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	���
���. �#"�+!-� �/#�"$!*;%��� <�-�=#����� � -��$�$#%"�#%��/#�"$!*;%��� !%!*�>�?, ! "!�@# -#"�+�- �/#�"$!*;%��� !%!*�>! "*#AB#-
�� $!>$�+! (GD-OES), /�>?�*�AB�- �/$#+#*�"; ��%F#%"$!F�� H*#-#%"�? /��*�I%�, ���*#+�?!%J ���&#%%��"� /$�F#��! !>�"�$�?!%�� "#<-
%�=#����� �/*!?! Fe  –  3  %  Si ? �%"#$?!*# "#-/#$!"'$ 500  –  1000  °�. �>�"�$�?!%�# /$�?�+�*��; � ��/�*;>�?!%�#- �$���%!*;%�I '�"!%�?-
��, ? ��"�$�I �%#$"%JI �!>-%���"#*; (95  %  N2  +  5  %  H2 ) %!�JB!*�� /!$!-� NH3 , /$�<�+� =#$#> ?�+%JI $!�"?�$ /��*#+%#��. ��"!%�?*#%J 
�/"�-!*;%J# /!$!-#"$J /$�F#��! !>�"�$�?!%��. Q$� !>�"�$�?!%�� �/*!?! Fe  –  3  %  Si /��*# �&#>'�*#$�@�?!AB#�� �"@��! ��%�?%�# ��-
*�=#�"?� !>�"! %!<�+�"�� ? /�+/�?#$<%��"%�- �*�# -!"#$�!*! >! >�%�I ?%'"$#%%#�� ����*#%�� ? ?�+# +��/#$�%�I R!>J Si3N4 . Q�?JT#%�# 
!>�"�$'AB#�� /�"#%F�!*! !"-��R#$J /$�?�+�" � R�$-�$�?!%�A ? >�%# ?%'"$#%%#�� ����*#%�� !'�"#%�"!, ="� '<'+T!#" R�$-�$�?!%�# 
H*#�"$��>�*�F��%%��� /��$J"�� /$� /��*#+'AB#I �&$!&�"�#. � /$�F#��# ?J����"#-/#$!"'$%��� �"@��! /$� %!�$#?# $!%## !>�"�$�?!%-
%��� �/*!?! Fe  –  3  %  Si %!&*A+!#"�� '-#%;T#%�# ��%F#%"$!F�� !>�"!. Q#$#+ %!=!*�- /$�F#��! !%�-!*;%��� $��"! >#$#% ��"!"�=%�# ��*�-
=#�"?� !>�"! ���"?#"�"?'#" ��%F#%"$!F�� !*A-�%�� ? -!"#$�!*#. 

�������� �����: "#<%�=#���I �/*!? Fe – 3 % Si, $#�$��"!**�>!F��%%�-�&#>'�*#$�@�?!AB�I �"@��, !>�"�$�?!%�#, ?J����"#-/#$!"'$%JI �"-
@��, %�"$�+J, !'�"#%�", H*#�"$��>�*�F��%%�# /��$J"�#.

� /��*#+%## ?$#-� ? -�$�?�- /$��>?�+�"?# 
H*#�"$� "#<%�=#���I !%�>�"$�/%�I �"!*� (U��, "$!%�-
R�$-!"�$%!� �"!*;, "#<%�=#���I �/*!? Fe  –  3  %  Si) 
?�# &�*;T# ?�>$!�"!#" +�*� -!"#$�!*!, �>��"�?*#%-
%��� /� -#"�+' /$��&$#"#%%��� �%��&�"�$! [1  –  4]. 
Q$��>?�+�" ?� U�� /� H"�-' -#"�+' ? �!=#�"?# �&�-
>!"#*;%�I "#<%�*���=#� ��I �/#$!F�� ?�*A=!#" <�-
-���-"#$-�=#��'A �&$!&�"�' (���), ! �-#%%�, 
!>�"�$�?!%�# �"!*;%�I /�*��J /��*# $#�$��"!**�>!-
F��%%�-�&#>'�*#$�@�?!AB#�� �"@��! ? !"-��R#$#, 
��+#$@!B#I !--�!� (NH3 ).

��-���-"#$-�=#��!� �&$!&�"�! "#<%�=#����� �/*!-
?! Fe  –  3  %  Si <!$!�"#$�>'#"�� $�+�- �"*�=�"#*;%J< 
���&#%%��"#I /� �$!?%#%�A � T�$��� $!�/$��"$!%#%-
%�I �/#$!F�#I !>�"�$�?!%�� �!� /�?#$<%��"%�I '/$�=-
%�AB#I �&$!&�"��I �"!*#I. ��%�?%�# �"*�=�# ���"��" 
? "�-, ="� !>�"�$�?!%�# �/*!?! Fe  –  3  %  Si �-##" F#*;A 
%# �&$!>�?!%�# /��$J"�� ? ?�+# +��"!"�=%� "�%���� 
�*��, ! ��>+!%�# ?� ?�#- �&V#-# -!"#$�!*! -#*��+��-
/#$�%�I R!>J (AlN), >!-#+*�AB#I ��&�$!"#*;%'A 
$#�$��"!**�>!F�A /$� �*#+'AB#- >! ��� ?J����-
"#-/#$!"'$%�- �"@��#. �*#+�"?�#- H"��� �?*�#"�� 
�$!?%�"#*;%� %�>��# ��*�=#�"?� !>�"!, ?%#+$�#-�# ? 
�/*!?, �, ���"?#"�"?#%%�, �?#$<��$�"��# ?$#-#%! (�#-
�'%+J, -!���-!*;%� – -�%'"J) ��� [5 – 7].

�$'��I �"*�=�"#*;%�I =#$"�I ��� �/*!?! Fe  –  3  %  Si 
�?*�#"�� "�, ="� !>�"�$�?!%�# /$�?�+�"�� /��*# $#-
�$��"!**�>!F��%%�-�&#>'�*#$�@�?!AB#�� �"@��!, 
?  $#>'*;"!"# ��"�$��� R!>�?JI ���"!? � �"$'�"'$! /�-
?#$<%��"� ��!>J?!A"�� �'B#�"?#%%� �>-#%#%%J-� /� 
�"%�T#%�A � ��%�?%�-' �&V#-' -!"#$�!*! [8]. �!��- 
�&$!>�-, !>�"�$'#"�� %# ��&�"?#%%� �/*!? Fe  –  3  %  Si, ! 

��>+!%%!� %! #�� /�?#$<%��"� ? $#>'*;"!"# /$#+T#�"?'A-
B#I �&$!&�"�� >�%! ?%'"$#%%#�� ����*#%��.

�!�@# /$� !>�"�$�?!%�� �/*!?! Fe  –  3  %  Si %#�&-
<�+�-� '=�"J?!";, ="� �%� %# �?*�#"�� ���%=!"#*;%�I 
�&$!&�"��I -!"#$�!*!. Q$� �*#+'AB#- >! ��� ?J��-
��"#-/#$!"'$%�- �"@��# (���) ? /$�F#��# %!�$#?! >! 
�=#" ?>!�-�+#I�"?�� $!%## %!%#�#%%��� "#$-��"�I���� 
/��$J"�� (/�$�T���&$!>%JI MgO) � /�?#$<%��";A -!-
"#$�!*! %! %#I �&$!>'#"�� "!� %!>J?!#-JI �$'%"�?JI 
�*�I (Mg, Fe)2SiO4 – ?!@%!� �'B#�"?#%%!� =!�"; %#�&-
<�+�-��� +*� U�� H*#�"$��>�*�F��%%��� /��$J"��. 
�! ���%=!"#*;%�I �"!+�� ��� >! �=#" ?>!�-�+#I�"?�� 
/�?#$<%��"� � ?�+�$�+%�I !"-��R#$�I /$���<�+�" $!-
R�%�$�?!%�# -!"#$�!*! �" %#-#"!**�=#���< /$�-#�#I 
(? ��%�?%�- �#$J � !>�"!), �-#AB## F#*;A �%�@#%�# 
'+#*;%J< -!�%�"%J< /�"#$; ��"�?��� /$�+'�"!. �!-
��- �&$!>�-, +*� �&#�/#=#%�� %#�&<�+�-��� �!=#�"?! 
U�� !>�"�$�?!%�# %# +�*@%� ?*��"; (/� �$!I%# -#$# 
�'B#�" ?#%%�) %! /$�"#�!AB�# /$� ?J����"#-/#$!"'$-
%�- �"@��# ? /�?#$<%��"� �"!*� /$�F#��J.

Y#*; %!�"��B#I $!&�"J – '�"!%�?*#%�# ���&#%%�-
�"#I !>�"�$�?!%�� /�?#$<%��"� �/*!?! Fe  –  3  %  Si � �< 
?*��%�� %! /$�F#��J, $#!*�>'AB�#�� ? -!"#$�!*# /$� 
�*#+'AB#- >! ��� ?J����"#-/#$!"'$%�- �"@��#. 

� �!=#�"?# ��<�+%��� -!"#$�!*! ���*#+�?!%�� ��-
/�*;>�?!*��; ��$�=#�!"!%J# �&$!>FJ "#<%�=#����� 
�/*!?! Fe  –  3  %  Si, /� <�-�=#���-' ���"!?' &*�>��# 
� U�� %�"$�+%�--#+%��� ?!$�!%"! /$��>?�+�"?! [3] 
c /�?JT#%%J- ��+#$@!%�#- Al � &�*## %�>��I ��%-
F#%"$!F�#I Cu, "�*B�%�I 2,5  --. ��-�=#���I ���"!? 
�/*!?! ? ��<�+%�- ���"��%�� �*#+'AB�I: 0,031  %  �; 
3,11  %  Si; 0,15 % Mn; 0,012 % S; 0,03 % Al; 0,011  %  N; 
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0,38 % Cu; 0,009 % P; 0,04 % Ni; 0,03 % Cr; 0,005 % Ti, 
��"!*;%�# – Fe � /$�-#��. 

�&$!>FJ /$��!"J?!*��; %! *!&�$!"�$%�- �"!%# %! 
"�*B�%' 0,27 � 0,65  --. Q��*# H"��� /$�?�+�*��; $#-
�$��"!**�>!F��%%�-�&#>'�*#$�@�?!AB�I �"@�� �/�*� 
���. �#�$��"!**�>!F��%%�-�&#>'�*#$�@�?!AB�I �"-
@�� ��'B#�"?*�*� ?� ?*!@%�- !>�"%�- >!B�"%�- �!># 
(95  %  N2  +  5  %  H2 ) � "#-/#$!"'$�I "�=�� $��J 20  °� 
/$� 820  °� ? "#=#%�# 3  –  8  -�% (? >!?���-��"� �" "�*-
B�%J <�*�+%��!"!%J< �&$!>F�?). 

�>�"�$�?!%�# /$�?�+�*� /� �$���%!*;%�I -#"�+�-
�#, $!>$!&�"!%%�I %! ��%�?# �+#� �%@#%#$! �.a.  �#-
"�?!. �!>�I +*� *!&�$!"�$%�I '�"!%�?�� �*'@�*! 
"$'&=!"!� /#=;, �&�$'+�?!%%!� �!>�/�+?�+�- !>�"%��� 
>!B�"%��� �!>!. Q�+!=' �!>! ? /#=; ��'B#�"?*�*� =#$#> 
��$'&&#$, ��"�$JI >!/�*%�*� ?�+%J- $!�"?�$�- !--�-
!�! (!--�!=%�I ?�+�I) � ��%F#%"$!F��-� NH3 �" 3 +� 
25  %. ��$'&&#$ &J* /�-#B#% ? "#$-��"!" +*� /�++#$-
@!%�� �+�%!��?�I "#-/#$!"'$J $!�"?�$! ? "#=#%�# ?�#-
�� /$�F#��! !>�"�$�?!%��. �!>, /$�<�+� =#$#> ��$'&&#$, 
%!�JB!*�� /!$!-� !--�!�!, /��*# =#�� /�/!+!* ? /#=-
%�# /$��"$!%�"?�, �+# %!<�+�*��; �&$!>FJ �/*!?!. �*� 
"���, ="�&J -�%�-�>�$�?!"; +�/�*%�"#*;%�# ����*#-
%�# -!"#$�!*! /!$!-� ?�+J ? /$�F#��# !>�"�$�?!%��, 
"#-/#$!"'$' ? ��$'&&#$# /�++#$@�?!*� &*�>��I � %'*A 
�$!+'��? >! �=#" +�&!?�� ? !--�!=%'A ?�+' �'���? 
*;+!. �!$;�$'#-J-� /!$!-#"$!-� /$� !>�"�$�?!%�� 
�?*�*��; ��%F#%"$!F�� !--�!�! ? ?�+%�- $!�"?�$#, 
?$#-� � "#-/#$!"'$! �&$!&�"�� -!"#$�!*!. 

!�"; �&$!>F�? /��*# ��� /�+?#$�!*� ?J����"#--
/#$!"'$%�-' �"@��' /� $#@�-': %!�$#? � /#=;A +� 
400  °�, �" 400 +� 1150  °� %!�$#? �� ���$��";A 15  °�/=, 
/$� 1150  °� ?J+#$@�! ? "#=#%�# 10  =, +!*## �<*!@+#-
%�# � /#=;A. �� 1150  °� �&$!>FJ �"@��!*��; ? �'<�- 
!>�"%�- >!B�"%�- �!>#, ?J����"#-/#$!"'$%!� ?J+#$-
@�! � �<*!@+#%�# ��'B#�"?*�*��; ? !"-��R#$# =��"��� 
?�+�$�+!. �� ?$#-� %!�$#?! /$� "#-/#$!"'$!< 750, 850, 
900, 950 � 1050  °� �> /#=� �>?*#�!*��; ��%"$�*;%J# 
�&$!>FJ +*� �/$#+#*#%�� ��%F#%"$!F�� !>�"!. Q#$#+ 
��� ?�# �&$!>FJ /��$J?!*��; �'�/#%>�#I MgO, ��"�-
$!� >!"#- ?J�'T�?!*!�; ? "#=#%�# %#���*;��< -�%'" 
/$� "#-/#$!"'$# /$�-#$%� 200  °� � F#*;A /�*'=#%�� 
"#$-��"�I���� /��$J"��.

�!=#�"?#%%�# $!�/$#+#*#%�# !>�"! ? /�?#$<%��"%�I 
�&*!�"� �&$!>F�? �/$#+#*�*� %! !//!$!"# GDA-750 
(!%!*�>!"�$ "*#AB#�� $!>$�+!) [8]. �*� /$#F�>��%%J< 
�>-#$#%�I ��%F#%"$!F�� !>�"! ��/�*;>�?!*� �/#�"-
$!*;%JI !%!*�>!"�$ «ELTRA» (/$�&�$%!� "�=%��"; 
�>-#$#%�� ±0,0001  % (/� -!��#)). Q$� $!&�"# %! !%!-
*�>!"�$# «ELTRA» +*� �$!?%#%�� +�/�*%�"#*;%� ��-
/�*;>�?!*� �&$!>FJ +?'< H*#�"$�"#<%�=#���< �"!*#I, 
�'B#�"?#%%� �"*�=!AB�<�� �" ���*#+'#-J< ��+#$@!-
%�#- !*A-�%�� (0,08 � 0,6  % (/� -!��#)). � $!&�"# "!�-
@# /$�-#%�*!�; �/"�=#��!� -#"!**��$!R�� � $!�"$�?!� 
H*#�"$�%%!� -��$����/�� � H*#�"$�%%�->�%+�?J- -�-
�$�!%!*�>�- %! !//!$!"# «Camebax».

�&$!>FJ /$��!"J?!*� +� "�*B�%J 0,65  -- (<�*�+-
%!� /$��!"�! – �Q), /��*# =#�� =!�"; �> %�< �&#>'�*#-
$�@�?!*� (��), ".#. (�Q  +  ��). �!*## ?�# �&$!>FJ !>�-
"�$�?!*� ? "#=#%�# 10 -�% /$� "#-/#$!"'$!< 550, 700, 
800, 900, 1000  °�, ��/�*;>'� 5  %-%JI $!�"?�$ !--�!�! 
? ?�+#. Q��*# ��� �/$#+#*�*� �&V#-%'A ��%F#%"$!-
F�A !>�"! ? -!"#$�!*#. �*��%�# ���"��%�� /�?#$<-
%��"� �/*!?! Fe  –  3  %  Si %! $#>'*;"!"J !>�"�$�?!%�� 
/$#+�"!?*#%� �*#+'AB�-� +!%%J-�:

��+#$@!%�# !>�"!, % (/� -!��#)

+� ���
/��*# ��� /$� "#-/#$!"'$!<, °�

550 700 800 900 1000
0,011
0,011

0,016
0,012

0,143
0,065

0,081
0,033

0,019
0,014

0,013
0,013

Q $ � - # = ! % � #. � =��*�"#*# – �&$!&�"�#, /$#+T#�"-
?'AB#I ���, �*'@�*! �Q, ? >%!-#%!"#*# – �Q + ��.

�#>'*;"!"J /$�?#+#%%J< H��/#$�-#%"�? /��!>!*�, 
="� /$� ?�#< "#-/#$!"'$!< ��� /$���<�+�" '?#*�=#%�# 
��%F#%"$!F�� !>�"!, %� � $!>*�=%�I �%"#%��?%��";A. 
Q$� "#-/#$!"'$# 550  °� ��+#$@!%�# !>�"! /�?JT!#"�� 
%#>%!=�"#*;%�, /$� 700  °� +��"��!*��; -!���-!*;%�# 
#�� ��+#$@!%�#, /$� 800  °� !>�"! &J*� -#%;T#, %� "!�-
@# +��"!"�=%� ?#*��� /� �$!?%#%�A � ��+#$@!%�#- /$� 
&�*## ?J����< "#-/#$!"'$!<. 

Q$� �$!?%#%�� ��*�=#�"?! !>�"! ? �#$��< �Q � 
�Q  +  �� ?�+%�, ="� /$� ?�#< "#-/#$!"'$!< �$#+%## 
��+#$@!%�# H*#-#%"! -#%;T# /$� ���, /$�<�+�?T#I 
/��*# $#�$��"!**�>!F��%%�-�&#>'�*#$�@�?!AB#�� 
�"@��!. 

�!>*�=%�# /$�%��%�?#%�# !>�"!, ?#$��"%�, /$���-
<�+�" �>->! $!>%��� ���"��%�� /�?#$<%��"� �&$!>F�?. 
�&$!>FJ, /$�<�+�?T�# ��� /$� 550  °�, �"*�=!*��; 
���"��%�#- �"$'�"'$J: +#R�$-�$�?!%%!� +*� �#$�� 
�Q � $#�$��"!**�>�?!%%!� +*� �Q  +  ��. �+%!�� /$� 
&�*## ?J����< "#-/#$!"'$!< /#$?�=%!� $#�$��"!**�>!-
F�� /$�<�+�*! ? +#R�$-�$�?!%%�- -!"#$�!*# >! ?$#-�, 
%# /$#?JT!AB#- %#���*;��< +#��"��? �#�'%+ (? /$�-
F#��# %!�$#?!), ".#. �'B#�"?#%%� -#%;T#- /#$��+! ?J-
+#$@�� /$� ���. �!�@# %#*;>� �=�"!"; �'B#�"?#%%J- 
�"*�=�#- -#@+' �&$!>F!-� $!>%�F' ? ��%F#%"$!F�� 
'�*#$�+! /$�-#$%� 0,03  % (/� -!��#).

� /$�F#��# $#�$��"!**�>!F��%%�-�&#>'�*#$�@�-
?!AB#�� �"@��! %! /�?#$<%��"� �/*!?! Fe  –  3  %  Si 
�&$!>'#"�� >�%! ?%'"$#%%#�� ����*#%�� (���), �-#A-
B!� �*�@%'A -%����*�I%'A �"$'�"'$' � ?J+#*#%�#- 
? %#I +� 30  % (/� �&V#-') R!>J SiO2 [8]. Q$�=#- /$� 
/�?JT#%%J< "#-/#$!"'$!< (j 850  °�) %! /�?#$<%��"� 
?�>-�@%� �&$!>�?!%�# "�%���� �?#$</*�"%��� ����+%�-
�� �*��, /�*%��";A &*���$'AB#�� /$�F#��J �!� �&#>-
'�*#$�@�?!%��, "!� � $!>?�"�� ����*#%��. 

�*#+'#" '=#�";, ="� /�*%��";A ���*A=�"; R�$-�-
$�?!%�# ��� ? /$�F#��# ��� %# '+!*��;, "!� �!� +!@# 
/$� "#-/#$!"'$# "�=�� $��J, &*�>��I � %'*A, !>�"�-
$'AB!� !"-��R#$! ��+#$@!*! /!$J ?�+J. Q��*#+%## 
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�?�*��; �$�"�=%J- +*� !>�"�$�?!%�� �&$!>F�? �&#�< 
�#$�I /$� "#-/#$!"'$!< 900 � 1000  °�. �!��- �&$!>�-, 
-�@%� >!�*A=�";, ="� �-#%%� %!*�=�# ��� %! /�?#$<-
%��"� �/*!?! �?*�#"�� /$�=�%�I >!"$'+%#%�� !>�"�$�-
?!%��, /$�=#- =#- ?JT# "#-/#$!"'$! ���, "#- ��*;%## 
��!>J?!#"�� H"�" HRR#�" >! �=#" �>-#%#%�� �"$'�"'$J � 
R!>�?��� ���"!?! ���.

�&$!>FJ, /$��!"J?!#-J# +� "�*B�%J 0,27  --, 
/�+?#$�!*��; $#�$��"!**�>!F��%%�-�&#>'�*#$�@�?!A-
B#-' �"@��', /��*# =#�� !>�"�$�?!*��; /$� 780  °� ? 
"#=#%�# 20  –  120  � � ��/�*;>�?!%�#- ?�+%��� $!�"?�$! 
!--�!�! � ��%F#%"$!F�#I 5  –  10  %. � $#>'*;"!"# �&$!-
&�"�� �&$!>FJ ��+#$@!*� �" 0,015 +� 0,06  % (/� -!��#) 
!>�"!. 

��-�=#���I !%!*�> �&$!>F�?, � ��"�$J< /��*#+�-
?!"#*;%� �"$!?*�?!*��; /�?#$<%��"%J# �*��, /��!>!*, 
="� /��*# ��� ?#�; !>�", ?%#+$#%%JI ? -#"!**, %!<�-
+�"�� ? /�?#$<%��"%�- �*�#, "�*B�%! ��"�$��� ���"!?-
*�*! %# &�*## 20  -�-. �#"!**��$!R�=#���# ���*#+�-
?!%�� �&$!>F�? %# /��!>!*� ���*;-*�&� �'B#�"?#%%J< 
�>-#%#%�I �< �"$'�"'$J. ��T; /$� �!-J< &�*;T�< 
�/"� =#� ��< '?#*�=#%��< (���*� 1000  �$!") ? /�+/�-
?#$<%��"%�- �*�# %!&*A+!*��; -#*��+��/#$�%J# ?J-
+#*#%��, �+#%"�R��!F�� ��"�$J< %# /$#+�"!?*�*!�; 
?�>-�@%�I. 

�*� �+%�>%!=%��� �/$#+#*#%�� R!>, ? ��"�$J< /$#�-
-'B#�"?#%%� %!<�+�"�� !>�", &J*! /$�?#+#%! �&$!&�"-
�! �&$!>F�? ? "#=#%�# 1  =. ��%F#%"$!F�� !>�"! ? �"!*� 
/��*# ��� ���"!?*�*! ���*� 1  % (/� -!��#). �#"!**�-
�$!R�=#���# ���*#+�?!%�� /��!>!*� %!*�=�# ? /�+/�-
?#$<%��"%�I �&*!�"� &�*;T��� =��*! �$!?%�"#*;%� 
-#*��< ��$'�*J< ?J+#*#%�I, ! "!�@# %! $!��"��%�� 
40  -�- �" /�?#$<%��"� �$'/%J< =!�"�F (+� 20  -�-), 
*#��� /�++!AB�<�� �+#%"�R��!F�� %! -��$�!%!*�>!-
"�$# ($��.  1,  �,  �). !�"�FJ �&��< "�/�? $!�/�*!�!*��; 
/$#�-'B#�"?#%%� /� �$!%�F!- >#$#%. 

���*#+�?!%�# <�-�=#����� ���"!?!, /$�?#+#%%�# � 
��/�*;>�?!%�#- H*#�"$�%%�->�%+�?��� -��$�!%!*�>!, 

/��!>!*�, ="� =!�"�FJ, R�$-�$'AB�#�� ? �"$'�"'$# 
�/*!?! ? /$�F#��# !>�"�$�?!%��, �> �$!?%�"#*;%� "�@#-
*J< H*#-#%"�? ��+#$@!" "�*;�� �$#-%�I ($��.  1,  �).

�*� �+%�>%!=%�I �+#%"�R��!F�� R!>J, �&$!>'A-
B#I�� /$� !>�"�$�?!%��, +�/�*%�"#*;%� &J*! ��/�*;-
>�?!%! -#"�+��! R!>�?��� !%!*�>!, �/#F�!*;%� $!>$!-
&�"!%%!� +*� !//!$!"! «ELTRA». �&B!� ��%F#%"$!F�� 
H*#-#%"!, �>-#$�#-!� /$�&�$�-, �?*�#"�� �%"#�$!*;-
%�I <!$!�"#$��"���I – /*�B!+;A /�+ �$�?�I, ��"�$!� 
/$#+�"!?*�#" ��&�I ��*�=#�"?� !>�"!, ?J+#*�#-��� �> 
�&$!>F! ? #+�%�F' ?$#-#%� ($��.  2). Q$� �"!%+!$"%�I 
-#"�+��# !%!*�>! H"! �$�?!� ���"��" �> %#���*;��< 
-!���-'-�?, %!�*!+J?!AB�<�� +$'� %! +$'�!. �!@+JI 
�> -!���-'-�? ���"?#"�"?'#" �/$#+#*#%%J- R!>!-, ��-
+#$@!B�-�� ? �/*!?#, ".#. $!>%J- %�"$�+!-, ��"�$J# 
? >!?���-��"� �" �< �"!&�*;%��"� +����F��$'A" /$� 
$!>%J< "#-/#$!"'$!<. � ���"?#"�"?�� � <�-�=#���- 
���"!?�- "#<%�=#���< �/*!?�? Fe  –  3  %  Si "!��-� %�-
"$�+!-� -��'" &J"; Si3N4 , AlN, TiN. �*� &�*## "�=%��� 
$!>+#*#%�� /���? %! �%"#�$!*;%�I �$�?�I &J* $!>$!&�-
"!% �/#F�!*;%JI $#@�- !%!*�>!, /$� ��"�$�- "#/*�?!� 
-�B%��";, /�+!?!#-!� %! �&$!>#F ("#-/#$!"'$!, /$� 
��"�$�I %!<�+�"�� �&$!>#F), �>-#%�#"�� %# %#/$#$J?-
%�, ! �"'/#%=!"�, ".#. /�+!#"�� �/$#+#*#%%JI '$�?#%; 
-�B%��"�, /$� ��"�$�- R����$'#"�� "�*;�� �+�% -!�-
��-'-. Q��*# "���, �!� �$�?!�, ���"?#"�"?'AB!� H"�-' 
/��', ?J<�+�" %! -�%�-'-, -�B%��"; ?�>$!�"!#" +� 
?#*�=�%J, �&#�/#=�?!AB#I /��?*#%�# ?"�$��� /��! � 
"!� +!*## +� -�-#%"!, ���+! !>�" �> �&$!>F! /#$#�"!#" 
?J+#*�";��. 

�+#%"�R��!F�A %�"$�+! TiN ��'B#�"?*�*� � /�-
-�B;A -#"�+! H"!*�%�?. � �&$!>F' !%!*�>�$'#-��� 
�/*!?! +�&!?*�*� -!*�# ��*�=#�"?� /�$�T�! TiN, /��-
*# =#�� /$��>?�+�*� !%!*�>. Q$�?#+#%%J# ���*#+�?!-
%�� /��!>!*�, ="� /$� "!��I /$�F#+'$# %! �%"#�$!*;-
%�I �$�?�I ?�>$!�"!* /��*#+%�I /��, /����*;�' %�"$!+ 
"�"!%! �?*�#"�� %!�&�*## �"!&�*;%J- �> ?JT# /#$#=�-
�*#%%J< %�"$�+%J< R!>, ".#. +����F��$'#" /$� &�*## 

���. 1. ���$��"$'�"'$! !>�"�$�?!%%��� �/*!?! Fe – 3 % Si (?$#-� ��� 1 =, "#-/#$!"'$! ��� 780 °�):
� – �>�&$!@#%�# ? /��*�B#%%J< H*#�"$�%!<; � – ? <!$!�"#$��"�=#���- $#%"�#%�?���- �>*'=#%�� �$#-%��

Fig. 1. Microstructure of nitrided Fe – 3 % Si alloy (time of thermochemical treatment is – 1 hour, temperature – 780 °�):
� – absorbed electron image; � – silicon characteristic xeroradiography
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?J����< "#-/#$!"'$!<. �+#%"�R��!F�A ��"!*;%J< 
/���? /$�?�+�*� %! ��%�?# �$!?%�"#*;%��� !%!*�>! 
�%"#�$!*;%J< �$�?J<, >!/��!%%J< �� �/*!?�?, �"*�=!-
AB�<�� ��*�=#�"?�- ? %�< !*A-�%��. �"-#=#%�, ="� 
' �/*!?! Fe  –  3  %  Si, ��+#$@!B#- /$�-#$%� 0,025  % 
(/�  -!��#) Al, ? �*'=!# >!/��� � <�$�T�- $!>+#*#%�-
#- /���? R����$'A"�� =#"J$# -!���-'-! ($��.  2,  �). 
� '?#*�=#%�#- ��*�=#�"?! !*A-�%�� ? �"!*� � 0,03 +� 
0,08  % %!&*A+!#"��: ?�-/#$?J<, ��=#>%�?#%�# /#$?��� 
/��!, ! ?�-?"�$J<, /#$#$!�/$#+#*#%�# �%"#%��?%��"� 
-#@+' ?"�$J- � "$#";�- /��!-� – ?"�$�I -!���-'- 
'-#%;T!#"��, "$#"�I – ?�>$!�"!#" ($��.  2,  �). �!*;%#I-
T## '?#*�=#%�# !*A-�%�� ? �/*!?# +� 0,6  % /$�?�+�" 
� R���!F�� "�*;�� "$#";#�� /��! ($��.  2,  �). Q����*;-
�' %�"$�+ !*A-�%�� �?*�#"�� �'B#�"?#%%� &�*## �"!-
&�*;%�I R!>�I, =#- Si3N4 , -�@%� /$#+/�*!�!";, ="� 
"$#"�I /�� %! �%"#�$!*;%�I �$�?�I ���"?#"�"?'#" %�"-
$�+' AlN.

�%!*�>, /$�?#+#%%JI %! !>�"�$�?!%%J< �&$!>F!<, 
/��!>!* �=#%; ��*;%�# '?#*�=#%�# /#$?��� /��!, ="� 

/�>?�*�#" ��?�$�"; � ���"?#"�"?�� #�� %�"$�+' �$#--
%�� ($��.  2,  �). �"�$�I /�� %! �%"#�$!*;%�I �$�?�I, 
/�-?�+�-�-', ���"?#"�"?'#" R!>#, >!%�-!AB#I /$�-
-#@'"�=%�# -#�"� /� �"!&�*;%��"� -#@+' %�"$�-
+!-� Si3N4 � AlN, � ���*!�%� +!%%J- [9], #�� -�@%� 
�+#%"�R�F�$�?!"; �!� (Al, Si)N, �*� ? ���"?#"�"?�� 
� &�*## /�>+%�-� ���*#+�?!%��-� [7] – �!� MnSiN2 . 
�!��- �&$!>�-, %! ��%�?!%�� $#>'*;"!"�? +?'< %#>!-
?���-J< -#"�+�� ��%�?%'A R!>', �&$!>'AB'A�� ? 
"#<%�=#���- �/*!?# Fe  –  3  %  Si /$� #�� !>�"�$�?!-
%��, -�@%� �+%�>%!=%� �+#%"�R�F�$�?!"; �!� %�-
"$�+ �$#-%�� Si3N4 . 

Q$�?#+#%%J# � /$�-#%#%�#- GDA-750 ���*#+�?!-
%�� /��!>!*�, ="� ?�>-�@%J +?! "�/! $!�/$#+#*#%�� 
!>�"! ? /�?#$<%��"�, >!?���B�# �" ��*�=#�"?! H*#-#%-
"!, ?%#+$#%%��� ? -#"!**:

1) /$� �$!?%�"#*;%� %�>��- ��+#$@!%�� !>�"! 
0,015  –  0,025 % (/� -!��#) ($��.  3,  �) /�+/�?#$<-
%��"%JI �*�I /$!�"�=#��� #�� %# ��+#$@�", ! ?�� 
#�� ��%�?%!� =!�"; %!<�+�"�� >! /$#+#*!-� ���;

2) ? �*'=!# &�*## ?J������ ��+#$@!%�� !>�"! 
0,03  –  0,04 % ($��.  3,  �) ��%�?%�# #�� ��*�=#�"?� 
���$#+�"�=#%� ? ���.

Q�*'=#%%J# $#>'*;"!"J �&V��%�A"�� �*#+'AB�- 
�&$!>�-. Q$� *A&J< "#-/#$!"'$!< (? =!�"%��"� /$� 
700  –  800  °�) $!�"?�$�-��"; !>�"! ? R#$$�"# %# /$#?J-
T!#" 0,1  % (/� -!��#) [10], ".#. ��%�?%!� =!�"; !>�"!, 
?%#+$#%%��� ? �/*!?, %# -�@#" %!<�+�";�� ? "?#$+�- 
$!�"?�$#. 

���*!�%� +�!�$!--!- ���"��%�� [10], %�"$�+J @#-
*#>! ? +!%%�- "#-/#$!"'$%�- �%"#$?!*# R�$-�$�?!";�� 
%# -��'". �"!&�*;%J-� �?*�A"�� %�"$�+J AlN � Si3N4 . 
��%F#%"$!F�� !*A-�%�� ? /�?#$<%��"%�- �*�# (�!� 
� ?� ?�#- �&V#-#) �=#%; -!*!, ! �$#-%�I /$!�"�=#��� 
?#�; �?�>!% � ���*�$�+�- ? SiO2 . �!��- �&$!>�-, !>�", 
?%#+$���; ? /�?#$<%��"; -#"!**!, +�RR'%+�$'#" =#$#> 
��� � �&$!>'#" >! %#I +��/#$�%J# %�"$�+J Si3N4 . 

� �*'=!#, ���+! �&B## ��+#$@!%�# !>�"! ? !"-��R#$# 
�, ���"?#"�"?#%%�, ? /�?#$<%��"� �$!?%�"#*;%� ?#*���, 
?�>-�@%� �&$!>�?!%�# !'�"#%�"! �!� R!>J, *#��� $!�"-
?�$�AB#I H"�" H*#-#%". ��>%��%�?#%�# !'�"#%�"! ? 
/�?#$<%��"� U�� /$� ## !>�"�$�?!%�� "!�@# �&'�*!?-
*�?!#"�� R!�"�- �?�>J?!%�� �$#-%�� ? ����+J �, ��-
�"?#"�"?#%%�, �&#+%#%�#- "?#$+��� $!�"?�$! ��*;%J- 
R#$$�"��"!&�*�>�$'AB�- H*#-#%"�- [8]. �&$!>�?!?-
T�I�� !'�"#%�" $!�"?�$�#" /�="� ?#�; !>�", /�/!+!A-
B�I ? �/*!?. Q��*# ���, ���+! �&$!>#F ��"J?!#" +� 
"#-/#$!"'$J, /$� ��"�$�I w-R!>! %# -�@#" �'B#�"?�-
?!";, !'�"#%�" $!�/!+!#"�� %! R#$$�" � +��/#$�%J# %�-
"$�+J @#*#>! � =!�"�=%J- ?J<�+�- �>&J"�=%��� !>�"! 
�> ���. 

�&$!>FJ, /$��!"!%%J# +� "�*B�%J 0,27  --, /�+-
?#$� T�#�� $#�$��"!**�>!F��%%�-�&#>'�*#$�@�?!AB#-
-' �"@��' � !>�"�$�?!%�A, /$�<�+�*� ���. ��*�=#�"-
?� ��"!"�=%��� !>�"! /��*# ��� ? �&$!>F!< ���"!?*�*� 
/$�-#$%� 0,003  % (/� -!��#) ?%# >!?���-��"� �" #�� 

���. 2. �%"#%��?%��"; ?J+#*#%�� !>�"! �> �&$!>F�? �/*!?! Fe – 3 % 
Si � $!>*�=%J- ��+#$@!%�#- !*A-�%�� /$� R$!�F��%%�- <�-�=#-

���- !%!*�># %! !//!$!"# «ELTRA»:
� – 0,03 % Al; � – 0,08 % Al; � – 0,6 % Al; � – 0,03 % Al; ��%F#%"$!-

F�� !>�"! (/��*# !>�"�$�?!%��) ���*� 1,0 %

Fig. 2. Intensiveness of nitrogen emission from Fe – 3 % Si alloy with 
different content of aluminum during fractional chemical analysis made 

using “ELTRA”:
� – 0,03 % Al; � – 0,08 % Al; � – 0,6 % Al; � – 0,03 % Al; nitrogen 

concentration (after nitriding) is near 1,0 %
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��+#$@!%�� /��*# ���. �#>'*;"!" /��!>J?!#", ="� !>�-
"�$�?!%�# /$!�"�=#��� %# ?*��#" %! /$�F#�� $!R�%�-
$�?!%�� -!"#$�!*!, $#!*�>'AB�I�� ?� ?$#-� ?J����-
"#-/#$!"'$%�I ?J+#$@�� /$� ���.

Q� $#>'*;"!"!- ?�>'!*;%��� �&�*#+�?!%�� %! ?�#< 
�&$!>F!<, �-#?T�< /��*# ��� ��+#$@!%�# !>�"! -#%;-
T# 0,025  % (/� -!��#), �R�$-�$�?!*�� �+%�$�+%JI 
"#-%�-�#$��� F?#"! �$'%"�?JI �*�I � '+�?*#"?�$�"#*;-
%�I !+�#>�#I � /�?#$<%��"� -!"#$�!*! (%# �"�*!�?!A-
B�I�� /$� /�$#>�# �&$!>F�?). � /$�"�?�/�*�@%��"; 
H"�-' %! �&$!>F!< � ��<�+%J- (/��*# ���) ��+#$@!%�-
#- !>�"! &�*;T# 0,030  % �$'%"�?JI �*�I *�&� %# �&$!-
>�?J?!*��, *�&� *#��� '+!*�*�� /$� �=��"�# �" ��"!"��? 
"#$-��"�I���� /��$J"�� (/�$�T���&$!>%JI MgO), ".#. 
&J* �$!?%�"#*;%� "�%��- � �-#* /*�<'A !+�#>�A. �=#-
?�+%�, ="� ? /$�F#��# %!�$#?! /$� ��� ? �&$!>F!< � /�-
?JT#%%J- ��+#$@!%�#- !>�"! ? ��� ?�>%��!#" w-R!>!, 
%!*�=�# ��"�$�I �'B#�"?#%%� �>-#%�#" ��%#"��' "?#$-
+�R!>%J< $#!�F�I �, ���"?#"�"?#%%�, >!"$'+%�#" /$�-
F#�� R�$-�$�?!%�� R�$�"#$�"! ((Fe, Mg)2SiO4 ) �> �'-
B#�"?'AB�< ? /�?#$<%��"� -!"#$�!*! ����+�? SiO2 , 
MgO � FeO. 

� /$�F#��# %!�$#?! �&$!>F�? /$� ��� /$���<�+�*� 
/#$#$!�/$#+#*#%�# !>�"! ? -!"#$�!*#, ���&#%%� ��*;%� 
>!-#"%�# ? /�?#$<%��"%�- �*�# ($��.  4). Q$� H"�- �&V-
#-%!� ��%F#%"$!F�� !>�"! /$� %!�$#?# �" 750 +� 850  °� 
�%!=!*! %#���*;�� ?�>$!�"!*! – ? �$#+%#- /$�-#$%� 
%! 0,003  % (/� -!��#). Q$���<�+�*� +�/�*%�"#*;%�# 
!>�"�$�?!%�# �/*!?! >! �=#" !"-��R#$J (!>�"%��� >!-
B�"%��� �!>!). Q$� +!*;%#IT#- %!�$#?# %!&*A+!*��; 
'-#%;T#%�# ��%F#%"$!F�� !>�"! ? -!"#$�!*#: �%!=!*! 
�$!?%�"#*;%� /*!?%�# (/$� 900  °� �$#+%�� ��%F#%-

"$!F�� !>�"! 0,026  %), ! >!"#- $#>��# (/$� 950  °�  – 
0,017  %). Q$� "#-/#$!"'$# ���*� 1000  °�, %!�&�*## 
&*�>��I � HRR#�"�?%�I "#-/#$!"'$# %!=!*! ?"�$�=-

���. 3. �!�/$#+#*#%�# H*#-#%"�? ? /�?#$<%��"%�- �*�# �/*!?! Fe – 3 % Si /��*# $#�$��"!**�>!F��%%�-�&#>'�*#$�@�?!AB#�� �"@��! 
� !>�"�$�?!%��:

� � � – �$#+%�� ��%F#%"$!F�� !>�"! ? �&$!>F# /$�-#$%� 0,02 � 0,04 % (/� -!��#); /��!>!"#*; �"#/#%� n ? %!+/��� /� ��� �$+�%!" +*� Fe 
$!?#% %'*A; +*� Si, N, O, �u, Mn – 10

Fig. 3. Elements distribution in surface layer of Fe – 3 % Si alloy after decarbonizing recrystallization annealing and nitriding:
� and � – average nitrogen concentration in sample is near 0,02 and 0,04 % (weight); exponent factor n in axis of the ordinates legend for Fe counts 

to zero; for Si, N, O, �u, Mn – 10

���. 4. Q#$#$!�/$#+#*#%�# !>�"! ? /�?#$<%��"%�- �*�# �/*!?! Fe 
– 3 % Si ? /$�F#��# ?J����"#-/#$!"'$%��� �"@��!. �$#+%�� ��%F#%-

"$!F�� !>�"! ? +!%%�I �#$�� �&$!>F�?: 
/��*# !>�"�$�?!%�� – 0,024 %; /$� 750 °� – 0,025 %; 
850 °� – 0,028 %; 900 °� – 0,026 %; 950 °� – 0,017 %; 

1000 °� – 0,016 %; /��*# ��� – 0,003 %

Fig. 4. Redistribution of nitrogen in surface layer of Fe – 3 % Si alloy 
during high temperature annealing. Average concentration of nitrogen in 

given batch of samples:
after nitriding – 0,024 %; at 750 °� – 0,025 %; 850 °� – 0,028 %; 

900 °� – 0,026 %; 950 °� – 0,017 %; 1000 °� – 0,016 %; after high 
temperature annealing – 0,003 %
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�� �� � � � � � �  � � � � � � � � � �� � � � �

%�I $#�$��"!**�>!F�� ? U�� � %�"$�+%J-� �%��&�-
"�$!-�  [1], ��%F#%"$!F�� !>�"! ���"!?*�*! /$�-#$%� 
0,014  –  0,016  % (/� -!��#), ".#. ?#*�=�%', /$�&*�>�-
"#*;%� ���"?#"�"?'AB'A ��*�=#�"?' AlN (? /$#+/�*�-
@#%��, ="� ?#�; !*A-�%�I ? �/*!?# �?�>!% ? %�"$�+J). 
�  "#-/#$!"'$# 1000  °� /$���<�+�" /$!�"�=#��� /�*%�# 
?J$!?%�?!%�# ��%F#%"$!F�� !>�"! /� "�*B�%# �&$!>-
F�? ($��.  4).

Q�*'=#%%J# $#>'*;"!"J, /�-?�+�-�-', �&V��%�A"-
�� �*#+'AB�-. Q��*# ��� /$�T#+T�I ? �/*!? !>�" 
��+#$@�"�� ? %�"$�+%�I R!># Si3N4 , ��"�$!� �?*�#"�� 
%#�"!&�*;%�I /$� /�?JT#%%J< "#-/#$!"'$!< (&�*## 
850  °�). ��*#+�"?�# H"��� ? /$�F#��# ��� �%! $!�"?�-
$�#"��, =!�"; !>�"!, ?J�?�&�+�?T!��� /$� +����F�!-
F��, �?�>J?!#"�� ? &�*## �"!&�*;%J# %�"$�+J AlN 
(�%��&�"�$%!� R!>! /$� !%�-!*;%�- $��"# >#$#%), 
!  &�*;T!� =!�"; !>�"! '<�+�" � /�?#$<%��"� ? !"-��-
R#$'. 

�%"#$#�%� �"-#"�";, ="� /$� /#$#<�+# �" "#-/#$!-
"'$J 750 � 850  °� %!&*A+!#"�� >!-#"%�# ?�>$!�"!%�# 
-!���-'-! ��%F#%"$!F�� !>�"! ($��.  4) /$� %#>%!=�-
"#*;%�- �>-#%#%�� #�� �&V#-%�I ��%F#%"$!F��. Q$#+-
/�*�@�"#*;%� H"�" HRR#�" �?�>!% � �&$!>�?!%�#- ? 
/$�F#��# %!�$#?! ? /�+/�?#$<%��"%�I �&*!�"� (>! ���) 
�"+#*;%J< ?J+#*#%�I !'�"#%�"!, ��"�$J# �&��!B!A"�� 
!>�"�- �> ?%'"$#%%�< ��$�>�%"�? �&$!>F�?. Q$� +!*;-
%#IT#- %!�$#?# !'�"#%�" %!=�%!#" $!�"?�$�";�� /�+�&-
%� %�"$�+!- Si3N4 . 

�!��- �&$!>�-, "#<%�*���=#��� %#�&<�+�-� /$� 
<�-���-"#$-�=#���I �&$!&�"�# "#<%�=#����� �/*!?! 
Fe  –  3  %  Si +�&�?!";�� ��%F#%"$!F�� !>�"!, %#���*;�� 
/$#?JT!AB#I %#�&<�+�-�# +*� �&$!>�?!%�� %�"$�+! 
!*A-�%��, %� %# /$�?�+�B## � /��?*#%�A !'�"#%�"! ? 
���. Q$� ��<�+%�- ��+#$@!%�� !*A-�%�� �" 0,025 +� 
0,035 % %#�&<�+�-!� ��%F#%"$!F�� !>�"! ���"!?*�#" �" 
0,015 +� 0,020  %.

������. ��"!%�?*#%�, ="� /$� !>�"�$�?!%�� "#<-
%�=#����� �/*!?! Fe  –  3  %  Si ? �%"#$?!*# "#-/#$!-
"'$ 500  –  800  °� /��*# �&#>'�*#$�@�?!AB#�� �"@��! 
��%�?%�# ��*�=#�"?� !>�"! %!<�+�"�� ? /�+/�?#$<%��"-
%�- �*�# -!"#$�!*! >! >�%�I ?%'"$#%%#�� ����*#%�� ? 
?�+# +��/#$�%�I R!>J Si3N4 , ?J+#*�AB#I�� /$#�-'-
B#�"?#%%� /� �$!%�F!- >#$#%. Q�?JT#%�# !>�"�$'A-
B#�� /�"#%F�!*! !"-��R#$J /$� ��� /$�?�+�" � 
R�$-�$�?!%�A !'�"#%�"! ? >�%# ?%'"$#%%#�� ����*#-

%��. Q��?*#%�# !'�"#%�"! ? /�?#$<%��"� �"!*� /��*# 
!>�"�$�?!%�� �'B#�"?#%%� '<'+T!#" R�$-�$�?!%�# 
H*#�"$��>�*�F��%%��� /��$J"�� "#<%�=#����� �/*!?! 
Fe  –  3  %  Si /$� /��*#+'AB#I #�� �&$!&�"�#. � /$�-
F#��# ?J����"#-/#$!"'$%��� �"@��! /$� %!�$#?# $!%## 
!>�"�$�?!%%��� �/*!?! %!&*A+!#"�� '-#%;T#%�# ��%-
F#%"$!F�� !>�"! (>! �=#" '<�+! #�� ? !"-��R#$'). Q#$#+ 
%!=!*�- $#!*�>!F�� /$�F#��! !%�-!*;%��� $��"! >#$#% 
��"!"�=%�# ��*�=#�"?� !>�"!, %#>!?���-� �" #�� ��<�+-
%��� ��*�=#�"?!, ���"?#"�"?'#" ��%F#%"$!F�� !*A-�-
%�� ? -!"#$�!*#. 

����� �����	� �������� �������	����
�� 
�.�.  �	�������!, ".�. ������� � �.#. �$����� �� ���-
�	�	��	 �	%��&	
��! &�
�� �����. 
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Abstract. Nitriding of the Fe – 3 % Si alloy was studied by spectral chemical 
analysis and scanning electron microscopy with local X-ray analysis. 
In-depth chemical composition was determined by glow discharge op-
tical emission spectrometry (GD-OES). The process has been studi ed 
in the 500 – 1000 °C temperature range. Nitriding was performed in 
the proprietary system using (95 % N2 + 5 % H2 ) inert carrier gas am-
moniated by passing through NH3 aqueous solution. Parameters of  the 
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nitriding were optimized. Nitriding of the Fe – 3 % Si alloy was per-
formed after decarburization annealing. Most of nitrogen in the form 
of disperse Si3N4 phase is located in the near-surface region just after 
the inner oxide layer. Increasing the nitriding potential caused the aus-
tenite formation in the internal oxidation layer that should impair the 
insulating coating formation in the subsequent processing. The nitrogen 
content in the nitrided Fe – 3 % Si alloy decreased during the high tem-
perature annealing; the remaining nitrogen content became equal to the 
aluminum content right before the beginning of abnormal grain growth. 

Keywords: Fe – 3 % Si technical alloy, recrystallization-decarburizing 
annealing, nitriding, high-temperature annealing, nitride, austenite, 
electrical insulating coating.
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