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�(#�&,��  �""&(�$*#"-  ��.&*���/�("-  .�'#���0  �%%�'�#$'�0  �	�  «�(#(�' -3�  1 1» "�.�#�-  ��"�%���0  
'(2����"��3  4&( #'����  �2  ��(/�(+�  '����)�����+�  %�-"�  2� %('���  19.04.2004-26.04.2004 %'��(�(��-  
4 "%('�5(�#��  %� ��+'(�$  ����"6('�  $"#���� �0  HAARP.  
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�  4 "%('�5(�#�3  %� ��"� �:�"#�#��5$  ��+'(�$  �"%�&,2$*#  ��%'��&(���(  �  ����"6('$  

�2&$:(��(  %('(��#:� �� , '�.�#�*;�3  ��  :�"#�#(  ~ 3-8 �+)  " 5��$&-)�(0  ��  .�&((  ��2 �0  :�"#�#( . 
7#�  5�<(#  %'�����#,    +(�('�)��  ��� -
��  ��&�  («"��"#�� »),  �#�'�(  '�"%'�"#'��-*#"-  �  
%&�25�"6('(  ���&,  "�&���3  &���0  +(�5�+��#��+�  %�&- �  "%�"�.��  �25(�-#,  %�#:-$+&� 2�3��:(���3  
4&( #'����  '����)�����3  %�-"��  �%&�#, ��  ��"�%���-  4#�3 4&( #'����  �  �#5�"6('$ . �"&�  ���&,  
"�&���0  &����  '�"%'�"#'��-(#"-  4&( #'�5�+��#��(  ��25$;(��( , #�  (+�  ��2�(0"#��(  ��  �#�(&,��(  
4&( #'��� , ���.;(  +���'- , �(�(&� � . ���� �  ���  5�<(#  "#�#,  2��:�#(&,��5  %'�  �%'(�(&(���5  
"��#��/(���  5(<�$  :�"#�#�0  ��&�� , )� &�#'����0  :�"#�#�0  �  %'���&,��0  (��%'��&(���0  ���&,  
5�+��#��+�  %�&-) "�"#��&-*;(0  " �'�"#�  :�"#�)� . �  4#�5 "&$:�(  4&( #'��  «�;$;�(# » %�&( ��&��  �  
�$<��0  6�2( , #�  ("#,  ��  4&( #'��  �(0"#�$(#  %�:#�  %�"#�-���-  "�&� , %���'�:���*;�-  (+�  �( #�'  
" �'�"#�  �#��"�#(&,��  ��%'��&(��-  +(�5�+��#��+�  %�&-. �"&�  �( #�'  " �'�"#�  %'�  4#�5 %('(0�=#  �  
 ��$"  %�#(', , #�  4&( #'��  $0�(#  �2  +(�5�+��#��0  &��$/ �  �  �#5�"6('$ . 7�('+�-  4&( #'��� , %'�  
 �#�'�0  4#�# %'�)(""  ���.�&((  466( #��(� , �)(����(#"-  �(&�:���0  ~ 30-40  4� . 

9(&,  ��"#�-;(+�  "��.;(��-  - �(#�&,��(  �""&(������(  ��.&*���/�3"-  " .�'#�  �	�  «�(#(�' -
3�  1 1» "�.�#�0  ��"�%���0  '(2����"��3  (" 4�('+�(0  ~ 40  4� ) 4&( #'����  �2  ��(/�(+�  
'����)�����+�  %�-"�  2� %('���  19.04.2004-26.04.2004 %'��(�(��-  4 "%('�5(�#��  %� ��+'(�$  
����"6('�  $"#���� �0  HAARP. 
 

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

	  2002 %� 2005 +���  ��  � �&�2(5��0   ��2� '$+���0  %�&-'��0  �'.�#(  ��  ��"�#(  ~ 1000  5  
6$� )����'���&  �#(:("#�(���0  �	�  «�(#(�' -3�  1 1» +��'�5(#(�'�&�+�:(" �+�  ��2��:(��- . ��  
.�'#$  "%$#�� �  .�&  $"#����&(�   �5%&( "  �%%�'�#$'�  +(&��+(�6�2�:(" �3  �25('(��0  �  "�"#��(  
 �5%&( "�  +(�6�2�:(" �3  �25('(��0  
�� -4	  �  �%%�'�#$'�  �25('(��-  +(�� #����3  �2&$:(��0  
�	�� -5�� . 	:=#:�  �(0+('�  ��� -1 �2  "�"#���   �5%&( "�  �%%�'�#$'�  �	�� -5�� , '�2'�.�#����0  �  
�����  ��� , �.("%(:���&  �25('(��(  " �'�"#�  ":=#�  4&( #'����  " 4�('+�(0  ~ 40  4�  " 
��" '(#��"#,*  5 �25('(��0  �  "( $��$ . ��� �&,��"#,  4#�3 �����3  "�"#��#  �(  #�&, �  �  #�5 , :#�  
�25('(��-  %'��(�(��  ����#�%��5  %'�.�'�5  2� �&�#(&,��0  %('���  �'(5(��  (.�&,/(  #'=3 &(#), ��  
�%'(�(&-(#"-  #� <(  �  #(5, :#�  ��" '(#��"#,  �25('(��0  "�"#��&-(#  0,2 "( $��� , :#�  %�2��&-(#  
�(#�&,��  �""&(����#,  466( #�  ��"�%���0  '(2����"��3  4&( #'���� . 
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��  '(2$&,#�#�5  %('��:��0  �.'�.�# �  #(&(5(#'�:(" �0  ��6�'5�)��  �	�  «�(#(�' -3�  1 1» 

.�&�  %�"#'�(��  .�2�  �����3  �  " �'�"#-3  ":=#�  4&( #'����  "  4�('+�(0  ~ 40  4� . �����(  "  �%%�'�#$'�  
�	�� 5-��  %('(����&�",  ��  �(5&*  %� '���� ���&$  ��  :�"#�#(  1.7 �+) . �'�=5  #(&(5(#'��  
%'�����&"-  ��  "%()��&�2�'������5  %$� #( �9  ���  ��" �"5�"� ,  �#�'�0  '�"%�&�<(�  %'� #�:(" �  �  
:('#(  +. ��" ��  "�  �"(5�  ��#( �*;�5�  %�"&(�"#��-5�  �" �<(��-  #(&(5(#'��  ��(/��5�  %�5(3�5� . 
��4#�5$  �  �"3����0  #(&(5(#'��  �	�  «�(#(�' -3�  1 1» .�&�  �  ".�� . ��6�'5�)�-  ":=#:� �  ��� -1 
5�+&�  '(+�"#'�'���#,"-  " ��" '(#��"#,*  0.2 "( $���  �  ��$3  '(<�5�3  2�%�5�����- : .&� �5�  108 
.�0#  2� 4 "( $���  ��.&*�(��0  (4#�# '(<�5  �(0"#����&  #�&, �  �  2002 +��$ ) �  .&� �5�  508 .�0#  2� 20 
"( $��  ��.&*�(��0 . �('��:��-  �.'�.�# �  #(&(5(#'�:(" �0  ��6�'5�)��  ":=#:� �  ��� -1 
�.("%(:�&�  %�"#'�(��(  5�""���  �����3  �25('(��0  " ��" '(#��"#,*  0,2 "( $���  " �'�"#�  ":=#�  
4&( #'����  "  4�('+�(0  ~ 40  4�  "�  "%()��&,��0  5�' �'�� �0 , +���'-;(0  �  �(�.3���5�3  "&$:�-3  �  
#�5 , :#�  "&(�$*;�(  20 "( $��  ��6�'5�)��  %�&$:(��  �2  ".�0��3   ��'��  �  '(2$&,#�#(  �3  
��""#����&(��- . �  %'�)(""(  %('��:��0  �.'�.�# �  #(&(5(#'��  .�&�  "�2����  6�0&� , "��('<�;�(  
�����(  �25('(��0  " �'�"#�  ":=#�  4&( #'����  "  4�('+�(0  ~ 40  4�  2� ����  "$# � . 	#'� �  6�0&��  
"�"#�-#  �2  ��#� , �'(5(��  (UT) �  300 %� �2���0  %'�.�'�  ��� -1, "��#�(#"#�$*;�3  ����0  5��$#(  " 
��" '(#��"#,*  0,2 "( $��� . �'�)(""  �#�'�:��0  �.'�.�# �  � &*:�&  ���  4#�%�. ��  %('��5  4#�%( 
�"%�&,2���&"-  "%()��&�2�'������0  5�""��  #'�( #�'��3  �����3  �	�  «�(#(�'  3�  1 1» �&-  �����3  
"$#�  �  "#'� �  6�0&��  %('��:��0  �.'�.�# �  ��%�&�-&�",  "��#�(#"#�$*;�5�  �����0  5��$#(  
+(�+'�6�:(" �5�   ��'����#�5�  #�: �  �25('(��- : ��"�#�  ( 5 ), /�'�#�  �  ��&+�#�  (+'��$"� ). ��  
�#�'�5  4#�%( �"%�&,2���&�",  %'�+'�55�  IGRF,  �#�'�-  %� +(�+'�6�:(" �5   ��'����#�5  ��:�"&-(#  
+(�5�+��#��(   ��'����#�  #�: �  �25('(��- , %�'�5(#'  �� -�&��0��  L, 5��$&,  �   �5%��(�#�  �( #�'�  
5�+��#��+�  %�&- �  '�2&�:��3  "�"#(5�3   ��'����# . �� �5  �.'�2�5 , ����  "#'� �  2�+'$2�:��+�  6�0&�  
"��('<�#  �#��"-;$*"-    #�: (  �25('(��-  ��6�'5�)�*  �	�  «�(#(�'  3�  1 1» 2� ���$  5��$#$  (315 
:�"(& ). ���  � &*:�(# : ��#$  �  �'(5-  �25('(��0  �  UT; ��"�#$  ( 5 ); /�'�#$  (+'��$"� ); ��&+�#$  
(+'��$"� ); Bnorth - ��%'��&(��$*  ��  "(�('   �5%��(�#$  5�+��#��+�  %�&- (�" ); Beast - ��%'��&(��$*  ��  
��"#�   �5%��(�#$  5�+��#��+�  %�&- (�" ); Bdown - ��%'��&(��$*    )(�#'$  �(5&�   �5%��(�#$  
5�+��#��+�  %�&- (�" ); B - 5��$&,  5�+��#��+�  %�&-, (�" ); H - +�'�2��#�&,�$*   �5%��(�#$  5�+��#��+�  
%�&- (�" ); I - $+�& �� &��(��-  5�+��#��+�  %�&-; D - $+�& " &��(��-  5�+��#��+�  %�&-; L - %�'�5(#'  
�� -�&��0�� ; X -  �5%��(�#$  5�+��#��+�  %�&- (�" ); Y -  �5%��(�#$  5�+��#��+�  %�&- (�" ); Z - 
 �5%��(�#$  5�+��#��+�  %�&- (�" ); " �'�"#�  ":=#�  4&( #'����  "  4�('+�(0  ~ 40  4�  2� ���$  5��$#$  
(300 2��:(��0 ). �  ��2�����  2�+'$2�:��(  6�0&�  "��('<�#  ��#$  (��5('  ��- , 5("-)�  �  +��� ) %'��(�(��-  
�25('(��0 . ��0&� , "��#�(#"#�$*;�(  (����5$  5("-)$ , "+'$%%�'�����  �  ����0  ��'( #�'�� ,  �#�'�-  
2�+'$<�(#"-  �  .�2$  %'�5('��  2� 3 – 4 5��$#� . �.;�0  �.>(5  "6�'5�'������0  �  2�+'$<(���0  .�2�  
�����3  Firebird "�"#��&-(#  2,8 �.�0# . ��.�'  �����3  �2  .�2�  2� ����  "$# �  �  �3  ��2$�&�2�)�-  
%'��"3��-#  %'� #�:(" �  5+���(��� . 

�&-  �(#�&,��+�  �2$:(��-  .�&  ��.'��  �'(5(���0  ��#('��&  19.04-26-04.2004,  �+��  %'�����&�",  
4 "%('�5(�#�  %� ��+'(�$  ����"6('�  " %�5�;,*  "#(���  HAARP. 	#(��  '�"%�&�<(�  �  �� ��(  ��  

&-" (  %��  62.39�  " ./ . �  145.15�  2.� . �  �.&�"#�  ��%�&,��+�  +(�5�+��#��+�  %�&- (L@4.9). �  �%�"����3  
�  [5] 4 "%('�5(�#�3  19.04.2004-26.04.2004 �2$:�&�",  "�('3��&,�((  '�"%'�"#'��(��(  �  %&�25( ���&,  
"�&���3  &���0  +(�5�+��#��+�  %�&- 
�� /���  "�+��&�� , +(�('�'����/�3"-  %'�  ��2�(0"#���  
5��$&�'������+�  '�����2&$:(��-  ��  �.&�"#,  %'�#( ���-  ��'�'�&,��+�  4&( #'��<(#� . �'�=5��  .�&  
$"#����&(�  ��  "$��(  �  5�+��#� -"�%'-<=���0  #�: (  �  *<��5  %�&$/�'�� . 19.04.2004-26.04.2004 "#(��  
'�.�#�&   �<��0  �(�,  %� 13 :�"��  (02:00-15:00 UT). �("$;�-  :�"#�#�  5(�-&�",   �<��(  %�&:�"�  "  3.25 
��)  ��  5.8 ��) , �2&$:�(5�-  5�;��"#,  "�"#��&-&�  960  �# . �(<�5  �2&$:(��-  – ����5��$#��(  
%��#�'-*;�("-  " ����5��$#��5  ��#('��&�5  "�+��&� , 5��$&�'������(  "��$"����&,��5  "�+��&�5  
1-2  �) . ���+'�55�  ��%'��&(���"#�  "#'��&�",  �  �('#� �&,��0  %&�" �"#� . 7�('+�-  '(2����"��3  
4&( #'����  �)(����(#"-  ��#�'�5�  4 "%('�5(�#�  �  �(" �&, �  �("-# ��   4� . 

�&-  ���&�2�  5�  ��.'�&�  5�5(�#�  �'(5(�� ,  �+��  �  %('���  %'��(�(��-  4#�3 4 "%('�5(�#��  
�	�  «�(#(�' -3�  1 1» ��3���&"-  &�.�  ���  "#(���5 , &�.�  �  '�0��(  5�+��#� -"�%'-<=���0  #�: � . 
�"(+�  $��&�",  ��0#�  8 #� �3  %'�&=#��  "%$#�� � . �����(  .�'#���3  �25('(��0  5�  %'��-2�&�  
%�5��$#��    %��#�'-*;�5"-  ����5��$#��5  "�+��&�5  "#(��� . �	�  «�(#(�' -3�  1  1» %'�&(#�& 
'�0��  '�.�#�*;(+�  "#(���  �&�  5�+��#� -"�%'-<=���0  #�: �  19.04.2004 �  04:00-04:01, �  05:44-05:45 �  
�  07:28-07:29; 24.04.2004 �  08:32-08:33; 25.04.2004, �  08:32-08:33 �  �  10:16-10:17; 26.04.2004 �  05:36-
05:37 �  �  07:20-07:21. 
�<��0  '�2  ":=#:�  ��� -1 6� "�'���&  3�'� #('��(  466( #�  �  ���(  '(2 �+�  
(.�&((  :(5  ��  %�'-��  �(&�:��� )  '�# ��'(5(���+�  %���/(��-  " �'�"#�  ":=#�  4&( #'����  " 
4�('+�(0  ~ 40  4� . 
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__________________________________________________________ 
© ��"#�#$#  %'� &����0  +(�6�2� �  �5(��  � ��(5� �  � .
 .�(��'���  

24.04.2004 �  25.04.2004 466( #�  ��.&*��&�",  �  ����  �  #�  <(  5�'���(  �'(5-  (08:32-08:33). 
24.04 "%$#��  ��3���&"-  �  '�0��(  5�+��#� -"�%'-<=���0  #�: � . 	&(�$(#  2�5(#�#, , :#�  �2$:(��(  
"#�5$&�'������3  ��"�%���0  #'(.$(#  "%� �0��+�  "�"#�-��-  5�+��#�"6('� , :#�.�  %'�;(  .�&�  
'�2�(&-#,  �" $""#�(���(  ("�-2����(  " +(�('�)�(0  "#�5$&�'������3  ��"�%���0 ) �  ("#("#�(���(  
("�-2����3  " %���/(���0  +(�5�+��#��0  � #����"#,* ) 466( #� . ��4#�5$  #� �(  4 "%('�5(�#�  
%'(�%�:#�#(&,�((  %'�����#,  %'�  �(��"� �0  +(�5�+��#��0  � #����"#� . ���� � , #�:��0  %'�+��2  
+(�5�+��#��0  � #����"#�  – 4#� "&�<��-  2���:�  �  #� �0  %'�+��2  �%'������(#"-  �(  ��  �"(3  "&$:�-3 . 
	'���(��(  ��.&*��(5�3  �  �.��3  "&$:�-3  466( #��  "���(#(&,"#�$(#  �  %�&,2$ #�+� , :#�  ��2'�"#���(  
+(�5�+��#��0  � #����"#�  (� ' =9, 
� =363 24.04.2004 �  � ' =22, 
� =965 25.04.2004) �&(:=#  2� "�.�0  
$�(&�:(��(  �5%&�#$��  «%� � » %'�5('��  ��  %�'-�� . 7#�  "�.�#�-  %'(�"#��&(��  ��  '�" .1. ���:(��-  
" �'�"#�  ":=#�  :('(2   �<��(  0,2 "( . %� �2���  "���5�  #�: �5� . ��%�����(  "��(0  #�: �  ��  �",  
�.")�""  �2��:�(# , :#�  �  4#�# 5�5(�#  �'(5(��  �5(&  5("#�  ".�0  �  �"3����0  #(&(5(#'�� . ��  �"�  
�.")�""  �#&�<(��  5�'���(  �'(5- , �  ��<(  – %�'�5(#'  �� -�&��0�� . 	�('3$  %� +�'�2��#�&�  %� �2���  
+(�+'�6�:(" �-  /�'�#�  (LAT) �  +(�+'�6�:(" �-  ��&+�#�  (LON) �'.�#�  "%$#�� � . ��  �"�  �'����#  
�#&�<(�  �("-#�:��0  &�+�'�65  " �'�"#�  ":=#� . 

 

 

 
 

��" .1. �� �2���-  ":=#:� �  ��� -1 2� �'(5-  08:32-08:33 UT 24.04.2004 �  2� �'(5-  08:32-08:33 UT 25.04.2004. 
 

19.04.2004 �  26.04.2004 466( #�  ���<��  ��.&*��&�",  %'�5('��  �  ����  �  #�  <(  5�'���(  
�'(5-  (05:44-05:45 �  07:28-07:29 19.04.2004 �  05:36-05:37 �  07.20-07.21 26.04.2004). 19.04.2004 �  
05:44-05:45 �  �  07:28-07:29 "%$#��  %'�&(#�& �  '�0��(  5�+��#� -"�%'-<=���0  #�: � , 26.04.2004 �  
05:36-05:37 �  �  07.20-07.21 – ���  "#(���5 . �(�5�+��#��(  $"&���- : 19.04 �  05:44-05:45 a' =6, AE=186, 
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26.04 �  05:36-05:37 a' =4, AE=102, 19.04 �  07:28-07:29 a' =6, AE=153, 26.04 �  07.20-07.21 a' =5, AE=201. 
	'���(��(  ��.&*��(5�3  �  �.��3  "&$:�-3  466( #��  %��#�('<��(#  "���(#(&,"#��  �  #�5 , :#�  
��2'�"#���(  +(�5�+��#��0  � #����"#�  (%� � ' -���( "$ ) �&(:=#  2� "�.�0  $�(&�:(��(  �5%&�#$��  %� � . 
	�.�#�-  %'(�"#��&(��  ��  '�" . 2. �  '�" .3. 	&(�$(#  �#5(#�#, , :#�  "'������*#"-  �(&�:���  %� �� , 
6� "�'$(5�(  "%$#�� �5   �  �(%�"'(�"#�(���  �  '�0��(  $"#���� �  (�  "(�('��5  %�&$/�'�� ), #�  �  �  
'�0��(  5�+��#� -"�%'-<=���0  #�: �  (�  *<��5  %�&$/�'�� ), #�+��   �  
� -���( "  '�"":�#���*#  %� 
�����5  ��"� �/�'�#��3  5�+��#��3  �."('��#�'�0  #�&, �  "(�('��+�  %�&$/�'�- . 	'(��(/�'�#��0  
� ' -���( " , �  #� �0  "�#$�)�� , .�&((  ��( ��#��  �#'�<�(#  %&��(#�'�$*  +(�5�+��#�$*  � #����"#, .  

 

 

 

 
��" .2. �� �2���-  ":=#:� �  ��� -1 2� �'(5-  05:44-05:45 UT 19.04.2004 �  2� �'(5-  05:36-05:37 UT 26.04.2004. 
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© ��"#�#$#  %'� &����0  +(�6�2� �  �5(��  � ��(5� �  � .
 .�(��'���  

 

 
 

��" .3. �� �2���-  ":=#:� �  ��� -1 2� �'(5-  07:28-07:29 UT 19.04.2004 �  2� �'(5-  07:20-07:21 UT 26.04.2004. 

 
�� ��() , 19.04.2004 .�&�  #'�  %'�&=#� "%$#�� �  ���  '�0���5  5�+��#� -"�%'-<=���0  #�: �  �  

'�2��(  5�5(�#�  �'(5(��  – %('��0  %'�&=# 04:00-04:01 UT, �#�'�0  %'�&=# – 05:44-05:45 UT, #'(#�0  
%'�&=# – 07:28-07:29 UT. �(�5�+��#��(  $"&���- : � ' =6, 
� =159 ��  %'�&=#( 04.00-04.01 UT, � ' =6, 

� =186 ��  %'�&=#( 05:44-05:45 UT, � ' =6, 
� =153 ��  %'�&=#( 07:28-07:29 UT. 	�.�#�-  %'(�"#��&(��  
��  '�" .4. 	'���(��(  ��.&*��(5�3  466( #��  "���(#(&,"#�$(#  �  #�5 , :#�  " �'�"#,  ":=#�  4&( #'����  " 
4�('+�(0  ~ 40  4�  �  %� (  ��"�%���-  �(" �&, �  ��2'�"#�(#  " %'�.&�<(��(5    5("#��0  %�&$��:� , :#�  
5�<(#  .�#,  "�-2���  "  $5(�,/(��(5  %�+&�;(��-  '�����2&$:(��-  "#(���  �  "&�(  D. �(�5�+��#��(  
$"&���-  2� �'(5-  04:00-07:29 UT %'� #�:(" �  �(  �25(�-&�", . 

�� �5  �.'�2�5 , ��  �"(3  "&$:�-3  %'�&=#� �	�  «�(#(�' -3�  1 1» �  '�0��(  "#(���  �&�  5�+��#� -
"�%'-<=���0  #�: �  ��.&*��&"-  $2 �0  %� �'(5(��  (��$3"( $����0 ) %�  " �'�"#�  ":=#�  4&( #'����  "  
4�('+�(0  ~ 40  4� . 	 �'�"#,  ":=#�  �  4#�5 %� (   �  5���5$5  ��  %�'-��  %'(��"3���&�  "��=  6�����(  
2��:(��( . ��2'�"#���(  +(�5�+��#��0  � #����"#�  %� � ' -���( "$  �&( &�  2� "�.�0  $�(&�:(��(  
�5%&�#$��  %� �  " �'�"#�  ":=#� .  
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��" .4 �� �2���-  ":=#:� �  ��� -1 19.04.2004 2� �'(5-  04:00-04:01 UT, 05:44-05:45 UT, 07:28-07:29 UT. 
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__________________________________________________________ 
© ��"#�#$#  %'� &����0  +(�6�2� �  �5(��  � ��(5� �  � .
 .�(��'���  

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

��%'���5  �",  z )�&���'�:(" �0  "�"#(5�   ��'����#  ���&,  +(�5�+��#��+�  %�&-. �'�  
'�""5�#'(���  '�2&�:��3  -�&(��0  �  5�+��#�"6('(  �(5&�  �.�:��  ":�#�(#"- , :#�  4&( #'�:(" �(  %�&( 
�5((#  ���$ )����$*  %'�'��$  �  %('%(��� $&-'��  5�+��#��5  "�&���5  &���-5 . 	�"#��&-*;�-  
4&( #'�:(" �+�  %�&-, %�'�&&(&,��-  5�+��#��5$  %�&*, �(  5�<(#  .�#,  .�&,/�0 , #�   �  "��.����(  
%('(5(;(��(  2�'-���  ���&,  "�&���3  &���0  5�+��#��+�  %�&- %'�����#    .�"#'�5$  ��'��������*  
%�#(�)��&�  ���&,  "�&���0  &���� . ���� �  �  �%'(�(&=���3  �."#�-#(&,"#��3  .�"#'�5$  ��'��������*  
%�#(�)��&�  ���+��  5(/�*#  "%()�6�:(" �(  %&�25(���(  %'�)(""� , ��%'�5('  %('("(:(��(  5�+��#��0  
"�&���0  &���(0  2���  %&�25(���0  #$'.$&(�#��"#�  (�  ���5�&,��+�  "�%'�#��&(��- ), �&�  
6�'5�'�����(  ��  5�+��#��0  "�&���0  &����  5��<("#��  ���0��3  4&( #'�:(" �3  "&�=�  [3,4]. ��  ("#,  
��<(  %'�  .�&,/�0 , ��  �(  .(" ��(:��0 , 4&( #'�%'������"#�  %&�25� ��%$" �(#"-  "$;("#������(  
%'���&,��+�  4&( #'�:(" �+�  %�&- Ez. 7&( #'�:(" �(  #� �  �  "�5�3  �('3��3  "&�-3  ����"6('�  �  �  
.�&,/(0  :�"#�  5�+��#�"6('� , �  �"�����5 , %�'�&&(&,��  5�+��#��5$  %�&* (2� �" &*:(��(5  �.&�"#�  
�.&�2�  4 ��#�'��&,��0  %&�" �"#� ). �� �  "%�"�.��  %��&�-#,  ��  ���<(��(  %&�25�, ��  �"=  <(  �(  
��"#�&, �  �(&� � , :#�.�  �:(�,  "�&,��  �25(��#,  +(�5�+��#��(  %�&( ��  '�""#�-��-3  �#  �(5&� , 
5(�,/�3  30000  5 : " $:=#�5  5�+��#��+�  ���&(��-  �#  ��$#'�2(5��+�  ��%�&-  #(%&���(  ���&(��(  
%&�25� ��  �'.�#(  �	�  «�(#(�' -3�  1 1» 2��:�#(&,��  5(�,/(  5�+��#��+�  ���&(��- . 7#�  %�2��&-(#  
'�""5�#'���#,  %&�25$ " %�&��5  %'���&,��5  #� �5  { Iz,I j ,Iz>>I j }, "�2����(5�5  4&( #'���5�  " 
4�('+�(0  .�&((  40  4� , �  .(""�&���5  5�+��#��5  %�&( (4&( #'�:(" �0  #�  %'�#( �(#  ���&,  5�+��#��0  
"�&���0  &���� ),  �#�'�(  �5((#  j - �  z- �5%��(�#�  �  -�&-(#"-  "$%('%�2�)�(0  +(�5�+��#��+�  %�&- �  
%�&- %'���&,��+�  #� � . ��  .�&,/�5  '����&,��5  '�""#�-���  r �#  #� �  j - �5%��(�#�  5�+��#��+�  %�&- 
Bj =2Iz/r. �"&�  ��%'��&(��-  4&( #'�:(" �+�  %�&- �  #� �  "��%���*# , #�  �  '(2$&,#�#(  4&( #'�:(" �+�  
�'(06�  %&�25� ���<(#"-  ��$#',  %� '���$"$  "�  " �'�"#,* : 
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�"&�  4&( #'�:(" �(  %�&( ��#�%�'�&&(&,��  #� $ , #�  �'(06  ��%'��&(�  ��'$<$  %� '���$"$ . �  

�#"$#"#��(  %'���&,��+�  4&( #'�:(" �+�  %�&- 466( #  %'�%���(# : .(""�&���(  5�+��#��(  %�&( �(  
"%�"�."#�$(#  �  �(  %'�#����(0"#�$(#  "<�#�*  #� �  (�  .(""�&���5  %�&( "�&�  
5%('�  '����  �$&* ). 
�  
%� �2���*#  ��.&*�(��-  [6,9], %'���&,��(  4&( #'�:(" �(  %�&- ��%'��&(��  %'(�5$;("#�(���  ��('3 . 
766( #  �2$:�&"-  �  '�.�#(  [7]. 	:�#�-  $+�& q 5(<�$  5�+��#��5  %�&(5 �  �",*  z 6$� )�(0  #�&, �  
'���$"�  r �  $:�#���- , :#�  �  .(""�&���5  5�+��#��5  %�&( �( #�'�  i �  B %�'�&&(&,�� , 5�<��  2�%�"�#, : 
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(+�(  B0 – ��%'-<=���"#,  %�&- ��  �"� ) �  %�&$:�#,  $'���(��(  ��  6$� )�*  � (r): 
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��.�'�-  �   �:("#�(  (����)�  �&���  b=B0c/(4pi0) �  ����-  .(2'�25('��(  '����&,��(  '�""#�-��(  x=r/b, 
%�"&(��((  $'���(��(  %'�����#"-    .(2'�25('��5$  ���$ : 
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��"&(���(  ��#(+'�'�����(  4#�+� $'���(��-  [7] %�2��&-(#  2� &*:�#, , :#�  3�'� #('��0  '����&,��0  
'�25(' , ��   �#�'�5  �"$;("#�&-(#"-  %'�)(""  "#-+�����-  %&�25�   �"� , %� %�'-� $  �(&�:���  
"�"#��&-(#  ~ b. �'�  ��:�"&(���  %�'�5(#'�  b=B0c/(4pi0) (+�(  B0 – ��%'-<=���"#,  %�&- ��  �"� , �  i0 - 
5� "�5�&,��-  %&�#��"#,  #� � ) $:�#���(5 , :#�  B0 [(� . 	�	7 ] = (79.6 103/4pc) B0 [�" ], �  %&�#��"#,  
4&( #'�:(" �+�  #� �  �  5� "�5$5(  %� �  '����  %'��2�(�(��*  2�'-��  4&( #'���  (e = 4.803 10-10 (� . 
	�	7 ) ��   �&�:("#��  4&( #'����  "  4�('+�(0  ~ 40  4� , %'�3��-;�3  :('(2  (����)$  %&�;���  (�  	�	7  - 
1 "5 2) �  (����)$  �'(5(��  (�  	�	7  – "( $��� ). 

�"&�  �  #(:(��(  0.2 "( $���  ":=#:�  6� "�'$(#  m �5%$&,"�� , #�  2� 1 "( $��$  ��  2�6� "�'$(#  
5m �5%$&,"�� . �'�  '���$"(  �3����+�  �#�('"#�-  �  2�;�#(  ":=#:� �  ��� -1 ~ 0.5 55  %&�;��,  
�#�('"#�-  "�"#��&-(#  p 25 10-4 "5 2, �  ("&�  " 4#�0 %&�;���  6� "�'$(#"-  5m �5%$&,"��  �  "( $��$ , #�  "  
%&�;���  1 "5 2 .$�(#  2�6� "�'�����  (m/5p) 104 �5%$&,"��  �  "( $��$ . ���+(�"  $+&� '�"#��'� , %��  
 �#�'�5  4&( #'���  5�+$# :('(2  �#�('"#�(  �  2�;�#(  %�%���#,  �(%�"'(�"#�(���  �  ":=#:� , 
�)(����(#"-   �  ~ 0.5 55 /1555 =0.033 (�2  15 55  #�&;���  "#(� �   �<$3�  "�"#��&-(#  155 , "$55�'��-  
#�&;���  %'� &���  – 2 55 , ��+�$#�"#,  �3����+�  � ��  ":=#:� �  – 2 55 ), �  "�5  $+�& ~ 1.9� . �(&("��0  
$+�& %'�  �('/��(  %'-5�+�   '$+���+�   ��$"�  "  $+&�5 '�"#��'�  1.9�  "�"#��&-(#  2p(1-
cos0.95o)@0.00027p. �'�  �2�#'�%��5  %�#� (  :�"#�) , ("&�  �  #(&("��5  $+&( 0.00027p ��  %&�;���  1 "5 2 
2�6� "�'�����  (m/5p) 104 �5%$&,"��  �  "( $��$ , #�  �  #(&("��5  $+&( 4p (#�  ("#,  "�  �"(3  ��%'��&(��0 ) 
��  %&�;���  1 "5 2 .�&�  .�  2�6� "�'�����  (4p/0.00027p) (m/5p) 104 �5%$&,"��  �  "( $��$ , #�  ("#,  ~ 
(0.3m/p) 108 �5%$&,"��  �  "( $��$ . �'�  ���<(���  %� �'.�#(  "�  " �'�"#,*  ~ 7.35  5 /"(  %&�;�� �  
/�'���0  1 "5  2�5(#�(#  %&�;��,  ~ 7.35 105 "5 2, #�  ("#,  �(%����<��0  ��#:�  %&�;��,*  1 "5 2 
2�6� "�'���&  .�  "�  �"(3  ��%'��&(��0  (�2  #(&("��+�  $+&� 4p) (0.3m/7.35p) 103 ~ 13m �5%$&,"��  �  
"( $��$ . �� �5  �.'�2�5 , ("&�  �  #(:(��(  0.2 "( $���  ":=#:�  6� "�'$(#  m �5%$&,"�� , #�  %�#�  
4&( #'����  �2  #(&("��+�  $+&� 4p "�"#��&-(#  ~ 13m "5 -2"( -1. �'�  �(&�:��(  " �'�"#�  ":=#�  4&( #'����  
"  4�('+�(0  ~ 40  4�  �  5� "�5$5(  %� �  "�.�#�- , 2�6� "�'������0  �  #(:(��(  �'(5(���+�  ��#('��&�  0.2 
"( ., '����0  m �"(��%'��&(���0  %�#�  4&( #'����  '��(�  13m "5 -2"( -1 ´  1 "5 2 = 13m "( -1. 

��"&(  %�%�����-  �  ":=#:�  �(0+('�  ����2�'$*;(0  :�"#�)�  �  �=5  '�2����(#"-  +�2���0  '�2'-� , 
%'���&<�*;�0"-  �  #(:(��(  �( �#�'�+�  �'(5(��  t . �"&�  "&(�$*;�-  :�"#�)�  %�%��=# �  ":=#:�  ��  
� ��:���-  '�2'-�� , #�  ����0  '�2'-�  �(  %'��2�0�=# , �  :�"#�)�  �(  .$�(#  2�'(+�"#'�'����� . ��4#�5$  
�'(5-  t  ��2���(#"-  «5='#��5  �'(5(�(5 », �  :�"&�  �#":=#��  5(�,/(  :�"&�  :�"#�) , %�%���*;�3  �  
":=#:�  (:�"&�  %�%�����0 ). �"&�  ��#(�"����"#,  �"#�:�� �  n %�"#�-���  �  m - 4#� "'(��((  :�"&�  
�#":=#��  2� (����)$  �'(5(�� , #�  m �  n "�-2���  "��#��/(��(5  [2]: 
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	�+&�"��  %('��0  �2  4#�3 6�'5$& , %'�  ��2'�"#����  ��#(�"����"#�  n :�"&�  �#":=#��  m #� <(  '�"#=#  �  
%'�  �:(�,  .�&,/�3  n %'�.&�<�(#"-    "��(5$  %'(�(&,��5$  2��:(��*  mmax=1/t . 7#�  %'(�(&,��(  
2��:(��(  ��"#�+�(#"-  %'�  nt >>1,  �+��  2� �'(5-  t  �"$;("#�&-(#"-  �:(�,  5��+�  %�%�����0 : %� 
�"#(:(���  �'(5(��  t  %�"&(  �<��+�  �#":=#�  "(0:�"  <(  %'��"3���#  "&(�$*;�0  �#":=# , #�  :#�  �"(  
�#":=#�  "&(�$*#  �'$+  2� �'$+�5  :('(2  ����� ���(  �'(5(���(  ��#('��&�  t . �)(� �  �(&�:���  
«5='#��+�  �'(5(�� » �&-  .�'#���3  +(0+('��" �3  ":=#:� ��  �	�  «�(#(�' -3�  1 1» &(<�#  �  ��#('��&(  
(1.2-1.5) 10-4 "( , �  4#� 3�'� #('�"#� �  ":=#:� ��  �"#���&�",  ��"#�#�:��  "#�.�&,��0  �  #(:(��(  �"(+�  
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�'�  m = 6 103, t  = 1.5 10-4, B = 0.35 %�&$:�(5  �   �:("#�(  �)(� �  b = 18.6  5 , :#�  $���&(#��'�#(&,��  
(%� %�'-� $  �(&�:��� ) "�+&�"$(#"-  "  �)(� �0  7.35  5 /"(  ´  2 "(  = 14.7  5 , ��#( �*;(0  
�(%�"'(�"#�(���  �2  �����3  ��.&*�(��0 . �'�  ��.&*��(5�3  %�#� �3  �  " �'�"#�  (~ 100000  5 /"( ) 
'(2����"��3  4&( #'����  �3   ��)(�#'�)�-  ��  �(" �&, �  %�'-� ��  �(&�:���  5(�,/(   ��)(�#'�)��  
#(%&���3  4&( #'����   �"5�:(" �0  %&�25� ��  ��"�#�3  ~ 1000  5 . 7#�  �2��:�(# , :#�  ��  5�"/#�.�3 , 
%'(��/�*;�3  �(.�(�" �0  '���$"  (�(" �&, �  "��#�5(#'�� ), %&�25$ 5�<��  ":�#�#,  
4&( #'��(0#'�&,��0  �  �(  $:�#���#,  %'�"#'��"#�(���0  2�'-� , ���"�5�0  ��"�%�*;�5�"-  
'(2����"��5�  4&( #'���5� . 

�� �5  �.'�2�5 , 5(3���25  [7], %'(�&�<(���0  %('����:�&,��  �&-  �.>-"�(��-  �(",5�  
'�"%'�"#'��=���3  �   �"5�:(" �0  %&�25( ��&� ��"#�3  "#'$ #$'  (��&� ��"#�(  5(<2�=2���(  �.&� � , 
 �'���&,��(  ��&� �� , %'�#$.('��)�  �  #.� .), "%�"�.(�  �.>-"��#,  �  "<�#�(    �"�  %�#� ��  
��"�%�*;�3"-  �2  ��(/�(+�  '����)�����+�  %�-"�  '(2����"��3  4&( #'����  "  4�('+�(0  ~ 40  4� . ��  
'(2$&,#�#�5  "%$#�� ���3  ��.&*�(��0  %�#� ��  ��"�%�*;�3"-  %'�  ��+'(�(  ����"6('�  �  
4 "%('�5(�#(  19.04.2004-26.04.2004 '(2����"��3  4&( #'����  " 4�('+�(0  ~ 40  4�  5�<��  %'(�&�<�#,  
"&(�$*;�0  ")(��'�0 . ��+'(�  5��$&�'������5  '�����2&$:(��(5  %'�����&    5��$&-)��  
%'�����5�"#�  � -�.&�"#�  ����"6('� , +�(  %'�#( �(#  ��'�'�&,��-  4&( #'�"#'$- . 7#� , �  "��*  �:('(�, , 
��2���&�  ��'��)��  4&( #'�:(" �+�  #� �  "#'$� , �  %('(5(���0  #�  �2&$:�&  �  5�+��#�"6('$  
4&( #'�5�+��#��(  ��&��  ��  :�"#�#(  5��$&-)��  (1-2  �) ). 	�-2����-  "  '�"%'�"#'��-*;�5"-  �  
%&�25�"6('(  ���&,  "�&���3  &���0  +(�5�+��#��+�  %�&- ��2 �:�"#�#��5  4&( #'�5�+��#��5  
�2&$:(��(5  %�#:-$+&���-  ��66$2�-  '(2����"��3  (~ 40  4� ) 4&( #'����  ��(/�(+�  '����)�����+�  
%�-"�  "%�"�."#����&�  ��"�%���*  4#�3 4&( #'����  ���&,  +(�5�+��#��3  "�&���3  &���0  �  �#5�"6('$  
���  �.&�"#,*  ��+'(��  �  �  '�0��(  5�+��#�� -"�%'-<=���0  #�: � . ��2����*;�-"-  �  %'�)(""(  ��+'(��  
#$'.$&(�#��"#,  ����"6('��0  %&�25� 5�+&�  %'��("#�    6�'5�'�����*  �  2��(  ��+'(��  %'���&,��3  
4&( #'�:(" �3  %�&(0. �  #� �0  ��25�<��"#�  "���(#(&,"#�$*#  %'-5�(  �25('(��-  %'���&,��3  
4&( #'�:(" �3  %�&(0 "  .�'#�  �	�  «DEMETER» �  �'$+�3  4 "%('�5(�#�3  %� ��+'(�$  ����"6('�  " 
�"%�&,2�����(5  "#(���  HAARP [8]. �'�"$#"#��(  %'���&,��3  4&( #'�:(" �3  %�&(0 �.("%(:�&�  (2� 
":=# 4&( #'�:(" �+�  �'(06� ) "<�#�(    �"�  %�#� ��  ��"�%�*;�3"-  �2  ��(/�(+�  '����)�����+�  %�-"�  
'(2����"��3  4&( #'����  "  4�('+�(0  ~ 40  4� , 2�6� "�'������(  %� �����5  .�'#���3  
'����5(#'�:(" �3  �25('(��0  �	�  «�(#(�' -3�  1 1». 
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����"6('�  �  �.("%(:���*;�3  (2� ":=# 4&( #'�:(" �+�  �'(06� ) "<�#�(    �"�  %�#� ��  ��"�%�*;�3"-  
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OUTER RADIATION BELT RESONANT ELECTRON PRECIPITATIO N OBSERVATIONS ONBOARD 
“METEOR-3M #1” SATELLITE DURING IONOSPHERE HEATING EXPERIMENT IN APRIL, 19 - APRIL, 
26, 2004 
 
Davidov V.E., Zinkina M.D., Pisanko Yu.V. 
 
Outer radiation belt resonant electron precipitation events observed onboard “Meteor-3M #1” satellite during 
ionosphere heating experiment with the HAARP facility in April, 19 – April, 26, 2004 are studied in detail. 
 
KEYWORDS: “METEOR-3M #1” SATELLITE; OUTER RADIATION  BELT RESONANT ELECTRON PRECIPITATION EVENT; PARALLEL 
ELECTRIC FIELD. 
 

 
 
&�+�*%+�*%  

 
1. 
��*/��  	 .� ., ��<(���  
 .
 ., ���2.$'+  � .
 ., �(��"���  � .� ., ��� ���  � .� ., ���&�+�'((�  � .� ., �$"����  


 .
 ., �(+�(�  
 .� ., ��"�� �  ! .� ., 	���" �0  � .� ., !� (��:  � .	 . �25('(��-  3�'� #('�"#�  %�#� ��  
����2�'$*;�3  �2&$:(��0  � �&�2(5��+�   �"5�:(" �+�  %'�"#'��"#��  ��  "%$#�� (  
+��'�5(#(�'�&�+�:(" �+�  ��2��:(��-  «�(#(�' -3� » // 	%()��&,��-  #(3�� � . 2014. 1 1. 	 . 44-53. 

2. ��&,���" �0  � .� ., 
$)(� �  
 .� ., ��+�'() �0  � .� . 	#�#�"#� �  �#":=#��  %'�  '(+�"#'�)��  -�('��3  :�"#�) , 
� .: ��25�#+�2 , 1959. 413 ". 

3. Block L.P. Three-dimensional potential structure above auroral arcs // ESA SP-183. 1983. P.247-252. 
4. Collin H.L., Sharp R.D., Shelley E.G. The occurrence and characteristics of electron beams over the polar regions 

// J. Geophys. Res. 1982. Vol. 87. P.7504-7511. 
5. Inan U. S., Golkowski M., Carpenter D. L., Reddell N., Moore R. C., Bell T. F., Paschal E., Kossey P., Kennedy 

E., Meth S. Z. Multi-hop whistler-mode ELF-VLF signals and triggered emissions excited by the HAARP HF 
heater // Geophysical Research Letters. 2004. Vol. 31. P. L24805. doi:10.1029/2004GL021647. 

6. Mozer F.S., Temerin M. Solitary waves and double layers as the source of parallel electric fields in the auroral 
acceleration region // High-Latitude Space Plasma Physics (ed. B. Hultqvist, T. Hagtors), Plenum Press. New 
York. 1983. P.453-460. 

7. Murty G.S. Filamentary structure associated with force-free magnetic fields // Ark. f. fys. 1961. Vol. 21. P.203-
212. 

8. Streltsov A.V., Chang C.-L., Labenski J., Milikh G., Vartanyan A., Snyder A.L. Excitation of the ionospheric 
Alfven resonator from the ground: theory and experiment // J. Geophys. Res. 2011. Vol. 116. P.A10221. doi: 
10.1029/2011JA016680. 

9. Temerin M., Cerny K., Lotko W., Mozer F.S. Observations of double layers and solitary waves in the auroral 
plasma // Phys. Rev. Let. 1982. Vol. 48. P.1175-1179. 

 
 
 


