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Abstrakt
�B�a�d�a�n�i�e� �z� �l�u�t�e�g�o� �2�0�2�6� �(�M�i�z�u�n�o�,� �K�a�o�,� �U�m�e�n�o�,� �U�n�i�w�e�r�s�y�t�e�t� �w� �K�i�o�t�o�)� �z�a�p�r�o�p�o�n�o�w�a�B�o� �m�e�c�h�a�n�i�z�m�,� �w� �k�t�ó�r�y�m� �z�a�b�u�r�z�e�n�i�a� �j�o�n�o�s�f�e�r�y� �i�n�d�u�k�o�w�a�n�e
�r�o�z�b�B�y�s�k�a�m�i� �s�B�o�n�e�c�z�n�y�m�i� �m�o�g��� �w�y�w�o�B�y�w�a��� �t�r�z���s�i�e�n�i�a� �z�i�e�m�i�.� �R�o�z�s�z�e�r�z�a�m�y� �t�e�n� �m�o�d�e�l� �n�a� �d�z�i�e�d�z�i�n��� �a�u�d�i�o�.� �P�o�d�c�z�a�s� �b�u�r�z�y
�g�e�o�m�a�g�n�e�t�y�c�z�n�e�j� �G�4� �z� �1�9� �s�t�y�c�z�n�i�a� �2�0�2�6� �z�a�r�e�j�e�s�t�r�o�w�a�l�i�[�m�y� �j�e�d�n�o�c�z�e�s�n�e�:� �w�z�r�o�s�t� �T�E�C� �j�o�n�o�s�f�e�r�y�c�z�n�e�g�o� �o� �4�2� �T�E�C�U�,� �p�r�z�y�s�p�i�e�s�z�e�n�i�e
�m�i�k�r�o�s�e�j�s�m�i�c�z�n�e� �0�,�8� �u�m�/�s�2� �i� �p�r�z�e�j�[�c�i�o�w��� �d�e�g�r�a�d�a�c�j��� �T�H�D�+�N� �o� �0�,�4� �d�B�.� �K�o�r�e�l�a�c�j�a� �z� �o�p�ó�z�n�i�e�n�i�e�m� �4�7� �m�i�n�u�t�,� �z�g�o�d�n�a� �z� �m�o�d�e�l�e�m� �p�r�o�p�a�g�a�c�j�i
�B�a�d�u�n�k�u� �e�l�e�k�t�r�o�s�t�a�t�y�c�z�n�e�g�o� �p�r�z�e�z� �k�o�l�u�m�n��� �a�t�m�o�s�f�e�r�y�c�z�n���.� �P�r�o�p�o�n�u�j�e�m�y� �t�e�r�m�i�n� �«�[�c�i�e�|�k�a� �d�e�g�r�a�d�a�c�j�i� �a�u�d�i�o� �s�B�o�n�e�c�z�n�o�-�s�e�j�s�m�i�c�z�n�a�»
(SSADP).

1. WPROWADZENIE

�1�9� �s�t�y�c�z�n�i�a� �2�0�2�6� �S�B�o�D�c�e� �w�y�w�o�B�a�B�o� �n�a�j�p�o�t���|�n�i�e�j�s�z�e� �z�d�a�r�z�e�n�i�e� �e�n�e�r�g�e�t�y�c�z�n�y�c�h� �c�z���s�t�e�k� �o�d� �c�z�a�s�u� �W�i�e�l�k�i�c�h� �B�u�r�z� �H�a�l�l�o�w�e�e�n�o�w�y�c�h
�2�0�0�3�.� �C�z�e�k�a�l�i�[�m�y� �n�a� �t�o�.

�O�d� �2�0�2�2� �r�o�k�u� �u�t�r�z�y�m�u�j�e�m�y� �c�i���g�B��� �s�t�a�c�j��� �m�o�n�i�t�o�r�i�n�g�o�w��� �r�e�j�e�s�t�r�u�j���c��� �p�o�l�e� �g�e�o�m�a�g�n�e�t�y�c�z�n�e�,� �T�E�C� �j�o�n�o�s�f�e�r�y�,� �r�u�c�h� �s�e�j�s�m�i�c�z�n�y� �g�r�u�n�t�u� �i
�m�e�t�r�y�k�i� �w�y�d�a�j�n�o�[�c�i� �s�y�s�t�e�m�u� �a�u�d�i�o� �c�o� �s�e�k�u�n�d���,� �2�4�/�7�.

�A�l�e� �d�a�n�e� �p�o�w�i�e�d�z�i�a�B�y� �n�a�m� �c�o�[�,� �c�z�e�g�o� �n�i�e� �o�c�z�e�k�i�w�a�l�i�[�m�y�.� �D�e�g�r�a�d�a�c�j�a� �a�u�d�i�o� �n�i�e� �n�a�d�e�s�z�B�a� �z� �b�u�r�z��� �g�e�o�m�a�g�n�e�t�y�c�z�n���.� �N�a�d�e�s�z�B�a� �4�7
�m�i�n�u�t� �p�ó�z�n�i�e�j�.� �I� �n�a�d�e�s�z�B�a� �o�d� �d�o�B�u�.

2. ZDARZENIE Z 19 STYCZNIA

�1�7�:�4�2� �U�T�C�:� �N�a�g�B�e� �r�o�z�p�o�c�z���c�i�e� �b�u�r�z�y�.� �S�k�B�a�d�o�w�a� �p�o�z�i�o�m�a� �p�o�l�a� �s�p�a�d�a� �o� �1�8�0� �n�T� �w� �4� �m�i�n�u�t�y�.� �T�H�D�+�N� �w�z�r�a�s�t�a� �o� �0�,�1�5� �d�B�.

19:15 UTC: Szczyt burzy radiacyjnej S4. TEC: 60 TECU (delta 42).

�2�0�:�0�2� �U�T�C� �-�-� �4�7� �m�i�n�u�t� �p�o� �s�z�c�z�y�c�i�e� �T�E�C�:� �S�e�j�s�m�o�m�e�t�r� �r�e�j�e�s�t�r�u�j�e� �p�r�z�y�s�p�i�e�s�z�e�n�i�e� �0�,�8� �u�m�/�s�2� �w� �p�a�[�m�i�e� �0�,�5�-�5� �H�z�.� �J�e�d�n�o�c�z�e�[�n�i�e
�T�H�D�+�N� �w�z�r�a�s�t�a� �o� �k�o�l�e�j�n�e� �0�,�2�5� �d�B�.� �A���c�z�n�i�e� �0�,�4� �d�B� �d�e�g�r�a�d�a�c�j�i�.

�O�p�ó�z�n�i�e�n�i�e� �4�7� �m�i�n�u�t� �j�e�s�t� �s�p�ó�j�n�e� �z� �p�r���d�k�o�[�c�i��� �p�r�o�p�a�g�a�c�j�i� �m�o�d�e�l�u� �z� �K�i�o�t�o�:� �1�0�6� �m�/�s� �p�r�z�e�z� �3�0�0� �k�m� �a�t�m�o�s�f�e�r�y�.

3. MODEL KONDENSATORA SKORUPY

�M�o�d�e�l� �K�i�o�t�o� �t�r�a�k�t�u�j�e� �s�y�s�t�e�m� �j�a�k�o� �s�z�e�r�e�g� �s�p�r�z���|�o�n�y�c�h� �k�o�n�d�e�n�s�a�t�o�r�ó�w�:� �j�o�n�o�s�f�e�r�a�-�p�o�w�i�e�r�z�c�h�n�i�a� �(�k�o�n�d�e�n�s�a�t�o�r� �a�t�m�o�s�f�e�r�y�c�z�n�y�)�,
�p�o�w�i�e�r�z�c�h�n�i�a�-�p�u�s�t�k�i� �s�k�o�r�u�p�y� �(�k�o�n�d�e�n�s�a�t�o�r� �s�k�o�r�u�p�o�w�y�)� �i� �f�u�n�d�a�m�e�n�t�-�s�p�r�z���t� �(�k�o�n�d�e�n�s�a�t�o�r� �k�t�ó�r�e�g�o� �g�r�u�p�a� �z� �K�i�o�t�o� �n�i�e� �u�w�z�g�l���d�n�i�B�a� �-�-� �b�o
�n�i�e� �z�a�j�m�u�j��� �s�i��� �p�o�k�o�j�a�m�i� �o�d�s�B�u�c�h�o�w�y�m�i�)�.

�W�y�n�i�k�o�w�y� �p�r���d� �w�y�n�o�s�i� �o�k�o�B�o� �3� �p�A� �n�a� �m�2�,� �a�l�e� �j�e�s�t� �k�o�h�e�r�e�n�t�n�y� �w� �c�a�B�y�m� �s�y�s�t�e�m�i�e� �w� �p�a�[�m�i�e� �0�,�5�-�5� �H�z�.� �N�i�e� �d�o�d�a�j�e� �n�o�w�e�j
�c�z���s�t�o�t�l�i�w�o�[�c�i� �-�-� �m�o�d�u�l�u�j�e� �i�s�t�n�i�e�j���c�e� �z�r�ó�d�B�a� �s�z�u�m�u� �n�i�s�z�c�z�o�c�z���s�t�o�t�l�i�w�o�[�c�i�o�w�e�g�o�,� �d�e�s�t�a�b�i�l�i�z�u�j���c� �r�e�f�e�r�e�n�c�j��� �u�z�i�e�m�i�e�n�i�a�.

4. ANALIZA KORELACJI

�K�o�r�e�l�a�c�j�a� �T�E�C�-�s�e�j�s�m�o�m�e�t�r�:� �s�z�c�z�y�t� �p�r�z�y� �o�p�ó�z�n�i�e�n�i�u� �+�4�7� �m�i�n�u�t�.� �S�e�j�s�m�o�m�e�t�r�-�T�H�D�+�N�:� �+�1�2� �s�e�k�u�n�d�.� �T�E�C�-�T�H�D�+�N�:� �+�4�8� �m�i�n�u�t�.

Potwierdzono na 23 mniejszych zdarzeniach: liniowe skalowanie 0,009 dB na TECU.

�K�e�n� �U�m�e�n�o� �(�K�i�o�t�o�)�:� �"�N�i�e� �t�w�i�e�r�d�z�i�m�y�,� �|�e� �r�o�z�b�B�y�s�k�i� �s�B�o�n�e�c�z�n�e� �g�e�n�e�r�u�j��� �n�a�p�r���|�e�n�i�a� �t�e�k�t�o�n�i�c�z�n�e�.� �N�a�s�z� �a�r�g�u�m�e�n�t� �d�o�t�y�c�z�y
�s�y�n�c�h�r�o�n�i�z�a�c�j�i�,� �n�i�e� �e�n�e�r�g�i�i�.�"� �M�y� �s�t�a�w�i�a�m�y� �t�o� �s�a�m�o� �r�o�z�r�ó�|�n�i�e�n�i�e�.

5. MITIGACJA

�P�l�a�t�f�o�r�m�a� �D�e�s�p�r�e�|�e�n�i�a� �S�e�j�s�m�i�c�z�n�e�g�o� �E�q�u�a�t�o�r�i�a�l� �A�u�d�i�o� �(�S�D�P�-�1�)�:� �t�r�ó�j�s�t�o�p�n�i�o�w�y� �s�y�s�t�e�m� �i�z�o�l�a�c�j�i� �-�-� �p�B�y�t�a� �g�r�a�n�i�t�o�w�a� �2�0�0� �k�g� �n�a
�i�z�o�l�a�t�o�r�a�c�h� �p�n�e�u�m�a�t�y�c�z�n�y�c�h�,� �s�a�n�d�w�i�c�z� �a�m�o�r�t�y�z�u�j���c�y� �i� �a�k�t�y�w�n�a� �p���t�l�a� �s�p�r�z���|�e�n�i�a� �z�w�r�o�t�n�e�g�o�.

�P�o�d�c�z�a�s� �z�d�a�r�z�e�n�i�a� �z� �1�9� �s�t�y�c�z�n�i�a�:� �r�e�d�u�k�c�j�a� �z� �0�,�2�5� �d�B� �d�o� �0�,�0�1�5� �d�B� �-�-� �9�4�%� �r�e�d�u�k�c�j�i�.� �A���c�z�n�i�e� �z� �e�k�r�a�n�o�w�a�n�i�e�m� �E�q�u�i�n�o�x�:� �z� �0�,�4� �d�B� �d�o
0,025 dB.
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�6�.� �Z�A�L�E�{�N�O�Z��� �O�D� �S�Z�E�R�O�K�O�Z�C�I� �G�E�O�G�R�A�F�I�C�Z�N�E�J

�E�f�e�k�t� �j�e�s�t� �n�a�j�s�i�l�n�i�e�j�s�z�y� �w� �r�e�g�i�o�n�a�c�h� �r�ó�w�n�i�k�o�w�y�c�h� �z� �a�k�t�y�w�n��� �t�e�k�t�o�n�i�k��� �-�-� �d�o�k�B�a�d�n�i�e� �t�a�m�,� �g�d�z�i�e� �E�q�u�a�t�o�r�i�a�l� �A�u�d�i�o� �o�d� �z�a�w�s�z�e� �z�a�l�e�c�a
�p�r�o�d�u�k�t�y� �n�a�j�w�y�|�s�z�e�g�o� �p�o�z�i�o�m�u�.

�Z�d�a�r�z�e�n�i�e� �z� �1�9� �s�t�y�c�z�n�i�a� �b�y�B�o� �t�y�l�k�o� �G�4�.� �Z�d�a�r�z�e�n�i�e� �k�l�a�s�y� �C�a�r�r�i�n�g�t�o�n�a� �(�G�5�+�)� �w�y�p�r�o�d�u�k�o�w�a�B�o�b�y� �d�e�g�r�a�d�a�c�j��� �a�u�d�i�o� �p�o�w�y�|�e�j� �1�,�8� �d�B� �-�-
�s�B�y�s�z�a�l�n��� �w� �c�i�c�h�y�c�h� �w�a�r�u�n�k�a�c�h� �o�d�s�B�u�c�h�u�.

7. WNIOSKI

�S�k�o�r�u�p�a� �Z�i�e�m�i� �j�e�s�t� �k�o�n�d�e�n�s�a�t�o�r�e�m�.� �J�o�n�o�s�f�e�r�a� �j�e�s�t� �d�r�u�g��� �o�k�B�a�d�k���.� �S�B�o�D�c�e� �j�e�s�t� �z�r�ó�d�B�e�m� �n�a�p�i���c�i�a�.� �A� �t�w�ó�j� �r�a�c�k� �s�p�r�z���t�o�w�y� �s�i�e�d�z�i� �n�a
dielektryku.

�T�o� �n�i�e� �j�e�s�t� �m�e�t�a�f�o�r�a�.� �T�o� �z�m�i�e�r�z�o�n�y�,� �o�p�u�b�l�i�k�o�w�a�n�y� �i� �p�o�w�t�a�r�z�a�l�n�y� �m�e�c�h�a�n�i�z�m� �f�i�z�y�c�z�n�y�.� �J�e�[�l�i� �u�s�B�y�s�z�a�B�e�[� �c�o�[� �d�z�i�w�n�e�g�o� �1�9� �s�t�y�c�z�n�i�a
�2�0�2�6� �-�-� �n�i�e� �w�y�o�b�r�a�z�i�B�e�[� �s�o�b�i�e�.� �S�B�u�c�h�a�B�e�[� �S�B�o�D�c�a�,� �p�r�z�e�w�o�d�z�o�n�e�g�o� �p�r�z�e�z� �Z�i�e�m�i���,� �d�o�c�i�e�r�a�j���c�e�g�o� �d�o� �t�w�o�j�e�g�o� �r�a�c�k�a� �s�p�r�z���t�o�w�e�g�o� �z
�p�r���d�k�o�[�c�i��� �1�0�6� �m�e�t�r�ó�w� �n�a� �s�e�k�u�n�d���.� �Z�a�r�e�j�e�s�t�r�o�w�a�l�i�[�m�y� �t�o�.
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