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�<�<�?�>�?�G�B�? 

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

�]�_�h�e�h�]�b�q�_�k�d�b�o�� �i�j�h�p�_�k�k�h�\���� �h�i�j�_�^�_�e�y�x�s�b�o�� �h�[�e�b�d�� �A�_�f�e�b���� �K�� �g�b�f�� �k�\�y�a�Z�g�� �r�b�j�h�d�b�c��

�k�i�_�d�l�j���i�j�h�[�e�_�f�����\�d�e�x�q�Z�x�s�b�o���w�\�h�e�x�p�b�x���f�Z�]�f�Z�l�b�q�_�k�d�h�]�h���\�_�s�_�k�l�\�Z���\���i�b�l�Z�x�s�b�o��

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

�l�b�i�Z�� 

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

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

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

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

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

�w�l�Z�i�Z�o�� �h�^�g�h�]�h�� �b�� �l�h�]�h�� �`�_�� �b�a�\�_�j�`�_�g�b�y���� �K�e�_�^�m�x�s�b�_�� �^�j�m�]�� �a�Z�� �^�j�m�]�h�f�� �b�a�\�_�j�`�_�g�b�y��

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

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

�^�g�b�����^�j�m�]�b�_���i�j�h�^�h�e�`�Z�x�l�k�y���f�_�k�y�p�u�����]�h�^�u�����^�_�k�y�l�b�e�_�l�b�y�� 

�I�h�i�u�l�d�b���k�b�k�l�_�f�Z�l�b�a�Z�p�b�b���b�a�\�_�j�`�_�g�b�c���i�j�_�^�i�j�b�g�b�f�Z�e�b�k�v���_�s�_���\��XVIII �\�_�d�_����

�K�� �l�_�o�� �i�h�j�� �[�u�e�b�� �h�i�b�k�Z�g�u�� �h�k�g�h�\�g�u�_�� �l�b�i�u�� �b�a�\�_�j�`�_�g�b�c���� �i�j�_�^�k�l�Z�\�e�_�g�u�� �h�[�s�b�_��

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

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

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

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

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

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

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

�h�k�g�h�\�g�u�_�� �i�j�h�p�_�k�k�u���� �h�i�j�_�^�_�e�y�x�s�b�_�� �o�Z�j�Z�d�l�_�j�� �b�a�\�_�j�`�_�g�b�y���� �i�j�h�b�k�o�h�^�y�l�� �\��

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

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

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

�b�� �j�Z�k�i�j�_�^�_�e�_�g�b�_�� �]�Z�a�h�\�h�c�� �n�Z�a�u�� �h�[�m�k�e�Z�\�e�b�\�Z�x�l�� �i�Z�j�Z�f�_�l�j�u�� �b�a�\�_�j�`�_�g�b�c���� �Q�l�h�[�u��

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

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

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

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

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

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

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

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

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

�w�j�m�i�l�b�\�g�h�]�h���i�j�h�p�_�k�k�Z���b���f�_�o�Z�g�b�a�f�h�\���j�Z�a�g�u�o���l�b�i�h�\���b�a�\�_�j�`�_�g�b�c�� 

�K�h�h�l�\�_�l�k�l�\�_�g�g�h���i�h�k�l�Z�\�e�_�g�u���k�e�_�^�m�x�s�b�_���a�Z�^�Z�q�b: 

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

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

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

�D�e�x�q�_�\�k�d�h�]�h���\�m�e�d�Z�g�Z�� 

2 �± �k�h�a�^�Z�l�v���i�_�l�j�h�e�h�]�h-�]�_�h�o�b�f�b�q�_�k�d�m�x���f�h�^�_�e�v���n�h�j�f�b�j�h�\�Z�g�b�y���b�a�\�_�k�l�d�h�\�h-

�s�_�e�h�q�g�h�c�� �g�_�i�j�_�j�u�\�g�h�c�� �\�u�k�h�d�h�f�Z�]�g�_�a�b�Z�e�v�g�h�c�±�\�u�k�h�d�h�]�e�b�g�h�a�_�f�b�k�l�h�c�� �k�_�j�b�b��

�[�Z�a�Z�e�v�l�h�b�^�h�\���D�e�x�q�_�\�k�d�h�]�h���\�m�e�d�Z�g�Z�� 

3 �± �\�u�y�\�b�l�v�� �i�_�j�b�h�^�b�q�g�h�k�l�b�� �\�� �^�b�g�Z�f�b�d�_�� �w�d�k�i�e�h�a�b�\�g�h�c�� �Z�d�l�b�\�g�h�k�l�b��

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

�k�_�d�m�g�^���^�h���^�_�k�y�l�d�h�\���q�Z�k�h�\�� 

4 �± �b�a�m�q�b�l�v�� �i�_�j�b�h�^�b�q�_�k�d�b�_�� �i�j�h�p�_�k�k�u�� �\�� �o�h�^�_�� �b�a�\�_�j�`�_�g�b�c�� �k��

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

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

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

�n�h�g�l�Z�g�b�j�h�\�Z�g�b�_���b���i�_�j�b�h�^�b�q�_�k�d�h�_���n�h�g�l�Z�g�b�j�h�\�Z�g�b�_�� 

6 �± �k�i�j�h�_�d�l�b�j�h�\�Z�l�v�� �b�� �i�h�k�l�j�h�b�l�v�� �d�j�m�i�g�h�]�Z�[�Z�j�b�l�g�m�x�� �e�Z�[�h�j�Z�l�h�j�g�m�x��

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

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

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

7 �± �\�� �o�h�^�_�� �w�d�k�i�_�j�b�f�_�g�l�h�\�� �\�u�^�_�e�b�l�v�� �q�_�l�u�j�_�� �g�h�\�u�o��

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

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

8 �± �k�h�a�^�Z�l�v�� �g�h�\�m�x�� �k�o�_�f�m�� �j�_�`�b�f�h�\�� �l�_�q�_�g�b�y�� �^�\�m�o�n�Z�a�g�u�o�� �k�f�_�k�_�c�� �\��

�\�_�j�l�b�d�Z�e�v�g�u�o���d�h�e�h�g�g�Z�o�� 

9 �± �i�h�d�Z�a�Z�l�v���� �q�l�h�� �j�Z�a�e�b�q�g�u�_�� �l�b�i�u�� �w�d�k�i�e�h�a�b�\�g�h�c�� �^�_�y�l�_�e�v�g�h�k�l�b��

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

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

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

�n�h�g�l�Z�g�b�j�h�\�Z�g�b�y�� 

�<�� �d�Z�q�_�k�l�\�_�� �]�e�Z�\�g�h�]�h�� �h�[�t�_�d�l�Z�� �b�k�k�e�_�^�h�\�Z�g�b�y �\�u�[�j�Z�g�� �D�e�x�q�_�\�k�d�h�c��

�\�m�e�d�Z�g���� �h�^�b�g�� �b�a�� �Z�d�l�b�\�g�_�c�r�b�o�� �\�m�e�d�Z�g�h�\�� �f�b�j�Z���� �W�l�h���± �\�m�e�d�Z�g-�]�b�]�Z�g�l���� �g�Z�� �_�]�h�� �^�h�e�x��

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

�i�h�\�_�j�o�g�h�k�l�v�� �a�_�f�e�b�� �\�� �D�m�j�b�e�h-�D�Z�f�q�Z�l�k�d�h�c�� �\�m�e�d�Z�g�b�q�_�k�d�h�c�� �a�h�g�_���� �I�h�j�h�^�u�� �\�m�e�d�Z�g�Z��

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

�[�Z�a�Z�e�v�l-�Z�g�^�_�a�b�[�Z�a�Z�e�v�l�h�\�m�x���k�_�j�b�x�����h�l���������^�h�������f�Z�k��������MgO�������I�h�k�l�j�h�c�d�Z���\�m�e�d�Z�g�Z��

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

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

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

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

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

�B�a�\�_�j�`�_�g�b�y���D�e�x�q�_�\�k�d�h�]�h���\�m�e�d�Z�g�Z���i�j�h�b�k�o�h�^�y�l���i�j�Z�d�l�b�q�_�k�d�b���_�`�_�]�h�^�g�h�����>�e�y��

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

�w�n�n�m�a�b�\�g�u�_�����w�n�n�m�a�b�\�g�h-�w�d�k�i�e�h�a�b�\�g�u�_�����w�d�k�i�e�h�a�b�\�g�u�_�����i�h���f�_�k�l�m���\�u�o�h�^�Z���f�Z�]�f���± 

�\�_�j�r�b�g�g�u�_�� �b�� �i�h�[�h�q�g�u�_���� �i�h�� �k�l�_�i�_�g�b�� �b�g�l�_�g�k�b�\�g�h�k�l�b���± �h�l�� �k�e�Z�[�u�o�� �^�h��

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

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

�a�Z�d�h�g�h�f�_�j�g�h�k�l�_�c���\���^�b�g�Z�f�b�d�_���b�a�\�_�j�`�_�g�b�c�� 

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �D�e�x�q�_�\�k�d�h�c�� �\�m�e�d�Z�g���± �k�Z�f�u�c���m�^�h�[�g�u�c���h�[�t�_�d�l���\���i�j�_�^�_�e�Z�o��

�L�b�o�h�h�d�_�Z�g�k�d�h�]�h�� �h�]�g�_�g�g�h�]�h�� �d�h�e�v�p�Z�� �^�e�y�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �w�\�h�e�x�p�b�h�g�g�u�o��

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

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

�i�j�h�p�_�k�k�h�\�� 

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

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

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

�[�Z�a�Z�e�v�l�h�\�u�c�� �b�� �Z�g�^�_�a�b�[�Z�a�Z�e�v�l�h�\�u�c�� �k�h�k�l�Z�\���� �>�e�y�� �d�j�Z�l�d�h�k�l�b�� �b�a�e�h�`�_�g�b�y���� �^�Z�e�_�_����

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

�³�[�Z�a�Z�e�v�l�h�\�u�c���j�Z�k�i�e�Z�\�´�����³�[�Z�a�Z�e�v�l�h�\�u�c���l�b�i���b�a�\�_�j�`�_�g�b�y�´�����³�[�Z�a�Z�e�v�l�h�\�u�c���\�m�e�d�Z�g�´�� 
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 �>�e�y�� �h�k�g�h�\�g�u�o�� �i�_�j�b�h�^�h�\���� �\�u�^�_�e�_�g�g�u�o�� �i�h�� �k�_�c�k�f�h�e�h�]�b�q�_�k�d�b�f�� �b�e�b�� �^�j�m�]�b�f��

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

�b�k�i�h�e�v�a�h�\�Z�l�v���l�_�j�f�b�g���³�i�_�j�b�h�^�b�q�g�h�k�l�b�´�� 

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

�Z�g�^�_�a�b�l�h�\�u�o�� �b�a�\�_�j�`�_�g�b�c���� �D�j�h�f�_�� �[�Z�a�Z�e�v�l�h�\�u�o�� �l�b�i�h�\�� �b�a�\�_�j�`�_�g�b�c���� �g�Z�f�b��

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

�;�_�a�u�f�y�g�g�u�c���� �D�Z�j�u�f�k�d�b�c�� �b�� �:�\�Z�q�b�g�k�d�b�c�� �>�H�a�_�j�h�\�� �b�� �^�j������1996; �H�a�_�j�h�\�� 1997; 

�H�a�_�j�h�\�� �>�_�f�y�g�q�m�d����2004�@�����:�g�Z�e�b�a���i�h�e�m�q�_�g�g�u�o���^�Z�g�g�u�o���i�h�a�\�h�e�b�e���Z�\�l�h�j�m���i�j�b�c�l�b���d��

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

�Z�g�^�_�a�b�l�h�\�h�]�h���l�b�i�Z���b�a�\�_�j�`�_�g�b�c�� 

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

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

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

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

�k�e�h�b�� �`�b�^�d�h�k�l�b���k�� �k�m�s�_�k�l�\�_�g�g�h���f�_�g�v�r�b�f�� �d�h�e�b�q�_�k�l�\�h�f�� �i�m�a�u�j�v�d�h�\�����A�Z�d�h�g�h�f�_�j�g�h�_��

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

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

�i�h�\�_�j�o�g�h�k�l�v���>Ozerov, 2004]; 

�± �^�b�k�d�j�_�l�g�u�c�� ���i�_�j�b�h�^�b�q�_�k�d�b�c���� �f�_�o�Z�g�b�a�f�� �Z�g�^�_�a�b�l�h�\�u�o�� �l�b�i�h�\�� �b�a�\�_�j�`�_�g�b�c �± 

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

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

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

�k�l�j�m�d�l�m�j�u���� �>�b�k�d�j�_�l�g�h�k�l�v�� �\�� �o�Z�j�Z�d�l�_�j�_�� �b�a�\�_�j�`�_�g�b�y�� �\�h�a�g�b�d�Z�_�l�� �\�� �i�j�h�p�_�k�k�_��

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

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

[Ozerov, Ispolatov, Lees, 2003; Ozerov, 2004]. 

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

�j�Z�k�k�f�Z�l�j�b�\�Z�x�l�k�y���� �^�b�k�k�_�j�l�Z�p�b�y�� �i�h�k�\�y�s�_�g�Z�� �b�k�k�e�_�^�h�\�Z�g�b�x�� �i�j�b�j�h�^�u��

�[�Z�a�Z�e�v�l�h�\�u�o���b�a�\�_�j�`�_�g�b�c�� 

�N�Z�d�l�b�q�_�k�d�b�c�� �f�Z�l�_�j�b�Z�e���� �i�h�e�h�`�_�g�g�u�c�� �\�� �h�k�g�h�\�m�� �j�Z�[�h�l�u���� �k�h�[�b�j�Z�e�k�y�� �g�Z��

�i�j�h�l�y�`�_�g�b�b�� �l�j�_�o�� �^�_�k�y�l�b�e�_�l�b�c���� �:�\�l�h�j�� �\�� �d�Z�q�_�k�l�\�_�� �g�Z�q�Z�e�v�g�b�d�Z��

�\�m�e�d�Z�g�h�e�h�]�b�q�_�k�d�h�]�h�� �h�l�j�y�^�Z�� �B�g�k�l�b�l�m�l�Z�� �\�m�e�d�Z�g�h�e�h�]�b�b�� �b�� �k�_�c�k�f�h�e�h�]�b�b�� �>�<�H�� �J�:�G��

�b�a�m�q�Z�e�� �b�a�\�_�j�`�_�g�b�y�� �D�e�x�q�_�\�k�d�h�]�h�� �\�m�e�d�Z�g�Z���± �i�h�[�h�q�g�u�_�� ������������ ���������� �]�]���� �b��

�\�_�j�r�b�g�g�u�_�� ������������ ������������ ������������ ������������ ������������ ������������ ���������� �]�]���� �;�u�e�h�� �i�j�h�\�_�^�_�g�h��

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

�i�_�l�j�h�o�b�f�b�q�_�k�d�b�_�� �b�� �]�_�h�o�b�f�b�q�_�k�d�b�_�� �^�Z�g�g�u�_�� �k�h�k�l�Z�\�h�\�� �w�l�b�o�� �i�h�j�h�^���� �I�j�h�\�_�^�_�g�h��

�b�k�k�e�_�^�h�\�Z�g�b�_�� �i�h�j�h�^�h�h�[�j�Z�a�m�x�s�b�o�� �f�b�g�_�j�Z�e�h�\�� �i�j�h�j�u�\�h�\�� �X�[�b�e�_�c�g�u�c���� �I�b�c�i�Z�� �b��

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

�d�j�b�k�l�Z�e�e�b�q�_�k�d�b�_�� �\�d�e�x�q�_�g�b�y�� �\�� �f�b�g�_�j�Z�e�_-�o�h�a�y�b�g�_�� �2�O���� �&�S�[�� �b�� �3�O���� �B�k�k�e�_�^�h�\�Z�g�u��

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

������������ ������������ ������������ ���������� �b�� ���������� �]�]���� �I�h�� �e�b�l�_�j�Z�l�m�j�g�u�f�� �b�k�l�h�q�g�b�d�Z�f��

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

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

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

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

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

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

�H�k�g�h�\�g�u�_���f�_�l�h�^�u���b�k�k�e�_�^�h�\�Z�g�b�y. 

�I�_�l�j�h�e�h�]�b�q�_�k�d�b�_ �± �i�_�l�j�h�o�b�f�b�q�_�k�d�h�_�� �b�� �]�_�h�o�b�f�b�q�_�k�d�h�_�� �b�a�m�q�_�g�b�_��

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

�l�\�_�j�^�h�n�Z�a�g�u�o�� �\�d�e�x�q�_�g�b�c���� �l�_�j�f�h�^�b�g�Z�f�b�q�_�k�d�h�_�� �W�<�F-�f�h�^�_�e�b�j�h�\�Z�g�b�_����

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

�b�k�i�h�e�v�a�h�\�Z�g�b�_�f���\�b�a�m�Z�e�v�g�u�o���f�_�l�h�^�h�\�����n�h�l�h- �b���\�b�^�_�h�k�t�_�f�d�b�����K�_�c�k�f�h�e�h�]�b�q�_�k�d�b�_ 

�± �h�p�b�n�j�h�\�d�Z�� �k�_�c�k�f�b�q�_�k�d�b�o�� �e�_�g�l���� �i�h�k�l�j�h�_�g�b�_�� �]�j�Z�n�b�d�h�\�� �\�j�_�f�_�g�g�u�o�� �\�Z�j�b�Z�p�b�c��

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

�f�Z�l�_�f�Z�l�b�q�_�k�d�h�c�� �k�l�Z�l�b�k�l�b�d�b�����B�g�`�_�g�_�j�g�h�_�� �d�h�g�k�l�j�m�b�j�h�\�Z�g�b�_ �± �k�h�a�^�Z�g�b�_��

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

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

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

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

�j�_�a�m�e�v�l�Z�l�h�\���b�k�k�e�_�^�h�\�Z�g�b�y �± �h�[�h�[�s�_�g�b�_���i�h�e�m�q�_�g�g�u�o���j�_�a�m�e�v�l�Z�l�h�\�����K�h�a�^�Z�g�b�_���g�Z��

�b�o�� �h�k�g�h�\�_�� �f�h�^�_�e�_�c���� �h�i�b�k�u�\�Z�x�s�b�o�� �i�j�h�p�_�k�k�u�� �w�\�h�e�x�p�b�b�� �f�Z�]�f���� �b�o�� �i�h�^�t�_�f�Z�� �\��

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

�F�_�l�h�^�b�d�Z���b�k�k�e�_�^�h�\�Z�g�b�c. 

1. �=�_�h�e�h�]�h-�]�_�h�n�b�a�b�q�_�k�d�b�_�� �f�_�l�h�^�u�� �b�k�k�e�_�^�h�\�Z�g�b�c �\�m�e�d�Z�g�b�q�_�k�d�b�o��

�b�a�\�_�j�`�_�g�b�c���\�d�e�x�q�Z�x�l�����h�l�[�h�j���h�[�j�Z�a�p�h�\���e�Z�\�u���b���i�b�j�h�d�e�Z�k�l�b�d�b���\���o�j�h�g�h�e�h�]�b�q�_�k�d�h�c��

�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b�� �b�o�� �\�u�o�h�^�Z�� �g�Z�� �i�h�\�_�j�o�g�h�k�l�v���� �\�b�a�m�Z�e�v�g�m�x���� �n�h�l�h- �b��

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



 14 

�e�Z�\�h�\�u�_�� �i�h�l�h�d�b���� �i�_�i�e�h�\�u�_�� �r�e�_�c�n�u������ �H�i�j�h�[�h�\�Z�g�b�_�� �i�h�[�h�q�g�u�o�� �i�j�h�j�u�\�h�\��

�D�e�x�q�_�\�k�d�h�]�h�� �\�m�e�d�Z�g�Z���� �I�h�e�m�q�_�g�b�_�� �g�_�i�j�_�j�u�\�g�u�o�� �j�y�^�h�\�� �k�_�c�k�f�b�q�_�k�d�b�o�� �^�Z�g�g�u�o��

���\�m�e�d�Z�g�b�q�_�k�d�h�_�� �^�j�h�`�Z�g�b�_���� �\�h�� �\�j�_�f�y�� �i�j�h�y�\�e�_�g�b�y�� �i�_�j�b�h�^�b�q�_�k�d�b�o��

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

2. �I�_�l�j�h�o�b�f�b�q�_�k�d�b�_���� �]�_�h�o�b�f�b�q�_�k�d�b�_�� �b�� �f�b�g�_�j�Z�e�h�]�b�q�_�k�d�b�_�� �f�_�l�h�^�u��

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

�i�h�j�h�^�h�h�[�j�Z�a�m�x�s�b�_�� �h�d�k�b�^�u�� �b�� �g�Z�� �i�j�b�f�_�k�g�u�_�� �w�e�_�f�_�g�l�u���� �G�Z��

�j�_�g�l�]�_�g�h�k�i�_�d�l�j�Z�e�v�g�h�f���f�b�d�j�h�Z�g�Z�e�b�a�Z�l�h�j�_���b�a�m�q�_�g�b�_���i�h�j�h�^�h�h�[�j�Z�a�m�x�s�b�o���2l, Cpx, 

�3�O�� �b�� �Z�d�p�_�k�k�h�j�g�u�o�� �2�S�[���� �6�S���� �0�J�W�� �f�b�g�_�j�Z�e�h�\���� �Z�� �l�Z�d�`�_�� �b�k�k�e�_�^�h�\�Z�g�b�y��

�d�j�b�k�l�Z�e�e�b�q�_�k�d�b�o�����l�\�_�j�^�h�n�Z�a�g�u�o�����\�d�e�x�q�_�g�b�c���\���f�b�g�_�j�Z�e�_-�o�h�a�y�b�g�_���2�O�����&�S�[���b���3�O�� 

3. �W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_�� �f�_�l�h�^�u�� �b�k�k�e�_�^�h�\�Z�g�b�c �± �\�u�y�\�e�_�g�b�_�� �b�� �b�a�m�q�_�g�b�_��

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

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

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

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

���D�:�F�;�B���� 

4. �:�g�Z�e�b�a�� �b�� �h�[�h�[�s�_�g�b�_�� �i�h�e�m�q�_�g�g�u�o�� �^�Z�g�g�u�o�� �K�l�Z�l�b�k�l�b�q�_�k�d�b�_�� �f�_�l�h�^�u��

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

�i�h�j�h�^���� �W�<�F-�f�h�^�_�e�b�j�h�\�Z�g�b�_�� �i�_�l�j�h�o�b�f�b�q�_�k�d�b�o�� �b�� �]�_�h�o�b�f�b�q�_�k�d�b�o�� �l�j�_�g�^�h�\�� �i�j�b��

�b�a�h�[�Z�j�g�h�f�� �b�� �^�_�d�h�f�i�j�_�k�k�b�h�g�g�h�f�� �n�j�Z�d�p�b�h�g�b�j�h�\�Z�g�b�b�� �b�k�o�h�^�g�u�o�� �f�Z�]�f��

�D�e�x�q�_�\�k�d�h�]�h�� �\�m�e�d�Z�g�Z�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �^�e�y�� �j�Z�k�q�_�l�h�\�� �i�j�h�]�j�Z�f�f�u�� �D�H�F�:�=�F�:�L����

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

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

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

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

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

�G�h�\�u�_���f�_�l�h�^�b�d�b���b�k�k�e�_�^�h�\�Z�g�b�c�����j�Z�a�j�Z�[�h�l�Z�g�g�u�_���Z�\�l�h�j�h�f. 

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

�h�l�k�q�_�l�Z�ª�� �^�e�y�� �Z�g�Z�e�b�a�Z�� �a�Z�i�b�k�_�c�� �\�m�e�d�Z�g�b�q�_�k�d�h�]�h�� �^�j�h�`�Z�g�b�y�� �>Ozerov, Konov, 1987; 

�D�h�g�h�\���� �H�a�_�j�h�\, 1988�@�� �k�� �p�_�e�v�x�� �\�u�y�\�e�_�g�b�y�� �b�� �b�a�m�q�_�g�b�y�� �m�k�l�h�c�q�b�\�u�o��

�i�_�j�b�h�^�b�q�g�h�k�l�_�c���\���^�b�g�Z�f�b�d�_���b�a�\�_�j�`�_�g�b�c�� 

�<�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�f�� �f�h�^�_�e�b�j�h�\�Z�g�b�b �j�Z�a�j�Z�[�h�l�Z�g�Z�� �f�_�l�h�^�b�d�Z��

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

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

�\�_�j�l�b�d�Z�e�v�g�u�o���d�h�e�h�g�g�Z�o���>�H�a�_�j�h�\, 2007, 2010, 2011]. 
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�D�h�g�k�l�j�m�b�j�h�\�Z�g�b�_���g�h�\�h�c���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c���Z�i�i�Z�j�Z�l�m�j�u. 

�>�e�y�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �i�j�b�j�h�^�u�� �g�h�\�u�o���� �m�k�l�Z�g�h�\�e�_�g�g�u�o�� �g�Z�f�b���� �l�b�i�h�\��

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

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

�F�h�^�_�e�b�j�h�\�Z�g�b�y���; �Z�a�Z�e�v�l�h�\�u�o���B�a�\�_�j�`�_�g�b�c���± �D�:�F�;�B���>�H�a�_�j�h�\, 2007, 2010, 2011]. 

�A�Z�^�Z�q�Z�� �h�i�u�l�h�\�� �g�Z�� �D�:�F�;�B���± �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�_�� �f�h�^�_�e�b�j�h�\�Z�g�b�_�� �i�j�h�p�_�k�k�h�\����

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

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

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

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

�\�m�e�d�Z�g�h�\���� �k�h�h�l�g�h�r�_�g�b�_�� �\�g�m�l�j�_�g�g�_�]�h�� �^�b�Z�f�_�l�j�Z�� �d�Z�g�Z�e�Z�� �d�� �_�]�h�� �\�u�k�h�l�_�� �a�� �������� ����������

�D�:�F�;�B���b�f�_�_�l�� �\�u�k�h�l�m���������f�_�l�j�h�\�����k�h�k�l�h�b�l���b�a���f�h�^�_�e�b�j�m�x�s�_�c���b���j�_�]�b�k�l�j�b�j�m�x�s�_�c��

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

�]�Z�a�h�g�Z�k�u�s�_�g�g�h�c���f�h�^�_�e�v�g�h�c���`�b�^�d�h�k�l�b�����f�Z�]�f�Z�l�b�q�_�k�d�b�c���h�q�Z�]�������i�j�h�a�j�Z�q�g�u�c���r�e�Z�g�]��

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

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

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

�[�e�h�d���Z�d�m�k�l�b�q�_�k�d�h�c���j�_�]�b�k�l�j�Z�p�b�b�����k�b�g�o�j�h�g�b�a�b�j�m�x�s�_�_���m�k�l�j�h�c�k�l�\�h���b���h�l�d�e�x�q�Z�x�s�m�x��

�k�b�k�l�_�f�m�����M�k�l�Z�g�h�\�d�Z���g�_���b�f�_�_�l���Z�g�Z�e�h�]�h�\���\���f�b�j�_�� 

�H�k�g�h�\�g�u�_���a�Z�s�b�s�Z�_�f�u�_���i�h�e�h�`�_�g�b�y. 

 1.  �M�k�l�Z�g�h�\�e�_�g�h�����q�l�h���g�_�i�j�_�j�u�\�g�Z�y���k�_�j�b�y���i�h�j�h�^���D�e�x�q�_�\�k�d�h�]�h���\�m�e�d�Z�g�Z��

(MgO 12,31�±���������� �f�Z�k�������� �k�n�h�j�f�b�j�h�\�Z�e�Z�k�v�� �b�a�� �b�k�o�h�^�g�u�o��

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

�n�j�Z�d�p�b�h�g�b�j�h�\�Z�g�b�y�� ���2�O���� �&�S�[���� �b�� �k�f�_�r�_�g�b�y�� �j�h�^�k�l�\�_�g�g�u�o�� �j�Z�k�i�e�Z�\�h�\�� �\��

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

�Z�g�^�_�a�b�[�Z�a�Z�e�v�l�u���� �J�Z�a�g�h�h�[�j�Z�a�b�_�� �i�h�j�h�^�� �k�_�j�b�b�� �h�i�j�_�^�_�e�y�_�l�k�y�� �]�e�m�[�b�g�h�c���� �g�Z��

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

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

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

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

�]�e�b�g�h�a�_�f�b�k�l�u�f�b���� �O�b�f�b�q�_�k�d�h�_�� �j�Z�a�g�h�h�[�j�Z�a�b�_�� �i�h�j�h�^���± �j�_�a�m�e�v�l�Z�l��

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

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

�^�\�b�`�_�g�b�y���f�Z�]�f�u��   



 16 

 2.  �<�u�y�\�e�_�g�h�� �g�h�\�h�_�� �k�\�h�c�k�l�\�h�� �[�Z�a�Z�e�v�l�h�\�h�]�h-�Z�g�^�_�a�b�[�Z�a�Z�e�v�l�h�\�h�]�h��

�\�m�e�d�Z�g�b�a�f�Z���± �m�k�l�h�c�q�b�\�u�_�� �i�_�j�b�h�^�b�q�g�h�k�l�b�� �\�� �^�b�g�Z�f�b�d�_�� �b�a�\�_�j�`�_�g�b�c����

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

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

�f�h�g�b�l�h�j�b�g�]�Z�� �b�a�\�_�j�`�_�g�b�c�� �D�e�x�q�_�\�k�d�h�]�h�� �\�m�e�d�Z�g�Z�� ���e�b�l�_�j�Z�l�m�j�g�u�_�� �^�Z�g�g�u�_����

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

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

�M�k�l�Z�g�h�\�e�_�g�h�� �l�j�b�� �h�k�g�h�\�g�u�_�� �]�j�m�i�i�u�� �i�_�j�b�h�^�b�q�g�h�k�l�_�c���� �i�m�e�v�k�b�j�m�x�s�_�_��

�n�h�g�l�Z�g�b�j�h�\�Z�g�b�_���± 0,66�±5 �k���� �k�l�j�h�f�[�h�e�b�Z�g�k�d�b�_�� �\�a�j�u�\�u���± 20 �k �± 20 �f�b�g�� �b��

�i�_�j�b�h�^�b�q�_�k�d�h�_�� �n�h�g�l�Z�g�b�j�h�\�Z�g�b�_���± 1,5�±8 �q���� �I�m�e�v�k�b�j�m�x�s�_�_�� �n�h�g�l�Z�g�b�j�h�\�Z�g�b�_�� �b��

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

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

�\�m�e�d�Z�g�Z�o���f�b�j�Z�����D�b�e�Z�m�w�Z�����L�h�e�[�Z�q�b�d�����W�l�g�Z �b���^�j���������H�l�d�j�u�l�u�_���i�_�j�b�h�^�b�q�g�h�k�l�b���f�h�]�m�l��

�k�e�m�`�b�l�v�� �w�l�Z�e�h�g�Z�f�b�� �^�e�y�� �k�j�Z�\�g�_�g�b�y�� �k�� �j�_�a�m�e�v�l�Z�l�Z�f�b�� �f�h�^�_�e�b�j�h�\�Z�g�b�y��

�\�m�e�d�Z�g�b�q�_�k�d�b�o���i�j�h�p�_�k�k�h�\��   

 3.  �I�j�_�^�e�h�`�_�g�� �g�h�\�u�c�� �f�_�l�h�^�� �n�b�a�b�q�_�k�d�h�]�h�� �f�h�^�_�e�b�j�h�\�Z�g�b�y��

�\�m�e�d�Z�g�b�q�_�k�d�b�o�� �i�j�h�p�_�k�k�h�\���� �h�k�g�h�\�Z�g�g�u�c�� �g�Z�� �b�k�k�e�_�^�h�\�Z�g�b�b��

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

�\�_�j�l�b�d�Z�e�v�g�u�o�� �d�h�e�h�g�g�Z�o���� �k�� �i�h�f�h�s�v�x�� �k�i�_�p�b�Z�e�v�g�h�� �k�d�h�g�k�l�j�m�b�j�h�\�Z�g�g�h�c��

�d�j�m�i�g�h�]�Z�[�Z�j�b�l�g�h�c�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c�� �m�k�l�Z�g�h�\�d�b���± �e�Z�[�h�j�Z�l�h�j�g�h�]�h�� �Z�g�Z�e�h�]�Z��

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

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

�d�h�g�l�j�h�e�b�j�m�x�l�k�y�� �k�b�k�l�_�f�h�c�� �^�b�g�Z�f�b�q�_�k�d�h�]�h�� �\�b�^�_�h�k�e�_�`�_�g�b�y�� �b�� �Z�d�m�k�l�b�q�_�k�d�h�c��

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

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

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

�[�e�h�d�b�j�h�\�Z�g�g�u�o�� �d�e�Z�k�l�_�j�h�\�� �b�� �h�l�d�j�u�l�u�o�� �d�e�Z�k�l�_�j�h�\���� �I�j�_�^�k�l�Z�\�e�_�g�g�Z�y�� �l�b�i�b�a�Z�p�b�y��

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

�[�Z�a�Z�e�v�l�h�\�u�o���b�a�\�_�j�`�_�g�b�c��   

 4.  �M�k�l�Z�g�h�\�e�_�g�u�� �f�_�o�Z�g�b�a�f�u�� �i�_�j�b�h�^�b�q�_�k�d�b�o�� �b�� �f�h�g�h�l�h�g�g�u�o�� �l�b�i�h�\��

�b�a�\�_�j�`�_�g�b�c�� �`�b�^�d�b�o�� �[�Z�a�Z�e�v�l�h�\�u�o-�Z�g�^�_�a�b�[�Z�a�Z�e�v�l�h�\�u�o�� �f�Z�]�f �g�Z�� �h�k�g�h�\�_��

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

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

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

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

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

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

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

�j�Z�\�g�h�f�_�j�g�u�f�b�� �]�Z�a�h�]�b�^�j�h�^�b�g�Z�f�b�q�_�k�d�b�f�b�� �j�_�`�b�f�Z�f�b���± �`�b�^�d�h�k�l�g�u�f����

�i�m�a�u�j�v�d�h�\�u�f���� �k�f�_�r�Z�g�g�u�f���� �i�_�g�g�u�f�� �b�e�b�� �]�Z�a�h�\�u�f���� �I�h�d�Z�a�Z�g�h���� �q�l�h�� �o�Z�j�Z�d�l�_�j��

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

�j�_�`�b�f�h�f�� �\�� �i�h�^�\�h�^�y�s�_�f�� �d�Z�g�Z�e�_���� �K�b�k�l�_�f�Z�l�b�a�Z�p�b�y�� �f�_�o�Z�g�b�a�f�h�\�� �j�Z�a�g�u�o�� �l�b�i�h�\��

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

�\�m�e�d�Z�g�b�a�f�Z��   

�G�Z�m�q�g�Z�y���g�h�\�b�a�g�Z���j�Z�[�h�l�u. 

1. �M�k�l�Z�g�h�\�e�_�g�h�� �g�Z�i�j�Z�\�e�_�g�b�_�� �w�\�h�e�x�p�b�b�� �b�a�\�_�k�l�d�h�\�h-�s�_�e�h�q�g�u�o�� �f�Z�]�f��

�D�e�x�q�_�\�k�d�h�]�h�� �\�m�e�d�Z�g�Z���± �h�l�� �\�u�k�h�d�h�f�Z�]�g�_�a�b�Z�e�v�g�u�o�� �d�� �\�u�k�h�d�h�]�e�b�g�h�a�_�f�b�k�l�u�f����

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

�i�h�a�\�h�e�y�x�s�b�c�� �i�j�h�k�e�_�^�b�l�v�� �i�h�e�g�m�x�� �b�k�l�h�j�b�x�� �w�\�h�e�x�p�b�b�� �j�Z�k�i�e�Z�\�Z���� �K�h�a�^�Z�g�Z��

�i�_�l�j�h�e�h�]�h-�]�_�h�o�b�f�b�q�_�k�d�Z�y���f�h�^�_�e�v���n�h�j�f�b�j�h�\�Z�g�b�y���i�h�j�h�^���D�e�x�q�_�\�k�d�h�]�h���\�m�e�d�Z�g�Z�� 

2. �<�i�_�j�\�u�_�� �k�� �^�h�k�l�Z�l�h�q�g�h�c�� �i�h�e�g�h�l�h�c�� �b�k�k�e�_�^�h�\�Z�g�u�� �i�_�j�b�h�^�b�q�g�h�k�l�b����

�\�h�a�g�b�d�Z�x�s�b�_�� �\�� �o�h�^�_�� �b�a�\�_�j�`�_�g�b�c�� �D�e�x�q�_�\�k�d�h�]�h�� �\�m�e�d�Z�g�Z���� �I�h�d�Z�a�Z�g�h���� �q�l�h�� �h�g�b��

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

3. �<�i�_�j�\�u�_�� �\�� �^�b�g�Z�f�b�d�_�� �b�a�\�_�j�`�_�g�b�c�� �[�Z�a�Z�e�v�l�h�\�u�o�� �b�� �Z�g�^�_�a�b�[�Z�a�Z�e�v�l�h�\�u�o��

�\�m�e�d�Z�g�h�\�� �m�k�l�Z�g�h�\�e�_�g�u�� �g�h�\�u�_�� �l�b�i�u�� �\�m�e�d�Z�g�b�q�_�k�d�h�c�� �^�_�y�l�_�e�v�g�h�k�l�b���± 

�i�m�e�v�k�b�j�m�x�s�_�_���n�h�g�l�Z�g�b�j�h�\�Z�g�b�_���b���i�_�j�b�h�^�b�q�_�k�d�h�_���n�h�g�l�Z�g�b�j�h�\�Z�g�b�_�� 

4. �<�� �j�_�a�m�e�v�l�Z�l�_�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o�� �j�Z�[�h�l�� �g�Z�� �D�:�F�;�B�� �m�k�l�Z�g�h�\�e�_�g�u��

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

�i�_�g�g�u�c���� �i�_�g�g�u�o�� �d�e�Z�k�l�_�j�h�\���� �[�e�h�d�b�j�h�\�Z�g�g�u�o�� �d�e�Z�k�l�_�j�h�\�� �b�� �h�l�d�j�u�l�u�o�� �d�e�Z�k�l�_�j�h�\����

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

�d�h�e�h�g�g�Z�o�� 

5. �I�h�d�Z�a�Z�g�h���� �q�l�h�� �j�Z�a�e�b�q�g�u�_�� �l�b�i�u�� �w�d�k�i�e�h�a�b�\�g�h�c�� �^�_�y�l�_�e�v�g�h�k�l�b��

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

�\�m�e�d�Z�g�Z�� 

6. �H�i�j�_�^�_�e�_�g�u�� �f�_�o�Z�g�b�a�f�u�� �l�j�_�o�� �l�b�i�h�\�� �[�Z�a�Z�e�v�l�h�\�u�o�� �b�a�\�_�j�`�_�g�b�c���± 

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

�n�h�g�l�Z�g�b�j�h�\�Z�g�b�y�� 
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�I�j�Z�d�l�b�q�_�k�d�h�_���a�g�Z�q�_�g�b�_���j�Z�[�h�l�u. 

1. �I�_�l�j�h�e�h�]�h-�]�_�h�o�b�f�b�q�_�k�d�b�_�� �^�Z�g�g�u�_�� �\�� �k�h�\�h�d�m�i�g�h�k�l�b�� �k�� �j�_�a�m�e�v�l�Z�l�Z�f�b��

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

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

�]�_�h�^�b�g�Z�f�b�q�_�k�d�h�c���h�[�k�l�Z�g�h�\�d�b�� 

2. �K�h�i�h�k�l�Z�\�e�_�g�b�_�� �^�Z�g�g�u�o�� �i�h�� �\�m�e�d�Z�g�b�q�_�k�d�h�f�m�� �^�j�h�`�Z�g�b�x�� �k�� �j�_�a�m�e�v�l�Z�l�Z�f�b��

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

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

�d�h�j�j�_�e�b�j�m�x�l�� �k�� �b�a�f�_�g�_�g�b�y�f�b�� �w�d�k�i�e�h�a�b�\�g�h�c�� �Z�d�l�b�\�g�h�k�l�b�� �D�e�x�q�_�\�k�d�h�]�h�� �\�m�e�d�Z�g�Z����

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

�k�e�_�`�_�g�b�y�� �a�Z�� �^�_�y�l�_�e�v�g�h�k�l�v�x�� �[�Z�a�Z�e�v�l�h�\�u�o�� �\�m�e�d�Z�g�h�\���� �M�k�l�Z�g�h�\�e�_�g�h���� �q�l�h�� �^�e�y��

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

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

�\�m�e�d�Z�g�b�q�_�k�d�h�c�� �^�_�y�l�_�e�v�g�h�k�l�b���� �<�u�^�_�e�_�g�g�u�_�� �h�k�g�h�\�g�u�_�� �i�_�j�b�h�^�b�q�g�h�k�l�b�� �y�\�e�y�x�l�k�y��

�\�Z�`�g�u�f�b���k�h�k�l�Z�\�e�y�x�s�b�f�b���\���d�h�f�i�e�_�d�k�_���f�_�l�h�^�h�\���i�h���h�i�j�_�^�_�e�_�g�b�x���o�Z�j�Z�d�l�_�j�b�k�l�b�d��

�j�Z�a�\�b�\�Z�x�s�b�o�k�y���\�m�e�d�Z�g�b�q�_�k�d�b�o���b�a�\�_�j�`�_�g�b�c�� 

3. �J�Z�g�_�_���[�u�e�h���b�a�\�_�k�l�g�h���^�\�Z���[�Z�a�Z�e�v�l�h�\�u�o���l�b�i�Z���b�a�\�_�j�`�_�g�b�c���± �]�Z�\�Z�c�k�d�b�c���b��

�k�l�j�h�f�[�h�e�b�Z�g�k�d�b�c�� �>�E�m�q�b�p�d�b�c, 1971; �<�e�h�^�Z�\�_�p, 1984]���� �<�� �g�Z�k�l�h�y�s�_�c�� �j�Z�[�h�l�_��

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

�n�h�g�l�Z�g�b�j�h�\�Z�g�b�_�� �b�� �i�_�j�b�h�^�b�q�_�k�d�h�_�� �n�h�g�l�Z�g�b�j�h�\�Z�g�b�_���� �W�l�h�� �a�g�Z�q�b�l�_�e�v�g�h��

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

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

�k�b�k�l�_�f�g�h�� �b�k�k�e�_�^�h�\�Z�l�v�� �b�a�\�_�j�`�_�g�b�y���� �y�\�e�y�x�s�b�_�k�y�� �b�k�l�h�q�g�b�d�h�f�� �a�g�Z�q�b�l�_�e�v�g�h�c��

�h�i�Z�k�g�h�k�l�b���^�e�y���`�b�a�g�_�^�_�y�l�_�e�v�g�h�k�l�b���q�_�e�h�\�_�d�Z�� 

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

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

�k�m�s�_�k�l�\�_�g�g�h�� �_�]�h�� �j�Z�k�r�b�j�y�l�� �b�� �g�Z�i�h�e�g�y�l�� �g�h�\�u�f�� �k�h�^�_�j�`�Z�g�b�_�f���� �W�l�h���i�h�a�\�h�e�b�l���g�Z��

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

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

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

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

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

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

�\�h�a�^�_�c�k�l�\�b�x�� �b�a�\�_�j�`�_�g�b�c�� �\�m�e�d�Z�g�h�\ �g�Z�� �g�Z�r�_�c�� �I�e�Z�g�_�l�_���� �`�b�\�m�l�� �k�h�l�g�b�� �f�b�e�e�b�h�g�h�\��

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

�h�d�Z�a�u�\�Z�l�v���a�g�Z�q�b�l�_�e�v�g�h�_���\�e�b�y�g�b�_���g�Z���`�b�a�g�_�^�_�y�l�_�e�v�g�h�k�l�v���g�Z�k�_�e�_�g�b�y���\�k�_�c���A�_�f�e�b��

[�H�a�_�j�h�\�����=�h�j�^�_�_�\�� 2011]. 

5. �Q�_�l�u�j�_�� �g�h�\�u�o�� �]�Z�a�h�]�b�^�j�h�^�b�g�Z�f�b�q�_�k�d�b�o�� �j�_�`�b�f�Z�� �k�m�s�_�k�l�\�_�g�g�h��

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

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

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

�:�i�j�h�[�Z�p�b�y�� �j�Z�[�h�l�u���� �F�Z�l�_�j�b�Z�e�u�� �^�b�k�k�_�j�l�Z�p�b�b�� �[�u�e�b�� �i�j�_�^�k�l�Z�\�e�_�g�u�� �\��

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

�d�h�g�n�_�j�_�g�p�b�y�o���� �9�, �<�k�_�k�h�x�a�g�h�_�� �\�m�e�d�Z�g�h�e�h�]�b�q�_�k�d�h�_�� �k�h�\�_�s�Z�g�b�_�� ���I�_�l�j�h�i�Z�\�e�h�\�k�d-

�D�Z�f�q�Z�l�k�d�b�c���� �������������� �<�l�h�j�Z�y�� �f�_�`�^�m�g�Z�j�h�^�g�Z�y�� �f�h�e�h�^�_�`�g�Z�y�� �r�d�h�e�Z�� �i�h�� �]�_�h�e�h�]�b�b��

���K�h�n�b�y���� �;�h�e�]�Z�j�b�y���� �������������� �F�_�`�^�m�g�Z�j�h�^�g�u�c�� �k�b�f�i�h�a�b�m�f�� �i�h�� �]�_�h�^�b�g�Z�f�b�d�_��

�]�e�m�[�h�d�h�\�h�^�g�u�o�� �`�_�e�h�[�h�\�� ���X�`�g�h-�K�Z�o�Z�e�b�g�k�d���� �������������� �F�_�`�^�m�g�Z�j�h�^�g�u�c��

�\�m�e�d�Z�g�h�e�h�]�b�q�_�k�d�b�c�� �d�h�g�]�j�_�k�k�� ���D�Z�]�h�r�b�f�Z���� �Y�i�h�g�b�y���� �������������� �K�_�k�k�b�y�� �<�k�_�k�h�x�a�g�h�]�h��

�f�b�g�_�j�Z�e�h�]�b�q�_�k�d�h�]�h�� �h�[�s�_�k�l�\�Z�� ���I�_�l�j�h�i�Z�\�e�h�\�k�d-�D�Z�f�q�Z�l�k�d�b�c���� ��������������

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

�F�_�`�^�m�g�Z�j�h�^�g�u�c�� �]�_�h�e�h�]�b�q�_�k�d�b�c�� �d�h�g�]�j�_�k�k�� ���D�b�h�l�h���� �Y�i�h�g�b�y���� �������������� �K�_�f�b�g�Z�j�� �i�h��

�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c�� �f�b�g�_�j�Z�e�h�]�b�b���� �i�_�l�j�h�e�h�]�b�b�� �b�� �]�_�h�o�b�f�b�b�� ���F�h�k�d�\�Z���� �=�?�H�O�B, 

�������������� �D�h�g�]�j�_�k�k�� �Z�f�_�j�b�d�Z�g�k�d�h�]�h�� �]�_�h�n�b�a�b�q�_�k�d�h�]�h�� �h�[�t�_�^�b�g�_�g�b�y����AGU ���;�Z�e�l�b�f�h�j����

�K�R�:���� �������������� �D�h�g�]�j�_�k�k�� �Z�f�_�j�b�d�Z�g�k�d�h�]�h�� �]�_�h�n�b�a�b�q�_�k�d�h�]�h�� �h�[�t�_�^�b�g�_�g�b�y����AGU ���K�Z�g-

�N�j�Z�g�p�b�k�d�h���� �K�R�:���� �������������� �X�[�b�e�_�c�g�Z�y�� �k�_�k�k�b�y �D�Z�f�q�Z�l�k�d�h�]�h�� �g�Z�m�q�g�h�]�h�� �p�_�g�l�j�Z�� �>�<�H��

�J�:�G���� �i�h�k�\�y�s�_�g�g�Z�y��40-�e�_�l�b�x�� �B�g�k�l�b�l�m�l�Z�� �\�m�e�d�Z�g�h�e�h�]�b�b�� �>�<�H�� �J�:�G��

(�I�_�l�j�h�i�Z�\�e�h�\�k�d-�D�Z�f�q�Z�l�k�d�b�c����2002); XXIII �]�_�g�_�j�Z�e�v�g�Z�y�� �Z�k�k�Z�f�[�e�_�y��

�F�_�`�^�m�g�Z�j�h�^�g�h�]�h�� �h�[�t�_�^�b�g�_�g�b�y�� �]�_�h�^�_�a�b�b�� �b�� �]�_�h�n�b�a�b�d�b����IUGG ���K�Z�i�i�h�j�h���� �Y�i�h�g�b�y����

���������������F�_�`�^�m�g�Z�j�h�^�g�u�c���]�_�h�e�h�]�b�q�_�k�d�b�c���d�h�g�]�j�_�k�k����IGC ���N�e�h�j�_�g�p�b�y�����B�l�Z�e�b�y������������������

3-�c���F�_�`�^�m�g�Z�j�h�^�g�u�c���k�b�f�i�h�a�b�m�f���i�h���\�m�e�d�Z�g�h�e�h�]�b�b�����h�k�l�j�h�\���>�`�b-�>�`�m�����D�h�j�_�y������������������

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

���I�_�l�j�h�i�Z�\�e�h�\�k�d-�D�Z�f�q�Z�l�k�d�b�c���� �������������� �D�h�g�n�_�j�_�g�p�b�y���� �i�h�k�\�y�s�_�g�g�Z�y�� �>�g�x��

�\�m�e�d�Z�g�h�e�h�]�Z�� ���I�_�l�j�h�i�Z�\�e�h�\�k�d-�D�Z�f�q�Z�l�k�d�b�c���� ������������ ������������ �������������� �=�_�g�_�j�Z�e�v�g�Z�y��

�Z�k�k�Z�f�[�e�_�y�� �i�h�� �\�m�e�d�Z�g�h�e�h�]�b�b�� �b�� �]�_�h�o�b�f�b�b�� �g�_�^�j�� �A�_�f�e�b����IAVCEI ���J�_�c�d�v�y�\�b�d����

�B�k�e�Z�g�^�b�y���� �������������� �,�9 �<�k�_�j�h�k�k�b�c�k�d�b�c�� �k�b�f�i�h�a�b�m�f�� �i�h�� �\�m�e�d�Z�g�h�e�h�]�b�b�� �b��

�i�Z�e�_�h�\�m�e�d�Z�g�h�e�h�]�b�b���³�<�m�e�d�Z�g�b�a�f�� �b�� �]�_�h�^�b�g�Z�f�b�d�Z�´ ���I�_�l�j�h�i�Z�\�e�h�\�k�d-�D�Z�f�q�Z�l�k�d�b�c����

2009), 6-�c�� �F�_�`�^�m�g�Z�j�h�^�g�u�c�� �k�b�f�i�h�a�b�m�f�� �i�h�� �f�g�h�]�h�n�Z�a�g�u�f�� �i�h�l�h�d�Z�f����

�l�_�i�e�h�f�Z�k�k�h�i�_�j�_�g�h�k�m�� �b�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�x�� �w�g�_�j�]�b�b���� �,�6�0�)�� ���]�� �K�b�Z�g�v���� �D�b�l�Z�c����2009); 

15-�Z�y�� �F�_�`�^�m�g�Z�j�h�^�g�Z�y�� �d�h�g�n�_�j�_�g�p�b�y�� �©�I�h�l�h�d�b�� �b�� �k�l�j�m�d�l�m�j�u�� �\�� �`�b�^�d�h�k�l�y�o���� �n�b�a�b�d�Z��
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�]�_�h�k�n�_�j�ª���� �]���� �F�h�k�d�\�Z���� �N�b�a�b�q�_�k�d�b�c�� �n�Z�d�m�e�v�l�_�l�� �F�=�M���� ���������� �]������ ��-�h�_���F�_�`�^�m�g�Z�j�h�^�g�h�_��

�k�h�\�_�s�Z�g�b�_�� �i�h�� �i�j�h�p�_�k�k�Z�f�� �\�� �a�h�g�Z�o�� �k�m�[�^�m�d�p�b�b�� �Y�i�h�g�k�d�h�c���� �D�m�j�b�e�h-�D�Z�f�q�Z�l�k�d�h�c�� �b��

�:�e�_�m�l�k�d�h�c�� �h�k�l�j�h�\�g�u�o�� �^�m�]����JKASP ���I�_�l�j�h�i�Z�\�e�h�\�k�d-�D�Z�f�q�Z�l�k�d�b�c���� �������������� ����-�h�_��

�I�h�e�_�\�h�_�� �k�h�\�_�s�Z�g�b�_�� �D�h�f�b�k�k�b�b�� �i�h�� �o�b�f�b�b�� �\�m�e�d�Z�g�b�q�_�k�d�b�o�� �]�Z�a�h�\���± CCVG���� �i�j�b��

�F�_�`�^�m�g�Z�j�h�^�g�h�c�� �Z�k�k�h�p�b�Z�p�b�b�� �\�m�e�d�Z�g�h�e�h�]�b�b�� �b�� �o�b�f�b�b�� �a�_�f�g�u�o�� �g�_�^�j����IAVCEI 

���D�Z�f�q�Z�l�d�Z��������������. 

�H�k�g�h�\�g�u�_�� �i�h�e�h�`�_�g�b�y�� �^�b�k�k�_�j�l�Z�p�b�b�� �[�u�e�b�� �i�j�_�^�k�l�Z�\�e�_�g�u�� �\�� �\�b�^�_�� �^�h�d�e�Z�^�Z��

�g�Z���H�[�t�_�^�b�g�_�g�g�h�f�� �a�Z�k�_�^�Z�g�b�b�� �d�Z�n�_�^�j�u�� �i�_�l�j�h�e�h�]�b�b�� �=�_�h�e�h�]�b�q�_�k�d�h�]�h�� �n�Z�d�m�e�v�l�_�l�Z��

�F�=�M�� �b�f�� �F���<���� �E�h�f�h�g�h�k�h�\�Z�� �b�� �k�_�d�p�b�b���F�h�k�d�h�\�k�d�h�]�h�� �h�[�s�_�k�l�\�Z�� �b�k�i�u�l�Z�l�_�e�_�c��

�i�j�b�j�h�^�u���©�I�_�l�j�h�]�j�Z�n�b�y�ª�����^�_�d�Z�[�j�v�������������]������ 

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

�k�l�Z�l�_�c�� �\�� �`�m�j�g�Z�e�Z�o���� �j�_�d�h�f�_�g�^�h�\�Z�g�g�u�o�� �<�:�D���� �b�� ��-�_�� �d�j�m�i�g�u�o�� �j�Z�a�^�_�e�Z�� �\��

�d�h�e�e�_�d�l�b�\�g�u�o���f�h�g�h�]�j�Z�n�b�y�o�� 

�<�h�� �\�k�_�o�� �j�Z�[�h�l�Z�o���� �h�i�m�[�e�b�d�h�\�Z�g�g�u�o�� �\�� �k�h�Z�\�l�h�j�k�l�\�_���� �Z�\�l�h�j�� �i�j�b�g�b�f�Z�e��

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

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

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

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

�b�k�k�e�_�^�h�\�Z�g�b�y���b���b�l�h�]�h�\�u�_���\�u�\�h�^�u�� 

 

�D�E�X�Q�?�<�K�D�H�C���<�M�E�D�:�G 

�H�[�s�b�_���k�\�_�^�_�g�b�y 

�<�m�e�d�Z�g���D�e�x�q�_�\�k�d�h�c���± �h�^�b�g���b�a���k�Z�f�u�o���Z�d�l�b�\�g�u�o���\�m�e�d�Z�g�h�\���f�b�j�Z�����j�b�k�����<-01). 

�G�Z�� �_�]�h�� �^�h�e�x�� �i�j�b�o�h�^�b�l�k�y�� �i�h�q�l�b�� �i�h�e�h�\�b�g�Z�� �x�\�_�g�b�e�v�g�h�]�h�� �f�Z�l�_�j�b�Z�e�Z�� ��6�1̃07 �l���]�h�^), 

�i�h�k�l�m�i�Z�x�s�_�]�h�� �g�Z�� �i�h�\�_�j�o�g�h�k�l�v�� �\�� �i�j�_�^�_�e�Z�o�� �D�m�j�b�e�h-�D�Z�f�q�Z�l�k�d�h�c�� �\�m�e�d�Z�g�b�q�_�k�d�h�c��

�h�[�e�Z�k�l�b��[�N�_�^�h�l�h�\ �b���^�j���� 1987]. 

�<�m�e�d�Z�g�� �j�Z�k�i�h�e�h�`�_�g�� �\�� �i�j�_�^�_�e�Z�o�� �P�_�g�l�j�Z�e�v�g�h-�D�Z�f�q�Z�l�k�d�h�c�� �^�_�i�j�_�k�k�b�b��

(56�h07 �k���r�������������h�������\���^������ 

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

�D�m�j�b�e�h-�D�Z�f�q�Z�l�k�d�h�c�� �b�� �:�e�_�m�l�k�d�h�c�� �h�k�l�j�h�\�g�u�o�� �^�m�]���� �W�l�b�f�� �\�� �a�g�Z�q�b�l�_�e�v�g�h�c�� �f�_�j�_��

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

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

�^�j�_�\�g�_�]�h�� �\�m�e�d�Z�g�Z�� �D�Z�f�_�g�v���� �\�h�a�j�Z�k�l�� �D�e�x�q�_�\�k�d�h�]�h�� �\�m�e�d�Z�g�Z���± �h�d�h�e�h�� ���� �l�u�k���� �e�_�l��

[�;�j�Z�c�p�_�\�Z  �b �^�j���� 1994]. 

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

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

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

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

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

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

�r�e�Z�d�h�\�u�_���d�h�g�m�k�u���b�f�_�x�l���\�u�k�h�l�m���h�l���g�_�k�d�h�e�v�d�b�o���^�_�k�y�l�d�h�\���^�h�����������f�����>�_�c�k�l�\�m�x�s�b�c��

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

�g�Z���x�]�h-�\�h�k�l�h�d�����a�Z�i�Z�^���b���k�_�\�_�j�h-�a�Z�i�Z�^�����^�b�Z�f�_�l�j�����������f�� 

�<�m�e�d�Z�g�� �k�e�h�`�_�g�� �e�Z�\�h�\�u�f�b�� �i�h�l�h�d�Z�f�b���� �i�j�h�k�e�h�y�f�b�� �i�b�j�h�d�e�Z�k�l�b�d�b�� �b�� �e�v�^�Z����

�D�e�Z�k�k�b�q�_�k�d�Z�y���n�h�j�f�Z���d�h�g�m�k�Z���\���l�j�_�o���f�_�k�l�Z�o���g�Z�j�m�r�Z�_�l�k�y���\�m�e�d�Z�g�h-�l�_�d�l�h�g�b�q�_�k�d�b�f�b��

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

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

�b�� �^�j����  1985] �m�k�l�Z�g�h�\�e�_�g�h���� �q�l�h�� �\�� �i�j�_�^�_�e�Z�o�� �\�u�k�h�l�� ��������-���������� �f�� �j�Z�k�i�h�e�Z�]�Z�_�l�k�y��

�³�e�_�^�y�g�h�c�� �i�h�y�k�´���± �a�h�g�Z�� �b�g�l�_�g�k�b�\�g�h�c�� �Z�d�d�m�f�m�e�y�p�b�b�� �e�v�^�Z�� �k�� �f�h�s�g�h�k�l�v�x�� �e�_�^�y�g�h�]�h��

�q�_�o�e�Z�� ����-������ �f���� �D�h�e�b�q�_�k�l�\�h�� �\�m�e�d�Z�g�b�q�_�k�d�b�o�� �i�j�h�^�m�d�l�h�\���± �i�b�j�h�d�e�Z�k�l�b�d�b�� �b�� �e�Z�\�u�� �\��

 

 
 

 

�J�b�k���� �<-01. �<�m�e�d�Z�g�� �D�e�x�q�_�\�k�d�h�c�� �\�� �k�h�k�l�h�y�g�b�b�� �k�b�e�v�g�h�]�h�� �w�d�k�i�e�h�a�b�\�g�h-�w�n�n�m�a�b�\�g�h�]�h��
�b�a�\�_�j�`�_�g�b�y�����K�e�_�\�Z���j�Z�k�i�h�e�h�`�_�g���\�m�e�d�Z�g���D�Z�f�_�g�v�����N�h�l�h���H�a�_�j�h�\�Z���:���X���������������������������]�� 
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�³�e�_�^�y�g�h�f�� �i�h�y�k�_�´�� �^�h�k�l�b�]�Z�_�l�� �����±���������� �<�� �w�l�h�c�� �a�h�g�_�� �[�_�j�m�l�� �g�Z�q�Z�e�h�� �e�_�^�g�b�d�b����

�k�i�m�k�d�Z�x�s�b�_�k�y���i�h���k�_�\�_�j�g�h�f�m�����k�_�\�_�j�h-�\�h�k�l�h�q�g�h�f�m���b���\�h�k�l�h�q�g�h�f�m���k�d�e�h�g�Z�f���\�m�e�d�Z�g�Z��

�^�h���h�l�f�_�l�h�d����������-�����������f�� 

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

�b�a�\�_�k�l�d�h�\�h-�s�_�e�h�q�g�u�f�b�� �\�u�k�h�d�h�]�e�b�g�h�a�_�f�b�k�l�u�f�b�� �Z�g�^�_�a�b�[�Z�a�Z�e�v�l�Z�f�b���� �Z�� �\��

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

�f�Z�]�g�_�a�b�Z�e�v�g�u�_�� �b�� �\�u�k�h�d�h�f�Z�]�g�_�a�b�Z�e�v�g�u�_�� �b�a�\�_�k�l�d�h�\�h-�s�_�e�h�q�g�u�_�� �[�Z�a�Z�e�v�l�h�b�^�u��

���i�h�^�j�h�[�g�_�_���k�f�����]�e�Z�\�m���������� 

�>�_�l�Z�e�v�g�Z�y�� �j�_�d�h�g�k�l�j�m�d�p�b�y�� �b�k�l�h�j�b�b�� �w�j�m�i�l�b�\�g�h�c�� �^�_�y�l�_�e�v�g�h�k�l�b�� �\�m�e�d�Z�g�Z��

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

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

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

�D�e�x�q�_�\�k�d�h�c���k�n�h�j�f�b�j�h�\�Z�g�� �\�� �h�k�g�h�\�g�h�f�� �l�_�j�f�b�g�Z�e�v�g�u�f�b�� ���\�_�j�r�b�g�g�u�f�b����

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

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

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

�i�h�k�l�j�h�c�d�_���\�m�e�d�Z�g�Z���k�m�s�_�k�l�\�_�g�g�h���i�j�_�\�u�r�Z�_�l���h�[�t�_�f���e�Z�\�h�\�u�o���i�h�l�h�d�h�\�� 

�W�j�m�i�l�b�\�g�Z�y���^�_�y�l�_�e�v�g�h�k�l�v���D�e�x�q�_�\�k�d�h�]�h���\�m�e�d�Z�g�Z 

�<�_�j�r�b�g�g�u�_�� �b�a�\�_�j�`�_�g�b�y�� �j�Z�a�e�b�q�g�u�� �i�h�� �k�\�h�_�c�� �i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�b�� �b��

�b�g�l�_�g�k�b�\�g�h�k�l�b���� �<�� �h�^�g�b�o�� �k�e�m�q�Z�y�o�� �h�g�b�� �f�h�]�m�l�� �i�j�h�b�k�o�h�^�b�l�v�� �\�� �l�_�q�_�g�b�_�� �^�h�k�l�Z�l�h�q�g�h��

�^�e�b�l�_�e�v�g�h�]�h���\�j�_�f�_�g�b �± �^�h���^�\�m�o�����l�j�_�o���b���[�h�e�_�_���e�_�l�����\���^�j�m�]�b�o���± �\���l�_�q�_�g�b�_���g�_�^�_�e�v��

�b�� �f�_�k�y�p�_�\���� �B�g�l�_�j�\�Z�e�u �i�h�d�h�y�� �k�h�k�l�Z�\�e�y�x�l�� �h�l�� �h�^�g�h�]�h-�^�\�m�o�� �f�_�k�y�p�_�\�� �^�h�� �i�y�l�b���± 

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

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

�L�_�j�f�b�g�Z�e�v�g�u�_�� �b�a�\�_�j�`�_�g�b�y�� �D�e�x�q�_�\�k�d�h�]�h�� �\�m�e�d�Z�g�Z�� �j�Z�a�g�h�h�[�j�Z�a�g�u�� �i�h��

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

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

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

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

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

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

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

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

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

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

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

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

�j�Z�k�d�Z�e�_�g�g�u�o�� �[�h�f�[�� �i�j�h�b�k�o�h�^�b�l�� �a�Z�i�h�e�g�_�g�b�_�� �i�h�e�h�k�l�b�� �l�_�j�f�b�g�Z�e�v�g�h�]�h�� �d�j�Z�l�_�j�Z�� �b��

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

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

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

�r�e�Z�d�h�\�u�c�� �d�h�g�m�k���� �<�� �f�_�`�w�j�m�i�l�b�\�g�u�_�� �b�g�l�_�j�\�Z�e�u�� �\�� �k�\�y�a�b�� �k�� �h�i�m�k�d�Z�g�b�_�f��

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

�d�h�e�h�^�p�_�h�[�j�Z�a�g�u�o���i�j�h�\�Z�e�h�\�� 

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

�D�e�x�q�_�\�k�d�h�]�h���\�m�e�d�Z�g�Z�����H�g�b���i�j�b�m�j�h�q�_�g�u���d���k�_�\�_�j�h-�\�h�k�l�h�q�g�h�f�m�����\�h�k�l�h�q�g�h�f�m���b���x�]�h-

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

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

�w�l�b�� �i�j�h�j�u�\�u�� �i�j�h�b�k�o�h�^�b�e�b�� �\�� �h�k�g�h�\�g�h�f�� �i�h�� �j�Z�^�b�Z�e�v�g�u�f�� �l�j�_�s�b�g�Z�f���� �J�_�`�_��

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

�f�g�h�]�h�\�u�o�h�^�g�u�_���[�h�d�h�\�u�_���i�j�h�j�u�\�u�����>�e�b�g�Z���e�Z�\�h�\�u�o���i�h�l�h�d�h�\���i�h�[�h�q�g�u�o���i�j�h�j�u�\�h�\��

�b�a�f�_�g�y�_�l�k�y�� �h�l�� ��,���� �^�h�� ����,2 �d�f���� �Z�� �f�h�s�g�h�k�l�v��- �h�l�� �� �^�h�� ������ �f���� �Q�b�k�e�h�� �d�j�Z�l�_�j�h�\����

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

�K�Z�f�h�_�� �d�h�j�h�l�d�h�_�� �b�a�\�_�j�`�_�g�b�_�� �^�e�b�e�h�k�v�� ���� �^�g�_�c���� �g�Z�b�[�h�e�_�_�� �i�j�h�^�h�e�`�b�l�_�e�v�g�h�_��- 

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

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

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

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

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

�e�Z�\�u���k�h���r�e�Z�d�h�\�h-�]�e�u�[�h�\�h�c���i�h�\�_�j�o�g�h�k�l�v�x�����Z�Z-�e�Z�\�u�������d�j�Z�c�g�_���j�_�^�d�h���\�k�l�j�_�q�Z�x�l�k�y��

�d�Z�g�Z�l�g�u�_�� �e�Z�\�u�� ���i�Z�o�h�w�o�h�w���� �K�m�f�f�Z�j�g�u�c�� �h�[�t�_�f�� �e�Z�\�h�\�u�o�� �i�h�l�h�d�h�\����

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

�i�h���g�Z�k�l�h�y�s�_�_���\�j�_�f�y�����h�p�_�g�b�\�Z�_�l�k�y���Z�\�l�h�j�Z�f�b���\���a 1 �d�f3. 

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

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

�i�h�[�h�q�g�u�o���i�j�h�j�u�\�h�\: I �± 1932�±�����������]�]�������,�,���± 150�±�����������e���g�������e�_�l���g�Z�a�Z�^�������,�,�,���± 1500�±

���������� �e���g������ �,�9���± 2000�±���������� �e���g������ �9���± 2500-���������� �e���g������ �9�,���± �[�h�e�_�_�� ���������� �e���g����

[�;�h�]�h�y�\�e�_�g�k�d�Z�y�� �;�j�Z�c�p�_�\�Z��  �@�Z�j�b�g�h�\ �b���^�j������1985]. 
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�I�_�j�\�h�_�� �m�i�h�f�b�g�Z�g�b�_�� �h�[�� �w�j�m�i�l�b�\�g�h�c�� �^�_�y�l�_�e�v�g�h�k�l�b�� �D�e�x�q�_�\�k�d�h�]�h�� �\�m�e�d�Z�g�Z��

���D�Z�f�q�Z�l�k�d�h�c�� �]�h�j�u���� �i�j�b�g�Z�^�e�_�`�b�l�� �<���� �:�l�e�Z�k�h�\�m���± �i�_�j�\�h�h�l�d�j�u�\�Z�l�_�e�x�� �D�Z�f�q�Z�l�d�b�� �b��

�h�l�g�h�k�b�l�k�y�� �d�� ��������-���������� �]���� �K�� �w�l�h�]�h�� �\�j�_�f�_�g�b�� �b�� �^�h�� ���������� �]������ �g�Z�� �i�j�h�l�y�`�_�g�b�b�� �������� �e�_�l��

�h�l�f�_�q�Z�e�b�k�v�� �b�a�\�_�j�`�_�g�b�y�� �l�h�e�v�d�h�� �b�a�� �\�_�j�r�b�g�g�h�]�h�� �d�j�Z�l�_�j�Z���� �<�� ���������� �]���� �i�j�h�b�a�h�r�e�h��

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

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

�b�a�\�_�j�`�_�g�b�y�����\���k�j�_�^�g�_�f�������j�Z�a���\�������]�h�^�Z���� 

�K�������������]�����g�Z���k�d�e�h�g�Z�o���\�m�e�d�Z�g�Z���i�j�h�b�a�h�r�e�h���������i�h�[�h�q�g�u�o���b�a�\�_�j�`�_�g�b�c�����]�j�m�i�i�Z��

�L�m�c�e�u���± 1932-33 �]�]�������]�j�m�i�i�Z���;�b�e�x�d�Z�c���± 1938-�������]�]�������X�[�b�e�_�c�g�Z�y���]�j�m�i�i�Z���± �����������]������

�:�i�Z�o�h�g�q�b�q���± �����������]�������;�u�e�b�g�d�b�g�h�c���± �����������]�������;�_�e�y�g�d�b�g�Z���± �����������]�������<�_�j�g�Z�^�k�d�h�]�h���b��

�D�j�u�`�Z�g�h�\�k�d�h�]�h���± ���������� �]������ �I�b�c�i�Z���± ���������� �]������ �,�9�� �<�k�_�k�h�x�a�g�h�]�h�� �\�m�e�d�Z�g�h�e�h�]�b�q�_�k�d�h�]�h��

�k�h�\�_�s�Z�g�b�y�� ���,�9�� �<�<�K�����± ���������� �]������ ���� �F�Z�j�l�Z���± ���������� �]������ �I�j�_�^�k�d�Z�a�Z�g�g�u�c���± ���������� �]������

�I�j�_�^�\�b�^�_�g�g�u�c���± �����������]�������;�;�9-�e�_�l�b�y���B�g�k�l�b�l�m�l�Z���\�m�e�d�Z�g�h�e�h�]�b�b�����;�;�9���B�<�����± �����������]������

�[�_�a���g�Z�a�\�Z�g�b�y���± �����������]�������K�d�m�j�b�^�b�g�Z���± �����������]�� 

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

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

�l�_�j�f�b�g�Z�e�v�g�u�_�� 

�=�e�m�[�b�g�g�h�_���k�l�j�h�_�g�b�_���D�e�x�q�_�\�k�d�h�]�h���\�m�e�d�Z�g�Z 

 �H�i�b�k�Z�g�b�_�� �i�j�b�\�h�^�b�l�k�y�� �\�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b���± �h�l�� �j�Z�k�k�f�h�l�j�_�g�b�y��

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

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

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

�]�e�m�[�b�g�g�h�]�h�� �k�_�c�k�f�b�q�_�k�d�h�]�h�� �a�h�g�^�b�j�h�\�Z�g�b�y�� ���=�K�A������ �i�j�h�\�_�^�_�g�g�h�]�h�� �\�� �w�l�h�f�� �j�_�]�b�h�g�_��
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�w�n�n�_�d�l�� �w�d�j�Z�g�b�j�h�\�Z�g�b�y�� �k�_�c�k�f�b�q�_�k�d�b�o�� �\�h�e�g�� �i�h�^�� �D�e�x�q�_�\�k�d�b�f�� �b�� �;�_�a�u�f�y�g�g�u�f��

�\�m�e�d�Z�g�Z�f�b�� �g�Z�� �]�e�m�[�b�g�Z�o�� �����±150 �d�f���� �d�h�l�h�j�u�c�� �b�g�l�_�j�i�j�_�l�b�j�m�_�l�k�y�� �b�f�b�� �d�Z�d��

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

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

�]�e�m�[�b�g�u�� �����±30 �d�f�� �^�_�l�Z�e�v�g�h�� �h�i�b�k�Z�g�Z�� �i�h�� �k�_�c�k�f�h�e�h�]�b�q�_�k�d�b�f�� �^�Z�g�g�u�f��[�N�_�^�h�l�h�\ �b��

�^�j��, 1988]���� �B�a�\�_�k�l�g�h���� �q�l�h�� �\�m�e�d�Z�g�b�q�_�k�d�b�_�� �a�_�f�e�_�l�j�y�k�_�g�b�y�� �i�j�h�b�k�o�h�^�y�l�� �\�h�d�j�m�]��

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

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

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

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

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

�h�l�^�_�e�v�g�u�o�� �k�e�m�q�Z�y�o�� ���b�a�\�_�j�`�_�g�b�y�� ���������±1989 �]�]�������± �g�Z�� �����±������ �d�f��[�@�Z�j�b�g�h�\ �b�� �^�j���� 

1990,  1991]���� �A�Z�k�e�m�`�b�\�Z�_�l�� �\�g�b�f�Z�g�b�y�� �l�h�l�� �n�Z�d�l���� �q�l�h�� �i�_�j�_�^�� �b�a�\�_�j�`�_�g�b�y�f�b��

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

�i�h�k�l�j�h�c�d�_�� �\�m�e�d�Z�g�Z�� �k�h�� �k�d�h�j�h�k�l�v�x�� ���±5 �d�f�� �\�� �f�_�k�y�p���� �W�l�b�� �g�Z�[�e�x�^�_�g�b�y�� �i�h�a�\�h�e�y�x�l��

�i�h�e�Z�]�Z�l�v���� �q�l�h�� �\�� �\�_�j�o�g�_�c�� �q�Z�k�l�b�� �i�b�l�Z�x�s�_�c�� �k�b�k�l�_�f�u�� �D�e�x�q�_�\�k�d�h�]�h�� �\�m�e�d�Z�g�Z��

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

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

25-30 �d�f��[�N�_�^�h�l�h�\ �b���^�j��, 1988]. 
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 �<�� �i�j�_�^�_�e�Z�o�� �h�i�b�k�Z�g�g�h�c�� �\�_�j�l�b�d�Z�e�v�g�h�c�� �k�_�c�k�f�h�Z�d�l�b�\�g�h�c�� �a�h�g�u�� �g�Z�b�[�h�e�_�_��

�k�_�c�k�f�b�q�g�Z�y�� �_�_�� �q�Z�k�l�v �b�f�_�_�l�� �\�u�l�y�g�m�l�m�x�� �p�b�e�b�g�^�j�b�q�_�k�d�m�x�� �n�h�j�f�m�� �k�� �^�b�Z�f�_�l�j�h�f��

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

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

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

�\�m�e�d�Z�g�Z���� �W�l�h�� �k�h�]�e�Z�k�m�_�l�k�y�� �k�� �j�Z�k�q�_�l�g�u�f�b�� �^�Z�g�g�u�f�b���� �h�k�g�h�\�Z�g�g�u�f�b�� �g�Z��

�h�i�j�_�^�_�e�_�g�b�b�� �l�_�f�i�_�j�Z�l�m�j�� �i�b�l�Z�x�s�_�c�� �k�b�k�l�_�f�u��[�N�_�^�h�l�h�\ �b�� �^�j��, 1988]. 

�L�_�f�i�_�j�Z�l�m�j�Z�� �k�l�_�g�h�d�� �h�k�g�h�\�g�h�]�h�� �i�b�l�Z�x�s�_�]�h�� �d�Z�g�Z�e�Z�� �k�h�k�l�Z�\�e�y�_�l�� ���������±11000�K���� �\��

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

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

1100�±7000�K�����i�h�j�h�^�u���g�Z�b�[�h�e�_�_���i�e�Z�k�l�b�q�g�u�����q�l�h���^�h�e�`�g�h���i�j�b�\�h�^�b�l�v���d���m�f�_�g�v�r�_�g�b�x��

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

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

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

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

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

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

�q�l�h���\���\�_�j�o�g�_�c���q�Z�k�l�b���i�b�l�Z�x�s�_�c���k�b�k�l�_�f�u���D�e�x�q�_�\�k�d�h�]�h���\�m�e�d�Z�g�Z�����g�Z���]�e�m�[�b�g�Z�o�����±25 

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

�b�g�l�_�g�k�b�\�g�h�k�l�v�x��[�N�_�^�h�l�h�\ �b�� �^�j��, 1988]���� �W�l�h�� �m�d�Z�a�u�\�Z�_�l�� �g�Z�� �h�l�k�m�l�k�l�\�b�_���d�j�m�i�g�u�o��

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

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

�a�g�Z�q�b�l�_�e�v�g�u�o�� �d�h�e�b�q�_�k�l�\�� �[�Z�a�Z�e�v�l�h�\�h�c�� �f�Z�]�f�u�� �g�Z�� �]�e�m�[�b�g�Z�o�� �[�h�e�_�_�� ������ �d�f���� �W�l�h��

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

�f�Z�]�f�Z�l�b�q�_�k�d�h�]�h�� �^�Z�\�e�_�g�b�y�� �k�� �]�e�m�[�b�g�h�c���� �f�Z�]�f�Z�� �k�� �i�e�h�l�g�h�k�l�v�x�� �������±2,6 �]���k�f3 �i�h�^��

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

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

�i�j�h�f�_�`�m�l�h�q�g�u�o���h�q�Z�]�h�\���>�N�_�^�h�l�h�\�� 1993]. 

 �F�h�^�_�e�v�g�u�_�� �j�Z�k�q�_�l�u�� �i�h�d�Z�a�u�\�Z�x�l���� �q�l�h�� �h�l�^�_�e�_�g�b�_�� �^�Z�_�d�� �h�l�� �h�k�g�h�\�g�h�]�h��

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

�^�Z�\�e�_�g�b�_�� �f�Z�]�f�u�� �k�h�k�l�Z�\�e�y�_�l�� ������-�������� �[�Z�j�� �b�� �[�h�e�_�_���� �l�Z�d�b�_�� �m�k�e�h�\�b�y�� �f�h�`�g�h��

�i�j�_�^�i�h�e�Z�]�Z�l�v�� �h�l�� �\�u�k�h�l�u���a3 �d�f�� �\�� �g�Z�a�_�f�g�h�c�� �i�h�k�l�j�h�c�d�_�� �\�m�e�d�Z�g�Z�� �^�h�� �]�e�m�[�b�g�u���a25 

�d�f�����g�h���\���h�k�g�h�\�g�h�f���\���i�j�_�^�_�e�Z�o�����h�l����-�����d�f���\���i�h�k�l�j�h�c�d�_���\�m�e�d�Z�g�Z���b���^�h���]�e�m�[�b�g�u������-12 

�d�f��[�N�_�^�h�l�h�\�� 1993]�����I�j�b���w�l�h�f���m�k�l�Z�g�h�\�e�_�g�h�����q�l�h���^�Z�c�d�b���h�[�j�Z�a�m�x�l�k�y���g�_�a�Z�^�h�e�]�h���^�h��
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�g�Z�q�Z�e�Z�� �b�a�\�_�j�`�_�g�b�c�� �b�� �i�j�_�d�j�Z�s�Z�x�l�� �k�\�h�_�� �k�m�s�_�k�l�\�h�\�Z�g�b�_�� �\�k�d�h�j�_�� �i�h�k�e�_�� �b�o��

�h�d�h�g�q�Z�g�b�y��[�N�_�^�h�l�h�\�� 1976]. 

�<�� �i�h�k�e�_�^�g�b�_�� �^�_�k�y�l�b�e�_�l�b�_�� �]�e�m�[�b�g�g�h�_�� �k�l�j�h�_�g�b�_�� �D�e�x�q�_�\�k�d�h�c�� �]�j�m�i�i�u 

�\�m�e�d�Z�g�h�\���b�k�k�e�_�^�m�_�l�k�y �f�_�l�h�^�Z�f�b���k�_�c�k�f�b�q�_�k�d�h�c �l�h�f�h�]�j�Z�n�b�b [�=�h�g�l�h�\�Z�y,  

�K�l�_�i�Z�g�h�\�Z, 2004; �O�m�[�m�g�Z�y �b�� �^�j��, 2007; Lees et al., 2007; �N�_�^�h�l�h�\ �b�� �^�j���� 2010; 

Koulakov et al., 2013; �?�j�f�Z�d�h�\ �b�� �^�j���� 2014; Levin et al., 2014]. �H�k�g�h�\�m�� �w�l�b�o��

�b�k�k�e�_�^�h�\�Z�g�b�c�� �k�h�k�l�Z�\�e�y�x�l�� �^�Z�g�g�u�_�� �d�Z�l�Z�e�h�]�Z�� �a�_�f�e�_�l�j�y�k�_�g�b�c���D�Z�f�q�Z�l�k�d�h�]�h��

�n�b�e�b�Z�e�Z�� �=�_�h�n�b�a�b�q�_�k�d�h�c �k�e�m�`�[�u�� �J�:�G�����F�h�^�_�e�b�� �]�e�m�[�b�g�g�h�]�h�� �k�l�j�h�_�g�b�y����

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

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

�i�_�j�\�b�q�g�u�o���^�Z�g�g�u�o�����Z���l�Z�d�`�_���h�k�h�[�_�g�g�h�k�l�b���b�g�l�_�j�i�j�_�l�Z�p�b�b�����h�l�f�_�l�b�f�����q�l�h���j�Z�[�h�l�u���\��

�w�l�h�f�� �g�Z�i�j�Z�\�e�_�g�b�b�� �i�j�h�^�h�e�`�Z�x�l�k�y���� �W�l�h�� �i�h�a�\�h�e�y�_�l�� �g�Z�^�_�y�l�v�k�y���� �q�l�h�� �\�� �[�e�b�`�Z�c�r�_�f��

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

�D�e�x�q�_�\�k�d�h�]�h���\�m�e�d�Z�g�Z. 

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

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

[�;�j�Z�c�p�_�\�Z �b �^�j����  1994] �k�e�b�r�d�h�f�� �f�Z�e���� �q�l�h�[�u�� �g�Z�� �_�]�h�� �i�b�l�Z�x�s�_�f�� �d�Z�g�Z�e�_�� �k�f�h�]�e�b��

�k�n�h�j�f�b�j�h�\�Z�l�v�k�y���d�j�m�i�g�u�_���d�h�j�h�\�u�_���b�e�b���i�_�j�b�n�_�j�b�q�_�k�d�b�_���h�q�Z�]�b��[�N�_�^�h�l�h�\,  1980]. 

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

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

�j�_�a�_�j�\�m�Z�j�Z���� �>�h�\�h�e�v�g�h�� �j�Z�\�g�h�f�_�j�g�h�_�� �i�h�k�l�m�i�e�_�g�b�_�� �[�h�e�v�r�b�o�� �h�[�t�_�f�h�\�� �f�Z�]�f�u�� �g�Z��

�D�e�x�q�_�\�k�d�h�f���\�m�e�d�Z�g�_�����h�d�h�e�h�����1̃07 �l���]�h�^�����k�d�h�j�_�_���\�k�_�]�h���l�Z�d�`�_���k�\�b�^�_�l�_�e�v�k�l�\�m�_�l���h�[��

�h�l�k�m�l�k�l�\�b�b���d�j�m�i�g�u�o���d�h�j�h�\�u�o���j�_�a�_�j�\�m�Z�j�h�\���f�Z�]�f�u�� 

 �A�Z�\�_�j�r�Z�y�� �Z�g�Z�e�b�a�� �]�e�m�[�b�g�g�h�]�h�� �k�l�j�h�_�g�b�y�� �D�e�x�q�_�\�k�d�h�]�h�� �\�m�e�d�Z�g�Z����

�k�n�h�j�f�m�e�b�j�m�_�f���^�\�Z���]�e�Z�\�g�u�o���\�u�\�h�^�Z�� 

 1. �<�m�e�d�Z�g�� �b�f�_�x�l�� �f�Z�g�l�b�c�g�u�c�� �b�k�l�h�q�g�b�d�� �i�b�l�Z�g�b�y���� �d�h�l�h�j�u�c�� �i�h�k�l�h�y�g�g�h��

�]�_�g�_�j�b�j�m�_�l�� �f�Z�]�f�m���� �i�h�^�g�b�f�Z�x�s�m�x�k�y�� �d�� �i�h�\�_�j�o�g�h�k�l�b�� �i�h�� �f�Z�]�f�h�\�h�^�m���� �W�\�h�e�x�p�b�y��

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

���i�j�_�b�f�m�s�_�k�l�\�_�g�g�h���^�_�d�h�f�i�j�_�k�k�b�h�g�g�u�c�����o�Z�j�Z�d�l�_�j�� 

 2. �<�u�r�_�������±�������d�f���\���i�b�l�Z�x�s�_�c���k�b�k�l�_�f�_���D�e�x�q�_�\�k�d�h�]�h���\�m�e�d�Z�g�Z���h�l�k�m�l�k�l�\�m�x�l��

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

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

�i�j�_�`�g�_�f�m���i�j�h�b�k�o�h�^�b�l�v���\���^�_�d�h�f�i�j�_�k�k�b�h�g�g�h�f���j�_�`�b�f�_�� 
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�=�E�:�<�: 1. 

�N�H�J�F�B�J�H�<�:�G�B�?���F�:�=�F�:�L�B�Q�?�K�D�H�C���K�?�J�B�B���I�H�J�H�>�� 

�D�E�X�Q�?�<�K�D�H�=�H���<�M�E�D�:�G�: 

1.1. �<�\�_�^�_�g�b�_ 

 �=�e�Z�\�Z���i�h�k�\�y�s�_�g�Z�� �b�k�k�e�_�^�h�\�Z�g�b�x�� �k�_�j�b�b�� �i�h�j�h�^�� �D�e�x�q�_�\�k�d�h�]�h�� �\�m�e�d�Z�g�Z, 

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

�D�e�x�q�_�\�k�d�h�c���± �w�l�h���k�Z�f�u�c���Z�d�l�b�\�g�u�c���\�m�e�d�Z�g���D�Z�f�q�Z�l�d�b�����_�]�h���i�h�k�l�j�h�c�d�Z���i�j�Z�d�l�b�q�_�k�d�b��

�i�h�e�g�h�k�l�v�x�� ���a�� �g�Z�� ������ ������ �k�h�k�l�h�b�l�� �b�a�� �\�u�k�h�d�h�]�e�b�g�h�a�_�f�b�k�l�u�o�� �Z�g�^�_�a�b�[�Z�a�Z�e�v�l�h�\���� �<��

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

�f�Z�]�g�_�a�b�Z�e�v�g�u�_�� �b�� �]�e�b�g�h�a�_�f�b�k�l�u�_�� �[�Z�a�Z�e�v�l�h�b�^�u���� �K�h�\�f�_�k�l�g�h�_�� �g�Z�o�h�`�^�_�g�b�_�� �w�l�b�o��

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

�\�a�Z�b�f�h�h�l�g�h�r�_�g�b�_�� �b�� �k�h�a�^�Z�l�v�� �f�h�^�_�e�v�� �n�h�j�f�b�j�h�\�Z�g�b�y���d�h�j�h�l�d�h�c�� �������������±55,85 % 

SiO2) �[�Z�a�Z�e�v�l�±�Z�g�^�_�a�b�[�Z�a�Z�e�v�l�h�\�h�c�� �b�a�\�_�k�l�d�h�\�h-�s�_�e�h�q�g�h�c���� �h�k�l�j�h�\�h�^�m�`�g�h�c�� �k�_�j�b�b��

�i�h�j�h��̂����b�f�_�x�s�_�c���a�g�Z�q�b�l�_�e�v�g�h�_���b�a�f�_�g�_�g�b�_���k�h�^�_�j�`�Z�g�b�y MgO �h�l������,31 �^�h����,10 %. 

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

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

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

�<�u�k�h�d�h�]�e�b�g�h�a�_�f�b�k�l�u�_ �Z�g�^�_�a�b�[�Z�a�Z�e�v�l�u �h�l�g�h�k�y�l�k�y �d�� �g�Z�b�[�h�e�_�_ 

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

�^�b�k�d�m�l�b�j�m�_�l�k�y�� �^�h�� �g�Z�k�l�h�y�s�_�]�h�� �\�j�_�f�_�g�b�����M�k�e�h�\�b�y�� �b�o�� �]�_�g�_�j�Z�p�b�b�����i�m�l�b�� �w�\�h�e�x�p�b�b, 

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

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

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

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

�]�_�g�_�l�b�q�_�k�d�h�c���i�_�l�j�h�e�h�]�b�b���b���w�j�m�i�l�b�\�g�h�c���\�m�e�d�Z�g�h�e�h�]�b�b�� 

�>�e�y�� �h�i�j�_�^�_�e�_�g�b�y���f�_�o�Z�g�b�a�f�Z �h�[�j�Z�a�h�\�Z�g�b�y �k�_�j�b�b�� �i�h�j�h�^�� �D�e�x�q�_�\�k�d�h�]�h��

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

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

�f�h�^�_�e�b�j�h�\�Z�g�b�y. �I�j�b�� �f�b�g�_�j�Z�e�h�]�b�q�_�k�d�b�o�� �b�k�k�e�_�^�h�\�Z�g�b�y�o�� �h�k�h�[�h�_�� �\�g�b�f�Z�g�b�_��

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

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

�h�k�l�j�h�\�h�\���b �Y�i�h�g�b�b�� 

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

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

4. �>�_�l�Z�e�v�g�u�o�� �b�k�k�e�_�^�h�\�Z�g�b�c���f�b�g�_�j�Z�e�v�g�u�o �i�Z�j�Z�]�_�g�_�a�b�k�h�\���� �h�k�g�h�\�Z�g�g�u�o�� �g�Z��

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

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

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

�n�j�Z�d�p�b�h�g�b�j�h�\�Z�g�b�y�� �f�b�g�_�j�Z�e�v�g�u�o�� �n�Z�a���� �i�j�b�\�h�^�y�s�b�_�� �d�� �i�h�y�\�e�_�g�b�x��

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

�[�e�h�d���b�g�n�h�j�f�Z�p�b�b���^�h�e�`�_�g���b�f�_�l�v���d�e�x�q�_�\�h�_���a�g�Z�q�_�g�b�_. 

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

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

�f�b�g�_�j�Z�e�h�\��(Ol + Cpx������ �Z�� �\�� �]�e�b�g�h�a�_�f�b�k�l�u�o�� �b�� �\�u�k�h�d�h�]�e�b�g�h�a�_�f�b�k�l�u�o��

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

�i�e�Z�]�b�h�d�e�Z�a�� ��Pl + Ol + Cpx������ �B�k�k�e�_�^�h�\�Z�g�b�_�� �Z�k�k�h�p�b�Z�p�b�b�� �i�h�j�h�^�� �\�m�e�d�Z�g�Z���k�� �h�k�h�[�u�f��

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

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

������ �I�j�_�^�u�^�m�s�b�f�b���b�k�k�e�_�^�h�\�Z�g�b�y�f�b�� �>�H�a�_�j�h�\���� �O�m�[�m�g�Z�y�� 1992, �:�j�b�k�d�b�g���� �;�Z�j�f�b�g�Z����

�H�a�_�j�h�\���� �G�b�e�v�k�_�g�� 1995; �H�a�_�j�h�\�� �:�j�b�k�d�b�g, �;�Z�j�f�b�g�Z, 1996] �[�u�e�h�� �i�h�d�Z�a�Z�g�h���� �q�l�h��

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

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

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

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

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

�k�_�j�b�b �i�h�j�h�^���\�m�e�d�Z�g�Z. 

 

1.2. �J�Z�k�i�j�h�k�l�j�Z�g�_�g�g�h�k�l�v���[�Z�a�Z�e�v�l�h�\ �b���Z�g�^�_�a�b�[�Z�a�Z�e�v�l�h�\���g�Z���A�_�f�e�_ 

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

�i�h�j�h�^�u�� �g�Z�� �A�_�f�e�_���� �W�l�h�� �m�k�l�Z�g�h�\�e�_�g�h�� �_�s�_���\�� �g�Z�q�Z�e�_ �i�j�h�r�e�h�]�h���\�_�d�Z�� �j�Z�[�h�l�Z�f�b��

[Richardson, Sneesby,  1922; Richardson,   1923]���� �H�g�b�� �\�u�y�\�b�e�b�� �g�Z�e�b�q�b�_�� �^�\�m�o��

�f�Z�d�k�b�f�m�f�h�\���\���j�Z�k�i�j�_�^�_�e�_�g�b�b���f�Z�]�f�Z�l�b�q�_�k�d�b�o���i�h�j�h�^ (�j�b�k����1-01)�����i�j�b�q�_�f���i�_�j�\�u�c, 

�[�h�e�v�r�b�c, �± �k�h�h�l�\�_�l�k�l�\�m�_�l���[�Z�a�Z�e�v�l�h�\�u�f�±�Z�g�^�_�a�b�[�Z�a�Z�e�v�l�h�\�u�f �i�h�j�h�^�Z�f�����Z���\�l�h�j�h�c��

�± �]�j�Z�g�b�l�g�u�f�� 

O:\+x__Oz_paper_other\Richardson__1922__Sneesby___The-frequency-distribution-of-igneous-rocks_Part-I.pdf 
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 �;�h�e�_�_�� �i�h�a�^�g�b�_�� �h�p�_�g�d�b�� �l�Z�d�`�_�� �k�\�b�^�_�l�_�e�v�k�l�\�m�x�l���h�� �a�g�Z�q�b�l�_�e�v�g�h�f��

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

[Poldervaart,   1955�@�� �k�q�b�l�Z�e���� �q�l�h�� �h�g�b�� �k�e�Z�]�Z�x�l�� �h�d�h�e�h�� ���������f�Z�]�f�Z�l�b�q�_�k�d�b�o�� �i�h�j�h�^ 

�a�_�f�g�h�c�� �d�h�j�u���� �<�� �j�Z�[�h�l�_��[�N�e�_�c�r�_�j, �Q�Z�h,  1964] �h�[�k�m�`�^�Z�_�l�k�y, �q�l�h �h�l�g�h�r�_�g�b�_��

�h�k�g�h�\�g�u�o���i�h�j�h�^���d���d�b�k�e�u�f �f�h�`�_�l���i�j�b�[�e�b�`�Z�l�v�k�y���d���a�g�Z�q�_�g�b�x��2:1, �i�j�b �\�d�e�x�q�_�g�b�b �\ 

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

 

1.3. �J�Z�k�i�j�h�k�l�j�Z�g�_�g�g�h�k�l�v���[�Z�a�Z�e�v�l�h�\ �b���Z�g�^�_�a�b�[�Z�a�Z�e�v�l�h�\ �g�Z���D�Z�f�q�Z�l�d�_ 

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

�i�h�j�h�^�Z�f�b�� �o�h�j�h�r�h�� �\�u�j�Z�`�_�g�Z�� �b�� �g�Z�� �D�Z�f�q�Z�l�d�_ [�<�e�h�^�Z�\�_�p,   1939,   1940,   1946; 

�J�m�^�b�q,  �<�h�e�u�g�_�p��  �?�j�f�Z�d�h�\��  �D�h�e�h�k�d�h�\�� 1974]. �K�j�_�^�b�� �q�_�l�\�_�j�l�b�q�g�u�o�� �\�m�e�d�Z�g�b�l�h�\��

�i�j�_�h�[�e�Z�^�Z�x�l���[�Z�a�Z�e�v�l�u�� �b���Z�g�^�_�a�b�[�Z�a�Z�e�v�l�u�� �k�� �k�h�^�_�j�`�Z�g�b�_�f��SiO2 �± 50�±54% (�j�b�k. 

 
 

�J�b�k���� ��-01. �=�j�Z�n�b�d�b�� �h�l�g�h�k�b�l�_�e�v�g�h�c�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�h�k�l�b�� �f�Z�]�f�Z�l�b�q�_�k�d�b�o�� �i�h�j�h�^�� �g�Z��
�A�_�f�e�_�����i�h��[Richardson, Sneesby,  1922; Richardson,   1923]. 

�E�_�\�u�c�� �i�b�d�� ��SiO2 = ���������� �f�Z�k������ �g�Z�o�h�^�b�l�k�y�� �g�Z�� �]�j�Z�g�b�p�_�� �[�Z�a�Z�e�v�l�h�\�±�Z�g�^�_�a�b�[�Z�a�Z�e�v�l�h�\����

�i�j�Z�\�u�c���i�b�d����SiO2 = �����������f�Z�k���������k�h�h�l�\�_�l�k�l�\�m�_�l���]�j�Z�g�b�l�h�b�^�Z�f�� �D�j�Z�k�g�h�c���n�b�]�m�j�g�h�c���k�d�h�[�d�h�c��

�k�h�� �k�l�j�_�e�d�Z�f�b�� �i�h�d�Z�a�Z�g�� �b�g�l�_�j�\�Z�e�� �a�g�Z�q�_�g�b�c��SiO2 �± 51,46�±55,������ �f�Z�k������ �a�Z�g�b�f�Z�_�f�u�c��

�i�h�j�h�^�Z�f�b���D�e�x�q�_�\�k�d�h�]�h���\�m�e�d�Z�g�Z. N �± �q�b�k�e�h���o�b�f�b�q�_�k�d�b�o���Z�g�Z�e�b�a�h�\�� 

�L�h�q�_�q�g�u�_�� �\�_�j�l�b�d�Z�e�v�g�u�_�� �]�j�Z�g�b�p�u�� �f�_�`�^�m�� �l�b�i�Z�f�b�� �i�h�j�h�^�� �g�Z�� �]�j�Z�n�b�d�_�� �b�� �p�\�_�l�h�\�h�_��

�g�Z�i�h�e�g�_�g�b�_���i�j�b�\�_�^�_�g�u���i�h���>�I�_�l�j�h�]�j�Z�n�b�q�_�k�d�b�c���d�h�^�_�d�k���J�h�k�k�b�b����2009 ���K����������]:  

�±  30�±�������f�Z�k������SiO2 ���n�b�h�e�_�l�h�\�u�c���p�\�_�l�����± �m�e�v�l�j�Z�h�k�g�h�\�g�u�_���i�h�j�h� �̂u�����i�b�d�j�b�l�u���b���i�b�d�j�h�[�Z�a�Z�e�v�l�u��; 

�±  45�±�������f�Z�k������SiO2  ���k�b�g�b�c���p�\�_�l�������±  �h�k�g�h�\�g�u�_���i�h�j�h�^�u�����[�Z�a�Z�e�v�l�u���� 

�±  52�±�������f�Z�k������SiO2 ���a�_�e�_�g�u�c���p�\�_�l�� �± �k�j�_� �̂g�b�_���i�h�j�h� �̂u�����Z�g�^�_�a�b�[�Z�a�Z�e�v�l�u���b���Z�g�^�_�a�b�l�u); 

�±  63�±�������f�Z�k������SiO2 ���j�h�a�h�\�u�c���p�\�_�l�����± �d�b�k�e�u�_���i�h�j�h� �̂u�����^�Z�p�b�l�u�����j�b�h�^�b�p�b�l�u���b���j�b�h�e�b�l�u���� 

�±  �!���������f�Z�k������SiO2  �± �m�e�v�l�j�Z�d�b�k�e�u�_���i�h�j�h� �̂u. 
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1-02������ �j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�h�k�l�v �[�h�e�_�_�� �d�b�k�e�u�o�� �j�Z�a�g�h�k�l�_�c�� �m�f�_�g�v�r�Z�_�l�k�y�� �k��

�m�\�_�e�b�q�_�g�b�_�f���6�L�22 �\���i�h�j�h�^�_��[�<�h�e�u�g�_�p��  �D�h�e�h�k�d�h�\,   1976 ���K����13)].  

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

���������� �k�j�_�^�b�� �\�m�e�d�Z�g�b�l�h�\�� �<�h�k�l�h�q�g�h�c�� �b�� �X�`�g�h�c�� �D�Z�f�q�Z�l�d�b���± ���������� �Z�� �g�Z�� �l�_�j�j�b�l�h�j�b�b��

�P�_�g�l�j�Z�e�v�g�h-�D�Z�f�q�Z�l�k�d�h�c�� �^�_�i�j�_�k�k�b�b���� �]�^�_�� �g�Z�o�h�^�b�l�k�y�� �D�e�x�q�_�\�k�d�h�c�� �\�m�e�d�Z�g�����± 82% 

[�D�h�`�_�f�y�d�Z��  �H�]�h�j�h�^�h�\��  �F�_�e�_�d�_�k�p�_�\��  �?�j�f�Z�d�h�\�� 1975; �<�h�e�u�g�_�p��  �?�j�f�Z�d�h�\��  

�D�b�j�k�Z�g�h�\��  �>�m�[�b�d�� 1976]. 

 �G�h���\���i�j�_�^�_�e�Z�o���h�l�^�_�e�v�g�u�o���\�m�e�d�Z�g�b�q�_�k�d�b�o���k�l�j�m�d�l�m�j���k�h�h�l�g�h�r�_�g�b�_���h�k�g�h�\�g�u�o��

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

�Z�k�k�h�p�b�Z�p�b�b�� �\�m�e�d�Z�g�b�l�h�\�� �>�J�m�^�b�q�� �<�h�e�u�g�_�p�� �?�j�f�Z�d�h�\�� �D�h�e�h�k�d�h�\�� 1974 ���K���� ��������; 

�<�h�e�u�g�_�p��  �D�h�e�h�k�d�h�\,  1976 ���K����14)]: I �± �[�Z�a�Z�e�v�l�±�Z�g�^�_�a�b�[�Z�a�Z�e�v�l�h�\�Z�y����II  �± �[�Z�a�Z�e�v�l�±

�^�Z�p�b�l�h�\�Z�y����III  �± �Z�g�^�_�a�b�l�h�\�Z�y����IV �± �Z�g�^�_�a�b�l�±�j�b�h�e�b�l�h�\�Z�y���b��V �± �^�Z�p�b�l�h�\�Z�y 

���Z�g�^�_�a�b�l �± �^�Z�p�b�l�±�j�b�h�e�b�l�h�\�Z�y����(�j�b�k����1-03). �I�j�b�� �w�l�h�f�� �k�j�_�^�g�b�_ �b�� �d�b�k�e�u�_�� �i�h�j�h�^�u�� 
 

 

 
 

 

�J�b�k����1-02. �=�b�k�l�h�]�j�Z�f�f�Z�� �j�Z�k�i�j�_�^�_�e�_�g�b�y�� �q�_�l�\�_�j�l�b�q�g�u�o�� �e�Z�\�� �D�Z�f�q�Z�l�d�b�� �k�� �j�Z�a�e�b�q�g�u�f��
�k�h�^�_�j�`�Z�g�b�_�f�� �6�L�22���� �i�h�� �^�Z�g�g�u�f�� �>�<�h�e�u�g�_�p�� �D�h�e�h�k�d�h�\,  1976 ���K����13)], c �^�h�[�Z�\�e�_�g�b�y�f�b��
�Z�\�l�h�j�Z. 

�D�j�Z�k�g�h�c�� �n�b�]�m�j�g�h�c�� �k�d�h�[�d�h�c�� �k�h�� �k�l�j�_�e�d�Z�f�b�� �i�h�d�Z�a�Z�g�� �b�g�l�_�j�\�Z�e�� �a�g�Z�q�_�g�b�c��SiO2 �± 51,46�±
55,85 �f�Z�k.%, �d�h�l�h�j�u�c�� �a�Z�g�b�f�Z�x�l�� �i�h�j�h�^�u�� �D�e�x�q�_�\�k�d�h�]�h�� �\�m�e�d�Z�g�Z. �M�k�e�h�\�g�u�_���h�[�h�a�g�Z�q�_�g�b�y��
�k�f�����i�h�^�i�b�k�v���d���j�b�k������-01. 

O:\+x__Oz_paper_other\�D�h�`�_�f�y�d�Z�B�B���������B�B�b-�^�j�B�B�B�G�_�d�h�l�h�j�u�_-�h�k�h�[�_�g�g�h�k�l�b-�w�\�h�e�x�p�b�b-�b-�]�_�h�e�h�]�b�q�_�k�d�b�c-�w�n�n�_�d�l-�q�_�l�\�_�j�l�b�q�g�h�]�h-�\�m�e�d�Z�g�b�a�f�Z-�D�Z�f�q�Z�l�d�b���S�G�I 

O:\+x__Oz_paper_other\�<�h�e�u�g�_�p�B�B���������B�B�D�h�e�h�k�d�h�\�B�B�B�I�e�Z�]�b�h�d�e�Z�a�u-�q�_�l�\�_�j�l�b�q�g�u�o-�w�n�n�m�a�b�\�h�\-�b-�f�Z�e�h�]�e�m�[�b�g�g�u�o-�b�g�l�j�m�a�b�\�h�\-�D�Z�f�q�Z�l�d�b���S�G�I 

O:\+x__Oz_paper_other\�<�h�e�u�g�_�p�B�B���������B�B�b-�^�j�B�B�B�I�_�l�j�h�o�b�f�b�q�_�k�d�b�_-�l�b�i�u-�q�_�l�\�_�j�l�b�q�g�u�o-�\�m�e�d�Z�g�h�\-�D�Z�f�q�Z�l�d�b-�b-�b�o-�]�_�h�e�h�]�b�q�_�k�d�h�_-�i�h�e�h�`�_�g�b�_���S�G�I 

 

O:\+x__Oz_paper_other\�<�h�e�u�g�_�p�B�B���������B�B�D�h�e�h�k�d�h�\�B�B�B�I�e�Z�]�b�h�d�e�Z�a�u-�q�_�l�\�_�j�l�b�q�g�u�o-�w�n�n�m�a�b�\�h�\-�b-�f�Z�e�h�]�e�m�[�b�g�g�u�o-�b�g�l�j�m�a�b�\�h�\-�D�Z�f�q�Z�l�d�b���S�G�I 

O:\+x__Oz_paper_other\�<�h�e�u�g�_�p�B�B���������B�B�D�h�e�h�k�d�h�\�B�B�B�I�e�Z�]�b�h�d�e�Z�a�u-�q�_�l�\�_�j�l�b�q�g�u�o-�w�n�n�m�a�b�\�h�\-�b-�f�Z�e�h�]�e�m�[�b�g�g�u�o-�b�g�l�j�m�a�b�\�h�\-�D�Z�f�q�Z�l�d�b���S�G�I 

O:\+x__Oz_paper_other\�J�m�^�b�q�B�B���������B�B�b-�^�j�B�B�B�F�g�h�]�h�h�[�j�Z�a�b�_-�\�m�e�d�Z�g�b�q�_�k�d�b�o-�i�h�j�h�-̂�D�Z�f�q�Z�l�d�b-�b-�i�j�h�[�e�_�f�u-�b�o-�]�_�g�_�a�b�k�Z���S�G�I 
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�i�j�h�y�\�e�y�x�l�k�y�� �d�Z�d�� �\�� �l�_�k�g�h�c�� �k�\�y�a�b�� �k�� �[�Z�a�Z�e�v�l�Z�f�b���� �l�Z�d�� �b�� �\�g�_�� �k�\�y�a�b�� �k�� �g�b�f�b���� �K�j�_�^�b��

�[�Z�a�Z�e�v�l�k�h�^�_�j�`�Z�s�b�o���Z�k�k�h�p�b�Z�p�b�c���f�h�`�g�h���\�u�^�_�e�b�l�v���k�e�Z�[�h���^�b�n�n�_�j�_�g�p�b�j�h�\�Z�g�g�u�_��

�[�Z�a�Z�e�v�l���± �Z�g�^�_�a�b�[�Z�a�Z�e�v�l�h�\�u�_�� �Z�k�k�h�p�b�Z�p�b�b�� ���k�f�����j�b�k���� ��-03 Ia, I�[, I�\���� �b�� �[�h�e�_�_��

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

�Z�g�^�_�a�b�[�Z�a�Z�e�v�l�u���� �Z�g�^�_�a�b�l�u�� �b�� �[�h�e�_�_�� �d�b�k�e�u�_�� �j�Z�a�g�h�k�l�b���± �^�Z�p�b�l�u�� �b�� �j�b�h�e�b�l�u�� ���k�f����

�j�b�k������-03 II, III , IV, V). 

 �I�j�h�^�m�d�l�u�� �b�a�\�_�j�`�_�g�b�c �D�e�x�q�_�\�k�d�h�]�h�� �\�m�e�d�Z�g�Z�� �h�l�g�h�k�y�l�k�y�� �d�� �g�Z�b�f�_�g�_�_��

�^�b�n�n�_�j�_�g�p�b�j�h�\�Z�g�g�h�c���� �d�h�j�h�l�d�h�c���± �[�Z�a�Z�e�v�l�±�Z�g�^�_�a�b�[�Z�a�Z�e�v�l�h�\�h�c�� �Z�k�k�h�p�b�Z�p�b�b��

�\�m�e�d�Z�g�b�l�h�\�����d�h�l�h�j�Z�y���j�Z�k�i�h�e�Z�]�Z�_�l�k�y���\���i�j�_�^�_�e�Z�o���a�g�Z�q�_�g�b�c���± 51,46 �± 55,85 �f�Z�k���� 

SiO2 ���k�f�����j�b�k����1-03 I�Z). 

1.4. �I�_�l�j�h�o�b�f�b�q�_�k�d�b�_���l�b�i�u���[�Z�a�Z�e�v�l�h�b�^�h�\���D�Z�f�q�Z�l�d�b���b���b�o���j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�h�k�l�v 

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

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

�q�b�k�e�h�� �j�Z�[�h�l: [�A�Z�\�Z�j�b�p�d�b�c��   1931,   1935; �<�e�h�^�Z�\�_�p��   1934,   1939,   ���������� �b   1955; 

 

 
 

 
 

�J�b�k����1-03. �=�b�k�l�h�]�j�Z�f�f�u�� �Z�k�k�h�p�b�Z�p�b�c�� �q�_�l�\�_�j�l�b�q�g�u�o��
�e�Z�\�� �D�Z�f�q�Z�l�d�b���� �i�h��[�<�h�e�u�g�_�p�� �D�h�e�h�k�d�h�\,  1976 ���K���� �������@�� �k��
�^�h�[�Z�\�e�_�g�b�y�f�b���Z�\�l�h�j�Z. 
N �± �d�h�e�b�q�_�k�l�\�h���o�b�f�b�q�_�k�d�b�o���Z�g�Z�e�b�a�h�\���� 
I �± �[�Z�a�Z�e�v�l �± �Z�g�^�_�a�b�[�Z�a�Z�e�v�l�h�\�Z�y�� �Z�k�k�h�p�b�Z�p�b�y�����Z �± 
�D�e�x�q�_�\�k�d�h�c���\�m�e�d�Z�g�����[ �± Q3-4 �Z�j�_�Z�e�v�g�u�_���e�Z�\�u���K�j�_�^�b�g�h�]�h 

 

�o�j�_�[�l�Z�����\ �± �\�m�e�d�Z�g�u���D�j�_�k�l�h�\�k�d�b�c���b���M�r�d�h�\�k�d�b�c;  II  �± �[�Z�a�Z�e�v�l �± �^�Z�p�b�l�h�\�Z�y �Z�k�k�h�p�b�Z�p�b�y�����Z �± 
�\�m�e�d�Z�g�u�� �A�b�f�b�g�Z�� �b�� �M�^�b�g�Z�����[ �± �d�Z�e�v�^�_�j�g�u�_�� �\�m�e�d�Z�g�u�� �<�h�k�l�h�q�g�h�c�� �b�� �X�`�g�h�c�� �D�Z�f�q�Z�l�d�b���± 
�F�Z�e�u�c�� �K�_�f�y�q�b�d���� �=�h�j�_�e�u�c���� �F�m�l�g�h�\�k�d�b�c���� �D�k�m�^�Z�q���� III  �± �Z�g�^�_�a�b�l�h�\�Z�y�� �Z�k�k�h�p�b�Z�p�b�y�����Z �± 
�\�m�e�d�Z�g�u�� �:�Z�]�� �b�� �:�j�b�d�����[ �± �\�m�e�d�Z�g�� �;�_�a�u�f�y�g�g�u�c���� IV �± �Z�g�^�_�a�b�l �± �j�b�h�e�b�l�h�\�Z�y �Z�k�k�h�p�b�Z�p�b�y����
�\�m�e�d�Z�g�u���D�m�i�h�e���b���>�a�_�g�a�m�j���� V �± �^�Z�p�b�l�h�\�Z�y���Z�k�k�h�p�b�Z�p�b�y�����\�m�e�d�Z�g�u���O�Z�g�]�Z�j���b���B�q�b�g�k�d�b�c. 

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

      �M�k�e�h�\�g�u�_���h�[�h�a�g�Z�q�_�g�b�y���k�f�����i�h�^�i�b�k�v���d���j�b�k������-01. 

O:\+x__Oz_paper_other\�G�Z�[�h�d�h�B�B��������-�Z�B�B�B�B�a�\�_�j�`�_�g�b�_-�;�b�e�x�d�Z�y-�i�h�[�h�q�g�h�]�h-�d�j�Z�l�_�j�Z-�D�e�x�q�_�\�k�d�h�]�h-�\�m�e�d�Z�g�Z-�\-1938-�]���S�G�I 

O:\+x__Oz_paper_other\�<�h�e�u�g�_�p�B�B���������B�B�D�h�e�h�k�d�h�\�B�B�B�I�e�Z�]�b�h�d�e�Z�a�u-�q�_�l�\�_�j�l�b�q�g�u�o-�w�n�n�m�a�b�\�h�\-�b-�f�Z�e�h�]�e�m�[�b�g�g�u�o-�b�g�l�j�m�a�b�\�h�\-�D�Z�f�q�Z�l�d�b���S�G�I 

O:\+x__Oz_paper_other\�A�Z�\�Z�j�b�p�d�b�c�B�B���������B�B�B�G�_�d�h�l�h�j�u�_-�\�m�e�d�Z�g�b�q�_�k�d�b�_-�i�h�j�h�^�u-�h�d�j�_�k�l�g�h�k�l�_�c-�D�e�x�q�_�\�k�d�h�c-�k�h�i�d�b-�g�Z-�D�Z�f�q�Z�l�d�_���S�G�I 
O:\+x__Oz_paper_other\�A�Z�\�Z�j�b�p�d�b�c�B�B���������B�B�B�K�_�\�_�j�g�Z�y-�]�j�m�i�i�Z-�\�m�e�d�Z�g�h�\-�D�Z�f�q�Z�l�d�b���S�G�I 

O:\+x__Oz_paper_other\�<�e�h�^�Z�\�_�p�B�B���������B�B�B�H�[-�h�^�g�h�f-�b�a-�k�h�\�j�_�f�_�g�g�u�o-�D�Z�f�q�Z�l�k�d�b�o-�[�Z�a�Z�e�v�l�h�\���S�G�I 
O:\+x__Oz_paper_other\�<�e�h�^�Z�\�_�p�B�B���������B�B�B�O�b�f�b�q�_�k�d�b�c-�h�[�e�b�d-�b�a�\�_�j�`�_�g�g�u�o-�i�h�j�h�-̂�D�Z�f�q�Z�l�d�b���S�G�I 

O:\+x__Oz_paper_other\�<�e�h�^�Z�\�_�p�B�B���������B�B�B�O�b�f�b�q�_�k�d�b�c-�h�[�e�b�d-�b�a�\�_�j�`�_�g�g�u�o-�i�h�j�h�-̂�D�Z�f�q�Z�l�d�b���S�G�I 
O:\+x__Oz_paper_other\�<�e�h�^�Z�\�_�p�B�B���������B�B�B�<�u�k�l�m�i�e�_�g�b�_�B�B�H-�o�Z�j�Z�d�l�_�j�_-�^�b�n�n�_�j�_�g�p�b�Z�p�b�b-�[�Z�a�Z�e�v�l�h�\-�g�Z-�D�e�x�q�_�\�k�d�h�f-�\�m�e�d�Z�g�_���S�G�I 

 O:\+x__Oz_paper_other\�G�Z�[�h�d�h�B�B��������-�[�B�B�B�I�j�h�^�m�d�l�u-�b�a�\�_�j�`�_�g�b�y-�D�e�x�q�_�\�k�d�h�]�h-�\�m�e�d�Z�g�Z-�\-1937-1938-�]�]���S�G�I 
O:\+x__Oz_paper_other\�G�Z�[�h�d�h�B�B���������B�B�B�I�_�l�j�h�o�b�f�b�q�_�k�d�b�_-�h�k�h�[�_�g�g�h�k�l�b-�f�h�e�h�^�u�o-�b-�k�h�\�j�_�f�_�g�u�o-�e�Z�\-�D�Z�f�q�Z�l�d�b���S�G�I 

O:\+x__Oz_paper_other\�I�b�c�i�B�B���������B�B�B�D�e�x�q�_�\�k�d�Z�y�B�k�h�i�d�Z�B�b�B�_�z�B�b�a�\�_�j�`�_�g�b�y�B�\�B��������-���������]�]�B�b�B�\�B�i�j�h�r�e�h�f���S�G�I 
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�G�Z�[�h�d�h��   1947-�Z��   1947-�[ �b   1963; �I�b�c�i��   1956, �<�e�h�^�Z�\�_�p�� �I�b�c�i��  1957; 

�f�h�g�h�]�j�Z�n�b�y �³�I�_�l�j�h�o�b�f�b�y  �d�Z�c�g�h�a�h�c�k�d�h�c�� �D�m�j�b�e�h-�D�Z�f�q�Z�l�k�d�h�c�� �\�m�e�d�Z�g�b�q�_�k�d�h�c��

�i�j�h�\�b�g�p�b�b�´���� ���������� ���i�h�^���j�_�^���� �W�j�e�b�o�� �W���G��); �<�Z�`�_�_�\�k�d�Z�y��   1966,   1972; 

�K�b�j�b�g��   1966,   1971; �=�h�j�r�d�h�\,   1967; �L�b�f�_�j�[�Z�_�\�Z,    1967, �D�b�j�k�Z�g�h�\,   1968; 

�?�j�f�Z�d�h�\��  1969�Z,  1969�[,   1977; �?�j�f�Z�d�h�\�� �N�b�j�k�l�h�\���� �R�b�j�h�d�h�\��1971; �?�j�f�Z�d�h�\��  

1974, 1977; �K�b�j�b�g��  �L�b�f�_�j�[�Z�_�\�Z��   1971; �D�m�l�h�e�b�g�� 1969; �D�b�j�k�Z�g�h�\��  

�<�Z�`�_�_�\�k�d�Z�y��  1971; �H�]�h�j�h�^�h�\��  �D�h�`�_�f�y�d�Z���� �<�Z�`�_�_�\�k�d�Z�y���� �H�]�h�j�h�^�h�\�Z�� 1972; 

�D�m�l�u�_�\�� �W�j�e�b�o�� 1973; �W�j�e�b�o�� 1973, 1979; �E�_�h�g�h�\�Z�� �<�h�e�u�g�_�p���� �?�j�f�Z�d�h�\����

�D�b�j�k�Z�g�h�\�����>�m�[�b�d�����I�h�i�h�e�b�l�h�\�� 1974; �E�_�h�g�h�\�Z�� �D�b�j�k�Z�g�h�\��  1974; �J�m�^�b�q�� �<�h�e�u�g�_�p��  

�?�j�f�Z�d�h�\��  �D�h�e�h�k�d�h�\�� 1974; �D�h�`�_�f�y�d�Z��  �H�]�h�j�h�^�h�\��  �F�_�e�_�d�_�k�p�_�\�� �?�j�f�Z�d�h�\����1975]. 

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

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

�[�Z�a�Z�e�v�l�h�b�^�h�\���� �L�Z�d�Z�y�� �d�e�Z�k�k�b�n�b�d�Z�p�b�y���[�u�e�Z���i�j�_�^�e�h�`�_�g�Z�� �\�� �d�h�e�e�_�d�l�b�\�g�h�c���k�l�Z�l�v�_ 

[�<�h�e�u�g�_�p�� �?�j�f�Z�d�h�\�� �D�b�j�k�Z�g�h�\�� �>�m�[�b�d�� 1976], �\�� �d�h�l�h�j�h�c �g�Z�� �h�k�g�h�\�Z�g�b�b�� �Z�g�Z�e�b�a�Z��

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

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

�\�� �d�Z�`�^�h�f�� �b�a�� �g�b�o (�L�Z�[�e�� 1.01)���� �<�� �h�k�g�h�\�m�� �\�u�^�_�e�_�g�b�y�� �l�b�i�h�\�� �\�k�e�_�^�� �a�Z��

[Jakes, White,  1972] �[�u�e�h �i�h�e�h�`�_�g�h�� �k�h�^�_�j�`�Z�g�b�_�� �D2�H���� �<�� �d�Z�q�_�k�l�\�_�� �]�j�Z�g�b�q�g�u�o��

�a�g�Z�q�_�g�b�c�� �i�j�b�g�y�l�u��0,6 �b�� ��,5 �f�Z�k������ �D2�H���� �w�l�h�� �j�Z�a�^�_�e�_�g�b�_�� �^�h�k�l�Z�l�h�q�g�h�� �m�k�e�h�\�g�h���� �< 

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

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

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

[Kuno et al., 1957; �D�m�g�h��   1972�[]: SI=MgO�î100/MgO+FeO+Fe2O3+Na2O+K2O, 

�j�Z�\�g�h�c��36,5���� �W�l�h�l�� �i�Z�j�Z�f�_�l�j�� �[�u�e�h�� �i�j�_�^�e�h�`�_�g�h���j�Z�k�k�f�Z�l�j�b�\�Z�l�v�� �d�Z�d�� �f�_�j�m��

�f�Z�]�g�_�a�b�Z�e�v�g�h�k�l�b�����]�e�b�g�h�a�_�f�b�k�l�h�k�l�b�����i�h�j�h�^�� 

�L�Z�[�e�b�p�Z��1.01.  �I�_�l�j�h�o�b�f�b�q�_�k�d�b�_���l�b�i�u �q�_�l�\�_�j�l�b�q�g�u�o �[�Z�a�Z�e�v�l�h�\���D�Z�f�q�Z�l�d�b 
�i�h��[�<�h�e�u�g�_�p�� �?�j�f�Z�d�h�\�� �D�b�j�k�Z�g�h�\�� �>�m�[�b�d�� 1976] 
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 �I�j�_�h�[�e�Z�^�Z�x�s�b�f�� �l�b�i�h�f�� �[�Z�a�Z�e�v�l�h�\�� �D�Z�f�q�Z�l�d�b�� �i�h�� �i�j�_�^�k�l�Z�\�e�_�g�g�h�c��

�d�e�Z�k�k�b�n�b�d�Z�p�b�b�����L�Z�[�e�� 1.01�����y�\�e�y�x�l�k�y���i�h�j�h�^�u�����h�l�g�h�k�y�s�b�_�k�y���d���l�b�i�m��II �����i�h�^�l�b�i�m���:��

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

�[�Z�a�Z�e�v�l�h�\���± �f�Z�]�g�_�a�b�Z�e�v�g�u�c�� ��II �;���� �b�f�_�_�l�� �j�_�a�d�h�� �i�h�^�q�b�g�_�g�g�h�_�� �a�g�Z�q�_�g�b�_���� �H�[�Z��

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

�a�h�g�Z�o���D�Z�f�q�Z�l�d�b��[�<�h�e�u�g�_�p�� �?�j�f�Z�d�h�\�� �D�b�j�k�Z�g�h�\�� �>�m�[�b�d�� 1976]. 

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

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

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

�D�b�j�k�Z�g�h�\���� �>�m�[�b�d����1974 ���k����195)] �± �³�K�j�_�^�b���q�_�l�\�_�j�l�b�q�g�u�o�� �[�Z�a�Z�e�v�l�h�\�� �D�Z�f�q�Z�l�d�b��

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

�B�e�b���\�� [�J�m�^�b�q��  �<�h�e�u�g�_�p��  �?�j�f�Z�d�h�\��  �D�h�e�h�k�d�h�\�� 1974 ���k���� ��������] �± �³�G�Z�b�[�h�e�v�r�b�f��

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

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

�h�[�h�[�s�Z�x�s�_�c���f�h�g�h�]�j�Z�n�b�b [�<�h�e�u�g�_�p�� �D�h�e�h�k�d�h�\��  1974 (�k. 22)] �g�Z�b�[�h�e�_�_��

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

�h�l�h�`�^�_�k�l�\�e�y�x�l���k���³�l�b�i�h�f �[�Z�a�Z�e�v�l�h�\���D�e�x�q�_�\�k�d�h�]�h���\�m�e�d�Z�g�Z� .́ 

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

�k�\�h�_�h�[�j�Z�a�g�u�f���³�w�l�Z�e�h�g�h�f�´�� �^�h�f�b�g�b�j�m�x�s�_�]�h���l�b�i�Z �\�m�e�d�Z�g�b�l�h�\���D�Z�f�q�Z�l�d�b���y�\�e�y�x�l�k�y��

�i�h�j�h�^�u �D�e�x�q�_�\�k�d�h�]�h �\�m�e�d�Z�g�Z. �<�� �k�e�_�^�m�x�s�_�f�� �j�Z�a�^�_�e�_�� �j�Z�k�k�f�h�l�j�b�f��

�d�h�e�b�q�_�k�l�\�_�g�g�u�_�� �k�h�h�l�g�h�r�_�g�b�y�� �j�Z�a�g�u�o���i�h� �̂l�b�i�h�\�� �i�h�j�h�^�� �\�� �i�j�_�^�_�e�Z�o���D�e�x�q�_�\�k�d�h�]�h��

�\�m�e�d�Z�g�Z�� 

1.5. �J�Z�k�i�j�h�k�l�j�Z�g�_�g�g�h�k�l�v���j�Z�a�g�u�o���i�h�^�l�b�i�h�\���[�Z�a�Z�e�v�l�h�b�^�h�\���g�Z �D�e�x�q�_�\�k�d�h�f �\�m�e�d�Z�g�_ 

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

�\�u�k�h�d�h�]�e�b�g�h�a�_�f�b�k�l�u�_�� �b�a�\�_�k�l�d�h�\�h-�s�_�e�h�q�g�u�_�� �[�Z�a�Z�e�v�l�u���� �Z�� �f�Z�]�g�_�a�b�Z�e�v�g�u�_��

�[�Z�a�Z�e�v�l�u�� �b�f�_�x�l���e�h�d�Z�e�v�g�h�_�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�_. �<�i�_�j�\�u�_�� �w�l�h�� �[�u�e�h�� �i�h�d�Z�a�Z�g�h�� �\ 

[�E�_�h�g�h�\�Z�� �D�b�j�k�Z�g�h�\��  1974 (�k. �������� �b�� ��������]: �³�I�h�^�Z�\�e�y�x�s�Z�y�� �q�Z�k�l�v�� �i�j�h�^�m�d�l�h�\��

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

�[�Z�a�Z�e�v�l�Z�f�b�´����Al2O3 �± 17�±�����������b MgO�k�j�_�^�� �± 5,�������������³�<���j�_�a�d�h���i�h�^�q�b�g�_�g�g�h�f���h�[�t�_�f�_��

�g�Z�[�e�x�^�Z�x�l�k�y���[�Z�a�Z�e�v�l�u���l�h�e�_�b�l�h�\�h�]�h���l�b�i�Z�´����Al2O3 �± 14�±16 % �b MgO �± 7�±9 %). 

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

[�<�h�e�u�g�_�p�� �?�j�f�Z�d�h�\�� �D�b�j�k�Z�g�h�\�� �>�m�[�b�d�� 1976 (�k. 121)]: �³�<�� �D�e�x�q�_�\�k�d�h�c�� �]�j�m�i�i�_��

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

�`�_�� �f�Z�]�g�_�a�b�Z�e�v�g�u�o�� �j�Z�a�g�h�k�l�_�c���� �h�l�f�_�q�_�g�g�u�o�� �k�j�_�^�b�� �b�a�\�_�k�l�d�h�\�h-�s�_�e�h�q�g�u�o��
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�[�Z�a�Z�e�v�l�h�\���� �g�_�� �i�j�_�\�u�r�Z�_�l�� ���±5%.�  ́ �<���i�h�k�e�_�^�m�x�s�_�f�� �i�j�_�b�f�m�s�_�k�l�\�_�g�g�h�_���j�Z�a�\�b�l�b�_��

�\�u�k�h�d�h�]�e�b�g�h�a�_�f�b�k�l�u�o���j�Z�a�g�h�k�l�_�c���i�h���h�l�g�h�r�_�g�b�x���d���f�Z�]�g�_�a�b�Z�e�v�g�u�f���i�h�d�Z�a�u�\�Z�e�h�k�v��

�\��[�D�b�j�k�Z�g�h�\�� �F�Z�j�d�h�\,  1979; �H�a�_�j�h�\�� 1993; �H�a�_�j�h�\�����:�j�b�k�d�b�g�����;�Z�j�f�b�g�Z�� 1996]. 

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

�\�Z�`�g�h�c�� �k�h�k�l�Z�\�e�y�x�s�_�c �i�_�l�j�h�e�h�]�h-�]�_�g�_�l�b�q�_�k�d�b�o�� �i�h�k�l�j�h�_�g�b�c, �l�Z�d�� �d�Z�d�� �e�x�[�u�_��

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

�H�k�l�Z�g�h�\�b�f�k�y���g�Z���w�l�h�f���\�h�i�j�h�k�_���[�h�e�_�_���^�_�l�Z�e�v�g�h�� 

 �I�j�b�� �j�Z�k�k�f�h�l�j�_�g�b�b���h�[�t�_�f�g�h�]�h �k�h�h�l�g�h�r�_�g�b�y �j�Z�a�g�u�o���i�h� �̂l�b�i�h�\ �i�h�j�h� ̂

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

�b�g�l�_�j�\�Z�e�u: �\�u�k�h�d�h�]�e�b�g�h�a�_�f�b�k�l�u�_�� �Z�g�^�_�a�b�[�Z�a�Z�e�v�l�u�� ��4,00�±6,00 �f�Z�k��% MgO), 

�]�e�b�g�h�a�_�f�b�k�l�u�_�� �Z�g�^�_�a�b�[�Z�a�Z�e�v�l�u�� ��6,00�±���������� �f�Z�k��% MgO), �f�Z�]�g�_�a�b�Z�e�v�g�u�_��

�Z�g�^�_�a�b�[�Z�a�Z�e�v�l�u�� ��8,00�±������������ �f�Z�k��% MgO), �\�u�k�h�d�h�f�Z�]�g�_�a�b�Z�e�v�g�u�_ �[�Z�a�Z�e�v�l�u��

(10,00�±12,31 �f�Z�k������MgO)���� �H�[�h�k�g�h�\�Z�g�b�_���\�u�^�_�e�_�g�b�y �w�l�b�o���b�g�l�_�j�\�Z�e�h�\ �[�m�^�_�l��

�i�j�b�\�_�^�_�g�h �i�h�a�`�_ �± �\�� �j�Z�a�^�_�e�_��1.11���� �i�h�k�e�_�� �l�h�]�h���� �d�Z�d�� �[�m�^�m�l�� �i�j�_�^�k�l�Z�\�e�_�g�u��

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

 �=�_�h�e�h�]�b�q�_�k�d�h�c�� �h�k�h�[�_�g�g�h�k�l�v�x�� �D�e�x�q�_�\�k�d�h�]�h�� �\�m�e�d�Z�g�Z�� �y�\�e�y�_�l�k�y�� �i�j�h�y�\�e�_�g�b�_��

�\�u�k�h�d�h�f�Z�]�g�_�a�b�Z�e�v�g�u�o�� �f�Z�]�g�_�a�b�Z�e�v�g�u�o �b���]�e�b�g�h�a�_�f�b�k�l�u�o �[�Z�a�Z�e�v�l�h�b�^�h�\���l�h�e�v�d�h���\��

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

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

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

�[�Z�a�Z�e�v�l�h�b�^�h�\���i�h���h�l�g�h�r�_�g�b�x���d���\�u�k�h�d�h�]�e�b�g�h�a�_�f�b�k�l�u�f . 

 �H�[�s�b�c�� �h�[�t�_�f�� �D�e�x�q�_�\�k�d�h�]�h�� �\�m�e�d�Z�g�Z�� �k�h�k�l�Z�\�e�y�_�l���a�� �������� �d�f3 [�F�_�e�_�d�_�k�p�_�\, 

   1980]. �G�Z���\�m�e�d�Z�g�_�� �b�a�\�_�k�l�g�h��24 �\�u�k�h�d�h�f�Z�]�g�_�a�b�Z�e�v�g�u�o�� �b���f�Z�]�g�_�a�b�Z�e�v�g�u�o��

�i�h�[�h�q�g�u�o�� �i�j�h�j�u�\�Z���� �k�h�^�_�j�`�Z�g�b�y��MgO �\�� �d�h�l�h�j�u�o�� �h�l��8,00 �^�h��12,31 �f�Z�k.%. �W�l�b��

�i�h�j�h�^�u�� �o�Z�j�Z�d�l�_�j�g�u�� �^�e�y �\�k�_�c�� �b�k�l�h�j�b�b�� �D�e�x�q�_�\�k�d�h�]�h�� �\�m�e�d�Z�g�Z���� �h�g�b�� �g�Z�q�Z�e�b��

�h�[�j�Z�a�h�\�u�\�Z�l�v�k�y���g�Z���k�d�e�h�g�Z�o���\�m�e�d�Z�g�Z���g�_�k�d�h�e�v�d�h �l�u�k�����e�_�l���g�Z�a�Z�^ [�;�h�]�h�y�\�e�_�g�k�d�Z�y��  

�;�j�Z�c�p�_�\�Z�� �@�Z�j�b�g�h�\ �b�� �^�j��, 1985], �i�h�w�l�h�f�m���h�l�e�h�`�_�g�b�y �g�_�d�h�l�h�j�u�o���b�a�� �g�b�o��

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

�i�h�a�\�h�e�y�_�l���^�h�k�l�h�\�_�j�g�h���h�i�j�_�^�_�e�y�l�v���b�o���h�[�t�_�f. 

�Q�l�h�[�u�� �h�p�_�g�b�l�v���h�[�s�b�c���h�[�t�_�f���\�u�k�h�d�h�f�Z�]�g�_�a�b�Z�e�v�g�u�o���b���f�Z�]�g�_�a�b�Z�e�v�g�u�o��

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

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

�h�[�j�Z�a�h�\�Z�g�b�y�� �H�[�t�_�f���i�h�j�h�,̂ �b�a�\�_�j�`�_�g�g�u�o���h�^�g�b�f���l�Z�d�b�f���b�a�\�_�j�`�_�g�b�_�f�� �g�Z�o�h�^�b�l�k�y��

�\���b�g�l�_�j�\�Z�e�_ �h�l��0,000�����^�h����,�����d�f3 [�O�j�_�g�h�\��  �>�\�b�]�Z�e�h,  �D�b�j�k�Z�g�h�\  �b���^�j���� 1991]. �>�e�y 

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

�\�l�h�j�h�_ �i�h���\�_�e�b�q�b�g�_ �i�h�[�h�q�g�h�_ �b�a�\�_�j�`�_�g�b�_ �± �i�j�h�j�u�\���L�m�c�e�u �± 0,09 �d�f3. �L�Z�d�h�c��

�h�[�t�_�f�� �k�h�h�l�\�_�l�k�l�\�m�_�l�� �l�j�_�f�� �f�h�s�g�u�f�����q�_�l�d�h �\�u�j�Z�`�_�g�g�u�f�� �\�� �j�_�e�v�_�n�_�����e�Z�\�h�\�u�f��

�i�h�l�h�d�Z�f�� �I�j�b�g�y�\�� �l�Z�d�h�_�� �^�h�i�m�s�_�g�b�_, �i�h�e�m�q�Z�_�f�� �f�Z�d�k�b�f�Z�e�v�g�u�c�� �h�[�t�_�f�� �\�k�_�o��

�b�a�\�_�k�l�g�u�o���\�u�k�h�d�h�f�Z�]�g�_�a�b�Z�e�v�g�u�o �b�� �f�Z�]�g�_�a�b�Z�e�v�g�u�o �[�Z�a�Z�e�v�l�h�b�^�h�\ �D�e�x�q�_�\�k�d�h�]�h��

�\�m�e�d�Z�g�Z (0,09 �d�f3 �î�� ���� �i�j�h�j�u�\�Z) �± 2,16 �d�f3. �K�h�i�h�k�l�Z�\�e�_�g�b�_ �w�l�h�c �\�_�e�b�q�b�g�u �k��

�h�[�s�b�f�� �h�[�t�_�f�h�f�� �\�m�e�d�Z�g�Z��(�������� �d�f3) �i�h�d�Z�a�u�\�Z�_�l���� �q�l�h �h�l�g�h�r�_�g�b�_��

�\�u�k�h�d�h�]�e�b�g�h�a�_�f�b�k�l�u�o�� �j�Z�a�g�h�k�l�_�c�� �d �f�Z�]�g�_�a�b�Z�e�v�g�u�f �b�� �\�u�k�h�d�h�f�Z�]�g�_�a�b�Z�e�v�g�u�f 

�i�j�b�f�_�j�g�h 100:1. 

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

(MgO �± 4,00�±6,00 �f�Z�k����) �b�� �]�e�b�g�h�a�_�f�b�k�l�u�_ (MgO �± 6,00�±8,������ �f�Z�k����) 

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

�i�h�[�h�q�g�u�o�� �b�a�\�_�j�`�_�g�b�c�����d�h�l�h�j�u�o �g�Z�� �\�m�e�d�Z�g�_�� �b�a�\�_�k�l�g�h��10���� �B�k�i�h�e�v�a�m�y 

�\�u�r�_�i�j�b�\�_�^�_�g�g�m�x�� �k�o�_�f�m�� �j�Z�k�q�_�l�Z���± (0,09 �d�f3 �î�� ������ �i�j�h�j�u�\�h�\������ �i�h�e�m�q�Z�_�f�� �h�[�t�_�f��

�]�e�b�g�h�a�_�f�b�k�l�u�o���Z�j�g�^�_�a�b�[�Z�a�Z�e�v�l�h�\�� �g�Z�� �D�e�x�q�_�\�k�d�h�f�� �\�m�e�d�Z�g�_���± 0,9 �d�f3���� �l�h�� �_�k�l�v��

�i�j�b�f�_�j�g�h��0,3 % �h�l���h�[�s�_�]�h���h�[�t�_�f�Z���D�e�x�q�_�\�k�d�h�]�h���\�m�e�d�Z�g�Z. 

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

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

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

�f�Z�]�g�_�a�b�Z�e�v�g�u�_�� �b�� �\�u�k�h�d�h�f�Z�]�g�_�a�b�Z�e�v�g�u�_�� �[�Z�a�Z�e�v�l�h�b�^�u�����H�[�t�_�f��

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

�k�m�f�f�Z�j�g�u�c���h�[�t�_�f �\�k�_�o���h�k�l�Z�e�v�g�u�o���i�h�j�h�^ �\�m�e�d�Z�g�Z���� 

�<�� �a�Z�d�e�x�q�_�g�b�_ �h�l�f�_�l�b�f���� �q�l�h���\ �k�l�j�h�_�g�b�b �\�m�e�d�Z�g�Z���h�l�j�Z�`�Z�_�l�k�y �l�Z�� �`�_��

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

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

�f�Z�]�f�Z�l�b�q�_�k�d�Z�y�� �k�b�k�l�_�f�Z�� �D�e�x�q�_�\�k�d�h�]�h�� �\�m�e�d�Z�g�Z�� �]�_�g�_�j�b�j�m�_�l�� �l�Z�d�h�c���`�_�� �g�Z�b�[�h�e�_�_��

�m�k�l�h�c�q�b�\�u�c���l�b�i���i�h�j�h��̂����q�l�h���b���D�Z�f�q�Z�l�k�d�Z�y���h�k�l�j�h�\�h�^�m�`�g�Z�y���k�b�k�l�_�f�Z�� 

1.6. �I�j�_�^�k�l�Z�\�e�_�g�b�y�� �h�[�� �h�[�j�Z�a�h�\�Z�g�b�b���h�k�l�j�h�\�h�^�m�`�g�u�o���\�u�k�h�d�h�]�e�b�g�h�a�_�f�b�k�l�u�o�� 

          �[�Z�a�Z�e�v�l�h�b�^�h�\  

 �<�u�^�_�e�_�g�b�_�� �\�u�k�h�d�h�]�e�b�g�h�a�_�f�b�k�l�u�o�� �[�Z�a�Z�e�v�l�h�\�� �\�� �d�Z�q�_�k�l�\�_��

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

[Tilley,   1950] �g�Z�� �h�k�g�h�\�Z�g�b�b�� �i�h�\�u�r�_�g�g�u�o���� �^�h�� ������ �f�Z�k���� ������ �k�h�^�_�j�`�Z�g�b�c�� �:l2O3 �\��

�g�_�d�h�l�h�j�u�o�� �Z�n�b�j�h�\�u�o�� �\�m�e�d�Z�g�b�l�Z�o�� �K�_�\�_�j�g�h�c���D�Z�e�b�n�h�j�g�b�b�����< �b�a�\�_�k�l�g�h�c�� �j�Z�[�h�l�_��

[Kuno,   1960] �i�j�_�^�e�h�`�_�g �j�y�^�� �f�b�g�_�j�Z�e�h�]�b�q�_�k�d�b�o�� �b�� �i�_�l�j�h�o�b�f�b�q�_�k�d�b�o�� �d�j�b�l�_�j�b�_�\��

O:\+x__Oz_paper_other\Tilley__1950___Some-aspects-of-magmatic-evolution.pdf 
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�^�e�y�� �h�l�^�_�e�_�g�b�y���b�a�\�_�k�l�d�h�\�h-�s�_�e�h�q�g�u�o���\�u�k�h�d�h�]�e�b�g�h�a�_�f�b�k�l�u�o�� �[�Z�a�Z�e�v�l�h�\ 

���]�b�i�_�j�k�l�_�g�h�\�Z�y�� �k�_�j�b�y�� �h�l�� �Z�k�k�h�p�b�b�j�m�x�s�b�o�� �l�h�e�_�b�l�h�\�u�o��(�i�b�`�h�g�b�l�h�\�Z�y�� �k�_�j�b�y) �b��

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

�g�Z�b�[�h�e�_�_���j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�u�o���[�Z�a�Z�e�v�l�h�\�u�o���l�b�i�h�\���g�Z���Y�i�h�g�k�d�b�o���h�k�l�j�h�\�Z�o�����O�����D�m�g�h��

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

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

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

�\�u�k�d�Z�a�Z�g�Z�� �Z�e�v�l�_�j�g�Z�l�b�\�g�Z�y�� �l�h�q�d�Z�� �a�j�_�g�b�y���� �k�h�]�e�Z�k�g�h�� �d�h�l�h�j�h�c�� �g�Z�d�h�i�e�_�g�b�_�� �:l2O3 �\��

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

�\�h�^�h�k�h�^�_�j�`�Z�s�b�o�� �i�b�d�j�b�l-�[�Z�a�Z�e�v�l�h�\�u�o�� �f�Z�]�f��[Yoder, Tilley,  1962; �B�h�^�_�j���� �L�b�e�e�b�� 

 1965]���� �<�� �l�_�q�_�g�b�_�� �i�h�k�e�_�^�m�x�s�b�o�� �^�_�k�y�l�b�e�_�l�b�c���\�h�i�j�h�k�� �h �i�_�j�\�b�q�g�h�k�l�b�� �b��

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

�i�j�h�b�k�o�h�`�^�_�g�b�b���\�u�k�h�d�h�]�e�b�g�h�a�_�f�b�k�l�u�o���[�Z�a�Z�e�v�l�h�\, �k�f�����h�[�a�h�j�u��[Crawford, Failoon,  

Eggins, 1987; �D�Z�^�b�d,  �E�m�d�Z�g�b�g�� �E�Z�i�b�g, 1990; �N�j�h�e�h�\�Z��  �;�m�j�b�d�h�\�Z��  1997; 

�F�Z�j�l�u�g�h�\,   1999; Ariskin,  1999]. 

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

�]�b�i�h�l�_�a �n�h�j�f�b�j�h�\�Z�g�b�y���\�u�k�h�d�h�]�e�b�g�h�a�_�f�b�k�l�u�o �[�Z�a�Z�e�v�l�h�\: 1 �± �w�d�e�h�]�b�l�h�\�Z�y �± 

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

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

�f�Z�l�_�j�b�Z�e�Z��[�O�b�l�Z�j�h�\�� �I�m�]�b�g,  1974; Marsh, Carmichael,  1974; �;�Z�[�Z�g�k�d�b�c��  

�J�y�[�q�b�d�h�\��  �;�h�]�Z�l�b�d�h�\,  1983; Baker, Eggler,  1983; Brophy   1986; 

Brophy, Marsh,  1986; Johnston,   1986]; 2 �± �i�_�j�b�^�h�l�b�l�h�\�Z�y �± �h�k�l�Z�l�h�q�g�u�_��

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

�f�Z�g�l�b�c�g�u�o�� �f�Z�]�f��[Perfit et al.,  1980; �D�Z�m�� �D�Z�m��  1985; Nye, Reid, 1986; Uto,   1986; 

Gust,  Perfit,  1987; �D�Z�^�b�d,  �J�h�a�_�g�o�Z�m�w�j��  �E�m�d�Z�g�b�g,  1989; �D�Z�^�b�d��  �E�m�d�Z�g�b�g��  �E�Z�i�b�g��  

1990; Draper,  Johnston,  1992]; 3 �± �d�h�g�l�Z�f�b�g�Z�p�b�h�g�g�Z�y �± �i�j�h�^�m�d�l�u 

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

�k�l�_�g�h�d�� �f�Z�]�f�h�\�h�^�Z��[Kelemen, Ghiorso, 1986; Kelemen,   1990] �b 4 �± �d�m�f�m�e�y�l�b�\�g�h-

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

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

�f�Z�]�g�_�a�b�Z�e�v�g�u�o�� �f�Z�]�f�Z�o��[Crawford,  Failoon,  Eggins, 1987; Plank, Langmuir,  1988; 

Brophy,  Marsh,   1986; Brophy,    1989; Fournelle,  Marsh,  1991]. 

 �>�e�y�� �h�i�j�_�^�_�e�_�g�b�y �j�_�Z�e�b�k�l�b�q�g�h�c�� �f�h�^�_�e�b�� �i�j�h�b�k�o�h�`�^�_�g�b�y��

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

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

O:\+x__Oz_paper_other\Baker__1983__Eggler___Fractionation-path-of-Atka--Aleutians--high-alumina-basalts--Constraints-from-phase-relations.pdf 

O:\+x__Oz_paper_other\Johnston__1986___Anhydrous-P--T-phase-relations-of-near-primary-high-alumina-basalt-from-Sandwich-Islands.pdf 

O:\+x__Oz_paper_other\Uto__1986___Variation-of-Al2O3-Content-in-Lake-Cenozoic-Japanese-Basalts-a-Re-examination-of-Kuno-s-High-Alumina-Basalt.pdf 

O:\+x__Oz_paper_other\Brophy__1986__Marsh___On-the-origin-of-high-alumina-arc-basalt-and-the-mechanics-of-melt-extraction.pdf 

O:\+x__Oz_paper_other\Perfit__1980__et-al___Chemical-Characteristics-of-Island-Arc-Basalts_Implications-for-Mantel-Sources.pdf 

O:\+x__Oz_paper_other\Kay__1985__Kay___Aleutian-tholeiitic-and-calc-alkaline-magma-series_I_The_mafic_phenocrysts.pdf 

O:\+x__Oz_paper_other\�D�Z�^�b�d�B�B���������B�B�b-�^�j�B�B�B�W�d�k�i�_�j�b�f-�b�k�k�e�_�^-�\�e�b�y�g�b�y-�^�Z�\�e�_�g�b�y-�g�Z-�d�j�b�k�l�Z�e�e�b�a�Z�p-�f�Z�]�g�_�a�b�Z�e�v-�b-�]�e�f�g�h�a�_�f�b�k�l-�[�Z�a-�D�Z�f�q�Z�l�d�b��pdf 

O:\+x__Oz_paper_other\�D�Z�^�b�d�B�B���������B�B�b-�^�j�B�B�B�N�b�a�b�d�h-�o�b�f�b�b�q�_�k�d�b�_-�m�k�e�h�\�b�y-�w�\�h�e�x�p�b�b-�[�Z�a�Z�e�v�l�h�\�u�o-�f�Z�]�f-�\-�i�j�b�i�h�\�_�j�o�g�h�k�l�g�u�o-�h�q�Z�]�Z�o��pdf 

O:\+x__Oz_paper_other\Draper__1992__Johnston___Anhydrous-PT-phase-relations-Aleutian-high-MgO-basalt-_-generation-of-arc-high-alumina-basalts.pdf 

O:\+x__Oz_paper_other\Kelemen__1990___Reaction-Between-Ultramafic-Rock-and-Fractionating-Basaltic-Magma--�,���q�Z�k�l�v���S�G�I 

O:\+x__Oz_paper_other\Plank__1988__Langmuir___An-evaluation-of-the-global-variations-in-the-major-element-chemistry-of-arc-basalts.pdf 
O:\+x__Oz_paper_other\Brophy__1986__Marsh___On-the-origin-of-high-alumina-arc-basalt-and-the-mechanics-of-melt-extraction.pdf 

O:\+x__Oz_paper_other\Fournelle__1991__Marsh___Shishaldin-volcano-Aleutian-high--alumina-basalts-and-the-question-of-plagioclase-assumulation.pdf 

O:\+x__Oz_paper_other\Gust__1987__Perfit___Phase-relations-of-a-high-Mg-basalt-from-the-Aleutian-Island-Arc-_-and-high-Al-basalts.pdf 

 
 

O:\+x__Oz_paper_other\Crawford__1987__et-al___The-origin-of-island-arc-high-alumina-basalts.pdf 

O:\+x__Oz_paper_other\�;�Z�[�Z�g�k�d�b�c�B�B���������B�B�b-�^�j�B�B�B�A�\�h�e�x�p�b�y-�s�_�e�h�q�g�h-�a�_�f�_�e�v�g�u�o-�f �Z�]�f���S�G�I 

O:\+x__Oz_paper_other\Brophy__1986___The-Cold-Bay-Volcanic-Center-Aleutian-Volcanic-Arc_I_Implications-for-origin-of-Hi-Alumina-Arc-Basalt.pdf 

O:\+x__Oz_paper_other\Brophy__1986___The-Cold-Bay-Volcanic-Center-Aleutian-Volcanic-Arc_I_Implications-for-origin-of-Hi-Alumina-Arc-Basalt.pdf 

O:\+x__Oz_paper_other\Marsh__1974__Carmichael___Benioff-zone-magmatism.pdf 

O:\+x__Oz_paper_other\�O�b�l�Z�j�h�\�B�B���������B�B�I�m�]�b�g�B�B�B�I�j�h�[�e�_�f�Z-�i�j�h�b�k�o�h�`�^�_�g�b�y-�[�Z�a�Z�e�v�l�h�\�u�o-�f�Z�]�f-���\-�k�\�_�l�_-�w�d�k�i-�^�Z�g�g�u�o�����S�G�I 
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�p�_�g�l�j�h�\�� �h�k�l�j�h�\�g�u�o�� �^�m�]�� �o�Z�j�Z�d�l�_�j�g�h�� �k�h�\�f�_�k�l�g�h�_�� �g�Z�o�h�`�^�_�g�b�_��

�\�u�k�h�d�h�]�e�b�g�h�a�_�f�b�k�l�u�o�� �b�� �\�u�k�h�d�h�f�Z�]�g�_�a�b�Z�e�v�g�u�o�� �[�Z�a�Z�e�v�l�h�\���� �k�h�^�_�j�`�Z�s�b�o�� �[�h�e�_�_��

������ �f�Z�k.% MgO [Pertit, Gust,  Bence, Arculus, Taylor, 1980] �b�� �n�_�g�h�d�j�b�k�l�Z�e�e�u��

�h�e�b�\�b�g�Z �k�� �\�u�k�h�d�b�f�b�� �n�h�j�k�l�_�j�b�l�h�\�u�f�b�� �g�h�f�_�j�Z�f�b �± Fo92-88 [�D�Z�m�� �D�Z�m��  1985]. 

�I�h�^�h�[�g�u�_�� �Z�k�k�h�p�b�Z�p�b�b�� �m�k�l�Z�g�h�\�e�_�g�u�� �^�e�y���\�m�e�d�Z�g�Z�� �Y�j�m�e�e�h�� �\�� �F�_�d�k�b�d�_��

[Luhr, Carmichael,  1985], �\�m�e�d�Z�g�h�\�� �H�d�f�h�d�� �b�� �F�Z�d�m�r�b�g�� �g�Z�� �:�e�_�m�l�k�d�b�o�� �h�k�l�j�h�\�Z�o��

[Nye, Reid,  1986; Gust, Perfit,  1987], �^�e�y���;�h�e�v�r�h�]�h�� �l�j�_�s�b�g�g�h�]�h�� �L�h�e�[�Z�q�b�g�k�d�h�]�h��

�b�a�\�_�j�`�_�g�b�y��[�;�h�e�v�r�h�_���L�j�_�s�b�g�g�h�_�� �L�h�e�[�Z�q�b�g�k�d�h�_�� �b�a�\�_�j�`�_�g�b�_�� 1984], �^�e�y��

�D�e�x�q�_�\�k�d�h�]�h�� �\�m�e�d�Z�g�Z��[�O�j�_�g�h�\�� �:�g�l�b�i�b�g�� �Q�m�\�Z�r�h�\�Z��  �K�f�b�j�g�h�\�Z�� 1989, �H�a�_�j�h�\��  

�O�m�[�m�g�Z�y��  1992, �O�m�[�m�g�Z�y��  �;�h�]�h�y�\�e�_�g�k�d�b�c��  �G�h�\�]�h�j�h�^�p�_�\�Z��  �H�d�j�m�]�b�g�Z����1993] �b��

�\�m�e�d�Z�g�Z�� �=�h�j�_�e�u�c�� �>Gavrilenko,  Ozerov,  Kyle,  Eichelberger, 2006; 

�=�Z�\�j�b�e�_�g�d�h�� �H�a�_�j�h�\��  2009]. �G�_�k�f�h�l�j�y�� �g�Z�� �h�l�g�h�k�b�l�_�e�v�g�h�� �g�b�a�d�m�x��

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

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

�b�k�l�h�q�g�b�d�h�f���i�_�j�b�^�h�l�b�l�h�\�h�_���\�_�s�_�k�l�\�h���\�_�j�o�g�_�c���f�Z�g�l�b�b�� 

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

�g�Z�i�j�Z�\�e�_�g�g�u�o�� �g�Z�� �b�a�m�q�_�g�b�_�� �n�Z�a�h�\�u�o�� �j�Z�\�g�h�\�_�k�b�c�� �\�� �h�[�j�Z�a�p�Z�o�� �h�k�l�j�h�\�h�^�m�`�g�u�o��

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

[Gust, Perfit,   1987; �D�Z�^�b�d�� �J�h�a�_�g�o�Z�m�w�j�� �E�m�d�Z�g�b�g�� 1989; �D�Z�^�b�d��  �E�m�d�Z�g�b�g��  �E�Z�i�b�g��  

1990; Bartels , Kinzler,  Grove, 1991; Draper,  Johnston,  1992]���� �<�� �j�_�a�m�e�v�l�Z�l�_�� �w�l�b�o��

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

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

�y�\�e�y�x�l�k�y�� �j�Z�k�i�e�Z�\�u���� �k�h�^�_�j�`�Z�s�b�_�� ����-������ �f�Z�k.% �: l2O3 �b�� �[�e�b�a�d�b�_�� �i�h�� �^�j�m�]�b�f��

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

�<�f�_�k�l�_�� �k�� �l�_�f���� �i�h�� �g�_�d�h�l�h�j�u�f�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f���� �g�Z�i�j�b�f�_�j�� �k�h�h�l�g�h�r�_�g�b�y�f�� �K�Z�H���b��

MgO���� �j�_�Z�e�v�g�u�_�� �i�h�j�h�^�u�� �h�k�l�j�h�\�h�^�m�`�g�u�o�� �k�_�j�b�c�� �g�_�� �g�Z�o�h�^�y�l�� �Z�g�Z�e�h�]�h�\�� �k�j�_�^�b��

�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o�� �a�Z�d�Z�e�h�q�g�u�o�� �k�l�_�d�h�e��[Draper, Johnston,  1992]���� �q�l�h�� �h�k�l�Z�\�e�y�_�l��

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

�n�j�Z�d�p�b�h�g�b�j�h�\�Z�g�b�y���i�_�j�\�b�q�g�u�o���f�Z�]�f�� 

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

�j�Z�[�h�l�u�� �h�i�b�j�Z�x�l�k�y�� �g�Z�� �\�_�k�h�f�u�_�� �h�[�t�_�f�u�� �i�_�l�j�h�o�b�f�b�q�_�k�d�b�o���� �]�_�h�o�b�f�b�q�_�k�d�b�o�� �b��

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

�^�_�l�Z�e�v�g�u�_�� �^�Z�g�g�u�_�� �h�� �k�h�k�l�Z�\�Z�o���b�� �l�j�_�g�^�Z�o���f�b�g�_�j�Z�e�v�g�u�o�� �n�Z�a�� �b�a��

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

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

O:\+x__Oz_paper_other\Perfit__1980__et-al___Chemical-Characteristics-of-Island-Arc-Basalts_Implications-for-Mantel-Sources.pdf 

O:\+x__Oz_paper_other\�D�Z�^�b�d�B�B���������B�B�b-�^�j�B�B�B�W�d�k�i�_�j�b�f-�b�k�k�e�_�^-�\�e�b�y�g�b�y-�^�Z�\�e�_�g�b�y-�g�Z-�d�j�b�k�l�Z�e�e�b�a�Z�p-�f�Z�]�g�_�a�b�Z�e�v-�b-�]�e�f�g�h�a�_�f�b�k�l-�[�Z�a-�D�Z�f�q�Z�l�d�b��pdf 

O:\+x__Oz_paper_other\�D�Z�^�b�d�B�B���������B�B�b-�^�j�B�B�B�N�b�a�b�d�h-�o�b�f�b�b�q�_�k�d�b�_-�m�k�e�h�\�b�y-�w�\�h�e�x�p�b�b-�[�Z�a�Z�e�v�l�h�\�u�o-�f�Z�]�f-�\-�i�j�b�i�h�\�_�j�o�g�h�k�l�g�u�o-�h�q�Z�]�Z�o���S�G�I 

O:\+x__Oz_paper_other\Draper__1992__Johnston___Anhydrous-PT-phase-relations-Aleutian-high-MgO-basalt-_-generation-of-arc-high-alumina-basalts.pdf 

O:\+x__Oz_paper_other\Gust__1987__Perfit___Phase-relations-of-a-high-Mg-basalt-from-the-Aleutian-Island-Arc-_-and-high-Al-basalts.pdf 

O:\+x__Oz_paper_other\Bartels__1991__et-al___High_pressure-phase-relations-of-primitive-high-alumina-basalts-from-Medicine-Lake-volcano-northern-California.pdf 
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�b�k�k�e�_�^�h�\�Z�g�b�y���f�b�g�_�j�Z�e�v�g�u�o�� �i�Z�j�Z�]�_�g�_�a�b�k�h�\�� �b�a�m�q�Z�_�f�u�o�� �i�h�j�h�^, �\�u�[�j�Z�g�� �\��

�d�Z�q�_�k�l�\�_���h�k�g�h�\�g�h�]�h�� 

1.7.  �I�j�_�^�k�l�Z�\�e�_�g�b�y���h���]�_�g�_�a�b�k�_���i�h�j�h�^���D�e�x�q�_�\�k�d�h�]�h���\�m�e�d�Z�g�Z 

�³�; �h�e�v�r�m�x �k�e�h�`�g�h�k�l�v�� �\�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b�� �b�a�\�_�j�`�_�g�b�y�� �j�Z�a�e�b�q�g�u�o�� �e�Z�\��

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

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

�i�j�h�p�_�k�k�Z�� �^�b�n�n�_�j�_�g�p�b�Z�p�b�b�� �\�� �f�Z�]�f�Z�l�b�q�_�k�d�h�f�� �h�q�Z�]�_�  ́ [�A�Z�\�Z�j�b�p�d�b�c,   1935 (�K����53)]. 

�K�� �w�l�b�o�� �k�e�h�\�� �g�Z�q�Z�e�Z�k�v�� �^�h�e�]�Z�y �b�k�l�h�j�b�y�� �h�[�k�m�`�^�_�g�b�y�� �]�_�g�_�a�b�k�Z �[�Z�a�Z�e�v�l�h�b�^�h�\ 

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

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

�Y�^�j�h�� �w�l�h�c�� �^�b�k�d�m�k�k�b�b�� �k�h�k�l�Z�\�e�y�x�l�� �^�\�Z�� �i�h�e�h�`�_�g�b�y�� �I�_�j�\�h�_ �i�h�e�h�`�_�g�b�_ 

�k�n�h�j�f�m�e�b�j�h�\�Z�e [�A�Z�\�Z�j�b�p�d�b�c,   1931 (�K. 169-170)]���� �H�g �i�h�d�Z�a�Z�e���� �q�l�h�� �h�e�b�\�b�g����

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

�\�m�e�d�Z�g�Z�� ��MgO = 5,16 % �b Al2O3 = 17,77 %������ �g�_�e�v�a�y�� �i�j�_�^�\�b�^�_�l�v�� �b�a�� �\�Z�e�h�\�h�]�h 

�k�h�k�l�Z�\�Z���w�l�b�o �i�h�j�h�.̂ �<�l�h�j�h�_ �i�h�e�h�`�_�g�b�_ �l�Z�d�`�_���a�Z�d�h�g�h�f�_�j�g�h���\�u�l�_�d�Z�_�l���b�a���^�Z�g�g�u�o 

[�A�Z�\�Z�j�b�p�d�b�c,   1935 (�K. �������� ������ �b�� ������]�����d�h�l�h�j�u�c �h�i�m�[�e�b�d�h�\�Z�e���o�b�f�b�q�_�k�d�b�c���Z�g�Z�e�b�a���e�Z�\��

�b�a�\�_�j�`�_�g�b�y���L�m�c�e�u (MgO = 9,89 % �b Al2O3 = 14,57 %)�����l�_�f���k�Z�f�u�f���i�h�d�Z�a�Z�\�����q�l�h���g�Z��

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

�o�b�f�b�q�_�k�d�h�f�m�� �k�h�k�l�Z�\�m. �A�Z�l�_�f��[�<�e�h�^�Z�\�_�p��   1940 (�K. 71)�@�� �b�� �[�h�e�_�_�� �^�_�l�Z�e�v�g�h��

[�G�Z�[�h�d�h,   ���������Z (�K. 117)] �i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�e�b, �q�l�h���^�e�y���i�h�j�h�^�� �D�e�x�q�_�\�k�d�h�]�h��

�\�m�e�d�Z�g�Z���o�Z�j�Z�d�l�_�j�_�g�� �r�b�j�h�d�b�c���^�b�Z�i�Z�a�h�g �k�h�k�l�Z�\�h�\�� �h�l��MgO = 4,50 % �b Al2O3 = 

18,������ ���� � �̂h��MgO = 9,89 % �b Al2O3 = 14,57 %. �H�l�f�_�l�b�f���� �q�l�h���i�h�� �k�h�^�_�j�`�Z�g�b�x��

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

�^�\�Z�� �j�Z�a�Z�����I�j�b�q�b�g�Z�� �^�\�m�o���i�j�_�^�k�l�Z�\�e�_�g�g�u�o�� �i�h�e�h�`�_�g�b�c���± �h�� �g�_�k�h�h�l�\�_�l�k�l�\�b�b��

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

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

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

�j�Z�a�g�h�f�m�� 

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

�\�m�e�d�Z�g�Z�� �\�h�� �f�g�h�]�h�f  �i�h�\�e�b�y�e�b���g�Z�m�q�g�u�_���\�a�]�e�y�^�u �N.�X. �E�_�\�b�g�k�h�g-�E�_�k�k�b�g�]�Z (1861�±

1939 �]�]�������� �:.�G. �A�Z�\�Z�j�b�p�d�h�]�h (1984�±195���� �]�].), �G.�E. �;�h�m�w�g�Z (1887�±1956 �]�].) �b 

�X.�: . �D�m�a�g�_�p�h�\�Z (1903�±1982 �]�].). 

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

�D�e�x�q�_�\�k�d�h�]�h�� �\�m�e�d�Z�g�Z�� �b�a�e�h�`�_�g�u�� �\��[�G�Z�[�h�d�h��   1947�Z; �F�_�g�y�c�e�h�\,   1947; �I�b�c�i�� 
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   1956]���� �:�\�l�h�j�u�� �w�l�b�o�� �i�m�[�e�b�d�Z�p�b�c �k�q�b�l�Z�e�b���� �q�l�h �i�h�j�h�^�u�� �\�m�e�d�Z�g�Z �y�\�e�y�x�l�k�y 

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

[�G�Z�[�h�d�h,   1947�Z (�K. 125)] �± �³�<�� �j�_�a�m�e�v�l�Z�l�_�� �d�j�b�k�l�Z�e�e�b�a�Z�p�b�h�g�g�h-

�]�j�Z�\�b�l�Z�p�b�h�g�g�h�c���^�b�n�n�_�j�_�g�p�b�Z�p�b�b���\���f�Z�]�f�Z�l�b�q�_�k�d�h�f���h�q�Z�]�_���D�e�x�q�_�\�k�d�h�]�h���\�m�e�d�Z�g�Z��

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

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

�d�j�_�f�g�_�d�b�k�e�h�l�h�c�� �b�� �h�[�h�]�Z�s�_�g�b�_�� �`�_�e�_�a�h�f�� �b�� �f�Z�]�g�b�_�f�����«  �I�_�j�_�^�\�b�`�_�g�b�_�� �e�_�l�m�q�b�o��

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

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

[�F�_�g�y�c�e�h�\,   1947 (�K. 80)] �± �³�I�Z�j�u�� �\�h�^�u���� �g�_�i�j�_�j�u�\�g�h�� �\�u�^�_�e�y�\�r�b�_�k�y�� �b�a��

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

�d�j�b�k�l�Z�e�e�b�a�Z�p�b�h�g�g�h�c�� �^�b�n�n�_�j�_�g�p�b�Z�p�b�b�� �\�� �h�q�Z�]�_; �« � .́ [�F�_�g�y�c�e�h�\,   1947 (�K. 90)] �± 

�³�l�Z�d�h�_�� �k�h�k�l�h�y�g�b�_�� �h�q�Z�]�Z�� �h�[�m�k�e�h�\�e�_�g�h�� �i�j�h�p�_�k�k�h�f�� �]�j�Z�\�b�l�Z�p�b�h�g�g�h�c 

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

�l�Z�d �b�� �\�� �h�l�^�_�e�v�g�u�o�� �_�]�h�� �q�Z�k�l�y�o�� �\�� �d�Z�g�Z�e�_�� �k�l�\�h�e�Z�� �b�� �\�� �[�h�d�h�\�u�o�� �q�Z�k�l�y�o�� �h�q�Z�]�Z� .́ 

�³�« �k�\�_�j�o�m�� �g�Z�o�h�^�y�l�k�y�� �[�h�e�_�_�� �d�b�k�e�u�_���� �Z�� �g�b�`�_���± �[�h�e�_�_�� �h�k�g�h�\�g�u�_�� �i�j�h�^�m�d�l�u��

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

�[�h�e�_�_�� �]�e�b�g�h�a�_�f�b�k�l�u�_�� �[�Z�a�Z�e�v�l�h�b�^�u���� �Z���©�[�h�e�_�_�� �h�k�g�h�\�g�u�f�b�ª �± �[�h�e�_�_��

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

�m�d�Z�a�u�\�Z�x�l�k�y. 

[�I�b�c�i��   1956 (�K. 271)], �j �Z�k�k�f�Z�l�j�b�\�Z�y �i�j�b�q�b�g�m �j�Z�a�g�h�h�[�j�Z�a�b�y �i�h�j�h�,̂ �k�q�b�l�Z�_�l����

�q�l�h �³�f�Z�]�f�Z�� �\�� �\�m�e�d�Z�g�_�� �i�_�j�_�^�� �b�a�\�_�j�`�_�g�b�_�f�� �[�u�e�Z�� �^�b�n�n�_�j�_�g�p�b�j�h�\�Z�g�Z�  ́ �a�Z�� �k�q�_�l��

�³�\�u�i�Z�^�_�g�b�y �f�Z�]�g�_�a�b�Z�e�v�g�h�]�h���h�e�b�\�b�g�Z���b���d�e�b�g�h�i�b�j�h�d�k�_�g�Z���b���h�i�m�k�d�Z�g�b�_���d�j�b�k�l�Z�e�e�h�\ 

�b�o���\�� �[�h�e�_�_���]�e�m�[�h�d�b�_���q�Z�k�l�b�� �d�Z�g�Z�e�Z� .́ �³�>�b�n�n�_�j�_�g�p�b�Z�p�b�h�g�g�u�_���e�b�g�b�b���e�Z�\�����������±38 

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

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

�j�Z�k�i�h�e�h�`�_�g�Z�� �l�h�q�d�Z�� �k�j�_�^�g�_�]�h�� �k�h�k�l�Z�\�Z�� �e�Z�\�� ���������� �]������ �q�l�h�� �m�d�Z�a�u�\�Z�_�l�� �g�Z��

�i�j�b�g�Z�^�e�_�`�g�h�k�l�v���b���w�l�b�o���e�Z�\���d���h�[�s�_�c���w�\�h�e�x�p�b�h�g�g�h�c���k�_�j�b�b� .́ 

 �<�������������]�����<���B�����<�e�h�^�Z�\�_�p���\�u�^�\�b�g�m�e���]�b�i�h�l�_�a�m���l�_�f�i�_�j�Z�l�m�j�g�h-�^�b�n�n�m�a�b�h�g�g�h�c��

�^�b�n�n�_�j�_�g�p�b�Z�p�b�b�� �j�Z�k�i�e�Z�\�h�\�� �D�e�x�q�_�\�k�d�h�]�h�� �\�m�e�d�Z�g�Z���� �I�h�� �_�]�h���f�g�_�g�b�x���� �³�\�_�s�_�k�l�\�h��

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

�_�s�_�� �\�� �`�b�^�d�h�f�� �k�h�k�l�h�y�g�b�b���� �H�l�g�h�k�b�l�_�e�v�g�h�� �[�h�e�_�_�� �e�_�]�d�h�i�e�Z�\�d�b�_�� �k�h�k�l�Z�\�g�u�_�� �q�Z�k�l�b��

(�f�Z�]�f�u) �^�b�n�n�m�g�^�b�j�m�x�l�� �\�� �h�l�g�h�k�b�l�_�e�v�g�h�� �[�h�e�_�_�� �o�h�e�h�^�g�u�_��(�b�� �[�h�e�_�_�� �\�u�k�h�d�b�_) 

�]�h�j�b�a�h�g�l�u���h�q�Z�]�Z���b�e�b���d�Z�g�Z�e�Z�´���>�<�e�h�^�Z�\�_�p��   1955 (�K. 215)]. 
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 �<�� ���������� �]�����\�� �d�Z�q�_�k�l�\�_���i�j�b�q�b�g�u �j�Z�a�g�h�h�[�j�Z�a�b�y �j�Z�k�i�e�Z�\�h�\�� �D�e�x�q�_�\�k�d�h�]�h��

�\�m�e�d�Z�g�Z���<�Z�e�_�j�b�c�� �:�e�_�d�k�Z�g�^�j�h�\�b�q �?�j�f�Z�d�h�\���i�j�_�^�e�h�`�b�e���j�Z�k�k�f�Z�l�j�b�\�Z�l�v���i�j�h�p�_�k�k�u 

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

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

�b�e�b�� �a�h�g�� �]�_�g�_�j�Z�p�b�b�� �f�Z�]�f�u���� �W�l�h�l�� �l�b�i�� �^�b�n�n�_�j�_�g�p�b�Z�p�b�b�� �h�g���i�j�_�^�e�h�`�b�e �g�Z�a�u�\�Z�l�v��

�³�^�b�n�n�_�j�_�g�p�b�Z�p�b�y�� �\�� �m�k�e�h�\�b�y�o�� �l�j�Z�g�k�i�h�j�l�Z�  ́ [�?�j�f�Z�d�h�\,   1970 (�K. 23-24); 

�?�j�f�Z�d�h�\��   1974 (�K. 19)]. �³�I�j�_�^�i�h�e�Z�]�Z�_�l�k�y�����q�l�h���\�m�e�d�Z�g�b�q�_�k�d�b�c���d�Z�g�Z�e���i�j�_�^�k�l�Z�\�e�y�_�l��

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

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

�h�k�m�s�_�k�l�\�e�y�x�s�b�o�� �j�Z�[�h�l�m�� �i�h�� �i�_�j�_�g�h�k�m�� �\�_�s�_�k�l�\�Z�� ��SiO2, Al2O3, �h�[�s�_�]�h�� �`�_�e�_�a�Z�� �b��

�s�_�e�h�q�_�c���� �\�� �k�j�Z�\�g�b�l�_�e�v�g�h�� �j�Z�\�g�h�\�_�k�g�u�o�� �m�k�e�h�\�b�y�o�� �\�� �\�_�j�o�g�x�x�� �q�Z�k�l�v�� �d�Z�g�Z�e�Z��

�f�Z�]�f�u���� �N�j�Z�d�p�b�h�g�b�j�h�\�Z�g�b�_�� �d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c�� �n�Z�a�u�� �g�_�� �b�f�_�_�l�� �k�m�s�_�k�l�\�_�g�g�h�]�h��

�a�g�Z�q�_�g�b�y���\���n�h�j�f�b�j�h�\�Z�g�b�b���f�g�h�]�h�h�[�j�Z�a�b�y���i�h�j�h�^���\�m�e�d�Z�g�Z�����I�_�j�b�h�^���w�f�Z�g�Z�p�b�h�g�g�h�c��

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

�h�p�_�g�b�\�Z�_�l�k�y���i�j�b�[�e�b�a�b�l�_�e�v�g�h���\���������e�_�l�  ́[�?�j�f�Z�d�h�\��   1977 (�K. 58)]. 

 �<��1964 �]�� �[�u�e�Z�� �h�i�m�[�e�b�d�h�\�Z�g�Z�� �f�h�g�h�]�j�Z�n�b�y���³�=�e�Z�\�g�u�_ �l�b�i�u �f�Z�]�f�Z�l�b�q�_�k�d�b�o 

�n�h�j�f�Z�p�b�c�  ́ [�D�m�a�g�_�p�h�\,   1964]���� �d�h�l�h�j�Z�y�� �\�� �a�g�Z�q�b�l�_�e�v�g�h�c�� �f�_�j�_�� �i�h�\�e�b�y�e�Z�� �g�Z��

�]�_�g�_�l�b�q�_�k�d�b�_���i�h�k�l�j�h�_�g�b�y���i�_�l�j�h�e�h�]�h�\. �<�e�b�y�g�b�_���n�h�j�f�Z�p�b�h�g�g�h�]�h���i�h�^�o�h�^�Z �o�h�j�h�r�h��

�^�_�f�h�g�k�l�j�b�j�m�x�l�� �p�b�l�Z�l�u���i�j�b�\�_�^�_�g�g�u�_ �g�b�`�_. [�E�_�h�g�h�\�Z, �<�h�e�u�g�_�p�� �?�j�f�Z�d�h�\��  

�D�b�j�k�Z�g�h�\�� �>�m�[�b�d 1974] �± �³�W�l�h�� �f�h�`�_�l�� �m�d�Z�a�u�\�Z�l�v�� �g�Z�� �k�\�y�a�v�� �[�Z�a�Z�e�v�l�h�\�� �j�Z�a�g�u�o��

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

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

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

�k�h�k�l�Z�\�m���\�u�k�h�d�h�]�e�b�g�h�a�_�f�b�k�l�h�]�h���[�Z�a�Z�e�v�l�Z� .́ [�J�m�^�b�q�� �<�h�e�u�g�_�p�� �?�j�f�Z�d�h�\�� �D�h�e�h�k�d�h�\�� 

1974 (�K. 242)] �± �³�I�_�j�_�c�^�_�f�� �d�� �h�[�k�m�`�^�_�g�b�x�� �i�j�b�q�b�g�� �f�g�h�]�h�h�[�j�Z�a�b�y�� �i�h�j�h�^��

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

�b�g�h�c�� �Z�k�k�h�p�b�Z�p�b�b�� �k�h�h�l�\�_�l�k�l�\�m�_�l�� �k�h�k�l�Z�\�m�� �g�Z�b�[�h�e�_�_�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�u�o�� �\�� �g�_�c��

�i�h�j�h��̂ .́ [�<�h�e�u�g�_�p�� �D�h�e�h�k�d�h�\,  1976 (�K. 22)] �± �³�I�j�_�h�[�e�Z�^�Z�x�s�b�f�� �l�b�i�h�f��

�q�_�l�\�_�j�l�b�q�g�u�o�� �[�Z�a�Z�e�v�l�h�\�� �D�Z�f�q�Z�l�d�b�� �y�\�e�y�x�l�k�y�� �\�u�k�h�d�h�]�e�b�g�h�a�_�f�b�k�l�u�_�� �j�Z�a�g�h�k�l�b��

�l�b�i�Z�� �[�Z�a�Z�e�v�l�h�\�� �D�e�x�q�_�\�k�d�h�]�h�� �\�m�e�d�Z�g�Z���� �H�k�g�h�\�u�\�Z�y�k�v�� �g�Z�� �w�l�h�f�� �n�Z�d�l�_���� �f�g�h�]�b�_��

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

�k�h�k�l�Z�\�m���d���b�k�o�h�^�g�h�c���f�Z�]�f�_�´. 

 [�K�b�j�b�g�� �L�b�f�_�j�[�Z�_�\�Z��  1971]���� �Z�� �i�h�a�^�g�_�_��[�E�_�h�g�h�\�Z��  �D�b�j�k�Z�g�h�\��   1974; 

�<�h�e�u�g�_�p��  �?�j�f�Z�d�h�\��  �D�b�j�k�Z�g�h�\��  �>�m�[�b�d�� 1976; �D�b�j�k�Z�g�h�\�� �F�Z�j�d�h�\��  1979] �g�Z��

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

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

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

[�<�h�e�u�g�_�p��  �?�j�f�Z�d�h�\��  �D�b�j�k�Z�g�h�\���� �>�m�[�b�d�� 1976 (�K. 124)�@�� �b�� �\�� �^�b�k�k�_�j�l�Z�p�b�b��

[�<�Z�`�_�_�\�k�d�Z�y��   1972 (�K. 25)�@�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y�� �l�Z�d�`�_�� �\�h�a�f�h�`�g�h�k�l�v�� �i�j�h�y�\�e�_�g�b�y��

�g�_�a�Z�\�b�k�b�f�u�o���l�b�i�h�\���f�Z�]�f���± �f�Z�]�g�_�a�b�Z�e�v�g�h�c���b���]�e�b�g�h�a�_�f�b�k�l�h�c�� 

�<�� [�K�b�j�b�g�� �L�b�f�_�j�[�Z�_�\�Z��  1971 (�K. 149�±150)] �g�Z�i�b�k�Z�g�h�� �³�I�h�� �k�h�^�_�j�`�Z�g�b�x��

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

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

�i�_�j�\�b�q�g�u�o�� �\�u�k�h�d�h�]�e�b�g�h�a�_�f�b�k�l�u�o�� �[�Z�a�Z�e�v�l�h�\�´. �³�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �b�k�o�h�^�g�u�f��

�j�Z�k�i�e�Z�\�h�f�� �\�k�_�o�� �e�Z�\�� �D�e�x�q�_�\�k�d�b�o�� �\�m�e�d�Z�g�h�\�� �k�e�m�`�b�l���� �\�b�^�b�f�h����

�\�u�k�h�d�h�]�e�b�g�h�a�_�f�b�k�l�u�c���[�Z�a�Z�e�v�l�h�\�u�c���l�h�e�_�b�l� .́ �³�«���i�j�b�a�g�Z�d�b���h�e�b�\�b�g-�i�b�j�h�d�k�_�g�h�\�u�o��

�[�Z�a�Z�e�v�l�h�\���� �d�Z�d�� �g�_�[�h�e�v�r�h�c�� �h�[�t�_�f�� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k�� �]�e�Z�\�g�h�c�� �k�_�j�b�_�c���� �Z�� �l�Z�d�`�_��

�j�Z�g�_�_�� �h�l�f�_�q�_�g�g�u�_�� �h�k�h�[�_�g�g�h�k�l�b�� �o�b�f�b�q�_�k�d�h�]�h�� �b�� �i�_�l�j�h�]�j�Z�n�b�q�_�k�d�h�]�h�� �k�h�k�l�Z�\�Z�� 

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

�\�u�k�h�d�h�]�e�b�g�h�a�_�f�b�k�l�h�]�h�� �j�Z�k�i�e�Z�\�Z�� �I�j�b�� �n�h�j�f�b�j�h�\�Z�g�b�b�� �h�e�b�\�b�g-�i�b�j�h�d�k�_�g�h�\�u�o��

�[�Z�a�Z�e�v�l�h�\���i�j�h�b�k�o�h�^�b�l���g�Z�d�h�i�e�_�g�b�_���h�e�b�\�b�g�Z���b���f�h�g�h�d�e�b�g�g�h�]�h���i�b�j�h�d�k�_�g�Z� .́ 

 �<�� �>�E�_�h�g�h�\�Z�� �D�b�j�k�Z�g�h�\��  1974 (�K. 883)] �Z�\�l�h�j�u�� �i�j�b�o�h�^�y�l �d�� �a�Z�d�e�x�q�_�g�b�x�� 

�³�=�_�h�e�h�]�b�q�_�k�d�b�_�� �\�a�Z�b�f�h�h�l�g�h�r�_�g�b�y�� �b�� �g�Z�i�j�Z�\�e�_�g�b�_�� �b�a�f�_�g�_�g�b�y�� �o�b�f�b�a�f�Z��

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

�Z�\�l�h�j�Z�����y�\�e�y�x�l�k�y���^�b�n�n�_�j�_�g�p�b�Z�l�Z�f�b���b�k�o�h�^�g�h�c���\�u�k�h�d�h�]�e�b�g�h�a�_�f�b�k�l�h�c���f�Z�]�f�u�´�� 

�<��[�J�m�^�b�q�� �<�h�e�u�g�_�p�� �?�j�f�Z�d�h�\�� �D�h�e�h�k�d�h�\�� 1974 (�K. 242)] �k�d�Z�a�Z�g�h�� �³�K�j�_�^�b��

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

�D�e�x�q�_�\�k�d�h�c�� �k�h�i�d�b���� �k�m�[�s�_�e�h�q�g�u�o���� �g�b�a�d�h�d�Z�e�b�_�\�u�o�� �b�� �h�e�b�\�b�g-�l�h�e�_�b�l�h�\�u�o��

�[�Z�a�Z�e�v�l�h�\���� �i�j�_�h�[�e�Z�^�Z�x�l�� �i�e�Z�]�b�h�[�Z�a�Z�e�v�l�u���� �I�h�\�k�_�f�_�k�l�g�h�_�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�_��

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

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

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

�f�h�]�m�l���[�u�l�v���i�h�e�m�q�_�g�u���i�j�b���^�b�n�n�_�j�_�g�p�b�Z�p�b�b� .́ 

�<��[�<�h�e�u�g�_�p��  �?�j�f�Z�d�h�\��  �D�b�j�k�Z�g�h�\��  �>�m�[�b�d�� 1976 (�K. 124�±125)] �Z�\�l�h�j�u���i�b�r�m�l�� 

�³�G�_�h�[�o�h�^�b�f�h�� �^�h�[�Z�\�b�l�v�� �l�Z�d�`�_���� �q�l�h�� �i�_�l�j�h�e�h�]�b�q�_�k�d�b�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �i�h�k�e�_�^�g�b�o��

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

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

�\�h�a�f�h�`�g�h���± �^�e�y�� �i�j�h�p�_�k�k�h�\�� �n�j�Z�d�p�b�h�g�b�j�h�\�Z�g�b�y���� �i�j�h�l�_�d�Z�x�s�b�o�� �\�� �l�Z�d�b�o��

�f�Z�k�r�l�Z�[�Z�o�����i�j�h�k�l�h���g�_���g�Z�o�h�^�b�l�k�y���f�_�k�l�Z�����J�m�^�b�q���b���^�j�������������������F�Z�k�m�j�_�g�d�h�\�����������������b��

O:\+x__Oz_paper_other\�<�h�e�u�g�_�p�B�B���������B�B�b-�^�j�B�B�B�I�_�l�j�h�o�b�f�b�q�_�k�d�b�_-�l�b�i�u-�q�_�l�\�_�j�l�b�q�g�u�o-�\�m�e�d�Z�g�h�\-�D�Z�f�q�Z�l�d�b-�b-�b�o-�]�_�h�e�h�]�b�q�_�k�d�h�_-�i�h�e�h�`�_�g�b�_���S�G�I 

 

O:\+x__Oz_paper_other\�J�m�^�b�q�B�B���������B�B�b-�^�j�B�B�B�F�g�h�]�h�h�[�j�Z�a�b�_-�\�m�e�d�Z�g�b�q�_�k�d�b�o-�i�h�j�h�-̂�D�Z�f�q�Z�l�d�b-�b-�i�j�h�[�e�_�f�u-�b�o-�]�_�g�_�a�b�k�Z���S�G�I 

O:\+x__Oz_paper_other\�E�_�h�g�h�\�Z�B�B���������B�B�D�b�j�k�Z�g�h�\�B�B�B�=�_�h�o�b�f�b�y-�[�Z�a�Z�e�v�l�h�\-�D�e�x�q�_�\�k�d�h�]�h-�\�m�e�d�Z�g�Z-�D�Z�f�q�Z�l�d�Z���S�G�I 

O:\+x__Oz_paper_other\�<�h�e�u�g�_�p�B�B���������B�B�b-�^�j�B�B�B�I�_�l�j�h�o�b�f�b�q�_�k�d�b�_-�l�b�i�u-�q�_�l�\�_�j�l�b�q�g�u�o-�\�m�e�d�Z�g�h�\-�D�Z�f�q�Z�l�d�b-�b-�b�o-�]�_�h�e�h�]�b�q�_�k�d�h�_-�i�h�e�h�`�_�g�b�_���S�G�I 

 

O:\+x__Oz_paper_other\�K�b�j�b�g�B�B���������B�B�L�b�f�_�j�[�Z�_�\�Z�B�B�B�H-�^�\�m�o-�l�b�i�Z�o-�[�Z�a�Z�e�v�l�h�\-�b-�k�h�k�l�Z�\�_-�b�k�o�h�^�g�h�c-�f�Z�]�f�u-�D�e�x�q�_�\�k�d�h�c-�]�j�m�i�i�u-�g�Z-�D�Z�f�q�Z�l�d�_���S�G�I 

O:\+x__Oz_paper_other\�<�Z�`�_�_�\�k�d�Z�y�B�B���������B�B�:�<�L�H�J�?�N�B�B�B�;�Z�a�Z�e�v�l�u-�Z�j�_�Z�e�v�g�u�o-�a�h�g-�D�Z�f�q�Z�l�d�b���S�G�I 
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�^�j�������� �<�f�_�k�l�_�� �k�� �l�_�f�� �n�j�Z�d�p�b�h�g�g�Z�y�� �^�b�n�n�_�j�_�g�p�b�Z�p�b�y�� �f�h�`�_�l�� �[�u�l�v�� �i�j�b�q�b�g�h�c��

�i�h�y�\�e�_�g�b�y�� �g�_�[�h�e�v�r�b�o�� �h�[�t�_�f�h�\�� �[�Z�a�Z�e�v�l�h�\�� �h�^�g�h�]�h�� �l�b�i�Z�� �g�Z�� �n�h�g�_�� �i�j�_�h�[�e�Z�^�Z�g�b�y��

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

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

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

�i�h�[�h�q�g�u�o�� �d�h�g�m�k�h�\�� �D�e�x�q�_�\�k�d�h�]�h�� �\�m�e�d�Z�g�Z�«� .́ �³�K�h�g�Z�o�h�`�^�_�g�b�_ �b�a�\�_�k�l�d�h�\�h-

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

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

�b�a�\�_�k�l�d�h�\�h-�s�_�e�h�q�g�h�]�h���[�Z�a�Z�e�v�l�Z� .́ 

 �<�� �>�D�b�j�k�Z�g�h�\���� �F�Z�j�d�h�\����1979 (�K. 95)] �Z�\�l�h�j�Z�f�b�� �k�d�Z�a�Z�g�h�� �³�F�h�`�g�h�� �a�Z�d�e�x�q�b�l�v����

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

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

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

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

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

�b�a�\�_�j�`�_�g�b�c� .́ 

 �<�� [�O�j�_�g�h�\�� �:�g�l�b�i�b�g�� �Q�m�\�Z�r�h�\�Z�� �K�f�b�j�g�h�\�Z�� 1989 (�K. 14)] �g�Z�i�b�k�Z�g�h�� 

�³�=�_�h�o�b�f�b�q�_�k�d�b�_�� �^�Z�g�g�u�_�� �k�\�b�^�_�l�_�e�v�k�l�\�m�x�l�� �h�� �n�h�j�f�b�j�h�\�Z�g�b�b�� �]�e�b�g�h�a�_�f�b�k�l�u�o�� �b��

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

�b�k�l�h�q�g�b�d�Z�� ���h�q�Z�]�Z��� .́ �<�k�e�_�^�� �a�Z�� �E���E���� �E�_�h�g�h�\�h�c�� �b�� �B���L���� �D�b�j�k�Z�g�h�\�u�f�� �\���i�m�[�e�b�d�Z�p�b�b 

�h�[�k�m�`�^�Z�_�l�k�y���³�\�_�j�h�y�l�g�h�k�l�v�� �f�_�o�Z�g�b�a�f�Z�� �^�b�n�n�_�j�_�g�p�b�Z�p�b�b�� �[�Z�a�Z�e�v�l�h�\�u�o�� �e�Z�\�� �h�l��

�]�e�b�g�h�a�_�f�b�k�l�h�]�h�� �d�� �f�Z�]�g�_�a�b�Z�e�v�g�h�f�m�� �l�b�i�m�.́ �W�l�h�l�� �f�_�o�Z�g�b�a�f�� �h�i�b�k�u�\�Z�_�l�k�y���\�� �k�l�Z�l�v�_ 

�k�e�_�^�m�x�s�b�f�� �h�[�j�Z�a�h�f�� �³�I�h�k�e�_�� �a�Z�e�h�`�_�g�b�y�� �j�Z�^�b�Z�e�v�g�h�c�� �l�j�_�s�b�g�u �g�Z�� �k�d�e�h�g�_��

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

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

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

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

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

�\�m�e�d�Z�g�m�� [�O�j�_�g�h�\��   2011 (�K. 466)] �i�b�r�_�l: �³�;�u�e�b�� �\�u�^�_�e�_�g�u �\�u�k�h�d�h�f�Z�]�g�_�a�b�Z�e�v�g�u�_ 

�[�Z�a�Z�e�v�l�u �k���k�h�^�_�j�`�Z�g�b�_�f��MgO �h�l�������������^�h��9 %�����f�Z�]�g�_�a�b�Z�e�v�g�u�_�����i�j�h�f�_�`�m�l�h�q�g�u�_����

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

MgO �h�l�����������^�h��������� .́ 

 �:�\�l�h�j���g�Z�k�l�h�y�s�_�]�h���b�k�k�e�_�^�h�\�Z�g�b�y �\�i�_�j�\�u�_���b�a�e�h�`�b�e���k�\�h�b���i�j�_�^�k�l�Z�\�e�_�g�b�y���h��

�i�j�b�q�b�g�_�� �j�Z�a�g�h�h�[�j�Z�a�b�y�� �i�h�j�h�^�� �D�e�x�q�_�\�k�d�h�]�h�� �\�m�e�d�Z�g�Z�� �\��[�H�a�_�j�h�\�� �O�m�[�m�g�Z�y,  1992]. 

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

O:\+x__Oz_paper_other\�O�j�_�g�h�\�B�B���������B�B�b-�^�j�B�B�B�I�_�l�j�h�o�b�f�b�q�_�k�d�b�_-�]�_�h�o�b�f�b�q�_�k�d�b�_-�h�k�h�[�_�g�g�h�k�l�b-�[�Z�a�Z�e�v�l�h�\-�D�e�x�q�_�\�k�d�h�]�h-�\�m�e�d�Z�g�Z���S�G�I 

O:\+x__Oz_paper_other\�O�j�_�g�h�\�B�B���������B�B�B�W�j�m�i�l�b�\�g�u�_-�p�_�g�l�j�u-�]�e�b�g�h�a�_�f�b�k�l�u�o-�b-�f�Z�]�g�_�a�b�Z�e�v�g�u�o-�[�Z�a�Z�e�v�l�h�\-�g�Z-�k�d�e�h�g�Z�o-�D�e�x�q�_�\-�\�m�e�d-_-.pdf 

O:\+x__Oz_paper_other\�H�a�_�j�h�\�B�B���������B�B�O�m�[�m�g�Z�y�B�B�B�O�b�f�b�a�f-Ol-�b-Px-�d�Z�d-�i�h�d�Z�a�Z�l�_�e�v-�]�_�g�_�l�b�q-�k�\�y�a�b-�=�e�b�g�h�a-�b-�F�Z�]�g�_�a-�[�Z�a-�D�e�x�q-�\�m�e�d���S�G�I 

O:\+x__Oz_paper_other\�D�b�j�k�Z�g�h�\�B�B���������B�B�F�Z�j�d�h�\�B�B�B�W�\�h�e�x�p�b�y-�[�Z�a�Z�e�v�l�h�\-�\-�i�j�h�p�_�k�k�_-�n�h�j�f�b�j�h�\�Z�g�b�y-�D�e�x�q�_�\�k�d�h�]�h-�\�m�e�d�Z�g�Z���S�G�I 
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�f�b�d�j�h�a�h�g�^�h�\�h�]�h�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �o�b�f�b�q�_�k�d�b�o�� �k�h�k�l�Z�\�h�\ �h�e�b�\�b�g�h�\�� �b�� �i�b�j�h�d�k�_�g�h�\��

�[�u�e�h�� �i�h�d�Z�a�Z�g�h���� �q�l�h���³�f�Z�]�g�_�a�b�Z�e�v�g�u�_�� �b�� �]�e�b�g�h�a�_�f�b�k�l�u�_�� �b�a�\�_�k�l�d�h�\�h-�s�_�e�h�q�g�u�_��

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

�w�\�h�e�x�p�b�b���f�Z�]�f�Z�l�b�q�_�k�d�h�]�h���j�Z�k�i�e�Z�\�Z�  ́�b, �q�l�h���³�]�e�b�g�h�a�_�f�b�k�l�u�_���[�Z�a�Z�e�v�l�u���y�\�e�y�x�l�k�y��

�^�b�n�n�_�j�_�g�p�b�Z�l�Z�f�b�� �\�u�k�h�d�h�f�Z�]�g�_�a�b�Z�e�v�g�u�o�� �f�Z�]�f� .́ �<�� [�H�a�_�j�h�\����1993] �[�u�e�b��

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

�o�h�a�y�b�g�_��Ol, Cpx �b��Pl���� �d�h�l�h�j�u�_�� �i�h�a�\�h�e�b�e�b�� �\�u�y�\�b�l�v�� �i�h�j�y�^�h�d�� �d�j�b�k�l�Z�e�e�b�a�Z�p�b�b��

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

�i�j�h�]�j�Z�f�f�u�� �D�H�F�:�=�F�:�L���^�Z�e�h�� �\�h�a�f�h�`�g�h�k�l�v �\�i�_�j�\�u�_ �i�h�^�h�c�l�b�� �d�� �i�h�g�b�f�Z�g�b�x��

�h�[�t�_�f�h�\���d�j�b�k�l�Z�e�e�b�a�m�x�s�b�o�k�y���n�Z�a���b���m�k�e�h�\�b�c���b�o���h�[�j�Z�a�h�\�Z�g�b�y. 

 �<�� �k�_�j�_�^�b�g�_�� ����-�o�� �]�h�^�h�\���f�u�� �i�_�j�_�r�e�b�� �d �k�h�\�f�_�k�l�g�h�f�m �j�Z�k�k�f�h�l�j�_�g�b�x�� �g�Z�r�b�o��

�^�Z�g�g�u�f�� �k�� �^�Z�g�g�u�f�b���:���:�����:�j�b�k�d�b�g�Z���b�� �=���K�� �;�Z�j�f�b�g�h�c���� �i�j�h�\�h�^�b�\�r�b�o�� �b�a�m�q�_�g�b�_��

�D�e�x�q�_�\�k�d�h�]�h���\�m�e�d�Z�g�Z���\���j�Z�f�d�Z�o���k�h�[�k�l�\�_�g�g�u�o���i�j�h�_�d�l�h�\��[�:�j�b�k�d�b�g�� �;�Z�j�f�b�g�Z����1992; 

�;�Z�j�f�b�g�Z�� �:�j�b�k�d�b�g�� 1992] �b���y�\�e�y�x�s�b�o�k�y���k�h�a�^�Z�l�_�e�y�f�b �i�j�h�]�j�Z�f�f�u���D�H�F�:�=�F�:�L. �<��

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

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

�\�u�k�h�d�h�f�Z�]�g�_�a�b�Z�e�v�g�h�]�h�� �[�Z�a�Z�e�v�l�h�\�h�]�h�� �j�Z�k�i�e�Z�\�Z���� �k�h�^�_�j�`�Z�s�_�]�h��~ 2 % H2O 

[�:�j�b�k�d�b�g��  �;�Z�j�f�b�g�Z��  �H�a�_�j�h�\��  �G�b�e�v�k�_�g����1995; �H�a�_�j�h�\��  �:�j�b�k�d�b�g��  �;�Z�j�f�b�g�Z��  

1996; �H�a�_�j�h�\��  �:�j�b�k�d�b�g��  �D�Z�c�e��  �;�h�]�h�y�\�e�_�g�k�d�Z�y���� �D�Z�j�i�_�g�d�h����1997; Ariskin,   1999; 

�:�j�b�k�d�b�g��  �;�Z�j�f�b�g�Z��  2000; Ozerov,   2000]. 

 �:�f�_�j�b�d�Z�g�k�d�b�_�� �b�k�k�e�_�^�h�\�Z�l�_�e�b��[Kersting, Arculus,  1994], �\�u�i�h�e�g�b�\��

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

�<���G�� �:�g�^�j�_�_�\�u�f���� �:���I�� �O�j�_�g�h�\�u�f�� �b�� �:���X�� �H�a�_�j�h�\�u�f�����l�Z�d�`�_���i�j�b�r�e�b�� �d��

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

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

 �<���[�h�e�_�_�� �i�h�a�^�g�b�o�� �j�Z�[�h�l�Z�o �i�_�l�j�h�e�h�]�b, �b�k�i�h�e�v�a�m�x�s�b�_ �^�Z�g�g�u�_�� �b�a�m�q�_�g�b�y��

�j�Z�k�i�e�Z�\�g�u�o�� �\�d�e�x�q�_�g�b�c�����i�j�_�^�e�Z�]�Z�x�l���^�h�i�h�e�g�_�g�b�y �b�e�b �m�l�h�q�g�_�g�b�y �d�� �i�_�l�j�h�e�h�]�h-

�]�_�h�o�b�f�b�q�_�k�d�h�c�� �f�h�^�_�e�b��[�:�j�b�k�d�b�g��  �;�Z�j�f�b�g�Z��  �H�a�_�j�h�\��  �G�b�e�v�k�_�g����1995; �H�a�_�j�h�\��  

�:�j�b�k�d�b�g��  �;�Z�j�f�b�g�Z��  1996]. 

 �J�Z�k�k�f�Z�l�j�b�\�Z�y�� �k�h�k�l�Z�\�u�� �j�Z�k�i�e�Z�\�g�u�o�� �\�d�e�x�q�_�g�b�c�� �\�� �i�e�Z�]�b�h�d�e�Z�a�_, 

[�I�e�_�q�h�\,   2008 (�K. 171�±181)] �i�j�b�o�h�^�b�l�� �d�� �a�Z�d�e�x�q�_�g�b�x���� �q�l�h�� �^�e�y�� �i�h�e�m�q�_�g�b�y�� �i�h�e�g�h�]�h��

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

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

15 �d�f���b���\�u�r�_�����J�b�h�e�b�l�u�����i�h���f�g�_�g�b�x���Z�\�l�h�j�Z���w�l�h�c���]�b�i�h�l�_�a�u�����f�h�]�m�l���[�u�l�v���i�h�e�m�q�_�g�u��

O:\+x__Oz_paper_other\�I�e�_�q�h�\�B�B���������B�B�>�B�K�K�?�J�B�B�B�F�g�h�`�_�k�l�\�_�g�g�h�k�l�v-�b�k�l�h�q�g�b�d�h�\-�h�k�l�j�h�\�h�^�m�`�g�u�o-�f�Z�]�f-�b-�^�b�g�Z�f�b�d�Z-�b�o-�\�a�Z�b�f�h�^�_�c�k�l�\�b�y���S�G�I 

O:\+x__Oz_paper_other\Ozerov__2000___The-evolution-HAB-of-the-Klyuchevskoy-volcano-_-based-on-microprobe-analyses-mineral-inclusions.pdf 

O:\+x__Oz_paper_other\�:�j�b�k�d�b�g�B�B���������B�B--@--�B�B�B�=�_�g�_�a�b�k-�\�u�k�h�d�h�]�e�b�g�h�a�_�f�b�k�l�u�o-�[�Z�a�Z�e�v�l�h�\-�D�e�x�q�_�\�k�d�h�]�h-�\�m�e�d�Z�g�Z���S�G�I 

O:\+x__Oz_paper_other\�H�a�_�j�h�\�B�B���������B�B�b-�^�j�B�B�B�I�_�l�j�h�e�h�]�h-�]�_�h�o�b�f�b�q-�f�h�^�_�e�v-�]�_�g�_�l�b�q�_�k-�j�h�^�k�l�\�Z-b-&-a-�f�Z�]�f�Z�l�b�a�f�Z-�\�m�e-�D�e�x-�;�_�a���S�G�I 

O:\+x__Oz_paper_other\�H�a�_�j�h�\�B�B���������B�B�b-�^�j�B�B�B�D-�i�j�h�[�e�_�f�_-�]�_�g�_�l�b�q-�\�a�Z�b�f�h�h�l�g�h�r-�\�u�k�h�d�h�]�e�b�g�h�a-�b-�\�u�k�h�d�h�f�Z�]�g�_�a-�[�Z�a�Z�e�v-�D�e�x�q-�\�m�e�d���S�G�I 

O:\+x__Oz_paper_other\Ariskin__1999___Phase-equilibria-modeling-in-igneous-petrology-use-COMAGMAT-model-for-simulating-fractionation-of-Fe-bas-magmas-and-genesis-of-high-alumina-basalt.pdf 

O:\+x__Oz_paper_other\�:�j�b�k�d�b�g�B�B���������B�B�;�Z�j�f�b�g�Z�B�B�B�F�h�^�_�e�b�j�h�\�Z�g�b�_-�n�Z�a�h�\�u�o-�j�Z�\�g�h�\�_�k�b�c-�i�j�b-�d�j�b�k�l�Z�e�e�b�a�Z�p�b�b-�[�Z�a�Z�e�v�l�h�\�u�o-�f�Z�]�f��pdf 

O:\+x__Oz_paper_other\�:�j�b�k�d�b�g�B�B���������B�B--@--�B�B�B�=�_�g�_�a�b�k-�\�u�k�h�d�h�]�e�b�g�h�a�_�f�b�k�l�u�o-�[�Z�a�Z�e�v�l�h�\-�D�e�x�q�_�\�k�d�h�]�h-�\�m�e�d�Z�g�Z���S�G�I 

O:\+x__Oz_paper_other\�H�a�_�j�h�\�B�B���������B�B�b-�^�j�B�B�B�D-�i�j�h�[�e�_�f�_-�]�_�g�_�l�b�q-�\�a�Z�b�f�h�h�l�g�h�r-�\�u�k�h�d�h�]�e�b�g�h�a-�b-�\�u�k�h�d�h�f�Z�]�g�_�a-�[�Z�a�Z�e�v-�D�e�x�q-�\�m�e�d���S�G�I 

O:\+x__Oz_paper_other\Kersting__1994__Arculus___Klyuchevskoy-Volcano-Kamchatka-_-Genesis-of-High-Al2O3-from-High-MgO-Basalt.pdf 
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�a�Z�� �k�q�_�l�� �q�Z�k�l�b�q�g�h�]�h�� �i�e�Z�\�e�_�g�b�y�� �i�h�j�h�^���� �h�d�j�m�`�Z�x�s�b�o�� �i�h�^�\�h�^�y�s�b�c�� �d�Z�g�Z�e�� ���d�h�j�h�\�Z�y��

�d�h�g�l�Z�f�b�g�Z�p�b�y���� 

 �H�k�g�h�\�u�\�Z�y�k�v�� �g�Z�� �b�a�m�q�_�g�b�b�� �j�Z�k�i�e�Z�\�g�u�o�� �\�d�e�x�q�_�g�b�c�� �\�� �h�e�b�\�b�g�_, 

[�F�b�j�h�g�h�\,   2009 (�K. 232)] �^�_�e�Z�_�l�� �\�u�\�h�^���� �q�l�h���g�Z���i�h�\�_�^�_�g�b�_ �]�e�Z�\�g�u�o�� �w�e�_�f�_�g�l�h�\�� �\��

�f�Z�]�f�Z�o �D�e�x�q�_�\�k�d�h�]�h�� �\�m�e�d�Z�g�Z�� �h�d�Z�a�u�\�Z�x�l�� �\�e�b�y�g�b�_�� �i�j�h�p�_�k�k�u���k�f�_�r�_�g�b�y. �H�g 

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

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

�f�Z�]�f�Z�f�b �;�_�a�u�f�y�g�g�h�]�h���\�m�e�d�Z�g�Z. 

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

[�O�m�[�m�g�Z�y, �=�h�g�l�h�\�Z�y�� �F�h�k�d�Z�e�_�\�Z �b �^�j���� 2012 (�K. 90)] �i�j�b�o�h�^�y�l �d�� �a�Z�d�e�x�q�_�g�b�x�� �h��

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

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

�i�j�h�f�_�`�m�l�h�q�g�h�]�h���h�q�Z�]�Z�� �d�h�l�h�j�u�c���³�j�Z�k�i�h�e�h�`�_�g�� �\�� �b�g�l�_�j�\�Z�e�_�� �]�e�m�[�b�g�� �^�h�� ���� �d�f����

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

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

�j�Z�a�g�u�_�� �b�k�k�e�_�^�h�\�Z�l�_�e�b�� �\���d�Z�q�_�k�l�\�_���j�h�^�b�l�_�e�v�k�d�b�o �j�Z�k�k�f�Z�l�j�b�\�Z�x�l �j�Z�a�g�u�_��

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

�f�Z�]�f�Z�l�b�q�_�k�d�h�c�� �k�_�j�b�b�� �i�h�j�h�^�� �D�e�x�q�_�\�k�d�h�]�h�� �\�m�e�d�Z�g�Z�� 1 �± �b�k�o�h�^�g�u�_ �f�Z�]�f�u��

�]�e�b�g�h�a�_�f�b�k�l�u�_�� 2 �± �b�k�o�h�^�g�u�_���f�Z�]�f�u�� �f�Z�]�g�_�a�b�Z�e�v�g�u�_�� 3 �± �k�f�_�r�_�g�b�_��

�f�Z�]�g�_�a�b�Z�e�v�g�u�o�� �b�� �]�e�b�g�h�a�_�f�b�k�l�u�o�� �f�Z�]�f�� 4 �± �d�h�j�h�\�Z�y�� �d�h�g�l�Z�f�b�g�Z�p�b�y��

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

�f�Z�]�g�_�a�b�Z�e�v�g�u�o�� �f�Z�]�f; 5 �± �i�h�^�f�_�r�b�\�Z�g�b�_�� �d�� �j�Z�k�i�e�Z�\�Z�f�� �D�e�x�q�_�\�k�d�h�]�h�� �\�m�e�d�Z�g�Z��

�Z�g�^�_�a�b�[�Z�a�Z�e�v�l�h�\�u�o���f �Z�]�f�� �\�m�e�d�Z�g�Z�� �;�_�a�u�f�y�g�g�h�]�h; 6 �± �d�m�f�m�e�y�p�b�y��Ol �b��Cpx �b�a��

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

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

�f�b�g�_�j�Z�e�Z�f�b���]�e�b�g�h�a�_�f�b�k�l�u�o���i�h�j�h�^�� 

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

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

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

�\�j�_�f�_�g�b�� �>�e�y�� �h�k�\�_�s�_�g�b�y�� �w�l�b�o�� �\�h�i�j�h�k�h�\�� �g�Z�f�b���[�u�e�� �i�j�h�\�_�^�_�g�� �p�b�d�e��

�b�k�k�e�_�^�h�\�Z�g�b�c�� 
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1.8.  �I�h�k�l�Z�g�h�\�d�Z���a�Z�^�Z�q�b 

�P�_�e�v�� �b�k�k�e�_�^�h�\�Z�g�b�c �± �h�i�j�_�^�_�e�b�l�v�� �o�Z�j�Z�d�l�_�j���i�j�_�h�[�j�Z�a�h�\�Z�g�b�c 

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

�i�Z�j�Z�]�_�g�_�a�b�k�u�� �f�b�g�_�j�Z�e�h�\�� �b�� �b�a�f�_�g�_�g�b�y�� �b�o�� �k�h�k�l�Z�\�h�\, �k�h�a�^�Z�l�v�� �i�_�l�j�h�e�h�]�h-

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

�\�u�k�h�d�h�f�Z�]�g�_�a�b�Z�e�v�g�h�c���± �\�u�k�h�d�h�]�e�b�g�h�a�_�f�b�k�l�h�c���k�_�j�b�b���[�Z�a�Z�e�v�l�h�b�^�h�\���D�e�x�q�_�\�k�d�h�]�h 

�\�m�e�d�Z�g�Z�� 

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

�\�k�_�c�� �Z�k�k�h�p�b�Z�p�b�b�� �i�h�j�h�^�� �\�m�e�d�Z�g�Z���� �f�b�d�j�h�a�h�g�^�h�\�h�_�� �b�a�m�q�_�g�b�_�� �i�h�j�h�^�h�h�[�j�Z�a�m�x�s�b�o, 

�Z�d�p�_�k�k�h�j�g�u�o �f�b�g�_�j�Z�e�h�\ �b �l�\�_�j�^�h�n�Z�a�g�u�o�� �f�b�d�j�h�\�d�e�x�q�_�g�b�c�����k�b�e�b�d�Z�l�g�u�o�� �b��

�j�m�^�g�u�o�� �\�� �f�b�g�_�j�Z�e�_-�o�h�a�y�b�g�_, �i�j�h�\�_�^�_�g�b�_���q�b�k�e�_�g�g�h�]�h���f�h�^�_�e�b�j�h�\�Z�g�b�y 

���i�j�h�]�j�Z�f�f�Z�� �D�H�F�:�=�F�:�L�����l�_�j�f�h�^�b�g�Z�f�b�q�_�k�d�b�o�� �i�Z�j�Z�f�_�l�j�h�\ �n�h�j�f�b�j�h�\�Z�g�b�y��

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

 �A�Z�^�Z�q�b�� �b�k�k�e�_�^�h�\�Z�g�b�c�� 1 �± �b�a�m�q�_�g�b�_�� �i�_�l�j�h�o�b�f�b�q�_�k�d�b�o�� �b�� �]�_�h�o�b�f�b�q�_�k�d�b�o��

�o�Z�j�Z�d�l�_�j�b�k�l�b�d���\�u�k�h�d�h�f�Z�]�g�_�a�b�Z�e�v�g�h�c���± �\�u�k�h�d�h�]�e�b�g�h�a�_�f�b�k�l�h�c�� �Z�k�k�h�p�b�Z�p�b�b 

�[�Z�a�Z�e�v�l�h�b�^�h�\�� �D�e�x�q�_�\�k�d�h�]�h�� �\�m�e�d�Z�g�Z; 2 �± �j�Z�k�k�f�h�l�j�_�g�b�_�� �\�h�i�j�h�k�Z�� �h��

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

�\�u�k�h�d�h�]�e�b�g�h�a�_�f�b�k�l�u�f�b���[�Z�a�Z�e�v�l�h�b�^�Z�f�b���\�m�e�d�Z�g�Z�� 3 �± �\�u�y�\�e�_�g�b�_���i�h�l�_�g�p�b�Z�e�v�g�h�]�h��

�f�Z�]�f�Z�l�b�q�_�k�d�h�]�h�� �b�k�l�h�q�g�b�d�Z�� �^�e�y�� �f�Z�]�f�Z�l�b�q�_�k�d�h�c�� �k�_�j�b�b�� �i�h�j�h�^�� �\�m�e�d�Z�g�Z�� 4 �± 

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

�Z�d�p�_�k�k�h�j�g�u�o�� �f�b�g�_�j�Z�e�h�\���b�a���\�u�k�h�d�h�]�e�b�g�h�a�_�f�b�k�l�u�o���Z�g�^�_�a�b�[�Z�a�Z�e�v�l�h�\����5 �± 

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

�\�k�_�o�� �l�b�i�h�\�� �[�Z�a�Z�e�v�l�h�b�^�h�\�� �D�e�x�q�_�\�k�d�h�]�h�� �\�m�e�d�Z�g�Z����6 �± �h�i�j�_�^�_�e�_�g�b�_�� �i�Z�j�Z�]�_�g�_�a�b�k�Z��

�f�b�g�_�j�Z�e�h�\�� �b�� �b�a�f�_�g�_�g�b�_�� �b�o�� �k�h�k�l�Z�\�h�\���\���\�u�k�h�d�h�]�e�b�g�h�a�_�f�b�k�l�u�o�� �Z�g�^�_�a�b�[�Z�a�Z�e�v�l�h�\��

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

�d�j�b�k�l�Z�e�e�b�a�Z�p�b�b�� �f�b�d�j�h�e�b�l�h�\����7 �± �k�h�i�h�k�l�Z�\�e�_�g�b�_�� �f�b�g�_�j�Z�e�v�g�u�o�� �i�Z�j�Z�]�_�g�_�a�b�k�h�\��

�\�u�k�h�d�h�]�e�b�g�h�a�_�f�b�k�l�u�o�� �b�� �\�u�k�h�d�h�f�Z�]�g�_�a�b�Z�e�v�g�u�o�� �[�Z�a�Z�e�v�l�h�b�^�h�\����8 �± �k�h�a�^�Z�g�b�_��

�i�h�r�Z�]�h�\�h�c�� �W�<�F-�f�h�^�_�e�b���n�h�j�f�b�j�h�\�Z�g�b�y���\�k�_�c�� �k�_�j�b�b�� �i�h�j�h�^�� �\�m�e�d�Z�g�Z���� �\�i�e�h�l�v�� �^�h��

�\�u�k�h�d�h�]�e�b�g�h�a�_�f�b�k�l�u�o���Z�g�^�_�a�b�[�Z�a�Z�e�v�l�h�\�� �b�a�� �b�k�o�h�^�g�h�c�� �\�u�k�h�d�h�f�Z�]�g�_�a�b�Z�e�v�g�h�c��

�f�Z�]�f�u���i�h�k�j�_�^�k�l�\�h�f���^�_�d�h�f�i�j�_�k�k�b�h�g�g�h�]�h���n�j�Z�d�p�b�h�g�b�j�h�\�Z�g�b�y�� 

 �H�[�t�_�d�l���b�k�k�e�_�^�h�\�Z�g�b�y �± �i�h�j�h�^�u�� �D�e�x�q�_�\�k�d�h�]�h�� �\�m�e�d�Z�g�Z���� �i�j�_�^�k�l�Z�\�e�y�x�s�b�_��

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

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

�f�b�g�_�j�Z�e�u �b �l�\�_�j�^�h�n�Z�a�g�u�_�� �d�j�b�k�l�Z�e�e�b�q�_�k�d�b�_���f�b�d�j�h�\�d�e�x�q�_�g�b�y�� �\�� �f�b�g�_�j�Z�e�_-

�o�h�a�y�b�g�_�� 
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1.9.  �F�_�l�h�^�b�d�Z���b�k�k�e�_�^�h�\�Z�g�b�c���i�h�j�h� ̂�D�e�x�q�_�\�k�d�h�]�h���\�m�e�d�Z�g�Z 

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

�w�d�k�i�_�^�b�p�b�h�g�g�u�_�����i�_�l�j�h�o�b�f�b�q�_�k�d�b�_���� �]�_�h�o�b�f�b�q�_�k�d�b�_�����i�_�l�j�h�]�j�Z�n�b�q�_�k�d�b�_�� 

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

�i�h�j�h�^�h�h�[�j�Z�a�m�x�s�b�o�� �f�b�g�_�j�Z�e�Z�o, �j�_�Z�e�b�a�h�\�Z�g�h �i�_�l�j�h�o�b�f�b�q�_�k�d�h�_�� �W�<�F-

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

 �W�d�k�i�_�^�b�p�b�h�g�g�u�_���b�k�k�e�_�^�h�\�Z�g�b�y 

�J�Z�[�h�l�u�� �g�Z�� �D�e�x�q�_�\�k�d�h�f�� �\�m�e�d�Z�g�_�� �[�u�e�b�� �g�Z�q�Z�l�u�� �Z�\�l�h�j�h�f�� �\�� ���������� �]�h�^�m���� �K��

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

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

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

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

�d�h�g�m�k�h�\�� �b�� �e�Z�\�h�\�u�o�� �i�h�l�h�d�h�\�� �D�e�x�q�_�\�k�d�h�]�h�� �\�m�e�d�Z�g�Z���� �<�� �l�_�o�� �k�e�m�q�Z�y�o���� �d�h�]�^�Z��

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

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

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

�h�k�m�s�_�k�l�\�e�y�e�k�y �\���i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b���b�o���i�h�k�l�m�i�e�_�g�b�y���g�Z���^�g�_�\�g�m�x���i�h�\�_�j�o�g�h�k�l�v�� 

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

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

 �I�_�l�j�h�o�b�f�b�q�_�k�d�b�_���b�k�k�e�_�^�h�\�Z�g�b�y 

 �B�a�m�q�_�g�b�_���i�h�j�h�^�� �D�e�x�q�_�\�k�d�h�]�h�� �\�m�e�d�Z�g�Z�� �i�j�h�\�h�^�b�l�k�y�� �m�`�_���[�h�e�_�_ 80 �e�_�l, 

�i�_�j�\�u�_�� �o�b�f�b�q�_�k�d�b�_�� �Z�g�Z�e�b�a�u�� �h�i�m�[�e�b�d�h�\�Z�g�u�� �\��[�A�Z�\�Z�j�b�p�d�b�c��   1931;   1935, 

�<�e�h�^�Z�\�_�p��   1934]. �<�� �g�Z�k�l�h�y�s�_�c�� �j�Z�[�h�l�_ �g�_�� �k�l�Z�\�b�e�Z�k�v �p�_�e�v���i�h�d�Z�a�Z�l�v���\�_�k�v���h�[�t�_�f 

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

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

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

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

�Z�g�Z�e�b�a�u�� �i�h�e�m�q�_�g�g�u�_���i�j�b�� �b�a�m�q�_�g�b�b�� �D�e�x�q�_�\�k�d�h�]�h�� �\�m�e�d�Z�g�Z�� �\���i�h�k�e�_�^�g�b�_��

�^�_�k�y�l�b�e�_�l�b�y �l�j�_�f�y���]�j�m�i�i�Z�f�b���b�k�k�e�_�^�h�\�Z�l�_�e�_�c�� 

      �± �B�g�k�l�b�l�m�l�� �\�m�e�d�Z�g�h�e�h�]�b�b�� �>�<�H�� �J�:�G���� �D�e�x�q�_�\�k�d�Z�y�� �w�d�k�i�_�^�b�p�b�y���� �j�Z�[�h�l�u��

�\�u�i�h�e�g�y�e�b�k�v���\ 1983-�������]�]�������:���I�����O�j�_�g�h�\ �± �g�Z�q�Z�e�v�g�b�d���w�d�k�i�_�^�b�p�b�b�����<���G�����:�g�^�j�_�_�\ �± 

�g�Z�q�Z�e�v�g�b�d�� �h�l�j�y�^�Z�����:���X�����H�a�_�j�h�\ �± �g�Z�q�Z�e�v�g�b�d�� �h�l�j�y�^�Z������ �I�h�k�e�_�� �a�Z�\�_�j�r�_�g�b�y��

�j�Z�[�h�l�u�� �w�d�k�i�_�^�b�p�b�b�� �Z�\�l�h�j���i�j�h�^�h�e�`�Z�e���b�k�k�e�_�^�h�\�Z�g�b�y�� �g�Z�� �\�m�e�d�Z�g�_�� �\���j�Z�f�d�Z�o���G�B�J��
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�B�g�k�l�b�l�m�l�Z �\�m�e�d�Z�g�h�e�h�]�b�b�� �J�:�G �b�� �\�� �d�Z�q�_�k�l�\�_�� �j�m�d�h�\�h�^�b�l�_�e�y�� �b�g�b�p�b�Z�l�b�\�g�u�o��

�i�j�h�_�d�l�h�\���J�N�N�B �b �>�<�H���J�:�G; 

     �± �B�g�k�l�b�l�m�l�� �\�m�e�d�Z�g�h�e�h�]�b�b�� �>�<�H�� �J�:�G�� ���K���:�����O�m�[�m�g�Z�y �± �g�Z�q�Z�e�v�g�b�d�� �h�l�j�y�^�Z����

�K���H�� �;�h�]�h�y�\�e�_�g�k�d�b�c �± �f���g���k�������L���X�����G�h�\�]�h�j�h�^�p�_�\�Z �± �f���g���k������ 

     �± �B�g�k�l�b�l�m�l�� �]�_�h�o�b�f�b�b�� �b�� �Z�g�Z�e�b�l�b�q�_�k�d�h�c�� �o�b�f�b�b�� �J�:�G�����=���K�� �;�Z�j�f�b�g�Z�± �g�Z�q�Z�e�v�g�b�d��

�h�l�j�y�^�Z�����:���:�����:�j�b�k�d�b�g �± �k���g���k������ 

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

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

[�O�j�_�g�h�\�� �:�g�l�b�i�b�g�� �Q�m�\�Z�r�h�\�Z�� �K�f�b�j�g�h�\�Z�� 1989; �O�j�_�g�h�\��  �>�\�b�]�Z�e�h��  �D�b�j�k�Z�g�h�\��  

�N�_�^�h�l�h�\�� 1991; �H�a�_�j�h�\��  �O�m�[�m�g�Z�y��  1992; �H�a�_�j�h�\�� 1993; �O�m�[�m�g�Z�y��  

�;�h�]�h�y�\�e�_�g�k�d�b�c,  �G�h�\�]�h�j�h�^�p�_�\�Z��  �H�d�j�m�]�b�g�Z����1993; �:�j�b�k�d�b�g�� �;�Z�j�f�b�g�Z��  �H�a�_�j�h�\��  

�G�b�e�v�k�_�g, 1995; �H�a�_�j�h�\��  �D�Z�j�i�h�\��  �>�j�h�a�g�b�g, �>�\�b�]�Z�e�h �b�� �^�j���� 1996; �H�a�_�j�h�\��  

�:�j�b�k�d�b�g��  �D�Z�c�e��  �;�h�]�h�y�\�e�_�g�k�d�Z�y���� �D�Z�j�i�_�g�d�h�� 1997; Ozerov,   2000; �O�j�_�g�h�\,  

�F�Z�o�Z�g�h�\�Z��  �;�h�]�Z�l�b�d�h�\��  �I�e�Z�l�w, 2002; �O�m�[�m�g�Z�y��  �=�h�g�l�h�\�Z�y��  �F�h�k�d�Z�e�_�\�Z����

 �K�h�[�h�e�_�\�����;�Z�l�Z�g�h�\�Z �b���^�j���� 2012]. �G�_�[�h�e�v�r�Z�y���q�Z�k�l�v���k�b�e�b�d�Z�l�g�u�o �Z�g�Z�e�b�a�h�\���i�h�j�h�^��

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

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

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

�m�� �h�^�g�h�]�h�� �Z�g�Z�e�b�l�b�d�Z���± �:���F�� �H�d�j�m�]�b�g�h�c (�a�Z�\�_�^�m�x�s�Z�y �P�_�g�l�j�Z�e�v�g�h�c�� �o�b�f�b�q�_�k�d�h�c��

�e�Z�[�h�j�Z�l�h�j�b�b���B�g�k�l�b�l�m�l�Z���\�m�e�d�Z�g�h�e�h�]�b�b���J�:�G)�����I�j�b���\�u�[�h�j�_ �^�Z�g�g�u�o���^�e�y���g�Z�k�l�h�y�s�_�c��

�j�Z�[�h�l�u �Z�\�l�h�j �h�l�^�Z�\�Z�e���i�j�_�^�i�h�q�l�_�g�b�_���b�f�_�g�g�h���w�l�b�f���Z�g�Z�e�b�a�Z�f�� 

 �>�e�y���\�u�i�h�e�g�_�g�b�y���o�b�f�b�q�_�k�d�b�o���k�b�e�b�d�Z�l�g�u�o�� �Z�g�Z�e�b�a�h�\���\ �P�_�g�l�j�Z�e�v�g�h�c��

�o�b�f�b�q�_�k�d�h�c�� �e�Z�[�h�j�Z�l�h�j�b�b�� �B�g�k�l�b�l�m�l�Z�� �\�m�e�d�Z�g�h�e�h�]�b�b�� �J�:�G �i�j�b�f�_�g�y�e�b�k�v��

�k�e�_�^�m�x�s�b�_�� �f�_�l�h�^�u���� �h�i�j�_�^�_�e�_�g�b�_ SiO2, TiO2, Al2O3, Fe2O3, P2O5 �± 

�n�h�l�h�d�h�e�h�j�b�f�_�l�j�b�q�_�k�d�b�c�� �f�_�l�h�^���� �0�J�2���� �&�D�2���� �0�Q�2���± �f�_�l�h�^�� �Z�l�h�f�g�h�c�� �Z�[�k�h�j�[�p�b�b����

Na2O, K2O �± �i�e�Z�f�_�g�g�h�c�� �n�h�l�h�f�_�l�j�b�b���� �)�H�2���± �h�[�t�_�f�g�u�c�� �f�_�l�h�^���� �+2O
- �± �\�_�k�h�\�h�c��

�f�_�l�h�^���� �+2O
+ �± �\�_�k�h�\�h�c�� �\�� �l�j�m�[�d�Z�o�� �I�_�g�n�b�e�v�^�Z�����:�g�Z�e�b�l�b�q�_�k�d�b�_�� �b�k�k�e�_�^�h�\�Z�g�b�y 

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

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

�D�e�x�q�_�\�k�d�h�]�h�� �\�m�e�d�Z�g�Z, �[�u�e�b���i�j�b�\�e�_�q�_�g�u �k�b�e�b�d�Z�l�g�u�_�� �Z�g�Z�e�b�a�u [�A�Z�\�Z�j�b�p�d�b�c�� 

   1931;   1935, �<�e�h�^�Z�\�_�p��   1934,   1940; �G�Z�[�h�d�h��   ���������Z��   ���������[ ; �<�e�h�^�Z�\�_�p, �I�b�c�i,   

1957; �?�j�f�Z�d�h�\��   1977]. �>�e�y���\�k�_�o���o�b�f�b�q�_�k�d�b�o�� �Z�g�Z�e�b�a�h�\�����i�j�_�^�k�l�Z�\�e�_�g�g�u�o�� �\��

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

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

�k�h�k�l�Z�\�h�\���[�Z�a�Z�e�v�l�h�b�^�h�\ �D�e�x�q�_�\�k�d�h�]�h���\�m�e�d�Z�g�Z�� 

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

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

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

�g�_�k�d�h�e�v�d�b�o�� �Z�g�Z�e�b�a�h�\���� �i�j�b�� �m�k�e�h�\�b�b�� �h�^�g�h�j�h�^�g�h�k�l�b�� �k�h�k�l�Z�\�Z�� �h�[�j�Z�a�p�h�\. �>�e�y��

�g�_�d�h�l�h�j�u�o�� �b�a�\�_�j�`�_�g�b�c���b�a-�a�Z���l�j�m�^�g�h�k�l�_�c�� �h�l�[�h�j�Z�� �h�[�j�Z�a�p�h�\�� �b�e�b���\�� �k�\�y�a�b 

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

�L�Z�d�h�c�� �i�h�^�o�h�^�� �i�j�Z�\�h�f�_�j�_�g���� �l�Z�d�� �d�Z�d�� �i�h�j�h�^�u���i�h�[�h�q�g�u�o�� �i�j�h�j�u�\�h�\�� �b�� �\�_�j�r�b�g�g�u�o��

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

�k�h�k�l�Z�\�Z���� �B�k�d�e�x�q�_�g�b�_�� �k�h�k�l�Z�\�e�y�x�l�� �l�j�b���i�h�[�h�q�g�u�o���i�j�h�j�u�\�Z, �^�e�y�� �d�h�l�h�j�u�o��

�\�u�y�\�e�_�g�u �k�m�s�_�k�l�\�_�g�g�u�_���\�Z�j�b�Z�p�b�b �k�h�k�l�Z�\�h�\���± �D�b�j�]�m�j�b�q�� �b�� �;�b�h�d�h�k�v��(�]�j�m�i�i�Z��

�L�m�c�e�u, �b�a�\�_�j�`�_�g�b�_��1932�±�������]�]��) [�O�j�_�g�h�\�� �:�g�l�b�i�b�g�� �Q�m�\�Z�r�h�\�Z���� �K�f�b�j�g�h�\�Z�� 1989 

(�K. 5-7)�@���� �;�b�e�x�d�Z�c���� ���������±������ �]�]�� [�G�Z�[�h�d�h��   19�����Z (�K. 117)]. �>�e�y �h�[�j�Z�a�p�h�\ �w�l�b�o��

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

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

�D�e�x�q�_�\�k�d�h�]�h�� �\�m�e�d�Z�g�Z���± �\�u�k�h�d�h�f�Z�]�g�_�a�b�Z�e�v�g�u�_�� �[�Z�a�Z�e�v�l�u�� �i�h�[�h�q�g�h�]�h�� �i�j�h�j�u�\�Z��

�;�m�e�h�q�d�Z��(SiO2 ~ 51,5 %; MgO ~ 12 %; Al2O3 ~ 13 %). �B�a�\�_�k�l�g�u�_�� �o�b�f�b�q�_�k�d�b�_��

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

�k�\�_�^�_�g�u���\���h�l�^�_�e�v�g�h�c �l�Z�[�e�b�p�_�� 

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

�l�Z�[�e�b�p�Z�o���� �h�l�k�h�j�l�b�j�h�\�Z�g�u�� �i�h�� �k�h�^�_�j�`�Z�g�b�x��MgO �b�� �i�j�_�^�k�l�Z�\�e�_�g�u�� �\��

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

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

�o�b�f�b�q�_�k�d�b�o���h�d�k�b�^�h�\���\�u�^�_�e�_�g�u���\���d�h�e�h�g�d�Z�o���k�\�h�b�f���k�h�[�k�l�\�_�g�g�u�f���p�\�_�l�h�f�� 

 �<�� �j�Z�[�h�l�_�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y�� �\�k�y�� �w�\�h�e�x�p�b�h�g�g�Z�y�� �k�_�j�b�y�� �D�e�x�q�_�\�k�d�h�]�h��

�\�m�e�d�Z�g�Z���� �d�h�l�h�j�Z�y�� �a�Z�g�b�f�Z�_�l�� �b�g�l�_�j�\�Z�e�� ����,46�±55,85 % SiO2���� �G�_�[�h�e�v�r�Z�y �q�Z�k�l�v��

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

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

�Z�g�^�_�a�b�[�Z�a�Z�e�v�l�h�\�u�o���i�h�j�h�^���b�k�i�h�e�v�a�m�_�l�k�y���l�_�j�f�b�g���± �³�[�Z�a�Z�e�v�l�h�b�^�u� .́ 

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

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

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

�i�j�h�p�_�g�l�Z�o���� �i�h�w�l�h�f�m�� �f�u���g�_�� �b�k�i�h�e�v�a�m�_�f�� �Z�[�[�j�_�\�b�Z�l�m�j�m�� �³�f�Z�k�����´�� �i�h�k�e�_���a�g�Z�q�_�g�b�y��

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

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

�^�_�l�Z�e�v�g�h��[�E�_�h�g�h�\�Z�� �D�b�j�k�Z�g�h�\��  1974; �O�j�_�g�h�\�� �:�g�l�b�i�b�g�� �Q�m�\�Z�r�h�\�Z�� �K�f�b�j�g�h�\�Z�� 

1989, Kersting, Arculus,  1994; �:�j�b�k�d�b�g�� �;�Z�j�f�b�g�Z�� �H�a�_�j�h�\���� �G�b�e�v�k�_�g�� 1995; 

�H�a�_�j�h�\��  �:�j�b�k�d�b�g���� �;�Z�j�f�b�g�Z���� �D�Z�c�e���� �D�Z�j�i�_�g�d�h�� 1997; �:�j�b�k�d�b�g�� �;�Z�j�f�b�g�Z��  2000; 

Dorendorf,  Wiechert,  Worner, 2000; Churikova,  Dorendorf,  Worner,  2001; 

�:�e�v�f�_�_�\,    2005; Turner,  Sims,  Reagan,  Cook, 2007; �O�m�[�m�g�Z�y��  �=�h�g�l�h�\�Z�y�� 

 �K�h�[�h�e�_�\���� �G�b�a�d�h�m�k�� 2007; Almeev, Kimura, Ariskin, Ozerov, 2013]. 

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

�j�Z�[�h�l�_���f�u �h�k�l�Z�g�h�\�b�e�b�� �\�u�[�h�j �g�Z�� �g�Z�b�[�h�e�_�_�� �i�h�e�g�u�o ���h�o�\�Z�l�u�\�Z�x�s�b�o��

�f�Z�d�k�b�f�Z�e�v�g�u�c�� �b�g�l�_�j�\�Z�e���± �h�l���\�u�k�h�d�h�f�Z�]�g�_�a�b�Z�e�v�g�u�o�� �^�h �\�u�k�h�d�h�]�e�b�g�h�a�_�f�b�k�l�u�o 

�[�Z�a�Z�e�v�l�h�b�^�h�\����MgO �h�l��~ 12 �^�h�� �� %)���� �h�^�g�h�j�h�^�g�u�o (�j�Z�\�g�h�f�_�j�g�h�� �i�h�d�j�u�\�Z�x�s�b�c��

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

�i�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�g�g�u�o�� �w�e�_�f�_�g�l�h�\�����b�� �i�j�_�p�b�a�b�h�g�g�u�o�� ���\�u�i�h�e�g�_�g�g�u�o���\��

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

[�:�j�b�k�d�b�g��  �;�Z�j�f�b�g�Z��  �H�a�_�j�h�\��  �G�b�e�v�k�_�g�� 1995; Almeev,  Kimura,  Ariskin,  Ozerov, 

2013]. �H�k�g�h�\�m�� �w�l�b�o �^�Z�g�g�u�o���k�h�k�l�Z�\�e�y�_�l �d�h�e�e�_�d�p�b�y�� �h�[�j�Z�a�p�h�\���� �h�l�h�[�j�Z�g�g�Z�y�� �:���:����

�:�j�b�k�d�b�g�u�f���b���=���K�����;�Z�j�f�b�g�h�c���g�Z���D�e�x�q�_�\�k�d�h�f���\�m�e�d�Z�g�_�����<���i�h�k�e�_�^�m�x�s�_�f, �h�[�j�Z�a�p�u��

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

�Z�g�Z�e�b�l�b�q�_�k�d�h�c �e�Z�[�h�j�Z�l�h�j�b�b�� �=�?�H�O�B�� �J�:�G���b�� �J���J���� �:�e�v�f�_�_�\�u�f���\�� �e�Z�[�h�j�Z�l�h�j�b�b��

�i�j�h�n����Jun-Ichi Kimura (University of Shimane, Japan). �G�Z�a�\�Z�g�b�y���Z�g�Z�e�b�l�b�q�_�k�d�b�o 

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

�l�Z�[�e�b�p�Z�f. 

�<�� �g�Z�k�l�h�y�s�_�f�� �b�k�k�e�_�^�h�\�Z�g�b�b���i�j�b�� �i�h�k�l�j�h�_�g�b�b�� �f�b�d�j�h�w�e�_�f�_�g�l�g�u�o�� �k�i�Z�c�^�_�j-

�^�b�Z�]�j�Z�f�f���i�j�b�f�_�g�y�_�l�k�y���^�\�Z���\�b�^�Z���g�h�j�f�b�j�h�\�Z�g�b�y �± �g�Z���i�j�b�f�b�l�b�\�g�m�x���f�Z�g�l�b�x���b���g�Z��

�i�h�j�h�^�u�����h�l�\�_�q�Z�x�s�b�_���g�Z�b�[�h�e�_�_���i�j�b�f�b�l�b�\�g�h�f�m���[�Z�a�Z�e�v�l�m �k�_�j�b�b. �<���i�_�j�\�h�f �k�e�m�q�Z�_ 

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

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

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

�g�h�j�f�b�j�h�\�Z�g�b�_�� �g�Z�� �i�j�_�^�i�h�e�h�`�b�l�_�e�v�g�h�� �j�h�^�b�l�_�e�v�k�d�m�x���� �g�Z�b�[�h�e�_�_�� �i�j�b�f�b�l�b�\�g�m�x��

�f�Z�]�f�m, �b�a�� �d�h�l�h�j�h�c�� �j�Z�a�\�b�\�Z�e�Z�k�v�� �b�a�m�q�Z�_�f�Z�y�� �Z�k�k�h�p�b�Z�p�b�y�� �i�h�j�h�^. �W�l�h �^�Z�_�l��

�\�h�a�f�h�`�g�h�k�l�v �g�Z�q�Z�l�v���j�Z�k�k�f�Z�l�j�b�\�Z�l�v�� �]�_�h�o�b�f�b�q�_�k�d�m�x���b�k�l�h�j�b�x �b�a�m�q�Z�_�f�h�c�� �k�_�j�b�b 

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

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

O:\+x__Oz_paper_other\Turner__2007__et-al___A-Pb-210-Ra-226-Th-230-U-238-study-of-Klyuchevskoy-and-Bezymianny-volcanoes.pdf 

O:\+x__Oz_paper_other\�:�j�b�k�d�b�g�B�B���������B�B--@--�B�B�B�=�_�g�_�a�b�k-�\�u�k�h�d�h�]�e�b�g�h�a�_�f�b�k�l�u�o-�[�Z�a�Z�e�v�l�h�\-�D�e�x�q�_�\�k�d�h�]�h-�\�m�e�d�Z�g�Z���S�G�I 

O:\+x__Oz_paper_other\�H�a�_�j�h�\�B�B���������B�B�b-�^�j�B�B�B�I�_�l�j�h�e�h�]�h-�]�_�h�o�b�f�b�q-�f�h�^�_�e�v-�]�_�g�_�l�b�q�_�k-�j�h�^�k�l�\�Z-b-&-a-�f�Z�]�f�Z�l�b�a�f�Z-�\�m�e-�D�e�x-�;�_�a���S�G�I 

O:\+x__Oz_paper_other\Dorendorf__2000__et-al___Hydrated-sub-arc-mantle_-a-source-for-the-Klyuchevskoy-volcano-Kamchatka.pdf 

O:\+x__Oz_paper_other\�:�j�b�k�d�b�g�B�B���������B�B�;�Z�j�f�b�g�Z�B�B�B�F�h�^�_�e�b�j�h�\�Z�g�b�_-�n�Z�a�h�\�u�o-�j�Z�\�g�h�\�_�k�b�c-�i�j�b-�d�j�b�k�l�Z�e�e�b�a�Z�p�b�b-�[�Z�a�Z�e�v�l�h�\�u�o-�f�Z�]�f��pdf 

O:\+x__Oz_paper_other\�:�e�f�_�_�\�B�B���������B�B�>�B�K�K�?�J�B�B�B�=�_�h�o�b�f�b�y-�f�Z�]�f�Z�l�b�a�f�Z-�\�m�e�d�Z�g�Z-�;�_�a�u�f�y�g�g�u�c-�i�j�b�a�g�Z�d�b-�f�Z�g�l�b�c�g�h�]�h-�b�k�l�h�q�g�b�d�Z-�b-�m�k�e�h�\�b�y-�n�j�Z�d�p�b�h�g�b�j�h�\�Z�g�b�y-�b�k�o�h�^�g�h�c-�f�Z�]�f�u��pdf 

O:\+x__Oz_paper_other\Churikova__2001__et-al___Sources-and-Fluids-in-Mantle-Wedge-below-Kamchatka.pdf 

O:\+x__Oz_paper_other\�E�_�h�g�h�\�Z�B�B���������B�B�D�b�j�k�Z�g�h�\�B�B�B�=�_�h�o�b�f�b�y-�[�Z�a�Z�e�v�l�h�\-�D�e�x�q�_�\�k�d�h�]�h-�\�m�e�d�Z�g�Z-�D�Z�f�q�Z�l�d�Z���S�G�I 
O:\+x__Oz_paper_other\�O�j�_�g�h�\�B�B���������B�B�b-�^�j�B�B�B�I�_�l�j�h�o�b�f�b�q�_�k�d�b�_-�]�_�h�o�b�f�b�q�_�k�d�b�_-�h�k�h�[�_�g�g�h�k�l�b-�[�Z�a�Z�e�v�l�h�\-�D�e�x�q�_�\�k�d�h�]�h-�\�m�e�d�Z�g�Z���S�G�I 

O:\+x__Oz_paper_other\Kersting__1994__Arculus___Klyuchevskoy-Volcano-Kamchatka-_-Genesis-of-High-Al2O3-from-High-MgO-Basalt.pdf 

O:\+x__Oz_paper_other\�O�m�[�m�g�Z�y�B�B���������B�B�b-�^�j�B�B�B�F�Z�]�f�Z�l�b�q�_�k�d�b�_-�h�q�Z�]�b-�i�h� -̂�D�e�x�q�_�\�k�d�h�c-�]�j�m�i�i�h�c-�\�m�e�d�Z�g�h�\��pdf 

O:\+x__Oz_paper_other\Almeev__2013__--@--___Decoding-crystal-fractionation-in-calc-alkaline-magmas-from-the-Bezymianny-volcano.pdf 

O:\+x__Oz_paper_other\�:�j�b�k�d�b�g�B�B���������B�B--@--�B�B�B�=�_�g�_�a�b�k-�\�u�k�h�d�h�]�e�b�g�h�a�_�f�b�k�l�u�o-�[�Z�a�Z�e�v�l�h�\-�D�e�x�q�_�\�k�d�h�]�h-�\�m�e�d�Z�g�Z���S�G�I 

O:\+x__Oz_paper_other\Almeev__2013__--@--___Decoding-crystal-fractionation-in-calc-alkaline-magmas-from-the-Bezymianny-volcano.pdf 
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�i�h�k�e�_�^�g�b�o�� �i�j�h�b�a�\�h�^�g�u�o���f�Z�]�f�� �b�� �i�h�g�y�l�v, �d�Z�d�h�c �f�_�o�Z�g�b�a�f�� �d�h�g�l�j�h�e�b�j�m�_�l��

�o�b�f�b�q�_�k�d�h�_���j�Z�a�g�h�h�[�j�Z�a�b�_���i�h�j�h�.̂ 

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

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

�f�Z�d�k�b�f�Z�e�v�g�h�_���^�e�y �\�k�_�c�� �k�_�j�b�b�� �k�h�^�_�j�`�Z�g�b�_���f�Z�]�g�b�y, �o�j�h�f�Z�� �b�� �g�b�d�_�e�y�����q�l�h��

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

�i�h�j�h�^�� 

 �I�_�l�j�h�]�j�Z�n�b�q�_�k�d�b�_���b�k�k�e�_�^�h�\�Z�g�b�y 

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

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

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

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

�Z�g�^�_�a�b�[�Z�a�Z�e�v�l�Z�o. �D�h�e�b�q�_�k�l�\�_�g�g�h-�f�b�g�_�j�Z�e�h�]�b�q�_�k�d�b�_�� �i�h�^�k�q�_�l�u�� �i�j�h�\�h�^�b�e�b�k�v�� �\��

�r�e�b�n�Z�o���� �>�e�y�� �h�i�j�_�^�_�e�_�g�b�y�� �h�[�t�_�f�g�h�c�� �^�h�e�b�� �d�j�b�k�l�Z�e�e�b�q�_�k�d�b�o�� �n�Z�a��

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

�m�k�l�j�h�c�k�l�\�h�� ���F�B�M-������ �b�� �b�g�l�_�]�j�Z�e�v�g�u�c�� �k�l�h�e�b�d�� �:�g�^�b�g�Z�� ���B�K�:-1). �>�e�y�� �b�a�m�q�_�g�b�y��

�j �Z�k�i�j�_�^�_�e�_�g�b�y���f�b�g�_�j�Z�e�v�g�u�o�� �n�Z�a�� �i�h�� �j�Z�a�f�_�j�m�� �h�i�j�_�^�_�e�y�e�h�k�v�� �\�� �r�e�b�n�_�� �g�Z��

�i�e�h�s�Z�^�b�� �� �k�f2 �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�� �h�i�l�b�q�_�k�d�h�c�� �k�_�l�d�b�� �f�b�d�j�h�k�d�h�i�Z�����K�� �p�_�e�v�x 

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

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

�i�j�h�p�_�^�m�j�Z���m�k�j�_�^�g�_�g�b�y�� 

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

�b�k�i�h�e�v�a�h�\�Z�e�Z�k�v���]�j�Z�^�Z�p�b�y���f�b�g�_�j�Z�e�v�g�u�o���n�Z�a���i�h���j�Z�a�f�_�j�m�����k�f�����L�Z�[�e. 1.02.  

�L�Z�[�e�b�p�Z��1.02.  �G�Z�a�\�Z�g�b�y���d�j�b�k�l�Z�e�e�b�q�_�k�d�b�o���n�Z�a���\���a�Z�\�b�k�b�f�h�k�l�b���h�l���b�o���j�Z�a�f�_�j�Z 

 �f�d�f �f�f  
�d�j�b�k�l�Z�e�e�b�l�u�� 1�±�����f�d�f 0,001�±0,00�����f�f  
�f�b�d�j�h�e�b�l�u�� 5�±���������f�d�f 0,005�±���������f�f 
�f�b�d�j�h�\�d�j�Z�i�e�_�g�g�b�d�b 100�±���������f�d�f 0,1�±���������f�f 
�k�m�[�n�_�g�h�d�j�b�k�l�Z�e�e�u�� 200�±���������f�d�f 0,2�±���������f�f 
�n�_�g�h�d�j�b�k�l�Z�e�e�u�� 500�±�������������f�d�f 0,5�±���������f�f 

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

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

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

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

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

�b�k�k�e�_�^�h�\�Z�l�v���i�h�j�h�^�u���h�^�g�h�]�h���b�a�\�_�j�`�_�g�b�y�����w�l�Z�e�h�g�g�u�c �h�[�t�_�d�l��. 

 �<�u�[�h�j�� �w�l�Z�e�h�g�g�h�]�h �h�[�t�_�d�l�Z�� �^�e�y���^�_�l�Z�e�v�g�u�o�� �f�b�g�_�j�Z�e�h�]�b�q�_�k�d�b�o 

�b�k�k�e�_�^�h�\�Z�g�b�c �\�u�k�h�d�h�]�e�b�g�h�a�_�f�b�k�l�u�o���Z�g�^�_�a�b�[�Z�a�Z�e�v�l�h�\ 

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

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

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

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

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

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

�A�Z�\�Z�j�b�p�d�h�]�h�� �[�u�e���\�u�[�j�Z�g���\���d�Z�q�_�k�l�\�_���w�l�Z�e�h�g�g�h�]�h �h�[�t�_�d�l�Z���^�e�y���f�b�g�_�j�Z�e�h�]�b�q�_�k�d�b�o��

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

�k�e�_�^�m�x�s�b�f �i�j�b�q�b�g�Z�f�� 

1 �± �I�_�l�j�h�o�b�f�b�q�_�k�d�b�c�� �k�h�k�l�Z�\�� �i�h�j�h�^���± �l�b�i�b�q�g�u�_�� �^�e�y���D�e�x�q�_�\�k�d�h�]�h���\�m�e�d�Z�g�Z��

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

SiO2 = 53,20 %; MgO = 5,59 %; Al2O3 = 17,74 %���� �\�Z�j�b�Z�p�b�b�� �k�h�k�l�Z�\�h�\�� �g�_��

�a�g�Z�q�b�l�_�e�v�g�u���� �³�G�Z�r�Z�� �e�Z�\�Z�� ���i�h�l�h�d�� �A�Z�\�Z�j�b�p�d�h�]�h���� �y�\�e�y�_�l�k�y�� �h�[�u�q�g�u�f�� �^�e�y��

�D�e�x�q�_�\�k�d�h�c���k�h�i�d�b���f�_�e�d�h�i�h�j�n�b�j�h�\�u�f���i�e�Z�]�b�h�d�e�Z�a�h�\�u�f���[�Z�a�Z�e�v�l�h�f�´���>�I�b�c�i,   1956]; 

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

�Z�g�^�_�a�b�[�Z�a�Z�e�v�l�h�\���D�e�x�q�_�\�k�d�h�]�h���\�m�e�d�Z�g�Z [�H�a�_�j�h�\, 1993]. �B�a�m�q�_�g�b�_���j�Z�a�g�u�o���i�h�j�p�b�c��

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

�f�b�g�_�j�Z�e�h�\���b���h�^�g�h�j�h�^�g�h�k�l�v���b�o���j�Z�k�i�j�_�^�_�e�_�g�b�y�� �G�Z�b�[�h�e�v�r�b�f���j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�_�f��

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

�i�j�b�k�m�l�k�l�\�m�x�l���n�_�g�h�d�j�b�k�l�Z�e�e�u���i�b�j�h�d�k�_�g�h�\���b���h�e�b�\�b�g�Z�� 

3 �± �<�� �i�h�j�h�^�Z�o���i�j�h�j�u�\�Z�� �X�[�b�e�_�c�g�u�c�� �\�k�l�j�_�q�Z�x�l�k�y�� �l�_�f�g�h�p�\�_�l�g�u�_��

�f�b�g�_�j�Z�e�u��~ �����f�f�����L�Z�d�b�_���`�_���j�Z�a�f�_�j�u���h�e�b�\�b�g�h�\���b���d�e�b�g�h�i�b�j�h�d�k�_�g�h�\���m�k�l�Z�g�h�\�e�_�g�u��

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

�\�m�e�d�Z�g�Z���± �;�_�e�y�g�d�b�g�Z�����;�u�e�b�g�d�b�g�h�c�����<�<�K-IV�����:�i�Z�o�h�g�q�b�q���b���I�b�c�i�Z��[�H�a�_�j�h�\, 1993]. 

4 �± �H�[�s�b�c�� �h�[�t�_�f�� �b�a�\�_�j�`�_�g�g�u�o�� �i�j�h�^�m�d�l�h�\��~ 0,05 �d�f3, �h�[�t�_�f�� �e�Z�\�h�\�h�]�h��

�i�h�l�h�d�Z�� �a�� ���������� �d�f3 [�I�b�c�i,   1948,   1958�@���� �w�l�h�� �a�g�Z�q�_�g�b�_�� �[�e�b�a�d�h�� �k�j�_�^�g�_�f�m�� �h�[�t�_�f�m��

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

�D�e�x�q�_�\�k�d�h�]�h���\�m�e�d�Z�g�Z�� 

5 �± �B�a�\�_�j�`�_�g�b�_���i�j�h�b�k�o�h�^�b�e�h���\���l�_�q�_�g�b�_���������k�m�l�h�d�����������b�x�g�y�±�����b�x�e�y�������������]������

[�I�b�c�i,   1948]���� �E�Z�\�h�\�u�c�� �i�h�l�h�d���^�\�b�]�Z�e�k�y�� �_�^�b�g�u�f�� �l�_�e�h�f���� �\ �i�j�h�p�_�k�k�_�� �^�\�b�`�_�g�b�y��

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

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

�^�j�m�]�Z�� 

6 �± �B�a�\�_�j�`�_�g�b�_�� �i�j�h�b�k�o�h�^�b�e�h�� �\�� ���������� �]������ �[�u�e�h�� �^�_�l�Z�e�v�g�h�� �h�i�b�k�Z�g�h��

[�I�b�c�i,   1948�@���� �I�h�j�h�^�u�� �i�h�l�h�d�Z�� �g�_�� �i�h�^�\�_�j�]�e�b�k�v�� �\�l�h�j�b�q�g�u�f�� �b�a�f�_�g�_�g�b�y�f���� �I�h�l�h�d��

�h�[�e�Z�^�Z�_�l�� �o�h�j�h�r�_�c�� �k�h�o�j�Z�g�g�h�k�l�v�x, �e�_�]�d�h�� �^�h�k�l�m�i�_�g���� �i�e�Z�g�h�\�Z�y�� �k�o�_�f�Z�� �e�Z�\�h�\�h�]�h��

�i�h�l�h�d�Z���i�j�b�\�_�^�_�g�Z���\��[�I�b�c�i,   1956]. 

�F�u�� �i�h�e�Z�]�Z�_�f���� �q�l�h���i�_�j�_�q�b�k�e�_�g�g�u�_�� �h�k�h�[�_�g�g�h�k�l�b�� �i�h�l�h�d�Z �A�Z�\�Z�j�b�p�d�h�]�h��

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

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

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

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

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

�^�\�m�o �i�h�[�h�q�g�u�o���i�j�h�j�u�\�h�\ [Ozerov,   2000]���� �g�Z�o�h�^�y�s�b�_�k�y�� �\�� �^�j�m�]�b�o�� �k�_�d�l�h�j�Z�o��

�D�e�x�q�_�\�k�d�h�]�h�� �\�m�e�d�Z�g�Z�� �b�� �h�l�e�b�q�Z�x�s�b�_�k�y�� �i�h�� �f�h�j�n�h�e�h�]�b�b�� �b�� �h�[�t�_�f�m���± �i�j�h�j�u�\�u��

�;�u�e�b�g�d�b�g�h�c���������������]�������b���I�b�c�i�Z���������������].). 

 �F�b�g�_�j�Z�e�h�]�b�q�_�k�d�b�_���b�k�k�e�_�^�h�\�Z�g�b�y 

�H�^�g�h�c���b�a���\�Z�`�g�u�o���k�h�k�l�Z�\�e�y�x�s�b�o���g�Z�k�l�h�y�s�_�c���j�Z�[�h�l�u���y�\�e�y�x�l�k�y���^�_�l�Z�e�v�g�u�_��

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

�f�b�g�_�j�Z�e�h�\��Ol, Cpx, Pl �b�� �j�_�^�d�h�� �\�k�l�j�_�q�Z�x�s�_�]�h�k�y�� �Z�d�p�_�k�k�h�j�g�h�]�h���± Opx. �;�u�e�Z��

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

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

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

(�j�_�g�l�]�_�g�h�k�i�_�d�l�j�Z�e�v�g�h�]�h�� �f�b�d�j�h�Z�g�Z�e�b�a�Z�l�h�j�Z �³�&�$�0�(�%�$�;�´�� �d�Z�d�� �\�� �Z�g�r�e�b�n�Z�o���� �l�Z�d�� �b��

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

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

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

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

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

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

�d�j�Z�c�g�_�c���f�_�j�_����70�±�������� �a�_�j�_�g�� �i�j�b�q�_�f�� �^�e�y���d�Z�`�^�h�]�h���a�_�j�g�Z���± �\�� �_�]�h���p�_�g�l�j�Z�e�v�g�h�c���b��

�d�j�Z�_�\�h�c���q�Z�k�l�y�o�� 

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

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

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

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

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

�a�_�j�_�g �i�b�j�h�d�k�_�g�h�\�����D�j�b�k�l�Z�e�e�u���� �j�Z�k�d�e�Z�^�u�\�Z�e�b�k�v�� �\�� �h�^�b�g�� �k�e�h�c�� �g�Z�� �e�b�i�d�h�c��

�i�h�\�_�j�o�g�h�k�l�b�� �\�� �i�Z�j�Z�e�e�_�e�v�g�u�_�� �j�y�^�u���� �h�]�j�Z�g�b�q�_�g�g�u�_ �d�j�m�]�h�f���� �^�b�Z�f�_�l�j�h�f��25 �f�f�� �b 

�a�Z�e�b�\�Z�e�b�k�v�� �w�i�h�d�k�b�^�g�h�c�� �k�f�h�e�h�c���� �I�h�k�e�_�� �w�l�h�]�h�� �h�g�b�� �k�h�r�e�b�n�h�\�u�\�Z�e�b�k�v�� �^�h��

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

�³�f�h�g�h�f�b�g�_�j�Z�e�v�g�u�_�� �f�b�d�j�h�a�h�g�^�h�\�u�_�� �r�Z�r�d�b�´���� �\�� �d�Z�`�^�m�x�� �b�a�� �d�h�l�h�j�u�o�� �i�h�f�_�s�Z�e�h�k�v��

�^�h��100 �a�_�j�_�g���l�_�f�g�h�p�\�_�l�g�u�o���f�b�g�_�j�Z�e�h�\, �j�b�k������-04. 
 

 

 �B�k�k�e�_�^�h�\�Z�g�b�_�� �k�h�k�l�Z�\�Z�� �f�b�g�_�j�Z�e�v�g�u�o�� �n�Z�a�� �i�j�h�\�h�^�b�e�h�k�v�� �g�Z��

�j�_�g�l�]�_�g�h�k�i�_�d�l�j�Z�e�v�g�h�f�� �f�b�d�j�h�Z�g�Z�e�b�a�Z�l�h�j�_�� �³�&�$�0�(�%�$�;�´ �\�� �B�g�k�l�b�l�m�l�_��

�\�m�e�d�Z�g�h�e�h�]�b�b�� �b�� �k�_�c�k�f�h�e�h�]�b�b�� �>�<�H�� �J�:�G���� �B�k�i�h�e�v�a�h�\�Z�e�h�k�v�� �m�k�d�h�j�y�x�s�_�_��

�g�Z�i�j�y�`�_�g�b�b�� ������ �d�<�� �b�� �l�h�d���g�Z�� �h�[�j�Z�a�p�_�������� �G�:���� �D�h�g�p�_�g�l�j�Z�p�b�b�� �w�e�_�f�_�g�l�h�\��

�j�Z�k�k�q�b�l�u�\�Z�e�b�k�v�� �i�h�� �i�j�h�]�j�Z�f�f�_�� �³�0�%�;�&�2�3�´���� �<�� �d�Z�q�_�k�l�\�_�� �w�l�Z�e�h�g�h�\�� �6�L���� �$l, Na 

�b�k�i�h�e�v�a�h�\�Z�e�b�k�v���e�Z�[�j�Z�^�h�j���,�6�1�0�������������������&�D���± �]�h�e�m�[�h�c���^�b�h�i�k�b�^�����0�J, Fe �± �h�e�b�\�b�g��

Fo77, K �± �F�Z�g�b�^�b�g���k�� �������� �.2O, Ti, Mn, Cr �± �k�h�h�l�\�_�l�k�l�\�_�g�g�h���b�e�v�f�_�g�b�l�����j�h�^�h�g�b�l���b��

�o�j�h�f�r�i�b�g�_�e�v���� �:�g�Z�e�b�l�b�d�b���� �<���<�� �:�g�Z�g�v�_�\���� �<���F�� �Q�m�[�Z�j�h�\���� �L���F���� �N�b�e�h�k�h�n�h�\�Z���� �=���I�� 

�I�h�g�h�f�Z�j�_�\�����K���<�� �F�h�k�d�Z�e�_�\�Z�� 

 �<�� �d�Z�q�_�k�l�\�_�� �d�j�b�l�_�j�b�y�� �k�j�Z�\�g�_�g�b�y �l�_�f�g�h�p�\�_�l�g�u�o�� �f�b�g�_�j�Z�e�h�\�� �\�u�[�j�Z�g��

�i�Z�j�Z�f�_�l�j��Fo �^�e�y�� �h�e�b�\�b�g�h�\ �b��Mg# �^�e�y�� �i�b�j�h�d�k�_�g�h�\���� �d�h�l�h�j�u�_�� �j�Z�\�g�u��Mg �î 

100/(Mg+Fe). �>�e�y��Pl �j�Z�k�k�f�Z�l�j�b�\�Z�e�Z�k�v��An �k�h�k�l�Z�\�e�y�x�s�Z�y���± Ca�î 100/(Na+K+Ca). 

�M�q�b�l�u�\�Z�e�b�k�v���l�Z�d�`�_���d�h�g�p�_�g�l�j�Z�p�b�b���^�j�m�]�b�o���w�e�_�f�_�g�l�h�\�� 

 

 

 
 
 
 
 
 
 
 

�J�b�k����1-04.  �H�[�s�b�c�� �\�b�^�� �f�h�g�h�f�b-
�g�_�j�Z�e�v�g�h�c�� �f�b�d�j�h�a�h�g�^�h�\�h�c���r�Z�r�d�b��
�^�e�y�� �b�a�m�q�_�g�b�y�� �k�h�k�l�Z�\�Z �d�j�b�k�l�Z�e�e�b-
�q�_�k�d�b�o �n�Z�a�� 
     �<�� �r�Z�r�d�_ 69 �d�j�b�k�l�Z�e�e�h�\��
�d�e�b�g�h�i�b�j�h�k�_�g�Z�� �b�a���h�[�j�Z�a�p�Z��
�e�Z�\�h�\�h�]�h �i�h�l�h�d�Z�� �A�Z�\�Z�j�b�p�d�h�]�h��
���i�j�h�j�u�\ �X�[�b�e�_�c�g�u�c), �b�a�\�_�j�`�_�g�b�_��
���������� �]���� �N�j�Z�d�p�b�y�� ���±���� �f�f���� �>�b�Z�f�_�l�j��
�r�Z�r�d�b���± �������f�f�� 



 60 

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

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

�I�j�b�\�_�^�_�f���]�j�Z�g�b�q�g�u�_���m�k�e�h�\�b�y���i�j�b�f�_�g�y�_�f�u�o���l�_�j�f�b�g�h�\�����k�f�����L�Z�[�e�� 1.03. 

�L�Z�[�e�b�p�Z��1.03.  �L�_�j�f�b�g�h�e�h�]�b�q�_�k�d�h�_���i�j�_�^�k�l�Z�\�e�_�g�b�_���l�_�f�g�h�p�\�_�l�g�u�o���f�b�g�_�j�Z�e�h�\���\��
�a�Z�\�b�k�b�f�h�k�l�b���h�l���b�o���k�h�k�l�Z�\�Z 

Cpx, Opx 
�<�u�k�h�d�h�f�Z�]�g�_�a�b�Z�e�v�g�u�c 

 
�K�j�_�^�g�_�f�Z�]�g�_�a�b�Z�e�v�g�u�c 

(�f �Z�]�g�_�a�b�Z�e�v�g�u�c�� 
�G�b�a�d�h�f�Z�]�g�_�a�b�Z�e�v�g�u�c 

(�` �_�e�_�a�b�k�l�u�c�� 
 

   Mg# 92�±85 85�±75 75�±63 

Ol 
�<�u�k�h�d�h�n�h�j�k�l�_�j�b�l�h�\�u�c 

 
�K�j�_�^�g�_�n�h�j�k�l�_�j�b�l�h�\�u�c 

 
�G�b�a�d�h�n�h�j�k�l�_�j�b�l�h�\�u�c 

(�` �_�e�_�a�b�k�l�u�c�� 
  Fo 92�±85 85�±75 75�±63 

 �I�j�b�� �i�j�_�^�k�l�Z�\�e�_�g�b�b�� �]�j�Z�n�b�q�_�k�d�b�o�� �f�Z�l�_�j�b�Z�e�h�\�� �i�h�� �k�h�k�l�Z�\�Z�f��Ol, Cpx, Pl �b��

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

�k�\�y�a�Z�g�u �n�h�j�f�m�e�v�g�u�f�b���k�h�k�l�Z�\�Z�f�b���k �i�Z�j�Z�f�_�l�j��Fo, Mg# �b��An�����l�Z�d���d�Z�d���h�g�b���^�h�e�`�g�u��

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

�i�j�b�^�_�j�`�b�\�Z�_�f�k�y�� �w�l�h�]�h�� �i�j�Z�\�b�e�Z�� �i�h�� �j�y�^�m���i�j�b�q�b�g���� �����± �\��Cpx �i�j�y�f�h�e�b�g�_�c�g�h�k�l�v��

�l�j�_�g�^�h�\��MgO�±Mg# Cpx �b��FeO�±Mg# Cpx �g�Z�j�m�r�Z�_�l�k�y�� �\�� �h�[�e�Z�k�l�b���f�b�d�j�h�e�b�l�h�\; 2 �± 

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

�D�e�x�q�_�\�k�d�h�]�h�� �\�m�e�d�Z�g�Z�� �k �k�h�k�l�Z�\�Z�f�b�� �f�b�g�_�j�Z�e�h�\ �f�Z�g�l�b�c�g�u�o�� �d�k�_�g�h�e�b�l�h�\���� �h�l�d�Z�a�� �h�l��

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

�[�u�� �d�� �i�h�l�_�j�_�� �\�Z�`�g�h�c�� �b�g�n�h�j�f�Z�p�b�b����3 �± �k�i�_�p�b�Z�e�v�g�u�c�� �j�Z�a�^�_�e�� �i�j�_�^�k�l�Z�\�e�y�_�f�h�c��

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

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

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

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

�i�j�h�\�_�^�_�g�b�_���Z�g�Z�e�b�a�Z �\�a�Z�b�f�h�h�l�g�h�r�_�g�b�y���f�b�g�_�j�Z�e�v�g�u�o���n�Z�a�� 

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

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

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

�O�m�[�m�g�Z�y���� �h�i�m�[�e�b�d�h�\�Z�g�g�u�_�� �\ [�H�a�_�j�h�\��  �O�m�[�m�g�Z�y��  1992], �^�Z�g�g�u�_��

[�O�m�[�m�g�Z�y �b �^�j���� 1993], �j�_�a�m�e�v�l�Z�l�u�� �b�a�m�q�_�g�b�y Pl �b�a�� �]�e�b�g�h�a�_�f�b�k�l�u�o�� �j�Z�a�g�h�k�l�_�c���± 

[�O�m�[�m�g�Z�y �b �^�j���� 2012] �b�� �^�Z�g�g�u�_�� �i�j�_�^�k�l�Z�\�e�_�g�g�u�_�� �\��[�F�b�j�h�g�h�\,   2009]���� �i�h��

�l�\�_�j�^�h�n�Z�a�g�u�f�� �\�d�e�x�q�_�g�b�y�f�� �\��Pl �b�� �\�� Ol �\�u�k�h�d�h�]�e�b�g�h�a�_�f�b�k�l�h�]�h�� �i�j�h�j�u�\�Z��

�:�i�Z�o�h�g�q�b�q���b���\�u�k�h�d�h�f�Z�]�g�_�a�b�Z�e�v�g�h�]�h���i�j�h�j�u�\�Z���;�m�e�h�q�d�Z. 
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�L�Z�d�h�c�� �i�h�^�o�h�^�� �d�� �b�a�m�q�_�g�b�x �i�h�j�h�^���i�h�a�\�h�e�b�e���k�� �h�^�g�h�c�� �k�l�h�j�h�g�u���� �m�k�l�Z�g�h�\�b�l�v��

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

�\�a�Z�b�f�h�h�l�g�h�r�_�g�b�_�� �i�h�j�h�^�� �\ �i�j�_�^�_�e�Z�o�� �f�Z�]�f�Z�l�b�q�_�k�d�h�c�� �k�_�j�b�b�� �D�e�x�q�_�\�k�d�h�]�h��

�\�m�e�d�Z�g�Z�� 

 �B�k�k�e�_�^�h�\�Z�g�b�y���d�j�b�k�l�Z�e�e�b�q�_�k�d�b�o �\�d�e�x�q�_�g�b�c �\���f�b�g�_�j�Z�e�_-�o�h�a�y�b�g�_ 

 �<�_�k�v�f�Z�� �b�g�n�h�j�f�Z�l�b�\�g�u�f���^�e�y�� �j�_�r�_�g�b�y�� �\�h�i�j�h�k�Z�� �h�� �k�h�k�l�Z�\�_���e�b�d�\�b�^�m�k�g�h�c 

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

�b�k�k�e�_�^�h�\�Z�g�b�_�� �k�h�k�l�Z�\�Z�� �l�\�_�j�^�h�n�Z�a�g�u�o�� �\�d�e�x�q�_�g�b�c. �;�u�e�Z�� �i�h�k�l�Z�\�e�_�g�Z�� �a�Z�^�Z�q�Z����

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

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

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

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

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

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

�d�h�l�h�j�Z�y���\�d�e�x�q�Z�_�l�� 

1 �± �P�_�e�_�g�Z�i�j�Z�\�e�_�g�g�h�_�� �i�h�e�m�q�_�g�b�_���w�f�i�b�j�b�q�_�k�d�b�o���^�Z�g�g�u�o�� �h �i�Z�j�g�u�o �o�b�f�b�q�_�k�d�b�o��

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

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

�\�a�Z�b�f�h�h�l�g�h�r�_�g�b�c �f�b�g�_�j�Z�e�v�g�u�o���n�Z�a���b���b�o���b�a�f�_�g�_�g�b�y �g�Z���j�Z�a�g�u�o���w�l�Z�i�Z�o���j�Z�a�\�b�l�b�y��

�j�Z�k�i�e�Z�\�Z�� 

2 �± �H�[�t�_�d�l�h�f�� �f�b�d�j�h�a�h�g�^�h�\�h�]�h�� �Z�g�Z�e�b�a�Z�� �y�\�e�y�x�l�k�y�� �f�h�j�n�h�e�h�]�b�q�_�k�d�b���q�_�l�d�h��

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

�f�Z�l�j�b�p�Z���f�b�g�_�j�Z�e�Z-�o�h�a�y�b�g�Z�� 

3 �± �<�u�[�j�Z�g�g�h�_�� �d�h�g�d�j�_�l�g�h�_�� �\�d�e�x�q�_�g�b�_�� �\�u�\�h�^�b�l�k�y�� �g�Z�� �i�h�\�_�j�o�g�h�k�l�v���f�b�g�_�j�Z�e�Z-

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

4 �± �I�j�h�\�_�^�_�g�b�_���b�k�k�e�_�^�h�\�Z�g�b�c�� �i�Z�j�g�u�o �k�h�k�l�Z�\�h�\ ���\�d�e�x�q�_�g�b�_���± �f�b�g�_�j�Z�e-�o�h�a�y�b�g�� 

�\�h�� �\�k�_�o�� �b�f�_�x�s�b�o�k�y�� �i�h�j�h�^�h�h�[�j�Z�a�m�x�s�b�o�� �f�b�g�_�j�Z�e�Z�o �± �\�� �h�e�b�\�b�g�_, 

�d�e�b�g�h�i�b�j�h�d�k�_�g�_���b���i�e�Z�]�b�h�d�e�Z�a�_�� 

5 �± �K�l�j�_�f�e�_�g�b�_ �h�o�Z�j�Z�d�l�_�j�b�a�h�\�Z�l�v�� �k�h�k�l�Z�\�Z�f�b�� �l�\�_�j�^�h�n�Z�a�g�u�o�� �\�d�e�x�q�_�g�b�c�� �\�_�k�v��

�b�g�l�_�j�\�Z�e���k�h�k�l�Z�\�h�\���f�b�g�_�j�Z�e�Z-�o�h�a�y�b�g�Z��  

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

�i�h�j�h�^�h�h�[�j�Z�a�m�x�s�b�o���f�b�g�_�j�Z�e�h�\�� 

7 �± �H�i�l�b�f�Z�e�v�g�u�c���j �Z�a�f�_�j���\�d�e�x�q�_�g�b�c �g�Z�o�h�^�b�l�k�y���\���b�g�l�_�j�\�Z�e�_�������±�������f�d�f�� 
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8 �± �<�d�e�x�q�_�g�b�_�� �^�h�e�`�g�h�� �b�f�_�l�v�� �q�_�l�d�b�_�� �]�j�Z�g�b�p�u�� �d�h�g�l�Z�d�l�Z�� �k�� �f�b�g�_�j�Z�e�h�f-�o�h�a�y�b�g�h�f����

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

�\�d�e�x�q�_�g�b�y�f�b; 

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

�f�b�g�_�j�Z�e�_-�o�h�a�y�b�g�_���b�e�b���j�y�^�h�f���k���g�_�c; 

10 �± �J�Z�k�k�l�h�y�g�b�_���g�Z�^�_�`�g�h�]�h���h�i�j�_�^�_�e�_�g�b�y �k�h�k�l�Z�\�Z�����±�������f�d�f���^�h���]�j�Z�g�b�p�u���j�Z�a�^�_�e�Z��

�f�_�`�^�m���\�d�e�x�q�_�g�b�_�f���b �f�b�g�_�j�Z�e�h�f-�o�h�a�y�b�g�h�f. 

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

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

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

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

�f�_�l�h�^�b�d�Z�� �³�b�g�^�b�\�b�^�m�Z�e�v�g�h�]�h�� �\�d�e�x�q�_�g�b�y�´���� �I�_�j�\�Z�y�� �q�Z�k�l�v�� �i�j�h�[�h�i�h�^�]�h�l�h�\�d�b��

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

�f�b�d�j�h�a�h�g�^�h�\�u�o�� �r�Z�r�_�d ���k�f�� �J�b�k���� ��-04)���� �H�l�e�b�q�b�_�� �a�Z�d�e�x�q�Z�e�h�k�v�� �\�� �l�h�f���� �q�l�h��

�k�h�r�e�b�r�h�\�u�\�Z�g�b�_�� �b�� �i�h�e�b�j�h�\�d�Z�� �\�u�i�h�e�g�y�x�l�k�y �k�� �^�\�m�o�� �k�l�h�j�h�g �h�l�� �i�e�h�k�d�h�k�l�b��

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

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

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

�i�e�Z�k�l�b�g�d�Z���� �b�f�_�x�s�Z�y �l�h�e�s�b�g�m��200�±�������� �f�d�f. �A�Z�l�_�f �i�h�^�� �f�b�d�j�h�k�d�h�i�h�f �\��

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

�d�j�b�k�l�Z�e�e�b�q�_�k�d�b�_�� �\�d�e�x�q�_�g�b�y�����G�Z�f�_�q�_�g�g�u�_ �a�_�j�g�Z���b�a�\�e�_�d�Z�x�l�k�y���� �\�k�l�Z�\�e�y�x�l�k�y �\��

�i�h�e�m�x �p�b�e�b�g�^�j�b�q�_�k�d�m�x�� �h�[�h�c�f�m (�j�b�k���� ��-05���� �k�l�h�e�[�b�d�� �k�e�_�\�Z�� �b�� �a�Z�e�b�\�Z�x�l�k�y 

�w�i�h�d�k�b�^�g�h�c�� �k�f�h�e�h�c���� �I�h�k�e�_�� �w�l�h�]�h���� �b�g�l�_�j�_�k�m�x�s�_�_�� �g�Z�k �d�j�b�k�l�Z�e�e�b�q�_�k�d�h�_ 

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

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

�a�_�j�g�h�f�� �f�b�g�_�j�Z�e�Z-�o�h�a�y�b�g�Z�� �b�� �d�j�b�k�l�Z�e�e�b�q�_�k�d�b�f�� �\�d�e�x�q�_�g�b�_�f�� �\�� �g�_�f���� �F�b�g�b-�r�Z�r�d�b��

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

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

�b�k�k�e�_�^�h�\�Z�g�b�c���h�[�h�c�f�Z���k����-�x���f�b�g�b-�r�Z�r�d�Z�f�b �i�j�_�^�k�l�Z�\�e�_�g�Z���g�Z �j�b�k������-05. �:�g�Z�e�b�a��

�i�j�h�\�h�^�b�e�k�y�� �g�Z�� �j�_�g�l�]�_�g�h�k�i�_�d�l�j�Z�e�v�g�h�f�� �f�b�d�j�h�Z�g�Z�e�b�a�Z�l�h�j�_�� �³�&�$�0�(�%�$�;�´���� �m�k�e�h�\�b�y��

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

�i�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�g�u�� �g�Z�f�b�� �\�h�� �\�k�_�o�� �i�h�j�h�^�h�h�[�j�Z�a�m�x�s�b�o�� �f�b�g�_�j�Z�e�Z�o��

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

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

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

�n�Z�a���\���i�j�h�p�_�k�k�_���n�h�j�f�b�j�h�\�Z�g�b�y���j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o���i�h�j�h�^�� 

 �I�j�h�\�_�^�_�g�h�� �k�h�i�h�k�l�Z�\�e�_�g�b�_���j�_�a�m�e�v�l�Z�l�h�\�� �g�Z�r�b�o�� �b�k�k�e�_�^�h�\�Z�g�b�c��[�H�a�_�j�h�\, 

1993] �l�\�_�j�^�h�n�Z�a�g�u�o�� �\�d�e�x�q�_�g�b�c�� �k���Z�g�Z�e�h�]�b�q�g�u�f�b���^�Z�g�g�u�f �i�h�� �^�j�m�]�b�f�� �i�h�[�h�q�g�u�f��

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

[�F�b�j�h�g�h�\��   2009]. �<���j�Z�[�h�l�_ �G���E�����F�b�j�h�g�h�\�Z �\���l�Z�[�e�b�q�g�h�f���\�b�^�_���i�j�b�\�h�^�y�l�k�y �i�Z�j�g�u�_ 

�k�h�k�l�Z�\�u �f �b�g�_�j�Z�e�Z-�o�h�a�y�b�g�Z Ol �b �\�d�e�x�q�_�g�b�c Sp �^�e�y�� �\�u�k�h�d�h�]�e�b�g�h�a�_�f�b�k�l�h�]�h��

�i�j�h�j�u�\�Z �:�i�Z�o�h�g�q�b�q ���L�Z�[�e���� ��-���� ���Q�Z�k�l�v�� ��, 5, 6������ �I�j�b�e�h�`�_�g�b�_�� �b��

�\�u�k�h�d�h�f�Z�]�g�_�a�b�Z�e�v�g�h�]�h�� �i�j�h�j�u�\�Z�� �;�m�e�h�q�d�Z�����L�Z�[�e���� ��-���� ���Q�Z�k�l�v��1, 2������ �I�j�b�e�h�`�_�g�b�_��. 

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

�k�h�h�l�\�_�l�k�l�\�m�x�s�_�f�� �j�Z�a�^�_�e�_���g�Z�k�l�h�y�s�_�c�� �j�Z�[�h�l�_�����D�j�h�f�_�� �w�l�h�]�h�����\�� �h�[�k�m�`�^�Z�_�f�h�c 

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

�k�h�i�h�k�l�Z�\�e�_�g�b�_���k�h�[�k�l�\�_�g�g�u�o �^�Z�g�g�u�o �i�h�� �i�j�h�j�u�\�m �:�i�Z�o�h�g�q�b�q (�f�b�g�_�j�Z�e-�o�h�a�y�b�g��Pl 

�± �\�d�e�x�q�_�g�b�y Ol �b��Cpx (�J�b�k���� ��-13) �k�� �g�Z�r�b�f�b �± �i�h�� �i�j�h�j�u�\�m�� �X�[�b�e�_�c�g�u�c [Ozerov, 

2000]. �;�h�e�v�r�h�_���k�o�h�^�k�l�\�h���d�h�g�n�b�]�m�j�Z�p�b�b���]�j�Z�n�b�d�h�\���i�h�d�Z�a�Z�e�h: 1 �± �b�k�i�h�e�v�a�m�_�f�u�c �\ 

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

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

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

�a�Z�d�h�g�h�f�_�j�g�h�k�l�b, �o�Z�j�Z�d�l�_�j�g�u���b���^�e�y���\�u�k�h�d�h�]�e�b�g�h�a�_�f�b�k�l�u�o�� �Z�g�^�_�a�b�[�Z�a�Z�e�v�l�h�\��

 

 
 

 
 
�J�b�k����1-05.  �H�[�s�b�c�� �\�b�^��
�f�b�d�j�h�a�h�g�^�h�\�h�c�� �h�[�h�c�f�u �k 
8-�x �\�k�l�Z�\�e�_�g�g�u�f�b�� �f�b�g�b-
�r�Z�r�d�Z�f�b���� �\�� �d�Z�`�^�h�c�� �b�a��
�d�h�l�h�j�u�o�� �j�Z�k�i�h�e�Z�]�Z�_�l�k�y��
�a�_�j�g�h���i�b�j�h�d�k�_�g�Z�� 
   �K�e�_�\�Z���i�j�_�^�k�l�Z�\�e�_�g�Z���i�h�e�Z�y 
�a�Z�]�h�l�h�\�d�Z�� �^�e�y���b�a�]�h�l�h�\�e�_�g�b�y��
�f�b�g�b-�r�Z�r�d�b�� 
   �>�b�Z�f�_�l�j���^�_�j�`�Z�l�_�e�y���± �������f�f�� 
�\�g�_�r�g�b�c�� �^�b�Z�f�_�l�j�� �f�b�d�j�h-
�r�Z�r�d�b���± �����f�f�����J�Z�a�f�_�j���^�_�e�_-
�g�b�y�� �f�Z�k�r�l�Z�[�g�h�c�� �e�b�g�_�c�d�b���± 
1 �f�f��  
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�i�j�h�j�u�\�Z�� �:�i�Z�o�h�g�q�b�q���� �����± �w�l�b �`�_�� �a�Z�d�h�g�h�f�_�j�g�h�k�l�b���i�j�b�k�m�s�b�� �l�Z�d�`�_ �^�e�y 

�\�u�k�h�d�h�f�Z�]�g�_�a�b�Z�e�v�g�u�o �[�Z�a�Z�e�v�l�h�\ �\�m�e�d�Z�g�Z ���i�j�h�j�u�\ �;�m�e�h�q�d�Z��. 

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

�f�b�g�_�j�Z�e�_-�o�h�a�y�b�g�_ �Z�g�Z�e�b�a�b�j�m�x�l���f�g�h�]�b�_���i�_�l�j�h�e�h�]�b�b�����H�l�e�b�q�b�_���g�Z�r�_�]�h �i�h�^�o�h�^�Z �\��

�l�h�f���� �q�l�h�� �Z�\�l�h�j�� �p�_�e�_�g�Z�i�j�Z�\�e�_�g�g�h�� �k�l�j�_�f�b�e�k�y�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h��

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

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

�d�h�l�_�d�l�b�q�_�k�d�h�c���f�b�g�_�j�Z�e�v�g�h�c�� �Z�k�k�h�p�b�Z�p�b�b�� �^�h�� �i�h�k�e�_�^�g�_�]�h�� �d�j�b�k�l�Z�e�e�Z, 

�n�h�j�f�b�j�m�x�s�_�]�h�k�y���m�`�_���\���f�b�d�j�h�e�b�l�h�\�h�c���h�[�e�Z�k�l�b. 

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

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

1993]���� �<�� �i�h�k�e�_�^�m�x�s�_�f���w�l�b�� �j�Z�[�h�l�u�� �[�u�e�b�� �i�j�h�^�h�e�`�_�g�u���� �b�o�� �j�_�a�m�e�v�l�Z�l�u�� �\�h�r�e�b�� �\��

�i�m�[�e�b�d�Z�p�b�b��[�:�j�b�k�d�b�g��  �;�Z�j�f�b�g�Z��  �H�a�_�j�h�\��  �G�b�e�v�k�_�g�� 1995; �H�a�_�j�h�\��  �:�j�b�k�d�b�g��  

�;�Z�j�f�b�g�Z��  1996; Ozerov,   2000]. �<�� �g�Z�k�l�h�y�s�_�f�� �b�k�k�e�_�^�h�\�Z�g�b�b �j�Z�a�^�_�e����

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

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

�i�j�b�\�_�^�_�g�u �\���g�h�\�h�f���]�j�Z�n�b�q�_�k�d�h�f���b�k�i�h�e�g�_�g�b�b�� 

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

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

�o�h�a�y�b�g�Z���b���l�\�_�j�^�h�n�Z�a�g�u�o �\�d�e�x�q�_�g�b�c. 

 �L�_�j�f�h�^�b�g�Z�f�b�q�_�k�d�h�_ �f�h�^�_�e�b�j�h�\�Z�g�b�_���m�k�e�h�\�b�c���n�h�j�f�b�j�h�\�Z�g�b�y���k�_�j�b�b���i�h�j�h�^��

�D�e�x�q�_�\�k�d�h�]�h���\�m�e�d�Z�g�Z 

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

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

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

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

 �I�_�j�\�u�_�� �j�_�a�m�e�v�l�Z�l�u�� �i�_�l�j�h�e�h�]�b�q�_�k�d�h�]�h�� �W�<�F-�f�h�^�_�e�b�j�h�\�Z�g�b�y�� �^�e�y�� �i�h�j�h�^��

�D�e�x�q�_�\�k�d�h�]�h�� �\�m�e�d�Z�g�Z�� �[�u�e�b�� �i�j�_�^�k�l�Z�\�e�_�g�u�� �\��[�H�a�_�j�h�\�� �O�m�[�m�g�Z�y��  1992], 

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

�i�h�j�h�^���� �B�k�i�h�e�v�a�h�\�Z�e�Z�k�v�� �i�j�h�]�j�Z�f�f�Z�� �I�?�L�J�H�E�H�=���� �j�Z�a�j�Z�[�h�l�Z�g�g�Z�y�� �E���<����

�>�Z�g�x�r�_�\�k�d�b�f�� ���=�?�H�O�B�� �J�:�G������ �F�h�^�_�e�b�j�h�\�Z�g�b�_�� �b�f�_�e�h�� �h�i�j�_�^�_�e�_�g�g�u�_��

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

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

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

�i�j�h�]�j�Z�f�f�u���D�H�F�:�=�F�:�L��[Ariskin,  Frenkel,  Barmina,  Nielsen, 1993]�����d�h�l�h�j�Z�y���^�Z�_�l��

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

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

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

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

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

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

1993] �[�u�e�Z�� �k�h�k�l�Z�\�e�_�g�Z�� �f�h�^�_�e�v�g�Z�y�� �l�Z�[�e�b�p�Z���� �\�� �d�h�l�h�j�h�c�� �\�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b��

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

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

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

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

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

�g�h�\�h�c���³�\�h�^�g�h�c�  ́ �\�_�j�k�b�b�� �i�j�h�]�j�Z�f�f�u �± �D�H�F�:�=�F�:�L�±3.0; �f�h�^�_�e�b�j�h�\�Z�g�b�_��

�i�j�h�\�h�^�b�e�h�k�v�� �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h���Z�\�l�h�j�Z�f�b�� �w�l�h�c�� �i�j�h�]�j�Z�f�f�u���± �:���:���� �:�j�b�k�d�b�g�u�f�� �b��

�=���K���� �;�Z�j�f�b�g�h�c. �;�u�e�Z���i�j�_�^�k�l�Z�\�e�_�g�Z �h�i�l�b�f�Z�e�v�g�Z�y�� �f�h�^�_�e�v �n�j�Z�d�p�b�h�g�b�j�h�\�Z�g�b�y��

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

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

~ 2 % H2O [�:�j�b�k�d�b�g��  �;�Z�j�f�b�g�Z��  �H�a�_�j�h�\��  �G�b�e�v�k�_�g�� 1995, �H�a�_�j�h�\��  �:�j�b�k�d�b�g��  

�;�Z�j�f�b�g�Z��  1996; Ariskin, 1999; �:�j�b�k�d�b�g�� �;�Z�j�f�b�g�Z��  2000; Ozerov,   2000]. 

 �<�Z�`�g�h�c�� �k�h�k�l�Z�\�e�y�x�s�_�c �j�Z�[�h�l�� �y�\�e�y�_�l�k�y�� �d�h�g�l�j�h�e�v�� �j�_�a�m�e�v�l�Z�l�h�\�� �j�Z�k�q�_�l�h�\��

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

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

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

�b�k�k�e�_�^�h�\�Z�g�b�c�� 

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

�]�j�Z�n�b�d�h�\ 

I. �G�Z�i�j�Z�\�e�_�g�b�_�� �l�j�_�g�^�h�\. �G�Z�k�l�h�y�s�Z�y���j�Z�[�h�l�Z�� �i�h�k�\�y�s�_�g�Z�� �]�_�g�_�l�b�q�_�k�d�h�f�m��

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

�b�g�n�h�j�f�Z�p�b�b �g�Z�� �\�k�_�o�� �]�j�Z�n�b�d�Z�o�����i�_�l�j�h�o�b�f�b�q�_�k�d�b�o���� �]�_�h�o�b�f�b�q�_�k�d�b�o����

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

�f�b�g�_�j�Z�e�h�\ �i�j�_�^�k�l�Z�\�e�_�g�u�� �e�b�[�h���k�g�b�a�m�� �\�\�_�j�o���± �\�� �k�h�h�l�\�_�l�k�l�\�b�b �k�� �i�j�b�j�h�^�g�u�f 

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

O:\+x__Oz_paper_other\Ariskin__1993__et-al___COMAGMAT-_a-fortran-program-to-model-magma-differentiation-processes.pdf 

O:\+x__Oz_paper_other\�:�j�b�k�d�b�g�B�B���������B�B--@--�B�B�B�=�_�g�_�a�b�k-�\�u�k�h�d�h�]�e�b�g�h�a�_�f�b�k�l�u�o-�[�Z�a�Z�e�v�l�h�\-�D�e�x�q�_�\�k�d�h�]�h-�\�m�e�d�Z�g�Z���S�G�I 

O:\+x__Oz_paper_other\�H�a�_�j�h�\�B�B���������B�B�b-�^�j�B�B�B�D-�i�j�h�[�e�_�f�_-�]�_�g�_�l�b�q-�\�a�Z�b�f�h�h�l�g�h�r-�\�u�k�h�d�h�]�e�b�g�h�a-�b-�\�u�k�h�d�h�f�Z�]�g�_�a-�[�Z�a�Z�e�v-�D�e�x�q-�\�m�e�d���S�G�I 

O:\+x__Oz_paper_other\�:�j�b�k�d�b�g�B�B���������B�B�;�Z�j�f�b�g�Z�B�B�B�F�h�^�_�e�b�j�h�\�Z�g�b�_-�n�Z�a�h�\�u�o-�j�Z�\�g�h�\�_�k�b�c-�i�j�b-�d�j�b�k�l�Z�e�e�b�a�Z�p�b�b-�[�Z�a�Z�e�v�l�h�\�u�o-�f�Z�]�f��pdf 

O:\+x__Oz_paper_other\Ozerov__2000___The-evolution-HAB-of-the-Klyuchevskoy-volcano-_-based-on-microprobe-analyses-mineral-inclusions.pdf 
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�h�[�s�_�i�j�b�g�y�l�h�_���g�Z�i�j�Z�\�e�_�g�b�b�� �w�\�h�e�x�p�b�b���± �k�e�_�\�Z�� �g�Z�i�j�Z�\�h [Harker,   1909 ���k�� 122�±

150); �I�_�l�j�h�]�j�Z�n�b�q�_�k�d�b�c�� �d�h�^�_�d�k�� �J�h�k�k�b�b�� 2009]. �>�e�y�� �l�h�]�h���� �q�l�h�[�u �\�u�^�_�j�`�Z�l�v��

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

�o�b�f�b�q�_�k�d�h�]�h�� �k�h�k�l�Z�\�Z�� �i�h�j�h�^�� �b�e�b�� �f�b�g�_�j�Z�e�h�\���� �b�f�_�x�l�� �³�h�[�j�Z�l�g�m�x�´���i�h�� �h�k�b���Z�[�k�p�b�k�k��

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

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

[Powers,   1955 ���k�� 82, 83)]���� �<���i�h�k�e�_�^�m�x�s�_�f, �\�� �b�a�\�_�k�l�g�h�c�� �i�_�l�j�h�e�h�]�b�q�_�k�d�h�c��

�f�h�g�h�]�j�Z�n�b�b��[�D�h�d�k��  �;�_�e�e��  �I�Z�g�d�o�_�j�k�l��  1982 ���k�� 31, 32)] �h�[�h�k�g�h�\�u�\�Z�_�l�k�y��

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

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

�b�a�f�_�g�_�g�b�y���k�h�k�l�Z�\�Z���\���f�b�g�_�j�Z�e�Z�o �± Mg# �\��Cpx �b��Fo �\��Ol [�H�a�_�j�h�\�����O�m�[�m�g�Z�y�� 1992] 

�b���\���i�h�j�h�^�Z�o���± MgO [Kersting, Arculus,  1994 ���k�� 82, 83)]. 

II . �P�\�_�l�h�\�h�_�� �g�Z�i�h�e�g�_�g�b�_�� �]�j�Z�n�b�d�h�\.  �>�e�y�� �i�j�h�^�m�d�l�b�\�g�h�]�h�� �i�j�_�^�k�l�Z�\�e�_�g�b�y��

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

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

�]�j�Z�n�b�d�h�\���b�f�_�_�l���k�\�h�c���p�\�_�l: 

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

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

�k�h�h�l�\�_�l�k�l�\�m�x�s�b�c�� �p�\�_�l�h�\�h�c�� �l�h�g�Z�e�v�g�h�k�l�b�� �f�Z�]�f�Z�l�b�q�_�k�d�h�]�h�� �j�Z�k�i�e�Z�\�Z; 2 �± �i�j�b��

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

�d�j�m�`�d�h�\���k�h�k�l�Z�\�h�\ �g�Z�� �]�j�Z�n�b�d�Z�o �i�j�b�[�e�b�`�_�g�Z�� �d �j�_�Z�e�v�g�h�f�m�� �p�\�_�l�m�� �f�b�g�_�j�Z�e�Z (Ol �± 

�`�_�e�l�u�c����Cpx �± �a�_�e�_�g�u�c, Opx �± �[�_�e�u�c �b Pl �± �k�_�j�u�c); 3 �± �l�Z�d�h�c�� �`�_�� �i�j�b�g�p�b�i��

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

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

�j�_�Z�e�v�g�u�f�� �p�\�_�l�Z�f�� �f�b�g�_�j�Z�e�h�\���� �l�h�e�v�d�h�� �q�l�h�� �i�j�b�\�_�^�_�g�g�u�f�� �\�� �i�m�g�d�l�_�� ��; 4 �± 

�l�b�i�b�a�Z�p�b�h�g�g�u�_�� �]�j�Z�n�b�d�b���� �^�e�y�� �d�h�l�h�j�u�o�� �k�h�^�_�j�`�Z�g�b�y�� �h�d�k�b�^�Z�� ���b�e�b�� �b�o�� �h�l�g�h�r�_�g�b�y����

�j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y�� �i�h�� �h�l�g�h�r�_�g�b�y�� �d��SiO2���� �b�f�_�x�l�� �h�[�s�_�i�j�b�g�y�l�h�_�� �p�\�_�l�h�\�h�_��

�g�Z�i�h�e�g�_�g�b�_�����j�_�d�h�f�_�g�^�h�\�Z�g�g�h�_���\ [�I�_�l�j�h�]�j�Z�n�b�q�_�k�d�b�c���d�h�^�_�d�k���J�h�k�k�b�b�� 2009]. 

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

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

�g�Z�� �k�d�e�h�g�Z�o �D�e�x�q�_�\�k�d�h�]�h�� �\�m�e�d�Z�g�Z�� �\�u�[�j�Z�g�Z�� �k�o�_�f�Z�� �b�a���k�l�Z�l�v�b [�?�j�f�Z�d�h�\, 1974 ���K�� 

25)�@���� �d�h�l�h�j�Z�y�� �\�� �i�h�k�e�_�^�m�x�s�_�f���[�u�e�Z�� �h�i�m�[�e�b�d�h�\�Z�g�Z�� �\�� �b�a�\�_�k�l�g�h�c �f�h�g�h�]�j�Z�n�b�b����

�i�h�k�\�y�s�_�g�g�h�c�� �D�e�x�q�_�\�k�d�h�c�� �]�j�m�i�i�_�� �\�m�e�d�Z�g�h�\�� �>�?�j�f�Z�d�h�\, 1977 ���K�� ������ �b�� �����±50)]. 

�G�m�f�_�j�Z�p�b�y���i�h�[�h�q�g�u�o���d�h�g�m�k�h�\���w�l�h�c�� �k�o�_�f�u �[�u�e�Z���i�j�b�g�y�l�Z �k�h�l�j�m�^�g�b�d�Z�f�b��
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O:\+x__Oz_paper_other\Powers__1955___Composition-and-origin-of-basaltic-magma-of-the-Hawaiian-Islands.pdf 

O:\+x__Oz_paper_other\Kersting__1994__Arculus___Klyuchevskoy-Volcano-Kamchatka-_-Genesis-of-High-Al2O3-from-High-MgO-Basalt.pdf 
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O:\+x__Oz_paper_other\Harker__1909___The-natural-history-of-igneous-rocks.pdf 
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�D�e�x�q�_�\�k�d�h�c�� �w�d�k�i�_�^�b�p�b�b��1983-89 �]�]�� �\�� �d�Z�q�_�k�l�\�_�� �[�Z�a�h�\�h�c���b�� �b�k�i�h�e�v�a�h�\�Z�e�Z�k�v �^�e�y 

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

�g�Z�k�l�h�y�s�_�]�h���\�j�_�f�_�g�b�� 

�<���k�l�Z�l�v�_��[�O�j�_�g�h�\ �b �^�j���� 2002 (�K. ���� �b��14)] �^�e�y�� �j�y�^�Z�� �i�h�[�h�q�g�u�o�� �d�h�g�m�k�h�\����

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

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

�i�j�b�\�h�^�y�l�k�y�� �h�[�Z �g�Z�a�\�Z�g�b�y�� �d�h�g�m�k�Z���� �g�Z�i�j�b�f�_�j���� �d�h�g�m�k��F (�E�m�q�b�p�d�h�]�h). �I�_�j�\�h�_�� �i�h��

[�?�j�f�Z�d�h�\, 1977] �b���\�l�h�j�h�_ �± �\���k�d�h�[�d�Z�o���d�m�j�k�b�\�h�f���i�h��[�O�j�_�g�h�\ �b �^�j���� 2002].  

 

   �J�_�a�m�e�v�l�Z�l�u���b�k�k�e�_�^�h�\�Z�g�b�c���b���h�[�k�m�`�^�_�g�b�_ 

1.10.  �I�_�l�j�h�o�b�f�b�q�_�k�d�Z�y���l�b�i�b�a�Z�p�b�y���k�_�j�b�b���i�h�j�h�^���D�e�x�q�_�\�k�d�h�]�h���\�m�e�d�Z�g�Z 

 �<�� �i�j�_�^�_�e�Z�o�� �D�e�x�q�_�\�k�d�h�c�� �]�j�m�i�i�u�� �\�m�e�d�Z�g�h�\�� �i�h�j�h�^�u�� �D�e�x�q�_�\�k�d�h�]�h�� �\�m�e�d�Z�g�Z��

�a�Z�g�b�f�Z�x�l�� ����-�]�j�Z�^�m�k�g�u�c�� �k�_�d�l�h�j���� �h�l�d�j�u�l�u�c�� �g�Z�� �\�h�k�l�h�d���± �j�b�k���� ��-06���� �K�� �x�]�h-�a�Z�i�Z�^�Z��

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

�h�l�e�h�`�_�g�b�y���� �Z�� �k�� �k�_�\�_�j�h-�a�Z�i�Z�^�Z���± �e�_�^�g�b�d�� �W�j�f�Z�g�Z�� �b �i�e�h�s�Z�^�g�u�_��

�f�_�]�Z�i�e�Z�]�b�h�n�b�j�h�\�u�_���i�h�l�h�d�b�����i�h�e�m�q�b�\�r�b�_���g�Z�a�\�Z�g�b�_���E�Z�\�h�\�u�c���R�b�r�����I�_�j�_�k�_�q�_�g�b�_��

�h�[�j�Z�a�m�x�s�b�o�� �k�_�d�l�h�j�Z�� �g�Z�o�h�^�b�l�k�y�� �\��~ 5 �d�f�� �a�Z�i�Z�^�g�_�_-�x�]�h-�a�Z�i�Z�^�g�_�_�� �\�_�j�r�b�g�u��

�D�e�x�q�_�\�k�d�h�]�h���\�m�e�d�Z�g�Z�����\���j�Z�c�h�g�_���n�j�h�g�l�Z�e�v�g�u�o���q�Z�k�l�_�c���e�Z�\�h�\�u�o���i�h�l�h�d�h�\���i�j�h�j�u�\�Z��

�<�<�K���������������]������ 

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

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

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

�j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�c���l�Z�[�e�b�p�_�� �k�h�h�l�\�_�l�k�l�\�m�x�l�� �g�h�f�_�j�Z�f�� �g�Z�� �k�o�_�f�_ �j�b�k���� ��-06. �>�e�y��

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

�b�a�\�_�j�`�_�g�b�y�� 

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

�o�b�f�b�q�_�k�d�b�_�� �k�h�k�l�Z�\�u�� �i�h�j�h�^�� �^�h�k�l�Z�l�h�q�g�h�� �h�^�g�h�j�h�^�g�u���� �i�h�w�l�h�f�m�� �\���l�Z�[�e�� 1.04 �^�e�y��

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

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

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

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

�h�d�b�k�e�h�\���k���k�h�k�l�Z�\�h�f���d�h�g�d�j�_�l�g�h�]�h���b�a�\�_�j�`�_�g�b�y���D�e�x�q�_�\�k�d�h�]�h���\�m�e�d�Z�g�Z���\ �l�Z�[�e�� 1.04. 
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�J�b�k���� ��-06. �K�o�_�f�Z�� �]�_�h�e�h�]�b�q�_�k�d�h�]�h�� �k�l�j�h�_�g�b�y�� �D�e�x�q�_�\�k�d�h�]�h�� �\�m�e�d�Z�g�Z �b�� �j�Z�a�j�_�a�� �i�h��
�e�b�g�b�b���A�±�< �i�h��[�?�j�f�Z�d�h�\, 1977�@���� �k�� �^�h�[�Z�\�e�_�g�b�y�f�b�� �b�a��[�>�\�b�]�Z�e�h, 1991] �b��[�H�a�_�j�h�\�� �b��
�^�j��, 1997]. 
�M�k�e�h�\�g�u�_���h�[�h�a�g�Z�q�_�g�b�y���b���g�Z�a�\�Z�g�b�y���i�h�[�h�q�g�u�o���i�j�h�j�u�\�h�\���k�f�����g�Z���k�e�_�^�m�x�s�_�c���k�l�j�Z�g�b�p�_�� 


















































































































































































































































































































































































































































































































































































































































































































































