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�$���" m "!'�j���j� '"m'�+%�)�j� �&#�h��� &�&'$�i �)!�����i �&$��'�!���i )�"#���!% �#l 
j�e���-��#�(�)"i $#��� (!��"��!� 156 )�k/j"#�, !"�� l) �#l $#%+"�&��)"$" )�"#��% �"�� n ���"u � 
�"'���un 164 )�k/j"#�. �&�x� m��h&��l &�&'$�i �)!�����i (���h�!� *'" o�#�x% +�j�h�% �)!����(!� 
)�"#���!% ��e���-��#�(�)"$" '"�"���� ���(#��") �&�*"'l�)"���"(!� (!'%)!%'� )'�(!�#�h�"i 
$'�!)�, l) ��(#��") �&m��&'x&�"(!� $&"#"$�h�"$" *'"�&(% )�"#���m���i j�!&'��(�)"i *"'"��. 

 
�@EB5N-@. �#���(!� *"'"�� ��e���-��#�(�)"$" '"�"���� *'&�(!��#&�� *&'�����j� 

)�"#���j� m ��(")�j (!%*&�&j �&�*"'l�)"���"(!� (!'%)!%'�. 
!'�j��� m��h&��l ���&)(� 
)'�(!�#�h�"(!�, &�&'$�i �)!�����i �&$��'�!���i !� +�'�)!&'% �¸- (*&)!'�� �)�m%u!� �� ��(")% +�j�h�% 
�)!����(!� j�e���-��#�(�)"$" )�"#��% *"'���l�" m �"o'& ")'�(!�#�m"����j� )�"#���j�. 
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&5EFGHICB5 K5IF@NGE>S 5E8HICBBO E-F8H5N@T -5F5PHB5L5 ;5Q?@B< B8 5EB5NG 
;GH-5L5 E-F8 CFC->;5]5;C>@?B@K KC>5H5K. &5EFGHICB5 E>;<-><;< E]5;K5N8B5L5 A8;< >8 
N@QB8?CB5 E-F8H +;5H<->GN 5E8HICBBO. 

The possibility of deposition of colloidal solution components based on liquid glass by 
electrophoretic method has been investigated. The structure of formed layer and the 
composition of deposited products have been determined. 

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

 
�B8FGQ 5E>8BBGT H5EFGHICBS G +<RFG-8JGM. 
���j �m x#l+�� mo�#�x&��l !&'j��% &)(*#%�!���i 

��'"o�� n *�����&��l &g&)!���"(!� ��!�)"'"m�e�"$" m�+�(!% [1]. �&�#�m���l �"��+ ��j"$ m��e(�u-
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n!�(l ��)"'�(!���lj m�j�(!� !'�����e��+ $�#�����h��+ *")'�!!�� m �&'+��j *"g�'o"����j #�)"��j 
x�'"j – !�&'��+ PVD-*")'�!!�� !"�)"*#��)"�"i )&'�j�)�. 	 "(!���� '")� � *'"j�(#"�"(!� �*'"-
���k%u!�(l �"�� j&!"�� ���&(&��l !�&'��+ �&)"'�!����+ *")'�!!�� �#l j�("�"$" m�(!"(%����l o&m 
$�#�����h�"$" *��x�'% +'"j% [2]. 
���j m x#l+�� ���&(&��l n ��)"'�(!���l ��)%%j�"i !&+�"#"$�i 
j�$�&!'"��"$" ��*�#&��l *")'�!!�� !"�)"*#��)"�"i )&'�j�)�. 
���) �&e j&!"� n ���m��h�e�" 
&�&'$"m�!'�!��j � ��j�$�n m�(!"(%����l ()#���"$" "o#������l. 

�#&)!'"g"'&m, l) j&!"� ���&(&��l m�+�(��+ *")'�!!��, �%k& *"x�'&��e �� *'�)!��� m���l)� 
��(")�e x���)"(!� *'"�&(%, �&�&#�)�j &�&'$&!�h��j m�!'�!�j, j"k#��"(!� )"�!'"#u !"����� 
*")'�!!l, *'"(!"!� �*�'�!%'�"$" "g"'j#&��l. ��!"'� [3, 4] "�&'k�#� )&'�j�h�� *")'�!!l &#&)!'"-
g"'&!�h��j "(��k&��lj (��
). �� *")'�!!l j�u!� ��(")� m�"("(!�e)�(!�, !&'j"(!�e)�(!�, +"'"x% 
��$&m�u �" j&!�#&��+ *��)#���� [4].  

�"*&'&��� �"(#��k&��l &#&)!'"g"'&!�h�"$" "(��k&��l )"#"i���+ (�#�)�!��+ '"mh���� [5] 
m�(���h�#� &g&)!����(!� m�(!"(%����l ��"$" j&!"�%. 
���) "�&'k��� *")'�!!l �& �" !&'j"-
"o'"o#&��l j�u!� ��m�)% ��$&m�u �" j&!�#&�"$" *��)#��%. 	��"j", �" *������!� ��$&m�u j"k�� m� 
'�+%�") ��&�&��l � ()#�� *")'�!!l ")(��% +'"j% [2]. �"j% � ��e '"o"!� �#l *")'�����l mh&*#&��l 
"�&'k���+ *")'�!!�� m *��)#��"j % ()#�� )"#"i��"$" '"mh��% ��"��#� Cr-�j�(��e )"j*"�&�!. 

 
�C>8 ;5R5>@ *"#l$�#� % m��e(�&��� &#&)!'"g"'&!�h�"$" "(��k&��l *'"�%)!�� m )"#"i��"$" 

'"mh��% �� "(�"�� '��)"$" ()#� m *'�(%!��j� e"��j� Cr !� ���#�m� ()#��% *'"�%)!�� "(��k&��l. 
 
�C>5H@ H5EFGHICBS. 
 ��e '"o"!� ��)"'�(!"�%��#� '���x& '"m'"o#&��e '"mh�� �#l 

g"'j%����l *")'�!!l ()#��% Na2O-SiO2-TiO2 [5], m h�(!)"�"u m�j��"u (�#���u ")(��%  �� +'"j% 
(III) ")(��. �#l %(�+ �"(#���� ��)"'�(!"�%��#� (��k"*'�$"!"���� �"��� '"mh���, �" ()#��% l)�+ 
�+"��#� '��)& ()#" Na2O·2SiO2, $��'"#�m"����e !&!'�o%!")(�!�!�� (�t�) !� )�#�u o�+'"j�! m 
)"��&�!'���nu 0,3 j"#�/#. �'�$"!%����l '"mh���� ���o%��#"(� ���*"����" �" *'"�&�&��+ '"m'�-
+%�)��, m j&!"u m�o&m*&h&��l m����"$" +�j�h�"$" ()#��%: SiO2 – 52,38 j�(. %, Na2O – 27,24 j�(. %, 
Cr2O3 – 9,52 j�(. %, �2O – 6,10 j�(. %, TiO2 – 4,76 j�(. %. 

�"#"i���e '"mh�� $"!%��#� m� (+&j"u: $��'"#�m�! !&!'�o%!")(�!�!��% (�t�) + '��)& ()#" + 
)�#�u o�+'"j�!%. 

��
 *'"�"��#� � !'�"+&#&)!'"��"j% !&'j"(!�!"���"j% ()#l�"j% &#&)!'"#�m&'� "o'nj"j 5 
0 (j3. �'"�%)!� m )"#"i��"$" '"mh��% "(��k%��#� �� ��"� m ��)&#&�"i g"#�$�, '"m!�x"����e � 
��&#&)!'�h��e )�(&!�, m ���j&!'"j '"o"h"i *"�&'+�� 14 jj.  

�#l m�l!!l *"#l'�m���e��+ )'���+ � &#&)!'"#�m% ��)"'�(!"�%��#� *"!&���"(!�! IPC-Pro. 
�#&)!'"�"j *"'���l��l (#%$%��� +#"'��-('�o��e &#&)!'"�. ��
 *'"�"��#� *'� ��"��"j% 
*"!&����#� 2,0 	 (*"!&����# *'��&�&�" ����"(�" (!����'!�"$" �"��&�"$" &#&)!'"��) m� !&j*&'�!%'� 
20 "�. ��(#l "(��k&��l m'�m)� �&j"�!%��#� m )�(&!�, (%x�#� � �"(#��k%��#� !"*"$'�g�u *"�&'+�� 
*")'�!!l, m� �"*"j"$"u ()��%uh"$" &#&)!'"��"$" j�)'"()"*� ZEISS EVO 40XVP. ��j�h��e ()#�� 
*"�&'+�� )"�!'"#u��#� m� �"*"j"$"u &�&'$"-��(*&'(�e�"$" (*&)!'"j&!'� INCA Energy 350. 

 
�B8FGQ ;CQ<FS>8>GN H5EFGHICBBO. �"#"i��� h�(!��)� (SiO2,TiO2), j�uh� �&$�!����e m�'l�, 

j�$'%u!� �" ��"��, %!�"'uuh� �� e"$" *"�&'+�� ��"���e x�', �" (�"nu h&'$"u *'��"��!� �" 
mj&�x&��l $%(!��� (!'%j% ('�(. 1). 
 *"h�!)"��e j"j&�! "(��k&��l, $%(!��� (!'%j% '�m)" 
mj&�x%n!�(l, *�(#l h"$" (!�o�#�m%n!�(l *'"!l$"j 1,5 +�. ���k&��l $%(!��� (!'%j% �)�m%n �� 
��(")�e "*�' &#&)!'"g"'&!�h�"$" "(��%. 


�&'k��� *'"�%)!� (%x�#� *'� 100 º� *'"!l$"j 20 +� !� �"(#��k%��#� *�� "*!�h��j j�)'"-
()"*"j ('�(. 2, �). ª) ����" m g"!"$'�g�i, �� *"�&'+�� m'�m)� "(��k&�� *'"�%)!� %!�"'uu!� ��#�-
��e, "��"'����e x�', '���"j�'�" '"m*"��#&��e *" *"�&'+��.  

�"(#��k&��l j�)'"(!'%)!%'� "�&'k��"$" x�'% *'"�%)!�� ('�(. 2, G) ��n mj"$% (!�&'�k%��!�, 
�" "(�#� h�(!��)� j�u!� �'�o�")'�(!�#�h��e +�'�)!&'. 
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\�	. 1. a���L�
	�� J�	���� 	����� �
� ��	� �	��L���
 ��
 �����H
��
�:  

1 – 1.00 �; 2 – 1.25 �; 3 – 1.50 �; 4 – 1.75 �; 5 – 2.00 �; 6 – 2.25 � 
 

                
                           �                                                                                         o 

\�	. 2. B
�������J���
� �������
� b?` ������� 	�	���� Na2O-SiO2-TiO2- Cr2O3 ����L��
:     
� – � ���������; G – � 	����>���� ������������ �
���	���
 

 
��j�h��e ���#�m "(��k&��+ *'"�%)!�� m��e(�u���(l *�(#l i+ !&'j""o'"o#&��l m� 1000 °� 

(m$���" m j&!"��)"u). �&m%#�!�!� ���#�m% (!�o#��l) *")�m�#� ��(")�e �j�(! ")(���� (�#���u !� 
��!'�u, �" n (���h&��lj j�$'���i �" ��"�% �& !�#�)� )"#"i��"$" SiO2 , �#& e (�#�)�!�� ��!'�u. 	j�(! 
Cr2O3 n m��h�" ��kh�j ��� m����"$" � '"mh���. 

��&'$"��(*&'(�e��j (*&)!'"j&!'�h��j ���#�m"j �(!��"�#&�", �" � *'"�%)!�+ "(��k&��l 
)'�j )"j*"�&�!�� '"mh��% (*"(!&'�$�n!�(l ��l���(!� �!"j�� Ni, )"!'� ��n mj"$% *'�*%(!�!�, �" 
h�(!��� �!"j�� Ni *�� h�( "(��k&��l ��g%��%n m *"�&'+�� &#&)!'"�� � x�' *'"�%)!�� "(��k&��l, �" 
(�"nu h&'$"u (*'�ln *")'�����u ��$&m�i *�(#l (*�)���l.  

 
�GKG?B@M E-F8H +;5H<->GN 5E8HICBBO, K8E. % 

SiO2 Na2O Cr2O3 K2O + TiO2 

75,47 7,21 0,65 16,67 
 

��m�)�e �j�(! Cr � ()#��� *'"�%)!�� m%j"�#&��e  !�j, �" � "�&'k��"j% )"#"i��"j% '"mh��� 
+'"j m��+"��!�(l % �&m�’lm���e g"'j� – % ��$#l�� e"��� Cr2O7

2-, )"!'� (*'�lu!� ��
 )"#"i���+ 
(�#�)�!��+ h�(!��"). �'�j ��"$" +'"j % ��$#l�� ��("��e"����+ $'%* Cr2O7

2- j"k& "(���!� �� 
*"�&'+�� *�� h�( ��ej���l m'�m)�� m '"mh��%. ��� h�( (*�)���l h�(!��� �"��� +'"j% *&'&+"��!� % 
()#�� *")'�!!l, m���l)� h"j% *�����%n!�(l mh&*#&��l "�&'k���+ *")'�!!�� m *��)#��"j. 
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�@EB5N-@. �&!"�"j &#&)!'"g"'&m% )"#"i��"$" '"mh��% �� "(�"�� ��!'�n�"$" '��)"$" ()#� 
"�&'k��" ��#���, '���"j�'�" '"m*"��#&�� *" *"�&'+�� *��)#��% �'�o�")'�(!�#�h�� *'"�%)!� 
"(��k&��l. �" ()#��% ��+ *'"�%)!�� �+"�l!� ")(��� (�#���u, ��!'�u !� �&m��h�� )�#�)�(!� Cr2O3, 
�" (���h�!� *'" "oj&k&��e '%+ ��("��e"����+ �"��� Cr2O7

2- *�� h�( ��
. 
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1999. 3. Mendoza-López M.L., Avilés-Arellano L.M., Pérez-Robles J.F., Manzano-Ramirez A., Vorobiev Y.V., 
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