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��������  

�'�,������  BiFeO3 &.��/,(�8�*  $ $(/))+  �+(3*�"�..'�$'1 , *'  �)*3  

'�(/,/�*  ',�'1.�����'  7(�$*.�2�)$��  �  �/-��*�%�  +&'.4,'2����� . �  

&')(�,���  1.��4  7*�  )'�,�����4  1%#%1/9* #�/2�*�(3�%!  ��*�.�)  [1], */$  $/$ 

���9*  �'(3:'!  &'*��5�/(  &./$*�2�)$'-'  &.�������4 .  

��*�.�)  �))(�,'1/*�(�!  $ �#+2���9  BiFeO3 )14#/�  )  *�� , 2*'  '�  ����*  

1%)'$��  *��&�./*+.%  )�-��*'7(�$*.�2�)$'-'  �  /�*�"�..'�/-��*�'-'  

&�.�0','1  ()� . �/&.���.  [2]). 	,�/$'  )+ �)*1'1/���  1 ���  

&.')*./�)*1���'!  )&�� -�',+(�.'1/��'!  )*.+$*+.%  (6��� ) 5�$('�,�'-'  

*�&/  [3] &.�1',�*  $ +).�,����9  &'  '�;��+  �/-��*'7(�$*.�2�)$'-'  7""�$*/  �  

�/�/-��2���')*� , $'*'.%�  )*/�'14*)4  &./$*�2�)$�  ./1�%��  �+(9 . �(4  

&'41(���4  (���!�'-'  �/-��*'7(�$*.�2�)$'-'  7""�$*/  ��'�0',��'  

./#.+:�*3  5�$('�,�+9  �/-��*�+9  )*.+$*+.+ . 	,���  �#  )&')'�'1  

./#.+:���4  5�$('�,�'!  �/-��*�'!  )*.+$*+.%  �'8�*  �%*3 2/)*�2�'�  

#/�� ����  /*'�'1  Bi �  Fe ,.+-���  /*'�/�� . �  ,/��'!  ./�'*�  /*'�%  Fe 

#/�� /(�)3  �/  /*'�%  Mn.  

6.��������  7""�$*/  ��))�/+7./  &'#1'(4�*  �))(�,'1/*3  ('$/(3�%�  

)*.+$*+.�%�  �  �/-��*�%�  )')*'4��4  /*'�'1  8�(�#/  &.�  (�-�.'1/���  

�+(3*�"�..'�$/  BiFeO3 /*'�/��  &�.�0',�%0  ��*/(('1 , 1 2/)*�')*�  Mn. 

�  �/$/(/1.'1)$'!  ./�'*�  ��*',/��  ��))�/+7.'1)$'!  )&�$*.')$'&��  �/  

4,./0  57Fe �))(�,'1/�'  1(�4���  #/�� ���4  /*'�'1  Fe /*'�/��  Mn �/  

&.')*./�)*1���+9  )&�� -�',+(�.'1/��+9  )*.+$*+.+ , /  */$8�  )1�.0*'�$��  

7(�$*.�2�)$��  �  �/-��*�%�  1#/��',�!)*1�4  4,�.  57Fe 1 �+(3*�"�..'�$�  

BiFeO3.  
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����  1. ��*�./*+.�%!  '�#'.  

1.1. 	)'����')*�  $.�)*/((�2�)$'!  �  �/-��*�'!  )*.+$*+.%  BiFeO3 

�  ./�'*�  [4] +)*/�'1(��' , 2*'  BiFeO3 ����*  .'��'7,.�2�)$�  

�)$/8���+9  &�.'1)$�*'&','��+9  )*.+$*+.+  ()� . .�) . 1). �  )'�,������  

BiFeO3, '*�')4 ��)4  $ &.')*./�)*1���'!  -.+&&�  R3c, /*'�%  �/0',4*)4  1 

&'#�5�40 :  

- /*'�%  8�(�#/  (Fe) �  1�)�+*/  (Bi) – 1 &'#�5��  6a,  

- /*'�%  $�)('.',/  (O) – 1 &'#�5��  18b.  

�''.,��/*%  &'#�5�!  &.�,)*/1(��%  1 */�(�5�  1. 

 


/�( . 1. 6.')*./�)*1���/4  -.+&&/  )����*.��  R3c. 

�''.,��/*%  
6'#�5�4  

(0,0,0) + (2/3,1/3,1/3) + (1/3,2/3,2/3) + 

18b 

(x,y,z) (-y,x-y,z) (-x+y,-x,z) 

(-y,-x,z+1/2) (-x+y,y,z+1/2) 

(x,x-y,z+1/2) 

6/  (0,0,z) (0,0,z+1/2) 

 

6/./��*.%  7(����*/.�'!  42�!$�  BiFeO3 1 -�$)/-'�/(3�'!  +)*/�'1$�  

./1�% : a = 5.5827 (9) Å �  c = 13.882 (1) Å, /  )1'�',�%�  &/./��*.%  )*.+$*+.%  

– x(O) = 0.4533 (2), y(O) = 0.0049 (7), z(O) = 0.9520 (5); z(Bi) = 0; 

z(Fe) = 0.2226 (6) [5].  

��*','�  �/-��*�'!  ��!*.'�'-./"��  �%('  '��/.+8��'  [6], 2*'  

&�.'1)$�*  BiFeO3 '�(/,/�*  &.')*./�)*1���'!  )&�� -�',+(�.'1/��'!  

)*.+$*+.'!  (6��� ) 5�$('�,�'-'  *�&/  )  �'(3:��  &�.�','�  l  < 620 Å ()� . 

.�) . 2), ��)'�#��.��%�  )  &�.�','�  $.�)*/((�2�)$'!  .�:�*$� . 

��*�"�..'�/-��*�/4  )*.+$*+./  '*,�(3�'!  7(����*/.�'!  42�!$�  1 */$'!  

)*.+$*+.�  &')*.'��/  &'  G-*�&+. 
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��)+�'$  1. �0��/*�2�)$'�  �#'�./8����  $.�)*/((�2�)$'!  )*.+$*+.%  

�+(3*�"�..'�$/  BiFeO3 (1 .'��'7,.�2�)$'!  +)*/�'1$� )�

��)+�'$  2. �0��/*�2�)$'�  �#'�./8����  6���  5�$('�,�'-'  *�&/   

1 BiFeO3 [6] 
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1.2. 6.')*./�)*1���/4  )&�� -�',+(�.'1/��/4  )*.+$*+./  BiFeO3 

�  ./�'*/0  [7, 8] '�')�'1/�/  *�'.�*�2�)$/4  1'#�'8�')*3  )+ �)*1'1/��4  

6��� , -,�  '&.�,�(��/  &.')*./�)*1���/4  #/1�)��')*3  +-(/  = ��8,+  

1�$*'.'�  /�*�"�..'�/-��*�#�/  L �  ')39  1,'(3  ./)&.')*./����4  5�$('�,%  )  

&'�' 39  7((�&*�2�)$'!  sn-"+�$5��  �$'�� . 

�1'�',�+9  7��.-�9  �'8�'  #/&�)/*3  1 1�,�  "+�$5�'�/(/  
��#�+.-/ -

�/�,/+ :  

�= VfF d),(),( JjJj . (1) 

�,�)3  '�;���/4  &('*�')*3  )1'�',�'!  7��.-��  #/&�)%1/�*)4  1 1�,�  

),(),(),(),( Lanexch JjJjJjJj ffff ++= , (2) 

-,� :  

( ) =Ñ= �
= zyxi

ilAf
,,

2
exch ),( tj  

( )( ) ( )( ) ( )( )[ ] =Ñ+Ñ+Ñ= 222 cossinsincossin JjJjJA  

( ) ( )[ ]222 sin jJJ Ñ+Ñ= A  –  (3) 

– 7��.-�4  ��',�'.',�'-'  '�����'-'  1#/��',�!)*1�4 , 7.- /)�103 7×@A  – 

$'�)*/�*/  ��',�'.',�'-'  '����/  ('�����/4  8�)*$')*3 ); j  �  J  – 

/#��+*/(3�%!  �  &'(4.�%!  +-(% �,���2�'-'  1�$*'./  /�*�"�..'�/-��*�#�/  

),,(
M

MM
l JjJjJ cossinsincossin

2 0

21 =
-

=  1 )"�.�2�)$'!  )�)*���  $''.,��/*  )  

&'(4.�'!  ')39  1,'(3  -(/1�'!  ')�  c 1 -�$)/-'�/(3�'!  +)*/�'1$� ;  

Jtj 2
an sin),( uKf =  �(�  Jtj 2

an cos),( uKf -=  –  (4) 

– 7��.-�4  �/-��*�'!  /��#'*.'&�� , uK  – $'7""�5���*  ',�'')�'!  �/-��*�'!  

/��#'*.'&�� ; 

( ) ( )( ) ( )=Ñ-Ñ-Ñ+Ñ=Ñ-Ñ-= yyzxxzzyyzxxzzzz llllllllPllPf ggtj ll),(L  

( )( )jjjjJJJjJjg yxyxzP Ñ-Ñ-Ñ+Ñ-= cossinsincossincos  –  (5) 
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– ��1/.�/�*  ��":�5/ , '&�)%1/9 �!  7��.-�9  ��',�'.',�'-'  

�/-��*'7(�$*.�2�)$'-'  1#/��',�!)*1�4  (#/1�)�*  '*  )����*.��  $.�)*/((/ ; 

#/&�)/�  ,(4  $.�)*/((/  )  )����*.��!  R3c), g – $'7""�5���* , ���9 �!  

�/-��*'7(�$*.�2�)$+9  &.�.',+ .  

�(4  )(+2/4  0 >uK  (axis) 1 $/2�)*1�  .�:���4  ,(4  )��+)/  &'(4.�'-'  

+-(/  &'(+2��  7((�&*�2�)$�!  $')��+) , /  ,(4  $')��+)/  – 7((�&*�2�)$�!  )��+) : 

��
�

�
��
�

�
= mx

m
x ,cn)(sin

e
J � , (6) 

��
�

�
��
�

�
±= mx

m
x ,sn)(cos

e
J . (7) 

 

1.3. �/��%�  ��))�/+.'1)$�0  �))(�,'1/��!   

�&�.1%�  ��))�/+7.'1)$��  )&�$*.%  4,�.  57Fe 1 ��'�'-/ ���'�  '�./#5�  

"�..�*/  BiFeO3 ,')*/*'2�'  1%)'$'-'  $/2�)*1/  ,(4  '�./�'*$�  �  /�/(�#/  �%(�  

&'(+2��%  1 ./�'*�  [9]. �/):�".'1$/  )&�$*./ , &'(+2���'-'  &.�  $'��/*�'!  

*��&�./*+.� , &'$/#/(/ , 2*'  )1�.0*'�$'�  �/-��*�'�  &'(�  ./1�'  Hn = 493±10 

$>. 

�  ./�'*�  [10] 1 ��*�.1/(�  *��&�./*+.  80–850 K �%('  &.'1�,��'  

�))(�,'1/���  ��))�/+7.'1)$�0  )&�$*.'1  ��'�'-/ ���'-'  "�..�*/  BiFeO3, 

-,�  ��8�  TN '*��2/�*)4  /)����*.�4  �/�(9,/��'-'  #���/�'1)$'-'  )�$)*�*/  )  

��',�'.',�'  +:�.���%��  .�#'�/�)�%��  (���4��  

�  ./�'*/0  [10-13] &'  7""�$*+  ��))�/+7./ , -,�  �)&'(3#'1/(')3  

&.�,)*/1(����  ��))�/+7.'1)$'-'  )&�$*./  BiFeO3 1 1�,�  )+&�.&'#�5��  ,1+0 

#���/�'1)$�0  )�$)*�*'1 , &'(+2/(�)3  )�(3�'  ./#(�2/9 ��)4  #�/2���4  

)1�.0*'�$�0  �/-��*�%0  &'(�!  �  $1/,.+&'(3�%0  ./) �&(���! . 

�  ./�'*�  [14] '�./�'*$/  �  /�/(�#  )&�$*.'1  BiFeO3 1&�.1%�  �%(  

&.'1�,��  1 &.�,&'('8����  '  )+ �)*1'1/���  6���  5�$('�,�'-'  *�&/ , &.�  

7*'�  &.�,&'(/-/(')3  �/(�2��  1'#�'8�'-'  ,'&'(��*�(3�'-'  &')*'4��'-'  

1$(/,/  1 $1/,.+&'(3�'�  ./) �&(���� . �  .�#+(3*/*�  /1*'.'�  +,/(')3  �/!*�  



9 
 

)1�.0*'�$��  &/./��*.%  )&�$*.'1 , )''*1�*)*1+9 �0  '.���*/5��  )&��/  /*'�/  

Fe 1,'(3  �  &�.&��,�$+(4.�'  -�$)/-'�/(3�'!  ')�  )����*.��  1 BiFeO3, /  

*/$8�  '5���*3  &/./��*.  /�-/.�'��#�/  – 5.0»m  &.�  $'��/*�'!  *��&�./*+.�  

�  6.0»m  &.�  90 K.  

�  ./�'*�  [15] �))(�,'1/��4  &.'1',�(�)3  �/  '�./#5�  BiFeO3, 

'�'-/ ���'�  ,'  10% �#'*'&'�  57Fe &.�  *��&�./*+./0  650, 295 �  87 K. 

��))�/+7.'1)$��  )&�$*.%  '�./�/*%1/(�)3  ��*',/��  1'))*/�'1(���4  

./)&.�,�(���4  )1�.0*'�$�0  &/./��*.'1  �  �',�(3�'!  ./):�".'1$� . �%('  

'��/.+8��' , 2*'  ),1�-�  (���!  ,(4  ,1+0 )')*'4��!  �'�'1  &./$*�2�)$�  

',��/$'1% , /  '*�':����  $1/,.+&'(3�%0  )�� ���!  ./1�'  2/|| -=^ee .  

�  ./�'*�  [16] +)*/�'1(��' , 2*'  )  &'�' 39  ��))�/+7.'1)$'!  

)&�$*.')$'&��  �'8�'  '&.�,�(4*3  &/./��*.  /�-/.�'��#�/  6���  

5�$('�,�'-'  *�&/  )  ��  ���3:�!  *'2�')*39 , 2��  )  &'�' 39  ��� , 

'�(/,/9 ��  �'(3:��  ./#.�:����� . ��*',%  ��))�/+7.'1)$'!  

)&�$*.')$'&�� , '�(/,/4  2+1)*1�*�(3�')*39  $ )1�.0*'�$'�+  $1/,.+&'(3�'�+  

1#/��',�!)*1�9  4,./  1 1'#�+8,���'�  )')*'4��� , &'#1'(49*  &'(+2�*3  

,'&'(��*�(3�+9  ��"'.�/5�9  '�  ')'����')*40  6��� . 

�  ��,/1�'  '&+�(�$'1/��%0  ./�'*/0  [17, 18] ��*',/��  ��))�/+7.'1)$'!  

)&�$*.')$'&��  &',.'��'  �%('  &.'1�,��'  �))(�,'1/���  "�..�*/  BiFeO3 1 

./�$/0  �',�(�  6���  1 ,�/&/#'��  *��&�./*+.  5-700 K, 1$(92/9 ��  

*��&�./*+.+  �/-��*�'-'  "/#'1'-'  &�.�0',/ . 	�./�'*$/  �  /�/(�#  

�?))�/+7.'1)$�0  )&�$*.'1  /1*'.%  &.'1',�(�  ��*',/��  1'))*/�'1(���4  

./)&.�,�(���!  )1�.0*'�$�0  �/-��*�%0  &'(�!  �  ./):�".'1$�  1 �',�(�  

&.')*./�)*1���'!  )&�� -�',+(�.'1/��'!  )*.+$*+.%  5�$('�,�'-'  *�&/ . 

6'(+2���/4  *��&�./*+.�/4  #/1�)��')*3  ),1�-/  0'.':'  '&�)%1/�*)4  1 

,��/�1)$'�  &.��(�8����  $'(��/*�(3�'-'  )&�$*./  �?))�/+7.'1)$�0  4,�.  )  

,��/�1)$'!  *��&�./*+.'!  JD = 358±27 K. �1/,.+&'(3�'�  )�� ����  @lat, 

'�+)('1(���'�  -./,���*'�  7(�$*.�2�)$'-'  &'(4 , )'#,/1/��'-'  

'$.+8/9 ���  4,.'  /*'�/�� , '$/#/(')3  &'('8�*�(3�%�  �  ,')*/*'2�'  
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�'(3:�� , '�'  0'.':'  )'-(/)+�*)4  )'  #�/2�����  $1/,.+&'(3�'-'  )�� ���4  

@ = 0.219±0.002 �� /)  ,(4  )&�$*.'1 , �#��.���%0  1 &/./�/-��*�'!  '�(/)*�  

*��&�./*+.  &.�  T > TN. ���#'*.'&�%!  1$(/,/  Han )  &'1%:�����  

*��&�./*+.%  )�/2/(/  ��)$'(3$'  1'#./)*/( , /  #/*��  +�%1/( , )*.��4)3  $ �+(9  1 

'�(/)*�  *��&�./*+.%  ~600 K. �*'  $/)/�*)4  &/./��*./  /�-/.�'��#�/ , *'  �-'  

#�/2����  &.�  ��#$�0  *��&�./*+./0  m ~ 0.27 )  +2�*'�  )*/�,/.*�'-'  

'*$('����4  ':��'$  ��  &.'*�1'.�2�('  '5��$�  &/./��*./  /�-/.�'��#�/  

m < 0.25, 1%&'(����'!  ��*',/��  ,�"./$5��  ��!*.'�'1 . 6.�  +1�(�2����  

*��&�./*+.%  '�  �%(  &./$*�2�)$�  &')*'4��%�  ,'  T ~ 150 K, /  #/*��  +�%1/( , 

)*.��4)3  $ �+(9  &.�  350 K 

��))�/+7.'1)$��  �))(�,'1/��4  1 ./�$/0  �',�(�  )&�� -�',+(�.'1/��'!  

)*.+$*+.%  5�$('�,�'-'  *�&/  ,(4  )�)*��%  �/�'2/)*�5  "�..�*/  BiFeO3 �%(�  

&',.'��'  �#+2��%  1 ./�'*�  [19]. 6'(+2���%�  #�/2���4  &/./��*./  

/�-/.�'��#�/  )'&')*/1��%  )'  #�/2���4�� , &'(+2���%��  ,(4  2/)*�5  )  

./#��.'�  �'(3:�  100 �� , &.�  7*'�  �/�(9,/(')3  ���'(3:'�  +���3:����  

*��&�./*+.%  �/-��*�'-'  "/#'1'-'  &�.�0',/  ,'  #�/2���4  TN ~ 631 K. 


��&�./*+.�/4  #/1�)��')*3  &/./��*./  /�-/.�'��#�/  )*.���*)4  $ 0 &.�  

*��&�./*+.�  T ~ 400 K. 

�/  )�-',�4:��!  ,��3  1 (�*�./*+.�  ��))�/+7.'1)$�0  ,/��%0  &'  

�))(�,'1/��9  "�..�*'1  BiFe1-xMnxO3 1 ./�$/0  �',�(�  6���  ��* . 

�)*.�2/�*)4  ��)$'(3$'  ./�'*  &'  �#+2���9  $.�)*/((�2�)$'!  �  �/-��*�'!  

)*.+$*+.  '�./#5'1  BiFe1-xMnxO3. 

�  ./�'*�  [20] �%(  &.'1�,��  ��))�/+7.'1)$�!  "/#'1%!  /�/(�#  '�./#5'1  

BiFeO3 �  BiFe0.95Mn0.05O3, &.�-'*'1(���%0  )  �)&'(3#'1/����  :/.'1'!  

��(3��5% . ��))�/+7.'1)$�!  )&�$*.  )')*'4(  �#  ',�'-'  #���/�'1)$'-'  

)�$)*�*/  �  ,1+0 $1/,.+&'(3�%0  ,+�(�*'1 . �  .�#+(3*/*�  ./):�".'1$�  )&�$*./  

',��  ,+�(�*  /1*'.%  )14#/(�  )  &.���)�%��  "/#/��  Bi12Fe4O9 �  Bi25FeO40 1 

'�./#5� , $'*'.%�  ��  41(49*)4  �/-��*'+&'.4,'2�%��  &.�  $'��/*�'!  
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*��&�./*+.� , ,.+-'!  - )  "/#'!  �))(�,+��%0  "�..�*'1  1�)�+*/ , /  

#���/�'1)$�!  )�$)*�*  – )  A–Fe2O3.  

�  ./�'*�  [21] �%('  �#+2��'  1(�4���  #/�� ���4  /*'�'1  Fe �/  /*'�%  Mn 

1 '�./#5/0  BiFe1-xMnxO3 )  x=0.1, 0.2 �  0.3 �/  $.�)*/((�2�)$+9  )*.+$*+.+ , /  

*/$8�  �/  ,�7(�$*.�2�)$�� , �/-��*�%�  �  )�-��*'7(�$*.�2�)$��  )1'!)*1/ . �  

.�#+(3*/*�  1%41(��' , 2*'  #/�� ����  ��  1(�4�*  �/  $.�)*/((�2�)$+9  

)*.+$*+.+ , �'  &.�1',�*  $ &'1%:���9  �/�/-��2���')*� . 
��  ��  ����� , 

�/)% ���%�  &�*(�  
�)*�.�#�)/  ,(4  )''*1�*)*1+9 �0  '�./#5'1  ��  

�/�(9,/(�)3 . 

�  ./�'*�  [22] �#+2��%  $.�)*/((�2�)$/4  �  �/-��*�/4  )*.+$*+.%  

�+(3*�"�..'�$'1  BiFe0.75Mn0.25O3, )��*�#�.'1/��%0  ��*','�  *1�.,'*�(3�'!  

$�./��2�)$'!  *�0�'('-��  &.�  $'��/*�'�  �  1%)'$'�  ,/1(���� . 6.�  

�/-.�1/���  �/  1'#,+0�  )*.+$*+./  '�./#5/ , )��*�#�.'1/��'-'  &',  ,/1(�����  

(HP), &�.�0',�*  1 )*.+$*+.+  '�./#5/ , )��*�#�.'1/��'-'  &.�  $'��/*�'!  

*��&�./*+.�  (AP), &.�  *��&�./*+.�  '$'('  600 K. 	�/  '�./#5/  

�/-��*'+&'.4,'2��%  ��8�  *��&�./*+.�  ���(4  485 K (AP) �  520 K (HP). 

�.'��  *'-' , ,(4  '�./#5/  AP �%('  0/./$*�.�'  41(����  &�.��/-��2�1/��4 .  

�  �/$/(/1.'1)$'!  ./�'*�  )  &'�' 39  ��))�/+7.'1)$'!  )&�$*.')$'&��  

�))(�,'1/�%  &.')*./�)*1���/4  )&�� -�',+(�.'1/��/4  )*.+$*+./  /  */$8�  

)1�.0*'�$��  7(�$*.�2�)$��  �  �/-��*�%�  1#/��',�!)*1�4  4,�.  57Fe 1 "�..�*�  

BiFe0.95Mn0.05O3.  
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����  2. ��*',�$/  7$)&�.����*/  

2.1. ���*�#  '�./#5'1  )'�,�����4  BiFe0.95Mn0.05O3 

�))(�,'1/��4  &.'1',�(�)3  �/  '�'-/ ���'�  ,'  10 /* .% �#'*'&'�  57Fe �  

��'�'-/ ���'�  &'(�$.�)*/((�2�)$�0  '�./#5/0  "�..�*/  BiFe0.95Mn0.05O3, 

)��*�#�.'1/��%0  1 ./#(�2�%0  �/+2�%0  (/�'./*'.�40  1 ./�$/0  ',�'!  '  *'!  

8�  *1�.,'*�(3�'!  $�./��2�)$'!  *�0�'('-�� , �'  &.�  ./#(�2�%0  

*��&�./*+.�%0  �  1.�����%0  +)('1�40  )��*�#/ . 

	�'-/ ���%!  '�./#�5  (,'  10 /* .% �#'*'&'�  57Fe) �%(  )��*�#�.'1/�  

)'*.+,��$'�  ��8,+�/.',�'-'  5��*./  �/�'/.0�*�$*'��$�  �/*�.�/('1  &.�  

�/5�'�/(3�'�  ��)*�*+*�  �/*�.�/('1�,���4  (�&'��4 ) A.A. Belik �#  

)*�0�'��*.�2�)$'!  )��)�  '$)�,'1  Bi2O3 (99.9999%), Fe2O3 (99.999%), 57Fe2O3 

('�'-/ ���'-'  ,'  95,5 /* .% 57Fe) �  Mn2O3 (99.99%). ���)3  &',1�.-/(/)3  

'*8�-+  &.�  720°C 1 *�2����  2 2/)'1  &.�  /*�')"�.�'�  ,/1(���� , #/*��  – 

-'�'-���#�.+9 ��+  '*8�-+  &.�  800°C */$8�  1 *�2����  2 2/)'1 , /  &')(�  

*�.��2�)$'-'  '*8�-/  ��,(���'  '0(/8,/(/)3  ,'  $'��/*�'!  *��&�./*+.% . 

���*-��'1)$/4  ,�"./$*'��*.�4  '�'-/ ���'-'  '�./#5/  &.'1',�(/)3  &.�  

$'��/*�'!  *��&�./*+.�  �/  ,�"./$*'��*.�  RIGAKU Ultima III )  

�)&'(3#'1/����  Cu(KA)  
�#(+2���4  (+-'(  ,�"./$5��  2= ���4()4  1 ,�/&/#'��  

10-80°, )  :/-'�  0.02° �  1.������  .�-�)*./5��  2 ) /:/- ). �  .�#+(3*/*�  /�/(�#/  

,�"./$*'-./��%  '�'-/ ���'-'  '�./#5/  Bi57Fe0.10Fe0.85Mn0.05O3 ()� . .�) . 3) 

�%('  '��/.+8��'  �/('�  )',�.8/���  &.���)�'!  "/#%  Bi25FeO39 �  �/!,��%  

&/./��*.%  7(����*/.�'!  42�!$�  ')�'1�'!  "/#%  Bi57Fe0.10Fe0.85Mn0.05O3: 

a = 5.57753 Å �  c = 13.8583 Å. 

��'�'-/ ���%!  '�./#�5  �%(  )��*�#�.'1/�  1 ���>�  �/  $/"�,.�  

"�#�$�  $'�,��)�.'1/��'-'  )')*'4��4  1 (/�'./*'.��  &.'" . 6'$/*�('1/  � .� . 

���)3  '$)�,�%0  &'.':$'1  $'�&'���*'1  )'�,�����4  1 )''*1�*)*1+9 �!  

&.'&'.5��  &.�))'1/(/)3  1 */�(�*$� , $'*'.%�  '*8�-/(�)3  ',��  )+*$�  &.�  

*��&�./*+.�  700-1000°C �/  1'#,+0�  ()  &.'��8+*'2�%�  *.�0$./*�%�  
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./#�'('�  �  &.�))'1/����  1 */�(�*$� ) [23]. 6.�  T = 830°C &.'1',�()4  

'$'�2/*�(3�%!  '*8�- , �  #/*��  �%)*.'�  '0(/8,����  '�./#5/  �/  1'#,+0� . 

 

 

 

 

 

 

 

 

 

 

 

 

	&.�,�(����  "/#'1'-'  )')*/1/  ��'�'-/ ���'-'  '�./#5/  &.'1',�(/)3  

�/  $/"�,.�  *1�.,'-'  *�(/  "�#�2�)$'-'  "/$+(3*�*/  �
�  ,'5 . ��)�(�1'!  
 .� . 

�/  ,�"./$*'��*.�  Empyrean Panalytical (��,�.(/�,% ) (Cu(KA)  
B= 1.5405Å) 1 

-�'��*.��  �.�-/ -�.��*/�' , 1 ��*�.1/(�  10°–60° +-('1  ,�"./$5��  2J )  :/-'�  

0.026° �  1.������  .�-�)*./5��  200 ) /:/- , ./�'2��  .�8��% : U = 40 $� , 

I = 40� A. �;��$/  ')+ �)*1(4(/)3  )  �)&'(3#'1/����  ,1+0$''.,��/*�'-'  

,�*�$*'./  Pixel3D ��#  �'�'0.'�/*'./ , )  Ni "�(3*.'�  �/  ,�"./-�.'1/��'�  

&+2$�. 	�./�'*$/  .��*-��'-./��%  &.'1',�(/)3  )  �)&'(3#'1/����  

&.'-./��%  HighScore Plus �  �/#% ,/��%0  ICDD PDF4. �  .�#+(3*/*�  ��*','�  

.��*-��'1)$'!  ,�"./$*'��*.��  �%(�  '&.�,�(��%  &/./��*.%  7(����*/.�'!  

42�!$�  "�..�*/  BiFe0.95Mn0.05O3: a = 5.572(9) Å, c = 13.86(2), �  '��/.+8��'  

���'(3:'�  $'(�2�)*1'  &.���)�'!  "/#%  Bi25FeO39 ()� . .�) . 4). 

�/��*�� , 2*'  1 )''*1�*)*1��  )  .��*-��'1)$���  ,/��%��  1 .�#+(3*/*�  

)��*�#/  '�'-/ ���'-'  '�./#5/  &'(+2/�*)4  ���3:�  &.���)�'!  "/#% Bi25FeO39 

&'  )./1����9  )  )��*�#'�  ��'�'-/ ���'-'  '�./#5/  ()./1��  .�) . 3 )  .�) . 4).  

8000

6000

4000

2000

0
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te
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ity

6055504540353025201510

2q  / °

��)+�'$  3. ���*-��'1)$/4  ,�"./$*'-./��/  '�'-/ ���'-'  '�./#5/  
Bi57Fe0.10Fe0.85Mn0.05O3; #1�#,'2$/��  &'��2��%  ')�'1�%�  .�"(�$)%  

&.���)�'!  "/#%  Bi25FeO39 
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6'(+2���%�  '�./#5%  &'�� /(�)3  1 &(�$)�-(/)'1%�  $91�*%, �  

&',��./(/)3  ��'�0',��/4  *'( ��/  '�./#5'1  ,(4  7""�$*�1�'-'  &.'1�,���4  

��))�/+7.'1)$�0  �#��.���! , /  */$8�  1'  �#��8/���  1(�4��4  */$  �/#%1/��'-'  

"7""�$*/  �/)% ���4 " [24].  

 

2.2. ��))�/+7.'1)$�!  )&�$*.'��*.  

��))�/+7.'1)$��  �))(�,'1/��4  &.'1',�(�)3  �/  )&�$*.'��*.�      

MS1101-Em (.�) .), ./�'*/9 ��  1 .�8���  &')*'4��%0  +)$'.���!  )  

*.�+-'(3�'!  "'.�'!  1.�����'!  #/1�)��')*�  ,'&(�.'1)$�0  )$'.')*�!  

,1�8���4  �)*'2��$/  '*�')�*�(3�'  &'-('*�*�(4 . ��/(�#/*'.  +)*/�'1$�  

.�-�)*.�.'1/(  ,1/  )&�$*./ , )''*1�*)*1+9 �0  $/$ 1')0',4 �!  (1 1024 

$/�/(/0 ), */$  �  ��)0',4 �!  (1 1024 $/�/(/0 ) 2/)*�!  *.�+-'(3�'!  "'.�%  

,'&(�.'1)$'!  )$'.')*�  ,1�8���4  �)*'2��$/  '*�')�*�(3�'  &'-('*�*�(4 . 

�/*��  7*�  )&�$*.%  )+���.'1/(�)3 , �  .�#+(3*�.+9 �!  )&�$*.  &',1�.-/()4  

/�/(�#+  �  '�./�'*$� . �  $/2�)*1�  �)*'2��$/  C-�#(+2���4  �)&'(3#'1/()4  Co-57 

1 �/*.�5�  Rh. �#��.���4  &.'1',�(�)3  &.�  *��&�./*+./0  1 ,�/&/#'��         

��)+�'$  4. ���*-��'1)$/4  ,�"./$*'-./�/  ��'�'-/ ���'-'  '�./#5/  
BiFe0.95Mn0.05O3; #1�#,'2$/��  &'��2��%  ')�'1�%�  .�"(�$)%  

&.���)�'!  "/#%  Bi25FeO39 
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5.2 – 650 K )  �)&'(3#'1/����  -�(��1'-'  $.�')*/*/  #/�$�+*'-'  5�$(/            

SHI-850-5, �/('-/�/.�*�'-'  $.�'-���'-'  $'�&(�$)/  &.'�#1',)*1/  

�����
��  �  ��))�/+7.'1)$'!  &�2�  MBF-1100-TR. 

�(4  '�./�'*$�  �  /�/(�#/  )&�$*.'1  �)&'(3#'1/(/)3  &.'-./��/  

SpectrRelax [25]. 

 

2.3. ��*',%  '�./�'*$�  ��))�/+7.'1)$�0  )&�$*.'1  

��))�/+7.'1)$��  )&�$*.%  �))(�,'1/��%0  '�./#5'1  '�./�/*%1/(�)3  

�/��  ��*','�  1'))*/�'1(���4  ./)&.�,�(���!  )1�.0*'�$�0  &/./��*.'1  

&/.5�/(3�%0  )&�$*.'1  �  ��*','�  ./):�".'1$�  1 ./�$/0  �',�(�  6���  ()� . 

&. 2.3.2), .�/(�#'1/��%0  1 &.'-./���  SpectrRelax. 

 

2.3.1.  �'))*/�'1(����  ./)&.�,�(���!  )1�.0*'�$�0  &/./��*.'1  &/.5�/(3�%0  

)&�$*.'1  

�)(�  7$)&�.����*/(3�%!  ��))�/+7.'1)$�!  )&�$*.  ��  +,/�*)4  '&�)/*3  

,')*/*'2�'  �/(%�  ,�)$.�*�%�  �/�'.'�  &/.5�/(3�%0  )&�$*.'1 , 1'#��$/�*  

#/,/2/  1'))*/�'1(���4  ./)&.�,�(���4  )1�.0*'�$�0  &/./��*.'1  )&�$*./ .  

�  $/2�)*1�  "+�$5�'�/(/ , &',(�8/ �-'  ������#/5�� , ��.�*)4  

"+�$5�'�/(  ),(2 pac , )',�.8/ �!  $.'��  1$(/,/  ),(2
sp pac , '&.�,�(4��'-'  

��)''*1�*)*1���  '-��/9 �!  7$)&�.����*/(3�'�+  )&�$*.+ , � ?  ',��  1$(/,  

)(2 puc : 

)(),(),( 22
sp

2 ppapa uc+c=c , (8) 

-,�   

( )
2

1

1 12
sp ),( �

��

=

= =
¥

�
�
�
�
�

�

�

�
�
�
�
�

�

�
�
�
�

�
�
�
�

�
--

=c
n

j N

t

s

r

k

s
k

s
jk

j
j

j

s

S

paDNN

pa , (9) 
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( )
2

1 1 1

2 � � �
= = =

�
�
�

�
�
�
�

�
×=c

t

s

r

k

r

l

s
l

s
kl

s
ku

s s

pTup , (10) 

#,�)3  �  – )'1'$+&�')*3  1/.3�.+��%0  &/./��*.'1 ; p – �)$'�%�  ./)&.�,�(���4  

&/./��*.'1 ; { }jN  – �)0',�%!  7$)&�.����*/(3�%!  )&�$*.  (j=1, 2,…, n; n – 

2�)('  7$)&�.����*/(3�%0  *'2�$  1 )&�$*.� ); { }jN¥  – �/#'1/4  (���4 ; { }
jNS  – 

)*/�,/.*�%�  '*$('����4  )*/*�)*�2�)$�0  ':��'$  1 )&�$*.� ; ( ){ }s
jk aD  – 

�/*.�5/ , '&�)%1/9 /4  4,.'  s--'  ./)&.�,�(���4  (s = 1, 2, ..., t; t – '� ��  

2�)('  ./)&.�,�(���! ); as – )'1'$+&�')*3  1/.3�.+��%0  &/./��*.'1  ,(4  4,./  

s--'  ./)&.�,�(���4 ; }{ s
kp  – �)$'�'�  s-'�  ./)&.�,�(����  (k = 1, 2, ..., rs; rs – 

./#��.�')*3  s-'-'  ./)&.�,�(���4 ); }{ s
kT  – �/*.�5/  $'��2�%0  ./#�')*�! , 

'&.�,�(4��/4  1*'.'!  &.'�#1',�'! , &'  $'*'.'!  ')+ �)*1(4�*)4  &.'5�))  

.�-+(4.�#/5�� ; }{ s
ku  – &/./��*.%  .�-+(4.�#/5�� . 

�  &'�' 39  1$(/,/  )(2 puc  1 0� -$1/,./*  ),(2 pac  1 &.'5�))�  .�)*/1./5��  

�/$(/,%1/9*)4  +)('1�4  �/  -(/,$')*3  ./)&.�,�(���4  }{ s
kp . �*�&��3  -(/,$')*�  

#/,/�*)4  )  &'�' 39  &/./��*.'1  .�-+(4.�#/5��  }{ s
ku . ���  �'(3:�  &/./��*. , 

*��  "8�)*2� " *.��'1/���  $ -(/,$')*�  ./)&.�,�(���4  �/  ,/��'�  ��*�.1/(� . 

��./1�'��.�/4  1,'(3  *'2�$  &.�,)*/1(���4  .�-+(4.�#/5�4  &'#1'(4�*  +2�)*3 

/&.�'.�+9  ��"'.�/5�9  '  �/(�2��  ('$/(3�%0  �/$)��+�'1  ./)&.�,�(���4  

��*�.�)+9 �!  "�#�2�)$'!  1�(�2��%  �/  *'�  �(�  ��'�  7*/&�  .�)*/1./5�� . 

�  &.'5�))�  1'))*/�'1(���!  ./)&.�,�(���!  }{ s
kp  �'8�*  ')+ �)*1(4*3)4  

&'�)$  '&*��/(3�%0  #�/2���!  1)�0  �(�  ��$'*'.%0  �#  &/./��*.'1 : 

{ }. ,
  ,R,L,R,L,R,L;,, nn00
ssssssss HHcN aeeddn  

6�.1%�  *.�  &/./��*./  '&�)%1/9*  �/#'1+9  (���9  ( )n¥N  1 )&�$*.� . 

�(�,+9 /4  )'1'$+&�')*3  &/./��*.'1  ,(4  $/8,'-'  �#  t 4,�.  ./)&.�,�(���4  

41(4�*)4 : �/2/(/��  �  $'�5/��  ��*�.1/('1  1'#�'8�%0  #�/2���!  ,(4  ),1�-/  

��))�/+7.'1)$'!  (����  ( ss R,L dd ), $1/,.+&'(3�'-'  )�� ���4  ( ss R,L ee ), 
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)1�.0*'�$'-'  �/-��*�'-'  &'(4  ( ss HH R,L nn ), /  */$8�  :�.��'!  .�#'�/�)�'!  

��))�/+7.'1)$'!  (����  ( s
 ) �  $'7""�5���*'�  ( sa ), #/,/9 ��  "'.�+  (����  

&)�1,' -�'!-*/  – (���!�'!  $'����/5��!  "+�$5��  �'.��5/  ),(L GzW  �  
/+))/  

),(G GzW  ',��/$'1'!  :�.��%  G:  

),(),()1(),( GLPV Ga+Ga-=G xWxWxW sssss .  (11) 

 

2.3.2. �',�(3  &.')*./�)*1���'!  )&�� -�',+(�.'1/��'!  )*.+$*+.%  

5�$('�,�'-'  *�&/  ,(4  /�/(�#/  ��))�/+7.'1)$�0  )&�$*.'1  

�  �))(�,'1/��'�  ��*�.1/(�  *��&�./*+.  ��))�/+7.'1)$��  )&�$*.%  

./):�".'1%1/(�)3  1 ./�$/0  �',�(�  6���  5�$('�,�'-'  *�&/  [16-18, 26, 27]. 

�  7*'!  �',�(�  1 )''*1�*)*1��  )  ./�'*/��  [7, 8], #/1�)��')*3  +-(/  )(xJ  

��8,+  1�$*'.'�  /�*�"�..'�/-��*�#�/  �  ')39  )����*.��  1 )*.+$*+.�  

"�..�*/  1�)�+*/  BiFeO3 '*  $''.,��/*%  x 1,'(3  �/&./1(���4  )&��'1'!  

�',+(45��  ,(4  &'('8�*�(3�'-'  #�/$/  $'7""�5���*/  ',�'')�'!  �/-��*�'!  

/��#'*.'&��  uK  &.�,)*/1(4�*)4  +./1������  ()� . (7) 1 &. 1.2): 

�
�
�

�
�
�=J mx

mK
x ,

B
)(4

sn)(cos  &.�  0u >K , (12) 

-,�  l  – ,(��/  1'(�%  /�-/.�'��2�)$'!  )&��'1'!  �',+(45�� , 10 ££ m  – 

&/./��*.  7((�&*�2�)$'!  "+�$5��  �$'��  ),sn( mx  (&/./��*.  /�-/.�'��#�/  

��)'./#��.�'!  )&��'1'!  �',+(45�� ), )(mK  – &'(�%!  7((�&*�2�)$�!  

��*�-./(  &�.1'-'  .',/ .  

�/8,'�+  #�/2���9  +-(/  )(xJ  �#  ,�/&/#'�/  �#������4  $''.,��/*%  

[ ]lÎ ,0x  )''*1�*)*1'1/(/  (���4  .�#'�/�)�'-'  &'-(' ���4  1 1�,�  

#���/�'1)$'-'  )�$)*�*/  )'  ),1�-'�  d, $1/,.+&'(3�%��  )�� ���4��  &�.1'-'  

e(J ) �  1*'.'-'  )(J±a  &'.4,$'1  �/(')*�  1 ./#('8����  &'  7��.-��  

$1/,.+&'(3�'-'  1#/��',�!)*1�4  �  )1�.0*'�$��  �/-��*�%�  &'(��  )(n JH . 

�,1�-  d #���/�'1)$'-'  )�$)*�*/ , $'*'.%!  '&.�,�(4�*)4  )*�&��39  

$'1/(��*�')*�  )14#�!  �  ,��/��2�)$���  )1'!)*1/��  ��))�/+7.'1)$�0  /*'�'1 , 



18 
 

&.����/()4  ��#/1�)��%�  '*  +-(/  J . �1/,.+&'(3�%�  )�� ���4  .�#'�/�)�%0  

(���!  1 ��',�'.',�'�  7(�$*.�2�)$'�  &'(�  )  ')�1'!  )����*.��!  1 '�(/)*�  

./)&'('8���4  4,�.  57Fe 1 )*.+$*+.�  �))(�,'1/��%0  "�..�*'1  1 &�.1'�  )(Je  

�  1*'.'�  )(J±a  &'.4,$/0  �/(')*�  &.����/(�)3  ./1�%�� : 

2
1cos3

)(
2

lat
-J

×e=Je , (13) 

J�
�
�

�
�
� J×±J

m

e
×e=J±

222

nnex

lat
lat sinsin

8
1

cos
3

)(
Hg

a , (14) 

-,�  late  – $1/,.+&'(3�'�  )�� ���� , 1%#1/��'�  -./,���*'�  7(�$*.�2�)$'-'  

&'(4 , )'#,/1/��'-'  '$.+8/9 ���  4,.'  /*'�/�� , nm  – 4,�.�%!  �/-��*'� , 

exg  – g -"/$*'.  1'#�+8,���'-'  )')*'4��4  ��))�/+7.'1)$'-'  4,./  57Fe. �  (13) 

��  +2�*%1/(')3  ,'&'(��*�(3�'�  1'#�'8�'�  )�� ����  magne , $'*'.'�  

'�+)('1(��'  ('$/(3�%�  �)$/8�����  .�:�*$�  �# -#/ )�(3�'-'  

�/-��*'7(�$*.�2�)$'-'  1#/��',�!)*1�4 , &')$'(3$+ , $/$ �%('  &'$/#/�'  1 [16], 

7*��  ,'&'(��*�(3�%�  )�� �����  1 )(+2/�  "�..�*/  1�)�+*/  �'8�'  

&.����.�23 . �  )(+2/�  ',�'')�'!  /��#'*.'&��  )1�.0*'�$'-'  1#/��',�!)*1�4 , 

$'-,/  '�/  ,')*/*'2�'  �/(/ , $/$ 1 )(+2/�  4,�.  57Fe 1 BiFeO3, )1�.0*'�$'�  

�/-��*�'�  &'(�  �/  4,./0  57Fe )(n JH  �'8�'  &.�,)*/1�*3  1 1�,� : 

( ) 2/1)(cos3)( 2
anisn -J+=J HHH , (15) 

-,�  His – �#'*.'&�%!  1$(/,  1 )1�.0*'�$'�  �/-��*�'�  &'(�  Hn, '&.�,�(4��%!  

1 ')�'1�'�  $'�*/$*�%�  1#/��',�!)*1���  ��.��  )  ('$/(�#'1/��%��  �/  4,.�  

s-7(�$*.'�/�� , &'(4.�#'1/��%��  )&��'�  /*'�/ ; Han – /��#'*.'&�%!  1$(/, , 

'�+)('1(���%!  �/-��*�%�  ,�&'(3 -,�&'(3�%�  1#/��',�!)*1���  )  

('$/(�#'1/��%��  �/-��*�%��  �'���*/��  /*'�'1  �  /��#'*.'&��!  

)1�.0*'�$'-'  �/-��*�'-'  1#/��',�!)*1�4  4,./  )  7(�$*.'�/��  �'��'-'  ')*'1/  

)'�)*1���'-'  /*'�/ . 

6.�  &'�)$�  '&*��/(3�%0  #�/2���!  1)�0  &/./��*.'1  )1�.0*'�$'-'  

1#/��',�!)*1�4  (d, late , isH , anH ) �  &/./��*./  /�-/.�'��#�/  )&��'1'!  1'(�%  
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m 1%,�.8�1/(')3  &'&/.�'�  ./1��)*1'  :�.��  G �  ��*��)�1�')*�!  I 

.�#'�/�)�%0  (���!  1 )�$)*�*/0 : 61 G=G , 52 G=G , 43 G=G  �  61 II = , 52 II = , 

43 II = . 

6')$'(3$+  1 "�..�*�  1�)�+*/  BiFeO3 )+ �)*1+�*  (�:3  ',�/  

$.�)*/(('-./"�2�)$�  ��7$1�1/(��*�/4  &'#�5�4  /*'�'1  Fe )  ',��/$'1%�  ,(4  

1)�0  &'('8���!  /*'�/  Fe �(�8/!:��  $/*�'��%�  '$.+8�����  �#  :�)*�  

/*'�'1  Fe, *'  ��))�/+7.'1)$'�+  )&�$*.+  "�..�*/  &.�  ./):�".'1$�  

)''*1�*)*1'1/(  ',��  &/.5�/(3�%!  )&�$*.  1 �',�(�  6���  5�$('�,�'-'  *�&/  

[17,18]. �  )(+2/�  #/�� ���%0  "�..�*'1  BiFe0.95Mn0.05O3 �0  ��))�/+7.'1)$��  

)&�$*.%  ./):�".'1%1/(�)3  1 &.�,&'('8����  '  �/(�2��  *.�0  &/.5�/(3�%0  

)&�$*.'1  1 �',�(�  6���  5�$('�,�'-'  *�&/ , $'*'.%�  )''*1�*)*1'1/(�  

/*'�/�  8�(�#/ , 1 �(�8/!:��  $/*�'��'�  '$.+8����  $'*'.%0  �/0',�*)4  

./#�'�  2�)('  mMn = 0, 1 �  2 /*'�'1  &.���)�  Mn. >*�  &/.5�/(3�%�  )&�$*.%  

)''*1�*)*1'1/(�  �',�(�  �,��'!  /�-/.�'��2�)$'!  )&��'1'!  �',+(45�� , 1 

$'*'.'!  &.����/9*  +2/)*��  )&��%  1)�0  /*'�'1  8�(�#/ . 6.�  7*'�  ),1�-�  

(���!  d, $1/,.+&'(3�%�  )�� ���4  late , /��#'*.'&�%�  1$(/,%  Han 1 

)1�.0*'�$'�  �/-��*�'�  &'(�  �  &/./��*.%  /�-/.�'��#�/  m ,(4  7*�0  

&/.5�/(3�%0  )&�$*.'1  &.����/(�)3  ',��/$'1%�� , /  �#'*.'&�%�  1$(/,%  His 

– ./#�%�� . 
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����  3. ��))�/+7.'1)$��  �))(�,'1/��4  "�..�*/  BiFe0.95Mn0.05O3. 

��*',/��  ��))�/+7.'1)$'!  )&�$*.')$'&��  �))(�,'1/�%  '�'-/ ���%!  

(,'  10 /* .% �#'*'&'�  57Fe) �  ��'�'-/ ���%!  '�./#5%  "�..�*/  

BiFe0.95Mn0.05O3 1 :�.'$'!  '�(/)*�  *��&�./*+. . 	�./�'*$/  �  /�/(�#  

��))�/+7.'1)$�0  )&�$*.'1  &.'1',�(�)3  ��*','�  1'))*/�'1(���4  

./)&.�,�(���4  )1�.0*'�$'-'  �/-��*�'-'  &'(4  �  ./):�".'1$�  1 ./�$/0  

�',�(�  &.')*./�)*1���'!  )&�� -�',+(�.'1/��'!  )*.+$*+.%  "�..�*/  )  

�)&'(3#'1/����  &.'-./��%  SpectrRelax. 

 

3.1. ��#+(3*/*  �))(�,'1/��4  '�'-/ ���'-'  '�./#5/  "�..�*/  BiFe0.95Mn0.05O3 

��))�/+7.'1)$��  �))(�,'1/��4  '�./#5/  Bi57Fe0.10Fe0.85Mn0.05O3 �%(�  

&.'1�,��%  1 '�(/)*�  *��&�./*+.  5.2 – 650 K, 1$(92/9 �!  *��&�./*+.+  

�/-��*�'-'  "/#'1'-'  &�.�0',/ . 

 

3.1.1. ��#+(3*/*  1'))*/�'1(���4  ./)&.�,�(���4  )1�.0*'�$'-'  

�/-��*�'-'  &'(4  

D/./$*�.�%�  ��))�/+7.'1)$��  )&�$*.%  4,�.  57Fe 1 �+(3*�"�..'�$�  

Bi57Fe0.10Fe0.85Mn0.05O3 &.�,)*/1(��%  �/  .�) . 5–8. �/$  1�,�'  �/  .�)+�$/0 , 1 

��*�.1/(�  *��&�./*+.  '*  5.2 ,'  587 K ')�'1�%�  1$(/,'�  1 ��))�/+7.'1)$�!  

)&�$*.  41(4�*)4  /)����*.�2�%!  #���/�'1)$�!  )�$)*�*  )  ��',�'.',�'  

+:�.���%��  .�#'�/�)�%��  (���4�� . �  7*'!  '�(/)*�  *��&�./*+.  )  

&'1%:�����  *��&�./*+.%  +���3:/�*)4  ./))*'4���  ��8,+  .�#'�/�)�%��  

(���4��  #���/�'1)$'-'  )�$)*�*/ , /  :�.��/  .�#'�/�)�%0  (���!  

+1�(�2�1/�*)4 . 6.�  1%)'$�0  *��&�./*+./0  T ³  612.5 K, ��))�/+7.'1)$�!  

)&�$*.  &.�,)*/1(4�*  )'�'!  ',��'2�%!  $1/,.+&'(3�%!  ,+�(�* , /  &.�  

*��&�./*+./0 , �(�#$�0  $ *��&�./*+.�  �/-��*�'-'  "/#'1'-'  &�.�0',/  – 

)+&�.&'#�5�9  &('0'  ./#.�:���'-'  #���/�'1)$'-'  )�$)*�*/  �  $1/,.+&'(3�'-'  

,+�(�*/  (.�) . 5–8). 
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��)+�'$  5. ��))�/+7.'1)$��  )&�$*.% , &'(+2���%�  1 ��*�.1/(�  *��&�./*+.  
5.2 – 220 K ()(�1/ ), �  .�#+(3*/*%  1'))*/�'1(���4  ./)&.�,�(���!  

)1�.0*'�$'-'  �/-��*�'-'  &'(4  Hn ()&./1/ ) �/  4,./0  57Fe 1 
Bi57Fe0.10Fe0.85Mn0.05O3 
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��)+�'$  6. ��))�/+7.'1)$��  )&�$*.% , &'(+2���%�  1 ��*�.1/(�  *��&�./*+.  
300 – 450 K ()(�1/ ), �  .�#+(3*/*%  1'))*/�'1(���4  ./)&.�,�(���!  

)1�.0*'�$'-'  �/-��*�'-'  &'(4  Hn ()&./1/ ) �/  4,./0  57Fe 1 
Bi57Fe0.10Fe0.85Mn0.05O3 
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��)+�'$  7. ��))�/+7.'1)$��  )&�$*.% , &'(+2���%�  1 ��*�.1/(�  *��&�./*+.  
500 – 587 K ()(�1/ ), �  .�#+(3*/*%  1'))*/�'1(���4  ./)&.�,�(���!  

)1�.0*'�$'-'  �/-��*�'-'  &'(4  Hn ()&./1/ ) �/  4,./0  57Fe 1 
Bi57Fe0.10Fe0.85Mn0.05O3 
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��)+�'$  8. ��))�/+7.'1)$��  )&�$*.% , &'(+2���%�  1 ��*�.1/(�  *��&�./*+.  
600 – 625 K ()(�1/ ), �  .�#+(3*/*%  1'))*/�'1(���4  ./)&.�,�(���!  

)1�.0*'�$'-'  �/-��*�'-'  &'(4  Hn ()&./1/ ) �/  4,./0  57Fe 1 
Bi57Fe0.10Fe0.85Mn0.05O3 
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��))�/+7.'1)$��  )&�$*.%  '�./�/*%1/(�)3  ��*','�  1'))*/�'1(���4  

./)&.�,�(���4  )1�.0*'�$'-'  �/-��*�'-'  &'(4  ()� . &+�$* 2.3.1) )  +2�*'�  

���'(3:'-'  (~2–6%) 1$(/,/  $1/,.+&'(3�'-'  ,+�(�*/ , $'*'.%!  '�;4)�4�*)4  

�/(�2���  "/#% Bi25FeO39 1 '�./#5�  �  &.���)�  1 '$�/0  �)&'(3#+��'!  

��))�/+7.'1)$'!  &�2� . 6.�  7*'�  &.�,&'(/-/(')3  �/(�2��  (���!�'!  

$'..�(45��  ��8,+  1)���  )1�.0*'�$���  &/./��*./��  )&�$*./ , ),1�-/  

��))�/+7.'1)$'!  (����  d, $1/,.+&'(3�'-'  )�� ���4  e �  �/-��*�'-'  &'(4  

nH . ��#+(3*/*%  1'))*/�'1(���4  ./)&.�,�(���!  )1�.0*'�$'-'  �/-��*�'-'  

&'(4  )( nHp  &.�,)*/1(��%  �/  .�) . 5-8. �  1'))*/�'1(���'�  ./)&.�,�(����  

�/�(9,/9*)4  2�*$'  1%./8���%!  ('$/(3�%!  �/$)��+� . 6.�  &'1%:����  

*��&�./*+.%  #�/2����  1�(�2��%  �/-��*�'-'  &'(4 , &.�  $'*'.'�  

./)&.�,�(����  )1�.0*'�$'-'  �/-��*�'-'  &'(4  �/$)��/(3�' , +���3:/�*)4 , /  

:�.��/  ./)&.�,�(���4  +1�(�2�1/�*)4 . 6.�  *��&�./*+.�  612.5 K �  1%:�  

')�'1�%�  1$(/,'�  1 )&�$*.  41(4�*)4  $1/,.+&'(3�%!  ,+�(�*  )  

)''*1�*)*1+9 ���  #�/2���4��  ),1�-/  ��))�/+7.'1)$'!  (����  E ~ 0.15 �� /)  

�  $1/,.+&'(3�'-'  )�� ���4  @ ~ 0.22 �� /) . 


��&�./*+.�/4  #/1�)��')*3  ).�,��-'  #�/2���4  )()( n
TH Hp  )1�.0*'�$'-'  

�/-��*�'-'  &'(4  nH  &.�,)*/1(��/  �/  .�) . 9. �/$  1�,�' , ).�,���  #�/2����  

)()( n
TH Hp  �/-��*�'-'  &'(4  &.�  &'1%:����  *��&�./*+.%  �'�'*'��'  +�%1/�*  

�  )*.���*)4  $ �+(9  1�(�#�  *��&�./*+./  �/-��*�'-'  "/#'1'-'  &�.�0',/  

(TN » 609 K). �/  7*'�  8�  .�)+�$�  &.�,)*/1(��  .�#+(3*/*  ��#�',�(3�'!  

'�./�'*$�  )&�$*.'1  – *��&�./*+.�/4  #/1�)��')*3  :�.��%  )&�$*./  )(
 nN  �/  

&'('1���  1�,��'!  1�(�2��%  7""�$*/ . �/$  1�,�� , :�.��/  )&�$*./  */$8�  

+���3:/�*)4  &.�  +1�(�2����  *��&�./*+.%  �  )*.���*)4  $ �+(9  &.�  *'!  8�  

*��&�./*+.�  609 K. 


��&�./*+.�/4  #/1�)��')*3  ).�,��-'  #�/2���4  )()( n
TH Hp  1�(�#�  

*��&�./*+.%  �/-��*�'-'  "/#'1'-'  &�.�0',/  '�./�/*%1/(/)3  1 )''*1�*)*1��  )  

*�'.��!  &','��4  (-�&'*�#'!  �$�!(��-/ ) [28]: 
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b

��
�

�
��
�

�
-=

N0

)(
1

)(
n

T
T

D
H

TH Hp
, (16) 

-,�  � 0 – )1�.0*'�$'�  �/-��*�'�  &'(�  &.�  *��&�./*+.� , �(�#$'!  $ 0 K, D – 

��#./#��.�%!  $'7""�5���* , TN – *��&�./*+./  �/-��*�'-'  "/#'1'-'  &�.�0',/  

(1 �/:��  )(+2/�  – *��&�./*+./  ���(4 ), b – $.�*�2�)$�!  &/./��*.  *�'.��  

&','��4 .  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

�  .�#+(3*/*�  '�./�'*$�  #/1�)��')*�  )()( n
TH Hp  1 ��*�.1/(�  *��&�./*+.  

450 ÷ 650 K ()� . .�) . 10) &'(+2��%  #�/2���4  *��&�./*+.%  �/-��*�'-'  

"/#'1'-'  &�.�0',/  TN = 607.8 ± 0.8 K, $.�*�2�)$'-'  &/./��*./  

��)+�'$  9. 
��&�./*+.�%�  #/1�)��')*�  ).�,��-'  #�/2���4   )1�.0*'�$'-'  

�/-��*�'-'  &'(4  )( nHpH , &'(+2���'-'  &.�  1'))*/�'1(����  ./)&.�,�(���4  

)1�.0*'�$'-'  �/-��*�'-'  &'(4 , �  :�.��%  )&�$*./  �/  &'('1���  1�,��'!  
1�(�2��%  7""�$*/  )(
 nN , &'(+2���'!  &.�  ��#�',�(3�'!  '�./�'*$�  
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F = 0.375 ± 0.008 K �  )1�.0*'�$'-'  &'(4  H0D = 647.0 ± 8.5 $>. �/$  1�,�'  �/  

.�) . 10, 1 '�(/)*�  ��#$�0  *��&�./*+.  7*/ #/1�)��')*3  ��  .�/(�#+�*)4 . 

�(4  �/0'8,���4  #�/2���4  )1�.0*'�$'-'  �/-��*�'-'  &'(4  H0 &.�  

*��&�./*+.� , �(�#$'!  $ 0 K, #/1�)��')*3  #�/2���4  ).�,��-'  �/-��*�'-'  &'(4  

)( nHpH  '*  *��&�./*+.%  '�./�/*%1/(/)3  1 )''*1�*)*1��  )  *�'.��!  )&��'1%0  

1'(� . �)(�  &.��4*3 , 2*'  )1�.0*'�$'�  �/-��*�'�  &'(�  Hn �/  4,./0  57Fe 

&.'&'.5�'�/(3�'  �/-��*�'�+  �'���*+  /*'�'1  Fe, *'  )'-(/)�'  ./�'*�  [29] 

#/1�)��')*3  )()( n
TH Hp  &.�  ��#$�0  *��&�./*+./0  �'8�'  &.�,)*/1�*3  1 

)(�,+9 ��  1�,� : 

	
	
	




�

�
�
�




�

��
�

�
��
�

�
-=

-
T

D
Hp

e
T
T

A
H

TH 2

3

N0

)(
1

)(
n , (17) 

-,�  #�/2����  *��&�./*+.%  �/-��*�'-'  "/#'1'-'  &�.�0',/  TN �%('  

'&.�,�(��'  1 ./�$/0  -�&'*�#%  )$�!(��-/  ()� . 1%:� ) �  &.����/(')3  ./1�%�  

TN = 607.8 K. �  .�#+(3*/*�  '�./�'*$�  1 ��*�.1/(�  *��&�./*+.  0 ÷ 300 K �%(�  

&'(+2��%  #�/2���4  )1�.0*'�$'-'  &'(4  H0 = 540.1 ± 0.8 $> �  &/./��*.'1  

A = 0.51 ±0.05 �  D = 161 ± 30 K. 


��&�./*+.�/4  #/1�)��')*3  ).�,��-'  #�/2���4  )()( n
TH Hp  )1�.0*'�$'-'  

�/-��*�'-'  &'(4  1'  1)��  ��*�.1/(�  *��&�./*+.  �%(/  '�./�'*/�/  1 ./�$/0  

�'(�$+(4.�'-'  &'(4  ��!)/  )(�,+9 �!  #/1�)��')*39  [30]: 

�
�
�

�
�
�
�

�
××

-
=

T

T

H

TH

S
S

B
H

TH Hp
S

Hp N

0

)(

0

)( )(

1
3)(

nn , (18) 

-,�  S – )&��  /*'�/  Fe (S = 5/2), �
�
�

�
�
�-�

�
�

�
�
� ++

= x
SS

x
S

S
S

S
xBS 2

1
cth

2
1

2
12

cth
2

12
)(  – 

"+�$5�4  �.�((97�/ . �/$  1�,�'  �/  .�) . 10, 1 '�(/)*�  ��#$�0  *��&�./*+.  

*�'.�*�2�)$/4  #/1�)��')*3  0'.':'  '&�)%1/�*  7$)&�.����*/(3�%�  ,/��%� , /  

1 '�(/)*�  1%)'$�0  *��&�./*+.  7$)&�.����*/(3�%�  *'2$�  (�8/*  1%:�  

*�'.�*�2�)$'!  $.�1'! . 6','��'�  &'1�,����  *��&�./*+.�'!  #/1�)��')*�  
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).�,��-'  #�/2���4  )1�.0*'�$'-'  &'(4  �/�(9,/(')3  1 ./���0  ./�'*/0  &'  

�))(�,'1/��9  1�)�+*'1'-'  "�..�*/  ��*',/��  ��))�/+7.'1)$'!  

)&�$*.')$'&��  [10]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

�(4  �))(�,'1/��'-'  "�..�*/  *��&�./*+.�/4  #/1�)��')*3  ),1�-/  

��))�/+7.'1)$'!  (����  d +���3:/�*)4  )  &'1%:�����  *��&�./*+.%  (.�) . 11).  

�  ,��/�1)$'�  &.��(�8����  &.�  '&�)/���  $'(��/*�(3�'-'  )&�$*./  4,�.  
57Fe 1%./8����  ,(4  *��&�./*+.�'!  #/1�)��')*�  *��&�./*+.�'-'  ),1�-/  dT 

��))�/+7.'1)$'-'  )&�$*./  �'8�'  &.�,)*/1�*3  1 )(�,+9 ��  1�,�  ()� ., 

�/&.���. , [24]): 

��)+�'$  10. ��#+(3*/*  '�./�'*$�  *��&�./*+.�'!  #/1�)��')*�  ).�,��-'  

#�/2���4  )1�.0*'�$'-'  �/-��*�'-'  &'(4  )( nHpH , &'(+2���'-'  &.�  

1'))*/�'1(����  ./)&.�,�(���4  )1�.0*'�$'-'  �/-��*�'-'  &'(4 , 1 *.�0  
�',�(40  
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x
T
x

x
mc

k
T

D

B
T d

2
cth

4

9
),(

D

0

3
3D �

J

�
�
�

�
�
�×

J
-=Jd . (19) 

�  .�#+(3*/*�  '�./�'*$�  *��&�./*+.�'!  #/1�)��')*�  7$)&�.����*/(3�'  

&'(+2���'-'  ).�,��-'  #�/2���4  ),1�-/  ��))�/+7.'1)$'!  (����  )(Td  �%(/  

./))2�*/�/  *��&�./*+./  ���/4  – JD = 430±12 K ()� . .�) . 11).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

�1/,.+&'(3�'�  )�� ����  1 ��*�.1/(�  *��&�./*+.%  '*  150 K ,'  400 K )  

+1�(�2�����  *��&�./*+.%  +���3:/�*)4  '*  #�/2���4  ~0.8 �� /)  ,'  #�/2���4  

~0.3 �� /)  (.�) . 11), /  1 ')*/(3�%0  �))(�,'1/��%0  *��&�./*+.�%0  '�(/)*40  

')*/�*)4  &./$*�2�)$�  &')*'4��%� . 


��&�./*+.�%�  #/1�)��')*�  ��*��)�1�')*�  In ��))�/+7.'1)$'-'  

)&�$*./  �))(�,'1/��'-'  '�'-/ ���'-'  "�..�*/  �  1�.'4*�')*�  7""�$*/  

��)+�'$  11. 
��&�./*+.�%�  #/1�)��')*�  ).�,��0  #�/2���!  ),1�-/  d �  
$1/,.+&'(3�'-'  )�� ���4  e $'�&'���*  ��))�/+7.'1)$'-'  )&�$*./  4,�.  

57Fe 1 Bi57Fe0.10Fe0.85Mn0.05O3; )&(':�/4  (���4  –  *��&�./*+.�/4  
#/1�)��')*3  ),1�-/  d 1 ,��/�1)$'�  &.��(�8����  &.�  JD = 430 K, 

:*.�0'1/4  (���4  – $(/))�2�)$�!  &.�,�(   
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��))�/+7./  f &.�,)*/1(��%  �/  .�) . 12, ,(4  $'*'.%0  1 )(+2/�  «*'�$'-'  

'�./#5/ » )&./1�,(�1'  )(�,+9 ��  1%./8���� : 

fconstI ×=n , (20) 

-,�  ()� ., �/&.���. , [24]) 

( ) ( )TWTf ,2
D

De, J-=J . (21) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

�%./8����  ,(4  &'$/#/*�(4  7$)&'���*%  2W 1�.'4*�')*�  7""�$*/  

��))�/+7./  ()� . .�) . 13) 1 ,��/�1)$'�  &.��(�8����  ����*  )(�,+9 �!  1�, : 

x
T
x

x
k

R
W d

2
cth

3
2

D

0
3
DB

�
J

�
�
�

�
�
�×

J
= . (22) 

�  .�#+(3*/*�  '�./�'*$�  *��&�./*+.�'!  #/1�)��')*�  ��*��)�1�')*�  In 

��))�/+7.'1)$'-'  )&�$*./  1 ,��/�1)$'�  &.��(�8����  �%(/  �/!,��/  

*��&�./*+./  ���/4  – JD = 367±12 K. 

�  .�#+(3*/*�  1'))*/�'1(���4  ./)&.�,�(���!  )1�.0*'�$'-'  �/-��*�'-'  

&'(4  �%(�  '&.�,�(��%  )*�&���  (���!�'!  $'..�(45��  ),1�-/  

��)+�'$  12. 
��&�./*+.�%�  #/1�)��')*�  ��*��)�1�')*�  
��))�/+7.'1)$'-'  )&�$*./  �  1�.'4*�')*�  7""�$*/  ��))�/+7./ , 
&'(+2���%0  &.�  1'))*/�'1(����  ./)&.�,�(���4  )1�.0*'�$'-'  

�/-��*�'-'  &'(4 . 
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��))�/+7.'1)$'!  (����  n/ HDdD  �  $1/,.+&'(3�'-'  )�� ���4  n/ HDeD  )'  

)1�.0*'�$��  �/-��*�%�  &'(��  ()� . .�) . 14). �/$  1�,�� , $'..�(45�4  ��8,+  

��))�/+7.'1)$��  ),1�-'�  �  )1�.0*'�$��  �/-��*�%�  &'(��  &./$*�2�)$�  

'*)+*)*1+�* . 6.�  7*'�  )*�&��3  $'..�(45��  $1/,.+&'(3�'  )�� ���4  �  

)1�.0*'�$'-'  &'(4  n/ HDeD  &'('8�*�(3�/  �  +���3:/�*)4  )  &'1%:�����  

*��&�./*+.% , )*.��4)3  $ �+(9  &.�  *��&�./*+.�  ~600 K (.�) . 14). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

�/(�2��  $'..�(45��  $1/,.+&'(3�'  )�� ���4  �  )1�.0*'�$'-'  &'(4  

-'1'.�*  '  *'� , 2*'  �/-��*�/4  )*.+$*+./  )14#/�/  )'  )&��'1'!  

�',+(�.'1/��'!  )*.+$*+.'! , &.�  $'*'.'!  ���4�*)4  '.���*/5�4  )&��/  1 

&.')*./�)*1� , *'  �)*3  ���4�*)4  +-'(  G ��8,+  )&��'�  �  ')39  )����*.�� , /  

#�/2�*  �  �#���49*)4  #�/2���4  Hn(G) �  @(G) 1 )''*1�*)*1��  )  "'.�+(/��  (13) �  

(15) ()� . &. 2.3.2). 6'7*'�+ , $/$ �  1 ./�'*/0  [17, 18, 27, 31] &'  �))(�,'1/��9  

BiFeO3, &')(�,+9 /4  '�./�'*$/  ��))�/+7.'1)$�0  )&�$*.'1  &.'1',�(/)3  1 

&.�,&'('8����  '  )+ �)*1'1/���  1 Bi57Fe0.10Fe0.85Mn0.05O3 &.')*./�)*1���'!  

)&�� -�',+(�.'1/��'!  )*.+$*+.%  5�$('�,�'-'  *�&/ . 

��)+�'$  13. 
��&�./*+.�/4  #/1�)��')*3  &'$/#/*�(4  7$)&'���*%  2W,  
'&�)/��/4  1 ,��/�1)$'�  &.��(�8����  &.�  JD = 367 K  



32 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.1.2. ��/(�#  )&�$*.'1  1 ./�$/0  �',�(�  &.')*./�)*1���'!  )&�� -

�',+(�.'1/��'!  )*.+$*+.%  

��))�/+7.'1)$��  )&�$*.%  "�..�*/  Bi57Fe0.10Fe0.85Mn0.05O3, &'(+2���%�  

&.�  *��&�./*+./0  5.2 – 550 K, '�./�/*%1/(�)3  )'-(/)�'  �',�(� , '&�)/��'!  1 

&+�$*�  2.3.2, 1 &.�,&'('8����  '  �/(�2��  *.�0  &/.5�/(3�%0  )&�$*.'1 , 

)''*1�*)*1+9 �0  /*'�/�  8�(�#/ , 1 �(�8/!:��  $/*�'��'�  '$.+8����  

$'*'.%0  �/0',�*)4  ./#�'�  2�)('  mMn = 0, 1 �  2 /*'�'1  Mn ()� . .�) . 15–17). 

>*�  &/.5�/(3�%�  )&�$*.%  )''*1�*)*1'1/(�  �',�(�  /�-/.�'��2�)$'!  

)&��'1'!  �',+(45��  5�$('�,�'-'  *�&/ . �.'��  7*'-'  +2�*%1/(�)3  ,1/  

)(/�'��*��)�1�%0  &/.5�/(3�%0  )&�$*./  – $1/,.+&'(3�%!  ,+�(�*  ~2–6% ($/$ 

1 &. 3.1.1) �  #���/�'1)$�!  )�$)*�*  ~2% (a-Fe2O3).

��)+�'$  14. 
��&�./*+.�%�  #/1�)��')*�  )*�&���  (���!�'!  $'..�(45��  
),1�-/  ��))�/+7.'1)$'!  (����  n/ HDdD  �  $1/,.+&'(3�'-'  )�� ���4  

n/ HDeD  )'  )1�.0*'�$��  �/-��*�%�  &'(��  
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��)+�'$  15. ��#+(3*/*  ./):�".'1$�  ��))�/+7.'1)$�0  )&�$*.'1  4,�.  57Fe 1 
"�..�*�  Bi57Fe0.10Fe0.85Mn0.05O3,  &'(+2���%0  1 ,�/&/#'��  *��&�./*+.       
5.2–220 K, 1 ./�$/0  �',�(�  /�-/.�'��2�)$'!  )&��'1'!  �',+(45�� . 
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��)+�'$  16. ��#+(3*/*  ./):�".'1$�  ��))�/+7.'1)$�0  )&�$*.'1  4,�.  57Fe 1 
"�..�*�  Bi57Fe0.10Fe0.85Mn0.05O3, &'(+2���%0  1 ,�/&/#'��  *��&�./*+.  
300-450 K, 1 ./�$/0  �',�(�  /�-/.�'��2�)$'!  )&��'1'!  �',+(45�� . 
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6.�  *��&�./*+./0  1%:�  T = 550 K �/2��/9*  &.'41(4*3)4  

.�(/$)/5�'��%�  7""�$*%  (1 2/)*�')*�  1'#./)*/*3  1$(/,  '*  $1/,.+&'(3�'-'  

,+�(�*/ ) �# -#/ $'*'.%0  )&�$*.%  ��/,�$1/*�'  '&�)%1/9*)4  1 ./�$/0  

1%�./��'!  �',�(�  ()� . .�) . 7–8). �%:�  *��&�./*+.%  T = 612.5 K )&�$*.%  

)*/�'14*)4  )&�$*./��  &/./�/-��*�'-'  *�&/  – ',��'2�%��  $1/,.+&'(3�%��  

,+�(�*/��  (.�) . 8).  

6.�  �',�(3�'!  ./):�".'1$�  ��))�/+7.'1)$'-'  )&�$*./  &.�  $'��/*�'!  

*��&�./*+.�  �%(�  &'(+2��%  )''*�':���4  ��*��)�1�')*�!  &/.5�/(3�%0  

)&�$*.'1  I(mMn) "�..�*/  Bi57Fe0.10Fe0.85Mn0.05O3 (x = 0.05). �/!,���%�  

#�/2���4  0'.':'  )'-(/)+9*)4  )  ���'��/(3�%�  ./)&.�,�(�����  P6(mMn): 

( )
( )

( ) mm

mm
m --

-
= 6

6 x1x
!6!

!6
P ,  (22) 

��)+�'$  17. ��#+(3*/*  ./):�".'1$�  ��))�/+7.'1)$�0  )&�$*.'1  4,�.  57Fe 1 
"�..�*�  Bi57Fe0.10Fe0.85Mn0.05O3, &'(+2���%0  1 ,�/&/#'��  *��&�./*+.  
500-550 K, 1 ./�$/0  �',�(�  /�-/.�'��2�)$'!  )&��'1'!  �',+(45�� . 



37 
 

&.�,)*/1(���%�  �/  .�) . 18. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

>*'  '#�/2/�* , 2*'  /*'�%  &.���)�  ./)&.�,�(��%  &'  &'#�5�4�  /*'�'1  

8�(�#/  1 )*.+$*+.�  1�)�+*'1'-'  "�..�*/  )(+2/!�%�  '�./#'� . 6'7*'�+  ,(4  

)&�$*.'1  )  &('0��  ./#.�:�����  7*�  )''*�':���4  "�$)�.'1/(�)3  1 

)''*1�*)*1��  )  ���'��/(3�%�  ./)&.�,�(�����  P6(mMn): 

031.0:232.0:735.0)2(:)1(:)0( MnMnMn ==== mImImI . 

6'(+2���%�  #�/2���4  ),1�-/  ��))�/+7.'1)$'!  (����  E @ 0.39 �� /)  �  

$1/,.+&'(3�'-'  )�� ���4  $'�&'���*  )&�$*./  @ @ 0.24 �� /)  ,(4  )&�$*./  

�))(�,'1/��'-'  "�..�*/ , &'(+2���'-'  &.�  T = 300 K, )''*1�*)*1+9*  

$/*�'�/�  8�(�#/  Fe3+, �/0',4 ��)4  1 1%)'$')&��'1'�  )')*'4���  1 

'$*/7,.�2�)$'�  $�)('.',�'�  '$.+8����  ()� . .�) . 19). 

 

��)+�'$  18. �/1�)��')*3  '*�')�*�(3�'!  ��*��)�1�')*�  &/.5�/(3�'-'  
)&�$*./  4,�.  57Fe 1 "�..�*�  Bi57Fe0.10Fe0.85Mn0.05O3 '*  2�)(/  mMn /*'�'1  Mn 

1 �(�8/!:��  $/*�'��'�  '$.+8����  /*'�/  Fe; *'2$� , )'�,�����%�  
(���4�� , - ���'��/(3�'�   ./)&.�,�(����  P6(mMn). 
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5/2

S=3/2

1/2

0

1

2

e,mm/s

d,mm/s

57Fe: Fe+3, Fe2+

FeF6 - octahedron

FeO8 - cube

FeO6 - octahedron

FeO5

FeO4 - tetrahedron
FeO4 - square plane

-0.4 0.0 0.4 0.8 1.2 1.6

0.0

0.4

0.8

1.2

1.6

2.0

 

��)+�'$  19. 	�(/)*�  0/./$*�.�%0  #�/2���!  ),1�-/  ��))�/+7.'1)$'!  (����  E 
�  $1/,.+&'(3�'-'  )�� ���4  @ $'�&'���*  )&�$*./  4,�. 57Fe ,(4   

�'�'1  Fe2+ �  Fe3+, �/0',4 �0)4  1 ./#(�2�'�  '$.+8����  �  
 ./#�'�  )&��'1'�  )')*'4���  [32, 33]. 
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6'(+2���%�  1 .�#+(3*/*�  �',�(3�'!  ./):�".'1$�  *��&�./*+.�%�  

#/1�)��')*�  �#'*.'&�'-'  1$(/,/  His 1 )1�.0*'�$'�  �/-��*�'�  &'(�  Hn ,(4  

)''*1�*)*1+9 �0  /*'�'1  8�(�#/ , 1 �(�8/!:��  '$.+8����  $'*'.%0  

�/0',�*)4  ./#�'�  2�)('  /*'�'1  Mn, &.�,)*/1(��%  �/  .�) . 20. �/$  1�,�'  �/  

.�)+�$� , 1 #/1�)��')*�  '*  $/*�'��'-'  '$.+8���4  �#'*.'&�%�  1$(/,%  His 

'*(�2/9*)4  �  +���3:/9*)4  )  &'1%:�����  *��&�./*+.% . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

�/  .�) . 21 &.�,)*/1(��/  #/1�)��')*3  �#'*.'&�'-'  1$(/,/  '*  2�)(/  

/*'�'1  Mn 1 �(�8/!:�!  $/*�'��'!  $''.,��/5�'��'!  )"�.�  /*'�/  Fe &.�  

*��&�./*+./0  5.2 �  300 K. �/$  1�,�'  �/  .�)+�$� , 1�,  #/1�)��')*�  41(4�*)4  

(���!�%� . �  .�#+(3*/*�  '�./�'*$�  7*�0  #/1�)��')*�!  ��*','�  �/����3:�0  

$1/,./*'1  �%('  &'(+2��' , 2*'  &.�  #/�� ����  ',�'-'  /*'�/  Fe �/  /*'�  Mn 1 

�(�8/!:��  '$.+8����  /*'�/  Fe �#'*.'&�%!  1$(/,  His 1 )1�.0*'�$'�  

��)+�'$  20. 
��&�./*+.�%�  #/1�)��')*�  �#'*.'&�%0  His 1$(/,'1  1 
)1�.0*'�$��  �/-��*�%�  &'(4  �/  4,./0  57Fe 1 Bi57Fe0.10Fe0.85Mn0.05O3 )  

./#(�2�%�  $/*�'��%�  '$.+8�����  �  1 BiFeO3, &'(+2���%�  &.�  
./):�".'1$�  1 ./�$/0  �',�(�  6���  
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�/-��*�'�  &'(�  +���3:/�*)4  �/  20.2 ± 1.4 $> &.�  300 K �  �/  8.7 ± 1.5 $> &.�  

5.2 K. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6'(+2���%�  #�/2���4  �#'*.'&�'-'  1$(/,/  His 1 )1�.0*'�$'�  �/-��*�'�  

&'(�  Hn ,(4  /*'�'1  8�(�#/ , 1 �(�8/!:��  '$.+8����  $'*'.%0  ��  �/0',4*)4  

/*'�%  Mn (&.�  0Mn =m ), &.�  &'1%:����  *��&�./*+.%  �(�#$�  $ #�/2���4�  

)1�.0*'�$'-'  �/-��*�'-'  &'(4  Hn 1 BiFeO3 [17, 18] (.�) . 20). �  .�#+(3*/*�  

'�./�'*$�  *��&�./*+.�'!  #/1�)��')*�  )0;( Mnis =mTH  ()� . .�) . 22) 1 

)''*1�*)*1��  )  *�'.��!  &','��4  [28] ()� . 1 &. 3.1.1 "'.�+(+  (16)) 1 ��*�.1/(�  

*��&�./*+.  300 - 650 K ( 58.0/ Nmin =TT ) &'(+2��%  #�/2���4  *��&�./*+.%  

���(4  TN = 607.3 ± 3.6 K, $.�*�2�)$'-'  &/./��*./  F = 0.317 ± 0.008 K �  

)1�.0*'�$'-'  �/-��*�'-'  &'(4  H0D = 607.9 ± 2.4 $>. �/!,���'�  #�/2����  

*��&�./*+.%  �/-��*�'-'  "/#'1'-'  &�.�0',/  )'1&/,/�*  )'  #�/2�����  

TN = 607.8 ± 0.8 K, &'(+2���%�  1 .�#+(3*/*�  '�./�'*$�  #/1�)��')*�  

)()( n
TH Hp  ()� . &. 3.1.1). �/$  1�,�'  �/  .�) . 22, 1 '�(/)*�  ��#$�0  *��&�./*+.  

��)+�'$  21. �#'*.'&�%!  1$(/,  1 )1�.0*'�$'�  �/-��*�'�  &'(�  �/  4,./0  57Fe 
1 Bi57Fe0.10Fe0.85Mn0.05O3 1 #/1�)��')*�  '*  2�)(/  /*'�'1  Mn 1 �(�8/!:�!  

$/*�'��'!  $''.,��/5�'��'!  )"�.�  /*'�/  Fe &.�  5.2 �  300 K. 
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(T < 300 K) 7$)&�.����*/(3�'  &'(+2���/4  0/1�)��')*3  )0;( Mnis =mTH  ��  

'&�)%1/�*)4  1 ./�$/0  *�'.��  &','��4 . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

�  )''*1�*)*1��  )  *�'.��!  )&��'1%0  1'(�  [29] ()� . 1 &. 3.1.1 "'.�+(+  

(17)) 1 ��*�.1/(�  *��&�./*+.  0 ÷ 300 K �%(�  &'(+2��%  #�/2���4  

)1�.0*'�$'-'   �/-��*�'-'  &'(4  H0 = 542.5 ± 1.3 $> �  &/./��*.'1  

A = 0.45 ±0.06 �  D = 140 ± 50 K. 6'(+2���'�  #�/2����  �/-��*�'-'  &'(4  H0 

&.�  *��&�./*+.�  ~0 K, �(�#$'  $ ).�,���+  #�/2���9  &'(4  540.1 ± 0.8 $>, 

&'(+2���'�+  &.�  1'))*/�'1(����  ./)&.�,�(���4  )1�.0*'�$'-'  �/-��*�'-'  

&'(4 , /  #�/2���4  &/./��*.'1  A �  D )  +2�*'�  &'-.�:�')*�!  )'1&/,/9* . 


��&�./*+.�/4  #/1�)��')*3  �#'*.'&�'-'  1$(/,/  His 1 )1�.0*'�$'�  

�/-��*�'�  &'(�  1'  1)��  ��*�.1/(�  *��&�./*+.  �%(/  '�./�'*/�/  1 ./�$/0  

�'(�$+(4.�'-'  &'(4  ��!)/  [30] ()� . 1 &. 3.1.1 "'.�+(+  (18)). �/$  1�,�'  �/  

.�) . 22, 1 '�(/)*�  ��#$�0  *��&�./*+.  *�'.�*�2�)$/4  #/1�)��')*3  0'.':'  

��)+�'$  22. ��#+(3*/*  '�./�'*$�  *��&�./*+.�'!  #/1�)��')*�  
�#'*.'&�'-'  His 1$(/,/  1 )1�.0*'�$'�  �/-��*�'�  &'(� , &'(+2���'-'        

&.�  ./):�".'1$�  1 ./�$/0  �',�(�  6��� , 1 *.�0  �',�(40 . 
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'&�)%1/�*  7$)&�.����*/(3�%�  ,/��%� , /  1 '�(/)*�  1%)'$�0  *��&�./*+.  

7$)&�.����*/(3�%�  *'2$�  (�8/*  1%:�  *�'.�*�2�)$'!  $.�1'! , $/$ �  1 )(+2/�  

/�/(�#/  ).�,��-'  #�/2���4  )1�.0*'�$'-'  �/-��*�'-'  &'(4  ()� . .�) . 10). 
/$'�  

'*$('�����  7$)&�.����*/(3�%0  ,/��%0  '*  *�'.�*�2�)$'!  #/1�)��')*�  �'8�*  

�%*3 1%#1/�'  �/(�2���  1 '�./#5�  )�(3�'!  )&'�*/��'!  �/-��*')*.�$5��! . 

���#'*.'&�%!  1$(/,  Han 1 )1�.0*'�$'�  &'(�  Hn �/  4,./0  57Fe 1 "�..�*�  

Bi57Fe0.10Fe0.85Mn0.05O3, $/$ �  1 BiFeO3 [17, 18], )  &'1%:�����  *��&�./*+.%  1 

��*�.1/(�  *��&�./*+.  5¸ 300 K ��)$'(3$'  1'#./)*/�*  – )  ~3 $> ,'  ~4 $>, /  1 

��*�.1/(�  300̧ 600 K – +���3:/�*)4  �  )*.���*)4  $ �+(9  &.�  *��&�./*+.�  

~575 K (.�) . 23). 

 

 

 

 

 

 

 

 

 

 

 

 

 

�(4  �))(�,'1/��'-'  "�..�*/  Bi57Fe0.10Fe0.85Mn0.05O3 *��&�./*+.�/4  

#/1�)��')*3  ),1�-/  ��))�/+7.'1)$'!  (����  d +���3:/�*)4  )  &'1%:�����  

*��&�./*+.%  1 )''*1�*)*1��  )  �#��������  *��&�./*+.�'-'  ),1�-/  

��))�/+7.'1)$'-'  )&�$*./  (.�) . 24). �/$  1�,�'  �/  .�)+�$� , #/�� ����  /*'�'1  

Fe �/  /*'�%  Mn 1 "�..�*�  1�)�+*/  ��  &.�1',�*  $ #/��*�'�+  �#������9  

),1�-/  d ��))�/+7.'1)$'-'  )&�$*./ .  

��)+�'$  23. 
��&�./*+.�%�  #/1�)��')*�  /��#'*.'&�'-'  Han 1$(/,/  1 
)1�.0*'�$'�  �/-��*�'�  &'(�  �/  4,./0  57Fe 1 Bi57Fe0.10Fe0.85Mn0.05O3 �  

BiFeO3, &'(+2���%�  &.�  ./):�".'1$�  1 ./�$/0  �',�(�  6���  
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�  .�#+(3*/*�  '�./�'*$�  *��&�./*+.�'!  #/1�)��')*�  7$)&�.����*/(3�'  

&'(+2���'-'  ),1�-/  ��))�/+7.'1)$'!  (����  )(Td  �%(/  ./))2�*/�/  

*��&�./*+./  ���/4  – JD = 413±16 K, $'*'./4  )  +2�*'�  &'-.�:�')*�  0'.':'  

)'-(/)+�*)4  )'  #�/2�����  JD = 430±12 K, �/!,���%�  ,(4  *��&�./*+.�'!  

#/1�)��')*�  ).�,��-'  #�/2���4  ),1�-/  1 .�#+(3*/*�  1'))*/�'1(���4  

./)&.�,�(���!  )1�.0*'�$'-'  �/-��*�'-'  &'(4  ()� . &. 3.1.1). 

�/�� ����  /*'�'1  Fe �/  /*'�%  Mn */$8�  ��  &.�1',�*  $ #�/2��'�+  

�#������9  $1/,.+&'(3�'-'  )�� ���4  (.�) . 25). �  +1�(�2�����  *��&�./*+.% , 

$/$ �  1 BiFeO3 [17, 18], �/�(9,/�*)4  )(/�'�  +���3:����  $1/,.+&'(3�'-'  

)�� ���4 , 1%#1/��'� , &' -1�,��'�+ , +1�(�2�����  ./))*'4��!  ��8,+  

/*'�/��  )  +1�(�2�����  *��&�./*+.% .  

 

��)+�'$  24. 
��&�./*+.�%�  #/1�)��')*�  ),1�-/  d ��))�/+7.'1)$'!  (����  
,(4  4,�.  57Fe 1 '�'-/ ���'�  '�./#5�  Bi57Fe0.10Fe0.85Mn0.05O3 �  1 BiFeO3, 

&'(+2���%�  &.�  ./):�".'1$�  1 ./�$/0  �',�(�  6��� ; )&(':�/4  (���4  –  
*��&�./*+.�/4  #/1�)��')*3  ),1�-/  d 1 ,��/�1)$'�  &.��(�8����  &.�  

J D = 413 K, :*.�0'1/4  (���4  – $(/))�2�)$�!  &.�,�(  
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�  .�#+(3*/*�  '�./�'*$�  *��&�./*+.�'!  #/1�)��')*�  ��*��)�1�')*�  In 

()� . .�) . 26) ��))�/+7.'1)$'-'  )&�$*./  1 ,��/�1)$'�  &.��(�8����  ()� . 

&. 3.1.1), )'-(/)�'  "'.�+(/�  (20-22), �%(/  �/!,��/  *��&�./*+./  ���/4  – 

J D = 380±8 K ()� . .�) . 27), $'*'./4  )  +2�*'�  &'-.�:�')*�  ��  &.'*�1'.�2�*  

#�/2���9  JD = 367±12 K, �/!,���'�+  1 .�#+(3*/*�  '�./�'*$�  #/1�)��')*�  

In(T), &'(+2���'!  &.�  1'))*/�'1(����  ./)&.�,�(���!  )1�.0*'�$'-'  

�/-��*�'-'  &'(4  ()� . &. 3.1.1). 

 

 

 

 

 

 

��)+�'$  25. 
��&�./*+.�%�  #/1�)��')*�  $1/,.+&'(3�'-'  )�� ���4  e 
$'�&'���*  ��))�/+7.'1)$'-'  )&�$*./  4,�.  57Fe 1 '�./#5�  

Bi57Fe0.10Fe0.85Mn0.05O3 �  1 BiFeO3, &'(+2���%�  &.�   
�',�(3�'!  ./):�".'1$�  1 ./�$/0  �',�(�  6���  
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��)+�'$  26. 
��&�./*+.�%�  #/1�)��')*�  ��*��)�1�')*�  
��))�/+7.'1)$'-'  )&�$*./  �  1�.'4*�')*�  7""�$*/  ��))�/+7./ , 

&'(+2���%�  &.�  ./):�".'1$�  1 ./�$/0  �',�(�  6��� . 

��)+�'$  27. 
��&�./*+.�/4  #/1�)��')*3  &'$/#/*�(4  7$)&'���*%  2W,  
'&�)/��/4  1 ,��/�1)$'�  &.��(�8����  ()� . (22) 1 &. 3.1.1) &.�  JD = 380 K 
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�/  .�) . 28 &.�,)*/1(��/  *��&�./*+.�/4  #/1�)��')*3  &/./��*./  

/�-/.�'��#�/  m &.')*./�)*1���'!  )&��'1'!  �',+(45��  1 �))(�,'1/��'�  

'�./#5�  Bi57Fe0.10Fe0.85Mn0.05O3, &'(+2���/4  1 .�#+(3*/*�  �',�(3�'!  

./):�".'1$� . �/  7*'�  8�  .�)+�$�  &.�1�,��%  ,/��%�  ,(4  2�)*'-'  "�..�*/  

1�)�+*/  BiFeO3, 1#4*%� �#  ./�'*%  [18]. �/$  1�,�'  �/  .�)+�$� , &.�  #/�� ����  

/*'�'1  Fe �/  /*'�%  Mn 1 )*.+$*+.�  BiFeO3 &/./��*.  /�-/.�'��#�/  m 

)&��'1'!  1'(�%  +1�(�2�1/�*)4  (�/  ~0,3 &.�  5.2 K). 6.�  7*'�  )  &'1%:�����  

*��&�./*+.%  &/./��*.  /�-/.�'��#�/  m 1 #/�� ���'�  "�..�*�  1�)�+*/  

+���3:/�*)4 , )*.��4)3  $ �+(9  &.�  ~350 K. 6.�2��/  */$'-'  &'1�,���4  

&/./��*./  /�-/.�'��#�/  m '�+)('1(��/ , &' -1�,��'�+ , &'1�,�����  

$'�)*/�*%  ',�'')�'!  �/-��*�'!  /��#'*.'&��  uK , &')$'(3$+  &/./��*.  m 

)14#/�  )  $'�)*/�*'!  /��#'*.'&��  )''*�':����� : 

E

K
m u= , 

-,�  E – '�����/4  7��.-�4  [8].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

��)+�'$  28. 
��&�./*+.�%�  #/1�)��')*�  &/./��*./  /�-/.�'��#�/  m 
&.')*./�)*1���'!  )&��'1'!  �',+(45��  1 '�'-/ ���'�  '�./#5�  

Bi57Fe0.10Fe0.85Mn0.05O3 �  1 BiFeO3. 
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3.2. ��#+(3*/*  �))(�,'1/��4  ��'�'-/ ���'-'  '�./#5/  "�..�*/  

BiFe0.95Mn0.05O3 

�(4  &'1%:���4  �/,�8�')*�  ')�'1�%0  .�#+(3*/*'1  ��))�/+7.'1)$�0  

�))(�,'1/��!  &.')*./�)*1���'!  )&�� -�',+(�.'1/��'!  )*.+$*+.% , /  */$8�  

)1�.0*'�$�0  7(�$*.�2�)$�0  �  �/-��*�%0  1#/��',�!)*1�!  4,�.  57Fe, 

&'(+2���%0  �/  '�'-/ ���'�  '�./#5�  Bi57Fe0.10Fe0.85Mn0.05O3, �/��  �%(�  

&.'1�,��%  ,'&'(��*�(3�%�  ��))�/+7.'1)$��  �))(�,'1/��4  �/  

��'�'-/ ���'�  '�./#5�  "�..�*/  *'-'  8�  0���2�)$'-'  )')*/1/  

BiFe0.95Mn0.05O3, '*(�2/9 ��)4  +)('1�4��  �  ��)*'�  &.'1�,���4  )��*�#/  ()� . 

&. 2.1).  

6'(+2���%�  ��))�/+7.'1)$��  )&�$*.%  1 ��*�.1/(�  *��&�./*+.  '*  5.2 K 

,'  300 K ()� . .�) . 29–30) ./):�".'1%1/(�)3  1 ./�$/0  *'!  8�  �',�(�  6���  

(&. 2.3.2), 2*'  �  '�'-/ ���%!  '�./#�5 .  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

��)+�'$  29. ��#+(3*/*  ./):�".'1$�  ��))�/+7.'1)$�0  )&�$*.'1  4,�.  57Fe 
1 "�..�*�  BiFe0.95Mn0.05O3, &'(+2���%0  1 ,�/&/#'��  *��&�./*+.  5.2-81 K,          

1 ./�$/0  �',�(�  /�-/.�'��2�)$'!  )&��'1'!  �',+(45�� . 
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��)+�'$  30. ��#+(3*/*  ./):�".'1$�  ��))�/+7.'1)$�0  )&�$*.'1  4,�.  57Fe 1 
"�..�*�  BiFe0.95Mn0.05O3, &'(+2���%0  1 ,�/&/#'��  *��&�./*+.  150-300 K,          

1 ./�$/0  �',�(�  /�-/.�'��2�)$'!  )&��'1'!  �',+(45�� . 
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�/$  �  1 )(+2/�  /�/(�#/  )&�$*.'1  '�'-/ ���'-'  '�./#5/  

Bi57Fe0.10Fe0.85Mn0.05O3 ()� . .�) . 15–17), �%(�  &'(+2��%  *��&�./*+.�%�  

#/1�)��')*�  �#'*.'&�'-'  1$(/,/  His 1 )1�.0*'�$'�  �/-��*�'�  Hn (.�) . 31). �  

�))(�,'1/��'!  '�(/)*�  *��&�./*+.  (5.2-300 K) 0/./$*�.  &'1�,���4  

#/1�)��')*�!  His(T) )'0./�4�*)4  ()./1��  .�) . 31 )  .�) . 20).  


/$  8� , $/$ �  1 )(+2/�  '�'-/ ���'-'  '�./#5/  ()� . .�) . 21), &.�  

#/�� ����  ',�'-'  /*'�/  Fe �/  /*'�  Mn 1 �(�8/!:��  '$.+8����  /*'�/  Fe 1 

��'�'-/ ���'�  '�./#5�  �#'*.'&�%!  1$(/,  His 1 )1�.0*'�$'�  �/-��*�'�  &'(�   

(���!�'  +���3:/�*)4 . 6.�  7*'�  �#�������  1$(/,/  His '$/#/(')3  ./1�%� :  

4.27.17is ±-=DH  $> &.�  300 K �  �/  5.17.4is ±-=DH  $> &.�  5.2 K (.�) . 32). 

	�./*��  1���/���  �/  *' , 2*'  &.�  �'(��  1%)'$'!  *��&�./*+.�  �#�������  

�#'*.'&�'-'  1$(/,/  +1�(�2�1/�*)4  1 '�'�0  )(+2/40 .  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

��)+�'$  31. 
��&�./*+.�%�  #/1�)��')*�  /��#'*.'&�'-'  1$(/,/  Han �  
�#'*.'&�%0  His 1$(/,'1  1 )1�.0*'�$��  �/-��*�%�  &'(4  �/  4,./0  57Fe 1 

BiFe0.95Mn0.05O3 )  ./#(�2�%�  $/*�'��%�  '$.+8�����  �  1 BiFeO3, 
&'(+2���%�  &.�  ./):�".'1$�  1 ./�$/0  �',�(�  6��� . 
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���#'*.'&�%!  1$(/,  Han 1 )1�.0*'�$'�  &'(�  Hn 1 �))(�,'1/��'!  

'�(/)*�  *��&�./*+.  (5.2-300 K) 1 ��'�'-/ ���'�  '�./#5�  BiFe0.95Mn0.05O3, 

$/$ �  1 )(+2/�  '�'-/ ���'-'  '�./#5/ , ��  �#���4�*)4  &.�  #/�� ����  /*'�'1  

Fe �/  /*'�%  Mn ()./1��  .�) . 31 )  .�) . 23). �  &'1%:�����  *��&�./*+.%  1 

7*'�  ��*�.1/(�  *��&�./*+.  /��#'*.'&�%!  1$(/,  */$8�  ��)$'(3$'  1'#./)*/�*  

– )  ~3 $> ,'  ~4 $> (.�) . 31). 


��&�./*+.�%�  #/1�)��')*�  ),1�-/  ��))�/+7.'1)$'!  (����  d �  

$1/,.+&'(3�'-'  )�� ���4  e ,(4  ��'�'-/ ���'-'  '�./#5/  BiFe0.95Mn0.05O3 

'$/#/(�)3  &./$*�2�)$�  */$���  8� , $/$ �  ,(4  '�'-/ ���'-'  '�./#5/  

Bi57Fe0.10Fe0.85Mn0.05O3 �  2�)*'-'  "�..�*/  BiFeO3 ()./1��  .�) . 33 )  .�) . 24 �  

25).  

 

 

��)+�'$  32. �#'*.'&�%!  1$(/,  1 )1�.0*'�$'�  �/-��*�'�  &'(�  �/  4,./0  57Fe 
1 BiFe0.95Mn0.05O3 1 #/1�)��')*�  '*  2�)(/  /*'�'1  Mn 1 �(�8/!:�!  

$/*�'��'!  $''.,��/5�'��'!  )"�.�  /*'�/  Fe &.�  5.2 �  300 K. 
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6'(+2���%!  1 .�#+(3*/*�  �',�(3�'!  ./):�".'1$�  &/./��*.  

/�-/.�'��#�/  m &.')*./�)*1���'!  )&��'1'!  �',+(45��  ,(4  ��'�'-/ ���'-'  

'�./#5/  BiFe0.95Mn0.05O3 1 )./1�����  )  ,/��%��  ,(4  2�)*'-'  BiFeO3 

&.�,)*/1(��  �/  .�) . 34. �/$  1�,�� , �  1 7*'�  )(+2/�  #/�� ����  /*'�'1  Fe �/  

/*'�%  &.���)�  1 )*.+$*+.�  BiFeO3 +1�(�2�1/�*  &/./��*.  /�-/.�'��#�/  m 

(&.�  T = 5 K �/  ~0.3). 6.�  7*'�  0/./$*�.  *��&�./*+.�'!  #/1�)��')*�  m(T) 1 

�))(�,'1/��'�  ��*�.1/(�  *��&�./*+.  ')*/�*)4  *��  8�  – )  &'1%:�����  

*��&�./*+.%  &/./��*.  /�-/.�'��#�/  m +���3:/�*)4 .  


/$��  '�./#'� , 1)�  ')�'1�%�  .�#+(3*/*%  �))(�,'1/��! , &'(+2���%0  �/  

'�'-/ ���'�  �  ��'�'-/ ���'�  '�./#5/0  #/�� ���'-'  "�..�*/  1�)�+*/  1 

'�(/)*�  *��&�./*+.  5.2-300 K, $/2�)*1���'  �  $'(�2�)*1���'  )'1&/,/9* . 

 

 

 

��)+�'$  33. 
��&�./*+.�%�  #/1�)��')*�  ),1�-/  d �  $1/,.+&'(3�'-'  
)�� ���4  e $'�&'���*  ��))�/+7.'1)$'-'  )&�$*./  4,�.  57Fe 1 '�./#5�  
BiFe0.95Mn0.05O3 �  1 BiFeO3, &'(+2���%�  &.�  ./):�".'1$�  1 ./�$/0  

�',�(�  6��� . 
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��)+�'$  34. 
��&�./*+.�%�  #/1�)��')*�  &/./��*./  /�-/.�'��#�/  m 
&.')*./�)*1���'!  )&��'1'!  �',+(45��  1 ��'�'-/ ���'�  '�./#5�  

BiFe0.95Mn0.05O3 �  BiFeO3. 
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	��	����  ������
�
�  �  ���	��  

��*',/��  ��))�/+7.'1)$'!  )&�$*.')$'&��  �/  4,./0  57Fe �))(�,'1/�'  

1(�4���  #/�� ���4  /*'�'1  Fe /*'�/��  Mn �/  &.')*./�)*1���+9  )&�� -

�',+(�.'1/��+9  )*.+$*+.+ , /  */$8�  )1�.0*'�$��  7(�$*.�2�)$��  �  �/-��*�%�  

1#/��',�!)*1�4  1 �+(3*�"�..'�$�  BiFeO3. �/  ')�'1/���  &.'1�,���%0  

�))(�,'1/��!  '�./#5'1  "�..�*/  BiFe0.95Mn0.05O3 1 :�.'$'!  '�(/)*�  

*��&�./*+. , 1$(92/9 �!  *��&�./*+.+  �/-��*�'-'  "/#'1'-'  &�.�0',/ , 

�'8�'  )"'.�+(�.'1/*3  )(�,+9 ��  ')�'1�%�  .�#+(3*/*%  �  1%1',%.  

1. �/"�$)�.'1/�'  &'41(����  1 )*.+$*+.�  ,'&�.'1/��'-'  "�..�*/  

&'#�5�!  /*'�'1  8�(�#/ , 1 &�.1'!  $/*�'��'!  $''.,��/5�'��'!  )"�.�  

$'*'.%0  ./)&'('8��%  ',��  �  ,1/  &.���)�%0  /*'�/  Mn.  

2. 6'$/#/�' , 2*'  &.���)�%�  /*'�%  Mn ./)&.�,�(��%  &'  &'#�5�4�  

/*'�'1  Fe 1 )*.+$*+.�  BiFeO3 )(+2/!�%�  '�./#'� .  

3. �)*/�'1(��' , 2*'  1 BiFe0.95Mn0.05O3 '�./#+�*)4  /�-/.�'��2�)$�  

�',+(�.'1/��/4  )&��'1/4  )*.+$*+./  5�$('�,�'-'  *�&/ , 1 $'*'.'!  +2/)*1+9*  

/*'�%  8�(�#/  )  ./#(�2�%�  $/*�'��%�  '$.+8����� .  

4. 	��/.+8��' , 2*'  &.�  #/�� ����  /*'�'1  Fe �/  /*'�%  Mn 1 )*.+$*+.�  

BiFeO3 &/./��*.  /�-/.�'��#�/  )&��'1'!  �',+(45��  #/��*�'  +1�(�2�1/�*)4  

(�/  ~0,3 &.�  5.2 K). 6.�  7*'�  )  &'1%:�����  *��&�./*+.%  &/./��*.  

/�-/.�'��#�/  1 #/�� ���'�  "�..�*�  1�)�+*/  +���3:/�*)4 , )*.��4)3  $ �+(9  

&.�  *��&�./*+.�  ~350 K. 

5. �)*/�'1(��' , 2*'  #/�� ����  /*'�/  Fe �/  /*'�  Mn 1 �(�8/!:��  

$/*�'��'�  '$.+8����  /*'�/  Fe &.�1',�*  $ +���3:���9  �#'*.'&�'-'  1$(/,/  

1 )1�.0*'�$'�  �/-��*�'�  &'(�  (�/  ~20 $> &.�  300 K �  �/  ~7 $> &.�  5.2 K), 

&.�  7*'�  ��  &.�1',�*  $ #/��*�'�+  �#������9  /��#'*.'&�'-'  1$(/,/ , 

$1/,.+&'(3�'-'  )�� ���4  �  ),1�-/  ��))�/+7.'1)$'!  (���� . 

6. �  .�#+(3*/*�  /�/(�#/  *��&�./*+.�'!  #/1�)��')*�  ).�,��-'  #�/2���4  

�  �#'*.'&�'-'  1$(/,/  1 )1�.0*'�$'�  �/-��*�'�  &'(�  '&.�,�(��/  *��&�./*+./  

�/-��*�'-'  "/#'1'-'  &�.�0',/  TN = 607.8±0.8 K. 
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7. �/))2�*/�/  *��&�./*+./  ���/4  ,(4  $'(��/*�(3�'-'  )&�$*./  4,�.  57Fe 

�#  *��&�./*+.�%0  #/1�)��')*�!  ),1�-/  ��))�/+7.'1)$'!  (����  

(J D = 420±10 K) �  ��*��)�1�')*�  ��))�/+7.'1)$'-'  )&�$*./  (J D = 376±7 K). 
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