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!" #$%&'()**" +,*-(" .'/01'2" 3#&*,*%" 4,*5%&$+/(6&" &*7#'/'833" /$9*,#'2"

4*,*:,3%&$//39$;33" 4','1:'+<7" -$&*,3$/'+=" >&3" &*7#'/'833" 5$6&" +'9-'?#'%&0"

%'95$+$&0" 5*&$/3" %/'?#'2" @',-<" 9$" %A*&" Bd-:'-4$:&3,'+$#3(C" $" &$:?*" @',-3,'+$&0"

395*/3("%" 8,$53*#&'-"4',3%&'%&3C"39-*#((" &*7#'/'83A*%:3*"4$,$-*&,<"4,';*%%$="D,'-*"

E#3:$/0#<7" &*7#'/'83A*%:37" +'9-'?#'%&*2C" F&3" -*&'5<" 4,*5%&$+/(6&" 3#&*,*%" %" &'A:3"

9,*#3(" @',-3,'+$#3(" #*'.<A#<7" %&,E:&E,#<7" %'%&'(#32=" " G%'.<*" E%/'+3("

:,3%&$//39$;33C" $" 3-*##'C" +<%':3*" %:','%&3" #$8,*+$" 3" '7/$?5*#3(" H4',(5:$" IJ
5
!K%), 

4,3+'5(&":"+'9#3:#'+*#36"#*,$+#'+*%#<7 %&,E:&E,C"A&'"4'9+'/(*&"#$5*(&0%("#$"#$/3A3*"

E"#37 '%'.<7"%+'2%&+="L$##$(",$.'&$"#$4,$+/*#$"#$"39EA*#3*"'%'.*##'%&*2"%&,E:&E,<"3

%+'2%&+"$E%&*#3&#'8'"%4/$+$"AISI 316L 4'%/*"/$9*,#'2"4*,*:,3%&$//39$;33=

F1.,3)1(G$)$;,.-<)5)

!"5$##'2 ,$.'&*"/$9*,#'2 4*,*:,3%&$//39$;33 4'5+*,8$/%("4','1':"$E%&*#3&#'8'"

%4/$+$"AISI 316LC" %'%&$+" :'&','8'" 4,*5%&$+/*#" +" &$./3;*" I=" M','1':" .</" 4'/EA*#" 39"

,$%4/$+$"-*&'5'-"8$9'+'2 $&'-39$;33C"3"*8'"53%4*,%#'%&0"%'%&$+/(/$"NO"-:- H%-=",3%=IP.
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75L@)K5,-

U3-3A*%:32"%'%&$+C"4'/EA*##<2"-3:,',*#&8*#'%4*:&,$/0#<2"$#$/39'-

H-:51$

)I;,3,+),

=-<,3/1+),$J(,;,+.19$6,2B$K

Si Cr Mn Fe Ni Mo

Spectrum 1 0.76 17.69 1.11 66.26 11.13 3.05

Spectrum 2 0.81 18.03 1.05 65.44 11.58 3.08

Spectrum 3 0.84 17.79 1.06 67.07 10.97 2.26

Spectrum 4 0.84 18.09 1.27 65.97 11.07 2.76

Spectrum 5 0.83 17.75 1.10 65.84 11.50 2.98

Spectrum 6 0.86 18.09 1.28 65.64 11.36 2.78

Spectrum 7 0.92 17.63 0.93 65.79 11.64 3.09

Spectrum 8 0.87 18.22 1.25 65.45 11.35 2.86

G5#3-"39"-*&'5'+"/$9*,#'2"4*,*:,3%&$//39$;33"4','1:'+<7"-$&*,3$/'+"(+/(*&%("

%*/*:&3+#'*" /$9*,#'*" 4/$+/*#3* HSVMP. W$" ,3%E#:*" I 4,*5%&$+/*#$" %7*-$" 5$##'8'"

4,';*%%$. !"5$##'-"-*&'5*"#$"4'5/'?:E"4'5$*&%(" &'#:32" %/'2"4','1:'+'8'"-$&*,3$/$C"

9$&*-" %" 4'-')06" %4*;3$/0#'8'" ,'/3:$" 4','1':" ,$%4,*5*/(*&%(" ,$+#'-*,#'" 3"

'.,$.$&<+$*&%(" %:$#3,E6)3-" /$9*,#<-" 4EA:'-="M'5+*,8#E&<2" /$9*,#'-E" +'95*2%&+36"

4','1':" ,$%4/$+/(*&%(" 3" 'A*#0" .<%&,'" '7/$?5$*&%( ./$8'5$,(" -$%%3+#'2" 4'5/'?:*" 39"

$E%&*#3&#'2"%&$/3= S:$#3,'+$#3*"/$9*,$"+'%4,'39+'53&"'5#'"39"%*A*#32".E5E)*2"5*&$/3="

L$/**C" 4'5$A$" 4','1:'+'8'" -$&*,3$/$C" *8'" ,$%4,*5*/*#3*" 3" '.,$.'&:$" /$9*,'-"

4'+&',(*&%(" -#'8':,$&#'" 5'" 4'/EA*#3(" 8'&'+'2" 5*&$/3" 9$5$##'2" @',-<=" S/*5E*&"

'&-*&3&0C"A&'"4,3"'4,*5*/*##'-"4'5.',*"4$,$-*&,'+"5$##'8'"-*&'5$ /$9*,#'2"'.,$.'&:3"

:$?5<2" EA$%&':" '.X*-$" -$&*,3$/$" 4'5+*,8$*&%(" -#'8':,$&#'2" 4*,*4/$+:*C" &=:=" 8/E.3#$"

9'#<"4/$+/*#3("4,*+<1$*&"&'/)3#E"'5#'8'"%/'("4','1:$C"$"4,3"%:$#3,'+$#33"/$9*,$"4'"

4'+*,7#'%&3C"9'#<"4/$+/*#3("4*,*:,<+$6&%("4'"13,3#*=
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Y3%="I="S7*-$"E%&$#'+:3"5/("%*/*:&3+#'8'"/$9*,#'8'"4/$+/*#3(

!"5$##'2",$.'&*"5/("4,'+*5*#3("4,';*%%$"SVM 3%4'/09'+$/$%0"E%&$#'+:$"Z[\]^_-

PM100 [3`=" >&$" E%&$#'+:$" '%#$)*#$" +'/':'##<-" /$9*,'-" #*4,*,<+#'8'" 39/EA*#3(" %"

5/3#'2" +'/#<" IJTO #-="!" 7'5*" F:%4*,3-*#&$"-')#'%&0" /$9*,#'8'"39/EA*#3(" %'%&$+/(/$"

50 !&C"%:','%&0"%:$#3,'+$#3("/$9*,#'8'"4EA:$ " 100 --K%C",$9-*,"@':E%3,E6)*8'"4(&#$"

#$"4'+*,7#'%&3"4','1:$"" 70 -:-="M,';*%%"4,'+'53/%("+"9$)3&#'2"$&-'%@*,*"$9'&$"4,3"

&*-4*,$&E,*"aJ!S="M'5/'?:'2"%/E?3/"$E%&*#3&#<2"%4/$+"bc-19%Cr-10%Ni-2%Mn-1%Si-

0.03%C.

S&,E:&E,$" $E%&*#3&#'8'" %4/$+$" 4'%/*" SVM" 3%%/*5'+$/$%0" -*&'5'-"

-*&$//'8,$@3A*%:'8'" $#$/39$C" %" 4'-')06" ,$%&,'+'2" 3" 4,'%+*A3+$6)*2" F/*:&,'##'2"

-3:,'%:'433=" d%%/*5'+$#3(" %&,E:&E,<" 4,'+'53/3%0" :$:" +" 4,'5'/0#'-C" &$:" 3" +"

4'4*,*A#'-" %*A*#3(7=" Q*&'5'-" ,*#&8*#'%&,E:&E,#'8'" $#$/39$" '4,*5*/(/%(" @$9'+<2"

%'%&$+"%4/$+$C"4$,$-*&,",*1*&:3"$E%&*#3&#'8'"&+*,5'8'",$%&+',$"3"@393A*%:'*"E13,*#3*"

,*#&8*#'+%:37"/3#32="e$:?*"4,'+'53/3%0"9$-*,<"-3:,'&+*,5'%&3"%4/$+$=

d%%/*5'+$#3(" 4,'+'53/3%0" :$:" +" 3%7'5#'-" %'%&'(#33C" &$:" 3" 4'%/*" '&?38'+" 4,3"

&*-4*,$&E,$7"'&"IJJ !S 5'"I160 !S.
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L,I4(M.1.G )$)N$-O24/<,+),

Y3%="N="Q*&$//'8,$@3A*%:$("%&,E:&E,$"$E%&*#3&#'8'"%4/$+$

W$" ,3%E#:*" N 4,3+*5*#$" -*&$//'8,$@3A*%:$(" %&,E:&E,$" $E%&*#3&#'8'" %4/$+$C"

4'/EA*##'8'" -*&'5'-" SVM=" !" 4'4*,*A#'-" %*A*#33 4,3" -$/*#0:'-" E+*/3A*#33" 7','1'"

+35#$"f&,*:'+$(g"%&,E:&E,$C"7$,$:&*,#$("5/("F&'8'"-*&'5$ 4'/EA*#3("'.X*:&'+. !"%*A*#33

@$:&3A*%:3"#$./65$6&%( .<+13* +$##<",$%4/$+/*##'8'"-*&$//$="S,*5#(("8/E.3#$"+$##<

%'%&$+/(*&"OJ -:-C"$"** 13,3#$ 70-100 -:-="

!" %*A*#33C 4$,$//*/0#'-" 4'+*,7#'%&3C" '.,$.$&<+$*-'2" /$9*,'-C" 7','1'"

,$9/3A3-$" %&,$&*83(" 4/$+/*#3(" – :,*%&" #$" :,*%&C" &'" *%&0" '53#" %/'2" /$9*," %:$#3,E*&" %"

9$4$5$" #$" +'%&':C" $" 5,E8'2" " %" %*+*,$" #$" 68 (%-=" ,3%=3). d-*##'" F&'" 3" '.*%4*A3+$*&"

@',-3,'+$#3*" #*.'/01'2" &*:%&E,<C" '.#$,E?*##'2" 4,3" ,*#&8*#'%&,E:&E,#'-" $#$/39* +"

5$##<7"%*A*#3(7.
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Y3%="B="Q*&$//'8,$@3A*%:$("%&,E:&E,$"4,3"NJJ-'-"E+*/3A*#33

M,3" E+*/3A*#33" #1000 .</'" +<(+/*#'" #$/3A3*" -*/:'53%4*,%#'2" %&,E:&E,<"

+#E&,3" :$?5'8'" &,*:$ (%-=" ,3%=4)=" h'/**" 4'5,'.#'" F&$" %&,E:&E,$" .</$" 39EA*#$" -*&'5'-"

,$%&,'+'2"F/*:&,'##'2"-3:,'%:'433"HY>QP="

Y3%="i="Q*&$//'8,$@3A*%:$("%&,E:&E,$"4,3"E+*/3A*#33"IJJJ

W$",3%= 5 4,3+*5*#$"%&,E:&E,$"%4/$+$C 4'/EA*##$( -*&'5'-"Y>Q="d9",3%E#:$"

7','1'"+35#', A&'"%&,E:&E,$"3-**&"&$: #$9<+$*-<2 (A*3%&<2 7$,$:&*,="!35#'C"A&'"
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(A*2:3",$9/3A#'"',3*#&3,'+$#<":"4/'%:'%&3"1/3@$"3"'.X*53#*#<"+"%+'*'.,$9#<*"

5'-*#<C"+#E&,3":'&',<7"'&5*/0#<*"(A*2:3"3-*6&"-$/<2"E8'/",$9',3*#&3,'+:3"5,E8"

'&#'%3&*/0#'"5,E8$.

 

W$" ,3%E#:*" j 3" +" &$./3;*" I 4,3+*5*#<" ,*9E/0&$&< -3:,',*#&8*#'+%:'8'"

%4*:&,$/0#'8'""$#$/39$=" Q3:,',*#&8*#'%4*:&,$/0#<2"$#$/39 4':$9<+$*&C"A&'"73-3A*%:32"

%'%&$+"+#E&,3"&,*:$"3"#$"*8'"8,$#3;$7"+"4,*5*/$7"4'8,*1#'%&3"-*&'5$ #*"'&/3A$*&%(.

 

Y3%="j="Q3:,',*#&8*#'%4*:&,$/0#<2"$#$/39C"&'A:3"%X*-$

Y3%="O="S&,E:&E,$"4'/A*##$(C",$%&,'+'2"F/*:&,'##'2"-3:,'%:'43*2
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e$:?*" (A*3%&$(" %&,E:&E,$" 3%%/*5'+$/$%0" -*&'5'-" 4,'%+*A3+$6)*2" F/*:&,'##'2"

-3:,'%:'433" HM>Q). L$##<-" -*&'5'-" E%&$#'+/*#'C" A&'" (A*2:3" 4,*5%&$+/(6&" %'.'2"

%+'.'5#<2" '&" 53%/':$;32" '.Xk-" -$&*,3$/$C" ':,E?k##<2" 8,$#3;*2C" 4,*5%&$+/(6)*2"

%'.'2" '.X*-#'*" %4/*&*#3*" 53%/':$;32 (%-=" ,3%=T). d9+*%&#'C" A&'" 4'5'.#E6 %&,E:&E,E

3-*6&" %4/$+<C" 4'5+*,8#E&<* %3/0#'2" 4/$%&3A*%:'2" 5*@',-$;33" [2,3]. G.,$9'+$#3*"

5*@',-$;3'##'2 %&,E:&E,<" -'?*&" .<&0" %+(9$#'" %" 5*2%&+3*-" .'/0137" &*,-3A*%:37"

#$4,(?*#32C"+'9#3:$6)37"+%/*5%&+3*"+<%':37"%:','%&*2"'7/$?5*#3(=

Y3%="T="M,'%+*A3+$6)$("F/*:&,'##$("-3:,'%:'43(

L/(" '4,*5*/*#3(" &*,-3A*%:'2" %&$.3/0#'%&3" (A*3%&'2" %&,E:&E,<" +" $E%&*#3&#<7"

%4/$+$7C"4'/EA*##<7"SVMC"%4/$+".</"4'5+*,8#E&"'&?38$-"+"3#&*,+$/*"&*-4*,$&E,"'&"IJJ"

5'" IJjJ !S" +" &*A*#3*" I A=" W$" ,3%E#:*" a 4,*5%&$+/*#$" -3:,'%&,E:&E,$" %4/$+$" 4'%/*"

,$9/3A#<7" '&?38'+C" 4'/EA*##$(" %" 4'-')06" -*&$//'8,$@3A*%:'8'" $#$/39$=" d9" ,3%E#:$"

+35#'C" A&'" '&?38" 5'" aJJ !S" #*" +<(+/(*& %E)*%&+*##<7" 39-*#*#32" +" -3:,'%&,E:&E,*"

%4/$+$= G5#$:'C" '&?383" 4,3" .'/**" +<%':37" &*-4*,$&E,$7" 4,3+'5(&" :" 4'%&*4*##'-E"

%/3(#36"'&5*/0#<7"(A**:"+".'/**":,E4#<*"3"4*,*7'5E"%&,E:&E,<":"4,3+<A#'2"%&,E:&E,*"

'5#'@$9#'8'" $E%&*#3&#'8'" &+*,5'8'" ,$%&+',$="W$" ,3%E#:*" 4,*5%&$+/*#$" %&,E:&E,$" %&$/3"

4'%/*"4'/#'8'"'&?38$"IIjJ"!S I"A$%"H,3%=II).
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Y3%="a="Q3,'%&,E:&E,$"4'%/*"'&?38$"aJJ!S

 

Y3%="l="Q3:,'%&,E:&E,$"4'%/*"'&?38$"IJjJ !S

 

Y*9E/0&$&<" ,$%&,'+'2" F/*:&,'##'2" -3:,'%:'433" :',,*/3,E6&" %" ,*9E/0&$&$-3"

-*&$//'8,$@3A*%:'8'"$#$/39$="

W$",3%E#:*"10 4,*5%&$+/*#$"9$+3%3-'%&0"9#$A*#3("-3:,'&+*,5'%&3"'&"&*-4*,$&E,<"

'&?38$="d9"8,$@3:$"9$+3%3-'%&3"+35#'C"A&'"-3:,'&+*,5'%&0"%4/$+$"'%&$*&%("#*39-*##'2"

5'"600 !SC"5$/**"#$./65$*&%("4'%&*4*##'*"%#3?*#3*"9#$A*#3("-3:,'&+*,5'&3=
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Y3%="IJ="m$+3%3-'%&0"-3:,'&+*,5'%&3"'&"&*-4*,$&E,<

Y*#&8*#'%&,E:&E,#<-" $#$/39'-" .</'" '4,*5*/*#'C" A&'" %4/$+" 3-**&" '5#'@$9#E6"

%&,E:&E,E"$E%&*#3&$=

D,'-*"&'8'C"&*-4*,$&E,<"@$9'+'-%&,E:&E,#<7"4,*+,$)*#32 +"%4/$+*"'4,*5*/(/3%0"

-*&'5'-" 53@@*,*#;3$/0#'2" %:$#3,E6)*2" :$/',3-*&,33" HLSDP #$" 4,3.',*"

NEZTSCHDSC 404 F1=""L/("F&'8'".</3 +<,*9$#<"'.,$9;<"-$%%'2"4,3./393&*/0#'"O-7 -8="

e*,-3A*%:$(" %&$.3/0#'%&0" 3%%/*5'+$/$%0" -*&'5'-" 53@@*,*#;3$/0#'2" %:$#3,E6)*2"

:$/',3-*&,33="L$##<2"-*&'5"%'%&'3&"+"4'%&,'*#33"9$+3%3-'%&3":,3+'2"LSDH"-:!K-8"3/3"

-:!&K-8P" '&" &*-4*,$&E,<=" M,3.'," @3:%3,E*&" 39-*#*#3*" &*,-'>LS" -*?5E" F&$/'#'-           

H4E%&<-"&38/*-P, +":'&','-"#*"4,'3%7'53&"#3:$:37"4,*+,$)*#32"3"&38/*-"%"'.,$9;'-C"+"

4,';*%%*" 37" %3#7,'##'8'" #$8,*+$" 3/3" '7/$?5*#3(" %" 4'%&'(##'2" :'#&,'/3,E*-'2"

%:','%&06=" n%/3" +" '.,$9;*" 4,'&*:$6&" :$:3*-/3.'" %&,E:&E,#'-@$9'+<*" 4,*+,$)*#3(C"

%'4,'+'?5$6)3*%(" &*4/'+<-" F@@*:&'-C" &'" '#3" '&'.,$?$6&%(" #$" :,3+'2" LSD" +" +35*"

43:'+" 3/3" '&:/'#*#32" '&" .$9'+'2" /3#33=" >:%4*,3-*#&" +:/6A$/" +" %*.(" ,(5"

39'&*,-3A*%:32"'&?38'+ HopjJ -3#P"+"3#&*,+$/*"&*-4*,$&E,"'&"IJJ ºS"5'"IIJJ ºS"%"1$8'-""

100 ºSC"#$8,*+"'.,$9;'+"5'"IIJJ ºS"3"37"4'%/*5E6)**"'7/$?5*#3*-. W$",3%E#:$7"I1 3"I2

4,3+*5*#<":,3+<*"LSD"5/("39'&*,-3A*%:37"'&?38'+"4,3"&*-4*,$&E,$7"jJJC"aJJ=

210 

220 

230 

240 
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260 

270 

0 100 200 300 400 500 600 700 800 900 1000 1100 1200 
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Y3%="II=""D,3+$("LSD"'.,$9;$"39"%4/$+$"SS316 LT=600ºCopIA=C"I- :,3+$("LSDHt) 2 –

&*-4*,$&E,$HtP"C"85*"t- +,*-("+"-3#="V#$8,pIJDK-3#"V'7/=10KK-3#

 

Y3%="IN="D,3+$("LSD"'.,$9;$"39"%4/$+$"SS316 L T=800ºC opIA=C"I- :,3+$("LSDHt) 2 –

&*-4*,$&E,$HtP"C"85*"t- +,*-("+"-3#="V#$8,pIJDK-3#"V'7/=10KK-3#

d9 LSD" 9$+3%3-'%&*2C" 4'/EA*##<7" 4,3" 4'%&'(##'2" &*-4*,$&E,*C" +35#'C" A&'" +'"

+,*-("'&?38$"&*4/'+<*"F@@*:&<"#*"#$./65$6&%(="Y*9:3*"39-*#*#3(":,3+'2"+'9#3:$6&"+"

,*9E/0&$&*"%-*#<",*?3-$"4*A3"H%"4'%&'(##'8'"#$8,*+$"#$"39'&*,-3A*%:E6"+<5*,?:E"3"%"

39'&*,-3A*%:'2" +<5*,?:3" #$" '7/$?5*#3*P=" e$:" ?*" .</'" 4,'+*,*#'C" A&'" #*.'/01'2"

4,'+$/":,3+'2"LSD"4,3"'7/$?5*#33C"#$A3#$6)32%("%"&*-4*,$&E,<"NJJ ºS, #*"%+(9$#"%"

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

W$",3%E#:*"I3 -<"+353-"'&:/'#*#3*"F:%4*,3-*#&$/0#'2":,3+'2"5/("$E%&*#3&#'8'"

%4/$+$C"4'/EA*##'8'"-*&'5'-"SVM '& &$:"#$9<+$*-'2".$9'+'2":,3+'2= W$"5$##'-",3%E#:*"
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&$:?*"4,*5%&$+/*#$",$%%A3&$##$("4/')$50"-*?5E"F:%4*,3-*#&$/0#'2":,3+'2"3".$93%#'2=

>&'&" F@@*:&" %'%&$+/(*&" q[=9186-1860=7326 -L? (E5*/0#$(" &*4/'&$"

(7326 -L?PKB=a -8pIlNT=l"L?K8P"3"#$./65$*&%("+ 3#&*,+$/*"&*-4*,$&E,"BJJ ºS-800 ºS=

Y3%. IB="D,3+$("LSDC"#$8,*+"5'"aJJ="m*/*#$("– :,3+$("LSD"'.,$9;$"S3#(("– .$9'+$("
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