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�5QLFOB<>5 K5IF@N@M KCT8BGQK GQ5K5;]B5L5 Q8KG�CBBO N E>;<-><;G A+GBCFG. 
)@>;8>B5-LCFCN@K KC>5H5K 5HC;I8B5 B8B5H@E+C;EB@M +5;5A5- A+GBCFG. �E>8B5NFCB5, 
�5 K5B5]8QBGE>S +5;5A-< H5EOL8�>SEO Q8 E+GNNGHB5ACBBO Al2O3/MgO=3:1. 

It was analysised the  possible mechanism of the isomorph in the spinel structure. The 
spinel ultraline powder is obtained by citrate-gel method.  It was determined that monophase 
of the powder attain under the correlation Al2O3/MgO=3:1. 

D5E>8B5N-8 +;5RFCK@ >8 PP QN’OQ5- Q N8IF@N@K@ B8<-5N@K@ Q8NH8BBOK@. �*��&#� n 
��k#���j� j��&'�#�j�, �" �+"�l!� �" ()#��% o�$�!�"+ *'"j�(#"��+ j�!&'��#��. 
���nu m� (g&' 
m�(!"(%����l �#uj"j�$�&m��#��"i x*��&#� MgAl2O4 n '���")&'�j�)�, �& �"�� (#%$%n l) *��)#�� �#l 
���&(&��l *#��") GaAs, ZnSe [1]. �&l)� m ��+ j��&'�#�� m�o�'�#&�� � ��!&�(���� )"#�"'� e 
��)"'�(!"�%u!�(l l) *�$j&�!� � )&'�j�h��+ g�'o�+. 
!'�j�!� *"'"x)"*"��o�% x*��&#� �m ��*&'&� 
m����"u ��(*&'(��(!u % '�m� m�(!"(%����l !'�����e��+ j&!"��� (��!&m% *"'"x)�� m� ��m�)�+ 
!&j*&'�!%' *'�)!�h�" �&j"k#��". 

 
�B8FGQ 5E>8BBGT H5EFGHICBS G +<RFG-8JGM. ��!'�!�"-$&#&��e j&!"� ��n j"k#���(!� (��!&-

m%��!� ���"'"mj�'��, "��"'���� m� '"mj�'�j� h�(!��") � +�j�h��j ()#��"j *"'"x)� [2]. �'�j !"$" 
m�o&m*&h%n!�(l ��(")�e (!%*��� *"��"!� *&'&o�$% '&�)��e �� �(�+ (!���l+ (��!&m% ��+���"$" 
*"'"x)%.  

��!"'� [3, 4] "!'�j�#� (��!&!�h�% �#uj"j�$�&m��#��% x*��&#� *�� h�( ��)"'�(!���l 
�&!'�����e��+ (*"("o�� (��!&m% !"�)"��(*&'(��+ )&'�j�h��+ *"'"x)��: !&'j�h��j '"m)#��"j 
("#&e, (*��"(��k&��lj )"j*"�&�!��, m"#�-$&#� !� )'�"+�j�h��j j&!"��j�. 
��� m ��+ j&!"��� 
�"m�"#lu!� "�&'k�!� x*��&#� m� *"'���l�" ��m�)"i !&j*&'�!%'� (~ 900°�), "���) "!'�j���e 
*"'"x") �& n j"�"g�m��j. 	�)"'�(!"�%uh� ��x� j&!"��, �&e �&�"#�) j"k�� %(%�%!� m� '�+%�") 
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*�����&��l !&j*&'�!%'� ���& 1300 °�. 
�C>5* ;5R5>@ n "!'�j���l ���"��(*&'(�"i j"�"g�m�"i x*��&#� ()#��% MgAl2O4 �� "(�"��  

��!'�!�"-$&#&�"$" j&!"�% !� ii #&$%����l e"��j� +'"j% (���). 
 
�CQ<FS>8>@ H5EFGHICBS. 	�+����j� j�!&'��#�j� �#l (��!&m% �#uj"j�$�&m��#��"i x*��&#� 

o%#� �"�"'"mh���� ("#� ���*"�����+ )"j*"�&�!��: Al(NO3)3·9H2O !� Mg(CH3COO)2·4H2O l) ��e-
o�#�x �"(!%*�� e &g&)!���� [5]. �'�j !"$", m$���" m ����j� '"o"!� [5], (�j& m� %h�(!u ��+ ("#&e 
!&j*&'�!%'� )'�(!�#�m���i x*��&#� � (�(!&j� Al(NO3)3�Mg(CH3COO)2 n ��e��kh"u � (!��"��!�  
690�730 °�. �*������"x&��l ")(���� Al2O3/MgO (!��"��#" 1:1, 2:1 !� 3:1. �#l k&#�!���m���i �"���+ 
'"mh���� ��)"'�(!"�%��#�(l ��!'�!�� )�(#"!�. �m �'�+%����lj �m"j"'g�"$" 'l�% 	&'���(�)"$" !� 
&�&'$&!�h�"i !&"'�i �m"j"'g�mj% [6] l) #&$%uh�e �"��!") o%#" ��o'��" e"�� �r3+, l)�e ��"��#� % 
��+����e '"mh�� h&'&m '"mh���% (�#� +'"j% Cr(NO3)3·9H2O. �"$" )�#�)�(!� % ()#��� $&#u � *&'&-
'�+%�)% �� ")(�� Cr2O3 (!��"��#� 4 !� 10 j�(. %. 
�&'k��� $&#� ��$'���#� �" 1000 �� �m ��!'�j)"u 
*'� )���&��e !&j*&'�!%'� 2 $"�. 


!'�j��� *"'"x)� �"(#��k%��#� m� �"*"j"$"u '&�!$&�"$'�g�h�"$" ���#�m% !� *'"(��h%��#��"i 
&#&)!'"��"i j�)'"()"*�i (���) �� *'�#��� JEM-100CX. �"m'�+%�") !� %!"h�&��l *�'�j&!'�� )"j�')� 
x*��&#� *'"�"��#� *'� ��)"'�(!���� *'"$'�j ORIGIN !� POWDER. �" !"$" k %!"h�u��#�(� *�'�j&!'� 
!� )""'����!� �!"j��, �m"!'"*�� !&j*&'�!%'�� *"*'��)� e )"&g���n�!� �"'j%����l. 

���� '&�!$&�"g�m"�"$" ���#�m% (��!&m"����+ *"'"x)�� *")�m�#�, �" "!'�j��� (*"#%)� j�u!� 
o%�"�% x*��&#�, +"h� e j�(!l!� �&l)% )�#�)�(!� �"j�x"). ��), *"'"x)�, � l)�+ (*������"x&��l 
Al2O3/MgO (!��"��!� 1:1 !� 2:1, j�(!l!� �" 25 % *&'�)#�m% MgO (d/n = 0,2108; 0,2431; 0,1213; 
0,0939), l)�e �& �+"��!� % (!'%)!%'% x*��&#�. 

	��"j" [7], �" "(�"���j ��g%��%uh�j e"�"j *�� h�( '&�)��i !�&'�"g�m"�"$" (��!&m% x*�-
�&#� n Mg2+. �#l *�����&��l �)!���"(!� ��"$" e"�� *" ����"x&��u �" Al3+ % ��+����e '"mh�� o%#" 
��&�&�" e"�� Li+ % )�#�)"(!� 1 j�(. %. 
���) )�#�)�(!� *&'�)#�m% mj&�x�#�(� #�x& �� 1–3 %.  

�� ����j� [8] �(!"!�& *�����&��l �)!���"(!� MgO (*"(!&'�$�n!�(l � ��!&'��#� !&j*&'�!%' 
900–1100 °�. 
 '&m%#�!�!� �"(#��k&�� �(!��"�#&�", �" *"��� #�)������l *&'�)#�m% j"k#��� *'� (*��-
����"x&��� Al2O3/MgO=3:1 (m'�m") �-4), !&j*&'�!%'� (��!&m% 1000 °� !� ��!'�j�� *'� ��e !&j*&-
'�!%'� 2 $"�. 
���) �� '&�!$&�"$'�j�+ (*"(!&'�$�u!�(l #���i )"'%��% Al2O3 (d/n = 0,255; 0,209; 
0,160). ��'�j&!' )"j�')� !�)"i x*��&#� (!��"��!� 8,0630 �, � &#&)!'"��� $%(!��� – 3,6052 $/(j3. 

�"'"x") x*��&#� m� (*������"x&��lj Al2O3/MgO = 3:1 #&$%��#� e"��j� Cr3+ % )�#�)"(!� 10 !� 
4 j�(. %. ª) ����" m '�(. 1 '&�!$&�"$'�j� "o"+ m'�m)�� �(!"!�" ���'�m�lu!�(l. 
(�"��"u g�m"u �#l 
�-5 ('�(. 1, �) n Cr2O3, �#l �'%$"$" ('�(. 1o) – x*��&#� MgAl2O4. 
)'�j "(!����"i, m'�m") �-6 
j�(!�!� 3–5 % )"'%��% Al2O3. 

 

 
\�	. 1. c�������J���� ������
� � ��������
� Cr3+ � �
����	�
:  

� – 10 ��	. % (h-5);  G – 4 ��	. % (h-6); 
Ò – Al2O3; ³ – Cr2O3 
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��)� �#�(!��"(!� '&�#���+ )'�(!�#��, l) j&+���h��, ��&#&)!'�h��, ��g%m�l � g"!"*'"�����(!� 
m�&o�#�x"$" ��m��h�u!�(l ��l���(!u �&g&)!�� '&x�!)�. 
(�"��"u *'�h��"u %!�"'&��l �&g&)!�� m� 
*"'���l�" ��m�)�+ !&j*&'�!%' n ��l���(!� �"j�x)"��+ �!"j��. ª)�" i+��e m�'l� ���'�m�ln!�(l ��� 
m�'l�% m�j��&��+ �o" "(�"���+ e"���, !" %j"�� mo&'&k&��l &#&)!'"�&e!'�#��"(!� *"!'&o%u!� 
%!�"'&��l ���*"����"i )�#�)"(!� �&g&)!�� ()�!�"���+ �o" ���"���+ ��)��(�e). �"mj�'� )�!�"��� Mg2+, 
Al3+ !� Cr3+ (!��"�#l!� 0,66 �, 0,51 � !� 0,63 � ���*"����".  

	��"j" [6], �" �#l �"()"��#"$" �m"j"'g�mj% �&"o+���", �"o '�m���l % �&#�h��� e"���+ '���%(�� 
"(�"��"$" !� #&$%uh"$" )"j*"�&�!�� �& *&'&���%��#� 15 %. 
 *'"!�#&k�"j% ��*��)% ���o%��!�-
j&!�(l "oj&k&�& m�j��&��l, �o" �"�" ���o%��!�j&!�(l *'� ��(")�e !&j*&'�!%'�. �l %j"�� ��)"-
�%n!�(l !�#�)� �#l Mg2+ Æ Cr3+ (�r = 5 %). à"�" Al3+ Æ Cr3+, !" �l '�m���l (!��"��!� 19 %, �" 
*&'&���%n �"*%(!�j& m��h&��l �� 4 %. 

	'�+"�%uh� ���&��)#��&�&, o%#"  '"m$#l�%!" !'� ��'���!� m�j��&��l, � (�j&: Cr3+ �+"��!� 
1) #�x& � *"m���u Mg2+;  
2) #�x& � *"m���u Al3+;  
3) � *"m���u Mg2+ � � *"m���u Al3+.  

!"h�&��l *"m���e �!"j�� Mg/Cr � %(�+ ��*��)�+ *")�m%u!� j"k#���(!� h�(!)"�"$" �+"�k&��l 

e"��� Cr3+ % (!'%)!%'% x*��&#�. ��)(�j�#��� i+ )�#�)�(!� (3,99 %) �+"��!� % (!'%)!%'% x*��&#� m� 
!'&!�j ��'���!"j (!�o#��l). 

 
�CQ<FS>8>@ ;CB>LCB5E>;<-><;B5L5 8B8FGQ< 

	�'���! m�j��&��l �%(!���, $/(j3 ��#�)�(!� Cr3+, % ��'�j&!' )"j�')�, � 
1 3,6153 0,59 8,0640 
2 3,6182 0,82 8,0640 
3 3,6774 3,99 8,0639 

 

!'�j��� x*��&#� j�u!� '"k&��e )"#�' (h�j o�#�x�e �j�(! Cr3+, !�j ��(�h&��x�e ���!��")). 

�#&)!'"��"-j�)'"()"*�h��j ���#�m"j �(!��"�#&�", �" '"mj�'� h�(!��") n � j&k�+ 60–70 �j, � 
)'�(!�#� j�u!� x&(!�$'���% g"'j% ('�(. 2).  

 

 
\�	. 2. B
�������J���

 ������� ��
���
 (h-4) (×36000) 

 
�@EB5N-@. 
 (�(!&j� Mg
-Al2O3 %!�"'un!�(l �#uj"j�$�&m��#��� x*��&#� ()#��% MgAl2O4. 

�&!"�"j '&�!$&�"$'�g�h�"$" ���#�m% �(!��"�#&�", �" �)�m��� *"'"x)� (Al2O3/MgO=1:1 � 1:2), )'�j 
"(�"��"i g�m� x*��&#�, j�(!l!� �" 25 % *&'�)#�m%. �'� (*������"x&��� ")(���� Al2O3/MgO, �" 
(!��"��!� 3:1, "�&'k��" j"�"g�m��e *'"�%)!. 	(!��"�#&�", �" e"� �r3+ h�(!)"�" �+"��!� % 
(!'%)!%'% x*��&#� � *"m���i Mg2+ �  Al3+ m� j&+���mj"j �m"j"'g�"$" m�j��&��l. 

 
1. R���� �.?., R������� �.Q., c���� �.I. I����� �� i��������J�����	��� 	��������� � �����-

i����������. – T.: ®���J�
, 1973. à 192 	. 2. C����� � �		��������� �������� �������	�������	��� 
������� CoAl2O4. Luo Hong-yu, Tian Xi-ke, Yang Chao, Pi Zhen-bang. Digiu kexue=Earth Sc.: 
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Zhongguo dizhi daxue xuebao. – 2005. – 30, � 2. – C. 191–194. 3. Mechanical activation of 
heterogeneous sol-gel precursors for synthesis of MgAl2O4 spinel. Ye Guotian, Troczynski Tom. J. Amer. 
Ceram. Soc. – 2005. – 88, � 10. – C. 2970–2974. 4. Synthetic spinel. Bozadgiev L., Dimova T., Pavlov R., 
Doinov M. Interceram. – 2006. – 55,  � 3. – C. 158, 160–161. 5. Q�������� O.F. a���-J��� ����� � 
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magnesium aluminate spinel // J. Nucl. Mater. – 1999. – Vol. 279. – \. 91–97. 8. h������ �.I., X���� Q.b. 
Q�������H�
 ���	� ��J��
 ������� H������	��J� ��������
 ����������K // V��. QO CCC\. 
O���J�����	��� ��������K. – 1980. – F. 16. – C. 1430–1434. 
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�8 5EB5NG ;CQ<FS>8>GN H@]C;CBJGMB5->C;KG?B5L5 8B8FGQ< E-F8 >8 CFC->;5BB5-KG-;5-
E-5+G?B5L5 8B8FGQ< E>;<-><;@ +5-;@>>O, NE>8B5NFCB5 5+>@K8FSB@M ;CI@K -;@E>8FGQ8JGP 
E-F5+5-;@>>O E@E>CK@ SiO2–BaO–Al2O3–B2O3–Li2O–K2O B8 KC>8FCN5K< +GH-F8HG. 

Based on the differential thermal and electron-microscopic analysis of structure 
coverage the optimal mode of crystallization of the glass coating system SiO2–BaO–Al2O3–
B2O3–Li2O–K2O of metal lining has been determined. 

D5E>8B5N-8 +;5RFCK@. �&'&� m��h�"i )�#�)"(!� &#&)!'"�m"#l��e��+ j�!&'��#�� ��k#��& j�(�& 
m�ej�u!� ()#"*")'�!!l [1]. 
���), )'�j ��(")�+ *")�m��)�� ��&#&)!'�h��+ �#�(!��"(!&e, *")'�!!l 
*"����� +�'�)!&'�m%��!�(l *�����&��j� k�'"(!�e)�(!u, !&'j"(!�e)�(!u, � !�)"k  (!�e)�(!u �" ��i 
�$'&(����+ (&'&�"���. ��j  ��j"$�j j"k%!� ���*"����!� ()#")'�(!�#�h�� *")'�!!l [2]. 

 
�B8FGQ 5E>8BBGT H5EFGHICBS G +<RFG-8JGM. �� "(�"�� "�&'k���+ '&m%#�!�!�� [3] �(!��"�#&�� 

)'�(!�#�m���e�� m��!��(!� (�!)� ()#���� ()#� (�(!&j� SiO2 – BaO – Al2O3 – B2O3 – Li2O – K2O. ��!"'� 
��m��h�#� "*!�j�#���e ()#�� ()#� �#l "�&'k���l ()#")'�(!�#�h�"$" *")'�!!l �� j&!�#&�"j% *��)#��� 
m� '"mh��"�"u !&+�"#"$�nu. 
��(#��") mj��� "(�"���+  !&+�"#"$�h��+ *�'�j&!'�� (!&j*&'�!%'� � 
!'���#"(!� !&'j""o'"o#&��l) !� +�j�h�"$" ()#��% �� $'����� *�)#��-*")'�!!l *'"�&( )'�(!�#�m���i 
!"�)"$" x�'% ()#� �� j&!�#&�"j% *��)#��� j�n "("o#��"(!�. �& j&�x ��k#���j n �(!��"�#&��l (!%*&�l 
m�)'�(!�#�m"���"(!�, '"mj�'% )'�(!�#�� � ()#��% *'"�%)!�� )'�(!�#�m���i, �" m��h�"u j�'"u ��m��h�u!� 
���*"�����(!� *")'�!!l �" *��)#��% m� �#�(!��"(!lj� � %j"��j� &)(*#%�!���i. 

 
�C>8 ;5R5>@ – �(!��"��!� "*!�j�#��� !&+�"#"$�h�� *�'�j&!'�  '&k�j% g"'j%����l ()#"-

)'�(!�#�h�"$" *")'�!!l &#&)!'"�m"#l��e�"$" *'�m��h&��l �� j&!�#&�"j% *��)#���. 
�"'j%����l ()#"*")'�!� m� '"mh��"�"u !&+�"#"$�nu ()#���n!�(l m !�)�+ &!�*��: 
� (��!&m ()#"!��'�"$" )"#"i��"$" '"mh��%, ")(����e ()#�� l)"$" ���*"����n ()#��% ��m��-

h&�"$" *")'�!!l; 
� ���&(&��l '"mh��%  �� ��$'�!% *"�&'+�u j&!�#&�"$" *��)#��% j&!"�"j *%#��&'�m���i; 
� !&'j�h�& "o'"o#&��l % ��o'��"j% !&j*&'�!%'�"-h�("�"j% '&k�j�. 
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