

















































































































































































































































































































	ï¿½ï¿½�S�P�I�S� �T�R�E�Z�C�I
	ï¿½ï¿½�S�P�I�S� �W�A�{�N�I�E�J�S�Z�Y�C�H� �O�Z�N�A�C�Z�E�C
	ï¿½ï¿½�1�.� �W�S�T�˘�P
	ï¿½ï¿½�1�.�1�.� �D�e�f�i�n�i�c�j�a� �s�u�p�e�r�m�a�n�e�w�r�o�w�o�[�c�i
	ï¿½ï¿½�1�.�2�.�  ˚�W�e�k�t�o�r�o�w�a�n�i�e� �c�i���g�u ˛�  �� �m�e�t�o�d�y� �i� �r�o�z�w�i���z�a�n�i�a� �k�o�n�s�t�r�u�k�c�y�j�n�e
	1.3. Teza i cel pracy

	2. MODELOWANIE DYNAMIKI LOTU SAMOLOTU SUPERMANEWROWEGO
	2.1. Zasady budowy modeli fizycznych i matematycznych samolotï¿½w
	2.2. Model fizyczny samolotu
	2.3. Ukï¿½ady odniesienia i ich transformacje
	2.3.1. Zastosowane konwencje
	2.3.2. Ukï¿½ady odniesienia stosowane do opisu lotu samolotu
	ï¿½ï¿½�2�.�3�.�3�.� �T�r�a�n�s�f�o�r�m�a�c�j�e� �u�k�B�a�d�ï¿½�w� �w�s�p�ï¿½�B�r�z�ˇ�d�n�y�c�h
	ï¿½ï¿½�2�.�3�.�4�.� �Z�w�i���z�k�i� �k�i�n�e�m�a�t�y�c�z�n�e
	2.3.5. Parametry Eulera - Rodriguesa


	3. Rï¿½WNANIA RUCHU SAMOLOTU
	ï¿½ï¿½�3�.�1�.� �S�i�B�y� �i� �m�o�m�e�n�t�y� �s�i�B� �z�e�w�n�ˇ�t�r�z�n�y�c�h� �d�z�i�a�B�a�j���c�y�c�h� �n�a� �s�a�m�o�l�o�t
	ï¿½ï¿½�3�.�2�.� �M�o�d�e�l�o�w�a�n�i�e� �n�i�e�s�t�a�c�j�o�n�a�r�n�y�c�h� �o�b�c�i���|�e�D� �a�e�r�o�d�y�n�a�m�i�c�z�n�y�c�h� �j�a�k�o� �f�u�n�k�c�j�i� �z�m�i�e�n�n�y�c�h� �s�t�a�n�u
	3.3. Rï¿½wnania ruchu samolotu

	4. MODELOWANIE MODULARNE RUCHU SAMOLOTU
	ï¿½ï¿½�4�.�1�.� �W�s�t�ˇ�p
	4.2. Zasady modularnej metody symulacji ruchu samolotu
	ï¿½ï¿½�4�.�3�.� �Z�a�s�a�d�y� �b�u�d�o�w�y� �l�o�g�i�c�z�n�e�j� �s�i�e�c�i� �d�z�i�a�B�a�D� �p�r�o�g�r�a�m�u� �s�y�m�u�l�a�c�j�i� �d�y�n�a�m�i�k�i� �l�o�t�u
	4.4. Model matematyczny systemu czï¿½owiek- samolot
	4.4.1. Samolot
	4.4.2. Model pilota
	4.4.3. Modele ukï¿½adï¿½w wykonawczych sterowania: odchyleniem, przechyleniemi pochyleniem
	ï¿½ï¿½�4�.�4�.�4�.� �N�a�p�ˇ�d� �j�a�k�o� �u�k�B�a�d� �w�y�k�o�n�a�w�c�z�y� �s�t�e�r�o�w�a�n�i�a� �[�1�5�0�]

	ï¿½ï¿½�4�.�5�.� �M�o�m�e�n�t�y� �p�o�c�h�o�d�z���c�e� �o�d� �s�i�l�n�i�k�a
	4.6. Samolot jako obiekt sterowania
	ï¿½ï¿½�4�.�7�.� �L�o�g�i�c�z�n�a� �s�i�e��� �d�z�i�a�B�a�D� �p�r�o�g�r�a�m�u� �s�y�m�u�l�a�c�j�i� �r�u�c�h�u� �s�a�m�o�l�o�t�u
	4.8. Weryfikacja modelu symulacyjnego samolotu F-16

	5. ZASTOSOWANIE TEORII UKï¿½ADï¿½W DYNAMICZNYCH W BADANIACH DYNAMIKI LOTU SAMOLOTï¿½W SUPERMANEWROWYCH
	ï¿½ï¿½�5�.�1�.� �S�u�p�e�r�m�a�n�e�w�r�o�w�o�[��� �i� �m�e�t�o�d�y�k�a� �b�a�d�a�D� �t�r�a�n�s�g�r�e�s�y�j�n�y�c�h
	ï¿½ï¿½�5�.�2�.� �P�o�d�s�t�a�w�o�w�e� �p�o�j�ˇ�c�i�a� �s�t�a�t�e�c�z�n�o�[�c�i� �r�u�c�h�u
	ï¿½ï¿½�5�.�3�.� �L�i�n�e�a�r�y�z�a�c�j�a� �r�ï¿½�w�n�a�D� �r�u�c�h�u� �w�z�g�l�ˇ�d�e�m� �m�a�B�y�c�h� �z�a�b�u�r�z�e�D� �l�o�t�u� �u�s�t�a�l�o�n�e�g�o� �[�9�2�]
	ï¿½ï¿½�5�.�4�.� �G�l�o�b�a�l�n�a� �a�n�a�l�i�z�a� �s�t�a�t�e�c�z�n�o�[�c�i� �p�o�B�o�|�e�D� �r�ï¿½�w�n�o�w�a�g�i� �s�a�m�o�l�o�t�u
	5.4.1. Numeryczne metody teorii bifurkacji
	ï¿½ï¿½�5�.�4�.�2�.� �M�e�t�o�d�y�k�a� �b�a�d�a�D� �b�i�f�u�r�k�a�c�y�j�n�y�c�h� �n�i�e�l�i�n�i�o�w�y�c�h� �z�a�g�a�d�n�i�e�D� �d�y�n�a�m�i�k�i� �l�o�t�u
	5.4.3. Bifurkacyjna analiza granicznych stanï¿½w lotu


	ï¿½ï¿½�6�.� �P�R�Z�Y�K�A�A�D�Y� �Z�A�S�T�O�S�O�W�A�C� �T�E�O�R�I�I� �B�I�F�U�R�K�A�C�J�I� �D�O� �A�N�A�L�I�Z�Y� �P�R�O�B�L�E�M�ï¿½�W� �N�I�E�L�I�N�I�O�W�E�J� �D�Y�N�A�M�I�K�I� �L�O�T�U� �S�A�M�O�L�O�T�ï¿½�W� �S�U�P�E�R�M�A�N�E�W�R�O�W�Y�C�H
	6.1. Bifurkacyjna analiza oscylacji typu ï¿½wing rockï¿½
	6.2. Bifurkacyjna analiza manewru Kobra
	ï¿½ï¿½�6�.�3�.� �B�i�f�u�r�k�a�c�y�j�n�a� �a�n�a�l�i�z�a� �k�o�r�k�o�c�i���g�u

	7. PODSUMOWANIE
	BIBLIOGRAFIA
	ï¿½ï¿½�Z�A�A���C�Z�N�I�K� �1�.� �P�o�d�s�t�a�w�o�w�e� �p�o�j�ˇ�c�i�a� �t�e�o�r�i�i� �b�i�f�u�r�k�a�c�j�i
	ï¿½ï¿½�Z�A�A���C�Z�N�I�K� �2�.� �S�c�h�e�m�a�t� �k�o�n�s�t�r�u�k�c�y�j�n�y�,� �d�a�n�e� �g�e�o�m�e�t�r�y�c�z�n�e� �i� �m�a�s�o�w�e� �s�a�m�o�l�o�t�u� �F�-�1�6
	ï¿½ï¿½�Z�A�A���C�Z�N�I�K� �3�.� �W�s�p�ï¿½�B�c�z�y�n�n�i�k�i� �a�e�r�o�d�y�n�a�m�i�c�z�n�e� �s�a�m�o�l�o�t�u� �F�-�1�6
	ï¿½ï¿½�Z�A�A���C�Z�N�I�K� �4�.� �K�o�d� �z�r�ï¿½�d�B�o�w�y� �(�w� �F�O�R�T�R�A�N�I�E�)� �p�r�o�g�r�a�m�ï¿½�w� �s�y�m�u�l�a�c�y�j�n�y�c�h� �d�y�n�a�m�i�k�i� �l�o�t�u� �s�a�m�o�l�o�t�u� �F�-�1�6

