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�d�Z�y�� �a�Z�f�_�g�Z�� �i�j�b�\�_�^�_�l�� �d�� �a�g�Z�q�b�l�_�e�v�g�h�f�m�� �k�g�b�`�_�g�b�x��
�\�_�k�Z���� �a�g�Z�q�b�l�_�e�v�g�h�c�� �w�d�h�g�h�f�b�b�� �k�l�h�b�f�h�k�l�b�� �`�b�a�g�_�g��
�g�h�]�h  �p�b�d�e�Z��   �f�_�g�v�r�_�f�m  �\�h�a�^�_�c�k�l�\�b�x  �g�Z  �h�d�j�m�`�Z�x- 
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# �B�k�k�e�_�^�h�\�Z�g�b�_���q�Z�k�l�b�q�g�h���\�u�i�h�e�g�_�g�h���a�Z���k�q�_�l���]�j�Z�g�l�Z���J�h�k�k�b�c�k�d�h��
�]�h���g�Z�m�q�g�h�]�h���n�h�g�^�Z�����i�j�h�_�d�l���‹������-19-00464).  

�s�m�x�� �k�j�_�^�m�� �b�� �i�h�\�u�r�_�g�b�x�� �g�Z�^�_�`�g�h�k�l�b�� �e�_�l�Z�l�_�e�v�g�h��
�]�h���Z�i�i�Z�j�Z�l�Z�����E�:������ �B�k�i�h�e�v�a�h�\�Z�g�b�_���W�I�E�:���k�l�Z�g�h�\�b�l��
�k�y�� �\�k�_�� �[�h�e�_�_�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�u�f���� �g�h�� �b�o�� �r�b�j�h�d�h�_��
�i�j�b�f�_�g�_�g�b�_���a�Z�f�_�^�e�y�_�l�k�y���b�a-�a�Z���h�]�j�Z�g�b�q�_�g�g�h�]�h���h�i�u��
�l�Z�� �k�� �l�h�q�d�b�� �a�j�_�g�b�y�� �[�_�a�h�i�Z�k�g�h�k�l�b�� �b�� �g�Z�^�_�`�g�h�k�l�b�� �b�� �\��
�g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �\�� �h�k�g�h�\�g�h�f�� �h�]�j�Z�g�b�q�b�\�Z�_�l�k�y�� �k�b��
�k�l�_�f�Z�f�b���� �g�_�d�j�b�l�b�q�g�u�f�b�� �^�e�y�� �[�_�a�h�i�Z�k�g�h�k�l�b���� �<�Z�`�g�h��
�h�p�_�g�b�l�v�� �i�h�k�e�_�^�k�l�\�b�y�� �a�Z�f�_�g�u�� �]�b�^�j�Z�\�e�b�q�_�k�d�h�c�� �i�h�^��
�k�b�k�l�_�f�u�� �_�_�� �w�e�_�d�l�j�b�q�_�k�d�h�c�� �Z�e�v�l�_�j�g�Z�l�b�\�h�c�� �k�� �l�h�q�d�b��
�a�j�_�g�b�y���b�k�i�h�e�v�a�h�\�Z�g�b�y�����j�_�Z�e�b�a�Z�p�b�b�����f�h�g�b�l�h�j�b�g�]�Z�����Z��
�l�Z�d�`�_�� �g�Z�^�_�`�g�h�k�l�b�� �b�� �[�_�a�h�i�Z�k�g�h�k�l�b�� �h�[�h�j�m�^�h�\�Z�g�b�y����
�<�h�a�g�b�d�Z�x�l�� �i�j�h�[�e�_�f�u���� �d�h�l�h�j�u�_�� �f�_�g�_�_�� �\�Z�`�g�u�� �^�e�y��
�]�b�^�j�Z�\�e�b�q�_�k�d�b�o�� �i�j�b�\�h�^�h�\���� �l�Z�d�b�_�� �d�Z�d�� �w�e�_�d�l�j�h�f�Z�]��
�g�b�l�g�Z�y�� �k�h�\�f�_�k�l�b�f�h�k�l�v���� �f�_�o�Z�g�b�q�_�k�d�h�_�� �a�Z�d�e�b�g�b�\�Z��
�g�b�_���b���i�j�h�[�e�_�f�u���k���i�_�j�_�]�j�_�\�h�f���b�a-�a�Z���\�u�k�h�d�b�o���l�h�d�h�\��
[3]. �>�e�y�� �i�h�^�^�_�j�`�d�b�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �W�I�E�:�� �g�_�h�[�o�h��
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�^�b�f�u�� �g�Z�^�_�`�g�u�_�� �i�j�h�]�g�h�k�l�b�q�_�k�d�b�_�� �b�g�k�l�j�m�f�_�g�l�u����
�h�[�_�k�i�_�q�b�\�Z�x�s�b�_�� �l�h�q�g�m�x�� �h�p�_�g�d�m�� �b�o�� �n�Z�d�l�b�q�_�k�d�h�]�h��
�k�h�k�l�h�y�g�b�y�� �b�� �h�k�l�Z�\�r�_�]�h�k�y�� �k�j�h�d�Z�� �i�h�e�_�a�g�h�]�h�� �b�k�i�h�e�v��
�a�h�\�Z�g�b�y�����H�[�s�b�c���h�[�a�h�j���W�I�E�:�����Z���l�Z�d�`�_���k�\�y�a�Z�g�g�u�o���k��
�g�b�f�b���\�h�a�f�h�`�g�h�k�l�_�c���b���i�j�h�[�e�_�f���i�j�b�\�h�^�b�l�k�y���\ �j�Z�[�h��
�l�Z�o [4, 5]. 

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

�N�m�g�^�Z�f�_�g�l�Z�e�v�g�u�f�� �b�g�k�l�j�m�f�_�g�l�h�f�� �j�Z�g�g�_�]�h�� �\�u��
�y�\�e�_�g�b�y�� �g�_�b�k�i�j�Z�\�g�h�k�l�_�c�� �W�I�E�:�� �k�l�Z�g�h�\�y�l�k�y���b�g�g�h��
�\�Z�p�b�h�g�g�u�_�� �f�_�l�h�^�h�e�h�]�b�b�� �i�j�h�]�g�h�a�b�j�h�\�Z�g�b�y�� �b�� �^�b�Z��
�]�g�h�k�l�b�d�b���� �\�� �h�k�g�h�\�_�� �d�h�l�h�j�u�o�� �e�_�`�b�l�� �q�b�k�e�_�g�g�h�_�� �f�h��
�^�_�e�b�j�h�\�Z�g�b�_���� �K�b�k�l�_�f�u�� �i�j�h�]�g�h�a�b�j�h�\�Z�g�b�y�� �b�� �m�i�j�Z�\��
�e�_�g�b�y�� �j�Z�[�h�l�h�k�i�h�k�h�[�g�h�k�l�v�x�� ���Z�g�]�e����Prognostics and 
Health Management, PHM) �± �w�l�h�� �h�l�g�h�k�b�l�_�e�v�g�h�� �g�h��
�\�Z�y�� �h�[�e�Z�k�l�v�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �^�e�y�� �^�b�Z�]�g�h�k�l�b�d�b�� �l�_�d�m��
�s�_�]�h�� �l�_�o�g�b�q�_�k�d�h�]�h�� �k�h�k�l�h�y�g�b�y�� �b�� �i�j�h�]�g�h�a�b�j�h�\�Z�g�b�y��
�\�j�_�f�_�g�b���h�l�d�Z�a�Z���b���h�k�l�Z�\�r�_�]�h�k�y���k�j�h�d�Z���i�h�e�_�a�g�h�]�h���b�k��
�i�h�e�v�a�h�\�Z�g�b�y�� �k�b�k�l�_�f�u�� �b�e�b�� �d�h�f�i�h�g�_�g�l�Z�� �g�Z�� �h�k�g�h�\�_��
�i�h�k�l�m�i�Z�x�s�b�o�� �h�l�� �g�b�o�� �k�b�]�g�Z�e�h�\�� �>���@���� �L�Z�d�b�_�� �k�b�k�l�_�f�u��
�i�h�a�\�h�e�y�x�l�� �a�Z�i�e�Z�g�b�j�h�\�Z�l�v�� �l�_�o�g�b�q�_�k�d�h�_�� �h�[�k�e�m�`�b�\�Z��
�g�b�_�� �^�e�y�� �h�[�_�k�i�_�q�_�g�b�y�� �[�_�a�h�l�d�Z�a�g�h�]�h�� �n�m�g�d�p�b�h�g�b�j�h��
�\�Z�g�b�y�� �k�b�k�l�_�f�u�� �g�Z�� �h�k�g�h�\�_�� �g�Z�[�h�j�Z�� �q�b�k�e�_�g�g�u�o�� �f�h�^�_��
�e�_�c���� �d�h�l�h�j�u�_�� �^�h�e�`�g�u�� �[�u�l�v�� �i�j�Z�\�b�e�v�g�h�� �g�Z�k�l�j�h�_�g�u��
�^�e�y�� �\�h�k�i�j�h�b�a�\�_�^�_�g�b�y�� �i�h�\�_�^�_�g�b�y�� �W�I�E�:�� �k�� �l�h�q�d�b��
�a�j�_�g�b�y�� �k�l�Z�l�b�q�_�k�d�h�c�� �b�� �^�b�g�Z�f�b�q�_�k�d�h�c�� �j�_�Z�d�p�b�b��
���g�Z�i�j�b�f�_�j���� �l�h�d�h�\���� �g�Z�i�j�y�`�_�g�b�c���� �k�d�h�j�h�k�l�b���� �i�h�e�h�`�_��
�g�b�y���b���l�� �^�������>��, 8�@�����K���w�l�h�c���p�_�e�v�x���^�h�e�`�g�h���[�u�l�v���h�[�_�k��
�i�_�q�_�g�h�� �f�h�^�_�e�b�j�h�\�Z�g�b�_�� �j�Z�[�h�l�u�� �W�I�E�:�� �\�� �g�h�j�f�Z�e�v��
�g�u�o���m�k�e�h�\�b�y�o�����Z���l�Z�d�`�_���i�j�b���g�Z�e�b�q�b�b���a�Z�j�h�`�^�Z�x�s�b�o��
�k�y�� �g�_�b�k�i�j�Z�\�g�h�k�l�_�c���� �J�_�a�m�e�v�l�Z�l�u���� �l�_�g�^�_�g�p�b�b���� �a�g�Z�q�_��
�g�b�y���b���i�j�h�]�g�h�a�u���f�h�^�_�e�b���\���p�_�e�h�f���^�h�e�`�g�u���[�u�l�v���l�s�Z��
�l�_�e�v�g�h�� �i�j�h�\�_�j�_�g�u�� �g�Z�� �h�k�g�h�\�_ �i�h�^�j�h�[�g�u�o�� �b�� �h�[�r�b�j��
�g�u�o�� �g�Z�[�h�j�h�\�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o�� �^�Z�g�g�u�o���� �R�b�j�h�d�h��
�j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�u�f�� �f�_�l�h�^�h�f���� �i�j�b�f�_�g�y�_�f�u�f �\�� �l�_�o��
�b�g�`�_�g�_�j�g�u�o�� �i�j�b�e�h�`�_�g�b�y�o���� �d�h�l�h�j�u�_�� �\�d�e�x�q�Z�x�l��
�j�Z�a�j�Z�[�h�l�d�m�� �g�h�\�u�o�� �f�h�^�_�e�_�c�� �^�e�y�� �f�h�g�b�l�h�j�b�g�]�Z�� �b��
�m�i�j�Z�\�e�_�g�b�y���� �y�\�e�y�_�l�k�y�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y�� �i�j�h�\�_�j�d�Z��
�f�h�^�_�e�_�c���g�Z���b�k�i�u�l�Z�l�_�e�v�g�u�o���k�l�_�g�^�Z�o [9]. 

�I�j�b�� �^�b�Z�]�g�h�k�l�b�d�_�� �g�_�b�k�i�j�Z�\�g�h�k�l�_�c�� �W�I�E�:���i�j�b��
�f�_�g�y�x�l�k�y �f�_�l�h�^�u�� �h�[�j�Z�[�h�l�d�b�� �k�b�]�g�Z�e�h�\�� �b�� �k�l�Z�l�b�k�l�b��
�q�_�k�d�b�_�� �b�g�k�l�j�m�f�_�g�l�u�� �k�� �j�Z�a�e�b�q�g�u�f�b�� �l�b�i�Z�f�b�� �^�Z�l�q�b��
�d�h�\���� �[�u�k�l�j�h�_�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�_�� �N�m�j�v�_���� �q�Z�k�l�h�l�g�u�c��
�Z�g�Z�e�b�a�� �\�b�[�j�Z�p�b�c���� �q�Z�k�l�h�l�g�h-�\�j�_�f�_�g�g�h�c�� �Z�g�Z�e�b�a�� �>�����±
�����@���� �H�^�g�Z�d�h�� �i�j�b�f�_�g�_�g�b�_�� �w�l�b�o�� �f�_�l�h�^�h�\�� �f�h�`�_�l�� �a�Z��
�g�y�l�v�� �f�g�h�]�h�� �\�j�_�f�_�g�b���� �[�u�l�v�� �l�j�m�^�h�_�f�d�b�f�� �b�� �g�_�g�Z�^�_�`��
�g�u�f�����<���i�h�k�e�_�^�g�b�_���]�h�^�u���j�Z�a�\�b�\�Z�_�l�k�y���g�h�\�u�c���i�h�^�o�h�^��
�d�� �Z�\�l�h�f�Z�l�b�a�Z�p�b�b�� �^�b�Z�]�g�h�k�l�b�d�b�� �b�� �i�j�h�]�g�h�a�b�j�h�\�Z�g�b�x��

�g�_�b�k�i�j�Z�\�g�h�k�l�_�c�� �g�Z�� �h�k�g�h�\�_�� �f�_�l�h�^�h�\�� �]�e�m�[�h�d�h�]�h�� �h�[�m��
�q�_�g�b�y�� �^�e�y�� �d�e�Z�k�k�b�n�b�d�Z�p�b�b�� �j�Z�a�e�b�q�g�u�o�� �k�h�k�l�h�y�g�b�c��
�W�I�E�:�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �j�Z�a�e�b�q�g�u�o�� �\�b�^�h�\��
�g�_�c�j�h�g�g�u�o�� �k�_�l�_�c���� �l�Z�d�b�o�� �d�Z�d�� �Z�\�l�h�w�g�d�h�^�_�j�� �k�� �r�m�f�h��
�i�h�^�Z�\�e�_�g�b�_�f���� �k�_�l�v�� �]�e�m�[�h�d�h�]�h�� �^�h�\�_�j�b�y���� �k�\�_�j�l�h�q�g�u�_��
�g�_�c�j�h�g�g�u�_�� �k�_�l�b���� �<�� �h�l�e�b�q�b�_�� �h�l�� �l�j�Z�^�b�p�b�h�g�g�u�o�� �f�_��
�l�h�^�h�\���� �k�� �i�h�f�h�s�v�x�� �f�_�l�h�^�h�\ �]�e�m�[�h�d�h�]�h�� �h�[�m�q�_�g�b�y��
�f�h�`�g�h�� �b�a�\�e�_�d�Z�l�v�� �w�n�n�_�d�l�b�\�g�u�_�� �i�j�b�a�g�Z�d�b�� �g�_�b�k��
�i�j�Z�\�g�h�k�l�_�c�� �i�j�y�f�h�� �b�a�� �k�b�]�g�Z�e�h�\�� �f�h�g�b�l�h�j�b�g�]�Z�� �b�� �h�^��
�g�h�\�j�_�f�_�g�g�h�� �\�u�i�h�e�g�y�l�v�� �d�e�Z�k�k�b�n�b�d�Z�p�b�x�� �g�_�b�k�i�j�Z�\��
�g�h�k�l�_�c���>�������������@�� 

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

 

�;�h�e�v�r�b�g�k�l�\�h���W�I�E�:���k�h�k�l�h�b�l���b�a���k�_�j�\�h�^�\�b�]�Z�l�_�e�y����
�w�e�_�d�l�j�b�q�_�k�d�h�c �p�_�i�b�� �k�b�e�h�\�h�]�h�� �i�j�b�\�h�^�Z���� �f�_�o�Z�g�b�q�_��
�k�d�b�o�� �d�h�f�i�h�g�_�g�l�h�\���� �[�e�h�d�Z�� �m�i�j�Z�\�e�_�g�b�y�� �i�j�b�\�h�^�h�f�� �b��
�g�_�d�h�l�h�j�u�o���l�b�i�h�\���^�Z�l�q�b�d�h�\���>�������������@�����W�e�_�d�l�j�b�q�_�k�d�b�c��
�k�b�e�h�\�h�c�� �i�j�b�\�h�^�� �i�h�e�m�q�Z�_�l�� �k�b�]�g�Z�e�� �h�l�� �[�e�h�d�Z�� �m�i�j�Z�\��
�e�_�g�b�y�� �i�j�b�\�h�^�h�f�� �b�� �\�u�^�Z�_�l�� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�c�� �k�b�e�h��
�\�h�c�� �l�h�d�� �^�e�y�� �i�j�b�\�h�^�Z�� �k�_�j�\�h�^�\�b�]�Z�l�_�e�y���� �K�_�j�\�h�^�\�b�]�Z��
�l�_�e�v�� �i�j�_�h�[�j�Z�a�m�_�l�� �w�e�_�d�l�j�b�q�_�k�d�m�x�� �w�g�_�j�]�b�x�� �\�� �f�_�o�Z��
�g�b�q�_�k�d�m�x�� �b�� �i�j�b�\�h�^�b�l�� �\�� �^�_�c�k�l�\�b�_�� �b�k�i�h�e�g�b�l�_�e�v�g�u�_��
�m�k�l�j�h�c�k�l�\�Z���� �d�h�l�h�j�u�_�� �\�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �d�b�g�_�f�Z�l�b�d�b��
�b�o�� �^�\�b�`�_�g�b�y�� �i�h�^�j�Z�a�^�_�e�y�x�l�� �g�Z�� �f�_�o�Z�g�b�a�f�u�� �i�h�k�l�m��
�i�Z�l�_�e�v�g�h�]�h���� �i�h�\�h�j�h�l�g�h�]�h�� �b�� �\�j�Z�s�Z�l�_�e�v�g�h�]�h�� �^�\�b�`�_��
�g�b�y���� �I�j�b�� �j�_�Z�e�b�a�Z�p�b�b�� �m�i�j�Z�\�e�_�g�b�y�� �k�� �h�[�j�Z�l�g�h�c�� �k�\�y��
�a�v�x���\���W�I�E�:���h�[�u�q�g�h���m�k�l�Z�g�Z�\�e�b�\�Z�x�l�k�y���^�Z�l�q�b�d�b���h�[��
�j�Z�l�g�h�c�� �k�\�y�a�b���� �Z�� �^�e�y�� �d�h�g�l�j�h�e�y�� �k�h�k�l�h�y�g�b�y�� �i�j�b�\�h�^�Z�� �± 
�^�Z�l�q�b�d�b���f�h�g�b�l�h�j�b�g�]�Z�� 

�<�� �W�I�E�:�� �\�u�^�_�e�y�x�l�k�y�� �k�e�_�^�m�x�s�b�_�� �\�b�^�u�� �g�_�b�k��
�i�j�Z�\�g�h�k�l�_�c���� �g�_�b�k�i�j�Z�\�g�h�k�l�v�� �^�\�b�]�Z�l�_�e�y���� �g�_�b�k�i�j�Z�\��
�g�h�k�l�v�� �w�e�_�d�l�j�b�q�_�k�d�h�]�h�� �k�b�e�h�\�h�]�h�� �i�j�b�\�h�^�Z�� �g�_�b�k��
�i�j�Z�\�g�h�k�l�v���f�_�o�Z�g�b�q�_�k�d�b�o���d�h�f�i�h�g�_�g�l�h�\���>�����@�� 

�G�_�b�k�i�j�Z�\�g�h�k�l�b�� �^�\�b�]�Z�l�_�e�y �\�� �h�k�g�h�\�g�h�f�� �\�d�e�x�q�Z��
�x�l�� �g�_�b�k�i�j�Z�\�g�h�k�l�v�� �i�h�^�r�b�i�g�b�d�h�\���� �g�_�b�k�i�j�Z�\�g�h�k�l�v��
�h�[�f�h�l�d�b�� �k�l�Z�l�h�j�Z�� �b�� �g�_�b�k�i�j�Z�\�g�h�k�l�v�� �j�h�l�h�j�Z���� �D�� �g�_�b�k��
�i�j�Z�\�g�h�k�l�y�f�� �i�h�^�r�b�i�g�b�d�h�\�� �h�l�g�h�k�y�l�k�y�� �b�a�g�h�k���� �l�h�q�_�q��
�g�Z�y�� �d�h�j�j�h�a�b�y�� �b�� �j�Z�a�j�m�r�_�g�b�_�� �k�_�i�Z�j�Z�l�h�j�Z���� �G�_�b�k�i�j�Z�\��
�g�h�k�l�b�� �i�h�^�r�b�i�g�b�d�h�\�� �f�h�]�m�l�� �i�j�b�\�_�k�l�b�� �d�� �^�b�k�[�Z�e�Z�g�k�m��
�l�j�_�g�b�y�� �b�� �g�_�g�h�j�f�Z�e�v�g�h�c�� �\�b�[�j�Z�p�b�b���� �q�l�h�� �k�g�b�a�b�l�� �w�n��
�n�_�d�l�b�\�g�h�k�l�v�� �b�� �i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�v�� �^�\�b�]�Z�l�_�e�y���� �G�_��
�b�k�i�j�Z�\�g�h�k�l�b�� �h�[�f�h�l�d�b�� �k�l�Z�l�h�j�Z�� �\�d�e�x�q�Z�x�l�� �h�[�j�u�\��
�h�[�f�h�l�d�b�����d�h�j�h�l�d�h�_���a�Z�f�u�d�Z�g�b�_���b���l�� �^�����H�[�j�u�\���h�[�f�h�l��
�d�b�� �h�[�u�q�g�h�� �\�u�a�\�Z�g�� �[�h�e�v�r�b�f�b�� �i�m�k�d�h�\�u�f�b�� �l�h�d�Z�f�b��
�^�\�b�]�Z�l�_�e�y���b���i�j�b�\�h�^�b�l���d���j�_�a�d�h�f�m���k�g�b�`�_�g�b�x���\�u�o�h�^��
�g�h�]�h�� �f�h�f�_�g�l�Z�� �W�I�E�:�� �b���d���j�_�a�d�h�f�m�� �m�\�_�e�b�q�_�g�b�x�� �l�h��
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�d�h�\�� �h�[�f�h�l�d�b���� �D�h�j�h�l�d�h�_�� �a�Z�f�u�d�Z�g�b�_�� �\�� �h�k�g�h�\�g�h�f�� �\�u��
�a�u�\�Z�_�l�k�y�� �^�e�b�l�_�e�v�g�u�f�� �l�_�i�e�h�\�u�f�� �k�l�Z�j�_�g�b�_�f�� �b�� �i�j�b��
�\�h�^�b�l�� �d�� �m�\�_�e�b�q�_�g�b�x�� �l�h�d�Z�� �h�[�f�h�l�d�b�� �b �d�� �\�u�^�_�e�_�g�b�x 
�^�\�b�]�Z�l�_�e�_�f���[�h�e�v�r�h�]�h �d�h�e�b�q�_�k�l�\�Z �l�_�i�e�Z�����G�_�b�k�i�j�Z�\��
�g�h�k�l�b�� �j�h�l�h�j�Z�� �^�\�b�]�Z�l�_�e�y�� �\�d�e�x�q�Z�x�l�� �w�d�k�p�_�g�l�j�b�k�b�l�_�l��
�\�Z�e�Z�� �j�h�l�h�j�Z�� �b�� �j�Z�a�f�Z�]�g�b�q�b�\�Z�g�b�_�� �j�h�l�h�j�Z���� �W�d�k�p�_�g��
�l�j�b�k�b�l�_�l�� �\�Z�e�Z�� �g�Z�j�m�r�Z�_�l�� �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�u�c�� �[�Z�e�Z�g�k��
�b�� �\�u�a�u�\�Z�_�l�� �g�_�g�h�j�f�Z�e�v�g�m�x�� �\�b�[�j�Z�p�b�x�� �\�h�� �\�j�_�f�y�� �j�Z��
�[�h�l�u�����J�Z�a�f�Z�]�g�b�q�b�\�Z�g�b�_���j�h�l�h�j�Z���h�[�u�q�g�h �\�u�a�u�\�Z�_�l�k�y��
�i�_�j�_�]�j�_�\�h�f�� �^�\�b�]�Z�l�_�e�y���� �q�l�h�� �i�j�b�\�h�^�b�l�� �d�� �k�g�b�`�_�g�b�x��
�D�I�>�� �^�\�b�]�Z�l�_�e�y�� �b�� �m�\�_�e�b�q�_�g�b�x�� �l�h�d�Z�� �k�l�Z�l�h�j�Z�� �b�� �l�_�f��
�i�_�j�Z�l�m�j�u���^�\�b�]�Z�l�_�e�y�� 

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

�D�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�u�f�� �f�_�o�Z�g�b�q�_�k�d�b�f�� �g�_�b�k�i�j�Z�\��
�g�h�k�l�y�f�� �h�l�g�h�k�y�l�k�y�� �q�j�_�a�f�_�j�g�u�c�� �b�a�g�h�k���� �\�u�d�j�Z�r�b�\�Z��
�g�b�_�� ���h�[�j�Z�a�h�\�Z�g�b�_�� �\�f�y�l�b�g�� �g�Z�� �f�_�l�Z�e�e�b�q�_�k�d�b�o�� �i�h��
�\�_�j�o�g�h�k�l�y�o�� �\�� �l�h�q�d�Z�o�� �d�h�g�l�Z�d�l�Z���k�� �\�u�k�h�d�b�f�� �g�Z�i�j�y�`�_��
�g�b�_�f������ �a�Z�d�e�b�g�b�\�Z�g�b�_�� �h�[�j�Z�l�g�h�]�h�� �d�Z�g�Z�e�Z�� �b�� �i�e�h�o�Z�y��
�k�f�Z�a�d�Z�� �Q�j�_�a�f�_�j�g�u�c�� �b�a�g�h�k�� �\�� �h�k�g�h�\�g�h�f�� �\�h�a�g�b�d�Z�_�l��
�g�Z�� �r�Z�j�b�d�h-�\�b�g�l�h�\�h�c�� �i�Z�j�_�� �b�� �i�h�^�r�b�i�g�b�d�Z�o�� �k�� �g�_�i�h��
�^�\�b�`�g�u�f�� �d�h�g�p�h�f���� �K�_�j�v�_�a�g�u�c�� �b�a�g�h�k�� �r�Z�j�b�d�h-
�\�b�g�l�h�\�h�c�� �i�Z�j�u�� �f�h�`�_�l�� �i�j�b�\�_�k�l�b�� �d�� �\�u�o�h�^�m���b�a�� �k�l�j�h�y��
�\�k�_�c�� �k�b�k�l�_�f�u�� �W�I�E�:���� �<�u�d�j�Z�r�b�\�Z�g�b�_�� �\�� �h�k�g�h�\�g�h�f��
�\�u�a�u�\�Z�_�l�k�y�� �i�h�\�_�j�o�g�h�k�l�g�h�c�� �m�k�l�Z�e�h�k�l�v�x�� �b�� �m�\�_�e�b�q�b��
�\�Z�_�l�� �\�b�[�j�Z�p�b�x�� �W�I�E�:���� �A�Z�d�e�b�g�b�\�Z�g�b�_�� �h�[�j�Z�l�g�h�]�h��
�d�Z�g�Z�e�Z�� �i�j�h�b�k�o�h�^�b�l�� �b�a-�a�Z�� �^�_�n�h�j�f�Z�p�b�b�� �\�h�a�\�j�Z�l�g�h�c��
�l�j�m�[�u�� �b�e�b�� �f�m�k�h�j�Z���� �i�j�b�e�b�i�r�_�]�h�� �d�� �\�h�a�\�j�Z�l�g�h�c�� �l�j�m��
�[�_�����q�l�h���f�h�`�_�l���i�j�b�\�_�k�l�b���d���m�o�m�^�r�_�g�b�x���n�j�b�d�p�b�h�g�g�h��
�]�h���k�h�k�l�h�y�g�b�y���W�I�E�:�����\�u�^�_�e�_�g�b�x���[�h�e�v�r�h�]�h���d�h�e�b�q�_��
�k�l�\�Z�� �l�_�i�e�Z�� �b�� �j�_�a�d�h�f�m�� �k�g�b�`�_�g�b�x�� �l�_�i�e�h�^�b�g�Z�f�b�q�_��
�k�d�b�o���o�Z�j�Z�d�l�_�j�b�k�l�b�d�����G�_�^�h�k�l�Z�l�h�q�g�Z�y���b���a�Z�]�j�y�a�g�_�g�g�Z�y��
�k�f�Z�a�d�Z���m�\�_�e�b�q�b�\�Z�_�l���l�j�_�g�b�_���b���b�a�g�h�k���W�I�E�:�� 

 

2.1.  �������)������� ������������������������� ������������������������������� ���������ý�ù�î  

�F�_�l�h�^�u�� �^�b�Z�]�g�h�k�l�b�d�b�� �g�_�b�k�i�j�Z�\�g�h�k�l�_�c�� �W�I�E�:�� �\��
�h�k�g�h�\�g�h�f���^�_�e�y�l�k�y���g�Z���f�_�l�h�^�u�����h�k�g�h�\�Z�g�g�u�_���g�Z���f�h�^�_��
�e�y�o���� �f�_�l�h�^�u���� �m�i�j�Z�\�e�y�_�f�u�_�� �^�Z�g�g�u�f�b (Data-Driven), 
�\�� �d�h�l�h�j�u�o�� �k�b�k�l�_�f�Z�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y�� �d�Z�d�� �q�_�j�g�u�c��
�y�s�b�d�����b���]�b�[�j�b�^�g�u�_ �f�_�l�h�^�u [18�±20].  

�I�j�b�g�p�b�i�� �h�k�g�h�\�Z�g�g�u�o�� �g�Z�� �f�h�^�_�e�y�o�� �f�_�l�h�^�h�\�� �^�b�Z��
�]�g�h�k�l�b�d�b�� �g�_�b�k�i�j�Z�\�g�h�k�l�_�c�� �a�Z�d�e�x�q�Z�_�l�k�y�� �\�� �k�b�g�o�j�h�g��
�g�h�f�� �a�Z�i�m�k�d�_�� �f�h�^�_�e�_�c�� �W�I�E�: �b�� �j�_�Z�e�v�g�h�c�� �k�b�k�l�_�f�u��
�W�I�E�:���� �a�Z�l�_�f�� �h�p�_�g�b�\�Z�_�l�k�y�� �j�Z�a�g�h�k�l�v�� �f�_�`�^�m�� �k�b�]�g�Z��
�e�Z�f�b�� �k�h�k�l�h�y�g�b�y�� �f�Z�l�_�f�Z�l�b�q�_�k�d�b�o�� �f�h�^�_�e�_�c�� �b�� �j�_�Z�e�v��
�g�u�f�b�� �k�b�]�g�Z�e�Z�f�b�� �k�h�k�l�h�y�g�b�y�� �W�I�E�:���� �d�h�l�h�j�u�_�� �b�a�f�_��
�j�y�x�l�k�y�� �j�Z�a�e�b�q�g�u�f�b�� �^�Z�l�q�b�d�Z�f�b�� �b�� �k�h�[�b�j�Z�x�l�k�y�� �k�b��
�k�l�_�f�h�c���k�[�h�j�Z���^�Z�g�g�u�o�����<�u�o�h�^�g�u�_���g�_�\�y�a�d�b���k�b�]�g�Z�e�h�\��
�b�f�b�l�Z�p�b�h�g�g�u�o�� �f�h�^�_�e�_�c�� �b�� �j�_�Z�e�v�g�u�o�� �k�b�k�l�_�f�� �b�k��

�i�h�e�v�a�m�x�l�k�y���^�e�y���^�b�Z�]�g�h�k�l�b�d�b���k�h�k�l�h�y�g�b�y���j�Z�[�h�l�h�k�i�h��
�k�h�[�g�h�k�l�b���W�I�E�:�� 

�I�j�_�b�f�m�s�_�k�l�\�Z�� �^�b�Z�]�g�h�k�l�b�d�b�� �g�_�b�k�i�j�Z�\�g�h�k�l�_�c�� �g�Z��
�h�k�g�h�\�_���f�h�^�_�e�_�c���a�Z�d�e�x�q�Z�x�l�k�y���\���k�e�_�^�m�x�s�_�f���>�����@�� 

�‡ �K�h�a�^�Z�g�b�_�� �l�h�q�g�h�c�� �f�h�^�_�e�b�� �k�m�s�_�k�l�\�m�x�s�_�c�� �k�b��
�k�l�_�f�u�� �k�i�h�k�h�[�k�l�\�m�_�l�� �i�h�g�b�f�Z�g�b�x�� �n�b�a�b�q�_�k�d�h�]�h�� �f�_��
�o�Z�g�b�a�f�Z�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�c�� �\�� �g�_�c���� �F�h�^�_�e�b�j�h�\�Z�g�b�_��
�g�_�b�k�i�j�Z�\�g�h�k�l�_�c�� �i�h�a�\�h�e�y�_�l�� �]�_�g�_�j�b�j�h�\�Z�l�v�� �k�b�]�g�Z�e�u��
�^�e�y�� �h�[�m�q�_�g�b�y�� �Z�\�l�h�f�Z�l�b�a�b�j�h�\�Z�g�g�u�o�� �Z�e�]�h�j�b�l�f�h�\��
�j�Z�k�i�h�a�g�Z�\�Z�g�b�y�� �g�_�b�k�i�j�Z�\�g�h�k�l�_�c���� �^�e�y�� �l�_�k�l�b�j�h�\�Z�g�b�y��
�b�� �k�j�Z�\�g�_�g�b�y�� �Z�e�]�h�j�b�l�f�h�\���� �^�b�Z�]�g�h�k�l�b�q�_�k�d�b�o�� �b�� �i�j�h��
�]�g�h�k�l�b�q�_�k�d�b�o���i�j�h�p�_�^�m�j���b���n�m�g�d�p�b�c���>�����@�� 

�‡ �J�_�a�m�e�v�l�Z�l�u���� �i�h�e�m�q�_�g�g�u�_�� �f�_�l�h�^�Z�f�b�� �^�b�Z�]�g�h�k�l�b��
�d�b�� �h�l�d�Z�a�h�\�� �g�Z�� �h�k�g�h�\�_�� �f�h�^�_�e�b���� �f�h�]�m�l�� �[�u�l�v�� �q�_�l�d�h��
�h�[�t�y�k�g�_�g�u�� �^�b�g�Z�f�b�q�_�k�d�h�c�� �f�h�^�_�e�v�x���� �Z�� �k�l�_�i�_�g�v�� �\�u��
�j�h�`�^�_�g�b�y�� �k�b�k�l�_�f�u�� �f�h�`�_�l�� �[�u�l�v�� �i�h�e�m�q�_�g�Z�� �i�m�l�_�f��
�k�j�Z�\�g�_�g�b�y�� �a�g�Z�q�_�g�b�c �h�l�d�e�h�g�_�g�b�y�� �i�Z�j�Z�f�_�l�j�h�\�� �f�h�^�_��
�e�b���b�e�b���g�_�\�y�a�h�d�� 

�‡ �F�_�l�h�^�u���� �h�k�g�h�\�Z�g�g�u�_�� �g�Z�� �f�h�^�_�e�b���� �g�_�� �l�j�_�[�m�x�l��
�[�h�e�v�r�h�]�h�� �d�h�e�b�q�_�k�l�\�Z�� �l�_�d�m�s�b�o�� �^�Z�g�g�u�o���� �i�h�e�m�q�_�g��
�g�u�o�� �\�� �j�_�Z�e�v�g�u�o�� �m�k�e�h�\�b�y�o���� �^�e�y�� �h�[�m�q�_�g�b�y�� �Z�e�]�h�j�b�l��
�f�h�\�� �^�b�Z�]�g�h�k�l�b�d�b�� �g�_�b�k�i�j�Z�\�g�h�k�l�_�c���� �B�k�i�h�e�v�a�h�\�Z�g�b�_��
�g�_�[�h�e�v�r�h�]�h�� �h�[�t�_�f�Z �h�[�m�q�Z�x�s�b�o�� �^�Z�g�g�u�o�� �f�h�`�_�l��
�^�Z�l�v�� �o�h�j�h�r�b�_�� �j�_�a�m�e�v�l�Z�l�u�� �h�[�m�q�_�g�b�y�� �b�� �^�b�Z�]�g�h�k�l�b�d�b��
[22]. 

�H�^�g�Z�d�h�� �h�k�g�h�\�Z�g�g�u�_�� �g�Z�� �f�h�^�_�e�y�o�� �f�_�l�h�^�u�� �^�b�Z��
�]�g�h�k�l�b�d�b�� �h�l�d�Z�a�h�\�� �^�e�y�� �W�I�E�:�� �b�f�_�x�l�� �k�e�_�^�m�x�s�b�_��
�g�_�^�h�k�l�Z�l�d�b�� 

�‡ �>�e�y�� �d�Z�`�^�h�c�� �b�a�� �d�h�g�d�j�_�l�g�u�o�� �f�h�^�_�e�_�c�� �^�b�Z�]�g�h��
�k�l�b�j�m�_�f�u�o�� �k�b�k�l�_�f�� �g�_�h�[�o�h�^�b�f�h�� �j�Z�a�j�Z�[�h�l�Z�l�v�� �k�h�h�l��
�\�_�l�k�l�\�m�x�s�b�_�� �f�Z�l�_�f�Z�l�b�q�_�k�d�b�_�� �f�h�^�_�e�b���� �q�l�h�� �y�\�e�y�_�l��
�k�y���k�e�h�`�g�h�c���a�Z�^�Z�q�_�c�����L�h�q�g�u�_���^�b�g�Z�f�b�q�_�k�d�b�_���f�h�^�_�e�b��
�q�Z�k�l�h���l�j�_�[�m�x�l���b�g�l�_�g�k�b�\�g�u�o���\�u�q�b�k�e�_�g�b�c�����b���w�l�h���\�u��
�^�\�b�]�Z�_�l�� �\�u�k�h�d�b�_�� �l�j�_�[�h�\�Z�g�b�y�� �d�� �\�u�q�b�k�e�b�l�_�e�v�g�h�c��
�i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�b�� 

�‡ �F�_�o�Z�g�b�a�f�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�c��
�k�b�e�u���� �l�_�j�f�b�q�_�k�d�h�]�h�� �g�Z�i�j�y�`�_�g�b�y�� �b�� �f�_�o�Z�g�b�q�_�k�d�h�]�h��
�g�Z�i�j�y�`�_�g�b�y�� �\�h�� �\�j�_�f�y�� �j�Z�[�h�l�u�� �W�I�E�:�� �k�e�h�`�_�g���� �b��
�l�h�q�g�m�x���f�Z�l�_�f�Z�l�b�q�_�k�d�m�x���f�h�^�_�e�v���k�h�a�^�Z�l�v���l�j�m�^�g�h�����<��
�j�_�a�m�e�v�l�Z�l�_�� �b�k�i�h�e�v�a�m�x�l�k�y�� �m�i�j�h�s�_�g�g�u�_�� �f�h�^�_�e�b���� �d�h��
�l�h�j�u�_�� �h�l�j�Z�`�Z�x�l�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �n�b�a�b�q�_�k�d�b�o�� �k�b��
�k�l�_�f�� �i�j�b�[�e�b�`�_�g�g�h���� �<�� �w�l�h�f�� �k�e�m�q�Z�_�� �h�k�g�h�\�Z�g�g�u�_�� �g�Z��
�f�h�^�_�e�b���f�_�l�h�^�u���^�b�Z�]�g�h�k�l�b�d�b���g�_�b�k�i�j�Z�\�g�h�k�l�_�c���f�h�]�m�l��
�h�i�j�_�^�_�e�b�l�v�����i�j�h�b�a�h�r�e�Z���e�b���g�_�b�k�i�j�Z�\�g�h�k�l�v���\���W�I�E�:����
�g�h�� �g�_�� �f�h�]�m�l�� �l�h�q�g�h�� �h�i�j�_�^�_�e�b�l�v�� �g�_�b�k�i�j�Z�\�g�u�c�� �d�h�f��
�i�h�g�_�g�l���� �>�e�y�� �[�h�e�_�_�� �l�h�q�g�h�c�� �^�b�Z�]�g�h�k�l�b�d�b�� �g�_�h�[�o�h�^�b��
�f�h�� �b�k�i�h�e�v�a�h�\�Z�l�v�� �i�h�^�j�h�[�g�u�_�� �^�b�g�Z�f�b�q�_�k�d�b�_�� �f�h�^�_�e�b��
�d�Z�`�^�h�]�h���d�h�f�i�h�g�_�g�l�Z�� 

�F�_�l�h�^�u�� �^�b�Z�]�g�h�k�l�b�d�b�� �h�l�d�Z�a�h�\���� �h�k�g�h�\�Z�g�g�u�_�� �g�Z��
�^�Z�g�g�u�o���� �g�_�� �l�j�_�[�m�x�l�� �k�h�a�^�Z�g�b�y�� �k�e�h�`�g�u�o�� �f�Z�l�_�f�Z�l�b��
�q�_�k�d�b�o�� �f�h�^�_�e�_�c�� �W�I�E�:; �h�g�b �b�a�\�e�_�d�Z�x�l�� �i�j�b�a�g�Z�d�b��
�^�e�y���^�b�Z�]�g�h�k�l�b�d�b���l�_�o�g�b�q�_�k�d�h�]�h���k�h�k�l�h�y�g�b�y���W�I�E�:���b�a��
�k�b�]�g�Z�e�h�\�����k�h�[�j�Z�g�g�u�o���k���^�Z�l�q�b�d�h�\���>�����@�����<�Z�`�g�m�x���j�h�e�v��
�\�� �^�b�Z�]�g�h�k�l�b�d�_�� �g�_�b�k�i�j�Z�\�g�h�k�l�_�c�� �W�I�E�:�� �b�]�j�Z�x�l�� �f�_��
�l�h�^�u���h�[�j�Z�[�h�l�d�b���k�b�]�g�Z�e�h�\�����D�Z�q�_�k�l�\�h���b�k�o�h�^�g�u�o���^�Z�g��
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�g�u�o���b���d�h�j�j�_�e�y�p�b�y���f�_�`�^�m���k�b�]�g�Z�e�Z�f�b���b���g�_�b�k�i�j�Z�\�g�h��
�k�l�y�f�b�� �k�b�e�v�g�h�� �\�e�b�y�x�l�� �g�Z�� �w�n�n�_�d�l�b�\�g�h�k�l�v�� �Z�e�]�h�j�b�l��
�f�h�\�� �^�b�Z�]�g�h�k�l�b�d�b���� �M�k�e�h�\�b�y�� �j�Z�[�h�l�u�� �W�I�E�:�� �q�Z�k�l�h��
�f�_�g�y�x�l�k�y�� �^�Z�`�_�� �\�h�� �\�j�_�f�y�� �g�h�j�f�Z�e�v�g�h�c�� �j�Z�[�h�l�u���� �q�l�h��
�^�_�e�Z�_�l�� �k�b�]�g�Z�e�u�� �k�h�k�l�h�y�g�b�y�� �k�b�e�v�g�h�� �g�_�k�l�Z�p�b�h�g�Z�j�g�u��
�f�b�� �b�� �g�_�i�_�j�b�h�^�b�q�_�k�d�b�f�b���� �>�e�y�� �m�k�l�j�Z�g�_�g�b�y�� �\�e�b�y�g�b�y��
�j�Z�a�e�b�q�g�u�o���m�k�e�h�\�b�c���w�d�k�i�e�m�Z�l�Z�p�b�b���i�j�b�f�_�g�y�_�l�k�y���f�_��
�l�h�^���i�_�j�_�^�b�k�d�j�_�l�b�a�Z�p�b�b�����l�� �_�����k�b�g�o�j�h�g�b�a�Z�p�b�b���k�b�]�g�Z��
�e�h�\�� �k�� �\�u�[�j�Z�g�g�u�f�b�� �d�e�x�q�_�\�u�f�b�� �k�b�]�g�Z�e�Z�f�b���� �G�Z�i�j�b��
�f�_�j���� �\�� �j�Z�[�h�l�_�� �>�����@�� �\�� �i�j�h�p�_�k�k�_�� �b�a�\�e�_�q�_�g�b�y�� �i�j�b�a�g�Z��
�d�h�\�� �k�� �i�h�f�h�s�v�x�� �j�y�^�Z�� �f�_�l�h�^�h�\�� �h�[�j�Z�[�h�l�d�b�� �k�b�]�g�Z�e�h�\��
�\�u�y�\�e�y�x�l�k�y���q�Z�k�l�h�l�u���g�_�b�k�i�j�Z�\�g�h�k�l�_�c���\���k�b�]�g�Z�e�v�g�u�o��
�^�Z�g�g�u�o���� �k�b�g�o�j�h�g�b�a�b�j�h�\�Z�g�g�u�_�� �k�� �i�h�e�h�`�_�g�b�_�f�� �^�\�b��
�]�Z�l�_�e�y���� �I�j�b�� �i�h�f�h�s�b�� �f�_�l�h�^�h�\�� �b�a�\�e�_�q�_�g�b�y�� �b�� �h�[�t��
�_�^�b�g�_�g�b�y�� �i�j�b�a�g�Z�d�h�\�� �\�u�[�b�j�Z�x�l�k�y �l�_�� �b�a�� �g�b�o, �d�h�l�h��
�j�u�_�� �h�l�g�h�k�y�l�k�y�� �d�� �j�_�`�b�f�m�� �h�l�d�Z�a�Z���� �Z�� �g�_�k�\�y�a�Z�g�g�u�_��
�i�j�b�a�g�Z�d�b���b�k�d�e�x�q�Z�x�l�k�y�����I�j�b���b�a�\�e�_�q�_�g�b�b���i�j�b�a�g�Z�d�h�\��
�^�e�y�� �^�b�Z�]�g�h�k�l�b�d�b�� �g�_�b�k�i�j�Z�\�g�h�k�l�_�c�� �W�I�E�:�� �r�b�j�h�d�h��
�b�k�i�h�e�v�a�m�_�l�k�y���\�_�c�\�e�_�l-�i�j�_�h�[�j�Z�a�h�\�Z�g�b�_���>����, 26].  

�B�k�i�h�e�v�a�m�y�� �i�j�b�a�g�Z�d�b���� �k�h�k�l�h�y�g�b�_�� �j�Z�[�h�l�h�k�i�h�k�h�[��
�g�h�k�l�b���W�I�E�:���f�h�`�g�h���h�i�j�_�^�_�e�b�l�v���i�j�b���i�h�f�h�s�b���d�e�Z�k��
�k�b�n�b�d�Z�l�h�j�Z���^�e�y���^�b�Z�]�g�h�k�l�b�d�b���h�l�d�Z�a�h�\�����?�k�e�b���\���d�e�Z�k��
�k�b�n�b�d�Z�l�h�j�� �i�h�^�Z�x�l�k�y�� �i�j�b�a�g�Z�d�b���� �g�_�� �k�\�y�a�Z�g�g�u�_�� �k��
�h�r�b�[�d�h�c���� �w�l�h�� �i�j�b�\�_�^�_�l�� �d�� �g�b�a�d�h�c�� �k�d�h�j�h�k�l�b�� �b�� �i�e�h��
�o�h�f�m���w�n�n�_�d�l�m���h�[�m�q�_�g�b�y�����I�j�b���i�h�f�h�s�b���f�_�l�h�^�Z���]�e�Z�\��
�g�u�o �d�h�f�i�h�g�_�g�l�� �f�h�`�g�h�� �\�u�^�_�e�b�l�v�� �i�j�b�a�g�Z�d�b�� �d�e�Z�k�k�b��
�n�b�d�Z�p�b�b���� �k�\�y�a�Z�g�g�u�_�� �k�� �g�_�b�k�i�j�Z�\�g�h�k�l�v�x���� �b�� �m�f�_�g�v��
�r�b�l�v�� �j�Z�a�f�_�j�u�� �\�_�d�l�h�j�Z�� �i�j�b�a�g�Z�d�h�\���� �F�_�l�h�^�� �]�e�Z�\�g�u�o 
�d�h�f�i�h�g�_�g�l�� �i�h�a�\�h�e�y�_�l�� �o�Z�j�Z�d�l�_�j�b�a�h�\�Z�l�v�� �k�h�k�l�h�y�g�b�_ 
�i�j�h�p�_�k�k�Z�� �i�m�l�_�f �i�j�h�_�p�b�j�h�\�Z�g�b�y �i�h�e�m�q�_�g�g�u�o �^�Z�g��
�g�u�o �\���i�j�h�k�l�j�Z�g�k�l�\�h���f�_�g�v�r�_�]�h���j�Z�a�f�_�j�Z�����W�l�h�l���f�_�l�h�^��
�m�f�_�g�v�r�_�g�b�y�� �j�Z�a�f�_�j�g�h�k�l�b�� �k�h�o�j�Z�g�y�_�l�� �d�h�j�j�_�e�y�p�b�x��
�f�_�`�^�m�� �b�a�f�_�j�_�g�b�y�f�b���� �h�i�l�b�f�Z�e�v�g�u�f�� �h�[�j�Z�a�h�f�� �n�b�d��
�k�b�j�m�y���b�a�f�_�g�q�b�\�h�k�l�v���^�Z�g�g�u�o���>�����@�� 

�H�^�g�Z�d�h�� �f�_�l�h�^�u�� �^�b�Z�]�g�h�k�l�b�d�b�� �W�I�E�:���� �h�k�g�h�\�Z�g��
�g�u�_�� �g�Z�� �^�Z�g�g�u�o���� �b�f�_�x�l�� �k�e�_�^�m�x�s�b�_�� �l�j�m�^�g�h�k�l�b�� �\��
�i�j�b�f�_�g�_�g�b�b�� 

�‡ �L�j�_�[�m�_�l�k�y �[�h�e�v�r�h�c �h�[�t�_�f�� �^�Z�g�g�u�o�� �i�j�b�� �j�Z�a��
�e�b�q�g�u�o�� �k�l�_�i�_�g�y�o�� �b�� �l�b�i�Z�o�� �h�l�d�Z�a�h�\�� �^�e�y�� �h�[�m�q�_�g�b�y��
�Z�e�]�h�j�b�l�f�h�\�� �^�b�Z�]�g�h�k�l�b�d�b���� �W�n�n�_�d�l�b�\�g�h�k�l�v�� �^�b�Z�]�g�h��
�k�l�b�d�b�� �k�b�e�v�g�h�� �a�Z�\�b�k�b�l�� �h�l�� �d�Z�q�_�k�l�\�Z�� �^�Z�g�g�u�o���� �H�^�g�Z�d�h��
�\���[�h�e�v�r�b�g�k�l�\�_���k�e�m�q�Z�_�\���k�Z�f�h�e�_�l�u���g�_ �f�h�]�m�l���e�_�l�Z�l�v���k��
�g�_�b�k�i�j�Z�\�g�u�f�b�� �W�I�E�:���� �i�h�w�l�h�f�m�� �^�Z�g�g�u�_�� �h�� �g�_�b�k��
�i�j�Z�\�g�h�k�l�y�o�� �i�h�e�m�q�b�l�v�� �k�e�h�`�g�h���� �H�l�k�m�l�k�l�\�b�_�� �^�h�k�l�m�i��
�g�u�o���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o���^�Z�g�g�u�o���y�\�e�y�_�l�k�y���[�h�e�v�r�h�c��
�l�j�m�^�g�h�k�l�v�x�� �\�� �b�k�k�e�_�^�h�\�Z�g�b�y�o���� �F�g�h�]�b�_�� �Z�e�]�h�j�b�l�f�u��
�i�j�h�r�e�b�� �l�h�e�v�d�h�� �l�_�h�j�_�l�b�q�_�k�d�m�x�� �i�j�h�\�_�j�d�m���b�e�b�� �[�u�e�b��
�i�j�h�\�_�j�_�g�u�� �l�h�e�v�d�h �g�Z �^�Z�g�g�u�o���� �i�h�e�m�q�_�g�g�u�o �g�Z�� �h�k��
�g�h�\�_���f�Z�l�_�f�Z�l�b�q�_�k�d�h�]�h���f�h�^�_�e�b�j�h�\�Z�g�b�y������ 

�‡ �I�j�b�� �g�Z�e�b�q�b�b�� �k�_�j�v�_�a�g�u�o�� �r�m�f�h�\�u�o�� �i�h�f�_�o�� �b�e�b��
�k�e�h�`�g�u�o�� �k�b�k�l�_�f�� �h�[�u�q�g�h�� �l�j�_�[�m�x�l�k�y�� �m�k�h�\�_�j�r�_�g��
�k�l�\�h�\�Z�g�g�u�_�� �f�_�l�h�^�u�� �h�[�j�Z�[�h�l�d�b�� �k�b�]�g�Z�e�h�\�� �b�� �Z�e�]�h��
�j�b�l�f�u���b�a�\�e�_�q�_�g�b�y���i�j�b�a�g�Z�d�h�\�����<���j�_�a�m�e�v�l�Z�l�_���f�_�l�h�^�u��
�^�b�Z�]�g�h�k�l�b�d�b�� �g�Z�� �h�k�g�h�\�_�� �^�Z�g�g�u�o�� �q�Z�k�l�h�� �i�j�_�^�t�y�\�e�y�x�l��

�\�u�k�h�d�b�_�� �l�j�_�[�h�\�Z�g�b�y�� �d�� �\�u�q�b�k�e�b�l�_�e�v�g�h�c�� �f�h�s�g�h�k�l�b��
�k�b�k�l�_�f�u�� 

�‡ �F�_�l�h�^�u���� �m�i�j�Z�\�e�y�_�f�u�_�� �^�Z�g�g�u�f�b�� �h�[�u�q�g�h�� �l�j�_��
�[�m�x�l�� �\�u�k�h�d�h�c�� �q�Z�k�l�h�l�u�� �^�b�k�d�j�_�l�b�a�Z�p�b�b�� �k�b�]�g�Z�e�h�\��
�k�h�k�l�h�y�g�b�y���� �L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �[�e�h�d�� �m�i�j�Z�\�e�_�g�b�y�� �i�j�b��
�\�h�^�h�f�� �^�h�e�`�_�g�� �b�f�_�l�v�� �f�h�s�g�m�x�� �\�u�q�b�k�e�b�l�_�e�v�g�m�x�� �b��
�a�Z�i�h�f�b�g�Z�x�s�m�x���k�i�h�k�h�[�g�h�k�l�v�� 

�>�e�y�� �^�b�Z�]�g�h�k�l�b�d�b�� �g�_�b�k�i�j�Z�\�g�h�k�l�_�c�� �W�I�E�:���i�j �b��
�f�_�g�y�x�l�k�y �l�Z�d�`�_�� �]�b�[�j�b�^�g�u�_�� �f�_�l�h�^�u�� �^�b�Z�]�g�h�k�l�b�d�b��
�g�_�b�k�i�j�Z�\�g�h�k�l�_�c�����d�h�l�h�j�u�_�� �k�h�q�_�l�Z�x�l�� �\�� �k�_�[�_�� �i�j�_�b�f�m��
�s�_�k�l�\�Z�� �d�Z�d�� �f�_�l�h�^�h�\���� �h�k�g�h�\�Z�g�g�u�o�� �g�Z�� �^�Z�g�g�u�o���� �l�Z�d�� �b��
�f�_�l�h�^�h�\���� �h�k�g�h�\�Z�g�g�u�o�� �g�Z�� �f�h�^�_�e�y�o���� �G�Z�i�j�b�f�_�j���� �^�e�y��
�]�_�g�_�j�Z�p�b�b�� �g�_�h�[�o�h�^�b�f�u�o�� �^�Z�g�g�u�o�� �i�j�b�f�_�g�y�x�l�k�y �f �_��
�l�h�^�u���� �h�k�g�h�\�Z�g�g�u�_�� �g�Z�� �f�h�^�_�e�b���� �Z �a�Z�l�_�f�� �± �f�_�l�h�^�u����
�h�k�g�h�\�Z�g�g�u�_�� �g�Z�� �^�Z�g�g�u�o���� �^�e�y�� �h�[�j�Z�[�h�l�d�b�� �k�]�_�g�_�j�b�j�h��
�\�Z�g�g�u�o�� �^�Z�g�g�u�o�� �b�� �j�_�Z�e�b�a�Z�p�b�b�� �^�b�Z�]�g�h�k�l�b�d�b�� �g�_�b�k��
�i�j�Z�\�g�h�k�l�_�c [28]. 

 
2.2.  �ò������������� ������������������������������� ���������ý�ù�î����������������������

�����!�������������������!�%�������-  

�L�j�Z�^�b�p�b�h�g�g�u�_�� �f�_�l�h�^�u�� �f�Z�r�b�g�g�h�]�h�� �h�[�m�q�_�g�b�y��
�r�b�j�h�d�h�� �i�j�b�f�_�g�y�x�l�k�y �^�e�y�� �^�b�Z�]�g�h�k�l�b�d�b�� �g�_�b�k�i�j�Z�\��
�g�h�k�l�_�c�� �W�I�E�:���� �I�h�^�j�h�[�g�u�c�� �h�[�a�h�j�� �w�l�b�o�� �f�_�l�h�^�h�\��
�i�j�b�\�h�^�b�l�k�y���\ �j�Z�[�h�l�_ �>�����@�����H�^�g�Z�d�h���b�a�\�e�_�q�_�g�b�_���i�j�b��
�a�g�Z�d�h�\�� �\�� �w�l�b�o�� �l�j�Z�^�b�p�b�h�g�g�u�o�� �i�h�^�o�h�^�Z�o���� �h�k�g�h�\�Z�g��
�g�u�o�� �g�Z�� �^�Z�g�g�u�o���� �h�k�m�s�_�k�l�\�e�y�_�l�k�y�� �\�j�m�q�g�m�x���� �W�l�b��
�i�j�h�p�_�k�k�u���\���a�g�Z�q�b�l�_�e�v�g�h�c���k�l�_�i�_�g�b���a�Z�\�b�k�y�l���h�l���i�j�_�^��
�\�Z�j�b�l�_�e�v�g�u�o�� �a�g�Z�g�b�c���� �^�b�Z�]�g�h�k�l�b�q�_�k�d�h�]�h�� �h�i�u�l�Z�� �b��
�k�e�h�`�g�u�o�� �f�_�l�h�^�h�\�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y�� �k�b�]�g�Z�e�h�\���� �d�h�l�h��
�j�u�_�� �y�\�e�y�x�l�k�y�� �l�j�m�^�h�_�f�d�b�f�b�� �b�� �h�l�g�b�f�Z�x�l�� �f�g�h�]�h��
�\�j�_�f�_�g�b���� �Z�� �w�n�n�_�d�l�b�\�g�h�k�l�v�� �^�b�Z�]�g�h�k�l�b�d�b�� �\�h�� �f�g�h�]�h�f��
�a�Z�\�b�k�b�l�� �h�l�� �\�u�[�j�Z�g�g�u�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �g�_�b�k�i�j�Z�\�g�h��
�k�l�b�����I�j�b���g�Z�e�b�q�b�b���^�h�k�l�Z�l�h�q�g�u�o���h�[�m�q�Z�x�s�b�o���^�Z�g�g�u�o��
�f�h�^�_�e�b�� �]�e�m�[�h�d�h�]�h�� �h�[�m�q�_�g�b�y�� �i�h�a�\�h�e�y�x�l�� �Z�\�l�h�f�Z�l�b��
�q�_�k�d�b�� �h�[�j�Z�[�Z�l�u�\�Z�l�v�� �b�k�o�h�^�g�u�_�� �k�b�]�g�Z�e�u�� �b�� �j�_�Z�e�b�a�h��
�\�Z�l�v�� �d�h�f�i�e�_�d�k�g�m�x�� �b�g�l�_�e�e�_�d�l�m�Z�e�v�g�m�x�� �^�b�Z�]�g�h�k�l�b�d�m��
�g�_�b�k�i�j�Z�\�g�h�k�l�_�c���� �G�h�� �i�h�k�d�h�e�v�d�m�� �W�I�E�:�� �h�[�u�q�g�h�� �b�k��
�i�h�e�v�a�m�x�l�k�y�� �\�� �\�u�k�h�d�h�g�Z�^�_�`�g�h�f�� �b�� �d�j�b�l�b�q�_�k�d�b�� �\�Z�`��
�g�h�f�� �^�e�y�� �[�_�a�h�i�Z�k�g�h�k�l�b�� �h�[�h�j�m�^�h�\�Z�g�b�b���� �i�h�e�m�q�b�l�v��
�k�[�Z�e�Z�g�k�b�j�h�\�Z�g�g�u�_�� �^�Z�g�g�u�_�� �h�� �j�_�`�b�f�Z�o�� �h�l�d�Z�a�Z�� �a�Z��
�l�j�m�^�g�b�l�_�e�v�g�h���>�����@���� 

�<�� �j�Z�[�h�l�_�� �>�����@�� �^�e�y�� �h�[�g�Z�j�m�`�_�g�b�y�� �b�� �b�a�h�e�y�p�b�b�� �g�_��
�b�k�i�j�Z�\�g�h�k�l�_�c�� �W�I�E�:�� �i�j�b�f�_�g�y�_�l�k�y�� �f�h�^�b�n�b�p�b�j�h��
�\�Z�g�g�Z�y���f�h�^�_�e�v���^�h�e�]�h�c���d�j�Z�l�d�h�k�j�h�q�g�h�c���i�Z�f�y�l�b�����Z�g�]�e����
Long Short-Term Memory, �/�6�7�0������ �w�n�n�_�d�l�b�\�g�h�k�l�v��
�f�_�l�h�^�Z�� �i�h�^�l�\�_�j�`�^�_�g�Z�� �h�l�d�j�u�l�u�f�b���^�Z�g�g�u�f�b��NASA. 
�G�_�c�j�h�g�g�Z�y�� �k�_�l�v�� �^�h�e�]�h�c�� �d�j�Z�l�d�h�k�j�h�q�g�h�c�� �i�Z�f�y�l�b��
�i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c �k�_�l�v�� �]�e�m�[�h�d�h�]�h�� �h�[�m�q�_�g�b�y����
�i�j�_�^�g�Z�a�g�Z�q�_�g�g�m�x�� �^�e�y�� �b�a�m�q�_�g�b�y�� �^�h�e�]�h�k�j�h�q�g�u�o�� �a�Z��
�\�b�k�b�f�h�k�l�_�c���� �i�h�k�d�h�e�v�d�m�� �\�� �g�_�c�� �f�h�`�_�l�� �k�h�o�j�Z�g�y�l�v�k�y��
�b�g�n�h�j�f�Z�p�b�y�� �\�� �l�_�q�_�g�b�_�� �^�e�b�l�_�e�v�g�h�]�h�� �\�j�_�f�_�g�b���� �<��
�j�Z�[�h�l�_�� �>�����@�� �^�e�y�� �l�h�q�g�h�c�� �^�b�Z�]�g�h�k�l�b�d�b�� �g�_�b�k�i�j�Z�\�g�h��
�k�l�_�c�� �W�I�E�:�� �h�[�t�_�^�b�g�b�e�b�� �g�_�k�d�h�e�v�d�h�� �Z�\�l�h�w�g�d�h�^�_�j�h�\��



 

 
 

 

 
 

   �”

�k�� �r�m�f�h�i�h�^�Z�\�e�_�g�b�_�f���� �H�^�g�Z�d�h�� �w�l�b�� �f�_�l�h�^�u�� �o�h�j�h�r�h��
�j�Z�[�h�l�Z�x�l���l�h�e�v�d�h���i�j�b���^�h�k�l�Z�l�h�q�g�h�f���d�h�e�b�q�_�k�l�\�_ �^�Z�g��
�g�u�o �b�� �k�[�Z�e�Z�g�k�b�j�h�\�Z�g�g�u�o�� �\�u�[�h�j�d�Z�o���� �q�l�h�� �l�j�m�^�g�h��
�j�_�Z�e�b�a�h�\�Z�l�v���\���[�h�e�v�r�b�g�k�l�\�_���k�p�_�g�Z�j�b�_�\���^�b�Z�]�g�h�k�l�b�d�b��
�g�_�b�k�i�j�Z�\�g�h�k�l�_�c�����k�\�y�a�Z�g�g�u�o���k���W�I�E�:�� 

�>�e�y�� �\�u�^�_�e�_�g�b�y�� �i�j�b�a�g�Z�d�h�\�� �i�j�b�� �g�_�k�[�Z�e�Z�g�k�b�j�h��
�\�Z�g�g�u�o �^�Z�g�g�u�o�� �b�k�i�h�e�v�a�m�x�l�k�y�� �k�\�_�j�l�h�q�g�u�_�� �g�_�c�j�h�g��
�g�u�_�� �k�_�l�b���� �< �j�Z�[�h�l�_ �>�����@�� �i�j�_�^�e�h�`�_�g�Z�� �^�\�m�f�_�j�g�Z�y��
�k�\�_�j�l�h�q�g�Z�y�� �g�_�c�j�h�g�g�Z�y�� �k�_�l�v�� �b�� �h�i�l�b�f�b�a�b�j�h�\�Z�g�g�Z�y��
�f�h�^�_�e�v�� �g�Z�� �h�k�g�h�\�_�� �n�m�g�d�p�b�b�� �Z�d�l�b�\�Z�p�b�b��S�R�I�W�P�D�[�� �^�e�y��
�^�b�Z�]�g�h�k�l�b�d�b���r�Z�j�b�d�h�\�u�o���\�b�g�l�h�\���W�I�E�:���k���b�k�i�h�e�v�a�h��
�\�Z�g�b�_�f�� �k�b�]�g�Z�e�h�\�� �l�h�d�Z�� �^�\�b�]�Z�l�_�e�y���� �\�� �j�_�a�m�e�v�l�Z�l�_��
�m�e�m�q�r�_�g�u �b�a�\�e�_�q�_�g�b�_�� �b�� �d�e�Z�k�k�b�n�b�d�Z�p�b�y�� �i�j�b�a�g�Z�d�h�\��
�i�j�b�� �j�Z�a�e�b�q�g�u�o�� �j�Z�[�h�q�b�o�� �g�Z�]�j�m�a�d�Z�o�� �b�� �\�� �k�e�m�q�Z�y�o�� �k��
�g�_�k�[�Z�e�Z�g�k�b�j�h�\�Z�g�g�u�f�b�� �h�[�j�Z�a�p�Z�f�b���� �< �j�Z�[�h�l�_ [33] 
�[�u�e�b �b�k�i�h�e�v�a�h�\�Z�g�u �g�_�d�h�g�l�j�h�e�b�j�m�_�f�u�_�� �i�Z�j�Z�e�e�_�e�v��
�g�u�_�� �^�Z�g�g�u�_�� �b�� �j�_�Z�e�b�a�h�\�Z�g�Z �^�b�Z�]�g�h�k�l�b�d�Z �W�I�E�:�� �k��
�i�h�f�h�s�v�x�� �j�Z�a�e�b�q�g�u�o�� �^�Z�l�q�b�d�h�\�� �g�Z�� �h�k�g�h�\�_�� �k�\�_�j�l�h�q��
�g�h�c�� �g�_�c�j�h�g�g�h�c�� �k�_�l�b���� �H�^�g�Z�d�h�� �w�l�b�� �f�_�l�h�^�u�� �g�_�� �j�_�r�Z��
�x�l�� �i�j�h�[�e�_�f�m�� �^�b�Z�]�g�h�k�l�b�d�b�� �\�� �m�k�e�h�\�b�y�o�� �f�Z�e�h�c�� �\�u��
�[�h�j�d�b�� 

�<�� �j�Z�[�h�l�_�� �>�����@�� �^�e�y�� �^�b�Z�]�g�h�k�l�b�d�b�� �g�_�b�k�i�j�Z�\�g�h�k�l�_�c��
�\���m�k�e�h�\�b�y�o���g�_�[�h�e�v�r�h�]�h���j�Z�a�f�_�j�Z���\�u�[�h�j�d�b���g�Z���h�k�g�h�\�_��
�\�b�[�j�Z�p�b�h�g�g�u�o�� �k�b�]�g�Z�e�h�\�� �i�j�_�^�e�Z�]�Z�_�l�k�y�� �b�k�i�h�e�v�a�h��
�\�Z�l�v �]�_�g�_�j�Z�l�b�\�g�h-�k�h�k�l�y�a�Z�l�_�e�v�g�m�x�� �k�_�l�v���� �K�h�k�l�y�a�Z��
�l�_�e�v�g�u�_�� �Z�\�l�h�w�g�d�h�^�_�j�u�� �b�k�i�h�e�v�a�m�x�l�k�y�� �^�e�y�� �i�j�_�h�[�j�Z��
�a�h�\�Z�g�b�y�� �Z�\�l�h�w�g�d�h�^�_�j�h�\�� �\�� �]�_�g�_�j�Z�l�b�\�g�h-
�k�h�k�l�y�a�Z�l�_�e�v�g�u�_�� �k�_�l�b���� �< �k�l�Z�l�v�_ �>�����@�� �i�j�_�^�k�l�Z�\�e�_�g�Z��
�]�_�g�_�j�Z�l�b�\�g�h-�k�h�k�l�y�a�Z�l�_�e�v�g�Z�y�� �k�_�l�v�� �g�Z�� �h�k�g�h�\�_�� �m�k�e�h�\��
�g�h-�\�Z�j�b�Z�p�b�h�g�g�h�]�h�� �Z�\�l�h�w�g�d�h�^�_�j�Z�� �^�e�y�� �j�_�r�_�g�b�y�� �i�j�h��
�[�e�_�f�u�� �g�_�k�[�Z�e�Z�g�k�b�j�h�\�Z�g�g�h�c�� �\�u�[�h�j�d�b�� �\�� �j�Z�a�e�b�q�g�u�o��
�m�k�e�h�\�b�y�o�� �j�Z�[�h�l�u���� �<�� �j�Z�[�h�l�_�� �>�����@�� �^�e�y�� �j�_�Z�e�b�a�Z�p�b�b��
�g�Z�^�_�`�g�h�c�� �^�b�Z�]�g�h�k�l�b�d�b�� �g�_�b�k�i�j�Z�\�g�h�k�l�_�c�� �^�e�y�� �W�I�E�:��
�k���b�k�i�h�e�v�a�h�\�Z�g�b�_�f���l�h�e�v�d�h���k�b�]�g�Z�e�h�\���\�b�[�j�Z�p�b�b���i�j�_�^��
�e�Z�]�Z�_�l�k�y�� �d�h�f�i�e�_�d�k�g�u�c�� �i�h�^�o�h�^���� �h�k�g�h�\�Z�g�g�u�c�� �g�Z��
�^�Z�g�g�u�o���� �h�[�t�_�^�b�g�y�x�s�b�c�� �\�h�a�f�h�`�g�h�k�l�b�� �k�\�_�j�l�h�q�g�h�c��
�g�_�c�j�h�g�g�h�c�� �k�_�l�b�� �^�e�y�� �b�a�\�e�_�q�_�g�b�y�� �i�j�b�a�g�Z�d�h�\�� �k�� �\�h�a��
�f�h�`�g�h�k�l�y�f�b�� �i�h�e�m�d�h�g�l�j�h�e�b�j�m�_�f�h�]�h�� �h�[�m�q�_�g�b�y�� �b��
�]�_�g�_�j�Z�p�b�b�� �^�Z�g�g�u�o�� �k�h�k�l�y�a�Z�l�_�e�v�g�h�]�h�� �Z�\�l�h�w�g�d�h�^�_�j�Z��
�i�j�b�� �j�Z�a�e�b�q�g�u�o�� �m�k�e�h�\�b�y�o�� �j�Z�[�h�l�u�� �b�� �g�_�k�[�Z�e�Z�g�k�b�j�h��
�\�Z�g�g�u�o�� �\�u�[�h�j�d�Z�o���� �< �k�l�Z�l�v�_ �>�����@�� �i�j�_�^�e�h�`�_�g�� �f�_�l�h�^��
�h�[�g�Z�j�m�`�_�g�b�y�� �g�_�b�k�i�j�Z�\�g�h�k�l�b�� �r�Z�j�b�d�h-�\�b�g�l�h�\�h�c�� �i�_��
�j�_�^�Z�q�b�����h�k�g�h�\�Z�g�g�u�c���g�Z���]�e�m�[�h�d�h�c���k�_�l�b���^�h�\�_�j�b�y�����B�k��
�i�h�e�v�a�h�\�Z�e�b�k�v�� �q�Z�k�l�h�l�g�u�_�� �k�i�_�d�l�j�u�� �h�[�t�_�^�b�g�_�g�g�h�]�h��
�g�Z�[�h�j�Z���^�Z�g�g�u�o�����k�h�[�j�Z�g�g�u�o���k���g�_�k�d�h�e�v�d�b�o���^�Z�l�q�b�d�h�\�� 

�G�Z�e�b�q�b�_�� �b�a�[�u�l�h�q�g�u�o�� �^�Z�g�g�u�o�� �m�\�_�e�b�q�b�\�Z�_�l��
�g�Z�]�j�m�a�d�m�� �g�Z�� �i�j�h�]�j�Z�f�f�g�h�_�� �b�� �Z�i�i�Z�j�Z�l�g�h�_�� �h�[�_�k�i�_�q�_��
�g�b�_���� �<�� �j�Z�[�h�l�_�� �>�����@�� �^�e�y�� �h�[�j�Z�[�h�l�d�b�� �g�Z�[�e�x�^�Z�_�f�u�o��
�^�Z�g�g�u�o�� �b�� �b�a�\�e�_�q�_�g�b�y�� �j�Z�a�j�_�`�_�g�g�u�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d��
�b�k�i�h�e�v�a�m�_�l�k�y�� �i�h�e�m�m�i�j�Z�\�e�y�_�f�u�c�� �j�Z�a�j�_�`�_�g�g�u�c�� �Z�\��
�l�h�w�g�d�h�^�_�j�����i�h�a�\�h�e�y�x�s�b�c���i�h�\�u�k�b�l�v���l�h�q�g�h�k�l�v���\�u�^�_��
�e�_�g�b�y�� �g�_�b�k�i�j�Z�\�g�h�k�l�_�c�� �i�j�b�� �h�^�g�h�\�j�_�f�_�g�g�h�f�� �k�h�d�j�Z��
�s�_�g�b�b�� �g�Z�[�e�x�^�Z�_�f�u�o�� �^�Z�g�g�u�o���� �<�j�_�f�_�g�g�u�“�_�� �b�� �i�j�h��
�k�l�j�Z�g�k�l�\�_�g�g�u�_�� �\�a�Z�b�f�h�k�\�y�a�b�� �b�k�k�e�_�^�m�x�l�k�y�� �f�g�h�]�h�d�Z��
�g�Z�e�v�g�h�c�� �/�6�7�0-�k�_�l�v�x�� �^�e�y�� �i�h�k�l�j�h�_�g�b�y�� �f�h�^�_�e�b�� �\�j�_��

�f�_�g�g�u�“�o�� �j�y�^�h�\���� �q�l�h�[�u�� �\�u�i�h�e�g�y�l�v�� �h�[�g�Z�j�m�`�_�g�b�_�� �g�_��
�b�k�i�j�Z�\�g�h�k�l�_�c�� �b�� �b�o�� �b�a�h�e�y�p�b�x�� �g�Z�� �h�k�g�h�\�_�� �j�Z�a�g�b�p�u��
�f�_�`�^�m�� �a�g�Z�q�_�g�b�y�f�b �i�Z�j�Z�f�_�l�j�h�\, �d�h�l�h�j�u�_�� �b�a�f�_�j�y��
�x�l�k�y �^�Z�l�q�b�d�Z�f�b, �b�� �a�g�Z�q�_�g�b�y�f�b �w�l�b�o�� �i�Z�j�Z�f�_�l�j�h�\, 
�d�h�l�h�j�u�_ �j�Z�k�k�q�b�l�u�\�Z�x�l�k�y �Z�\�l�h�w�g�d�h�^�_�j�h�f���� �J�_�a�m�e�v��
�l�Z�l�u�� �i�j�h�\�_�j�d�b�� �i�h�^�l�\�_�j�`�^�Z�x�l���� �q�l�h�� �i�j�_�^�e�Z�]�Z�_�f�u�c 
�f�_�l�h�^�� �i�h�a�\�h�e�y�_�l �w�n�n�_�d�l�b�\�g�h�� �^�b�Z�]�g�h�k�l�b�j�h�\�Z�l�v�� �g�_��
�b�k�i�j�Z�\�g�h�k�l�b���W�I�E�:�� 

�<�� �j�Z�[�h�l�_�� �>�����@�� �Z�\�l�h�j�u�� �h�[�t�_�^�b�g�b�e�b�� �]�b�[�j�b�^�g�m�x��
�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�m�x�� �b�� �\�j�_�f�_�g�g�m�“�x�� �k�b�g�o�j�h�g�b�a�b�j�h��
�\�Z�g�g�m�x�� �j�_�d�m�j�j�_�g�l�g�m�x�� �_�^�b�g�b�p�m�� �g�Z�� �h�k�g�h�\�_�� �\�g�b�f�Z��
�g�b�y�� �k �i�j�h�p�_�^�m�j�Z�f�b�� �^�_�d�h�f�i�h�a�b�p�b�b�� �k�_�a�h�g�g�h-
�l�j�_�g�^�h�\�u�o�� �^�Z�g�g�u�o�� �b�� �i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�e�b�� �o�h�j�h��
�r�b�_���j�_�a�m�e�v�l�Z�l�u���d�Z�d���\���^�b�Z�]�g�h�k�l�b�d�_���g�_�b�k�i�j�Z�\�g�h�k�l�_�c����
�l�Z�d���b���\���i�j�h�]�g�h�a�b�j�h�\�Z�g�b�b���g�_�b�k�i�j�Z�\�g�h�k�l�_�c���\���W�I�E�:�� 

�<���j�Z�[�h�l�_��[�����@�� �h�i�b�k�u�\�Z�_�l�k�y�� �b�f�b�l�Z�p�b�h�g�g�Z�y�� �f�h��
�^�_�e�v�� �W�I�E�:�� �b�� �Z�g�Z�e�b�a�b�j�m�x�l�k�y�� �l�b�i�b�q�g�u�_�� �g�_�b�k�i�j�Z�\��
�g�h�k�l�b���W�I�E�:���� 

�F�h�^�_�e�b�j�h�\�Z�g�b�_���W�I�E�:�� �j�Z�a�^�_�e�_�g�h�� �g�Z�� �l�j�b�� �h�l��
�^�_�e�v�g�u�_���q�Z�k�l�b���\���k�h�h�l�\�_�l�k�l�\�b�b���k���_�]�h���k�h�k�l�Z�\�h�f�����k�b�g��
�o�j�h�g�g�u�c�� �^�\�b�]�Z�l�_�e�v���k�� �i�h�k�l�h�y�g�g�u�f�b�� �f�Z�]�g�b�l�Z�f�b���� �j�_��
�^�m�d�l�h�j���b���r�Z�j�b�d�h�\�u�c���\�b�g�l�� 

�K�b�g�o�j�h�g�g�u�c�� �^�\�b�]�Z�l�_�e�v�� �k�� �i�h�k�l�h�y�g�g�u�f�b�� �f�Z�]�g�b��
�l�Z�f�b���f�h�^�_�e�b�j�m�_�l�k�y���m�j�Z�\�g�_�g�b�y�f�b�� 
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�]�^�_�� ,  ,  , d q d qu u i i  �± �w�d�\�b�\�Z�e�_�g�l�g�h�_�� �g�Z�i�j�y�`�_�g�b�_�� �b��

�w�d�\�b�\�Z�e�_�g�l�g�u�c�� �l�h�d�� �k�h�h�l�\�_�l�k�l�\�_�g�g�h ���\�� �k�b�k�l�_�f�_��
�]�e�Z�\�g�u�o�� �d�h�f�i�h�g�_�g�l�� �j�h�l�h�j�Z�� �k�� �d�h�h�j�^�b�g�Z�l�Z�f�b��d, q); 

aR  �± �w�d�\�b�\�Z�e�_�g�l�g�h�_�� �k�h�i�j�h�l�b�\�e�_�g�b�_�� �h�[�f�h�l�d�b�� �d�Z��
�l�m�r�d�b����L �± �w�d�\�b�\�Z�e�_�g�l�g�Z�y�� �b�g�^�m�d�l�b�\�g�h�k�l�v����mP  �± 
�q�b�k�e�h���i�Z�j���i�h�e�x�k�h�\���^�\�b�]�Z�l�_�e�y����m�Z  �± �f�_�o�Z�g�b�q�_�k�d�Z�y��
�m�]�e�h�\�Z�y�� �k�d�h�j�h�k�l�v�� �j�h�l�h�j�Z����

mf
�\  �± �w�d�\�b�\�Z�e�_�g�l�g�Z�y��

�f�Z�]�g�b�l�g�Z�y���p�_�i�v����eT  �± �\�u�o�h�^�g�h�c���w�e�_�d�l�j�h�f�Z�]�g�b�l�g�u�c��
�f�h�f�_�g�l���^�\�b�]�Z�l�_�e�y����J �± �w�d�\�b�\�Z�e�_�g�l�g�Z�y���b�g�_�j�p�b�y���\�j�Z��
�s�_�g�b�y�� �j�h�l�h�j�Z�� �^�\�b�]�Z�l�_�e�y����B �± �d�h�w�n�n�b�p�b�_�g�l�� �^�_�f�i��
�n�b�j�h�\�Z�g�b�y�� �j�h�l�h�j�Z����LT  �±  �d�h�f�[�b�g�b�j�h�\�Z�g�g�u�c �f�h��
�f�_�g�l���k�h�i�j�h�l�b�\�e�_�g�b�y���g�Z�]�j�m�a�d�b�� 

�I�j�b�� �b�]�g�h�j�b�j�h�\�Z�g�b�b�� �l�j�Z�g�k�f�b�k�k�b�h�g�g�h�]�h�� �a�Z�a�h�j�Z����
�f�h�f�_�g�l�Z�� �l�j�_�g�b�y�� �b�� �^�j�m�]�b�o�� �\�e�b�y�x�s�b�o�� �n�Z�d�l�h�j�h�\�� �f�Z��
�l�_�f�Z�l�b�q�_�k�d�Z�y���f�h�^�_�e�v���j�_�^�m�d�l�h�j�Z���b�f�_�_�l���\�b�^ 

/ ,g m iN�T � �T  

�]�^�_��g�T  �± �\�u�o�h�^�g�h�_�� �m�]�e�h�\�h�_�� �k�f�_�s�_�g�b�_�� �j�_�^�m�d�l�h�j�Z; 

m�T  �± �m�]�e�h�\�h�_���k�f�_�s�_�g�b�_���\�u�o�h�^�g�h�]�h���\�Z�e�Z���^�\�b�]�Z�l�_�e�y�� 

iN  �± �i�_�j�_�^�Z�l�h�q�g�h�_���h�l�g�h�r�_�g�b�_���j�_�^�m�d�l�h�j�Z�� 
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�?�k�e�b�� �i�j�_�g�_�[�j�_�q�v�� �a�Z�a�h�j�h�f�� �\�b�g�l�Z���� �^�_�n�h�j�f�Z�p�b�_�c����
�l�j�_�g�b�_�f�� �b�� �^�j�m�]�b�f�b�� �\�e�b�y�x�s�b�f�b�� �n�Z�d�l�h�j�Z�f�b���� �f�Z�l�_��
�f�Z�l�b�q�_�k�d�Z�y���f�h�^�_�e�v���r�Z�j�b�d�h�\�h�]�h���\�b�g�l�Z���b�f�_�_�l���\�b�^ 
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�]�^�_��gx  �± �\�u�o�h�^�g�h�_�� �k�f�_�s�_�g�b�_�� �r�Z�j�b�d�h-�\�b�g�l�h�\�h�c��

�i�_�j�_�^�Z�q�b�����Z��hP  �± �o�h�^���r�Z�j�b�d�h-�\�b�g�l�h�\�h�c���i�_�j�_�^�Z�q�b�� 
�G�Z�� �h�k�g�h�\�_�� �w�l�h�c�� �f�h�^�_�e�b�� �^�e�y�� �^�b�Z�]�g�h�k�l�b�d�b�� �g�_�b�k��

�i�j�Z�\�g�h�k�l�b�� �i�j�b�f�_�g�y�_�l�k�y�� �f�_�l�h�^�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f 
�g�_�c�j�h�g�g�h�c���k�_�l�b��SAE-BiLSTM; �_�]�h���k�l�j�m�d�l�m�j�Z���i�j�_�^��
�k�l�Z�\�e�_�g�Z�� �g�Z�� �j�b�k���� ������ �H�[�m�q�_�g�b�_�� �k�_�l�_�c�� �\�u�i�h�e�g�y�_�l�k�y�� �\��
�Z�\�l�h�g�h�f�g�h�f�� �j�_�`�b�f�_�� �k�� �b�a�\�_�k�l�g�u�f�b�� �g�h�j�f�Z�e�v�g�u�f�b��
�^�Z�g�g�u�f�b�� �b�� �^�Z�g�g�u�f�b�� �h�[�� �h�l�d�Z�a�Z�o���� �H�[�m�q�_�g�g�u�_�� �k�_�l�b��
�a�Z�]�j�m�`�Z�x�l�k�y�� �\�� �[�h�j�l�h�\�m�x���k�b�k�l�_�f�m���^�e�y�� �h�[�_�k�i�_�q�_�g�b�y��
�h�g�e�Z�c�g-�^�b�Z�]�g�h�k�l�b�d�b�� �b�� �h�[�g�Z�j�m�`�_�g�b�y�� �g�_�b�k�i�j�Z�\�g�h��
�k�l�_�c���� 

�F�_�l�h�^�� �^�b�Z�]�g�h�k�l�b�d�b�� �g�_�b�k�i�j�Z�\�g�h�k�l�_�c�� �W�I�E�:�� �a�Z��
�d�e�x�q�Z�_�l�k�y���\���k�e�_�^�m�x�s�_�f�� 

�‡ �>�Z�g�g�u�_�� �k�h�[�b�j�Z�x�l�k�y�� �b�� �i�j�_�^�\�Z�j�b�l�_�e�v�g�h�� �g�h�j�f�Z��
�e�b�a�m�x�l�k�y���\���^�b�Z�i�Z�a�h�g�_���>���������@�� 

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

(SAE�����h�[�m�q�Z�_�l�k�y���\�u�i�h�e�g�y�l�v���Z�^�Z�i�l�b�\�g�h�_���b�a�\�e�_�q�_�g�b�_��
�^�Z�g�g�u�o�� �^�Z�l�q�b�d�h�\�� �g�Z�� �m�`�_�� �k�h�[�j�Z�g�g�h�f�� �g�Z�[�h�j�_�� �^�Z�g��
�g�u�o���� �k�h�^�_�j�`�Z�s�_�f�� �g�h�j�f�Z�e�v�g�u�_�� �j�Z�[�h�q�b�_�� �k�h�k�l�h�y�g�b�y��
�b�� �k�h�k�l�h�y�g�b�y�� �g�_�b�k�i�j�Z�\�g�h�k�l�b���� �q�l�h�� �h�[�_�k�i�_�q�b�\�Z�_�l��
�k�g�b�`�_�g�b�_�� �j�Z�a�f�_�j�g�h�k�l�b�� �b�� �k�`�Z�l�b�_�� �i�j�b�� �k�h�o�j�Z�g�_�g�b�b��
�\�Z�`�g�u�o���i�j�b�a�g�Z�d�h�\�����I�h�k�e�_���w�l�h�]�h���j�_�]�j�_�k�k�h�j���g�Z���h�k�g�h��
�\�_�� �k�_�l�b�� �%�L�/�6�7�0�� ���k�_�l�v�� �%�L�/�6�7�0�� �k�h�k�l�h�b�l�� �b�a�� �g�_�c�j�h��
�g�h�\��LSTM �b�� �f�h�^�_�e�b�� �^�\�m�g�Z�i�j�Z�\�e�_�g�g�h�c�� �j�_�d�m�j�j�_�g�l��
�g�h�c�� �g�_�c�j�h�g�g�h�c�� �k�_�l�b���� �h�[�m�q�Z�_�l�k�y�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f��
�^�Z�g�g�u�o�� �i�j�b�a�g�Z�d�h�\�� �g�h�j�f�Z�e�v�g�h�]�h�� �k�h�k�l�h�y�g�b�y���� �d�h�l�h��
�j�u�_�� �i�j�b�f�_�g�y�x�l�k�y �^�e�y�� �i�h�k�l�j�h�_�g�b�y�� �f�h�^�_�e�b�� �\�j�_�f�_�g��
�g�u�o�� �j�y�^�h�\�� �b�� �i�h�b�k�d�Z�� �j�Z�a�g�h�k�l�_�c�� �f�_�`�^�m �j�Z�k�q�_�l�g�u�f�b��
�b�� �b�a�f�_�j�_�g�g�u�f�b�� �a�g�Z�q�_�g�b�y�f�b�� �g�h�j�f�Z�e�v�g�u�o�� �b�� �h�r�b��
�[�h�q�g�u�o�� �^�Z�g�g�u�o���� �G�Z�� �h�k�g�h�\�_�� �i�h�e�m�q�_�g�g�u�o�� �j�Z�a�g�h�k�l�_�c��
�b�� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o�� �l�b�i�h�\�� �h�r�b�[�h�d�� �d�e�Z�k�k�b�n�b�d�Z�l�h�j��
�g�Z�� �h�k�g�h�\�_�� �6�R�I�W�P�D�[�� �h�[�m�q�Z�_�l�k�y�� �^�e�y�� �d�e�Z�k�k�b�n�b�d�Z�p�b�b��
�h�r�b�[�h�d�� 

�‡ �>�e�y�� �^�b�Z�]�g�h�k�l�b�d�b�� �g�_�b�k�i�j�Z�\�g�h�k�l�_�c�� �i�j�b�f�_�g�y�x�l��
�k�y���l�j�b���k�_�l�b�����i�h�e�m�q�_�g�g�u�_���\���i�j�h�p�_�k�k�_���h�[�m�q�_�g�b�y�����H�[��
�j�Z�[�h�l�Z�g�g�u�_�� �^�Z�g�g�u�_�� �f�h�g�b�l�h�j�b�g�]�Z�� �k�g�Z�q�Z�e�Z�� �i�_�j�_�^�Z��
�x�l�k�y�� �q�_�j�_�a�� �k�_�l�v�� �6�$�(�� �^�e�y�� �m�f�_�g�v�r�_�g�b�y�� �f�Z�k�r�l�Z�[�Z��
�^�Z�g�g�u�o�� �b�� �b�a�\�e�_�q�_�g�b�y�� �i�j�b�a�g�Z�d�h�\���� �a�Z�l�_�f�� �i�j�b�� �i�h�f�h��
�s�b  �k�_�l�b  BiLSTM  �\�u�q�b�k�e�y�x�l�k�y  �j�Z�a�g�h�k�l�b  �f�_�`�^�m�� 
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   �”

�h�^�g�h�r�Z�]�h�\�h�c�� �h�i�_�j�_�`�Z�x�s�_�c�� �h�p�_�g�d�h�c�� �b�� �b�a�f�_�j�_�g��
�g�u�f�b���^�Z�g�g�u�f�b�����b���_�k�e�b���j�Z�a�g�h�k�l�b���i�j�_�\�u�r�Z�x�l���i�h�j�h��
�]�h�\�h�_���a�g�Z�q�_�g�b�_�����k�h�h�[�s�Z�_�l�k�y���h�[���h�r�b�[�d�_�����Z �^�Z�g�g�u�_���h��
�i�j�h�b�a�h�r�_�^�r�_�c�� �h�r�b�[�d�_�� �i�_�j�_�^�Z�x�l�k�y�� �\�� �k�_�l�v�� �6�R�I�W�P�D�[��
�^�e�y���d�e�Z�k�k�b�n�b�d�Z�p�b�b���h�r�b�[�d�b�� 

 
2.3.  �ò������������� ������������������������������� ���������ý�ù�î����������������������

�����������������&� ��������������������� ���%��������������������������������� ��  

�<�� �j�Z�[�h�l�_�� �>�����@�� �^�e�y�� �^�b�Z�]�g�h�k�l�b�d�b�� �g�_�b�k�i�j�Z�\�g�h�k�l�_�c��
�W�I�E�:���i�j�_�^�e�Z�]�Z�_�l�k�y���f�_�l�h�^���f�g�h�]�h�f�Z�k�r�l�Z�[�g�h�c���k�\�_�j��
�l�h�q�g�h�c�� �g�_�c�j�h�g�g�h�c�� �k�_�l�b�� �k�e�b�y�g�b�y�� �i�j�b�a�g�Z�d�h�\���� �d�h�l�h��
�j�u�c���k�h�k�l�h�b�l���b�a���q�_�l�u�j�_�o���i�h�k�e�_�^�h�\�Z�l�_�e�v�g�u�o���w�l�Z�i�h�\����
�f�g�h�]�h�f�Z�k�r�l�Z�[�g�h�_�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�_���� �b�a�m�q�_�g�b�_�� �i�j�b��
�a�g�Z�d�h�\���� �h�[�t�_�^�b�g�_�g�b�_�� �i�j�b�a�g�Z�d�h�\�� �b�� �d�e�Z�k�k�b�n�b�d�Z�p�b�y��
�g�_�b�k�i�j�Z�\�g�h�k�l�_�c���� �J�Z�[�h�l�Z�� �W�I�E�:�� �h�k�m�s�_�k�l�\�e�y�_�l�k�y �\��
�k�e�h�`�g�u�o�� �m�k�e�h�\�b�y�o���� �k�\�y�a�Z�g�g�u�o�� �k�� �b�a�f�_�g�_�g�b�_�f�� �k�d�h��
�j�h�k�l�b���b���g�Z�]�j�m�a�d�b�����i�j�b �k�b�e�v�g�h�f���r�m�f�_���\�g�_�r�g�_�c���k�j�_��
�^�u���� �<�g�_�^�j�_�g�b�_�� �f�g�h�]�h�f�Z�k�r�l�Z�[�g�h�]�h�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y��
�\���k�\�_�j�l�h�q�g�m�x���g�_�c�j�h�g�g�m�x���k�_�l�v���i�h�a�\�h�e�y�_�l���m�e�m�q�r�Z�l�v��
�j�Z�a�g�h�h�[�j�Z�a�b�_�� �b�� �\�a�Z�b�f�h�^�h�i�h�e�g�y�_�f�h�k�l�v�� �o�Z�j�Z�d�l�_�j�b��
�k�l�b�d�����k�\�y�a�Z�g�g�u�o���k���g�_�b�k�i�j�Z�\�g�h�k�l�y�f�b�� 

�F�g�h�]�h�f�Z�k�r�l�Z�[�g�h�_�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�_ �i�j�_�^�k�l�Z�\��
�e�y�_�l�� �k�h�[�h�c�� �\�u�[�h�j�d�m�� �k�b�]�g�Z�e�Z�� �k�� �j�Z�a�g�h�c�� �k�l�_�i�_�g�v�x��
�^�_�l�Z�e�b�a�Z�p�b�b���� �>�e�y�� �^�Z�g�g�h�]�h�� �h�^�g�h�f�_�j�g�h�]�h�� �k�b�]�g�Z�e�Z��
�^ �`x  �^�e�b�g�u��N �g�_�k�d�h�e�v�d�h�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�u�o�� �k�b�]�g�Z��

�e�h�\�� �� ���^ �`ky  �k�� �j�Z�a�g�h�c�� �k�l�_�i�_�g�v�x�� �^�_�l�Z�e�b�a�Z�p�b�b�� �k�h�a�^�Z��

�x�l�k�y�� �k�� �i�h�f�h�s�v�x�� �i�j�h�k�l�h�]�h�� �i�j�h�p�_�k�k�Z�� �i�h�g�b�`�_�g�b�y��
�q�Z�k�l�h�l�u�� �^�b�k�d�j�_�l�b�a�Z�p�b�b���� �G�Z�� �j�b�k���� ���� �i�j�_�^�k�l�Z�\�e�_�g��
�k�b�]�g�Z�e�� �\�� �l�j�_�o�� �j�Z�a�g�u�o�� �f�Z�k�r�l�Z�[�Z�o��(�F�Z�k�r�l�Z�[�� ������
�F�Z�k�r�l�Z�[�������b���F�Z�k�r�l�Z�[����).  

 

 

 
�J�b�k�����������F�_�l�h�^���f�g�h�]�h�f�Z�k�r�l�Z�[�g�h�c���i�h�g�b�`�Z�x�s�_�c���^�b�k�d�j�_�l�b�a�Z�p�b�b��
�k�b�]�g�Z�e�Z 

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

�F�Z�l�_�f�Z�l�b�q�_�k�d�h�_�� �h�i�b�k�Z�g�b�_�� �f�g�h�]�h�f�Z�k�r�l�Z�[�g�h�c��
�i�h�g�b�`�Z�x�s�_�c�k�y�� �^�b�k�d�j�_�l�b�a�Z�p�b�b�� �\�u�]�e�y�^�b�l�� �k�e�_�^�m�x��
�s�b�f���h�[�j�Z�a�h�f�� 

�� ��

�� ��1 1

1
,  1 ,

jk
k

ij
i j k

N
y x j

k k� �� ��

� �d �d�¦  

�]�^�_��k �± �d�h�w�n�n�b�p�b�_�g�l���f�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�y���� 
�>�e�y�� �b�a�m�q�_�g�b�y�� �i�j�b�a�g�Z�d�h�\�� �i�h�k�e�_�� �i�h�e�m�q�_�g�b�y�� �k�b�]��

�g�Z�e�h�\���� ���^ � �̀� ��1, 2, 4ky k �  �k�� �j�Z�a�g�u�f�b�� �f�Z�k�r�l�Z�[�Z�f�b��

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

�� �� �� �� �� ���� ��1 , 2 , 3k k kC C C  �b�� �k�e�h�_�\�� �h�[�t�_�^�b�g�_�g�b�y��

�� �� �� �� �� ���� ��1 , 2 , 3k k kP P P  �^�e�y�� �h�[�m�q�_�g�b�y�� �\�� �j�Z�a�g�u�o�� �\�j�_��

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

�I�_�j�\�u�_�� �k�\�_�j�l�h�q�g�u�_�� �k�e�h�b���� �� �� �� �� ���� ��1 2 41 , 1 , 1C C C  

�b�f�_�x�l�� �^�e�b�g�m�� �k�b�]�g�Z�e�Z��,   / 2,   / 4N N N  �k�h�h�l�\�_�l��
�k�l�\�_�g�g�h���� �>�e�y �d�Z�`�^�h�c�� �i�_�j�\�h�c�� �k�\�_�j�l�d�b�� �j�Z�a�f�_�j�� �k�h�h�l��
�\�_�l�k�l�\�m�x�s�_�]�h�� �y�^�j�Z�� �k�\�_�j�l�d�b�� �m�f�_�g�v�r�Z�_�l�k�y�� �i�h�� �f�_�j�_��
�m�\�_�e�b�q�_�g�b�y���a�g�Z�q�_�g�b�y��k�����q�l�h���k�i�h�k�h�[�k�l�\�m�_�l���e�m�q�r�_�f�m��
�b�a�\�e�_�q�_�g�b�x���i�h�e�_�a�g�u�o���i�j�b�a�g�Z�d�h�\���� 

�>�e�y�� �d�Z�`�^�h�]�h�� �k�b�]�g�Z�e�Z���� ���^ � �̀� ��1, 2, 4ky k �  �i�h�k�e�_��

�k�e�h�_�\���� ��1  kC �b�� �� ��1 kP  �]�_�g�_�j�b�j�m�_�l�k�y�� �h�i�j�_�^�_�e�_�g�g�h�_��
�d�h�e�b�q�_�k�l�\�h���g�h�\�u�o���d�Z�j�l���i�j�b�a�g�Z�d�h�\�����A�Z�l�_�f���w�l�b���d�Z�j�l�u��
�i�j�b�a�g�Z�d�h�\�� �b�k�i�h�e�v�a�m�x�l�k�y�� �\�� �d�Z�q�_�k�l�\�_�� �\�o�h�^�g�u�o�� �^�Z�g��

�g�u�o�� �^�e�y �k�e�h�y �� ��,2 kC  �h�i�_�j�Z�p�b�b�� �i�h�\�l�h�j�y�x�l�k�y�� �b�� �]�_��
�g�_�j�b�j�m�x�l�k�y���g�h�\�u�_���d�Z�j�l�u���i�j�b�a�g�Z�d�h�\�����L�h�q�g�h���l�Z�d���`�_����

�_�k�e�b�� �i�j�_�^�i�h�e�h�`�b�l�v���� �q�l�h���\ �k�e�h�_ �� ��3 kC  �b�k�i�h�e�v�a�m�x�l��
�k�y��K �y�^�_�j�� �k�\�_�j�l�d�b���� �\�u�o�h�^�h�f�� �k�e�h�y�� �h�[�t�_�^�b�g�_�g�b�y��

�� ��1 kP  �y�\�e�y�_�l�k�y��K �g�h�\�u�o���d�Z�j�l���i�j�b�a�g�Z�d�h�\�� 

�� �� �> �@1 2, , , .k
Kq p p p�  � } 

�H�d�h�g�q�Z�l�_�e�v�g�h�_���i�j�_�^�k�l�Z�\�e�_�g�b�_���i�j�b�a�g�Z�d�Z��q �b�f�_�_�l��
�l�j�b���j�Z�a�g�u�o���f�Z�k�r�l�Z�[�Z�� 

�� �� �� �� �� ��1 2 4, , .q q q q� ª � º� � « � »� ¬ � ¼
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�K�e�_�^�h�\�Z�l�_�e�v�g�h���� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k�� �l�j�Z�^�b�p�b�h�g�g�u�f��
�h�^�g�h�f�Z�k�r�l�Z�[�g�u�f�� �i�j�_�^�k�l�Z�\�e�_�g�b�_�f���� �f�g�h�]�h�f�Z�k�r�l�Z�[��
�g�h�_�� �b�a�m�q�_�g�b�_�� �i�j�b�a�g�Z�d�h�\�� �b�f�_�_�l�� �[�h�e�v�r�b�c�� �^�b�Z�i�Z�a�h�g��
�h�o�\�Z�l�Z�� �i�j�b�a�g�Z�d�h�\���� �q�l�h�� �k�i�h�k�h�[�k�l�\�m�_�l�� �b�a�\�e�_�q�_�g�b�x��
�^�h�i�h�e�g�b�l�_�e�v�g�u�o�� �i�j�b�a�g�Z�d�h�\�� �b�� �h�[�_�k�i�_�q�b�\�Z�_�l�� �e�m�q��
�r�b�c �w�n�n�_�d�l�� �^�e�y�� �k�e�_�^�m�x�s�_�]�h�� �r�Z�]�Z�� �d�e�Z�k�k�b�n�b�d�Z�p�b�b��
�g�_�b�k�i�j�Z�\�g�h�k�l�_�c�� 

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

�>�e�y�� �\�u�i�h�e�g�_�g�b�y�� �d�e�Z�k�k�b�n�b�d�Z�p�b�b�� �b�k�i�h�e�v�a�m�_�l�k�y��
�d�h�f�[�b�g�Z�p�b�y�� �i�h�e�g�h�k�\�y�a�g�h�]�h�� �k�d�j�u�l�h�]�h�� �k�e�h�y�� �b�� �k�e�h�y��
Softmax���� �G�Z�� �\�o�h�^�� �i�h�e�g�h�k�\�y�a�g�h�]�h�� �k�e�h�y�� �i�h�^�Z�_�l�k�y��
�\�_�d�l�h�j�� �i�j�b�a�g�Z�d�h�\��q���� �i�h�e�m�q�_�g�g�u�c�� �g�Z�� �i�j�_�^�u�^�m�s�_�f��
�w�l�Z�i�_���� �K�d�j�u�l�u�c�� �k�e�h�c�� �b�k�i�h�e�v�a�m�_�l��ReLU �\�� �d�Z�q�_�k�l�\�_��
�n�m�g�d�p�b�b���Z�d�l�b�\�Z�p�b�b�����\���\�u�o�h�^�g�h�f���k�e�h�_���b�k�i�h�e�v�a�m�_�l�k�y��
�n�m�g�d�p�b�y��Softmax. 

�I�m�k�l�v��Y �i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c�� �f�_�l�d�m�� �d�Z�l�_�]�h�j�b�b��
�k�h�k�l�h�y�g�b�y�� �W�I�E�:���� �I�j�_�^�i�h�e�h�`�b�f���� �q�l�h�� �\�k�_�]�h��n �d�Z�l�_��
�]�h�j�b�c���� �l. �_. �^�e�y�� �\�o�h�^�g�h�c�� �\�u�[�h�j�d�b��x �\�_�j�h�y�l�g�h�k�l�v��
�l�h�]�h���� �q�l�h�� �h�g�Z �i�j�b�g�Z�^�e�_�`�b�l �d �d�Z�l�_�]�h�j�b�b��c, �h�i�j�_�^�_��
�e�y�_�l�k�y���k�e�_�^�m�x�s�b�f���h�[�j�Z�a�h�f�� 
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�]�^�_�� �> �@1 2, , , n�T � �T �T �} �T �± �i�Z�j�Z�f�_�l�j�����d�h�l�h�j�u�c���g�_�h�[�o�h��

�^�b�f�h���b�a�m�q�b�l�v���\���f�h�^�_�e�b����T

1

1/ exp( )
n

j
j

x
� 

�T�¦  �± �g�h�j�f�b�j�h��

�\�Z�g�g�Z�y���n�m�g�d�p�b�y����
1

1
n

j
j

P
� 

� �¦ . 

�>�e�y�� �e�x�[�h�c�� �a�Z�^�Z�g�g�h�c�� �\�o�h�^�g�h�c�� �\�u�[�h�j�d�b�� �f�g�h�]�h��
�f�Z�k�r�l�Z�[�g�Z�y�� �k�\�_�j�l�h�q�g�Z�y�� �g�_�c�j�h�g�g�Z�y�� �k�_�l�v �[�m�^�_�l��
�i�j�_�^�k�d�Z�a�u�\�Z�l�v���j�_�a�m�e�v�l�Z�l�����>�e�y���l�h�]�h���q�l�h�[�u���i�j�_�^�k�d�Z��
�a�Z�g�g�h�_���a�g�Z�q�_�g�b�_���f�h�^�_�e�b���f�Z�d�k�b�f�Z�e�v�g�h���k�h�h�l�\�_�l�k�l�\�h��
�\�Z�e�h���b�k�l�b�g�g�h�f�m, �g�_�h�[�o�h�^�b�f�h���f�b�g�b�f�b�a�b�j�h�\�Z�l�v���j�Z�k��
�k�l�h�y�g�b�_���f�_�`�^�m���i�j�_�^�k�d�Z�a�Z�g�g�u�f���a�g�Z�q�_�g�b�_�f���b���b�k�l�b�g��
�g�u�f���a�g�Z�q�_�g�b�_�f�����l�� �_�����n�m�g�d�p�b�x���i�h�l�_�j�v 
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�]�^�_��m �± �d�h�e�b�q�_�k�l�\�h�� �i�j�h�[���b�e�b�� �j�Z�a�f�_�j�� �\�o�h�^�g�h�c�� �i�Z�j��
�l�b�b�����^ �`I �˜  �± �n�m�g�d�p�b�y���b�g�^�_�d�k�Z:  

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

�� ���� ��* arg min ; , ,L f x y
�T

�T � �T  

�]�^�_��*�T �± �h�i�l�b�f�Z�e�v�g�u�c�� �i�Z�j�Z�f�_�l�j�� �f�h�^�_�e�b����( )L �˜  �± 
�n�m�g�d�p�b�y�� �i�h�l�_�j�v����( )f �˜  �b��y �± �\�u�o�h�^�g�h�_�� �a�g�Z�q�_�g�b�_�� �b��
�p�_�e�_�\�h�_���a�g�Z�q�_�g�b�_���f�h�^�_�e�b���k�h�h�l�\�_�l�k�l�\�_�g�g�h�� 

�:�\�l�h�j�u �j�Z�[�h�l�u �>�����@���i�j�b�\�h�^�y�l���^�\�m�f�_�j�g�m�x���\�b�a�m��
�Z�e�b�a�Z�p�b�x�� �i�j�h�p�_�k�k�Z�� �d�e�Z�k�k�b�n�b�d�Z�p�b�b�� ���j�b�k���� �������� �d�h�l�h��
�j�Z�y�� �i�h�d�Z�a�u�\�Z�_�l���� �q�l�h�� �k�g�Z�q�Z�e�Z�� �\�u�[�h�j�d�b�� �j�Z�a�e�b�q�g�u�o��
�d�Z�l�_�]�h�j�b�c�� �b�k�o�h�^�g�h�]�h�� �k�b�]�g�Z�e�Z�� �i�_�j�_�f�_�r�Z�g�u�� �b��
�g�_�j�Z�a�^�_�e�b�f�u�����j�b�k����3, a�������i�h���f�_�j�_���i�j�h�o�h�`�^�_�g�b�y���k�e�h��
�_�\���\�u�[�h�j�d�b���j�Z�a�^�_�e�y�x�l�k�y�����j�b�k�����������[�±�` �����b���i�h�k�e�_���k�e�h�y��
Softmax �j�Z�k�i�h�e�Z�]�Z�x�l�k�y�� �^�Z�e�_�d�h�� �^�j�m�]�� �h�l�� �^�j�m�]�Z�� ���j�b�k����
3, �a). 

�<�� �j�Z�[�h�l�_�� �>�����@�� �i�j�b�\�h�^�y�l�k�y�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_��
�j�_�a�m�e�v�l�Z�l�u���� �d�h�l�h�j�u�_�� �i�h�d�Z�a�u�\�Z�x�l���� �q�l�h�� �\�� �k�p�_�g�Z�j�b�y�o��
�k�� �k�b�e�v�g�u�f�� �r�m�f�h�f�� �b�� �i�_�j�_�f�_�g�g�u�f�b �g�Z�]�j�m�a�d�Z�f�b��
�i�j�_�^�e�Z�]�Z�_�f�u�c�� �f�_�l�h�^�� �b�f�_�_�l�� �e�m�q�r�m�x�� �i�j�h�b�a�\�h�^�b��
�l�_�e�v�g�h�k�l�v�����q�_�f���l�Z�d�b�_���k�h�\�j�_�f�_�g�g�u�_���f�_�l�h�^�u���^�b�Z�]�g�h��
�k�l�b�d�b�� �g�_�b�k�i�j�Z�\�g�h�k�l�_�c���� �d�Z�d�� �k�\�_�j�l�h�q�g�u�_�� �g�_�c�j�h�g�g�u�_��
�k�_�l�b�� �k�� �r�b�j�h�d�b�f�b�� �y�^�j�Z�f�b�� �i�_�j�\�h�]�h�� �m�j�h�\�g�y�� �>�����@�� �b��
�f�g�h�]�h�f�Z�k�r�l�Z�[�g�u�_�� �k�\�_�j�l�h�q�g�u�_�� �g�_�c�j�h�g�g�u�_�� �k�_�l�b��
[41]. 

 

3.1.  �����#�����%���������������������!������������������������������������
�����������������������������-  

�G�Z���j�Z�[�h�l�u���i�h���l�_�o�g�b�q�_�k�d�h�f�m���h�[�k�e�m�`�b�\�Z�g�b�x���E�: 
�i�j�b�o�h�^�b�l�k�y �h�d�h�e�h�� �����±20 ���� �h�[�s�b�o�� �w�d�k�i�e�m�Z�l�Z�p�b�h�g��
�g�u�o���j�Z�k�o�h�^�h�\�����H�i�l�b�f�b�a�Z�p�b�y���a�Z�l�j�Z�l���g�Z���l�_�o�g�b�q�_�k�d�h�_��
�h�[�k�e�m�`�b�\�Z�g�b�_�� �k�Z�f�h�e�_�l�h�\�� �[�e�Z�]�h�^�Z�j�y �\�g�_�^�j�_�g�b�x 
�h�[�k�e�m�`�b�\�Z�g�b�y�� �g�Z�� �h�k�g�h�\�_�� �i�j�h�]�g�h�a�b�j�h�\�Z�g�b�y�� �m�i�h�f�b��
�g�Z�_�l�k�y���\���f�g�h�]�h�q�b�k�e�_�g�g�u�o���b�k�k�e�_�^�h�\�Z�g�b�y�o���>�����±47]. 

�I�j�_�^�i�h�e�Z�]�Z�_�l�k�y���� �q�l�h�� �h�[�k�e�m�`�b�\�Z�g�b�_�� �g�Z�� �h�k�g�h�\�_��
�i�j�h�]�g�h�a�b�j�h�\�Z�g�b�y�� �[�m�^�_�l�� �i�j�h�\�h�^�b�l�v�k�y�� �i�j�b�� �g�_�h�[�o�h��
�^�b�f�h�k�l�b���\���a�Z�\�b�k�b�f�h�k�l�b���h�l���l�_�o�g�b�q�_�k�d�h�]�h���k�h�k�l�h�y�g�b�y��
�d�h�f�i�h�g�_�g�l�Z�� �k�� �p�_�e�v�x�� �i�j�_�^�m�i�j�_�`�^�_�g�b�y�� �g�_�b�k�i�j�Z�\�g�h��
�k�l�_�c���^�h���b�o���i�h�y�\�e�_�g�b�y�����Z���g�_���i�h���\�j�_�f�_�g�b���g�_�a�Z�\�b�k�b�f�h��
�h�l�� �l�_�d�m�s�_�]�h�� �k�h�k�l�h�y�g�b�y���� �>�e�y�� �j�_�Z�e�b�a�Z�p�b�b�� �h�[�k�e�m�`�b��
�\�Z�g�b�y�� �g�Z�� �h�k�g�h�\�_�� �i�j�h�]�g�h�a�b�j�h�\�Z�g�b�y�� �g�_�h�[�o�h�^�b�f�Z��
�m�i�j�_�`�^�Z�x�s�Z�y�� �h�p�_�g�d�Z�� �l�_�o�g�b�q�_�k�d�h�]�h�� �k�h�k�l�h�y�g�b�y�� �b��
�i�j�h�]�g�h�a�b�j�h�\�Z�g�b�_�� �h�k�l�Z�\�r�_�]�h�k�y�� �k�j�h�d�Z�� �i�h�e�_�a�g�h�]�h�� �b�k��
�i�h�e�v�a�h�\�Z�g�b�y���d�h�f�i�h�g�_�g�l�h�\���b���i�h�^�k�b�k�l�_�f���\���j�_�Z�e�v�g�h�f��
�\�j�_�f�_�g�b���g�Z���h�k�g�h�\�_���f�h�^�_�e�_�c�����g�Z���h�k�g�h�\�_���^�Z�g�g�u�o���b�e�b 
�k�� �i�h�f�h�s�v�x �]�b�[�j�b�^�g�u�o�� �f�_�l�h�^�h�\�� �>�����@���� �H�k�g�h�\�g�u�_��
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�J�b�k�����������>�\�m�f�_�j�g�Z�y���\�b�a�m�Z�e�b�a�Z�p�b�y���i�j�h�p�_�k�k�Z���d�e�Z�k�k�b�n�b�d�Z�p�b�b���f�g�h�]�h�f�Z�k�r�l�Z�[�g�h�c���k�\�_�j�l�h�q�g�h�c���g�_�c�j�h�g�g�h�c���k�_�l�b 

 
�i�j�_�b�f�m�s�_�k�l�\�Z�� �b�� �g�_�^�h�k�l�Z�l�d�b�� �j�Z�a�g�u�o�� �f�_�l�h�^�h�\�� �h�[��
�k�m�`�^�Z�e�b�k�v���\���i�� �����������<���j�Z�[�h�l�_���>�����@���i�j�_�^�e�Z�]�Z�_�l�k�y���f�_��
�l�h�^�� �j�Z�g�g�_�]�h�� �h�[�g�Z�j�m�`�_�g�b�y�� �b�� �b�^�_�g�l�b�n�b�d�Z�p�b�b �g�_�b�k��
�i�j�Z�\�g�h�k�l�_�c�� �W�I�E�:�� �g�Z�� �h�k�g�h�\�_�� �f�h�^�_�e�b���� �I�j�_�^�e�Z�]�Z�_��
�f�u�c�� �f�_�l�h�^�� �i�j�h�]�g�h�a�b�j�h�\�Z�g�b�y�� �k�i�h�k�h�[�_�g�� �b�^�_�g�l�b�n�b��
�p�b�j�h�\�Z�l�v�� �Z�g�h�f�Z�e�v�g�h�_�� �i�h�\�_�^�_�g�b�_�� �W�I�E�:�� �i�j�b�� �^�\�m�o��
�i�j�h�]�j�_�k�k�b�j�m�x�s�b�o�� �h�l�d�Z�a�Z�o���� �q�Z�k�l�b�q�g�h�f�� �f�_�`�\�b�l�d�h��
�\�h�f�� �a�Z�f�u�d�Z�g�b�b�� �n�Z�a�u�� �k�l�Z�l�h�j�Z�� �b�� �k�l�Z�l�b�q�_�k�d�h�f�� �w�d�k��
�p�_�g�l�j�b�k�b�l�_�l�_�� �j�h�l�h�j�Z. �B�k�i�h�e�v�a�h�\�Z�g�b�_ �f�h�^�_�e�_�c�� �^�e�y��
�h�p�_�g�d�b���l�_�o�g�b�q�_�k�d�h�]�h���k�h�k�l�h�y�g�b�y���b���i�j�h�]�g�h�a�b�j�h�\�Z�g�b�y��
�h�k�l�Z�\�r�_�]�h�k�y�� �k�j�h�d�Z�� �i�h�e�_�a�g�h�]�h�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �g�Z��
�[�h�j�l�m���l�j�_�[�m�_�l���l�s�Z�l�_�e�v�g�h�c���i�j�h�\�_�j�d�b���w�l�b�o���f�h�^�_�e�_�c����
�<���j�Z�[�h�l�_���>���@���h�i�b�k�Z�g���b�k�i�u�l�Z�l�_�e�v�g�u�c���k�l�_�g�^���^�e�y���w�d�k��
�i�_�j�b�f�_�g�l�Z�e�v�g�h�c�� �i�j�h�\�_�j�d�b�� �f�h�^�_�e�_�c�� �W�I�E�:�� �\�� �g�h�f�b��
�g�Z�e�v�g�u�o�� �m�k�e�h�\�b�y�o���� �Z�� �l�Z�d�`�_�� �i�j�b�� �g�Z�e�b�q�b�b�� �a�Z�j�h�`�^�Z��
�x�s�b�o�k�y�� �f�_�o�Z�g�b�q�_�k�d�b�o�� �g�_�b�k�i�j�Z�\�g�h�k�l�_�c���� �l�Z�d�b�o�� �d�Z�d��
�b�a�f�_�g�_�g�b�_���l�j�_�g�b�y���b���m�\�_�e�b�q�_�g�b�_ �e�x�n�l�h�\���\���j�_�^�m�d�l�h��
�j�_�� 

�I�j�b�f�_�g�_�g�b�_�� �f�_�l�h�^�h�\�� �f�Z�r�b�g�g�h�]�h�� �h�[�m�q�_�g�b�y�� �^�e�y��
�i�j�h�]�g�h�a�b�j�h�\�Z�g�b�y�� �l�_�o�g�b�q�_�k�d�h�]�h�� �k�h�k�l�h�y�g�b�y�� �\�� �Z�\�b�Z��
�p�b�b���k�h�i�j�y�`�_�g�h�� �k �j�y�^�h�f �i�j�h�[�e�_�f�� �>�����@���� �W�d�k�i�e�m�Z�l�Z��
�p�b�h�g�g�u�_���^�Z�g�g�u�_�����]�_�g�_�j�b�j�m�_�f�u�_���k�b�k�l�_�f�h�c���l�_�o�g�b�q�_��
�k�d�h�]�h�� �k�h�k�l�h�y�g�b�y�� �E�:���� �d�j�Z�c�g�_�� �g�_�k�[�Z�e�Z�g�k�b�j�h�\�Z�g�u����
�i�h�k�d�h�e�v�d�m�� �h�l�d�Z�a�u�� �d�h�f�i�h�g�_�g�l�h�\�� �E�:�� �i�j�h�b�k�o�h�^�y�l�� �\�h��
�\�j�_�f�y�� �i�h�e�_�l�h�\�� �q�j�_�a�\�u�q�Z�c�g�h�� �j�_�^�d�h�� �b�� �^�Z�g�g�u�_�� �k�f�_��
�s�_�g�u���\���k�l�h�j�h�g�m���g�h�j�f�Z�e�v�g�h�c���j�Z�[�h�l�u�����<���w�l�h�f���k�e�m�q�Z�_��
�g�_�h�[�o�h�^�b�f�u�� �k�i�_�p�b�Z�e�v�g�u�_�� �f�_�l�h�^�u�� �Z�g�Z�e�b�a�Z���� �k�i�h��
�k�h�[�g�u�_�� �i�j�h�l�b�\�h�^�_�c�k�l�\�h�\�Z�l�v�� �^�b�k�[�Z�e�Z�g�k�m�� �^�Z�g�g�u�o����
�>�j�m�]�Z�y�� �i�j�h�[�e�_�f�Z�� �a�Z�d�e�x�q�Z�_�l�k�y�� �\�� �h�l�k�m�l�k�l�\�b�b�� �h�[�s�_��
�^�h�k�l�m�i�g�u�o�� �g�Z�[�h�j�h�\�� �^�Z�g�g�u�o���� �q�l�h�� �h�]�j�Z�g�b�q�b�\�Z�_�l�� �b�k��
�k�e�_�^�h�\�Z�g�b�y���\���w�l�h�c���h�[�e�Z�k�l�b���>46]. 

�<�� �j�Z�[�h�l�_�� �>��1�@�� �i�j�_�^�k�l�Z�\�e�_�g�� �f�_�l�h�^�� �h�[�g�Z�j�m�`�_�g�b�y��
�j�_�^�d�b�o�� �h�l�d�Z�a�h�\�� �^�e�y�� �i�j�h�]�g�h�k�l�b�q�_�k�d�h�]�h�� �h�[�k�e�m�`�b�\�Z��
�g�b�y�� �k�Z�f�h�e�_�l�h�\�� �k�� �i�j�b�f�_�g�_�g�b�_�f �]�e�m�[�h�d�h�]�h�� �]�b�[�j�b�^��
�g�h�]�h�� �h�[�m�q�_�g�b�y�� �g�Z�� �h�k�g�h�\�_�� �g�_�k�[�Z�e�Z�g�k�b�j�h�\�Z�g�g�h�]�h��
�g�Z�[�h�j�Z�� �^�Z�g�g�u�o���� �I�j�_�^�e�Z�]�Z�_�f�Z�y�� �f�h�^�_�e�v�� �b�k�i�h�e�v�a�m�_�l��
�^�\�Z�� �w�l�Z�i�Z���� �Z�\�l�h�w�g�d�h�^�_�j�� �^�e�y�� �h�[�g�Z�j�m�`�_�g�b�y�� �j�_�^�d�b�o��
�k�[�h�_�\�� �b�� �k�\�_�j�l�h�q�g�m�x�� �g�_�c�j�h�g�g�m�x�� �k�_�l�v�� �k�� �^�\�m�g�Z�i�j�Z�\��
�e�_�g�g�u�f�b�� �m�i�j�Z�\�e�y�_�f�u�f�b�� �j�_�d�m�j�j�_�g�l�g�u�f�b�� �[�e�h�d�Z�f�b��
(�Z�g�]�e����Bidirectional Gated Recurrent Unit, BGRU) 
�^�e�y�� �i�j�h�]�g�h�a�b�j�h�\�Z�g�b�y�� �k�e�_�^�m�x�s�_�]�h�� �\�h�a�g�b�d�g�h�\�_�g�b�y��
�k�[�h�y���� �I�j�_�^�e�Z�]�Z�_�f�u�c�� �f�_�l�h�^�� �h�p�_�g�b�\�Z�_�l�k�y�� �k�� �b�k�i�h�e�v��
�a�h�\�Z�g�b�_�f�� �^�Z�g�g�u�o�� �j�_�Z�e�v�g�h�c�� �k�b�k�l�_�f�u�� �l�_�o�g�b�q�_�k�d�h�]�h��
�h�[�k�e�m�`�b�\�Z�g�b�y�� �k�Z�f�h�e�_�l�h�\���� �J�_�a�m�e�v�l�Z�l�u�� �h�p�_�g�d�b�� �k�\�b��
�^�_�l�_�e�v�k�l�\�m�x�l���� �q�l�h�� �f�_�l�h�^�� �w�n�n�_�d�l�b�\�_�g�� �^�e�y�� �i�j�h�]�g�h��
�a�b�j�h�\�Z�g�b�y�� �h�l�d�Z�a�h�\�� �d�h�f�i�h�g�_�g�l�h�\�� �\�� �l�_�q�_�g�b�_�� �a�Z�j�Z�g�_�_��
�h�i�j�_�^�_�e�_�g�g�h�]�h���a�g�Z�q�b�f�h�]�h���i�_�j�b�h�^�Z���\�j�_�f�_�g�b�� 

�<�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �\�� �e�b�l�_�j�Z�l�m�j�_�� �j�Z�k�k�f�Z�l�j�b�\�Z��
�_�l�k�y�� �]�e�Z�\�g�u�f�� �h�[�j�Z�a�h�f�� �i�j�h�]�g�h�a�b�j�h�\�Z�g�b�_�� �l�_�o�g�b�q�_��
�k�d�h�]�h�� �k�h�k�l�h�y�g�b�y�� �b�� �h�k�l�Z�\�r�_�]�h�k�y�� �k�j�h�d�Z�� �i�h�e�_�a�g�h�]�h��
�b�k�i�h�e�v�a�h�\�Z�g�b�y�� �Z�\�b�Z�p�b�h�g�g�u�o�� �^�\�b�]�Z�l�_�e�_�c�� �>��2�±55]. 
�>�e�y�� �j�_�r�_�g�b�y�� �i�j�h�[�e�_�f�u�� �h�p�_�g�d�b�� �h�k�l�Z�\�r�_�]�h�k�y�� �k�j�h�d�Z��
�i�h�e�_�a�g�h�]�h�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �[�u�e�� �i�j�_�^�e�h�`�_�g�� �j�y�^�� �]�b��
�[�j�b�^�g�u�o�� �i�h�^�o�h�^�h�\���� �h�k�g�h�\�Z�g�g�u�o�� �g�Z�� �n�b�a�b�q�_�k�d�b�o��
�f�h�^�_�e�y�o���b���Z�g�Z�e�b�a�_���^�Z�g�g�u�o�����<���a�Z�\�b�k�b�f�h�k�l�b���h�l���l�h�]�h����
�d�Z�d�h�c�� �l�b�i�� �b�g�n�h�j�f�Z�p�b�b�� �h�[�j�Z�[�Z�l�u�\�Z�_�l�k�y�� �b�� �d�Z�d��
�n�j�Z�]�f�_�g�l�u�� �b�g�n�h�j�f�Z�p�b�b�� �h�[�t�_�^�b�g�y�x�l�k�y���� �[�u�e�b��
�i�j�_�^�e�h�`�_�g�u�� �j�Z�a�e�b�q�g�u�_�� �l�b�i�u�� �]�b�[�j�b�^�g�u�o�� �Z�j�o�b�l�_�d��
�l�m�j���� �G�Z���^�Z�g�g�u�c���f�h�f�_�g�l �m�g�b�\�_�j�k�Z�e�v�g�h�c���i�j�h�]�g�h�k�l�b��
�q�_�k�d�h�c�� �f�h�^�_�e�b�� �g�_�� �k�m�s�_�k�l�\�m�_�l�� �b�� �_�_�� �\�u�[�h�j�� �a�Z�\�b�k�b�l��
�h�l�� �d�h�g�d�j�_�l�g�u�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �h�l�^�_�e�v�g�u�o�� �j�Z�k�k�f�Z�l��
�j�b�\�Z�_�f�u�o���i�h�^�k�b�k�l�_�f���>��6]. 
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�>�e�y�� �j�_�r�_�g�b�y�� �i�j�h�[�e�_�f�� �\���h�[�e�Z�k�l�b�� �i�j�h�]�g�h�a�b�j�h�\�Z��
�g�b�y�� �l�_�o�g�b�q�_�k�d�h�]�h�� �k�h�k�l�h�y�g�b�y�� �b�� �h�k�l�Z�\�r�_�]�h�k�y�� �k�j�h�d�Z��
�i�h�e�_�a�g�h�]�h�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �W�I�E�:�� �\�� �g�Z�k�l�h�y�s�_�_�� �\�j�_��
�f�y�� �h�l�k�m�l�k�l�\�m�_�l�� �^�h�k�l�Z�l�h�q�g�h�_�� �d�h�e�b�q�_�k�l�\�h�� �j�_�Z�e�v�g�u�o��
�^�Z�g�g�u�o�� �h�[�� �h�l�d�Z�a�Z�o�� �\�� �m�k�e�h�\�b�y�o�� �w�d�k�i�e�m�Z�l�Z�p�b�b���� �i�h��
�k�d�h�e�v�d�m�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�� �W�I�E�:�� �\�� �E�:�� �\�� �h�k�g�h�\�g�h�f��
�h�]�j�Z�g�b�q�b�\�Z�_�l�k�y�� �k�b�k�l�_�f�Z�f�b, �g�_�d�j�b�l�b�q�g�u�f�b�� �^�e�y��
�[�_�a�h�i�Z�k�g�h�k�l�b, �b���h�l�d�Z�a�u���h�q�_�g�v���j�_�^�d�b. �I�h�w�l�h�f�m���i�j �b��
�f�_�g�y�x�l�k�y �]�e�Z�\�g�u�f�� �h�[�j�Z�a�h�f�� �f�_�l�h�^�u�� �g�Z�� �h�k�g�h�\�_�� �f�h��
�^�_�e�_�c��  

 
3.2.  �ý����������������������������������������������������� ���������ý�ù�î��������

������������������� ���+��������� ���%���������#��������������� ������  

�:�\�l�h�j�u�� �k�l�Z�l�v�b�� �>��7�@�� �b�k�k�e�_�^�m�x�l�� �b�g�k�l�j�m�f�_�g�l�� �h�[��
�g�Z�j�m�`�_�g�b�y�� �b�� �b�^�_�g�l�b�n�b�d�Z�p�b�b�� �g�_�b�k�i�j�Z�\�g�h�k�l�_�c�� �W�I��
�E�:�� �g�Z�� �h�k�g�h�\�_�� �f�h�^�_�e�b�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �]�_�g�_�l�b�q�_��
�k�d�h�]�h�� �Z�e�]�h�j�b�l�f�Z���� �I�j�_�^�e�Z�]�Z�_�f�u�c�� �i�h�^�o�h�^�� �l�_�k�l�b�j�h��
�\�Z�e�k�y�� �^�e�y�� �h�[�g�Z�j�m�`�_�g�b�y�� �g�_�k�d�h�e�v�d�b�o�� �g�Z�b�[�h�e�_�_�� �j�Z�k��
�i�j�h�k�l�j�Z�g�_�g�g�u�o�� �h�l�d�Z�a�h�\���� �H�l�f�_�q�Z�_�l�k�y�� �k�i�h�k�h�[�g�h�k�l�v��
�i�j�_�^�e�Z�]�Z�_�f�h�c�� �k�l�j�Z�l�_�]�b�b�� �l�h�q�g�h�� �h�p�_�g�b�\�Z�l�v�� �j�Z�[�h�l�h��
�k�i�h�k�h�[�g�h�k�l�v �k�b�k�l�_�f�u�� �i�j�b�� �g�Z�e�b�q�b�b�� �g�_�k�d�h�e�v�d�b�o�� �j�_��
�`�b�f�h�\���h�l�d�Z�a�Z�����\�e�b�y�x�s�b�o���g�Z���h�^�g�b���b���l�_���`�_���k�b�]�g�Z�e�u��
�h�^�g�h�\�j�_�f�_�g�g�h���� �H�^�g�Z�d�h�� �l�j�_�[�m�_�f�h�_�� �\�j�_�f�y�� �\�u�q�b�k�e�_��
�g�b�c���^�_�e�Z�_�l���k�l�j�Z�l�_�]�b�x���i�j�b�]�h�^�g�h�c���^�e�y���h�[�g�Z�j�m�`�_�g�b�y��
�b�� �b�^�_�g�l�b�n�b�d�Z�p�b�b�� �g�_�b�k�i�j�Z�\�g�h�k�l�_�c�� �W�I�E�:���� �\�u�i�h�e��
�g�y�_�f�u�o�� �\�h�� �\�j�_�f�y�� �i�e�Z�g�h�\�h�]�h�� �l�_�o�g�b�q�_�k�d�h�]�h�� �h�[�k�e�m��
�`�b�\�Z�g�b�y���� �g�h�� �g�_�� �^�e�y�� �h�p�_�g�d�b�� �g�_�b�k�i�j�Z�\�g�h�k�l�_�c�� �\�� �j�_��
�Z�e�v�g�h�f���\�j�_�f�_�g�b�� 

�< �j�Z�[�h�l�Z�o [3, 58, 59�@���Z�\�l�h�j�u�� �b�k�k�e�_�^�m�x�l�� �i�j�b�f�_��
�g�_�g�b�_�� �[�b�h�b�g�k�i�b�j�b�j�h�\�Z�g�g�u�o�� �f�_�l�Z�w�\�j�b�k�l�b�q�_�k�d�b�o��
�Z�e�]�h�j�b�l�f�h�\�� �^�e�y�� �j�_�r�_�g�b�y�� �a�Z�^�Z�q�b�� �h�[�g�Z�j�m�`�_�g�b�y��
�k�d�j�u�l�u�o�� �g�_�b�k�i�j�Z�\�g�h�k�l�_�c���� �a�Z�j�h�`�^�Z�x�s�b�o�k�y�� �h�l�d�Z�a�h�\��
�b�� �b�o�� �i�j�h�]�j�_�k�k�b�j�h�\�Z�g�b�y�� �\�� �i�j�h�p�_�k�k�_�� �w�d�k�i�e�m�Z�l�Z�p�b�b�� �k��
�p�_�e�v�x�� �i�j�_�^�h�l�\�j�Z�s�_�g�b�y�� �i�h�l�_�g�p�b�Z�e�v�g�h�� �h�i�Z�k�g�u�o�� �h�l��
�d�Z�a�h�\���l�b�i�b�q�g�h�]�h���[�h�j�l�h�\�h�]�h���W�I�E�:�� 

�B�a-�a�Z���l�h�]�h�����q�l�h���h�l�d�Z�a�u���W�I�E�:���j�_�^�d�b���b���j�_�Z�e�v�g�u�_��
�^�Z�g�g�u�_�� �i�h�e�m�q�b�l�v�� �k�e�h�`�g�h���� �Z�\�l�h�j�u �j�Z�[�h�l�u �>���@�� �b�k��
�i�h�e�v�a�h�\�Z�e�b�� �^�Z�g�g�u�_���� �i�h�e�m�q�_�g�g�u�_�� �g�Z�� �h�k�g�h�\�_�� �f�h�^�_��
�e�b�j�h�\�Z�g�b�y���� �w�l�Z�e�h�g�g�h�c�� �f�h�^�_�e�b��(�Z�g�]�e����reference 
model, RM) �k�� �\�u�k�h�d�h�c�� �l�h�q�g�h�k�l�v�x�� �>��0�@�� �b�� �f�h�^�_�e�b��
�f�h�g�b�l�h�j�b�g�]�Z��(�Z�g�]�e����monitoring model, MM), �k�� �g�b�a��
�d�h�c�� �l�h�q�g�h�k�l�v�x���� �i�j�b�� �i�h�f�h�s�b�� �d�h�l�h�j�h�c�� �f�h�^�_�e�b�j�h�\�Z��
�g�b�_ �\�u�i�h�e�g�y�e�h�k�v�� �i�h�q�l�b�� �\�� �j�_�`�b�f�_�� �j�_�Z�e�v�g�h�]�h�� �\�j�_��
�f�_�g�b�� �>��1�@���� �W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y�� �i�j�h�\�_�j�d�Z�� �f�h�^�_�e�_�c��
�i�j�h�\�h�^�b�e�Z�k�v�� �i�j�b�� �i�h�f�h�s�b�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�]�h�� �b�k��
�i�u�l�Z�l�_�e�v�g�h�]�h���k�l�_�g�^�Z [9]. 

�F�h�^�_�e�b�j�h�\�Z�e�b�k�v�� �g�Z�b�[�h�e�_�_�� �d�j�b�l�b�q�g�u�_�� �^�e�y�� �W�I��
�E�:�� �h�l�d�Z�a�u���� �k�m�o�h�_�� �l�j�_�g�b�_���� �e�x�n�l���� �d�h�j�h�l�d�h�_�� �a�Z�f�u�d�Z��
�g�b�_���� �w�d�k�p�_�g�l�j�b�k�b�l�_�l�� �j�h�l�h�j�Z�� �b�� �^�j�_�c�n�� �i�j�h�i�h�j�p�b�h��
�g�Z�e�v�g�h�]�h�� �d�h�w�n�n�b�p�b�_�g�l�Z�� �m�k�b�e�_�g�b�y�� �I�B�>-
�j�_�]�m�e�y�l�h�j�Z�� �H�l�d�Z�a�u�� �f�h�^�_�e�b�j�h�\�Z�e�b�k�v�� �i�j�b�� �i�h�f�h�s�b��

�i�Z�j�Z�f�_�l�j�h�\�� �h�l�d�Z�a�h�\���� �d�Z�`�^�u�c�� �b�a�� �d�h�l�h�j�u�o�� �k�\�y�a�Z�g�� �k��
�h�i�j�_�^�_�e�_�g�g�u�f�� �h�l�d�Z�a�h�f�� �b�� �^�e�y�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �j�Z�a��
�e�b�q�g�u�o���f�Z�k�r�l�Z�[�h�\���h�l�d�Z�a�Z���i�j�b�g�b�f�Z�_�l���a�g�Z�q�_�g�b�_���h�l������
�^�h�� ������ �I�m�l�_�f�� �b�a�f�_�g�_�g�b�y�� �i�Z�j�Z�f�_�l�j�h�\�� �h�l�d�Z�a�h�\�� �f�h�^�_��
�e�b�j�h�\�Z�e�h�k�v���i�h�\�_�^�_�g�b�_���b�k�i�h�e�g�b�l�_�e�v�g�h�]�h���f�_�o�Z�g�b�a�f�Z��
�\�� �j�Z�a�e�b�q�g�u�o�� �m�k�e�h�\�b�y�o���� �<�h�� �\�j�_�f�y�� �i�j�h�]�g�h�k�l�b�q�_�k�d�h�c��
�i�j�h�p�_�^�m�j�u�� �a�Z�i�m�k�d�Z�e�Z�k�v���F�F�� �k�� �g�_�d�h�l�h�j�u�f�� �g�Z�[�h�j�h�f��
�i�Z�j�Z�f�_�l�j�h�\���h�l�d�Z�a�h�\�����G�Z�o�h�`�^�_�g�b�_���\�_�d�l�h�j�Z���i�Z�j�Z�f�_�l��
�j�h�\�� �h�l�d�Z�a�h�\���� �i�j�b�� �d�h�l�h�j�u�o�� �j�Z�a�g�b�p�Z �f�_�`�^�m�� �i�j�h�]�g�h��
�a�b�j�m�_�f�u�f�b�� �b�� �n�Z�d�l�b�q�_�k�d�b�f�b�� �l�_�g�^�_�g�p�b�y�f�b�� �^�h�k�l�Z��
�l�h�q�g�h�� �f�Z�e�Z���� �i�h�a�\�h�e�y�_�l�� �h�i�j�_�^�_�e�b�l�v, �i�j�h�b�k�o�h�^�b�l�� �e�b��
�k�[�h�c���� �d�Z�d�h�]�h�� �j�h�^�Z�� �k�[�h�c�� �b�� �d�Z�d�h�\���_�]�h�� �f�Z�k�r�l�Z�[���� �P�_�e�v��
�Z�e�]�h�j�b�l�f�Z�� �h�i�l�b�f�b�a�Z�p�b�b�� �± �i�h�^�h�[�j�Z�l�v�� �l�Z�d�h�c�� �\�_�d�l�h�j��
�i�Z�j�Z�f�_�l�j�h�\�� �h�l�d�Z�a�h�\���� �d�h�l�h�j�u�c�� �f�b�g�b�f�b�a�b�j�m�_�l�� �p�_�e�_��
�\�m�x���n�m�g�d�p�b�x�� �P�_�e�_�\�Z�y���n�m�g�d�p�b�y���b�f�_�_�l���\�b�^ 
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�]�^�_�� ,MM iI  �b�� ,RM iI  �± �l�_�d�m�s�b�_���\�u�o�h�^�u���f�h�^�_�e�_�c���0�0��

�b���5�0�� �k�h�h�l�\�_�l�k�l�\�_�g�g�h �\�� �f�h�f�_�g�l�� �\�j�_�f�_�g�b��i���� �H�p�_�g�b��
�\�Z�_�l�k�y�� �d�\�Z�^�j�Z�l�b�q�g�Z�y�� �h�r�b�[�d�Z���� �o�Z�j�Z�d�l�_�j�b�a�m�x�s�Z�y��
�j�Z�a�g�b�p�m���f�_�`�^�m �a�g�Z�q�_�g�b�y�f�b �\�u�o�h�^�h�\ �w�l�b�o���f�h�^�_�e�_�c����

T�'  �± �r�Z�]���b�g�l�_�]�j�b�j�h�\�Z�g�b�y. 
�:�\�l�h�j�u�� �k�j�Z�\�g�b�\�Z�x�l�� �j�Z�a�g�u�_�� �f�_�l�Z�w�\�j�b�k�l�b�q�_�k�d�b�_��

�Z�e�]�h�j�b�l�f�u���� �h�k�g�h�\�Z�g�g�u�_�� �g�Z�� �[�b�h�l�_�o�g�h�e�h�]�b�y�o���� �Z��
�b�f�_�g�g�h�� 

�± �^�b�n�n�_�j�_�g�p�b�Z�e�v�g�m�x �w�\�h�e�x�p�b�x (�Z�g�]�e����Differen-
tial Evolution, DE) �± �d�h�g�p�_�i�p�b�y�� �w�l�h�]�h�� �Z�e�]�h�j�b�l�f�Z��
�k�e�_�^�m�_�l�� �_�k�l�_�k�l�\�_�g�g�u�f�� �w�\�h�e�x�p�b�h�g�g�u�f�� �i�j�b�g�p�b�i�Z�f��
[62, 63]; 

�± �h�i�l�b�f�b�a�Z�p�b�x �j�h�y���q�Z�k�l�b�p�����Z�g�]�e����Particle Swarm 
Optimization, PSO) �± �g�Z�b�[�h�e�_�_���q�Z�k�l�h���b�k�i�h�e�v�a�m�_�f�u�c��
�Z�e�]�h�j�b�l�f�� �j�h�_�\�h�]�h�� �b�g�l�_�e�e�_�d�l�Z���� �\�� �d�h�l�h�j�h�f�� �j�h�c�� �k�i�h��
�k�h�[�_�g�� �h�i�j�_�^�_�e�y�l�v�� �h�i�l�b�f�Z�e�v�g�u�_�� �j�_�r�_�g�b�y�� �i�m�l�_�f��
�h�[�f�_�g�Z�� �b�g�n�h�j�f�Z�p�b�_�c�� �f�_�`�^�m�� �q�Z�k�l�b�p�Z�f�b; �\�� �h�k�g�h�\�m��
�i�h�e�h�`�_�g�h�� �b�a�m�q�_�g�b�_�� �^�\�b�`�_�g�b�y�� �i�l�b�q�v�b�o�� �k�l�Z�c�� �b�e�b��
�d�h�k�y�d�h�\���j�u�[���>��4, 65];  

�± �h�i�l�b�f�b�a�Z�p�b�x �k�_�j�h�]�h�� �\�h�e�d�Z�� ���Z�g�]�e����Grey Wolf 
Optimization, GWO) �± �Z�e�]�h�j�b�l�f�� �h�i�l�b�f�b�a�Z�p�b�b���� �h�k��
�g�h�\�Z�g�g�u�c���g�Z���b�^�_�_���`�_�k�l�d�h�c���b�_�j�Z�j�o�b�b���k�j�_�^�b���q�e�_�g�h�\��
�i�h�i�m�e�y�p�b�b���� �H�k�h�[�b�� �k�� �[�h�e�_�_�� �\�u�k�h�d�b�f�b�� �h�p�_�g�d�Z�f�b��
�i�j�b�k�i�h�k�h�[�e�_�g�g�h�k�l�b�� �b�f�_�x�l�� �[�h�e�v�r�_�_�� �\�e�b�y�g�b�_�� �g�Z��
�i�j�h�p�_�k�k���h�i�l�b�f�b�a�Z�p�b�b���>��6, 67]. 

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

 
�:�e�]�h�j�b�l�f�� �^�b�n�n�_�j�_�g�p�b�Z�e�v�g�h�c�� �w�\�h�e�x�p�b�b�� �i�h�d�Z��

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

 

�H�l�_�q�_�k�l�\�_�g�g�u�_�� �b�k�k�e�_�^�h�\�Z�l�_�e�b�� �i�j�b�f�_�g�y�x�l���i�h�^��
�o�h�^�u�� �g�Z�� �h�k�g�h�\�_�� �g�_�c�j�h�g�g�u�o�� �k�_�l�_�c�� �b�� �f�Z�r�b�g�g�h�]�h��
�h�[�m�q�_�g�b�y���^�e�y �^�b�Z�]�g�h�k�l�b�d�b �b���i�j�h�]�g�h�a�b�j�h�\�Z�g�b�y �l�_�o��
�g�b�q�_�k�d�h�]�h���k�h�k�l�h�y�g�b�y���Z�\�b�Z�p�b�h�g�g�u�o �^�\�b�]�Z�l�_�e�_�c���>��8�±
70�@���b���W�I�E�:���>��1�±78]. 

�K�i�_�p�b�Z�e�b�k�l�u�� �I�_�j�f�k�d�h�]�h �g�Z�p�b�h�g�Z�e�v�g�h�]�h �b�k�k�e�_��
�^�h�\�Z�l�_�e�v�k�d�h�]�h�� �i�h�e�b�l�_�o�g�b�q�_�k�d�h�]�h�� �m�g�b�\�_�j�k�b�l�_�l�Z�� �\ 
�j�Z�[�h�l�_ [71�@�� �i�j�b�\�h�^�y�l�� �j�_�a�m�e�v�l�Z�l�u�� �d�h�f�i�e�_�d�k�g�h�]�h��
�Z�g�Z�e�b�a�Z���b�k�i�h�e�v�a�h�\�Z�g�b�y���f�_�l�h�^�h�\���f�Z�r�b�g�g�h�]�h���h�[�m�q�_��
�g�b�y�� �^�e�y�� �^�b�Z�]�g�h�k�l�b�d�b�� �Z�k�b�g�o�j�h�g�g�u�o�� �^�\�b�]�Z�l�_�e�_�c��
�w�e�_�d�l�j�h�i�j�b�\�h�^�Z�� �g�Z�� �e�Z�[�h�j�Z�l�h�j�g�h�f�� �k�l�_�g�^�_���� �A�Z�^�Z�q�Z��
�h�i�j�_�^�_�e�_�g�b�y�� �b�k�i�j�Z�\�g�h�k�l�b�� �^�\�b�]�Z�l�_�e�y�� �k�\�h�^�b�l�k�y�� �d��
�[�b�g�Z�j�g�h�c�� �d�e�Z�k�k�b�n�b�d�Z�p�b�b�� �^�e�y�� �d�Z�`�^�h�]�h�� �l�b�i�Z�� �g�_�b�k��

�i�j�Z�\�g�h�k�l�b���� �d�� �i�h�b�k�d�m���Z�e�]�h�j�b�l�f�h�\���� �h�[�_�k�i�_�q�b�\�Z�x�s�b�o��
�d�e�Z�k�k�b�n�b�d�Z�p�b�x���k���[�h�e�v�r�_�c���l�h�q�g�h�k�l�v�x�� 

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

�± �k�e�m�q�Z�c�g�h�]�h�� �e�_�k�Z���� �m�f�_�g�v�r�Z�x�s�b�c�� �i�j�h�[�e�_�f�m��
�i�_�j�_�h�[�m�q�_�g�b�y�� 

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

�± �]�j�Z�^�b�_�g�l�g�u�c���[�m�k�l�b�g�]�����h�[�j�Z�[�Z�l�u�\�Z�x�s�b�c���d�Z�l�_��
�]�h�j�b�Z�e�v�g�u�_���i�j�b�a�g�Z�d�b���b���g�_�e�b�g�_�c�g�h�k�l�b�� 

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

�J�Z�a�j�Z�[�h�l�Z�g�g�Z�y�� �k�b�k�l�_�f�Z�� �d�e�Z�k�k�b�n�b�d�Z�p�b�b�� �i�h�d�Z�a�Z��
�e�Z�� �k�\�h�x�� �i�_�j�k�i�_�d�l�b�\�g�h�k�l�v�� �^�e�y�� �i�j�h�f�u�r�e�_�g�g�h�]�h��
�\�g�_�^�j�_�g�b�y�� �[�e�Z�]�h�^�Z�j�y �g�b�a�d�h�c�� �k�l�h�b�f�h�k�l�b�� �b�� �\�u�k�h�d�h�c��
�g�Z�^�_�`�g�h�k�l�b�� 

�K�i�_�p�b�Z�e�b�k�l�u�� �F�h�k�d�h�\�k�d�h�]�h�� �Z�\�b�Z�p�b�h�g�g�h�]�h�� �b�g��
�k�l�b�l�m�l�Z�� �\ �j�Z�[�h�l�_ [72�@�� �j�Z�k�k�f�Z�l�j�b�\�Z�x�l�� �g�_�r�l�Z�l�g�u�_��
�k�b�l�m�Z�p�b�b���� �k�\�y�a�Z�g�g�u�_�� �k�� �h�l�d�Z�a�Z�f�b�� �i�j�b�\�h�^�h�\�� �h�j�]�Z�g�h�\��
�m�i�j�Z�\�e�_�g�b�y���� �b�� �Z�e�]�h�j�b�l�f�� �h�[�g�Z�j�m�`�_�g�b�y�� �l�Z�d�b�o�� �h�l�d�Z��
�a�h�\���� �h�k�g�h�\�Z�g�g�u�c�� �g�Z�� �j�_�r�_�g�b�b�� �a�Z�^�Z�q�b�� �b�^�_�g�l�b�n�b�d�Z��
�p�b�b���f�h�^�_�e�b���^�\�b�`�_�g�b�y���E�:���b���a�Z�^�Z�q�b���d�e�Z�k�k�b�n�b�d�Z�p�b�b��
�i�j�b�a�g�Z�d�h�\�� �h�l�d�Z�a�g�h�c�� �k�b�l�m�Z�p�b�b�� �k�� �i�j�b�f�_�g�_�g�b�_�f 
�g�_�c�j�h�k�_�l�_�\�u�o�� �f�_�l�h�^�h�\���� �<�� �j�Z�[�h�l�_�� �Z�g�Z�e�b�a�b�j�m�x�l�k�y��
�l�j�b�� �\�b�^�Z�� �h�l�d�Z�a�h�\�� �i�j�b�\�h�^�h�\�� �h�j�]�Z�g�h�\�� �m�i�j�Z�\�e�_�g�b�y����
�i�h�l�_�j�y�� �w�n�n�_�d�l�b�\�g�h�k�l�b�� �i�j�b�\�h�^�Z���� �©�a�Z�f�h�j�Z�`�b�\�Z�g�b�_�ª��
�i�j�b�\�h�^�Z���\���f�h�f�_�g�l���\�h�a�g�b�d�g�h�\�_�g�b�y���g�_�r�l�Z�l�g�h�c���k�b�l�m��
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�h�l�d�e�h�g�_�g�b�y�� �w�l�h�c�� �i�h�\�_�j�o�g�h�k�l�b���� �J�_�Z�e�b�a�h�\�Z�g�u�� �^�\�_��
�k�o�_�f�u�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y���� �d�h�]�^�Z�� �i�_�j�_�f�_�g�g�Z�y���� �k�h�^�_�j��
�`�Z�s�Z�y�� �h�l�d�e�h�g�_�g�b�_�� �m�i�j�Z�\�e�y�x�s�_�c�� �i�h�\�_�j�o�g�h�k�l�b����
�i�j�b�k�m�l�k�l�\�m�_�l���\���Z�w�j�h�^�b�g�Z�f�b�q�_�k�d�h�f���d�h�w�n�n�b�p�b�_�g�l�_���\��
�y�\�g�h�f���b �\ �g�_�y�\�g�h�f���\�b�^�_�����H�[�t�_�d�l�h�f���f�h�^�_�e�b���^�b�Z�]�g�h��
�k�l�b�d�b���y�\�e�y�_�l�k�y���k�Z�f�h�e�_�l-�b�k�l�j�_�[�b�l�_�e�v��F-���������I�j�b���f�h��
�^�_�e�b�j�h�\�Z�g�b�b�� �i�h�e�_�l�Z�� �\�� �k�b�k�l�_�f�_�� �m�i�j�Z�\�e�_�g�b�y�� �m�q�b�l�u��
�\�Z�x�l�k�y�� �Z�\�l�h�i�b�e�h�l�u�� �m�]�e�Z�� �Z�l�Z�d�b���� �l�Z�g�]�Z�`�Z�� �b�� �d�j�_�g�Z����
�h�l�\�_�q�Z�x�s�b�_�� �a�Z�� �\�u�^�_�j�`�b�\�Z�g�b�_�� �a�Z�^�Z�g�g�h�]�h�� �m�]�e�h�\�h�]�h��
�i�h�e�h�`�_�g�b�y�� �E�:���� �F�h�^�_�e�v�� �^�\�b�`�_�g�b�y�� �i�j�_�^�k�l�Z�\�e�y�_�l��
�k�h�[�h�c�� �k�b�k�l�_�f�m�� �h�[�u�d�g�h�\�_�g�g�u�o�� �^�b�n�n�_�j�_�g�p�b�Z�e�v�g�u�o��
�m�j�Z�\�g�_�g�b�c���� �H�i�b�k�u�\�Z�_�l�k�y�� �j�_�Z�e�b�a�Z�p�b�y�� �q�b�k�e�_�g�g�h�]�h��
�j�_�r�_�g�b�y���a�Z�^�Z�q�b���D�h�r�b���^�e�y���w�l�h�c���k�b�k�l�_�f�u���m�j�Z�\�g�_�g�b�c��
�f�_�l�h�^�h�f�� �J�m�g�]�_�� �± �D�m�l�l�u�� �q�_�l�\�_�j�l�h�]�h�� �i�h�j�y�^�d�Z���� �>�Z�g��
�g�u�f�b�� �g�Z�[�e�x�^�_�g�b�c�� �y�\�e�y�x�l�k�y�� �a�g�Z�q�_�g�b�y�� �m�]�e�h�\�u�o��
�k�d�h�j�h�k�l�_�c�� �b�� �d�h�f�Z�g�^�g�u�o�� �k�b�]�g�Z�e�h�\�� �h�l�� �d�Z�g�Z�e�h�\�� �k�b��
�k�l�_�f�u�� �m�i�j�Z�\�e�_�g�b�y���� �J�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y�� �i�h�^�o�h�^���� �i�j�b��
�d�h�l�h�j�h�f���j�Z�k�i�h�a�g�Z�\�Z�g�b�_���i�j�b�a�g�Z�d�h�\���h�l�d�Z�a�g�h�c���k�b�l�m�Z��
�p�b�b�� �i�j�h�b�a�\�h�^�b�l�k�y�� �g�Z�� �h�k�g�h�\�Z�g�b�b�� �g�Z�[�e�x�^�_�g�b�c�� �a�Z��
�n�m�g�d�p�b�y�f�b�� �d�j�h�k�k-�d�h�j�j�_�e�y�p�b�b�� �m�]�e�h�\�u�o�� �k�d�h�j�h�k�l�_�c����
�<�a�Z�b�f�h�k�\�y�a�v�� �f�_�`�^�m�� �i�Z�j�Z�f�b�� �m�]�e�h�\�u�o�� �k�d�h�j�h�k�l�_�c��
�f�h�`�g�h���h�p�_�g�b�l�v���d�h�e�b�q�_�k�l�\�_�g�g�h���b���i�j�_�^�k�l�Z�\�b�l�v���\���\�b��
�^�_�� �n�m�g�d�p�b�b���� �I�j�b�� �\�h�a�g�b�d�g�h�\�_�g�b�b�� �h�l�d�Z�a�Z�� �i�j�b�\�h�^�Z��
�h�j�]�Z�g�Z�� �m�i�j�Z�\�e�_�g�b�y�� �w�l�Z�� �\�a�Z�b�f�h�k�\�y�a�v�� �g�Z�j�m�r�Z�_�l�k�y����
�>�e�y���d�e�Z�k�k�b�n�b�d�Z�p�b�b���h�l�d�Z�a�h�\���i�j�b�\�h�^�h�\���b�k�i�h�e�v�a�m�x�l��
�k�y�� �g�_�c�j�h�k�_�l�_�\�u�_�� �f�h�^�_�e�b�� �n�m�g�d�p�b�c�� �d�j�h�k�k- �b�� �Z�\�l�h��
�d�h�j�j�_�e�y�p�b�b���m�]�e�h�\�u�o���k�d�h�j�h�k�l�_�c�� 

�<���P�_�g�l�j�Z�e�v�g�h�f���Z�w�j�h�]�b�^�j�h�^�b�g�Z�f�b�q�_�k�d�h�f���b�g�k�l�b��
�l�m�l�_�� ���P�:�=�B���� �j�Z�a�j�Z�[�h�l�Z�g�� �i�h�^�o�h�^�� �d�� �b�k�i�u�l�Z�g�b�y�f��
�Z�\�b�Z�p�b�h�g�g�u�o�� �b�k�i�h�e�g�b�l�_�e�v�g�u�o�� �f�_�o�Z�g�b�a�f�h�\�� �^�e�y��
�i�j�h�\�_�j�d�b�� �j�Z�[�h�l�h�k�i�h�k�h�[�g�h�k�l�b�� �b�k�i�u�l�m�_�f�h�]�h�� �i�j�b�\�h��
�^�Z���i�j�b���^�b�g�Z�f�b�q�_�k�d�b�o���\�g�_�r�g�b�o���g�Z�]�j�m�a�d�Z�o�����k�h�h�l�\�_�l��
�k�l�\�m�x�s�b�o�� �j�Z�a�e�b�q�g�u�f�� �j�_�`�b�f�Z�f�� �i�h�e�_�l�Z�� �>��3�@���� �d�h�l�h��
�j�u�c���� �i�h�e�m�q�b�\�� �j�Z�a�\�b�l�b�_���� �\�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �i�j�b�f�_��
�g�y�_�l�k�y �d�Z�d�� �^�e�y�� �h�l�e�Z�^�d�b�� �Z�e�]�h�j�b�l�f�h�\�� �^�b�Z�]�g�h�k�l�b�d�b��
�g�_�b�k�i�j�Z�\�g�h�k�l�_�c�� �l�j�Z�^�b�p�b�h�g�g�u�o�� �k�_�j�\�h�d�e�Z�i�Z�g�g�u�o��
�]�b�^�j�h�i�j�b�\�h�^�h�\�����l�Z�d���b���^�e�y���W�I�E�:���k���b�k�i�h�e�v�a�h�\�Z�g�b�_�f��
�g�_�c�j�h�g�g�u�o�� �k�_�l�_�c���� �P�_�e�v�x�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o�� �b�k��
�i�u�l�Z�g�b�c�� �w�e�_�d�l�j�h�i�j�b�\�h�^�h�\�� �y�\�e�y�_�l�k�y�� �\�u�y�\�e�_�g�b�_�� �g�_��
�^�h�k�l�Z�l�d�h�\�� �d�h�g�k�l�j�m�d�p�b�b�� �i�j�b�\�h�^�Z�� �b�e�b�� �g�Z�k�l�j�h�c�d�b��
�k�b�k�l�_�f�u�� �_�]�h�� �m�i�j�Z�\�e�_�g�b�y���� �B�k�i�u�l�Z�g�b�y�� �b�k�i�h�e�g�b�l�_�e�v��
�g�u�o�� �f�_�o�Z�g�b�a�f�h�\���� �i�j�h�\�h�^�b�f�u�_�� �\�� �P�:�=�B���� �f�h�`�g�h��
�d�\�Z�e�b�n�b�p�b�j�h�\�Z�l�v���k�e�_�^�m�x�s�b�f���h�[�j�Z�a�h�f�� 

�± �b�a�h�e�b�j�h�\�Z�g�g�u�_�� �b�k�i�u�l�Z�g�b�y�� �b�k�i�h�e�g�b�l�_�e�v�g�u�o��
�f�_�o�Z�g�b�a�f�h�\�� �b�� �b�o�� �w�e�_�f�_�g�l�h�\���� �Z�� �l�Z�d�`�_�� �k�b�]�g�Z�e�v�g�u�o��
�i�m�l�_�c���k�b�k�l�_�f���m�i�j�Z�\�e�_�g�b�y���i�h�e�_�l�h�f�� 

�± �h�l�j�Z�[�h�l�d�Z�� �b�k�i�h�e�g�b�l�_�e�v�g�u�o�� �k�b�k�l�_�f�� �i�h�\�_�j�o�g�h��
�k�l�b���E�:���^�e�y���m�i�j�Z�\�e�_�g�b�y���i�h�e�_�l�h�f�� 

�± �l�_�k�l�b�j�h�\�Z�g�b�_�� �d�h�g�l�m�j�Z�� �m�i�j�Z�\�e�_�g�b�y�� �©�h�[�t�_�d�l��
�m�i�j�Z�\�e�_�g�b�y�� �± �k�b�k�l�_�f�Z�� �m�i�j�Z�\�e�_�g�b�y�� �± �b�k�i�h�e�g�b�l�_�e�v��
�g�h�_���m�k�l�j�h�c�k�l�\�h�ª�� 

�J�_�a�m�e�v�l�Z�l�u���w�l�b�o���b�k�i�u�l�Z�g�b�c���f�h�]�m�l���[�u�l�v���b�k�i�h�e�v��
�a�h�\�Z�g�u�� �d�Z�d�� �n�h�j�f�Z�e�v�g�h�_�� �h�k�g�h�\�Z�g�b�_�� �^�e�y�� �\�u�^�Z�q�b��
�i�_�j�\�h�]�h���k�_�j�l�b�n�b�d�Z�l�Z���e�_�l�g�h�c���]�h�^�g�h�k�l�b�� 
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�i�_�a�g�b�d�h�\�Z�� �J�h�k�k�b�c�k�d�h�c�� �Z�d�Z�^�_�f�b�b�� �g�Z�m�d�� ���B�I�M�� �J�:�G����
�k�h�\�f�_�k�l�g�h���k���P�:�=�B���\�_�^�m�l�k�y���j�Z�[�h�l�u���i�h���j�Z�a�j�Z�[�h�l�d�_���b��
�b�k�k�e�_�^�h�\�Z�g�b�x�� �l�_�o�g�h�e�h�]�b�c���� �f�_�l�h�^�h�\�� �b�� �Z�e�]�h�j�b�l�f�h�\��
�i�h�k�l�j�h�_�g�b�y�� �k�b�k�l�_�f�u�� �j�Z�g�g�_�c�� �^�b�Z�]�g�h�k�l�b�d�b�� �w�e�_�d�l�j�h��
�f�_�o�Z�g�b�q�_�k�d�b�o �k�b�k�l�_�f�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �f�Z�r�b�g�g�h��
�]�h�� �h�[�m�q�_�g�b�y���� �P�_�e�v�x�� �w�l�b�o�� �j�Z�[�h�l�� �y�\�e�y�x�l�k�y�� �k�b�g�l�_�a�� �b��
�\�_�j�b�n�b�d�Z�p�b�y���Z�e�]�h�j�b�l�f�h�\���f�Z�r�b�g�g�h�]�h���h�[�m�q�_�g�b�y���^�e�y��
�i�h�b�k�d�Z�� �b�� �n�h�j�f�Z�e�b�a�Z�p�b�b�� �a�Z�d�h�g�h�f�_�j�g�h�k�l�_�c�� �\�h�� �\�a�Z�b��
�f�h�k�\�y�a�y�o�� �f�_�`�^�m�� �d�h�g�l�j�h�e�b�j�m�_�f�u�f�b�� �i�Z�j�Z�f�_�l�j�Z�f�b����
�h�p�_�g�d�h�c�� �b�� �i�j�h�]�g�h�a�h�f�� �l�_�o�g�b�q�_�k�d�h�]�h�� �k�h�k�l�h�y�g�b�y��
�w�e�_�d�l�j�h�f�_�o�Z�g�b�q�_�k�d�b�o���k�b�k�l�_�f�� 

�<�� �j�Z�[�h�l�_�� �>��4�@�� �h�i�b�k�Z�g�Z�� �j�Z�a�j�Z�[�h�l�d�Z�� �b�� �\�_�j�b�n�b�d�Z��
�p�b�y���g�Z���h�k�g�h�\�Z�g�b�b���k�l�Z�l�b�q�_�k�d�b�o���b���^�b�g�Z�f�b�q�_�k�d�b�o���o�Z��
�j�Z�d�l�_�j�b�k�l�b�d�� �g�Z�l�m�j�g�h�]�h�� �h�[�j�Z�a�p�Z�� �f�Z�l�_�f�Z�l�b�q�_�k�d�h�c��
�f�h�^�_�e�b�� �j�m�e�_�\�h�]�h�� �k�_�j�\�h�i�j�b�\�h�^�Z�� ���K�I���� �^�e�y�� �;�I�E�:��
�k�j�_�^�g�_�]�h���j�Z�^�b�m�k�Z���^�_�c�k�l�\�b�y���\�a�e�_�l�g�u�f���\�_�k�h�f�����������d�]����
�F�h�^�_�e�v�� �i�j�_�^�g�Z�a�g�Z�q�_�g�Z�� �^�e�y�� �k�h�a�^�Z�g�b�y�� �k�b�k�l�_�f�u�� �j�Z�g��
�g�_�c�� �^�b�Z�]�g�h�k�l�b�d�b�� �g�_�b�k�i�j�Z�\�g�h�k�l�_�c�� �K�I���� �K�n�h�j�f�m�e�b��
�j�h�\�Z�g�Z�� �a�Z�^�Z�q�Z�� �h�p�_�g�d�b�� �k�h�k�l�h�y�g�b�y�� �K�I�� �\�� �\�b�^�_�� �a�Z�^�Z�q�b��
�d�e�Z�k�k�b�n�b�d�Z�p�b�b�� �g�Z�� �h�k�g�h�\�_�� �Z�e�]�h�j�b�l�f�h�\�� �b�g�l�_�e�e�_�d�l�m��
�Z�e�v�g�h�]�h�� �Z�g�Z�e�b�a�Z�� �^�Z�g�g�u�o���� �I�j�_�^�e�h�`�_�g�Z�� �h�[�h�[�s�_�g�g�Z�y��
�k�o�_�f�Z���n�h�j�f�b�j�h�\�Z�g�b�y���b���Z�g�Z�e�b�a�Z���^�Z�g�g�u�o���^�e�y���h�p�_�g�d�b��
�l�_�o�g�b�q�_�k�d�h�]�h���k�h�k�l�h�y�g�b�y���K�I�� 
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�a�m�_�l�k�y�� �^�e�y�� �i�h�k�l�j�h�_�g�b�y�� �Z�e�]�h�j�b�l�f�Z�� �j�Z�g�g�_�]�h�� �h�[�g�Z�j�m��
�`�_�g�b�y�� �h�l�d�Z�a�h�\�� �W�I�E�:���� �k�\�y�a�Z�g�g�u�o�� �k�� �b�a�f�_�g�_�g�b�_�f��
�^�b�k�k�b�i�Z�l�b�\�g�u�o�� �i�h�l�_�j�v�� �\�� �f�_�o�Z�g�b�q�_�k�d�h�f�� �j�_�^�m�d�l�h�j�_����
�>�Z�g�g�u�_���h���j�Z�[�h�l�_���W�I�E�:���i�j�b���\�a�e�_�l�_ �n�h�j�f�b�j�h�\�Z�e�b�k�v��
�k���i�h�f�h�s�v�x���f�Z�l�_�f�Z�l�b�q�_�k�d�h�c���f�h�^�_�e�b���b���\�d�e�x�q�Z�e�b��������
�i�Z�j�Z�f�_�l�j�h�\���� �G�Z�� �h�k�g�h�\�_�� �i�j�_�^�e�Z�]�Z�_�f�h�]�h�� �Z�e�]�h�j�b�l�f�Z��
�h�l�[�h�j�Z�� �b�g�n�h�j�f�Z�l�b�\�g�u�o�� �i�j�b�a�g�Z�d�h�\�� �[�u�e�b �h�l�h�[�j�Z�g�u 
�q�_�l�u�j�_ �i�Z�j�Z�f�_�l�j�Z�� �\�� �d�Z�q�_�k�l�\�_�� �\�o�h�^�h�\�� �g�_�c�j�h�g�g�h�c��
�k�_�l�b���b���i�j�h�\�_�^�_�g�h���h�[�m�q�_�g�b�_������-�l�b �g�_�c�j�h�g�g�u�o���k�_�l�_�c����
�<�u�q�b�k�e�b�l�_�e�v�g�u�_�� �w�d�k�i�_�j�b�f�_�g�l�u�� �i�h�d�Z�a�Z�e�b���� �q�l�h��
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Abstract. In connection with implementing the concept of electric airplanes, it is necessary to 
ensure the high reliability of electromechanical actuators (EMAs) as important components of 
aviation systems. The structural composition of an EMA and the types of its faults are considered. 
Fault diagnosis methods based either on EMA modeling or the analysis of signals received during 
EMA operation, as well as hybrid methods combining both these approaches, are reviewed. The 
advantages, disadvantages, and difficulties in applying these approaches are investigated. Special 
attention is paid to EMA diagnosis methods based on deep learning, which process signals in au-
tomatic mode and implement complex fault diagnosis. The concept of aircraft equipment health 
management (in particular, EMA health management) is presented based on assessing the tech-
nical condition and prognosticating the remaining useful life in order to prevent faults before their 
occurrence. Several hybrid approaches with prognostics are highlighted to solve the aircraft 
health management problem. Finally, Russian R&D results in the field of machine learning-based 
aviation health management are reviewed. 
 
Keywords: aircraft, electromechanical actuator (EMA), fault diagnosis, health management, prognostics. 
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�j�Z�f�d�Z�o�� �i�h�^�o�h�^�Z�� �b�k�k�e�_�^�h�\�Z�g�b�_�� �j�Z�a�e�b�q�g�u�o�� �k�b�k�l�_�f��
�h�k�m�s�_�k�l�\�e�y�_�l�k�y�� �\�� �l�_�j�f�b�g�Z�o�� �a�Z�i�Z�k�h�\�� �b�� �k�\�y�a�u�\�Z�x��
�s�b�o���b�o���i�h�l�h�d�h�\�����Z���h�l�^�_�e�v�g�u�_���k�m�s�g�h�k�l�b���\�g�m�l�j�b���k�b��
�k�l�_�f�u�� ���\�� �j�Z�f�d�Z�o�� �Z�]�_�g�l�g�h�]�h�� �i�h�^�o�h�^�Z�� �q�Z�k�l�h�� �i�j�_�^��
�k�l�Z�\�e�y�_�f�u�_�� �h�l�^�_�e�v�g�u�f�b���Z�d�l�h�j�Z�f�b�� �k�b�k�l�_�f�g�u�o�� �i�j�h��
�p�_�k�k�h�\���� �a�Z�^�Z�g�u�� �\�e�h�`�_�g�g�u�f�b�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b��
�l�Z�d�b�o�� �a�Z�i�Z�k�h�\�� �b�� �i�h�l�h�d�h�\�� �>4�@���� �W�l�h�l�� �i�h�^�o�h�^�� �i�h�e�_�a�_�g��
�i�j�b�� �b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�h�c�� �j�Z�[�h�l�_�� �\�� �h�l�g�h�r�_�g�b�b�� �]�e�h��
�[�Z�e�v�g�u�o�� �k�b�k�l�_�f���� �g�Z�i�j�b�f�_�j�� �i�j�b�� �Z�g�Z�e�b�a�_�� �f�b�j�h�\�u�o��
�^�_�f�h�]�j�Z�n�b�q�_�k�d�b�o�� �i�j�h�p�_�k�k�h�\�� �b�e�b �w�i�b�^�_�f�b�h�e�h�]�b�q�_��
�k�d�b�o�� �l�_�g�^�_�g�p�b�c�� �>��, 5]. �:�]�_�g�l�g�u�c�� �i�h�^�o�h�^�� �d�h�g�p�_�g��
�l�j�b�j�m�_�l�k�y�� �g�Z�� �i�h�\�_�^�_�g�b�b���b�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�b�� �h�l�^�_�e�v��
�g�u�o���Z�d�l�h�j�h�\���\���k�b�k�l�_�f�_�����k�h�k�l�h�y�g�b�_���d�h�l�h�j�u�o���\���k�h�\�h��
�d�m�i�g�h�k�l�b�� �n�h�j�f�b�j�m�_�l�� �k�h�k�l�h�y�g�b�_�� �\�k�_�c�� �k�b�k�l�_�f�u�� �>6]. 
�K�Z�f�� �i�h�� �k�_�[�_�� �Z�]�_�g�l�g�u�c�� �i�h�^�o�h�^�� �^�h�k�l�Z�l�h�q�g�h�� �m�g�b�\�_�j��
�k�Z�e�_�g�� �b�� �i�h�a�\�h�e�y�_�l�� �f�h�^�_�e�b�j�h�\�Z�l�v�� �k�b�k�l�_�f�u�� �g�Z�� �j�Z�a��
�e�b�q�g�u�o �m�j�h�\�g�y�o �Z�[�k�l�j�Z�d�p�b�b �\ �j�Z�f�d�Z�o �i�h�^�o�h�^�Z�� �Z�[- 
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�k�l�j�Z�d�l�g�h�k�l�v�� �f�h�^�_�e�b�� �i�j�b�\�y�a�u�\�Z�_�l�k�y�� �d�� �h�[�t�_�d�l�m���� �f�h��
�^�_�e�b�j�m�_�f�h�f�m�� �\�� �d�Z�q�_�k�l�\�_�� �Z�]�_�g�l�Z�����b���\�h�a�j�Z�k�l�Z�_�l�� �i�j�b��
�i�_�j�_�o�h�^�_�� �h�l�� �e�h�d�Z�e�v�g�u�o�� �d�h�g�d�j�_�l�g�u�o�� �Z�]�_�g�l�h�\�� ���e�x��
�^�_�c���� �k�l�Z�g�d�h�\���� �m�k�l�j�h�c�k�l�\�� �b�� �l�� �i������ �d�� �]�e�h�[�Z�e�v�g�u�f�� �Z�[��
�k�l�j�Z�d�l�g�u�f�� �Z�]�_�g�l�Z�f�� ���i�j�_�^�i�j�b�y�l�b�y�f���� �j�_�]�b�h�g�Z�f���� �]�h�k��
�m�^�Z�j�k�l�\�Z�f���b���l�� �i�������>7].  

�I�_�j�_�o�h�^�� �d�� �Z�]�_�g�l�g�h�f�m�� �f�h�^�_�e�b�j�h�\�Z�g�b�x�� �\�h�� �f�g�h��
�]�h�f�� �f�h�`�_�l�� �[�u�l�v�� �k�\�y�a�Z�g�� �k�� �l�_�f���� �q�l�h�� �i�h�^�j�Z�a�m�f�_�\�Z�_��
�f�u�_�� �\�� �j�Z�f�d�Z�o�� �i�j�h�q�b�o�� �i�Z�j�Z�^�b�]�f�� �h�[�s�g�h�k�l�v�� �b�� �k�l�j�h��
�]�h�k�l�v���i�j�Z�\�b�e �i�h�\�_�^�_�g�b�y���f�h�]�m�l���h�]�j�Z�g�b�q�_�g�g�h���i�j�b�f�_��
�g�y�l�v�k�y�� �\�� �m�k�e�h�\�b�y�o�� �h�l�k�e�_�`�b�\�Z�g�b�y�� �l�_�g�^�_�g�p�b�c���� �h�]�j�Z��
�g�b�q�_�g�g�h�� �a�Z�\�b�k�y�s�b�o�� �h�l�� �q�_�e�h�\�_�q�_�k�d�h�]�h�� �f�u�r�e�_�g�b�y��
���g�Z�i�j�b�f�_�j�����\���h�[�e�Z�k�l�b���w�i�b�^�_�f�b�h�e�h�]�b�b���>4�@�������h�^�g�Z�d�h���\��
�h�j�]�Z�g�b�a�m�_�f�u�o�� �b�� �m�i�j�Z�\�e�y�_�f�u�o�� �k�b�k�l�_�f�Z�o�� �h�d�Z�a�u�\�Z��
�x�l�k�y���f�_�g�_�_���Z�^�_�d�\�Z�l�g�u�� 

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

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

 

1.1.  �������������%��������������������� ����  

�D�h�g�p�_�i�p�b�y�� �q�_�e�h�\�_�q�_�k�d�h�]�h�� �d�Z�i�b�l�Z�e�Z�� �i�h�e�m�q�b�e�Z��
�r�b�j�h�d�h�_���j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�_���\���d�h�g�p�_���O�O �\�����K�h�]�e�Z�k�g�h��

�H�d�k�n�h�j�^�k�d�h�f�m�� �k�e�h�\�Z�j�x1 �q�_�e�h�\�_�q�_�k�d�b�c �d�Z�i�b�l�Z�e��
�h�i�j�_�^�_�e�y�_�l�k�y�� �d�Z�d�� �©�g�Z�\�u�d�b���� �d�h�l�h�j�u�f�b�� �h�[�e�Z�^�Z�x�l��
�j�Z�[�h�l�g�b�d�b�� ���k�h�l�j�m�^�g�b�d�b���� �b�� �d�h�l�h�j�u�_�� �j�Z�k�k�f�Z�l�j�b�\�Z��
�x�l�k�y�� �d�Z�d�� �j�_�k�m�j�k�� �b�e�b�� �Z�d�l�b�\�� ���i�j�_�^�i�j�b�y�l�b�y���ª���� �;�h�e�_�_��
�i�h�e�g�u�_�� �h�i�j�_�^�_�e�_�g�b�y�� �\�d�e�x�q�Z�x�l���� �i�h�f�b�f�h�� �g�Z�\�u�d�h�\����
�i�h�g�y�l�b�y�� �a�g�Z�g�b�c���� �g�_�y�\�g�u�o�� �a�g�Z�g�b�c�� �>8�@�� �b�� �h�[�t�_�d�l�h�\ 
�b�g�l�_�e�e�_�d�l�m�Z�e�v�g�h�c�� �k�h�[�k�l�\�_�g�g�h�k�l�b���� �Z�� �l�Z�d�`�_�� �h�[�j�Z�a�h��
�\�Z�g�b�_���b���^�Z�`�_���a�^�h�j�h�\�v�_���k�h�l�j�m�^�g�b�d�h�\���>9]. 

�Q�_�e�h�\�_�q�_�k�d�b�c�� �d�Z�i�b�l�Z�e�� �q�Z�k�l�h�� �k�\�y�a�u�\�Z�_�l�k�y�� �k�� �f�_��
�g�_�^�`�f�_�g�l�h�f�� �a�g�Z�g�b�c�� �± �g�Z�i�j�Z�\�e�_�g�b�_�f�� �\�� �m�i�j�Z�\�e�_�g�b�b��
�i�j�_�^�i�j�b�y�l�b�_�f���� �\�� �d�h�l�h�j�h�f�� �q�_�e�h�\�_�q�_�k�d�b�c�� �d�Z�i�b�l�Z�e��
�j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y�� �i�j�_�`�^�_�� �\�k�_�]�h �k�� �l�h�q�d�b�� �a�j�_�g�b�y�� �w�d�k��
�i�_�j�l�g�u�o�� �a�g�Z�g�b�c�� �k�h�l�j�m�^�g�b�d�h�\���� �b�o�� �g�Z�\�u�d�h�\�� �b�� �b�a��
�\�_�k�l�g�u�o���b�f���g�_�y�\�g�u�o���a�g�Z�g�b�c�����<���w�l�h�f���d�h�g�l�_�d�k�l�_���g�_��
�d�h�l�h�j�u�f�b�� �b�k�k�e�_�^�h�\�Z�l�_�e�y�f�b�� �q�_�e�h�\�_�q�_�k�d�b�c�� �d�Z�i�b�l�Z�e��
�f�h�`�_�l�� �j�Z�k�k�f�Z�l�j�b�\�Z�l�v�k�y�� �\�� �l�h�f�� �q�b�k�e�_�� �d�Z�d�� �q�Z�k�l�v�� �b�g��
�l�_�e�e�_�d�l�m�Z�e�v�g�h�]�h�� �d�Z�i�b�l�Z�e�Z�� �>10�@���� �d�h�l�h�j�u�c�� �\�� �d�h�g�p�_�i��
�p�b�b�� �k�Z�f�h�h�[�m�q�Z�x�s�_�c�k�y�� �h�j�]�Z�g�b�a�Z�p�b�b�� �k�q�b�l�Z�_�l�k�y�� �h�k��
�g�h�\�g�u�f���b�k�l�h�q�g�b�d�h�f���i�j�b�[�u�e�b���i�j�_�^�i�j�b�y�l�b�y���>��1]. 

�J�Z�a�\�b�l�b�_�� �q�_�e�h�\�_�q�_�k�d�h�]�h���d�Z�i�b�l�Z�e�Z�� �y�\�e�y�_�l�k�y�� �\�Z�`��
�g�u�f�� �Z�k�i�_�d�l�h�f�� �^�_�y�l�_�e�v�g�h�k�l�b�� �k�h�\�j�_�f�_�g�g�u�o�� �h�j�]�Z�g�b��
�a�Z�p�b�c���� �<�� �j�Z�a�e�b�q�g�u�o�� �\�h�k�i�j�b�y�l�b�y�o�� �d�h�g�p�_�i�p�b�b�� �f�_��
�g�_�^�`�f�_�g�l�Z�� �a�g�Z�g�b�c�� �h�g�� �l�j�Z�d�l�m�_�l�k�y�� �i�h-�j�Z�a�g�h�f�m���� �\��
�q�Z�k�l�g�h�k�l�b���� �\�� �y�i�h�g�k�d�h�c�� �^�h�d�l�j�b�g�_�� �j�Z�a�\�b�l�b�y�� �a�g�Z�g�b�c��
�q�_�e�h�\�_�q�_�k�d�b�c�� �d�Z�i�b�l�Z�e�� ���i�h-�i�j�_�`�g�_�f�m�� �\�u�j�Z�`�Z�x��
�s�b�c�k�y�� �i�j�_�`�^�_�� �\�k�_�]�h �q�_�j�_�a�� �a�g�Z�g�b�y�� �b�� �g�Z�\�u�d�b�� �k�h��
�l�j�m�^�g�b�d�h�\���� �y�\�e�y�_�l�k�y�� �^�b�g�Z�f�b�q�_�k�d�b�� �j�Z�a�\�b�\�Z�x�s�_�c�k�y��
�k�l�j�m�d�l�m�j�h�c�� �\�� �k�h�k�l�Z�\�_�� �h�j�]�Z�g�b�a�Z�p�b�b���� �m�e�m�q�r�_�g�b�_�� �d�h��
�l�h�j�h�c�� �i�j�h�b�k�o�h�^�b�l�� �\�� �h�k�g�h�\�g�h�f �b�a-�a�Z�� �i�h�k�l�h�y�g�g�h�]�h��
�h�[�f�_�g�Z���a�g�Z�g�b�y�f�b���>��2�@�����L�Z�d�h�c���i�h�^�o�h�^���g�Z�i�j�Z�\�e�_�g���g�Z��
�i�h�h�s�j�_�g�b�_�� �d�h�f�f�m�g�b�d�Z�p�b�b�� �b�� �i�_�j�_�^�Z�q�b�� �a�g�Z�g�b�c����
�:�f�_�j�b�d�Z�g�k�d�Z�y���d�h�g�p�_�i�p�b�y�����\���k�\�h�x���h�q�_�j�_�^�v�����d�h�g�p�_�g��
�l�j�b�j�m�_�l�k�y�� �g�Z�� �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�f�� �m�i�j�Z�\�e�_�g�b�b�� �a�g�Z��
�g�b�y�f�b���k���i�h�f�h�s�v�x �h�j�]�Z�g�b�a�Z�p�b�h�g�g�u�o���b���n�b�g�Z�g�k�h�\�u�o��
�j�_�r�_�g�b�c�����k�l�b�f�m�e�b�j�m�x�s�b�o���j�Z�a�\�b�l�b�_���a�g�Z�g�b�y���i�j�_�`�^�_��
�\�k�_�]�h �\�g�m�l�j�b�� �h�]�j�Z�g�b�q�_�g�g�h�]�h�� �d�j�m�]�Z�� �b�a�h�[�j�_�l�Z�l�_�e�_�c����
�d�h�l�h�j�u�_���i�_�j�_�^�Z�x�l���\�h�\�g�_���g�_���k�l�h�e�v�d�h���a�g�Z�g�b�y�����k�d�h�e�v��
�d�h�� �j�_�a�m�e�v�l�Z�l�� �b�g�l�_�e�e�_�d�l�m�Z�e�v�g�h�c�� �^�_�y�l�_�e�v�g�h�k�l�b���� �q�l�h��
�g�_���\�k�_�]�^�Z���h�^�g�h���b���l�h���`�_���>��3]. 

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

                                                           
1 Oxford English Dictionary. �± URL: www.oed.com (�^�Z�l�Z �h�[�j�Z��
�s�_�g�b�y: 19.02.2024). 
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�k�l�\�_�g�g�h���� �\�� �i�_�j�\�h�f�� �k�e�m�q�Z�_�� �b�g�^�_�d�k�� �q�_�e�h�\�_�q�_�k�d�h�]�h��
�d�Z�i�b�l�Z�e�Z�� �h�j�]�Z�g�b�a�Z�p�b�b�� �[�m�^�_�l�� �i�h�\�u�r�Z�l�v�k�y�� �i�m�l�_�f��
�j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�y���b�a�\�_�k�l�g�h�]�h���a�g�Z�g�b�y�����Z���\�h���\�l�h�j�h�f�� �± 
�i�m�l�_�f �k�h�a�^�Z�g�b�y �g�h�\�h�]�h�� �a�g�Z�g�b�y���� �H�q�_�\�b�^�g�h���� �q�l�h�� �w�l�b��
�i�j�h�p�_�k�k�u�� �^�h�e�`�g�u�� �[�u�l�v�� �k�\�y�a�Z�g�u�� �b�� �k�h�]�e�Z�k�h�\�Z�g�u���� �\��
�i�j�h�l�b�\�g�h�f�� �k�e�m�q�Z�_�� �j�h�k�l�� �q�_�e�h�\�_�q�_�k�d�h�]�h�� �d�Z�i�b�l�Z�e�Z��
�g�_�\�h�a�f�h�`�_�g�����L�Z�d�b�f���h�[�j�Z�a�h�f, �\���h�j�]�Z�g�b�a�Z�p�b�b���f�h�`�_�l��
�i�j�h�b�k�o�h�^�b�l�v�� �^�\�b�`�_�g�b�_�� �a�g�Z�g�b�c���� �g�Z�\�u�d�h�\�� �b�� �^�j�m�]�b�o��
�n�h�j�f�� �b�g�l�_�e�e�_�d�l�m�Z�e�v�g�u�o�� �h�[�t�_�d�l�h�\�� �\�� �k�h�k�l�Z�\�_�� �q�_�e�h��
�\�_�q�_�k�d�h�]�h�� �d�Z�i�b�l�Z�e�Z���� �q�l�h�� �h�[�_�k�i�_�q�b�l�� �h�k�g�h�\�m�� �^�e�y��
�n�h�j�f�b�j�h�\�Z�g�b�y���b�g�g�h�\�Z�p�b�h�g�g�h�]�h���i�h�l�_�g�p�b�Z�e�Z���>��4]. 

�<�� �h�l�_�q�_�k�l�\�_�g�g�h�c�� �g�Z�m�d�_�� �Z�d�l�b�\�g�h�� �j�Z�a�\�b�\�Z�_�l�k�y�� �b��
�b�a�m�q�Z�_�l�k�y�� �d�h�f�i�_�l�_�g�l�g�h�k�l�g�u�c�� �i�h�^�o�h�^���� �I�j�_�`�^�_�� �\�k�_��
�]�h �h�g�� �i�j�b�f�_�g�y�_�l�k�y �d �h�[�j�Z�a�h�\�Z�l�_�e�v�g�u�f�� �i�j�h�p�_�k�k�Z�f��
[15]. �J�Z�a�\�b�\�Z�_�f�u�_�� �m�� �h�[�m�q�Z�x�s�b�o�k�y�� �d�h�f�i�_�l�_�g�p�b�b��
�a�Z�n�b�d�k�b�j�h�\�Z�g�u�� �\�� �h�[�j�Z�a�h�\�Z�l�_�e�v�g�u�o�� �k�l�Z�g�^�Z�j�l�Z�o���� �h�^��
�g�Z�d�h���e�h�]�b�q�_�k�d�b���i�h�^�o�h�^���f�h�`�_�l���i�j�b�f�_�g�y�l�v�k�y �b���d���q�_��
�e�h�\�_�q�_�k�d�h�f�m���d�Z�i�b�l�Z�e�m���h�j�]�Z�g�b�a�Z�p�b�c���± �d�Z�d���f�b�g�b�f�m�f��
�i�h���i�j�b�q�b�g�_���l�h�]�h�����q�l�h���g�_�d�h�l�h�j�u�_ �d�h�f�i�_�l�_�g�p�b�b���h�[�h��
�a�g�Z�q�Z�x�l�k�y�� �d�Z�d�� �i�j�h�n�_�k�k�b�h�g�Z�e�v�g�u�_�� �b���� �k�h�h�l�\�_�l�k�l�\�_�g��
�g�h�����h�j�b�_�g�l�b�j�h�\�Z�g�u �g�Z���b�k�i�h�e�v�a�h�\�Z�g�b�_���\���i�j�h�n�_�k�k�b�h��
�g�Z�e�v�g�h�c�� �^�_�y�l�_�e�v�g�h�k�l�b�� �\�u�i�m�k�d�g�b�d�h�\ �h�[�j�Z�a�h�\�Z�l�_�e�v��
�g�u�o�� �m�q�j�_�`�^�_�g�b�c���� �:�d�l�m�Z�e�v�g�u�_�� �h�l�_�q�_�k�l�\�_�g�g�u�_�� �b�k��
�k�e�_�^�h�\�Z�g�b�y�� �l�Z�d�`�_�� �i�j�h�\�h�^�y�l�� �k�\�y�a�v�� �f�_�`�^�m�� �d�h�f�i�_��
�l�_�g�l�g�h�k�l�g�u�f���i�h�^�o�h�^�h�f���b���q�_�e�h�\�_�q�_�k�d�b�f���d�Z�i�b�l�Z�e�h�f����
�\�� �l�h�f�� �q�b�k�e�_�� �\�� �b�g�g�h�\�Z�p�b�h�g�g�h �h�j�b�_�g�l�b�j�h�\�Z�g�g�u�o��
�d�h�f�i�Z�g�b�y�o�� �>��6, 17�@���� �B�a�m�q�_�g�b�_�� �d�h�f�i�_�l�_�g�p�b�c�� �l�Z�d�`�_��
�i�h�^�o�h�^�b�l �^�e�y�� �h�p�_�g�d�b�� �q�_�e�h�\�_�q�_�k�d�h�]�h�� �d�Z�i�b�l�Z�e�Z�� �h�j��
�]�Z�g�b�a�Z�p�b�c���� �H�k�h�[�_�g�g�h�k�l�v���� �i�h�a�\�h�e�y�x�s�Z�y�� �b�a�h�e�b�j�h��
�\�Z�l�v���b�o���h�l���j�Z�g�_�_���h�i�b�k�Z�g�g�u�o���a�g�Z�g�b�c���b���g�Z�\�u�d�h�\�����k�h��
�k�l�h�b�l�� �\�� �l�h�f���� �q�l�h�� �d�h�f�i�_�l�_�g�p�b�b�� �g�_�\�h�a�f�h�`�g�h�� �i�_�j�_��
�^�Z�l�v���^�j�m�]�b�f���k�h�l�j�m�^�g�b�d�Z�f���± �h�g�b���y�\�e�y�x�l�k�y���k�m�\�_�j�_�g��
�g�h�c�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�h�c�� �h�l�^�_�e�v�g�h�]�h�� �k�h�l�j�m�^�g�b�d�Z���� �<��
�f�h�^�_�e�b�� �q�_�e�h�\�_�q�_�k�d�h�]�h�� �d�Z�i�b�l�Z�e�Z�� �i�h�l�j�_�[�m�_�l�k�y�� �k�\�y��
�a�Z�l�v�� �d�h�f�i�_�l�_�g�p�b�b�� �k�h�l�j�m�^�g�b�d�h�\�� �b�� �b�o�� �a�g�Z�g�b�y�� �^�e�y��
�l�h�]�h���� �q�l�h�[�u�� �i�h�e�m�q�b�l�v�� �Z�^�_�d�\�Z�l�g�m�x�� �h�p�_�g�d�m�� �\�e�b�y�g�b�y��
�b�� �i�_�j�_�^�Z�\�Z�_�f�u�o���� �b�� �g�_�i�_�j�_�^�Z�\�Z�_�f�u�o�� �a�g�Z�g�b�c�� �g�Z�� �q�_��
�e�h�\�_�q�_�k�d�b�c���d�Z�i�b�l�Z�e���h�j�]�Z�g�b�a�Z�p�b�b�� 

�I�j�b�� �w�l�h�f�� �g�_�h�[�o�h�^�b�f�h�� �m�q�b�l�u�\�Z�l�v�� �b�� �^�j�m�]�b�_�� �Z�k��
�i�_�d�l�u�� �q�_�e�h�\�_�q�_�k�d�h�]�h�� �d�Z�i�b�l�Z�e�Z���� �k�\�y�a�Z�g�g�u�_�� �i�j�_�`�^�_��
�\�k�_�]�h �k�h�� �a�^�h�j�h�\�v�_�f�� �k�h�l�j�m�^�g�b�d�h�\���� �I�j�h�[�e�_�f�u�� �n�b�a�b��
�q�_�k�d�h�]�h�� �>��8�@�� �b�� �f�_�g�l�Z�e�v�g�h�]�h�� �>��9�@�� �a�^�h�j�h�\�v�y�� �k�h�l�j�m�^��
�g�b�d�h�\�� �Z�d�l�b�\�g�h�� �b�k�k�e�_�^�m�x�l�k�y�� �\�� �d�h�g�l�_�d�k�l�_�� �b�o�� �\�e�b�y��
�g�b�y�� �g�Z�� �q�_�e�h�\�_�q�_�k�d�b�c�� �d�Z�i�b�l�Z�e���� �<�Z�`�g�h�� �i�j�b�� �w�l�h�f�� �h�l��
�f�_�l�b�l�v���� �q�l�h�� �m�q�_�l�� �d�h�g�d�j�_�l�g�u�o�� �n�Z�d�l�h�j�h�\�� �m�k�e�h�\�b�c��
�l�j�m�^�Z�� �b�e�b�� �i�j�h�n�_�k�k�b�h�g�Z�e�v�g�u�o�� �j�b�k�d�h�\�� �^�e�y�� �\�u�k�h�d�h��
�m�j�h�\�g�_�\�h�c�� �b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�h�c�� �f�h�^�_�e�b�� �a�Z�l�j�m�^�g�_�g����
�i�h�k�d�h�e�v�d�m�� �m�]�j�h�a�u�� �n�b�a�b�q�_�k�d�h�f�m �a�^�h�j�h�\�v�x �k�h�l�j�m�^��
�g�b�d�h�\�� �f�h�]�m�l�� �k�m�s�_�k�l�\�_�g�g�h�� �\�Z�j�v�b�j�h�\�Z�l�v�k�y�� �h�l�� �h�j�]�Z��
�g�b�a�Z�p�b�b���d���h�j�]�Z�g�b�a�Z�p�b�b�� 

�K�h�h�l�\�_�l�k�l�\�_�g�g�h���� �i�j�b�� �j�Z�a�j�Z�[�h�l�d�_�� �f�h�^�_�e�b �j�h�e�b��
�q�_�e�h�\�_�q�_�k�d�h�]�h�� �d�Z�i�b�l�Z�e�Z�� �\�� �b�g�g�h�\�Z�p�b�h�g�g�u�o�� �i�j�h�_�d��

�l�Z�o�� �g�_�h�[�o�h�^�b�f�h�� �[�m�^�_�l�� �k�n�h�j�f�b�j�h�\�Z�l�v�� �h�l�h�[�j�Z�`�_�g�b�_��
�q�_�e�h�\�_�q�_�k�d�h�]�h���d�Z�i�b�l�Z�e�Z���k�h�l�j�m�^�g�b�d�h�\���k���m�q�_�l�h�f �k�e�_��
�^�m�x�s�b�o���h�k�g�h�\�g�u�o���d�h�f�i�h�g�_�g�l�h�\: 

�� �a�g�Z�g�b�c���� �g�Z�\�u�d�h�\�� �b�� �l�� �i������ �m�\�_�e�b�q�b�\�Z�x�s�b�o�� �q�_��
�e�h�\�_�q�_�k�d�b�c�� �d�Z�i�b�l�Z�e�� �i�m�l�_�f�� �i�_�j�_�^�Z�q�b�� �a�g�Z�g�b�c�� �h�^�g�b�o��
�k�h�l�j�m�^�g�b�d�h�\���^�j�m�]�b�f ���g�Z�a�h�\�z�f���l�Z�d�b�_���a�g�Z�g�b�y���w�d�k�l�_�g��
�k�b�\�g�u�f�b��; 

�� �a�g�Z�g�b�c���� �g�Z�\�u�d�h�\�� �b�� �l�� �i������ �m�\�_�e�b�q�b�\�Z�x�s�b�o�� �q�_��
�e�h�\�_�q�_�k�d�b�c���d�Z�i�b�l�Z�e���[�e�Z�]�h�^�Z�j�y���i�h�y�\�e�_�g�b�x���b���j�Z�a�\�b��
�l�b�x�� �k�j�_�^�b�� �h�]�j�Z�g�b�q�_�g�g�h�]�h�� �d�j�m�]�Z�� �e�b�p�� �b�e�b�� �m�� �d�h�g��
�d�j�_�l�g�h�]�h�� �q�_�e�h�\�_�d�Z, �\�� �l�h�f�� �q�b�k�e�_�� �i�h�e�m�q�_�g�g�u�o�� �b�a�\�g�_��
�w�d�k�l�_�g�k�b�\�g�u�o�� �a�g�Z�g�b�c���� �g�Z�\�u�d�h�\�� �b�� �l�� �i�� ���g�Z�a�h�\�z�f�� �l�Z��
�d�b�_���a�g�Z�g�b�y���b�g�l�_�g�k�b�\�g�u�f�b��; 

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

�<�� �k�h�\�j�_�f�_�g�g�u�o�� �b�k�k�e�_�^�h�\�Z�g�b�y�o�� �i�j�h�\�h�^�y�l�k�y�� �k�\�y��
�a�b�� �f�_�`�^�m�� �b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�b�f�b�� �i�j�h�_�d�l�Z�f�b�� �b�� �q�_�e�h��
�\�_�q�_�k�d�b�f�� �d�Z�i�b�l�Z�e�h�f�� �>20�@���� �W�l�h�� �i�h�a�\�h�e�y�_�l�� �i�h�^�l�\�_�j��
�^�b�l�v���Z�d�l�m�Z�e�v�g�h�k�l�v���i�j�_�^�e�Z�]�Z�_�f�h�]�h���b�k�k�e�_�^�h�\�Z�g�b�y�� 

 
1.2.  �ö�����������$���������)��������������� �)  

�I�j�h�_�d�l�g�Z�y�� �^�_�y�l�_�e�v�g�h�k�l�v�� �\�� �k�h�\�j�_�f�_�g�g�h�f�� �i�j�_�^��
�i�j�b�g�b�f�Z�l�_�e�v�k�l�\�_�� �y�\�e�y�_�l�k�y�� �Z�d�l�m�Z�e�v�g�h�c�� �b�� �j�Z�k�i�j�h��
�k�l�j�Z�g�_�g�g�h�c�� �i�j�Z�d�l�b�d�h�c���� �>�e�y�� �j�y�^�Z�� �j�_�r�Z�_�f�u�o�� �a�Z�^�Z�q��
�m�i�j�Z�\�e�_�g�b�_�� �i�h�� �i�j�b�g�p�b�i�Z�f�� �i�j�h�_�d�l�h�\�� �h�d�Z�a�u�\�Z�_�l�k�y��
�[�h�e�_�_�� �w�n�n�_�d�l�b�\�g�u�f���� �q�_�f�� �l�j�Z�^�b�p�b�h�g�g�h�_�� �h�i�_�j�Z�p�b��
�h�g�g�h�_�� �m�i�j�Z�\�e�_�g�b�_���� �H�^�g�b�f�� �b�a�� �d�h�g�l�_�d�k�l�h�\���� �\�� �d�h�l�h��
�j�u�o�� �i�j�b�g�p�b�i�u�� �i�j�h�_�d�l�g�h�]�h�� �m�i�j�Z�\�e�_�g�b�y�� �g�Z�o�h�^�y�l��
�i�j�b�f�_�g�_�g�b�_���� �y�\�e�y�_�l�k�y�� �b�g�g�h�\�Z�p�b�h�g�g�Z�y�� �^�_�y�l�_�e�v��
�g�h�k�l�v���� �o�Z�j�Z�d�l�_�j�b�a�m�x�s�Z�y�k�y�� �l�j�Z�^�b�p�b�h�g�g�h�� �\�u�k�h�d�b�f��
�m�j�h�\�g�_�f�� �g�_�h�i�j�_�^�_�e�_�g�g�h�k�l�b�� �b�� �h�l�k�m�l�k�l�\�b�_�f�� �k�l�j�h�]�b�o��
�k�l�Z�g�^�Z�j�l�h�\�� �b�� �j�_�]�e�Z�f�_�g�l�h�\���� �i�j�b�\�e�_�q�_�g�b�_�f�� �w�d�k�i�_�j�l��
�g�u�o�� �f�g�_�g�b�c�� �b���� �\�� �k�e�m�q�Z�_�� �m�k�i�_�o�Z���� �k�m�s�_�k�l�\�_�g�g�u�f��
�\�e�b�y�g�b�_�f���g�Z���d�h�g�d�m�j�_�g�p�b�x���\���h�l�j�Z�k�e�b���>��1�@�����W�l�b���h�k�h��
�[�_�g�g�h�k�l�b�� �b�g�g�h�\�Z�p�b�h�g�g�h�c�� �^�_�y�l�_�e�v�g�h�k�l�b�� �k�\�y�a�Z�g�u�� �k��
�l�_�f���� �q�l�h�� �b�g�g�h�\�Z�p�b�h�g�g�u�_�� �i�j�h�_�d�l�u�� �q�Z�k�l�h�� �h�j�b�_�g�l�b��
�j�m�x�l�k�y�� �g�Z�� �i�h�e�m�q�_�g�b�_�� �i�j�b�g�p�b�i�b�Z�e�v�g�h�� �g�h�\�u�o�� �l�_�o��
�g�h�e�h�]�b�q�_�k�d�b�o���� �l�_�o�g�b�q�_�k�d�b�o�� �b�e�b�� �h�j�]�Z�g�b�a�Z�p�b�h�g�g�h-
�i�j�Z�\�h�\�u�o�� �j�_�a�m�e�v�l�Z�l�h�\���� �^�e�y�� �d�h�l�h�j�u�o�� �h�l�k�m�l�k�l�\�m�x�l��
�h�[�s�_�i�j�b�g�y�l�u�_�� �k�l�Z�g�^�Z�j�l�u�� �b�e�b�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�u�_��
�e�m�q�r�b�_�� �i�j�Z�d�l�b�d�b���� �K�h�h�l�\�_�l�k�l�\�_�g�g�h���� �\�� �l�Z�d�b�o�� �m�k�e�h��
�\�b�y�o�� �i�j�h�_�d�l�g�u�c�� �i�h�^�o�h�^���� �i�h�a�\�h�e�y�x�s�b�c�� �^�h�[�b�\�Z�l�v�k�y��
�m�g�b�d�Z�e�v�g�h�k�l�b�� �b�� �]�b�[�d�h�k�l�b�� �^�_�y�l�_�e�v�g�h�k�l�b�� �\�� �j�Z�f�d�Z�o��
�\�u�i�h�e�g�_�g�b�y���j�Z�[�h�l�����h�d�Z�a�u�\�Z�_�l�k�y���m�f�_�k�l�_�g�����<���j�Z�f�d�Z�o��
�g�Z�k�l�h�y�s�_�c���k�l�Z�l�v�b �g�_���i�j�b�\�h�^�y�l�k�y���m�g�b�d�Z�e�v�g�u�_ �h�i�j�_��
�^�_�e�_�g�b�y �b�g�g�h�\�Z�p�b�h�g�g�h�]�h�� �i�j�h�_�d�l�Z�� �b�� �g�_�� �^�_�e�Z�_�l�k�y��
�Z�d�p�_�g�l���g�Z���l�h�q�g�h�f���h�i�j�_�^�_�e�_�g�b�b���]�j�Z�g�b�p���w�l�h�]�h���i�h�g�y��
�l�b�y���� �I�j�_�^�e�Z�]�Z�_�l�k�y�� �k�q�b�l�Z�l�v�� �b�g�g�h�\�Z�p�b�h�g�g�u�f�b�� �i�j�h��
�_�d�l�Z�f�b�� �k�b�k�l�_�f�u�� �f�_�j�h�i�j�b�y�l�b�c���� �i�j�_�^�m�k�f�Z�l�j�b�\�Z�x��
�s�b�_���l�_�o�g�b�d�h-�w�d�h�g�h�f�b�q�_�k�d�h�_���� �i�j�Z�\�h�\�h�_���b���h�j�]�Z�g�b�a�Z��



 

 
 

 

 
 

   �”

�p�b�h�g�g�h�_�� �h�[�h�k�g�h�\�Z�g�b�_�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �j�_�a�m�e�v�l�Z�l�h�\��
�g�Z�m�q�g�h�c���� �g�Z�m�q�g�h-�l�_�o�g�b�q�_�k�d�h�c�� �b�� �b�a�h�[�j�_�l�Z�l�_�e�v�k�d�h�c��
�^�_�y�l�_�e�v�g�h�k�l�b�� �^�e�y�� �k�h�a�^�Z�g�b�y�� �i�j�b�g�p�b�i�b�Z�e�v�g�h�� �g�h�\�u�o 
���i�h�� �n�m�g�d�p�b�y�f�� �b�e�b �i�h �n�h�j�f�_���� �i�j�h�^�m�d�l�h�\���� �m�k�e�m�]�� �b��
�k�i�h�k�h�[�h�\�� �w�d�k�i�e�m�Z�l�Z�p�b�b�� �i�j�h�^�m�d�p�b�b�� �e�b�[�h�� �h�j�]�Z�g�b�a�Z��
�p�b�b�� �i�j�b�g�p�b�i�b�Z�e�v�g�h�� �g�h�\�u�o�� �i�j�h�p�_�k�k�h�\�� �i�j�h�b�a�\�h�^��
�k�l�\�Z�� �i�j�h�^�m�d�l�h�\�� �b�� �m�k�e�m�]�� �>��2�@���� �I�j�b�� �j�Z�k�k�f�h�l�j�_�g�b�b��
�l�_�j�f�b�g�Z�� �\�u�y�\�e�y�x�l�k�y�� �g�_�d�h�l�h�j�u�_�� �h�k�h�[�_�g�g�h�k�l�b���� �d�h��
�l�h�j�u�_�� �g�_�h�[�o�h�^�b�f�h�� �m�q�b�l�u�\�Z�l�v�� �i�j�b�� �i�h�k�l�j�h�_�g�b�b�� �f�h��
�^�_�e�b�� 

�<�u�r�_���m�`�_���[�u�e�Z���h�[�h�a�g�Z�q�_�g�Z �\�Z�`�g�h�k�l�v���m�q�_�l�Z���q�_��
�e�h�\�_�q�_�k�d�h�]�h�� �d�Z�i�b�l�Z�e�Z�� �i�j�b�� �j�Z�k�k�f�h�l�j�_�g�b�b�� �b�g�g�h�\�Z��
�p�b�h�g�g�h�� �h�j�b�_�g�l�b�j�h�\�Z�g�g�u�o�� �d�h�f�i�Z�g�b�c�� �b���� �k�e�_�^�h�\�Z��
�l�_�e�v�g�h���� �\�u�i�h�e�g�y�_�f�u�o�� �b�f�b�� �b�g�g�h�\�Z�p�b�h�g�g�u�o�� �i�j�h�_�d��
�l�h�\�� �>16�@���� �L�Z�d�h�c�� �m�q�_�l�� �i�h�a�\�h�e�y�_�l �h�[�h�k�g�h�\�Z�l�v�� �i�j�b�f�_��
�g�_�g�b�_�� �i�j�_�^�e�Z�]�Z�_�f�h�c�� �f�h�^�_�e�b�� �b�f�_�g�g�h�� �d�� �b�g�g�h�\�Z�p�b��
�h�g�g�u�f���i�j�h�_�d�l�Z�f�����N�Z�d�l�b�q�_�k�d�b���w�l�h���h�[�t�y�k�g�y�_�l�k�y���h�k�h��
�[�_�g�g�h�� �\�u�k�h�d�h�c�� �j�h�e�v�x�� �q�_�e�h�\�_�q�_�k�d�h�]�h�� �d�Z�i�b�l�Z�e�Z�� �± 
�\�u�j�Z�`�_�g�g�h�]�h�� �i�j�_�`�^�_�� �\�k�_�]�h �\�� �i�h�l�_�g�p�b�Z�e�_�� �]�_�g�_�j�Z��
�p�b�b�� �g�h�\�h�]�h�� �g�Z�m�q�g�h�]�h�� �a�g�Z�g�b�y�� �± �\�� �^�_�y�l�_�e�v�g�h�k�l�b�� �b�g��
�g�h�\�Z�p�b�h�g�g�u�o�� �d�h�f�i�Z�g�b�c�� �\�� �p�_�e�h�f�� �b�� �i�j�b�� �j�_�Z�e�b�a�Z�p�b�b��
�b�g�g�h�\�Z�p�b�h�g�g�u�o�� �i�j�h�_�d�l�h�\�� �\�� �q�Z�k�l�g�h�k�l�b�� �>��3�@���� �I�j�_�^��
�i�h�e�Z�]�Z�_�l�k�y���� �q�l�h�� �i�h�^�h�[�g�Z�y�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�� �b�g�g�h�\�Z��
�p�b�h�g�g�u�o�� �i�j�h�_�d�l�h�\�� �i�j�_�^�t�y�\�b�l�� �k�e�_�^�m�x�s�b�_�� �l�j�_�[�h�\�Z��
�g�b�y���d���j�Z�a�j�Z�[�Z�l�u�\�Z�_�f�h�c���f�h�^�_�e�b�� 

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

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

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

�W�l�b�� �h�[�s�b�_�� �l�j�_�[�h�\�Z�g�b�y�� �i�j�_�^�i�h�e�h�`�b�l�_�e�v�g�h�� �j�Z�k��
�i�j�h�k�l�j�Z�g�y�x�l�k�y�� �g�Z�� �\�_�k�v�� �k�i�_�d�l�j�� �b�g�g�h�\�Z�p�b�h�g�g�u�o��
�i�j�h�_�d�l�h�\�����Z���i�h�l�h�f�m���i�h�^�o�h�^�y�l���^�e�y���\�_�j�o�g�_�m�j�h�\�g�_�\�h�c��
�b�f�b�l�Z�p�b�h�g�g�h�c�� �f�h�^�_�e�b���� �>�e�y�� �i�h�k�l�j�h�_�g�b�y�� �f�h�^�_�e�_�c����
�k�\�y�a�Z�g�g�u�o�� �k�� �b�g�g�h�\�Z�p�b�h�g�g�h�c�� �^�_�y�l�_�e�v�g�h�k�l�v�x�� �d�h�g��
�d�j�_�l�g�u�o�� �h�j�]�Z�g�b�a�Z�p�b�c���� �i�h�l�j�_�[�m�_�l�k�y�� �m�l�h�q�g�_�g�b�_�� �i�_��
�j�_�q�b�k�e�_�g�g�u�o �l�j�_�[�h�\�Z�g�b�c�� 

 
1.3.  �ö����� ���$����������������������������������������  

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

�k�y�� �d�� �d�h�g�d�j�_�l�g�u�f�� �m�k�e�h�\�b�y�f�� �h�l�^�_�e�v�g�u�o�� �h�l�j�Z�k�e�_�c�� �b��
�i�j�_�^�i�j�b�y�l�b�c���� �g�h�� �i�j�b�� �w�l�h�f�� �h�l�j�Z�`�Z�l�v�� �h�[�s�b�_�� �a�Z�d�h��
�g�h�f�_�j�g�h�k�l�b�� �j�Z�a�\�b�l�b�y�� �q�_�e�h�\�_�q�_�k�d�h�]�h�� �d�Z�i�b�l�Z�e�Z�� �i�j�b��
�j�_�Z�e�b�a�Z�p�b�b�� �b�g�g�h�\�Z�p�b�h�g�g�u�o�� �i�j�h�_�d�l�h�\���� �<�� �w�l�h�f�� �d�h�g��
�l�_�d�k�l�_�� �Z�]�_�g�l�g�h�_�� �f�h�^�_�e�b�j�h�\�Z�g�b�_�� �h�d�Z�a�u�\�Z�_�l�k�y�� �b�a��
�e�b�r�g�_�� �^�_�l�Z�e�v�g�u�f���� �H�^�g�Z�d�h�� �\�� �d�Z�q�_�k�l�\�_�� �h�^�g�h�c�� �b�a��
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�]�^�_ ��(t) �± �b�g�l�_�]�j�Z�e�v�g�Z�y�� ���h�[�s�Z�y���� �h�p�_�g�d�Z�� �q�_�e�h�\�_�q�_��
�k�d�h�]�h���d�Z�i�b�l�Z�e�Z �\���f�h�f�_�g�l���\�j�_�f�_�g�b��t; I(t) �± �a�g�Z�q�_�g�b�_��
�i�j�_�^�k�l�h�y�s�_�]�h�� �i�h�l�h�d�m�� �a�Z�i�Z�k�Z�� �\�� �f�h�f�_�g�l�� �\�j�_�f�_�g�b��t; 
�2 �± �a�Z�^�_�j�`�d�Z�� 
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�N�h�j�f�m�e�Z�� �������� �k�� �_�k�l�_�k�l�\�_�g�g�u�f�b�� �b�a�f�_�g�_�g�b�y�f�b��
�i�j�b�f�_�g�b�f�Z�� �d�� �l�_�f�i�m�� �a�Z�i�j�h�k�Z���� �l�_�f�i�m�� �i�h�^�]�h�l�h�\�d�b��
�l�_�o�g�b�q�_�k�d�h�]�h�� �a�Z�^�Z�g�b�y�� ���a�^�_�k�v�� �d�� �b�g�l�_�]�j�Z�e�v�g�h�c�� �h�p�_�g��
�d�_�� �q�_�e�h�\�_�q�_�k�d�h�]�h�� �d�Z�i�b�l�Z�e�Z�� �^�e�y�� �m�k�d�h�j�_�g�b�y�� �i�h�l�h�d�Z��
�^�h�[�Z�\�e�y�x�l�k�y�� �a�g�Z�q�_�g�b�y�� �l�_�o�g�b�q�_�k�d�h�c�� �]�h�l�h�\�g�h�k�l�b�� �b��
�h�p�_�g�d�b���\�e�b�y�g�b�y���a�Z�d�Z�a�q�b�d�Z���± �\���d�Z�q�_�k�l�\�_���m�k�d�h�j�b�l�_�e�y��
�i�j�b�g�b�f�Z�_�l�k�y�� �k�j�_�^�g�y�y�� �\�_�e�b�q�b�g�Z������ �l�_�f�i�Z�� �i�j�h�_�d�l�b�j�h��
�\�Z�g�b�y���� �l�_�f�i�Z�� �j�Z�a�j�Z�[�h�l�d�b���� �l�_�f�i�Z�� �w�d�k�i�e�m�Z�l�Z�p�b�b��
���\�e�b�y�g�b�_�� �i�j�h�q�b�o�� �n�Z�d�l�h�j�h�\�� �a�^�_�k�v�� �Z�g�Z�e�h�]�b�q�g�h�� �h�i�b��
�k�Z�g�g�h�f�m�� �^�e�y�� �i�h�^�]�h�l�h�\�d�b�� �l�_�o�g�b�q�_�k�d�h�]�h�� �a�Z�^�Z�g�b�y���� �b��
�i�h�l�h�d�Z���©�]�h�l�h�\�u�c���i�j�h�_�d�l�ª�� 

�I�h�l�h�d�b���� �i�j�_�^�k�l�Z�\�e�y�x�s�b�_�� �h�l�d�Z�a�� �\�� �^�Z�e�v�g�_�c�r�_�c��
�i�j�h�j�Z�[�h�l�d�_�� �f�h�^�_�e�b�� �i�h�� �d�Z�d�h�c-�e�b�[�h�� �b�a�� �i�j�b�q�b�g���� �f�h��
�^�_�e�b�j�m�x�l�k�y���i�h���n�h�j�f�m�e�_ 

2( ) ( ),f t p I t�  � H  
�]�^�_ �0���± �b�g�l�_�]�j�Z�e�v�g�Z�y�� �h�p�_�g�d�Z�� �\�e�b�y�g�b�y�� �n�Z�d�l�h�j�h�\ 
�\�g�_�r�g�_�c�� �k�j�_�^�u�� ���\�� �l�h�f�� �q�b�k�e�_�� �b�� �\�_�j�h�y�l�g�h�k�l�v�� �h�l�d�Z�a�Z��
�a�Z�d�Z�a�q�b�d�Z�����g�Z���d�h�g�d�j�_�l�g�h�f���w�l�Z�i�_���j�_�Z�e�b�a�Z�p�b�b���i�j�h�_�d��
�l�Z����p �± �\�_�j�h�y�l�g�h�k�l�v�� �h�l�d�Z�a�Z�� �h�l�� �i�j�h�j�Z�[�h�l�d�b�� �i�j�h�_�d�l�Z��
�k�h�� �k�l�h�j�h�g�u�� �b�k�i�h�e�g�b�l�_�e�y���g�Z�� �d�h�g�d�j�_�l�g�h�f�� �w�l�Z�i�_�� �j�_�Z��
�e�b�a�Z�p�b�b���i�j�h�_�d�l�Z. 

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

�\�Z�g�b�b�����h�l�d�Z�a�Z���\���j�Z�a�j�Z�[�h�l�d�_�����h�l�d�Z�a�Z���h�l���j�Z�[�h�l�u�����h�l�d�Z��
�a�Z���\���k�h�i�j�h�\�h�`�^�_�g�b�b�� 

�>�e�y�� �f�h�^�_�e�b�j�h�\�Z�g�b�y�� �q�_�e�h�\�_�q�_�k�d�h�]�h�� �d�Z�i�b�l�Z�e�Z�� �\��
�[�Z�a�h�\�h�c���f�h�^�_�e�b���l�j�_�[�m�_�l�k�y���^�h�i�h�e�g�b�l�_�e�v�g�u�c���d�h�f�i�h��
�g�_�g�l�����d�h�l�h�j�u�c���f�h�^�_�e�b�j�m�_�l���^�b�g�Z�f�b�d�m���q�_�e�h�\�_�q�_�k�d�b�o��
�a�g�Z�g�b�c���� �g�Z�\�u�d�h�\�� �b�� �g�_�b�g�l�_�e�e�_�d�l�m�Z�e�v�g�u�o�� �n�Z�d�l�h�j�h�\����
�g�Z�i�j�b�f�_�j�� �a�^�h�j�h�\�v�y���� �>�e�y�� �[�Z�a�h�\�h�c�� �f�h�^�_�e�b�� �\�� �l�_�j�f�b��
�g�Z�o���k�b�k�l�_�f�g�h�c���^�b�g�Z�f�b�d�b���i�j�b�g�b�f�Z�_�l�k�y���\�h�a�f�h�`�g�u�f��
�f�h�^�_�e�b�j�h�\�Z�l�v���k���i�h�f�h�s�v�x���h�^�g�h�]�h���d�h�f�i�h�g�_�g�l�Z���b�f�b��
�l�Z�p�b�h�g�g�h�c�� �f�h�^�_�e�b�� �\�_�k�v�� �q�_�e�h�\�_�q�_�k�d�b�c�� �d�Z�i�b�l�Z�e�� �h�j��
�]�Z�g�b�a�Z�p�b�b���� �M�i�h�f�y�g�m�l�u�c�� �d�h�f�i�h�g�_�g�l �b�f�_�_�l�� �\�b�^����
�i�j�_�^�k�l�Z�\�e�_�g�g�u�c���g�Z���j�b�k�������� 

�<�_�k�v�� �f�h�^�m�e�v�� �g�Z�� �j�b�k���� ���� �g�Z�i�j�Z�\�e�_�g�� �g�Z�� �n�h�j�f�b�j�h��
�\�Z�g�b�_�� �_�^�b�g�h�c�� �b�g�l�_�]�j�Z�e�v�g�h�c�� �h�p�_�g�d�b�� �q�_�e�h�\�_�q�_�k�d�h�]�h��
�d�Z�i�b�l�Z�e�Z���� �\�e�b�y�x�s�_�c�� �g�Z�� �w�l�Z�i�u�� �j�_�Z�e�b�a�Z�p�b�b�� �b�g�g�h�\�Z��
�p�b�h�g�g�u�o���i�j�h�_�d�l�h�\�����k�f�����j�b�k�������������G�Z���g�_�f���h�l�j�Z�`�Z�x�l�k�y��
�i�j�h�n�_�k�k�b�h�g�Z�e�v�g�u�_�� �b�� �i�h�\�_�^�_�g�q�_�k�d�b�_�� �d�h�f�i�_�l�_�g�p�b�b��
(�b�k�d�e�x�q�b�l�_�e�v�g�h���b�g�l�_�g�k�b�\�g�u�_���n�Z�d�l�h�j�u���j�h�k�l�Z �q�_�e�h��
�\�_�q�_�k�d�h�]�h���d�Z�i�b�l�Z�e�Z�������a�g�Z�g�b�y���b���g�Z�\�u�d�b���k�h�l�j�m�^�g�b�d�h�\��
���b�f�_�x�s�b�_�� �d�Z�d�� �b�g�l�_�g�k�b�\�g�u�c���� �l�Z�d�� �b�� �w�d�k�l�_�g�k�b�\�g�u�c��
�o�Z�j�Z�d�l�_�j������ �m�j�h�\�_�g�v�� �a�^�h�j�h�\�v�y�� �k�h�l�j�m�^�g�b�d�h�\���� �Z�� �l�Z�d�`�_��
�j�y�^�� �i�j�h�k�l�u�o�� �n�Z�d�l�h�j�h�\���� �h�p�_�g�_�g�g�u�o�� �\�� �g�Z�k�l�h�y�s�_�c��
�f�h�^�_�e�b�� �\�� �n�h�j�f�_ �d�h�g�k�l�Z�g�l�� �b�e�b�� �i�h�k�l�h�y�g�g�h�� �b�a�f�_�g�y��
�x�s�b�o�k�y�� �^�b�g�Z�f�b�q�_�k�d�b�o�� �n�Z�d�l�h�j�h�\�� ���g�Z�i�j�b�f�_�j���� �w�f�h��
�p�b�h�g�Z�e�v�g�h�_���k�h�k�l�h�y�g�b�_���k�h�l�j�m�^�g�b�d�h�\���� 
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�F�h�^�_�e�b�j�h�\�Z�g�b�_���i�h�l�h�d�h�\���^�e�y���f�h�^�m�e�y���h�p�_�g�d�b���q�_��
�e�h�\�_�q�_�k�d�h�]�h�� �d�Z�i�b�l�Z�e�Z�� �\�h�� �f�g�h�]�h�f�� �h�k�g�h�\�Z�g�h�� �g�Z�� �d�Z��
�e�b�[�j�h�\�h�q�g�u�o�� �d�h�w�n�n�b�p�b�_�g�l�Z�o���� �i�j�b�\�y�a�Z�g�g�u�o�� �d�� �d�h�g��
�d�j�_�l�g�h�c�� �f�h�^�_�e�b�j�m�_�f�h�c�� �k�b�k�l�_�f�_���� �L�Z�d���� �g�Z�i�j�b�f�_�j����
�i�j�b�j�h�k�l���a�^�h�j�h�\�v�y���h�i�b�k�u�\�Z�_�l�k�y �n�h�j�f�m�e�h�c 

3 1 2( ) ,f t k I k P�  � � 
�]�^�_ k1 �b��k2 (k1 + k2 = 1) �± �d�Z�e�b�[�j�h�\�h�q�g�u�_�� �d�h�w�n�n�b��
�p�b�_�g�l�u����I �± �h�p�_�g�d�Z�� �b�f�f�m�g�b�l�_�l�Z�� �k�h�l�j�m�^�g�b�d�h�\�� �h�j�]�Z��
�g�b�a�Z�p�b�b����P �± �h�p�_�g�d�Z�� �n�b�a�b�q�_�k�d�h�c�� �Z�d�l�b�\�g�h�k�l�b�� �k�h��
�l�j�m�^�g�b�d�h�\���h�j�]�Z�g�b�a�Z�p�b�b�� 

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

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

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

�K�e�_�^�m�x�s�_�c�� �a�Z�^�Z�q�_�c�� �f�h�^�_�e�b�j�h�\�Z�g�b�y�� �y�\�e�y�e�h�k�v��
�^�h�i�h�e�g�_�g�b�_�� �f�h�^�_�e�b�� �Z�]�_�g�l�g�u�f�� �d�h�f�i�h�g�_�g�l�h�f�� �^�e�y��
�m�l�h�q�g�_�g�b�y�� �^�b�g�Z�f�b�d�b�� �q�_�e�h�\�_�q�_�k�d�h�]�h�� �d�Z�i�b�l�Z�e�Z�� �\��
�j�Z�f�d�Z�o���k�b�k�l�_�f�u�� 
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�G�Z���j�b�k���������i�j�_�^�k�l�Z�\�e�_�g���h�[�s�b�c���Z�e�]�h�j�b�l�f���i�h�\�_�^�_��
�g�b�y�� �Z�]�_�g�l�Z�� ���q�_�e�h�\�_�d�Z�� �\�� �i�j�h�_�d�l�g�h-�h�j�b�_�g�l�b�j�h�\�Z�g�g�h�c��
�k�b�k�l�_�f�_���� �\�� �j�Z�a�e�b�q�g�u�o�� �f�h�^�_�e�b�j�m�_�f�u�o�� �k�b�l�m�Z�p�b�y�o�� �\��
�l�_�j�f�b�g�Z�o�� �g�h�l�Z�p�b�b��BPMN (Business Process Model 
and Notation).  

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

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

�<�� �j�Z�a�j�Z�[�Z�l�u�\�Z�_�f�h�f�� �Z�]�_�g�l�g�h�f�� �^�h�i�h�e�g�_�g�b�b�� �h�k��
�g�h�\�g�h�c�� �f�h�^�_�e�b�� �\�� �d�Z�q�_�k�l�\�_�� �Z�]�_�g�l�Z�� �i�j�b�g�b�f�Z�_�l�k�y�� �h�l��
�^�_�e�v�g�u�c�� �q�_�e�h�\�_�d���� �k�h�l�j�m�^�g�b�d�� �h�p�_�g�b�\�Z�_�f�h�c�� �h�j�]�Z�g�b��
�a�Z�p�b�b�����?�f�m���i�j�b�k�m�s�b���l�_���`�_���d�h�f�i�h�g�_�g�l�u���b���l�_���`�_���a�Z��
�d�h�g�h�f�_�j�g�h�k�l�b���b�o���b�a�f�_�g�_�g�b�y�����q�l�h���b���\���^�h�i�h�e�g�b�l�_�e�v��
�g�h�f�� �f�h�^�m�e�_���� �g�h�� �h�g�b�� �h�p�_�g�b�\�Z�x�l�k�y�� �\�� �i�j�b�e�h�`�_�g�b�b�� �d��
�h�l�^�_�e�v�g�h�f�m���q�_�e�h�\�_�d�m�����I�j�b���w�l�h�f���m�\�_�e�b�q�_�g�b�_���a�g�Z�g�b�c��
�b�� �g�Z�\�u�d�h�\�� �\�� �l�h�c�� �q�Z�k�l�b���� �\�� �d�h�l�h�j�h�c�� �w�l�b�� �a�g�Z�g�b�y�� �b��
�g�Z�\�u�d�b�� �y�\�e�y�x�l�k�y�� �©�w�d�k�l�_�g�k�b�\�g�u�f�b�ª�����l�� �_���� �j�Z�k�l�m�s�b��
�f�b���i�m�l�_�f���j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�y�����Z���g�_���]�_�g�_�j�Z�p�b�b�����a�Z�^�Z�_�l��
�k�y�� �i�h�e�m�q�_�g�b�_�f�� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o�� �k�h�h�[�s�_�g�b�c�� �h�l��
�^�j�m�]�b�o���Z�]�_�g�l�h�\�� 

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �\�� �i�j�_�^�e�Z�]�Z�_�f�h�f�� �Z�]�_�g�l�g�h�f�� �^�h��
�i�h�e�g�y�x�s�_�f�� �d�h�f�i�h�g�_�g�l�_�� �i�j�h�b�k�o�h�^�y�l�� �k�e�_�^�m�x�s�b�_��
�^�b�g�Z�f�b�q�_�k�d�b�_�� �b�a�f�_�g�_�g�b�y�� �h�k�g�h�\�g�u�o�� �i�Z�j�Z�f�_�l�j�h�\��
�Z�]�_�g�l�h�\�� 

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

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

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

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

�� �I�j�b���i�h�e�m�q�_�g�b�b���Z�]�_�g�l�h�f�����\���[�Z�a�h�\�h�f���\�Z�j�b�Z�g�l�_���± 
�k�e�m�q�Z�c�g�u�f���� �h�[�f�_�g�g�h�]�h�� �k�h�h�[�s�_�g�b�y�� �m�� �g�_�]�h�� �\�h�a�j�Z�k��
�l�Z�x�l���a�g�Z�g�b�y���b���g�Z�\�u�d�b�� 
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�J�b�k�����������:�e�]�h�j�b�l�f���i�h�\�_�^�_�g�b�y���Z�]�_�g�l�Z���\���l�_�j�f�b�g�Z�o���g�h�l�Z�p�b�b��BPMN 

 
�L�Z�d�`�_�� �g�_�h�[�o�h�^�b�f�h�� �h�l�f�_�l�b�l�v���� �q�l�h�� �a�Z�� �i�j�_�^�_�e�Z�f�b��

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

 
 

 
 

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

�G�Z�� �j�b�k���� ���� �H�p�_�g�d�Z�B�Q�D �± �b�g�l�_�]�j�Z�e�v�g�Z�y�� �h�p�_�g�d�Z��
�q�_�e�h�\�_�q�_�k�d�h�]�h�� �d�Z�i�b�l�Z�e�Z�� �\�� �k�b�k�l�_�f�_���� �L�Z�d�Z�y�� �h�p�_�g�d�Z��
�\�u�q�b�k�e�y�_�l�k�y�� �g�Z�� �h�k�g�h�\�_�� �h�l�^�_�e�v�g�u�o�� �h�p�_�g�h�d�� �q�_�e�h�\�_��
�q�_�k�d�h�]�h�� �d�Z�i�b�l�Z�e�Z�� �h�l�^�_�e�v�g�u�o�� �k�h�l�j�m�^�g�b�d�h�\�� �i�h�� �n�h�j��
�f�m�e�_�� 

�� ��

4

1

1

��

4
��

ijN
j

it
N

� 

� � 

�¦
�¦

, 

�]�^�_ ��ij �± �a�g�Z�q�_�g�b�_��j-�]�h�� �d�j�b�l�_�j�b�y�� �h�p�_�g�d�b�� �q�_�e�h�\�_�q�_��
�k�d�h�]�h�� �d�Z�i�b�l�Z�e�Z (�a�g�Z�g�b�y�� �b�� �g�Z�\�u�d�b���� �i�j�h�n�_�k�k�b�h�g�Z�e�v��
�g�u�_�� �d�h�f�i�_�l�_�g�p�b�b���� �i�h�\�_�^�_�g�q�_�k�d�b�_�� �d�h�f�i�_�l�_�g�p�b�b����
�a�^�h�j�h�\�v�_���� �^�e�y��i-�]�h�� �k�h�l�j�m�^�g�b�d�Z����N �± �d�h�e�b�q�_�k�l�\�h�� �k�h��
�l�j�m�^�g�b�d�h�\�� 

�J�_�Z�e�b�a�h�\�Z�g�g�u�_�� �^�b�Z�]�j�Z�f�f�u�� �k�h�k�l�h�y�g�b�c�� �^�e�y�� �Z�]�_�g��
�l�h�\���\���l�_�j�f�b�g�Z�o��AnyLogic�����\�u�i�h�e�g�_�g�g�u�_���\���k�h�h�l�\�_�l��
�k�l�\�b�b�� �k�� �Z�e�]�h�j�b�l�f�h�f�� ���k�f���� �j�b�k���� �������� �i�j�_�^�k�l�Z�\�e�_�g�u�� �g�Z��
�j�b�k�� 5. 

�I�j�_�^�k�l�Z�\�e�_�g�g�u�_�� �^�b�Z�]�j�Z�f�f�u�� �k�h�k�l�h�y�g�b�c�� �\�� �k�h�\�h��
�d�m�i�g�h�k�l�b ���^�_�c�k�l�\�m�x�s�b�_ �g�_ �^�e�y �h�l�^�_�e�v�g�h�]�h �Z�]�_�g�l�Z�� 



 

 
 

 

 
 

 �”

 

 
 

�J�b�k�����������>�b�Z�]�j�Z�f�f�u���k�h�k�l�h�y�g�b�c���Z�]�_�g�l�g�h�]�h���d�h�f�i�h�g�_�g�l�Z���f�h�^�_�e�b 

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

 
2.3. �ü�����!���������������������������)�#��������������������� ������������������  

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

�x �F�h�`�_�l�� �[�u�l�v�� �i�_�j�_�k�f�h�l�j�_�g�� �b�� �b�a�f�_�g�_�g�� �g�Z�� �\�_�j�o��
�g�_�f�� �m�j�h�\�g�_�� �g�Z�[�h�j�� �n�Z�d�l�h�j�h�\���� �\�e�b�y�x�s�b�o�� �g�Z�� �i�Z�j�Z��
�f�_�l�j�u�� �[�Z�a�h�\�h�c�� �f�h�^�_�e�b�� �^�b�g�Z�f�b�d�b�� �i�j�h�_�d�l�h�\�� ���l�Z�d����
�f�h�]�m�l�� �[�u�l�v�� �h�[�h�k�g�h�\�Z�g�g�h�� �\�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �p�_�e�y�f�b��
�f�h�^�_�e�b�j�h�\�Z�g�b�y���b�k�d�e�x�q�_�g�u���b�e�b���a�Z�f�_�g�_�g�u���n�Z�d�l�h�j�u��
�a�^�h�j�h�\�v�y���� �l�_�o�g�b�q�_�k�d�h�c�� �]�h�l�h�\�g�h�k�l�b�� �i�j�_�^�i�j�b�y�l�b�y����
�\�h�a�j�Z�k�l�Z���b���^�j�������f�h�^�_�e�v���f�h�`�_�l���[�u�l�v���^�h�i�h�e�g�_�g�Z���^�j�m��

�]�b�f�b�� �n�Z�d�l�h�j�Z�f�b�� �\�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �l�j�_�[�h�\�Z�g�b�y�f�b�� �d��
�d�h�g�d�j�_�l�g�h�f�m���k�e�m�q�Z�x���_�_���i�j�b�f�_�g�_�g�b�y). 

�x �H�k�g�h�\�g�Z�y�� �k�l�j�m�d�l�m�j�Z�� �[�Z�a�h�\�h�c�� �f�h�^�_�e�b�� �f�h�`�_�l��
�[�u�l�v�� �m�k�e�h�`�g�_�g�Z�� �\�� �o�h�^�_�� �d�Z�e�b�[�j�h�\�d�b�� �f�h�^�_�e�b�� �± �^�e�y��
�e�m�q�r�_�]�h�� �k�h�h�l�\�_�l�k�l�\�b�y�� �d�h�g�d�j�_�l�g�h�c�� �i�j�h�_�d�l�g�h-
�h�j�b�_�g�l�b�j�h�\�Z�g�g�h�c�� �k�b�k�l�_�f�_�� �f�h�]�m�l�� �[�u�l�v�� �b�a�f�_�g�_�g�u��
�i�h�j�y�^�d�b�� �a�Z�^�_�j�`�_�d���� �h�i�b�k�u�\�Z�x�s�b�o�� �n�m�g�d�p�b�b�� �i�h�l�h��
�d�h�\���� �b�a�f�_�g�_�g�� �g�Z�[�h�j�� �n�Z�d�l�h�j�h�\���� �\�e�b�y�x�s�b�o�� �g�Z�� �d�h�g��
�d�j�_�l�g�u�c���i�_�j�_�o�h�^���f�_�`�^�m���k�h�k�l�h�y�g�b�y�f�b�����b���l�� �^�� 

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

�x �F�h�`�_�l���[�u�l�v���b�a�f�_�g�_�g�h���\�a�Z�b�f�g�h�_���\�e�b�y�g�b�_���n�Z�d��
�l�h�j�h�\���� �\�� �q�Z�k�l�g�h�k�l�b�� �^�h�[�Z�\�e�_�g�h�� �g�_�e�b�g�_�c�g�h�_�� �\�e�b�y�g�b�_��
�h�l�^�_�e�v�g�u�o���n�Z�d�l�h�j�h�\���g�Z���b�g�l�_�]�j�Z�e�v�g�u�_���h�p�_�g�d�b�����l�Z�d����
�n�Z�d�l�h�j�� �a�^�h�j�h�\�v�y�� �\�� �h�[�s�_�c�� �f�h�^�_�e�b�� �i�j�b�g�y�l�� �\�� �d�Z�q�_��
�k�l�\�_���\�e�b�y�x�s�_�]�h���g�Z���b�g�l�_�]�j�Z�e�v�g�m�x���h�p�_�g�d�m���e�b�g�_�c�g�h����
�k�h�h�[�j�Z�a�g�h���k���^�j�m�]�b�f�b���n�Z�d�l�h�j�Z�f�b�� �q�l�h���k�q�b�l�Z�_�l�k�y���Z�\��
�l�h�j�Z�f�b�� �d�h�j�j�_�d�l�g�u�f�� �^�e�y�� �k�b�k�l�_�f�� �j�Z�a�j�Z�[�h�l�d�b�� �b�g�g�h��
�\�Z�p�b�h�g�g�u�o��IT-�i�j�h�_�d�l�h�\���� �h�^�g�Z�d�h�� �^�e�y�� �k�b�k�l�_�f�� �k��
�j�b�k�d�h�f�� �l�y�`�_�e�u�o�� �i�j�h�n�_�k�k�b�h�g�Z�e�v�g�u�o�� �a�Z�[�h�e�_�\�Z�g�b�c��
�b�e�b�� �l�j�_�[�m�x�s�b�o�� �b�k�d�e�x�q�b�l�_�e�v�g�h�� �j�Z�[�h�l�u�� �g�Z�� �f�_�k�l�Z�o��
�[�_�a���\�h�a�f�h�`�g�h�k�l�b���i�_�j�_�o�h�^�Z���g�Z���m�^�Z�e�_�g�g�m�x���a�Z�g�y�l�h�k�l�v��
�g�b�a�d�b�_���a�g�Z�q�_�g�b�y �n�Z�d�l�h�j�Z���a�^�h�j�h�\�v�y���f�h�]�m�l���h�[�g�m�e�y�l�v��
�b�g�l�_�]�j�Z�e�v�g�m�x���h�p�_�g�d�m���q�_�e�h�\�_�q�_�k�d�h�]�h���d�Z�i�b�l�Z�e�Z���� 
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�<���l�_�d�m�s�_�f���\�b�^�_���f�h�^�_�e�v���b�f�_�_�l���j�y�^���h�]�j�Z�g�b�q�_�g�b�c����
�h�[�m�k�e�h�\�e�_�g�g�u�o�� �_�_�� �d�h�g�k�l�j�m�d�p�b�_�c���� �L�Z�d���� �f�h�^�_�e�v�� �g�_��
�i�h�a�\�h�e�y�_�l�� �h�p�_�g�b�l�v�� �m�g�b�d�Z�e�v�g�m�x�� �^�b�g�Z�f�b�d�m�� �h�^�g�h�]�h��
�i�j�h�_�d�l�Z�� �b�e�b�� �f�Z�e�h�c�� �]�j�m�i�i�u�� �i�j�h�_�d�l�h�\���� �i�h�w�l�h�f�m �_�_��
�Z�^�_�d�\�Z�l�g�h�k�l�v���g�b�a�d�Z���^�e�y���k�b�k�l�_�f���k���g�_�[�h�e�v�r�b�f���d�h�e�b��
�q�_�k�l�\�h�f�� �i�j�h�_�d�l�g�u�o�� �k�m�s�g�h�k�l�_�c�� �± �f�h�^�_�e�v�� �j�_�d�h�f�_�g��
�^�m�_�l�k�y�� �d�� �i�j�b�f�_�g�_�g�b�x�� �\�� �d�j�m�i�g�u�o�� �i�j�h�_�d�l�g�h-
�h�j�b�_�g�l�b�j�h�\�Z�g�g�u�o�� �k�l�j�m�d�l�m�j�Z�o�� ���n�b�j�f�Z�o���� �d�h�g�k�h�j�p�b��
�m�f�Z�o�����i�j�h�]�j�Z�f�f�g�u�o���d�h�f�b�l�_�l�Z�o���b���l�� �i���������D�j�h�f�_���l�h�]�h����
�f�h�^�_�e�v�� �y�\�e�y�_�l�k�y�� �\�_�j�o�g�_�m�j�h�\�g�_�\�h�c�� �Z�[�k�l�j�Z�d�p�b�_�c���� �Z��
�i�h�l�h�f�m���g�_���i�h�a�\�h�e�y�_�l���h�[�_�k�i�_�q�b�l�v���\�u�k�h�d�m�x���Z�^�_�d�\�Z�l��
�g�h�k�l�v���i�j�b���f�Z�e�h�f���g�Z�[�h�j�_���w�f�i�b�j�b�q�_�k�d�b�o���^�Z�g�g�u�o���^�e�y��
�\�Z�e�b�^�Z�p�b�b���b���d�Z�e�b�[�j�h�\�d�b���f�h�^�_�e�b�����>�h�i�h�e�g�b�l�_�e�v�g�u�f��
�h�]�j�Z�g�b�q�_�g�b�_�f�� �Z�^�_�d�\�Z�l�g�h�k�l�b�� �f�h�^�_�e�b�� �y�\�e�y�_�l�k�y�� �l�h����
�q�l�h���k�l�j�m�d�l�m�j�Z���f�h�^�_�e�b���q�Z�k�l�b�q�g�h���h�k�g�h�\�Z�g�Z���g�Z���h�i�u�l�_��
�Z�\�l�h�j�h�\���� �Z�� �i�h�l�h�f�m�� �m�g�b�\�_�j�k�Z�e�v�g�h�k�l�v�� �i�j�_�^�e�h�`�_�g�g�h�c��
�d�h�g�p�_�i�p�b�b�� �i�h�^�e�_�`�b�l�� �h�[�k�m�`�^�_�g�b�x���� �d�� �g�_�d�h�l�h�j�u�f��
�i�j�h�_�d�l�g�h-�h�j�b�_�g�l�b�j�h�\�Z�g�g�u�f�� �k�b�k�l�_�f�Z�f�� �l�Z�d�Z�y�� �k�b�k�l�_��
�f�Z�� �f�h�`�_�l�� �h�d�Z�a�Z�l�v�k�y�� �k�e�Z�[�h�� �i�j�b�f�_�g�b�f�Z���� �h�^�g�Z�d�h�� �i�_��
�j�_�q�_�g�v�� �l�Z�d�b�o�� �k�b�k�l�_�f�� �g�Z�� �l�_�d�m�s�_�f�� �w�l�Z�i�_�� �j�Z�a�j�Z�[�h�l�d�b��
�f�h�^�_�e�b�� �y�\�e�y�_�l�k�y�� �g�_�h�i�j�_�^�_�e�_�g�g�u�f. �I�_�j�k�i�_�d�l�b�\��
�g�u�f�b �g�Z�i�j�Z�\�e�_�g�b�y�f�b �^�Z�e�v�g�_�c�r�b�o�� �b�k�k�e�_�^�h�\�Z�g�b�c�� 
�i�h���f�g�_�g�b�x���Z�\�l�h�j�h�\�����f�h�]�m�l���k�l�Z�l�v���i�j�_�`�^�_���\�k�_�]�h �m�g�b��
�\�_�j�k�Z�e�b�a�Z�p�b�y �d�h�g�p�_�i�p�b�b�� �b�� �j�Z�k�k�f�h�l�j�_�g�b�_�� �\�h�a�f�h�`��
�g�h�k�l�_�c�� �i�j�b�f�_�g�_�g�b�y�� �i�j�_�^�e�h�`�_�g�g�h�]�h�� �b�g�k�l�j�m�f�_�g�l�Z�� �d��
�j�Z�a�e�b�q�g�u�f���k�b�k�l�_�f�Z�f�� 

�K�e�_�^�m�_�l�� �h�l�f�_�l�b�l�v�� �l�Z�d�`�_�� �i�j�_�b�f�m�s�_�k�l�\�h�� �f�h�^�_�e�b��
�i�h �k�j�Z�\�g�_�g�b�x�� �k�� �^�j�m�]�b�f�b�� �b�g�k�l�j�m�f�_�g�l�Z�f�b�� �m�q�_�l�Z��
�n�Z�d�l�h�j�Z�� �q�_�e�h�\�_�q�_�k�d�h�]�h�� �d�Z�i�b�l�Z�e�Z�� �\�� �^�_�y�l�_�e�v�g�h�k�l�b��
�d�h�f�i�Z�g�b�c���� �B�a�\�_�k�l�g�u�� �i�j�b�f�_�g�_�g�b�y�� �Z�]�_�g�l�g�h�]�h�� �f�h�^�_��
�e�b�j�h�\�Z�g�b�y�� �^�e�y�� �h�[�f�_�g�Z�� �a�g�Z�g�b�y�f�b�� �>27�@���� �Z�� �l�Z�d�`�_��
�Z�]�_�g�l�g�u�_���f�h�^�_�e�b �^�e�y���b�a�m�q�_�g�b�y���\�e�b�y�g�b�y���h�l�^�_�e�v�g�u�o��
�n�Z�d�l�h�j�h�\�� ���g�Z�i�j�b�f�_�j���� �k�l�_�i�_�g�b�� �\�a�Z�b�f�g�h�]�h�� �^�h�\�_�j�b�y��
[28�@���� �g�Z�� �i�_�j�_�^�Z�q�m�� �a�g�Z�g�b�c�� �\�g�m�l�j�b�� �h�j�]�Z�g�b�a�Z�p�b�b����
�:�]�_�g�l�g�h�_�� �f�h�^�_�e�b�j�h�\�Z�g�b�_�� �\�� �p�_�e�h�f�� �y�\�e�y�_�l�k�y�� �^�h�k�l�Z��
�l�h�q�g�h�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�u�f �b�g�k�l�j�m�f�_�g�l�h�f�� �^�e�y�� �f�h�^�_��
�e�b�j�h�\�Z�g�b�y�� �q�_�e�h�\�_�q�_�k�d�h�]�h�� �d�Z�i�b�l�Z�e�Z�� �h�j�]�Z�g�b�a�Z�p�b�c��
���q�l�h���e�h�]�b�q�g�h���\�u�l�_�d�Z�_�l���b�a���_�]�h���b�^�_�h�e�h�]�b�b) [27�±29�@�����Z��
�i�h�l�h�f�m�� �i�_�j�_�q�b�k�e�_�g�g�u�_�� �\�u�r�_�� �q�Z�k�l�g�u�_�� �f�h�^�_�e�b�� �f�h��
�]�m�l�� �^�h�i�h�e�g�y�l�v�� �h�[�s�m�x�� �d�h�g�k�l�j�m�d�p�b�x�� �h�i�b�k�Z�g�g�h�c�� �\��
�j�Z�[�h�l�_�� �]�b�[�j�b�^�g�h�c�� �f�h�^�_�e�b���� �<�� �j�Z�k�k�f�h�l�j�_�g�g�u�o�� �j�Z�[�h��
�l�Z�o-�Z�g�Z�e�h�]�Z�o���� �\�i�j�h�q�_�f���� �g�_�� �\�\�h�^�y�l�k�y�� �d�h�g�p�_�i�p�b�b �]�b��
�[�j�b�^�g�u�o���f�h�^�_�e�_�c�����Z���l�Z�d�`�_���h�l�k�m�l�k�l�\�m�_�l���h�j�b�_�g�l�Z�p�b�y��
�g�Z�� �i�j�h�_�d�l�g�m�x�� �^�_�y�l�_�e�v�g�h�k�l�v���� �i�h�l�h�f�m�� �\�� �d�h�g�l�_�d�k�l�_��
�i�j�b�e�h�`�_�g�b�y�� �f�h�^�_�e�b�� �d�� �i�j�h�_�d�l�g�h-�h�j�b�_�g�l�b�j�h�\�Z�g�g�u�f��
�h�g�b���f�_�g�_�_���i�h�e�_�a�g�u�����<�f�_�k�l�_���k���l�_�f���n�h�j�f�Z�e�v�g�h�_���h�i�b��
�k�Z�g�b�_�� �i�j�h�p�_�k�k�h�\���� �k�\�y�a�Z�g�g�u�o�� �k�� �q�_�e�h�\�_�q�_�k�d�b�f�� �d�Z�i�b��
�l�Z�e�h�f���� �\�� �j�Z�k�k�f�h�l�j�_�g�g�u�o���i�j�b�f�_�j�Z�o�� �f�h�^�_�e�_�c�� �l�h�q�g�_�_��
�b���]�e�m�[�`�_�����Z���i�h�l�h�f�m���b�g�l�_�]�j�Z�p�b�y���k���l�Z�d�b�f�b���f�h�^�_�e�y�f�b��
�f�h�`�_�l�� �k�_�j�v�_�a�g�h�� �m�k�b�e�b�l�v�� �i�j�_�^�e�Z�]�Z�_�f�u�c�� �b�g�k�l�j�m��
�f�_�g�l���� �K�m�s�_�k�l�\�m�x�s�b�_�� �`�_�� �Z�g�Z�e�h�]�b���� �h�j�b�_�g�l�b�j�h�\�Z�g��
�g�u�_�� �g�Z�� �i�j�h�_�d�l�g�h�_�� �m�i�j�Z�\�e�_�g�b�_�� ���k�f������ �g�Z�i�j�b�f�_�j�� �j�Z��
�[�h�l�m [30]), �i�j�_�^�e�Z�]�Z�x�l�� �a�g�Z�q�b�l�_�e�v�g�h�� �f�_�g�_�_�� �d�h�g��
�d�j�_�l�g�u�c�� �i�h�^�o�h�^�� �d�� �h�i�b�k�Z�g�b�x�� �`�b�a�g�_�g�g�h�]�h�� �p�b�d�e�Z��
�i�j�h�_�d�l�Z���� �l�Z�d�`�_�� �d�h�g�p�_�g�l�j�b�j�m�y�k�v �i�j�_�`�^�_�� �\�k�_�]�h �g�Z��

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

�<���k�l�Z�l�v�_ �i�j�_�^�e�h�`�_�g�Z�� �b�f�b�l�Z�p�b�h�g�g�Z�y�� �f�h�^�_�e�v����
�h�l�h�[�j�Z�`�Z�x�s�Z�y���j�h�e�v���q�_�e�h�\�_�q�_�k�d�h�]�h���d�Z�i�b�l�Z�e�Z���\���j�_�Z��
�e�b�a�Z�p�b�b���b�g�g�h�\�Z�p�b�h�g�g�u�o���i�j�h�_�d�l�h�\�� 

�<�� �Z�g�Z�e�b�l�b�q�_�k�d�h�c�� �q�Z�k�l�b�� �j�Z�[�h�l�u�� �j�Z�k�k�f�h�l�j�_�g�u��
�h�k�g�h�\�u�� �d�h�g�p�_�i�p�b�c�� �q�_�e�h�\�_�q�_�k�d�h�]�h�� �d�Z�i�b�l�Z�e�Z���� �b�g�g�h��
�\�Z�p�b�h�g�g�u�o�� �i�j�h�_�d�l�h�\�� �b�� �b�f�b�l�Z�p�b�h�g�g�h�]�h�� �f�h�^�_�e�b�j�h��
�\�Z�g�b�y���� �k�n�h�j�f�m�e�b�j�h�\�Z�g�u�� �h�k�g�h�\�g�u�_�� �l�j�_�[�h�\�Z�g�b�y�� �d��
�k�h�a�^�Z�\�Z�_�f�h�c�� �f�h�^�_�e�b���� �<�� �o�h�^�_�� �j�_�Z�e�b�a�Z�p�b�b�� �f�h�^�_�e�v��
�[�u�e�Z�� �k�h�a�^�Z�g�Z�� �\�� �^�\�m�o�� �b�k�i�h�e�g�_�g�b�y�o���� �\�� �\�b�^�_�� �[�Z�a�h�\�h�c��
�f�h�^�_�e�b���� �i�h�e�g�h�k�l�v�x�� �\�u�i�h�e�g�_�g�g�h�c�� �\�� �l�_�j�f�b�g�Z�o�� �k�b��
�k�l�_�f�g�h�c�� �^�b�g�Z�f�b�d�b, �b �\�� �\�b�^�_�� �]�b�[�j�b�^�g�h�c�� �f�h�^�_�e�b����
�^�h�i�h�e�g�_�g�g�h�c�� �Z�]�_�g�l�g�u�f�� �d�h�f�i�h�g�_�g�l�h�f�� �d�� �[�Z�a�h�\�h�f�m��
�f�h�^�m�e�x���� �i�h-�i�j�_�`�g�_�f�m�� �\�u�i�h�e�g�_�g�g�h�f�m�� �\�� �l�_�j�f�b�g�Z�o��
�k�b�k�l�_�f�g�h�c�� �^�b�g�Z�f�b�d�b���� �F�h�^�_�e�v�� �\�Z�e�b�^�b�j�h�\�Z�g�Z�� �i�h��
�g�Z�[�h�j�m�� �^�Z�g�g�u�o���� �i�j�_�^�h�k�l�Z�\�e�_�g�g�h�f�m�� �g�_�g�Z�a�u�\�Z�_�f�h�c��
�h�j�]�Z�g�b�a�Z�p�b�_�c���� �i�h�� �^�\�m�f�� �\�j�_�f�_�g�g�u�“�f�� �j�y�^�Z�f���� �i�m�e�m��
�m�k�i�_�r�g�h�� �j�_�Z�e�b�a�h�\�Z�g�g�u�o�� �i�j�h�_�d�l�h�\�� �b�� �i�j�b�[�u�e�b�� �h�l��
�m�k�i�_�r�g�h�c�� �j�_�Z�e�b�a�Z�p�b�b�� �i�j�h�_�d�l�h�\���� �q�l�h�� �i�h�^�l�\�_�j�`�^�Z�_�l��
�Z�^�_�d�\�Z�l�g�h�k�l�v���f�h�^�_�e�b.  

�F�h�^�_�e�v�� �y�\�e�y�_�l�k�y�� �\�_�j�o�g�_�m�j�h�\�g�_�\�h�c�� �Z�[�k�l�j�Z�d�p�b��
�_�c�����Z���i�h�l�h�f�m���f�h�`�_�l���[�u�l�v���^�h�i�h�e�g�_�g�Z���b���m�l�h�q�g�_�g�Z���^�e�y��
�f�h�^�_�e�b�j�h�\�Z�g�b�y���i�j�h�p�_�k�k�h�\���d�h�g�d�j�_�l�g�h�c���h�l�j�Z�k�e�b���b�e�b��
�h�j�]�Z�g�b�a�Z�p�b�b���� �H�l�h�[�j�Z�`�_�g�g�u�_�� �\�� �f�h�^�_�e�b�� �a�Z�d�h�g�h�f�_�j��
�g�h�k�l�b���b���h�k�g�h�\�g�u�_���n�Z�d�l�h�j�u���q�_�e�h�\�_�q�_�k�d�h�]�h���d�Z�i�b�l�Z�e�Z��
�f�h�]�m�l�� �[�u�l�v�� �k�d�h�j�j�_�d�l�b�j�h�\�Z�g�u�� �i�j�b�� �^�h�j�Z�[�h�l�d�_�� �b��
�m�l�h�q�g�_�g�b�b���f�h�^�_�e�b�� 
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Abstract. The main aspects of three concepts�±�±human capital, innovation projects, and simula-
tion modeling�±�±are considered, and a simulation model is proposed to describe the role of human 
capital in innovation projects. This high-level abstraction model is intended to study the role of 
the social component in the organizational structure of an innovation project in a general context 
(at the level of an economic sector, an enterprise, or part of an enterprise). It is treated primarily 
as a tool for tracking the dynamics of projects considering the state of human capital of the sys-
tem. The model consists of two main components, namely, a basic simulation model in system 
dynamics terms and an agent-based component of the model describing human capital dynamics. 
The model is a conceptual tool that requires calibration and refinement when being implemented 
in a particular organization. 
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�w�l�h�� �i�j�_�^�i�h�e�h�`�_�g�b�_�� �f�h�`�g�h�� �k�q�b�l�Z�l�v�� �k�i�j�Z�\�_�^�e�b�\�u�f����
�H�^�g�Z�d�h �i�j�b�� �d�h�g�_�q�g�u�o�� �^�b�Z�i�Z�a�h�g�Z�o�� �b�a�f�_�g�_�g�b�y�� �w�l�b�o��
�i�Z�j�Z�f�_�l�j�h�\�� �i�j�_�^�i�h�e�h�`�_�g�b�_�� �e�b�g�_�c�g�h�k�l�b�� �g�_�d�h�j��
�j�_�d�l�g�h���� �i�h�k�d�h�e�v�d�m�� �\�_�e�b�q�b�g�u�� �h�[�t�_�f�h�\�� �b�� �p�_�g�� �g�_�i�h��
�k�j�_�^�k�l�\�_�g�g�h���\�e�b�y�x�l���g�Z���h�p�_�g�d�m���\�_�e�b�q�b�g���l�_�o�g�h�e�h�]�b��
�q�_�k�d�b�o�� �d�h�w�n�n�b�p�b�_�g�l�h�\�� �^�e�y�� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o�� �h�l��
�j�Z�k�e�_�c���� 

�I�m�k�l�v�� �k�l�h�b�f�h�k�l�v �h�[�t�_�f�Z�� �\�u�i�m�k�d�Z��i-�c�� �h�l�j�Z�k�e�b��

iV  �f�g�h�]�h�h�l�j�Z�k�e�_�\�h�c�� �w�d�h�g�h�f�b�q�_�k�d�h�c�� �k�b�k�l�_�f�u����
�b�f�_�x�s�_�c��n �h�l�j�Z�k�e�_�c�����h�[�j�Z�a�m�_�l���\�_�d�l�h�j��V �����H�[�t�_�f�u��
�a�Z�l�j�Z�l���b���\�u�i�m�k�d�Z���\���k�l�h�b�f�h�k�l�g�h�f���\�u�j�Z�`�_�g�b�b���l�Z�d�`�_��

�a�Z�\�b�k�y�l�� �h�l�� �p�_�g��Pi �g�Z�� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_�� �\�b�^�u�� �i�j�h��
�^�m�d�p�b�b�����B�a�f�_�g�_�g�b�_���p�_�g���b���h�[�t�_�f�h�\���\�u�i�m�k�d�Z���g�Z���w�l�Z��
�i�_��k �a�Z�^�Z�_�l�k�y���\�_�d�l�h�j�Z�f�b���b�g�^�_�d�k�h�\���p�_�g��p �b���b�g�^�_�d�k�h�\��
�\�u�i�m�k�d�Z��v:  

1 1/ , / , 1,...,k k k k k k
i i i i i iv V V p P P i n� � � �� � � . 

�H�[�h�a�g�Z�q�b�f�� ijZ� ª � º� � ¬ � ¼Z  �f�Z�l�j�b�p�m �h�[�t�_�f�h�\�� �a�Z�l�j�Z�l��

�j�_�k�m�j�k�h�\���\���i�j�h�p�_�k�k�_���\�h�k�i�j�h�b�a�\�h�^�k�l�\�Z����, 1,..., ,i j n�  
�]�^�_��j �± �g�h�f�_�j�� �h�l�j�Z�k�e�b���� �b�k�i�h�e�v�a�m�x�s�_�c�� �\�� �i�j�h�b�a�\�h�^��
�k�l�\�_�� �j�_�k�m�j�k�� �g�h�f�_�j��i���� �W�l�Z�� �f�Z�l�j�b�p�Z�� �i�h�a�\�h�e�y�_�l�� �h�i�j�_��
�^�_�e�b�l�v�� �d�h�w�n�n�b�p�b�_�g�l�u��ija ���� �d�h�l�h�j�u�_�� �\�u�q�b�k�e�y�x�l�k�y��

�i�h���n�h�j�f�m�e�_ 
/ij ij ja Z V� , , 1,..., ,i j n�  

�b�� �h�[�j�Z�a�m�x�l�� �l�_�o�g�h�e�h�]�b�q�_�k�d�m�x�� �f�Z�l�j�b�p�m��ija� ª � º� � ¬ � ¼A , 

�b�f�_�x�s�m�x���k�i�_�d�l�j�����g�Z�[�h�j���k�h�[�k�l�\�_�g�g�u�o���a�g�Z�q�_�g�b�c����S. 
�I�h�k�e�_�^�g�b�c�� �b�k�i�h�e�v�a�m�_�l�k�y�� �^�e�y�� �h�i�j�_�^�_�e�_�g�b�y�� �k�\�h�c�k�l�\��
�i�j�_�h�[�j�Z�a�h�\�Z�g�b�c���l�_�o�g�h�e�h�]�b�q�_�k�d�h�c���f�Z�l�j�b�p�u���b���f�h�^�_��
�e�_�c���m�k�l�h�c�q�b�\�h�]�h���\�h�k�i�j�h�b�a�\�h�^�k�l�\�Z���� 

�<�h�k�i�h�e�v�a�m�_�f�k�y�� �h�i�j�_�^�_�e�_�g�b�_�f�� �>���@ �i�j�h�^�m�d�l�b�\�g�h��
�k�l�b �w�d�h�g�h�f�b�q�_�k�d�h�c�� �k�b�k�l�_�f�u�� �d�Z�d�� �h�l�g�h�r�_�g�b�y �^�h��
�[�Z�\�e�_�g�g�h�c�� �k�l�h�b�f�h�k�l�b�� �d�� �i�j�h�f�_�`�m�l�h�q�g�u�f�� �a�Z�l�j�Z�l�Z�f��
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�Œ = Y/Z, �]�^�_��Y �± �\�Z�e�h�\�Z�y�� �^�h�[�Z�\�e�_�g�g�Z�y�� �k�l�h�b�f�h�k�l�v��
���<�<�I������Z �± �k�m�f�f�Z �i�j�h�f�_�`�m�l�h�q�g�u�o���a�Z�l�j�Z�l �i�h���h�l�j�Z�k��
�e�y�f�����H�[�h�a�g�Z�q�b�f��V �\�Z�e�h�\�h�c���\�u�i�m�k�d�����l�h�]�^�Z���f�Z�l�_�j�b�Z��
�e�h�_�f�d�h�k�l�v��a = Z/V, V = Y + Z�����h�l�k�x�^�Z���^�e�y���i�j�h�^�m�d��
�l�b�\�g�h�k�l�b���k�i�j�Z�\�_�^�e�b�\�h���k�h�h�l�g�h�r�_�g�b�_���Œ��� ������a �± 1.  

�P�_�e�_�g�Z�i�j�Z�\�e�_�g�g�Z�y�� �j�_�k�l�j�m�d�l�m�j�b�a�Z�p�b�y�� �l�_�o�g�h�e�h��
�]�b�q�_�k�d�h�]�h���y�^�j�Z���g�Z�i�j�Z�\�e�_�g�Z���g�Z���m�\�_�e�b�q�_�g�b�_���_�]�h���i�j�h��
�^�m�d�l�b�\�g�h�k�l�b���� �I�j�b�� �i�h�k�l�j�h�_�g�b�b�� �f�h�^�_�e�_�c�� �k�b�g�l�_�a�Z��
�m�i�j�Z�\�e�_�g�b�y�� �k�b�k�l�_�f�h�c�� �\�h�k�i�j�h�b�a�\�h�^�k�l�\�Z�� �\�� �d�Z�q�_�k�l�\�_��
�m�i�j�Z�\�e�y�x�s�b�o�� �i�Z�j�Z�f�_�l�j�h�\��i-�c�� �h�l�j�Z�k�e�b�� �f�h�`�g�h�� �b�k��
�i�h�e�v�a�h�\�Z�l�v�� �h�[�t�_�f�� �\�u�i�m�k�d�Z��iV  �b�� �p�_�g�u iP  �g�Z�� �i�j�h��
�^�m�d�p�b�x���� 

�K�l�Z�g�^�Z�j�l�g�Z�y�� �f�h�^�_�e�v�� �©�a�Z�l�j�Z�l�u �± �\�u�i�m�k�d�ª�� �i�j�_�^��
�i�h�e�Z�]�Z�_�l���� �q�l�h�� �i�j�y�f�u�_�� �a�Z�l�j�Z�l�u�� �e�b�g�_�c�g�h�� �a�Z�\�b�k�y�l�� �h�l��
�h�[�t�_�f�h�\�� �\�u�i�m�k�d�Z�� �b�� �p�_�g���� �H�^�g�Z�d�h�� �w�l�h�� �i�j�_�^�i�h�e�h�`�_��
�g�b�_�� �g�_�d�h�j�j�_�d�l�g�h���� �>�_�c�k�l�\�b�l�_�e�v�g�h���� �\�� �i�j�_�^�i�h�e�h�`�_��
�g�b�b�� �e�b�g�_�c�g�h�k�l�b�� �g�Z�� �d�Z�`�^�h�f�� �w�l�Z�i�_�� �m�i�j�Z�\�e�y�x�s�_�]�h��
�\�h�a�^�_�c�k�l�\�b�y�� �d�h�w�n�n�b�p�b�_�g�l�u��ija  �i�j�_�^�i�h�e�Z�]�Z�x�l�k�y��

�g�_�b�a�f�_�g�g�u�f�b���� �H�^�g�Z�d�h�� �g�m�`�g�h�� �m�q�b�l�u�\�Z�l�v���� �q�l�h�� �k�� �b�a��
�f�_�g�_�g�b�_�f�� �m�i�j�Z�\�e�y�x�s�b�o�� �i�Z�j�Z�f�_�l�j�h�\�� �l�_�o�g�h�e�h�]�b�q�_��
�k�d�Z�y���f�Z�l�j�b�p�Z��A  �l�Z�d�`�_���[�m�^�_�l���b�a�f�_�g�y�l�v�k�y���h�l���w�l�Z�i�Z���d��
�w�l�Z�i�m�� 

�<�� �k�\�y�a�b�� �k�� �w�l�b�f�� �l�_�o�g�h�e�h�]�b�q�_�k�d�h�_�� �y�^�j�h�� �f�h�`�_�l��
�i�h�^�\�_�j�]�Z�l�v�k�y�� �^�\�m�f�� �l�b�i�Z�f�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�c���� �[�_�a�� �b�a��
�f�_�g�_�g�b�y�� �k�i�_�d�l�j�Z��S ���\�j�Z�s�_�g�b�x���� �b�� �k�� �b�a�f�_�g�_�g�b�_�f��
�k�i�_�d�l�j�Z��S ���^�_�n�h�j�f�Z�p�b�b������ 

�I�j�b�� �b�a�f�_�g�_�g�b�b�� �b�g�^�_�d�k�h�\�� �\�u�i�m�k�d�Z�� �f�Z�l�j�b�p�Z��A
�k�i�j�Z�\�Z�� �b�� �k�e�_�\�Z �m�f�g�h�`�Z�_�l�k�y�� �g�Z�� �^�b�Z�]�h�g�Z�e�v�g�u�_���f�Z�l��
�j�b�p�u D �b��D-1 �k�� �d�h�w�n�n�b�p�b�_�g�l�Z�f�b��jj jD v�  �b 

1 1/jj jD v�� �  �k�h�h�l�\�_�l�k�l�\�_�g�g�h�� �I�j�b�� �b�a�f�_�g�_�g�b�b�� �b�g��

�^�_�d�k�h�\���p�_�g���f�Z�l�j�b�p�Z��A  �k�i�j�Z�\�Z���b���k�e�_�\�Z �m�f�g�h�`�Z�_�l�k�y��
�g�Z�� �^�b�Z�]�h�g�Z�e�v�g�u�_�� �f�Z�l�j�b�p�u �K �b�� �K-1 �k�� �d�h�w�n�n�b�p�b�_�g��
�l�Z�f�b�� jj jC p�  �b 1 1/jj jC p�� �  �k�h�h�l�\�_�l�k�l�\�_�g�g�h 

�?�k�e�b�� �f�Z�l�j�b�p�Z��A  �± �r�m�j�h�\�k�d�Z�y�� ��max|S| < 1), 
�k�i�j�Z�\�_�^�e�b�\�u���k�e�_�^�m�x�s�b�_���m�l�\�_�j�`�^�_�g�b�y���>���������@���� 

�x �?�k�e�b���Z �± �f�Z�d�k�b�f�Z�e�v�g�h�_�� �k�h�[�k�l�\�_�g�g�h�_�� �q�b�k�e�h��
�f�Z�l�j�b�p�u��A , r �± �f�Z�d�k�b�f�Z�e�v�g�h�_�� �k�h�[�k�l�\�_�g�g�h�_�� �q�b�k�e�h��
�f�Z�l�j�b�p�u���LA , �l�h�� �k�b�k�l�_�f�Z�� �\�h�k�i�j�h�b�a�\�h�^�k�l�\�Z�� �m�k�l�h�c��
�q�b�\�Z�� �b�� �\�� �k�l�Z�[�b�e�v�g�h�f�� �k�h�k�l�h�y�g�b�b�� �m�^�h�\�e�_�l�\�h�j�y�_�l��
�m�j�Z�\�g�_�g�b�y�f 

a � v Av , 

Tr � p A p . 

�M�k�l�h�c�q�b�\�h�k�l�v�� �k�b�k�l�_�f�u�� �\�h�k�i�j�h�b�a�\�h�^�k�l�\�Z�� �a�^�_�k�v��
�h�[�_�k�i�_�q�b�\�Z�_�l�k�y�� �m�k�l�h�c�q�b�\�h�k�l�v�x�� �f�Z�l�j�b�p�u��A  �b�� �i�h��
�g�b�f�Z�_�l�k�y���d�Z�d���k�o�h�^�b�f�h�k�l�v���b�l�_�j�Z�p�b�h�g�g�h�]�h���i�j�h�p�_�k�k�Z 

xk+1= A xk
k

k
x

Ax
, k � ���������������������«, 

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

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

�x �I�j�_�h�[�j�Z�a�h�\�Z�g�b�y���� �i�h�j�h�`�^�Z�_�f�u�_�� �f�Z�l�j�b�p�Z�f�b��D 
�b��C, �b�f�_�x�l�� �g�_�k�d�h�e�v�d�h�� �b�g�\�Z�j�b�Z�g�l�h�\���� �K�i�_�d�l�j��S �i�h��
�e�m�q�_�g�g�u�o�� �i�h�k�e�_�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y�� �f�Z�l�j�b�p�� �h�k�l�Z�_�l�k�y��
�g�_�b�a�f�_�g�g�u�f���� �W�l�b�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y�� �f�h�`�g�h�� �g�Z�a�\�Z�l�v��
�k�h�h�l�\�_�l�k�l�\�_�g�g�h �h�[�t�_�f�g�u�f���b���p�_�g�h�\�u�f���\�j�Z�s�_�g�b�y�f�b�� 

�x �>�e�y�� �d�Z�`�^�h�]�h�� �\�_�d�l�h�j�Z�� �b�g�^�_�d�k�h�\�� �p�_�g��p �b�f�_�_�l�k�y��
�\�_�d�l�h�j�� �b�g�^�_�d�k�h�\�� �\�u�i�m�k�d�Z��v, �k�h�h�l�\�_�l�k�l�\�m�x�s�b�c��
�m�k�l�h�c�q�b�\�h�f�m�� �k�h�k�l�h�y�g�b�x�� �k�b�k�l�_�f�u�� �\�h�k�i�j�h�b�a�\�h�^�k�l�\�Z��
�k�� �f�Z�d�k�b�f�Z�e�v�g�u�f�� �k�h�[�k�l�\�_�g�g�u�f�� �q�b�k�e�h�f��a �l�_�o�g�h�e�h��
�]�b�q�_�k�d�h�c���f�Z�l�j�b�p�u��1 .��D AD  

�x �:�g�Z�e�h�]�b�q�g�h�� �^�e�y�� �d�Z�`�^�h�]�h�� �\�_�d�l�h�j�Z�� �b�g�^�_�d�k�h�\��
�\�u�i�m�k�d�Z��v �b�f�_�_�l�k�y���\�_�d�l�h�j���b�g�^�_�d�k�h�\���p�_�g��p�����k�h�h�l�\�_�l��
�k�l�\�m�x�s�b�c�� �m�k�l�h�c�q�b�\�h�f�m�� �k�h�k�l�h�y�g�b�x�� �k�b�k�l�_�f�u�� �\�h�k��
�i�j�h�b�a�\�h�^�k�l�\�Z�� �k�� �f�Z�d�k�b�f�Z�e�v�g�u�f�� �k�h�[�k�l�\�_�g�g�u�f�� �q�b�k��
�e�h�f��r �l�_�o�g�h�e�h�]�b�q�_�k�d�h�c���f�Z�l�j�b�p�u��1��C AC . 

�x �K�h�[�k�l�\�_�g�g�u�_�� �q�b�k�e�Z�� �m�k�l�h�c�q�b�\�h�]�h�� �k�h�k�l�h�y�g�b�y��a 
�b��r �k�h�\�i�Z�^�Z�x�l���b���g�_���a�Z�\�b�k�y�l���h�l���f�Z�l�j�b�p���i�j�_�h�[�j�Z�a�h�\�Z��
�g�b�y��D �b��C. 

�x �>�_�n�h�j�f�Z�p�b�y�� �l�_�o�g�h�e�h�]�b�q�_�k�d�h�]�h�� �y�^�j�Z�� �f�h�`�_�l��
�i�j�h�b�k�o�h�^�b�l�v�� �i�j�b�� �b�a�f�_�g�_�g�b�b�� �f�Z�l�j�b�p�u�� �i�j�h�f�_�`�m��

�l�h�q�g�u�o�� �a�Z�l�j�Z�l��ijZ� ª � º� � ¬ � ¼Z , �g�_ �y�\�e�y�x�s�_�f�k�y �f�m�e�v�l�b��

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

�A�Z�^�Z�q�Z���j�_�k�l�j�m�d�l�m�j�b�a�Z�p�b�b���\�u�i�m�k�d�Z 
�W�l�Z���a�Z�^�Z�q�Z���i�h�k�l�j�h�_�g�Z���\���l�_�j�f�b�g�Z�o���e�b�g�_�c�g�h�c���f�h��

�^�_�e�b�� �E�_�h�g�l�v�_�\�Z�� �>���@���� �J�Z�k�k�f�h�l�j�b�f�� �[�b�e�b�g�_�c�g�m�x�� �f�h��
�^�_�e�v�� �k�l�j�m�d�l�m�j�g�h�c�� �h�i�l�b�f�b�a�Z�p�b�b�� �\�h�k�i�j�h�b�a�\�h�^�k�l�\�Z����
�D�h�f�i�h�g�_�g�l�u���\�_�d�l�h�j�Z���a�Z�l�j�Z�l���i�j�h�b�a�\�h�^�k�l�\��Z  �j�Z�\�g�u 

1 1

, 1,..., .
n n

i ij ij j
j j

Z Z a V i n
�  �  

� � � � ¦ � ¦             (1) 

�<�_�j�o�g�y�y�� �]�j�Z�g�b�p�Z�� �d�h�w�n�n�b�p�b�_�g�l�Z�� �i�j�y�f�u�o�� �a�Z�l�j�Z�l��
�\���i�j�_�^�i�h�e�h�`�_�g�b�b���a�Z�\�b�k�b�f�h�k�l�b���d�h�w�n�n�b�p�b�_�g�l�h�\���f�Z��
�l�_�j�b�Z�e�h�_�f�d�h�k�l�b�� �h�l�� �h�[�t�_�f�h�\�� �\�u�i�m�k�d�Z�� �h�i�j�_�^�_�e�y�_�l�k�y��
�b�a���k�h�h�l�g�h�r�_�g�b�y 

1

.j

n

i ij
j

av a V
� 

�t �¦   

�A�Z�^�Z�q�Z�� �h�i�l�b�f�b�a�Z�p�b�b�� �k�l�j�m�d�l�m�j�u�� �\�u�i�m�k�d�Z�� �>���@��
�b�f�_�_�l���\�b�^�� 

,
min
a

a
V                                    (2) 

�i�j�b�� �m�k�e�h�\�b�b�� �j�_�Z�e�b�a�m�_�f�h�k�l�b�� �h�i�l�b�f�Z�e�v�g�h�]�h�� �j�_�r�_��
�g�b�y 

1, 1.iv�T �t �t �T �!   

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



 

 
 

 

 
 

 �”

�i�m�k�d�Z1/a� J �  ���� �I�j�h�p�_�k�k �j�Z�k�q�_�l�Z�� �b�g�^�b�d�Z�l�b�\�g�h�c�� �^�b��
�g�Z�f�b�d�b���h�[�t�_�f�g�u�o���i�h�d�Z�a�Z�l�_�e�_�c�����i�j�b�\�h�^�y�s�b�o���d���f�Z�d��
�k�b�f�m�f�m���w�l�h�]�h���d�j�b�l�_�j�b�y���g�Z���w�l�Z�i�_��k, k = �����������«�����b�f�_��
�_�l���\�b�^ 

1

,

1

max ,

� � � �

�� �� ���� ���� ������������

( ) ,

i

k

k k k

k

k k k

k

��

�J

��

�J �½
�°
�°

�t �°
�¾
�°�d �d � 
�°
�°� �¿

v

v A v

I v I

A D A D

                (3) 

�]�^�_��I �± �\�_�d�l�h�j�����k�h�k�l�Z�\�e�_�g�g�u�c���b�a���_�^�b�g�b�p�� 
�I�j�h�[�e�_�f�Z�� �a�Z�d�e�x�q�Z�_�l�k�y�� �\���l�h�f���� �q�l�h�� �l�_�o�g�h�e�h�]�b�q�_��

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

�A�Z�^�Z�q�Z�� �j�_�k�l�j�m�d�l�m�j�b�a�Z�p�b�b�� �\�� �k�l�h�b�f�h�k�l�g�h�f��
�\�u�j�Z�`�_�g�b�b�� 

�H�[�t�_�f���\�u�i�m�k�d�Z���j�Z�\�_�g��j jV p �����d�h�w�n�n�b�p�b�_�g�l�u��ija  

�i�j�_�h�[�j�Z�a�m�x�l�k�y���\��/ij i ja p p . 

�D�h�f�i�h�g�_�g�l�u���\�_�d�l�h�j�Z���a�Z�l�j�Z�l��R  �g�Z���i�j�h�b�a�\�h�^�k�l�\�h��
�j�_�k�m�j�k�h�\���j�Z�\�g�u 

1 1

, 1,...,ij

n n

j ij j
i i

R x a V j n
�  �  

� � � � ¦ � ¦ . 

�<�_�j�o�g�y�y�� �]�j�Z�g�b�p�Z�� �d�h�w�n�n�b�p�b�_�g�l�Z�� �k�_�[�_�k�l�h�b�f�h�k�l�b��
�k �h�i�j�_�^�_�e�y�_�l�k�y���b�a���k�h�h�l�g�h�r�_�g�b�y 

1

,
n

j j ij j i
i

cV p a V p
� 

�d�¦  

�l�h�]�^�Z���a�Z�^�Z�q�Z���h�i�l�b�f�b�a�Z�p�b�b���b�g�^�_�d�k�h�\���p�_�g���g�Z���h�l�^�_�e�v��
�g�h�f���w�l�Z�i�_���p�_�g���b�f�_�_�l���\�b�^   

,

1

min ,

,

1, 1.

c

n

i ji j
j

i

c

cp a p

p

� 

�½
�°
�°
�°�d �¾
�°
�°

�K �t �t �K �! �°
�¿

�¦

p

                        (4) 

�I�j�b�� �i�_�j�_�o�h�^�_�� �g�Z�� �k�e�_�^�m�x�s�b�c�� �w�l�Z�i�� �f�Z�l�j�b�p�Z��kA  

�i�j�_�h�[�j�Z�a�m�_�l�k�y�� �\�� �f�Z�l�j�b�p�m 1)( k k k��C A C ���� �A�Z�^�Z�q�b�� �j�_��
�k�l�j�m�d�l�m�j�b�a�Z�p�b�b�� �\�u�i�m�k�d�Z�� �b�� �j�_�k�l�j�m�d�l�m�j�b�a�Z�p�b�b�� �p�_�g��
�p�_�e�_�k�h�h�[�j�Z�a�g�h�� �j�_�r�Z�l�v�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�� �^�j�m�]�� �a�Z��
�^�j�m�]�h�f���� �^�e�y�� �l�h�]�h�� �q�l�h�[�u�� �i�j�_�^�_�e�v�g�u�c�� �m�j�h�\�_�g�v�� �i�j�h��
�^�m�d�l�b�\�g�h�k�l�b�� �^�h�k�l�b�]�Z�e�� �[�h�e�v�r�_�]�h�� �a�g�Z�q�_�g�b�y���� �L�h�]�^�Z����

�w�l�Z�i�u �^�e�y���k�h�h�l�\�_�l�k�l�\�m�x�s�b�o���a�Z�^�Z�q �g�m�f�_�j�m�x�l�k�y �g�_��
�q�_�l�g�u�f�b �b���q�_�l�g�u�f�b �q�b�k�e�Z�f�b �k�h�h�l�\�_�l�k�l�\�_�g�g�h.  

�M�q�_�l�� �a�Z�\�b�k�b�f�h�k�l�b�� �d�h�w�n�n�b�p�b�_�g�l�h�\�� �f�Z�l�_�j�b�Z�e�h��
�_�f�d�h�k�l�b��ija  �h�l���m�i�j�Z�\�e�y�x�s�b�o���i�Z�j�Z�f�_�l�j�h�\���i�j�b�\�h�^�b�l��

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

�M�l�\�_�j�`�^�_�g�b�_�� ���� �I�j�b�� �k�b�g�o�j�h�g�g�h�f�� �i�j�_�h�[�j�Z�a�h�\�Z��
�g�b�b�� �i�j�y�f�h�]�h�� ���h�[�t�_�f�g�h�]�h���� �\�j�Z�s�_�g�b�y�� �l�_�o�g�h�e�h�]�b�q�_��
�k�d�h�c�� �f�Z�l�j�b�p�u�� �b�� �e�b�g�_�c�g�h�f�� �b�a�f�_�g�_�g�b�b�� �i�j�h�f�_�`�m��
�l�h�q�g�u�o�� �a�Z�l�j�Z�l�� �h�l�g�h�r�_�g�b�y�� �f�_�`�^�m�� �a�Z�l�j�Z�l�Z�f�b�� �b��
�\�u�i�m�k�d�h�f���i�h�k�l�h�y�g�g�u���b���b�f�_�x�l���\�b�^ 

2 / ,ki ki i kZ c V V�    

�]�^�_�� �� ��0 0 0 0 02/ / ,ki ki k i ki k ic Z V V a V V�  �   0
kiZ , 0 0,i iZ V  �± 

�g�Z�q�Z�e�v�g�u�_���a�g�Z�q�_�g�b�y���d�h�f�i�h�g�_�g�l���a�Z�l�j�Z�l���b���\�u�i�m�k�d�Z, 
�b�e�b 

�� ��0 0 0/ /ki ki k i i kZ a V V V V� . 

�>�h�d�Z�a�Z�l�_�e�v�k�l�\�h���w�l�h�]�h���m�l�\�_�j�`�^�_�g�b�y���i�j�b�\�_�^�_�g�h���\��
�i�j�b�e�h�`�_�g�b�b�� 

�K�e�_�^�k�l�\�b�_������ �J�Z�k�k�f�h�l�j�b�f���i�j�b�f�_�g�_�g�b�_���b�g�\�Z�j�b��

�Z�g�l�Z���^�e�y��
1

.
n

i ij
j

Z Z
� 

� �¦  

�<���j�_�a�m�e�v�l�Z�l�_���k�b�g�o�j�h�g�g�h�]�h���\�j�Z�s�_�g�b�y���l�_�o�g�h�e�h��
�]�b�q�_�k�d�h�c���f�Z�l�j�b�p�u���i�h�e�m�q�b�f 

�� �� �� ��

�� �� �� �� �� ��

0 0 2 0 2

1

0 0 2 2

1 1

/ /

1/ / 1/ ,

n

i i i ij j j
j

n n

i ij i j j i ij j
j j

Z V V Z V V

V a V V V V � k � 9
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�  �  
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�  �  

�¦

� ¦ � ¦ 

�]�^�_�� �� ��0 0/ij ij i jc a V V� . �‡ 

�K�e�_�^�k�l�\�b�_�� ���� �<�� �j�_�a�m�e�v�l�Z�l�_�� �h�[�t�_�f�g�h�]�h�� �\�j�Z�s�_��
�g�b�y�� �i�j�b�� �\�_�d�l�h�j�_�� �\�u�i�m�k�d�Z��V  �h�l�j�Z�k�e�_�\�u�_�� �d�h�w�n�n�b��
�p�b�_�g�l�u��ija  �i�j�_�h�[�j�Z�a�m�x�l�k�y���\��/ /ij i j ij ja V V Z V� �����]�^�_��

i, j � �� �����«�� n���� �I�j�b�� �w�l�h�f�� �m�k�e�h�\�b�_�� �\�h�k�i�j�h�b�a�\�h�^�k�l�\�Z��
�b�f�_�_�l���\�b�^ 

2 2
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n

i ij j
j

aV c V
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�>�e�y���b�g�^�_�d�k�h�\���\�u�i�m�k�d�Z��0/i i iv V V�  

0 0

1

1/ ;
n

i i ij j
j

Z v Z v
� 

� �¦  

 
�m�k�e�h�\�b�_���\�h�k�i�j�h�b�a�\�h�^�k�l�\�Z���b�f�_�_�l���\�b�^ 

2 2

1

n

i ij j
j

av b v
� 

�t �¦ , 

�]�^�_���Z�]�j�_�]�Z�l�u��0 0 0 0/ / .ij ij i ij j ib Z V a V V�  �   �‡�� 

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �k�� �m�q�_�l�h�f�� �h�[�h�a�g�Z�q�_�g�b�y (v)2 �\�_�d��

�l�h�j�Z �k�� �d�\�Z�^�j�Z�l�Z�f�b�� �d�h�w�n�n�b�p�b�_�g�l�h�\��2
iv ���� �g�h�\�Z�y�� �n�h�j��

�f�m�e�b�j�h�\�d�Z�� �a�Z�^�Z�q�b�� �j�_�k�l�j�m�d�l�m�j�b�a�Z�p�b�b�� �i�j�b�g�b�f�Z�_�l��
�\�b� ̂

�� �� �� ��

�� ��

,

2 2
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               (5) 

�K�e�_�^�k�l�\�b�_�� ���� �I�j�b�� 1� T � o  �j�_�r�_�g�b�_�� �a�Z�^�Z�q�b�� ��������
�g�_�i�j�_�j�u�\�g�h�� �a�Z�\�b�k�b�l�� �h�l�� �i�Z�j�Z�f�_�l�j�Z���T, �Z�� �k�e�_�^�h�\�Z��
�l�_�e�v�g�h�����i�_�j�_�o�h�^�b�l���\���j�_�r�_�g�b�_���a�Z�^�Z�q�b���������� 

�>�_�c�k�l�\�b�l�_�e�v�g�h���� �i�j�b���T = ���� �j�_�r�_�g�b�_�f�� �\�� �h�[�h�b�o��
�k�e�m�q�Z�y�o���[�m�^�_�l���_�^�b�g�b�q�g�u�c���\�_�d�l�h�j��I . �<���k�b�e�m���h�]�j�Z�g�b��
�q�_�g�b�y�� 

, 1, 3, 5,...,k k�d �d �T � I v I  

�\�_�d�l�h�j��kv �l�_�f���[�e�b�`�_���d��I �����q�_�f���f�_�g�v�r�_���� �����I�j�b���w�l�h�f��
�h�i�l�b�f�m�f���p�_�e�_�\�h�c���n�m�g�d�p�b�b���\���h�[�h�b�o���k�e�m�q�Z�y�o���h�^�b�g�Z��
�d�h�\���b���j�Z�\�_�g 

�� �� �� �P�L�Q ��ij
i j

b� �¦   

�I�j�b�� 1� T � o  �a�g�Z�q�_�g�b�y��kv  �l�Z�d�`�_���k�l�j�_�f�y�l�k�y���d���_�^�b��
�g�b�p�_�����‡�� 

�>�e�y�� �a�Z�^�Z�q�b�� �j�_�k�l�j�m�d�l�m�j�b�a�Z�p�b�b�� �\�� �k�l�h�b�f�h�k�l�g�h�f��
�\�u�j�Z�`�_�g�b�b�� �k�i�j�Z�\�_�^�e�b�\�h�� �k�e�_�^�m�x�s�_�_�� �m�l�\�_�j�`�^�_�g�b�_�� 
�Z�g�Z�e�h�]�b�q�g�h�_���m�l�\�_�j�`�^�_�g�b�x������ 

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

�d�Z�a�Z�l�_�e�v�k�l�\�h�� �w�l�h�]�h�� �m�l�\�_�j�`�^�_�g�b�y�� �i�j�h�o�h�^�b�l�� �i�h�� �l�h�c��
�`�_�� �k�o�_�f�_���� �q�l�h�� �^�h�d�Z�a�Z�l�_�e�v�k�l�\�h�� �m�l�\�_�j�`�^�_�g�b�y�� ������ �L�h�q��
�g�h�� �l�Z�d�`�_�� �n�h�j�f�m�e�b�j�m�x�l�k�y�� �b�� �^�h�d�Z�a�u�\�Z�x�l�k�y�� �k�e�_�^��
�k�l�\�b�y�����k�b�f�f�_�l�j�b�q�g�u�_���k�e�_�^�k�l�\�b�y�f�����±3.  
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�K�e�_�^�k�l�\�b�_�� ���� �<�� �j�_�a�m�e�v�l�Z�l�_�� �h�[�t�_�f�g�h�]�h�� �\�j�Z�s�_��
�g�b�y�� �i�j�b�� �\�_�d�l�h�j�_�� �\�u�i�m�k�d�Z��V  �h�l�j�Z�k�e�_�\�u�_�� �d�h�w�n�n�b��
�p�b�_�g�l�u���i�j�_�h�[�j�Z�a�m�x�l�k�y���\��/ij i ja P P �����]�^�_��i, j � �������«����n. 
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�J�Z�k�k�f�h�l�j�b�f�� �i�j�h�p�_�k�k�� �j�Z�k�q�_�l�Z�� �b�g�^�b�d�Z�l�b�\�g�h�c�� �^�b��
�g�Z�f�b�d�b�� �h�[�t�_�f�g�u�o�� �b�� �p�_�g�h�\�u�o�� �i�h�d�Z�a�Z�l�_�e�_�c���� �i�j�b�\�h��
�^�y�s�b�o���d���k�h�\�f�_�k�l�g�h�f�m���[�Z�e�Z�g�k�m���\�u�i�m�k�d�h�\���b���p�_�g�����;�m��
�^�_�f�� �b�k�i�h�e�v�a�h�\�Z�l�v�� �d�j�b�l�_�j�b�b�� �j�h�k�l�Z�� �j�_�g�l�Z�[�_�e�v�g�h�k�l�b��
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�J�_�r�_�g�b�y���a�Z�^�Z�q���������������������\�u�i�h�e�g�y�x�l�k�y���i�h�k�e�_�^�h�\�Z��
�l�_�e�v�g�h�� �i�j�b�� �a�Z�^�Z�g�g�h�c�� �\�_�j�o�g�_�c�� �]�j�Z�g�b�p�_��, 1�T �K �! �^�e�y��

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

�K�e�_�^�k�l�\�b�_�� ���� �I�j�b�� 1�K�o  �j�_�r�_�g�b�_�� �a�Z�^�Z�q�b�� ��������

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

�>�_�c�k�l�\�b�l�_�e�v�g�h���� �i�j�b���K � �� ���� �j�_�r�_�g�b�_�f�� �\�� �h�[�h�b�o��

�k�e�m�q�Z�y�o �[�m�^�_�l���_�^�b�g�b�q�g�u�c���\�_�d�l�h�j��I �����<���k�b�e�m���h�]�j�Z�g�b��
�q�_�g�b�y�� 

, 1, 3, 5,...,k k�d �d �K � I p I  

�\�_�d�l�h�j��kp �l�_�f���[�e�b�`�_���d��I �����q�_�f���f�_�g�v�r�_���K�����I�j�b���w�l�h�f��

�h�i�l�b�f�m�f���p�_�e�_�\�h�c���n�m�g�d�p�b�b���\���h�[�h�b�o���k�e�m�q�Z�y�o���h�^�b�g�Z��
�d�h�\���b���j�Z�\�_�g 

1/ min .ji
i j

r b� �¦  

�I�j�b�� 1�K�o  �a�g�Z�q�_�g�b�yip  �l�Z�d�`�_�� �k�l�j�_�f�y�l�k�y�� �d�� �_�^�b��

�g�b�p�_�����‡ 
�I�j�h�p�_�^�m�j�u���j�Z�k�q�_�l�Z���j�_�r�_�g�b�c���g�_�e�b�g�_�c�g�u�o���a�Z�^�Z�q��

�������������������f�h�]�m�l���[�u�l�v���i�h�k�l�j�h�_�g�u���i�m�l�_�f���f�h�^�b�n�b�d�Z�p�b�b��
�f�_�l�h�^�Z�� �i�j�h�_�d�p�b�b�� �]�j�Z�^�b�_�g�l�Z�� �>���@���� �I�j�b�� �w�l�h�f�� �\�k�_�� �b�a��
�f�_�g�_�g�b�y���k�h�k�l�h�y�l���\���a�Z�f�_�g�_ �b�g�^�_�d�k�h�\���]�j�Z�g�b�p��,� T � K �g�Z��

2 2,� T � K���� �Z�� �l�Z�d�`�_ �\ �a�Z�f�_�g�_�� �h�i�_�j�Z�p�b�b�� �i�j�b�k�\�h�_�g�b�y�� �j�_��

�a�m�e�v�l�b�j�m�x�s�b�o�� �\�_�d�l�h�j�h�\��v, p �g�Z �\�_�d�l�h�j�u 

�� ���� �� �� ���� ��2 1 / 2 2 1 / 2
.,v p  

�D�Z�d�� �b�� �^�e�y�� �e�b�g�_�c�g�h�c�� �f�h�^�_�e�b���� �k�h�]�e�Z�k�h�\�Z�g�g�Z�y��
�i�Z�j�Z�� �p�_�g�� �b�� �h�[�t�_�f�h�\�� �\�u�i�m�k�d�Z�� �\�_�^�_�l�� �k�_�[�y�� �i�h�^�h�[�g�u�f��
�h�[�j�Z�a�h�f���� �i�h�k�d�h�e�v�d�m�� �b�g�^�_�d�k�u�� �j�_�g�l�Z�[�_�e�v�g�h�k�l�b��r �b��
�i�j�h�f�_�`�m�l�h�q�g�h�]�h���i�h�l�j�_�[�e�_�g�b�y��a �\���w�l�h�f���k�e�m�q�Z�_���h�^�b��
�g�Z�d�h�\�u�� �^�e�y�� �\�k�_�o�� �h�l�j�Z�k�e�_�c���� �q�l�h�� �\�� �i�_�j�k�i�_�d�l�b�\�_�� �i�j�b��
�\�h�^�b�l�� �d�� �j�Z�\�g�h�f�_�j�g�h�f�m�� �j�Z�a�\�b�l�b�x �w�d�h�g�h�f�b�q�_�k�d�h�c��
�k�b�k�l�_�f�u�� ���l�Z�d�� �g�Z�a�u�\�Z�_�f�u�c�� �f�Z�]�b�k�l�j�Z�e�v�g�u�c�� �w�n�n�_�d�l��
�>���@������ �H�^�g�Z�d�h���� �d�Z�d�� �b�� �^�e�y�� �e�b�g�_�c�g�h�c�� �f�h�^�_�e�b���� �g�Z��
�g�Z�q�Z�e�v�g�u�o�� �w�l�Z�i�Z�o�� �e�b�d�\�b�^�Z�p�b�b�� �^�b�k�i�j�h�i�h�j�p�b�c�� �h�l��
�j�Z�k�e�_�\�u�_�� �i�h�d�Z�a�Z�l�_�e�b�� �b�a�f�_�g�y�x�l�k�y�� �\�_�k�v�f�Z�� �g�_�j�Z�\�g�h��
�f�_�j�g�h�� 

�>�e�y�� �i�h�e�m�q�_�g�b�y�� �b�g�^�b�d�Z�l�b�\�g�h�]�h�� �i�e�Z�g�Z���� �m�q�b�l�u�\�Z��
�x�s�_�]�h�� �k�h�\�f�_�k�l�g�h�_�� �b�a�f�_�g�_�g�b�_�� �h�[�t�_�f�Z�� �\�u�i�m�k�d�Z�� �b��
�p�_�g���� �j�_�r�Z�_�l�k�y�� �k�_�j�b�y�� �a�Z�^�Z�q�� �h�i�l�b�f�b�a�Z�p�b�b�� �i�j�b�� �h�]�j�Z��
�g�b�q�_�g�b�b�� �^�h�i�m�k�d�Z�_�f�h�]�h�� �b�a�f�_�g�_�g�b�y�� �b�g�^�_�d�k�h�\�� �\�� �a�Z��

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

�J�Z�k�k�f�h�l�j�b�f�� �i�j�b�f�_�j�� �k�h�\�f�_�k�l�g�h�]�h�� �i�e�Z�g�b�j�h�\�Z�g�b�y��
�h�[�t�_�f�h�\�� �\�u�i�m�k�d�Z�� �b�� �p�_�g���� �G�b�`�_�� �i�h�d�Z�a�Z�g�u�� �j�_�a�m�e�v�l�Z��
�l�u�� �j�Z�k�q�_�l�h�\���� �I�j�b�� �j�Z�k�q�_�l�Z�o�� �\�_�e�b�q�b�g�u��iv  �b�g�l�_�j�i�j�_��
�l�b�j�m�x�l�k�y�� �d�Z�d�� �b�g�^�_�d�k�u�� �h�[�t�_�f�h�\�� �\�u�i�m�k�d�Z�� �b�e�b�� �\�u��
�i�h�e�g�y�_�f�u�o�� �m�k�e�m�]���� �Z��ip  �d�Z�d�� �b�g�^�_�d�k�u�� �p�_�g���� �H�]�j�Z�g�b��

�q�_�g�b�y�� �g�Z�� �g�b�o�� �\�� �i�j�_�^�i�h�e�h�`�_�g�b�b�� �g�_�� �m�[�u�\�Z�g�b�y �k�h�h�l��
�\�_�l�k�l�\�_�g�g�h���b�f�_�x�l���\�b�^ 

( ) 1,iv t �t ( ) 1, 1,..., .ip t i n� t �   

�>�e�y���^�Z�g�g�u�o���i�h���f�g�h�]�h�h�l�j�Z�k�e�_�\�h�c���w�d�h�g�h�f�b�d�_���J�N��
�a�Z�������������]. �>���@���[�u�e�b���i�h�e�m�q�_�g�u���d�j�b�\�u�_���b�g�^�b�d�Z�l�b�\�g�h�c��
�^�b�g�Z�f�b�d�b�� �b�g�^�_�d�k�h�\�� �\�u�i�m�k�d�Z�� �b�� �p�_�g���� �i�j�b�\�h�^�y�s�b�_��
�q�_�j�_�a���h�i�j�_�^�_�e�_�g�g�h�_���q�b�k�e�h���r�Z�]�h�\���d���k�[�Z�e�Z�g�k�b�j�h�\�Z�g��
�g�h�c�� �k�l�j�m�d�l�m�j�_���� �q�l�h�� �k�h�h�l�\�_�l�k�l�\�m�_�l�� �f�Z�]�b�k�l�j�Z�e�v�g�h�f�m��
�w�n�n�_�d�l�m�� �^�e�y�� �h�i�l�b�f�b�a�Z�p�b�h�g�g�u�o�� �f�h�^�_�e�_�c�� �w�d�h�g�h�f�b��
�d�b [6]. 

�<�u�q�b�k�e�b�l�_�e�v�g�u�c�� �i�j�h�p�_�k�k�� �j�_�k�l�j�m�d�l�m�j�b�a�Z�p�b�b��
�Z�\�l�h�f�Z�l�b�q�_�k�d�b�� �n�h�j�f�b�j�m�_�l�� �l�j�b�� �]�j�m�i�i�u�� �h�l�j�Z�k�e�_�c����
�h�l�j�Z�k�e�b���� �k�� �j�h�k�l�h�f�� �\�u�i�m�k�d�Z�� ���b�g�\�_�k�l�b�j�m�_�f�u�_������ �k�� �j�h��
�k�l�h�f�� �p�_�g�� ���b�g�\�_�k�l�b�j�m�x�s�b�_������ �b�� �k�� �i�h�k�l�h�y�g�g�u�f�b�� �\�u��
�i�m�k�d�h�f�� �b�� �p�_�g�Z�f�b�� �g�Z�� �i�j�h�^�m�d�p�b�x�� ���g�_�c�l�j�Z�e�v�g�u�_���� 
�K�h�]�e�Z�k�g�h�� �b�a�e�h�`�_�g�g�h�f�m �\ �j�Z�[�h�l�_ �>���@���� �^�e�y�� �j�_�Z�e�b�a�Z��
�p�b�b�� �b�g�\�_�k�l�b�p�b�c�� �\�� �h�l�j�Z�k�e�b�� �k�� �j�Z�k�l�m�s�b�f�� �\�u�i�m�k�d�h�f��
�f�h�`�_�l���[�u�l�v���i�j�_�^�e�h�`�_�g���f�_�o�Z�g�b�a�f���Z�d�p�b�a�g�u�o���k�[�h�j�h�\��
�^�e�y���h�l�j�Z�k�e�_�c���k���j�Z�k�l�m�s�b�f�b���p�_�g�Z�f�b���� 

�<�k�_�]�h�� �\�� �b�k�i�h�e�v�a�h�\�Z�g�g�h�f���k�i�b�k�d�_�� �H�D�<�W�>���k�h�^�_�j��
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Abstract. This paper considers a management model for a reproduction system with the syn-
chronous change of the technological matrix during its restructuring. Such models can be charac-
terized as models with combined (direct and indirect) control links. In the case of production re-
source reserves, the processes of changing control parameters and transforming technological 
links should be simultaneous. Invariants are obtained for the relationship between the volume of 
inputs and outputs of a multi-sector (diversified) economy. As a result, the formalized representa-
tion of the structural management model of a reproduction system is modified, and the linear re-
production model is replaced by a nonlinear one. The results of numerical calculations using this 
model and the real data of a diversified economy are presented. Based on the results, the obtained 
model is compared with the original restructuring model of a reproduction system.  
 
Keywords: structural management, nonlinear model, reproduction system, transformation of the technologi-
cal matrix, optimal restructuring process.  
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�]�h���g�Z�m�q�g�h�]�h���n�h�g�^�Z���>3�@�����=�J�G�L�B���>4�@���b���^�j�����± �g�_���\�i�h�e�g�_��
�k�h�h�l�\�_�l�k�l�\�m�x�l�� �a�Z�^�Z�q�Z�f���� �j�_�r�Z�_�f�u�f�� �k�b�k�l�_�f�h�c���� �i�h��
�^�\�m�f�� �i�j�b�q�b�g�Z�f���� �I�_�j�\�Z�y�� �i�j�b�q�b�g�Z�� �± �m�g�b�\�_�j�k�Z�e�v��
�g�h�k�l�v���� �^�h�k�l�h�b�g�k�l�\�Z�� �d�h�l�h�j�h�c�� �h�[�h�j�Z�q�b�\�Z�x�l�k�y�� �g�_�^�h��
�k�l�Z�l�d�h�f���� �k�e�b�r�d�h�f�� �d�j�m�i�g�u�f�� �q�e�_�g�_�g�b�_�f�� �g�Z�m�q�g�u�o��
�g�Z�i�j�Z�\�e�_�g�b�c�� �b���� �k�h�h�l�\�_�l�k�l�\�_�g�g�h���� �k�e�b�r�d�h�f�� �k�e�Z�[�h�c��
�^�b�n�n�_�j�_�g�p�b�Z�p�b�_�c�� �j�Z�a�^�_�e�h�\�� �w�l�b�o�� �g�Z�i�j�Z�\�e�_�g�b�c����
�<�l�h�j�Z�y�� �i�j�b�q�b�g�Z�� �± �h�^�g�h�f�_�j�g�h�k�l�v���� �k�\�y�a�Z�g�g�Z�y�� �k�h��
�k�l�j�h�]�b�f�� �k�h�[�e�x�^�_�g�b�_�f�� �l�Z�d�k�h�g�h�f�b�q�_�k�d�h�]�h�� �i�j�b�g�p�b��
�i�Z���� �d�Z�`�^�u�c�� �h�[�t�_�d�l�� �d�e�Z�k�k�b�n�b�d�Z�p�b�b�� �^�h�e�`�_�g�� �o�Z�j�Z�d��
�l�_�j�b�a�h�\�Z�l�v�k�y�� �j�h�\�g�h�� �h�^�g�h�c�� �\�_�j�r�b�g�h�c�� �^�_�j�_�\�Z�� �d�e�Z�k��
�k�b�n�b�d�Z�l�h�j�Z�����W�l�h�� �l�j�_�[�h�\�Z�g�b�_���� �\�h-�i�_�j�\�u�o���� �a�Z�l�j�m�^�g�y��
�_�l�� �d�e�Z�k�k�b�n�b�d�Z�p�b�x�� �f�_�`�^�b�k�p�b�i�e�b�g�Z�j�g�u�o�� �j�Z�[�h�l���� �Z��
�\�h-�\�l�h�j�u�o�����g�_���^�Z�_�l���\�h�a�f�h�`�g�h�k�l�b���h�i�b�k�Z�l�v���l�h�l���n�Z�d�l����
�q�l�h�����g�Z�i�j�b�f�_�j�����^�\�Z���k�i�_�p�b�Z�e�b�k�l�Z�����j�Z�[�h�l�Z�x�s�b�o���\���h�^��
�g�h�c�� �b�� �l�h�c�� �`�_�� �h�[�e�Z�k�l�b���� �g�h�� �b�k�i�h�e�v�a�m�x�s�b�o�� �j�Z�a�g�u�c��
�f�Z�l�_�f�Z�l�b�q�_�k�d�b�c�� �Z�i�i�Z�j�Z�l���� �i�h�� �k�m�s�_�k�l�\�m���� �b�f�_�x�l�� �j�Z�a��
�g�u�_�� �d�h�f�i�_�l�_�g�p�b�b���� �d�h�l�h�j�u�_�� �\�� �l�_�f�Z�l�b�q�_�k�d�h�f�� �i�j�h��
�k�l�j�Z�g�k�l�\�_�� �^�h�e�`�g�u�� �[�u�l�v�� �i�h�a�b�p�b�h�g�b�j�h�\�Z�g�u�� �i�h-
�j�Z�a�g�h�f�m���� �I�h�w�l�h�f�m���d�e�Z�k�k�b�n�b�d�Z�l�h�j�� �B�K�:�G�>���� �j�Z�a�j�Z��
�[�h�l�Z�g�g�u�c�� �\�� �k�b�k�l�_�f�_�� �B�K�:�G�>���� �y�\�e�y�_�l�k�y�� �f�g�h�]�h�f�_�j��
�g�u�f���b���h�k�g�h�\�Z�g���g�Z���k�h�\�j�_�f�_�g�g�u�o���i�j�b�g�p�b�i�Z�o���i�h�k�l�j�h��
�_�g�b�y���h�g�l�h�e�h�]�b�c�����<���_�]�h���h�k�g�h�\�_���e�_�`�b�l���i�j�_�^�e�h�`�_�g�g�Z�y��
�\ �j�Z�[�h�l�_ �>���@�� �l�j�_�o�f�_�j�g�Z�y�� �h�g�l�h�e�h�]�b�y�� �g�Z�m�d�� �h�[�� �m�i�j�Z�\��
�e�_�g�b�b���� �I�h�^�j�h�[�g�h�_ �h�i�b�k�Z�g�b�_ �d�e�Z�k�k�b�n�b�d�Z�l�h�j�Z 
�B�K�:�G�>���k�h�^�_�j�`�b�l�k�y �\���†������  

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

�`�m�j�g�Z�e�u, �g�Z�m�q�g�u�_�� �b�� �g�Z�m�q�g�h-�h�[�j�Z�a�h�\�Z�l�_�e�v�g�u�_��
�m�q�j�_�`�^�_�g�b�y, �g�Z�m�q�g�u�_�� �d�h�g�n�_�j�_�g�p�b�b���� �W�l�b�� �o�Z�j�Z�d�l�_��
�j�b�k�l�b�d�b�� �g�Z�a�u�\�Z�x�l�k�y���i�j�h�n�b�e�y�f�b���� �d�h�l�h�j�u�f�� �i�h�k�\�y��
�s�_�g�� �j�Z�a�^�_�e�� �©�L�_�f�Z�l�b�q�_�k�d�b�_�� �i�j�h�n�b�e�b�� �g�Z�m�q�g�u�o�� �h�[�t��
�_�d�l�h�\�ª���� �G�Z���h�k�g�h�\�_���i�h�k�l�j�h�_�g�g�u�o���i�j�h�n�b�e�_�c���\���k�b�k�l�_��
�f�_�� �B�K�:�G�>�� �j�_�r�Z�x�l�k�y�� �d�h�g�d�j�_�l�g�u�_�� �a�Z�^�Z�q�b�� �Z�g�Z�e�b�a�Z����
�k�\�y�a�Z�g�g�u�_�� �k�� �m�d�Z�a�Z�g�g�u�f�b�� �h�[�t�_�d�l�Z�f�b�� �g�Z�m�q�g�h�c�� �^�_�y��
�l�_�e�v�g�h�k�l�b. �G�Z�i�j�b�f�_�j, �b�k�k�e�_�^�h�\�Z�l�_�e�y �b�g�l�_�j�_�k�m�_�l��
�i�h�b�k�d���i�m�[�e�b�d�Z�p�b�c���i�h���a�Z�^�Z�g�g�h�c���l�_�f�Z�l�b�d�_�����j�m�d�h�\�h�^��
�k�l�\�m�� �m�q�j�_�`�^�_�g�b�y�� �f�h�`�_�l�� �i�h�g�Z�^�h�[�b�l�v�k�y�� �i�h�b�k�d�� �k�i�_��
�p�b�Z�e�b�k�l�h�\���k���m�d�Z�a�Z�g�g�u�f�b���d�h�f�i�_�l�_�g�p�b�y�f�b�����j�_�^�Z�d�p�b�b��
�g�Z�m�q�g�h�]�h�� �`�m�j�g�Z�e�Z�� �b�e�b�� �h�j�]�Z�g�b�a�Z�l�h�j�Z�f�� �d�h�g�n�_�j�_�g��
�p�b�b���l�j�_�[�m�_�l�k�y���d�h�f�i�_�l�_�g�l�g�u�c���j�_�p�_�g�a�_�g�l���^�e�y���^�Z�g�g�h��
�]�h�� �g�Z�m�q�g�h�]�h�� �l�_�d�k�l�Z�� �b�� �l�� �^���� �I�j�b�f�_�j�u�� �l�Z�d�b�o�� �a�Z�^�Z�q��
�i�j�b�\�_�^�_�g�u���\ �† 6. 

�H�l�^�_�e�v�g�u�_�� �j�Z�a�^�_�e�u�� �k�l�Z�l�v�b�� �i�h�k�\�y�s�_�g�u�� �h�i�b�k�Z��
�g�b�x���Z�j�o�b�l�_�d�l�m�j�u �k�b�k�l�_�f�u�� �B�K�:�G�>���� �Z�� �l�Z�d�`�_�� �b�g��
�l�_�e�e�_�d�l�m�Z�e�v�g�u�f���f�_�l�h�^�Z�f�� �Z�g�Z�e�b�a�Z�� �l�_�d�k�l�h�\ �b���k�_��
�l�_�c�����\�h�a�g�b�d�Z�x�s�b�o���g�Z �[�Z�a�_���h�[�t�_�d�l�h�\ �B�K�:�G�>���� 

 

�H�g�l�h�e�h�]�b�y �± �n�h�j�f�Z�e�v�g�Z�y�� �k�i�_�p�b�n�b�d�Z�p�b�y�� �k�h�]�e�Z��
�k�h�\�Z�g�g�h�]�h�� �h�i�b�k�Z�g�b�y�� ���d�h�g�p�_�i�l�m�Z�e�b�a�Z�p�b�b���� �i�j�_�^�f�_�l��
�g�h�c�� �h�[�e�Z�k�l�b�� ���i�h���L�� �=�j�m�[�_�j�m�� �>������ ���@������ �j�Z�a�j�Z�[�Z�l�u�\�Z�_��
�f�Z�y�� �]�j�m�i�i�h�c�� �w�d�k�i�_�j�l�h�\�� �b�� �b�g�l�_�j�i�j�_�l�b�j�m�_�f�Z�y�� �d�Z�d��
�f�Z�r�b�g�h�c���� �l�Z�d�� �b�� �q�_�e�h�\�_�d�h�f���� �B�g�u�f�b�� �k�e�h�\�Z�f�b�����h�g�l�h��
�e�h�]�b�y�� �i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c�� �n�h�j�f�Z�e�b�a�h�\�Z�g�g�h�_�� �h�i�b��
�k�Z�g�b�_�� �k�h�]�e�Z�k�h�\�Z�g�g�u�o�� �w�d�k�i�_�j�l�Z�f�b�� �i�h�g�y�l�b�c�� �\�� �h�i�j�_��
�^�_�e�_�g�g�h�c�� �i�j�_�^�f�_�l�g�h�c�� �h�[�e�Z�k�l�b���� �j�Z�a�j�Z�[�h�l�Z�g�g�h�_�� �^�e�y��
�h�^�g�h�a�g�Z�q�g�h�]�h���i�h�g�b�f�Z�g�b�y���d�Z�d���e�x�^�v�f�b�����l�Z�d���b���f�Z�r�b��
�g�Z�f�b�����:�H�E���2�Q�W�R�O�R�J�\���/�D�Q�J�X�D�J�H�����2�:�/�����>���������@���± �y�a�u�d����
�i�j�_�^�e�h�`�_�g�g�u�c�� �d�h�g�k�h�j�p�b�m�f�h�f��World Wide Web 
Consortium ���:���&������ �d�h�l�h�j�u�c�� �k�e�m�`�b�l�� �i�j�Z�d�l�b�q�_�k�d�b�f��
�k�j�_�^�k�l�\�h�f�� �^�e�y�� �k�h�a�^�Z�g�b�y�� �d�h�g�d�j�_�l�g�u�o�� �k�l�j�m�d�l�m�j�b�j�h��
�\�Z�g�g�u�o�� �h�g�l�h�e�h�]�b�c���� �i�h�a�\�h�e�y�x�s�b�o�� �n�h�j�f�Z�e�b�a�h�\�Z�l�v��
�a�g�Z�g�b�y�� �\�� �g�_�d�h�l�h�j�h�c�� �i�j�_�^�f�_�l�g�h�c�� �h�[�e�Z�k�l�b�� �k�� �b�k�i�h�e�v��
�a�h�\�Z�g�b�_�f�� �d�e�Z�k�k�h�\���� �h�l�g�h�r�_�g�b�c���� �b�g�^�b�\�b�^�h�\�� �b�� �e�h�]�b��
�q�_�k�d�b�o�� �h�]�j�Z�g�b�q�_�g�b�c���� �H�g�l�h�e�h�]�b�b�� �2�:�/�� �m�i�j�h�s�Z�x�l��
�h�[�f�_�g�� �b�g�n�h�j�f�Z�p�b�_�c�� ���d�Z�d�� �f�_�`�^�m�� �e�x�^�v�f�b���� �l�Z�d�� �b��
�f�_�`�^�m�� �i�j�h�]�j�Z�f�f�g�u�f�b�� �Z�]�_�g�l�Z�f�b������ �h�[�_�k�i�_�q�b�\�Z�x�l��
�\�h�a�f�h�`�g�h�k�l�v�� �i�h�\�l�h�j�g�h�]�h�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �a�g�Z�g�b�c����
�i�h�^�^�_�j�`�b�\�Z�x�l�� �\�u�\�h�^�� �g�h�\�u�o�� �a�g�Z�g�b�c�� �b�� �y�\�e�y�x�l�k�y��
�h�k�g�h�\�h�c���^�e�y���i�h�k�l�j�h�_�g�b�y���[�Z�a���a�g�Z�g�b�c���b�g�n�h�j�f�Z�p�b�h�g��
�g�u�o���k�b�k�l�_�f�����h�k�g�h�\�Z�g�g�u�o���g�Z���a�g�Z�g�b�y�o�� 

�J�Z�a�j�Z�[�h�l�d�Z�� �i�j�_�^�f�_�l�g�h-�h�j�b�_�g�l�b�j�h�\�Z�g�g�h�c��OWL-
�h�g�l�h�e�h�]�b�b �\���j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�f �k�e�m�q�Z�_ �\�d�e�x�q�Z�_�l�� �\��
�k�_�[�y���k�e�_�^�m�x�s�b�_���w�l�Z�i�u�� 

1. �:�g�Z�e�b�a �l�j�_�[�h�\�Z�g�b�c�� �b�� �k�p�_�g�Z�j�b�_�\�� �b�k�i�h�e�v�a�h�\�Z��
�g�b�y���b�g�n�h�j�f�Z�p�b�h�g�g�h�c���k�b�k�l�_�f�u�� 

2. �K�h�a�^�Z�g�b�_�� �h�k�g�h�\�g�u�o�� �d�e�Z�k�k�h�\ �b�� �b�o �Z�l�j�b�[�m�l�h�\, 
�h�l�g�h�r�_�g�b�c�� �f�_�`�^�m�� �d�e�Z�k�k�Z�f�b���� �h�i�j�_�^�_�e�_�g�b�_�� �e�h�]�b�q�_��
�k�d�b�o���h�]�j�Z�g�b�q�_�g�b�c���g�Z���d�e�Z�k�k�u���b���k�\�h�c�k�l�\�Z. 
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3. �N�h�j�f�Z�e�b�a�Z�p�b�y�� �\�� �j�Z�f�d�Z�o�� �\�u�[�j�Z�g�g�h�]�h�� �y�a�u�d�Z��
OWL. 

4. �<�Z�e�b�^�Z�p�b�y���b���l�_�k�l�b�j�h�\�Z�g�b�_���h�g�l�h�e�h�]�b�b. 
5. �J�Z�a�\�_�j�l�u�\�Z�g�b�_���b���b�g�l�_�]�j�Z�p�b�y���h�g�l�h�e�h�]�b�b. 
6. �I�h�^�^�_�j�`�d�Z���b���h�[�g�h�\�e�_�g�b�_���h�g�l�h�e�h�]�b�b. 
�J�Z�a�j�Z�[�h�l�d�Z���h�g�l�h�e�h�]�b�b���B�K�:�G�>�����d�Z�d���b���g�_�i�h�k�j�_�^��

�k�l�\�_�g�g�h �b�g�n�h�j�f�Z�p�b�h�g�g�h�c�� �k�b�k�l�_�f�u���� �f�h�l�b�\�b�j�h�\�Z�g�Z��
�a�Z�i�j�h�k�Z�f�b�� �k�e�_�^�m�x�s�b�o�� �i�h�l�_�g�p�b�Z�e�v�g�u�o�� �i�h�e�v�a�h�\�Z�l�_��
�e�_�c (�Z�]�_�g�l�h�\): 

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

�g�Z�m�q�g�u�o���d�h�g�n�_�j�_�g�p�b�c, 
�x �j�m�d�h�\�h�^�b�l�_�e�b �g�Z�m�q�g�u�o���b���h�[�j�Z�a�h�\�Z�l�_�e�v�g�u�o���h�j��

�]�Z�g�b�a�Z�p�b�c�����i�h�^�j�Z�a�^�_�e�_�g�b�c���b���d�h�e�e�_�d�l�b�\�h�\, 
�x �h�j�]�Z�g�b�a�Z�l�h�j�u���g�Z�m�d�b. 
�B�k�k�e�_�^�h�\�Z�l�_�e�y�f�� �\�Z�`�g�Z�� �k�h�^�_�j�`�Z�l�_�e�v�g�Z�y�� �i�h�^��

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

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

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

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

�L�Z�d�b�f�� �h�[�j�Z�a�h�f, �h�g�l�h�e�h�]�b�y�� �B�K�:�G�>�� �h�j�b�_�g�l�b�j�h��
�\�Z�g�Z�� �g�Z�� �i�j�_�^�k�l�Z�\�e�_�g�b�_�� �b�� �k�[�h�j�� �a�g�Z�g�b�c�� �\�� �h�[�e�Z�k�l�b��
�l�_�h�j�b�b�� �m�i�j�Z�\�e�_�g�b�y���� �d�Z�d���g�Z�m�q�g�h�]�h�� �a�g�Z�g�b�y ���h�g�l�h�e�h��
�]�b�y���l�_�h�j�b�b���m�i�j�Z�\�e�_�g�b�y�������l�Z�d���b���a�g�Z�g�b�c�����k�\�y�a�Z�g�g�u�o���k��
�g�Z�m�q�g�h�c���^�_�y�l�_�e�v�g�h�k�l�v�x �Z�]�_�g�l�h�\�� �\�� �^�Z�g�g�h�c���h�[�e�Z�k�l�b��
���h�j�]�Z�g�b�a�Z�p�b�c���� �`�m�j�g�Z�e�h�\���� �d�h�g�n�_�j�_�g�p�b�c�� �b�� �h�l�^�_�e�v��
�g�u�o���b�k�k�e�_�^�h�\�Z�l�_�e�_�c���� 

�J�Z�k�k�f�h�l�j�b�f�� �h�g�l�h�e�h�]�b�x�� �g�Z�m�q�g�h�]�h�� �a�g�Z�g�b�y�� �b�� �h�g��
�l�h�e�h�]�b�x�� �g�Z�m�q�g�h�c�� �^�_�y�l�_�e�v�g�h�k�l�b�� �\�� �l�_�h�j�b�b�� �m�i�j�Z�\�e�_��
�g�b�y�� 

 

1.1.  �ü��� �����������-�������!�%���������������������-��������� �����������-��� ������������
�!�����������������-��  

�H�g�l�h�e�h�]�b�y�� �g�Z�m�q�g�h�]�h�� �a�g�Z�g�b�y�� �i�j�_�^�g�Z�a�g�Z�q�_�g�Z�� �^�e�y��
�k�b�k�l�_�f�Z�l�b�a�Z�p�b�b���b���d�e�Z�k�k�b�n�b�d�Z�p�b�b���a�g�Z�g�b�c���\���h�[�e�Z�k�l�b��
�l�_�h�j�b�b�� �m�i�j�Z�\�e�_�g�b�y���� �I�j�_�^�e�Z�]�Z�_�f�u�c�� �d�e�Z�k�k�b�n�b�d�Z�l�h�j��
���k�f���� �h�i�b�k�Z�g�b�_�� �\�� �j�Z�[�h�l�_�� �>�����@���� �y�\�e�y�_�l�k�y�� �©�k�b�k�l�_�f�h�c��

�d�h�h�j�^�b�g�Z�l�ª�� �l�_�f�Z�l�b�q�_�k�d�h�]�h�� �i�j�h�k�l�j�Z�g�k�l�\�Z���� �i�h�a�\�h�e�y��
�x�s�_�c�� �j�_�Z�e�b�a�h�\�Z�l�v�� �\�a�]�e�y�^�� �g�Z�� �k�h�\�h�d�m�i�g�h�k�l�v�� �g�Z�m�q��
�g�u�o�� �g�Z�i�j�Z�\�e�_�g�b�c�� �k�� �h�i�j�_�^�_�e�_�g�g�h�c�� �l�h�q�d�b�� �a�j�_�g�b�y���� �Z��
�l�Z�d�`�_�� �h�l�j�Z�a�b�l�v�� �\�h�a�f�h�`�g�m�x�� �f�g�h�]�h�l�_�f�g�h�k�l�v�� �g�Z�m�q��
�g�h�]�h�� �^�h�d�m�f�_�g�l�Z�� �b�e�b�� �f�g�h�]�h�h�[�j�Z�a�b�_�� �d�h�f�i�_�l�_�g�p�b�c��
�m�q�_�g�h�]�h���� �O�Z�j�Z�d�l�_�j�b�k�l�b�d�h�c�� �h�[�t�_�d�l�Z�� �\�� �w�l�h�f�� �i�j�h��
�k�l�j�Z�g�k�l�\�_�� �y�\�e�y�_�l�k�y�� �\�_�d�l�h�j���� �g�Z�a�u�\�Z�_�f�u�c�� �i�j�h�n�b�e�_�f��
���k�f���� �† 3������ �H�l�f�_�l�b�f���� �q�l�h�� �w�l�h�l�� �d�e�Z�k�k�b�n�b�d�Z�l�h�j�� �q�Z��
�k�l�b�q�g�h�� �h�l�j�Z�`�_�g�� �\�� �i�m�[�e�b�d�Z�p�b�b�� �>�����@�� ���k�f���� �l�Z�d�`�_ �j�Z��
�[�h�l�m �>�����@���� �b�� �m�q�b�l�u�\�Z�_�l�� �[�h�e�_�_�� �j�Z�g�g�b�_�� �i�m�[�e�b�d�Z�p�b�b��
�i�h���l�_�j�f�b�g�h�e�h�]�b�b���l�_�h�j�b�b���m�i�j�Z�\�e�_�g�b�y���>�����±15]. 

�H�g�l�h�e�h�]�b�y�� �g�Z�m�q�g�h�]�h�� �a�g�Z�g�b�y�� �B�K�:�G�> �i�j�_�^�k�l�Z�\��
�e�y�_�l�� �k�h�[�h�c�� �k�m�s�_�k�l�\�_�g�g�h�� �j�Z�k�r�b�j�_�g�g�m�x�� �\�_�j�k�b�x�� �h�g��
�l�h�e�h�]�b�b���l�_�h�j�b�b���m�i�j�Z�\�e�_�g�b�y�����i�j�_�^�e�h�`�_�g�g�h�c���\ �j�Z�[�h��
�l�_ �>���@���� �H�g�Z�� �b�f�_�_�l�� �q�_�l�u�j�_�o�m�j�h�\�g�_�\�m�x�� �k�l�j�m�d�l�m�j�m����
�m�j�h�\�g�b�� �d�h�l�h�j�h�c�� ���d�j�h�f�_�� �g�b�`�g�_�]�h���� �i�j�_�^�k�l�Z�\�e�y�x�l��
�k�h�[�h�c�� �^�_�j�_�\�h���� �M�j�h�\�g�b�� �g�m�f�_�j�m�x�l�k�y�� �q�b�k�e�Z�f�b�� �h�l�� ����
�^�h ������ �G�m�e�_�\�h�c�� �m�j�h�\�_�g�v�� �k�h�^�_�j�`�b�l�� �q�_�l�u�j�_�� �n�b�d�k�b�j�h��
�\�Z�g�g�u�o�� �\�_�j�r�b�g�u�� �©�H�[�s�_�g�Z�m�q�g�Z�y�� �i�j�h�[�e�_�f�Z�l�b�d�Z�ª����
�©�F�Z�l�_�f�Z�l�b�q�_�k�d�b�c�� �Z�i�i�Z�j�Z�l�ª���� �©�I�j�_�^�f�_�l�g�Z�y�� �h�[��
�e�Z�k�l�v�ª���� �©�K�n�_�j�Z�� �i�j�b�f�_�g�_�g�b�y�ª���� �I�j�_�^�i�h�e�Z�]�Z�_�l�k�y���� �q�l�h��
�i�j�b�� �\�h�a�f�h�`�g�u�o�� �j�Z�k�r�b�j�_�g�b�y�o�� �h�g�l�h�e�h�]�b�b�� �w�l�h�l�� �m�j�h��
�\�_�g�v�� �g�_�� �b�a�f�_�g�y�_�l�k�y���� �H�g�� �h�l�j�Z�`�Z�_�l�� �g�_�� �d�h�g�d�j�_�l�g�u�_��
�l�_�f�u�� �l�_�h�j�b�b�� �m�i�j�Z�\�e�_�g�b�y���� �Z�� �j�Z�a�e�b�q�g�u�_�� �Z�k�i�_�d�l�u��
�g�Z�m�q�g�u�o�� �b�k�k�e�_�^�h�\�Z�g�b�c���� �f�Z�l�_�f�Z�l�b�q�_�k�d�b�c�� �Z�i�i�Z�j�Z�l����
�b�k�i�h�e�v�a�m�_�f�u�c�� �\�� �b�k�k�e�_�^�h�\�Z�g�b�b�� ���l�_�h�j�b�x�� �b�]�j���� �l�_�h��
�j�b�x�� �\�_�j�h�y�l�g�h�k�l�_�c�� �«������ �i�j�_�^�f�_�l�g�m�x�� �h�[�e�Z�k�l�v���� �l�� �_����
�g�_�d�h�l�h�j�m�x���i�j�b�d�e�Z�^�g�m�x���l�_�h�j�b�x�����l�_�h�j�b�x���Z�\�l�h�f�Z�l�b��
�q�_�k�d�h�]�h�� �m�i�j�Z�\�e�_�g�b�y���� �Z�g�Z�e�b�a�� �^�Z�g�g�u�o���� �l�_�h�j�b�x��
�m�i�j�Z�\�e�_�g�b�y�� �\�� �h�j�]�Z�g�b�a�Z�p�b�h�g�g�u�o�� �k�b�k�l�_�f�Z�o�� �«���� �b��
�d�h�g�d�j�_�l�g�m�x���k�n�_�j�m���i�j�b�f�_�g�_�g�b�y�����i�h�^�\�b�`�g�u�_���h�[�t�_�d��
�l�u���� �i�j�h�b�a�\�h�^�k�l�\�h���� �w�g�_�j�]�_�l�b�d�m���� �n�b�g�Z�g�k�u���� �f�_�^�b�p�b��
�g�m�� �«������ �<�_�j�r�b�g�u�� �g�m�e�_�\�h�]�h�� �m�j�h�\�g�y�� �g�Z�a�h�\�_�f���f�_�l�Z��
�n�Z�d�l�h�j�Z�f�b. 

�D�Z�`�^�Z�y�� �b�a�� �\�_�j�r�b�g�� �g�m�e�_�\�h�]�h�� �m�j�h�\�g�y�� �y�\�e�y�_�l�k�y��
�d�h�j�g�_�f�� �l�_�f�Z�l�b�q�_�k�d�h�]�h�� �i�h�^�^�_�j�_�\�Z�� �j�Z�k�d�j�u�\�Z�x�s�_�]�h��
�_�_�� �k�h�^�_�j�`�Z�g�b�_���� �G�Z�i�j�b�f�_�j���� �i�h�^�^�_�j�_�\�h���ü�F�Z�l�_�f�Z�l�b��
�q�_�k�d�b�c�� �Z�i�i�Z�j�Z�l�ý �k�h�^�_�j�`�b�l �\�_�j�r�b�g�m���ü�L�_�h�j�b�y�� �b�]�j�ý 
���i�_�j�\�u�c�� �m�j�h�\�_�g�v���� �b�� �^�_�l�Z�e�b�a�b�j�m�x�s�b�_�� �_�_�� �\�_�j�r�b�g�u��
�\�l�h�j�h�]�h�� �m�j�h�\�g�y�����ü�L�_�h�j�b�y �g�_�d�h�h�i�_�j�Z�l�b�\�g�u�o�� �b�]�j�ý 
�b �^�j���� �K�h�h�l�\�_�l�k�l�\�_�g�g�h���� �i�h�^�^�_�j�_�\�h���ü�I�j �_�^�f�_�l�g�Z�y �h�[��
�e�Z�k�l�v�ý �k�j�_�^�b�� �i�j�h�q�b�o �k�h�^�_�j�`�b�l�� �\�_�j�r�b�g�m���ü�L�_�h�j�b�y��
�m�i�j�Z�\�e�_�g�b�y�� �\�� �h�j�]�Z�g�b�a�Z�p�b�h�g�g�u�o�� �k�b�k�l�_�f�Z�o�ý �b�� �^�_�l�Z��
�e�b�a�b�j�m�x�s�b�_�� �_�_ �\�_�j�r�b�g�u�� �\�l�h�j�h�]�h�� �m�j�h�\�g�y���� �g�Z�i�j�b��
�f�_�j�����ü�F�_�o�Z�g�b�a�f�u�� �i�e�Z�g�b�j�h�\�Z�g�b�y�ý���� �Z�� �i�h�^�^�_�j�_�\�h��
�ü�K�n�_�j�Z�� �i�j�b�f�_�g�_�g�b�y�ý���k�h�^�_�j�`�b�l�� �\�_�j�r�b�g�u���ü�W�g�_�j�]�_��
�l�b�d�Z�ý (�i�_�j�\�u�c�� �m�j�h�\�_�g�v���� �b���ü�:�l�h�f�g�Z�y�� �w�g�_�j�]�_�l�b�d�Z�ý 
(�\�l�h�j�h�c���m�j�h�\�_�g�v���� �D�Z�`�^�u�c���n�Z�d�l�h�j���g�b�`�g�_�]�h�����\�l�h�j�h��
�]�h���� �m�j�h�\�g�y�� �o�Z�j�Z�d�l�_�j�b�a�m�_�l�k�y�� �n�b�d�k�b�j�h�\�Z�g�g�u�f�� �g�Z�[�h��
�j�h�f���l�_�j�f�b�g�h�\�� 

�D�e�Z�k�k�b�n�b�d�Z�l�h�j���i�h�k�l�j�h�_�g���w�d�k�i�_�j�l�Z�f�b���B�I�M���J�:�G��
�^�e�y�� �l�_�h�j�b�b�� �m�i�j�Z�\�e�_�g�b�y���� �g�Z�� �^�Z�g�g�u�c�� �f�h�f�_�g�l�� �h�g��
�\�d�e�x�q�Z�_�l�� �\�� �k�_�[�y�� �q�_�l�u�j�_ �n�Z�d�l�h�j�Z�� �g�m�e�_�\�h�]�h�� �m�j�h�\�g�y����
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������ �n�Z�d�l�h�j�Z�� �i�_�j�\�h�]�h�� �m�j�h�\�g�y���� �������� �n�Z�d�l�h�j�� �\�l�h�j�h�]�h��
�m�j�h�\�g�y���� �[�h�e�_�_�� �l�j�_�o�� �l�u�k�y�q�� �l�_�j�f�b�g�h�\�� ���k�f����
https://www.ipu.ru/sites/default/files/page_file/Classifi
erCS.xlsx�������N�j�Z�]�f�_�g�l���]�j�Z�n�Z���d�e�Z�k�k�b�n�b�d�Z�l�h�j�Z���i�j�b�\�_��
�^�_�g���g�Z���j�b�k�������� 

 

 
 

�J�b�k�����������N�j�Z�]�f�_�g�l���]�j�Z�n�Z���d�e�Z�k�k�b�n�b�d�Z�l�h�j�Z 

 
�D�e�x�q�_�\�u�f���l�_�j�f�b�g�Z�f���l�_�h�j�b�b���m�i�j�Z�\�e�_�g�b�y�����h�d�h�e�h��

���������� �l�_�j�f�b�g�h�\���� �[�u�e�b�� �^�Z�g�u�� �h�i�j�_�^�_�e�_�g�b�y�� �b�� �h�i�b�k�Z��
�g�b�y���� �\�� �d�h�l�h�j�u�o�� �[�u�e�b�� �i�h�k�l�Z�\�e�_�g�u�� �]�b�i�_�j�k�k�u�e�d�b�� �g�Z��
�^�j�m�]�b�_�� �l�_�j�f�b�g�u�� �^�Z�g�g�h�c�� �k�b�k�l�_�f�u�� �i�h�g�y�l�b�c �± �k�f����

�j�Z�[�h�l�u��[11, �����@�� �b��https://www.ipu.ru/education/ 
glossary.  

 
1.2.  �ü��� �����������-�������!�%�������������-� �����*������� ��  

�H�g�l�h�e�h�]�b�y�� �g�Z�m�q�g�h�c�� �^�_�y�l�_�e�v�g�h�k�l�b�� �i�j�_�^�g�Z�a�g�Z�q�_��
�g�Z���^�e�y���h�i�b�k�Z�g�b�y���Z�]�_�g�l�h�\�����h�j�]�Z�g�b�a�Z�p�b�c�����k�h�h�[�s�_�k�l�\�� 
�i�_�j�k�h�g���� �b�� �j�_�a�m�e�v�l�Z�l�h�\�� �b�o�� �^�_�c�k�l�\�b�c�� �L�_�d�m�s�Z�y�� �\�_�j��
�k�b�y�� �h�g�l�h�e�h�]�b�b�� �\�d�e�x�q�Z�_�l�� �\�� �h�[�s�_�c�� �k�e�h�`�g�h�k�l�b��45 
�d�e�Z�k�k�h�\ �\�� �l�Z�d�k�h�g�h�f�b�b (�g�Z�i�j�b�f�_�j���� �©�I�m�[�e�b�d�Z�p�b�y�ª), 
23 �h�[�t�_�d�l�g�u�o���k�\�h�c�k�l�\�Z�����g�Z�i�j�b�f�_�j�����©�\�e�b�y�_�l���g�Z�ª), 37 
�i�j�h�k�l�u�o���k�\�h�c�k�l�\�����g�Z�i�j�b�f�_�j�����©�g�Z�a�\�Z�g�b�_�ª). 

�H�g�l�h�e�h�]�b�y �\�d�e�x�q�Z�_�l�� �\�� �k�_�[�y�� �^�_�\�y�l�v�� �d�e�Z�k�k�h�\ 
�\�_�j�o�g�_�]�h�� �m�j�h�\�g�y���� �\�� �l�h�f�� �q�b�k�e�_ �d�e�Z�k�k�u �©�:�]�_�g�l�ª����
�©�>�_�c�k�l�\�b�_�ª���� �©�J�_�a�m�e�v�l�Z�l�ª���� �©�D�Z�l�_�]�h�j�b�y�ª�� �©�J�h�e�v�ª�� �b��
�©�I�j�h�n�b�e�v�ª�� �G�Z�� �j�b�k. 2 �i�h�d�Z�a�Z�g�Z�� �g�_�[�h�e�v�r�Z�y�� �q�Z�k�l�v��
�h�g�l�h�e�h�]�b�b�� �k�� �h�k�g�h�\�g�u�f�b�� �d�e�Z�k�k�Z�f�b �b�� �k�\�y�a�y�f�b�� �\�_�j�o��
�g�_�]�h�� �m�j�h�\�g�y��(�[�h�e�_�_�� �i�h�e�g�Z�y�� �\�_�j�k�b�y�� �± �k�f����
https://www.ipu.ru/sites/default/files/page_file/isand_r
a_ontology.pdf)���� �D�e�Z�k�k�� �©�:�]�_�g�l�ª�� �f�h�^�_�e�b�j�m�_�l�� �b�g�^�b��
�\�b�^�m�Z�e�v�g�u�_�� �b�� �d�h�e�e�_�d�l�b�\�g�u�_�� �k�m�s�g�h�k�l�b ���h�j�]�Z�g�b�a�Z��
�p�b�y���� �i�h�^�j�Z�a�^�_�e�_�g�b�_���� �g�Z�m�q�g�u�c�� �d�h�e�e�_�d�l�b�\�� �b�� �l�� �^����. 
�W�l�b�� �k�m�s�g�h�k�l�b�� �\�u�i�h�e�g�y�x�l�� �^�_�c�k�l�\�b�y ���d�e�Z�k�k�� �©�>�_�c��
�k�l�\�b�_�ª������ �i�j�h�b�a�\�h�^�y�� �l�_�� �b�e�b�� �b�g�u�_�� �j�_�a�m�e�v�l�Z�l�u ���d�e�Z�k�k��
�©�J�_�a�m�e�v�l�Z�l�ª��. �I�h�^�d�e�Z�k�k�Z�f�b�� �d�e�Z�k�k�Z�� �©�:�]�_�g�l�ª�� �y�\�e�y��
�x�l�k�y�� �©�B�g�^�b�\�b�^�ª�� ���©�I�_�j�k�h�g�Z�ª�� �b�� �©�I�j�h�]�j�Z�f�f��
�g�u�c�:�]�_�g�l�ª����      �©�H�j�]�Z�g�b�a�Z�p�b�y�ª��       �©�K�h�h�[�s�_�k�l�\�h�ª���� 

  
 

 
 

�J�b�k����2. �H�k�g�h�\�g�u�_���d�e�Z�k�k�u���h�g�l�h�e�h�]�b�b �g�Z�m�q�g�h�c���^�_�y�l�_�e�v�g�h�k�l�b 

https://www.ipu.ru/sites/default/files/page_file/ClassifierCS.xlsx
https://www.ipu.ru/sites/default/files/page_file/ClassifierCS.xlsx
https://www.ipu.ru/education/glossary
https://www.ipu.ru/education/glossary
https://www.ipu.ru/sites/default/files/page_file/isand_ra_ontology.pdf
https://www.ipu.ru/sites/default/files/page_file/isand_ra_ontology.pdf
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�©�G�Z�m�q�g�u�c�D�h�e�e�_�d�l�b�\�ª�� �b�� �l�� �^���� �D�e�Z�k�k�� �©�H�j�]�Z�g�b�a�Z�p�b�y�ª��
�m�q�Z�k�l�\�m�_�l�� �\�� �j�Z�a�e�b�q�g�u�o�� �h�l�g�h�r�_�g�b�y�o�� �k�� �^�j�m�]�b�f�b�� �l�b��
�i�Z�f�b�� �k�m�s�g�h�k�l�_�c, �\�� �q�Z�k�l�g�h�k�l�b �d�e�Z�k�k�� �k�\�y�a�Z�g�� �q�_�j�_�a��
�h�l�g�h�r�_�g�b�_�� �©�y�\�e�y�_�l�k�y�Q�e�_�g�h�f�ª���k�� �d�e�Z�k�k�h�f�� �©�I�_�j�k�h��
�g�Z�ª�� �D�e�Z�k�k�� �©�D�Z�l�_�]�h�j�b�y�ª�� �i�h�a�\�h�e�y�_�l�� �l�_�f�Z�l�b�q�_�k�d�b��
�d�e�Z�k�k�b�n�b�p�b�j�h�\�Z�l�v�� �^�j�m�]�b�_�� �k�m�s�g�h�k�l�b�� �h�g�l�h�e�h�]�b�b��
���g�Z�i�j�b�f�_�j�����j�_�a�m�e�v�l�Z�l�u���^�_�c�k�l�\�b�c���� 

�<���p�_�e�h�f���d�e�Z�k�k�u���\���h�g�l�h�e�h�]�b�b���b���k�\�y�a�b���f�_�`�^�m���g�b��
�f�b�� �k�h�h�l�\�_�l�k�l�\�m�x�l�� �f�_�l�h�^�h�e�h�]�b�b�� �g�Z�m�q�g�h�c�� �^�_�y�l�_�e�v��
�g�h�k�l�b�����k�f�����f�h�g�h�]�j�Z�n�b�x��[16]). 

 
1.3.  �ü��� ���������������ö�ÿ�î�û�ò  ������������������� �����������"���������$��������������

������� �����)  

�H�g�l�h�e�h�]�b�b�� �y�\�e�y�x�l�k�y�� �h�k�g�h�\�h�c���[�Z�a�u �a�g�Z�g�b�c��
�B�K�:�G�>���� �j�_�Z�e�b�a�h�\�Z�g�g�h�c�� �\�� �\�b�^�_��RDF-�o�j�Z�g�b�e�b�s�Z��
(Resource Description Framework). RDF �± �w�l�h���k�l�Z�g��
�^�Z�j�l�� �:���& �^�e�y�� �h�i�b�k�Z�g�b�y�� �f�_�l�Z�^�Z�g�g�u�o�� �j�_�k�m�j�k�h�\�� �\��
�k�_�l�b�� �b�g�l�_�j�g�_�l���� �i�h�a�\�h�e�y�x�s�b�c�� �b�g�l�_�]�j�b�j�h�\�Z�l�v�� �b��
�m�i�j�Z�\�e�y�l�v�� �^�Z�g�g�u�f�b�� �b�a�� �j�Z�a�e�b�q�g�u�o�� �b�k�l�h�q�g�b�d�h�\����
�O�j�Z�g�b�e�b�s�_�� �i�h�^�^�_�j�`�b�\�Z�_�l�� �h�[�j�Z�[�h�l�d�m�� �a�Z�i�j�h�k�h�\ �g�Z��
�y�a�u�d�_���6�3�$�5�4�/�����k�h�a�^�Z�g�g�h�f���k�i�_�p�b�Z�e�v�g�h���^�e�y���j�Z�[�h�l�u��
�k�� �5�'�)-�^�Z�g�g�u�f�b�� �b�� �h�[�_�k�i�_�q�b�\�Z�x�s�_�f�� �]�b�[�d�h�_�� �m�i�j�Z�\��
�e�_�g�b�_�� �k�_�f�Z�g�l�b�d�h�c�� �b�� �f�_�l�Z�^�Z�g�g�u�f�b���� �<�_�[-�i�j�b�e�h�`�_-
�g�b�y, �b�k�i�h�e�v�a�m�x�s�b�_�� �l�Z�d�h�_�� �o�j�Z�g�b�e�b�s�_, �f�h�]�m�l�� �e�_�]�d�h��
�Z�^�Z�i�l�b�j�h�\�Z�l�v�k�y�� �d�� �b�a�f�_�g�_�g�b�y�f �h�g�l�h�e�h�]�b�q�_�k�d�h�c �f �h��
�^�_�e�b���� �H�i�b�k�Z�g�b�_�� �k�l�j�m�d�l�m�j�u�� �^�Z�g�g�u�o �b�� �k�Z�f�b�� �^�Z�g�g�u�_��
�h�� �d�h�g�d�j�_�l�g�u�o�� �w�d�a�_�f�i�e�y�j�Z�o�� �f�h�]�m�l�� �[�u�l�v �b�a�\�e�_�q�_�g�u 
�b�a�� �o�j�Z�g�b�e�b�s�Z�� �h�^�b�g�Z�d�h�\�h�� �w�n�n�_�d�l�b�\�g�h. �W�l�Z�� �[�Z�a�Z��
�a�g�Z�g�b�c�� �a�Z�g�b�f�Z�_�l�� �p�_�g�l�j�Z�e�v�g�h�_�� �f�_�k�l�h �\�� �Z�j�o�b�l�_�d�l�m�j�_��
�B�K�:�G�>���� �h�i�b�k�Z�g�b�_ �d�h�l�h�j�h�c�� �i�j�b�\�_�^�_�g�h�� �\�� �k�e�_�^�m�x��
�s�_�f���i�Z�j�Z�]�j�Z�n�_. 

 

�B�K�:�G�>�� �i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c�� �k�e�h�`�g�u�c�� �i�j�h��
�]�j�Z�f�f�g�u�c�� �d�h�f�i�e�_�d�k���� �h�[�_�k�i�_�q�b�\�Z�x�s�b�c�� �k�[�h�j���� �o�j�Z��
�g�_�g�b�_���b���Z�g�Z�e�b�a���i�m�[�e�b�d�Z�p�b�c���b���b�o���f�_�l�Z�b�g�n�h�j�f�Z�p�b�b����
�d�h�l�h�j�u�_���i�h�k�l�m�i�Z�x�l���b�a���\�g�_�r�g�b�o���b�k�l�h�q�g�b�d�h�\�� 

�K�b�k�l�_�f�Z�� �j�Z�[�h�l�Z�_�l�� �k�� �^�\�m�f�y�� �\�g�_�r�g�b�f�b�� �i�h�l�h�d�Z�f�b��
�b�g�n�h�j�f�Z�p�b�b���� �I�_�j�\�u�c�� �i�h�l�h�d�� �± �w�l�h�� �a�Z�]�j�m�a�d�Z�� �b�a�� �b�k��
�l�h�q�g�b�d�h�\�� �^�Z�g�g�u�o���� �l�Z�d�b�o�� �d�Z�d�� �`�m�j�g�Z�e�u���� �d�h�g�n�_�j�_�g��
�p�b�b�����b�a�^�Z�l�_�e�v�k�l�\�Z���b���w�e�_�d�l�j�h�g�g�u�_���[�b�[�e�b�h�l�_�d�b�����H�g�b��
�i�j�_�^�h�k�l�Z�\�e�y�x�l���k�\�h�x���[�Z�a�m���i�m�[�e�b�d�Z�p�b�c���^�e�y���a�Z�]�j�m�a�d�b��
�\���B�K�:�G�>���� �<�� �a�Z�\�b�k�b�f�h�k�l�b���h�l���\�h�a�f�h�`�g�h�k�l�_�c���b�k�l�h�q��
�g�b�d�Z�� �i�h�e�m�q�_�g�b�_�� �^�Z�g�g�u�o�� �f�h�`�_�l�� �[�u�l�v�� �d�Z�d�� �j�Z�a�h�\�u�f����
�l�Z�d�� �b�� �j�_�]�m�e�y�j�g�u�f���� �<�l�h�j�h�c�� �i�h�l�h�d�� �± �w�l�h�� �\�a�Z�b�f�h�^�_�c��
�k�l�\�b�_���i�h�e�v�a�h�\�Z�l�_�e�_�c���k���k�b�k�l�_�f�h�c�����H�g�b���f�h�]�m�l���^�h�[�Z�\��
�e�y�l�v���b���d�h�j�j�_�d�l�b�j�h�\�Z�l�v���^�Z�g�g�u�_���h���k�\�h�b�o���i�m�[�e�b�d�Z�p�b��
�y�o���� �Z�� �l�Z�d�`�_�� �i�h�e�m�q�Z�l�v�� �j�_�a�m�e�v�l�Z�l�u�� �i�h�b�k�d�Z�� �b�� �Z�g�Z�e�b�a�Z��
�b�g�n�h�j�f�Z�p�b�b���� �>�e�y�� �w�l�h�]�h�� �i�j�_�^�h�k�l�Z�\�e�y�x�l�k�y�� �k�h�h�l�\�_�l��
�k�l�\�m�x�s�b�_���f�_�l�h�^�u���k�Z�c�l�Z�����D�j�h�f�_���l�h�]�h�����i�j�_�^�h�k�l�Z�\�e�y��

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

�:�j�o�b�l�_�d�l�m�j�Z���k�b�k�l�_�f�u���y�\�e�y�_�l�k�y���f�g�h�]�h�m�j�h�\�g�_�\�h�c��
�b�� �b�k�i�h�e�v�a�m�_�l�� �r�Z�[�e�h�g��Request�±Response �^�e�y�� �h�j�]�Z��
�g�b�a�Z�p�b�b�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�y�� �f�_�`�^�m�� �d�h�f�i�h�g�_�g�l�Z�f�b����
�H�k�g�h�\�g�u�_�� �i�h�^�k�b�k�l�_�f�u�� �b�� �k�\�y�a�b�� �f�_�`�^�m�� �g�b�f�b�� �i�j�_�^��
�k�l�Z�\�e�_�g�u���g�Z���j�b�k������ 

 
  

 
 

�J�b�k�����������:�j�o�b�l�_�d�l�m�j�Z���B�K�:�G�> 

 
�<�� �j�Z�f�d�Z�o�� �\�g�m�l�j�_�g�g�_�]�h�� �d�h�g�l�m�j�Z�� �B�K�:�G�>�� ���k�f����

�j�b�k���� ������ �f�h�`�g�h�� �\�u�^�_�e�b�l�v�� �g�_�k�d�h�e�v�d�h�� �h�k�g�h�\�g�u�o�� �i�h�^��
�k�b�k�l�_�f�� 

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

�x �[�Z�a�Z���a�g�Z�g�b�c�� 
�x �i�h�^�k�b�k�l�_�f�Z�� �b�g�l�_�e�e�_�d�l�m�Z�e�v�g�h�]�h�� �Z�g�Z�e�b�a�Z�� �b�g��

�n�h�j�f�Z�p�b�b�� 
�x �i�h�^�k�b�k�l�_�f�Z�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o�� �f�_�l�h�^�h�\�� �b��

�f�h�^�_�e�_�c�� 
�x �i�h�^�k�b�k�l�_�f�Z���j�_�a�_�j�\�b�j�h�\�Z�g�b�y�� 
�x �k�_�j�\�b�k�u���h�[�j�Z�[�h�l�d�b���^�Z�g�g�u�o, 
�x �k�Z�c�l���B�K�:�G�>�� 
�<�k�_�� �n�Z�c�e�u�� �i�m�[�e�b�d�Z�p�b�c�� �b�e�b�� �n�Z�c�e�u�� �k�� �f�_�l�Z�b�g��

�n�h�j�f�Z�p�b�_�c���h�� �i�m�[�e�b�d�Z�p�b�y�o���� �\�� �l�h�f�� �q�b�k�e�_�� �b�� �k�[�h�j�g�u�_��
�Z�j�o�b�\�u�����i�h�k�l�m�i�Z�x�l���\���i�h�^�k�b�k�l�_�f�m���a�Z�]�j�m�a�d�b���^�Z�g�g�u�o����
�]�^�_�� �h�g�b���k�h�o�j�Z�g�y�x�l�k�y�� �\�� �k�\�h�_�f�� �b�k�o�h�^�g�h�f�� �\�b�^�_�� �b���d�h��
�i�b�j�m�x�l�k�y�� �\�� �[�e�h�d�� �k�l�j�m�d�l�m�j�b�j�h�\�Z�g�g�u�o�� �^�Z�g�g�u�o���� �]�^�_��
�d�Z�`�^�Z�y�� �i�m�[�e�b�d�Z�p�b�y�� �b�g�^�_�d�k�b�j�m�_�l�k�y�� �b�� �o�j�Z�g�b�l�k�y�� �h�l��
�^�_�e�v�g�h�����<���k�e�m�q�Z�_���Z�j�o�b�\�Z���h�g�b���Z�\�l�h�f�Z�l�b�q�_�k�d�b���j�Z�a�[�b��
�j�Z�x�l�k�y���g�Z���h�l�^�_�e�v�g�u�_���n�Z�c�e�u�����I�m�[�e�b�d�Z�p�b�b���b�a���[�e�h�d�Z��
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�l�_�o�g�h�e�h�]�b�b��REST (representational state transfer). 
�H�[�j�Z�s�_�g�b�_�� �d�� �k�_�j�\�b�k�Z�f�� �b�a�� �\�g�m�l�j�_�g�g�_�]�h�� �d�h�g�l�m�j�Z��
�i�j�h�b�k�o�h�^�b�l���i�h���i�j�h�l�h�d�h�e�m��HTTP�����Z���b�a���\�g�_�r�g�_�]�h���i�h��
�i�j�h�l�h�d�h�e�m��HTTPS. 

�L�Z�d�`�_�� �q�_�j�_�a��REST API �j�Z�[�h�l�Z�_�l�� �k�Z�c�l�� �B�K�:�G�>����
�d�h�l�h�j�u�c�� �i�j�_�^�h�k�l�Z�\�e�y�_�l�� �i�h�e�v�a�h�\�Z�l�_�e�x�� �m�^�h�[�g�u�c��
�]�j�Z�n�b�q�_�k�d�b�c�� �^�h�k�l�m�i�� �\�� �k�b�k�l�_�f�m���� �K�Z�c�l�� �i�h�a�\�h�e�y�_�l��
�i�j�h�k�f�Z�l�j�b�\�Z�l�v�� �f�_�l�Z�b�g�n�h�j�f�Z�p�b�x�� �h�� �i�m�[�e�b�d�Z�p�b�y�o�� �b 
�j�_�a�m�e�v�l�Z�l�u�� �j�Z�[�h�l�u�� �f�_�l�h�^�h�\�� �Z�g�Z�e�b�a�Z���� �Z�� �l�Z�d�`�_�� �j�_��
�^�Z�d�l�b�j�h�\�Z�l�v�� �b�g�n�h�j�f�Z�p�b�x�� �h�� �i�m�[�e�b�d�Z�p�b�y�o�� �\�� �a�Z�\�b��
�k�b�f�h�k�l�b���h�l �i�j�Z�\�����i�h�e�m�q�_�g�g�u�o���i�j�b���j�_�]�b�k�l�j�Z�p�b�b�� 



 

 
 

 

 
 

 �”

 

�D�e�Z�k�k�b�n�b�d�Z�l�h�j�h�f�� �\�� �k�b�k�l�_�f�_�� �B�K�:�G�>�� �y�\�e�y�_�l�k�y��
�h�g�l�h�e�h�]�b�y�� �g�Z�m�q�g�h�]�h�� �a�g�Z�g�b�y �l�_�h�j�b�b�� �m�i�j�Z�\�e�_�g�b�y����
�h�i�b�k�Z�g�g�Z�y���j�Z�g�_�_���\ �† 1�����d�h�l�h�j�Z�y���i�h�a�\�h�e�y�_�l���h�l�j�Z�a�b�l�v��
�\�h�a�f�h�`�g�m�x�� �f�g�h�]�h�l�_�f�g�h�k�l�v���g�Z�m�q�g�u�o�� �h�[�t�_�d�l�h�\. 
�I�h�^���g�Z�m�q�g�u�f�b���h�[�t�_�d�l�Z�f�b���\���^�Z�g�g�h�f���j�Z�a�^�_�e�_�� �[�m�^�_�f 
�b�f�_�l�v�� �\�� �\�b�^�m�� �e�b�[�h�� �Z�]�_�g�l�h�\�� ���m�q�_�g�u�o���� �h�j�]�Z�g�b�a�Z�p�b�b����
�`�m�j�g�Z�e�u���� �d�h�g�n�_�j�_�g�p�b�b�������e�b�[�h���i�m�[�e�b�d�Z�p�b�b���� �O�Z�j�Z�d��
�l�_�j�b�k�l�b�d�h�c�� �d�Z�`�^�h�]�h�� �b�a�� �w�l�b�o�� �h�[�t�_�d�l�h�\�� �\�� �l�_�f�Z�l�b�q�_��
�k�d�h�f�� �i�j�h�k�l�j�Z�g�k�l�\�_�� �y�\�e�y�_�l�k�y�� �\�_�d�l�h�j���� �g�Z�a�u�\�Z�_�f�u�c��
���l�_�f�Z�l�b�q�_�k�d�b�f) �i�j�h�n�b�e�_�f. 

�G�Z�i�h�f�g�b�f�� ���k�f���� �† �������� �q�l�h�� �h�g�l�h�e�h�]�b�y�� �l�_�h�j�b�b��
�m�i�j�Z�\�e�_�g�b�y �b�f�_�_�l�� �q�_�l�u�j�_�o�m�j�h�\�g�_�\�m�x�� �k�l�j�m�d�l�m�j�m 
���f�_�l�Z�n�Z�d�l�h�j�u���� �n�Z�d�l�h�j�u���� �i�h�^�n�Z�d�l�h�j�u���� �l�_�j�f�b�g�u��. 
�M�j�h�\�g�b���g�m�f�_�j�m�x�l�k�y���q�b�k�e�Z�f�b���h�l�������^�h��3.  

�F�g�h�`�_�k�l�\�h�� �\�_�j�r�b�g�� �i�_�j�\�h�]�h�� �m�j�h�\�g�y���� �g�Z�a�u�\�Z�_��
�f�u�o�� �n�Z�d�l�h�j�Z�f�b���� �h�[�h�a�g�Z�q�b�f�� �q�_�j�_�a��V = {v1, �«�� vn}. 
�I�j�b�� �w�l�h�f��i-�y�� �\�_�j�r�b�g�Z�� �i�_�j�\�h�]�h�� �m�j�h�\�g�y�� �k�\�y�a�Z�g�Z�� �k��
�f�g�h�`�_�k�l�\�h�f��Vi = {vi1, �«�� 

iinv �`�� �\�_�j�r�b�g�� �\�l�h�j�h�]�h��

�m�j�h�\�g�y �± �i�h�^�n�Z�d�l�h�j�h�\���� �H�[�h�a�g�Z�q�b�f�� �q�_�j�_�a��m �h�[�s�_�_��
�q�b�k�e�h���i�h�^�n�Z�d�l�h�j�h�\: m = i

i N

n
�•
�¦ . 

�L�j�_�l�b�c�� �m�j�h�\�_�g�v�� �± �w�l�h�� �\�_�j�r�b�g�u-�l�_�j�f�b�g�u���� �o�Z��
�j�Z�d�l�_�j�b�a�m�x�s�b�_ �i�h�^�n�Z�d�l�h�j�u���� �D�Z�`�^�u�c�� �l�_�j�f�b�g���� �d�Z�d��
�i�j�Z�\�b�e�h�����o�Z�j�Z�d�l�_�j�b�a�m�_�l���h�^�b�g���i�h�^�n�Z�d�l�h�j (�l�� �_. �\���g�_��
�d�h�l�h�j�u�o�� �k�e�m�q�Z�y�o�� �^�j�_�\�h�\�b�^�g�h�k�l�v�� �h�g�l�h�e�h�]�b�b�� �f�h�`�_�l��
�g�Z�j�m�r�Z�l�v�k�y���� 

�I�j�b�\�_�^�_�f�� �^�Z�e�_�_���Z�e�]�h�j�b�l�f�� �j�Z�k�q�_�l�Z�� �i�j�h�n�b�e�_�c��
�g�Z�m�q�g�u�o���h�[�t�_�d�l�h�\ �\���k�h�h�l�\�_�l�k�l�\�b�b���k �j�Z�[�h�l�h�c [10]. 
�H�[�h�a�g�Z�q�b�f�� 

K  �± �f�g�h�`�_�k�l�\�h���m�q�_�g�u�o�� 
L  �± �f�g�h�`�_�k�l�\�h���i�m�[�e�b�d�Z�p�b�c�� 
�ûlij  �± �k�m�f�f�m �q�b�k�e�Z�� �\�o�h�`�^�_�g�b�c�� �\��l-�x�� �i�m�[�e�b�d�Z��

�p�b�x���[�Z�a�h�\�u�o���l�_�j�f�b�g�h�\��ij -�]�h �i�h�^�n�Z�d�l�h�j�Z; 

�� ��

1, �_�k�e�b ���c �m�q�_�g�u�c �y�\�e�y�_�l�k�y �Z�\�l�h�j�h�f��

, -�c���i�m�[�e�b�d�Z�p�b�b��

0, �\ �i�j�h�l�b�\�g�h�f �k�e�m�q�Z�_��

k

k l l

�­
�°�°� Z �  �®
�°
�°�¯

 

r(l) �± �d�h�e�b�q�_�k�l�\�h���Z�\�l�h�j�h�\��l-�c���i�m�[�e�b�d�Z�p�b�b�� 
�<���k�h�h�l�\�_�l�k�l�\�b�b���k���Z�e�]�h�j�b�l�f�h�f�����h�i�b�k�Z�g�g�u�f���\�� �j�Z��

�[�h�l�_��[10]�����h�i�j�_�^�_�e�b�f���i�j�h�n�b�e�v���\�l�h�j�h�]�h���m�j�h�\�g�y���i�m�[��
�e�b�d�Z�p�b�b l: 

�� ��1, , , , , l l lij lnmx x x x� �} �}

 
�]�^�_�� ,   ,    ,    .

i

lij
lij i

lij
i N j N

x l L j N i N

� • � •

�'
� �• �• �•
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�H�q�_�\�b�^�g�h�����q�l�h���w�l�h�l���\�_�d�l�h�j���y�\�e�y�_�l�k�y���k�l�h�o�Z�k�l�b�q�_��

�k�d�b�f�����l�� �_����
,

1.lij
i j

x � �¦  

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

�>�e�y���g�Z�o�h�`�^�_�g�b�y���i�j�h�n�b�e�y���i�_�j�\�h�]�h���m�j�h�\�g�y���i�m�[�e�b��
�d�Z�p�b�b l �i�j�h�k�m�f�f�b�j�m�_�f���^�e�y���d�Z�`�^�h�]�h���n�Z�d�l�h�j�Z �a�g�Z�q�_��
�g�b�y�� �d�h�f�i�h�g�_�g�l�� �i�j�h�n�b�e�y�� �\�l�h�j�h�]�h�� �m�j�h�\�g�y���� �h�l�\�_�q�Z�x��
�s�b�o���k�\�y�a�Z�g�g�u�f���k���g�b�f���i�h�^�n�Z�d�l�h�j�Z�f: 

�� ��1,  ,  ,  ,  , l l li lnX X X X� �} �}

 �]�^�_�� , , .
i

li lij
j N

X x l L i N
�•

� �• �•�¦  

�G�Z�d�h�g�_�p���� �^�e�y�� �g�Z�o�h�`�^�_�g�b�y���i�j�h�n�b�e�y�� �g�m�e�_�\�h�]�h��
�m�j�h�\�g�y�� �i�m�[�e�b�d�Z�p�b�b �i�j�h�k�m�f�f�b�j�m�_�f�� �^�e�y�� �d�Z�`�^�h�c�� �b�a��
�l�j�_�o���\�_�j�r�b�g���g�m�e�_�\�h�]�h���m�j�h�\�g�y���a�g�Z�q�_�g�b�y���d�h�f�i�h�g�_�g�l��
�i�j�h�n�b�e�y���i�_�j�\�h�]�h���m�j�h�\�g�y�����h�l�\�_�q�Z�x�s�b�o���k�\�y�a�Z�g�g�u�f���k��
�g�_�c���\�_�j�r�b�g�Z�f���i�_�j�\�h�]�h���m�j�h�\�g�y�� 

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �d�Z�`�^�Z�y�� �i�m�[�e�b�d�Z�p�b�y�� �o�Z�j�Z�d�l�_�j�b��
�a�m�_�l�k�y�� �l�j�_�o�f�_�j�g�u�f�� �\�_�d�l�h�j�h�f�� �i�j�h�n�b�e�y�� �g�m�e�_�\�h�]�h��
�m�j�h�\�g�y����n-�f�_�j�g�u�f�� �\�_�d�l�h�j�h�f�� �i�j�h�n�b�e�y�� �i�_�j�\�h�]�h��
�m�j�h�\�g�y����m-�f�_�j�g�u�f�� �\�_�d�l�h�j�h�f�� �i�j�h�n�b�e�y�� �\�l�h�j�h�]�h��
�m�j�h�\�g�y���� �<�k�_�� �l�j�b�� �\�_�d�l�h�j�Z �y�\�e�y�x�l�k�y�� �k�l�h�o�Z�k�l�b�q�_�k�d�b��
�f�b�� 

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

�G�Z�� �h�k�g�h�\�_�� �Z�^�^�b�l�b�\�g�h�]�h�� �i�j�b�g�p�b�i�Z�� �Z�]�j�_�]�b�j�h�\�Z��
�g�b�y�� �h�i�j�_�^�_�e�b�f �i�j�h�n�b�e�b�� �\�l�h�j�h�]�h�� �b�� �i�_�j�\�h�]�h�� �m�j�h�\�g�y��
k-�]�h �m�q�_�g�h�]�h�����b�k�i�h�e�v�a�m�y���f�Z�k�k�b�\���_�]�h���i�m�[�e�b�d�Z�p�b�c 
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lij
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k l

r l
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,    ,    .
i

k k
i ij

j N

Y y k K i N
�•

� �• �•�¦  

�I�j�h�n�b�e�v�� �g�m�e�_�\�h�]�h�� �m�j�h�\�g�y �h�i�j�_�^�_�e�y�_�l�k�y�� �k�m�f�f�b��
�j�h�\�Z�g�b�_�f�� �^�e�y�� �d�Z�`�^�h�c�� �b�a�� �l�j�_�o�� �\�_�j�r�b�g�� �g�m�e�_�\�h�]�h��
�m�j�h�\�g�y�� �a�g�Z�q�_�g�b�c�� �d�h�f�i�h�g�_�g�l�� �i�j�h�n�b�e�y�� �i�_�j�\�h�]�h��
�m�j�h�\�g�y���� �h�l�\�_�q�Z�x�s�b�o�� �k�\�y�a�Z�g�g�u�f�� �k�� �g�_�c�� �\�_�j�r�b�g�Z�f��
�i�_�j�\�h�]�h���m�j�h�\�g�y�� 

�>�Z�e�_�_ �h�i�j�_�^�_�e�b�f�� �i�j�h�n�b�e�b���`�m�j�g�Z�e�Z���� �\���d�h�l�h�j�h�f��
�h�i�m�[�e�b�d�h�\�Z�g�u�� �j�Z�[�h�l�u�� �m�q�_�g�u�o���� �I�m�k�l�v��U L�•  �± 
�f�g�h�`�_�k�l�\�h�� �j�Z�[�h�l���� �h�i�m�[�e�b�d�h�\�Z�g�g�u�o�� �\�� �`�m�j�g�Z�e�_��
p �•  P���� �]�^�_��P �± �f�g�h�`�_�k�l�\�h�� �`�m�j�g�Z�e�h�\���� �L�h�]�^�Z�� �i�j�h�n�b��
�e�b���h�i�j�_�^�_�e�y�x�l�k�y���i�h���n�h�j�f�m�e�Z�f 
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lij
p l U
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lij
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x
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�J�Z�a�f�_�j�g�h�k�l�b���i�j�h�n�b�e�_�c���`�m�j�g�Z�e�Z���l�Z�d�`�_���j�Z�\�g�u m 
���^�e�y�� �i�j�h�n�b�e�y�� �\�l�h�j�h�]�h�� �m�j�h�\�g�y�� �b��n ���^�e�y�� �i�j�h�n�b�e�y��
�i�_�j�\�h�]�h���m�j�h�\�g�y���� 

�G�Z�j�y�^�m�� �k�� �l�_�f�Z�l�b�q�_�k�d�b�f�b�� �i�j�h�n�b�e�y�f�b�� �\�Z�`�g�h�c��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�h�c�� �`�m�j�g�Z�e�Z�� �y�\�e�y�_�l�k�y�� �d�h�e�b�q�_�k�l�\�h��
�h�i�m�[�e�b�d�h�\�Z�g�g�u�o���\���g�_�f���j�Z�[�h�l�����l�� �_�����d�h�e�b�q�_�k�l�\�h���w�e�_��
�f�_�g�l�h�\���\���f�g�h�`�_�k�l�\�_��U . 

�A�Z�f�_�q�Z�g�b�_�� �:�g�Z�e�h�]�b�q�g�h �i�j�h�n�b�e�x�� �`�m�j�g�Z�e�Z��
�f�h�`�g�h���j�Z�k�k�q�b�l�Z�l�v���i�j�h�n�b�e�v���g�Z�m�q�g�h�c���d�h�g�n�_�j�_�g�p�b�b.  

�I�h�k�d�h�e�v�d�m�� �i�j�h�n�b�e�b�� �i�m�[�e�b�d�Z�p�b�b���� �m�q�_�g�h�]�h���� �h�j��
�]�Z�g�b�a�Z�p�b�b���� �`�m�j�g�Z�e�Z���� �d�h�g�n�_�j�_�g�p�b�b�� �f�h�]�m�l�� �[�u�l�v�� �a�Z��
�^�Z�g�u�� �\�� �\�b�^�_�� �k�l�h�o�Z�k�l�b�q�_�k�d�b�o�� �\�_�d�l�h�j�h�\�� �f�h�`�g�h�� �_�^�b��
�g�h�h�[�j�Z�a�g�h�� �j�Z�k�k�q�b�l�u�\�Z�l�v�� �k�l�_�i�_�g�v�� �[�e�b�a�h�k�l�b�� �f�_�`�^�m��
�w�l�b�f�b�� �g�Z�m�q�g�u�f�b�� �h�[�t�_�d�l�Z�f�b���� �I�j�_�^�e�Z�]�Z�_�l�k�y�� �i�j�b�f�_��
�g�y�l�v�� �k�e�_�^�m�x�s�_�_�� �j�Z�k�k�l�h�y�g�b�_�� �f�_�`�^�m�� �^�\�m�f�y�� �i�j�h�n�b��
�e�y�f�b���� �a�Z�^�Z�\�Z�_�f�u�f�b�� �k�l�h�o�Z�k�l�b�q�_�k�d�b�f�b�� �\�_�d�l�h�j�Z�f�b��

�� ��1,  ,  n�D � �D �} �D  �b�� �� ��1,  ,  nq � �E �} �E : 

�� �� �� ��
1 1

1
, 1 min , .

2

n n

j j j j
j j

d
�  �  

�D �E � �� �D �E � �D �� �E� ¦ � ¦ 

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

�A�Z�f�_�q�Z�g�b�_�� �E�_�]�d�h�� �m�[�_�^�b�l�v�k�y ���k�f���� �j�Z�[�h�l�m��[10]), 
�q�l�h�� �\�� �^�Z�g�g�h�c�� �f�_�l�j�b�d�_�� �j�Z�k�k�l�h�y�g�b�_�� �f�_�`�^�m���i�j�h�n�b�e�y��
�f�b�� �i�_�j�\�h�]�h�� �m�j�h�\�g�y�� �\�k�_�]�^�Z�� �g�_�� �[�h�e�v�r�_�� �j�Z�k�k�l�h�y�g�b�y��
�f�_�`�^�m�� �i�j�h�n�b�e�y�f�b�� �\�l�h�j�h�]�h�� �m�j�h�\�g�y�� �b�� �g�_�� �f�_�g�v�r�_��
�j�Z�k�k�l�h�y�g�b�y���f�_�`�^�m���i�j�h�n�b�e�y�f�b���g�m�e�_�\�h�]�h���m�j�h�\�g�y���l�_�o��
�`�_���h�[�t�_�d�l�h�\��  

 

 

4. 1. �ð�)������������������� ���!��� �!���)�������!�%���)�#�����!�����������$����  

�G�Z���^�Z�g�g�u�c���f�h�f�_�g�l���n�m�g�d�p�b�h�g�b�j�h�\�Z�g�b�_���B�K�:�G�>��
�k�\�y�a�Z�g�h�� �k�� �^�\�m�f�y�� �i�j�h�p�_�k�k�Z�f�b�� �h�[�j�Z�[�h�l�d�b�� �l�_�d�k�l�h�\����
�\�u�^�_�e�_�g�b�_�� �f�_�l�Z�b�g�n�h�j�f�Z�p�b�b�� �b�a�� �l�_�d�k�l�Z�� �i�m�[�e�b�d�Z�p�b�b��
�b���i�j�_�^�h�[�j�Z�[�h�l�d�Z�� �l�_�d�k�l�h�\�h�]�h�� �k�e�h�y�� �^�e�y�� �\�u�q�b�k�e�_�g�b�y��
�i�j�h�n�b�e�_�c�����k�f�����† 3). 

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

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

�F�_�l�h�^�u�� �\�u�^�_�e�_�g�b�y�� �k�l�j�m�d�l�m�j�u�� �l�_�d�k�l�Z�� �f�h�]�m�l�� �h�k��
�g�h�\�u�\�Z�l�v�k�y�� �g�Z�� �l�j�Z�^�b�p�b�h�g�g�u�o�� �Z�e�]�h�j�b�l�f�Z�o�� �2�&�5��
(Optical Character Recognition������ �H�g�b�� �i�j�_�^�k�l�Z�\�e�y�x�l��
�b�a�� �k�_�[�y�� �f�_�o�Z�g�b�q�_�k�d�h�_�� �b�e�b�� �w�e�_�d�l�j�h�g�g�h�_�� �i�j�_�h�[�j�Z�a�h��
�\�Z�g�b�_�� �^�h�d�m�f�_�g�l�h�\�� �\�� �i�j�b�]�h�^�g�u�_�� �^�e�y�� �j�_�^�Z�d�l�m�j�u�� �b��
�i�h�b�k�d�Z�� �^�Z�g�g�u�_���� �D�� �w�l�b�f�� �Z�e�]�h�j�b�l�f�Z�f�� �h�l�g�h�k�y�l�k�y���� �f�_��
�l�h�^�� �r�Z�[�e�h�g�h�\���� �]�j�Z�g�b�q�g�u�c�� �Z�g�Z�e�b�a���� �a�h�g�Z�e�v�g�Z�y�� �k�_�]��
�f�_�g�l�Z�p�b�y���� �k�l�j�m�d�l�m�j�g�u�c�� �f�_�l�h�^���� �H�^�g�Z�d�h�� �^�Z�g�g�u�_��
�i�h�^�o�h�^�u�� �g�_�� �y�\�e�y�x�l�k�y�� �Z�\�l�h�f�Z�l�b�q�_�k�d�b�f�b�� �b�� �l�j�_�[�m�x�l��
�a�g�Z�q�b�l�_�e�v�g�h�]�h�� �\�f�_�r�Z�l�_�e�v�k�l�\�Z�� �^�e�y�� �g�Z�k�l�j�h�c�d�b�� �b��
�d�h�j�j�_�d�l�b�j�h�\�d�b�� �i�h�^�� �j�Z�a�e�b�q�g�u�_�� �n�h�j�f�Z�l�u�� �g�Z�m�q�g�u�o��
�i�m�[�e�b�d�Z�p�b�c�� 

�F�_�l�h�^�u���Z�\�l�h�f�Z�l�b�q�_�k�d�h�]�h���\�u�^�_�e�_�g�b�y���k�l�j�m�d�l�m�j�u��
�\�� �[�h�e�v�r�b�g�k�l�\�_�� �k�e�m�q�Z�_�\�� �h�j�b�_�g�l�b�j�h�\�Z�g�u�� �b�k�d�e�x�q�b��
�l�_�e�v�g�h�� �g�Z�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�� �l�_�o�g�h�e�h�]�b�c�� �f�Z�r�b�g�g�h�]�h��
�h�[�m�q�_�g�b�y���� �i�h�k�d�h�e�v�d�m�� �^�e�y�� �h�[�_�k�i�_�q�_�g�b�y�� �\�u�k�h�d�h�c��
�w�n�n�_�d�l�b�\�g�h�k�l�b�� �w�\�j�b�k�l�b�q�_�k�d�b�o�� �f�_�l�h�^�h�\�� �l�j�_�[�m�_�l�k�y��
�j�Z�a�j�Z�[�h�l�d�Z�� �f�g�h�`�_�k�l�\�Z�� �i�j�Z�\�b�e���� �m�q�b�l�u�\�Z�x�s�b�o�� �\�k�_��
�\�h�a�f�h�`�g�u�_�� �h�k�h�[�_�g�g�h�k�l�b�� �d�Z�`�^�h�]�h�� �l�b�i�Z�� �k�l�j�m�d�l�m�j��
�g�u�o�� �w�e�_�f�_�g�l�h�\���� �<�Z�`�g�h�� �h�l�f�_�l�b�l�v���� �q�l�h�� �w�l�b�� �i�h�^�o�h�^�u��
�g�_���\�k�_�]�^�Z���h�[�_�k�i�_�q�b�\�Z�x�l���\�u�k�h�d�m�x���l�h�q�g�h�k�l�v���j�_�a�m�e�v��
�l�Z�l�Z���� �d�h�l�h�j�Z�y�� �l�Z�d�`�_�� �f�h�`�_�l�� �a�Z�\�b�k�_�l�v�� �h�l�� �y�a�u�d�Z���� �g�Z��
�d�h�l�h�j�h�f�� �g�Z�i�b�k�Z�g�Z�� �k�h�h�l�\�_�l�k�l�\�m�x�s�Z�y�� �i�m�[�e�b�d�Z�p�b�y��
[17, 18]. 

�<�� �j�Z�[�h�l�_�� �>19�@�� �Z�\�l�h�j�u�� �i�j�_�^�k�l�Z�\�b�e�b �i�h�^�o�h�^�� �i�h��
�b�a�\�e�_�q�_�g�b�x���f�_�l�Z�^�Z�g�g�u�o���b�a���a�Z�]�h�e�h�\�d�h�\���^�h�d�m�f�_�g�l�h�\��
�k�� �d�b�j�b�e�e�b�q�_�k�d�b�f�b�� �k�b�f�\�h�e�Z�f�b���� �I�h�^�o�h�^�� �\�d�e�x�q�Z�_�l�� �\��
�k�_�[�y�� �k�h�a�^�Z�g�b�_�� �^�Z�l�Z�k�_�l�Z�� �&�2�5�(���� �b�a�\�e�_�q�_�g�b�_�� �l�_�d�k�l�Z��
�b�a�� �3�'�)-�n�Z�c�e�Z �k�� �i�h�f�h�s�v�x�� �m�l�b�e�b�l�u�� �S�G�I�0�L�Q�H�U�� �k�� �i�h��
�k�e�_�^�m�x�s�_�c�� �l�h�d�_�g�b�a�Z�p�b�_�c�� �b�� �h�[�m�q�_�g�b�_�� �f�h�^�_�e�_�c��
GROBID (GeneRatiOn of BIbliographic Data) �b 
BiLSTM (Bidirectional Long Short-Term Memory) 
�^�e�y �k�j�Z�\�g�_�g�b�y �j�_�a�m�e�v�l�Z�l�h�\. �G�Z�[�h�j�� �^�Z�g�g�u�o�� �&�2�5�(��
�i�j�_�^�h�k�l�Z�\�e�y�_�l�� �^�Z�g�g�u�_�� �g�Z�m�q�g�u�o�� �i�m�[�e�b�d�Z�p�b�c���� �H�g��
�k�h�k�l�h�b�l �b�a�� �f�_�l�Z�^�Z�g�g�u�o�� �b�� �i�h�e�g�u�o�� �l�_�d�k�l�h�\�� �\�� �f�Z��
�r�b�g�g�h-�h�[�j�Z�[�Z�l�u�\�Z�_�f�h�f�� �n�h�j�f�Z�l�_���� �>�Z�l�Z�k�_�l���� �h�k�g�h��
�\�Z�g�g�u�c�� �g�Z�� �j�_�k�m�j�k�Z�o�� �3�X�E�0�H�G�� �&�H�Q�W�U�D�O�� �2�S�H�Q�� �$�F�F�H�V�V��
Subset, CiteSeer �b�� �&�R�U�D-ref [20]���� �k�h�k�l�h�b�l�� �b�a�� ���� 553 
�^�h�d�m�f�_�g�l�h�\���� �i�h�e�m�q�_�g�g�u�o�� �i�h�k�e�_�� �n�b�e�v�l�j�Z�p�b�b�� �\�k�_�o��
�d�b�j�b�e�e�b�q�_�k�d�b�o���b�k�o�h�^�g�u�o���^�Z�g�g�u�o���i�h���y�a�u�d�m�����m�^�Z�e�_��
�g�b�y�� �^�m�[�e�b�d�Z�l�h�\���� �h�l�[�j�Z�k�u�\�Z�g�b�y�� �l�_�o�� �^�h�d�m�f�_�g�l�h�\����
�d�h�l�h�j�u�_���g�_���y�\�e�y�x�l�k�y���g�Z�m�q�g�u�f�b���i�m�[�e�b�d�Z�p�b�y�f�b�� 

�>�Z�e�_�_���j�Z�k�k�f�h�l�j�b�f�����d�Z�d���k�l�j�m�d�l�m�j�Z���g�Z�m�q�g�u�o���i�m�[��
�e�b�d�Z�p�b�c�� �h�i�j�_�^�_�e�y�_�l�k�y�� �\�� �B�K�:�G�>���� �A�^�_�k�v�� �\�� �d�Z�q�_�k�l�\�_��
�b�k�l�h�q�g�b�d�h�\�� �^�Z�g�g�u�o�� �\�u�k�l�m�i�Z�x�l�� �i�m�[�e�b�d�Z�p�b�b�� �b�a��
�o�j�Z�g�b�e�b�s�Z���� �H�[�s�_�_�� �d�h�e�b�q�_�k�l�\�h�� �k�l�Z�l�_�c�� �\�� �g�_�f �g�Z��
�f�h�f�_�g�l�� �g�Z�i�b�k�Z�g�b�y�� �g�Z�k�l�h�y�s�_�c�� �j�Z�[�h�l�u �k�h�k�l�Z�\�e�y�e�h��
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26 ���������� �b�k�d�e�x�q�Z�y�� �^�m�[�e�b�d�Z�l�u�� �b�� �i�h�^�h�a�j�b�l�_�e�v�g�u�_��
�k�l�Z�l�v�b�����I�h�k�e�_���b�k�d�e�x�q�_�g�b�y���n�Z�c�e�h�\���k���r�b�n�j�h�\�Z�g�b�_�f����
�i�h�\�j�_�`�^�_�g�g�h�c�� �d�h�^�b�j�h�\�d�h�c�� �b�� �h�l�k�m�l�k�l�\�b�_�f�� �l�_�d�k�l�h��
�\�h�]�h�� �k�e�h�y�� �h�k�l�Z�e�h�k�v�� ���� �������� �k�l�Z�l�v�b���� �\�d�e�x�q�Z�y�� ���� 520 
�k�l�Z�l�_�c �g�Z���j�m�k�k�d�h�f���y�a�u�d�_�� 

�:�\�l�h�f�Z�l�b�q�_�k�d�h�_�� �b�a�\�e�_�q�_�g�b�_�� �k�l�j�m�d�l�m�j�g�u�o�� �w�e�_��
�f�_�g�l�h�\�� �g�Z�m�q�g�u�o�� �i�m�[�e�b�d�Z�p�b�c�� �h�k�g�h�\�u�\�Z�_�l�k�y�� �g�Z�� �b�g��
�k�l�j�m�f�_�g�l�_�� �k�� �h�l�d�j�u�l�u�f�� �b�k�o�h�^�g�u�f�� �d�h�^�h�f�� �*�5�2�%�,�'����
�d�h�l�h�j�u�c���i�j�_�^�k�l�Z�\�e�y�_�l���k�h�[�h�c �k�\�h�[�h�^�g�h���j�Z�k�i�j�h�k�l�j�Z��
�g�y�_�f�m�x �[�b�[�e�b�h�l�_�d�m���� �h�[�m�q�_�g�g�m�x �g�Z�� �Z�g�]�e�h�y�a�u�q�g�u�o��
�i�m�[�e�b�d�Z�p�b�y�o�� �^�e�y�� �Z�\�l�h�f�Z�l�b�q�_�k�d�h�]�h�� �b�a�\�e�_�q�_�g�b�y��
�k�l�j�m�d�l�m�j�g�u�o�� �w�e�_�f�_�g�l�h�\, �b�� �b�f�_�_�l �\�h�a�f�h�`�g�h�k�l�v�� �^�h��
�h�[�m�q�_�g�b�y�� �g�Z�� �d�h�j�i�m�k�Z�o�� �l�_�d�k�l�Z�� �^�j�m�]�b�o�� �y�a�u�d�h�\. 
�*�5�2�%�,�'�� �b�k�i�h�e�v�a�m�_�l�� �d�Z�k�d�Z�^�� �f�h�^�_�e�_�c�� �j�Z�a�f�_�l�d�b�� �i�h��
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�F�h�^�_�e�v���K�_�]�f�_�g�l�Z�p�b�y �b�k�i�h�e�v�a�m�_�l�k�y���^�e�y���h�i�j�_�^�_��
�e�_�g�b�y�� �h�k�g�h�\�g�u�o�� �k�l�j�m�d�l�m�j�g�u�o�� �w�e�_�f�_�g�l�h�\�� �^�h�d�m�f�_�g��
�l�Z���� �l�Z�d�b�o�� �d�Z�d�� �l�b�l�m�e�v�g�Z�y�� �k�l�j�Z�g�b�p�Z���� �a�Z�]�h�e�h�\�h�d���� �h�k��
�g�h�\�g�Z�y�� �q�Z�k�l�v���� �k�g�h�k�d�b���� �[�b�[�e�b�h�]�j�Z�n�b�q�_�k�d�b�_�� �j�Z�a�^�_�e�u��
�b�� �l�� �^���� �H�[�g�Z�j�m�`�_�g�g�u�_�� �f�h�^�_�e�v�x�� �k�_�]�f�_�g�l�Z�p�b�b�� �h�[�e�Z��
�k�l�b�� �a�Z�]�h�e�h�\�d�h�\�� �i�_�j�_�^�Z�x�l�k�y�� �\�� �f�h�^�_�e�v�� �a�Z�]�h�e�h�\�d�h�\����
�F�h�^�_�e�v�� �a�Z�]�h�e�h�\�d�h�\�� �h�[�m�q�Z�_�l�k�y�� �j�Z�k�i�h�a�g�Z�\�Z�l�v�� �l�Z�d�m�x��
�b�g�n�h�j�f�Z�p�b�x���� �d�Z�d�� �g�Z�a�\�Z�g�b�_���� �Z�\�l�h�j�u���� �i�j�b�g�Z�^�e�_�`��
�g�h�k�l�v���� �Z�g�g�h�l�Z�p�b�y�� �b�� �l�� �^���� �G�_�d�h�l�h�j�u�_�� �f�h�^�_�e�b�� �f�Z�j�d�b��
�j�h�\�d�b�� �f�h�]�m�l�� �b�k�i�h�e�v�a�h�\�Z�l�v�k�y�� �\�� �g�_�k�d�h�e�v�d�b�o�� �f�_�k�l�Z�o��
�^�h�d�m�f�_�g�l�Z���� �G�Z�i�j�b�f�_�j���� �f�h�^�_�e�v�� �^�Z�l�u���� �b�k�i�h�e�v�a�m�_�f�Z�y��
�^�e�y�� �k�_�]�f�_�g�l�Z�p�b�b�� �b�k�o�h�^�g�h�c�� �^�Z�l�u�� �g�Z�� �]�h�^�u���� �f�_�k�y�p�u��
�b �l�� �^���� �b�� �h�[�_�k�i�_�q�_�g�b�_�� �g�h�j�f�Z�e�b�a�Z�p�b�b�� �^�Z�l�u�� �\�� �k�h�h�l��
�\�_�l�k�l�\�b�b�� �k�h�� �k�l�Z�g�^�Z�j�l�h�f�� �,�6�2���� �\�u�a�u�\�Z�_�l�k�y���� �d�h�]�^�Z��
�^�Z�l�u���b�^�_�g�l�b�n�b�p�b�j�m�x�l�k�y �g�_���l�h�e�v�d�h���\���h�[�e�Z�k�l�b���a�Z�]�h��
�e�h�\�d�Z���� �g�h�� �b�� �i�j�b�� �j�Z�a�[�h�j�_���a�h�g�u�� �k�k�u�e�h�d���� �:�g�Z�e�h�]�b�q�g�h��
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�k�y�� �i�h�e�g�u�_�� �b�f�_�g�Z�� �Z�\�l�h�j�h�\�� �b�� �h�g�b�� �k�\�y�a�Z�g�u�� �k�� �f�Z�j�d�_��
�j�Z�f�b�� �Z�n�n�b�e�b�Z�p�b�b���� �Z�� �b�f�_�g�Z �Z�\�l�h�j�h�\�� �\�� �k�l�j�h�d�_�� �k�k�u��
�e�h�d�� �h�[�u�q�g�h�� �g�Z�f�g�h�]�h�� �d�h�j�h�q�_�� �b�� �g�b�d�h�]�^�Z�� �g�_�� �k�f�_�r�b��
�\�Z�x�l�k�y���k���b�g�n�h�j�f�Z�p�b�_�c���h�[���Z�n�n�b�e�b�Z�p�b�b�� 
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�g�_�g�g�u�c �i�j�b�� �k�h�a�^�Z�g�b�b�� �B�K�:�G�>���� �h�k�g�h�\�u�\�Z�_�l�k�y�� �g�Z��
�i�j�_�^�i�h�e�h�`�_�g�b�b�� �h�� �k�l�Z�[�b�e�v�g�h�k�l�b�� �k�l�j�m�d�l�m�j�u�� �k�l�Z�l�_�c��
�`�m�j�g�Z�e�h�\�� �\�� �l�_�q�_�g�b�_�� �\�j�_�f�_�g�b���� �<�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k��
�w�l�b�f���i�j�_�^�i�h�e�h�`�_�g�b�_�f���i�j�h�b�a�\�_�^�_�g���Z�g�Z�e�b�a���k�l�Z�l�_�c���b�a��
�j�Z�a�g�u�o�� �b�k�l�h�q�g�b�d�h�\�� �k�� �i�h�k�e�_�^�m�x�s�_�c�� �]�j�m�i�i�b�j�h�\�d�h�c��
�b�� �\�u�y�\�e�_�g�b�_�f�� �g�Z�b�[�h�e�_�_�� �q�Z�k�l�h�� �\�k�l�j�_�q�Z�x�s�b�o�k�y��
�r�Z�[�e�h�g�h�\�����G�Z�q�Z�e�v�g�Z�y���n�Z�a�Z���h�[�m�q�_�g�b�y���\�d�e�x�q�Z�_�l����������
�l�Z�d�b�o�� �r�Z�[�e�h�g�h�\���� �i�j�b�f�_�g�y�_�f�u�o�� �^�e�y�� �h�[�m�q�_�g�b�y�� �f�h��
�^�_�e�_�c���� �\�� �l�h�f�� �q�b�k�e�_ �k�e�_�^�m�x�s�b�_ �r�Z�[�e�h�g�u: �©�F�_�l�Z��
�^�Z�g�g�u�_�� �a�Z�]�h�e�h�\�d�Z�ª, �©�K�_�]�f�_�g�l�Z�p�b�y�ª, �©�:�^�j�_�k�� �h�j�]�Z��
�g�b�a�Z�p�b�b�ª, �©�B�f�_�g�Z�� ���a�Z�]�h�e�h�\�h�d���ª �b���©�K�_�]�f�_�g�l�Z�p�b�y��
�e�b�l�_�j�Z�l�m�j�g�u�o�� �k�k�u�e�h�d�ª���� �<�� �o�h�^�_�� �w�d�k�i�_�j�b�f�_�g�l�h�\�� �b�k��
�i�h�e�v�a�h�\�Z�e�b�k�v���3�'�)-�n�Z�c�e�u���k�l�Z�l�_�c���^�e�y���k�h�a�^�Z�g�b�y���h�[�m��
�q�Z�x�s�b�o�� �^�Z�g�g�u�o�� �i�j�b�� �i�h�f�h�s�b�� �b�g�k�l�j�m�f�_�g�l�Z��
�*�5�2�%�,�'���� �<�g�_�k�_�g�b�_�� �d�h�j�j�_�d�l�b�j�h�\�h�d�� �\�u�a�u�\�Z�e�h��
�l�j�m�^�g�h�k�l�b�� �b�a-�a�Z�� �h�]�j�Z�g�b�q�_�g�b�c�� �\�� �f�_�l�h�^�b�d�_�� �b�k�i�j�Z�\��
�e�_�g�b�y�� �h�[�m�q�Z�x�s�b�o�� �n�Z�c�e�h�\���� �?�k�e�b�� �\�� �h�[�m�q�Z�x�s�_�f��
�n�Z�c�e�_���h�l�k�m�l�k�l�\�h�\�Z�e�Z���q�Z�k�l�v���l�_�d�k�l�Z���b�a���k�l�Z�l�v�b�����_�_���^�h��
�[�Z�\�e�_�g�b�_���[�u�e�h���g�_�\�h�a�f�h�`�g�h�����q�l�h���^�_�e�Z�e�h���l�Z�d�h�c �n�Z�c�e��
�g�_�i�j�b�]�h�^�g�u�f�� �^�e�y�� �h�[�m�q�_�g�b�y���� �<�� �j�_�a�m�e�v�l�Z�l�_�� �g�_�d�h�l�h��
�j�u�_���r�Z�[�e�h�g�u���[�u�e�b���b�k�d�e�x�q�_�g�u���b�a���l�j�_�g�b�j�h�\�h�q�g�h�]�h��
�g�Z�[�h�j�Z���\���k�\�y�a�b���k���\�u�r�_�m�d�Z�a�Z�g�g�u�f�b���h�]�j�Z�g�b�q�_�g�b�y�f�b����
�>�h�h�[�m�q�_�g�b�_�� �*�5�2�%�,�'�� �i�j�h�b�k�o�h�^�b�l�� �g�Z�� �h�k�g�h�\�_�� �i�j�_�^��
�\�Z�j�b�l�_�e�v�g�h�� �i�j�h�Z�g�g�h�l�b�j�h�\�Z�g�g�u�o�� �h�[�m�q�Z�x�s�b�o�� �^�Z�g��
�g�u�o�����D�Z�`�^�Z�y���k�l�Z�l�v�y���^�e�y���^�h�h�[�m�q�_�g�b�y���i�h�k�l�Z�\�e�y�_�l�k�y���k��
PDF-�n�Z�c�e�h�f���� �g�Z�[�h�j�h�f�� �i�j�_�^�\�Z�j�b�l�_�e�v�g�h�� �Z�g�g�h�l�b�j�h��

�\�Z�g�g�u�o�� �;�0�/-�n�Z�c�e�h�\�� �b�� �g�Z�[�h�j�h�f�� �n�Z�c�e�h�\�� �[�_�a�� �j�Z�k��
�r�b�j�_�g�b�y�� �;�0�/���� �k�h�^�_�j�`�Z�s�b�o�� �k�i�b�k�h�d�� �l�h�d�_�g�h�\�� �k�� �o�Z��
�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b�� �^�e�y�� �h�[�m�q�_�g�b�y���� �I�h�k�e�_�� �a�Z�\�_�j�r�_�g�b�y��
�i�j�h�p�_�k�k�Z�� �h�[�m�q�_�g�b�y�� �[�u�e�b�� �i�h�e�m�q�_�g�u�� �a�g�Z�q�_�g�b�y�� �f�_�l��
�j�b�d�b��f�������i�h�d�Z�a�Z�g�g�u�_���\���l�Z�[�e�b�p�_�������d�h�l�h�j�u�_���h�l�j�Z�`�Z�x�l��
�w�n�n�_�d�l�b�\�g�h�k�l�v���f�h�^�_�e�_�c�� 

 
�ú��� ���������� f ���������-�����������������*�5�2�%�,�'  

�F�h�^�_�e�v���*�5�2�%�,�' f1 ���f�b�d�j�h��
�m�k�j�_�^�g�_�g�b�_�� 

f1 ���f�Z�d�j�h��
�m�k�j�_�^�g�_�g�b�_�� 

�F�_�l�Z�^�Z�g�g�u�_���a�Z�]�h�e�h�\�d�Z 80,95 73,25 

�K�_�]�f�_�g�l�Z�p�b�y 83,95 70,33 

�:�^�j�_�k���h�j�]�Z�g�b�a�Z�p�b�b 82,71 78,29 

�B�f�_�g�Z�����a�Z�]�h�e�h�\�h�d�� 93,97 87,71 

�K�_�]�f�_�g�l�Z�p�b�y�� 
�e�b�l�_�j�Z�l�m�j�g�u�o���k�k�u�e�h�d 

91,18 81,01 

 
�>�e�y�� �i�h�g�b�f�Z�g�b�y�� �a�g�Z�q�_�g�b�c�� �f�_�l�j�b�d�b��f���� �j�Z�k�k�f�h�l��

�j�b�f���g�_�k�d�h�e�v�d�h���i�j�b�f�_�j�h�\. 
�I�j�b�f�_�j�����������M�k�i�_�r�g�h�_���b�a�\�e�_�q�_�g�b�_. 
�x �B�k�o�h�^�g�Z�y�� �k�l�j�h�d�Z�� �©�<�e�b�y�g�b�_�� �d�\�Z�g�l�h�\�u�o�� �w�n�n�_�d�l�h�\��

�g�Z�� �i�j�h�\�h�^�b�f�h�k�l�v�� �g�Z�g�h�k�l�j�m�d�l�m�j���� �B�\�Z�g�h�\�� �:���:������ �I�_�l�j�h�\��
�;���;������ �K�b�^�h�j�h�\�Z�� �<���<����- �F�h�k�d�h�\�k�d�b�c�� �n�b�a�b�d�h-�l�_�o�g�b�q�_�k�d�b�c��
�b�g�k�l�b�l�m�l�����>�h�e�]�h�i�j�m�^�g�u�c�����J�h�k�k�b�y���ª  

�x �J�Z�k�i�h�a�g�Z�g�g�Z�y���k�l�j�h�d�Z���� 
o �g�Z�a�\�Z�g�b�_�� �©�<�e�b�y�g�b�_�� �d�\�Z�g�l�h�\�u�o�� �w�n�n�_�d�l�h�\�� �g�Z��

�i�j�h�\�h�^�b�f�h�k�l�v���g�Z�g�h�k�l�j�m�d�l�m�j�ª��  
o �Z�\�l�h�j�u�� �©�B�\�Z�g�h�\���:���:���ª, �©�I�_�l�j�h�\���;���;���ª, �©�K�b�^�h��

�j�h�\�Z���<���<���ª�� 
o �Z�n�n�b�e�b�Z�p�b�y�� �©�F�h�k�d�h�\�k�d�b�c�� �n�b�a�b�d�h-�l�_�o�g�b�q�_-

�k�d�b�c���b�g�k�l�b�l�m�l�����>�h�e�]�h�i�j�m�^�g�u�c�����J�h�k�k�b�y�ª�� 
�x �L�h�d�_�g�u�� 

o  �k�e�h�\�Z�����©�<�e�b�y�g�b�_�ª, �©�d�\�Z�g�l�h�\�u�o�ª, �©�w�n�n�_�d�l�h�\�ª, 
�©�g�Z�ª, �©�i�j�h�\�h�^�b�f�h�k�l�v�ª, �©�g�Z�g�h�k�l�j�m�d�l�m�j�ª, �©�B�\�Z�g�h�\�ª, 
�©�:���:���ª, �©�I�_�l�j�h�\�ª, �©�;���;���ª, �©�K�b�^�h�j�h�\�Z�ª, �©�<���<���ª, �©�F�h�k��
�d�h�\�k�d�b�c�ª, �©�n�b�a�b�d�h-�l�_�o�g�b�q�_�k�d�b�c�ª, �©�b�g�k�l�b�l�m�l�ª, �©�>�h�e�]�h��
�i�j�m�^�g�u�c�ª, �©�J�h�k�k�b�y�ª ���������l�h�d�_�g�h�\��; 

o �a�g�Z�d�b�� �i�j�_�i�b�g�Z�g�b�y�����©.�ª, �©,�ª, �©,�ª, �©-�ª, �©,�ª, �©,�ª, 
�©.�ª �������l�h�d�_�g�h�\��; 

o �b�l�h�]�h���������� ���k�e�h�\�Z���� ���� ���� ���a�g�Z�d�b�� �i�j�_�i�b�g�Z�g�b�y���� � �� ������
�l�h�d�_�g�Z�� 

�x �:�g�Z�e�b�a���� 
o TP ���b�k�l�b�g�g�u�_���i�h�e�h�`�b�l�_�e�v�g�u�_��: �\�k�_���l�h�d�_�g�u�����k�h��

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

o FN ���e�h�`�g�u�_���h�l�j�b�p�Z�l�_�e�v�g�u�_��: �h�l�k�m�l�k�l�\�m�x�l���� 
o FP ���e�h�`�g�u�_���i�h�e�h�`�b�l�_�e�v�g�u�_��: �h�l�k�m�l�k�l�\�m�x�l���� 
o TN ���b�k�l�b�g�g�u�_�� �h�l�j�b�p�Z�l�_�e�v�g�u�_��: �\�k�_�� �a�g�Z�d�b�� �i�j�_��

�i�b�g�Z�g�b�y�����d�j�h�f�_���^�\�m�o���a�Z�i�y�l�u�o���\���Z�n�n�b�e�b�Z�p�b�b�����d�e�Z�k�k�b�n�b��
�p�b�j�h�\�Z�g�u���d�Z�d���©�g�_���h�l�g�h�k�y�s�b�_�k�y���d���f�_�l�Z�^�Z�g�g�u�f�ª.  



 

 
 

 

 
 

 �”

o Precision (�l�h�q�g�h�k�l�v): TP / (TP + FP) = 100 %. 
o Recall (�i�h�e�g�h�l�Z): TP / (TP + FN) = 100 %. 
o F1 score: 2 * (1 * 1) / (1 + 1) = 100 %�����‡ 

�I�_�j�\�u�c���i�j�b�f�_�j���^�_�f�h�g�k�l�j�b�j�m�_�l �b�^�_�Z�e�v�g�u�c���k�e�m��
�q�Z�c���� �]�^�_�� �\�k�_�� �w�e�_�f�_�g�l�u���� �\�d�e�x�q�Z�y�� �g�Z�a�\�Z�g�b�_�� �k�l�Z�l�v�b����
�b�f�_�g�Z�� �Z�\�l�h�j�h�\���� �g�Z�a�\�Z�g�b�_�� �b�g�k�l�b�l�m�l�Z���� �]�h�j�h�^�� �b�� �k�l�j�Z��
�g�m���� �[�u�e�b�� �b�a�\�e�_�q�_�g�u�� �b�� �d�e�Z�k�k�b�n�b�p�b�j�h�\�Z�g�u�� �\�_�j�g�h����
�W�l�h�� �k�h�h�l�\�_�l�k�l�\�m�_�l��f1 score 100 ������ �m�d�Z�a�u�\�Z�y�� �g�Z�� �\�u��
�k�h�d�m�x���l�h�q�g�h�k�l�v���f�h�^�_�e�b���� 

�I�j�b�f�_�j���������Q�Z�k�l�b�q�g�Z�y���h�r�b�[�d�Z. 
�x �B�k�o�h�^�g�Z�y�� �k�l�j�h�d�Z�� �©�G�h�\�u�_�� �i�h�^�o�h�^�u�� �d�� �f�Z�r�b�g�g�h�f�m��

�h�[�m�q�_�g�b�x�����:�\�l�h�j�����K�f�b�j�g�h�\�Z���?���>�������B�g�k�l�b�l�m�l���k�b�k�l�_�f�g�h�]�h��
�i�j�h�]�j�Z�f�f�b�j�h�\�Z�g�b�y���J�:�G�����F�h�k�d�\�Z�����J�h�k�k�b�y�ª.  

�x �J�Z�k�i�h�a�g�Z�g�g�Z�y���k�l�j�h�d�Z���� 
o �g�Z�a�\�Z�g�b�_�� �©�G�h�\�u�_���i�h�^�o�h�^�u���d���f�Z�r�b�g�g�h�f�m���h�[�m��

�q�_�g�b�x�ª; 
o �Z�\�l�h�j�u�����©�K�f�b�j�g�h�\�Z���?���>���ª; 
o �Z�n�n�b�e�b�Z�p�b�y�� �©�B�g�k�l�b�l�m�l�� �k�b�k�l�_�f�g�h�]�h�� �i�j�h�]�j�Z�f��

�f�b�j�h�\�Z�g�b�y���J�:�G�ª ���]�h�j�h�^���b���k�l�j�Z�g�Z���i�j�h�i�m�s�_�g�u��. 
�x �L�h�d�_�g�u: 

o �k�e�h�\�Z�� �©�G�h�\�u�_�ª, �©�i�h�^�o�h�^�u�ª, �©�d�ª, �©�f�Z�r�b�g�g�h��
�f�m�ª, �©�h�[�m�q�_�g�b�x�ª, �©�:�\�l�h�j�ª, �©�K�f�b�j�g�h�\�Z�ª, �©�?���>���ª, �©�B�g��
�k�l�b�l�m�l�ª, �©�k�b�k�l�_�f�g�h�]�h�ª, �©�i�j�h�]�j�Z�f�f�b�j�h�\�Z�g�b�y�ª, �©�J�:�G�ª, 
�©�F�h�k�d�\�Z�ª, �©�J�h�k�k�b�y�ª ���������l�h�d�_�g�h�\��; 

o �a�g�Z�d�b�� �i�j�_�i�b�g�Z�g�b�y�� �©.�ª, �©:�ª, �©,�ª, �©,�ª, �©,�ª ������ �l�h��
�d�_�g�h�\��; 

o �b�l�h�]�h: 14 + 5 = 19 �l�h�d�_�g�h�\ 
�x �:�g�Z�e�b�a���� 
o TP: �L�h�d�_�g�u�� �\�� �g�Z�a�\�Z�g�b�b���� �b�f�_�g�b�� �Z�\�l�h�j�Z�� �b�� �g�Z�a�\�Z��

�g�b�b���b�g�k�l�b�l�m�l�Z���d�e�Z�k�k�b�n�b�p�b�j�h�\�Z�g�u���\�_�j�g�h���� 
o FN: �L�h�d�_�g�u�� �©�F�h�k�d�\�Z�ª �b���©�J�h�k�k�b�y�ª �h�r�b�[�h�q�g�h��

�h�l�g�_�k�_�g�u���d���d�Z�l�_�]�h�j�b�b���©�g�_���h�l�g�h�k�y�s�b�_�k�y���d���f�_�l�Z�^�Z�g�g�u�f�ª.  
o FP: �H�l�k�m�l�k�l�\�m�x�l���� 
o TN:  �H�k�l�Z�e�v�g�u�_�� �l�h�d�_�g�u�� ���a�g�Z�d�b�� �i�j�_�i�b�g�Z�g�b�y����

�k�e�h�\�h���©�:�\�l�h�j���ª�����d�e�Z�k�k�b�n�b�p�b�j�h�\�Z�g�u���d�Z�d���©�g�_���h�l�g�h�k�y�s�b�_��
�k�y���d���f�_�l�Z�^�Z�g�g�u�f�ª �± �\�_�j�g�h�� 

o �<�� �b�k�o�h�^�g�h�c�� �k�l�j�h�d�_�� ������ �l�h�d�_�g�h�\�� �h�l�g�h�k�y�l�k�y�� �d�� �f�_��
�l�Z�^�Z�g�g�u�f���� �b�a�� �g�b�o�� ������ �j�Z�k�i�h�a�g�Z�g�u�� �\�_�j�g�h�� ���7�3������ ���� �i�j�h�i�m��
�s�_�g�u�����)�1���� 

o Precision: TP / (TP + FP) = 11 / (11 + 0) = 100 %.  
o Recall: TP / (TP + FN) = 11 / (11 + 2) �§������,62 %.  
o F1 score: ���� �
�� ������ �
�� ���������������� ���� ������ ���� ���������������� �§��

91,67 %. �‡ 
�<�l�h�j�h�c�� �i�j�b�f�_�j�� �b�e�e�x�k�l�j�b�j�m�_�l�� �q�Z�k�l�b�q�g�m�x��

�h�r�b�[�d�m���� �]�^�_�� �]�h�j�h�^�� �b�� �k�l�j�Z�g�Z�� �\�� �Z�n�n�b�e�b�Z�p�b�b�� �[�u�e�b��
�i�j�h�i�m�s�_�g�u���� �G�_�k�f�h�l�j�y�� �g�Z�� �w�l�m�� �h�r�b�[�d�m����f1 score 
�h�k�l�Z�_�l�k�y�� �^�h�k�l�Z�l�h�q�g�h�� �\�u�k�h�d�b�f�� ���h�d�h�e�h�� ����,������������ �l�Z�d��
�d�Z�d�� �[�h�“�e�v�r�Z�y�� �q�Z�k�l�v�� �b�g�n�h�j�f�Z�p�b�b�� �b�a�\�e�_�q�_�g�Z�� �d�h�j��
�j�_�d�l�g�h���� 

�I�j�b�f�_�j�����������H�r�b�[�d�Z���\���h�i�j�_�^�_�e�_�g�b�b���w�e�_�f�_�g�l�Z. 
�x �B�k�o�h�^�g�Z�y �k�l�j�h�d�Z: �©Keywords: Deep learning, Natu-

ral language processing, Text analysis�ª. 

�x �J�Z�k�i�h�a�g�Z�g�g�Z�y���k�l�j�h�d�Z���� 
o �g�Z�a�\�Z�g�b�_: �©Keywords: Deep learning, Natural lan-

guage processing, Text analysis�ª;  
o �Z�\�l�h�j�u�� ���g�_���h�i�j�_�^�_�e�_�g�u��;  
o �Z�n�n�b�e�b�Z�p�b�y�� ���g�_���h�i�j�_�^�_�e�_�g�Z���� 

�x �L�h�d�_�g�u: 
o �k�e�h�\�Z: �©Keywords�ª, �©Deep�ª, �©learning�ª, �©Natu-

ral�ª, �©language�ª, �©processing�ª, �©Text�ª, �©analysis�ª (8 �l�h�d�_��
�g�h�\); 

o �a�g�Z�d�b �i�j�_�i�b�g�Z�g�b�y�� �©:�ª, �©,�ª, �©,�ª �������l�h�d�_�g�Z��; 
o �b�l�h�]�h�� ������������� ���������l�h�d�_�g�h�\. 

�x �:�g�Z�e�b�a���� 
o TP: �H�l�k�m�l�k�l�\�m�x�l���� 
o FN: �<�k�_���l�h�d�_�g�u�����\�d�e�x�q�Z�y���©Keywords:�ª, �©Deep�ª, 

�©learning�ª �b�� �l�� �^������ �g�_�i�j�Z�\�b�e�v�g�h�� �d�e�Z�k�k�b�n�b�p�b�j�h�\�Z�g�u���� �H�g�b��
�^�h�e�`�g�u�� �[�u�e�b�� �[�u�l�v�� �h�l�g�_�k�_�g�u�� �d�� �d�Z�l�_�]�h�j�b�b�� �©�d�e�x�q�_�\�u�_��
�k�e�h�\�Z�ª �b�e�b���©�g�_���h�l�g�h�k�y�s�b�_�k�y���d���f�_�l�Z�^�Z�g�g�u�f�ª.  

o FP: �<�k�_�� �l�h�d�_�g�u�� �h�r�b�[�h�q�g�h�� �h�l�g�_�k�_�g�u�� �d�� �d�Z�l�_�]�h��
�j�b�b���©�g�Z�a�\�Z�g�b�_�ª.  

o TN: �H�l�k�m�l�k�l�\�m�x�l�����l�Z�d���d�Z�d���\�k�_���l�h�d�_�g�u���h�l�g�_�k�_�g�u��
�d���d�Z�d�h�c-�e�b�[�h���d�Z�l�_�]�h�j�b�b���� 

o �<�� �b�k�o�h�^�g�h�c�� �k�l�j�h�d�_�� ������ �l�h�d�_�g�h�\���� �7�3�� � �� ������ �\�k�_�� �l�h��
�d�_�g�u�� �h�l�g�_�k�_�g�u�� �d�� �g�_�i�j�Z�\�b�e�v�g�h�c�� �d�Z�l�_�]�h�j�b�b�� ���)�1�� � �� ��������
FP = 11). 

o Precision: TP / (TP + FP) = 0 / (0 + 11) = 0 %.  
o Recall: TP / (TP + FN) = 0 / (0 + 11) = 0 %.  
o F1 score: 2 * (0 * 0) / (0 + 0) = 0 %. �‡ 

�L�j�_�l�b�c�� �i�j�b�f�_�j�� �i�h�d�Z�a�u�\�Z�_�l�� �d�j�b�l�b�q�_�k�d�m�x��
�h�r�b�[�d�m: �k�l�j�h�d�Z�� �k�� �d�e�x�q�_�\�u�f�b�� �k�e�h�\�Z�f�b�� �[�u�e�Z�� �h�r�b��
�[�h�q�g�h�� �j�Z�k�i�h�a�g�Z�g�Z�� �d�Z�d�� �g�Z�a�\�Z�g�b�_�� �k�l�Z�l�v�b���� �Z�� �Z�\�l�h�j�u�� �b��
�Z�n�n�b�e�b�Z�p�b�y�� �g�_�� �[�u�e�b�� �h�i�j�_�^�_�e�_�g�u�� �\�h�\�k�_���� �<�� �w�l�h�f��
�k�e�m�q�Z�_��f�����V�F�R�U�H���j�Z�\�_�g���� �������q�l�h���m�d�Z�a�u�\�Z�_�l���g�Z���g�_�k�i�h��
�k�h�[�g�h�k�l�v���f�h�^�_�e�b���k�i�j�Z�\�b�l�v�k�y���k���a�Z�^�Z�q�_�c���� 

�I�j�b�f�_�j���������I�j�h�i�m�k�d���b�g�n�h�j�f�Z�p�b�b. 
�x �B�k�o�h�^�g�Z�y�� �k�l�j�h�d�Z�� �©�I�j�b�f�_�g�_�g�b�_�� �f�_�l�h�^�h�\�� �Z�g�Z�e�b�a�Z��

�^�Z�g�g�u�o�� �\�� �f�_�^�b�p�b�g�_���� �:���� �I�_�l�j�h�\���� �;���� �B�\�Z�g�h�\���� �± �G�Z�m�q�g�h-
�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�b�c���b�g�k�l�b�l�m�l���b�f�_�g�b���G���B�����I�b�j�h�]�h�\�Z�ª.  

�x �J�Z�k�i�h�a�g�Z�g�g�Z�y���k�l�j�h�d�Z���� 
o �g�Z�a�\�Z�g�b�_�� �©�I�j�b�f�_�g�_�g�b�_�� �f�_�l�h�^�h�\�� �Z�g�Z�e�b�a�Z�� �^�Z�g��

�g�u�o���\���f�_�^�b�p�b�g�_�ª;  
o �Z�\�l�h�j�u�� �©�:�����I�_�l�j�h�\�ª, �©�;�����B�\�Z�g�h�\�ª; 
o �Z�n�n�b�e�b�Z�p�b�y�� ���g�_�� �h�i�j�_�^�_�e�_�g�Z���� �g�Z�a�\�Z�g�b�_�� �b�g�k�l�b��

�l�m�l�Z���h�r�b�[�h�q�g�h���g�_���h�l�g�_�k�_�g�h���d���Z�n�n�b�e�b�Z�p�b�b��;  
�x �L�h�d�_�g�u�� 

o �k�e�h�\�Z�� �©�I�j�b�f�_�g�_�g�b�_�ª, �©�f�_�l�h�^�h�\�ª, �©�Z�g�Z�e�b�a�Z�ª, 
�©�^�Z�g�g�u�o�ª, �©�\�ª, �©�f�_�^�b�p�b�g�_�ª, �©�:���ª, �©�I�_�l�j�h�\�ª, �©�;���ª, 
�©�B�\�Z�g�h�\�ª, �©�G�Z�m�q�g�h-�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�b�c�ª, �©�b�g�k�l�b�l�m�l�ª, 
�©�b�f�_�g�b�ª, �©�G���B���ª, �©�I�b�j�h�]�h�\�Z�ª ���������l�h�d�_�g�h�\��; 

o �a�g�Z�d�b���i�j�_�i�b�g�Z�g�b�y�� �©.�ª, �©,�ª, �©.�ª, �©-�ª �������l�h�d�_�g�Z��; 
o �b�l�h�]�h�� 15 ��������� ���������l�h�d�_�g�h�\.  

�x �:�g�Z�e�b�a���� 
o TP: �g�Z�a�\�Z�g�b�_���k�l�Z�l�v�b�����b�f�_�g�Z���Z�\�l�h�j�h�\�� 
o FN: �<�k�_���l�h�d�_�g�u���g�Z�a�\�Z�g�b�y���b�g�k�l�b�l�m�l�Z�� 



 

 
 

 

 
 

   �”

o FP: �H�l�k�m�l�k�l�\�m�x�l�� 
o TN:  �H�k�l�Z�e�v�g�u�_�� �l�h�d�_�g�u�� ���a�g�Z�d�b�� �i�j�_�i�b�g�Z�g�b�y����

�l�h�q�d�Z���� �d�e�Z�k�k�b�n�b�p�b�j�h�\�Z�g�u�� �d�Z�d�� �©�g�_�� �h�l�g�h�k�y�s�b�_�k�y�� �d�� �f�_�l�Z��
�^�Z�g�g�u�f�ª �± �\�_�j�g�h�� 

o �>�h�i�m�k�l�b�f���� �\�� �b�k�o�h�^�g�h�c�� �k�l�j�h�d�_�� ������ �l�h�d�_�g�h�\�� �h�l�g�h��
�k�y�l�k�y���d���f�_�l�Z�^�Z�g�g�u�f�����b�a���g�b�o���������j�Z�k�i�h�a�g�Z�g�u���\�_�j�g�h�����7�3����������
�i�j�h�i�m�s�_�g�u����FN). 

o Precision: TP / (TP + FP) = 10 / (10 + 0) = 100 %.  
o Recall: TP / (TP + FN) = 10 / (10 + 5) = 66,67 %.  
o F1 score: 2 * (1 * 0,6667) / (1 + 0,6667) = 80 %. �‡  

�Q�_�l�\�_�j�l�u�c �i�j�b�f�_�j�� �^�_�f�h�g�k�l�j�b�j�m�_�l�� �k�e�m�q�Z�c�� �i�j�h��
�i�m�k�d�Z�� �b�g�n�h�j�f�Z�p�b�b���� �]�^�_�� �g�Z�a�\�Z�g�b�_�� �b�g�k�l�b�l�m�l�Z�� �h�r�b��
�[�h�q�g�h�� �g�_�� �h�l�g�_�k�_�g�h�� �d�� �Z�n�n�b�e�b�Z�p�b�b���� �W�l�h�� �i�j�b�\�h�^�b�l�� �d��
�k�g�b�`�_�g�b�x��f�����V�F�R�U�H���^�h������ �������i�h�^�q�_�j�d�b�\�Z�y���\�Z�`�g�h�k�l�v��
�d�h�j�j�_�d�l�g�h�c�� �d�e�Z�k�k�b�n�b�d�Z�p�b�b�� �w�e�_�f�_�g�l�h�\�� �f�_�l�Z�^�Z�g��
�g�u�o�� 

�>�h�k�l�m�i�� �d�� �a�Z�]�h�e�h�\�d�Z�f�� �b�� �Z�g�g�h�l�Z�p�b�y�f�� �\�� �[�Z�a�_�� �k�l�Z��
�l�_�c �i�h�a�\�h�e�b�e �i�j�h�\�_�k�l�b �Z�g�Z�e�b�a �b�o �k�o�h�^�k�l�\�Z�� �k �i�j�b��
�f�_�g�_�g�b�_�f�� �f�_�l�j�b�d���� �l�Z�d�b�o�� �d�Z�d�� �j�Z�k�k�l�h�y�g�b�_�� �>�`�Z�j�h �±
�<�b�g�d�e�_�j�Z���� �E�_�\�_�g�r�l�_�c�g�Z�� �b�� �d�h�k�b�g�m�k�g�h�_�� �j�Z�k�k�l�h�y�g�b�_����
�:�g�Z�e�b�a���j�_�a�m�e�v�l�Z�l�h�\���i�h�^�l�\�_�j�^�b�e���\�u�k�h�d�m�x���l�h�q�g�h�k�l�v��
�k�h�h�l�\�_�l�k�l�\�b�y���a�Z�]�h�e�h�\�d�h�\���b���Z�g�g�h�l�Z�p�b�c���\���j�Z�f�d�Z�o���\�u��
�[�j�Z�g�g�u�o�� �f�_�l�j�b�d���� �<�� �q�Z�k�l�g�h�k�l�b���� �f�h�^�_�e�b���� �l�Z�d�b�_�� �d�Z�d��
�©�F�_�l�Z�^�Z�g�g�u�_�� �a�Z�]�h�e�h�\�d�Z�ª �b���©�K�_�]�f�_�g�l�Z�p�b�y�ª���� �^�h��
�k�l�b�]�e�b�� �a�g�Z�q�b�l�_�e�v�g�u�o�� �m�k�i�_�o�h�\���� �L�_�f�� �g�_�� �f�_�g�_�_���� �^�j�m��
�]�b�_�� �f�h�^�_�e�b���� �\�� �q�Z�k�l�g�h�k�l�b�� �©�:�^�j�_�k�� �h�j�]�Z�g�b�a�Z�p�b�b�ª, 
�©�B�f�_�g�Z�� ���a�Z�]�h�e�h�\�h�d���ª �b���©�K�_�]�f�_�g�l�Z�p�b�y�� �e�b�l�_�j�Z�l�m�j��
�g�u�o�� �k�k�u�e�h�d�ª���� �\�u�y�\�b�e�b�� �i�h�l�j�_�[�g�h�k�l�v�� �\�� �^�h�i�h�e�g�b��
�l�_�e�v�g�h�f�� �m�e�m�q�r�_�g�b�b�� �^�e�y�� �^�h�k�l�b�`�_�g�b�y�� �`�_�e�Z�_�f�u�o��
�j�_�a�m�e�v�l�Z�l�h�\�� 

 
4.2. �ð�)���������������������������)�#�������!�������������������"���������$���-  

�I�j�_�^�h�[�j�Z�[�h�l�d�Z���l�_�d�k�l�h�\�h�]�h���k�e�h�y���^�e�y���\�u�q�b�k�e�_�g�b�y��
�i�j�h�n�b�e�_�c�� �k�h�k�l�h�b�l�� �b�a�� �h�i�_�j�Z�p�b�c�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y��
�k�e�h�\���\���g�b�`�g�b�c���j�_�]�b�k�l�j�����e�_�f�f�Z�l�b�a�Z�p�b�b ���i�j�b�\�_�^�_�g�b�y 
�k�e�h�\�� �d�� �g�h�j�f�Z�e�v�g�h�c�� �n�h�j�f�_������ �m�^�Z�e�_�g�b�y �k�l�h�i-�k�e�h�\��
���k�e�h�\���� �a�g�Z�d�h�\���� �k�b�f�\�h�e�h�\���� �d�h�l�h�j�u�_�� �k�Z�f�h�k�l�h�y�l�_�e�v�g�h��
�g�_�� �g�_�k�m�l�� �g�b�d�Z�d�h�c�� �k�f�u�k�e�h�\�h�c�� �g�Z�]�j�m�a�d�b������ �i�h�^�]�h�l�h�\��
�d�b �h�[�s�_�]�h�� �k�e�h�\�Z�j�y�� �^�e�y�� �\�k�_�o�� �^�h�d�m�f�_�g�l�h�\���� �i�j�_�h�[�j�Z��
�a�h�\�Z�g�b�y �k�e�h�\�� �\�� �\�_�d�l�h�j�u ���k�� �i�h�f�h�s�v�x�� �n�j�_�c�f�\�h�j�d�Z��
�S�\�W�R�U�F�K������ �k�� �d�h�l�h�j�u�f�b�� �m�f�_�_�l�� �j�Z�[�h�l�Z�l�v�� �g�_�c�j�h�g�g�Z�y��
�k�_�l�v���� �H�k�h�[�_�g�g�u�c�� �b�g�l�_�j�_�k�� �\�u�a�u�\�Z�_�l�� �a�Z�^�Z�q�Z�� �d�h�j�_�n�_��
�j�_�g�p�b�b���� �d�h�l�h�j�m�x�� �g�_�h�[�o�h�^�b�f�h�� �j�_�r�Z�l�v�� �^�e�y�� �h�[�_�k�i�_��
�q�_�g�b�y���i�h�e�g�h�l�u���i�j�h�n�b�e�y�����l. �_. �^�e�y���l�h�]�h�����q�l�h�[�u���m�q�b��
�l�u�\�Z�e�b�k�v�� �g�_�� �l�h�e�v�d�h�� �\�k�_�� �m�i�h�f�b�g�Z�g�b�y�� �l�_�j�f�b�g�Z���� �g�h��
�l�Z�d�`�_�� �b�� �_�]�h�� �d�h�k�\�_�g�g�u�_�� �m�i�h�f�b�g�Z�g�b�y���� �d�h�]�^�Z�� �\�f�_�k�l�h��
�g�_�]�h���\���l�_�d�k�l�_���b�k�i�h�e�v�a�m�_�l�k�y���f�_�k�l�h�b�f�_�g�b�_���b�e�b���k�b�g�h��
�g�b�f�� 

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

�i�j�h�\�h�^�y�s�b�o�� �l�h�d�_�g�b�a�Z�p�b�x�� �\�o�h�^�g�h�]�h�� �l�_�d�k�l�Z�� �i�h�� �k�e�h��
�\�Z�f���� �W�l�h�� �k�e�_�^�m�_�l�� �b�a�� �l�h�]�h���� �q�l�h�� �b�g�l�m�b�l�b�\�g�h�� �i�j�h�s�_��
�d�e�Z�k�k�b�n�b�p�b�j�h�\�Z�l�v�� �k�e�h�\�h���� �d�h�]�^�Z�� �h�g�h�� �i�j�_�^�k�l�Z�\�e�_�g�h��
�l�h�e�v�d�h�� �h�^�g�b�f�� �l�h�d�_�g�h�f���� �<�\�b�^�m�� �[�h�e�v�r�h�]�h�� �q�b�k�e�Z��
�k�e�h�\�� �\�� �b�k�i�h�e�v�a�m�_�f�h�f�� �k�e�h�\�Z�j�_�� �l�Z�d�b�_�� �y�a�u�d�h�\�u�_�� �f�h��
�^�_�e�b�� �l�j�_�[�m�x�l�� �a�g�Z�q�b�l�_�e�v�g�u�o�� �a�Z�l�j�Z�l�� �i�Z�f�y�l�b�� �b�� �\�u��
�q�b�k�e�b�l�_�e�v�g�u�o�� �j�_�k�m�j�k�h�\���� �>�e�y�� �y�a�u�d�h�\�� �k�� �[�h�]�Z�l�h�c��
�f�h�j�n�h�e�h�]�b�_�c�� �f�h�^�_�e�b�� �^�h�e�`�g�u�� �o�j�Z�g�b�l�v�� �b�g�n�h�j�f�Z��
�p�b�x�� �h�� �d�Z�`�^�h�c�� �\�h�a�f�h�`�g�h�c�� �k�e�h�\�h�n�h�j�f�_�� �d�Z�`�^�h�]�h��
�k�e�h�\�Z�����q�l�h���m�\�_�e�b�q�b�\�Z�_�l���j�Z�a�f�_�j���k�e�h�\�Z�j�y���\���k�j�_�^�g�_�f���\��
�^�\�Z�� �^�_�k�y�l�d�Z�� �j�Z�a���� �<�� �d�Z�q�_�k�l�\�_�� �Z�e�v�l�_�j�g�Z�l�b�\�g�h�]�h�� �i�h�^��
�o�h�^�Z�� �b�k�i�h�e�v�a�m�_�l�k�y�� �l�h�d�_�g�b�a�Z�p�b�y�� �l�_�d�k�l�Z�� �i�h�� �g�Z�[�h�j�Z�f��
�i�h�^�j�y�^�� �k�l�h�y�s�b�o�� �k�b�f�\�h�e�h�\���� �g�Z�a�u�\�Z�_�f�u�o�� �i�h�^�k�e�h�\�Z��
�f�b����subword �b�e�b��word pieces�������W�l�h���i�h�a�\�h�e�y�_�l���f�h�^�_��
�e�b�� �h�i�_�j�b�j�h�\�Z�l�v�� �k�e�h�\�Z�j�_�f�� �h�]�j�Z�g�b�q�_�g�g�u�o�� �j�Z�a�f�_�j�h�\��
[22�@���� �H�^�g�Z�d�h �i�j�b�� �b�k�i�h�e�v�a�h�\�Z�g�b�b�� �l�Z�d�h�c�� �k�l�j�Z�l�_�]�b�b��
�l�h�d�_�g�b�a�Z�p�b�b�� �g�_�h�[�o�h�^�b�f�u�� �^�h�i�h�e�g�b�l�_�e�v�g�u�_�� �f�_�o�Z��
�g�b�a�f�u�� �h�[�t�_�^�b�g�_�g�b�y�� �\�_�d�l�h�j�g�u�o�� �i�j�_�^�k�l�Z�\�e�_�g�b�c�� �g�_��
�k�d�h�e�v�d�b�o���l�h�d�_�g�h�\�����k�h�h�l�\�_�l�k�l�\�m�x�s�b�o �h�^�g�h�f�m �k�e�h�\�m 
[23].  

�A�Z�^�Z�q�Z�� �d�h�j�_�n�_�j�_�g�p�b�b�� �± �w�l�h�� �a�Z�^�Z�q�Z�� �h�[�j�Z�[�h�l�d�b��
�_�k�l�_�k�l�\�_�g�g�u�o�� �y�a�u�d�h�\���� �<�� �a�Z�^�Z�g�g�h�f�� �l�_�d�k�l�_�� �m�k�l�Z�g�Z�\��
�e�b�\�Z�x�l�k�y���]�j�m�i�i�u���b�f�_�g�g�u�o���]�j�m�i�i�����k�e�h�\���b�e�b���k�e�h�\�h��
�k�h�q�_�l�Z�g�b�c������ �h�[�h�a�g�Z�q�Z�x�s�b�o�� �h�^�b�g�� �b�� �l�h�l�� �`�_�� �h�[�t�_�d�l��
[24�@���� �I�j�_�^�i�h�e�Z�]�Z�_�l�k�y���� �q�l�h�� �a�Z�^�Z�q�Z�� �f�h�`�_�l�� �[�u�l�v�� �j�_��
�r�_�g�Z���[�h�e�_�_���l�h�q�g�h���i�j�b���b�k�i�h�e�v�a�h�\�Z�g�b�b���l�h�d�_�g�b�a�Z�p�b�b��
�i�h�� �i�h�^�k�e�h�\�Z�f���� �A�Z�^�Z�q�Z�� �h�k�e�h�`�g�y�_�l�k�y�� �g�_�h�[�o�h�^�b�f�h��
�k�l�v�x���d�e�Z�k�k�b�n�b�p�b�j�h�\�Z�l�v���g�_���k�e�h�\�Z�����Z���b�f�_�g�g�u�_���]�j�m�i��
�i�u���± �]�j�m�i�i�u���i�h�^�j�y�^���k�l�h�y�s�b�o���k�e�h�\���>��5�@�����<���B�K�:�G�>��
�i�j�b�f�_�g�y�_�l�k�y �j�_�r�_�g�b�_�� �a�Z�^�Z�q�b�� �d�h�j�_�n�_�j�_�g�p�b�b�� �i�j�b��
�b�k�i�h�e�v�a�h�\�Z�g�b�b�� �l�h�d�_�g�b�a�Z�p�b�b�� �i�h�� �i�h�^�k�e�h�\�Z�f�� �i�m�l�_�f��
�\�u�q�b�k�e�_�g�b�y���^�e�y���d�Z�`�^�h�c���i�Z�j�u���l�h�d�_�g�h�\���^�\�m�o���h�p�_�g�h�d����
�I�_�j�\�Z�y���h�p�_�g�d�Z���\�u�j�Z�`�Z�_�l���\�_�j�h�y�l�g�h�k�l�v���l�h�]�h�����q�l�h���^�\�Z��
�l�h�d�_�g�Z�� �\�o�h�^�y�l�� �\�� �h�^�g�m�� �b�f�_�g�g�m�x�� �]�j�m�i�i�m���� �<�l�h�j�Z�y��
�h�p�_�g�d�Z���\�u�j�Z�`�Z�_�l���\�_�j�h�y�l�g�h�k�l�v���l�h�]�h�����q�l�h���^�\�Z���l�h�d�_�g�Z��
�\�o�h�^�y�l�� �\�� �^�\�_�� �j�Z�a�g�u�_�� �d�h�j�_�n�_�j�_�g�l�g�u�_�� �b�f�_�g�g�u�_��
�]�j�m�i�i�u�����K�h�\�f�_�s�_�g�b�_���^�\�m�o���h�p�_�g�h�d���i�h�a�\�h�e�y�_�l���i�h�e�m��
�q�b�l�v���f�h�^�_�e�v�� �j�_�r�_�g�b�y�� �a�Z�^�Z�q�b�� �d�h�j�_�n�_�j�_�g�p�b�b���� �d�h�l�h��
�j�Z�y���g�Z�k�e�_�^�m�_�l���\�k�_���i�j�_�b�f�m�s�_�k�l�\�Z���f�h�^�_�e�_�c���k���l�h�d�_�g�b��
�a�Z�p�b�_�c�� �i�h�� �i�h�^�k�e�h�\�Z�f���� �f�_�g�v�r�b�c�� �j�Z�a�f�_�j�� �f�h�^�_�e�b, 
�[�h�e�_�_���l�h�q�g�Z�y���j�Z�[�h�l�Z���k���y�a�u�d�Z�f�b���k���[�h�]�Z�l�h�c���f�h�j�n�h�e�h��
�]�b�_�c�� 

�F�h�^�_�e�v�� �d�h�j�_�n�_�j�_�g�p�b�b�� �h�k�g�h�\�Z�g�Z�� �g�Z�� �l�h�f���� �q�l�h��
�l�_�d�k�l�� �g�Z�� �_�k�l�_�k�l�\�_�g�g�h�f�� �y�a�u�d�_�� �i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c��
�h�i�b�k�Z�g�b�_�� �^�_�c�k�l�\�b�c�� �b�e�b�� �k�h�k�l�h�y�g�b�c�� �j�Z�a�e�b�q�g�u�o�� �h�[�t��
�_�d�l�h�\���� �B�f�_�g�g�Z�y�� �]�j�m�i�i�Z�� �± �w�l�h�� �k�e�h�\�h�k�h�q�_�l�Z�g�b�_���� �k�k�u��
�e�Z�x�s�_�_�k�y�� �g�Z�� �h�[�t�_�d�l�� �\�g�_�y�a�u�d�h�\�h�c�� �^�_�c�k�l�\�b�l�_�e�v�g�h��
�k�l�b�� �g�Z�a�u�\�Z�_�f�u�c �j�_�n�_�j�_�g�l�h�f�� �B�f�_�g�g�u�_ �]�j�m�i�i�u��
�h�[�u�q�g�h���\�u�j�Z�`�Z�x�l�k�y���\���l�_�d�k�l�_���i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v�x��
�b�a�� �k�m�s�_�k�l�\�b�l�_�e�v�g�h�]�h�� �b�� �k�b�g�l�Z�d�k�b�q�_�k�d�b�� �i�h�^�q�b�g�_�g��
�g�u�o���_�f�m���k�e�h�\�����?�k�e�b���^�\�_���b�f�_�g�g�u�_���]�j�m�i�i�u���k�k�u�e�Z�x�l��
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�k�y�� �g�Z�� �h�^�b�g�� �b�� �l�h�l�� �`�_�� �j�_�n�_�j�_�g�l���� �l�h�� �h�g�b�� �g�Z�a�u�\�Z�x�l�k�y��
�d�h�j�_�n�_�j�_�g�l�g�u�f�b���� �A�Z�^�Z�q�Z�� �d�h�j�_�n�_�j�_�g�p�b�b�� �a�Z�d�e�x�q�Z��
�_�l�k�y�� �\�� �i�h�b�k�d�_�� �\�k�_�o�� �i�Z�j�� �d�h�j�_�n�_�j�_�g�l�g�u�o�� �b�f�_�g�g�u�o��
�]�j�m�i�i���� 

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

�<�� �^�Z�g�g�u�c�� �f�h�f�_�g�l�� �b�k�k�e�_�^�m�_�l�k�y�� �i�h�^�o�h�^���� �h�k�g�h��
�\�Z�g�g�u�c�� �g�Z�� �\�u�k�l�Z�\�e�_�g�b�b�� �d�Z�`�^�h�c�� �i�Z�j�_�� �l�h�d�_�g�h�\�� �l�_�d��
�k�l�Z���h�p�_�g�d�b���\�_�j�h�y�l�g�h�k�l�b���l�h�]�h�����q�l�h���h�[�Z���l�h�d�_�g�Z���g�Z�o�h��
�^�y�l�k�y���b�e�b���\���h�^�g�h�c���b�f�_�g�g�h�c���]�j�m�i�i�_�����b�e�b���\���^�\�m�o���d�h��
�j�_�n�_�j�_�g�l�g�u�o�� �b�f�_�g�g�u�o�� �]�j�m�i�i�Z�o���� �H�p�_�g�d�Z�� �h�k�g�h�\�Z�g�Z��
�g�Z���f�h�^�b�n�b�d�Z�p�b�b���f�_�o�Z�g�b�a�f�Z���\�g�b�f�Z�g�b�y���V�H�O�I-attention 
�b�� �b�k�i�h�e�v�a�m�_�l�� �l�h�e�v�d�h�� �\�_�d�l�h�j�g�u�_�� �i�j�_�^�k�l�Z�\�e�_�g�b�y�� �l�h��
�d�_�g�h�\���^�e�y���i�j�b�g�y�l�b�y���j�_�r�_�g�b�y�����L�Z�d�h�c���i�h�^�o�h�^���i�h�a�\�h��
�e�y�_�l�� �j�_�r�Z�l�v�� �h�^�g�h�\�j�_�f�_�g�g�h�� �b�� �a�Z�^�Z�q�m�� �h�i�j�_�^�_�e�_�g�b�y��
�b�f�_�g�g�u�o�� �]�j�m�i�i�� �\�� �l�_�d�k�l�_���� �b�� �a�Z�^�Z�q�m�� �d�h�j�_�n�_�j�_�g�p�b�b��
�f�_�`�^�m�� �g�b�f�b���� �<�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y �i�h�^�o�h�^�� �b�f�_�_�l��
�k�e�_�^�m�x�s�b�_���g�_�^�h�k�l�Z�l�d�b�����\�h�a�f�h�`�g�h�k�l�v���j�Z�[�h�l�u���l�h�e�v��
�d�h�� �\�� �h�]�j�Z�g�b�q�_�g�g�h�f�� �h�d�g�_�� �l�h�d�_�g�h�\���� �g�_�h�[�o�h�^�b�f�h�k�l�v��
�h�[�m�q�_�g�b�y���g�Z���[�h�e�v�r�b�o���d�h�j�i�m�k�Z�o���b���g�_�k�l�j�h�]�h�_���i�h�d�j�u��
�l�b�_�� �b�f�_�g�g�u�o�� �]�j�m�i�i���� �l�h�e�v�d�h�� �q�Z�k�l�v�� �l�h�d�_�g�h�\�� �d�h�j�_�n�_��
�j�_�g�l�g�u�o���]�j�m�i�i���i�h�e�m�q�Z�_�l���\�u�k�h�d�m�x���h�p�_�g�d�m�����I�h�k�l�j�h��
�_�g�g�Z�y�� �f�h�^�_�e�v�� �h�[�e�Z�^�Z�_�l�� �\�u�k�h�d�h�c�� �l�h�q�g�h�k�l�v�x���� �g�h�� �g�_��
�y�\�e�y�_�l�k�y�� �^�h�k�l�Z�l�h�q�g�h�� �i�h�e�g�h�c���� �W�l�h�� �m�d�Z�a�u�\�Z�_�l�� �g�Z �l�h����
�q�l�h�� �f�h�^�_�e�v�� �g�Z�o�h�^�b�l�� �l�h�e�v�d�h�� �f�Z�e�m�x�� �q�Z�k�l�v�� �i�j�Z�\�b�e�v��
�g�u�o���i�Z�j���l�h�d�_�g�h�\�����g�h���i�h�q�l�b���g�_���h�r�b�[�Z�_�l�k�y�� 

 

�G�Z�m�q�g�Z�y�� �^�_�y�l�_�e�v�g�h�k�l�v�� �i�h�j�h�`�^�Z�_�l�� �g�_�f�Z�e�h�_�� �d�h��
�e�b�q�_�k�l�\�h�� �h�[�t�_�d�l�h�\�� ���i�m�[�e�b�d�Z�p�b�c���� �Z�\�l�h�j�h�\���� �h�j�]�Z�g�b��

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

�H�^�g�h�c�� �b�a�� �g�Z�b�[�h�e�_�_�� �i�j�h�k�l�u�o�� �b�� �g�Z�]�e�y�^�g�u�o�� �y�\�e�y��
�_�l�k�y���k�_�l�v���k�h�Z�\�l�h�j�k�l�\�Z�����<���g�_�c���m�a�e�Z�f�b���y�\�e�y�x�l�k�y���m�q�_��
�g�u�_���� �Z�� �g�_�g�Z�i�j�Z�\�e�_�g�g�Z�y�� �^�m�]�Z�� �f�_�`�^�m�� �^�\�m�f�y�� �m�a�e�Z�f�b��
�h�a�g�Z�q�Z�_�l�� �g�Z�e�b�q�b�_�� �o�h�l�y�� �[�u�� �h�^�g�h�c�� �k�h�\�f�_�k�l�g�h�c�� �i�m�[��
�e�b�d�Z�p�b�b���� �K�_�l�v�� �k�h�Z�\�l�h�j�k�l�\�Z�� �i�h�a�\�h�e�y�_�l���� �g�Z�i�j�b�f�_�j����
�g�Z�]�e�y�^�g�h�� �b�a�h�[�j�Z�a�b�l�v�� �k�l�j�m�d�l�m�j�m�� �i�m�[�e�b�d�Z�p�b�h�g�g�h�]�h��
�k�h�l�j�m�^�g�b�q�_�k�l�\�Z�� �\ �j�Z�f�d�Z�o�� �g�Z�m�q�g�u�o�� �i�h�^�j�Z�a�^�_�e�_�g�b�c����
�W�l�h�� �f�h�`�_�l�� �h�d�Z�a�Z�l�v�k�y�� �i�h�e�_�a�g�u�f�� �\�� �j�y�^�_�� �k�b�l�m�Z�p�b�c��
(�g�Z�i�j�b�f�_�j���� �^�e�y�� �g�h�\�h�]�h�� �k�h�l�j�m�^�g�b�d�Z�� �b�e�b�� �j�m�d�h�\�h�^�b��
�l�_�e�y�� �i�h�^�j�Z�a�^�_�e�_�g�b�y������ �J�Z�k�k�f�h�l�j�b�f �\�� �d�Z�q�_�k�l�\�_�� �i�j�b��
�f�_�j�Z  �k�e�_�^�m�x�s�b�c�� �]�j�Z�n���� �g�Z�� �d�h�l�h�j�h�f�� �m�a�e�Z�f�b�� �y�\�e�y��
�x�l�k�y�� �k�h�l�j�m�^�g�b�d�b�� �h�^�g�h�]�h�� �b�a�� �j�_�Z�e�v�g�u�o�� �g�Z�m�q�g�u�o��
�i�h�^�j�Z�a�^�_�e�_�g�b�c ���j�b�k�� 5). 

 
 

 

 
�J�b�k����5. �K�\�y�a�g�Z�y���k�_�l�v���k�h�Z�\�l�h�j�k�l�\�Z���k�h�l�j�m�^�g�b�d�h�\���g�Z�m�q�g�h�]�h��
�i�h�^�j�Z�a�^�_�e�_�g�b�y 

 
�<�b�^�g�h���� �q�l�h�� �]�j�Z�n�� �y�\�e�y�_�l�k�y�� �k�\�y�a�g�u�f���� �Z�� �k�\�y�a�b�� �\��

�g�_�f�� �± �^�h�k�l�Z�l�h�q�g�h�� �i�e�h�l�g�u�f�b���� �W�l�h�� �h�a�g�Z�q�Z�_�l���� �q�l�h�� �\��
�^�Z�g�g�h�c �e�Z�[�h�j�Z�l�h�j�b�b�� �k�h�l�j�m�^�g�b�d�b�� �^�h�k�l�Z�l�h�q�g�h�� �l�_�k�g�h��
�\�a�Z�b�f�h�^�_�c�k�l�\�m�x�l�� �^�j�m�]�� �k�� �^�j�m�]�h�f�� �i�j�b�� �i�h�^�]�h�l�h�\�d�_��
�i�m�[�e�b�d�Z�p�b�c�� 

�I�j�b�f�_�j�� �^�j�m�]�h�c���� �\�� �g�_�d�h�l�h�j�h�f�� �k�f�u�k�e�_�� �i�j�h�l�b�\�h��
�i�h�e�h�`�g�h�c���k�b�l�m�Z�p�b�b�����i�j�_�^�k�l�Z�\�e�_�g �g�Z���j�b�k�������� 

 
 

 

 
�J�b�k����6. �G�_�k�\�y�a�g�Z�y���k�_�l�v���k�h�Z�\�l�h�j�k�l�\�Z���k�h�l�j�m�^�g�b�d�h�\���g�Z�m�q�g�h�]�h��
�i�h�^�j�Z�a�^�_�e�_�g�b�y 



 

 
 

 

 
 

   �”

�A�^�_�k�v���b�f�_�x�l�k�y���g�_�k�d�h�e�v�d�h���d�h�f�i�h�g�_�g�l���k�\�y�a�g�h�k�l�b����
�\�� �l�h�f�� �q�b�k�e�_�� �\�d�e�x�q�Z�x�s�b�o�� �\�� �k�_�[�y�� �b�a�h�e�b�j�h�\�Z�g�g�u�_��
�m�a�e�u�����W�l�h���f�h�`�_�l���h�a�g�Z�q�Z�l�v�����q�l�h���h�l�^�_�e�v�g�u�_���]�j�m�i�i�u���\��
�^�Z�g�g�h�c���e�Z�[�h�j�Z�l�h�j�b�b���j�Z�[�h�l�Z�x�l���Z�\�l�h�g�h�f�g�h�� 

�:�g�Z�e�b�a�b�j�h�\�Z�l�v�� �k�_�l�b�� �k�h�Z�\�l�h�j�k�l�\�Z�� �f�h�`�g�h�� �b�� �k��
�l�h�q�d�b�� �a�j�_�g�b�y�� �\�u�y�\�e�_�g�b�y�� �h�[�s�b�o�� �a�Z�d�h�g�h�f�_�j�g�h�k�l�_�c����
�J�Z�k�k�f�h�l�j�b�f���\�h�i�j�h�k���h���l�h�f�����d�Z�d���g�Z�e�b�q�b�_���k�h�\�f�_�k�l�g�u�o��
�i�m�[�e�b�d�Z�p�b�c�� �k�h�h�l�g�h�k�b�l�k�y�� �k�� �j�Z�k�k�l�h�y�g�b�_�f�� �f�_�`�^�m�� �l�_��
�f�Z�l�b�q�_�k�d�b�f�b���i�j�h�n�b�e�y�f�b���Z�\�l�h�j�h�\���� 

�G�Z�i�j�b�f�_�j���� �k�j�_�^�g�_�_�� �j�Z�k�k�l�h�y�g�b�_�� �f�_�`�^�m�� �i�j�h�n�b��
�e�y�f�b�� �k�h�l�j�m�^�g�b�d�h�\�� �B�I�M�� �J�:�G�� �y�\�e�y�_�l�k�y�� �^�h�\�h�e�v�g�h��
�[�h�e�v�r�b�f�� �b�� �k�h�k�l�Z�\�e�y�_�l�� ���������� ���\�� �k�f�u�k�e�_�� �f�_�l�j�b�d�b����
�h�i�b�k�Z�g�g�h�c���\���† 3). �W�l�h�� �h�a�g�Z�q�Z�_�l���� �q�l�h�� �i�m�[�e�b�d�Z�p�b�b��
�k�h�l�j�m�^�g�b�d�h�\�� �h�l�g�h�k�y�l�k�y���� �\�h�h�[�s�_�� �]�h�\�h�j�y���� �d�� �j�Z�a�e�b�q��
�g�u�f���h�[�e�Z�k�l�y�f���l�_�h�j�b�b���m�i�j�Z�\�e�_�g�b�y���� 

�H�i�j�_�^�_�e�b�f�� �d�j�b�l�_�j�b�c�� �g�Z�e�b�q�b�y���k�b�e�v�g�h�c�� �k�\�y�a�b 
�f�_�`�^�m�� �^�\�m�f�y�� �Z�\�l�h�j�Z�f�b���� �k�m�s�_�k�l�\�m�_�l�� �l�j�_�l�b�c�� �Z�\�l�h�j����
�d�h�l�h�j�u�c���b�f�_�_�l���o�h�l�y���[�u���h�^�g�m���i�m�[�e�b�d�Z�p�b�x���k���i�_�j�\�u�f��
�Z�\�l�h�j�h�f�� �[�_�a�� �\�l�h�j�h�]�h�� �b�� �o�h�l�y�� �[�u�� �h�^�g�m�� �i�m�[�e�b�d�Z�p�b�x��
�k�h�� �\�l�h�j�u�f�� �[�_�a�� �i�_�j�\�h�]�h�� ���l�� �_���� �k�\�y�a�Z�g�� �h�l�^�_�e�v�g�h�� �k��
�d�Z�`�^�u�f�� �b�a�� �^�\�m�o�� �Z�\�l�h�j�h�\������ �H�d�Z�a�u�\�Z�_�l�k�y���� �q�l�h�� �i�j�h��
�n�b�e�b�� �Z�\�l�h�j�h�\���� �k�h�_�^�b�g�_�g�g�u�o�� �k�b�e�v�g�h�c�� �k�\�y�a�v�x���� �\��
�k�j�_�^�g�_�f�� �[�e�b�`�_�� �^�j�m�]�� �d�� �^�j�m�]�m�� ���k�j�_�^�g�_�_�� �j�Z�k�k�l�h�y�g�b�_��
�������������� �q�_�f �i�j�h�n�b�e�b �Z�\�l�h�j�h�\���� �k�\�y�a�v�� �d�h�l�h�j�u�o�� �g�_�� �y�\��
�e�y�_�l�k�y�� �k�b�e�v�g�h�c�� ���k�j�_�^�g�_�_�� �j�Z�k�k�l�h�y�g�b�_�� �������������� �b�� �w�l�h��
�j�Z�a�e�b�q�b�_�� �y�\�e�y�_�l�k�y�� �k�l�Z�l�b�k�l�b�q�_�k�d�b�� �a�g�Z�q�b�f�u�f���� �W�l�h��
�g�Z�[�e�x�^�_�g�b�_�� �h�l�j�Z�`�Z�_�l�� �g�Z�e�b�q�b�_�� �\�a�Z�b�f�h�k�\�y�a�b�� �f�_�`�^�m��
�^�\�m�f�y�� �i�h�g�y�l�b�y�f�b�� �[�e�b�a�h�k�l�b�� �Z�\�l�h�j�h�\�� �± �\�� �k�f�u�k�e�_��
�j�Z�k�k�l�h�y�g�b�y���f�_�`�^�m���i�j�h�n�b�e�y�f�b���\���l�_�f�Z�l�b�q�_�k�d�h�f���i�j�h��
�k�l�j�Z�g�k�l�\�_�� �l�_�h�j�b�b�� �m�i�j�Z�\�e�_�g�b�y�� �b�� �\�� �k�f�u�k�e�_�� �j�Z�k�k�l�h�y��
�g�b�y���f�_�`�^�m���m�a�e�Z�f�b���\���]�j�Z�n�_���k�h�Z�\�l�h�j�k�l�\�Z�� 

 

�G�Z�� �k�_�]�h�^�g�y�r�g�b�c�� �^�_�g�v�� �B�K�:�G�>�� �i�j�_�^�h�k�l�Z�\�e�y�_�l 
�k�e�_�^�m�x�s�b�_�� �\�h�a�f�h�`�g�h�k�l�b: �i�h�k�l�j�h�_�g�b�_�� �l�_�f�Z�l�b�q�_��
�k�d�h�]�h�� �i�j�h�n�b�e�y�� �m�q�_�g�h�]�h�� �b�e�b�� �i�h�^�j�Z�a�^�_�e�_�g�b�y���� �l�_�f�Z��
�l�b�q�_�k�d�h�_�� �j�Z�g�`�b�j�h�\�Z�g�b�_�� �m�q�_�g�h�]�h�� �b�e�b�� �i�h�^�j�Z�a�^�_�e�_��
�g�b�y���� �k�h�a�^�Z�g�b�_�� �i�j�h�n�b�e�y�� �k�\�y�a�g�h�k�l�b�� �l�_�f���� �g�Z�e�h�`�_�g�b�_��
�i�j�h�n�b�e�y���g�Z���]�j�Z�n���]�e�h�k�k�Z�j�b�y���i�h���l�_�h�j�b�b���m�i�j�Z�\�e�_�g�b�y����
�Z�� �l�Z�d�`�_�� �b�k�k�e�_�^�h�\�Z�g�b�_�� �i�j�h�_�d�p�b�c�� �i�j�h�n�b�e�_�c�� �m�q�_�g�u�o��
�g�Z���^�\�m�f�_�j�g�h�f���i�j�h�k�l�j�Z�g�k�l�\�_�� 

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

�j�u���� �D�Z�`�^�u�c�� �i�h�^�n�Z�d�l�h�j�� �h�i�j�_�^�_�e�y�_�l�k�y�� �l�_�j�f�b�g�Z�f�b����
�d�h�l�h�j�u�_�� �[�u�e�b�� �\�u�[�j�Z�g�u�� �w�d�k�i�_�j�l�Z�f�b�� �k�h�h�l�\�_�l�k�l�\�m��
�x�s�b�o�� �g�Z�m�q�g�u�o�� �h�[�e�Z�k�l�_�c���� �L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �k�� �i�h�f�h��
�s�v�x�� �B�K�:�G�>�� �f�h�`�g�h�� �i�h�k�l�j�h�b�l�v�� �i�j�h�n�b�e�v�� �m�q�_�g�h�]�h����
�d�h�l�h�j�u�c���i�h�d�Z�`�_�l�����g�Z�k�d�h�e�v�d�h���q�Z�k�l�h���^�Z�g�g�u�c���k�i�_�p�b�Z��
�e�b�k�l�� �b�k�i�h�e�v�a�m�_�l�� �l�_�j�f�b�g�u�� �b�a�� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o��
�n�Z�d�l�h�j�h�\���b���i�h�^�n�Z�d�l�h�j�h�\�� 

�N�m�g�d�p�b�h�g�Z�e�v�g�h�k�l�v�� �k�Z�c�l�Z�� �j�_�Z�e�b�a�h�\�Z�g�Z�� �\�� �r�_�k�l�b��
�j�Z�a�^�_�e�Z�o�����j�b�k���������� 

 

 

 
�J�b�k�����������J�Z�[�h�q�b�_���h�d�g�Z���B�K�:�G�> 

 
6.1.  ��������� ���%����������������������  

�J�Z�a�^�_�e�� �©�L�_�f�Z�l�b�q�_�k�d�b�c�� �i�h�b�k�d�ª�� �i�h�a�\�h�e�y�_�l��
�h�l�h�[�j�Z�l�v�� �j�_�e�_�\�Z�g�l�g�u�_�� �i�m�[�e�b�d�Z�p�b�b���� �m�q�_�g�u�o���� �`�m�j��
�g�Z�e�u�����d�h�g�n�_�j�_�g�p�b�b�� �h�j�]�Z�g�b�a�Z�p�b�b �b���]�h�j�h�^�Z �i�h �a�Z�j�Z��
�g�_�_�� �a�Z�^�Z�g�g�u�f�� �n�Z�d�l�h�j�Z�f�� ���i�_�j�\�u�c�� �m�j�h�\�_�g�v�� �l�_�f�Z�l�b��
�q�_�k�d�h�c���d�e�Z�k�k�b�n�b�d�Z�p�b�b�������i�h�^�n�Z�d�l�h�j�Z�f�����\�l�h�j�h�c���m�j�h��
�\�_�g�v�� �l�_�f�Z�l�b�q�_�k�d�h�c�� �d�e�Z�k�k�b�n�b�d�Z�p�b�b�� �b�� �l�_�j�f�b�g�Z�f��
�l�_�h�j�b�b���m�i�j�Z�\�e�_�g�b�y�����H�g���i�j�_�^�i�h�e�Z�]�Z�_�l���i�_�j�\�h�g�Z�q�Z�e�v��
�g�u�c���\�u�[�h�j���h�^�g�h�]�h���f�_�l�Z�n�Z�d�l�h�j�Z���b�a���q�_�l�u�j�_�o�� 

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

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

  
 

 
 

�J�b�k�����������<�u�[�h�j���n�Z�d�l�h�j�h�\���^�e�y���l�_�f�Z�l�b�q�_�k�d�h�]�h���i�h�b�k�d�Z 

 
�>�e�y�� �m�l�h�q�g�_�g�b�y�� �\�u�[�h�j�d�b�� �f�h�]�m�l�� �[�u�l�v�� �a�Z�^�Z�g�u��

�l�Z�d�`�_�� �i�h�^�n�Z�d�l�h�j�u�� �b�� �l�_�j�f�b�g�u�� �g�Z�� �Z�g�Z�e�h�]�b�q�g�u�o�� �b�g��
�l�_�j�n�_�c�k�Z�o�� 

�<�u�^�Z�q�Z�� �j�_�a�m�e�v�l�Z�l�h�\�� �]�j�m�i�i�b�j�m�_�l�k�y�� �i�h�� �i�m�[�e�b�d�Z��
�p�b�y�f���� �Z�\�l�h�j�Z�f���� �]�h�j�h�^�Z�f���� �`�m�j�g�Z�e�Z�f���� �h�j�]�Z�g�b�a�Z�p�b�y�f��
�b�� �d�h�g�n�_�j�_�g�p�b�y�f�� ���j�b�k���� ��0������ �<�� �\�u�^�Z�q�_�� �j�_�a�m�e�v�l�Z�l�h�\��
�i�h�d�Z�a�u�\�Z�_�l�k�y�� �d�h�e�b�q�_�k�l�\�h�� �l�_�j�f�b�g�h�\���� �g�Z�c�^�_�g�g�u�o�� �\��
�f�Z�l�_�j�b�Z�e�Z�o�� �k�� �m�q�_�l�h�f�� �i�j�b�f�_�g�_�g�g�u�o�� �n�b�e�v�l�j�h�\�� �b��
�]�j�m�i�i���� �L�Z�d�b�f�� �h�[�j�Z�a�h�f, �m�q�_�g�u�c�� �f�h�`�_�l�� �i�h�e�m�q�b�l�v��

�h�l�\�_�l�u�� �g�Z�� �\�h�i�j�h�k�u���� �d�Z�d�b�_�� �i�m�[�e�b�d�Z�p�b�b�� �y�\�e�y�x�l�k�y��
�g�Z�b�[�h�e�_�_�� �j�_�e�_�\�Z�g�l�g�u�f�b�� �\�u�[�j�Z�g�g�h�c�� �l�_�f�Z�l�b�d�_���� �d�Z��
�d�b�_���m�q�_�g�u�_���i�j�_�b�f�m�s�_�k�l�\�_�g�g�h���a�Z�g�b�f�Z�x�l�k�y���\�u�[�j�Z�g��
�g�h�c�� �l�_�f�h�c���� �g�Z�� �d�Z�d�b�o�� �d�h�g�n�_�j�_�g�p�b�y�o�� �q�Z�s�_�� �\�k�_�]�h��
�f�h�`�g�h�� �m�k�e�u�r�Z�l�v�� �^�h�d�e�Z�^�u�� �i�h�� �^�Z�g�g�h�f�m�� �g�Z�i�j�Z�\�e�_��
�g�b�x���� �\�� �d�Z�d�b�o�� �`�m�j�g�Z�e�Z�o�� �k�l�h�b�l�� �i�m�[�e�b�d�h�\�Z�l�v�� �k�l�Z�l�v�x��
�i�h�� �a�Z�y�\�e�_�g�g�u�f�� �l�_�f�Z�f�� �b���� �g�Z�d�h�g�_�p���� �\�� �d�Z�d�b�o�� �h�j�]�Z�g�b��
�a�Z�p�b�y�o�� �b�� �]�h�j�h�^�Z�o�� �j�Z�[�h�l�Z�x�l�� �m�q�_�g�u�_���� �k�\�y�a�Z�g�g�u�_�� �k��
�a�Z�^�Z�g�g�u�f�b���g�Z�i�j�Z�\�e�_�g�b�y�f�b�� 
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�J�b�k�������������H�l�k�h�j�l�b�j�h�\�Z�g�g�u�c���k�i�b�k�h�d���j�_�a�m�e�v�l�Z�l�h�\���l�_�f�Z�l�b�q�_�k�d�h�]�h���i�h�b�k�d�Z�����Z �± �i�h���i�m�[�e�b�d�Z�p�b�y�f�����[ �± �i�h���Z�\�l�h�j�Z�f 
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�<�� �i�j�h�n�b�e�_�� �i�m�[�e�b�d�Z�p�b�b�� �\�u�\�h�^�y�l�k�y�� �g�Z�a�\�Z�g�b�_����
�Z�g�g�h�l�Z�p�b�y���b���Z�\�l�h�j�u�����j�b�k������������ 

�I�h�k�l�j�h�_�g�b�_�� �l�_�f�Z�l�b�q�_�k�d�h�]�h�� �i�j�h�n�b�e�y�� �^�Z�_�l�� �i�h�e�v��
�a�h�\�Z�l�_�e�x���\�h�a�f�h�`�g�h�k�l�v���m�\�b�^�_�l�v���i�j�h�n�b�e�v���k���q�_�l�u�j�_�o��
�j�Z�d�m�j�k�h�\���� �i�j�_�^�f�_�l�g�Z�y�� �h�[�e�Z�k�l�v���� �f�Z�l�_�f�Z�l�b�q�_�k�d�b�c��
�Z�i�i�Z�j�Z�l���� �k�n�_�j�Z�� �i�j�b�f�_�g�_�g�b�y���� �h�[�s�_�g�Z�m�q�g�Z�y�� �i�j�h�[�e�_��
�f�Z�l�b�d�Z���\���^�b�Z�]�j�Z�f�f�Z�o���i�h���n�Z�d�l�h�j�Z�f�����i�h�^�n�Z�d�l�h�j�Z�f���b��
�l�_�j�f�b�g�Z�f�����j�b�k�������������Z �± �\ �k�h�h�l�\�_�l�k�l�\�_�g�g�h���� 

�L�_�f�Z�l�b�q�_�k�d�b�c�� �i�j�h�n�b�e�v�� �y�\�e�y�_�l�k�y�� �w�n�n�_�d�l�b�\�g�u�f��
�b�g�k�l�j�m�f�_�g�l�h�f�� �^�e�y�� �j�_�r�_�g�b�y�� �f�g�h�]�b�o�� �a�Z�^�Z�q�� �Z�g�Z�e�b�a�Z��
�g�Z�m�q�g�h�c�� �^�_�y�l�_�e�v�g�h�k�l�b�� �± �g�Z�i�j�b�f�_�j���� �^�e�y�� �l�_�f�Z�l�b�q�_��
�k�d�h�]�h���Z�g�Z�e�b�a�Z���g�Z�m�q�g�u�o���]�j�m�i�i�� 

 
6.2.  �ý�����"���������!�%�����)�#  

�<���o�h�^�_���g�Z�m�q�g�h�c���^�_�y�l�_�e�v�g�h�k�l�b���j�_�]�m�e�y�j�g�h���\�h�a�g�b��
�d�Z�x�l�� �k�b�l�m�Z�p�b�b���� �d�h�]�^�Z�� �g�_�k�d�h�e�v�d�h�� �g�Z�m�q�g�u�o�� �d�h�e�e�_�d��
�l�b�\�h�\�� �a�Z�g�b�f�Z�x�l�k�y�� �b�k�k�e�_�^�h�\�Z�g�b�_�f�� �h�^�g�h�c�� �a�Z�^�Z�q�b����
�W�l�h�� �f�h�`�_�l�� �i�j�h�b�k�o�h�^�b�l�v���d�Z�d�� �\�� �j�Z�f�d�Z�o�� �h�[�s�_�]�h�� �i�j�h��
�_�d�l�Z���� �l�Z�d�� �b�� �\�� �i�j�h�p�_�k�k�_�� �j�_�k�l�j�m�d�l�m�j�b�a�Z�p�b�b�� �g�Z�m�q�g�u�o��
�i�h�^�j�Z�a�^�_�e�_�g�b�c. �>�e�y�� �i�e�Z�g�b�j�h�\�Z�g�b�y�� �g�Z�m�q�g�h�c�� �^�_�y��
�l�_�e�v�g�h�k�l�b�� �g�_�h�[�o�h�^�b�f�h�� �i�h�g�b�f�Z�l�v���� �d�Z�d�b�f�b�� �d�h�f�i�_��
�l�_�g�p�b�y�f�b���h�[�e�Z�^�Z�x�l���k�h�l�j�m�^�g�b�d�b�� 

�I�j�_�^�e�Z�]�Z�_�l�k�y�� �h�i�j�_�^�_�e�_�g�b�_�� �g�Z�i�j�Z�\�e�_�g�b�c�� �b�k�k�e�_��
�^�h�\�Z�g�b�c�� �g�Z�m�q�g�u�o�� �d�h�e�e�_�d�l�b�\�h�\�� �g�Z�� �h�k�g�h�\�Z�g�b�b�� �l�_�f��
�b�o���i�m�[�e�b�d�Z�p�b�c�����;�h�e�_�_���^�_�l�Z�e�v�g�u�c���Z�g�Z�e�b�a���k�j�Z�\�g�_�g�b�y��
�g�Z�m�q�g�u�o�� �]�j�m�i�i�� �i�j�h�\�h�^�b�l�k�y�� �k�� �i�h�f�h�s�v�x�� �g�_�d�h�l�h�j�u�o��
�d�j�b�l�_�j�b�_�\�����i�j�b�\�_�^�_�g�g�u�o���\���w�l�h�c���j�Z�[�h�l�_�� 

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

�\�h�a�f�h�`�g�h�k�l�v�� �\�u�[�j�Z�l�v�� �h�l�^�_�e�v�g�u�_�� �j�Z�[�h�l�u�� �e�b�[�h�� �\�k�_��
�j�Z�[�h�l�u���Z�\�l�h�j�Z. 

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

�‡�� �©�:�[�k�h�e�x�l�g�u�c�� �\�_�d�l�h�j�ª�� �h�l�j�Z�`�Z�_�l�� �k�m�f�f�Z�j�g�h�_��
�d�h�e�b�q�_�k�l�\�h���\�o�h�`�^�_�g�b�c���l�_�j�f�b�g�h�\��  

�‡�� �©�K�l�h�o�Z�k�l�b�q�_�k�d�b�c�� �\�_�d�l�h�j�ª�� �± �Z�[�k�h�e�x�l�g�u�c�� �\�_�d��
�l�h�j���k���g�h�j�f�Z�e�b�a�h�\�Z�g�g�u�f�b���k�l�h�e�[�p�Z�f�b���� 

�‡�� �©�;�m�e�_�\�� �\�_�d�l�h�j�ª�� �± �d�h�f�i�h�g�_�g�l�u�� �w�l�h�]�h�� �\�_�d�l�h�j�Z��
�f�h�]�m�l���i�j�b�g�b�f�Z�l�v���^�\�Z���a�g�Z�q�_�g�b�y�����_�^�b�g�b�p�Z���± �_�k�e�b���d�h��
�e�b�q�_�k�l�\�h���l�_�j�f�b�g�h�\���[�h�e�v�r�_���a�g�Z�q�_�g�b�y���©�h�l�k�_�q�_�g�b�_���i�h��
�l�_�j�f�b�g�Z�f�ª���b���g�h�e�v���± �\ �h�k�l�Z�e�v�g�u�o���k�e�m�q�Z�y�o���� 

�‡�� �©�I�h���d�h�e�b�q�_�k�l�\�m���b�k�i�h�e�v�a�h�\�Z�g�g�u�o���l�_�j�f�b�g�h�\�ª�� �± 
�\�Z�j�b�Z�g�l���Z�[�k�h�e�x�l�g�h�]�h���\�_�d�l�h�j�Z�����d�h�]�^�Z���©�h�l�k�_�q�_�g�b�_���i�h��
�l�_�j�f�b�g�Z�f�ª�� �m�[�b�j�Z�_�l�� �l�_�� �k�l�h�e�[�p�u���� �]�^�_�� �©�m�g�b�d�Z�e�v�g�u�o�ª��
�l�_�j�f�b�g�h�\�� �f�_�g�v�r�_���� �q�_�f�� �a�g�Z�q�_�g�b�_�� �©�h�l�k�_�q�_�g�b�_�� �i�h��
�l�_�j�f�b�g�Z�f�ª���� �<�� �k�e�m�q�Z�_�� �Z�[�k�h�e�x�l�g�h�]�h�� �\�_�d�l�h�j�Z�� �©�h�l�k�_��
�q�_�g�b�_�� �i�h�� �l�_�j�f�b�g�Z�f�ª�� �j�Z�[�h�l�Z�_�l�� �k�� �h�[�s�b�f�� �q�b�k�e�h�f��
�\�o�h�`�^�_�g�b�c�� �l�_�j�f�b�g�h�\���� �\�� �^�Z�g�g�h�f�� �k�e�m�q�Z�_�� �± �k�� �m�g�b��
�d�Z�e�v�g�u�f�� 

�‡���©�L�_�j�f�b�g�u�ª���± �i�j�h�k�f�h�l�j���l�_�j�f�b�g�h�\�� 
�<�u�[�h�j�� �m�j�h�\�g�y�� �h�a�g�Z�q�Z�_�l�� �\�u�[�h�j�� �m�j�h�\�g�y�� �]�j�Z�n�Z��

�]�e�h�k�k�Z�j�b�y���± �^�_�j�_�\�Z���l�_�j�f�b�g�h�\�����\���k�h�h�l�\�_�l�k�l�\�b�b���k���d�h��
�l�h�j�u�f�� �i�j�h�\�h�^�b�l�k�y�� �k�j�Z�\�g�_�g�b�_�� �i�m�[�e�b�d�Z�p�b�c���� �;�h�e�v��
�r�_�_�� �a�g�Z�q�_�g�b�_�� �m�j�h�\�g�y�� �h�[�_�k�i�_�q�b�\�Z�_�l�� �[�h�e�_�_�� �^�_�l�Z�e�v��
�g�u�c�� �Z�g�Z�e�b�a���� �H�l�k�_�q�_�g�b�_�� �i�h�� �d�Z�l�_�]�h�j�b�y�f�� �b�� �i�h�� �l�_�j�f�b��
�g�Z�f�� �m�[�b�j�Z�_�l�� �f�b�g�b�f�Z�e�v�g�u�_�� �i�j�b�\�_�^�_�g�g�u�_�� �a�g�Z�q�_�g�b�y����
�q�l�h�[�u�� �k�^�_�e�Z�l�v�� �]�j�Z�n�b�d�� �[�h�e�_�_�� �\�u�j�Z�a�b�l�_�e�v�g�u�f����
�Q�_�d�[�h�d�k�� �©�M�q�b�l�u�\�Z�l�v�� �h�[�s�_�g�Z�m�q�g�u�_�� �l�_�j�f�b�g�u�ª�� �^�h��
�[�Z�\�e�y�_�l�� �\�� �\�u�[�h�j�d�m�� �k�e�h�\�Z���� �h�l�g�h�k�y�s�b�_�k�y�� �d�� �h�[�s�_�g�Z��
�m�q�g�h�c���i�j�h�[�e�_�f�Z�l�b�d�_�� 
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�J�b�k�������������L�_�f�Z�l�b�q�_�k�d�b�c���i�j�h�n�b�e�v���g�Z�m�q�g�h�]�h���h�[�t�_�d�l�Z�����Z �± �n�Z�d�l�h�j�u�����[ �± �i�h�^�n�Z�d�l�h�j�u�����\ �± �l�_�j�f�b�g�u 

 
 �H�i�p�b�y�� �©�<�u�[�_�j�b�l�_�� �i�m�l�v�ª�� �i�h�a�\�h�e�y�_�l�� �m�l�h�q�g�b�l�v��

�l�_�f�m���± �\�l�h�j�h�c���m�j�h�\�_�g�v���]�j�Z�n�Z���]�e�h�k�k�Z�j�b�y�����<�j�_�f�_�g�g�Z�“�y��
�r�d�Z�e�Z���i�h�a�\�h�e�y�_�l���\�u�[�j�Z�l�v �i�j�h�f�_�`�m�l�h�d���\�j�_�f�_�g�b���^�e�y��
�k�j�Z�\�g�_�g�b�y�� �i�m�[�e�b�d�Z�p�b�c���� �B�f�_�_�l�k�y�� �\�h�a�f�h�`�g�h�k�l�v��
�m�]�e�m�[�e�_�g�g�h�]�h���k�j�Z�\�g�_�g�b�y���i�j�h�n�b�e�_�c���i�h �i�h�^�n�Z�d�l�h�j�Z�f��
�\�l�h�j�h�]�h���m�j�h�\�g�y�����j�b�k������������ 

 
6.3.  ��������� ���%������������������������������������  

�<�� �^�Z�g�g�h�f�� �j�Z�a�^�_�e�_�� �i�h�e�v�a�h�\�Z�l�_�e�v�� �i�h�e�m�q�Z�_�l�� �k�i�b��
�k�h�d�� �j�_�e�_�\�Z�g�l�g�u�o �m�q�_�g�u�o���� �h�l�k�h�j�l�b�j�h�\�Z�g�g�u�c�� �i�h�� �d�h��
�e�b�q�_�k�l�\�m�� �b�k�i�h�e�v�a�h�\�Z�g�g�u�o�� �l�_�j�f�b�g�h�\�� �\�u�[�j�Z�g�g�u�o��
�n�Z�d�l�h�j�h�\�� ���i�_�j�\�u�c�� �m�j�h�\�_�g�v�� �l�_�f�Z�l�b�q�_�k�d�h�c�� �d�e�Z�k�k�b��

�n�b�d�Z�p�b�b���� �b�e�b�� �i�h�^�n�Z�d�l�h�j�h�\�� ���\�l�h�j�h�c�� �m�j�h�\�_�g�v�� �l�_�f�Z��
�l�b�q�_�k�d�h�c�� �d�e�Z�k�k�b�n�b�d�Z�p�b�b������ �M�j�h�\�_�g�v�� �a�Z�^�Z�_�l�� �]�e�m�[�b�g�m��
�Z�g�Z�e�b�a�Z�� �\�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �b�k�i�h�e�v�a�m�_�f�u�f�� �]�j�Z�n�h�f��
�]�e�h�k�k�Z�j�b�y���� �G�Z�� �g�m�e�_�\�h�f�� �m�j�h�\�g�_�� �l�_�f�Z�l�b�q�_�k�d�h�c�� �d�e�Z�k��
�k�b�n�b�d�Z�p�b�b�� �\�u�[�b�j�Z�x�l�k�y�� �f�_�l�Z�n�Z�d�l�h�j�u���� �g�Z�� �i�_�j�\�h�f�� �± 
�n�Z�d�l�h�j�u�����g�Z���\�l�h�j�h�f���± �i�h�^�n�Z�d�l�h�j�u�����j�b�k������������ 

 
6.4.  �ñ�����"���������������"������� ������  

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

 
  

 
 

�J�b�k�������������L�_�f�Z�l�b�q�_�k�d�h�_���j�Z�g�`�b�j�h�\�Z�g�b�_ 

 
�Z�� �j�_�[�j�h�� �± �k�h�\�f�_�k�l�g�h�f�m�� �m�i�h�l�j�_�[�e�_�g�b�x�� �l�_�j�f�b�g�h�\�� �\��
�h�^�g�h�c���i�m�[�e�b�d�Z�p�b�b�� 

�I�h�k�l�j�h�_�g�b�_�� �]�j�Z�n�h�\�� �k�\�y�a�g�h�k�l�b�� �l�_�j�f�b�g�h�\�� �i�j�h�b�a��
�\�h�^�b�l�k�y�� �i�h�� �Z�\�l�h�j�m���� �\�u�[�h�j�� �d�h�l�h�j�h�]�h�� �j�Z�k�i�h�e�h�`�_�g�� �\��
�\�_�j�o�g�_�f�� �i�h�e�_�� �b�g�l�_�j�n�_�c�k�Z���� �I�j�b�f�_�g�_�g�b�_�� �[�_�]�m�g�d�Z��
�©�H�l�k�_�q�_�g�b�_�� �i�h�� �q�Z�k�l�h�l�_�ª �i�h�a�\�h�e�y�_�l�� �\�u�\�h�^�b�l�v�� �l�h�e�v��

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

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



 

 
 

 

 
 

   �”

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

�H�l�h�[�j�Z�`�_�g�b�_���j�_�[�_�j���b���g�Z�a�\�Z�g�b�c���\�e�b�y�_�l���g�Z���\�g�_�r��
�g�b�c���\�b�^���]�j�Z�n�Z���b���^�h�[�Z�\�e�y�_�l���g�Z�a�\�Z�g�b�y���b���j�_�[�j�Z���d���\�_�j��
�r�b�g�Z�f���l�_�j�f�b�g�h�\�� 

�<�d�e�x�q�_�g�b�_�� �h�[�s�_�g�Z�m�q�g�u�o�� �l�_�j�f�b�g�h�\�� �^�h�[�Z�\�e�y�_�l��
�l�h�q�d�b���h�[�s�_�g�Z�m�q�g�u�o���l�_�j�f�b�g�h�\���g�Z���]�j�Z�n�����j�b�k������������ 

 

6.5.  �ñ�����"�������������������-  

�>�Z�g�g�u�c���j�Z�a�^�_�e���y�\�e�y�_�l�k�y���g�Z�]�e�y�^�g�u�f���b�g�k�l�j�m�f�_�g��
�l�h�f�� �h�l�h�[�j�Z�`�_�g�b�y�� �b�k�i�h�e�v�a�m�_�f�u�o�� �l�_�j�f�b�g�h�\�� �l�_�h�j�b�b��
�m�i�j�Z�\�e�_�g�b�y�� �^�e�y�� �\�u�[�j�Z�g�g�h�]�h�� �m�q�_�g�h�]�h���� �H�g�� �i�j�_�^�h��
�k�l�Z�\�e�y�_�l�� �\�h�a�f�h�`�g�h�k�l�v �b�k�k�e�_�^�h�\�Z�l�v�� �h�d�j�_�k�l�g�h�k�l�v��
�l�_�j�f�b�g�h�\ �j�Z�a�g�u�o�� �i�h�j�y�^�d�h�\���� �>�h�k�l�b�]�Z�_�l�k�y�� �w�l�h�� �i�m�l�_�f��
�i�h�k�l�j�h�_�g�b�y�� �h�j�b�_�g�l�b�j�h�\�Z�g�g�h�]�h�� �]�j�Z�n�Z�� �\�a�Z�b�f�h�k�\�y�a�b��
�l�_�j�f�b�g�h�\�� �g�Z�� �h�k�g�h�\�Z�g�b�b�� �]�e�h�k�k�Z�j�b�y���� �I�j�b�� �w�l�h�f�� �\�_�j��
�r�b�g�Z���]�j�Z�n�Z a �k�h�h�l�\�_�l�k�l�\�m�_�l���l�_�j�f�b�g�m��a�����h�j�b�_�g�l�b�j�h��
�\�Z�g�g�h�_�� �j�_�[�j�h��(a, b) �± �b�k�i�h�e�v�a�h�\�Z�g�b�x�� �l�_�j�f�b�g�Z��a �\��
�h�i�j�_�^�_�e�_�g�b�b���l�_�j�f�b�g�Z��b. 

�=�j�Z�n���]�e�h�k�k�Z�j�b�y���± �w�l�h���]�j�Z�n�����k�h�^�_�j�`�Z�s�b�c �l�_�j�f�b��
�g�u�� �b�� �k�\�y�a�b�� �l�b�i�Z�� �©�H�i�j�_�^�_�e�y�_�l�k�y�� �q�_�j�_�a�ª���� �?�k�e�b�� �\ 
�h�i�j�_�^�_�e�_�g�b�b�� �l�_�j�f�b�g�Z��b �\�k�l�j�_�q�Z�_�l�k�y�� �l�_�j�f�b�g��a���� �l�h��
�l�_�j�f�b�g��a �k�h�_�^�b�g�_�g�� �k�� �l�_�j�f�b�g�h�f��b �g�Z�i�j�Z�\�e�_�g�g�u�f��
�j�_�[�j�h�f���� 

�I�_�j�\�u�f���r�Z�]�h�f���\�u�[�b�j�Z�_�l�k�y���Z�\�l�h�j���\���\�_�j�o�g�_�f���i�h��
�e�_���� �b�� �g�Z�� �]�j�Z�n�_�� �i�h�^�k�\�_�q�b�\�Z�x�l�k�y�� �\�k�_�� �l�_�j�f�b�g�u���� �d�h�l�h��
�j�u�_�� �Z�\�l�h�j�� �b�k�i�h�e�v�a�h�\�Z�e�� �\�� �j�Z�[�h�l�Z�o���� �Z�� �l�Z�d�`�_�� �k�\�y�a�b��
�f�_�`�^�m���g�b�f�b�� 

�I�h�e�_�� �©�G�Z�k�e�_�^�h�\�Z�l�v�� �h�l�ª�� �i�h�a�\�h�e�y�_�l�� �\�u�[�j�Z�l�v�� �l�_�j��
�f�b�g���� �q�_�j�_�a�� �d�h�l�h�j�u�c�� �[�m�^�m�l�� �h�i�j�_�^�_�e�_�g�u�� �^�j�m�]�b�_�� �l�_�j��
�f�b�g�u���� �=�e�m�[�b�g�Z�� �i�j�h�j�Z�[�h�l�d�b�� �g�Z�k�e�_�^�h�\�Z�g�b�y�� �a�Z�^�Z�_�l�k�y��
�\���k�h�k�_�^�g�_�f���i�h�e�_���k���q�b�k�e�h�\�h�c���r�d�Z�e�h�c�� 

�J�_�`�b�f�� �j�Z�k�p�\�_�l�d�b�� �j�_�Z�e�b�a�h�\�Z�g�� �\�� �k�h�h�l�\�_�l�k�l�\�b�b���k��
�h�i�j�_�^�_�e�y�x�s�_�c���k�b�e�h�c���l�_�j�f�b�g�Z���± �h�l�g�h�r�_�g�b�_�f���d�h�e�b��
�q�_�k�l�\�Z�� �l�_�j�f�b�g�h�\���� �d�h�l�h�j�u�_�� �h�i�j�_�^�_�e�_�g�u�� �q�_�j�_�a�� �^�Z�g��
�g�u�c���l�_�j�f�b�g�����d���d�h�e�b�q�_�k�l�\�m���l�_�j�f�b�g�h�\�����q�_�j�_�a���d�h�l�h�j�u�_��
�^�Z�g�g�u�c���l�_�j�f�b�g���h�i�j�_�^�_�e�_�g�� 

�?�k�e�b�� �\�u�[�j�Z�l�v�� �n�m�g�d�p�b�x�� �©�I�h�^�k�\�_�l�b�l�v�� �l�_�j�f�b�g�ª����
�l�h�� �[�m�^�_�l�� �i�h�^�k�\�_�q�_�g�� �\�u�[�j�Z�g�g�u�c�� �l�_�j�f�b�g�� �k�� �b�k�o�h�^�y��
�s�b�f�b  �k�l�j�_�e�d�Z�f�b  �d  �l�_�j�f�b�g�Z�f��   �d�h�l�h�j�u�_  �h�i�j�_�^�_�e�_�g�u�� 

 
 

 
 

�J�b�k�������������I�h�k�l�j�h�_�g�b�_���]�j�Z�n�Z���d�e�Z�k�k�b�n�b�d�Z�l�h�j�Z



 

 
 

 

 
 

 �”

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

�J�_�`�b�f���©�<�k�_�]�^�Z���h�l�h�[�j�Z�`�Z�l�v���g�Z�a�\�Z�g�b�y���l�_�j�f�b�g�h�\�ª��
�i�h�a�\�h�e�y�_�l�� �\�b�^�_�l�v�� �g�Z�a�\�Z�g�b�y�� �l�_�j�f�b�g�h�\�� �g�Z�� �]�j�Z�n�_��
���j�b�k�� 16). 

6.6.  �ñ����������������  

�=�e�h�k�k�Z�j�b�c�� �i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c�� �k�[�h�j�g�b�d�� �l�_�j�f�b��
�g�h�\���l�_�h�j�b�b���m�i�j�Z�\�e�_�g�b�y���b���b�o���h�i�b�k�Z�g�b�c�����j�b�k�������������k�f����
�l�Z�d�`�_��https://www.ipu.ru/education/glossary). 

 
 

 
 

�J�b�k�������������L�_�j�f�b�g�u���Z�\�l�h�j�Z���\���]�j�Z�n�_���]�e�h�k�k�Z�j�b�y 

 
 

 
 

�J�b�k�������������=�e�h�k�k�Z�j�b�c 



 

 
 

 

 
 

   �”

�K�j�_�^�k�l�\�Z�� �k�b�k�l�_�f�u�� �B�K�:�G�>�� �i�h�a�\�h�e�y�x�l�� �\�i�_�j�\�u�_��
�Z�\�l�h�f�Z�l�b�a�b�j�h�\�Z�l�v�� �j�_�r�_�g�b�_�� �g�Z�m�q�g�h-�h�j�]�Z�g�b�a�Z�p�b�h�g-
�g�u�o���a�Z�^�Z�q���\���h�[�e�Z�k�l�b���l�_�h�j�b�b���m�i�j�Z�\�e�_�g�b�y�����k�\�y�a�Z�g�g�u�o��
�k�� �i�h�^�[�h�j�h�f�� �w�d�k�i�_�j�l�h�\�� �b�� �j�_�p�_�g�a�_�g�l�h�\�� �k�� �h�i�j�_�^�_�e�_�g��
�g�u�f�b �d�h�f�i�_�l�_�g�p�b�y�f�b���� �i�h�b�k�d�h�f�� �i�m�[�e�b�d�Z�p�b�c�� �i�h��
�h�i�j�_�^�_�e�_�g�g�h�c�� �l�_�f�Z�l�b�d�_���� �Z�g�Z�e�b�a�h�f�� �l�_�f�Z�l�b�d�b�� �g�Z�m�q��
�g�h�]�h���d�h�e�e�_�d�l�b�\�Z�� �b�� �_�_�� �w�\�h�e�x�p�b�b�� �b�� �l�� �^���� �D�j�h�f�_�� �l�h�]�h����
�\�� �i�_�j�k�i�_�d�l�b�\�_�� �B�K�:�G�>�� �i�j�_�^�h�k�l�Z�\�e�y�_�l�� �r�b�j�h�d�b�_��
�\�h�a�f�h�`�g�h�k�l�b���^�e�y���g�Z�m�d�h�f�_�l�j�b�q�_�k�d�b�o���b�k�k�e�_�^�h�\�Z�g�b�c����
�i�j�h�\�h�^�b�f�u�o���k���p�_�e�v�x���m�k�l�Z�g�h�\�e�_�g�b�y���[�e�b�a�h�k�l�v�x �i�m�[��
�e�b�d�Z�p�b�c���� �Z�\�l�h�j�h�\�� �b�� �d�h�e�e�_�d�l�b�\�h�\���� �i�h�k�l�j�h�_�g�b�y�� �k�_�l�b��
�k�h�Z�\�l�h�j�k�l�\�Z���b���p�b�l�b�j�h�\�Z�g�b�y�����l�_�f�Z�l�b�q�_�k�d�b�o���l�j�_�g�^�h�\. 
�I�h�� �f�_�j�_�� �j�Z�k�r�b�j�_�g�b�y�� �[�Z�a�u�� �i�m�[�e�b�d�Z�p�b�c �b�� �i�h�i�h�e�g�_��
�g�b�y�� �k�e�h�\�Z�j�y�� �l�_�j�f�b�g�h�\�� ���g�b�`�g�_�]�h�� �m�j�h�\�g�y�� �h�g�l�h�e�h�]�b�b��
�g�Z�m�q�g�h�]�h�� �a�g�Z�g�b�y���� �w�l�b�� �\�h�a�f�h�`�g�h�k�l�b�� �[�m�^�m�l�� �k�h�\�_�j��
�r�_�g�k�l�\�h�\�Z�l�v�k�y�����J�Z�a�m�f�_�_�l�k�y�����w�l�b���\�h�a�f�h�`�g�h�k�l�b���h�l�g�h��
�k�y�l�k�y���l�h�e�v�d�h���d���l�_�h�j�b�b���m�i�j�Z�\�e�_�g�b�y�����h�^�g�Z�d�h���\���k�l�j�m�d��
�l�m�j�g�h�f���i�e�Z�g�_���k�b�k�l�_�f�Z���B�K�:�G�>���f�h�]�e�Z���[�u���k�l�Z�l�v���i�j�h��
�l�h�l�b�i�h�f�� �^�e�y�� �Z�g�Z�e�h�]�b�q�g�u�o�� �k�b�k�l�_�f�� �\�� �^�j�m�]�b�o�� �h�[�e�Z��
�k�l�y�o���g�Z�m�d�b�� 

�:�\�l�h�j�u�� �k�l�Z�l�v�b�� �\�u�j�Z�`�Z�x�l�� �[�e�Z�]�h�^�Z�j�g�h�k�l�v�� �d�h�e�e�_��
�]�Z�f���� �d�h�l�h�j�u�_�� �i�j�b�g�y�e�b�� �Z�d�l�b�\�g�h�_�� �m�q�Z�k�l�b�_ �\�� �i�j�h�_�d�l�_����
�:�\�^�_�_�\�h�c �A���D������ �:�]�Z�_�\�m �J���I������ �:�e�q�b�g�h�\�m �:���B������ �:�g�l�b�i�b��
�g�m �K���B������ �:�j�m�l�x�g�h�\�m �:���<������ �;�Z�j�Z�[�Z�g�h�\�m �B���G������ �;�Z�l�h�\�m �:���<������
�;�Z�o�l�Z�^�a�_ �G���G������ �;�h�]�Z�q�_�\�h�c �>���G������ �;�m�j�d�h�\�m �<���G������ �<�Z�k�b�e�v�_��
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Abstract. This paper describes the approaches underlying ISAND, an information system for 
scientific activity analysis in the field of control theory and its applications. ISAND is being de-
veloped at the Trapeznikov Institute of Control Sciences, the Russian Academy of Sciences. The 
ISAND ontology is oriented toward the representation and collection of knowledge in the field of 
control theory and its applications, namely, scientific knowledge (the ontology of control theory) 
and knowledge related to the scientific activity of agents (organizations, journals, conferences, 
and individual researchers) in this field. Based on this ontology, the ISAND architecture is a 
complex program system to collect, store, and analyze publications and their metadata from ex-
ternal sources. The ISAND algorithm for building the thematic profiles of scientific objects (pub-
lications, researchers, organizations, journals, and conferences), as well as ISAND text processing 
and network analysis capabilities, are presented. Finally, the main possibilities of using ISAND 
are considered.  
 
Keywords: scientific activity analysis, control theory and its applications, information system, classification, 
ontology, thematic profile, thematic space, term, text processing, network analysis.  
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�i�j�_�^�_�e�Z�o���^�h�j�h�`�g�h�]�h���i�h�e�h�l�g�Z�����L�Z�f���`�_���i�j�_�^�e�Z�]�Z�_�l�k�y��
�\�Z�j�v�b�j�h�\�Z�l�v�� �i�h�i�_�j�_�q�g�h�_�� �k�f�_�s�_�g�b�_�� �k�� �^�b�k�d�j�_�l�g�u�f��
�r�Z�]�h�f���� �q�l�h�� �h�l�e�b�q�g�h�� �i�h�^�o�h�^�b�l���^�e�y �j�_�r�_�g�b�y �a�Z�^�Z�q��
�m�i�j�Z�\�e�_�g�b�y�� �^�\�b�`�_�g�b�_�f �i�h�� �Z�\�l�h�f�h�[�b�e�v�g�u�f �^�h�j�h��
�]�Z�f���� �l�Z�d�� �d�Z�d�� �h�g�h �f�h�`�_�l�� �h�k�m�s�_�k�l�\�e�y�l�v�k�y�� �l�h�e�v�d�h�� �i�h��
�a�Z�j�Z�g�_�_�� �\�u�^�_�e�_�g�g�u�f�� �i�h�e�h�k�Z�f���� �<�� �k�e�m�q�Z�y�o���� �d�h�]�^�Z��
�i�h�e�h�k�u�� �h�l�k�m�l�k�l�\�m�x�l�� �b�� �^�\�b�`�_�g�b�_�� �\�h�a�f�h�`�g�h�� �\�� �e�x��
�[�h�f�� �f�_�k�l�_�� �^�h�j�h�`�g�h�]�h�� �i�h�e�h�l�g�Z, �a�Z�^�Z�q�Z�� �e�h�d�Z�e�v�g�h�]�h��
�i�e�Z�g�b�j�h�\�Z�g�b�y �k�l�Z�g�h�\�b�l�k�y���\�u�q�b�k�e�b�l�_�e�v�g�h���k�e�h�`�g�h�c, 
�l�Z�d���d�Z�d�� �r�Z�]�� �k�f�_�s�_�g�b�y���k�l�Z�g�h�\�b�l�k�y�� �f�Z�e�� �b �]�_�g�_�j�b�j�m��
�_�l�k�y���f�g�h�`�_�k�l�\�h���\�h�a�f�h�`�g�u�o���l�j�Z�_�d�l�h�j�b�c���^�e�y �d�Z�`�^�h��
�]�h���b�a���g�b�o�����>�j�m�]�b�_���i�h�^�o�h�^�u���� �e�b�r�_�g�g�u�_���w�l�h�]�h���g�_�^�h��
�k�l�Z�l�d�Z�����g�Z�i�j�b�f�_�j���l�_�����q�l�h���h�i�b�j�Z�x�l�k�y���g�Z���m�i�j�Z�\�e�_�g�b�_��
�k���i�j�h�]�g�h�a�b�j�m�x�s�b�f�b���f�h�^�_�e�y�f�b�����M�I�F�����>���@, �l�j�_�[�m�x�l��
�d�Z�d�� �f�h�`�g�h�� �l�h�q�g�_�_�� �\�h�k�k�h�a�^�Z�l�v�� �p�b�n�j�h�\�m�x�� �f�h�^�_�e�v��
�L�K���� �d�h�l�h�j�u�f�� �g�m�`�g�h �m�i�j�Z�\�e�y�l�v���� �q�l�h�� �g�_�� �\�k�_�]�^�Z�� �i�j�h��
�k�l�h�� �k�^�_�e�Z�l�v�� �g�Z�� �i�j�Z�d�l�b�d�_���� �h�k�h�[�_�g�g�h�� �_�k�e�b�� �i�j�_�^�i�h�e�Z��
�]�Z�_�l�k�y�� �b�k�i�h�e�v�a�h�\�Z�l�v�� �j�Z�a�e�b�q�g�u�_���L�K���� �D�� �l�h�f�m�� �`�_, 
�]�j�h�f�h�a�^�d�b�c �i�j�h�p�_�k�k�� �i�_�j�_�j�Z�k�q�_�l�Z�� �i�h�k�l�h�y�g�g�h�� �i�_�j�_��
�a�Z�i�m�k�d�Z�_�l�k�y���� �q�l�h�[�u�� �h�[�_�k�i�_�q�b�l�v�� �l�h�q�g�h�_�� �k�e�_�^�h�\�Z�g�b�_��
�i�h�� �l�j�Z�_�d�l�h�j�b�b, �^�Z�`�_�� �_�k�e�b�� �g�Z�� �i�m�l�b�� �g�_�� �i�h�y�\�e�y�x�l�k�y��
�g�h�\�u�_���h�[�t�_�d�l�u���� 

�<�� �^�Z�g�g�h�c�� �j�Z�[�h�l�_�� �i�j�_�^�i�h�e�Z�]�Z�_�l�k�y �i�h�^�o�h�^�� �d �j�_��
�r�_�g�b�x �a�Z�^�Z�q�b�� �e�h�d�Z�e�v�g�h�]�h�� �i�e�Z�g�b�j�h�\�Z�g�b�y�� �i�m�l�b�� �\��
�k�b�k�l�_�f�_�� �d�h�h�j�^�b�g�Z�l�� �N�j�_�g�_���� �d�h�l�h�j�u�c�� �e�b�r�_�g�� �i�_�j�_��
�q�b�k�e�_�g�g�u�o���\�u�r�_���g�_�^�h�k�l�Z�l�d�h�\�����J�_�r�_�g�b�_���a�Z�^�Z�q�b���h�i��
�l�b�f�b�a�Z�p�b�b���k���i�j�b�f�_�g�_�g�b�_�f���n�m�g�d�p�b�b���r�l�j�Z�n�Z���i�h�a�\�h��
�e�y�_�l�� �h�[�_�k�i�_�q�b�l�v�� �h�[�t�_�a�^�� �i�j�_�i�y�l�k�l�\�b�c���� �k�h�o�j�Z�g�b�\ 
�]�e�Z�^�d�h�k�l�v�� �i�h�e�m�q�Z�_�f�h�]�h�� �i�m�l�b, �b�� �k�\�_�k�l�b�� �r�Z�]�� �^�b�k��
�d�j�_�l�g�h�k�l�b�� �i�h�i�_�j�_�q�g�h�]�h�� �k�f�_�s�_�g�b�y�� �d�� �l�j�_�[�m�_�f�h�c��
�l�h�q�g�h�k�l�b���� �h�[�_�k�i�_�q�b�\�� �\�j�_�f�y�� �j�Z�[�h�l�u�� �Z�e�]�h�j�b�l�f�Z����
�i�j�b�f�_�g�b�f�h�_���\���j�_�Z�e�v�g�h�f���\�j�_�f�_�g�b�� 

 

1.1.  �ý�!� �������-��������� �������������������������  

�K�b�k�l�_�f�Z���N�j�_�g�_�����i�m�l�_�\�Z�y���K�D�� �± �w�l�h���h�^�b�g���b�a���k�i�h��
�k�h�[�h�\�� �a�Z�^�Z�l�v�� �i�h�e�h�`�_�g�b�_�� �h�[�t�_�d�l�Z�� �g�Z�� �i�e�h�k�d�h�k�l�b�� �h�l��
�g�h�k�b�l�_�e�v�g�h�� �h�i�h�j�g�h�c�� �d�j�b�\�h�c�� �k�� �i�h�f�h�s�v�x�� �^�\�m�o�� �d�h��

�h�j�^�b�g�Z�l�� ��s, d������ �]�^�_��s �± �^�e�b�g�Z�� �^�m�]�b���� �h�l�k�q�b�l�u�\�Z�_�f�Z�y��
�h�l���g�Z�q�Z�e�Z���h�i�h�j�g�h�c���d�j�b�\�h�c�����i�j�h�^�h�e�v�g�h�_���k�f�_�s�_�g�b�_������
�Z��d �± �i�h�i�_�j�_�q�g�h�_�� �k�f�_�s�_�g�b�_�� �h�l�g�h�k�b�l�_�e�v�g�h�� �w�l�h�c�� �`�_��
�d�j�b�\�h�c�����j�b�k�� ���������B�g�u�f�b���k�e�h�\�Z�f�b�� �i�j�h�b�k�o�h�^�b�l���i�_�j�_��
�o�h�^�� �\�� �k�b�k�l�_�f�m�� �d�h�h�j�^�b�g�Z�l���� �i�j�b�\�y�a�Z�g�g�m�x�� �d�� �^�h�j�h�`��
�g�h�f�m���i�h�e�h�l�g�m�����]�^�_��s �± �w�l�h���^�e�b�g�Z���^�h�j�h�`�g�h�]�h���i�h�e�h�l��
�g�Z���h�l���g�Z�q�Z�e�v�g�h�c���l�h�q�d�b���^�h���l�_�d�m�s�_�c�����Z��d �± �k�f�_�s�_�g�b�_��
�h�l�g�h�k�b�l�_�e�v�g�h�� �_�z�� �p�_�g�l�j�Z���� �G�Z�� �j�b�k�m�g�d�_�� �i�h�e�h�`�_�g�b�_��
�Z�\�l�h�f�h�[�b�e�y�� �\�� �k�b�k�l�_�f�_���N�j�_�g�_�� �a�Z�^�Z�_�l�k�y���d�h�h�j�^�b�g�Z�l�Z��
�f�b�� �������� �������� �I�j�b�� �^�\�b�`�_�g�b�b�� �i�h�� �i�m�l�b��a1 �d�h�h�j�^�b�g�Z�l�Z��d 
�g�Z���\�k�_�f���i�m�l�b���[�m�^�_�l���g�_�b�a�f�_�g�g�Z: d = 1.  

�>�e�y�� �i�_�j�_�o�h�^�Z�� �\�� �k�b�k�l�_�f�m�� �N�j�_�g�_�� �k�g�Z�q�Z�e�Z�� �g�m�`�g�h��
�a�Z�^�Z�l�v�� �h�i�h�j�g�m�x�� �d�j�b�\�m�x���� �d�h�l�h�j�Z�y�� �b�� �[�m�^�_�l�� �h�i�j�_�^�_��
�e�y�l�v�� �w�l�m�� �K�D���� �I�m�k�l�v�� �b�f�_�_�l�k�y�� �]�e�Z�^�d�Z�y, �l�j�b�`�^�u��
�g�_�i�j�_�j�u�\�g�h�� �^�b�n�n�_�j�_�g�p�b�j�m�_�f�Z�y�� �d�j�b�\�Z�y�� �\�� �^�_�d�Z�j�l�h��
�\�h�c�� �k�b�k�l�_�f�_�� �d�h�h�j�^�b�g�Z�l�� �k�� �g�Z�l�m�j�Z�e�v�g�h�c�� �i�Z�j�Z�f�_�l�j�b��
�a�Z�p�b�_�c ( )p p s� �����L�h�]�^�Z���k�m�s�_�k�l�\�m�_�l���h�l�h�[�j�Z�`�_�g�b�_��f, 

�a�Z�^�Z�x�s�_�_�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�_�� �j�Z�^�b�m�k-�\�_�d�l�h�j�Z�� �l�h�q�_�d��
�d�j�b�\�h�c�� �^�_�d�Z�j�l�h�\�h�c�� �k�b�k�l�_�f�u�� �d�h�h�j�^�b�g�Z�l�� �\��
�i�Z�j�Z�f�_�l�j s. 

 
 

 

 
�J�b�k���� ������ �J�Z�k�i�h�e�h�`�_�g�b�_ �h�[�t�_�d�l�Z�� �g�Z�� �^�h�j�h�]�_�� �\�� �k�b�k�l�_�f�_ �d�h�h�j�^�b�g�Z�l 
�N�j�_�g�_����s �± �h�i�h�j�g�Z�y�� �d�j�b�\�Z�y���� �n�h�j�f�b�j�m�x�s�Z�y�� �h�^�g�m�� �b�a�� �h�k�_�c����d �± �h�k�v��
�i�h�i�_�j�_�q�g�h�]�h�� �k�f�_�s�_�g�b�y�� �h�l�g�h�k�b�l�_�e�v�g�h�� �h�i�h�j�g�h�c�� �d�j�b�\�h�c����b �± �]�j�Z�g�b�p�u��
�^�h�j�h�`�g�h�]�h���i�h�e�h�l�g�Z�� a1, a2 �± �i�m�l�b �k���i�h�k�l�h�y�g�g�u�f�b �d�h�h�j�^�b�g�Z�l�Z�f�b d = 1 �b 
d = �±1   

 
1.2.  �ý�������#����������������������� ����������������� �����)����  ������� �����!������������  

�<�� �^�_�d�Z�j�l�h�\�h�c�� �k�b�k�l�_�f�_�� �d�h�h�j�^�b�g�Z�l�� �i�h�e�h�`�_�g�b�_��
�e�x�[�h�c�� �l�h�q�d�b�� �b�k�o�h�^�g�h�c���d�j�b�\�h�c�� �h�i�j�_�^�_�e�y�_�l�k�y�� �j�Z�^�b��

�m�k-�\�_�d�l�h�j�h�f��pR  �d�Z�d���w�l�h���h�l�h�[�j�Z�`�_�g�h���g�Z���j�b�k�����������I�h��

�e�h�`�_�g�b�_�� �l�h�q�d�b���d�j�b�\�h�c�� �\�h�k�k�l�Z�g�Z�\�e�b�\�Z�_�l�k�y�� �i�h�� �i�Z�j�Z��
�f�_�l�j�m��s. 

�I�j�h�b�a�\�h�e�v�g�Z�y�� �l�h�q�d�Z��P �k�� �j�Z�^�b�m�k-�\�_�d�l�h�j�h�f��r  

�i�h�e�m�q�Z�_�l�k�y���b�a���k�e�h�`�_�g�b�y���\�_�d�l�h�j�h�\��pR  �b�� pd �����]�^�_��pd  

�i�_�j�i�_�g�^�b�d�m�e�y�j�_�g�� �d�Z�k�Z�l�_�e�v�g�h�c�� �d�� �h�i�h�j�g�h�c�� �d�j�b�\�h�c�� �\��
�l�h�q�d�_��ps �����y�\�e�y�x�s�_�c�k�y���[�e�b�`�Z�c�r�_�c���d���l�h�q�d�_��P. 
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�J�b�k���� ������ �I�j�_�^�k�l�Z�\�e�_�g�b�_�� �^�h�j�h�]�b���� �b�a�h�[�j�Z�`�_�g�g�h�c�� �g�Z �j�b�k���� ��, �\�� �k�b�k�l�_�f�_��
�d�h�h�j�^�b�g�Z�l�� �N�j�_�g�_����s �± �h�i�h�j�g�Z�y�� �d�j�b�\�Z�y���� �a�Z�^�Z�x�s�Z�y�� �g�h�\�m�x�� �h�k�v��
�d�h�h�j�^�b�g�Z�l������d �± �g�h�j�f�Z�e�v���d���h�i�h�j�g�h�c���d�j�b�\�h�c�����n�h�j�f�b�j�m�x�s�Z�y���\�l�h�j�m�x���h�k�v����
b �± �]�j�Z�g�b�p�u �^�h�j�h�`�g�h�]�h�� �i�h�e�h�l�g�Z����a1, a2 �± �i�m�l�b�� �k�� �i�h�k�l�h�y�g�g�u�f�b��
�d�h�h�j�^�b�g�Z�l�Z�f�b��d � �������b��d = �±1    

 

�<�\�_�^�_�f���� ����s pR  �± �m�]�h�e�� �g�Z�d�e�h�g�Z�� �d�Z�k�Z�l�_�e�v�g�h�c�� �d��

�h�i�h�j�g�h�c�� �d�j�b�\�h�c�� �\�� �^�_�d�Z�j�l�h�\�h�c�� �K�D�� �\ �l�h�q�d�_��pS  

���j�b�k�� 3), ��d  �± �m�]�h�e�� �g�Z�d�e�h�g�Z�� �\�_�d�l�h�j�Z��pd ���� �l�h�]�^�Z�� �i�_��

�j�_�o�h�^���\���i�m�l�_�\�m�x���k�b�k�l�_�f�m���d�h�h�j�^�b�g�Z�l���\�u�]�e�y�^�b�l���k�e�_��
�^�m�x�s�b�f���h�[�j�Z�a�h�f�� 
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�J�b�k���� ������ �I�_�j�_�o�h�^�� �f�_�`�^�m�� �^�_�d�Z�j�l�h�\�h�c���K�D �b �K�D �N�j�_�g�_�����J �± 
�i�j�h�b�a�\�h�e�v�g�Z�y�� �l�h�q�d�Z�� �\�� �i�j�h�k�l�j�Z�g�k�l�\�_���� ���� �± �h�i�h�j�g�Z�y�� �d�j�b�\�Z�y����Sp �± 
�[�e�b�`�Z�c�r�Z�y���l�h�q�d�Z���d���J �g�Z���h�i�h�j�g�h�c���d�j�b�\�h�c   

 
1.3.  �ý�������#������������������� �����)������������������� ����������������������������� �����!��

������� �����!  �����������������  

�I�h�k�d�h�e�v�d�m�� �b�l�h�]�h�\�u�c�� �i�m�l�v�� �^�h�e�`�_�g�� �[�u�l�v�� �i�j�_�^��
�k�l�Z�\�e�_�g���\���^�_�d�Z�j�l�h�\�h�c���k�b�k�l�_�f�_���d�h�h�j�^�b�g�Z�l�����j�Z�k�k�f�h�l��

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

�k�f�_�s�_�g�b�y��d : 

sin
.

cos
p s d

p
p s d

x x
d

y y

� ª � º � � � T�ª �º �ª �º
�  � �� « � »�« �» �« �»�T� « � »�¬ �¼ �¬ �¼� ¬ � ¼

 

 

�=�h�j�b�a�h�g�l�h�f�� �[�m�^�_�f�� �g�Z�a�u�\�Z�l�v�� �m�i�h�j�y�^�h�q�_�g�g�u�c��
�g�Z�[�h�j�� �d�h�h�j�^�b�g�Z�l�� �n�b�d�k�b�j�h�\�Z�g�g�h�]�h�� �j�Z�a�f�_�j�Z���� �y�\�e�y�x��
�s�b�c�k�y�� �q�Z�k�l�v�x�� �]�e�h�[�Z�e�v�g�h�]�h�� �i�m�l�b���� �^�e�y�� �d�h�l�h�j�h�]�h�� �\��
�^�Z�g�g�u�c�� �f�h�f�_�g�l�� �\�j�_�f�_�g�b�� �\�u�i�h�e�g�y�_�l�k�y�� �e�h�d�Z�e�v�g�h�_��
�i�e�Z�g�b�j�h�\�Z�g�b�_���� �>�e�b�g�Z�� �]�h�j�b�a�h�g�l�Z�� �h�i�j�_�^�_�e�y�_�l�k�y��
�^�Z�e�v�g�h�k�l�v�x �^�_�c�k�l�\�b�y �\�g�_�r�g�b�o�� �k�_�g�k�h�j�h�\���� �i�_�j�_�^�Z��
�x�s�b�o�� �^�Z�g�g�u�_�� �h�� �\�g�_�r�g�b�o�� �h�[�t�_�d�l�Z�o, �b�� �\�u�q�b�k�e�b��
�l�_�e�v�g�u�f�b�� �f�h�s�g�h�k�l�y�f�b�� �W�<�F���� �K�b�k�l�_�f�Z�� �d�h�h�j�^�b�g�Z�l��
�N�j�_�g�_���h�d�Z�a�u�\�Z�_�l�k�y���m�^�h�[�g�h�c���^�e�y���j�Z�k�q�_�l�Z���]�h�j�b�a�h�g�l�Z����
�<���^�Z�g�g�h�c���K�D �\�k�_���h�[�t�_�d�l�u���a�Z�^�Z�x�l�k�y���b�o���i�h�e�h�`�_�g�b�_�f��
�g�Z�� �^�h�j�h�`�g�h�f�� �i�h�e�h�l�g�_���� �Z�� �a�g�Z�q�b�l, �g�Z�f�g�h�]�h�� �i�j�h�s�_��
�h�i�j�_�^�_�e�y�l�v�����e�_�`�b�l���e�b���i�j�_�i�y�l�k�l�\�b�_���g�Z���l�_�d�m�s�_�c���l�j�Z��
�_�d�l�h�j�b�b�� �^�\�b�`�_�g�b�y, �\�� �l�h�f�� �q�b�k�e�_�� �g�Z�� �b�k�d�j�b�\�e�_�g�g�u�o��
�m�q�Z�k�l�d�Z�o�� �l�j�Z�_�d�l�h�j�b�b���� �<�� �g�h�\�h�c�� �h�j�l�h�]�h�g�Z�e�v�g�h�c�� �K�D��
�]�h�j�b�a�h�g�l�� �Z�i�i�j�h�d�k�b�f�b�j�m�_�l�k�y�� �d�m�[�b�q�_�k�d�b�f�b�� �<-
�k�i�e�Z�c�g�Z�f�b���� 

�L�j�_�[�m�_�l�k�y�� �i�h�k�l�j�h�b�l�v�� �]�h�j�b�a�h�g�l�� �l�Z�d�b�f�� �h�[�j�Z�a�h�f����
�q�l�h�[�u�� �h�g�� �h�[�_�k�i�_�q�b�\�Z�e�� �h�[�t�_�a�^�� �k�l�Z�l�b�q�_�k�d�b�o�� �i�j�_�i�y�l��
�k�l�\�b�c�����<���j�Z�[�h�l�_���>4�@���j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y���h�[�o�h�^���i�j�_�i�y�l��
�k�l�\�b�c�� �b�� �k�]�e�Z�`�b�\�Z�g�b�_�� �<-�k�i�e�Z�c�g�h�\�h�c�� �d�j�b�\�h�c�� �i�m�l�_�f��
�\�Z�j�b�Z�p�b�b���l�h�q�_�d���\���i�j�h�b�a�\�h�e�v�g�h�f���g�Z�i�j�Z�\�e�_�g�b�b���\���b�k��
�o�h�^�g�h�f�� �^�_�d�Z�j�l�h�\�h�f�� �i�j�h�k�l�j�Z�g�k�l�\�_���� �<�h�k�i�h�e�v�a�h�\�Z�\��
�r�b�k�v�� �w�l�b�f�b�� �j�_�a�m�e�v�l�Z�l�Z�f�b, �[�m�^�_�f�� �\�Z�j�v�b�j�h�\�Z�l�v�� �l�h�q��
�d�b�� �k�i�e�Z�c�g�Z�� �\�� �i�h�e�m�q�_�g�g�h�c�� �g�h�\�h�c���K�D���� �I�j�b�q�_�f�� �^�e�y��
�m�f�_�g�v�r�_�g�b�y�� �d�h�e�b�q�_�k�l�\�Z�� �\�Z�j�v�b�j�m�_�f�u�o�� �i�_�j�_�f�_�g�g�u�o��
�^�h�k�l�Z�l�h�q�g�h�� �h�]�j�Z�g�b�q�b�l�v�k�y�� �\�Z�j�b�Z�p�b�_�c�� �l�h�e�v�d�h�� �i�h��
�h�k�b d���� �I�h�e�h�`�_�g�b�_��i-�c�� �l�h�q�d�b�� �\�� �k�b�k�l�_�f�_ �d�h�h�j�^�b�g�Z�l 

�N�j�_�g�_�� �[�m�^�_�l�� �b�f�_�l�v�� �\�b�^���� �� �� ��0, ,i i i i i iq s d d s d� �� � , 

�]�^�_��id  �± �\�Z�j�b�Z�p�b�y���i�h�i�_�j�_�q�g�h�]�h���k�f�_�s�_�g�b�y��i-�c���d�h�h�j��
�^�b�g�Z�l�u���h�l�g�h�k�b�l�_�e�v�g�h���h�i�h�j�g�h�c���d�j�b�\�h�c���� 

�B�a�� �j�_�a�m�e�v�l�Z�l�h�\�� �j�Z�[�h�l�� �>4, 5�@�� �k�e�_�^�m�_�l���� �q�l�h�� �^�e�y��
�m�f�_�g�v�r�_�g�b�y���d�j�b�\�b�a�g�u���d�j�b�\�h�c���h�l�g�h�k�b�l�_�e�v�g�h���g�h�\�h�c 
�K�D �k�e�_�^�m�_�l�� �f�b�g�b�f�b�a�b�j�h�\�Z�l�v�� �k�m�f�f�m�� �d�\�Z�^�j�Z�l�h�\��

�g�h�j�f�� �\�_�d�l�h�j�h�\�� 1i id d ����  �b�� 1 12i i id d d� � � �� � � �, �a�Z�^�Z�x��
�s�b�o �k�h�h�l�\�_�l�k�l�\�_�g�g�h �i�_�j�\�m�x�� �b�� �\�l�h�j�m�x�� �i�j�h�b�a�\�h�^��
�g�u�_�� �n�m�g�d�p�b�b���� �d�h�l�h�j�h�c�� �h�i�b�k�u�\�Z�_�l�k�y �d�j�b�\�Z�y. �W�l�Z��
�k�m�f�f�Z���a�Z�i�b�k�u�\�Z�_�l�k�y���d�Z�d 
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�>�e�y�� �d�h�g�l�j�h�e�y�� �i�h�^�\�b�`�g�h�k�l�b�� �h�l�^�_�e�v�g�u�o�� �l�h�q�_�d��
�\�\�h�^�b�l�k�y�� �n�m�g�d�p�b�h�g�Z�e�� �r�l�j�Z�n�Z�� �a�Z�� �\�Z�j�b�Z�p�b�x�� �l�h�q�_�d����
�h�i�j�_�^�_�e�y�_�f�u�c���n�h�j�f�m�e�h�c 

T( ) , ,n n
h h hP d d Dd D R �u�  � •                 (2) 

�]�^�_�� 1 2, ,...,h nd d d d�  �± �i�h�i�_�j�_�q�g�Z�y�� �\�Z�j�b�Z�p�b�y�� �l�h�q�_�d��
�]�h�j�b�a�h�g�l�Z�� �b��D �± �^�b�Z�]�h�g�Z�e�v�g�Z�y�� �f�Z�l�j�b�p�Z���� �w�e�_�f�_�g�l�u��
�d�h�l�h�j�h�c�� �i�j�h�i�h�j�p�b�h�g�Z�e�v�g�u�� �r�l�j�Z�n�m�� �a�Z�� �\�Z�j�b�Z�p�b�x��
�k�h�h�l�\�_�l�k�l�\�m�x�s�_�c���l�h�q�d�b�� 

 

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

�_�l�k�y���^�\�m�f�y���d�h�h�j�^�b�g�Z�l�Z�f�b���� �� �� ���� ��,j js d �����D�Z�`�^�Z�y���l�h�q�d�Z��

�i�e�Z�g�b�j�m�_�f�h�]�h�� �]�h�j�b�a�h�g�l�Z��h �i�j�b�� �w�l�h�f�� �l�h�`�_�� �a�Z�^�Z�_�l�k�y��
�^�\�m�f�y�� �d�h�h�j�^�b�g�Z�l�Z�f�b���� ��,i is d  1 2 .( , ,.. , ).h ns s s s�  

�L�h�]�^�Z�� �i�h�l�_�g�p�b�Z�e�� �i�h�� �\�k�_�f�� �h�[�t�_�d�l�Z�f�� �h�l�� �\�k�_�o�� �l�h�q�_�d��
�]�h�j�b�a�h�g�l�Z���b�f�_�_�l���\�b�^ 
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�]�^�_�� 0� K � ! , objn  �± �d�h�e�b�q�_�k�l�\�h�� �h�[�g�Z�j�m�`�_�g�g�u�o�� �i�j�_��

�i�y�l�k�l�\�b�c�� 
�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �q�_�f�� �^�Z�e�v�r�_�� �l�h�q�d�b�� �]�h�j�b�a�h�g�l�Z��

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

 

�J�Z�g�_�_�� �m�`�_�� �[�u�e�b�� �\�\�_�^�_�g�u�� �n�m�g�d�p�b�b���� �a�Z�^�Z�x�s�b�_��
�r�l�j�Z�n�u���a�Z���d�j�b�\�b�a�g�m���b���^�e�b�g�m���i�m�l�b���b���k�[�e�b�`�_�g�b�_���L�K��
�k�� �i�j�_�i�y�l�k�l�\�b�_�f���� �<�� �[�h�e�v�r�b�g�k�l�\�_�� �i�j�b�d�e�Z�^�g�u�o �a�Z�^�Z�q��

�l�Z�d�`�_�� �g�_�h�[�o�h�^�b�f�h �m�q�b�l�u�\�Z�l�v�� �d�j�Z�y�� �^�h�j�h�`�g�h�]�h�� �i�h��
�e�h�l�g�Z���� �q�l�h���^�h�k�l�b�]�Z�_�l�k�y�� �h�]�j�Z�g�b�q�_�g�b�_�f�� �^�h�i�m�k�l�b�f�h�]�h��
�^�b�Z�i�Z�a�h�g�Z���\�Z�j�b�Z�p�b�b���i�Z�j�Z�f�_�l�j�Z��d�����i�j�b�q�_�f���^�e�y���d�Z�`��
�^�h�c�� �l�h�q�d�b�� �f�h�`�g�h�� �m�d�Z�a�Z�l�v�� �k�\�h�b�� �]�j�Z�g�b�p�u���� �q�l�h�� �h�k�h��
�[�_�g�g�h�� �Z�d�l�m�Z�e�v�g�h�� �\�� �m�k�e�h�\�b�y�o�� �j�Z�a�g�h�c�� �r�b�j�b�g�u�� �^�h��
�j�h�`�g�h�]�h�� �i�h�e�h�l�g�Z���� �<�� �l�_�o�� �k�e�m�q�Z�y�o���� �d�h�]�^�Z�� �]�j�Z�g�b�p�u��
�^�h�j�h�]�b���g�_�b�a�\�_�k�l�g�u�����\�\�h�^�b�l�k�y���r�l�j�Z�n���a�Z���h�l�d�e�h�g�_�g�b�y��
�h�l�� �h�i�h�j�g�h�c�� �d�j�b�\�h�c���� �q�l�h�� �h�[�_�k�i�_�q�b�\�Z�_�l�� �^�\�b�`�_�g�b�_��
�\�[�e�b�a�b���b�k�o�h�^�g�h�]�h���]�e�h�[�Z�e�v�g�h�]�h���i�m�l�b�� 
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�K���m�q�_�l�h�f���\�u�j�Z�`�_�g�b�c (1�±4�����p�_�e�_�\�h�c���n�m�g�d�p�b�h�g�Z�e��
�[�m�^�_�l���b�f�_�l�v���\�b�^ 
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�]�^�_�� 0� J � t, 0 0 0 0
1 2, ,...,h nd d d d�  �± �g�Z�q�Z�e�v�g�u�_�� �k�f�_�s�_��

�g�b�y���\�u�^�_�e�_�g�g�h�]�h���]�h�j�b�a�h�g�l�Z���h�l�g�h�k�b�l�_�e�v�g�h���h�i�h�j�g�h�c��
�d�j�b�\�h�c���� �<�� �k�e�m�q�Z�_�� �k�h�\�i�Z�^�_�g�b�y�� �l�h�q�_�d�� �]�h�j�b�a�h�g�l�Z�� �b��
�h�i�h�j�g�h�c���d�j�b�\�h�c��0 0jd �  1,...,j n� � � • . 

�H�l�u�k�d�Z�g�b�_�� �]�h�j�b�a�h�g�l�Z�� �k�\�h�^�b�l�k�y�� �d�� �a�Z�^�Z�q�_�� �h�i�l�b��
�f�b�a�Z�p�b�b (�i�h�b�k�d�m���f�b�g�b�f�m�f�Z�� 
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�]�^�_�� r n
iD R�•  �b�� l n

iD R�•  �± �f�Z�l�j�b�p�u�� �j�Z�k�k�l�h�y�g�b�c�� �h�l��
�d�Z�`�^�h�c���l�h�q�d�b���h�i�h�j�g�h�c���d�j�b�\�h�c���^�h���[�e�b�`�Z�c�r�_�c���d���g�_�c��
�l�h�q�d�b �g�Z�� �i�j�Z�\�h�c�� �b�� �e�_�\�h�c�� �]�j�Z�g�b�p�_�� �^�h�j�h�`�g�h�]�h�� �i�h��
�e�h�l�g�Z���k�h�h�l�\�_�l�k�l�\�_�g�g�h�� 

�J�_�r�_�g�b�_�� �a�Z�^�Z�q�b�� �f�b�g�b�f�b�a�Z�p�b�b�� �n�m�g�d�p�b�h�g�Z�e�Z�� ��5) 
�f�h�`�_�l�� �i�h�l�j�_�[�h�\�Z�l�v�� �a�g�Z�g�b�y �]�j�Z�^�b�_�g�l�Z�� �w�l�h�]�h�� �n�m�g�d��
�p�b�h�g�Z�e�Z���� �I�h�k�d�h�e�v�d�m�� �\�Z�j�v�b�j�m�x�l�k�y �l�h�e�v�d�h�� �i�h�i�_�j�_�q��
�g�u�_���k�f�_�s�_�g�b�y�����k�h�h�l�\�_�l�k�l�\�m�x�s�b�_���]�j�Z�^�b�_�g�l�u���b�f�_�x�l��
�\�b� ̂  

�� �� �� ��
�� ��

�� ��

�� �� �� ���� ��
�� �� �� ���� ��

obj

1 2

hor
1 1

2 2

2 ,

P 2P ,

M 2 ,

,

exp( ( ) ) .

h h

h h

h

h h

n n
j

h i

j j
i

j i

i

d

d d

d d

S H H

d d

U s d

s s d

d

d

�  �  

�’ � ��

� ’ �  

� ’ �  

�’ � �� �K �� �u

�u �� �� �� ��

�¦�¦

 

 

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

�g�u�c���g�Z�[�h�j���\�_�d�l�h�j�h�\���� ��, :i i ih s d�  
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�J�b�k���� ������ �I�j�h�p�_�k�k�� �n�h�j�f�b�j�h�\�Z�g�b�y�� �g�Z�q�Z�e�v�g�h�]�h�� �i�j�b�[�e�b�`�_�g�b�y�� �^�e�y 
�]�h�j�b�a�h�g�l�Z�����d�j�m�]�e�u�_�� �l�h�q�d�b�� �± �h�i�h�j�g�Z�y�� �l�j�Z�_�d�l�h�j�b�y���� �l�j�_�m�]�h�e�v�g�u�_�� �± 
�]�h�j�b�a�h�g�l���� �i�h�e�m�q�_�g�g�u�c�� �g�Z�� �i�j�_�^�u�^�m�s�_�f�� �w�l�Z�i�_�� �Z�e�]�h�j�b�l�f�Z�� �j�h�f�[�u�� �± 
�l�h�q�d�b���� �i�_�j�_�g�_�k�_�g�g�u�_�� �\�� �g�Z�q�Z�e�h�� �]�h�j�b�a�h�g�l�Z�� �a�\�_�a�^�h�q�d�b�� �± �l�h�q�d�b����
�^�h�i�h�e�g�y�x�s�b�_���_�]�h���^�h���g�m�`�g�h�c���^�e�b�g�u���� 

 
�B�g�b�p�b�Z�e�b�a�Z�p�b�y. �G�Z�� �\�o�h�^�� �i�h�^�Z�_�l�k�y�� �a�Z�j�Z�g�_�_�� �i�h�^��

�]�h�l�h�\�e�_�g�g�u�c�� �f�Z�k�k�b�\ �b�a N �l�h�q�_�d���� �n�h�j�f�b�j�m�x�s�b�c��
�]�e�Z�^�d�m�x�� �h�i�h�j�g�m�x�� �d�j�b�\�m�x�� �k�� �j�Z�\�g�u�f�� �j�Z�k�k�l�h�y�g�b�_�f��
�f�_�`�^�m�� �k�h�k�_�^�g�b�f�b�� �l�h�q�d�Z�f�b��s�'  [4�@���� �K�f�_�s�_�g�b�_��
�\�^�h�e�v���h�i�h�j�g�h�c���d�j�b�\�h�c���^�e�y��i-�c���l�h�q�d�b���f�Z�k�k�b�\�Z �[�m�^�_�l��
�l�Z�d�b�f: s i s�  � '.  

�R�Z�]�� ���� �I�h�e�m�q�Z�_�f�� �f�_�k�l�h�i�h�e�h�`�_�g�b�_�� �L�K�� �\�� �^�_�d�Z�j��
�l�h�\�h�c���k�b�k�l�_�f�_���d�h�h�j�^�b�g�Z�l�� 

�R�Z�]�� ���� �H�[�o�h�^�y�� �\�k�_�� �l�h�q�d�b�� �h�i�h�j�g�h�c�� �d�j�b�\�h�c, 
�g�Z�o�h�^�b�f�� �g�h�f�_�j p �[�e�b�`�Z�c�r�_�c�� �d�� �i�h�e�h�`�_�g�b�x�� �L�K��

�l�h�q�d�b�� �b�� �j�Z�k�k�l�h�y�g�b�_��pd  �^�h�� �g�_�_���� ��,p ps d � 

�� ��, pp s d�  � ' .  

�R�Z�]�� ���� �B�g�b�p�b�Z�e�b�a�b�j�m�_�f�� �]�h�j�b�a�h�g�l�� �k�e�_�^�m�x�s�b�f��
�h�[�j�Z�a�h�f�� 
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�q�l�h���o�Z�j�Z�d�l�_�j�b�a�m�_�l���^�\�b�`�_�g�b�_���\�^�h�e�v���h�i�h�j�g�h�c���d�j�b�\�h�c��
�k���k�h�o�j�Z�g�_�g�b�_�f �b�k�o�h�^�g�h�]�h �i�h�i�_�j�_�q�g�h�]�h �h�l�d�e�h�g�_�g�b�y. 

�R�Z�]������ �I�h�\�l�h�j�y�_�f���r�Z�]�b�������b�������� 
�R�Z�]������ �J�Z�k�k�f�h�l�j�b�f���^�\�_���\�h�a�f�h�`�g�u�_���k�b�l�m�Z�p�b�b�� 
�x �K�f�_�s�_�g�b�_�� �\�^�h�e�v�� �h�i�h�j�g�h�c�� �d�j�b�\�h�c�� �h�d�Z�a�Z�e�h�k�v��

�\�g�_���l�_�d�m�s�_�]�h �]�h�j�b�a�h�g�l�Z���l�� �_�����l�_�d�m�s�_�_���k�f�_�s�_�g�b�_ ps   

�g�_���k�h�^�_�j�`�b�l�k�y���\���f�Z�l�j�b�p�_��H�����I�h�\�l�h�j�y�_�f���r�Z�] 3. 
�x �I�h�e�h�`�_�g�b�_�� �L�K�� �g�Z�o�h�^�b�l�k�y�� �\�g�m�l�j�b�� �l�_�d�m�s�_�]�h��

�]�h�j�b�a�h�g�l�Z, �l�� �_���� �l�_�d�m�s�_�_�� �k�f�_�s�_�g�b�_��ps  �k�h�^�_�j�`�b�l�k�y��

�\���f�Z�l�j�b�p�_��H. 

�<�\�_�^�_�f�� �b�g�^�_�d�k��m �d�h�h�j�^�b�g�Z�l�u��s �\�� �]�h�j�b�a�h�g�l�_����
�k�h�h�l�\�_�l�k�l�\�m�x�s�b�c �k�f�_�s�_�g�b�x sp���� �M�[�_�j�_�f�� �\�k�_�� �i�_�j��
�\�u�_�� �k�l�j�h�d�b�� �]�h�j�b�a�h�g�l�Z � �̂h��(m �± 1)-�c �\�d�e�x�q�b�l�_�e�v�g�h����
�i�_�j�_�f�_�k�l�b�\�� �l�Z�d�b�f�� �h�[�j�Z�a�h�f�� �g�Z�q�Z�e�h�� �f�Z�k�k�b�\�Z�� �\�� �k�l�j�h��
�d�m���� �k�h�h�l�\�_�l�k�l�\�m�x�s�m�x �d�h�h�j�^�b�g�Z�l�_��sp���� �>�h�i�h�e�g�b�f��
�]�h�j�b�a�h�g�l���^�h���g�m�`�g�h�c���^�e�b�g�u�����^�h�[�Z�\�b�\���\���d�h�g�_�p���g�_�h�[��
�o�h�^�b�f�u�_���d�h�h�j�^�b�g�Z�l�u��s�����i�j�h�^�h�e�`�Z�y���h�k�l�Z�\�r�b�c�k�y���j�y�^��
�k�� �a�Z�^�Z�g�g�u�f�� �r�Z�]�h�f��s�'  �b�� �k�l�Z�\�y�� �\�� �i�Z�j�m�� �i�h�k�e�_�^�g�_�_��
�b�a�\�_�k�l�g�h�_���i�h�i�_�j�_�q�g�h�_���k�f�_�s�_�g�b�_�� 

�R�Z�]�� ���� �J�_�r�Z�_�f�� �i�h�k�l�Z�\�e�_�g�g�m�x�� �a�Z�^�Z�q�m�� �f�b�g�b�f�b��
�a�Z�p�b�b����6), �b�k�i�h�e�v�a�m�y���Z�e�]�h�j�b�l�f���;�j�h�c�^�_�g�Z �± �N�e�_�l�q�_��
�j�Z �± �=�h�e�v�^�n�Z�j�[�Z �± �R�Z�g�g�h (BFGS). 

�R�Z�]������ �I�_�j�_�\�h�^�b�f���i�h�e�m�q�_�g�g�u�_���d�h�h�j�^�b�g�Z�l�u���]�h��
�j�b�a�h�g�l�Z��H �h�[�j�Z�l�g�h���\���^�_�d�Z�j�l�h�\�m���k�b�k�l�_�f�m���d�h�h�j�^�b�g�Z�l����
�I�_�j�_�^�Z�_�f���b�o���g�Z���\�o�h�^���Z�e�]�h�j�b�l�f�Z���k�e�_�^�h�\�Z�g�b�y���i�h���l�j�Z��
�_�d�l�h�j�b�b�� 

�R�Z�]�� ���� �I�h�\�l�h�j�y�_�f�� �r�Z�]�b�� ���±���� �Z�e�]�h�j�b�l�f�Z�� �^�h�� �l�_�o��
�i�h�j�����i�h�d�Z���g�_���^�h�k�l�b�]�g�_�f���d�h�g�p�Z���h�i�h�j�g�h�c���d�j�b�\�h�c�����>�e�y��
�w�d�h�g�h�f�b�b�� �\�u�q�b�k�e�b�l�_�e�v�g�u�o�� �j�_�k�m�j�k�h�\�� �a�Z�i�m�k�d�� �g�h�\�h�c��
�b�l�_�j�Z�p�b�b�� �Z�e�]�h�j�b�l�f�Z�� �i�j�h�b�a�\�h�^�b�l�k�y�� �i�j�b�� �i�h�y�\�e�_�g�b�b��
�g�h�\�h�]�h�� �i�j�_�i�y�l�k�l�\�b�y�� �b�e�b�� �m�`�_�� �i�j�b�� �i�j�b�[�e�b�`�_�g�b�b�� �d��
�d�h�g�p�m���l�_�d�m�s�_�]�h���]�h�j�b�a�h�g�l�Z���a�Z��0,1n �l�h�q�_�d���^�h���d�h�g�p�Z�� 

 

�>�e�y�� �l�_�k�l�b�j�h�\�Z�g�b�y�� �i�j�_�^�e�Z�]�Z�_�f�h�]�h�� �Z�e�]�h�j�b�l�f�Z�� �i�e�Z�g�b��
�j�h�\�Z�g�b�y�� �[�m�^�_�f�� �b�k�i�h�e�v�a�h�\�Z�l�v�� �k�l�h�j�h�g�g�b�c�� �Z�e�]�h�j�b�l�f�� �k�e�_��
�^�h�\�Z�g�b�y���i�h���k�]�_�g�_�j�b�j�h�\�Z�g�g�h�f�m���]�h�j�b�a�h�g�l�m���>���@�����<���d�Z�q�_�k�l�\�_��
�h�i�h�j�g�h�c���d�j�b�\�h�c�� �b�k�i�h�e�v�a�m�_�l�k�y���g�Z�[�h�j���l�h�q�_�d���� �i�h�e�m�q�_�g�g�u�o��
�b�a�� �i�j�h�j�_�`�_�g�g�h�]�h�� �g�Z�[�h�j�Z�� �d�h�h�j�^�b�g�Z�l�� �*�1�6�6-�i�j�b�_�f�g�b�d�Z����
�a�Z�i�b�k�Z�g�g�u�o�� �\�� �i�j�h�p�_�k�k�_�� �^�\�b�`�_�g�b�y�� �L�K���� �i�_�j�_�\�_�^�_�g�g�u�o�� �\��
�k�b�k�l�_�f�m�� �8�7�0�� �b�� �k�]�e�Z�`�_�g�g�u�o�� �f�_�l�h�^�h�f���� �i�j�_�^�k�l�Z�\�e�_�g�g�u�f 

�\ �j�Z�[�h�l�_ [4]. �A�^�_�k�v�� n nD R �u�•  �± �^�b�Z�]�h�g�Z�e�v�g�Z�y���f�Z�l�j�b�p�Z���k�h��
�a�g�Z�q�_�g�b�y�f�b���^�������������������������`���g�Z���]�e�Z�\�g�h�c���^�b�Z�]�h�g�Z�e�b�� 

�G�Z�� �j�b�k���� �� �i�h�d�Z�a�Z�g�� �i�m�l�v���� �i�h�k�l�j�h�_�g�g�u�c�� �k �b�k�i�h�e�v�a�h�\�Z��
�g�b�_�f�� �a�g�Z�q�_�g�b�c �i�Z�j�Z�f�_�l�j�h�\ 0,5, 2�J � �K�  �b���r�l�j�Z�n�Z �a�Z��
�h�l�d�e�h�g�_�g�b�y�� �h�l�� �h�i�h�j�g�h�c�� �d�j�b�\�h�c�� �>���@���� �i�h�w�l�h�f�m�� �l�j�Z�_�d�l�h�j�b�y��
[1�@���\�k�_���\�j�_�f�y���k�l�j�_�f�b�l�k�y���\�_�j�g�m�l�v�k�y���d���h�i�h�j�g�h�c�� �h�]�j�Z�g�b�q�_��
�g�b�y���g�Z���r�b�j�b�g�m���^�h�j�h�`�g�h�]�h���i�h�e�h�l�g�Z���g�_���m�q�b�l�u�\�Z�e�b�k�v������ 

 
 

 
 

�J�b�k����5�����I�m�l�v�����i�j�h�c�^�_�g�g�u�c �L�K���>1�@���i�h���b�k�o�h�^�g�u�f���l�h�q�d�Z�f���f�Z�j�r�j�m�l�Z 
[3], �k���h�[�t�_�a�^�h�f �l�h�q�_�q�g�u�o �i�j�_�i�y�l�k�l�\�b�c [2�@���b���^�Z�e�v�g�_�c�r�b�f��
�i�e�Z�g�b�j�m�_�f�u�f���]�h�j�b�a�h�g�l�h�f��[4�@���\���8�7�0-�d�h�h�j�^�b�g�Z�l�Z�o  
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�G�Z�� �j�b�k���� ���� �i�j�b�\�_�^�_�g�� �k�e�m�q�Z�c���� �\�� �d�h�l�h�j�h�f�� �k�g�b�`�_�g�h�� �a�g�Z��
�q�_�g�b�_�� �d�h�w�n�n�b�p�b�_�g�l�Z���� �h�l�\�_�q�Z�x�s�_�]�h�� �a�Z�� �k�[�e�b�`�_�g�b�_�� �k�� �p�_��
�e�_�\�h�c�� �l�j�Z�_�d�l�h�j�b�_�c���� �b�� �\�\�_�^�_�g�h�� �h�]�j�Z�g�b�q�_�g�b�_�� �g�Z�� �r�b�j�b�g�m��
�^�h�j�h�]�b���� = ���������������� = 2; D �Ò Rn�în �± �^�b�Z�]�h�g�Z�e�v�g�Z�y���f�Z�l�j�b�p�Z��
�k�h�� �a�g�Z�q�_�g�b�y�f�b�� �^�������� �������� ������ ���`�� �g�Z�� �]�e�Z�\�g�h�c�� �^�b�Z�]�h�g�Z�e�b���� �<��
�w�l�h�f�� �k�e�m�q�Z�_�� �[�u�e�h�� �k�h�\�_�j�r�_�g�h�� �i�_�j�_�k�l�j�h�_�g�b�_�� �^�e�y�� �h�[�t�_�a�^�Z��
�i�j�_�i�y�l�k�l�\�b�c�� �b�� �^�\�b�`�_�g�b�_�� �i�j�h�^�h�e�`�b�e�h�k�v�� �g�Z�� �g�_�d�h�l�h�j�h�f��
�m�^�Z�e�_�g�b�b���h�l���b�k�o�h�^�g�h�c���l�j�Z�_�d�l�h�j�b�b�� 

 
 

 

 
�J�b�k����6�����I�m�l�v�����i�j�h�c�^�_�g�g�u�c���L�K���>1] �i�h���b�k�o�h�^�g�u�f���l�h�q�d�Z�f���f�Z�j�r�j�m�l�Z��
�>���@�����k �h�[�t�_�a�^�h�f �l�h�q�_�q�g�u�o �i�j�_�i�y�l�k�l�\�b�c [2�@���b���^�Z�e�v�g�_�c�r�b�f��
�i�e�Z�g�b�j�m�_�f�u�f���]�h�j�b�a�h�g�l�h�f���>4�@���\���8�7�0-�d�h�h�j�^�b�g�Z�l�Z�o���� 

 
 

�J�Z�k�k�f�h�l�j�_�g�Z�� �a�Z�^�Z�q�Z�� �e�h�d�Z�e�v�g�h�]�h�� �i�e�Z�g�b�j�h�\�Z�g�b�y��
�i�m�l�b���^�e�y���[�_�k�i�b�e�h�l�g�u�o���l�j�Z�g�k�i�h�j�l�g�u�o���k�j�_�^�k�l�\���\���k�b��
�k�l�_�f�_�� �d�h�h�j�^�b�g�Z�l�� �^�h�j�h�`�g�h�]�h�� �i�h�e�h�l�g�Z�� �k�� �m�q�_�l�h�f�� �l�h��
�q�_�q�g�u�o�� �i�j�_�i�y�l�k�l�\�b�c���� �K�m�s�_�k�l�\�m�x�s�b�_�� �f�_�l�h�^�u�� �e�h��
�d�Z�e�v�g�h�]�h���i�e�Z�g�b�j�h�\�Z�g�b�y�����l�Z�d�b�_���d�Z�d���f�_�l�h�^�u���g�Z���h�k�g�h��
�\�_���i�h�l�_�g�p�b�Z�e�v�g�h�]�h���i�h�e�y���b���i�h�^�o�h�^�u�����b�k�i�h�e�v�a�m�x�s�b�_��
�i�j�h�]�g�h�a�b�j�m�x�s�b�_���f�h�^�_�e�b���m�i�j�Z�\�e�_�g�b�y�����M�I�F�������e�b�[�h��
�g�_�� �h�[�_�k�i�_�q�b�\�Z�x�l�� �^�h�k�l�Z�l�h�q�g�h�c�� �]�b�[�d�h�k�l�b�� �i�j�b�� �f�Z��
�g�_�\�j�Z�o���� �e�b�[�h�� �l�j�_�[�m�x�l�� �a�g�Z�q�b�l�_�e�v�g�u�o�� �\�u�q�b�k�e�b�l�_�e�v��
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Abstract. This paper presents a local path planning algorithm in the coordinate system of the 
roadbed. The algorithm is based on varying initial trajectory points using the potential field meth-
od and ensuring the smooth resulting path in a new coordinate system. This algorithm is executed 
by minimizing an objective functional. The problem is solved with application to path planning 
for an unmanned transport platform: it is necessary to change �W�K�H���Y�H�K�L�F�O�H�¶�V��global smooth trajec-
tory points in real time while maintaining smoothness and avoiding emerging obstacles. Com-
pared to the Cartesian coordinate system, the new coordinate system is advantageous in terms of 
the execution time of the algorithm. The algorithm is implemented in Python. With a planning 
horizon being specified, this approach can be combined with various path-following algorithms 
that have no obstacle avoidance methods. Computer simulation results are provided to demon-
strate the effectiveness of the proposed algorithm. 
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