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�I�H�<���± �I�h�e�h�`�b�l�_�e�g�Z���h�[�j�Z�l�g�Z���\�j�t�a�d�Z 

�J�K���± �J�h�[�h�l�b�a�b�j�Z�g�Z���k�b�k�l�_�f�Z 

�M�J���± �M�g�b�\�_�j�k�Z�e�_�g���j�h�[�h�l 

�R�B�F �± �R�b�j�h�q�b�g�g�h-�b�f�i�m�e�k�g�Z���f�h�^�m�e�Z�p�b�y 

 

HMI - Human-Machine Interface 

KSS - Kuka System Software 

KRL - Kuka Robot Language 

PLC �± Programmable logic controller 

RDC �± Remote Desktop Connection 

TCP �± Tool Center Point 
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1. �H�[�a�h�j�����Z�g�Z�e�b�a���b���k�b�k�l�_�f�Z�l�b�a�Z�p�b�y �g�Z���f�_�o�Z�l�j�h�g�g�b���j�h�[�h�l�b�a�b�j�Z�g�b���k�b�k�l�_�f�b 
 
1.1.  �B�k�l�h�j�b�q�_�k�d�Z���k�i�j�Z�\�d�Z 
 

 �>�m�f�Z�l�Z�� �³�f�_�o�Z�l�j�h�g�b�d�Z�´�� �_�� �k�t�a�^�Z�^�_�g�Z�� �i�j�_�a�� ���������� �]���� �h�l�� �b�g�`�_�g�_�j�� �\�t�\�� �n�b�j�f�Z�l�Z�� �³�Y�k�d�Z�\�Z�´���± 
�Y�i�h�g�b�y���� �I�j�_�a�� ���������� �_�� �g�Z�i�j�Z�\�_�g�Z�� �l�t�j�]�h�\�k�d�Z�� �j�_�]�b�k�l�j�Z�p�b�y���� �h�l�� �d�h�y�l�h�� �n�b�j�f�Z�l�Z�� �k�_�� �h�l�d�Z�a�\�Z�� �i�j�_�a��
�����������k�e�_�^���r�b�j�h�d�h�l�h���j�Z�a�i�j�h�k�l�j�Z�g�_�g�b�_���g�Z���l�_�j�f�b�g�Z���� �I�t�j�\�h�g�Z�q�Z�e�g�h���� �Z�� �b�� �^�h�k�_�]�Z�� �i�j�b�� �i�h-
�i�h�\�t�j�o�g�h�k�l�g�h�� �b�� �d�h�g�k�_�j�\�Z�l�b�\�g�h�� �l�t�e�d�m�\�Z�g�_���� �l�_�j�f�b�g�t�l�� �k�_�� �_�� �\�t�a�i�j�b�_�f�Z�e�� �d�Z�l�h�� �m�k�l�j�h�c�k�l�\�h�� �k��
�f�_�o�Z�g�b�q�g�Z�� �b�� �_�e�_�d�l�j�h�g�g�Z�� �q�Z�k�l���� �K�j�_�^�� �f�g�h�]�h�l�h�� �l�t�e�d�m�\�Z�g�b�y�� �_�� �i�j�b�^�h�[�b�e�h�� �]�j�Z�`�^�Z�g�k�l�\�_�g�h�k�l��
�h�i�j�_�^�_�e�_�g�b�_�l�h, �q�_�� �f�_�o�Z�l�j�h�g�b�d�Z�l�Z�� �_�� �b�g�l�_�]�j�Z�p�b�y�� �g�Z�� �f�Z�r�b�g�g�h�� �b�g�`�_�g�_�j�k�l�\�h�� �k�� �_�e�_�d�l�j�h�g�b�d�Z�� �b��
�b�g�l�_�e�b�]�_�g�l�g�h�� �d�h�f�i�x�l�t�j�g�h�� �m�i�j�Z�\�e�_�g�b�_�� �i�j�b�� �i�j�h�_�d�l�b�j�Z�g�_�� �b�� �i�j�h�b�a�^�h�\�k�l�\�h�� �g�Z�� �b�a�^�_�e�b�y�� �b��
�l�_�o�g�h�e�h�]�b�b, [1]. 

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

�L�_�j�f�b�g�t�l���³�f�_�o�Z�l�j�h�g�b�d�Z�  ́�_���k���y�i�h�g�k�d�b���i�j�h�b�a�o�h�^�����d�Z�l�h���\���Y�i�h�g�b�y���h�[�b�d�g�h�\�_�g�h���i�h�^���g�_�]�h���k�_��
�j�Z�a�[�b�j�Z�l���^�\�Z���Z�k�i�_�d�l�Z: 

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

- �i�h�k�l�h�y�g�g�h���h�[�m�q�_�g�b�_���i�h���f�_�o�Z�l�j�h�g�b�d�Z���g�Z���b�g�`�_�g�_�j�g�b���d�Z�^�j�b�� 

�I�j�_�a�� ����-�l�_�� �]�h�^�b�g�b�� �f�b�d�j�h�i�j�h�p�_�k�h�j�g�b�l�_�� �i�j�h�^�m�d�l�b�� �a�Z�\�e�Z�^�y�\�Z�l�� �i�Z�a�Z�j�Z���� �L�h�\�Z�� �_�� �\�b�^�g�h�� �\��
�g�Z�c���± �]�h�e�y�f�Z�� �k�l�_�i�_�g�� �i�j�b�� �i�_�j�k�h�g�Z�e�g�b�l�_�� �d�h�f�i�x�l�j�b���� �d�h�b�l�h�� �k�Z�� �k�� �\�k�_�� �i�h�±�m�\�_�e�b�q�Z�\�Z�s�h�� �k�_��
�[�t�j�a�h�^�_�c�k�l�\�b�_�� �b�� �\�k�_�� �i�h�±�g�b�k�d�Z�� �p�_�g�Z���� �A�Z�� �l�h�\�Z�� �g�_�� �[�b�\�Z�� �^�Z�� �g�b�� �b�a�g�_�g�Z�^�\�Z�� �n�Z�d�l�Z���� �q�_��
�f�b�d�j�h�d�h�f�i�x�l�j�b�l�_�� �g�Z�\�e�y�a�h�o�Z�� �\�t�\�� �\�k�y�d�Z�� �h�[�e�Z�k�l�� �g�Z�� �f�Z�r�b�g�g�h�l�h�� �b�g�`�_�g�_�j�k�l�\�h���� �<�t�a�f�h�`�g�h�k�l�b�l�_��
�b�f�� �a�Z�� �h�[�j�Z�[�h�l�d�Z�� �g�Z�� �^�Z�g�g�b�� �b�� �e�_�k�g�h�l�h�� �b�a�i�h�e�a�\�Z�g�_�� �g�Z�� �f�b�d�j�h�d�h�f�i�x�l�j�b�l�_�� �b�� �^�j�m�]�b��
�f�b�d�j�h�i�j�h�p�_�k�h�j�g�b���m�k�l�j�h�c�k�l�\�Z���]�b���i�j�Z�\�y�l���g�_�a�Z�f�_�g�b�f�b���i�j�b���b�a�]�j�Z�`�^�Z�g�_�l�h���g�Z���k�b�k�l�_�f�b���a�Z���k�e�_�^�_�g�_��
�b���d�h�g�l�j�h�e�����L�h�\�Z���a�g�Z�q�b�����q�_���l�j�y�[�\�Z���^�Z���h�l�i�Z�^�g�Z�l���h�]�j�Z�g�b�q�_�g�b�y�l�Z���g�Z���f�Z�r�b�g�g�b�l�_���b�g�`�_�g�_�j�b���\�t�j�o�m��
�q�b�k�l�h�� �f�_�o�Z�g�b�q�g�b�l�_�� �Z�k�i�_�d�l�b�� �g�Z�� �i�j�h�_�d�l�b�j�Z�g�_�l�h���� �l�t�c�� �d�Z�l�h�� �i�h���± �\�Z�`�g�h�� �_�� �d�Z�d�\�h�� �i�j�Z�\�y�l��
�i�h�^�k�b�k�l�_�f�b�l�_���� �d�h�b�l�h�� �l�_�� �i�j�h�_�d�l�b�j�Z�l���� �h�l�d�h�e�d�h�l�h�� �h�l�� �d�Z�d�\�b�� �^�_�l�Z�c�e�b�� �k�Z�� �b�a�]�j�Z�^�_�g�b���� �L�_�a�b��
�i�h�^�k�b�k�l�_�f�b�� �h�[�_�^�b�g�y�\�Z�l�� �d�h�g�l�j�h�e�g�b�� �n�m�g�d�p�b�b���� �k�b�e�h�\�b�� �k�b�k�l�_�f�b���� �d�h�f�m�g�b�d�Z�p�b�h�g�_�g�� �b�g�l�_�j�n�_�c�k�� �b��
�i�h�^�o�h�^�y�s���k�h�n�l�m�_�j�����L�h�\�Z���_���l�Z�d�Z���g�Z�j�_�q�_�g�Z�l�Z���k�b�k�l�_�f�g�Z���]�e�_�^�g�Z���l�h�q�d�Z���i�j�b���i�j�h�_�d�l�b�j�Z�g�_�l�h�����d�h�y�l�h��
�l�h�e�d�h�\�Z�� �i�_�q�_�e�b�\�r�h�� �k�_�� �b�a�i�h�e�a�\�Z�� �\�� �Y�i�h�g�b�y�� �h�l�� ����-�l�_�� �]�h�^�b�g�b�� �g�Z�k�Z�f���� �Z�� �b�g�l�_�]�j�Z�p�b�y�l�Z�� �g�Z��
�l�j�Z�^�b�p�b�h�g�g�h���j�Z�a�e�b�q�g�b�l�_���b�g�`�_�g�_�j�g�b���l�_�o�g�h�e�h�]�b�b���k�l�Z�\�Z���b�a�\�_�k�l�g�Z���d�Z�l�h���f�_�o�Z�l�j�h�g�b�d�Z�� 

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

�l�y�o�����>��]. 
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�N�b�]�����������?�e�_�f�_�g�l�b���g�Z���f�_�o�Z�l�j�h�g�b�d�Z�l�Z 

�>�j�m�]�b�� �Z�\�l�h�j�b�� �k�\�t�j�a�\�Z�l�� �i�h�g�y�l�b�_�l�h�� �³�f�_�o�Z�l�j�h�g�b�d�Z�´�� �k�� �� ������ �F�_�`�^�m�g�Z�j�h�^�_�g�� �k�b�f�i�h�a�b�m�f�� �i�h��
�b�g�^�m�k�l�j�b�Z�e�g�Z�� �j�h�[�h�l�b�d�Z�� ��ISIR���� �\�� �L�h�d�b�h���� �Y�i�h�g�b�y���� �\�� ���������� �]������ �Z�� �h�s�_�� �i�j�_�a�� ���������� �]���� �Z�d�Z�^����
�:�j�l�h�[�h�e�_�\�k�d�b�� �k�t�h�[�s�Z�\�Z�� �a�Z�� �h�q�Z�d�\�Z�g�� �f�h�k�l�� ���k�b�f�[�b�h�a�Z���� �f�_�`�^�m�� �F�_�o�Z�g�b�d�Z�l�Z�� �g�Z�� �f�Z�r�b�g�b�l�_�� �b��
�f�_�o�Z�g�b�a�f�b�l�_�� �k�� �L�_�h�j�b�y�l�Z�� �g�Z�� �Z�\�l�h�f�Z�l�b�q�g�h�l�h�� �j�_�]�m�e�b�j�Z�g�_�� �b�� �m�i�j�Z�\�e�_�g�b�_�l�h���� �K�t�]�e�Z�k�g�h�� �l�h�\�Z��
�\�b�`�^�Z�g�_�� �f�_�o�Z�l�j�h�g�b�d�Z�l�Z�� �_�� �k�b�g�_�j�]�_�l�b�q�g�Z ���^�_�c�k�l�\�Z�s�Z�� �k�t�\�f�_�k�l�g�h���� �b�g�l�_�]�j�Z�p�b�y�� �g�Z�� �f�Z�r�b�g�g�h�l�h��
�b�g�`�_�g�_�j�k�l�\�h���k���_�e�_�d�l�j�h�g�b�d�Z�l�Z���b���b�g�l�_�e�b�]�_�g�l�g�h�l�h���d�h�f�i�x�l�t�j�g�h���m�i�j�Z�\�e�_�g�b�_�����L�h�\�Z���_���k�i�_�p�b�n�b�q�g�Z��
�k�l�j�Z�l�_�]�b�y�� �a�Z���g�Z�f�b�j�Z�g�_���g�Z���h�i�l�b�f�Z�e�_�g���i�t�l�� �i�j�b���b�g�l�_�]�j�b�j�Z�g�_�l�h���g�Z���F�?�O�:-�g�b�d�Z�l�Z�����f�_�o�Z�g�b�a�f�b�l�_��
�k�t�k���a�Z�^�\�b�`�\�Z�g�b�y�l�Z���b�f�����b���g�Z���_�e�_�d-�L�J�H�G�B�D�:�L�:�����o�Z�j�^�m�_�j���d�Z�l�h���g�Z�i�j�b�f�_�j���d�h�g�l�j�h�e�_�j�b�����k�_�g�a�h�j�b����
�i�m�e�l�h�\�_�� �b�� �^�j�m�]�b���� �a�Z�_�^�g�h�� �k�t�k�� �k�h�n�l�m�_�j�Z���� �k�t�^�t�j�`�Z�s�� �i�j�b�g�p�b�i�b�l�_�� �b�� �a�Z�d�h�g�b�l�_�� �a�Z�� �m�i�j�Z�\�e�_�g�b�_�� �g�Z��
�f�_�o�Z�g�b�a�f�b�l�_�����^�\�b�]�Z�l�_�e�b�l�_�����k�_�g�a�h�j�b�l�_�����k�i�b�j�Z�q�d�b�l�_���b���^�j�m�]�b���Z�i�Z�j�Z�l�g�b���d�h�f�i�h�g�_�g�l�b�����d�Z�d�l�h���b���i�h-
�\�b�k�h�d�b�l�_���g�b�\�Z���g�Z���m�i�j�Z�\�e�_�g�b�_�����\�d�e�x�q�\�Z�s�b���_�e�_�f�_�g�l�b���g�Z���b�a�d�m�k�l�\�_�g�b�y���b�g�l�_�e�_�d�l���� �<�Z�`�g�Z���q�Z�k�l���h�l��
�_�^�g�Z�� �f�_�o�Z�l�j�h�g�g�Z�� �k�b�k�l�_�f�Z�� �k�Z�� �k�_�g�a�^�h�j�b�l�_���� �d�h�b�l�h�� �h�k�\�_�g�� �a�Z�� �h�i�j�_�^�_�e�y�g�_�� �i�h�e�h�`�_�g�b�_�l�h�� �g�Z��
�j�Z�a�e�b�q�g�b�l�_�� �^�\�b�`�_�s�b�� �k�_�� �q�Z�k�l�b���� �k�e�m�`�Z�l�� �b�� �a�Z�� �h�i�j�_�^�_�e�y�g�_�� �g�Z�� �h�l�d�e�h�g�_�g�b�y�l�Z�� �h�l�� �i�j�_�^�i�b�k�Z�g�b�l�_��
�i�h�a�b�p�b�b���b�e�b���j�Z�a�f�_�j�b���g�Z���q�Z�k�l�b���h�l���k�b�k�l�_�f�Z�l�Z���b�e�b���h�[�_�d�l�Z����[2]. 

 �G�Z�� �n�b�]���������� �_�� �i�j�_�^�k�l�Z�\�_�g�Z�� �h�i�j�h�k�l�_�g�Z�� �k�o�_�f�g�Z�� �d�h�f�i�h�a�b�p�b�y�� �g�Z�� �g�Z�m�q�g�Z�l�Z�� �h�[�e�Z�k�l 
�³�f�_�o�Z�l�j�h�g�b�d�Z�´:  

�F�_�o�Z�g�b�q�g�b��
�k�b�k�l�_�f�b 

�?�e�_�d�l�j�h�g�g�b��
�k�b�k�l�_�f�b 

�K�b�k�l�_�f�b���a�Z��
�d�h�g�l�j�h�e 

�D�h�f�i�x�l�j�b 

�K�b�k�l�_�f�_�g��
�Z�g�Z�e�b�a 

�K�_�g�a�h�j�b�����b��
�a�Z� �̂\�b� �̀\�Z�g�_ 

�F�b�d�j�h- 
�d�h�f�i�x�l�j�b 

�K�b�f�m�e�Z�p�b�y 

�F�_�o�Z�l�j�h�g�b�d�Z 

�?�e�_�d�l�j�h-
�f�_�o�Z�g�b�d�Z 

�?�e�_�d�l�j�h�g�g�b��
�d�h�g�l�j�h�e�g�b��
�k�b�k�l�_�f�b 

�F�_�o�Z�g�b�q�g�b��
CAD 

 �k�b�k�l�_�f�b 

�P�b�n�j�h�\�b��
�d�h�g�l�j�h�e�g�b��
�k�b�k�l�_�f�b 



 
 

8 
 

 
�N�b�]�����������K�o�_�f�g�Z���d�h�f�i�h�a�b�p�b�y���g�Z���g�Z�m�q�g�Z�l�Z���h�[�e�Z�k�l���³�f�_�o�Z�l�j�h�g�b�d�Z�´ 

 

1.2. �B�g�^�m�k�l�j�b�Z�e�g�b���j�h�[�h�l�b 

�L�_�j�f�b�g�t�l�� �³�j�h�[�h�l�´�� �b�f�Z�� �k�e�Z�\�y�g�k�d�b�� �i�j�h�b�a�o�h�^���� �H�[�j�Z�a�m�\�Z�g�� �_�� �h�l�� �q�_�r�d�Z�l�Z�� �^�m�f�Z�� �³robota�´����
�d�h�y�l�h�� �h�a�g�Z�q�Z�\�Z�� �l�_�`�t�d�� �b�� �g�_�i�h�k�b�e�_�g�� �l�j�m�^���� �K�� �g�_�]�h�� �q�_�r�d�b�y�l���i�b�k�Z�l�_�e�� �D���� �Q�Z�i�_�d�� �i�j�_�a�� ���������� �]����
�g�Z�a�h�\�Z�\�Z�� �\�� �i�b�_�k�Z�l�Z�� �³R.U.R�´�� ���J�h�k�m�f�k�d�b�� �m�g�b�\�_�j�k�Z�e�g�b�� �j�h�[�h�l�b�´���f�_�o�Z�g�b�q�g�b�l�_�� �j�Z�[�h�l�g�b�p�b����
�i�h�f�Z�]�Z�s�b�� �g�Z�� �q�h�\�_�d�Z���� �J�h�[�h�l�b�l�_�� �k�Z�� �h�[�j�b�k�m�\�Z�g�b�� �d�Z�l�h�� �b�g�`�_�g�_�j�_�g�� �i�j�h�^�m�d�l���� �k�j�Z�\�g�b�f�� �k�� �q�h�\�_�d�Z�� �\��
�f�_�o�Z�g�b�q�g�h���b���b�g�l�_�e�_�d�l�m�Z�e�g�h���h�l�g�h�r�_�g�b�_�� 

�=�e�Z�\�g�b�l�_���k�l�j�m�d�l�m�j�g�b �d�h�f�i�h�g�_�g�l�b���g�Z���_�^�b�g���j�h�[�h�l���k�Z���>��]: 

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

- �^�\�b�]�Z�l�_�e�g�Z���b���b�a�i�t�e�g�b�l�_�e�g�Z���k�b�k�l�_�f�Z���� �A�Z�^�\�b�`�\�Z�g�b�y�l�Z���i�j�_�f�_�k�l�\�Z�l�� �i�h���h�i�j�_�^�_�e�_�g���a�Z�d�h�g��
�h�l�^�_�e�g�b�l�_���a�\�_�g�Z���g�Z���j�t�d�Z�l�Z���b���b�e�b���p�_�e�b�y���j�h�[�h�l�����d�Z�l�h���^�h�k�l�Z�\�y�l���j�Z�[�h�l�g�b�y���h�j�]�Z�g���\���a�Z�^�Z�^�_�g�Z���l�h�q�d�Z����
�B�a�i�t�e�g�b�l�_�e�g�b�l�_���f�_�o�Z�g�b�a�f�b���[�b�\�Z�l���o�\�Z�s�Z�q�b�����b�g�k�l�j�m�f�_�g�l�b�����l�_�o�g�h�e�h�]�b�q�g�h���h�[�h�j�m�^�\�Z�g�_�����k�_�g�a�h�j�b��
�b���^�j�� 

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

�D�Z�l�h���l�_�o�g�b�q�_�k�d�b���k�b�k�l�_�f�b���j�h�[�h�l�b�l�_���k�_���o�Z�j�Z�d�l�_�j�b�a�b�j�Z�l���k�� 

Mechanical Electronics 

    Computing 

Drives 

PLC CAD 

Mecha- 
tronics 
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- �m�g�b�\�_�j�k�Z�e�g�b�����f�g�h�]�h�n�m�g�d�p�b�h�g�Z�e�g�b�����^�\�b�]�Z�l�_�e�g�b���\�t�a�f�h�`�g�h�k�l�b�� 

- �]�t�\�d�Z�\�h���m�i�j�Z�\�e�_�g�b�_���g�Z���^�\�b�]�Z�l�_�e�g�b���b���b�a�i�t�e�g�b�l�_�e�g�b���h�j�]�Z�g�b�� 

- �i�h�e�a�m�\�Z�g�_���g�Z���b�g�n�h�j�f�Z�p�b�y���h�l���j�Z�[�h�l�g�Z�l�Z���k�j�_�^�Z���\���m�i�j�Z�\�e�_�g�b�_�l�h�� 

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

�H�k�g�h�\�g�b�l�_���h�[�e�Z�k�l�b���g�Z���i�j�b�e�h�`�_�g�b�_���g�Z���j�h�[�h�l�b�l�_���k�Z���k�i�h�j�_�^���b�a�\�t�j�r�\�Z�g�b�l�_���h�l���l�y�o���\�b�^�h�\�_��
�^�_�c�g�h�k�l�b�����Z���b�f�_�g�g�h�� 

- �k�i�h�f�Z�]�Z�l�_�e�g�b���± �h�[�k�e�m�`�\�Z�g�_���g�Z���f�Z�r�b�g�b���b���h�[�h�j�m�^�\�Z�g�_�����l�h�\�Z�j�h-�j�Z�a�l�h�\�Z�j�g�b���j�Z�[�h�l�b�� 

- �h�k�g�h�\�g�b���± �a�Z�\�Z�j�y�\�Z�g�_�����f�h�g�l�Z�`�����i�h�d�j�b�l�b�y�����j�y�a�Z�g�_�����r�e�b�n�h�\�Z�g�_�����e�Z�a�_�j�g�Z���h�[�j�Z�[�h�l�d�Z�� 

- �l�j�Z�g�k�i�h�j�l�g�b���± �i�j�_�g�h�k�� �f�_�`�^�m�� �f�Z�r�b�g�b���� �\�� �l�_�o�g�h�e�h�]�b�q�g�Z�� �e�b�g�b�y���� �\�� �j�Z�f�d�b�l�_�� �g�Z�� �p�_�o�Z����
�b�a�\�t�g�p�_�o�h�\���l�j�Z�g�k�i�h�j�l�����i�h�^�j�_�`�^�Z�g�_�� 

- �b�a�k�e�_�^�h�\�Z�l�_�e�k�d�b�����j�Z�a�m�a�g�Z�\�Z�l�_�e�g�b�����Z�\�Z�j�b�c�g�h-�k�i�Z�k�b�l�_�e�g�b�� 

- �f�_�^�b�p�b�g�k�d�b�����[�b�l�h�\�b�����h�[�k�e�m�`�\�Z�s�h-�j�Z�a�\�e�_�d�Z�l�_�e�g�b�� 

�I�t�j�\�b���i�j�_�d�b���i�j�_�^�r�_�k�l�\�_�g�b�p�b���g�Z���k�t�\�j�_�f�_�g�g�b�l�_���j�h�[�h�l�b���k�Z���j�Z�a�j�Z�[�h�l�_�g�b�l�_���i�j�_�a������-�l�_���b��
50-�l�_�� �]�h�^�b�g�b�� �f�Z�g�b�i�m�e�Z�l�h�j�b�� �k�� �j�t�q�g�h�� �^�b�k�l�Z�g�p�b�h�g�g�h�� �a�Z�^�\�b�`�\�Z�g�_�� ���l�_�e�_�h�i�_�j�Z�l�h�j�b������ �L�_�� �k�_��
�i�j�b�e�Z�]�Z�l�� �i�j�b�� �j�Z�[�h�l�Z�� �k�� �j�Z�^�b�h�Z�d�l�b�\�g�b�� �b�� �o�b�f�b�q�_�k�d�b�� �h�l�j�h�\�g�b�� �f�Z�l�_�j�b�Z�e�b���� �G�y�d�h�b�� �h�l�� �l�y�o�� �k�_��
�h�[�h�j�m�^�\�Z�l�� �k�� �^�\�b�]�Z�l�_�e�b�� �b�� �i�j�h�k�l�h�� �d�h�f�Z�g�^�g�h�� ���[�m�l�h�g�g�h���� �b�e�b�� �d�h�i�b�j�Z�s�h�� �m�i�j�Z�\�e�_�g�b�_����
�K�t�q�_�l�Z�\�Z�g�_�l�h�� �g�Z�� �l�j�Z�^�b�p�b�h�g�g�b�l�_�� �]�t�j�[�b�q�g�b�� �Z�\�l�h�f�Z�l�b�� �k�� �_�e�_�d�l�j�h�g�g�b�� �d�h�g�l�j�h�e�_�j�b�� �b�� �d�h�f�i�x�l�j�b��
�i�t�d�� �\�h�^�b�� �^�h�� �\�g�_�^�j�y�\�Z�g�_�� �g�Z�� �i�j�h�k�l�b���� �Z�\�l�h�f�Z�l�b�q�g�b�� �f�Z�g�b�i�m�e�Z�l�h�j�b�� �i�j�b�� �Z�\�l�h�f�Z�l�b�a�Z�p�b�y�� �g�Z��
�i�j�h�b�a�\�h�^�k�l�\�_�g�b���i�j�h�p�_�k�b���\���f�Z�r�b�g�h�k�l�j�h�_�g�_�l�h���b���l�_�o�g�h�e�h�]�b�b�l�_�� 

�I�t�j�\�b�l�_�� �i�j�_�^�k�l�Z�\�b�l�_�e�b�� �g�Z�� �j�h�[�h�l�b�l�_�� �k�Z�� �Z�\�l�h�f�Z�l�b�� �[�_�a�� �\�t�a�f�h�`�g�h�k�l�b�� �a�Z��
�i�j�_�i�j�h�]�j�Z�f�b�j�Z�g�_���� �q�_�k�l�h�� �\�]�j�Z�^�_�g�b�� �\�� �h�k�g�h�\�g�h�l�h �h�[�h�j�m�^�\�Z�g�_�� ���Z�\�l�h�h�i�_�j�Z�l�h�j�b������ �I�j�_�a�� ����-������ �]����
�Z�f�_�j�b�d�Z�g�k�d�b�l�_���n�b�j�f�b��Planet  �b��AMF �\�g�_�^�j�y�\�Z�l���i�j�h�]�j�Z�f�b�j�m�_�f�b���f�Z�g�b�i�m�e�Z�l�h�j�b���k���Z�\�l�h�f�Z�l�b�q�g�h��
�m�i�j�Z�\�e�_�g�b�_���� �d�h�b�l�h�� �g�Z�� �i�Z�a�Z�j�Z�� �[�b�\�Z�l�� �g�Z�j�_�q�_�g�b�� �i�j�h�f�b�r�e�_�g�b�� �j�h�[�h�l�b���� �� �>�\�b�`�_�g�b�y�l�Z�� �g�Z�� �l�_�a�b��
�m�k�l�j�h�c�k�l�\�Z�� �k�Z�� �i�j�h�k�l�b�� �b�� �g�_�d�h�h�j�^�b�g�b�j�Z�g�b���� �h�]�j�Z�g�b�q�Z�\�Z�l�� �k�_�� �f�_�`�^�m�� �f�Z�e�t�d�� �[�j�h�c�� �l�h�q�d�b�� �g�Z��
�i�h�a�b�p�b�h�g�b�j�Z�g�_�����d�h�b�l�h���k�_���i�j�_�i�j�h�]�j�Z�f�b�j�Z�l���q�j�_�a���j�t�q�g�Z���g�Z�k�l�j�h�c�d�Z�� 

�J�Z�a�\�b�l�b�_�l�h�� �g�Z�� �p�b�n�j�h�\�h-�i�j�h�]�j�Z�f�g�h�l�h�� �m�i�j�Z�\�e�_�g�b�_�� �b�� �g�Z�� �k�b�k�l�_�f�b�l�_�� �k�� �h�[�j�Z�l�g�Z�� �\�j�t�a�d�Z��
�^�h�\�_�`�^�Z�l�� �^�h�� �k�_�j�b�c�g�h�� �i�j�h�b�a�\�h�^�k�l�\�h�� �g�Z�� �i�j�h�f�b�r�e�_�g�b�� �m�k�l�j�h�c�k�l�\�Z�� �k�� �l�b�i�b�q�g�b�� �[�_�e�_�a�b�� �g�Z�� �j�h�[�h�l�b��
(60-������ �]������Unimate������ �K�e�_�^�\�Z�� �k�g�Z�[�^�y�\�Z�g�_�� �g�Z�� �j�h�[�h�l�Z �k�� �\�b�a�m�Z�e�g�b���� �l�Z�d�l�b�e�g�b�� �b�� �^�j�m�]�b�� �k�_�g�a�h�j�b�� �a�Z��
�\�t�a�i�j�b�_�f�Z�g�_�� �g�Z�� �j�Z�[�h�l�g�Z�l�Z�� �k�p�_�g�Z���� �K�� �[�m�j�g�h�l�h�� �j�Z�a�\�b�l�b�_�� �g�Z�� �d�h�f�i�x�l�t�j�g�Z�l�Z�� �l�_�o�g�b�d�Z�� �\��
�m�i�j�Z�\�e�_�g�b�y�l�Z���g�Z���j�h�[�h�l�b�l�_���k�_���\�]�j�Z�`�^�Z�l���b���_�a�b�p�b���a�Z���i�j�h�]�j�Z�f�b�j�Z�g�_���h�l���\�b�k�h�d�h���g�b�\�h�����Z�g�Z�e�b�l�b�q�g�h��
�h�i�b�k�Z�g�b�_���g�Z���p�_�e�l�Z�����_�e�_�f�_�g�l�b���g�Z���b�a�d�m�k�l�\�_�g���b�g�l�_�e�_�d�l�� 

�<�� �;�t�e�]�Z�j�b�y�� �i�j�t�\�� �k�_�j�b�c�g�h�� �i�j�h�b�a�\�_�`�^�Z�g�� �j�h�[�h�l�� �_�� �J�;�� �������� �a�Z�� �g�Z�g�Z�k�y�g�_�� �g�Z�� �[�h�y�^�`�b�c�k�d�b��
�i�h�d�j�b�l�b�y��������-�������]���������K�e�_�^�\�Z�l���j�h�[�h�l�b���a�Z���h�[�k�e�m�`�\�Z�g�_���g�Z���f�_�l�Z�e�h�j�_�`�_�s�b���f�Z�r�b�g�b���J�;�������������j�h�[�h�l��
�a�Z���^�t�]�h�\�h���a�Z�\�Z�j�y�\�Z�g�_���J�;�����������b���^�j�����<���h�[�e�Z�k�l�l�Z���g�Z���m�q�_�[�g�Z�l�Z���j�h�[�h�l�b�d�Z���k�Z���b�a�\�_�k�l�g�b���j�h�[�h�l�b�l�_���h�l��
�k�_�j�b�y�l�Z���J�h�[�d�h�� 
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�?�^�g�h���k�\�_�l�h�\�g�h���j�Z�a�i�j�h�k�l�j�Z�g�g�h���h�i�j�_�^�_�e�_�g�b�_���a�Z���j�h�[�h�l���_����[1]: 

�³�J�h�[�h�l�t�l�� �_�� �i�j�_�i�j�h�]�j�Z�f�b�j�m�_�f���� �f�m�e�l�b�n�m�g�d�p�b�h�g�Z�e�_�g�� �f�Z�g�b�i�m�e�Z�l�h�j���� �i�j�_�^�g�Z�a�g�Z�q�_�g�� �^�Z��
�i�j�_�g�Z�k�y�� �f�Z�l�_�j�b�Z�e�b���� �^�_�l�Z�c�e�b���� �b�g�k�l�j�m�f�_�g�l�b�� �b�e�b�� �k�i�_�p�b�Z�e�g�b�� �m�k�l�j�h�c�k�l�\�Z�� �q�j�_�a�� �j�Z�a�e�b�q�g�b��
�i�j�h�]�j�Z�f�b�j�Z�g�b���^�\�b�`�_�g�b�y���a�Z���b�a�\�t�j�r�\�Z�g�_���g�Z���j�Z�a�g�h�h�[�j�Z�a�g�b���^�_�c�g�h�k�l�b�´�� 

�K�i�h�j�_�^�� �k�l�Z�g�^�Z�j�l�� �g�Z�� �G�J�; 5948-�������� �³�i�j�h�f�b�r�e�_�g�� �j�h�[�h�l�� �_�� �Z�\�l�h�f�Z�l�b�q�g�Z�� �f�Z�r�b�g�Z����
�k�l�Z�p�b�h�g�Z�j�g�Z���b�e�b���i�h�^�\�b�`�g�Z�����k�t�k�l�h�y�s�Z���k�_���h�l���f�Z�g�b�i�m�e�Z�l�h�j���b���i�j�_�i�j�h�]�j�Z�f�b�j�m�_�f�h���m�k�l�j�h�c�k�l�\�h��
�a�Z�� �i�j�h�]�j�Z�f�g�h�� �m�i�j�Z�\�e�_�g�b�_���� �d�h�y�l�h�� �\�� �i�j�h�b�a�\�h�^�k�l�\�_�g�b�y�� �i�j�h�p�_�k�� �b�a�i�t�e�g�y�\�Z�� �^�\�b�]�Z�l�_�e�g�b�� �b��
�m�i�j�Z�\�e�y�\�Z�s�b���n�m�g�d�p�b�b�´.  

�A�Z�� �j�Z�a�e�b�d�Z�� �h�l�� �j�h�[�h�l�b�l�_�� �h�[�b�d�g�h�\�_�g�b�l�_�� �i�j�h�f�b�r�e�_�g�b�� �f�Z�g�b�i�m�e�Z�l�h�j�b�� �k�Z�� �Z�\�l�h�f�Z�l�b�q�g�b�� �b��
�g�Z�i�t�e�g�h�� �b�e�b�� �q�Z�k�l�b�q�g�h�� �g�_�i�j�h�]�j�Z�f�b�j�m�_�f�b�� �m�k�l�j�h�c�k�l�\�Z���� �Q�_�k�l�h�� �l�_�� �k�Z�� �l�\�t�j�^�h�� �\�]�j�Z�^�_�g�b�� �\��
�h�k�g�h�\�g�h�l�h�� �l�_�o�g�h�e�h�]�b�q�g�h�� �h�[�h�j�m�^�\�Z�g�_�� �b�� �b�a�i�t�e�g�y�\�Z�l�� �_�^�b�g�k�l�\�_�g�b�� �h�l�g�Z�i�j�_�^�� �h�i�j�_�^�_�e�_�g�b��
�n�m�g�d�p�b�b�����F�h�]�Z�l���^�Z���k�_���k�q�b�l�Z�l���d�Z�l�h���g�m�e�_�\�h���i�h�d�h�e�_�g�b�_���g�Z���i�j�h�f�b�r�e�_�g�b�l�_���j�h�[�h�l�b�� 

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

�?�^�g�b���h�l�� �h�k�g�h�\�g�b�l�_���k�n�_�j�b���g�Z���i�j�b�e�h�`�_�g�b�_���g�Z���b�g�^�m�k�l�j�b�Z�e�g�b�l�_���j�h�[�h�l�b���k�Z���a�Z�\�Z�j�y�\�Z�g�_�l�h����
�f�h�g�l�t�`�t�l���b���h�[�k�e�m�`�\�Z�g�_�l�h���g�Z���f�Z�r�b�g�b�����f�Z�g�b�i�m�e�Z�p�b�b���k���^�_�l�Z�c�e�b���� 

1.3. �J�h�[�h�l�b���a�Z���^�t�]�h�\�h���a�Z�\�Z�j�y�\�Z�g�_ 
 

�I�j�h�f�b�r�e�_�g�b�� �j�h�[�h�l�b�� �b�� �f�_�o�Z�g�b�a�b�j�Z�g�h�� �h�[�h�j�m�^�\�Z�g�_�� �k�l�Z�g�Z�o�Z�� �g�_�a�Z�f�_�g�b�f�b�� �a�Z��
�b�g�^�m�k�l�j�b�Z�e�g�h�� �a�Z�\�Z�j�y�\�Z�g�_�� �k�� �\�b�k�h�d�Z�� �i�j�h�b�a�\�h�^�b�l�_�e�g�h�k�l [3]���� �l�t�c�� �d�Z�l�h�� �j�t�q�g�h�l�h�� �a�Z�\�Z�j�y�\�Z�g�_�� �\�h�^�b��
�^�h�� �g�b�k�d�Z�� �i�j�h�b�a�\�h�^�b�l�_�e�g�h�k�l���� �^�t�e�`�Z�s�Z�� �k�_�� �g�Z�� �g�_�[�e�Z�]�h�i�j�b�y�l�g�Z�l�Z�� �j�Z�[�h�l�g�Z�� �k�j�_�^�Z�� [4]. 
�>�b�g�Z�f�b�q�g�h�l�h�� �i�Z�a�Z�j�g�h�� �i�h�\�_�^�_�g�b�_�� �b�� �k�b�e�g�Z�l�Z�� �d�h�g�d�m�j�_�g�p�b�y�� �i�j�b�g�m�`�^�Z�\�Z�l�� �i�j�h�b�a�\�h�^�k�l�\�_�g�b�l�_��
�d�h�f�i�Z�g�b�b���^�Z���l�t�j�k�y�l���h�i�l�b�f�Z�e�g�b���i�j�h�b�a�\�h�^�k�l�\�_�g�b���i�j�h�p�_�^�m�j�b�����D�Z�l�h���_���i�h�d�Z�a�Z�g�h���g�Z���n�b�]�m�j�Z��3, [5], 
�a�Z�� �f�Z�e�d�b�� �b �k�j�_�^�g�b���i�j�h�b�a�\�h�^�k�l�\�_�g�b �h�[�_�f�b���� �j�h�[�h�l�b�a�b�j�Z�g�h�l�h�� �i�j�h�b�a�\�h�^�k�l�\�h�� �^�Z�\�Z�� �g�Z�c-�^�h�[�j�Z�l�Z��
�p�_�g�Z���g�Z���_�^�b�g�b�p�Z���i�j�h�b�a�\�_�^�_�g�Z���i�j�h�^�m�d�p�b�y���\���k�j�Z�\�g�_�g�b�_���k���j�t�q�g�h�l�h �b���k���l�\�t�j�^�Z�l�Z �Z�\�l�h�f�Z�l�b�a�Z�p�b�y����
�<�� �^�h�i�t�e�g�_�g�b�_�� �d�t�f�� �d�h�g�d�m�j�_�g�l�g�b�l�_�� �_�^�b�g�b�q�g�b�� �j�Z�a�o�h�^�b���� �j�h�[�h�l�b�a�b�j�Z�g�b�� �a�Z�\�Z�j�t�q�g�b�l�_�� �k�b�k�l�_�f�b��
�g�h�k�y�l�� �^�j�m�]�b�� �i�j�_�^�b�f�k�l�\�Z���� �d�Z�l�h�� �i�h�^�h�[�j�_�g�b �i�j�h�b�a�\�h�^�b�l�_�e�g�h�k�l���� �[�_�a�h�i�Z�k�g�h�k�l���� �d�Z�q�_�k�l�\�h�� �g�Z 
�a�Z�\�Z�j�y�\�Z�g�_�����]�t�\�d�Z�\�h�k�l�� �f�Z�e�d�h���j�Z�[�h�l�g�h���i�j�h�k�l�j�Z�g�k�l�\�h �b���g�Z�f�Z�e�_�g�b �j�Z�a�o�h�^�b���a�Z���l�j�m�^. 
 �A�Z�\�Z�j�y�\�Z�g�_�l�h�� �_�� �g�_�j�Z�a�^�_�e�g�Z�� �q�Z�k�l�� �h�l�� �f�h�^�_�j�g�h�l�h�� �i�j�h�f�b�r�e�_�g�h�� �i�j�h�b�a�\�h�^�k�l�\�h�� �b��
�j�h�[�h�l�b�a�b�j�Z�g�h�l�h���a�Z�\�Z�j�y�\�Z�g�_���k�_���k�q�b�l�Z���a�Z���h�k�g�h�\�_�g���k�b�f�\�h�e���g�Z���f�h�^�_�j�g�Z�l�Z���a�Z�\�Z�j�t�q�g�Z���l�_�o�g�b�d�Z����[6]. 
�<�� �g�Z�c-�j�Z�g�g�b�l�_���i�j�b�e�h�`�_�g�b�y�� �g�Z�� �j�h�[�h�l�b�a�b�j�Z�g�h�l�h�� �a�Z�\�Z�j�y�\�Z�g�_���� �l���g�Z�j���� �i�t�j�\�h�� �i�h�d�h�e�_�g�b�_��
�j�h�[�h�l�b�a�b�j�Z�g�b���k�b�k�l�_�f�b���a�Z���a�Z�\�Z�j�y�\�Z�g�_�����a�Z�\�Z�j�y�\�Z�g�_�l�h���[�_�r�_���j�Z�a�]�e�_�`�^�Z�g�h���d�Z�l�h���^�\�m�i�Z�k�h�\�Z���k�b�k�l�_�f�Z��
�a�Z���a�Z�\�Z�j�y�\�Z�g�_�����\���d�h�y�l�h���i�t�j�\�b�y�l���i�Z�k���[�_�r�_���i�h�k�\�_�l�_�g�Z���g�Z���b�a�m�q�Z�\�Z�g�_�l�h���g�Z���]�_�h�f�_�l�j�b�y�l�Z���g�Z���r�_�\�Z���b��
�[�_�r�_�� �i�h�k�e�_�^�\�Z�g�� �h�l�� �^�_�c�k�l�\�b�l�_�e�g�h�l�h�� �i�j�h�k�e�_�^�y�\�Z�g�_�� �b�� �a�Z�\�Z�j�y�\�Z�g�_�� �g�Z�� �r�_�\�� �\�t�\�� �\�l�h�j�b�y�� �i�Z�k���� �K��
�j�Z�a�\�b�l�b�_�l�h�� �g�Z�� �l�_�o�g�h�e�h�]�b�b�l�_�� �^�h�c�^�_�� �\�l�h�j�h�l�h�� �i�h�d�h�e�_�g�b�_�� �j�h�[�h�l�b�a�b�j�Z�g�b�� �a�Z�\�Z�j�t�q�g�b�� �k�b�k�l�_�f�b����
�d�h�b�l�h���i�j�h�k�e�_�^�y�\�Z�l���r�_�\�Z���\���j�_�Z�e�g�h���\�j�_�f�_�����b�a�i�t�e�g�y�\�Z�c�d�b���_�^�g�h�\�j�_�f�_�g�g�h���n�Z�a�b�l�_���g�Z���b�a�m�q�Z�\�Z�g�_���b��
�i�j�h�k�e�_�^�y�\�Z�g�_�l�h���g�Z���r�_�\�h�\�_�l�_�����G�Z�c-�g�h�\�Z�l�Z���l�_�o�g�h�e�h�]�b�y���\���j�h�[�h�l�b�a�b�j�Z�g�h�l�h���a�Z�\�Z�j�y�\�Z�g�_���_���k�b�k�l�_�f�b��
�h�l���l�j�_�l�h���i�h�d�h�e�_�g�b�_�����\���d�h�b�l�h���k�b�k�l�_�f�Z�l�Z���g�_���k�Z�f�h���j�Z�[�h�l�b���\���j�_�Z�e�g�h���\�j�_�f�_�����g�h���k�t�s�h���l�Z�d�Z���b�a�m�q�Z�\�Z��
�[�t�j�a�h�� �i�j�h�f�_�g�y�s�Z�l�Z�� �k�_�� �]�_�h�f�_�l�j�b�y�� �g�Z�� �r�_�\�Z���� �^�h�d�Z�l�h�� �j�Z�[�h�l�b�� �\�� �g�_�k�l�j�m�d�l�m�j�b�j�Z�g�Z�� �k�j�_�^�Z���� �>���@. 
�N�b�]�m�j�Z��4 �i�h�d�Z�a�\�Z���h�k�g�h�\�g�b�l�_���d�h�f�i�h�g�_�g�l�b���g�Z���j�h�[�h�l�b�a�b�j�Z�g�Z�l�Z���k�b�k�l�_�f�Z���a�Z���^�t�]�h�\�Z���a�Z�\�Z�j�d�Z�����>���@�� 
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�N�b�]����3. �A�h�g�Z���g�Z���j�h�[�h�l�b�a�b�j�Z�g�h�l�h���a�Z�\�Z�j�y�\�Z�g�_ 

 

 
�N�b�]����4�����H�k�g�h�\�g�b���d�h�f�i�h�g�_�g�l�b���g�Z���j�h�[�h�l�b�a�b�j�Z�g�Z���k�b�k�l�_�f�Z���a�Z���^�t�]�h�\�h���a�Z�\�Z�j�y�\�Z�g�_ 

 
1.3.1�����H�k�g�h�\�g�b���Z�k�i�_�d�l�b���g�Z���j�h�[�h�l�b�a�b�j�Z�g�h�l�h���a�Z�\�Z�j�y�\�Z�g�_ 
 
-  �D�h�g�n�b�]�m�j�Z�p�b�b���g�Z���j�h�[�h�l�b�a�b�j�Z�g�Z���a�Z�\�Z�j�t�q�g�Z���k�b�k�l�_�f�Z 

 �J�h�[�h�l�b�l�_���f�h�]�Z�l���^�Z���[�t�^�Z�l���d�Z�l�_�]�h�j�b�a�b�j�Z�g�b���\�t�a���h�k�g�h�\�Z���g�Z���d�j�b�l�_�j�b�b���d�Z�l�h���k�l�_�i�_�g���g�Z��
�k�\�h�[�h�^�Z�����d�b�g�_�f�Z�l�b�q�g�Z���k�l�j�m�d�l�m�j�Z�����\�b�^���g�Z���a�Z�^�\�b�`�\�Z�g�_�l�h�����]�_�h�f�_�l�j�b�y���g�Z���j�Z�[�h�l�g�h�l�h���i�j�h�k�l�j�Z�g�k�l�\�h��
�b���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���g�Z���^�\�b�`�_�g�b�_�l�h����[9]�����I�j�b���b�a�[�h�j�Z���g�Z���j�h�[�h�l�b���a�Z���d�h�g�d�j�_�l�g�h���i�j�b�e�h�`�_�g�b�_���l�j�y�[�\�Z��
�^�Z���k�_���\�a�_�f�Z�l���i�j�_�^�\�b�^���\�k�b�q�d�b���l�_�a�b���n�Z�d�l�h�j�b�����<�t�a���h�k�g�h�\�Z���g�Z���j�Z�[�h�l�g�h�l�h���i�j�h�k�l�j�Z�g�k�l�\�h��[10], 
�Z�g�l�j�h�i�h�f�h�j�n�g�b�l�_���k�Z���g�Z�c-�q�_�k�l�h���b�a�i�h�e�a�\�Z�g�b�y�l���l�b�i���i�j�b���b�g�^�m�k�l�j�b�Z�e�g�h���j�h�[�h�l�b�a�b�j�Z�g�h���^�t�]�h�\�h��
�a�Z�\�Z�j�y�\�Z�g�_���� 

- �N�Z�a�b���g�Z���a�Z�\�Z�j�t�q�g�b�l�_���h�i�_�j�Z�p�b�b 
 �A�Z�\�Z�j�t�q�g�Z�l�Z�� �h�i�_�j�Z�p�b�y�� �k�_�� �k�t�k�l�h�b�� �h�l�� �l�j�b�� �j�Z�a�e�b�q�g�b�� �n�Z�a�b���� �d�h�b�l�h�� �k�_�� �g�m�`�^�Z�y�l�� �h�l��
�d�j�b�l�b�q�g�h���\�g�b�f�Z�g�b�_���i�j�b���i�j�h�_�d�l�b�j�Z�g�_�l�h���g�Z���g�Z�i�t�e�g�h���Z�\�l�h�f�Z�l�b�a�b�j�Z�g�Z���j�h�[�h�l�b�a�b�j�Z�g�Z���k�b�k�l�_�f�Z���a�Z��
�a�Z�\�Z�j�y�\�Z�g�_�����a�Z���^�Z���k�_���i�h�k�l�b�]�g�Z�l���^�h�[�j�b���j�_�a�m�e�l�Z�l�b�b���d�Z�q�_�k�l�\�h�l�h���g�Z���a�Z�\�Z�j�y�\�Z�g�_, [7]: 
 �N�Z�a�Z�� �g�Z���i�h�^�]�h�l�h�\�d�Z. �<�� �l�Z�a�b�� �n�Z�a�Z�� �a�Z�\�Z�j�t�q�g�b�y�l�� �h�i�_�j�Z�l�h�j�� �m�k�l�Z�g�h�\�y�\�Z�� �a�Z�\�Z�j�y�\�Z�g�b�l�_��
�q�Z�k�l�b���� �Z�i�Z�j�Z�l�Z�� ���b�a�l�h�q�g�b�d�� �g�Z�� �a�Z�o�j�Z�g�\�Z�g�_���� �j�h�[�h�l���� �i�j�h�]�j�Z�f�Z�� �a�Z�� �j�h�[�h�l�Z �b�� �l���g���� �b�� �i�Z�j�Z�f�_�l�j�b�l�_�� �g�Z��
�a�Z�\�Z�j�t�q�g�b�y�� �i�j�h�p�_�k���� �a�Z�_�^�g�h�� �k�� �\�b�^�Z�� �]�Z�a�h�\�Z�� �a�Z�s�b�l�Z�� �b�� �a�Z�\�Z�j�t�q�_�g�� �l�_�e���� �D�h�]�Z�l�h�� �k�_�� �b�a�i�h�e�a�\�Z�� �&�$�'�� ����
�&�$�0�� �b�e�b �^�j�m�]�h�� �h�n�e�Z�c�g �i�j�h�]�j�Z�f�b�j�Z�g�_���� �i�j�_�^�\�Z�j�b�l�_�e�g�Z�l�Z���a�Z�\�Z�j�t�q�g�Z���i�j�h�]�j�Z�f�Z���a�Z�� �j�h�[�h�l�Z���_��
�^�h�k�l�t�i�g�Z���b���i�m�k�g�Z�l�Z���h�g�e�Z�c�g�����K�e�_�^�h�\�Z�l�_�e�g�h�����j�h�[�h�l�b�a�b�j�Z�g�Z�l�Z���i�j�h�]�j�Z�f�Z���f�h�`�_���^�Z���k�_���g�m�`�^�Z�_���k�Z�f�h��
�h�l�� �g�_�a�g�Z�q�b�l�_�e�g�Z�� �g�Z�k�l�j�h�c�d�Z�� �a�Z�� �d�Z�e�b�[�j�b�j�Z�g�_���� �d�h�_�l�h�� �e�_�k�g�h�� �f�h�`�_�� �^�Z�� �[�t�^�_�� �g�Z�i�j�Z�\�_�g�h�� �h�l��
�a�Z�\�Z�j�t�q�g�b�y���h�i�_�j�Z�l�h�j�����d�h�c�l�h���b�a�\�t�j�r�\�Z���b�a�[�j�Z�g�b���h�g�e�Z�c�g���k�b�f�m�e�Z�p�b�b���g�Z���i�j�h�p�_�k�Z�� 
 �N�Z�a�Z���g�Z���a�Z�\�Z�j�y�\�Z�g�_. �:�\�l�h�f�Z�l�b�q�g�h�l�h�� �h�[�h�j�m�^�\�Z�g�_���l�j�y�[�\�Z���^�Z���b�f�Z �k�t�s�b�l�_���k�i�h�k�h�[�g�h�k�l�b��
�d�Z�l�h���j�t�q�g�h���a�Z�\�Z�j�y�\�Z�g�_�����l���_�����k�b�k�l�_�f�Z�l�Z���l�j�y�[�\�Z���^�Z���[�t�^�_ �k�i�h�k�h�[�g�Z �^�Z���i�h�^�^�t�j�`�Z �h�j�b�_�g�l�Z�p�b�y�l�Z���g�Z��
�]�h�j�_�e�d�Z�l�Z�����^�Z �k�e�_�^�\�Z �`�_�e�Z�g�Z�l�Z�� �l�j�Z�_�d�l�h�j�b�y�� ���d�h�y�l�h�� �f�h�`�_�� �^�Z�� �_�� �j�Z�a�e�b�q�g�Z�� �h�l �i�e�Z�g�b�j�Z�g�Z�l�Z), �^�Z��
�b�a�\�t�j�r�\�Z���i�j�h�k�e�_�^�y�\�Z�g�_���g�Z���r�_�\�h�\�_�l�_���b���i�j�h�f�y�g�Z���g�Z���i�Z�Z�f�_�l�j�b�l�_���a�Z�\�Z�j�t�q�g�b�l�_���i�j�h�p�_�k�b���\���j�_�Z�e�g�h��
�\�j�_�f�_�����d�Z�l�h���i�h���l�h�a�b���g�Z�q�b�g���_�f�m�e�b�j�Z���Z�^�Z�i�l�b�\�g�h�l�h���i�h�\�_�^�_�g�b�_���g�Z���j�t�q�g�b�l�_���a�Z�\�Z�j�q�b�p�b�� 
 �N�Z�a�Z�� �g�Z�� �Z�g�Z�e�b�a. �N�Z�a�Z�l�Z�� �g�Z�� �Z�g�Z�e�b�a�� �h�[�b�d�g�h�\�_�g�h�� �_�� �� �i�h�k�l�� �a�Z�\�Z�j�t�q�g�Z�� �n�Z�a�Z���� �\�� �d�h�y�l�h��
�a�Z�\�Z�j�t�q�g�b�y�l���h�i�_�j�Z�l�h�j���i�j�h�\�_�j�y�\�Z���i�h�e�m�q�_�g�Z�l�Z���a�Z�\�Z�j�d�Z�����a�Z���^�Z���k�_���m�k�l�Z�g�h�\�b���^�Z�e�b���_���i�j�b�_�f�e�b�\�Z���b�e�b��
�^�Z�e�b�� �k�Z�� �g�_�h�[�o�h�^�b�f�b�� �i�j�h�f�_�g�b�� �\�� �i�j�_�^�b�r�g�b�l�_�� �^�\�_�� �n�Z�a�b���� �B�a�i�h�e�a�\�Z�g�_�l�h�� �g�Z�� �m�k�t�\�t�j�r�_�g�k�l�\�Z�g�b��
�k�_�g�a�h�j�b���� �d�Z�l�h�� ���'�� �e�Z�a�_�j�g�b���d�Z�f�_�j�b�� �i�h�a�\�h�e�y�\�Z���h�k�t�s�_�k�l�\�y�\�Z�g�_�l�h�� �g�Z���l�Z�a�b���n�Z�a�Z���h�g�e�Z�c�g���i�h���\�j�_�f�_��
�g�Z���n�Z�a�Z�l�Z���g�Z���a�Z�\�Z�j�y�\�Z�g�_�� 
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1.3.2. �I�j�h�[�e�_�f�b���i�j�b���j�h�[�h�l�b�a�b�j�Z�g�h�l�h���a�Z�\�Z�j�y�\�Z�g�_ 
 
- �K�t�]�e�Z�k�m�\�Z�g�h�k�l�l�Z���� �g�_�h�[�o�h�^�b�f�Z�� �a�Z�� �a�Z�\�Z�j�y�\�Z�g�_�� �g�Z�� �^�_�l�Z�c�e�� �k�e�_�^�� �^�_�l�Z�c�e���� �i�j�b�� �e�b�i�k�Z�� �g�Z��

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

- �<�� �k�e�m�q�Z�c�� �g�Z�� �i�j�h�b�a�\�h�^�k�l�\�h�� �b�e�b�� �j�_�f�h�g�l�� �k�� �g�b�k�d�h�� �b�e�b�� �k�j�_�^�g�h�� �d�h�e�b�q�_�k�l�\�h���� �\�j�_�f�_�l�h�� �b��
�m�k�b�e�b�_�l�h���� �i�h�e�h�`�_�g�b�� �a�Z�� �i�j�h�]�j�Z�f�b�j�Z�g�_�� �g�Z�� �j�h�[�h�l�Z�� �a�Z�� �a�Z�\�Z�j�y�\�Z�g�_�� �g�Z�� �g�h�\�Z�� �q�Z�k�l�� �f�h�`�_�� �^�Z�� �[�t�^�_��
�^�h�k�l�Z���\�b�k�h�d�h, [11]. 

- �J�h�[�h�l�b�a�b�j�Z�g�h�l�h���a�Z�\�Z�j�y�\�Z�g�_���b�a�b�k�d�\�Z���i�h�^�o�h�^�y�s���^�b�a�Z�c�g���g�Z���q�Z�k�l�b�l�_, �k�t�]�e�Z�k�m�\�Z�g�b���n�h�j�f�b��
�g�Z�� �i�h�e�_�l�h�� �Z�� �a�Z�\�Z�j�y�\�Z�g�_ ���r�_�\�Z�� ���b�� �l�h�e�_�j�Z�g�l�g�h�k�l�� �\�� �j�Z�a�f�_�j�b�l�_ �g�_�� �g�Z�^�� ���������^�h�� ���� �f�f���� �I�j�h�f�y�g�Z�� �g�Z��
�r�_�\�Z �b�a�b�k�d�\�Z���b�a�i�h�e�a�\�Z�g�_�l�h���g�Z���k�_�g�a�h�j�g�b���l�_�o�g�h�e�h�]�b�b���a�Z���a�Z�i�t�e�\�Z�g�_�l�h���f�m���� [12]. 

- �:�\�l �h�f�Z�l�b�a�b�j�Z�g�_�l�h�� �g�Z�� �a�Z�\�Z�j�y�\�Z�g�_�l�h�� �q�j�_�a�� �j�h�[�h�l�b�a�b�j�Z�g�b�� �k�b�k�l�_�f�b�� �_�� �k�� �\�b�k�h�d�Z�� �g�Z�q�Z�e�g�Z��
�p�_�g�Z���� �l�Z�d�Z�� �q�_�� �l�h�q�g�h�l�h�� �b�a�q�b�k�e�_�g�b�_�� �g�Z�� �i�t�j�\�h�g�Z�q�Z�e�g�Z�l�Z�� �p�_�g�Z�� �b�� �l�h�q�g�h�l�h�� �b�a�q�b�k�e�y�\�Z�g�_�� �g�Z��
�\�t�a�\�j�t�s�Z�_�f�h�k�l�l�Z���g�Z���b�g�\�_�k�l�b�p�b�b�l�_���k�Z���h�l���k�t�s�_�k�l�\�_�g�h���a�g�Z�q�_�g�b�_����[13]. 

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

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

- �<���g�y�d�h�b���h�[�e�Z�k�l�b���g�_���f�h�`�_���e�_�k�g�h���^�Z���k�_���b�a�\�t�j�r�b���j�h�[�h�l�b�a�b�j�Z�g�h���a�Z�\�Z�j�y�\�Z�g�_�����d�Z�l�h���k�t�^�h�\�_��
�i�h�^�� �g�Z�e�y�]�Z�g�_���� �\�t�l�j�_�r�g�b�� �j�_�a�_�j�\�h�Z�j�b�� �b�� �d�h�j�Z�[�g�b�� �l�_�e�Z���� �^�t�e�`�Z�s�b�� �k�_�� �g�Z�� �h�]�j�Z�g�b�q�_�g�b�y�� �g�Z��
�j�Z�[�h�l�g�h�l�h���i�j�h�k�l�j�Z�g�k�l�\�h, [14]. 

- �I�h�\�_�q�_�l�h�� �k�_�g�a�h�j�g�b�� �b�g�l�_�e�b�]�_�g�l�g�b�� �k�b�k�l�_�f�b�� �g�Z�e�b�q�g�b�� �g�Z�� �i�Z�a�Z�j�Z�� �g�_�� �k�Z�� �l�y�k�g�h��
�b�g�l�_�]�j�b�j�Z�g�b�� �k�� �d�h�g�l�j�h�e�_�j�Z�� �g�Z�� �j�h�[�h�l�Z���� �d�h�_�l�h�� �h�]�j�Z�g�b�q�Z�\�Z�� �i�j�h�b�a�\�h�^�b�l�_�e�g�h�k�l�l�Z�� �g�Z��
�j�h�[�h�l�b�a�b�j�Z�g�Z�l�Z�� �k�b�k�l�_�f�Z���� �d�Z�l�h�� �i�h�\�_�q�_�l�h�� �i�j�h�f�b�r�e�_�g�b�� �j�h�[�h�l�b���i�j�_�^�e�Z�]�Z�l�� �h�d�h�e�h�� ����-�+�]�� �h�[�j�Z�l�g�Z��
�\�j�t�a�d�Z�� �d�Z�l�h�� �b�g�l�_�j�n�_�c�k�� �a�Z�� �i�j�h�]�j�Z�f�b�j�Z�g�_���� �K�e�_�^�h�\�Z�l�_�e�g�h���� �j�h�[�h�l�t�l�� �g�_�� �f�h�`�_�� �^�Z�� �h�l�]�h�\�h�j�b�� �g�Z��
�b�g�n�h�j�f�Z�p�b�y�l�Z�� �h�l�� �^�Z�l�q�b�d�Z�� �[�t�j�a�h���� �d�h�_�l�h�� �\�h�^�b�� �^�h�� �a�Z�[�Z�\�y�g�_�� �b�� �i�h�g�y�d�h�]�Z�� �g�_�k�l�Z�[�b�e�g�h��
�i�j�h�b�a�\�h�^�k�l�\�h�� 

�A�Z�� �Z�^�Z�i�l�b�j�Z�g�_�� �d�t�f�� �g�_�l�h�q�g�h�k�l�b�� �\�� �]�Z�[�Z�j�b�l�b�l�_�� �g�Z�� �a�Z�\�Z�j�y�\�Z�g�b�l�_�� �^�_�l�Z�c�e�b���� �d�Z�d�l�h�� �b�� �i�j�b��
�g�_�l�h�q�g�h�k�l�b�� �\�� �i�h�a�b�p�b�h�g�b�j�Z�g�_�l�h�� �b�f���� �k�_�� �i�j�b�e�Z�]�Z�l�� �j�Z�a�e�b�q�g�b�� �\�b�^�h�\�_�� �k�_�g�a�h�j�g�b�� �k�b�k�l�_�f�b�� �b��
�Z�^�Z�i�l�b�\�g�h�� �k�e�_�^�_�g�_�� �g�Z�� �a�Z�\�Z�j�t�q�g�b�y�� �r�_�\���� �G�Z�� �n�b�]���������� �_�� �i�h�d�Z�a�Z�g�h�� �k�j�Z�\�g�_�g�b�_�� �f�_�`�^�m�� �e�Z�a�_�j�g�Z��
�\�b�a�m�Z�e�g�Z���b���l�Z�d�l�b�e�g�Z���k�_�g�a�h�j�g�Z���k�b�k�l�_�f�Z���a�Z���h�l�d�j�b�\�Z�g�_���g�Z���a�Z�\�Z�j�t�q�_�g���r�_�\���b���a�Z�\�Z�j�y�\�Z�g�_����[15]. 

 

 

�N�b�]. 5. �K�j�Z�\�g�_�g�b�_���f�_�`�^�m���e�Z�a�_�j�g�Z���\�b�a�m�Z�e�g�Z���b���l�Z�d�l�b�e�g�Z 
�k�_�g�h�j�g�Z���k�b�k�l�_�f�Z���a�Z���h�l�d�j�b�\�Z�g�_���g�Z���r�_�\�Z���b���a�Z�\�Z�j�y�\�Z�g�_��[15] 
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���������������I�j�b�f�_�j�b���g�Z���a�Z�\�Z�j�t�q�g�b���j�h�[�h�l�b���b���j�h�[�h�l�b�a�b�j�Z�g�b���a�Z�\�Z�j�t�q�g�b���k�b�k�l�_�f�b 
 
ABB �i�j�_�^�e�Z�]�Z���d�Z�d�l�h���^�h�[�t�j���a�Z�\�Z�j�t�q�_�g���j�h�[�h�l�����l�Z�d�Z���b���b�g�h�\�Z�l�b�\�g�b���j�_�r�_�g�b�y���a�Z���h�l�d�j�b�\�Z�g�_��

�b���i�j�h�k�e�_�^�y�\�Z�g�_���g�Z���a�Z�\�Z�j�t�q�g�b�y���r�_�\���\���j�_�Z�e�g�h���\�j�_�f�_�����6�H�Q�V�R�U���%�D�V�H�G���$�G�D�S�W�L�Y�H���$�U�F���:�H�O�G�L�Q�J���� 
�H�k�g�h�\�g�Z�l�Z�� �q�Z�k�l�� �h�l�� �a�Z�\�Z�j�t�q�g�b�l�_�� �r�_�\�h�\�_�� �k�Z�� �i�j�Z�\�h�e�b�g�_�c�g�b���� �L�_�� �[�b�\�Z�l�� �f�_�`�^�m�� �^�\�_�� �i�e�h�q�b��

�k�t�k�� �k�d�h�k�y�\�Z�g�_�� ���j�Z�\�g�b�g�_�g�� �i�j�Z�\�� �r�_�\��- �n�b�]����6�������� �f�_�`�^�m�� �^�\�_�� �i�e�h�q�b�� �i�h�^�� �t�]�t�e�� ����0 �b�e�b�� �_�^�g�Z�� �g�Z�^��
�^�j�m�]�Z�����\�t�l�j�_�r�_�g���t�]�t�e���± �n�b�]����7���������d�Z�d�l�h���b���^�\�_���i�e�h�q�b���g�Z��������0 ���\�t�g�r�_�g���t�]�t�e���± �n�b�]����8.) 

 

       
�N�b�]�� 6�����J�Z�\�g�b�g�_�g���r�_�\   �N�b�]����7���<�t�l�j�_�r�_�g���t�]�t�e 

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

�h�d�j�t�`�g�h�k�l���± �n�b�]����9���� �L�m�d�� �k�e�_�^�\�Z�� �^�Z�� �k�_�� �h�l�[�_�e�_�`�b���� �q�_�� �h�k�\�_�g���k�e�_�^�_�g�_�� �g�Z�� �l�j�Z�_�d�l�h�j�b�y�l�Z�� �g�Z�� �r�_�\�Z����
�l�j�y�[�\�Z���g�_�i�j�_�d�t�k�g�Z�l�h���^�Z���k�_���b�a�f�_�g�y���b���h�j�b�_�g�l�Z�p�b�y�l�Z���g�Z���a�Z�\�Z�j�t�q�g�Z�l�Z���]�h�j�_�e�d�Z�� 

         
        �N�b�]����8�����<�t�g�r�_�g���t�]�t�e              �N�b�]����9�����A�Z�\�Z�j�y�\�Z�g�_���i�h���^�t�]�Z���h�l���h�d�j�t�`�g�h�k�l�� 

 
�I�h���i�j�b�g�p�b�i���i�h-�k�e�h�`�g�Z���_���k�b�l�m�Z�p�b�y�l�Z���i�j�b���k�t�\�f�_�k�l�y�\�Z�g�_���g�Z���^�\�b�`�_�g�b�_�l�h���i�h���i�j�Z�\�Z���e�b�g�b�y��

�b���^�\�b�`�_�g�b�_�l�h���i�h���^�t�]�Z���h�l���h�d�j�t�`�g�h�k�l�����l���g�����\�b�g�l�h�\�Z���e�b�g�b�y���± �n�b�]����10�����L�h�\�Z���i�h�g�y�d�h�]�Z���_���b�e�x�a�h�j�g�h����
�a�Z�s�h�l�h�� �l�j�Z�g�k�e�Z�p�b�y�l�Z�� �b���b�e�b�� �j�h�l�Z�p�b�y�l�Z�� �g�Z�� �^�_�l�Z�c�e�Z�� �f�h�`�_�� �^�Z�� �k�_�� �b�a�\�t�j�r�\�Z�� �h�l�� �f�Z�g�b�i�m�e�Z�l�h�j�� �g�Z��
�^�_�l�Z�c�e�Z�����Z���a�Z�\�Z�j�t�q�g�Z�l�Z���]�h�j�_�e�d�Z���^�Z���_���g�_�i�h�^�\�b�`�g�Z���b�e�b���^�Z���k�e�_�^�\�Z���i�j�h�k�l�Z���l�j�Z�_�d�l�h�j�b�y�� 

 

        
�N�b�]����10�����<�b�g�l�h�\���r�_�\    �N�b�]����11�����A�Z�\�Z�j�t�q�_�g���j�h�[�h�l���:�<�<���i�j�b���a�Z�\�Z�j�y�\�Z�g�_���g�Z���\�b�g�l�h�\���r�_�\ 



 
 

14 
 

�G�Z�� �n�b�]���� �������� �_�� �i�h�d�Z�a�Z�g�� �j�h�[�h�l��ABB �i�j�b�� �a�Z�\�Z�j�y�\�Z�g�_�� �g�Z�� �\�b�g�l�h�\�� �r�_�\���� �d�t�^�_�l�h�� �^�_�l�Z�c�e�t�l�� �k�_��
�\�t�j�l�b�����Z���a�Z�\�Z�j�t�q�g�b�y�l���j�h�[�h�l���b�a�\�t�j�r�\�Z���i�j�Z�\�h�e�b�g�_�c�g�h���^�\�b�`�_�g�b�_���b���a�Z�\�Z�j�y�\�Z�g�_�� 
 

�L�m�d�� �s�_�� �d�h�f�_�g�l�b�j�Z�f�_�� �g�y�d�h�e�d�h�� �f�_�l�h�^�Z�� �a�Z�� �h�l�d�j�b�\�Z�g�_�� �g�Z�� �r�_�\�h�\�_�l�_���� �k�t�\�f�_�k�l�g�h�� �k�� �j�h�[�h�l��
�:�<�<�����q�j�_�a�� 

�R���L�Z�d�l�b�e�g�h���m�k�l�Z�g�h�\�y�\�Z�g�_�����q�j�_�a���^�h�d�h�k�\�Z�g�_�� 
o �K�_�g�a�h�j���a�Z���[�e�b�a�h�k�l�����b�g�^�m�d�l�b�\�g�b�� 
�G�Z���n�b�]����12���� �_���i�h�d�Z�a�Z�g�h���l�Z�d�l�b�e�g�h���e�h�d�Z�e�b�a�b�j�Z�g�_���g�Z���t�]�e�h�\���a�Z�\�Z�j�t�q�_�g���r�_�\���q�j�_�a�� �k�e�_�^�g�Z�l�Z��

�i�j�h�p�_�^�m�j�Z�� 
- �>�h�d�h�k�\�Z�g�_���^�h���_�^�g�Z�l�Z���i�e�h�q�Z�� 
- �>�h�d�h�k�\�Z�g�_���^�h���_�^�b�g�b�y���j�t�[�� 
- �>�h�d�h�k�\�Z�g�_���^�h���^�j�m�]�Z�l�Z���i�e�h�q�Z�� 
- �A�Z�\�Z�j�y�\�Z�g�_���h�l���g�Z�q�Z�e�h�l�h���g�Z���r�_�\�Z�� 
�K���l�Z�a�b���i�j�h�p�_�^�m�j�Z���k�_���h�l�d�j�b�\�Z���d�Z�d�l�h���g�Z�q�Z�e�h�l�h�����l�Z�d�Z���b���g�Z�i�j�Z�\�e�_�g�b�_�l�h���b���l�j�Z�_�d�l�h�j�b�y�l�Z���g�Z��

�a�Z�\�Z�j�t�q�g�b�y���r�_�\�� 

 
�N�b�]����12�����L�Z�d�l�b�e�g�h���e�h�d�Z�e�b�a�b�j�Z�g�_���g�Z���t�]�e�h�\���r�_�\ 

 

FANUC Robotics �i�j�_�^�e�Z�]�Z �Z�^�Z�i�l�b�\�_�g�� �i�j�h�p�_�k�� �g�Z�� �a�Z�\�Z�j�y�\�Z�g�_�� �\�� �j�_�Z�e�g�h�� �\�j�_�f�_���� �d�Z�l�h��
�d�h�f�[�b�g�b�j�Z�� �b�a�i�b�l�Z�g�Z�� �l�_�o�g�h�e�h�]�b�y���g�Z�� �^�t�]�h�\�Z�� �a�Z�\�Z�j�d�Z �k���\�t�a�f�h�`�g�h�k�l�b�l�_�� �a�Z�� �k�t�\�f�_�k�l�g�h��
�g�Z�[�e�x�^�_�g�b�_�� �g�Z �K�_�j�\�h�� �j�h�[�h�l�� �k�_�g�a�h�j �± �n�b�]�� 13. �J�Z�[�h�l�_�s �\�� �j�Z�f�d�b�l�_�� �g�Z�� �$�U�F�7�R�R�O �i�j�b�e�h�`�g�_�g 
�k�h�n�l�m�_�j���_���^�_�n�b�g�b�j�m�_�f�� �h�l���i�h�l�j�_�[�b�l�_�e�y �Z�^�Z�i�l�b�\�_�g���Z�e�]�h�j�b�l�t�f�����d�h�c�l�h �b�a�i�h�e�a�\�Z���h�[�j�Z�l�g�Z���\�j�t�a�d�Z��
�h�l�� �^�Z�l�q�b�d�Z�� �a�Z �^�b�g�Z�f�b�q�g�h�� �j�_�]�m�e�b�j�Z�g�_�� �g�Z���i�Z�j�Z�f�_�l�j�b�l�_�� �g�Z���a�Z�\�Z�j�y�\�Z�g�_�l���L�_�a�b�� �i�Z�j�Z�f�_�l�j�b 
�\�d�e�x�q�\�Z�l���k�d�h�j�h�k�l���g�Z���^�\�b�`�_�g�b�_�� �g�Z�i�j�_�`�_�g�b�_���b���k�d�h�j�h�k�l���g�Z���i�h�^�Z�\�Z�g�_���g�Z���l�_�e�Z, �h�[�_�f�g�h���a�Z�i�t�e�\�Z�g�_��
�g�Z���a�Z�\�Z�j�t�q�g�Z�l�Z���\�Z�g�Z���� �L�Z�a�b�� �h�i�p�b�y�� �$�U�F�7�R�R�O �i�h�a�\�h�e�y�\�Z�� �g�Z�� �j�h�[�h�l�Z�� �^�Z�� �Z�^�Z�i�l�b�j�Z �i�j�h�p�_�k�� �g�Z��
�a�Z�\�Z�j�y�\�Z�g�_���^�b�g�Z�f�b�q�g�h�����d�Z�l�h���]�_�h�f�_�l�j�b�y�l�Z���g�Z���k�l�Z�\�b�l�_���k�_���i�j�h�f�_�g�y�� 
 �G�Z���n�b�]����14�����_���i�h�d�Z�a�Z�g���j�h�[�h�l���h�l���k�_�j�b�y�l�Z���)�$�1�8�&���$�5�&���0�D�W�H���b�g�l�_�]�j�b�j�Z�g���k�t�k���6�H�U�Y�R���5�R�E�R�W��
MSPOT-�������e�Z�a�_�j�_�g���k�d�_�g�_�j�� 

   
�N�b�]����13�����A�Z�\�Z�j�t�q�_�g���j�h�[�h�l��FANUC  �N�b�]����14. FANUC ARC Mate + Servo Robot MSPOT-90 
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CLOOS �_�� �_�^�b�g�� �h�l�� �\�h�^�_�s�b�l�_�� �\�� �j�Z�a�j�Z�[�h�l�\�Z�g�_�l�h�� �b�� �i�j�h�b�a�\�h�^�k�l�\�h�l�h�� �g�Z���j�h�[�h�l�b�� �a�Z��
�a�Z�\�Z�j�y�\�Z�g�_�� �k���\�b�k�h�d�Z���k�l�h�c�g�h�k�l�� �a�Z���b�g�^�m�k�l�j�b�Z�e�g�b���i�j�b�e�h�`�_�g�b�y���� �;�e�Z�]�h�^�Z�j�_�g�b�_���g�Z���b�g�l�_�]�j�b�j�Z�g�_�l�h��
�g�Z�� �b�g�h�\�Z�l�b�\�g�b�� �l�_�o�g�h�e�h�]�b�b���� �g�h�\�h�l�h�� �i�h�d�h�e�_�g�b�_�� �j�h�[�h�l�b�� �a�Z�� �a�Z�\�Z�j�y�\�Z�g�_�� �4�,�5�2�;�Š�� �i�j�_�^�e�Z�]�Z��
�^�h�i�t�e�g�b�l�_�e�g�b���i�j�_�^�b�f�k�l�\�Z���\���d�Z�q�_�k�l�\�h���i�j�h�b�a�\�h�^�b�l�_�e�g�h�k�l �± �n�b�]�� 15�Z�����K�j�_�^���h�k�g�h�\�g�b�l�_���Z�d�p�_�g�l�b��
�_ �\�t�\�_�`�^�Z�g�_�l�h�� �g�Z�� �g�_�a�Z�^�t�e�`�b�l�_�e�g�Z���k�_�^�f�Z�� �h�k- �n�b�]����15���[���� �L�h�\�Z�� �^�h�i�j�b�g�Z�k�y �a�Z�� �a�g�Z�q�b�l�_�e�g�h��
�m�\�_�e�b�q�Z�\�Z�g�_�� �g�Z�� �]�t�\�d�Z�\�h�k�l�l�Z�� �b�� �^�b�g�Z�f�b�d�Z�l�Z�� �g�Z�� �j�h�[�h�l�Z�� �a�Z�� �a�Z�\�Z�j�y�\�Z�g�_�� �4�,�5�2�;�Š���� �<�� �j�_�a�m�e�l�Z�l�� �g�Z��
�l�h�\�Z�� �Z�\�l�h�f�Z�l�b�a�b�j�Z�g�b�l�_���a�Z�\�Z�j�t�q�g�b�� �i�j�h�p�_�k�b�� �k�_ �d�h�g�n�b�]�m�j�b�j�Z�g�b�� �i�h�� �i�h-�_�n�_�d�l�b�\�_�g�� �g�Z�q�b�g�� 
�O�h�j�b�a�h�g�l�Z�e�g�h�l�h���^�\�b�`�_�g�b�_���_���\�t�a�f�h�`�g�h���^�h�����������f�f�� 

        
�Z      �[ 

�N�b�]����15�����A�Z�\�Z�j�t�q�_�g���j�h�[�h�l���4�,�5�2�;�Š���g�Z���&�/�2�2�6 
 

�A�Z�\�Z�j�t�q�g�b�y�l�� �j�h�[�h�l�� �g�Z��PANASONIC �i�j�_�l�_�g�^�b�j�Z�� �a�Z�� �g�Z�c-�^�h�[�j�b�y�� �\�� �d�e�Z�k�Z�� �k�b��
�\�b�k�h�d�h�k�d�h�j�h�k�l�_�g�� �f�h�^�_�e���± �n�b�]����16���� �B�f�Z�� �p�b�n�j�h�\�Z�� �\�j�t�a�d�Z�� �k�� �l�h�d�h�b�a�l�h�q�g�b�d�� �g�Z��Panasonic. 
�D�h�f�m�g�b�d�Z�p�b�b�l�_���k�_���h�k�t�s�_�k�l�\�y�\�Z�l���q�j�_�a��Profibus, Ethernet �b���^�j�����D�h�g�l�j�h�e�_�j�t�l���f�h�`�_���^�Z���m�i�j�Z�\�e�y�\�Z��
�^�h���������h�k�b���_�^�g�h�\�j�_�f�_�g�g�h�����H�k�\�_�g���k�l�Z�g�^�Z�j�l�g�b�l�_���n�m�g�d�p�b�b���g�Z���a�Z�\�Z�j�y�\�Z�g�_���b�f�Z���k�e�_�^�g�b�l�_���n�m�d�g�p�b�b��
�a�Z���Z�^�Z�i�l�Z�p�b�y���i�h���a�Z�\�Z�j�t�q�g�b�y���r�_�\�� 

- �H�k�p�b�e�Z�p�b�b�� 
- �I�j�b�i�h�d�j�b�\�Z�g�_�� 
- �J�_�k�l�Z�j�l�b�j�Z�g�_���g�Z���^�t�]�Z�l�Z 
- �:�\�l�h�f�Z�l�b�q�g�h���h�k�\�h�[�h�`�^�Z�\�Z�g�_���g�Z���l�_�e�Z���i�j�b���a�Z�e�_�i�\�Z�g�_���\�t�\���\�Z�g�Z�l�Z�� 
- �K�_�g�a�h�j���a�Z���^�t�]�Z�l�Z�� 
- �K�_�g�a�h�j���a�Z���^�h�i�b�j�� 
- �M�i�j�Z�\�e�_�g�b�_���g�Z���^�h�������j�Z�a�e�b�q�g�b���l�b�i�Z���a�Z�\�Z�j�t�q�g�b���f�Z�r�b�g�b�� 
- �K�b�g�o�j�h�g�b�a�b�j�Z�g�h���^�\�b�`�_�g�b�_���f�_�`�^�m���g�y�d�h�e�d�h���j�h�[�h�l�Z�� 

-  

�N�b�]����16�����A�Z�\�Z�j�t�q�_�g���j�h�[�h�l���3�D�Q�D�V�R�Q�L�F �N�b�]����17. 6-�h�k�_�g���^�_�d�Z�j�l�h�\���a�Z�\�Z�j�t�q�_�g���j�h�[�h�l 
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�(�^�b�g�� �k�i�_�p�b�n�b�q�_�g�� �i�j�b�f�_�j�� �g�Z�� �^�_�d�Z�j�l�h�\�� �a�Z�\�Z�j�t�q�_�g�� �j�h�[�h�l�� �_�� �^�Z�^�_�g �g�Z�� �n�b�]����17���� �L�h�\�Z�� �_��6-
�H�K�?�G���>�?�D�:�J�L�H�<���A�:�<�:�J�T�Q�?�G���J�H�;�H�L���.�%�:�(�/�'���+�'�� 

�B�g�h�\�Z�l�b�\�g�b�y�l�� �^�_�d�Z�j�l�h�\�� �j�h�[�h�l���� �m�g�b�d�Z�e�g�h�� �j�Z�a�j�Z�[�h�l�_�g�� �h�l�� �D�B�F�?�D�K�� �H�H�>���� �i�h�a�\�h�e�y�\�Z��
�_�n�_�d�l�b�\�g�h�l�h���f�m���b�a�i�h�e�a�\�Z�g�_���a�Z���a�Z�\�Z�j�y�\�Z�g�_���b���i�e�Z�a�f�_�g�h���j�y�a�Z�g�_���g�Z���l�j�t�[�b���b���i�j�h�n�b�e�b�� 

�>�_�d�Z�j�l�h�\�b�y�l�� �j�h�[�h�l�� �k�� ���� �e�b�g�_�c�g�b�� �b�� ���� �j�h�l�Z�p�b�h�g�g�b�� �h�k�b�� �_�� �h�i�l�b�f�b�a�b�j�Z�g�� �a�Z�� �f�Z�d�k�b�f�Z�e�_�g��
�^�h�k�l�t�i���b���i�j�h�b�a�\�h�^�b�l�_�e�g�h�k�l�� 

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

�x �D�h�g�l�j�h�e�_�j���f�h�g�l�b�j�Z�g���d�t�f���j�h�[�h�l�Z�� 
�x �L�h�d�h�b�a�l�h�q�g�b�p�b���f�h�g�l�b�j�Z�g�b���d�t�f���j�h�[�h�l�Z�� 
�x �I�j�h�]�j�Z�f�Z�l�h�j���^�\�b�`�_�s���k�_���a�Z�_�^�g�h���k���j�h�[�h�l�Z�� 
�x �<�t�a�f�h�`�g�h�k�l���a�Z���b�a�i�h�e�a�\�Z�g�_���g�Z���������d�]���d�Z�g�]�Z�e�b���a�Z�\�Z�j�t�q�g�Z���l�_�e���f�h�g�l�b�j�Z�g�b���d�t�f���j�h�[�h�l�Z�� 
�x �K�b�g�o�j�h�g�b�a�Z�p�b�y���f�_�`�^�m �����b���i�h�\�_�q�_���j�h�[�h�l�Z�� 

 
�A�Z�\�Z�j�t�q�g�b�l�_�� �j�h�[�h�l�b�a�b�j�Z�g�b�� �d�h�f�i�e�_�d�k�b �g�Z�� �n�b�j�f�Z��KUKA  �k�Z�� �_�^�g�b�� �h�l�� �g�Z�c-

�j�Z�a�i�j�h�k�l�j�Z�g�_�g�b�l�_���± �n�b�]����18�����L�_���k�Z���i�h�^�o�h�^�y�s�b���a�Z���^�t�]�h�\�h���F�B�=���F�:�=���a�Z�\�Z�j�y�\�Z�g�_�����h�[�h�j�m�^�\�Z�g�b���k�Z��
�k�t�k���k�\�h�c���a�Z�\�Z�j�t�q�_�g���l�h�d�h�b�a�l�h�q�g�b�d�����b�f�Z�l���j�Z�a�\�b�l�h���l�j�Z�_�d�l�h�j�g�h���m�i�j�Z�\�e�_�g�b�_�����I�j�b���k�g�Z�[�^�y�\�Z�g�_ �k�t�k��
�i�h�^�o�h�^�y�s�Z���k�_�g�a�h�j�b�d�Z���f�h�]�Z�l���b�a�\�t�j�r�\�Z�l���Z�^�Z�i�l�b�\�g�h���a�Z�\�Z�j�y�\�Z�g�_��  

�G�Z���n�b�]����19�����_���i�h�d�Z�a�Z�g���A�Z�\�Z�j�t�q�_�g���j�h�[�h�l���.�8�.�$���9�.���� �k�t�k���k�e�_�^�g�b�l�_���^�Z�g�g�b�� 
�x �=�h�^�b�g�Z���g�Z���i�j�h�b�a�\�h�^�k�l�\�h������������ 
�x �H�[�o�\�Z�l�����h�[�k�_�]�����������������f�f 
�x �F�Z�k�Z���k�������h�k�b���g�Z���i�h�a�b�p�b�h�g�b�j�Z�g�_���a�Z���a�Z�\�Z�j�y�\�Z�g�_��- �^�b�Z�f�_�l�t�j�����������f�f 
�x �H�[�h�j�m�^�\�Z�g �k�� �F�B�=���F�:�=�� �l�h�d�h�b�a�l�h�q�g�b�d�� ���]�h�^�b�g�Z�� �g�Z�� �i�j�h�b�a�\�h�^�k�l�\�h�� ������������ �\�h�^�g�h�� �h�o�e�Z�`�^�Z�g�_����

�^�b�k�l�Z�g�p�b�h�g�g�h�� 

  

�N�b�]����18�����A�Z�\�Z�j�t�q�_�g���d�h�f�i�e�_�d�k KUKA    �N�b�]����19�����A�Z�\�Z�j�t�q�_�g���j�h�[�h�l��KUKA VK30  
 

�N�b�j�f�Z�l�Z��YASKAVA  �i�j�_�^�e�Z�]�Z���Z�^�Z�i�l�b�\�g�h���j�h�[�h�l�b�a�b�j�Z�g�h���a�Z�\�Z�j�y�\�Z�g�_���k���\�b�a�m�Z�e�_�g���k�_�g�a�h�j 
�± �n�b�]����20. �K�b�k�l�_�f�Z�l�Z�� �a�Z�� �\�b�^�_�h�g�Z�[�e�x�^�_�g�b�_�� �g�Z�� �0�2�7�2�6�H�Q�V�H�� �^�Z�\�Z�� �n�m�g�d�p�b�h�g�Z�e�g�h�k�l�� �g�Z�� �j�h�[�h�l�b�l�_��
�<�$�6�.�$�:�$�� �a�Z�� �h�l�d�j�b�\�Z�g�_���� �k�e�_�^�_�g�_�� �b�� �a�Z�\�Z�j�y�\�Z�g�_�� �i�h�� �j�_�Z�e�g�Z�l�Z�� �l�j�Z�_�d�l�h�j�b�y�� �\�� �j�_�Z�e�g�h�� �\�j�_�f�_�� 
�K�b�k�l�_�f�Z�l�Z���f�h�`�_���^�Z���k�_���b�a�i�h�e�a�\�Z���\���7�,�*�����*�0�$�:�����0�,�*�������0�$�*�����i�j�h�p�_�k�b�� �H�k�\�_�g���l�h�\�Z���l�y �i�h�^�^�t�j�`�Z��
�i�Z�j�Z�f�_�l�j�b���a�Z���r�b�j�h�d���d�j�t�]���h�l���f�Z�l�_�j�b�Z�e�b���d�Z�l�h���g�_�j�t�`�^�Z�_�f�Z���k�l�h�f�Z�g�Z�����Z�e�m�f�b�g�b�c���b���^�j�� 
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�N�b�]����20�����J�h�[�h�l��YASKAVA    �N�b�]����21�����<�b�a�m�Z�e�g�Z���k�b�k�l�_�f�Z���g�Z��YASKAVA  

 
�H�k�g�h�\�g�b���i�j�_�^�b�f�k�l�\�Z�� 

�‡���G�Z�f�Z�e�_�g�Z���p�_�g�Z���i�h�j�Z�^�b���Z�[�k�h�e�x�l�g�h���i�h�a�b�p�b�h�g�b�j�Z�g�_���b���g�_���_���g�_�h�[�o�h�^�b�f�Z���i�h�\�l�h�j�y�_�f�h�k�l 
�‡���M�g�b�d�Z�e�g�h���j�_�r�_�g�b�_���a�Z���k�_�g�a�h�j�b���i�j�b���g�m�e�_�\�h���h�l�\�Z�j�y�g�_���g�Z���r�_�\�h�\�_�l�_ 
�‡���=�t�\�d�Z�\�h���j�_�r�_�g�b�_���a�Z���k�i�_�p�b�n�b�q�g�b���a�Z�^�Z�q�b���i�h���a�Z�\�Z�j�y�\�Z�g�_ 
�‡���B�g�l�_�]�j�b�j�Z�g�h���j�_�r�_�g�b�_���a�Z���j�h�[�h�l�b�a�b�j�Z�g�b���d�h�g�l�j�h�e�_�j�b���<�$�6�.�$�:�$ 

�G�Z���n�b�]����21�����_���i�h�d�Z�a�Z�g�Z���k�l�j�m�d�l�m�j�Z�l�Z���g�Z���\�b�a�m�Z�e�g�Z�l�Z���k�b�k�l�_�f�Z���g�Z��YASKAVA.  
 
1.4.�F�h�g�l�Z�`�g�b���j�h�[�h�l�b 

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

�<�� �j�_�Z�e�g�b�� �m�k�e�h�\�b�y�� �l�_�a�b�� �b�a�b�k�d�\�Z�g�b�y�� �k�_�� �g�Z�j�m�r�Z�\�Z�l�� �g�Z�c-�q�_�k�l�h�� �i�h�j�Z�^�b�� �l�_�o�g�b�q�_�k�d�b�� �b��
�b�d�h�g�h�f�b�q�_�k�d�b���h�]�j�Z�g�b�q�_�g�b�y�����L�h�]�Z�\�Z���h�l�g�h�k�b�l�_�e�g�h�l�h���j�Z�a�i�h�e�h�`�_�g�b�_���g�Z���f�h�g�l�b�j�Z�g�b�l�_���^�_�l�Z�c�e�b���k�_��
�h�l�d�e�h�g�y�\�Z�� �h�l�� �`�_�e�Z�g�b�l�_�� �i�h�a�b�p�b�b�� �k�� �g�_�b�a�\�_�k�l�g�Z�� �h�l�g�Z�i�j�_�^�� �e�b�g�_�c�g�Z�� �b�� �t�]�e�h�\�Z�� �]�j�_�r�d�Z���� �A�Z��
�h�k�b�]�m�j�y�\�Z�g�_�� �g�Z�� �j�Z�[�h�l�h�k�i�h�k�h�[�g�h�k�l�� �g�Z�� �j�h�[�h�l�b�a�b�j�Z�g�Z�l�Z�� �f�h�g�l�Z�`�g�Z�� �k�b�k�l�_�f�Z�� �\�� �l�_�a�b�� �m�k�e�h�\�b�y��
�l�j�y�[�\�Z�� �b�e�b�� �^�Z�� �k�_�� �g�Z�f�Z�e�y�l�� �]�j�_�r�d�b�l�_�� �\�� �j�Z�a�f�_�j�b�l�_�� �b�� �j�Z�a�i�h�e�h�`�_�g�b�_�l�h�� �g�Z�� �^�_�l�Z�c�e�b�l�_���� �b�e�b�� �^�Z�� �k�_��
�b�a�]�j�Z�^�b���Z�^�Z�i�l�b�\�g�Z���f�h�g�l�Z�`�g�Z���k�b�k�l�_�f�Z���k���i�h�e�a�\�Z�g�_���g�Z���k�_�g�a�h�j�g�Z���b�g�n�h�j�f�Z�p�b�y���i�h���\�j�_�f�_���g�Z���j�Z�[�h�l�Z��
�b���k�t�h�l�\�_�l�g�h���i�j�h�f�y�g�Z���g�Z���i�Z�j�Z�f�_�l�j�b�l�_���g�Z���^�\�b�`�_�g�b�_�l�h���i�j�b���f�h�g�l�Z�`����[1]. 

�K�j�_�^�� �h�k�g�h�\�g�b�l�_�� �i�j�_�^�b�f�k�l�\�Z�� �g�Z�� �j�h�[�h�l�b�a�b�j�Z�g�b�l�_�� �l�_�o�g�h�e�h�]�b�b�� �\�� �Z�k�_�f�[�e�b�j�Z�g�_�l�h�� �g�Z��
�d�h�f�i�h�g�_�g�l�b���� �\�t�a�e�b�� �b�� �k�]�e�h�[�_�g�b�� �_�^�b�g�b�p�b�� �b �f�h�g�l�Z�`�Z�� �g�Z�� �^�_�l�Z�c�e�b�� �b�� �f�Z�r�b�g�b�� �k�Z�� �i�h-�\�b�k�h�d�Z�l�Z��
�i�j�_�p�b�a�g�h�k�l���b���k�d�h�j�h�k�l���g�Z���j�Z�[�h�l�Z�����d�Z�d�l�h���b���k�i�h�k�h�[�g�h�k�l�l�Z���g�Z���j�h�[�h�l�Z���^�Z���b�a�i�t�e�g�y�\�Z���[�_�a�i�j�h�[�e�_�f�g�h��
�d�h�f�i�e�_�d�k�g�b���� �j�b�k�d�h�\�b�� �a�Z�� �q�h�\�_�d�Z�� �b�� �i�h�\�l�h�j�y�_�f�b�� �h�i�_�j�Z�p�b�b. �<�� �^�h�i�t�e�g�_�g�b�_���� �j�h�[�h�l�b�a�b�j�Z�g�b�l�_��
�k�b�k�l�_�f�b���a�Z���f�h�g�l�Z�`���b���Z�k�_�f�[�e�b�j�Z�g�_���f�h�]�Z�l�� �e�_�k�g�h���^�Z���[�t�^�Z�l�� �i�j�_�h�[�h�j�m�^�\�Z�g�b���b���i�j�_�g�Z�k�l�j�h�_�g�b���i�j�b��
�i�j�h�f�y�g�Z���g�Z���b�a�\�t�j�r�\�Z�g�b�l�_���l�_�o�g�h�e�h�]�b�q�g�b���h�i�_�j�Z�p�b�b���b���h�[�_�d�l�b�l�_�����k���d�h�b�l�h���k�_���f�Z�g�b�i�m�e�b�j�Z�����d�h�_�l�h��
�h�k�b�]�m�j�y�\�Z���\�b�k�h�d�Z���]�t�\�d�Z�\�h�k�l���g�Z���i�j�h�b�a�\�h�^�k�l�\�h�l�h, [16]. 

�<�� �a�Z�\�b�k�b�f�h�k�l�� �h�l�� �i�j�b�e�h�`�_�g�b�_�l�h���� �f�h�g�l�Z�`�g�b�l�_�� �j�h�[�h�l�b�� �f�h�]�Z�l�� �^�Z�� �[�t�^�Z�l�� �h�[�h�j�m�^�\�Z�g�b�� �k�t�k��
�k�b�k�l�_�f�b�� �a�Z�� �f�Z�r�b�g�g�h�� �a�j�_�g�b�_�� �b�� �a�Z�� �b�a�f�_�j�\�Z�g�_�� �g�Z�� �m�k�b�e�b�y�� ���I�R�U�F�H�� �V�H�Q�V�L�Q�J������ �L�_�o�g�h�e�h�]�b�b�l�_�� �a�Z��
�f�Z�r�b�g�g�h�� �a�j�_�g�b�_�� �g�Z�i�j�Z�\�e�y�\�Z�l�� �j�h�[�h�l�Z�� �i�j�b�� �i�h�\�^�b�]�Z�g�_���� �l�j�Z�g�k�i�h�j�l�b�j�Z�g�_�� �b�� �i�h�k�l�Z�\�y�g�_�� �g�Z��
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�d�h�f�i�h�g�_�g�l�b�� �g�Z�� �l�_�o�g�h�e�h�]�b�q�g�Z�l�Z�� �e�b�g�b�y�� ���S�L�F�N-and-�S�O�D�F�H�� �h�i�_�j�Z�p�b�b������ �g�Z�f�Z�e�y�\�Z�c�d�b�� �b�e�b�� �^�h�j�b��
�_�e�b�f�b�g�b�j�Z�c�d�b�� �g�m�`�^�Z�l�Z�� �h�l�� �^�h�i�t�e�g�b�l�_�e�g�b�� �k�b�k�l�_�f�b�� �a�Z�� �i�j�_�p�b�a�g�h�� �i�h�a�b�p�b�h�g�b�j�Z�g�_��
 �N�m�g�d�p�b�b�l�_�� �a�Z�� �\�b�a�m�Z�e�_�g�� �d�h�g�l�j�h�e�� �g�Z�i�j�Z�\�e�y�\�Z�l�� �j�h�[�h�l�Z�� �b�� �i�j�b�� �a�Z�\�t�j�l�Z�g�_�l�h�� �b��
�i�j�h�k�l�j�Z�g�k�l�\�_�g�h�l�h�� �h�j�b�_�g�l�b�j�Z�g�_�� �g�Z�� �d�h�f�i�h�g�_�g�l�b�l�_���� �a�Z�� �^�Z�� �k�b�� �i�Z�k�g�Z�l�� �i�j�b�� �k�]�e�h�[�y�\�Z�g�_�l�h����
�L�_�o�g�h�e�h�]�b�b�l�_���a�Z���b�a�f�_�j�\�Z�g�_���g�Z���k�b�e�b���k�Z���h�l �b�a�d�e�x�q�b�l�_�e�g�Z���i�h�e�a�Z���i�j�b���h�i�_�j�Z�p�b�b���d�Z�l�h���i�h�k�l�Z�\�y�g�_��
�g�Z�� �_�^�b�g�� �d�h�f�i�h�g�_�g�l�� �\�� �^�j�m�]���� �L�_�� �b�a�q�b�k�e�y�\�Z�l�� �d�Z�d�\�Z�� �_�� �g�_�h�[�o�h�^�b�f�Z�l�Z�� �k�b�e�Z�� �a�Z�� �h�k�t�s�_�k�l�\�y�\�Z�g�_�� �g�Z��
�k�]�e�h�[�d�Z�l�Z���b���d�Z�d�\�Z���k�b�e�Z���i�j�b�e�Z�]�Z���j�h�[�h�l�t�l�� 

1.4.1. �I�j�_�^�b�f�k�l�\�Z���b���i�j�b�e�h�`�_�g�b�y���g�Z���f�h�g�l�Z�`�g�b�l�_���j�h�[�h�l�b 

�F�h�g�l�Z�`�g�b�l�_�� �i�j�b�e�h�`�_�g�b�y�� �h�[�b�d�g�h�\�_�g�h�� �\�d�e�x�q�\�Z�l�� �r�b�j�h�d�� �g�Z�[�h�j�� �h�l�� �^�_�c�g�h�k�l�b����
�\�d�e�x�q�b�l�_�e�g�h���� �b�^�_�g�l�b�n�b�p�b�j�Z�g�_�� �b�� �k�h�j�l�b�j�Z�g�_�� �g�Z�� �^�_�l�Z�c�e�b���� �i�h�^�Z�\�Z�g�_�� �g�Z�� �^�_�l�Z�c�e�b�� �d�t�f��
�l�_�o�g�h�e�h�]�b�q�g�Z�� �e�b�g�b�y���f�Z�r�b�g�Z�� ���E�R�Z�O�� �I�H�H�G�L�Q�J���� �E�L�Q�� �S�L�F�N�L�Q�J������ �r�b�j�h�d�� �g�Z�[�h�j�� �h�l�� �h�i�_�j�Z�p�b�b�� �g�Z��
�j�h�[�h�l�b�a�b�j�Z�g�b�l�_�� �f�Z�g�b�i�m�e�Z�l�h�j�b���� �k�f�y�g�Z�� �g�Z�� �b�g�k�l�j�m�f�_�g�l�b���� �b�a�f�_�j�\�Z�g�_���g�Z�� �k�b�e�Z���� �a�Z�o�\�Z�s�Z�g�_�� �b��
�f�h�g�l�Z�`�� �g�Z�� �^�_�l�Z�c�e�b���� �\�b�a�m�Z�e�g�Z�� �b�g�k�i�_�d�p�b�y�� �b�� �^�j�� �K�j�_�^�� �g�Z�c-�i�h�i�m�e�y�j�g�b�l�_�� �i�j�b�e�h�`�_�g�b�y�� �g�Z��
�f�h�g�l�Z�`�g�b�l�_�� �j�h�[�h�l�b�� �k�Z�� �Z�k�_�f�[�e�b�j�Z�g�_�l�h�� �g�Z�� �^�\�b�]�Z�l�_�e�b���� �i�h�f�i�b���� �i�j�_�^�Z�\�Z�l�_�e�g�b�� �f�_�o�Z�g�b�a�f�b�� �\��
�Z�\�l�h�f�h�[�b�e�h�k�l�j�h�_�g�_�l�h���� �f�h�g�l�Z�`�� �g�Z�� �\�t�a�e�b�� �b�� �f�Z�r�b�g�b�� �\�� �l�j�Z�g�k�i�h�j�l�g�h�l�h�� �f�Z�r�b�g�h�k�l�j�h�_�g�_, 
�f�h�g�l�Z�`�g�b���h�i�_�j�Z�p�b�b���\���_�e�_�d�l�j�h�g�g�h�l�h���b���_�e�_�d�l�j�h�l�_�o�g�b�q�_�k�d�h���f�Z�r�b�g�h�k�l�j�h�_�g�_�����i�j�h�b�a�\�h�^�k�l�\�h�l�h���g�Z��
�f�_�^�b�p�b�g�k�d�h���h�[�h�j�m�^�\�Z�g�_���b���[�b�l�h�\�b���_�e�_�d�l�j�h�m�j�_�^�b���b���l�����g., [16]. 

�L�h�a�b���l�b�i���j�h�[�h�l�b�a�b�j�Z�g�b���k�b�k�l�_�f�b���k�Z���i�h�^�o�h�^�y�s�b���a�Z���i�j�b�e�h�`�_�g�b�y�����\���d�h�b�l�h���k�Z���g�_�h�[�o�h�^�b�f�b��
�\�b�k�h�d�Z�� �k�d�h�j�h�k�l�� �b�� �i�j�_�p�b�a�g�h�k�l�����\�d�e�x�q�b�l�_�e�g�h�� �f�h�g�l�Z�`�� �g�Z�� �b�a�d�e�x�q�b�l�_�e�g�h�� �f�Z�e�d�b�� �b�e�b�� �k�e�h�`�g�b�� �a�Z��
�q�h�\�_�r�d�Z�l�Z�� �j�t�d�Z�� �^�_�l�Z�c�e�b���� �d�Z�d�l�h�� �b�� �a�Z�� �i�j�b�e�h�`�_�g�b�y���� �\�� �d�h�b�l�h�� �q�b�k�l�h�l�Z�l�Z�� �_�� �i�j�b�h�j�b�l�_�l���� �d�Z�l�h��
�f�h�g�l�Z�`�g�b�� �h�i�_�j�Z�p�b�b�� �\�� �q�b�k�l�b�� �k�l�Z�b���� �\�� �_�e�_�d�l�j�h�g�g�h�l�h�� �i�j�h�b�a�\�h�^�k�l�\�h���� �Z�k�_�f�[�e�b�j�Z�g�_�l�h�� �g�Z��
�f�_�^�b�p�b�g�k�d�b�� �m�k�l�j�h�c�k�l�\�Z�� �b�� �b�a�^�_�e�b�y�� �b�� �l���� �g�� �J�h�[�h�l�b�a�b�j�Z�g�b�l�_�� �k�b�k�l�_�f�b�� �]�Z�j�Z�g�l�b�j�Z�l�� �i�h-�g�b�k�d�b��
�i�j�h�b�a�\�h�^�k�l�\�_�g�b�� �j�Z�a�o�h�^�b���� �d�Z�d�l�h�� �b�� �g�b�k�t�d�� �j�b�k�d�� �b�� �[�t�j�a�Z�� �\�t�a�\�j�t�s�Z�_�f�h�k�l�� �g�Z�� �b�g�\�_�k�l�b�p�b�y�l�Z���� �<��
�^�h�i�t�e�g�_�g�b�_���� �f�h�g�l�Z�`�g�b�l�_�� �j�h�[�h�l�b�� �h�k�b�]�m�j�y�\�Z�l�� �b�� �\�� �i�t�l�b�� �i�h-�]�h�e�y�f�� �i�j�h�b�a�\�h�^�k�l�\�_�g�� �d�Z�i�Z�p�b�l�_�l�� �\��
�d�h�f�[�b�g�Z�p�b�y���k���m�k�t�\�t�j�r�_�g�k�l�\�Z�g�h���d�Z�q�_�k�l�\�h���g�Z���i�j�h�^�m�d�p�b�y�l�Z�����A�Z���j�Z�a�e�b�d�Z���h�l���k�i�_�p�b�Z�e�b�a�b�j�Z�g�b�l�_���a�Z��
�Z�k�_�f�[�e�b�j�Z�s�b���f�h�g�l�Z�`�g�b�� �h�i�_�j�Z�p�b�b�� �k�b�k�l�_�f�b�� �a�Z�� �Z�\�l�h�f�Z�l�b�a�Z�p�b�y���� �j�h�[�h�l�b�l�_�� �j�Z�a�i�h�e�Z�]�Z�l�� �k��
�^�h�k�l�Z�l�t�q�g�Z���]�t�\�d�Z�\�h�k�l���i�j�b���i�j�_�d�h�g�n�b�]�m�j�b�j�Z�g�_�l�h���a�Z���Z�k�_�f�[�e�b�j�Z�g�_���g�Z���j�Z�a�e�b�q�g�b���i�j�h�^�m�d�l�b���h�l���_�^�g�Z��
�e�b�g�b�y���b�e�b���n�Z�f�b�e�b�y�����d�Z�d�l�h���b���i�j�b���\�k�y�d�Z�d�t�\���l�b�i���i�j�h�f�_�g�b���g�Z���i�j�h�^�m�d�l�h�\�b�y���^�b�a�Z�c�g, [16]. 

���������������F�h�g�l�Z�`�g�Z���h�i�_�j�Z�p�b�y���³�\�Z�e���± �h�l�\�h�j�´ 

�K�i�h�j�_�^���b�a�k�e�_�^�\�Z�g�b�y���g�Z���m�q�_�g�b���[�e�b�a�h�����������h�l���f�h�g�l�Z�`�g�b�l�_���h�i�_�j�Z�p�b�b���\���f�Z�r�b�g�h�k�l�j�h�_�g�_�l�h��
�f�h�]�Z�l���^�Z���[�t�^�Z�l���h�i�j�_�^�_�e�_�g�b���b�e�b���k�\�_�^�_�g�b���^�h���f�h�g�l�Z�`���g�Z���\�Z�e���\���h�l�\�h�j����[1]. �A�Z���i�j�h�k�l�h�l�Z���b���i�h�j�Z�^�b��
�h�k�h�\�h�k�b�f�_�l�j�b�q�g�h�k�l�� �g�Z�� �^�_�l�Z�c�e�b�l�_���� �j�Z�a�]�e�_�`�^�Z�g�b�y�l�Z�� �f�h�]�Z�l�� �^�Z�� �[�t�^�Z�l�� �g�Z�i�j�Z�\�_�g�b�� �\�� �j�Z�\�g�b�g�Z�l�Z����
�n�b�]����22. 

 

     �N�b�]����22�����H�k�g�h�\�g�b���n�Z�a�b���g�Z���f�h�g�l�Z�`�g�Z�l�Z���h�i�_�j�Z�p�b�y���³�\�Z�e-�h�l�\�h�j�´ 

�I�j�b�_�f�Z�l���k�_���k�e�_�^�g�b�l�_���^�h�i�m�k�d�Z�g�b�y�� 

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

�j�Z�a�i�h�e�h�`�_�g�b�_���g�Z���\�Z�e�Z���b���h�l�\�h�j�Z���\���i�j�h�p�_�k�Z���g�Z���f�h�g�l�Z�`���b���i�j�_�k�f�y�l�Z�g�_�l�h���g�Z���d�h�g�l�Z�d�l�g�b�l�_���k�b�e�b���\�t�\��
�\�k�_�d�b�� �f�h�f�_�g�l�� �h�l�� �^�\�b�`�_�g�b�_�l�h���� �:�g�Z�e�b�a�t�l�� �^�Z�\�Z�� �\�t�a�f�h�`�g�h�k�l�� �^�Z�� �k�_�� �b�a�m�q�b�� �\�e�b�y�g�b�_�l�h�� �g�Z��
�i�Z�j�Z�f�_�l�j�b�l�_���g�Z���h�d�Z�q�\�Z�g�_�l�h���b���k�e�m�`�b���a�Z���h�k�g�h�\�Z���g�Z���k�b�g�l�_�a�Z���g�Z���Z�^�Z�i�l�b�\�g�Z���k�b�k�l�_�f�Z. 

�H�k�g�h�\�g�b�l�_���n�Z�a�b���g�Z���f�h�g�l�Z�`�g�Z�l�Z���h�i�_�j�Z�p�b�y���³�\�Z�e���± �h�l�\�h�j�´���k�Z�� 

- �i�j�_�f�b�g�Z�\�Z�g�_���g�Z���n�Z�k�d�Z�l�Z�����L�_�d�m�s�b�l�_���k�l�h�c�g�h�k�l�b���g�Z���e�b�g�_�c�g�Z�l�Z���H �b���t�]�e�h�\�Z�l�Z���T �]�j�_�r�d�b���\��
�h�l�g�h�k�b�l�_�e�g�h�l�h�� �j�Z�a�i�h�e�h�`�_�g�b�_�� �g�Z�� �\�Z�e�Z�� �k�i�j�y�f�h�� �h�l�\�h�j�Z�� �\�� �f�h�f�_�g�l�Z�� �g�Z�� �d�h�g�l�Z�d�l�� �k�Z�� �k�\�t�j�a�Z�g�b�� �k��
�l�_�d�m�s�h�l�h�� �h�l�k�l�h�y�g�b�_��u �g�Z�� �p�_�g�l�t�j�Z�� �g�Z�� �h�d�Z�q�\�Z�g�_�� �h�l�� �h�k�l�Z�� �g�Z�� �k�b�f�_�l�j�b�y�� �b�� �^�Z�\�Z�l�� �b�g�n�h�j�f�Z�p�b�y�� �a�Z��
�\�e�b�y�g�b�_�l�h�� �g�Z�� �j�Z�a�i�h�e�h�`�_�g�b�_�l�h�� �g�Z�� �p�_�g�l�t�j�Z�� �g�Z�� �h�d�Z�q�\�Z�g�_�� �b�� �i�Z�j�Z�f�_�l�j�b�l�_�� �g�Z�� �h�d�Z�q�\�Z�g�_���\�t�j�o�m��
�l�j�Z�g�k�n�h�j�f�Z�p�b�y�l�Z���g�Z���t�]�e�h�\�Z�l�Z���b���e�b�g�_�c�g�Z�l�Z���]�j�_�r�d�b ���n�b�]��23). 

          

�N�b�]��23.�I�j�_�f�b�g�Z�\�Z�g�_���g�Z���n�Z�k�d�Z�����N�b�]��24���?�^�g�h�l�h�q�d�h�\���d�h�g�l�Z�d�l����  �N�b�]��25���>�\�m�l�h�q�d�h�\���d�h�g�l�Z�d�l 

u0 = �H0 + L.�T0 

u = �H0 + L.�T0 �± z.cotg(�D)  ,  �D  -  �t�]�t�e���g�Z���n�Z�k�d�Z�l�Z 

- �_�^�g�h�l�h�q�d�h�\���d�h�g�l�Z�d�l�����<���f�h�f�_�g�l�Z���g�Z���i�j�_�f�b�g�Z�\�Z�g�_���g�Z���n�Z�k�d�Z�l�Z���^�t�e�`�b�g�Z�l�Z���g�Z���\�f�t�d�\�Z�g�_��
�g�Z�� �^�_�l�Z�c�e�Z�� �\�� �h�l�\�h�j�Z��l �_�� �g�m�e�Z���� �I�j�b�� �l�h�\�Z�� �i�j�_�^�i�h�e�h�`�_�g�b�_�� �f�h�`�_�� �^�Z�� �k�_�� �i�h�e�m�q�b�� �k�l�h�c�g�h�k�l�l�Z�� �g�Z��
�t�]�e�h�\�Z�l�Z�� �]�j�_�r�d�Z�� �\�� �f�h�f�_�g�l�Z�� �g�Z�� �\�t�a�g�b�d�\�Z�g�_�� �g�Z�� �d�h�g�l�Z�d�l�Z�� �L�m�d�� �^�_�c�k�l�\�Z�l�� �k�e�_�^�g�b�l�_ �]�_�h�f�_�l�j�b�q�g�b��
�h�]�j�Z�g�b�q�_�g�b�y�����n�b�]����24): 

u = c.R + L .�T  - l.�T   ,  r, R �± �j�Z�^�b�m�k�b���g�Z���\�Z�e�Z���b���g�Z���h�l�\�h�j�Z 

- �^�\�m�l�h�q�d�h�\���d�h�g�l�Z�d�l�����B�f�Z�f�_���q�_�l�b�j�b���d�h�f�[�b�g�Z�p�b�b���k�i�h�j�_�^���a�g�Z�p�b�l�_���g�Z���g�Z�q�Z�e�g�b�l�_���e�b�g�_�c�g�Z��
�H0 �b���t�]�e�h�\�Z���T0 �]�j�_�r�d�b�����n�b�]����25�������I�j�b���h�i�j�_�^�_�e�_�g�b���]�_�h�f�_�l�j�b�q�g�b���b�e�b���k�b�e�h�\�b���k�t�h�l�g�h�r�_�g�b�y���f�h�]�Z�l��
�^�Z���\�t�a�g�b�d�g�Z�l���^�\�_���y�\�e�_�g�b�y�����d�h�b�l�h���f�h�]�Z�l���^�Z���\�t�a�i�j�_�i�y�l�k�l�\�Z�l���f�h�g�l�Z�`�Z���± jamming  ���a�Z�d�e�b�g�\�Z�g�_���h�l��
1-�\�b���l�b�i�����b��wedging ���a�Z�d�e�b�g�\�Z�g�_���h�l����-�j�b���l�b�i������[1]. 

D = l.tg(�T) + d.cos(�T)  ,  d, D �± �^�b�Z�f�_�l�j�b���g�Z���\�Z�e�Z���b���h�l�\�h�j�Z 

�d�h�_�l�h���a�Z���f�Z�e�d�b���k�l�h�c�g�h�k�l�b���g�Z���T �^�h�[�b�\�Z���\�b�^�Z�� 

l.�T = c.D  ,  c = (R-r)/R 
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�A�Z�d�e�b�g�\�Z�g�_�l�h���h�l����-�\�b���l�b�i���k�_���o�Z�j�Z�d�l�_�j�b�a�b�j�Z���k�t�k���k�i�b�j�Z�g�_���g�Z���^�\�b�`�_�g�b�_�l�h���\�k�e�_�^�k�l�\�b�_���g�Z��
�g�_�i�j�Z�\�b�e�g�Z�� �i�j�h�i�h�j�p�b�y�� �g�Z�� �k�b�e�b�l�_�� ���f�h�f�_�g�l�b�l�_������ �i�j�b�e�h�`�_�g�b�� �\�t�j�o�m�� �\�Z�e�Z���� �L�_�� �b�e�b�� �k�Z�� �\��
�j�Z�\�g�h�\�_�k�b�_���� �b�e�b�� �i�j�_�^�b�a�\�b�d�Z�g�h�l�h�� �h�l�� �l�y�o�� �^�\�b�`�_�g�b�_�� �k�_�� �\�t�a�i�j�_�i�y�l�k�l�\�Z�� �h�l�� �l�_�d�m�s�h�l�h��
�j�Z�a�i�h�e�h�`�_�g�b�_���g�Z���\�Z�e�Z���b���h�l�\�h�j�Z�����A�Z�d�e�b�g�\�Z�g�_�l�h���h�l����-�\�b���l�b�i���f�h�`�_���^�Z���k�_���i�j�_�h�^�h�e�_�_���q�j�_�a���i�j�h�f�y�g�Z��
�g�Z���m�i�j�Z�\�e�y�\�Z�s�b�l�_���k�b�e�b�����f�h�f�_�g�l�b���� 

�I�j�b�� �a�Z�d�e�b�g�\�Z�g�_�l�h�� �h�l�� ��-�j�b�� �l�b�i�� �^�\�b�`�_�g�b�_�l�h�� �k�t�s�h�� �k�i�b�j�Z���� �g�h�� �l�m�d�� �i�j�b�q�b�g�b�l�_�� �k�Z��
�]�_�h�f�_�l�j�b�q�g�b���� �Z�� �g�_�� �k�b�e�h�\�b���� �D�h�g�l�Z�d�l�g�b�l�_�� �k�b�e�b�� �\�� �^�\�_�l�_�� �l�h�q�d�b�� �g�Z�� �d�h�g�l�Z�d�l�� �k�Z�� �g�Z�k�h�q�_�g�b�� �_�^�g�Z��
�k�j�_�s�m�� �^�j�m�]�Z�� �b�� �Z�d�m�f�m�e�b�j�Z�l�� �_�g�_�j�]�b�y�� �\�� �^�_�l�Z�c�e�Z���� �I�h�j�Z�^�b�� �l�h�\�Z�� �l�h�� �g�_�� �f�h�`�_�� �^�Z�� �[�t�^�_�� �i�j�_�h�^�h�e�y�g�h��
�q�j�_�a�� �i�j�h�f�y�g�Z�� �g�Z�� �m�i�j�Z�\�e�y�\�Z�s�b�l�_�� �k�b�e�b���� �H�k�l�Z�\�Z�� �^�Z�� �k�_�� �j�Z�a�]�e�h�[�b�� �k�t�_�^�b�g�_�g�b�_�l�h�� �b�� �^�Z�� �k�_�� �f�h�g�l�b�j�Z��
�h�l�g�h�\�h�����Z�d�h���l�h�\�Z���_���\�t�a�f�h�`�g�h�� 

1.4.3. �I�j�b�f�_�j�b���g�Z���f�h�g�l�Z�`�g�b���j�h�[�h�l�b 
 
�L�b�i�b�q�g�h���� �\�b�k�h�d�h�l�_�o�g�h�e�h�]�b�q�g�b�l�_�� �f�h�g�l�Z�`�g�b�� �j�h�[�h�l�b�� �\�� �f�Z�r�b�g�h�k�l�j�h�_�g�_�l�h�� �k�Z�� �\�� �g�y�d�h�y�� �h�l��

�k�e�_�^�g�b�l�_�� �d�h�g�n�b�]�m�j�Z�p�b�b���� �r�_�k�l�h�k�g�b�� �Z�g�l�j�h�i�h�f�h�j�n�g�b�� �j�h�[�h�l�b���� �q�_�l�b�j�b�h�k�g�b�� �6�&�$�5�$�� ���6�H�O�H�F�W�L�Y�H��
Compliance Assembly/Articulated �5�R�E�R�W�� �$�U�P���� �j�h�[�h�l�b���� �d�Z�d�l�h�� �b�� �\�k�_�� �i�h-�f�Z�k�h�\�h�� �b�a�i�h�e�a�\�Z�g�b�l�_��
�^�_�e�l�Z�� �j�h�[�h�l�b�� �k�� �i�Z�j�Z�e�_�e�g�Z�� �d�b�g�_�f�Z�l�b�d�Z. �I�h�k�e�_�^�g�b�l�_�� �k�Z�� �i�j�h�_�d�l�b�j�Z�g�b�� �a�Z�� �l�Z�\�Z�g�_�g�� �f�h�g�l�Z�`�� �b��
�b�a�i�h�e�a�\�Z�l�� �f�h�l�h�j�b�a�b�j�Z�g�b�� �f�_�o�Z�g�b�a�f�b�� �a�Z�� �a�Z�^�\�b�`�\�Z�g�_�l�h�� �g�Z�� �l�j�b�� ���b�e�b�� �i�h�\�_�q�_���� �k�\�t�j�a�Z�g�b�� �j�Z�f�_�g�Z����
�L�h�\�Z�� �b�f�� �i�h�a�\�h�e�y�\�Z�� �^�Z�� �b�a�i�t�e�g�y�\�Z�l�� �f�h�g�l�Z�`�g�b�� �h�i�_�j�Z�p�b�b�� �k�t�k�� �a�Z�\�b�^�g�Z�� �i�j�_�p�b�a�g�h�k�l�� �b�� �k�d�h�j�h�k�l����
�f�Z�d�Z�j�� �l�h�\�Z�j�h�g�h�k�b�f�h�k�l�l�Z�� �b�f�� �^�Z�� �_�� �a�g�Z�q�b�l�_�e�g�h�� �i�h-�f�Z�e�d�Z�� �\�� �k�j�Z�\�g�_�g�b�_�� �k�� �l�Z�a�b�� �g�Z�� �d�e�Z�k�b�q�_�k�d�b�l�_��
�r�Z�j�g�b�j�g�b�� �l�h�i�h�e�h�]�b�b�����H�[�b�d�g�h�\�_�g�h�� �^�_�e�l�Z�� �j�h�[�h�l�b�l�_�� �k�Z�� �k�� �l�j�b�� �b�e�b�� �q�_�l�b�j�b�� �h�k�b���� �g�h�� �g�y�d�h�b��
�i�j�h�b�a�\�h�^�b�l�_�e�b���i�j�_�^�e�Z�]�Z�l���f�h�^�_�e�b���k���^�h���r�_�k�l���h�k�b�����i�h�^�o�h�^�y�s�b���a�Z���d�h�f�i�e�_�d�k�g�b���\�b�k�h�d�h�k�d�h�j�h�k�l�g�b��
�Z�k�_�f�[�e�b�j�Z�s�b���h�i�_�j�Z�p�b�b����[16]. 

�G�h�\�b�y���j�h�[�h�l���g�Z��FANUC SR-3iA �_���i�t�j�\�b�y�l���f�h�^�_�e���h�l���k�_�j�b�y���6�&�$�5�$���j�h�[�h�l�b���± �n�b�]�� 26. . 

 

�N�b�]����26�����J�h�[�h�l���g�Z���)�$�1�8�&���6�5-���L�$���k�_�j�b�y���6�&�$�5�$ 

  
�G�h�\�b�y�l�� �6�&�$�5�$�� �j�h�[�h�l�� �g�Z�� �)�$�1�8�&�� �i�j�_�^�e�Z�]�Z�� �\�b�k�h�d�Z�� �k�d�h�j�h�k�l�� �b���i�j�_�p�b�a�g�h�k�l�� �a�Z��

�i�j�b�e�h�`�_�g�b�y�� �\�� �r�b�j�h�d�� �d�j�t�]�� �h�l�� �b�g�^�m�k�l�j�b�b���� �\�d�e�x�q�b�l�_�e�g�h�� �i�j�h�b�a�\�h�^�k�l�\�h�� �g�Z�� �i�h�l�j�_�[�b�l�_�e�k�d�Z��
�_�e�_�d�l�j�h�g�b�d�Z���� �Z�\�l�h�f�h�[�b�e�g�b�� �d�h�f�i�h�g�_�g�l�b���� �i�e�Z�k�l�f�Z�k�b���� �e�Z�[�h�j�Z�l�h�j�g�Z�� �Z�\�l�h�f�Z�l�b�a�Z�p�b�y����
�_�e�_�d�l�j�h�m�j�_�^�b�� �b�� �f�_�^�b�p�b�g�k�d�b�� �b�a�^�_�e�b�y���� �L�b�i�b�q�g�b�� �i�j�b�e�h�`�_�g�b�y �g�Z�� �6�&�$�5�$�� �j�h�[�h�l�� �k�Z�� �S�L�F�N�� �D�Q�G��
place, �h�d�h�f�i�e�_�d�l�h�\�Z�g�_�����b�a�i�b�l�\�Z�g�_�����b�g�k�i�_�d�p�b�y�����h�i�Z�d�h�\�Z�g�_, [17]. 
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�O�Z�j�Z�d�l�_�j�b�k�l�b�d�b���g�Z���f�h�^�_�e���6�5-3iA:   

�x �I�h�e�_�a�_�g���l�h�\�Z�j��- �����d�] 
�x �H�[�o�\�Z�l��- ���������f�f 
�x �O�h�^��- ���������f�f 
�x SCA�5�$���j�h�[�h�l�t�l���k�_���a�Z�^�\�b�`�\�Z���h�l��R-�����L�%���&�R�P�S�D�F�W���3�O�X�V���d�h�g�l�j�h�e�_�j�� 

 
�J�h�[�h�l�t�l���g�Z��ABB: IRB 910SC - SCARA �_�� �[�t�j�a���� �_�\�l�b�g�� �b���l�h�q�_�g �± �n�b�]������������ �L�h�c�� �_��

�i�h�^�o�h�^�y�s���a�Z���k�]�e�h�[�y�\�Z�g�_���g�Z���f�Z�e�d�b���q�Z�k�l�b�����h�[�j�Z�[�h�l�d�Z���g�Z���f�Z�l�_�j�b�Z�e�b���b���b�g�k�i�_�d�p�b�y, [18].  
�I�Z�j�Z�f�_�l�j�b�� 

�ƒ �I�h�^�_�f�g�h�k�l�����^�h�������d�] 
�ƒ �H�[�o�\�Z�l��������-�������k�f 

�I�j�_�^�b�f�k�l�\�Z�� 
�ƒ ISO-�����a�Z���q�b�k�l�b���k�l�Z�b 
�ƒ �,�3�������a�Z�s�b�l�Z 
�ƒ �J�Z�a�e�b�q�g�b���i�h�a�b�p�b�h�g�b�j�Z�g�b�y 
�ƒ �E�_�k�g�Z���b�g�l�_�]�j�Z�p�b�y 
�ƒ �F�h�^�m�e�_�g���^�b�a�Z�c�g 
�ƒ �D�j�Z�l�t�d���p�b�d�t�e 
�ƒ �<�b�k�h�d�Z���l�h�q�g�h�k�l 

 

�N�b�]����27�����J�h�[�h�l���g�Z���$�%�%�����,�5�%���������6�&��- SCARA 

 
�N�b�]����28�����O�\�Z�s�Z�q���a�Z���f�h�g�l�Z�`�g�b���j�h�[�h�l�b���g�Z���)�(�6�7�2 

FESTO �_���j�Z�a�j�Z�[�h�l�b�e���g�h�\�� �m�g�b�\�_�j�k�Z�e�_�g���o�\�Z�s�Z�q���0�X�O�W�L�&�K�R�L�F�H���a�Z���f�h�g�l�Z�`�g�b���j�h�[�h�l�b���� �>�����@����
�L�h�c�� �b�f�Z�� �i�j�h�f�_�g�e�b�\�� �a�Z�o�\�Z�l���� �[�Z�a�b�j�Z�g�� �g�Z�� �q�h�\�_�r�d�Z�l�Z�� �j�t�d�Z���� �b�� �d�h�f�[�b�g�b�j�Z�� �j�Z�a�e�b�q�g�b�� �g�Z�q�b�g�b�� �g�Z��
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�a�Z�o�\�Z�s�Z�g�_�����I�j�t�k�l�b�l�_���f�m���f�h�]�Z�l���^�Z���[�t�^�Z�l���i�j�_�\�d�e�x�q�\�Z�g�b���l�Z�d�Z�����q�_���^�Z���k�Z���k���i�Z�j�Z�e�_�e�_�g���a�Z�o�\�Z�l���b�e�b���k��
�p�_�g�l�j�b�j�Z�s�Z���i�h�k�h�d�Z���± �[�_�a���l�h�\�Z���^�Z���b�a�b�k�d�\�Z���g�b�d�Z�d�\�b���i�j�_�h�[�j�Z�a�m�\�Z�g�b�y �± �n�b�]��������. 

�:�^�Z�i�l�b�\�g�b�l�_�� �i�j�t�k�l�b�� �k�� �)�L�Q�� �5�D�\�� �k�l�j�m�d�l�m�j�Z�� �k�_�� �i�j�b�k�i�h�k�h�[�y�\�Z�l�� �k�Z�f�b�� �]�t�\�d�Z�\�h�� �d�t�f�� �g�Z�c-
�j�Z�a�e�b�q�g�b�� �n�h�j�f�b�� �b���k�Z���f�g�h�]�h�� �q�m�\�k�l�\�b�l�_�e�g�b���� �[�_�a�� �g�m�`�^�Z�l�Z�� �h�l�� �^�h�i�t�e�g�b�l�_�e�g�b�� �k�_�g�a�h�j�b�� �b�e�b��
�l�_�o�g�h�e�h�]�b�b���a�Z���m�i�j�Z�\�e�_�g�b�_�� 

�0�X�O�W�L�&�K�R�L�F�H�� �_�� �g�Z�k�h�q�_�g�� �d�t�f�� �i�j�b�e�h�`�_�g�b�y���� �\�� �d�h�b�l�h�� �k�_�� �a�Z�o�\�Z�s�Z�l�� �g�Z�c-�j�Z�a�e�b�q�g�b�� �i�h�� �n�h�j�f�Z��
�h�[�_�d�l�b���� �g�Z�i�j�b�f�_�j�� �i�j�b�� �k�i�h�f�Z�]�Z�l�_�e�g�b�l�_�� �j�h�[�h�l�b�� �a�Z�� �Z�k�_�f�[�e�b�j�Z�g�_�� �b�e�b�� �\�� �i�j�h�b�a�\�h�^�k�l�\�_�g�b��
�i�j�_�^�i�j�b�y�l�b�y���� �d�t�^�_�l�h�� �k�_�� �i�j�h�b�a�\�_�`�^�Z�l�� �j�Z�a�g�h�h�[�j�Z�a�g�b�� �i�j�h�^�m�d�l�b���� �<�� �f�h�f�_�g�l�Z�� �q�_�k�l�h�� �k�_�� �g�Z�e�Z�]�Z��
�b�a�i�h�e�a�\�Z�g�_�l�h���g�Z���k�f�_�g�y�_�f�b���k�b�k�l�_�f�b�����d�h�b�l�h���k�_���h�[�h�j�m�^�\�Z�l���k���j�Z�a�e�b�q�g�b���o�\�Z�s�Z�q�b�� 
 

 �����������H�[�k�e�m�`�\�Z�s�b���j�h�[�h�l�b 

�J�h�[�h�l�b�a�b�j�Z�g�b�l�_�� �k�b�k�l�_�f�b�� �a�Z�� �h�[�k�e�m�`�\�Z�g�_�� �g�Z�� �f�_�l�Z�e�h�h�[�j�Z�[�h�l�\�Z�s�b�� �b�� �f�_�l�Z�e�h�j�_�`�_�s�b��
�f�Z�r�b�g�b���k�\�_�`�^�Z�l���^�h���f�b�g�b�f�m�f���\�j�_�f�_�l�h���a�Z���a�Z�j�_�`�^�Z�g�_���b���j�Z�a�l�h�\�Z�j�\�Z�g�_���g�Z���^�_�l�Z�c�e�b�����d�Z�l�h���g�Z�i�t�e�g�h��
�Z�\�l�h�f�Z�l�b�a�b�j�Z�l���i�j�h�p�_�k�Z�����J�h�[�h�l�b�a�b�j�Z�g�h�l�h���h�[�k�e�m�`�\�Z�g�_���\�d�e�x�q�\�Z �i�h-�\�b�k�h�d�Z���k�d�h�j�h�k�l�����i�j�_�p�b�a�g�h�k�l��
�b�� �i�h�\�l�h�j�y�_�f�h�k�l�� �g�Z�� �h�i�_�j�Z�p�b�b�l�_�� �\�� �k�j�Z�\�g�_�g�b�_�� �k�� �j�t�q�g�h�l�h�� �h�[�k�e�m�`�\�Z�g�_�� �h�l�� �q�h�\�_�d�� �Z�k�b�k�l�_�g�l����
�:�\�l�h�f�Z�l�b�a�b�j�Z�g�h�l�h�� �i�h�^�Z�\�Z�g�_�� �g�Z�� �^�_�l�Z�c�e�b�� �f�h�`�_�� �^�Z�� �[�t�^�_�� �h�l�� �i�h�l�h�q�g�Z�� �e�b�g�b�y���� �d�h�g�l�_�c�g�_�j�� �b�e�b��
�\�o�h�^�y�s���[�m�g�d�_�j�����Z���i�j�_�p�b�a�g�h�l�h���i�h�\�^�b�]�Z�g�_�����l�j�Z�g�k�i�h�j�l�b�j�Z�g�_���b���i�h�k�l�Z�\�y�g�_���g�Z���^�_�l�Z�c�e�Z���h�[�b�d�g�h�\�_�g�h��
�k�_�� �d�h�h�j�^�b�g�b�j�Z�� �h�l�� �k�b�k�l�_�f�Z�� �a�Z�� �f�Z�r�b�g�g�h�� �a�j�_�g�b�_�� �<�� �d�j�Z�y�� �g�Z�� �h�[�j�Z�[�h�l�\�Z�s�b�y�� �p�b�d�t�e�� �f�Z�r�b�g�g�b�y�l��
�d�h�g�l�j�h�e�_�j�� �h�l�\�Z�j�y�� �i�j�_�]�j�Z�^�Z�l�Z�� �a�Z�� �^�h�k�l�t�i�� �g�Z�� �j�h�[�h�l�Z�� �b�� �f�m�� �i�h�^�Z�\�Z�� �k�b�]�g�Z�e���� �q�_�� �f�h�`�_�� �^�Z�� �g�Z�\�e�_�a�_�� �\��
�a�h�g�Z�l�Z���g�Z���h�[�j�Z�[�h�l�d�Z�����a�Z���^�Z���j�Z�a�l�h�\�Z�j�b���]�h�l�h�\�b�y���^�_�l�Z�c�e���b���^�Z���a�Z�j�_�^�b���g�h�\���i�h�k�j�_�^�k�l�\�h�f���k�i�_�p�b�Z�e�_�g��
�o�\�Z�s�Z�q�� ���]�j�b�i�_�j�� �\�� �d�j�Z�y�� �g�Z�� �j�h�[�h�l�b�a�b�j�Z�g�h�l�h�� �j�Z�f�h�����K�e�_�^�� �d�j�Z�y�� �g�Z�� �l�Z�a�b�� �h�i�_�j�Z�p�b�y�� �i�j�_�^�i�Z�a�g�Z�l�Z��
�i�j�_�]�j�Z�^�Z���h�l�g�h�\�h���k�_���a�Z�l�\�Z�j�y���b���f�Z�r�b�g�Z�l�Z���a�Z�i�h�q�\�Z���k�e�_�^�\�Z�s�b�y���p�b�d�t�e���g�Z���h�[�j�Z�[�h�l�d�Z�����>�h�d�Z�l�h���l�j�Z�_��
�l�h�c�����j�h�[�h�l�t�l���h�[�b�d�g�h�\�_�g�h���b�a�\�t�j�r�\�Z���k�i�h�f�Z�]�Z�l�_�e�g�b���h�i�_�j�Z�p�b�b���d�Z�l�h���a�Z�q�b�k�l�\�Z�g�_�����h�[�_�a�f�Z�k�e�y�\�Z�g�_���b��
�b�a�f�_�j�\�Z�g�_���g�Z���\�_�q�_���h�[�j�Z�[�h�l�_�g�b�l�_���^�_�l�Z�c�e�b�����<���g�y�d�h�b���d�e�_�l�d�b���h�i�_�j�Z�p�b�b�l�_���k�Z���d�h�g�n�b�]�m�j�b�j�Z�g�b���l�Z�d�Z����
�q�_���h�k�g�h�\�g�b�y�l���h�[�k�e�m�`�\�Z�s���j�h�[�h�l���_���Z�k�b�k�l�b�j�Z�g���h�l���\�l�h�j�b���k�i�h�f�Z�]�Z�l�_�e�_�g���j�h�[�h�l�����d�h�c�l�h���h�[�b�d�g�h�\�_�g�h��
�k�_�� �]�j�b�`�b�� �a�Z �i�h�k�l�Z�\�y�g�_�l�h�� �g�Z�� �]�h�l�h�\�b�l�_�� �b�a�^�_�e�b�y�� �g�Z�� �i�Z�e�_�l�Z�� �b�e�b�� �a�Z�� �i�h�^�Z�\�Z�g�_�l�h�� �b�f�� �d�t�f��
�l�_�o�g�h�e�h�]�b�q�g�Z���e�b�g�b�y�����J�h�[�h�l�b�a�b�j�Z�g�h�l�h�� �h�[�k�e�m�`�\�Z�g�_���g�Z���f�_�l�Z�e�h�h�[�j�Z�[�h�l�\�Z�s�b���f�Z�r�b�g�b���i�h�a�\�h�e�y�\�Z��
�g�_�i�j�_�d�t�k�g�Z�l�h�� �j�_�^�m�\�Z�g�_�� �g�Z�� �h�[�j�Z�[�h�l�\�Z�s�b�l�_�� �p�b�d�e�b�� �[�_�a�� �g�m�`�^�Z�� �h�l�� �i�j�_�d�t�k�\�Z�g�b�y�� �a�Z�� �i�h�q�b�\�d�Z�� �g�Z��
�h�i�_�j�Z�l�h�j�b�l�_���b�e�b���a�Z���k�f�y�g�Z���g�Z���i�_�j�k�h�g�Z�e�Z�����K�t�s�h���l�Z�d�Z���_���\�Z�`�g�h�����q�_���l�Z�d�t�\���l�b�i���j�h�[�h�l�b���h�[�k�e�m�`�\�Z�l��
�h�[�b�d�g�h�\�_�g�h�� �]�h�e�_�f�b���� �k�d�t�i�b���� �\�b�k�h�d�h�k�d�h�j�h�k�l�g�b�� �b�� �f�g�h�]�h�� �[�t�j�a�b�� �f�Z�r�b�g�b���� �i�j�b�� �d�h�b�l�h�� �_�� �f�g�h�]�h��
�\�Z�`�g�h���i�j�_�k�l�h�y�l���f�_�`�^�m���p�b�d�e�b�l�_���^�Z���_���f�b�g�b�f�Z�e�_�g����[1], [16]. 

�J�h�[�h�l�t�l�� �f�h�`�_�� �^�Z�� �[�t�^�_�� �f�h�g�l�b�j�Z�g�� �g�Z�� �l�Z�\�Z�g�Z�� �b�e�b���^�b�j�_�d�l�g�h�� �\�t�j�o�m�� �f�Z�r�b�g�Z�l�Z���� �K�j�_�^�� �g�Z�c-
�i�h�i�m�e�y�j�g�b�l�_�� �i�j�b�e�h�`�_�g�b�y�� �g�Z�� �h�[�k�e�m�`�\�Z�s�b�l�_�� �j�h�[�h�l�b�� �k�Z�� �h�i�_�j�Z�p�b�b�l�_�� �i�h�� �f�Z�r�b�g�g�Z�� �h�[�j�Z�[�h�l�d�Z��
���k�l�j�m�]�h�\�Z�g�_�����n�j�_�a�h�\�Z�g�_�����r�e�b�n�h�\�Z�g�_�����i�j�h�[�b�\�Z�g�_���b���l���g���������n�h�j�f�h�\�Z�g�_�����s�Z�f�i�h�\�Z�g�_���b���l�����g��, [16]. 

�G�y�d�h�b���i�j�b�f�_�j�b���a�Z���h�[�k�e�m�`�\�Z�s�b���j�h�[�h�l�b���k�Z�� 

�N�b�]�������������D�e�_�l�d�Z���k���j�h�[�h�l�b���g�Z��FANUC 
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�G�Z�� �n�b�]����29 �k�Z�� �i�h�d�Z�a�Z�g�b���^�\�_�� �f�Z�r�b�g�b�� �.-ROBODRILL D21LiA5, �a�Z�h�[�b�d�h�e�_�g�b�� �h�l��
�j�h�[�h�l�b�a�b�j�Z�g�b�� �d�e�_�l�d�b���� �\�d�e�x�q�\�Z�s�b�� �j�h�[�h�l�b�� �5-���������L�%�� �g�Z��FANUC �b�� �i�j�h�^�m�d�l�h�\�� �k�d�e�Z�^����
�H�i�_�j�Z�l�h�j�b�l�_�� �i�h�^�]�h�l�\�y�l�� �h�l�e�b�\�d�b�l�_�� �b�� �]�b�� �i�h�k�l�Z�\�y�l�� �\�t�j�o�m�� �i�Z�e�_�l�b�l�_���� �J�h�[�h�l�b�l�_�� �a�Z�g�Z�k�y�l�� �i�Z�e�_�l�b�l�_��
�^�h���f�Z�r�b�g�b�l�_���b���]�b���k�\�Z�e�y�l�����K���i�h�f�h�s�l�Z���g�Z���\�b�a�m�Z�e�g�Z�l�Z���k�b�k�l�_�f�Z���g�Z���)�$�1�8�&���i�h-�f�Z�e�d�b�l�_���i�j�h�^�m�d�l�b��
�k�_���\�a�b�f�Z�l���g�Z�i�j�Z�\�h���h�l���j�h�[�h�l�b�l�_���b���k�_���i�h�k�l�Z�\�y�l���\�t�j�o�m���d�h�g�\�_�c�_�j�Z, [20]. 

�G�Z�� �n�b�]����30 �k�Z�� �i�h�d�Z�a�Z�g�b�� �k�_�j�b�y�� �f�Z�g�b�i�m�e�Z�l�h�j�b��MPS �g�Z�� �n�b�j�f�Z�� �K�I�?�K�B�F�:�� �H�H�> �a�Z��
�j�Z�[�h�l�Z���k���f�Z�r�b�g�b���a�Z���e�_�_�g�_���b���i�h�e�m�l�_�q�g�h���s�Z�f�i�h�\�Z�g�_�� 

    

    �>�h�a�b�j�Z�s���f�Z�g�b�i�m�e�Z�l�h�j         �H�[�f�Z�a�\�Z�s���f�Z�g�b�i�m�e�Z�l�h�j �F�Z�g�b�i�m�e�Z�l�h�j���± �_�d�k�l�j�Z�d�l�h�j 

�N�b�]����30�����H�[�k�e�m�`�\�Z�s�b���f�Z�g�b�i�m�e�Z�l�h�j�b���g�Z���n�b�j�f�Z���K�I�?�K�B�F�: 

 �F�Z�g�b�i�m�e�Z�l�h�j�b�l�_�� �b�f�Z�l�� �\�b�k�h�d�Z �l�h�q�g�h�k�l���� �k�d�h�j�h�k�l�� �b�� �i�h�\�l�h�j�y�_�f�h�k�l���� �b�a�]�j�Z�^�_�g�b�� �k�Z�� �g�Z��
�f�h�^�m�e�g�Z���h�k�g�h�\�Z���b���k�_���i�j�_�^�e�Z�]�Z�l���\�t�\���\�Z�j�b�Z�g�l�b���a�Z���j�Z�a�e�b�q�g�b���i�h���]�h�e�_�f�b�g�Z���f�Z�r�b�g�b�� �>�j�m�]�b���\�b�^�h�\�_��
�f�Z�g�b�i�m�e�Z�l�h�j�b�� �g�Z�� �n�b�j�f�Z�� �K�I�?�K�B�F�:�� �k�Z�� �k�_�j�b�b�l�_��GRIPMAT, SPEEDMAT �^�j���� �N�b�j�f�Z�l�Z��
�b�a�\�t�j�r�\�Z���k�t�s�h���j�_�b�g�`�_�g�_�j�b�g�]�� �g�Z���b�g�^�m�k�l�j�b�Z�e�g�b���j�h�[�h�l�b���� �Z�\�l�h�f�Z�l�b�a�Z�p�b�y���g�Z���i�j�h�b�a�\�h�^�k�l�\�h�l�h���b��
�^�j�� 

 �����������J�_�b�g�`�_�g�_�j�b�g�]���g�Z���j�h�[�h�l�b���b���j�h�[�h�l�b�a�b�j�Z�g�b���k�b�k�l�_�f�b 

 �A�Z���b�a�y�k�g�y�\�Z�g�_���g�Z���g�m�`�^�Z�l�Z�����p�_�e�b�l�_���b���a�Z�^�Z�q�b�l�_���i�j�b���j�_�b�g�`�_�g�_�j�b�g�]���g�Z���b�g�^�m�k�l�j�b�Z�e�g�b��
�j�h�[�h�l�b���s�_���[�t�^�_���b�a�\�t�j�r�_�g�h���k�e�_�^�g�h�l�h�� 

�ƒ �:�g�Z�e�b�a���g�Z���j�Z�a�\�b�l�b�_�l�h���g�Z���k�t�\�j�_�f�_�g�g�Z�l�Z���b�g�^�m�k�l�j�b�Z�e�g�Z���m�g�b�\�_�j�k�Z�e�g�Z���j�h�[�h�l�b�d�Z ���B�M�J�� 
�ƒ �B�a�k�e�_�^�\�Z�g�_���g�Z���\�g�_�^�j�y�\�Z�g�_�l�h���g�Z���B�M�J���\�t�\���\�h�^�_�s�b���b�g�^�m�j�k�l�b�Z�e�g�b���j�Z�c�h�g�b 
�ƒ �B�a�k�e�_�^�\�Z�g�_���b���d�e�Z�k�b�n�b�d�Z�p�b�y���g�Z���h�k�g�h�\�g�b�l�_���i�Z�j�Z�f�_�l�j�b���b���i�j�b�e�h�`�_�g�b�y���g�Z���B�M�J 
�ƒ �H�k�g�h�\�g�b���k�b�k�l�_�f�b���g�Z���B�M�J 
�ƒ �J�_�b�g�`�_�g�_�j�b�g�]���g�Z���b�g�^�m�k�l�j�b�Z�e�g�b���m�g�b�\�_�j�k�Z�e�g�b���j�h�[�h�l�b 
�ƒ �I�h�^�[�h�j���g�Z���b�g�^�m�k�l�j�b�Z�e�_�g���j�h�[�h�l���a�Z���j�_�b�g�`�_�g�_�j�b�g�] 

 
1.6.1. �I�j�h�m�q�\�Z�g�_���b���Z�g�Z�e�b�a���g�Z���b�g�n�h�j�f�Z�p�b�y�l�Z���a�Z���j�Z�a�\�b�l�b�_���g�Z���k�t�\�j�_�f�_�g�g�Z�l�Z �B�M�J 

  
�I�j�_�^�k�l�Z�\�_�g�b�l�_���]�j�Z�n�b�d�b��(�n�b�]����31, �n�b�]����32, �n�b�]����33, �n�b�]����34, �n�b�]����35 �b���n�b�]����36) �i�h�d�Z�a�\�Z�l��

�k�\�_�l�h�\�g�h�l�h���]�h�^�b�r�g�h���i�j�h�b�a�\�h�^�k�l�\�h���g�Z���B�M�J, �k���g�Z�j�Z�k�l�\�Z�g�_���b���o�Z�j�Z�d�l�_�j�g�b���a�Z�k�l�h�b���i�j�b���j�_�p�_�k�b�y�� 

�K�i�h�j�_�^���,�)�5�����F�_�`�^�m�g�Z�j�h�^�g�Z���n�_�^�_�j�Z�p�b�y���i�h���j�h�[�h�l�b�d�Z�� �i�j�_�a�����������]�����k�Z���i�j�h�b�a�\�_�^�_�g�b����������
�������� �[�j�h�y���B�M�J���� �K�i�h�j�_�^�� �l�h�]�Z�\�Z�r�g�Z�l�Z�� �i�j�h�]�g�h�a�Z�� �a�Z�� �k�e�_�^�\�Z�s�b�l�_�� �l�j�b�� �]�h�^�b�g�b�� �[�j�h�y�l�� �g�Z���B�M�J �s�_��
�g�Z�j�Z�k�l�\�Z���i�j�b�[�e�b�a�b�l�_�e�g�h���k��6%�����a�Z���^�Z���^�h�k�l�b�]�g�_��193 000 �i�j�_�a�����������]. 
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�N�b�]��3�����K�\�_�l�h�\�g�h���]�h�^�b�r�g�h���i�j�h�b�a�\�h�^�k�l�\�h���g�Z���B�M�J�����k���g�Z�j�Z�k�l�\�Z�g�_���b �a�Z�k�l�h�b���i�j�b���j�_�p�_�k�b�y 

 
�N�b�]����3�����K�t�h�l�g�h�r�_�g�b�_ �f�_�`�^�m���i�h�e�a�\�Z�g�_�l�h���g�Z���B�M�J �\���:�a�b�y���:�\�k�l�j�Z�e�b�y, �?�\�j�h�i�Z �b���:�f�_�j�b�d�Z 

 
�N�b�]����3�����I�j�h�^�Z�`�[�b���g�Z���B�M�J �\���D�b�l�Z�c 

 
1.6.2. �B�a�k�e�_�^�\�Z�g�_���g�Z���\�g�_�^�j�y�\�Z�g�_�l�h���g�Z���B�M�J���\�t�\���\�h�^�_�s�b���b�g�^�m�j�k�l�b�Z�e�g�b���j�Z�c�h�g�b 
 
�G�Z���n�b�]����34 �_���b�e�x�k�l�j�b�j�Z�g�h���\���d�h�b���k�l�j�Z�g�b���k�_���_���b�a�i�h�e�a�\�Z�e�h���g�Z�c-�f�g�h�]�h���B�M�J�����K�j�Z�\�g�_�g�b�_�l�h��

�_�� �g�Z�i�j�Z�\�_�g�h���� �d�Z�l�h�� �k�t�h�l�g�h�r�_�g�b�_�� �g�Z���� �[�j�h�c���B�M�J �d�t�f�� ������ �������� �j�Z�[�h�l�g�b�� �f�_�k�l�Z���� �\�� �b�g�^�m�k�l�j�b�Z�e�g�h�l�h��
�i�j�h�b�a�\�h�^�k�l�\�h�����<���i�t�j�\�Z�l�Z �i�_�l�b�p�Z���k�Z���X�`�g�Z���D�h�j�_�y�����Y�i�h�g�b�y�����=�_�j�f�Z�g�b�y�����R�\�_�p�b�y���b���B�l�Z�e�b�y�� 
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�N�b�]����3�����>�t�j�`�Z�\�b���k���g�Z�c-�]�h�e�y�f�h���j�Z�a�i�j�h�k�l�j�Z�g�_�g�b�_���g�Z���B�M�J 

 
�N�b�]����3�����<�g�_�^�j�y�\�Z�g�_���g�Z���B�M�J �\���l�j�b���h�l���\�h�^�_�s�b�l�_���b�g�^�m�k�l�j�b�Z�e�g�b���j�_�]�b�h�g�Z- �D�b�l�Z�c, 

�?�\�j�h�i�_�c�k�d�b���k�t�x�a �b���K�_�\�_�j�g�Z���:�f�_�j�b�d�Z 
 

�G�Z���n�b�]����35 �_�� �b�e�x�k�l�j�b�j�Z�g�h�� �k�j�Z�\�g�_�g�b�_�l�h�� �f�_�`�^�m�� �d�b�l�Z�c�k�d�Z�l�Z�� �b�d�h�g�h�f�b�d�Z���� �i�h�� �h�l�g�h�r�_�g�b�_��
�\�g�_�^�j�y�\�Z�g�_�l�h���g�Z���m�g�b�\�_�j�k�Z�e�g�b���j�h�[�h�l�b���^�h�������������]�� �b���\�h�^�_�s�b�l�_���b�d�h�g�h�f�b�d�b���g�Z���^�j�m�]�b�l�_���^�\�Z���k�b�e�g�b��
�b�g�^�m�k�l�j�b�Z�e�g�b���j�_�]�b�h�g�Z���± �?�\�j�h�i�Z���b���K�_�\�_�j�g�Z���:�f�_�j�b�d�Z�� 

�<�t�\���n�b�]����36 �k�_���\�b�`�^�Z�����q�_���g�Z�^��50% �h�l���B�M�J �k�Z���k�_���\�g�_�^�j�y�\�Z�e�b���\���Z�\�l�h�f�h�[�b�e�h�k�l�j�h�_�g�_�l�h�� 
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�N�b�]����3�����I�j�h�f�b�r�e�_�g�b���k�_�d�l�h�j�b�����\���d�h�b�l�h���k�_���\�g�_�^�j�y�\�Z�l���B�M�J 
 

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

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

�I�j�h�m�q�\�Z�g�b�y�l�Z���� �d�Z�d�l�h�� �b�� �Z�g�Z�e�b�a�t�l���� �g�Z�i�j�Z�\�_�g�b�� �h�l�� �[�Z�a�Z�l�Z�� �^�Z�g�g�b�� �g�Z���,�)�5�� ���F�_�`�^�m�g�Z�j�h�^�g�Z��
�n�_�^�_�j�Z�p�b�y�� �i�h�� �j�h�[�h�l�b�d�Z�� �i�h�d�Z�a�Z�o�Z���� �q�_�� �\�� �k�l�j�Z�g�b�l�_�� �h�l���X �]�h�b�a�l�h�q�g�Z�� �?�\�j�h�i�Z �b�f�Z�� �]�h�e�_�f�b��
�\�t�a�f�h�`�g�h�k�l�b���a�Z���\�g�_�^�j�y�\�Z�g�_�l�h���g�Z���B�M�J�����I�h�j�Z�^�b���i�h-�g�b�k�d�Z�l�Z���k�b���i�e�Z�l�_�`�h�k�i�h�k�h�[�g�h�k�l���b���h�k�l�Z�j�_�e�b��
�l�_�o�g�h�e�h�]�b�b�� �l�_�a�b�� �k�l�j�Z�g�b�� �q�_�k�l�h�� �g�_�� �f�h�]�Z�l�� �^�Z�� �k�b�� �i�h�a�\�h�e�y�l�� �a�Z�d�m�i�m�\�Z�g�_�l�h�� �g�Z�� �g�h�\�h�� �h�[�h�j�m�^�\�Z�g�_�� �a�Z��
�Z�\�l�h�f�Z�l�b�a�Z�p�b�y���� �l�Z�d�Z�� �q�_�� �k�e�_�^�� �j�_�b�g�`�_�g�_�j�b�g�]�� �b�� �f�h�^�_�j�g�b�a�Z�p�b�y�� �g�Z�� �o�Z�j�^�m�_�j�Z�� �b�� �k�h�n�l�m�_�j�Z��- 
�m�g�b�\�_�j�k�Z�e�g�b�l�_�� �j�h�[�h�l�b�� �f�h�]�Z�l�� �m�k�i�_�r�g�h�� �^�Z�� �k�_�� �i�j�_�g�Z�k�h�q�Z�l�� �g�Z�� �i�Z�a�Z�j�b�l�_�� �h�k�\�_�g�� �\�� �;�t�e�]�Z�j�b�y���� �b�� �\��
�[�b�\�r�b�l�_���X�]�h�k�e�Z�\�k�d�b���j�_�i�m�[�e�b�d�b�����J�m�f�t�g�b�y�����J�m�k�b�y�����M�d�j�Z�c�g�Z�����;�_�e�Z�j�m�k�����L�m�j�p�b�y���b���^�j�����k�l�j�Z�g�b���h�l��
�Q�_�j�g�h�f�h�j�k�d�b�y���j�_�]�b�h�g�� 

�B�g�^�m�k�l�j�b�Z�e�g�h�l�h�� �g�Z�i�j�Z�\�e�_�g�b�_���F�_�o�Z�l�j�h�g�b�d�Z ���k�t�q�_�l�Z�g�b�_�� �g�Z�� �f�h�^�_�j�g�Z�� �f�_�o�Z�g�b�q�g�Z��
�d�h�g�k�l�j�m�d�p�b�y�� �k�t�k�� �k�t�\�j�_�f�_�g�_�g�� �o�Z�j�^�m�_�j�� �b�� �Z�\�Z�g�]�Z�j�^�_�g�� �k�h�n�l�m�_�j���� �b�]�j�Z�_�� �\�k�_�� �i�h-�]�h�e�y�f�Z�� �j�h�e�y�� �\��
�i�j�h�f�b�r�e�_�g�h�l�h�� �j�Z�a�\�b�l�b�_�� �g�Z�� �\�h�^�_�s�b�l�_�� �k�\�_�l�h�\�g�b�� �b�d�h�g�h�f�b�d�b�� �b�� �q�_�� �Z�\�l�h�f�h�[�b�e�h�k�l�j�h�_�g�_�l�h����
�i�j�h�f�b�r�e�_�g�Z�l�Z�� �b�� �[�b�l�h�\�Z�� �_�e�_�d�l�j�h�g�b�d�Z�� �b�� �h�k�g�h�\�g�h�� �j�h�[�h�l�b�d�Z�l�Z�� �k�Z �g�_�b�a�f�_�g�g�Z�� �q�Z�k�l�� �h�l��
�F�_�o�Z�l�j�h�g�b�d�Z�l�Z���� �d�h�y�l�h�� �_�� �h�i�j�_�^�_�e�_�g�Z���� �d�Z�l�h�� �h�k�g�h�\�_�g�� �i�j�b�h�j�b�l�_�l�� �\���K�l�j�Z�l�_�]�b�y�l�Z�� �a�Z��
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�b�g�l�_�e�b�]�_�g�l�g�Z�� �k�i�_�p�b�Z�e�b�a�Z�p�b�y�� �g�Z�� �;�t�e�]�Z�j�b�y�� �\�� �i�_�j�b�h�^�Z�� �����������± ���������� �]���� �G�Z�� �[�Z�a�Z�� �g�Z�� �b�a�\�t�j�r�_�g�b�y��
�e�b�l�_�j�Z�l�m�j�_�g���h�[�a�h�j���[�y�o�Z���i�h�k�h�q�_�g�b���k�e�_�^�g�b�l�_���b�a�\�h�^�b�� 

- �\�� �k�t�\�j�_�f�_�g�g�b�l�_�� �l�_�o�g�b�q�_�k�d�b�� �m�k�l�j�h�c�k�l�\�Z�� �\�k�_�� �i�h-�l�y�k�g�h�� �k�_�� �i�j�_�i�e�b�l�Z�l�� �i�j�h�[�e�_�f�b�l�_�� �g�Z��
�f�_�o�Z�g�b�d�Z�l�Z���b���_�e�_�d�l�j�h�g�b�d�Z�l�Z�����g�Z���Ä�d�b�g�_�f�Z�l�b�q�g�b�y�´ �b���Ä�_�e�_�d�l�j�h�g�g�b�y�´ �b�g�l�_�e�_�d�l�� 

- �k�b�g�l�_�a�t�l�� �g�Z�� �f�_�o�Z�g�b�a�f�b�l�_�� �j�_�r�Z�\�Z�� �]�_�h�f�_�l�j�b�q�g�Z�l�Z�� �q�Z�k�l�� �g�Z�� �a�Z�^�Z�q�Z�l�Z�� �a�Z�� �m�i�j�Z�\�e�_�g�b�_�� �g�Z��
�a�Z�l�\�h�j�_�g�b�l�_���d�b�g�_�f�Z�l�b�q�g�b���\�_�j�b�]�b�� 

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

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

1.6.3. �B�a�k�e�_�^�\�Z�g�_���b���d�e�Z�k�b�n�b�d�Z�p�b�y���g�Z���h�k�g�h�\�g�b�l�_���i�Z�j�Z�f�_�l�j�b���b���i�j�b�e�h�`�_�g�b�y���g�Z���B�M�J 
 
�G�Z���n�b�]����37 �_ �i�h�k�h�q�_�g���h�k�g�h�\�g�b�y�l���i�j�b�g�p�b�i���g�Z���f�_�o�Z�l�j�h�g�b�d�Z�l�Z�����d�h�c�l�h���b�a�b�k�d�\�Z���B�M�J �^�Z���k�_��

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

�M�i�j�Z�\�e�y�\�Z�s�Z �k�b�k�l�_�f�Z 

�A�Z�^�\�b�`�\�Z�s�Z �k�b�k�l�_�f�Z 

           �F�_�o�Z�g�b�q�g�Z �k�b�k�l�_�f�Z 

 �K�_�g�a�h�j�g�Z���k�b�k�l�_�f�Z 

 

�a�Z�^�Z�g�b�_ 
�?�e�����g�Z�i�j�_�`�_�g�b�_ 

�K�b�e�b���f�h�f�_�g�l�b 

�I�h�e�h�`�_�g�b�y���b���k�d�h�j�h�k�l�b 

�P�b�n�j�h�\�b��
�k�b�]�g�Z�e�b���g�Z��
�b�a�f�_�j�_�g�b�l�_��
�\�_�e�b�q�b�g�b 
 

 
�N�b�]��3�����<�a�Z�b�f�h�k�\�t�j�a�Z�g�b���k�b�k�l�_�f�b���g�Z���B�M�J 

 

�J�h�[�h�l�b�l�_�� �^�Z�� �k�_�� �j�Z�a�^�_�e�y�l�� �k�t�h�[�j�Z�a�g�h���d�e�Z�k�b�n�b�d�Z�p�b�h�g�g�b�y�� �d�j�b�l�_�j�b�c���Ä�k�l�_�i�_�g�� �g�Z��
�k�i�_�p�b�Z�e�b�a�Z�p�b�y�´ �g�Z���k�i�_�p�b�Z�e�g�b�����k�i�_�p�b�Z�e�b�a�b�j�Z�g�b�����p�_�e�_�\�b�����b���m�g�b�\�_�j�k�Z�e�g�b�����f�g�h�]�h�p�_�e�_�\�b���� 

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

�K�i�_�p�b�Z�e�b�a�b�j�Z�g�b�l�_�� �b�g�^�m�k�l�j�b�Z�e�g�b�� �j�h�[�h�l�b �b�f�Z�l�� �j�Z�a�r�b�j�_�g�b�� �n�m�g�d�p�b�h�g�Z�e�g�b��
�\�t�a�f�h�`�g�h�k�l�b���>2���@�����I�j�_�^�g�Z�a�g�Z�q�_�g�b���k�Z���a�Z���b�a�i�t�e�g�_�g�b�_���g�Z���l�_�o�g�h�e�h�]�b�q�g�b���h�i�_�j�Z�p�b�b���h�l���_�^�b�g���\�b�^�����k��
�\�t�a�f�h�`�g�h�k�l�b�� �a�Z�� �h�[�k�e�m�`�\�Z�g�_�� �g�Z�� �j�Z�a�e�b�q�g�b�� �f�h�^�_�e�b�� �g�Z�� �h�k�g�h�\�g�h�� �l�_�o�g�h�e�h�]�b�q�g�h�� �h�[�h�j�m�^�\�Z�g�_����
�I�j�h�]�j�Z�f�Z�l�Z�� �b�f�� �a�Z�� �^�_�c�k�l�\�b�_�� �k�t�^�t�j�`�Z�� �j�Z�a�r�b�j�_�g�� �g�Z�[�h�j�� �h�l�� �b�g�n�h�j�f�Z�p�b�y���� �d�h�y�l�h�� �\�� �h�l�^�_�e�g�b�� �k�\�h�b��
�q�Z�k�l�b�� �l�t�j�i�b�� �d�h�j�_�d�p�b�b�� �i�j�b�� �b�a�f�_�g�_�g�b�_�� �g�Z�� �\�t�g�r�g�Z�l�Z�� �k�j�_�^�Z���� �G�Z�i�j�b�f�_�j�� �e�_�y�j�k�d�b�l�_�� �^�h�a�b�j�Z�s�b��
�j�h�[�h�l�b���j�_�Z�]�b�j�Z�l���g�Z���i�j�h�f�y�g�Z�l�Z���g�Z���g�b�\�h�l�h���g�Z���k�l�h�i�_�g�b�y���f�_�l�Z�e�����k�e�_�^�_�c�d�b���i�j�h�f�y�g�Z�l�Z���g�Z���k�j�_�^�Z�l�Z��
�\�t�a�^�m�o-�k�l�h�i�_�g���f�_�l�Z�e�����\���j�_�a�m�e�l�Z�l���g�Z���d�h�_�l�h���q�_�j�i�Z�d�t�l���b�f���k�_���k�i�m�k�d�Z���\�k�_���i�h-�g�b�k�d�h���d�t�f���^�t�g�h�l�h���g�Z��
�i�h�l�Z�l�Z�����i�_�s�l�Z�����i�j�b���k�i�Z�^�Z�g�_���g�Z���g�b�\�h�l�h���g�Z���k�l�h�i�_�g�b�y���f�_�l�Z�e���\���g�_�y�� 
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�M�g�b�\�_�j�k�Z�e�g�b�l�_���b�g�^�m�k�l�j�b�Z�e�g�b���j�h�[�h�l�b �b�f�Z�l���f�g�h�]�h�p�_�e�_�\�b���n�m�g�d�p�b�h�g�Z�e�g�b���\�t�a�f�h�`�g�h�k�l�b����
�I�j�_�^�g�Z�a�g�Z�q�_�g�b���k�Z���a�Z���b�a�i�t�e�g�_�g�b�_���g�Z���j�Z�a�g�h�j�h�^�g�b���h�k�g�h�\�g�b���b���b�e�b���k�i�h�f�Z�]�Z�l�_�e�g�b���h�i�_�j�Z�p�b�b�����d�Z�l�h��
�b�a�i�t�e�g�_�g�b�_�l�h���b�f���_���\�t�a�f�h�`�g�h���^�Z���k�_���h�k�t�s�_�k�l�\�b���i�h���j�Z�a�e�b�q�g�b���g�Z�q�b�g�b�� 

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

1.6.3.1. �F�_�o�Z�g�b�q�g�Z���k�b�k�l�_�f�Z 
�< �k�t�h�l�\�_�l�k�l�\�b�_�� �k�� �^�\�b�`�_�g�b�y�l�Z�� �g�Z�� �q�h�\�_�r�d�Z�l�Z�� �j�t�d�Z�� �j�Z�a�e�b�q�Z�\�Z�f�_�� �l�j�b�� �\�b�^�Z�� �^�\�b�`�_�g�b�y�� �b��

�k�t�h�l�\�_�l�g�h�� �l�j�b�� �\�b�^�Z�� �k�l�j�m�d�l�m�j�b���� �k�� �l�j�b�� �i�h�^�\�b�`�g�b�� �a�\�_�g�Z���� �d�h�b�l�h�� �j�_�Z�e�b�a�b�j�Z�l�� �l�_�a�b�� �^�\�b�`�_�g�b�y����
�]�e�h�[�Z�e�g�h�����j�_�]�b�h�g�Z�e�g�h���b���e�h�d�Z�e�g�h�� 

�=�e�h�[�Z�e�g�Z�l�Z�� �k�l�j�m�d�l�m�j�Z �h�k�t�s�_�k�l�\�y�\�Z�� �i�j�_�f�_�k�l�\�Z�g�_�� �g�Z���p�_�e�b�y�� �j�h�[�h�l�� �k�i�j�y�f�h�� �d�h�h�j�^�b�g�Z�l�g�Z��
�k�b�k�l�_�f�Z���� �k�\�t�j�a�Z�g�Z�� �k�t�k�� �a�_�f�y�l�Z���� �J�h�[�h�l�b�l�_���� �b�a�\�t�j�r�\�Z�s�b�� �]�e�h�[�Z�e�g�h�� �^�\�b�`�_�g�b�_�� ���i�j�h�k�l�h���� �j�Z�\�g�b�g�g�h��
�b�e�b�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�h������ �k�_�� �g�Z�j�b�q�Z�l���f�h�[�b�e�g�b���� �H�[�_�d�l�� �g�Z�� �g�Z�k�l�h�y�s�h�l�h�� �b�a�k�e�_�^�\�Z�g�_�� �k�Z�� �j�h�[�h�l�b�l�_�� �[�_�a��
�]�e�h�[�Z�e�g�h���^�\�b�`�_�g�b�_�����b�a�\�_�k�l�g�b���d�Z�l�h���k�l�Z�p�b�h�g�Z�j�g�b. 

�J�_�]�b�h�g�Z�e�g�Z�l�Z�� �k�l�j�m�d�l�m�j�Z �h�k�t�s�_�k�l�\�y�\�Z�� �i�j�_�f�_�k�l�\�Z�g�_�� �g�Z�� �o�Z�j�Z�d�l�_�j�b�k�l�b�q�g�Z�� �l�h�q�d�Z�� �g�Z�� �l�j�_�l�h�l�h��
�i�h�^�\�b�`�g�h�� �a�\�_�g�h���� �i�h�k�j�_�^�k�l�\�h�f�� �k�t�h�l�\�_�l�g�Z�� �j�_�]�b�h�g�Z�e�g�Z�� �k�l�j�m�d�l�m�j�Z�� ���d�b�g�_�f�Z�l�b�q�g�Z�� �\�_�j�b�]�Z���� �g�Z��
�j�h�[�h�l�Z���� �<�� �a�Z�\�b�k�b�f�h�k�l�� �h�l�� �d�h�f�[�b�g�Z�p�b�y�l�Z�� �g�Z���5�� ���j�h�l�Z�p�b�h�g�g�b�� �b���3�� ���i�e�t�a�]�Z�s�b�� �d�b�g�_�f�Z�l�b�q�g�b��
�^�\�h�b�p�b���g�Z���j�_�]�b�h�g�Z�e�g�b�l�_���k�l�j�m�d�l�m�j�b���k���l�j�b���i�h�^�\�b�`�g�b���a�\�_�g�Z�����l�_���k�_���j�Z�a�^�_�e�y�l���g�Z���q�_�l�b�j�b���]�j�m�i�b�� 

- R R R �± �t�]�e�h�\�Z���� �j�_�Z�e�b�a�b�j�Z�s�Z�� �i�h�a�b�p�b�h�g�b�j�Z�g�_�l�h�� �g�Z�� �o�Z�j�Z�d�l�_�j�b�k�l�b�q�g�Z�l�Z�� �l�h�q�d�Z�� �q�j�_�a�� �l�j�b��
�j�h�l�Z�p�b�b�� �g�Z�� �l�j�b�l�_�� �5-�^�\�h�b�p�b���� �L�Z�d�Z�\�Z�� �k�l�j�m�d�l�m�j�Z�� �k�_�� �g�Z�j�b�q�Z�� �h�s�_�� �Z�g�l�j�h�i�h�f�h�j�n�g�Z��
���q�h�\�_�d�h�i�h�^�h�[�g�Z�������o�h�f�h�f�h�j�n�g�Z���b�e�b���o�m�f�Z�g�h�b�^�g�Z�� 

- �5���5���J�����5���J���5�����J���5���5�� �± �k�n�_�j�b�q�g�Z�����j�_�Z�e�b�a�b�j�Z�s�Z���i�h�a�b�p�b�h�g�b�j�Z�g�_�l�h���g�Z���o�Z�j�Z�d�l�_�j�b�k�l�b�q�g�Z�l�Z��
�l�h�q�d�Z���� �q�j�_�a�� �i�j�h�f�y�g�Z�� �g�Z�� �l�j�b�� �k�n�_�j�b�q�g�b�� �d�h�h�j�^�b�g�Z�l�b���� �k�i�j�y�f�h�� �d�h�h�j�^�b�g�Z�l�g�Z�l�Z�� �k�b�k�l�_�f�Z�� �g�Z��
�k�l�h�c�d�Z�l�Z�� 

- �5�� �J�� �J�� ���J�� �J�� �5���� �J�� �5�� �J�� �± �p�b�e�b�g�^�j�b�q�g�Z���� �j�_�Z�e�b�a�b�j�Z�s�Z�� �i�h�a�b�p�b�h�g�b�j�Z�g�_�l�h�� �g�Z��
�o�Z�j�Z�d�l�_�j�b�k�l�b�q�g�Z�l�Z�� �l�h�q�d�Z���� �q�j�_�a�� �i�j�h�f�y�g�Z�� �g�Z�� �l�j�b�� �p�b�e�b�g�^�j�b�q�g�b�� �d�h�h�j�^�b�g�Z�l�b���� �k�i�j�y�f�h��
�d�h�h�j�^�b�g�Z�l�g�Z�l�Z���k�b�k�l�_�f�Z���g�Z���k�l�h�c�d�Z�l�Z�� 

- �5�� �J�� �J �± �^�_�d�Z�j�l�h�\�Z�� ���d�Z�j�l�_�a�b�Z�g�k�d�Z������ �j�_�Z�e�b�a�b�j�Z�s�Z�� �i�h�a�b�p�b�h�g�b�j�Z�g�_�l�h�� �g�Z��
�o�Z�j�Z�d�l�_�j�b�k�l�b�q�g�Z�l�Z���l�h�q�d�Z�����q�j�_�a���i�j�h�f�y�g�Z���g�Z���l�j�b���^�_�d�Z�j�l�h�\�b���d�h�h�j�^�b�g�Z�l�b�����k�i�j�y�f�h���d�h�h�j�^�b�g�Z�l�g�Z�l�Z��
�k�b�k�l�_�f�Z���g�Z���k�l�h�c�d�Z�l�Z�� 

�E�h�d�Z�e�g�Z�l�Z�� �k�l�j�m�d�l�m�j�Z���h�k�t�s�_�k�l�\�y�\�Z�� �t�]�e�h�\�Z�� �h�j�b�_�g�l�Z�p�b�y�� �g�Z�� �f�Z�g�b�i�m�e�b�j�Z�g�b�y�� �h�[�_�d�l�� �k�i�j�y�f�h��
�d�h�h�j�^�b�g�Z�l�g�Z�l�Z�� �k�b�k�l�_�f�Z�� �g�Z�� �k�l�h�c�d�Z�l�Z�� �i�h�k�j�_�^�k�l�\�h�f�� �l�j�b�� �j�h�l�Z�p�b�b�� �g�Z�� �e�h�d�Z�e�g�Z�l�Z�� �k�l�j�m�d�l�m�j�Z��
���Ä�d�b�l�d�Z�l�Z�³������ 

�B�a�\�h�^�t�l �_���� �q�_�� �f�g�h�`�_�k�l�\�h�l�h�� �b�a�k�e�_�^�Z�g�b�y�� �\�t�j�o�m�� �k�t�s�_�k�l�\�m�\�Z�s�b�l�_�� �b�g�^�m�k�l�j�b�Z�e�g�b�� �j�h�[�h�l�b��
�i�h�d�Z�a�\�Z�l�� �_�^�g�Z�� �y�\�g�Z�� �l�_�g�^�_�g�p�b�y�� �d�t�f�� �g�Z�e�Z�]�Z�g�_�� �g�Z�� �j�h�[�h�l�b�l�_�� �k�� �Z�g�l�j�h�i�h�f�h�j�n�g�b�� �k�l�m�d�l�m�j�b����
�g�_�a�Z�\�b�k�b�f�h���h�l���i�h-�]�h�e�_�f�b�l�_���l�j�m�^�g�h�k�l�b���i�j�b���l�y�o�g�h�l�h���m�i�j�Z�\�e�_�g�b�_�����L�h�\�Z���k�_���^�t�e�`�b���i�j�_�^�b���\�k�b�q�d�h��
�g�Z�� �d�h�g�k�l�j�m�d�l�b�\�g�b�l�_���� �l�_�o�g�h�e�h�]�b�q�g�b�l�_�� �b�� �_�d�k�i�e�h�Z�l�Z�p�b�h�g�g�b�l�_�� �i�j�_�^�b�f�k�l�\�Z�� �g�Z��R-�^�\�h�b�p�b�l�_ �i�j�_�^��
�J-�^�\�h�b�p�b�l�_. 
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1.6.3.2. �A�Z�^�\�b�`�\�Z�s�Z�l�Z���k�b�k�l�_�f�Z���g�Z���b�g�^�m�k�l�j�b�Z�e�g�b�l�_���j�h�[�h�l�b 
�I �j�h�k�e�_�^�_�g�b���k�Z���k�t�\�j�_�f�_�g�g�b�l�_�� �l�_�g�^�_�g�p�b�b�� �\�� �a�Z�^�\�b�`�\�Z�g�_�l�h���g�Z�� �b�g�^�m�k�l�j�b�Z�e�g�b�l�_�� �j�h�[�h�l�b����

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

�K�e�_�^�� �k�j�Z�\�g�b�l�_�e�g�Z�� �h�p�_�g�d�Z�� �g�Z�� �l�j�b�l�_�� �h�k�g�h�\�g�b�� �l�b�i�Z�� �a�Z�^�\�b�`�\�Z�g�_�� ���o�b�^�j�Z�\�e�b�q�g�h����
�i�g�_�\�f�Z�l�b�q�g�h�� �b�� �_�e�_�d�l�j�b�q�_�k�d�h���� �k�_�� �Z�d�p�_�g�l�b�j�Z�� �\�t�j�o�m�� �g�Z�c-�r�b�j�h�d�h�� �b�a�i�h�e�a�\�Z�g�b�l�_�� �_�e�_�d�l�j�b�q�_�k�d�b��
�a�Z�^�\�b�`�\�Z�s�b���k�b�k�l�_�f�b���k���i�j�h�f�_�g�e�b�\�h�l�h�d�h�\�b���b���i�h�k�l�h�y�g�g�h�l�h�d�h�\�b���k�_�j�\�h�f�h�l�h�j�b���a�Z���h�k�t�s�_�k�l�\�y�\�Z�g�_��
�g�Z���a�Z�^�\�b�`�\�Z�g�_�l�h�� 

�L�m�d �k�Z���b�a�l�t�d�g�Z�l�b���g�y�d�h�b���h�k�h�[�_�g�h�k�l�b���g�Z���k�_�j�\�h�f�h�l�h�j�b�l�_��- �k�t�s�_�k�l�\�_�g�Z���l�y�o�g�Z���h�l�e�b�q�b�l�_�e�g�Z��
�q�_�j�l�Z�� �_�� �\�t�a�f�h�`�g�h�k�l�l�Z�� �^�Z�� �k�_�� �m�i�j�Z�\�e�y�\�Z�l�� �b�� �i�h�� �i�h�a�b�p�b�y���� �Z�� �g�_�� �k�Z�f�h�� �i�h�� �k�d�h�j�h�k�l���� �A�Z�� �j�Z�a�e�b�d�Z�� �h�l��
�d�h�g�\�_�g�p�b�h�g�Z�e�g�b�l�_�� �_�e�_�d�l�j�h�^�\�b�]�Z�l�_�e�b�� �l�_�� �g�_�� �f�h�]�Z�l�� �^�Z�� �n�m�g�d�p�b�h�g�b�j�Z�l�� �k�Z�f�h�k�l�h�y�l�_�e�g�h���� �L�y�o�g�h�l�h��
�m�i�j�Z�\�e�_�g�b�_�� �k�_�� �h�k�t�s�_�k�l�\�y�\�Z�� �h�l�� �k�b�k�l�_�f�b���� �g�Z�j�_�q�_�g�b�� �k�_�j�\�h�m�i�j�Z�\�e�_�g�b�y���� �L�h�\�Z�� �k�Z�� �_�e�_�d�l�j�h�g�g�b��
�[�e�h�d�h�\�_���� �d�h�b�l�h�� �i�j�_�h�[�j�Z�a�m�\�Z�l�� �b�� �f�h�^�m�e�b�j�Z�l�� �_�g�_�j�]�b�y�l�Z�� �\�t�\�� �\�b�^�� �i�h�^�o�h�^�y�s�� �a�Z�� �m�i�j�Z�\�e�_�g�b�_�� �g�Z��
�k�_�j�\�h�f�h�l�h�j�Z���� �G�Z�� �[�Z�a�Z�l�Z�� �g�Z�� �b�g�n�h�j�f�Z�p�b�y���� �i�j�_�^�h�k�l�Z�\�_�g�Z�� �h�l�� �_�g�d�h�^�_�j�� �b�e�b�� �j�_�a�h�e�\�_�j�� �\�� �h�[�j�Z�l�g�Z�l�Z��
�\�t�a�d�Z�����k�_�j�\�h�m�i�j�Z�\�e�_�g�_�l�h���j�_�r�Z�\�Z���d�Z�d�\�b���k�b�]�g�Z�e�b���b���_�g�_�j�]�b�y���^�Z���i�h�^�Z�^�_���d�t�f���k�_�j�\�h�f�h�l�h�j�Z�����a�Z���^�Z���k�_��
�h�k�t�s�_�k�l�\�b���`�_�e�Z�g�h�l�h���^�\�b�`�_�g�b�_�����D�h�f�[�b�g�Z�p�b�y�l�Z���h�l���k�_�j�\�h�f�h�l�h�j���b���k�_�j�\�h�m�i�j�Z�\�e�_�g�b�_���_���i�j�b�_�l�h���^�Z��
�k�_���g�Z�j�b�q�Z���k�_�j�\�h�a�Z�^�\�b�`�\�Z�g�_�����d�h�_�l�h���g�Z�f�b�j�Z�����r�b�j�h�d�h���i�j�b�e�h�`�_�g�b�_���\���b�g�^�m�k�l�j�b�Z�e�g�Z�l�Z���j�h�[�h�l�b�d�Z���b��
�^�j�m�]�b���i�j�h�f�b�r�e�_�g�b���h�l�j�Z�k�e�b �± �n�b�]��������. 

 
�N�b�]����3�����;�e�h�d���k�o�_�f�Z���g�Z���k�_�j�\�h�a�Z�^�\�b�`�\�Z�g�_ �± �k�_�j�\�h�f�h�l�h�j���b���k�_�j�\�h�m�i�j�Z�\�e�_�g�b�_ 

 
�>�Z�^�_�g�b���k�Z���^�j�m�]�b���h�k�g�h�\�g�b���d�e�Z�k�b�n�b�d�Z�p�b�h�g�g�b���d�j�b�l�_�j�b�b���a�Z���k�_�j�\�h�a�Z�^�\�b�`�\�Z�s�b�l�_���k�b�k�l�_�f�b�� 

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

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

M�K�_�j�\�h�m�i�j�Z�\�e�_�g�b�_

~

�K�_�j�\�h�f�h�l�h�j

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

1.6.3.3. �M�i�j�Z�\�e�y�\�Z�s�Z�l�Z���k�b�k�l�_�f�Z���g�Z���b�g�^�m�k�l�j�b�Z�e�g�b�l�_���j�h�[�h�l�b 
�O�j�h�g�h�e�h�]�b�q�g�h�� �_�� �i�j�h�k�e�_�^�_�g�h �j�Z�a�\�b�l�b�_�l�h�� �g�Z�� �m�i�j�Z�\�e�y�\�Z�r�b�l�_�� �k�b�k�l�_�f�b�� �a�Z�� �Z�\�l�h�f�Z�l�b�q�g�b�� �b��

�Z�\�l�h�f�Z�l�b�a�b�j�Z�g�b���b�g�^�m�k�l�j�b�Z�e�g�b���f�Z�r�b�g�b���b���j�h�[�h�l�b�� 

�J�Z�a�]�e�_�^�Z�g�b�� �k�Z�� �g�y�d�h�b�� �i�j�h�[�e�_�f�b�� �b�� �i�h�^�o�h�^�b���� �d�h�b�l�h�� �k�_�� �i�j�b�e�Z�]�Z�l�� �\�� �k�i�_�p�b�Z�e�b�a�b�j�Z�g�Z�l�Z��
�j�h�[�h�l�b�d�Z���� �J�Z�a�]�e�_�^�Z�g�b�� �k�Z�� �h�k�g�h�\�g�b�l�_�� �f�_�l�h�^�b�� �a�Z�� �m�i�j�Z�\�e�_�g�b�_�� �g�Z�� �b�g�^�m�k�l�j�b�Z�e�g�b�� �j�h�[�h�l�b����
�g�_�h�[�o�h�^�b�f�b�l�_�� �m�k�e�h�\�b�y�� �b�� �i�Z�j�Z�f�_�l�j�b���� �l�j�y�[�\�Z�� �^�Z�� �k�_�� �b�a�i�t�e�g�y�l�� �i�j�b���b�a�]�j�Z�`�^�Z�g�_�l�h�� �g�Z�� �o�Z�j�^�m�_�j�Z�� �b��
�k�h�n�l�m�_�j�Z���a�Z���m�i�j�Z�\�e�_�g�b�_�l�h���b�f�����D�Z�l�h���i�j�h�[�e�_�f���k�_���i�h�k�h�q�\�Z�����q�_���_���g�_�h�[�o�h�^�b�f�h���^�Z���[�t�^�_���b�a�i�t�e�g�_�g�h��
�h�[�s�h�l�h�� �m�k�e�h�\�b�_�� �a�Z�� �g�_�a�Z�\�b�k�b�f�Z�� �k�l�Z�\�g�Z�� �m�i�j�Z�\�e�y�_�f�h�k�l�� ���G�K�M������ �d�h�_�l�h�� �]�e�Z�k�b���� �q�_�� �a�g�Z�d�t�l�� �g�Z��
�a�Z�^�\�b�`�\�Z�s�b�y�� �f�h�f�_�g�l�� �\�� �d�h�y�l�h�� �b�� �^�Z�� �_�� �k�l�Z�\�Z���� �l�j�y�[�\�Z�� �^�Z�� �_�� �j�Z�\�_�g�� �g�Z�� �a�g�Z�d�Z�� �g�Z�� �k�t�h�l�\�_�l�g�h�l�h��
�m�k�d�h�j�_�g�b�_���� �i�h�g�_�� �d�h�]�Z�l�h�� �l�h�a�b���f�h�f�_�g�l�� �b�f�Z�� �f�Z�d�k�b�f�Z�e�g�h�� �\�t�a�f�h�`�g�Z�� �k�l�h�c�g�h�k�l���� �L�h�\�Z�� �m�k�e�h�\�b�_�� �k��
�g�Z�j�Z�k�l�\�Z�g�_�l�h�� �g�Z�� �[�j�h�y�� �g�Z�� �m�i�j�Z�\�e�y�\�Z�g�b�l�_�� �a�\�_�g�Z�� �k�l�Z�\�Z�� �\�k�_�� �i�h-�l�j�m�^�g�h�� �b�� �k�e�h�`�g�h�� �a�Z�� �b�a�i�t�e�g�_�g�b�_����
�L�t�c�� �d�Z�l�h�� �f�g�h�]�h�a�\�_�g�g�b�l�_�� �b�g�^�m�k�l�j�b�Z�e�g�b�� �j�h�[�h�l�b�� �b�f�Z�l�� �k�e�h�`�g�Z�� �^�b�g�Z�f�b�d�Z���� �k�_�� �g�Z�e�Z�]�Z�� �i�j�b�e�Z�]�Z�g�_��
�g�Z�� �h�i�l�b�f�b�a�Z�p�b�h�g�g�b�� �Z�e�]�h�j�b�l�f�b���� �d�h�b�l�h�� �g�_�� �k�Z�� �q�m�\�k�l�\�b�l�_�e�g�b�� �d�t�f�� �]�j�_�r�d�b�� �\��
�f�h�^�_�e�b�j�Z�g�_�l�h���M�k�l�Z�g�h�\�b�� �k�_���� �q�_�� �_�� �f�g�h�]�h�� �i�h�^�o�h�^�y�s�h�� �^�Z�� �k�_�� �i�j�b�e�Z�]�Z�l�� �f�g�h�]�h�f�_�j�g�b�� �[�b�k�_�d�p�b�h�g�g�b����
�Z�e�]�h�j�b�l�f�b���� �l�t�c�� �d�Z�l�h�� �l�_�� �g�_�� �b�a�i�h�e�a�\�Z�l�� �]�j�Z�^�b�_�g�l�g�b�� �h�p�_�g�d�b�� �g�Z�� �n�m�g�d�p�b�b�l�_�� �g�Z�� �f�h�^�_�e�Z���� �<��
�i�j�Z�d�l�b�q�_�k�d�b�� �i�j�b�e�h�`�_�g�b�y���� �l�Z�d�b�\�Z�� �Z�e�]�h�j�b�l�f�b�� �g�_�� �k�_�� �g�m�`�^�Z�y�l�� �h�l�� �^�b�g�Z�f�b�q�g�b�� �f�h�^�_�e�b�� �b��
�h�i�l�b�f�b�a�Z�p�b�y�l�Z�� �g�Z�� �^�\�b�`�_�g�b�_�� �f�h�`�_�� �^�Z�� �[�t�^�_�� �g�Z�j�_�q�_�g�Z�� �h�i�l�b�f�Z�e�g�h�� �m�i�j�Z�\�e�_�g�b�_�� �q�j�_�a��
�k�Z�f�h�h�[�m�q�_�g�b�_���� �K�� �]�h�j�_�k�i�h�f�_�g�Z�l�b�l�_�� �m�k�e�h�\�b�y�� �g�Z�� �m�i�j�Z�\�e�y�_�f�h�k�l���� �l�_�a�b�� �Z�e�]�h�j�b�l�f�b�� �a�Z�� �h�i�l�b�f�Z�e�g�h��
�m�i�j�Z�\�e�_�g�b�_�� �q�j�_�a�� �k�Z�f�h�h�[�m�q�_�g�b�_�� �b�f�Z�l�� �g�_�h�[�o�h�^�b�f�b�l�_�� �f�Z�l�_�f�Z�l�b�q�_�k�d�b�� �]�Z�j�Z�g�p�b�b���a�Z�� �l�y�o�g�Z�l�Z��
�i�j�b�e�h�`�b�f�h�k�l�� �b�� �k�o�h�^�b�f�h�k�l���� �H�k�\�_�g�� �l�h�\�Z���� �f�g�h�]�h�� �\�Z�`�g�h�� �i�j�_�^�b�f�k�l�\�h�� �g�Z�� �[�b�k�_�d�p�b�h�g�g�b�l�_��
�Z�e�]�h�j�b�l�f�b���_�����q�_���l�_���k�_���g�m�`�^�Z�y�l���h�l���f�b�g�b�f�m�f���[�j�h�c���h�p�_�g�d�b���g�Z���n�m�g�d�p�b�b�����d�h�_�l�h���h�a�g�Z�q�Z�\�Z�����q�_���[�j�h�y�l��
�g�Z�� �i�j�h�[�g�b�l�_�� �^�\�b�`�_�g�b�y�� �a�Z�� �^�h�k�l�b�]�Z�g�_�� �g�Z�� �^�Z�^�_�g�Z�� �p�_�e�� �_�� �f�b�g�b�f�Z�e�_�g���� �L�Z�a�b�� �h�k�h�[�_�g�h�k�l�� �_���f�g�h�]�h��
�i�h�^�o�h�^�y�s�Z�� �a�Z�� �h�[�m�q�_�g�b�_�� �g�Z�� �j�h�[�h�l�b���� �l�t�c�� �d�Z�l�h�� �l�_�a�b�� �Z�e�]�h�j�b�l�f�b�� �s�_�� �f�h�]�Z�l�� �^�Z�� �k�_�� �j�_�Z�e�b�a�b�j�Z�l�� �a�Z��
�\�t�a�f�h�`�g�h���g�Z�c-�d�j�Z�l�t�d���k�j�h�d�����i�j�b���h�i�l�b�f�Z�e�_�g���j�Z�a�o�h�^���g�Z���_�g�_�j�]�b�y���b���f�b�g�b�f�Z�e�g�Z���Z�f�h�j�l�b�a�Z�p�b�y�� 

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

�A�Z�� �i�h�k�l�h�y�g�g�h�l�h�d�h�\�b�y�� �k�_�j�\�h�f�h�l�h�j�� �_�� �^�Z�^�_�g�Z�� �i�j�b�f�_�j�g�Z�� �q�_�l�b�j�b�j�Z�f�_�g�g�Z�� �k�o�_�f�Z�� �g�Z��
�m�i�j�Z�\�e�_�g�b�_ �\���^�\�_�l�_���i�h�k�h�d�b���g�Z���\�t�j�l�_�g�_�����i�h�d�Z�a�Z�g�Z���g�Z���n�b�]����39. 

 
�N�b�]��3�����Q�_�l�b�j�b�j�Z�f�_�g�g�Z���k�o�_�f�Z���g�Z���m�i�j�Z�\�e�_�g�b�_ 
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�J�_�]�m�e�Z�l�h�j�b�l�_�����d�h�b�l�h���k�_���b�a�i�h�e�a�\�Z�l���a�Z���m�i�j�Z�\�e�_�g�b�_�����k�_���k�t�k�l�h�y�l���h�l���b�a�i�j�Z�\�b�l�_�e�����k�b�e�h�\�Z���q�Z�k�l��
���b�a�i�t�e�g�_�g�Z���k���l�b�j�b�k�l�h�j�b���b�e�b���l�j�Z�g�a�b�k�l�h�j�b�����b���[�e�h�d���a�Z���m�i�j�Z�\�e�_�g�b�_�����J�_�]�m�e�b�j�Z�g�_�l�h���g�Z���i�h�^�Z�\�Z�g�h�l�h��
�d�t�f���k�_�j�\�h�f�h�l�h�j�Z���g�Z�i�j�_�`�_�g�b�_���k�l�Z�\�Z���q�j�_�a���r�b�j�h�q�b�g�g�h-�b�f�i�m�e�k�g�Z���f�h�^�m�e�Z�p�b�y���R�B�F (�n�b�]������0). 

 
�N�b�]�����������R�b�j�h�q�b�g�g�h-�b�f�i�m�e�k�g�Z���f�h�^�m�e�Z�p�b�y�����R�B�F�������d�t�^�_�l�h�����L��- �i�_�j�b�h�^�Z����t - 

�i�j�h�^�t�e�`�b�l�_�e�g�h�k�l���g�Z���\�d�e�x�q�\�Z�g�_����Vin  - �\�o�h�^�g�h���g�Z�i�j�_�`�_�g�b�_����Vout - �b�a�o�h�^�g�h���g�Z�i�j�_�`�_�g�b�_����
Kp �_���d�h�_�n�����g�Z���a�Z�i�t�e�\�Z�g�_�� 

 

�J�Z�a�]�e�_�^�Z�g�b�� �k�Z�� �i�j�h�f�_�g�e�b�\�h�l�h�d�h�\�b�l�_�� �k�_�j�\�h�f�h�l�h�j�b�� �k�� �h�k�g�h�\�g�b�l�_�� �l�_�o�g�b�� �j�Z�a�g�h�\�b�^�g�h�k�l�b �± 
�Z�k�b�g�o�j�h�g�g�b�� �b�� �k�b�g�o�j�h�g�g�b�� �k�_�j�\�h�f�h�l�h�j�b���� �I�j�b�g�p�b�i�t�l�� �g�Z�� �^�_�c�k�l�\�b�_�� �g�Z�� �^�\�Z�l�Z�� �\�b�^�Z�� �^�\�b�]�Z�l�_�e�y�� �k�Z��
�i�h�d�Z�a�Z�g�b���g�Z���n�b�]������1 �b���n�b�]������2. 

 
�N�b�]�����������I�j�b�g�p�b�i���g�Z���^�_�c�k�l�\�b�_���b���m�k�l�j�h�c�k�l�\�h���g�Z���Z�k�b�g�o�j�h�g�_�g���k�_�j�\�h�^�\�b�]�Z�l�_�e���± �����j�h�l�h�j��������

�k�l�Z�l�h�j���������e�Z�]�_�j�_�g���s�b�l���������h�o�e�Z�`�^�Z�g�_���������_�g�d�h�^�_�j�� 

 
�N�b�]�� 4�����I�j�b�g�p�b�i���g�Z���^�_�c�k�l�\�b�_���b���m�k�l�j�h�c�k�l�\�h���g�Z���k�b�g�o�j�h�g�_�g���k�_�j�\�h�^�\�b�]�Z�l�_�e 

 

�D�Z�l�h�� �\�Z�`�g�Z�� �h�k�h�[�_�g�h�k�l�� �i�j�b�� �m�i�j�Z�\�e�_�g�b�_�l�h�� �g�Z�� �k�b�g�o�j�h�g�g�b�l�_�� �k�_�j�\�h�^�\�b�]�Z�l�_�e�b�� �k�_�� �b�a�l�t�d�g�Z��
�g�Z�e�b�q�b�_�l�h�� �g�Z�� �h�[�j�Z�l�g�Z�� �\�j�t�a�d�Z�� �h�l�� �^�Z�l�q�b�d�� ���_�g�d�h�^�_�j�� �b�e�b�� �j�_�a�h�e�\�_�j������ �^�Z�\�Z�s�� �b�g�n�h�j�f�Z�p�b�y�� �a�Z��
�Z�[�k�h�e�x�l�g�Z�l�Z���i�h�a�b�p�b�y���g�Z���j�h�l�h�j�Z���\���j�Z�f�d�b�l�_���g�Z���_�^�b�g���h�[�h�j�h�l�� 
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�;�_�r�_�� �d�h�g�k�l�Z�l�b�j�Z�g�h���� �q�_�� �a�Z�� �m�i�j�Z�\�e�_�g�b�_�� �g�Z�� �i�j�h�f�_�g�e�b�\�h�l�h�d�h�\�b�l�_�� �k�_�j�\�h�^�\�b�]�Z�l�_�e�b�� �k�_��
�b�a�i�h�e�a�\�Z�l�� �q�_�k�l�h�l�g�b�� �i�j�_�h�[�j�Z�a�m�\�Z�l�_�e�b���� �Q�_�k�l�h�l�g�b�l�_�� �i�j�_�h�[�j�Z�a�m�\�Z�l�_�e�b�� �d�h�g�\�_�j�l�b�j�Z�l�� �\�o�h�^�g�h�l�h��
�a�Z�o�j�Z�g�\�Z�s�h�� �g�Z�i�j�_�`�_�g�b�_�� �h�l�� �_�^�b�g�� �\�b�^�� �\�� �^�j�m�]���� �d�Z�l�h�� �i�j�h�f�_�g�y�l�� �g�_�]�h�\�Z�l�Z�� �q�_�k�l�h�l�Z�� �b�� �n�h�j�f�Z��
(�n�b�]����3). 

 
�N�b�]�����������;�e�h�d���k�o�_�f�Z���g�Z���q�_�k�l�h�l�_�g���i�j�_�h�[�j�Z�a�m�\�Z�l�_�e���������± �\�o�h�^�g�h���i�j�h�f�_�g�e�b�\�h���g�Z�i�j�_�`�_�g�b�_���������± 

�\�o�h�^�_�g���b�a�i�j�Z�\�b�l�_�e���������± DC-�r�b�g�Z���������± �l�j�b�n�Z�a�_�g���b�g�\�_�j�l�h�j���������± �b�a�o�h�^�g�h���f�h�^�m�e�b�j�Z�g�h��
�g�Z�i�j�_�`�_�g�b�_ 

 

�G�Z���n�b�]����4 �_�� �i�j�_�^�k�l�Z�\�_�g�Z�� �k�o�_�f�Z�l�Z�� �g�Z�� �l�j�b�n�Z�a�_�g�� �b�g�\�_�j�l�h�j���� �b�a�i�h�e�a�\�Z�g�� �\�� �q�_�k�l�h�l�g�b�l�_��
�i�j�h�[�j�Z�a�m�\�Z�l�_�e�b���± �h�[�b�d�g�h�\�_�g�h�� �l�h�c�� �_�� �b�a�]�j�Z�^�_�g�� �g�Z�� �[�Z�a�Z�l�Z�� �g�Z��IGBT �f�h�^�m�e�� �b�e�b�� �^�b�k�d�j�_�l�g�b��IGBT 
�l�j�Z�g�a�b�k�l�h�j�b�� 

 
�N�b�]�����������I�j�b�g�p�b�i�g�Z���k�o�_�f�Z���g�Z���l�j�b�n�Z�a�_�g���b�g�\�_�j�l�h�j������-�\�o�h�^�g�h���a�Z�o�j�Z�g�\�Z�g�_������- �b�a�i�j�Z�\�b�l�_�e������- 

DC-�r�b�g�Z������- �b�g�\�_�j�l�h�j���������± AC �f�h�l�h�j�� 
�J�Z�a�]�e�_�^�Z�g�b�� �k�Z�� �j�Z�a�e�b�q�g�b�l�_�� �\�b�^�h�\�_�� �k�_�j�\�h�m�i�j�Z�\�e�_�g�b�y���� �h�k�t�s�_�k�l�\�y�\�Z�s�b�� �d�h�g�l�j�h�e�� �g�Z��

�k�_�j�\�h�^�\�b�]�Z�l�_�e�y���� �i�h�� �\�t�j�l�y�s�� �f�h�f�_�g�l���� �i�h�� �k�d�h�j�h�k�l���� �i�h�� �i�h�a�b�p�b�y���� �q�j�_�a�� �k�b�g�o�j�h�g�b�a�Z�p�b�y����
�K�l�j�m�d�l�m�j�g�Z�l�Z�� �k�o�_�f�Z�� �g�Z�� �_�^�g�h�� �k�_�j�\�h�m�i�j�Z�\�e�_�g�b�_�� �h�[�b�d�g�h�\�_�g�h�� �\�d�e�x�q�\�Z�� �\�o�h�^�_�g�� �b�a�i�j�Z�\�b�l�_�e����
�i�j�_�h�[�j�Z�a�m�\�Z�l�_�e�����l�j�b�n�Z�a�_�g���b�g�\�_�j�l�h�j���i�j�b��AC �k�_�j�\�h�^�\�b�]�Z�l�_�e�b�l�_�����b���[�e�h�d���a�Z���m�i�j�Z�\�e�_�g�b�_�� 

�M�k�l�Z�g�h�\�b�� �k�_���� �q�_�� �\�� �h�k�g�h�\�Z�l�Z�� �g�Z�� �i�h�a�b�p�b�h�g�g�b�y�� �d�h�g�l�j�h�e�� �_�� �m�i�j�Z�\�e�_�g�b�_�l�h�� �q�j�_�a�� �h�[�j�Z�l�g�Z��
�\�j�t�a�d�Z�� �k�� �\�]�j�Z�^�_�g�� �\�� �k�_�j�\�h�^�\�b�]�Z�l�_�e�y�� �^�Z�l�q�b�d���� �;�e�h�d-�k�o�_�f�Z�� �g�Z�� �l�Z�d�t�\�� �l�b�i�� �k�_�j�\�h�m�i�j�Z�\�e�_�g�b�_�� �_��
�i�j�_�^�k�l�Z�\�_�g�Z���g�Z���n�b�]������5. 
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�N�b�]�����������;�e�h�d-�k�o�_�f�Z���g�Z���k�_�j�\�h�m�i�j�Z�\�e�_�g�b�_���i�h���k�d�h�j�h�k�l 

 

�H�i�b�k�Z�g���_�� �b�� �^�j�m�]�� �\�b�^�� �k�_�j�\�h�m�i�j�Z�\�e�_�g�b�_���� �d�h�_�l�h�� �b�a�i�t�e�g�y�\�Z�� �p�y�e�Z�l�Z�� �n�m�g�d�p�b�h�g�Z�e�g�h�k�l�� �i�h��
�m�i�j�Z�\�e�_�g�b�_�l�h���g�Z���k�_�j�\�h�f�h�l�h�j�Z���\�t�\���\�k�b�q�d�b���j�_�`�b�f�b���g�Z���j�Z�[�h�l�Z�����H�[�j�Z�l�g�Z�l�Z���\�j�t�a�d�Z���i�h���i�h�a�b�p�b�y���b��
�k�d�h�j�h�k�l���h�l���_�g�d�h�^�_�j�Z���b�e�b���j�_�a�h�e�\�_�j�Z���k�_���a�Z�l�\�Z�j�y���b�a�p�y�e�h �\���l�y�o�����d�Z�l�h���i�h���l�h�a�b���g�Z�q�b�g���k�_���j�Z�a�l�h�\�Z�j�\�Z��
�\�t�g�r�g�Z�l�Z���k�b�k�l�_�f�Z���a�Z���m�i�j�Z�\�e�_�g�b�_�����n�b�]������6). 

 
�N�b�]�����������;�e�h�d���k�o�_�f�Z���g�Z���k�_�j�\�h�m�i�j�Z�\�e�_�g�b�_���i�h���i�h�a�b�p�b�y���b���a�Z�^�Z�g�b�_���i�h���p�b�n�j�h�\���b�g�l�_�j�n�_�c�k���h�l��

�k�b�k�l�_�f�Z�l�Z���a�Z���m�i�j�Z�\�e�_�g�b�_��- �K�M 
 

�K�l�j�m�d�l�m�j�g�Z���k�o�_�f�Z���g�Z���[�e�h�d���a�Z���m�i�j�Z�\�e�_�g�b�_���_���i�h�d�Z�a�Z�g�Z���g�Z���n�b�]������7. 

 
�N�b�]�����������K�l�j�m�d�l�m�j�g�Z���k�o�_�f�Z���g�Z���[�e�h�d���a�Z���m�i�j�Z�\�e�_�g�b�_���\���k�_�j�\�h�m�i�j�Z�\�e�_�g�b�y�l�Z 

 

�<�� �k�e�m�q�Z�b�l�_���� �d�h�]�Z�l�h�� �k�_�� �b�a�i�h�e�a�\�Z�l�� �a�Z�� �m�i�j�Z�\�e�_�g�b�_�� �g�Z�� �f�g�h�]�h�h�k�g�b�� �k�b�k�l�_�f�b����
�k�_�j�\�h�m�i�j�Z�\�e�_�g�b�y�l�Z���k�_���d�h�f�[�b�g�b�j�Z�l�� �\�� �k�_�j�\�h�k�b�k�l�_�f�b���� �k���p�_�e���i�_�k�l�_�g�_���g�Z�� �i�j�h�k�l�j�Z�g�k�l�\�h���b���_�g�_�j�]�b�y��
(�n�b�]������8). 

�I�j�_�h�[�j�Z�a�m�\�Z�l�_�e

�;�e�h�d��
�m�i�j�Z�\�e�_�g�b�_

�B�a�i�j�Z�\�b�l�_�e �F ~

�A�Z�^�Z�g�b�_

�8�\�o�����:�K��

�?�g�d�h�^�_�j�L

�L�Z�o�h�]�_�g�_�j�Z�l�h�j

�H�<���i�h���i�h�a�b�p�b�y

�K�M

�I�j�_�h�[�j�Z�a�m�\�Z�l�_�e

�;�e�h�d��
�m�i�j�Z�\�e�_�g�b�_

�B�a�i�j�Z�\�b�l�_�e �F ~

�b�g�l�_�j�n�_�c�k

�8�\�o�����:�K��

�?�g�d�h�^�_�j

�L�Z�o�h�]�_�g�_�j�Z�l�h�j

�H�<���i�h���i�h�a�b�p�b�y�K�M
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�N�b�]�����������F�h�^�m�e�g�Z���r�_�k�l�h�k�g�Z���k�_�j�\�h�k�b�k�l�_�f�Z���k���h�[�s���a�Z�o�j�Z�g�\�Z�s���[�e�h�d���b���k�i�h�^�_�e�_�g�Z��DC �r�b�g�Z 

 

1.6.3.4. �D�h�g�l�j�h�e�_�j�b���a�Z���b�g�^�m�k�l�j�b�Z�e�g�b���j�h�[�h�l�b 
�<�� �^�b�k�_�j�l�Z�p�b�y�l�Z���_�� �h�i�b�k�Z�g�Z�� �j�Z�[�h�l�Z�l�Z�� �g�Z�� �d�h�g�l�j�h�e�_�j�b�l�_�� �a�Z�� �m�i�j�Z�\�e�_�g�b�_�l�h�� �g�Z��

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

�H�[�h�[�s�_�g�b���k�Z���^�\�Z�� �h�k�g�h�\�g�b�� �\�b�^�Z�� �f�_�l�h�^�Z�� �a�Z�� �m�i�j�Z�\�e�_�g�b�_�� �g�Z�� �b�g�^�m�k�l�j�b�Z�e�g�b�� �j�h�[�h�l�b�� �h�l��
�b�a�k�e�_�^�\�Z�g�b�y���Ä�Z�g�l�j�h�i�h�f�h�j�n�_�g�³ �l�b�i�����I�j�b���d�e�Z�k�b�q�_�k�d�b�y���f�_�l�h�^���g�Z���m�i�j�Z�\�e�_�g�b�_���j�h�[�h�l�t�l���k�_���^�\�b�`�b��
�h�l�� �_�^�g�Z�� �l�h�q�d�Z�� �d�t�f�� �^�j�m�]�Z���� ���n�b�]���� �����: ������ �K�� �\�l�h�j�b�y�� �f�_�l�h�^�� �j�h�[�h�l�t�l�� �k�_�� �m�i�j�Z�\�e�y�\�Z�� �i�h�� �j�_�]�m�e�b�j�Z�g�Z��
�l�j�Z�_�d�l�h�j�b�y�����n�b�]���������;�������<���l�h�a�b���k�e�m�q�Z�c�����a�Z���^�Z���f�h�`�_���j�h�[�h�l�t�l���^�Z���k�_���i�j�b�^�\�b�`�b���f�_�`�^�m���^�\�_���l�h�q�d�b����
�d�h�g�l�j�h�e�_�j�t�l�� �l�j�y�[�\�Z�� �^�Z�� �b�a�q�b�k�e�b�� �g�_�]�h�\�Z�l�Z�� �l�j�Z�_�d�l�h�j�b�y���� �I�j�b�� �b�a�q�b�k�e�y�\�Z�g�_�l�h�� �g�Z�� �l�j�Z�_�d�l�h�j�b�y�l�Z�� �k�_��
�h�i�j�_�^�_�e�y�l���k�d�h�j�h�k�l�l�Z���g�Z���\�t�j�l�_�g�_���b���i�h�k�h�d�Z�l�Z���g�Z���\�t�j�l�_�g�_���g�Z���\�k�_�d�b���^�\�b�]�Z�l�_�e�����l�Z�d�Z���q�_���\�k�b�q�d�b���h�k�b��
�^�Z�� �^�h�k�l�b�]�g�Z�l�� �^�h�� �p�_�e�l�Z�� �_�^�g�h�\�j�_�f�_�g�g�h�� ���l���_���� �g�_�h�[�o�h�^�b�f�h�l�h�� �^�\�b�`�_�g�b�_�� �i�h�� �\�k�y�d�Z�� �h�l�� �h�k�b�l�_�� �l�j�y�[�\�Z��
�^�Z���[�t�^�_���b�a�\�t�j�r�_�g�h���a�Z���_�^�g�h���b���k�t�s�h���\�j�_�f�_���h�l�� �k�l�Z�j�l�b�j�Z�g�_�l�h�� �g�Z���^�\�b�`�_�g�b�_�l�h�� �^�h���^�h�k�l�b�]�Z�g�_�l�h�� �^�h��
�p�_�e�l�Z������ �L�j�Z�_�d�l�h�j�g�b�y�l�� �f�_�l�h�^�� �g�Z�� �m�i�j�Z�\�e�_�g�b�_�� �b�a�b�k�d�\�Z�� �g�Z�e�b�q�b�_�l�h�� �g�Z�� �i�h-�]�h�e�y�f�Z�� �b�a�q�b�k�e�b�l�_�e�g�Z��
�f�h�s�g�h�k�l���g�Z���d�h�g�l�j�h�e�_�j�Z���b���i�h-�]�h�e�y�f�h���[�t�j�a�h�^�_�c�k�l�\�b�_���g�Z���a�Z�^�\�b�`�\�Z�s�Z�l�Z���k�b�k�l�_�f�Z�� 

 
�N�b�]�����������:�����m�i�j�Z�\�e�_�g�b�_���h�l���l�h�q�d�Z���\���l�h�q�d�Z�����;�����m�i�j�Z�\�e�_�g�b�_�e���i�h���j�_�]�m�e�b�j�Z�g�Z���l�j�Z�_�l�d�h�j�b�y 

 

�J�Z�a�]�e�_�^�Z�g�b���k�Z���k�b�k�l�_�f�b�l�_�� �a�Z�� �m�i�j�Z�\�e�_�g�b�_�� �g�Z�� �g�_�f�k�d�Z�l�Z�� �n�b�j�f�Z���:�F�D���� �d�h�b�l�h�� �\�d�e�x�q�\�Z�l��
�k�b�g�o�j�h�g�g�b�� �b�� �Z�k�b�g�o�j�h�g�g�b�� �k�_�j�\�h�^�\�b�]�Z�l�_�e�b���� �h�[�h�j�m�^�\�Z�g�b�� �k�� �h�i�l�b�q�g�b���� �p�b�n�j�h�\�b�� �_�g�d�h�^�_�j�b�� �b�e�b��
�j�_�a�h�e�\�_�j�b�����L�h�\�Z���k�Z���h�k�g�h�\�g�h���^�\�Z���l�b�i�Z���k�b�k�l�_�f�b�� 

- �Z�\�l�h�g�h�f�g�Z���± �L�&���L�;�� �k�_�j�b�y (�n�b�]���� ��0)  �± �i�j�b�� �g�_�y�� �b�f�Z�� �\�t�a�f�h�`�g�h�k�l�� �a�Z�� �m�i�j�Z�\�e�_�g�b�_�� �k�Z�f�h�� �g�Z��
�_�^�b�g�� �k�_�j�\�h�^�\�b�]�Z�l�_�e���� �<�k�y�d�h�� �a�Z�^�\�b�`�\�Z�g�_�� �h�l�� �L�&�� �k�_�j�b�y�l�Z�� �h�[�_�^�b�g�y�\�Z�� �\�� �k�_�[�_�� �k�b�� �a�Z�o�j�Z�g�\�Z�s�� �[�e�h�d����
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