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Bautechnische Archäologie 
 
 

Historisches Objekt (Gebäude, Anlage = Dokument) 
Erfassung des Baubestandes 

 
Bauanalyse  

 
 
 
 
 

gerichtet nach dem 
→  Sonnenaufgang  → 

ja/nein 

 
Archäoastronomie 

Forschungsziel: 

Rekonstruktion der Planung 
(im historischen Maßsystem) 

 
Richtung der Achse(n)            

 
 
 
 
Orientierung (Zeitmarke) 

natürlicher Horizont 
Zeitrahmen (Kalender) 

Forschungsziel: 

Orientierungsdatum 
(Befund) 

 
erforderliche Kenntnisse: Bauplanung – Geodäsie – Astronomie  /  Geschichte (Zeitrahmen) 
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DAC%(GWAW%#OECO?FMICB%VBD%BCV%F?ACBJAC?J%@V?DC0%"AC%"C?UVJVBE%CABC?%
QCVF?ACBJAC?VBE%B#MI%LbBEC?C?%9#VVBJC?O?CMIVBE%l#BB%#VW%DCU%9CAWGACL%DCW%
YVLLBC?%m#?BC?W%#OECLCAJCJ%@C?DCB+%DC?%FIBC%9#VVBJC?O?CMIVBE%C??AMIJCJ%@V?DC%
VBD%D#IC?%lCABC%BCVC?LAMIC%k?ACBJAC?VBE%OlCABCB%kMVLVWn%#V$@CAWJ01c%

fCAL%WAMI%DAC%)AMIJVBECB%AU%(OWMIBAJJ%9#V#B#LHWC%#V$%ECFDbJAWMI%QF?D%UAJ%
CABCU%?CMIJ@ABlLAECB%PAJJC?BCJ/%OPm%%%SDn%OC/ACICB+%WABD%WAC%$j?%DAC%
#WJ?FBFUAWMIC%RBJC?WVMIVBE%AB%DAC%ECFE?#GIAWMIC^#WJ?FBFUAWMIC%k?ACBJAC?VBE%
DC?%ECl?jUUJCB%>?DFOC?$LbMIC%VU/V?CMIBCB0%"ACW%ECWMIACIJ%DV?MI%
9C?jMlWAMIJAEVBE%DC?%%C?ADA#BlFBNC?ECB/+%DAC%$j?%'#?JOC?E%W%.0,TTDt%
O)CMICB@C?J%W%.0,RtOCJ?bEJ%OO6L@99@%-n01d%(V$E?VBD%DC?%PCB#VAElCAJ%DCW%
LCWJGVBlJ$CLDCW%OPQPPn%WABD%AB%DCB%)AMIJVBECB%(O@CAMIVBECB%NFB%u%.0.-t%
UiELAMI01=%

!
1c%V;6ZU&16%Z?@ZU4%51%%V16>S%%16%%
1d%q161?@UZU4%516%X16050SUA;Ue1641U=%US?@%TVb%_%GfR-%51%%qZU51%S<&1%%>r6%*0?@W%ZU5%V16<1%%ZU4%Y1%1U%%
1=%EU4S[1%=Z6%ST%V16<1%%ZU4Q%91&16%qEZ*Y^gZ%#6S=0%T16%EU%?@2Z%%%SU%5S%%.SU51%A;;650US&1U%[%&1<%
16>;24&1%r[16%#CJJ%X1%%ZU41U%<0&%51<%E9KJ%T01U%&%51%%q*V0%#CCJ%0%&%516%`[16[1460>>%>r6%S221%
JS&1220&1UF;%0&0;U%501U%&10%
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Bauphase Achse Richtung 
(geodätisch) 

Meridian-
konvergenz 

Orientierung = Azimut 
Rechenwert  

1 2 3 4 5 

Unterbau Karner 77.26°  
- 0.27° 

  76.96°± 0.05° 
Wandpfeiler 113.69° 113.42°± 0.05° 

Weiterbau Oculus   71.56°   71.29° (+1.1/-0.8°) 

QC:CLDM=MB,2#'&+"#167181)#819=,
LNI>?C,ZH,TCMI=?BWC??,RLDHCM,MM?C:GI=,O,a=aZPS,RLDHC,QL=>=HS,RCBCM,W=:BC:,LC??C,(+1.1/-0.8°),

2/*5445%+3%'456Z5%74589Z5:A%_5YZ68YZ5<6:%=Z5%$@D;Z6%'456Z5A%`46=aCZYBZ5%<6=%_@<B<;J%
/G5Z@D6<6:%=Z5%:Z?=b8Y;@DZ6%EY@D8<6:Z6%Y6%=YZ%:Z?:54aDY;@DZ6L4;85?6?GY;@DZ6%
_5YZ68YZ5<6:Z6J%

%

!CJO@BC><:EP<@F"1@#FQ:JE$>C:1%<:EP<@F1
1

1

1

1

1

1

***-%!/3%'456Z5%74589Z5:A%648j5BY@DZ5%7?5Yd?68A%]Z?94@D8<6:%JOJhLOILJK%

1

"AC%PJCLLVBE%DC?%PFBBC%AWJ%/V%MCDC?%*CAJ%DV?MI%DAC%'AUUCLWlFF?DAB#JCB%O(/AUVJ%
VBD%'iICn%ECB#V%DC$ABAC?J+%D#IC?%AWJ%BFMI%CABC%(VWCAB#BDC?WCJ/VBE%UAJ%DC?%
'iIC%DCW%B#Jj?LAMICB%'F?A/FBJW%C?$F?DC?LAMI+%jOC?%DCU%DAC%PFBBC%#V$ECIJ0%"C?%
PCLbBDCIF?A/FBJ%AB%DCB%MC@CALAECB%(MIWCB%LbWWJ%WAMI%C5#lJ%OCWJAUUCB+%@#W%$j?%
DCB%B#Jj?LAMICB%'F?A/FBJ+%DC?%DV?MI%9C@#LDVBE%ECOALDCJ%@A?D+%BAMIJ%DC?%L#LL%AWJ0%

Q#MI%$F?WJJCMIBAWMIC?%9C?#JVBE%DV?MI%'VOC?J#%m)k?PO>?YQ>)%NFU%
LF?WJ$#MI?C$C?#J%DC?%9C/A?lWI#VGJU#BBWMI#$J%'#?JOC?E%s%Lj?WJCB$CLD%@V?DC%$j?%
#LLC%D?CA%(MIWCB%OCWJbJAEJ+%D#WW%$j?%DAC%'iIC%DCW%B#Jj?LAMICB%'F?A/FBJW%CABC%
9C@#LDVBE%U#oECOCBD%AWJ%O@#?n0%"AC%9#VUIiIC%@A?D%UAJ%M#0%S.%OAW%S-%U%
#BECECOCB%O+896F@%0n0%Q#MIDCU%D#W%m?FBCBD#MI%CABCW%Q#DCL@#LDCW%BAMIJ%



!!"#$%&'()*(%+,-%./01'*2%/)%3'(,4*(5% % 6(7/)%8*/9/)5*(:%;<;=%
!

$'!
!

WJCJAE+%WFBDC?B%g/#MlAEh%AWJ+%@A?D%AB%DC?%LFLEC%/@AWMICB%CABCU%DAMIJCB%OOAW%
S.%Un%VBD%DV?MIWMICABCB%YCAL%OS.%OAW%S-%Un%DCW%f#LDCW%VBJC?WMIACDCB%O+LL#,0+%
O6L@99@%,n0%

 
Achse  Horizontpunkt 

Entfernung 
Geländehorizont natürlicher Horizont, Höhe 

Annahme 30 m Wald Höhendifferenz Höhe 
1 2 3 4 5 

Karner 4139 m 70 m + 0.97° + 1.38° 
Wandpfeiler 4100 m 49 m + 0.68° + 1.10° 
Oculus 4070 m 79 m + 1.12° + 1.55° 
QC:CLDM=MBCM,2#'&+"#1&'181)#81(,

2/*5445%!3%'456Z5%74589Z5:A%7iDZ6%=Z;%JZBb6=Z\%<6=%648j5BY@DZ6%7?5Yd?68;%Y6%=Z6%=5ZY%
$@D;Z6%=Z;%'456Z5;J%I5=A5jGG<6:%<6=%EZC54A8Y?6%;Y6=%4<C:5<6=%=Z5%:Z5Y6:Z6%I68CZ56<6:%
\Z564@DBb;;Y:8J%

1
G)*1+,51-)./,130./1+,31152,332,5)345+03,31K604,1)3+1,0/5L1

1
"AC%PVMIC%B#MI%DCU%k?ACBJAC?VBEWD#JVU%DCW%m#?BC?W%ELACDC?J%WAMI%AB%/@CA%
PMI?AJJC0%"C?%C?WJC%OC/ACIJ%WAMI%#V$%DAC%>?UAJJLVBE%DCW%Y#ECWD#JVUW%VBD%DC?%
/@CAJC%#V$%DAC%PVMIC%B#MI%DCU%T#I?0%"C?%Q#MI@CAW+%FO%D#W%T#I?%GGTR%J#JWbMILAMI%
D#W%T#I?%DC?%P?jBDVBEWF?ACBJAC?VBE%@#?+%C?EAOJ%WAMI%AU%)#IUCB%DACWC?%
RBJC?WVMIVBE%NFB%WCLOWJ0%fCBB%CW%WF%CABC%lFBl?CJC%T#I?CW/#IL%EAOJ+%D#BB%liBBJC%
WAC%WMIFB%UAJ%CABCU%f#I?ICAJWECI#LJ%NC?OVBDCB%WCAB0%

"AC%OAMIJECWJ#LJ%DC?%PFBBC+%B#MI%DC?%F?ACBJAC?J%@V?DC+%l#BB%B#MI%DCB%
>?ECOBAWWCB%DC?%#WJ?FBFUAWMICB%9C?CMIBVBECB%/@AWMICB%C?WJCU%PFBBCBWJ?#IL%
VBD%NFLLC?%PFBBCBWMICAOC%LACECB%O+LL#%,1n0%?U%'ABOLAMl%#V$%DAC%PFBBC%#LW%
%CJ#GIC?%$j?%&I?AWJVW1M%AWJ%CIC?%D#NFB%#VW/VECICB+%D#WW%WJCJW%DAC%NFLLC%
PFBBCWMICAOC%ECUCABJ%@#?0%

%

!
1M%#Kgg*J.Kq%C60%,S-+%\S&@;20%?@1%%#1%SU4W%ZU5%#1[1&[Z?@+%EZ%4S[1%>r6%501%O*6=Wn%T0X=1%1U%V%&16610?@%+%
JS2=[Z64%,.GS0%_%+<%#;&&1%2;[%A;<<&%5S%%P;6&%iJ;UU1j%--%<S2%e;60%
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!

%

%
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%

%

%

%

%

%

***-%!23%UY@D8:Z;84B8%=Z5%>?66Z%deY;@DZ6%HJ%>854DB%<6=%\?BBZ5%>?66Z6;@DZY9ZJ%
V=C>>CH,L;MMC,I>H,JC?INDC:,<S:,/D:?H?=H>?,
%

RBJC?%9C#MIJVBE%#LLC?%UiELAMICB%>AB$LVWW$#lJF?CB%O9LCBDVBE+%(OWJCMlVBE+%
"C?UCWWVBE+%'F?A/FBJn+%DAC%NFB%DC?%9CFO#MIJVBE%OAW%/V?%Q#MINFLL/ACIVBE%
>AB$LVWW%I#OCB+%CBJWG?CMICB%DAC%)CMICBC?ECOBAWWC%?WJWfC?JCB0%"ACWC%WABD+%@CBB%
WAC%WAMI%NFB%DCB%PFLLWfC?JCB%O/090%NFLLC%PFBBCBWMICAOCn%VBJC?WMICADCB+%/V%
DAWlVJAC?CB0%(LLC%(O@CAMIVBECB%WABD%/VU%WMICABO#?CB%"V?MIUCWWC?%DC?%PFBBC%
UAJ%.0-St%AB%9C/ACIVBE%/V%WCJ/CB+%@FOCA%AB%DC?%'iIC%BFMI%CABC%CBJWG?CMICBDC%
(OGL#JJVBE%/V%OC?jMlWAMIJAECB%AWJ0%"AC%Y#ECWO#IBCB%OCB#MIO#?JC?%T#I?C%WABD%
BAMIJ%ELCAMIk%WAC%WMI@#BlCB%AU%)IHJIUVW%DC?%PMI#LJM#I?C%VBD%@ACDC?IFLCB%WAMI%
#LLC%NAC?%T#I?C0!

%

7<@@C@#?;A#@A=F#AC1E@1BC@1B:CE1!$>=C@1
1

Lj?%DAC%9CWJAUUVBE%DC?%PFBBCB#V$E#BEWJ#EC%AB%DCB%D?CA%(MIWCB%DCW%m#?BC?W%
@A?D%D#W%NFU%"C?$#WWC?%C?WJCLLJC%"A#E?#UU%IC?#BEC/FECB%O+LL#%,,n0%"AC%
>?ECOBAWWC%WABD%QbIC?VBECB+%DAC%BFMI%AB%"C?OABDVBE%UAJ%DCU%U#oECOLAMICB%
k?ACBJAC?VBEWM#I?%#WJ?FBFUAWMI%C5#lJ%/V%OC?CMIBCB%WABD0%

% %
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%

%

%

%

%

%

%

%

%

%

***-%!-3%'456Z5%74589Z5:A%gMY4:54GG%EZY=Y6:Z5h%d<5%:54aDY;@DZ6%]Z;8YGG<6:%=Z5%
>?66Z64<C:46:;84:Z%GY8%=Z6%IY6:46:;eZ58Z6%\?6%$dYG<8%]2/*5445%+-%<6=%7iDZ%=Z;%
648j5BY@DZ6%7?5Yd?68;%]2/*5445%!-%<G%HJOO%
%
2-.,"16&%#"%3%KLJcLtLTHJ[ItA%Ui;<6:Z6%<G%=Z6%IJLcJ%$a5YB%]_;8Z5:5Z6dZ-%9deJ%JLJ%$<:<;8%
2-.,"17&#839"4'"%3%HH[JhJtLTHJHOtA%Ui;<6:Z6%<G%=Z6%JJ%NZ95<45%9deJ%JLJ%_A8?9Z5%%
2-.,"1:-)'),3%KHJJctLTHJlltJ%Ui;<6:Z6%<G%=Z6%HKJLHIJ%$a5YB%]_;8Z5:5Z6dZ-%9deJ%H[JLHhJ%IJ%

%

8:EC@FEC:?@A=R#>:C1P?1BC@1B:CE1!$>=C@1
1

Q#MIDCU%DAC%k?ACBJAC?VBEWJ#EC%DC?%(MIWC%m#?BC?%OVU%DCB%b0^f0%(G?ALn%VBD%MCBC?%
AB%DC?%(MIWC%kMVLVW%OVU%DCB%GR0^Gb0(G?ALn%ABBC?I#LO%DC?%kWJC?E?CB/CB%O,,0%
%b?/%OAW%,-0%(G?ALn%LACECB+%@A?D%NF?C?WJ%#BECBFUUCB+%D#WW%AI?C%
k?ACBJAC?VBEWJ#EC%kWJC?WFBBJ#EC%@#?CB0%"CWI#LO%J?CJCB%DAC%OiWVBECB%B#MI%DC?%
PFUUC?WFBBCB@CBDC%#U%,T0%O/@0%GS0^GD0%(VEVWJ%AB%DCB%'ABJC?E?VBD0%PAC%
@C?DCB%BAMIJ%@CAJC?%OC#MIJCJ+%@CAL%AB%AIBCB%lCABC%#V$$#LLCBDCB%k?ACBJAC?VBEWJ#EC%
C?lCBBO#?%WABD0%
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!

kWJC?WFBBJ#EC%@V?DCB%IbV$AE%#LW%k?ACBJAC?VBEWJ#EC%EC@bILJ0%PAC%WABD%WF@FIL%OCA%
&Ii?CB%NFB%mA?MICB+%#LW%#VMI%OCA%m#?BC?B%#B/VJ?C$$CB0%"AC%m#?BC?%NFB%
%iDLABE1!^GGbG%VBD%YVLLB1"^GGD.%FDC?%GGD-%WABD%9CAWGACL%D#/V0%"C?%
kWJC?WFBBJ#E%AWJ%#VW%WGA?AJVCLLC?%PAMIJ+%@CECB%DC?%(V$C?WJCIVBE+%$j?%DCB%
k?ACBJAC?VBEWJ#E%CABCW%m#?BC?W%O9CABI#VWn%G?bDCWJABAC?J0%

9CAU%k?ACBJAC?VBEWJ#E%(MIWC%f#BDG$CALC?%UAJ%CJ@#%,0%LCO?V#?%AWJ%lL#?+%D#WW%CW%
WAMI%BV?%VU%%#?Ab%OAMIJUCWW%I#BDCLB%l#BB0%>AB%T#I?%LbWWJ%WAMI%D#/V%#LLC?DABEW%
BAMIJ%OCWJAUUJ%@C?DCB+%@CAL%CW%lCAB%OC@CELAMICW%LCWJ%AWJ0%

%

!$>=C1##:@C:1K9@FC::#?L.18:EC@FEC:?@A=F#A18=FC:=<@@F#A1&&/111
P4'*%.5)6'#,i/#55;3,2*$,5:93U,

%

fCAL%AB%DC?%"F?VBJC?WVMIVBE%#LW%k?ACBJAC?VBEWJ#E%gVU%DCB%b0^f0%(G?ALh%C?UAJJCLJ%
@V?DC+%@C?DCB%#VMI%DAC%Q#MIO#?J#EC%#U%R0%VBD%f0%(G?AL%OCA%DC?%PVMIC%B#MI%
MCBCB%T#I?CB%CABOC/FECB+%#B%DCB%DACWC%Y#EC%kWJC?WFBBJ#EC%WABD0%(V$E?VBD%DCW%
OC@CELAMICB%kWJC?$CWJCW%?CDV/AC?CB%WAMI%DAC%UiELAMICB%OiWVBECB%B#MI%
#WJ?FBFUAWMIC?%(VW@C?JVBE%AU%*CAJ?#IUCB%NFB%GGT.%OAW%G,R.%#V$%D%T#I?C+%
BbULAMI%GGTR+%GGRS+%G,S-%VBD%G,DT%OO6L@99@%.+%9C?CMIBVBE%O6L@99@%5n0%
%

Tagesdatum Ostersonntag 
vor 1160 1160 bis 1270 nach 1270 

1 2 3 4 

7. April 1140 1219, 1230 1303 
8. April 1151 1162, 1173, 1235, 1246, 1257,1268  1319 
9. April 1105 1167, 1178, 1189, 1200, 1262 1273 

%

2/*5445%'3%'456Z5%74589Z5:A%$@D;Z%'456Z5A%Gi:BY@DZ%_5YZ68YZ5<6:;W4D5Z%GY8%_;8Z56J%
_66Z5D4B9%=Z;%9ZY854DGZ6;%\?6%HHLO%9Y;%HJKO%:Y98%Z;%Cj5%=Z6%KJA%IJ%<6=%cJ%$a5YB%
H[%_;8Z5;?6684:ZA%\?6%=Z6Z6%Z;%6<5%Y6%=Z6%>4D5Z6%HHLKA%HHK[A%HJ[l%<6=%HJhL%
>?66Z64<C:b6:Z%Y6%=Z5%$@D;Z%'456Z5%:Y98%]Ui;<6:%HHLK-J%

!
1!%*6Y0U%Y*+T+C#*Y+%XX520U4%W%9>S66A06?@1%J&0%K&@<S6Q%V16AUrF>ZU4%<0&%51<%\;%<;%k%%
.Z^1<[;Z64Q%+U51F1U51U&2[%FZ[20%@15%E<S=;U%X150S%*Z%J0S06020+%,.,S+%E[%?@U0&&%\S6U16%J0%GGW,G0%
1"%V;6ZU&16%Z?@ZU4%51%%V16>S%%16%%%



!!"#$%&'()*(%+,-%./01'*2%/)%3'(,4*(5% % 6(7/)%8*/9/)5*(:%;<;=%
!

%+!
!

Ostern 
J/M/T 

MEZ 
h/m/s 

Höhe 
± 0.04° 

Unter-
kante 

Geländ
e 

Wald 
30m 

UK/30m 
± 0.04° 

Lichtgestalt der Sonne in 
Achse Karner (76.96°) 

1 2 3 4 5 6 7 8 

1167/04/09 5/20/42 + 1.65° + 1.41°  
+ 0.97° 

 
+ 1.39° 

+ 0.02° Sonne sitzt auf  
1173/04/08 5/20/15 + 1.46° + 1.22° - 0.17° ca. 2/3 sichtbar (71% Ø) 
1235/04/08 5/20/18 + 1.48° + 1.24° - 0.15° ca. 2/3 sichtbar (69% Ø) 
1246/04/08 5/20/38 + 1.60° + 1.36 - 0.03° Sonne sitzt auf 

/0!123456!(7!!"#"$%!&'!()*!+,-)!)'./0*&1-.!23!+4*&54'.!"#63!

71-)&'82*)*!9:*1-3)//)*!()*!74'')!5:;4<=)!>80<2..:'=?!-4*&54'.2<!"#@A%B!C)*.&D2<!"#EF%!

!

2/*5445%,3%'456Z5%74589Z5:A%$@D;Z%'456Z5%KLJcLtA%_;8Z5;?6684:Z%YG%9ZY854DGZ6%\?6%HHLO%9Y;%
HJKOA%4;85?6?GY;@DZ%]Z5Z@D6<6:%=Z5%>?66Z64<C:b6:ZA%Ui;<6:3%_;8Z5;?6684:%HHLK%
]J5j6=<6:;?5YZ68YZ5<6:-%

%

%

%

%

%

%

%

%

%

%

%

%

%

***-%!-3%'456Z5%74589Z5:A%$@D;Z%'456Z5A%_5YZ68YZ5<6:;=48<G%4G%_;8Z5;?6684:A%%
=ZG%cJ%$a5YB%HHLK%]J5j6=<6:;?5YZ68YZ5<6:-J%J54aDY;@DZ%M45;8ZBB<6:%=Z;%I5:Z96Y;;Z;%=Z5%
]Z5Z@D6<6:%]2/*5445%,-%*34/05%'-%

% %
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(VW%DCB%NAC?%UiELAMICB%T#I?CB%ECIJ%DC?%kWJC?WFBBJ#E%GGTR%#LW%OiWVBE%IC?NF?k%
CW%AWJ%D#W%T#I?%DC?%P?jBDVBEWF?ACBJAC?VBE0%(VW%+LL#%,+0%AWJ%C?WAMIJLAMI+%D#WW%DAC%
NFLLC%PFBBCBWMICAOC%#U%B#Jj?LAMICB%'F?A/FBJ%#V$WAJ/Jk%CABC%ADC#LC%OiWVBE%O?WJW
fC?J%9%PFLLWfC?Jn0%PLCAMI/CAJAE%l#BB%AB%DACWC?%OiWVBE%CABC%9CWJbJAEVBE%$j?%D#W%
NC?UCABJLAMI%gBAMIJ%WCI?%EL#VO@j?DAECh%P?jBDVBEWM#I?%GGTR%#BECWCICB%@C?DCB%
ONEL0%+LL#%,5n0%

%

%

%

%

%

%

%

***-%'43%'456Z5%74589Z5:A%]Z?94@D8<6:%=Z;%>?66Z64<C:46:Z;%Y6%=Z5%$@D;Z%'456Z5%4G%
JOJhLOILJK%s%LD%JOG%OI;LVI>9A%7iDZ%=Z5%>?66Z%T%HJ[LtL$dYG<8%KLJhht%6?@D%6Y@D8%\?BB%
4<C:Z:46:Z6A%_9Z5A468Z%HJ[Lt%TOJJht%!%THJLOtA%9Z5ZY8;%OJJHt%;Y@D8945%]Z68;a5Y@D8%=ZG%N?8?-J%%
]ZY%=Z5%4G%7?5Yd?68%4<C;Y8dZ6=Z5%>?66Z6;@DZY9Z%:Y98%Z;%ZY6Z%:<8Z%p9Z5ZY6;8YGG<6:%GY8%=Z5%
J5j6=<6:;?5YZ68YZ5<6:%Y6%=Z5%$@D;Z%'456Z5%]\:BJ%***-!--J%

!

!$>=C1;#@BI;CEJC:1K9@FC::#?L.18:EC@FEC:?@A=F#A1*#:EO1;E$>FMC==1&&/!1

P4'*%.5)6'#,i/#55;3,2*$,5:93U,

,
"#W%T#I?%DC?%k?ACBJAC?VBE%f#BDG$CALC?%LbWWJ%WAMI%DV?MI%DCB%9#V#OL#V$%DCW%
m#?BC?W%CABF?DBCB0%Q#MI%DC?%P?jBDVBEWF?ACBJAC?VBE%/V%kWJC?B%GGTR%lFBBJCB%AB%
DC?%9#VW#AWFB%DACWCW%T#I?CW%DAC%9#VE?VOC%#VWECIFOCB%VBD%DAC%"F?OC?CAJVBECB%
$j?%DCB%(V$O#V%DCW%kWW#?AVUW%ECJ?F$$CB%@C?DCB0%"#W%C?L#VOJ%/V%%#?Ab%
OAMIJUCWW+%#U%,0%LCO?V#?%GGTb%DAC%k?ACBJAC?VBE%DC?%(MIWC%f#BDG$CALC?+%DAC%
DCWI#LO%ECECBjOC?%DC?%(MIWC%m#?BC?%NC?D?CIJ%AWJ0%

"AC%#WJ?FBFUAWMIC%9C?CMIBVBE%jOC?%DAC%k?ACBJAC?VBE%DC?%(MIWC%f#BDG$CALC?+%
DAC%D#W%9#BD?AGGCBEC@iLOC%J?#ECB+%AWJ%AB%+896F@%5%@ACDC?ECECOCB%VBD%D#W%
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***-%'+3%'456Z5%74589Z5:A%$@D;Z%`46=aCZYBZ5A%_5YZ68YZ5<6:;=48<G%d<%V45Yb%UY@D8GZ;;A%%
4G%JJ%NZ95<45%HHLIJ%J54aDY;@DZ%M45;8ZBB<6:%=Z;%I5:Z96Y;;Z;%=Z5%]Z5Z@D6<6:%]*34/05%,-J%

%

>?ECOBAW%AB%+LL#%.-%E?#GIAWMI%D#?ECWJCLLJ0%>W%/CAEJ+%D#WW%DC?%?WJWfC?J%
#VW?CAMICBD%ECB#V%UAJ%DCU%PFLLWfC?J%Ok?ACBJAC?VBE%B#MI%DC?%NFLLCB%
PFBBCBWMICAOCn%jOC?CABWJAUUJ0%"AC%k?ACBJAC?VBE%C?$FLEJC%B#MI%DC?%WjDLAMICB%
(MIWC%O(/AUVJ%GGS0D,tn+%@CAL%CW%AB%DC?%Bi?DLAMICB%(MIWC%O(/AUVJ%,S0DTtn%
lCABCB%PFBBCB#V$E#BE%EAOJ0%"AC%PHUUCJ?AC#MIWC%UAJ%CABCU%(/AUVJ%NFB%Tb0DDt%
C?EAOJ%GGTb%lCABCB%jOC?/CVECBDCB%k?ACBJAC?VBEWJ#E1!%O@CDC?%kWJC?B%BFMI%%#?Ab%
'AUUCL$#I?Jn+%DC?%/VU%9#V#OL#V$%G#WWCB%liBBJC0%

%#?Ab%OAMIJUCWW%#LW%k?ACBJAC?VBEWJ#E%AWJ%CIC?%WCLJCB%#B/VJ?C$$CBk%D#/V%EAOJ%CW%
D#W%9CAWGACL%DC?%f#LL$#I?JWlA?MIC%%#?A#%mA?MIOAMIL%AB%QACDC?iWJC??CAMI01!%%#?Ab%
OAMIJUCWW%@#?%AU%%AJJCL#LJC?%$j?%'C??WMIC?%CAB%OCDCVJCBDC?%$j?%YC?UABC%$j?%
PJ##JW#lJC0c2%%

!
1!%K%&16U%GGTb^.S^SG+%D@%,R<%G-%+%)X@1Q%_G.0.,mk%XS0%)0<<12>S@6&%GGTb^.b^G-Q%D@DD<Db%+%)X@1Q%_%,0RDm%
1!%V;6ZU&16%Z?@ZU4%51%%V16>S%%16%%
?2%3')U%.'(/)%+_3Vnn68:%`*(%1*/2/5*%a'5%'2U%a*(b/)%b/,,*2'2,*(2/01*(%+,'',U'R,*-%c)$%`*`,U01*U%
V(01/X%Y!(%6("#($01%)5%9*$%./,,*2'2,*($:%&<-%''1(5')5:%3*",%!:%+-%=()-%*%6$%/$,%9/*%+*/,%9*(%/,%1#1*)%
./,,*2'2,*(%/,,*(%$,-(.*(%7*(9*)9*)%.'(/*)/*(*1(%)5-%
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"#>=C1$#?J?=1K%CEFC:&'?L(1$:EC@FEC:?@A=F'A1$=FC:=<@@F'A1S1)N)*1+1

P4'*%.5)6'#,i/#5593,2*$,5:63,'*#&'$().h#1%U,
,

0LW%1?VBD%2j?%DACWC%D?AJJC%k?ACBJAC?VBE%DCW%m3?BC?W%@A?D%DAC%L3BE2?AWJAEC%
43VVBJC?O?CMIVBE%3BECWCICB5%>W%Dj?2JC%CAB%4CDj?2BAW%DCW%43VIC??B%EC@CWCB%
WCAB6%DCB%fCAJC?O3V%BCVC?LAMI6%B3MI%DCU%7F?OALD%DC?%1?jBDVBEWF?ACBJAC?VBE%3U%
kWJC?WFBBJ3E%88TR6%UAJ%DCU%mFWUFW%9V%NC?OABDCB5%k22CBWAMIJLAMI%@3?%DACWCW%
fAWWCB%BFMI%AU%1CDbMIJBAW%NF?I3BDCB5%PF%ECWCICB%AWJ%CW%CABC%fACDC?IFLVBE6%
DAC%DV?MI%DCB%kMVLVW%O3VLAMI%AB%>?WMICABVBE%J?AJJ5%

:C?3?JAEC%fACDC?IFLVBECB%WABD%lCAB%>AB9CL23LL6%@AC%OC?CAJW%3U%4CAWGACL%DC?%
;VBDlA?MIC%AB%<CJ?FBCLL%C?@bIBJ%@V?DC5c=%:ACWC%;VBDlA?MIC%@V?DC%8>R8%
ECE?jBDCJ%VBD%B3MI%DCU%PFBBCB3V2E3BE%DCW%m3?2?CAJ3EW%DACWCW%?3I?CW%F?ACBJAC?J5%
@3MI%CABCU%RUO3V%8A8S%@V?DC%DAC%0GWAW%3OECO?FMICB%VBD%BCVC?LAMI%B3MI%DCU%
<?FE?3UU%DC?%1?jBDVBEWF?ACBJAC?VBE%3U%m3?2?CAJ3E%UAJ%DCU%mFWUFW%
NC?lBjG2J5%fCAL%DC?%m3?2?CAJ3E%CAB%OC@CELAMICW%BCWJ%AWJ6%9CAEJ%DAC%BCVC%
k?ACBJAC?VBE6%@AC%OCAU%m3?BC?%C3?JOC?E%9V%kWJC?B6%AB%CABC%3BDC?C%;AMIJVBE%3LW%
DAC%1?jBDVBEWF?ACBJAC?VBE5%

%
Tagesdatum Ostersonntag 

vor 1160 1170 bis 1250 nach 1270 
1 2 3 4 

18. April 1120 1199, 1210 1283 
19. April 1153 1215, 1226, 1237, 1248 1299 
20. April 1169 1180, 1242  1253 
21. April 1112 1185, 1196 1280 

%

2/*5445%.D%E4FGZF%74FH9ZFIA%JKLMZ%_KNONMA%PiIOYKLZ%_FYZGHYZFNGIMQ4LFZ%PYH%_MHZFGJ%
_GGZFL4O9%=ZM%9ZYHF4LPZGM%RSG%HHTO%9YM%HUVO%IY9H%ZM%WjF%=ZG%HXJ%9YM%UHJ%JaFYOA%
HO%_MHZFMSGGH4IZA%RSG%=ZGZG%V%YG%=YZ%EZIYZFNGIMdZYH%7ZFdSIM%UZSaSO=%Q_J%YHHcZ%9YM%HU[O-%
W4OOZG%YHHc[A%HHccA%HUHOA%HUHVA%HUU[-J%MZF%QSFMKLO4I%RSG%V4FYS%\F7`JE9%O4NHZHD%
`ZYHZF94N%NGHZF%UZSaSO=%Q_JA%MabHZMHZGM%HUHVJ%

% %

!
c=%XSU]%A60F&%[10^%V16>S%%16%
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:AC%PVMICB%B3MI%DCU%k?ACBJAC?VBEWJ3E%AB%DC?%0MIWC%kMVLVW%2FLEJ%DCUWCLOCB%
PMICU3%@AC%AB%DC?%0MIWC%m3?BC?5%:AC%7F?E3BEW@CAWC%AWJ%D3IC?%DV?MI%DAC%
>?UAJJLVBE%3LLC?%kWJC?WFBBJ3EC6%DC?CB%Y3ECWD3JCB%3V2%DCB%8b5%OAW%A85%0G?AL%
23LLCB6%EClCBB9CAMIBCJ5%:C?%*CAJ?3IUCB%DC?%RBJC?WVMIVBE%@A?D%NFB%88T>%OAW%
8AR>6%3V2E?VBD%DCW%OC?CAJW%C?WMILFWWCB%1?jBDVBEWM3I?CW88TR%VBD%DC?%
9@AWMICB9CAJLAMI%EC@FBBCBCB%IAWJF?AWMICB%;3IUCBOCDABEVBECB%3V2%88R>%OAW%
8A_>%CABECWMI?bBlJ5%0LLC%UiELAMICB%`iWVBECB%WABD%AB%+896F@%.%3WJ?FBFUAWMI%
OC?CMIBCJ%VBD%AB%+LL#%.,%E?3GIAWMI%D3?ECWJCLLJ5%

:AC%0MIWC%kMVLVW%AWJ%9@3?%ECFDbJAWMI%Ca3lJ%C?23WWJk%AI?%09AUVJ%NFB%R85Aft%AWJ%
MCDFMI%l?AJAWMI%9V%OCJ?3MIJCB5cc%bI?C%;AMIJVBE%AWJ%DV?MI%DAC%mFF?DAB3JCB%DCW%
%AJJCLGVBlJCW%RBJC?ECWMIFo%0GWAW%%!"#%VBD%$AJJC%kMVLVW%%%DC&ABAC?J%
'mFF?DAB(JCB%+896F@%-)%*AMIJVBE%+896F@%.n+%

fCAL%DAC%>BJ&C?BVBE%DACWC?%,VBlJC%UAJ%A+-.%U%'*#!"n%lV?#%AWJ$%I%J%DAC%EC?ABEWJC%
&O@CAMIVBE%AB%DCB%mFF?DAB%JCB$%DAC%DV?MI%DAC%&VW'jI?VBE%VBD(FDC?%
)C?UCWWVBE%CBJWJ%BDCB%WCAB%liBBJCB$%CABCB%C?ICOLAMICB%>AB'LVWW%%V'%AI?C%
*AMIJVBE+%PF%ECWCICB$%I%J%DC?%,WJ-fC?J%BV?%DCB%.I%?%lJC?%CABCW%*AMIJ@C?JCW$%DC?%
UAJ%DCB%&O@CAMIVBECB%NFB%/0+0t(-%1+2t%C?@CAJC?J%@A?D+%3V?MI%DACWC%
4%oB%IUCB%WABD%%LLC%U%oECOLAMICB%PFBBCB%V'EbBEC%#@AWMICB%00R1%OAW%05/1%
%V'%DC?%PVMIC%B%MI%DC?%?AMIJAECB%6iWVBE%CABOC#FECB%7+LL#%.,n+%

8V?%)C?%BWMI%VLAMIVBE%DC?%&VW@A?lVBECB%DC?%&O@CAMIVBECB%DACBJ%D%W%AB%
+LL#%.,%IC?NF?ECIFOCBC%9CAWGACL%'j?%DCB%PFBBCB%V'E%BE%AU%:%I?C%050/+%3AC%
&O@CAMIVBE%#@AWMICB%DCU%,WJ-fC?J%NFB%R0+5;t%VBD%DCU%'j?%DAC%%U%<F?A#FBJ%
%V'WAJ#CBDC%PFBBCWMICAOC%C?'F?DC?LAMICB%PFLL-fC?J%NFB%R0+20t%OCJ?bEJ%1+/5t+%
&V'%DAC%6bBEC%NFB%5+;.%U%CBJWG?AMIJ%D%W%5+T%MU$%@%W%CABC?%3%VUCBO?CAJC%
ELCAMIlFUUJ+%>AB%?CL%JAN%lLCABC?%fC?J%UAJ%E?FoCB%&VW@A?lVBECB+%

3AC%=%JV?@AWWCBWMI%'J%#CAEJ%%LLC%UiELAMICB%6iWVBECB%%V'$%DAC%AB%O6L@99@%.%VBD%
+LL+%.,%%VWEC@ACWCB%WABD+%3AC%@%I?WMICABLAMIWJC%7?AMIJAECn%6iWVBE%
IC?%VW#V'ABDCB$%'bLLJ%AB%DAC%mFUGCJCB#%DC?%>CWMIAMIJW'F?WMIVBE%VBD%
mVBWJECWMIAMIJC+%

% %

!
??%01@%0@A%5BC%ZDABC@2E0B5%FGC%H2E@B%31CDBC%7RT+;TIn%GD5%H2E@B%J1D5KLB0MBC%700S+.5In$%5BCBD%HF0NGAB%5GC2E%
3ODACOMMBD%FPB0L12E%1QRB@02EBCA%@0D5+%qB0%5BC%H2E@B%31CDBC%0@A%B@%50B%41C1MMBMM1RB%5BC%H2E@BD%SOD%ZDABCQ1G%GD5%
JB0ABCQ1G$%QB0%5BC%H2E@B%J1D5KLB0MBC%5BC%CB2EAB%J0DTBM%5BC%UGCAQVRBD+%0BC1CA0RB%3ODACOMMBD%R0QA%B@%QB0%5BC%
H2E@B%K2GMG@%D02EAW%51EBC%50B%TC0A0@2EB%qBAC12EAGDR+%

!!"#$%&'()*(%+,-%./01'*2%/)%3'(,4*(5% % 6(7/)%8*/9/)5*(:%;<;=%
!

%&!
!

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%

%
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Bi;@Y=>Z8%_7YZ8XYZ7?8;YC6>7Z%YB%9ZYX76>BZ8%\D8%]]EO%:YY%]U^O%F\;@G%2/*5445%.-G%ZYZ%\D8%
_67YD%HI9`<`9%6?Y%J?8YX>YYXD7YY=>Z7%HY=>X%:Z\D7d?;XZ%UiY?8;5%gYabXZYXZ8Y%d?%_YXZ78%
]U]^hA%YYX%BYX%Y>7ZB%aYX\%?8A%HD@@\%`Z7X%A67;ZYXZ@@X%F]Z7Z=>8?8;A%*34/05%.-G%

UiY?8;Z8%:ZdD;Z8%6?[%`Z;YZ7Z8AZ5%9Z7dD;%_X6J67%KaG%F]]bO%?8A%]]b^-A%9Z7dD;%UZDaD@A%KaG%
F]]cEA%]]ccA%]U]OA%]U]^%?8A%]UUE-%?8A%L7YZA7Y=>%aaG%F]U[T%?8A%]UcU-G%
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&VW%DCB%NACLCB%4iELAMIlCAJCB%I%J%4%?AF%P.<f&*8?d%%VW%lVBWJIAWJF?AWMIC?%
PAMIJ%D%W%:%I?%050/%%LW%@%I?WMICABLAMI%WGbJCWJC%6iWVBE%UAJ%'FLECBDC?%
9CE?jBDVBE%%VWEC@bILJ?=Q%
%

T/#,3'#,85)+.'*()'#,T/.$()+h&'#,8".,;5%*'."#&,3'.,F.*'#%*'."#&,3'$,
8'*%'.25"'$,#5(),U#%'.2.'()"#&,*$%,6*.,5:56,56,$m6d5%)*$()$%'#=,;'#,!5.#'.,
8",'.#'"'.#,1n##%',5"9,3*',2#*%*5%*i',3'$,$').,'*#9+"$$.'*()'#,-95..'.$,U+.*(),
i/#,g5.%2'.&,8".c(1&')'#S,3'.,2*$,5:35,#5()7'*$25.,*$%=,2)6,&'+/2%',g'.8/&,
C'/d/+3,T=,#5(),$'*#'6,U#95++,*6,J5).,557<,3*',Kc(1&52',3'$,Cn$'&'+3'$,5"$,
3'.,D'95#&'##5)6',3'$,'#&+*$()'#,!n#*&$,K*()5.3,Cn7'#)'.8S,7*',$*',3'.,
-5d$%,8".,C/$$d.'()"#&,$'*#'.,:o1/66"#*15%*/#,i'.+5#&%,)5%%'=,;*',
C/$$d.'()"#&,i/++8/&,3'.,65+82".&'.,:.82*$()/9,<35+2'.%,222=,56,6%'.2'+5&'.,
3'$,g'.8/&$,*#,D.58=,;".()9c).'#,6"$$%',3*',V"$$',#5(),3'6,W/3',g'.8/&,
C'/d/+3$,T=,3'$$'#,6/)#,"#3,X5()9/+&'.,C'/d/+3,T2=,:$,*$%,&"%,6n&+*()S,35$$,
8".,i'.$d./()'#'#,6c)#'+'*$%"#&,'*#',6%*9%"#&,8"6,X'"25",PU625"S,7'.%*&25"U,
3'$,!5.#'.$,5#,3'.,65+82".&'.,<.()*3*51/#5%$1*.()',g5.%2'.&,'.9/+&%,*$%S,75$,
*6,2#%'.'$$',3'$,65+82".&'.,:.82*$()/9$,+5&=,
;*',85)+,3'$,)+=,U+.*(),5+$,-5%./#,3'.,!5.#'.15d'++',$()*'#,#/(),5"9,-95..'.,
U+.*(),8".c(18"&')'#S,3'.,7/)+,5"(),*#,3'.,85#365+'.'*,3'.,<d$*$,35.&'$%'++%,
*$%=,;5$,5"9,3*',6c)#"#&,3'.,g5"d%$c#3'#,3".(),3'#,5"$,3'.,8".8'+,J'$$',
)'.i/.&'&5#&'#'#,:.+n$'.,2'8/&'#',*1/#/&.5d)*$()',-./&.566,3'.,
85+365+'.'*'#,*6,2##'.'#,3'.,!5d'++',7'*$%,5"9,'*#,6c)#'/d9'.,5+$,
6%*9%"#&$6/%*i,)*#=,;5$,-./&.566,*$%,5"9,6().*9%'#,3'$,6()/+5$%*1'.$,g"&/,i/#,
65*#%@T*(%/.,8".c(18"9c).'#S,3'.'#,W'o%',$*(),%5%$h()+*(),*6,V'$*%8,3'$,
%)'/+/&*$(),)/(),&'2*+3'%'#,-95..'.$,U+.*(),2'9"#3'#,)52'#=,
;*',<29+"$$.*##'S,3*',i/6,!5d'++'#.5"6,3'$,!5.#'.$,*#$,7.'*',9c).%S,+h$$%,5"9,
3*','.7'*%'.%',7"#1%*/#,3'$,V5"'$,5+$,V5d%*$%'.*"6,$()+*'b'#S,75$,6*%,3'6,-+5#,
3'.,:..*()%"#&,'*#'$,V*$()/9$$*%8'$,*#,g5.%2'.&,*#,4"$566'#)5#&,$%')',1n##%'=,
7c.,3*'$',T'.6"%"#&,$d.h()'#,5"(),$%*+1.*%*$()',V'/25()%"#&'#,5#,3'6,V5"=,
;*',)'.i/..5&'#3',Y"5+*%h%,3'.,V5"5"$9c)."#&S,$/7/)+,3'$,Y"53'.7'.1$S,3'.,
V5#3.*dd'#&'7n+2',5+$,5"(),3'.,!5d*%'++d+5$%*1,+5$$'#,5"9,'*#',)/().5#&*&',

!
?d%0C+%M1C0O%d9NJHOe%0@A%ZD0S+-4COL+%LrC%3GD@ARB@2E02EAB%1D%5BC%ZD0SBC@0APA%J0BD+%*C%0@A%*QKBCAB%1GL%5BN%
UBQ0BA%5BC%N0AABM1MABCM02EBD%q1GTGD@A%0D%f@ABCCB02E+%g%M1C0O%d9NJHOe$%00B%q1GTGD@A%5B@%0S+%B1ECEGD5BCA@%0D%
f@ABCCB02E$%J0BD%510S$%d+%RR-21+%
?=%00B%.V@GDR%h@KPAB@ABD@%050/i%0@A%515GC2E%1G@RBFB02EDBA$%51@@%50B%HQPB02EGDR%FP0@2EBD%R@A-%GD5%dOMM-JBCA%
N0A%1+/5IRBRBD%rQBC%5BD%B1ECBD%0501%N0A%/%1+;0I$%00;;%N0A%/%0+1RI%GD5%00;T%N0A%-%1+R.I$%1N%TMB0D@ABD%0@A+%00B%
HQPB02EGDRBD%1GL%50B%.PDRB%SOD%5+;.%N%QBAC1RBDQ%00;T(S+T%2N$%00;;(/+S%2N$%0501(.+T%2N%GD5%050/(5+T%2N+%
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V5"7'.1$%5%%,$()+*'b'#S,3'.'#,6%*+d./&.566,5++'.3*#&$,#/(),&5#8,"#2''*#9+"$$%,
i/#,3'#,9.5#8n$*$()'#,6%*+'*#9+c$$'#,75.S,3*',6*%,3'6,V5",3'.,Z5d'++5,6d'(*/$5,
"#3,!*.()',"#3,!.'"8&5#&,*#,C*+*'#9'+3,"#%'.,C'/d/+3,T2=,7*.1$56,7".3'#=,
T*'+6').,*$%,5#,4"$566'#)h#&',6*%,3'.,V5")c%%',3'$,65+82".&'.,;/6'$,8",
3'#1'#S,3'$$'#,X'"25","#%'.,:.82*$()/9,!/#.53,222=,87*$()'#,5585,"#3,5:5;,
*6,V5",75.=,
p2'.'*#$%*66"#&'#,'.7'*$'#,$*(),*#,3'.,%".65.%*&'#,8*.1"#&,3'$,K"#325"'$S,
3'$$'#,D+*'3'."#&$'+'6'#%'#,"#3,3'.,!5d*%'++d+5$%*1=,;*',T'.2*#3"#&,3'$,*#,
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Bauphase Achse Orientierungstag Lichtgestalt  
der Sonne 

1 Fuß 
[cm] 

Nachweis 

1 2 3 4 5 6 

Unterbau 

1167 - 1168 

Karner 1167 Ostersonntag  Abb. 29 31.0 Anlage 3 

Wandpfeiler 1168 Mariä Lichtmess Abb. 31 Anlage 4 
 

B a u u n t e r b r ec h u n g   (ca. 2 bis 3 Generationen) 
 

Weiterbau ab 1215? Oculus 1215 Ostersonntag? Abb. 32 29.7 Anlage 5 
%
2**+,,+%28%E9:;Z:%99:<=Z:>A%]9?a@9AZ;%?;B%_:YZ;<YZ:?;>A<9>ZA%p=Z:AYC@<%

%

%

%

%

%

%

%

%

%

%

$**-%%.8%E9:;Z:%99:<=Z:>A%JZ>Z;j=Z:A<ZDD?;>%BZ:%_:YZ;<YZ:?;>A<9>Z%

%

O6L@99@%-%VBD%.LL(%)'%ECOCB%CABCB%pOC?OLAMl%jOC?%DAC%9'VGI'WCB%5BJC?O'V%
VBD%fCAJC?O'V%WF@AC%DAC%D',VECIi?AECB%k?ACBJAC?VBEWE'I?C0%



!!"#$%&'()*(%+,-%./01'*2%/)%3'(,4*(5% % 6(7/)%8*/9/)5*(:%;<;=%
!

&#!
!

1AC%@CWCBJLAMIC%>?lCBBJBAW%jOC?%DAC%>??AMIJVBE%DCW%*'?JOC?EC?%m'?BC?W%L'VJCJQ%
9CEABB%VBJC?%DCB%F?'VBE'VC?B%VBD%GC?JAEWJCLLVBE%,V?%#CAJ%DC?%9'OCBOC?EC?0%

PF$C?B%CW%lCABC%BCVCB%>?lCBBJBAWWC%%,090%DV?MI%1CBD?FMI?FBFLFEACn%EAOJ$%OLCAOJ%
$j?%DCB%9CEABB%DCW%fCAJC?O'VW%DAC%1'JAC?VBEQ%gAB%DC?%+CEAC?VBEW,CAJ%*C?,FEW%
HCFGFLD%I60$%WGbJCWJCBW%,V%kWJC?B%-.-/h%'V$?CMIJ0%

%

%

%

%

%

%

.=;BC8CD<=>?@%)@?@9P@2%

9Z:J9;;%JK_XILIFZA%X9AC@Z;=?C@%BZ:%9ZY<:ZC@;?;>A%L[M%<?ND9>ZA%99;;OPZ:%LccL%

I:eY;%KIQZQFJIKA%HO;;Z;9?N>9;>ABY9>:9JJ%d?:%<=AC@b<d?;>%BZ:%HO;;Z;9?N>9;>A<9>Z%
?J%LROOA%Z:eY;\:ZYBY;>Z:M9<U<=@9;BD?;>Z;%F:M%SL%

TYC@9ZD%KQIXHU9FQJU`ODN>9;>%V_UUT<FFA%9A<:O;OJYAC@ZA%KZC@Z;a:O>:9JJ%
/:9;Y9H<9:A%KZDZ9AZ%LMLA%`YZ;%LccWUROR[%

%

%

.68I=6F78F%%

3F?OC?J%&LLUC?%%9C?'JVBEn$%7CJC?%9'VC?%%S1XIC?UCWWVBE$%F5%2?',n$%PCGG%GABl%
%HFl'L'VECBWMICABn$%(AMI'CL%2?'OBC?%VBD%PCO'WJA'B%3CUCWJFJIH%
%1CBD?FMI?FBFLFEACn$%HCFGFLD%2?jBBC?%%mF??ClJF?'Jn$%+VDFL$%mFMI%
%lVBWJIAWJF?AWMIC%9C?'JVBECBn$%*VOC?J'%m?FAWLCAJBC?%%$F?WJJCMIBAWMIC%
PJCLLVBEB'IUCn$%7CJC?%3CVECO'VC?%%ECFDbJAWMIC%VBD%E?'GIAWMIC%5BJC?WJjJ,VBEn$%
7'J?AMl%PMIAMIJ%%IC?UAJJLVBE%DC?%S1XIC?UCWWVBE$%lVBWJIAWJF?AWMIC%9C?'JVBE%
FVLLBC?%m'?BC?n$%('?AF%PMI@'?,%%lVBWJIAWJF?AWMIC%7?FEClJOCELCAJVBEn$%9F?AW%
PJVUUC?%VBD%4FWC$%PMI'VC?%%S1XIC?UCWWVBE%FVLLBC?%m'?BC?$%
IC?ELCAMIWFOEClJn$%+FB'LD%fFLD?FB%%lVBWJIAWJF?AWMIC%9C?'JVBECB$%('VC?@C?ln0%

!!"#$%&'()*(%+,-%./01'*2%/)%3'(,4*(5% % 6(7/)%8*/9/)5*(:%;<;=%
!

&$!
!

%

%

%

%

%

3)2'5*)%
%

-0! mFF?DAB'JCBNC?,CAMIBAW%%ECFE?'GIAWMI%VBD%ECFDbJAWMIn%
.0! +'DACB%VBD%1V?MIUCWWC?%NFB%#CBJ?'LO'V%VBD%&GWAW%%
S0! &MIWC%m'?BC?%%k?ACBJAC?VBE$%*F?A,FBJ$%'WJ?FBFUAWMIC%9C?CMIBVBEn%
.0! &MIWC%f'BDG$CALC?%%k?ACBJAC?VBE$%*F?A,FBJ$%'WJ?FBFUAWMIC%9C?CMIBVBEn%
/0! &MIWC%kMVLVW%%k?ACBJAC?VBE$%*F?A,FBJ$%'WJ?FBFUAWMIC%9C?CMIBVBEn%
T0! GF?WJJCMIBAWMIC%PJCLLVBEB'IUC%%9C@'LDVBE%*F?A,FBJn%

%

%

%

%

!

!

!

!

!

!

!

!

!

!



!!"#$%&'()*(%+,-%./01'*2%/)%3'(,4*(5% % 6(7/)%8*/9/)5*(:%;<;=%
!

&%!
!

#$%&'(!)!
!

*++,-.$&/($0(,1(.23$.4!
!

56758!9:;<":=!<>87?7@;<":!
!

!89:;9"!!<=>#$#?@A!!!BCDE9"!!F?>GH%F@A!!!I99JKJ9"!!L=?!M!

N98:O:PD&QDR98E9DS"!!T!U!V!%>G$$F@!

!

567A#>;<":!$%!&BC!
!

W3X'6X! (6Y)0Z656[4! *0'+5! !Y"#X/0$\! %6&'5()6X5!

]*^!

_`&')6X5!]+^!

$! G! A! E! @! H!

,$56X\6(&'`a! -6$5X34Y30! .[556420$"5![$$6$! ./0b! c!#(!%#'1$$'! #$)!++#1#%"!

.[556420$"5!30a6$! ./0!! c!#(!%#'1$$'! #$)!++#1#%"!

23$ZX[226$! %[&'50$\!""$1')&"d! 3! c!#(!%#)1)('! #$)!++$1$'%!

4! c!#(!%#$1()%! #$)!++"1"$+!

%[&'50$\!#$1(#'*d! 1! c!#(!%#(1%')! #$(!***1'*'!

5! c!#(!%#&1##&! #$)!++%6)++!

!2([(! .[556420$"5![$$6$! .!0b! c!#(!%#"1!$+#! #$)!++$1$)#!

4&040(! !! c!#(!%")1'%! #$)!++%1#(!

4Y6X\6(&'`a! -6$5X34Y30! .[556420$"5![$$6$! ./7b! c!#(!%#'1$"%! #$)!++#1"*#!

.[556420$"5!30a6$! ./7!! c!#(!%#'1$#+! #$)!++#1"*)!

!2([(! .[556420$"5![$$6$! .!7b! c!#(%#"1#'(! #$)!++$1$$$!

.[556420$"5!30a6$! .!7!! c!#(!%#"1#($! #$)!++$1$$(!

4(586$(56X! e! c!#(!%")1)"! #$)!++$1))!

!
#'(),!"#$%!,[6(6!W``XZ[$356$!([$Z!(X0$Z43\6!Z6X!\6`Z95[(&'6$!26X6&'$0$\6$1!26[!Z6$!Z3X30(!
6X:[556456$!%[&'50$\6$!([$Z!308\X0$Z!Z6X!(6$30[\"6[5!Z6(!e6(520$"5864Z6(!!Y)6[&'0$\6$!;`$!
f!+1+&d!:<\4[&'1!

! !

!!"#$%&'()*(%+,-%./01'*2%/)%3'(,4*(5% % 6(7/)%8*/9/)5*(:%;<;=%
!

&&!
!

#$%&'(!&!
!

'!A;6?!D?A!(D8):@6<<68!
!

*?>68+!D!-.=/!>0?!@?A12!3.4B!!"#$!

,!-.E!/!,0!/!123,!!!%!<!CQgg!U!<..!U!&>&G=H!M!

!

#'()*(! +*,-./*0*12! 3'/1*)! 4,56! 375D!89:! 357;;!!

8!.<=!>?22:!

357;;!

89:!

"3!

8@9:!

E57;;!

8!.<:!

!! "! I! #! J! $! K! %! L!

A)0*(B*C@D?<! >*)0('2,'.! 3'/1.C!1))*)! 3CE7! F6GH! GHI! F6GH! H! JHI!

3'/1.C!'.<*)! 3CE4! K6KL! GKI!MF!N!GK!OI! K6KP! L! JPI!

Q')/RS*12*(!! !"! #$h%! &'! #$i&! (! (h'!

)*+,+! -./,0+!,1121! -)E3! ($4i! 4'!! ($44! #! (%'!

-./,0+!.0521! -)E)! #$&6! !&'!7''!8!&!9'! #$&4! (! (&'!
!
:21;<.=>.0!01/!)*+,+?!".1//,@A2!BC!8!6!9!D05!E($6%!FG!
!

"6;>68#$D!H:Djg>!697KgG9I!
%!&'E!(!%)!(!*+,FG!!!J!<!KQgg!U!<..!U!L>LGFH!M!

!

M.<12<! C2>N0/2;2,=! -./,21! )>A$! -35D!

OFP!

-57QQ!

OD05=!:R==P!

-57QQ!

OFP!

!-!

O@FP!

E57QQ!!

OD05P!

!! "! I! #! J! $! K! %! L!

">2<S2+@TR5! :21;<.=>.0! -./,0+!,1121! -K73! U$6(! (('!7''!8!((!9! U$6(! %! #U'!

-./,0+!.0521=!".1/! -K7)! 6$#&! (6'!7''!8!(6!9'! 6$U(! #! #&'!

-./,0+!.0521=!VR@A2=! -K75! WWW! (4'! 6$74! WWW! U%'!

-./,0+!VR@A2=>.1A! -K75! U$(#! (%'!7''!8!(%!9'! U$(#! %! #('!

)*+,+! -./,0+!,1121! -)73! ($&h! &!9!W!#'$X#! ($&h! %! AR1+;<$!

-./,0+!.0521=!".1/! -)7)! WWW! &!9'! #$h#! WWW! (&'!

-./,0+!.0521=!VR@A2=! -)75! #$&6!! (%'!! #$&i! U! #%'!

!

:21;<.=>.0?!".1//,@A2!8!U!D05!E%$h&FG=!2<2,;2!VR@A2=>.1A!8!(!D05!E%$#&iF=!,1@=$!Y2<*0;HG=!VR@A2=!9!D05!!

)*+,+?!".1//,@A2!8!#'Z!X#!E+R==!%$h6!F=!,+;!%$h(!F=!T!8!U!@FG=!VR@A2=><2,;2!9!D05!E%$(4!F=!.1S21RFF21G!!

! !



!!"#$%&'()*(%+,-%./01'*2%/)%3'(,4*(5% % 6(7/)%8*/9/)5*(:%;<;=%
!

&'!
!

#$%&'(!-!
!

#<>87?7@;6!#.:<6!H!/?>68#$D!
#04!'1!GI+FI2!]f!+1+&d^!

!
#.:<6!3$8?68!

#!4!*!5!5!!!6!6!7!+!5!7!!
[6XY[UZ0U\!Z6X!.[556420U"56!-6U5X34Y30c)2V[V!]W``XZ[U356U!V[6'6!W``XZ[U356UW6X/6[&'U[V^!

26X6&'U0U\!U3&'! %[&'50U\! k! )/[\05! )/[\05!,U56X\6V&'`a!

4Y6X\6V&'`a6!!!![UU6U!]./7bc.)7b^! ((1#'"+d! !

c!+1#''%!

('1**%'d!! !

%6&'6U)6X57!J7!"#$!4Y6X\6V&'`a6!!30a6U!]./7)c.)7)^! ((1#)#'d! ((1+"'#d!

,U56X\6V&'`a6!!!![UU6U!]./0bc.)0b^! ((1##*#d! ('1*'#)d!

M?!&)*&(&2'D4'C)*=)'5!

')N(-<.!N:*()!(&)!>1-)!)'.)*=)/1-4O)/B!N)&<!/&)!()*!'*P'(:'=28/.)1D:'=!)'./0*&1-.!

!

%6&'?A6:78;(7?>!K!?)>L8&;.:68!*78;(7?>!M+)&AN!

_`X[/`U520U"57!!"5#6X"0"\!%"$*!$%!166&'&6!%#)$%!W``XZ["356"!]!c!#$!$))!$(#$)!*&"!$^!

W3X"6X!])0\6"&'&6!*6`Y3+&56X^7!166&'&6!$&)!$%!!_6,-./0,!l!(+!$%!!_123!45-0!l!"++$!

_'&67!6647"Z6&`X[/`"5!l!m!+8*(d%!"359X4[+&6X!_`X[/`"5!l!m!"8$*d!]$+$!:34Z^!

!

#<>87?7@;<.:6!,686.:?D?5!D?A!-;.:>56<>)&>!A68!.7??6!
8;;98;QDD;PE9!:M!K9:;8PJM9D!RQD!<<<=!G:;!<G?=!

>?56X"!

X(.(@!

.!A!

&($(?!

_'&6!

f!+8+%d!

B"56Xc

C3"56!

6647"Z6! :34Z!

$+$!

BW($+$!

f!+8+%d!

Y[+&5\6?5345!Z6X!1`""6!

["!)+&?6!B"56X\6?+&`a!

$! G! A! E! @! H! 6! F!

""'((+%(+*! &(#+(%#! m!"8'&d! m!"8%"d! !

m!+8*(d!

!

m!"8$*d!

m!+8+#d! 1`""6!?[5/5!30#!!

""($(+%(+)! &(#+("&! m!"8%'d! m!"8##d! c!+8"(d! #($!?[+&5Y3X!!

"#$&(+%(+)! &(#+(")! m!"8%)d! m!"8#%d! c!+8"&d! #($!?[+&5Y3X!!

"#%'(+%(+)! &(#+($)! m!"8'+d! m!"8$'! c!+8+$d! 1`""6!?[5/5!30#!

"#"$%!&'!()*!+,-)!)'./0*&1-.!23!+4*&54'.!"#63!
71-)&'82*)*!9:*1-3)//)*!()*!74'')!5:;4<=)!>80<2..:'=?!-4*&54'.2<!

!!"#$%&'()*(%+,-%./01'*2%/)%3'(,4*(5% % 6(7/)%8*/9/)5*(:%;<;=%
!

&(!
!

#$%&'(!/!
!

#<>87?7@;6!+)?A986;&68!K!0?>68#)D!
#04!12!334+567!]f!+8+&d^!

!

#.:<6?!+)?A986;&68!D!PDO8:EE9DE9FKgG9G!
!

#!8!*!9!:!+!!!;!<!+!=!!!"!#!$!%!#!&!
H6XY["Z0"\!Z6X!I#6[46X$[556"!]W``XZ["356"!?[6&6!W``XZ["356"I6X/6[+&"[?^!

*6X6+&"0"\!"3+&! %[+&50"\! k! )/[$05! 1`""6"30#\3"\! )/[$05!

%[226!:6?5c>?5! ""$8')&"d! c!+8#''%! ""$8%")(d!! '&! %6+&6"J6X5!(()*+,d!
!

%[226!19Zc5`XZ! !!!#$8(#'*d! !!!#$8%'+&d! "6["!

M?!&)*&(&2'D4'C)*=)'5!

!

-6./?A6:78;07?>!K!?)>L8.;.:68!178;07?>!M+).AN!

_`X[/`"520"C57!!"5#6X"0"\!%"++!$%!166&'&6!%+($%!W``XZ["356"!]!c!#$!'($!$(#$'!$&+!$^!

W3X"6X!])0\6"&'&6!*6`Y3+&56X^7!166&'&6!$&)!$%!!_6,-./0,!l!%*!$%!!_123!45-0!l!(*$!

_'&67!6647"Z6&`X[/`"5!l!m!+8')d%!"359X4[+&6X!_`X[/`"5!l!m!"8"+d!]$+$!:34Z^!

!

#<>87?7@;<.:6!2686.:?D?5!D?A!-;.:>56<>).>!A68!.7??6!
93&$:!;$452!#99!:M!K9:;8PJM9D!RQD!<<<=!G:;!<G?=!D<>!KPJ8!DPjJ!68LDOMDE;Q8:9D;:98MDEG!

.38!Y[+&5$8!

X(.(@!

.!A!

&($(?!

_'&6!

f!+8+%d!

B"56Xc!

C3"56!

6647"Z6! :34Z!

$+$!

BW($+$!

f!+8+%d!

Y[+&5\6?5345!Z6X!1`""6!!

["!)+&?6!:3"Z2#6[46X!:c>!

$! G! A! E! @! H! 6! F!

""')(+#(+#! ((#%(&'! m!"8#'d! m!"8+#d! !

m!+8')d!

!

m!"8"+d!

c!+8+)d! 1`""6!?[5/5!+38!30#!!

""(%(+#(+#! ((#&($#! m!"8%(d! m!"8#$d! m!+8"$d! +38!"(%!9Y6X!_`X[/`"5!]#(n^!

"#$'(+#(+#! ((#&(##! m!"8%&! m!"8#"d! m!+8""d! +38!"(%!9Y6X!_`X[/`"5!]#$n^!

"#%((+#(+#! ((#&(%%! m!"8&)d! m!"8$%d! m!+8#%d! "(#!9Y6X!_`X[/`"5!]&+n^!

"#"$%!&'!()*!+,-)!)'./0*&1-.!23!+4*&54'.!"#63!

71-)&'82*)*!9:*1-3)//)*!()*!74'')!5:;4<=)!>80<2..:'=?!-4*&54'.2<!"#@A%B!C)*.&D2<!"#EF%!



!!"#$%&'()*(%+,-%./01'*2%/)%3'(,4*(5% % 6(7/)%8*/9/)5*(:%;<;=%
!

&)!
!

#$%&'(!8!
!

#<>87?7@;6!6.D.D<!K!+6;>68#)D!
#7$!12!G89:F;!Dm!"8"d(c!+8)d^!

!

#.:<6!6.D.D<!
!

#!2!!!4!"!!!!#!2!$!%!$!4!

H6XY["Z0"\!.[556420"C5!)2?[?!B6![""6"!$[5!>+040?!]W``XZ["356"!?[6&6!W``XZ["356"I6X/6[+&"[?^!

I0"C56!! %[+&50"\! k! )/[$05!

.)0b!c!)! ("8&&#"d! !c!+8#''%d! ("8#)&(!7!!!!%6+&6"J6X57!J%&'()!

M?!&)*&(&2'D4'C)*=)'5!

!

*6+,?A6:78;-7?>!K!?)>L8+;.:68!178;-7?>!M.)+AN!

_`X[/`"520"C57!!"5#6X"0"\!%+(+$%!166&'&6!%$($%!W``XZ["356"!]!c!#$!'+)!$(#$)!#('!$^!

W3X"6X!])0\6"&'&6!*6`Y3+&56X^7!166&'&6!$&)!$%!!_6,-./0,!l!(*!$%!!_123!45-0!l!"+*$!

_'&67!6647"Z6&`X[/`"5!l!m!"8"#d%!"359X4[+&6X!_`X[/`"5!l!m!"8&%d!]$+$!:34Z^!

!

#<>87?7@;<.:6!2686.:?D?5!8L8!A;6!/):860!;?!A6?6?!A;6!17??6!)@!

2<>68<7??>)5!)@!178;-7?>!)D8<;>->!
8;;98;QDD;PE!:M!K9:;8PJM9D!RQD!<<?=!G:;!<G==!!

!

>?56X"!

@(.!

X3&X!

X!

.!A!

&($(?!

)/[$05!["!_'&6!m!"8()d!

]1`""6!?[5/!3$!_`X[/`"5^!!

)YJ6[+&0"\!I`"!

)+&?6!>+040?!("8#*d!

*300"56Xc!

YX6+&0"\!

6X3Z! +$! 3Y!""')!NXO!

$! G! A! E! @! H! 6!

")8!)2X[4! ""**! %(&*(++! (#8$'d! "8+(d! &8$! $"!

"#"+! %(&*(#+! (#8#+d! +8*"d! %8'! %#!

"*8!)2X[4! "#"&! &(+#(&)! ("8)"d! +8&#d! #8'! %(!

"##'! &(+#(#(! ("8'&d! +8$'d! "8)! ! &)! !

!!"#$%&'()*(%+,-%./01'*2%/)%3'(,4*(5% % 6(7/)%8*/9/)5*(:%;<;=%
!

&*!
!

"*8!)2X[4! "#$(! &(+"(&$! ("8%*d! +8#+! "8+! '*!

"#%)! &(+"("*! ("8$#d! +8+$d! +8+! )+!

#+8!)2X[4! "")+! &(++(#(! ("8+*d! +8#+d! "8+! "#!

"#%#! &(++($#! ("8"+d! +8"*d! "8+! (%!

#"8!)2X[4! "")&! %(&*(+(! (+8("d! +8&)d! #8*! "(!

""*'! %(&)($%! (+8&&d! +8(%d! $8'! #)!

!

:3&X?+&6["4[+&?56!Y'?0"\!["!Z6X!%6\[6X0"\?/6[5!_6X/`\!Y6`2`4Z!HJ8!$[5!?2756?56"?!"#"&!].3X[`!

19_:)%A^!

!

!

!

!

!

!

!

! !



!!"#$%&'()*(%+,-%./01'*2%/)%3'(,4*(5% % 6(7/)%8*/9/)5*(:%;<;=%
!

'+!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!!"#$%&'()*(%+,-%./01'*2%/)%3'(,4*(5% % 6(7/)%8*/9/)5*(:%;<;=%
!

'"!
!

!

!

!


