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Abstract. Being a plant physiologist, K.A. 
Timiriazev also possessed profound knowledge 
in physics and thermodynamics, which enabled 
him to make a significant contribution not only 
to the development of theoretical plant 
physiology, but also to theorize natural science 
as a whole. The popular lectures of Timiryazev 
are still striking in their expressiveness, 
relevance and broad educational 
opportunities. Throughout his work, 
Timiryazev sought to eliminate the main cause 
of the inhibitory development not only of plant 
physiology, but of natural science as well as 
the progressive scientific world outlook. This 
allows us to consider K.A. Timiryazev was the 
founder of both the upcoming theorization of 
plant physiology and the theory of the all-unity 
of natural science. The development of the 
ideas of this scientist contributed to the 
creation of the natural scientific foundations of 
the all-unity knowledge and the exergy theory 
of harvest. 

 Key words: K.A. Timiryazev, plant 
physiology, biogeochemical cycle, biosphere 
functioning, the second law of 
thermodynamics, the unity of natural science, 
progressive evolution. 
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�h�n�h�j�f�b�e�Z�k�v���e�b�r�v���\����������-�_���]�h�^�u�����K�h�]�e�Z�k�g�h���m�g�b�\�_�j�k�b�l�_�l�k�d�h�f�m���M�k�l�Z�\�m�����������������h�g�Z��
�[�u�e�Z�� �\�u�^�_�e�_�g�Z�� �\�� �h�k�h�[�m�x�� �[�h�l�Z�g�b�q�_�k�d�m�x�� �^�b�k�p�b�i�e�b�g�m�� �>���@���� �W�l�h�� �i�j�h�b�a�h�r�e�h��
�[�e�Z�]�h�^�Z�j�y�� �l�h�f�m�� �g�_�f�Z�e�h�f�m�� �[�Z�]�Z�`�m�� �a�g�Z�g�b�c���� �d�h�l�h�j�u�c���[�u�e�� �g�Z�d�h�i�e�_�g�� �\�� �o�h�^�_��
�^�\�m�o�k�h�l�e�_�l�g�_�]�h���b�a�m�q�_�g�b�y���j�Z�a�e�b�q�g�u�o���h�k�h�[�_�g�g�h�k�l�_�c���`�b�a�g�_�^�_�y�l�_�e�v�g�h�k�l�b���j�Z�k�l�_�g�b�c����
�\�� �h�k�g�h�\�g�h�f���� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�f�� �i�m�l�_�f�� �k�� �i�h�f�h�s�v�x�� �\�k�_�� �[�h�e�_�_�� �k�h�\�_�j�r�_�g�g�u�o��
�i�j�b�_�f�h�\���b���f�_�l�h�^�h�\�����W�d�k�i�_�j�b�f�_�g�l�Z�l�h�j�Z�f�b���[�u�e�b���[�h�l�Z�g�b�d�b���o�b�f�b�d�b���b���^�Z�`�_���n�b�a�b�d�b����
�q�v�b���a�g�Z�g�b�y���l�h�]�^�Z���i�h�j�h�c���k�h�\�f�_�s�Z�e�b�k�v���\���h�^�g�h�f���b�k�k�e�_�^�h�\�Z�l�_�e�_�� 

�B�f�_�g�g�h�� �l�Z�d�b�f�� �m�q�_�g�u�f�� �OI�O���± �g�Z�q�Z�e�Z�� �O�O�� �\�\���� �[�u�e�� �h�^�b�g�� �b�a�� �g�Z�b�[�h�e�_�_��
�b�a�\�_�k�l�g�u�o�� �j�m�k�k�d�b�o�� �_�k�l�_�k�l�\�h�b�k�i�u�l�Z�l�_�e�_�c�� �D�e�b�f�_�g�l�� �:�j�d�Z�“�^�v�_�\�b�q�� �L�b�f�b�j�y�“�a�_�\ 
(1843�² �������������� �H�d�h�g�q�b�\�� �\�� ���������� �]���� �_�k�l�_�k�l�\�_�g�g�h�_�� �h�l�^�_�e�_�g�b�_�� �n�b�a�b�d�h-
�f�Z�l�_�f�Z�l�b�q�_�k�d�h�]�h�� �n�Z�d�m�e�v�l�_�l�Z�� �K�Z�g�d�l-�I�_�l�_�j�[�m�j�]�k�d�h�]�h�� �m�g�b�\�_�j�k�b�l�_�l�Z�� �k�� �a�h�e�h�l�h�c��
�f�_�^�Z�e�v�x�� �b�� �k�l�_�i�_�g�v�x�� �d�Z�g�^�b�^�Z�l�Z�� �a�Z �k�h�q�b�g�_�g�b�_�� �©�H�� �i�_�q�z�g�h�q�g�u�o�� �f�o�Z�o�ª���� �g�h�� �k��
�h�]�j�Z�g�b�q�_�g�g�h�c���e�Z�[�h�j�Z�l�h�j�g�h�c���i�j�Z�d�l�b�d�h�c���g�_�^�Z�\�g�b�c���k�l�m�^�_�g�l-�\�h�e�v�g�h�k�e�m�r�Z�l�_�e�v���_�s�_��
�g�_�� �[�u�e���l�_�f�� �m�[�_�`�^�_�g�g�u�f�� �[�h�l�Z�g�b�d�h�f-�w�f�i�b�j�b�d�h�f���b�� �n�b�a�b�h�e�h�]�h�f���j�Z�k�l�_�g�b�c���� �d�Z�d�b�f��
�k�l�Z�e�� �m�`�_�� �\�� �[�e�b�`�Z�c�r�b�_�� �l�j�b�� �]�h�^�Z���� �A�Z�j�h�`�^�_�g�b�x�� �l�Z�d�h�]�h�� �m�[�_�`�^�_�g�b�y�� �g�_�f�Z�e�h��
�k�i�h�k�h�[�k�l�\�h�\�Z�e�� �:�g�^�j�_�c�� �K�_�j�]�_�_�\�b�q�� �N�Z�f�b�g�p�u�g�� �����������² 1918) �± �h�k�g�h�\�h�i�h�e�h�`�g�b�d��
�i�_�l�_�j�[�m�j�]�k�d�h�c�� �r�d�h�e�u�� �n�b�a�b�h�e�h�]�h�\�� �j�Z�k�l�_�g�b�c���� �L�b�f�b�j�y�a�_�\�� �k�e�m�r�Z�e�� �e�_�d�p�b�b��
�:���K���N�Z�f�b�g�p�u�g�Z�� �i�h�� �Z�g�Z�l�h�f�b�b�� �b�� �n�b�a�b�h�e�h�]�b�b�� �j�Z�k�l�_�g�b�c�� �b���� �\�h�a�f�h�`�g�h����
�i�j�b�k�m�l�k�l�\�h�\�Z�e�� �i�j�b�� �a�Z�s�b�l�_�� �_�]�h�� �^�h�d�l�h�j�k�d�h�c�� �^�b�k�k�_�j�l�Z�p�b�b�� �©�>�_�c�k�l�\�b�_�� �k�\�_�l�Z�� �g�Z��
�\�h�^�h�j�h�k�e�b�� �b�� �^�j�m�]�b�_�� �[�e�b�a�d�b�_�� �d�� �g�b�f�� �h�j�]�Z�g�b�a�f�u�ª�� ������������ [2]���� �q�l�h�� �i�h�a�\�h�e�b�e�h��
�^�b�k�k�_�j�l�Z�g�l�m�� �\�k�d�h�j�_�� �k�l�Z�l�v�� �i�_�j�\�u�f�� �i�j�h�n�_�k�k�h�j�h�f�� �b�� �a�Z�\�_�^�m�x�s�b�f�� �d�Z�n�_�^�j�h�c��
�n�b�a�b�h�e�h�]�b�b���j�Z�k�l�_�g�b�c���I�_�l�_�j�[�m�j�]�k�d�h�]�h���m�g�b�\�_�j�k�b�l�_�l�Z�� 

�L�h�]�^�Z�� �`�_�� �i�j�b�� �k�h�^�_�c�k�l�\�b�b�� �:���K�� �N�Z�f�b�g�p�u�g�Z�� �f�h�e�h�^�h�c�� �d�Z�g�^�b�^�Z�l�� �g�Z��
�i�j�h�^�h�e�`�_�g�b�_���g�Z�m�q�g�h�c���j�Z�[�h�l�u���k�f�h�]���\�d�e�x�q�b�l�v�k�y���\���Z�]�j�h�o�b�f�b�q�_�k�d�b�_���b�k�k�e�_�^�h�\�Z�g�b�y����
�d�h�l�h�j�u�_�� �i�j�h�\�h�^�b�e�� �>���B���F�_�g�^�_�e�_�_�\�� �\�� �g�_�k�d�h�e�v�d�b�o�� �]�m�[�_�j�g�b�y�o�� �i�h�� �i�h�j�m�q�_�g�b�x��
�<�h�e�v�g�h�]�h�� �w�d�h�g�h�f�b�q�_�k�d�h�]�h�� �h�[�s�_�k�l�\�Z���� �E�_�l�h�f�� ���������� �]���� �L�b�f�b�j�y�a�_�\�� �m�q�Z�k�l�\�h�\�Z�e�� �\��
�i�j�h�\�_�^�_�g�b�b�� �h�i�u�l�h�\�� �\�� �K�b�f�[�b�j�k�d�h�c���]�m�[�_�j�g�b�b�� �i�h�� �m�^�h�[�j�_�g�b�x�� �i�h�q�\, �k�\�y�a�Z�g�g�u�o�� �k��
�\�h�i�j�h�k�h�f�� �f�b�g�_�j�Z�e�v�g�h�]�h�� �i�b�l�Z�g�b�y�� �j�Z�k�l�_�g�b�c���� �H�^�g�Z�d�h�� �l�Z�f�� �`�_���� �\�h�a�f�h�`�g�h���� �g�_�� �[�_�a��
�\�e�b�y�g�b�y�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �:���K���N�Z�f�b�g�p�u�g�Z�� �g�Z�q�b�g�Z�x�s�b�c�� �n�b�a�b�h�e�h�]�� �j�Z�k�l�_�g�b�c�� �i�h��
�k�\�h�_�c�� �b�g�b�p�b�Z�l�b�\�_�� �g�_�� �l�h�e�v�d�h�� �i�h�k�l�Z�\�b�e�� �k�\�h�b�� �i�_�j�\�u�_�� �h�i�u�l�u�� �i�h�� �n�h�l�h�k�b�g�l�_�a�m��
�j�Z�k�l�_�g�b�c�����g�h���b���k�h�a�^�Z�e���^�e�y���j�Z�[�h�l�u���\���i�h�e�_�\�u�o���m�k�e�h�\�b�y�o���k�h�h�l�\�_�l�k�l�\�m�x�s�b�c���i�j�b�[�h�j����
�M�`�_�� �\�� �k�e�_�^�m�x�s�_�f�� �]�h�^�m�� �i�j�b�� �i�h�^�^�_�j�`�d�_�� �:���K���N�Z�f�b�g�p�u�g�Z �i�h�y�\�b�e�k�y�� �\�� �i�_�q�Z�l�b��
�i�_�j�\�u�c�� �g�Z�m�q�g�u�c�� �l�j�m�^�� �L�b�f�b�j�y�a�_�\�Z�� �©�I�j�b�[�h�j�� �^�e�y�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �j�Z�a�e�h�`�_�g�b�y��
�m�]�e�_�d�b�k�e�h�l�u�ª�� ���������������� �b�f�_�x�s�b�c�� �i�j�y�f�h�_�� �h�l�g�h�r�_�g�b�_�� �d�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c��
�n�b�a�b�h�e�h�]�b�b���j�Z�k�l�_�g�b�c�� 
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�h�[�h�]�Z�l�b�e�b�� �f�h�e�h�^�h�]�h�� �b�k�k�e�_�^�h�\�Z�l�_�e�y�� �a�g�Z�g�b�y�f�b�� �g�_�� �l�h�e�v�d�h�� �i�h�� �\�h�i�j�h�k�Z�f��
�n�b�l�h�n�b�a�b�h�e�h�]�b�b���� �<�� �q�Z�k�l�g�h�k�l�b���� �f�h�`�g�h�� �\�k�i�h�f�g�b�l�v�� �g�Z�m�q�g�m�x�� �h�[�k�l�Z�g�h�\�d�m�� �_�]�h��
�j�Z�[�h�l�u���\���e�Z�[�h�j�Z�l�h�j�b�b���=�_�c�^�_�e�v�[�_�j�]�k�d�h�]�h���m�g�b�\�_�j�k�b�l�_�l�Z�����d�h�l�h�j�m�x���\�����������² �����������]�]����
�\�h�a�]�e�Z�\�e�y�e���J�h�[�_�j�l���<�b�e�v�]�_�e�v�f���;�m�g�a�_�g�������������² ���������������D���l�h�f�m���\�j�_�f�_�g�b���;�m�g�a�_�g���± �m�`�_��
�b�a�\�_�k�l�g�u�c�� �g�_�f�_�p�d�b�c�� �m�q�_�g�u�c�� �\�� �h�[�e�Z�k�l�b�� �h�[�s�_�c�� �o�b�f�b�b�� �b�� �Z�\�l�h�j�� �j�y�^�Z�� �f�_�l�h�^�h�\��
�b�k�k�e�_�^�h�\�Z�g�b�y�� �o�b�f�b�q�_�k�d�b�o�� �\�_�s�_�k�l�\���� �[�e�Z�]�h�^�Z�j�y�� �q�_�f�m�� �[�u�e�� �b�a�[�j�Z�g�� �q�e�_�g�h�f�� �j�y�^�Z��
�Z�d�Z�^�_�f�b�c�� �g�Z�m�d�� �b�� �b�g�h�k�l�j�Z�g�g�u�f�� �q�e�_�g�h�f-�d�h�j�j�_�k�i�h�g�^�_�g�l�h�f�� �I�_�l�_�j�[�m�j�]�k�d�h�c��
�:�d�Z�^�_�f�b�b���g�Z�m�d�����k 1862) [3].  

�G�Z�a�h�\�_�f���e�b�r�v���g�_�d�h�l�h�j�u�_���j�Z�[�h�l�u���b���f�_�l�h�^�u�����k�h�a�^�Z�g�g�u�_���\���w�l�h�c���e�Z�[�h�j�Z�l�h�j�b�b��
�b�� �h�k�\�h�_�g�g�u�_�� �l�h�]�^�Z���L�b�f�b�j�y�a�_�\�u�f���� �I�j�_�`�^�_�� �\�k�_�]�h���� �w�l�h���± �j�Z�a�j�Z�[�h�l�Z�g�g�u�_�� �\�� �����������]����
�J���<�� �;�m�g�a�_�g�h�f�� �b�� �g�_�f�_�p�d�b�f�� �n�b�a�b�d�h�f�� �=���J�� �D�b�j�o�]�h�n�h�f�� �i�j�b�g�p�b�i�u�� �b�� �f�_�l�h�^��
�k�i�_�d�l�j�Z�e�v�g�h�]�h���Z�g�Z�e�b�a�Z�����k���i�h�f�h�s�v�x���d�h�l�h�j�h�]�h���;�m�g�a�_�g���h�l�d�j�u�e���g�h�\�u�_���o�b�f�b�q�_�k�d�b�_��
�w�e�_�f�_�g�l�u���p�_�a�b�c�����������������b���j�m�[�b�^�b�c�������������� [4]�����H�g���`�_��- �k�h�a�^�Z�l�_�e�v���g�h�\�u�o���f�_�l�h�^�h�\��
�l�b�l�j�h�\�Z�g�b�y���� �h�k�g�h�\�� �]�Z�a�h�\�h�]�h�� �Z�g�Z�e�b�a�Z���� �]�Z�a�h�\�h�c�� �]�h�j�_�e�d�b���� �e�_�^�y�g�h�]�h�� �d�Z�e�h�j�b�f�_�l�j�Z�� �b��
�f�g�h�]�b�o�� �^�j�m�]�b�o�� �e�Z�[�h�j�Z�l�h�j�g�u�o�� �i�j�b�[�h�j�h�\���� �B�a�m�q�Z�y�� �^�_�c�k�l�\�b�_�� �k�\�_�l�Z�� �g�Z�� �o�b�f�b�q�_�k�d�b�_��
�i�j�h�p�_�k�k�u���� �J���<�� �;�m�g�a�_�g�� �b�� �=���W���� �J�h�k�d�h�� �i�h�e�h�`�b�e�b�� �g�Z�q�Z�e�h�� �n�h�l�h�o�b�f�b�b���� �B�f��
�i�j�b�g�Z�^�e�_�`�b�l���a�Z�d�h�g���;�m�g�a�_�g�Z�² �J�h�k�d�h�����������������h���a�Z�\�b�k�b�f�h�k�l�b���d�h�e�b�q�_�k�l�\�Z���i�j�h�^�m�d�l�Z��
�n�h�l�h�o�b�f�b�q�_�k�d�h�c�� �j�_�Z�d�p�b�b�� �h�l�� �d�h�e�b�q�_�k�l�\�Z�� �w�g�_�j�]�b�b�� �b�a�e�m�q�_�g�b�y���� �i�Z�^�Z�x�s�_�]�h�� �g�Z��
�j�_�Z�d�p�b�h�g�g�m�x���k�b�k�l�_�f�m [5]. 

�I�h�^�h�[�g�u�c�� �i�_�j�_�q�_�g�v�� �h�k�g�h�\�g�u�o���a�g�Z�g�b�c���� �d�h�l�h�j�u�_�� �L�b�f�b�j�y�a�_�\�� �m�k�\�h�b�e���\�� �w�l�h�c��
�i�_�j�\�h�c���a�Z�j�m�[�_�`�g�h�c���d�h�f�Z�g�^�b�j�h�\�d�_�����Z���a�Z�l�_�f���b�k�i�h�e�v�a�h�\�Z�e���\���k�\�h�b�o���j�Z�[�h�l�Z�o�����f�h�`�g�h��
�^�Z�l�v���\���h�l�g�h�r�_�g�b�b���d�Z�`�^�h�]�h���b�a���g�Z�a�\�Z�g�g�u�o���_�]�h���g�Z�k�l�Z�\�g�b�d�h�\�����H�g���b���k�Z�f���g�Z�a�u�\�Z�e���w�l�b��
�a�g�Z�g�b�y���\���k�\�h�b�o���h�q�_�j�d�Z�o���h���J���<���;�m�g�a�_�g�_�����=���J���D�b�j�o�]�h�n�_�����<���=�h�n�f�_�c�k�l�_�j�_�����F���;�_�j�l�e�h����
�=���=�_�e�v�f�]�h�e�v�p�_�����@���;���;�m�k�k�_�g�]�h���b���^�j�m�]�b�o���^�_�y�l�_�e�y�o���g�Z�m�d�b �l�_�o���e�_�l [6]. 

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

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

61



 

 

 

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

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

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

�L�Z�d�b�f�� �l�_�h�j�_�l�b�q�_�k�d�b�f�� �i�h�k�l�m�e�Z�l�h�f���� �d�Z�d�� �\�� �p�_�e�h�f���� �l�Z�d�� �b�� �^�e�y�� �h�l�^�_�e�v�g�u�o��
�a�\�_�g�v�_�\���h�[�s�_�c���d�Z�j�l�b�g�u���h�[�f�_�g�Z���\�_�s�_�k�l�\�����k�l�Z�e�h���i�h�g�y�l�b�_���h�[���w�g�_�j�]�b�b���b���a�Z�d�h�g�Z�o���_�_��
�i�j�_�\�j�Z�s�_�g�b�y���b���k�h�o�j�Z�g�_�g�b�y [10]�����I�j�_�^�k�l�Z�\�e�_�g�b�y���h�[���w�g�_�j�]�_�l�b�q�_�k�d�b�o���i�j�h�y�\�e�_�g�b�y�o��
�\���`�b�\�h�c���b���g�_�`�b�\�h�c���i�j�b�j�h�^�_���l�h�]�^�Z���r�b�j�h�d�h���h�[�k�m�`�^�Z�e�b�k�v���_�k�l�_�k�l�\�h�b�k�i�u�l�Z�l�_�e�y�f�b���b��
�\���l�h�f���q�b�k�e�_���n�b�l�h�n�b�a�b�h�e�h�]�Z�f�b�����L�b�f�b�j�y�a�_�\�m���[�u�e�b���b�a�\�_�k�l�g�u���k�i�h�j�u�����d�h�l�h�j�u�_���r�e�b��
�_�s�_�� �\�� �OVII -�OVIII  �\�\���� �k�j�_�^�b�� �o�b�f�b�d�h�\�� �b�� �n�b�a�b�d�h�\�� �h�� �o�Z�j�Z�d�l�_�j�_�� �i�j�_�\�j�Z�s�_�g�b�c��
�i�b�l�Z�l�_�e�v�g�u�o�� �\�_�s�_�k�l�\�� �\�� �j�Z�k�l�_�g�b�y�o���� �<�� �w�l�h�f�� �h�l�g�h�r�_�g�b�b�� �i�h�d�Z�a�Z�l�_�e�v�g�u�� �k�m�`�^�_�g�b�y��
�F���<���E�h�f�h�g�h�k�h�\�Z���\����������-�_���]�h�^�u���i�j�h�l�b�\���\�h�^�g�h�c���l�_�h�j�b�b���i�b�l�Z�g�b�y���j�Z�k�l�_�g�b�c���b���i�j�h�l�b�\��
�l�h�]�h�����q�l�h���d�h�j�i�m�k�d�m�e�u���\�h�^�u���f�h�]�m�l���i�j�_�\�j�Z�l�b�l�v�k�y���\���j�Z�a�e�b�q�g�u�_���\�_�s�_�k�l�\�Z���j�Z�k�l�_�g�b�c����
�H�g���m�l�\�_�j�`�^�Z�e�����q�l�h���k�h�k�l�Z�\�g�u�f�b���w�e�_�f�_�g�l�Z�f�b���^�Z�g�g�h�]�h���i�j�h�p�_�k�k�Z���y�\�e�y�x�l�k�y���g�_���l�h�e�v�d�h��
�\�h� �̂Z���� �g�h�� �b�� �j�Z�a�g�u�_�� �©�a�_�f�e�b�ª���� ���l���_���� �f�b�g�_�j�Z�e�u������ �\�_�s�_�k�l�\�Z�� �\�h�a�^�m�o�Z�� �b�� �^�Z�`�_��
�k�\�h�c�k�l�\�_�g�g�u�c���b�f���]�b�i�h�l�_�l�b�q�_�k�d�b�c���n�e�h�]�b�k�l�h�g�����\���d�h�l�h�j�h�f���g�u�g�_���f�h�`�g�h���m�k�f�h�l�j�_�l�v��
�b�g�l�m�b�l�b�\�g�u�c���Z�g�Z�e�h�]���w�g�_�j�]�_�l�b�d�b�����i�j�b�k�m�s�_�c���w�l�b�f���d�h�f�i�h�g�_�g�l�Z�f [11]. 

�<���h�l�_�q�_�k�l�\�_�g�g�h�c���[�h�l�Z�g�b�q�_�k�d�h�c���e�b�l�_�j�Z�l�m�j�_���g�Z�b�[�h�e�_�_���b�a�\�_�k�l�g�u�f���b�a���i�_�j�\�u�o��
�h�[�h�[�s�Z�x�s�b�o�� �l�j�m�^�h�\�� �g�Z�� �w�g�_�j�]�_�l�b�q�_�k�d�h�c�� �h�k�g�h�\�_�� �k�l�Z�e�Z���f�h�g�h�]�j�Z�n�b�y�� �i�_�j�\�h�]�h��
�j�m�k�k�d�h�]�h�� �Z�d�Z�^�_�f�b�d�Z-�n�b�l�h�n�b�a�b�h�e�h�]�Z�� �B�f�i�_�j�Z�l�h�j�k�d�h�c�� �K�Z�g�d�l-�I�_�l�_�j�[�m�j�]�k�d�h�c��
�:�d�Z�^�_�f�b�b�� �g�Z�m�d�� �:���K���N�Z�f�b�g�p�u�g�Z�� �©�H�[�f�_�g�� �\�_�s�_�k�l�\�� �b�� �i�j�_�\�j�Z�s�_�g�b�_�� �w�g�_�j�]�b�b�� �\��
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�j�Z�k�l�_�g�b�y�o�ª�������������� [12, 13]�����?�c���i�j�_�^�r�_�k�l�\�h�\�Z�e���j�y�^���g�Z�m�q�g�u�o���l�j�m�^�h�\���N�Z�f�b�g�p�u�g�Z���b��
�L�b�f�b�j�y�a�_�\�Z���g�Z���h�k�g�h�\�_���l�h�c���`�_ �i�Z�j�Z�^�b�]�f�u�����g�h���e�b�r�v���h���n�h�l�h�k�b�g�l�_�a�_���j�Z�k�l�_�g�b�c���d�Z�d��
�i�j�_�h�[�j�Z�a�h�\�Z�g�b�b�� �k�h�e�g�_�q�g�h�c�� �w�g�_�j�]�b�b�� �\�� �w�g�_�j�]�b�x�� �k�b�g�l�_�a�b�j�h�\�Z�g�g�u�o�� �b�f�b��
�h�j�]�Z�g�b�q�_�k�d�b�o�� �\�_�s�_�k�l�\���� �i�h�l�j�_�[�e�y�_�f�u�o�� �q�_�e�h�\�_�q�_�k�l�\�h�f���� �G�Z�� �i�h�j�h�]�_�� �O�O�� �\����
�L�b�f�b�j�y�a�_�\�����\�u�k�l�m�i�b�e���k���b�k�l�h�j�b�q�_�k�d�b�f���k�h�h�[�s�_�g�b�_�f���h���d�h�k�f�b�q�_�k�d�h�c���j�h�e�b���j�Z�k�l�_�g�b�c����
�h���q�_�f �i�h�^�j�h�[�g�_�_���[�m�^�_�l���k�d�Z�a�Z�g�h���g�b�`�_�� 

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

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

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

�I�j�_�\�h�k�o�h�^�k�l�\�h�� �n�b�a�b�d�b���b�� �o�b�f�b�b���\�� �l�_�h�j�b�b���� �b�g�h�]�^�Z���i�j�h�y�\�e�y�e�h�k�v���\�� �l�h�f���� �q�l�h��
�g�_�d�h�l�h�j�u�_�� �b�a�� �b�o�� �^�_�y�l�_�e�_�c���� �h�i�b�j�Z�y�k�v�� �g�Z�� �n�b�a�b�d�h-�f�Z�l�_�f�Z�l�b�q�_�k�d�b�_�� �j�Z�k�q�_�l�u�� �b��
�n�m�g�^�Z�f�_�g�l�Z�e�v�g�u�_�� �i�h�e�h�`�_�g�b�y���� �f�h�]�e�b�� �i�h�^�\�_�j�]�g�m�l�v�� �d�j�b�l�b�d�_�� �^�Z�`�_�� �k�m�]�m�[�h��
�[�b�h�e�h�]�b�q�_�k�d�b�_���h�k�g�h�\�h�i�h�e�Z�]�Z�x�s�b�_�� �m�q�_�g�b�y���� �L�Z�d���� �\�u�r�_�^�r�b�c�� �\�� ���������� �]����
�d�e�Z�k�k�b�q�_�k�d�b�c�� �l�j�m�^���©�I�j�h�b�k�o�h�`�^�_�g�b�_�� �\�b�^�h�\�� �i�m�l�_�f�� �_�k�l�_�k�l�\�_�g�g�h�]�h�� �h�l�[�h�j�Z���� �b�e�b��
�K�h�o�j�Z�g�_�g�b�_���[�e�Z�]�h�i�j�b�y�l�g�u�o���j�Z�k���\���[�h�j�v�[�_���a�Z���`�b�a�g�v�ª ���Z�g�]�e����On the Origin of Species 
by Means of Natural Selection, or the Preservation of Favoured Races in the Struggle 
for Life) �Z�g�]�e�b�c�k�d�h�]�h �g�Z�l�m�j�Z�e�b�k�l�Z �Q�Z�j�e�a�Z �>�Z�j�\�b�g�Z (1809-1882) �_�]�h 
�k�h�h�l�_�q�_�k�l�\�_�g�g�b�d �n�b�a�b�d �M�b�e�v�y�f �L�h�f�k�h�g (�e�h�j�^ �D�_�e�v�\�b�g, 1869-1930) �h�[�t�y�\�b�e 
�g�_�k�h�k�l�h�y�l�_�e�v�g�u�f. �I�h���m�[�_�`�^�_�g�b�x���L�h�f�k�h�g�Z�����w�\�h�e�x�p�b�y���`�b�a�g�_�g�g�u�o���n�h�j�f���g�Z���A�_�f�e�_ 
�h�[�_�k�i�_�q�b�\�Z�x�l�� �^�_�c�k�l�\�b�_�� �\�l�h�j�h�]�h�� �g�Z�q�Z�e�Z�� ���a�Z�d�h�g�Z���� �l�_�j�f�h�^�b�g�Z�f�b�d�b�� ���<�G�L���� �b��
�w�g�l�j�h�i�b�y�� �d�Z�d�� �n�m�g�d�p�b�y�� �<�G�L���� �h�i�j�_�^�_�e�y�x�s�Z�y�� �f�_�j�m�� �g�_�h�[�j�Z�l�b�f�h�]�h�� �j�Z�k�k�_�b�\�Z�g�b�y��
�w�g�_�j�]�b�b���� �H�k�g�h�\�g�h�c�� �`�_�� �i�h�k�l�m�e�Z�l�� �^�Z�j�\�b�g�b�a�f�Z�� �h�� �_�k�l�_�k�l�\�_�g�g�h�f�� �h�l�[�h�j�_�� �\��
�[�b�h�e�h�]�b�q�_�k�d�h�c���w�\�h�e�x�p�b�b���g�_�j�_�Z�e�_�g���i�j�b���k�h�\�j�_�f�_�g�g�h�f���\�h�a�j�Z�k�l�_���A�_�f�e�b�� 

�<�i�_�j�\�u�_�� �g�Z�a�\�Z�g�b�_�� �©�\�l�h�j�h�_�� �g�Z�q�Z�e�h�� �l�_�j�f�h�^�b�g�Z�f�b�d�b�ª�� �m�i�h�l�j�_�[�b�e�� �\�� ���������� �]����
�g�_�f�_�p�d�b�c �n�b�a�b�d �b���f�Z�l�_�f�Z�l�b�d �J�m�^�h�e�v�n���D�e�Z�m�a�b�m�k�� ��1822-1888������ �d�h�]�^�Z�� �m�l�\�_�j�`�^�Z�e����
�q�l�h���©�l�_�i�e�h�l�Z���g�_���f�h�`�_�l���i�_�j�_�o�h�^�b�l�v���k�Z�f�Z���k�h�[�h�c���h�l���[�h�e�_�_���o�h�e�h�^�g�h�]�h���l�_�e�Z���d���[�h�e�_�_��
�l�_�i�e�h�f�m�ª. �W�l�h�� �h�a�g�Z�q�Z�e�h���� �q�l�h�� �g�_�l�� �l�Z�d�h�]�h�� �i�j�h�p�_�k�k�Z���� �_�^�b�g�k�l�\�_�g�g�u�f�� �j�_�a�m�e�v�l�Z�l�h�f��
�d�h�l�h�j�h�]�h�� �y�\�e�y�_�l�k�y�� �i�h�e�m�q�_�g�b�_�� �i�j�b�j�h�^�g�h�c�� �k�b�k�l�_�f�h�c���l�_�i�e�h�l�u �h�l�� �h�^�g�h�]�h�� �l�_�e�Z�� �b��
�i�_�j�_�^�Z�q�Z���_�_���^�j�m�]�h�f�m���l�_�e�m�����b�f�_�x�s�_�f�m���[�h�e�_�_���\�u�k�h�d�m�x���l�_�f�i�_�j�Z�l�m�j�m�����q�_�f���i�_�j�\�h�_���� 

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

�B�k�o�h�^�y���b�a���j�Z�k�q�_�l�Z�� �\�h�a�j�Z�k�l�Z���K�h�e�g�p�Z���� �]�^�_���� �i�h�� �f�g�_�g�b�x�� �L�h�f�k�h�g�Z���� �i�j�h�l�_�d�Z�x�l��
�o�b�f�b�q�_�k�d�b�_�� �i�j�h�p�_�k�k�u���]�h�j�_�g�b�y���� �y�\�e�y�x�s�b�_�k�y�� �b�k�l�h�q�g�b�d�h�f�� �w�g�_�j�]�b�b���� �h�g�� �i�j�b�r�_�e�� �d��
�\�u�\�h�^�m�� �h�� �g�_�^�h�k�l�Z�l�h�q�g�h�k�l�b�� �b�k�l�h�j�b�q�_�k�d�h�]�h�� �\�j�_�f�_�g�b�� �^�e�y�� �l�h�]�h���� �q�l�h�[�u�� �w�\�h�e�x�p�b�y��
�` �b�a�g�_�g�g�u�o���n�h�j�f���g�Z���A�_�f�e�_���i�j�b�\�_�e�Z���b�o���d���k�h�\�j�_�f�_�g�g�h�f�m���k�h�k�l�h�y�g�b�x�����L�Z�d���k���g�Z�q�Z�e�Z��
1850-�o�� �]�h�^�h�\�� �\�� �g�Z�m�d�_�� �i�h�e�m�q�b�e�Z�� �r�b�j�h�d�m�x�� �b�a�\�_�k�l�g�h�k�l�v���]�b�i�h�l�_�a�Z�� �L�h�f�k�h�g�Z�� �h��
�©�l�_�i�e�h�\�h�c���k�f�_�j�l�b�ª���\�k�_�e�_�g�g�h�c�������?�_���Z�\�l�h�j���g�_���h�l�d�Z�a�Z�e�k�y���h�l���g�_�_���^�Z�`�_���i�h�k�e�_ �h�l�d�j�u�l�b�y��
�\�� ���������� �]���� �a�Z�d�h�g�Z���� �k�\�y�a�u�\�Z�x�s�_�]�h�� �\�u�k�\�h�[�h�`�^�Z�_�f�m�x�� �l�_�i�e�h�\�m�x�� �w�g�_�j�]�b�x�� �k��
�j�Z�^�b�h�Z�d�l�b�\�g�u�f���j�Z�k�i�Z�^�h�f�����b���g�_���i�j�b�a�g�Z�e���k�\�h�_�c���h�r�b�[�d�b���\���h�p�_�g�d�_���\�h�a�j�Z�k�l�Z���K�h�e�g�p�Z���� 

�;�m�^�m�q�b�� �k�h�� �k�l�m�^�_�g�q�_�k�d�b�o�� �e�_�l�� �m�[�_�`�^�_�g�g�u�f�� �^�Z�j�\�b�g�b�k�l�h�f���� �Z�� �a�Z�l�_�f�� �b��
�g�_�a�Z�m�j�y�^�g�u�f�� �a�g�Z�l�h�d�h�f�� �n�b�a�b�d�b���� �L�b�f�b�j�y�a�_�\�� �g�b�d�h�]�^�Z�� �g�_�� �k�q�b�l�Z�e�� �g�Z�m�q�g�u�f��
�i�j�_�^�k�l�Z�\�e�_�g�b�_���h���©�l�_�i�e�h�\�h�c���k�f�_�j�l�b�ª���A�_�f�e�b���b���\�k�_�e�_�g�g�h�c�����<���e�_�d�p�b�b���©�J�Z�k�l�_�g�b�_���d�Z�d��
�b�k�l�h�q�g�b�d�� �k�b�e�u�ª���h�g�� �h�l�f�_�l�b�e���� �©�L�h�f�k�h�g�� �b�a�\�_�s�Z�_�l���� �q�l�h�� �g�Z�r�_�c�� �\�k�_�e�_�g�g�h�c�� �]�j�h�a�b�l��
�g�_�f�b�g�m�_�f�Z�y���o�h�e�h�^�g�Z�y���k�f�_�j�l�v�����q�l�h���g�Z�r���f�b�j���h�d�h�q�_�g�_�_�l���\���_�_���e�_�^�y�g�u�o���h�[�t�y�l�v�y�o�����b��
�w�l�h���i�j�_�^�k�d�Z�a�Z�g�b�_�����y���i�h�e�Z�]�Z�x�����f�Z�e�h���d�h�]�h���\�k�l�j�_�\�h�`�b�e�h�����<�_�^�v���w�l�h���k�[�m�^�_�l�k�y�����d�h�]�^�Z��
�g�Z�k�� �m�`�_�� �g�_�� �[�m�^�_�l�«�� �H�l�\�_�j�g�_�f�k�y�� �h�l�� �w�l�h�c�� �f�j�Z�q�g�h-�n�Z�g�l�Z�k�l�b�q�_�k�d�h�c�� �d�Z�j�l�b�g�u�«�� �b��
�\�_�j�g�_�f�k�y���d���«���\�h�i�j�h�k�m�«�����g�Z���d�h�l�h�j�u�c���f�h�`�_�f���l�_�i�_�j�v���^�Z�l�v���i�h�e�g�u�c���d�Z�l�_�]�h�j�b�q�_�k�d�b�c��
�h�l�\�_�l�����F�u���f�h�`�_�f���\�k�_�]�h���e�m�q�r�_���w�l�h���k�^�_�e�Z�l�v���\���\�b�^�_���k�e�_�^�m�x�s�_�]�h���i�j�b�f�_�j�Z�����D�h�]�^�Z-
�l�h�����]�^�_-�l�h���g�Z���a�_�f�e�x���m�i�Z�e���e�m�q���k�h�e�g�p�Z�����g�h���h�g���m�i�Z�e���g�_���g�Z���[�_�k�i�e�h�^�g�m�x���i�h�q�\�m�����h�g���m�i�Z�e��
�g�Z���a�_�e�_�g�m�x���[�u�e�b�g�d�m���i�r�_�g�b�q�g�h�]�h���j�h�k�l�d�Z�����b�e�b�����e�m�q�r�_���k�d�Z�a�Z�l�v�����g�Z���o�e�h�j�h�n�b�e�e�h�\�h�_��
�a�_�j�g�h�������������h�g���i�h�l�m�o�����i�_�j�_�k�l�Z�e���[�u�l�v���k�\�_�l�h�f�����g�h���g�_���b�k�q�_�a�����H�g���l�h�e�v�d�h���i�j�_�\�j�Z�l�b�e�k�y���\�h��
�\�g�m�l�j�_�g�g�x�x�� �j�Z�[�h�l�m���� �h�g�� �j�Z�k�k�_�d���� �j�Z�a�h�j�\�Z�e�� �k�\�y�a�v�� �f�_�`�^�m�� �q�Z�k�l�b�p�Z�f�b�� �m�]�e�_�j�h�^�Z�� �b��
�d�b�k�e�h�j�h�^�Z���� �k�h�_�^�b�g�_�g�g�u�_�� �\�� �m�]�e�_�d�b�k�e�h�l�_���� �H�k�\�h�[�h�`�^�_�g�g�u�c�� �m�]�e�_�j�h�^���� �k�h�_�^�b�g�y�y�k�v���k��
�\�h�^�h�c�����h�[�j�Z�a�h�\�Z�e���d�j�Z�o�f�Z�e�������ª���>14�����k����������-140]. 

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

�G�_�k�h�k�l�h�y�l�_�e�v�g�h�k�l�v���i�j�h�l�b�\�h�i�h�k�l�Z�\�e�_�g�b�y �^�\�m�o���l�_�h�j�b�c 
�H�^�b�g�� �b�a�� �h�k�g�h�\�Z�l�_�e�_�c�� �j�Z�\�g�h�\�_�k�g�h�c�� �l�_�j�f�h�^�b�g�Z�f�b�d�b���± �Z�\�k�l�j�b�c�k�d�b�c�� �n�b�a�b�d��

�E�x�^�\�b�]�� �;�h�e�v�p�f�Z�g�� ��(1844-1906)  �\�u�y�\�b�e�� �k�l�Z�l�b�k�l�b�q�_�k�d�m�x�� �i�j�b�j�h�^�m�� �<�G�L�� �b��
�i�h�i�u�l�Z�e�k�y���j�_�r�b�l�v���\�h�a�g�b�d�r�b�_���i�j�h�[�e�_�f�u���g�Z���h�k�g�h�\�_���k�l�Z�l�b�k�l�b�q�_�k�d�h�]�h���h�i�j�_�^�_�e�_�g�b�y��
�n�m�g�d�p�b�b�� �<�G�L�� �w�g�l�j�h�i�b�b ���f�_�j�u�� �g�_�m�i�h�j�y�^�h�q�_�g�g�h�k�l�b��. �;�h�e�v�p�f�Z�g�� �\�u�k�h�d�h�� �p�_�g�b�e��
�l�j�m�^�u���>�Z�j�\�b�g�Z���b���_�]�h���l�_�h�j�b�x���[�b�h�e�h�]�b�q�_�k�d�h�c���w�\�h�e�x�p�b�b�� �©�?�k�e�b���\�u���f�_�g�y���k�i�j�h�k�b�l�_��
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�h�l�g�h�k�b�l�_�e�v�g�h�� �f�h�_�]�h���]�e�m�[�h�q�Z�c�r�_�]�h�� �m�[�_�`�^�_�g�b�y���� �g�Z�a�h�\�m�l�� �e�b�� �g�u�g�_�r�g�b�c�� �\�_�d��
�`�_�e�_�a�g�u�f���\�_�d�h�f�����b�e�b���\�_�d�h�f���i�Z�j�Z���b���w�e�_�d�l�j�b�q�_�k�l�\�Z�����y���h�l�\�_�q�m�����g�_���a�Z�^�m�f�u�\�Z�y�k�v�����q�l�h��
�g�Z�r�� �\�_�d�� �[�m�^�_�l�� �g�Z�a�u�\�Z�l�v�k�y�� �\�_�d�h�f�� �f�_�o�Z�g�b�q�_�k�d�h�]�h�� �f�b�j�h�i�h�g�b�f�Z�g�b�y���� �\�_�d�h�f��
�>�Z�j�\�b�g�Z�ª [15�����k�������@. �J�Z�a�\�b�\�Z�y���w�l�m���f�u�k�e�v���^�Z�e�_�_�����;�h�e�v�p�f�Z�g���m�l�\�_�j�`�^�Z�e�����q�l�h���©�i�h�k�e�_��
�\�k�_�h�[�s�_�]�h�� �i�j�b�a�g�Z�g�b�y�� �b�^�_�c�� �>�Z�j�\�b�g�Z���� �h�g�b�� �k�f�_�e�h�� �h�l�\�Z�`�b�\�Z�x�l�k�y�� �h�[�t�y�k�g�y�l�v��
�h�[�j�Z�a�h�\�Z�g�b�_�����d�Z�d���f�b�g�_�j�Z�e�v�g�u�o���n�h�j�f�����l�Z�d���b���h�j�]�Z�g�b�q�_�k�d�b�o�ª [15�����k�����@.  

�L�Z�d�� �d�Z�d�� �w�g�l�j�h�i�b�y�� �©�i�h�\�k�_�f�_�k�l�g�h�� �b�� �g�_�i�j�_�j�u�\�g�h�ª�� �\�h�a�j�Z�k�l�Z�_�l���� �j�Z�a�j�m�r�Z�y��
�i�j�b�j�h�^�g�u�_�� �k�l�j�m�d�l�m�j�u���� �l�h�� �;�h�e�v�p�f�Z�g�� �i�j�b�� �\�u�\�h�^�_ �n�h�j�f�m�e�u�� �k�l�Z�l�b�k�l�b�q�_�k�d�h�]�h��
�h�i�j�_�^�_�e�_�g�b�y���w�g�l�j�h�i�b�b (1)�����i�h�e�Z�]�Z�e�����q�l�h���i�j�Z�\�Z�y���q�Z�k�l�v���w�l�h�c���n�h�j�f�m�e�u���^�h�e�`�g�Z���b�f�_�l�v��
�i�h�e�h�`�b�l�_�e�v�g�u�c�� �a�g�Z�d���� �H�^�g�Z�d�h�� �g�_�h�`�b�^�Z�g�g�h�� �a�g�Z�d�� �h�d�Z�a�Z�e�k�y�� �h�l�j�b�p�Z�l�_�e�v�g�u�f���� �W�l�h��
�\�u�a�\�Z�e�h�� �^�b�k�d�m�k�k�b�x�� �\�h�� �\�j�_�f�y�� �d�h�l�h�j�h�c�� �D���� �:���� �L�b�f�b�j�y�a�_�\�� �h�^�g�b�f�� �b�a�� �i�_�j�\�u�o��
�\�u�k�d�Z�a�Z�e�� �i�j�_�^�i�h�e�h�`�_�g�b�_�� �h�� �l�h�f���� �q�l�h�� �w�l�Z�� �n�h�j�f�m�e�Z�� �^�h�e�`�g�Z�� �b�f�_�l�v�� �d�Z�d��
�i�h�e�h�`�b�l�_�e�v�g�u�c���� �l�Z�d�� �b���h�l�j�b�p�Z�l�_�e�v�g�u�c���a�g�Z�d���� �H�g���h�[�t�y�k�g�y�e���w�l�h�� �l�_�f�����q�l�h�� �g�Z�j�y�^�m���k��
�<�G�L�� �^�h�e�`�_�g�� �k�m�s�_�k�l�\�h�\�Z�l�v�� �g�_�� �h�l�d�j�u�l�u�c�� �a�Z�d�h�g���� �k�m�s�g�h�k�l�v�� �d�h�l�h�j�h�]�h��
�i�j�h�l�b�\�h�i�h�e�h�`�g�Z���k�m�s�g�h�k�l�b���<�G�L�����I�h�^�h�[�g�h�_���i�j�_�^�i�h�e�h�`�_�g�b�_���\�u�k�d�Z�a�Z�e�b �b���^�j�m�]�b�_��
�\�u�^�Z�x�s�b�_�k�y�� �m�q�_�g�u�_���� �<���B���� �<�_�j�g�Z�^�k�d�b�c���� �g�_�f�_�p�d�b�c�� �n�b�a�b�d�� �=���� �=�_�e�v�f�]�h�e�v�p����
�f�Z�l�_�f�Z�l�b�d���G���:�����M�f�h�\�����D���W�����P�b�h�e�d�h�\�k�d�b�c�� 

)log(WkS �  (1) 

�]�^�_����S �± �w�g�l�j�h�i�b�y����k �± �i�h�k�l�h�y�g�g�Z�y�� �;�h�e�v�p�f�Z�g�Z����W �± �k�l�Z�l�b�k�l�b�q�_�k�d�Z�y��
�\�_�j�h�y�l�g�h�k�l�v�� 

�I�h�e�m�q�_�g�g�h�_���Z�g�Z�e�b�l�b�q�_�k�d�h�_���\�u�j�Z�`�_�g�b�_���;�h�e�v�p�f�Z�g���g�_���g�Z�a�\�Z�e���n�h�j�f�m�e�h�c���^�e�y��
�k�l�Z�l�b�k�l�b�q�_�k�d�h�]�h���h�i�j�_�^�_�e�_�g�b�y���w�g�l�j�h�i�b�b�����Z���g�Z�a�\�Z�e���G ���Z�r�����± �n�m�g�d�p�b�_�c�����I�h�k�e�_���m�o�h�^�Z��
�b�a���`�b�a�g�b���;�h�e�v�p�f�Z�g�Z�����F�Z�d�k���I�e�Z�g�d���\���w�l�h�f���Z�g�Z�e�b�l�b�q�_�k�d�h�f���\�u�j�Z�`�_�g�b�b���G �a�Z�f�_�g�b�e��
�g�Z��S �± �h�[�h�a�g�Z�q�_�g�b�_���w�g�l�j�h�i�b�b�����m�^�Z�e�b�e���h�l�j�b�p�Z�l�_�e�v�g�u���a�g�Z�d���b�a���i�j�Z�\�h�c���q�Z�k�l�b���b���g�Z�a�\�Z�e��
�©�n�h�j�f�m�e�h�c�� �;�h�e�v�p�f�Z�g�Z�� �^�e�y�� �k�l�Z�l�b�k�l�b�q�_�k�d�h�]�h�� �h�i�j�_�^�_�e�_�g�b�y�� �w�g�l�j�h�i�b�b�ª����
�<�i�h�k�e�_�^�k�l�\�b�b�����Z�g�Z�e�b�a�h�f���\�u�\�h�^�Z���;�h�e�v�p�f�Z�g�Z���w�l�h�c���a�Z�\�b�k�b�f�h�k�l�b���[�u�e�h���m�k�l�Z�g�h�\�e�_�g�Z��
�i�j�b�q�b�g�Z���i�h�y�\�e�_�g�b�y���h�l�j�b�p�Z�l�_�e�v�g�h�]�h���a�g�Z�d�Z���\���_�_ �i�j�Z�\�h�c���q�Z�k�l�b�����G�Z�q�b�g�Z�y���\�u�\�h�^�����h�g 
�h�k�g�h�\�u�\�Z�e�k�y���g�Z���<�G�L�����g�h���a�Z�l�_�f���b�k�i�h�e�v�a�h�\�Z�e���i�h�e�h�`�_�g�b�y���d�e�Z�k�k�b�q�_�k�d�h�c���f�_�o�Z�g�b�d�b����
�\�� �d�h�l�h�j�u�_�� �\�� �g�_�y�\�g�h�c�� �n�h�j�f�_�� �k�h�^�_�j�`�Z�e�b�� �i�j�b�g�p�b�i�� �g�Z�b�f�_�g�v�r�_�]�h�� �^�_�c�k�l�\�b�y����
�k�m�s�g�h�k�l�v�� �d�h�l�h�j�h�]�h�� �i�j�h�l�b�\�h�i�h�e�h�`�g�Z�� �k�m�s�g�h�k�l�b�� �<�G�L���� �W�l�h�� �b�� �h�[�m�k�e�h�\�b�e�h��
�i�h�y�\�e�_�g�b�_�� �h�l�j�b�p�Z�l�_�e�v�g�h�]�h�� �a�g�Z�d�Z���� �G�Z�� �g�Z�^�]�j�h�[�b�b�� �;�h�e�v�p�f�Z�g�Z���b�a�h�[�j�Z�`�_�g�Z�� �w�l�Z��
�n�h�j�f�m�e�Z���������� 

�G�Z���h�k�g�h�\�_���<�G�L���g�_�\�h�a�f�h�`�g�h���h�[�t�y�k�g�b�l�v���w�g�_�j�]�h�i�j�_�h�[�j�Z�a�m�x�s�b�c���i�j�b�j�h�^�g�u�c��
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�a�Z�f�_�l�g�u�f���� �<�i�_�j�\�u�_�� �h�n�b�p�b�Z�e�v�g�h�� �D���:���� �L�b�f�b�j�y�a�_�\�Z�� �\�u�j�Z�a�b�e�� �\�� �D�j�m�g�b�Z�g�k�d�h�c��
�e�_�d�p�b�b���g�_�\�h�a�f�h�`�g�h�k�l�v���h�[�t�y�k�g�b�l�v �i�j�h�p�_�k�k���n�h�l�h�k�b�g�l�_�a�Z���j�Z�k�l�_�g�b�c���g�Z���h�k�g�h�\�_���<�G�L����
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�b���i�j�_�h�[�j�Z�a�h�\�Z�g�b�y���k�\�_�l�Z�ª�����\�u�i�h�e�g�_�g�g�h�c���\����������-���������]�]�����b���h�i�m�[�e�b�d�h�\�Z�g�g�h�c���\������������
�]���>16�@�����<���g�_�c���h�[�h�k�g�h�\�Z�g���i�j�b�g�p�b�i �d�\�Z�g�l�h�\�h�]�h���i�j�_�h�[�j�Z�a�h�\�Z�g�b�y���w�g�_�j�]�b�b���b�a�e�m�q�_�g�b�y��
�± �n�h�l�h�w�n�n�_�d�l�Z���� �W�g�_�j�]�b�y�� �b�a�e�m�q�_�g�b�y�� �g�_�� �l�h�e�v�d�h�� �]�_�g�_�j�b�j�m�_�l�k�y�� ���b�k�i�m�k�d�Z�_�l�k�y���� �g�h�� �b��
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�a�_�f�e�_�^�_�e�b�_�f���� �Z�]�j�h�d�e�b�f�Z�l�h�e�h�]�b�_�c�� ���Z�]�j�h�f�_�l�_�h�j�h�e�h�]�b�_�c������ �<�� �g�_�c�� �^�e�y��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �m�k�e�h�\�b�c�� �\�u�j�Z�s�b�\�Z�g�b�y�� �j�Z�k�l�_�g�b�c�� �b�k�i�h�e�v�a�m�x�l�� �l�j�Z�^�b�p�b�h�g�g�u�_��
�Z�]�j�h�w�d�h�e�h�]�b�q�_�k�d�b�_�� �\�_�e�b�q�b�g�u���� �L�Z�d�b�_�� �d�Z�d���� �i�e�h�^�h�j�h�^�b�_�� ���i�h�q�\�u���� �a�_�f�e�b������
�i�h�l�_�g�p�b�Z�e�u�� ���d�e�b�f�Z�l�b�q�_�k�d�b�c���� �f�_�e�b�h�j�Z�l�b�\�g�u�_������ �i�h�l�_�g�p�b�Z�e�v�g�Z�y�� ���f�Z�d�k�b�f�Z�e�v�g�Z�y����
�i�j�h�^�m�d�l�b�\�g�h�k�l�v�� �j�Z�k�l�_�g�b�c���� �<�k�_�� �w�l�b�� �\�_�e�b�q�b�g�u�� �g�_�� �b�f�_�x�l�� �q�_�l�d�h�]�h�� �h�^�g�h�a�g�Z�q�g�h�]�h��
�k�e�h�\�_�k�g�h�]�h�� �h�i�j�_�^�_�e�_�g�b�y���� �h�g�b�� �g�_�� �h�i�j�_�^�_�e�_�g�u�� �d�h�e�b�q�_�k�l�\�_�g�g�h���� �\�u�j�Z�`�_�g�u�� �\��
�h�l�g�h�k�b�l�_�e�v�g�u�o�� �_�^�b�g�b�p�Z�o�� �b�� �\�a�Z�b�f�g�h�� �g�_�� �k�h�]�e�Z�k�h�\�Z�g�u���� �B�k�i�h�e�v�a�m�y�� �\�� �d�Z�q�_�k�l�\�_��
�b�k�o�h�^�g�h�c���\�_�e�b�q�b�g�m���w�d�k�_�j�]�b�b���b�a�e�m�q�_�g�b�y���^�e�y���j�Z�k�l�_�g�b�_�\�h�^�k�l�\�Z�����m�^�Z�e�h�k�v���g�Z���_�^�b�g�h�c��
�f�_�l�h�^�b�q�_�k�d�h�c�� �h�k�g�h�\�_�� �\�k�_�� �g�Z�a�\�Z�g�g�u�_�� �\�_�e�b�q�b�g�u�� �h�i�j�_�^�_�e�b�l�v�� �d�h�e�b�q�_�k�l�\�_�g�g�h����
�\�a�Z�b�f�g�h���k�h�]�e�Z�k�h�\�Z�g�g�h���b���\�u�j�Z�a�b�l�v���\���h�^�b�g�Z�d�h�\�u�o���_�^�b�g�b�p�Z�o���w�d�k�_�j�]�b�b���± �k�\�h�[�h�^�g�h�c��
�w�g�_�j�]�b�b�� �>17]. �N�h�j�f�m�e�u�� �d�h�e�b�q�_�k�l�\�_�g�g�h�]�h�� �h�i�j�_�^�_�e�_�g�b�y�� �w�l�b�o�� �\�_�e�b�q�b�g�� �i�j�b�]�h�^�g�u��
�^�e�y�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �\�� �d�Z�q�_�k�l�\�_�� �Z�g�Z�e�b�l�b�q�_�k�d�b�o�� �\�u�j�Z�`�_�g�b�c�� �^�e�y�� �i�h�k�l�j�h�_�g�b�y��
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�h�k�g�h�\�g�u�o�� �Z�e�]�h�j�b�l�f�h�\�� �d�h�f�i�v�x�l�_�j�g�u�o�� �i�j�h�]�j�Z�f�f�� �w�g�_�j�]�h-���� �j�_�k�m�j�k�h�k�[�_�j�_�]�Z�x�s�_�c��
�h�i�l�b�f�b�a�Z�p�b�b�� �i�j�h�b�a�\�h�^�k�l�\�Z�� �i�j�h�^�m�d�p�b�b�� �j�Z�k�l�_�g�b�_�\�h�^�k�l�\�Z�� �L�j�Z�^�b�p�b�h�g�g�u�_��
�Z�]�j�h�w�d�h�e�h�]�b�q�_�k�d�b�_�� �\�_�e�b�q�b�g�u�� �g�_�� �h�[�_�k�i�_�q�b�\�Z�x�l�� �\�h�a�f�h�`�g�h�k�l�b�� �b�k�i�h�e�v�a�h�\�Z�g�b�y��
�d�h�f�i�v�x�l�_�j�g�u�o���l�_�o�g�h�e�h�]�b�c���\ �h�k�g�h�\�g�u�o���i�j�h�p�_�k�k�Z�o���j�Z�k�l�_�g�b�_�\�h�^�k�l�\�Z���b���a�_�f�e�_�^�_�e�b�y�� 

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

�A�Z�d�h�g���\�u�`�b�\�Z�g�b�y 
�G�_�� �h�k�l�Z�e�h�k�v�� �a�Z�[�u�l�u�f�� �b�� �[�h�e�_�_�� �h�[�s�_�_�� �i�j�_�^�k�d�Z�a�Z�g�b�_�� �D���:���� �L�b�f�b�j�y�a�_�\�Z����

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

�G�Z�m�q�g�u�_���n�Z�d�l�u���w�\�h�e�x�p�b�b���b���n�m�g�d�p�b�h�g�b�j�h�\�Z�g�b�y���[�b�h�k�n�_�j�u���g�_�h�i�j�h�\�_�j�`�b�f�h��
�i�h�^�l�\�_�j�`�^�Z�x�l�� �w�l�b�� �n�m�g�d�p�b�b�� �A�<�� �b�� �<�G�L���� �I�e�Z�g�_�l�Z�� �A�_�f�e�y�� �g�_�� �b�f�_�_�l�� �j�_�]�m�e�y�j�g�h�]�h��
�h�[�f�_�g�Z�� �\�_�s�_�k�l�\�h�f�� �k�h�� �k�\�h�b�f�� �h�d�j�m�`�_�g�b�_�f���� �H�g�Z�� �l�_�j�f�h�^�b�g�Z�f�b�q�_�k�d�b�� �a�Z�d�j�u�l�Z�y��
�k�b�k�l�_�f�Z���i�h���h�[�f�_�g�m���\�_�s�_�k�l�\�h�f�����W�\�h�e�x�p�b�y���g�Z���g�_�c���\�h�a�f�h�`�g�Z���l�h�e�v�d�h���i�j�b���g�Z�e�b�q�b�b��
�g�Z���g�_�c���d�j�m�]�h�\�h�j�h�l�Z���\�_�s�_�k�l�\�����d�h�l�h�j�u�_���m�q�Z�k�l�\�m�x�l���\���w�\�h�e�x�p�b�b�����L�Z�d�h�c���d�j�m�]�h�\�h�j�h�l��
�w�f�i�b�j�b�q�_�k�d�b���g�Z�^�_�`�g�h���m�k�l�Z�g�h�\�e�_�g�����L�h�e�v�d�h���^�h�e�b���i�j�h�p�_�g�l�Z���h�l���h�[�s�_�]�h���d�h�e�b�q�_�k�l�\�Z 
�g�Z�o�h�^�y�s�b�o�k�y�� �g�Z�� �i�h�\�_�j�o�g�h�k�l�b�� �A�_�f�e�b �[�b�h�n�b�e�v�g�u�o�� �w�e�_�f�_�g�l�h�\��- �Z�a�h�l�Z�� �>23�@�� �b��
�m�]�e�_�j�h�^�Z�� �>24] �± �i�j�Z�d�l�b�q�_�k�d�b�� �i�h�� �a�Z�f�d�g�m�l�h�f�m�� �p�b�d�e�m�� �h�[�j�Z�s�Z�x�l�k�y�� �\�� �`�b�\�h�c�� �q�Z�k�l�b��
�[�b�h�k�n�_�j�u���� �W�l�h�� �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l�� �h�� �\�u�k�h�d�h�c�� �w�g�_�j�]�_�l�b�q�_�k�d�h�c�� �b�� �\�_�s�_�k�l�\�_�g�g�h�c��
�w�d�h�g�h�f�g�h�k�l�b���w�\�h�e�x�p�b�b�� �\�� �m�k�e�h�\�b�y�o�� �A�_�f�e�b���� �>�e�y�� �h�[�_�k�i�_�q�_�g�b�y�� �d�j�m�]�h�\�h�j�h�l�Z��
�g�_�h�[�o�h�^�b�f�h���j�Z�a�j�m�r�Z�l�v���k�l�j�m�d�l�m�j�u���h�[�t�_�d�l�h�\ �\�u�r�_�^�r�b�o���b�a���k�Z�f�h�h�j�]�Z�g�b�a�h�\�Z�g�g�h�]�h 
�k�h�k�l�h�y�g�b�y�� ���m�f�_�j�r�b�o�� �h�j�]�Z�g�b�a�f�h�\������ �J�Z�a�j�m�r�b�l�_�e�v�g�u�f�� �k�\�h�c�k�l�\�h�f�� �h�[�e�Z�^�Z�_�l��
�w�g�l�j�h�i�b�y���± �h�k�g�h�\�g�Z�y�� �n�m�g�d�p�b�y�� �� �<�G�L�� �d�h�l�h�j�Z�y�� �©�i�h�\�k�_�f�_�k�l�g�h�� �b�� �g�_�i�j�_�j�u�\�g�h��
�\�h�a�j�Z�k�l�Z�_�l�ª�� �j�Z�a�j�m�r�Z�y�� �k�l�j�m�d�l�m�j�u�� �L�h�e�v�d�h�� �k�l�j�m�d�l�m�j�u�� �h�[�t�_�d�l�h�\�� �k�l�Z�\�r�b�o��
�j�Z�\�g�h�\�_�k�g�u�f�b �i�h�k�e�_���\�u�o�h�^�Z���b�a���k�Z�f�h�h�j�]�Z�g�b�a�h�\�Z�g�g�h�]�h���k�h�k�l�h�y�g�b�y�����^�h�k�l�m�i�g�u���^�e�y��
�\�h�a�^�_�c�k�l�\�b�y���g�Z���g�b�o���<�G�L���b���w�g�l�j�h�i�b�b�����<���k�h�h�l�\�_�l�k�l�\�b�b���k���A�<���k�Z�f�h�h�j�]�Z�g�b�a�h�\�Z�g�g�u�_��
�h�[�t�_�d�l�u�� �i�j�h�^�h�e�`�Z�x�l�� �g�h�j�f�Z�e�v�g�h�� �n�m�g�d�p�b�h�g�b�j�h�\�Z�l�v�� �b�� �\�g�h�\�v�� �h�[�j�Z�a�h�\�u�\�Z�l�v�k�y����
�b�k�i�h�e�v�a�m�y���\�_�s�_�k�l�\�Z�� �h�k�\�h�[�h�`�^�_�g�g�u�_���b�a���j�Z�a�j�m�r�_�g�g�u�o���k�l�j�m�d�l�m�j�����B�a���w�l�h�]�h���q�_�l�d�h��
�\�b�^�g�Z���h�r�b�[�h�q�g�h�k�l�v���h�i�Z�k�_�g�b�y���©�l�_�i�e�h�\�h�c���k�f�_�j�l�b���A�_�f�e�b���b���<�k�_�e�_�g�g�h�c�ª�� 

�J�Z�k�k�f�Z�l�j�b�\�Z�y�� �d�j�Z�k�h�l�m�� �b�� �]�Z�j�f�h�g�b�x�� �i�j�b�j�h�^�u�� �d�Z�d�� �j�_�a�m�e�v�l�Z�l�� �[�h�j�v�[�u�� �a�Z��
�k�m�s�_�k�l�\�h�\�Z�g�b�_ �i�h�� �^�Z�j�\�b�g�h�\�k�d�h�c�� �l�_�h�j�b�b�� �[�b�h�e�h�]�b�q�_�k�d�h�c�� �w�\�h�e�x�p�b�b���� �L�b�f�b�j�y�a�_�\��
�a�Z�d�e�x�q�Z�_�l���>25�����k�����������@�����©�B�l�Z�d�����d�e�x�q���d���a�Z�]�Z�^�d�_�����d�h�l�h�j�m�x���i�j�_�^�k�l�Z�\�e�y�_�l���^�e�y���d�Z�`�^�h�]�h��
�f�u�k�e�y�s�_�]�h���q�_�e�h�\�_�d�Z���h�j�]�Z�g�b�q�_�k�d�b�c���f�b�j�����a�Z�d�e�x�q�Z�_�l�k�y���\���h�^�g�h�f���k�e�h�\�_�����w�l�h���k�e�h�\�h��- 
�k�f�_�j�l�v�����K�f�_�j�l�v�����j�Z�g�h���b�e�b���i�h�a�^�g�h���i�j�_�k�_�d�Z�x�s�Z�y���\�k�_���m�j�h�^�e�b�\�h�_�����\�k�_���[�_�k�i�h�e�_�a�g�h�_����
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�\�k�_���g�_�k�h�]�e�Z�k�g�h�_���k���h�d�j�m�`�Z�x�s�b�f�b���m�k�e�h�\�b�y�f�b�����b���_�k�l�v���b�k�l�h�q�g�b�d���b���i�j�b�q�b�g�Z���d�j�Z�k�h�l�u��
�b�� �]�Z�j�f�h�g�b�b�� �h�j�]�Z�g�b�q�_�k�d�h�]�h�� �f�b�j�Z���� �b�� �_�k�e�b�� �w�l�Z�� �\�_�q�g�Z�y�� �[�h�j�v�[�Z���� �w�l�h�� �[�_�k�d�h�g�_�q�g�h�_��
�b�k�l�j�_�[�e�_�g�b�_���g�_�\�h�e�v�g�h���\�k�_�e�y�_�l���\���^�m�r�m���m�`�Z�k�����l�h���f�u���g�_���^�h�e�`�g�u���a�Z�[�u�\�Z�l�v�����q�l�h�� 

�«�m���]�j�h�[�h�\�h�]�h���\�o�h�^�Z 
�F�e�Z�^�Z�y���[�m�^�_�l���`�b�a�g�v���b�]�j�Z�l�v 

�B���j�Z�\�g�h�^�m�r�g�Z�y���i�j�b�j�h�^�Z 
�D�j�Z�k�h�x���\�_�q�g�h�x���k�b�y�l�v�ª [25�����k�����������@. 

���:�����K�����I�m�r�d�b�g���b�a���k�l�b�o�h�l�\�h�j�_�g�b�y���©�;�j�h�`�m���e�b���y���\�^�h�e�v���m�e�b�p���r�m�f�g�u�o�ª�� 
�B�k�d�e�x�q�b�\�� �b�a�� �q�_�l�\�_�j�h�k�l�b�r�b�y�� �]�_�g�b�Z�e�v�g�h�]�h�� �i�h�w�l�Z�� �h�^�g�h�� �k�e�h�\�h���� �L�b�f�b�j�y�a�_�\��

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

�M�q�_�l�� �D���� �:���� �L�b�f�b�j�y�a�_�\�u�f�� �j�Z�[�h�l�� �h�k�g�h�\�Z�l�_�e�_�c�� �g�_�j�Z�\�g�h�\�_�k�g�h�c��
�l�_�j�f�h�^�b�g�Z�f�b�d�b 

�K�\�h�c�� �g�Z�b�[�h�e�_�_�� �\�Z�`�g�u�c�� �l�j�m�^�� �©�K�h�e�g�p�_���� �`�b�a�g�v�� �b�� �o�e�h�j�h�n�b�e�e�ª�� �D���� �:����
�L�b�f�b�j�y�a�_�\���g�_���k�e�m�q�Z�c�g�h���i�h�k�\�y�l�b�e �i�Z�f�y�l�b���©�\�_�e�b�d�b�o���]�_�j�f�Z�g�k�d�b�o���m�q�_�g�u�o���± �J�h�[�_�j�l�Z��
�F�Z�c�_�j�Z�� �b�� �=�_�j�f�Z�g�Z�� �=�_�e�v�f�]�h�e�v�p�Z�ª���� �<�� �]�h�^�� �g�Z�i�b�k�Z�g�b�y�� �w�l�h�]�h�� �i�j�h�b�a�\�_�^�_�g�b�y�� ��������������
�b�k�i�h�e�g�y�e�h�k�v���k�l�h�e�_�l�b�_���k�h���^�g�y���j�h�`�^�_�g�b�y���J�h�[�_�j�l�Z���X�e�b�m�k�Z���F�Z�c�_�j�Z���������������± 1878), 
�\�u�y�\�b�\�r�_�]�h�� �_�^�b�g�k�l�\�h�� �w�g�_�j�]�b�b�� �\�� �`�b�\�h�c�� �b�� �g�_�`�b�\�h�c�� �i�j�b�j�h�^�_ �b�� �h�l�d�j�u�\�r�_�]�h��
�k�h�\�f�_�k�l�g�h���k���=�_�j�f�Z�g�h�f���=�_�e�v�f�]�h�e�v�p�_�f���������������± �������������a�Z�d�h�g���k�h�o�j�Z�g�_�g�b�y���w�g�_�j�]�b�b���± 
�i�_�j�\�h�_���g�Z�q�Z�e�h���l�_�j�f�h�^�b�g�Z�f�b�d�b�����L�b�f�b�j�y�a�_�\���\�������������± �����������]���]�����m�q�b�e�k�y���b���j�Z�[�h�l�Z�e���a�Z��
�]�j�Z�g�b�p�_�c�� �i�h�^�� �j�m�d�h�\�h�^�k�l�\�h�f�� �D�b�j�o�]�h�n�Z���� �;�m�g�a�_�g�Z���� �=�h�n�f�_�c�k�l�_�j�Z���� �D�e�h�^�Z�� �;�_�j�g�Z�j�Z����
�;�_�j�l�e�h���b���;�m�k�k�_�g�]�h�� 

�<�u�r�_�� �m�`�_�� �h�l�f�_�q�Z�e�h�k�v�� �[�h�e�v�r�h�_�� �a�g�Z�q�_�g�b�_�� �a�Z�j�m�[�_�`�g�h�c�� �d�h�f�Z�g�^�b�j�h�\�d�_����
�L�b�f�b�j�y�a�_�\�Z���\����������-�����������]�]�����i�h�k�e�_���h�d�h�g�q�Z�g�b�y���m�g�b�\�_�j�k�b�l�_�l�Z���b���_�]�h���i�j�b�a�g�Z�l�_�e�v�g�h�k�l�b��
�d���\�_�^�m�s�b�f���^�_�y�l�_�e�y�f���g�Z�m�d�b���i�j�b���i�h�^�]�h�l�h�\�d�_���l�Z�f���d���i�j�h�n�_�k�k�h�j�k�d�h�f�m���a�\�Z�g�b�x�����L�Z�f��
�j�h�^�b�e�k�y�� �b�� �_�]�h�� �b�g�l�_�j�_�k�� �d�� �l�_�j�f�h�^�b�g�Z�f�b�d�_���� �d�h�l�h�j�u�c�� �h�g�� �k�l�Z�e�� �j�Z�a�\�b�\�Z�l�v�� �\�� �k�\�h�b�o��
�^�Z�e�v�g�_�c�r�b�o���b�k�k�e�_�^�h�\�Z�g�b�y�o���i�h���w�g�_�j�]�_�l�b�d�_���n�h�l�h�k�b�g�l�_�a�Z���j�Z�k�l�_�g�b�c���� �©�K�h�a�g�Z�\�Z�y�����q�l�h��
�]�e�Z�\�g�u�f�� �k�h�^�_�j�`�Z�g�b�_�f�� �f�h�_�c�� �i�h�e�m�\�_�d�h�\�h�c�� �g�Z�m�q�g�h�c�� �^�_�y�l�_�e�v�g�h�k�l�b�� �[�u�e��
�\�k�_�k�l�h�j�h�g�g�b�c���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�c���h�l�\�_�l���g�Z���a�Z�i�j�h�k�u���i�j�_�^�t�y�\�e�_�g�g�u�_���g�Z�m�d�_���w�l�b�f�b��
�^�\�m�f�y���f�u�k�e�b�l�_�e�y�f�b, �y �k�q�b�l�Z�x���m�f�_�k�l�g�u�f���g�Z�i�h�f�g�b�l�v���\���w�l�h�f���[�_�]�e�h�f���h�q�_�j�d�_���h�[���b�o 
�a�g�Z�q�_�g�b�b�� �^�e�y�� �m�q�_�g�b�y�� �h�� �`�b�a�g�b�� �l�_�f�� �[�h�e�_�_�� �q�l�h���� �i�h�� �b�o�� �k�h�[�k�l�\�_�g�g�h�f�m�� �i�j�b�a�g�Z�g�b�x����
�]�e�Z�\�g�u�f���k�l�b�f�m�e�h�f�����j�m�d�h�\�h�^�b�\�r�b�f �b�f�b���\ �b�o���k�l�j�_�f�e�_�g�b�b �h�[�h�k�g�h�\�Z�l�v���k�\�h�c���©�a�Z�d�h�g��
�k�h�o�j�Z�g�_�g�b�y�� �k�b�e�u�ª���� �[�u�e�h�� �i�h�d�h�g�q�b�l�v�� �g�Z�\�k�_�]�^�Z�� �«�� �k�� �l�_�f�� �\�b�l�Z�e�b�a�f�h�f�� �«����
�o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�f���h�[�s�b�c���m�i�Z�^�h�d���g�Z�m�q�g�h�]�h���b���h�[�s�_�k�l�\�_�g�g�h�]�h���f�u�r�e�_�g�b�y���«�ª  [14, 
�k���������@. 

�>�Z�e�_�_���L�b�f�b�j�y�a�_�\���i�j�b�\�h�^�b�l���i�j�_�^�k�l�Z�\�e�_�g�b�_���F�Z�c�_�j�Z���h�[���h�l�g�h�r�_�g�b�b���j�Z�k�l�_�g�b�y��
�d���k�h�e�g�p�m�����©�I�j�b�j�h�^�Z���i�h�k�l�Z�\�b�e�Z���k�_�[�_���a�Z�^�Z�q�_�c���g�Z�e�_�l�m���i�_�j�_�o�\�Z�l�b�l�v���i�j�b�l�_�d�Z�x�s�b�c���g�Z��
�a�_�f�e�x���k�\�_�l���b���i�j�_�\�j�Z�l�b�l�v���w�l�m���i�h�^�\�b�`�g�_�c�r�m�x���b�a���k�b�e���\���l�\�_�j�^�m�x���n�h�j�f�m�����K�e�h�`�b�\���_�_��
�\�� �a�Z�i�Z�k���� �>�e�y�� �^�h�k�l�b�`�_�g�b�y�� �w�l�h�c�� �p�_�e�b�� �h�g�Z�� �i�h�d�j�u�e�Z�� �a�_�f�g�m�x�� �d�h�j�m�� �h�j�]�Z�g�b�a�f�Z�f�b����
�d�h�l�h�j�u�_���\���l�_�q�_�g�b�_���k�\�h�_�c���`�b�a�g�b���\�h�k�i�j�b�g�b�f�Z�x�l���k�h�e�g�_�q�g�u�c���k�\�_�l���b�����b�k�i�h�e�v�a�m�y���w�l�m��
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�h�j�]�Z�g�b�a�f�u��- �j�Z�k�l�_�g�b�y�ª [14���� �k���� �����@���� �A�Z�l�_�f�� �L�b�f�b�j�y�a�_�\�� �h�l�f�_�q�Z�_�l���� �q�l�h�� �©�a�Z�d�h�g��
�e�h�]�b�q�_�k�d�h�c���i�j�b�q�b�g�g�h�k�l�b���i�h�[�m�`�^�Z�_�l���_�k�l�_�k�l�\�h�b�k�i�u�l�Z�l�_�e�y���i�j�b�\�h�^�b�l�v���i�h�]�e�h�s�_�g�b�_��
�b�� �i�j�h�b�a�\�h�^�b�f�m�x�� �j�Z�[�h�l�m�ª�� �\�� �w�f�i�b�j�b�q�_�k�d�b�� �^�h�d�Z�a�Z�g�g�m�x�� �i�j�b�q�b�g�g�m�x�� �k�\�y�a�v���� �q�l�h�[�u��
�\�u�k�d�Z�a�Z�g�g�h�_�� �F�Z�c�_�j�h�f�� �i�j�_�^�i�h�e�h�`�_�g�b�_�� �i�j�_�\�j�Z�l�b�e�h�k�v�� �\�� �g�Z�m�q�g�h�� �^�h�d�Z�a�Z�g�g�m�x��
�b�k�l�b�g�m���� �L�b�f�b�j�y�a�_�\�� �l�Z�d�`�_�� �k�k�u�e�Z�_�l�k�y�� �b�� �g�Z�� �=�_�e�v�f�]�h�e�v�p�Z���� �d�h�l�h�j�u�c�� �h�l�f�_�q�Z�e��
�k�e�_�^�m�x�s�_�_�����©�«�q�l�h���f�u���g�_���h�[�e�Z�^�Z�_�f���g�b�d�Z�d�b�f���h�i�u�l�Z�f�b�����b�a���d�h�l�h�j�u�o���f�h�`�g�h���[�u�e�h��
�[�u�� �k�� �^�h�k�l�h�\�_�j�g�h�k�l�v�x�� �a�Z�d�e�x�q�b�l�v���� �l�h�q�g�h�� �e�b�� �`�b�\�Z�y�� �k�b�e�Z�� �b�k�q�_�a�Z�x�s�b�o�� �k�h�e�g�_�q�g�u�o��
�e�m�q�_�c���k�h�h�l�\�_�l�k�l�\�m�_�l���g�Z�d�h�i�e�_�g�g�h�f�m���a�Z�i�Z�k�m���o�b�f�b�q�_�k�d�b�o�����k�b�e�����Z���i�h�d�Z���l�Z�d�b�o���h�i�u�l�h�\��
�g�_�� �k�m�s�_�k�l�\�m�_�l���� �f�u�� �g�_�� �f�h�`�_�f�� �i�j�b�g�y�l�v���m�d�Z�a�Z�g�g�h�_�� �k�h�h�l�g�h�r�_�g�b�_�� �a�Z���g�_�k�h�f�g�_�g�g�m�x��
�b�k�l�b�g�m�ª [14���� �k���� �����@���� �J�_�Z�e�b�a�h�\�Z�l�v�� �l�Z�d�h�c�� �h�i�u�l���� �i�h�^�l�\�_�j�`�^�Z�x�s�b�c�� �©�[�e�_�k�l�y�s�m�x��
�f�u�k�e�v�� �^�m�o�� �\�_�e�b�d�b�o�� �m�q�_�g�u�o�ª���� �L�b�f�b�j�y�a�_�\�� �k�l�j�_�f�b�e�k�y�� �k�� �k�Z�f�h�]�h�� �g�Z�q�Z�e�Z�� �k�\�h�_�c��
�g�Z�m�q�g�h�c���^�_�y�l�_�e�v�g�h�k�l�b�� 

�L�b�f�b�j�y�a�_�\�� �k�i�j�Z�\�_�^�e�b�\�h�� �h�l�f�_�q�Z�_�l���� �©�Y�� �[�u�e�� �i�_�j�\�u�f�� �[�h�l�Z�g�b�d�h�f����
�a�Z�]�h�\�h�j�b�\�r�b�f�� �h�� �a�Z�d�h�g�_�� �k�h�o�j�Z�g�_�g�b�y�� �w�g�_�j�]�b�b�� �b�� �k�h�h�l�\�_�l�k�l�\�_�g�g�h�� �k�� �w�l�b�f��
�a�Z�f�_�g�b�\�r�b�f���k�e�h�\�h���©�k�\�_�l�ª���\�u�j�Z�`�_�g�b�_�f���©�e�m�q�b�k�l�Z�y���w�g�_�j�]�b�y�ª�����W�l�h���g�_���[�u�e�h���i�j�h�k�l�h�c��
�a�Z�f�_�g�h�c���h�^�g�h�]�h���k�e�h�\�Z���^�j�m�]�b�f�����g�h���k�m�s�_�k�l�\�_�g�g�h���b�a�f�_�g�y�e�h���h�k�g�h�\�g�m�x���l�h�q�d�m���a�j�_�g�b�y��
�b���\�u�a�\�Z�e�h���k�h�f�g�_�g�b�_���\���g�_�\�_�j�g�h�k�l�b���k�Z�f�b�o���n�Z�d�l�h�\�����K�l�Z�\���g�Z���l�h�q�d�m���a�j�_�g�b�y���m�q�_�g�b�y���h�[��
�w�g�_�j�]�b�b�� �y�� �i�_�j�\�u�c�� �\�u�k�d�Z�a�Z�e�� �f�u�k�e�v���� �q�l�h�� �e�h�]�b�q�g�_�_�� �h�`�b�^�Z�l�v���� �q�l�h�� �i�j�h�p�_�k�k��
�j�Z�a�e�h�`�_�g�b�y���m�]�e�_�d�b�k�e�h�l�u���^�h�e�`�_�g���a�Z�\�b�k�_�l�v���h�l���w�g�_�j�]�b�b���k�h�e�g�_�q�g�u�o���e�m�q�_�c�����Z���g�_���h�l��
�b�o�� �y�j�d�h�k�l�b���� �W�l�h�� �\�u�k�l�m�i�Z�_�l�� �h�k�h�[�_�g�g�h�� �y�\�g�h���� �_�k�e�b�� �\�f�_�k�l�h�� �k�e�h�\�Z�� �©�w�g�_�j�]�b�y�ª��
�i�h�^�k�l�Z�\�b�l�v���h�i�j�_�^�_�e�_�g�b�_�����^�Z�g�g�h�_���w�l�h�f�m���k�e�h�\�m���l�_�f���`�_���J�_�g�d�b�g�u�f�����d�h�l�h�j�u�f���\�\�_�^�_�g��
�\���g�Z�m�d�m���w�l�h�l���l�_�j�f�b�g�����\�u�l�_�k�g�b�\�r�b�c���k�l�h�y�\�r�_�_���g�Z���_�]�h���f�_�k�l�_���k�e�h�\�h���©�k�b�e�Z�ª�����W�g�_�j�]�b�y��
�± �w�l�h�� �k�i�h�k�h�[�g�h�k�l�v�� �i�j�h�b�a�\�h�^�b�l�v�� �j�Z�[�h�l�m�«�i�j�b�� �j�Z�a�e�h�`�_�g�b�b�� �m�]�e�_�d�b�k�e�h�l�u��
�i�j�h�b�a�\�h�^�b�l�k�y���o�b�f�b�q�_�k�d�Z�y���j�Z�[�h�l�Z�ª [14�����k���������@. 

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

�\�u�j�Z�a�b�l�_�e�v�g�h�k�l�v�x���� �Z�d�l�m�Z�e�v�g�h�k�l�v�x�� �b�� �r�b�j�h�d�b�f�b�� �i�h�a�g�Z�\�Z�l�_�e�v�g�u�f�b��
�\�h�a�f�h�`�g�h�k�l�y�f�b���� �L�Z�d���� �\���e�_�d�p�b�b�� �©�D�j�m�]�h�\�h�j�h�l�� �m�]�e�_�j�h�^�Z�� �\�� �i�j�b�j�h�^�_�ª���� �d�h�l�h�j�m�x�� �h�g��
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Abstract. In the process of drying the 
grain in a dense moving layer, it moves in 
the grain dryer. The movement of layers of 
grain, as a rule, is uneven. Part of the grain 
layer is moving faster, some are slower. The 
location of the grains in the layer changes 
not only vertically, but also horizontally. As 
a result, heat changes and - moisture 
exchange between the drying agent and the 
grain. Therefore, the urgent task is to 
develop a mathematical model of microwave 
convection drying of grain when it moves in 
the drying zone. Before proceeding with the 
development of a mathematical model, an 
analysis was made of existing approaches to 
solving this problem. During the analysis, 
work was considered in which the forces 
acting on the grain were determined during 
aerodynamic drying in the channels. An 
approach to the description of the simulation 
of the nonlinear dynamics of the grain 
drying process is also considered. The 
description of the process of microwave 
drying of millet grain in a layer of weighted 
twisting is analyzed. The results of the 
analysis led to the conclusion that at present 
no research has been found that presents 
mathematical models of the exchange of heat 
and moisture in a dense moving layer of 
grain with allowance for the mutual vertical 
displacement of the layers. 

Keywords: grain layer, grain 
movement, heat and - moisture exchange, 
drying agent, grain drying, microwave field, 
mathematical model. 

 
 

75



�<�\�_�^�_�g�b�_ 
�<�� �i�j�h�p�_�k�k�_�� �k�m�r�d�b�� �a�_�j�g�Z�� �\�� �i�e�h�l�g�h�f�� �i�h�^�\�b�`�g�h�f�� �k�e�h�_�� �i�j�h�b�k�o�h�^�b�l�� �_�]�h��

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

�H�k�g�h�\�g�Z�y���q�Z�k�l�v 
�G�Z�� �i�_�j�\�h�f�� �w�l�Z�i�_�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �i�j�h�\�_�e�b�� �Z�g�Z�e�b�a�� �l�_�h�j�_�l�b�q�_�k�d�b�o��

�b�k�k�e�_�^�h�\�Z�g�b�c�� �i�h�� �^�Z�g�g�h�f�m�� �\�h�i�j�h�k�m���� �L�Z�d�� �� �F�m�o�Z�g�h�\�� �G���<���� �>���@�� �j�Z�a�j�Z�[�Z�l�u�\�Z�e��
�m�j�Z�\�g�_�g�b�_�� �� �^�\�b�`�_�g�b�y�� �� �a�_�j�g�h�\�h�]�h�� �� �k�e�h�y�� �� �\�� �� �Z�d�l�b�\�g�h�c�� �� �a�h�g�_�� �� �j�_�p�b�j�d�m�e�y�p�b�h�g�g�h�c����
�a�_�j�g�h�k�m�r�b�e�d�b�� �� �[�m�g�d�_�j�g�h�]�h�� �l�b�i�Z���� �� �H�k�g�h�\�g�h�_�� �\�g�b�f�Z�g�b�_�� �[�u�e�h���m�^�_�e�_�g�h����
�\�a�Z�b�f�h�^�_�c�k�l�\�b�x�� �� �a�_�j�g�Z�� �� �k�� �� �g�Z�d�e�h�g�g�u�f�b�� �� �i�h�\�_�j�o�g�h�k�l�y�f�b�� �k�m�r�b�e�v�g�u�o�� �d�Z�f�_�j�� �b��
�d�h�g�m�k�g�u�o���h�k�g�h�\�Z�g�b�c�����I�j�b���w�l�h�f���a�_�j�g�h���i�j�_�^�k�l�Z�\�e�_�g�h���g�_���d�Z�d���h�l�^�_�e�v�g�u�c���h�[�t�_�d�l�����Z��
�m�`�_�� �d�Z�d�� �i�h�e�b�^�b�k�i�_�j�k�g�u�c�� �a�_�j�g�h�\�h�c�� �f�Z�l�_�j�b�Z�e���� �\�� �k�\�y�a�b�� �� �k�� �� �j�Z�a�e�b�q�b�_�f����
�]�_�h�f�_�l�j�b�q�_�k�d�b�o�� �� �j�Z�a�f�_�j�h�\�� �a�_�j�g�h�\�h�d���� �� �<�h�� �� �\�j�_�f�y�� �� �i�j�h�\�_�^�_�g�b�y�� �� �k�m�r�d�b�� �� �[�h�e�_�_��
�\�e�Z�`�g�u�_���a�_�j�g�Z���k�e�b�i�Z�x�l�k�y�����q�_�f���a�_�j�g�Z���m�`�_���i�h�l�_�j�y�\�r�b�_�����q�Z�k�l�v�����\�e�Z�]�b�������w�l�h�����i�j�b�\�h�^�b�l����
�d�� �� �m�f�_�g�v�r�_�g�b�x�� �� �f�_�`�a�_�j�g�h�\�h�]�h�� �� �i�j�h�k�l�j�Z�g�k�l�\�Z�� �� �b�� �� �d�� �� �i�h�\�u�r�_�g�b�x����
�]�b�^�j�h�^�b�g�Z�f�b�q�_�k�d�h�]�h�����k�h�i�j�h�l�b�\�e�_�g�b�y�����k�e�h�y���i�h�l�h�d�m�����Z�]�_�g�l�Z�����k�m�r�d�b�������i�j�h�o�h�^�y�s�_�f�m����
�q�_�j�_�a�����a�_�j�g�h�\�h�c���k�e�h�c���>�����������@�������G�h�����i�h�����^�Z�g�g�u�f�����m�q�_�g�u�o�����<�����F�Z�e�v�l�j�b�����W�����I�z�l�d�_�������;����
�R�g�Z�c�^�_�j�Z�����>���@�������m�\�_�e�b�q�_�g�b�_�����l�h�e�s�b�g�u�����k�e�h�y�����\�e�b�y�_�l�����g�Z�����k�d�h�j�h�k�l�v�����k�m�r�d�b�����\�k�_�o����
�\�b�^�h�\�� �a�_�j�g�Z�� �g�_�k�m�s�_�k�l�\�_�g�g�h���� �H�^�g�Z�d�h�� �g�_�h�[�o�h�^�b�f�h�� �m�q�b�l�u�\�Z�l�v�� �\�e�b�y�g�b�_�� �l�h�e�s�b�g�u��
�k�e�h�y�� �g�Z�� �\�j�_�f�y�� �\�u�k�u�o�Z�g�b�y�� �a�Z�^�Z�g�g�h�c�� �i�Z�j�l�b�b�� �a�_�j�g�Z���� �H�k�g�h�\�g�h�c�� �p�_�e�v�x��
�b�k�k�e�_�^�h�\�Z�l�_�e�_�c���>���@�����k�l�Z�e�����\�u�\�h�^�����m�j�Z�\�g�_�g�b�y�����^�\�b�`�_�g�b�y���a�_�j�g�h�\�h�]�h���k�e�h�y���\���Z�d�l�b�\�g�h�c��
�a�h�g�_���k�m�r�b�e�v�g�h�c���d�Z�f�_�j�u�����j�_�p�b�j�d�m�e�y�p�b�h�g�g�h�c�����a�_�j�g�h�k�m�r�b�e�d�b�����[�m�g�d�_�j�g�h�]�h�����l�b�i�Z�����b����
�\�u�y�k�g�_�g�b�y�����i�j�_�^�i�h�k�u�e�h�d�����d�����i�h�\�u�r�_�g�b�x�����w�n�n�_�d�l�b�\�g�h�k�l�b�����i�j�h�p�_�k�k�Z�����k�m�r�d�b  �a�Z��
�k�q�_�l�� �� �h�[�h�k�g�h�\�Z�g�b�y�� �� �d�h�g�k�l�j�m�d�l�b�\�g�h-�j�_�`�b�f�g�u�o�� �i�Z�j�Z�f�_�l�j�h�\�� �a�_�j�g�h�k�m�r�b�e�d�b����
�<�h�e�o�h�g�h�\�u�f�� �F���K���� �>��,7, 8, 9�@�� �b�k�k�e�_�^�h�\�Z�e�b�k�v���k�b�e�u�� �^�_�c�k�l�\�m�x�s�b�_�� �g�Z�� �a�_�j�g�h���� �i�j�b��
�Z�w�j�h�^�b�g�Z�f�b�q�_�k�d�h�c���k�m�r�d�_���\���Z�w�j�h�`�_�e�h�[�Z�o�������B�f�����i�j�_�^�k�l�Z�\�e�_�g�h�����l�j�b�����o�Z�j�Z�d�l�_�j�g�u�o����
�\�Z�j�b�Z�g�l�Z���^�\�b�`�_�g�b�y���a�_�j�g�Z�����i�_�j�\�u�c���± �d�h�]�^�Z���k�b�e�Z���l�y�`�_�k�l�b�����^�_�c�k�l�\�m�x�s�Z�y�����g�Z�����a�_�j�g�h������
�[�h�e�v�r�_�� �� �\�_�j�l�b�d�Z�e�v�g�h�c�� �k�h�k�l�Z�\�e�y�x�s�_�c�� ���h�l�� �� �^�_�c�k�l�\�b�y�� ���k�b�e�u�����\�h�a�^�m�r�g�h�]�h���i�h�l�h�d�Z����
�\�l�h�j�h�c���± �d�h�]�^�Z�� �h�g�Z�� �j�Z�\�g�Z�� �\�_�j�l�b�d�Z�e�v�g�h�c�� �k�h�k�l�Z�\�e�y�x�s�_�c�� �� �h�l�� �� �^�_�c�k�l�\�b�y�� �� �k�b�e�u����
�\�h�a�^�m�r�g�h�]�h���i�h�l�h�d�Z�����l�j�_�l�b�c���± �h�g�Z���f�_�g�v�r�_���\�_�j�l�b�d�Z�e�v�g�h�c���k�h�k�l�Z�\�e�y�x�s�_�c�����h�l�����k�b�e�u����
�\�h�a�^�m�r�g�h�]�h�����i�h�l�h�d�Z�������>�e�y���^�Z�g�g�h�c���l�_�h�j�b�b���i�j�b�\�h�^�b�l�k�y���k�o�_�f�Z���k�b�e�����^�_�c�k�l�\�m�x�s�b�o���g�Z��
�a�_�j�g�h���i�j�b���Z�w�j�h�^�b�g�Z�f�b�q�_�k�d�h�c���k�m�r�d�_���g�Z���Z�w�j�h�`�_�e�h�[�Z�o�����j�b�k�������� 
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�j�_�a�m�e�v�l�Z�l�_�� �\�u�i�h�e�g�_�g�g�u�o�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�c�� �i�h�e�m�q�_�g�h�� �Z�g�Z�e�b�l�b�q�_�k�d�h�_�� �\�u�j�Z�`�_�g�b�_��
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�j�_�p�b�j�d�m�e�y�p�b�h�g�g�h�c�� �a�_�j�g�h�k�m�r�b�e�d�b�� �[�m�g�d�_�j�g�h�]�h�� �l�b�i�Z���� �W�l�h�� �m�j�Z�\�g�_�g�b�_�� �� �i�h�a�\�h�e�b�l��
�i�h�e�m�q�b�l�v�� �k�d�h�j�h�k�l�b�� �\�� �j�Z�a�e�b�q�g�u�o�� �k�e�h�y�o���� �[�e�Z�]�h�^�Z�j�y�� �q�_�f�m�� �f�h�`�g�h�� �i�h�^�h�[�j�Z�l�v��
�h�i�l�b�f�Z�e�v�g�u�_���d�h�g�k�l�j�m�d�l�b�\�g�h-�j�_�`�b�f�g�u�_���i�Z�j�Z�f�_�l�j�u���Z�d�l�b�\�g�h�c���a�h�g�u���>���@�� 

 

 
G1 �± �i�h�^�Z�q�Z�� �f�Z�l�_�j�b�Z�e�Z���� �)�l�j�����± �k�b�e�Z�� �l�j�_�g�b�y�� �a�_�j�g�h�\�d�b�� �h�� �a�_�j�g�h�\�d�m���� �)�\���i�����± �k�b�e�Z�� �^�_�c�k�l�\�b�y��
�\�h�a�^�m�r�g�h�]�h���i�h�l�h�d�Z�����3�Z���k�������4���± �k�h�h�l�\�_�l�k�l�\�_�g�g�h���g�Z�i�h�j���b���j�Z�k�o�h�^���Z�]�_�g�l�Z���k�m�r�d�b�����.���± �m�]�h�e���\�\�h�^�Z��
�Z�]�_�g�l�Z���k�m�r�d�b���\���a�_�j�g�h�\�h�c���k�e�h�c���������± �m�]�h�e���g�Z�d�e�h�g�Z���]�j�m�a�h�g�_�k�m�s�_�c���i�_�j�_�]�h�j�h�^�d�b���d���]�h�j�b�a�h�g�l�m 

�J�b�k�m�g�h�d�������± �K�o�_�f�Z���k�b�e�����^�_�c�k�l�\�m�x�s�b�o���g�Z���a�_�j�g�h���>���@ 

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

�<�� �j�Z�[�h�l�_�� �F���K���� �Q�m�j�b�g�h�\�h�c�� �>10�@�� �� �� �^�h�d�Z�a�Z�g�Z�� �g�_�h�[�o�h�^�b�f�h�k�l�v�� �m�q�_�l�Z��
�g�_�e�b�g�_�c�g�h�k�l�b�� �b�� �j�Z�k�i�j�_�^�_�e�z�g�g�h�k�l�b�� �� �i�j�b�� �b�k�k�e�_�^�h�\�Z�g�b�b�� �i�j�h�p�_�k�k�Z�� �k�m�r�d�b�� �a�_�j�g�Z����
�d�h�l�h�j�u�_���b�k�i�h�e�v�a�h�\�Z�g�u���b���j�_�Z�e�b�a�h�\�Z�g�u���Z�\�l�h�j�h�f���i�j�b���j�_�r�_�g�b�b���a�Z�^�Z�q���m�i�j�Z�\�e�_�g�b�y����
�\�u�[�h�j�Z�� �j�_�`�b�f�h�\�� �b�� �i�Z�j�Z�f�_�l�j�h�\�� �a�_�j�g�h�k�m�r�b�e�d�b���� �� �<�� �j�Z�[�h�l�Z�o [11,12,13,14�@�� �h�i�b�k�Z�g��
�i�h�^�o�h�^�� �d�� �b�f�b�l�Z�p�b�h�g�g�h�f�m�� �h�i�b�k�Z�g�b�x�� �g�_�e�b�g�_�c�g�h�c�� �^�b�g�Z�f�b�d�b�� �i�j�h�p�_�k�k�Z�� �k�m�r�d�b��
�a�_�j�g�Z���������I�j�Z�d�l�b�d�Z���f�h�^�_�e�b�j�h�\�Z�g�b�y���i�h�^�l�\�_�j�`�^�Z�_�l�����e�b�g�_�c�g�Z�y���f�h�^�_�e�v���b�f�_�_�l���\�u�k�h�d�m�x��
�i�h�]�j�_�r�g�h�k�l�v �h�i�b�k�Z�g�b�y���� �Z�� �g�Z�e�b�q�b�_�� �l�j�m�^�g�h�� �b�a�f�_�j�y�_�f�u�o�� �i�Z�j�Z�f�_�l�j�h�\�� �i�j�b�\�h�^�b�l�� �d��
�i�j�h�[�e�_�f�_�� �_�_�� �i�j�b�f�_�g�_�g�b�y�� �\�� �a�Z�^�Z�q�Z�o�� �Z�\�l�h�f�Z�l�b�d�b�� �>15,16,17,18�@���� �I�h�w�l�h�f�m���[�u�e 
�i�j�b�g�y�l�� �i�h�^�o�h�^�� �d�� �i�h�k�l�j�h�_�g�b�x���g�_�e�b�g�_�c�g�h�c�� �l�_�j�f�h�^�b�g�Z�f�b�q�_�k�d�h�c�� �f�h�^�_�e�b����
�h�i�b�k�u�\�Z�x�s�_�c�� �j�_�a�m�e�v�l�b�j�m�x�s�m�x�� �^�b�g�Z�f�b�d�m �\�a�Z�b�f�h�k�\�y�a�Z�g�g�h�]�h�� �l�_�i�e�h- �b��
�f�Z�k�k�h�h�[�f�_�g�Z�� �i�j�h�p�_�k�k�h�\�� �k�m�r�d�b�� �^�b�k�i�_�j�k�g�u�o�� �d�Z�i�b�e�e�y�j�g�h-�i�h�j�b�k�l�u�o�� �l�_�e����
�j�Z�a�j�Z�[�h�l�Z�g�g�u�c���\���D�j�Z�k�g�h�y�j�k�d�h�f���=�:�M���b���H�H�H���©�G�h�\�h�L�_�o�ª [12].                                                                       

�G�_�e�b�g�_�c�g�Z�y�� �f�Z�l�_�f�Z�l�b�q�_�k�d�Z�y�� �f�h�^�_�e�v�� �i�j�h�p�_�k�k�Z�� �k�m�r�d�b�� �� �\�� �i�e�h�l�g�h�f��
�i�h�^�\�b�`�g�h�f�� �k�e�h�_�� �i�h�k�l�j�h�_�g�Z�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f���f�_�l�h�^�h�\�� �f�Z�l�_�j�b�Z�e�v�g�h�]�h�� �� �[�Z�e�Z�g�k�Z��
[2,�����@�����M�j�Z�\�g�_�g�b�y���^�b�g�Z�f�b�d�b���j�Z�[�h�q�_�]�h���i�j�h�p�_�k�k�Z���b�f�_�x�l���\�b�^�� 

�!�ê

�!�ç

E�R

�!�ê

�!�ë

L 
F�G�ê�à
k�:�P
F�ì�;�á�:�T
F�R�ì�;
o�S�:�P�á�T�;�â                                         (1) 

�!��

�!�ç

E�R

�!��

�!�ë

L

�å

�Ö
�@

�!�ê

�!�ç

E�R

�!�ê

�!�ë
�A
E�Ù�B�s
F�G�� �@

�!�ê

�!�ç

E�R

�!�ê

�!�ë
�A�C�:�6�4 
F �à�:�P�á�T�;�;       (2) 

�S�:�P�á�r�; 
L �S�:�P�;�á�à�:�P�á�r�; 
L �à�:�P�;�á 
�S�:�r�á�T�; 
L �S�:�T�;�á�à�:�r�á�T�; 
L �à�:�T�;�á 

�]�^�_��w = w �± �S�4; �Æ��
L���Æ�Ê�������Æ�4; �6��
L���Æ�Ô�ä�Ã�ä�������6�4�± �k�j�_�^�g�_�_�� �l�_�d�m�s�_�_�� �a�g�Z�q�_�g�b�_��
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�Z�]�_�g�l�Z�����G�ê�± �d�h�w�n�n�b�p�b�_�g�l�� �\�g�m�l�j�_�g�g�_�]�h�� �l�_�i�e�h�� �b��- �\�e�Z�]�h�h�[�f�_�g�Z�����G�� �± 
�w�d�\�b�\�Z�e�_�g�l�g�u�c�� �d�h�w�n�n�b�p�b�_�g�l�� �l�_�i�e�h�h�[�f�_�g�Z�� �f�_�`�^�m�� �a�_�j�g�h�f�� �b�� �Z�]�_�g�l�h�f�� �k�m�r�d�b�����Ù�± 
�d�h�w�n�n�b�p�b�_�g�l���� �o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�c�� �a�Z�\�b�k�b�f�h�k�l�v�� �b�g�l�_�g�k�b�\�g�h�k�l�b�� �l�_�i�e�h�h�[�f�_�g�Z��
�f�_�`�^�m�� �a�_�j�g�h�f�� �b�� �Z�]�_�g�l�h�f�� �\�� �n�m�g�d�p�b�b�� �� �h�l�� �k�d�h�j�h�k�l�b�� �b�k�i�Z�j�_�g�b�y�� �\�e�Z�]�b�� �ì�± �\�j�_�f�y��
�Z�d�l�b�\�Z�p�b�b�� �\�e�Z�]�h�m�^�Z�e�_�g�b�y�� ���i�j�b�� �� �q�b�k�e�_�g�g�h�c�� �� �j�_�Z�e�b�a�Z�p�b�b�� �_�]�h�� �a�g�Z�q�_�g�b�_��
�b�f�b�l�b�j�h�\�Z�e�b���\�\�_�^�_�g�b�_�f�� �\�� �k�b�k�l�_�f�m�����������± ���������i�j�h�f�_�`�m�l�h�q�g�u�o���� �f�_�`�^�m���S�4 �b���S�:�T�; 
�i�_�j�_�f�_�g�g�u�o�� ���S�5�:�T�;, ..., �S�9�:�T�;���� �i�j�_�^�k�l�Z�\�e�y�x�s�b�o�� �e�b�g�_�c�g�u�_�� �^�b�n�n�_�j�_�g�p�b�Z�e�v�g�u�_��
�m�j�Z�\�g�_�g�b�y���k���d�h�w�n�n�b�p�b�_�g�l�h�f���G�Ê�����a�Z�\�b�k�y�s�b�f���h�l���ì); �N�± �l�_�i�e�h�l�Z�����i�Z�j�h�h�[�j�Z�a�h�\�Z�g�b�y����
�? �± �m�^�_�e�v�g�Z�y�� �� �l�_�i�e�h�_�f�d�h�k�l�v�� �a�_�j�g�Z�����R�± �k�d�h�j�h�k�l�v�� �i�_�j�_�f�_�s�_�g�b�y�� �a�_�j�g�Z�����P, �T �± 
�d�h�h�j�^�b�g�Z�l�u���\�j�_�f�_�g�b���b���i�j�h�k�l�j�Z�g�k�l�\�Z�� 

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

�:�g�l�b�i�h�\�� �K���� �L���� �b�� �G�_�k�l�_�j�h�\�� �>���� �:���� �>��9] �b�k�k�e�_�^�h�\�Z�e�b���i�j�h�p�_�k�k �K�<�Q��- �k�m�r�d�b��
�a�_�j�g�Z���i�j�h�k�Z���\�h���\�a�\�_�r�_�g�g�h��- �a�Z�d�j�m�q�_�g�g�h�f���k�e�h�_�����I�j�h�p�_�k�k�����K�<�Q���k�m�r�d�b�����a�_�j�g�Z�����i�j�h�k�Z����
�\�h�� �� �\�a�\�_�r�_�g�g�h��- �a�Z�d�j�m�q�_�g�g�h�f�� �� �k�e�h�_�� �� �y�\�e�y�_�l�k�y�� �� �q�j�_�a�\�u�q�Z�c�g�h�� �k�e�h�`�g�u�f�� �k�� �l�h�q�d�b��
�a�j�_�g�b�y���n�b�a�b�d�h-�f�Z�l�_�f�Z�l�b�q�_�k�d�h�]�h�����h�i�b�k�Z�g�b�y�������<���h�k�g�h�\�m���f�h�^�_�e�b���^�Z�g�g�h�]�h �i�j�h�p�_�k�k�Z��
�i�h�e�h�`�_�g�u�� �^�\�_�� �k�h�k�l�Z�\�e�y�x�s�b�_���� �^�\�b�`�_�g�b�_�� �^�\�m�o�� �j�Z�a�e�b�q�g�u�o�� �k�j�_�^�� ���]�Z�a�h�h�[�j�Z�a�g�Z�y��
�k�j�_�^�Z���± �l�_�i�e�h�g�h�k�b�l�_�e�v���b���k�u�i�m�q�Z�y���k�j�_�^�Z �± �a�_�j�g�h���i�j�h�k�Z�������\�a�Z�b�f�h�^�_�c�k�l�\�m�x�s�b�o���^�j�m�]��
�k�� �^�j�m�]�h�f�� �b�� �k�� �j�Z�[�h�q�b�f�b�� �i�h�\�_�j�o�g�h�k�l�y�f�b�� �k�m�r�b�e�v�g�h�c�� �d�Z�f�_�j�u���� �b�� �l�_�i�e�h- �b��
�f�Z�k�k�h�h�[�f�_�g�g�u�_�� �i�j�h�p�_�k�k�u�� �\�� �a�_�j�g�Z�o�� �i�j�h�k�Z���� �H�k�g�h�\�g�h�_�� �\�g�b�f�Z�g�b�_�� �Z�\�l�h�j�u�� �m�^�_�e�b�e�b��
�i�j�h�p�_�k�k�m���\�a�Z�b�f�h�^�_�c�k�l�\�b�y���a�_�j�g�h���± �\�h�a�^�m�r�g�Z�y���k�j�_�^�Z�� 

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

 
�J�b�k�m�g�h�d�������± �K�b�e�u�����^�_�c�k�l�\�m�x�s�b�_���g�Z���a�_�j�g�h���\���k�m�r�b�e�v�g�h�c���d�Z�f�_�j�_ [19] 
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