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Methods for electromagnetic shielding of buildings in order to protect information in 
considered. The main types of electromagnetic radiation that affect the information in 
detected. A classification of forms and materials of screens to protect the premises in 
proposed. 

Key words: classification of electromagnetic screens, electromagnetic radiation. 
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4�*�"%>% =�’7='/, :!��%*%'!#�( � :!��%"!��>!#�( ):�=��� �% )%7�� +*+'$:%?!>"�$"%>% A%"/. �'*!�"%< +*+'$:%-
?!>"�$"! %4&$!"%�'! L / �+*�'�- ?�&$!-, 4% �;+:+*!?� +*+'$:%?!>"�$"�- )%*�� (���) :!��%@!&$%$"%>% 
��!)!=%"/ L :!��%#+"$:� =�’7='/, $+*+4!@+""7, :!��%*%'!#�B"� &$!"#�( $! �"D� �;+:+*!. 

�'$/!*�"%< ):%4*+?%< L ):��/D+""7 "+4!;!"�- ()!:!=�$"�-) +*+'$:%?!>"�$"�- ��):%-
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"!B4�*�D+ �)*��!<$� "! %:>!"�=? *<��"� � &$�%:<<$� �%�!$'%��B +*+'$:%?!>"�$"�B '!"!* ��$%'/ 
�"A%:?!#�( [1]. 


�"�? = %&"%�"�- "!):7?'�� =!-�&$/ �"A%:?!#�( L +*+'$:%?!>"�$"+ +':!"/�!""7 4/��"'�� � 
):�?�K+"�, � 7'�- :%=?�K+"% &�&$+?� %):!#<�!""7 �"A%:?!#�(. �:% ="!@+""7 � �!;*���&$� 
+':!"/�!""7 &���@�$� $%B A!'$, K% � �\� "! �%&*��;+""7 #�L( ):%4*+?� K%:�@"% ��$:!@!<$� 
)%"!� 1 % �!:$%&$� �&�L( ):%?�&*%�%( ):%�/'#�( [2, 3]. 

�%?/ !'$/!*�"�? L :%=:%4*+""7 ��&%'%+A+'$��"�-, D�:%'%&?/>%��- � =:/@"�- � +'&)*/!$!#�( 
+':!"/�!*�"�- � :!��%)%>*�"!*�"�- ?!$+:�!*��, 4% L ��&%'! )%$:+4! � "�- ):� :%=:%4*+""� $! 
��%&'%"!*+""� '%"&$:/'#�B :!��%+*+'$:%"�'�, ):�&$:%(� =!-�&$/ �"A%:?!#�(. 

�:%4*+?�, &$�%:<�!"� ���, "+ ��@+:)/<$�&7 $�*�'� 4�%*%>�@"�?� !&)+'$!?�. ��� �)*��%? #�- 
)%*�� ?%;/$� ���4/�!$�&7 =4%( � :%4%$� +*+'$:%""%>% %4*!�"!""7. � %&'�*�'� A/"'#�%"/�!""7 4!>!$�%- 
$+-"�@"�- =!&%4�� &/):%�%�;/L$�&7 )%4�@"�? +*+'$:%?!>"�$"�? ��):%?�"<�!""7? (���	), ��"�'!L 
"+%4-��"�&$� =!4+=)+@+""7 (- +*+'$:%?!>"�$"%( &/?�&"%&$�. �:�? $%>%, '%*� $+-"�@"� =!&%4� =!&$%&%�/<$�&7 
�*7 %):!#<�!""7 �"A%:?!#�( %4?+;+"%>% �%&$/)/, ���	 ?%;/$� ��'%:�&$%�/�!$�&7 �*7 %$:�?!""7 
"+&!"'#�%"%�!"%>% �%&$/)/ �% %):!#�%�/�!"%( �"A%:?!#�( = 4%'/ =!#�'!�*+"�- %&�4. 

g+ %�"�? @�""�'%? =!>:%= �"A%:?!#�B"%( 4+=)+'� L ?%;*���&$� "!�?�&"%>% +*+'$:%-
?!>"�$"%>% �)*��/ («+*+'$:%?!>"�$"�B $+:%:�=?») "! :%4%$/ ':�$�@"% �!;*���- %4’L'$��. 
�%$+"#�B"! /:!=*���&$� �"A%:?!#�B"�- &�&$+? &$%&%�"% ��)!�'%��- � "!�?�&"�- "+>!$��"�- 
�)*���� ��?!>!L ):�B"7$$7 !�+'�!$"�- =!-�&"�- =!-%���. 


�"�? = %&"%�"�- &)%&%4�� �";+"+:"%-$+-"�@"%>% =!-�&$/ ��� ��� L (- +':!"/�!""7 � ?�&#7- 
)+:+4/�!""7 *<��"�. I!=��@!B B�+$�&7 ):% ��! $�)� +':!"/�!""7: +':!"/�!""7 �;+:+* ��� � 
+':!"/�!""7 *<�+B ��� �;+:+* ���. 

I!-�&"� �*!&$��%&$� +':!"�� =!&"%�!"� "! +A+'$� %&*!4*+""7 "!):/;+"%&$� � &)%$�%:+""7 
+*+'$:�@"%>% )%*7 � ):%&$%:� )%4*�=/ =!=+?*+"%>% ?+$!*+�%>% ):+�?+$!. I!-�&$ ��� ��( ��� 
)+:+�4!@!L ="�;+""7 (- �"$+"&��"%&$� �% :��"��, K% "+ )+:+��K/<$� >:!"�@"% �%)/&$�?�. 

�%)/&$�?� :��"� +*+'$:%?!>"�$"%>% ��):%?�"<�!""7 (K�*�"�&$� )%$%'/ +*+'$:%?!>"�$"%( 
+"+:>�() ���%4:!;+"� � "%:?!$��!-, 7'� �&$!"%�*<<$� '%?)+$+"$"� %:>!"� =!*+;"% ��� ��!)!=%"/ 
���. 
 :�="�- ':!("!- "%:?� ?%;/$� �&$%$"% ���:�="7$�&7 [6]. 


$;+, �!:$% =!="!@�$�, K% +':!"/�!""7 +*+'$:%?!>"�$"�- -��*� – $+?! 4!>!$%)*!"%�! B 
/"�'!*�"!. ��?� )�$!""7?� =!B?!L$�&7 �)+#�!*�"�B ?�;"!:%�"�B '%?�$+$ = :!��%)+:+D'%�, K% 
):!#<L / ?+;!- ��;"!:%�"%( +*+'$:%$+-"�@"%( '%?�&�( (���). �:% �!;*���&$� +':!"/�!""7 
&���@�$� $!'%;, K% / �\� ��$:!$� A�:? "! =!-%�� K%�% =!-�&$/ '%"A��+"#�B"%( �"A%:?!#�( 
K%:�@"% &'*!�!<$� / &+:+�"�%?/ 10–15 ?�*�7:��� �%*!:��. 

I!>!*%? "! $!'� =!-%�� !?+:�'!"&�'�? )��):�L?#7? �%�%��$�&7 ��$:!@!$� �% 20 % ��� &/?� 
�&�- (- ��$:!$ "! "!/'%�%-�%&*��"� !4% �%&*��"%-'%"&$:/'$%:&�'� :%4%$�. 	+*�'! @!&$�"! #�- 
��$:!$ ):�)!�!L "! =!-%�� K%�% =!-�&$/ �"A%:?!#�( ��� ��$%'/ $+-"�@"�?� '!"!*!?�. �)!:!$/:! 
)+:+-%)*+""7 �"A%:?!#�( !'$��"% :%=���!L$�&7 � /�%&'%"!*<L$�&7. 

��%>%�"� ;%�"! 4+:+;*��! =!:/4�;"! A�:?! "+ :%=)%@"+ A�"!"&/�!""7 "%�%>% �%:%>%>% 
):%+'$/ 4+= >!:!"$�B =4+:+;+""7 '%?+:#�B"%( $!L?"�#�. 

 

��+�B ,�>�+- L :%=:%4*+""7 '*!&�A�'!#�( +*+'$:%?!>"�$"�- +':!"�� ):�?�K+"� =! A%:?%< 
$! ���%? ?!$+:�!*/. 

 

��+��- ����+,�<�
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�
� ��,�
)(�

� >)��(��� +� 9,-<�Q�
� * <�+�B *�0-'+) 
�
4�,<���;. �*+'$:%?!>"�$"+ +':!"/�!""7 ()!&��"�B ?+$%� =!-�&$/) ):�?�K+"� – #+ *%'!*�=!#�7 
+*+'$:%?!>"�$"%>% )%*7 � )+�"�B @!&$�"� 4/���*� � 4�*�D-?+"D )%�"+ =��*�"+""7 ��� "�%>% :+D$� 
&+:+�%��K!. �*+'$:%?!>"�$"+ +':!"/�!""7 ):�?�K+"� �!L =?%>/ =!-�&$�$� 7' *<��"/ ��� �)*��/ 
+*+'$:%?!>"�$"%>% )%*7, $!' � :!��%+*+'$:%""� ):�*!�� ��� �)*��/ =%�"�D"�- )%*�� � *%'!*�=/�!$� (-"� 
�*!&"� ��):%?�"<�!""7, )+:+D'%�;!<@� (- )%7�� � "!�'%*�D"�%?/ ):%&$%:�. �':!"/�!""7 $+-"�@"�- 
=!&%4�� %):!#<�!""7 �"A%:?!#�( $! ):�?�K+"�, � 7'�- ���4/�!L$�&7 ):�B?!""7, )+:+�!�!""7 B 
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%):!#<�!""7 '%"A��+"#�B"%( �"A%:?!#�(, �!L =?%>/ ="�=�$� :��+"� +*+'$:%?!>"�$"�- ��):%?�"<�!"� �% 
=!�!"�- �+*�@�". 
 :+=/*�$!$� ):!'$�@"% "+?%;*��+ "+&!"'#�%"%�!"+ ="�?!""7 �"A%:?!#�(. 

	�?%>� �% +':!"/�!""7 4/���+*� � ):�?�K+"� = ?+$%< =!-�&$/ �"A%:?!#�( � %&$!""� :%'� 
="!@"% =:%&*�. �/@!&"� ��?%>� �% +':!"%�!"�- ):�?�K+"� ��="!@!<$�&7 '%?)*+'&%? @�""�'��, K% 
�)*��!<$� !4% ?%;/$� �)*��!$� � '%"':+$"�- /?%�!- "! �"A%:?!#�<, 7'! =!-�K!L$�&7 $! 
%4&*/>%�/<@�B )+:&%"!*. 


&"%�"� @�""�'�, K% �)*��!<$� !4% ?%;/$� �)*��!$� "! �"A%:?!#�<, 7'! =!-�K!L$�&7, 
?!<$� +*+'$:%?!>"�$"/ ):�:%�/, ��="!@+"� �
�� � 51275: 

� +*+'$:%?!>"�$"� ��):%?�"<�!""7 $! )%*7 � :!��%@!&$%$"%?/ ��!)!=%"�, A/"'#�%"!*�"% 
�*!&$��� $+-"�@"�? =!&%4!? %4’L'$�� �"A%:?!$�=!#�( (
�); 

� )%4�@"� +*+'$:%?!>"�$"� ��):%?�"<�!""7 (���	); 
� )!:!=�$"� +*+'$:%?!>"�$"� ��):%?�"<�!""7; 
� "!�+�+""7 � +*+'$:�@"�- *!"#<>!-, ��'*�'!"� ���	, L?"�&"�?� � �"�/'$��"�?� =�'7='!?�; 
� "+"!�?�&"� %):%?�"+""7 
� +*+'$:%?!>"�$"�?� )%*7?� $+-"%>+""�- �;+:+*; 
� +*+'$:%?!>"�$"� A!'$%:� >:%=%��- :%=:7��� � �"D�- ):�:%�"�- 7��K; 
� �%&$/) �% �"A%:?!#�(, K% =!-�K!L$�&7, �= =!&$%&/�!""7? $+-"�@"�- =!&%4�� :!��%+*+'$:%"-

"%( :%=���'�; 
� "+&!"'#�%"%�!"�B �%&$/) �% �"A%:?!#�(, K% =!-�K!L$�&7, = ��'%:�&$!""7? =!&$!�"�- 

):�&$:%(�; 
� &)%$�%:+""7, ="�K+""7 !4% 4*%'/�!""7 �"A%:?!#�( "!�?�&"�? &�*%��? +*+'$:%?!>"�$"�? 

�)*��%? / ':�?�"!*�"�- � =*%@�""�- #�*7-. 
�%=>*7�!<@� ��?%>� �% +':!"/�!""7 4/���+*� ():�?�K+"�) = ?+$%< =!-�&$/ �"A%:?!#�(, 

"+%4-��"% $!'%; �:!-%�/�!$� �"D� �)*���, =%':+?!, :!��!#�B"+ %):%?�"+""7 $+-"%>+""�?� 
�;+:+*!?�, $+:?�@"� ()%;+;�), '*�?!$�@"�, ?+-!"�@"� @�""�'�; 4�%*%>�@"� (?�':%4�, >:�=/"� � $.�.) 
$! -�?�@"� A!'$%:� (-�?�@"% !>:+&��"� &+:+�%��K! $%K%) [4]. 

�%;*���&$� &$�%:+""7 +':!"%�!"%( 4/���*� $! ):�?�K+""7, K% =!4+=)+@/L =!-�&$ �"A%:?!#�( 
$! )+:&%"!*/ ��� '%?)*+'&/ )+:+:!-%�!"�- A!'$%:��, ��="!@!L$�&7 )+:+�!;"% �*!&$��%&$7?� 
=!&$%&%�/�!"�- :!��%+':!"/�!*�"�- ?!$+:�!*��. 

�%"&$:/'$��"�?� +*+?+"$� +':!"%�!"%>% ):�?�K+""7 L: ?%�+*� +':!"%�!"%>% ):�?�K+""7; 
?!$+:�!* �*7 +':!"!; +':!"%�!"� ��+:�; ):�&$:�B '%"$!'$"�- &�&$+?;  +':!"%�!"� ��'"!; )%��$:%������"� 
A�*�$:�, +':!"/�!""7 %$�%:��; ?+:+;+�� A�*�$:�;  +':!"/�!*�"� )!"+*�. 

�%�+*� +':!"%�!"%>% ):�?�K+""7 )%�!"% "! :�&. 1. �':!"/�!""7 +*+'$:%?!>"�$"�- -��*� )%"!� 
100 �E ?%;"! =!4+=)+@�$� $�*�'� � &)+#�!*�"�- +':!"%�!"�- '!?+:!- (:�&. 1), � 7'�- +*+'$:%?!>"�$"�B 
+':!" ��'%"!"�B / ��>*7�� +*+'$:%>+:?+$�@"%>% &$!*+�%>% '%:)/&/, ! �*7 ��+�+""7 +*+'$:�@"�- 
'%?/"�'!#�B ��'%:�&$%�/<$�&7 &)+#�!*�"� A�*�$:�. 


$;+, +':!"/�!""7? +*+'$:%?!>"�$"�- -��*� ?%;*��% )%�"�&$< =!4+=)+@�$� +*+'$:%?!>"�$"/ 
4+=)+'/ %4’L'$!. 
�"!' =!4+=)+@+""7 ��?%> K%�% +*+'$:%?!>"�$"%( 4+=)+'� %4’L'$!, %&%4*��% K% &$%-
&/L$�&7 =!-�&$/ �"A%:?!#�( ��� ��$%'/ $+-"�@"�?� '!"!*!?�, &$�%:+"�? �= =!&$%&/�!""7? &)+#�!*�"%>% 
/&$!$'/�!""7 (+*+'$:%!'/&$�@"�B '!"!*, :!��%'!"!*, '!"!* )%4�@"�- +*+'$:%?!>"�$"�- ��):%?�"<�!"� 
$! "!�+�+"� � $.�.), "+%4-��"% )+:+�4!@!$� "! &$!��( :%=:%4*+""7 ):%+'$/.  

I%':+?!, ):� ):%+'$/�!""� � ?+;!- %4’L'$! "+%4-��"% ����*�$� =%"� )����K+"%( '%"A��+"#�B"%&- 
$� – '�?"!$� )+:+>%�%:��, $+-"%*%>�@"� ):�?�K+""7, � 7'�- #�:'/*<L �"A%:?!#�7, ):�="!@+"! �*7 
&*/;4%�%>% '%:�&$/�!""7 $%K%. 
 $!'�- ):�?�K+""7- "+ )%��""% 4/$� ��'%", �%"� )%��""� ?!$� 
"+=!*+;"/ &�&$+?/ +*+'$:%;��*+""7, +':!"%�!"� ��+:�. �:� 4/���"�#$�� $!'%>% %4’L'$! ?%;*��+ 
=!&$%&/�!""7 +':!"/�!*�"�- ?!$+:�!*�� – D/">�$%4+$%"/ !4% 4+$%"/ = +*+'$:%):%���"�? "!)%�"<�!@+?. 
�$�"� ):�?�K+""7 )%':��!<$� >"/@'�?� +':!"!?�, "!):�'*!�, $'!"�?� '�*�?!?� = !?%:A"�- ?!$+:�!*�� 
!4% +*+'$:%):%���"�?� $'!"�"!?�. �*7 +':!"/�!""7 =!&$%&%�/<$� :�="� $�)� �/>*+$'!"�" !4% 
?+$!*�=%�!"�- )*��%'. 

I �"/$:�D"�%>% 4%'/ ):�?�K+""7 %4*�#�%�/<$� '%"&$:/'#�B"�? :!��%)%>*�"!*�"�? 
?!$+:�!*%? �*7 =!)%4�>!""7 /$�%:+""< &$%7@�- +*+'$:%?!>"�$"�- -��*� = @!&$%$!?� )%"!� 1 ��# � 
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�*7 &$�%:+""7 '%?A%:$"%( +'%*%>�@"%( %4&$!"%�'�. �' :!��%)%>*�"!*�"� ?!$+:�!*� ?%;/$� 4/$� 
��'%:�&$!"� &)+#�!*�=%�!"+ )�"%&'*% :�="�- ?!:%' !4% &$�*�"�'%�� '%"&$:/'#�(. �%+A�#�L"$ 
+':!"/�!""7 $!'%>% ):�?�K+""7 ?%;+ )+:+��K/�!$� 60 �E / D�:%'%?/ ��!)!=%"� @!&$%$. 

 

 

]�	. 1. !����� ��
�������#� �
�$�Z���
 
 
�/@!&"� $+-"%*%>�( �!<$� =?%>/ &$�%:<�!$� 7'�&"+ +':!"/�!""7 � �;+ �&"/<@�- ):�?�K+"�, 7'� 

&)%@!$'/ "+ ):�="!@!*�&7 �*7 &)+#�!*�"%>% ��'%:�&$!""7. 
=�%4*+""7 &$�" 4!>!$%D!:%��?� >"/@'�?� 
+':!"!?� =!&$%&%�/L$�&7 � 4�*�D%&$� ��)!�'��. I! "!7�"%&$� ��'%" (- =!':��!<$� ?+$!*�=%�!"�?� 
)*��'!?� � D$%:!?� = +':!"/�!*�"�- $'!"�". 
 ):�?�K+""7- $!'%>% '*!&/ ?%;*��+ =!&$%&/�!""7 
>"/@'�- D�:%'%��!)!=%""�- :!��%)%>*�"!*�"�- ?!$+:�!*��. �*7 %4*�#<�!""7 &$+*� ):�?�K+""7 
=!&$%&%�/<$� "!)%�"+"+ )�"%&'*%. �%+A�#�L"$ +':!"/�!""7 �%&7>!L ="!@+""7 20 �E � 4�*�D+ [3, 6]. 

�%"':+$"+ ="!@+""7 +':!"/�!""7 =!*+;�$� ��� )*%K� ��'%", '%"A�>/:!#�( ):�?�K+""7, B%>% 
%4’L?/ � ?!$+:�!*/ &$�". �!'%; / �;+ �&"/<@�- ):�?�K+""7- �*7 ?!&'/�!""7 "!7�"�- �;+:+* 
+*+'$:%?!>"�$"%>% ��):%?�"<�!""7 ):%)%"/L$�&7 =!&$%&%�/�!$� D�:%'%&?/>%�� >+"+:!$%:� D/?/, 
7'� %�"%@!&"% ?%;/$� 4/$� ��'%:�&$!"� �*7 ):%$���( =!'*!�'!? = %4?�"%? �!"�- :!�i%'!"!*%?. 

�:�? /&�%>% �"D%>%, ��'%:�&$!""7 >"/@'�- +':!"/�!*�"�- � :!��%)%>*�"!*�"�- ?!$+:�!*�� �!L 
?%;*���&$� &$�%:<�!$� "+�+*�'� $�?@!&%�� +':!"%�!"� %4&7>� = '%+A�#�L"$%? +':!"/�!""7 10–20 �E, K% � 
'%?)*+'&� = )+:+"%&"�? D�:%'%&?/>%��? >+"+:!$%:%? D/?/ �%&$!$"�% �*7 ��:�D+""7 :7�/ =!�!@. 

 

��*,�>��

� ���'-4�����; 4�,<- +� <�+�,����( ��,�
�( ��� <�+�B *�0-'+) 9,-<�Q�
�. 

&"%�"� $�)� +':!"�� :%=>*7"/$% / ):!#� [3], � 7'�B +':!"� '*!&�A�'/<$� $�*�'� =! ?!$+:�!*%?. 
�%=>*7"+?% �)*�� "! +A+'$��"�&$� +':!"/�!""7 A%:?� +':!"��.  

��="%?!"�$"�B $! ��)!�'%��B -!:!'$+: A!'$%:��, 7'� ��="!@!<$� +A+'$��"�&$� +':!"/�!""7, 
�&$%$"% /&'*!�"<<$� �";+"+:"� :%=:!-/"'� +':!"��. �:%$+, "+=�!;!<@� "! )%:��"7"% "+��&%'/ 
$%@"�&$� #�- :%=:!-/"'��, �%"�, 7' ):!��*%, L "+%4-��"�?� �*7 ):%+'$/�!""7 :!��%+*+'$:%""�- 
=!&%4�� (��I). �*7 :%=:!-/"'/ +A+'$��"%&$� +':!"/�!""7 "!?� =!):%)%"%�!"% $!'/ '*!&�A�'!#�< 
+':!"�� =! A%:?%< (:�&. 2): 
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]�	. 2. >��	�������
 ��
���� �� ��
$�B 
 

	�4�:!<$� '%"&$:/'$��"/ A%:?/ +':!"! =!*+;"% ��� ��:%4/ / ��>*7�� )!:!*+*+)�)+�!, 
#�*�"�:! @� &A+:�. J%:?! +':!"! �)*��!L "!&!?)+:+� "! -!:!'$+:�&$�@"�B %)�: &+:+�%��K! 
)%4*�=/ "�%>% �, 7' "!&*��%', "! +A+'$��"�&$� +':!"/�!""7. �:�? $%>%, A%:?! +':!"! �)*��!L "! 
B%>% :+=%"!"&"� �*!&$��%&$�, ! &!?+ "! ="!@+""7 :+=%"!"&"%( @!&$%$�. ��;"< :+=%"!"&"/ @!&$%$/ 
+':!"! ?%;"! ��="!@�$� =! A%:?/*%<: 

6138 10

��

�
f

R

@ .                                                  (1) 

g%4 )%:��"<�!$� +':!"� :�="�- A%:?, ��%��$�&7 /=!>!*�"+"�B )!:!?+$: – +'���!*+"$"�B 

:!��/& +':!"! Re. �*7 +':!"! ):7?%'/$"%( A%:?� = :%=?�:!?� 321 ,, lll  

3
1 2 3

3
, ,

4eR l l l
>

� ,                                                           (2) 

�*7 #�*�"�:�@"%>% +':!"! ��!?+$:%? D 

hDRe
2

16

3� ,                                                               (3) 

�*7 &A+:�@"%>% +':!"! Re=re. 
�%=>*7"+?% 4!>!$%D!:%�� :!��%)%>*�"!*�"� '%"&$:/'#�( >:!��L"$"%>% $�)/ "! %&"%�� 

?+$!*%%:>!"�@"�- �%*%'%". �%&*��;/�!*� 4!>!$%D!:%�� $:�'%$!;"� '%"&$:/'#�(, &A%:?%�!"� 
=D��!""7? %':+?�- D!:�� / ��>*7�� )%*%$+" = '%?)%=�#�B"�- "�'+*+��- � '%4!*�$%��- �%*%'%", 
%$:�?!"�- "! %&"%�� )%*�!':�*%"�$:�*/ !4% #+*<*%=�. �%"&$:/'#�7 7�*7*! &%4%< ��! =�’7=!"� 
)%*%$"!, �+ �*7 )%:��"7""7 =?�"<�!�&7 )%:7�%' =D��!""7 D!:��. �+=/*�$!$� �%&*��;+"� )%'!=!*�: 
7'K% )+:D�? D!:%? L )%*%$"% = "�'+*+�%>% ?!$+:�!*/, K% ?!L ��&%'�B '%+A�#�L"$ ����=+:'!*+""7, 
���4/�!L$�&7 ="!@"+ ����=+:'!*+""7 +*+'$:%?!>"�$"%( +"+:>�( ��� )+:D%>% D!:/. �%*� )+:D�? 
D!:%? L '%4!*�$%��B ?!$+:�!* = "�=�'�? '%+A�#�L"$%? ����=+:'!*+""7, $% ����=+:'!*+""7 ��� 
'%:�%"/ :%=��*/ Co-Ni ?+"D+, "�; ��� '%:�%"/ )%��$:7 – Ni, ! ���4�$+ ��):%?�"<�!""7 �%�!$'%�% 
)%>*�"!L$�&7 '%4!*�$%��? D!:%?. I!="!@+"%, K% +A+'$��"�&$� 4!>!$%D!:%�%( >:!��L"$"%( 
'%"&$:/'#�( ��K!, "�; &/?!:"! +A+'$��"�&$� %':+?�- D!:�� [6]. 

�! %&"%�� %$:�?!"�- �!"�- :%=:%4*+"% 4!>!$%D!:%�� '%"&$:/'#�( :!��%)%>*�"!*�"�- )%':�$-
$��, �+ /=>%�;/�!*�"�? D!:%? L $:�'%$!;"+ )%*%$"%, K% ?!L "!B"�;@�B '%+A�#�L"$ ���-
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�=+:'!*+""7 � ':!K+ /=>%�;+"+ = &+:+�%��K+? )%D�:+""7 ��	. �%4%@�? D!:%? L )%*%$"% = 
��&%'%< +*+'$:%):%���"�&$< $! +A+'$��"�&$< ):��/D+""7 ��	. �*7 )����K+""7 =!>!*�"%( 
+A+'$��"%&$� '%"&$:/'#�( �%�!$'%�% ?%;+ ��%��$�&7 D!:, K% ���4��!!L ):%B�+"� @+:+= +':!" 
��):%?�"<�!""7. �:� #�%?/ ���4�$! ��� %&$!""�%>% D!:/ +"+:>�7 �%�!$'%�% )%>*�"!L$�&7 � 
:%4%@%?/ �  /=>%�;/<@%?/ D!:!-. 

 

�9�-( <�+�,����( 
� �4��+-(
�'+� ��,�
)(�

�. 	�4�: ?!$+:�!*/ &$�"%' +':!"! L $!'%; 
�/;+ �!;*���? � "!B4�*�D+ �)*��!L "! +A+'$��"�&$� +':!"/�!""7. 	+*�@�"%<, 7'! -!:!'$+:�=/L 
+':!"/�!*�"� ��( ?!$+:�!*/ +':!"!, L +'���!*+"$"! >*�4�"! ):%"�'"+""7 �, ? 

frr J
B

J
�

� B 52,003,0 �� ,                                                          (4) 

�+   – %)�: ?!$+:�!*/ +':!"!, 
?·?; ¡ – �%�;�"! -��*� � )%��$:�, ?;  f – @!&$%$!, ��#. 
�*7 "+?!>"�$"�- ?!$+:�!*�� μr 1@ , ! �*7 A+:%?!>"�$"�- ?!$+:�!*�� μr =!*+;�$� ��� @!&$%$� f. 

�*7 &$!*� #7 =!*+;"�&$� ?!L ��>*7� fr 30150 �@J . 

�'K% +':!" ):!#<L � ?!>"�$"%?/ )%*� 4*�;"�%( =%"�, +A+'$��"�&$� ?!>"�$"�- ?!$+:�!*�� 

="!@"% ��K! "�; "+?!>"�$"�-, %&'�*�'� 1��rJ . 	 +*+'$:%?!>"�$"%?/ )%*� �!*�"�%( =%"� 

"+?!>"�$"� ?!$+:�!*�, 7'� �%*%��<$� �+*�'%< ):%���"�&$<, )%:��"7"% = ?!>"�$"�?� =!4+=)+@/<$� 
4�*�D/ +A+'$��"�&$�. 

�*7 $%>%, K%4 :%=:!-/�!$� +A+'$��"�&$� +':!"/�!""7, "+%4-��"% ��'%:�&$%�/�!$� '*!&�-
A�'!#�< +':!"�� "+ $�*�'� =! A%:?%<, ! B =! ���%? ?!$+:�!*/ (:�&. 3). 

  

 

]�	. 3. >��	�������
 ��
���� �� ����$ $���
���� 
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�:��!*�B @!& / $+-"�#� +*+'$:%?!>"�$"%>% +':!"/�!""7 =!&$%&%�/�!*�&7 *�D+ $!' =�!"� 
«$:!��#�B"�» ?!$+:�!*� – ?+$!*+�� *�&$�. �+ )%7&"<L$�&7 )+:+�!;"% $�?, K% (- ��&%'! ):%���"�&$� 
=!4+=)+@/L D���'+ =!>!&!""7 +*+'$:%?!>"�$"%( +"+:>�( � $%�K� ?+$!*/, ! �+*�'! :�="�#7 ?�; 
)%�+:-"+��? %)%:%? ?+$!*/ � )%�"�? %)%:%? )!�!<@%( -��*� ):�=�%��$� �% ="!@"�- ���4��!"� 
:!��%-��*� ��� )%�+:-"� +':!"!. 
 :+=/*�$!$� ?+$!*+��B *�&$ "+="!@"%( $%�K�"� ?!L ��&%'/ 
+A+'$��"�&$� +':!"/�!""7 (��). 
�"!' ):!'$�'! +':!"/�!""7 )%'!=/L, K% "!�=��@!B"% �+*�'! 
+A+'$��"�&$� &!?%>% ?+$!*/ A!'$�@"% :+!*�=/L$�&7 *�D+ "! 10–20 %, %&'�*�'� %&"%�"�? @�""�'%? 
$/$ L 7'�&$� '%"&$:/'#�(.  

�:�:%�"�?� L &/?"��� / �%#�*�"%&$� =!&$%&/�!""7 ��&%'%+A+'$��"�- ?!$+:�!*��, 7'� ?!<$� 
)%:��"7"% ��&%'/ �!:$�&$�, � 7'� "+ =!4+=)+@/<$� "+%4-��"�- ?!&%>!4!:�$"�- -!:!'$+:�&$�' � 
"+%4-��"%>% = )%>*7�/ +':!"/�!""7 $! �"D�- /?%� ���/ '%"&$:/'#�B. �%?/ / 4!>!$�%- ��)!�'!- 
?%;*��% =!?�"�$� ?+$!*+��B +':!" +':!"%? = �"D%>% ?!$+:�!*/. �7 ?%;*���&$� %4/?%�*+"! $!'%; 
%&�%L""7? :7�/ "%��- ?!$+:�!*��. �+%4-��"�&$� %$:�?!""7 � )��&/?'/ "+%4-��"%( +A+'$��"%&$�, 
=!��!""7 =!4+=)+@+""7 ?%4�*�"%&$� '%"&$:/'#�(, &):%K+""7 (( &'*!�!""7, ="�;+""7 �!:$%&$� $%K%. 
&$�%:�*� )+:+�/?%�� �*7 =!&$%&/�!""7 "%��- ?!$+:�!*��, �*!&"! =�!$"�&$� 7'�- �% +':!"/�!""7 
+*+'$:%?!>"�$"�- )%*�� ?%;+ � "+ 4/$� �/;+ ��&%'%<. 

�!:!'$+:�&$�'� ?!$+:�!*�� �*7 ��>%$%�*+""7 +':!"�� �+$!*�"% :%=>*7"/$% / ):!#7- [3, 5, 6]. 
 

�-'
�(�-. I!):%)%"%�!"% '*!&�A�'!#�< +':!"�� =! ���%?  $! A%:?%< ?!$+:�!*/. 	&$!-
"%�*+"%, K% "! +A+'$��"�&$� +':!"/�!""7 �)*��!L ��4�: '%"&$:/'$��"%( A%:?� $!  ?!$+:�!*/ &$�"%' 
+':!"!. J%:?! +':!"/�!*�"%>% ��:%4/ ()!:!*+*+)�)+�, #�*�"�: @� &A+:!) �)*��!L "!&!?)+:+� "! 
-!:!'$+:�&$�@"�B %)�: &+:+�%��K! )%4*�=/ "�%>% �  B%>% :+=%"!"&"� �*!&$��%&$�.   
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