHFCFO XJSE� *N false$BTF TPMM OJY
QBTTJFSFO EBIFS XFSEFO EJF 5VOOFM 	JOTHFTBNU � Y �
 CFJEFS Case Structure 4FJUFONJU FJOBOEFS WFS�

��



� 4JHOBM� VOE %BUFOWFSBSCFJUVOH WPO.FTTFJOSJDIUVOHFO

CVOEFO� %FS 7BSJBCMFOTQFJDIFS � XJSE NJU FJOFN MFFSFO 4USJOH HFMÕTDIU 	FOHM� XJQFE VNHBOHTQSBDIMJDI
HFXJQFE
� %BNJU JTU EFS 7BSJBCMFOTQFJDIFS � CJT [VS OÅDITUFO &JOHBCF HFMFFSU�

Abbildung 44: %BUBMPHHFS

4JFCUFS 4DISJś FSHÅO[VOH HFNÅ� OFVTUFS "QQMJLBUJPOFO� (SBQI NJU [XFJ 1MPUT "ONFS�
LVOH� "VT [FJUMJDIFO (SÛOEFO XJSE BVG FJOF HFOBVF #F[FJDIOVOH WFS[JDIUFU� %JF *OJUJBMJTJFSVOH HFNÅ�
"CCJMEVOH �� JTU [V FSXFJUFSO EBNJU EFS%BUBMPH QFS,OPQGESVDL HFTDIFIFO LBOO�%JF DBTF TUSVDUVSFIBU
FJOF and #FEJOHVOH FSIBMUFO EBNJU EBT %BUBMPHHJOH QFS ,OPQGESVDL HFUSJHHFSU XJSE 	TJFIF "CCJMEVOH
��a
� *O "CCJMEVOH ��a VOE ��b JTU EBT VTP_ElapsedTime.vi [V FSLFOOFO� %BNJU CFLPNNU EFS%BUB�
MPHHFS FJOF 4UBSU[FJU� *O EFS "CCJMEVOH ��c JTU EJF &STUFMMVOH EFT (SBQIFO NJU [V FSLFOOFO� %FS (SBQI
JTU [VN 1MPĨFO EFS "SSBZT Volumenstrommesswerte_arr_input VOE Druckmesswerte_arr_input�
%JF "SSBZT XFSEFONJU EFS #VJME "SSBZ.FUIPEF QSP *UFSBUJPO FSXFJUFSU� %BNJU JN7FSMBVG EFS.FTTVOH
BVDI;BIMFO JN#MPDLEJBHSBNNFSLFOOCBS TJOEXVSEF KFXFJMT FJO Array Indicator EFN%SBIU IJO[V�
HFGÛHU VOE EJF "O[FJHF HFTQJFHFMU� %JF 4QJFHFM EJFOU EB[V EBTT EFS OFVTUF8FSU PCFO JN"SSBZ BOHF[FJHU
XJSE� %FS (SBQI CFLPNNU TFJOF ;FJUSFJIFOXFSUF WPN VTP_ElapsedTime2.vi 	TJFIF "CCJMEVOH ��a
�
%JF ;FJUSFJIFO VOE.FTTXFSU "SSBZTXFSEFONJĨFMT Cluster Bundle [VTBNNFOHFGÛISU� %JF FSTUFMMUFO
Cluster XFSEFO NJĨFM EFS Build Array Methode [VTBNNFOHFGÛISU VOE EFN (SBQI BMT %BUFOJOQVU
HFMJFGFSU� %BT (SBQI 7* LBOO BVT FJOFN#VJME 9:(SBQI FYUSBIJFSU XFSEFO 	%PQQFMLMJDL 4USH �& FUD�
�
'ÛS EFO false caseXFSEFO BMMF %SÅIUF NJU EFN [VHFIÕSJHFO shift register WFSCVOEFO�

��



� 4JHOBM� VOE %BUFOWFSBSCFJUVOH WPO.FTTFJOSJDIUVOHFO

(a) (SBQI�%BUBMPHHFSJOJUJBMJTFSVOH USVF (b) (SBQI�%BUBMPHHFSJOJUJBMJTFSVOH
GBMTF

(c) (SBQI GÛS [XFJ LPOUJOVJFSMJDIF 1BSBNFUFS

Abbildung 45: (SBQI GÛS [XFJ LPOUJOVJFSMJDIF 1BSBNFUFS

��



� 4JHOBM� VOE %BUFOWFSBSCFJUVOH WPO.FTTFJOSJDIUVOHFO

"DIUFS 4DISJś� %JTLSFUF %BUFO BN #FJTQJFM EFT %BUBMPH )FBEFST *O EFS "CCJMEVOH �� JTU
FYFNQMBSJTDI EJF FSTUF )FBEFS[FJMF 	B
 VOE EJF .FUIPEF 	C
 XJF NBO EJFTF NJĨFMT $PODBUFOBUF 	��

WFSLFĨFU BCHFCJMEFU�6NFJOF TDIOFMMF VOEFJOGBDIF;VTBNNFOTUFMMVOHEFS)FBEFSLPNQPOFOUFO TPXJF
EJF ¾CFSTJDIUMJDILFJU HFXÅISMFJTUFO [V LÕOOFO XJSE BVT KFEFN)FBEFSFJOUSBH FJO 4VC 7* FSTUFMMU 	TJFIF
"CCJMEVOH �� 	C

� %FS %BUBMPHHFS )FBEFS JTU TPNJU FJOGBDI [V NPEJė[JFSFO�

(a) &STUF )FBEFS ;FJMF (b) 7FSLFĨVOH EFS )FBEFSNPEVMF

Abbildung 46: .PEVMBSF )FBEFS 4VC 7*�T

/FVOUFS 4DISJś� "VTMBTUVOHTPQUJNJFSVOH 6N EJF PQUJNBMF 5BLUSBUF GÛS EBT 1SPHSBNN FNQJ�
SJTDI [V FSNJĨFMO LBOO NBO FJOF LED 	��
 [XJTDIFO EFO 0CKFLUFO Equal? 	��
 VOE Not 	��
 QMBU�
[JFSFO� /VO WBSJJFSU NBO EJF 5BLUSBUF EFS 8IJMF -PPQ EFT )BVQU 7*�T CJT EJF LED GÛS EJF 0QUJNJFSVOH
CMJOLU VN%BUFO +VTU JO 5JNF [V FSIBMUFO�.JU EFN0CKFLU wait (ms) 	��
 LBOONBO FJOF8BSUFEBVFS
WPS KFEFS *UFSBUJPO FJOTUFMMFO� .JU EFN 0CKFLU wait until next ms multiple 	��
 LBOO NBO FJOF
5BLU[FJU GÛS FJOFO *UFSBUJPO FJOQSPHSBNNJFSFO� %JF %BVFS EFS 1BVTF C[X� EJF 5BLUSBUF KFEFS *UFSBUJPO
TPMMUF HFSJOHFS TFJO BMT EJF %BVFS EJF CFOÕUJHU XJSE VN EJF %BUFO WPO EFN TFSJFMMFO 1PSU BVT[VMFTFO�
%BT #MJOLFO TJHOBMJTJFSU EBTT EFS 	3FBE #VĎFS
 EFS %BUFORVFMMF OJDIU ÛCFSGÛMMU 	FOHM� CVĎFS PWFSĚPX

XJSE� %BNJU JTU HFXÅISMFJTUFU EBTT GÛS EBT "VTGÛISFO EFT 1SPHSBNNT OVS TPWJFM 3FDIFOLBQB[JUÅU WFS�
XFOEFUXJSEXJF OÕUJH KFEPDI HFOVH EBNJU LFJOF%BUFO WFSMPSFO HFIFOPEFS FJOF5PU[FJU FOUTUFIU�
6N EJF 5BLUSBUF SFDIOFSJTDI [V FSNJĨFMO CFOÕUJHU NBO EJF [V FSXBSUFOEFO Bytes C[X� DIBSBDUFS QSP
;FJMF� %JF #BVESBUF 	#E
 HJCU BO XJF WJFMF;FJDIFO QSP 4FLVOEF WFSTFOEFU XFSEFO� *O WJFMFO GÅMMFOXJSE
GÛS �;FJDIFO � Bit CFOÕUJHU EBSBVT GPMHU EBTT EJF #BVESBUF JO EJFTFO 'ÅMMFO Bit QSP T CFEFVUFU�

6N FJO � Bit FODPEJFSUFT Byte [V WFSTFOEFO XFSEFO �XFJUFSF Bit BVG EFS%BUFOMFJUVOH WFSTFOEFU� *O

��



� 4JHOBM� VOE %BUFOWFSBSCFJUVOH WPO.FTTFJOSJDIUVOHFO

EFS 5BCFMMF �� TJOE EJF ,POėHVSBUJPOTNÕHMJDILFJUFO CFJ EFS/VU[VOH WPO � � PEFS � Bit&ODPEJFSVOH
VOE 34�����

Tabelle 10: 6 7 8 Bit�Encodierung WJB 34����

6 Bit 7 Bit 8 Bit
Startbit 1 1 1

Symbol-/Characterbit 6 7 8
Paritätsbit Odd/Even/Mark/Space none

Stoppbit 2 1 0
Baudrate in Bd EJWFSTF .ÕHMJDILFJUFO

Handshake Software/Hardware

%JF %BVFS [VN FNQGBOHFO FJOFS ;FJMF 	 ’+’ PEFS ’-’ � ĚPBUOVNCFS � QPUFOUJFMMT ’g’
 EJF � PEFS �
bit "4$** FODPEJFSU JTU VOE WJB 34���� 4DIOJĨTĨFMMF WFSTFOEFU XJSE  MÅTTU TJDI XJF GPMHU CFSFDIOFO
	"OOBINFO� #E � ���� Byte

T  �� Byte
;FJMF  �� Bit

Byte70
�

1#E = 1;FJDIFO/Bit QSP 4FLVOEF 	��


1 Byte = 10 Bit 	��


15 Byte = 1;FJMF 	��

1

1200

T
Bit

· 10 Bit
Byte

· 15 Byte
;FJMF

= 0, 125 T QSP ;FJMF 	��


≡ 125NT QSP ;FJMF 	��


����� /* %"2NY 1SPHSBNNJFSVOH BN #FJTQJFM EFS8JSCFMTDIJDIUBOMBHF

/FCFO (FSÅUFO EJF FJOFO JOUFHSJFSUFO BOBMPH EJHJUBM 8BOEMFS IBCFO HJCU FT 4FOTPSFO EJF MFEJHMJDI EBT
BOBMPHF 4JHOBM USBOTNJĨJFSFO� 'PMHMJDINVTT EBT BOBMPHF 4JHOBM JO FJO EJHJUBMFT 4JHOBM VNHFXBOEFMU XFS�
EFO� 'ÛS EFO 'BMM EBT 4FOTPSFO LFJOFO JOUFHSJFSUFO BOBMPH�EJHJUBM 8BOEMFS CFTJU[FO JTU FJOF .FTTLBSUF
[XJTDIFO 4FOTPS VOE 1$ [V JNQMFNFOUJFSFO 	TJFIF "CCJMEVOH ��
�

%JF /* .FTTLBSUF EFT 5ZQT 64#����� OFOOU TJDI JO -BC7*&8 %"2NY� *N GPMHFOEFO "CTDIOJĨ XJSE
EJF %"2 FJOFT 7PMVNFOTUSPNTFOTPST VOE FJOFT %SVDLTTFOTPST NJĨFMT 64#����� .FTTLBSUF WPO /B�
UJPOBM *OTUSVNFOUT FSMÅVUFSU� *O EFS "CCJMEVOH ��a JTU EJF *OJUJBMJTJFSVOHTTFRVFO[ BCHFCJMEFU VN BOB�
MPHF 4JHOBMF WPO [XFJ 4FOTPSFO [V BLRVJSJFSFO� &T JTU [V FSLFOOFO EBT [XFJ 7BSJBCMFO 	;FJUTUFNQFM��� �

��



� 4JHOBM� VOE %BUFOWFSBSCFJUVOH WPO.FTTFJOSJDIUVOHFO

7FSTVDITCFPCBDIUVOHFO
 NJĨFMT MPLBMFS 7BSJBCMF EVSDI FJOFN MFFSFO 4USJOH JOJUJBMJTJFSU XFSEFO� %JFTF
'PSN EFS *OJUJBMJTJFSVOH IBU FJOF -ÕTDIVOH EFS 8FSUF BVT EFS WPSIFSJHFO *UFSBUJPO [VS 'PMHF� %BSVO�
UFS JTU EJF *OJUJBMJTJFSVOH EFS %"2 "VGHBCF 	FOHM� UBTL
 HFGPMHU WPO EFS &STUFMMVOH WPO [XFJ WJSUVFMMFO
,BOÅMFO 	FOHM� DIBOOFM
 [V FSLFOOFO� %JF 3FJIFOGPMHF XVSEF [VGÅMMJH HFXÅIMU� &T JTU [V FSLFOOFO EBTT
EFS FSTUF channel EFO %SVDLTFOTPS BCGSBHU� 'ÛS EFO %SVDLTFOTPS JTU EFS .PEVT 0QFSBOEJ 	#FUSJFCT�

Abbildung 47: %"2 WPO .FTTFJOSJDIUVOHFO NJU BOBMPHFS 4DIOJĨTUFMMF

(a) %SVDL� VOE 7PMVNFOTUSPNTFOTPS *OJUJBMJTJFSVOH EFS 8JSCFMTDIJDIU

(b) %"2 SFBE PQUJPOT

Abbildung 48: %"2 1SPHSBNNJFSVOH *OJUJBMJTJFSVOH VOE SFBE�WJ

��



� 4JHOBM� VOE %BUFOWFSBSCFJUVOH WPO.FTTFJOSJDIUVOHFO

NPEVT
 TJOHMF FOEFE 	RSE
 BVT[VXÅIMFO� %JFNJOJNBMFO VOENBYJNBMFO 4JHOBM� C[X� 4QBOOVOHTXFSUF
FOUTQSFDIFO � VOE �� 7� %FS %SVDLTFOTPST JTU BO 4MPU ai1 BOHFLMFNNU� %BT %"2NY (FSÅU IBU JN
4ZTUFN EJF ,FOOVOH Dev1 FSIBMUFO EBSBVT GPMHU EBT EFS 4MPU Dev1/ai1 BVT[VXÅIMFO JTU� 'ÛS EFO 7PMV�
NFOTUSPNTFOTPS JTU BOBMPH WPS[VHFIFO� (FNÅ� EFS FMFLUSPUFDIOJTDIFO 7FSTDIBMUVOH 	TJFIF "CCJMEVOH
�� JN "CTDIOJĨ �����
 JTU EBT 4JHOBM EFT 7PMVNFOTUSPNTFOTPST OBDI EFN 4USPN��4QBOOVHOTXBOEMFS
EJĎFSFO[JFM 	EPVCMF FOEFE
 EBIFS JTU BMT .PEVT Differentiall BVT[VXÅIMFO� %JF 4JHOBMTQBOOF JTU
BOBMPH EFT %SVDLTFOTPST WPO � CJT �� 7� %FS %SBIU NJU EFO .FTTJHOBMFO VOE EFS &SSPSESBIU CFUSFUFO
EJF8IJMF�-PPQ WJB Shift Register� %BT "VTMFTFO XJSENJU EFN DAQmx Read.vi NJU EFO0QUJPOFO
HFNÅ� ��b EVSDIHFGÛISU�

"O EFS 4UFMMF NVTT EJF TFSJFMMF "CGSBHF 1SPHSBNNJFSU XFSEFO� *O EFS "CCJMEVOH ��a JTU [V FSLFOOFO
EBTT EFS GPS MPPQ UVOOFM 	JTU BN N [V FSLFOOFO
 FJO XFJ�FS ,BTUFO NJU PSBOHFO ,MBNNFSO JTU� %BT CF�
EFVUFU EBTT EJF GPS MPPQ CFUSFUFOEFO8FSUF JOEFYJFSU TJOE�8ÅISFOE FJOFSXIJMF MPPQ *UFSBUJPO FSGPMHFO
[XFJ GPS MPPQ *UFSBUJPOFO� ;VS &SJOOFSVOH XJSE BO EJFTFS 4UFMMF OPDINBM FSXÅIOU EBTT -BC7*&8 BMMFT
	"SSBZT 4DIMFJGFO FUD�
NJU EFN *OEFY OVMM JOJUJJFSU� 1SPXIJMF MPPQ *UFSBUJPOXFSEFO EJF8FSUF EJF JO EJF
GPS MPPQ FJOUSFUFO BMTP JNNFS NJU � VOE � JOEFYJFSU� %FS DBTF TUSVDUVSF TFMFDUPS NVTT NJU EFN equal?

7FSHMFJDITPQFSBUPS BCGSBHFO PC EFS 8FSU � PEFS � JTU� %BT 4JHOBM EFT %SVDLTFOTPST IBU EFO *OEFY �
EB FT EFS FSTUF DIBOOFM JTU EFS JOJUJBMJTJFSU XJSE 	WHM� "CCJMEVOH ��a
� "O EJFTFS 4UFMMF JTU OVO FJO (MFJ�
DIVOHTTZTUFN [V MÕTFO� %FS 4FOTPS IBU FJOF .FTTTQBOOF WPO �� CJT � CBS� %BT FMFLUSJTDIF 4JHOBM HFIU
WPO � CJT �� 7� (FNÅ� "CTDIOJĨ ����� JTU EJF "QQSPYJNBUJPO EVSDI FJOF (FSBEF IJOSFJDIFOE� %BSBVT
GPMHU EBTT GÛS EFO 'BMM EBTT EJF 4QBOOVOH BN %"2 (MFJDI � JTU GPMHFOEF (MFJDIVOH�

p = a · x+ b 	��


−1 CBS = a · 0 7 + b 	��


−1 CBS = b 	��


'ÛS EFO 'BMM EBTT EJF .FTTLBSUF �� 7 BO[FJHU HJMU JO ,PNCJOBUJPO NJU (MFJDIVOH ��

��



� 4JHOBM� VOE %BUFOWFSBSCFJUVOH WPO.FTTFJOSJDIUVOHFO

1 CBS = a · 10 7 − 1 CBS 	��


a =
1 CBS + 1 CBS

10 7
	��


a =
2 CBS
10 7

	��


p = 0, 2
CBS
7

− 1 bar 	��


%B FJO MJOFBSFS ;VTBNNFOIBOH CFTUFIU VOE EFS %SVDL SFMBUJW [VS "UNPTQIÅSF BOHFHFCFO XJS LBOO EFS
PĎTFU EVSDI EJF "EEJUJPO EFT BUNPTQIÅSJTDIFO %SVDLT 1 CBS FMJNJOJFSU XFSEFO� %FS .VMUJQMJLBUJPOT�
GBLUPS �� CBS

7 JTU TPNJU EFS HFTVDIUF 8FSU GÛS EJF 4JHOBMVNSFDIOVOH�

*O EFS "CCJMEVOH �� JTU EFS 7FSHMFJDI EFS "OBMPH� VOE %JHJUBMESVDLNFTTVOH BMT 'VOLUJPO EFT BOBMPH
HFNFTTFOFO%VSDIĚVTT [V FSLFOOFO� %FT8FJUFSFO XVSEF WPO CFJEFO.FTTXFSUSFJIFO FJOF MJOFBSF "Q�
QSPYJNBUJPOTGVOLUJPO FSTUFMMU� %FS %SVDLTFOTPS IBU [VN ;FJUQVOLU EJFTFS .FTTVOH JO EFS -BC7*&8
"QQMJLBUJPO 	BMT,POTUBOUF
 [XFJ TJHOJėLBOUF 4UFMMFO� &JOF8JFEFSIPMVOHEJFTFS.FTTVOHXJSE FNQGPI�
MFO EBIFS XJSE BVG FJOF "O[FJHF EFS "QQSPYJNBUJPOTGVOLUJPO [VS #FSFDIOVOH EFS (FSBEFO WFS[JDIUFU�
*O EFS -BC7*&8 "QQMJLBUJPO JTU GÛS EFO %SVDLTFOTPS EJF "O[BIM EFS TJHOJėLBOUFO /BDILPNNBTUFMMFO
BVG WJFS LPSSJHJFSU XPSEFO 	TJFIF "CCJMEVOH ��
�

*O FJOFN UIFSNJTDIFO.BTTFOEVSDIĚVTTTFOTPS JTU FJOF8IFBUTUPOFATDIF #SÛDLFOTDIBMUVOH BMT FMFLUSP�
UFDIOJTDIF ,PNQPOFOUF WFSCBVU� %BT FMFLUSJTDIF "VTHBOHTTJHOBM EFT 4FOTPST JTU EFNOBDI FCFOGBMMT MJ�
OFBS� 'ÛS EFO7PMVNFOTUSPNTFOTPS JTU GPMHMJDI BOBMPH WPS[VHFIFO�%FS 1BSBNFUFSa EFT7PMVNFOTUSPN�
TFOTPS JTU TPNJU 5 M/NJO

7  NJU b = 0 M
NJO �

*O EFS "CCJMEVOH �� JTU FJOF 7PMVNFOTUSPNNFTTVOH BOBMPH TPXJF EJHJUBM TPXJF EFS #FUSBH EFS BCTP�
MVUFO %JĎFSFO[ CFJEFS .FTTXFSUSFJIFO BMT 'VOLUJPO EFS .BOPNFUFSESVDLEJĎFSFO[ JO NN BCHFCJMEFU�
#FJ CFJEFO.FTTXFSUSFJIFO JTU FJO MJOFBSFS ;VTBNNFOIBOH [V FSLFOOFO� *O 'PMHF EFTTFOXVSEFO MJOFBSF
"QQSPYJNBUJPOTGVOLUJPOFO FSTUFMMU� %FT8FJUFSFO JTU [V FSLFOOFO EBTT CFJEF.FTTXFSUSFJIFO EJWFSHJF�
SFO�%JF HSÕ�UF "CXFJDIVOH IBU FJOFO#FUSBH WPO �� M

NJO %BEFS t8BISFi8FSU VOCFLBOOU JTU XJSE LFJOF
SFMBUJWF "CXFJDIVOH TPXJF 4UBOEBSEBCXFJDIVOH FSNJĨFMU�

#FJ EFS #FFOEJHVOH EFT 1SPHSBNNT NVTTU EFS %"2NY UBTL UFSNJOJFSU XFSEFO EBGÛS JTU EBT DAQmx

���



� 4JHOBM� VOE %BUFOWFSBSCFJUVOH WPO.FTTFJOSJDIUVOHFO

Abbildung 49: "OBMPH� %JHJUBMESVDLNFTTVOH BMT 'VOLUJPO EFS BOBMPHFO 7PMVNFOTUSPNNFTTXFSUF

Abbildung 50: "OBMPH��%JHJUBMWPMVNFOTUSPNNFTTVOH TPXJF BCTPMVUF "CXFJDIVOH JO M�NJO BMT
'VOLUJPO EFS .BOPNFUFSEJĎFSFO[ JO NN

Clear Task.vi BV�FSIBMCEFSXIJMF MPPQ [VQMBU[JFSFOVOENJUEFN4JHOBM TPXJF FSSPSschift register

[V WFSCJOEFO 	TJFIF "CCJMEVOH ��b
�

���



� 4JHOBM� VOE %BUFOWFSBSCFJUVOH WPO.FTTFJOSJDIUVOHFO

(a) %SVDL %"2 (b) $MFBS 5BTL

(c) 7PMVNFOTUSPN %"2

Abbildung 51: %"2 VOE JOUFSQSFUBUJPO CFJEFS LPOUJOVJFSMJDIFO 1BSBNUFS %SVDL VOE 7PMVNFO�
TUSPN

)BVQU 1SPHSBNN %BUBMPHHFSJOUJBMJTJFSVOH BN #FJTQJFM EFS 'JMUFSLVDIFOWFSTVDITBOMBHF
*N7FSMBVG EFT1SPKFLUT JTU EFS8VOTDI HFÅV�FSUXPSEFO EBTT EJF HFOFSJFSUFO1SPUPLPMMF VOWFSÅOEFSMJDI
	4DISFJCTDIVU[
 TFJO TPMMFO� %FS %BUFJEJBMPH 	TJFIF "CCJMEVOH �� JN "OIBOH
 XJSE WPS EFS 4DISFJC�
TDIVU[BCGSBHF QMBU[JFSU 	TJFIF "CCJMEVOH ��
 VOE JN 'BMMF FJOFS WFSTVDIUFO ¸ĎOVOH FJOFS %BUFJ NJU
4DISFJCTDIVU[FT JO EFS case structure 	No Error
 FOUGFSOU� *N Error case XFSEFO EJF 5VOOFM
CFJEFS 4FJUFO WFSCVOEFO 	TJFIF "CCJMEVOH ��
� "VG XFJUFSF &SMÅVUFSVOHFO XJSE JN 3BINFO EJFTFS "S�
CFJU WFS[JDIUFU

)BVQU 1SPHSBNN%BUBMPHHFSIFBEFS BN#FJTQJFM EFS 'JMUFSLVDIFOWFSTVDITBOMBHF "OEFS
"CCJMEVOH �� MÅTTU TJDI FSBIOFO EBTT EJF &STUFMMVOH EJTLSFUFS %BUFO JO -BC7*&8 FJOF UJFGHSFJGFOEF
7FSTDIBDIUMVOHFO NJĨFMT FJHFOT FSTUFMMUFS 4VC 7*AT CFOÕUJHU� "VG FJOF &SMÅVUFSVOHFO XJSE JN 3BINFO

���



� 4JHOBM� VOE %BUFOWFSBSCFJUVOH WPO.FTTFJOSJDIUVOHFO

Abbildung 52: %BUBMPHHFSJOJUJBMJTFSVOH

EJFTFS "SCFJU WFS[JDIUFU� &T JTU [V FSLFOOFO EBTT EFS WFSLFĨFUF 4USJOH BVT EFS while loop HFGÛISU XJSE�

*N 7FSMBVG EFT 1SPKFLUT XVSEF EFS 8VOTDI HFÅV�FSU FJOF XFJUFSF %BUFJ NJU TPHFOBOOUFO 5VCJEJNFUFS
%BUFO HFOFSJFSFO [V MBTTFO� "OBMPH EFT )FBEFST JTU FJOF WFSTDIBDIUFMUF 1SPHSBNNJFSVOH EFS 5VCJEJ�
NFUFS &JOHBCFO FSGPMHU� "VG FJOF &SMÅVUFSVOHFO XJSE JN 3BINFO EJFTFS "SCFJU WFS[JDIUFU� %JFTF %BUFO
XFSEFO XÅISFOE EFS 7FSTVDITEVSDIGÛISVOH OBDI EFS #FFOEJHVOH 	 Stop�#VĨPO JN 'SPOUQBOFM TJF�
IF "CCJMEVOH ��
 FJOFT .FTTVOHTEVSDIMBVGT FJOHFGÛHU� &T XFSEFO MBVU 1SBLUJLVNTBOXFJTVOH QSP 7FS�
TVDITUBH IJOUFSFJOBOEFS ESFJ .FTTVOHFO EVSDIHFGÛISU� %BT 4DISFJCFO JO EJF %BUFJ NJU EFO LPOUJOVJFS�
MJDIFO %BUFO VOE JO EJF %BUFJ NJU EFO 5VCJEJNFUFS %BUFO NVTT TJDI BO EFS 4UFMMF VOUFSTDIFJEFO� 'ÛS
EJF 5VCJEJNFUFSEBUFJ NVTT EJF HFTBNUF %BUFJ ¾CFSTDISJFCFO XFSEFO VOE OJDIU XJF JN 'BMM EFS LPOUJ�
OVJFSMJDIFO %BUFJ BN &OEF BOHFIÅOHU� Set File Position.vi FSIÅMU BO EJFTFS 4UFMMF EJF ,POTUBOUF
start 	TJFIF "CCJMEVOH ��
�

)BVQU1SPHSBNN&OETFRVFO[ 8JSEEBT)BVQUQSPHSBNNWJB Stop�#VĨPOCFFOEFU EBOOFSGPMHU
EJF &OETFRVFO[ HFNÅ� "CCJMEVOH ��� %JF %BUFO XFSEFO BO EJFTFS 4UFMMF JO EJF HFÕĎOFUF C[X� FSTUFMMUF
%BUFJ HFTDISJFCFO EJFTF %BUFJ HFTDIMPTTFO VOE NJU FJOFN 4DISFJCTDIVU[ WFSTFIFO�

���



� 4JHOBM� VOE %BUFOWFSBSCFJUVOH WPO.FTTFJOSJDIUVOHFO

Abbildung 53: 'JMUFSLVDIFOIFBEFS

Abbildung 54: &OETFRVFO[ EFT )BVQUQSPHSBNNT

��� 7FSXFOEVOH CFJEFS 1SPHSBNNF

%BNJU EJF ,PNNFOUBSGVOLUJPO XJF HFXÛOTDIU GVOLUJPOJFSU JTU WPS EFS 7FSXFOEVOH EFT 1SPHSBNNT
JO EFO -BC7*&8 &JOTUFMMVOHFO VOUFS &OWJSPONFOU End Text entry with Enter key FJO[VTUFMMFO
	TJFIF "CCJMEVOH ��
� *TU EJFTF 0QUJPO OJDIU FJOHFTUFMMU NVTT OBDI KFEFS #FUÅUJHVOH EFS Enter�5BTUF
EJF &JOHBCF FJO XFJUFSFT NBM NJĨFMT FJOFT .BVTLMJDLT BVG FJOFO TDIXBS[FO )BLFO EFS OFCFO EFN 7*
"VTGÛISFO 1GFJM 	PCFO MJOLT JN 'SPOU 1BOFM
 FSTDIFJOU RVJĨJFSU XFSEFO�
&T XVSEF FJOF Tab Control WFSXFOEFU VN WFSTDIJFEFOF3FHJTUFSGFOTUFS [V HFOFSJFSFO TJFIF GPMHFOEF
-JTUF�

���



� 4JHOBM� VOE %BUFOWFSBSCFJUVOH WPO.FTTFJOSJDIUVOHFO

Abbildung 55: &JOTUFMMVOH t&OE UFYU FOUSZ XJUI &OUFS LFZi

r 7FSTVDITFJOHBCFO

r 8ÅISFOE EFS .FTTVOH

r 5VCJEJNFUFS

r ,POėHVSBUJPO

r %FCVHHJOH

8JF EFS -JTUF 	.BSLJFSVOH
 VOE EFS "CCJMEVOH �� [V FOUOFINFO JTU TJOE EJF 5BCT ,POėHVSBUJPO VOE
%FCVHHJOH OJDIU TJDIUCBS� ;VN FSSFJDIFO EJFTFS 5BCT JTU EBT 'SPOUQBOFMNJU FJOFN1BTTXPSU [V FOUTQFS�
SFO 	[�#� EVSDI EJF #FUÅUJHVOH WPO Strg+E
 VOE HFNÅ� "CCJMEVOH �� JN "OIBOH GPSU[VGBISFO�

*O EFS"CCJMEVOH �� JTU EBT 'SPOUQBOFM GÛS EFO'JMUFSLVDIFOWFSTVDITUBOE BCHFCJMEFU�0CFO MJOLT JN#JME
JTU EBT 1SPHSBNNTUBSUJDPO ⇒ [V FSLFOOFO� 'ÛS EFO 8JSCFMTDIJDIUWFSTVDITTUBOE TJFIU EBT 'SPOUQBOFM
JEFOUJTDI BVT�

%JF 'SPOUQBOFM 5BCT GÛS EJF LPOUJOVJFSMJDIFO.FTTVOHFO TFIFO GÛS CFJEF 7FSTVDITTUÅOEF JEFOUJTDI BVT
	TJFIF "CCJMEVOH ��
� 6OUFS EFN1MPĨFS JTU MJOLT FJO &JOHBCFGFME GÛS 7FSTVDITCFPCBDIUFO [V FSLFOOFO�
%JF &JOHBCFO XFSEFO EFN ;FJUTUFNQFM [VN ;FJUQVOLU EFS EnterCFUÅUJHVOH BOHFIÅOHU� 3FDIUT WPO
EFN &JOHBCFGFME GÛS EJF 7FSTVDITCFPCBDIUVOHFO TJOE EJF "SSBZT BCHFCJMEFU EJF PCFO EFO BLUVFMMTUFO
.FTTXFSU BO[FJHFO� %BT 4DISFJCFO EFS LPOUJOVJFSMJDIFO %BUFO 	JO FJOFO 4USJOH
 FSGPMHU FSTU OBDI #F�
UÅUJHVOH EFT #VĨPOT Start Datalogging in Tabgetrennt.txt Datei� %JF &OETFRVFO[ JO EFS
EJF %BUFO EFS LPOUJOVJFSMJDIFO .FTTVOH TPXJF EJF EFS 5VCJEJNFUFSFJOHBCFO 	TJFIF "CCJMEVOH ��
 JO
EJF HFÕĎOFUF PEFS HFOFSJFSUFO%BUFJ HFTDISJFCFOXFSEFO FSGPMHU OBDI EFN#FUÅUJHFO EFT Stop�#VĨPOT
	TJFIF "CCJMEVOH ��
�
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� 4JHOBM� VOE %BUFOWFSBSCFJUVOH WPO.FTTFJOSJDIUVOHFO

Abbildung 56: 'JMUFSLVDIFO 'SPOUQBOFM� 7FSTVDITFJOHBCFO

*O EFS "CCJMEVOH ��a JTU FJO %BUBMPH FJOFT 8JSCFMTDIJDIUFTUEVSDIMBVGT [V FSLFOOFO� %JFTF .txt%BUFJ
XVSEF JO &YDFM *NQPSUJFSU� &T JTU [V FSLFOOFO EBTT EJFTF .FTTXFSUF WJFS TJHOJėLBOUF 4UFMMFO BVGXFJ�
TFO� &T LBOO WPSLPNNFO EBTT EJF BVUPNBUJTDIF %BUFOJNQPSUGVOLUJPO EBT 4QBMUFOUSFOO[FJDIFO OJDIU
FSLFOOU EBOO JTU HFNÅ� .JDPTPěT 1SPCMFNCFIVOHTIJOXFJT GPSU[VGBISFO 	TJFIF 5FJMBVTTDIOJĨ JO "C�
CJMEVOH ��b
� *N 'BMMF EFS 5VCJEJNFUFSEBUFJ JTU EJFT EFS 'BMM HFXFTFO EBIFS XJSE EFS *NQPSU OJDIU BV�
UPNBUJTDI FJOHFGÅSCU 	TJFIF "CCJMEVOH ��c
� %FT 8FJUFSFO JTU [V FSLFOOFO EBTT EJF &JOHBCFO LFJOF
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� 4JHOBM� VOE %BUFOWFSBSCFJUVOH WPO.FTTFJOSJDIUVOHFO

Abbildung 57: 5BC EFS LPOUJOVJFSMJDIFO .FTTVOH BN #FJTQJFM EFS 'JMUFSLVDIFOBQQMJLBUJPO

Abbildung 58: 'JMUFSLVDIFO 'SPOUQBOFM� 5BC EFS 5VCJEJNFUFSFJOHBCFO

3FTUSJLUJPOFO FOUIBMUFO 	JOU� �� �� ��� ĚPBU� ���� EJF ;JĎFS TUFIU GÛS EJF #ZUFMÅOHF
� "MMF &JOHBCFO
TJOE Strings EBTT CFEFVUFU FT JTU JN 5FYUGPSNBU� #FJ EFS 8FJUFSWFSBSCFJUVOH JTU FJOF 6NXBOEMVOH JO
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� 4JHOBM� VOE %BUFOWFSBSCFJUVOH WPO.FTTFJOSJDIUVOHFO

FJO JOU PEFS ĚPBU [V FSGPMHFO 	JO &YDFM Zelle formatieren..
�

���



� 4JHOBM� VOE %BUFOWFSBSCFJUVOH WPO.FTTFJOSJDIUVOHFO

(a) %BUBMPHJNQPSU EFS LPOUJOVJFSMJDIFO %BUFO JO &YDFM BN #FJTQJFM EFS 8JSCFM�
TDIJDIU %BUFO

(b) -FHBDZ *NQPSU HFNÅ�.JDSPTPě

(c) 5VCJEJNFUFS %BUBMPHJNQPSU JO &YDFM

Abbildung 59: %BUBMPHT VOE &YDFM USPVCMFTIPPUJOH
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� 4JHOBM� VOE %BUFOWFSBSCFJUVOH WPO.FTTFJOSJDIUVOHFO

����� 'B[JU

%JF JNQMFNFOUBUJPO FJOFT $MPVETFSWJDF 	)"8 $MPVE
 JTU JN 7FSMBVG EFT 1SPKFLUT OJDIU FSGPMHU� %JF
)"8 3JDIUMJOJFO TDIFJOFO FT EFS[FJU OJDIU [V HFTUBĨFO EBTT ,FOOVOHFO BO OJDIU IVNBOF &OUJUÅUFO
C[X� OJDIU OBUÛSMJDIF 1FSTPOFO WFSHFCFO XFSEFO� /JDIU IVNBOF &OUJUÅUFO LÕOOUFO EJF GPMHFOEFO TFJO�

r (FSÅUF

m ).*�T

m 4FOTPSFO

r "HHSFHBUF

r .BTDIJOFO

%JF *EFF EBTT KFEFS -BCPSBDDPVOU FJOF FJHFOF ,FOOVOH FSIÅMU XPEVSDI EJF -BCPSHFSÅUF XJF ).*�T
FJO $MPVEWFS[FJDIOJT BVG EFS )"8 $MPVE FSIBMUFO XÛSEFO JTU EFS[FJU OJDIU SFBMJTJFSCBS� %JF *EFF EBTT
OJDIU IVNBOF &OUJUÅUFO FJOF ,FOOVOH FSIBMUFO LÕOOFO TPMMUF JO IÕIFSFO *OTUBO[FO EFS )"8 EJTLV�
UJFSU XFSEFO EBNJU [VLÛOěJHF $MPVEMÕTVOHFO )"8 HMPCBM SFBMJTJFSU XFSEFO LÕOOFO� %JF )PDITDIVMF
TPMMUF EBT ;JFM IBCFO EJF 1SJWBUXJSUTDIBě BC[VCJMEFO� %BT OJDIU IVNBOF &OUJUÅUFO FJO FJHFOFT ,PNNV�
OJLBUJPOCTOFU[XFSL FSIBMUFO JTU CFSFJUT 4UBOE EFS 5FDIOJL 	TJFIF "CTDIOJĨ �����
�

&T JTU BO[VNFSLFO EBTT EJF Controls GÛS EJF EJTLSFUFO &JOHBCFO LFJOF &JOHBCFSFTUSJLUJPOFO CFTJU[FO
VOE BMMFT JN 5FYUGPSNBU HFTQFJDIFSU XJSE�

���



� 1SBLUJTDIF 5FJMVNTFU[VOH EFT ,PO[FQUT ��� BO BVTHFXÅIMUFO 7FSTVDITTUÅOEFO

� 1SBLUJTDIF 5FJMVNTFU[VOH EFT ,PO[FQUT ��� BO
BVTHFXÅIMUFO 7FSTVDITTUÅOEFO

(FNÅ�EFS"VGHBCFOTUFMMVOHXVSEF [V#FHJOOEFT1SPKFLUT FJOF"OBMZTF EVSDIHFGÛISU VNIFSBVT[VėO�
EFO XJF WJFMF 7FSTVDITTUÅOEF EJHJUBMF 4DIOJĨTUFMMFO CFTJU[FO� *O 'PMHF EFTTFO XVSEF EFS (SBE EFS %JHJ�
UBMJTJFSVOH EFėOJFSU 	4DIOJĨTUFMMFO WPSIBOEFO tFĎFLUJWFi 4DIOJĨTUFMMF� HFNÅ�5BCFMMF �
 VOE FSNJĨFMU
XJF IPDI EFS QSP[FOUVBMF "OUFJM EFS .75 7FSTVDITTUÅOEF JTU CFJ EFOFO CFSFJUT %BUFO BLRVJSJFSU XFS�
EFO LÕOOFO� 6OUFS BOEFSFN XBS FJO &SHFCOJT EFS "OBMZTF EBTT [XFJ 7FSTVDITTUÅOEF 	8JSCFMTDIJDIU
VOE 'JMUFSLVDIFO
 NJU EJHJUBMFS .FTTUFDIOJL C[X� 4FOTPSFO BVGHFSÛTUFU XFSEFO TPMMFO� *O EFO GPMHFO�
EFO "CTDIOJĨFO XJSE EJF QSBLUJTDIF .PEJėLBUJPO EFS 7FSTVDITTUÅOEF FSMÅVUFSU�

��� 'JMUFSLVDIFOWFSTVDITBOMBHF

*N 3BINFO EJFTFS "SCFJU XVSEF EJF 'JMUFSLVDIFOWFSTVDITBOMBHF 	TJFIF "CCJMEVOH ��a
 BVGHFSÛTUFU�
%BT 'MJF�TDIFNB EFS "OMBHF [V 1SPKFLUCFHJOO JTU EFS "CCJMEVOH ��b [V FOUOFINFO� #FJ EJFTFN 7FS�
TVDITTUBOEHJCU FT [XFJ"CTQFSSIÅIOF�%FS FSTUF"CTQFSSIBIO	)�
 WFSSJFHFMU EBT-FJUVOHTTZTUFNHFHFO
EJF 7BDVVNQVNQF 	"
 TPNJU LBOO FJO 6OUFSESVDL XÅISFOE 7FSTVDITWPSCFSFJUVOHFO PEFS VNCBVUFO
BVGHFCBVU XFSEFO� %BT .BOPNFUFS 	#
 JTU JO EFS 7BDVVNQVNQF JOUFHSJFSU� %FS [XFJUF "CTQFSSIBIO
	)�
 WFSSJFHFMU EFO 5SÛCFCFIÅMUFS 	+
 JOEFN FJO 3ÛISFS 	,
 EBT "VTTFEJNFOUJFSFO EFS 4VTQFOTJPO
VOUFSCJOEFU� 6OUFS EFN 5SÛCFCFIÅMUFSCFėOEFO TJDI ,VTUTUPēMFNNFO 	(
 VOE (VNNJSJOHF  VN EJF
'JMUFSOVUTDIFO 	*
 [V ėYJFSFO VOE BC[VEJDIUFO� %JF 'JMUFSOVUTDIFO XFSEFO NJU EFN 'JMUSBUBVĎBOHCF�
IÅMUFS 	%
 WFSCVOEFO XFMDIFS TJDI CFJ 7FSTVDITTUJMMTUBOE BVG FJOFS 4DIVU[QMBĨF 	&
 CFėOEFU VN EJF
%JHJUBMXBBHF 	'
 WPS FJOFS %BVFSMBTU [V CFXBISFO� %FT 8FJUFSFO TDIÛU[U EJF 4DIVU[QMBĨF EJF 8BBHF
CFJ 7FSTVDITVNCBVUFO� 7PS EFN 4UBSUFO FJOFT 7FSTVDITEVSDIMBVGT JTU EJF 4DIVU[QMBĨF 	&
 [V FOUGFS�
OFO VOE EFS 'JMUSBUBVĎBOHCFIÅMUFS 	%
 BVG EFS 8BBHF [V QPTJUJPOJFSFO� ;XJTDIFO EFS 7BDVVNQVNQF
	3JDIUVOH "
 VOE EFN 'JMUSBUBVĎBOHCFIÅMUFS 	%
 CFėOEFU TJDI FJO 1VĎFSCFIÅMUFS VN EFN 1VĎFSCF�
IÅMUFS WPS FJOFS QPUFOUJFMMFO 4VTQFOTJPOTLPOUBNJOBUJPO [V CFXBISFO� %JF 'JMUFSLVDIFOWFSTVDITBOMBHF
XJSE JN 3BINFO EFS 1SÅTFO[WFSBOTUBMUVOHFO JTPCBS CFUSJFCFO� %JF (MFJDIVOHFO [VS #FSFDIOVOH EFS
'JMUSBUJPOTBOMBHF TJOE EFN"CTDIOJĨ ����� [V FOUOFINFO�%JF MJOFBSJTJFSUF 'JMUSBUJPOTHMFJDIVOH BVG EFS
(SVOEMBHF EFS %BSDZ�(MFJDIVOH JTU OBDIGPMHFOE BVGHFGÛISU�

t

V (t)
=

η · α7 · κ
A2 · 2 ·∆pLPOTU,JSS

· V (t)

︸ ︷︷ ︸
a1

+
η · β

A ·∆pLPOTU,JSS︸ ︷︷ ︸
a0

	��
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� 1SBLUJTDIF 5FJMVNTFU[VOH EFT ,PO[FQUT ��� BO BVTHFXÅIMUFO 7FSTVDITTUÅOEFO

%JF [V CFTUJNNFOEFO 1BSBNFUFS TJOE EFS GPMHFOEFO "VĚJTUVOH [V FOUOFINFO�

r EJTLSFU

(a) 'JMUFSLVDIFOWFSTVDITTUBOE WPS EFO.PEJėLBUJPOFO

(b) 'MJF�TDIFNB JO 'PSN FJOFS TDIFNBUJTDIFO 4LJ[[F EFS 'JMUFSLVDIFOWFSTVDITBOMBHF WPS
EFO.PEJėLBUJPOFO <��>

Abbildung 60: 'JMUFSLVDIFOWFSTVDITBOMBHF OBDI EFO .PEJėLBUJPOFO
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� 1SBLUJTDIF 5FJMVNTFU[VOH EFT ,PO[FQUT ��� BO BVTHFXÅIMUFO 7FSTVDITTUÅOEFO

m B�

� EJF 7JTLPTJUÅU η

� EFS 'JMUFSNJĨFMXJEFSTUBOE β

� EJF 'JMUSBUJPOTĚÅDIFA

m B�

� EFS 'JMUFSLVDIFOXJEFSTUBOE α7

� EJF 1SPQPSUJPOBMJUÅUTLPOTUBOUF κ

� EJF 'JMUSBUJPOTĚÅDIFA

� EJF 7JTLPTJUÅU η

m EJF 'MVJEEJDIUF ρG

m EJF 'FTUTUPĎEJDIUF ρGT

r LPOUJOVJFSMJDI

m EFS JSSFWFSTJCMF %SVDLWFSMVTU∆pLPOTU,JSS

m EBT 7PMVNFO BMT 'VOLUJPO EFS ;FJU V (t) =
m'JMUSBU(t)

ρG

%BT 'JMUSBUJPOTWPMVNFO BMT 'VOLUJPO EFS ;FJU XJSE ÛCFS EJF [VTBNNFOHFTFU[UF FYUFOTJWF ;VTUBOET�
HSÕ�F m EFS 'JMUSBUNBTTFm'JMUSBU(t) m CFTUJNNU�

����� 4FOTPSBVTXBIM

*N#FUSJFCEFS'JMUFSLVDIFOWFSTVDITBOMBHF TJOEEJF1BSBNFUFS 7PMVNFOTUSPN V̇ VOE%SVDLp LPOUJOV�
JFSMJDI [V FSGBTTFO� %JF .BTTF EFT 'JMUSBUT XJSE WPO FJOFS -BCPSXBBHF EFT 6OUFSOFINFOT 4BSUPSJVT "(
EFT 5ZQT 1SBDUVN ������4 EFUFLUJFSU� %JF 8BBHF IBU FJOF 64# 4DIOJĨTUFMMF EJF NJU FJOFN 64# ,BCFM
FJOF34����4DIOJĨTUFMMF FNVMJFSU�%BGÛS TJOE HFNÅ�EFS#FEJFOVOHTBOXFJTVOHEFS8BBHF EJF&JOTUFM�
MVOH NJU EFO HFXÛOTDIUFO 4DIOJĨTUFMMFOQBSBNFUFSO WPS[VOFINFO� *N 3BINFO EJFTFS "SCFJU XFSEFO
EJF 4DIOJĨTUFMMFOQBSBNFUFS HFXÅIMU EJF JO EFS 5BCFMMF �� TDIXBS[ IJOUFSMFHU TJOE� %JF "VTXBIM EFS 1B�
SBNFUFS FSGPMHU XJMMLÛSMJDI� %JF ¾CFSUSBHVOHTHFTDIXJOEJHLFJU 	1200 Bd
 XVSEF IJOSFJDIFOE OJFESJH
HFXÅIMU�

&T IBCFO TJDI [XFJ%SVDLTFOTPSUFDIOPMPHJFO FUBCMJFSU EFS EFIOVOHTSFTJTUJWF%SVDLTFOTPS VOEEFS QJF�
[FSFTJTUJWF%SVDLTFOTPS� *N"OIBOH JTU FJOF7FSHMFJDITUBCFMMF 	TJFIF5BCFMMF ��
 EJF CFJEF 4FOTPSUZQFO
WFSTDIJFEFOFS)FSTUFMMFS VOE EFSFO 4QF[JėLBUJPOFO BVĚJTUFU� (FNÅ� EFS 5BCFMMF JTU [V FOUOFINFO EBTT

���



� 1SBLUJTDIF 5FJMVNTFU[VOH EFT ,PO[FQUT ��� BO BVTHFXÅIMUFO 7FSTVDITTUÅOEFO

QJF[PSFTJTUJWF 4FOTPSFO LMFJOFSF %FIOVOHFO HFOBVFS %SVDLEJĎFSFO[FO FSGBTTFO LÕOOFO� %JF [V FSXBS�
UFOEFO %SVDLEJĎFSFO[FO BN 7FSTVDITTUBOE TJOE HFSJOH EBIFS XJSE FJO QJF[PSFTJTUJWFS 3FMBUJWESVDL�
TFOTPS EFT 6OUFSOFINFOT #�# ĉFSNP�5FDIOJL (NC) EFT 5ZQT %353�"-���7�37� HFXÅIMU� %FS
4FOTPS JTU JN WFSGBISFOTUFDIOJTDIFN-BCPS FJO IÅVėH HFOVU[UFT.FTTJOTUSVNFOU VOE JTU JN7FSMBVG EJF�
TFS "SCFJU CFSFJUT WPSSÅUJH HFXFTFO EBIFS ėOEFU FJO ėOBO[JFMMFS "VGXBOETWFSHMFJDI JN 3BINFO EJFTFS
"SCFJU OJDIU TUBĨ� %JF .FTTTQBOOF EJFTFT 4FOTPST JTU WPO �� CJT � CBS� %JF 4QBOOF EFT BOBMPHFO "VT�
HBOHTTJHOBMT JTU WPO � CJT �� 7� %JF UFDIOJTDIFO %BUFO TJOE EFS 5BCFMMF �� JN "OIBOH [V FOUOFINFO�

Tabelle 11: 34���� 4DIOJĨTUFMMFOQBSBNFUFS EFS 1SBDUVN ������4 8BBHF

� Bit 7 Bit � Bit
Startbit � 1 �

Symbol-/Characterbit � 7 �
Paritätsbit 0EE�&WFO�.BSL�4QBDF OPOF

Stoppbit � 1 �
Baudrate 1200

���





� 1SBLUJTDIF 5FJMVNTFU[VOH EFT ,PO[FQUT ��� BO BVTHFXÅIMUFO 7FSTVDITTUÅOEFO

����� 'JMUFSLVDIFOWFSTVDITBOMBHF OBDI EFO.PEJŅLBUJPOFO

*O EFS "CCJMEVOH ��a JTU EJF HFTBNUF 'JMUFSLVDIFOWFSTVDITBOMBHF OBDI EFN "VGSÛTUFO NJU EJHJUBMFS
4FOTPSJL [V FSLFOOFO� %JF (SBėL EFT 4DIMBVDIMFJUVOHT� VOE (FSÅUFĚJF�TDIFNBT JTU EFS "CCJMEVOH ��b
[V FOUOFINFO� %FS 7FSTVDITBVčBV XVSEF VN FJOF 4QBOOVOHTRVFMMF 	/
 GÛS EFO %SVDLTFOTPS 	.

FJOFO %SVDLTFOTPS 	.
 TPXJF FJO )VNBO�.BDIJOF�*OUFSGBDF 	).* 0
 FSXFJUFSU� "MT ).* EJFOU FJO
%FTLUPQ 1$� %BT .BOPNFUFS [VS %SVDLNFTTVOH CJMEFU NJU EFS 7BDVVNQVNQF 	#
 FJOF &JOIFJU�

����� 8PSLňPX EFS 'JMUFSLVDIFOWFSTVDITBOMBHFO

*O EJFTFN "CTDIOJĨ XJSE EFS OFVF 8PSLĚPX CFTDISJFCFO� %JF %BUBMPHT XFSEFO EFS[FJU JO EFN %BUB�
MPHPSEOFS BVG EFN %FTLUPQ HFTQFJDIFSU� %FS 5BCFMMF �� TJOE EJF #F[FJDIOVOHFO EFS ,PNQPOFOUFO [V
FOUOFINFO�

�� 4UBSUFO EFT ).*

r *OCFUSJFCOBINF EFS 4QBOOVOHTRVFMMF

J )BVQUTDIBMUFS BVG EFS 3ÛDLTFJUF CFUÅUJHFO

JJ 4QBOOVOHTIÕIF [XJTDIFO �� VOE �� 7 FJOTUFMMFO

JJJ 0O�CVĨPO BVG EFS 7PSEFSTFJUF CFUÅUJHFO ⇒ 4QBOOVOH TUFMMU TJDI BVG EFO HFXÅIMFO
#FUSBH FJO

r 8BBHFOTJHOBMMFJUVOH JTU NJU EFS 34���� 4DIOJĨTUFMMF EFT ).* 5PXFST [V WFSCJOEFO�

r %"2 JTU NJU FJOFN CFMJFCJHFO 64# 4MPU EFT ).* 5PXFST [V WFSCJOEFO

r 4UBSUFO EFS -BC7*&8 "QQMJLBUJPO Filterkuchenversuch_V01DL.vi

r %BUFJOBNFO FJOHFCFO� ',@GruppenID.txt

� %FS %BUFJOBNF LBOO ÛCFS EFO 7FSTVDITUBH JEFOUJTDI CMFJCFO EJF %BUFO XFSEFO BO
EBT %BUFJFOEF BOHFIÅOHU�

r 5VCJEJNFUFSEBUFJOBNFO FJOHFCFO� ',@5VCJ@GruppenID.txt

� %FS %BUFJOBNF LBOO ÛCFS EFO 7FSTVDITUBH JEFOUJTDI CMFJCFO EJF %BUFO XFSEFO QSP
7FSTVDITJUFSBUJPO ÛCFSTDISJFCFO�

r 7FSTVDITFJOHBCFO UÅUJHFO

r XFOO BMMF 7PSCFSFJUVOH EFS 'JMUSBUJPOTFJOSJDIUVOH BCHFTDIMPTTFO TJOE EBOO

* 4UBSU EFT 1SPHSBNNT� %BT⇒ *DPO PCFO MJOLT

���



� 1SBLUJTDIF 5FJMVNTFU[VOH EFT ,PO[FQUT ��� BO BVTHFXÅIMUFO 7FSTVDITTUÅOEFO

** ÕĎOFO EFT "CTQFSSIBIOT )�

*** XFOO .FTTVOH BCHFTDIMPTTFO EBOO

m 4UPQ CFUÅUJHFO

� 'JMUSBUNFOHF CFTUJNNFO

� 'JMUFSLVDIFOEJDLF CFTUJNNFO

� EJF USPDLFOF 'JMUFSLVDIFONBTTF CFTUJNNFO

m 5VCJEJNFUFS FJOHBCFO UÅUJHFO

m XFOO BCHFTDIMPTTFO TUBSUFO EFS OÅDITUFO *UFSBUJPO CFJ *

*7 /BDI EFS MFU[UFO 5VCJEJNFUFSFJOHBCF JTU EBT 1SPHSBNN OPDINBMT [V TUBSUFO VOE
EFS 4UPQ�CVĨPO [V CFUÅUJHFO EBNJU EJF BLUVFMMTUFO 5VCJEJNFUFSEBUFO JO EFS
',@5VCJ@GruppenID.txt HFTQFJDIFSU XFSEFO�

�� 7PSCFSFJUVOH EFS 'JMUSBUJPOTFJOSJDIUVOH

B "CTQFSSIBIO )� TDIMJF�FO

C 'JMUSBUJPOTBOMBHF FWBLVJFSFO EB[V JTU EJF NBOVFMM 5BTUF EFT 7BLVVNDPOUSPMMFST [V CFUÅUJ�
HFO� #FJ FSSFJDIFO EFT 4PMMESVDLT XJSE EFS JTPCBSF ;VTUBOE EFS "OMBHF FSIBMUFO�

D (FSFJOJHUF 'JMUFSOVUTDIF 	*
 JO EFS ,VOTUTUPēMFNNWPSSJDIUVOH 	(
 ėYJFSFO�

E &T JTU EBSBVG [V BDIUFO EBTT EFS .FUBMMTUFH EFS /VUTDIFOIBMUFSVOH OBDI WPSO [FJHU

F "CTQFSSIBIO )� TDIMJF�FO 	)FCFMTUFMMVOH� XBBHFSFDIU
�

G 4DIMÅVDIF TBDIHFNÅ� NPOUJFSFO�

H 4DIVU[QMBĨF EFS 8BBHF FOUGFSOFO VOE EBSBVĖJO FJOTDIBMUFO�

I &JOGÛMMFO EFS 4VTQFOTJPO VOE *OCFUSJFCOBINF EFT 3ÛISFST�

J ¸ĎOFO EFT %SFJXFHFIBIOT )�

K 8FOO BMMF 7PSCFSFJUVOHFO BCHFTDIMPTTFO TJOE VOE EJF BOHF[FJHUF .BTTF ,POTUBOU JTU JTU
EJF 8BBHF [V UBSJFSFO�

���



� 1SBLUJTDIF 5FJMVNTFU[VOH EFT ,PO[FQUT ��� BO BVTHFXÅIMUFO 7FSTVDITTUÅOEFO

(a) 'JMUFSLVDIFOWFSTVDITBOMBHF OBDI EFO.PEJėLBUJPOFO

(b) 'MJF�TDIFNB JO 'PSN FJOFS TDIFNBUJTDIFO 4LJ[[F EFS 'JMUFSLVDIFOWFS�
TVDITBOMBHF OBDI EFO.PEJėLBUJPOFO <��>

Abbildung 62: 'JMUFSLVDIFOWFSTVDITBOMBHF OBDI EFN "VGSÛTUFO NJU EJHJUBMFS 4FOTPSJL
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� 1SBLUJTDIF 5FJMVNTFU[VOH EFT ,PO[FQUT ��� BO BVTHFXÅIMUFO 7FSTVDITTUÅOEFO

Tabelle 12: #F[FJDIOVOHFO EFS 'JMUFSLVDIFOWFSTVDITBOMBHF

" 7FSCJOEVOH [VS 7BDVVNQVNQF )� "CTQFSSIBIO
# 7BDVVNNBOPNFUFS * 'JMUFSOVUTDIF
$ 3F[JQJFOU VOE8BTTFSBCTDIFJEFS + 5SÛCFCFIÅMUFS
% 'JMUSBUBVĻBOHCFIÅMUFS , 3ÛISFS
& 4DIVU[QMBśF GÛS 8BBHF - 1VĻFSCFIÅMUFS
' 8BBHF NJU EJHJUBMFS 4DIOJśTUMFMMF . %SVDLTFOTPS
( ,VOTUTUPŀMFNNWPSSJDIUVOH / 4QBOOVOHTRVFMMF

m (VNNJEJDIUVOH 0 ).* 	)VNBO�.BDIJOF�*OUFSGBDF

)� %SFJXFHFIBIO

��� 8JSCFMTDIJDIUWFSTVDITBOMBHF

%BT WFSGBISFOTUFDIOJTDIF -BCPS EFS)"8�)BNCVSH -JGF 4DJFODFT CFTJU[U FJOF8JSCFMTDIJDIUWFSTVDIT�
BOMBHF JN -BCPSNB�TUBC 	TJFIF "CCJMEVOH ��a
� *O EFS "CCJMEVOH ��b JTU FJOF 7FSTVDITTLJ[[F EFT 7FS�
TVDITTUBOET EBSHFTUFMMU� %FS HFTBNUFO "OMBHF JTU FJO %SVDLNJOEFSFS WPSHFTDIBMUFU 	"
� 6N EFO 7PMV�
NFOTUSPN [V 4UFVFSO CFėOEFU TJDI OBDI EFN %SVDLNJOEFSFS FJO )BOEWFOUJM 	#
� ;VS %FUFLUJPO EFT
7PMVNFOTUSPNT TJOE [XFJ 4DIXFCFLÕSQFSEVSDIĚVTTNFTTFS 	4,%.
 	$
 JO SFJIF OBDIHFTDIBMUFU VN
FJOFO7PMVNFOTUSPNWPOCJT [V �� M�NJO.FTTFO [V LÕOOFO�.JU EFN4,%.BVG EFS SFDIUFO 4FJUF LBOO
EFS.FTTCFSFJDI WPO WPO ���� CJT � M�NJO HFNFTTFO XFSEFO�.JU EFN 4,%.BVG EFS MJOLFO 4FJUF TJOE
7PMVNFOTUSÕNF ��� CJT �� M�NJONFTTCBS� 7PS EFN"OTUSÕNCPEFONVTT FJO%SVDL HFNFTTFOXFSEFO
EBGÛS CFėOEFU TJDI BN #PEFO EFT 'MVJEJTJFSBQQBSBUT 	&
 FJO LMFJOFS 'MBOTDI NJU EFN EFS %SVDL SFMBUJW
[VS 6NHFCVOH NJĨFMT 6�3PIS .BOPNFUFS 	%
 HFNFTTFO XFSEFO LBOO� %FS 'MVJEJTJFSBQQBSBU CFTUFIU
BVT FJOFS 1MFYJHMBTTÅVMF VOE EFN #PEFO JO EFN FJO (FXFCFėMUFS FJOHFTQBOOU JTU� %B 1BSUJLFM NJU EFN
7PMVNFOTUSPN BVTHFUSBHFO XFSEFO LÕOOFO CFėOEFU TJDI ÛCFS EFN 'MVJEJTJFSBQQBSBU FJOF "CTBVHVOH
	'
�
#FJ EJFTFN 7FSTVDI TJOE JN 7FSMBVG EFS 7FSTVDITEVSDIGÛISVOH EJF GPMHFOEFO 1BSBNFUFS [V FSGBTTFO�

r EJTLSFU

m 'FTUCFĨCFĨIÕIF hGC

m 'FTUCFĨQPSÕTJUÅU εGC

m 4DIÛĨHVUNBTTFm4DIÛUUHVU

m 1BSUJLFMEJDIUF ρGT

m 4BVUFSEVSDINFTTFS

r LPOUJOVJFSMJDI

���



� 1SBLUJTDIF 5FJMVNTFU[VOH EFT ,PO[FQUT ��� BO BVTHFXÅIMUFO 7FSTVDITTUÅOEFO

m V̇-VGU

m ∆p(t)

r LPOUJOVJFSMJDI�EJTLSFU

m 8JSCFMTDIJDIUIÕIF hXT = f(p)

m 8JSCFMTDIJDIUQPSÕTJUÅU εXT = f(p)

���



� 1SBLUJTDIF 5FJMVNTFU[VOH EFT ,PO[FQUT ��� BO BVTHFXÅIMUFO 7FSTVDITTUÅOEFO

(a) 8JSCFMTDIJDIUWFSTVDITBOMBHF WPS EFO.PEJėLBUJPOFO

(b) 4DIFNBUJTDIF 4LJ[[F EFT 8JSCFMTDIJDIUWFSTVDIT WPS EFO.PEJėLBUJPOFO

Abbildung 63: 8JSCFMTDIJDIUWFSTVDITBOMBHF EFS )"8)BNCVSH EFS 'BLVMUÅU -JGF 4DJFODFT WPS EFO
.PEJėLUBUJPOFO
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� 1SBLUJTDIF 5FJMVNTFU[VOH EFT ,PO[FQUT ��� BO BVTHFXÅIMUFO 7FSTVDITTUÅOEFO

&T JTU IJOSFJDIFOE EJF8JSCFMTDIJDIUIÕIF VOE EJF EBSBVT SFTVMUJFSFOEF 1PSÕTJUÅU EJTLSFU [V FSGBTTFO� *N
3BINFO EJFTFS "SCFJU XJSE EJF EJTLSFUF NBOVFMMF &SGBTTVOH HFXÅIMU� *N "OIBOH CFėOEFU TJDI FJO %JB�
HSBNNF GÛS EFO 4,%. EFS .FTTTQBOOF WPO ���� CJT � M�NJO 	"CCJMEVOH ��
 VOE FJO %JBHSBNN GÛS
EFO 4,%. EFS .FTTTQBOOF WPO ��� CJT �� M�NJO 	TJFIF "CCJMEVOH ��
� #FJEF %JBHSBNNF FOUIBMUFO
,FOOMJOJFO EFS 4,%. [[HM� KFXFJMT [XFJ "QQSPYJNBUJPOTGVOLUJPOFO� %FT 8FJUFSFO CFėOEFU TJDI FJOF
.BOPNFUFSLFOOMJOJF TJFIF "CCJMEVOH ���

����� 4FOTPSBVTXBIM

*N #FUSJFC EFS "OMBHF TJOE EJF LPOUJOVJFSMJDIFO 1BSBNFUFS 7PMVNFOTUSPN V̇ VOE %SVDL p NFTTUFDI�
OJTDI [V FSGBTTFO� %JF [V FSGBTTFOFO %SVDLEJĎFSFO[FO CFJ EJFTFN 7FSTVDITTUBOE TJOE FCFOGBMMT HFSJOH
EBIFS XJSE FJO QJF[PSFTJTUJWFS 3FMBUJWESVDLTFOTPS EFT6OUFSOFINFOT #�#ĉFSNP�5FDIOJL(NC)EFT
5ZQT %353�"-���7�37� HFXÅIMU� %JF .FTTTQBOOF EJFTFT 4FOTPST JTU WPO �� � � CBS� %JF 4QBOOF EFT
BOBMPHFO "VTHBOHTTJHOBMT JTU WPO � � �� 7� %JF 5FDIOJTDIFO %BUFO TJOE EFS 5BCFMMF �� JN "OIBOH [V
FOUOFINFO�

(FNÅ� "CTDIOJĨ ����� TJOE EJWFSTF %VSDIĚVTTFOTPSFO HFFJHOFU VN EFO -VěWPMVNFOTUSPN [V FSGBT�
TFO� %JĎFSFO[ESVDLTFOTPSFO TJOE GÛS LMFJOF .FTTCFSFJDIF OJDIU HFFJHOFU� (FNÅ� EFS 3BOECFEJOHVOH
EFT 7FSTVDIT TJOE EJF GPMHFOEFO %SVDLTFOTPSFO QPUFOUJFMM NÕHMJDI�

r 7PSUFYTFOTPS

r %SBMMTFOTPS

r $PSJPMJTTFOPS

r UIFSNJTDIFS .BTTFOEVSDIĚVTTFOTPS

%B WPS FJOFS ,PTUFOBOBMZTF EFS 4FOTPSFO FJOF "OTDIBĎVOH FJOFT UIFSNJTDIFO .BTTFOEVSDIĚVTTFO�
TPS EFT 5ZQT 7"���� EFT 6OUFSOFINFOT $4 *OTUSVNFOUT (NC) � $P� ,( NJU FJOFS .FTTTQBOOF WPO
��� � �� M�NJO FSGPMHU JTU XJSE FJO 7FSHMFJDI EFS 3BOECFEJOHVOHFO VOE EFT ėOBO[JFMMFO "VGXBOET JN
3BINFO EJFTFS "SCFJU OJDIU FSGPMHFO� %BT ,BMJCSJFS[FSUJėLBU EFT %VSDIĚVTTTFOTPST JTU EFN "OIBOH [V
FOUOFINFO 	TJFIF "CCJMEVOH ��
�

���



� 1SBLUJTDIF 5FJMVNTFU[VOH EFT ,PO[FQUT ��� BO BVTHFXÅIMUFO 7FSTVDITTUÅOEFO

����� &MFLUSPUFDIOJL EFS8JSCFMTDIJDIUWFSTVDITBOMBHF

%JF 4FOTPSJL JTU FMFLUSPUFDIOJTDI [V WFSTDIBMUFO EJF HFOVU[UFO ,PNQPOFOUFO TJOE�

r BMT 4QBOOVOHTRVFMMF FJO 5SBOTGPSNBUPS EFT 5ZQT 7PMUDSBě 5014�����

m $POSBE &MFDUSPOJD "(

r FJO 4USPN� 4QBOOVOHTXBOEMFS EFT 5ZQT 8"" ������

m 'SJFESJDI -ÛU[F (NC) � $P� ,(

r FJO %SVDLTFOTPS EFT 5ZQT %353�"-���7�37�

m #�# ĉFSNP�5FDIOJL (NC)

r FJO UIFSNJTDIFS .BTTFOEVSDIĚVTTTFOTPS EFT 5ZQT 7"����

m $4 *OTUSVNFOUT (NC) � $P� ,(

r FJOF %"2 .FTTLBSUF 	FOHM� EBUB BDRVJTJUJPO
 EFT 5ZQT 64#�����

m /BUJPOBM *OTUSVNFOUT 	/*


*O EFS "CCJMEVOH �� JTU FJO 4DIFNB EFS FMFLUSPUFDIOJTDIFO 7FSTDIBMUVOH EBSHFTUFMMU� %FS 7PMVNFO�
TUSPNTFOTPS HFOFSJFSU BOBMPHF.FTTXFSUTJHOBMF EFS 4QBOOF � CJT ��N"�%JF%"2.FTTLBSUF LBOO BOB�
MPHF 4JHOBMF EFS 4QBOOF � CJT ��7 JO FJO EJHJUBMFT 4JHOBM VNXBOEFMO EBIFS JTU [XJTDIFO EFN%VSDIĚVT�
TFOTPS VOE EFN%"2FJO 4USPN� 4QBOOVOHTXBOEMFS [V JNQMFNFOUJFSFO� %FS 4USPNTQBOOVOHTXBOEMFS
CFOÕUJHU FJOF 4QBOOVOHTRVFMMF 	,MFNNFO � VOE �
� %JF BOBMPHFO 4JHOBMF EFT 7PMVNFOTUSPNTFOTPST
	�
 VOE 	�
 XFSEFO BN 4USPNTQBOOVOHTXBOEMFS BO 	�
 VOE 	�
 BOHFLMFNNU� %JF VNHFXBOEFMUFO 4J�
HOBMF USFUFO BVT EFO ,MFNNFO 	�
 VOE 	�
 EFT 8BOEMFS BVT� %JFTFT 4JHOBM JTU BO FJOFN %"2 OVO
EJĎFSFO[JFMM [V WFSTDIBMUFO� %BT minus 	�
 4JHOBM XJSE BO EFS .FTTLBSUF EFNOBDI OJDIU ÛCFS Null

	FOHM� (SPVOE
 TPOEFSO BO minus BOHFLMFNNU�

%FS %SVDLTFOTPS HFOFSJFSU BOBMPHF .FTTTJHOBMF EFS 4QBOOF � CJT �� 7� %JF "VTHÅOHF EFT 4FOTPST 	�

VOE 	�
 TJOE NJU Null VOE plus 	�
 [V WFSTDIBMUFO� &T JTU BO[VNFSLFO EBTT EJF 4MPUT JN %"2 XJMM�
LÛSMJDI TP HFXÅIMU XVSEFO� 4PMMUFO EJF 4MPUT HFXFDITFMU XFSEFO EBOO NVTT FT JN #MPDLEJBHSBNN EFT
)BVQUQSPHSBNNT BOHFQBTTU XFSEFO�

���





� 1SBLUJTDIF 5FJMVNTFU[VOH EFT ,PO[FQUT ��� BO BVTHFXÅIMUFO 7FSTVDITTUÅOEFO

Tabelle 13: #F[FJDIOVOHFO EFS 8JSCFMTDIJDIUWFSTVDITBOMBHF OBDI EFO .PEJėLBUJPOFO

" %SVDLNJOEFSFS ) 'MVJEJTJFSUPQG
# )BOEWFOUJM m 1MFYJHMBTTÅVMF
$ 4DIXFCFLÕSQFSEVSDIňVTTNFTTFS m (FXFCFŅMUFS BMT "OTUSÕNCPEFO
% UIFSNJTDIFS %VSDIňVTTTFOTPS * "CTBVHVOHFO
& QJF[PSFTJTUJWFS %SVDLTFOTPS + 4QBOOVOHTRVFMMF
' 6�3PIS .BOPNFUFS , /* %"2 64#�����
( 4USPN��4QBOOVOHTXBOEMFS - ).* 	)VNBO�.BDIJOF�*OUFSGBDF


����� 8PSLňPX EFS8JSCFMTDIJDIUBOMBHF

*O EJFTFN "CTDIOJĨ XJSE EFS OFVF 8PSLĚPX EFS 8JSCFMTDIJDIUBOMBHF CFTDISJFCFO� %JF %BUBMPH�%BUFJ
XJSE EFS[FJU FCFOGBMMT JO EFN %BUBMPHPSEOFS BVG EFN %FTLUPQ HFTQFJDIFSU�

�� 4UBSUFO EFT ).*

* *OCFUSJFCOBINF EFS 4QBOOVOHTRVFMMF

J )BVQUTDIBMUFS BVG EFS 3ÛDLTFJUF CFUÅUJHFO

JJ 4QBOOVOHTIÕIF [XJTDIFO �� VOE �� 7 FJOTUFMMFO

JJJ 0O�CVĨPO BVG EFS 7PSEFSTFJUF CFUÅUJHFO ⇒ 4QBOOVOH TUFMMU TJDI BVG EFO HFXÅIMFO
#FUSBH FJO

** %"2 JTU NJU FJOFN CFMJFCJHFO 64# 4MPU EFT ).* 5PXFST [V WFSCJOEFO�

*** 4UBSUFO EFS -BC7*&8 "QQMJLBUJPO Wirbelschichtversuch_V01DL.vi

*7 %BUBMPHOBNFO FJOHFCFO� 84@GruppenID.txt

� %FS %BUFJOBNF LBOO ÛCFS EFO 7FSTVDITUBH JEFOUJTDI CMFJCFO EJF %BUFO XFSEFO BO
EBT %BUFJFOEF BOHFIÅOHU

7 7FSTVDITFJOHBCFO UÅUJHFO

7* 4UBSU EFT 1SPHSBNNT� %BT⇒ *DPO PCFO MJOLT

�� 1SBLUJTDIF 7FSTVDITEVSDIGÛISVOH

r %SVDLMFJUVOH ÕĎOFO

r )BOEWFOUJM [VS NBOVFMMFO 4UFVFSVOH EFT 7PMVNFOTUSPNT OVU[FO

���



� 1SBLUJTDIF 5FJMVNTFU[VOH EFT ,PO[FQUT ��� BO BVTHFXÅIMUFO 7FSTVDITTUÅOEFO

(a) 8JSCFMTDIJDIUWFSTVDITBOMBHF OBDI EFO.PEJėLBUJPOFO

(b) 'MJF�TDIFNB JO 'PSN FJOFS TDIFNBUJTDIFO 4LJ[[F EFS8JSCFMTDIJDIUWFSTVDITBOMBHF OBDI EFO
.PEJėLBUJPOFO

Abbildung 65: 8JSCFMTDIJDIUWFSTVDITBOMBHF OBDI EFN "VGSÛTUFO NJU EJHJUBMFS 4FOTPSJL

����� 'B[JU

%FS7FSTVDITTUBOEXVSEFNJU HFFJHOFUFS4FOTPSJL BVGHFSÛTUFU VNEJFLPOUJOVJFSMJDIFO1BSBNFUFS%SVDL
p VOE 7PMVNFOTUSPN V̇  [V FSGBTTFO� %JF 4JHOBMF EFT %SVDLTFOTPST TJOE WPO � CJT �� 7 VOE EJF EFT
UIFSNJTDIFO.BTTFOEVSDIĚVTTTFOTPST TJOE WPO � CJT �� N"� &JOF EJHJUBMF &SGBTTVOH EFS 'FTUCFĨ� C[X�
8JSCFMTDIJDIUIÕIF JTU EFOLCBS� #FJ CFEBSG LÕOOUFO CTQX� HFFJHOFUF PQUJTDIF BLVTUJTDIF NFDIBOJTDIF
&OUGFSOVOHTNFTTFS JN3BINFO FJOFS TUVEFOUJTDIFO1SPKFLUBSCFJU SFDIFSDIJFSU VOE VNHFTFU[U XFSEFO�

���



� 1SBLUJTDIF 5FJMVNTFU[VOH EFT ,PO[FQUT ��� BO BVTHFXÅIMUFO 7FSTVDITTUÅOEFO

%FT 8FJUFSFO LÕOOUF EJF 4UFVFSVOH EFT 7PMVNFOTUSPNT EFS[FJU QFS )BOEWFOUJM EVSDI FJOF EJHJUBMF
4UFVFSVOH FSTFU[U XFSEFO� %FS EFS[FJUJHF 7PMVNFOTUSPNTFOTPS 	7"����
 LÕOOUF FOUGFSOU VOE GÛS BO�
EFSF 7FSTVDITBVčBVUFO WFSXFOEFU XFSEFO�

���



� 'B[JU VOE 7JTJPO

� 'B[JU VOE 7JTJPO
*N 7FSMBVG EFT 1SPKFLUT XVSEFO *OGPSNBUJPOFO BVT EFO WFSTDIJFEFOTUFO #FSFJDIFO [VTBNNFOHFUSBHFO
VOE JO EJFTFN %PLVNFOU EFTUJMMJFSU� *O EFO GPMHFOEFO "CTDIOJĨFO XFSEFO OPDINBMT EJF 4DIMVTTCF�
NFSLVOHFO FJOFT KFEFO "CTDIOJĨT [VTBNNFOHFGBTTU�

��� #JMBO[ JO #F[VH BVG EJF *TU�"OBMZTF [V #FHJOO EFT 1SPKFLUT

;VN&OEF EJFTFT 1SPKFLUT TPMM EJFTF "SCFJU BOIBOE EFS HFOFSJFSUFO ,FOO[BIMFO 5BCFMMF � BVT EFN"C�
TDIOJĨ ��� #JMBO[JFSU XFSEFO�%BGÛS XVSEF EJFTF5BCFMMF BLUVBMJTJFSU� %BT 3FTVMUBU JTU EJF 5BCFMMF ��� ;V
#FHJOO EFT 1SPKFLUT IBĨF EJF 5BCFMMFOIÅMěF NJU EFO .75 7FSTVDITTUÅOEFO JO EFS 4QBMUF QSJPSJTJFSUF
&JOSJDIUVOHFO FJOFO QSP[FOUVBMFO "OUFJM SFMBUJW [V BMMFO 4QBMUFOFJOUSÅHFO WPO �� �� #FJN 1SPKFLU�
BCTDIMVTT XVSEF EJFTFS 8FSU BVG ��� � BOHFIPCFO� 'PMHMJDI IBCFO TJDI BVDI EJF QSP[FOUVBMFO "OUFJMF
EFS 4QBMUFO 4FOTPSJL WPSIBOEFO� WPO �� BVG �� �� VOE tFĎFLUJWF 4DIOJĨTUFMMFi� WPO �� BVG �� �� WFS�
ÅOEFSU� %JF VOUFSF 5BCFMMFOIÅMěF NJU EFO .75 "OBMZTFFJOSJDIUVOHFO IBU LFJOF 7FSÅOEFSVOHFO WPO
TJDI HFUSBHFO�

���



� 'B[JU VOE 7JTJPO

Tabelle 14: t(SBE EFS %JHJUBMJTJFSVOHi EFS .75 (FSÅUF VOE "OMBHFO

.75 7FSTVDITTUÅOEF 4FOTPSJL
[XFDLNÅ�JH

4FOTPSJL
WPSIBOEFO

tFĎFLUJWFi
4DIOJĨTUFMMF

QSJPSJTJFSUF
&JOSJDIUVOHFO

4JDIUFO
,VDIFOėMUSBUJPO ◦ ✓ ✓ ✓

#MBJOF
4UBVCBCTDIFJEVOH ◦ ✓ ✓ ✓

8JSCFMTDIJDIU ◦ ✓ ✓ ✓

#BDLFOCSFDIFS
1MBOFUFOLVHFMNÛIMF ◦ ✓ ✗

1SBMMNÛIMF
8BM[FONÛIMF
4DIOFJENÛIMF

)PDIESVDLIPNPHFOJTBUPS
*OUFOTJWNJTDIFS ✓ ✗

$PODIJFSNBTDIJOF
3ÛISWFSTVDI ◦ ✓ ✓ ✓

4VNNF BMMFS ✓ ✓ PEFS ◦ � � � �
4VNNF BMMFS ✗ PEFS ✗ � �

QSP[FOUVBMFS "OUFJM SFMBUJW [V BMMFO
&JOSJDIUVOHFO ] 4QBMUFOFJOUSÅHFO �� � �� � �� � ��� �

.75 "OBMZTFFJOSJDIUVOHFO 4FOTPSJL
[XFDLNÅ�JH

4FOTPSJL
WPSIBOEFO

tFĎFLUJWFi
4DIOJĨTUFMMF

QSJPSJTJFSUF
&JOSJDIUVOHFO

;VHWFSTVDI ◦ ✓ ✓

4JFCUVSNBOBMZTF[[HM� EJHJUBM 8BBHF ◦ ✓ ✗ ✗

-VěTUSBIMTJFCVOH ◦ ✓ ✓ ✓

4DIFS[FMMF ◦ ✓ ✗ ✗

4UBNQGEJDIUF
-BTFSCFVHVOHT�

1BSUJLFMHSÕ�FOBOBMZTF ◦ ✓ ✓ ✓

4VNNF BMMFS ✓ PEFS ◦ � � � �
4VNNF BMMFS ✗ PEFS ✗ � �

QSP[FOUVBMFS "OUFJM SFMBUJW [V BMMFO
&JOSJDIUVOHFO ] 4QBMUFOFJOUSÅHFO �� � �� � �� � �� �

���



� 'B[JU VOE 7JTJPO

��� 'B[JU VOE 7JTJPO EFT ,BQJUFMT ,PO[FQUFOUXJDLMVOH

%BT WFSGBISFOTUFDIOJTDIF -BCPS TPMM [FJUHFNÅ� EJHJUBM USBOTGPSNJFSU XFSEFO� "O EFS 4UFMMF NVTT OPDI�
NBMT FSXÅIOU XFSEFO EBTT FJOF EJHJUBMF 5SBOTGPSNBUJPO FJO 1SP[FTT VOE LFJO 1SPKFLU JTU� %BT ,PO[FQU
��� PIOF %BUFOCBOLNBOBHFNFOUTZTUFN 	%#.4
 TPMMUF BMT 7PSTUVGF EFT ,PO[FQU ��� NJU %#.4 CF�
USBDIUFU XFSEFO� %BT ,PO[FQU ��� JTU FJOF .JOEFTUBOGPSEFSVOH GÛS EJF EJHJUBMF 5SBOTGPSNBUJPO EFT WFS�
GBISFOTUFDIOJTDIFO -BCPST� *N GPMHFOEFO XFSEFO EJF 8ÛOTDIF VOE "OGPSEFSVOH BVT EFN ,BQJUFM �
,PO[FQUFOUXJDLMVOH GÛS EJF -BCPSEJHJUBMJTJFSVOH BVGHFMJTUFU� %JF FSGÛMMUFO "OGPSEFSVOHFO XFSEFO NJU
FJOFN)BLFO 	✓
 VOE EJF "OGPSEFSVOHFO EJF JN3BINFO EJFTFT 1SPKFLUT OJDIU VNHFTFU[U XVSEFONJU
FJOFN ,SFV[ 	✗
 NBSLJFSU� 4UJDIQVOLUF EJF "ONFSLVOHFO FOUIBMUFO XFSEFO NJU FJOFN ⋄ HFMBCFMU�

✓ %BT ,PO[FQU TPMM GÛS EBT WFSGBISFOTUFDIOJTDIF -BCPS BMMHFNFJOHÛMUJH TFJO�

✓ %JF t digitalen Kompetenzeni EFS 4UVEJFSFOEFO TPMMFO NBYJNJFSU XFSEFO PIOF EJF GBDIMJDIFO
,PNQFUFO[FO TJHOJėLBOU [V SFEV[JFSFO EVSDI

✓ FJO .JOJNVN BO "VUPNBUJTJFSVOH

✓ 6OUFS"VUPNBUJTJFSVOH LBOO [�#� EJF.BOJQVMBUJPO WPO%BUFOXJF EJF%FUFLUJPO WPO"VTSFJ�FS
VOE EFTTFO &OUGFSOVOH HFOBVF -FJUGÅEFO JO EFS )BOEIBCVOH EJF LFJOF 'FIMFS NFIS [VMBTTFO
P�Å� WFSTUBOEFO XFSEFO�

✓ %FS NPOFUÅSF "VGXBOE TPMM NJOJNBM TFJO�

✓ .ÕHMJDILFJUFO EFS %BUFOFSGBTTVOH�4JHOBMWFSBSCFJUVOH TPMMFO FSVJFSU XFSEFO�

✓ %JF JOLSFNFOUFMMF *NQMFNFOUBUJPO WPO "QQMJLBUJPOFO JN 3BINFO WPO *OEVTUSJF ��� VOE #JH %BUB
	,* %JHJUBM 5XJO FUD�
 TPMM UFOEFO[JFMM NÕHMJDI TFJO�

⋄ &TXVSEFO LFJOF 4DISJĨF FJOHFMFJUFU EJF FJOF JOLSFNFOUFMMF *NQMFNFOUBUJPO WPO"QQMJLBUJPOFO
BVTTDIMJF�FO�

✓ $MPVE $PNQVUJOH TPMM JO #FUSBDIU HF[PHFO XFSEFO�

⋄ %JF *NQMFNFOUBUJPO FJOFT$MPVETFSWJDF 	)"8$MPVE
 JTU JN7FSMBVG EFT 1SPKFLUT OJDIU FSGPMHU�
*N 7FSMBVG FJOFT 5FMFGPOBUT NJU FJOFN *54$�.JUBSCFJUFS BN �������� VN DB� �� 6IS TDIFJOFO
EJF )"83JDIUMJOJFO FT EFS[FJU OJDIU [V HFTUBĨFO EBTT ,FOOVOHFO BO OJDIU IVNBOF &OUJUÅUFO
C[X� OJDIU OBUÛSMJDIF 1FSTPOFO WFSHFCFO XFSEFO 	TJFIF 1SPUPLPMM JN "OIBOH �� VOE ��
� %JF
)"8�$MPVE GVOLUJPOJFSU OVU[FSCF[PHFO XPGÛS ,FOOVOHFO 	EFT 5ZQT BYY999
 FSGPSEFSMJDI
TJOE� /JDIU IVNBOF &OUJUÅUFO LÕOOUFO EJF GPMHFOEFO TFJO�

m "HHSFHBUF

���



� 'B[JU VOE 7JTJPO

m .BTDIJOFO

m (FSÅUF

� ).*�T

� 4FOTPSFO

✗ &STUFS 4DISJĨ EFS 6NTFU[VOH� 4QFJDIFSVOH EFS 3PIEBUFO BVG EFS )"8 $MPVE

⋄ %B EJF /VU[VOH EFS )"8 $MPVE NÕHMJDI XÅSF EFS "VGXBOE EFN /VU[FO KFEPDI OJDIU HF�
SFDIU XJSE XVSEF FJOF BMUFSOBUJWF -ÕTVOH FOUXJDLFMU 	TJFIF "OIBOH ����
� "MT "MUFSOBUJWF
XVSEF FJO MPLBMFS 4FSWFS BO EFS )"8 -JGF 4DJFODFT BN 4UBOEPSU #FSHFEPSG WPSHFTDIMBHFO�

✗ ;XFJUFS4DISJĨEFS6NTFU[VOH�$MPVEOVU[VOH HFNÅ�EFT *NQVMTWPSUSBHT [VN%JHJUBMJTJFSVOHT�
GPOE⇒ "NB[PO (PPHMF .JDSPTPě "[VSF

✗ %JF HFTBNUF 1SPUPLPMMJFSVOH EFS 4UVEJFSFOEFO TPMM JO ;VLVOě EJHJUBM TFJO�

⋄ %FS 'PSUTDISJĨ EFT 5FJMQSPKFLUT VOUFS EFS -FJUVOH WPO%JQM��*OH� .� )BOOBQQFM VOE %JQM��*OH�
4� 8JĨLPXTLJ &MFDUSPOJD -BCPS /PUFCPPL IBU OPDI LFJOF WPMMTUÅOEJHF 7BMJEJFSVOH EFT ,PO[FQUT
��� [VHFMBTTFO�

%FS EJHJUBMF 5SBOTGPSNBUJPOTQSP[FTT EFT WFSGBISFOTUFDIOJTDIFO -BCPST XVSEF NJU EFN ,PO[FQU ��� JO�
JUJBMJTJFSU� %JF7JTJPO TPMMUF EJF JOLSFNFOUFMMF 6NTFU[VOH EFT,PO[FQUT ��� TFJO 	TJFIF "CCJMEVOH ��
�
.FJOFT &SBDIUFOT OBDI VOUFSMJFHU EFS "VGXBOE EFN /VU[FO EFS 3FBMJTJFSVOH EFT ,PO[FQUT ��� JN IP�
IFN .B�F BVT EFO GPMHFOEFO (SÛOEFO�

*N BLBEFNJTDIFO 3BINFO VOUFSMJFHU EFS "VGXBOE EFS 3FBMJTJFSVOH EFT ,PO[FQU ��� FJOFO HSP�FO
.FISXFSU JO #F[VH BVG EBT 7FSTUÅOEOJT VOE -FSOFSGPMH EFS 4UVEJFSFOEFO� %JF %BUFOCBOL LÕOOUF BVDI
GÛS EFO -BCPSCFUSJFC EFT %FQBSUNFOUT HFOVU[U XFSEFO XPEVSDI TJDINÕHMJDIFSXFJTF PSHBOJTBUPSJTDIF
7FSFJOGBDIVOHFO XJF [�#� $IFNJF� VOE 7FSGBISFOTUFDIOJLMBHFSWFSXBMUVOH P�Å� SFBMJTJFSFO MBTTFO� %FT
8FJUFSFO LÕOOUF EJF %BUFOCBOL GÛS EJF WFSGBISFOTUFDIOJTDIF 'PSTDIVOH 1SPKFLUF JN 3BINFO EFS BO�
HFXBOEUFO OVNFSJTDIF 4JNVMBUJPO VWN� HFOVU[U XFSEFO� %JF HSÕ�UF)ÛSEF GÛS EJF ,PO[FQU ���3FBMJ�
TJFSVOH LÕOOUF EFS $IBOHFQSP[FTT TFJO EBIFS XVSEF EFS 1VOLU $IBOHFQSP[FTT JO EFS 5BCFMMF �� NJU
FJOFN %JDLFO.JOVT 	m
 WFSTFIFO�

*O VOTFSFS BHJUJFSUFO8FMU JTU XFEFS 1MBU[ GÛS TDIXFSF6OUFSOFINFOTUBOLFS OPDI GÛS USÅHF6OJWFSTJUÅUFO
PEFS)PDITDIVMFO� *O EFS ;FJU EFS (MPCBMJTJFSVOH VOE EJHJUBMFO5SBOTGPSNBUJPO JTU 'MFYJCJMJUÅU VOE7FS�
OFU[VOH OJDIU OVS FJOF IJOSFJDIFOEF 'PSEFSVOH TPOEFSO BCTPMVU OPUXFOEJH� 6OUFSOFINFO TPMMUFO TJDI

���
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*ISF 4QJU[FOLSÅěF TDIBĎFO� %FS 4QSVDI tWPO EFS #FSVGTBVTCJMEVOH PEFS EFN4UVEJVNCSBVDIUNBO BN
&OEF EFT 5BHFT NBYJNBM �� �i JTU OJDIU UPMFSJFSCBS TPXJF [V WFSBOUXPSUFO VOE EPDI JTU FT BVT FJHFOFO
&SGBISVOHFO 3FBMJUÅU� 8JF MBOHF ¾CFSMFCU FJO 6OUFSOFINFO XFMDIFT �� � "VTTDIVTT IBU 8FOO EVSDI
EJFTF"SU EFT 1BSBEJHNFOXFDITFMT FJOF"VTTDIVTTSFEVLUJPO BVG CTQX� ���FSGPMHU JTU EBT FJO JNNFOTFS
'PSUTDISJĨ� *O EFS 5BCFMMF �� TJOE EJF 7PS� VOE /BDIUFJMF EFT ,PO[FQUT ��� OPDINBMT BVGHFMJTUFU�

Tabelle 15: 7PS� VOE /BDIUFJMF EFT ,PO[FQUFOUXVSGT ���

7PSUFJMF /BDIUFJMF

� 4UBOEEFS5FDIOJL JOEFS *OEVTUSJF �;FJUHFNÅ�

� /VU[CBS GÛS 5ÅUJHLFJUFO BV�FSIBMC WPN 75�
VOE 75� 1SBLUJLVN 	'PSTDIVOH 0SHBOJTBUP�
SJTDIFT XJF

� -BHFSWFSXBMUVOH BOHFXBOEUF OVNFSJTDIF 4J�
NVMBUJPO VWN�


� XFOO $MPVETFSWJDFOVU[VOH EBOO 1PSUGPMJP�
TPěXBSF ,PNQBUJCJMJUÅU EFT "OCJFUFST

� *NBHF�1SPGFTTJPOBMJUÅU 	V�B� BVDI "ONFSLVO�
HFO WPO #BDIFMPSBCTPMWFOUFO &OEF ����


� HHG�NFIS,PPQFSBUJPOTQSPKFLUFNJU6OUFSOFI�
NFO VOE 6OJWFSTJUÅUFO

� ,PNQFUFO[TUFJHFSVOH EFS )PDITDIVMF VOE
"CTPMWFOUFO

� JOUFSEJT[JQMJOÅSF 7FSOFU[VOH�1SPKFLUF 	*OEVT�
USJF ���≡ 7FSOFU[VOH


� HVUF *OWFTUJHBUJPOTNÕHMJDILFJUFO CFJ 1SPEVLU�
BCXFJDIVOH CFJ LPOTUBOUFO 1BSBNFUFSO →
4UVEFOUFOQSPKFLUF

m $IBOHFQSP[FTTF

� OPUXFOEJHFT ,OPX�)PX FSGPSEFSMJDI

� "VGXBOE EFS &STUFMMVOH EFS %BUFOCBOL

� &JOSJDIUVOH BVUPNBUJTDIFS &JOTQFJTVOH EFS
4FOTPSEBUFO JO EJF %BUFOCBOL

� ,PTUFO LÕOOUFO FOUTUFIFO
r NÕHMJDIFSXFJTF 4QPOTPSJOH�,PPQFSBUJPO
	BMT (FHFOMFJTUVOH 1SPKFLUF P�Å
 EB )PDI�
TDIVMF

r HFSJOHF %BUFONFOHFO JN WHM� [V 6OUFSOFI�
NFO → NÕHMJDIFSXFJTF LFJOF PEFS HFSJOHF
,PTUFO

*N 3BINFO EFS "OXFOEVOHTGÅMMF JN)PDITDIVMBMMUBH LÕOOUFO 42-%BUFOCBOLFO EFO "OGPSEFSVOHFO
HFOÛHFO� %BT ,OPX�)PX NJU EJFTFS TUBOEBSEJTJFSUFO %BUFOCBOLUFDIOPMPHJF JTU BVG BOEFSF 4PěXBSF�
UFDIOPMPHJFO USBOTGFSJFSCBS� &T TPMMUF BVDI NÕHMJDI TFJO EJF &STUFMMVOH FJOFS %BUFOCBOL JN 3BINFO

���
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TUVEFOUJTDIFS "SCFJUFO [V EFMFHJFSFO� %FT 8FJUFSFO JTU BVDI JN 7FSMBVG EFT %JHJUBMJTJFSVOHTQSP[FTT FJOF
)ZCSJEMÕTVOH EFOLCBS� %BUFOCBOLNBOBHFNFOU LÕOOUF Morgen JO EJFTFN digitalen Zeitalter FJ�
OF WPO *OHFOJFVSFO HFGPSEFSUF,FSOLPNQFUFO[ TFJO�

���
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��� 'B[JU VOE 7JTJPO EFT ,BQJUFMT 4JHOBMWFSBSCFJUVOH

;V #FHJOO EFT 1SPKFLUT XVSEFO "OGPSEFSVOHFO BO EJF 4JHOBMWFSBSCFJUVOH EFėOJFSU� &SGÛMMUF "OGPSEF�
SVOHFO XFSEFO FCFOGBMMT NJU FJOFN )BLFO 	✓
 VOE OJDIU FSGÛMMUF NJU FJOFN 	✗
 WFSTFIFO�

✓ %JF "QQMJLBUJPOFO TPMMFO FJOF HSBQIJTDIF 0CFSĚÅDIF IBCFO�

✓ %FS "VGXBOE GÛS EJF "QQMJLBUJPOTHFOFSJFSVOH TPMM NJOJNBM TFJO�

✓ %JF "QQMJLBUJPOFO TPMMFO OVS WPO BVTHFXÅIMUFO 1FSTPOBM 	tMFJDIUi
 BOQBTTCBS TFJO�

⋄ %FO XJTTFOTDIBěMJDIFO .JUBSCFJUFSO JTU EBT 1BTTXPSU CFLBOOU 	&OUTQFSSVOHTTFRVFO[ CTQX�
EVSDI %SVDL EFS ,PNCJOBUJPO 4USH�& [V FSSFJDIFO


✓ %JF WFSXFOEFUF 4PěXBSF TPMM JO EFS -BHF TFJO%BUFOEFS WFSTDIJFEFOTUF7FSTVDITTUÅOEFVOE(FSÅUF
VOUFSTDIJFEMJDIFS )FSTUFMMFS BC[VCJMEFO�

✓ &T TPMMFO &DIU[FJUHSBQIFO HFOFSJFSU XFSEFO LÕOOFO�

✓ %JF WFSXFOEFUF "QQMJLBUJPO TPMM LPOUJOVJFSMJDIF VOE EJTLSFUF %BUFO WFSBSCFJUFO LÕOOFO�

✓ %JF .ÕHMJDILFJU EJF %BUFO JO ;VLVOě EJSFLU JO FJOF %BUFOCBOL TDISFJCFO [V LÕOOFO JTU XÛO�
TDIFOTXFSU�

⋄ &T JTU NÕHMJDI EJF %BUFO WJB -BC7*&8 EJSFLU JO FJOF %BUFOCBOL TDISFJCFO [V MBTTFO�

✓ *N 7FSMBVG EFT 1SPKFLUT XVSEF FJO 4DISFJCTDIVU[ EFS %BUFJO OBDI "CTDIMVTT FJOFT 7FSTVDITEVSDI�
HBOHT FSXÛOTDIU� %JFTFS 8VOTDI XVSEF FSGÛMMU�

⋄ %BT LPQJFSFO EFS %BUFO BVT EFS %BUFJ VOE -ÕTDIFO EFS %BUFJ JTU XFJUFSIJO NÕHMJDI� &JOF .B�
OJQVMBUJPO LBOO EFS[FJU EVSDI EFO 4QFJDIFSVOHT[FJUQVOLU EFS OFVFO%BUFJ VOE PC FJO 4DISFJC�
TDIVU[ CFJ EFS OFVFO%BUFJ BLUJWJFSU XVSEF FSNJĨFMU XFSEFO�

&T XVSEF FJO 1SPHSBNN NJĨFMT 1ZUIPO HFTDISJFCFO VOE JTU BMT �QZ %BUFJ EFN "OIBOH CFJHFGÛHU� &T JTU
JO EFS -BHF FJOF 34���� 8BBHF auszulesen EJF 8FSUF [V interpretieren VOE FJOFO Graphen [V
plotten 	TJFIF "CCJMEVOH ��
�

%B EJF *NQMFNFOUBUJPO FJOFT $MPVE PEFS MPLBMFO 4FSWFST OJDIU FSGPMHU JTU XFSEFO EJF %BUBMPHT EFS[FJU
BVG EFN KFXFJMJHFO-BCPSSFDIOFS BVG EFN%FTLUPQ HFTQFJDIFSU� %FS%BUFJQGBE JTU CFJ OBDIUSÅHMJDIFS *N�
QMFNFOUBUJPO WPO 4FSWFSMÕTVOHFO JO EFO 7*AT JO EFS *OJUJBMJTJFSVOH BO[VQBTTFO 	TJFIF "CCJMEVOH �� JN
"CTDIOJĨ �����
�

���
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Abbildung 66: (SBWJNFUSJTDIF .FTTVOH JO 1ZUIPO

%JF *EFF EBTT KFEFS -BCPSBDDPVOU FJOF FJHFOF ,FOOVOH FSIÅMU XPEVSDI EJF -BCPSHFSÅUF XJF ).*�T
FJO $MPVEWFS[FJDIOJT BVG EFS )"8 $MPVE FSIBMUFO XÛSEFO JTU EFS[FJU OJDIU SFBMJTJFSCBS� %JF *EFF EBTT
OJDIU IVNBOF &OUJUÅUFO FJOF ,FOOVOH FSIBMUFO LÕOOFO TPMMUF JO IÕIFSFO *OTUBO[FO EFS )"8 EJTLV�
UJFSU XFSEFO EBNJU [VLÛOěJHF $MPVEMÕTVOHFO )"8 HMPCBM SFBMJTJFSU XFSEFO LÕOOFO� %JF )PDITDIVMF
TPMMUF EBT ;JFM IBCFO EJF 1SJWBUXJSUTDIBě BC[VCJMEFO� %BT OJDIU IVNBOF &OUJUÅUFO FJO FJHFOFT ,PNNV�
OJLBUJPOCTOFU[XFSL FSIBMUFO JTU CFSFJUT 4UBOE EFS 5FDIOJL 	TJFIF "CTDIOJĨ �����
�

&T JTU BO[VNFSLFO EBTT EJF JO -BC7*&8 HFTDISJFCFO 1SPHSBNNF BMMF %BUFO JO FJOFS *.txt %BUFJ
BMT 4USJOHT TQFJDIFSO� #FJ FJOFN *NQPSU JTU FJOF 6NXBOEMVOH [V FSGPMHFO 	 JO CTQX� &YDFM Zellen

formattieren..
� &T XJSE FNQGPIMFO EFO 4UVEFOUFO EBTT OJDIU NJU[VUFJMFO EBNJU FJO BVUPEJEBLUJ�
TDIFS -FSOQSP[FTT TUBĨėOEFO LBOO�

��� 'B[JU VOE 7JTJPO EFS 5FJMVNTFU[VOH BO EFO BVTHFXÅIMUFO
7FSTVDITBOMBHFO

%JF 'JMUFSLVDIFO� TPXJF EJF 8JSCFMTDIJDIUWFSTVDITBOMBHF XVSEF NJU HFFJHOFUFS 4FOTPSJL BVGHFSÛTUFU
VN EJF LPOUJOVJFSMJDIFO 1BSBNFUFS %SVDL p VOE 7PMVNFOTUSPN V̇  [V FSGBTTFO� %FT 8FJUFSFO XVS�
EF OFCFO EFN %BUBMPHHJOH LPOUJOVJFSMJDIFS 1BSBNFUFS EBT %BUBMPHHJOH EJTLSFUFS %BUFO FSNÕHMJDIU�
%JF .FTTTQBOOF EFS %SVDLTFOTPSFO JTU WPO �� CJT � CBS SFMBUJW [VS "UNPTQIÅSF� SFQSÅTFOUJFSU WPO EFS
FMFLUSJTDIFO 4JHOBMTQBOOF WPO � CJT �� 7� VOE EJF EFT UIFSNJTDIFO .BTTFOEVSDIĚVTTTFOTPST BO EFS
8JSCFMTDIJDIUWFSTVDITBOMBHF JTU WPO � CJT �� M�NJO� SFQSÅTFOUJFSU EVSDI EJF FMFLUSJTDIF 4JHOBMTQBOOF
WPO � CJT �� N"�

���
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&JOF EJHJUBMF &SGBTTVOH EFS 'FTUCFĨ� C[X�8JSCFMTDIJDIUIÕIF BOEFS8JSCFMTDIJDIUWFSTVDITBOMBHF JTU
EFOLCBS� #FJ #FEBSG LÕOOUFO CTQX� HFFJHOFUF PQUJTDIF BLVTUJTDIFNFDIBOJTDIF &OUGFSOVOHTNFTTFS JN
3BINFO FJOFS TUVEFOUJTDIFO 1SPKFLUBSCFJU SFDIFSDIJFSU VOE HHG� VNHFTFU[U XFSEFO� &JOF *NQMFNFOUB�
UJPO JO EJF JN3BINFO EJFTFS "SCFJU QSPHSBNNJFSUFO"QQMJLBUJPO TPMMUF LPNQMJLBUJPOTMPTNÕHMJDI TFJO�
%FT 8FJUFSFO LÕOOUF EJF 4UFVFSVOH EFT 7PMVNFOTUSPNT EFS[FJU QFS )BOEWFOUJM EVSDI FJOF EJHJUBMF
4UFVFSVOH FSTFU[U XFSEFO� %FS EFS[FJUJHF 7PMVNFOTUSPNTFOTPS 	7"����
 LÕOOUF EBEVSDI TVCTUJUVJFSU
VOE GÛS BOEFSF 7FSTVDITBVčBVUFO WFSXFOEFU XFSEFO�

%JF 'JMUFSLVDIFOWFSTVDITBOMBHF IBU FJOF VNGBOHSFJDIFSF 'VOLUJPO EFS EJTLSFUFO%BUFOBVGOBINF FS�
IBMUFO� %JF 'FTUTUPďFTUJNNVOH JN 'JMUSBU LBOO NBOVFMM JN -BC7*&8 1SPHSBNN EPLVNFOUJFSU XFS�
EFO� %JFTF.FTTWFSGBISFO JTU FJOF 7FSHMFJDITNFTTVOHNJU EFS #F[FJDIOVOH5VCJEJNFUFSNFTTVOH� /FCFO
EFS %BUBMPHEBUFJ EFS LPOUJOVJFSMJDIFO .FTTVOH EJF FCFOGBMMT EFO )FBEFS FOUIÅMU BOBMPH EFS 8JSCFM�
TDIJDIUWFSTVDIBQQMJLBUJPO XJSE FJOF [XFJUF %BUFJ HFOFSJFSU� %JF 'VOLUJPOTXFJTF EFS %BUBMPHHFS XFS�
EFO JO EFO GPMHFOEFO 1BSBHSBQIFO OPDINBMT [VTBNNFOHFGBTTU�

,POUJOVJFSMJDIFS %BUBMPHHFS #FJ CFJEFO "OMBHFO XFSEFO LPOUJOVJFSMJDIF %BUFJFO EFT 5ZQT
FK_<Gruppen_ID>.txt VOE WS_<Gruppen_ID>.txt HFOFSJFSU� #FJ 4UBSUFO FJOFS .FTTVOH JO EFS KF�
XFJMJHFO -BC7*&8 "QQMJLBUJPO JTU EBT 4UBSUJDPO⇒ PCFO MJOLT JN 'SPOU 1BOFM [V CFUÅUJHFO� &T GPMHU FJO
%JBMPHGFOTUFS XP EFS %BUFJOBNF EFT 5ZQT XJF PCFO "OHFHFCFO FJOHFHFCFO XFSEFO TPMM� *TU WPS EFN
"QQMJLBUJPOTTUBSU CFSFJUT EJF Gruppen_ID FJOHFHFCFO XPSEFO EBOO JTU OVS EBT TVđY �UYU [V FSHÅO[FO�
*TU WPS EFN "QQMJLBUJPOTTUBSU CFSFJU EJF Gruppen_ID FJOHFHFCFO XPSEFO EBOO JTU OVS EBT TVđY ��UYU
[V FSHÅO[FO� #FJ CFJEFO %BUBMPHHFSO XJSE JN 'BMMF FJOFS SFEVOEBOUFO /BNFOTWFSHBCF EFS *OIBMU EFS
OÅDITUFO 7FSTVDITJUFSBUJPO VOUFO EFN %PLVNFOU BOHFIÅOHU� &JO %BUFOWFSMVTU JTU BVTHFTDIMPTTFO� *N
7FSMBVG EFT 1SPKFLUT XVSEF TJDI FJO 4DISFJCTDIVU[ EFS %BUBMPH�%BUFJ HFXÛOTDIU� %JF -BC7*&8 "QQMJ�
LBUJPO LBOO EJF 7FSTDIMÛTTFMVOH XJFEFS ÕĎOFO EBT -PHHJOH BN %PLVNFOUFOEF TUBSUFO VOE BN &OEF
XJFEFS 7FSTDIMÛTTFMO�

%JTLSFUFS%BUBMPHHFS %JF"QQMJLBUJPO EFS 'JMUFSLVDIFOWFSTVDITBOMBHF HFOFSJFSU [XFJ%BUFJFO� #FJ
4UBSUFO FJOFS .FTTVOH JO EFS "QQMJLBUJPO Filterkuchenversuch_V01DL.vi EVSDI EBT #FUÅUJHFO EFT
4UBSU*DPOT 	⇒
 PCFO MJOLT JN 'SPOU 1BOFM GPMHFO [XFJ %JBMPHGFOTUFS XP EFS %BUFJOBNF EFT 5ZQT XJF
PCFO "OHFCFO FJOHFHFCFO XFSEFO TPMM� #FJN [XFJUFO %JBMPHGFOTUFS GÛS EJF 5VCJEJNFUFS %BUFJ JTU FJOF
BOBMPHF %BUFJOBNFOWFSHBCF [V WPMM[JFIFO 	FK_Tubi_<Gruppen_ID>.txt
� #FJ EJFTFS %BUFJ XJSE EJF
%BUFJ ¾CFSTDISJFCFO� %FS (SVOE MJFHU BO EFS 5BUTBDIF EBTT CFJ EFS 'JMUFSLVDIFOWFSTVDITBOMBHF ESFJ
7FSTVDITEVSDIMÅVGF EVSDIHFGÛISU XFSEFO� /BDI EFN#FFOEFO FJOFS LPOUJOVJFSMJDIFO.FTTVOH XFSEFO
EJF EJTLSFUFO 5VCJEJNFUFSTQF[JėTDIFO %BUFO FJOHFCFCFO� %BSBVĖJO XJSE CJT [V ESFJNBM EFS 7FSTVDI

���



� 'B[JU VOE 7JTJPO

XJFEFSIPMU� %JF 5VCJEJNFUFS %BUFJ XJSE CFJ KFEFS *UFSBUJPO XFJUFS WFSWPMMTUÅOEJHU� &JO "OIÅOHFO EFS
OFVFO%BUFO IÅĨF TJOOMPTF SFEVOEBOUF %BUFOHFOFSJFSVOH [VS 'PMHF�/BDI EFS MFU[UFO *UFSBUJPO JTU EBT
1SPHSBNNOPDINBMT [V TUBSUFO VOENJU 4UPQ [V RVJĨJFSFO EB TPOTU EJF5VCJEJNFUFSEBUFO EFS MFU[�
UFO &JOHBCF OJDIU FSGBTTU XFSEFO�

)JOXFJT [VN 4DISFJCTDIVU[ %FS HFXÛOTDIUF 4DISFJCTDIVU[ EFS %BUFJFO XVSEF JNQMFNFOUJFSU
TPNJU TJOE EJFTF PSJHJOBMFO %BUFJFO OJDIU NPEJė[JFSCBS KFEPDI JTU EBT ,PQJFSFO VOE EBT &JOGÛHFO EFT
*OIBMUT JO FJOF BOEFSF %BUFJ XFJUFSIJO NÕHMJDI� %FT 8FJUFSFO CFJOIBMUFU EFS 4DISFJCTDIVU[ OJDIU EBT
OJDIU -ÕTDIFO EFS %BUFJ� .BOJQVMBUJPOTWFSTVDIF LÕOOFO TPNJU OVS EBNJU EFUFLUJFSU XFSEFO XBOO EJF
%BUFJ FSTUFMMU XVSEF VOE PC HHG� PC LFJO 4DISFJCTDIVU[ CFJ FJOFS EVQMJ[JFSUFO VOE NBOJQVMJFSUFO %BUFJ
WPSIBOEFO JTU PEFS OJDIU�

"CTDIMJF�FOE LBOO HFTBHU XFSEFO EBTT EFS FSTUF 4DISJĨ EFS EJHJUBMFO 5SBOTGPSNBUJPO HFUÅUJHU XVSEF� &T
XBSNJS FJOF&ISF EFO FSTUFO4DISJĨ CFJUSBHFO [VEÛSGFO� *DIXÛOTDIFEFS)"8-JGF 4DJFODFT WJFM &SGPMH
GÛS EJF OÅDITUFO 4DISJĨF�
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-JUFSBUVS

-JUFSBUVS
<�> 1MBĨGPSN *OEVTUSJF ���� t5FDIOPMPHJFT[FOBSJPt,ÛOTUMJDIF *OUFMMJHFO[ JO EFS *OEVTUSJF ���ii� *O�

#VOEFTNJOJTUFSJVN GÛS 8JSUTDIBĜVOE &OFSHJF 	#.8J
 	����
� ŊŇŀ� https://www.plattform-
i40.de/PI40/Redaktion/DE/Downloads/Publikation/KI-industrie-40.pdf?__blob=

publicationFile&v=10 	CFTVDIU BN ��� ��� ����
�

<�> "DDFOUVSF� t-BCPS ��� m EJHJUBMF 5SBOTGPSNBUJPO FSGBTTU 'PSTDIVOH VOE &OUXJDLMVOHi� *O�$)&�
.BOBHFS 	��� 'FC� ����
� ŊŇŀ� https://www.chemanager- online.com/themen/strat
egie/labor-40-digitale-transformation-erfasst-forschung-und-entwicklung

	CFTVDIU BN ��� ��� ����
�

<�> (JMMIVCFS "OESFB� #MVFUPPUI JO *OEVTUSJF ���� ��� .BJ ����� ŊŇŀ� https://www.industrial-
production.de/ki---datenanalyse/bluetooth-in-industrie-4-0.htm 	CFTVDIU BN
��� ��� ����
�

<�> #�# ĉFSNP�5FDIOJL (NC)� 5FDIOJTDIF %BUFO EFT %353�"-���7�37� %SVDLTFOTPST� ��� 'FC�
����� ŊŇŀ� https://b2c.bb-sensors.com/out/media/Datenblatt_Relativdrucktrans
mitter_Aluminium.pdf 	CFTVDIU BN ��� ��� ����
�

<�> +ÛSHFO#ÕIN� t%JHJUBMF5SBOTGPSNBUJPO m5SFOE PEFS JOEVTUSJFMMF 3FWPMVUJPO i *O�$PNQVUFSXP�
DIF 	��� +VOJ ����
� ŊŇŀ� https://www.computerwoche.de/a/digitale-transformation-
trend-oder-industrielle-revolution,3312556 	CFTVDIU BN ��� ��� ����
�

<�> "OESJZ #VSLPW� .BDIJOF -FBSOJOH ,PNQBLU� �� 'SFDIFO� NJUQ 7FSMBH ����� ĽňĶł� �������������
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�� #% )BVQU 7*� 447* *OUFHSBUJPO�1PSU ,POėHVSBUJPO�4USJOHPQFSBUJPOFO � � � � � � � ��
�� '1 )BVQU 7*� 447* *OUFHSBUJPO�1PSU ,POėHVSBUJPO�4USJOHPQFSBUJPOFO � � � � � � � � ��
�� 4MJDJOH #FEJOHVOH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
�� t4USJOH 4MJDJOHi� %BUFOJOUFSQSFUBUJPO � � � � � � � � � � � � � � � � � � � � � � � � � � ��
�� 4USJOH��;FJMFOLPOTUSVLUJPO � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
�� %BUBMPHHFS � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
�� (SBQI GÛS [XFJ LPOUJOVJFSMJDIF 1BSBNFUFS � � � � � � � � � � � � � � � � � � � � � � � ��
�� .PEVMBSF )FBEFS 4VC 7*�T � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
�� %"2 WPO .FTTFJOSJDIUVOHFO NJU BOBMPHFS 4DIOJĨTUFMMF � � � � � � � � � � � � � � � � ��

WJ



"CCJMEVOHTWFS[FJDIOJT

�� %"2 1SPHSBNNJFSVOH *OJUJBMJTJFSVOH VOE SFBE�WJ � � � � � � � � � � � � � � � � � � � ��
�� "OBMPH� %JHJUBMESVDLNFTTVOH BMT 'VOLUJPO EFS BOBMPHFO 7PMVNFOTUSPNNFTTXFSUF � ���
�� "OBMPH��%JHJUBMWPMVNFOTUSPNNFTTVOH TPXJF BCTPMVUF"CXFJDIVOH JO M�NJO BMT'VOL�

UJPO EFS .BOPNFUFSEJĎFSFO[ JO NN � � � � � � � � � � � � � � � � � � � � � � � � � � ���
�� %"2 VOE JOUFSQSFUBUJPO CFJEFS LPOUJOVJFSMJDIFO 1BSBNUFS %SVDL VOE 7PMVNFOTUSPN ���
�� %BUBMPHHFSJOJUJBMJTFSVOH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
�� 'JMUFSLVDIFOIFBEFS � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
�� &OETFRVFO[ EFT )BVQUQSPHSBNNT � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
�� &JOTUFMMVOH t&OE UFYU FOUSZ XJUI &OUFS LFZi � � � � � � � � � � � � � � � � � � � � � � ���
�� 'JMUFSLVDIFO 'SPOUQBOFM� 7FSTVDITFJOHBCFO � � � � � � � � � � � � � � � � � � � � � � ���
�� 'JMUFSLVDIFO 'SPOUQBOFM� 5BC EFS LPOUJOVJFSMJDIFO.FTTVOH BN #FJTQJFM EFS 'JMUFSLV�

DIFOBQQMJLBUJPO � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
�� 'JMUFSLVDIFO 'SPOUQBOFM� 5BC EFS 5VCJEJNFUFSFJOHBCFO � � � � � � � � � � � � � � � � ���
�� %BUBMPHT VOE &YDFM USPVCMFTIPPUJOH � � � � � � � � � � � � � � � � � � � � � � � � � � ���
�� 'JMUFSLVDIFOWFSTVDITBOMBHF OBDI EFO .PEJėLBUJPOFO � � � � � � � � � � � � � � � � � ���
�� 8JSCFMTDIJDIUWFSTVDITBOMBHF EFS )"8 )BNCVSH EFS 'BLVMUÅU -JGF 4DJFODFT WPS EFO

.PEJėLUBUJPOFO � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
�� (SBWJNFUSJTDIF .FTTVOH JO 1ZUIPO � � � � � � � � � � � � � � � � � � � � � � � � � � ���
�� ,FOOEBUFO WPO ,BQB[JUJWFO VOE QJF[PSFTJTUFOUFO %SVDLTFOTPSFO <�� 4� ��� Ď�> � � � JW
�� )JFSBSDIJTDIF (MJFEFSVOH FJOFT *$4 HFNÅ� *$4�,PNQFOEJVN EFT #VOEFTBNUFT GÛS

4JDIFSIFJU JO EFS *OGPSNBUJPOTUFDIOJL <�� 4� ��> � � � � � � � � � � � � � � � � � � � W
�� "VTTDIOJĨ EFS 1SPDFTT4FHNFOU 94% EFS #�..-�7�����1SPDFTT4FHNFOU�YTE � � � � WJ
�� 4QFJDIFSCFEBSGTWFSHMFJDI "4$**�CJOÅS <�� 4� ��> � � � � � � � � � � � � � � � � � � � WJJ
�� ���1SPDFTT&OHJOFFSJOH BOHFMFIOU BO *4"�4�� VOE #�..- � � � � � � � � � � � � � WJJJ
�� ���@5SJBMT BOHFMFIOU BO *4"�4�� VOE #�..- � � � � � � � � � � � � � � � � � � � � JY
�� "CTUSBLUF %BUBĚPX %BSTUFMMVOH FJOFS QPUFOUJFMMFO 42- %# � � � � � � � � � � � � � � Y
�� QPUFOUJFMMFS 42- %BUBĚPX 	"CTUSBLUJPOTFCFOFO HFNJY
 � � � � � � � � � � � � � � � � YJ
�� 6OUFSTUF "CTUSBLUJPOTFCFOF EFS 42- %BUFOTUSVLUVS � � � � � � � � � � � � � � � � � � YJJ
�� 5FDIOJTDIF %BUFO EFT %353�"-���7�37� %SVDLTFOTPST � � � � � � � � � � � � � � � YW
�� 7"���� ,BMJCSJFS[FSUJėLBU � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � YWJJ
�� $MPVEOVU[VOHTBMUFSOBUJWF 4� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � YWJJJ
�� $MPVEOVU[VOHTBMUFSOBUJWF 4� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � YJY
�� %BUFJEJBMPH � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � YY
�� (P UP IJEEFO UBCT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � YYJ
�� 4DIXFCFLÕSQFSEVSDIĚVTTNFTTFS 	N������H
NJU FJOFS.FTTTQBOOFWPO����CJT � M��

NJO [[HM� "QQSPYJNBUJPOTGVOLUJPOFO EFS ,FOOMJOJF � � � � � � � � � � � � � � � � � � YYJ
�� 4DIXFCFLÕSQFSEVSDIĚVTTNFTTFS 	N�����H
NJU FJOFS.FTTTQBOOFWPO��� M�NJOCJT �� M��

NJO [[HM� "QQSPYJNBUJPOTGVOLUJPOFO EFS ,FOOMJOJF � � � � � � � � � � � � � � � � � � YYJJJ
�� .BOPNFUFSLFOOMJOF� %SVDLEJĎFSFO[ [[HM� ��� CBS MBVU EJHJUBMFN %SVDLTFOTPS BN

�������� VN ����� 6IS � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � YYJJJ

WJJ



5BCFMMFOWFS[FJDIOJT

5BCFMMFOWFS[FJDIOJT

� .FDIBOJTDIF 6OJU 0QFSBUJPOT EFSFO 7FSTVDITTUÅOEF VOE NFTTUFDIOJTDIF &JOSJDI�
UVOHFO � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

� t(SBE EFS %JHJUBMJTJFSVOHi EFS .75 (FSÅUF VOE "OMBHFO � � � � � � � � � � � � � � � �
� 4DIOJĨTUFMMFOWFSUFJMVOH JN .75�-BCPS � � � � � � � � � � � � � � � � � � � � � � � � �
� 7PS� VOE /BDIUFJMF WPO *OGPSNBUJPOTNBOBHFNFOUTZTUFNFO <�� 4� � Ď�> � � � � � � � ��
� 7PS� VOE /BDIUFJMF EFS /VU[VOH WPO %BUBCBTF� PEFS 1MBĨGPSN�BT�B�4FSWJDF HFNÅ�

EFS 2VFMMFO <�� �� ��> � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
� 7PS� VOE /BDIUFJMF EFT ,PO[FQUFOUXVSGT ��� � � � � � � � � � � � � � � � � � � � � � � ��
� 34���� ,POėHVSBUJPOTQBSBNFUFS EFS %JHJUBMXBBHF ,FSO ������ / JO TIPSUIBOE OP�

UBUJPO ��/�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
� #FOÕUJHUF -BC7*&8 ,POėHVSBUJPOTGVOLUJPOFO 5FJM � � � � � � � � � � � � � � � � � � ��
� #FOÕUJHUF -BC7*&8 ,POėHVSBUJPOTGVOLUJPOFO 5FJM � � � � � � � � � � � � � � � � � � ��
�� 6 7 8 Bit�Encodierung WJB 34���� � � � � � � � � � � � � � � � � � � � � � � � � � ��
�� 34���� 4DIOJĨTUFMMFOQBSBNFUFS EFS 1SBDUVN ������4 8BBHF � � � � � � � � � � � � � ���
�� #F[FJDIOVOHFO EFS 'JMUFSLVDIFOWFSTVDITBOMBHF � � � � � � � � � � � � � � � � � � � � ���
�� #F[FJDIOVOHFO EFS 8JSCFMTDIJDIUWFSTVDITBOMBHF OBDI EFO .PEJėLBUJPOFO � � � � � � ���
�� t(SBE EFS %JHJUBMJTJFSVOHi EFS .75 (FSÅUF VOE "OMBHFO � � � � � � � � � � � � � � � ���
�� 7PS� VOE /BDIUFJMF EFT ,PO[FQUFOUXVSGT ��� � � � � � � � � � � � � � � � � � � � � � � ���
�� 7FSTVDITQBSBNFUFS EFS .75 (FSÅUF VOE "OMBHFO � � � � � � � � � � � � � � � � � � � J
�� -BCPSEBUFOTUSVLUVSEBSTUFMMVOH BOHFMFIOU BO *4"�4�� VOE #�..- � � � � � � � � � WJJ
�� 5BCFMMF NJU EFO 8FSUFO BMMFS 4FOTPSEJBHSBNNF � � � � � � � � � � � � � � � � � � � � YYJJ
�� 5BCFMMF NJU EFO 8FSUFO "MMFS 4FOTPSEJBHSBNNF � � � � � � � � � � � � � � � � � � � � YYJJ

WJJJ
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Tabelle 16: 7FSTVDITQBSBNFUFS EFS .75 (FSÅUF VOE "OMBHFO

.75 7FSTVDITTUÅOEF EJTLSFU LPOUJ� .75 7FSTVDITTUÅOEF EJTLSFU LPOUJ�

,VDIFOėMUSBUJPO )PDIESVDLIPNP�
HFOJTBUPS 	)%)


(FXJDIU ✓ 'MVJE� ✓
%SVDL ✓ 'MVJEWPMVNFO� ✓

4VTQFOTJPOTLPO[FOUSBUJPO ✓ 'MVJE� ✓
4VTQFOTJPOTWPMVNFO ✓ 'MVJEWPMVNFO� ✓

'JMUFSLVDIFOEJDLF ✓ %JTQFSFS 31. ✓
'JMUFSLVDIFOEVSDINFTTFS ✓ %JTQFSTJPOTEBVFS ✓

'JMUFSLVDIFOWPMVNFO ✓ %SVDL ✓
'JMUFSLVDIFOGFVDIUFHFIBMU ✓ )%) %BVFS ✓

'JMUFSOVUTDIFO /S� ✓ 5FNQFSBUVS ✓
'JMUFSQPSÕTJUÅU ✓ 1BSUJLFMHSÕ�FOWFSUFJMVOH ✓

(BT�'FTUTUPĎ 8JSCFMTDIJDIU ;JDL;BDL 4JDIUFO
7PMVNFOTUSPN-VGU ✓ 'FTUTUPĎ ✓

%SVDL ✓ (FTBNUNBTTF ✓
'FTUCFĨIÕIF ✓ .BTTF (SPCHVU ✓

4DIÛĨHVUNBTTF ✓ .BTTF 'FJOHVU

1BSUJLFMEJDIUF ✓
7JCSBUJPOTJOUFOTJUÅU EFS
7JCSBUJPOTGÕSEFSVOH ✓

8JSCFMTDIJDIUIÕIF � G	Q
 ✓ ✓ 7PMVNFOTUSPN ✓
8JSCFMTDIJDIUQPSÕTJUÅU � G	Q
 ✓ ✓ 'ÕSEFSLMBQQFOTUFMMVOH ✓

4BVUFSEVSDINFTTFS ✓
'FTUCFĨQPSÕTJUÅU ✓

3ÛISWFSTVDI 8BM[FONÛIMF
'MVJE ✓ 'FTUTUPĎ ✓

'MVJEEJDIUF ✓ .BTTF ✓
EZOBNJTDIF 7JTLPTJUÅU ✓ 8BM[FOHFPNFUSJF 	1SPėM
 ✓

3ÛISFS ✓ 8BM[FOTQBMU ✓
3ÛISFSFJOUBVDIUJFGF ✓ 6NGBOHTHFTDIXJOEJHLFJU ✓

4USPNCSFDIFS ✓
31. ✓

%SFINPNFOU ✓

J
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&SHÅO[VOH EFT "CTDIOJśT %FIOVOHTSFTJTUJWF 4FOTPSFO

BO EJFTFS 4UFMMF JTU BO[VNFSLFO EBTT EJF 7BSJBCMFOCF[FJDIOVOH OJDIU WPMMTUÅOEJH NJU EFN )BVQUEPLV�
NFOU ÛCFSFJOTUJNNFO VOE BVDI OJDIU EFO %*/ /PSNFO FOUTQSFDIFO�

%JF %SVDLTFOTPSFONJĨFMT %.4 TJOE EFIOVOHTSFTJTUJWF 4FOTPSFO� %BT.FTTQSJO[JQ CFSVIU BVG EJF ¨O�
EFSVOH EFT FMFLUSJTDIFO 8JEFSTUBOEFT 3 FJOFT FMFLUSJTDI MFJUFOEFO 8FSLTUPĎT BMT 'PMHF FJOFS NFDIB�
OJTDIFO 7FSGPSNVOH� &JO [ZMJOEFSGÕSNJHFS 8FSLTUPĎ DIBSBLUFSJTJFSU EVSDI EJF "VTHBOHTMÅOHF l0 "VT�
HBOHTRVFSTDIOJĨA0 VOEEFN TQF[JėTDIFNFMFLUSJTDIFN8JEFSTUBOEρel IBU FJOFO FMFLUSJTDIFO8JEFS�
TUBOE 3 HFNÅ� GPMHFOEFS (MFJDIVOH <�� 4� � Ď�>�

R = ρel ·
l0
A0

	��


6NEJF SFMBUJWF8JEFSTUBOETÅOEFSVOH∆R/R [VCFSFDIOFOXJSEEBT UPUBMF%JĎFSFO[JBM 	(MFJDIVOH��

BVT (MFJDIVOH � HFCJMEFU�

dR =
∂R

∂ρel
dρel +

∂R

∂l0
dl0 +

∂R

∂A
dA 	��


=
l0
A

dρel +
ρel
A

dl0 −
ρel · l0
A2

dA 	��


= R · (dρel
ρel

+
dl0
l0

− dA

A
) 	��


&STFU[UNBOEBT *OėOJUJTJNBMdEVSDI FJOF FJOF HSÕ�FSF 4DISJĨXFJUF∆ VOUFS EFS#FEJOHVOHEBTT∆ρ≪
ρ, ∆l0 ≪ l0,∆A ≪ A EBOO FSIÅMU NBO (MFJDIVOH ��

∆R

R
=

∆ρel
ρel

+
∆l

l0
− ∆A

A0
	��


%JF HFPNFUSJTDIF 7FSGPSNVOH XJSE EVSDI EJF CFJEFO MFU[UFO 5FSNF SFQSÅTFOUJFSU� %JF %FIOVOH ε FS�
TFU[U ∆l/l0 VOE EFS 5FSN ∆A/A XJSE EVSDI EJF 2VFSLPOUSBLUJPO 	εQ = ∆D

D0
= −ν · ε
 NJU EFS

2VFSLPOUSBLUJPOT[BIM 	1PJTTPO�,POTUBOUF
 ν  CFTDISJFCFO VOE GÛISU [V EFS -ÕTVOH EFS (MFJDIVOH 	�

�

JJ
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∆A

A
=

π
4 ·
(
(D +∆D)2 −D2

)

π
4 ·D2

	��


=
2D ·∆D + (∆D)2

D2
	��


≈ 2∆D

D
	��


= 2εQ = −2 · ν · ε 	��


%VSDI &JOTFU[FO EFS (MFJDIVOH 	�
 VOE EFS %FIOVOH ε JO EJF (MFJDIVOH 	�
 FSIÅMU NBO�

∆R

R
= (1 + 2 · ν) · ε+ ∆ρel

ρel
	��


%FS 5FSN ∆ρel
ρel

JTU EFS TPH� tQJF[PSFTJTUJWF &ĎFLUi EFS CFJ NFUBMMJTDIFO -FJUFSO WFSOBDIMÅTTJHCBS JTU KF�
EPDI CFJ )BMCMFJUFSO ÛCFSXJFHU�

JJJ
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Abbildung 67: ,FOOEBUFO WPO ,BQB[JUJWFO VOE QJF[PSFTJTUFOUFO %SVDLTFOTPSFO <�� 4� ��� Ď�>

"OIBOH EFT "CTDIOJśT %BUFOWFSXBMUVOH JN 4UBOE EFS 5FDIOJL

JW
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Abbildung 68: )JFSBSDIJTDIF (MJFEFSVOH FJOFT *$4 HFNÅ� *$4�,PNQFOEJVN EFT #VOEFTBNUFT GÛS
4JDIFSIFJU JO EFS *OGPSNBUJPOTUFDIOJL <�� 4� ��>

W
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Abbildung 69: "VTTDIOJĨ EFS 1SPDFTT4FHNFOU 94% EFS #�..-�7�����1SPDFTT4FHNFOU�YTE

WJ
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"OIBOH EFS ,PO[FQUFOUXJDLMVOH

Abbildung 70: 4QFJDIFSCFEBSGTWFSHMFJDI "4$**�CJOÅS <�� 4� ��>

Tabelle 17: -BCPSEBUFOTUSVLUVSEBSTUFMMVOH BOHFMFIOU BO *4"�4�� VOE #�..-

���@*OGPSNBUJPOT ���@1SPDFTT&OHJOFFSJOH ���@5SJBMT

���@1SJODJQBMT1FSTPOFM�
*OGPSNBUJPO

���@.FDI6OJU0QFSBUJPOT ���@5SJBM1FSTPOBM*OGPSNBUJPO

���@4VQFSWJTPS1FSTPOFM�
*OGPSNBUJPO

���@ĉFSNBM6OJU0QFSBUJPOT ���@5SJBM%FWJDFT

���@(SPVQ*OGPSNBUJPOT ���@$IFNJDBM6OJU0QFSBUJPOT ���@6OJWFSTBM%FWJDF%BUBT

���@%FWJDF*OGPSNBUJPOT ���@'PPE1SPDFTTJOH�
6OJU0QFSBUJPOT

���@6OJU0QFSBUJPO5SJBM%BUBT

���@4UBOEBSE0QFSBUJOH�
1SPDFEVSFT

���@&OWJSPNFOUBM1SPDFTTJOH�
6OJU0QFSBUJPOT

���@4UBOEBMPOF%FWJDF�
1SPDFTT%BUBT

���@.BUFSJBM4BGFUZ4IFFUT

���@%FWJDF.BOVBMT

���@$PNQPOFOUT(FPNFUSZ�
EBUBT

WJJ
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.BDIJOF -FBSOJOH

&JOJHF"MHPSJUINFONÛTTFOBOHFMFSOUXFSEFO	FOHM� TVQFSWJTFE PS TFNJ�TVQFSWJTFE
 [�#� EBT WPN(PPHMF�
#SBJO�5FBN FOUXJDLFMUF PQFO�TPVSDF .PEFMM 5FOTPS 'MPX <��>� "OEFSF XFSEFO OJDIU BOHFMFSOU VOE
HFOFSJFSFO *ISFO "MHPSJUINVT BVUPOPN 	FOHM� VOTVQFSWJTFE� WHM� ��a JN "OIBOH
� 4VQFSWJTFE -FBS�
OJOH 	WHM� "CCJMEVOH ��a JN "OIBOH
 CFEFVUFU EBTT %BUFOTÅU[F WPSHFHFCFO XFSEFO VOE [VHMFJDI EF�
SFO -ÕTVOH C[X� ,MBTTJė[JFSVOHFO� "OIBOE EFT EBEVSDI HFOFSJFSUFO "MHPSJUINVT XFSEFO VOCFLBOOUF
%BUFOTÅU[F LMBTTJė[JFSU� +F OBDI WFSXFOEFUFN "MHPSJUINVT LÕOOFO ,MBTTJė[JFSVOHFO CJOÅS XJF 4QBN
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%BUFO XPGÛS TJDI %BUFOCBOLNBOBHFNFOUTZTUFNF 	%#.4
 BVT[FJDIOFO�

YJJJ



"OIBOH

(a) 4VQFSWJTFE .BDIJOF -FBSOJOH

(b) 6OTVQFSWJTFE .BDIJOF -FBSOJOH

(c) 3FJOGPSDFE.BDIJOF -FBSOJOH

Abbildung 76: .BDIJOF -FBSOJOH <��>
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"OIBOH EFS 5FJMVNTFU[VOH

Abbildung 77: 5FDIOJTDIF %BUFO EFT %353�"-���7�37� %SVDLTFOTPST 	EFN UFDIOJTDIFO %BUFO�
CMBĨ FOUOPNNFO <�>
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"OIBOH EFS 4DIOJśTUFMMFOQSPHSBNNJFSVOH

Abbildung 82: %BUFJEJBMPH
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Abbildung 83: (P UP IJEEFO UBCT

Abbildung 84: 4DIXFCFLÕSQFSEVSDIĚVTTNFTTFS 	N������ H
 NJU FJOFS .FTTTQBOOF WPO
���� CJT � M�NJO [[HM� "QQSPYJNBUJPOTGVOLUJPOFO EFS ,FOOMJOJF
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Tabelle 18: 5BCFMMF NJU EFO 8FSUFO BMMFS 4FOTPSEJBHSBNNF

*OEFY LMFJOFS 4,%. JO NN HSP�FS 4,%. JO NN 4,%. 6NSFDIOVOHT�
GVOLUJPOFO

� ��� Z������Y������
� �� Z������Y������
� ��� Z������Y������
� �� Z�����Y������
� ��� Z������Y������
� ��� Z������Y������
� �� Z������Y������
� ��� Z�����Y������

Tabelle 19: 5BCFMMF NJU EFO 8FSUFO "MMFS 4FOTPSEJBHSBNNF

*OEFY %SVDLTFOTPS
JO CBS

7PMVNFO�
TUSPNTFOTPS

JO M�NJO

.BOPNFUFS�
EJĎFSFO[
JO NN

4,%.
JO M�NJO

.BOPNFUFS�
ESVDL JO CBS

BCTPMVUF 7PMVNFOTUSPN�
NFTTVOHTEJĎFSFO[

JO | M
NJO |

� ��� ��� � ��� ��� ���
� ��� ��� � ��� ��� ���
� ��� ��� �� ��� ��� ���
� ��� ��� �� ��� ��� ���
� ���� ��� ��� ���� ���
� ��� ��� ��� ���� ���
� ���� ��� ��� ���� ���
� ��� ��� �� ��� ��� ���
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Abbildung 85: 4DIXFCFLÕSQFSEVSDIĚVTTNFTTFS 	N����� H
 NJU FJOFS .FTTTQBOOF WPO ��� M��
NJO CJT �� M�NJO [[HM� "QQSPYJNBUJPOTGVOLUJPOFO EFS ,FOOMJOJF

Abbildung 86: .BOPNFUFSLFOOMJOF� %SVDLEJĎFSFO[ [[HM� ��� CBS MBVU EJHJUBMFN %SVDLTFOTPS BN
�������� VN ����� 6IS
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