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Abstract. It seems relevant to restore the continuity of metals and alloys by healing cracks in them
with the help of strong pulses of electromagnetic field. This allows you to increase the reliability
and extend the service life of materials and products made from them. Although the electric pulse
e[ect is of great practical importance, a method has not yet been developed that would allow
healing the largest volume (length) of the defect. It is especially di\cult to heal long macro cracks
in thin plates by welding their edges using electric pulse action. The purpose of this work is to
study the possibility of selecting an electric pulse mode to solve this problem. A method is described
that makes it possible to heal long microcracks in flat samples. It is a multi-stage electric pulse
treatment. Thanks to this method, it was possible to heal a significant part of the long fatigue
macrofracture in the steel plate. Studies of the microstructure of the samples, which were carried
out in cross sections, confirmed the healing mechanism. It consists in welding the edges of the
crack using molten material. In order for this to happen, the significant compressive stresses and
high temperatures were simultaneously created at the crack tip during the pulse, which led to
the melting of the steel. Experiments have revealed significant di[erences in the healing processes
along the length of the macrofracture and in depth. However, the healing quality improved with
increasing distance from the plate surface. In the healing area, elongated grains and a central zone
with equiaxed grains can be observed along the edges of the crack.
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’<=>=?@=. !"#$% &$#%’()&*+$##,- ./’0(+/1$2 3/%’$ 42140’%4 (0")15’/-

’$. 2$"607%’2+4 2#08#+- 9/&’$($2, &$’$(,0 .$:)’ ;(+20%’+ & $<(/"$2/#+=

.+&($-, .0"$- + ./&($’(0>+#, 3’$ 2 &$#03#$. +’$:0 ;(+2$6+’ & (/"()80#+=

[1–3]. ?/&+0 (/"()80#+4 .$:)’ +.0’5 %0(50"#,0 ;$%106%’2+4, 2&1=3/4 /2/(++

+ "#/3+’015#,0 ./’0(+/15#,0 ;$’0(+. @/"(/<$’&/ .0’$6$2 "/103+2/#+4 ’(0-

>+# ;$’0#*+/15#$ .$A0’ ;$2,%+’5 #/60A#$%’5 + ;($61+’5 %($& %1)A<, &$#-

%’()&*+$##,- ./’0(+/1$2 + +"601+7 +" #+-. !")30#+0 ;($*0%%/ "/103+2/#+4

6090&’$2 2 ./’0(+/1/- ;(06%’/2140’ "#/3+’015#,7 +#’0(0% 614 +%%106$2/’0-

107 [4, 5]. B$#+./#+0 .0-/#+".$2 "/103+2/#+4, $302+6#$, <)60’ %;$%$<%’2$2/’5

(/"(/<$’&0 $;’+./15#,- ;(/&’+30%&+- .0’$6$2 +- "/103+2/#+4. C D’$7 $<1/-

%’+ ;($2060# (46 +%%106$2/#+7, 2 3/%’#$%’+, 2 $’#$80#++ "/103+2/#+4 ’(0>+#

2 <+$./’0(+/1/-, ;$1+.0(/- + &0(/.+30%&+- ./’0(+/1/- [6,7], :60 +%;$15"$2/-

1+%5 (/"1+3#,0 .0’$6,, 2&1=3/4 #/#0%0#+0 ;1/".0##$:$ ;$&(,’+4 [8,9]. ?0. #0

.0#00, )%’(/#0#+0 ’(0>+# 2 .0’/11+30%&+- ./’0(+/1/- 42140’%4 "#/3+’015#$

<$100 ’()6$0.&+. ;($*0%%$., 30. 2 6():+- ./’0(+/1/-, +"-"/ 2,%$&$7 ;($3#$-

%’+ .0’/11+30%&+- %24"07 + #+"&$7 %&$($%’+ 6+99)"++ /’$.$2 2 .0’/11/- [10].

C #/%’$4>00 2(0.4 #/+<$100 (/%;($%’(/#0##,. .0’$6/.+ )%’(/#0#+4 .+&-

($’(0>+# 2 .0’/11/- + %;1/2/- 42140’%4 ’0(.+30%&/4 + ’0(.$.0-/#+30%&/4

$<(/<$’&/ [11]. E6#/&$ D’+ .0’$6, +.0=’ %)>0%’20##,7 #06$%’/’$&, "/&1=3/-

=>+7%4 2 ’$., 3’$ $#+ ;(+2$64’ & )-)680#+= .0-/#+30%&+- %2$7%’2 .0’/11/,

3’$ %24"/#$ % ($%’$. "0(0# + 6():+.+ D990&’/.+, 2$"#+&/=>+.+ ;(+ ;$2,-

80##,- ’0.;0(/’)(/- [12,13]. F($.0 ’$:$ 6/##,0 .0’$6, $30#5 ’()6$- + D#0(:$-

"/’(/’#, + ;$"2$14=’ "/103+’5 ’$15&$ .+&($%&$;+30%&+0 ’(0>+#, [14].

G15’0(#/’+2$7 ’0(.+30%&$7 + ’0(.$.0-/#+30%&$7 $<(/<$’&0 42140’%4 .0’$-

6, 2$"607%’2+0 #/ ./’0(+/1 ;$%’$4##,. +1+ +.;)15%#,. D10&’(+30%&+. ’$-

&$.. H%1+ 607%’2+0 ;$%’$4##$:$ ’$&/ "/3/%’)= D&2+2/10#’#$ &1/%%+30%&$7 ’0(-

.$$<(/<$’&0 ($’A+:)), ’$ 2$"607%’2+0 #/ .0’/11, + %;1/2, &$($’&+.+ +#’0#-

%+2#,.+ +.;)15%/.+ D10&’(+30%&$:$ ’$&/ )1)38/0’ +- ;1/%’+30%&+0 + 24"-

&$%’#,0 -/(/&’0(+%’+&+, ;$2,8/0’ +- &$(($"+$##)= %’$7&$%’5 + $6#$2(0.0##$

;(+2$6+’ & )%’(/#0#+= ("/103+2/#+=) 6090&’$2 2 ./’0(+/1/- [15–18]. I20(0#-

#,7 ($%’ +#’0(0%/ & +%;$15"$2/#+= %+15#,- +.;)15%#,- D10&’($./:#+’#,-

;$107 2 &/30%’20 %(06%’2/ ("/103+2/#+4) &/& ./&($’(0>+#, ’/& + (/%;(060-

10##,- .+&($6090&’$2 2 .0’/11+30%&+- ./’0(+/1/- #/<1=6/0’%4 2 ;$%106#00

2(0.4 [5, 15, 19–28].

C $<>0. %1)3/0, .0-/#+". "/103+2/#+4 6090&’$2 2 .0’/11/- $%#$2/# #/ 42-

10#++ &$#*0#’(/*++ D10&’(+30%&$:$ ;$14 2 20(8+#/- 6090&’$2 2 ;($2$64>+-

./’0(+/1/-, +#6)*+($2/#++ D10&’($./:#+’#,. ;$10. ’$&/ 2,%$&$7 ;1$’#$%’+

2 20(8+#/- 6090&’$2, (/%%0+2/#++ D10&’($./:#+’#$7 D#0(:++ 2 ’0;1$ 2 ./’0-

(+/10, 1$&/15#$. <,%’($. ;$2,80#++ 0:$ ’0.;0(/’)(,, ’0.;0(/’)(#$. (/%-

8+(0#++ ./’0(+/1/ 2 $&(0%’#$%’+ 20(8+#,, 2$"#+&#$20#++ .0-/#+30%&+- #/-

;(4A0#+7 2 20(8+#0 %A+./=>+- <0(0:/ ’(0>+#,, ;1/210#++, +%;/(0#++ (;(+

$;(06010##,- )%1$2+4-) ./’0(+/1/ 2 20(8+#0 ’(0>+#,, + &/& %106%’2++, %2/(-

&0 <0(0:$2 ./&($’(0>+#.
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E6#/&$ $&$#3/’015#,7 &$#%0#%)% +%%106$2/’0107 % D’+. .0-/#+".$. 0>0

;(06%’$+’ 6$%’+35. C 1+’0(/’)(0 [5,19,20,29,30] .$A#$ 2%’(0’+’5 (/"#,0 .#0-

#+4 $’#$%+’015#$ .0-/#+".$2 %2/(&+ ./&($’(0>+# 2 ;1$%&+- $<(/"*/-. J/-

3+#/4 $’ 2$"#+&#$20#+4 2 20(8+#0 ’(0>+#, #+"&$’0.;0(/’)(#$7 ;1/"., +

;0(0.0>0#+7 /’$.$2 %;1/2/ + 6$ #0&$7 KD#0(:+"/*++L (6+99)"++/;1/210#+4).

H%’0%’20##$, 3’$ 2 ’/&+- )%1$2+4-, #0 %9$(.+($2/1$%5 ;$#+./#+4, &/& ;$6$-

<(/’5 (0A+. %+15#$:$ D10&’($+.;)15%#$:$ 2$"607%’2+4, &$’$(,7 ;$"2$141 <,

"/103+’5 #/+<$158+7 $<M0. ’(0>+#,.

C,80$;+%/##,7 .0-/#+". "/103+2/#+4 ./&($’(0>+# 2 ;1$%&+- $<(/"*/- #0

"/2+%+’ $’ .0’$6/ +#6)*+($2/#+4 D10&’(+30%&$:$ ’$&/ 2 ./’0(+/10 (&$#’/&’-

#$:$ ;$%(06%’2$. ;(+%$06+#0#+4 D10&’($6$2 & $<(/"*) [15, 21, 25, 26, 31, 32] +1+

+#6)&*+$##$:$ ;$%(06%’2$. 2$"<)A60#+4 2 ;($2$6#+&0 2+-(02,- ’$&$2 [27,28].

C &$#’/&’#$. .0’$60 ;(+ <$158+- #/;(4A0#+4- 2%0:6/ +.0=’%4 %)>0%’20#-

#,0 ;$’0(+ D#0(:++ 2 #0+60/15#,- &$#’/&’/- "/ %30’ 2$"#+&#$20#+4 6):$2,-

(/"(46$2. !#6)&*+$##,7 .0’$6 2$"<)A60#+4 ’$&/ %1$A#00 (0/1+"$2/’5, $# $<-

-$6+’%4 6$($A0, 30. &$#’/&’#,7, ;$D’$.) ;(+.0#40’%4 (0A0.

C;0(2,0 #/ 2$".$A#$%’5 "/103+2/#+4 ./&($’(0>+# 2 ;1/%’+#/- +" 30(#,-

+ *20’#,- .0’/11$2 %+15#,.+ +.;)15%/.+ D10&’(+30%&$:$ ’$&/ $<(/’+1+ 2#+-

./#+0 %$20’%&+0 +%%106$2/’01+, #/3/2 +")3/’5 ;$’0#*+/15#$0 +%;$15"$2/#+0

D’$:$ D990&’/ %$ 2’$($7 ;$1$2+#, 1970-- :$6$2 [33–35].

C (/<$’0 [29] <,1 (/"(/<$’/# .0’$6 "103+2/#+4 61+##,- )%’/1$%’#,- ’(0-

>+# 2 ;1/%’+#0 +" #0(A/20=>07 %’/1+ % ;$.$>5= 2$"607%’2+4 D10&’(+30%&+.

;$10.. ?$& +#6)*+($2/1%4 2 $<(/"*0 % ;$.$>5= &$#’/&’#,- D10&’($6$2, (/%;$-

1$A0##,- 2 #0;$%(06%’20##$7 <1+"$%’+ 6(): $’ 6():/ + $’ <0(0:$2 ’(0>+#,, /

<0(0:/ (9($#’) ’(0>+#, $<(/</’,2/1+%5 %;0*+/15#,. %$%’/2$., 3’$ $<10:3/1$

+- %2/(&). N&%;0(+.0#’, ;$&/",2/=’, 3’$ ’/&$0 2$"607%’2+0 #/ ./&($’(0>+#)

;(+201$ & 0O "/103+2/#+= ;$ 2%07 61+#0 ;)’0. $<(/"$2/#+4 ;0(0.,30& .0A6)

<0(0:/.+ (&(/4.+) ’(0>+#,.

!%%106$2/#+0 [5] ;(06%’/2140’ %$<$7 ;(+.0( )%;08#$:$ "/103+2/#+4 &$($’-

&$7 ./&($’(0>+#, )%’/1$%’#$:$ ;($+%-$A60#+4 2 ;$1$%0 +" #0(A/20=>07 %’/-

1+ % ;$.$>5= (/"(/<$’/##$:$ /2’$(/.+ 62)-D’/;#$:$ (0A+./ 2$"607%’2+4 +.-

;)15%/.+ ’$&/. E’.0’+., 3’$ 6$ D’$:$ #0 )6/2/1$%5 6$%’+35 ’/&$:$ &/30%’2/

"/103+2/#+4 )%’/1$%’#$7 ./&($’(0>+#, ;$ 2%07 0O 61+#0. E;(06010#+0 $;’+-

./15#,- ;/(/.0’($2 D10&’($+.;)15%#$:$ 2$"607%’2+4, %;$%$<#$:$ $<0%;03+’5

%2/(&) <0(0:$2 ’(0>+#, + $6#$2(0.0##$ ;(06$’2(/’+’5 +%;/(0#+0 .0’/11/ +

$<(/"$2/#+0 &(/’0($2 ($’20(%’+7) 2 20(8+#/- ./&($’(0>+# 2 ;1/%’+#/-, ;(06-

%’/2140’ %$<$7 $30#5 ’()6$0.&)= "/6/3) [5]. E<(/"$2/#+0 &(/’0(/ <)60’ ;(0-

;4’%’2$2/’5 "/&(,’+= ’(0>+#, + %2/(&0 0O <0(0:$2, / 2 #0&$’$(,- )%1$2+4-

.$A0’ ;(+20%’+ & 2,-$6) +"601+4 +" %’($4 (;(+.0( $’(+*/’015#$:$ (0")15’/-

’/ D10&’($+.;)15%#$:$ 2$"607%’2+4). N’$ 4210#+0 <,1$, 2 3/%’#$%’+, (/%%.$’-

(0#$ 2 [5], :60 ;(+ 2,%$&$7 ;1$’#$%’+ ’$&/ + <$158$. &$1+30%’20 +.;)15%$2

2 20(8+#0 ./&($’(0>+#, 9$(.+($2/1%4 2,%$&+7 ’0.;0(/’)(#,7 :(/6+0#’ %



22 @. !.@+@+?JB<Q!, ).H. FBC-@Q!B ...

<$158+. (/6+)%$. #/:(02/, 3’$ ;(+2$6+1$ & $<+15#$.) ;1/210#+=, +%;/(0-

#+=, (/");($3#0#+= ./’0(+/1/ 2 $&(0%’#$%’+ 20(8+#, ’(0>+#, + +".0#0#+=

9$(., 0O <0(0:$2, 3’$, 2 %2$= $30(065, #0 ;(+2$6+1$ & "/&(,’+= ’(0>+#, +

0O %2/(&0.

E%#$2,2/4%5 #/ 2,80);$.4#)’,- +%%106$2/#+4-, .$A#$ %601/’5 2,2$6 $

’$., 3’$ 2$".$A0# ;$6<$( (0A+.$2 2$"607%’2+4 +.;)15%#,. D10&’($./:#+’-

#,. ;$10., &$’$(,0 ;(+206)’ & "/103+2/#+= ./&($’(0>+# 2 .0’/11/- + %;1/-

2/- ;(+ %$-(/#0#++ *01$%’#$%’+ .+&($%’()&’)(, 2 $<(/"*0 + )1)380#++ 0:$

.0-/#+30%&+- -/(/&’0(+%’+& "/ %30’ %2/(&+ <0(0:$2 6090&’/. B(+ D’$. 2/A-

#$ 2,<(/’5 $;’+./15#,0 (0A+. +1+ (0A+., D10&’($+.;)15%#$7 $<(/<$’&+

(/.;1+’)6,, 9$(., + 61+’015#$%’+ +.;)15%$2 ’$&/, +- ;$2’$(40.$%’5 (&$1+-

30%’2$, &$D99+*+0#’ "/;$1#0#+4) + ’.6.) 614 6/##$:$ ./’0(+/1/, 3’$<, $<0%-

;03+’5 ./&%+./15#)= 61+#) "/103+2/#+4 ("/2/(+2/#+4) ./&($’(0>+#, + $6-

#$2(0.0##$ ;(06$’2(/’+’5 +%;/(0#+0 +1+ $<(/"$2/#+0 &(/’0($2 2 ;1/%’+#/-,

;(0;4’%’2)=>00 "/&(,’+= ’(0>+#, + %2/(&0 0O <0(0:$2.

P106)0’ $’.0’+’5, 3’$ ;$.+.$ (0A+./ 2$"607%’2+4 D10&’($./:#+’#,. ;$-

10., #/ )%;0- "/103+2/#+4 ./&($’(0>+# 2 ;1$%&+- $<(/"*/- %)>0%’20##$0 21+-

4#+0 $&/",2/0’ :0$.0’(+4 ’(0>+#, + $<(/"*/, / ’/&A0 %;$%$< 0:$ "/&(0;10-

#+4 + %;$%$< ;(+%$06+#0#+4 D10&’($6$2 (0%1+ (035 +60’ $ &$#’/&’#$. .0’$60).

E%$<)= %1$A#$%’5 ;(06%’/2140’ "/103+2/#+0 61+##,- ./&($’(0>+# 2 ’$#&+-

;1/%’+#/-. !%%106$2/#+= ’/&$:$ %1)3/4 ;$%24>0#/ #/%’$4>/4 (/<$’/.

C,80 %$$<>/1$%5, 3’$ "/103+2/#+0 61+##,- ./&($’(0>+# 2 ’$#&+- ;1/%’+-

#/- ;(06%’/2140’ $%$<)= %1$A#$%’5. I;($>0##$ 6/##)= %+’)/*+= .$A#$ $<M-

4%#+’5 %106)=>+. $<(/"$..

Q1+##,.+ ’(0>+#/.+ 2 ;1$%&$. $<(/"*0 <)60. %3+’/’5 ’(0>+#,, 61+#/ a
&$’$(,- <$1580 ’$1>+#, ;1/%’+#, h, a > h (&$#03#$, ;(+ )%1$2++ 3’$ h << W
+ L, :60 W , L – 8+(+#/ + 61+#/ ;1/%’+#,, +#/30 $<(/"*, #015"4 %3+’/’5

;1$%&+.+). B(+ D’$. 61+#) ’(0>+#, %106)0’ %3+’/’5 $’ &(/4 ;1/%’+#,, ’.0.

2&1=3/4 2,(0".

! #/$<$($’, &$($’&+.+ %3+’/=’%4 ’(0>+#,, 614 &$’$(,- a < h.

C ;0(2$. %1)3/0 (61+##,- ’(0>+#) .$A#$ ;(+<1+A0##$ %3+’/’5, 3’$ 2 ;1/-

%’+#0 2 $&(0%’#$%’+ ’(0>+#, (0/1+")0’%4 ;1$%&$0 #/;(4A0##$0 %$%’$4#+0. C$

2’$($. %1)3/0 (&$($’&+- ’(0>+#) .$A#$ ;(+<1+A0##$ %3+’/’5, 3’$ 2 ;$1$%0

2 $&(0%’#$%’+ ’(0>+#, (0/1+")0’%4 ;1$%&$0 609$(.+($2/##$0 %$%’$4#+0. F/&

%$$<>/1$%5 2,80, "/103+2/#+0 ./&($’(0>+# #/3+#/0’%4 2 20(8+#0, / 614 "/2/-

(+2/#+4 0O <0(0:$2 ’(0<)0’%4, 3’$<, 2$ 2(0.4 ;($-$A60#+4 +.;)15%/ 2 #07 $6-

#$2(0.0##$ 2$"#+&/1+ "#/3+’015#,0 %A+./=>+0 #/;(4A0#+4 (3’$<, %<1+"+’5

<0(0:/ ’(0>+#, 2 20(8+#0) + ;1/210#+0 .0’/11/ 2 20(8+#0 (3’$<, %$.&#)-

’,0 <0(0:/ ’(0>+#, #0 (/"$81+%5 ;$%10 (01/&%/*++ ’0.;0(/’)(,). H%1+ D’$

$6#$2(0.0##$ ;($+%-$6+’, ’$:6/ <)60. %3+’/’5, 3’$ "/ $6+# +.;)15% "/103+2/-

0’%4 ("/2/(+2/0’%4) #0<$158$7 )3/%’$& ’(0>+#, !a 2 20(8+#0. B(06;$1$A+.

614 ;($%’$’,, 3’$ ;(+ &/A6$. ;$2’$(#$. +.;)15%0 "/103+2/0’%4 $6+#/&$2,7

;$ 61+#0 )3/%’$& ’(0>+#, !a (3’$ $<,3#$ #0 %$$’20’%’2)0’ D&%;0(+.0#’/.),
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’$:6/ 30(0" N +.;)15%$2 61+#/ ’(0>+#, ).0#58+’%4 6$ a → N · !a, / 61+#/

"/103+2/#+4 %$$’20’%’20##$ %$%’/2+’ a1 = N ·!a. ?/&+. $<(/"$., "/103+2/#+0

’(0>+#, 2 ;1/%’+#0 – D’$ 6+#/.+30%&+7 (;$%’0;0##,7) ;($*0%% ;0(0.0>0#+4

#$2$7 20(8+#, ’(0>+#, 26$15 0O 9($#’/ $’ ;0(2$#/3/15#$7 20(8+#, & 2,-

(0"). B$6<$( ;/(/.0’($2 +.;)15%/ 614 6$%’+A0#+4 $;’+./15#$7 201+3+#, !a
#/ &/A6$. D’/;0 "/103+2/#+4 ;(06%’/2140’%4 /&’)/15#$7 "/6/307.

E302+6#$, 3’$ ;(+ $6+#/&$2$7 (/%%04##$7 D10&’($./:#+’#$7 D#0(:++ 2 ./-

’0(+/10 2 %1)3/0 ;1$%&$:$ #/;(4A0##$:$ %$%’$4#+4 %A+./=>+0 #/;(4A0#+4 2

20(8+#0 <)6)’ .0#580, 30. %A+./=>+0 #/;(4A0#+4 2 %1)3/0 ;1$%&$:$ 609$(-

.+($2/##$:$. F($.0 ’$:$, (0")15’/’, #/80:$ .$601+($2/#+4 ;$ 2$"607%’2+4

+.;)15%$. ’$&/ #/ 61+##)= ’(0>+#) 2 ;1/%’+#0 [36] ;$&/",2/=’, 3’$ ;1$’-

#$%’5 ’$&/, #/:(02 + ’0;1$2$0 (/%8+(0#+0 2#)’(+ ;1/%’+#, (2<1+"+ 0O %(06+#-

#$7 ;1$%&$%’+) $&/",2/=’%4 2,80, 30. 2<1+"+ 0O ;$20(-#$%’+ (3+%10##$0 .$-

601+($2/#+0 ;($2$6+1$%5 ;(+ )%1$2++ $’%)’%’2+4 ’0;1$$<.0#/ % $&()A/=>07

%(06$7). B$D’$.) 2 ’$1%’,- ;1/%’+#/- (;$1$%/-) ;$6$<(/’5 #)A#)= ;1$’#$%’5

’$&/ $&/",2/0’%4 ;($>0 + ’(0>+#/ "/103+2/0’%4 ;$ :1)<+#0 z &/30%’20##00

(2 %.,%10 $’%)’%’2+4 2 "/1030##$7 $<1/%’+ <$158$:$ &$1+30%’2/ #0%;1$8#$-

%’07) + <,%’(00, 30. 2 ’$#&+-. B$ D’+. A0 ;(+3+#/. "/103+2/#+0 2 %(06#0.

;($+%-$6+’ 1)380 2#)’(+ ;1/%’+#, (2<1+"+ 0O %(06+##$7 ;1$%&$%’+) #0A01+

2<1+"+ 0O ;$20(-#$%’+. G2’$(, ;$1/:/=’, 3’$ ;($2060#+0 "/103+2/#+4 ;$ 2%07

61+#0 &$($’&$7 ’(0>+#, 2 ;$1$%0 2 (/<$’0 [5] (h/!=5,0/3,32=1,51), $<M4%#4-

0’%4 6/##,.+ ;(+3+#/.+. B(+2060##,0 2 [5] ’$.$:(/.., %030#+7 ;1/%’+#, 2

"/2+%.$%’+ $’ :1)<+#, z ;$6’20(A6/=’, 3’$ &/30%’2$ "/103+2/#+4 )1)38/0’-

%4 % :1)<+#$7 + 6$%’+:/0’ ./&%+.)./ 2<1+"+ %(06+##$7 ;1$%&$%’+ ;1/%’+#,.

R0. ’$1>0 ;1/%’+#/ + <$1580 $’#$80#+0 h/!, ’0. <1+A0 %$%’$4#+0 2 0O 20(-

8+#0 & ;1$%&$7 609$(./*++ + ’0. 1)380 <)60’ "/103+2/’5%4 ’(0>+#/ 2 ’$1>0

;1/%’+#,.
S/.0’+., 3’$ ;(+ (/%%./’(+2/0.,- 2(0.0#/- 2$"607%’2+4 .$A#$ $<$%#$2/#-

#$ ;(0#0<(035 &$#20&*+07, #$ 2%O A0 +.00’ .0%’$ 1)3+%’,7 ’0;1$$<.0#. !"-"/

1)3+%’$:$ ’0;1$$<.0#/ 2 ;(+;$20(-#$%’#,- %1$4 ./’0(+/1/ #/:(02 ;($+%-$-

6+’ .0610##00, / (01/&%/*+4 ’0.;0(/’)(, - <,%’(00, 30. 2#)’(+. N’$ ;(+2$6+’

& <$15807 #0$6#$($6#$%’+ ’0.;0(/’)(#$:$ ;$14 ;$ :1)<+#0, .0#580.) ’0;1$-

2$.) (/%8+(0#+= ./’0(+/1/ 2<1+"+ ;$20(-#$%’+ +, &/& %106%’2+0, .0#58+.

%A+./=>+. #/;(4A0#+4. 2 20(8+#0 2<1+"+ ;$20(-#$%’+, 3’$ ’/&A0 .$A0’

;(+2$6+’5 & )-)680#+= "/103+2/#+4 ("/2/(+2/#+4) <0(0:$2 ’(0>+#, 2 ;(+;$-

20(-#$%’#,- %1$4-.

1. 6AB=C@AD @ E=BF>@GA HGIJ=C@E=?BA. C &/30%’20 ./’0(+/1/ +%%10-

6$2/#+4 %1)A+1/ #0(A/20=>/4 %’/15 ./(&+ 12T15U9JQ (<1+A/78+7 /.0(+-

&/#%&+7 /#/1$: an austenitic chromium nickel-manganese stainless steel- AISI201).

Q/##/4 %’/15 42140’%4 <$100 D&$#$.+3#,. 2/(+/#’$./"/.0#+’010. 6$($:$%’$-

4>+- -($.$#+&0102,- 2,%$&$10:+($2/##,- %’/107. E<(/"*, 614 +%%106$2/#+7

<,1+ 2,(0"/#, +" ;($.,810##$7 10#’, 2 %$%’$4#++ ;$%’/2&+. !" 10#’, 2,-

(0"/1+%5 ;1/%’+#, (/".0($. 120,0↑18,2↑0,7... C ;1/%’+#/- #/ (/%%’$4#++
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60.. $’ $6#$:$ +" &$#*$2 D10&’($+%&($2,. .0’$6$. 601/1%4 &(/02$7 2,(0"

0,3↑2,0↑0,7.. % "/&():10##$7 20(8+#$7 (&$#3+&$.). Q/100 2,(0"/##,0 ;1/-

%’+#, ;$620(:/1+%5 )%’/1$%’#,. #/:()A0#+4., .0’$6+&/ &$’$(,- ;(+2060#/

2 <$100 (/##07 (/<$’0 /2’$($2 [37]. C (0")15’/’0 $’ 2,(0"/ 2 ;1/%’+#0 ;($(/%-

’/1+ (9$(.+($2/1+%5) 61+##,0 )%’/1$%’#,0 ./&($’(0>+#,, +.0=>+0 61+#,

5,75-8,85 .. ((+%. 1). ?/&+. $<(/"$., 20(8+#/ ’(0>+#, #/-$6+1/%5 $’ &(/4

;1/%’+#, #/ (/%%’$4#++ 7,8-9,9 ...

@+%. 1. C+6 $<(/"*/ 2 $<1/%’+ ;($($>0##$7 61+##$7

)%’/1$%’#$7 ’(0>+#,. P+%’0./ &$$(6+#/’, XY – 2 ;1$%&$%’+

;1/%’+#,

Q14 $*0#&+ 2$".$A#$%’+ "/103+2/#+4 ./&($’(0>+#, ;)’0. 2$"607%’2+4 #/

#0O +.;)15%#,. D10&’($./:#+’#,. ;$10. & $<(/"*/., A0%’&$ "/9+&%+($2/#-

#,. 2 .06#,- "/A+./--D10&’($6/-, ;$62$6+1%4 +.;)15%#,7 ’$&. @/%%’$4#+0

.0A6) D10&’($6/.+ %$%’/2141$ 38... ?(0>+#/ (/%;$1/:/1/%5 ;$%0(06+#0 .0A-

6) D10&’($6/.+. N10&’($+.;)15%#/4 $<(/<$’&/ $<(/"*$2 ;($2$6+1/%5 % ;$.$-

>5= :0#0(/’$(/ +.;)15%#$:$ D10&’($./:#+’#$:$ ;$14 U!?-20-40 #/ %;0*+/15-

#$ (/"(/<$’/##$7 1/<$(/’$(#$7 )%’/#$2&0, %-0./’+3#$ ;$&/"/##$7 #/ (+%. 2(/).

P ;$.$>5= )%’/#$2&+ 2 $<(/"*/- +#6)*+($2/1+%5 +.;)15%, ’$&/ % 9$(.$7

+.;)15%/, ;$&/"/##$7 #/ (+%. 2(b). ?/&+. $<(/"$., 2 #/8+- D&%;0(+.0#’/- #/-

;(/210#+0 20&’$(/ ;1$’#$%’+ ’$&/ #/ D10&’($6/- <,1$ ;0(;0#6+&)14(#$ 9($#-

’) (<0(0:/.) ’(0>+#,, ’.0. ’$& <,1 #/;(/210# 26$15 $%+ Y. V1$& );(/210#+4

:0#0(/’$(/ #/%’(/+2/0’ ;/(/.0’(, <1$&/ "/(46/ 2 (0A+.0 "/(46/ + "/.,&/0’

0:$ #/ </’/(0= &$#60#%/’$($2. C (0A+.0 (/"(46/, &/& ;$&/"/#$ #/ %-0.0, </’/-

(04 &$#60#%/’$($2 "/.&#)’/ 2 *0;5 % $<(/"*$. 30(0" :/"$2,7 (/"(46#+&. F/&

’$15&$ % <1$&/ );(/210#+4 #/ (/"(46#+& ;$%’);/0’ +.;)15% ;$6A+:/, </’/(04
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&$#60#%/’$($2 #/3+#/0’ (/"(4A/’5%4 30(0" "/A+.,-D10&’($6, + $<(/"0*, 6$

;(0(,2/#+4 *0;+ (/"(46#+&$..

@+%. 2. P-0./ 1/<$(/’$(#$7 )%’/#$2&+ (a), ’+;+3#/4 9$(./

+.;)15%/ ’$&/ 2 $<(/"*0 (b)

W/&%+./15#,7 ;$1$A+’015#,7 ’$& 2 +.;)15%/- 2/(5+($2/1%4 2 8+($&$.

6+/;/"$#0 $’ 2,6 6$ 28,2 &G (;1$’#$%’5 ’$&/ $’ 179 6$ 1937 G/..
2
), / ./&%+-

./15#,7 $’(+*/’015#,7 ’$& - $’ -1,6 6$ -17,7 &G (;1$’#$%’5 ’$&/ $’ -110 6$

-1216 G/..
2
). B0(+$6 ;$ 2(0.0#+ ;$660(A+2/1%4 2 6+/;/"$#0 69-74 .&% (3/%’$-

’/ ↓13,3 &U*). B($.0A)’$& 2(0.0#+ .0A6) +.;)15%/.+ 60 %0&.

P *015= ;$6$<(/’5 $;,’#,. ;)’0. $;’+./15#,7 (0A+. D10&’($+.;)15%#$:$

2$"607%’2+4 & $<(/"*/. ;(+&1/6,2/1+%5 &/& $6+#$3#,0 +.;)15%, ’$&/ $6+#/-

&$2$7 ;1$’#$%’+, ’/& + %0(++ (;$%106$2/’015#$%’+ $6+#/&$2,- ;$ ./&%+./15-

#$7 /.;1+’)60) +.;)15%$2 % +".0#4=>07%4 ;1$’#$%’5= ’$&/ + ;$2’$(40.$%’5=.

C$"#+&#$20#+0 1$&/15#,- 609$(./*+7 2 $<1/%’+ ’(0>+#, +1+ +%&($2$7 ;($-

<$7 #/ 0O <0(0:/- &$#’($1+($2/1+%5 $;’+30%&+.+ .+&($%&$;/.+.

B$%10 ;($;)%&/#+4 +.;)15%$2 ;$20(-#$%’5 ;1/%’+#, % 62)- %’$($# +%%106$-

2/1/%5 #/ $;’+30%&$. .+&($%&$;0 Zeiss Axio Imager.D1m 2 6+990(0#*+/15#$

– +#’0(90(0#*+$##$. &$#’(/%’0 ;(+ )201+30#+4- $’ -100 6$ -2000 #/ ;(06.0’

$*0#&+ "/2/(+2/#+4 <0(0:$2 ’(0>+# + :0$.0’(++ (61+#, + 8+(+#,) "/1030##$7

$<1/%’+.

!%%106$2/#+0 .+&($%’()&’)(, 2 +%-$6#$. %$%’$4#++ + ;$%10 D10&’($+.-

;)15%#$7 $<(/<$’&+ ;($2$6+1+ %$ %’$($#, ;$;0(30##$:$ %030#+4 $<(/"*$2

(;1$%&$%’5 ZY). F($.0 ’$:$, ;$%10 D10&’($+.;)15%#$7 $<(/<$’&+ /#/1+" .+&-

($%’()&’)(, $%)>0%’2141+ 2 %030#++ ;1/%’+#,, %601/##$. 2 $<1/%’+ #$2$7

20(8+#, "/1030##$7 )%’/1$%’#$7 ’(0>+#, (%030#+0 A-A, (+%. 3).

Q0’/15#$0 +%%106$2/#+0 .+&($%’()&’)(, + electron backscatter diXraction

(EBSD) /#/1+" ;($2$6+1+ #/ %&/#+()=>0. D10&’($##$. .+&($%&$;0 (PNW)
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TESCAN MIRA ;(+ )%&$(4=>0. #/;(4A0#++ 20 &C. P’/’+%’+30%&+7 /#/1+"

6/##,-, 2 ’$. 3+%10 $*0#&/ %(06#0:$ (/".0(/ "0(0#, <,1 ;($2060# % +%;$15"$-

2/#+0. 2%’($0##$:$ ;($:(/..#$:$ ;/&0’/ KCHANNEL 5.0L ;(+ 6$20(+’015#$7

20($4’#$%’+ 95%. F/(’, EBSD 614 &/A6$:$ %$%’$4#+4 ./’0(+/1/ <,1+ ;$1)-

30#, % 8/:$. %&/#+($2/#+4 0,3 .&., ./&%+./15#$ 6$;)%’+./4 $8+<&/ 2 $;(0-

6010#++ $(+0#’+($2&+ %$%’/2+1/ 2
→
. R+%1$ 1+#+7 F+&)3+, +%;$15")0.,- 614

+#60&%/*++ 6+9(/&*+$##,- &/(’+#, %$%’/2141$ #0 .0#00 5. R’$<, ;$2,%+’5

#/60A#$%’5 ;$1)30##,- EBSD 6/##,- ;(+ /#/1+"0 &(+%’/11$:(/9+30%&$7 (/-

"$(+0#’+($2&+ "0(0#, $<1/%’+, %$%’$4>+0 +" ;4’+ ’$30& + .0#00, )6/141+%5 &/&

#0#/60A#,0 [38]. J/ ;$1)30##,- &/(’/- (/"$(+0#’/*+7 (/"1+3#,0 &(+%’/11$-

:(/9+30%&+0 $(+0#’+($2&+ ;$&/"/#, (/"1+3#,.+ *20’/.+. U(/#+*, % (/"$(+-

0#’+($2&/.+ $’ 2 6$ 15
→

%3+’/1+%5 ./1$):1$2,.+ (LABs), / % (/"$(+0#’+($2-

&/.+ <$100 15
→

- 2,%$&$):1$2,.+ :(/#+*/.+ (HABs); 62$7#+&$2,0 :(/#+*, ”3
$<$"#/30#, &/& TB. F$1+30%’20##,7 /#/1+" %’()&’)( ;($2$6+1+ %$:1/%#$ (0-

&$.0#6/*+4. (UEP? 21073.0-75). S/ (/".0( "0(#/ ;(+#+./1%4 D&2+2/10#’#,7

6+/.0’( <0" )30’/ 62$7#+&$2,- :(/#+*.

2. -=KLDMBABN HGIJ=C@E=?BF<. C (0")15’/’0 D&%;0(+.0#’$2 614 61+#-

#$7 ’(0>+#, (h/!=0,7/7,75=0,11) <,1 ;(+.0#0# (0A+. D10&’($+.;)15%#$7 $<-

(/<$’&+, ;/(/.0’(, &$’$($7 ;(+2060#, 2 ?/<1+*0 1. E<(/’+. 2#+./#+0, 3’$

6/##,0 ;/(/.0’(, $’1+3/=’%4 ;$ %)>0%’2) $’ ;(+2060##,- 2 (/<$’0 [5], 2 &$-

’$($7 2$"607%’2+0 $%)>0%’2141$%5 2 62/ D’/;/ (%0(++ ;$ 20 + 30 +.;)15%$2)

% $6+#/&$2,.+ ;/(/.0’(/.+ +.;)15%/, ’$:6/ &/& 2 #/80. %1)3/0 D’+- D’/-

;$2 $&/",2/0’%4 6 (D’$ ;$6’20(A6/0’ 2,80$;+%/##,7 .0-/#+". ;$%’0;0##$:$

"/103+2/#+4 ./&($’(0>+# 2 ;1/%’+#/-), % +".0#4=>+.+%4 #/ &/A6$. D’/;0

;/(/.0’(/.+ +.;)15%/.

J/ ;$%106#0. D’/;0 2 #$2$7 20(8+#0 ’(0>+#, $<(/"$2/1%4 &(/’0( ((+%. 3).

E<(/"$2/#+0 &(/’0(/ ;$6’20(A6/0’, 3’$ 2 $<1/%’+ 26$15 9($#’/ ’(0>+#, $’

0O ;0(2$#/3/15#$7 20(8+#, + 6$ &(/’0(/ ;($2$6+.$%’5 ./’0(+/1/ .0A6) <0-

(0:/.+ ’(0>+#, 2$%%’/#$210#/, / ’(0>+#/ "/1030#/. J0$<-$6+.$ $’.0’+’5, 3’$

2$"607%’2+0 #/ 61+##)= ’(0>+#) +.;)15%/.+ (%0(+4.+ +.;)15%$2) % ;1$’#$-

%’4.+ ’$&/ ;$(46&/ 10
3

G/..
2

+ 61+’015#$%’4.+ <$100 500 .&% [5, 26,31,32,39]

;(+2$6+’ & $<(/"$2/#+= &(/’0(/ 2 ;0(2$#/3/15#$7 20(8+#0 ’(0>+#, + +%&1=-

3/0’ 6/15#07800 "/2/(+2/#+0 0O <0(0:$2.

B(+ 2,<(/##$. (0A+.0 2$"607%’2+4 )6/1$%5 "/103+’5 520 .&. )%’/1$%’#$7

’(0>+#, (;(+ ;0(2$#/3/15#$7 61+#0 – 5750 .&.), $’%3+’,2/4 $’ 0O ;0(2$#/-

3/15#$7 20(8+#,, 3’$ %$%’/2140’ 9,0% $’ ;0(2$#/3/15#$7 61+#, ’(0>+#,. T$-

’4 ;($*0#’ "/103+2/#+4 #0 201+&, ’0. #0 .0#00, )3+’,2/4, 3’$ ’(0>+#/ 61+#-

#/4, /<%$1=’#/4 61+#/ "/103+2/#+4 %$;$%’/2+./ % 61+#/.+ "/103+2/#+4 ’(0-

>+# 2 [5, 19–21, 25–28, 31, 32, 39], &$’$(,0 %$%’/2141+ $’ 260 .&. 6$ 1350 .&..

!%&1=30#+0 %$%’/214=’ (/<$’, [29, 30], 2 &$’$(,- 61+#/ "/103+2/#+4 %/.$7

61+##$7 ’(0>+#, %$%’/2+1/ 2250 .&.. E6#/&$ ;(4.$0 %(/2#0#+0 D’+- 61+# "/-

103+2/#+4 #0 &$((0&’#$, ;$%&$15&) 2 [29, 30], 2 $’1+3+0 $’ #/%’$4>07 (/<$’,,

614 $<10:30#+4 "/103+2/#+4 <,1+ %$"6/#, %;0*+/15#,0 )%1$2+4, / +.0##$ -
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6$ 2$"607%’2+4 ’$&$. <0(0:/ ’(0>+#, <,1+ $3+>0#, $’ $&+%1$2 + $<(/<$’/#,

%;0*+/15#,.+ #+&015%$60(A/>+.+ %$%’/2/.+, / &$#’/&’#,0 D10&’($6, <,1+

;$6%$06+#0#,, ’/& 3’$<, ’$& ;($’0&/1 26$15 2%0:$ 9($#’/ ’(0>+#, 2 ;($’+2$-

;$1$A#,- #/;(/210#+4-. C #/8+- D&%;0(+.0#’/- <0(0:/ ’(0>+#, %;0*+/15#$

#0 ;$6:$’/21+2/1+%5, / ’$& ;($’0&/1 ;0(;0#6+&)14(#$ 9($#’) (<0(0:/.) ’(0-

>+#, (26$15 $%+ " ), 3’$ "/’()6#41$ ;($*0%% "/103+2/#+4.

?/<1+*/ 1. I%1$2+4 D10&’($+.;)15%#$:$ 2$"607%’2+4.

O HBAJA
<FK>=P-
IB<@Q

6AGI@EADM?AQ JDFB-
?FIBM BFGA < @EJLDM-
I=
4FDFR@B=DM?AQ/
5BC@SAB=DM?AQ
(G"/EE2)

9FD@T=IB<F
@EJLDMIF<
KA HBAJ

)D@B=DM-
?FIBM
@EJLDM-
IA
(EGI)

%AIBFBA
(G3S)

1. 179/-110 2 111 13,3

2. 211/-133 2 110 13,3

3. 453/-283 2 109 13,3

4. 1190/-556 3 107 13,3

5. 1383/-865 3 106 13,3

6. 1937/-1216 1 103 13,3

J/ (+%. 4 2+6#$, 3’$ "/2/(+2/#+0 <0(0:$2 ’(0>+#, #/ ;$20(-#$%’+ ;($+%-

-$6+1$ .0%’/.+, ;)’0. $<(/"$2/#+4 ;0(0.,30& .0A6) <0(0:/.+ ’(0>+#,, D’+

.0%’/ $<2060#, #/ (+%)#&0 &()A&/.+. C 6/##,- .0%’/- 2<1+"+ <0(0:$2 ’(0>+-

#, ;$42+1+%5 $<1/%’+ % .01&+. "0(#$.. N’$ #$2,0 "O(#/, &$’$(,0 2$"#+&1+

;$%10 (01/&%/*++ ’0.;0(/’)(, + <,%’($7 &(+%’/11+"/*++ (/%;1/2/. C6/1+ $’

’(0>+#, 2+6#, <$158+0 "O(#/ +%-$6#$7 .+&($%’()&’)(, %’/1+. !%%106$2/#+0

.+&($%’()&’)(, ;$&/"/1$, 3’$ D10&’($+.;)15%#/4 $<(/<$’&/ $<(/"*/ ;(+20-

1/ & 3/%’+3#$.) (/%;1/210#+= ./’0(+/1/ ;$ <0(0:/. )%’/1$%’#$7 ’(0>+#, "/

%30’ &$#*0#’(/*++ D10&’($./:#+’#$:$ ;$14 2 0O #$2$7 20(8+#0, ;$D’/;#$.)

"/;$1#0#+= ’(0>+#, (/%;1/2$. + &(+%’/11+"/*++ (/%;1/210##$:$ ./’0(+/1/.

S/2/(+2/#+0 ’(0>+#, 1)380 ;($+%-$6+’ 2#)’(+ ;1/%’+#, + %$$’20’%’20#-

#$ -)A0 #/ ;$20(-#$%’+, B$6’20(A60#+0 D’$:$ 9/&’/ 2,4210#$ D&%;0(+.0#-

’/15#$. B$1#$%’5= "/2/(0##,0 )3/%’&+ ’(0>+#, .$A#$ )2+60’5, 0%1+ %$81+-

9$2/’5 3/%’5 ./’0(+/1/ % ;$20(-#$%’+ 2:1)<5 ;$ $%+ z +1+ %601/’5 (/"(0" 2

$<1/%’+ &(/’0(/ (%030#+0 A-A #/ (+%. 3 (b)) ;1/%’+#, ;1$%&$%’5= ;0(;0#6+&)-

14(#$7 9($#’) ’(0>+#,. W+&($%’()&’)(/ ./’0(+/1/ 2 D’$. %030#++ ;$&/"/#/

#/ (+%. 2.

J/ D’$. (+%)#&0 %’(01&/.+ $<$"#/30#, #0"/1030##,0 )3/%’&+ ’(0>+#, 2<1+-

"+ ;$20(-#$%’+ ;1/%’+#,. G ’/&A0 ;$1#$%’5= "/1030##,0 - 2 :1)<+#0 $<(/"*/.

E’%=6/ %106)0’, 3’$ ;$%’0;0##$0 "/103+2/#+0 ’(0>+#, ;($+%-$6+’ 2#)’(+ $<-

(/"*/, 2 ’$ 2(0.4 &/& #0"/1030##,0 )3/%’&+ ’(0>+#,, 2,-$64>+0 #/ ;$20(--

#$%’5 ;1/%’+#,, %$-(/#4=’%4. J/<1=6/0’%4 %+15#/4 #0$6#$($6#$%’5 "/103+2/-

#+4 ’(0>+#, ;$ ’$1>+#0 ;1/%’+#,.
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@+%. 3. W+&($%’()&’)(/ #/ ;$20(-#$%’+ ;1/%’+#, 2 $<1/%’+

"/1030##$7 ’(0>+#, 6$ D10&’($+.;)15%#$7 $<(/<$’&+ (a) +

;$%10 D10&’($+.;)15%#$7 $<(/<$’&+ (b) ($;’+30%&/4

.+&($%&$;+4). P’(01&$7 ;$&/"/# &(/’0( ($’20(%’+0) 2

;1/%’+#0, $<(/"$2/28+7%4 2 (0")15’/’0 D10&’($./:#+’#$:$

2$"607%’2+4

B$%&$15&) (/"(0" <,1 %601/# 2 $<1/%’+ &(/’0(/, #/ #0. 2+6#$ $;1/210##$0

$’20(%’+0 2 $<1/%’+ %(06+##$7 ;1$%&$%’+ ;1/%’+#,, 2 &$’$($7 2$ 2(0.4 ;($-

-$A60#+4 +.;)15%/ +.00’ .0%’$ ./&%+./15#,7 #/:(02, +, &/& %106%’2+0, ;($-

+%-$6+’ ;1/210#+0 + +%;/(0#+0 ./’0(+/1/ 2 #$2$7 20(8+#0, %$;($2$A6/0.,0

2,<($%$. (/%;1/210##$:$ .0’/11/ 26$15 9($#’/ ’(0>+#, (;$6$<#,7 D990&’

#/<1=6/1%4 2 (/<$’0 [40]). P+1/ Y$(0#*/ 2 20(8+#0 #/;(/210#/ 2 %’$($#) ;(4-

.$ ;($’+2$;$1$A#)= #/;(/210#+= 2,<($%/, ;$D’$.) ;$1/:/0., 3’$ 6/##$0 $’-

20(%’+0 42140’%4 (0")15’/’$. 2"(,2/ (+"-"/ <,%’($:$ +%;/(0#+4 ./’0(+/1/ 2$

2(0.4 ;($-$A60#+4 +.;)15%/) 2 20(8+#0 ’(0>+#,, 2 ;($*0%%0 &$’$($:$ $&()-

A/=>+7 (/%;1/210##,7 .0’/11 2,<(/%,2/0’%4 +" 20(8+#, 2#)’(5 ’(0>+#,.

B$%10 2"(,2/ + $<(/"$2/#+4 $’20(%’+4 ;($+%-$6+’ 6$%’/’$3#$ <,%’($0 ;$%10-

6)=>00 $%’,2/#+0 $&()A/=>0:$ ./’0(+/1/ "/ %30’ ’0;1$;($2$6#$%’+. E<(/"$-

2/#+0 &(/’0(/ %)>0%’20##$ )201+3+2/0’ (/6+)% &(+2+"#, 2 20(8+#0 ’(0>+#,

+ ).0#58/0’ ;1$’#$%’5 ’$&/ + &$#*0#’(/*+= .0-/#+30%&+- #/;(4A0#+7.

F2/6(/’$. #/ (+%. 5 2,6010#/ "/1030##/4 $<1/%’5, 614 &$’$($7 ;($2$6+1%4

/#/1+" .+&($%’()&’)(, .0’$6$. EBSD, %.. (+%. 8.
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@+%. 4. W+&($%’()&’)(/ #/ ;$1+($2/##$7 ;$20(-#$%’+ ;1/%’+#, 2

$<1/%’+ "/1030##$7 ’(0>+#, ;$%10 D10&’($+.;)15%#$7 $<(/<$’&+

(&$#’(/%’ +"$<(/A0#+4 +11=%’(+()0’ &/30%’2$ &/(’+# F+&)3+ 2

EBSD /#/1+"0: 2 <$100 ’0.#,- $<1/%’4- +#9$(./*++ 614

$;(06010#+4 (/"$(+0#’+($2$& &(+%’/11$2 #06$%’/’$3#$). F()A&/.+

$<2060#, $<1/%’+ % .01&+. "0(#$., 2 &$’$(,- <0(0:/ ’(0>+#,

$&/"/1+%5 "/1030#, "/&(+%’/11+"$2/##,. (/%;1/2$. - $<(/"$2/1+%5

;0(0.,3&+

@+%. 5. PNW .+&($%’()&’)(/ 2 ;$;0(03#$. %030#++ ;1/%’+#, ;$%10

D10&’($+.;)15%#$7 $<(/<$’&+ (BSE (0A+. %M0.&+). P’(01&/.+

;$&/"/#, #0"/1030##,0 )3/%’&+ )%’/1$%’#$7 ’(0>+# 2<1+"+

;$20(-#$%’+ ;1/%’+#,. F2/6(/’$. 2,6010#/ "/1030##/4 $<1/%’5, 2

&$’$($7 ;($2$6+1%4 EBSD /#/1+"

!%-$6#/4 .+&($%’()&’)(/ 2 %$%’$4#++ ;$%’/2&+ ;(06%’/2140’ %$<$7 (0&(+-

%’/11+"$2/##,0 /)%’0#+’#,0 "0(#/, <1+"&+0 & (/2#$$%#,. ((+%. 6). C D’+- "0(-

#/- .$A#$ #/<1=6/’5 06+#+3#,0 ./1$):1$2,0 :(/#+*, + <$158$0 &$1+30%’2$

62$7#+&$2 609$(./*++ ((+%. 6(b)), 6$14 &$’$(,- %$%’/2140’ fTB=29% ((+%.

6(%)). ?/&A0 2+6#$, 3’$ %’()&’)(/ #0$6#$($6#/4 + +.00’ <+.$6/15#,7 -/(/&-

’0( (/%;(06010#+4 "0(0# ;$ (/".0(/. % 1$&/15#,.+ ./&%+.)./.+ ;(+ 0,75 .&.

+ 24,5 .&., ;(+30. $%#$2#$0 &$1+30%’2$ "0(0# %$%’/214=’ "0(#/ % (/".0(/.+

<$100 3 .&. ((+%. 6). B(+ D’$. %(06#+7 (/".0( "0(0# %$%’/2140’ 13.8±0.6 .&..

J/ &/(’0 1$&/15#$7 (/"$(+0#’+($2&+ #/<1=6/0’%4 *20’$2$7 &$#’(/%’, &$’$(,7

.$A#$ $’#0%’+ & 609$(.+($2/##$.) %$%’$4#+= ((+%. 6(d)).

J/ (+%. 8 ;(06%’/210#, (0")15’/’, ;($2060##$:$ EBSD /#/1+" 614 "/1030#-

#$7 $<1/%’+, $’.030##$7 &2/6(/’$. #/ (+%. 5. C+6#$, 3’$ ;$ $<0+. %’$($#/. $’

"/1030##$7 ’(0>+#, ($<1/%’+ G #/ (+%. 8(/)) #/<1=6/=’%4 )3/%’&+ % (/"2+’$7
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@+%. 6. W+&($%’()&’)(/ %’/1+ AISI201 2 +%-$6#$. %$%’$4#++:

$(+0#’/*+$##/4 &/(’/ 2 *20’/- $<(/’#$7 ;$1=%#$7 9+:)(, (a), &/(’/

(/%;(06010#+4 :(/#+* ;$ ):1/. (/"$(+0#’+($2&+ (b), :+%’$:(/../

(/%;(06010#+4 :(/#+* ;$ ):1/. (/"$(+0#’+($2&+ (c), &/(’/ 1$&/15#$7

(/"$(+0#’+($2&+ (*20’, %$:1/%#$ ;(+206O##$7 8&/10, ;$&/",2/0’ ):$1

(/"$(+0#’+($2&+ 614 ./1$):1$2,- :(/#+*, .0#00 5
→
) (d)

%)<%’()&’)($7 2#)’(+ +%-$6#,- /)%’0#+’#,- "0(0# (;$ %(/2#0#+= % +%-$6#,.

%$%’$4#+0. 6$14 HABs ).0#58/0’%4 % f HABs=94% 6$ f HABs=63%); 2 D’+- $<-

1/%’4- #/ &/(’/- 1$&/15#$7 (/"$(+0#’+($2&+ "0(0# ;(0$<1/6/0’ "01O#,7 *20’,

%.. (+%. 8(%). F($.0 ’$:$, ).0#58/0’%4 6$14 62$7#+&$2,- :(/#+* ;$ %(/2#0#+=

% +%-$6#,. %$%’$4#+0. ((+%. 9(a)).

B$%10 D10&’($+.;)15%#$7 $<(/<$’&+ (#/ .0%’0 )%’/1$%’#$7 ’(0>+#,) 9$(-

.+()0’%4 #0$6#$($6#/4 .01&$"0(#+%’/4 .+&($%’()&’)(/ &(+%’/11+"/*+$##$:$
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@+%. 7. U+%’$:(/.., (/%;(06010#+4 "0(0# ;$ (/".0(/. 2 +%-$6#$. %$%’$4#++

+ 2 $<1/%’+ "/1030##$7 ’(0>+#, ;$%10 D10&’($+.;)15%#$7 $<(/<$’&+

;($+%-$A60#+4 ((+%. 8). J/<1=6/0’%4 81079 +" ;(0+.)>0%’20##$ 2,’4#)’,-

2 #/;(/210#++ "/1030##$7 ’(0>+#, "0(0# ;$ $<$+. <0(0:/. ’(0>+#, + %’()&-

’)(/, <1+"&/4 & (/2#$$%#$7, 2 *0#’(0 "/1030##$7 ’(0>+#, .0A6) 81079/.+ %

2,’4#)’,.+ "0(#/.+. E6#/&$, #0%.$’(4 #/ &/30%’20##)= #0$6#$($6#$%’5 .+&-

($%’()&’)(, 2 "$#0 "/1030##$7 ’(0>+#,, (/%;(06010#+0 "0(0# ;$ (/".0(/.

<1+"&$ & #$(./15#$.) ((+%. 7). B(+ D’$. %(06#+7 (/".0( "0(0# 2 $<1/%’+ "/10-

30##$7 ’(0>+#, %$%’/2140’ 6.1±0.4 .&.. C#)’(+ /)%’0#+’#,- "0(0# &(+%’/1-

1+"/*+$##$:$ ;($+%-$A60#+4 #/<1=6/=’%4 06+#+3#,0 ./1$):1$2,0 :(/#+*,

(;(+ D’$. 6$14 HABs $%’/0’%4 #/ 2,%$&$. )($2#0, fHABs=83%) + #0<$158$0 &$-

1+30%’2$ 62$7#+&$2 ($%’/, 6$14 &$’$(,- %$%’/2140’ fTB=15% ((+%. 9(b)). B(+

D’$. "#/3+.$:$ *20’$2$:$ &$#’(/%’/ #/ &/(’/- 1$&/15#$7 (/"$(+0#’+($2&+ "0-

(0# 2 D’$7 $<1/%’+ #0 #/<1=6/0’%4 ((+%. 8(c)). J/<1=6/0.,0 2 "/1030##$7 $<-

1/%’+ ;$ <0(0:/. ’(0>+#, "$#/ 81079/ % 2,’4#)’,.+ + *0#’(/15#/4 "$#/

% (/2#$$%#,.+ "0(#/.+ %2+60’015%’2)0’ $ ;$%’0;0##$. $%’,2/#++ (/%;1/2/ 2

’(0>+#0. J/1+3+0 ’/&$7 .+&($%’()&’)(, 2 "/1030##$7 $<1/%’+ ;$6’20(A6/0’,

3’$ <0(0:/ ’(0>+#, <,1+ %2/(0#, 2 (0")15’/’0 D10&’($+.;)15%#$:$ 2$"607-

%’2+4 2 %$$’20’%’2+0 % 2,80$;+%/##,. .0-/#+".$..

?/&+. $<(/"$., 2 $<1/%’+ "/1030##$7 ’(0>+#, $<(/")0’%4 )1)380##/4 .+&-

($%’()&’)(/, &$’$(/4 42140’%4 (0")15’/’$. (/%%./’(+2/0.$:$ 2$"607%’2+4 +.-

;)15%#,. ’$&$., 3’$ <1/:$;(+4’#$ %&/A0’%4 #/ .0-/#+30%&+- -/(/&’0(+%’+&/-

./’0(+/1/ 2 D’$7 $<1/%’+.
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@+%. 8. @0")15’/’, EBSD /#/1+"/ 614 "/1030##$7 $<1/%’+. R0(#,.+

’$3&/.+ 2,6010#, "$#, "/1030##$7 ’(0>+#,, +11=%’(+()=>+0

81079 % 2,’4#)’,.+ "0(#/.+ ;$ <0(0:/. ’(0>+# + *0#’(/15#)=

$<1/%’5 % "0(#/.+, <1+"&+.+ & (/2#$$%#,.. B$&/"/#,

$(+0#’/*+$##/4 &/(’/ 2 *20’/- $<(/’#$7 ;$1=%#$7 9+:)(, (a), &/(’/

(/%;(06010#+4 :(/#+* ;$ ):1/. (/"$(+0#’+($2&+ (b), &/(’/

1$&/15#$7 (/"$(+0#’+($2&+ (c)

C $%’/15#$. $<M0.0 $<(/"*/ ("/ +%&1=30#+0. "/1030##$7 $<1/%’+) %$-(/#4-

0’%4 +%-$6#/4 .+&($%’()&’)(/ %’/1+, &$’$(/4 2 (0")15’/’0 D10&’($./:#+’#$:$

2$"607%’2+4 ;(/&’+30%&+ #0 +".0#+1/%5.

’N<F>N. S/103+2/#+0 ’(0>+# 2 .0’/11+30%&+- +"601+4- ;$%(06%’2$.

"/2/(+2/#+4 +- <0(0:$2 2 (0")15’/’0 D10&’($+.;)15%#$7 $<(/<$’&+ ;(06%’/2-

140’ "#/3+’015#,7 +#’0(0%, ;$%&$15&) ;$"2$140’ )1)38+’5 D&%;1)/’/*+$##,0
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@+%. 9. U+%’$:(/../ (/%;(06010#+4 :(/#+* ;$ ):1/. (/"$(+0#’+($2&+ 2 (a)

;(+:(/#+3#$7 & )%’/1$%’#$7 ’(0>+#0 $<1/%’+ G ((+%. 8(/)) + (b) 2 $<1/%’+ C

((+%. 8(/)) "/1030##$7 ’(0>+#,

-/(/&’0(+%’+&+ +"601+7. C $’1+3+0 $’ D10&’($+.;)15%#$7 $<(/<$’&+, ’(/6+-

*+$##,0 ’0(.+30%&+0 + ’0(.$.0-/#+30%&+0 .0’$6, #0 ;$"2$14=’ "/103+2/’5

<$158+0 (./&($%&$;+30%&+0) ’(0>+#, 2 $<(/"*/-.

C #/%’$4>07 (/<$’0 (/%%.$’(0# .0-/#+". "/103+2/#+4 61+##,- ./&($’(0-
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