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!"#$#%&'( )*+,)#-%./, 0.#1*2#34 5#6 7# )*+,)+, 8#9%1* :72%.:4. 

;<=>?@, 5A?@BCDEFA= ;<=G?CBCF <!H=5=I>C5= ;D<DI
5>C<=JH=J ? ;D<5K@ ;<?@DADA?D@ 5=I=ABL<D5BCDEM 

!"#"$%&'()&*+ ,-$")"'*&. ' /"")'&)/)',, / #&0/)'123,4, /)(.#(%)(4, ,
,/56)(. , ,4&&) )(78& 5%&#"9%(.,)&*+.60 /&%),:,7() , /&%),:,7() "
;*&7)%"4($.,)."0 /"'4&/),4"/),. </."'.6& 9(%(7)&%,/),7, (55(%()( 17(-(.6
' )(=*,>& #(..69, 7")"%(? .(9"#,)/? 4&8#1 5%,/"&#,.,)&*+.64, @*(.$(4,.
!"#7*2A()+ &$" 7 ;*&7)%"/&), , '"#"5%"'"#1 4"8&) )"*+7" 15"*."4"A&..60
/5&>,(*,/). B(78& /&%',/."& "=/*18,'(.,& '.1)%&..&$" "="%1#"'(.,?,
1#(*&.,& .(7,5,, 5%"'&%71 ,*, -(4&.1 5%"),'"7"%%"-,".."$" -(3,)."$" (."#(
4"8&) )"*+7" 15"*."4"A&..(? /&%',/.(? /*18=(.

5>C<=JHB

C"#".($%&'()&*+ '/)%"0)& ' 5"4&3&.,&, $#& .& -(4"%"8,'(&), ." .&#(*&7" ")
4&/)( ,/5"*+-"'(.,?. <)."/,)&*+." '(@,9 5")%&=."/)&0 4"8&)& '6=,%()+ 4&8#1
),5"4 '"#".($%&'()&*?, 4".),%1&464 .(# 146'(*+.,7"4 (GT 5 O; GT 10 O;
GT 15 O) , ),5"4, 4".),%1&464 5"# 146'(*+.,7"4 (GT 5 U; GT 10 U; GT 15 U).

CDNA?GD>H?D NB<BHCD<?>C?H? B;;B<BCB 

1) C%&4? /"$%&'(.,? "=3&0 &47"/), '"#".($%&'()&*? / ;*..($%&'()&*&4 5%, '9"#."0
)&45&%()1%& 9"*"#."0 '"#6 ,- '"#"5%"'"#( 10°C
2) D(/9"# ;.&%$,, 5%, 5"##&%8,'(.,, 5"/)"?.."0 )&45&%()1%6 '"#6 ' .($%&'()&*& 65°C ,
5%, )&45&%()1%& "7%18(23&0 /%&#6 20°C,  ,-4&%&." 5" DIN 44532 
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B,5 GT 5 O GT 5 U GT 10 O GT 10 U GT 15 O GT 15 U

E"4,.(*+.(? F47"/)+ [ * ] 5 10 15

E"4,.(*+."& #('*&.,&  [ G!( ] 0,6

G(//( / .(5"*.&. '"#"0 [ 7$ ] 7/12 8/18 11/26

H.),7"%%"-,0.(? -(3,)( 7")*( ;4(*,%"'(." / Mg (."#
!")%&=*?&4( 4"3."/)+ [ C) ] 2000

E(5%?8&.,& [ C~ ] 230

C%&4? /"$%&'(.,? #" 75°C 1) [ 4,. ] 11 22 33

I"*,A&/)'" /4&@(.."0 '"#6 5%, 40°C  [ * ] 9 18 27

D(/9"# ;.&%$,, 2) [ 7C)A/24A ] 0,25 0,33 0,44
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J"&#,.,)&*+.6& , 4".)(8.6& %(-4&%6 '"#".($%&'()&*? [44]

K/5"*.&.,& .(# 146'(*+.,7"4 K/5"*.&.,& 5"# 146'(*+.,7"4

,

;=IHEOGDA?D H 5=I=;<=5=IA=J >DC?
!"#'"# ,*, ")'"# '"#6 "="-.(A&.6 %(-.64 >'&)"4. J,.,0 - 9"*"#.(? '"#(,
7%(/.60 - $"%?A(?. E($%&'()&*+ 4"8&) 5"#7*2A()+/? 7 '"#"5%"'"#1 #'14?
/5"/"=(4,. L(7%6)(? .(7"5,)&*+.(? /,/)&4( 5"#7*2A&.,? "=&/5&A,'(&) -(="%
'"#6 ' .&/7"*+7,9 4&/)(9, ( ")7%6)(? 5%")"A.(? /,/)&4( - )"*+7" ' "#."4 4&/)&.
C(4 .&"=9"#,4 /"")'&)/)'123,0 /4&/,)&*+ ' -(',/,4"/), ") '6=%(.."0
/,/)&46 5"#7*2A&.,?. C ")7%6)"0 5%")"A."0 /,/)&4& .&"=9"#,4" 5&%&#
.($%&'()&*&4 1/)(."',)+ 5%"),'"'"-'%().60 7*(5(., 7")"%60 5%&#")'%(),)
1)&A71 '"#6 ,- 7")*( ' /*1A(&, &/*, ' '"#"5%"'"#& .& =1#&) '"#6. !%, )(7"0
/,/)&4& 5"#7*2A&.,? .&"=9"#,4" ,/5"*+-"'()+ 5%")"A.60 /4&/,)&*+. C
.($%&'()&*& 1'&*,A,'(&)/? "=M&4 '"#6 ,---( .($%&'(.,?, A)" '6-6'(&) 7(5(.,&
'"#6 ,- )%1=6 /4&/,)&*?. C6 .& #"*8.6 56)()+/? 5&%&7%6)+ '"#1 ,- /4&/,)&*?,
/,*+." -(7%1A,'(? 7%(., 5"/7"*+71 ;)" )"*+7" '6-"'&) 5"'%&8#&.,& /4&/,)&*?. 
C -(7%6)"0 .(7"5,)&*+."0 /,/)&4& 5"#7*2A&.,? .&"=9"#,4" ,/5"*+-"'()+
/4&/,)&*, 5"# #('*&.,&4 ' 4&/)(9 -(="%( '"#6. E( 5"#'"#.12 )%1=1 ,---(
=&-"5(/."/), %(=")6 .&"=9"#,4" "=?-()&*+." '/)%",)+ 5%&#"9%(.,)&*+.60
'&.),*+ ,*, 5%&#"9%(.,)&*+.12 $%1551, 5%&#15%&8#(2312 5"'6@&.,&
#('*&.,? .( ="*+@& A&4 0,1 G!( ."4,.(*+."$". 
!%, .($%&'(.,, #('*&.,& '"#6 ' 7")*& 5"'6@(&)/? #" 1%"'.?, 7")"%60
1/)(."'*&. ' 5%&#"9%(.,)&*+."4 7*(5(.&. B(7 7(7 '"-'%() '"#6 ' '"#"5%"'"#
.&'"-4"8&., '"#( 4"8&) 7(5()+ ,- "))"A."$" ")'&%/),? 5%&#"9%(.,)&*+."$"
7*(5(.(. N)1 '"#1 '6 4"8&)& .(5%(',)+ ' /)"7 / 5"4"3+2 /5&>,(*+."0 .(/(#7,,
7")"%12 .18." 1/)(."',)+ 5"# 5%&#"9%(.,)&*+.64 7*(5(."4. C651/7.(? )%1=(,
.(9"#?3(?/? 5"# '651/7"4 5%&#"9%(.,)&*+."$" '&.),*?, #"*8.( =6)+
5"4&3&.( ' .(5%('*&.,, 5%?4" '.,- , ' .&-(4"%"8,'(23&0 /%&#&.

A B C D E
GT 5 O 500 398 350 265
GT 5 U 500 122 350 265

GT 10 O 500 398 350 265
GT 10 U 500 122 350 265
GT 15 O 500 398 350 310
GT 15 U 500 122 350 310



<)7%6)(? (5%")"A.(?) /,/)&4( L(7%6)(? (.(5"%.(?) /,/)&4(

K/5"*.&.,& 5"# 146'(*+.,7"4 K/5"*.&.,& 5"# 146'(*+.,7"4

O&$&.#(:
1 - !%&#"9%(.,)&*+.60 '&.),*+ 7 - !%")"A.60 /4&/,)&*+.60 7%(. - .(# 146'(*+.,7"4
2 - E&'"-'%().60 '&.),*+ 7a - !%")"A.60 /4&/,)&*+.60 7%(. - 5"# 146'(*+.,7"4
3 - K/56)()&*+.60 '&.),*+ 8 - C"%".7( / 5%,/"&#,.&.,&4 7 "))"71 
4 - D&#17>,"..60 '&.),*+ #('*&.,?
5 - L(5"%.60 '&.),*+ H - P"*"#.(? '"#(
6 - K/56)()&*+.(? .(/)('7( T - B&5*(? '"#(

@%$2, 8#13%"#-%.%& : )3%2*P3#8:-%./8'& "%8-:.%& 8% 6&%%-64
"6-3*:-/ 7#)*38'( "%8-:./, -#+ +#+ 3#0*-# )3%2*P3#8:-%./8*1*
"%8-:.4  8%"*7&*$8#. 

C"#".($%&'()&*+ 4"8&)& 5"#7*2A,)+ 7 '"#"5%"'"#."0 /&), #"4( =&- %&#17>,".."$"
'&.),*? )"$#(, 7"$#( #('*&.,& ' /&), 4&.+@& 0,5 M!a. !&%&# ;*&7)%,A&/7,4
5"#7*2A&.,&4 #"*8.6 '"#".($%&'()&*+ "=?-()&*+." .(5"*.,)+ '"#"0. !%, 5&%'"4
.(5"*.&.,,, ")7%"0)& %1A71 /4&/,)&*+."$" 7%(.( #*? )F5*"0 '"#6. C"#".($%&'()&*+
.(5"*.&., 7"$#( '"#( 5%,)&A&) A&%&- /51/7.12 )%1=1 /4&/,)&*+."$" 7%(.(. 

;=IHEOGDA?D H QEDC<?GD>H=J >DC?
C"#".($%&'()&*+ #"*8&. =6)+ 5"#7*2A&. 7 ;*&7)%,A&/7"0 /&), A&%&- ;*&7)%,A&/7,0
7(=&*+ / @)&5/&*&4.  Q/*, 9"),)& #*? 5"#7*2A&.,? 7 ;*&7)%,A&/7"0 /&), 15")%&=,)+
."'60, #*,..,0 7(=&*+, )" 7(=&*+ 5%,7%&5,)& 7 7(=&*+."41 ''"#1, ( 5%"'"*"7,
7(=&*? 5%,',.),)& 7 7*&44&. C ;)"4 /*1A(& .&"=9"#,4" '"#".($%&'()&*+ ")7*2A,)+
") ;*&7)%,A&/7"0 /&),. G&8#1 '"#".($%&'()&*4 , 5"/)"?.."0 /)(."'7"0 '/)%",)&
5&%&7*2A()&*+, 7")"%60 5%&%6'(&) "=( 5"*2/( 5,)(.,?. D(//)"?.,& 4&8#1
")7%6)64, 7".)(7)(4, 5&%&7*2A()&*? #"*8." =6)+ .& 4&.&& 3 44.
!"#7*2A&.,& '"#".($%&'()&*? 7 ;*&7)%,A&/7"0 /&), #"*8." 5%",-'"#,)/? '
/"")'&)/)',, / v/)(.#(%)(4, #*? ;*&7)%,A&/7"0 5%"'"#7,.  

;<DI!;<DRIDA?D: ;%3%2 +#$2*( 3#0*-*( "* "8,-3%88*6-: "*2*8#13%"#-%.4
-3%0,%-64 %1* *047#-%./8* *-+.ST:-/ *- U.%+-3*6%-:!  

K/5"*.&.,& .(# 146'(*+.,7"4 K/5"*.&.,& .(# 146'(*+.,7"4
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O&$&.#(:
1 - B&%4"/)() 
2 - B&5*"'"0 5%&#"9%(.,)&*+
3 - E($%&'()&*+
4 - I".)%"*+.(? *(45"A7(
5 - I*&44(

L - R(-.60 5%"'"#
N - E1*&'"0 5%"'"#

- L(3,).60 5%"'"#

J9&4( ;*&7)%,A&/7"0 >&5,

;<?@DADA?D ? CDN=V>E!R?5BA?D
!"/*& 5"#7*2A&.,? 7 '"#"5%"'"#."0 , ;*&7)%,A&/7"0 /&), '"#".($%&'()&*+  $")"' #*?
15")%&=*&.,?. C%(3&.,&4 %1A7, .( )&%4"/)()&, .(9"#?3&4/? .( 5&%&#.&0 /)"%".&
-(3,)."0 7%6@7, '6=,%(&)& 8&*(&412 )&45&%()1%1 '"#6 4&8#1 25°C, 5"*"8&.,& "     "
, 75°C, 5"*"8&.,& "   ". D&7"4&.#1&)/? .(/)%"07( %1A7, ' 5"*"8&.,& "   "; B(7(?
.(/)%"07( ="*&& ;7"."4.(, 5%, ;)"0 .(/)%"07& =1#&) )&45&%()1%( '"#6 5%,=*. 55°C,
")#&*&.,& '"#?."$" 7(4.? , 5")&%? )&5*( =1#1) 4&.+@& A&4 5%, .(/)%"07(9 .( '6/@12
)&45&%()1%1. C/*&#/)',& 5%&#"9%(.&.,? '"-4"8." 1/)(."',)+ *2=12 4(7/,4(*+.12
)&45&%()1%1 '"#6 ' '"#".($%&'()&*& 5" /*&#123&41 5"/)1571:

a) <)'F%)71 '/)(',)+ ' ")'&%/),& 1 , 1/)%(.,)+ 
7%6@71 7."57, 2,

b) L()&4 "$%(.,A,)&*+ 7."57, 3 1/)(."',)+ .( 
8&*(&412 )&45&%()1%1,

C - 35 °C
B - 45 °C
A - 55 °C
O - 75 °C

c) I%6@71 7."57, 2 '."'+ '/)(',)+ .( 7"%51/ 
7."57,.

D(=")1 ;*&7)%,A&/7"$" .($%&'()&*? 5"7(-6'(&)
7".)%"*+.(? *(45"A7(, 7")"%(? $"%,) 5"7( '"#( '
.($%&'()&*& .& /"$%&&)/? #" '6=%(.."0 )&45&%()1%6

,*, #" '67*2A&.,?. Q/*, '"#".($%&'()&*+ .& =1#&)& 15")%&=*?)+ #"*+@& '%&4?,
5%&#")'%(),)& -(4"%"8,'(.,& '"#6 )(7,4 "=%(-"4 )(74, "=%(-"4, A)" &$" .& ")7*2A,)&
") ;*&7)%"/&),, ( %1A71 )&%4"/)()( 1/)(."',)& ' 5"*"8&.,& "    ". !%, ;)"0 .(/)%"07&
=1#&) .($%&'()&*+ 5"##&%8,'()+ )&45&%()1%1 '"#6 5%, 5%,=*. 9°C. Q/*, ")7*2A,)&
.($%&'()&*+ ") ;*&7)%"/&),, )" )%&=1&)/? '"#1 '/*&#/)',& "5(/."/), -(4"%"8,'(.,?
'6*,)+. J.(%18, A,/),)& .($%&'()&*+ %(/)'"%"4 /),%(*+."$" 5"%"@7(. E& 5%,4&.?0)&
%(-=',)&*, , $%1=6& /%&#/)'( #*? A,/)7,. 
D&$1*?%."0 %&4".)."0 5%"'&%7"0 "=&/5&A,)& =&-15%&A.12 %(=")1 , #"*$,0 /%"7 /*18=6
'"#".($%&'()&*?. !&%'12 5%"'&%71 #"*8.( /#&*()+ 15"*."4"A&..(? %&4".).(? /*18=(
5%,=*,-,)&*+." #'( $"#( 5"/*& 5"#7*2A&.,?. !%, 5%"'&%7& 5%"'&%,) ,-."@&.."/)+
(.),7"%%"-,0."0 -(3,)6 , 5" .&"=9"#,4"/), "A,/),) '"#?."0 7(4&.+, 7")"%60 '
-(',/,4"/), ")  7(A&/)'(, 7"*,A&/)'( , )&45&%()1%6 15")%&=*&.."0 '"#6 .(7"5,)/? '"
'.1)%&.."/), .($%&'()&*?. D&4".).(? /*18=( =1#&) ")."/,)&*+."  1/)(."'*&.."$"
/"/)"?.,?  5"/*& 7".)%"*? .($%&'()&*? %&7"4&.#"'()+ )(78& #()1 /*&#123&$" 7".)%"*?. 

;3*6:& 5#6, 8% :6)3#".4-/ "*7&*$8'% )*"3%$2%8:4 8a "*2*8#13%"#-%.%, #
8:P ,"%2*&:-% ,)*.8*&*T%88,S 3%&*8-8,S 6.,$0,. 


