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Rys. 3. M(5/!4(&/#.580$D'&625/#"'0/$#J+2&'&7/.!5/#I0+,&7#7/.!+.1(+,&)0$01(+,&5#67#.("D'Q&7/D)50&@&[&
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U.#"#'012!&I0/.!12#'!&#)*&/#$.0ID'&5#67#.("D'&7/.(12#48#&12!#+.!52'01!&2&.04505*I%+!&'(1252&R/(4B&LSB&
h1251G8(&5#/.(4"1!&!H!5"(&*60+120120&'()*+,#'!-#&78("!5&"("01#'(+,&2&4"03#'(+,F&0&10'!"&625/#"'0/$#JP&
03*6212*6&470$80&7#12E!I&4"01*&'(IJ+2#'!-#&R#5#8#&LY&:gYFYLSB&l!$(12!&'0/4"'(&7#'2!/.+,12#'!&5#67#.("D'&
[&78("52& "("01#'!&*.(4508(&.10+.1(&'./#4"&625/#"'0/$#J+2F&03!&$30&5#67#.("*&C2WT"&)(8&#1&'(E4.(&R)#&$#&
7#.2#6*&=LY&:gYFYLS&12E&'&7/.(70$5*&5#67#.("*&C2WU3F&5"D/(&#42%-1%8&'./#4"&"(35#&$#&'0/"#J+2&fYY&:gYFYL. 
mDE12+!& "!& 7/0'$#7#$#)12!& '(1250I%& .& /DE1(+,& 4"#712& .$!H!5"#'0120& 4"/*5"*/(& "(+,& 5#67#.("D'& 7#&
'()*+,#'(6& *60+12012*B& n,0/05"!/(4"(+.1!&'./#4"(&625/#"'0/$#J+2& 5#67#.("*&C2WU3& 10& -/012+(& .8%+.0&
"(+,&78("!5F&'!'1%"/.&5#67#.("*F&J'20$+.%&#&7#'4"0'012*&"06&H0.(&62G$.(6!"032+.1!IB

Próbka nr 3! azotowana
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 Próbka nr 4! azotowana

0

100

200

300

400

500

600

700

0 2000 4000 6000

Odległość od powierzchni [µm]

M
Ik

ro
tw

ar
d
o
ść

 H
V

0
,0

5

Rys. 5. M(5/!4(& /#.580$D'& 625/#"'0/$#J+2& '& 7/.!5/#I0+,& 5#67#.("D'& 7#& *60+12012*& '()*+,#'(6&
2&I0/.!12#'(6&0.#"#'012*Q&7/D)50&@j&[&5#67#.("&C2WT"F&7/D)50&Kj&[&5#67#.("&C2WU3
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U)(& 7#"'2!/$.2P& #)!+1#JP& H0.(& 62G$.(6!"032+.1!I& *"'#/.#1!I& '!'1%"/.& 5#67#.("*& C2WU3& 10& -/012+(&
.8%+.0&C2[U3&'(5#101#&.$IG+2!&7/.(&*E(+2*&625/#45#7*&4+0121-#'!-#&.&7/.(4"0'5%&_]TF&7#.'030I%+%&10&
01032.G&!3!6!1"0/1%&4580$*&+,!62+.1!-#&'(4"G7*I%+!I&H0.(&62G$.(6!"032+.1!IB&<0&/(4B&f&.0.10+.#1#&#)4.0/&
'(4"G7#'0120&"!I&H0.(&3212%&5/#75#'01%B

Ti

Al

1 2 3

4

5

Rys. 6. T"/!H0& .8%+.0& 5#67#.("*&C2WU3& 7#& 0.#"#'012*Q& 9F& \F& @S& 7*15"(& 7#620/*& 4#1$%&_]Td& KF& LS& #$+2452&
070/0"*&g2+5!/40

M(5/!4&10&/(4B&Z&2&"0)!30&9&23*4"/*I%&'(1252&01032.(&!3!6!1"0/1!I&7*15"*&9&.&/(4B&fB&V#"'2!/$.0I%&#1!&#)!+1#JP&
0"#6D'&C2&'!'1%"/.&H0.(&U3F&+#&'450.*I!&10&6#E32'#JP&'(4"G7#'0120&'&"(6&62!I4+*&H0.(&62G$.(6!"032+.1!I&
C2WU3B&M450.*I!&10&"#&/D'12!E&625/#"'0/$#JP&.62!/.#10&'&7*15"0+,&9F&\&2&@F&5"D/0&'(1#42&#$7#'2!$12#Q&RL\LF&
L9YF&L9ZS&:gYFYL.

Rys. 7. U1032.0&!3!6!1"0/10&'&7*15+2!&9&4"/!H(&.8%+.0&C2WU3

Tab. 1. h!4"0'2!12!&'(125D'&01032.(&!3!6!1"0/1!I&7*15"*&9&4"/!H(&.8%+.0&C2WU3

M(1252&23#J+2#'!&$30Q&/*$\R9S

o2120&72!/'204"50 p$.208&604#'(
>qA

r8%$&*$.208*&
604#'!-#&>qA

p$.208&0"#6#'(&
>qA

r8%$&*$.208*&
0"#6#'!-#&>qA

O K 9F@K s&YF\@ \F@= s&YFKY
U3&O ;@FL9 s&YFKY ;;F\9 s&YFK\
T2&O YF=9 s&YF9K YF=\ s&YF9K
C2&O 9KF\K sYF@K ;FKZ s&YF\9
m0.!6 9YYFYY --- 9YYFYY ---
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!:(@.<7+5.)'3/0

<0& 7#$4"0'2!& 7/.!7/#'0$.#1(+,& )0$0N&6#E10& 4"'2!/$.2PF& E!& '()*+,#'!& *60+12012!& '2!3#'0/4"'#'(+,&
5#67#.("D'&7#7/0'20&2+,&"'0/$#JP&12!&"(35#&10&7#'2!/.+,12F&03!&45*"52&'()*+,#'!-#&#)+2%E!120&'2$#+.1!&
4%&'&+08(6&7/.!5/#I*&5#67#.("*B&V/.(/#4"(&"'0/$#J+2&12!&4%&$*E!&2&'(1#4.%&#5#8#&R\Y&?&@YSqB&
l0/.!12#'!&0.#"#'012!&7#'#$*I!&.10+.1(&'./#4"&"'0/$#J+2&10&7#'2!/.+,120+,&2&+#H12G+2!&!H!5"*&*6#+12!120&
'!'1%"/.&5#67#.("*B&V#'4"0'012!& H0.(&62G$.(6!"032+.1!I&10&-/012+(&.8%+.0&C2tU3& I!4"& 45*"52!6&-8D'12!&
$8*-#"/'08!-#& #$$.208('0120& "!67!/0"*/(& 2& 4231!-#& .$!H!5"#'0120& "!-#& #)4.0/*& 7#$+.04& .-/.!'0120&
'()*+,#'!-#B

 !"#$%&!'()$*

V/0+0& 10*5#'0& c1014#'010& .!& J/#$5D'& 2124"!/4"'0& <0*52& 2& T.5#312+"'0&M(E4.!-#& 7/.!.10+.#1(+,& 10&
10*5G&'&30"0+,&\YY;&?&\Y99&I05#&7/#I!5"&)0$0'+.(&1/&b&<LYZ&Y9Kf@KB

F/80$'8+$'

& >9A& <#'0+.!'452& lBF& r#.25& rBF& V3*"0& mBF& m*$12+52& lBF& ^3E&0,(1'0" ,$O;-.+,0" N)$J09" 50J(2+,$-."
,"-02;";&$89(1'(",'02+,(E8J,+,$-."9+5N+&$JP,<&'&7/0+(&.)2#/#'!I& /!$B& 0/01$0&UBF&T080+2N452&CBF&
o!'01$#'450&UBF&` 0"!/208(&M(4#5#!1!/-!"(+.1!aF&C#6&\F&4"/B&K@tK;F&M($B&iVbF&M0/4.0'0&\Y9Y.

& >\A& ](I0& :BF&  0/01$0& UBF& <#'0+.!'452& lBF& :5+1(20" J(1'0" '" O0&N'0-&10" 5(J0E'()$" ,$O;-.+,0"

,",$8+9+010E30J$-&107"+OEPO-0"50J(2'F&i1EB& 0"B&1/&L&R9@YSFiutu&\YY\F&4B&L;=tL=\B
& >@A&  0/01$0&UBF& <#'0+.!'452& lBF& h(-6*1"& rBF&:%(NJ(-7(" &(,'08'1+,$-." 5(J0E'()P," ,$O;-.+,$-." %+"

,$O;-.+,03+"&3E&0,(1'("O2(-.F&r2*3B&MUC&@9F9=;\F\B
& >KA& r#I0/& hBF& V/.!"052!'2+.&MBF&I(J0E'()$" 50J(2+,0" &" ;%&'()05" R(&" 5'S%&$50J(2'-&1$-.6"M($B& r!33#10F&

M0/4.0'0&\YYfB
& >LA& T.532120/.&MBF& >J+N$" 1(" +81+,'0" R(&"5'S%&$50J(2'-&1$-." &" ;9)(%;" /'B:26&M($B& V#32"!+,1252& v3%452!IF&

^32'2+!&\YYZB


