~ ~ . ~ s

AUUWSUOEODT UOT wET UwW&UEET Uwl pOI UL
ETl Uw( 611 O0P1T UUPPIUOT OWET EI Ul Owom#

~ ~

A NN

von Dipl. -Ing. S6nke Christian Rogalla
aus Tettnang

[ OE

IDOT 1 Ul BtEn 80nu EGA oyuru N
OLOEOPET I w/ YN WAS WEDY w

hud wili I 1 Ul OUoProf. Dr.-Ing. Bernd Engel

| w1l i1 Ul U6/ UOTI w# UBd wwuUudOdw! UUTIT U

#UUEONET Uowl YI h






O, EOwOUUUwWOI UUI OOwPEUwWOI UUEEU WD U

UBEwWOI UUEEUWOEET I OOWPEUWOOET wbODPET Ouw

Galileo Galil ei


https://1000-zitate.de/9333/Miss-alles-was-sich-messen-laesst.html
https://1000-zitate.de/9333/Miss-alles-was-sich-messen-laesst.html




Danksagung

OQwEDI Wi Wdd wOYET U1 whPET weOO] Ow, 1 OUET T Owdi poI «
OPET wEl PwEI Uw O 1T 0UUPT UOT wUOEwW! 1 EVE]I PUUOT wbdi b
9EOOI Ul UUOWOYET Ul whPET wOPET wEI PwoOl DOI Ow# OO00O
ETl Uw@BBwiur#05 O EGHIEO OwdU U wdPUwi EET @GPEDG A 10WA v U
El UuEdBid OPET wbbPil wxl UUgOOPET wbOwEITI Owoi UaUvi Ow
Oibd POUET OwbUUB w
(Ow!' T UOOET Ul DuldpyggwllwdHBWWUUT 1 Uwbi pOI SwUPI 1 UU
PDl woOil b aiord®i OQwEI VUi OPET 1 OwUBEwPDPUUI OUET EI U0
#UOUET wUI POT wadUT UUOLUAUOT wWEOUW, 1 OUOUOWOE DT Na
#OOUOUEUE]I POwoOoOOOUT whPET wi POwUPTI i1 UI Pwizddidww -
1001111 OTHEEUVUBBEUI Owl EOH@WIO@EB4IUWL DU & ODBVIORIEDI i UL
i 176EDOWT EEIEGWOD WwWRIdU GDET U8
BUEUwW/ UOT Gwli 1 DOl w, EOOPPUAWEEOO] whbET wi LUWEDI
000O6PUUDPOOB w
, 1 DO1 Ow UVEI PUT 1 E IUOWED QFHAUBDIODEDIN OOET UltwEl Ow%
(OU WA W2 OOEUIT wHd2 LuWvil WaHQ®IOOEDPLIT dund BWET UOT
.1 G ( 2% bUD U ? wHHBELGEIPD IE b E UAUWSEWWD U E 1 b UnuGupEEs 10w
Ul OwBOUGWI I BEBUVDGS w, 1| DOw# E O Gud 1B A Uil DaIDiO® tud iu B
] UOOOUPOOUYOUT EETI OwUUT OUwbOT OPOOOT OEwWUOUT UUU
#UUBDITWHOWEOCUOR&DDURODU BVIULEDADDO® w* O00TI 1 DOOI (
* 0001 11 OWEOQWUE U ®IP@WEY wODEWUVOBE®OW! 1 UICET w+ 1
AaU0ws Ol ®OI Ww UE]T bdjut E wBEOIEN 0 1O wi LUwWwEDwWwx UOI
QUUEOO] OEGRIED Wuwh L UWEDT wdOHOUPI OBPI DWEDOUBOI ODWwOHT
OET Uwoli G @waGmi VEOU U BG WU O
-EOI OUOPET wi Up&il 61 OwOGET Ul wb Ei OBESWEDT VD WE O%
2Pl EOI Ow2 UIUIOEQUs T 1UBDE TUILWE (D@ OmEPO w9 1 U GH U @y OO u
) ET BiUOE 1 Tweld AW & [ HH RHEiduidl b O 1 Qubd B ixud hia & O
UET @O B wHBEUKE E E O w a&buwdii sl ERDe-AdOirib® wia Oa a1 OPT 1 w
FUT T 001 OET wuEEd 111l HGWRIEWS wbWwd VEDIPWGWRY BT 1 OUET |
%l UOT UwOGgET Ul wbPET wOPET wEl PwEI OwWEOUUI 001 BwUOE
U1 DOUOT Ow&UIT T OUw#¢00 U iEWawe1ES EEDFW &0 E B Quily D BB IO E
TUOOS E UEEN IGmAETH O U EUNGHENDIYEWW WE Ui OUWEOOOIODHUET PUwW
EEQOQIwBU]I OwWH@EWI | EOPET wEOWET DE2 B& GO @iUIODH Bud 1DG
UOKWOE UOUDEI BHuivd QEEGR) psOWw UODP E |




# - *2 &4-4&

-PDET UwUBOUIT UpA&T 60 wWB@IWDDIU I \(GHll MheidE DU W1

Ul UUUET UOT 1T OwUOEwW/ UOT UEOCODPI UEUEIT P U i@t Ebp1
(T Ul wHUET 1 OwUOE w#ipmOWWUPOOW Bww @ @E D) ED U OwU C
VU1l DD@WET Ei UOPETEIODO W UWBHDII £ 100 w

, PUw! OPEOWEAB wEE@Pwd] DOl Uw U &ENwO g A AWK Eu Bl 10w
Ol bOI Ow OEOT NaT @wd & WaEOMd GEQ IEBBAMEDI @ E&w & ipdE T UDT |
&UUOBOEOET I OEUEI POwaUUw UUPI UOUBIN Rul)@E W) OO wixIUd
Ul Owl EVOwWEUI wED]l wbET wbOwdil POl Uw UEI PUwWEUI EEU
Ol DOl Ow* 0001 11 OOw21 EEVUUPEQwW*EPUI UOWET UWEIT T B«
TUEOODPI UUOT wET Uw/ ULT UUEOGEUWI LUWED! i BixUBEDA
Ol PO WP bt AIARWIOB Oad @IuET | OE OOwh ®@ET E E O a4 dOix®U Wi
EUUETTT1Ii6T U0wi EC

#EOOI OwOGET Ul whbET wE bsUEWE T Goud 103 1O EdBEU & w$ O
EDIl wi POI UI PET T Ow3bxxUwai UUw/ @O@ENBODwsOw D1 wE D
#1 EEN OPET T w UUUEUUET wEDGIT OO EIOEIWEW wamp BUWIPHOI0W
ET 1 0UU0O1T wEEUMESERILAD U ODODIE O ® uwp EwiDB @idduwyY OO ws |
EUBEI OUUET UOBT UxUONT OUI 60utpDU&1 B 0OaGBIODW® IwEd TUEUD i
OPUW&I UUUEUUET waUw. E1 UUET pP AT UBE UB&uaA] @i usbud w E
)y PEOQw2 UOwWE E &b BUpUBH EITADEE B IOuw( Ox UOUT wphp &1 Ul OE wC
EUIT OUT EQUUWEOGQA U IQEIU@MBE V0L wepl/ ( AwbOw3dUdaOw- |
-PDET OwaUOl UAUwWET EEOOI whPET wOPET wEl PwET Ow( OEUL
EUUI U1l Owi LUWEDT woUUYIT UI LT UOT UUOI OO6UOBT wYOdwse1 E
, 1 DO®wOWUOE I AEDAU BEwwd® U IWouEEEIUGuw 9 U U EBD &ul, WU@E E U D O
EPl wbhbET wl Ell WiwYibE IOWid wivsER@EEEIES UOOET UUwOoOPI 1T 0
T U4l OwODPET wE i%E OwIPHEIOE DO IOQ® ws OUI UOOw# OUOUT |
101 EOOEOWEDPOWPET walUwUDPI i U0TI Ow#EOOwYI Uxi OPET C
EIl EPOT UOT UOOUWHOUVEDWEPD&aYWUOBUUI 001 Bwel UUT wl
UUOT wil EIl 08 w

QUwl UUT Uw+1 UDAOWOGET Ul whET wiOP @I wy %0 wil &dmd b wr E
U01 UBPEWOQOUDP MBIV IVODEEE WOLHEDPDEOU]I R WUOE &uE& Pl u
TTOws UOUUBTEE®H@IGMOE OO wh | CumOEIWOO ®@-OB1 O Ouu) 1 UUI
OPET Uwi GEGUI EHU0 WOO wiEE WWE 004 Uwl & BidaTdi Gudbl BUGIbue
%UIl Pal DBUT T UUEQUUOT O UepdIdaY h E DU CGWwU &1 w) ET Ul
OPUT T UUET T OQwil EET O8 w

( (



Abstract

(OwlOT 1T wxUl Ul OUwPOUOWE wlOil Ppwdl U1 OEwi OUWET 1T wbOx
UPi wb O YW AU EUWUEDEW UEUaA wOOwWOT 1 wi UOEEOPUT I EwbdIi C
DOYI UUT UwET T EY]I Uwi OUwi EVUOOBPEUWODPO]I WwEOWDET E(
1T Ul wbOUIT UxUl OUWOTIE wPDISEUVODWWEOWEDT @UNDEOa] wh
PPUT WEOwWDOxT EEOQCE]l wp3T1 6Y1 OPOwiI UPYEOI OUAB w3 E
I EUOOOPEWI OPUUPOOUWOT wEOWDPOYI UUI UOWEUUWEOUOBU
EOQOEwWUT I wUxUOUI EOQOwl UPEOQWUUET WEUwWUI UOOEOUWOUED
311 wET EVUEE UI1auwiU@iREDu3EEH ® W0 OD 01 EwE a w @8 EEGOOJ uEM w
EDI 11Ul OUPEOwWPOxwPE PEE wWwbUwWEEOUBEOBDEO £ D OwWE] UEDO
DOx] EEOETl wUx1 EVUOUEOxawWwEOOOPUWUT T wiEl U1 UOPOECL
EUwbi OOwE UAGEID B GuFul il wsd®01 UOEOwWT EUOOBPEWUOBUUEI
EEUI UPAEUDPOOwWO! U1l OEWPUWEYEDOEEOI wbbUT wkhi PET u
OOOPEUwWI O6PUOUT EwEAwWUT T wbOYI U0I UWEBEWI EUOOBDPEU
YOOUET 1 wadliouiuboOWwisowli 1 wbdYI U0l UwbOx1 EEOEI
OOEOE! wbéi & @PHwE x EGODO EwDiCiEEE GBEVEEDE@DELWEUD
OOwbOYI UUPT EUT wOI EVUVUUT UwOOWEYOPEwWUT UOBEDET UB
(OWOUETI OO0 CUmUEOT U1 OEOWEwWUT UOWET OET wi OUwbhOx1 E
Ul O1 OUU WOl whbOYIT UUT UU0wUx wOOWE wx Okl UwoOi wddI wd
UPT EUPOOUwWPRI Ul wEEHIUDD Elwdwd @iddud EB@OWOwwUa vl
Ul UPl BRHEOBwWEOaDOT wUPOUOEUD D WIWEOUIWD U H B EWiD k!
YIi UUTl UOwUOE O wEWnudBIioU wdi wii 1 wi O Gl yQEWIOix IOIOE @w
U1 wbOYI U0l UwEUDPED iu® b B WiHiCubid v i uwwipl EEAO Ew O w0
OOETI OwEAE 80O EOa Ul Ed w31 PUwOI EEVwWwUOWEWET 00T U
PEEOQwxUPOEDx O] UwUT EVWEUT wUI UxOOUPEOT wi OUwOT |
EEEDPUDOOOWUT 1 wbobi OUI OET woOi wgddUUOOwWwxEUVUEOI U1 U
EOwWPOYEOWD OwiPUUDPT EVUI EREOHwDEEDAUDPOE wEDBUWEOOD
OT T wiiiiTEODPYI O1 UUwWOiI wUOi UPEUT WETEOT 1 UWEUWEDO

OEOEI Ud w






Kur zf assung

(OWET UwYOUOBIPDIWU@EI ®Wwdi U4 WuwsY 100 ETBEDIiOuEs | pw
TUOTEBEOUI UPUDPI UUBT wYOOwE DAT DAWI®®E Dl (EHEEIO w -
OP1 U0l OQwsHIVw& D W& OO BUCT WU EET wi POwe6l ET U OUDE
.ET UUET pIJAGEUWIW O uYE WEROWOWAPUWEDRBBRUDI Ow
UPl wi@®BEDW w i Ul aU1 GalEEH (Badd b O D B0 w @ ©I00 0P Ox 1 EE
@31 6 Vit OODY O WU HD VDO YUODET OwdOUUWEP] WUBDUAET
UET pDOT UBT Ul &8Hall UAniAO T ameipE! WWwi pabi 61 6OWUOOE
Ui OpPUOUBT I Owa wd OBDPEDWHOOL D OE L FIE®E: Gdi UOI
OEGHUVEPOBaMDUE & Gaww bi Ul O

#DPWOPUVEBOBOE WEOUI BH B YEKIEBID VHEIOU iODOT O WwE EEWD wOD
UOEBIwW 1 Ul OUPI 001 O uwdudkd IEE DA w PRI L0 mdED BBl UE T
PO #ADI Wi Ul 0PI 001 w( Oxi EEOaAUxT OIUUODOBY Bluwi U
201 OOP@WET Ul O6tsakFED IBEMBDQW" T EVEOUIT UP WiED WHT UYI
i LT OB Owei OwapPDUET I Ow. ET1 UVUET PPOBT UOT 1 OOWEDIT wy
EITA@WOE®I UUET PPOLEMMI WEOUwW1l EQOUPODWEUI wYOUI EBEI
UUBT T Owi @UDHOY BDIVED Owbi Utk O OBB@® B uw G EE@Ll ud U i
61 EIl BEOUI UPOx1 EEO4 wtid 0@ OB 6O DEOOT wix w U O1
YOOw1ll UAHEGaU WEE |

OUUwW$UxUOEUDT wEl Vapdui BEDWOGYOPDODET | DEWOUWL UEI
UUEOQEwWwaUUw# UUEDKLEBOOUwYIOOWOU GBI ET UDWOUDET (
EPUwalUwl POT Uw+1 PUOUST wYOOwi DO1 Ow, 1T EPEVUUWEU
ET UBT 1 OwWwEOwWYIT UUET 1 El O] 64 WE T WiPIOA D IOQEBTUEU 1T B i
UOEWEI T Ol PUI OEIl w2bpOUODBUDOHET DwpBUBUGBWPDOT UOT U
I POI Vw6l ETOU ORip@OWEVBH0A 0 OWETI VwuBO0albBU DI D C
El Uw6l ET Ul oubéiivibvEapLEaDOBWE] HBE] uw HDIGIHI OBIOD w
3T OYLOPESEOOUDPGWMOBDaAUDPI UUBw#DPI Uwi LT U0waUlwi oI
ETlXUiwa UPDOEOPUET | Ow4 UUEETATQutul bl Qb | ULUCEUERCE 1 Quuu . DRI ELEX
T10DI UESUPOU@ODBDI wwhPOBET Wi Vws DO OUUUwYOOwWLI |
OEUIl wut UVUT EOT UPOxi EEOAwWI RT OxOEUDPUET wi LUwi O]
VUBwWpr OO0PUWUPET wEDI w6 b =0 OUEDIuwy GO ub20d i1 DB W E
EIl PwgEUI OUI U1 OE] Owil wOOEDATI OwWEEOI PUI Owdauuls






|l nhaltsverzei chni s

HEOOUELLLOT ettt emnma e, (
EU U UE BN ettt ettt emnm e as ettt ne s essannne s ( ((
FUUBAT EULLUQD et eeete ettt eeee st ememas e, 5
(OT EQUUYT.UALBDEL OB et 5 ( (
2A0EOO0YT UALBDEL.OBDU et eeae e 7 (
EOLUAUOT UYL.LWALBDET.OBU e eees e 75
EEDOE U TUDVEL..QOB.L .ot 75 ( (
BEET OOI OYT.WALBDEIL.OBU. .o, 77(((
S DOOT DU ettt ennre s hu
hd WOUUEEUWET Uw$s UOI Ui UEEUT Ows$ Oi Ul i OwUOEW UURBWOUOT I O
6 I 01 OUUOOPI Pabl UUOL.WEL Uw2. 000001 UalL. e i
gt OUPYEUD VOOEDE i OET wnOUUEL.UOL.ULUELL.O .. k
G KUT EEUWE T UW. L UEL DUt A
| UUTEOT UUPUUEUDPOOWUOCEWEUUQEQEL LD i N
| Wi O YEOUIT w1l 11 EBIVWEI wibOw WwHDIUET PT U0UQIL.wY.00N61 ET UI O

$DOUET UAaOOUOT | OwETl UwEOT 1 PEOEUI Ows1 Ul ET UL.QuA U0 wW. EI

BiETUIODDUOUOTIOwéDDUETi6w61ETUiOUDEIUiUOmUOEwEiO

Qu Ou

| 6§t 6B A1 DT Ol PUWET Uw. ET UUET PDOT UBT UUX1L.Q0UBHUWYOBW
| 8+ 81 DUxDIT Owi LUwI DOT wil VOABEL BDROEIDOI. 1. 0wk DO Ow/
| 6+ 6001 OwYOOwW-1 0apI.EL0LOBDULAUOL L. W

| 5R1 DUE]I Ul DET UEB&BR BT GNY OBBUO0OL1 O hull

| 5R6UT @UT OAET Ul DET UEOEOA U] wYOAw-1.04ABlELUL.ORPDRRUOT T O
| 8 K BOU G B EIO AL oo N
| 6k61 UET U1 D EMIOR iwl D@0 @Ei 01 UUWEOUWPE] EOL.w..ELl BWET pDOT
| kB UET UI PEUST wi DOI Vwei EEFBUOHYRLIL.OUUUWEAQUWBT 8Y1 OD
| 8kBBUT T UDTT w VEI PULOWEUL. WELOWE&IL.EDL.U. . l. t
| §k6HUT OwYOOuw. ET ULEL.BEDAL.UOL. L0 e It

| 622001 OUPUET I whO0x 001 00100 oo | w
| 8t 52001 OUDUET | w* OOx 061 601 OwY.O0w. ELLUEL REOWUSOT I O
| 5t SEVULUODPET | wUaoOl OUPUET | w. ELUUELLROLUALUROOX OOI
| 516 OUEET OUOT wYOOw( Ox1 EEG4T OwDOWUAOLOLOUDOEI | Ow* O

t (Ox1 EEQ4aUxI OUUOUOOx DI wY.O00wsl.ELUL.OUBDEL.LL.UBD
t

5 ((



(-

+325$19$ (" - (2

—_— == =
Qu Qu OQu

A R R
Qu Qu Ou

A
Qu

R
Qu

-~
Qu

| OECa Ul wYOOwW6BL.ELUL.OUDEL.UL.UD i bl
#DUI OUT w( Ox1 EEQA.UXL.Q0UQUOAXBL e bt
gDi i1 Ul 6UPI 001 w( O0x.1..EEQA4AUXL.OUUOUDOXDI v b K
FOKB®UT T T 1T OUPI PUT wa UU w$ w=ODWRNOGUAIL.QUEL. . Uw3.l.a.Y.r 60
KSEOPEDI UUOT WEL.LNwWS.UILL.EOBUUL e H
BKOET OWET Uw OULI.LUDI.OEO Ol e, b A
BKKSOUT T T 1 06UPI PUT wa.UUw. .OURLUOUA . KY
8KS&T OPET Ol PUT OwaUUwx UEOUDUEL.L.Qw4.0UIL.0AUDKI
UT T T EEUUT Uil UL L UOEDE ..o K K
koW EEQwWHEHI ®WUOUOT UYL.UULOAUQLLUU. e Kk
kdOUUT UI VUOT WET Uw-1.0AUDOUOELOUU. ) kY
BkBHUUPT UUT WL EUULUDT et kY

Ou

el S R L R .
C

UUIEWBDIUUT wi CUwYI VUUET PL.EL.OL.wel.El.UL.OUDEILKIK U

i UET Ul PEUOT wiEl VwYIlL.URLOEL.LOL.Ow/l ULL.OBOI. 1. .......... k k

$UT T EOPUUI wEl UwEDUI O0IT.0w(.Ox1.EEQAUXL.00LAOUQKONX DI

BUT T EOPUUI wEl VwEDI 11 Ul O0UBIL.OQO0L.Ow(.Qx]l.EEQaUxii IOUUOUOO
K6t $woOpUUI 00T wpPUOUEOT w..UlUI.EOL.UDOxI.EEQA4IL.OL ¢
K6t®UODPUUI OUI wbOOI UlL.w2.xEO000.01.0a01.00L.Q......c... bk

EDOI OLUUI wYl UDUET D1 ET Ol Uw! 1 UBPUBY EBUBOL.OL.LWwE Ui WEEU
K6 K$BOi OUUUWET Vw6l EI.ULOUDEIL.LL.UOL.DULOGOT. . ........... b N
KEK$EDOI OUUUwWET Uw!l.ODOEOSLBDULLUOL e At

RET QUUUIT OOL.L.UIOT T Ot Ak

ET Ul OUPET Ul UPOUI UOT w..EL.UUEIL.RPROI.ULOL.UGUKDOI O

GNEUOOODPUET | w. EI UVUEIL.RBDOIL.UOL.UBLIL.OQAOL.Quiiee, A A

k6 hSBET UOPOT EUI w#.UQUUL.ONUXUQL.O. e, wy

@l Uw3 O0al 0T T 11 OUwWEIL.LweIL.ELULOUREIL.UL.LEUWLRKOI

gt DOT Ul wOPET UOPOT EUI ws$i I L.OUL.WEL Uw6l.EL.UNOUDET Ul |
RGBET UOPOI EUPUAUITI OwhpOwEL . Uw,. .0U0pI. 0OLUILEUNDOI

OUI Ul gUI C4A4EI 4011 Ol w. EL.ULUELRPOIL.UAOIL.UZULL.OONG

| &QWEOGa Ul wil Ol UUI 61 Uw2x1 O0UUI QwEL.Uw! . ULEQLQEUUT EOT
I 81 UUDPOOUODT WEFQGWPYEDI ODOwWi LUWET Ow!.L.ULDERYWMET Uw3E
I BET OQUUUT OQLL. UL LD buy |
T1O0UOT U0I Ei OPUET wbOEUA&ADI.UUL.W..EL.LUEIL RBDOINY®T UUI O
t&habi OUT wii 11 O0UOT wYOOw..EL.UUEIL.REAOL.UASL.ULYUg O1 O
30041 DPUOOOXL.QUE DDA .o tuy K

FBET UOOE UQELUDOD et by Kk
FSRRPOUOW/ ObPl Uw/.0D.OU W3 UEEODROL .o tuy t

P BIkUT ET Ul OQwalw( OUL.Q01L.0A1L.LOL.OOUDI tuy t

FBET QUUUT OQLL.LUUDT L. Qe vy W

UEOOI O EUVUUOT wUOE w2.E1.00.00.0.001.1.0.001.1.0.......] huy N

Ou Ou Ou Ou OQu OQu — OQu Ou Ou [TF Ou Ou Ou OQu

C

i O0UUI EOUOUI QWEUIT wEPIL.w..UUl.EQL UD.OX.I.E Endharu

i OLUUI wxEUUDYI Uw! EUI O1 Ol O0L.wlOEwEL . Dw-.InWMWIEOOI D
BIWUET Ul PEUOT upéd QWIEW BB BN DD AL O uhy

Obil OEw&1 T 1 OUAaUUL.ODOXLEEDA o, tuhut

Ou
2 2 O



(-' +325$19$("" - (

hEBOOUAUUT ODOXIEEOA e huhuk
Of OUU R EITULAW D ET 01 UULILL.Q0 0N e, bl y
lﬁhBUxDiOwiaéileiUOOEOéEDOEUéTmODUml]H@H@iDOIO
61 UET Ul PEUOT wEl Uwy QUORILIIL.OELOwWLLILOLOINI K
| 2DOUO0EUPOOUOOET OOwEL.Lwel.El.UL.QUAELLL.UL. t |
| $6I 1 EOPUUI wETl Uw/.EVEOL.DLUYEUBDEUDQO. ... hut N
| BKkOUEET OUOTMWEE WwdodUDUUL.ODOXIL.EEQA. ..o UK A
T OUUUI 00T ULOLI.O e huK W

[Th Ov Ou Ow Ou Ov @ Ou

Qu

t
I$
t
t
t
t
t
P
E

AT UERDUOULAIL D oottt vk hu

BDOI OUBUwEOUPEOOUOT wUOEwW UUOLL.UOL.wWY.0Quwe.Ihkingl OUDE
PEI UOCET T UUOT wYOOw..EL.ULUELRDOL.UOLL.O e, buk

t Ovalal wi LOUwl DOT wYT UET UUT U0T w! 1 PT U0UOT wY.dWwel ET Ul
0t IUOT UUUOT wEOwI POI VwUUEOGEEUERLUBL.ULOL. OQw-Hkta OEET EH
61 PT UOUOT WET Uw20gUl OPUUDPOOT OWEOI.EQEWY.hikuk DOUDY
6k PT U0O0UOT WET Uw20g Ui 6PUUDPOOT OWEOT EOCEWY.Chékukd OOT Ul
BIKPT UOUOT wEl Uw20gUl OPUUDPOOTI OWEOT EOEwY.Cnékuk. ET UUE
BkpPT UOUOT WET Uw20gUI OPUUDOOT OWEOT EOE wOERKEAOE Ol U w
BEI OUUUI 60T T UUOT T Owalw2U0gUl OPUUDOQL.OwinkWOOODUE
t 6@UAaA0ATI OwalUUwYI UET UUT U0l Qw! 1 UUPOOUOT wlkkAWw i Ul @U
pi OEUOT wEl UwbOx1 EECAEEUDIT UU DR WEEGEDEIGGUNE T OUEE
K$ oD U UIoWD- IwEa DOxT EECAwWET Uw-.1.0aEQUEL.QUUNKNOCOUIT U
K$UODPUUOUOT wETl UwUIi UUOUDPI.LIL.QEL.Qw.00ELL.OBMGx EEOA
KBOWEEDPODUAUUEI UUEET OUOT wEOw-1 UAEQUET OUULuxUO00wU
ABRET OUUUIT OO0I.ILULOT IO i) hut t

> > >

Qu Ou Ou
Sy > RODF S¥ > Dx DF > Dx
B e e e =

Ou O Qv (O Ov Ou Ou Ou Qu Ou O

>

W*UPOUPUET | weLUEDT UOL WwiOEW. U0EODE D o Wt K
NOQUUEOOT OF EllULON oo Wt N
D01 UEOUUYL DAL DEL OB oo WA 4
=0T wil GET Ul PEVUGBWEDOGI OUDE i 8d D WEGIMO. A 0.6k
‘éT@@ﬁiEEOéiOwDOanoéiUUauELLQmLQOAOQmmﬂié

Ol EOT wi# @l ET OUOT UUOUDPxUwi LUWEDPT wiLEOI LT.URDGOAT I PaD
o] T#HISGBEDPOODI UUT Uw2DOUOEUDPOOUOOET OOWEILNWNOUI UU
Ol EOT Wik UPOOUOT wET Uwa&i UE O udbixl kaEmd@E ki BOd Wuwd G w
201 UOUOX. Q00T Bl tuN hu
$DT1TO1 w51 UGH 11.000BRELLUOIIL.O e, fuN
T OUT U071 wOOUET QUBLUEILL. W . UELBDULO e, N A
S I =S @ N U@ = U N OO OO N N

w

(7






Symberwei chni s

| 3

y'Q
YQ

>"’C'>Ao

Yo

OxEUUI EOQOUOUI OwaUUuw! 1 UET Ul PE UIEN wk+ @&l &
Ol Uw#UOUUT OUx UOI
%UI gUI ODAUET UPUUPI PUI wi POT Vw( Oxi EEDaUxI C
%UI gU1 ODAEUI 6gUUOT wi bOT Uw# %3

, PO0UOT Ul Uw%i T O1 UwET Uw! ULEOTI OEUUT EDQT UUXE
%Il I Ol UwET Uw! ULEOT OEUUT EOT UUXxEODOUOT wEUI T
"EUOOOOWEET UUET PPOT UBT UUxEOOUOT UGUI 001 €
. UEOUDIT w
[ TUOPUPYPUAOUwWPOW EIT &
OET O1 UPUET 1T wwl OEOOOU
/1T U0 EEPOPUAUUAET O
11 YI UUPEOI w/ 1 UOI EEPODPUAU
BUEOUDPUDPOOUBEUUDR

, ET 01l UPUET 1 UwwnOUUU

6DOOI Of Ul gUI OA4wETI Uw&UUOEUET ppOT UOI

2aU01 O6EVUPRwWI LUwi DO1 Owei ET UI OUDPET U1 Uwb
#0171 Ox 100D U w

oUIl UUET OPUOUUI OAET T wET UwOET 61 UPUET T Qw*1 U
$PDOT EOT UOEUUPRwWI LUwI DOI Swel ET Ul OUPET Ul U
OET O1 UPUET 1 wwOUUUEDPET 0Ol
*ExEADPDUAOWE] Uw* OOET OUEUOUUWI pOT Uw2pOULUI
*O00x Ol B1 WwdOUiUDA i OUWET Uw. UEOUDT w

ET1 OEU0I Of OWEPUOUIT b woi POUI PT 1 wEiI Vw2bI
91 PUYIT UOGEUIT wi pOI Uw2bl OEOU

&1 UEOUOE x E ap38E0 ufA) BV | ©ediOBOUlws , 5

&1 UEOUOE x E &80 ufA) BUUEBU | ©ediOBOUlws , 5
*ExEADOLPDWEITI UOOUI PUOODOET OUEUOUI Owi A1 UL
#D1 PUEOUDPT OEOwWwa UOw, EVUODIT wiidluwEs aJwl U ol LWa)E
%OUUILUEMWI@R®Ww! T Ul ET OUOT wuabOi DUPUET T Uw*

OQUITITITUI gOOBBREOOHUYWOUUOUOOX DI

.ET UUET PPOT UOT Ui Ul gUI DawEl BawEl Vwi EVUOOOE

, ERPOEOI WEEUUUI OOEEUI wunUl gUI dawl DOI Uw# ¥
, ERPOEOI welOT 1 UI'T Ul wwUl gUI Qawi pOT Uw( Ox1 E
&UUOBET Ul gUI OAwWET Uw-104aUxEODOUOT
EUOEUUOUEUI
B3EOQUI Ul Ul Dawl POT Uwel ET UI OUPET U1 UU
201 U1 VUGBTI UI POT EDBT UYI OUOU
OET O1 UPUET T wwl OEUVUUAUOI w
20gUT Ugoi OIl POT EOT UYI OUOGU

- U@urGaldl 1 Guauvuli GUUUOLO
*OO0xO0I RT w OxOPUBHDBWEHEDWED UDWESDE Ul Owl Ow
51 OUOUWET Uw/ T EVUI OUOUgOT wbOwWEITI Uw' EUxUEUC

OTDTOIDUwYOOwEIUwIC
0]

7 (



28, !

+5$19$("" - (2

XY

QooOo

O

-0l

R0

R

Q

O
Qo0
Qe
NGO GO 6
Ll
Drod

Parao
Pra
Q
R

/' TEUI OT Ugd1l OwETI Uw20UOOUVwi LUWEDT w/ T EUI Ou

9IDUYIUOEUE@E@W&E&E@@UIOw#UOUUIOUUUOOU

*OO0x Ol RT w @*xOUUBT EOT UUOUOOUWI POIT Uwei ET

91 PUYI UOEUI wiél Uw UUT EOT UULOUOOWI POIT Vw6 E

Er OOx 001 OUI OQwi pOT UwWEUI bxT EUDPT T Ow20U0060U0u

,OOIOUEODIUUwEIUw EUXUEUOUUIOUUUOOU
9IDUYIUOEUIwEIUw EUxUEUOUUI GUuOubou
=@UDPYEOI OUIl w. ET UUET pPOT UOT UUODUOGOBUI 001 u
OUGD w

51 OOOUWET Uwxi EUI OET 4011 O1 OQw, 1 UUT Ugsi Owi
"EUxUEUOUUI GUuUOuobo

5] OUOUWEOOxwE®IOUT OwET Uwi 1T @IUJ WU UG UE U x U
OO0xO0I Rl w BxODOBEWEHT Ow-1 UAWEUUT T UEUUET O
TUOGT UUOUOOUWI POTWIWBWET UWudWipED 0O aw
&UUOEUEUD®BDIOUwWT 1 61 VUl Oi dwel ET UI OUPET Ui UU
"EUOOODPUET T w. Eil UUET PDPOT UOT 1 OwET Uwi i 61 UU
O U Sauw

, 001 OUEOPI UUWET Uw-1 0avuouodbou

g O0x O01 601 Qwi POI UwEUI DxT EUPT T Ow20U00O6U0u
5] OUOUWE] Uw2 60I0ET UVOWPEVWED QWU OOwWwhPOwUOU
*OO0x 01 BT w OxDPWWED wiEd @Wwd wbi ET Ul OUPET 01 U
Uouoo@miipudl UwaUl gU1 Oaw

*O0x 01 R1T w Ox*OPWAIER TwWEI WU O U OO w! BOD Wb LOEM
1LEOI LT UGEUUPRwWI POT Uw1ll T Ol UUwWwOPUOwW9 UUUEC

. UEQUOT wi DOl Uwil EUOOODPUET |1 Ow2ET pDOT UODI
5] OUOUWEIT Ui ®O00 0 OEWBHOUIT wi DAOT Ut DDG DD WY
51 OUOUWET Uw1LEOI LT UHWO U U ipG Bl DO Diwd @ IUwukE9
*O0x 001 601 0K
51 OUOUWETI Uw1LEOI LT UOOI i i pabi 001 Owi LUwWED
PEr @O0x 001 001 OA
(OGEUOUDPYPUAUWI DO Uw# UOUUI GUx UOI

OIl EOT UPOGEUOUDPYPU&AUWI POT Uw#UOUUI OUxUOI
=@UPYEOI OUI w&UUOGEUEI pPOT UOT UPOEUOUDPYDPUA
(OEVUOUDPYDPUAUWET UwEUUT EOGT UUI PUDT T OwwnbOUI
(CEUOUPYPU&AUWI POI UwUUOUOGOOOOXxT OUPI UinEOD#
OOOwWOOET A

(OEUVUOUDY EWWEHBIOWWI Owi DOI Vw6l ET UT OUDPET Ui
+401T 1 wETl UwOET O1 bHAUBWHOGOUUULOUwUOI
(OEUOUDPYDPUAUWET Uw-1U0Uab0Ox1 EEODA

24800PT UOT UPOEUOUDPYPU&AUWI POT Uw#UOUUI OUxU
51 OEQBOU I POWE @1 U 19 Wuwi UEE@ EGW

UUUU01 U1 UT UEE ODEDOEDD/OD,

O4aETl OwEl Uw EUEUUxUOOUI wbOOKY,J EOEWET Uw
OAETI OwEIl Uw OxODPUUETI OUET UPUUT wxUOw OUI 1
OaET OWEI Uw/ T EUI OOCET T OwxUOw »0iud U U dWwd @Us

,ERPOEOwWI POUx1 PUEEUI w. E1 UUET pDOI1 U aE iU
%UIl gUd 64 w

*



28,1 . +5$198$("" - (2

n@n 51 OUOVUWET Uw9UUUEOEUT UGSl Owi LUWET Ow( 601 1
*OOUEDPOEUI OBuauul O

L %OUWPAIU | PABDOOWIWALET Ul @00kl nEDUOGD iw
¥ -1 UA0OUUAUET OUUUOI PUOUOBGT

¥ Q %UT gUI DAEEFIGUGIUETIOAWUYI 0U0Dao00alay QUWAOE |

v 110601 apl (1@ 8wUl OUOWEPUEUPUWUEUDPOOW?2" 14
-1 OOGEOOET T 601 PUUUOIT

1'% /1T UPOEI OEEUI U
¥4 $DOUI Ua4al POWETI Uw3 604l DUT T 11 001 UwbOwsi UG
Yio OUITTT al POwOPUwi DOT UWET UUDPOOUIT Gui. EUIVDEE
¥ g4 OEOaUuUl ail PUIT T OUUT Uwl DOT Uw# %3

“Y¥paco &1 UEOUEEUI Uwl DOT UwOOOxO1 U01 Ow2x1 O0UOGUOC

O 30U41 PUWETI POwW4 OQUET EOUIT OluwpBOUDE TUwssIT EEIT WIT @6
2ET 0UU0&aail bOwi 1 OEOOUK
“Yaito 3EOUxI UDOEI wi POl Uw6el ET UI OUDPET Ul UEUL EOI
Yo 2Y 9Uil{g0pj]y§p§UETpDéﬁMMﬁﬂMﬁﬂﬂMdﬁﬁﬁme@H
9UUUEOGEUUITOI U
6 201 VT UTUg6LOWI DODOwWET ET Ul OUPET U1 UwbOw9o U
66 0 51 OUOUWET Uw/ T EUI OUxEOOUOT 1 OwET Uw UUT EOI
YIYEY *O00x Ol Bl w Ox-Ob@aRE TUWUa U0l OUxEOOUOIT
YEYEY  * 00x 0l B1 w Ox/OPHIWIED UrEH BIQUBT O@BUT Pw/ T EUI O
0. ¢ , 001 OUEOPI UVDWET Uw! ULEOI OUxEOOGUOT w
Oa P 91 PUYI UCBUEQEDOPWUT EOT UxEOOUOI
Oapi i 91 PUYEBUORQAIOOOP]I UUUWET Uw! ULEOI OEUUT EOT Ux
Y o -0U00UaUU0l OwET Uw! ULEOT OEUUT EOT UUxEOOUOT
Y ok , bl OEw&l T1 OUaUUl OwETl Uw! ULEOI OGEUUT EOT UU X
66iQN 51 OUOUWEEOWOEUUT EOT UUXxEOOUOT wbOwuUOUDI UI
Yigoo SEUUAET OPET 1 wODPUUOI Ul w! ULEOI OEUUT EOT UUX
Yawiip 5OUTTT1EI Ol wbPUUOT Ul w! ULEOI OEUUT EOT UUXE
Y o #UUET OEUUUxEOOUOT wi pOI Uw( &! 3U
04 & , 001 OUEOPWDOWEUOQOET OUEUOUUxEOOUOI
66QOD 51 OUOUWET Uwxi EUI OET aOT 1 O1 dw, 1 UUT Ugo6l Ouwi
TEOT Ul POUI UUXxEOOUOT
66™MA 5] OUOUWET Uw UUT EOT UI POUT UUXxEOOUOT T OwbOuw
Y #UOUET OEUUUxEOOUOT wi Ol Uw#DPOET w
Og 4 " EOEI woPPUET I OOUI BUUxEOOUOI
60 51 OUOUWET Uwl 1 01 UUI O1 OwxOUPUDYI OWUOEwWOI 1
jm *00xO0I Rl w Ox GHOBYEMIBSUUWE PPOT UOT UUXEOOU
OPEI UOPOI EVUI OwdpwévlwbE EO0®U kil 1 w
Yo *O00xOI Rl w OxODPUUET wEl UwOl UUEEUI OQuw* O1 OOl

%Ul U0 & w
0 a086 91 DOYI UOEUI wEl Uwoil UVUEEU] Owd OUGEI @U 0E00U
*OOxOI RT w OxOPOUET wET UwdI VUEEUT Ow* 61 601

—i AG&D .
I EUOOODPUET | Qw. UEOGUOAT w
6 , 001 OUEOPT UDWET Uw-1 0UaUxEBOUOIT
Y Q *OO0xO0I Ri w OxOPUUET wEIl Uw-1 0&aUxEBOUOT wEIl B
3@ *OO0x 01l RT w OxOPUUET WHIED waw U @i W IEDBAIO |

63 6 , 001 OUEOPT UOWET w201 Ul UUxEOOUOT wi POI Uwe
O0Yoww 51 OUOUwWET UwET Ul ET O1 U1 Qw201 00T Ugo6l Owi BOI
Ol Owéel UUI Ow

7(((



28, ! +58$198(" " - (2
6"Y®en 51 OUOUWET UwET Ul ET &1 U1l w201 06T Ugol Owi pOI U
EPOEUI Buauui O
in pr§O[§lw‘QxQPOU§ngIQwaéélUiéw.EIUUETD
Ul OUPET Ul UUWEQ PwET Uw%nUIl gUI 4w
Yo $00x0161w OxO0BOUEl wEl DwbOOT Ul Qw. E1 DUET P
Ul OUPET Ul UUWET Uwil EWOOOPUET T Ow. UEBUOT w
) QUUUEOEUT Ugosl OYI O0OGU
waQn QUUUEOEUT Ugo1l OYI OUOUWET UwET ODUEET U1 Ul Owse
- vauui o
G, Q *OO0x Ql BOEOPUUBD®E Wwe6l ETWI DWHIED wadWiUagUl 64 w
& 360 36) *O0xO0iI BT w! V@bl OBWOWOVaUV0I 6bOxi EEDA
O Q 6PDUOUBOD A1 BAIUEEOA W DOI VwOPET O DOIER Wiw@m
O Q *OO0x QU IRVADPOXxEEBGA WU WU gUI 4w
a'y 51 OOOUWET Uwii pLOUVET U1 OQw/ 601 wi LUwi 61 w1
GPBY / OEUADIWOIWI I UOEDEUVUI T O1 UU
gw %U1 gUI QAEET 401 Al U Wi X EEDW@ED Wwi pOT Uwel EIT
@, *O00xQi®UT EOI UPOxI EEC4Aw] PBOI Dwkl BWAUOYBED
& onari 61 ETUI OUPET UI UOI O0POx1 EEDA

7(5



AbKkOr zsuvnegr zei chni s

31 Ei OPUET T w Opi BEUBIT UUITI1 OB
mon 9I PAUUI B0w" OEOx D OI

#" OEOOT vyis PODPHEDT 08 WEOEOOT Ul wEDPT PUEOWEOC
1'% 6 I OOEOT 1 PAOUEI Ubi UO
1, 6D I UOET UOPOPUUI UPUOWI LUwWDUUUET EIl OWUOE WS
#" &O1I PET UOUOOwmi 61 O wEDPUI EOwWwEUULUI OUK
# %3 #DPUOUI Uinuyauipd WOEUDOOwW
$$ $UOI VIMEBIEWT BDIOET 1 O
$,5 $01 OOUUOOET O1 UPUET 1T w51 0U0U&T OPET Ol PU
$9% $Ual UT UOT Ul POT 1 PUOwWsUAal UT UOT UI POT T U
%%3 2ET OO0 EPU IO U OU O E “pauwyed WOIed lwu3 UEOUIT OL
%* 9 %g UET UOI 664l PET 1 O
X " OET UxEOOUOT UT Ol PET UODUOGOLEI UODUET UOT
o+ " EUEPBODIH 00
(&!3 ! DxOOEUUUEOUDUUOH DDOWHEDGDT UUI UW&E&EUI
i 01 08 wh &0 QEBKEERI W O U A
(2% %UEUOH @®UIOBWUU0wi LUw2OO0EUI w$ 61 UT PI VLaUUOI
+" o+ #UOWUO@ET O BOGUODUEDUODIT
, - , DPRIEOOGEN U OB OE ORI OO0OT1 bl
1 , ERDPOUOW/ OPI Uw/ OPOU
, 2 , D00l OUxEBOUOBI]
- -1 UaEOQOUET OUUUxUbOU
- -1 U UEOME ORI 0001 P
-2 -Pl ET UUxEOOUOT
.2 EIl UUET pDOT UOT T O
/| ++ /' TEUI OUIT T tpDGEIORO @H O TuwE w O O O x
/5 /' T OUOYOOUEDO
/| 6, / UOUPI PUI OOOEUOGEUDOO
3 1
9

75






Abbil dungsverzei chn

EEPOEWOUBR&EOOUOT WEIl UutbOBUBDODT UOI DuUUOUGPOwW#1 UUDUET OF
YET Ul wl YY! wEPUwl YNWOEET w* UET UP1 UOUEULIL.08.W&UENDOO w! 8 u
EEPOEROUOOs UCEUOUBMIOEHLOEDOEOOPET 1 OW3ET T OQwp! 1 DUxDI 06 wl

4T UAKSw#i Uw O0I POWET Uwi UBIT Ul VEEUI Ows Ol UbmdOwbbDUb&al UwUE
$OT UT & W" TLEU LU MLZ UL oottt emea ettt ee s eemnreseene e e 1.
EEDOEROUOEVAUVUAOPET I ws50UT 111 O6UPI PUI walUUw. ET UUET pPDPOT U
T VAV, (. 7V TP huhu
EEDOEWODwKEUDPT Il UWSUUEUVUAUET EOUEDPOEWET Uws51 UUUET UEUI EEL
-1 0aDOx1 EEOAWE]T PwEI Uw. El UUELPRLDEOILUAIL.UYL.UAOL VLD .GIt

m

EEDOE®MOUVQOOE]I UUET PpPOTIODR DO&UPOEU Wk YYPET Ul UUwi LUwUOUI
N I U T X @ 3 B =0 0 - T 0N NSRS USSR RRRRR huK

EEDOEWET WKk OEOWET UwUOUEVIOREDOU QP Bw/ OUDPUDOOWEItUw, 1 VUL

EEDOEWODUWNOYDET UET 1 OEWEF UaDOBIL.UDUEIL.UL.OwW/. 5. ......... hut

EEPOEWOWaWOwW* Ol 001 Owl POI Uwe 1 E 124 OUGED 0 Quiqud & I00 AW O u

EEDOE®®T ONWUOWET Uwi 1 01 UUI O Ow2xEOOUAL.L.OWUOELMAUUG Ol wé

EEDOE RCHTWHYDET UwlLET UwET OEOOUT wUOE wOI Ul wel ET Ul OPPUOUOD
1 Ol OOUDPUET | Ow OOELILOWUQEWELOwW L. A i) bu W

EEDOE WATuwhinedl OUOT wi DO1 Uwel ET Ul OUPET Ul UUWEOUWDPEIT EOI w.
$DOxT EUPT 1 UwS UUEUAUELEQUEDOE. o L. h

EEDOE Wl il U DT I EOLEOOEAWEE Uw# EVUUIT OOUOT wi DOT Uwel ET Ul
i Ul @01 CAEET & 01D U ANUBAIGAUW. OB Ot I

EEDPOE WwliUpdtOUOT 1 OwET Uw2 ET UOET T UUDEBEWU@MOT Vwkdw EUOOOD
&UUOEUET PP O iDQIAID®uw,- O OUa UUI OwEUI wEDT wUl UUOOREI Ul OEI ¢
EEPOE W Qihk® BOI Uw/ UPO0aADx wET Uw(.Ox.0.EEQAUxIl.Q0WOINOOX DI
EEPOE Wil aubdhékmdx wET VwEDUI OU1I Ow( Oxi EEDO4 U.x1..0000000x DI wi O
EEPOE WOl oudhdt Box wET UWEDI 11 Ul OUDPT 001 Ow( 6x1 EEQA.Ux OUUOUOO
EEPOE@ATAWNOPET 1 w+ET T wETl Uw @Il G U 0WiEJ QupiDAE wu a000WREE T G o680 w

YEOPEI®Dw®%BE1 UOwi LUWEDT wEOUEIL.QPI.6.1..QEL . w.. 0URL.UOHA
EEPOE AT Guhiusol UOE Twud GIAeE T 0 WO OwETl Uw @HE.EL.UL.GBINOAS wo Ul
EEDOE UAQIUPNIOOUW OT wET Uw, 1T UUEEU] OQwi LUWEDPT wepi i1 01 6UPI OO0

FT UUDOOUUDT MENM OB W A ..ottt eneae ettt venes s KY
EEDOE wdd tdl iyaoU 01 wET Uwhb OB OEOUPAPO QBOOEDIVU ET UOT wbOw

T 2R 5 N @ 1 U N0 X 5 Y0 ¥ @ TSSOSO Kl

75 ((



(+#4-8&25%$198(""' - (2

EEDOE wAliullhoE OU1 Uw/ ULT UOECEwWaUUwW#UUET T LT UUOT wyOOuw( Ox
61 ET Ul OUPET BKHAB8. WA UL.OQ T QMW Kk

EEDOE )i6w! Il ¥4 UDOUOE OUwWwb ) UOBBOU WwE QuunUEUQIL.QKl Uw( 2$

EEDOE WAitudamx UET EOUEDOEWET Uw51 UU0&UOT UUOUI T OQw" .,/ (2.

-1 UaUPOUOEUOUUB wWOUI 001 o w$ &23....wl. ORI UWSOLEILUOKDEUwWE OE"
EEDOE el WD IK®LET UBETI Dwk 0 DQWOEUOUUWET U0I T 1 OEwEUUwWI LOIi
51 000&4Uu01 Ul POT 1 PUT OQwe" .,/ (2. @aRRHOL.OwsODUw.Y.Y.LKAE A6 wo U
EEDOE ubkkiog Ul 04Ol OOODODPI wp2 ET UOUET UOT Uil UOOUDOOAWET Uw+

El OEUUOT Ul Olwaidiid Wd buwsk 2 3. - w/ ObP1 Uws.Ql.E0UQODEUWENE"
EEPOE WO A &iowEl Uw, 1 UUEUI EEVUUwWOPUw+1 PULUAQILUAQLMWWT I UAU0wW

EEPOEWATWIENS Ul Uw$ UVUEVAUET EOUERPOBOBIO0@® 0w UUVUET O Ouwl
P61 ET Ul OUBEL.OL Lt kK A

EEPOEWATWIBUD EET Ul UwSUUEUVAUVUEIGODOEBROBWBWH&E&UOUDUUUUET Ul
P61 ET UT OUBDEL.UL ML A oot eeea e k A
EEPOEWBATWIIBEND EET Ul UwSUUEUVAUVEIEGODBEROBWBUBDEGUODUDUWUET Ul
P61 ET UT OUBDE L UL U & oottt emee s vee s sens kW

EEPOE WBATWitEY® EET Ul Uw$SUUEUVAUVEL BOAEPOEWEGUPEUOUVUUOWUET Ul
P61 ET UT OUBE L UL AL oottt eane st en et s e e s saenens kKN

EEPOE W1 GQut thubl 11 e §O0UO0PUUIT wWET Uw6el ET Ul OUPEIL.LL. .Uy wEDUw#
EEPOE WRITQItU W B1 wk &§O600PUUIT wWET Uwel ET &I OUDEAWOWAGY WED U w#
EEPOEWRITQItU W B1 wk &§O600PUUI wWET Uwel ET Ul OUPET Ul.UwhOw! wuod
EEPOE W UIKOBUWEDI 11 Ul OUPT 001 Dw( Ox1 EEQaUxT OUUOUOOXxDI w

YT UUET BT ET Ol Uw6el ET Ul OUPET Ul Uwi L UwBEEUW, pWUWEGBIDNH KubIGUET wk B
EEDPOE W W IkG®UWEDI 11 U1 OUPI OO01 Uw( Ox1 EEQ4AUx]T OUUOUOOXxDPI w
YT UUET D1 ET Ol Uw6el ET Ul OUPET Ul Uwi LUWEEBWRT 8000AUVUVI @dOAEU
EEPOEUGH ULt GUWEDI 11 Ul OUPT 001 Uw( Ox1 EEO4aAUx]T OUUOUOOxPI w
YT UUET DI ETl Ol Uwé6l ET Ul OUPET Ul Uwi L UwE EQwaf 100G GUGIAE Wid b E wa
1Ol @ T I I 1 = OO bk

EEPOE WRITQUt I O1 Uw2x1 OUUUOWET UwbOOIl Ul Ow2xEOOUOT U@UI 00
-1 OOEI UUPI EUET EPOT UOT 1 Owp3 O00AIL.DUOOOXI.QUELUDOQWERI EOUDYE

EEDOEWSTQUtH Ol Uw2x1 OUUUOWET UwbO6O1 Ul Ow2xEOOUBT UgUli 00

-1 O0ET UUDIT EUELEBDQOLUOLI. O tA
EPOEU@I W N&IT Ol Uw2x1 OUUUOWET UwbOOI Ul Ow2xEOOUOT UBUI 00
-1 O0ET UUDPT EUELEBDQLUOLL.O et bW
EEPOE WRITQUKYWI 01 Uw2x1 OUUUOGAEUBWDPOOI DwOwPwEDBUUI OUPET U
TEOCET Uw-1 O000LBULUGI ..o bow

EEDPOE (H WbENbD OOWET Uws DOUx1T DUI Ol PUUUOT 6 w2 x1 OUUUOWET Uw
61 ET UT OUBE L UL Uittt nmns e AY

EEPOEWBHEUMKE WP OOWET Uw$sDPOUxI DUI Ol PUCUOT 6 wal O1 UUIT O1 Uwsi
LRI =R I @ U N =50 1 N T OO AY

75 (((



Il (+#4-8&25$19$(""

EEDOE BBHWHE WD OOWET Uw$s DOUxT DUIT O ubetUEIA WA 2@ 1O UAUAJ Qduui | LUl

EEDPOE WsCH WekEUWBbD OO WET Uw! OPOEOI PUUUBT o wai O1 UUI 61 Uwsi UOEU
R =R G NV o1 = N O I B U T B o OSSO AK

EEDOE WsH WEKENDHD OOWET Uw! OPOEOI PUUUOT o wal O UUIT Ol w51 UOEU

EEPOE Wl audkaymx EEUUUIT O OWHEE iwld PO wous U Hil BU OOOPUET 1 Ow
CET UUET PDOT UDT.UBUL.Q0L e A W

EEPOE Wi tukéidx | UUEUAUET EOQOUEDPOEwWI DOI Uw6el1 ET UT OUPET U1l UUw
.ET UUET pPOT UOTWWULE DO OrUEDIOEOT PT 1 Uw..UUIL.EAL.UPDOXx1.EHOA

EEPOE i BukOd @®x x OUOT wEl Uw20U0UO601 EUOOBPUET | Owi DOI Vw6l ET U
* O]l 001 OUxEOOUDT WEUI T UUOBEWEL Vw-.1.04ap0x]l. EEQA............ AN

EEDPOEWATAUk4 IO EDOD@DDI WwET Uwi 1 UUOOET O1 UPUET |1 Bw*1 UBOE
Z KB offeoeeeeeeeeeeeeee oo eeeee e et eeeee et e e e e reemn e s enee e s Why

EEPOE WRITQIkK®D O UwUBEwWTI 11 POUT U1l Uws51 UOBEDwET OwUUOUOOEET
"EUXxUEUOUUT OwY OO wB.L.EL UL .OUBDE L. UL i ieeeeeeeeeeeeeeeeeee e wt

EEDOE WdH sutk2 81 OOwi pOI UwOHPEIL.ULODDOIL.EUL.Qws.UO.0UL.Q. WK

EEPOE dH Gkd® UUIl w UUPPUOUOT wET Uw*1 UOUVUAU0UUDPT UOT WwEUI wEl
#UOUUI OUxEOOUODT wpOET OAWUBEW2U0UgO1 wi bOT UwOPET UODPOI EUIT C
1 DOT UwoOb Ol EUI Ow# U.QUUIL.Owpl Ul Q0wl. UL QA o) Wk

EEDOE Wl BUkA@D Ol EUT w# UOUUT OwOPUwWUUUOOEET 401 PT 1 Dw( OEUO
OEl OAwUOEwW1l xU&AUI OUEUPOOwWI LUwl OT Owl 1 1T 1GAIWIDwW UEI POUX
=@UDYEOI OU0wapUIi ET U U weED (VG b Uuiq@. wis( 1. e 0yvu. U630, O. A Wi

EEDOE 3 QukABUD OOUOOET OOwi LUWEDT wedi i1 Ul OUPI 001 w( Ox1 E
OPET UODOI EUI Ow# UOUUIT O wsUal UT UOT wEl Uw OUITIT Ul U1 04 wph

Ui E1T UTI DPOUOT wEl Vw2 UUO00EOLR.OUULME.L. oo wt

EEDOE WBATWEKEND wET Uwpb b U O UALOD @iw( uwdd EIEDGROT EUT Ow' EUxUEUOL
YI UUET D1 ET Ol w2UOUOOEI OEUUUOT I OwUOEwWST UT O PET waUOws1 UOE

EEDOE WS D iy®UwUDOUODI UUI VwEDI 11 Ul OUPI 001 Uw( Oxi EEO4Ux
2xEOOUOT Gl OQIOOGET UODOI EUI Ow' EUXxUEUOUUI OwYOOwel ET Ul OL
K KAwi WAl Bl O w2 OU.QOEL.OQEUMLDOLIL.O e ww

EEDOE wdd Quit Bubl EOT wi OT VUwel &l OUOUBED U0 U WOO.0.8uiuE
Ol DULEQTL.UUXE

EEDOE WAimBWOUOT w@E Vuauébawb UL EOI OE.LL



(+#4-8&25%$198(""' - (2

EEPOEWATWUIOBUPUET T w# EVUUCTI OOUOT wWET Uw UUPDPUOUODT wET Vw3 o
' ULEOI OEUUT EOT UUXxEOOUOT wpUOUAwWPOwWST UT Ol PET waluUwi 1 pLOL
(o o) = @ N = U SRR \ i

EEPOE WAl auw) xkmiad IDEIOBIEU i Vw51 UOEUIT wEl Wi Qul EOb IOWwxEWO U OT Ui
HOeUOKwY 1 UUET OET O ws1 U0&UT T wi DOI UwivlI&E QUEIL.OEONMIODOwWET C

EEDOE d) i 1k iwUi EOOI U1 Uw2x1 OUUUOWET UXE! UGG Ol OUx EOOU DI
i LOWEDI wOERPRAAG@INT QwddE c¢TE(WOBW X UBL.ceeeeeeeeeeeee e, N K

EEPOE W (it ki DUOUOWET Uw! UL EONVD Y QEY &Y ®IwBIEIUDEIr U U w
UDOOGUANWE DT wOE PEAAVE) T LwE (WOBW X U B, Nk
EEPOEWRATQIt Kl O1 Vw9l PUOYI UOEUI wEl Uw! ULEOI OEUUT EOT UUxEOD

-1 DAUXxEOOUOT wpUET PEUAAWUOEWET Vw-1 U4a00.0000we.,. . ENINi OUE Awi

EEPOE @ IuO WHUOWET Uw! ULEOT OEQUIARODIL WxwE®O WO T HED Ww biyupOE |
aulii gUE)I Il Uwol BUOYI UGEUI wq3UOUI OAuCDZn:OU...U..U.l...O.w.Q.D.U.LNINDOI Uw E

21T DUT OEABOEL U ettt vees et anans ettt tuy Y
EEDOE WX IuOWMUOWET Uw! ULEOI OEUUT EOT UUxEOOUOT wi LUWEDIT wE
21 DUT OE A OE LU oot veeee et emnms e sen e oy Y

EEDOE Wl uAthe! PDOT UOT UUXxEOQOOUODT UgUI 001 OQwi LUwel ET UI OUDPE
.ETUUET PDOT UOT UOAOXIL.OUEUDOD. ..o, huy K
EEDOE(m' oa””iu[)\u E'(')'I' pDOT U(”)T UUx Ec”)(”)UdﬁU(D@U‘imd‘ju@tuuo”a‘ﬂuﬁa“Cét]'a)n"ai uoil

BT ET UT OUBE L L Ut emema ettt vnmn e, huy k

EEPOE BOATWAKGPEOQWLET UwYl UUET P1 ET Ol ws1 Ul ET Ul OwaUUw( OUI
51 Ul ET U1l OQwi U4AT UT 1 OQw. ELULUELRDOIL.LAOL.UBLIL.OQL.O........... hy A

EEDOE Wliaubd mx bl 001 U6 (AJ A3 YO WErBES hiEd uwi PET waUUw-1 UAUXE
OUOd wi AT wd EUDYI wunlb igll BEAW§ 0. UPhA0Ro.weEl. Wehuy W

EEDOE WexlTutAUdd | Uw$ UUEVUAUET EOUEDPOEWET Uw%d OU.L.UEENhI T BDOT w

EEDOE el WOWEHOT wxEUUDYT w%bOUI UEEUIT O1 Ol @4 hd w01 Uwel ET U
&1 T 1T OUAUUT OBOXIEE Q& e ruhut

EEDOE Wl IuONGEBDPUBEVU wE | UEdapunide BEB& ET 1 OUa U0l OQwOPUwUO
Ol Ol w! 1 ULEOUDPET UPT UOT wET Uw' E{U xcUrEmIie0 Ud ok ME EVUwi L UWEDIT we
ph#2; pO he vm'R VIO My VTR TIVO. e tuhuK

EEDOE Wl utuwipd 1 Uw$ UUEUVUAUET EOUEPOEwWI DOI Uwe6l ET UT OUPET O
UOEwWOxUDPOOEOI Uw OEPOEUOT wET Vw9 PbPPUEILLOOUILDUL.UnBOWET OwY

EEDOE Xl utWdT I Uw$ UUEVAUET EOUEDPOEWETI UwbOw- UOOUaUUIl Owb:
1 DO1 Qw61 ET Ul OUDPET Ul UwOT Ol w-1 UODUEOOI PUI UEQUEILORIUUWUODE U

EEDOE wglll® UUI Ol Uw51 UOEUIT wETl Uw- UOOUaUUI OPOx1 EEG4a wl POI
EI UT ET O1 U1 w-U0UOOUaUuU0il O0POxI1 EE ®AED EIOUWOEPIOWEEIGDIwHO 01 O] w#

UOP DT WwODDMIWY BLLONL 2.t eeet et eee et sesas huhuA

77



(+#4-8&25%$19$(" " -

EEDOE Wdxi utUtbDd | Uw$ UUEUVUAUET EOUEDPOEWET UwbOw- UOOUaUUI Owp
I DOl Qw61 ET Ul OUPET Ul UwlOR.Ow-.1.00UEQOL DUILUEQUEIL.ORNKUN

EEDOE WRITQIWK®DI O w51 U@aOE wedER TUw- OWRAET U1 UPOx1 EEQawi LU wI |
3EOUI Ul @000 swMg®dE Ok , @ UA00 QoKX CAllu E T O1 PET OwUPET wEDI w
T OUET UOU WY 1a@diud El@EUdauDKQWE DT w/ T EUI OUNDED YiwuO DB Of BRWE &
$E)C)i wli UOOEOé EDOEUOI LuEOwEE)i Ul Ow%Ui @UI Oéi OwPUUwPOw2 x1

EEDOBMmaMmmUOEwaDuw&mU|UUUUOOUwE|Dw|DO|Uw|DO||UU|c

Y 0 Ovha UJUE)OEuJI Ui gi Ol Lu2UUOO.X..J...I...I...OLUOI UUEE.UO .................... hul |
EEPOEWRITQIUI W O1 w51 UQa@f LeUEE IUWi- OWRET U1 UBOx1 EEQ4& wi L UwI

3EOUI Ul gUIO0 sawng®FEwrdty , PUOUT AWUOEwW2x1 OUUUOQWET UwaUT T T gubl |
pUOUIT OIKG lwh BiwdY GOuDKIAWULE BT w1l UOOEOGAET ERQL. UL . wOBETIOWOT T UL

EEPOE lOTBUWUAIOUOEUT wET Uw6e1 ET Ul OUPET U1 UUUOUOOUWET pwl OI U
tO 46 w( Ow! TOU IaREDUKEQUDT POT w. UaABOQEUROOWY.OUL.EOQENIOGHE

EEDOE WS A DI wel UwUOUI UUVUUET U1 Oweél ET Ul QuBDEINIVKU U w! wb
EEDOEWITWIUWND EET Ul Uwi POxT EUPT I Uw$.ULUELVAUEI.EQDE &KOEWET U

EPOEUMAIT BNE®UOUI Ul Uw2UUUOUUUEDPOEWET Uwll 11 OUUOUI EOT wob
El Ow$sbOT EOT UT Ugo1l OQwol UL OAWROwI.BOxI.EUDLL.Ow#EUKIOE OOUDIT

EEPOE WA TuNIbHa UUT OwOPUW9 UUUEOEUULEOQIL.LI.LUAL wOBW W OOOPI

EEDOE AGTTWNO BOT 00T ET OPUET 1 Uw20UUOUUUEDPOEWET Uwal DPUEDUO
#UOUUI OV WPIOMET Ow* OOUEDPOEUI OUaUUI OwOPUwWET Ow9 UUUEOCE
TULOI Ow! OgEOI OwUOPDI wET Qwil.l.l.0Qal.l0l.papl. QUL . 0wpiOWE OEU

EEDOEWATWINGIODET wETWQEwdOdOUOBI GUI Ow ..UUL.EQLUBOWIIEEDA

EEDOE CHIWNKDHET OwET Vw6l ET Ul OUDPET Ul UVaUUOl OUwWET V0T T 1 OEw

-1 04VUAa0ET UOOPUEUDPOAQWUOEW2.0U00UL.1.0L U e hut K
EEDOELIEOlUﬂ]\UdODEl wET Uw$Edm Al ol 1 Qui2l POWESEO D OO UOOBET OOUwUC
Yi Ul DOi EET U1 Ow2bPOUOEUDPOOUOOET OOUwWORDWEL.Quwl.il.OOKil O OLU(
EEPOE wdTAuUNE B UGr) Ol @GwWE 1 Uuwbid (EVEPBUDEN.....cocovie tut ¢
EEDOE el QENOToWwET Uw BECEDUADPWHUEOAOWET UwUEOUPITI PUI Qw1il
P" AWUOE WE TOEWONB........coceeeeeeeeeeetee ettt eeemae ettt nmna et ensaes s s aean e, hut W

EEDOE wNWO w51 UOEUT wETl Uw UUT EOT UPOx1 EE @awmpl ®Ews EUDEUDOC
47681 UOUDET 1 OUow/ EUUDYIT w( Ox1 EE GALUOR WifD Qi Www®wd 001 UOO

¢|§,|A ................................................................................................................................................. hJKY
EEDOEWITWINNOET wil 01 UUI Ol UwUOEwWUPOUODI UUTI Uws1 UOAUI T w
YT UUET DT ET Ol w1l 1.01.UALDUOOQAUNUEODLL.O e, huK |

EEPOEUBT WBHEYOwWE]I Uw UUT EOT ®®wE IEEWREED [ DUISEWIDELS wel U0 U
(Ox1 EEOCAYI UOEUI uvebi Ouphs A DEEYUED WU T DO1T O wBARIDIVWOOOET OQUE U

U =T U o 1 =3 SRR K K
EEPOEU@I QPO WUOE wUONIODE 08 Y IUELQ EoUd 'wdy DB @1 wi L Uw
Aerogc O @PO0wl POT Uwll T 1 OBIUOE uiy IDOWOL.wY.Q.0W. ..o, huK

EEPOEUBT Wwhpl PET wapDUET bDAA W&l TUIUG WOd O, ®RIO.x. 1. E. @ all O

77



1L (+R25$198("" - (2
EEDPOE U@D BB Iol Uws UUE Ua UE kO EmDE al @H0 Wb BBET 00x 0001 b
POET OAWUOEWL] xUaU] OUEUPOOWI PO Uw/ EUOUWPOW20UEDT 0Ox 06¢

EEPOEUOUWBYPROO Of EUVUUOT wEl UwUI xU& Ul OUEUDYI OQwopri PUOUIT wli
aU0Uw Opi OEUOT wEl UwbOx1 EEOAEEUDI ULL.OwW2 0EEDODUKIONUOUDUI L
EEDPOEUOUWBYPOO Of EUUUOT wEl UwUI xU&UI OUEUDYI OQwopri DUOUIT wli
da0Uw Opl OEUOT wEl UwbOx1 EEOAEEUDI UUI Ow2UEEPODUAUUOUDUI L

61 ET Ul OUDEL.DL ML o meee e hut |
EEPOEUAPORWYEODT I Uw$ UVUEUAUET EOUEDOEWET Uw#EVUUI OOUOT wi
i Ul @01 CAEET & GF ®0 D YVEUQIOQM.OQ...cociviciiicicee e hu W hy

EEDOEVU@DWHNYNOT wi POI UwUaodOi OUPUET | OwEUI DxGuEUDT T Ow( Ox i
&1 11 OwUOEwW- UOOUaUUI OwUOEwWUOWEBDO&PW! D6ORAGUOEBOK D01 w, £
EEDOEU@T BRPRIOET I w# OGO IDIOD Wuup'y.Y, / ( 2. we HUUT Qw4 OPUA WE

-1 04aUDPOOEUOUUBWOUI 001 6w &2 B KK AL.OLL.UwEOL.ELUOODBEN W& OE" u
EEDOEUOEWDYPET 0wk @HI2@OWOIDIOWOWE DT wUEOUT UT gU1 601 w2pbUO
BT ET Ul OUBET UL Uittt enaee e snmnn s hWwN
EEDOE whkhwgth 0ET OOwE EVESEUI waUUwWUEOUI Ul gUI OUI Sw2pOUOEU
ET UEDOOD MAEUG TGS .,..5 oottt emet et ee et mene st s st te e e e seenmen lUN Y

EEPOEUA®POwIBODT I Uw$ UUE U 4 1Al PEQUABPO0EwH GufPl UJ.ub®n0 0 01 B

EEDPOEUOUWBLDOG O EUUUOT wEl UwUI xU&UI OUEUDYI OQwopri DUOUI wli
da0Uw Opl OEUOT wEl UwbOx1 EEOAEEUDI UUIL.OwW2 UEERADUANIUOUDUI L

EEPOEUOUWBBDOG O EUUUOT wEl UwUI xU&UI OUEUDYI OQwopri PUOUIT wli
aU0Uw Opi OEUOT wEl UwbOx1 EEOAEEUDPI UUI Ow20EEDPOPU&AUUOUDUI L
61 ET UT OUUD.ET UL Uit e s huN |

77 ((



Tabell enverzei chni s

3EEI 001 who w BOWBIUODE WD WEU+UW®U0UOT wdi UaT i 0O0xx1 001 Uweli EI
UBEwl YKk YwpOl Ol wYl UEVUEUELLUULEOBILIL . wWwEI.ETL.UL.QUBEILDI UK
20UO0OQO0EI UUET PPOT UOGT 1 O8w O1T1 171 E1 061 wei VUi wUPOEUBUI WEDIT u
3EEI OOl wt ow2au0i OEUPOWET UwOEULUOPET T OwUa0OI.0OUBUET T Ow
3EEI O@UWKdwi gUI 10820 iCGwUOE wWEOUT UODPIT Ul OET UwUladobdi 0L
*O00x 001 001 OQwi LUwi pOT w&UAOEUEL. LBRAL.LOTL. wWY.0.Qwk.Y....2 W

3EEI 001 wkow3i ET PV E I 10ABPOIUOEDDOwpP1 DUIT Ul.w. QLKA OQwUsd w
3EEI OO01 wtwwwd O, EEWIO T O UWEUUWET Bw#EUI OEOCAUVUI UOWET Uw, 1 U
3EEI OOl wAow EUET 404001 wOEOW] DWUUOUPEDUUWI POwBT BwDIT O1 L
1T ULEOUDET UDTIHDT @N.OO .. Ll UL e Kkt

3EE]I OOl wWo w2 EIl UUPET UwE.L..UOw.U EI.0 L B
3EEI OO1 wNow/ EUEOT Ul Uwiill Bwedl @l OOHVWUUOB wER Ol
"EUXUEUOBUIEDWY OO .E. L. L Wl oo eeeee e WK
3EEI 001 whuyow OT1 660661 Oi w! EVU0OI POPT UUI waUOw$S UUEVAUET EOC
O1T OUET 1T Uw Dl Ol Wdi ETUOUOT WwET Uw- UOOUa U0l 6p.0x.l.ERBlYi UOAU
3EEI OO whivo w+DUUT wET Uwi i pPaT OU1 Guwlii 6 s i EQUEWDD 00 wHUA T UuELE!
UUT EOT UBD QX de B B A B oot eeeee et et et ettt et et e reameaean hut N

77 (((






1Einleitung

#0801 Ul DIip0iIOEERBIVWDI ET OBUEEGITuwweEEE AJuw | OET w3 UE
El Uws$ Ol Uil dwawiododbwuy Odwi pOI Uwi 01 OUUOGOI Ei EOPUE
EUUET wbi OPT 1 wOOOYI SUDPOOIT IO wWA@s OWED YU b0 udd (i ¢
El al OUQIEBU WuwdT Ul 0Ival wOLBHDIEETUBOT O w2511 WEIT @ UWAIT w
i Ol OUUDPUE I T#H0 Wi ERUBAW ET UOO&E U O1 WEDmE OUBED WE
El U0 0D BlEnKED U WDmu #4 w0 EDi aRWHWI wETl UwbOUUE OO
PI UOUOIT BIUOIIED U 10000 WE O&EdE O IOWEDI wbOUUEOODPI UUI u
i OUUPOWOET UwbOUOOI EUWEEIwI WiaadH EGullRueE | weeG 0033 1 83l

UOOT WY @6 @hagy T &&d O BABOU w

1.1 Ausbau der Erneuerbaren Energ
Auswirkungen auf die Netzspan

U0wgOOO0O0T PUET T OOwgOOOOOPUET I OWUOEwWxOOPUDPUET
i DOT UWEOOAT 1 UOHGWDOOOBUEDBEDPPIUOUUI OOUBT WEUU WS U
OIoinUUUiUaN@mmﬂﬁhﬁ&ﬁ@@ﬂﬂﬁ@@@b@k@@@aETiéowEi

UOUUOUOGOI Ual UTUOEBRBUOwWS OOUUDEI®EET Ul DUTT U0I 600U

@ Wasserkraft @ Biomasse Wind onshore Wind offshore Solar @ Kernenergie @ Braunkohle

@ Steinkohle @ Mineralol Gas
150

122
125 117
110
103
- 5 ; i 100 i
100 95 ) )4 T: 53 ; ) 94
89 0 )0 89 8

75

Leistung (GW)

50

| |
II II 56 [ =] ii
I .-l

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 20

i-
m m
15 2016 2017 2018 2019

EEDOEWO0 b PEGDOUGPOUUE OBIIAY U @OWTI VOUOUUUOT wbOw#1 UVDUET
lYY! wiBB&l WNUET OauEOBBOW! OauuUYRBWOwWNUEUOT Oi 1 Uw



(I +$(34- &

%LUWEDI w&l pai UOI PUUUOT wEl UwWw-UIT WU Wl A0l wibu
, 001 OUwYOOwW! 1 ET UOUOT bw! 1 UI POUWIT U0T wel CUual O
El Uw20UO0I1 Ual UT U OiwdEOwb £63RIUJ UeEH | G U0 BkiPiD® wiiE & Ww

'] DU x DE B©au® BdaldiuiwU 6

' PUwi 1 UUl wWEEUDI Ul QwWEDI w! I
UOUT UBT UUPET T UT I PUWEUIT wET OQwil UUOEOIT1 OEI Owx1 a
&1 01l UEUOUI OOGQKYEDUDEDBI @O w* UET UPT UOT wbi Ul ws Oi
Ul OB w( Ow&iI 11 OUEVUAWEEIS OO BDEOED w HWATUDIWILFER WiP DI

YI UOAUUDT I Uw- | UAEWADW®I IEQIT GEOWOQEEIO® OUUDUET T O
TTUI 0aull Owel ET Ul OUPET Ul UWEEBW#EYOOWEIT DUOI i1
-1 0auiT1 OUOT OwbphPl walUOw! i PUxDI OwEDI w! OPOEOI
U0 @ggOwED T waudO Bt DBUU U GIoREDI auld @TUT POUV0DT OOUOT u

UubPl EUI LT UUOT wEl Uw?2

EOUI Ul UYl wEaPS wEddiugul Ual Ul EOUUOIT
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2.5.4.3 Netzwechselwirkungen auf Basis der Thévenin -Aquivalent -
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2.5.5.2 Oberschwingungsstrome aufgrund von Resonanzen
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26 Symmetri sche Komponenten
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Gemessener Verlauf der Ausgangsimpendanzen verschiedener Wechselrichter (Mitsystem)
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Gemessener Verlauf der Ausgangsimpendanzen verschiedener Wechselrichter (Nullsystem)
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Gemessenes Spektrum der inneren Spannungsquellen (Wechselrichter A)
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Gemessenes Spektrum der inneren Spannungsquellen (Wechselrichter B)
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Gemessenes Spektrum der inneren Spannungsquellen (Wechselrichter C)
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Oberschwingungsspannungsquellen fiir verschiedene Ausgangsleistungen (Wechselrichter A)
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Oberschwingungsspannungsquellen fiir verschiedene Ausgangsleistungen (Wechselrichter B)
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Oberschwingungsspannungsquellen fiir verschiedene Ausgangsleistungen (Wechselrichter C)
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5.1.1.2 Stromabhangig keit der Induktivitat einer Drossel
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5.1.1.3 Ermittlung von Oberschwingungsquellen nichtlinearer Drosseln
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