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,"-%* .!//+*:

1.  !>),& &!"#!$%&%2:

- "+#7! %$ 400 )) "% 3000 ));

- 2'5%$! %$ 300 "% 900 ));

- 0+-3#7! %$ 65 )) "% 155 )).

2. =%"(+.4,7#, &!"#!$%&%2:

- VK-Profil - 7#?7,, G %, (DN 20 mm).;

- K-Profil - 3%(%2%, G %, (DN 15 mm).,

3. @!&-?7%, >!/#$7%, *%(&'$#, &!"#!$%&%2:

- 0&-7$%2(! # *%&%A(%2%-+!(%(&!5%47%, *%(&'$#, 5 0%&;4,6 5-A(%6, 

B2,$%2%6 0!))' *% $!3+#B, B2,$%2 RAL, 5$!7"!&$7'6 B2,$ 3,+'6 9016.

01(2'3!)!4%#//+* .!//+*:

1. C,*+%2!; )%/7%5$8 &!"#!$%&%2:

- %$ 172 D!$$ "% 12 175 D!$$ *&# 90/70/20 ºE;

- %$ 136 D!$$ "% 9 630 D!$$ *&# 75/65/20 ºE;

- %$ 213 D!$$ "% 15083 D!$$ *&# 95/85/20 ºE.

2. F5+%2#; G(5*+-!$!## &!"#!$%&%2:

- %$ 7%&)!+87'9 "% 2+!?7'9 *%),/,7#6.

3. C,*+%7%5#$,+8:

- 2%"! #+# 0+#(%+,2!; 5),58 (*&# 30% 5%",&?!7#; 0+#(%+;, 3,> *,&,54,$! 9!&!($,&#5$#().

4. =!&!),$&' $,*+%7%5#$,+;:

- $,)*,&!$-&! %$ +5 ºE "% +120 ºE ((&!$(%2&,),77% "% +130 ºE);

- "!2+,7#, - &,(%),7"-,)%, &!3%4,, %$ 1,0 "% 10,0 3!& # )!(5#)!+87%,

 (&!$(%2&,),77%, &!3%4,, - "% 11,0 3!&, #5*'$!$,+87%, "!2+,7#, 13,0 3!&;

- "%*-5$#)%, 5%",&?!7#, pH %$ 9 "% 10,5 %*$#)!+87% 9,6;

- )!(5#)!+87% "%*-5$#)%, 5%",&?!7#, (#5+%&%"! (H2) - ≤ 0,05 )0/+;

- "%*-5$#)%, 5%",&?!7#, /,+%4# (Ca+Mg) - ≤ 0,02 ))%+8/+.;

- "%*-5$#)%, 5%",&?!7#, I%5I!$! (P04) - ≤ 10 )0/+.

,(/#5/+* 6!7!1)*7/+* #)'%$%8:

- %$5-$5$2#, +#B,2%6 # $'+%2%6 5$%&%7' - $#*%2 21, 22, 33, 4$% -*&%/!,$ #9 )%7$!?;

- %&#0#7!+87'6 "#>!67;

- %$5-$5$2#, 0%&#>%7$!+87'9 *%2,&97%5$,6, 7! (%$%&'9 5%3#&!,$5; *'+8, 

57#?!./!; GII,($#27%5$8 &!"#!$%&! 2% 2&,); G(5*+-!$!B##.

97!)1%* )*6/%$*(1%* 6!7!1)*7%()%1% 7!.%!)#7#5 Logatrend VK-K-Profil Buderus
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:+; &!B#%7!+87%0% #5*%+8>%2!7#; %$%*#-

$,+87'9 *&#3%&%2 2 5#5$,)!9 B,7$&!+8-

7%0% %$%*+,7#; )%0-$ *&#),7;$85; *!-

7,+87', &!"#!$%&' Logatrend VK-Profil #

VK-Plan.

H7# )%0-$ 3'$8 -5$!7%2+,7' (!( 2 "2-9-

$&-37'9, $!( # 2 %"7%$&-37'9 5#5$,)!9 5

*&#7-"#$,+87%6 B#&(-+;B#,6 # 5 #>3'-

$%47') &!3%4#) "!2+,7#,) 10 3!&. D

%"7%$&-37%6 5#5$,), 7,%39%"#)% *&#),-

7,7#, 25$&%,77%0% 2,7$#+; N # %"7%$&-3-

7%6 3!6*!57%6 *&#5%,"#7#$,+87%6 !&)!-

$-&'. D "2-9$&-37%6 5#5$,), 5 3%+8A#)

*,&,*!"%) $,)*,&!$-& $,*+%7%5#-$,+;

7-?7% *&%2,&#$8 7,%39%"#)%5$8 >!),7'

2,7$#+; N 2 (&-*7'9 %$%*#$,+87'9 *&#3%-

&!9 7! 2,7$#+8 U. H$%*#$,+87', -5$!-

7%2(# "%+?7' G(5*+-!$#&%2!$85; 5%-

0+!57% ",65$2-./#) *&!2#+!) %$7%5#-

$,+87% $,)*,&!$-&', "!2+,7#;, 9#)#4,5-

(#9 "%3!2%( (*&%$#2 %$+%?,7#6 # (%&-

&%>##) # $.". E+,"-,$ *&#7#)!$8 2% 27#-

)!7#, )!$,&#!+', #5*%+8>-./#,5; 2%

25,6 -5$!7%2(, (5). =&!2#+! VDI 2035

„J!/#$! %$ (%&&%>## 2 -5$!7%2(!9 2%";7%-

0% %$%*+,7#;“,  !3%4#6 +#5$ K8).

D 5#5$,), "%+?,7 3'$8 5)%7$#&%2!7 0&;-

>,-+%2#$,+8 "+; %4#5$(# 2%"' %$ $2,&"'9

4!5$#B >!0&;>7;./#9 2,/,5$2.

:7*.5!7%)*';/!8 /!()7#&1! 27#23(1-
/#& 6!7!1)*7%()%1% kv

=!7,+87', &!"#!$%&' Logatrend VK-Profil

# VK-Plan #),.$ >!2%"5(%, %57!/,7#,

25$&%,77') 2,7$#+,) "+; "2-9$&-37%6

59,)'. D5$&%,77'6 2,7$#+8 #),,$ &,>8-

3%2%, 5%,"#7,7#, 5 %$%*#$,+87') *&#3%-

&%) (Danfoss N, 13G0482 #+# U, 13G0483).

D5$&%,77'6 2,7$#+8 #),,$ 7!&-?7-.

*+!27-. &,0-+#&%2(- kv 5 (%7$&!5$7%6

B#I&%2%6 A(!+%6 # 5!+87#(. 1#"&!2+#-

4,5(!; 7!5$&%6(!  )%?,$ 3'$8 2'*%+7,7!

3,> *&#),7,7#; #75$&-),7$%2.  D5$&%,7-

7'6 2,7$#+8 #),,$ >!2%"5(-. -5$!7%2(-

7! *%(!>!7#, „N“. @,%39%"#)%, >7!4,7#,

kv )%?7% *&%5$% # $%47% -5$!7%2#$8 7!

2,7$#+, 3,> #5*%+8>%2!7#; #75$&-),7$!.

=% 2'4#5+,77%6 2 0#"&!2+#4,5(%) &!54,-

$, $&-3%*&%2%"! *&%*-5(7%6 9!&!($,&#5-

$#(, kv %*&,",+;,$5; B#I&! 7!5$&%6(# 7!

A(!+, 2,7$#+;. K$%$ *%(!>!$,+8 %*&,",-

+;,$5; *% 7%)%0&!)), #+# $!3+#B, (5).

5$&. 305 #+# 5$&. 306). @!5$&%6(! )%?,$

3'$8 2'*%+7,7! 3,55$-*,74!$% ),?"-

B#I&!)# 1 # 7. =&,"2!&#$,+87!; 7!-

5$&%6(! kv )%?,$ 3'$8 #>),7,7! 2% 2&,);

&!3%$' %$%*#$,+87%6 -5$!7%2(#. J7!4,-

7#; kv *&#2,",7' $!(?, 2 I%&), 7!3%&!

"!77'9 "+; 2,7$#+,6 2 *&%0&!)), &!5-

4,$! *% VDI 3805.

<#=#>7!==! ?/!$*/%& kv /

4%@7+ /! A1!'*

D 0#"&!2+#4,5(%) &!54,$, $&-3%*&%2%"-

7%6 5,$# %*&,",+;,$5; kv # *% 7,)- -

*&,"2!&#$,+87!; 7!5$&%6(! 2,7$#+; 7!

(!?"%) %$%*#$,+87%) *&#3%&,. J7!4,7#,

kv  %*&,",+;,$5; *% 7%)%0&!)), (5). 5$&.

305 # 306), 2 %57%2, (%$%&%6 +,?#$ )!$,-

)!$#4,5(!; >!2#5#)%5$8:

0",:

Dp1 = 3!&

Dp2 = *%$,&# "!2+,7#; %$%*#$,+87%0% *&#-

3%&! 5% 25$&%,77') $,&)%5$!$#4,5(#) 

2,7$#+,), 3!&

= >7!4,7#, kv  (7!*&#),&, 0,8), )3/4

= &!59%" 2%"', *&%9%";/,6 4,&,> %$%-

*#$,+87'6 *&#3%&, &!554#$'2!,$5; #> 

$,*+%2%6 )%/7%5$# # &!>7#B' $,)*,&!-

$-& 2 *%"!./,6 # %3&!$7%6 +#7#;9,  )3/4

:+; 7,3%+8A#9 -5$!7%2%( )%?7% 2%5*%+8-

>%2!$85; -*&%/,77') %&#,7$#&%2%47')

%*&,",+,7#,) kv *% $!3+#B!) 7! 5$&. 305

# 306. D 5%%$2,$5$2## 5 $,*+%2%6 )%/-

7%5$8. %$%*#$,+87%0% *&#3%&! # *,&,*!-

"%) $,)*,&!$-& )%?7% %*&,",+#$8 >7!4,-

7#; kv # B#I&' 7!5$&%6(# 7! A(!+,

(Δp = 0,1 3!&).

:!/*';/+* 7!.%!)#7+ (# 5()7#*//+= 5*/)%'*=

,"'!(); 27%=*/*/%8

Ideale Rohrführung:

Der Anschluss an die Rohrleitung erfolgt bei

Buderus Logatrend-Heizkörpern mit integrierter

Ventilgarnitur prinzipiell von unten; geeignet so-

wohl für Ein- als auch für Zweirohrsysteme, Ventil-

garnitur mit außen liegender kV-Wert-Einstellung.

25

100

G 3/4 außen 50 30

Vorlauf Rücklauf

@!&-?7!;
&,>83! G 3/4

=%"!./!;  H3&!$7!;
    +#7#;         +#7#;

L",!+87!; *%"2%"(! $&-3:
=%"(+.4,7#,  $&-3%*&%2%"%2  (  &!"#!$%&!) 
 Logatrend  5%  25$&%,77')  2,7$#+,) %5-/,5$-
2+;,$5;  57#>-.  =%"9%"#$  (!(  ( %"7%$&-37'),
$!(  #  (  "2-9$&-37')  5#5$,)!).  D,7$#+87'6 
(%)*+,($ 5 7!&-?7%6 &,0-+#&%2(%6 >7!4,7#; kv.

B%.7!5'%$*(1#* 2#.1'C$*/%*

V
·

1
·

V
·

2

Voreinstell-
bereich

Bezugsmarkierung
für den Einstellring

D5$&%,77'6 2,7$#+8 5 7!5$&%6(%6  kv

<!&(#&%2(! "+;
&,0-+#&%2%47%0%
(%+8B!

:#!*!>%7
&,0-+#&%2(#
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D*7=#()!)%$*(1%* >#'#51% 
(.!)$%1%)

L5*%+7,7#, 25$&%,77%0% 2,7$#+; *%>2%-

+;,$ *&%#>2,5$# 7,*%5&,"5$2,77'6 )%7-

$!? $,&)%5$!$#4,5(#9 0%+%2%( 5+,"-./#9

*&%#>2%"#$,+,6:

Buderus

Danfoss, 5,&#; RA 2000, RAW

Oventrop Uni LD

Heimeier VK

MNG Thera DA

:+; -5$!7%2(# "&-0#9 #>",+#6 7-?7% #5-

*%+8>%2!$8 5%%$2,$5$2-./#, *,&,9%"7#-

(#, (%$%&', *&#%3&,$!.$5; - *&%#>2%"#-

$,+,6 $,&)%5$!$#4,5(#9 0%+%2%(.

 !"#!$%&' *%5$!2+;.$5; 5% 25$&%,77')

2,7$#+,), 7! (%$%&%) 5$%#$ *+!5$)!55%-

2!; (&'A(!, >!/#/!./!; ,0% 2% 2&,);

5$&%#$,+87'9 &!3%$. D%>)%?7! &!3%$!

2,7$#+; 3,> "!$4#(!. D "!+87,6A,) 7!-

5$&%6(- $,)*,&!$-&' # &,0-+#&%2!7#,

*&%#>2%"#$ 5%%$2,$5$2-./!; $,&)%5$!$#-

4,5(!; 0%+%2(!.

:#.1'C$*/%* 1 )73"#27#5#./#& (*)%

=%"(+.4,7#, #),,$ 7!&-?7-. &,>83-

G 3/4, 4$% ;2+;,$5; 3%+8A#) *&,#)-/,5$-

2%) *&# )%7$!?,,  7!*&#),&, &,>83%2',

5%,"#7,7#; 5 >!?#)7') (%+8B%) # !&)!

$-&! )%0-$ 3'$8 5)%7$#&%2!7' 7,*%-

5&,"5$2,77% 3,> -*+%$7,7#;.  !55$%;7#,

),?"- *%"(+.4,7#;)# *%"!./,6 # %3-

&!$7%6 +#7#6 5%5$!2+;,$ 50 )). M+!0%"!-

&; &!>+#47') ->+!) *%"(+.4,7#; 5 &,>8-

3%2')# 5%,"#7,7#;)# 5 >!?#)7') (%+8-

B%), 2%>)%?7% #5*%+8>%2!7#, ),"7'9

$&-3, $&-3 #> )!+%-0+,&%"#5$%6 5$!+# #

*+!5$)!55%2'9 $&-3. =%"(+.4,7#, *&%#>-

2%"#$5; 57#>-, *%G$%)- 2#>-!+87% *%+-4!-

,$5; #",!+87!; *%"2%"(! $&-3. 

=&# #5*%+8>%2!7## $%7(%5$,77'9 );0(#9

$&-3 7,%39%"#)! -5$!7%2(! >!/#$7'9

0#+8>. E+,"-,$ %3;>!$,+87% 5%3+."!$8

-(!>!7#; *% )%7$!?- I#&)'-#>0%$%2#$,+;

$&-3. 

,./#)73"/!8 (%()*=!

=!7,+87', &!"#!$%&' Logatrend 5% 25$&%-

,77') 2,7$#+87') (%)*+,($%) ;2+;.$5;

-7#2,&5!+87')# "+; *&#),7,7#; 2 %"7%-

$&-37%6 &5#5$,),. :+; G$%0% )%7$#&-,$5;

%"7%$&-37!; !&)!$-&! 5% 25$&%,77') &,-

0-+#&-,)') 3!6*!5%). @! %"7%$&-37'9

-5$!7%2(!9 *&#),7;.$5; $%+8(% 25$&%,7-

7', 2,7$#+# N, (%$%&', &!3%$!.$ 2 *%>#-

B## "N". D %"7%$&-37%6 3!6*!57%6 !&-

)!$-&, &,0-+#&%2(%6 3!6*!57%0% A*#7-

",+; 7!5$&!#2!,$5; *&%*%&B#%7!+87%,

&!5*&,",+,7#, B#&(-+#&-./,6 2%"' #,

$!(#) %3&!>%), 7!5$&!#2!,$5; $&,3-,)'6

"+; &!"#!$%&! &!59%". H"7%$&-37!; (%+8-

B,2!; %32;>(! "%+?7! *&#),7;$85; $%+8-

(% 2 $,9 %$%*#$,+87'9 *&#3%&!9, 5-))!&-

7!; )%/7%5$8 (%$%&'9 7, *&,2'A!,$ 12

(D$.

:+; 7!5$&%6(# *%$%(! 4,&,> &!"#!$%& %$

%3/,0% 2,5%2%0% &!59%"! 2%"' (*&%*%&-

B#%7!+87%, &!5*&,",+,7#,) 5+,"-,$ *%+8-

>%2!$85; 7%)%0&!))%6 "+; %"7%$&-37%6

5#5$,)'.

:+; "%5$#?,7#; 7-?7%0% &!5*&,",+,7#;

2%"' &!59%" 4,&,> &!"#!$%& "%+?,7 3'$8

2'4#5+,7 )!$,)!$#4,5(# # 5%0+!5%2!7 5

&,!+87%6 )%/7%5$8. %$%*#$,+87%0% *&#-

3%&!.

:+; 7!5$&%6(# *&!2#+87%6 B#&(-+;B##

2%"' 2 &!"#!$%&, 7-?7% %$(&'2!$8 #+#

>!(&'2!$8 3!6*!5 &,0-+#&%2%47') A*#7-

",+,).  !5*&,",+,7#, 2%"' >!2#5#$ %$:

• 5%*&%$#2+,7#; %$%*#$,+87%0% *&#3%&! 5

2,7$#+87') (%)*+,($%) # %"7%$&-37%6

3!6*!57%6 !&)!$-&%6,

• %$ "!2+,7#; 7!5%5! #  "!2+,7#; 2 5#5-

$,),

 !59%" 2%"', (%$%&'6 "%+?,7 *&%9%"#$8

4,&,> %$%*#$,+87'6 *&#3%&, 7!5$&!#2!-

,$5; *% "#!0&!)),, "+; 4,0% -2,+#4#-

2!,$5; #+# -),78A!,$5; 5%*&%$#2+,7#,

3!6*!5! *&# *%2%&%$, ,0% A*#7",+;. :+;

9%&%A,6 &!3%$' %"7%$&-37%6 5#5$,)'

7,%39%"#)% %5%3,77%, 27#)!7#, -",+;$8

25,) G$!*!) %$ *&%,($#&%2!7#; "% 7!+!"-

(#.

D >!2#5#)%5$# %$ (%7I#0-&!B## $&-3%*&%-

2%"! 2 7,0% )%0-$ 3'$8 -5$!7%2+,7' (!(

*&%9%"7', (Dgf), $!( # -0+%2', (Eckf) >!-

*%&7', ->+' *%"(+.4,7#; %"7%$&-37%0%

3!6*!5!.

H"7%$&-37!; 3!6*!57!; >!*%&7!; !&)!-

$-&! #),,$ *&# G$%) "2! *&,#)-/,5$2!:

D%>)%?7%5$8 *&#),7,7#; 2 (!4,5$2, *,-

&,)'4(#, ,5+# %$%*#$,+87'6 *&#3%& "%+-

?,7 3'$8 -5$!7%2+,7 *%>?,

D%>)%?7%5$8 *,&,(&'$#; *%"!4# 2%"' 2

%$%*#$,+87', *&#3%&' #> $&-3%*&%2%"-

7%6 5,$#, ,5+# %7# "%+?7' 3'$8 2&,),7-

7% %$(+.4,7' #/#+# ",)%7$#&%2!7'

:!+87,6A!; #7I%&)!B#; *% %"7%$&-3-

7%6 5#5$,), *&#2,",7! 7! 5$&. 308,  !3%-

4#6 +#5$ K3.

:#)*7% )*2'! 27% ?!17+)#= 5*/)%'*

D %"7%$&-37%6 -5$!7%2(, 2%>7#(!.$ $,-

*+%2', )%5$', (%$%&', %3&!>-.$5; #>->!

2%"', *&%9%";/,6 4,&,> 3!6*!5. =%G$%)-

2 %"7%$&-37%6 5#5$,), *&# >!(&'$%) $,&-

)%5$!$#4,5(%) 2,7$#+, %$%*#$,+87%0% *&#-

3%&! 2%>)%?7% 7,>7!4#$,+87%, *%"$!*+#-

2!7#, #>->! 7!+#4#; $,*+%2%0% *%$%(! 2

3!6*!5,.

Heizkörperanteil

Bypass

100% 100%

H"7%$&-37!; 3!6*!57!; !&)!$-&!

H$%*#$,+87'6 *&#3%&

M!6*!5
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 !"!#$%""% &'%()'*+ kv ,-. ,/012$03'!+ 4*42)"5

E!7!1)*7%()%1% 5()7#*//#># 5*/)%'8 „N“ ( )*7=#()!)%$*(1#& >#'#51#& Danfoss RA 
(>!?#5+& .!)$%1)

()).2%".5$.) (3!&) ((=!)

Q (+/4)

(D$

(D$

(D$

F%@7+ /! A1!'* % ?/!$*/%8 kv 5()7#*//#># 5*/)%'8 „N“ ( )*7=#()!)%$*(1#& >#'#51#& Danfoss  RA

N#I&! 7! A(!+, 1 2 3 4 5 6 7 N

J7!4,7#, kv 0,11 0,16 0,22 0,30 0,38 0,47 0,57 0,71

H$(+%7,7#, O 0,5 0,6 0,9 1,0 1,0 1,0 1,0 1,0

 <!(5#)!+8-

7!; $,*+%2!;

)%/7%5$8

&!"#!$%&! 

2 D$ *&#

 Δp = 0,1 3!& 

Δt = 10 K 400 580 800 1100 1390 1720 2090 2600 

Δt = 15 K 600 880 1210 1650 2090 2580 3130 3910 

Δt = 20 K 800 1170 1610 2200 2790 3450 4180 5210 

F%@7+ /! A1!'* % ?/!$*/%8 kv 5()7#*//#># 5*/)%'8 „N“ ( G%.1#()/+= .!)$%1#=

N#I&! 7! A(!+, 1 2 3 4 5 6 7 N

J7!4,7#, kv 0,09 0,14 0,21 0,28 0,36 0,44 0,54 0,67

H$(+%7,7#, O 0,5 0,6 1,0 1,5 1,5 1,5 1,5 1,5

 <!(5#)!+8-

7!; $,*+%2!;

)%/7%5$8

&!"#!$%&! 

2 D$ *&#

Δp = 0,1 3!& 

Δt = 10 K 330 510 770 1020 1320 1610 1980 2460 

Δt = 15 K 490 770 1150 1540 1980 2420 2970 3690 

Δt = 20 K 660 1020 1540 2040 2640 3230 3960 4920 
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 !"!#$%""% &'%()'*+ kv ,-. ,/012$03'!+ 4*42)"5 

E!7!1)*7%()%1% 5()7#*//#># 5*/)%'8 „U“ ( )*7=#()!)%$*(1#& >#'#51#& Danfoss RA

()).2%".5$.) (3!&) ((=!)

(D$

(D$

(D$

(D$

Q (+/4)

F%@7+ /! A1!'* % ?/!$*/%8 kv 5()7#*//#># 5*/)%'8 „U“ ( )*7=#()!)%$*(1#& >#'#51#& Danfoss  RA

N#I&! 7! A(!+, 1 2 3 4 5 6 7 N

J7!4,7#, kv 0,03 0,06 0,11 0,16 0,22 0,27 0,33 0,43

H$(+%7,7#, O 0,5 0,7 1,0 1,0 1,0 1,0 1,0 1,0

 <!(5#)!+8-

7!; $,*+%2!;

)%/7%5$8

&!"#!$%&! 

2 D$ *&#

Δp = 0,1 3!& 

Δt = 10 K 110 220 400 580 800 990 1210 1570 

Δt = 15 K 160 330 600 880 1200 1480 1810 2360 

Δt = 20 K 220 441 800 1170 1610 1980 2420 3150 

F%@7+ /! A1!'* % ?/!$*/%8 kv 5()7#*//#># 5*/)%'8 „U“ ( G%.1#()/+= .!)$%1#=

N#I&! 7! A(!+, 1 2 3 4 5 6 7 N

J7!4,7#, kv 0,03 0,06 0,11 0,16 0,21 0,25 0,30 0,38

H$(+%7,7#, O 0,5 0,7 1,0 1,4 1,5 1,5 1,5 1,5

 <!(5#)!+8-

7!; $,*+%2!;

)%/7%5$8

&!"#!$%&! 

2 D$ *&#

Δp = 0,1 3!& 

Δt = 10 K 110 220 400 580 770 910 1100 1390 

Δt = 15 K 160 330 600 880 1150 1370 1650 2090 

Δt = 20 K 220 440 800 1170 1540 1830 2200 2790 
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H%!>7!==! 7!(6#.! Logatrend K-Profil

H3P,)7'6 &!59%" V, +/4
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 !"#$%& '%() K3  !"#$%* '%()+
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<,$%" &!54,$! *&# %*&,",+,7## &!>),-

&%2 %$%*#$,+87'9 *&#3%&%2 *%(!>!7 7!

*&#),&, *!7,+87%0% &!"#!$%&! Logatrend

5% 25$&%,77') 2,7$#+87') (%)*+,($%)

"+; %"7%$&-37%6 5#5$,)'. :!+,, *&#2,-

",7' *%5+,"%2!$,+87', G$!*' &!54,$!,

52,",77', "+; 7!0+;"7%5$# 2 $!3+#B-. 

=&# &!54,$, #59%";$ #> &!>7#B' $,)*,&!-

$-&  # $,)*,&!$-&' 2 *%"!./,6 +#-

7##  %$%*#$,+87%0% (%7$-&!.

–  = 15 K

–   = 70 °C

1 F5+%2#,) ;2+;,$5; >7!7#, &!54,$7%6

$,*+%2%6 7!0&->(#  7! %$%*#$,+8-

7'6 (%7$-& # $,*+%*%$&,37%5$# 

25,9 *%),/,7#6, 0", -5$!7%2+,7' &!-

"#!$%&'. :+; G$%0% 2 DIN 4701 *&#2,-

",7' &!54,$7', I%&)-+' $,%&,$#4,5-

(%0% %*&,",+,7#; &!54,$7%6 $,*+%*%-

$&,37%5$# *&# 7%&)!+87'9 -5+%2#;9.

2  !54,$ %$%*#$,+87'9 *&#3%&%2 7!4#-

7!,$5; 5 2'4#5+,7#; 2,5%2%0% *%$%(!

2%"' 2 %$%*#$,+87%) (%7$-&,  2 >!-

2#5#)%5$# %$ &!54,$7%6 $,*+%2%6 7!-

0&->(# 7! %$%*#$,+87'6 (%7$-& ,

(%$%&!; 5(+!"'2!,$5; #> >7!4,7#6 &!5-

4,$7%6 $,*+%*%$&,37%5$#  %$-

",+87'9 *%),/,7#6.

3 C,*+%2!; )%/7%5$8  %$%*#$,+8-

7'9 *&#3%&%2 >!2#5#$ %$ &!54,$7%6

$,*+%*%$&,37%5$#  %$",+87'9 *%-

),/,7#6 # %$ (%+#4,5$2! -5$!7%2+,7-

7'9 2 *%),/,7#;9 &!"#!$%&%2. D *&#-

),&,, 2 *,&2%) # 2% 2$%&%) *%),/,-

7#;9 *&,"-5)%$&,7! -5$!7%2(! "2-9

&!"#!$%&%2. @,%39%"#)%, 4$%3' #9 $,-

*+%2!; )%/7%5$8  *%(&'2!+! &!5-

4,$7-. $,*+%*%$&,37%5$8 .

4 H3/!; $,*+%2!; )%/7%5$8  %$%*#-

$,+87'9 *&#3%&%2, -5$!7%2+,7'9 *,-

&," &!55)!$&#2!,)') %$%*#$,+87')

*&#3%&%) i, 7-?7! "+; %*&,",+,7#;

$,)*,&!$-&' 2 ,0% *%"!./,6 +#7##

.

5 =&,"2!&#$,+87% *&#)!,$5; 2,5%2%6

&!59%" x, &!27'6  35 %.

6 :!+,, #",$ *,&,54,$ *&%B,7$7%6 "%+#

2,5%2%0% &!59%"!, *&%9%";/,0% 4,&,>

&!"#!$%&, %$ 25,0% *%$%(! , B#&(--

+#&-./,0% 2 %$%*#$,+87%) (%7$-&,, 7!

!35%+.$7%, >7!4,7#,   2 (0/4.

7 C,*+%2!; )%/7%5$8  %$%*#$,+87'9

*&#3%&%2 5%%$2,$5$2-,$ &!>7#B, $,-

*+%2'9 )%/7%5$,6 *%$%(! $,*+%7%-

5#$,+; 2 $%4(!9 1 # 2 7! -4!5$(, *,&,"

&!55)!$&#2!,)') &!"#!$%&%) i. L> 3!-

+!75! )%/7%5$# 2 G$#9 $%4(!9 *%+--

4!,$5; $,)*,&!$-&! *%"!./,6 +#7##

 G$%0% %$%*#$,+87%0% *&#3%&!. 

8  !554#$!2 $,)*,&!$-&- %3&!$7%6 +#-

7## , 25, *!&!),$&' &!55)!$&#-

2!,)%0% %$%*#$,+87%0% *&#3%&! 3-"-$

*%+7%5$8. %*&,",+,7'.

9 C,)*,&!$-&' 2%>"-9!  2 &!>+#47'9

*%),/,7#;9 *&#7#)!.$5; &!27')#

&!54,$7') $,)*,&!$-&!) 2 *%),/,-

7#;9, *&#),7;,)') "+; %*&,",+,7#;

$,*+%*%$&,37%5$# *% DIN 4701. D DIN

4701, 4!5$8 2 ($!3. 2) "+; *%+7%5$8.

%$!*+#2!,)%0% >"!7#; *&#2%";$5; 5+,-

"-./#, >7!4,7#;:

 - ?#+!; (%)7!$! 20 °C

  - 5*!+87; 20 °C

  - (-97; 20 °C

  - 2!77!; (%)7!$! 24 °C

   - $-!+,$ 20 °C

  - *%"5%37', *%),/,7#; 15 °C

  - +,5$7#47!; (+,$(! 10 °C

10 =&,2'A,7#, $,)*,&!$-&' $,*+%7%5#-

$,+;  5%%$2,$5$2-,$ I!($#4,5(%)-

>7!4,7#. "+; &!54,$7%0% 5+-4!;, $. ,.

"+; &!54,$7%6 5#5$,)7%6 $,)*,&!-

$-&' %$%*#$,+87%0% (%7$-&!.

11 D I%&)-+, "+; %*&,",+,7#; (%GI-

I#B#,7$! *,&,54,$! F G(5*%7,7$ %$%-

*#$,+87%0% *&#3%&! n = 1,3. :+; "&-0#9

$#*%2 %$%*#$,+87'9 *&#3%&%2 G(5*%-

7,7$'  n 7!"% 3&!$8 #> (!$!+%0! %$%-

*#$,+87'9 *&#3%&%2, ! (%GII#B#,7$'

*,&,54,$! 7-?7% &!554#$'2!$8. 

12 J7!; $,*+%2-. )%/7%5$8  %$%*#-

$,+87%0% *&#3%&! *&# &!54,$7'9 -5+%-

2#;9, )%?7% %*&,",+#$8 &!54,$7-. $,-

*+%2-. )%/7%5$8 *&# 7%&)!+87'9

-5+%2#;9 (5#5$,)7!; $,)*,&!$-&! 75/

65/20 °C). =% &!54,$7%6 $,*+%2%6 )%/-

7%5$# *&# 7%&)!+87'9 -5+%2#;9 2'3#-

&!,$5; &!"#!$%& 2 (!$!+%0, %$%*#-$,+8-

7'9 *&#3%&%2. =&# 7,#>),77'9 0,%-

),$&#4,5(#9 &!>),&!9 5-/,5$2-,$ 2%>-

)%?7%5$8, ),7;; 2,5%2%6 *%$%( $,-*+%-

7%5#$,+;, 2+#;$8 7! &!>7#B- $,)-*,&!-

$-& %$%*#$,+87%0% *&#3%&! # 7! ,0%

$,*+%*,&,"!./-. 5*%5%37%5$8.  !5-

4,$ 7-?7% *%2$%&#$8, 7!4#7!; 5 *. 6,

0", #",$ *,&,54,$ 2,5%2%0% *%$%(! 2

>!2#5#)%5$# %$ ,0% *&%B,7$7%6 "%+#

(x)!(5 = 50 %).

13 =%$,&# "!2+,7#; 2 2,7$#+, DpV 7! %$%-

*#$,+87%) *&#3%&, "+; %(%74!-$,+8-

7%0% 2,5%2%0% *%$%(!  %$%*#-

$,+87%0% *&#3%&! 3,&,$5; *% 7%)%-

0&!)), >7!4,7#6 kv "+; %"7%$&-37%6

5#5$,)'. :+; G$%0% 7-?7% *,&,54#$!$8

2,5%2%6 *%$%(  2 %3P,)7'6 .

D 5+,"-./,6 I%&)-+, 5 "%5$!$%47%6

$%47%5$8. )%?7% *&#7;$8 *+%$7%5$8

$,*+%7%5#$,+;  p = 1 (0/+, $.,. %3P,)-

7'6 # 2,5%2%6 *%$%(# &!27' ),?"-

5%3%6 # %$+#4!.$5; $%+8(% 2 ,"#7#B!9

#>),&,7#;.

14 =%$,&# "!2+,7#; 2 2,7$#+;9 %$%*#-

$,+87'9 *&#3%&%2 5-))#&-.$5; 5 *%-

$,&;)# "!2+,7#; 2 $&-3%*&%2%"7%6 5,-

$#, (7!*&#),&, 2 %$2%"!9 # (%+,7!9) #

-4#$'2!.$5; 2 %3/#9 *%$,&;9 "!2-

+,7#; 2% 25,) %$%*#$,+87%) (%7$-&,.

1#"&!2+#4,5(#, 5%*&%$#2+,7#; 2 %$%-

*#$,+87%) (%7$-&, I%&)#&-.$, 2 >!2#-

5#)%5$# %$ 2,5%2%0% *%$%(!, *%$,&#

"!2+,7#; 2 %$%*#$,+87%) (%7$-&,, (%-

$%&', (%)*,75#&-.$5; *&!2#+87% *%-

"%3&!77') 7!5%5%) 5 $&,3-,)') 2,-

5%2') &!59%"%).

 !"#$%& '%() K3 - I*)#. 7!($*)! 7!.%!)#7#5 .'8 #./#)73"/#& (%()*=+
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 !54,$ *!&!),$&%2 $,*+%7%5#$,+; 

%"7%$&-37%6 5#5$,),
%$%*#$,+87%0% *&#3%&! 2 
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H3P,)7'6 *%$%( 2 %$%*#$,+8-
7%) *&#3%&,, +/4

=+%$7%5$8 $,*+%7%5#$,+;, (0/+
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@%)%0&!))! >7!4,7#6 kv "+; %"7%$&-37%6 5#5$,)'

1) =%+7%5$8. >!2,&7-$8 2*&!2%, >!$,) %$2%&!4#2!$8 2+,2% 2 5%%$2,$5$2## 5 $!3+#B,6.

,./#)73"/!8 (%()*=!
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H3P,)7'6 &!59%" V, +/4

 !59%" 2%"' 4,&,> &!"#!$%& 2 %

<!()7#&1% "!&2!(!

F>+' *%"(+.4,7#;1)
Q%+#4,5$2% *%2%&%$%2 3!6*!5! *&# &!59%", 4,&,> %$%*#$,+87'6 *&#3%& 2 %

30 35 40 45 50

O&$. N: 80262 160 DgF

O&$. N: 80262 162 EckF

 2 1/2

1 3/4

2

1 1/2

1 3/4

1 1/4

1 1/2

1

1

3/4



 !"#$%& '%() K3  !"#$%* '%()+
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=&%,($7', "!77', J!"!77', >7!4,7#;

:!$!: @%),& %$%*#$,+87%0% 

(%7$-&!:

=&%,($: =,&,*!" $,)*,&!$-&:

 
= K

 !>&!3%$!+: C,)*,&!$-&! 2%"' 2 

*%"!./,6 +#7##:
= °C

=!&!),$&'

R"#-

7#B! 

#>),-

&,7#;

S%&)-+!

=%),/,7#,

1

 !54,$7!; $,*+%2!; 

7!0&->(! %$%*#$,+8-

7%0% (%7$-&!

D$ DIN 4701

 !54,$7!; $,*+%*%$-

&,37%5$8 
D$ DIN 4701

2
D,5%2%6 &!59%" 

2%"'
(0/4

H$%*#$,+87', *&#3%&'

1 2 3 4 5 6

3 C,*+%2!; )%/7%5$8 D$ /

4 C,*+%2!; )%/7%5$8 D$ /

5 :%+; *%$%(! 2%"' % /

6
D,5%2%6 &!59%" 

2%"'
(0/4

7
C,)*,&!$-&! *%"!.-

/,6 +#7##
oC

8
C,)*,&!$-&!

%3&!$7%6 +#7##
oC

9
H57%27!;

$,)*,&!$-&! 2%>"-9! 
oC /

10

=&,2'A,7#, $,)*,-

&!$-&' $,*+%7%5#

$,+;

oC

11
Q%GII#B#,7$ *,&,-

54,$!
/

12
 !54,$7!; $,*+%2!; 

)%/7%5$8
D$

13
=%$,&# "!2+,7#; 7! 

2,7$#+,
)3!& /

14
H3/#, *%$,&# "!2-

+,7#;
)3!& /

F",+87!; $,*+%,)(%5$8

2%"' cp = 1,163 D$.4/(0.Q
 !54,$7!; $,*+%2!; )%/-
7%5$8, D$

C,)*,&!$-&! 2%>"-9!, °C

Q%GII#B#,7$ *,&,54,$!
 !54,$7!; $,*+%*%$&,3-
7%5$8, D$

C,)*,&!$-&! %3&!$7%6 +#7##
%$%*#$,+87%0% *&#3%&!, °C

 !59%" 2%"', (0/4
 !54,$7!; $,*+%2!; 7!0&->(!
%$%*#$,+87%0% (%7$-&!, D$

C,)*,&!$-&! *%"!./,6 
+#7##, °C

 !59%" 2%"' 4,&,> %$%*#$,+87'6 
*&#3%&, (0/4

 !59%" 2%"',
*&%9%";/,6 4,&,> %$%*#$,+8-
7'6 *&#3%&, %

C,)*,&!$-&! *%"!./,6 
+#7## %$%*#$,+87%0% *&#3%&!, 
°C

 !59%" 2%"' 2 %$%*#$,+87%) (%7-
$-&,, (0/4

=&,2'A,7#, $,)*,&!$-&', K
C,)*,&!$-&! *%"!./,6 +#7## 
%$%*#$,+87%0% (%7$-&!, °C

K(5*%7,7$ %$%*#$,+87%0% *&#3%&!
=,&,*!" $,)*,&!$-&
2 %$%*#$,+87%) (%7$-&,, Q

C,*+%2!; )%/7%5$8
%$%*#$,+87%0% *&#3%&!, D$

H3/#, *%$,&# "!2+,7#; 
2,7$#+,6 %$%*#$,+87'9 *&#-
3%&%2, )3!&

H3/!; $,*+%2!; )%/7%5$8 %$%*#-
$,+87'9 *&#3%&%2, -5$!7%2+,7-
7'9 *,&," &!55)!$&#2!,)') 
&!"#!-$%&%) i, D$

=%$,&# "!2+,7#; 7! 2,7$#+,
%$%*#$,+87%0% *&#3%&!, )3!&



 !"#$%* '%()+  !"#$%& '%() K4
=,&,54,$ 7! "&-0#, *!&!),$&' $,*+%7%5#$,+;

 !"#!$%&' # (%)*+,($-./#, – (!$!+%0 2010 411

:+; -4,$! &!>+#47'9 2%>",65$2#6, (%$%-

&', )%0-$ 2%>7#(7-$8 2 &,>-+8$!$, (!(#9-

+#3% %$(+%7,7#6, ( &!54,$7%6 $,*+%*%-

$&,37%5$#, %*&,",+;,)%6 *% DIN 4701,

4!5$8 1 # 4!5$8 2, 22%"#$5; (%GII#B#,7$

>!*!5! 15 %.

 !54,$7!; )%/7%5$8 2'4#5+;,$5; *% I%&-

)-+,:

0",:

H$ G$%0% (%GII#B#,7$! )%?7% %$(!-

>!$85; #+# ,0% )%?7% -),78A#$8, ,5+#

(%$,+ #),,$ >!*!5 )%/7%5$#, "%5$!$%4-

7'6 "+; 2&,),77%0% *%2'A,7#; $,)*,&!-

$-&' $,*+%7%5#$,+; 2'A, &!54,$7%6 7!

15 %. @! %57%2, %3-5+%2+,77'9 5#5$,)%6

I!($%-&%2 2%>",65$2#; 2 7#>(%$,)*,&!-

$-&7'9 (%$+!9 B,+,5%%3&!>7! &!54,$7!;

$,)*,&!$-&! *%"!./,6 +#7## 70 oC. R5+#

2'3&!7! %$%*#$,+87!; -5$!7%2(! 5 $,)*,-

&!$-&!)# 2 5#5$,), 70/55 °C, # -5$!7!2+#-

2!,$5; 7#>(%$,)*,&!$-&7'6 (%$,+, (%$%-

&'6 )%?,$ "!$8 )!(5#)!+87-. $,)*,&!-

$-&- *%"!./,6 +#7## 75 °C, $% *%5$!2-

+,77%, $&,3%2!7#, *% *%2'A,7#. )%/-

7%5$# *%4$# 2'*%+7;,$5;.

:#78.#1 .*&()5%&

 !54,$7!; $,*+%2!; )%/7%5$8 %$%*#$,+8-

7'9 *&#3%&%2 *% DIN EN 442 %*&,",+;-

,$5; 5+,"-./#)# *!&!),$&!)#:

- C,)*,&!$-&%6 *%"!./,6 +#7## 

$,*+%7%5#$,+;: JV = 75 °C

- C,)*,&!$-&%6 %3&!$7%6 +#7##

$,*+%7%5#$,+;: JR = 65 °C

- C,)*,&!$-&%6 2 *%),/,7##:JL = 20 °C

- E&,"7#) *&,2'A,7#,) $,)*,&!$-&':

DJn=49,83 K

:+; 5%%$2,$5$2-./#9 )%",+,6 %$%*#$,+8-

7'9 *&#3%&%2 )%/7%5$8 7! %"#7 *%0%7-

7'6 ),$& #+# 7! %"7- 5,(B#. *&#2,",7! 2

$!3+#B!9 $,97#4,5(#9 9!&!($,&#5$#( "+;

7%&)!+87'9 $,)*,&!$-& 75/65/20 °C. :+;

"&-0#9 >7!4,7#6 $,)*,&!$-& $,*+%7%5#-

$,+; # 2%>"-9! 2 *%),/,7## $,*+%2',

)%/7%5$# 7,%39%"#)% *,&,54#$'2!$8.

F4,$ (%GII#B#,7$%2 *,&,54,$! 5%5$%#$ 2

$%), 4$% &!554#$!77!; #59%"; #> $,*+%*%-

$&,37%5$#  $,*+%2!; )%/7%5$8 %$%*#-

$,+87%0% *&#3%&!  -)7%?!,$5; 7! (%GI-

I#B#,7$ *,&,54,$!, 2>;$%0% #> *&#2,",7-

7'9 "!+,, $!3+#B. =% -$%47,77%6 $!(#)

%3&!>%) $,*+%2%6 )%/7%5$# 2 $!3+#B!9

$,97#4,5(#9 9!&!($,&#5$#( *%"3#&!,$5;

%$%*#$,+87'6 *&#3%&  "+; $,)*,&!$-& 75/

65/20 °C, 2 $%) 4#5+, # *&# "&-0%6 $,)*,-

&!$-&, 2 *%),/,7##, $.(. %7! 3'+! -?,

-4$,7! *&# #5*%+8>%2!7## (%GII#B#,7$!

*,&,54,$!.

:7%=*7

C,*+%2!; )%/7%5$8 %"7%0% %$%*#$,+87%-

0% *&#3%&! "%+?7! 5%5$!2+;$8 5%%$2,$-

5$2,77% 2'4#5+,77%6 $,*+%*%$&,37%5$#

%$!*+#2!,)%0% *%),/,7#;  = 1000 D$.

F5$!7%2(! &!554#$!7! 7! )!(5#)!+87-.

$,)*,&!$-&- $,*+%7%5#$,+; 2 *%"!./,6

+#7## JV = 55 °C, 2 %3&!$7%6 +#7##

JR = 45 °C # $,)*,&!$-&- 2 *%),/,7##

JL = 20 °E. K(5*%7,7$, n = 1,3 ("+; >!&!-

7,, #>2,5$7%0% $#*! %$%*#$,+87%0% *&#3%-

&! Logatrend VK-Profil, 2'5%$! 600, $#* 22)

5%%$2,$5$2-,$ 2 *&#2,",77%6 "!+,, $!-

3+#B, *%*&!2%47'6 (%GII#B#,7$ F = 1,96.

E(%&&,($#&%2!77%, >7!4,7#, &!54,$7%6

$,*+%2%6 )%/7%5$#  "+; 2'3%&! %$%-

*#$,+87%0% *&#3%&! &!27%:

0",:

:+; G$%6 $,*+%2%6 )%/7%5$# =1960 D$

*% $!3+#B, $,97#4,5(#9 9!&!($,&#5$#( *&#

$,)*,&!$-&!9 75/65/20 °C %*&,",+;,$5;

"+#7! *&#2,",77%0% 2'A, %$%*#$,+87%0%

*&#3%&!, (%$%&!; &!27! 1200 )).

1 D5, "!77', *% )%/7%5$# *%"&!>-),-

2!.$ 2,&97,, *%"(+.4,7#, *%"!./,6

+#7## # 7#?7,, *%"(+.4,7#, %3&!$7%6

+#7##. =&# 7#?7,) *%"(+.4,7## *%"!-

./,6 # %3&!$7%6 +#7#6 7-?7% -4#$'-

2!$8 57#?,7#, )%/7%5$# )!(5#)-) 7!

15 %. Q&%), $%0%, 7-?7% -4#$'2!$8

-),78A,7#, $,*+%%$"!4# *&# -5$!7%2-

(, %$%*#$,+87%0% *&#3%&! 2 7#A,, *&#

7!+#4## ",(%&!$#27'9 *!7,+,6, ),-

$!++#4,5(%0% +!(%(&!5%47%0% *%(&'$#;

# $.".

2 K(5*%7,7$ n 3,&,$5; #> $!3+#B $,97#-

4,5(#9 9!&!($,&#5$#( "+; 5%%$2,$5$2--

./,0% $#*! %$%*#$,+87%0% *&#3%&!. H7

%*&,",+;,$5; *&# *&%2,",7## 7,>!2#-

5#)'9 #5*'$!7#6 # &,0#5$&!B## %$%*#-

$,+87'9 *&#3%&%2. H$5-$5$2-./#, 2

$!3+#B!9 *&%),?-$%47', >7!4,7#;

(%GII#B#,7$%2 *,&,54,$! )%0-$ 3'$8

%*&,",+,7' ),$%"%) #7$,&*%+;B##

$%+8(% 2 5+-4!, 7,>7!4#$,+87'9 %$(+%-

7,7#6 %$ *&#2,",77'9 (%GII#B#-

,7$%2. @!*&#),&, *&# 55/45 °C # 24 °C

"+; n = 1,30 (%GII#B#,7$ *,&,54,$!

F = 2,37, ! "+;  n = 1,28 (%GII#B#,7$

*,&,54,$! F = 2,34, $%0"! "+; n = 1,29 5

"%5$%$%47%6 $%47%5$8. )%?7% %*&,",-

+#$8 (%GII#B#,7$ F = 0,5 (2,37 + 2,34)

= 2,36

3 F(!>!77', "!+,, (%GII#B#,7$' *,-

&,54,$! &!554#$!7' *% *&#2,",77')

>",58 I%&)-+!).

4 =% G$#) I%&)-+!) )%?7% %*&,",+#$8

(%GII#B#,7$' *,&,54,$! "+; $,)*,-

&!$-&7'9 (%)3#7!B#6, (%$%&', 7, -(!-

>!7' 2 $!3+#B!9.

 !($*) #)#2%)*';/+6 27%"#7#5

&!54,$7!; $,*+%2!; )%/7%5$8 

%$%*#$,+87%0% *&#3%&! 2 *%),-

/,7##

&!54,$7!; $,*+%*%$&,37%5$8 *%-

),/,7#; *% DIN 4701, 4!5$# 1 # 

2, 5 -4,$%) 2%>)%?7%0% *%2'A,-

7#; )%/7%5$# "+; 5#5$,)' %$%-

*+,7#;, &!3%$!./,6 2 &,?#), 5 

*%7#?,77%6 $,)*,&!$-&%6

x
(%GII#B#,7$ >!*!5!

(x = 0,15 *% DIN 4701, 4!5$8 3)

Q
·

Q
·

N

Q
·

N
Q
· &!54,$7!; $,*+%2!; )%/7%5$8 %$%-

*#$,+87%0% *&#3%&! "+; 75/65/20 °C

Q
·

Q
·

n

Q
·

n

Q
·

n

J1!?!/%*
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:#1!?!)*'; K1(2#/*/)+ n = 1,18

:#1!?!)*'; K1(2#/*/)+ n = 1,20

:#1!?!)*'; K1(2#/*/)+ n = 1,22

:#1!?!)*'; K1(2#/*/)+ n = 1,24

9#K@@%4%*/)+ 2*7*($*)! F .'8 7!($*)/#& )*2'#5#& =#-/#()% 27% 75/65/20 °C 2# DIN EN 442 

JV 90 75 70 65 60 55 50

JL 24 20 15 24 20 15 24 20 15 24 20 15 24 20 15 24 20 15 24 20 15

JR

30 2,25 1,76 1,41 2,77 2,12 1,66 3,00 2,27 1,77 3,28 2,46 1,89 3,62 2,68 2,03 4,05 2,94 2,21 4,61 3,28 2,42

35 1,77 1,48 1,24 2,15 1,77 1,45 2,32 1,89 1,54 2,52 2,03 1,64 2,76 2,21 1,76 3,06 2,42 1,91 3,45 2,68 2,08

40 1,50 1,30 1,11 1,81 1,54 1,30 1,94 1,64 1,37 2,10 1,76 1,46 2,29 1,91 1,57 2,53 2,08 1,69 2,84 2,29 1,84

45 1,32 1,17 1,02 1,58 1,37 1,18 1,69 1,46 1,25 1,83 1,57 1,33 1,99 1,69 1,42 2,19 1,84 1,53 2,44 2,02 1,66

50 1,19 1,07 0,94 1,42 1,25 1,09 1,51 1,33 1,15 1,63 1,42 1,22 1,77 1,53 1,30 1,94 1,66 1,40

55 1,09 0,98 0,88 1,29 1,15 1,01 1,38 1,22 1,07 1,48 1,30 1,13 1,60 1,40 1,21

60 1,01 0,92 0,82 1,19 1,07 0,95 1,27 1,13 1,00 1,36 1,21 1,06

65 0,94 0,86 0,78 1,10 1,00 0,89 1,18 1,06 0,94

70 0,88 0,81 0,74 1,03 0,94 0,85

JV 90 75 70 65 60 55 50

JL 24 20 15 24 20 15 24 20 15 24 20 15 24 20 15 24 20 15 24 20 15

JR

30 2,29 1,78 1,42 2,82 2,14 1,67 3,06 2,30 1,78 3,35 2,49 1,91 3,70 2,72 2,06 4,15 3,00 2,24 4,73 3,35 2,45

35 1,79 1,49 1,24 2,18 1,78 1,46 2,35 1,91 1,55 2,56 2,06 1,66 2,81 2,24 1,78 3,12 2,45 1,93 3,53 2,72 2,10

40 1,51 1,31 1,11 1,82 1,55 1,30 1,96 1,66 1,38 2,13 1,78 1,47 2,33 1,93 1,58 2,57 2,10 1,71 2,89 2,33 1,86

45 1,33 1,17 1,02 1,59 1,38 1,18 1,71 1,47 1,25 1,85 1,58 1,34 2,01 1,71 1,43 2,22 1,86 1,54 2,48 2,05 1,67

50 1,20 1,07 0,94 1,42 1,25 1,09 1,53 1,34 1,15 1,64 1,43 1,23 1,79 1,54 1,31 1,96 1,67 1,41

55 1,09 0,98 0,88 1,30 1,15 1,01 1,38 1,23 1,07 1,49 1,31 1,14 1,61 1,41 1,21

60 1,01 0,92 0,82 1,19 1,07 0,95 1,27 1,14 1,00 1,37 1,21 1,06

65 0,94 0,86 0,77 1,11 1,00 0,89 1,18 1,06 0,94

70 0,88 0,81 0,73 1,03 0,94 0,84

JV 90 75 70 65 60 55 50

JL 24 20 15 24 20 15 24 20 15 24 20 15 24 20 15 24 20 15 24 20 15

JR

30 2,32 1,80 1,42 2,87 2,17 1,69 3,11 2,34 1,80 3,41 2,53 1,93 3,78 2,77 2,08 4,25 3,05 2,27 4,86 3,42 2,49

35 1,81 1,50 1,25 2,20 1,80 1,47 2,38 1,93 1,56 2,60 2,08 1,67 2,86 2,27 1,80 3,18 2,49 1,95 3,60 2,77 2,13

40 1,52 1,31 1,12 1,84 1,56 1,31 1,99 1,67 1,39 2,15 1,80 1,48 2,36 1,95 1,59 2,61 2,13 1,72 2,94 2,36 1,88

45 1,34 1,17 1,02 1,61 1,39 1,19 1,72 1,48 1,26 1,87 1,59 1,34 2,04 1,72 1,44 2,25 1,88 1,55 2,51 2,07 1,69

50 1,20 1,07 0,94 1,43 1,26 1,09 1,54 1,34 1,16 1,66 1,44 1,23 1,80 1,55 1,32 1,98 1,69 1,42

55 1,09 0,98 0,87 1,30 1,16 1,01 1,39 1,23 1,07 1,50 1,32 1,14 1,63 1,42 1,22

60 1,01 0,91 0,82 1,19 1,07 0,95 1,28 1,14 1,00 1,37 1,22 1,06

65 0,94 0,86 0,77 1,11 1,00 0,89 1,18 1,06 0,94

70 0,88 0,81 0,73 1,03 0,94 0,84

JV 90 75 70 65 60 55 50

JL 24 20 15 24 20 15 24 20 15 24 20 15 24 20 15 24 20 15 24 20 15

JR

30 2,35 1,81 1,43 2,92 2,20 1,70 3,17 2,37 1,82 3,48 2,57 1,95 3,87 2,81 2,11 4,35 3,11 2,30 4,99 3,49 2,53

35 1,82 1,51 1,25 2,23 1,82 1,48 2,42 1,95 1,57 2,64 2,11 1,68 2,91 2,30 1,81 3,24 2,53 1,97 3,68 2,81 2,16

40 1,53 1,32 1,12 1,86 1,57 1,31 2,01 1,68 1,40 2,18 1,81 1,49 2,39 1,97 1,61 2,65 2,16 1,74 2,99 2,39 1,90

45 1,34 1,18 1,02 1,62 1,40 1,19 1,74 1,49 1,26 1,88 1,61 1,35 2,06 1,74 1,45 2,28 1,90 1,56 2,55 2,10 1,70

50 1,20 1,07 0,94 1,44 1,26 1,09 1,55 1,35 1,16 1,67 1,45 1,23 1,82 1,56 1,32 2,01 1,70 1,43

55 1,09 0,98 0,87 1,31 1,16 1,01 1,40 1,23 1,07 1,51 1,32 1,14 1,64 1,43 1,22

60 1,01 0,91 0,82 1,20 1,07 0,95 1,28 1,14 1,00 1,38 1,22 1,06

65 0,94 0,85 0,77 1,11 1,00 0,89 1,19 1,06 0,94

70 0,88 0,80 0,73 1,04 0,94 0,84
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:#1!?!)*'; K1(2#/*/)+ n = 1,26

:#1!?!)*'; K1(2#/*/)+ n = 1,28

:#1!?!)*'; K1(2#/*/)+ n = 1,30

:#1!?!)*'; K1(2#/*/)+ n = 1,32

9#K@@%4%*/)+ 2*7*($*)! F .'8 7!($*)/#& )*2'#5#& =#-/#()% 27% 75/65/20 °C 2# DIN EN 442 

JV 90 75 70 65 60 55 50

JL 24 20 15 24 20 15 24 20 15 24 20 15 24 20 15 24 20 15 24 20 15

JR

30 2,38 1,83 1,44 2,97 2,23 1,72 3,23 2,40 1,83 3,55 2,61 1,97 3,95 2,86 2,13 4,46 3,17 2,33 5,12 3,56 2,56

35 1,84 1,52 1,26 2,26 1,83 1,49 2,45 1,97 1,58 2,68 2,13 1,70 2,96 2,33 1,83 3,30 2,56 1,99 3,75 2,86 2,18

40 1,54 1,32 1,12 1,88 1,58 1,32 2,03 1,70 1,40 2,21 1,83 1,50 2,43 1,99 1,62 2,70 2,18 1,75 3,04 2,43 1,92

45 1,35 1,18 1,02 1,63 1,40 1,19 1,76 1,50 1,27 1,90 1,62 1,36 2,08 1,75 1,46 2,31 1,92 1,57 2,59 2,12 1,72

50 1,21 1,07 0,94 1,45 1,27 1,09 1,56 1,36 1,16 1,69 1,46 1,24 1,84 1,57 1,33 2,03 1,72 1,43

55 1,10 0,98 0,87 1,31 1,16 1,01 1,41 1,24 1,07 1,52 1,33 1,14 1,65 1,43 1,22

60 1,01 0,91 0,81 1,20 1,07 0,94 1,29 1,14 1,00 1,39 1,22 1,06

65 0,94 0,85 0,76 1,11 1,00 0,89 1,19 1,06 0,94

70 0,88 0,80 0,72 1,04 0,94 0,84

JV 90 75 70 65 60 55 50

JL 24 20 15 24 20 15 24 20 15 24 20 15 24 20 15 24 20 15 24 20 15

JR

30 2,42 1,85 1,45 3,02 2,26 1,73 3,29 2,44 1,85 3,63 2,65 1,99 4,04 2,91 2,16 4,56 3,23 2,36 5,25 3,63 2,60

35 1,86 1,53 1,26 2,29 1,85 1,49 2,49 1,99 1,60 2,72 2,16 1,71 3,01 2,36 1,85 3,37 2,60 2,01 3,83 2,91 2,21

40 1,56 1,33 1,12 1,90 1,60 1,33 2,05 1,71 1,41 2,24 1,85 1,51 2,46 2,01 1,63 2,74 2,21 1,77 3,10 2,46 1,94

45 1,36 1,18 1,02 1,64 1,41 1,20 1,77 1,51 1,27 1,92 1,63 1,36 2,11 1,77 1,46 2,34 1,94 1,59 2,63 2,15 1,73

50 1,21 1,07 0,94 1,46 1,27 1,10 1,57 1,36 1,16 1,70 1,46 1,24 1,86 1,59 1,33 2,05 1,73 1,44

55 1,10 0,98 0,87 1,32 1,16 1,01 1,41 1,24 1,07 1,53 1,33 1,15 1,67 1,44 1,23

60 1,01 0,91 0,81 1,21 1,07 0,94 1,29 1,15 1,00 1,39 1,23 1,06

65 0,94 0,85 0,76 1,11 1,00 0,88 1,19 1,06 0,94

70 0,87 0,80 0,72 1,04 0,94 0,83

JV 90 75 70 65 60 55 50

JL 24 20 15 24 20 15 24 20 15 24 20 15 24 20 15 24 20 15 24 20 15

JR

30 2,45 1,87 1,46 3,07 2,28 1,75 3,36 2,47 1,87 3,70 2,69 2,02 4,13 2,96 2,19 4,67 3,29 2,39 5,39 3,70 2,64

35 1,88 1,54 1,26 2,32 1,87 1,50 2,52 2,02 1,61 2,76 2,19 1,73 3,06 2,39 1,87 3,43 2,64 2,03 3,92 2,96 2,24

40 1,57 1,33 1,13 1,92 1,61 1,33 2,08 1,73 1,42 2,27 1,87 1,52 2,50 2,03 1,64 2,78 2,24 1,78 3,15 2,50 1,96

45 1,36 1,19 1,02 1,66 1,42 1,20 1,79 1,52 1,28 1,94 1,64 1,37 2,13 1,78 1,47 2,37 1,96 1,60 2,67 2,17 1,75

50 1,21 1,07 0,93 1,47 1,28 1,10 1,58 1,37 1,17 1,71 1,47 1,25 1,87 1,60 1,34 2,07 1,75 1,45

55 1,10 0,98 0,87 1,32 1,17 1,01 1,42 1,25 1,08 1,54 1,34 1,15 1,68 1,45 1,23

60 1,01 0,91 0,81 1,21 1,08 0,94 1,30 1,15 1,00 1,40 1,23 1,07

65 0,93 0,85 0,76 1,12 1,00 0,88 1,19 1,07 0,94

70 0,87 0,80 0,72 1,04 0,94 0,83

JV 90 75 70 65 60 55 50

JL 24 20 15 24 20 15 24 20 15 24 20 15 24 20 15 24 20 15 24 20 15

JR

30 2,48 1,88 1,47 3,12 2,31 1,76 3,42 2,51 1,89 3,78 2,73 2,04 4,22 3,01 2,21 4,78 3,35 2,42 5,53 3,78 2,68

35 1,90 1,55 1,27 2,35 1,89 1,51 2,56 2,04 1,62 2,81 2,21 1,74 3,11 2,42 1,88 3,50 2,68 2,06 4,00 3,01 2,27

40 1,58 1,34 1,13 1,94 1,62 1,34 2,10 1,74 1,43 2,29 1,88 1,53 2,53 2,06 1,65 2,83 2,27 1,80 3,21 2,53 1,98

45 1,37 1,19 1,02 1,67 1,43 1,20 1,80 1,53 1,28 1,96 1,65 1,37 2,16 1,80 1,48 2,40 1,98 1,61 2,71 2,20 1,76

50 1,22 1,07 0,93 1,48 1,28 1,10 1,59 1,37 1,17 1,73 1,48 1,25 1,89 1,61 1,35 2,10 1,76 1,46

55 1,10 0,98 0,86 1,33 1,17 1,01 1,43 1,25 1,08 1,55 1,35 1,15 1,69 1,46 1,24

60 1,01 0,91 0,81 1,21 1,08 0,94 1,30 1,15 1,00 1,41 1,24 1,07

65 0,93 0,85 0,75 1,12 1,00 0,88 1,20 1,07 0,93

70 0,87 0,79 0,71 1,04 0,93 0,83


