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�J�_�^�Z�d�p�•�c�g�Z�� �d�h�e�_�]�•�y����� �̂h�d�l�h�j�� �Z�j�o�•�l�_�d�l�m�j�b���� �i�j�h�n�_�k�h�j, �L�h�\�[�b�q �<�� �<�� 

���a�Z�k�l�m�i�g�b�d�� �\�•�^�i�h�\�•�^�Z�e�v�g�h�]�h�� �j�_�^�Z�d�l�h�j�Z���� � �̂h�d�l�h�j�� �Z�j�o�•�l�_�d�l�m�j�b���� �i�j�h�n�_�k�h�j. 
�L�•�f�h�o�•�g �<�� �H�� ���a�Z�k�l�m�i�g�b�d�� �\�•�^�i�h�\�•�^�Z�e�v�g�h�]�h�� �j�_�^�Z�d�l�h�j�Z���� �d�Z�g�^�b�^�Z�l�� �Z�j�o�•�l�_�d�l�m�j�b����
�^�h�p�_�g�l���E�_�\�q�_�g�d�h �H�� �<�� ���\�•�^�i�h�\�•�^�Z�e�v�g�b�c�� �k�_�d�j�_�l�Z�j���� � �̂h�d�l�h�j�� �l�_�o�g�•�q�g�b�o�� �g�Z�m�d����
�i�j�h�n�_�k�h�j�� �=�Z�[�j�_�e�v �F�� �F��; � �̂h�d�l�h�j�� �l�_�o�g�•�q�g�b�o�� �g�Z�m�d���� �i�j�h�n�_�k�h�j����
�D�e�x�r�g�b�q�_�g�d�h �/�� �/��; � �̂h�d�l�h�j�� �l�_�o�g�•�q�g�b�o�� �g�Z�m�d���� �i�j�h�n�_�k�h�j���F�b�o�Z�c�e�_�g�d�h �<�� �/��; 
� �̂h�p�_�g�l���Q�_�j�_�^�g�•�q�_�g�d�h �I�� �I��; � �̂h�d�l�h�j�� �]�_�h�]�j�Z�n�•�q�g�b�o�� �g�Z�m�d���� �i�j�h�n�_�k�h�j����
�G�m�^�_�e�v�f�Z�g �<�� �1��; � �̂h�d�l�h�j�� �l�_�o�g�•�q�g�b�o�� �g�Z�m�d���� �i�j�h�n�_�k�h�j���I�•�^�]�h�j�g�b�c �H�� �E��; � �̂h�d�l�h�j��
�Z�j�o�•�l�_�d�l�m�j�b���� �i�j�h�n�_�k�h�j, �I�Z�g�q�_�g�d�h �L�� �N��; � �̂h�d�l�h�j�� �l�_�o�g�•�q�g�b�o�� �g�Z�m�d���� �i�j�h�n�_�k�h�j��
�I�e�h�k�d�b�c �<�� �H��; � �̂h�d�l�h�j�� �l�_�o�g�•�q�g�b�o�� �g�Z�m�d���� �i�j�h�n�_�k�h�j���K�Z�f�h�c�e�h�\�b�q �<�� �<��; � �̂h�d�l�h�j��
�l�_�o�g�•�q�g�b�o�� �g�Z�m�d���� �i�j�h�n�_�k�h�j �D�Z�s�_�g�d�h �H�� �<��; � �̂h�d�l�h�j�� �l�_�o�g�•�q�g�b�o�� �g�Z�m�d���� �i�j�h�n�_�k�h�j��
�K�_�j�]�_�c�q�m�d �H. �<��; � �̂h�d�l�h�j�� �Z�j�o�•�l�_�d�l�m�j�b���� �i�j�h�n�_�k�h�j �D�m�p�_�\�b�q �<�� �<��; � �̂h�d�l�h�j��
�Z�j�o�•�l�_�d�l�m�j�b���� �i�j�h�n�_�k�h�j�����K�e�}�i�p�h�\ �H�� �K��; � �̂h�d�l�h�j�� �l�_�o�g�•�q�g�b�o�� �g�Z�m�d���� �i�j�h�n�_�k�h�j��
�I�e�_�r�d�Z�g�h�\�k�v�d�Z �:�� �F��; � �̂h�d�l�h�j�� �Z�j�o�•�l�_�d�l�m�j�b���� �i�j�h�n�_�k�h�j �D�h�\�Z�e�v�k�v�d�b�c �E�� �F��; 
� �̂h�d�l�h�j�� �Z�j�o�•�l�_�d�l�m�j�b���� �i�j�h�n�_�k�h�j, �R�_�[�_�d �G�� �F��; � �̂h�d�l�h�j�� �l�_�o�g�•�q�g�b�o���g�Z�m�d���� �i�j�h�n�_�k�h�j��
�Y�d�h�\�e�}�\ �F�� �1��; � �̂h�d�l�h�j�� �l�_�o�g�•�q�g�b�o�� �g�Z�m�d���� �i�j�h�n�_�k�h�j���K�b�g�]�Z�€�\�k�v�d�Z �H�� �1��; � �̂h�d�l�h�j��
�Z�j�o�•�l�_�d�l�m�j�b���� �i�j�h�n�_�k�h�j���N�� �F�•�•�k �;�_�e�v�]�•�y; � �̂h�d�l�h�j�� �Z�j�o�•�l�_�d�l�m�j�b���� �i�j�h�n�_�k�h�j���I�� �G�•�]�k�l 
�:�\�k�l�j�•�y; � �̂h�d�l�h�j-�•�g�`�_�g�_�j���� �i�j�h�n�_�k�h�j���<�� �D�Z�e�m�r�_ �G�•�f�_�q�q�b�g�Z; � �̂h�d�l�h�j�� �l�_�o�g�•�q�g�b�o��
�g�Z�m�d���� �i�j�h�n�_�k�h�j���?�� �;�Z�m�f�]�Z�l�_�j �:�\�k�l�j�•�y; � �̂h�d�l�h�j�� �Z�j�o�•�l�_�d�l�m�j�b���� �i�j�h�n�_�k�h�j��
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�l�Z�d�`�_�� �i�j�_�^�k�l�Z�\�e�_�g�Z�� �_�]�h�� �d�e�Z�k�k�b�n�b�d�Z�p�b�y�� �i�h�� �k�h�^�_�j�`�Z�g�b�x���� �< �a�Z�\�b�k�b�f�h�k�l�b�� �h�l��
�d�h�e�b�q�_�k�l�\�_�g�g�h�]�h�� �k�h�^�_�j�`�Z�g�b�y���f�b�n�h-�l�h�i�h�g�b�f�b�q�_�k�d�h�]�h���i�h�l�_�g�p�b�Z�e�Z���h�[�h�a�g�Z�q�_�g�Z 
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�I �j�_�^�k�l�Z�\�e�_�g�Z�� �k�_�f�b�h�l�b�q�_�k�d�Z�y�� �f�h�^�_�e�v���k�h�\�_�j�r�_�g�b�k�l�\�h�\�Z�g�b�y���b�� �l�j�Z�g�k�e�y�p�b�b��
�a�g�Z�d�h�\�u�o���k�l�j�m�d�l�m�j���f�b�n�h-�l�h�i�h�g�b�f�b�q�_�k�d�h�]�h���i�h�l�_�g�p�b�Z�e�Z �\���]�h�j�h�^�k�d�h�c���k�j�_�^�_. 
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�\�k�_�o�� �k�n�_�j�Z�o�� �`�b�a�g�_�^�_�y�l�_�e�v�g�h�k�l�b�� �q�_�e�h�\�_�d�Z���� �I�j�h�p�_�k�k�� �m�i�j�Z�\�e�_�g�b�y�� �\�d�e�x�q�Z�_�l����
�h�k�m�s�_�k�l�\�e�_�g�b�_�� �p�_�e�_�g�Z�i�j�Z�\�e�_�g�g�u�o�� �\�h�a�^�_�c�k�l�\�b�c�� �g�Z�� �h�[�t�_�d�l�� �m�i�j�Z�\�e�_�g�b�y����
�i�h�e�m�q�_�g�b�_���b�g�n�h�j�f�Z�p�b�b���h���i�h�\�_�^�_�g�b�b���h�[�t�_�d�l�Z�����Z�g�Z�e�b�a���i�h�e�m�q�_�g�g�h�c���b�g�n�h�j�f�Z�p�b�b���b��
�k�h�i�h�k�l�Z�\�e�_�g�b�_���_�_���k���i�j�h�]�j�Z�f�f�h�c�����k���^�Z�e�v�g�_�c�r�b�f���i�j�b�g�y�l�b�_�f���j�_�r�_�g�b�y���h���d�h�j�j�_�d�p�b�b��
�m�i�j�Z�\�e�y�x�s�b�o���\�h�a�^�_�c�k�l�\�b�c�� 
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�j�Z�a�\�b�l�b�y�� �^�h�e�`�g�Z�� �b�k�d�e�x�q�Z�l�v�� �b�]�g�h�j�b�j�h�\�Z�g�b�_�� �d�Z�d�� �d�Z�d�h�]�h-�e�b�[�h�� �Z�k�i�_�d�l�Z��
�]�j�Z�^�h�k�l�j�h�b�l�_�e�v�g�h�c�� �^�_�y�l�_�e�v�g�h�k�l�b���²  �k�h�p�b�Z�e�v�g�h�]�h���� �w�d�h�g�h�f�b�q�_�k�d�h�]�h����
�w�d�h�e�h�]�b�q�_�k�d�h�]�h���� �l�Z�d�� �b�� �i�h�l�j�_�[�g�h�k�l�_�c�� �q�_�e�h�\�_�d�Z�� �\�� �]�h�j�h�^�k�d�h�c�� �k�j�_�^�_�� �d�Z�d��
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�[�b�h�e�h�]�b�q�_�k�d�h�]�h�� �b�� �^�m�o�h�\�g�h�]�h�� �k�m�s�_�k�l�\�Z���� �D�h�f�i�e�_�d�k�g�u�c�� �m�q�_�l�� �\�k�_�o�� �n�Z�d�l�h�j�h�\���²  
�g�_�h�[�o�h�^�b�f�h�_���m�k�e�h�\�b�_���w�n�n�_�d�l�b�\�g�h�k�l�b���]�j�Z�^�h�j�_�]�m�e�b�j�h�\�Z�g�b�y�� 

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

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

�H�[�k�m�`�^�_�g�b�_���j�_�a�m�e�v�l�Z�l�h�\��  
�Q�_�e�h�\�_�d�� �k�m�s�_�k�l�\�m�_�l�� �g�_�� �l�h�e�v�d�h�� �\�� �f�Z�l�_�j�b�Z�e�v�g�u�o���� �\�_�s�g�h-�i�j�_�^�f�_�l�g�u�o���� �g�h���b��

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

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

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

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

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

�M�� �B-�N�m�� �L�m�Z�g�Z�� �©�F�b�n�b�q�_�k�d�h�_�� �i�j�h�k�l�j�Z�g�k�l�\�h���± �w�l�h�� �b�g�l�_�e�e�_�d�l�m�Z�e�v�g�u�c��
�d�h�g�k�l�j�m�d�l���� �\�h�a�g�b�d�Z�x�s�b�c�� �i�h�k�j�_�^�k�l�\�h�f�� �q�m�\�k�l�\�� �b�� �\�h�h�[�j�Z�`�_�g�b�y�� �d�Z�d�� �h�l�\�_�l�� �g�Z��
�[�Z�a�h�\�u�_�� �q�_�e�h�\�_�q�_�k�d�b�_�� �i�h�l�j�_�[�g�h�k�l�b���� �F�b�n�b�q�_�k�d�h�_�� �i�j�h�k�l�j�Z�g�k�l�\�h�� �h�l�e�b�q�Z�_�l�k�y�� �h�l��
�i�j�Z�]�f�Z�l�b�q�_�k�d�h�]�h�� �l�_�f���� �q�l�h�� �b�]�g�h�j�b�j�m�_�l�� �e�h�]�b�d�m�� �>2]�ª���� �Z�� �a�g�Z�q�b�l���� �f�b�g�m�_�l�� �p�_�g�a�m�j�m��
�i�k�b�o�b�d�b�� �b�� �i�j�y�f�h�� �i�h�i�Z�^�Z�_�l�� �\�� �k�h�a�g�Z�g�b�_���� �n�h�j�f�b�j�m�y�� �i�h�\�_�^�_�g�b�_�� �q�_�e�h�\�_�d�Z�� �\��
�]�h�j�h�^�k�d�h�c�� �k�j�_�^�_���� �F�b�n�b�q�_�k�d�b�_�� �i�j�h�k�l�j�Z�g�k�l�\�Z�� �k�h�a�^�Z�x�l�k�y�� �b�a�g�Z�q�Z�e�v�g�h�� �b�f�_�g�g�h��
�k�b�e�h�c���\�h�h�[�j�Z�`�_�g�b�y��[3], [4]. 

�L�_�f�_�� �f�b�n�h�e�h�]�b�a�Z�p�b�b�� �b�� �f�b�n�h�e�h�]�b�b�� �i�h�k�\�y�s�_�g�u�� �j�Z�[�h�l�u�� �:�\�]�m�k�l�b�g�Z����
�@�� �=�m�k�^�h�j�n�Z���� �F�� �F�h�g�l�_�g�y���� �N�� �;�w�d�h�g�Z���� �L�� �=�h�[�[�k�Z���� �B�� �D�Z�g�l�Z���� �N�� �G�b�p�r�_ [5], 
�:�� �R�h�i�_�g�]�Z�m�w�j�Z���� �L�� �K�� �D�m�g�Z [6�@���� �:�� �I�Z�j�Z�g�^�h�\�k�d�h�]�h [7�@���� �:�� �K�h�\�b���� �\�� �d�h�l�h�j�u�o��
�Z�g�Z�e�b�a�� �i�j�h�p�_�k�k�h�\�� �f�b�n�h�e�h�]�b�a�Z�p�b�b�� �a�Z�g�b�f�Z�_�l�� �a�g�Z�q�b�l�_�e�v�g�h�_�� �f�_�k�l�h���� �<�k�_�� �w�l�h��
�i�h�a�\�h�e�y�_�l�� �]�h�\�h�j�b�l�v�� �h�� �g�_�i�j�_�o�h�^�y�s�_�f�� �a�g�Z�q�_�g�b�b�� �b�a�u�k�d�Z�g�b�c�� �f�b�n�h�k�n�_�j�u���� �d�Z�d��
�k�h�k�l�Z�\�e�y�x�s�_�c���k�h�p�b�Z�e�v�g�h�c���j�_�Z�e�v�g�h�k�l�b���>8]. 

�G�_�h�[�o�h�^�b�f�h�� �h�l�f�_�l�b�l�v�� �j�Z�[�h�l�u���� �i�h�k�\�y�s�_�g�g�u�_�� �b�� �k�i�_�p�b�n�b�q�g�u�f�� �\�h�i�j�h�k�Z�f��
�f�b�n�h�l�\�h�j�q�_�k�l�\�Z���� �<�� �q�Z�k�l�g�h�k�l�b���� �w�l�h�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �J���� �;�Z�j�l�Z�� �>9�@���� �W�� �=�b�^�^�_�g�k�Z [10], 
�<�� �J�� �F�_�^�b�g�k�d�h�]�h�����G�����K�f�_�e�a�_�j�Z�����W�����;�����L�_�c�e�h�j�Z�����W�����N�j�h�f�f�Z���>11�@�����D�����O�h�j�g�b���b���^�j���� 

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

�:�g�Z�e�b�a�� �f�b�n�h-�l�h�i�h�g�b�f�b�q�_�k�d�h�]�h�� �i�h�l�_�g�p�b�Z�e�Z���d�Z�d�� �k�b�k�l�_�f�h�h�[�j�Z�a�m�x�s�_�]�h��
�w�e�_�f�_�g�l�Z�� �f�b�n�h-�l�h�i�h�g�b�f�b�q�_�k�d�h�c���k�l�j�m�d�l�m�j�u���k�� �l�h�q�d�b�� �a�j�_�g�b�y�� �o�Z�j�Z�d�l�_�j�Z�� �_�]�h��
�k�h�^�_�j�`�Z�l�_�e�v�g�h�k�l�b�� �i�h�a�\�h�e�b�e�� �i�j�_�^�k�l�Z�\�b�l�v���k�e�_�^�m�x�s�m�x���_�]�h���d�e�Z�k�k�b�n�b�d�Z�p�b�x����
�b�k�l�h�j�b�d�h-�[�b�h�]�j�Z�n�b�q�_�k�d�b�c���� �b�k�l�h�j�b�q�_�k�d�b�c���� �d�m�e�v�l�m�j�h�e�h�]�b�q�_�k�d�b�c���� �j�_�e�b�]�b�h�a�g�u�c�� 
�l�h�i�h�g�b�f�b�q�_�k�d�b�c�����i�h�e�b�l�b�q�_�k�d�b�c�� �k�h�p�b�Z�e�v�g�h-�w�d�h�g�h�f�b�q�_�k�d�b�c���b���w�l�g�b�q�_�k�d�b�c��[12]. 

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

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

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

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

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

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

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

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

�K �p�_�e�v�x�� �k�h�\�_�j�r�_�g�k�l�h�\�Z�g�b�y�� �f�b�n�h-�l�h�i�h�g�b�f�b�q�_�k�d�b�o�� �k�l�j�m�d�l�m�j�� �g�_�h�[�o�h�^�b�f�h��
�h�[�j�Z�l�b�l�v�k�y���d���i�j�_�^�e�h�`�_�g�g�h�c���B���<�����F�_�e�b�d-�=�Z�c�d�Z�a�y�g�h�f���f�h�^�_�e�b���b�g�n�h�j�f�Z�p�b�h�g�g�h�]�h��
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�i�j�h�p�_�k�k�Z���>13�@�����g�Z���h�k�g�h�\�_���d�h�l�h�j�h�c���f�h�`�g�h���i�j�h�k�e�_�^�b�l�v���k�_�f�b�h�l�b�q�_�k�d�b�_���f�_�o�Z�g�b�a�f�u��
�n�h�j�f�b�j�h�\�Z�g�b�y���b���l�j�Z�g�k�e�y�p�b�b���f�b�n�h�e�h�]�b�q�_�k�d�b�o���a�g�Z�d�h�\�u�o���k�l�j�m�d�l�m�j. 

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

�G�Z�� �i�_�j�\�h�f�� �w�l�Z�i�_ �k�\�h�_�]�h�� �k�m�s�_�k�l�\�h�\�Z�g�b�y�� �f�b�n�� �Z�d�l�m�Z�e�b�a�b�j�m�_�l�k�y�� �d�Z�d��
�b�f�y [14�@���� �G�Z�� �w�l�h�c�� �k�l�Z�^�b�b�� �]�_�g�_�j�Z�p�b�b�� �b�g�n�h�j�f�Z�p�b�b�� �n�Z�d�l�b�q�_�k�d�b�� �h�l�k�m�l�k�l�\�m�_�l��
�^�_�l�Z�e�b�a�b�j�h�\�Z�g�g�u�c�� �h�[�j�Z�a���� �k�m�s�_�k�l�\�m�_�l�� �l�h�e�v�d�h�� �b�f�y�� �d�Z�d�� �\�b�^���� �J�h�`�^�_�g�b�_��
�f�b�n�h�e�h�]�b�q�_�k�d�h�]�h�� �b�f�_�g�b�� �i�j�h�b�k�o�h�^�b�l�� �\�k�e�_�^�k�l�\�b�_�� �h�k�h�[�h�]�h�� �h�l�g�h�r�_�g�b�y�� �d�� �k�j�_�^�_����
�h�i�j�_�^�_�e�_�g�g�u�f���i�j�_�^�f�_�l�Z�f���b���y�\�e�_�g�b�y�f���� 

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

�B�g�n�h�j�f�Z�p�b�h�g�g�h-�a�g�Z�d�h�\�u�_�� �k�\�h�c�k�l�\�Z�� �]�h�j�h�^�k�d�h�c�� �k�j�_�^�u�� �\�h�a�g�b�d�Z�x�l�� �\��
�i�j�h�p�_�k�k�_�� �_�_�� �j�h�`�^�_�g�b�y���� �H�j�]�Z�g�b�a�m�_�f�Z�y�� �k�j�_�^�Z�� �\�k�_�]�^�Z�� �k�� �q�_�f-�l�h�� �Z�k�k�h�p�b�b�j�m�_�l�k�y����
�g�_�k�_�l�� �\�� �k�_�[�_�� �h�[�j�Z�a�g�h-�k�b�f�\�h�e�b�q�_�k�d�b�c�� �h�l�i�_�q�Z�l�h�d�� �f�_�k�l�Z���� �F�b�n�� �k�j�_�^�u���� �\�� �k�\�h�x��
�h�q�_�j�_�^�v�� �i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c�� �k�b�k�l�_�f�m�� �d�h�e�e�_�d�l�b�\�g�u�o�� �b�� �b�g�^�b�\�b�^�m�Z�e�v�g�u�o��
�i�j�_�^�k�l�Z�\�e�_�g�b�c���� �a�Z�^�Z�x�s�b�o�� �k�f�u�k�e�h�\�h�_�� �i�j�h�k�l�j�Z�g�k�l�\�h. �<�� �w�l�h�f�� �i�j�h�k�l�j�Z�g�k�l�\�_ 
�i�j�h�b�k�o�h�^�b�l�� �b�g�l�_�j�i�j�_�l�Z�p�b�y�� �g�Z�� �[�_�k�k�h�a�g�Z�l�_�e�v�g�h�f�� �m�j�h�\�g�_�� �\�Z�`�g�u�o�� �f�h�f�_�g�l�h�\��
�b�k�l�h�j�b�b�� �]�h�j�h�^�Z���� �]�h�j�h�^�k�d�h�]�h�� �i�j�h�k�l�j�Z�g�k�l�\�Z���b�� �_�]�h�� �k�l�j�m�d�l�m�j�g�h-�i�e�Z�g�b�j�h�\�b�q�g�u�o��
�w�e�_�f�_�g�l�h�\�����d�m�e�v�l�m�j�g�u�o���l�j�Z�^�b�p�b�c�����`�b�l�_�e�_�c���]�h�j�h�^�Z���>15]. 

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

�J���;�Z�j�l �\�� �j�Z�[�h�l�_�� �©�F�b�n�� �k�_�]�h�^�g�y�ª�����i�h�^�q�_�j�d�b�\�Z�_�l���� �q�l�h�� �f�b�n���± �w�l�h�� �k�e�h�\�h����
�b�a�[�j�Z�g�g�h�_�� �b�k�l�h�j�b�_�c�� �^�e�y�� �h�i�j�_�^�_�e�_�g�g�h�]�h�� �k�h�p�b�Z�e�v�g�h�]�h�� �i�j�b�f�_�g�_�g�b�y���± �[�u�l�v��
�d�h�f�f�m�g�b�d�Z�l�b�\�g�h�c�� �k�b�k�l�_�f�h�c���� �[�u�l�v�� �k�i�h�k�h�[�h�f�� �i�_�j�_�^�Z�q�b�� �k�h�h�[�s�_�g�b�c����
�\�h�k�i�j�b�g�b�f�Z�_�f�u�o���f�]�g�h�\�_�g�g�h�����g�_�k�m�s�b�o���k�f�u�k�e�����m�]�Z�^�u�\�Z�_�f�u�c���g�Z���[�_�k�k�h�a�g�Z�l�_�e�v�g�h�f��
�m�j�h�\�g�_���>16]. 

�G�Z���\�l�h�j�h�f���w�l�Z�i�_ �n�h�j�f�b�j�h�\�Z�g�b�y�����l�j�Z�g�k�e�y�p�b�b�����f�b�n�h�e�h�]�b�q�_�k�d�b�o���k�l�j�m�d�l�m�j��
�Z�j�o�Z�b�q�_�k�d�h�_�� �k�h�a�g�Z�g�b�_�� �h�[�t�_�^�b�g�y�_�l�� �b�f�y�� �b�� �h�[�e�b�d���� �©�b�g�l�m�b�l�b�\�g�h�_�� �h�s�m�s�_�g�b�_�ª��
�i�_�j�_�o�h�^�b�l�� �\�� �\�h�k�i�j�b�y�l�b�_�� �>17]. �I�j�h�b�k�o�h�^�b�l�� �n�h�j�f�b�j�h�\�Z�g�b�_�� �k�b�g�d�j�_�l�b�q�_�k�d�h�]�h��
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�f�b�n�h�e�h�]�b�q�_�k�d�h�]�h�� �h�[�j�Z�a�Z�� �d�Z�d�� �h�l�j�Z�`�_�g�b�_�� �b�e�b�� �\�u�j�Z�`�_�g�b�_�� �g�_�d�h�]�h�� �i�j�_�^�f�_�l�Z�� �b�e�b��
�_�]�h���h�i�j�_�^�_�e�_�g�g�u�o���d�Z�q�_�k�l�\�� 

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

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

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

�F�b�n�h-�l�h�i�h�g�b�f�b�q�_�k�d�Z�y�� �k�l�j�m�d�l�m�j�Z�� �b�f�_�_�l�� �l�_�k�g�m�x�� �Z�k�k�h�p�b�Z�l�b�\�g�m�x�� �k�\�y�a�v�� �k��
�l�h�i�h�g�b�f�b�d�h�c���� �W�l�h�� �\�u�j�Z�`�Z�_�l�k�y�� �\�� �l�h�f���� �q�l�h�� �k�j�_�^�Z���� �g�Z�^�_�e�_�g�g�Z�y�� �f�b�n�h�e�h�]�b�_�c����
�k�h�a�^�Z�_�l�k�y���i�m�l�_�f���g�Z�e�h�`�_�g�b�y���f�b�n�h-�l�h�i�h�g�b�f�b�q�_�k�d�h�c���k�l�j�m�d�l�m�j�u���g�Z���f�Z�l�_�j�b�Z�e�v�g�m�x��
�h�k�g�h�\�m���± �l�_�j�j�b�l�h�j�b�x��- �l�h�i�h�g�b�f�� �>18]���� �F�b�n�h-�l�h�i�h�g�b�f�b�q�_�k�d�b�_�� �i�h�l�_�g�p�b�Z�e�u���\��
�]�h�j�h�^�k�d�h�c�� �k�j�_�^�_���f�h�]�m�l�� �[�u�l�v�� �i�j�_�^�k�l�Z�\�e�_�g�u�� �\�� �\�b�^�_���l�h�q�_�q�g�h�c�� �e�h�d�Z�e�b�a�Z�p�b�b (�^�h�f-
�f�m�a�_�c���� �f�m�a�_�c-�d�\�Z�j�l�b�j�Z���� �i�Z�f�y�l�g�b�d�b���� �f�h�g�m�f�_�g�l�u���� �f�_�f�h�j�b�Z�e�u���� �f�h�g�m�f�_�g�l�u�� �\��
�i�Z�f�y�l�v�� �\�u�^�Z�x�s�b�o�k�y�� �e�x�^�_�c���� �i�Z�f�y�l�g�u�_�� �k�l�Z�l�m�b������ �g�Z�^�]�j�h�[�g�b�d�b�� �b�� �i�j��), 
�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c�� �e�h�d�Z�e�b�a�Z�p�b�b (�e�_�k�Z���� �i�h�e�y���� �j�_�d�b���� �f�_�k�l�Z�� �^�j�_�\�g�b�o�� �k�j�Z�`�_�g�b�c, 
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Annotation 

Arzili  G. Y. PhD, Assistant Professor, Kyiv National University of 
Construction and Architecture. 

Methods of menagement processes improvement mytho-toponymic 
structures. 

The article is devoted to the mytho-toponymic structure as a system, the 
element of which is the mytho-toponymic potential of the territory. 

The mytho-toponymic potential of the territory is a variant of oral folk art, 
which is the main factor in the spirituality of the urban environment, dissolving in a 
national character, in public consciousness. 

Myth, as a special form of reflection by a person (society) of reality in the form 
in which he is able to perceive and produce myths depending on upbringing, cultural 
profile, type of thinking, nature of perception, is a system of collective and individual 
representations that define the semantic space of the city, in which there is an 
interpretation, at an unconscious level, of significant moments in history, urban 
space, forming the spirituality of the urban environment. 

Myth is not only the fundamental basis for the existence of society, ethnos, and 
social consciousness. Myths, contributing to the maintenance of continuity in the 
movement of world culture, the manifestation of the principle of continuity of culture 
as an integral socio-cultural phenomenon, determine the spirituality of the urban 
environment. The spirituality of the urban environment is something that cements or 
destroys society, legitimizes the continuous enrichment of the genetic memory of an 
ethnic group, its collegiality, or destroys it. 

The article defines the concept of the mytho-toponymic potential of the territory, 
and also presents its classification by content. Depending on the quantitative content 
of the mytho-toponymic potential, the classification of the mytho-toponymic 
structure is indicated. 

A semiotic model of improving and translating the iconic structures of the 
mytho-toponymic potential is presented in urbam environment. 

Key words: urban environment, environmental spirituality, mytho-toponymic 
potential, mytho-toponymic structure, monostructure, bistructure, polystructure. 
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�f�h�^�_�e�x�\�Z�g�g�y�� �k�d�e�Z�^�q�Z�k�l�b�o�� �i�h�\�_�j�o�h�g�v�� �g�Z�� �h�k�g�h�\�•�� �\�b�d�h�j�b�k�l�Z�g�g�y�� �g�_�e�•�g�•�c�g�b�o��
�j�•�\�g�y�g�v���m���q�Z�k�l�b�g�g�b�o���i�h�o�•�^�g�b�o�����I�h�d�Z�a�Z�g�h���f�h�`�e�b�\�h�k�l�•���d�h�g�k�l�j�m�x�\�Z�g�g�y���k�d�e�Z�^�_�g�b�o��
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�i�h�\�_�j�o�h�g�v���� �^�b�k�d�j�_�l�g�•�� �d�Z�j�d�Z�k�b�� �y�d�b�o�� �k�l�\�h�j�x�x�l�v�k�y�� �g�Z�� �h�k�g�h�\�•�� �h�i�_�j�Z�l�h�j�•�\��
�^�b�k�d�j�_�l�g�h�€���^�b�n�_�j�_�g�p�•�Z�e�v�g�h�€���]�_�h�f�_�l�j�•�€�� 

�I�j�h�\�_�^�_�g�b�c�� �Z�g�Z�e�•�a�� �h�k�l�Z�g�g�•�o�� �^�h�k�e�•�^�`�_�g�v�� �l�Z�� �i�m�[�e�•�d�Z�p�•�c�� �i�•�^�l�\�_�j�^�b�\��
�g�_�h�[�o�•�^�g�•�k�l�v�� �\�b�d�h�g�Z�g�g�y�� �^�h�k�e�•�^�`�_�g�v�� �i�h�� �\�b�\�q�_�g�g�x�� �f�h�`�e�b�\�h�k�l�_�c�� �f�h�^�_�e�x�\�Z�g�g�y��
�^�b�k�d�j�_�l�g�b�o�� �Z�g�Z�e�h�]�•�\�� �}�^�b�g�b�o�� ���g�_�k�d�e�Z�^�_�g�b�o���� �]�e�Z�^�d�b�o�� �i�h�\�_�j�o�h�g�v���� �P�_�� �^�h�a�\�h�e�b�l�v��
�m�g�b�d�g�m�l�b�� �g�_�^�h�e�•�d�•�\���� �i�j�b�l�Z�f�Z�g�g�b�o�� �k�d�e�Z�^�_�g�b�f�� �i�h�\�_�j�o�g�y�f���� �l�Z�d�b�o�� �y�d���� �m�k�d�e�Z�^�g�_�g�v��
�d�h�g�k�l�j�m�d�p�•�€�� �m�� �f�•�k�p�y�o�� �k�l�b�d�m�\�Z�g�g�y�� �i�h�j�p�•�c�� �l�Z�� �i�h�y�\�b�� �l�Z�f�� �g�_�[�Z�`�Z�g�b�o�� �g�Z�i�j�m�]����
�h�[�e�Z�r�l�m�\�Z�g�g�y�� �^�h�^�Z�l�d�h�\�b�o�� �j�_�[�_�j�� �`�h�j�k�l�d�h�k�l�•���� �m�g�b�d�g�m�l�b�� �g�_�^�h�e�•�d�•�\�� �i�h�\�¶�y�a�Z�g�b�o�� �a��
�l�b�f���� �s�h�� �q�Z�k�l�b�g�b�� �k�d�e�Z�^�_�g�h�€�� �i�h�\�_�j�o�g�•�� �f�h�`�m�l�v�� �[�m�l�b�� �h�i�b�k�Z�g�•�� �j�•�a�g�b�f�b��
�Z�g�Z�e�•�l�b�q�g�b�f�b�� �j�•�\�g�y�g�g�y�f�b���� �D�j�•�f�� �l�h�]�h���� �^�e�y�� �k�d�e�Z�^�_�g�b�o�� �i�h�\�_�j�o�h�g�v�� �o�Z�j�Z�d�l�_�j�g�•����
�i�h�y�\�Z�� �a�e�Z�f�•�\�� �m�� �f�•�k�p�y�o�� �k�l�b�d�m�\�Z�g�g�y�� �q�Z�k�l�b�g���� �y�d�•�� �f�h�`�m�l�v�� �a�[�•�e�v�r�m�\�Z�l�b�k�v�� �a�� �d�j�h�d�h�f��
�^�b�k�d�j�_�l�b�a�Z�p�•�€���� �j�•�a�g�•�� �a�Z�d�h�g�b�� �a�f�•�g�b�� �d�j�b�\�b�a�g�b�� �m�� �q�Z�k�l�b�g�� �i�h�\�_�j�o�g�•���� �i�h�j�m�r�_�g�g�y��
�_�k�l�_�l�b�q�g�h�]�h�� �k�i�j�b�c�g�y�l�l�y�� �i�h�\�_�j�o�g�•���� �h�k�d�•�e�v�d�b�� �f�h�`�_�� �[�m�l�b�� �j�•�a�d�Z�� �a�f�•�g�Z�� �d�j�b�\�b�g�b�� �g�Z��
�j�•�a�g�b�o�� �q�Z�k�l�b�g�Z�o���� �K�d�e�Z�^�_�g�•�� �i�h�\�_�j�o�g�•�� �} �f�_�g�r�� �^�_�n�h�j�f�h�\�Z�g�b�f�b�� �l�Z�� �]�g�m�q�d�b�f�b�� �^�h��
�a�f�•�g�b���]�_�h�f�_�l�j�b�q�g�h�€���n�h�j�f�b�����l�h�f�m���•���[�m�^�•�\�_�e�v�g�Z���\�b�k�h�l�Z���m���Z�j�o�•�l�_�d�l�m�j�g�b�o���h�[�h�e�h�g�h�d��
�l�Z�d�h�]�h�� �l�b�i�m�� �[�m�^�_�� �f�_�g�r�h�x�� �g�•�`�� �m�� �]�e�Z�^�d�b�o�� �i�h�\�_�j�o�h�g�v���� �:�� �p�_�� �h�a�g�Z�q�Z�}���� �s�h�� �p�•��
�i�h�\�_�j�o�g�•�� �f�h�`�m�l�v�� �i�_�j�_�d�j�b�\�Z�l�b�� �f�_�g�r�•�� �h�[�¶�}�f�b�� �g�•�`�� �h�[�h�e�h�g�d�b���� �\�b�d�h�g�Z�g�•�� �a��
�]�_�h�f�_�l�j�b�q�g�h�€���l�h�q�d�b���a�h�j�m���y�d���]�e�Z�^�d�•���}�^�b�g�•���i�h�\�_�j�o�g�•���� 

�M�� �i�j�_�^�k�l�Z�\�e�_�g�b�o�� �^�h�k�e�•�^�`�_�g�g�y�o�� �\�k�•�� �j�h�a�j�Z�o�m�g�d�b�� �d�h�h�j�^�b�g�Z�l�� �\�m�a�e�•�\��
�^�b�k�d�j�_�l�g�b�o�� �d�Z�j�d�Z�k�•�\�� �i�_�j�_�^�[�Z�q�Z�}�l�v�k�y�� �\�b�d�h�g�m�\�Z�l�b�� �g�Z�� �h�k�g�h�\�•�� �m�a�Z�]�Z�e�v�g�_�g�h�]�h��
�k�l�Z�l�b�d�h-�]�_�h�f�_�l�j�b�q�g�h�]�h���f�_�l�h�^�m���� 

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

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

�Y�d�� �[�m�e�h�� �h�i�b�k�Z�g�h�� �\�b�s�_���� �\�� �h�k�g�h�\�•�� �K�=�F�� �e�_�`�b�l�v�� �g�_�h�[�o�•�^�g�•�k�l�v�� �k�d�e�Z�^�Z�g�g�y��
�k�b�k�l�_�f�b���j�•�\�g�y�g�v���j�•�\�g�h�\�Z�]�b���\�m�a�e�•�\���i�j�b���q�h�f�m���l�Z�d�����s�h�[���q�b�k�e�h���j�•�\�g�y�g�v���^�h�j�•�\�g�x�\�Z�e�h��
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�q�b�k�e�m�� �g�_�\�•�^�h�f�b�o�� �i�Z�j�Z�f�_�l�j�•�\���� �J�•�\�g�y�g�g�y�� �j�•�\�g�h�\�Z�]�b�� �g�_�h�[�o�•�^�g�h�� �k�d�e�Z�^�Z�l�b�� �^�e�y�� �\�k�•�o��
�g�_�a�Z�d�j�•�i�e�_�g�b�o���\�g�m�l�j�•�r�g�•�o���\�m�a�e�•�\���k�•�l�d�b���a���m�j�Z�o�m�\�Z�g�g�y�f���a�Z�^�Z�g�b�o���\�m�a�e�•�\���Z�[�h���e�•�g�•�c����
�L�Z�d�•�� �j�•�\�g�y�g�g�y�� �a�j�m�q�g�h�� �k�o�_�f�Z�l�b�q�g�h�� �i�j�_�^�k�l�Z�\�e�y�l�b�� �m�� �\�b�]�e�y�^�•�� �h�[�q�b�k�e�x�\�Z�e�v�g�b�o��
�r�Z�[�e�h�g�•�\���� �G�Z�� �j�b�k���� ���� �i�j�_�^�k�l�Z�\�e�_�g�h�� �d�e�Z�k�b�q�g�b�c�� �\�b�]�e�y�^�� �j�•�\�g�y�g�g�y�� �j�•�\�g�h�\�Z�]�b�� �\�m�a�e�Z��
�^�b�k�d�j�_�l�g�h�€���k�•�l�d�b���m���K�=�F���� 

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

�A�Z�i�j�h�i�h�g�h�\�Z�g�b�c���g�h�\�b�c���k�i�h�k�•�[���f�h�^�_�e�x�\�Z�g�g�y���^�b�k�d�j�_�l�g�b�o���Z�g�Z�e�h�]�•�\���}�^�b�g�b�o��
�g�_�k�d�e�Z�^�_�g�b�o�� �]�e�Z�^�d�b�o�� �i�h�\�_�j�o�h�g�v�� �i�_�j�_�^�[�Z�q�Z�}�� �j�h�a�r�b�j�b�l�b�� �k�b�k�l�_�f�m�� �j�•�\�g�y�g�v��
�j�•�\�g�h�\�Z�]�b���\�m�a�e�•�\���K�=�F���a�Z���j�Z�o�m�g�h�d���^�h�^�Z�\�Z�g�g�y���m���k�b�k�l�_�f�m���^�h�^�Z�l�d�h�\�b�o���j�•�\�g�y�g�v�����y�d�•��
�[�m�^�m�l�v�� �\�j�Z�o�h�\�m�\�Z�l�b�� �n�m�g�d�p�•�h�g�Z�e�v�g�b�c�� �j�h�a�i�h�^�•�e�� �a�h�\�g�•�r�g�•�o�� �a�m�k�b�e�v���� �i�j�b�d�e�Z�^�_�g�b�o��
�^�h���\�m�a�e�•�\���k�•�l�d�b�����^�e�y���a�[�_�j�_�`�_�g�g�y���€�€���j�•�\�g�h�\�Z�]�b���m���i�j�h�p�_�k�•���\�d�e�x�q�_�g�g�y���m���^�b�k�d�j�_�l�g�b�c��
�d�Z�j�d�Z�k�� �a�Z�^�Z�g�b�o�� �\�m�a�e�•�\�� �Z�[�h�� �e�•�g�•�c���� �I�j�h�i�h�g�m�}�l�v�k�y�� �\�b�d�h�j�b�k�l�h�\�m�\�Z�l�b�� �^�h�^�Z�l�d�h�\�•��
�h�[�q�b�k�e�x�\�Z�e�v�g�•���r�Z�[�e�h�g�b���^�e�y���•�g�l�_�j�i�h�e�y�p�•�€���a�m�k�b�e�v���� 

�>�e�y�� �•�g�l�_�j�i�h�e�y�p�•�€�� �a�m�k�b�e�v�� �m�� �\�m�a�e�Z�o�� �k�•�l�h�d�� �a�� �q�h�l�b�j�b�d�m�l�g�b�f�b�� �d�e�•�l�b�g�Z�f�b��
�f�h�`�_�f�h�� �\�b�d�h�j�b�k�l�h�\�m�\�Z�l�b�� �r�Z�[�e�h�g�b�� �j�•�a�g�b�o�� �n�h�j�f���� �y�d�•�� �i�j�b�� �i�_�j�_�f�•�s�_�g�g�•��
�g�Z�d�j�b�\�Z�x�l�v�� �\�k�•�� �g�_�a�Z�d�j�•�i�e�_�g�•�� �\�m�a�e�b���� �\�d�e�x�q�Z�x�q�b�� �d�m�l�h�\�•�� ���j�b�k���� �������Z������ �F�h�`�e�b�\�h�k�l�•��
�\�b�d�h�j�b�k�l�Z�g�g�y�� �r�Z�[�e�h�g�•�\���� �y�d�•�� �g�_�� �[�m�^�m�l�v�� �i�h�d�j�b�\�Z�l�b�� �d�m�l�h�\�•�� �\�m�a�e�b�� ���j�b�k���� �������[) 
�i�h�l�j�_�[�m�}���i�h�^�Z�e�v�r�h�]�h���^�h�k�e�•�^�`�_�g�g�y���� 

�D�h�`�g�b�c�� �r�Z�[�e�h�g���� �y�d�b�c�� �\�b�d�h�j�b�k�l�h�\�m�}�l�v�k�y�� �f�Z�}�� �j�h�a�f�•�j�g�•�k�l�v��ba�u ���� �^�_��a �± 
�q�b�k�e�h���_�e�_�f�_�g�l�•�\�� �k�d�•�g�q�_�g�h-�j�•�a�g�b�p�_�\�h�]�h�� �h�i�_�j�Z�l�h�j�Z�� �m���]�h�j�b�a�h�g�l�Z�e�v�g�h�f�m���g�Z�i�j�y�f�d�m����
b �± �q�b�k�e�h�� �_�e�_�f�_�g�l�•�\�� �r�Z�[�e�h�g�Z�� �m�� �\�_�j�l�b�d�Z�e�v�g�h�f�m�� �g�Z�i�j�y�f�d�m���� �G�Z�i�j�b�d�e�Z�^����
�i�j�_�^�k�l�Z�\�e�_�g�b�c���g�Z���j�b�k�������r�Z�[�e�h�g���f�Z�}���j�h�a�f�•�j�g�•�k�l�v��33�u . 

�I�j�b�� �n�h�j�f�h�l�\�h�j�_�g�g�•�� �^�b�k�d�j�_�l�g�b�o�� �d�Z�j�d�Z�k�•�\�� �i�h�\�_�j�o�h�g�v�� �k�e�•�^�� �\�j�Z�o�h�\�m�\�Z�l�b��
�]�_�h�f�_�l�j�b�q�g�•�� �i�Z�j�Z�f�_�l�j�b�� �k�•�l�d�b�� ���n�h�j�f�m�� �k�•�l�d�b���� �d�\�Z�^�j�Z�l�g�•���� �i�j�y�f�h�d�m�l�g�•���� �n�h�j�f�m��
�h�i�h�j�g�h�]�h�� �d�h�g�l�m�j�Z�� �•�� �l���� �•�g�������� �l�h�i�h�e�h�]�•�x�� �k�•�l�h�d�� ���j�•�a�g�•�� �l�b�i�b�� �d�e�•�l�b�g�� �d�\�Z�^�j�Z�l�g�•����
�l�j�b�d�m�l�g�•���� �q�b�k�e�h�� �\�¶�y�a�_�c�� �m�� �\�m�a�e�Z�o������ �D�j�•�f�� �l�h�]�h���� �g�_�h�[�o�•�^�g�h�� �\�j�Z�o�h�\�m�\�Z�l�b�� �n�h�j�f�m��

�J�b�k������ 
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�r�Z�[�e�h�g�Z�� �•�� �c�h�]�h�� �j�h�a�f�•�j�g�•�k�l�v���� �F�h�`�g�Z�� �\�b�d�h�j�b�k�l�h�\�m�\�Z�l�b�� �•�� �e�•�g�•�c�g�•�� �r�Z�[�e�h�g�b���� �L�h�^�•����
�d�h�`�g�Z�� �i�Z�j�Z�� �k�m�f�•�`�g�b�o�� �r�Z�[�e�h�g�•�\�� �j�h�a�f�•�j�g�•�k�l�x��a �i�h�\�b�g�g�Z�� �f�Z�l�b��1��a  �a�Z�]�Z�e�v�g�m��
�l�h�q�d�m�����L�h�[�l�h�����r�Z�[�e�h�g���i�h�\�b�g�_�g���a�f�•�s�Z�l�b�k�v���i�h���k�•�l�p�•���g�Z���h�^�b�g���d�j�h�d�����Q�b�k�e�h���a�Z�^�Z�g�b�o��
�\�m�a�e�•�\���" �g�_�� �f�h�`�_�� �[�m�l�b�� �a�Z�^�Z�g�h�� �^�h�\�•�e�v�g�h���� �h�k�d�•�e�v�d�b�� �p�_�c�� �i�Z�j�Z�f�_�l�j�� �a�g�Z�o�h�^�b�l�v�k�y�� �m��
�a�Z�e�_�`�g�h�k�l�•�� �\�•�^�� �^�b�k�d�j�_�l�g�b�o�� �i�Z�j�Z�f�_�l�j�•�\�� �a�Z�^�Z�g�h�€�� �k�•�l�d�b�� ���h�[�e�Z�k�l�•����nm�u ���� �Z�� �l�Z�d�h�`��
�j�h�a�f�•�j�g�h�k�l�•��ba�u  �r�Z�[�e�h�g�Z�� 

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

�R�e�y�o�h�f�� �k�d�e�Z�^�Z�g�g�y�� �g�Z�c�i�j�h�k�l�•�r�b�o�� �k�d�•�g�q�_�g�h-�j�•�a�g�b�p�_�\�b�o�� �h�i�_�j�Z�l�h�j�•�\�� �f�h�`�g�Z��
�h�l�j�b�f�Z�l�b�� �r�Z�[�e�h�g�b�� �k�Z�f�b�o�� �j�•�a�g�b�o�� �d�h�g�n�•�]�m�j�Z�p�•�c�� ���j�•�a�g�b�o�� �j�h�a�f�•�j�g�h�k�l�_�c������ �y�d�•��
�a�Z�[�_�a�i�_�q�Z�l�v�� �f�h�`�e�b�\�•�k�l�v�� �a�Z�^�Z�g�g�y�� �j�•�a�g�h�]�h�� �q�b�k�e�Z�� �g�_�a�Z�d�j�•�i�e�_�g�b�o�� �\�m�a�e�•�\��
���j�b�k�� 3, �Z, �[, �\������ �r�e�y�o�h�f�� �k�d�e�Z�^�Z�g�g�y�� �^�\�h�o�� �h�^�g�Z�d�h�\�b�o�� �r�Z�[�e�h�g�•�\�� ���j�b�k���� �������Z); 
�^�h�^�Z�\�Z�g�g�y�f�� �^�\�h�o�� �r�Z�[�e�h�g�•�\�� �j�•�a�g�b�o �g�Z�i�j�y�f�d�•�\���� �y�d�� �p�_�� �i�h�d�Z�a�Z�g�h�� �g�Z���j�b�k���� �������\���� �:�[�h����
�k�i�h�e�m�q�Z�x�q�b�� �\�•�^�j�Z�a�m�� �q�h�l�b�j�b�� �_�e�_�f�_�g�l�Z�j�g�•�� �r�Z�[�e�h�g�Z�� ���h�i�_�j�Z�l�h�j�b�� �E�Z�i�e�Z�k�Z���� �f�h�`�g�Z��
�h�l�j�b�f�Z�l�b���[�•�]�Z�j�f�h�g�•�q�g�b�c���h�i�_�j�Z�l�h�j�����j�b�k�����������[). 

�E�•�g�•�c�g�•�� �k�d�•�g�q�_�g�h-�j�•�a�g�b�p�_�\�•�� �h�i�_�j�Z�l�h�j�b�� �\�b�s�b�o�� �i�h�j�y�^�d�•�\�� �f�h�`�g�Z�� �l�Z�d�� �k�Z�f�h��
�m�l�\�h�j�x�\�Z�l�b���^�h�^�Z�\�Z�g�g�y�f���^�\�h�o �_�e�_�f�_�g�l�Z�j�g�b�o�����j�b�k���������]). 
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�F�h�^�_�e�x�\�Z�g�g�y�� �^�b�k�d�j�_�l�g�b�o�� �d�Z�j�d�Z�k�•�\�� �i�h�\�_�j�o�h�g�v�� �f�h�`�g�Z�� �i�j�h�\�h�^�b�l�b�� �•��
�h�^�g�h�\�b�f�•�j�g�b�f�b���e�•�g�•�c�g�b�f�b���r�Z�[�e�h�g�Z�f�b�����g�Z�i�j�b�d�e�Z�^�����j�b�k�������������:�e�_���l�•�e�v�d�b���a�Z���h�^�g�•�}�€��
�m�f�h�\�����y�d�m���f�h�`�g�Z���i�j�_�^�k�l�Z�\�b�l�b���m���\�b�]�e�y�^�•���\�e�Z�k�l�b�\�h�k�l�•�� 

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

�]�_�h�f�_�l�j�b�q�g�•�� �l�Z�� �k�l�Z�l�b�q�g�•�� �•�g�l�_�j�i�j�_�l�Z�p�•�€�� �k�d�•�g�q�_�g�h-�j�•�a�g�b�p�_�\�b�o�� �h�i�_�j�Z�l�h�j�•�\�� �>�������� ��������
�����@���� �<�b�d�h�j�b�k�l�Z�g�g�y�� �l�b�o�� �Z�[�h�� �•�g�r�b�o�� �r�Z�[�e�h�g�•�\���� �y�d�•�� �f�Z�x�l�v�� �\�b�a�g�Z�q�_�g�•�� �\�e�Z�k�l�b�\�h�k�l�•����
�^�e�y�� �f�h�^�_�e�x�\�Z�g�g�y�� �^�b�k�d�j�_�l�g�b�o�� �d�Z�j�d�Z�k�•�\ �Z�[�h�� �h�l�j�b�f�Z�g�g�y�� �g�h�\�b�o�� �[�•�e�v�r�� �k�d�e�Z�^�g�b�o��
�r�Z�[�e�h�g�•�\�� �f�h�`�_�� �k�m�l�l�}�\�h�� �\�i�e�b�g�m�l�b�� �g�Z�� �n�h�j�f�m�� �f�h�^�_�e�v�h�\�Z�g�h�€�� �i�h�\�_�j�o�g�•���� �a�f�•�g�b�l�b�� �€�€��
�e�h�d�Z�e�v�g�•�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �l�Z�� �^�h�a�\�h�e�b�l�v�� �d�_�j�m�\�Z�l�b�� �n�h�j�f�Z�f�b�� �f�h�^�_�e�v�h�\�Z�g�b�o��
�i�h�\�_�j�o�h�g�v�����M�f�h�\�b���n�h�j�f�h�l�\�h�j�_�g�g�y���i�h�\�_�j�o�h�g�v���>�����@�����y�d�b�f���\�•�^�i�h�\�•�^�Z�x�l�v���g�Z�c�[�•�e�v�r��
�\�•�^�h�f�•���r�Z�[�e�h�g�b���i�Z�j�Z�[�h�e�•�q�g�h�€���•�g�l�_�j�i�j�_�l�Z�p�•�€�����a�Z�g�_�k�_�g�h���m���l�Z�[�e������ 

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

�G�Z���k�•�l�d�Z�o���a���g�_�j�•�\�g�h�f�•�j�g�b�f���d�j�h�d�h�f���a�m�k�b�e�e�y���g�_���[�m�^�m�l�v���\�_�j�l�b�d�Z�e�v�g�b�f�b�����L�h�^�•��
�k�b�k�l�_�f�Z�� �j�•�\�g�y�g�v�� �j�•�\�g�h�\�Z�]�b �\�m�a�e�•�\�� �a�� �^�h�^�Z�l�d�h�\�b�f�b�� �j�•�\�g�y�g�g�y�f�b�� �j�h�a�i�h�^�•�e�m��
�g�Z�\�Z�g�l�Z�`�_�g�g�y�� �f�•�`�� �\�m�a�e�Z�f�b�� �[�m�^�_�� �j�h�a�i�Z�^�Z�l�b�k�v�� �g�Z�� �l�j�b�� �h�^�g�Z�d�h�\�•�� �k�b�k�l�_�f�b���± �^�e�y��
�a�g�Z�o�h�^�`�_�g�g�y���Z�[�k�p�b�k�����h�j�^�b�g�Z�l���l�Z���Z�i�e�•�d�Z�l���\�m�a�e�•�\���r�m�d�Z�g�h�€���i�h�\�_�j�o�g�•���� 

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

�H�k�d�•�e�v�d�b�� �g�_�f�h�`�e�b�\�h�� �a�Z�^�Z�\�Z�l�b�� �^�h�\�•�e�v�g�m�� �d�•�e�v�d�•�k�l�v�� �^�h�^�Z�l�d�h�\�b�o�� �\�m�a�e�•�\����
�j�h�a�]�e�y�g�_�f�h���f�h�`�e�b�\�•�k�l�v���€�o���i�•�^�j�Z�o�m�g�d�m���g�Z���d�h�g�d�j�_�l�g�h�f�m���i�j�b�d�e�Z�^�•���� 

�I�j�b�d�e�Z�^���������A�f�h�^�_�e�x�}�f�h���^�b�k�d�j�_�l�g�m���k�•�l�d�m���i�h�\�_�j�o�g�•�����s�h���i�j�h�o�h�^�b�l�v���q�_�j�_�a���" 
�a�Z�^�Z�g�b�o���\�m�a�e�•�\�����A�Z�^�Z�g�h���k�•�l�d�m��nm�u  �i�j�y�f�h�d�m�l�g�m���\���i�e�Z�g�•�����^�_��nm�  �l�Z���d�h�h�j�^�b�g�Z�l�b��
�\�k�•�o���a�Z�d�j�•�i�e�_�g�b�o���d�h�g�l�m�j�g�b�o���\�m�a�e�•�\���� 

 

=0 
�J�b�k������ 
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 �L�Z�[�e�b�p�y���� 
�<�e�Z�k�l�b�\�h�k�l�•���h�[�q�b�k�e�x�\�Z�e�v�g�b�o���r�Z�[�e�h�g�•�\�� 

�^�e�y���f�h�^�_�e�x�\�Z�g�g�y���^�b�k�d�j�_�l�g�b�o���d�Z�j�d�Z�k�•�\���i�h�\�_�j�o�h�g�v 
 

1 2 3 

1 
 �A�Z�[�_�a�i�_�q�m�}�� �g�Z�e�_�`�g�•�k�l�v�� �i�j�b�d�h�g�l�m�j�g�h�]�h���� �d�h�g�l�m�j�g�h�]�h��

�•���i�h�a�Z�d�h�g�l�m�j�g�h�]�h���\�m�a�e�•�\ 

2 
 

�A�Z�[�_�a�i�_�q�m�}�� �g�Z�e�_�`�g�•�k�l�v �\�•�^�i�h�\�•�^�g�b�o�� �\�m�a�e�•�\��

�^�b�k�d�j�_�l�g�h�]�h�� �d�Z�j�d�Z�k�Z�� �e�•�g�•�€�� �i�Z�j�Z�[�h�e�•�� �^�j�m�]�h�]�h��

�i�h�j�y�^�d�m 

3 

 �A�Z�^�Z�}�� �\�•�^�o�b�e�_�g�g�y��iP  �i�h�� �d�h�h�j�^�b�g�Z�l�g�•�c�� �h�k�•��

�i�j�h�k�l�h�j�h�\�h�€���q�h�l�b�j�v�h�o�d�m�l�g�v�h�€���d�e�•�l�b�g�b���\�•�^���i�e�h�s�b�g�b����

�<�•�^�h�[�j�Z�`�Z�}���i�j�Z�]�g�_�g�g�y���d�e�•�l�b�g���^�h���k�i�e�h�s�_�g�g�y 

4 
 

�<�•�^�i�h�\�•�^�Z�}���m�f�h�\�•���n�h�j�f�m�\�Z�g�g�y���j�h�a�l�y�]�g�m�l�h�€���k�•�l�d�b���i�•�^��

�\�i�e�b�\�h�f���a�h�\�g�•�r�g�v�h�]�h���g�Z�\�Z�g�l�Z�`�_�g�g�y��iP  

5 

 
�<�•�^�i�h�\�•�^�Z�}�� �m�f�h�\�•�� �n�h�j�f�m�\�Z�g�g�y�� �k�•�l�d�b�� �d�e�•�l�b�g�b�� �y�d�h�€��

�i�j�Z�]�g�m�l�v���^�h���k�i�e�h�s�_�g�g�y 

6 

 
�<�•�^�i�h�\�•�^�Z�}���m�f�h�\�•���n�h�j�f�m�\�Z�g�g�y���k�•�l�d�b���i�j�m�`�g�h�€���m���^�\�h�o��

�\�a�Z�}�f�g�h�� �i�_�j�i�_�g�^�b�d�m�e�y�j�g�b�o�� �g�Z�i�j�y�f�d�Z�o��

���a�Z�[�_�a�i�_�q�_�g�g�y���i�j�m�`�g�h�k�l�•�� 

7 

 �<�•�^�i�h�\�•�^�Z�}�� �m�f�h�\�•�� �n�h�j�f�m�\�Z�g�g�y�� �k�•�l�d�b�� �g�Z�^�Z�}��

�i�j�m�`�g�•�k�l�v�� �m�� �^�•�Z�]�h�g�Z�e�v�g�b�o�� �g�Z�i�j�y�f�d�Z�o���� �Z�� �l�Z�d�h�`��

�i�j�m�`�g�•�k�l�v�� �l�Z�� �d�j�m�l�•�g�g�y�� �m�� �^�\�h�o�� �\�a�Z�}�f�g�h��

�i�_�j�i�_�g�^�b�d�m�e�y�j�g�b�o���g�Z�i�j�y�f�d�Z�o 

 
�D�j�h�d�� �\�m�a�e�•�\�� �a�Z�e�b�r�Z�}�l�v�k�y�� �h�^�g�Z�d�h�\�b�f��1� h  �e�•�g���� �h�^���� �\�� �h�[�h�o�� �g�Z�i�j�y�f�d�Z�o�� �i�h��

�h�k�•��Ox �l�Z��Oy�����A�Z�^�Z�g�h���l�h�i�h�e�h�]�•�q�g�m���k�o�_�f�m���k�•�l�d�b���± �a���d�\�Z�^�j�Z�l�g�b�f�b���d�e�•�l�b�g�Z�f�b���� 
�F�h�^�_�e�x�\�Z�g�g�y�� �i�h�q�b�g�Z�}�f�h�� �a�� �i�Z�j�Z�f�_�l�j�b�q�g�h�]�h�� �Z�g�Z�e�•�a�m�� �\�k�•�o�� �a�Z�^�Z�g�b�o�� �m�f�h�\����

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

�f�h�^�_�e�x�\�Z�g�g�y���^�b�k�d�j�_�l�g�h�]�h���Z�g�Z�e�h�]�Z���}�^�b�g�h�€���i�h�\�_�j�o�g�• 
�A�Z�^�Z�g�•���i�Z�j�Z�f�_�l�j�b���k�•�l�d�b �G�_�\�•�^�h�f�•���i�Z�j�Z�f�_�l�j�b���k�•�l�d�b 

�K�•�l�d�Z���± )( nm�u , nm� ; 
�A�Z�]�Z�e�v�g�_�� �q�b�k�e�h�� �\�g�m�l�j�•�r�g�•�o�� �\�m�a�e�•�\���± 

2)1()1)(1( ��� ���� mmm ; 
�Q�b�k�e�h���\�k�•�o���\�m�a�e�•�\���k�•�l�d�b���± 2m ; 
�Q�b�k�e�h�� �^�h�^�Z�l�d�h�\�b�o�� �a�Z�^�Z�g�b�o��
�\�g�m�l�j�•�r�g�•�o���\�m�a�e�•�\���k�•�l�d�b���± �"; 
�Q�b�k�e�h�� �j�•�\�g�y�g�v�� �j�•�\�g�h�\�Z�]�b �^�e�y�� �\�k�•�o��
�\�g�m�l�j�•�r�g�•�o���\�m�a�e�•�\���k�•�l�d�b���± 2)1( ��m ; 
�Q�b�k�e�h�� �^�h�^�Z�l�d�h�\�b�o�� �j�•�\�g�y�g�v�� �^�e�y��
�•�g�l�_�j�i�h�e�y�p�•�€�� �\�_�e�b�q�b�g�� �\�_�d�l�h�j�•�\��
�a�h�\�g�•�r�g�•�o���a�m�k�b�e�v���± �"���� 2)1(m ; 
�J�h�a�f�•�j�g�•�k�l�v���r�Z�[�e�h�g�Z���± 2a ; 

�Q�b�k�e�h�� �g�_�\�•�^�h�f�b�o�� �d�h�h�j�^�b�g�Z�l�� �k�•�l�d�b���± 
�"���� 2)1(m ; 

�Q�b�k�e�h�� �g�_�\�•�^�h�f�b�o�� �a�m�k�b�e�v����
�i�j�b�d�e�Z�^�_�g�b�o�� �^�h�� �\�m�a�e�•�\�� �k�•�l�d�b���± 

2)1( ��m ; 
 

 
�<�j�Z�o�h�\�m�x�q�b�� �a�Z�e�_�`�g�•�k�l�v�� �q�b�k�e�Z�� �a�Z�^�Z�g�b�o�� �^�h�^�Z�l�d�h�\�b�o�� �\�m�a�e�•�\�� �k�•�l�d�b�� �\�•�^�� �€�€��

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

36)2(22 ����������� mmaa�"  (1) 
�J�_�a�m�e�v�l�Z�l�b���j�h�a�j�Z�o�m�g�d�•�\���^�e�y��6� � nm  �a�Z�g�_�k�_�g�h���m���l�Z�[�e�������� 
 �L�Z�[�e�b�p�y���� 

�Q�b�k�e�h���" �a�Z�^�Z�g�b�o���\�g�m�l�j�•�r�g�•�o���\�m�a�e�•�\���k�•�l�d�b��nm�u �����d�h�e�b�� 6� � nm  
ba \  2 3 4 5 6 

2 -11 -5 1 7 13 

3 -5 0 5 10 15 

4 1 5 9 13 17 

5 7 10 13 16 19 

6 13 15 17 19 21 

 
�Q�b�k�e�h�� �^�h�^�Z�l�d�h�\�b�o�� �j�•�\�g�y�g�v�� �•�g�l�_�j�i�h�e�y�p�•�€�� �a�m�k�b�e�v���� �i�j�b�d�e�Z�^�_�g�b�o�� �^�h�� �\�m�a�e�•�\��

�k�•�l�d�b���� �Z�� �k�Z�f�_�� �q�b�k�e�h�� �r�Z�[�e�h�g�•�\�� �j�h�a�f�•�j�g�•�k�l�x��ba�u  �f�h�`�g�Z�� �i�•�^�j�Z�o�m�\�Z�l�b�� �a�Z��
�n�h�j�f�m�e�h�x�� �"���� 2)1(m ���� �J�_�a�m�e�v�l�Z�l�b�� �a�Z�g�_�k�_�g�h�� �m�� �l�Z�[�e���� ����
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 �L�Z�[�e�b�p�y���� 
�Q�b�k�e�h���^�h�^�Z�l�d�h�\�b�o���j�•�\�g�y�g�v���•�g�l�_�j�i�h�e�y�p�•�€���a�m�k�b�e�v�����q�b�k�e�h���r�Z�[�e�h�g�•�\�� 

�^�e�y���k�•�l�d�b��nm�u �����d�h�e�b�� 6� � nm  
ba \  2 3 4 5 6 

2 - - 24 18 12 

3 - 25 20 15 10 

4 24 20 16 12 18 

5 18 15 12 9 6 

6 12 10 8 6 4 

 

�<�b�d�h�g�Z�\�r�b�� �l�Z�d�b�c�� �k�Z�f�_�� �i�Z�j�Z�f�_�l�j�b�q�g�b�c�� �Z�g�Z�e�•�a�� �\�b�o�•�^�g�b�o�� �^�Z�g�b�o�� �^�e�y�� �k�•�l�d�b��
nm�u  ���g�Z���i�j�y�f�h�d�m�l�g�h�f�m���i�e�Z�g�•�������a���j�h�a�f�•�j�g�•�k�l�x���r�Z�[�e�h�g�Z��2a  �h�l�j�b�f�m�}�f�h���n�h�j�f�m�e�m��

�^�e�y���i�•�^�j�Z�o�m�g�d�m���f�h�`�e�b�\�h�]�h���q�b�k�e�Z���a�Z�^�Z�g�b�o���\�m�a�e�•�\���": 
)1(3)4(2 ��������������� nmnmaa�"  (2) 

�J�_�a�m�e�v�l�Z�l�b���j�h�a�j�Z�o�m�g�d�•�\���^�e�y��,6� m  7� n �a�Z�g�_�k�_�g�h���m���l�Z�[�e�������� 
 �L�Z�[�e�b�p�y���� 

�Q�b�k�e�h���" �a�Z�^�Z�g�b�o���\�g�m�l�j�•�r�g�•�o���\�m�a�e�•�\���k�•�l�d�b�� nm�u  
ba \  2 3 4 5 6 7 

2 -14 -6 0 6 12 18 

3 -5 0 5 10 15 20 

4 2 6 10 14 18 22 

5 9 12 15 18 21 24 

6 16 18 20 22 24 26 

 

�Q�b�k�e�h�� �^�h�^�Z�l�d�h�\�b�o�� �j�•�\�g�y�g�v�� �•�g�l�_�j�i�h�e�y�p�•�€�� �a�m�k�b�e�v���� �i�j�b�d�e�Z�^�_�g�b�o�� �^�h�� �\�m�a�e�•�\��
�k�•�l�d�b���� �Z�� �k�Z�f�_�� �q�b�k�e�h�� �r�Z�[�e�h�g�•�\�� �j�h�a�f�•�j�g�•�k�l�x��ba�u  �f�h�`�g�Z�� �i�•�^�j�Z�o�m�\�Z�l�b�� �a�Z��
�n�h�j�f�m�e�h�x�� �"������ )1)(1( nm �����J�_�a�m�e�v�l�Z�l�b���a�Z�g�_�k�_�g�h���m���l�Z�[�e�������� 

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

�^�e�y���k�•�l�d�b��nm�u �����d�h�e�b�� ,6� m  7� n  
ba \  2 3 4 5 6 7 

2 - - 30 24 18 12 

3 - 25 25 20 15 10 

4 24 20 20 16 12 8 

5 21 18 15 12 9 6 

6 14 12 10 8 6 4 

 
�I�j�b�d�e�Z�^�� �������G�Z�� �j�b�k���� ������ �i�j�_�^�k�l�Z�\�e�_�g�h�� �a�f�h�^�_�e�v�h�\�Z�g�b�c�� �^�b�k�d�j�_�l�g�b�c�� �d�Z�j�d�Z�k��

�i�h�\�_�j�o�g�•�� �g�Z���d�j�m�]�e�h�f�m�� �i�e�Z�g�•�� �^�•�Z�f�_�l�j�h�f��0.60� d  �m�f���� �h�^�b�g�b�p�v���� �H�i�h�j�g�b�c�� �d�h�g�l�m�j��
�a�Z�^�Z�g�h�� �m�� �\�b�]�e�y�^�•�� �^�\�h�o�� �Z�j�h�d�� �_�e�•�i�l�b�q�g�h�€�� �n�h�j�f�b���� �A�Z�� �\�b�o�•�^�g�•�� �^�Z�g�•�� �h�[�j�Z�g�h����
�l�h�i�h�e�h�]�•�q�g�m�� �k�o�_�f�m�� �k�•�l�d�b�� �a�� �q�h�l�b�j�b�d�m�l�g�b�f�b�� �d�e�•�l�b�g�Z�f�b���� �a�Z�^�Z�g�h�� �d�h�h�j�^�b�g�Z�l�b�� �\�k�•�o��
�d�h�g�l�m�j�g�b�o�� �\�m�a�e�•�\�� �k�•�l�d�b�� �l�Z�� �d�h�h�j�^�b�g�Z�l�b���a�Z�d�j�•�i�e�_�g�b�o�� �\�m�a�e�•�\�� �k�•�l�d�b�� �\�a�^�h�\�`�� �e�•�g�•�€��

3� i ���� �L�h�i�h�e�h�]�•�q�g�Z�� �k�o�_�f�Z�� �k�•�l�d�b�� �\�•�^�i�h�\�•�^�Z�}��nm�u  �d�e�•�l�b�g���� �•�� �^�h�j�•�\�g�x�}��66�u . 
�A�h�\�g�•�r�g�•�� �a�m�k�b�e�e�y���� �i�j�b�d�e�Z�^�_�g�•�� �^�h�� �\�m�a�e�•�\�� �k�•�l�d�b�� �g�_�� �[�m�^�m�l�v�� �\�_�j�l�b�d�Z�e�v�g�b�f�b���� �A��
�m�j�Z�o�m�\�Z�g�g�y�f���k�b�f�_�l�j�•�€���g�_�h�[�o�•�^�g�h���k�d�e�Z�k�l�b���k�b�k�l�_�f�m���j�•�\�g�y�g�v���j�•�\�g�h�\�Z�]�b���\�m�a�e�•�\���e�b�r�_��
�^�e�y�� �j�h�a�j�Z�o�m�g�d�m�� �Z�[�k�p�b�k���� �h�j�^�b�g�Z�l�b�� �[�m�^�m�l�v�� �h�[�b�j�Z�l�b�k�v�� �a�� �m�j�Z�o�m�\�Z�g�g�y�f�� �k�b�f�_�l�j�•�€��
�k�•�l�d�b���\���i�e�Z�g�•���� 

�I�Z�j�Z�f�_�l�j�b�q�g�b�c�� �Z�g�Z�e�•�a���� �h�i�b�k�Z�g�b�c�� �\�b�s�_�� �m�� �j�Z�f�d�Z�o�� �a�Z�i�j�h�i�h�g�h�\�Z�g�h�€��
�f�_�l�h�^�b�d�b���� �i�h�d�Z�a�Z�\���� �s�h�� �\�k�v�h�]�h�� �\�m�a�e�•�\�� �k�•�l�d�b��25)1)(1( � ���� nm ���� �Y�d�s�h�� �a�Z�^�Z�l�b��
�Z�i�e�•�d�Z�l�b�� �^�e�y��5� �"  �\�m�a�e�•�\���� �f�Z�}�f�h�� �^�e�y�� �a�Z�^�Z�g�h�€�� �k�•�l�d�b�� ������ �g�_�\�•�^�h�f�b�o�� �Z�i�e�•�d�Z�l���� �L�h�^�•��
�g�_�\�•�^�h�f�b�o���d�h�h�j�^�b�g�Z�l�g�b�o���k�d�e�Z�^�h�\�b�o���a�m�k�b�e�v��kPx �\�a�^�h�\�`���h�k�•��Ox �[�m�^�_���������� 

�J�•�\�g�y�g�v�� �j�•�\�g�h�\�Z�]�b�� �\�m�a�e�•�\�� �^�e�y �a�g�Z�o�h�^�`�_�g�g�y�� �Z�[�k�p�b�k�� �k�d�e�Z�^�Z�x�l�v�k�y�� �^�e�y�� �\�k�•�o��
�\�g�m�l�j�•�r�g�•�o�� �\�m�a�e�•�\�� �k�•�l�d�b���� �\�j�Z�o�h�\�m�x�q�b�� �a�Z�^�Z�g�•���� �Q�b�k�e�h�� �j�•�\�g�y�g�v�� �[�m�^�_�� �^�h�j�•�\�g�x�\�Z�l�b��

25)1( 2 � ��m ���� �L�h�^�•���� �q�b�k�e�h�� �^�h�^�Z�l�d�h�\�b�o�� �j�•�\�g�y�g�v�� �a�h�\�g�•�r�g�v�h�]�h�� �g�Z�\�Z�g�l�Z�`�_�g�g�y�� �[�m�^�_��
20)1( 2 � ���� �"m . 

�J�h�a�f�•�j�g�•�k�l�v�� �h�[�q�b�k�e�x�\�Z�e�v�g�h�]�h�� �r�Z�[�e�h�g�Z�� �^�e�y�� �\�j�Z�o�m�\�Z�g�g�y�� �n�m�g�d�p�•�h�g�Z�e�v�g�h�]�h��
�j�h�a�i�h�^�•�e�m���a�h�\�g�•�r�g�•�o���a�m�k�b�e�v�����i�j�b�d�e�Z�^�_�g�b�o���^�h���\�m�a�e�•�\���k�•�l�d�b�����h�[�b�j�Z�}�l�v�k�y���a�Z���l�Z�[�e�� 5. 
�H�[�q�b�k�e�x�\�Z�e�v�g�b�c�� �r�Z�[�e�h�g�� ���j�b�k���� �������Z���� �•�a�� �a�g�Z�q�_�g�g�y�f�b�� �d�h�_�n�•�p�•�}�g�l�•�\�� �m�� �d�j�m�`�_�q�d�Z�o����
�a�f�h�^�_�e�v�h�\�Z�g�b�c�� �^�b�k�d�j�_�l�g�b�c�� �d�Z�j�d�Z�k�� �i�h�\�_�j�o�g�•�� �l�Z�� �€�€�� �l�h�i�h�e�h�]�•�q�g�Z�� �k�o�_�f�Z�� ���j�b�k���� �������[) 
�i�j�_�^�k�l�Z�\�e�_�g�•���g�Z���j�b�k�����������L�_�f�g�b�f�b���d�j�m�`�_�q�d�Z�f�b���g�Z���j�b�k���������i�h�a�g�Z�q�_�g�h���a�Z�^�Z�g�m���e�•�g�•�x����
�y�d�m���g�_�h�[�o�•�^�g�h���[�m�e�h���a�Z���m�f�h�\�h�x���a�Z�^�Z�q�•���\�d�e�x�q�b�l�b���m���^�b�k�d�j�_�l�g�b�c���d�Z�j�d�Z�k���i�h�\�_�j�o�g�•���m��
�i�j�h�p�_�k�•���n�h�j�f�h�l�\�h�j�_�g�g�y���� 
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�I�j�h�^�_�f�h�g�k�l�j�h�\�Z�g�Z�� �f�_�l�h�^�b�d�Z�� �^�h�a�\�h�e�y�}�� �n�h�j�f�m�\�Z�l�b�� �^�b�k�d�j�_�l�g�•�� �Z�g�Z�e�h�]�b��
�]�e�Z�^�d�b�o���}�^�b�g�b�o���i�h�\�_�j�o�h�g�v�����F�h�`�g�Z���\�\�Z�`�Z�l�b�����s�h���l�Z�d�•���h�[�h�e�h�g�d�b���[�m�^�m�l�v���i�h�\�g�•�k�l�x��
�a�[�_�j�•�]�Z�l�b���i�_�j�_�\�Z�]�b���•���g�_�^�h�e�•�d�b���}�^�b�g�b�o���]�e�Z�^�d�b�o���g�_�i�_�j�_�j�\�g�b�o���i�h�\�_�j�o�h�g�v���� 

�K�_�j�_�^�� �g�_�^�h�e�•�d�•�\�� �h�[�h�e�h�g�h�d�� �m�� �\�b�]�e�y�^�•�� �]�e�Z�^�d�b�o�� �}�^�b�g�b�o�� �i�h�\�_�j�o�h�g�v�� �f�h�`�g�Z��
�\�•�^�f�•�l�b�l�b�����k�d�e�Z�^�g�•�k�l�v�� �m�� �\�j�Z�o�m�\�Z�g�g�•�� �\�k�•�o�� �a�Z�^�Z�g�b�o�� �\�b�o�•�^�g�b�o�� �m�f�h�\�� �i�j�b�� �\�b�d�h�g�Z�g�g�•��
�j�h�a�j�Z�o�m�g�d�•�\�� �d�h�h�j�^�b�g�Z�l�� �\�m�a�e�•�\�� �a�Z�� �h�^�g�•�}�x�� �Z�g�Z�e�•�l�b�q�g�h�x�� �a�Z�e�_�`�g�•�k�l�x���� �i�h�y�\�Z��
�g�_�[�Z�`�Z�g�b�o�� �h�k�p�b�e�y�p�•�c�� �m�� �i�_�j�_�j�•�a�Z�o�� �i�h�\�_�j�o�g�•���� �K�_�j�_�^�� �i�_�j�_�\�Z�]�� �l�Z�d�b�o�� �i�h�\�_�j�o�h�g�v��
�f�h�`�g�Z�� �\�•�^�f�•�l�b�l�b���� �]�Z�j�g�_�� �o�m�^�h�`�g�v�h-�_�k�l�_�l�b�q�g�_�� �k�i�j�b�c�g�y�l�l�y���� �]�_�h�f�_�l�j�b�q�g�Z�� �n�h�j�f�Z��
�i�h�\�_�j�o�g�•�� �a�Z�[�_�a�i�_�q�m�}�� �i�e�Z�k�l�b�q�g�m�� �\�b�j�Z�a�g�•�k�l�v�� �Z�j�o�•�l�_�d�l�m�j�g�h�€�� �d�h�g�k�l�j�m�d�p�•�€����
�\�•�^�k�m�l�g�•�k�l�v���k�l�b�d�•�\�����Z���\�•�^�i�h�\�•�^�g�h���c���g�_�[�Z�`�Z�g�b�o���g�Z�i�j�m�]���m���€�o���f�•�k�p�y�o�����^�e�y���\�k�•�o���\�m�a�e�•�\��
�l�Z�d�h�€�� �h�[�h�e�h�g�d�b�� �f�Z�}�f�h�� �h�^�b�g�� �•�� �l�h�c�� �k�Z�f�_�� �a�Z�d�h�g�� �j�h�a�i�h�^�•�e�m�� �a�h�\�g�•�r�g�v�h�]�h��
�g�Z�\�Z�g�l�Z�`�_�g�g�y�� �i�j�b�� �j�h�a�j�Z�o�m�g�d�Z�o�� �d�h�h�j�^�b�g�Z�l�� �\�m�a�e�•�\�� �^�b�k�d�j�_�l�g�h�€�� �k�•�l�d�b�� �a�Z�� �k�l�Z�l�b�d�h-
�]�_�h�f�_�l�j�b�q�g�b�f�� �f�_�l�h�^�h�f���� �y�d�� �i�j�Z�\�b�e�h�� �f�Z�}�f�h�� �j�•�\�g�h�f�•�j�g�b�c�� �j�h�a�i�h�^�•�e�� �a�h�\�g�•�r�g�v�h�]�h��
�g�Z�\�Z�g�l�Z�`�_�g�g�y���� �\�_�e�b�q�b�g�Z�� �a�m�k�b�e�v�� �i�j�b�d�e�Z�^�_�g�b�o�� �^�h�� �\�m�a�e�•�\�� �j�h�a�j�•�a�g�y�}�l�v�k�y�� �m��
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�g�_�a�g�Z�q�g�b�o���f�_�`�Z�o�����a�f�•�g�Z���d�j�b�\�b�g�b���\�•�^�[�m�\�Z�}�l�v�k�y���a�Z�d�h�g�h�f�•�j�g�h�����a�Z���h�^�g�b�f���•���l�b�f���k�Z�f�_��
�a�Z�d�h�g�h�f���� �k�b�k�l�_�f�Z�� �j�•�\�g�y�g�v�� �j�•�\�g�h�\�Z�]�b�� �\�m�a�e�•�\�� �i�j�b�� �j�h�a�j�Z�o�m�g�d�Z�o�� �a�Z�� �K�=�F��
�a�Z�e�b�r�Z�}�l�v�k�y�� �e�•�g�•�c�g�h�x���� �g�_�k�m�q�Z�� �k�i�j�h�f�h�`�g�•�k�l�v�� �}�^�b�g�h�€�� �h�[�h�e�h�g�d�b�� �a�g�Z�q�g�h�� �[�•�e�v�r�Z��
�g�•�`���k�d�e�Z�^�_�g�h�€�� 

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

�I�j�_�^�k�l�Z�\�e�_�g�b�c�� �i�•�^�o�•�^�� �g�Z�� �h�k�g�h�\�•�� �m�a�Z�]�Z�e�v�g�_�g�h�]�h�� �k�l�Z�l�b�d�h-�]�_�h�f�_�l�j�b�q�g�h�]�h��
�f�_�l�h�^�m�� �^�h�a�\�h�e�y�}�� �\�j�Z�o�m�\�Z�l�b�� �m�f�h�\�m�� �\�d�e�x�q�_�g�g�y�� �m�� �d�Z�j�d�Z�k �f�h�^�_�e�v�h�\�Z�g�h�€�� �i�h�\�_�j�o�g�•��
�a�Z�^�Z�g�b�o�� �\�m�a�e�b�� �Z�[�h�� �e�•�g�•�c���� �<�b�[�•�j�� �•�g�l�_�j�i�h�e�x�x�q�h�€�� �n�m�g�d�p�•�€�� �^�e�y�� �j�h�a�i�h�^�•�e�m��
�a�h�\�g�•�r�g�v�h�]�h�� �g�Z�\�Z�g�l�Z�`�_�g�g�y�� �f�•�`�� �\�m�a�e�Z�f�b���� �Z�� �\�•�^�i�h�\�•�^�g�h�� �•�� �n�h�j�f�b�� �r�Z�[�e�h�g�Z��
�\�b�a�g�Z�q�Z�x�l�v���\�b�o�•�^�g�m���d�h�g�k�l�j�m�d�l�b�\�g�m���]�_�h�f�_�l�j�b�q�g�m���f�h�^�_�e�v���i�h�\�_�j�o�g�•�����n�h�j�f�h�x���y�d�h�€��
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Annotation 
Doctor of technical sciences, Associate Professor Botvinovska S., PhD, 

Associate Professor Zolotova A., Kiev National University of Construction and 
Architecture. 

Modeling of discrete analogue of non-composite smooth curvilinear 
surface.  

The work presents the procedure of modeling discrete analogues of single 
(non-composite) smooth curved surfaces. Coordinates of nodes of discrete framework 
of surfaces are calculated using a static-geometrical method of Professor Kovalov S. 
is presented. During the research, parametric analysis of the effect of the specified 
initial data on the shape of the curved surface, this surface was modeling. 

The work analyzed the possibilities of including in the framework surfaces of 
specified nodes or discrete analogues of curve lines. Parametric analysis of the 
original data has been performed and examples of simulated surfaces are provided. 

The restriction is set. When forming discrete frames of surfaces, the number 
of internal specified nodes of the discrete grid cannot be arbitrary. This is because the 
number of additional equations to interpolate external forces between mesh nodes 
depends on the dimension of the selected similar templates, which need to cover the 
entire mesh with contour nodes. 

The final shape of the discretely represented surface depends significantly on 
the dimension of the selected template, depends also on the coefficients of the 
template. This template sets the law for the distribution of external forces between 
nodes and is selected according to the parametric analysis carried out. 

Keywords: discrete analog, single (non-composite) smooth surface, shell 
design, discrete frame, inclusion of lines in frame, computing template. 
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�n�h�j�f�m�\�Z�e�h�k�y�� �i�_�\�g�_�� �\�j�Z�`�_�g�g�y�� �i�j�h�� �f�•�k�l�h���� �F�•�k�l�h�[�m�^�•�\�g�•�� �•�g�l�_�j�¶�}�j�b��- �[�m�^�•�\�e�•����
�i�Z�j�d�b���� �\�m�e�b�p�•�� �l�Z�� �i�e�h�s�• - �k�l�Z�e�b�� �h�^�g�b�f�b�� �•�a�� �g�Z�c�\�Z�`�e�b�\�•�r�b�o�� �Z�k�i�_�d�l�•�\�� �\�•�a�m�Z�e�v�g�h�€��
�j�_�i�j�_�a�_�g�l�Z�p�•�€�� �f�•�k�l�Z���� �H�k�g�h�\�h�x�� �^�e�y�� �p�v�h�]�h�� �\�� �[�Z�]�Z�l�v�h�o�� �\�b�i�Z�^�d�Z�o�� �}�� �•�k�l�h�j�b�q�g�h��
�k�n�h�j�f�h�\�Z�g�_�� �k�_�j�_�^�h�\�b�s�_�� �f�•�k�l�Z�� �l�Z�� �Z�j�o�•�l�_�d�l�m�j�Z���� �Z�� �a�[�_�j�_�`�_�g�g�x�� �p�v�h�]�h�� �g�Z�^�[�Z�g�g�y��
�\�•�^�^�Z�}�l�v�k�y�� �\�Z�`�e�b�\�Z�� �j�h�e�v���� �[�h�� �p�_�� �^�Z�}�� �f�h�`�e�b�\�•�k�l�v�� �i�h�[�Z�q�b�l�b�� �l�Z�� �\�•�^�q�m�l�b���h�[�j�Z�a�g�_��
�f�b�g�m�e�_���f�•�k�l�Z���� 

�I�j�b�d�e�Z�^�h�f�� �^�_�l�Z�e�v�g�h�]�h�� �a�h�[�j�Z�`�_�g�g�y�� �i�h�\�k�y�d�^�_�g�g�h�]�h�� �f�•�k�v�d�h�]�h�� �i�_�c�a�Z�`�m�� �}��
�\�_�^�m�l�Z ���•�l�Z�e���� �9�H�G�X�W�D���� �©�\�b�^�ª����- �`�Z�g�j�� �}�\�j�h�i�_�c�k�v�d�h�]�h�� �`�b�\�h�i�b�k�m���� �h�k�h�[�e�b�\�h��
�i�h�i�m�e�y�j�g�b�c�� �m�� �<�_�g�_�p�•�€�� �;�9�,�,�,�� �k�l�h�e�•�l�l�y�� �I�j�h�\�•�^�g�b�f�� �\�_�^�m�l�b�k�l�h�f�� �\�\�Z�`�Z�}�l�v�k�y 
�•�l�Z�e�•�}�p�v���D�Z�g�Z�e�_�l�l�h�����<�_�g�_�p�•�Z�g�k�v�d�•���\�b�^�b�����\�b�d�h�g�Z�g�•���D�Z�g�Z�e�_�l�l�h�����f�h�e�h�^�•���Z�j�b�k�l�h�d�j�Z�l�b��
�i�j�b�\�h�a�b�e�b���a���k�h�[�h�x���a���]�j�Z�g-�l�m�j�m���y�d���g�Z�]�Z�^�m�\�Z�g�g�y���i�j�h���•�l�Z�e�•�c�k�v�d�• �\�j�Z�`�_�g�g�y [1]. 

�H�^�g�b�f�� �a�� �g�Z�c�y�k�d�j�Z�\�•�r�b�o�� �f�Z�c�k�l�j�•�\�� �Z�j�o�•�l�_�d�l�m�j�g�b�o�� �i�_�c�a�Z�`�•�\�� �}���>�`�h�\�Z�g�g�•��
�;�Z�l�l�•�k�l�Z�� �I�•�j�Z�g�_�a�• - �•�l�Z�e�•�c�k�v�d�b�c�� �Z�j�o�_�h�e�h�]���� �Z�j�o�•�l�_�d�l�h�j�� �•�� �o�m�^�h�`�g�b�d-�]�j�Z�n�•�d���� �<�•�g��
�k�l�\�h�j�b�\�� �\�_�e�b�q�_�a�g�m�� �d�•�e�v�d�•�k�l�v�� �]�j�Z�\�x�j-�h�n�h�j�l�•�\���� �s�h�� �a�h�[�j�Z�`�m�x�l�v�� �\�� �h�k�g�h�\�g�h�f�m��
�Z�j�o�•�l�_�d�l�m�j�g�•�� �l�Z�� �Z�j�o�_�h�e�h�]�•�q�g�•�� �a�g�Z�o�•�^�d�b���� �i�h�\�
�y�a�Z�g�•�� �a�� �^�j�_�\�g�•�f�� �J�b�f�h�f���� �I�j�h�l�y�]�h�f��
�m�k�v�h�]�h�� �`�b�l�l�y �o�m�^�h�`�g�b�d �i�j�Z�p�x�\�Z�\�� �g�Z�^�� �k�_�j�•�}�x�� �]�j�Z�\�x�j�� �©�<�b�^�b�� �J�b�f�m�ª�� ���9�H�G�X�W�H�� �G�L��
Roma), �y�d�•�� �a�[�_�j�_�]�e�b �\�b�]�e�y�^ �J�b�f�m�� �;�9�,�,�,�� �k�l�h�e�•�l�l�y�� ���\�b�^�b���a�g�Z�f�_�g�b�l�b�o�� �f�•�k�p�v�� �l�h�]�h��
�J�b�f�m�����\���y�d�h�f�m���`�b�\���Z�j�o�•�l�_�d�l�h�j����[3]. 

�:�[�j�Z�o�Z�f�� �\�Z�g�� �<�_�k�l�_�j�n�_�e�v�^��- �]�h�e�e�Z�g�^�k�v�d�b�c�� �`�b�\�h�i�b�k�_�p�v���� �o�m�^�h�`�g�b�d�� �•��
�d�Z�e�•�]�j�Z�n�����\�•�^�h�f�b�c���y�d���Z�\�l�h�j���k�_�j�•�€ �f�Z�e�x�g�d�•�\���•���d�Z�j�l�b�g���g�Z���l�_�f�b���\�•�c�k�v�d�h�\�b�o���i�h�o�h�^�•�\��
�d�g�y�a�y���Y�����J�Z�^�a�b�\�•�e�e�Z�����k�_�j�_�^���y�d�b�o �©�<�k�l�m�i���d�g�y�a�y���Y�����J�Z�^�a�b�\�•�e�e�Z���^�h���D�b�}�\�Z�ª�����©�<�a�y�l�l�y��
�\�� �i�h�e�h�g�� �K���� �F���� �D�j�b�q�_�\�k�v�d�h�]�h�� �i�•�^�� �E�h�_�\�h�f�ª���l�Z���j�y�^�m�� �a�Z�f�Z�e�v�h�\�h�d�� �Z�j�o�•�l�_�d�l�m�j�g�b�o��
�h�[�
�}�d�l�•�\�� �D�b�}�\�Z�� �i�_�j�r�h�€�� �i�h�e�h�\�b�g�b�� �;�9�,�,�� �k�l�h�e�•�l�l�y�� ���A�h�e�h�l�b�o�� �\�h�j�•�l���� �K�h�n�•�c�k�v�d�h�]�h��
�k�h�[�h�j�m�����I�_�q�_�j�k�v�d�h�€���e�Z�\�j�b���l�Z���•�g�r�b�o�����>��]. 

 



�K�m�q�Z�k�g�•���i�j�h�[�e�_�f�b���Z�j�o�•�l�_�d�l�m�j�b���l�Z���f�•�k�l�h�[�m�^�m�\�Z�g�g�y�����<�b�i�m�k�d����4. 2019 
 

 

35 

 
 

�1�e�����������D�Z�g�Z�e�_�l�l�h�� 

 �I�e�h�s�Z���K�Z�g-�F�Z�j�d�h���������������j����[2]. 
�1�e�� ������ �>�`�h�\�Z�g�g�•�� �;�Z�l�l�•�k�l�Z�� �I�•�j�Z�g�_�a�•������������������������������������������

�<�b�^�b���J�b�f�m�����H�k�l�j�•�\���L�•�[�_�j�•�g�Z���������������j����[4].  

 

 

�1�e�����������J�m�€�g�b���>�_�k�y�l�b�g�g�h�€���p�_�j�d�\�b�� 

�g�Z���f�Z�e�x�g�d�Z�o���<�_�k�l�_�j�n�_�e�v�^�Z���>���@�� 

�I�m�[�e�•�q�g�b�c�� �i�j�h�k�l�•�j�� �\�•�^�•�]�j�Z�}�� �h�^�g�m�� �a�� �i�j�h�\�•�^�g�b�o�� �j�h�e�_�c�� �m�� �n�m�g�d�p�•�h�g�m�\�Z�g�g�•��
�f�•�k�l�Z���� �k�e�m�]�m�}�� �c�h�]�h�� �h�[�¶�}�^�g�m�x�q�h�x�� �e�Z�g�d�h�x���� �N�•�a�b�q�g�h��- �\�•�g�� �i�h�\�
�y�a�m�}�� �f�•�`�� �k�h�[�h�x��
�j�h�a�j�•�a�g�_�g�•�� �f�•�k�v�d�•�� �h�k�_�j�_�^�d�b�����Z���\�� �k�h�p�•�Z�e�v�g�h�f�m�� �i�e�Z�g�•��- �\�•�^�•�]�j�Z�}�� �\�Z�]�h�f�m�� �j�h�e�v�� �\��
�i�j�h�p�_�k�Z�o�� �•�g�l�_�]�j�Z�p�•�€�� �f�•�k�v�d�h�]�h�� �g�Z�k�_�e�_�g�g�y���� �a�Z�[�_�a�i�_�q�m�x�q�b�� �m�f�h�\�b�� �€�o�g�v�h�€��
�d�h�f�m�g�•�d�Z�p�•�€�� 

�M�� �f�•�k�l�•�� �\�_�e�b�d�Z�� �d�•�e�v�d�•�k�l�v���e�x�^�_�c�� �i�h�k�l�•�c�g�h�� �a�m�k�l�j�•�q�Z�x�l�v�k�y�� �l�Z  �d�h�f�m�g�•�d�m�x�l�v����
�Z�^�`�_�� �p�_�� �f�•�k�p�_�� �€�o�� �i�h�k�l�•�c�g�h�]�h�� �k�i�•�e�v�g�h�]�h�� �i�_�j�_�[�m�\�Z�g�g�y���� �:�f�_�j�b�d�Z�g�k�v�d�b�c�� �i�j�h�n�_�k�h�j��
�l�Z�� �k�h�p�•�h�e�h�]�� �J���� �K�_�g�g�_�l�� �h�^�g�•�}�x�� �•�a�� �k�h�p�•�h�d�m�e�v�l�m�j�g�b�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �f�•�k�l�Z�� �\�\�Z�`�Z�}����
�k�Z�f�_�� �f�m�e�v�l�b�d�m�e�v�l�m�j�Z�e�•�a�f���± �y�\�b�s�_�� �k�m�k�i�•�e�v�g�h�]�h�� �`�b�l�l�y���� �y�d�_�� �i�h�e�y�]�Z�}�� �©�\��
�k�i�•�\�•�k�g�m�\�Z�g�g�•���m���j�Z�f�d�Z�o���h�^�g�h�]�h���k�m�k�i�•�e�v�k�l�\�Z���[�Z�]�Z�l�v�h�o���d�m�e�v�l�m�j�ª���>��].  
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�<�•�^�h�f�h���� �s�h�� �h�^�g�b�f�� �•�a�� �g�Z�c�p�•�d�Z�\�•�r�b�o�� �f�m�e�v�l�b�d�m�e�v�l�m�j�g�b�o�� �i�m�[�e�•�q�g�b�o��
�i�j�h�k�l�h�j�•�\�� �}�� �©�6�X�S�H�U�N�L�O�H�Q�ª��- �]�j�h�f�Z�^�k�v�d�b�c�� �i�Z�j�d�� �g�Z�� �h�d�h�e�b�p�•�� �D�h�i�_�g�]�Z�]�_�g�Z�� �i�e�h�s�_�x��
�[�•�e�y���������l�b�k�����d�\�����f�_�l�j�•�\�����^�h�\�`�b�g�h�x�����������f�_�l�j�•�\�����\���h�^�g�h�f�m���a���_�l�g�•�q�g�h���j�•�a�g�h�f�Z�g�•�l�g�b�o��
�j�Z�c�h�g�•�\�� �i�•�^�� �g�Z�a�\�h�x�� �G�z�j�j�_�[�j�h���� �G�Z�� �c�h�]�h�� �l�_�j�b�l�h�j�•�€�� �j�Z�g�•�r�_�� �i�j�h�o�h�^�b�e�b�� �a�Z�e�•�a�g�b�q�g�•��
�d�h�e�•�€���� �I�•�k�e�y�� �^�_�f�h�g�l�Z�`�m�� �•�g�n�j�Z�k�l�j�m�d�l�m�j�b���� �i�j�h�k�l�•�j�� �g�_�� �\�b�d�h�j�b�k�l�h�\�m�\�Z�\�k�y�� �d�•�e�v�d�Z��
�^�_�k�y�l�b�e�•�l�v�����P�_���[�m�e�Z���a�Z�i�m�s�_�g�Z���l�Z���g�_�i�j�b�\�Z�[�e�b�\�Z���a�h�g�Z���f�•�k�l�Z. 

�K�l�\�h�j�_�g�b�c�� �Z�j�l-�]�j�m�i�h�x���6�X�S�H�U�I�O�H�[�� �m�� �k�i�•�\�i�j�Z�p�•�� �a�� �%�,�*�� �D�U�F�K�L�W�H�F�W�V�� �•�� �g�•�f�_�p�v�d�h�x��
�n�•�j�f�h�x�� �e�Z�g�^�r�Z�n�l�g�h�€�� �Z�j�o�•�l�_�d�l�m�j�b�� �7�R�S�R�W�H�N���� �i�Z�j�d�� �\�\�Z�`�Z�x�l�v�� �h�^�g�b�f�� �a�� �g�Z�c�[�•�e�v�r��
�k�h�p�•�Z�e�v�g�h�� �h�j�•�}�g�l�h�\�Z�g�b�o�� �i�j�h�k�l�h�j�•�\�� �k�l�h�e�b�p�•���� �<�� �i�Z�j�d�m�� �j�h�a�f�•�s�_�g�•�� �Z�j�l�_�n�Z�d�l�b�� �•��
�_�d�k�i�h�g�Z�l�b�� �[�•�e�v�r�_�� �r�_�k�l�b�^�_�k�y�l�b�� �g�Z�p�•�c�� �a�� �j�•�a�g�b�o�� �d�m�l�h�q�d�•�\�� �k�\�•�l�m���� �P�_�c�� �i�j�h�k�l�•�j��
�\�b�k�l�m�i�Z�}���y�d���k�\�•�l�h�\�Z���\�b�k�l�Z�\�d�Z���^�e�y���f�•�k�p�_�\�b�o���`�b�l�_�e�•�\���l�Z���]�h�k�l�_�c���f�•�k�l�Z���• �y�\�e�y�}���k�h�[�h�x��
�k�i�_�p�b�n�•�q�g�b�c�� �f�b�k�l�_�p�v�d�b�c�� �d�h�e�Z�` �a �l�\�h�j�•�\ �Z�j�o�•�l�_�d�l�m�j�b���� �e�Z�g�^�r�Z�n�l�g�h�]�h�� �^�b�a�Z�c�g�m�� �•��
�d�h�e�_�d�p�•�€���j�•�a�g�b�o���i�j�_�^�f�_�l�•�\���\�m�e�b�q�g�b�o���f�_�[�e�•�\ [8]. 

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

�<�� �i�_�j�r�•�c�� �a�h�g�•�� �\�b�d�h�j�b�k�l�Z�g�•�� �_�e�_�f�_�g�l�b�� �k�m�i�_�j�]�j�Z�n�•�d�b�� �l�Z���•�e�x�a�•�y�� �k�i�j�b�c�g�y�l�l�y��
�d�h�e�v�h�j�m���� �A�Z�\�^�y�d�b�� �\�`�b�\�Z�g�g�x�� �y�k�d�j�Z�\�b�o���� �g�Z�k�b�q�_�g�b�o�� �d�h�e�v�h�j�•�\�� ���y�k�d�j�Z�\�h�� �q�_�j�\�h�g�h�]�h����
�i�h�f�Z�j�Z�g�q�_�\�h�]�h���� �j�h�`�_�\�h�]�h���� �d�h�j�b�q�g�_�\�h�]�h���� �•�g������ �l�Z�� �k�l�\�h�j�_�g�g�y�� �a�� �g�b�o�� �e�Z�f�Z�g�h�€��
�d�h�f�i�h�a�b�p�•�€�� �\�b�g�b�d�Z�}�� �\�•�^�q�m�l�l�y�� �a�[�•�e�v�r�_�g�g�y�� �i�e�h�s�•���� �i�•�^�d�j�_�k�e�x�}�l�v�k�y�� �a�Z�^�m�f�Z�g�Z��
�^�_�n�h�j�f�Z�p�•�y���i�j�h�k�l�h�j�m�� �?�e�_�f�_�g�l�b�� �f�•�k�v�d�h�]�h�� �k�_�j�_�^�h�\�b�s�Z���\�� �j�_�a�m�e�v�l�Z�l�•�� �k�l�\�h�j�_�g�g�y 
�k�m�i�_�j�]�j�Z�n�•�q�g�h�€���d�h�f�i�h�a�b�p�•�€���a���\�b�d�h�j�b�k�l�Z�g�g�y�f �d�h�e�v�h�j�m���a�e�b�\�Z�x�l�v�k�y���a���i�h�\�¶�y�a�Z�g�b�f�b��
�d�h�e�v�h�j�h�\�b�f�b�� �i�e�h�s�b�g�Z�f�b�� �\�� �}�^�b�g�_�� �p�•�e�_�� �•���k�l�Z�x�l�v �l�h�q�d�h�x�� �i�j�b�l�y�]�Z�g�g�y�� �m�� �f�•�k�l�•�� �P�y��
�q�Z�k�l�b�g�Z���i�Z�j�d�m���\�b�d�h�j�b�k�l�h�\�m�}�l�v�k�y���^�e�y���Z�d�l�b�\�g�h�]�h���\�•�^�i�h�q�b�g�d�m���� 

  
�1�e�����������:�d�l�b�\�g�Z���a�h�g�Z���\�•�^�i�h�q�b�g�d�m���\��

�]�j�h�f�Z�^�k�v�d�h�f�m���i�Z�j�d�m���6�X�S�H�U�N�L�O�H�Q����

�D�h�i�_�g�]�Z�]�_�g�����>�Z�g�•�y��[8]. 

�1�e�����������<�b�k�l�Z�\�d�h�\�Z���a�h�g�Z���]�j�h�f�Z�^�k�v�d�h�]�h���i�Z�j�d�m��

�6�X�S�H�U�N�L�O�H�Q�����D�h�i�_�g�]�Z�]�_�g�����>�Z�g�•�y��[8]. 
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�1�e�����������<�•�^�i�h�q�b�g�d�h�\�Z���a�h�g�Z���]�j�h�f�Z�^�k�v�d�h�]�h���i�Z�j�d�m���6�X�S�H�U�N�L�O�H�Q�����D�h�i�_�g�]�Z�]�_�g�����>�Z�g�•�y��[8]. 

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

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

�L�j�_�l�y�� �q�Z�k�l�b�g�Z�� �i�Z�j�d�m���± �a�_�e�_�g�Z�� �a�h�g�Z���� �\�h�g�Z�� �i�j�b�a�g�Z�q�_�g�Z�� �^�e�y���k�i�h�d�•�c�g�h�]�h��
�\�•��̂i�h�q�b�g�d�m�����i�j�h�]�m�e�y�g�h�d���l�Z���i�•�d�g�•�d�•�\. 

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

�I�j�b�d�e�Z�^�h�f�� �\�b�d�h�j�b�k�l�Z�g�g�y�� �p�v�h�]�h�� �a�Z�k�h�[�m�� �\�� �f�•�k�v�d�h�f�m�� �i�m�[�e�•�q�g�h�f�m�� �i�j�h�k�l�h�j�•��
�f�h�`�_�� �k�e�m�]�m�\�Z�l�b�� �i�j�h�_�d�l�� �i�Z�\�•�e�v�c�h�g�m Vieux Port���� �y�d�b�c�� �[�m�\�� �j�h�a�j�h�[�e�_�g�b�c���\�� �j�Z�f�d�Z�o��
�j�_�d�h�g�k�l�j�m�d�p�•�€�� �k�l�Z�j�h�]�h�� �i�h�j�l�m�� �F�Z�j�k�_�e�y��- �h�^�g�•�}�€���a�� �]�h�e�h�\�g�b�o�� �\�b�a�g�Z�q�g�b�o �i�Z�f�
�y�l�h�d��
�f�•�k�l�Z���� �M�� �^�a�_�j�d�Z�e�v�g�•�c�� �d�h�g�k�l�j�m�d�p�•�€���\�•�^�[�b�\�Z�}�l�v�k�y���\�h�^�Z �l�Z�� �\�•�^�i�h�q�b�\�Z�x�q�• �i�_�j�_�o�h�`�•����
�<�h�g�Z�� �\�b�]�e�y�^�Z�}�� �f�Z�c�`�_�� �g�_�\�Z�]�h�f�h�x���� �Q�_�j�_�a�� �\�•�^�k�m�l�g�•�k�l�v�� �k�l�•�g�� �i�Z�\�•�e�v�c�h�g �]�Z�j�f�h�g�•�c�g�h��
�\�i�b�k�m�}�l�v�k�y���\���g�Z�\�d�h�e�b�r�g�x���•�k�l�h�j�b�q�g�m���a�Z�[�m�^�h�\�m��[9]. 

�E�h�g�^�h�g�k�v�d�•�� �Z�j�o�•�l�_�d�l�h�j�b�� �a�� �n�•�j�f�b�� �7�Z�R�� �,�V�O�D�Q�G�V���i�h�[�m�^�m�\�Z�e�b �\��
�Z�f�_�j�b�d�Z�g�k�v�d�h�f�m�� �f�•�k�l�•�� �N�e�•�g�l�� ���r�l�Z�l�� �F�•�q�b�]�Z�g�� �g�Z�� �f�•�k�p�•�� �i�Z�j�d�h�\�d�b � �̂a�_�j�d�Z�e�v�g�b�c��
�[�m�^�b�g�h�d�����y�d�b�c�� �g�•�[�b���\�b�k�b�l�v�� �l�Z�� �j�h�a�q�b�g�y�}�l�v�k�y�� �m �i�h�\�•�l�j�•���� �K�i�h�j�m�^�`�m�x�q�b Mark's 
�+�R�X�V�H���� �Z�j�o�•�l�_�d�l�h�j�b���^�m�f�Z�e�b�� �i�j�h�� �i�h�d�b�g�m�l�•�� �h�k�_�e�•, �Z�^�`�_�� �i�j�h�_�d�l�� �i�j�b�k�\�y�q�_�g�b�c��
�a�g�_�k�_�g�g�x �l�b�k�y�q�•�� �[�m�^�b�g�d�•�\���� �y�d�•�� �i�_�j�_�`�b�e�h�� �f�����N�e�•�g�l���� �•�� �f�_�r�d�Z�g�p�•�\���� �y�d�•�� �\�b�f�m�r�_�g�•��
�[�m�e�b�� �i�h�d�b�g�m�l�b�� �p�_�� �f�•�k�l�h�����M�� �[�m�^�b�g�h�d�� �\�f�h�g�l�h�\�Z�g�h�� �������� �e�Z�c�l�[�h�d�k�b���� �g�Z�� �y�d�b�o��
�i�j�_�^�k�l�Z�\�e�_�g�•�� �k�h�l�g�•���n�h�l�h�� �e�x�^�_�c���� �l�b�o���� �o�l�h�� �i�•�^�l�j�b�f�Z�\���•�g�•�p�•�Z�l�b�\�m�� �k�l�\�h�j�_�g�g�y��
�[�m�^�•�\�e�• [10]. 
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�1�e�� ������ �I�Z�\�•�e�v�c�h�g�� �9�L�H�X�[�� �3�R�U�W���� �F�Z�j�k�_�e�v����

�N�j�Z�g�p�•�y��[9]. 
�1�e�� �������0�D�U�N�
�V���+�R�X�V�H�����N�e�•�g�l�����r�l�Z�l���F�•�q�b�]�Z�g [10]. 
 

 
�L�Z�d�h�`�� �p�•�d�Z�\�b�f�� �i�j�b�d�e�Z�^�h�f�� �\�b�d�h�j�b�k�l�Z�g�g�y���h�i�l�b�q�g�h�€�� �•�e�x�a�•�€ �\�� �i�m�[�e�•�q�g�h�f�m��

�i�j�h�k�l�h�j�•���f�h�`�m�l�v���k�e�m�]�m�\�Z�l�b���•�e�x�a�h�j�g�•���•�g�k�l�Z�e�y�p�•�€���l�Z�����'���f�Z�e�x�g�d�b���g�Z���Z�k�n�Z�e�v�l�•�� 
�G�Z�\�i�j�h�l�b�� �[�m�^�•�\�e�•�� �i�Z�j�b�a�v�d�h�€�� �f�_�j�•�€���o�m�^�h�`�g�b�d�� �a�� �;�_�e�v�]�•�€�� �N�j�Z�g�k�m�Z�� �:�[�_�e�Z�g�_��

�k�l�\�h�j�b�\�� �•�e�x�a�h�j�g�m�� �•�g�k�l�Z�e�y�p�•�x�� �m�� �\�b�]�e�y�^�•�� �a�_�f�g�h�€�� �d�m�e�•�� �i�•�^�� �g�Z�a�\�h�x�� ���D�h�f�m��
�\�•�j�b�l�b�"��(�©�4�X�L�� �&�U�R�L�U�H�"�ª). �J�h�[�h�l�Z �y�\�e�y�}�� �k�h�[�h�x���]�Z�a�h�g���� �i�e�h�s�_�x������������ �d�\. �f ���� �l�Z��
�^�h�\�`�b�g�h�x���������� �f�_�l�j�•�\���� �a�� �l�j�Z�\�h�x�� �l�Z �^�_�j�_�\�Z�f�b���� �y�d�b�c�� �i�j�b�� �i�_�\�g�h�f�m�� �d�m�l�•�� �a�h�j�m��
�i�_�j�_�l�\�h�j�x�}�l�v�k�y���g�Z���a�_�f�g�m���d�m�e�x��[11]. 

�L�Z�d�h�`�� �o�m�^�h�`�g�b�d�� �k�l�\�h�j�b�\���Z�\�l�h�f�h�[�•�e�v�g�b�c�� �Z�j�l-�i�j�h�_�d�l���� �\�m�e�b�q�g�m�� ���'-
�•�g�k�l�Z�e�y�p�•�x���\���E�•�h�g�•, �i�e�h�s�_�x���\�������������d�\�����f�������i�j�b�k�\�y�q�_�g�m �g�h�\�•�c���e�•�g�•�c�p�•���\�Z�g�l�Z�`�•�\�h�d��
Renault [12]. 

 
 

�1�e�����������N�j�Z�g�k�m�Z���:�[�_�e�Z�g�_�����•�g�k�l�Z�e�y�p�•�y�� 

���D�h�f�m���\�•�j�b�l�b�"�������I�Z�j�b�`����[11]. 
�1�e�������������N�j�Z�g�k�m�Z���:�[�_�e�Z�g�_���� 

�\�m�e�b�q�g�Z�����'-�•�g�k�l�Z�e�y�p�•�y�����E�•�h�g����[12]. 

 
�A�Z�� �^�h�j�m�q�_�g�g�y�f�� �%�D�U�E�L�F�D�Q���� �p�_�g�l�j�m���f�b�k�l�_�p�l�\�� �\�� �E�h�g�^�h�g�•���� �Z�j�]�_�g�l�b�g�k�v�d�b�c��

�o�m�^�h�`�g�b�d�� �E�_�Z�g�^�j�h�� �?�j�e�•�o�� �k�l�\�h�j�b�\�� �•�e�x�a�h�j�g�m�� �•�g�k�l�Z�e�y�p�•�x �©�[�m�^�b�g�h�d�� �>�Z�e�k�l�h�g�Z�ª��- 
�\�•�^�h�[�j�Z�`�_�g�g�y �m�� �^�a�_�j�d�Z�e�•���n�Z�k�Z�^�m �l�b�i�h�\�h�]�h�� �d�b�l�Z�c�k�v�d�h�]�h�� �[�m�^�b�g�d�m���� �O�m�^�h�`�g�b�d��
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�d�b�g�m�\ �\�b�d�e�b�d�� �m�y�\�e�_�g�g�y�f�� �]�e�y�^�Z�q�•�\�� �i�j�h�� �j�_�Z�e�v�g�•�k�l�v���� �i�j�h�k�l�•�j���•���h�l�h�q�_�g�g�y���� �\�� �y�d�h�f�m 
�\�h�g�b���i�_�j�_�[�m�\�Z�x�l�v���s�h�^�g�y��[13]. 

 
�1�e���������� �E�_�Z�g�^�j�h���?�j�e�•�o�����^�a�_�j�d�Z�e�v�g�Z���•�g�k�l�Z�e�y�p�•�y�����E�h�g�^�h�g����[13]. 

 
�<�b�d�h�j�b�k�l�Z�g�g�y�� �•�e�x�a�•�€�� �m�� �n�h�j�f�m�\�Z�g�g�•�� �i�m�[�e�•�q�g�h�]�h�� �i�j�h�k�l�h�j�m�� �^�h�a�\�h�e�y�}��

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

 
�E�•�l�_�j�Z�l�m�j�Z 

1. �=�h�j�d�b�g�� �:�����B�k�d�m�k�k�l�\�h�����W�g�p�b�d�e�h�i�_�^�b�y�����F�������J�H�K�F�W�G���������������� 
2. �I�e�h�s�Z�^�v�� �K�Z�g�� �F�Z�j�d�h����GALLERIX. �<�_�[���� ������ �<�_�j�_�k���� ������������

<https://gallerix.ru/album/Canaletto/pic/glrx-1567528045>. 
3. �D�Z�g�l�h�j-�D�Z�a�h�\�k�d�Z�y�� �E�� �K�h�\�j�_�f�_�g�g�h�k�l�v�� �^�j�_�\�g�h�k�l�b���� �I�b�j�Z�g�_�a�b�� �b�� �J�b�f����

���H�q�_�j�d�b���\�b�a�m�Z�e�v�g�h�k�l�b���� �F�������G�E�H���������������� 
4. �=�j�Z�\�x�j�Z���k���b�a�h�[�j�Z�`�_�g�b�_�f���L�b�[�_�j�b�g�k�d�h�]�h���h�k�l�j�h�\�Z����THEPLACEMENT. 

�<�_�[�����������;�_�j��������������������https://theplacement.ru/travel-directory/ostrov-tiberina/>. 
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Annotation 

Ph. D. Hniloskurenko M.V., National Academy of Fine Art and Architecture. 
Illusion as a method of visualizing public space.  
The public space of a modern city is actually an environment of social 

interaction. The context of interaction is inseparable from the visualization of actors 
and environmental components, phenomena and processes taking place, and creates 
new prerequisites for a modern understanding of publicity. A place reaches a certain 
level of publicity, becomes open, thanks to visualization �± exposure, presentation of 
an individual or a space where the actors personify part of society. 

Creating a public culture of the city provides for the formation of a public 
space for interaction between different social groups and the creation of a visual 
�L�P�D�J�H�� �R�I�� �W�K�H�� �F�L�W�\���� �2�Q�H�� �R�I�� �W�K�H�� �I�L�U�V�W�� �D�W�W�H�P�S�W�V�� �W�R�� �U�H�S�U�H�V�H�Q�W�� �X�U�E�D�Q�� �V�S�D�F�H�V�� �Z�H�U�H�� �D�U�W�L�V�W�V�¶��
sketches, later on �± postcards, etc. Not only landscapes were depicted, but also urban 
spaces and architecture, scenic situations, due to which a certain impression of the 
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city was formed. City-planning interiors �± buildings, parks, streets and squares �± have 
become one of the most important aspects of a city's visual representation. The basis 
for this is often the historically developed environment of a city and its architecture, 
and the preservation of this heritage is given an important role, because it makes 
possible to see and feel the visual past of a city. 

The public space plays one of the leading roles in a city functioning as its 
unifying link, both physically �± linking together disparate urban cells, and socially �± 
being important for the processes of integration of city folk, providing the conditions 
for its communication. A large number of people in a city constantly meet and 
communicate, because this is the territory of their constant joint occupancy. 

The use of illusion in public space formation makes it possible to merge into 
the world of delusive phenomena in order to explore the depths of the psychological 
realm and worldview of the population and guests of the city. The organization of 
interactive scenic situations in a city structure creates a certain impression about it, 
because public space is understood not only as a place of existence or residence of the 
population, but also as a platform for social, spiritual and attractive unity of people in 
an already familiar atmosphere of the city with a special artistically thought-out 
unusualness, which enriches the palette of aesthetic components of city-planning 
interiors in the historically developed environment of the city. 

Key words: city, public space, visualization, historically developed 
environment of a city, city-planning interiors, urban infrastructure, urban lifestyle, 
leisure. 
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�k�i�j�y�f�m�\�Z�g�g�y�f�� �a�j�h�k�l�m�� �d�h�f�i�h�a�b�p�•�c�g�h�€�� �[�m�^�h�\�b �l�Z�� �a�Z�� �l�b�i�h�f�� �d�h�f�i�h�a�b�p�•�c�g�b�o��
�\�b�^�h�a�f�•�g���� �M�� �^�Z�g�•�c�� �k�l�Z�l�l�•�� �i�j�_�^�k�l�Z�\�e�_�g�h�� �Z�g�Z�e�•�a�� �•�� �j�_�a�m�e�v�l�Z�l�b�� �i�_�j�r�h�€�� �d�e�Z�k�b�n�•�d�Z�p�•�€��
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�a�Z�� �o�Z�j�Z�d�l�_�j�h�f�� �j�h�a�\�b�l�d�m�� �i�e�Z�g�m�\�Z�e�v�g�h�]�h�� �p�_�g�l�j�m���� �<�h�g�Z�� �i�h�\�¶�y�a�Z�g�Z�� �a�� �\�•�^�i�h�\�•�^�g�b�f�b��
�i�j�h�p�_�k�Z�f�b���j�h�a�\�b�l�d�m���j�h�a�i�e�Z�g�m�\�Z�e�v�g�h�€���f�_�j�_�`�•���d�h�f�i�h�a�b�p�•�c�g�b�o���\�•�k�_�c���l�Z���^�h�f�•�g�Z�g�l����
� �̂b�n�_�j�_�g�p�•�c�h�\�Z�g�b�o�� �a�Z�� �f�Z�k�r�l�Z�[�h�f�����± �l�h�[�l�h���� �a�� �m�j�Z�o�m�\�Z�g�g�y�f�� �\�b�a�g�Z�q�_�g�h�€�� �k�b�k�l�_�f�b��
�d�h�f�i�h�a�b�p�•�c�g�b�o�� �y�^�j�� �m�� �i�h�q�Z�l�d�h�\�b�o�� �k�l�j�m�d�l�m�j�Z�o���� �>�e�y�� �g�Z�h�q�g�h�k�l�•���� �\�k�•�� �^�Z�g�g�•��
�i�j�_�^�k�l�Z�\�e�_�g�•�� �m�� �f�Z�l�j�b�q�g�•�c�� �n�h�j�f�•���� �\�� �y�d�•�c �g�Z�� �k�o�_�f�Z�o�� �j�h�a�i�e�Z�g�m�\�Z�g�g�y�� �\�•�^�h�[�j�Z�`�_�g�h��
�o�Z�j�Z�d�l�_�j�� �j�h�a�\�b�l�d�m���� �g�Z�� �d�h�l�j�•�� �g�Z�d�e�Z�^�_�g�h�� �f�h�^�_�e�•�� �d�h�f�i�h�a�b�p�•�c�g�b�o�� �p�_�g�l�j�•�\�� �•�� �\�•�k�_�c��
�j�•�a�g�h�]�h�� �j�Z�g�]�m�� �\�� �d�h�`�g�h�f�m�� �a�� �l�b�i�•�\�� �i�_�j�\�b�g�g�b�o�� ���l�Z�[�e�� 1.1-���������� �l�Z�� �•�g�l�_�]�j�h�\�Z�g�b�o��
���l�Z�[�e�� 1.5-���������� �i�h�q�Z�l�d�h�\�b�o�� �f�h�^�_�e�_�c�� �•�� �k�o�_�f���� �M�� �j�_�a�m�e�v�l�Z�l�•�� �a�¶�y�\�b�e�Z�k�v�� �f�h�`�e�b�\�•�k�l�v��
�^�e�y�� �h�[�‰�j�m�g�l�m�\�Z�g�g�y�� �•�� �j�h�a�j�h�[�d�b�� �f�Z�l�j�b�q�g�b�o�� �f�h�^�_�e�_�c�� �\�� �d�h�h�j�^�b�g�Z�l�Z�o�� �o�Z�j�Z�d�l�_�j�m��
�j�h�a�\�b�l�d�m���•���\�b�^�•�\���d�h�f�i�h�a�b�p�•�c�g�b�o���f�h�^�_�e�_�c�� 

 
 
 

�L�Z�[�e���� ���������� �J�h�a�\�b�l�h�d�� �d�•�e�v�p�_�\�h�€�� �d�h�f�i�h�a�b�p�•�c�g�h�€��

�f�h�^�_�e�• 

�L�Z�[�e���� ���������� �J�h�a�\�b�l�h�d�� �j�Z�^�•�Z�e�v�g�h�€���d�h�f�i�h�a�b�p�•�c�g�h�€��

�f�h�^�_�e�• 

  
�L�Z�[�e���� ���������� �J�h�a�\�b�l�h�d�� �e�•�g�•�c�g�h�€�� �d�h�f�i�h�a�b�p�•�c�g�h�€��

�f�h�^�_�e�• 

�L�Z�[�e���������������J�h�a�\�b�l�h�d���q�Z�j�m�g�d�h�\�h�€���d�h�f�i�h�a�b�p�•�c�g�h�€ 

�f�h�^�_�e�• 
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�L�Z�[�e�� ���������� �J�h�a�\�b�l�h�d�� �j�Z�^�•�Z�e�v�g�h-�d�•�e�v�p�_�\�h�€��

�d�h�f�i�h�a�b�p�•�c�g�h�€���f�h�^�_�e�• 

�L�Z�[�e���� ���������� �J�h�a�\�b�l�h�d�� �\�•�y�e�v�g�h�€�� �d�h�f�i�h�a�b�p�•�c�g�h�€��

�f�h�^�_�e�• 

  
�L�Z�[�e�� ���������� �J�h�a�\�b�l�h�d�� �^�_�j�_�\�h�i�h�^�•�[�g�h�€��

�d�h�f�i�h�a�b�p�•�c�g�h�€���f�h�^�_�e�• 

�L�Z�[�e���� ���������� �J�h�a�\�b�l�h�d�� �^�•�Z�]�h�g�Z�e�v�g�h-�q�Z�j�m�g�d�h�\�h�€��

�d�h�f�i�h�a�b�p�•�c�g�h�€ �f�h�^�_�e�• 

  
�<�j�Z�o�h�\�m�x�q�b�� �\�a�Z�}�f�h�a�\�¶�y�a�d�b�� �l�Z�� �o�Z�j�Z�d�l�_�j�� �j�h�a�\�b�l�d�m�� �\�� �f�_�`�Z�o�� �j�•�a�g�b�o�� �l�b�i�•�\��

�j�h�a�i�e�Z�g�m�\�Z�e�v�g�b�o�� �d�h�g�n�•�]�m�j�Z�p�•�c���� �i�j�h�i�h�g�m�}�l�v�k�y�� �\�b�^�•�e�b�l�b�� �q�h�l�b�j�b�� �]�j�m�i�b�� �f�h�^�_�e�_�c����
�a�Z�� �d�•�e�v�d�•�k�g�b�f�b�� �h�a�g�Z�d�Z�f�b�� �d�h�f�i�h�a�b�p�•�c�g�h�]�h�� �y�^�j�Z���� �F�h�g�h�p�_�g�l�j�b�q�g�Z�� �d�h�f�i�h�a�b�p�•�y��
�\�b�a�g�Z�q�Z�}�l�v�k�y�� �g�Z�y�\�g�•�k�l�x�� �}�^�b�g�h�]�h�� �d�h�g�p�_�g�l�j�h�\�Z�g�h�]�h�� �a�Z�]�Z�e�v�g�h�f�•�k�v�d�h�]�h��
�i�e�Z�g�m�\�Z�e�v�g�h�]�h�� �p�_�g�l�j�m�� �\�� �i�j�h�p�_�k�Z�o�� �a�j�h�k�l�m�� �•�� �j�h�a�\�b�l�d�m�� ���l�Z�[�e���� ������-���������� �k�l�j�•�q�d�Z�� ��������
�>�e�y�� �f�h�g�h�f�_�l�j�b�q�g�h�€�� �k�l�j�m�d�l�m�j�b�� �i�j�b�l�Z�f�Z�g�g�Z�� �g�Z�y�\�g�•�k�l�v�� �i�•�^�p�_�g�l�j�•�\���� �s�h��
�[�_�a�i�h�k�_�j�_�^�g�v�h�� �i�•�^�i�h�j�y�^�d�h�\�Z�g�•�� �}�^�b�g�h�f�m�� �d�h�f�i�h�a�b�p�•�c�g�h�f�m�� �y�^�j�m�� �[�•�e�v�r�� �\�b�k�h�d�h�]�h��
�j�Z�g�]�m ���l�Z�[�e�� 1.1-���������� �k�l�j�•�q�d�Z�� �������� �I�h�e�•�p�_�g�l�j�b�q�g�Z�� �k�l�j�m�d�l�m�j�Z�� �\�b�a�g�Z�q�Z�}�l�v�k�y��
�g�Z�y�\�g�•�k�l�x�� �^�\�h�o�� �q�b�� �[�•�e�v�r�_�� �m�f�h�\�g�h�� �j�•�\�g�h�a�g�Z�q�g�b�o�� �i�e�Z�g�m�\�Z�e�v�g�b�o�� �p�_�g�l�j�•�\��
�a�Z�]�Z�e�v�g�h�f�•�k�v�d�h�]�h�� �a�g�Z�q�_�g�g�y�� �m�� �p�•�e�•�k�g�•�c�� �f�•�k�l�h�[�m�^�•�\�g�•�c�� �d�h�f�i�h�a�b�p�•�€�� ���l�Z�[�e���� ������-1.8, 
�k�l�j�•�q�d�Z�� �������� �I�h�e�•�f�_�l�j�b�q�g�Z�� �k�l�j�m�d�l�m�j�Z�� �o�Z�j�Z�d�l�_�j�b�a�m�}�l�v�k�y�� �k�b�k�l�_�f�h�x�� �l�j�v�h�o�� �q�b��
�[�•�e�v�r�_�� �\�a�Z�}�f�h�i�h�\�¶�y�a�Z�g�b�o�� �l�Z�� �i�•�^�i�h�j�y�^�d�h�\�Z�g�b�o�� �d�h�f�i�h�a�b�p�•�c�g�b�o�� �p�_�g�l�j�•�\�� �l�Z��
�i�•�^�p�_�g�l�j�•�\�����l�Z�[�e����������-�����������k�l�j�•�q�d�Z�������� 

�>�j�m�]�h�x�� �i�j�b�g�p�b�i�h�\�h�x�� �h�a�g�Z�d�h�x�� �^�Z�g�h�€�� �d�e�Z�k�b�n�•�d�Z�p�•�€�� �}�� �o�Z�j�Z�d�l�_�j�� �j�h�a�\�b�l�d�m��
�i�e�Z�g�m�\�Z�e�v�g�h�]�h�� �p�_�g�l�j�m�� �f�•�k�l�h�[�m�^�•�\�g�h�€�� �d�h�f�i�h�a�b�p�•�€���� �s�h�� �h�i�b�k�m�}�l�v�k�y�� �j�y�^�h�f��
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�j�•�a�g�h�f�Z�g�•�l�g�b�o�� �i�j�h�p�_�k�•�\�� �\�b�^�h�a�f�•�g�� �\�•�^�g�h�k�g�h�� �\�b�a�g�Z�q�_�g�b�o�� �l�b�i�•�\�� �d�h�f�i�h�a�b�p�•�c�g�b�o��
�p�_�g�l�j�•�\�� �l�Z�� �\�•�k�_�c���� �J�h�a�]�e�y�g�m�l�h�� �q�h�l�b�j�b�� �o�Z�j�Z�d�l�_�j�b�� �j�h�a�\�b�l�d�m���± �k�l�Z�e�b�c����
�i�j�h�]�j�_�k�b�\�g�b�c�����^�b�g�Z�f�•�q�g�b�c���l�Z���i�j�h�]�j�_�k�b�\�g�b�c�����d�h�l�j�•���\�•�^�j�•�a�g�y�x�l�v�k�y���k�i�j�y�f�m�\�Z�g�g�y�f��
�l�Z�� �^�b�g�Z�f�•�d�h�x�� �j�h�a�\�b�l�d�m���� �K�l�Z�e�b�c�� �j�h�a�\�b�l�h�d�� �o�Z�j�Z�d�l�_�j�b�a�m�}�l�v�k�y�� �i�j�h�p�_�k�h�f��
�i�j�h�k�l�h�j�h�\�h�]�h�� �a�j�h�k�l�m�� �j�h�a�i�e�Z�g�m�\�Z�e�v�g�h�€�� �k�b�k�l�_�f�b�� �a�•�� �a�[�_�j�_�`�_�g�g�y�f�� �i�h�q�Z�l�d�h�\�b�o��
�h�a�g�Z�d�� �d�h�f�i�h�a�b�p�•�c�g�h�]�h�� �y�^�j�Z�� ���l�Z�[�e���� ������-���������� �k�l�h�\�i�q�b�d�� �������� �M�� �p�v�h�f�m�� �\�b�i�Z�^�d�m��
�d�h�f�i�h�a�b�p�•�c�g�Z�� �[�m�^�h�\�Z�� �f�h�`�_�� �a�f�•�g�x�\�Z�l�b�� �k�\�h�€�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���� �i�j�h�l�_�� �d�•�e�v�d�•�k�l�v�� �l�Z��
�j�h�a�l�Z�r�m�\�Z�g�g�y�� �i�e�Z�g�m�\�Z�e�v�g�b�o�� �l�Z�� �d�h�f�i�h�a�b�p�•�c�g�b�o�� �p�_�g�l�j�•�\�� �}�� �g�_�a�f�•�g�g�h�x����
�G�Z�i�j�b�d�e�Z�^�����g�Z���h�k�g�h�\�•���]�j�Z�n�•�q�g�h�]�h���Z�g�Z�e�•�a�m���i�e�Z�g�m�������������j�h�d�m���f�����1�\�Z�g�h-�N�j�Z�g�d�•�\�k�v�d����
�c�h�]�h�� �k�o�_�f�m�� �j�h�a�i�e�Z�g�m�\�Z�g�g�y�� �f�h�`�g�Z�� �h�o�Z�j�Z�d�l�_�j�b�a�m�\�Z�l�b�� �y�d�� �f�h�g�h�p�_�g�l�j�b�q�g�m��
�j�Z�^�•�Z�e�v�g�h-�d�•�e�v�p�_�\�m���d�h�f�i�h�a�b�p�•�c�g�m���k�l�j�m�d�l�m�j�m�����j�b�k�����Z���� 

 
�J�b�k���������K�l�Z�e�b�c���j�h�a�\�b�l�h�d���f�h�g�h�p�_�g�l�j�b�q�g�h�€���d�h�f�i�h�a�b�p�•�€���f�����1�\�Z�g�h-�N�j�Z�g�d�•�\�k�v�d���� 

�Z���± �i�e�Z�g�������������j�������[���± �]�_�g�_�j�Z�e�v�g�b�c���i�e�Z�g���^�h�������������j�� 

 
�J�b�k���������I�j�h�]�j�_�k�b�\�g�b�c���j�h�a�\�b�l�h�d���^�_�j�_�\�h�i�h�^�•�[�g�h�€���d�h�f�i�h�a�b�p�•�€���f�����I�j�Z�]�Z���� 

�Z���± �i�e�Z�g�������������j�������[���± �i�e�Z�g�������������j�� 
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�>�h�k�e�•�^�`�_�g�g�y���]�_�g�_�j�Z�e�v�g�h�]�h���i�e�Z�g�m���^�h�������������j�h�d�m���i�h�d�Z�a�m�}�����s�h���d�h�f�i�h�a�b�p�•�c�g�Z��

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

�>�e�y�� �i�j�h�]�j�_�k�b�\�g�h�]�h�� �j�h�a�\�b�l�d�m�� �\�b�a�g�Z�q�g�b�f���}�� �i�h�k�l�m�i�h�\�Z�� �\�b�^�h�a�f�•�g�Z�� �l�b�i�m��
�i�e�Z�g�m�\�Z�e�v�g�h�€�� �k�l�j�m�d�l�m�j�b�� �a�Z�� �h�a�g�Z�d�Z�f�b�� �d�h�f�i�h�a�b�p�•�c�g�h�]�h�� �y�^�j�Z�� ���l�Z�[�e���� ������-1.8, 
�k�l�h�\�i�q�b�d�� �������� �L�h�[�l�h���� �m�� �f�h�g�h�p�_�g�l�j�b�q�g�•�c�� �f�h�^�_�e�•�� �j�h�a�\�b�\�Z�x�l�v�k�y�� �i�•�^�p�_�g�l�j�b�� �l�Z��
�m�l�\�h�j�x�}�l�v�k�y���f�h�g�h�f�_�l�j�b�q�g�Z���k�l�j�m�d�l�m�j�Z�����m���i�h�q�Z�l�d�h�\�h���f�h�g�h�f�_�l�j�b�q�g�h�€���± �i�•�^�p�_�g�l�j�b��
�g�Z�[�m�\�Z�x�l�v�� �[�•�e�v�r�h�€�� �\�Z�]�b�� �l�Z�� �d�h�f�i�h�a�b�p�•�y�� �k�l�Z�}�� �i�h�e�•�p�_�g�l�j�b�q�g�h�x���� �Z�d�l�b�\�g�_��
�j�h�a�]�Z�e�m�`�_�g�g�y�� �k�b�k�l�_�f�b�� �i�•�^�p�_�g�l�j�•�\�� �i�_�j�_�l�\�h�j�x�}�� �i�h�e�•�p�_�g�l�j�b�q�g�m�� �k�b�k�l�_�f�m�� �m��
�i�h�e�•�f�_�l�j�b�q�g�m���� �j�h�a�\�b�l�h�d�� �a�g�Z�q�g�h�€�� �d�•�e�v�d�h�k�l�•�� �p�_�g�l�j�•�\�� �l�Z�� �k�m�[�p�_�g�l�j�•�\�� �i�h�e�•�f�_�l�j�b�q�g�h�€��
�k�l�j�m�d�l�m�j�b�� �i�j�b�\�h�^�b�l�v�� �^�h�� �a�e�b�l�l�y�� �l�Z�� �m�l�\�h�j�_�g�g�y�� �}�^�b�g�h�]�h�� �k�d�e�Z�^�g�h�]�h �y�^�j�Z��
�f�h�g�h�p�_�g�l�j�b�q�g�h�€�� �d�h�f�i�h�a�b�p�•�€���� �M�� �j�_�a�m�e�v�l�Z�l�•�� �h�i�b�k�Z�g�h�]�h�� �i�j�h�p�_�k�m�� �i�h�k�l�m�i�h�\�h��
�m�l�\�h�j�x�}�l�v�k�y�� �g�h�\�b�c���� �[�•�e�v�r�� �\�b�k�h�d�b�c�� �•�}�j�Z�j�o�•�q�g�b�c�� �j�•�\�_�g�v�� �m�� �d�h�f�i�h�a�b�p�•�c�g�•�c��
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�H�k�l�Z�g�g�•�c�� �o�Z�j�Z�d�l�_�j�� �j�h�a�\�b�l�d�m���± �i�_�j�k�i�_�d�l�b�\�g�b�c���± �\�b�a�g�Z�q�Z�}�l�v�k�y�� �i�j�h�p�_�k�Z�f�b��

�r�\�b�^�d�h�€�� �j�_�k�b�k�l�_�f�Z�l�b�a�Z�p�•�€�� �d�h�f�i�h�a�b�p�•�c�g�b�o�� �p�_�g�l�j�•�\-�^�h�f�•�g�Z�g�l�� �\�� �f�_�`�Z�o�� �j�h�a�\�b�l�d�m��
�•�k�g�m�x�q�h�€�� �l�Z�� �g�h�\�h�€�� �k�b�k�l�_�f�� �j�h�a�i�e�Z�g�m�\�Z�g�g�y�� ���l�Z�[�e���� ������-���������� �k�l�h�\�i�q�b�d�� �������� �A�� �h�^�g�h�]�h��
�[�h�d�m���� �p�v�h�f�m�� �o�Z�j�Z�d�l�_�j�m�� �i�j�b�l�Z�f�Z�g�g�Z�� �a�g�Z�q�g�Z�� �•�g�l�_�g�k�b�\�g�•�k�l�v�� �i�j�h�p�_�k�•�\��
�d�h�f�i�h�a�b�p�•�c�g�b�o���\�b�^�h�a�f�•�g�����A���•�g�r�h�]�h���[�h�d�m�����j�h�a�]�e�y�^�Z�x�q�b���j�h�a�\�b�l�h�d���d�h�f�i�h�a�b�p�•�c�g�h�]�h��
�y�^�j�Z���a���i�h�a�b�p�•�c���}�^�b�g�h�€���`�h�j�k�l�d�h���\�i�h�j�y�^�d�h�\�Z�g�h�€���k�l�j�m�d�l�m�j�b�����k�e�•�^���a�\�_�j�g�m�l�b���m�\�Z�]�m���g�Z��
�a�\�h�j�h�l�g�•�k�l�v�� �a�f�•�g���� �h�k�d�•�e�v�d�b�� �g�h�\�h�m�l�\�h�j�_�g�Z�� �k�b�k�l�_�f�Z�� �g�Z�[�m�\�Z�}�� �j�b�k�� �i�h�i�_�j�_�^�g�v�h�]�h��
�•�}�j�Z�j�o�•�q�g�h�]�h�� �j�•�\�g�y���� �L�Z�d�b�f�� �q�b�g�h�f���� �f�h�g�h�p�_�g�l�j�b�q�g�Z�� �d�h�f�i�h�a�b�p�•�y�� �j�h�a�\�b�\�Z�}�l�v�k�y�� �m��
�i�h�e�•�f�_�l�j�b�q�g�m�� �a�Z�� �j�Z�o�m�g�h�d�� �j�h�a�\�b�l�d�m�� �g�h�\�b�o�� �p�_�g�l�j�•�\�� �l�Z�� �i�•�^�p�_�g�l�j�•�\���� �A�f�•�g�b�� �m��
�f�h�g�h�f�_�l�j�b�q�g�•�c�� �k�l�j�m�d�l�m�j�•���� �g�Z�\�i�Z�d�b���� �o�Z�j�Z�d�l�_�j�b�a�m�x�l�v�k�y�� �i�j�h�p�_�k�Z�f�b�� �h�[�¶�}�^�g�Z�g�g�y��
�^�h�f�•�g�Z�g�l�� �j�•�a�g�h�]�h�� �f�Z�k�r�l�Z�[�m�� �\�� �}�^�b�g�_�� �d�h�f�i�h�a�b�p�•�c�g�_�� �y�^�j�h���� �I�h�e�•�p�_�g�l�j�b�q�g�Z��
�k�l�j�m�d�l�m�j�Z�� �j�h�a�\�b�\�Z�}�l�v�k�y�� �h�^�g�h�q�Z�k�g�h�� �a�Z�� �^�\�h�f�Z �i�j�b�g�p�b�i�h�\�b�f�b�� �g�Z�i�j�y�f�d�Z�f�b���± 
�•�k�g�m�x�q�•�� �p�_�g�l�j�b�� �j�h�a�r�b�j�x�x�l�v�k�y�� �l�Z�� �a�e�b�\�Z�x�l�v�k�y�� �\�� �}�^�b�g�_�� �y�j�h���� �i�Z�j�Z�e�_�e�v�g�h��
�m�l�\�h�j�x�x�l�v�k�y�� �i�•�^�p�_�g�l�j�b�� �a�� �g�h�\�b�f�b�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b�� �i�j�b�l�Z�f�Z�g�g�b�f�b��
�f�h�g�h�f�_�l�j�b�q�g�•�c�� �d�h�f�i�h�a�b�p�•�€���� �G�Z�c�i�j�h�k�l�•�r�•�� �i�j�h�p�_�k�b�� �k�i�j�b�y�x�l�v�� �i�_�j�_�l�\�h�j�_�g�g�x��
�i�h�e�•�f�_�l�j�b�q�g�h�€���k�l�j�m�d�l�m�j�b���m���i�h�e�•�p�_�g�l�j�b�q�g�m�����h�k�d�•�e�v�d�b���l�Z�d�b�c���j�h�a�\�b�l�h�d���i�_�j�_�^�[�Z�q�Z�}��
�a�[�•�e�v�r�_�g�g�y�� �\�Z�]�b�� �•�� �i�•�^�\�b�s�_�g�g�y�� �j�•�\�g�y�� �i�•�^�p�_�g�l�j�•�\���� �s�h�� �m�l�\�h�j�x�}�� �k�b�k�l�_�f�m��
�j�•�\�g�h�a�g�Z�q�g�b�o�� �y�^�_�j���� �G�Z�i�j�b�d�e�Z�^���� �]�j�Z�n�•�q�g�b�c�� �Z�g�Z�e�•�a�� �j�h�a�i�e�Z�g�m�\�Z�e�v�g�h�€�� �k�l�j�m�d�l�m�j�b��
�•�k�l�h�j�b�q�g�h�]�h�� �h�k�_�j�_�^�d�m�� �f���� �<�•�^�_�g�v�� �g�Z�� �h�k�g�h�\�•�� �i�e�Z�g�m�� ���������� �j�h�p�•�� �i�h�d�Z�a�Z�\���� �s�h��
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�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �l�Z�� �a�Z�d�h�g�h�f�•�j�g�h�k�l�•�� �j�h�a�\�b�l�d�m�� �k�b�k�l�_�f�b�� �d�h�f�i�h�a�b�p�•�c�g�b�o�� �p�_�g�l�j�•�\����
�\�j�Z�o�h�\�m�x�q�•�� �^�\�•�� �i�j�h�\�•�^�g�•�� �h�a�g�Z�d�b���± �d�•�e�v�d�•�k�g�h-�y�d�•�k�g�b�c�� �o�Z�j�Z�d�l�_�j�� �i�e�Z�g�m�\�Z�e�v�g�h�]�h��
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Annotation 

Didichenko M. O., assistant, design architecture enviroment department, KNUCA. 

Systematization of the morphologic composition changes of urban planning in the 

actual conditions of its development. 

The article focused on substantiation the classification of the morphologic composition of 

urban planning development based on the modifications' aspects of the design key points, which is 

described by a number of regular processes of spatial modifications based on various types of the 

composition's centres of urban planning, within the predetermined initial structures. It was proposed 

to group generally accepted types and schemes of urban planning into two key issues based on the 

complexity of the structure: primary and integrated. Four types of the composition's centres have 

been identified and characterized,  based on their quantitative features. This is monocentric, 

monometric, polycentric and polymetric composition model types. Monocentric - it's planning 

system that includes only one centre. Monometric - combine one general composition core and 

some subcentres. The polycentric system is described by multiple centres. Polymetric is 

characterised by a couple of centres and subcentres. Also, the four characteristics of their 

development have been determined based on the analysis of the interconnections and the nature of 

the spatial modifications in the various types of planning configurations. These characteristics are 

sustainability, progressivity, dynamicity and perspectivity. Compositional sustainability is described 

by gradual development processes with composition's centre type preservation. Progressivity - it's a 

summary of the systematic changes of the planning structure, that include modification of quantity 

and quality of the composition cores. Dynamic development is characterised by rapid changes in the 

planning centres types. Perspectivity - it's significant modifications and re-systematisation in the 

composition structure and core types. All characteristics and core types are summarized in 

classification matrices, illustrated by idealistic graphic models of the planning composition. 

Keywords: morphological composition of urban planning, urban planning scheme, 

composition key-point, morphological composition model, development way, classification. 
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�j�_�l�j�h-�•�k�l�h�j�b�q�g�•�� �_�d�k�i�_�j�b�f�_�g�l�b���� �d�h�l�j�•�� �i�j�b�c�r�e�b�� �g�Z�� �a�f�•�g�m�� �f�h�^�_�j�g�•�k�l�k�v�d�•�c��
�i�Z�j�Z�^�b�]�f�•���� �d�h�l�j�Z�� �i�Z�g�m�\�Z�e�Z�� �m�� �Z�j�o�•�l�_�d�l�m�j�•�� �f�•�k�l�Z�� �•�a�� �k�_�j�_�^�b�g�b�� �O�O�� �k�l�h�e�•�l�l�y����
�J�h�a�d�j�b�\�Z�}�l�v�k�y�� �a�f�•�k�l�� �i�h�g�y�l�l�y�� �Z�g�l�b-�f�h�^�_�j�g�•�a�f�m���� �y�d�� �o�Z�j�Z�d�l�_�j�g�h�€�� �j�b�k�b�� �i�h�k�l-
�f�h�^�_�j�g�•�k�l�k�v�d�b�o���i�h�r�m�d�•�\���m���E�v�\�h�\�•���f�_�`�•���O�O���± �O�O�1���k�l�h�e�•�l�v�� 
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�l�_�g�^�_�g�p�•�y�� �d�j�b�l�b�q�g�h�]�h�� �l�Z�� �g�_�]�Z�l�b�\�g�h�]�h�� �k�i�j�b�c�g�y�l�l�y�� �h�[�¶�}�d�l�•�\�� �k�m�q�Z�k�g�h�]�h��
�[�m�^�•�\�g�b�p�l�\�Z���� �s�h�� �s�_�� �[�•�e�v�r�_�� �m�k�d�e�Z�^�g�x�\�Z�e�h�� �h�[�¶�}�d�l�b�\�g�b�c�� �Z�g�Z�e�•�a�� �Z�j�o�•�l�_�d�l�m�j�g�b�o��
�y�\�b�s�����d�h�l�j�•���\�b�g�b�d�e�b���m �i�_�j�•�h�^���f�_�`�•���O�O���± �i�h�q�����O�O�1���k�l�l�� 

�:�g�Z�e�•�a���^�`�_�j�_�e���l�Z���i�m�[�e�•�d�Z�p�•�c�� 
�O�h�q�Z�� �Z�d�Z�^�_�f�•�q�g�•�� �i�j�Z�p�•���� �s�h�� �a�Z�d�e�Z�e�b�� �h�k�g�h�\�b�� �l�_�h�j�•�€�� �i�h�k�l�f�h�^�_�j�g�•�a�f�m����

�i�_�j�_�^�h�\�k�•�f�� �J�h�[�_�j�l�Z�� �<�_�g�l�m�j�•�� �>���@���� �[�m�e�b�� �g�Z�i�b�k�Z�g�•�� �s�_�� �m�� �����������± �o�� �j�h�d�Z�o���� �m��
�\�•�l�q�b�a�g�y�g�•�c�� �l�_�h�j�•�€�� �Z�j�o�•�l�_�d�l�m�j�b�� �j�_�n�e�_�d�k�•�y�� �i�h�k�l�f�h�^�_�j�g�•�k�l�k�v�d�h�]�h�� �i�j�h�_�d�l�g�h�]�h��
�k�\�•�l�h�]�e�y�^�m�� �f�Z�e�Z�� �a�Z�i�•�a�g�•�e�b�c�� �l�Z�� �n�j�Z�]�f�_�g�l�Z�j�g�b�c�� �o�Z�j�Z�d�l�_�j���� �;�Z�]�Z�l�h�� �\�� �q�h�f�m���� �p�_��
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�A�� �•�g�r�h�]�h�� �[�h�d�m���� �`�\�Z�\�_�� �a�Z�p�•�d�Z�\�e�_�g�g�y�� �a�Z�o�•�^�g�b�f�b�� �a�j�Z�a�d�Z�f�b�� �l�Z�� �i�j�b�d�e�Z�^�Z�f�b����
�g�Z�i�h�\�g�x�\�Z�e�b�� �•�g�n�h�j�f�Z�p�•�c�g�b�c�� �i�j�h�k�l�•�j�� �•�^�_�y�f�b�� �d�e�Z�k�b�d�•�\�� �i�h�k�l�f�h�^�_�j�g�•�a�f�m���� �i�j�Z�p�•��
�y�d�b�o���� �g�Z�� �l�h�c�� �q�Z�k���� �f�Z�e�b�� �d�•�e�v�d�Z-�^�_�k�y�l�b�e�•�l�g�x�� �•�k�l�h�j�•�x���� �Q�Z�k�h�f���� �d�h�e�b�� �a�¶�y�\�e�y�x�l�v�k�y��
�h�a�g�Z�d�b�� �•�g�l�_�j�i�j�_�l�Z�p�•�€�� �\�•�l�q�b�a�g�y�g�h�€�� �Z�j�o�•�l�_�d�l�m�j�b�� �\�� �d�h�g�l�_�d�k�l�� �k�o�_�f�Z�l�b�d�b��
�i�h�k�l�f�h�^�_�j�g�•�a�f�m���� �f�h�`�g�Z�� �\�\�Z�`�Z�l�b�� �i�h�q�Z�l�h�d�� �����������± �o�� �j�h�d�•�\���� �a�h�d�j�_�f�Z�� �m�� �j�h�[�h�l�Z�o��
�H�� �F�Z�e�_�g�d�Z�����J�� �K�l�Z�^�g�b�p�v�d�h�]�h�����>�� �I�h�i�•�e�v�����l�Z���•�g����[2, 3, 4, 5]�����<���p�b�o���i�j�Z�p�y�o�����y�\�b�s�Z��
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�[�m�e�b���\�b�j�h�[�e�_�g�•���I�g�����:�f�_�j�b�p�•���\�i�j�h�^�h�\�`����������-�o���± 70-�o���j�h�d�•�\�����>�_�y�d�•���Z�k�i�_�d�l�b�� 
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�E�v�\�h�\�Z�� �g�Z�� �h�d�j�_�k�e�_�g�g�y�� �i�_�j�•�h�^�m���� �s�h�� �h�o�h�i�e�x�}�� �c�f�h�\�•�j�g�b�c�� �i�h�k�l�f�h�^�_�j�g�•�k�l�k�v�d�b�c��
�i�e�Z�k�l���� �i�j�b�c�g�y�l�h�� �\�`�b�\�Z�l�b�� �l�Z�d�•�� �l�_�j�f�•�g�b�� �y�d�� �©�i�h�k�l�j�Z�^�y�g�k�v�d�Z�� �Z�j�o�•�l�_�d�l�m�j�Z�ª��[6, 7], 
�Z�[�h�� �©�Z�j�o�•�l�_�d�l�m�j�Z�� �G�_�a�Z�e�_�`�g�h�k�l�•�ª [8]���� �H�[�b�^�\�Z�� �\�b�a�g�Z�q�_�g�g�y���� �\�d�Z�a�m�x�l�v�� �e�b�r�_�� �g�Z��
�o�j�h�g�h�e�h�]�•�q�g�•�� �j�Z�f�d�b���� �•�� �g�•�q�h�]�h�� �g�_�� �k�\�•�^�q�Z�l�v�� �i�j�h�� �k�\�•�l�h�]�e�y�^�g�h-�n�•�e�h�k�h�n�k�v�d�b�c�� �a�f�•�k�l��
�l�b�o�� �n�h�j�f�h�l�\�h�j�q�b�o�� �y�\�b�s���� �d�h�l�j�•�� �l�h�^�•�� �\�b�g�b�d�Z�e�b���� �:�l�f�h�k�n�_�j�Z�� �i�•�^�\�b�s�_�g�h�€��
�d�j�b�l�b�q�g�h�k�l�•�� �^�h�� �g�h�\�h�]�h�� �[�m�^�•�\�g�b�p�l�\�Z���� �h�k�h�[�e�b�\�h�� �m�� �p�_�g�l�j�Z�e�v�g�b�o�� �j�Z�c�h�g�Z�o�� �f�•�k�l���� �s�h��
�k�d�e�Z�e�Z�k�v���m���k�m�k�i�•�e�v�k�l�\�•���g�Z���i�h�q�Z�l�d�m���O�O�1���k�l�h�e�•�l�l�y�����g�_���k�i�j�b�y�e�Z���g�_���e�b�r�_���h�[�¶�}�d�l�b�\�g�•�c��
�h�p�•�g�p�•�� �y�\�b�s�Z���� �Z�e�_�� �•�� �k�Z�f�h�f�m�� �c�h�]�h�� �\�b�a�g�Z�q�_�g�g�x���� �I�h�a�b�l�b�\�g�b�f�� �n�Z�d�l�h�j�h�f�� �^�h��
�\�b�j�•�r�_�g�g�y���^�Z�g�h�€���i�j�h�[�e�_�f�b���f�h�`�g�Z���\�\�Z�`�Z�l�b���\�•�^�g�h�k�g�h���r�b�j�h�d�m���j�h�a�j�h�[�d�m���l�_�f�Z�l�b�d�b��
�m�d�j�Z�€�g�k�v�d�h�]�h�� �i�h�k�l�f�h�^�_�j�g�•�a�f�m�� �m�� �d�m�e�v�l�m�j�h�e�h�]�•�q�g�•�c�� �p�Z�j�b�g�•���± �i�_�j�_�^�h�\�k�•�f��
�e�•�l�_�j�Z�l�m�j�h�a�g�Z�\�k�l�\�•���� 
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�F�_�l�h�x�� �k�l�Z�l�l�•�� �}�� �h�d�j�_�k�e�b�l�b�� �j�_�Z�e�v�g�•�k�l�v�� �l�Z�� �f�h�`�e�b�\�•�� �f�_�`�•�� �•�� �i�Z�j�Z�f�_�l�j�b�� �y�\�b�s�Z��

�i�h�k�l�f�h�^�_�j�g�•�k�l�k�v�d�h�€���Z�j�o�•�l�_�d�l�m�j�b���m���E�v�\�h�\�•���g�Z���f�_�`�•���O�O���± �O�O�1���k�l�h�e�•�l�v���� 
�<�b�d�e�Z�^���h�k�g�h�\�g�h�]�h���f�Z�l�_�j�•�Z�e�m 

�M�� �\�•�l�q�b�a�g�y�g�•�c�� �l�_�h�j�•�€�� �Z�j�o�•�l�_�d�l�m�j�b���� �i�j�h�[�e�_�f�Z�l�b�d�Z�� �i�h�k�l�f�h�^�_�j�g�•�a�f�m���� �y�d��
�k�\�•�l�h�]�e�y�^�g�h-�n�h�j�f�h�l�\�h�j�q�h�]�h�� �y�\�b�s�Z���� �i�_�j�_�\�Z�`�g�h�� �f�Z�}�� �o�Z�j�Z�d�l�_�j�� �j�_�n�e�_�d�k�•�€�� �g�Z�\�d�h�e�h��
�i�•�\�g�•�q�g�h-�Z�f�_�j�b�d�Z�g�k�v�d�h�]�h�� �l�Z�� �a�Z�o�•�^�g�h-�}�\�j�h�i�_�c�k�v�d�h�]�h�� �^�h�k�\�•�^�m���� �q�h�f�m�� �k�i�j�b�y�e�h��
�i�h�r�b�j�_�g�g�y�� �d�g�b�]�b�� �Q�� �>�`�_�g�d�k�Z�� �©�F�h�\�Z�� �Z�j�o�•�l�_�d�l�m�j�b�� �i�h�k�l�f�h�^�_�j�g�•�a�f�m�ª���� �i�_�j�_�d�e�Z�^��
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�a�Z�i�_�j�_�q�_�g�g�y�� �]�h�e�h�\�g�b�o�� �\�•�a�m�Z�e�v�g�b�o�� �i�j�b�d�f�_�l�g�b�d�•�\�� �f�h�^�_�j�g�m�� �l�Z�d�b�o�� �y�d�� �i�e�h�k�d�•�� �^�Z�o�b��
�l�Z�� �k�l�j�•�q�d�h�\�•�� �\�•�d�g�Z���� �[���� �Z�d�l�b�\�g�_�� �a�Z�e�m�q�_�g�g�y�� �l�Z�� �^�h�\�•�e�v�g�Z�� �•�g�l�_�j�i�j�_�l�Z�p�•�y�� �_�e�_�f�_�g�l�•�\�� �a��
�g�_�f�h�^�_�j�g�b�o�� �•�k�l�h�j�b�q�g�b�o�� �k�l�b�e�•�\�� �[�m�^�v-�y�d�h�]�h�� �i�h�o�h�^�`�_�g�g�y�� ���g�Z�j�h�^�g�Z�� �Z�j�o�•�l�_�d�l�m�j�Z����
�[�Z�j�h�d�h�\�Z�����j�_�g�_�k�Z�g�k�g�Z�����j�h�f�Z�g�l�b�q�g�Z�����[�•�^�_�j�f�Z�}�j���l�h�s�h�������\�����f�Z�d�k�b�f�Z�e�v�g�_���k�i�j�h�s�_�g�g�y��
�]�h�e�h�\�g�b�o�� �j�_�i�j�_�a�_�g�l�Z�l�b�\�g�b�o�� �g�_�f�h�^�_�j�g�b�o�� �_�e�_�f�_�g�l�•�\�� ���Z�j�h�d���� �d�Z�j�g�b�a�•�\���� �Z�l�l�b�d�•�\����
�d�m�l�h�\�b�o���\�_�` �l�h�s�h���� 

�D�j�•�f�� �p�b�o�� �k�i�•�e�v�g�b�o���� �f�h�`�g�Z�� �\�•�^�a�g�Z�q�b�l�b�� �j�b�k�b���� �s�h�� �\�•�^�j�•�a�g�y�x�l�v�� �e�v�\�•�\�k�v�d�•��
�h�[�¶�}�d�l�b�� �f�_�`�•�� �O�O���± �O�O�1�� �k�l�h�e�•�l�v�� �\�•�^�� �i�h�k�l�f�h�^�_�j�g�b�o���� �Z���� �\�•�^�k�m�l�g�•�k�l�v�� �•�j�h�g�•�€�� �l�Z��
�g�Z�\�f�b�k�g�h�€�� �e�_�]�d�h�\�Z�`�g�h�k�l�•���� �]�j�b�� �a�f�•�k�l�•�\�� �l�h�s�h�� �>9]���� �[���� �g�Z�� �\�•�^�f�•�g�m�� �\�•�^�� �a�Z�o�•�^�g�h�]�h��
�i�h�k�l�f�h�^�_�j�g�m���� �y�d�b�c�� �[�Z�q�b�\�� �k�\�h�x�� �f�•�k�•�x�� �m�� �^�_�•�^�_�h�e�h�]�•�a�Z�p�•�€���� �k�o�•�^�g�h-�}�\�j�h�i�_�c�k�v�d�b�c�� �\��
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�l�h�f�m�� �q�b�k�e�•�� �e�v�\�•�\�k�v�d�b�c�� �^�h�k�\�•�^�� �g�_�f�h�^�_�j�g�h�k�l�•���� �g�Z�\�i�Z�d�b���� �i�_�j�_�\�Z�`�g�h���� �i�h�\�¶�y�a�Z�g�b�c�� �•�a��
�\�•�^�j�h�^�`�_�g�g�y�f���g�Z�p�•�h�g�Z�e�v�g�b�o���l�Z���j�_�e�•�]�•�c�g�b�o���•�^�_�h�e�h�]�•�c�� 

�<�� �a�\�¶�y�a�d�m�� �•�a�� �l�Z�d�b�f�� �[�Z�e�Z�g�k�h�f�� �k�i�•�\�i�Z�^�•�g�v�� �l�Z�� �j�h�a�[�•�`�g�h�k�l�_�c���� �\�b�g�b�d�Z�}�� �i�b�l�Z�g�g�y��
�q�b���f�h�`�g�Z���j�h�a�]�e�y�^�Z�l�b���l�Z�d�h�]�h���j�h�^�m���i�j�h�y�\�b���e�v�\�•�\�k�v�d�h�€���Z�j�o�•�l�_�d�l�m�j�b���f�_�`�•���O�O���± �O�O�1��
�k�l�h�e�•�l�v�� �y�d�� �i�j�b�d�e�Z�^�b�� �_�k�l�_�l�b�d�b�� �i�h�k�l�f�h�^�_�j�g�m�"�� �G�Z�c�[�•�e�v�r�� �k�_�j�c�h�a�g�h�x�� �\�•�^�f�•�g�g�•�k�l�x����
�d�h�l�j�Z�� �f�Z�}�� �k�\�•�l�h�]�e�y�^�g�b�c�� �o�Z�j�Z�d�l�_�j�� �l�m�l���� �h�q�_�\�b�^�g�h���� �}�� �\�•�^�k�m�l�g�•�k�l�v�� �o�Z�j�Z�d�l�_�j�g�h�€�� �^�e�y��
�I�g��-�:�f�_�j�b�d�b�� �•�� �A�o���� �/�\�j�h�i�b�� �•�j�h�g�•�q�g�h�k�l�•�� �l�Z�� �]�j�Z�c�e�b�\�h�k�l�•���� �y�d�Z�� �a�Z�f�•�g�_�g�Z��
�i�•�^�d�j�_�k�e�_�g�h�x�� �\�b�\�Z�`�_�g�•�k�l�x�� �l�Z�� �k�l�Z�l�b�q�g�•�k�l�x���� �<�•�^�[�m�\�Z�}�l�v�k�y�� �g�_�� �k�l�•�e�v�d�b��
�j�_�e�y�l�b�\�•�a�Z�p�•�y�����y�d���m���a�Z�o�•�^�g�h�f�m���i�h�k�l�f�h�^�_�j�g�•�����d�Z�l�_�]�h�j�•�€���q�Z�k�m�����k�d�•�e�v�d�b���c�h�]�h���a�m�i�b�g�d�Z��
�\�� �j�Z�f�d�Z�o�� �m�l�h�i�•�€�� �f�b�g�m�e�h�]�h���� �<�� �p�v�h�f�m�� �k�_�g�k�•���� �y�\�b�s�Z�� �e�v�\�•�\�k�v�d�h�€�� ���l�Z�� �i�h�^�•�[�g�h�€�� �^�h�� �g�_�€��
�i�h�k�l�j�Z�^�y�g�k�v�d�h�€���� �Z�j�o�•�l�_�d�l�m�j�b�� �g�_�� �f�h�`�g�Z�� �\�\�Z�`�Z�l�b�� �i�h�\�g�h�p�•�g�g�h�� �i�h�k�l�f�h�^�_�j�g�b�f�b����
�h�k�d�•�e�v�d�b�� �\�h�g�b�� �i�j�h�^�h�\�`�m�x�l�v�� �h�i�_�j�m�\�Z�l�b�� �d�Z�l�_�]�h�j�•�y�f�b�� �a�Z�\�_�j�r�_�g�h�k�l�•�� �l�Z��
�Z�[�k�h�e�x�l�g�h�k�l�•�����y�d���p�_���\�•�^�[�m�\�Z�e�h�k�v���\���_�i�h�o�m���l�Z�d���a�\�Z�g�h�]�h���©�]�_�j�h�€�q�g�h�]�h�ª���f�h�^�_�j�g�•�a�f�m������
�e�b�r�_���[�Z�q�Z�l�v���c�h�]�h���g�_���m���Z�[�k�l�j�Z�p�•�h�g�•�k�l�k�v�d�•�c���f�b�k�l�_�p�v�d�•�c���i�Z�j�Z�^�b�]�f�•���o�Z�j�Z�d�l�_�j�g�•�c���^�e�y��
�•�g�^�m�k�l�j�•�Z�e�v�g�h�]�h�� �k�h�p�•�m�f�m���� �Z�� �m�� �l�j�Z�^�b�p�•�h�g�Z�e�•�k�l�b�q�g�•�c���� �o�Z�j�Z�d�l�_�j�g�•�c�� �^�e�y�� �_�i�h�o�b��
�n�_�h�^�Z�e�•�a�f�m���� �Y�d�s�h�� �\�� �I�g���� �:�f�_�j�b�p�•�� �l�Z�� �A�o���� �/�\�j�h�i�•�� �i�h�k�l�f�h�^�_�j�g�� �k�l�Z�\�� �y�\�b�s�_�f��
�a�Z�i�_�j�_�q�_�g�g�y���h�[�h�\�¶�y�a�d�h�\�h�k�l�•���l�b�o���q�b���•�g�r�b�o���i�j�h�_�d�l�g�b�o���l�Z���k�\�•�l�h�]�e�y�^�g�b�o���i�j�b�g�p�b�i�•�\����
�l�h�� �m�� �K�o���� �/�\�j�h�i�•�� �\�•�^�[�m�\�Z�\�k�y�� �i�j�h�p�_�k�� �i�_�j�_�h�j�•�}�g�l�Z�p�•�€�� �g�Z�� �•�g�r�m�� �h�[�h�\�¶�y�a�d�h�\�•�k�l�v���� �<��
�l�Z�d�h�f�m�� �k�_�g�k�•���� �f�h�`�g�Z�� �^�e�y�� �Z�j�o�•�l�_�d�l�m�j�b�� �E�v�\�h�\�Z�� �^�Z�g�h�]�h�� �i�_�j�•�h�^�m���� �a�Z�f�•�k�l�v��
�i�h�k�l�f�h�^�_�j�g�h�€���� �a�Z�i�j�h�i�h�g�m�\�Z�l�b�� �l�_�j�f�•�g�� �Z�g�l�b�f�h�^�_�j�g�h�€�� �•�� �j�h�a�]�e�y�^�Z�l�b�� �€�€�� �g�_�� �y�d��
�i�h�k�l�f�h�^�_�j�g�•�k�l�k�v�d�m�� �Z�� �y�d���Z�g�l�b�f�h�^�_�j�g�•�k�l�k�v�d�m���� �I�j�b�d�f�_�l�g�h���� �s�h�� �\�� �p�_�c�� �q�Z�k��
�^�_�•�g�^�m�k�l�j�•�Z�e�•�a�Z�p�•�y�� �l�Z�� �^�_�f�h�^�_�j�g�•�a�Z�p�•�y�� �\�•�^�[�m�\�Z�e�b�k�v�� �•�� �m�� �p�Z�j�b�g�•�� �_�d�h�g�h�f�•�d�b�� �>10], 
�\�b�j�h�[�g�b�q�•�� �i�e�h�s�•���a�Z�f�•�g�x�\�Z�l�b�k�v�� �h�[�¶�}�d�l�Z�f�b�� �h�[�k�e�m�]�h�\�m�\�Z�g�g�y�� �l�Z�� �`�b�l�e�h�f����
�I�j�h�l�b�e�_�`�g�b�f���^�h���i�h�k�l�f�h�^�_�j�g�h�€���k�b�l�m�Z�p�•�€���g�Z���A�Z�o�h�^�•�����y�d�Z���o�Z�j�Z�d�l�_�j�g�Z���g�h�\�b�f���j�•�\�g�_�f��
�k�_�d�m�e�y�j�b�a�f�m�� �l�Z�� �e�•�[�_�j�Z�e�•�a�f�m���� �k�l�Z�e�h�� �\�•�^�j�h�^�`�_�g�g�y�� �j�_�e�•�]�•�c�g�h�€�� �Z�d�l�b�\�g�h�k�l�•�� �l�Z��
�p�_�j�d�h�\�g�b�o���•�g�k�l�b�l�m�p�•�c�����<���k�_�g�k�•���Z�j�o�•�l�_�d�l�m�j�g�h�€���l�_�h�j�•�€�����p�_���l�Z�d�h�` �i�h�k�l�Z�\�b�e�h���i�b�l�Z�g�g�y��
�i�j�h���l�_���q�b���f�h�`�g�Z���g�Z�a�b�\�Z�l�b�����k�i�h�j�m�^�`�_�g�•���\���p�_�c���q�Z�k���k�Z�d�j�Z�e�v�g�•���h�[�¶�}�d�l�b���g�_�f�h�^�_�j�g�h�€��
�_�k�l�_�l�b�d�b�����i�h�k�l�f�h�^�_�j�g�•�k�l�k�v�d�b�f�b�"�� 

�J�h�a�]�e�y�^�Z�x�q�b�� �p�_�� �i�b�l�Z�g�g�y���� �\�Z�j�l�h�� �\�•�^�a�g�Z�q�b�l�b���� �s�h�� �l�_�h�j�•�y�� �i�h�k�l�f�h�^�_�j�g�•�a�f�m���� �\��
�i�j�h�p�_�k�•�� �k�\�h�]�h�� �j�h�a�\�b�l�d�m���� �i�h�k�l�m�i�h�\�h�� �l�j�Z�g�k�n�h�j�f�m�\�Z�e�Z�k�v�� �m�� �^�h�k�b�l�v �•�g�d�e�x�a�b�\�g�m��
�k�b�k�l�_�f�m���� �\�� �y�d�m�� �[�m�e�h�� �\�d�e�x�q�_�g�h�� �y�\�b�s�Z�� �^�m�`�_�� �j�•�a�g�h�€�� �i�j�b�j�h�^�b���� �y�d�� �g�Z�i�j�b�d�e�Z�^��
�d�h�f�_�j�p�•�c�g�•�� �k�i�_�d�m�e�y�p�•�€�� �m�� �E�Z�k���± �<�_�]�Z�k�•���� �d�h�l�j�•�� �[�m�e�b�� �i�h�a�b�l�b�\�g�h�� �h�i�b�k�Z�g�•�� �m�� �\�•�^�h�f�•�c��
�d�g�b�a�•�� �J�h�[�_�j�l�Z�� �<�_�g�l�m�j�•�� �>����]���� �<�� �l�Z�d�h�f�m�� �k�_�g�k�•���� �e�v�\�•�\�k�v�d�b�c�� �Z�g�l�b�f�h�^�_�j�g�•�a�f�� �f�h�`�_��
�a�g�Z�c�l�b�� �k�\�h�}�� �f�•�k�p�_�� �m�� �k�i�_�d�l�j�•�� �i�h�k�l�f�h�^�_�j�g�•�k�l�k�v�d�b�o�� �y�\�b�s���� �o�h�q�� �•�� �a�� �^�h�^�Z�l�d�h�\�b�f�b��
�m�f�h�\�Z�f�b�� �l�Z�� �a�Z�k�l�_�j�_�`�_�g�g�y�f�b���� �<�Z�`�e�b�\�h�� �\�•�^�a�g�Z�q�b�l�b���� �s�h�� �f�•�k�p�_�� �k�Z�f�h�]�h��
�i�h�k�l�f�h�^�_�j�g�•�a�f�m�� �m�� �i�e�b�g�•�� �p�b�\�•�e�•�a�Z�p�•�c�g�h�]�h�� �j�h�a�\�b�l�d�m�� �e�x�^�k�l�\�Z�� �l�_�`�� �f�h�`�_�� �a�Z�a�g�Z�l�b��
�a�f�•�g�b���� �G�Z�� �\�•�^�f�•�g�m�� �\�•�^�� �f�h�^�_�j�g�•�a�f�m�� ���i�_�j�_�^�h�\�k�•�f�� �l�Z�d�� �a�\�Z�g�h�]�h�� �©�]�_�j�h�€�q�g�h�]�h�ª [12]), 
�y�d�b�c�� �[�m�\�� �Z�j�o�•�l�_�d�l�m�j�g�b�f�� �\�b�j�Z�a�h�f�� �•�g�^�m�k�l�j�•�Z�e�v�g�h�€�� �_�i�h�o�b�� �a�� �€�€�� �]�h�e�h�\�g�b�f��
�\�b�a�g�Z�q�Z�e�v�g�b�d�h�f���± �i�h�l�h�d�h�\�b�f�� ���d�h�g�\�_�}�j�g�b�f���� �f�_�l�h�^�h�f�� �\�b�j�h�[�g�b�p�l�\�Z���� �_�k�l�_�l�b�d�m��
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�i�h�k�l�f�h�^�_�j�g�•�a�f�m���g�_�f�h�`�e�b�\�h���q�•�l�d�h���i�j�b�\�¶�y�a�Z�l�b�����^�h���i�_�\�g�h�]�h���\�b�j�h�[�g�b�q�h�]�h���k�i�h�k�h�[�m����
�I�•�k�e�y�� �f�Z�c�`�_�� �g�•�`�� �i�•�\�k�l�h�e�•�l�g�v�h�]�h�� �j�h�a�\�b�l�d�m���� �d�m�e�v�l�m�j�g�•�� �y�\�b�s�Z�� �d�e�Z�k�b�n�•�d�h�\�Z�g�•�� �y�d��
�i�h�k�l�f�h�^�_�j�g�•���� �i�_�j�_�\�Z�`�g�h�� �Z�k�h�p�•�x�x�l�v�k�y�� �•�a�� �i�_�j�_�o�h�^�h�f�� �\�•�^�� �•�g�^�m�k�l�j�•�Z�e�v�g�h�€�� �^�h��
�•�g�n�h�j�f�Z�p�•�c�g�h�€�� �_�d�h�g�h�f�•�q�g�h�€�� �f�h�^�_�e�•�� �>����] �l�Z�� �j�h�k�l�m�� �k�n�_�j�b�� �i�h�k�e�m�]�� �>14]���� �y�d�b�c��
�i�h�k�l�m�i�h�\�h�� �a�f�•�g�b�\�� �\�b�j�h�[�g�b�p�l�\�h�� �m�� �y�d�h�k�l�•�� �]�h�e�h�\�g�h�]�h�� �j�_�k�m�j�k�m�� �a�[�Z�]�Z�q�_�g�g�y��
�j�h�a�\�b�g�_�g�b�o�� �k�m�k�i�•�e�v�k�l�\�� �>������ 16]���� �J�Z�a�h�f�� �•�a�� �l�b�f���� �i�h�^�Z�e�v�r�b�c�� �j�h�a�\�b�l�h�d��
�•�g�n�h�j�f�Z�p�•�c�g�h�€�� �i�Z�j�Z�^�b�]�f�b�� �k�i�j�b�y�\�� �i�h�r�b�j�_�g�g�x�� �\�•�^�f�•�g�g�h�€�� �\�•�^�� �i�h�k�l�f�h�^�_�j�g�m��
�Z�j�o�•�l�_�d�l�m�j�g�h�€���f�h�j�n�h�e�h�]�•�€�����J�_�i�e�•�d�Z�p�•�y���•�k�l�h�j�b�q�g�b�o���k�x�`�_�l�•�\�����a�g�h�\�m���i�_�j�_�k�l�Z�e�Z���[�m�l�b��
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3. Malenko O. Svitoglyadni modusỳ postmodernizmu v nacional̀nij xudozhǹo-
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Annotation 

PhD, Ass. Professor Frankiv R., Sen. Lecturer Liaskivskyi O., Lviv Polytechnic 
National University. 

Theoretical bases for explanation of postmodernal architecture in Lviv. 
The article examines the possibility of identifying architectural buildings that 

have arisen in Lviv at the turn of the XX - XXI centuries as postmodernistic ones. 
The post-Soviet and postmodern features of morphogenesis are compared. For such 
an examples of Lviv architecture, is proposed to use the term antimodernism. Further, 
article considers a possibility of incorporating the phenomena of antimodernism into 
the general structure of postmodernism. Were distinguished a features which 
separates Lviv`s XX - XXI centuries objects from postmodern ones. There are such 
features: a) lack of irony and deliberate lightness, play of contents, etc .; b) unlike the 
western postmodern who saw his mission in deideologization, the Eastern European 
including Lviv's experience of non-modernity, on the contrary, is mainly related to 
the revival of national and religious ideologies. Also were identified some features of 
ontological connection of some Lviv`s structures with the postmodern ones. As such: 
a) underlined negation of the main visual adjectives of the modernist style, such as 
flat roofs and ribbon windows; b) active involvement and arbitrary interpretation of 
elements of non-modern historical styles of any origin (folk architecture, baroque, 
renaissance, romantic, biedermeier, etc.); c) maximum simplification of the main 
representative non-modern elements (arches, cornices, attics, corner towers, etc.). 

Keywords: city, postmodernism, aesthetics, antimodernism, utopia of the past. 
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�^�Z�g�h�€�� �i�j�h�[�e�_�f�b�� �\�•�^�k�m�l�g�•���� �I�b�l�Z�g�g�y�� �Z�g�Z�e�•�a�m�� �l�Z�� �k�b�k�l�_�f�Z�l�b�a�Z�p�•�€�� �e�•�l�_�j�Z�l�m�j�g�b�o��
�^�`�_�j�_�e���}���Z�d�l�m�Z�e�v�g�b�f���^�e�y���\�b�a�g�Z�q�_�g�g�y���i�h�^�Z�e�v�r�b�o���_�l�Z�i�•�\���^�h�k�e�•�^�`�_�g�g�y�� 

�N�h�j�f�m�\�Z�g�g�y���p�•�e�_�c���k�l�Z�l�l�•�����^�Z�g�Z���j�h�[�h�l�Z���i�j�b�k�\�y�q�_�g�Z���\�b�\�q�_�g�g�x���j�_�a�m�e�v�l�Z�l�•�\��
�i�h�i�_�j�_�^�g�•�o�� �g�Z�m�d�h�\�b�o�� �j�h�a�\�•�^�h�d�� �Z�j�o�•�l�_�d�l�m�j�b�� �I�h�e�l�Z�\�b�� �d�•�g�p�y�� �O�1�O���± �i�h�q�Z�l�d�m��
�O�O �k�l�h�e�•�l�v���� 
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�P�•�e�y�f�b���k�l�Z�l�l�•���}���� 
- �Z�g�Z�e�•�a���l�Z���k�b�k�l�_�f�Z�l�b�a�Z�p�•�y���i�h�i�_�j�_�^�g�•�o���•�k�l�h�j�b�q�g�b�o���l�Z���g�Z�m�d�h�\�b�o���e�•�l�_�j�Z�l�m�j�g�b�o��

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

�a�Z�\�^�Z�g�v���l�Z���g�Z�i�j�y�f�•�\���i�h�^�Z�e�v�r�b�o���^�h�k�e�•�^�`�_�g�v�� 
�<�b�d�e�Z�^�� �h�k�g�h�\�g�h�]�h�� �f�Z�l�_�j�•�Z�e�m�� �^�h�k�e�•�^�`�_�g�g�y�� �:�j�o�•�l�_�d�l�m�j�Z�� �d�•�g�p�y �O�1�O���± 

�i�h�q�Z�l�d�m �O�O���k�l�����^�h�\�]�b�c���q�Z�k���[�m�e�Z���f�Z�e�h���^�h�k�e�•�^�`�_�g�h�x���� �q�_�j�_�a���g�_�]�Z�l�b�\�g�_���k�l�Z�\�e�_�g�g�y��
�^�h�� �f�h�^�_�j�g�m�� �\�� �i�_�j�•�h�^�� �k�l�Z�g�h�\�e�_�g�g�y�� �n�m�g�d�p�•�h�g�Z�e�•�a�f�m�� �l�Z�� �d�h�g�k�l�j�m�d�l�b�\�•�a�f�m�� ����������-�l�•��
�j�h�d�b������ �E�b�r�_�� �\�� �k�_�j�_�^�b�g�•�� �O�O �k�l���� �i�h�q�Z�e�b�� �a�¶�y�\�e�y�l�b�k�y�� �^�h�k�e�•�^�`�_�g�g�y��
�a�Z�o�•�^�g�h�}�\�j�h�i�_�c�k�v�d�b�o���\�q�_�g�b�o�����<. �=�h�n�f�Z�g�����G. �I�_�\�a�g�_�j�����F�� �J�_�c�f�k�����N. �R�f�Z�e�_�g�[�Z�o����
�J. �R�f�m�p�e�_�j������ �i�j�b�k�\�y�q�_�g�g�•�� �g�Z�i�j�y�f�Z�f�� �Z�j�o�•�l�_�d�l�m�j�b�� �g�Z�� �a�e�Z�f�•�� �k�l�h�e�•�l�v���� �<�`�_�� ��������-�l�•��
�j�j���� �f�h�^�_�j�g�� �l�Z�� �_�d�e�_�d�l�b�d�Z�� �j�h�a�]�e�y�^�Z�}�l�v�k�y���� �y�d�� �k�Z�f�h�k�l�•�c�g�•�� �p�•�e�•�k�g�•�� �g�Z�i�j�y�f�d�b�� �m��
�\�b�j�•�r�_�g�g�•���Z�j�o�•�l�_�d�l�m�j�g�b�o���a�Z�^�Z�q. 

�M�� �d�h�e�b�r�g�v�h�f�m�� �J�Z�^�y�g�k�v�d�h�f�m�� �K�h�x�a�•�� �^�h�k�e�•�^�`�_�g�g�y�f�� �f�h�^�_�j�g�m�� �a�Z�c�f�Z�e�b�k�y��
�: . �;�_�j�k�_�g�_�\�Z���� �/. �;�h�j�b�k�h�\�Z���� �<. �=�h�j�x�g�h�\���� �L. �D�Z�`�^�Z�g���� �;. �D�b�j�•�d�h�\���� �<. �D�b�j�b�e�h�\����
�/ . �D�b�j�b�q�_�g�d�h���� �<. �E�•�k�h�\�k�v�d�b�c���� �K. �E�_�\�h�r�d�h���� �F. �G�Z�s�h�d�•�g�Z���� �H. �<. �H�j�_�e�v�k�v�d�Z����
�>. �K�Z�j�Z�[�¶�y�g�h�\���� �=. �K�l�_�j�g�•�g���� �F. �L�m�[�e�•���� �H. �M�r�Z�d�h�\�Z���� �l�Z�� �•�g���� �:�j�o�•�l�_�d�l�m�j�Z�� �M�d�j�Z�€�g�b��
�d�•�g�p�y�� �O�1�O���± �i�h�q�Z�l�d�m�� �O�O�� �k�l�h�e�•�l�v�� �[�m�e�Z�� �^�h�k�e�•�^�`�_�g�Z�� �\�� �i�j�Z�p�y�o�� �X. �:�k�_�_�\�Z����
�<. �L�b�f�h�n�•�}�g�d�Z���� �<�� �Q�_�i�_�e�b�d�Z�� �<�� �Y�k�•�}�\�b�q�Z���� �Z�� �l�Z�d�h�`�� �k�m�q�Z�k�g�b�f�b�� �g�Z�m�d�h�\�b�f�b��
�^�h�k�e�•�^�`�_�g�g�y�f�b���L. �:�g�l�h�g�s�m�d�����K. �;�•�e�_�g�d�h�\�h�€�����X. �;�•�j�x�e�h�\�Z�����>. �<�•�l�q�_�g�d�Z�����H. �>�j�m�]����
�=. �>�m�o�h�\�g�b�q�h�]�h���� �X. �1�\�Z�r�d�h���� �:�� �1. �D�h�\�Z�e�_�g�d�Z���� �<. �D�h�^�•�g�Z���� �K. �E�•�g�^�b����
�H. �F�h�d�j�h�m�k�h�\�h�€�����E. �I�h�e�•�s�m�d�����E. �I�j�b�[�}�]�b�����H. �K�_�j�^�x�d�Z�����L. �K�d�•�[�•�p�v�d�h�€�����F. �K�l�Z�d�y�g����
�=. �R�_�\�p�h�\�h�€�� �l�Z�� �•�g. �:�j�o�•�l�_�d�l�m�j�g�Z�� �k�i�Z�^�s�b�g�Z�� �I�h�e�l�Z�\�b�� �d�•�g�p�y�� �O�1�O���± �i�h�q�Z�l�d�m�� �O�O��
�k�l�h�e�•�l�l�y�� �h�i�b�k�Z�g�Z�� �\�� �[�Z�]�Z�l�v�h�o�� �l�h�]�h�q�Z�k�g�b�o�� �l�Z�� �k�m�q�Z�k�g�b�o�� �^�h�k�e�•�^�`�_�g�g�y�o. �1�k�g�m�x�q�•��
�•�k�l�h�j�•�h�]�j�Z�n�•�q�g�•�� �f�Z�l�_�j�•�Z�e�b�� �k�b�k�l�_�f�Z�l�b�a�h�\�Z�g�h�� �a�Z�� �q�Z�k�h�f�� �€�o�� �g�Z�i�b�k�Z�g�g�y. �<�b�^�•�e�_�g�h��
�q�h�l�b�j�b�� �_�l�Z�i�b�� �^�h�k�e�•�^�`�_�g�v���� �i�_�j�r�b�c �± �^�j�m�]�Z�� �i�h�e�h�\�b�g�Z�� �O�1�O�� �k�l�h�e�•�l�l�y���� �^�j�m�]�b�c���± 
�i�h�q�Z�l�h�d�� �O�O�� �k�l�h�e�•�l�l�y�� �^�h�� ���������� �j�h�d�m���� �l�j�_�l�•�c���± �j�Z�^�y�g�k�v�d�b�c�� �i�_�j�•�h�^�� �����������± 1991 
�j�h�d�b�����q�_�l�\�_�j�l�b�c���± �i�_�j�•�h�^���g�_�a�Z�e�_�`�g�h�k�l�•�������������± �����������j�h�d�b�����j�b�k. 2). 

�>�h�� �i�_�j�r�h�]�h�� �_�l�Z�i�m�� �\�•�^�g�h�k�y�l�v�k�y�� �^�h�k�e�•�^�`�_�g�g�y���� �y�d�•�� �\�b�j�•�a�g�y�x�l�v�k�y�� �i�_�j�_�^�m�k�•�f��
�k�l�Z�l�b�k�l�b�q�g�h-�h�i�b�k�h�\�b�f�� �o�Z�j�Z�d�l�_�j�h�f. �P�_�� �i�j�Z�p�•�� �F. �:�j�Z�g�^�Z�j�_�g�d�Z���� �I. �;�h�^�y�g�k�v�d�h�]�h����
�: . �;�h�]�^�Z�g�h�\�b�q�Z���� �<. �;�m�q�g�_�\�b�q�Z. �G�Z�c�[�•�e�v�r�� �j�Z�g�g�y�� �a�� �g�b�o���� �^�Z�l�h�\�Z�g�Z�� ��������-���������j., �± 
�³�A�Z�i�b�k�d�b�� �h�� �I�h�e�l�Z�\�k�d�h�c�� �]�m�[�_�j�g�b�b�´�� �F. �:�j�Z�g�^�Z�j�_�g�d�Z�� ���\�� �l�j�v�h�o�� �q�Z�k�l�b�g�Z�o������ �\�� �y�d�•�c��
�h�i�b�k�Z�g�h�� �]�_�h�]�j�Z�n�•�q�g�_�� �j�h�a�l�Z�r�m�\�Z�g�g�y���� �i�j�b�j�h�^�g�•�� �m�f�h�\�b�� �j�h�a�\�b�l�d�m�� �f�•�k�l�Z���� �c�h�]�h��
�i�e�Z�g�m�\�Z�e�v�g�m���k�l�j�m�d�l�m�j�m�����a�Z�[�m�^�h�\�m�����g�Z�\�_�^�_�g�•���k�l�Z�l�b�k�l�b�q�g�•���\�•�^�h�f�h�k�l�•���i�j�h���d�•�e�v�d�•�k�l�v��
�g�Z�k�_�e�_�g�g�y���� �d�\�Z�j�l�Z�e�•�\���� �i�e�h�s���� �\�m�e�b�p�v���� �d�Z�f�¶�y�g�b�o�� �k�i�h�j�m�^�� �>1]. �M�� ���������� �j���� �\�b�c�r�e�Z��
�d�g�b�]�Z���³�>�h�k�l�h�i�j�b�f�_�q�Z�l�_�e�v�g�h�k�l�b���I�h�e�l�Z�\�u�´���± �^�h�k�e�•�^�`�_�g�g�y���•�k�l�h�j�b�d�Z���l�Z���_�l�g�h�]�j�Z�n�Z��
�I . �;�h�^�y�g�k�v�d�h�]�h�����\���y�d�•�c���f�•�k�l�b�l�v�k�y���h�i�b�k���h�d�j�_�f�b�o���i�Z�f�¶�y�l�h�d���Z�j�o�•�l�_�d�l�m�j�b���l�h�]�h�q�Z�k�g�h�€��
�I�h�e�l�Z�\�b�� �>2�@���� �I. �;�h�^�y�g�k�v�d�b�c�� �}�� �m�d�e�Z�^�Z�q�_�f�� �³�I�Z�f�y�l�g�h�c�� �d�g�b�`�d�b�� �I�h�e�l�Z�\�k�d�h�c��
�]�m�[�_�j�g�b�b�� �a�Z�� ���������� �]�h�^�´���� �I�Z�f�¶�y�l�g�•�� �d�g�b�`�d�b�� �l�Z�� �Z�^�j�_�k�� �d�Z�e�_�g�^�Z�j�•�� ��������-���������� �j�h�d�•�\����
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�f�•�k�l�y�l�v�� �d�h�j�b�k�g�•�� �^�e�y�� �^�Z�g�h�€�� �j�h�[�h�l�b�� �\�•�^�h�f�h�k�l�•�� �i�j�h�� �g�Z�y�\�g�•�k�l�v�� �l�Z�� �d�•�e�v�d�•�k�l�v��
�]�j�h�f�Z�^�k�v�d�b�o���m�k�l�Z�g�h�\�� �f���� �I�h�e�l�Z�\�Z���i�h�i�_�j�_�^�g�v�h�]�h�� �l�Z�� �^�h�k�e�•�^�`�m�\�Z�g�h�]�h�� �i�_�j�•�h�^�•�\���� �s�h��
�^�Z�}�� �a�f�h�]�m�� �h�p�•�g�b�l�b�� �a�[�•�e�v�r�_�g�g�y�� �d�•�e�v�d�h�k�l�•�� �l�Z�� �j�h�a�r�b�j�_�g�g�y�� �l�b�i�h�e�h�]�•�€�� �]�j�h�f�Z�^�k�v�d�b�o��
�[�m�^�•�\�_�e�v�����<�����;�m�q�g�_�\�b�q���^�h�k�e�•�^�b�\���]�_�h�]�j�Z�n�•�q�g�_���j�h�a�l�Z�r�m�\�Z�g�g�y���i�h�k�_�e�_�g�g�y���l�Z���•�k�l�h�j�•�x��
�f�•�k�l�Z�� �\�•�^�� �c�h�]�h�� �a�Z�k�g�m�\�Z�g�g�y�� �^�h�� �d�•�g�p�y�� �O�1�O�� �k�l�h�e�•�l�l�y���� �^�_�l�Z�e�v�g�h�� �j�h�a�]�e�y�g�m�\�� �c�h�]�h��
�i�Z�f�¶�y�l�d�b���m�� �l�h�f�m�� �q�b�k�e�•�� �c�� �h�[�¶�}�d�l�b�� �^�Z�g�h�]�h�� �^�h�k�e�•�^�`�_�g�g�y�� �>3�@���� �A�Z�]�Z�e�v�g�•�� �•�k�l�h�j�b�q�g�•�� �l�Z��
�k�l�Z�l�b�k�l�b�q�g�•�� �^�Z�g�•�� �[�m�e�b�� �g�Z�\�_�^�_�g�•�� �\�� �i�j�Z�p�y�o�� �?�� �:�d�•�f�h�\�Z���� �N�� �;�j�h�d�]�Z�m�a�Z�� �1�� �?�n�j�h�g�Z����
�K�� �/�n�j�_�f�h�\�Z�����>�� �1�\�Z�g�_�g�d�Z���l�Z���•�g�����H�i�b�k�b���I�h�e�l�Z�\�b���a�g�Z�o�h�^�b�f�h���l�Z�d�h�`���\���i�_�j�•�h�^�b�q�g�b�o��
�\�b�^�Z�g�g�y�o�� �³�H�l�_�q�_�k�l�\�_�g�u�o�� �a�Z�i�b�k�d�Z�o�´�� �•�� �³�K�h�\�j�_�f�_�g�g�b�d�_�´�� �³�D�b�}�\�k�d�Z�y�� �k�l�Z�j�b�g�Z�´���� �P�•��
�^�Z�g�•�� �^�h�i�h�\�g�x�x�l�v�� �\�•�^�h�f�h�k�l�•�� �i�j�h�� �h�k�h�[�e�b�\�h�k�l�•�� �a�Z�[�m�^�h�\�b�� �I�h�e�l�Z�\�b�� �i�h�i�_�j�_�^�g�v�h�]�h��
�i�_�j�•�h�^�m���� �:�\�l�h�j�Z�f�b�� �i�_�j�_�\�Z�`�g�h�€�� �[�•�e�v�r�h�k�l�•�� �k�l�Z�l�_�c�� �[�m�e�b�� �•�k�l�h�j�b�d�b�� �l�Z�� �d�j�Z�}�a�g�Z�\�p�•���± 
�:�� �:�d�•�f�h�\���� �K�� �/�n�j�_�f�h�\���� �1�� �I�Z�\�e�h�\�k�v�d�b�c���� �I�� �I�Z�^�Z�e�d�Z�� �l�Z�� �•�g���� �A�Z�]�Z�e�v�g�Z��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�� �f�•�k�l�Z���� �k�l�Z�l�b�k�l�b�q�g�•�� �^�Z�g�•�� �i�h�� �d�•�e�v�d�h�k�l�•�� �g�Z�k�_�e�_�g�g�y���� �l�b�i�•�\�� �l�Z��
�d�•�e�v�d�h�k�l�•�� �[�m�^�•�\�_�e�v���� �j�h�a�\�b�l�d�m�� �i�j�h�f�b�k�e�h�\�b�o�� �i�•�^�i�j�b�}�f�k�l�\�� �f�•�k�l�b�l�v�k�y�� �\�� �l�h�j�]�h�\�h-
�i�j�h�f�b�k�e�h�\�h�f�m�� �Z�^�j�_�k-�d�Z�e�_�g�^�Z�j�•�� �J�h�k�•�c�k�v�d�h�€�� �•�f�i�_�j�•�€�� �³�<�k�y�� �J�h�k�k�b�y�����J�m�k�k�d�Z�y�� �d�g�b�]�Z��
�i�j�h�f�u�r�e�_�g�g�h�k�l�b�����l�h�j�]�h�\�e�b�����k�_�e�v�k�d�h�]�h���o�h�a�y�c�k�l�\�Z���b���Z�^�f�b�g�b�k�l�j�Z�p�b�b�´�� 

�>�j�m�]�b�c�� �_�l�Z�i�� �^�h�k�e�•�^�`�_�g�v���± �i�h�q�Z�l�h�d�� �O�O�� �k�l�h�e�•�l�l�y���± �i�_�j�•�h�^�� �Z�d�l�b�\�g�h�€��
�a�Z�[�m�^�h�\�b���f�•�k�l�Z�����f�•�k�l�b�l�v���k�l�Z�l�b�k�l�b�q�g�•���^�Z�g�•�����\�•�^�h�f�h�k�l�•���i�j�h���o�Z�j�Z�d�l�_�j���l�Z���h�k�h�[�e�b�\�h�k�l�•��
�a�Z�[�m�^�h�\�b�����>�Z�g�b�c���_�l�Z�i���i�j�_�^�k�l�Z�\�e�_�g�b�c���j�h�[�h�l�Z�f�b���1�� �I�Z�\�e�h�\�k�v�d�h�]�h�����y�d�•���h�k�g�h�\�Z�g�•���g�Z��
�Z�j�o�•�\�g�b�o�� �^�Z�g�b�o�� �I�h�e�l�Z�\�k�v�d�h�]�h�� �=�m�[�_�j�g�k�v�d�h�]�h�� �I�j�Z�\�e�•�g�g�y���� �F�•�k�v�d�h�€�� �>�m�f�b����
�=�m�[�_�j�g�k�v�d�h�]�h�� �A�_�f�k�l�\�Z�� �l�Z�� �•�g�r�b�o���� �I�m�[�e�•�d�Z�p�•�€�� �I�Z�\�e�h�\�k�v�d�h�]�h�� �•�e�x�k�l�j�h�\�Z�g�•��
�f�Z�e�x�g�d�Z�f�b�� �a�Z�]�Z�e�v�g�b�o�� �\�b�^�•�\�� �I�h�e�l�Z�\�b���� �o�j�Z�f�•�\���� �f�h�g�Z�k�l�b�j�•�\���� �s�h�� �}�� �\�Z�`�e�b�\�b�f�� �^�e�y��
�•�^�_�g�l�b�n�•�d�Z�p�•�€���h�[�¶�}�d�l�•�\���^�h�k�e�•�^�`�_�g�g�y�����D�j�•�f���l�h�]�h���g�Z�j�b�k���³�I�h�e�l�Z�\�Z���\���O�1�O���k�l�h�e�_�l�b�b�´����
�^�Z�}�� �a�f�h�]�m�� �^�h�k�e�•�^�b�l�b�� �h�k�h�[�e�b�\�h�k�l�•�� �j�h�a�\�b�l�d�m�� �I�h�e�l�Z�\�b�� �l�Z�� �\�b�y�\�b�l�b�� �i�_�j�_�^�m�f�h�\�b��
�n�h�j�f�m�\�Z�g�g�y�� �Z�j�o�•�l�_�d�l�m�j�b�� �d�•�g�p�y�� �O�1�O���± �i�h�q�Z�l�d�m�� �O�O�� �k�l�h�e�•�l�l�y�� �>4]. �<�� �i�j�Z�p�•��
�<�� �K�_�f�_�g�h�\�Z���³�I�h�e�g�h�_�� �]�_�h�]�j�Z�n�b�q�_�k�d�h�_�� �h�i�b�k�Z�g�b�_�� �g�Z�r�h�]�h�� �h�l�_�q�_�k�l�\�Z�´�� �������� �j�h�d�m����
�h�d�j�•�f�� �•�k�l�h�j�•�€�� �\�b�g�b�d�g�_�g�g�y�� �l�Z�� �j�h�a�\�b�l�d�m���f�•�k�l�Z���� �c�h�]�h�� �]�_�h�]�j�Z�n�•�q�g�h�]�h�� �j�h�a�l�Z�r�m�\�Z�g�g�y����
�i�j�b�j�h�^�g�b�o���l�Z���d�e�•�f�Z�l�b�q�g�b�o���m�f�h�\���i�h�^�Z�g�Z���•�g�n�h�j�f�Z�p�•�y���i�j�h���i�e�Z�g�m�\�Z�e�v�g�m���k�l�j�m�d�l�m�j�m��
�f�•�k�l�Z�� �l�Z�� �o�Z�j�Z�d�l�_�j�� �a�Z�[�m�^�h�\�b���� �s�h�� �}�� �\�Z�`�e�b�\�b�f�� �^�e�y �i�h�^�Z�e�v�r�b�o�� �g�Z�m�d�h�\�b�o��
�^�h�k�e�•�^�`�_�g�v���>5]. �F. �J�m�^�b�g�k�v�d�b�c���\���d�g�b�a�•���³�:�j�o�•�l�_�d�l�m�j�g�_���h�[�e�b�q�q�y���I�h�e�l�Z�\�b�´���������� �j����
�^�h�k�e�•�^�`�m�}�� �n�h�j�f�m���� �^�_�l�Z�e�•���� �•�k�l�h�j�•�x�� �\�b�g�b�d�g�_�g�g�y�� �i�Z�f�
�y�l�h�d�� �f�•�k�l�Z�� �I�h�e�l�Z�\�Z���� �:�g�Z�e�•�a��
�Z�j�o�•�l�_�d�l�m�j�b�� �k�i�b�j�Z�}�l�v�k�y�� �g�Z�� �•�k�l�h�j�•�x�� �f�•�k�l�Z���� �s�h�� �i�h�y�k�g�x�}�� �a�\�
�y�a�h�d�� �f�•�`�� �•�k�l�h�j�b�q�g�b�f�b��
�i�h�^�•�y�f�b���l�Z�� �a�h�\�g�•�r�g�•�f�� �\�b�]�e�y�^�h�f�� �I�h�e�l�Z�\�b���� �:�e�_�� �i�h�a�Z�� �m�\�Z�]�h�x�� �a�Z�e�b�r�b�e�b�k�y�� �p�•�d�Z�\�•��
�Z�j�o�•�l�_�d�l�m�j�g�•�� �h�[�¶�}�d�l�b�� �g�h�\�b�o�� �k�l�b�e�v�h�\�b�o�� �g�Z�i�j�y�f�•�\�� �i�h�q�Z�l�d�m�� �O�O�� �k�l�h�e�•�l�l�y���� �y�d�b�f��
�Z�\�l�h�j���^�Z�}���g�_�]�Z�l�b�\�g�m���h�p�•�g�d�m�����\���k�b�e�m���h�k�h�[�b�k�l�b�o���d�e�Z�k�b�p�b�k�l�b�q�g�b�o���m�i�h�^�h�[�Z�g�v���>6]. 

�A�\�_�j�g�_�g�g�y�� �^�h�� �m�d�j�Z�€�g�k�v�d�h�€�� �g�Z�j�h�^�g�h�€�� �Z�j�o�•�l�_�d�l�m�j�b�� �g�Z�� �i�h�q�Z�l�d�m�� �O�O�� �k�l�h�e�•�l�l�y��
�\�b�d�e�b�d�Z�e�h�� �i�h�y�\�m�� �g�b�a�d�b�� �^�h�k�e�•�^�`�_�g�v�� �g�Z�p�•�h�g�Z�e�v�g�h�€�� �k�\�h�}�j�•�^�g�h�k�l�•�� �Z�j�o�•�l�_�d�l�m�j�b����
�:�j�o�•�l�_�d�l�m�j�Z���f�•�k�l�Z�����Z���k�Z�f�_���[�m�^�b�g�h�d���I�h�e�l�Z�\�k�v�d�h�]�h���]�m�[�_�j�g�k�v�d�h�]�h���a�_�f�k�l�\�Z���h�i�b�k�Z�g�Z��
�\���j�h�[�h�l�•���F. �R�m�f�b�p�v�d�h�]�h���³�M�d�j�Z�€�g�k�v�d�b�c���Z�j�o�•�l�_�d�l�m�j�g�b�c���k�l�b�e�v�´���������������j�����>7]. 
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