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Aufgabenstellung zur Diplomarbeit von Marcel Hadrich

Thema:

Untersuchungen zur dynamischen Bauwerk-Fahrzeug-Wechselwirkung bei
Eisenbahnbriicken kurzer Spannweite

Aufgabenstellung

Insbesondere Eisenbahnbriicken kurzer Spannweite kénnen wihrend der Uberfahrt von Hochge-
schwindigkeitsziigen durch die Radlasten zu Resonanzschwingungen angeregt werden. Im Rah-
men der Diplomarbeit soll untersucht werden, wie grofl der Einfluss moglicher Interaktionen
zwischen dem Briickeniiberbau und dem iiberfahrenden Zug in Abhéngigkeit verschiedener Pa-
rameter ist.

Die Untersuchungen sollen die folgenden Punkte beinhalten:

e Auswertung der Literatur zur Struktur-Fahrzeug-Interaktion

e Erarbeitung eines numerischen Werkzeugs zur Berechnung der Uberfahrt eines Masse-
Feder-Dampfer-Systems mit einem Freiheitsgrad iiber ein Balkentragwerk unter Beriick-
sichtigung der Wechselwirkung zwischen beiden Systemen

e Erarbeitung eines numerischen Werkzeugs zur Berechnung der Uberfahrt eines Masse-
Feder-Déampfer-Systems mit mehreren Freiheitsgraden (Zugmodell) iiber ein Balkentrag-
werk unter Beriicksichtigung der Wechselwirkung zwischen beiden Systemen

e Erarbeitung eines numerischen Werkzeugs zur Berechnung der Uberfahrt eines raumli-
chen Masse-Feder-Dampfer-Systems mit mehreren Freiheitsgraden (Zugmodell) iiber ein
Réumliches Briickentragwerk unter Beriicksichtigung der Wechselwirkung zwischen beiden
Systemen

e Durchfiihrung numerischer Studien und Auswertung der Ergebnisse, diese Studien sollen
einschlieflen:

— einen Vergleich der berechneten Bauwerksreaktionen mit den Ergebnissen bei Ansatz
wandernder quasi-statischer Einzellasten
— einen Vergleich mit Messwerten an einem ausgewdhlten Briickenbauwerk

— den Einfluss der Anfangsbedingungen fiir das Fahrzeugmodell beim Auffahren auf die
Briicke

Die Bearbeitung der Aufgabenstellung erfolgt mit dem Programmpaket SLang.

Prof. Dr.-Ing. habil. Carsten Konke



$ %& "
x| (
%& " (
$ .
$ /e
$ 3 “-1
$$ -
$ ( (! %4l
$, oo I/
$ 0 " (
$
$ 3
01 4 5. "7
-1
$ +
o1 " !
. $ ( % ((
 $ 8
59 (
. $ (
%, '
9."
, ' 8
. $ (
(
+ 0
(O S
b
7



[
$

!

7
N
5" 1
6 (
t(

0

#2



*|

~

N L+ o+ o+ 4+ LN

(:
(" +
51 (
@0 " >)?
1T 0<2 A 0O B
& " ( -
-50< + >
0
0 <
Cc!
( % ((
+
< / +
*
+
*I A B
*I'' A B
[ "*1 A B
*' A, O
*' A0
*' A$ 0
*I' A$ O
*1I A+ 3$B
[ "*1  A+$B
*I A+ B
*I' A+ B
*1 A+$=0
*I A+ =0
1 A+
[ "*1 A+ O
(D)@22- )@ $#-
*I' A; B
*I' A; B
*1 A $B
*1 A;$B
*I'A; B
*I' A; B
oo E

9B

9B

9B
oB

9B
9B

9B

50< >)?

@B B B B



F + E*! #
+ *1 4 6 $
*1 4 6 $
+ *1 4 6
*1 4 6
7 I @C! >,?
( % >? #
b4 7 + > ? #
“( (o 2
(! + +
b4+ 7
(N 7 2
b4 7 + 2
. ! <l @ C!
6!" ;< 04
(" ( ewdD) ) -@%$% ; <! @ C! 2
<t @ C! 2#
(" ( exD $-@ % ; <! @ C'! 2#
! 7 " <! )
« + " (
(" ( @D $@, -E7 <! (
+ ( <2 < 2
4 < , G (  $)'H
7 4(@ ; G( $)'H
% ( L 5! 54 </ 2
</ <! 2
4( </ @< (



<! -50< >)?

I ! 7 .
I/ 41 ( (5
<! -50< >)?
I -50< -50<+>)?
oo
G @
@
G @ 7
G E
3! >"H ?
(: (

(

>8$,?

>)?

$$



9 (I . 4
$%
%

%J

%+ 6
% J
% &

+l

(

(es@d AQd (
;

7 -

-50<

"H

9H"

mn"

+ *) "
+1 $ A%99I"B
+1  A%99!'B

o =7

" @04

7 <! ;

%/ " @
6

<! 7 ' A5 0
E HL@ H "L

E 9H™N

(@ %< @ %< @ (

#@ "HN

\‘
I

;& F/ 6 !
7 ( "
*I" /15 @6
*Lol@* (
111 @7 (



0+H @ ! M + 4 H" 9

0< 0"
0!
orJ "AM (1% 2)
orJ "AM ;7 <!
< @04
"H"F "UH"E"
<" @04
"H < /!5 @6
"HN < /10 @ +
</
9
"J. ! <!+ ™ I C I AS0 3! B
< < /
9
5 5
5/ <! 7 G ( . A50 3!
6 P A( 1 ;B
5 5 ( !'( I 4
FOQR) I FQ )
F@ &@ *1 .
@ ¢ @ 6 . ("
+ "+
S " D)@))
8 " /I @
8 R (!
8 = I
T I K < E —-M
Di /I



(<!

% + ( / | 6
no %
: ( (4" /1
I [ c4 0( -
@ 5 '
. ! N /! 3
o @ + U/
A5 B@7  A6B! % N
7! DI,
| ( "+ " !
% ! /
+ (4 .
;o /4 04 e
( - © v
O ) 4 @.
¥ 1
! / . ! (!
S ) + 5 M
Y ( @ . 5 (
&" ¢ b+ Vs 4
7 .1 U RN
| " !
(% 1 / |
. 4 51 1
. 6 5. /
. | ; M -
¢ "+ 15, /
% % P 5 ‘
<1/ &"( 3 % o
5. + "
' L % ! ‘
<I ( = |
+ ' |
1 @ 6 1
. e / ! (
y . +.
+ B .
4 * [  (



P + 4 ;o ( (
C 1 +. ! 7 7
( % ( & I L O A
</ ( + " I
C4 ( 6 -! '7 |
( + 3! (@ L 5
! % W + . 5/ !
$) @ ! $) "H (
M V P 4 | ( |
@ % 51 @ ! 5
0/ I & + |/ |
i ( ( 0 % .4 3!
( o ( + ! 2"HN HN
! +
< & |1 @ 3 L 5 1
! 51 6 !
+ ! N { %
+
51 I & + |/ "M
I
% +" ! ¢ /"4 ( @ .
& ( 5. ('W+ ( % G
( Io-l . 1 3!
@ . 5. (!
6 "o 7 @" \Y
( 9 I &" + ! 7 6
: $) H" &" 9 ( @ (
* + ( ) 4 5 6
/ A B % ((
+ Vi + ( @ ( ( &
9 (! 3 9
: + ( "
"F @6 ( 5! ! @ "H $ @)"H
Il . ]
( 7 7 0! @
( 5! 2"H s ( @ ! % &
! +



%

"

35
30 >7\
E 25 /
S N
NS S
g'* 15 / / / >\/\
NS SN
N/ /S S
: /[ N
VA / / )4 / N
0
0 10 20 30 40 50 60 70 80 90 100
Spannweite [m]
1" #$ % & ()
7 7 ! ( & 5 +
I )"H s . ( @" 34 | 7
* 7 ( %
1o 4 6 % " oIl
6 " 5
"1 4 | 7
$) "H 1 c ( +
- # %/
+ 5/ @ G @
( @ +
( ' < 4 + % G
( (! 0
3! ( @ ! "
(: + . % o]
+ : ( @
. 1 / <M ' G /
I + L
5. 7 & " +
. "t & - @ (6
$) "H ol @ &
5 @ I/ 4
@ o " -50< % . <!




-50< -50<+ " ' 4 % ( 6
| " ( K. o" @"
6 . 1 F' . ( @
% . ( @3 ( 1
(
1. 0 1 ) 1*0! %
<! < C 4 %
9 0% >"7? >97?
>"?
$@) 2)
$ 2 # @ $)
$) $@) )
$ @) #)
$3 $@) 2)
$ $@) )
2 $, $@) #)
$ $ $@ #)
# $2 $@) $)
) $2 $@) $)
2 3 4 #
( !6 . 1 (! @ v
IK (err ' " "M
( n
%" ! "F' 4 .
5. . 6 <
L S " 6 A<
B . &" < 4 + (
@ / 3 "l <M }
% ! + ( "(m( 4 4 (
$ 7't 7
8§ 3 " I
§ % ( !5. A
("@%4( '( B
g |/ 3 <M
8§ % ( ( /M 3
+ . 3 | (+ | \V; n
<l & (: (O % @
! oox ! + . 1
7.+ 51 (  "IK
@" "1 (! < 1



< / 4 '
3 3
| |
%& " & 5. "
| |
a T <
|
* 3 /1 X
n! <! |
|
G ( -50<
| -50< +
<F" + > +
+1  # 4 # 4
% <M &! 51 ( ( 4 (
C4 <M/ + <F".
A+ (' B @1 " <M
/I <$ < + ( ( M L \Y
+ I A 5 B (
i ’ 0,50x S N
. [~ T
| % MP3 |
| |
- ;
Stutzweite S
) Lange L
21 # # # )
6 4 /4 " ( 5 (
@.! "' 5 (
( + + "



( / <!
@ O . + <M
<. 3 @ ( 5 @
"@ + 13" ! 5 (
% 1M 5 (

1 7 (@
I+ @ 4
< "6
@ +
/ 1 @
! (
C
( :
'+
% < "l
% !
(
! ] %
Y <
P /IM 3 " *
1 C @ " (

5 ( % 6
b+
(! @
\% <
( [
3!
4 6 .
-
¢ " (:
4 %4"1( ' ((
( .4
% %4"/(
<
@ "/( @
M ( 3 "
<</ @ % ((
(" @
!
/4 @
I (



$%& " (

+ - # %/ [+5
% %& " ( " -1 .
+ U ! G 9
| '@ (
7 . & " [l
( 4 + (: @ %4
( @ 9 ( "
6! 5 ( + ( G
I +" 4
C + 7 7 . .
@ %
I ( @ S ( @
6 ! K 4 6
( Lol 9 @ @
( 1"/ !
! ! A $B 7 .
8§ VvV | IHV @
g8 |
+16 7)) +5
I (( 5 51(( 3
51
5 !
5.I*H 5.v* 6 H5. 5 @ $)
5.1 H A6 C 5. @
! 'B 5 (
5 + 6 3 9
/
0 5 < I(
" 55H 755 9 *
%" +1 @
\A) < (G
v \Y / \Y
%™ +1
V +! 3
Y% \Y ! (
% + ((V ! ! ( * "4
! @ ++ @ ! ( !
% ! Ll ( 0 @
5/ ( Il 34 & "
( *4( ( "4M '
+ "5 M ( K



MV + *
| | 0 I 6 (
M % | V ! ! !
@ + 4 5 (
@ ( X 7
I L % *| 1"
\Y (! @ % + 6
[ 51 | ( -1
! 7 7 @ . (! 6 A+ |
B K + & - !
(Vo (
/ @ . @ (
( + /! L
@ & " 7
& " 7 ! +1
( < @ !
@ (! 5 b/
% L & Il
@ C P
3 % /" (
( % ! ( @ MF
! 3 1 % C
< <l |
( F ( " 7
I VAR [ 04 (
C %& " ! " C
4 1 & ™ « 7
+ @ +04" 4 @ (
1) #
+ ( *| @ . C
. + @ | |
04 @-1 . ( " U 6 4
/ @ ! (
( VI 6 <M
74 /I @ @] @ 0
" %



4 Lo*l C % !
I ( + "o / 1/ 6
% 1 61M * | 0 / X
§ ! -1 A . ( B@
8§ "1 O 7 @
§ 4 3 C
1/ F" 6 &
4 ( 7 "@ . 1
1M M 6 ¢
7 6 4 - 5
M 6 1M
+ ( *
% " (A ) I 4
)) "H ) "H % o) 7 (
G 1 | 4 M 5
% "l G " | ( @
0 5 % +
+ | A+B 4 G 1 / I "C
| @#Z 9 5 A 5/ ( ! ( Y 4B §)"@ |/
"C 12@2Z 4 @. "6 M (
! 6 " ! "l + @ " |/
7 7 @ @ (. +  (( | (
+ G 1 (§)™"M @ ! @
( I "AM <1 1 @
! 1 6 ! "5 6
! 5/ ( + I
@ $)™G 1 5 5 !
' @ "HN + % .4 7
I M 3 ( + 1 @) "HN
@ 5 |/ c ( - ( 7
6 1M 7 | 7 7
(! @ 4IM @ 9
5 I M ! $@) "HN % .
9 c " 0 ("F"
@) "HN 4 A ( &
@ + ( 6 @. . M 1 @K'!
' 3 . 6 +1

1 @ .! +. ()@ "HN



$ %8 " (
+ + 18 (
(( 5 A/ + 1 04 !
+,)S % 5 "6 F
04 -1 ( s*" 4
4 @ 04 9 ) (C
( 04 F '$S [+
+ " @ 1/ +
L 4 | @
+l ) S ! 4 "1 %
9 ro 1 @ 3 4 . @
I ")@ $"HN "F" )@ "HN
C + 4 1M
++ # # ) 9 +5/ 2:
% "F" % 4 (
X
§ 6 @
§ + /. @
§ < @5 ( %4 5 @
5 .
+ " + %
+ 6 M ( + 1 % K! 1
6
6 ! " + +
(. ! 6 ! !
! \Y; @ 0
% ( @ M & @
( ( 41" 131
MgtV + ( % (!
3! + ! S
"4M 4 ! ( + G (
! @ @a- \%A
@ 7 | | +1 & "
*1"/1 + ( 9 (
6 7 @ . + / + ( 5
=0&! 3 + 1 + 1@ M 51
( I+ . ! MYV "4M 7
( % 6( 3!
+ *1 3 5 @ %



5 | (! G + /
( % 5/ 5. ' ( "3 (
. @ ( 6 ( % 6 (: (
"0l 16 . C 4 07 ( % X
=Q = @%@ AB
- / < - 6 04
7 4 " (
= A$B
% + (: @ / 6
¢ 7
=29 -@see@= @ AB
+2 # # &# 2
%  %4"/( I 5 70 . 4+
+ 4 (3 @+ (4 ( / (" '@
+ A Y (0 %! "l 4"
(@ - @ "
(( %4"/( 4 ! "/ 5. 4 @
! M 5. "/ iM 3 . %4"/
(!5 0 %4"/( "M % % %4"/(
% IM (%4 5. % % !
+ 5. " & 5& "
e % " [ ( 6
:; AB
VAP B+L°®
% [( M (
L= — AB
- F « " F ( %
%4"I( &" 5 @ + o

7 % (( %4"( | 4 A5IMB .



$ %w& " (

! "7
( 3! "E" & " !
_ AB
$
4 + %4"/( ! & "
A 5 L 61IM C % U
%4 @ ! IM . 5 . I 5 .
@ %4 ! 4 9 o %A4"/(
"7 ! + /.
0 %4 "M% X
8§ %D) \
8§ @ .M %D) \
8§ < @! / ! 3 % D) \
§ + < @' / "3 % D \
+5 # ( & #
- %
& @ -l G ( +
+ @ + @ 7
" ! * / (!
(!
21 (& # # # %
3 "4M )1%]1," 129
&IX 06l 21 1) 1% ]
% C 4
%; */l . u 3
o . . C
- ]%]1%$2" 12)9
&X V3I5 3@ 6 $@]-1@"
oo 1%]%2"
&IX @ 3@ 369 ]2) 9! (¢ 6
P P g ! P
o],)" ~1)))9
%@ %D @ @ +s (" @' ! "4M

&l



$ %& " (

”3 "4M ,
L e .
= —F = —F
+ %; % % +
51, /* %
+ % & # - 4 %
+ "0 " 0<2A B " 0 %
<t ( + . %
( S @ +. ( @ 7
( ('@ 6 &
"+ W
A2B
F=—@ 1)@
J -es
+ M 6 . LY $) "H ! . 6
" C 4 & " 5 (" 3!
!IIII
OD$)9 $)9 $)9 $)9
D) OH" D) o'
< <
VYVVVVVVVVVYVYVYVYYY A 4 A\ 4 A\ 4 YYVVVVVVVVYVYYVYYVYYY
) Je e |e) le) e .
I* %< = * > %
I . 0 "l 0<2 "6
o + 1 &t o+

$)



$ %w& " (
" 5 (N7 I 1M % " M @
&" o+ W ( + + |/
"l " 74
+ 1 %
"y | " + &
« " -l @ + 6
v ( el Pl
: ! K! (
& 4 " " + % +
5 + + . ( 5 ¢ @ (
!
) % Ll 9F % e % ,
u F F $F u// $F u// u $F F -
Y A[vgr vy ASBy|ly AB y ABylw AB v ABy h AB y|ly A$By Yy v ARy y
[:.- > % Pledie—>ler
@3 @3
Al A$B AB <
?14 # 1*0! %
V" @ & " I+ A4
( "& | @ . @ Y
-l "l " % o0 " "
( \Y " C 4 " -50< @
3¢( @ )@ " -50<+ "3
" 7! ( % $, 33 A V 3 3 B >)?
'"& A6@ ;B " " @
<! -! -50<
A B




$ %w& " (

51. 0 1 ) 1*0! %
<! < C 4 %
9 % >"? >9?
>"?
$@) 2)
$ 2 - @ $))
$) $@) )
$ @) #)
$3$ $@) 2)
$ $@) )
2 $, $@) #)
$ $ $@ #)
# $2 @) $)
) $2 $@) $)
( + ! -50<+ A 2B /(" (
I/ 4 " <! -50< . -50<+ +
( % " @ (
0 (% ' ( &
@ .! I ‘
&/ "1 M ( -1
( ( 6
= 9F 29 =

/1Y
? \
@
. Ji
@ I
$@ REN
$ 3
@SS ee @@ QB & € €
)*
<1 ) 1*0!4 %
50<+ (9 1 2)9" 4M 0o /
+ % 7 K + +
K + %
@ ( + " 51 )@ ( I 1+ % 4
7 % ( %
% & " | 6 1) "H

$$



$ %w& " (

@$( I 5 . ( . G
" . -50< | -BO<+
1) 1*0!  1*04 %
+ e ! 5/
0 2" o 2"
( 4 -50< + -50<
% (4 -50< -50<
! ' M ) ' M )
" F +
6 (+ 04 4 | ( 4 5 ( 7
7 (4" 5 . 1 < <l -05< + (
+
7 ( 4 5/ ! < | <! -50<
( &" 4+ A 1 <! M ) .
B
' M ) + .
u +. @ " I @ + (+. @ + o
@! - /45, (@4
4 1 B50<+ " F "4 07 I(
A+ | " 7 B
+ + " 1 %
1 11} & n + n + 6 n
(! + "0 0<?2 X
§ a 4 6 D)"H@
§ 3 D$$ 9@
§ < D) 9H"
C * : & " +
@ " 4 + & " "
6 @S ( +"
( % C " G/( ( @ ! 0< 2 +"
+ - ( 9 ## $>7?7 - (
" % !+ 1 ( %
+ 6 . % M 5 Il
I+ @ 9 : 4 +



2 *8 & ') - 7 17 )
5/ +;
4 ( < | + & 7
( | % 7
! @ ! "l 4
! @!'1 . (( @K! "(
' <1 ( R A
I <M 6 0 (
35 * 4( <1 I
7 ! @ 0 @ 1"/ 114
3 1 + 3 !
3 4 5 I (4 !
! I ( + ! + 7 !
4 @ < 1/ &
< A + ! + + | !
6 +. (( +
( ! 6 ( 0 (! X
T A @+B/77“[fB A+@/7§ML =Aé(@- B B
1 1° )l
+ ( 8 % b % ( !
T < %

%

( 6 AB ( . 4
4( 4 % ( M 4 I+
7 1 7 7@ * ( 1 < "+
( '@ 4 6 (! M X
) $
TAOET AQRI__ 005 1>

2/

AB

A#B



< 6 AB A#B. ! 0 6
/ @ 7 @
</ "1 7 K!@ I +
. @ "7 (
% C 4 ( 7 ( 7
&
v
P
@
A B 7A
v*it I 1 T
14 ) * 0 )
& - ! ! 5& " (.4
! % +
< | 01 ( ((
1 ( ™MF 7 1 + ! %
5& " Ul +. @ o1
4( *) " (
! ! <! 7 % 5
rnovy 6 @
1 + % 4 4
( ' 4 7 "5 & "+ (
+ - "I( < | 7
@ 5 @ <
+ + %4"/( 4

% & I + 7 /4
I % | ("6 5 !
5 & "+ o+ 7 1
5 @.! K ! 1 (
% .5 & !
1 (@ * 4( *] /. 34
5 1 (4 I 5 4
% * 4 1 ! . @. (
1M @ 3 . vV o& " !
4 % ! Vv & " " !



& G ( 7
% + 7 7 I I 7
& 4 + + I+
( -! /
! e 7 *1"(1 F(
" C *|
/ 34 5 4 3 1 1
@ ! .4
4@ ! < 4 1+ 7 @
1 (! 4 4 @ "
( (( & + I ( 5"
7 + @ (
A B 5! ! vV & 4
@ <! &'
1M & " @ ( + 1
& " 5
! + @ + | %% ( C
( (! 7 ¢ (4
% ! @ @ 3
! 7 ( 5
@ I 7 / I
: o ' 5 : < |
5! ( 5: | o " "AM
% ! 34 ' %
( ( @ 7
C G 7 D@ 7!
3 @ v m@ 3 @
! ( @! ' + ( VvV I
3! @ 4 + & ! 7
N ( ( % +
7 ¢ % @ (
@3 ! I+ $) U
V( ( 7! @ I+
0 e @ . _ ( (
r-r. u/ /4 04



<!

5&

sB % <
$2

I (

<

%
M

(

AB + +

4

5& "

&n

%4"/



7 .
I 34 % 10 . "4 (
a7 %
5. ! +.0"M
C! ( 5 24 “
I ( % 4 K1 " /
(4 < @.! + <
oF %! @ * 1 3 4
¢ o ( ( @. 4
13 1 4 9 4 @ ™ < 6
< " 4( |
7 % 6 (
+ & 41 c
* M % o .
ms
kigla IRE I
kz kaz
c oE o
%! @
o+ 5. M M@ !
I 4 5/ " 5 ( 7
@ ( ( =+ | 7 !
% /1" ! & s @ a4
7 ( VvV . % 3 "
‘g "
AB + A A)B
"o : ? 6 ! [
iy 7 7 M0 @s
0 ' v & ! .
3 ' <M ( &" + |/
G ( + 4 vV @
<! ( 3 (4 (
) 5. @ 3 (
( ( 7: @ | 4 N
MV e 5 ( 04
F ) & ( @ 1



01 4 5 & "
( % ( I @ %
3/
3 %/ . 3l >$#? ( @
< 1/ & " ( 7 "o
- M @
C!9 ¢ % 3! 74
( A . B@O9 cD @ 4
| A9 B@. " 17
% ! 1. @ <
ol c!@
! @ %
<! ( 4 @ " (! <
+ + & " +



, 01 +.
5 *8 4) | 21+ 22/
2</ 2:
+ + ' 5. /v 01 + .
+ + = Al A B
@ 6 + *1
K "'/ 6 ( o1 ! & "
( .4
% L @ 4
(o * ( ( 7
5L (. % (!
VI %4"/( ! 1 +.
% " A 1. @" M
' ( 5. (! " % 6
5 (! 5 .
o % "5/
! X
= j x ABf x A A 3B
- 4 ( + !
+ % . « @ ! 3
4" 9 @ (
/& 9 4 . % (
. 5/ | ( 7
! . 5011V ( "1 @.
[ %4(
fox  f % xxd x AB
+ 01 !+ "l <
! ! "3 1 %
! @ "
(I | 6 V (
! @ 6 + 6 I
( 6 M ' 8
% C ( "/ F/
! " (@. + 9 ( @ ( 6
/ R8 % ( %( @



F/ ( @ ( + / + '
01 +. ( TR
@ ( % 5& | 3
¢ ( C <M( C
X
D. =5~ - X 58
) )
4 ! Lo " @ |
e @ 6 I+ I
e ¥ 4 M
" ( @.
¥ 8 _8 @ ( ( @ +
( 8 (
X D =——
p
S # | 21+/122]2</2:
% ( ! % /1" M L
@. S A G BN
% ( ' ] ( @ +.
( ! (¢ o+ | X
21 #
I Fl
Cld< ! < | % ((
9. <! d1 <
% + A @ @B / D, |
i 8D , (
/ 1 % @
¥ A @B ! ! A B@
8 (D ) RS (Ha ) | / v
! ( @" ( o+
M 4 5| @ |
(! C +
! R8 Il I ( / (RQZ) 1 (



,01 "I +.

B 5.4 A3 (@ ! 4 @
9 (¢ ' . ( @. +
(! @
5+ # , H# <[22/ 2<
! "I % (( (
% (( ( % (
14 9."
- 6 . A %
/ 8@ R8 % ( +
5 (! @ 1 % ((
< ( % A B
% (( !
RBA™ B %
+ ( 5 6 A$ B
5 6 1M !
< | eFl e (
A
/
8 t R8 g
—
1 # #Ht
6 " ! 5 8 RE @! ™" (
X
\Y % ( + @.
" % +8
P
D
< 3 .4 ((

(  %4"( B
% /1"
Lo,
51 (
C
C
(
!
8A' B
@ .4
%
6
A B
% ((
A2B



D
B -
D
a4 ((
+D +D
3 = .
D
4 " ( + "l X
 _¢ 4+ PO
= D$
% + ( " X
e + =f (VV)=A B
6 A$ B 6 A B A3$)B
X
+D -D +D -D
St - + = Aws
D?® $D
9 6 A$$B ! '
R8 "I
R N S + — o = f awB
D°® $D D*® D*® $D
) $ )
% *| D—@ g)gi—( X
" gs %g_ g s
n +D " D _f
, F + -4 F + - AW B
% "1 6 A$,B " 6 & """ "V
! L D
) 4" +D :$ _ +_") + D+f AW B
-
f #
" (( < " F
f=) %
(( 5 X
4 = . + - TS o+ f avB

%

A #B

A$)B

A$ B

A$$B

A$ B

A$,B

A$ B

A$ B

A$2B



V'6  A$B ( D8 1 1
! g1 % .6 A$)
+D - D$ D +$

$D
M (11X
-D =_D$ + -D
$
—
% ! . @ /D)
@ 6
! 8 %
(X
+D :f#f
5+ . A
% 61M 4 ( +
| + / |
| 4 @
(
A4
/ %
( X
DED =—
yo,
l @ "5& "o m
% (( (
5& " 4( 7 . !
( 1 ' (!
S5++ #
% 6 (1 . (

< %4"I( " F % !"

A)B

1M
% ((

1M
4 "% ((

% +

4 @ 1M
% % ((

(1X

A$ B

A$#B

A)B

A $B



Y

(

% . (

5+5 4

1 ((
* 5 ( " F

(«

% ((



2%

(«

R8 .

(

A2B
A B
A#B
A)B
9.
( 1
Y R8 +
% 9. (
$
R8 7 6
8. (
A B



,01 "I +.

1
/
R8
t 98 RS
S
+13 4
< - ( g ( (CC
! REB@ " ( ( 5 4
% A ( I 6
® + D+ A -dB+d*® D°
$ %
C 70 H$ e 4 "
P + D+a-Tgsdw ps
$ $ $
9 H$ gba "X
P + D+A-aB+a ™® D°
$
h . @ * 6 5
% X
as))
a3)$A +d°
7 gDH$ hDH / 9. ( " +
( 7 gDH$ hDH,. ( "
@ A 9. (
cC 6 AB AB!"("@ 6
+ ! 6 1M "
@' 6
/ RS
+D + +D - +D
9 (
A,B A,B !l @

A$B



, 0L "1+,
6 . ' R8 01 " 6 AB o @
4 "X
: N A,2B
=A" - - D By < a _
D $ a
9 "/ % X
+D  _ D ] ] o A,B
aD aD®  aD $a
% I 6 A, B@ ( 5 61M "'/
t+ t 4 @ 6 A,B " .y
A#B
= + ( -d) +d - +D M L 5
Mo v ( «
+ ad . d J .
D - D o +A- _B_ 'A_' DB )
ab abD a $3
+ ( "1 -
+D . +D + +D :#JrD s
( +D +D A’B A)B
v 5T o A$B
aD aD®  aD $a
+ i +D i . ﬁ' ) D _c_/ $
ab abD a $ a
+ 0=t
Y/
) -— = = _d A B
) aD$ abD $ aD $a a
D d
=5 5% =D A-dB 5 = O
$ a
(! A 4 " X
" +D _ +D .,
ty ot =#" + w t g 7 + + + A B
- Y - D
f




% 6 4 (5 ( F fe (
! LV ! I 5 6 (
M 61M A,B 6 &
% 01 !AB1 + 6 . ' RS
6 AB X
D _ )A+D B . A B
+D — + + , +D
C 4 @. % 9." ( .
c4 " ( " gi) hi)$ A) RgB @ !
9. ( ! "l i
@. o1 ( (
RS @ 4 g ! M @
6 4 C < | @ .
( 7 (@ g ! " C %
3 5 4 VvV / 9
< | + 5" 17
4 " " gDH$ hDH % < | I @
4 " "/ " " ( C4
g') hD)$A) RgB s@ ! 4 +
%4l (@ . "/ " 79_) hD)$A) RgB °
( " % e K "
M . "/ "@ (
(
52 . A
% 61M / "9 ( + (5 4
"M 3! K1 "1 *| noo
" U C @ !
. % (( Q@ . "gi) hi
)$A) RgB 4 I s B ( "
@ 1 P ( ( +
% (: 5& " c !
+ 7! F ! (: @. 7
I + 5& 7
( < ( (!
% 1 (
@ % 1



, 01

( 5&
@ 5& " !
( @! 4
@ A4 % 7!
( ( + M .4
o7 (1 @
!
@
( 01 (! '
! ! 1 4
4 @K! I IM.
+ C
(: 5& "
52+ #
+ 6 1M
( % 9
+ I
522 B #
9 9." (
5 ( F* ( A
B % ( 1 "3 (
" g @
525 4
( *“L((
* 5 ( F
%4"I( " F
< < F
( ( 1M
)
) 6

(



%

hi)$A) )RgB

+D

+D

C 5
+)Q +

| *

gi))
" F

Q

((

A 2B

A #B

A)B



4) * 4
% 7 " 5& " A B. +
& 3; >$#? . @ " + (+ @
't % L /. 1 % "
+ 1 @ + "
+
[ P
4 e N 4 o N
dLF} > R ﬂ'i| > R
| |
$)I- D$#R)9H'N % "D ))
0D )" 76D#@ "HN
Ty iD#) HL
D# 9
2! 0o ( 4
5 b + @
* 4( @ & <1 1
M @ . O +
% . & < | 4 @
o @. + " 7 /!
% 6 0 ! I % .4
K + ( @ . 0 M ("+
@ (V 4 @ 0 +
+( 4 % "1 & 9
+
I+ 04 1)'@. !
@ 0 " 04 6 " @
0 ( ( + < +
! 4 ( & 4
( 4 % ( 0
( 4 58 " (1 %+ Lo
@ . ) " 04 D@ @, (
C S v a"l(
. V 0 4 @
*(



$+
+
< I 7 A 4 (!
N-"M %
+ !+ 5 (
' #) HL % C < M
C < / +
-@ ! "+ +
" AO B 8 A
] ( +
@ o+
/I @ + % !

| D$#R)9H'N %
. %
(: 1

% <! ( !

* |

A $B

D @2)



% (! A (r

N O 3 @.
( @ee@ee@ (

# o# C <%?1 + # # +C;2?1
2 # # 2C 2:1 5 # # 5C+2%2:1
# # C2% 2+1 ? # # 2C5 151
< # # <Ch5;+1 ;o #O# ; C<57+1
# # . C<h<:1 % # # wC<5:2:1
# # C %5:21 + # # +C +51



% G ( o . 7

G . % 5.



! I )"H ! ( < 4
+ (" @ " 0 5
G (
+ +
4" + 114 G (
(1 $) ! . @
4"+ % + *
a1 ( (" "/ "
5 '@
1 K. !
<!D /
+ 8 5/ !
>9? >? >"H ? 0-H®
# $ )@) ) )H))
# $ H
# )H $
# )@))$ N)H)))
# )@))$ ) NHS)
21 3 => <14 = >
% . + ( "
6 Lo .
F/ $ A 2B @ 1
+ ' % "t
( 6
! % M 8
/ 5



+ #1(( % C

A 2B . "4M
61M 6 K! +
( % (
( Lt /
1M 9
( % ro
| %( <!
5 4 R (! !
!
$$ /
" 5 4 (
M . ' 8 %
5/ &
+ @
7 (
!
% (( "6 "o
+
. ( "M
% (( (
+ \% (1
ol 3 =51
# $)

4" . C4

B>

¢

+9% !

B>



( (

4 @ G (

5 4" 4 . @
! % ! @
(o <
+
( + $

. 5 |
Y I (
A $ $$B
@ 4 "
+ M 4
F "4
IM .
(
! 3 = +l*
01
F 0l %
5 4@ % ((
5 4 9 ( 1/
%
@ 1
6 4 @
4+ "M
% C
/ s F 4 58&
7 !

B>

++14

%

B>



% (



<
9 % ( e«
( . + ( ! 5 4@ *! 6
@ 9. ( (! +
: + :
A B % . < . +
(! 4 @ * ( D# 9
/ % C . * 1M
l 4 @ N © G ( : +
/ % 7 ( 7 +
+$ +, ( F 1 C @ 5/(. 50 >$#? @
! " " @ '( %" ! (. @'
+ (M FEt (7
: 6 &
( A+ +B ( < ! 4 G
. % ! 0 - ( !
I+ @ 0 ) 5
1 0 o |/ "$ $@( 'O w@" 9
+ 4 & 1
] / )
(
+ 8 5/ < 7 !
>9? >? >"H ? > ? >9H"? 0-HG
+ # )@))$ ) R D) H)))
+$ # )@))$ ) R ))H)))
+ # )@))$ ) ) R NHS$)
+, # )@))$ ) ) R NHS)
$ . * (( +
C + +
A ( (
@ .V :
6/ ! | + % 4(
(! ( 5/ & + %
( : /v $  ( %
7 ( ( 7D R 9H" (M ( "
A $B % +. "5 .
< m nv "



=4 +>

+

! 0

4 ( I

+ 1 3 -4 >

74  + (: 7
C &" G 1
@ G 1
! " 4%( 5& "

4"/

%

%

+?14

M

"

3

=4 >

4"/( 5&



G (
( @ ( |
. CA( |
" D @ #-B |
D o# -B ' ’ (
+< |
3 =4+E*
B>
+:1
! 3 =42 E*
+:14
3 =42*
%
$2 B> 29
) %17 (3
=42*
|
+ !
4
7 ( + <
7 ( @ s
¢ e wm o ea | +
o + 4 + * +
G ( A+t + 0/
4 Vi ' B ' h
(
G | |
0 (M 7 ; i (
@
( (5

B>

B>



%

&n



; L7 #
% 4 7 ( <
( ( ( C ( + 7
@ "7 " @ ! 3!
% " ( "M
S S
o 9
% < ) (4 + A%/ B" ( ( ( !
7D ) 9H" % 01 +. ( R I (
G : ( @ K ! ") 9H" 1
( % (. 5 (/'™ @. !
( 7 ( ! 7D R29H" ( 7 K "
G ( . F" + *1 F %
5 ( + ( *!
(! + ! 31
. + " . . %
4 ( " ) (: @ 2 - )@ $# -
A B@ . "+ + (" o+
217% HCWi<<1! %2 +1
C 1 (! + @ 1 @
7! % % " F"/
(  *! % C L R
+ (! + 4 @ /
+ F (! # ( +

4 ¥ .( !



1D / 7

#
+ 8 5/ < 7 8 7
>? >"H? > 7? >QH"? >9H"? >-?
)@)$ ) ) D)= R2 ) ) )@22=)@ $#
' $ )@)$ ) ) )= R2 ) ) )@22=)@ $#
; )@))$ ) N=R2 ) )@22=)@ $#
% I 5 @ 7 ( .
( % . ( 5& " /!
* ( 7.7 c A (: BC (
A (: B + ( " @
3! 3! <
4 5& "@ ! " " 7
@ (: 5& / : (:
+ 3! . 5. K "' / ( E!
%A"l( . "/ . 5. @
@ . ( 5& ". %
( "7 < % (I %
+ 4 7
(
2+14 3 ?=F2> 2214 3 ;=F2>
% ( + G (
0 (4 : A; B@ " A; $B
A;BG ( & < @

2514 3 ?=F+> 214 3 ;=F+>



*1

2<14

" @
$
% % ((

|

*1



%



%

I I I

S

3, - >
> 5

>§m

s

lus}

%

%



< >7?
7 >9H"? $$ R
5/ >"H?
(: >-? @ 2)
( F ) >"7? JIF H 1)
>7?
+ C ) $o
% (M 3
! 4( %
"4M M
* | ( G
* | |
+ * | ( K.
( "4 4 @ 4
(C % 4 "
( "o ( @
( A B@
(( % ((
'F )D) 4( V
2:1 4 G3
% ( 5" !
+ 7 '@
(' ( + (4@
! "t

5%! H 4

|||||

G3



%

n <!

I

%

=
4

yD)
< |



% 9 4
( 3! + A*/  B@ .
5 . 1 < (% 6 .
( (¢ AB (: + C 4
07% C 4 O 7 4 " @22 " % +
! ot C I A*/ B (
-2 -@see= o
% " ' M C 4 @ . (
/ R 1 31 +
& \Y I+ !
@$( 5 ( (! \
31 + 4 G ( St
< Al B 1 4 AO! B & %
4 5 1| "H 6 . 1 $))
H (9 3| "E"
/ + F
/ *1 ! @
/ + (
19 ) F2 | 4 #$
(D 22- ( D #- ( D) $-
@) )@ $ 2,@9%
$ #@)) #Ha$ 2@%
, @)) $@, $ @,
@) #@ @
$2@) 2@) H@)
( / 6
I H @ "+ 3!
<F". "+ < @ . 0
< 1/ & "@ ( 3 @
" C " % G ( I
+ ! 4 I @ "HN( 6 (
5 1 L"HN( 6 ( ( 7 C
@ ( + : +
1K ! 6 Voo 4
+ M+ % 4
5 ( + 4 % Vv
6 + @ ! /



) 3! +

¢

+ ! / 4
. 3! + '
%4"/( 3& ( 4"/(
4"/( : : !
' 9%4"/( I K ! " % 4"/ 5
C F3 % ( 3&
51 H 4 3 ?2 & )
5+1 H 3 2 & )
( : S X
( ( 1 "
. ! ; <!
1 6 K! @ ( 61M
+ "/ ( <l
5/ + 4 G ( .
( ! : M
! . % M
+ + G (  4(
4"/( 5& " @ 4"/(
M " 3!

5& "



) 3!

3!
%

52! H

551 H

4"( 5& "A

@

(4 5& "
5. (

(

%



! 7 7 . &
4 17 ) ! - +
5/5+
% &" < " F ! & " .V &
"% < (0 + 1 %
58 " " 35 !
% C A 7 +
. " 4 Vv (
@ I @ 4 ( !
7 Y% " (
(O
§ % ' (4 ( + I 6
8§ ! 5
4 "I % 7
"C 1/@ . % @ ! 34
7 %4 (4 11
§ % 7 I @% 3 4 5 1/
§ % . " % "3 "4 (
@ . "7  %4"( 5& 7
%4l @ 7 %4"/(
K 5 3 o
§ % . " C %
5 4( % 7 %4"/(
@ 7 %4"/( K 5 %
§ % 7 %4" I« ! (
§ % 7 Lo % ( (7 A
pP@ " 313 @3 3 B % +. 5 4
4
% -/ 7 Y%
5 | 7 3 4 :
@$ 7 7 I @ "%
"3 ! "3 5 1" 7
34 '+ &
@ ! 4 1 7 !



5. *" 7 + .
( c % Mot X

N O A I A I AB
1> 2@ > ? < @wAN .5 (" 7

{}@} {} @6 . +

{}={. e, e¢ A2B

{ }=] go4 @, ®,1 @ #@#.0 0 Q,@ #0.4 @ @ @ A®

p‘z‘fv
3q ,

& ﬁ ; ps@ Ps
]
mEsE o
515! 7 /@ F 25
{} ! "3 % ( 4(
s4( %
{}f @ @p A#B
{-}:{/ 0@ 0@ o Qp @, @ @ @ @ 30@i0 @ @@} @
A2)B
% ( 7
+ 4
% + " ( 7 "< '@ ! (O
Lo . 10X
8§ 5 ( !



o7 7 18
% 5/ 1V ( ! ( + M 5/ .
! 5 ( % <!
1 @ " %" ! ! (N 5
@ 7 . @ % 1 @
7 + [ [ % 5 (
"I( ( + ' 5 ( % (
I @ I. (! !
( ! < @5 ( %4"/( F (M
1 ( K + <
1M + 4 C + 4 @
5 ("+ ! % * 4 ! 34 5
+ . ! "@ 3
7 + ( F %
(( 5 : ! 4 C "4 7 <!
@ +. + "M ("
[h b {3 e
>< 2@>? > ? < @ %4 .5 (
{td } {} @6
o+ % *4 @ . 34 ( +
@ " ()«
% %4"/( F (! 3& %
o ™™ I < 5 ( F
=a +bH A2$B
$ _ $
a—,pX $$ )g$ s A2 B
NE
X o« - X A2,B
b:/_) $}_ s
% ( (s (: r r
%4"/( 4 +
2 g1 1
% <! 35 ! 5 7
7 . I % <! .
% ( 400 N + %
35 ( ook l 5 b



6 . 7 +
1" 35 ( - b
5 & "@ + 7 @
< | ( "4 X
8§ % + " 3
L B
o (
§ % + 3
L @ .
8§ % 01 3 5
( *!
5 & " '+ 7
35 P
+ % @
+ (<
7 ' % +.
+ (4 . %
34 1 (! "M
/, / /
., =0, =0 +0
# # #
mn" % c (
L@ . 3!
% FC
(4 < 4
5. 3 5
I A B $L+f
(
% (g ' ! 3
C 4 @ "/
+ 1 4 7
"4
" @ 41 17
o 0o %7 !
% *4( !+

1] <!

"@

( c

(4

¢

c@¢

%

A2B

A2 B



N7 7. ' &
:{ } A22B
/ 0 # # #0
={ } A2B
/ 0 o#
- o M %3 % n
5 5 L 7 7w T s
q@. " . 6 o
% "4( 4( 7 oH At T
. 6 ' %
% (. 3 . 5™ 7 %4"/(
4 4 @ 0 ! .
34 % 7 / - | ¢
% | 3 = )
(< ¢ 1o Lo
2 A2#B
= = -1 ) - )
+ &+ 2 & &
T1
1
7+ @;7 R AR 7 7 * !
%4"/( 4( n4( 7 6 ( . 7
7o (4 "M 34 % v 0
o % ¢ "M ( X
A)B
&zg{) &0 &0}
2:,{ 20 fnt %i /# 02}
_2:{ 0 # # H# 02}
FU. %

IG . (K7 %



I A & "
521 #
0 (( 3
$ % "4 (
' 4"(
4"( 5
6 4" L
5 ! 6
12 *4( @ "%
3 "3 L ( < F 6 A#B
1
F
&
%
To 73
3 (|L_ 7p0 7P34_Th’
\ )
-Of_ po pS‘_T .
. 0 L 00 p?’_.l 3
5<! &# 14 5
%ot A 5 "4 (

JIA - B A-
JIA - BT A-
VA G BO A-
N O BH A



I 1&g
7p0 7 p3 I *4( 5 "4 (
% 7 0 7 =3 ( *4( 5
7 % C p 6
& . 3 % ! * ko, ok
7 %A"l( 1 (( w( % 11
@ $@ ,
I 4 F # (# 5 A $B
I 4 F
0@515202'#/2‘#)t 2
05=0, "#,
A ! ( . "7 / 7
! % % " "+ |
) ( ! ) ( % - / %
"5 ./ % "l "4 ( +
( *1"/1 "4
( % 1! + @ %@ , 1
. 6 A3$B ( % *4(
3 N
c e KK 7 AB
0 o# o Tor =
Ay = o BT Ao %B ;A 8
% ! ! % 5 . 6 3
/"3 3 % 1 x4 @ ( %
X
VR A B
o o tou
#. = '%# "o B / A-"#
W '%‘ *ou B
W - A Y B
C | x4 @ ( + @. (
;= )1 A B
o o +§O) % )1
_ i
o# ~ o# +§O)1 + &

2)



% < 4 ! F3 3 . )
o (7 4 " < F " 01 6 A)B
A B
- 2 1- 2 1 ) AB
2 1 2 1 1
-$ ) § ) $ A2B
) -$ 0 ) $ 0 )
.= 8 ) $°,4%°, ) (%
) $ ) $° )
‘$ / ) 55( / ) $$/
A B
$/ ) -$ / ) $ /
_ -$ /#1 $A $o ("# 1/ B #/$1
2 = & 0 & o0 &
$ #, $A °, # | B #$
& 0 & 0 &
$/ ) ) A #B
) $ . )
1 ='$( / ) $$0
) _$ 0 )
$ ) )
A#)B
-$, ) )
— $/#1 $$O
1 - & o &
-$ # 4 _ $$o
& 0 &
A# B
y ) )
=) X )
1 $ &
) —L -
$ &
% < 5 v@u@¢ ;o nre 5
*u@ 5@ & * o E ! @ 7 I(( * *
%a' (| p 4 % C < F
! @ 1 I ! ( . 5!
! A2B *4( 1 A2#B  +
"< . 5 A %B ( C



6 A2 B "0 + A B ( @ !
(! [ "
/ I # A#3$B
0 =0 +#,
# #
A# B
/ ) ) /
o = ) 0
& &
#. - o /_ g /+ E o#
- @ % ; . % % & ( !
oo « . ;% 5" * 4(
! 7 7 A #B *4( ! + 7 + 6 A #B
( *4( ! 3 4
3 A#,B
= i 2 } @
3,
= ) @
\Y V ( @ (. U
o |
= @ = @: @ A# B
2@@ )
s A# B
= @= @ @
+
$
@@: " = @: @ @
$
)
< " Ue ex +@ @K ( / " 3
K 5/ (R U + < " 7
% @. " " | "3
3 p@'@3 @3.3 @ % % s . 3
N1 + I/ 9 9 s 3 @
$ 7 + "l ' 9 & 3
31 13 Fol( * ( 7
9s

2%



e
513 # # 3
% . *1 9 9 . 41 ("M
A#2B
: ) )
ts
$
)
) ) :
3 — +$ * :
0
3$ ) )
+ 4 #
) )
ts
) )
ts
% &" & + ! *4( @ .
34 . " & " & 7
( l + (I % | +
9" tu (! !
= +A-aBta D A# B

% ot / ( uD)@$ hD)@)@ "



% /!" "
c! ™ % :
H@, 9 , @, 9@ 4
I K. c! "+
7 7 N "ol
+ ' 5& "
7 I @ . %
5 4( 1
% % 3 4
7 %4 /( " " %
7 A —.@*B . %4 A
34 % 6 " !
%4"/( "4 ( % 5 4(
7 %4"/(
7
5 1/ AC! ( @ %
F@& . « "

+

F@ &

@ ; %
"l %
4 C! K
I $@ 9 2)@# 9
X
u ct!. 4
3 4
( 5& "
Il
[l
5 %
! 7
Il
% *! 7
. 3 % !
B 1 "3
* C
5.
3
@ ("
@ 6
*
,B 7 +
@ ! +
( 3 ( @
" %
4( !
5
"1 5
) "HN 711
% C K
1 7 (
5
71
!
(



$ ] "+
01 +. o b "

" / 8
&0 oo Ob ¢ 2
i R gl A
5.1 # 4 4

" I @ 6 . *

A@ B o+ " 98

" K.
C!
/

@:0 @ @'-0

se~ 0 @ sbo

@ o0 @ .@ 0

"

...................

" K.
6 A#HB

Cuy, Kai
CLI,:, Ko

A)B

0

A##B

A))B



+1 &# 7 14
= #@ A)B
e~ o0oe & o e
5@~ 0 @ shbo se
e~ 0oe & o @
ve= 0% &0 e
- 0 ( 3( Cc! 9 | 4 "
G 4( 3 4 10 ! + 7,
% 1 0 1 o+ (° / RS o X
= & A)$B
% / 6 s " +
o+ G ( "+ / ; < @ C'@
"0, @ 4 6 A##B  A)$B ( K
cC' ( % 6 A)B A)B +
I4( ! 0 ! ! & "+ " ( "
I < " C
s A)B



$ ! R
$ A),B
0% o0 e = @
&
5 / 3 K 5 !
<l % .3 5 % *1//
ct 'K 7" @ | 7 ., 9
" < (4 % (( 5
"7 6 A)B
$ A)B
~ 0 +O
&
A)B
$ A)B
) L 0
&
% . M 3 @ ( "+
( C 9 C " @

7 %4/ ( "4 ( A* @;B 5 4( A* s @

;5B ( C ! oot b«

. @ 7 ( %4"/( 5& "

/I @ 7 %4"/( "4 5 4(
" A B

22



2 7! F2
"V 7 7. C @ '
"l - 1! " <!
< - ( n l ) ll! + +
A/ B ( 9 P 3 !
"o LA B " 7 by 50
3 >sHP@ ! ( "o <t A B (
21) F210 / @
% C ' ( % " ’9 n >$#7
ll! % n 7 ) (
"4 5 4 ! !
7 %4"/( " * c!
" K. 1! 7 o 5 ( !
D R) 9H" " % <! <M
, % 7 ( %4"/(
A qB n
3| 3
o o 1 2 3
o)) o)
a0 o~
o
o 4 € el el
Q1 ~
i
ITTrrrmimgT 7T T AT T
[m] 3,51 2,50 14,875 12,50 2,45 2,45 2,50 | 14,875 12,50 2,45 2,45 2,50
1_. ‘4,7:6 2,50 250 490 490
yo—sx \ 1,25 1,25 17,375 1,25 1,25 1,25 1,25 17,375 1,25 1,25 \ l
! 25,835 | 24,775 \ |
51" F210 *&
! # # + C% %;1/+'F210 /@
veoo4t < @ . 7 !
% c! ( 5 1/ P (




% . % "4M < C! A @ qB "
% ( 7 1" . K C!
6. @ . ( ( C! <
M . % " clI"
<t (! "% ( (:%C >27
AOl %5J 97IB | "t C I 6/4
"6 . " n
3 " ( C : " A0l
%5J;B ( % /( 3 " q (
( % 1 0. C ! ( 4 7 !
(
?1 F210 / @
% *1 / cC % 17
FO@ & 3 3 P
"o . - o "
"4 5 4( " < 0
<! 3 4 ( 4+ (
4 @ / v 34 1
@ . "6, K. % C
(" A 2B ' "l
<!? # # a0 C ?5+,1/2,/F210 /;@

2#






+ <l + ( 1
+ 0% . + "/ | + + 1/ @
0 @5! ( @+ I 5
Schiene
Bahnschwelle
Schotterbett
| | Briicke
A\ JAN
1 # 4 #
% . @ "l F @ " !
(1< M

%15 # # 5#C +/5?21G710 #



5" 1 "<l (
' 0 # 5
V' 6 : <l @ .
G ( C 7 <! ( A B (
-l 4 */ to +.
. " < (
( "4 + 4
% C . («
@ /I ( 0 /|
5. (5% >2? . @ ( /
"AM < ( o<l % ! ("4
+ @ "
% G ( 6
I$)"H ( % / 6 @ (
< G ( I K e Lo< ol
<M ! ( / 1" 7 <l
& (VAR 4
@ . (" = I ( <
/ ' "7 IR
: 9" ( 4 C 5
6 ( 5 4
" % "+ < ( @.! 7: ) -
210 ( # /3 710
< q>"? p>"? 1> *1 <l
2 @2 )@)$ ) »
@ @,) ) $$2
$# @2 @) ) #
2 2@ ) ) ¥
51*
0" +
0l %5J 971 "AM  BI(.  ( L% 2) >2?
0l %5J ; "AM 7 ; <!
:J<1% 0 % 7 "l
(! : 4(
7 I ( <M @
4( < 5" | 4
"/ 4( 0"
% "/ @ .0 1
<! ( % + 4 (" %



0 >2? +
"% % (( "/ | 4(
(% 51(. >2? %
i (( I Kcl@. "(
( <7 «

5 4 (

%d4"/(

+ mn
C( Lo %47
% * (

#

0 <

0 2<

¢

<!



%

2+ 1.

7!

</
A< $H@ < 2B

&# 0 (

+ %

<!

=0>

"/

#

/) M
( @
/| A< 2@< B
( @ +
7 ! $H
5" 1
F2ID # +5% |
5 4 "1
& <
/.
4 @ -
K



2217

(

&#

0 #

F2ID #

+5%



((

@ */l

@34 @ @



? " # I # # -
5
+ I ( | ! (
l& "7 7. % 3 7 (
A _)) 9H"B 5 A @ !
+ B " 5 4 6 7t
Vv L !
+ / I ( *' <t %
51 ( 7 ! % @
% 4 5 1 G /(
7 4 % "l @
v G ( 51 M
. @ 4 </ ! &3 I @ 7
3 + + :
a( (
?51, # 710 ) ' & 0( O
iP5 MP224 MPA4S
L MP11 g%ﬂlrgg“%%2%“%%35%l%%4§§1‘%%5§3|%%6f§3“%%7%§“%%8%§ MP408
' ) MP184
210 ( F 210
+ + o4 o+ / @
( . . 4 ( ! @ K!
4 I(( ( % < 4(
E | "F" )@ "HN 4 !
+ 4 04 ! <
! M 5. F( 0 3
</ ( ( % ! ! 54
! K ! </ $# 2 I 4 I
( %" 7 + (
! 4 4 "+ M



(¢ ! - (
( @ 1 - (
% 7 !
221 . &# FIO( # D # +5% | # &
& 710
% 4( 51 A B"" ( 3"
51 @ < |/
v %
% ( 3
5 ( 7 @ + @
( + 1 + %
4( @ 5 1 7
% + </ 7 !
G ( @
5 4( % C ( + 4



?2< | .
+5% | # &

& #

&

7

710

Fl0 (

#

D

#



6 (= & "
& .. C! % A 2B
Vv 54 @
K ! 1 1@. + 1 @
% (L (T 4( ( 7
¢ "1 @+ % (o
( %  4M @ 51 M
. @ + ! "1
51 ( 4 . 1 @ & .+
E M ( 4( +
" ( @ ( 5 & @
@ % 4 @( 5
¢ M x|
q

#)



<!

%

+ @
I 4
! (
! @ "
(
! .+
"M F o+
M 1 @. (
+ ( %
50 3! >$#? (
% " V
<! 5
( +! +
Frrov
( ! :
3! Vv
+ 7
<
@ &
(r
6
. %
, @ ' . (4
<
(

t
@ "E 7
+ 4
@ +
51
"l @ Lo
!
4( +



%4"/(

1M

%

%

)

#$



*
>7? '@ E+ @< E5 @5
3 .&6!'/*-@; ('3 !
>$? +! @ X (O
V " 7 o< |
$))2
>?+ "@< E' @!" X3753
5 =5 | mo( "
( @ % )$9))
>?+ "@< E' @!" X3753
5 = ('Y &I "
o<t tTH ")
2,=3I"' @ ( @3 )%$9%)
>? + @ ; X5/ +&"@
\ 4C" @9)%
>7?; @ 3 IX+ %& " |5
7 @ + 9 @ < = 1
@% !(@ ##%
>2?7 % + 6@ % 7 @ 5& "
A ' $3$BB C $@ $%$ < @
< X))#2%$2@% 7 X
>?27%9 9 ## @ #H 11 6
. ( . X
9 ## X##H @ ##
SH?7% @ % EO01Ll @< X5,
( - @ X % +
>)? 33 =5 4 M %$ , $X .
+" ! @ ' ""(
%%$,$A5 M B@ !/ 3 3

)

X3 & " @5! 1"9)),@

3 .& @ 9)),
@1 3! @+

"3 7 (3
. @ ,2=3/' @

"3
T

7 (!
L& /1N

G (
I ( 71

+ =%+ 5& " A7

2 #$$ @T7F $ @ #2@

o
(+ E% 7
I + . G
2,0% '@ % *@9))
IV &

@ 9))



>?27 @Cl( X Il

! HC J

>$27 QU (E<4@ ! X ( <!

Jo " ( X5
>?27&@0 X (!

" @ S "&
>?27& @0 X %&" + |/ !
( (" @ X% + @Uu
>?6 @3"ES5" @6 Ea @
"V ! @ X+
9 @5, 9)Q@9)
>?- @ X9°" < I < @
LU 9)),
>2? (L%w2)@5!(. ( o
>?. @5"X- Y3 .& %&

>#?*1 @* E5 5 X5 (
5/ @+ @- @9.pl@9)

>$)? 1 @ C X+ @ < 5
+ =0 "@% !(@C

>$?20 @< X9" 5" 1 +
( 6 ( @%
V... (V47

>$$?0 @*E3& @ E% 3! @6X !
I & P& . /

| 171 @7 @$)Y)@*! V

0 @+ "@ @ %))

H HJ J! ,/(

+ & "
@U 29 )@5 2)25@9))2

Tl @ @
(5 @ #2$
2A##B@-( @5 $2@ ##
< EV @ Cl( X %&
I 5 1@U ) A$)B@

-1 C"@7+<V@

@ (6 /6"-

@3 &ly7 @9)

&" @
+ @ =
@ #
! 5IM. " - (
@7 4 ( + @6!
* A-B@ 9))2
I(<;qq @ F/ " !
5 @
0 @ %/ \(;



>$? < < 7
< X7 ( ")6 IV
"z@+ . @-(2@9)

>$?2< @< X I 4 7
@ X% ( @A3$)B9 $2@5 |,

>$?29 @+ E+! @5 E+ @*
") %97+ ) ( "™ o+
A%))2B@ 9 @5%$2 $2#@ $))2

>$? | @3 X3
<M& "+ L&+
@5 @5 @9)

>$2271 @ E ! @< | ;X*4
+ @ . @ @¥9))

>$?5 @6X+ + & "
@!'5( ! @ @-

>$#? 50 5 0 I )@ 5
I(5 < @9)

>)? 50 5 0 )@ %
C"@ I(5 < @ U

>?21@U E3 @ XO04 &" !
XC (' ( V% @U

>$?C @C " X5. . !
I eB ! @ X% 5 @U

\

?C"@U E5 @* % X7
- @ 5/ @ 9))

+

(% % " -1 @+

X %& " (
#@ $))

E( @C X /

@ X+! 5
< 5
" @
+ @ %
+ |/ I+
(@ ##

r@u )%

(.@+ V &C"@

$))

( 0( +" @
A#B$)@9 @5 2 ,@9))

e&" + . eAeb
2@-( @5 # @ ##

- (

@



>?.. !

> 27 /

> ? /' H HHH H

> #?. /

>)? p @ p+X L&

.&@5 N@C! 5 (@9),

>?' @9EQq@-EC.@6!X
@ XUl (5 1@ #AS$

>$?' @O0 E !. @ EC @u
&" @ X;!" 5 @

>2118@ X ! 2 < g

(! " @- 7 &!
V& & 1" @- &@+
+ V& 11& 1" @9)

>2'11&8@ X ! I $ < ;I(
H & "@+/ @%$= U&O # @
@%/ " (3 .& @ ##

H  J)J /(

I& /
)B@5 ,)2.$@ %))

X9 "
2#A$))B@5 )#=)2@ %))

! & " &" @
( N @+ /
I @ 9" @89%)
));
L oK

Vo &+ @7 &



o0 0 o o o a o

" =%,

(" =7 <
G /" "+
1% 31<

#2

$$

)2



)

)

((

)]



((

##



((

)



)

$)



)

$)



)

)))

((

)) - )))



)))

((

D) - )))



)

$)



* |

$)

((

)

- %)



@22 -
) OH"

+ 4 (
)@ $# - @ .
R2 9H"'@

* |

% !

G

)2

4

%

)"H



1)@22 -
))) OH"

+ 4 (
)@ $#-@ .
R2 9H"'@

* |

% !

G

4

%

)"H



1)@22 -
))) OH"

+ 4 (
)@ $#-@ .
R2 9H"'@

%

* |

G

Y

%



@ E"Fy"



<F"

3! +
+ 4( *!
. 4 .
4 "H . ¢ G
'$H"H@ 1
4( *!
w
4 "H .
'$ " H@ 1

uH @

G (

4+

%

" 3&

<F"

<
6

uH @

4/(
%

%



"



< $#

7!

'<



"<l

B@ "

7 G (



B@ "

7 G (



< $#

B@ "

7 G (



B@ "

7 G (



4(

7!

A+

; G (



4(

7!

7 G (



< $#

$#

4(

7!

$)

7 G (



4(

7!

7 G (



q 6 = & "
q ( =0 ( P& "
<2
4 7 1 A+ y B " : G (
< 2 % G ( 7=<! ( A;J<I%0B !
4 <l A;J<I%0J% <B ( % + 4 ( 4

4

$$



a6 (= ( P&

a( 7T 1 A+ y B " -G (

% G ( . " 7 =<! ( A;J<I%O0B I
<l A;J<I%0J%<B ( % + 4 ( 4

4



< $#
4( 7 1 A+ y B " : G (
</ $#% G ( . " 7 =<! ( A;J<I%0B !
4 <l A;J<I%0J% <B ( % + 4 ( 4
7 4



4( 7/ A+ y B " i G (
2% G ( . " 7 =<! ( A;J<I%O0B !.
<l A;J<I%0J%<B ( % + 4 ( 4
4



4(

7!

A+



4(

7!

A+

$2



4(

7!

A+



< $3,

4(

7!

$#

$$,A;



4(

7!

<

DA,



4( 170 | A+ y B </ A
Z MP55 MP22d MP448
P v 2 [ s [ 4 | 5 | e | 7 [ 8
yXMP“%%“&?%%%%%ﬁpﬁ%%%%%%%wm

! </ "<



q 7 |

q 7 "l

|+ [ 5 [ ¢ [ 7 | 8

b ERRRRNRRRRRRROAT

12 4 56 78 910 1112 1314 1516 1718 1920 2122 2324 2526 2728 2930 3132
! ;<!
3 K >9?7@ "l >27?
"
v 01 %5J 971 0l %5J;
2,2) #)
$ 2,2) #)
2,9$) #)
2,9%) #)
2)
2)
2 2)
2)
# 22 2)
) 22 2)
2) 2)
$ 2) 2)
2 2)
2 2)
2%) 2)
23%) 2)
2 2,3 2)
2,3 2)
# 2% 2)
$) 23 2)
$ ) #) 2)
$$ ) #) 2)
$ 2# ) 2)
$, 2# ) 2)
$ ) 2)
$ ) 2)
$2 : 2)
$ : 2)
$# 2 2)
) 2 2)
2 2)
$ 2 2)
" $ ) $ )
F$ AK $34 B
#9$) )




vC ! C . KC % 6. K 3
$2@) #@
$@) #Q@
@
$ sHQH) @
)@)) @
#@#)
$ @#2 #@
$2@) #@
@.2
$2@9% @
$@2 @
@))
s2@# @
$@2 @
@,
$2@) #Q@
$ @#2 4@
@.2
2 )@)) @
$H@#) @
#@#)
$@) #Q@
$2@) #@
@
A 2@,,
6 K C D6 C I %
6. (. [N 6/4
% D 6 % 3




7 ( %4 . ; >2?
7
"4 ( , 7 4  ))9H"K %
< 7 4 #)IH"K %
5 4 (
(0(( A 7 D#) 9B $)  OH"
(9! ( A 7 D#) 9B $)) 9H"
I
(0(( A 7 D#) 9B $)  9H"
(9! ( A 7 D#) 9B $2)  OH"
* ] I $7 4 ) 9H"
$7 4 ) 9OH™
%4"/(
"4 4"(( ,%4"( )9 )@ "HK %
o 4 $%4"( )9 )@ "H K %
I 3
5 i Sekundérfederung
: [m] 76 143 76 Primarfederung
xl—»y 2,95
6!" ;<! ) Pl 4 .5 A4(



g (" =$%$%; AC!B

0"

¢

¢

¢

¢

¢

¢

¢

(

(

(

(

(

1

-$% ; AC!B

eswD) ) -

sesb ) #,2 -

ewD) 2, -

eeD) 2, -

esD) 2, -

ewD) 2, -

2e8D) 2, -

ewD) 2, -

sesb ) 2, -

yaswWD) , -

eswD) #-

sesD ) # -



q ("

= % ;

AC!B

o

" (

1

(

¢

exwD ) -

sedD , 2-

exD ,

AC!B



0

% .

A
Cc!
!B

&

&

@
%D
$
2

@

wD
@

wD

$



0

= % ;

AC!B

"(

"(

1

200D 2#S$-

ewD ##$-

@D 2-



0

% .

A
Cc!
!B

¢

¢

0"

(

(

)@
%D
#
2

@wD,)
)%

$@
%D
)%



0

=7
<!

(

&

o

&

0"

(

(

3@
(D
2

,@
(D $
DE

-7
<!

(



0

=7
<l

(

2

&

&

(

(

0"

(

@
D
')

@
(D
)

2@
D
$)#
2
#









q =;%3I<

qg ;%3I<
% %3l 4 . "3 " % /" (

50 3! \% 7 .7 I & " %
4 3! bl "G (

C % %7 !
5 (



+ 5
4@
@)
< -4
c"@

2)#89))



