TECHNISCHE UNIVERSITAT
CHEMNITZ

| #
SUHSEH(( !

#+) #,H#+ #
) #,#+ 0

1$#"#1$'(

DHIHS(

1$'(












3

'$9

%

%

4 +56 7
3
"8 1$'(
0
5 <
8 3
2 #, !
"3
8
3 0 3
3 #@ ;
6 ! 3
3 0 " 1A#&9'&B# -
mn ; 3
> 6 > 6 ' 6 "8



"8 1$'(

%

% > C

C>
77

"8 3 >

7

"1 A#&9'&B



4

@ ,
3
3
, N4 ) L H #
#1
6 !
@
) #,#+- #0
@3 #
, 5
# - 4
6
3 0o ; 2
4 8 3
4 56






% &
: e
e

" S $
$ '$
) % (
' B
o0 . I
#1 0 @ B
+ " (,
B, B > B>
1# ; R B
BEL | R
1#9 )
) % -
1# + 53 A
1#/ 56 > ) e
1#1 " HHHHHHHERER 11
) " /,
O B

O## 3 HHARH R HHAH AR R HHHAHH AR A
O#'#156 7 ' 1D -8 E8 5 /& #HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH A
O#'HIS6 7 " 1 D8  &HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH
O#H'HOS6 7 1 1 D4 7 FRRHHEHHHHH AR AR R AR AR AR
O#'HEEO6 7 't 1 D -8 E8 5 %'2 #HHHHHHHHH R AR
O#'#: 8 " L HARHHHHHHHHHH AR HHHH R H R
o#H'HYQ TR R RS
o/ ; HHHH R I




QHIH D HHHH
QHIHI > A

9#1 HARHH R HHHHHH AR HHHHHHHHH AR AR AR A
HIH@ HHBHHHHHHHHAHHHAR HAHRHHHHHHHHHHHH AR
#1#@ HUHHHH AR HHHAHBHRHHHBRHHHHBE AR AR R
O#1#1 G  >>  HHHHHHHHHHH HHHHHHHHHHHHHHH AR 2&

9#9 | HARHH AR AR AR HHHHHHH R

1 ! 23

$ 2
(,O0

. ) B HHHIHH A R A H AR R

; # ; -8 E85:/& R R T R R R e e $0%0

;o # 10, D THBHTHTREAA R e e 52

N 3 , -8 E8 5 Y'2 #HHHHHHHH R AR S

,  # ! @ HHHH AR H AR AR AR AR R

, # ! @ D" 1 HHHHHHHHHHHHH

, # ! @ D" 1 ? HARBHHHHHHHAAH O



% &
%
% ) 5
; #+H ;>
10 A
>
5)4;, >
@ :
1,0
,FO > 6
3#+H 3 >
4 F 4 TF
4| 4 > |
4 4
-8 /& -8E85:/&
-8 %'2 -8E85%'2
!
8 %& 8 &
>
0 0
>
5) < >
.,FO 3 > 6
F, 6
@ + > + 3




) 5

J KL
JHL
JL
JHL
JL
JK "L
J /L
J)L
J8L

J /L
J)L
IMZL
JL
JL
JL
JL
INL
INL
JL
IM
JL
J)L
J)L
JOoL
JoL
INL
JL
INL
JL
INL
INL
JL
J$r="L

L' L

$"/H+0
56 >
56 > 56



4= 0w O UV PP

JNL

JMU KL
JMU KL
JMU KL

JHL
L
J)L




|#|*

[1#™*

[#1*

1#1*

1#9*

1#&*

[#:*

1#%*

1#2*

0 7 G >>
8 A3 7B 0O "1A 3 B
5 8:% : s

0 + + 4 +56 >
, 0> > HHEHHHHHHHE SRR R
0 , 5 >

> @ vV W HHHHHHHHHH ]
0 : 5 "

, XYP+ 3 HHHHHHIH AR AR R

: 6
6 -8:&:( Z4 +
4 > 6 + = [
I A
0 , >
0> 3
HHAHHHHAHHIHHHAHT R R R R R
0 , >
7
#it HHHHHHHHH T Y
> A B 8 A B
JOIL" JOIL" IOttt
= > , > 8 +
\"(&N \ &9%3$ o \((H" g \%$H" » \/$H #
; 3 =
0 8 / $ 3H+H #
; > @ > 56 >

B (IS A




1#(*

1#'$*

1#™

1#/*

1#1*

1#9*

1#&*

1#*

O#"™

O#/*

o#1*

= > I #,
: > @
5 8 :%# , > @ >
56 > 8 IS TR T R T T T T
3 * )
0 ; 8+ + J1OL #HtH##HHHHH# A 1
$"/H+0 3 5 ;
> #, . -8E85%'2
@ J23$L" J2'L" J2/L" J 211" Y2 L ##HHHHIHH#HHEHH 2
0 )
0> ? T T R AR T T T T T
0 @ > A B
@ > -8'1%(% 7>---A B HHAHHBHBHH AR
0 @ > A B
@ > -8 1% (Y% T>-- A BHHHHHI  HHHHHHHHH
0 : 8 > S 8
G >> #: G > 5 G
! 3 8 >
8 @ T T T R T R
0 7 G >
0 ; @ > A B#
0 > G >> :
! A B#, 0 A? B
L A- B TR T T
3 = 6? 4 ;
"&NU ($ # ] *
= W -A -8:/& 7 B"= 67
5 R R T T T
B BG : 56 -8 E85:/&
o> ? = W --" B ;3
3 4 B,
e 8 BT A R T R T R
; AlOB  FO+ >> -8E85:/& U

8 13U " 1 AQ > ?BHHAHHHHHIHHHHHH



X O#9*

X O#H&*

X O#:*

X O#%*

; O#2*

; o#(*

: O#'$*

; O#"*

; O#'[*

B+ A0 B ) JFO+

) 7" B 0> FO+) 7
;3 "B B + A 0B
0 > UHHHHHHHETHITT T T T
+: A0 B 5
: -8E85:/& B 56 >
"(&N U ($ B 56 >
: 3 '$(&N U /9% #H#H#H#HIH HHHHHHHHHHHHH R O &
B BG , 56 )
0 > ? A56 > *9$0B" 8
B B ;> 56 :
G >> = W --##H# HHHHHHHHHH R 9
+; AlI0OB 56 -8 E8 5:/&U,+
'«U" 1 AG >> 7B ) ,FO +
) 7 ,FO+) 7 HHH R 9%
B BG : 56 8  %&"
= " B, 1
8 "B, " 1+56 " 8 HHHHHHHO2

; AlOB ,FO+ >> 8  %&U
8 SU " 1 A0 > 7B #HHHHHIHHHH I
+; Al0OB 56

8 %&U8 :$U: 1 A0 > 7B )
,FO+) 7 ,FO+) T HHHHHT LS
B ,FO+5 3 "1
8 :$56 " B :
> ; A U B

+; 10 += B 10,
= >>
= &N > " B, 3

B HHHHHE HHHH

B BG , 56 4 7TF
o> 7 = W --" B ;3

3 4 "B,

o1 G >> HHHHHH AR R R



o#'1* ; A0 B ,FO+ >> 4 TF U

8 SU 1 1 AQ > ?BHHAHHHHHHHHHHHHHHH
O#'9* B BG , 56 4 TF

= W-"B, Tl HHHHHHHHHH

OH#'&* + AlO B 56 4 7TFU+

‘&U 1 AG >> 7B ) ,FO +

) 7 ,FO+) 7 HHHH IR 8 &
of'> B BG , 56 - 8 %'2

’ = W --" B ’

1 56 " B,

; -8 %'2" 8 ## HHHH R

O#'%* ; AlOB  ,FO+ >> -8 E85%'2 U

8 13U " 1 A0 > P BHHAHHHHHHHHHHH
O#'2* R 56

8 A8 :$" s\"(&N" s\($ B
6 @ @
: > #, 2?2 A3 R &(
o ,
3 " , 56
> 6
8 n 1 8 I+
U0+ 8 B H
OHI$ 5 ; >

; 3 &SN ASSN HHHHHHHIH T
O/ B AO B

? "1=> "B ,F+) 7
B ) IR R T R R R
O#/[* B ! > 0> 2
7 G >
-8E85:/& A B “1A?B _'$" B

o > 8 %" s\"(&N"  s\($ HHHIHHHHHHHHIHHHH I O



O#/1* ! > 0> ?

7 G >> _'$
= -8E85:/& D "1 6
; HHHHHH R HHRHHHRHHB R R R
O#/9* ! > 0> 2
7 G > =
-8E85:/& A BU "1 A?B
8 HHHHBHH R R A R R R
O#/I&* 5 ; >
; 3 ISEN &SN #HHH#HAHHHHHHH HHAH TR T U
O#/:* > Y l4= >
6 8 %&
6 ; ")y *8 %" 5\"(&N "
5 \ ($ #################### HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH ##################1
H#HI%* 4 A8 B 8 %
56 "1 8 %&"
*1 0" 17 BT HHH R R R R AR R R
O#/2* 5 > ;
> 0o > " 1U8 : $U
8 %& ################### HHHHHHHHHHHHHHHHHHHHHHHAHHHHHHHAHHHHHHHEHH ##%##############1
o (* 3 @ 1
56 7 A"(&N U (s
B 56 >
8 3 A"GNU ($ (1 SN U 1%
> Q&SN HHHHHHHHHHHHHHHH
o#1$* 3 @
1 5 >
> # "1
3 #) * 83" 5\"(&N "

s\ ($ a,+'&" s\'/S&N " s\ (S HHHHHHHHHHHHHHHHHHHH



o#1™* 0 : ! 6
0> ? @ *-D 5 6 "--D
!
8 " - D "1
= > HHHHHHH R HHH T H H H H
o#1/* : @ " 0
s¢/ AN 3 = (&H  1&$N " 9&$N
&&$N B ! ; &
> -8E85:/& D " 1"
) * L& s\'IS&N" 5\ ($ HAHHHHHHHHHHHHHHHHHHHH YR HHHHHHHHE
9#11* B ! > @ > 1&$ N
5 " B 56 > @ >
Q&SN HHHHHHHH R T
o#19* 0 : 0> >
> G > HHHHHH A HHH AR R AR
O#H1&* c 0 > @
1A => B
5 > > #
; @ "1
AO B# 5c\: ") *8 s\"(&N" 5\ ($
a,t'&"  s\'IS&N" s\ ($ HHHHHHHHHHHHHHHHH A YR
o#1:* 0 : ! 6
G > tl+= >
@ *-D 56 "--D
"1l+=> "---D T1l=>
56 #HAH#HHAHH HHAHHHHHH AR R
O#1%* > : > @ >
8 %&U8 ::$U" 1 5
! ! 8 HHHHAHHHHH AT R R R AR
9#12* O , 0> >
> G >>

! HARH R HHHHHHH A AR AR A



; o#1(* cC 0 > @
1A ? = > B
5 >
> # 5 c\: ") * 8 %" 5\"(&N "
5\ (% a,+'&" s\'IS&N" 5\ ($ HHHHHHHHHHHHHHHHHHHHHHHHHH
; 9#9%* O : ! 6
G >> 8 += >
@ *-D 56 "--D
8 += > HHAHHHH AR R R AR R R
; o#9™* B > > @ >
-8 :/&U,+'&U" 1 5
! " = W -"B + AlO B
! ! , B; 3
> ’
= + +, -8 1&U,+
'&U" 1 > ) WA T T R R T R
; 9#9/* ; -8 & ( 1D! > 6
; HHHAHHHH AR R R AR AR
9#91* ;>> 5 @ >
A B"; +'& 5 > , >
A B > ;
56 > 5 >> ,> A B PR EE I 2 &
9#99* + +, N3 > )
5 >> >> 5 >
-8 /&U,+'&U'": 1
oHO&* 8 > ; G >
@ > -8 :/&U ,+'&U
t 1 > 6 > " ) *
A& s\ ISEN" 5 \ (S HHHHEHIHHHHIHIHIHHHE
9#9:* +; AlOB ! 0 1&3$N
> @ > 5 c\: A
0B = A " 0B" ) * +& "

s\'ISEN" 5\ ($ HHHHHHHHHHH

9



9#9%*

9#92*

9HO(*

OH&S$*

O#&™

ba

$H/*

I#$H1*

#HO*

HEH&*

H#HPH:*

, ++ >
6 > ") R A& s\'/I$&N" s\ ($
HEHH R R R R PR H
: >> +'&
5 > HiHHHHHH R #:#############;){;
> , 4 6
: RIS ISR R RIS IR IRIRIRIR IR v AT R AT
5 A B #HHHHH T T
B, 5 > ,+'& 56
: -8:/&" A B" B, +
'& 56 ? 5 >"A B ###### (9
) D ? @ >
@ > HHHHH R HHHHH T ###&##########1
) D ? @ >
@ > AR
, + C 0> ?
-8 E85 /& 5 8 :u$# |
@ > ) HHHHH I $%
b >> ) >>
G > 8  %&US U 1###H#H#H#H R R D
-+ S>> G >>
8  Y&US ::SU': LHHHHHH
= >> &N
, 3 > A B" 4
, 3 A B"
E =6 , 3 > SRR $(
;> : -8 %'2 4
) AT R R e e
- @ +, " 1 HHHHH R R TR R
> : > @ >
! 5

> 5+ 3 = HARH AR



HH'$* !
5 5+ 3
" 1U8 :$U-8E85:/&"
B" 1U8 :$U4 T7F"
B" 1U,+'&U-8 E8 5 :/&"

HH"* !
5 5+ 3
-8 E85:/&U8 :$U" 1"

B4 7FU8 :$U: 1"

B -8 E8 5:/&U,+'&U": 1"

@ >

B " 1U8 :$U8 %
B " 1U8 :$U-8 E8
B" 1U+'&U4 7

@ >

B 8 %&US ::$U":
B -8 E8 5%'2U8 ::$U
B4 7FU+&U"

* B
&"
5 %'2"
F #H#pHHHAR "1

* B
1"

l: 1||

1 #HHHHHHHHA &



[#*

1#*

1#/*
1#1*

O#™*

O#/*

O#1*

O#9*

O#H&*

O#:*

9#%*

/$ 3#+H HHHHHHHHHH R |
@ ; 3 +
53 3#+H J%1L" J%IL" J%&L" J%:L" JSoWo2L #H#HHHHHHHHHHHHHHH
3 5 ) > ARFHHHHHHHTY SRR R R R R
G , >
) > > HHHHHHHHHH
; X J$ =L
3 " > /% SN S
: 1$$ /$$N 3
;? 8 ?2_'% _I$ HitHHHHHH I Y%
; 9#9& G >>
b 0

3 A) B #HHHHHHHH AR AR A A

= 3
0o > 56 7 -8:/&U +&U "1
> Q&SN HHHHHHH I
0
> > -8 :/&U
+&U 1") & s\'IS&N" s\ ($ H#HHHHHHAHHHHHHHHE (S
0
o> 9&$N -8 :/&U,+
'&UT 1T ) & s\'/$&N " (8 "+

: 10 +=  HHHHHHHH
) ;
G > , " Q&SN HAHHHH I






6

? '[+'9

0

d &$$N B



E

6
JIL# ,

+4

0 &&$N 3
#, = + @ +
0
/E1+0 > #
?+
#,
8E c JL#-
3 6?7 I +
> | A 7+
-A > | 6"
#
#1
+ #0 +
> 1 #1 3 +
; - #
+
4 > +
> +
+
+ 5 8 > +
>
3 ; 6
3
? 4 > +
4 7 J%L" J2L#
+56 5 +
! +



> 4 >
0372 JIL#
, 3 0 " 1A%#&9&B
3 " 7
! #,
N -BEB5:/&
> 3 ; A 03 A
!
; , #,
E85 /&

4 TF'8 %&
> 5 -8 E8 5 %'2#
, 6 56

6 56 >
56 >
56 8 +0 > J2L"
3 #
4 > D
? ;
L #.
56 J
>
> 5 ! 8
J(L# ;
8 J'SL#
(* "$7 --
- 8 |
8
> 53 3
"0 ) > 3
5«
+ #M

! 3 g+
=> +
3 8
= +
, B #oo+
+
= 1 -8+
# 3 8+
=+
I .+
# - +
3 " 3
J(L# ; 3
!
E 6 #, +
+
) 3
QoL #
" )
) ;3

0 # 0 +

>+

! J'L" J/L#

> 07 8 8+



4 > 56
#, : 3 JiL#, ; +
4 > 8 ! 56 > +
J'$L# 8 > +
3 "3 - = 6 +
# 56 > , 3 >
: 5 3 # - 56 >
, 3 56 = "3+
56 ! 4 > # -
) C , 3 ;
0 > #
| 5 ! 0> "
> ! 56 " 3# +
JSL#
! (%' 3 ;3 3
; ,+28 5 3 A2/ 3#+H ;B #,
8+ +0+! 8+0+!5 7 3 +
, JoL#'(2:3 56 +
-8E85:/& 8 8 &% =
>6 " ! # 5 ;+ A8 :/$" #
I$ 3#+H; 8B > ! 6 3 +
#- @ @ 3 ! 3
3  J&L# 5 ) T+
3 0 3 # ;
A ;3 3 ! J'L#0 3
5 %$; +//8 +2) A%$ 3#+H ;B /$B& ) 3
= -8 E85 :$' D 9//00 A F/1 . 8'++B# +
6 " > G >> 0 #1%%$ )
J%L# %" ) 3 > 5 )+
1: Al: 3#+H)B 56 -8 E85:/& !
3 5 #, O

G >> : 1$$HHH#ISS ) J2L#



, 4 6 8

# -8 E8
'+& A8 '&0 %"1!"'9B @+/'$: A8 1& "

@ #,

3 #, 3 56

#99$ ) 1+&" #1$$)
: 9% O #, !
JWH . > 3 0 3
9&%$e&$% ) 3 #,
5 20 , #,
; 4 #,
=3 #- 3 |
>6 3 =
4 JISL#

, 8 8 :/$ A8 209"&!1"&B
8 #:

3 ©7:$%

0> ? $0 3

'$$ O 56 >
4 1%$ J/I1L#
"&NU/$ #, 6 )

3
5:/& 3 5
"90''B
3 )
8 0 ! 5+
0 o+
#0
/SN " A
56 #, C @
'$#! 5 3 +
56
@+/'$: 5
3 3 +
3 +
3 "
|
A+
= 56 3
3 J'L# 13+
8 /%
13 56 > 5
;9)4:,
! 3

4 > JiIL#, 3 3+
5 8 &% "

3 +
, 56 > +
56 > '1I$N
) 5 8 &%
> D 3 +



3 56 3 6
#, ; 4 > # w1
3 >
= 6 8 3 3
0 ; > E> #
, 54, 3 03 3 + I+
4 > 6 # - ) 3
5+ A, 6 B > 6 #! > 6 3 +
7 0 3 #, 6 4 +
"3 +
C> 3 JoL" J1L" J/9 L# , 7 0 +
+ , > ; 3 +
#0 C > 0 8 #, ,+
0 1"# % && '&() * ))) &+ 7 +
! 8 3 R 8 +
"-,0)& &) *)))&+ 3 0 #56> +
! +
> 7 #
56 3 0
A0 9'B 8 A, 7 :$%B 3 6
5 0o > # 5 8:$%"8 /%
8 :1$ 3 G > 0 1$$ )
> ) > a ! 56 #
5 3 4 > 5 "3
0 3# ! 3 J &L#
: S @ > 3
G >> ! 0> ;.0 1#/
#, " N @ "0 >
0
I #, 5
! " 0 56 J/:L"

JI%L#, c Z0 + [ 3 #,



%

G >>
0> G > "3
@ 3 3
o > 0>
JI2L#
; G >>
6 ) 4 6
G >> JI(L# ;
) + ? +
(- "1
- 5 3
0 8
# >
3 A 6 #
3 3
# . 3
- >
# @ ;3 7
G >> >
: +
4 > 6 8
4 > 56 " !
> ) >
0 #1$$ ) #,
3 3 G >
7 G >
5 4 3 #
@ ,
" >
) 4 >
56

>>

#0

E>

#03
5 6
3 #-
6
) +
-8 8 '/%(%
7 +
0 M1:1+2(
#
6 +
G > +
+
- C
0 56
;3
6 +
G > +
5
5 !
#1
! 56 +
!
#4 @
# @ ;3
?+
4 > 6>+
#,



56 >
;7 0 > C
3 #
03 0> ?
- #; ;3
A
-8 8'1%(% 7 G >>
4 6 ? #,
3 56
# - 3
3 8 8 %
#I1$0#, @
" 56 7
"3 _
#, ,
0 #,
? )
8
3 3
# 1$$H# 3 -8E85:/& D" 1
9&% ) # . 0
5 6 #)! ) > 8
0 #1$$ )

'&SH#

) 7> -- ?+



9%$

1$$

= 8%




I1#

#@ 3 56 >>

! 0
#,
> &$e2$ = 0
! 56
3 6 #, 56 >
0 >
4 # -
5
# 1
5
3 5
# |
!
> 4 > 6
3 => #, 56
5
# o> 7
>>
56 >
) > #
5 0> 6 0>
7 G >
#, >
5 3
3 *

+E 6 ; +
3 #@ 4
3
> 5 #,+
6 4
5< >

@ 3 3+
5
#, ;. +
I 3 +
>+
> #
I +
> 56 +
#, 0>
G > +
5 #,
0>
>> 5
56 > #
> #
3# 0
E +
3

A#'B



0> > # 0>
6 J1$L#

56>
.3 > —
, +
3
3 4 +
56
1 é
1 ox(8 # = 4> "%
>> 5 ! E
5 ! # ! +
3) ; = > +
I I E =6 >
C #, N3 I+
! J1'L#, ! > 4 > 6
> 6 9 A n I 3 n
3 "E " #B > ) A +

"0 ! > B # - ; <



**8

J11L#

53

56 7 #

Al#/B



Y&

iy 07 @
3 # | )
! .
. ! EC A
! | +
#
E < 672
N I+
> > ° ’ T
_ # @
EC " 3 5 |
#0 E - y
EC +
# | . . 3 56> +
3 #
56 > 4 ! e )
o > i o
Ny ] | 56 > !
'$$$e’//$N ) e
EC # +
0 6 # 3
| _ c #
, EC ° °
. ) J%L#
* * "
| . . 2 > +
%& # ' ( #-
? / - +
#0 3 i -
> ; *

Al#1B



0123421254672 %0

; 6
> ; 6 5
#, ; +
> J1&L#! > 7 > . +
) 3 #,
3 0 A, [#1B# !
3
A B ; 3 #
" : 3
2H %9H J1:L" J1%L#
F4B24BC 72<4647<4@<A C<;C 47<4@<AEC<;C

b2
*

/$ 72 1 &! " /$
849:46:<76 =>"

" CDE F

56 >  J12L# 56 >
56 > JL(L#!

ot A/#9B




n 6 VAN
56 >

0>6> "

) Al#&B
56 >

3#

-8 &' (
56
3 56

> ? +
? A/I#1B 56 > 56 >
+ %& +. ' . Y%&
! X 3 +
= > 6+
> 5 > #
3 D+
;3 0> ? >+
# 0> > "
0> =
8 > # 0> +
> 6
" 56 J1$L" J12L#
N3 , >
0> 6 3 *
+_ ' . Y&
+
' %&
+ Y
+ , & HI
. Y&
>
0> 43 +
A: [#9B# +

Al#&B

Al#:B

Al#%B



[gld unzweckmifiig zweckmifiig lotgerecht Bemerkung
ey £L
RT RT 4
b - A :-b 4
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AT AT
<h b _
—ir Der erforderliche Létspalt ,.b" muss bei
RT AT Arbeitstemperatur [AT) vorhanden
RT AT sein. Er soll dann parallel, keinesfalls
2 in Lotflussrichtung erweiternd ver-
m 5 b b laufen.
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