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�M�>�D������������ 
�J�:�A�J�:�;�H�L�D�:���F�:�D�?�L�:���B���I�J�H�=�J�:�F�F�G�H�=�H���H�;�?�K�I�?�Q�?�G�B�Y��

�M�K�L�J�H�C�K�L�<�:���>�B�:�=�G�H�K�L�B�D�B���B���K�B�=�G�:�E�B�A�:�P�B�B�� 
�G�:���F�B�D�J�H�D�H�G�L�J�H�E�E�?�J�? 

 
�<�� �<�� �:�<�K�Y�G�D�B�G�:�����F�� �:�� �K�?�J�=�?�?�<�: 

�G�Z�m�q�g�u�c���j�m�d�h�\�h�^�b�l�_�e�v���:�� �:�����:�N�:�G�:�K�V�?�<�����d�Z�g�^�����l�_�o�g�����g�Z�m�d�����^�h�p�� 
�;�?�E�H�J�M�K�K�D�H-�J�H�K�K�B�C�K�D�B�C���M�G�B�<�?�J�K�B�L�?�L 

 
�<�� �i�j�h�p�_�k�k�_�� �j�Z�[�h�l�u�� �f�m�d�h�f�h�e�v�g�h�]�h�� �\�Z�e�v�p�_�\�h�]�h�� �k�l�Z�g�d�Z���� �b�k�i�h�e�v�a�m�_�f�h�]�h��

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

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

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

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

�I�j�b���i�j�_�\�u�r�_�g�b�b���b�a�f�_�j�y�_�f�h�c���\�_�e�b�q�b�g�u���i�h�j�h�]�h�\�h�]�h���a�g�Z�q�_�g�b�y�����d�h�]�^�Z���a�Z��
�a�h�j�� �k�l�Z�g�h�\�b�l�k�y�� �[�h�e�v�r�_�� �g�h�j�f�b�j�m�_�f�h�c�� �\�_�e�b�q�b�g�u���� �f�b�d�j�h�i�j�h�p�_�k�k�h�j�g�u�c�� �[�e�h�d��
�\�u�j�Z�[�Z�l�u�\�Z�_�l�� �k�b�]�g�Z�e���� �\�d�e�x�q�Z�x�s�b�c�� �k�\�_�l�h�\�m�x�� �b�� �a�\�m�d�h�\�m�x�� �k�b�]�g�Z�e�b�a�Z�p�b�x���� �<��
�d�Z�q�_�k�l�\�_�� �k�\�_�l�h�\�h�]�h�� �b�g�^�b�d�Z�l�h�j�Z�� �b�k�i�h�e�v�a�m�_�l�k�y�� �k�\�_�l�h�^�b�h�^�� �k�� �d�j�Z�k�g�u�f�� �p�\�_�l�h�f��
�k�\�_�q�_�g�b�y���� �]�_�g�_�j�b�j�m�x�s�b�f�� �i�j�_�j�u�\�b�k�l�h�_���b�a�e�m�q�_�g�b�_���� �>�e�y�� �]�_�g�_�j�Z�p�b�b���a�\�m�d�h�\�u�o��
�k�b�]�g�Z�e�h�\���\���m�k�l�j�h�c�k�l�\�_���b�k�i�h�e�v�a�m�_�l�k�y �^�b�g�Z�f�b�d�� 
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�M�>�D������������������������������������������ 
�F�H�>�?�E�B�J�H�<�:�G�B�?���B���B�K�K�E�?�>�H�<�:�G�B�?���I�G�?�<�F�H�I�J�?�H�;�J�:�A�H�<�:�L�?�E�Y��
�>�E�Y���M�K�L�J�H�C�K�L�<�:���:�<�L�H�F�:�L�B�A�B�J�H�<�:�G�G�H�=�H���D�H�G�L�J�H�E�Y���J�:�;�H�L�U��

�F�M�D�H�F�H�E�V�G�H�=�H���<�:�E�V�P�?�<�H�=�H���K�L�:�G�D�: 
 

�<�� �<�����:�<�K�Y�G�D�B�G�:�����F�� �:�����K�?�J�=�?�?�<�: 
�G�Z�m�q�g�u�_���j�m�d�h�\�h�^�b�l�_�e�b���<�� �N�����=�H�=�H�E�B�G�K�D�B�C�����d�Z�g�^�����l�_�o�g�� �g�Z�m�d�����^�h�p���� 

�:�� �:�����:�N�:�G�:�K�V�?�<�����d�Z�g�^�����l�_�o�g�����g�Z�m�d�����^�h�p�� 
�;�?�E�H�J�M�K�K�D�H-�J�H�K�K�B�C�K�D�B�C���M�G�B�<�?�J�K�B�L�?�L 

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

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

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

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

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

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

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

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

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

�>�e�y�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y�� �e�b�g�_�c�g�h�]�h�� �i�_�j�_�f�_�s�_�g�b�y�� �r�l�h�d�Z�� �\�� �w�e�_�d�l�j�b�q�_�k�d�b�c��
�k�b�]�g�Z�e���j�Z�a�j�Z�[�h�l�Z�g���h�i�l�b�d�h-�w�e�_�d�l�j�h�g�g�u�c���b�a�f�_�j�b�l�_�e�v�g�u�c���i�j�_�h�[�j�Z�a�h�\�Z�l�_�e�v���g�Z��
�h�k�g�h�\�_�� �e�b�g�_�c�g�h�]�h�� �i�j�b�[�h�j�Z�� �k�� �a�Z�j�y�^�h�\�h�c�� �k�\�y�a�v�x�� ���I�A�K������ �<�� �_�]�h�� �k�h�k�l�Z�\�� �\�o�h�^�b�l��
�b�k�l�h�q�g�b�d���b�a�e�m�q�_�g�b�y�����r�l�h�j�d�Z���b���I�A�K���e�b�g�_�c�d�Z�����I�A�K���e�b�g�_�c�d�Z���k�h�k�l�h�b�l���b�a���f�g�h��
�`�_�k�l�\�Z���k�\�_�l�h�q�m�\�k�l�\�b�l�_�e�v�g�u�o���i�e�h�s�Z�^�h�d�����j�Z�k�i�h�e�h�`�_�g�g�u�o���\���h�^�b�g���j�y�^���b���g�Z�a�u��
�\�Z�_�f�u�o�� �i�b�d�k�_�e�y�f�b���± �w�e�_�f�_�g�l�Z�f�b���� �i�j�b�g�b�f�Z�x�s�b�f�b�� �k�\�_�l�� �b�� �i�j�_�h�[�j�Z�a�m�x�s�b�f�b��
�_�]�h�� �\�� �w�e�_�d�l�j�b�q�_�k�d�b�_�� �k�b�]�g�Z�e�u���� �R�l�h�j�d�Z���� �j�Z�k�i�h�e�h�`�_�g�g�Z�y�� �f�_�`�^�m�� �b�k�l�h�q�g�b�d�h�f��
�b�a�e�m�q�_�g�b�y���b���I�A�K�����f�_�o�Z�g�b�q�_�k�d�b���k�\�y�a�Z�g�Z���k�h���r�l�h�d�h�f���i�g�_�\�f�h�^�Z�l�q�b�d�Z���b���j�_�]�m�e�b��
�j�m�_�l�� �i�h�l�h�d�� �b�a�e�m�q�_�g�b�y���� �g�Z�i�j�Z�\�e�y�_�f�u�c�� �d�� �i�b�d�k�_�e�y�f���� �I�h�� �d�h�e�b�q�_�k�l�\�m�� �a�Z�k�\�_�q�_�g��
�g�u�o�����a�Z�l�_�g�_�g�g�u�o�����i�b�d�k�_�e�_�c���b���b�o���e�b�g�_�c�g�h�f�m���j�Z�a�f�_�j�m���h�i�j�_�^�_�e�y�_�l�k�y���\�_�e�b�q�b�g�Z��
�i�_�j�_�f�_�s�_�g�b�y���r�l�h�d�Z���b�����k�h�h�l�\�_�l�k�l�\�_�g�g�h�����a�Z�a�h�j���f�_�`�^�m���\�Z�e�v�p�Z�f�b���f�m�d�h�f�h�e�v�g�h��
�]�h���k�l�Z�g�d�Z. 
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�k�l�b�q�_�k�d�m�x�� �h�[�j�Z�[�h�l�d�m�� �j�_�a�m�e�v�l�Z�l�h�\�� �g�Z�[�e�x�^�_�g�b�c���� �\�u�q�b�k�e�y�l�v�� �j�_�a�m�e�v�l�Z�l�� �l�_�d�m��
�s�_�]�h�� �b�a�f�_�j�_�g�b�y���� �k�h�o�j�Z�g�y�l�v�� �_�]�h�� �\�� �w�g�_�j�]�h�g�_�a�Z�\�b�k�b�f�h�c�� �i�Z�f�y�l�b���� �\�u�\�h�^�b�l�v�� �g�Z��
�^�b�k�i�e�_�c�� �^�e�y�� �h�l�h�[�j�Z�`�_�g�b�y���� �k�j�Z�\�g�b�\�Z�l�v�� �k�� �i�h�j�h�]�h�\�u�f�� �a�g�Z�q�_�g�b�_�f�� �b�� �\�� �k�e�m�q�Z�_��
�_�]�h�� �i�j�_�\�u�r�_�g�b�y�� �\�d�e�x�q�Z�l�v�� �k�j�_�^�k�l�\�Z�� �k�b�]�g�Z�e�b�a�Z�p�b�b�� �^�e�y�� �i�j�b�g�y�l�b�y�� �f�_�j�� �i�h��
�m�k�l�j�Z�g�_�g�b�x�� �h�[�g�Z�j�m�`�_�g�g�h�]�h�� �g�_�k�h�h�l�\�_�l�k�l�\�b�y�� �l�_�d�m�s�_�]�h�� �a�g�Z�q�_�g�b�y�� �d�h�g�l�j�h�e�b��
�j�m�_�f�h�]�h���i�Z�j�Z�f�_�l�j�Z���k���g�h�j�f�Z�l�b�\�g�u�f�� 
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�;�?�E�H�J�M�K�K�D�H-�J�H�K�K�B�C�K�D�B�C���M�G�B�<�?�J�K�B�L�?�L 
�F�h�]�b�e�_�\�����;�_�e�Z�j�m�k�v 

 
�G�Z�b�f�_�g�h�\�Z�g�b�_�� �©�d�j�_�^�b�l�g�Z�y�� �g�h�l�Z�ª�� �i�j�h�b�k�o�h�^�b�l�� �h�l�� �Z�g�]�e�b�c�k�d�h�]�h���©�k�U�H�G�L�W-

�O�L�Q�N�H�G�Q�R�W�H�ª�����K���i�h�f�h�s�v�x���d�j�_�^�b�l�g�h�c���g�h�l�u���[�Z�g�d���i�h�e�m�q�Z�_�l���\�h�a�f�h�`�g�h�k�l�v���m�i�j�Z�\��
�e�y�l�v�� �d�j�_�^�b�l�g�u�f�b�� �j�b�k�d�Z�f�b�� �i�m�l�_�f�� �j�_�n�b�g�Z�g�k�b�j�h�\�Z�g�b�y�� �\�u�^�Z�g�g�h�]�h�� �d�j�_�^�b�l�Z�� �b��
�i�_�j�_�^�Z�\�Z�l�v���k�\�y�a�Z�g�g�u�_���k���g�b�f���j�b�k�d�b���l�j�_�l�v�b�f���e�b�p�Z�f�����b�g�\�_�k�l�h�j�Z�f�������I�j�_�b�f�m�s�_��
�k�l�\�Z�� �d�j�_�^�b�l�g�h�c�� �g�h�l�u�� �d�Z�d�� �b�g�k�l�j�m�f�_�g�l�Z�� �m�i�j�Z�\�e�_�g�b�y�� �d�j�_�^�b�l�g�u�f�� �j�b�k�d�h�f���� �i�h��
�k�j�Z�\�g�_�g�b�x�� �k�� �� �l�Z�d�b�f�b�� �b�g�k�l�j�m�f�_�g�l�Z�f�b���� �d�Z�d�� �d�j�_�^�b�l�g�u�c�� �^�_�n�h�e�l�g�u�c�� �k�\�h�i���� �h�i��
�p�b�h�g�u�����n�v�x�q�_�j�k�u�����k�b�g�^�b�p�b�j�h�\�Z�g�g�u�c���d�j�_�^�b�l�����a�Z�d�e�x�q�Z�x�l�k�y���\���k�e�_�^�m�x�s�_�f�� 

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

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

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

�D�Z�d�h�\�u���`�_���i�m�l�b���j�_�r�_�g�b�y���^�Z�g�g�h�c���i�j�h�[�e�_�f�u�" 
�I�h�� �f�_�j�_�� �l�h�]�h���� �d�Z�d�� �g�_�]�Z�l�b�\�g�u�_�� �i�h�k�e�_�^�k�l�\�b�y�� �g�Z�j�m�r�_�g�b�y�� �w�d�h�e�h�]�b�q�_�k�d�h�]�h��

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

�©�H�o�j�Z�g�m���i�j�b�j�h�^�u���y�� �k�q�b�l�Z�x���^�_�e�h�f�� �k�\�y�l�u�f���� �i�b�k�Z�e���E���� �E�_�h�g�h�\�� �W�l�h���± �k�h��
�o�j�Z�g�_�g�b�_���b���m�f�g�h�`�_�g�b�_���d�j�Z�k�h�l���J�h�^�b�g�u�ª�����B���k���w�l�b�f���g�_�e�v�a�y���g�_���k�h�]�e�Z�k�b�l�v�k�y�� 

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

�G�Z�m�q�g�u�c���j�m�d�h�\�h�^�b�l�_�e�v���D�����<�����H�<�K�Y�G�G�B�D�H�<�����d�Z�g�^�����l�_�o�g�����g�Z�m�d�����^�h�p. 
�;�?�E�H�J�M�K�K�D�H-�J�H�K�K�B�C�K�D�B�C���M�G�B�<�?�J�K�B�L�?�L 

 
�F�g�h�]�b�_�� �i�j�h�]�j�Z�f�f�g�u�_�� �k�b�k�l�_�f�u�� �b�f�_�x�l�� �n�m�g�d�p�b�x�� �e�h�]�b�j�h�\�Z�g�b�y���� �d�h�l�h�j�Z�y��

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

�;�h�e�v�r�h�c�� �i�j�h�[�e�_�f�h�c�� �h�[�j�Z�[�h�l�d�b�� �[�h�e�v�r�b�o�� �h�[�t�z�f�h�\�� �^�Z�g�g�u�o�� �y�\�e�y�_�l�k�y��
�[�u�k�l�j�Z�y���h�[�j�Z�[�h�l�d�Z�����o�j�Z�g�_�g�b�_���b���i�j�_�^�h�k�l�Z�\�e�_�g�b�_���b�g�n�h�j�f�Z�p�b�b�� 

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

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

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

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

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

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

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

�J�_�i�h�a�b�l�h�j�b�c���k���b�k�o�h�^�g�u�f�b���d�h�^�Z�f�b���^�Z�g�g�h�]�h���i�j�h�]�j�Z�f�f�g�h�]�h���i�j�h�^�m�d�l�Z���^�h��
�k�l�m�i�_�g���\���k�_�l�b���B�g�l�_�j�g�_�l�����K�W�W�S�V�������J�L�W�K�X�E���F�R�P���+�H�Y�]�\�V�T. 
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�g�h�k�l�g�u�o�� �\�h�^�� �j���� �>�m�[�j�h�\�_�g�d�Z�� �k�h�h�l�\�_�l�k�l�\�m�_�l�� �g�h�j�f�Z�l�b�\�Z�f�� �d�Z�q�_�k�l�\�Z�� �\�h�^�u�� �i�h��
�\�_�j�o�g�h�k�l�g�u�o�� �\�h�^�g�u�o�� �h�[�t�_�d�l�h�\���� �a�Z�� �b�k�d�e�x�q�_�g�b�_�f�� �Z�a�h�l�Z�� �Z�f�f�h�g�b�c�g�h�]�h���� �d�h�g��
�p�_�g�l�j�Z�p�b�y�� �d�h�l�h�j�h�]�h�� �m�\�_�e�b�q�b�\�Z�_�l�k�y�� �i�h�� �^�e�b�g�_�� �j�_�d�b�� �b���� �g�Z�q�b�g�Z�y�� �k�h�� �k�l�\�h�j�Z�� �j����
�>�m�[�j�h�\�_�g�d�Z�����������f�_�l�j�h�\���\�u�r�_���k�[�j�h�k�Z���D�E�D���i�h���i�j�����F�b�j�Z�������Z�����i�j�_�\�u�r�Z�_�l���g�h�j��
�f�Z�l�b�\���d�Z�q�_�k�l�\�Z���\�h�^�u���i�h�\�_�j�o�g�h�k�l�g�u�o���\�h�^�g�u�o���h�[�t�_�d�l�h�\�� 

�D�Z�d�� �i�h�d�Z�a�u�\�Z�_�l�� �i�j�Z�d�l�b�d�Z���� �m�\�_�e�b�q�_�g�b�_�� �Z�f�f�h�g�b�c-�b�h�g�Z�� �\���k�_�l�b�� �]�h�j�h�^�k�d�h�c��
�^�h�`�^�_�\�h�c���d�Z�g�Z�e�b�a�Z�p�b�b���k�\�y�a�Z�g�h�����d�Z�d���i�j�Z�\�b�e�h�����k���g�_�k�Z�g�d�p�b�h�g�b�j�h�\�Z�g�g�u�f���k�[�j�h��
�k�h�f�� �o�h�a�[�u�l�h�\�u�o�� �k�l�h�q�g�u�o�� �\�h�^�� �\�� �k�_�l�b�� �]�h�j�h�^�k�d�h�c�� �^�h�`�^�_�\�h�c�� �d�Z�g�Z�e�b�a�Z�p�b�b�� �h�l��
�q�Z�k�l�g�h�c���a�Z�k�l�j�h�c�d�b���\���i�j�_�^�_�e�Z�o���]�h�j�h�^�Z�� 
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�I�E�:�K�L�B�Q�?�K�D�B�F �>�?�N�H�J�F�B�J�H�<�:�G�B�?�F 
 

�:�� �H�����:�J�@�:�G�H�<�����F�� �<�����D�:�J�G�:�Q 
�G�Z�m�q�g�u�c���j�m�d�h�\�h�^�b�l�_�e�v���:�� �:�����=�H�J�R�D�H�<�: 

�;�?�E�H�J�M�K�K�D�H-�J�H�K�K�B�C�K�D�B�C���M�G�B�<�?�J�K�B�L�?�L 
 
�I�j�b�� �m�^�Z�j�g�u�o�� �f�_�l�h�^�Z�o�� �h�[�j�Z�[�h�l�d�b�� �b�g�k�l�j�m�f�_�g�l���� �j�Z�[�h�q�b�_�� �l�_�e�Z�� �b�e�b�� �k�j�_�^�Z��

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

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

�I�j�b�� �h�[�j�Z�[�h�l�d�_�� �i�e�h�k�d�h�c�� �i�h�\�_�j�o�g�h�k�l�b�� �k�� �l�\�_�j�^�h�k�l�v�x�� �^�h�� ������ �+�5�&�� �\�� �d�Z�q�_��
�k�l�\�_�� �b�g�k�l�j�m�f�_�g�l�Z�� �b�k�i�h�e�v�a�m�_�l�k�y�� �k�l�Z�e�v�g�h�c�� �a�Z�d�Z�e�_�g�g�u�c�� �r�Z�j���± �i�j�h�p�_�k�k�� �g�Z�a�u��
�\�Z�x�l �\�b�[�j�h�g�Z�d�Z�l�u�\�Z�g�b�_�f�����I�j�b���b�k�i�h�e�v�a�h�\�Z�g�b�b���`�_���k�n�_�j�b�q�_�k�d�h�]�h���g�Z�d�h�g�_�q�g�b��
�d�Z���b�a���Z�e�f�Z�a�Z���b�e�b���^�j�m�]�h�]�h���k�\�_�j�o�l�\�_�j�^�h�]�h���f�Z�l�_�j�b�Z�e�Z���f�h�`�g�h���h�[�j�Z�[�Z�l�u�\�Z�l�v���i�h��
�\�_�j�o�g�h�k�l�b�� �\�u�k�h�d�h�c�� �l�\�_�j�^�h�k�l�b�� �������±������ �+�5�&������ �>�Z�g�g�u�c�� �i�j�h�p�_�k�k�� �g�Z�a�u�\�Z�_�l�k�y��
�\�b�[�j�h�\�u�]�e�Z�`�b�\�Z�g�b�_�f�� 

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

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

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



14 

�M�>�D���������������� 
�:�G�L�B�D�J�B�A�B�K�G�:�Y���K�L�J�:�L�?�=�B�Y���J�:�A�<�B�L�B�Y�� 

���G�:���I�J�B�F�?�J�?���:�<�L�H�;�M�K�G�H�=�H���I�:�J�D�:���]�� �F�H�=�B�E�?�<�:�� 
 

�H�� �<�����:�O�F�:�?�<�:�����I�� �<�����P�M�F�:�J�?�< 
�G�Z�m�q�g�u�c���j�m�d�h�\�h�^�b�l�_�e�v���H�� �<�����K�?�>�E�M�O�H 

�;�?�E�H�J�M�K�K�D�H-�J�H�K�K�B�C�K�D�B�C���M�G�B�<�?�J�K�B�L�?�L 
 
�:�\�l�h�[�m�k�g�u�c�� �i�Z�j�d�� �‹ 1 �F�h�]�b�e�z�\�Z �± �d�j�m�i�g�_�c�r�_�_�� �Z�\�l�h�l�j�Z�g�k�i�h�j�l�g�h�_��

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

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

�G�Z �k�_�]�h�^�g�y�r�g�b�c�� �^�_�g�v�� �\ �k�\�h�z�f�� �k�h�k�l�Z�\�_�� �Z�\�l�h�i�Z�j�d�� �b�f�_�_�l�� ������ �Z�\�l�h�[�m�k���� �h�[��
�k�e�m�`�b�\�Z�x�s�b�c�� �� �f�_�`�^�m�g�Z�j�h�^�g�u�o���� ���� �f�_�`�^�m�]�h�j�h�^�g�b�o���� ���� �i�j�b�]�h�j�h�^�g�u�o��
�b 45 �]�h�j�h�^�k�d�b�o���f�Z�j�r�j�m�l�h�\�� 

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

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

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

�;�?�E�H�J�M�K�K�D�H-�J�H�K�K�B�C�K�D�B�C���M�G�B�<�?�J�K�B�L�?�L 
 
�F�b�j�h�\�h�c�� �h�i�u�l�� �i�h�^�l�\�_�j�`�^�Z�_�l���� �q�l�h�� �i�j�_�^�i�j�b�g�b�f�Z�l�_�e�v�k�l�\�h���± �\�Z�`�g�_�c�r�b�c��

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

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

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

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

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

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

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

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

�������d�h�g�l�j�h�e�v���j�Z�[�h�l�g�b�d�h�\�����<�k�z���q�Z�s�_���b���q�Z�s�_���\���K�F�B���f�u���k�e�u�r�b�f���h���d�j�Z�`�Z�o��
�i�j�h��̂m�d�p�b�b���b�e�b���j�_�k�m�j�k�h�\���i�j�_�^�i�j�b�y�l�b�c�� 

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

�������i�j�h�[�e�_�f�u���k���j�Z�[�h�q�b�f�b�����Z���b�f�_�g�g�h���b�o���f�h�l�b�\�Z�p�b�y�����F�h�e�h�^�u�_���j�Z�[�h�l�g�b�d�b��
�g�_�� �o�h�l�y�l�� �h�l�^�Z�\�Z�l�v�� �������� ���� �k�\�h�b�o�� �m�k�b�e�b�c�� �j�m�d�h�\�h�^�k�l�\�m�y�k�v�� �l�_�f���� �q�l�h�� �a�Z�j�Z�[�h�l�g�Z�y��
�i�e�Z�l�Z���^�e�y���\�k�_�o���h�^�b�g�Z�d�h�\�Z�����h�^�g�h�c���k�i�_�p�b�Z�e�v�g�h�k�l�b���� 
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�>�� �>�����Y�G�H�<�B�Q 

�G�Z�m�q�g�u�c���j�m�d�h�\�h�^�b�l�_�e�v���H�� �<�����=�H�E�M�R�D�H�<�:�� �d�Z�g�^�����l�_�o�g�����g�Z�m�d�����^�h�p�� 
�;�?�E�H�J�M�K�K�D�H-�J�H�K�K�B�C�K�D�B�C���M�G�B�<�?�J�K�B�L�?�L 

 
�< �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �\�� �k�l�j�h�b�l�_�e�v�g�h�f�� �i�j�h�b�a�\�h�^�k�l�\�_�� �h�k�h�[�_�g�g�h�� �p�_�g�g�u�f�b��

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

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

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

 

�L�Z�[�e. 1. �K�\�h�^�g�u�_�� �i�h�d�Z�a�Z�l�_�e�b�� �l�_�o�g�h�e�h�]�b�q�_�k�d�b�o�� �b�� �w�d�h�g�h�f�b�q�_�k�d�b�o�� �j�Z�k�q�_�l�h�\��
�\�h�a�\�_�^�_�g�b�y���k�l�_�g�h�\�u�o���d�h�g�k�l�j�m�d�p�b�c���h�[�t�_�d�l�Z 

 

�F�Z�l�_�j�b�Z�e��
�k�l�_�g�h�\�h�c��
�d�h�g�k�l�j�m�d�p�b�b 

�G�h�j�f�Z�l�b�\��
�g�u�_ �a�Z�l�j�Z��
�l�u�� �l�j�m�^�Z��
�j�Z�[�h�q�b�o����
�q�_�e��-�q�� 

�G�h�j�f�Z�l�b�\��
�g�u�_�� �a�Z�l�j�Z�l�u��
�f�Z�r�b�g�g�h�]�h��
�\�j�_�f�_�g�b����
�f�Z�r��-�q�� 

�H�[�s�Z�y��
�i�j�h�^�h�e��
�`�b�l�_�e�v��
�g�h�k�l�v�� 
�j�Z�[�h�l�����^�g�b 

�K�j�_�^�g�_�_��
�q�b�k�e�h��
�j�Z�[�h�q�b�o����
�q�_�e 

�K�l�h�b�f�h�k�l�v��
�j�Z�[�h�l���� �l�u�k����
�j�� 

�D�b�j�i�b�q 2 378,7 280,06 14 4 1 970 549,7 
�@�_�e�_�a�h�[�_��
�l�h�g�g�u�_�� 
�i�Z�g�_�e�b 

4336,6 1039,9 19 4 1 482 093,6 

�K�w�g�^�\�b�q-
�i�Z�g�_�e�b 

398,3 11,43 9 4 1 445 701,9 
 

 

�G�h�� �b�� �m�� �k�w�g�^�\�b�q-�i�Z�g�_�e�b���� �d�Z�d�� �m�� �e�x�[�h�]�h�� �k�l�j�h�b�l�_�e�v�g�h�]�h���f�Z�l�_�j�b�Z�e�Z���� �_�k�l�v��
�k�\�h�y���k�e�Z�[�Z�y���k�l�h�j�h�g�Z���± �w�l�h���f�_�k�l�Z���k�l�u�d�h�\�����H�k�g�h�\�g�u�_���l�_�i�e�h�i�h�l�_�j�b���i�j�h�b�k�o�h�^�y�l��
�\�� �f�_�k�l�Z�o�� �k�l�u�d�h�\���� �\�� �k�\�y�a�b�� �k�� �w�l�b�f�� �f�u�� �i�j�_�^�e�Z�]�Z�_�f�� �b�k�i�h�e�v�a�h�\�Z�l�v�� �e�_�g�l�m�� �©�=�_�j��
�e�_�g�ª�����d�h�l�h�j�Z�y���h�[�_�k�i�_�q�b�l���\�h�^�h�g�_�i�j�h�g�b�p�Z�_�f�h�k�l�v���b���g�_�i�j�h�^�m�\�Z�_�f�h�k�l�v���k�l�u�d�h�\���b��
�l�_�f�� �k�Z�f�u�f�� �h�[�_�k�i�_�q�b�l�v�� �g�Z�b�[�h�e�v�r�m�x�� �i�j�b�\�e�_�d�Z�l�_�e�v�g�h�k�l�v�� �\�� �b�k�i�h�e�v�a�h�\�Z�g�b�b�� �\��
�d�Z�q�_�k�l�\�_���k�l�_�g�h�\�h�]�h���f�Z�l�_�j�b�Z�e�Z���k�w�g�^�\�b�q-�i�Z�g�_�e�b���� 
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�G�Z�m�q�g�u�c���j�m�d�h�\�h�^�b�l�_�e�v���K�� �G�����=�G�:�L�X�D�����d�Z�g�^�����w�d�h�g�����g�Z�m�d�����^�h�p�� 

�;�?�E�H�J�M�K�K�D�H-�J�H�K�K�B�C�K�D�B�C���M�G�B�<�?�J�K�B�L�?�L 
 
�<���k�h�\�j�_�f�_�g�g�u�o���m�k�e�h�\�b�y�o���w�n�n�_�d�l�b�\�g�Z�y���j�Z�[�h�l�Z���g�Z���h�j�]�Z�g�b�a�h�\�Z�g�g�h�f���j�u�g��

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

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

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

�J�Z�a�j�Z�[�h�l�Z�g���i�j�h�_�d�l���w�d�h�g�h�f�b�q�_�k�d�h�]�h���g�Z�i�j�Z�\�e�_�g�b�y���i�h���j�Z�[�h�l�_���k���j�Z�a�e�b�q�g�u��
�f�b�� �b�g�k�l�j�m�f�_�g�l�Z�f�b�� �g�Z�� �[�b�j�`�Z�o�� �\�k�_�o�� �k�l�j�Z�g���� �p�_�e�v�� �d�h�l�h�j�h�]�h�� �h�[�_�k�i�_�q�b�l�v�� �d�Z�q�_��
�k�l�\�_�g�g�m�x���j�_�Z�e�b�a�Z�p�b�x���b�^�_�c���d�j�m�i�g�u�o���b�]�j�h�d�h�\���g�Z���n�h�g�^�h�\�u�o���j�u�g�d�Z�o�� 
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�K�� �:�����;�:�J�:�G�H�<�K�D�B�C�����:�� �:�����E�M�D�V�Y�G�K�D�B�C 
�G�Z�m�q�g�u�c���j�m�d�h�\�h�^�b�l�_�e�v���:�� �<�����S�M�J�����d�Z�g�^�����k��-�o�����g�Z�m�d�����^�h�p. 
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�J�Z�^�b�Z�p�b�h�g�g�h�_�� �a�Z�]�j�y�a�g�_�g�b�_�� �k�l�j�h�b�l�_�e�v�g�u�o�� �f�Z�l�_�j�b�Z�e�h�\�� �f�h�`�_�l�� �[�u�l�v�� �h�[�m��

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

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

�?�k�l�_�k�l�\�_�g�g�u�_�� �j�Z�^�b�h�g�m�d�e�b�^�u�� �i�h�k�l�h�y�g�g�h�� �i�j�b�k�m�l�k�l�\�m�x�l�� �\�� �h�[�t�_�d�l�Z�o��
�h�d�j�m�`�Z�x�s�_�c�� �k�j�_�^�u�� �b�� �b�f�_�x�l�� �^�e�b�l�_�e�v�g�u�c�� �i�_�j�b�h�^���i�h�e�m�j�Z�k�i�Z�^�Z������������������������������ 
(232Th �± �����������o����10 �e�_�l����226 Ra �± �����������e�_�l�������>�Z�g�g�u�_���g�m�d�e�b�^�u���y�\�e�y�x�l�k�y���b�k�l�h�q��
�g�b�d�Z�f�b�� �d�Z�d�� �d�h�j�i�m�k�d�m�e�y�j�g�h�]�h�� �b�a�e�m�q�_�g�b�y�� ���.-�q�Z�k�l�b�p������ �l�Z�d�� �b�� �\�h�e�g�h�\�h�]�h�� ����-
�b�a�e�m�q�_�g�b�_�������M�d�Z�a�Z�g�g�u�_���b�a�e�m�q�_�g�b�y���h�i�Z�k�g�u���b���i�j�b���\�g�_�r�g�_�f���b���i�j�b���\�g�m�l�j�_�g�g�_�f��
�\�h�a�^�_�c�k�l�\�b�b�����\���k�\�y�a�b���k���q�_�f�����g�_�h�[�o�h�^�b�f�h���`�_�k�l�d�h���d�h�g�l�j�h�e�b�j�h�\�Z�l�v���m�j�h�\�g�b���k�h��
�^�_�j�`�Z�g�b�y�� �^�Z�g�g�u�o�� �g�m�d�e�b�^�h�\�� �\�� �h�d�j�m�`�Z�x�s�_�c�� �q�_�e�h�\�_�d�Z�� �k�j�_�^�_���� �Q�_�e�h�\�_�d�� �\�� �i�h��
�f�_�s�_�g�b�y�o�� �i�j�h�\�h�^�b�l�� �a�g�Z�q�b�l�_�e�v�g�m�x�� �q�Z�k�l�v�� �`�b�a�g�b���� �b �g�Z�e�b�q�b�_�� �m�d�Z�a�Z�g�g�u�o�� �b�k��
�l�h�q�g�b�d�h�\�� �j�Z�^�b�h�Z�d�l�b�\�g�h�]�h�� �b�a�e�m�q�_�g�b�y�� �f�h�`�_�l�� �g�_�]�Z�l�b�\�g�h�� �k�d�Z�a�Z�l�v�k�y�� �g�Z�� �k�h�k�l�h�y��
�g�b�b���a�^�h�j�h�\�v�y���b���i�j�b�\�_�k�l�b���d���h�g�d�h�e�h�]�b�q�_�k�d�b�f���a�Z�[�h�e�_�\�Z�g�b�y�f�����J�b�k�d�b���\�h�a�g�b�d�g�h��
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�± �f�b�g�_�j�Z�e�h�\�Z�l�g�u�f�b�� �i�e�b�l�Z�f�b�� �©�;�?�E�L�?�I�ª�� �f�Z�j�d�b�� �N�:�K�:�>�� ������ �l�h�e�s�b�g�h�c��
������ �f�f���� �i�j�b�d�e�_�_�g�g�u�f�b�� �d�� �i�h�^�h�k�g�h�\�_�� �d�e�_�_�\�u�f�� �k�h�k�l�Z�\�h�f�� �i�h�� �K�L�;�������������� �^�h�i�h�e��
�g�b�l�_�e�v�g�h�� �a�Z�d�j�_�i�e�z�g�g�u�f�b�� �i�h�e�b�i�j�h�i�b�e�_�g�h�\�u�f�b�� �^�x�[�_�e�y�f�b�� �k�h�� �k�l�Z�e�v�g�u�f�b��
�]�\�h�a�^�y�f�b�� �k�� �l�_�j�f�h�]�h�e�h�\�d�h�c �b�� �a�Z�s�b�s�z�g�g�u�f�b�� �Z�j�f�b�j�h�\�Z�g�g�u�f�� �b�� �^�_�d�h�j�Z�l�b�\�g�h-
�a�Z�s�b�l�g�u�f �k�e�h�y�f�b���� �L�Z�d�`�_�� �i�j�_�^�e�h�`�_�g�h�� �d�h�g�k�l�j�m�d�l�b�\�g�h�_�� �j�_�r�_�g�b�_�� �i�h�� �m�l�_�i�e�_��
�g�b�x�� �\�_�j�o�g�_�]�h�� �b�� �[�h�d�h�\�h�]�h�� �h�l�d�h�k�h�\�� �h�d�h�g�g�h�]�h�� �i�j�h�z�f�Z�� �i�j�b�� �i�h�f�h�s�b�� �Z�g�Z�e�h�]�b�q��
�g�u�o���i�e�b�l���l�h�e�s�b�g�h�c���������f�f�� 

�<���o�h�^�_���j�Z�[�h�l�u���[�u�e�b���\�u�i�h�e�g�_�g�u�� 
1) �l�_�i�e�h�l�_�o�g�b�q�_�k�d�b�_�� �j�Z�k�q�z�l�u�� �m�q�Z�k�l�d�Z�� �g�Z�j�m�`�g�h�c�� �k�l�_�g�u�� �[�_�a�� �i�j�h�z�f�h�\�� �i�h��

�k�_�j�b�b�� ������ ���[�_�a�� �m�l�_�i�e�_�g�b�y�� �b�� �m�l�_�i�e�z�g�g�h�c���� �i�h�� �L�D�I�� ����-2.04-43-���������� �©�K�l�j�h�b��
�l�_�e�v�g�Z�y���l�_�i�e�h�l�_�o�g�b�d�Z�����K�l�j�h�b�l�_�e�v�g�u�_���g�h�j�f�u���i�j�h�_�d�l�b�j�h�\�Z�g�b�y�ª�� 

2) �j�Z�k�q�z�l���l�_�f�i�_�j�Z�l�m�j�g�u�o���i�h�e�_�c���\���k�_�q�_�g�b�b���\�_�j�o�g�_�]�h���b���[�h�d�h�\�h�]�h���h�l�d�h�k�h�\��
�h�d�h�g�g�h�]�h�� �i�j�h�z�f�Z�� �� �i�h�� �k�_�j�b�b�� ������ ���[�_�a�� �^�h�i�h�e�g�b�l�_�e�v�g�h�]�h�� �m�l�_�i�e�_�g�b�y�� �b�� �m�l�_�i�e�z�g��
�g�h�]�h���� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �i�j�h�]�j�Z�f�f�g�h�]�h�� �d�h�f�i�e�_�d�k�Z�� �©Elcut�ª���� �h�k�g�h�\�Z�g�g�h�]�h�� �g�Z��
�f�_�l�h�^�_���d�h�g�_�q�g�u�o���w�e�_�f�_�g�l�h�\�� 

3) �j�Z�k�q�z�l�� �l�_�f�i�_�j�Z�l�m�j�g�u�o�� �i�h�e�_�c�� �h�^�g�h�j�h�^�g�h�]�h�� �m�q�Z�k�l�d�Z�� �k�l�_�g�u�� �k�� �l�_�i�e�h��
�i�j�h�\�h�^�g�u�f���\�d�e�x�q�_�g�b�_�f�����^�x�[�_�e�_�f���^�e�y���d�j�_�i�e�_�g�b�y���m�l�_�i�e�b�l�_�e�y���� 

�I�h�� �j�_�a�m�e�v�l�Z�l�Z�f�� �i�j�h�^�_�e�Z�g�g�u�o���j�Z�k�q�z�l�h�\�� �k�^�_�e�Z�g�� �\�u�\�h�^�� �m�l�_�i�e�_�g�b�_ �l�b�i�Z��
�©�e�z�]�d�Z�y�� �r�l�m�d�Z�l�m�j�g�Z�y�� �k�b�k�l�_�f�Z�ª �k�h�h�l�\�_�l�k�l�\�m�_�l�� �^�_�c�k�l�\�m�x�s�b�f�� �g�h�j�f�Z�f�� �b�� �g�_��
�l�j�_�[�m�_�l�� �\�g�_�k�_�g�b�y�� �b�a�f�_�g�_�g�b�c�� �\�� �l�b�i�h�\�u�_�� �d�h�g�k�l�j�m�d�p�b�b�� �b�� �f�h�g�l�Z�`�g�u�_�� �m�a�e�u��
�a�^�Z�g�b�y�� 
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�F�H�=�B�E�?�<�K�D�H�C���H�;�E�:�K�L�B 
 

�B�����K�����;�?�>�G�:�Y 
�G�Z�m�q�g�u�c���j�m�d�h�\�h�^�b�l�_�e�v���H�����<�����<�H�E�D�H�<�: 

�;�?�E�H�J�M�K�K�D�H-�J�H�K�K�B�C�K�D�B�C���M�G�B�<�?�J�K�B�L�?�L 
 
�;�x�^�`�_�l�� �F�h�]�b�e�_�\�k�d�h�c�� �h�[�e�Z�k�l�b�� �n�h�j�f�b�j�m�_�l�k�y�� �a�Z�� �k�q�_�l�� �k�e�_�^�m�x�s�b�o�� �\�b�^�h�\��

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

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

�K�l�j�m�d�l�m�j�Z�� �g�Z�e�h�]�h�\�� �\�� �j�Z�a�j�_�a�_�� �h�k�g�h�\�g�u�o�� �i�h�^�]�j�m�i�i���� �m�i�e�Z�q�b�\�Z�_�f�u�o�� �\��
�[�x�^�`�_�l���F�h�]�b�e�_�\�k�d�h�c���h�[�e�Z�k�l�b�����i�j�_�^�k�l�Z�\�e�_�g�Z���g�Z���j�b�k. 1. 

 

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

�[�x�^�`�_�l���F�h�]�b�e�_�\�k�d�h�c���h�[�e�Z�k�l�b 
 

�B�k�o�h�^�y���b�a���j�b�k. 1 �f�h�`�g�h���k�^�_�e�Z�l�v���\�u�\�h�^�����q�l�h���g�Z�b�[�h�e�v�r�b�c���m�^�_�e�v�g�u�c���\�_�k���\��
�g�Z�e�h�]�h�\�u�o�� �^�h�o�h�^�Z�o�� �[�x�^�`�_�l�Z�� �F�h�]�b�e�_�\�k�d�h�c�� �h�[�e�Z�k�l�b�� �a�Z�g�b�f�Z�_�l�� �i�h�^�]�j�m�i�i�Z��
�©�G�Z�e�h�]�b�� �g�Z�� �l�h�\�Z�j�u�� ���j�Z�[�h�l�u�� �m�k�e�m�]�b���ª���� �L�Z�d�� �a�Z�� �i�_�j�b�h�^�� ���������±���������� �]�]���� �h�g�Z��
�g�Z�o�h�^�b�e�Z�k�v�� �g�Z�� �m�j�h�\�g�_�� �����±������ ������ �W�l�h�� �k�\�y�a�Z�g�h�� �k�� �\�u�k�h�d�h�c�� �^�h�e�_�c�� �\�� �[�x�^�`�_�l�_��
�g�Z�e�h�]�Z���g�Z���^�h�[�Z�\�e�_�g�g�m�x���k�l�h�b�f�h�k�l�v�� 

�<�� �l�Z�[�e. ���� �i�j�_�^�k�l�Z�\�e�_�g�Z�� �^�b�g�Z�f�b�d�Z�� �g�Z�e�h�]�h�\���� �m�i�e�Z�q�b�\�Z�_�f�u�o�� �\�� �[�x�^�`�_�l��
�F�h�]�b�e�_�\�k�d�h�c���h�[�e�Z�k�l�b���a�Z���Z�g�Z�e�b�a�b�j�m�_�f�u�c���i�_�j�b�h�^���� 
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�G�Z�e�h�]�b���g�Z���l�h�\�Z�j�u�����j�Z�[�h�l�u�����m�k�e�m�]�b�� �>�j�m�]�b�_���g�Z�e�h�]�b�����k�[�h�j�u�����i�h�r�e�b�g�u�� 
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�F�?�O�:�G�B�A�F�H�<���K���L�B�O�H�O�H�>�G�U�F���<�J�:�S�?�G�B�?�F���<�U�O�H�>�G�H�=�H���<�:�E�: 
 

�>�����Y�����Y�D�M�;�H�<�B�Q 
�G�Z�m�q�g�u�c���j�m�d�h�\�h�^�b�l�_�e�v���I�����G�����=�J�H�F�U�D�H�����-̂�j���l�_�o�g�����g�Z�m�d�����i�j�h�n�� 

�;�?�E�H�J�M�K�K�D�H-�J�H�K�K�B�C�K�D�B�C���M�G�B�<�?�J�K�B�L�?�L 
 

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

�K�g�b�`�_�g�b�_�� �k�_�[�_�k�l�h�b�f�h�k�l�b�� �b�a�]�h�l�h�\�e�_�g�b�y�� �i�j�b�\�h�^�g�u�o�� �f�_�o�Z�g�b�a�f�h�\�� �\�h�a��
�f�h�`�g�h�� �i�m�l�_�f�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�]�h�� �g�Z�j�Z�s�b�\�Z�g�b�y�� �\�u�k�h�d�h�l�_�o�g�h�e�h�]�b�q�_�k�d�b�o�� �j�_��
�^�m�p�b�j�m�x�s�b�o���f�h�^�m�e�_�c�����I�e�Z�g�_�l�Z�j�g�Z�y���i�_�j�_�^�Z�q�Z�����j�b�k�����������y�\�e�y�_�l�k�y���k�l�Z�g�^�Z�j�l�g�h�c����
�\�u�i�h�e�g�_�g�g�h�c�� �i�h�� �k�o�_�f�_�� ���.-�+���� �k�� �g�Z�j�m�`�g�u�f�b�� �b�� �\�g�m�l�j�_�g�g�b�f�b�� �a�Z�p�_�i�e�_�g�b�y�f�b����
�I�j�b���h�^�g�h�k�l�m�i�_�g�q�Z�l�h�f���b�k�i�h�e�g�_�g�b�b���h�g�Z���j�Z�[�h�l�Z�_�l���k�e�_�^�m�x�s�b�f���h�[�j�Z�a�h�f�����K���\�_��
�^�m�s�_�]�h���\�Z�e�Z�������\�j�Z�s�_�g�b�_���i�_�j�_�^�Z�_�l�k�y���g�Z���p�_�g�l�j�Z�e�v�g�h�_���d�h�e�_�k�h���������d�h�l�h�j�h�_���\�a�Z�b��
�f�h�^�_�c�k�l�\�m�_�l���k���i�j�h�f�_�`�m�l�h�q�g�u�f���d�h�e�_�k�h�f���k�Z�l�_�e�e�b�l�Z���������h�^�g�h�\�j�_�f�_�g�g�h���\�k�l�m�i�Z��
�x�s�b�f�� �\�� �a�Z�p�_�i�e�_�g�b�_�� �k�� �p�_�g�l�j�Z�e�v�g�u�f�� �d�h�e�_�k�h�f�� ���� �k�� �\�g�m�l�j�_�g�g�b�f�b�� �a�m�[�v�y�f�b����
�`�_�k�l�d�h���k�\�y�a�Z�g�g�u�f���k���d�h�j�i�m�k�h�f���i�_�j�_�^�Z�q�b���������<�j�Z�s�_�g�b�_���k���a�Z�^�Z�g�g�u�f���d�h�w�n�n�b�p�b��
�_�g�l�h�f�� �j�_�^�m�p�b�j�h�\�Z�g�b�y�� �k�g�b�f�Z�_�l�k�y�� �i�j�b�� �i�h�f�h�s�b�� �\�h�^�b�e�Z�� ������ �d�h�l�h�j�h�_�� �k�\�y�a�Z�g�h�� �k��
�\�u�o�h�^�g�u�f���\�Z�e�h�f�������i�_�j�_�^�Z�q�b�����I�j�b�q�_�f���i�_�j�_�^�Z�l�h�q�g�h�_���h�l�g�h�r�_�g�b�_���X���h�^�g�h�c���k�l�m��
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�]�^�_���]1 �b���]3 �± �q�b�k�e�h���a�m�[�v�_�\���p�_�g�l�j�Z�e�v�g�u�o���a�m�[�q�Z�l�u�o���d�h�e�_�k�������b�������k���g�Z�j�m�`�g�u�f�b���b��
�\�g�m�l�j�_�g�g�b�f�b���a�m�[�v�y�f�b���k�h�h�l�\�_�l�k�l�\�_�g�g�h�� 

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

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

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

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

 

�I�h�d�Z�a�Z�l�_�e�v �����������]�� �����������]�� �����������]�� 
�:�[�k�h�e�x�l�g�h�_�� 
�h�l�d�e�h�g�_�g�b�_ 

2014�±�����������]�]�� 2015�±�����������]�]�� 

�G�Z�e�h�]�h�\�u�_���^�h�o�h�^�u���� �\�� �l�h�f��
�q�b�k�e�_�� 2 656,91 3 174,97 3 194,86 518,06 19,89 
���� �g�Z�e�h�]�b�� �g�Z�� �^�h�o�h�^�u�� �b��
�i�j�b�[�u�e�v 1 114,34 1 225,48 1 303,06 111,4 77,58 
�������� �g�Z�e�h�]�b�� �g�Z�� �^�h�o�h�^�u����
�m�i�e�Z�q�b�\�Z�_�f�u�_�� �n�b�a�b�q�_��
�k�d�b�f�b���e�b�p�Z�f�b�� 

 
929,45 

 
1 068,63 

 
1 204,23 

 
139,18 

 
135,6 

�± �i�h�^�h�o�h�^�g�u�c���g�Z�e�h�]���k���n�b��
�a�b�q�_�k�d�b�o���e�b�p 929,45 1 068,63 1 204,23 139,18 135,6 
�������� �g�Z�e�h�]�b�� �g�Z�� �^�h�o�h�^�u�� �b��
�i�j�b�[�u�e�v���� �m�i�e�Z�q�b�\�Z�_�f�u�_��
�h�j�]�Z�g�b�a�Z�p�b�y�f�b�� 

 
184,89 

 
156,85 

 
98,82 

 
- 28,04 

 
- 58,03 

�± �g�Z�e�h�]���g�Z���i�j�b�[�u�e�v 164,46 138,16 70,57 - 26,3 - 67,59 
�± �g�Z�e�h�]���g�Z���^�h�o�h�^�u 20,43 18,69 28,25 - 1,74 9,56 
�����g�Z�e�h�]�b���g�Z���k�h�[�k�l�\�_�g�g�h�k�l�v 104,16 131,42 154,50 27,26 23,08 
���������g�Z�e�h�]�b���g�Z���g�_�^�\�b�`�b�f�h�_��
�b�f�m�s�_�k�l�\�h 2,84 3,82 6,93 0,98 3,11 
�± �g�Z�e�h�]�� �g�Z�� �g�_�^�\�b�`�b�f�h�k�l�v��
�g�Z�� �g�_�a�Z�\�_�j�r�_�g�g�h�_�� �k�l�j�h�b��
�l�_�e�v�k�l�\�h 

 
2,84 

 
3,82 

 
6,93 

 
0,98 

 
3,11 

�������� �g�Z�e�h�]�b�� �g�Z�� �h�k�l�Z�l�h�q�g�m�x��
�k�l�h�b�f�h�k�l�v���b�f�m�s�_�k�l�\�Z 

 
101,32 

 
127,59 

 
147,56 

 
26,27 

 
19,97 

�± �g�Z�e�h�]���g�Z���g�_�^�\�b�`�b�f�h�k�l�v 101,32 127,59 147,56 26,27 19,97 
���� �g�Z�e�h�]�b���g�Z���l�h�\�Z�j�u�����j�Z�[�h��
�l�u�����m�k�e�m�]�b���� 1 422,03 1 746,59 1 736,15 324,56 - 10,44 
�± �g�Z�e�h�]�� �g�Z�� �^�h�[�Z�\�e�_�g�g�m�x��
�k�l�h�b�f�h�k�l�v 1 369,40 1 678,39 1666,32 308,99 12,07 
�± �w�d�h�e�h�]�b�q�_�k�d�b�c���g�Z�e�h�] 52,35 67,59 69,59 15,24 2 
�± �g�Z�e�h�]�� �g�Z�� �^�h�[�u�q�m�� ���b�a�t�y��
�l�b�_�����i�j�b�j�h�^�g�u�o���j�_�k�m�j�k�h�\ 

 
0,28 

 
0,60 

 
0,23 

 
0,32 

 
- 0,37 

���� �^�j�m�]�b�_�� �g�Z�e�h�]�b���� �k�[�h�j�u��
���i�h�r�e�b�g�u���� �b�� �b�g�u�_�� �g�Z�e�h��
�]�h�\�u�_���^�h�o�h�^�u�� 

 
16,38 

 
71,48 

 
1,15 

 
55,1 

 
-70,33 

�± �h�l�q�b�k�e�_�g�b�y�� �\�� �b�g�g�h�\�Z�p�b��
�h�g�g�u�_���n�h�g�^�u 15,84 - - - - 
�± �]�h�k�m�^�Z�j�k�l�\�_�g�g�Z�y�� �i�h��
�r�e�b�g�Z 0,54 71,48 1,15 70,94 - 70,33 

 

�D�Z�d���\�b�^�g�h���b�a���l�Z�[�e�b�p�u���\�������������]�����m�\�_�e�b�q�b�e�b�k�v���g�Z�e�h�]�h�\�u�_���^�h�o�h�^�u���[�x�^�`�_��
�l�Z���F�h�]�b�e�_�\�k�d�h�c���h�[�e�Z�k�l�b�� 

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

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

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

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

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

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

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

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

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

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

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

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

�± �i�h�\�u�r�_�g�b�_�� �i�j�h�n�_�k�k�b�h�g�Z�e�v�g�h�]�h�� �m�j�h�\�g�y�� �j�Z�[�h�l�g�b�d�h�\���g�Z�e�h�]�h��
�\�u�o �h�j�]�Z�g�h�\���� �h�[�_�k�i�_�q�_�g�b�_�� �k�h�[�e�x�^�_�g�b�y�� �b�f�b�� �i�j�h�n�_�k�k�b�h�g�Z�e�v�g�h�c���w�l�b��
�d�b�� �k�i�j�Z�\�_�^�e�b�\�h�]�h���b���[�_�k�i�j�b�k�l�j�Z�k�l�g�h�]�h���h�l�g�h�r�_�g�b�y���d���g�Z�e�h�]�h�i�e�Z�l�_�e�v�s�b�d�m��   
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1��N=L+K ���� �I�m�k�l�v�� ijij=xz ���� �_�k�e�b��L<K  �b�� jiij=xz  �\�� �h�k�l�Z�e�v�g�u�o�� �k�e�m�q�Z�y�o���� �L�h�]�^�Z��

�^�b�Z�]�h�g�Z�e�v�g�h�_���m�k�j�_�^�g�_�g�b�_���i�_�j�_�\�h�^�b�l���f�Z�l�j�b�p�m�� �\���j�y�^�� ),,( �\
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�W�l�h�� �\�u�j�Z�`�_�g�b�_�� �k�h�h�l�\�_�l�k�l�\�m�_�l�� �m�k�j�_�^�g�_�g�b�x�� �w�e�_�f�_�g�l�h�\�� �f�Z�l�j�b�p�u�� �\�^�h�e�v��
�i�h�[�h�q�g�u�o���^�b�Z�]�h�g�Z�e�_�c��2i+j=k+ �����\�u�[�h�j�� 0=k  �^�Z�_�l�� 11

�\

0
=xg �����^�e�y��1k=  �i�h�e�m�q�Z�_�f��

2)( 2112
�\

1
/+xx=g  �b�� �l�� �^���� �I�j�b�f�_�g�b�\�� �^�b�Z�]�h�g�Z�e�v�g�h�_ �m�k�j�_�^�g�_�g�b�_�� �d�� �f�Z�l�j�b�p�Z�f���� �i�h��

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

�I�j�h�]�j�Z�f�f�g�u�c���d�h�^���\���6�F�L�O�D�E�� 
y = zeros(N, 1) 
    for i = 1 : K + L - 1 
        v = adiag(RC, i) 
        y(i) = sum(v) / length(v) 
    end 
    y = real(y). 
�I�h�e�m�q�_�g�g�Z�y�� �j�_�Z�e�b�a�Z�p�b�y�� �f�_�l�h�^�Z�� �Z�g�Z�e�b�a�Z�� �k�b�g�]�m�e�y�j�g�h�]�h�� �k�i�_�d�l�j�Z�� �\�j�_�f�_�g��

�g�u�o�� �j�y�^�h�\�� �\�� �6�F�L�O�D�E�� �i�h�a�\�h�e�y�_�l�� �b�k�k�e�_�^�h�\�Z�l�v�� �h�k�h�[�_�g�g�h�k�l�b�� �\�h�k�k�l�Z�g�h�\�e�_�g�b�y��
�l�j�_�g�^�h�\�h�c���� �i�_�j�b�h�^�b�q�_�k�d�h�c�� �b�� �r�m�f�h�\�h�c�� �k�h�k�l�Z�\�e�y�x�s�_�c�� �^�e�y�� �b�a�\�e�_�q�_�g�b�y�� �^�h��
�i�h�e�g�b�l�_�e�v�g�h�c�� �b�g�n�h�j�f�Z�p�b�b�� �h�[�� �b�k�k�e�_�^�m�_�f�h�f�� �h�[�t�_�d�l�_���� �I�j�h�\�_�^�_�g�Z�� �\�_�j�b�n�b�d�Z��
�p�b�y�� �i�j�h�]�j�Z�f�f�u��BelSim2#.SSA �\�� �k�h�k�l�Z�\�_�� �i�j�h�]�j�Z�f�f�g�h-�l�_�o�g�h�e�h�]�b�q�_�k�d�h�]�h��
�d�h�f�i�e�_�d�k�Z�� �b�f�b�l�Z�p�b�b�� �k�e�h�`�g�u�o�� �k�b�k�l�_�f��BelSim �k�� �i�h�f�h�s�v�x�� �j�_�Z�e�b�a�Z�p�b�b�� �\��
�6�F�L�O�D�E�����\���j�_�a�m�e�v�l�Z�l�_���i�h�^�l�\�_�j�`�^�_�g�Z���d�h�j�j�_�d�l�g�h�k�l�v���b�k�k�e�_�^�m�_�f�h�c���i�j�h�]�j�Z�f�f�u���� 
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k ,,1,
1

�!� � . (2) 

�L�h�]�^�Z�� �k�b�g�]�m�e�y�j�g�u�f�� �j�Z�a�e�h�`�_�g�b�_�f�� �f�Z�l�j�b�p�u��A �g�Z�a�u�\�Z�_�l�k�y�� �_�_�� �i�j�_�^�k�l�Z�\��
�e�_�g�b�_���\���\�b�^�_���k�m�f�f�u���w�e�_�f�_�g�l�Z�j�g�u�o���f�Z�l�j�b�p�� 

T
kkkkp VU��AAAAA � ������� ,21 �! . (3) 

�D�Z�`�^�Z�y���b�a���f�Z�l�j�b�p��kA  �b�f�_�_�l���j�Z�g�]�����j�Z�\�g�u�c���_�^�b�g�b�p�_�����I�h�w�l�h�f�m���b�o���f�h�`�g�h��
�g�Z�a�\�Z�l�v���w�e�_�f�_�g�l�Z�j�g�u�f�b���f�Z�l�j�b�p�Z�f�b�����<�_�d�l�h�j��kU  �g�Z�a�u�\�Z�x�l��k-�f���e�_�\�u�f���k�b�g�]�m��
�e�y�j�g�u�f�� �\�_�d�l�h�j�h�f�� �b�e�b�� �i�j�h�k�l�h��k-�f�� �k�h�[�k�l�\�_�g�g�u�f�� �\�_�d�l�h�j�h�f���� �\�_�d�l�h�j��kV  �± �i�j �Z��

�\�u�f�� �k�b�g�]�m�e�y�j�g�u�f�� �\�_�d�l�h�j�h�f���� �G�Z�[�h�j�� �!�� kkk VU�� ,, �[�m�^�_�f�� �g�Z�a�u�\�Z�l�v��k-�h�c��
�k�h�[�k�l�\�_�g�g�h�c���l�j�h�c�d�h�c�� 

�H�[�t�_�^�b�g�_�g�g�Z�y���f�Z�l�j�b�p�Z���8���k���e�_�\�u�f�b���b���i�j�Z�\�u�f�b���k�b�g�]�m�e�y�j�g�u�f�b���\�_�d�l�h�j�Z��
�f�b���h�i�j�_�^�_�e�y�_�l�k�y���k���b�k�i�h�e�v�a�h�\�Z�g�b�_�f���n�m�g�d�p�b�b���V�Y�G�������� 

[U, LAMBDA] = svd(C).  
�K�h�[�k�l�\�_�g�g�u�_�� �q�b�k�e�Z�� �f�Z�l�j�b�p�u���: �\�� �i�Z�d�_�l�_�� �6�F�L�O�D�E�� �i�j�_�^�k�l�Z�\�e�_�g�u��

�\�_�d�l�h�j�h�f���/�$�0�%�'�$�����B�a���i�h�e�m�q�_�g�g�h�c���f�Z�l�j�b�p�u���k�b�g�]�m�e�y�j�g�u�o���a�g�Z�q�_�g�b�c���b�a�\�e�_��
�d�Z�_�l�k�y���\�_�d�l�h�j���/�$�0�%�'�$���k���b�k�i�h�e�v�a�h�\�Z�g�b�_�f���n�m�g�d�p�b�b���G�L�D�J������ 

�I�j�h�]�j�Z�f�f�g�u�c���d�h�^���\���6�F�L�O�D�E�� 
LAMBDA=sqrt(diag(LAMBDA)).  
�W�l�Z�i���]�j�m�i�i�b�j�h�\�d�b�����<�b�^���e�_�\�u�o���b���i�j�Z�\�u�o���k�b�g�]�m�e�y�j�g�u�o���\�_�d�l�h�j�h�\�����l�j�Z�d�l�m��

�_�f�u�o���\���K�K�:���d�Z�d���\�j�_�f�_�g�g�u�_���j�y�^�u�����y�\�e�y�_�l�k�y���h�q�_�g�v���\�Z�`�g�u�f���^�e�y���k�e�_�^�m�x�s�_�]�h��
�r�Z�]�Z�� �f�_�l�h�^�Z���± �]�j�m�i�i�b�j�h�\�d�b���� �I�j�b�� �w�l�h�f�� �^�e�y�� �h�^�g�h�f�_�j�g�h�]�h�� �K�K�:�� �e�_�\�u�_�� �b�� �i�j�Z��
�\�u�_�� �k�b�g�]�m�e�y�j�g�u�_�� �\�_�d�l�h�j�Z�� �h�[�e�Z�^�Z�x�l�� �h�i�j�_�^�_�e�_�g�g�h�c�� �k�b�f�f�_�l�j�b�_�c���� �l�Z�d�� �d�Z�d�� �\��
�w�l�b�o�� �k�e�m�q�Z�y�o�� �k�b�g�]�m�e�y�j�g�u�_�� �j�Z�a�e�h�`�_�g�b�y�� �l�j�Z�_�d�l�h�j�g�u�o �f�Z�l�j�b�p�� �k�� �^�e�b�g�h�c�� �h�d�g�Z��
L  �b�� 1L+N=K ��  �w�d�\�b�\�Z�e�_�g�l�g�u�� 

�I�j�h�p�_�^�m�j�Z�� �]�j�m�i�i�b�j�h�\�d�b�� �n�h�j�f�Z�e�v�g�h�� �h�^�b�g�Z�d�h�\�Z�� �^�e�y�� �\�k�_�o�� �j�Z�a�g�h�\�b�^�g�h��
�k�l�_�c�� �K�K�:���� �G�Z�� �h�k�g�h�\�_�� �j�Z�a�e�h�`�_�g�b�y�� �������� �i�j�h�p�_�^�m�j�Z�� �]�j�m�i�i�b�j�h�\�d�b�� �^�_�e�b�l�� �\�k�_��
�f�g�h�`�_�k�l�\�h�� �b�g�^�_�d�k�h�\���^ �`p,1,�}  �g�Z  �g�_�i�_�j�_�k�_�d�Z�x�s�b�o�k�y�� �i�h�^�f�g�h�`�_�k�l�\��

mII ,,1 �} . 
�I�m�k�l�v���^ �.̀,,1 piiI= �}  �L�h�]�^�Z���j�_�a�m�e�v�l�b�j�m�x�s�Z�y���f�Z�l�j�b�p�Z��IA �����k�h�h�l�\�_�l�k�l�\�m�x��

�s�Z�y���]�j�m�i�i�_��I �����h�i�j�_�^�_�e�y�_�l�k�y���d�Z�d��
piiI +A+=AA �}

1
. �L�Z�d�b�_���f�Z�l�j�b�p�u���\�u�q�b�k�e�y�x�l��

�k�y���^�e�y�� mII=I ,,1 �} �����l�_�f���k�Z�f�u�f���j�Z�a�e�h�`�_�g�b�_�����������f�h�`�_�l���[�u�l�v���a�Z�i�b�k�Z�g�h���\���k�]�j�m�i��
�i�b�j�h�\�Z�g�g�h�f���\�b�^�_�� 

mII +A+A=A �}
1

.                                        

�W�l�Z�i���^�b�Z�]�h�g�Z�e�v�g�h�]�h���m�k�j�_�^�g�_�g�b�y�����G�Z���i�h�k�e�_�^�g�_�f���r�Z�]�_���[�Z�a�h�\�h�]�h���Z�e�]�h�j�b�l��
�f�Z���d�Z�`�^�Z�y���f�Z�l�j�b�p�Z���k�]�j�m�i�i�b�j�h�\�Z�g�g�h�]�h���j�Z�a�e�h�`�_�g�b�y���i�_�j�_�\�h�^�b�l�k�y���\���g�h�\�u�c���j�y�^��
�^�e�b�g�u��N �����>�e�y���i�j�h�b�a�\�h�e�v�g�h�c���f�Z�l�j�b�p�u��X �i�j�h�p�_�^�m�j�m���i�j�b�\�_�^�_�g�b�y���_�_���d���]�Z�g�d�_��
�e�_�\�h�f�m���\�b�^�m���b���i�h�k�e�_�^�m�x�s�_�f�m���i�j�_�h�[�j�Z�a�h�\�Z�g�b�x���\���j�y�^�����h�[�h�a�g�Z�q�b�f���_�]�h���d�Z�d��G�\) 
�\�u�j�Z�a�b�f���k�e�_�^�m�x�s�b�f���h�[�j�Z�a�h�f�����I�m�k�l�v�� �± �f�Z�l�j�b�p�Z���j�Z�a�f�_�j�Z��KL �u  �k���w�e�_�f�_�g��
�l�Z�f�b�� ijx , Li �d�d1 , Kj �d�d1 ���� �I�h�e�h�`�b�f�� �� ��KLmin=L* , , �� ��KLmax=K * ,  �b��
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�H�E�B�F�I�B�:�>�G�H�=�H���M�J�H�<�G�Y���K�E�H�@�G�H�K�L�B 
 

�F�� �B�� �;�?�D�@�:�G�H�< 
�G�Z�m�q�g�u�c���j�m�d�h�\�h�^�b�l�_�e�v���B�� �<�� �<�H�C�P�?�O�H�<�B�Q 

�;�?�E�H�J�M�K�K�D�H-�J�H�K�K�B�C�K�D�B�C���M�G�B�<�?�J�K�B�L�?�L 
 
�A�Z�^�Z�q�b�� �h�e�b�f�i�b�Z�^�g�h�]�h�� �m�j�h�\�g�y�� �l�j�_�[�m�x�l�� �g�_�k�l�Z�g��

�^�Z�j�l�g�h�]�h���i�h�^�o�h�^�Z�����i�h�a�\�h�e�y�x�s�_�]�h���m�i�j�h�k�l�b�l�v���b�o���j�_�r�_��
�g�b�_�����J�Z�k�k�f�h�l�j�b�f�� �j�_�r�_�g�b�_�� �a�Z�^�Z�q�b���� �]�^�_�� �^�Z�g�u�� �k�n�_�j�Z�� �b��
�q�_�l�u�j�_�o�]�j�Z�g�g�Z�y�� �i�j�b�a�f�Z�� �k�� �g�Z�d�e�h�g�g�u�f�� �\�_�j�o�g�b�f�� �h�k�g�h��
�\�Z�g�b�_�f���� �l�j�_�[�m�_�l�k�y���i�h�k�l�j�h�b�l�v�� �l�j�b���i�j�h�_�d�p�b�b���e�b�g�b�c���i�_��
�j�_�k�_�q�_�g�b�y�� �i�h�\�_�j�o�g�h�k�l�_�c. �I�h�� �b�k�o�h�^�g�u�f�� �^�Z�g�g�u�f�� �h�i�j�_��
�^�_�e�y�_�f�����q�l�h���a�Z�^�Z�q�m���f�h�`�g�h���k�\�_�k�l�b���d���i�h�k�l�j�h�_�g�b�x���g�_�^�h��
�k�l�Z�x�s�b�o���i�j�h�_�d�p�b�c���e�b�g�b�c���g�Z���q�_�j�l�_�`�_�����l�����d�����i�j�b�a�f�Z���a�Z��
�g�b�f�Z�_�l���i�j�h�_�p�b�j�m�x�s�_�_���i�h�e�h�`�_�g�b�_���g�Z���i�e�h�k�d�h�k�l�y�o���i�j�h��
�_�d�p�b�c���I1 �I 2�����G�Z���b�f�_�x�s�b�o�k�y���i�j�h�_�d�p�b�y�o���e�b�g�b�c���g�m�`�g�h���[�j�Z�l�v���h�i�h�j�g�u�_���b���i�j�h��
�f�_�`�m�l�h�q�g�u�_�� �l�h�q�d�b�� �b�� �i�h�h�q�_�j�_�^�g�h�� �i�_�j�_�g�h�k�b�l�v�� �b�o�� �i�j�b�� �i�h�f�h�s�b�� �h�d�j�m�`�g�h�k�l�_�c��
�g�Z���k�h�k�_�^�g�b�_���i�e�h�k�d�h�k�l�b���i�j�h�_�d�p�b�c�����>�Z�g�g�u�c���k�i�h�k�h�[���\�_�j�_�g�����g�h���^�Z�_�l���^�e�b�l�_�e�v�g�h�_��
�]�j�h�f�h�a�^�d�h�_���i�h�k�l�j�h�_�g�b�_���i�j�b���i�_�j�_�g�h�k�_���l�h�q�_�d���g�Z���I3. 

�I�h�k�l�j�h�b�\�� �\�� �k�j�_�^�_��AutoCAD 3D �f�h�^�_�e�v���� �i�h�g�b�f�Z�_�f���� �q�l�h�� �[�h�e�v�r�b�g�k�l�\�h��
�e�b�g�b�c�� �i�_�j�_�k�_�q�_�g�b�y�� �y�\�e�y�x�l�k�y�� �n�j�Z�]�f�_�g�l�Z�f�b�� �w�e�e�b�i�k�h�\���� �Z�� �a�g�Z�q�b�l�� �^�h�k�l�Z�l�h�q�g�h��
�h�i�j�_�^�_�e�b�l�v���b�o���p�_�g�l�j�u���b���\�_�e�b�q�b�g�m���[�h�e�v�r�h�c���b���f�Z�e�h�c���h�k�_�c�����I�j�b���j�_�r�_�g�b�b���a�Z��
�^�Z�q�b�� �\�� �]�j�Z�n�b�q�_�k�d�h�f�� �j�_�^�Z�d�l�h�j�_��
�i�h�k�l�j�h�_�g�b�y�� �m�k�d�h�j�y�x�l�k�y�� �\�� �j�Z�a�u����
�a�g�Z�y�� �\�_�e�b�q�b�g�m�� �h�k�_�c���� �w�e�e�b�i�k�u��
�k�l�j�h�y�l�k�y���a�Z���i�Z�j�m���©�d�e�b�d�h�\�ª���k���b�k��
�i�h�e�v�a�h�\�Z�g�b�_�f�� �d�h�f�Z�g�^�u�� �j�b�k�h�\�Z��
�g�b�y���©�W�e�e�b�i�k�ª�����<�u�i�h�e�g�y�y���j�_�r�_��
�g�b�_�� �a�Z�^�Z�q�b�� �\�j�m�q�g�m�x���� �d�Z�`�^�u�c��
�w�e�e�b�i�k�� �k�l�j�h�b�f�� �i�h�� �^�\�_�g�Z�^�p�Z�l�b��
�l�h�q�d�Z�f. �A�Z�\�_�j�r�Z�x�s�b�f�� �w�l�Z�i�h�f��
�j�_�r�_�g�b�y�� �a�Z�^�Z�q�b�� �y�\�e�y�_�l�k�y�� �h�i�j�_��
�^�_�e�_�g�b�_�� �\�b�^�b�f�h�k�l�b�� �e�b�g�b�c�� �i�_��
�j�_�k�_�q�_�g�b�y���� �Z�� �l�Z�d�`�_�� �\�b�^�b�f�h�k�l�b��
�^�Z�g�g�u�o�� �i�h�\�_�j�o�g�h�k�l�_�c�� �h�l�g�h�k�b��
�l�_�e�v�g�h���^�j�m�]���^�j�m�]�Z���� 
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�F�:�L�?�J�B�:�E�H�<���<�H�E�G�H�<�H�>�G�U�F���K�I�H�K�H�;�H�F 
 

�=�� �=�����;�?�E�Y�<�K�D�B�C�����>�� �<�� �D�:�I�B�L�M�E�B�G 
�G�Z�m�q�g�u�c���j�m�d�h�\�h�^�b�l�_�e�v���<�� �B�����;�H�J�B�K�H�<�����^-�j���n�b�a��-�f�Z�l�����g�Z�m�d�����i�j�h�n�� 

�;�?�E�H�J�M�K�K�D�H-�J�H�K�K�B�C�K�D�B�C���M�G�B�<�?�J�K�B�L�?�L 
 
�>�b�w�e�_�d�l�j�b�q�_�k�d�Z�y�� �i�j�h�g�b�p�Z�_�f�h�k�l�v�� �f�Z�l�_�j�b�Z�e�h�\�� �y�\�e�y�_�l�k�y�� �h�^�g�b�f�� �b�a�� �\�Z�`��

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

�i�h�d�Z�a�Z�l�_�e�y���i�j�_�e�h�f�e�_�g�b�y���\�h�e�g�h�\�h�^�g�h�c���f�h�^�u���k�e�h�b�k�l�h�]�h���^�b�w�e�_�d�l�j�b�d�Z���\���k�Z�g�l�b�f�_�l�j�h��
�\�h�c�� �h�[�e�Z�k�l�b�� �k�i�_�d�l�j�Z: 1 �± �K�<�Q-�]�_�g�_�j�Z�l�h�j�� �=��-109; 2 �± �h�l�j�_�a�h�d�� �i�h�e�h�]�h�� �f�_�l�Z�e�e�b�q�_��
�k�d�h�]�h�� �K�<�Q-�\�h�e�g�h�\�h�^�Z���� �����± �d�h�g�l�j�h�e�b�j�m�_�f�u�c�� �h�[�j�Z�a�_�p�� �k�e�h�b�k�l�h�]�h�� �^�b�w�e�_�d�l�j�b�d�Z����         
4 �± �f�_�l�Z�e�e�b�q�_�k�d�h�_�� �a�_�j�d�Z�e�h���� �����± �k�l�h�y�q�Z�y�� �\�h�e�g�Z���� �����± �i�h�e�m�i�j�h�\�h�^�g�b�d�h�\�u�c�� �Z�g�l�_�g�g�Z-
�a�h�g�^���������± �h�^�g�h�d�h�h�j�^�b�g�Z�l�g�u�c���k�d�Z�g�_�j���������± �d�h�f�i�v�x�l�_�j���������± �p�b�n�j�h�\�h�c���h�k�p�b�e�e�h�]�j�Z�n 

 

�K�<�Q-�b�a�e�m�q�_�g�b�_���]�_�g�_�j�Z�l�h�j�Z���=��-�������� ���������k�� �\�u�o�h�^�g�h�]�h�� �h�l�j�_�a�d�Z���f�_�l�Z�e�e�b�q�_��
�k�d�h�]�h���i�j�y�f�h�m�]�h�e�v�g�h�]�h���\�h�e�g�h�\�h�^�Z�������\�\�h�^�b�l�k�y���\�h���\�o�h�^�g�h�c���l�h�j�_�p���d�h�g�l�j�h�e�b�j�m��
�_�f�h�]�h�� �k�e�h�b�k�l�h�]�h�� �^�b�w�e�_�d�l�j�b�q�_�k�d�h�]�h�� �h�[�j�Z�a�p�Z�� ������ �d�h�l�h�j�u�c�� �b�]�j�Z�_�l�� �j�h�e�v�� �^�b�w�e�_�d��
�l�j�b�q�_�k�d�h�]�h���\�h�e�g�h�\�h�^�Z�����B�a�e�m�q�_�g�b�_���j�Z�k�i�j�h�k�l�j�Z�g�y�_�l�k�y���i�h���k�e�h�b�k�l�h�f�m���h�[�j�Z�a�p�m���\��
�\�b�^�_�� �\�h�e�g�h�\�h�^�g�h�c�� �f�h�^�u���� �<�i�j�b�l�u�d�� �d�� �\�u�o�h�^�g�h�f�m�� �l�h�j�p�m�� �d�h�g�l�j�h�e�b�j�m�_�f�h�]�h��
�k�e�h�y�� �m�k�l�Z�g�h�\�e�_�g�h�� �f�_�l�Z�e�e�b�q�_�k�d�h�_�� �a�_�j�d�Z�e�h�� ������ �h�l�j�Z�`�Z�x�s�_�_�� �K�<�Q-�b�a�e�m�q�_�g�b�_�� �\��
�h�[�j�Z�l�g�h�f���g�Z�i�j�Z�\�e�_�g�b�b�����<���j�_�a�m�e�v�l�Z�l�_���b�g�l�_�j�n�_�j�_�g�p�b�b���i�j�y�f�h�]�h���b���h�l�j�Z�`�_�g�g�h��
�]�h�� �b�a�e�m�q�_�g�b�y�� �\�� �d�h�g�l�j�h�e�b�j�m�_�f�h�f�� �k�e�h�_ �m�k�l�Z�g�Z�\�e�b�\�Z�_�l�k�y�� �k�l�h�y�q�Z�y�� �\�h�e�g�Z�� ������ �i�_��
�j�b�h�^���d�h�l�h�j�h�c���h�i�j�_�^�_�e�y�_�l�k�y���^�e�b�g�h�c���\�h�e�g�u���b�k�i�h�e�v�a�m�_�f�h�]�h���b�a�e�m�q�_�g�b�y���\���f�Z�l�_��
�j�b�Z�e�_�� �k�e�h�y���� �L�Z�d�� �d�Z�d�� �b�a�e�m�q�_�g�b�_�� �\�� �^�b�w�e�_�d�l�j�b�q�_�k�d�h�f�� �k�e�h�_�� �j�Z�k�i�j�h�k�l�j�Z�g�y�_�l�k�y�� �\��
�\�b�^�_���g�_�h�^�g�h�j�h�^�g�u�o���\�h�e�g�����l�h���h�g�h���q�Z�k�l�b�q�g�h���\�u�o�h�^�b�l���b�a���k�e�h�y���\���h�d�j�m�`�Z�x�s�m�x��
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�K �J�?�:�E�B�A�:�P�B�?�C �G�: �;�:�A�? �I�:�D�?�L�: SCILAB 
 

�=�� �X�����X�J�Q�?�G�D�H 
�G�Z�m�q�g�u�_���j�m�d�h�\�h�^�b�l�_�e�b���:�����B�����Y�D�B�F�H�<�����d�Z�g�^�����l�_�o�g�����g�Z�m�d�����^�h�p���� 

�?�����:�����Y�D�B�F�H�<�����d�Z�g�^�����l�_�o�g�����g�Z�m�d 
�;�?�E�H�J�M�K�K�D�H-�J�H�K�K�B�C�K�D�B�C���M�G�B�<�?�J�K�B�L�?�L 

 
�H�k�g�h�\�g�h�c�� �a�Z�^�Z�q�_�c�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �y�\�e�y�_�l�k�y�� �j�_�Z�e�b�a�Z�p�b�y�� �[�Z�a�h�\�h�]�h�� �f�_�l�h�^�Z��

�k�b�g�]�m�e�y�j�g�h�]�h�� �k�i�_�d�l�j�Z�e�v�g�h�]�h�� �Z�g�Z�e�b�a�Z�� ���K�K�:���� �\�j�_�f�_�g�g�u�o�� �j�y�^�h�\�� �\�� �i�Z�d�_�l�_��
�6�F�L�O�D�E�����L�Z�d�Z�y���j�_�Z�e�b�a�Z�p�b�y���K�K�:���i�h�a�\�h�e�b�l���b�k�k�e�_�^�h�\�Z�l�v���k�\�h�c�k�l�\�Z���k�Z�f�h�]�h���f�_�l�h�^�Z��
�Z�g�Z�e�b�a�Z�� �k�b�g�]�m�e�y�j�g�h�]�h�� �k�i�_�d�l�j�Z���� �Z�� �l�Z�d�`�_���i�j�h�\�h�^�b�l�v�� �\�_�j�b�n�b�d�Z�p�b�x�� �^�j�m�]�b�o��
�i�j�h�]�j�Z�f�f�g�u�o���j�_�Z�e�b�a�Z�p�b�c���K�K�:�� 

�W�l�Z�i�� �\�e�h�`�_�g�b�y�� �>���@���� �>�e�y�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �b�k�o�h�^�g�u�c��
�j�y�^�� )...,,,( 1-10 NgggG �  �f�h�`�_�l�� �[�u�l�v�� �a�Z�^�Z�g�� �i�h�� �b�a�\�_�k�l�g�u�f�� �n�m�g�d�p�b�y�f�� �e�b�[�h��
�h�i�j�_�^�_�e�_�g�� �j�_�a�m�e�v�l�Z�l�Z�f�b�� �n�m�g�d�p�b�h�g�b�j�h�\�Z�g�b�y�� �b�k�k�e�_�^�m�_�f�h�c�� �k�b�k�l�_�f�u���� �N�h�j�f�b��
�j�m�_�l�k�y�� �f�Z�l�j�b�p�Z���:���� �d�h�l�h�j�Z�y�� �i�h�� �i�j�Z�\�b�e�Z�f�� �i�h�k�l�j�h�_�g�b�y�� �y�\�e�y�_�l�k�y�� �]�Z�g�d�_�e�_�\�h�c����
�I�j�h�p�_�^�m�j�Z�� �\�e�h�`�_�g�b�y�� �y�\�e�y�_�l�k�y�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�_�f�� �b�k�o�h�^�g�h�]�h�� �h�^�g�h�f�_�j�g�h�]�h��
�j�y�^�Z��G �\�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v��L-�f�_�j�g�u�o�� �\�_�d�l�h�j�h�\���� �q�b�k�e�h�� �d�h�l�h�j�u�o�� �j�Z�\�g�h��

1+LK=N �� : 
T

i+Lii ggA ),,(= 21 ���� �} , Ki �d�d1 . (1) 
�I�j�h�]�j�Z�f�f�g�u�c���d�h�^���w�l�Z�i�Z���\�e�h�`�_�g�b�y���\���6�F�L�O�D�E�����O �k�h�h�l�\�_�l�k�l�\�m�_�l���f�Z�l�j�b�p�_���:, 

y �± �b�k�o�h�^�g�h�f�m���j�y�^�m��G, L �± �r�b�j�b�g�Z���h�d�g�Z����K �± �q�b�k�e�h���h�d�h�g���� 
X = zeros(L, K) 
    for i = 1 : K 
        X(:, i) = y(i : i + L - 1) 
    end. 
�I�h�e�m�q�_�g�g�u�_���\�_�d�l�h�j�Z���h�[�j�Z�a�m�x�l���l�j�Z�_�d�l�h�j�g�m�x���f�Z�l�j�b�p�m���> �@KAAA= ;;1 �}  �j�y��

�^�Z��G ���� �\�� �d�h�l�h�j�h�c�� 2��i+jij=ga ���� �l�� �_���� �f�Z�l�j�b�p�Z��A �b�f�_�_�l�� �h�^�b�g�Z�d�h�\�u�_�� �w�e�_�f�_�g�l�u�� �g�Z��

�^�b�Z�]�h�g�Z�e�b��i+j=const . 

�W�l�Z�i�� �k�b�g�]�m�e�y�j�g�h�]�h�� �j�Z�a�e�h�`�_�g�b�y���� �H�[�h�a�g�Z�q�b�f��LLRS TAA �u�•� �˜ ���� �F�Z�l�j�b�p�Z��
TAA�˜ �k�b�f�f�_�l�j�b�q�g�Z�y�� �b�� �g�_�h�l�j�b�p�Z�l�_�e�v�g�h���h�i�j�_�^�_�e�_�g�g�Z�y���� �Z�� �a�g�Z�q�b�l�� �_�_�� �k�h�[�k�l�\�_�g��

�g�u�_���q�b�k�e�Z�� �\�_�s�_�k�l�\�_�g�g�u���b���g�_�h�l�j�b�p�Z�l�_�e�v�g�u���� 
�I�j�h�]�j�Z�f�f�g�u�c���d�h�^���i�h�e�m�q�_�g�b�y���f�Z�l�j�b�p�u��S �\���6�F�L�O�D�E�� 
C = X * X' / K. 
�I�j�_�^�k�l�Z�\�e�_�g�g�u�_�� �\�� �\�b�^�_�� 01 �t�t�t L���� �!  �k�h�[�k�l�\�_�g�g�u�_�� �q�b�k�e�Z�� �g�Z�a�u�\�Z�x�l��

�k�b�g�]�m�e�y�j�g�u�f�b���a�g�Z�q�_�g�b�y�f�b���f�Z�l�j�b�p�u���:�����I�m�k�l�v��LU,,U �!1  �± �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_��
�b�f�� �h�j�l�h�g�h�j�f�b�j�h�\�Z�g�g�u�_�� �k�h�[�k�l�\�_�g�g�u�_�� �\�_�d�l�h�j�Z���� �;�m�^�_�f�� �g�Z�a�u�\�Z�l�v��

�^ �`0�!� kk|��maxp  �i�h�j�y�^�d�h�f���k�b�g�]�m�e�y�j�g�h�]�h���j�Z�a�e�h�`�_�g�b�y�����H�[�h�a�g�Z�q�b�f 
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IT-BASED INVESTIGATION OF THE SSA METHOD 

 
�=�� �X�����X�J�Q�?�G�D�H 

�G�Z�m�q�g�u�c���j�m�d�h�\�h�^�b�l�_�e�v���:�� �B�����Y�D�B�F�H�<�����d�Z�g�^�����l�_�o�g�����g�Z�m�d�����^�h�p�� 
�D�h�g�k�m�e�v�l�Z�g�l���?�����G�����F�?�E�V�G�B�D�H�<�: 

�;�?�E�H�J�M�K�K�D�H-�J�H�K�K�B�C�K�D�B�C���M�G�B�<�?�J�K�B�L�?�L 
 
The main task of this paper is to describe implementation of the basic SSA 

method in Scilab package for time series analysis. It will help both to study SSA 
details and verify other SSA implementations. 

Time series is an ordered sequence of values of a variable at equally spaced 
time intervals. 

Time series models are used to perform the following tasks: 
�± to obtain an understanding of the underlying forces and structure that pro-

duced the observed data; 
�± to fit a model and proceed to forecasting, monitoring or even feedback and 

feedforward control.  
Time Series Analysis is used for a number of applications: economic fore-

casting; sales forecasting; budgetary analysis; stock market analysis; yield projec-
tions. 

Singular spectrum analysis (SSA) is a nonparametric spectral estimation 
method. It combines elements of classical time series analysis, multivariate statis-
tics, multivariate geometry, dynamical systems and signal processing. 

The areas where SSA can be applied are very broad: climatology, marine 
science, geophysics, engineering, image processing, medicine, econometrics. 
Hence, different modifications of SSA have been proposed and different method-
ologies of SSA are used in practical applications such as trend extraction, perio-
dicity detection, seasonal adjustment, smoothing, and noise reduction. 

The main algorithm of basic SSA consists of four main steps: embedding, 
singular value decomposition (SVD), eigentriple grouping and diagonal averag-
ing. 

Scilab is a mathematical package and a high-level, numerically oriented 
programming language. The language provides an interpreted programming envi-
ronment, with matrices as the main data type. Scilab is an excellent tool for any-
one to solve optimization problems.  

Scilab is a free open source, cross-platform numerical computational pack-
age. Such combination of properties makes it very useful for beginning research-
ers. Besides, it adapts well �W�R���D���S�U�R�J�U�D�P�P�H�U�¶�V���W�D�V�N�V������ 
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�k�j�_�^�m�����q�l�h �i�h�a�\�h�e�y�_�l���b�a�f�_�j�b�l�v���i�_�j�b�h�^���k�l�h�y�q�_�c���\�h�e�g�u���\���k�e�h�_�����W�l�h���^�_�e�Z�_�l�k�y���k��
�i�h�f�h�s�v�x�� �Z�g�l�_�g�g�u-�a�h�g�^�Z�� ������ �i�j�_�^�k�l�Z�\�e�y�x�s�_�]�h�� �k�h�[�h�c�� �K�<�Q-�^�b�h�^���� �a�Z�d�j�_�i�e�_�g��
�g�u�c�� �d�h�g�k�h�e�v�g�h�� �g�Z�� �j�Z�a�j�Z�[�h�l�Z�g�g�h�f�� �h�^�g�h�d�h�h�j�^�b�g�Z�l�g�h�f�� �k�d�Z�g�_�j�_�� ������ �>�\�b�`�_�g�b�_��
�a�h�g�^�Z�� �h�k�m�s�_�k�l�\�e�y�_�l�k�y�� �k�� �i�h�f�h�s�v�x�� �r�Z�]�h�\�h�]�h�� �^�\�b�]�Z�l�_�e�y���� �m�i�j�Z�\�e�y�_�f�h�]�h�� �d�h�f��
�i�v�x�l�_�j�h�f���������W�e�_�d�l�j�b�q�_�k�d�b�c���k�b�]�g�Z�e���k���\�u�o�h�^�Z���Z�g�l�_�g�g�u-�a�h�g�^�Z���j�_�]�b�k�l�j�b�j�m�_�l�k�y��
�p�b�n�j�h�\�u�f���h�k�p�b�e�e�h�]�j�Z�n�h�f��GDS-71042 (9). 

�H�i�j�_�^�_�e�_�g�b�_�� �^�b�w�e�_�d�l�j�b�q�_�k�d�h�c�� �i�j�h�g�b�p�Z�_�f�h�k�l�b�� �i�j�h�\�h�^�y�l�k�y �k�e�_�^�m�x�s�b�f��
�h�[�j�Z�a�h�f�����G�Z���p�b�n�j�h�\�h�f���h�k�p�b�e�e�h�]�j�Z�n�_���a�Z�i�b�k�u�\�Z�_�l�k�y���d�Z�j�l�b�g�Z���k�l�h�y�q�_�c���\�h�e�g�u���\��
�d�h�g�l�j�h�e�b�j�m�_�f�h�f�� �h�[�j�Z�a�p�_, �i�h�� �d�h�l�h�j�h�c�� �h�i�j�_�^�_�e�y�_�l�k�y�� �_�_�� �i�_�j�b�h�^���� �d�h�l�h�j�u�c�� �\��
�^�\�Z�� �j�Z�a�Z�� �f�_�g�v�r�_�� �^�e�b�g�u�� �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�c�� �\�h�e�g�u���� �j�Z�k�i�j�h�k�l�j�Z�g�y�x�s�_�c�k�y�� �i�h��
�\�h�e�g�h�\�h�^�m�� ���\���� �I�h�� �a�g�Z�q�_�g�b�x�� �]�_�g�_�j�b�j�m�_�f�h�c�� �q�Z�k�l�h�l�u�� �K�<�Q-�b�a�e�m�q�_�g�b�y�� �b�e�b�� �i�h��
�i�_�j�b�h�^�m�� �k�l�h�y�q�_�c�� �\�h�e�g�u�� �\�� �\�h�a�^�m�o�_�� �h�i�j�_�^�_�e�y�_�l�k�y�� �^�e�b�g�Z�� �\�h�e�g�u�� �b�a�e�m�q�_�g�b�y�� �\��
�\�h�a�^�m�o�_����0.  

�<���j�_�a�m�e�v�l�Z�l�_���^�_�e�_�g�b�y���^�e�b�g�u���\�h�e�g�u���\���\�h�a�^�m�o�_����0 �d���^�e�b�g�_���\�h�e�g�u���\���\�h�e�g�h��
�\�h�^�_�� ���\���h�i�j�_�^�_�e�y�_�l�k�y�� �w�n�n�_�d�l�b�\�g�u�c�� �i�h�d�Z�a�Z�l�_�e�v�� �i�j�_�e�h�f�e�_�g�b�y�� �\�h�e�g�h�\�h�^�g�h�c��
�f�h�^�u��n�w�n���� �I�h�� �j�Z�k�k�q�b�l�Z�g�g�h�f�m�� �w�n�n�_�d�l�b�\�g�h�f�m�� �i�h�d�Z�a�Z�l�_�e�x�� �i�j�_�e�h�f�e�_�g�b�y�� �\�h�e��
�g�h�\�h�^�g�h�c���f�h�^�u��n�w�n �k���i�h�f�h�s�v�x���^�b�k�i�_�j�k�b�h�g�g�h�]�h���m�j�Z�\�g�_�g�b�y���^�e�y���h�^�g�h�k�e�h�c�g�h��
�]�h�� �^�b�w�e�_�d�l�j�b�q�_�k�d�h�]�h�� �\�h�e�g�h�\�h�^�Z�� �l�h�e�s�b�g�h�c��L �i�j�h�\�h�^�b�l�k�y�� �d�h�f�i�v�x�l�_�j�g�u�c��
�j�Z�k�q�_�l���^�b�w�e�_�d�l�j�b�q�_�k�d�h�c���i�j�h�g�b�p�Z�_�f�h�k�l�b���d�h�g�l�j�h�e�b�j�m�_�f�h�]�h���f�Z�l�_�j�b�Z�e�Z���>���@���� 
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�D���i�j�b�f�_�j�m�����g�Z���j�b�k. �����i�j�b�\�_�^�_�g�u���j�Z�k�i�j�_�^�_�e�_�g�b�y���b�g�l�_�g�k�b�\�g�h�k�l�b���k�l�h�y�q�_�c��
�\�h�e�g�u�� �\�� �\�h�a�^�m�o�_�� ���Z���� �b�� �\�� �^�b�w�e�_�d�l�j�b�q�_�k�d�h�f�� �\�h�e�g�h�\�h�^�_�� �i�j�y�f�h�m�]�h�e�v�g�h�]�h�� �k�_�q�_��
�g�b�y���b�a���n�l�h�j�h�i�e�Z�k�l�Z�����[�����^�e�y���^�e�b�g�u���\�h�e�g�u�������������k�f���� 

 

 
                    �Z�������������������������������������������������������������������������������������������������������������������������[ 
�J�b�k. 2. �J�Z�k�i�j�_�^�_�e�_�g�b�_�� �b�g�l�_�g�k�b�\�g�h�k�l�b�� �k�l�h�y�q�_�c�� �\�h�e�g�u�� �\�� �\�h�a�^�m�o�_�� ���Z���� �b�� �\�� �^�b��

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

�B�a���j�b�k. 2 �\�b�^�g�h�����q�l�h���i�_�j�b�h�^���k�l�h�y�q�_�c���\�h�e�g�u���\���\�h�e�g�h�\�h�^�_���f�_�g�v�r�_���q�_�f���\��
�\�h�a�^�m�o�_���� 

�I�j�h�\�_�^�_�g�g�u�_���b�a�f�_�j�_�g�b�y���g�Z���^�e�b�g�_���\�h�e�g�u�������������k�f���^�Z�e�b���k�e�_�^�m�x�s�b�_���a�g�Z��
�q�_�g�b�y�� �w�n�n�_�d�l�b�\�g�h�]�h�� �i�h�d�Z�a�Z�l�_�e�y�� �i�j�_�e�h�f�e�_�g�b�y�� �h�k�g�h�\�g�h�c�� �\�h�e�g�h�\�h�^�g�h�c�� �f�h�^�u��
n�w�n �b���^�b�w�e�_�d�l�j�b�q�_�k�d�h�c���i�j�h�g�b�p�Z�_�f�h�k�l�b���0���k�h�h�l�\�_�l�k�l�\�_�g�g�h�� 
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�������>�e�y���k�e�h�y���b�a���n�l�h�j�h�i�e�Z�k�l�Z���l�h�e�s�b�g�h�c�����������f�f����n�w�n = �����������������0���  1,222). 
�������>�e�y���k�e�h�y���b�a���h�j�]�k�l�_�d�e�Z���l�h�e�s�b�g�h�c�����������f�f����n�w�n = �����������������0���  1,175). 
�������>�e�y���k�e�h�y���b�a���w�[�h�g�b�l�Z���l�h�e�s�b�g�h�c�����������f�f����n�w�n = �����������������0���  1,145). 
�I�h�e�m�q�_�g�g�u�_���a�g�Z�q�_�g�b�y���^�b�w�e�_�d�l�j�b�q�_�k�d�h�c���i�j�h�g�b�p�Z�_�f�h�k�l�b���b�k�k�e�_�^�h�\�Z�g�g�u�o��

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

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

�<�� �w�d�k�i�_�j�b�f�_�g�l�Z�o�� �b�k�i�h�e�v�a�h�\�Z�e�b�k�v�� �h�[�j�Z�a�p�u�� �b�a�� �i�h�e�b�k�l�b�j�h�e�Z���� �h�j�]�Z�g�b�q�_��
�k�d�h�]�h���k�l�_�d�e�Z�����\�b�g�b�i�e�Z�k�l�Z�����n�l�h�j�h�i�e�Z�k�l�Z���b���h�d�h�g�g�h�]�h���k�l�_�d�e�Z���� 

�I�j�h�\�_�^�_�g�g�u�_�� �b�a�f�_�j�_�g�b�y �g�Z�� �q�Z�k�l�h�l�_�� ������ �=�=�p�� �^�Z�e�b�� �k�e�_�^�m�x�s�b�_�� �a�g�Z�q�_�g�b�y��
�w�n�n�_�d�l�b�\�g�h�]�h�� �i�h�d�Z�a�Z�l�_�e�y�� �i�j�_�e�h�f�e�_�g�b�y�� �h�k�g�h�\�g�h�c�� �\�h�e�g�h�\�h�^�g�h�c�� �f�h�^�u��n�w�n �b��
�^�b�w�e�_�d�l�j�b�q�_�k�d�h�c���i�j�h�g�b�p�Z�_�f�h�k�l�b���0���k�h�h�l�\�_�l�k�l�\�_�g�g�h�� 

�������>�e�y���k�e�h�y���b�a���h�j�]�k�l�_�d�e�Z���l�h�e�s�b�g�h�c�������������f�f����n�w�n = ���������������0���  1,869). 
�������>�e�y���k�e�h�y���b�a���\�b�g�b�i�e�Z�k�l�Z���l�h�e�s�b�g�h�c�����������f�f����n�w�n = ���������������0���  1,297). 
�������>�e�y���k�e�h�y���b�a���n�l�h�j�h�i�e�Z�k�l�Z���l�h�e�s�b�g�h�c�������f�f����n�w�n = ���������������0���  1,457). 
�������>�e�y���k�e�h�y���b�a���i�h�e�b�k�l�b�j�h�e�Z���l�h�e�s�b�g�h�c�������������f�f����n�w�n = �����������������0���  2,322). 
�K�j�Z�\�g�b�l�_�e�v�g�u�c�� �Z�g�Z�e�b�a�� �i�h�d�Z�a�u�\�Z�_�l���� �q�l�h�� �^�b�w�e�_�d�l�j�b�q�_�k�d�Z�y�� �i�j�h�g�b�p�Z�_��

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

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

 
�K�I�B�K�H�D���E�B�L�?�J�:�L�M�J�U 

 

1. �;�j�Z�g�^�l�����:�� �:�� �B�k�k�e�_�^�h�\�Z�g�b�_���^�b�w�e�_�d�l�j�b�d�h�\���g�Z���k�\�_�j�o�\�u�k�h�d�b�o���q�Z�k�l�h�l�Z�o �����:�� 
�:�����;�j�Z�g�^�l. �± �F�� : �N�b�a�f�Z�l�]�b�a�������������� �± ���������k�� 

2. �=�h�g�q�Z�j�_�g�d�h���� �:�� �F�� �<�\�_�^�_�g�b�_�� �\�� �b�g�l�_�]�j�Z�e�v�g�m�x���h�i�l�b�d�m�����:�� �F���� �=�h�g�q�Z�j�_�g�d�h����
�<�� �I�����J�_�^�v�d�h. �± �F�b�g�k�d �����G�Z�m�d�Z���b���l�_�o�g�b�d�Z�������������� �± ���������k�� 
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�M�>�D 621.791.763.2 
THE POSSIBILITY OF USING DUPLEX STAINLESS STEELS 

IN WELDING PRODUCTION 
 

�>. �G. �X�F�:�G�H�< 
�G�Z�m�q�g�u�c���j�m�d�h�\�h�^�b�l�_�e�v���:�����=�����E�M�I�:�Q�?�<�����d�Z�g�^�����l�_�o�g�����g�Z�m�d�����^�h�p�� 

�D�h�g�k�m�e�v�l�Z�g�l���=�����B�����K�<�B�>�B�G�K�D�:�Y 
�;�?�E�H�J�M�K�K�D�H-�J�H�K�K�B�C�K�D�B�C���M�G�B�<�?�J�K�B�L�?�L 

 
As the oil and gas industry moves further offshore into deeper waters, the 

need for stronger, lighter and more corrosion-resistant materials is more acute 
than ever. Today, the use of duplex stainless steels, has become commonplace for 
meeting such challenges. 

Ferritic-austenitic stainless steels also referred to as duplex stainless steels, 
combine many of the beneficial properties of ferritic and austenitic steels. Due to 
the high content of chromium and nitrogen, these steels offer good resistance to 
localised and uniform corrosion. The duplex micro-structure contributes to the 
high strength and high resistance to stress corrosion cracking. 

The characteristic properties of duplex steels are the following: very good 
resistance to uniform corrosion, very good resistance to pitting and crevice corro-
sion, high resistance to stress corrosion cracking and corrosion fatigue, high me-
chanical strength, good abrasion and erosion resistance, good fatigue resistance, 
high energy absorption, low thermal expansion. 

Despite the fact that duplex stainless steels have good weldability, there ex-
ist some difficulties, such as critical temperature ranges: with a long stay in those 
ranges steel loses corrosion and mechanical properties. Therefore, the welding of 
duplex steels should be carried out strictly in accordance with the welding tech-
nology. As a part of our research, we are trying to create the techniques of weld-
ing of duplex steels. At present we are studying the impact of various options of 
the protecting gas for Gas-shielded arc welding on the properties and structure of 
duplex steel. Various combinations of gases allow to obtain different properties. 

Besides when using different shielding gases during welding, the tempera-
ture changes and as a consequence it is possible to avoid staying of duplex steels 
in critical temperature ranges. The chemical composition of the gas may favora-
bly affect the structure of the duplex steel. Now, we are conducting experiments 
related to the protective gas and we hope to find out what protecting gas will be 
the best one for duplex stainless steels welding. 
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�M�>�D�������������������� 
�I�J�B�F�?�G�?�G�B�?���D�H�F�I�H�A�B�L�G�H�C���:�J�F�:�L�M�J�U���<���E�?�=�D�B�O���;�?�L�H�G�:�O 

 
�:�� �E�� �R�M�<�:�E�H�<�:�����:�� �K�����K�:�E�:�G�H�<�B�Q 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v �L�� �K�����K�:�F�H�E�U�=�H 
�;�?�E�H�J�M�K�D�H-�J�H�K�K�B�C�K�D�B�C���M�G�B�<�?�J�K�B�L�?�L 

 
�P�_�e�v�x�� �j�Z�[�h�l�u�� �y�\�e�y�_�l�k�y�� �b�k�k�e�_�^�h�\�Z�g�b�_�� �\�h�a�f�h�`�g�h�k�l�b�� �i�j�b�f�_�g�_�g�b�y�� �� �d�h�f��

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

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

�H�^�b�g�� �b�a�� �k�i�h�k�h�[�h�\�� �j�_�r�b�l�v�� �w�l�m�� �\�Z�`�g�m�x�� �k�l�j�h�b�l�_�e�v�g�m�x�� �a�Z�^�Z�q�m���± �j�Z�a�j�Z��
�[�h�l�d�Z���b���i�j�b�f�_�g�_�g�b�_���e�_�]�d�b�o���[�_�l�h�g�h�\���� �\���d�h�l�h�j�u�o���\�u�r�_���h�l�g�h�k�b�l�_�e�v�g�u�c�� �i�h�d�Z��
�a�Z�l�_�e�v���i�j�h�q�g�h�k�l�b���g�Z���_�^�b�g�b�p�m���i�e�h�l�g�h�k�l�b���i�h���k�j�Z�\�g�_�g�b�x���k���^�j�m�]�b�f�b�����k�l�Z�\�r�b�f�b��
�m�`�_���l�j�Z�^�b�p�b�h�g�g�u�f�b���l�y�`�_�e�u�f�b���[�_�l�h�g�Z�f�b�� 
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�g�h�]�h���b���e�_�]�d�h�\�h�]�h���l�j�Z�g�k�i�h�j�l�Z�����i�j�b�\�_�^�_�g�g�u�_���g�Z���j�b�k�������� 
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�J�Z�k�q�_�l���i�h���h�i�j�_�^�_�e�_�g�b�x���m�\�_�e�b�q�_�g�b�y���j�Z�k�o�h�^�h�\���g�Z���l�h�i�e�b�\�h���^�e�y���e�_�]�d�h�\�h�]�h��
�l�j�Z�g�k�i�h�j�l�Z�� �i�j�h�b�a�\�h�^�b�e�k�y�� �g�Z�� �h�k�g�h�\�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �Z�\�l�h�f�h�[�b�e�y�� �f�Z�j�d�b��Opel 
Zafira �k���h�[�t�_�f�h�f���^�\�b�]�Z�l�_�e�y�������������k�f3, �^�e�y���h�[�s�_�k�l�\�_�g�g�h�]�h���g�Z���h�k�g�h�\�_���o�Z�j�Z�d�l�_��
�j�b�k�l�b�d���F�:�A-�������K �\���i�j�h�[�d�_���b���\���g�h�j�f�Z�e�v�g�u�o���m�k�e�h�\�b�y�o���g�Z���i�j�h�l�y�`�_�g�b�b���m�q�Z�k�l��
�d�Z���^�e�b�g�h�c���\�������d�f�� 

�>�e�y���e�_�]�d�h�\�u�o���Z�\�l�h�f�h�[�b�e�_�c���h�[�s�_�_���m�\�_�e�b�q�_�g�b�_���a�Z�l�j�Z�l���g�Z���l�h�i�e�b�\�h���a�Z���i�_��
�j�b�h�^�� �j�_�f�h�g�l�Z�� �k�h�k�l�Z�\�b�e�h���[�h�e�_�_��13 �f �e�j�  ̂ �j���� �b�e�b�� ���������������� ���� �K�R�:��(�i�h�� �d�m�j�k�m��
�G�Z�p�[�Z�g�d�Z�� �g�Z���^�_�d�Z�[�j�v��2014 �]��). �A�Z�l�j�Z�l�u�� �Z�\�l�h�[�m�k�g�h�]�h�� �i�Z�j�d�Z�� �a�Z�� �\�j�_�f�y�� �d�Z�i�b��
�l�Z�e�v�g�h�]�h�� �j�_�f�h�g�l�Z�� �f�h�k�l�Z�� �i�h�� �i�j�h�k�i�_�d�l�m�� �R�f�b�^�l�Z�� �m�\�_�e�b�q�b�e�b�k�v�� �g�Z�� ������ �f�e�g �j����
�b�e�b������000 �����K�R�: (�i�h���d�m�j�k�m���G�Z�p�[�Z�g�d�Z���g�Z���^�_�d�Z�[�j�v��2014 �]��). 

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

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

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

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

�K�i�_�p�u�y�e�•�k�l�u�� �i�Z�� �i�h�q�u�j�d�m�� �f�h�]�m�p�v�� �Z�f�Z�e�v�� �m�i�w�†�g�_�g�Z�� �^�u�y�]�g�Z�k�l�Z�\�Z�p�v��
�g�_�†�j�h�a�u���� �Z�e�d�Z�]�Z�e�•�a�f���� �g�Z�j�d�Z�f�Z�g�•�x�����k�o�•�e�v�g�Z�k�p�v�� �^�Z�� �k�Z�f�Z�]�m�[�k�l�\�Z���� �•�k�l�w�j�u�x�� �•��
�g�Z�\�Z�l���k�m�o�h�l�u�� 

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

�L�Z�d�����g�Z�i�j�u�d�e�Z�^�����r�u�j�h�d�•���\�h�^�k�l�m�i���± �]�w�l�Z �i�j�u�d�f�_�l�Z���\�y�e�•�d�Z�c���i�Z�\�Z�]�•���^�Z���Z�^��
�j�Z�k�Z�l�Z���� �`�Z�^�Z�g�g�_�� �k�i�Z�^�Z�[�Z�p�p�Z���� �<�m�a�d�•���± �g�Z�Z�^�\�Z�j�h�l���� �p�•�� �Z�[�u�y�d�Z�\�Z�_�� �k�l�Z�†�e�_�g�g�_���� �p�•��
�Z�^�k�m�l�g�Z�k�p�v�� �i�Z�\�Z�]�•���� �A�� �•�g�r�Z�]�Z�� �[�h�d�m���� �\�m�a�d�•�� �\�h�^�k�l�m�i�� �q�Z�k�Z�f�� �^�Z�a�\�Z�e�y�x�p�v�� �k�Z�[�_��
�\�_�e�v�f�•���[�e�•�a�d�•�y���e�x�^�a�•�����y�d�•�y���g�Z���i�Z�^�k�\�y�^�h�f�u�f���m�a�j�h�†�g�•���†�`�h���^�Z�†�g�h���^�Z�d�Z�a�Z�e�•���Z�^�a�•�g��
�Z�^�g�Z�f�m���k�\�Z�x���i�Z�\�Z�]�m�� 

�R�u�j�h�d�Z�_�� �i�j�u�f�y�g�_�g�g�_�� �]�j�Z�n�Z�e�h�]�•�y�� �a�g�Z�c�r�e�Z�� �†�� �d�Z�k�f�•�q�g�Z�c�� �f�_�^�u�p�u�g�_����
�:�g�Z�e�•�a�� �a�Z�i�•�k�Z�†���� �a�j�h�[�e�_�g�u�o�� �d�Z�k�f�Z�g�Z�†�l�Z�f�•�� �\�Z�� �†�f�h�\�Z�o�� �Z�j�[�•�l�Z�e�v�g�u�o�� �d�Z�k�f�•�q�g�u�o��
�i�Z�e�z�l�Z�†���� �\�u�d�Z�j�u�k�l�h�†�\�Z�_�p�p�Z�� �k�i�_�p�u�y�e�•�k�l�Z�f�•�� �^�e�y�� �Z�p�w�g�d�•�� �n�m�g�d�p�u�y�g�Z�e�v�g�Z�]�Z��
�k�l�Z�g�m�� �p�w�g�l�j�Z�e�v�g�Z�c�� �g�_�j�\�h�\�Z�c�� �k�•�k�l�w�f�u�� �d�Z�k�f�Z�g�Z�†�l�Z�†���� �•�o�� �Z�^�Z�i�l�Z�p�u�c�g�u�o��
�a�^�h�e�v�g�Z�k�p�y�†���m���p�w�e�u�f�� 

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

�I�j�b�� �j�Z�k�q�_�l�_ �i�j�_�\�u�r�_�g�b�y�� �a�Z�l�j�Z�l�� �g�Z�� �w�d�h�e�h�]�b�x, �m�q�b�l�u�\�Z�e�b�k�v�� �l�Z�d�b�_�� �i�Z��
�j�Z�f�_�l�j�u�� �d�Z�d���� �h�[�t�_�f�� �^�\�b�`�_�g�b�y�� �l�j�Z�g�k�i�h�j�l�g�u�o�� �k�j�_�^�k�l�\�� �k�d�h�j�h�k�l�v�� �^�\�b�`�_�g�b�y��
�l�j�Z�g�k�i�h�j�l�g�h�]�h���i�h�l�h�d�Z�����^�e�b�g�Z���m�q�Z�k�l�d�Z�� �d�h�e�b�q�_�k�l�\�h���h�k�l�Z�g�h�\�h�d���l�j�Z�g�k�i�h�j�l�g�h�]�h��
�i�h�l�h�d�Z�����I�j�b���^�\�b�`�_�g�b�b���Z�\�l�h�[�m�k�g�h�]�h���l�j�Z�g�k�i�h�j�l�Z���k�h���k�d�h�j�h�k�l�v�x���������d�f���q���d�h�e�b��
�q�_�k�l�\�h �\�j�_�^�g�u�o�� �\�u�[�j�h�k�h�\�� �k�g�b�`�Z�_�l�k�y�� �\�� ���±���� �j�Z�a�� �\�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �\�b�^�Z�� �a�Z��
�]�j�y�a�g�y�x�s�_�]�h���\�_�s�_�k�l�\�Z���i�h���k�j�Z�\�g�_�g�b�x���k�h���k�d�h�j�h�k�l�v�x�����k���d�h�l�h�j�h�c���Z�\�l�h�[�m�k���^�\�b��
�`�_�l�k�y�� �\�� �a�Z�l�h�j�_���� �Z�� �^�e�y�� �e�_�]�d�h�\�u�o�� �f�b�g�b�f�Z�e�v�g�u�c�� �j�Z�k�o�h�^�� �l�h�i�e�b�\�Z�� �g�Z�[�e�x�^�Z�_�l�k�y��
�i�j�b�� �k�d�h�j�h�k�l�b�� ������ �d�f���q���� �B�a-�a�Z�� �a�Z�l�h�j�Z�� �k�d�h�j�h�k�l�v�� �^�\�b�`�_�g�b�y�� �l�j�Z�g�k�i�h�j�l�g�u�o��
�k�j�_�^�k�l�\�� �i�h���^�Z�g�g�h�f�m�� �m�q�Z�k�l�d�m���g�_�� �i�j�_�\�u�r�Z�e�Z������ �d�f���q���� �<�\�b�^�m���q�_�]�h�� �d�h�e�b�q�_�k�l�\�h��
�\�u�[�j�Z�k�u�\�Z�_�f�u�o���\���Z�l�f�h�k�n�_�j�m���a�Z�]�j�y�a�g�y�x�s�b�o���\�_�s�_�k�l�\���a�g�Z�q�b�l�_�e�v�g�h���\�h�a�j�h�k�e�h����
�Z�� �a�g�Z�q�b�l, �\�h�a�j�h�k�e�b�� �b�� �w�d�h�g�h�f�b�q�_�k�d�b�_�� �a�Z�l�j�Z�l�u���� �W�d�h�e�h�]�b�q�_�k�d�b�c�� �m�s�_�j�[�� �k�h�k�l�Z��
�\�b�e���[�h�e�_�_��15 �f�e�j�  ̂ �j���� �b�e�b�� ��������900 ���� �K�R�: (�i�h�� �d�m�j�k�m�� �G�Z�p�[�Z�g�d�Z�� �g�Z���^�_�d�Z�[�j�v��
2014 �]��). 
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�j�u�_���\���^�_�g�_�`�g�h�f���w�d�\�b�\�Z�e�_�g�l�_���h�q�_�g�v���k�e�h�`�g�h�����D���g�b�f���f�h�`�g�h���h�l�g�_�k�l�b�����g�_�a�Z�i�e�Z��
�g�b�j�h�\�Z�g�g�u�c���j�_�f�h�g�l�� �l�j�Z�g�k�i�h�j�l�Z���� �\�h�a�j�Z�k�l�Z�g�b�_���j�b�k�d�Z���Z�\�l�h�f�h�[�b�e�v�g�u�o���Z�\�Z�j�b�c����
�d�h�l�h�j�u�_�� �f�h�]�m�l�� �i�h�\�e�_�q�v�� �a�Z�� �k�h�[�h�c�� �k�_�j�v�_�a�g�u�_�� �i�h�k�e�_�^�k�l�\�b�y���� �h�i�h�a�^�Z�g�b�_�� �k�h�l�g�b��
�e�x�^�_�c���g�Z���k�\�h�b���j�Z�[�h�q�b�_���f�_�k�l�Z�����k�h�a�^�Z�g�b�_���k�l�j�_�k�k�h�\�u�o���k�b�l�m�Z�p�b�c���d�Z�d���^�e�y���i�Z�k�k�Z��
�`�b�j�h�\���� �l�Z�d�� �b�� �^�e�y�� �\�h�^�b�l�_�e�_�c���� �i�j�_�\�u�r�_�g�b�_�� �g�Z�]�j�m�a�h�d���� �^�h�i�m�k�l�b�f�u�o�� �^�e�y�� �i�j�h��
�i�m�k�d�Z�� �l�j�Z�g�k�i�h�j�l�Z�� �b���� �d�Z�d�� �k�e�_�^�k�l�\�b�_���� �g�Z�j�m�r�_�g�b�_�� �_�]�h �g�_�k�m�s�_�c�� �k�i�h�k�h�[�g�h�k�l�b����
�q�l�h���\���������� �]. �i�j�b�\�_�e�h���d���g�_�h�[�o�h�^�b�f�h�k�l�b���Z�\�Z�j�b�c�g�h�]�h���j�_�f�h�g�l�Z���f�h�k�l�Z���i�h���I�m�r��
�d�b�g�k�d�h�f�m���i�j�h�k�i�_�d�l�m�� 
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�f�Z�r�b�g�u�� �\�� �p�_�e�h�f���� �h�i�j�_�^�_�e�_�g�b�_�� �i�h�l�j�_�[�g�h�k�l�b�� �\�u�i�h�e�g�_�g�b�y�� �d�h�g�l�j�h�e�v�g�h-
�j�_�]�m�e�b�j�h�\�h�q�g�u�o�� �b�� �j�_�f�h�g�l�g�u�o�� �h�i�_�j�Z�p�b�c�� �i�j�b�� �l�_�o�g�b�q�_�k�d�h�f�� �h�[�k�e�m�`�b�\�Z�g�b�b����
�i�h�b�k�d���^�_�n�_�d�l�h�\���b���d�h�g�l�j�h�e�v���d�Z�q�_�k�l�\�Z���j�_�f�h�g�l�Z�����k�[�h�j���b���h�[�j�Z�[�h�l�d�Z���b�g�n�h�j�f�Z�p�b�b��
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�f�Z�k�l�_�j�k�d�b�_�� �b�� �k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�u�_�� �i�h�k�l�u�� �L�H�� �h�k�g�Z�s�Z�x�l�k�y�� �k�j�_�^�k�l�\�Z�f�b�� �^�b�Z��
�]�g�h�k�l�b�d�b���� �K�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�h�_���^�b�Z�]�g�h�k�l�b�j�h�\�Z�g�b�_���i�j�h�\�h�^�b�l�k�y�� �g�Z���k�i�_�p�b�Z�e�b��
�a�b�j�h�\�Z�g�g�u�o�� �m�q�Z�k�l�d�Z�o�� �[�Z�a�� �f�_�o�Z�g�b�a�Z�p�b�b�� �b�e�b�� �k�� �i�h�f�h�s�v�x�� �i�_�j�_�^�\�b�`�g�u�o�� �^�b�Z��
�]�g�h�k�l�b�q�_�k�d�b�o���m�k�l�Z�g�h�\�h�d�� 

�K�l�_�g�^�� �^�e�y�� �^�b�Z�]�g�h�k�l�b�j�h�\�Z�g�b�y�� �:�D�I�I�� �� �\�u�i�h�e�g�_�g�� �\�� �l�j�_�o�m�j�h�\�g�_�\�h�c�� �f�b�d��
�j�h�i�j�h�p�_�k�k�h�j�g�h�c�� �Z�j�o�b�l�_�d�l�m�j�_�� �i�h�k�l�j�h�_�g�b�y�� �b�� �k�h�^�_�j�`�b�l�� �\�_�j�o�g�b�c�� �m�j�h�\�_�g�v���± 
�[�e�h�d���������k�j�_�^�g�b�c���m�j�h�\�_�g�v���± �[�e�h�d�������b���g�b�`�g�b�c���m�j�h�\�_�g�v���± �[�e�h�d���������<�_�j�o�g�b�c���m�j�h��
�\�_�g�v���[�e�h�d�������\�u�i�h�e�g�_�g���\���\�b�^�_���i�j�h�f�u�r�e�_�g�g�h�c���W�<�F�����k�j�_�^�g�b�c���m�j�h�\�_�g�v���[�e�h�d������
�\�u�i�h�e�g�_�g�� �\�� �\�b�^�_ �f�b�d�j�h�i�j�h�p�_�k�k�h�j�g�h�]�h�� �d�h�g�l�j�h�e�e�_�j�Z�� �[�e�h�d�Z�� �h�[�j�Z�[�h�l�d�b�� �b�g��
�n�h�j�f�Z�p�b�b�� �;�H�B�� �:�D�I�I���� �Z�� �g�b�`�g�b�c�� �m�j�h�\�_�g�v�� �[�e�h�d�� ���� �\�u�i�h�e�g�_�g�� �\�� �\�b�^�_�� �m�k�l�j�h�c��
�k�l�\�Z�� �d�h�g�l�j�h�e�y�� �i�Z�j�Z�f�_�l�j�h�\ �M�D�I�� �:�D�I�I���� �<�u�k�h�d�h�k�d�h�j�h�k�l�g�h�c�� �&�$�1-�l�j�Z�g�k�b�\�_�j��
�h�[�_�k�i�_�q�b�\�Z�_�l���b�g�l�_�j�n�_�c�k���f�_�`�^�m���&�$�1-�i�j�h�l�h�d�h�e�h�f���f�b�d�j�h�i�j�h�p�_�k�k�h�j�g�h�]�h���d�h�g��
�l�j�h�e�e�_�j�Z���b���n�b�a�b�q�_�k�d�h�c���r�b�g�h�c���b���i�j�_�^�g�Z�a�g�Z�q�_�g���^�e�y���f�_�`�m�j�h�\�g�_�]�h���h�[�f�_�g�Z���b�g��
�n�h�j�f�Z�p�b�_�c�� 

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

�K�l�_�g�^�� �k�� �f�b�d�j�h�i�j�h�p�_�k�k�h�j�g�h�c�� �k�b�k�l�_�f�h�c�� �m�i�j�Z�\�e�_�g�b�y�� ���F�I�K�M���� �^�e�y�� �^�b�Z��
�]�g�h�k�l�b�d�b�� �w�e�_�d�l�j�h�h�[�h�j�m�^�h�\�Z�g�b�y�� �:�D�I�I�� �i�h�a�\�h�e�b�l�� �j�Z�k�r�b�j�b�l�v�� �� �n�m�g�d�p�b�h�g�Z�e�v��
�g�u�o���\�h�a�f�h�`�g�h�k�l�_�c�����a�Z���k�q�_�l�����m�\�_�e�b�q�_�g�b�y���d�h�e�b�q�_�k�l�\�Z���^�b�Z�]�g�h�k�l�b�j�m�_�f�u�o���i�Z�j�Z��
�f�_�l�j�h�\���:�D�I�I���l�j�Z�g�k�i�h�j�l�g�h�]�h���k�j�_�^�k�l�\�Z�����\�h�a�f�h�`�g�h�k�l�v���_�]�h���b�k�i�h�e�v�a�h�\�Z�g�b�y���^�e�y��
�^�b�Z�]�g�h�k�l�b�j�h�\�Z�g�b�y�� �:�D�I�I�� �l�j�Z�g�k�i�h�j�l�g�h�]�h�� �k�j�_�^�k�l�\�Z���� �d�Z�d�� �\�� �k�l�Z�p�b�h�g�Z�j�g�u�o��
�m�k�e�h�\�b�y�o�����l�Z�d���b���\���i�j�h�p�_�k�k�_���_�]�h���w�d�k�i�e�m�Z�l�Z�p�b�b���i�h���k�l�Z�l�b�q�_�k�d�b�f���o�Z�j�Z�d�l�_�j�b�k�l�b��
�d�Z�f���b�a�f�_�j�y�_�f�u�o���i�Z�j�Z�f�_�l�j�h�\���� 
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�M�>�D 621.3 
�B�K�K�E�?�>�H�<�:�G�B�? �K�I�H�K�H�;�H�< �I�M�K�D�: �:�>  

�K �W�G�?�J�=�?�L�B�Q�?�K�D�H�C �L�H�Q�D�B �A�J�?�G�B�Y 
 

�>. �G. �R�:�F�D�H 
�G�Z�m�q�g�u�c���j�m�d�h�\�h�^�b�l�_�e�v���;�� �;�����K�D�:�J�U�G�H�����d�Z�g�^�����l�_�o�g�����g�Z�m�d�����^�h�p. 

�;�?�E�H�J�M�K�K�D�H-�J�H�K�K�B�C�K�D�B�C���M�G�B�<�?�J�K�B�L�?�L 
 
�J�_�`�b�f���i�m�k�d�Z���:�>���o�Z�j�Z�d�l�_�j�b�a�m�_�l�k�y���g�Z�e�b�q�b�_�f���\�u�g�m�`�^�_�g�g�h�c���b���k�\�h�[�h�^�g�h�c��

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

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

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

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

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

������ �i�m�k�d�� �k�� �i�e�Z�\�g�u�f�� �b�a�f�_�g�_�g�b�_�f�� �g�Z�i�j�y�`�_�g�b�y�� �g�Z�� �k�l�Z�l�h�j�_���:�>�� �a�Z�� �\�j�_�f�y��
�i�m�k�d�Z�����j�_�Z�e�b�a�m�_�l�k�y���\���©�f�y�]�d�b�o�ª���i�m�k�d�Z�l�_�e�y�o���� 

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

������ �i�m�k�d�� �k�� �i�e�Z�\�g�u�f�� �b�a�f�_�g�_�g�b�_�f�� �q�Z�k�l�h�l�u�� �i�b�l�Z�x�s�_�]�h�� �g�Z�i�j�y�`�_�g�b�y�� �a�Z��
�\�j�_�f�y���i�m�k�d�Z���:�>�����j�_�Z�e�b�a�m�_�l�k�y���\���k�b�k�l�_�f�Z�o���©�I�Q-�:�>�ª���� 

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

�B�k�k�e�_�^�h�\�Z�g�b�_���w�g�_�j�]�_�l�b�q�_�k�d�b�o���i�h�d�Z�a�Z�l�_�e�_�c�����k�m�f�f�Z�j�g�u�_���i�h�l�_�j�b���w�g�_�j�]�b�b��
�a�Z�� �\�j�_�f�y�� �i�m�k�d�Z�� �:�>���� �i�j�h�\�_�^�_�g�h�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �b�f�b�l�Z�p�b�h�g�g�h�]�h��
�f�h�^�_�e�b�j�h�\�Z�g�b�y���\���i�j�b�e�h�`�_�g�b�b��Simulink �f�Z�l�_�f�Z�l�b�q�_�k�d�h�]�h���i�Z�d�_�l�Z��Matlab. 

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

�I�j�b�� �^�_�l�_�j�f�b�g�b�j�h�\�Z�g�g�h�f�� �\�d�e�x�q�_�g�b�b�� �b�� �i�e�Z�\�g�h�f�� �a�Z�^�Z�g�b�b�� �q�Z�k�l�h�l�u��
�i�b�l�Z�x�s�_�]�h���g�Z�i�j�y�`�_�g�b�y���g�Z������������15 %. 
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�M�>�D 621.313.333 
THE STUDY OF START-UP MODES OF INDUCTION MOTORS 

 
�>�����G�����R�:�F�D�H 

�G�Z�m�q�g�u�c���j�m�d�h�\�h�^�b�l�_�e�v���;�����;�����K�D�:�J�U�G�H�����d�Z�g�^�����l�_�o�g�����g�Z�m�d�����^�h�p. 
�D�h�g�k�m�e�v�l�Z�g�l���=�����B�����K�<�B�>�B�G�K�D�:�Y 

�;�?�E�H�J�M�K�K�D�H-�J�H�K�K�B�C�K�D�B�C���M�G�B�<�?�J�K�B�L�?�L 
 
The essence of the study is to identify the most effective method of 

start-up of the induction motor from the point of view of energy losses during 
the transition process. For the studies the most frequently used methods were 
selected, such as:  

1) the direct start-up �± this method consists of a direct connection of the 
motor to the source voltage. 

2) the start-up with the step change of the supply voltage �± the method 
consists in switching connection of the stator winding of the induction motor 
from the star to the triangle. 

3) the start-up with a smooth change of the supply voltage �± this method 
is implemented by using a thyristor voltage regulator, through which we can 
specify the law of variation of the voltages and obtain the desired character 
of transient processes. 

4) the deterministic start-up �± for the realization of the deterministic 
start-up you need to implement the alternating connection between the motor 
phases power supply. 

5) the start-up with a smooth change of frequency of the supply voltage 
�± management of the supply frequency by using the frequency converter, 
which allows you to obtain smooth and controlled start-up. 

The study examines the impact on energy efficiency, not only of the 
chosen method of start-up, but also the influence of the parameters of the in-
duction motor, of the laws of change of the supply voltage, etc. Therefore 
motors of various power were chosen for the research. 

The whole study is performed by simulation modeling using software 
Matlab Simulink. This software allows us to obtain graphs of transient speed 
and torque, as well as a graph of energy losses. 

The feasibility of this study is  due to the global trends of reducing pow-
er consumption, improving production efficiency, reducing production prime 
costs.  The future depends on the energy efficient technology.  
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�=�B�>�J�:�<�E�B�Q�?�K�D�B�C���L�:�J�:�G���B���A�H�E�H�L�G�B�D�H�<�U�C 

�=�B�>�J�H�J�:�K�I�J�?�>�?�E�B�L�?�E�V 
 

�:�����<�����;�?�J�G�:�>�K�D�B�C 
�G�Z�m�q�g�u�c���j�m�d�h�\�h�^�b�l�_�e�v���I�����N�����D�H�L�B�D�H�<�����d�Z�g�^�����l�_�o�g�����g�Z�m�d�����^�h�p�� 

�;�?�E�H�J�M�K�K�D�H-�J�H�K�K�B�C�K�D�B�C���M�G�B�<�?�J�K�B�L�?�L 
 
�=�b�^�j�Z�\�e�b�q�_�k�d�b�_�� �k�b�k�l�_�f�u�� �i�j�b�f�_�g�y�x�l�k�y�� �\�� �i�j�h�f�u�r�e�_�g�g�h�k�l�b�� �b�� �\�� �k�_�e�v��

�k�d�h�f�� �o�h�a�y�c�k�l�\�_���� �G�Z�� �k�h�\�j�_�f�_�g�g�h�f�� �w�l�Z�i�_�� �k�l�Z�g�d�h�k�l�j�h�_�g�b�y�� �g�_�e�v�a�y�� �i�j�_�^�k�l�Z�\�b�l�v��
�]�b�^�j�h�k�b�k�l�_�f�m���� �d�h�l�h�j�Z�y���h�[�o�h�^�b�e�Z�k�v���[�u���[�_�a���a�h�e�h�l�g�b�d�h�\�h�]�h�� �]�b�^�j�h�j�Z�k�i�j�_�^�_�e�b��
�l�_�e�y�����A�h�e�h�l�g�b�d�h�\�u�c�� �]�b�^�j�h�j�Z�k�i�j�_�^�_�e�b�l�_�e�v ��  �j�Z�k�i�j�_�^�_�e�b�l�_�e�v���� �\�� �d�h�l�h�j�h�f�� �a�Z��
�i�h�j�g�h-�j�_�]�m�e�b�j�m�x�s�b�f�� �w�e�_�f�_�g�l�h�f�� �k�e�m�`�b�l �a�h�e�h�l�g�b�d���� �A�h�e�h�l�g�b�d �� �w�l�h�� �m�k�l�j�h�c��
�k�l�\�h���� �g�Z�i�j�Z�\�e�y�x�s�_�_�� �i�h�l�h�d�� �`�b�^�d�h�k�l�b�� �b�e�b�� �]�Z�a�Z�� �i�m�l�z�f�� �k�f�_�s�_�g�b�y�� �i�h�^�\�b�`�g�h�c��
�q�Z�k�l�b�� �h�l�g�h�k�b�l�_�e�v�g�h�� �h�d�h�g�� �\�� �i�h�\�_�j�o�g�h�k�l�b���� �i�h�� �d�h�l�h�j�h�c�� �h�g�Z�� �k�d�h�e�v�a�b�l���� �<�� �d�Z�q�_��
�k�l�\�_�� �a�h�e�h�l�g�b�d�Z�� �q�Z�s�_�� �\�k�_�]�h�� �\�u�k�l�m�i�Z�_�l �i�e�m�g�`�_�j �i�_�j�_�f�_�g�g�h�]�h�� �^�b�Z�f�_�l�j�Z�����<��
�i�j�h�k�l�_�c�r�_�f�� �k�e�m�q�Z�_ �a�h�e�h�l�g�b�d �f�h�`�_�l�� �a�Z�g�b�f�Z�l�v�� ���� �i�h�a�b�p�b�b���� �<�� �g�_�c�l�j�Z�e�v�g�h�f��
�i�h�e�h�`�_�g�b�b���� �i�h�d�Z�a�Z�g�g�h�f�� �g�Z �j�b�k. 1���� �d�Z�g�Z�e�u�� �j�Z�k�i�j�_�^�_�e�b�l�_�e�y�� �a�Z�i�_�j�l�u���� �b�� �`�b�^��
�d�h�k�l�v �g�_ �i�h�k�l�m�i�Z�_�l�� �h�l�� �g�Z�k�h�k�Z�� �g�b�� �\�� �h�^�g�m�� �b�a�� �i�h�e�h�k�l�_�c �]�b�^�j�h�p�b�e�b�g�^�j�Z �� �r�l�h�d��
�h�k�l�Z�z�l�k�y�� �\�� �i�h�d�h�_���� �I�j�b�� �k�f�_�s�_�g�b�b�� �a�h�e�h�l�g�b�d�Z�� �\�e�_�\�h���j�Z�[�h�q�Z�y�� �`�b�^�d�h�k�l�v �i�h�� �d�Z��
�g�Z�e�Z�f���\���d�h�j�i�m�k�_���j�Z�k�i�j�_�^�_�e�b�l�_�e�y���b���i�h���l�j�m�[�h�i�j�h�\�h�^�Z�f���i�h�k�l�m�i�Z�_�l���\���e�_�\�m�x���i�h��
�e�h�k�l�v�� �]�b�^�j�h�p�b�e�b�g�^�j�Z���� �b�� �r�l�h�d�� �\�u�^�\�b�]�Z�_�l�k�y���� �?�k�e�b�� �`�_�� �a�h�e�h�l�g�b�d �k�f�_�k�l�b�l�v��
�\�i�j�Z�\�h�� �h�l�� �g�_�c�l�j�Z�e�v�g�h�]�h�� �i�h�e�h�`�_�g�b�y���� �l�h�� �j�Z�[�h�q�Z�y�� �`�b�^�d�h�k�l�v�� �[�m�^�_�l�� �i�h�k�l�m�i�Z�l�v��
�m�`�_�� �\�� �i�j�Z�\�m�x�� �i�h�e�h�k�l�v�� �]�b�^�j�h�p�b�e�b�g�^�j�Z���� �Z�� �b�a�� �e�_�\�h�c�� �i�h�e�h�k�l�b�� �i�h�c�^�z�l�� �g�Z�� �k�e�b�\��
�\ �]�b�^�j�h�[�Z�d�����<���w�l�h�f���i�h�e�h�`�_�g�b�b���a�h�e�h�l�g�b�d�Z���r�l�h�d���\�^�\�b�]�Z�_�l�k�y�� 

 
�J�b�k. 1. �A�h�e�h�l�g�b�d�h�\�u�c���]�b�^�j�h�j�Z�k�i�j�_�^�_�e�b�l�_�e�v���\���g�_�c�l�j�Z�e�v�g�h�f���i�h�e�h�`�_�g�b�b 
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�G�Z�i�j�Z�\�e�_�g�b�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �^�Z�g�g�h�]�h�� �j�Z�k�i�j�_�^�_�e�b�l�_�e�y�� �i�h�a�\�h�e�y�_�l�� �m�k�d�h��
�j�b�l�v�� �i�j�h�p�_�k�k�� �j�Z�k�i�j�_�^�_�e�_�g�b�y�� �j�Z�[�h�q�b�o�� �`�b�^�d�h�k�l�_�c�� �\�� �j�Z�a�e�b�q�g�u�o�� �]�b�^�j�Z�\�e�b�q�_��
�k�d�b�o�� �k�b�k�l�_�f�Z�o���� �I�j�b�f�_�g�_�g�b�_�� �k�h�\�j�_�f�_�g�g�u�o�� �\�u�k�h�d�h�l�_�o�g�h�e�h�]�b�q�g�u�o�� �f�Z�l�_�j�b�Z��
�e�h�\���[�m�^�_�l���k�i�h�k�h�[�k�l�\�h�\�Z�l�v���f�b�g�b�f�Z�e�v�g�u�f���a�g�Z�q�_�g�b�y�f���k�b�e���l�j�_�g�b�y�� 

�>�h�k�l�h�b�g�k�l�\�Z���i�j�b�f�_�g�_�g�b�y�� 
�� �g�_�[�h�e�v�r�Z�y�� �f�Z�k�k�Z�� �j�Z�k�i�j�_�^�_�e�b�l�_�e�y���� �w�l�h�� �a�g�Z�q�b�l�_�e�v�g�h�� �m�f�_�g�v�r�Z�_�l�� �\�_�k��

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

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

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

�=�b�^�j�Z�\�e�b�q�_�k�d�b�c���l�Z�j�Z�g ���j�b�k. 2) �� �f�_�o�Z�g�b�q�_�k�d�h�_���m�k�l�j�h�c�k�l�\�h���^�e�y���i�h�^�t�z�f�Z��
�\�h�^�u�� �g�Z�� �a�g�Z�q�b�l�_�e�v�g�m�x�� ���^�h�� �g�_�k�d�h�e�v�d�b�o�� �^�_�k�y�l�d�h�\�� �f�_�l�j�h�\���� �\�u�k�h�l�m���� �W�g�_�j�]�b�x��
�^�e�y�� �j�Z�[�h�l�u�� �g�Z�k�h�k�� �i�h�e�m�q�Z�_�l�� �b�a�� �i�h�l�h�d�Z�� �\�h�^�u���� �i�_�j�_�l�_�d�Z�x�s�_�]�h�� �i�h�^�� �^�_�c�k�l�\�b�_�f��
�k�b�e�u�� �l�y�`�_�k�l�b�� �b�a�� �©�i�b�l�Z�x�s�_�]�h�ª�� �j�_�a�_�j�\�m�Z�j�Z�� ���g�Z�i�j�b�f�_�j���� �b�a�� �a�Z�i�j�m�^�u�� �g�Z�� �j�_�d�_����
�i�h���©�i�b�l�Z�x�s�_�c�ª���l�j�m�[�_���\���d�Z�d�h�c-�e�b�[�h���g�b�`�_�j�Z�k�i�h�e�h�`�_�g�g�u�c���k�l�h�d�����g�Z�i�j�b�f�_�j�����\��
�l�m���`�_���j�_�d�m���g�b�`�_���i�h���l�_�q�_�g�b�x�������[�e�Z�]�h�^�Z�j�y���q�_�f�m���m�k�l�j�h�c�k�l�\�h���f�h�`�g�h���i�j�b�f�_�g�y�l�v��
�\���f�_�k�l�g�h�k�l�b�����]�^�_���g�_�l���w�e�_�d�l�j�h�k�g�Z�[�`�_�g�b�y���b�e�b���^�j�m�]�b�o���b�k�l�h�q�g�b�d�h�\���w�g�_�j�]�b�b�� 

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

 
�J�b�k. 2. �K�o�_�f�Z�� �]�b�^�j�Z�\�e�b�q�_�k�d�h�]�h�� �l�Z�j�Z�g�Z���� �Z���� �i�b�l�Z�x�s�Z�y�� �l�j�m�[�Z���� �[���± �h�l�[�h�c�g�u�c��

�d�e�Z�i�Z�g�����\���± �\�h�a�\�j�Z�l�g�u�c���d�e�Z�i�Z�g�����]���± �\�h�a�^�m�r�g�u�c���d�h�e�i�Z�d�����^���± �h�l�\�h�^�y�s�Z�y���l�j�m�[�Z 
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�M�>�D�������������������� 
�K�D�H�J�J�?�D�L�B�J�H�<�:�G�G�:�Y���L�?�O�G�H�E�H�=�B�Y���I�J�H�B�A�<�H�>�K�L�<�:  

�<�H�E�H�D�G�B�K�L�U�O���H�L�O�H�>�H�<���<���L�H�I�E�B�<�G�U�?���;�J�B�D�?�L�U 
 

�<�� �<�����Q�?�J�G�Y�D�H�<�����:�� �K�����J�M�K�?�P�D�B�C�����:�� �:�����>�J�H�;�H�< 
�G�Z�m�q�g�u�c���j�m�d�h�\�h�^�b�l�_�e�v���:�� �F�����D�M�J�=�M�A�B�D�H�<�����d�Z�g�^�����l�_�o�g�����g�Z�m�d�����^�h�p�� 

�;�?�E�H�J�M�K�K�D�H-�J�H�K�K�B�C�K�D�B�C���M�G�B�<�?�J�K�B�L�?�L 
 
�?�s�_���g�_�k�d�h�e�v�d�h���e�_�l���g�Z�a�Z�^���\���[�h�e�v�r�b�g�k�l�\�_���k�e�m�q�Z�_�\���i�_�j�_�j�Z�[�h�l�d�Z���a�Z�d�e�x�q�Z��

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

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

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

 

 
 

�J�b�k. 1. �K�o�_�f�Z�� �\�Z�e�d�h�\�h�]�h�� �i�j�_�k�k�Z�� �k�� �i�h�^�i�j�_�k�k�h�\�s�b�d�h�f�� �^�e�y�� �]�j�Z�g�m�e: 1 �± �i�j�b�\�h�^��
�g�Z���[�Z�a�_���w�e�_�d�l�j�h�^�\�b�]�Z�l�_�e�y���������± �j�Z�f�Z���������± �i�h�^�\�b�`�g�u�c���\�Z�e�h�d���������±�r�g�_�d�h�\�u�c���i�h�^�i�j�_�k��
�k�h�\�p�b�d���������± �i�j�b�\�h�^���i�h�^�i�j�_�k�k�h�\�s�b�d�Z���������± �p�_�i�g�Z�y���i�_�j�_�^�Z�q�Z���������± �a�m�[�q�Z�l�Z�y���i�Z�j�Z 

 

�K�d�h�j�j�_�d�l�b�j�h�\�Z�g�g�Z�y�� �l�_�o�g�h�e�h�]�b�y�� �i�h�a�\�h�e�y�_�l�� �k�� �i�h�f�h�s�v�x�� �j�Z�a�j�Z�[�h�l�Z�g�g�h�]�h��
�h�[�h�j�m�^�h�\�Z�g�b�y�� �i�_�j�_�j�Z�[�Z�l�u�\�Z�l�v�� �g�Z�� �l�h�i�e�b�\�g�u�_�� �f�Z�l�_�j�b�Z�e�u�� �b�� �^�j�m�]�b�_�� �h�l�o�h�^�u���± 
�k�h�e�h�f�Z���a�e�Z�d�h�\�u�o���d�m�e�v�l�m�j�����e�b�k�l�v�y���^�_�j�_�\�v�_�\�����o�\�h�y���b���l�� �^�� 
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�M�>�D�������������������� 
�K�M�S�G�H�K�L�V���M�I �J�H�Q�G�Y�X�S�?�C���B�F�I�M�E�V�K�G�H-�M�>�:�J�G�H�C 

�I�G�?�<�F�H�<�B�;�J�H�>�B�G�:�F�B�Q�?�K�D�H�C���H�;�J�:�;�H�L�D�B�� 
�I�E�H�K�D�B�O���I�H�<�?�J�O�G�H�K�L�?�C 

 
�:�����:�����Q�?�;�H�< 

�G�Z�m�q�g�u�c���j�m�d�h�\�h�^�b�l�_�e�v���H�����:�����<�H�J�H�;�V�?�<�: 
�;�?�E�H�J�M�K�K�D�H-�J�H�K�K�B�C�K�D�B�C���M�G�B�<�?�J�K�B�L�?�L 

 
�<�� �h�k�g�h�\�_�� �k�i�h�k�h�[�Z�� �m�i�j�h�q�g�y�x�s�_�c�� �b�f�i�m�e�v�k�g�h-�m�^�Z�j�g�h�c�� �i�g�_�\�f�h�\�b�[�j�h�^�b��

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

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

�<�� �j�Z�[�h�l�_�� �i�j�h�\�_�^�_�g�� �Z�g�Z�e�b�a�� �i�j�_�b�f�m�s�_�k�l�\�� �b�� �g�_�^�h�k�l�Z�l�d�h�\�� �k�m�s�_�k�l�\�m�x�s�b�o��
�f�_�l�h�^�h�\���h�p�_�g�d�b���m�j�h�\�g�y���d�h�g�d�m�j�_�g�l�h�k�i�h�k�h�[�g�h�k�l�b�����Z�g�Z�e�b�l�b�q�_�k�d�b�o�����f�h�^�_�e�v���J�h��
�a�_�g�[�_�j�]�Z���� �j�Z�k�q�_�l�� �b�g�l�_�]�j�Z�e�v�g�h�]�h�� �i�h�d�Z�a�Z�l�_�e�y�� �d�h�g�d�m�j�_�g�l�h�k�i�h�k�h�[�g�h�k�l�b���� �h�p�_�g�d�Z��
�d�h�g�d�m�j�_�g�l�h�k�i�h�k�h�[�g�h�k�l�b���g�Z���h�k�g�h�\�_���m�j�h�\�g�y���i�j�h�^�Z�`�����f�h�^�_�e�v���k���b�^�_�Z�e�v�g�h�c���l�h�q��
�d�h�c���� �f�_�l�h�^�b�d�Z�� �=�j�_�[�g�_�\�Z������ �]�j�Z�n�b�q�_�k�d�b�o�� ���f�Z�l�j�b�p�Z�� �;�D�=���� �f�h�^�_�e�v�� �©�I�j�b�\�e�_�d�Z��
�l�_�e�v�g�h�k�l�v���j�u�g�d�Z���± �i�j�_�b�f�m�s�_�k�l�\�Z �\�� �d�h�g�d�m�j�_�g�p�b�b�ª���� �i�h�k�l�j�h�_�g�b�_�� �d�Z�j�l�� �k�l�j�Z�l�_��
�]�b�q�_�k�d�b�o���]�j�m�i�i�����f�Z�l�j�b�p�Z���I�h�j�l�_�j�Z�����i�h�k�l�j�h�_�g�b�_���j�Z�^�Z�j�Z���d�h�g�d�m�j�_�g�l�h�k�i�h�k�h�[�g�h��
�k�l�b������ �>�e�y�� �i�h�e�m�q�_�g�b�y�� �d�h�f�i�e�_�d�k�g�h�c�� �h�p�_�g�d�b�� �k�e�_�^�m�_�l�� �b�k�i�h�e�v�a�h�\�Z�l�v�� �g�_�k�d�h�e�v�d�h��
�j�Z�a�e�b�q�g�u�o���f�_�l�h�^�h�\���b���i�h�e�m�q�b�l�v�� �g�Z�i�j�Z�\�e�_�g�b�y���i�h�b�k�d�Z���i�m�l�_�c�� �i�h�\�u�r�_�g�b�y�� �d�h�g��
�d�m�j�_�g�l�h�k�i�h�k�h�[�g�h�k�l�b���� �<�u�[�h�j�� �d�h�g�d�j�_�l�g�u�o�� �f�_�j�h�i�j�b�y�l�b�c�� �h�k�m�s�_�k�l�\�e�y�_�l�k�y�� �g�Z��
�h�k�g�h�\�_�� �h�i�l�b�f�Z�e�v�g�h�]�h�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �h�]�j�Z�g�b�q�_�g�g�u�o�� �^�_�g�_�`�g�u�o�� �k�j�_�^�k�l�\��
�i�j�_�^�i�j�b�y�l�b�y���� �h�[�_�k�i�_�q�b�\�Z�x�s�_�]�h�� �f�Z�d�k�b�f�Z�e�v�g�u�c�� �w�n�n�_�d�l�� �i�h�\�u�r�_�g�b�y�� �d�h�g�d�m��
�j�_�g�l�h�k�i�h�k�h�[�g�h�k�l�b�� �_�]�h�� �i�j�h�^�m�d�p�b�b���� �d�h�l�h�j�u�c�� �i�j�h�y�\�e�y�_�l�k�y�� �\�� �a�Z�\�h�_�\�Z�g�b�b���[�h�e�v��
�r�_�c �^�h�e�b���j�u�g�d�Z���b���i�h�\�u�r�_�g�b�b���w�n�n�_�d�l�b�\�g�h�k�l�b���_�]�h���^�_�y�l�_�e�v�g�h�k�l�b�� 
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�i�h�� �h�o�j�Z�g�_�� �h�d�j�m�`�Z�x�s�_�c�� �k�j�_�^�u���� �w�d�h�g�h�f�b�b�� �a�Z�l�j�Z�l���� �\�_�^�m�l�� �j�Z�a�j�Z�[�h�l�d�b�� �i�h�� �k�h��
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�[�Z�f�����o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f���b���m�k�e�h�\�b�y�f���j�Z�[�h�l�u���f�h�_�q�g�u�o���m�k�l�Z�g�h�\�h�d�����I�h�w�l�h�f�m���i�j�b��
�\�u�[�h�j�_�� �f�h�_�q�g�h�]�h�� �h�[�h�j�m�^�h�\�Z�g�b�y���^�e�y�� �d�h�g�d�j�_�l�g�h�c�� �Z�\�l�h�l�j�Z�g�k�i�h�j�l�g�h�c�� �h�j�]�Z�g�b��
�a�Z�p�b�b�� �k�l�h�b�l�� �\�h�i�j�h�k�� �h�i�j�_�^�_�e�_�g�b�y�� �g�Z�b�e�m�q�r�_�]�h���� �h�[�_�k�i�_�q�b�\�Z�x�s�_�]�h�� �l�j�_�[�m�_�f�h�_��
�d�Z�q�_�k�l�\�h�� �f�h�c�d�b�� �Z�\�l�h�f�h�[�b�e�y�� �i�j�b�� �j�Z�p�b�h�g�Z�e�v�g�h�f�� �b�k�i�h�e�v�a�h�\�Z�g�b�b�� �l�j�m�^�h�\�u�o����
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�Ki = Soi x�i k�w�ni, 
 

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

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

�G�Z���h�k�g�h�\�Z�g�b�b���f�_�l�h�^�b�d�b���k���b�k�i�h�e�v�a�h�\�Z�g�b�_�f���i�j�b�e�h�`�_�g�b�y��Excel �[�u�e���i�j�h��
�\�_�^�_�g���j�Z�k�q�_�l���d�h�f�i�e�_�d�k�g�h�]�h���i�h�d�Z�a�Z�l�_�e�y���k�l�h�b�f�h�k�l�b���^�e�y���i�Z�j�d�Z���e�_�]�d�h�\�u�o���Z�\�l�h��
�f�h�[�b�e�_�c�� �k�h�� �k�i�b�k�h�q�g�u�f�� �d�h�e�b�q�_�k�l�\�h�f�� �������� �_�^���� �b�� �k�j�_�^�g�_�k�m�l�h�q�g�u�f�� �i�j�h�[�_�]�h�f��
�������� �d�f�� �^�e�y�� �^�\�m�o�� �f�h�_�q�g�u�o�� �m�k�l�Z�g�h�\�h�d���� �k�l�j�m�c�g�h�c�� �b�� �s�_�l�h�q�g�h�c�� �>�e�y�� �k�l�j�m�c�g�h�c��
�f�h�_�q�g�h�c���m�k�l�Z�g�h�\�d�b���a�g�Z�q�_�g�b�_���d�h�f�i�e�_�d�k�g�h�]�h���i�h�d�Z�a�Z�l�_�e�y���k�l�h�b�f�h�k�l�b���k�h�k�l�Z�\�b�e�h��
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�^�_�g�g�h�]�h��SWOT-�Z�g�Z�e�b�a�Z�� �[�u�e�b�� �\�u�y�\�e�_�g�u�� �h�k�g�h�\�g�u�_�� �i�j�h�[�e�_�f�u�� �i�j�h�^�\�b�`�_�g�b�y��
�m�k�e�m�]���:�\�l�h�[�m�k�g�h�]�h���i�Z�j�d�Z���‹�������� 

�K�Z�f�u�f�b���Z�d�l�m�Z�e�v�g�u�f�b�� �i�j�h�[�e�_�f�Z�f�b�� �h�d�Z�a�Z�e�b�k�v�� �d�h�g�d�m�j�_�g�l�u���� �p�_�g�Z�� �b�� �k�h��
�d�j�Z�s�_�g�b�_���b�a�^�_�j�`�_�d���� 

�<���j�_�a�m�e�v�l�Z�l�_���[�u�e�b���i�j�_�^�e�h�`�_�g�u���g�Z�i�j�Z�\�e�_�g�b�y���k�h�\�_�j�r�_�g�k�l�\�h�\�Z�g�b�y���p�_�g�h��
�\�h�c�� �i�h�e�b�l�b�d�b�� �h�j�]�Z�g�b�a�Z�p�b�b���� �g�Z�i�j�Z�\�e�_�g�b�_�� �g�Z�� �a�Z�\�h�_�\�Z�g�b�_�� �e�b�^�_�j�k�l�\�Z�� �i�h�� �i�h�d�Z��
�a�Z�l�_�e�y�f�� �d�Z�q�_�k�l�\�Z���� �k�h�\�_�j�r�_�g�k�l�\�h�\�Z�g�b�_�� �k�l�j�m�d�l�m�j�u�� �k�_�[�_�k�l�h�b�f�h�k�l�b�� �m�k�e�m�]���� �Z�g�Z��
�e�b�a���p�_�g�h�\�h�c���w�e�Z�k�l�b�q�g�h�k�l�b�����h�[�h�k�g�h�\�Z�g�b�_���k�b�k�l�_�f�u���k�d�b�^�h�d���b���^�j�� 
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�G�:���Q�?�J�G�H�;�U�E�V�K�D�H�C���:�W�K 
 

�:�� �<�����L�J�?�L�V�Y�D�H�<�: 
�G�Z�m�q�g�u�_ �j�m�d�h�\�h�^�b�l�_�e�b �L�� �G�����:�=�?�?�<�:�����d�Z�g�^�����\�_�l�����g�Z�m�d�����^�h�p.; 

�H�� �I�����;�?�E�H�G�H�=�H�<�: 
�;�?�E�H�J�M�K�K�D�H-�J�H�K�K�B�C�K�D�B�C���M�G�B�<�?�J�K�B�L�?�L 

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

�k�d�h�c�� �:�W�K���� �W�l�h�� �[�u�e�Z�� �k�Z�f�Z�y�� �d�j�m�i�g�Z�y�� �l�_�o�g�h�]�_�g�g�Z�y�� �d�Z�l�Z�k�l�j�h�n�Z���� �i�j�b�\�_�^�r�Z�y�� �d��
�f�Z�k�r�l�Z�[�g�h�f�m�� �a�Z�]�j�y�a�g�_�g�b�x�� �l�_�j�j�b�l�h�j�b�c�� �d�h�j�h�l�d�h- �b�� �^�h�e�]�h�`�b�\�m�s�b�f�b�� �j�Z�^�b�h��
�g�m�d�e�b�^�Z�f�b���b���g�Z�g�_�k�r�Z�y���h�]�j�h�f�g�u�c���m�s�_�j�[���g�Z�r�_�c���j�_�k�i�m�[�e�b�d�_�����G�Z���l�_�j�j�b�l�h�j�b�b��
�F�h�]�b�e�_�\�k�d�h�c���h�[�e�Z�k�l�b���������j�Z�c�h�g�h�\���\���j�Z�a�g�h�c���k�l�_�i�_�g�b���[�u�e�b���a�Z�]�j�y�a�g�_�g�u���^�h�e�]�h��
�`�b�\�m�s�b�f�b���j�Z�^�b�h�g�m�d�e�b�^�Z�f�b��137�K�V���b��90�6�����H�[�s�Z�y���i�e�h�s�Z�^�v���a�Z�]�j�y�a�g�_�g�b�y��137�K�V���k��
�i�e�h�l�g�h�k�l�v�x�� �[�h�e�_�_�� ���������� �d�;�d���f2 ���[�h�e�_�_�� �������� �D�b���d�f2���� �k�h�k�l�Z�\�e�y�e�Z�� ������������ �d�f2 �b�e�b��
�l�j�_�l�v�y�� �q�Z�k�l�v�� �h�[�e�Z�k�l�b���� �A�Z�]�j�y�a�g�_�g�b�_�� �a�_�f�_�e�v��90�6�U�� �b�f�_�e�h�� �e�h�d�Z�e�v�g�u�c�� �o�Z�j�Z�d�l�_�j��
���f�_�g�_�_���� �����l�_�j�j�b�l�h�j�b�b�������I�e�h�l�g�h�k�l�v���a�Z�]�j�y�a�g�_�g�b�y�����\���h�k�g�h�\�g�h�f�����g�_���i�j�_�\�u�r�Z�e�Z��
�����������d�;�d���f2 (0�������D�b���d�f2). �K���g�Z�b�[�h�e�_�_���a�Z�]�j�y�a�g�_�g�g�u�o���l�_�j�j�b�l�h�j�b�c���h�[�e�Z�k�l�b���[�u�e�h��
�h�l�k�_�e�_�g�h�����������g�Z�k�_�e�_�g�g�u�o���i�m�g�d�l�Z���� 

�A�Z�� �i�h�k�e�_�Z�\�Z�j�b�c�g�u�_�� �]�h�^�u�� �i�j�h�b�a�h�r�_�e�� �h�^�b�g�� �i�_�j�b�h�^�� �i�h�e�m�j�Z�k�i�Z�^�Z�� �\�u�r�_��
�m�d�Z�a�Z�g�g�u�o���j�Z�^�b�h�g�m�d�e�b�^�h�\�����I�e�h�l�g�h�k�l�v���a�Z�]�j�y�a�g�_�g�b�y���i�h�q�\���m�f�_�g�v�r�b�e�Z�k�v���\���^�\�Z��
�j�Z�a�Z�� �i�e�h�s�Z�^�b���� �a�Z�]�j�y�a�g�_�g�g�u�_��137�K�V �k�h�d�j�Z�l�b�e�Z�k�v�� �\�� �������� �j�Z�a�Z�� �b�� �k�h�k�l�Z�\�e�y�x�l������ 
7,48 �d�f2 ���b�e�b��25,8 %). �B�a�� �h�[�s�_�c�� �i�e�h�s�Z�^�b���� �a�Z�]�j�y�a�g�z�g�g�h�c�� �j�Z�^�b�h�g�m�d�e�b�^�Z�f�b����
�g�Z�b�[�h�e�v�r�b�c���m�^�_�e�v�g�u�c���\�_�k�������� �������a�Z�g�b�f�Z�x�l���a�_�f�e�b�����]�^�_���i�e�h�l�g�h�k�l�v���a�Z�]�j�y�a�g�_��
�g�b�y��137�K�V�� �d�h�e�_�[�e�_�l�k�y�� �h�l�� �������� �^�h�� �������� �D�b���d�f2���� �A�_�f�e�b�� �k�� �a�Z�]�j�y�a�g�_�g�b�_�f�� �h�l�� �������� �^�h��  
�������D�b���d�f2 �k�h�k�l�Z�\�e�y�x�l���± 24,7 �������h�l���������^�h���������D�b���d�f2 �± 7,1 %.  

�<�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �\�� �a�h�g�_�� �j�Z�^�b�h�Z�d�l�b�\�g�h�]�h�� �a�Z�]�j�y�a�g�_�g�b�y�� �g�Z�o�h�^�b�l�k�y�� ��������
�g�Z�k�_�e�_�g�g�u�o���i�m�g�d�l�Z�����g���i���������]�^�_���i�j�h�`�b�\�Z�_�l���������������l�u�k�����q�_�e�h�\�_�d�����B�o���g�b�o�����\���a�h�g�_��
�i�h�k�e�_�^�m�x�s�_�]�h�� �h�l�k�_�e�_�g�b�y�� ���i�e�h�l�g�h�k�l�v�� �a�Z�]�j�y�a�g�_�g�b�y�� �i�h�q�\��137�K�V�� �h�l�� ������ �^�h          
�������D�b���d�f2�����h�k�l�Z�e�h�k�v���l�h�e�v�d�h���l�j�b���g�Z�k�_�e�_�g�g�u�o���i�m�g�d�l�Z�����\���a�h�g�_���k���i�j�Z�\�h�f���g�Z���h�l�k�_��
�e�_�g�b�_�� ���h�l�� �������� �^�h�� ������ �D�b���d�f2) �± ������ �g���i������ �\�� �a�h�g�_�� �i�j�h�`�b�\�Z�g�b�y�� �k�� �i�_�j�b�h�^�b�q�_�k�d�b�f��
�j�Z�^�b�Z�p�b�h�g�g�u�f���d�h�g�l�j�h�e�_�f�� ���h�l���������� �^�h�� �������� �D�b���d�f2) �± �������� �g���i�����I�h�� �k�j�Z�\�g�_�g�b�x�� �k��
���������� �].���� �\�� �k�\�y�a�b���k�� �_�k�l�_�k�l�\�_�g�g�u�f���j�Z�k�i�Z�^�h�f�� �j�Z�^�b�h�g�m�d�e�b�^�h�\���� �q�b�k�e�h�� �a�Z�]�j�y�a�g�_�g��
�g�u�o���g�Z�k�_�e�_�g�g�u�o���i�m�g�d�l�h�\�� �k�h�d�j�Z�l�b�e�h�k�v���\�� �����������j�Z�a�Z���� �q�b�k�e�h���`�b�l�_�e�_�c�� �\�� �g�b�o���± �\��
�������� �j�Z�a�Z���� �G�Z�� �l�_�j�j�b�l�h�j�b�b�� �;�h�[�j�m�c�k�d�h�]�h�� �b�� �D�j�m�]�e�y�g�k�d�h�]�h�� �j�Z�c�h�g�h�\�� �g�_�� �h�k�l�Z�e�h�k�v��
�©�]�j�y�a�g�u�o�ª���g�Z�k�_�e�_�g�g�u�o���i�m�g�d�l�h�\�� 

�J�Z�^�b�Z�p�b�h�g�g�Z�y�� �k�b�l�m�Z�p�b�y�� �g�Z�� �l�_�j�j�b�l�h�j�b�b�� �h�[�e�Z�k�l�b���\�� �i�h�k�e�_�^�g�b�_�� �]�h�^�u���k�l�Z��
�[�b�e�b�a�b�j�h�\�Z�e�Z�k�v�����A�Z�s�b�l�g�u�_���f�_�j�h�i�j�b�y�l�b�y�����i�j�h�\�h�^�b�f�u�_���\���k�_�e�v�k�d�h�f���o�h�a�y�c�k�l�\�_����
�i�h�a�\�h�e�b�e�b�� �k�\�_�k�l�b�� �d�� �f�b�g�b�f�m�f�m�� �i�j�h�b�a�\�h�^�k�l�\�h�� �i�j�h�^�m�d�p�b�b���� �g�_�� �h�l�\�_�q�Z�x�s�_�c��
�l�j�_�[�h�\�Z�g�b�y�f�� �j�Z�^�b�Z�p�b�h�g�g�h�c�� �[�_�a�h�i�Z�k�g�h�k�l�b�� �L�_�f�� �g�_�� �f�_�g�_�_���� �_�s�_�� �^�h�e�]�b�_�� �]�h�^�u��
�l�_�j�j�b�l�h�j�b�y���h�[�e�Z�k�l�b���[�m�^�_�l���h�k�l�Z�\�Z�l�v�k�y���a�Z�]�j�y�a�g�_�g�g�h�c���j�Z�^�b�h�g�m�d�e�b�^�Z�f�b�� 
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�:�D�P�B�C���G�:���N�H�G�>�H�<�H�F���J�U�G�D�? 
 

�F�� �<�����<�:�K�B�E�V�?�<�����F�� �<�����:�J�R�B�G�K�D�B�C�����L�� �<�����;�:�@�?�G�H�< 
�G�Z�m�q�g�u�c���j�m�d�h�\�h�^�b�l�_�e�v���B�� �:�����?�<�K�?�?�G�D�H�����d�Z�g�^�����l�_�o�g�����g�Z�m�d 

�;�?�E�H�J�M�K�K�D�H-�J�H�K�K�B�C�K�D�B�C���M�G�B�<�?�J�K�B�L�?�L 
 
�<���k�h�\�j�_�f�_�g�g�u�o���m�k�e�h�\�b�y�o���w�n�n�_�d�l�b�\�g�Z�y���j�Z�[�h�l�Z���g�Z���h�j�]�Z�g�b�a�h�\�Z�g�g�h�f���j�u�g��

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

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

�I�h�k�d�h�e�v�d�m�� �d�Z�q�_�k�l�\�h�� �i�j�h�]�g�h�a�Z�� �f�h�^�_�e�b�� �\�� �[�h�e�v�r�b�g�k�l�\�_�� �k�e�m�q�Z�_�\�� �a�Z�\�b�k�b�l��
�h�l���_�_���g�Z�k�l�j�h�c�d�b���i�h���\�o�h�^�g�u�f���^�Z�g�g�u�f�����o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���k�b�g�l�_�a�b�j�h�\�Z�g�g�h�]�h���b�g��
�k�l�j�m�f�_�g�l�Z�� �f�h�]�m�l�� �b�a�f�_�g�y�l�v�k�y�� �\�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �\�u�[�j�Z�g�g�h�c�� �g�Z�k�l�j�h�c�d�b���� �B�g��
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�P�H�Q�W�H�G�� �L�Q�� �W�K�H�� �D�F�F�R�X�Q�W�L�Q�J�� �V�\�V�W�H�P�� �R�I�� �W�K�H�� �Z�K�R�O�H�V�D�O�H�� �F�R�P�S�D�Q�\�� �³�1�R�N�V�W�H�N�V�´���� �7�K�H��
�F�R�P�S�D�Q�\�¶�V���E�D�O�D�Q�F�H���V�K�H�H�W���Z�L�W�K���L�W�V���D�Q�Q�H�[�H�V���I�R�U���W�K�H���O�D�V�W�������\�H�D�U�V���K�D�V���V�K�R�Z�Q���W�K�D�W���W�K�H��
economic indicators such as operating revenue and profit on sales tend to de-
�F�U�H�D�V�H�����0�R�U�H�R�Y�H�U�����V�D�O�H�V���S�U�R�I�L�W�D�E�L�O�L�W�\���R�I���V�R�P�H���L�W�H�P�V���G�H�F�O�L�Q�H�G�����$�F�F�R�U�G�L�Q�J�O�\�����³�1�Rk-
�V�W�H�N�V�´���Q�H�H�G�H�G���W�K�H���S�Uoduct portfolio and sales technique optimization. 

According to the results of ABC-analysis of the product portfolio based on 
the sales volume criterion textiles, flour, manufactured goods, machinery and 
equipment, as well as textile machinery are in the greatest demand. 

The results of ABC-analysis of the product portfolio based on the operating 
profit criterion have shown that some items, such as machinery and equipment, 
manufactured goods, textiles and textile machinery are the most profitable for the 
company. 

According to the results of combined ABC-analysis based on the sales vol-
ume and operating profit criterions textiles, manufactured goods, textile machin-
ery as well as machinery and equipment have become the absolute leaders and 
�F�D�Q���E�H���U�H�I�H�U�U�H�G���W�R���D�V���³�$�´���L�W�H�P���J�U�R�X�S�� 

�+�R�Z�H�Y�H�U�����V�R�P�H���R�I���W�K�H���L�W�H�P�V���F�R�X�O�G���E�H���H�[�F�O�X�G�H�G���I�U�R�P���W�K�H���F�R�P�S�D�Q�\�¶�V���S�U�R�G�X�F�W��
portfolio. For example, by excluding unprofitable items, such as grain, seeds and 
fodder for farm animals, the company could allocate the released funds for the 
purchase �R�I���P�R�U�H���S�U�R�I�L�W�D�E�O�H���L�W�H�P�V���I�U�R�P���W�K�H���J�U�R�X�S���³�$�´�� 

Moreover, after implementation of the trade margin management software 
�P�R�G�X�O�H�� �L�Q�� �W�K�H�� �F�R�P�S�D�Q�\�¶�V�� �D�F�W�L�Y�L�W�\���� �W�K�H�� �I�R�O�O�R�Z�L�Q�J�� �U�H�V�X�O�W�V�� �Z�H�U�H�� �R�E�W�D�L�Q�H�G���� �Z�K�H�Q��
concluding sales contracts, the company demonstrated their clients a new trade 
margin scale, which motivated some customers to purchase larger quantities of 
�W�K�H���F�R�P�S�D�Q�\�¶�V���L�W�H�P�V���Z�L�W�K���O�R�Z�H�U���W�U�D�G�H���P�D�U�J�L�Q�����$�V���D���U�H�V�X�O�W�����W�K�H���V�D�O�H�V���Y�R�O�X�P�H���D�Q�G��
profit have increased. 
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ABC Analysis is a valuable tool to enable companies dealing with strategic 
cost management to measure the current status for their products management 
�V�\�V�W�H�P���D�Q�G���O�R�R�N���I�R�U���W�K�H���³�O�R�Z���K�D�Q�J�L�Q�J���I�U�X�L�W�´�����W�K�H���V�L�P�S�O�H���F�K�D�Q�J�H�V���W�K�D�W���F�D�Q���\�L�H�O�G���W�K�H��
largest cost management benefits in the short-term and mid-term periods. 

The trade margin management task is solved by using the trade margin man-
agement model, its main purpose being sales promotion. This model is based on 
three margin definition approaches: permanent contribution margin approach, 
target profit approach and linear trade margin definition approach. 

The principle of permanent contribution margin approach is that the smallest 
item batch is sold with the maximal trade margin while the largest one is sold 
with the minimal trade margin. As a result, trade margin is calculated using the 
following formula: 

 

���� L
�Q�M�,

�T
L

�:�X�Q�c�W�n�?�X�W�I�P�;�®�T�c�_�d

�T
L

�:�X�Q�c�_�d�?�X�W�I�P�;�®�T�c�W�n

�T
, 

 

where TM �± trade margin, expressed in unit fraction; MIo �± marginal income; P �± 
batch of items, expressed in procurement cost; TSEL �± transportation and storage 
expenditure level, expressed in unit fraction; Pmin, Pmax �± minimal and maximal 
batch of items, expressed in monetary terms; TMmin, TMmax �± minimal and 
maximal trade margin, expressed in unit fraction. 

The principle of target profit approach is that the company determines the 
trade margin in each specific case. This is the main advantage of this approach. 
By reducing the size of item batch the firm obtains appropriate trade margin and 
discount. And trade margin is calculated using the following formula: 

 

�7�0��� �������������3�5�����Â�����)�&�/���������������7�6�(�/�����± 1, 
 

where FCL �± the fixed costs level per unit procurement cost; PR �± profitability, 
expressed in unit fraction; TSEL �± transportation and storage expenditure level, 
expressed in unit fraction. 

For calculation of trade margin by using the straight-line margin definition 
method one can apply the following formula: 
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The practical application of these methods depends on the specific character 
of a particular company performance and implies that the following condition is 
met �± trade margin should exceed the aggregate level of fixed costs and transpor-
tation and storage expenditure: 

 

TM > FCL + TSEL. 
 

Actually, due to the wide spread and development of computer technologies 
most companies keep accounting by using program �³���&�����(�Q�W�H�U�S�U�L�V�H�´�����V�R���W�K�H�U�H���K�D�V��
been designed the software product in the 1C development environment on the 
basis of these sales management method. This software product has been imple-
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The main indicators of business performance for commercial enterprises are 

sales profit and profitability. But sometimes such companies may experience 
problems associated with profit and revenue decline or selling some products at a 
loss. This fact leads to the relevance of the research. Thus, the primary goal of the 
research is to develop the best techniques for the product portfolio optimization 
and the trade margin management. 

The product portfolio optimization task is solved by using ABC method. 
ABC Analysis is a method of tiered inventory or product valuation that divides 
inventory/ products into categories based on cost per unit and quantity held in 
stock or turned over a period of time. 

ABC Analysis allows managers to segregate and manage the overall inven-
tory/products into three major groups in order to increase revenue and decrease 
costs. In terms of the Pareto Analysis, it separates the vital few from the trivial 
many. 

�³�$�´���F�D�W�H�J�R�U�\���L�W�H�P�V���J�H�Q�H�U�D�O�O�\���U�H�S�U�H�V�H�Q�W���D�S�S�U�R�[�L�P�D�W�H�O�\�������±20 % of an overall 
inventory by item, but represent 80% of value of an inventory. By paying close 
attention in real time to the optimization of these items in inventory, a great posi-
tive impact is possible with minimal increase in inventory management costs. 

�³�%�´���F�D�W�H�J�R�U�\���L�W�H�P�V���U�H�S�U�H�V�H�Q�W�������±35 % of inventory items by item type, and 
about 15% of the value. These items can generally be managed through period 
inventory and should be managed with a formal inventory system. 

�³�&�´�� �F�D�W�H�J�R�U�\�� �L�W�H�P�V represent 50 % of actual items but only 5 % of the in-
ventory value. Most organizations can afford a relatively relaxed inventory pro-
cess surrounding these items. A typically inventory policy for C-items consists of 
having only 1 unit on hand, and of reordering only when an actual purchase is 
made. This approach leads to stock-out situation after each purchase which can 
be an acceptable situation, as the C-items present both low demand and higher 
risk of excessive inventory costs. 

There are six basic steps to do ABC Analysis: 
1) identify the objective for the analysis and determine success criteria; 
2) collect data on the inventory under analysis; 
3) sort inventory in decreasing order of impact; 
4) calculate accumulated impact; 
5) divide inventory into buy classes; 
6) analyze classes and make appropriate decisions. 
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�m�f�_�g�v�r�Z�_�l�k�y�� �k�� �������«����� �̂h�� �������«�������� �f�f���� �I�h�\�_�j�o�g�h�k�l�g�u�c�� �k�e�h�c�� �b�f�_�_�l�� �f�_�g�_�_��
�g�Z�i�j�y�`�_�g�g�h�_�� �k�h�k�l�h�y�g�b�_���� �g�Z�i�j�y�`�_�g�b�_�� �\�� �i�h�\�_�j�o�g�h�k�l�g�h�f�� �k�e�h�_�� �f�_�g�v�r�_���� �q�_�f�� �\��
�k�e�h�_�����a�Z�e�_�]�Z�x�s�_�f���g�Z���]�e�m�[�b�g�_���������«���������f�f������ 

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

�:�g�Z�e�b�a���i�j�h�\�_�^�_�g�g�u�o���b�k�k�e�_�^�h�\�Z�g�b�c���i�h�a�\�h�e�y�_�l���k�^�_�e�Z�l�v���\�u�\�h�^���h���l�h�f�����q�l�h��
�h�i�l�b�f�Z�e�v�g�h�c���k�d�h�j�h�k�l�v�x���r�Z�j�b�d�Z���\���f�h�f�_�g�l���m�^�Z�j�Z���y�\�e�y�_�l�k�y���k�d�h�j�h�k�l�v���\���^�b�Z�i�Z��
�a�h�g�_���������±���������f���k�� 
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�M�>�D����������187 
�I�M�L�B���M�<�?�E�B�Q�?�G�B�Y���H�;�T�?�F�H�<���J�?�:�E�B�A�:�P�B�B���I�J�H�>�M�D�P�B�B�� 

�I�J�?�>�I�J�B�Y�L�B�Y�����G�:���I�J�B�F�?�J�?���L�I�Q�M�I���©�<�h�^�h�L�_�i�e�h�D�h�f�i�e�_�d�l�F�h�g�l�Z�`�ª�� 
 

�G�� �:�����=�:�E�?�G�D�H 
�G�Z�m�q�g�u�c���j�m�d�h�\�h�^�b�l�_�e�v���B�� �<�����D�J�B�<�?�G�D�H�<�: 

�;�?�E�H�J�M�K�K�D�H-�J�H�K�K�B�C�K�D�B�C���M�G�B�<�?�J�K�B�L�?�L 
 
�P�_�e�v�x�� �j�Z�[�h�l�u�� �y�\�e�y�_�l�k�y�� �n�h�j�f�b�j�h�\�Z�g�b�_�� �g�Z�i�j�Z�\�e�_�g�b�c�� �m�\�_�e�b�q�_�g�b�y�� �h�[�t�_��

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

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

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

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

�>�e�y�� �m�\�_�e�b�q�_�g�b�y�� �h�[�t�_�f�h�\�� �j�_�Z�e�b�a�Z�p�b�b�� �i�j�h�^�m�d�p�b�b�� �L�I�Q�M�I�� �©�<�h�^�h�L�_�i�e�h��
�D�h�f�i�e�_�d�l�F�h�g�l�Z�`�ª�� �i�j�_�^�e�Z�]�Z�_�l�k�y�� �i�j�h�^�Z�\�Z�l�v�� �h�l�^�_�e�v�g�u�_�� �\�b�^�u�� �i�j�h�^�m�d�p�b�b�� �\��
�j�Z�k�k�j�h�q�d�m���� �I�_�j�\�u�c���i�e�Z�l�_�`���[�m�^�_�l�� �\�g�h�k�b�l�v�k�y�� �k�j�Z�a�m���b�� �k�h�k�l�Z�\�b�l�� ���� ���� �h�l�� �k�l�h�b��
�f�h�k�l�b�� �h�[�h�j�m�^�h�\�Z�g�b�y���� �h�k�l�Z�e�v�g�m�x�� �k�m�f�f�m�� �f�h�`�g�h�� �\�u�i�e�Z�l�b�l�v�� �\�� �l�_�q�_�g�b�_��
�l�j�_�o �f�_�k�y�p�_�\�� 

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

�I�j�_�^�i�h�e�Z�]�Z�_�l�k�y���m�\�_�e�b�q�_�g�b�_���\�u�j�m�q�d�b���h�l���j�_�Z�e�b�a�Z�p�b�b���i�j�h�^�m�d�p�b�b���g�Z������ % 
�\���j�_�a�m�e�v�l�Z�l�_���i�j�_�^�h�k�l�Z�\�e�_�g�b�y���j�Z�k�k�j�h�q�d�b���i�h�d�m�i�Z�l�_�e�x�����L�h�]�^�Z�����i�j�b�j�h�k�l���\�u�j�m�q��
�d�b���h�l���j�_�Z�e�b�a�Z�p�b�b���k�h�k�l�Z�\�b�l������������ �f�e�g �j�� 

�J�_�g�l�Z�[�_�e�v�g�h�k�l�v���i�j�h�^�Z�`���\���������� �]. �k�h�k�l�Z�\�b�e�Z���������� %. 
�K�e�_�^�h�\�Z�l�_�e�v�g�h���� �^�h�i�h�e�g�b�l�_�e�v�g�u�c�� �h�[�t�_�f�� �i�j�b�[�u�e�b�� �h�l�� �j�_�Z�e�b�a�Z�p�b�b�� �k�h�k�l�Z��

�\�b�l 43,8 �f�e�g �j�� 
�B�k�o�h�^�y�� �b�a���l�h�]�h���� �q�l�h�� �i�j�h�^�m�d�p�b�y�� �a�Z�d�m�i�Z�_�l�k�y�� �\�� �_�\�j�h���� �Z�� �j�_�Z�e�b�a�m�_�l�k�y�� �a�Z���[�_��

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

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

�W�d�h�g�h�f�b�q�_�k�d�b�c�� �w�n�n�_�d�l�� �h�l�� �i�j�_�^�h�k�l�Z�\�e�_�g�b�y�� �j�Z�k�k�j�h�q�d�b�� �k�h�k�l�Z�\�b�l��
13,14 �f�e�g �j���� �K�e�_�^�h�\�Z�l�_�e�v�g�h���� �i�j�_�^�h�k�l�Z�\�e�_�g�b�_�� �j�Z�k�k�j�h�q�d�b�� �i�h�d�m�i�Z�l�_�e�y�f�� �i�j�b��
�m�k�e�h�\�b�b���m�\�_�e�b�q�_�g�b�y���h�[�t�_�f�Z���i�j�h�^�Z�`���g�Z������ �����i�j�b�g�_�k�_�l���i�h�e�h�`�b�l�_�e�v�g�u�c���w�d�h��
�g�h�f�b�q�_�k�d�b�c���w�n�n�_�d�l���\���j�Z�a�f�_�j�_������������ �f�e�g �j�����a�Z���]�h�^��  



 

48 

�M�>�D�������� 
�K�I�?�P�B�:�E�V�G�U�?���L�J�?�G�:�@�?�J�U�����I�H�<�U�R�:�X�S�B�? 

�W�N�N�?�D�L�B�<�G�H�K�L�V���L�J�?�G�B�J�H�<�H�D���<���:�J�F�J�?�K�L�E�B�G�=�? 
 

�:�� �<�����=�:�I�?�?�G�D�H 
�G�Z�m�q�g�u�c���j�m�d�h�\�h�^�b�l�_�e�v���<�����K�����I�H�I�J�H�P�D�B�C�����^�h�p. 
�;�?�E�H�J�M�K�K�D�H-�J�H�K�K�B�C�K�D�B�C���M�G�B�<�?�J�K�B�L�?�L 

 
�K�i�h�j�l�k�f�_�g�Z�f�����a�Z�g�b�f�Z�x�s�b�f�k�y���Z�j�f�j�_�k�l�e�b�g�]�h�f�����g�_�h�[�o�h�^�b�f�h���b�f�_�l�v���k�b�e�v��

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

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

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

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

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

�I�j�h�\�_�^�_�g�g�u�_���b�k�k�e�_�^�h�\�Z�g�b�y �f�_�l�h�^�b�d�b���\�u�i�h�e�g�_�g�b�y���q�_�j�l�_�`�_�c���^�_�l�Z�e�_�c���b��
�b�o���]�j�Z�n�b�q�_�k�d�h�_���i�h�k�l�j�h�_�g�b�_���k���b�k�i�h�e�v�a�h�\�Z�g�b�_�f���d�h�f�i�v�x�l�_�j�g�h�c���]�j�Z�n�b�d�b���\���k�b��
�k�l�_�f�_���D�h�f�i�Z�k-3D �n�h�j�f�b�j�m�x�l���m�f�_�g�b�y���j�_�r�Z�l�v���j�Z�a�e�b�q�g�u�_���]�_�h�f�_�l�j�b�q�_�k�d�b�_���a�Z��
�^�Z�q�b���i�j�Z�d�l�b�q�_�k�d�h�]�h���o�Z�j�Z�d�l�_�j�Z [1]. 
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�M�>�D���������������������������� 
�B�K�K�E�?�>�H�<�:�G�B�?���I�J�H�P�?�K�K�:���D�H�G�L�:�D�L�G�H�C���J�?�E�V�?�N�G�H�C���K�<�:�J�D�B��

�D�J�H�G�R�L�?�C�G�:���E�B�N�L�:���I�H���D�H�E�V�P�?�<�H�F�M���J�?�E�V�?�N�M 
 

�:�� �:�����K�L�?�I�:�G�H�< 
�G�Z�m�q�g�u�c���j�m�d�h�\�h�^�b�l�_�e�v���:�� �X�����I�H�E�Y�D�H�<, �d�Z�g�^�����l�_�o�g�����g�Z�m�d 

�;�?�E�H�J�M�K�K�D�H-�J�H�K�K�B�C�K�D�B�C���M�G�B�<�?�J�K�B�L�?�L 
 
�I�j�b�� �i�j�h�b�a�\�h�^�k�l�\�_�� �i�Z�k�k�Z�`�b�j�k�d�b�o�� �e�b�n�l�h�\�� �g�Z�� �H�:�H�� �©�F�h�]�b�e�_�\�k�d�b�c�� �a�Z�\�h�^��

�e�b�n�l�h�\�h�]�h�� �f�Z�r�b�g�h�k�l�j�h�_�g�b�y�ª�� �b�k�i�h�e�v�a�m�x�l�k�y�� �d�j�h�g�r�l�_�c�g�u���� �k�h�k�l�h�y�s�b�_�� �b�a��
�[�h�e�l�h�\�� �F�����î������ �b�� �d�j�m�]�e�u�o�� �i�e�Z�k�l�b�g�� �k�� �h�l�\�_�j�k�l�b�y�f�b���� �G�Z���a�Z�\�h�^�_�� �d�j�h�g�r�l�_�c�g�u��
�b�a�]�h�l�Z�\�e�b�\�Z�x�l���f�_�o�Z�g�b�a�b�j�h�\�Z�g�g�h�c���^�m�]�h�\�h�c���k�\�Z�j�d�h�c���\���K�H2.  

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

�F�u���i�j�_�^�e�h�`�b�e�b���a�Z�f�_�g�b�l�v���f�_�o�Z�g�b�a�b�j�h�\�Z�g�g�m�x���^�m�]�h�\�m�x���k�\�Z�j�d�m���\���K�H2 �g�Z��
�d�h�g�l�Z�d�l�g�m�x���j�_�e�v�_�n�g�m�x���k�\�Z�j�d�m�����D�J�K�����i�j�b���i�j�h�b�a�\�h�^�k�l�\�_���d�j�h�g�r�l�_�c�g�h�\�� 

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

�>�e�y���h�k�m�s�_�k�l�\�e�_�g�b�y���D�J�K���d�j�h�g�r�l�_�c�g�Z���b�k�i�h�e�v�a�h�\�Z�e�Z�k�v���f�Z�r�b�g�Z���l�h�q�_�q�g�h�c��
�k�\�Z�j�d�b�� �F�L�±���������� �b�� �i�e�h�k�d�b�_�� �w�e�_�d�l�j�h�^�u���� �K�\�Z�j�_�g�g�u�_�� �h�[�j�Z�a�p�u�� �b�k�i�u�l�u�\�Z�e�b�k�v��
�g�Z�� �i�j�h�^�Z�\�e�b�\�Z�g�b�_�� �r�e�y�i�d�b�� �[�h�e�l�Z�� �i�m�Z�g�k�h�g�h�f�� �\�� �f�Z�l�j�b�p�m���� �<�� �j�_�a�m�e�v�l�Z�l�_��
�i�j�h�q�g�h�k�l�g�u�o�� �b�k�i�u�l�Z�g�b�c�� �m�k�l�Z�g�h�\�b�e�b���� �q�l�h�� �f�b�g�b�f�Z�e�v�g�h�_�� �m�k�b�e�b�_�� �j�Z�a�j�m�r�_�g�b�y��
�h�[�j�Z�a�p�h�\�����k�\�Z�j�_�g�g�u�o���g�Z���[�Z�a�h�\�h�f���j�_�`�b�f�_�����k�h�k�l�Z�\�b�e�h���������������d�G���� 

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

�>�Z�e�_�_���i�j�b�f�_�g�b�e�b���k�b�k�l�_�f�m���Z�\�l�h�f�Z�l�b�q�_�k�d�h�]�h���m�i�j�Z�\�e�_�g�b�y���i�j�h�p�_�k�k�h�f���D�J�K��
�g�Z���[�Z�a�_���m�k�l�j�h�c�k�l�\�Z��NATIONAL  INSTRUMENTS �b���k�j�_�^�u��LABVIEW .  

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

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �[�u�e �j�Z�a�j�Z�[�h�l�Z�g�� �w�g�_�j�]�h�k�[�_�j�_�]�Z�x�s�b�c�� �j�_�`�b�f�� �D�J�K��
�d�j�h�g�r�l�_�c�g�Z�� �e�b�n�l�Z���� �i�h�a�\�h�e�y�x�s�b�c�� �i�j�b�� ����-�d�j�Z�l�g�h�f�� �m�f�_�g�v�r�_�g�b�b��
�w�e�_�d�l�j�h�w�g�_�j�]�b�b���� �i�h�l�j�_�[�e�y�_�f�h�c�� �d�h�g�l�Z�d�l�g�h�c�� �f�Z�r�b�g�h�c���� �h�[�_�k�i�_�q�b�l�v�� ���� % 
�i�j�h�q�g�h�k�l�v�� �k�h�_�^�b�g�_�g�b�y�� �\�� �k�j�Z�\�g�_�g�b�b�� �k�� �j�_�`�b�f�h�f�� �k�\�Z�j�d�b���� �j�_�d�h�f�_�g�^�m�_�f�u�f�� �\��
�e�b�l�_�j�Z�l�m�j�_�����I�j�b���w�l�h�f���k�h�[�e�x�^�Z�_�l�k�y���l�j�_�[�h�\�Z�g�b�_���]�_�j�f�_�l�b�q�g�h�k�l�b���k�h�_�^�b�g�_�g�b�y�� 
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�i�j�h�]�j�Z�f�f�g�u�o�� �k�j�_�^�Z�o�� �0�D�W�K�&�$�'�� �������� �1�,�� �0�X�O�W�L�V�L�P�� ���������0�$�7�/�$�%�� ���������� �H�g�h��
�\�d�e�x�q�Z�e�h�� �k�_�[�y�� �k�[�h�j�d�m���� �f�h�^�_�e�b�j�h�\�Z�g�b�_�� �b�� �h�p�_�g�d�m�� �j�Z�[�h�l�u�� �w�e�_�d�l�j�b�q�_�k�d�h�c�� �f�h��
�^�_�e�b���\���j�_�`�b�f�_���j�_�Z�e�v�g�h�]�h���\�j�_�f�_�g�b���\���i�j�h�]�j�Z�f�f�g�h�c���k�j�_�^�_���1�,���0�X�O�W�L�V�L�P�������� 

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

�K�e�h�\�h�� �©�b�h�g�b�a�b�j�h�\�Z�g�g�u�c�ª�� �h�a�g�Z�q�Z�_�l���� �q�l�h�� �h�l�� �w�e�_�d�l�j�h�g�g�u�o�� �h�[�h�e�h�q�_�d�� �a�g�Z��
�q�b�l�_�e�v�g�h�c�� �q�Z�k�l�b �Z�l�h�f�h�\ �b�e�b�� �f�h�e�_�d�m�e�� �h�l�^�_�e�z�g�� �i�h�� �d�j�Z�c�g�_�c�� �f�_�j�_��
�h�^�b�g �w�e�_�d�l�j�h�g���� �K�e�h�\�h�� �©�d�\�Z�a�b�g�_�c�l�j�Z�e�v�g�u�c�ª�� �h�a�g�Z�q�Z�_�l���� �q�l�h���� �g�_�k�f�h�l�j�y�� �g�Z��
�g�Z�e�b�q�b�_�� �k�\�h�[�h�^�g�u�o�� �a�Z�j�y�^�h�\�����w�e�_�d�l�j�h�g�h�\�� �b �b�h�g�h�\������ �k�m�f�f�Z�j�g�u�c�� �w�e�_�d�l�j�b�q�_��
�k�d�b�c�� �a�Z�j�y�^�� �i�e�Z�a�f�u�� �i�j�b�[�e�b�a�b�l�_�e�v�g�h�� �j�Z�\�_�g�� �g�m�e�x���� �I�j�b�k�m�l�k�l�\�b�_�� �k�\�h�[�h�^�g�u�o��
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�R�:�O�L�G�H�=�H���K�:�F�H�K�<�:�E�: 
MATHEMATICAL MODELLING OF THE UNDERGROUND DUMP TRUCK 

TRANSMISSION 
 

�?�����:�����=�E�?�D�H�< 
�G�Z�m�q�g�u�c���j�m�d�h�\�h�^�b�l�_�e�v���<�����I�����L�:�J�:�K�B�D�����^-�j���l�_�o�g�����g�Z�m�d�����i�j�h�n�� 

�D�h�g�k�m�e�v�l�Z�g�l���?�����G�����F�?�E�V�G�B�D�H�<�: 
�;�?�E�H�J�M�K�K�D�H-�J�H�K�K�B�C�K�D�B�C���M�G�B�<�?�J�K�B�L�?�L 

 
The MoAZ underground dump truck has a hydromechanical transmission, 

including lock-up torque converter and constant-mesh gearbox. The gearshift is 
performed by an electronic control system which improves the performance of 
the truck. During gearshift the gearbox clutch operation is characterized by a high 
level load on the friction plates and high pressure on the friction surfaces. As a 
result, the clutch load calculation is a crucial step of overall transmission control. 
Thus, the purpose of the research is transmission mathematical modeling with the 
transient response analysis during gearshift. 

The initial phase of the mathematical modeling is to create a dynamic model 
of the object of research. Its construction is based on the law of conservation of 
energy, which allows reflecting the physical processes of the technical object 
function correctly. Significant attention is paid to the adequate representation of 
the structure of the object. 

The development of dynamic models of hydromechanical transmission was 
carried out taking into account the need to identify the dependencies between the 
quality indices of transient processes and the main parameters of transmission, 
influencing the character of the transient response. 

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

�I�h�e�v�a�h�\�Z�l�_�e�v�� �b�f�_�_�l�� �\�h�a�f�h�`�g�h�k�l�v�� �k�h�k�l�Z�\�b�l�v�� �^�g�_�\�g�h�c�� �j�Z�p�b�h�g�� �i�b�l�Z�g�b�y����
�m�q�b�l�u�\�Z�y�� �k�m�l�h�q�g�u�_�� �i�h�l�j�_�[�g�h�k�l�b���� �\�u�[�j�Z�\�� �b�a�� �i�j�_�^�e�h�`�_�g�g�h�]�h�� �k�i�b�k�d�Z�� �b�g�l�_�j�_��
�k�m�x�s�b�_�� �i�j�h�^�m�d�l�u�� �k�� �h�i�j�_�^�_�e�_�g�g�u�f�� �k�h�^�_�j�`�Z�g�b�_�f �[�_�e�d�h�\���� �`�b�j�h�\���� �m�]�e�_�\�h�^�h�\��
�b�� �d�Z�e�h�j�b�c�� �k�h�h�l�\�_�l�k�l�\�_�g�g�h���� �I�j�_�^�m�k�f�Z�l�j�b�\�Z�_�l�k�y�� �l�Z�d�`�_�� �d�h�g�l�j�h�e�v�� �\�h�^�g�h�]�h�� �[�Z��
�e�Z�g�k�Z���\���l�_�q�_�g�b�_���^�g�y�� 
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�G�Z�m�q�g�u�c���j�m�d�h�\�h�^�b�l�_�e�v���?�����<�����=�J�B�P�:�?�<�: 
�;�?�E�H�J�M�K�K�D�H-�J�H�K�K�B�C�K�D�B�C���M�G�B�<�?�J�K�B�L�?�L 

 
3D printing is a process of taking a digital 3D model and turning that digital 

file into a physical object. The creation of a 3D printed object is achieved using 
additive processes. In an additive process an object is created by laying down 
successive layers of material until the entire object is created. 

3D Printers are loaded with cartridges of living cells. 3D printer prints tissue 
in the same way as a usual printer. These cells come out of a printer head in order 
to produce a 3D object. These cells build up an organ in many layers. 

With the help of a 3D printer, we can print many prostheses taking into ac-
count the individual characteristics of a person. Some of these prostheses are very 
complicated. The main reason of their complication is that they have microcavi-
ties. 

Bioprinting is a very new area of scientific and medical research that in-
volves "printing" biological matter and material for use in prosthetics, replace-
ment organs, veins and human tissues. 

Research Company from Oxford has reported about a successful operation, 
as a result of which a patient received the implant of a skull piece. A printed skull 
is not a monolithic piece of plastic, it is made of 23 bones that make up our skull. 

Artificial intervertebral disc is an example of an interaction of the artificial 
and human cells. 3D printer uses a special material with a high content of stem 
cells. Once the stem cells come into contact with the native cells of intervertebral 
disc, they are transformed into common tissue, thereby restoring a damaged 
place. Even if the disk is completely destroyed, a lab can create an entirely new 
disc that will be perfect for the spine of this particular patient. 

Researchers of the Princeton University developed a bionic ear, which con-
tains sensitive airwaves antenna and living cells. The main objective of the re-
searchers is the testing of ear technology combining electrical and biological 
components in a living tissue. Potentially such devices can be used not only for 
"the expansion of the auditory range to the radio frequency", but also, for exam-
ple, for remote monitoring of the state of prostheses. 

3D printers allow surgeons to rapidly produce inexpensive 3D models to ob-
tain information, which reduces the operation time, and accelerates the recovery 
of the patient. For successful orthopedic and maxillofacial surgery �± it is essential 
to build the exact contour of the implant. Also in dentistry 3D-printers allow you 
to make temporary crowns. 
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�<�� �<�����K�H�E�H�G�H�<�B�Q�����D�� �F�����M�K�H�<�B�Q 

�G�Z�m�q�g�u�c���j�m�d�h�\�h�^�b�l�_�e�v���B�� �:�� �E�H�A�B�D�H�<�����d�Z�g�^�����l�_�o�g�����g�Z�m�d 
�;�?�E�H�J�M�K�K�D�H-�J�H�K�K�B�C�K�D�B�C���M�G�B�<�?�J�K�B�L�?�L 

 
�P�_�e�v�x�� �^�Z�g�g�h�c�� �j�Z�[�h�l�u�� �y�\�e�y�e�Z�k�v�� �f�h�^�_�j�g�b�a�Z�p�b�y�� �k�_�j�b�c�g�h�c�� �f�Z�r�b�g�u�� �l�j�_��

�g�b�y�������������K�F�L-1 �b���j�Z�a�j�Z�[�h�l�d�Z���i�j�b�k�i�h�k�h�[�e�_�g�b�y�����i�h�a�\�h�e�y�x�s�_�]�h���j�Z�k�r�b�j�b�l�v���_�_��
�\�h�a�f�h�`�g�h�k�l�b�� �b�� �i�j�h�\�h�^�b�l�v���b�k�i�u�l�Z�g�b�y���f�Z�l�_�j�b�Z�e�h�\���g�_���l�h�e�v�d�h���g�Z���l�j�_�g�b�_���b���b�a��
�g�h�k�����g�h���l�Z�d���`�_���g�Z���w�e�_�d�l�j�h�w�j�h�a�b�h�g�g�m�x���k�l�h�c�d�h�k�l�v�� 

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

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

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

�;�u�e�h�� �m�k�l�Z�g�h�\�e�_�g�h���� �q�l�h�� �g�Z�b�e�m�q�r�b�f�b�� �k�\�h�c�k�l�\�Z�f�b �b�a�g�h�k�h�k�l�h�c�d�h�k�l�b�� �b��
�w�e�_�d�l�j�h�w�j�h�a�b�h�g�g�h�c���k�l�h�c�d�h�k�l�b �k�j�_�^�b�� �b�k�k�e�_�^�h�\�Z�g�g�u�o�� �k�i�e�Z�\�h�\�� �h�[�e�Z�^�Z�x�l�� �^�b�k��
�i�_�j�k�g�h-�m�i�j�h�q�g�_�g�g�u�c���k�i�e�Z�\���g�Z���h�k�g�h�\�_���f�_�^�b���± �>�M�D�F����Cu-Cr-Zr) �b���f�h�^�b�n�b�p�b��
�j�h�\�Z�g�g�u�_�� �o�j�h�f�h�\�u�_�� �b�� �o�j�h�f�h�p�b�j�d�h�g�b�_�\�u�_�� �[�j�h�g�a�u���� �B�o �b�a�g�h�k�h�k�l�h�c�d�h�k�l�v�� �b��
�w�e�_�d�l�j�h�w�j�h�a�b�h�g�g�Z�y���k�l�h�c�d�h�k�l�v�� �i�j�_�\�u�r�Z�_�l�� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_�� �k�\�h�c�k�l�\�Z�� �d�e�Z�k��
�k�b�q�_�k�d�b�o���k�i�e�Z�\�h�\���g�Z���h�k�g�h�\�_���f�_�^�b���\�������b�����������j�Z�a�Z���k�h�h�l�\�_�l�k�l�\�_�g�g�h���� 
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�<�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �\�� �g�Z�m�q�g�h�c�� �i�_�q�Z�l�b�� �Z�d�l�b�\�g�h���h�[�k�m�`�^�Z�_�l�k�y�� �d�e�Z�k�l�_�j�g�Z�y��
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�]�h�c���� �\�k�l�j�y�o�b�\�Z�g�b�b�� �b�� �^�j�������� �H�l�f�_�q�Z�_�l�k�y�� �\�h�k�k�l�Z�g�h�\�e�_�g�b�_�� �i�j�_�`�g�b�o�� �k�\�h�c�k�l�\�� �i�h��
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�j�h�^�u�� ���n�b�a�b�q�_�k�d�b�o���� �o�b�f�b�q�_�k�d�b�o���� �[�b�h�e�h�]�b�q�_�k�d�b�o�� �k�e�_�^�m�_�l���� �q�l�h�� �b�a�m�q�b�\�� �i�j�_�^��
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�g�u�_���Z�f�i�m�e�u���f�_�^�b�p�b�g�k�d�h�]�h���g�Z�a�g�Z�q�_�g�b�y���k���^�b�k�l�b�e�e�b�j�h�\�Z�g�g�h�c���\�h�^�h�c���b���\�h�^�g�u��
�f�b���j�Z�k�l�\�h�j�Z�f�b���o�e�h�j�b�^�Z���g�Z�l�j�b�y���b���k�m�e�v�n�Z�l�Z���f�Z�]�g�b�y���;�h�j�b�k�h�\�k�d�h�]�h���a�Z�\�h�^�Z���f�_��
�^�b�p�b�g�k�d�b�o���i�j�_�i�Z�j�Z�l�h�\�� ���]���� �;�h�j�b�k�h�\���� �b�� �n�Z�j�f�Z�p�_�\�l�b�q�_�k�d�h�c���n�b�j�f�u�� �©�>�Z�j�g�b�p�Z�ª��
���]���� �D�b�_�\������ �<�u�[�h�j�� �\�� �d�Z�q�_�k�l�\�_�� �h�[�t�_�d�l�h�\�� �d�h�g�l�j�h�e�y�� �k�l�_�d�e�y�g�g�u�o�� �a�Z�i�Z�y�g�g�u�o�� �Z�f��
�i�m�e�� �k�� �b�k�k�e�_�^�m�_�f�u�f�b�� �`�b�^�d�h�k�l�y�f�b�� �i�h�a�\�h�e�b�e�� �b�a�[�_�`�Z�l�v�� �\�e�b�y�g�b�y�� �\�g�_�r�g�b�o�� �Z�l��
�f�h�k�n�_�j�g�u�o���m�k�e�h�\�b�c���g�Z���k�h�k�l�Z�\���b�k�k�e�_�^�m�_�f�u�o���`�b�^�d�h�k�l�_�c���b���i�j�h�\�h�^�b�l�v���f�g�h�]�h��
�d�j�Z�l�g�u�_���b�a�f�_�j�_�g�b�y���g�Z���h�^�g�b�o���b���l�_�o���`�_���h�[�t�_�d�l�Z�o���d�h�g�l�j�h�e�y�� 

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

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

������ �B�k�k�e�_�^�h�\�Z�g�b�_�� �w�e�_�d�l�j�b�q�_�k�d�b�o�� �i�Z�j�Z�f�_�l�j�h�\�� �\�h�^�u�� �b�� �\�h�^�g�u�o�� �j�Z�k�l�\�h�j�h�\��
�f�_�l�h�^�h�f���k�d�Z�g�b�j�h�\�Z�g�b�y���Z�f�i�m�e�� 

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

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

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

�G�Z�� �^�Z�g�g�u�c�� �f�h�f�_�g�l�� �i�h�k�e�_�� �\�u�o�h�^�Z�� �g�Z�� �i�_�g�k�b�x�� �f�_�g�v�r�_�� �\�k�_�]�h�� �f�m�`�q�b�g�u��
�`�b�\�m�l���\���J�h�k�k�b�b���± �\���k�j�_�^�g�_�f�����������]�h�^�Z�����[�h�e�v�r�_���\�k�_�]�h���± �\���=�_�j�f�Z�g�b�b �������e�_�l�����<��
�;�_�e�Z�j�m�k�b�� �w�l�h�l�� �i�h�d�Z�a�Z�l�_�e�v�� �k�h�k�l�Z�\�e�y�_�l�� �q�m�l�v�� �f�_�g�_�_�� ���� �e�_�l���� �I�h�k�e�_�� �i�h�\�u�r�_�g�b�y��
�i�_�g�k�b�h�g�g�h�]�h���\�h�a�j�Z�k�l�Z���[�_�e�h�j�m�k�k�d�b�f���f�m�`�q�b�g�Z�f���h�k�l�Z�g�_�l�k�y���i�h�`�b�l�v���g�Z���i�_�g�k�b�b����
�\���k�j�_�^�g�_�f�����f�_�g�v�r�_���q�_�l�u�j�_�o���e�_�l�����m���`�_�g�s�b�g���± �w�l�h�l���i�h�d�Z�a�Z�l�_�e�v���k�g�b�a�b�l�k�y���g�_���l�Z�d��
�j�_�a�d�h���± �^�h�� ������ �e�_�l���� �K�j�_�^�g�b�c�� �j�Z�a�f�_�j�� �i�_�g�k�b�b���[�_�e�h�j�m�k�k�d�h�]�h�� �i�_�g�k�b�h�g�_�j�Z�� �\������������
�����������]�����g�_���\�u�k�h�d���± 2 904 ���������j�� 

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

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

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

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

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

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

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

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

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

�L�Z�d�h�c�� �j�_�`�b�f�� �i�h�a�\�h�e�y�_�l�� �b�k�i�h�e�v�a�h�\�Z�l�v�� �f�Z�d�k�b�f�Z�e�v�g�h�� �w�g�_�j�]�b�x��
�Z�e�v�l�_�j�g�Z�l�b�\�g�h�]�h�� �b�k�l�h�q�g�b�d�Z���� �g�h�� �l�j�_�[�m�_�l�� �Z�d�d�m�f�m�e�y�l�h�j�h�\�� �[�h�e�v�r�h�c�� �z�f�d�h�k�l�b��
���i�j�b�� �p�b�d�e�Z�o�� �]�e�m�[�h�d�h�c�� �j�Z�a�j�y�^�d�b�� �m�� �Z�d�d�m�f�m�e�y�l�h�j�h�\�� �a�g�Z�q�b�l�_�e�v�g�h�� �k�h�d�j�Z�s�Z�_�l�k�y��
�k�j�h�d���k�e�m�`�[�u���� 
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�J�?�R�?�G�B�?���A�:�>�:�Q���H�E�B�F�I�B�:�>�G�H�=�H���M�J�H�<�G�Y 

 
�B�� �J�����=�J�M�>�V�D�H�����:�� �K�����I�H�L�?�F�D�B�G 

�G�Z�m�q�g�u�c���j�m�d�h�\�h�^�b�l�_�e�v���@�����<�����J�U�F�D�?�<�B�Q 
�;�?�E�H�J�M�K�K�D�H-�J�H�K�K�B�C�K�D�B�C���M�G�B�<�?�J�K�B�L�?�L 

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

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

�J�Z�k�k�f�h�l�j�b�f�� �j�_�r�_�g�b�_�� �g�_�� �l�b�i�h�\�h�c�� �a�Z��
�^�Z�q�b�����^�Z�g�u���i�e�h�k�d�h�k�l�v���l�j�_�m�]�h�e�v�g�b�d�Z���K�>�?���b��
�i�j�y�f�Z�y�� �:�<���� �I�j�h�\�_�k�l�b�� �\�� �w�l�h�c�� �i�e�h�k�d�h�k�l�b��
�i�j�y�f�m�x���� �i�_�j�_�k�_�d�Z�x�s�m�x�� �:�<�� �i�h�^�� �i�j�y�f�u�f��
�m�]�e�h�f�� 

�:�e�]�h�j�b�l�f�� �j�_�r�_�g�b�y���� �G�Z�o�h�^�b�f�� �l�h�q�d�m��
�\�k�l�j�_�q�b���i�j�y�f�h�c���:�<���b���¨�K�>�?�����l�h�q�d�Z���D�������>�e�y��
�w�l�h�]�h���a�Z�d�e�x�q�Z�_�f���i�j�y�f�m�x���:�<���\�h���n�j�h�g�l�Z�e�v��
�g�h-�i�j�h�_�p�b�j�m�x�s�m�x�� �i�e�h�k�d�h�k�l�v�� �������#�����>�Z�g�g�Z�y��
�i�e�h�k�d�h�k�l�v�� �i�_�j�_�k�_�d�Z�_�l�� �i�e�h�k�d�h�k�l�v�� �¨�K�>�?�� �\��
�l�h�q�d�Z�o�� ���b ״�� ����״�� �G�Z�o�h�^�b�f�� �]�h�j�b�a�h�g�l�Z�e�v�g�m�x��
�i�j�h�_�d�p�b�x���^�Z�g�g�u�o���l�h�q�_�d׳���� �b׳���������K�h�_�^�b�g�y�_�f��
�g�Z�� �]�h�j�b�a�h�g�l�Z�e�v�g�h�c�� �i�e�h�k�d�h�k�l�b�� �i�h�e�m�q�_�g�g�u�_��
�l�h�q�d�b���� �G�Z�o�h�^�b�f�� �e�b�g�b�x�� �i�_�j�_�k�_�q�_�g�b�y�� �^�Z�g��
�g�h�c���i�e�h�k�d�h�k�l�b���b���¨�K�>�?�����^�e�y���w�l�h�]�h���a�Z�d�e�x�q�Z��
�_�f�� �k�l�h�j�h�g�m�� �¨�K�>�?�� ���h\� ״��?�״<��� �n�j�h�g�l�Z�e�v�g�h-
�i�j�h�_�p�b�j�m�x�s�m�x���i�e�h�k�d�h�k�l�v�����#�� 

�I�h�e�m�q�Z�_�f�� �l�h�q�d�b�� �i�_�j�_�k�_�q�_�g�b�y�� �i�e�h�k�d�h��
�k�l�b�� �¨�K�>�?�� �b�� �i�e�h�k�d�h�k�l�b�� �� ���� ���l�h�q�d�b�� ���b״��  ,״��
�l�h�q�d�b׳���� �b׳����).  

�G�Z�� �i�_�j�_�k�_�q�_�g�b�b�� �e�b�g�b�b 3׳4׳ �b�� �k�l�h�j�h�g�u��
�¨�� �K�>�?���± �>׳?�׳ �i�h�e�m�q�Z�_�f�� �^�h�i�h�e�g�b�l�_�e�v�g�m�x��
�l�h�q�d�m�� �)�� ������״F,׳(��� �K�h�_�^�b�g�y�_�f�� �l�h�q�d�b�� �D�� �b�� �)����
�i�j�h�^�e�_�\�Z�_�f�� �\�� �i�e�h�k�d�h�k�l�b�� �¨�K�>�?���� �I�j�y�f�Z�y��
�F�)���± �b�k�d�h�f�Z�y�� 
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�D�H�F�I�E�?�D�K�:�ª���I�J�B���K�L�J�H�B�L�?�E�V�K�L�<�?�� 
�:�K�N�:�E�V�L�H�;�?�L�H�G�G�U�O���I�H�D�J�U�L�B�C���:�<�L�H�F�H�;�B�E�V�G�U�O���>�H�J�H�= 

 
�L�� �<�����=�M�E�V 

�G�Z�m�q�g�u�c���j�m�d�h�\�h�^�b�l�_�e�v���K�����;�����I�:�J�L�G�H�<�����d�Z�g�^�����l�_�o�g�����g�Z�m�d�����^�h�p�� 
�;�?�E�H�J�M�K�K�D�H-�J�H�K�K�B�C�K�D�B�C���M�G�B�<�?�J�K�B�L�?�L 

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

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

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

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

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

�J�Z�a�j�Z�[�h�l�Z�g�g�h�_�� �\�_�[-�i�j�b�e�h�`�_�g�b�_ �b�k�i�h�e�v�a�m�_�l�� �k�l�h�j�h�g�g�b�_�� �d�h�f�i�h�g�_�g�l�u��
�8�Q�L�W�\�� �,�R�&�� �&�R�Q�W�D�L�Q�H�U�� �^�e�y�� �j�Z�a�j�_�r�_�g�b�y�� �\�g�_�r�g�b�o�� �a�Z�\�b�k�b�f�h�k�l�_�c�� �i�j�h�]�j�Z�f�f�g�u�o��
�f�h�^�m�e�_�c�� �b�� �1�/�R�J�� �^�e�y�� �k�[�h�j�Z�� �e�h�]�h�\�� �j�Z�[�h�l�u�� �i�j�b�e�h�`�_�g�b�y���� �B�o�� �\�u�[�h�j�� �[�u�e�� �h�[�m��
�k�e�h�\�e�_�g���k�i�h�k�h�[�g�h�k�l�v�x�� �g�Z�k�l�j�h�c�d�b���k���i�h�f�h�s�v�x�� �d�h�g�n�b�]�m�j�Z�p�b�h�g�g�u�o���n�Z�c�e�h�\���b��
�q�Z�k�l�u�f���b�o���i�j�b�f�_�g�_�g�b�_�f���\���(�Q�W�H�U�S�U�L�V�H���i�j�h�_�d�l�Z�o���� 

�>�e�y�� �k�h�k�l�Z�\�e�_�g�b�y�� �f�h�^�m�e�v�g�u�o�� �l�_�k�l�h�\�� �[�u�e�b�� �b�k�i�h�e�v�a�h�\�Z�g�u�� �l�Z�d�b�_�� �k�l�h�j�h�g��
�g�b�_���d�h�f�i�h�g�_�g�l�u���d�Z�d���1�8�Q�L�W���b���0�R�T���� 

�<�� �d�Z�q�_�k�l�\�_�� �k�j�_�^�u�� �l�_�k�l�b�j�h�\�Z�g�b�y�� �[�u�e�Z�� �\�u�[�j�Z�g�Z�� �h�[�e�Z�q�g�Z�y�� �i�e�Z�l�n�h�j�f�Z��
�0�L�F�U�R�V�R�I�W���$�]�X�U�H�����<�u�[�h�j���w�l�h�c���i�e�Z�l�n�h�j�f�u���h�[�m�k�e�h�\�e�_�g���\�h�a�f�h�`�g�h�k�l�y�f�b���m�i�j�Z�\��
�e�_�g�b�y���j�_�k�m�j�k�Z�f�b�����^�b�g�Z�f�b�q�_�k�d�h�]�h���f�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�y�����\�u�k�h�d�h�c���^�h�k�l�m�i�g�h�k�l�b���b��
�g�Z�^�_�`�g�h�k�l�b�� 
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�M�>�D������������ 
�Q�B�K�E�?�G�G�H�?���J�?�R�?�G�B�?���A�:�>�:�Q�B���H���>�B�G�:�F�B�Q�?�K�D�H�F�� 

�E�:�F�B�G�:�J�G�H�F���I�H�=�J�:�G�B�Q�G�H�F���K�E�H�? 
�<���:�<�L�H�F�H�>�?�E�V�G�H�F���K�E�M�Q�:�? 

 
�H�� �>�����K�D�H�F�H�J�H�O�H�< 

�G�Z�m�q�g�u�c���j�m�d�h�\�h�^�b�l�_�e�v���:�� �:�����J�H�F�:�G�?�G�D�H�����d�Z�g�^�����n�b�a��-�f�Z�l�����g�Z�m�d�����^�h�p�� 
�;�?�E�H�J�M�K�K�D�H-�J�H�K�K�B�C�K�D�B�C���M�G�B�<�?�J�K�B�L�?�L 

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

�^�Z�g�g�h�f���k�e�m�q�Z�_���\�u�i�h�e�g�y�_�l�k�y���g�Z���h�k�g�h�\�_���j�_�r�_�g�b�y���]�j�Z�g�b�q�g�h�c���a�Z�^�Z�q�b���>���@ 
   22 1 0f f f f           ; 

 0 0f  ,    0 0f   ,     1f     , 
�]�^�_�� f   �[�_�a�j�Z�a�f�_�j�g�Z�y���n�m�g�d�p�b�y���l�h�d�Z����  �[�_�a�j�Z�a�f�_�j�g�Z�y���Z�\�l�h�f�h�^�_�e�v�g�Z�y���i�_��
�j�_�f�_�g�g�Z�y����  �m�]�h�e���Z�l�Z�d�b���g�Z�[�_�]�Z�x�s�_�]�h���i�h�l�h�d�Z�����Q�b�k�e�_�g�g�h�_���j�_�r�_�g�b�_���w�l�h�c���a�Z��
�^�Z�q�b���i�h�e�m�q�Z�x�l���d�h�g�_�q�g�h-�j�Z�a�g�h�k�l�g�u�f�b���f�_�l�h�^�Z�f�b�� 

�<�� �g�Z�k�l�h�y�s�_�c�� �j�Z�[�h�l�_�� �w�l�h�� �j�_�r�_�g�b�_���i�h�e�m�q�_�g�h�� �d�Z�d�� �j�_�r�_�g�b�_�� �a�Z�^�Z�q�b�� �D�h�r�b��
�f�_�l�h�^�h�f�� �J�m�g�]�_-�D�m�l�l�Z���� �^�e�y�� �j�_�Z�e�b�a�Z�p�b�b�� �d�h�l�h�j�h�]�h�� �l�j�_�[�m�_�l�k�y�� �a�g�Z�g�b�_�� 0f  . 
�I�h�k�d�h�e�v�d�m��  1f    ���� �l�h�� �i�h�^�[�b�j�Z�y�� �©�\�b�e�d�m�ª�� �i�h�^�o�h�^�y�s�b�o�� �a�g�Z�q�_�g�b�c�� 0f  , 

�^�e�y���d�h�l�h�j�u�o��  1f     ,   1f       1 �����Z���a�Z�l�_�f���i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h��

�_�_�� �m�f�_�g�v�r�Z�y�� �f�_�l�h�^�h�f�� �i�h�e�h�\�b�g�g�h�]�h�� �^�_�e�_�g�b�y���� �i�j�b�o�h�^�b�f�� �d�� �a�g�Z�q�_�g�b�x�� 0f  , 

�^�e�y�� �d�h�l�h�j�h�]�h��  1f        (   �a�Z�^�Z�g�g�Z�y�� �i�h�]�j�_�r�g�h�k�l�v������ �G�Z�� �j�b�k. ���� �i�j�b��

�\�_�^�_�g�u���]�j�Z�n�b�d�b���j�Z�k�q�_�l�g�u�o���a�Z�\�b�k�b�f�h�k�l�_�c�� f  ,  f  ,  f  �����i�h�e�m�q�_�g�g�u�o��
�b�a�e�h�`�_�g�g�u�f�� �k�i�h�k�h�[�h�f�� �^�e�y��4   �b�� 1210  ���� �<�u�i�h�e�g�_�g�b�_�� �m�k�e�h�\�b�y��

  1f        �^�h�k�l�b�]�g�m�l�h���i�j�b��8 �����i�j�b���w�l�h�f��  0.553295274 60 1 57f   . 
�W�l�b�f�� �k�i�h�k�h�[�h�f�� �j�_�r�_�g�b�_�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�c�� �a�Z�^�Z�q�b�� �f�h�`�_�l�� �[�u�l�v�� �i�h�e�m�q�_�g�h�� �k��
�e�x�[�h�c���g�Z�i�_�j�_�^���a�Z�^�Z�g�g�h�c���l�h�q�g�h�k�l�v�x���b���^�e�y���j�Z�a�e�b�q�g�u�o���a�g�Z�q�_�g�b�c���i�Z�j�Z�f�_�l�j�Z��  

 
�J�b�k������. �=�j�Z�n�b�d�b���j�Z�k�q�_�l�g�u�o���a�Z�\�b�k�b�f�h�k�l�_�c�� f  ,  f  ,  f   

 
�K�I�B�K�H�D���E�B�L�?�J�:�L�M�J�U 

 

1. Шлихтинг Г. �L�_�h�j�b�y���i�h�]�j�Z�g�b�q�g�h�]�h���k�e�h�y�����± �F�� �����G�Z�m�d�Z����1974. �± �K������������  
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�M�>�D���������������������������� 
�K�L�J�:�O�H�<�H�C���J�U�G�H�D���J�?�K�I�M�;�E�B�D�B���;�?�E�:�J�M�K�V�� 

�I�J�H�;�E�?�F�U���B���I�?�J�K�I�?�D�L�B�<�U���J�:�A�<�B�L�B�Y 
 

�:�� �:�����>�:�G�B�E�V�Q�?�G�D�H 
�G�Z�m�q�g�u�c���j�m�d�h�\�h�^�b�l�_�e�v���H�� �<�����;�:�E�V�Q�?�<�K�D�:�Y 

 �;�?�E�H�J�M�K�K�D�H-�J�H�K�K�B�C�K�D�B�C���M�G�B�<�?�J�K�B�L�?�L 
 
�H�^�g�b�f���b�a���\�Z�`�g�_�c�r�b�o���k�h�p�b�Z�e�v�g�u�o���i�j�Z�\���q�_�e�h�\�_�d�Z���y�\�e�y�_�l�k�y���i�j�Z�\�h���g�Z���f�_��

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

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

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

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

�b���f�_�^�b�p�b�g�k�d�h�c���h�j�]�Z�g�b�a�Z�p�b�_�c�� 
�H�^�g�Z�d�h���>�F�K���j�Z�a�\�b�\�Z�_�l�k�y�� �H�l�g�h�r�_�g�b�_���\�a�g�h�k�h�\���i�h���>�F�K���d���h�[�s�_�c���k�m�f�f�_��

�\�a�g�h�k�h�\���� �k�h�[�j�Z�g�g�u�o�� �\�� �p�_�e�h�f�� �i�h�� �k�l�j�Z�g�_�� �\�h�a�j�Z�k�l�Z�_�l���� �L�Z�d�� �k�m�f�f�Z�� �\�a�g�h�k�h�\�� �i�h��
�>�F�K�� �a�Z�� ���������� �]. �k�h�k�l�Z�\�b�e�Z�� ������ 475 �������� �l�u�k���� �j������ �Z�� �\�� ���������� �]. �m�`�_�� ������ 721 362 
�l�u�k�����j���� 

�M���f�_�^�b�p�b�g�k�d�h�]�h���k�l�j�Z�o�h�\�Z�g�b�y���\���J�_�k�i�m�[�e�b�d�_���;�_�e�Z�j�m�k�v���b�f�_�x�l�k�y���k�e�_�^�m�x��
�s�b�_���i�_�j�k�i�_�d�l�b�\�u�� 

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

�g�h�c�� �h�r�b�[�d�b�� �b�� �k�l�j�Z�o�h�\�Z�g�b�_�� �\�� �i�h�k�e�_�h�i�_�j�Z�p�b�h�g�g�u�c�� �i�_�j�b�h�^�� �h�l�� �\�h�a�f�h�`�g�h�k�l�b 
�j�b�k�d�h�\���b���h�k�e�h�`�g�_�g�b�c�� 
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�M�>�D���������������� 
�H�K�H�;�?�G�G�H�K�L�B���B�K�I�H�E�V�A�H�<�:�G�B�Y��SOLIDWORKS SIMULATION  
�I�J�B���J�:�K�Q�?�L�?���W�E�?�F�?�G�L�H�<���F�?�L�:�E�E�H�D�H�G�K�L�J�M�D�P�B�C���A�>�:�G�B�Y�� 

�:�J�H�Q�G�H�=�H���L�B�I�: 
 

�>�� �:�����>�?�G�B�K�H�< 
�G�Z�m�q�g�u�c���j�m�d�h�\�h�^�b�l�_�e�v���F�� �@�����K�H�E�H�>�D�H�< 

�;�?�E�H�J�M�K�K�D�H-�J�H�K�K�B�C�K�D�B�C���M�G�B�<�?�J�K�B�L�?�L 
 
�K�_�]�h�^�g�y�� �i�j�b�f�_�g�_�g�b�_���k�j�_�^�k�l�\�� �d�h�f�i�v�x�l�_�j�g�h�]�h�� �f�h�^�_�e�b�j�h�\�Z�g�b�y�� �^�e�y�� �j�_��

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

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

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

�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���d�Z�d���\�u�k�h�l�Z���i�j�h�n�b�e�y�� �b���\�g�m�l�j�_�g�g�b�c���^�b�Z�f�_�l�j�� �Z�\�l�h�i�h�d�j�u�r�d�b����
�B�o���m�\�_�e�b�q�_�g�b�_���l�Z�d�`�_���\�_�^�_�l���d���j�h�k�l�m���i�y�l�g�Z���d�h�g�l�Z�d�l�Z�� 

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

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

�J�Z�a�j�Z�[�h�l�Z�g�Z�� ��-D �f�h�^�_�e�v�� �d�h�f�[�b�g�b�j�h�\�Z�g�g�h�]�h�� �f�Z�]�g�b�l�g�h-�^�b�g�Z�f�b�q�_�k�d�h�]�h��
�j�Z�k�d�Z�l�g�b�d�Z�����j�b�k. 3). 

�I�j�_�b�f�m�s�_�k�l�\�Z�� 
�± �h�[�_�k�i�_�q�_�g�b�_�� �\�u�k�h�d�b�o�� �w�d�k�i�e�m�Z�l�Z�p�b�h�g�g�u�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �i�h�� �b�a�g�h�k�h��

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

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

 
�J�b�k�� 3. 3-D �f�h�^�_�e�v���d�h�g�k�l�j�m�d�p�b�b���d�h�f�[�b�g�b�j�h�\�Z�g�g�h�]�h���f�Z�]�g�b�l�g�h-�^�b�g�Z�f�b�q�_�k�d�h�]�h��

�j�Z�k�d�Z�l�g�b�d�Z  
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�G�Z�� �j�b�k. ���� �i�j�_�^�k�l�Z�\�e�_�g�Z�� �d�h�g�k�l�j�m�d�p�b�y�� �d�h�f�[�b�g�b�j�h�\�Z�g�g�h�]�h�� �b�g�k�l�j�m�f�_�g�l�Z����
�d�h�l�h�j�u�c���k�h�^�_�j�`�b�l�����d�h�j�i�m�k���j�_�`�m�s�_�c���]�h�e�h�\�d�b�������������± �m�i�e�h�l�g�b�l�_�e�v�g�h�_���d�h�e�v�p�h����
3 �± �s�z�q�d�b���������± �h�[�h�c�f�Z���������± �i�j�b�o�\�Z�l���������± �\�b�g�l���������± �l�\�_�j�^�h�k�i�e�Z�\�g�Z�y���j�_�`�m�s�Z�y��
�i�e�Z�k�l�b�g�Z���������± �\�b�g�l���������± �n�j�_�a�_�j�g�Z�y���h�i�j�Z�\�d�Z�����������± �^�_�n�h�j�f�b�j�m�x�s�b�_���w�e�_�f�_�g�l�u��
���r�Z�j�u�������������± �b�k�l�h�q�g�b�d���f�Z�]�g�b�l�g�h�]�h���i�h�e�y�����i�h�k�l�h�y�g�g�u�c���f�Z�]�g�b�l�������������± �n�_�l�j�h�\�Z�y��
�\�l�m�e�d�Z���� �������± �\�b�g�l���� �������± �d�h�e�v�p�_�\�Z�y�� �d�Z�f�_�j�Z���� �������± �j�Z�^�b�Z�e�v�g�h�_�� �h�l�\�_�j�k�l�b�_���� �������±
�^�_�l�Z�e�v���� �D�h�f�[�b�g�b�j�h�\�Z�g�g�u�c�� �f�Z�]�g�b�l�g�h-�^�b�g�Z�f�b�q�_�k�d�b�c�� �j�Z�k�d�Z�l�g�b�d�� �\�� �j�Z�a�j�_�a�_��
�b�a�h�[�j�Z�`�_�g���g�Z���j�b�k. 2. 

 
 

�J�b�k. �������J�Z�a�j�_�a���d�h�g�k�l�j�m�d�p�b�b���d�h�f�[�b�g�b�j�h�\�Z�g�g�h�]�h���f�Z�]�g�b�l�g�h-�^�b�g�Z�f�b�q�_�k�d�h�]�h���j�Z�k��
�d�Z�l�g�b�d�Z 

 

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

 

65 

�M�>�D���������������� 
�<�E�B�Y�G�B�?���K�H�H�L�G�H�R�?�G�B�Y���R�B�J�B�G�U���I�J�H�N�B�E�Y���:�<�L�H�R�B�G�U���B���?�? 

�<�U�K�H�L�U���G�:���J�:�A�F�?�J�U���I�Y�L�G�:���D�H�G�L�:�D�L�:���K���>�H�J�H�=�H�C 
 

�:�� �<�� �>�H�E�@�?�G�D�H�<�����K�� �K�� �N�?�K�V�D�H 
�G�Z�m�q�g�u�c���j�m�d�h�\�h�^�b�l�_�e�v���G�� �G�����=�H�;�J�:�E�?�<�����d�Z�g�^�����l�_�o�g�����g�Z�m�d�����^�h�p. 

�;�?�E�H�J�M�K�K�D�H-�J�H�K�K�B�C�K�D�B�C���M�G�B�<�?�J�K�B�L�?�L 
 

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

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

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

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

�H�[�u�q�g�u�f�b���r�b�g�Z�f�b���h�k�g�Z�s�Z�x�l���]�j�m�a�h�\�u�_���b���e�_�]�d�h�\�u�_���Z�\�l�h�f�h�[�b�e�b�����M���g�b�o��
�k�h�h�l�g�h�r�_�g�b�_���\�u�k�h�l�Z���r�b�j�b�g�Z���g�Z�o�h�^�b�l�k�y�� �\�� �i�j�_�^�_�e�Z�o�������� ���� �b���[�h�e�_�_�����R�b�j�h�d�h��
�i�j�h�n�b�e�v�g�u�_�� �i�j�b�f�_�g�y�x�l�k�y���\�� �h�k�g�h�\�g�h�f�� �g�Z�� �k�d�h�j�h�k�l�g�u�o�� �b���\�u�k�h�d�h�k�d�h�j�h�k�l�g�u�o��
�e�_�]�d�h�\�u�o�� �Z�\�l�h�f�h�[�b�e�y�o�� �b�� �b�f�_�x�l�� �w�l�h�� �k�h�h�l�g�h�r�_�g�b�_�� �����±90 %. �G�b�a�d�h�i�j�h�n�b�e�v��
�g�u�_���� �k�� �m�d�Z�a�Z�g�g�u�f�� �k�h�h�l�g�h�r�_�g�b�_�f�� �\�� �i�j�_�^�_�e�Z�o�� �����±88 ������ �[�h�e�_�_�� �i�h�^�o�h�^�y�l�� �^�e�y��
�\�g�_�^�h�j�h�`�g�b�d�h�\�� �b�� �k�i�_�p�l�j�Z�g�k�i�h�j�l�Z���� �I�g�_�\�f�h�d�Z�l�d�b�� �`�_�� �b�f�_�x�l�� �I-�h�[�j�Z�a�g�u�c��
�i�j�h�n�b�e�v���k���k�h�h�l�g�h�r�_�g�b�_�f�������±40 �������H�g�b���b�k�i�h�e�v�a�m�x�l�k�y���e�b�r�v���g�Z���\�_�a�^�_�o�h�^�Z�o�� 
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�M�>�D 621.791.763.2 
ANALYSE DU PROCESSUS DU BRASSAGE DES GAZ  DE 

PROTECTION LORS DE LEUR FOURNITURE  COMBIN�eE DANS LA 
ZONE DE SOUDAGE 

 
�<�����I�����>�H�E�Y�Q�D�H 

�G�Z�m�q�g�u�c���j�m�d�h�\�h�^�b�l�_�e�v���<�����I�����D�M�E�B�D�H�<�����^-�j���l�_�o�g�����g�Z�m�d�����i�j�h�n�� 
�D�h�g�k�m�e�v�l�Z�g�l���?�����<�����L�B�L�H�<�: 

�;�?�E�H�J�M�K�K�D�H-�J�H�K�K�B�C�K�D�B�C���M�G�B�<�?�J�K�B�L�?�L 
 

�/�D�� �F�D�U�D�F�W�p�U�L�V�W�L�T�X�H�� �S�U�L�Q�F�L�S�D�O�H�� �G�X�� �S�U�R�F�H�V�V�X�V�� �G�X�� �V�R�X�G�D�J�H�� �D�Y�H�F�� �O�D�� �S�U�R�W�H�F�W�L�R�Q��
�F�R�P�E�L�Q�p�H�� �H�V�W�� �O�D�� �I�R�X�U�Q�L�W�X�U�H�� �L�Q�G�p�S�H�Q�G�D�Q�W�H�� �G�H�� �G�H�X�[�� �J�D�]�� �G�L�I�I�p�U�H�Q�W�V��par les canaux, 
�G�L�V�S�R�V�p�V�� �F�R�D�[�L�D�O�H�P�H�Q�W���� �$�Y�H�F�� �X�Q�� �W�H�O�� �S�U�R�F�p�G�p�� �G�H protection, des jets de gaz se 
brassent partiellement et influencent �O�H�V�� �S�U�R�F�H�V�V�X�V�� �G�H�� �W�U�D�Q�V�S�R�U�W�� �G�X�� �P�p�W�D�O��
�G�
�p�O�H�F�W�U�R�G�H�� �H�W�� �O�H�V���F�D�U�D�F�W�p�U�L�V�W�L�T�X�H�V�� �G�H �O�
�D�U�F���� �/�D�� �I�R�X�U�Q�L�W�X�U�H�� �F�R�P�E�L�Q�p�H�� �G�H�V�� �J�D�]�� �G�H��
protection permet de changer leur �F�R�Q�V�R�P�P�D�W�L�R�Q�� �G�H�� �I�D�o�R�Q�� �L�Q�G�p�S�H�Q�G�D�Q�W�H et 
�G�¶ajuster la co�P�S�R�V�L�W�L�R�Q�� �F�K�L�P�L�T�X�H�� �G�H�� �O�
�D�W�P�R�V�S�K�q�U�H�� �S�U�R�W�H�F�W�U�L�F�H���� �&�H�S�H�Q�G�D�Q�W���� �O�H��
�S�U�R�E�O�q�P�H�� �G�H�� �O�D�� �G�p�W�H�U�P�L�Q�D�W�L�R�Q�� �G�H�� �O�D�� �F�R�P�S�R�V�L�W�L�R�Q�� �F�K�L�P�L�T�X�H�� �G�H�� �O�¶�D�W�P�R�V�S�K�H�U�H��
�S�U�R�W�H�F�W�U�L�F�H�� �H�V�W�� �D�V�V�H�]�� �F�R�P�S�O�H�[�H���� �S�D�U�F�H�� �T�X�¶�L�O�� �\�� �D�� �E�H�D�X�F�R�X�S�� �G�H�� �I�D�F�W�H�X�U�V�� �T�X�L��
�L�Q�I�O�X�D�Q�F�H�Q�W���O�H���S�U�R�F�p�G�p���G�X���E�U�D�V�V�D�J�H���G�H�V���M�H�W�V���G�H�V���Jaz. 

�3�R�X�U���p�W�X�G�L�H�U���O�
�L�Q�I�O�X�H�Q�F�H���G�H���U�D�W�L�R���G�H�V���J�D�]���G�H���S�U�R�W�H�F�W�L�R�Q sur la composition de 
�O�
�D�W�P�R�V�S�K�q�U�H�� �J�D�]�H�X�V�H�� �G�D�Q�V�� �O�D�� �]�R�Q�H�� �G�H�� �V�R�X�G�D�J�H �R�Q�W�� �p�W�p�� �U�p�D�O�L�V�pes des simulations 
sur ordinateur, pendant lesquelles dans l'environnement de OpenFOAM le 
�P�R�G�q�O�H���P�D�W�K�p�P�D�W�L�T�X�H���G�H���O�
�p�P�D�Q�D�W�L�R�Q���G�X���J�D�]���G�H���S�U�R�W�H�F�W�L�R�Q���I�R�X�U�Q�L���S�D�U���O�H�V���F�D�Q�D�X�[��
�F�R�D�[�L�D�X�[�� �G�H�� �O�D�� �W�X�\�q�U�H�� �G�H�� �E�U�€�O�X�U�H�� �j�� �J�D�]�� �D�� �p�W�p�� �F�U�p�p���� �/�H�� �P�R�G�q�O�H�� �F�R�X�Y�U�H�� �W�R�X�V�� �O�H�V��
�S�D�U�D�P�q�W�U�H�V���L�P�S�R�U�W�D�Q�W�V���W�H�O�V���T�X�H�����O�H���G�p�E�L�W���Y�R�O�X�P�p�W�U�L�T�X�H���G�H���O�
�D�U�J�R�Q���H�W���G�X���G�L�R�[�\�G�H���G�H��
�F�D�U�E�R�Q�H���� �O�D�� �F�K�D�O�H�X�U�� �G�p�J�D�J�p�H�� �S�D�U�� �O�
�D�U�F�� �p�O�H�F�W�U�L�T�X�H���� �O�D�� �F�R�Q�G�X�F�W�L�Y�L�W�p�� �W�K�H�U�P�L�T�X�H�� �G�H��
�P�D�W�L�q�U�H�V�� �V�R�O�L�G�H�V���� �3�R�X�U�� �S�U�p�F�L�V�H�U�� �O�H�V�� �F�D�O�F�X�O�V�� �R�Q�� �D�� �I�D�L�W���O�¶�D�P�L�Q�F�L�V�V�H�P�H�Q�W�� �G�X�� �U�p�V�H�D�X��
dans les zones les plus imp�R�U�W�D�Q�W�H�V���G�H���O�
�p�P�D�Q�D�W�L�R�Q���G�H�V��jets de gaz. Au cours de la 
�V�L�P�X�O�D�W�L�R�Q�����O�H���G�L�R�[�\�G�H���G�H���F�D�U�E�R�Q�H���D���p�W�p���I�R�X�U�Q�L���S�D�U���O�H���F�D�Q�D�O���D�Q�Q�X�O�D�L�U�H�����O�
�D�U�J�R�Q���D���p�W�p��
�I�R�X�U�Q�L�� �S�D�U�� �O�H�� �F�D�Q�D�O�� �F�H�Q�W�U�D�O���� �/�H�� �U�D�W�L�R�� �G�X�� �G�p�E�L�W�� �G�H�� �J�D�]�� �p�W�D�L�W�� �O�H�� �V�X�L�Y�D�Q�W���� �S�R�X�U�� �O�H��
�G�L�R�[�\�G�H���G�H���F�D�U�E�R�Q�H���O�H���G�p�E�L�W���p�W�D�L�W���Fonstant et constituait 7,5 l/min, le �G�p�E�L�W���G�
�D�U�J�R�Q��
variait �G�D�Q�V���O�D���S�O�D�J�H���G�H�������O���P�L�Q���M�X�V�T�X�
�j�����������O���P�L�Q�� 

�$�� �O�D�� �V�X�L�W�H�� �G�H�� �O�D�� �V�L�P�X�O�D�W�L�R�Q�� �P�D�W�K�p�P�D�W�L�T�X�H���� �M�¶�D�L�� �R�E�W�H�Q�X�� �O�H�� �P�R�G�q�O�H�� �G�H����������������������������������������������
�O�
�p�P�D�Q�D�W�L�R�Q�� �G�H�V�� �J�D�]�� �G�H�� �S�U�R�W�H�F�W�L�R�Q�� �T�X�L�� �S�H�U�P�H�W�� �G�H�� �G�p�W�H�U�P�L�Q�H�U�� �O�H�V�� �Sroportions des 
�F�R�P�S�R�V�D�Q�W�V���G�H���J�D�]���G�D�Q�V���O�H�V���S�R�L�Q�W�V���G�L�Y�H�U�V���G�X���M�H�W���G�H���J�D�]���G�H���S�U�R�W�H�F�W�L�R�Q�����*�U�k�F�H���j���F�H�V��
�G�R�Q�Q�p�H�V���M�¶�D�L���G�p�W�H�U�P�L�Q�p���O�H���G�p�E�L�W���G�H���G�L�R�[�\�G�H���G�H���F�D�U�E�R�Q�H���H�W���G�
�D�U�J�R�Q�����H�W���F�H�O�D���S�H�U�P�H�W��
�G�
�R�E�W�H�Q�L�U�� �O�D�� �F�R�P�S�R�V�L�W�L�R�Q�� �F�K�L�P�L�T�X�H�� �R�S�W�L�P�D�O�H�� �G�H�� �O�¶�D�W�P�R�V�S�K�q�U�H�� �S�U�R�W�H�F�W�U�L�F�H�� �G�D�Q�V�� �O�D 
zone de l'arc. 
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�M�>�D���������������� 
�D�H�G�K�L�J�M�D�P�B�Y���D�H�F�;�B�G�B�J�H�<�:�G�G�H�=�H���F�:�=�G�B�L�G�H-

�>�B�G�:�F�B�Q�?�K�D�H�=�H���J�:�K�D�:�L�G�B�D�:���>�E�Y���K�L�:�G�D�H�<�� 
�N�J�?�A�?�J�G�H�C���=�J�M�I�I�U 

 
�:�����K�����K�?�F�?�G�H�<�: 

�G�Z�m�q�g�u�c���j�m�d�h�\�h�^�b�l�_�e�v���>�� �F�����K�<�B�J�?�I�:�����d�Z�g�^�����l�_�o�g�����g�Z�m�d 
�;�?�E�H�J�M�K�K�D�H-�J�H�K�K�B�C�K�D�B�C���M�G�B�<�?�J�K�B�L�?�L 

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

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

�D�h�f�[�b�g�b�j�h�\�Z�g�g�u�c���b�g�k�l�j�m�f�_�g�l���i�j�b�f�_�g�y�_�l�k�y���^�e�y���m�\�_�e�b�q�_�g�b�y���^�b�Z�f�_�l�j�h�\��
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�k�l�Z�[�b�e�b�a�Z�p�b�b���h�[�s�_�k�l�\�Z�� 

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

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

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

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

�G�_�h�[�o�h�^�b�f�h���^�h�[�Z�\�b�l�v�����q�l�h���_�k�e�b���q�_�e�h�\�_�d���g�_���\���k�b�e�Z�o���k�i�j�Z�\�b�l�v�k�y���k���b�]�j�h��
�\�h�c�� �a�Z�\�b�k�b�f�h�k�l�v�x�� �k�Z�f�h�k�l�h�y�l�_�e�v�g�h���� �h�q�_�g�v�� �\�Z�`�g�h���� �q�l�h�[�u�� �h�d�j�m�`�Z�x�s�b�_�� �_�]�h��
�e�x�^�b���[�u�e�b���g�_�j�Z�\�g�h�^�m�r�g�u���b���i�h�f�h�]�e�b���_�f�m�� 
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�M�K�L�H�C�Q�B�<�H�K�L�B���:�<�L�H�F�H�;�B�E�V�G�H�=�H���D�J�:�G�: 
 

�:�����:�����>�J�H�;�U�R�?�<�K�D�B�C 
�G�Z�m�q�g�u�c���j�m�d�h�\�h�^�b�l�_�e�v���<�����B�����F�:�L�<�?�?�G�D�H�����d�Z�g�^. �l�_�o�g. �g�Z�m�d�����^�h�p�� 

�;�?�E�H�J�M�K�K�D�H-�J�H�K�K�B�C�K�D�B�C���M�G�B�<�?�J�K�B�L�?�L 
 
�:�\�l�h�f�h�[�b�e�v�g�u�_�� �d�j�Z�g�u���� �h�[�e�Z�^�Z�x�s�b�_�� �\�u�k�h�d�h�c�� �f�h�[�b�e�v�g�h�k�l�v�x�� �b�� �Z�\�l�h��

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

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

�>�e�y�� �i�h�\�u�r�_�g�b�y�� �m�k�l�h�c�q�b�\�h�k�l�b�� �k�l�j�_�e�h�\�u�o�� �d�j�Z�g�h�\���� �h�k�h�[�_�g�g�h�� �[�Z�r�_�g�g�u�o������
�b�k�d�m�k�k�l�\�_�g�g�h���m�\�_�e�b�q�b�\�Z�x�l���f�Z�k�k�m���d�j�Z�g�Z���a�Z���k�q�_�l���i�j�b�f�_�g�_�g�b�y���[�Z�e�e�Z�k�l�Z�����Z���^�e�y��
�m�j�Z�\�g�h�\�_�r�b�\�Z�g�b�y�� �q�Z�k�l�b�� �]�j�m�a�Z�� �b�� �k�l�j�_�e�u�� �r�b�j�h�d�h�� �i�j�b�f�_�g�y�x�l�� �i�j�h�l�b�\�h�\�_�k�u��
�a�g�Z�q�b�l�_�e�v�g�h�c���������«�������l���b���[�h�e�_�_�����f�Z�k�k�u�����<���Z�\�l�h�f�h�[�b�e�v�g�u�o���d�j�Z�g�Z�o���i�j�b�f�_�g�_��
�g�b�_���[�Z�e�e�Z�k�l�Z���b���i�j�h�l�b�\�h�\�_�k�Z���a�Z�l�j�m�^�g�b�l�_�e�v�g�h�����Z���b�g�h�]�^�Z���b���g�_�\�h�a�f�h�`�g�h���i�h���i�j�b��
�q�b�g�_�� �k�g�b�`�_�g�b�y�� �f�h�[�b�e�v�g�h�k�l�b���d�j�Z�g�Z���i�j�b�� �h�]�j�Z�g�b�q�_�g�b�b���g�Z�]�j�m�a�d�b���g�Z���h�k�v���� �]�Z�[�Z��
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�G�:���H�K�G�H�<�?���@�?�E�?�A�: 
 

�:�����K�����K�:�N�H�G�H�< 
�G�Z�m�q�g�u�c���j�m�d�h�\�h�^�b�l�_�e�v���:�����K�����N�?�>�H�K�?�G�D�H 

�;�?�E�H�J�M�K�K�D�H-�J�H�K�K�B�C�K�D�B�C���M�G�B�<�?�J�K�B�L�?�L 
 
�=�Z�a�h�l�_�j�f�b�q�_�k�d�h�_�� �g�Z�i�u�e�_�g�b�_���y�\�e�y�_�l�k�y�� �w�n�n�_�d�l�b�\�g�u�f�� �k�i�h�k�h�[�h�f���j�_�f�h�g�l�Z��

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

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

�G�Z�g�_�k�_�g�b�_���i�h�d�j�u�l�b�c���h�k�m�s�_�k�l�\�e�y�e�h�k�v���g�Z���m�k�l�Z�g�h�\�d�_���i�e�Z�a�f�_�g�g�h�]�h���g�Z�i�u��
�e�_�g�b�y���k���j�Z�[�h�q�_�c���f�h�s�g�h�k�l�v�x���������d�<�l�����B�k�i�u�l�Z�g�b�_���b�a�g�h�k�h�k�l�h�c�d�h�k�l�b���i�h�d�j�u�l�b�c��
�h�k�m�s�_�k�l�\�e�y�e�h�k�v�� �\�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �=�H�K�L�� ������������-�������� �B�k�k�e�_�^�h�\�Z�g�b�y�� �i�j�h�\�h�^�b��
�e�b�k�v�� �g�Z�� �i�h�d�j�u�l�b�y�o�� �b�a�� �f�Z�l�_�j�b�Z�e�h�\�� �g�Z�� �h�k�g�h�\�_�� �k�e�_�^�m�x�s�b�o�� �d�h�f�i�h�a�b�p�b�c���� �i�h��
�j�h�r�d�b�� �i�h�� �o�b�f�b�q�_�k�d�h�f�m�� �k�h�k�l�Z�\�m�� �Z�g�Z�e�h�]�b�q�g�u�_�� �k�l�Z�e�y�f�� �����O�������� �O�������� �����O��������
�f�Z�l�_�j�b�Z�e�� �k�h�k�l�Z�\�Z��Fe �± 30 % Al ���� �d�h�f�i�h�a�b�p�b�y�� �Z�g�Z�e�h�]�b�q�g�Z�y�� �i�h�� �k�h�k�l�Z�\�m�� �k�l�Z�e�b��
�����O�����G�������� 

�<���[�h�e�v�r�b�g�k�l�\�_���k�e�m�q�Z�_�\���\���g�Z�i�u�e�_�g�g�u�o���i�h�d�j�u�l�b�y�o���i�j�b�k�m�l�k�l�\�m�x�l���i�h�j�u����
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�k�h�� �k�t�_�f�g�u�f�� �i�j�h�l�b�\�h�\�_�k�h�f�� ������ �i�h�^�\�_�r�b�\�Z�_�f�u�f�� �d�� �i�j�h�l�b�\�h�\�_�k�g�h�c�� �d�h�g�k�h�e�b�� ���� 
�m�^�_�j�`�b�\�Z�_�f�h�c���]�b�^�j�h�p�b�e�b�g�^�j�h�f���������K�h�_�^�b�g�_�g�b�_���i�j�h�l�b�\�h�\�_�k�Z�������k���i�j�h�l�b�\�h�\�_�k��
�g�h�c���d�h�g�k�h�e�v�x�������h�k�m�s�_�k�l�\�e�y�_�l�k�y���i�Z�e�v�p�_�f���������<���i�_�j�_�^�g�_�c���q�Z�k�l�b���g�_�i�h�\�h�j�h�l�g�h�c��
�j�Z�f�u���i�j�_�^�m�k�f�h�l�j�_�g�Z���i�e�h�s�Z�^�d�Z�������k���g�Z�i�j�Z�\�e�y�x�s�b�f�b���������I�h���h�d�h�g�q�Z�g�b�b���j�Z�[�h�l�u��
�i�h�\�h�j�h�l�g�Z�y���i�e�Z�l�n�h�j�f�Z���m�k�l�Z�g�Z�\�e�b�\�Z�_�l�k�y���l�Z�d�����q�l�h���i�j�h�l�b�\�h�\�_�k�������j�Z�k�i�h�e�Z�]�Z�_�l�k�y��
�g�Z�^���i�e�h�s�Z�^�d�h�c���������=�b�^�j�h�p�b�e�b�g�^�j�h�f�������i�j�h�l�b�\�h�\�_�k�g�Z�y���d�h�g�k�h�e�v�������h�i�m�k�d�Z�_�l�k�y���b��
�i�j�h�l�b�\�h�\�_�k�������m�k�l�Z�g�Z�\�e�b�\�Z�_�l�k�y���g�Z���i�e�h�s�Z�^�d�m���������I�h�k�e�_���h�l�k�h�_�^�b�g�_�g�b�y���i�j�h�l�b�\�h��
�\�_�k�Z�� ���� �h�l�� �i�j�h�l�b�\�h�\�_�k�g�h�c�� �d�h�g�k�h�e�b�� ������ �h�g�Z�� �]�b�^�j�h�p�b�e�b�g�^�j�h�f�� ���� �i�h�^�g�b�f�Z�_�l�k�y��
�\�\�_�j�o�����d�Z�d���i�h�d�Z�a�Z�g�h���g�Z���j�b�k. 2. 

 
                  
�J�b�k. 1. �:�\�l�h�f�h�[�b�e�v�g�u�c���d�j�Z�g���k�h���k�t�_�f�g�u�f���i�j�h�l�b�\�h�\�_�k�h�f 
 

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

�<�� �p�_�e�y�o�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �[�Z�e�e�Z�k�l�Z�� �^�e�y�� �m�\�_�e�b�q�_�g�b�y�� �f�Z�k�k�u�� �d�j�Z�g�Z�� �i�j�_�^�e�Z��
�]�Z�_�l�k�y�� �b�k�i�h�e�v�a�h�\�Z�l�v�� �k�i�_�p�b�Z�e�v�g�u�_�� �d�h�j�u�l�h�h�[�j�Z�a�g�u�_�� �_�f�d�h�k�l�b��1, �m�k�l�Z�g�Z�\�e�b�\�Z��
�_�f�u�_���k�Z�f�b�f���d�j�Z�g�h�f���g�Z���\�u�^�\�b�`�g�u�_ �[�Z�e�d�b���\�u�g�h�k�g�u�o���h�i�h�j���k���i�h�k�e�_�^�m�x�s�_�c���b�o��
�a�Z�]�j�m�a�d�h�c���[�Z�e�e�Z�k�l�g�u�f�b���]�j�m�a�Z�f�b���������d�Z�d���i�h�d�Z�a�Z�g�h���g�Z���j�b�k. 4.  


















































































































