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

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

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

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

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

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

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

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

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

 

�P�_�e�v���j�Z�[�h�l�u�� 

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

�Z�i�l�Z�f�_�j�h�\�� 

�A�Z�^�Z�q�b�� 

1. �K���i�h�f�h�s�v�x���Z�i�l�Z�f�_�j�h�\���h�i�j�_�^�_�e�b�l�v���g�Z�e�b�q�b�_���p�b�j�d�m�e�b�j�m�x�s�o��

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

2. �H�p�_�g�b�l�v���k�i�h�k�h�[�g�h�k�l�v���Z�i�l�Z�f�_�j�h�\���\�u�y�\�e�y�l�v���[�b�h�f�Z�j�d�_�j�u���]�e�b�h�f�u���\��

�h�i�m�o�h�e�_�\�u�o �l�d�Z�g�y�o�� 

3. �H�p�_�g�b�l�v���\�h�a�f�h�`�g�h�k�l�v���b�k�i�h�e�v�a�h�\�Z�g�b�y���>�G�D-�Z�i�l�Z�f�_�j�h�\�����f�_�q�_�g�g�u�o��

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

�f�Z�d�j�h�i�j�_�i�Z�j�Z�l�_ �h�i�m�o�h�e�b 

 

�J�Z�[�h�l�Z�� �\�u�i�h�e�g�_�g�Z�� �\�� �©�E�Z�[�h�j�Z�l�h�j�b�b�� �[�b�h�f�h�e�_�d�m�e�y�j�g�u�o�� �b�� �f�_�^�b�p�b�g�k�d�b�o��

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

�b�f�_�g�b���i�j�h�n�_�k�k�h�j�Z���<���N�����<�h�c�g�h-�Y�k�_�g�_�p�d�h�]�h���F�b�g�a�^�j�Z�\�Z���J�h�k�k�b�b�� 
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1 �H�k�g�h�\�g�Z�y �q�Z�k�l�v 
 
 

1.1 �=�e�b�Z�e�v�g�u�_���h�i�m�o�h�e�b���]�h�e�h�\�g�h�]�h �f�h�a�]�Z 
 
 

�P�_�g�l�j�Z�e�v�g�Z�y���g�_�j�\�g�Z�y���k�b�k�l�_�f�Z�����P�G�K�����q�_�e�h�\�_�d�Z���h�[�j�Z�a�h�\�Z�g�Z���g�_�j�\�g�h�c���l�d�Z�g�v�x, 

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

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

�b�� �k�h�a�^�Z�x�s�_�c�� �f�b�d�j�h�h�d�j�m�`�_�g�b�_�� �g�_�j�\�g�u�o�� �d�e�_�l�h�d��[4]. �G�_�j�\�g�u�_�� �d�e�_�l�d�b�� �\�� �a�j�_�e�h�f��

�k�h�k�l�h�y�g�b�b�� �e�b�r�Z�x�l�k�y�� �k�i�h�k�h�[�g�h�k�l�b�� �d�� �^�_�e�_�g�b�x���� �d�e�_�l�d�b�� �g�_�c�j�h�]�e�b�b�� �h�[�e�Z�^�Z�x�l��

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

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

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

�b�f�_�x�l���]�e�b�Z�e�v�g�h�_ �i�j�h�b�k�o�h�`�^�_�g�b�_�� 

 

1.1.1 �D�e�Z�k�k�b�n�b�d�Z�p�b�y 
 
 

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

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

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

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

�i�j�h�b�a�h�r�e�b�� �>������ ���@���� �D�� �h�k�g�h�\�g�u�f�� �h�i�m�o�h�e�y�f�� �h�l�g�h�k�y�l�k�y�� �Z�k�l�j�h�p�b�Z�l�Z�j�g�u�_��

���Z�k�l�j�h�p�b�l�h�f�Z�� �Z�g�Z�i�e�Z�k�l�b�q�_�k�d�Z�y �Z�k�l�j�h�p�b�l�h�f�Z�� �]�e�b�h�[�e�Z�k�l�h�f�Z������

�h�e�b�]�h�^�_�g�^�j�h�]�e�b�Z�e�v�g�u�_�����w�i�_�g�^�b�f�Z�e�v�g�u�_���b���h�i�m�o�h�e�b���k�f�_�r�Z�g�g�h�]�h���l�b�i�Z [7]. 

�=�e�b�h�[�e�Z�k�l�h�f�Z���y�\�e�y�_�l�k�y���g�Z�b�[�h�e�_�_���j�Z�k�i�j�h�k�l�j�Z�g�z�g�g�h�c�����g�Z���_�z���k�q�_�l���i�j�b�o�h�^�b�l�k�y��

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

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

�j�Z�g�g�y�y���k�l�_�i�_�g�v���j�_�a�_�d�p�b�b���>���������@�� 

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

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

http://cyclowiki.org/w/index.php?title=%D0%9D%D0%B5%D1%80%D0%B2%D0%BD%D0%B0%D1%8F_%D1%82%D0%BA%D0%B0%D0%BD%D1%8C&amp;action=edit&amp;redlink=1
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�Z�d�l�b�\�g�h�k�l�v���� �y�^�_�j�g�Z�y�� �Z�l�b�i�b�y���� �w�g�^�h�l�_�e�b�Z�e�v�g�Z�y�� �i�j�h�e�b�n�_�j�Z�p�b�y���� �g�_�d�j�h�a�� �b��

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

�k�b�k�l�_�f�h�c�� �h�p�_�g�d�b�� �<�H�A���� �b�f�_�g�g�h�� �g�_�d�j�h�a�� �b���b�e�b�� �i�j�h�e�b�n�_�j�Z�p�b�y�� �f�b�d�j�h�k�h�k�m�^�h�\��

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

�]�e�b�h�[�e�Z�k�l�h�f�u���>�����������@�� 

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

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

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

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

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

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

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

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

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

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

�h�e�b�]�h�^�_�g�^�j�h�]�e�b�h�f�m�� 

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

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

�d�e�_�l�h�q�g�h�c�� �i�Z�j�_�g�o�b�f�u�� �f�h�a�]�Z�� �>�����@���� �;�e�Z�]�h�^�Z�j�y�� �w�l�h�f�m�� �g�_�� �g�Z�[�e�x�^�Z�_�l�k�y�� �q�_�l�d�h�]�h��

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

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

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

�d�� �i�_�j�b�n�_�j�b�b���� �L�_�f�� �g�_�� �f�_�g�_�_���� �j�Z�a�j�h�a�g�_�g�g�u�_�� �h�q�Z�]�b�� �g�_�d�j�h�a�Z�� �b�� �Z�g�]�b�h�]�_�g�_�a�Z�� �l�Z�d�`�_��

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

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

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

�\�l�h�j�b�q�g�u�_ �k�l�j�m�d�l�m�j�u�� 

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

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

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

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

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

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

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

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

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

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

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

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

�i�m�l�_�f�� �\�\�_�^�_�g�b�y�� �Z�g�l�b�l�_�e�� �d�� �]�e�b�Z�e�v�g�h�f�m�� �n�b�[�j�b�e�e�y�j�g�f�m�� �d�b�k�e�h�f�m�� �[�_�e�d�m�� ��GFAP), 

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

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

�a�g�Z�q�b�l�_�e�v�g�h���\�Z�j�v�b�j�m�_�l���>���@�� 

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

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

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

�h�p�_�g�d�b���i�j�h�e�b�n�_�j�Z�l�b�\�g�h�c�� �Z�d�l�b�\�g�h�k�l�b�� �g�h�\�h�h�[�j�Z�a�h�\�Z�g�b�y�� �i�j�b�f�_�g�y�x�l�� �h�d�j�Z�r�b�\�Z�g�b�_��

�Z�g�l�b�l�_�e�h�f��Ki -������ �b�e�b��MIB-������ �h�i�j�_�^�_�e�y�y�� �i�m�e�� �d�e�_�l�h�d���� �Z�d�l�b�\�g�h�� �k�b�g�l�_�a�b�j�m�x�s�b�o��

�g�m�d�e�_�b�g�h�\�u�_�� �d�b�k�e�h�l�u�� �b�� �g�Z�o�h�^�y�s�b�o�k�y�� �\�� �j�Z�a�g�u�o�� �n�Z�a�Z�o�� ��G1-, S-, G2- �b�e�b��M-�n�Z�a�_����

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

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

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

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

�a�Z�[�h�e�_�\�Z�g�b�y���^�h���k�b�o���i�h�j���g�_���\�u�y�\�e�_�g�Z���>���@�� 

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

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

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

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

�g�h�k�b�l�_�e�y���h�i�m�o�h�e�b���>�����@�� 

 

1.1.2 �D�Z�g�p�_�j�h�]�_�g�_�a���h�i�m�o�h�e�_�c���]�h�e�h�\�g�h�]�h �f�h�a�]�Z 
 
 

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

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

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

�]�b�[�_�e�b�� �d�e�_�l�h�d�� ���Z�i�h�i�l�h�a���� �>�����@���� �f�h�j�n�h�]�_�g�_�l�b�q�_�k�d�b�o�� �j�_�Z�d�p�b�c�� �d�e�_�l�d�b����

�g�_�w�n�n�_�d�l�b�\�g�h�]�h�� �n�m�g�d�p�b�h�g�b�j�h�\�Z�g�b�y�� �n�Z�d�l�h�j�h�\�� �k�i�_�p�b�n�b�q�_�k�d�h�]�h�� �b��

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

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

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

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

�g�Z�j�m�r�_�g�b�y���� �<�� �q�Z�k�l�g�h�k�l�b���� �f�m�l�Z�p�b�y�� �]�_�g�Z�� �[�_�e�d�Z-�]�h�f�h�e�h�]�Z�� �n�h�k�n�Z�l�Z�a�u�� �b�� �l�_�g�a�b�g�Z��

(PTEN) [16]. �J�_�p�_�i�l�h�j��PDGF (PDGFR���� �h�l�g�h�k�b�l�k�y�� �d�� �k�_�f�_�c�k�l�\�m�� �l�b�j�h�a�b�g�d�b�g�Z�a�g�u�o��

�j�_�p�_�i�l�h�j�h�\�� �b�� �b�f�_�_�l�� ���� �b�a�h�n�h�j�f�u����PDGFR-a ���������� �d�>�Z���� �d�h�^�b�j�m�_�l�k�y�� �]�_�g�h�f����

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

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

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

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

�j�_�]�m�e�b�j�m�x�s�_�]�h�� �l�j�Z�g�k�d�j�b�i�b�x�� �]�_�g�h�\�� �>�����@���� �W�d�k�i�j�_�k�k�b�y����PDGFR-�Z�� �h�[�g�Z�j�m�`�b�\�Z�_�l�k�y��

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

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

�\�� �i�Z�l�h�]�_�g�_�a�_�� �Z�k�l�j�h�p�b�l�h�f���� �<�� �k�\�h�x�� �h�q�_�j�_�^�v����PDGFR-b �w�d�k�i�j�_�k�k�b�j�m�_�l�k�y�� �g�Z��

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

�j�h�e�v���w�l�h�]�h���j�_�p�_�i�l�h�j�Z���\ �Z�g�]�b�h�]�_�g�_�a�_�� 

https://ru.wikipedia.org/wiki/PTEN
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�M�� �[�h�e�v�g�u�o�� �]�e�b�h�[�e�Z�k�l�h�f�h�c�� �k�� �g�_�[�h�e�v�r�h�c�� �i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�v�x�� �`�b�a�g�b��

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

(EGFR������ �q�l�h�� �d�h�j�j�_�e�b�j�m�_�l�� �k�� �\�u�k�h�d�b�f�� �b�g�^�_�d�k�h�f�� �i�j�h�e�b�n�_�j�Z�p�b�b���� �=�b�i�_�j�w�d�k�i�j�_�k�k�b�y��

EGFR �i�j�b�� �]�e�b�h�[�e�Z�k�l�h�f�_���� �d�Z�d�� �i�j�Z�\�b�e�h���� �Z�k�k�h�p�b�b�j�m�_�l�k�y�� �k�� �Z�i�f�e�b�n�b�d�Z�p�b�_�c�� �]�_�g�Z��

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

�\�� ����-�������� �k�e�m�q�Z�_�\�� �]�e�b�h�[�e�Z�k�l�h�f�u���� �<�� �b�k�k�e�_�^�h�\�Z�g�b�b�� �>�����@�� �\�� �������� �k�e�m�q�Z�_�\�� �[�u�e�Z��

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

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

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

�e�h�d�m�k�u����-�h�c���o�j�h�f�h�k�h�f�u [19]. 

�F�Z�l�j�b�q�g�u�_�� �f�_�l�Z�e�e�h�i�j�h�l�_�b�g�Z�a�u�� �y�\�e�y�x�l�k�y�� �\�Z�`�g�_�c�r�b�f�b�� �i�j�h�l�_�Z�a�Z�f�b�� �\��

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

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

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

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

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

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

�i�h�^�\�b�`�g�h�k�l�v���d�e�_�l�h�d�� 

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

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

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

�;�_�e�h�d�� �j������ �± �y�^�_�j�g�u�c�� �[�_�e�h�d���� �k�h�k�l�h�y�s�b�c�� �b�a�� �������� �Z�f�b�g�h�d�b�k�e�h�l�� �k��

�f�h�e�_�d�m�e�y�j�g�h�c�� �f�Z�k�k�h�c�� ������ �d�>���� �L�_�l�j�Z�f�_�j�� �j������ �n�m�g�d�p�b�h�g�b�j�m�_�l�� �d�Z�d��

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

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

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

�]�b�i�h�d�k�b�y���� �l�_�i�e�h�\�h�c�� �r�h�d���� �f�_�l�Z�[�h�e�b�q�_�k�d�b�_�� �b�a�f�_�g�_�g�b�y���� �\�h�a�^�_�c�k�l�\�b�_�� �p�b�l�h�d�b�g�h�\����

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

�k�m�i�j�_�k�k�h�j�Z���>�����@�� 

�;�_�e�h�d-�]�h�f�h�e�h�]�� �n�h�k�n�Z�l�Z�a�u�� �b�� �l�_�g�a�b�g�Z����PTEN���� �y�\�e�y�_�l�k�y�� �k�m�i�j�_�k�k�h�j�h�f��

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

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

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

�n�h�k�n�Z�l�b�^�b�e�b�g�h�a�b�l�h�e-3-�d�b�g�Z�a�g�u�o�� ��PI3K���� �k�b�]�g�Z�e�v�g�u�o�� �i�m�l�_�c�� �d�e�_�l�d�b���� �d�h�l�h�j�u�_��

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

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

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

�i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�v�x�� �`�b�a�g�b�� �i�Z�p�b�_�g�l�h�\���� �k�l�j�Z�^�Z�x�s�b�o�� �h�i�m�o�h�e�y�f�b�� �=�F�� �^�Z�g�g�h�]�h��

�l�b�i�Z���� �L�Z�d���� �i�h�l�_�j�y�� �n�m�g�d�p�b�b��PTEN �d�h�j�j�_�e�b�j�m�_�l�� �k�� �i�e�h�o�b�f�� �i�j�h�]�g�h�a�h�f��

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

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

�i�h�k�e�_���e�_�q�_�g�b�y���f�h�s�g�u�f�b���o�b�f�b�h�l�_�j�Z�i�_�\�l�b�q�_�k�d�b�f�b���i�j�_�i�Z�j�Z�l�Z�f�b���>������ 23]. 

 

1.1.3 �W�l�b�h�e�h�]�b�q�_�k�d�b�_���b���w�i�b�^�_�f�b�h�e�h�]�b�q�_�k�d�b�_���n�Z�d�l�h�j�u �j�b�k�d�Z 
 
 

�=�e�b�Z�e�v�g�u�_�� �h�i�m�o�h�e�b�� �]�h�e�h�\�g�h�]�h�� �f�h�a�]�Z�� �k�h�k�l�Z�\�e�y�x�l�� ���� ���� �\�k�_�o�� �h�i�m�o�h�e�_�c��

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

�k�h�k�l�Z�\�e�y�_�l�� ���� �± ���� �k�e�m�q�Z�_�\�� �g�Z�� �������� �l�u�k�y�q�� �g�Z�k�_�e�_�g�b�y�� �>������ �����@���� �=�e�b�h�[�e�Z�k�l�h�f�Z�� �± 

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

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

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

�f�h�a�]�Z�� �b�� �������� �h�l�� �i�_�j�\�b�q�g�u�o�� �g�h�\�h�h�[�j�Z�a�h�\�Z�g�b�c�� �P�G�K�� �k�� �\�u�k�h�d�h�c�� �k�l�_�i�_�g�v�x��

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

�i�j�b �h�i�m�o�h�e�y�o�� �P�G�K�� �>�����@���� �K�j�_�^�g�y�y�� �i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�v�� �`�b�a�g�b�� �[�h�e�v�g�u�o��

�]�e�b�h�[�e�Z�k�l�h�f�h�c���k�h�k�l�Z�\�e�y�_�l���^�h�������]�h�^�Z���± ���������������^�h�������e�_�l���² ���������������^�h�������e�_�l���² 4,3%. 
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�L�Z�d�`�_���\�u�k�h�d�Z���q�Z�k�l�h�l�Z���j�_�p�b�^�b�\�b�j�h�\�Z�g�b�y���h�i�m�o�h�e�b�����M�������±���������[�h�e�v�g�u�o���\�h�a�g�b�d�Z�x�l��

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

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

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

�k�h�k�l�h�y�g�b�y�����l�Z�d�b�_���d�Z�d���Z�k�l�f�Z���b�e�b���w�d�a�_�f�Z�����k�g�b�`�Z�x�l���j�b�k�d���j�Z�a�\�b�l�b�y���]�e�b�h�f���]�h�e�h�\�g�h�]�h��

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

�]�e�b�h�f�u���i�h�q�l�b���g�Z�������� [25]. 

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

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

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

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

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

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

�i�h�e�m�q�Z�\�r�b�o���i�j�h�n�b�e�Z�d�l�b�q�_�k�d�h�_���h�[�e�m�q�_�g�b�_���>�����@�� 

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

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

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

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

�b�k�i�h�e�v�a�h�\�Z�g�b�_���k�h�l�h�\�u�o���l�_�e�_�n�h�g�h�\�����l�Z�d���d�Z�d���k�j�h�d���w�d�k�i�e�m�Z�l�Z�p�b�b���g�_���i�j�_�\�u�r�Z�_�l��10- 

�������e�_�l [27]. 

 

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

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

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

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

�H�[�s�b�c�� �i�j�b�g�p�b�i�� �e�_�q�_�g�b�y�� �[�h�e�v�g�u�o�� �k�� �]�e�b�Z�e�v�g�u�f�b�� �h�i�m�o�h�e�y�f�b�� �]�h�e�h�\�g�h�]�h��

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

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

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

�l�h�f�h�]�j�Z�n�b�x�� ���D�L������ �f�Z�]�g�b�l�g�h-�j�_�a�h�g�Z�g�k�g�m�x�� �l�h�f�h�]�j�Z�n�b�x�� ���F�J�L���� �b�� �i�h�a�b�l�j�h�g�g�h- 

�w�f�b�k�k�b�h�g�g�m�x�� �l�h�f�h�]�j�Z�n�b�x�� ���I�W�L���� �>�����@���� �H�[�e�Z�^�Z�y�� �j�Z�a�e�b�q�g�u�f�b�� �b�g�n�h�j�f�Z�p�b�h�g�g�u�f�b��

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

�j�Z�a�e�b�q�g�u�_�� �k�l�h�j�h�g�u�� �^�b�Z�]�g�h�a�Z���� �F�J�L�� �m�l�h�q�g�y�_�l�� �l�h�i�h�]�j�Z�n�h-�Z�g�Z�l�h�f�b�q�_�k�d�b�_��

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

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

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

�h�l�]�j�Z�g�b�q�_�g�b�y���h�i�m�o�h�e�b���b���i�_�j�b�n�h�d�Z�e�v�g�h�]�h���h�l�_�d�Z�����I�W�L���h�[�e�Z�^�Z�_�l���\�u�k�h�d�h�c���k�l�_�i�_�g�v�x��

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

�j�_�p�b�^�b�\�b�j�h�\�Z�g�b�y�� �i�j�h�p�_�k�k�Z���� �:�g�]�b�h�]�j�Z�n�b�q�_�k�d�h�_�� �b�k�k�e�_�^�h�\�Z�g�b�_�� �k�h�k�m�^�h�\�� �]�h�e�h�\�g�h�]�h��

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

�k�h�k�m�^�b�k�l�m�x���k�_�l�v�� 
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1.3 �P�b�j�d�m�e�b�j�m�x�s�b�_���h�i�m�o�h�e�_�\�u�_ �d�e�_�l�d�b 
 
 

�P�b�j�d�m�e�b�j�m�x�s�b�_�� �h�i�m�o�h�e�_�\�u�_�� �d�e�_�l�d�b�� ���P�H�D���� �y�\�e�y�x�l�k�y�� �h�k�g�h�\�g�u�f��

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

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

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

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

�^�h�k�l�Z�l�h�q�g�h�� �e�_�]�d�h���� �g�h�� �[�h�e�v�r�b�g�k�l�\�h�� �P�H�D�� �\�� �d�j�h�\�h�l�h�d�_�� �i�h�]�b�[�Z�_�l���� �\�h�a�f�h�`�g�h���� �\��

�j�_�a�m�e�v�l�Z�l�_���i�h�l�_�j�b���k�b�]�g�Z�e�h�\���\�u�`�b�\�Z�g�b�y���>��0]. 

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

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

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

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

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

�g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�� �i�j�h�b�k�o�h�^�y�s�b�c�� �\�� �l�d�Z�g�y�o���� �k�i�h�k�h�[�k�l�\�m�_�l�� �b�o�� �i�j�h�e�b�n�_�j�Z�p�b�b�� �b��

�h�[�j�Z�a�h�\�Z�g�b�x���k�d�h�i�e�_�g�b�c���>�����@�� 

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

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

�b�a�f�_�g�_�g�b�y�f���� �\�� �q�Z�k�l�g�h�k�l�b���� �k�^�\�b�]�Z�f�� �\�� �h�[�f�_�g�_�� �\�_�s�_�k�l�\�� �^�e�y�� �g�Z�b�e�m�q�r�_�]�h��

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

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

�i�h�j�Z�`�_�g�b�y���>�����@�� 

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

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

�f�m�e�v�l�b�f�h�^�Z�e�v�g�h�_���e�_�q�_�g�b�_�� 

�<�h�� �f�g�h�]�b�o�� �l�b�i�Z�o�� �j�Z�d�Z�� �p�b�d�j�m�e�b�j�m�x�s�b�_�� �h�i�m�o�h�e�_�\�u�_�� �d�e�_�l�d�b�� �b�f�_�x�l��

�i�j�h�]�g�h�k�l�b�q�_�k�d�h�_�� �a�g�Z�q�_�g�b�_���>�����@���� �H�^�g�Z�d�h���i�j�b���h�i�j�_�^�_�e�g�b�b���P�H�D���i�j�b�� �]�e�b�h�[�e�Z�k�l�h�f�_��

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

�h�[�u�q�g�h���f�Z�j�d�_�j�u���w�i�b�l�_�e�b�Z�e�v�g�u�o���h�i�m�o�h�e�_�c�����\���q�Z�k�l�g�h�k�l�b�����p�b�l�h�d�_�j�Z�l�b�g�u�� 
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1.4 �:�i�l�Z�f�_�j�u 
 
 

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

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

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

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

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

�k�l�Z�g�h�\�y�l�k�y�� �h�e�b�]�h�g�m�d�e�_�h�l�b�^�u�� �± �n�m�g�d�p�b�h�g�Z�e�v�g�u�_�� �Z�g�Z�e�h�]�b�� �f�h�g�h�d�e�h�g�Z�e�v�g�u�o��

�Z�g�l�b�l�_�e�� 

�:�i�l�Z�f�_�j�u�� �i�j�_�^�k�l�Z�\�e�y�x�l�� �k�h�[�h�c�� �h�^�g�h�p�_�i�h�q�_�q�g�m�x�� �f�h�e�_�d�m�e�m�� �J�G�D�� �b�e�b�� �>�G�D����

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

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

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

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

35]. 

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

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

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

�\�a�Z�b�f�h�^�_�c�k�l�\�b�c���b���\�h�^�h�j�h�^�g�u�o���k�\�y�a�_�c���>�����@�� 

�<�� �j�h�e�b�� �f�b�r�_�g�_�c�� �i�j�b�� �i�h�^�[�h�j�_�� �Z�i�l�Z�f�_�j�h�\�� �f�_�l�h�^�h�f�� �k�_�e�_�d�p�b�b��in vitro 

�b�k�i�h�e�v�a�m�x�l�� �[�_�e�d�b�� �d�e�_�l�h�q�g�h�c�� �k�l�_�g�d�b�� �b�e�b�� �p�_�e�u�_�� �d�e�_�l�d�b���� �Q�_�f�� �[�h�e�v�r�_�� �f�b�r�_�g�v��

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

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

�k�i�_�p�b�n�b�q�g�h�k�l�b���>�������������@�����;�_�e�d�b�����j�Z�k�i�h�e�h�`�_�g�g�u�_���g�Z���i�h�\�_�j�o�g�h�k�l�b���j�Z�a�e�b�q�g�u�o���l�b�i�h�\��

�d�e�_�l�h�d�� �b�e�b�� �i�h�y�\�b�\�r�b�_�k�y�� �i�j�b�� �l�j�Z�g�k�n�h�j�f�Z�p�b�b�� �d�e�_�l�d�b�� ���d�Z�d�� �g�Z�i�j�b�f�_�j����

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

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

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

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

�k�i�_�p�b�n�b�q�g�h�k�l�v�����k�l�Z�[�b�e�v�g�h�k�l�v���b���k�e�Z�[�Z�y���b�f�f�m�g�h�]�_�g�g�h�k�l�v�� 

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

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

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

�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b���>�������������@�����I�j�h�p�_�^�m�j�Z���k�_�e�_�d�p�b�b���i�j�h�o�h�^�b�l���g�Z���i�j�h�l�y�`�_�g�b�b������-15 

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

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

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

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

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

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

 

�J�b�k�m�g�h�d�������± �H�[�s�Z�y���k�o�_�f�Z���k�_�e�_�d�p�b�b���Z�i�l�Z�f�_�j�h�\�� 



17  

2 �F�Z�l�_�j�b�Z�e�u���b �f�_�l�h�^�u 
 

2.1 �H�[�t�_�d�l�u �b�k�k�e�_�^�h�\�Z�g�b�y 

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

�d�e�_�l�h�d���� �b�g�l�j�Z�h�i�_�j�Z�p�b�h�g�g�h�c�� �\�b�a�m�Z�e�b�a�Z�p�b�b�� �b�� �i�j�h�l�h�q�g�h�c�� �p�b�l�h�f�_�l�j�b�b��

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

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

�i�j�_�^�h�k�l�Z�\�e�y�e�b�k�v�� �D�=�;�M�A�� �©�D�j�Z�k�g�h�y�j�k�d�h�c�� �f�_�`�j�Z�c�h�g�g�h�c�� �d�e�b�g�b�q�_�k�d�h�c�� �[�h�e�v�g�b�p�_�c��

�k�d�h�j�h�c�� �f�_�^�b�p�b�g�k�d�h�c�� �i�h�f�h�s�b�� �b�f�_�g�b�� �G���K���� �D�Z�j�i�h�\�b�q�Z�ª�� �g�_�c�j�h�o�b�j�m�j�]�h�f�� �:���:����

�G�Z�j�h�^�h�\�u�f���� �A�Z�[�h�j�� �i�h�k�e�_�h�i�_�j�Z�p�b�h�g�g�h�]�h�� �f�Z�l�_�j�b�Z�e�Z�� �i�j�h�b�a�\�h�^�b�e�b�� �m�� �i�Z�p�b�_�g�l�h�\�� �\��

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

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

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

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

���j�_�r�_�g�b�_�� �E�h�d�Z�e�v�g�h�]�h�� �w�l�b�q�_�k�d�h�]�h�� �d�h�f�b�l�_�l�Z�� �D�j�Z�k�=�F�M�� �‹�� ���������������� �h�l�� ������������������������

�j�_�r�_�g�b�_���E�h�d�Z�e�v�g�h�]�h���w�l�b�q�_�k�d�h�]�h���d�h�f�b�l�_�l�Z���D�D�D�H�>���‹�����������������h�l�������������������������� 

 

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

�Z�i�l�Z�f�_�j�h�\ 

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

�r�_�c�d�_�j�_�� ������ �f�b�g�m�l�� �������� �h�[�h�j�h�l�h�\�� �i�j�b�� �d�h�f�g�Z�l�g�h�c�� �l�_�f�i�_�j�Z�l�m�j�_���� �\�� ���� �f�e�� ����������

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

�n�h�k�n�Z�l�g�h�f���[�m�n�_�j�_�����k�h�^�_�j�`�Z�s�b�f��Ca2+ �b��Mg2+. 

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

�k�� ���� �f�e�� �f�Z�k�d�b�j�m�x�s�_�c�� �J�G�D�� ��Yeast PNA���� �\�� �d�h�g�p�_�g�l�j�Z�p�b�b������ �g�]���f�d�e�� �\�� �l�_�q�_�g�b�_�� �q�Z�k�Z��

�i�j�b �l�_�f�i�_�j�Z�l�m�j�_�� ��0�K���� �A�Z�l�_�f�� �l�d�Z�g�v�� �h�l�f�u�\�Z�e�b�� �n�h�k�n�Z�l�g�u�f�� �[�m�n�_�j�h�f���� �k�h�^�_�j�`�Z�s�b�f 

Ca2+ �b��Mg2+�����b���b�g�d�m�[�b�j�h�\�Z�e�b���k���Z�i�l�Z�f�_�j�Z�f�b�����f�_�q�_�g�g�u�f�b���n�e�m�h�j�_�k�p�_�g�l�g�h�c �f�_�l�d�h�c 
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Cy�¶���� ���d�h�g�_�q�g�Z�y�� �d�h�g�p�_�g�l�j�Z�p�b�y�� �����g�F���� �\�� �l�_�q�_�g�b�_�� �^�\�m�o�� �q�Z�k�h�\�� �g�Z�� �r�_�c�d�_�j�_�� ����������

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

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

�l�_�f�i�_�j�Z�l�m�j�_�����\���n�h�k�n�Z�l�g�h�f���[�m�n�_�j�_�����k�h�^�_�j�`�Z�s�b�f��Ca2+ �b��Mg2+. 

�K�j�_�a�u�� �]�h�l�h�\�b�e�b�� �g�Z�� �d�j�b�h�k�l�Z�l�_��Microm HM525 Cryostat �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�_��- 

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

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

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

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

�h�d�j�Z�r�b�\�Z�g�b�_���]�_�f�Z�l�h�d�k�b�e�b�g�h�f-�w�h�a�b�g�h�f. 

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

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

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

�w�h�a�b�g�Z�����<�h�^�m���m�^�Z�e�y�e�b���b�a���k�j�_�a�h�\���\���h�^�g�h�c���i�h�j�p�b�b�����������w�l�Z�g�h�e�Z�����^�\�m�o���i�h�j�p�b�y�o����������

�w�l�Z�g�h�e�Z���� �W�d�k�i�h�a�b�p�b�y�� �\�� �d�Z�`�^�h�c���i�h�j�p�b�b���k�i�b�j�l�Z�� �± ���� �f�b�g�m�l�u���� �I�j�h�k�\�_�l�e�y�e�b�� �k�j�_�a�u���\��

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

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

 
 

�J�b�k�m�g�h�d�������± �I�h�d�j�h�\�g�u�_���k�l�_�d�e�Z���k���d�j�b�h�k�j�_�a�Z�f�b 
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�I�h�e�m�q�_�g�g�u�_�� �h�[�j�Z�a�p�u�� �b�k�k�e�_�^�h�\�Z�e�b�� �k�� �i�h�f�h�s�v�x�� �e�Z�a�_�j�g�h�]�h�� �k�d�Z�g�b�j�m�x�s�_�]�h��

�d�h�g�n�h�d�Z�e�v�g�h�]�h���f�b�d�j�h�k�d�h�i�Z��LSM 780 (Carl Zeiss). 

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

�b���Z�g�Z�e�b�a�Z���b�a�h�[�j�Z�`�_�g�b�y��Zeiss Efficient Navigation (ZEN) Carl Zeiss ���=�_�j�f�Z�g�b�y���� 

 

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

�i�h�f�h�s�v�x �Z�i�l�Z�f�_�j�h�\ 

 
�D�m�k�h�q�d�b�� �l�d�Z�g�b�� �i�e�h�s�Z�^�v�x�� ��-���� �k�f�� �b�� �l�h�e�s�b�g�h�c�� ��-���� �f�f�� �a�Z�\�y�a�u�\�Z�x�l�� �\��

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

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

�A�Z�l�_�f�� �d�m�k�h�q�d�b�� �i�j�h�f�u�\�Z�x�l�� �\�� �l�_�q�_�g�b�_�� ���� �q�Z�k�h�\�� �i�h�^�� �i�j�h�l�h�q�g�h�c�� �\�h�^�h�c����

�H�[�_�a�\�h�`�b�\�Z�g�b�_���l�d�Z�g�b���i�j�h�o�h�^�b�l���\���k�i�b�j�l�Z�o���\�h�k�o�h�^�y�s�_�c���d�h�g�p�_�g�l�j�Z�p�b�b�����g�Z�q�b�g�Z�y���k��

�����������i�h�l�h�f�����������b�������������\�j�_�f�y���w�d�k�i�h�a�b�p�b�b���������q�Z�k�Z���\���d�Z�`�^�h�f�� 

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

�d�k�b�e�h�e�Z�������������� �g�Z���^�\�Z���q�Z�k�Z���� �i�h�l�h�f�� �\�� �©�d�Z�r�m�ª�� �d�k�b�e�h�e�Z���b�� �i�Z�j�Z�n�b�g�Z�������������� �i�j�b��t� �����ƒ�K��

�g�Z���^�\�Z���q�Z�k�Z�����>�Z�e�_�_���h�[�j�Z�a�p�u���i�h�f�_�s�Z�x�l���\���`�b�^�d�b�c���i�Z�j�Z�n�b�g���g�Z���^�\�Z���q�Z�k�Z���i�j�b��t� �����ƒ�K����

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

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

�D�m�[�b�d�b�� �\�k�l�Z�\�e�y�x�l�� �\�� �k�i�_�p�b�Z�e�v�g�u�c�� �i�j�b�[�h�j�� �f�b�d�j�h�l�h�f��Microm HM���������� �b��

�f�b�d�j�h�l�h�f�g�u�f�� �g�h�`�h�f�� �k�j�_�a�Z�_�l�k�y�� �l�h�g�d�h�c�� �k�e�h�c�� ���k�j�_�a���� �a�Z�^�Z�g�g�h�c�� �l�h�e�s�b�g�u���� �K�j�_�a�u��

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

�i�j�_�^�f�_�l�g�h�_���k�l�_�d�e�h�� 

�I�_�j�_�^�� �h�d�j�Z�r�b�\�Z�g�b�_�f�� �h�[�j�Z�a�p�u�� �h�k�\�h�[�h�`�^�Z�x�l�� �h�l�� �i�Z�j�Z�n�b�g�Z���� �i�j�h�\�h�^�y�� �i�h��

�[�Z�l�Z�j�_�_���j�Z�k�l�\�h�j�b�l�_�e�_�c�����d�k�b�e�h�e�����k�i�b�j�l�����������������������������������������������������������������\�h�^�Z�����i�h������

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

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

�\�h�^�_�� 

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

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

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

 
 

�J�b�k�m�g�h�d�������± �I�h�d�j�h�\�g�u�_���k�l�_�d�e�Z���k���i�Z�j�Z�n�b�g�h�\�u�f�b���k�j�_�a�Z�f�b�� 
 
 

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

�d�h�g�n�h�d�Z�e�v�g�h�]�h���f�b�d�j�h�k�d�h�i�Z��LSM 780 (Carl Zeiss�������N�h�l�h�]�j�Z�n�b�b���h�[�j�Z�[�Z�l�u�\�Z�e�b�k�v���k��

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

Navigation (ZEN) Carl Zeiss ���=�_�j�f�Z�g�b�y���� 

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

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

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

 

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

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

�g�Z�g�h�q�Z�k�l�b�p 

 

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

�a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �h�[�t�_�f�Z�� �h�[�j�Z�a�p�Z���� �>�Z�e�_�_�� �h�[�j�Z�a�p�u�� �b�g�d�m�[�b�j�h�\�Z�e�b�� �g�Z�� �r�_�c�d�_�j�_�� �\��

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

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

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

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

�k�m�k�i�_�g�a�b�x�� �b�g�d�m�[�b�j�h�\�Z�e�b�� �k�� ������ �f�d�e�� �f�Z�k�d�b�j�m�x�s�_�c�� �J�G�D�� �k�� �d�h�g�p�_�g�l�j�Z�p�b�_�c�� �����g�F�� �\��

�l�_�q�_�g�b�_���������f�b�g�m�l���i�j�b���d�h�f�g�Z�l�g�h�c���l�_�f�i�_�j�Z�l�m�j�_�����>�Z�e�_�_���h�[�j�Z�a�_�p���p�_�g�l�j�b�n�m�]�b�j�h�\�Z�e�b��

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

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

�d�h�g�p�_�g�l�j�Z�p�b�b�� �������g�F���� �a�Z�j�Z�g�_�_�� �k�f�_�r�Z�g�g�u�o�� �k�� ���� �f�d�e�� �f�Z�]�g�b�l�g�u�o�� �q�Z�k�l�b�p���� �I�h�k�e�_�� ������

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

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

�g�Z�^�h�k�Z�^�h�q�g�m�x���`�b�^�d�h�k�l�v�� 

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

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

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

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

�i�j�b�]�h�l�h�\�e�_�g�b�y���f�Z�a�d�h�\�����i�j�b�]�h�l�h�\�e�_�g�g�u�_���h�d�j�Z�r�_�g�g�u�_���h�[�j�Z�a�p�u���p�_�g�l�j�b�n�m�]�b�j�h�\�Z�e�b��

���� �f�b�g�m�l�� �i�j�b�� ���������� �h�[���f�b�g���� �m�[�b�j�Z�e�b�� �g�Z�^�h�k�Z�^�h�d���� �H�k�Z�^�h�d�� �g�Z�g�h�k�b�e�b�� �g�Z�� �i�j�_�^�f�_�l�g�h�_��

�k�l�_�d�e�h�����F�Z�a�d�b���n�b�d�k�b�j�h�\�Z�e�b�k�v���\���f�_�l�Z�g�h�e�_���\���l�_�q�_�g�b�_�������f�b�g�m�l�����a�Z�l�_�f���h�d�j�Z�r�b�\�Z�e�b���k��

�i�h�f�h�s�v�x���d�j�Z�k�b�l�_�e�y���J�h�f�Z�g�h�\�k�d�h�]�h-�=�b�f�a�Z�� 

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

�d�h�g�n�h�d�Z�e�v�g�h�]�h�� �f�b�d�j�h�k�d�h�i�Z��LSM 780 (Carl Zeiss������ �N�h�l�h�]�j�Z�n�b�b�� �h�[�j�Z�[�Z�l�u�\�Z�e�b�� �k��

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

Navigation (ZEN) Carl Zeiss ���=�_�j�f�Z�g�b�y���� 
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2.5 �F�_�l�h�^�� �b�g�l�j�Z�h�i�_�j�Z�p�b�h�g�g�h�c�� �\�b�a�m�Z�e�b�a�Z�p�b�b�� �]�e�b�h�[�e�Z�k�l�h�f�u�� �]�h�e�h�\�g�h�]�h��
�f�h�a�]�Z 

 
�>�e�y���\�b�a�m�Z�e�b�a�Z�p�b�b�b���h�i�m�o�h�e�_�c���]�h�e�h�\�g�h�]�h���f�h�a�]�Z���b�k�i�h�e�v�a�h�\�Z�e�b���h�i�_�j�Z�p�b�h�g�g�u�c��

�n�e�m�h�j�_�k�p�_�g�l�g�u�c���f�b�d�j�h�k�d�h�i��OPMI Pentero (Carl Zeiss, Germany). 

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

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

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

�>�G�D-�Z�i�l�Z�f�_�j�u�� �b�� �f�Z�k�d�b�j�m�x�s�m�x�� �>�G�D�� �^�h�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �o�j�Z�g�b�e�b�� �i�j�b��

�l�_�f�i�_�j�Z�l�m�j�_�� �g�_�� �\�u�r�_��-�����ƒ�K���� �I�_�j�_�^�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �>�G�D-�Z�i�l�Z�f�_�j�u��

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

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

�B�k�k�e�_�^�m�_�f�m�x�� �l�d�Z�g�v�� �i�j�h�f�u�\�Z�e�b�� �n�h�k�n�Z�l�g�u�f�� �[�m�n�_�j�h�f���� �k�h�^�_�j�`�Z�s�b�f��Ca2+ �b��

Mg2+���� �K�� �i�h�f�h�s�v�x�� �i�b�i�_�l�d�b�� �b�e�b�� �j�Z�k�i�u�e�b�l�_�e�y�� �g�Z�g�h�k�b�e�b�� ������- 5 �f�e�� �Z�i�l�Z�f�_�j�h�\�� ������

�f�dM���� �g�Z�� �h�[�j�Z�a�_�p���� �Q�_�j�_�a�� ��-���� �f�b�g�m�l�u�� �l�d�Z�g�v�� �i�j�h�f�u�\�Z�e�b�� �n�h�k�n�Z�l�g�u�f�� �[�m�n�_�j�h�f����

�J�_�]�b�k�l�j�b�j�h�\�Z�e�b�� �n�e�m�h�j�_�k�p�_�g�p�b�x�� �k�� �i�h�f�h�s�v�x�� �h�i�_�j�Z�p�b�h�g�g�h�]�h�� �n�e�m�h�j�_�k�p�_�g�l�g�h�]�h��

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

�\�h�a�[�m�`�^�_�g�b�y��������-�������g�f�����b�k�i�m�k�d�Z�g�b�y���������“�������g�f�� 

 

2.6 �F�_�l�h�^���i�j�h�l�h�q�g�h�c �p�b�l�h�f�_�l�j�b�b 
 
 

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

�]�e�b�h�f�_���i�j�h�\�h�^�b�e�b���f�_�l�h�^�h�f���i�j�h�l�h�q�g�h�c���p�b�l�h�f�_�l�j�b�b�� 

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

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

�f�h�a�]�Z�� 

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

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

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

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

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

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

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

�f�Z�k�d�b�j�m�x�s�_�c���>�G�D���\���d�h�g�_�q�g�h�c���d�h�g�p�_�g�l�j�Z�p�b�b�������g�]���f�d�e���\���l�_�q�_�g�b�_���������f�b�g�m�l�� 

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

�h�^�g�h�p�_�i�h�q�_�q�g�h�c�� �>�G�D-�[�b�[�e�b�h�l�_�d�h�c��N���������� �Z�� �l�Z�d�`�_�� �i�j�h�[�u�� �d�e�_�l�h�d�� �[�_�a��

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

�H�[�j�Z�a�p�u�� �b�k�k�e�_�^�h�\�Z�e�b�� �f�_�l�h�^�h�f�� �i�j�h�l�h�q�g�h�c�� �p�b�l�h�f�_�l�j�b�b�� �g�Z�� �p�b�l�h�f�_�l�j�_��FC- 

500 (Beckman Coulter Inc�������K�R�:���� 
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�������J�_�a�m�e�v�l�Z�l�u���b���b�o���h�[�k�m�`�^�_�g�b�_ 
 
 

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

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

�]�j�Z�n�b�d�h�\�����j�b�k�m�g�d�h�\���b���l�Z�[�e�b�p�� 

�J�_�a�m�e�v�l�Z�l�u���� �i�h�e�m�q�_�g�g�u�_�� �f�_�l�h�^�h�f�� �i�j�h�l�h�q�g�h�c�� �p�b�l�h�f�_�l�j�b�b���� �i�h�d�Z�a�Z�e�b���� �q�l�h��

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

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

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

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

�:�g�Z�e�b�a�� �k�i�_�p�b�n�b�q�g�h�k�l�b�� �i�h�d�Z�a�Z�e���� �q�l�h�� �i�j�h�p�_�g�l�� �k�\�y�a�u�\�Z�g�b�y�� �Z�i�l�Z�f�_�j�h�\�� �k��

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

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

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

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

 
 

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

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

�\�_�j�h�y�l�g�u�_���\�l�h�j�b�q�g�u�_���k�l�j�m�d�l�m�j�u�� 

 
 

�:�� �;�� �<�� 

�J�b�k�m�g�h�d�������± �<�_�j�h�y�l�g�u�_���\�l�h�j�b�q�g�u�_���k�l�j�m�d�l�m�j�u���Z�i�l�Z�f�_�j�h�\�����Z�������B���������[���������B���������\����

2_35. 

 

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

�p�b�l�h�f�_�l�j�b�b�����[�u�e�b���b�a�]�h�l�h�\�e�_�g�u���d�j�b�h�k�j�_�a�u�� 

�J�_�a�m�e�v�l�Z�l�u���b�k�k�e�_�^�h�\�Z�g�b�c���i�h�d�Z�a�Z�e�b�����q�l�h���Z�i�l�Z�f�_�j�u��Gli-2_25, Gli-���B�������b��Gli- 

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

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

�����î���b����D �b�a�h�[�j�Z�`�_�g�b�b�����J�b�k�m�g�h�d����������Gli-55, Gli-���B�������k�\�y�a�u�\�Z�e�b�k�v���k���p�b�l�h�i�e�Z�a�f�h�c���b 

�k�l�j�h�f�h�c�� 
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�J�b�k�m�g�h�d�������± �=�b�k�l�h�e�h�]�b�q�_�k�d�b�_���k�j�_�a�u���]�e�b�h�[�e�Z�k�l�h�f�u�� 
 
 

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

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

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

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

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

�Z�i�l�Z�f�_�j�Z�f�b��Gli-25, Gli-������ �b��Gli-������ �\�u�y�\�e�_�g�Z�� �b�g�l�_�g�k�b�\�g�Z�y�� �n�e�x�h�j�_�k�p�_�g�p�b�y�� �\��

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

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

�d�e�_�l�h�d���b�f�_�e���n�h�d�m�k�g�h�_���j�Z�k�i�j�_�^�_�e�_�g�b�_���i�h���\�k�_�c���l�d�Z�g�b �]�e�b�h�[�e�Z�k�l�h�f�u�� 
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�J�b�k�m�g�h�d�� ���� �± �=�b�k�l�h�e�h�]�b�q�_�k�d�b�_�� �k�j�_�a�u�� �]�e�b�h�[�e�Z�k�l�h�f�u���� �Z���� �h�d�j�Z�r�b�\�Z�g�b�_��

�Z�i�l�Z�f�_�j�h�f��Gli-2_35, Gli-�����B���������[������D �b�a�h�[�j�Z�`�_�g�b�_�� 

 

�N�e�x�h�j�_�k�p�_�g�l�g�h�_�� �h�d�j�Z�r�b�\�Z�g�b�_�� �Z�i�l�Z�f�_�j�Z�f�b��Gli-25, Gli-������ �b��Gli-55 

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

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

�Z�i�l�Z�f�_�j�u��Gli-25, Gli-������ �b��Gli-������ �k�\�y�a�u�\�Z�x�l�k�y�� �k�� �h�k�g�h�\�g�u�f�b�� �j�_�p�_�i�l�h�j�Z�f�b��

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

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

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

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

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

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

�^�Z�g�g�u�o�� �Z�i�l�Z�f�_�j�h�\���� �L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �Z�i�l�Z�f�_�j�u��Gli-2_35, Gli-���B������ �b��Gli-������ �f�h�`�g�h 

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

�f�h�`�g�h�� �b�k�i�h�e�v�a�h�\�Z�l�v�� �^�e�y�� �\�b�a�m�Z�e�b�a�Z�p�b�b�� �h�i�m�o�h�e�b�� �\�h�� �\�j�_�f�y�� �h�i�_�j�Z�p�b�b���� �W�l�h�� �\�Z�`�g�h����

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

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

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

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

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

�f�b�d�j�h�k�d�h�i�Z��OPMI Pentero���� �I�h�k�e�_�h�i�_�j�Z�p�b�h�g�g�m�x�� �l�d�Z�g�v�� �i�j�h�f�u�\�Z�e�b�� �n�h�k�n�Z�l�g�u�f��

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

�n�e�m�h�j�_�k�p�_�g�l�g�h�c�� �f�_�l�d�h�c��Brilliant Violet �b�� �b�g�d�m�[�b�j�h�\�Z�e�b�� ���� �f�b�g�m�l���� �Z�� �a�Z�l�_�f�� �k�g�h�\�Z��

�i�j�h�f�u�\�Z�e�b�� ���J�b�k�m�g�h�d�� �������� �F�_�g�b�g�]�b�h�f�u�� �b�� �a�^�h�j�h�\�u�_�� �i�j�b�e�_�]�Z�x�s�b�_�� �l�d�Z�g�b��

�Z�i�l�Z�f�_�j�Z�f�b�� �g�_�� �h�d�j�Z�r�b�\�Z�e�b�k�v�� ���J�b�k�m�g�h�d�� ��������Brilliant Violet 711 �± �k�l�Z�[�b�e�v�g�u�c����

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

�d�j�Z�k�g�h�c�� �h�[�e�Z�k�l�b���� �]�^�_�� �g�_�� �[�u�\�Z�_�l�� �Z�m�l�h�n�e�m�h�j�_�k�p�_�g�p�b�b���� �l�Z�d�b�f�� �h�[�j�Z�a�h�f���� �w�l�h�l��

�d�j�Z�k�b�l�_�e�v���f�h�`�g�h���b�k�i�h�e�v�a�h�\�Z�l�v���^�e�y���o�b�j�m�j�]�b�q�_�k�d�b�o���h�i�_�j�Z�p�b�c�� 
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�J�b�k�m�g�h�d�������± �=�e�b�h�[�e�Z�k�l�h�f�Z�����h�d�j�Z�r�_�g�g�Z�y���Z�i�l�Z�f�_�j�Z�f�b��Gli-2_35. (A), Gli-2_25 

(B, C������ �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�f�b��Brilliant Violet �b�� �l�h�e�v�d�h�� �d�j�Z�k�b�l�_�e�_�f�� �\�� �d�Z�q�_�k�l�\�_��

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

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

Pentero (Carl Zeiss, Germany). 
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�J�b�k�m�g�h�d�������± �F�Z�d�j�h�i�j�_�i�Z�j�Z�l�u�����h�d�j�Z�r�_�g�g�u�_���Z�i�l�Z�f�_�j�Z�f�b�����f�_�g�b�g�]�b�h�f�Z����A, C 

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

�i�h�e�m�q�_�g�u�� �g�Z�� �h�i�_�j�Z�p�b�h�g�g�h�f�� �n�e�m�h�j�_�k�p�_�g�l�g�h�f�� �f�b�d�j�h�k�d�h�i�_��OPMI Pentero (Carl 

Zeiss, Germany). 

 

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

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

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

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

�<�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �k�b�k�l�_�f�h�c�� �h�p�_�g�d�b�� �<�H�A���� �b�f�_�g�g�h�� �g�_�d�j�h�a�� �b�� �i�j�h�e�b�n�_�j�Z�p�b�y��

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

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

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

�]�_�f�Z�l�h�d�k�b�e�b�g���w�h�a�b�g���� �[���� �h�d�j�Z�r�b�\�Z�g�b�_�� �Z�i�l�Z�f�_�j�h�f��Gli-���B�������� �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�f��

�d�j�Z�k�b�l�_�e�_�f��Brilliant Violet. 

 

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

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

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

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

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

�h�i�m�o�h�e�b�� �i�j�b�� �i�j�h�\�_�^�_�g�b�b�� �F�J�L�� �k�� �d�h�g�l�j�Z�k�l�h�f�� �\�u�y�\�e�_�g�� �j�_�p�b�^�b�\�� �h�[�t�_�f�g�h�]�h��

�h�[�j�Z�a�h�\�Z�g�b�y���\���e�_�\�h�c���\�b�k�h�q�g�h�c���h�[�e�Z�k�l�b�� 

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

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

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

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

�f�j�l�����[�����k�\�_�l�h�\�Z�y���f�b�d�j�h�k�d�h�i�b�y���h�i�m�o�h�e�b�����\�����n�e�x�h�j�_�k�p�_�g�p�b�y���h�i�m�o�h�e�b�b. 

 

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

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

�n�Z�d�l�h�j�h�f�� �y�\�e�y�_�l�k�y�� �f�Z�d�k�b�f�Z�e�v�g�h�� �\�h�a�f�h�`�g�Z�y�� �k�l�_�i�_�g�v�� �j�_�a�_�d�p�b�b���� �>�e�y�� �w�l�h�]�h��

�i�j�h�b�a�\�h�^�b�e�b���h�d�j�Z�r�b�\�Z�g�b�_���l�d�Z�g�_�c���Z�i�l�Z�f�_�j�h�f��Gli-2_35 �k���n�e�x�h�j�_�k�p�_�g�l�g�h�c���f�_�l�d�h�c��

Brilliant Violet ���j�b�k�m�g�h�d�� ���������� �I�h�k�e�_�� �i�_�j�\�h�]�h�� �h�d�j�Z�r�b�\�Z�g�b�y�� �g�Z�[�e�x�^�Z�e�Z�k�v�� �y�j�d�Z�y��

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

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

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

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

�\�h���\�j�_�f�y���h�i�_�j�Z�p�b�b���\�k�_���\�b�^�b�f�u�_���h�i�m�o�h�e�_�\�u�_���d�e�_�l�d�b���[�u�e�b���m�^�Z�e�_�g�u�� 
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�J�b�k�m�g�h�d �± 12 �H�d�j�Z�r�b�\�Z�g�b�_ �]�e�b�h�[�e�Z�k�l�h�f�u �Z�i�l�Z�f�_�j�h�f Gli_2-35 �k��

�n�e�x�h�j�_�k�p�_�g�l�g�h�c���f�_�l�d�h�c��Brilliant Violet �\�h���\�j�_�f�y �h�i�_�j�Z�p�b�b�� 

 

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

�n�e�x�h�j�_�k�p�b�j�h�\�Z�l�v���\���l�_�q�_�g�b�_���������f�b�g�m�l�����j�b�k�m�g�h�d 13). 

 

�J�b�k�m�g�h�d���������± �N�e�x�h�j�_�k�p�_�g�p�b�y���m�^�Z�e�_�g�g�u�o���m�q�Z�k�l�d�h�\���h�i�m�o�h�e�b 
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�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �[�u�e�h�� �i�h�d�Z�a�Z�g�h���� �q�l�h�� �Z�i�l�Z�f�_�j��Gli_2-�������� �f�_�q�_�g�g�u�c��

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

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

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

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

 
 

 

�:�� �;�� 

�J�b�k�m�g�h�d�� ������ �± �=�b�k�l�h�e�h�]�b�q�_�k�d�b�_�� �k�j�_�a�u�� �]�e�b�h�[�e�Z�k�l�h�f�u���� �Z���� �h�d�j�Z�r�b�\�Z�g�b�_��

�]�_�f�Z�l�h�d�k�b�e�b�g���w�h�a�b�g���� �[���� �h�d�j�Z�r�b�\�Z�g�b�_�� �Z�i�l�Z�f�_�j�h�f��Gli-���B�������� �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�f��

�d�j�Z�k�b�l�_�e�_�f��Brilliant Viol et. 

 

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

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

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

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

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

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



 

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

�g�_�d�j�h�a�b�l�b�\�b�j�h�\�Z�g�g�h�c �l�d�Z�g�v�x�� 

 
 

�:�� �;�� 

�J�b�k�m�g�h�d���������± �=�b�k�l�h�e�h�]�b�q�_�k�d�b�_���k�j�_�a�u���i�j�b�e�_�`�Z�s�b�o���l�d�Z�g�_�c���]�e�b�h�[�e�Z�k�l�h�f�u�����Z����

�h�d�j�Z�r�b�\�Z�g�b�_�� �]�_�f�Z�l�h�d�k�b�e�b�g���w�h�a�b�g���� �[���� �h�d�j�Z�r�b�\�Z�g�b�_�� �Z�i�l�Z�f�_�j�h�f��Gli-2_35, 

�f�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�f���d�j�Z�k�b�l�_�e�_�f��Brilliant Violet. 

 

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

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

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

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

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

�a�Z�[�h�e�_�\�Z�g�b�y�� 

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

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

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

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

�f�Z�d�j�h�i�_�j�Z�i�Z�j�Z�l�Z�� 

 

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

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

�I�h�e�m�q�_�g�g�u�_���j�_�a�m�e�v�l�Z�l�u�����j�b�k�m�g�h�d�����������i�h�d�Z�a�Z�e�b���l�h�����q�l�h���Z�i�l�Z�f�_�j��Gli_2-�������k���f�_�l�d�h�c��

Cy�����h�d�j�Z�r�b�\�Z�x�l���P�H�D�b���\���d�j�h�\�b���[�h�e�v�g�u�o���h�i�m�o�h�e�v�x���f�h�a�]�Z�� 
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�J�b�k�m�g�h�d�� ������ �± �P�b�j�d�m�e�b�j�m�x�s�b�_�� �h�i�m�o�h�e�_�\�u�_�� �d�e�_�l�d�b���� �Z���� �h�d�j�Z�r�b�\�Z�g�b�_��

�Z�i�l�Z�f�_�j�h�f��Gli-���B�������[������D �b�a�h�[�j�Z�`�_�g�b�_�� 

 

�>�e�y�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �\�g�_�r�g�_�c�� �n�h�j�f�u�� �h�[�t�_�d�l�Z���� �Z�� �b�f�_�g�g�h�� �p�b�j�d�m�e�b�j�m�x�s�b�o��
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