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�< �^�Z�g�g�h�c �j�Z�[�h�l�_ �i�j�_�^�k�l�Z�\�e�_�g�u �j�_�a�m�e�v�l�Z�l�u �b�k�k�e�_�^�h�\�Z�g�b�y �k�l�j�m�d�l�m�j�u �\�u�k�h�d�h�r�b�j�h�l�g�h�c �b�h�g�h�k�n�_�j�u �i�h �^�Z�g�g�u�f 
�M�N-�k�i�_�d�l�j�h�f�_�l�j�Z GUVI �b �k�h�i�h�k�l�Z�\�e�_�g�b�y �b�o �k �^�Z�g�g�u�f�b �]�e�h�[�Z�e�v�g�u�o �b�h�g�h�k�n�_�j�g�u�o �d�Z�j�l �b �j�_�a�m�e�v�l�Z�l�Z�f �\�u�k�h-
�d�h�h�j�[�b�l�Z�e�v�g�h�c �k�i�m�l�g�b�d�h�\�h�c �j�Z�^�b�h�l�h�f�h�]�j�Z�n�b�b �\ �i�_�j�b�h�^�u �j�Z�a�e�b�q�g�u�o �]�_�h�f�Z�]�g�b�l�g�u�o �m�k�e�h�\�b�c �\ 2003!2007 �]�]. 
�I�h�e�m�q�_�g�g�u�_ �j�_�a�m�e�v�l�Z�l�u �i�h�d�Z�a�u�\�Z�x�l, �q�l�h �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�_ �j�Z�a�j�_�r�_�g�b�_ �]�e�h�[�Z�e�v�g�u�o �b�h�g�h�k�n�_�j�g�u�o �d�Z�j�l 
�g�_ �k�h�h�l�\�_�l�k�l�\�m�_�l �a�Z�y�\�e�_�g�g�h�f�m. �J�Z�a�e�b�q�g�u�_ �Z�\�j�h�j�Z�e�v�g�u�_ �g�_�h�^�g�h�j�h�^�g�h�k�l�b �b �\�h�e�g�h�\�u�_ �k�l�j�m�d�l�m�j�u �b�h�g�h�k�n�_�j�u, 
�^�h�k�l�b�]�Z�x�s�b�_ �j�Z�a�f�_�j�h�\ 10!15 °, �Z �l�Z�d�`�_ �]�e�Z�\�g�u�c �b�h�g�h�k�n�_�j�g�u�c �i�j�h�\�Z�e, �h�l�q�_�l�e�b�\�h �j�Z�a�e�b�q�Z�_�f�u�_ �\ �^�Z�g�g�u�o 
�M�N-�k�i�_�d�l�j�h�f�_�l�j�b�b �b �<�H�J�L, �f�h�]�m�l �h�l�k�m�l�k�l�\�h�\�Z�l�v �\ �^�Z�g�g�u�o GIM. �W�l�h �]�h�\�h�j�b�l �h �g�_�h�[�o�h�^�b�f�h�k�l�b �k �Z�d�d�m�j�Z�l�g�h-
�k�l�v�x �b�k�i�h�e�v�a�h�\�Z�l�v �i�h�k�e�_�^�g�b�_ �^�e�y �b�k�k�e�_�^�h�\�Z�g�b�y �k�l�j�m�d�l�m�j�u �b�h�g�h�k�n�_�j�u, �h�k�h�[�_�g�g�h �\ �m�k�e�h�\�b�y�o �i�h�\�u�r�_�g�g�h�c 
�]�_�h�f�Z�]�g�b�l�g�h�c �Z�d�l�b�\�g�h�k�l�b.

�D�e�x�q�_�\�u�_ �k�e�h�\�Z: �b�h�g�h�k�n�_�j�Z, �j�Z�^�b�h�l�h�f�h�]�j�Z�n�b�y �b�h�g�h�k�n�_�j�u, �i�h�e�g�h�_ �w�e�_�d�l�j�h�g�g�h�_ �k�h�^�_�j�`�Z�g�b�_, TEC, GIM, 
�M�N-�k�i�_�d�l�j�h�f�_�l�j�b�y, GUVI.

1. �<�\�_�^�_�g�b�_

�<�h�a�f�h�`�g�h�k�l�v �b�k�i�h�e�v�a�h�\�Z�l�v �m�e�v�l�j�Z�n�b�h�e�_�l�h�\�u�_ �b �\�b�^�b�f�u�_ �w�f�b�k�k�b�b �g�h�q�g�h�]�h �g�_�[�Z 

�^�e�y �b�k�k�e�_�^�h�\�Z�g�b�y �j�Z�k�i�j�_�^�_�e�_�g�b�c �w�e�_�d�l�j�h�g�h�\ �b �b�h�g�h�\ O+ F �h�[�e�Z�k�l�b �b�h�g�h�k�n�_�j�u �[�u�e�Z �h�[�g�Z-

�j�m�`�_�g�Z �\ 1960!70-�_ �]�h�^�u (Meier, 1991). �B�g�l�_�g�k�b�\�g�h�k�l�v �k�\�_�q�_�g�b�y �\ �i�_�j�\�h�f �i�j�b�[�e�b�`�_�g�b�b 

�h�d�Z�a�u�\�Z�_�l�k�y �i�j�h�i�h�j�p�b�h�g�Z�e�v�g�h�c �b�g�l�_�]�j�Z�e�m �h�l �d�\�Z�^�j�Z�l�Z �i�e�h�l�g�h�k�l�b �w�e�_�d�l�j�h�g�g�h�c �d�h�g�p�_�g�l�j�Z-

�p�b�b. �< �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y �h�^�g�b�f �b�a �b�g�k�l�j�m�f�_�g�l�h�\, �i�h�a�\�h�e�y�x�s�b�o �i�j�h�\�h�^�b�l�v �l�Z�d�b�_ �b�k�k�e�_�^�h-

�\�Z�g�b�y, �y�\�e�y�_�l�k�y �M�N-�k�i�_�d�l�j�h�f�_�l�j �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h �k�d�Z�g�b�j�h�\�Z�g�b�y GUVI, �j�Z�k�i�h�e�h�`�_�g�g�u�c 

�g�Z �k�i�m�l�g�b�d�_ TIMED. �K�d�Z�g�b�j�h�\�Z�g�b�_ �i�j�h�b�a�\�h�^�b�l�k�y �\ �^�Z�e�v�g�_�f �m�e�v�l�j�Z�n�b�h�e�_�l�h�\�h�f �^�b�Z�i�Z�a�h�g�_ 

�b �i�h�a�\�h�e�y�_�l �i�h�e�m�q�Z�l�v �b�a�h�[�j�Z�`�_�g�b�y �h�l �]�h�j�b�a�h�g�l�Z �^�h �]�h�j�b�a�h�g�l�Z �^�e�y �i�y�l�b �j�Z�a�e�b�q�g�u�o �a�Z�^�Z�g�g�u�o 

�b�g�l�_�j�\�Z�e�h�\ �^�e�b�g �\�h�e�g (Paxton et al., 1999).

�>�e�y �h�i�j�_�^�_�e�_�g�b�y �a�g�Z�q�_�g�b�c �i�h�e�g�h�]�h �w�e�_�d�l�j�h�g�g�h�]�h �k�h�^�_�j�`�Z�g�b�y �b�h�g�h�k�n�_�j�u (Total 

electron content ! TEC) �k �g�Z�q�Z�e�Z 1990-�o �]�].�m�k�i�_�r�g�h �b�k�i�h�e�v�a�m�x�l�k�y �j�_�a�m�e�v�l�Z�l�u �k�i�m�l�g�b�d�h�\�h�c 

�\�u�k�h�d�h�h�j�[�b�l�Z�e�v�g�h�c �j�Z�^�b�h�l�h�f�h�]�j�Z�n�b�b (�<�H�J�L), �f�_�l�h�^�Z, �h�k�g�h�\�Z�g�g�h�]�h �g�Z �i�j�b�f�_�g�_�g�b�b �g�Z�\�b-

�]�Z�p�b�h�g�g�u�o �k�i�m�l�g�b�d�h�\�u�o �k�b�k�l�_�f, �l�Z�d�b�o �d�Z�d GPS/GLONASS, �b �^�\�m�f�_�j�g�u�o �k�_�l�_�c �g�Z�a�_�f�g�u�o 

�i�j�b�_�f�g�b�d�h�\ (�D�m�g�b�p�u�g �b �^�j., 2007). �>�j�m�]�b�f �\�_�k�v�f�Z �j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�u�f �f�_�l�h�^�h�f �b�k�k�e�_�^�h�\�Z-

�g�b�y �w�e�_�d�l�j�h�g�g�h�c �d�h�g�p�_�g�l�j�Z�p�b�b �b�h�g�h�k�n�_�j�u �y�\�e�y�_�l�k�y �l�_�o�g�h�e�h�]�b�y Global Ionospheric Maps 

(GIM), �d�h�l�h�j�Z�y �h�[�_�k�i�_�q�b�\�Z�_�l �i�h�k�l�j�h�_�g�b�_ �]�e�h�[�Z�e�v�g�u�o �d�Z�j�l �Z�[�k�h�e�x�l�g�h�]�h �\�_�j�l�b�d�Z�e�v�g�h�]�h 

�a�g�Z�q�_�g�b�y �L�?�K (VTEC) �i�m�l�_�f �b�g�l�_�j�i�h�e�y�p�b�b �^�Z�g�g�u�o, �i�h�e�m�q�Z�_�f�u�o �g�Z �f�b�j�h�\�h�c �k�_�l�b �i�j�b�_�f-

�g�b�d�h�\ GPS (Manuchi et al., 2005). �I�h�k�d�h�e�v�d�m �a�Z�^�Z�q�Z �b�k�k�e�_�^�h�\�Z�g�b�y �k�l�j�m�d�l�m�j�u �b�h�g�h�k�n�_�j�u �y�\-

�e�y�_�l�k�y �Z�d�l�m�Z�e�v�g�h�c �i�j�h�[�e�_�f�h�c, �k�l�Z�g�h�\�b�l�k�y �g�_�h�[�o�h�^�b�f�u�f �i�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�l�v �l�Z�d�`�_ �]�j�Z�g�b�p�u 
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�i�j�b�f�_�g�b�f�h�k�l�b �f�_�l�h�^�h�\, �i�j�_�^�g�Z�a�g�Z�q�_�g�g�u�o �^�e�y �j�_�r�_�g�b�y �w�l�h�c �a�Z�^�Z�q�b, �b �h�i�j�_�^�_�e�b�l�v �j�Z�a�f�_�j�u 

�k�l�j�m�d�l�m�j �b�h�g�h�k�n�_�j�u, �j�Z�a�e�b�q�Z�_�f�u�o �d�Z�`�^�u�f �b�a �g�b�o.

2. �B�k�l�h�q�g�b�d�b �^�Z�g�g�u�o

�J�Z�^�b�h�l�h�f�h�]�j�Z�n�b�y �b�h�g�h�k�n�_�j�u �i�h�a�\�h�e�y�_�l �\�h�k�k�l�Z�g�Z�\�e�b�\�Z�l�v �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�m�x �k�l�j�m�d-

�l�m�j�m �j�Z�k�i�j�_�^�_�e�_�g�b�y �w�e�_�d�l�j�h�g�g�h�c �d�h�g�p�_�g�l�j�Z�p�b�b �k�j�_�^�u (�D�m�g�b�p�u�g �b �^�j., 2007). �B�a�f�_�j�_�g�b�y 

�i�j�b�\�_�^�_�g�g�h�c �n�Z�a�u �k�b�]�g�Z�e�Z �k�h �k�i�m�l�g�b�d�Z, �j�_�]�b�k�l�j�b�j�m�_�f�h�c �g�Z�a�_�f�g�u�f �i�j�b�_�f�g�b�d�h�f, �y�\�e�y�x�l�k�y 

�\�o�h�^�g�u�f�b �^�Z�g�g�u�f�b �^�e�y �J�L �j�_�d�h�g�k�l�j�m�d�p�b�b. �I�j�b�\�_�^�_�g�g�Z�y �n�Z�a�Z �3 (�k �l�h�q�g�h�k�l�v�x �^�h �g�_�b�a�\�_�k�l-

�g�h�c �g�Z�q�Z�e�v�g�h�c �n�Z�a�u �30) �i�j�h�i�h�j�p�b�h�g�Z�e�v�g�Z �b�g�l�_�]�j�Z�e�m �h�l �w�e�_�d�l�j�h�g�g�h�c �d�h�g�p�_�g�l�j�Z�p�b�b ne:

 
0jjsl +=ò  !" ## ,

�]�^�_ �� ! �^�e�b�g�Z �a�h�g�^�b�j�m�x�s�_�c �\�h�e�g�u, re ! �d�e�Z�k�k�b�q�_�k�d�b�c �j�Z�^�b�m�k �w�e�_�d�l�j�h�g�Z.

 �K�m�s�_�k�l�\�m�x�s�b�_ �\�u�k�h�d�h�h�j�[�b�l�Z�e�v�g�u�_ �g�Z�\�b�]�Z�p�b�h�g�g�u�_ �k�i�m�l�g�b�d�h�\�u�_ �k�b�k�l�_�f�u, �l�Z�d�b�_ 

�d�Z�d GPS/GLONASS �b �^�\�m�f�_�j�g�u�_ �k�_�l�b �g�Z�a�_�f�g�u�o �i�j�b�_�f�g�b�d�h�\, �i�h�a�\�h�e�y�x�l �j�_�r�Z�l�v �a�Z�^�Z�q�m 

4D �J�L (3 �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�_ �d�h�h�j�^�b�g�Z�l�u �b �\�j�_�f�y) (Nesterov, Kunitsyn, 2011). �<�H�J�L �i�h-

�a�\�h�e�y�_�l �i�h�e�m�q�Z�l�v �]�e�h�[�Z�e�v�g�h�_ �b �j�_�]�b�h�g�Z�e�v�g�h�_ �j�Z�k�i�j�_�^�_�e�_�g�b�_ �w�e�_�d�l�j�h�g�g�h�c �d�h�g�p�_�g�l�j�Z�p�b�b 

�b�h�g�h�k�n�_�j�u �k �]�h�j�b�a�h�g�l�Z�e�v�g�u�f �j�Z�a�j�_�r�_�g�b�_�f �i�h�j�y�^�d�Z 30 �d�f �b �\�j�_�f�_�g�g�u�f �b�g�l�_�j�\�Z�e�h�f 

30 �f�b�g�m�l. �I�h �i�h�e�m�q�_�g�g�u�f �a�g�Z�q�_�g�b�y�f �w�e�_�d�l�j�h�g�g�h�c �d�h�g�p�_�g�l�j�Z�p�b�b �\�i�h�k�e�_�^�k�l�\�b�b �f�h�`�g�h 

�h�i�j�_�^�_�e�b�l�v �a�g�Z�q�_�g�b�y �\�_�j�l�b�d�Z�e�v�g�h�]�h TEC (VTEC).

�< �j�Z�[�h�l�_ �l�Z�d�`�_ �[�u�e�b �b�k�i�h�e�v�a�h�\�Z�g�u �^�Z�g�g�u�_ GIM, �i�j�_�^�k�l�Z�\�e�y�x�s�b�_ �k�h�[�h�c �h�^�g�h �b�a 

�d�j�m�i�g�u�o �g�Z�i�j�Z�\�e�_�g�b�c �\ �i�j�b�f�_�g�_�g�b�b GPS �^�e�y �a�h�g�^�b�j�h�\�Z�g�b�y �h�d�h�e�h�a�_�f�g�h�]�h �d�h�k�f�b�q�_�k�d�h�]�h 

�i�j�h�k�l�j�Z�g�k�l�\�Z �b �h�[�_�k�i�_�q�_�g�b�y �w�n�n�_�d�l�b�\�g�h�k�l�b �n�m�g�d�p�b�h�g�b�j�h�\�Z�g�b�y �k�i�m�l�g�b�d�h�\�u�o �j�Z�^�b�h�l�_�o�g�b-

�q�_�k�d�b�o �k�b�k�l�_�f (Ho et al., 1997). �Q�l�h�[�u �k�h�i�h�k�l�Z�\�b�l�v �L�?�K �b �d�h�g�d�j�_�l�g�m�x �l�h�q�d�m �i�j�h�k�l�j�Z�g�k�l�\�Z, 

�f�_�l�h�^�b�d�Z GIM �j�Z�k�k�f�Z�l�j�b�\�Z�_�l �b�h�g�h�k�n�_�j�m �d�Z�d �k�n�_�j�b�q�_�k�d�b�c �k�e�h�c �g�m�e�_�\�h�c �l�h�e�s�b�g�u, �j�Z�k-

�i�h�e�h�`�_�g�g�u�c �g�Z �n�b�d�k�b�j�h�\�Z�g�g�h�c �\�u�k�h�l�_. �I�j�b �w�l�h�f �k�q�b�l�Z�_�l�k�y, �q�l�h �L�?�K, �b�a�f�_�j�_�g�g�h�_ �\�^�h�e�v 

�e�m�q�Z «�i�j�b�_�f�g�b�d-�B�K�A», �h�i�j�_�^�_�e�y�_�l�k�y �\�d�e�Z�^�h�f �i�h�^�b�h�g�h�k�n�_�j�g�h�c �l�h�q�d�b. �I�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�_ 

�j�Z�a�j�_�r�_�g�b�_ GIM �k�h�k�l�Z�\�e�y�_�l 2,5° �i�h �r�b�j�h�l�_ �b 5° �i�h �^�h�e�]�h�l�_, �\�j�_�f�_�g�g�h�c �b�g�l�_�j�\�Z�e �k�h�k�l�Z�\-

�e�y�_�l 2 �q�Z�k�Z. 

�>�e�y �i�h�e�m�q�_�g�b�y �^�h�i�h�e�g�b�l�_�e�v�g�h�c �b�g�n�h�j�f�Z�p�b�b �h �k�h�k�l�h�y�g�b�b �g�h�q�g�h�c �b�h�g�h�k�n�_�j�u 

�[�u�e�b �b�k�i�h�e�v�a�h�\�Z�g�u �^�Z�g�g�u�_ �M�N-�k�i�_�d�l�j�h�f�_�l�j�Z �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h �k�d�Z�g�b�j�h�\�Z�g�b�y GUVI, 

�j�Z�k�i�h�e�h�`�_�g�g�h�]�h �g�Z �k�i�m�l�g�b�d�_ TIMED (Thermosphere Ionosphere Mesosphere Energetics and 

Dynamics) (Dymond et al., 1997). �K�i�m�l�g�b�d �b�f�_�_�l �i�h�e�y�j�g�m�x �k�h�e�g�_�q�g�h-�k�b�g�o�j�h�g�g�m�x �h�j�[�b�l�m 

�g�Z �\�u�k�h�l�_ ~625 �d�f. �K�d�Z�g�b�j�h�\�Z�g�b�_ �i�j�h�b�a�\�h�^�b�l�k�y �\ �^�Z�e�v�g�_�f �m�e�v�l�j�Z�n�b�h�e�_�l�h�\�h�f �^�b�Z�i�Z�a�h�g�_ 

�b �i�h�a�\�h�e�y�_�l �i�h�e�m�q�Z�l�v �b�a�h�[�j�Z�`�_�g�b�y �h�l �]�h�j�b�a�h�g�l�Z �^�h �]�h�j�b�a�h�g�l�Z �^�e�y �i�y�l�b �j�Z�a�e�b�q�g�u�o �a�Z-

�^�Z�g�g�u�o �b�g�l�_�j�\�Z�e�h�\ �^�e�b�g �\�h�e�g: �e�b�g�b�y �G + 1216 Å, �e�b�g�b�b �H + 1304 Å �b 1356 Å, �b �^�\�Z 

�b�g�l�_�j�\�Z�e�Z N2 �E�Z�c�f�Z�g�Z! �;�j�b�^�`�Z! �O�h�i�n�b�e�^�Z 1400!1500 Å �b 1650!1800 Å. �I�h�e�m�q�Z�_�f�u�_ 

�a�g�Z�q�_�g�b�y �b�g�l�_�g�k�b�\�g�h�k�l�b �k�\�_�q�_�g�b�y �\ �g�h�q�g�h�_ �\�j�_�f�y �\ �i�_�j�\�h�f �i�j�b�[�e�b�`�_�g�b�b �i�j�h�i�h�j�p�b�h-

�g�Z�e�v�g�u �b�g�l�_�]�j�Z�e�m �h�l �d�\�Z�^ �j�Z�l�Z �i�e�h�l�g�h�k�l�b �w�e�_�d�l�j�h�g�g�h�c �d�h�g�p�_�g�l�j�Z�p�b�b (Paxton et al., 1999; 

Dymond et al., 1997; DeMajistre et al., 2004):
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�]�^�_ ne ! �w�e�_�d�l�j�h�g�g�Z�y �i�e�h�l�g�h�k�l�v �g�Z �\�u�k�h�l�_ z, s ! �^�e�b�g�Z �i�m�l�b �h�l �h�[�h�a�j�_�\�Z�l�_�e�y, a ! �d�h�w�n�n�b�p�b-

�_�g�l �k�d�h�j�h�k�l�b �b�a�e�m�q�Z�x�s�_�c �j�_�d�h�f�[�b�g�Z�p�b�b. �I�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�_ �j�Z�a�j�_�r�_�g�b�_ �^�Z�g�g�u�o �k�h�k�l�Z�\-

�e�y�_�l 100 �d�f, �l�Z�d�b�f �h�[�j�Z�a�h�f, �^�Z�g�g�u�_ GUVI �i�h�a�\�h�e�y�x�l �d�Z�q�_�k�l�\�_�g�g�h �h�p�_�g�b�\�Z�l�v �k�h�k�l�h�y�g�b�_ 

�b�h�g�h�k�n�_�j�u, �h�i�j�_�^�_�e�y�y �k �^�h�k�l�Z�l�h�q�g�h�c �l�h�q�g�h�k�l�v�x �g�_�h�^�g�h�j�h�^�g�h�k�l�b �k�j�_�^�u.

3. �K�h�i�h�k�l�Z�\�e�_�g�b�y GIM �k �j�_�a�m�e�v�l�Z�l�Z�f�b �<�H�J�L �b �^�Z�g�g�u�f�b GUVI

�I�h �^�Z�g�g�u�f GUVI �[�u�e�b �b�k�k�e�_�^�h�\�Z�g�u �d�j�m�i�g�h�f�Z�k�r�l�Z�[�g�u�_ �g�h�q�g�u�_ �Z�\�j�h�j�Z�e�v�g�u�_ 

�k�\�_�q�_�g�b�y �b �k�h�i�h�k�l�Z�\�e�_�g�u �k �h�p�_�g�d�Z�f�b V�L�?�K �i�h �^�Z�g�g�u�f GIM �b �<�H�J�L. �K�h�i�h�k�l�Z�\�e�_�g�b�y �i�j�h-

�\�h�^�b�e�b�k�v �\ �i�_�j�b�h�^�u �j�Z�a�e�b�q�g�h�c �]�_�h�f�Z�]�g�b�l�g�h�c �Z�d�l�b�\�g�h�k�l�b �\ 2003!2008 �]�]. �:�\�j�h�j�Z�e�v�g�u�_ 

�k�\�_�q�_�g�b�y, �b�f�_�x�s�b�_ �a�g�Z�q�b�l�_�e�v�g�u�_ �j�Z�a�f�_�j�u, �h�l�q�_�l�e�b�\�h �\�b�^�g�u �g�Z �]�j�Z�n�b�d�_, �i�h�k�l�j�h�_�g�g�h�f 

�i�h �^�Z�g�g�u�f GUVI (�\�_�j�k�b�y 3) �^�e�y 05.04.2006 09:40!10:01 UT (�j�b�k. 1�Z). �A�g�Z�q�_�g�b�y V�L�?�K 

�i�h �^�Z�g�g�u�f �<�H�J�L �l�Z�d�`�_ �b�f�_�x�l �o�h�j�h�r�h �a�Z�f�_�l�g�u�_ �f�Z�d�k�b�f�m�f�u �\ �h�[�e�Z�k�l�b �Z�\�j�h�j�Z�e�v�g�h�]�h 

�h�\�Z�e�Z (�j�b�k. 1�[). �< �l�h �`�_ �\�j�_�f�y GIM (�^�e�y �i�j�b�f�_�j�Z �i�h�d�Z�a�Z�g�u �^�Z�g�g�u�_ IGS) �g�_ �f�h�]�m�l �h�l�h�[�j�Z-

�a�b�l�v �k�l�j�m�d�l�m�j�m �b�h�g�h�k�n�_�j�u ! �m�a�d�Z�y �i�j�h�l�y�`�_�g�g�Z�y �h�[�e�Z�k�l�v �i�h�\�u�r�_�g�g�h�c �b�h�g�b�a�Z�p�b�b �\ �Z�\�j�h-

�j�Z�e�v�g�u�o �r�b�j�h�l�Z�o �h�l�k�m�l�k�l�\�m�_�l (�j�b�k. 1�\). �G�Z�[�e�x�^�Z�_�l�k�y �e�b�r�v �i�e�Z�\�g�h�_ �\�h�a�j�Z�k�l�Z�g�b�_ �a�g�Z�q�_�g�b�c 

VTEC �\�i�e�h�l�v �^�h 85° �k. �r ., �q�l�h �f�h�`�_�l �[�u�l�v �\�u�a�\�Z�g�h �m�k�j�_�^�g�_�g�b�_�f �i�h �\�k�_�c �Z�\�j�h�j�Z�e�v�g�h�c �a�h�g�_ 

�w�e�_�d�l�j�h�g�g�h�c �d�h�g�p�_�g�l�j�Z�p�b�b, �m�\�_�e�b�q�_�g�g�h�c �a�Z �k�q�_�l �d�h�g�\�_�d�p�b�b �k �^�g�_�\�g�h�c �k�l�h�j�h�g�u, �Z �l�Z�d �`�_ 

�\�h�a�f�h�`�g�u�f�b �g�_�l�h�q�g�h�k�l�y�f�b �\ �j�_�r�_�g�b�b �a�Z�^�Z�q�b �g�Z �]�j�Z�g�b�p�Z�o �h�[�e�Z�k�l�b. �I�j�h�\�Z�e �a�g�Z�q�_�g�b�c VTEC 

�\ �h�[�e�Z�k�l�b 70!75° �k. �r . �\ �^�Z�g�g�u�o GIM �i�h�e�g�h�k�l�v�x �h�l�k�m�l�k�l�\�m�_�l. �=�j�Z�g�b�p�u �i�j�h�\�Z�e�Z �b�h�g�b�a�Z�p�b�b, 

�h�l�q�_�l�e�b�\�h �j�Z�a�e�b�q�Z�_�f�h�]�h �i�h �^�Z�g�g�u�f �<�H�J�L �\ �h�[�e�Z�k�l�b 60° �k. �r . 150° �a. � .̂ ! 50° �k. �r . 70° �a. � .̂, 

�]�h�j�Z�a�^�h �f�_�g�_�_ �q�_�l�d�b�_ �b �[�h�e�_�_ �m�k�j�_�^�g�_�g�g�u�_ �g�Z �^�Z�g�g�u�o GIM.

�K�h�i�h�k�l�Z�\�e�_�g�b�_ �^�Z�g�g�u�o �^�e�y 08.04.2006 14:00 UT �i�h�d�Z�a�Z�g�h �g�Z �j�b�k 2. �M�\�_�e�b�q�_�g�g�Z�y 

�b�g�l�_�g�k�b�\�g�h�k�l�v �k�\�_�q�_�g�b�y �g�Z �r�b�j�h�l�Z�o ~75° �o�h�j�h�r�h �a�Z�f�_�l�g�Z �g�Z �j�b�k. 2�Z, �i�h�e�m�q�_�g�g�h�f �i�h �^�Z�g-

�g�u�f GUVI (�\�_�j�k�b�y 3). �< �w�l�h�c �`�_ �Z�\�j�h�j�Z�e�v�g�h�c �h�[�e�Z�k�l�b �h�l�f�_�q�Z�_�l�k�y �j�h�k�l �a�g�Z�q�_�g�b�c VTEC �i�h 

�^�Z�g�g�u�f �<�H�J�L (�j�b�k. 2�[). �I�j�b �w�l�h�f �h�[�Z �l�b�i�Z �^�Z�g�g�u�o �o�h�j�h�r�h �h�l�j�Z�`�Z�x�l �\�h�e�g�h�\�m�x �k�l�j�m�d�l�m�j�m 

�b �j�Z�a�f�_�j �g�_�h�^�g�h�j�h�^�g�h�k�l�_�c. �>�Z�g�g�u�_ GIM (�]�j�m�i�i�Z IGS) (�j�b�k. 2�\) �i�h�d�Z�a�u�\�Z�x�l �k�]�e�Z�`�_�g�g�u�_ 

�a�g�Z�q�_�g�b�y VTEC, �g�_�k�d�h�e�v�d�h �[�h�e�v�r�b�_ �i�h �k�j�Z�\�g�_�g�b�x �k �^�Z�g�g�u�f�b �<�H�J�L, �g�_ �j�Z�a�e�b�q�Z�y �m�a�d�h�c, 

�h�^�g�Z�d�h �^�h�k�l�Z�l�h�q�g�h �i�j�h�l�y�`�_�g�g�h�c �i�h �^�h�e�]�h�l�_, �h�[�e�Z�k�l�b �i�h�\�u�r�_�g�g�h�c �b�h�g�b�a�Z�p�b�b. �L�Z�d�b�f �h�[-

�j�Z�a�h�f, �f�h�`�g�h �h�l�f�_�l�b�l�v, �q�l�h �<�H�J�L �\ �h�l�e�b�q�b�_ �h�l GIM �i�h�a�\�h�e�y�_�l �j�Z�a�e�b�q�b�l�v �k�l�j�m�d�l�m�j�u, 

�b�f�_�x�s�b�_ �j�Z�a�f�_�j�u, �g�_ �i�j�_�\�u�r�Z�x�s�b�_ 2!3°. �D�j�h�f�_ �l�h�]�h, �\ �^�Z�g�g�h�f �i�j�b�f�_�j�_ �k�g�h�\�Z �\�u�a�u�\�Z�_�l 

�k�h�f�g�_�g�b�y �i�e�Z�\�g�h�_ �m�\�_�e�b�q�_�g�b�_ �a�g�Z�q�_�g�b�c VTEC �k �j�h�k�l�h�f �r�b�j�h�l�u, �\�i�e�h�l�v �^�h �i�h�e�y�j�g�u�o 

�h�[�e�Z�k�l�_�c, �q�l�h �]�h�\�h�j�b�l �h �\�h�a�f�h�`�g�h�f �k�m�s�_�k�l�\�h�\�Z�g�b�b �\ �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o �f�_�l�h�^�Z�o �h�r�b�[�h�d 

�h�i�j�_�^�_�e�_�g�b�y �a�g�Z�q�_�g�b�c �g�Z �]�j�Z�g�b�p�Z�o. 
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�J�b�k. 1. �B�g�l�_�g�k�b�\�g�h�k�l�v �k�\�_�q�_�g�b�y �i�h �^�Z�g�g�u�f GUVI (�\�_�j�k�b�y 3): 
�Z ! 04.04.2006 �\ 09:40-10:01 UT; �a�g�Z�q�_�g�b�y �\�_�j�l�b�d�Z�e�v�g�h�]�h �L�?�K 

�i�h �j�_�a�m�e�v�l�Z�l�Z�f �<�H�J�L (�[) �b GIM (�]�j�m�i�i�Z IGS) (�\) 
�\ �i�_�j�b�h�^ �k�i�h�d�h�c�g�u�o �]�_�h�f�Z�]�g�b�l�g�u�o �m�k�e�h�\�b�c 

04.04.2006 �\ 10:00 UT (�D�j = 2, Dst = 3, �:�j  = 7,5)

�?�s�_ �h�^�b�g �i�j�b�f�_�j �h�l�k�m�l�k�l�\�b�y �h�[�e�Z�k�l�_�c �i�h�\�u�r�_�g�g�h�c �w�e�_�d�l�j�h�g�g�h�c �d�h�g�p�_�g�l�j�Z�p�b�b 

�i�h �^�Z�g�g�u�f GIM �i�h�d�Z�a�Z�g �g�Z �j�b�k. 3. �G�Z �j�b�k. 3�Z �q�_�l�d�h �\�u�^�_�e�y�_�l�k�y �g�_�h�^�g�h�j�h�^�g�Z�y �h�[�e�Z�k�l�v 

�m�\�_�e�b�q�_�g�g�h�c �k�\�_�l�b�f�h�k�l�b �g�Z �r�b�j�h�l�Z�o 60!70°. �I�h �^�Z�g�g�u�f �<�H�J�L �\ �w�l�h�f �`�_ �j�_�]�b�h�g�_ �f�h�`�g�h 

�j�Z�a�e�b�q�b�l�v �]�j�m�i�i�m �e�h�d�Z�e�v�g�u�o �f�Z�d�k�b�f�m�f�h�\ �a�g�Z�q�_�g�b�c VTEC �d�Z�d �g�Z �d�Z�j�l�_ �^�e�y 21:00 UT, 

�l�Z�d �b �g�Z �d�Z�j�l�_ �^�e�y 22:00 UT (�j�b�k 3�[). �G�b�`�_ �h�[�e�Z�k�l�b �f�Z�d�k�b�f�m�f�h�\ �g�Z �h�[�_�b�o �d�Z�j�l�Z�o �j�Z�k-

�i�h�e�Z�]�Z�_�l�k�y �]�e�Z�\�g�u�c �b�h�g�h�k�n�_�j�g�u�c �i�j�h�\�Z�e, �b�f�_�x�s�b�c �^�h�k�l�Z�l�h�q�g�h �q�_�l�d�b�_ �]�j�Z�g�b�p�u. �F�h�`�g�h 

�h�l�f�_�l�b�l�v �k�f�_�s�_�g�b�_ �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o �g�_�h�^�g�h�j�h�^�g�h�k�l�_�c �k �l�_�q�_�g�b�_�f �\�j�_�f�_�g�b �g�Z �a�Z�i�Z�^, �\�u-

�a�\�Z�g�g�h�_ �\�j�Z�s�_�g�b�_�f �A�_�f�e�b. �>�Z�g�g�u�_ GIM �^�e�y �m�d�Z�a�Z�g�g�h�]�h �\�j�_�f�_�g�g�h�]�h �b�g�l�_�j�\�Z�e�Z �i�h�d�Z�a�Z�g�u 

�g�Z �j�b�k. 3�\. �< �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�c �h�[�e�Z�k�l�b �m�\�_�e�b�q�_�g�b�_ �w�e�_�d�l�j�h�g�g�h�c �d�h�g�p�_�g�l�j�Z�p�b�b �\�u�j�Z�`�_�g�h 

�g�_�y�\�g�h, �i�h�e�g�h�k�l�v�x �h�l�k�m�l�k�l�\�m�x�l �e�h�d�Z�e�v�g�u�_ �f�Z�d�k�b�f�m�f�u, �h�l�f�_�q�_�g�g�u�_ �d�Z�d �g�Z �^�Z�g�g�u�o GUVI, 

�l�Z�d �b �i�h �j�_�a�m�e�v�l�Z�l�Z�f �<�H�J�L. �=�e�Z�\�g�u�c �b�h�g�h�k�n�_�j�g�u�c �i�j�h�\�Z�e �\�b�^�_�g �g�Z �d�Z�j�l�_ GIM, �i�h�k�l�j�h�_�g-

�g�h�c �^�e�y 22:00 UT, �h�^�g�Z�d�h �k �]�h�j�Z�a�^�h �f�_�g�_�_ �q�_�l�d�b�f�b �]�j�Z�g�b�p�Z�f�b �b �f�_�g�v�r�b�f �]�j�Z�^�b�_�g�l�h�f. 

�Z)

�[)

�\)
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�L�Z�d�b�f �h�[�j�Z�a�h�f, �f�h�`�g�h �h�l�f�_�l�b�l�v, �q�l�h �<�H�J�L �^�Z�_�l �\�h�a�f�h�`�g�h�k�l�v �^�e�y �[�h�e�_�_ �^�_�l�Z�e�v�g�h�]�h �b�k-

�k�e�_�^�h�\�Z�g�b�y �k�l�j�m�d�l�m�j�u �b�h�g�h�k�n�_�j�u, �g�_�k�f�h�l�j�y �g�Z �j�_�]�m�e�y�j�g�h �a�Z�g�b�`�_�g�g�u�_ �i�h �k�j�Z�\�g�_�g�b�x 

�k �^�Z�g�g�u�f�b GIM �a�g�Z�q�_�g�b�y VTEC.

�?�s�_ �h�^�b�g �i�j�b�f�_�j �q�Z�k�l�b�q�g�h�]�h �\�h�k�k�l�Z�g�h�\�e�_�g�b�y �=�B�I �i�j�_�^�k�l�Z�\�e�_�g �g�Z �j�b�k. 4. �G�Z �^�Z�g�g�u�o 

GUVI �o�h�j�h�r�h �\�b�^�g�Z �g�b�`�g�y�y �]�j�Z�g�b�p�Z �Z�\�j�h�j�u �\ �h�[�e�Z�k�l�b �h�l !170° �a. � .̂ 60° �k. �r . �^�h !130° �a. � .̂ 

�^�h 50° �k. �r ., �q�l�h �o�h�j�h�r�h �d�h�j�j�_�e�b�j�m�_�l �k �\�_�j�o�g�_�c �]�j�Z�g�b�p�_�c �=�B�I �i�h �^�Z�g�g�u�f �<�H�J�L (�j�b�k. 4�[). 

�I�h �^�Z�g�g�u�f GIM (�j�b�k. 4�\) �\�_�j�o�g�y�y �]�j�Z�g�b�p�Z �i�j�h�\�Z�e�Z �k�f�_�r�_�g�Z �i�j�b�f�_�j�g�h �g�Z 20° �i�h �^�h�e�]�h�l�_ 

�g�Z �\�h�k�l�h�d �b �g�Z�q�b�g�Z�_�l�k�y �e�b�r�v �g�Z 150° �a. � .̂ �< �a�Z�i�Z�^�g�h�c �h�[�e�Z�k�l�b (170!160° �a. � .̂), �g�Z�i�j�h�l�b�\, 

�h�l�f�_�q�Z�_�l�k�y �k�m�s�_�k�l�\�_�g�g�h�_ �m�\�_�e�b�q�_�g�b�_ �w�e�_�d�l�j�h�g�g�h�c �d�h�g�p�_�g�l�j�Z�p�b�b. �D�j�h�f�_ �l�h�]�h, �\ �h�l�e�b�q�b�_ 

�h�l �^�Z�g�g�u�o GIM, �i�h �^�Z�g�g�u�f �<�H�J�L �f�h�`�g�h �j�Z�a�e�b�q�b�l�v �b �g�_�h�^�g�h�j�h�^�g�m�x �k�l�j�m�d�l�m�j�m �Z�\�j�h�j�u ! 

�g�Z�e�b�q�b�_ �e�h�d�Z�e�v�g�h�]�h �f�b�g�b�f�m�f�Z �\ �h�[�e�Z�k�l�b !140!130° �a. � .̂ 60!65° �k. �r . 

�J�b�k. 2. �B�g�l�_�g�k�b�\�g�h�k�l�v �k�\�_�q�_�g�b�y �i�h �^�Z�g�g�u�f GUVI (�\�_�j�k�b�y 3): 
�Z ! 08.04.2006 �\ 14:00-14:21 UT; �a�g�Z�q�_�g�b�y �\�_�j�l�b�d�Z�e�v�g�h�]�h �L�?�K 

�i�h �j�_�a�m�e�v�l�Z�l�Z�f �<�H�J�L (�[) �b GIM (�]�j�m�i�i�Z IGS) (�\) 
�\ �i�_�j�b�h�^ �g�Z�q�Z�e�Z �[�m�j�b 08.04.2006 �\ 14:00 UT 

(�D�j = 1, Dst = -10, �:�j  = 4)

�Z)

�[)

�\)
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�J�b�k. 4. �B�g�l�_�g�k�b�\�g�h�k�l�v �k�\�_�q�_�g�b�y �i�h �^�Z�g�g�u�f GUVI (�\�_�j�k�b�y 3 ): 
�Z ! 21.09.2006 �\ 20:58-21:19 UT; �a�g�Z�q�_�g�b�y �\�_�j�l�b�d�Z�e�v�g�h�]�h �L�?�K 

�i�h �j�_�a�m�e�v�l�Z�l�Z�f �<�H�J�L (�[) �b GIM (�]�j�m�i�i�Z IGS) (�\) �\ �\�h�a�f�m�s�_�g�g�u�c �i�_�j�b�h�^ 
23.09.2006 �\ 20:00!22:00 UT (�D�j = 5, Dst = 3, �:�j  = 48)

4. �<�u�\�h�^�u

�I�j�h�\�_�^�_�g�g�u�c �Z�g�Z�e�b�a �i�h�d�Z�a�Z�e, �q�l�h �r�b�j�h�l�g�h�_ �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�_ �j�Z�a�j�_�r�_�g�b�_ GIM 

�k�m�s�_�k�l�\�_�g�g�h �o�m�`�_ �a�Z�y�\�e�_�g�g�u�o 2,5°, �h�k�h�[�_�g�g�h �\ �i�_�j�b�h�^�u �i�h�\�u�r�_�g�g�h�c �k�h�e�g�_�q�g�h�c �Z�d�l�b�\�g�h-

�k�l�b. �A�g�Z�q�_�g�b�y V�L�?�K �i�h �^�Z�g�g�u�f GIM �k�b�e�v�g�h �k�]�e�Z�`�_�g�u �i�h �k�j�Z�\�g�_�g�b�x �k �j�_�a�m�e�v�l�Z�l�Z�f�b �<�H�J�L, 

�h�g�b �g�_ �f�h�]�m�l �h�l�j�Z�`�Z�l�v �k�e�h�`�g�u�_ �[�u�k�l�j�u�_ �i�j�h�p�_�k�k�u �i�_�j�_�k�l�j�h�c�d�b �b�h�g�h�k�n�_�j�u �g�Z �f�Z�k�r�l�Z�[�Z�o 

�f�_�g�_�_ 200 �d�f �b 2 �q�Z�k�h�\, �d�h�l�h�j�u�_ �i�j�h�b�k�o�h�^�y�l �\ �i�_�j�b�h�^�u �Z�\�j�h�j�Z�e�v�g�u�o �k�\�_�q�_�g�b�c �b �\�h �\�j�_�f�y 

�]�_�h�f�Z�]�g�b�l�g�u�o �[�m�j�v. �G�Z �d�Z�j�l�Z�o GIM �g�_�j�_�^�d�h �g�_ �i�j�h�y�\�e�y�x�l�k�y �k�l�j�m�d�l�m�j�u �k �j�Z�a�f�_�j�Z�f�b 5° 

�b �[�h�e�_�_ ! �f�h�]�m�l �h�l�k�m�l�k�l�\�h�\�Z�l�v �b�e�b �[�u�l�v �g�_�^�h�k�l�Z�l�h�q�g�h �q�_�l�d�h �h�i�j�_�^�_�e�_�g�u �l�Z�d�b�_ �k�l�j�m�d�l�m�j�u, 

�d�Z�d �]�e�Z�\�g�u�c �b�h�g�h�k�n�_�j�g�u�c �i�j�h�\�Z�e �b �h�[�e�Z�k�l�b �i�h�\�u�r�_�g�g�h�c �b�h�g�b�a�Z�p�b�b �\ �Z�\�j�h�j�Z�e�v�g�h�c �a�h�g�_. 

�I�j�b �w�l�h�f �i�h�^�h�[�g�u�_ �k�l�j�m�d�l�m�j�u �k �j�Z�a�f�_�j�Z�f�b �i�h�j�y�^�d�Z 2° �b �f�_�g�_�_ �j�_�]�b�k�l�j�b�j�m�x�l�k�y �f�_�l�h�^�h�f 

�<�H�J�L �b �o�h�j�h�r�h �\�b�^�g�u �\ �^�Z�g�g�u�o �M�N-�k�\�_�q�_�g�b�y. �H�l�k�x�^�Z �k�e�_�^�m�_�l, �q�l�h �i�j�b�f�_�g�y�l�v GIM, �\ �h�k�h-

�[�_�g�g�h�k�l�b �^�e�y �\�h�a�f�m�s�_�g�g�u�o �i�_�j�b�h�^�h�\, �b �i�h�e�m�q�Z�l�v �g�Z �w�l�h�c �h�k�g�h�\�_ �]�_�h�n�b�a�b�q�_�k�d�b�_ �j�_�a�m�e�v-

�l�Z�l�u �k�e�_�^�m�_�l �k �[�h�e�v�r�h�c �h�k�l�h�j�h�`�g�h�k�l�v�x. 

�Z)

�[)

�\)
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�;�e�Z�]�h�^�Z�j�g�h�k�l�b

�:�\�l�h�j�u �\�u�j�Z�`�Z�x�l �[�e�Z�]�h�^�Z�j�g�h�k�l�v The Aerospace Corporation �b The Johns Hopkins 

University �a�Z �^�Z�g�g�u�_ GUVI, �b�k�i�h�e�v�a�h�\�Z�g�g�u�_ �^�e�y �Z�g�Z�e�b�a�Z �k�h�k�l�h�y�g�b�y �b�h�g�h�k�n�_�j�u �b �\�a�y�l�u�_ �g�Z 

�k�Z�c�l�_ http://guvi.jhuapl.edu/guvi_home.html. �L�Z�d�`�_ �[�e�Z�]�h�^�Z�j�b�f �F�_�`�^�m�g�Z�j�h�^�g�m�x �k�e�m�`�[�m �]�e�h-

�[�Z�e�v�g�u�o �g�Z�\�b�]�Z�p�b�h�g�g�u�o �k�i�m�l�g�b�d�h�\�u�o �k�b�k�l�_�f (International GNSS Service, IGS) �a�Z �^�Z�g�g�u�_ 

GPS, �b�k�i�h�e�v�a�h�\�Z�g�g�u�_ �\ �j�Z�[�h�l�_. 
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Studying high-latitude ionosphere using UV-spectrometry, 
Global Ionospheric Maps and high-orbital radiotomograph y 
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In this work we present the results of the studies of high-latitude ionosphere using data of GUVI ultraviolet spectrom-
eter instrument, Global Ionospheric Maps and high-orbital radiotomography. We present comparison of the results 
obtained using these techniques for various geomagnetic conditions in the years 2003-2007. Our results show that 
spatial resolution of Global Ionospheric Maps is weaker than it is stated. Various ionospheric irregularities and wave 
structures with spatial dimensions of 10-15û which are distinctly observed in GUVI data and tomographic reconstruc-
tions may not be present on Global Ionospheric Maps. These circumstances should be taken into account while using 
GIMs for ionospheric studies, especially in disturbed geomagnetic conditions.

Keywords: ionosphere, radiotomography of the ionosphere, TEC, GIM, UV-spectrometry, GUVI.


