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�:�g�h�l�Z�p�•�y�� 

�:���;�� �<�_�j�[�b�p�v�d�b�c�� �©�N�h�l�h�_�e�_�d�l�j�h�g�g�• �i�j�h�p�_�k�b �m �f�h�e�_�d�m�e�y�j�g�b�o�� �d�h�f�i�h�a�b�l�g�b�o��

�k�l�j�m�d�l�m�j�Z�o �g�Z�� �h�k�g�h�\�•�� �h�j�]�Z�g�•�q�g�b�o�� �g�Z�i�•�\�i�j�h�\�•�^�g�b�d�•�\�ª���� �± �D�\�Z�e�•�n�•�d�Z�p�•�c�g�Z�� �g�Z�m�d�h�\�Z��

�i�j�Z�p�y���g�Z���i�j�Z�\�Z�o���g�Z�m�d�h�\�h�€���^�h�i�h�\�•�^�•�� 

�M �^�b�k�_�j�l�Z�p�•�€�� �j�h�a�\�¶�y�a�Z�g�h�� �g�Z�m�d�h�\�m�� �i�j�h�[�e�_�f�m�� �\�k�l�Z�g�h�\�e�_�g�g�y�� �n�•�a�b�q�g�b�o�� �a�Z�k�Z�^ 

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

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

�a�Z�k�l�h�k�m�\�Z�g�g�y�� �m�� �j�•�a�g�b�o�� �]�Z�e�m�a�y�o�� �g�Z�m�d�b�� �l�Z�� �l�_�o�g�•�d�b���� �>�e�y�� �j�h�a�\�¶�y�a�Z�g�g�y�� �^�Z�g�h�€��

�i�j�h�[�e�_�f�b���g�_�h�[�o�•�^�g�h���[�m�e�h���‰�j�m�g�l�h�\�g�h���^�h�k�e�•�^�b�l�b���n�m�g�^�Z�f�_�g�l�Z�e�v�g�•���n�•�a�b�q�g�•���i�j�h�p�_�k�b��

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

�l�Z�d�b�o���k�b�k�l�_�f�����a�h�d�j�_�f�Z�����m���f�h�e�_�d�m�e�y�j�g�•�c���_�e�_�d�l�j�h�g�•�p�•�� 

�F�_�l�h�x�� �j�h�[�h�l�b���[�m�e�h�� �\�k�l�Z�g�h�\�e�_�g�g�y �n�•�a�b�q�g�b�o�� �f�_�o�Z�g�•�a�f�•�\�� �l�Z�� �^�_�l�Z�e�v�g�_��

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

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

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

- �\�b�a�g�Z�q�_�g�g�y �f�_�o�Z�g�•�a�f�m�� �\�a�Z�}�f�h�^�•�€�� �\�m�]�e�_�p�_�\�b�o�� �g�Z�g�h�l�j�m�[�h�d�� �a�� �h�j�]�Z�g�•�q�g�b�f�b��

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

�Z�]�j�_�]�Z�p�•�€�� �[�Z�j�\�g�b�d�•�\�� �g�Z�� �\�m�]�e�_�p�_�\�b�o�� �g�Z�g�h�l�j�m�[�d�Z�o���� �Z�� �l�Z�d�h�`�� �\�b�\�q�_�g�g�y�� �i�j�h�p�_�k�m��

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

 - �^�h�k�e�•�^�`�_�g�g�y�� �i�j�h�p�_�k�•�\�� �\�a�Z�}�f�h�^�•�€�� �^�•�h�d�k�Z�[�h�j�b�g�h�\�b�o �[�Z�j�\�g�b�d�•�\ �a��

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

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

 - �^�h�k�e�•�^�`�_�g�g�y�� �k�l�j�m�d�l�m�j�b���� �h�i�l�b�q�g�b�o�� �l�Z�� �n�h�l�h�\�h�e�v�l�Z�€�q�g�b�o�� �\�e�Z�k�l�b�\�h�k�l�_�c��

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

 - �\�b�\�q�_�g�g�y�� �h�i�l�b�q�g�b�o�� �l�Z�� �n�h�l�h�_�e�_�d�l�j�b�q�g�b�o�� �\�e�Z�k�l�b�\�h�k�l�•�� �i�e�•�\�h�d�� �• 

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

�n�h�l�h�q�m�l�e�b�\�b�o���m���[�e�b�a�v�d�•�c���1�Q���h�[�e�Z�k�l�•�� 

- �\�b�a�g�Z�q�_�g�g�y���a�Z���^�h�i�h�f�h�]�h�x���q�Z�k�h�j�h�a�^�•�e�_�g�h�€���n�e�x�h�j�_�k�p�_�g�l�g�h�€���k�i�_�d�l�j�h�k�d�h�i�•�€����

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

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

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

�i�h�e�•�f�_�l�b�g�h�\�b�o���[�Z�j�\�g�b�d�•�\���± �i�h�j�m�r�_�g�g�y���i�j�Z�\�b�e�Z���D�Z�r�•; 

�F�_�l�h�^�b���^�h�k�e�•�^�`�_�g�v�� 

�H�k�g�h�\�g�b�f�b�� �^�e�y�� �^�Z�g�h�€�� �j�h�[�h�l�b�� �}�� �_�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�•�� �f�_�l�h�^�b�� �^�h�k�e�•�^�`�_�g�g�y��

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

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

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

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

�_�g�_�j�]�_�l�b�q�g�h�€�� �k�l�j�m�d�l�m�j�b�� �l�Z�� �k�l�Z�g�^�Z�j�l�g�•�� �f�_�l�h�^�b�d�b�� �d�h�f�i�¶�x�l�_�j�g�h�€�� �h�[�j�h�[�d�b��

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

�G�Z�m�d�h�\�Z���g�h�\�b�a�g�Z�� 

�<�i�_�j�r�_���i�h�d�Z�a�Z�g�h�����s�h���n�h�l�h�e�x�f�•�g�_�k�p�_�g�l�g�_���a�[�m�^�`�_�g�g�y���[�Z�j�\�g�b�d�Z���f�h�`�_���[�m�l�b��

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

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

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

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

�g�Z�g�h�l�j�m�[�h�d�� 

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

�[�Z�j�\�g�b�d�Z�� �m�� �d�h�f�i�h�a�b�l�•�� �a�� �g�Z�g�h�l�j�m�[�d�Z�f�b�� �± �h�^�g�h�]�h�� �l�b�i�m�� �a�Z�\�^�y�d�b�� �Z�]�j�_�]�Z�p�•�€�� �p�b�k-

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

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

�n�•�a�b�q�g�•���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���h�[�h�o���l�b�i�•�\���Z�]�j�_�]�Z�l�•�\�� 

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

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

�i�h�e�•�f�_�l�b�g�h�\�b�o���[�Z�j�\�g�b�d�•�\, �n�h�l�h�q�m�l�e�b�\�b�o���m���[�e�b�`�g�•�c���1�Q���h�[�e�Z�k�l�•�� 

�A�Z�� �^�h�i�h�f�h�]�h�x�� �q�Z�k�h�j�h�a�^�•�e�_�g�h�€�� �n�e�m�h�j�_�k�p�_�g�l�g�h�€�� �k�i�_�d�l�j�h�k�d�h�i�•�€�� �i�j�b���g�b�a�v�d�b�o��

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

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

�^�\�h�o�� �g�_�k�b�f�_�l�j�b�q�g�b�o�� �r�e�y�o�•�\�� �•�a�� �j�•�a�g�b�f�b�� �i�h�j�m�r�_�g�g�y�f�b�� �k�b�f�_�l�j�•�€���� �i�_�j�r�b�c��

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

�^�h�g�h�j�g�h-�Z�d�p�_�i�l�h�j�g�h�]�h���i�h�e�•�}�g�h�\�h�]�h���k�l�Z�g�m�� 

�I�j�Z�d�l�b�q�g�_���a�g�Z�q�_�g�g�y���h�l�j�b�f�Z�g�b�o���j�_�a�m�e�v�l�Z�l�•�\�� 

�<�i�_�j�r�_�� �i�j�h�^�_�f�h�g�k�l�j�h�\�Z�g�•�� �•�h�g�g�• �d�h�f�i�e�_�d�k�b �\�m�]�e�_�p�_�\�• �g�Z�g�h�l�j�m�[�d�b �± 

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

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

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

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

�j�•�\�g�•���d�j�Z�s�b�o���k�\�•�l�h�\�b�o���k�l�Z�g�^�Z�j�l�•�\�� 

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

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

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

�\�•�a�m�Z�e�•�a�Z�p�•�y���}���\�Z�`�e�b�\�h�x�����g�Z�i�j�b�d�e�Z�^�����m���[�•�h�e�h�]�•�€���l�Z���f�_�^�b�p�b�g�•�� 

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

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

�f�h�`�e�b�\�•�k�l�v�� �€�o�� �\�b�d�h�j�b�k�l�Z�g�g�y���y�d���r�\�b�^�d�h�^�•�x�q�b�o�� �n�e�m�h�j�_�k�p�_�g�l�g�b�o �k�_�g�k�h�j�•�\ �^�e�y��

�Z�f�•�g�•�\���l�Z �\�m�]�e�_�p�_�\�b�o���g�Z�g�h�l�j�m�[�h�d. 

�K�l�\�h�j�_�g�•���n�h�l�h�q�m�l�e�b�\�•���i�h�e�•�f�_�j�g�•���d�h�f�i�h�a�b�l�b���g�Z���h�k�g�h�\�•���j�•�a�g�b�o���i�h�e�•�f�_�j�•�\���l�Z��

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

�f�Z�d�k�b�f�Z�e�v�g�h�]�h�� �i�h�l�h�d�m�� �n�h�l�h�g�•�\�� �k�h�g�y�q�g�h�]�h�� �k�\�•�l�e�Z�� ��������-�������� �g�f���� �f�h�`�m�l�v�� �[�m�l�b��

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

�n�h�l�h�q�m�l�e�b�\�•�k�l�x���^�h�����������f�d�f �± �y�d �^�_�l�_�d�l�h�j�b �1�Q-�\�b�i�j�h�f�•�g�x�\�Z�g�g�y�� 

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

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

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

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

�k�b�k�l�_�f���r�b�j�h�d�h�]�h���d�e�Z�k�m�� 
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�K�l�j�m�d�l�m�j�Z���•���a�f�•�k�l���j�h�[�h�l�b���� 

�J�h�[�h�l�Z�� �k�d�e�Z�^�Z�}�l�v�k�y�� �a�� �:�g�h�l�Z�p�•�€���� �<�k�l�m�i�m�� �l�Z�� �r�_�k�l�b �j�h�a�^�•�e�•�\����1) �³�F�_�o�Z�g�•�a�f��

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

�i�h�e�•�f�_�l�b�g�h�\�h�]�h�� �[�Z�j�\�g�b�d�Z�� �g�Z�� �i�h�\�_�j�o�g�•�� �g�Z�g�h�l�j�m�[�h�d�´�� 2) �³�>�h�k�e�•�^�`�_�g�g�y�� �i�j�h�p�_�k�•�\��

�\�a�Z�}�f�h�^�•�€�� �^�•�h�d�k�Z�[�h�j�b�g�h�\�b�o�� �[�Z�j�\�g�b�d�•�\�� �a�� �Z�e�•�n�Z�l�b�q�g�b�f�b�� �Z�f�•�g�Z�f�b�� �l�Z�� �\�m�]�e�_�p�_�\�b�f�b��

�g�Z�g�h�l�j�m�[�d�Z�f�b�´����3) �³�>�h�k�e�•�^�`�_�g�g�y�� �k�l�j�m�d�l�m�j�b���� �h�i�l�b�q�g�b�o�� �l�Z�� �n�h�l�h�\�h�e�v�l�Z�€�q�g�b�o��

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

�i�h�e�•�Z�p�_�g�•�\���� �€�o�� �i�h�o�•�^�g�b�o �l�Z�� �n�m�e�_�j�_�g�m C60�´����4) �³�H�i�l�b�q�g�•�� �l�Z�� �n�h�l�h�_�e�_�d�l�j�b�q�g�•��

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

�[�Z�j�\�g�b�d�•�\���� �n�h�l�h�q�m�l�e�b�\�b�o �m�� �[�e�b�`�g�•�c�� �1�Q-�h�[�e�Z�k�l�•� ,́ 5) �³�K�l�\�h�j�_�g�g�y�� �i�h�e�•�f�_�j�g�b�o��

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

�d�k�_�j�h�]�_�e�x�� �h�d�k�b�^�m�� �\�Z�g�Z�^�•�x�� �l�Z��Ni �f�_�l�Z�e�h�j�]�Z�g�•�q�g�h�€�� �k�i�h�e�m�d�b���� �Z �l�Z�d�h�`��

�_�e�_�d�l�j�h�e�x�f�•�g�_�k�p�_�g�l�g�b�o���d�h�f�i�h�a�b�l�g�b�o���k�l�j�m�d�l�m�j���f�_�j�h�p�•�Z�g�•�g�h�\�h�]�h���[�Z�j�\�g�b�d�Z� ,́ 6) 

�³�R�e�y�o�b���j�_�e�Z�d�k�Z�p�•�€���a�[�m�^�`�_�g�b�o���k�l�Z�g�•�\���m���i�h�e�•�f�_�l�b�g�h�\�b�o���[�Z�j�\�g�b�d�Z�o�����i�h�e�•�f�_�l�b�g�h�\�•��

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

�i�h�e�•�f�_�l�b�g�h�\�b�o���[�Z�j�\�g�b�d�•�\���d�Z�l�•�h�g�g�h�]�h���l�b�i�m�´�����A�Z�\�_�j�r�m�x�l�v���j�h�[�h�l�m���³�<�b�k�g�h�\�d�b� .́ 

�<�� �³�:�g�h�l�Z�p�•�€�´�� �^�Z�}�l�v�k�y�� �a�Z�]�Z�e�v�g�Z�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�� �j�h�[�h�l�b���� �M�� �³�<�k�l�m�i�•�´��

�a�Z�a�g�Z�q�Z�}�l�v�k�y �Z�d�l�m�Z�e�v�g�•�k�l�v�� �i�j�h�[�e�_�f�b���� �h�[�‰�j�m�g�l�h�\�m�}�l�v�k�y�� �f�_�l�Z�� �l�Z�� �i�j�_�^�f�_�l��

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

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

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

�M�� �i�_�j�r�h�f�m�� �j�h�a�^�•�e�• �³�F�_�o�Z�g�•�a�f�� �\�a�Z�}�f�h�^�•�€�� �\�m�]�e�_�p�_�\�b�o�� �g�Z�g�h�l�j�m�[�h�d�� �a��

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

�i�h�\�_�j�o�g�•�� �g�Z�g�h�l�j�m�[�h�d�  ́ �a�Z�i�j�h�i�h�g�h�\�Z�g�h�� �g�h�\�m�� �d�h�g�p�_�i�p�•�x�� �k�l�\�h�j�_�g�g�y�� �•�h�g�g�b�o��

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

�q�m�l�e�b�\�b�f�� �l�Z�� �k�_�e�_�d�l�b�\�g�b�f�� �\�•�^�]�m�d�h�f�� �m�� �n�h�l�h�e�x�f�•�g�_�k�p�_�g�l�g�h�f�m�� �k�b�]�g�Z�e�•���� �P�•��

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

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

�g�Z�g�h�l�j�m�[�d�Z�f�b. �I�h�d�Z�a�Z�g�h���� �s�h�� �n�h�l�h�e�x�f�•�g�_�k�p�_�g�l�g�_�� �a�[�m�^�`�_�g�g�y�� �[�Z�j�\�g�b�d�Z�� �f�h�`�_��

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

�\�m�]�e�_�p�_�\�b�o�� �g�Z�g�h�l�j�m�[�h�d�� �L�Z�d�h�`�� �m�i�_�j�r�_�� �\�b�y�\�e�_�g�h�� �m�g�•�d�Z�e�v�g�_�� �m�l�\�h�j�_�g�g�y��

�j�_�a�h�g�Z�g�k�g�b�o�� �--�Z�]�j�_�]�Z�l�•�\�� �g�Z�� �a�h�\�g�•�r�g�•�c�� �i�h�\�_�j�o�g�•��CNT �a�� �_�n�_�d�l�b�\�g�h�x�� �i�_�j�_�^�Z�q�_�x��

�_�g�_�j�]�•�€�� �\�•�^�� �Z�]�j�_�]�Z�l�m�� �[�Z�j�\�g�b�d�Z�� �^�h�� �g�Z�g�h�l�j�m�[�d�b���� �A�Z�i�j�h�i�h�g�h�\�Z�g�b�c�� �f�_�o�Z�g�•�a�f��

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

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

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

�h�k�h�[�e�b�\�h�k�l�•���� 

�M�� �^�j�m�]�h�f�m�� �j�h�a�^�•�e�• �©�>�h�k�e�•�^�`�_�g�g�y�� �i�j�h�p�_�k�•�\�� �\�a�Z�}�f�h�^�•�€�� �^�•�h�d�k�Z�[�h�j�b�g�h�\�b�o��

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

�s�h�� �^�•�h�d�k�h�[�h�j�b�g�h�\�b�c�� �[�Z�j�\�g�b�d���a�\�¶�y�a�m�}�l�v�k�y���a���g�Z�g�h�l�j�m�[�d�Z�f�b �l�Z�� �m�l�\�h�j�x�}��

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

�d�Z�j�d�Z�k�m, �k�i�j�y�f�h�\�Z�g�h�]�h�� �^�h�� �\�h�^�g�h�]�h�� �k�_�j�_�^�h�\�b�s�Z�� �a�� �]�•�^�j�h�n�•�e�v�g�b�f�b�� �]�j�m�i�Z�f�b����

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

�\�e�Z�k�g�h�]�h�� �a�[�m�^�`�_�g�g�y�� �[�Z�j�\�g�b�d�Z�� �\�g�Z�k�e�•�^�h�d�� �j�_�a�h�g�Z�g�k�g�h�]�h�� �i�_�j�_�g�_�k�_�g�g�y�� �_�g�_�j�]�•�€���\�•�^��

�[�Z�j�\�g�b�d�Z�� �^�h�� �g�Z�g�h�l�j�m�[�h�d���� �<�a�Z�}�f�h�^�•�y�� �f�•�`�� �^�•�h�d�k�h�[�h�j�b�g�h�\�b�f�� �[�Z�j�\�g�b�d�h�f�� �l�Z��

�g�Z�g�h�l�j�m�[�d�Z�f�b �\�•�^�d�j�b�\�Z�}�� �g�h�\�b�c�� �k�i�h�k�•�[�� �i�j�h�_�d�l�m�\�Z�g�g�y�� �_�n�_�d�l�b�\�g�b�o�� �l�Z��

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

�k�_�e�_�d�l�b�\�g�h�k�l�•���^�h���g�Z�g�h�l�j�m�[�h�d���j�•�a�g�b�o���^�•�Z�f�_�l�j�•�\.  

�M�� �l�j�_�l�v�h�f�m�� �j�h�a�^�•�e�•���©�>�h�k�e�•�^�`�_�g�g�y�� �k�l�j�m�d�l�m�j�b���� �h�i�l�b�q�g�b�o�� �l�Z��

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

�g�Z�� �h�k�g�h�\�•�� �i�h�e�•�Z�p�_�g�•�\���� �€�o���i�h�o�•�^�g�b�o �l�Z�� �n�m�e�_�j�_�g�m C60�ª �^�h�k�e�L�^�`�_�g�h�� �k�i�_�d�l�j�b��

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

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

�l�_�l�j�Z�p�L�Z�g�o�L�g�h�^�b�f�_�l�Z�g�m���� �]�_�l�_�j�h�k�l�j�m�d�l�m�j�� �l�Z�� �d�h�f�i�h�a�b�l�•�\��

�l�_�l�j�Z�p�_�g���l�_�l�j�Z�p�L�Z�g�o�L�g�h�^�b�f�_�l�Z�g, �]�_�l�_�j�h�k�l�j�m�d�l�m�j�� �l�_�l�j�Z�l�•�h�l�_�l�j�Z�p�_�g�m �a���n�m�e�_�j�_�g�h�f��

C60. �L�Z�d�h�`�� �\�b�\�q�_�g�h�� �\�i�e�b�\�� �d�b�k�g�x�� �g�Z�� �n�h�l�h�_�e�_�d�l�j�b�q�g�•�� �\�e�Z�k�l�b�\�h�k�l�•�� �[�Z�j�
�}�j�g�b�o��

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

�j�•�^�d�b�f�b���d�j�b�k�l�Z�e�Z�f�b���l�Z���i�h�e�•�f�_�j�Z�f�b�� 
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�K�l�j�m�d�l�m�j�Z�� �l�h�g�d�b�o�� �i�e�L�\�h�d�� �l�_�l�j�Z�p�_�g�m�� �\�b�a�g�Z�q�Z�}�l�v�k�y�� �\�_�e�b�q�b�g�h�x�� �_�g�_�j�]�L�€��

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

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

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

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

�N�h�l�h�\�L�^�]�m�d���i�j�b���h�k�\�L�l�e�_�g�g�L���i�e�L�\�h�d�� �l�_�l�j�Z�p�_�g�m �}���Z�e�]�_�[�j�Z�€�q�g�h�x���k�m�f�h�x���l�j�v�h�o��

�d�h�f�i�h�g�_�g�l���� �^�b�n�m�a�L�c�g�h�€�� �n�h�l�h-�?�J�K �>�_�f�[�_�j�Z�� �h�[�¶�}�f�g�h�€�� �i�j�b�j�h�^�b���l�Z �i�h�\�_�j�o�g�_�\�h-

�[�Z�j�¶�}�j�g�b�o���n�h�l�h-�?�J�K�����a�m�f�h�\�e�_�g�b�o���\�b�]�b�g�Z�f�b���_�g�_�j�]�_�l�b�q�g�b�o �a�h�g���[�L�e�y���i�h�\�_�j�o�h�g�v. 

�<�k�l�Z�g�h�\�e�_�g�h���� �s�h�� �\�a�Z�}�f�h�^�•�y �a���d�b�k�g�_�f �^�e�y�� �]�_�l�_�j�h�k�l�j�m�d�l�m�j�� �g�Z�� �h�k�g�h�\�•��

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

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

�f�Z�l�_�j�•�Z�e�m�� �\�_�j�o�g�v�h�]�h�� �_�e�_�d�l�j�h�^�Z�� �Q�m�l�e�b�\�•�k�l�v�� �^�h�� �d�b�k�g�x�� �]�_�l�_�j�h�k�l�j�m�d�l�m�j��

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

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

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

�h�k�g�h�\�•���n�m�e�_�j�_�g�m���K60 , �€�o���n�h�l�h�q�m�l�e�b�\�•�k�l�v���a�g�Z�q�g�h���a�j�h�k�l�Z�}���i�h�j�•�\�g�y�g�h���a���i�e�•�\�d�h�x���&60. 

�H�l�j�b�f�Z�g�•���a�•���k�i�_�d�l�j�Z�e�v�g�b�o���a�Z�e�_�`�g�h�k�l�_�c���n�h�l�h-�?�J�K �a�g�Z�q�_�g�g�y���r�b�j�b�g�b���a�Z�[�h�j�h�g�_�g�h�€��

�a�h�g�b�� �n�m�e�_�j�_�g�m�� �}�� �[�e�b�a�v�d�b�f�b�� �^�h�� �a�g�Z�q�_�g�v���� �y�d�•�� �[�m�e�b�� �\�b�a�g�Z�q�_�g�•�� �a�Z�� �j�_�a�m�e�v�l�Z�l�Z�f�b��

�^�h�k�e�•�^�`�_�g�g�y���n�h�l�h�_�f�•�k�•�€���l�Z���i�h�\�_�j�o�g�_�\�h�€���n�h�l�h�i�j�h�\�•�^�g�h�k�l�•. 

�M���q�_�l�\�_�j�l�h�f�m���j�h�a�^�•�e�• �©�H�i�l�b�q�g�•���l�Z���n�h�l�h�_�e�_�d�l�j�b�q�g�•���\�e�Z�k�l�b�\�h�k�l�•���i�e�•�\�h�d��

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

�[�e�b�`�g�•�c�� �1�Q-�h�[�e�Z�k�l�•�ª �a�Z�i�j�h�i�h�g�h�\�Z�g�h �g�Z�i�j�y�f�d�b �k�l�\�h�j�_�g�g�y �i�h�e�•�f�_�j�g�b�o��

�d�h�f�i�h�a�b�l�•�\���g�Z���h�k�g�h�\�•���i�h�e�•�f�_�l�b�g�h�\�b�o���[�Z�j�\�g�b�d�•�\�����P�•���d�h�f�i�h�a�b�l�b���}���n�h�l�h�q�m�l�e�b�\�b�f�b��

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

�s�h�� �a�g�Z�o�h�^�b�l�v�k�y�� �m�� �[�e�b�`�g�•�c�� �1�Q-�h�[�e�Z�k�l�•���� �[�e�b�a�v�d�h�� �^�h�� �f�Z�d�k�b�f�m�f�m�� �i�h�l�h�d�m�� �n�h�l�h�g�•�\ 

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

�n�h�l�h�q�m�l�e�b�\�h�k�l�•�� �l�Z�d�b�o�� �d�h�f�i�h�a�b�l�•�\�� �m�� �d�h�j�h�l�d�h�o�\�b�e�v�h�\�m�� �k�l�h�j�h�g�m�� �K�l�m�i�•�g�v��

�i�h�]�e�b�g�Z�g�g�y�� �k�h�g�y�q�g�h�]�h�� �k�\�•�l�e�Z�� �l�Z�� �r�b�j�b�g�Z�� �k�i�_�d�l�j�Z�e�v�g�h�€�� �h�[�e�Z�k�l�•�� �k�\�•�l�e�h�\�h�€��

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

�i�h�e�•�f�_�j�•�\�����k�_�g�k�b�[�•�e�•�a�h�\�Z�g�b�o���i�h�o�•�^�g�b�f�b���n�m�e�_�j�_�g�•�\.  

�M�� �i�¶�y�l�h�f�m�� �j�h�a�^�•�e�• �³�K�l�\�h�j�_�g�g�y�� �i�h�e�•�f�_�j�g�b�o�� �d�h�f�i�h�a�b�l�•�\�� �n�h�l�h�q�m�l�e�b�\�b�o�� �m��

�r�b�j�h�d�•�c�� �k�i�_�d�l�j�Z�e�v�g�•�c�� �h�[�e�Z�k�l�•�� �g�Z�� �h�k�g�h�\�•�� �d�k�_�j�h�]�_�e�x�� �h�d�k�b�^�m�� �\�Z�g�Z�^�•�x�� �l�Z��Ni 

�f�_�l�Z�e�h�j�]�Z�g�•�q�g�h�€�� �k�i�h�e�m�d�b�� �l�Z�� �_�e�_�d�l�j�h�e�x�f�•�g�_�k�p�_�g�l�g�b�o�� �d�h�f�i�h�a�b�l�g�b�o�� �k�l�j�m�d�l�m�j��

�f�_�j�h�p�•�Z�g�•�g�h�\�h�]�h�� �[�Z�j�\�g�b�d�Z�  ́ �i�h�d�Z�a�Z�g�h���� �s�h�� �i�e�•�\�d�b��Ni-�f�•�k�l�d�h�€ �f�_�l�Z�e�h�j�]�Z�g�•�q�g�h�€��

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

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

�g�f���� �P�•�� �k�l�j�m�d�l�m�j�b�� �f�h�`�m�l�v�� �[�m�l�b�� �a�Z�k�l�h�k�h�\�Z�g�•�� �^�e�y�� �n�h�l�h�\�h�e�v�l�Z�€�q�g�b�o�� �_�e�_�f�_�g�l�•�\�� �a��

�j�h�a�r�b�j�_�g�h�x���h�[�e�Z�k�l�x���n�h�l�h�q�m�l�e�b�\�h�k�l�•. 

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

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

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

�r�b�j�h�d�•�c���k�i�_�d�l�j�Z�e�v�g�•�c���h�[�e�Z�k�l�•. 

�M���r�h�k�l�h�f�m���j�h�a�^�•�e�• �©�R�e�y�o�b���j�_�e�Z�d�k�Z�p�•�€���a�[�m�^�`�_�g�b�o���k�l�Z�g�•�\���m���i�h�e�•�f�_�l�b�g�h�\�b�o��

�[�Z�j�\�g�b�d�Z�o���� �i�h�e�•�f�_�l�b�g�h�\�•�� �l�Z�� �i�h�e�•�}�g�h�\�•�� �n�h�j�f�b, �\�i�e�b�\�� �l�_�j�f�•�g�Z�e�v�g�b�o�� �]�j�m�i�� �g�Z��

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

�h�k�g�h�\�•�� �\�b�d�h�g�Z�g�b�o �n�h�l�h�g�g�b�o �l�Z�� �d�\�Z�g�l�h�\�h-�o�•�f�•�q�g�b�o �^�h�k�e�•�^�`�_�g�g�v �i�h�d�Z�a�Z�g�h 

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

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

�k�b�f�_�l�j�•�€�� �^�e�y�� �_�e�_�d�l�j�h�g�g�h�€�� �k�l�j�m�d�l�m�j�b�� �l�Z�� �^�\�h�o�� �g�_�k�b�f�_�l�j�b�q�g�b�o�� �r�e�y�o�•�\�� �•�a�� �j�•�a�g�b�f�b��

�i�h�j�m�r�_�g�g�y�f�b�� �k�b�f�_�l�j�•�€���� �I�_�j�r�b�c�� �g�_�k�b�f�_�l�j�b�q�g�b�c�� �r�e�y�o �i�j�b�\�h�^�b�l�v�� �^�h��

�i�h�e�•�f�_�l�b�g�h�\�h�]�h���k�l�Z�g�m�����Z���^�j�m�]�b�c�� �± �^�h���^�h�g�h�j�g�h-�Z�d�p�_�i�l�h�j�g�h�]�h���i�h�e�•�}�g�h�\�h�]�h���k�l�Z�g�m����

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

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

�\�b�]�e�y�^�•�� �g�Z�^�r�\�b�^�d�b�o�� �n�h�l�h�g�g�b�o�� �k�b�k�l�_�f���� �f�h�e�_�d�m�e�y�j�g�b�o�� �k�_�g�k�h�j�•�\����

�h�i�l�h�_�e�_�d�l�j�h�g�g�b�o���i�_�j�_�f�b�d�Z�q�•�\�����l�h�s�h��  

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

�g�_�a�Z�e�_�`�g�h�� �\�•�^�� �k�b�f�_�l�j�•�€�� �\�� �h�k�g�h�\�g�h�f�m�� �k�l�Z�g�•���� �[�e�b�a�v�d�•�� �^�h�� �k�b�f�_�l�j�b�q�g�h�€�� �n�h�j�f�b�� �m��

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

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

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

�[�m�l�b�� �i�h�\�¶�y�a�Z�g�•�� �a�� �i�h�j�m�r�_�g�g�y�f�� �k�b�f�_�l�j�•�€�� �y�d�� �\�� �h�k�g�h�\�g�h�f�m���� �l�Z�d�� �•�� �m�� �a�[�m�^�`�_�g�h�f�m��

�k�l�Z�g�Z�o���� �;�m�e�h�� �h�l�j�b�f�Z�g�h�� �\�Z�`�e�b�\�_�� �j�h�a�m�f�•�g�g�y�� �h�k�h�[�e�b�\�h�k�l�_�c�� �\�i�e�b�\�m�� �l�_�j�f�•�g�Z�e�v�g�b�o��

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

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

�l�Z���n�m�g�d�p�•�h�g�Z�e�v�g�b�f�b���o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b�� 

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

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

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

 

Abstract. 

A.B.Verbitsk�\�� �³Photoelectronic processes in molecular composite structures 

based on organic semiconductors�´���� �± Qualification scientific work in the form of a 

scientific report. 

The dissertation solves the scientific problem of clarifying the physical 

principles of creating composite systems based on a wide class of dyes, carbon 

nanotubes, polyacenes and experimentally shows the prospects for their practical 

application in various fields of science and technology. To solve this problem, it was 

necessary to investigate comprehensively the fundamental physical processes in such 

composites in order to create a scientific basis for the use of such systems, in 

particular, in molecular electronics. 

The aim of the work was to clarify the physical mechanisms and conduct a 

detailed study of the features of processes in molecular composite systems based on a 

wide class of organic compounds. 

To achieve the goal, the following tasks were solved: 

- elucidation of the mechanism of interaction of carbon nanotubes with organic 

dyes using luminescence spectroscopy and a detailed study of the aggregation of dyes 
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on carbon nanotubes, as well as the study of the process of self-organization of dye 

aggregates on the surface of carbon nanotubes; 

- study of the processes of interaction of dioxaborine dyes with aliphatic 

amines and carbon nanotubes and assessment of the prospects for their use as 

fluorescent probes for amines and carbon nanotubes; 

- study of the structure, optical and photovoltaic properties of thin films, 

heterostructures and composites based on polyacenes and their derivatives; 

- study of the optical and photovoltaic properties of films and polymer and 

other composites based on polymethine dyes photosensitive in the near IR region; 

- determination of the relaxation pathways of excited states in polymethine 

dyes using time-resolved fluorescence spectroscopy: polymethine and polyene forms 

co-existence; study of the influence of terminal groups on the relaxation of excited 

states of cationic polymethine dyes 

- study of higher excited states of the pyrilylocyanine class of polymethine 

dyes �± violation of the Kasha rule; 

Research methods. 

The main methods for this work are experimental methods to study optical and 

photoelectric parameters of composite systems: absorption spectroscopy, 

photovoltaic modulation spectroscopy, stationary and time-resolved luminescence 

spectroscopy, low-temperature measurements. For a number of objects, quantum-

chemical methods of modeling the energy structure and standard methods of 

computer processing of the obtained experimental dependences have been used. 

Scientific novelty. 

It has been shown for the first time that the photoluminescent excitation of a 

dye can be transferred to nanotubes, which leads to a strong and selective 

amplification of light emission from the exciton levels of carbon nanotubes, and for 

the first time additional photoluminescence of a dye in the visible region due to 

aggregation on the surface of carbon nanotubes has been experimentally shown. 

For the first time, the simultaneous formation of two types of dye aggregates in 

a composite with nanotubes was demonstrated �± one type due to the aggregation of 
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cis-isomers of dye molecules on the surface of nanotubes and the second type of 

�³�I�U�H�H�´ aggregates formed from trans-isomers of dye molecules, the physical 

characteristics of both types of aggregates have been studied in detail. 

The possibility of creating photosensitive polymer composites based on 

modified carbazole polymers and polymethine dyes photosensitive in the near IR 

region was experimentally demonstrated. 

Using time-resolved fluorescence spectroscopy at low temperatures, the 

presence of three relaxation pathways for symmetric polymethine dyes in the excited 

state was experimentally revealed: one symmetric pathway with preservation of 

symmetry for the electronic structure and two asymmetric pathways with different 

symmetry violations: the first asymmetric mechanism leads to the polymethine state, 

and the second to the donor-acceptor polyene state. 

Practical significance of the results obtained. 

The first demonstrated ionic complexes of carbon nanotubes �± an organic dye 

with a sensitive and selective photoluminescent response with significantly enhanced 

emission allowed the creation a highly sensitive sensor of nanotubes, which are 

potential environmental pollutants. The limiting sensitivity of this sensor is of the 

order of nanograms per ml, which is at the level of the best world standards. 

For the first time, additional photoluminescence of a dye in the visible region 

due to aggregation on the surface of carbon nanotubes has been discovered, which 

allows for the visualization of individual nanotubes, which can be used in fields 

where such visualization is important, for example, in biology and medicine. 

As a result of studying the processes of interaction of dioxaborine dyes with 

aliphatic amines and carbon nanotubes, the possibility of their use as fast-acting 

fluorescent probes for amines and carbon nanotubes has been demonstrated. 

The created photosensitive polymer composites based on various polymers and 

polymethine dyes with a maximum photosensitivity in the region of the maximum 

flux of sunlight photons (750-800 nm) can be used as materials for organic solar 

cells, and with photosensitivity up to 1.4 ���P���± as IR radiation detectors. 
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The scientific results obtained during the research, both fundamental and 

applied, expand the understanding of the processes occurring in molecular composite 

materials. The knowledge obtained allows for further optimization of composite 

systems of a wide class. 

Structure and content of the work.  

The work consists of an Abstract, Introduction and six sections:  

1) �³�0�H�F�K�D�Q�L�V�P�� �R�I�� �L�Q�W�H�U�D�F�W�L�R�Q�� �R�I�� �F�D�U�E�R�Q�� �Q�D�Q�R�W�X�E�H�V�� �Z�L�W�K�� �R�U�J�D�Q�L�F�� �G�\�H�V���� �V�W�X�G�\�� �R�I��

�D�J�J�U�H�J�D�W�L�R�Q�� �R�I�� �S�R�O�\�P�H�W�K�L�Q�H�� �G�\�H�� �R�Q�� �W�K�H�� �V�X�U�I�D�F�H�� �R�I�� �Q�D�Q�R�W�X�E�H�V�´����2) �³�6�W�X�G�\�� �R�I�� �W�K�H��

processes of interaction of dioxaborine dyes with aliphatic amines and carbon 

�Q�D�Q�R�W�X�E�H�V�´����3) �³�6�W�X�G�\�� �R�I��the structure, optical and photovoltaic properties of thin 

films, heterostructures and composites based on polyacenes, their derivatives and 

�I�X�O�O�H�U�H�Q�H�� �&�����´����4) �³�2�S�W�L�F�D�O�� �D�Q�G�� �S�K�R�W�R�H�O�H�F�W�U�L�F�� �S�U�R�S�H�U�W�L�H�V�� �R�I�� �I�L�O�P�V�� �D�Q�G�� �S�R�O�\�P�H�U��

composites based on polymethine dyes �S�K�R�W�R�V�H�Q�V�L�W�L�Y�H�� �L�Q�� �W�K�H�� �Q�H�D�U�� �,�5�� �U�H�J�L�R�Q�´����5) 

�³�&�U�H�D�W�L�R�Q�� �R�I�� �S�R�O�\�P�H�U�� �F�R�P�S�R�V�L�W�H�V�� �S�K�R�W�R�V�H�Q�V�L�W�L�Y�H�� �L�Q�� �D�� �Z�L�G�H�� �V�S�H�F�W�U�D�O�� �U�H�J�L�R�Q�� �E�D�V�H�G�� �R�Q��

vanadium oxide xerogel and Ni organometallic compound, as well as 

�H�O�H�F�W�U�R�O�X�P�L�Q�H�V�F�H�Q�W���F�R�P�S�R�V�L�W�H���V�W�U�X�F�W�X�U�H�V���R�I���P�H�U�R�F�\�D�Q�L�Q�H���G�\�H�´����6) �³�: ays relaxation of 

excited states in polymethine dyes: polymethine and polyene forms, the influence of 

�W�H�U�P�L�Q�D�O���J�U�R�X�S�V���R�Q���W�K�H���U�H�O�D�[�D�W�L�R�Q���R�I���H�[�F�L�W�H�G���V�W�D�W�H�V���R�I���F�D�W�L�R�Q�L�F���S�R�O�\�P�H�W�K�L�Q�H���G�\�H�V�´�� 

The work ends with �³�&�R�Q�F�O�X�V�L�R�Q�V�´. The �³�$�E�V�W�U�D�F�W�´ gives a general 

characteristic of the work. The �³�,�Q�W�U�R�G�X�F�W�L�R�Q�´ states the relevance of the problem, 

justifies the goal and subject of the research, outlines the scientific novelty, practical 

significance, experimental methods used, as well as the connection with scientific 

programs, plans, topics. The personal contribution of the applicant and the 

approval of the results of the work are described. 

The first chapter �³�0�H�F�K�D�Q�L�V�P���R�I���L�Q�W�H�U�D�F�W�L�R�Q���R�I���F�D�U�E�R�Q���Q�D�Q�R�W�X�E�H�V���Z�L�W�K���R�U�J�D�Q�L�F��

dyes, study of aggregation of polymethine dye on the sur�I�D�F�H���R�I���Q�D�Q�R�W�X�E�H�V�´���S�U�R�S�R�V�H�V��

a new concept for creating ionic sensor complexes of carbon nanotubes �± an organic 

dye with a sensitive and selective response in the photoluminescent signal. These 

complexes are formed due to the Coulomb attraction between individual dye 

molecules with an uncompensated charge and carbon nanotubes. It has been shown 
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that the photoluminescent excitation of the dye can be transferred to the nanotubes, 

which leads to a strong and selective amplification of light emission (up to 6 times) 

from the excitonic levels of carbon nanotubes. Also, for the first time, the unique 

formation of resonant J-aggregates on the outer surface of CNTs with efficient energy 

transfer from the dye aggregate to the nanotube was discovered. The proposed 

mechanism of aggregate formation is associated with the preferential self-ordering of 

curved cis-isomers of dye molecules, while self-ordered planar trans-isomers of the 

dye form free J-aggregates, which have different spectral features. 

In the second chapter �³�6�W�X�G�\���R�I���W�K�H���L�Q�W�H�U�D�F�W�L�R�Q���S�U�R�F�H�V�V�H�V���R�I���G�L�R�[�D�E�R�U�L�Q�H���G�\�H�V��

�Z�L�W�K�� �D�O�L�S�K�D�W�L�F�� �D�P�L�Q�H�V�� �D�Q�G���F�D�U�E�R�Q���Q�D�Q�R�W�X�E�H�V�´���� �L�W�� �Z�D�V�� �I�R�X�Q�G���W�K�D�W���W�K�H�� �G�L�R�[�D�E�R�U�L�Q�H���G�\�H��

�E�L�Q�G�V�� �W�R�� �Q�D�Q�R�W�X�E�H�V�� �D�Q�G�� �I�R�U�P�V�� �Q�D�Q�R�V�W�U�X�F�W�X�U�H�G�� �F�R�P�S�O�H�[�H�V�� �W�K�U�R�X�J�K�� �W�K�H�� �Œ-�Œ���L�Q�W�H�U�D�F�W�L�R�Q��

of the hydrophobic conjugated framework directed towards the aqueous environment 

with hydrophilic groups. The interaction is confirmed by new optical characteristics 

�Z�L�W�K�L�Q���W�K�H���O�L�P�L�W�V���R�I���W�K�H���G�\�H�¶�V���R�Z�Q���H�[�F�L�W�D�W�L�R�Q���G�X�H���W�R���W�K�H���U�H�V�R�Q�D�Q�W���H�Q�H�U�J�\���W�U�D�Q�V�I�H�U���I�U�R�P��

the dye to the nanotubes. The interaction between the dioxaborine dye and nanotubes 

opens a new way to design efficient and tunable optical probes not only due to 

sensitivity, but also selectivity to nanotubes of different diameters. 

In the third chapter �³�6�W�X�G�\�� �R�I�� �W�K�H�� �V�W�U�X�F�W�X�U�H���� �R�S�W�L�F�D�O�� �D�Q�G��photovoltaic 

properties of thin films, heterostructures and composites based on polyacenes, their 

derivatives and fullerene C60�´���� �W�K�H�� �D�E�V�R�U�S�W�L�R�Q�� �V�S�H�F�W�U�D�� �D�Q�G�� �S�K�R�W�R�Y�R�O�W�D�L�F�� �U�H�V�S�R�Q�V�H�� �R�I��

thin films of tetracene, sprayed in vacuum on various substrates at room temperature, 

as well as tetracyanoquinodimethane, heterostructures and composites of 

tetracene/tetracyanoquinodimethane, heterostructures of tetrathiotetracene with 

fullerene C60 were studied. The effect of oxygen on the photoelectric properties of 

barrier structures based on pentacene, composites and heterostructures of fullerene 

with liquid crystals and polymers was also studied. 

The structure of thin tetracene films is determined by the energy of interaction 

of tetracene molecules between themselves and with molecules of substrates, 

conductive ITO layers and carbon atoms on the surface of these substrates. In the 
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process of thermal spraying in a vacuum, continuous and island polycrystalline films 

are formed on copper and on glass or quartz substrates, respectively. 

The photoresponse upon illumination of tetracene films is the algebraic sum of 

three components: the diffuse Dember photo-emf of a bulk nature and the surface-

barrier photo-emf caused by the bending of energy bands near the surfaces. 

It has been established that oxygen adsorption for pentacene-based 

heterostructures leads to the formation of several capture centers with different 

relaxation times near the interface. The concentration of these centers depends on the 

material of the upper electrode. The sensitivity to oxygen of heterostructures is 

determined mainly by the pentacene layer. Such structures can be used for gas 

sensors and solar cells. 

It was found that in the spectral region of 2�±3 eV for composites and 

heterostructures based on fullerene C60, their photosensitivity increases significantly 

compared to the C60 film. The values of the fullerene band gap obtained from the 

spectral dependences of the photovoltage are close to the values that were determined 

from the results of the study of photoemission and surface photoconductivity.  

In the fourth chapter �³�2�S�W�L�F�D�O�� �D�Q�G�� �S�K�R�W�R�H�O�H�F�W�U�L�F�� �S�U�R�S�H�U�W�L�H�V�� �R�I�� �I�L�O�P�V�� �D�Q�G��

�S�R�O�\�P�H�U���F�R�P�S�R�V�L�W�H�V���E�D�V�H�G���R�Q���S�R�O�\�P�H�W�K�L�Q�H���G�\�H�V���S�K�R�W�R�V�H�Q�V�L�W�L�Y�H���L�Q���W�K�H���Q�H�D�U���,�5���U�H�J�L�R�Q�´��

directions for creating polymer composites based on polymethine dyes are proposed. 

These composites are photosensitive in almost the entire visible range and have a 

maximum of photosensitivity, which is in the near IR region, close to the maximum 

of the photon flux of sunlight. The possibility of increasing the photosensitivity of 

such composites in the short-wave direction has been experimentally confirmed. The 

degree of sunlight absorption and the width of the spectral region of light sensitivity 

of the best of the proposed polymer composites are greater than those of well-studied 

flexible plastic structures based on conductive polymers sensitized with fullerene 

derivatives. 

In the fifth chapter  �³�&�U�H�D�W�L�R�Q���R�I���S�R�O�\�P�H�U���F�R�P�S�R�V�L�W�H�V���S�K�R�W�R�V�H�Q�V�L�W�L�Y�H���L�Q���D���Z�L�G�H��

spectral region based on vanadium oxide xerogel and Ni organometallic compound 

�D�Q�G�� �H�O�H�F�W�U�R�O�X�P�L�Q�H�V�F�H�Q�W�� �F�R�P�S�R�V�L�W�H�� �V�W�U�X�F�W�X�U�H�V�� �R�I�� �P�H�U�R�F�\�D�Q�L�Q�H�� �G�\�H�´�� �L�W�� �L�V�� �V�K�R�Z�Q�� �W�K�D�W��



15 
 

films of Ni-containing organometallic compound can be the basis for the creation of 

two-layer structures with fullerene, photosensitive in a wide spectral range from 400 

to 1000 nm. These structures can be used for photovoltaic elements with an extended 

photosensitivity region. 

Studies of structures based on vanadium oxide xerogel showed that they can be 

used to expand the photosensitivity region to the short-wavelength side and develop 

polymer composites photosensitive in a wide spectral region. 

In the sixth chapter �³�3�D�W�K�Z�D�\�V���R�I���U�H�O�D�[�D�W�L�R�Q���R�I���H�[�F�L�W�H�G���V�W�D�W�H�V���L�Q���S�R�O�\�P�H�W�K�L�Q�H��

dyes: polymethine and polyene forms, the influence of terminal groups on the 

relaxation �R�I�� �H�[�F�L�W�H�G�� �V�W�D�W�H�V�� �R�I�� �F�D�W�L�R�Q�L�F�� �S�R�O�\�P�H�W�K�L�Q�H�� �G�\�H�V�´�� �E�D�V�H�G�� �R�Q�� �W�K�H���S�H�U�I�R�U�P�H�G��

photonic and quantum-chemical studies, the presence of three relaxation paths for 

symmetric polymethine dyes in the excited state is shown: one symmetric path with 

preservation of symmetry for the electronic structure and two asymmetric paths with 

different symmetry violations. The first asymmetric path leads to the polymethine 

state, and the second �± to the donor-acceptor polyene state. The obtained results 

provide important knowledge for the future design of new photonic complexes with 

potential applications in the form of ultrafast photonic systems, molecular sensors, 

optoelectronic switches, etc. 

At room temperature, the studied cationic polymethine dyes, regardless of the 

symmetry in the ground state, are close to the symmetric form in the excited state, 

and their spectral properties are determined by the degree of alignment of the C-C 

bonds and the distribution of charges on the carbon atoms in the carbon chain. At low 

temperatures, the studied dyes demonstrate charge localization effects, and their 

spectral properties can be associated with symmetry breaking in both the ground and 

excited states. An important understanding of the features of the terminal groups was 

obtained, which allows us to advance in the development and synthesis of new 

photoactive systems with predictable cationic charge localization and functional 

characteristics. 

Keywords: molecular photoelectronics, composites, carbon nanotubes, 

polymethine dyes, photoelectronic properties, excited states, molecular sensors 



16 
 

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

�K�l�Z�l�l�•�� �m�� �i�_�j�•�h�^�b�q�g�b�o�� �\�b�^�Z�g�g�y�o���� �i�j�h�•�g�^�_�d�k�h�\�Z�g�b�o�� �m�� �[�Z�a�Z�o�� �^�Z�g�b�o�� �6�F�R�S�X�V��

�l�Z���Z�[�h�� �:�H�E�� �R�I�� �6�F�L�H�Q�F�H���� �\�•�^�g�_�k�_�g�b�o�� �^�h�� �i�_�j�r�h�]�h�� �•�� �^�j�m�]�h�]�h�� �d�\�Z�j�l�b�e�•�\�����4���� �•�� �4������

�\�•�^�i�h�\�•�^�g�h�� �^�h�� �d�e�Z�k�b�n�•�d�Z�p�•�€�� �6�&�,�P�D�J�R�� �-�R�X�U�Q�D�O�� �D�Q�G�� �&�R�X�Q�W�U�\�� �5�D�Q�N�� �Z�[�h�� �-�R�X�U�Q�D�O��

Citation Reports: 

1*. Lutsyk P., Arif R., Hruby J., Bukivskyi A., Vinijchuk O., Shandura M., 

Yakubovskyi V., Kovtun Yu., Rance G.A., Fay M., Piryatinski Yu., Kachkovsky 

O., Verbitsky A., and Rozhin A. A Sensing Mechanism For The Detection Of 

Carbon Nanotubes Using Selective Photoluminescent Probes Based On Ionic 

Complexes With Organic Dyes. Light: Science& Applications (Nature 

Publ.Group). Vol.5. 2016. P. e16028. DOI: 10.1038/lsa.2016.28 (Scopus - Q1) 

(�H�k�h�[�b�k�l�b�c�� �\�g�_�k�h�d�� �a�^�h�[�m�\�Z�q�Z���� �M�q�Z�k�l�v�� �m�� �\�b�a�g�Z�q�_�g�g�• �h�k�g�h�\�g�h�€�� �•�^�_�€�� �j�h�[�h�l�b����

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

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

�l�Z���i�•�^�]�h�l�h�\�p�•���•�e�x�k�l�j�Z�p�•�c���� 

2*. Lutsyk Petro, Piryatinski Yuri, AlAraimi Mohammed, Arif Raz, Shandura 

Mykola, Kachkovsky Oleksiy, Verbitsky Anatoli, and Rozhin Aleksey. 

Emergence Of Additional Visible Range Photoluminescence Due To Aggregation 

Of Cyanine Dye - Astraphloxin On Carbon Nanotubes Dispersed With Anionic 

Surfactant. J. Phys. Chem. C. 2016. Vol.120, N 36. P. 20378�±20386. DOI: 

10.1021/acs.jpcc.6b06272 (Scopus - Q1) (�H�k�h�[�b�k�l�b�c�� �\�g�_�k�h�d�� �a�^�h�[�m�\�Z�q�Z����

�M�q�Z�k�l�v���m���\�b�a�g�Z�q�_�g�g�• �h�k�g�h�\�g�h�€���•�^�_�€���j�h�[�h�l�b�����n�h�j�f�m�e�x�\�Z�g�g�y���a�Z�\�^�Z�g�v�����\�b�d�h�g�Z�g�g�y 

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

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

�•�e�x�k�l�j�Z�p�•�c���� 

3*. Al Araimi Mohammed, Lutsyk Petro, Verbitsky Anatoly, Piryatinski Yuri, 

Shandura Mykola and Rozhin Alex. Dioxaborine Cyanine Dye As A 

Photoluminescence Probe For Sensing Of Carbon Nanotubes. Beilstein J. 

Nanotechnol. 2016. Vol.7. P. 1991�±1999. DOI: 10.3762/bjnano.7.190 (Scopus - 

Q1) (�H�k�h�[�b�k�l�b�c���\�g�_�k�h�d���a�^�h�[�m�\�Z�q�Z�����M�q�Z�k�l�v���m���\�b�a�g�Z�q�_�g�g�• �h�k�g�h�\�g�h�€���•�^�_�€���j�h�[�h�l�b��



17 
 

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

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

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

4*. Lutsyk Petro, Piryatinski Yuri, Shandura Mykola, AlAraimi Mohammed, Tesa 

Maria, Arnaoutakis Georgios E., Melvin Ambrose Ashwin, Kachkovsky Oleksiy, 

Verbitsky Anatoly, Rozhin Aleksey. Self-Assembly for Two Types of J-

Aggregates: cis-Isomers of Dye on the Carbon Nanotube Surface and Free 

Aggregates of Dye trans- Isomers. J. Phys. Chem. C. 2019. Vol.123, 

P�������������í����������. DOI: 10.1021/acs.jpcc.9b03341 (Scopus - Q1) (�H�k�h�[�b�k�l�b�c��

�\�g�_�k�h�d�� �a�^�h�[�m�\�Z�q�Z���� �M�q�Z�k�l�v�� �m�� �\�b�a�g�Z�q�_�g�g�• �h�k�g�h�\�g�h�€�� �•�^�_�€�� �j�h�[�h�l�b���� �i�h�r�m�d�� �l�Z��

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

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

�l�_�d�k�l�m���k�l�Z�l�l�•���l�Z���i�•�^�]�h�l�h�\�p�•���•�e�x�k�l�j�Z�p�•�c���� 

5*. Piryatinski Yuri, Verbitsky Anatoly, Malynovskyi Markiian, Rozhin Aleksey, 

Kachkovsky Oleksiy, Maiko Kateryna, Slominskii Yuri, and Lutsyk Petro, Impact 

of Terminal Group on Temperature-Dependent Excited State Relaxation in 

Cationic Dyes. Chemical Physics. 2025. Vol.592. P.112620. DOI: 

10.1016/j.chemphys.2025.112620. (Scopus - Q2) (�H�k�h�[�b�k�l�b�c���\�g�_�k�h�d���a�^�h�[�m�\�Z�q�Z����

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

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

6*. Lutsyk Petro, Piryatinski Yuri, Kachkovsky Oleksiy, Verbitsky Anatoly, and 

Rozhin Aleksey. Unsymmetrical Relaxation Paths of the Excited States in Cyanine  

Dyes Detected by Time-Resolved Fluorescence: Polymethinic and PolyenicForms. 

J. Phys. Chem. A. 2017. Vol. 121, N 43. P. 8236�±8246. DOI: 

10.1021/acs.jpca.7b08680 (Scopus - Q1) (�H�k�h�[�b�k�l�b�c���\�g�_�k�h�d���a�^�h�[�m�\�Z�q�Z�����i�h�r�m�d��

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

�m���g�Z�i�b�k�Z�g�g�•���l�_�d�k�l�m���k�l�Z�l�l�•���l�Z���i�•�^�]�h�l�h�\�p�•���•�e�x�k�l�j�Z�p�•�c���� 

7*. Vertsimakha Ya.I. , Verbitsky A.B. Oxygen Effect on Photovoltaic Properties of 

Pentacene-Based Barrier Structures.  Synthetic Metals.  2000. Vol.109, N 2-3. 

P.291-294. DOI: 1016/S0379-6779(99)00248-9 (Scopus - Q1) (�H�k�h�[�b�k�l�b�c��



18 
 

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

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

�h�l�j�b�f�Z�g�b�o���^�Z�g�b�o���l�Z���g�Z�i�b�k�Z�g�g�y���k�l�Z�l�l�•���j�Z�a�h�f���a���k�i�•�\�Z�\�l�h�j�h�f���� 

8*. Piryatinski, Yu.P., Verbitsky, A.B., Dmytruk, A.M., Malynovskyi, M.B., Lutsyk, 

P.M.,  Rozhin, A. G., Kachkovsky, O.D., Prostota, Ya.O., Kurdyukov, V.V. 

Excited state relaxation in cationic pentamethine cyanines studied by time-

resolved spectroscopy. Dyes Pigments. 2021. Vol.193, N 12, P. 109539. DOI: 

10.1016/j.dyepig.2021.109539 (Scopus �± Q1) (�H�k�h�[�b�k�l�b�c�� �\�g�_�k�h�d�� �a�^�h�[�m�\�Z�q�Z����

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

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

9*. Gorishnyi M.P., Verbitsky A.B. Structural, Optical, And Photovoltaic Properties 

Of Tetracene Thin Films. Ukr.J.Phys. 2016. Vol.61, N1.  P.50-58. DOI:  

10.15407/ujpe61.01.0050 (Scopus - Q2) (�H�k�h�[�b�k�l�b�c�� �\�g�_�k�h�d�� �a�^�h�[�m�\�Z�q�Z����

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

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

�l�_�d�k�l�m���k�l�Z�l�l�•). 

10*. Boiko O., Verbitsky A.. Photovoltaic Properties of C60 / Liquid Crystal 

Composites and Heterostructures. Molecular Crystals and Liquid Crystals. 2002. 

Vol.384. P.85-91 (2002). DOI: 10.1080/713738779 (Scopus - Q2) (�H�k�h�[�b�k�l�b�c��

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

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

�h�l�j�b�f�Z�g�b�o���^�Z�g�b�o���l�Z���g�Z�i�b�k�Z�g�g�y���k�l�Z�l�l�•���j�Z�a�h�f���a���k�i�•�\�Z�\�l�h�j�h�f���� 

11*. Manzhara V.S., Fedorovich R.D., Verbitsky A.B., Derevyanko N.A., 

Ishchenko A.A., Kulinich A.V. Photo- And Electroluminescences Of Merocyanine 

Dye M-440. Molecular Crystals and Liquid Crystals. 2005. Vol.426. P. 303-312. 

DOI: 10.1080/15421400590891407 (Scopus - Q2) (�H�k�h�[�b�k�l�b�c�� �\�g�_�k�h�d��

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

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

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



19 
 

12*. Fenenko L.I., Ishchenko A.A., Verbitsky A.B., Vertsimakha Ya.I., 

Photovoltaic Effects In Composites Of V2O5 Xerogel With Polymethine Dye. 

Molecular Crystals and Liquid Crystals. 2005.  Vol.426. P.157-169. DOI: 

10.1080/15421400590891056 (Scopus - Q2) (�H�k�h�[�b�k�l�b�c�� �\�g�_�k�h�d�� �a�^�h�[�m�\�Z�q�Z����

�M�q�Z�k�l�v�� �m�� �\�b�a�g�Z�q�_�g�g�• �h�k�g�h�\�g�h�€�� �•�^�_�€�� �j�h�[�h�l�b, �i�h�r�m�d�� �l�Z�� �Z�g�Z�e�•�a�� �e�•�l�_�j�Z�l�m�j�g�b�o��

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

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

�•�e�x�k�l�j�Z�p�•�c���� 

13*. Vertsimakha Ya., Verbitsky A., Derevyanko N., and Ishchenko A. Widening 

Of Polymer Composites Photosensitivity In Near IR Region. Molecular Crystals 

and Liquid Crystals. 2008. Vol. 497. P.101-108. DOI: 

10.1080/15421400802458704 (Scopus - Q2) (�H�k�h�[�b�k�l�b�c�� �\�g�_�k�h�d�� �a�^�h�[�m�\�Z�q�Z����

�M�q�Z�k�l�v�� �m�� �\�b�a�g�Z�q�_�g�g�• �h�k�g�h�\�g�h�€�� �•�^�_�€�� �j�h�[�h�l�b, �i�h�r�m�d�� �l�Z�� �Z�g�Z�e�•�a�� �e�•�l�_�j�Z�l�m�j�g�b�o��

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

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

�•�e�x�k�l�j�Z�p�•�c���� 

14*. Vertsimakha Ya., Verbitsky A., Ishchenko A., Syromyatnikov V., Pomaz I. 

Effect Of Polymer Molecular Structure On Photosensitivity Of Composites Films 

Based On Infra-Red Polymethine Dye. Molecular Crystals and Liquid Crystals. 

2011. Vol.536. P. 93-98. DOI: 10.1080/15421406.2011.538312 (Scopus - Q2) 

(�H�k�h�[�b�k�l�b�c�� �\�g�_�k�h�d�� �a�^�h�[�m�\�Z�q�Z���� �M�q�Z�k�l�v�� �m�� �\�b�a�g�Z�q�_�g�g�• �h�k�g�h�\�g�h�€�� �•�^�_�€�� �j�h�[�h�l�b, 

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

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

�k�l�Z�l�l�•���l�Z���i�•�^�]�h�l�h�\�d�Z �•�e�x�k�l�j�Z�p�•�c���� 

 

  



20 
 

�K�l�Z�l�l�•�� �m�� �i�_�j�•�h�^�b�q�g�b�o�� �\�b�^�Z�g�g�y�o���� �i�j�h�•�g�^�_�d�k�h�\�Z�g�b�o�� �m�� �[�Z�a�Z�o�� �^�Z�g�b�o�� �6�F�R�S�X�V��

�l�Z���Z�[�h�� �:�H�E�� �R�I�� �6�F�L�H�Q�F�H���� �\�•�^�g�_�k�_�g�b�o�� �^�h�� �l�j�_�l�v�h�]�h�� �l�Z�� �q�_�l�\�_�j�l�h�]�h�� �d�\�Z�j�l�b�e�•�\��

���4�����l�Z���4�������\�•�^�i�h�\�•�^�g�h���^�h���d�e�Z�k�b�n�•�d�Z�p�•�€���6�&�,�P�D�J�R���-�R�X�U�Q�D�O���D�Q�G���&�R�X�Q�W�U�\���5�D�Q�N���Z�[�h��

Journal Citation Reports: 

15*. Shandura M., Kovtun Yu., Yakubovskyi V., Lutsyk P., Piryatinski Yu., 

Perminov R., Verbitsky A., Rozhin A. Dehydroacetic Acid Based Dioxaborine 

Styryl Dye: Effective Fluorescent Probe For Ammonia And Amine Detection. Key 

Engineering Materials. 2013.Vol. 605. P.159-162. DOI: 

10.4028/www.scientific.net/KEM.605.159 (Scopus - Q3) (�H�k�h�[�b�k�l�b�c�� �\�g�_�k�h�d��

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

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

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

16*.  Shandura M.P., Kovtun Yu.P., Yakubovskyi V.P., Piryatinski Yu.P., Lutsyk 

P.M., Perminov R.J., Arif R.N., Verbitsky A.B. and Rozhin A. Dioxaborine Dyes 

As Fluorescent Probes For Amines And Carbon Nanotubes. Sensor Letters.2014. 

Vol.12, N 9. P.1361-1367. DOI: 10.1166/sl.2014.3315 (Scopus - Q3) 

(�H�k�h�[�b�k�l�b�c�� �\�g�_�k�h�d�� �a�^�h�[�m�\�Z�q�Z���� �i�h�r�m�d�� �l�Z�� �Z�g�Z�e�•�a�� �e�•�l�_�j�Z�l�m�j�g�b�o�� �^�Z�g�b�o����

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

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

�•�e�x�k�l�j�Z�p�•�c���� 

17*. Piryatinski Yu.P., Verbitsky A.B., Lutsyk P.M., Rozhin A.G., Kachkovskii 

O.D., Prostota Ya.O., Brovarets V.S., Kurdyukov �9���9���� �6�X�S�S�U�H�V�V�L�R�Q�� �2�I�� �.�D�V�K�D�¶�V��

Rule In Higher Excited States Of 4-Pyrylocyanine. Molecular Crystals and Liquid 

Crystals. 2018. V. 672. P.33-40. DOI: 10.1080/15421406.2018.1542104 (Scopus - 

Q3)  

(�H�k�h�[�b�k�l�b�c�� �\�g�_�k�h�d�� �a�^�h�[�m�\�Z�q�Z���� �i�h�r�m�d�� �l�Z�� �Z�g�Z�e�•�a�� �e�•�l�_�j�Z�l�m�j�g�b�o�� �^�Z�g�b�o����

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

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

�•�e�x�k�l�j�Z�p�•�c���� 



21 
 

18*. Gorishnyi M.P., Verbitsky A.B. Donor-Acceptor Interaction In Films Of 

Tetracene�±Tetracyanoquinodimethane Heterostructures And Composites. 

Ukr.J.Phys. 2018. Vol.63, N�h��. P.70-80.  DOI: 10.15407/ujpe63.01.0070 (Scopus 

- Q3) 

(�H�k�h�[�b�k�l�b�c�� �\�g�_�k�h�d�� �a�^�h�[�m�\�Z�q�Z���� �i�h�r�m�d�� �l�Z�� �Z�g�Z�e�•�a�� �e�•�l�_�j�Z�l�m�j�g�b�o�� �^�Z�g�b�o����

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

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

�J�h�a�^�•�e���m���f�h�g�h�]�j�Z�n�•�€�� 

19*. Vertsimakha Ya., Verbitsky A.. New Method Of Preparation Of Composites 

Promising For The Development Of Plastic Solar Cells, Chapter 8, pp.297-317, in: 

�³Solar Cells Research Progress�´���� �(�G�L�W�R�U: �-�R�V�H�S�K�� �$���� �&�D�U�V�R�Q���� �³�1�R�Y�D�� �3�X�E�O�L�V�K�H�U�V�´����

NY, 2008.  

URL:https://books.google.com.ua/books/about/Solar_Cell_Research_Progress.ht

ml?id=uXPW4Z08eGYC&redir_esc=y 

(�H�k�h�[�b�k�l�b�c�� �\�g�_�k�h�d�� �a�^�h�[�m�\�Z�q�Z���� �M�q�Z�k�l�v�� �m�� �\�b�a�g�Z�q�_�g�g�•�� �h�k�g�h�\�g�h�€�� �•�^�_�€�� �j�h�[�h�l�b, 

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

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

�k�l�Z�l�l�•���l�Z���i�•�^�]�h�l�h�\�d�Z���•�e�x�k�l�j�Z�p�•�c���� 

�K�l�Z�l�l�•�� �m�� �n�Z�o�h�\�b�o�� �g�Z�m�d�h�\�b�o�� �\�b�^�Z�g�g�y�o�� �M�d�j�Z�€�g�b�� �l�Z�� �a�Z�d�h�j�^�h�g�g�b�o�� �i�_�j�•�h�^�b�q�g�b�o��

�\�b�^�Z�g�g�y�o���� �s�h�� �g�Z�� �f�h�f�_�g�l�� �i�m�[�e�•�d�Z�p�•�€�� �g�_�� �•�g�^�_�d�k�m�\�Z�e�b�k�y�� �m�� �[�Z�a�Z�o�� �^�Z�g�b�o�� �6�F�R�S�X�V��

�l�Z���Z�[�h���:�H�E���R�I���6�F�L�H�Q�F�H�� 

20*. Gorishnyi M.P., Verbitsky A.B., Kovalchuk A.V., Kovalchuk T.N., Lutsyk 

P.N. Optical And Photoelectrical Properties Of The Tetrathiotetracene - Fullerene 

(TTT/C60) Film Heterostructures. Semiconductor Physics Quantum Electronics & 

Optoelectronics. 2008. Vol.11, N 3. P.236-239. DOI: 10.15407/spqeo11.03.236 

(�H�k�h�[�b�k�l�b�c�� �\�g�_�k�h�d�� �a�^�h�[�m�\�Z�q�Z���� �i�h�r�m�d�� �l�Z�� �Z�g�Z�e�•�a�� �e�•�l�_�j�Z�l�m�j�g�b�o�� �^�Z�g�b�o����

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

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

21*. Vertsimakha Ya., Verbitsky A., Ishchenko A., Derevyanko N. Photovoltaic 

Properties of Photosensitive in Wide Spectral Region Heterostructures, in: 



22 
 

A.Graja, B.R.Bulka and F.Kajzar (Eds.), Molecular Low Dimensional and 

Nanostructured Materials for Advanced Application, NATO Science Series, II. 

Mathematics, Physics and Chemistry, Kluwer Academic Publishers, 

Dordrecht/Boston/London 2002, p.311-314. DOI: 10.1007/978-94-010-0349-

0_38. (�H�k�h�[�b�k�l�b�c�� �\�g�_�k�h�d�� �a�^�h�[�m�\�Z�q�Z���� �M�q�Z�k�l�v�� �m�� �\�b�a�g�Z�q�_�g�g�• �h�k�g�h�\�g�h�€�� �•�^�_�€��

�j�h�[�h�l�b, �i�h�r�m�d�� �l�Z�� �Z�g�Z�e�•�a�� �e�•�l�_�j�Z�l�m�j�g�b�o�� �^�Z�g�b�o���� �\�b�d�h�g�Z�g�g�y �\�k�•�o 

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

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

22*. Ishchenko A., Derevyanko N., P.Piryatinskii Yu., Verbitsky A., Filonenko D., 

Studzinsky S.. Optical And Photovoltaic Properties Of Films And Polymer 

Composites Based On Near Infra-Red Polymethine Dye. Materials Science. 2002. 

Vol.20, N 4. P. 5-12. 

URL:https://www.materialsscience.pwr.wroc.pl/bi/vol20no4/articles/ms_2002_00

6.pdf  

(�H�k�h�[�b�k�l�b�c�� �\�g�_�k�h�d�� �a�^�h�[�m�\�Z�q�Z���� �M�q�Z�k�l�v�� �m�� �\�b�a�g�Z�q�_�g�g�•�� �h�k�g�h�\�g�h�€�� �•�^�_�€�� �j�h�[�h�l�b, 

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

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

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

23*. Derevyanko N., Ishchenko A., Verbitsky A.. Effect Of Aggregation On Optical 

And Photovoltaic Properties Of Metalorganic Compound. Materials Science, 

2002. Vol.20, N 4. P. 13-18.  

URL:https://www.materialsscience.pwr.wroc.pl/bi/vol20no4/articles/ms_2002_00

7.pdf 

(�H�k�h�[�b�k�l�b�c�� �\�g�_�k�h�d�� �a�^�h�[�m�\�Z�q�Z���� �M�q�Z�k�l�v�� �m�� �\�b�a�g�Z�q�_�g�g�•�� �h�k�g�h�\�g�h�€�� �•�^�_�€�� �j�h�[�h�l�b, 

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

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

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

24*.  Berezina N., Syromyatnikov V., Ishchenko A., Verbitsky A., Vertsimakha Ya.  

Effect of Polymer Matrix on Photosensitivity of Meso-Cl Polymethine Dye Based 



23 
 

Composites. Functional Materials. 2006. Vol. 13, N 4. P. 676-680. URL: 

http://functmaterials.org.ua/contents/13-4/fm134-03.pdf 

(�H�k�h�[�b�k�l�b�c�� �\�g�_�k�h�d�� �a�^�h�[�m�\�Z�q�Z���� �M�q�Z�k�l�v�� �m�� �\�b�a�g�Z�q�_�g�g�•�� �h�k�g�h�\�g�h�€�� �•�^�_�€�� �j�h�[�h�l�b, 

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

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

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

25*.  Syromyatnikov V., Pomaz I., Verbitsky A., Vertsimakha Ya., �1�H�ã�S�$rek S., 

Pochekaylov S. Photosensitive In Wide Spectral Region Composites Based On 

Polyphenylenevinylene. Semiconductor Physics, Quantum Electronics & 

Optoelectronics. 2009. Vol.12, N 1. P. 1-7. DOI: 10.15407/spqeo12.01.001 

(�H�k�h�[�b�k�l�b�c�� �\�g�_�k�h�d�� �a�^�h�[�m�\�Z�q�Z���� �i�h�r�m�d�� �l�Z�� �Z�g�Z�e�•�a�� �e�•�l�_�j�Z�l�m�j�g�b�o�� �^�Z�g�b�o����

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

�j�_�a�m�e�v�l�Z�l�•�\�����i�•�^�]�h�l�h�\�d�Z �•�e�x�k�l�j�Z�p�•�c, �g�Z�i�b�k�Z�g�g�y���l�_�d�k�l�m���k�l�Z�l�l�•). 

 
�I�m�[�e�•�d�Z�p�•�€�����s�h���a�Z�k�\�•�^�q�m�x�l�v���Z�i�j�h�[�Z�p�•�x���f�Z�l�_�j�•�Z�e�•�\���^�b�k�_�j�l�Z�p�•�€ 

26*. A.Ishchenko, N.Derevyanko, Yu.P.Piryatinskii, A.Verbitsky, D.Filonenko, 

R.Sanitskiy. Optical And Photovoltaic Properties Of Films And Polymer 

Composites Based On Near-IR Polymethine Dye, ICEPOM-4 Conference 

Abstracts���� �.�\�L�Y���� �³�1�D�X�N�R�Y�L�\�� �6�Y�L�W�´���� ������������-P.141, 142. (�H�k�h�[�b�k�l�b�c�� �\�g�_�k�h�d��

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

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

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

27*. N.Derevyanko, A.Ishchenko, A.Verbitsky. Effect Of Aggregation On Optical 

And Photovoltaic Properties Of Metalorganic Compound, ICEPOM-4 Conference 

Abstracts���� �.�\�L�Y���� �³�1�D�X�N�R�Y�L�\�� �6�Y�L�W�´���� ������������-P.36, 37. (�H�k�h�[�b�k�l�b�c�� �\�g�_�k�h�d��

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

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

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

28*. Boiko O.P., Guziy T., Verbitsky A., Vertsimakha Ya. Photovoltaic Properties 

of C60 / Liquid Crystal Composites and Heterostructures, ICEPOM-4 Conference 

Abstracts, Kyiv, �³�1�D�X�N�R�Y�L�\�� �6�Y�L�W�´���� ������������-P.60, 61. (�H�k�h�[�b�k�l�b�c�� �\�g�_�k�h�d��



24 
 

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

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

�g�Z�i�b�k�Z�g�g�y���l�_�d�k�l�m���k�l�Z�l�l�•���l�Z���i�•�^�]�h�l�h�\�d�Z �•�e�x�k�l�j�Z�p�•�c��. 

29*. Kutsenko A., Vertsimakha Ya, Ishchenko A., Derevyanko N., Verbitsky A. 

Photovoltaic Properties Of Metal Oxide Layers And Based on These Layers 

Composite Structures, ICEPOM-4 Conference Abstracts���� �.�\�L�Y���� �³�1�D�X�N�R�Y�L�\�� �6�Y�L�W�´����

2002,, -P.49. (�H�k�h�[�b�k�l�b�c�� �\�g�_�k�h�d�� �a�^�h�[�m�\�Z�q�Z���� �i�h�r�m�d�� �l�Z�� �Z�g�Z�e�•�a�� �e�•�l�_�j�Z�l�m�j�g�b�o��

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

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

�•�e�x�k�l�j�Z�p�•�c��. 

30*. Photovoltaic and electro-optic properties of V2O5 x nH2O / Nematic LC 

heterostructures, O.Boiko, O.Kutsenko, Ya.Vertsimakha, A.Verbitsky, Abstracts 

�R�I�� �;�,�� �,�Q�W�H�U�Q�D�W�L�R�Q�D�O�� �6�\�P�S�R�V�L�X�P�� �6�,�'�¶������������ �&�U�L�P�H�D���� �8�N�U�D�L�Q�H���� �6�H�S�W�H�P�E�H�U�� ��-12, 

2002, p.41. (�H�k�h�[�b�k�l�b�c�� �\�g�_�k�h�d�� �a�^�h�[�m�\�Z�q�Z���� �i�h�r�m�d�� �l�Z�� �Z�g�Z�e�•�a�� �e�•�l�_�j�Z�l�m�j�g�b�o��

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

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

�•�e�x�k�l�j�Z�p�•�c��. 

31*. Ya.I.Vertsimakha, A.B.Verbitsky, A.A.Ishchenko, S.L.Studzinskii, 

O.P.Budnyk, R.A.Lymarenko, A.V.Savchuk, New Composite: Cyanine Dye / 

Polymer for Stable Holographic Recording, Proc. E-MRS 2003 Fall Meeting, 

Warsaw, Poland, 15-19 September 2003, Electronic Journal: 

http://www.science24.com/paper/561 (�H�k�h�[�b�k�l�b�c�� �\�g�_�k�h�d�� �a�^�h�[�m�\�Z�q�Z���� �i�h�r�m�d�� �l�Z��

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

�g�Z�i�b�k�Z�g�g�•���l�_�d�k�l�m�� 

32*. Ya.I.Vertsimakha, A.B.Verbitsky, A.S.Kutsenko, A.A.Ishchenko, 

N.A.Berezina, V.G.Syromyatnikov, Studies of Polymer/Dye Structures And V2O5 

Xerogel Heterostructures Photosensitive in Wide Spectral Region, Proc.of E-MRS 

2003 Fall Meeting, Warsaw, Poland, 15-19 September 2003, Electronic Journal: 

http://www.science24.com/paper/567 . (�H�k�h�[�b�k�l�b�c���\�g�_�k�h�d���a�^�h�[�m�\�Z�q�Z�����i�h�r�m�d���l�Z��



25 
 

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

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

33*. N.Berezina, V.Syromyatnikov, A.Ishchenko, A.Verbitsky, Ya.Vertsimakha, 

Influence of Substituents on Photosensitivity of Carbazole Containing Polymers as 

Matrices for Polymer-Dye Compositions, Book of Abstracts of The International 

�&�R�Q�I�H�U�H�Q�F�H�� �³�3�R�O�\�P�H�U�V�� �L�Q�� �;�;�,�� �&�H�Q�W�X�U�\�´���� �.�\�L�Y���� �8�N�U�D�L�Q�H���� ����-30 October, 2003, 

p.18.  (�H�k�h�[�b�k�l�b�c�� �\�g�_�k�h�d�� �a�^�h�[�m�\�Z�q�Z���� �i�h�r�m�d�� �l�Z�� �Z�g�Z�e�•�a�� �e�•�l�_�j�Z�l�m�j�g�b�o�� �^�Z�g�b�o����

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

�j�_�a�m�e�v�l�Z�l�•�\�����g�Z�i�b�k�Z�g�g�y���l�_�d�k�l�m��. 

34*. V.S.Manzhara, R.D.Fedorovich, A.B.Verbitsky, N.A.Derevyanko, 

A.A.Ishchenko, A.V.Kulinich, Photo- And Electroluminescences Of Merocyanine 

Dye M-440, ICEPOM-5 Conference Abstracts���� �.�\�L�Y���� �³�1�D�X�N�R�Y�L�\�� �6�Y�L�W�´���� ������������-

P.38. (�H�k�h�[�b�k�l�b�c�� �\�g�_�k�h�d�� �a�^�h�[�m�\�Z�q�Z���� �i�h�r�m�d�� �l�Z�� �Z�g�Z�e�•�a�� �e�•�l�_�j�Z�l�m�j�g�b�o�� �^�Z�g�b�o����

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

�j�_�a�m�e�v�l�Z�l�•�\�����g�Z�i�b�k�Z�g�g�y���l�_�d�k�l�m���� 

35*. A.Verbitsky, Ya.Vertsimakha, A.Kutsenko, O.Lytvyn, Photovoltaic Properties 

Of V2O5 Xerogel Interface With Organic Photoconductors And Metals, ICEPOM-

5 Conference Abstracts�����.�\�L�Y�����³�1�D�X�N�R�Y�L�\���6�Y�L�W�´����������������-P.79. (�H�k�h�[�b�k�l�b�c���\�g�_�k�h�d��

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

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

�g�Z�i�b�k�Z�g�g�y���l�_�d�k�l�m���� 

36*. V.Syromyatnikov, Ya.Vertsimakha, A.Verbitsky Effect Of Polymer Matrix On 

Efficiency Of Formation And Photosensitivity Of �G-Aggregates Of Polymethine 

Dye Composites, ICEPOM-5 Conference Abstracts�����.�\�L�Y�����³�1�D�X�N�R�Y�L�\���6�Y�L�W�´, 2004, 

2004, -P.113. (�H�k�h�[�b�k�l�b�c�� �\�g�_�k�h�d�� �a�^�h�[�m�\�Z�q�Z���� �i�h�r�m�d�� �l�Z�� �Z�g�Z�e�•�a�� �e�•�l�_�j�Z�l�m�j�g�b�o��

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

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

37*. S.Studzinskii, A.Verbitsky, Photovoltaic Properties Of Fullerene / Vinyl 

Polymer Composites, ICEPOM-6 Conference Abstracts���� �.�\�L�Y���� �³�1�D�X�N�R�Y�L�\�� �6�Y�L�W�´����

2006, -pp.129, 130. (�H�k�h�[�b�k�l�b�c�� �\�g�_�k�h�d�� �a�^�h�[�m�\�Z�q�Z���� �i�h�r�m�d�� �l�Z�� �Z�g�Z�e�•�a��



26 
 

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

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

38*. Ya. Vertsimakha, A. Verbitsky, N. Derevyanko, and A. Ishchenko, Widening 

Of Polymer Composites Photosensitivity In Near Ir Region ICEPOM-7 

Conference Abstracts���� �.�\�L�Y���� �³�1�D�X�N�R�Y�L�\�� �6�Y�L�W�´���� ������������-pp.163, 164. (�H�k�h�[�b�k�l�b�c��

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

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

�g�Z�i�b�k�Z�g�g�y���l�_�d�k�l�m���� 

39*. Ya. Vertsimakha, A. Verbitsky, Polymer Composites Photosensitive In Wide 

Spectral Range, ICEPOM-7 Conference Abstracts�����.�\�L�Y�����³�1�D�X�N�R�Y�L�\���6�Y�L�W�´����������������-

pp.80, 81. (�H�k�h�[�b�k�l�b�c�� �\�g�_�k�h�d�� �a�^�h�[�m�\�Z�q�Z���� �i�h�r�m�d�� �l�Z�� �Z�g�Z�e�•�a�� �e�•�l�_�j�Z�l�m�j�g�b�o��

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

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

40*. Ya. Vertsimakha, A.Verbitsky, A.Ishchenko, V.Syromyatnikov, I. Pomaz, 

Effect Of Polymer Molecular Structure On Photosensitivity Of Composites Films 

Based On Infra-Red Polymethine Dye, ICEPOM-8 Conference Abstracts, Kyiv, 

�³�1�D�X�N�R�Y�L�\�� �6�Y�L�W�´����������������-pp.185-187. (�H�k�h�[�b�k�l�b�c�� �\�g�_�k�h�d�� �a�^�h�[�m�\�Z�q�Z���� �i�h�r�m�d�� �l�Z��

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

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

41*. M.P. Shandura, Yu. P. Kovtun, V.P. Yakubovskyi , Yu.P. Piryatinskiy, 

P.M.Lutsyk, R.J. Perminov, A.B. Verbitsky, A. Rozhin, 1,3,2-(2H)-Dioxaborine 

Polymethine Dyes On The Base Of Dehydroacetic Acid �± Effective Fluorescent 

Amine Probes, Abstracts book of the 9th International Conference �³�(�O�H�F�W�U�R�Q�L�F��

Processes in Organic Materials�´�����,�&�(�3�2�0-9), May 20-24, 2013, Lviv, Ukraine, 

pp. 146-147. (�H�k�h�[�b�k�l�b�c�� �\�g�_�k�h�d�� �a�^�h�[�m�\�Z�q�Z���� �i�h�r�m�d�� �l�Z�� �Z�g�Z�e�•�a�� �e�•�l�_�j�Z�l�m�j�g�b�o��

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

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

42*. M.P. Gorishnyi, A.B. Verbitsky, Effect of Substrate on Structural, Optical, And 

Photovoltaic Properties Of Tetracene Thin Films,The Jubilee 10th Int.Conference 

�³�(�O�H�F�W�U�R�Q�L�F�� �3�U�R�F�H�V�V�H�V�� �L�Q�� �2�U�J�D�Q�L�F�� �D�Q�G�� �,�Q�R�U�J�D�Q�L�F�� �0�D�W�H�U�L�D�O�V�´���� �0�D�\�� ����-27, 2016, 



27 
 

Ternopil, Ukraine, Book of Abstracts, p.192. (�H�k�h�[�b�k�l�b�c�� �\�g�_�k�h�d�� �a�^�h�[�m�\�Z�q�Z����

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

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

�m�q�Z�k�l�v���m���g�Z�i�b�k�Z�g�g�•���l�_�d�k�l�m��. 

43*. P.Lutsyk, M. Shandura, O. Kachkovsky, Yu. Piryatinski, A. Verbitsky, A. 

Rozhin, A sensing mechanism for fluorescent detection of carbon nanotube via 

complexation with organic dyes. The 24th Annual International Conference on 

�$�G�Y�D�Q�F�H�G���/�D�V�H�U���7�H�F�K�Q�R�O�R�J�L�H�V���$�/�7�¶���������*�D�O�Z�D�\�����,�U�H�O�D�Q�G, September 12�±16, 2016. 

BOOK of ABSTRACTS, LDS-2-3. (�H�k�h�[�b�k�l�b�c�� �\�g�_�k�h�d�� �a�^�h�[�m�\�Z�q�Z���� �i�h�r�m�d�� �l�Z��

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

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

�l�_�d�k�l�m��. 

44*. P. Lutsyk, Yu. Piryatinski, M. Shandura, M. AlAraimi , O. Kachkovsky, A. 

Verbitsky, A. Rozhin. Photoluminescent Detection of Carbon Nanotubes via 

Energy Transfer in Ionic Complexes of Organic Molecules�² Surfactant�² Carbon 

Nanotubes. 2016 MRS Fall Meeting & Exhibit, November 30 - December 5, 2014, 

Boston, Massachusetts, USA, NM3.6.05 (Symposium NM). (E-abstracts: 

https://www.mrs.org/meetings-events/annual-

meetings/archive/meeting/presentations/view/2016-mrs-fall-meeting/2016-mrs-

fall-meeting-2556180). (�H�k�h�[�b�k�l�b�c�� �\�g�_�k�h�d�� �a�^�h�[�m�\�Z�q�Z���� �i�h�r�m�d�� �l�Z�� �Z�g�Z�e�•�a��

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

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

45*. P. Lutsyk, M. AlAraimi, M. Shandura, Y. Piryatinski, O. Kachkovsky, A. 

Verbitsky, and A. Rozhin, Fluorescent sensing of carbon nanotubes due to 

interaction with organic dyes. Book of Abstracts of International conference 

Photon16 on September 5-8, 2016, Leeds, UK, p. 82. (�H�k�h�[�b�k�l�b�c�� �\�g�_�k�h�d��

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

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

�m�q�Z�k�l�v���m���g�Z�i�b�k�Z�g�g�•���l�_�d�k�l�m��. 



28 
 

46*. P. Lutsyk, R. Arif , M. AlAraimi , A. Bukivskyi, O. Vinijchuk, M. Shandura, V. 

Yakubovskyi, Yu. Kovtun, G. Rance, M. Fay, Yu. Piryatinski, O. Kachkovsky, A. 

Verbitsky, A. Rozhin, Photoluminescent mechanism for carbon nanotubes sensing 

via ionic complexation with organic dyes, International conference 2016 EMRS 

Spring Meeting on May 2 - 6, 2016, Lille, France, DD11.4 (Symposium DD). (E-

abstracts: https://www.european-mrs.com/2016-spring-symposium-dd-european-

materials-research-society#collapse61). (�H�k�h�[�b�k�l�b�c�� �\�g�_�k�h�d�� �a�^�h�[�m�\�Z�q�Z���� �i�h�r�m�d��

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

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

�l�_�d�k�l�m��. 

47*. M. AlAraimi, P. Lutsyk, M. Shandura, Yu. Piryatinski, A. Verbitsky, A. 

Rozhin, Dioxaborine cyanine dye as a photoluminescence probe for sensing of 

carbon nanotubes, International conference 2016 EMRS Spring Meeting on May 2 

�± 6, 2016, Lille, France, X.PII.28 (Symposum X). (E-abstracts: 

https://www.european-mrs.com/2016-spring-symposium-x-european-materials-

research-society#collapse82). (�H�k�h�[�b�k�l�b�c�� �\�g�_�k�h�d�� �a�^�h�[�m�\�Z�q�Z���� �i�h�r�m�d�� �l�Z�� �Z�g�Z�e�•�a��

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

�g�Z�i�b�k�Z�g�g�•���l�_�d�k�l�m��. 

48*. P.Lutsyk, J.Briks, A.Naumenko, S.Vasylyuk, Yu.Piryatinski, O.Kachkovsky, 

A.Verbitsky, Unsymmetrical Relaxation Paths of the Excited States in 

Polymethine Dyes Detected by Time Resolved Fluorescence: Polymethinic and 

Polyenic Forms, Abstract book of XXIII Galyna Puchkovska International School-

Seminar "Spectroscopy of Molecules and Crystals", Kyiv, Sept.20-25, 2017

 p.129. (�H�k�h�[�b�k�l�b�c�� �\�g�_�k�h�d�� �a�^�h�[�m�\�Z�q�Z���� �i�h�r�m�d�� �l�Z�� �Z�g�Z�e�•�a�� �e�•�l�_�j�Z�l�m�j�g�b�o�� �^�Z�g�b�o�� 

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

49*. Yu.P.Piryatinski, A.B.Verbitsky, P.M.Lutsyk, A.G.Rozhin, O.D.Kachkovskii, 

Ya.O.Prostota, V.S.Brovarets, V.V.Kurdyukov Nature Of Higher Excited States In 

Pyrylocyanines Studied By Photoluminescence Spectroscopy, Book of abs. of 

�����W�K�� �,�Q�W���� �&�R�Q�I���� �©�(�O�H�F�W�U�R�Q�L�F�� �3�U�R�F�H�V�V�H�V�� �L�Q�� �2�U�J�D�Q�L�F�� �D�Q�G�� �,�Q�R�U�J�D�Q�L�F�� �0�D�W�H�U�L�D�O�V�ª��

(ICEPOM-11). �± Ivano-Frankivsk (Ukraine). �± May 2018., P.188. (�H�k�h�[�b�k�l�b�c��



29 
 

�\�g�_�k�h�d�� �a�^�h�[�m�\�Z�q�Z���� �i�h�r�m�d�� �l�Z�� �Z�g�Z�e�•�a�� �e�•�l�_�j�Z�l�m�j�g�b�o�� �^�Z�g�b�o�� �h�[�j�h�[�d�Z�� �l�Z��

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

50*. M.P.Gorishnyi, A.B.Verbitsky, Structural, optical and photovoltaic properties 

of tetracene heterostructures with TCNQ and fullerene Book of abs. of 11th 

�,�Q�W���� �&�R�Q�I���� �©�(�O�H�F�W�U�R�Q�L�F�� �3�U�R�F�H�V�V�H�V���L�Q�� �2�U�J�D�Q�L�F�� �D�Q�G�� �,�Q�R�U�J�D�Q�L�F�� �0�D�W�H�U�L�D�O�V�ª�� ���,�&�(�3�2�0-

11). �± Ivano-Frankivsk (Ukraine). �± May 2018., P.70. ). (�H�k�h�[�b�k�l�b�c�� �\�g�_�k�h�d��

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

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

�m�q�Z�k�l�v���m���g�Z�i�b�k�Z�g�g�•���l�_�d�k�l�m���� 

  



30 
 

 

 

�A�F�1�K�L�� 

�:�g�h�l�Z�p�•�y .....................................................................................................................2 

�K�i�b�k�h�d���h�i�m�[�e�•�d�h�\�Z�g�b�o���g�Z�m�d�h�\�b�o���i�j�Z�p�v������������������������������������������������������������������������������������������������������������������������������������������ 

�I�_�j�_�e�•�d���m�f�h�\�g�b�o���i�h�a�g�Z�q�_�g�v ...............................................................................33-34 

�<�k�l�m�i������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������...35 

 

�J�h�a�^�•�e���������F�_�o�Z�g�•�a�f���\�a�Z�}�f�h�^�•�€���\�m�]�e�_�p�_�\�b�o���g�Z�g�h�l�j�m�[�h�d���a���h�j�]�Z�g�•�q�g�b�f�b��

�[�Z�j�\�g�b�d�Z�f�b�����\�b�\�q�_�g�g�y���Z�]�j�_�]�Z�p�•�€���i�h�e�•�f�_�l�b�g�h�\�h�]�h���[�Z�j�\�g�b�d�Z���g�Z���i�h�\�_�j�o�g�•��

�g�Z�g�h�l�j�m�[�h�d...............................................................................................................45 

�I�Z�j�Z�]�j�Z�n�������������<�b�a�g�Z�q�_�g�g�y �f�_�o�Z�g�•�a�f�m���\�a�Z�}�f�h�^�•�€���\�m�]�e�_�p�_�\�b�o���g�Z�g�h�l�j�m�[�h�d���a��

�h�j�]�Z�g�•�q�g�b�f�b���[�Z�j�\�g�b�d�Z�f�b���a�Z���^�h�i�h�f�h�]�h�x���e�x�f�•�g�_�k�p�_�g�l�g�h�€���k�i�_�d�l�j�h�k�d�h�i�•�€���«�����«45 

�I�Z�j�Z�]�j�Z�n�������������<�b�\�q�_�g�g�y���Z�]�j�_�]�Z�p�•�€���p�•�Z�g�•�g�h�\�h�]�h���[�Z�j�\�g�b�d�Z���± �Z�k�l�j�Z�n�e�h�d�k�•�g�m���g�Z��

�\�m�]�e�_�p�_�\�b�o���g�Z�g�h�l�j�m�[�d�Z�o���a���Z�g�•�h�g�g�h�x���i�h�\�_�j�o�g�_�\�h-�Z�d�l�b�\�g�h�x���j�_�q�h�\�b�g�h�x ..........51 

�I�Z�j�Z�]�j�Z�n 1.3. �K�Z�f�h�\�i�h�j�y�^�d�m�\�Z�g�g�y���^�\�h�o���l�b�i�•�\���--�Z�]�j�_�]�Z�l�•�\�����p�b�k-�•�a�h�f�_�j�•�\���[�Z�j�\�g�b�d�Z��

�g�Z���i�h�\�_�j�o�g�•���\�m�]�e�_�p�_�\�h�€���g�Z�g�h�l�j�m�[�d�b���l�Z���\�•�e�v�g�b�o���Z�]�j�_�]�Z�l�•�\ �l�j�Z�g�k-�•�a�h�f�_�j�•�\���[�Z�j�\�g�b�d�Z��

...................................................................................................................................57 

�<�b�k�g�h�\�d�b���^�h���J�h�a�^�•�e�m������������������������...................................................................................63 

 

�J�h�a�^�•�e���������>�h�k�e�•�^�`�_�g�g�y���i�j�h�p�_�k�•�\���\�a�Z�}�f�h�^�•�€���^�•�h�d�k�Z�[�h�j�b�g�h�\�b�o���[�Z�j�\�g�b�d�•�\���a��

�Z�e�•�n�Z�l�b�q�g�b�f�b���Z�f�•�g�Z�f�b���l�Z���\�m�]�e�_�p�_�\�b�f�b���g�Z�g�h�l�j�m�[�d�Z�f�b ......................................65 

�<�b�k�g�h�\�d�b���^�h���J�h�a�^�•�e�m����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������74 

 

�J�h�a�^�•�e���������>�h�k�e�•�^�`�_�g�g�y���k�l�j�m�d�l�m�j�b�����h�i�l�b�q�g�b�o���l�Z���n�h�l�h�\�h�e�v�l�Z�€�q�g�b�o���\�e�Z�k�l�b�\�h�k�l�_�c��

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

�n�m�e�_�j�_�g�m��C60 ............................................................................................................75 

�I�Z�j�Z�]�j�Z�n�������������K�l�j�m�d�l�m�j�Z�����h�i�l�b�q�g�L���L���n�h�l�h�\�h�e�v�l�Z�€�q�g�L �\�e�Z�k�l�b�\�h�k�l�L���l�h�g�d�b�o���i�e�L�\�h�d��

�l�_�l�j�Z�p�_�g�m .................................................................................................................75 



31 
 

�I�Z�j�Z�]�j�Z�n�������������>�h�g�h�j�g�h-�Z�d�p�_�i�l�h�j�g�Z���\�a�Z�}�f�h�^�L�y���\���i�e�L�\�d�Z�o���]�_�l�_�j�h�k�l�j�m�d�l�m�j���L��

�d�h�f�i�h�a�b�l�L�\���l�_�l�j�Z�p�_�g�m �L�a���l�_�l�j�Z�p�L�Z�g�o�L�g�h�^�b�f�_�l�Z�g�h�f ..............................................77 

�I�Z�j�Z�]�j�Z�n�������������<�i�e�b�\���d�b�k�g�x���g�Z���n�h�l�h�_�e�_�d�l�j�b�q�g�•���\�e�Z�k�l�b�\�h�k�l�•���[�Z�j�¶�}�j�g�b�o���k�l�j�m�d�l�m�j��

�g�Z���h�k�g�h�\�•���i�_�g�l�Z�p�_�g�m ................................................................................................80 

�I�Z�j�Z�]�j�Z�n�������������H�i�l�b�q�g�•���l�Z���n�h�l�h�_�e�_�d�l�j�b�q�g�•���\�e�Z�k�l�b�\�h�k�l�•���i�e�•�\�d�h�\�b�o���]�_�l�_�j�h�k�l�j�m�d�l�m�j��

�l�_�l�j�Z�l�•�h�l�_�l�j�Z�p�_�g�m���l�Z���n�m�e�_�j�_�g�m�����7�7�7/C60) ............................................................82 

�I�Z�j�Z�]�j�Z�n 3.5. �N�h�l�h�_�e�_�d�l�j�b�q�g�•���\�e�Z�k�l�b�\�h�k�l�•���d�h�f�i�h�a�b�l�•�\���l�Z���]�_�l�_�j�h�k�l�j�m�d�l�m�j���K60 �a��

�j�•�^�d�b�f�b���d�j�b�k�l�Z�e�Z�f�b���l�Z���i�h�e�•�f�_�j�Z�f�b��......................................................................83 

�<�b�k�g�h�\�d�b���^�h���J�h�a�^�•�e�m����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������89 

 

�J�h�a�^�•�e���������H�i�l�b�q�g�•���l�Z���n�h�l�h�_�e�_�d�l�j�b�q�g�•���\�e�Z�k�l�b�\�h�k�l�•���i�e�•�\�h�d���l�Z���i�h�e�•�f�_�j�g�b�o��

�d�h�f�i�h�a�b�l�•�\���g�Z �h�k�g�h�\�•���i�h�e�•�f�_�l�b�g�h�\�b�o���[�Z�j�\�g�b�d�•�\�����n�h�l�h�q�m�l�e�b�\�b�o���m���[�e�b�`�g�•�c���1�Q-

�h�[�e�Z�k�l�• ......................................................................................................................90 

�<�b�k�g�h�\�d�b���^�h���J�h�a�^�•�e�m����������������������������������������������������������������...............................................................108 

 

�J�h�a�^�•�e���������K�l�\�h�j�_�g�g�y���i�h�e�•�f�_�j�g�b�o���d�h�f�i�h�a�b�l�•�\, �n�h�l�h�q�m�l�e�b�\�b�o���m���r�b�j�h�d�•�c��

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

�k�i�h�e�m�d�b�����Z���l�Z�d�h�`���_�e�_�d�l�j�h�e�x�f�•�g�_�k�p�_�g�l�g�b�o���d�h�f�i�h�a�b�l�g�b�o���k�l�j�m�d�l�m�j��

�f�_�j�h�p�•�Z�g�•�g�h�\�h�]�h���[�Z�j�\�g�b�d�Z .....................................................................................109 

�I�Z�j�Z�]�j�Z�n�������������<�i�e�b�\���Z�]�j�_�]�Z�p�•�€���g�Z���h�i�l�b�q�g�•���•���n�h�l�h�\�h�e�v�l�Z�€�q�g�•���\�e�Z�k�l�b�\�h�k�l�•��

�f�_�l�Z�e�h�h�j�]�Z�g�•�q�g�h�€���k�i�h�e�m�d�b .....................................................................................109 

�I�Z�j�Z�]�j�Z�n�������������N�h�l�h�\�h�e�v�l�Z�€�q�g�•���_�n�_�d�l�b���\���d�h�f�i�h�a�b�l�Z�o���d�k�_�j�h�]�_�e�x v2o5 �a��

�i�h�e�•�f�_�l�b�g�h�\�b�f�b���[�Z�j�\�g�b�d�Z�f�b ................................................................................112 

�I�Z�j�Z�]�j�Z�n�������������N�h�l�h- �l�Z���_�e�_�d�l�j�h�e�x�f�•�g�_�k�p�_�g�p�•�y���f�_�j�h�p�•�Z�g�•�g�h�\�h�]�h���[�Z�j�\�g�b�d�Z���F-440 

...................................................................................................................................116 

�<�b�k�g�h�\�d�b���^�h���J�h�a�^�•�e�m����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������122 

 

�J�h�a�^�•�e���������R�e�y�o�b���j�_�e�Z�d�k�Z�p�•�€���a�[�m�^�`�_�g�b�o���k�l�Z�g�•�\���m���i�h�e�•�f�_�l�b�g�h�\�b�o���[�Z�j�\�g�b�d�Z�o����

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

�a�[�m�^�`�_�g�b�o���k�l�Z�g�•�\���i�h�e�•�f�_�l�b�g�h�\�b�o���[�Z�j�\�g�b�d�•�\���d�Z�l�•�h�g�g�h�]�h���l�b�i�m ...........................123 



32 
 

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

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

�l�Z���i�h�e�•�}�g�h�\�•���n�h�j�f�b����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������123 

�I�Z�j�Z�]�j�Z�n���������� �I�h�j�m�r�_�g�g�y���i�j�Z�\�b�e�Z���D�Z�r�•���m���\�b�s�b�o���a�[�m�^�`�_�g�b�o���k�l�Z�g�Z�o����-

�i�•�j�b�e�h�p�•�Z�g�•�g�•�\ .........................................................................................................136 

�I�Z�j�Z�]�j�Z�n���������� �<�i�e�b�\���l�_�j�f�•�g�Z�e�v�g�h�€���]�j�m�i�b���g�Z���l�_�f�i�_�j�Z�l�m�j�g�h-�a�Z�e�_�`�g�m���j�_�e�Z�d�k�Z�p�•�x��

�a�[�m�^�`�_�g�h�]�h���k�l�Z�g�m���\���d�Z�l�•�h�g�g�b�o���[�Z�j�\�g�b�d�Z�o ............................................................143 

�<�b�k�g�h�\�d�b���^�h���J�h�a�^�•�e�m��6............................................................................................152 

 

�A�Z�]�Z�e�v�g�•���\�b�k�g�h�\�d�b�������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������� 

 

�K�i�b�k�h�d���p�b�l�h�\�Z�g�b�o���e�•�l�_�j�Z�l�m�j�g�b�o���^�`�_�j�_�e������������������������������������������������������������������������������������������������������������������������������������ 

 

�>�h�^�Z�l�h�d��A - �K�i�b�k�h�d�� �h�i�m�[�e�•�d�h�\�Z�g�b�o�� �i�j�Z�p�v�� �\�� �i�_�j�•�h�^�b�q�g�b�o�� �\�b�^�Z�g�g�y�o����

�i�j�h�•�g�^�_�d�k�h�\�Z�g�b�o�� �m�� �[�Z�a�Z�o�� �^�Z�g�b�o��Scopus �l�Z���Z�[�h��Web of S�F�L�H�Q�F�H���� �\�•�^�g�_�k�_�g�b�o�� �^�h��

�i�_�j�r�h�]�h�� �•�� �^�j�m�]�h�]�h�� �d�\�Z�j�l�b�e�•�\�� ��Q���� �•��Q������ �\�•�^�i�h�\�•�^�g�h�� �^�h�� �d�e�Z�k�b�n�•�d�Z�p�•�€��Scimago 

Journal and Country R�D�Q�N���Z�[�h��Journal Citation R�H�S�R�U�W�V���a�Z���l�_�f�h�x���^�b�k�_�j�l�Z�p�•�€.......170 

 

�>�h�^�Z�l�h�d�� �; - �K�m�d�m�i�g�•�k�l�v�� �k�l�Z�l�_�c�� �m�� �g�Z�m�d�h�\�b�o�� �i�_�j�•�h�^�b�q�g�b�o�� �\�b�^�Z�g�g�y�o�� �M�d�j�Z�€�g�b�� �l�Z��

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

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

�^�h�i�h�\�•�^�•��.............................................................................................................173-440 

 

  



33 
 

 

�I�_�j�_�e�•�d���m�f�h�\�g�b�o���k�d�h�j�h�q�_�g�v�� 

 

CNT �± �\�m�]�e�_�p�_�\�Z���g�Z�g�h�l�j�m�[�d�Z�� 

�N�E����PL) �± �n�h�l�h�e�x�f�•�g�_�k�p�_�g�p�•�y�����n�h�l�h�e�x�f�•�g�_�k�p�_�g�l�g�b�c�� 

�?�E����EL) �± �_�e�_�d�l�j�h�e�x�f�•�g�_�k�p�_�g�p�•�y�� 

1D �± �h�^�g�h�\�b�f�•�j�g�b�c���� 

3D �± �l�j�b�\�b�f�•�j�g�b�c�� 

�I�:�J���± �i�h�\�_�j�o�g�_�\�h-�Z�d�l�b�\�g�Z���j�_�q�h�\�b�g�Z�� 

RET �± �j�_�a�h�g�Z�g�k�g�b�c���i�_�j�_�g�h�k���_�g�_�j�]�•�€�� 

TRES �k�i�_�d�l�j�b���± �q�Z�k�h�j�h�a�^�•�e�_�g�•���k�i�_�d�l�j�b���\�b�i�j�h�f�•�g�x�\�Z�g�g�y�� 

SWNT �± �h�^�g�h�k�l�•�g�g�•���\�m�]�e�_�p�_�\�•���g�Z�g�h�l�j�m�[�d�b�� 

ppm �± �q�Z�k�l�h�d���g�Z���f�•�e�v�c�h�g�� 

S �± �]�j�Z�g�b�q�g�Z���q�m�l�e�b�\�•�k�l�v���^�_�l�_�d�l�m�\�Z�g�g�y�� 

LOD �± �f�_�`�Z���\�b�y�\�e�_�g�g�y ���^�_�l�_�d�l�m�\�Z�g�g�y���� 

TRPL �± �j�h�a�^�•�e�_�g�Z���m���q�Z�k�•���n�h�l�h�e�x�f�•�g�_�k�p�_�g�p�•�y�� 

IRF �± �Z�i�Z�j�Z�l�g�Z���n�m�g�d�p�•�y���i�j�b�e�Z�^�m�� 

�K�L����charge transfer) -  �i�_�j�_�g�h�k���a�Z�j�y�^�m�� 

�K�L���k�l�Z�g���± �k�l�Z�g���a���i�_�j�_�g�h�k�h�f���a�Z�j�y�^�m�� 

�K�L���k�f�m�]�Z���± �k�f�m�]�Z�����s�h���\�•�^�i�h�\�•�^�Z�}���k�l�Z�g�m���a���i�_�j�_�g�h�k�h�f���a�Z�j�y�^�m�� 

PLE �d�Z�j�l�Z���± �l�j�b�\�b�f�•�j�g�Z���d�Z�j�l�Z���a�[�m�^�`�_�g�g�y-�e�x�f�•�g�_�k�p�_�g�p�•�€�� 

LC �± �j�•�^�d�b�c���d�j�b�k�l�Z�e�� 

�K�K����SS) �± �k�_�g�^�\�•�q-�k�l�j�m�d�l�m�j�b�� 

�=�K����HS) �± �]�_�l�_�j�h�k�l�j�m�d�l�m�j�b�� 

�I�F�;���± �i�h�e�•�f�_�l�b�g�h�\�b�c���[�Z�j�\�g�b�d�� 

�I�<�K���± �i�h�e�•�\�•�g�•�e�h�\�b�c���k�i�b�j�l�� 



34 
 

Tc �± �l�_�l�j�Z�p�_�g�� 

Pn �± �i�_�g�l�Z�p�_�g�� 

PVK �± �i�h�e�•�\�•�g�•�e�d�Z�j�[�Z�a�h�e�� 

PEPC �± �i�h�e�•�_�i�h�d�k�•�i�j�h�i�•�e�d�Z�j�[�Z�a�h�e�� 

PCBM �± �n�_�g�•�e���K61 �f�_�l�b�e�h�\�b�c���_�n�•�j���f�Z�k�e�y�g�h�€���d�b�k�e�h�l�b����Phenyl-C61-butyric acid 
methyl ester�������i�h�o�•�^�g�Z���n�m�e�_�j�_�g�m���K60 �a���i�•�^�\�b�s�_�g�h�x���j�h�a�q�b�g�g�•�k�l�x�� 

PTPTB �± �i�h�e�•��N-�^�h�^�_�p�b�e-2,5-�[�•�k�����•�l�•�_�g�•�e��-�i�•�j�j�h�e-(2,1,3-�[�_�g�a�h�l�•�Z�^�•�Z�a�h�e������poly N-
dodecyl-2,5-�E�L�V�����•�W�K�L�H�Q�\�O��-pyrrole- (2,1,3-benzothiadiazole)), �\�m�a�v�d�h�s�•�e�b�g�g�b�c��
�i�h�e�•�f�_�j�� 

BIC �± �[�_�g�a�h�•�g�^�h�d�Z�j�[�h�p�•�Z�g�•�g��  

PyC �± �i�•�j�b�e�h�p�•�Z�g�•�g�� 

�L�=����TG) �± �l�_�j�f�•�g�Z�e�v�g�Z��(�d�•�g�p�_�\�Z�����]�j�m�i�Z�� 

�F�H���± �f�h�e�_�d�m�e�y�j�g�Z���h�j�[�•�l�Z�e�v�� 

�G�H�F�H���± �g�Z�c�\�b�s�Z���a�Z�c�g�y�l�Z���f�h�e�_�d�m�e�y�j�g�Z���h�j�[�•�l�Z�e�v�� 

LUMO �± �g�Z�c�g�b�`�q�Z���g�_�a�Z�c�g�y�l�Z���f�h�e�_�d�m�e�y�j�g�Z���h�j�[�•�l�Z�e�v��  
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�<�k�l�m�i�� 

�:�d�l�m�Z�e�v�g�•�k�l�v���l�_�f�b�� 

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

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

�m�g�•�d�Z�e�v�g�b�f�b���n�h�l�h�_�e�_�d�l�j�h�g�g�b�f�b���\�e�Z�k�l�b�\�h�k�l�y�f�b�����P�_���\�b�f�Z�]�Z�}���\�b�a�g�Z�q�_�g�g�y���[�Z�a�h�\�b�o��

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

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

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

�l�Z�� �^�_�r�_�\�•�c�� �l�_�o�g�h�e�h�]�•�€�� �g�Z�g�_�k�_�g�g�y�� �g�Z�� �]�g�m�q�d�•�� �i�•�^�d�e�Z�^�d�b�� �[�_�a�� �g�_�h�[�o�•�^�g�h�k�l�•��

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

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

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

�l�_�o�g�h�e�h�]�•�c���� �Z�� �k�Z�f�_�� �m�� �\�b�j�h�[�g�b�p�l�\�• �j�Z�^�•�h�q�Z�k�l�h�l�g�b�o�� �f�•�l�h�d���� �_�e�_�d�l�j�h�g�g�b�o�� �r�l�j�b�o-

�d�h�^�•�\���� �h�j�]�Z�g�•�q�g�b�o�� �i�h�e�v�h�\�b�o�� �l�j�Z�g�a�b�k�l�h�j�•�\�� ���2�)�(�7������ �h�j�]�Z�g�•�q�g�b�o�� �k�\�•�l�e�h�^�•�h�^�•�\��

(OLED�����l�Z���^�b�k�i�e�_�€�\���g�Z���€�o���h�k�g�h�\�•�����a�¶�y�\�b�e�b�k�v���i�_�j�r�•���d�h�f�_�j�p�•�c�g�•���a�j�Z�a�d�b���h�j�]�Z�g�•�q�g�b�o��

�k�h�g�y�q�g�b�o�� �_�e�_�f�_�g�l�•�\���� �1�� �h�[�e�Z�k�l�v�� �i�j�Z�d�l�b�q�g�h�]�h�� �a�Z�k�l�h�k�m�\�Z�g�g�y�� �h�j�]�Z�g�•�q�g�b�o 

�f�h�e�_�d�m�e�y�j�g�b�o�� �f�Z�l�_�j�•�Z�e�•�\���� �a�h�d�j�_�f�Z���� �d�h�f�i�h�a�b�l�g�b�o���� �j�h�a�r�b�j�x�}�l�v�k�y�� �a�� �d�h�`�g�b�f��

�j�h�d�h�f��  

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

�d�h�f�i�h�a�b�l�•�\���}���Z�d�l�m�Z�e�v�g�h�x���y�d���a���g�Z�m�d�h�\�h�€���l�h�q�d�b���a�h�j�m�����l�Z�d���•���a���l�h�q�d�b���a�h�j�m���i�h�l�_�g�p�•�Z�e�m��

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

�M �^�b�k�_�j�l�Z�p�•�€�� �j�h�a�\�¶�y�a�Z�g�h�� �g�Z�m�d�h�\�m�� �i�j�h�[�e�_�f�m�� �\�b�a�g�Z�q�_�g�g�y�� �n�•�a�b�q�g�b�o�� �a�Z�k�Z�^ 

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

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

�€�o���i�j�Z�d�l�b�q�g�h�]�h���a�Z�k�l�h�k�m�\�Z�g�g�y���m���j�•�a�g�b�o���]�Z�e�m�a�y�o���g�Z�m�d�b���l�Z���l�_�o�g�•�d�b���� �m �i�_�j�r�m���q�_�j�]�m����

�m���f�h�e�_�d�m�e�y�j�g�•�c�� �n�h�l�h�_�e�_�d�l�j�h�g�•�p�•���� �m�� �j�h�e�• �k�_�g�k�h�j�•�\�� �l�Z�� �n�h�l�h�q�m�l�e�b�\�b�o���r�Z�j�•�\�� �l�h�s�h����

�>�e�y�� �j�h�a�\�¶�y�a�Z�g�g�y�� �^�Z�g�h�€�� �i�j�h�[�e�_�f�b�� �g�_�h�[�o�•�^�g�h�� �[�m�e�h�� �‰�j�m�g�l�h�\�g�h�� �^�h�k�e�•�^�b�l�b��

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

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

�_�e�_�d�l�j�h�g�•�p�•���� 
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�>�b�k�_�j�l�Z�p�•�}�x�� �}���k�m�d�m�i�g�•�k�l�v�� �g�Z�m�d�h�\�b�o�� �k�l�Z�l�_�c�� �a�Z�� �g�Z�m�d�h�\�h�x�� �l�_�f�Z�l�b�d�h�x���•�a��

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

�i�•�^�o�h�^�•�\�� �s�h�^�h�� �€�€�� �\�b�j�•�r�_�g�g�y���� �]�h�e�h�\�g�b�f�� �q�b�g�h�f���� �j�•�a�g�h�f�Z�g�•�l�g�b�f�b��

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

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

�F�_�l�h�x�� �j�h�[�h�l�b���[�m�e�h�� �\�b�a�g�Z�q�_�g�g�y �n�•�a�b�q�g�b�o�� �f�_�o�Z�g�•�a�f�•�\�� �l�Z�� �^�_�l�Z�e�v�g�_��

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

�h�k�g�h�\�•���r�b�j�h�d�h�]�h���d�e�Z�k�m���h�j�]�Z�g�•�q�g�b�o���k�i�h�e�m�d�� 

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

- �\�b�a�g�Z�q�_�g�g�y �f�_�o�Z�g�•�a�f�m�� �\�a�Z�}�f�h�^�•�€�� �\�m�]�e�_�p�_�\�b�o�� �g�Z�g�h�l�j�m�[�h�d�� �a�� �h�j�]�Z�g�•�q�g�b�f�b��

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

�Z�]�j�_�]�Z�p�•�€���[�Z�j�\�g�b�d�•�\���g�Z���\�m�]�e�_�p�_�\�b�o���g�Z�g�h�l�j�m�[�d�Z�o�� 

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

�\�m�]�e�_�p�_�\�b�o �g�Z�g�h�l�j�m�[�h�d;  

 - �^�h�k�e�•�^�`�_�g�g�y�� �i�j�h�p�_�k�•�\�� �\�a�Z�}�f�h�^�•�€�� �^�•�h�d�k�Z�[�h�j�b�g�h�\�b�o �[�Z�j�\�g�b�d�•�\ �a��

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

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

 - �^�h�k�e�•�^�`�_�g�g�y�� �k�l�j�m�d�l�m�j�b���� �h�i�l�b�q�g�b�o�� �l�Z�� �n�h�l�h�\�h�e�v�l�Z�€�q�g�b�o�� �\�e�Z�k�l�b�\�h�k�l�_�c��

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

 - �\�b�\�q�_�g�g�y�� �h�i�l�b�q�g�b�o�� �• �n�h�l�h�_�e�_�d�l�j�b�q�g�b�o�� �\�e�Z�k�l�b�\�h�k�l�•�� �i�e�•�\�h�d�� �l�Z��

�i�h�e�•�f�_�j�g�b�o�� �d�h�f�i�h�a�b�l�•�\�� �g�Z�� �h�k�g�h�\�•�� �i�h�e�•�f�_�l�b�g�h�\�b�o�� �[�Z�j�\�g�b�d�•�\, �n�h�l�h�q�m�l�e�b�\�b�o�� �m��

�[�e�b�a�v�d�•�c���1�Q���h�[�e�Z�k�l�•�� 

 - �^�h�k�e�•�^�`�_�g�g�y�� �i�j�h�p�_�k�•�\�� �Z�]�j�_�]�Z�p�•�€�� �m�� �d�h�f�i�h�a�b�l�Z�o�� �g�Z�� �h�k�g�h�\�•�� �1�L-�f�•�k�l�d�h�€��

�f�_�l�Z�e�h�h�j�]�Z�g�•�q�g�h�€�� �k�i�h�e�m�d�b�� �l�Z�� �h�p�•�g�d�Z�� �i�_�j�k�i�_�d�l�b�\�� �\�b�d�h�j�b�k�l�Z�g�g�y�� �p�•�}�€�� �k�i�h�e�m�d�b�� �m��

�n�h�l�h�q�m�l�e�b�\�b�o���r�Z�j�Z�o�� 

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

�\�Z�g�Z�^�•�x��V2O5 �a���i�h�e�•�f�_�l�b�g�h�\�b�f�b���[�Z�j�\�g�b�d�Z�f�b�� 

 - �^�h�k�e�•�^�`�_�g�g�y�� �n�h�l�h- �l�Z�� �_�e�_�d�l�j�h�e�x�f�•�g�_�k�p�_�g�p�•�€�� �i�e�•�\�h�d�� �• �d�h�f�i�h�a�b�l�•�\��

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

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

�l�Z���i�h�e�•�}�g�h�\�•���n�h�j�f�b; 

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

�i�h�e�•�f�_�l�b�g�h�\�b�o���[�Z�j�\�g�b�d�•�\���± �i�h�j�m�r�_�g�g�y���i�j�Z�\�b�e�Z���D�Z�r�•; 

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

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

�A�\�¶�y�a�h�d���j�h�[�h�l�b���a���g�Z�m�d�h�\�b�f�b���i�j�h�]�j�Z�f�Z�f�b�����i�e�Z�g�Z�f�b 

�>�h�k�e�•�^�`�_�g�g�y�� �\�b�d�h�g�m�\�Z�e�b�k�y�� �m�� �<�•�^�^�•�e�•�� �f�h�e�_�d�m�e�y�j�g�h�€�� �n�h�l�h�_�e�_�d�l�j�h�g�•�d�b�� �1�g�k�l�b�l�m�l�m��

�n�•�a�b�d�b���G�Z�p�•�h�g�Z�e�v�g�h�€���:�d�Z�^�_�f�•�€���g�Z�m�d���M�d�j�Z�€�g�b���m���j�Z�f�d�Z�o���[�x�^�`�_�l�g�b�o���l�Z���]�j�Z�g�l�h�\�b�o��

�l�_�f���\�•�^�^�•�e�m���� 
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�f�h�e�_�d�m�e�y�j�g�b�o�� �k�b�k�l�_�f�Z�o�� �g�Z�� �h�k�g�h�\�•�� �j�•�^�b�g�g�b�o�� �d�j�b�k�l�Z�e�•�\�´ (�‹�� �^�_�j�`���� �j�_�}�k�l�j����

0101U000354). 

�������������<����������(2004-2006) �³�>�h�k�e�•�^�`�_�g�g�y�� �n�h�l�h�_�e�_�d�l�j�h�g�g�b�o�� �\�e�Z�k�l�b�\�h�k�l�_�c��

�g�Z�g�h�d�e�Z�k�l�_�j�g�b�o�� �k�l�j�m�d�l�m�j�� �g�Z�� �h�k�g�h�\�•�� �h�j�]�Z�g�•�q�g�b�o�� �d�h�f�i�h�a�b�l�g�b�o�� �f�Z�l�_�j�•�Z�e�•�\�´��(�‹  

�^�_�j�`�����j�_�}�k�l�j����0104U000683). 

1.4.1 �<�������� (2007-�������������©�N�h�l�h�_�e�_�d�l�j�h�g�•�d�Z���[�Z�]�Z�l�h�n�m�g�d�p�•�h�g�Z�e�v�g�b�o���f�h�e�_�d�m�e�y�j�g�b�o��

�g�Z�g�h�d�h�f�i�h�a�b�l�•�\�ª (�‹���^�_�j�`�����j�_�}�k�l�j�� 0107U002347). 

���������� �<���������� ����������-������������ �©�>�h�k�e�•�^�`�_�g�g�y�� �_�d�k�b�l�h�g�g�b�o�� �l�Z�� �_�e�_�d�l�j�h�g�g�b�o�� �i�j�h�p�_�k�•�\�� �\��

�f�h�e�_�d�m�e�y�j�g�b�o���d�h�f�i�h�a�b�l�Z�o�ª�����‹���^�_�j�`�����j�_�}�k�l�������������8���������������� 

���������� �</186 (2017-������������ �©�J�h�a�j�h�[�d�Z�� �l�Z�� �^�h�k�e�•�^�`�_�g�g�y�� �g�h�\�b�o�� �[�Z�]�Z�l�h�n�m�g�d�p�•�h�g�Z�e�v�g�b�o��

�f�Z�l�_�j�•�Z�e�•�\���g�Z���h�k�g�h�\�•���g�b�a�v�d�h�\�b�f�•�j�g�b�o���f�h�e�_�d�m�e�y�j�g�b�o���d�j�b�k�l�Z�e�•�\�ª�����‹���^�_�j�`�����j�_�}�k�l����

0117U002610).  

�������� �<������������(2022-2026) �©�<�b�\�q�_�g�g�y�� �n�h�l�h�_�e�_�d�l�j�h�g�g�b�o�� �\�e�Z�k�l�b�\�h�k�l�_�c�� �g�h�\�b�o��

�g�Z�g�h�d�h�f�i�h�a�b�l�g�b�o���f�Z�l�_�j�•�Z�e�•�\���i�_�j�k�i�_�d�l�b�\�g�b�o���^�e�y���f�h�e�_�d�m�e�y�j�g�h�€���_�e�_�d�l�j�h�g�•�d�b�ª, ���‹��

�^�_�j�`�����j�_�}�k�l�������������8������������).  

�=�j�Z�g�l��INTAS 00-506 (2001-2003) �³�=�g�m�q�d�•���k�h�g�y�q�g�•���_�e�_�f�_�g�l�b���g�Z���h�k�g�h�\�•���k�i�j�y�`�_�g�b�o��

�i�h�e�•�f�_�j�•�\���i�h�e�•�h�d�k�h�f�_�l�Z�e�Z�l�•�\�´. 
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�G�Z�m�d�h�\�b�c���]�j�Z�g�l���G�:�L�H��������������������������-�������������©�G�h�\�•���f�Z�d�j�h�f�h�e�_�d�m�e�y�j�g�•���d�h�f�i�e�_�d�k�b��

�^�e�y���r�\�b�^�d�h�]�h���^�_�l�_�d�l�m�\�Z�g�g�y���g�_�[�_�a�i�_�q�g�b�o���j�_�q�h�\�b�g�ª�����6�I�3�������������������0�D�F�U�R�V�H�Q�V�R�U�������M��

�j�Z�f�d�Z�o���I�j�h�]�j�Z�f�b���G�:�L�H���©�G�Z�m�d�Z���a�Z�j�Z�^�b���f�b�j�m���l�Z���[�_�a�i�_�d�b�ª��  

�M���l�_�f�Z�o�������������<��������, 1.4 �<������������SfP 984189 �a�^�h�[�m�\�Z�q���}���d�_�j�•�\�g�b�d�h�f�����m���•�g�r�b�o��

�± �\�•�^�i�h�\�^�Z�e�v�g�b�f���\�b�d�h�g�Z�\�p�_�f�� 

�H�[�¶�}�d�l���^�h�k�e�•�^�`�_�g�v�� 

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

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

�l�Z�d�h�`���n�h�l�h�_�e�_�d�l�j�h�g�g�•���i�j�h�p�_�k�b���m���l�Z�d�b�o���k�b�k�l�_�f�Z�o�� 

�I�j�_�^�f�_�l���^�h�k�e�•�^�`�_�g�v�� 

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

�a�]�Z�^�Z�g�b�o�� �\�b�s�_�� �l�b�i�•�\���� �N�•�a�b�q�g�•�� �y�\�b�s�Z�� �l�Z�� �i�j�h�p�_�k�b���� �s�h�� �\�i�e�b�\�Z�x�l�v�� �g�Z�� �\�e�Z�k�l�b�\�h�k�l�•��

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

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

�l�h�q�d�b�� �a�h�j�m�� �€�o�� �i�j�Z�d�l�b�q�g�h�]�h�� �\�b�d�h�j�b�k�l�Z�g�g�y�� �l�Z�� �\�b�a�g�Z�q�_�g�g�y�� �i�_�j�k�i�_�d�l�b�\�g�h�k�l�•��

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

�F�_�l�h�^�b���^�h�k�e�•�^�`�_�g�v�� 

�H�k�g�h�\�g�b�f�b�� �^�e�y�� �^�Z�g�h�€�� �j�h�[�h�l�b�� �}�� �_�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�•�� �f�_�l�h�^�b�� �^�h�k�e�•�^�`�_�g�g�y��

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

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

�k�l�j�m�d�l�m�j�b�� �l�Z�� �k�l�Z�g�^�Z�j�l�g�•�� �f�_�l�h�^�b�d�b�� �d�h�f�i�¶�x�l�_�j�g�h�€�� �h�[�j�h�[�d�b�� �h�l�j�b�f�Z�g�b�o��

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

�A�h�d�j�_�f�Z�����\�b�d�h�j�b�k�l�Z�g�h���g�Z�k�l�m�i�g�•���_�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�•���f�_�l�h�^�b�d�b�� 

1) �K�i�_�d�l�j�h�k�d�h�i�•�y�� �i�h�]�e�b�g�Z�g�g�y�� �a�� �\�b�d�h�j�b�k�l�Z�g�g�y�f�� �k�m�q�Z�k�g�b�o��

�k�i�_�d�l�j�h�n�h�l�h�f�_�l�j�•�\���i�j�h�\�•�^�g�b�o���•�g�h�a�_�f�g�b�o���\�b�j�h�[�g�b�d�•�\���± Specord, Hitachi, 

Shimadzu, Perkin-Elmer; 

2) �N�h�l�h�\�h�e�v�l�Z�€�q�g�Z�� �k�i�_�d�l�j�h�k�d�h�i�•�y�� �•�a�� �a�Z�k�l�h�k�m�\�Z�g�g�y�f�� �f�h�^�m�e�y�p�•�c�g�h�€��

�f�_�l�h�^�b�d�b�� �l�Z�� �n�Z�a�h�\�h-�q�Z�k�l�h�l�g�h�]�h�� �^�_�l�_�d�l�m�\�Z�g�g�y�� �a�Z�� �^�h�i�h�f�h�]�h�x��

�n�Z�a�h�q�m�l�e�b�\�b�o���k�b�g�o�j�h�g�g�b�o�����O�R�F�N-�L�Q�����g�Z�g�h�\�h�e�v�l�f�_�l�j�•�\��Unipan; 

3) �<�b�f�•�j�x�\�Z�g�g�y���q�Z�k�l�h�l�g�b�o���a�Z�e�_�`�g�h�k�l�_�c���n�h�l�h�\�h�e�v�l�Z�€�q�g�b�o���o�Z�j�Z�d�l�_�j�b�k�l�b�d�� 
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4) �F�_�l�h�^�b�d�Z�� �_�d�k�i�j�_�k�g�h�]�h�� �©�f�b�l�l�}�\�h�]�h�ª�� �\�b�f�•�j�x�\�Z�g�g�y�� �k�l�Z�p�•�h�g�Z�j�g�h�€��

�n�h�l�h�e�x�f�•�g�_�k�p�_�g�p�•�€���� �a�� �\�b�d�h�j�b�k�l�Z�g�g�y�f �k�m�q�Z�k�g�b�o �\�b�k�h�d�h�q�m�l�e�b�\�b�o usb-

�k�i�_�d�l�j�h�n�e�x�h�j�b�f�_�l�j�•�\ �n�•�j�f�b�� �2�F�H�D�Q�� �2�S�W�L�F�V���� �s�h�� �h�o�h�i�e�x�x�l�v�� �r�b�j�h�d�b�c��

�k�i�_�d�l�j�Z�e�v�g�b�c���^�•�Z�i�Z�a�h�g���\�•�^���M�N���^�h���[�e�b�`�g�v�h�€���1�Q���h�[�e�Z�k�l�•�� 

5) �<�b�f�•�j�x�\�Z�g�g�y�� �k�l�Z�p�•�h�g�Z�j�g�b�o�� ���'�� �d�Z�j�l�� �a�[�m�^�`�_�g�g�y-�e�x�f�•�g�_�k�p�_�g�p�•�€�� �g�Z�� ���'��

�k�i�_�d�l�j�h�n�e�x�h�j�b�f�_�l�j�•���6�K�L�P�D�G�]�X�� 

6) �Q�Z�k�h�j�h�a�^�•�e�v�g�Z�� �n�h�l�h�e�x�f�•�g�_�k�p�_�g�l�g�Z�� �k�i�_�d�l�j�h�k�d�h�i�•�y�� �a�� �i�•�d�h�k�_�d�m�g�^�g�b�f��

�j�h�a�^�•�e�_�g�g�y�f�� �m�� �q�Z�k�•�� �g�Z�� �g�h�\�•�l�g�•�c�� �m�k�l�Z�g�h�\�p�•�� �(�G�L�Q�E�X�U�J�K��Instruments 

LifeSpec II ���� �m�� �y�d�•�c�� �j�_�Z�e�•�a�h�\�Z�g�h�� �f�_�l�h�^�b�d�m�� �q�Z�k�h�k�d�h�j�_�e�v�h�\�Z�g�h�]�h��

�i�•�^�j�Z�o�m�g�d�m���i�h�h�^�b�g�h�d�b�o���n�h�l�h�g�•�\�� 

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

�l�_�f�i�_�j�Z�l�m�j�Z�o�� 

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

�i�j�h�]�j�Z�f�g�b�o���i�Z�d�_�l�•�\���\�•�^�i�h�\�•�^�g�h�]�h���i�j�h�n�•�e�x���� 

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

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

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

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

�G�Z�m�d�h�\�Z���g�h�\�b�a�g�Z�� 

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

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

�n�h�l�h�e�x�f�•�g�_�k�p�_�g�l�g�b�f �\�•�^�]�m�d�h�f���� �I�h�d�Z�a�Z�g�h���� �s�h�� �n�h�l�h�e�x�f�•�g�_�k�p�_�g�l�g�_�� �a�[�m�^�`�_�g�g�y��

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

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

�\�m�]�e�_�p�_�\�b�o���g�Z�g�h�l�j�m�[�h�d.  

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

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

�g�Z�g�h�l�j�m�[�h�d���� �s�h�� �k�i�h�k�l�_�j�•�]�Z�}�l�v�k�y�� �i�j�b�� �i�_�\�g�b�o�� �m�f�h�\�Z�o�� �m�� �l�j�b�d�h�f�i�h�g�_�g�l�g�•�c��

�d�h�f�i�h�a�b�l�g�•�c���k�b�k�l�_�f�•���g�Z�g�h�l�j�m�[�d�b���± �i�h�\�_�j�o�g�_�\�h-�Z�d�l�b�\�g�Z���j�_�q�h�\�b�g�Z���± �[�Z�j�\�g�b�d�� 
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�M�i�_�j�r�_�� �i�j�h�^�_�f�h�g�k�l�j�h�\�Z�g�h�� �h�^�g�h�q�Z�k�g�_�� �m�l�\�h�j�_�g�g�y�� �^�\�h�o�� �l�b�i�•�\�� �Z�]�j�_�]�Z�l�•�\��

�[�Z�j�\�g�b�d�Z�� �m�� �d�h�f�i�h�a�b�l�•�� �a�� �g�Z�g�h�l�j�m�[�d�Z�f�b�� �± �h�^�g�h�]�h�� �l�b�i�m�� �a�Z�\�^�y�d�b�� �Z�]�j�_�]�Z�p�•�€�� �p�b�k-

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

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

�n�•�a�b�q�g�•���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���h�[�h�o���l�b�i�•�\���Z�]�j�_�]�Z�l�•�\�� 

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

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

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

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

�k�i�h�e�m�d�� 

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

�k�i�_�d�l�j�Z�e�v�g�•�c���h�[�e�Z�k�l�•���d�h�f�i�h�a�b�l�•�\���g�Z���h�k�g�h�\�•���1�L-�f�•�k�l�d�h�€���f�_�l�Z�e�h�h�j�]�Z�g�•�q�g�h�€���k�i�h�e�m�d�b��

�a���n�m�e�_�j�_�g�h�f���K60 �l�Z���d�k�_�j�h�]�_�e�x���h�d�k�b�^�m���\�Z�g�Z�^�•�x���a���i�h�e�•�f�_�l�b�g�h�\�b�f���[�Z�j�\�g�b�d�h�f���� 

�A�Z�� �^�h�i�h�f�h�]�h�x�� �q�Z�k�h�j�h�a�^�•�e�_�g�h�€�� �n�e�m�h�j�_�k�p�_�g�l�g�h�€�� �k�i�_�d�l�j�h�k�d�h�i�•�€�� �i�j�b���g�b�a�v�d�b�o��

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

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

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

�^�\�h�o�� �g�_�k�b�f�_�l�j�b�q�g�b�o�� �r�e�y�o�•�\�� �•�a�� �j�•�a�g�b�f�b�� �i�h�j�m�r�_�g�g�y�f�b�� �k�b�f�_�l�j�•�€���� �i�_�j�r�b�c��

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

�^�h�g�h�j�g�h-�Z�d�p�_�i�l�h�j�g�h�]�h���i�h�e�•�}�g�h�\�h�]�h���k�l�Z�g�m�����P�•���_�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�•���j�_�a�m�e�v�l�Z�l�b���[�m�e�h��

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

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

�\�•�g�•�e�h�]�•�q�g�•�c�� �k�_�j�•�€�� �i�•�j�b�e�h�p�•�Z�g�•�g�•�\���� �A�\�b�q�Z�c�g�Z�� �k�f�m�]�Z�� �n�e�m�h�j�_�k�p�_�g�p�•�€�� �a�� �g�Z�c�g�b�`�q�h�]�h��

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

�o�j�h�f�h�n�h�j�Z���� �h�^�g�h�q�Z�k�g�h�� �a�•�� �a�f�•�s�_�g�g�y�f�� �i�h�]�e�b�g�Z�g�g�y���� �A�]�•�^�g�h�� �a �d�\�Z�g�l�h�\�h-�o�•�f�•�q�g�b�f��

�f�h�^�_�e�x�\�Z�g�g�y�f �i�h�y�\�Z�� �g�_�a�\�b�q�Z�c�g�h�€�� �n�e�m�h�j�_�k�p�_�g�p�•�€���� �y�d�Z�� �i�h�j�m�r�m�} �i�j�Z�\�b�e�h�� �D�Z�r�•, 

�i�h�\�¶�y�a�Z�g�Z���a���j�•�a�g�h�x���i�j�b�j�h�^�h�x���g�Z�c�g�b�`�q�b�o���a�[�m�^�`�_�g�b�o���k�l�Z�g�•�\. 

�I�j�Z�d�l�b�q�g�_���a�g�Z�q�_�g�g�y���h�l�j�b�f�Z�g�b�o���j�_�a�m�e�v�l�Z�l�•�\�� 

�M�i�_�j�r�_�� �i�j�h�^�_�f�h�g�k�l�j�h�\�Z�g�•�� �•�h�g�g�• �d�h�f�i�e�_�d�k�•�\�� �\�m�]�e�_�p�_�\�• �g�Z�g�h�l�j�m�[�d�b �± 

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



41 
 

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

�g�Z�g�h�l�j�m�[�h�d �^�h�a�\�h�e�b�e�b�� �k�l�\�h�j�b�l�b�� �g�Z�^�q�m�e�b�\�b�c�� �k�_�g�k�h�j�� �g�Z�g�h�l�j�m�[�h�d���� �y�d�•�� �}��

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

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

�d�j�Z�s�b�o���k�\�•�l�h�\�b�o���k�l�Z�g�^�Z�j�l�•�\�� 

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

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

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

�\�•�a�m�Z�e�•�a�Z�p�•�y���}���\�Z�`�e�b�\�h�x�����g�Z�i�j�b�d�e�Z�^�����m���[�•�h�e�h�]�•�€���l�Z���f�_�^�b�p�b�g�•�� 

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

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

�f�h�`�e�b�\�•�k�l�v�� �€�o�� �\�b�d�h�j�b�k�l�Z�g�g�y�� �y�d�� �r�\�b�^�d�h�^�•�x�q�b�o�� �n�e�m�h�j�_�k�p�_�g�l�g�b�o �a�h�g�^�•�\ �^�e�y��

�Z�f�•�g�•�\���l�Z �\�m�]�e�_�p�_�\�b�o���g�Z�g�h�l�j�m�[�h�d. 

�K�l�\�h�j�_�g�•���n�h�l�h�q�m�l�e�b�\�•���i�h�e�•�f�_�j�g�•���d�h�f�i�h�a�b�l�b���g�Z���h�k�g�h�\�•���j�•�a�g�b�o���i�h�e�•�f�_�j�•�\���l�Z��

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

�f�Z�d�k�b�f�Z�e�v�g�h�]�h�� �i�h�l�h�d�m�� �n�h�l�h�g�•�\�� �k�h�g�y�q�g�h�]�h�� �k�\�•�l�e�Z�� ���������±�������� �g�f���� �f�h�`�m�l�v�� �[�m�l�b��

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

�n�h�l�h�q�m�l�e�b�\�•�k�l�x���^�h�����������f�d�f �± �y�d �^�_�l�_�d�l�h�j�b �1�Q-�\�b�i�j�h�f�•�g�x�\�Z�g�g�y�� 

�N�h�l�h�q�m�l�e�b�\�•�� �m�� �r�b�j�h�d�•�c�� �k�i�_�d�l�j�Z�e�v�g�•�c�� �h�[�e�Z�k�l�•�� �d�h�f�i�h�a�b�l�•�\�� �g�Z�� �h�k�g�h�\�•�� �1�L-

�f�•�k�l�d�h�€���f�_�l�Z�e�h�h�j�]�Z�g�•�q�g�h�€���k�i�h�e�m�d�b���a���n�m�e�_�j�_�g�h�f���K60 �l�Z���d�k�_�j�h�]�_�e�x���h�d�k�b�^�m���\�Z�g�Z�^�•�x��

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

�h�j�]�Z�g�•�q�g�b�o���k�h�g�y�q�g�b�o���_�e�_�f�_�g�l�•�\���a���j�h�a�r�b�j�_�g�h�x���h�[�e�Z�k�l�x���n�h�l�h�q�m�l�e�b�\�h�k�l�•�� 

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

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

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

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

�H�[�‰�j�m�g�l�h�\�Z�g�•�k�l�v���•���^�h�k�l�h�\�•�j�g�•�k�l�v���g�Z�m�d�h�\�b�o���i�h�e�h�`�_�g�v �l�Z���\�b�k�g�h�\�d�•�\�� 

�<�b�k�\�•�l�e�_�g�•���\���^�Z�g�•�c���^�b�k�_�j�l�Z�p�•�c�g�•�c���j�h�[�h�l�•���g�Z�m�d�h�\�•���j�_�a�m�e�v�l�Z�l�b���l�Z���\�b�k�g�h�\�d�b���}��

�h�[�‰�j�m�g�l�h�\�Z�g�b�f�b���� �^�h�k�l�h�\�•�j�g�b�f�b�� �l�Z�� �Z�i�j�h�[�h�\�Z�g�b�f�b���� �H�[�‰�j�m�g�l�h�\�Z�g�•�k�l�v�� �l�Z��

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



42 
 

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

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

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

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

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

�h�l�j�b�f�Z�g�b�o���j�_�a�m�e�v�l�Z�l�•�\���� 

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

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

�g�Z�m�d�h�\�b�o���`�m�j�g�Z�e�Z�o���� 

�:�i �j�h�[�Z�p�•�y���j�_�a�m�e�v�l�Z�l�•�\���j�h�[�h�l�b�� 

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

�9 �)�R�X�U�W�K���,�Q�W�H�U�Q�D�W�L�R�Q�D�O���&�R�Q�I�H�U�H�Q�F�H���³�(�O�H�F�W�U�R�Q�L�F���3�U�R�F�H�V�V�H�V���L�Q���2�U�J�D�Q�L�F���0�D�W�H�U�L�D�O�V�´��

(ICEPOM-4), 3-8 June, 2002, Lviv, UKRAINE 

�9 XI International Symposium of The Society for Information Display -�6�,�'�¶��������, 

Crimea, Ukraine, September 8-12, 2002 

�9 �7�K�H���,�Q�W�H�U�Q�D�W�L�R�Q�D�O���&�R�Q�I�H�U�H�Q�F�H���³�3�R�O�\�P�H�U�V���L�Q���;�;�,���&�H�Q�W�X�U�\�´�����.�\�L�Y�����8�N�U�D�L�Q�H��������-

30 October, 2003 

�9 European Materials Research Society (E-MRS) 2003 Fall Meeting, Warsaw, 

Poland, 15-19 September 2003 

�9 �)�L�I�W�K���,�Q�W�H�U�Q�D�W�L�R�Q�D�O���&�R�Q�I�H�U�H�Q�F�H���³�(�O�H�F�W�U�R�Q�L�F���3�U�R�F�H�V�V�H�V���L�Q���2�U�J�D�Q�L�F���0�D�W�H�U�L�D�O�V�´��

(ICEPOM-5),  24 �± 29 May, 2004, Kyiv, Ukraine 

�9 Sixes �,�Q�W�H�U�Q�D�W�L�R�Q�D�O���&�R�Q�I�H�U�H�Q�F�H���³�(�O�H�F�W�U�R�Q�L�F���3�U�R�F�H�V�V�H�V���L�Q���2�U�J�D�Q�L�F���0�D�W�H�U�L�D�O�V�´��

(ICEPOM-6),  September 25 �± 29, 2006, Gurzuf , Crimea, Ukraine 

�9 �6�H�Y�H�Q�W�K���,�Q�W�H�U�Q�D�W�L�R�Q�D�O���&�R�Q�I�H�U�H�Q�F�H���³�(�O�H�F�W�U�R�Q�L�F���3�U�R�F�H�V�V�H�V���L�Q���2�U�J�D�Q�L�F��

�0�D�W�H�U�L�D�O�V�´�����,�&�(�3�2�0-7),  26 �± 30 May, 2008, Lviv, Ukraine 

�9 9th International Conference on Nanosciences & Nanotechnologies �± NN 12, 3 

- 6 July 2012, Thessaloniki, Greece 

�9 9th International Conference �³�(�O�H�F�W�U�R�Q�L�F���3�U�R�F�H�V�V�H�V���L�Q���2�U�J�D�Q�L�F���0�D�W�H�U�L�D�O�V�´��

(ICEPOM-9), May 20-24, 2013, Lviv, Ukraine 
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�9 3rd International Conference on Materials and Applications for Sensors and 

Transducers, September 13-17, 2013, Prague, Czech Republic 

�9 The �-�X�E�L�O�H�H�������W�K���,�Q�W���&�R�Q�I�H�U�H�Q�F�H���³�(�O�H�F�W�U�R�Q�L�F���3�U�R�F�H�V�V�H�V���L�Q���2�U�J�D�Q�L�F���D�Q�G��

�,�Q�R�U�J�D�Q�L�F���0�D�W�H�U�L�D�O�V�´�� May 23-27, 2016, Ternopil, Ukraine 

�9 2016 MRS Fall Meeting & Exhibit, November 30 - December 5, 2014, Boston, 

Massachusetts, USA 

�9 The 24th Annual International Conference on Advanced Laser Technologies 

�$�/�7�¶��������September 12�±16, 2016, Galway, Ireland  

�9 International conference Photon16, September 5-8, 2016, Leeds, UK 

�9 International conference 2016 EMRS Spring Meeting, May 2 - 6, 2016, Lille, 

France 

�9 XXIII Galyna Puchkovska International School-Seminar "Spectroscopy of 

Molecules and Crystals", Kyiv, Sept.20-25, 2017 

�H�k�h�[�b�k�l�b�c���\�g�_�k�h�d���a�^�h�[�m�\�Z�q�Z�� 

�<�g�_�k�h�d���Z�\�l�h�j�Z���\���i�h�k�l�Z�g�h�\�d�m���a�Z�^�Z�q�•, �i�e�Z�g�m�\�Z�g�g�y���^�h�k�e�•�^�`�_�g�v���l�Z �h�^�_�j�`�Z�g�g�y��

�g�Z�m�d�h�\�b�o�� �j�_�a�m�e�v�l�Z�l�•�\���� �s�h�� �\�b�g�h�k�y�l�v�k�y�� �g�Z�� �a�Z�o�b�k�l���� �}�� �h�k�g�h�\�g�b�f�� �>�b�k�_�j�l�Z�g�l�� �}��

�h�k�g�h�\�g�b�f�� �k�i�•�\�Z�\�l�h�j�h�f�� �k�l�\�h�j�_�g�b�o�� �n�•�a�b�q�g�b�o�� �f�h�^�_�e�_�c���� �h�i�b�k�•�\���� �•�g�l�_�i�j�_�l�Z�p�•�c���� �s�h��

�h�i�b�k�m�x�l�v���a�Z�i�j�h�i�h�g�h�\�Z�g�•���k�b�k�l�_�f�b��  

�L�Z�d���� �m�� �j�h�[�h�l�Z�o�� �>���
-6*, 8*], [15*-17*], [4���
�@�� �l�Z�� �>��3*-49*] ���� �s�h�� �k�l�h�k�m�x�l�v�k�y��

�j�_�a�m�e�v�l�Z�l�•�\���� �\�b�d�e�Z�^�_�g�b�o�� �m�� �j�h�a�^�•�e�Z�o�� ������ ���� �l�Z�� ��, �Z�\�l�h�j�� �[�j�Z�\ �m�q�Z�k�l�v�� �m�� �\�b�a�g�Z�q�_�g�g�•��

�h�k�g�h�\�g�h�€���•�^�_�€���j�h�[�h�l�b, �i�h�r�m�d�m �l�Z���Z�g�Z�e�•�a�• �e�•�l�_�j�Z�l�m�j�g�b�o���^�Z�g�b�o�����\�b�d�h�g�Z�g�g�• �q�Z�k�l�b�g�b��

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

�•�e�x�k�l�j�Z�p�•�c���� �g�Z�i�b�k�Z�g�g�• �l�_�d�k�l�m�� �k�l�Z�l�_�c���� �P�_���� �a�h�d�j�_�f�Z���� �\�b�f�•�j�x�\�Z�g�g�y�� �q�Z�k�l�b�g�b��

�k�i�_�d�l�j�Z�e�v�g�b�o���a�Z�e�_�`�g�h�k�l�_�c���i�h�]�e�b�g�Z�g�g�y���l�Z�� �n�h�l�h�e�x�f�•�g�_�k�p�_�g�p�•�€���� �€�o���•�g�l�_�j�i�j�_�l�Z�p�•�y����

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

�M���j�h�[�h�l�Z�o���>���
�@�����>�����
�@�����>�����
�@�����>��2*], [50�
�@�����j�_�a�m�e�v�l�Z�l�b�����\�b�d�e�Z�^�_�g�•���q�Z�k�l�d�h�\�h���m��

�j�h�a�^�•�e�•������, �Z�\�l�h�j���[�j�Z�\ �m�q�Z�k�l�v���m���i�h�r�m�d�m �l�Z���Z�g�Z�e�•�a�• �e�•�l�_�j�Z�l�m�j�g�b�o���^�Z�g�b�o�����\�b�d�h�g�Z�g�g�• 

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

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



44 
 

�q�Z�k�l�b�g�b�� �k�i�_�d�l�j�Z�e�v�g�b�o�� �a�Z�e�_�`�g�h�k�l�_�c�� �i�h�]�e�b�g�Z�g�g�y�� �l�Z�� �n�h�l�h-�?�J�K���� �€�o�� �h�[�j�h�[�d�Z�� �l�Z��

�•�g�l�_�j�i�j�_�l�Z�p�•�y���� 

�M�� �j�h�[�h�l�Z�o�� �>���
], [12*-14*], [17*-19*], [21*-25*], [26*- �����
�@�� ���j�_�a�m�e�v�l�Z�l�b����

�\�b�d�e�Z�^�_�g�•�� �q�Z�k�l�d�h�\�h�� �m�� �j�h�a�^�•�e�•�� ���� �l�Z�� �m�� �j�h�a�^�•�e�Z�o��4 �l�Z��5���� �Z�\�l�h�j�� �[�j�Z�\ �m�q�Z�k�l�v�� �m��

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

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

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

�^�Z�g�b�o�� �l�Z�� �i�•�^�]�h�l�h�\�d�m �•�e�x�k�l�j�Z�p�•�c �\�b�d�h�g�Z�g�h�� �Z�\�l�h�j�h�f�� �k�Z�f�h�k�l�•�c�g�h���� �P�_�� �k�l�h�k�m�}�l�v�k�y��

�\�b�f�•�j�x�\�Z�g�g�y�� �k�i�_�d�l�j�Z�e�v�g�b�o�� �a�Z�e�_�`�g�h�k�l�_�c�� �i�h�]�e�b�g�Z�g�g�y�� �l�Z�� �n�h�l�h-�?�J�K���� �€�o��

�m�a�Z�]�Z�e�v�g�_�g�g�y�����•�g�l�_�j�i�j�_�l�Z�p�•�€���l�h�s�h�� 

�I�m�[�e�•�d�Z�p�•�€���� 

�H�k�g�h�\�g�•���j�_�a�m�e�v�l�Z�l�b���^�b�k�_�j�l�Z�p�•�€���h�i�m�[�e�•�d�h�\�Z�g�h���m����0 �j�h�[�h�l�Z�o, �m �l�h�f�m���q�b�k�e�•���m��

25 �k�l�Z�l�l�y�o �m�� �g�Z�m�d�h�\�b�o�� �\�b�^�Z�g�g�y�o���� �\�d�e�x�q�_�g�b�o�� �^�h�� �I�_�j�_�e�•�d�m�� �g�Z�m�d�h�\�b�o�� �n�Z�o�h�\�b�o����

�\�b�^�Z�g�v���M�d�j�Z�€�g�b���l�Z���m���g�Z�m�d�h�\�b�o���i�_�j�•�h�^�b�q�g�b�o���a�Z�d�h�j�^�h�g�g�b�o���\�b�^�Z�g�g�y�o�����a�h�d�j�_�f�Z����8 �a��

�g�b�o���m���\�b�^�Z�g�g�y�o, �i�j�h�•�g�^�_�d�k�h�\�Z�g�b�o���m���[�Z�a�Z�o���^�Z�g�b�o���:�H�E���R�I���6�F�L�H�Q�F�H���&�R�U�H���&�R�O�O�H�F�W�L�R�Q��

�l�Z�� �6�F�R�S�X�V�� ���a�� �g�b�o�� ��4 �k�l�Z�l�_�c�� �j�h�[�•�l�� �m�� �\�b�^�Z�g�g�y�o���� �s�h�� �\�o�h�^�y�l�v�� �^�h�� �i�_�j�r�b�o�� �^�\�h�o��

�d�\�Z�j�l�b�e�•�\�� ���4���� �l�Z�� �4������ �a�Z�� �d�e�Z�k�b�n�•�d�Z�p�•�}�x�� �6�&�,�P�D�J�R�� �-�R�X�U�Q�D�O�� �D�Q�G�� �&�R�X�Q�W�U�\�� �5�D�Q�N���� ����

�k�l�Z�l�l�•�� �m�� �`�m�j�g�Z�e�Z�o�� �l�j�_�l�v�h�]�h�� �d�\�Z�j�l�b�e�x�� ���4����, 1 �± �q�_�l�\�_�j�l�h�]�h�� �d�\�Z�j�l�b�e�x�� ���4�������� �Z��

�l�Z�d�h�`�� ���� �j�h�a�^�•�e�� �m�� �d�h�e�_�d�l�b�\�g�•�c�� �f�h�g�h�]�j�Z�n�•�€�� �l�Z�� �m�� ��5 �j�h�[�h�l�Z�o���� �s�h�� �\�b�^�Z�g�•�� �a�Z��

�f�Z�l�_�j�•�Z�e�Z�f�b���d�h�g�n�_�j�_�g�p�•�c�����R�•�k�l�v���k�l�Z�l�_�c���h�i�m�[�e�•�d�h�\�Z�g�h���m���`�m�j�g�Z�e�Z�o�����y�d�•���g�Z���^�Z�g�b�c��

�f�h�f�_�g�l���•�g�^�_�d�k�m�x�l�v�k�y���m���[�Z�a�Z�o���^�Z�g�b�o���:�H�E���R�I���6�F�L�H�Q�F�H���&�R�U�H���&�R�O�O�H�F�W�L�R�Q���l�Z���6�F�R�S�X�V���l�Z��

�\�o�h�^�y�l�v���^�h���d�\�Z�j�l�b�e�•�\���4�����l�Z���4�������Z�e�_���g�Z���f�h�f�_�g�l���i�m�[�e�•�d�Z�p�•�€���g�_���h�p�•�g�x�\�Z�e�b�k�v�� 

�K�l�j�m�d�l�m�j�Z�� �l�Z�� �h�[�k�y�]�� �^�b�k�_�j�l�Z�p�•�€�����>�b�k�_�j�l�Z�p�•�y�� �k�d�e�Z�^�Z�}�l�v�k�y�� �a �Z�g�h�l�Z�p�•�€�� 

�\�k�l�m�i�m���� ���� �j�h�a�^�•�e�•�\���� �\�b�k�g�h�\�d�•�\, �k�i�b�k�d�m�� �\�b�d�h�j�b�k�l�Z�g�b�o�� �^�`�_�j�_�e �l�Z�� �^�h�^�Z�l�d�•�\. 

�A�Z�]�Z�e�v�g�b�c�� �h�[�k�y�]�� �k�l�Z�g�h�\�b�l�v�� �������� �k�l�h�j�•�g�h�d���� �m�� �l�h�f�m�� �q�b�k�e�•�� ��22 �k�l�h�j�•�g�d�b �h�k�g�h�\�g�h�]�h��

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

�l�Z���^�h�^�Z�l�d�b���g�Z�����������k�l�h�j�•�g�d�Z�o. 
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�J�h�a�^�•�e�� ������ �©�F�_�o�Z�g�•�a�f�� �\�a�Z�}�f�h�^�•�€�� �\�m�]�e�_�p�_�\�b�o�� �g�Z�g�h�l�j�m�[�h�d�� �a�� �h�j�]�Z�g�•�q�g�b�f�b��

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

�a�Z�k�l�h�k�m�\�Z�g�v�� 

�J�h�a�j�h�[�e�_�g�•�� �d�h�f�i�h�a�b�l�g�•�� �d�h�f�i�e�_�d�k�b�� �&�1�7-�i�h�e�•�f�_�l�b�g�h�\�b�c�� �[�Z�j�\�g�b�d��

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

�g�Z�g�h�f�Z�l�_�j�•�Z�e�•�\���� �a�h�d�j�_�f�Z���� �^�h�� �k�b�e�v�g�h�]�h�� �a�[�•�e�v�r�_�g�g�y�� �N�E�� �\�b�i�j�h�f�•�g�x�\�Z�g�g�y����

�j�h�a�r�b�j�x�x�q�b�� �k�\�h�€�� �[�Z�]�Z�l�h�n�m�g�d�p�•�h�g�Z�e�v�g�•�� �a�Z�k�l�h�k�m�\�Z�g�g�y�� �\�� �_�e�_�d�l�j�h�g�•�p�•, 

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

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

�\���[�Z�]�Z�l�v�h�o���•�g�r�b�o���h�[�e�Z�k�l�y�o�� 
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�I�Z�j�Z�]�j�Z�n�� ���������� �<�b�\�q�_�g�g�y�� �Z�]�j�_�]�Z�p�•�€�� �p�•�Z�g�•�g�h�\�h�]�h�� �[�Z�j�\�g�b�d�Z�� �± 

�Z�k�l�j�Z�n�e�h�d�k�•�g�m�� �g�Z�� �\�m�]�e�_�p�_�\�b�o�� �g�Z�g�h�l�j�m�[�d�Z�o�� �a�� �Z�g�•�h�g�g�h�x�� �i�h�\�_�j�o�g�_�\�h-

�Z�d�l�b�\�g�h�x���j�_�q�h�\�b�g�h�x. 

�H�^�g�b�f�� �a�� �g�Z�c�[�•�e�v�r�� �\�Z�`�e�b�\�b�o�� �a�Z�\�^�Z�g�v�� �\�� �h�[�e�Z�k�l�•�� �g�Z�g�h�g�Z�m�d�b�� �•�� �l�_�o�g�h�e�h�]�•�€�� �}��

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

�y�d���_�n�_�d�l�b�\�g�•���o�•�f�•�q�g�• �a�h�g�^�b�����f�•�l�d�b �^�e�y���^�•�Z�]�g�h�k�l�b�d�b���l�Z���e�•�d�m�\�Z�g�g�y���`�b�\�h�€���l�d�Z�g�b�g�b����

�l�h�s�h [11, 18, 19]. 

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

�k�b�k�l�_�f�b���� �d�h�f�i�e�_�d�k�•�\�� �a�� �h�^�g�h�k�l�•�g�g�b�o�� �\�m�]�e�_�p�_�\�b�o�� �g�Z�g�h�l�j�m�[�h�d�� ���&�1�7���� �± �Z�g�•�h�g�g�Z��

�i�h�\�_�j�o�g�_�\�h-�Z�d�l�b�\�g�h�€�� �j�_�q�h�\�b�g�b�Z�� ���I�:�J���� �•�� �d�Z�l�•�h�g�g�h�]�h�� �•�g�^�h�^�•�d�Z�j�[�h�p�•�Z�g�•�g�h�\�h�]�h��

�[�Z�j�\�g�b�d�Z�� �a�� �i�h�d�j�Z�s�_�g�b�f�b�� �\�e�Z�k�l�b�\�h�k�l�y�f�b�� �N�E�� �\�� �[�e�b�`�g�•�c�� �1�Q�� �h�[�e�Z�k�l�•�� �q�_�j�_�a��

�j�_�a�h�g�Z�g�k�g�b�c���i�_�j�_�g�h�k���_�g�_�j�]�•�€�����5�(�7�����a���[�Z�j�\�g�b�d�Z���^�h���&�1�7�����<�Z�`�e�b�\�h���\�•�^�a�g�Z�q�b�l�b�����s�h��

�_�e�_�d�l�j�h�k�l�Z�l�b�q�g�Z�� �\�a�Z�}�f�h�^�•�y�� �d�Z�l�•�h�g�g�h�]�h�� �[�Z�j�\�g�b�d�Z�� �•�� �Z�g�•�h�g�g�h�€�� �I�:�J�� �f�Z�}�� �\�Z�`�e�b�\�_��

�a�g�Z�q�_�g�g�y�� �^�e�y�� �i�j�h�p�_�k�m�� �d�h�f�i�e�_�d�k�h�m�l�\�h�j�_�g�g�y�� �a�� �5�(�7���� �^�h�e�Z�x�q�b�� �i�j�b�k�m�l�g�•�k�l�v��

�i�h�\�_�j�o�g�_�\�h-�Z�d�l�b�\�g�h�€���j�_�q�h�\�b�g�b���g�Z�\�d�h�e�h���&�1�7�����D�j�•�f���l�h�]�h�����p�_���y�\�b�s�_���f�Z�}���\�b�k�h�d�b�c��

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

�n�m�g�d�p�•�h�g�Z�e�•�a�h�\�Z�g�b�o�� �g�Z�g�h�k�b�k�l�_�f�� �•�a�� �a�Z�^�Z�g�b�f�b�� �\�e�Z�k�l�b�\�h�k�l�y�f�b���� �l�Z�d�b�o�� �y�d��

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

�S�h�[�� �a�j�h�a�m�f�•�l�b�� �a�Z�e�_�`�g�•�k�l�v�� �a�f�•�g�b�� �N�E�� �\�•�^�� �o�•�j�Z�e�v�g�h�k�l�•�� �g�Z�g�h�l�j�m�[�h�d�� �l�Z��

�k�m�l�l�}�\�m�� �a�f�•�g�m�� �k�Z�f�h�€�� �\�_�e�b�q�b�g�b�� �N�E�� �a�� �q�Z�k�h�f���� �[�m�e�h�� �i�j�h�\�_�^�_�g�h�� �^�_�l�Z�e�v�g�_�� �\�b�\�q�_�g�g�y��

�i�j�h�p�_�k�m�� �Z�]�j�_�]�Z�p�•�€�� �f�h�e�_�d�m�e�� �[�Z�j�\�g�b�d�Z�� �\�� �i�j�b�k�m�l�g�h�k�l�•�� �g�Z�g�h�l�j�m�[�h�d, �i�h�d�j�b�l�b�o��

�k�m�j�n�Z�d�l�Z�g�l�h�f���� 

�G�Z�� �k�v�h�]�h�^�g�•�r�g�•�c�� �^�_�g�v���� �^�\�h�d�h�f�i�h�g�_�g�l�g�•�� �k�b�k�l�_�f�b�� �&�1�7-�I�:�J�� �}�� �^�_�l�Z�e�v�g�h��

�\�b�\�q�_�g�•���� �s�h�� �a�Z�[�_�a�i�_�q�m�x�} �h�l�j�b�f�Z�g�g�y�� �_�n�_�d�l�b�\�g�b�o�� �•�� �k�l�Z�[�•�e�v�g�b�o�� �^�b�k�i�_�j�k�•�€�� �&�1�7�� �m��

�\�h�^�•�� �q�_�j�_�a�� �i�j�b�l�y�]�Z�g�g�y�� �]�•�^�j�h�n�h�[�g�b�o�� �q�Z�k�l�b�g�� �I�:�J�� �^�h�� �i�h�\�_�j�o�g�•�� �&�1�7���� �M��

�l�j�b�d�h�f�i�h�g�_�g�l�g�•�c�� �k�b�k�l�_�f�•�� �]�•�^�j�h�n�•�e�v�g�Z�� �q�Z�k�l�b�g�Z�� �i�h�\�_�j�o�g�_�\�h-�Z�d�l�b�\�g�Z�� �j�_�q�h�\�b�g�b��

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

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

�I�j�h�l�_���� �p�_�� �^�m�`�_�� �k�i�j�h�s�_�g�Z�� �d�Z�j�l�b�g�Z�� �j�_�Z�e�v�g�h�k�l�•���� �s�h�� �\�b�f�Z�]�Z�}�� �]�e�b�[�h�d�h�]�h�� �•��

�\�k�_�[�•�q�g�h�]�h�� �\�j�Z�o�m�\�Z�g�g�y���Œ- �Œ �k�l�_�d�•�g�]�h�\�h�€�� �\�a�Z�}�f�h�^�•�€���� �k�e�Z�[�d�h�€�� �\�Z�g-�^�_�j-�<�Z�Z�e�v�k�h�\�h�€��
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�\�a�Z�}�f�h�^�•�€���� �n�h�j�f�m�\�Z�g�g�y�� �_�d�k�•�f�_�j�•�\���� �_�d�k�•�i�e�_�d�k�•�\���� �Z�� �l�Z�d�h�`�� �-- �Z�[�h�� �G-�Z�]�j�_�]�Z�l�•�\��

�[�Z�j�\�g�b�d�Z��  

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

�i�h�]�e�b�g�Z�g�g�•���� �Z�� �m�� �k�i�_�d�l�j�•�� �N�E�� �± �g�Z�y�\�g�•�k�l�x�� �k�i�_�d�l�j�Z�e�v�g�h�� �a�k�m�g�m�l�b�o�� �k�f�m�]��

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

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

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

�k�Z�g�^�\�•�q [20, 21]���� �D�j�•�f�� �l�h�]�h���� �r�b�j�h�d�•�� �k�f�m�]�b�� �a�� �q�_�j�\�h�g�b�f�� �a�k�m�\�h�f�� �f�h�`�m�l�v�� �[�m�l�b��

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

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

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

�p�•�Z�g�•�g�h�\�b�o�� �[�Z�j�\�g�b�d�•�\��[20] �•�� �\�i�e�b�\�� �j�•�a�g�b�o�� �^�h�[�Z�\�h�d�� ���a�h�d�j�_�f�Z���� �I�:�J���� �g�Z�� �Z�]�j�_�]�Z�p�•�x��

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

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

�;�m�e�h�� �i�j�h�\�_�^�_�g�h�� �^�h�k�e�•�^�`�_�g�g�y�� �k�i�_�d�l�j�•�\�� �n�h�l�h�e�x�f�•�g�_�k�p�_�g�p�•�€�� �a��

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

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

�g�b�a�v�d�b�o�� �l�_�f�i�_�j�Z�l�m�j�Z�o���� �>�e�y�� �^�h�k�e�•�^�`�_�g�g�y�� �r�\�b�^�d�b�o�� �a�f�•�g�� �k�i�_�d�l�j�•�\�� �N�E�� �a�� �i�e�b�g�h�f��

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

�k�i�_�d�l�j�h�n�e�x�h�j�b�f�_�l�j�Z�o�� �;�m�e�h�� �j�h�a�r�b�j�_�g�h�� �^�•�Z�i�Z�a�h�g�� �^�h�k�e�•�^�`�m�\�Z�g�b�o�� �d�h�g�p�_�g�l�j�Z�p�•�c��

�[�Z�j�\�g�b�d�Z���l�Z���j�h�a�i�h�q�Z�l�h���\�b�\�q�_�g�g�y���i�e�•�\�h�d���l�Z���f�•�d�j�h�d�j�b�k�l�Z�e�•�\���� 

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

�e�x�f�•�g�_�k�p�_�g�p�•�€�� �l�Z�� �Z�g�Z�e�•�a�� �q�Z�k�h�j�h�a�^�•�e�_�g�h�€�� �N�E�� �^�h�a�\�h�e�y�x�l�v�� �\�b�\�q�Z�l�b�� �k�d�e�Z�^�g�•��

�k�b�k�l�_�f�b�� �a�� �f�_�l�h�x�� �i�j�h�y�k�g�b�l�b�� �k�m�l�l�}�\�b�c�� �\�i�e�b�\�� �d�h�g�p�_�g�l�j�Z�p�•�€�� �i�h�\�_�j�o�g�_�\�h-�Z�d�l�b�\�g�h�€��

�j�_�q�h�\�b�g�b�����Z���l�Z�d�h�`���d�h�g�p�_�g�l�j�Z�p�•�€���[�Z�j�\�g�b�d�Z���g�Z���i�j�h�p�_�k���Z�]�j�_�]�Z�p�•�€���\���g�Z�\�_�^�_�g�b�c���\�b�s�_��

�d�h�f�i�e�_�d�k�g�•�c�� �k�b�k�l�_�f�•�� �&�1�7-�I�:�J -�[�Z�j�\�g�b�d���� �<�b�k�h�d�•�� �d�h�g�p�_�g�l�j�Z�p�•�€�� �[�Z�j�\�g�b�d�Z��

�Z�k�l�j�Z�n�e�h�d�k�•�g�m���� �s�h�� �\�b�d�h�j�b�k�l�h�\�m�}�l�v�k�y�� �\�� �g�Z�r�b�o�� �i�h�l�h�q�g�b�o�� �^�h�k�e�•�^�`�_�g�g�y�o, �^�Z�x�l�v��

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

�k�f�m�]�� �N�E�� �a�� �q�_�j�\�h�g�b�f�� �a�k�m�\�h�f������ �1�f�h�\�•�j�g�b�c �f�_�o�Z�g�•�a�f�� �n�h�j�f�m�\�Z�g�g�y�� �Z�]�j�_�]�Z�l�•�\ 
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�i�j�b�\�h�^�b�l�v �^�h���\�b�k�g�h�\�d�m���i�j�h���d�e�x�q�h�\�b�c���\�g�_�k�h�d���\�a�Z�}�f�h�^�•�€���[�Z�j�\�g�b�d�Z���l�Z���i�h�\�_�j�o�g�_�\�h-

�Z�d�l�b�\�g�h�€���j�_�q�h�\�b�g�b�� 

 

 

  
�J�b�k�� 1.4. �K�i�_�d�l�j�b���N�E���j�h�a�q�b�g�•�\���g�Z�g�h�l�j�m�[�h�d���a���Z�k�l�j�Z�n�e�h�d�k�•�g�h�f�������� �������l�Z��

�i�e�•�\�h�d���Z�k�l�j�Z�n�e�h�d�k�•�g�m�������������l�Z���d�h�f�i�h�a�b�l�m���a���g�Z�g�h�l�j�m�[�d�Z�f�b�����������i�j�b�����������l�Z����������K. 

  
�J�b�k�� 1.5. �D�•�g�_�l�b�d�Z���a�Z�l�m�o�Z�g�g�y���N�E���j�h�a�q�b�g�•�\���Z�k�l�j�Z�n�e�h�d�k�•�g�m���a���g�Z�g�h�l�j�m�[�d�Z�f�b��

�i�j�b���a�[�m�^�`�_�g�g�•���i�•�d�h�k�_�d�m�g�^�g�b�f���e�Z�a�_�j�h�f���a���^�h�\�`�b�g�h�x���o�\�b�e�•�����������g�f���•���j�_�}�k�l�j�Z�p�•�}�x��
�g�Z��������-���������g�f�����d�j�h�d���������g�f�����± �a�e�•�\�Z�����l�Z��������-���������g�f�����d�j�h�d���������g�f�����± �k�i�j�Z�\�Z����
�G�Z�\�_�^�_�g�h���l�Z�d�h�`��IRF �k�i�_�d�l�j�����I�h�j�Z�o�h�\�Z�g�•���q�Z�k�b���j�_�e�Z�d�k�Z�p�•�€���± �W1=40 �i�k; �W2=1500 �i�k 
�l�Z���W1=80 �i�k ; �W2=1350 �i�k. 
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�J�b�k�� 1.6. �Q�Z�k�h�j�h�a�^�•�e�_�g�•���k�i�_�d�l�j�b���\�b�i�j�h�f�•�g�x�\�Z�g�g�y����TRES-�k�i�_�d�l�j�b�����a��

�d�j�h�d�h�f�����������i�k�����i�h�q�b�g�Z�x�q�b���a�����������g�k�����i�j�b��������K ���k�i�j�Z�\�Z�����l�Z����������K ���a�e�•�\�Z������ 

 

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

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

�M �j�_�a�m�e�v�l�Z�l�•�� �\�b�\�q�_�g�g�y�� �k�i�_�d�l�j�•�\�� �q�Z�k�h�j�h�a�^�•�e�_�g�h�€�� �N�E���� �d�•�g�_�l�b�d�b�� �a�Z�l�m�o�Z�g�g�y��

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

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

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

�o�Z�j�Z�d�l�_�j�g�•���^�e�y���Z�]�j�_�]�Z�l�•�\��J-�l�b�i�m�����l�Z���k�d�e�Z�^�g�m���^�b�g�Z�f�•�d�m���j�h�k�l�m���� 

�A�[�•�e�v�r�_�g�g�y���d�h�g�p�_�g�l�j�Z�p�•�€�� �[�Z�j�\�g�b�d�Z���i�j�b�\�h�^�b�l�v�� �^�h�� �\�•�a�m�Z�e�•�a�Z�p�•�€�� �g�Z�g�h�l�j�m�[�h�d����

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

�[�Z�j�\�g�b�d-�g�Z�g�h�l�j�m�[�d�Z���a���y�k�d�j�Z�\�b�f���\�b�i�j�h�f�•�g�x�\�Z�g�g�y�f���m �\�b�^�b�f�•�c���h�[�e�Z�k�l�•�� 
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(8,4)
(7,5)
(6,5)

(6,5)
(7,5)

�:�]�j�_�]�Z�l�b  
�F�h�g�h�f�_�j

E�[�Z�j�\�g�� E
CNT
22

RET

E11
* CNT

(8,4)

�;�Z�j�\�g�b�d�������&�1�7

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

 

�J�b�k�� �����������K�o�_�f�Z�l�b�q�g�_���a�h�[�j�Z�`�_�g�g�y���m�l�\�h�j�_�g�g�y���--�Z�]�j�_�]�Z�l�m���g�Z���g�Z�g�h�l�j�m�[�p�•���l�Z��
�_�g�_�j�]�_�l�b�q�g�Z���^�•�Z�]�j�Z�f�Z���i�_�j�_�o�h�^�•�\���m���d�h�f�i�h�a�b�l�•�� 

 

 

 
 

 
 

 

 

�J�b�k���������������<�•�a�m�Z�e�•�a�Z�p�•�y���h�d�j�_�f�b�o���g�Z�g�h�l�j�m�[�h�d���a���Z�]�j�_�]�Z�l�Z�f�b �f�h�e�_�d�m�e���[�Z�j�\�g�b�d�Z�� 
�<�b�g�h�k�d�b���j�h�a�f�•�j�h�f���# ���o�����f�d�f�� 
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�K�Z�f�h�h�j�]�Z�g�•�a�Z�p�•�y�� �h�j�]�Z�g�•�q�g�b�o�� �f�h�e�_�d�m�e�� �a�� �\�m�]�e�_�p�_�\�b�f�b�� �g�Z�g�h�f�Z�l�_�j�•�Z�e�Z�f�b��

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

�d�h�f�i�e�_�d�k�•�\�� �a�� �j�h�a�r�b�j�_�g�b�f�b�� �f�h�`�e�b�\�h�k�l�y�f�b�����M���i�Z�j�Z�]�j�Z�n�• 1.2 �g�Z�\�_�^�_�g�h 

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

�i�h�\�_�j�o�_�\�h-�Z�d�l�b�\�g�Z���j�_�q�h�\�b�g�Z���± �•�g�^�h�^�•�d�Z�j�[�h�p�•�Z�g�•�g�h�\�b�c���[�Z�j�\�g�b�d�����Z�k�l�j�Z�n�e�h�d�k�•�g���� �m 

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

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

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

�y�d�� �[�Z�j�\�g�b�d�Z���� �l�Z�d�� �•�� �i�h�\�_�j�o�g�_�\�h-�Z�d�l�b�\�g�h�€�� �j�_�q�h�\�b�g�b�� �\�� �k�m�f�•�r�Z�o���� �K�i�h�k�l�_�j�•�]�Z�e�Z�k�y 

�i�h�y�\�Z �g�h�\�b�o�� �i�•�d�•�\�� �n�h�l�h�e�x�f�•�g�_�k�p�_�g�p�•�€�� �m�� �\�b�^�b�f�h�f�m�� �^�•�Z�i�Z�a�h�g�•���� �s�h�� �i�h�\�¶�y�a�Z�g�•�� �a��

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

�a�f�•�s�_�g�b�f�b�� �k�f�m�]�Z�f�b�� �n�h�l�h�e�x�f�•�g�_�k�p�_�g�p�•�€�� �g�Z�� ���������� �������� �•�� �������� �g�f�� �n�h�j�f�m�x�l�v�k�y�� �\��

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

�d�h�g�p�_�g�l�j�Z�p�•�€���� �I�_�j�_�^�Z�q�Z�� �_�g�_�j�]�•�€�� �\�•�^�� �[�Z�j�\�g�b�d�Z�� �^�h�� �g�Z�g�h�l�j�m�[�h�d���� �i�•�^�k�b�e�x�x�q�b��

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

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

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

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

�n�h�l�h�e�x�f�•�g�_�k�p�_�g�p�•�€���k�l�\�h�j�x�}���i�h�l�m�`�g�•���•�g�k�l�j�m�f�_�g�l�b���\�•�a�m�Z�e�•�a�Z�p�•�€���l�Z �����Z�[�h���\�b�y�\�e�_�g�g�y��

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

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

�h�o�h�j�h�g�• �a�^�h�j�h�\�¶�y�� 

�<�b�\�q�_�g�g�y �f�_�o�Z�g�•�a�f�•�\�� �\�a�Z�}�f�h�^�•�€�� �f�•�`�� �Z�k�l�j�Z�n�e�h�d�k�•�g�h�f���� �i�h�\�_�j�o�g�_�\�h-

�Z�d�l�b�\�g�h�x���j�_�q�h�\�b�g�h�x���•��CNT �m���\�h�^�•���•�k�l�h�l�g�h���i�•�^�k�b�e�x�}���j�_�Z�e�•�a�Z�p�•�x���g�h�\�h�]�h���i�•�^�o�h�^�m��

�^�h�� �\�b�y�\�e�_�g�g�y��CNT �a�Z�� �^�h�i�h�f�h�]�h�x�� �p�•�Z�g�•�g�h�\�b�o�� �[�Z�j�\�g�b�d�•�\���� �M�� �j�h�a�^�•�e�•�� ���� �h�i�b�k�Z�g�h��

�d�h�f�i�e�_�d�k�g�_���n�•�a�b�d�h-�o�•�f�•�q�g�_���^�h�k�e�•�^�`�_�g�g�y���l�j�b�d�h�f�i�h�g�_�g�l�g�h�€���k�b�k�l�_�f�b��CNT-SDBS-

�Z�k�l�j�Z�n�e�h�d�k�•�g�� �a�� �Z�d�p�_�g�l�h�f�� �g�Z�� �Z�]�j�_�]�Z�p�•�€�� �[�Z�j�\�g�b�d�Z���� �O�h�q�Z�� �f�b�� �[�Z�q�b�f�h�� �\�� �p�•�c�� �k�b�k�l�_�f�•��

�k�b�e�v�g�m�� �N�E�� �f�h�g�h�f�_�j�•�\�� �Z�k�l�j�Z�n�e�h�d�k�•�g�m���� �g�h�\�•�� �h�k�h�[�e�b�\�h�k�l�•�� �k�Z�f�h�\�i�h�j�y�^�d�m�\�Z�g�g�y��

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

�l�Z�d���•���6�'�%�6���\���k�m�f�•�r�Z�o�����>�e�y���l�h�]�h�����s�h�[���i�•�^�d�j�_�k�e�b�l�b���g�Z�c�[�•�e�v�r���\�Z�`�e�b�\�•���j�_�a�m�e�v�l�Z�l�b����
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�k�e�•�^�� �a�Z�a�g�Z�q�b�l�b���� �s�h�� �a�¶�y�\�e�y�x�l�v�k�y�� �g�h�\�•�� �i�•�d�b�� �q�_�j�\�h�g�h-�a�f�•�s�_�g�h�]�h�� �\�b�i�j�h�f�•�g�x�\�Z�g�g�y��

�N�E���� �s�h�� �k�\�•�^�q�Z�l�v�� �i�j�h�� �n�h�j�f�m�\�Z�g�g�y�� �j�•�a�g�b�o�� �l�b�i�•�\�� �--�i�h�^�•�[�g�b�o�� �Z�]�j�_�]�Z�l�•�\ (�m �l�h�f�m��

�q�b�k�e�•�� �_�d�k�b�f�_�j�•�\�� �•�� ���� �Z�[�h�� �_�d�k�b�i�e�_�d�k�•�\���� �Z�k�l�j�Z�n�e�h�d�k�•�g�m�� �m �i�j�b�k�m�l�g�h�k�l�•��CNT, 

�^�b�k�i�_�j�]�h�\�Z�g�b�o�� �a�� �6�%�'�6���� �Z�� �l�Z�d�h�`�� �m �i�j�b�k�m�l�g�h�k�l�•�� �l�•�e�v�d�b�� �6�'�%�6�� �m �i�_�j�_�^�f�•�p�_�e�y�j�g�•�c��

�d�h�g�p�_�g�l�j�Z�p�•�€�����--�i�h�^�•�[�g�•���Z�]�j�_�]�Z�l�b�����s�h���o�Z�j�Z�d�l�_�j�b�a�m�x�l�v�k�y���i�•�d�Z�f�b���N�E���i�j�b��������������������

�•�� �������� �g�f���� �n�h�j�f�m�x�l�v�k�y�� �a�Z�� �j�Z�o�m�g�h�d�� �i�h�k�_�j�_�^�g�b�p�l�\�Z�� �6�'�%�6���m���i�_�j�_�^�f�•�p�_�e�y�j�g�h�f�m��

�k�l�Z�g�•�����K�e�Z�[�d�Z���k�f�m�]�Z���N�E���i�j�b�����������g�f���i�h�d�Z�a�m�}�� �m�l�\�h�j�_�g�g�y���_�d�k�b�f�_�j�•�\���[�Z�j�\�g�b�d�Z���Z�[�h��

�_�d�k�b�i�e�_�d�k�•�\�� �[�Z�j�\�g�b�d�Z�� �•�� �6�'�%�6���� �F�•�p�_�e�y�j�g�Z�� �d�h�g�p�_�g�l�j�Z�p�•�y�� �6�'�%�6�� �g�_�� �i�j�b�\�h�^�b�l�v�� �^�h��

�Z�]�j�_�]�Z�p�•�€�� �Z�k�l�j�Z�n�e�h�d�k�•�g�m���� �:�]�j�_�]�Z�l�b���� �s�h�� �f�Z�x�l�v�� �k�f�m�]�m�� �N�E�� �i�j�b�� �������� �g�f�� �a�^�Z�}�l�v�k�y����

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

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

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

�i�h�j�y�^�d�b���i�h�\�•�e�v�g�•�r�_�����g�•�`���q�Z�k���`�b�l�l�y���f�h�g�h�f�•�j�m���Z�k�l�j�Z�n�e�h�d�k�•�g�m�����������i�k). 

�1�g�n�j�Z�q�_�j�\�h�g�b�c�� �5�(�7�� �\�� �d�h�f�i�e�_�d�k�Z�o��CNT-SDBS-�[�Z�j�\�g�b�d�� �g�_�� �\�i�e�b�\�Z�}�� �g�Z��

�n�h�j�f�m�\�Z�g�g�y�� �Z�]�j�_�]�Z�l�•�\�� ���������� �g�f���� �l�Z�� �f�•�p�_�e�� �6�'�%�6���� �s�h�� �a�Z�i�h�[�•�]�Z�x�l�v�� �Z�]�j�_�]�Z�p�•�€��

�Z�k�l�j�Z�n�e�h�d�k�•�g�m�� ���������� �g�f������ �>�h�� �l�h�]�h�� �`���� �[�_�j�m�q�b�� �^�h�� �m�\�Z�]�b�� �n�Z�d�l���� �s�h�� �6�'�%�6�� �\�b�d�h�g�m�}��

�]�h�e�h�\�g�m���j�h�e�v���m �i�j�h�p�_�k�•�� �Z�]�j�_�]�Z�p�•�€���� �f�•�d�j�h�d�j�b�k�l�Z�e�b���� �]�h�e�h�\�g�b�f�� �q�b�g�h�f�� �n�h�j�f�m�x�l�v�k�y��

�g�_�a�Z�e�_�`�g�h�� �a�� �l�j�b�d�h�f�i�h�g�_�g�l�g�b�o�� �d�h�f�i�e�_�d�k�•�\��CNT-SDBS-�[�Z�j�\�g�b�d�� �a�� �5�(�7���� �H�l�`�_����

�h�l�j�b�f�Z�g�h���a�g�Z�g�g�y���i�j�h���g�h�\�•���y�\�b�s�Z�����s�h���\�b�g�b�d�Z�x�l�v���m �l�j�b�d�h�f�i�h�g�_�g�l�g�•�c���k�b�k�l�_�f�•�����y�d�•��

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

CNT �•�� ���� �Z�[�h�� �\�•�a�m�Z�e�•�a�Z�p�•�€��CNT, �Z�� �l�Z�d�h�`�� �y�d�� �i�e�Z�l�n�h�j�f�b�� �^�e�y�� �j�h�a�j�h�[�d�b�� �•��

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

 

�M���I�Z�j�Z�]�j�Z�n�•�������������K�Z�f�h�\�i�h�j�y�^�d�m�\�Z�g�g�y���^�\�h�o���l�b�i�•�\���--�Z�]�j�_�]�Z�l�•�\�����p�b�k-�•�a�h�f�_�j�•�\��

�[�Z�j�\�g�b�d�Z���g�Z���i�h�\�_�j�o�g�•���\�m�]�e�_�p�_�\�h�€���g�Z�g�h�l�j�m�[�d�b���l�Z���\�•�e�v�g�•���Z�]�j�_�]�Z�l�b���l�j�Z�g�k-

�•�a�h�f�_�j�•�\���[�Z�j�\�g�b�d�Z. 

�J�h�a�j�h�[�d�Z���g�h�\�b�o���g�Z�g�h�j�h�a�f�•�j�g�b�o���i�j�b�k�l�j�h�€�\���i�h�l�j�_�[�m�}���m�g�•�d�Z�e�v�g�b�o���n�m�g�d�p�•�h�g�Z�e�v�g�b�o��

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

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

J-�Z�]�j�_�]�Z�l�•�\�� �>22�@���� �y�d�•�� �f�h�`�m�l�v�� �•�k�l�h�l�g�h�� �i�h�d�j�Z�s�b�l�b�� �\�e�Z�k�l�b�\�h�k�l�•�� �g�Z�g�h�f�Z�l�_�j�•�Z�e�m�� �a�Z��
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�j�Z�o�m�g�h�d�� �j�_�a�h�g�Z�g�k�g�h�€�� �^�_�e�h�d�Z�e�•�a�Z�p�•�€�� �_�d�k�b�l�h�g�•�\���� �M�i�_�j�r�_�� �i�j�h�^�_�f�h�g�k�l�j�h�\�Z�g�h 

�n�h�j�f�m�\�Z�g�g�y�� �j�_�a�h�g�Z�g�k�g�h�� �d�h�]�_�j�_�g�l�g�b�o��J-�Z�]�j�_�]�Z�l�•�\�� �g�Z�� �\�m�]�e�_�p�_�\�b�o�� �g�Z�g�h�l�j�m�[�d�Z�o�� �a��

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

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

�\�b�i�j�h�f�•�g�x�\�Z�g�g�y��J-�k�f�m�]�b���l�Z���n�h�l�h�k�_�g�k�b�[�•�e�•�a�m�x�q�b���g�Z�g�h�l�j�m�[�d�b�����A�Z�]�Z�e�h�f���\�b�y�\�e�_�g�h 

�m�l�\�h�j�_�g�g�y�� �^�\�h�o�� �l�b�i�•�\��J-�Z�]�j�_�]�Z�l�•�\���� �^�_�� �h�^�b�g�� �l�b�i�� �i�h�\�¶�y�a�Z�g�b�c�� �•�a��

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

�i�h�\�¶�y�a�Z�g�b�c�� �a�� �k�Z�f�h�h�j�]�Z�g�•�a�Z�p�•�}�x�� �l�j�Z�g�k-�•�a�h�f�_�j�•�\�� �m�� �\�•�e�v�g�•��J-�Z�]�j�_�]�Z�l�b�� �[�_�a��

�g�Z�g�h�l�j�m�[�h�d���� �<�Z�`�e�b�\�h���� �s�h��J-�Z�]�j�_�]�Z�l�b�� �g�Z�� �\�m�]�e�_�p�_�\�b�o�� �g�Z�g�h�l�j�m�[�d�Z�o�� �a�� �k�b�e�v�g�b�f�b��

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

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

�[�•�h�f�_�^�b�q�g�•�c�� �\�•�a�m�Z�e�•�a�Z�p�•�€���� �g�Z�g�h�j�h�a�f�•�j�g�b�o�� �h�i�l�h�_�e�_�d�l�j�h�g�g�b�o�� �•�� �g�Z�g�h�n�h�l�h�g�g�b�o��

�i�j�b�k�l�j�h�y�o�� 

 

�J�b�k�� 1.9. �K�o�_�f�Z�l�b�q�g�_���a�h�[�j�Z�`�_�g�g�y���-- �l�Z���+-�Z�]�j�_�]�Z�l�•�\���l�Z���€�o���h�k�g�h�\�g�•���k�i�_�d�l�j�Z�e�v�g�•��
�\�e�Z�k�l�b�\�h�k�l�•���>22]. 

  
�J�h�a�j�h�[�d�Z�� �g�Z�g�h�j�h�a�f�•�j�g�b�o�� �n�m�g�d�p�•�h�g�Z�e�v�g�b�o�� �i�j�b�k�l�j�h�€�\�� �k�l�Z�e�Z�� �j�_�Z�e�v�g�h�x��

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

�^�h�k�y�]�g�_�g�g�y�f�� �m�� �]�Z�e�m�a�•�� �o�•�f�•�€�� �g�Z�g�h�f�Z�l�_�j�•�Z�e�•�\�� �l�Z�� �i�j�b�e�Z�^�h�[�m�^�m�\�Z�g�g�y�� �>22, 23]. 

�A�Z�k�l�h�k�m�\�Z�g�g�y�� �f�h�e�_�d�m�e�y�j�g�h�€�� �k�Z�f�h�h�j�]�Z�g�•�a�Z�p�•�€�� �^�e�y�� �n�m�g�d�p�•�h�g�Z�e�•�a�Z�p�•�€�� �l�Z��

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

�i�j�h�k�l�h�]�h�� �€�o�� �\�b�]�h�l�h�\�e�_�g�g�y���� �s�h�� �^�h�a�\�h�e�y�} �i�j�Z�d�l�b�q�g�h�� �\�b�d�h�j�b�k�l�h�\�m�\�Z�l�b�� �l�Z�d�•��
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�g�Z�g�h�j�h�a�f�•�j�g�•�� �k�l�j�m�d�l�m�j�b�� �>24�@���� �H�^�g�•�}�x�� �a�� �g�Z�c�[�•�e�v�r�� �•�g�l�j�b�]�m�x�q�b�o��

�k�m�i�j�Z�f�h�e�_�d�m�e�y�j�g�b�o�� �k�Z�f�h�h�j�]�Z�g�•�a�h�\�Z�g�b�o�� �k�l�j�m�d�l�m�j�� �}��J-�Z�]�j�_�]�Z�l�b���� �m�l�\�h�j�_�g�•�� �\��

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

�m�l�\�h�j�_�g�g�y���l�b�i�m���©�k�o�h�^�b�ª�����J�b�k�� 1.9) [22, 25]. �P�_ �i�j�b�\�h�^�b�l�v���^�h���k�b�e�v�g�h�€���d�h�]�_�j�_�g�l�h�€��

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

�f�•�]�j�m�\�Z�l�b�� �\�k�_�j�_�^�b�g�•��J-�Z�]�j�_�]�Z�l�•�\���� �A�� �f�h�f�_�g�l�m�� �k�\�h�]�h�� �\�•�^�d�j�b�l�l�y��J-�Z�]�j�_�]�Z�l�b�� �g�Z�[�m�e�b��

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

�i�e�•�\�d�h�\�•�c�� �n�h�l�h�]�j�Z�n�•�€�� �•�� �l�_�i�_�j�� �\�h�g�b�� �h�l�j�b�f�Z�e�b�� �\�•�^�j�h�^�`�_�g�g�y�� �g�Z�m�d�h�\�h�€�� �m�\�Z�]�b�� �^�h��

�i�_�j�_�^�h�\�b�o�� �a�Z�k�l�h�k�m�\�Z�g�v�� �m�� �g�Z�g�h�n�h�l�h�g�•�p�•�� �l�Z�� �h�i�l�h�_�e�_�d�l�j�h�g�•�p�•�� �>26�±29�@���� �A�Z�\�^�y�d�b��

�k�\�h�€�f�� �m�g�•�d�Z�e�v�g�b�f�� �\�e�Z�k�l�b�\�h�k�l�y�f����J-�Z�]�j�_�]�Z�l�b�� �k�l�Z�e�b�� �i�_�j�k�i�_�d�l�b�\�g�b�f�b�� �\�� �h�[�e�Z�k�l�•��

�k�\�•�l�e�h�\�b�i�j�h�f�•�g�x�x�q�b�o�� �^�•�h�^�•�\�� ��LED������ �_�d�k�b�l�h�g�g�h-�i�e�Z�a�f�h�g�g�b�o�� �i�j�b�k�l�j�h�€�\�� �•��

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

�l�j�Z�g�a�b�k�l�h�j�•�\���� �[�•�h�f�_�^�b�q�g�b�o�� �a�h�[�j�Z�`�_�g�v���� �L�Z�d�b�f�� �q�b�g�h�f����J-�Z�]�j�_�]�Z�l�b�� �}��

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

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

�D�h�]�_�j�_�g�l�g�_�� �k�i�j�y�`�_�g�g�y�� �f�•�`��J-�Z�]�j�_�]�Z�l�Z�f�b�� �l�Z�� �•�g�r�b�f�b�� �g�Z�g�h�f�Z�l�_�j�•�Z�e�Z�f�b�� �^�Z�}��

�f�h�`�e�b�\�•�k�l�v���g�_���l�•�e�v�d�b���i�h�}�^�g�m�\�Z�l�b���€�o���g�Z�c�d�j�Z�s�•���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�����Z�e�_���c���h�l�j�b�f�m�\�Z�l�b��

�g�h�\�•�� �i�_�j�_�^�h�\�•�� �g�Z�g�h�f�Z�l�_�j�•�Z�e�b�� �>26�±29�@���� �G�Z�i�j�b�d�e�Z�^���� �m�� �>30�@�� �k�i�h�k�l�_�j�•�]�Z�e�b��

�g�Z�^�r�\�b�^�d�m���i�_�j�_�^�Z�q�m���_�g�_�j�]�•�€���\���g�Z�g�h�k�l�j�m�d�l�m�j�Z�o��J-�Z�]�j�_�]�Z�l�b���f�_�l�Z�e�����s�h���i�j�_�^�k�l�Z�\�e�y�}��

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

�i�j�b�k�l�j�h�€�\���� �D�j�•�f�� �l�h�]�h���� �\�a�Z�}�f�h�^�•�y��J-�Z�]�j�_�]�Z�l�•�\�� �a�� �[�•�h�e�h�]�•�q�g�b�f�b�� �f�Z�l�_�j�•�Z�e�Z�f�b�� �f�Z�}��

�k�b�e�v�g�b�c�� �i�j�Z�d�l�b�q�g�b�c�� �n�h�d�m�k�� �m�� �[�•�h�\�•�a�m�Z�e�•�a�Z�p�•�€���� �G�_�s�h�^�Z�\�g�h�� �\�b�y�\�b�e�h�k�y���� �s�h�� �^�_�y�d�•��

�[�Z�j�\�g�b�d�b�� �f�h�`�m�l�v�� �m�l�\�h�j�x�\�Z�l�b�� �k�e�Z�[�d�•��J-�Z�]�j�_�]�Z�l�b�� �\�k�_�j�_�^�b�g�•�� �\�m�]�e�_�p�_�\�b�o��

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

�a�h�[�j�Z�`�_�g�g�y���a�Z���^�h�i�h�f�h�]�h�x���]�•�]�Z�g�l�k�v�d�h�]�h���j�Z�f�Z�g�•�\�k�v�d�h�]�h���j�h�a�k�•�x�\�Z�g�g�y���>31�@�����H�^�g�Z�d����

�g�Z�k�d�•�e�v�d�b�� �\�•�^�h�f�h���� �g�_�f�Z�}�� �e�•�l�_�j�Z�l�m�j�g�b�o�� �^�Z�g�b�o �i�j�h�� �m�l�\�h�j�_�g�g�y�� �j�_�a�h�g�Z�g�k�g�b�o��J-

�Z�]�j�_�]�Z�l�•�\�� �g�Z�� �a�h�\�g�•�r�g�•�c�� �i�h�\�_�j�o�g�•�� �g�Z�g�h�l�j�m�[�h�d���� �s�h�� �^�h�a�\�h�e�y�}�� �^�h�k�e�•�^�`�m�\�Z�l�b��

�k�b�e�v�g�b�c�� �k�b�g�_�j�]�_�l�b�q�g�b�c�� �_�n�_�d�l�� �a�Z�� �j�Z�o�m�g�h�d�� �\�a�Z�}�f�h�^�•�€�� �f�•�`�� �g�b�f�b���� �J�_�a�h�g�Z�g�k�g�•��

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

�_�d�k�b�l�h�g�g�h-�a�\�¶�y�a�Z�g�b�o���]�•�[�j�b�^�•�\��J-�Z�]�j�_�]�Z�l�•�\���l�Z���g�Z�g�h�l�j�m�[�h�d�� 

�;�m�e�h�� �\�b�y�\�e�_�g�h�� �\�b�k�h�d�h�j�_�a�h�g�Z�g�k�g�• J-�Z�]�j�_�]�Z�l�b���� �m�l�\�h�j�_�g�• �g�Z�� �a�h�\�g�•�r�g�•�c��

�i�h�\�_�j�o�g�•�� �h�^�g�h�k�l�•�g�g�b�o�� �\�m�]�e�_�p�_�\�b�o�� �g�Z�g�h�l�j�m�[�h�d�� ��SWNT������ �s�h�� �k�\�•�^�q�b�l�v�� �i�j�h�� �^�m�`�_��

�_�n�_�d�l�b�\�g�m�� �i�_�j�_�^�Z�q�m�� �_�g�_�j�]�•�€�� �\�•�^�� �Z�]�j�_�]�Z�l�•�\�� �^�h�� �g�Z�g�h�l�j�m�[�h�d���� �M�i�_�j�r�_�� �i�h�d�Z�a�Z�g�h���� �s�h��

SWNT �^�•�x�l�v�� �y�d�� �d�Z�j�d�Z�k�b�� �^�e�y��J-�Z�]�j�_�]�Z�p�•�€���� �l�Z�d�� �•�� �_�n�_�d�l�b�\�g�•�� �Z�d�p�_�i�l�h�j�b�� �_�g�_�j�]�•�€�� �\�•�^��

�Z�]�j�_�]�Z�l�•�\���[�Z�j�\�g�b�d�Z���[�_�g�a�h�>e�@�•�g�^�h�d�Z�j�[�h�p�•�Z�g�•�g�m����BIC). BIC �± �p�_���k�d�h�j�h�q�_�g�b�c���Z�g�Z�e�h�]��

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

�^�•�Z�]�g�h�k�l�b�p�•�� �>32�@���� �s�h�� �j�h�a�r�b�j�x�}�� �i�_�j�k�i�_�d�l�b�\�b�� �i�j�Z�d�l�b�q�g�h�]�h�� �\�b�d�h�j�b�k�l�Z�g�g�y��

�^�h�k�e�•�^�`�m�\�Z�g�h�€���k�b�k�l�_�f�b���� 

 

�J�b�k����1.10�����K�i�_�d�l�j�b���i�h�]�e�b�g�Z�g�g�y���[�Z�j�\�g�b�d�Z���%�,�&�����g�Z�g�h�l�j�m�[�h�d���a���k�Z�j�n�Z�d�l�Z�g�l�h�f��
�^�h�^�_�p�b�e�[�_�g�a�h�k�m�e�v�n�Z�l���g�Z�l�j�•�x�����6�'�%�6�������Z���l�Z�d�h�`���d�h�f�i�h�a�b�l�•�\���g�Z�g�h�l�j�m�[�h�d���a���%�,�&���•��
�j�•�a�g�b�f�b���k�Z�j�n�Z�d�l�Z�g�l�Z�f�b���± �^�h�^�_�p�b�e�k�m�e�v�n�Z�l���g�Z�l�j�•�x�����6�'�6�������^�_�h�d�k�b�o�h�e�Z�l���g�Z�l�j�•�x��
���6�'�2�&�������l�Z�m�j�h�^�_�h�d�k�b�o�h�e�Z�l���g�Z�l�j�•�x�����6�7�'�2�&�������i�h�e�•�h�d�k�b�_�l�b�e�_�g���h�d�l�b�e�n�_�g�•�e�h�\�b�c��

�_�n�•�j�����L�j�b�l�h�g���O-�����������l�Z���i�h�e�•�\�•�g�•�e�i�•�j�h�e�•�^�h�g�����3�9�3���� 
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�J�b�k����1.11�����D�Z�j�l�b���N�E���g�Z�g�h�l�j�m�[�h�d���l�Z���d�h�f�i�h�a�b�l�Z �g�Z�g�h�l�j�m�[�h�d���a���[�Z�j�\�g�b�d�h�f��BIC �m��
�[�e�b�`�g�•�c���1�Q���h�[�e�Z�k�l�•���a���•�g�^�b�d�Z�p�•�}�x��RET �j�•�\�g�y�����>�e�y���^�_�y�d�b�o����em �k�i�h�k�l�_�j�•�]�Z�}�l�v�k�y��

�©�]�•�]�Z�g�l�k�v�d�_�ª���i�•�^�k�b�e�_�g�g�y���N�E�� 
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�J�b�k�� 1.12�����K�o�_�f�Z�l�b�q�g�_���a�h�[�j�Z�`�_�g�g�y���m�l�\�h�j�_�g�g�y��J-�Z�]�j�_�]�Z�l�•�\���g�Z���i�h�\�_�j�o�g�•��
�\�m�]�e�_�p�_�\�h�€���g�Z�g�h�l�j�m�[�d�b���l�Z���_�g�_�j�]�_�l�b�q�g�Z���^�•�Z�]�j�Z�f�Z���i�j�h�p�_�k�m���j�_�a�h�g�Z�g�k�g�h�]�h���i�_�j�_�g�h�k�m��

�_�g�_�j�]�•�€����RET�����a���Z�]�j�_�]�Z�l�•�\���g�Z���g�Z�g�h�l�j�m�[�d�b�� 
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�H�l�`�_���� �\�i�_�j�r�_�� �\�b�y�\�e�_�g�h�� �m�g�•�d�Z�e�v�g�_�� �m�l�\�h�j�_�g�g�y�� �j�_�a�h�g�Z�g�k�g�b�o��J-�Z�]�j�_�]�Z�l�•�\�� �g�Z��

�a�h�\�g�•�r�g�•�c�� �i�h�\�_�j�o�g�•��SWNT �a�� �_�n�_�d�l�b�\�g�h�x�� �i�_�j�_�^�Z�q�_�x�� �_�g�_�j�]�•�€�� �\�•�^�� �Z�]�j�_�]�Z�l�m��

�[�Z�j�\�g�b�d�Z�� �^�h�� �g�Z�g�h�l�j�m�[�d�b���� �A�Z�i�j�h�i�h�g�h�\�Z�g�b�c�� �f�_�o�Z�g�•�a�f�� �m�l�\�h�j�_�g�g�y�� �Z�]�j�_�]�Z�l�•�\��

�i�h�\�¶�y�a�Z�g�b�c���•�a���i�_�j�_�\�Z�`�g�b�f���k�Z�f�h�\�i�h�j�y�^�d�m�\�Z�g�g�y�f���p�b�k-�•�a�h�f�_�j�•�\��BIC-�[�Z�j�\�g�b�d�Z�����s�h��

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

�g�Z�g�h�l�j�m�[�d�b���� �D�j�•�f�� �m�l�\�h�j�_�g�g�y��J-�Z�]�j�_�]�Z�l�•�\�� �g�Z��SWNT���� �m�l�\�h�j�x�x�l�v�k�y�� �l�Z�d�h�`�� �\�•�e�v�g�•��

�Z�]�j�_�]�Z�l�b��BIC ���[�_�a��SWNT�������y�d�•���f�Z�x�l�v���j�•�a�g�•���k�i�_�d�l�j�Z�e�v�g�•���h�k�h�[�e�b�\�h�k�l�•���l�Z���i�h�\�¶�y�a�Z�g�•��

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

�>�h�\�`�b�g�m�� �^�_�e�h�d�Z�e�•�a�Z�p�•�€�� �_�d�k�b�l�h�g�•�\ (Nc) �f�h�`�g�Z�� �j�h�a�j�Z�o�m�\�Z�l�b���� �a�g�Z�x�q�b�� �q�Z�k�b��

�j�_�e�Z�d�k�Z�p�•�€�� �^�e�y�� �f�h�g�h�f�_�j�m�� ���Wmon) �l�Z�� �Z�]�j�_�]�Z�l�m (�Wj)  �Z�[�h�� �g�Z�i�•�\�r�b�j�b�g�b�� �k�f�m�]��

�i�h�]�e�b�g�Z�g�g�y��J-�Z�]�j�_�]�Z�l�•�\��(�'�Qj) �l�Z���f�h�g�h�f�_�j�•�\��(�'�QM) �f�h�e�_�d�m�e���a�Z���n�h�j�f�m�e�Z�f�b [26]: 
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�J�h�a�j�Z�o�h�\�Z�g�•���a�Z���i�_�j�r�h�x���n�h�j�f�m�e�h�x���a�g�Z�q�_�g�g�y��Nc  �[�m�e�b 6-8 �f�h�e�_�d�m�e �^�e�y��

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

�^�j�m�]�h�x��- �����“���� �l�Z�� �����“������ �\�•�^�i�h�\�•�^�g�h���� �M�� �h�^�b�g�b�p�y�o�� �^�h�\�`�b�g�b��- Ldeloc �k�d�e�Z�e�Z�� �i�j�b��

�p�v�h�f�m�� ���� - 45 �g�f�� �^�e�y��J-�Z�]�j�_�]�Z�l�•�\�� �m�� �i�h�j�•�\�g�y�g�g�•�� �a�� �i�j�b�[�e����2������ �g�f�� �^�e�y�� �q�b�k�l�b�o��

�g�Z�g�h�l�j�m�[�h�d���� 

�H�l�`�m���� �i�h�d�Z�a�Z�g�h �n�h�j�f�m�\�Z�g�g�y�� �m�g�•�d�Z�e�v�g�h�]�h�� �g�Z�g�h�f�Z�l�_�j�•�Z�e�m�� �a�� �j�h�a�r�b�j�_�g�h�x��

�n�m�g�d�p�•�h�g�Z�e�v�g�•�k�l�x���� �s�h�� �\�•�^�d�j�b�\�Z�}�� �r�e�y�o�� �^�h�� �r�b�j�h�d�h�]�h�� �o�•�f�•�q�g�h�]�h�� �d�h�g�k�l�j�m�x�\�Z�g�g�y��

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

�g�Z�\�d�h�e�b�r�g�v�h�f�m���k�_�j�_�^�h�\�b�s�•���f�Z�}���d�e�x�q�h�\�_���a�g�Z�q�_�g�g�y���>33�±36]. 

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

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

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

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

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

�d�Z�j�[�h�^�b�•�f�•�^�b���Z�[�h���n�h�k�n�h�g�•�}�\�•�������m�j�h�g�•�_�\�•���k�h�e�•�����>37, 38]. �J�Z�g�•�r�_���[�m�e�h���i�h�d�Z�a�Z�g�h�����s�h��

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

�\�b�d�h�j�b�k�l�Z�g�•�� �y�d�� �n�e�m�h�j�_�k�p�_�g�l�g�• �k�_�g�k�h�j�b �^�e�y�� �Z�e�•�n�Z�l�b�q�g�b�o�� �Z�f�•�g�•�\�� �>39�@���� �a�h�d�j�_�f�Z��

�a�h�g�^�b �^�e�y���n�e�m�h�j�_�k�p�_�g�l�g�h�]�h���f�Z�j�d�m�\�Z�g�g�y���[�•�e�d�•�\���>40]. 

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

�m�l�\�h�j�_�g�g�y�f�� �_�g�Z�f�•�g�m���� �[�Z�j�\�g�b�d�Z�� �l�b�i�m�� ���� ���j�b�k���� �������� �L�Z�d�b�f�� �q�b�g�h�f���� �k�e�Z�[�h��

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

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

 

�J�b�k����2.1. �K�o�_�f�Z���j�_�Z�d�p�•�€���a���Z�f�•�g�Z�f�b���^�•�h�d�k�Z�[�h�j�b�g�h�\�b�o���[�Z�j�\�g�b�d�•�\ [39]. 

 

�>�_�l�_�d�l�m�\�Z�g�g�y���Z�f�•�g�m���^�•�h�d�k�Z�[�h�j�b�g�h�\�b�f���[�Z�j�\�g�b�d�h�f������ 

�K�_�j�_�^�� �^�h�k�e�•�^�`�_�g�b�o�� �[�e�b�a�v�d�h�� ������ �^�•�h�d�k�h�[�h�j�b�g�h�\�b�o�� �[�Z�j�\�g�b�d�•�\�� �g�Z�c�[�•�e�v�r��

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

�[�Z�j�\�g�b�d���������J�b�k��2.2�����a���^�m�`�_���g�b�a�v�d�h�x���\�e�Z�k�g�h�x���n�e�m�h�j�_�k�p�_�g�p�•�x�����J�b�k����2.3).  

 

�J�b�k����2.2. �K�l�j�m�d�l�m�j�g�Z���n�h�j�f�m�e�Z���[�Z�j�\�g�b�d�Z��4, �y�d�b�c���\�b�y�\�b�\�k�y���g�Z�c�d�j�Z�s�b�f���^�e�y��
�^�_�l�_�d�l�m�\�Z�g�g�y���Z�f�•�g�•�\�� 

�Q�m�l�e�b�\�•�k�l�v�� �[�Z�j�\�g�b�d�Z�� ���� �g�Z�� �i�h�j�y�^�h�d�� �\�b�s�Z���� �g�•�`�� �^�e�y�� �•�g�r�b�o�� �^�h�k�e�•�^�`�_�g�b�o��

�[�Z�j�\�g�b�d�•�\���� �3�/�� �^�e�y�� �j�_�Z�d�p�•�c�g�h�€�� �k�m�f�•�r�•�� �l�Z�d�h�`�� �a�Z�e�_�`�b�l�v�� �\�•�^�� �d�h�g�p�_�g�l�j�Z�p�•�€�� �Z�f�•�Z�d�m����

�G�Z�� �J�b�k����2.3 �i�h�d�Z�a�Z�g�Z�� �a�Z�e�_�`�g�•�k�l�v�� �•�g�l�_�g�k�b�\�g�h�k�l�•�� �n�e�m�h�j�_�k�p�_�g�p�•�€�� �^�e�y�� �i�j�h�^�m�d�l�m��

�j�_�Z�d�p�•�€���� �[�Z�j�\�g�b�d�Z�� ���� �a�� �Z�f�•�Z�d�h�f���� �i�j�h�l�y�]�h�f�� ������ �o�\�b�e�b�g�� �i�•�k�e�y�� �l�h�]�h���� �y�d�� �Z�f�•�Z�d�� �[�m�e�h��

�^�h�^�Z�g�h���� �<�� �d�•�g�p�_�\�h�f�m�� �j�Z�o�m�g�d�m�� �k�i�h�k�l�_�j�•�]�Z�e�h�k�y�� ����- �•�� ����-�d�j�Z�l�g�_�� �a�[�•�e�v�r�_�g�g�y��

�•�g�l�_�g�k�b�\�g�h�k�l�•�� �n�h�l�h�e�x�f�•�g�_�k�p�_�g�p�•�€�� �^�e�y�� �k�i�•�\�\�•�^�g�h�r�_�g�v �[�Z�j�\�g�b�d�Z �l�Z �Z�f�•�Z�d�m���� �y�d�_��

�^�h�j�•�\�g�x�}�������������•�������������������\�•�^�i�h�\�•�^�g�h�����<�a�Z�}�f�h�^�•�y���Z�f�•�g�m���a���[�Z�j�\�g�b�d�h�f�������i�j�b�\�h�^�b�l�v���^�h��
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�a�j�h�k�l�Z�g�g�y���k�f�m�]�b���a���f�Z�d�k�b�f�m�f�h�f���i�j�b����EM � �����������g�f�����\���l�h�c���q�Z�k�����y�d���i�•�d���i�j�b����EM = 530 

�g�f���i�j�Z�d�l�b�q�g�h���g�_���a�f�•�g�x�}�l�v�k�y�� 
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�J�b�k����2.3�����A�f�•�g�b���N�E���^�e�y���[�Z�j�\�g�b�d�Z��4 ���������K�F � �����î�����±6�����m�����������\�h�^�g�h�f�m���j�h�a�q�b�g�•��
�_�l�Z�g�h�e�m���q�_�j�_�a���������o�\�����I�•�k�e�y���^�h�^�Z�\�Z�g�g�y���j�h�a�q�b�g�m���Z�f�•�Z�d�m�����������K�F � �����î�����±6�����������K�F = 

���î�����±6�����������K�F � �����î�����±5). 

 

�>�h�k�e�•�^�`�m�\�Z�e�Z�k�v�� �a�Z�e�_�`�g�•�k�l�v�� �N�E�� �\�•�^�� �d�h�g�p�_�g�l�j�Z�p�•�€�� �Z�f�•�g�m�� ���j�b�k����2.4������ �F�_�`�Z��

�q�m�l�e�b�\�h�k�l�•�� �N�E�� �[�m�e�Z�� �\�b�a�g�Z�q�_�g�Z�� �\�� �^�•�Z�i�Z�a�h�g�•�� �d�h�g�p�_�g�l�j�Z�p�•�€�� �Z�f�•�g�m�� �i�j�b�[�e�b�a�g�h�� �����±6 

�f�h�e�v���e���� �K�l�Z�g�^�Z�j�l�g�•�� �i�Z�j�Z�f�_�l�j�b�� �a�h�g�^�m�\�Z�g�g�y���� �q�m�l�e�b�\�•�k�l�v�� ���6���� �•�� �f�_�`�Z�� �\�b�y�\�e�_�g�g�y��

���/�2�'������ �s�h�� �f�h�`�g�Z�� �\�b�a�g�Z�q�b�l�b�� �a�� �^�Z�g�b�o�� �g�Z�� �j�b�k����2.4���� �g�Z�a�b�\�Z�}�l�v�k�y�� �d�Z�e�•�[�j�m�\�Z�e�v�g�h�x��

�d�j�b�\�h�x�� ���a�Z�e�_�`�g�•�k�l�v�� �Z�g�Z�e�•�l�b�q�g�h�]�h�� �k�b�]�g�Z�e�m���� �3�/max���� �\�•�^�� �d�h�g�p�_�g�l�j�Z�p�•�€�� �Z�g�Z�e�•�a�h�\�Z�g�h�€��

�j�_�q�h�\�b�g�b�����l�h�[�l�h���d�h�g�p�_�g�l�j�Z�p�•�€���Z�f�•�g�m�������Q�m�l�e�b�\�•�k�l�v���f�h�`�_���[�m�l�b���\�b�a�g�Z�q�_�g�Z���y�d���g�Z�o�b�e��

�d�Z�e�•�[�j�m�\�Z�e�v�g�h�€���d�j�b�\�h�€�����^�_���\�_�e�b�q�b�g�Z���/�2�'���f�h�`�_���[�m�l�b���\�b�j�Z�`�_�g�Z���m���\�b�]�e�y�^�•���n�m�g�d�p�•�€��

�\�•�^�� �6�� �•���6B �g�Z�k�l�m�i�g�b�f�� �q�b�g�h�f���� �/�2�'�� � �����6B ���� �6���� �L�Z�d�b�f���q�b�g�h�f���� �^�e�y���[�Z�j�\�g�b�d�Z�������� �6 = 

569�u106 �D���X�������P�R�O���O�����•���/�2�'��� ���������u10-6 ���f�h�e�v���e�������L�Z�d�b�f���q�b�g�h�f�����[�Z�j�\�g�b�d�������^�h�a�\�h�e�y�}��

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

�f�•�e�v�c�h�g�� 
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�d�h�g�p�_�g�l�j�Z�p�•�y���Z�f�•�g�Z��(10-6, mol/l) 

�;�Z�j�\�g�b�d 4 (C
M
 = 2.5 x 10-6 ) + �Z�f�•�g

C
LOD

 =0.6 x 10-6

 

�J�b�k����2.4�����D�Z�e�•�[�j�Z�p�•�c�g�•���d�j�b�\�•�����i�h�[�m�^�h�\�Z�g�•���y�d���a�Z�e�_�`�g�•�k�l�v���N�E���g�Z�����������Q�P�����3�/max�����^�e�y��
�^�e�y���[�Z�j�\�g�b�d�Z��4 �m���\�h�^�•���\�•�^���d�h�g�p�_�g�l�j�Z�p�•�€���Z�f�•�g�m�� 

 

�I�j�b�� �\�b�f�•�j�x�\�Z�g�g�•�� �7�5-�3�/�� �•�� �d�•�g�_�l�b�d�b�� �N�E�� �^�e�y�� �[�Z�j�\�g�b�d�Z�� ���� �[�m�e�b�� �\�b�y�\�e�_�g�•�� �^�\�Z��

�q�Z�k�m���`�b�l�l�y���a�[�m�^�`�_�g�g�y���N�E���������������•�������������g�k�����i�j�b����EM � �����������g�f���•���h�^�b�g���������������g�k�����i�j�b��

��EM � �� �������� �g�f�� ���l�Z�[�e�b�p�y��2.1) , �^�h�^�Z�\�Z�g�g�y �Z�f�•�g�m�� �^�h�� �[�Z�j�\�g�b�d�Z�� ���� �g�_�� �\�i�e�b�\�Z�}�� �g�Z�� �q�Z�k��

�`�b�l�l�y���i�j�b����EM � �����������g�f�����Z���i�j�b����EM � �����������g�f���q�Z�k���`�b�l�l�y���a�j�h�k�l�Z�}���\�•�^�������������^�h������������

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

�l�j�Z�g�k�n�h�j�f�Z�p�•�€���f�h�e�_�d�m�e�b���[�Z�j�\�g�b�d�Z�����s�h���i�j�h�y�\�e�y�}�l�v�k�y���\���m�i�h�\�•�e�v�g�_�g�g�•���q�Z�k�m���`�b�l�l�y��

�a�[�m�^�`�_�g�g�y���^�e�y���^�h�\�]�h�o�\�b�e�v�h�\�h�€���k�f�m�]�b���3�/�� 

�L�Z�[�e�b�p�y��2.1 

�Q�Z�k�b���`�b�l�l�y�����2�����h�l�j�b�f�Z�g�•���a���_�d�k�i�h�g�_�g�p�•�c�g�h�]�h���n�•�l�l�•�g�]�m �d�•�g�_�l�b�d���7�5-�3�/���^�e�y���[�Z�j�\�g�b�d�Z��

�����a���Z�f�•�g�h�f�����2��dye 4�����l�Z���q�b�k�l�h�]�h���������2 dye 4 + amine�����a���m�j�Z�o�m�\�Z�g�g�y�f���Z�i�Z�j�Z�l�g�h�€���n�m�g�d�p�•�€��

�m�k�l�Z�g�h�\�d�b�����,�5�)���� 

��EM, �g�f 530 620 

t dye 4, �g�k 
0.19 

1.10 
0.57 

t dye 4 + amine, �g�k 
0.19 

1.10 
0.64 
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�;�Z�j�\�g�b�d�������} �g�Z�c�[�•�e�v�r���h�i�l�b�f�Z�e�v�g�b�f���k�_�j�_�^���\�b�i�j�h�[�m�\�Z�g�b�o���^�•�h�d�k�Z�[�h�j�b�g�h�\�b�o��

�[�Z�j�\�g�b�d�•�\�� �^�e�y�� �\�b�y�\�e�_�g�g�y�� �Z�f�•�Z�d�m�� ���Z�f�•�g�•�\���� �m�� �\�h�^�g�b�o�� �k�_�j�_�^�h�\�b�s�Z�o���� �L�Z�d�b�f�� �q�b�g�h�f����

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

�\�•�^�g�h�k�g�h�� �g�_�\�_�e�b�d�•�� �d�•�e�v�d�h�k�l�•�� �Z�f�•�Z�d�m�� ���Z�f�•�g�m���� �a�� �f�_�`�_�x�� �\�b�y�\�e�_�g�g�y�� �&LOD = 0.6�u10-6 

(�f�h�e�v/�e������ �>�h�k�e�•�^�`�_�g�g�y�� �\�a�Z�}�f�h�^�•�€�� �&�1�7�� �a�� �[�Z�j�\�g�b�d�h�f�� �'�2�%-�������� �i�h�d�Z�a�Z�e�h���� �s�h�� �N�E��

�[�Z�j�\�g�b�d�Z�� �]�Z�k�b�l�v�k�y���� �N�E�� �&�1�7�� �f�Z�x�l�v�� �q�_�j�\�h�g�b�c�� �a�k�m�\���� �Z�� �\�� �[�e�b�`�g�•�c�� �•�g�n�j�Z�q�_�j�\�h�g�•�c��

�h�[�e�Z�k�l�•���k�i�_�d�l�j�Z���a�[�m�^�`�_�g�g�y���a�¶�y�\�e�y�x�l�v�k�y���g�h�\�•���•�g�l�_�g�k�b�\�g�•���i�•�d�b���N�E�� 

�D�j�•�f�� �l�h�]�h���� �^�•�h�d�k�Z�[�h�j�b�g�h�\�• �[�Z�j�\�g�b�d�b �[�m�e�h���\�b�d�h�j�b�k�l�Z�g�h���^�e�y�� �j�h�a�i�•�a�g�Z�\�Z�g�g�y��

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

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

�a�j�h�k�l�Z�g�g�y���g�Z�g�h�l�_�o�g�h�e�h�]�•�c�����a�Z�]�Z�e�v�g�b�c���h�[�k�y�]���•�g�\�_�k�l�b�p�•�c���\���h�[�e�Z�k�l�•���g�Z�g�h�l�_�o�g�h�e�h�]�•�c��

�^�h�k�y�]�� ���� �������� �l�j�e�g�� �m�� ���������� �j�h�p�• [41�@���� �i�j�b�� �g�Z�y�\�g�b�o�� �l�•�e�v�d�b�� �j�h�a�j�•�a�g�_�g�b�o�� �^�Z�g�b�o�� �i�j�h��

�l�h�d�k�b�q�g�•�k�l�v���g�Z�g�h�h�[�¶�}�d�l�•�\. CNT �± �Z�e�h�l�j�h�i���\�m�]�e�_�p�x���a���m�g�•�d�Z�e�v�g�b�f�b���f�_�o�Z�g�•�q�g�b�f�b����

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

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

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

�l�_�o�g�h�e�h�]�•�c�� �>42�@���� �L�h�f�m�� �g�_�h�[�o�•�^�g�h�� �f�Z�l�b�� �•�g�k�l�m�f�_�g�l�b �^�e�y�� �r�\�b�^�d�h�]�h�� �\�b�y�\�e�_�g�g�y��

�\�m�]�e�_�p�_�\�b�o���g�Z�g�h�f�Z�l�_�j�•�Z�e�•�\�����s�h�[���a�Z�i�h�[�•�]�l�b���€�o���\�i�e�b�\�m���g�Z���h�j�]�Z�g�•�a�f�•���e�x�^�b�g�b���q�_�j�_�a��

�€�o�g�x�� �l�h�d�k�b�q�g�•�k�l�v �m �j�Z�a�•�� �l�_�o�g�h�]�_�g�g�b�o�� �d�Z�l�Z�k�l�j�h�n���� �L�Z�d�b�f�� �q�b�g�h�f���� �^�h�k�e�•�^�`�_�g�g�y�� �•��

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

�k�i�h�k�h�[�b���\�b�y�\�e�_�g�g�y���\�b�[�j�Z�g�b�o���Z�g�Z�e�•�l�•�\�� 

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

�l�b�i�•�\�� �}�� �g�h�\�b�f �g�Z�i�j�y�f�d�h�f, �l�h�f�m �[�m�e�h�� �i�j�h�l�_�k�l�h�\�Z�g�h �g�b�a�d�m�� �j�•�a�g�b�o�� �l�b�i�•�\��

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

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

�^�•�h�d�k�Z�[�h�j�b�g�h�\�b�c �[�Z�j�\�g�b�d���� �'�2�%-�������� ���j�b�k����2.5). DOB-�������� �k�b�g�l�_�a�m�\�Z�e�b�� �r�e�y�o�h�f 

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

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

�g�Z�l�j�•�x�� ���j�b�k����2.5). �<�h�^�h�j�h�a�q�b�g�g�b�c DOB-719 �a�^�Z�l�g�b�c �\�a�Z�}�f�h�^�•�y�l�b�� �a��CNT, 
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�j�h�a�q�b�g�_�g�b�f�b�� �m�� �\�h�^�•�� �•�� �^�b�k�i�_�j�]�h�\�Z�g�b�f�b�� �a �i�h�\�_�j�o�g�_�\�h-�Z�d�l�b�\�g�h�x�� �j�_�q�h�\�b�g�h�x�� �± 

�^�h�^�_�p�b�e�[�_�g�a�h�e�k�m�e�v�n�h�g�Z�l���g�Z�l�j�•�x�����6�'�%�6������ 
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�J�b�k������������ �O�•�f�•�q�g�Z���n�h�j�f�m�e�Z���^�•�h�d�k�Z�[�h�j�b�g�h�\�h�]�h���[�Z�j�\�g�b�d�Z��DOB-719. 

�<�b�\�q�Z�e�Z�k�v���\�a�Z�}�f�h�^�•�y �•�g�^�h�i�_�g�l�Z�f�_�^�•�g-�h�d�k�Z�[�h�j�b�g�h�\�b�o���[�Z�j�\�g�b�d�•�\����DOB-719) 

�l�Z���h�^�g�h�k�l�•�g�g�b�o���\�m�]�e�_�p�_�\�b�o���g�Z�g�h�l�j�m�[�h�d����SWNTs�����a���\�b�d�h�j�b�k�l�Z�g�g�y�f���k�i�_�d�l�j�h�k�d�h�i�•�€��

�i�h�]�e�b�g�Z�g�g�y�� �l�Z�� �N�E���k�i�_�d�l�j�h�k�d�h�i�•�€. �>�e�y���k�m�f�•�r�•�� �[�Z�j�\�g�b�d�Z�� �l�Z��SWNT �\�b�y�\�e�_�g�•���g�h�\�•��

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

�[�Z�j�\�g�b�d�Z�� �a�Z�� �j�Z�o�m�g�h�d�� �j�_�a�h�g�Z�g�k�g�h�€�� �i�_�j�_�^�Z�q�•�� �_�g�_�j�]�•�€�� �\�•�^��DOB-�������� �^�h��SWNT. 

�A�h�d�j�_�f�Z���� �k�i�h�k�l�_�j�•�]�Z�e�h�k�y�� �\�b�g�b�d�g�_�g�g�y�� �g�h�\�b�o�� �i�•�d�•�\��PL �g�Z�� �^�h�\�`�b�g�•�� �o�\�b�e�•��

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

������ �g�f���� �m�� �[�e�b�`�g�v�h�f�m�� �•�g�n�j�Z�q�_�j�\�h�g�h�f�m�� �^�•�Z�i�Z�a�h�g�•���� �A�Z�i�j�h�i�h�g�h�\�Z�g�h�� �f�h�`�e�b�\�b�c��

�f�_�o�Z�g�•�a�f�� �\�a�Z�}�f�h�^�•�€�� �f�•�`��DOB-�������� �l�Z��SWNT���� �L�Z�d�b�f�� �q�b�g�h�f���� �f�h�`�g�Z�� �a�j�h�[�b�l�b��

�\�b�k�g�h�\�h�d���� �s�h�� �[�Z�j�\�g�b�d��DOB-719 �} �i�_�j�k�i�_�d�l�b�\�g�b�f�� �^�e�y�� �j�h�a�j�h�[�d�b�� �_�n�_�d�l�b�\�g�b�o��

�k�i�_�p�•�Z�e�v�g�b�o���h�i�l�b�q�g�b�o���a�h�g�^�•�\���^�e�y���\�b�y�\�e�_�g�g�y��SWNT. 

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

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

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

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

[42]. �I�j�h�l�_�� �i�j�b�� �r�\�b�^�d�h�f�m�� �a�j�h�k�l�Z�g�g�•�� �g�Z�g�h�l�_�o�g�h�e�h�]�•�c�� �\�m�]�e�_�p�_�\�•�� �g�Z�g�h�l�j�m�[�d�b��

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

�k�_�j�_�^�h�\�b�s�Z���\���g�Z�c�[�e�b�`�q�h�f�m���f�Z�c�[�m�l�g�v�h�f�m���q�_�j�_�a���€�o�g�x���l�h�d�k�b�q�g�•�k�l�v���>42�±47]. 

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

�^�h�� �l�h�]�h���� �y�d�� �r�d�•�^�e�b�\�b�c�� �\�i�e�b�\�� �\�m�]�e�_�p�_�\�b�o�� �g�Z�g�h�l�j�m�[�h�d�� �g�Z�� �g�Z�\�d�h�e�b�r�g�}��

�k�_�j�_�^�h�\�b�s�_���k�l�Z�g�_���a�Z�]�j�h�a�e�b�\�b�f�� 
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�I�h�k�b�e�_�g�g�y�� �k�b�]�g�Z�e�m�� �N�E�� �•�a�� �h�^�g�h�r�Z�j�h�\�b�o�� �\�m�]�e�_�p�_�\�b�o�� �g�Z�g�h�l�j�m�[�h�d�� ��SWNT) 

�f�h�`�_���[�m�l�b���h�l�j�b�f�Z�g�h���r�e�y�o�h�f �d�h�\�Z�e�_�g�l�g�h�]�h���m�l�\�h�j�_�g�g�y���V�S3-�^�_�n�_�d�l�•�\���g�Z���i�h�\�_�j�o�g�•��

�l�j�m�[�d�b�� �>48�@���� �•�g�d�Z�i�k�m�e�y�p�•�€�� �f�Z�e�b�o�� �h�j�]�Z�g�•�q�g�b�o�� �f�h�e�_�d�m�e�� �\�k�_�j�_�^�b�g�m��SWNT [49�@�� �l�Z��

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

[50�±52�@���� �A���h�]�e�y�^�m���g�Z���^�Z�l�q�b�d�b�����h�k�h�[�e�b�\�Z���m�\�Z�]�Z���i�h�\�b�g�g�Z���i�j�b�^�•�e�y�l�b�k�y���i�•�^�k�b�e�_�g�g�x��

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

�i�_�j�_�^�Z�q�Z�� �_�g�_�j�]�•�€�� ��RET���� �\�•�^�� �p�•�Z�g�•�g�h�\�b�o�� �[�Z�j�\�g�b�d�•�\�� �^�h��SWNT���� �s�h�� �i�h�d�j�b�l�•��

�Z�g�•�h�g�g�b�f�b�� �i�h�\�_�j�o�g�_�\�h-�Z�d�l�b�\�g�b�f�b�� �j�_�q�h�\�b�g�Z�f�b�� �m�� �\�h�^�•���� �I�j�h�l�_���� �g�_�^�h�e�•�d�h�f�� �p�b�o��

�k�b�k�l�_�f�� �g�Z�� �h�k�g�h�\�•�� �p�•�Z�g�•�g�m�� �}�� �5�(�7�� �\�� �^�•�Z�i�Z�a�h�g�•�� �^�h�\�`�b�g�� �o�\�b�e�v�� �a�[�m�^�`�_�g�g�y�� �N�E���� �^�_��

�6�:�1�7�� �f�Z�x�l�v�� �•�k�l�h�l�g�m�� �\�e�Z�k�g�m�� �_�f�•�k�•�x���� �<�g�Z�k�e�•�^�h�d��RET �•�g�l�_�g�k�b�\�g�•�k�l�v�� �N�E��

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

�f�Z�}���h�[�f�_�`�_�g�m���\�•�^�g�h�k�g�m���q�m�l�e�b�\�•�k�l�v�� 

�H�k�g�h�\�g�m�� �m�\�Z�]�m�� �[�m�e�h�� �a�h�k�_�j�_�^�`�_�g�h �g�Z �^�h�k�e�•�^�`�_�g�g�y�o �\�a�Z�}�f�h�^�•�€ SWNT �a 

�•�g�^�h�i�_�g�l�Z�f�_�^�•�g-�^�•�h�d�k�Z�[�h�j�b�g�h�\�b�f �[�Z�j�\�g�b�d�h�f (DOB-719), �s�h �f�Z�} �j�h�a�]�Z�e�m�`�_�g�m���Œ-

�k�i�j�y�`�_�g�m �k�b�k�l�_�f�m (�j�b�k. 2.5) �l�Z �Z�[�k�h�j�[�p�•�x �\ �[�e�b�`�g�v�h�f�m �•�g�n�j�Z�q�_�j�\�h�g�h�f�m 

�^�•�Z�i�Z�a�h�g�•. �<�b�[�•�j�� �[�Z�j�\�g�b�d�Z, �a�m�f�h�\�e�_�g�b�c�� �c�h�]�h�� �m�g�•�d�Z�e�v�g�h�x�� �\�a�Z�}�f�h�^�•�}�x�� �a��SWNT, 

�\�g�Z�k�e�•�^�h�d�� �q�h�]�h�� �a�¶�y�\�e�y�x�l�v�k�y�� �g�h�\�•�� �i�•�d�b��PL �m�� �^�•�Z�i�Z�a�h�g�• �^�h�\�`�b�g�� �o�\�b�e�v�� �a�[�m�^�`�_�g�g�y��

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

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

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

�^�e�y�� �Z�f�•�g�•�\�� �l�Z�� �Z�f�•�Z�d�m�� �>39�@���� �G�h�\�b�a�g�Z�� �^�Z�g�h�]�h�� �^�h�k�e�•�^�`�_�g�g�y�� �i�h�e�y�]�Z�}�� �\�� �a�¶�y�k�m�\�Z�g�g�•��

�\�a�Z�}�f�h�^�•�€�� �[�Z�j�\�g�b�d�Z�� �a��SWNT���� �s�h�� �a�Z�[�_�a�i�_�q�m�}�� �q�•�l�d�•�� �^�h�d�Z�a�b��RET �\�•�^��DOB-�������� �^�h��

SWNT���� �G�h�\�•�� �j�_�a�m�e�v�l�Z�l�b���� �h�l�j�b�f�Z�g�•�� �\�� �p�b�o�� �^�h�k�e�•�^�`�_�g�g�y�o���� �^�h�a�\�h�e�y�x�l�v�� �g�Z�f��

�a�Z�i�j�h�i�h�g�m�\�Z�l�b�� �f�_�o�Z�g�•�a�f�� �\�a�Z�}�f�h�^�•�€�� �f�•�`��SWNT �•��DOB-���������� �^�_�� �[�Z�j�\�g�b�d��

�i�j�b�l�y�]�m�}�l�v�k�y���^�h���i�h�\�_�j�o�g�•��SWNT �r�e�y�o�h�f���Œ-�Œ �k�l�_�d�•�g�]�m �a���]�•�^�j�h�n�h�[�g�h�x���q�Z�k�l�b�g�h�x����

�l�h�^�•���y�d���]�•�^�j�h�n�•�e�v�g�•���]�j�m�i�b���\�a�Z�}�f�h�^�•�x�l�v���a���\�h�^�g�b�f���k�_�j�_�^�h�\�b�s�_�f�� 
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�J�b�k. 2.6: �K�i�_�d�l�j�b���i�h�]�e�b�g�Z�g�g�y����PLE-�d�Z�j�l�b, 3D plot �l�Z���_�g�_�j�]�_�l�b�q�g�•���^�•�Z�]�j�Z�f�b��
�^�e�y���k�\�•�`�_�\�b�]�h�l�h�\�e�_�g�h�€���k�m�f�•�r�•��DOB-���������a��SWNT �m���\�h�^�•�����<�b�k�h�d�Z���•�g�l�_�g�k�b�\�g�•�k�l�v��

PL �\�•�^�h�[�j�Z�`�Z�}�l�v�k�y���q�_�j�\�h�g�b�f���d�h�e�v�h�j�h�f�����l�h�^�•���y�d���g�b�a�v�d�Z���•�g�l�_�g�k�b�\�g�•�k�l�v��
�\�•�^�h�[�j�Z�`�Z�}�l�v�k�y���k�b�g�•�f���d�h�e�v�h�j�h�f�����D�h�g�p�_�g�l�j�Z�p�•�y��DOB-���������g�Z���j�b�k�m�g�d�m���k�l�Z�g�h�\�b�l�v��
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�J�b�k.2.7�����D�h�g�p�_�g�l�j�Z�p�•�c�g�Z���a�Z�e�_�`�g�•�k�l�v���6�:�1�7���^�e�y���g�h�j�f�Z�e�•�a�h�\�Z�g�h�€���•�g�l�_�g�k�b�\�g�h�k�l�•��
�N�E���i�j�b����EX � �����������g�f���l�Z����EM � �������������g�f �^�e�y���o�•�j�Z�e�v�g�h�k�l�•�������������� 

�>�h�k�e�•�^�`�_�g�h�� �\�a�Z�}�f�h�^�•�x�� �h�j�]�Z�g�•�q�g�h�]�h�� �[�Z�j�\�g�b�d�Z��DOB-�������� �a��SWNT, 

�^�b�k�i�_�j�]�h�\�Z�g�b�f�b�� �Z�g�•�h�g�g�h�x�� �i�h�\�_�j�o�g�_�\�h-�Z�d�l�b�\�g�b�f�� �j�_�q�h�\�b�g�h�x�� ��SDBS���� �m�� �\�h�^�•�� �a��

�\�b�d�h�j�b�k�l�Z�g�g�y�f���k�i�_�d�l�j�h�k�d�h�i�•�€���i�h�]�e�b�g�Z�g�g�y���l�Z���N�E-�k�i�_�d�l�j�h�k�d�h�i�•�€ ���J�b�k�� ���������l�Z����������.  

�<�b�y�\�e�_�g�h, �s�h DOB-719 �a�\�¶�y�a�m�}�l�v�k�y���a SWNT �• �m�l�\�h�j�x�} �g�Z�g�h�k�l�j�m�d�l�m�j�h�\�Z�g�• 

�d�h�f�i�e�_�d�k�b �q�_�j�_�a �Œ-�Œ �\�a�Z�}�f�h�^�•�x �]�•�^�j�h�n�h�[�g�h�]�h �k�i�j�y�`�_�g�h�]�h�]�h �d�Z�j�d�Z�k�m, 

�k�i�j�y�f�h�\�Z�g�h�]�h �^�h �\�h�^�g�h�]�h �k�_�j�_�^�h�\�b�s�Z �a �]�•�^�j�h�n�•�e�v�g�b�f�b �]�j�m�i�Z�f�b SO3�± �• COO�±. 

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

�\�e�Z�k�g�h�]�h�� �a�[�m�^�`�_�g�g�y�� �[�Z�j�\�g�b�d�Z�� �\�g�Z�k�e�•�^�h�d�� �j�_�a�h�g�Z�g�k�g�h�]�h�� �i�_�j�_�g�_�k�_�g�g�y�� �_�g�_�j�]�•�€���\�•�^��

�[�Z�j�\�g�b�d�Z�� �^�h��SWNT���� �M�� �k�m�f�•�r�Z�o��DOB-�������� �a��SWNT �a�¶�y�\�b�\�k�y�� �g�h�\�b�c�� �i�•�d��

�i�h�]�e�b�g�Z�g�g�y�����s�h���\�•�^�i�h�\�•�^�Z�}���f�h�e�_�d�m�e�Z�f���[�Z�j�\�g�b�d�Z�����a�\�¶�a�Z�g�b�f���a��SWNT. �P�_�c���i�•�d���f�Z�}��

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

DOB-���������� �G�h�\�•�� �i�•�d�b��PL���� �s�h�� �\�b�g�b�d�e�b�� �a�Z�\�^�y�d�b��RET, �a�¶�y�\�b�e�b�k�y�� �g�Z���^�h�\�`�b�g�•�� �o�\�b�e�•��

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

�\�b�i�j�h�f�•�g�x�\�Z�g�g�y��SWNT E11�����;�•�e�v�r���l�h�]�h������EM �i�•�d�•�\��PL �^�e�y���k�m�f�•�r�_�c���f�Z�}���k�b�e�v�g�b�c��

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

�o�b�j�Z�e�v�g�h�k�l�_�c��SWNT���� �s�h�� �k�\�•�^�q�b�l�v�� �i�j�h�� �k�b�e�v�g�b�c�� �^�•�_�e�_�d�l�j�b�q�g�b�c�� �k�d�j�b�g�•�g�]��

�k�n�h�j�f�h�\�Z�g�b�o���d�h�f�i�e�_�d�k�•�\�����G�h�\�Z���k�f�m�]�Z �g�Z �^�h�\�`�b�g�•���o�\�b�e�•���a�[�m�^�`�_�g�g�y�����������g�f�����f�h�`�_��
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�[�m�l�b���\�b�d�h�j�b�k�l�Z�g�Z���^�e�y���\�b�y�\�e�_�g�g�y��SWNT �m���\�h�^�g�h�f�m���k�_�j�_�^�h�\�b�s�•�����M���k�m�f�•�r�•��DOB-

���������l�Z��SWNT �f�h�g�h�f�_�j�g�•���f�h�e�_�d�m�e�b���[�Z�j�\�g�b�d�Z���[�m�e�b���Z�[�h���m���\�•�e�v�g�•�c���n�h�j�f�•���•���k�b�e�v�g�h��

�^�_�]�j�Z�^�m�\�Z�e�b���� �Z�[�h�� �a�\�¶�y�a�m�\�Z�e�b�k�v �\�� �d�h�f�i�e�_�d�k�b�� �a�� �f�•�p�_�e�Z�f�b��SWNT �•���k�l�Z�\�Z�e�b��

�k�l�Z�[�•�e�v�g�•�r�b�f�b���� �L�Z�d�b�f�� �q�b�g�h�f���� �\�a�Z�}�f�h�^�•�y�� �f�•�`��DOB-�������� �l�Z��SWNT �\�•�^�d�j�b�\�Z�}��

�g�h�\�b�c�� �k�i�h�k�•�[�� �i�j�h�_�d�l�m�\�Z�g�g�y�� �_�n�_�d�l�b�\�g�b�o�� �l�Z�� �g�Z�k�l�j�h�x�\�Z�g�b�o�� �h�i�l�b�q�g�b�o�� �a�h�g�^�•�\�� �g�_��

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

�<�b�k�g�h�\�d�b���^�h���j�h�a�^�•�e�m������ 

1. �M�� �j�_�a�m�e�v�l�Z�l�•�� �^�h�k�e�•�^�`�_�g�g�y�� �i�j�h�p�_�k�•�\�� �\�a�Z�}�f�h�^�•�€�� �^�•�h�d�k�Z�[�h�j�b�g�h�\�b�o��

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

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

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

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

�^�_�l�_�d�l�m�\�Z�g�g�y�� �Z�f�•�Z�d�m�� ���Z�f�•�g�•�\���� �m�� �\�h�^�g�b�o�� �k�_�j�_�^�h�\�b�s�Z�o���� �s�h�� �^�h�a�\�h�e�y�}�� �^�_�l�_�d�l�m�\�Z�l�b��

�\�•�^�g�h�k�g�h���g�_�\�_�e�b�d�•���d�•�e�v�d�h�k�l�•���Z�f�•�Z�d�m�����Z�f�•�g�m�����^�h���������î�����±6 (mol/l).  

2. �<�b�y�\�e�_�g�h���� �s�h�� �^�•�h�d�k�Z�[�h�j�b�g�h�\�b�c�� �[�Z�j�\�g�b�d��DOB-�������� �a�\�¶�y�a�m�}�l�v�k�y�� �a��

�\�m�]�e�_�p�_�\�b�f�b���g�Z�g�h�l�j�m�[�d�Z�f�b���l�Z���m�l�\�h�j�x�}���g�Z�g�h�k�l�j�m�d�l�m�j�h�\�Z�g�•���d�h�f�i�e�_�d�k�b���q�_�j�_�a�� �Œ-�Œ 

�\�a�Z�}�f�h�^�•�x�� �]�•�^�j�h�n�h�[�g�h�]�h�� �k�i�j�y�`�_�g�h�]�h�]�h�� �d�Z�j�d�Z�k�m���� �k�i�j�y�f�h�\�Z�g�h�]�h�� �^�h�� �\�h�^�g�h�]�h��

�k�_�j�_�^�h�\�b�s�Z�� �a�� �]�•�^�j�h�n�•�e�v�g�b�f�b�� �]�j�m�i�Z�f�b��SO3
�± �•��COO�±. �<�a�Z�}�f�h�^�•�y�� �i�•�^�l�\�_�j�^�`�m�}�l�v�k�y��

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

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

�q�b�g�h�f���� �\�a�Z�}�f�h�^�•�y�� �f�•�`��DOB-�������� �l�Z�� �g�Z�g�h�l�j�m�[�d�Z�f�b �\�•�^�d�j�b�\�Z�}�� �g�h�\�b�c�� �k�i�h�k�•�[��

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

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

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

�i�h�e�•�Z�p�_�g�•�\, �€�o���i�h�o�•�^�g�b�o �l�Z���n�m�e�_�j�_�g�m��C60. 

�I�Z�j�Z�]�j�Z�n �����������K�l�j�m�d�l�m�j�Z�����h�i�l�b�q�g�L���L���n�h�l�h�\�h�e�v�l�Z�€�q�g�L �\�e�Z�k�l�b�\�h�k�l�L���l�h�g�d�b�o��

�i�e�L�\�h�d���l�_�l�j�Z�p�_�g�m. 

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

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

�_�e�_�f�_�g�l�•�\�� �>53�@���� �M �i�Z�j�Z�]�j�Z�n�• 3.1 �^�h�k�e�L�^�`�_�g�h�� �k�l�j�m�d�l�m�j�m���� �k�i�_�d�l�j�b�� �i�h�]�e�b�g�Z�g�g�y�� �L��

�n�h�l�h�\�h�e�v�l�Z�€�q�g�b�c���\�L�^�]�m�d���l�h�g�d�b�o���i�e�L�\�h�d���l�_�l�j�Z�p�_�g�m�����7�F�����l�h�\�s�b�g�Z�f�b�����������L�����������g�f����

�g�Z�i�b�e�_�g�b�o�� �m�� �\�Z�d�m�m�f�L�� �������� �f�I�Z�� �g�Z�� �j�L�a�g�L�� �i�L�^�d�e�Z�^�d�b�� �i�j�b�� �d�L�f�g�Z�l�g�L�c�� �l�_�f�i�_�j�Z�l�m�j�L����

�N�h�l�h�\�h�e�v�l�Z�€�q�g�b�c�� �\�L�^�]�m�d�� �\�b�f�L�j�y�g�h�� �d�h�g�^�_�g�k�Z�l�h�j�g�b�f�� �f�_�l�h�^�h�f���� �<�k�l�Z�g�h�\�e�_�g�h���� �s�h��

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

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

�\�a�Z�}�f�h�^�L�€�� �f�h�e�_�d�m�e�� �L�k�� �f�L�`�� �k�h�[�h�x�� �l�Z�� �L�a�� �f�h�e�_�d�m�e�Z�f�b�� �i�L�^�d�e�Z�^�h�d���� �r�Z�j�L�\�� �,�L�H�� �l�Z��

�Z�l�h�f�Z�f�b���d�Z�j�[�h�g�m���g�Z���i�h�\�_�j�o�g�L���p�b�o���i�L�^�d�e�Z�^�h�d ���J�b�k������������.  

 

�J�b�k������1. �K�l�j�m�d�l�m�j�Z���i�e�L�\�h�d���L�k���a���l�h�\�s�b�g�h�x�����������g�f���g�Z���q�b�k�l�L�c���k�d�e�y�g�L�c��
�i�L�^�d�e�Z�^�p�L �\���h�i�l�b�q�g�h�f�m���f�L�d�j�h�k�d�h�i�L���i�j�b���a�[�L�e�v�r�_�g�g�L���������j�Z�a�L�\���L���i�h�e�y�j�b�a�h�\�Z�g�h�f�m��

�k�\�L�l�e�L�����Z�����l�Z���k�d�Z�g�m�x�q�h�f�m���f�L�d�j�h�k�d�h�i�L���i�j�b���i�Z�^�L�g�g�L���_�e�_�d�l�j�h�g�g�h�]�h���i�m�q�d�Z���i�L�^���d�m�l�h�f 
45�Ü �^�h���i�h�\�_�j�o�g�L���i�e�L�\�d�b�����[ �± �d�j�Z�c �i�e�L�\�d�b���L���\ �± �p�_�g�l�j���i�e�L�\�d�b���g�Z���k�d�e�y�g�L�c���i�L�^�d�e�Z�^�p�L��

�L�a���l�h�g�d�b�f���r�Z�j�h�f���\�m�]�e�_�p�x�����l�Z���] �± �p�_�g�l�j���i�e�L�\�d�b���g�Z���f�L�^�g�L�c���i�L�^�d�e�Z�^�p�L. 
 

�M���d�\�Z�a�L�Z�f�h�j�n�g�b�o�� �i�e�L�\�d�Z�o�� �a�[�m�^�`�_�g�L�� �k�\�L�l�e�h�f�� �f�h�e�_�d�m�e�b�� �L�k�� �i�j�b�� ��������K 

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

�\�L�e�v�g�b�f�b���f�h�e�_�d�m�e�Z�f�b���i�j�b����������K. 

�M�� �k�i�_�d�l�j�Z�e�v�g�h�f�m�� �^�L�Z�i�Z�a�h�g�L�� �������±3,26 �_�<�� �a�g�Z�d�� �n�j�h�g�l�Z�e�v�g�h�€�� �d�h�g�^�_�g�k�Z�l�h�j�g�h�€��

�n�h�l�h-�_�j�k���g�Z���h�k�\�L�l�e�_�g�L�c���\�L�e�v�g�L�c���i�h�\�_�j�o�g�L���i�e�L�\�h�d���7�F���\�L�^�¶�}�f�g�b�c�����s�h���k�\�L�^�q�b�l�v���i�j�h���€�o��

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

���h�k�\�L�l�e�_�g�g�y�� �d�j�•�a�v �,�L�H-�_�e�_�d�l�j�h�^���� �y�d�b�c�� �[�_�a�i�h�k�_�j�_�^�g�v�h�� �d�h�g�l�Z�d�l�m�}�� �L�a�� �i�e�L�\�d�h�x�� �L�k����
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�a�f�L�g�x�}�� �k�\�L�c�� �a�g�Z�d�� �m�� �k�i�_�d�l�j�Z�e�v�g�b�o�� �h�[�e�Z�k�l�y�o�� ���������±2,5 i 2,93�±���������� �_�<�� �i�j�b��

�a�f�_�g�r�_�g�g�L���d�h�g�p�_�g�l�j�Z�p�L�€���d�b�k�g�x���m���\�b�f�L�j�x�\�Z�e�v�g�L�c���d�h�f�L�j�p�L�����s�h���k�\�L�^�q�b�l�v���i�j�h���a�f�L�g�m��

�\�_�e�b�q�b�g�b�� �\�b�]�b�g�L�\�� �_�g�_�j�]�_�l�b�q�g�b�o�� �a�h�g�� �L�k�� �[�L�e�y�� �l�b�e�v�g�h�€�� �•�� �\�L�e�v�g�h�€�� �i�h�\�_�j�o�h�g�v���p�b�o��

�i�e�L�\�h�d�����J�b�k�� 3.2). 

 
 

�Z �[ 
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�J�b�k�� �������������Z�����K�i�_�d�l�j�b���i�h�]�e�b�g�Z�g�g�y���i�e�L�\�h�d���L�k���a���l�h�\�s�b�g�h�x�����������g�f���g�Z���d�\�Z�j�p�h�\�L�c���L��
�k�d�e�y�g�L�c���i�L�^�d�e�Z�^�d�Z�o�����d�j�b�\�Z��1�����l�Z���l�h�\�s�b�g�h�x�����������g�f���g�Z���k�d�e�y�g�L�c���i�L�^�d�e�Z�^�p�L�����d�j�b�\�Z��

2). �K�i�_�d�l�j�b���n�j�h�g�l�Z�e�v�g�h�€�����[�����l�Z���l�b�e�v�g�h�€�����\�����d�h�g�^�_�g�k�Z�l�h�j�g�h�€���n�h�l�h-�_�j�k���i�e�L�\�h�d���L�k�����a��
�l�h�\�s�b�g�h�x�����������g�f�����d�j�b�\�L��1 i 2�����L�����������g�f�����d�j�b�\�Z��4�����l�Z���k�i�_�d�l�j���i�h�]�e�b�g�Z�g�g�y���i�e�L�\�d�b��

�L�k���l�h�\�s�b�g�h�x�����������g�f�����d�j�b�\�Z��3�������D�j�b�\�L��1 i 4 �a�Z�i�b�k�Z�g�h �i�j�b���l�b�k�d�m���i�h�\�L�l�j�y������5 �I�Z�����Z��
�d�j�b�\�Z��2 �± 102 �I�Z�� 

�K�l�j�m�d�l�m�j�Z�� �l�h�g�d�b�o�� �i�e�L�\�h�d�� �L�k�� �a�� �l�h�\�s�b�g�Z�f�b���@ �” �������� �g�f�� �\�b�a�g�Z�q�Z�}�l�v�k�y��

�\�_�e�b�q�b�g�h�x�� �_�g�_�j�]�L�€�� �\�a�Z�}�f�h�^�L�€ �f�h�e�_�d�m�e�� �L�k�� �f�L�`�� �k�h�[�h�x�� ���9 1���� �L�� �a�� �f�h�e�_�d�m�e�Z�f�b��

�i�L�^�d�e�Z�^�h�d���� �r�Z�j�L�\�� �,�L�H�� �l�Z�� �Z�l�h�f�Z�f�b�� �d�Z�j�[�h�g�m�� �g�Z�� �i�h�\�_�j�o�g�L �p�b�o�� �i�L�^�d�e�Z�^�h�d�� ���9 2������ �<��

�i�j�h�p�_�k�L�� �l�_�j�f�L�q�g�h�]�h�� �g�Z�i�h�j�h�r�_�g�g�y�� �m�� �\�Z�d�m�m�f�L�� �g�Z�� �f�L�^�g�b�o�� ���9 1 < �9 2���� �L�� �g�Z�� �k�d�e�y�g�b�o��
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�Z�[�h�� �d�\�Z�j�p�h�\�b�o�� ���9 1 > W2���� �i�L�^�d�e�Z�^�d�Z�o�� �n�h�j�f�m�x�l�v�k�y�� �k�m�p�L�e�v�g�L�� �L�� �h�k�l�j�L�\�p�_�\�L��

�i�h�e�L�d�j�b�k�l�Z�e�L�q�g�L���i�e�L�\�d�b, �\�L�^�i�h�\�L�^�g�h�� 

�M �d�\�Z�a�L�Z�f�h�j�n�g�b�o�� �i�e�L�\�d�Z�o�� �a�[�m�^�`�_�g�L�� �k�\�L�l�e�h�f�� �f�h�e�_�d�m�e�b�� �L�k�� �i�j�b�� ��������K 

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

�\�L�e�v�g�b�f�b���f�h�e�_�d�m�e�Z�f�b���i�j�b����������K. 

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

�.12 �[�L�e�v�r�b�c�� �\�L�^���.11���� �l�h�[�l�h�� �j�_�a�h�g�Z�g�k�g�Z�� �\�a�Z�}�f�h�^�L�y�� �l�j�Z�g�k�e�y�p�L�c�g�h�� �g�_�_�d�\�L�\�Z�e�_�g�l�g�b�o��

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

�N�h�l�h�\�L�^�]�m�d���i�j�b���n�j�h�g�l�Z�e�v�g�h�f�m�����8f �����L���l�b�e�v�g�h�f�m�����8r�����h�k�\�L�l�e�_�g�g�L���i�e�L�\�h�d���L�k���a��

�l�h�\�s�b�g�h�x���@ = �������� �g�f�� �}�� �Z�e�]�_�[�j�Z�€�q�g�h�x�� �k�m�f�h�x�� �l�j�v�h�o�� �d�h�f�i�h�g�_�g�l���� �^�b�n�m�a�L�c�g�h�€��

�n�h�l�h-�_�j�k�� �>�_�f�[�_�j�Z�� �h�[�¶�}�f�g�h�€�� �i�j�b�j�h�^�b���l�Z �i�h�\�_�j�o�g�_�\�h-�[�Z�j�¶�}�j�g�b�o�� �n�h�l�h-�_�j�k����

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

�L�k�� 

�M�� �k�i�_�d�l�j�Z�e�v�g�h�f�m�� �^�L�Z�i�Z�a�h�g�L�� ������6�±3,26 �_�<�� �a�g�Z�d���8f �g�Z�� �\�L�e�v�g�L�c�� �i�h�\�_�j�o�g�L�� �p�b�o��

�i�e�L�\�h�d�� �\�L�^�¶�}�f�g�b�c���� �s�h�� �k�\�L�^�q�b�l�v�� �i�j�h�� �€�o�� �^�L�j�d�h�\�m�� �n�h�l�h�i�j�h�\�L�^�g�L�k�l�v���� �I�j�b�� �p�v�h�f�m���� �m��

�i�e�L�\�p�L�� �L�k�� �a�� �l�h�\�s�b�g�h�x�� �������� �g�f���8r > ������ �l�h�[�l�h�� �\�L�e�v�g�Z�� �i�h�\�_�j�o�g�y�� �a�Z�j�y�^�`�Z�}�l�v�k�y��

�i�h�a�b�l�b�\�g�h���� �N�h�l�h-�?�J�K �8r  �i�e�L�\�d�b�� �L�k�� �a�� �l�h�\�s�b�g�h�x�� �������� �g�f�� �a�f�L�g�x�}�� �k�\�L�c�� �a�g�Z�d�� �\���m��

�^�\�h�o�� �k�i�_�d�l�j�Z�e�v�g�b�o�� �h�[�e�Z�k�l�y�o��(2,19�±2,5 i 2,93�±���������� �_�<) �i�j�b�� �a�f�_�g�r�_�g�g�L��

�d�h�g�p�_�g�l�j�Z�p�L�€�� �d�b�k�g�x�� �m�� �\�b�f�L�j�x�\�Z�e�v�g�L�c�� �d�h�f�L�j�p�L���� �s�h�� �k�\�L�^�q�b�l�v�� �i�j�h�� �a�f�L�g�m�� �\�_�e�b�q�b�g��

�\�b�]�b�g�L�\���_�g�_�j�]�_�l�b�q�g�b�o���a�h�g���7�F���[�L�e�y���l�b�e�v�g�h�€���L���\�L�e�v�g�h�€���i�h�\�_�j�o�h�g�v���p�L�}�€���i�e�L�\�d�b�� 

 

�I�Z�j�Z�]�j�Z�n �����������>�h�g�h�j�g�h-�Z�d�p�_�i�l�h�j�g�Z���\�a�Z�}�f�h�^�L�y���m �i�e�L�\�d�Z�o���]�_�l�_�j�h�k�l�j�m�d�l�m�j���L��

�d�h�f�i�h�a�b�l�L�\���l�_�l�j�Z�p�_�g�m i�a���l�_�l�j�Z�p�L�Z�g�o�L�g�h�^�b�f�_�l�Z�g�h�f. 

�M�� �i�Z�j�Z�]�j�Z�n�•��3������ �^�h�k�e�L�^�`�_�g�h�� �k�l�j�m�d�l�m�j�m���� �k�i�_�d�l�j�b�� �i�h�]�e�b�g�Z�g�g�y�� �L��

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

���7�&�1�4�������]�_�l�_�j�h�k�l�j�m�d�l�m�j�����=�K�����L�k���7�&�1�4 �L���d�h�f�i�h�a�b�l�L�\���L�k���7�&�1�4�����=�K���L���d�h�f�i�h�a�b�l�b��

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

�d�h�f�i�h�g�_�g�l, �\�L�^�i�h�\�L�^�g�h���� �N�h�l�h�\�h�e�v�l�Z�€�q�g�b�c�� �\�L�^�]�m�d�� �\�b�f�L�j�y�g�h�� �d�h�g�^�_�g�k�Z�l�h�j�g�b�f��

�f�_�l�h�^�h�f�����M�i�_�j�r�_���\�k�l�Z�g�h�\�e�_�g�h�����s�h���g�Z�c�[�L�e�v�r�L���a�f�L�g�b���û�&1 �\���k�i�_�d�l�j�Z�o���i�h�]�e�b�g�Z�g�g�y��

�=�K�� �L�� �d�h�f�i�h�a�b�l�L�\�� �i�h�j�L�\�g�y�g�h�� �L�a�� �l�Z�d�b�f�� �^�e�y�� �k�m�f�b�� �i�h�]�e�b�g�Z�g�g�y�� �d�h�f�i�h�g�_�g�l��
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�k�i�h�k�l�_�j�_�`�_�g�h���\���h�[�e�Z�k�l�y�o���^�b�f�_�j�g�b�o���k�f�m�]���7�&�1�4���������������_�<�����û�&1 < �������L���\�k�L�o���k�f�m�]���L�k��

(�û�&1 > �������� �P�L�� �a�f�L�g�b�� �k�\�L�^�q�Z�l�v�� �i�j�h�� �m�l�\�h�j�_�g�g�y�� �g�Z�� �f�_�`�L�� �i�h�^�L�e�m�� �=�K�� �L�� �\�� �h�[�¶�}�f�L��

�d�h�f�i�h�a�b�l�L�\�� �K�L-�d�h�f�i�e�_�d�k�L�\�� ���F�K�D�U�J�H�� �W�U�D�Q�V�I�H�U�� �F�R�P�S�O�H�[�H�V���� �f�L�`�� �f�h�e�_�d�m�e�Z�f�b�� �L�k��

���^�h�g�h�j�����L���7�&�1�4�����Z�d�p�_�i�l�h�j���_�e�_�d�l�j�h�g�L�\�������s�h���i�L�^�l�\�_�j�^�`�m�}�l�v�k�y���l�Z�d�h�`���i�h�y�\�h�x���k�f�m�]��

�L�k�����L���7�&�1�4�í���\���k�i�_�d�l�j�Z�o���n�h�l�h�\�L�^�]�m�d�m���=�K���L���d�h�f�i�h�a�b�l�L�\�����P�_�c���j�_�a�m�e�v�l���}���\�Z�`�e�b�\�b�f��

�^�e�y���[�L�e�v�r���]�e�b�[�h�d�h�]�h���j�h�a�m�f�L�g�g�y���i�j�b�g�p�b�i�L�\���j�h�[�h�l�b���i�h�l�_�g�p�L�c�g�h���f�h�`�e�b�\�b�o���j�L�a�g�b�o��

�i�j�b�k�l�j�h�€�\�� �g�Z�� �h�k�g�h�\�L�� �p�b�o�� �=�K�� �L�� �d�h�f�i�h�a�b�l�L�\�� ���k�h�g�y�q�g�b�o�� �_�e�_�f�_�g�l�L�\���� �i�h�e�v�h�\�b�o��

�l�j�Z�g�a�b�k�l�h�j�L�\���L���k�\�L�l�e�h�^�L�h�^�L�\���� 

�<�k�l�Z�g�h�\�e�_�g�h���� �s�h�� �g�Z�i�b�e�_�g�• �g�Z�� �k�d�e�y�g�L�� �i�L�^�d�e�Z�^�d�b�� �m�� �\�Z�d�m�m�f�L�� �������� �f�I�Z�� �i�e�L�\�d�b��

�L�k�����=�K���L���d�h�f�i�h�a�b�l�L�\���L�k�7�&�1�4���}���i�h�e�L�d�j�b�k�l�Z�e�L�q�g�b�f�b�����E�L�g�L�c�g�L���j�h�a�f�L�j�b���d�j�b�k�l�Z�e�L�l�L�\��

�\�� �p�b�o�� �i�e�L�\�d�Z�o�� �g�_�� �i�_�j�_�\�b�s�m�x�l�v�� ���� �f�d�f�� �A�f�L�g�b�� �k�l�j�m�d�l�m�j�b�� �i�e�L�\�h�d�� �7�&�1�4�� �\�� �=�K��

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

�g�b�`�g�v�h�]�h���r�Z�j�m���L�k�����J�b�k�������������� 

 

�J�b�k���������������K�l�j�m�d�l�m�j�Z���i�e�L�\�h�d���L�k�����7�&�1�4�����=�K���7�F���7�&�1�4���L���d�h�f�i�h�a�b�l�L�\���7�F�7�&�1�4���g�Z��
�k�d�e�y�g�b�o���i�L�^�d�e�Z�^�d�Z�o���L�a���r�Z�j�h�f���,�L�H���\���h�i�l�b�q�g�h�f�m���f�L�d�j�h�k�d�h�i�L���i�j�b���a�[�L�e�v�r�_�g�g�L��������

�j�Z�a�L�\���L���i�h�e�y�j�b�a�h�\�Z�g�h�f�m���k�\�L�l�e�L�����d�h�f�L�j�d�b�����±�������l�Z���\���_�e�_�d�l�j�h�g�g�h�f�m���f�L�d�j�h�k�d�h�i�L��
���d�h�f�L�j�d�b�����±7). 
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�G�Z�c�[�L�e�v�r�L���a�f�L�g�b���û�&1 �\���k�i�_�d�l�j�Z�o���i�h�]�e�b�g�Z�g�g�y���=�K���L���d�h�f�i�h�a�b�l�L�\���i�h�j�L�\�g�y�g�h���L�a��

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

�7�&�1�4�� ������������ �_�<�� ���û�&1 < ������ �L�� �\�k�L�o�� �k�f�m�]�� �L�k�� ���û�&1 > �������� �P�L�� �a�f�L�g�b�� �k�\�L�^�q�Z�l�v�� �i�j�h��

�m�l�\�h�j�_�g�g�y�� �g�Z�� �f�_�`�L�� �i�h�^�L�e�m�� �=�K�� �l�Z �\�� �h�[�¶�}�f�L�� �d�h�f�i�h�a�b�l�L�\�� �K�L-�d�h�f�i�e�_�d�k�L�\�� �f�L�`��

�f�h�e�_�d�m�e�Z�f�b���L�k�����^�h�g�h�j�����l�Z �7�&�1�4�����Z�d�p�_�i�l�h�j���_�e�_�d�l�j�h�g�L�\������ 

 

�J�b�k�� 3.4. �K�i�_�d�l�j�b���i�h�]�e�b�g�Z�g�g�y���i�e�L�\�h�d���d�h�f�i�h�a�b�l�L�\���L�k-�7�&�1�4�����d�j�b�\�Z��1�������=�K��
�L�k���7�&�1�4�����d�j�b�\�Z��2�������€�o���j�L�a�g�b�p�L���û�&2 ���d�j�b�\�Z��4�����L���j�L�a�g�b�p�L���û�&1 �f�L�`���k�i�_�d�l�j�Z�f�b��

�i�h�]�e�b�g�Z�g�g�y���d�h�f�i�h�a�b�l�Z���l�Z���Z�^�b�l�b�\�g�h�€���k�m�f�b���d�h�f�i�h�g�_�g�l�����d�j�b�\�Z��3). 
 

�<�k�l�Z�g�h�\�e�_�g�h���� �s�h�� �n�h�l�h�q�m�l�e�b�\�L�k�l�v�� �i�e�L�\�h�d�� �7�&�1�4�� �g�_�a�g�Z�q�g�Z���l�Z �k�m�f�L�j�g�Z�� �L�a��

�i�h�o�b�[�d�Z�f�b�� �\�b�f�L�j�x�\�Z�g�g�y���� �K�i�_�d�l�j�b�� �n�h�l�h�\�h�e�v�l�Z�€�q�g�b�o�� �\�L�^�]�m�d�L�\�� �i�e�L�\�h�d�� �=�K�� �L��

�d�h�f�i�h�a�b�l�L�\���L�k�7�&�1�4���i�j�b���€�o���n�j�h�g�l�Z�e�v�g�h�f�m���l�Z���l�b�e�v�g�h�f�m���h�k�\�L�l�e�_�g�g�L���k�i�h�k�l�_�j�_�`�_�g�h 

�\���h�[�e�Z�k�l�L���i�h�]�e�b�g�Z�g�g�y���i�e�L�\�h�d���L�k�� 

 

�J�b�k�� 3.5. �K�i�_�d�l�j�b���n�j�h�g�l�Z�e�v�g�h�€���8�B ���d�j�b�\�Z��1�������l�b�e�v�g�h�€���8�N ���d�j�b�\�Z��������
�d�h�g�^�_�g�k�Z�l�h�j�g�h�€���n�h�l�h-�_�j�k���L���i�h�]�e�b�g�Z�g�g�y�����d�j�b�\�Z��2�����i�e�L�\�h�d���d�h�f�i�h�a�b�l�Z���L�k�7�&�1�4�����G�Z��

�\�k�l�Z�\�p�L���g�Z�\�_�^�_�g�h���k�i�_�d�l�j�b���8�B ���[�L�e�v�r�b�c���k�b�]�g�Z�e�����L���8�N ���f�_�g�r�b�c���k�b�]�g�Z�e�����=�K��
�L�k���7�&�1�4���L�a���l�h�\�s�b�g�h�x���r�Z�j�L�\���d�h�f�i�h�g�_�g�l���i�h�����������g�f���d�h�`�g�b�c. 
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�;�L�e�v�r�L���L�g�l�_�g�k�b�\�g�h�k�l�L���k�f�m�]���������������L���������������_�<���d�Z�l�L�h�g-�j�Z�^�b�d�Z�e�Z���L�k+ �\���k�i�_�d�l�j�Z�o��

�8�B i �8�N �d�h�f�i�h�a�b�l�L�\���i�h�j�L�\�g�y�g�h���L�a���l�Z�d�b�f�b���^�e�y���=�K���l�Z���k�f�m�]�b���������������L���������������_�<���Z�g�L�h�g-

�j�Z�^�b�d�Z�e�Z���7�&�1�4�± �k�\�L�^�q�Z�l�v���i�j�h���m�l�\�h�j�_�g�g�y���d�h�d�j�b�k�l�Z�e�L�l�L�\���7�F-�7�&�1�4���\���h�[�¶�}�f�L��

�d�h�f�i�h�a�b�l�L�\���i�j�b���h�^�g�h�q�Z�k�g�h�f�m���g�Z�i�b�e�_�g�g�L���m���\�Z�d�m�m�f�L���d�h�f�i�h�g�_�g�l���L�k���l�Z TCNQ. 

 
�I�Z�j�Z�]�j�Z�n�� ���������� �<�i�e�b�\�� �d�b�k�g�x�� �g�Z�� �n�h�l�h�_�e�_�d�l�j�b�q�g�•�� �\�e�Z�k�l�b�\�h�k�l�•�� �[�Z�j�
�}�j�g�b�o��

�k�l�j�m�d�l�m�j���g�Z���h�k�g�h�\�•���i�_�g�l�Z�p�_�g�m. 

�M�� �j�h�a�^�•�e�•��3������ �^�h�k�e�•�^�`�_�g�h�� �\�i�e�b�\�� �d�b�k�g�x�� �g�Z�� �n�h�l�h�_�e�_�d�l�j�b�q�g�•�� �\�e�Z�k�l�b�\�h�k�l�•��

�k�_�g�^�\�•�q-�k�l�j�m�d�l�m�j��(�K�K) �g�Z�� �h�k�g�h�\�•�� �i�_�g�l�Z�p�_�g�h�\�b�o�� �i�e�•�\�h�d��(Pn) �l�Z�� �]�_�l�_�j�h�k�l�j�m�d�l�m�j��

Pn/CdSSe (�=�K)���� �D�h�g�p�_�g�l�j�Z�p�•�y�� �p�_�g�l�j�•�\�� �a�Z�o�h�i�e�_�g�g�y���� �k�i�j�b�q�b�g�_�g�b�o�� �d�b�k�g�_�f����

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

�k�d�e�Z�^�h�\�Z�� �n�h�l�h-�_�j�k�� �^�h�f�•�g�m�}�� �\���K�K �a�� �k�b�e�v�g�h�� �h�d�b�k�e�_�g�b�f�� �$�O�� �\�_�j�o�g�•�f�� �_�e�_�d�l�j�h�^�h�f��

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

�^�h�f�•�g�m�}�� �\���K�K �a�� �1�L�� �l�Z�� �$�X�� �_�e�_�d�l�j�h�^�Z�f�b���� �Q�m�l�e�b�\�•�k�l�v�� �^�h�� �d�b�k�g�x���=�K �\�b�a�g�Z�q�Z�}�l�v�k�y, 

�]�h�e�h�\�g�b�f���q�b�g�h�f, �r�Z�j�h�f���3�Q�� 

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

�k�h�g�y�q�g�h�]�h�� �k�\�•�l�e�Z���� �i�_�g�l�Z�p�_�g�� ���3�Q���� �f�Z�}�� �h�^�g�m�� �a�� �g�Z�c�[�•�e�v�r�b�o�� �d�\�Z�g�l�h�\�b�o��

�_�n�_�d�l�b�\�g�h�k�l�_�c�� �n�h�l�h�]�_�g�_�j�Z�p�•�€�� �g�h�k�•�€�\�� �a�Z�j�y�^�m�� ���� �•�� �������� �_�e�_�d�l�j�h�g�Z���n�h�l�h�g�Z���>54�@���� �P�y��

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

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

�a�[�•�e�v�r�_�g�g�y�� �n�h�l�h�i�j�h�\�•�^�g�h�k�l�•���� �\�� �l�h�c�� �q�Z�k �y�d�� �l�_�f�g�h�\�Z�� �i�j�h�\�•�^�g�•�k�l�v�� �g�_�� �a�f�•�g�x�}�l�v�k�y��

[55]���� �P�_�� �h�a�g�Z�q�Z�}���� �s�h�� �^�h�f�•�r�d�h�\�•�� �p�_�g�l�j�b�� ���d�h�f�i�e�_�d�k�b������ �k�l�\�h�j�_�g�•�� �d�b�k�g�_�f���� �g�_�� �}��

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

�p�_�g�l�j�Z�f�b�� �n�h�l�h�]�_�g�_�j�Z�p�•�€���� �D�j�•�f�� �l�h�]�h���� �3�Q�� �g�_�� �\�b�y�\�e�y�}�� �i�h�e�•�f�h�j�n�•�a�f�m�� �\�� �^�•�Z�i�Z�a�h�g�•��

300�±�������� �.���� �P�_�� �k�i�j�h�s�m�}�� �l�_�o�g�h�e�h�]�•�x�� �h�l�j�b�f�Z�g�g�y�� �]�h�f�h�]�_�g�g�h�€�� �i�e�•�\�d�b�� �f�_�l�h�^�h�f��

�\�Z�d�m�m�f�g�h�]�h�� �h�k�Z�^�`�_�g�g�y���� �P�•�� �h�k�h�[�e�b�\�h�k�l�•�� �j�h�[�e�y�l�v�� �3�Q�� �h�^�g�b�f�� �a�� �i�_�j�k�i�_�d�l�b�\�g�b�o��

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

�_�e�_�f�_�g�l�•�\���l�Z���]�Z�a�h�\�b�o���k�_�g�k�h�j�•�\ [56�±58]�����G�_�a�\�Z�`�Z�x�q�b���g�Z���p�_�����j�_�Z�e�v�g�_���a�Z�k�l�h�k�m�\�Z�g�g�y��

�i�j�b�e�Z�^�•�\�� �g�Z�� �h�k�g�h�\�•�� �3�Q�� �h�[�f�_�`�_�g�_�� �g�_�^�h�k�l�Z�l�g�•�k�l�x�� �^�Z�g�b�o�� �i�j�h�� �\�e�Z�k�l�b�\�h�k�l�•�� �f�_�`�•��

�i�h�^�•�e�m�� �f�•�`�� �3�Q�� �l�Z�� �f�_�l�Z�e�Z�f�b�� �Z�[�h�� �g�_�h�j�]�Z�g�•�q�g�b�f�b�� �g�Z�i�•�\�i�j�h�\�•�^�g�b�d�Z�f�b���� �Z�� �l�Z�d�h�`��
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�^�Z�g�b�o�� �i�j�h�� �\�i�e�b�\�� �d�b�k�g�x�� �g�Z�� �p�•�� �\�e�Z�k�l�b�\�h�k�l�•���� �L�h�f�m�� �f�_�l�h�x�� �p�•�}�€�� �j�h�[�h�l�b�� �[�m�e�h 

�^�h�k�e�•�^�`�_�g�g�y�� �\�i�e�b�\�m�� �d�b�k�g�x�� �g�Z�� �\�e�Z�k�l�b�\�h�k�l�•�� �f�_�`�•���i�h�a�^�•�e�m�� �l�Z�� �h�p�•�g�d�Z�� �f�h�`�e�b�\�h�k�l�•��

�a�Z�k�l�h�k�m�\�Z�g�g�y���3�Q���^�e�y���h�i�l�h�_�e�_�d�l�j�h�g�g�b�o���_�e�_�f�_�g�l�•�\�� 

 

�J�b�k�� �����������A�Z�e�_�`�g�h�k�l�•���M ���9�����l�Z���W �\�•�^���l�h�\�s�b�g�b���r�Z�j�m���3�Q�� 
 

 

�J�b�k���������������A�Z�e�_�`�g�h�k�l�•���M (V) �\�•�^����U �^�e�y���\�Z�d�m�m�f�m�����������������l�Z���i�h�\�•�l�j�y�����������������\ 
�h�[�e�Z�k�l�y�o���k�b�e�v�g�h�]�h�������������������l�Z���k�e�Z�[�d�h�]�h�����������������i�h�]�e�b�g�Z�g�g�y�������K��� �������������l�Z�������������H�9����

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

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

�I�h�\�•�e�v�g�Z�� �k�d�e�Z�^�h�\�Z�� �n�h�l�h-�?�J�K�� �^�h�f�•�g�m�}�� �^�e�y�� �k�l�j�m�d�l�m�j�� �a�� �k�b�e�v�g�h�� �h�d�b�k�e�_�g�b�f�� �$�O��

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

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

�_�e�_�f�_�g�l�•�\���i�Z�f�¶�y�l�•�����I�h�k�l�•�c�g�Z���q�Z�k�m���l�Z�d�h�]�h���_�e�_�f�_�g�l�Z���k�l�Z�g�h�\�b�l�v�����u106 �k���i�j�b�����������.����

�s�h���a�g�Z�q�g�h���[�•�e�v�r�_�����g�•�`���^�e�y �g�_�h�j�]�Z�g�•�q�g�b�o���k�l�j�m�d�l�m�j���i�j�b���������.�����J�b�k�� 3.6).  

�R�\�b�^�d�Z�� �k�d�e�Z�^�h�\�Z�� �^�h�f�•�g�m�}�� �^�e�y�� �k�l�j�m�d�l�m�j�� �a�� �1�L�� �l�Z�� �$�X�� �_�e�_�d�l�j�h�^�Z�f�b����

�<�b�y�\�e�_�g�h���� �s�h�� �i�j�b�k�m�l�g�•�k�l�v�� �d�b�k�g�x�� �i�j�b�\�h�^�b�l�v�� �^�h���a�\�h�j�h�l�g�h�]�h�� �a�f�_�g�r�_�g�g�y�� �n�h�l�h-

�?�J�K���\�•�e�v�g�h�€���i�h�\�_�j�o�g�•, �s�h �a�j�h�k�l�Z�}���a�•���a�[�•�e�v�r�_�g�g�y�f���\�b�]�b�g�m���a�h�g���i�h�[�e�b�a�m���i�h�\�_�j�o�g�•��

���J�b�k�� 3.7). �?�n�_�d�l���^�•�€���d�b�k�g�x���}���a�\�h�j�h�l�g�b�f���^�e�y���p�b�o���k�l�j�m�d�l�m�j�����Q�m�l�e�b�\�•�k�l�v���^�h���d�b�k�g�x��

�]�_�l�_�j�h�k�l�j�m�d�l�m�j���\�b�a�g�Z�q�Z�}�l�v�k�y���]�h�e�h�\�g�b�f���q�b�g�h�f���r�Z�j�h�f���3�Q�� �L�Z�d�•���k�l�j�m�d�l�m�j�b���f�h�`�m�l�v��

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

 

�I�Z�j�Z�]�j�Z�n�������������H�i�l�b�q�g�•���l�Z���n�h�l�h�_�e�_�d�l�j�b�q�g�•���\�e�Z�k�l�b�\�h�k�l�•���i�e�•�\�d�h�\�b�o��

�]�_�l�_�j�h�k�l�j�m�d�l�m�j���l�_�l�j�Z�l�•�h�l�_�l�j�Z�p�_�g�m���l�Z���n�m�e�_�j�_�g�m���&60 

�M�� �i�Z�j�Z�]�j�Z�n�•��3������ �[�m�e�h�� �^�h�k�e�•�^�`�_�g�h�� �h�i�l�b�q�g�•�� �l�Z�� �n�h�l�h�_�e�_�d�l�j�b�q�g�•�� �\�e�Z�k�l�b�\�h�k�l�•��

�]�_�l�_�j�h�k�l�j�m�d�l�m�j�����+�6�����g�Z���h�k�g�h�\�•���l�_�l�j�Z�l�•�h�l�_�l�j�Z�p�_�g�m ���L�L�L�� [59] SnO2/�L�7�7-C60/Ag. 

�<�b�y�\�e�_�g�h�� �^�h�^�Z�l�d�h�\�_�� �i�h�]�e�b�g�Z�g�g�y�� �+�6�� �L�7�7�� �l�Z�� �&60 �m�� �i�h�j�•�\�g�y�g�g�•�� �a�� �€�o�g�•�f�b��

�d�h�f�i�h�g�_�g�l�Z�f�b�����s�h���k�\�•�^�q�b�l�v���i�j�h���m�l�\�h�j�_�g�g�y���d�h�f�i�e�_�d�k�•�\���f�•�`���f�h�e�_�d�m�e�Z�f�b���L�7�7���l�Z��

C60 �i�h�[�e�b�a�m�� �f�_�`�•���i�h�^�•�e�m�� �L�7�7-C60���� �<�h�e�v�l-�Z�f�i�_�j�g�Z�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�� ���<�:�O����

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

�<�����M���^�•�Z�i�Z�a�h�g�•���g�Z�i�j�m�]���\�•�^�����������^�h�����������<���]�•�e�d�Z���<�:�O���i�j�b���i�h�a�b�l�b�\�g�•�c���i�h�e�y�j�g�h�k�l�•����I+) 

�i�_�j�_�\�b�s�m�}�� �]�•�e�d�m�� �i�j�b�� �g�_�]�Z�l�b�\�g�•�c�� �i�h�e�y�j�g�h�k�l�•�� ��I �í ���� �g�Z�� �6�Q�22-�_�e�_�d�l�j�h�^�•���� �L�Z�d�b�f��

�q�b�g�h�f�����m���i�h�^�\�•�c�g�•�c���e�h�]�Z�j�b�n�f�•�q�g�•�c���r�d�Z�e�•��I+ �l�Z��I �í  �h�i�b�k�m�x�l�v�k�y���i�j�y�f�b�f�b���e�•�g�•�y�f�b���a��

�d�m�l�h�\�b�f�b�� �d�h�_�n�•�p�•�}�g�l�Z�f�b�� ���������� �l�Z�� ���������� �\�•�^�i�h�\�•�^�g�h�� �l�Z�� �i�h�d�Z�a�g�b�d�Z�f�b�� �k�l�_�i�_�g�y�� �m 

�i�•�\�e�h�]�Z�j�b�n�f�•�q�g�b�o�� �d�h�h�j�^�b�g�Z�l�Z�o�� ���O�R�J�� �,�í�8������ �G�Z�i�j�m�]�Z�� �o�h�e�h�k�l�h�]�h�� �o�h�^�m��Voc �f�Z�}��

�i�h�a�b�l�b�\�g�m�� �i�h�e�y�j�g�•�k�l�v�� �g�Z�� �6�Q�22-�_�e�_�d�l�j�h�^�•�� �g�_�a�Z�e�_�`�g�h�� �\�•�^�� �g�Z�i�j�y�f�d�m�� �h�k�\�•�l�e�_�g�g�y��

�a�j�Z�a�d�Z���� �N�h�l�h-�?�J�K�� �\�b�d�e�b�d�Z�g�Z�� �Z�g�l�b�[�e�h�d�m�\�Z�e�v�g�b�f�b�� �\�b�]�b�g�Z�f�b�� �a�h�g�� �^�e�y�� �^�•�j�h�d�� �l�Z��

�_�e�_�d�l�j�h�g�•�\�� �i�h�[�e�b�a�m�� �6�Q�22 �l�Z�� �$�J-�_�e�_�d�l�j�h�^�•�\�� �i�e�•�\�h�d�� �L�7�7�� �l�Z�� �&60, �\�•�^�i�h�\�•�^�g�h����
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�L�_�f�g�h�\�b�c�� �_�n�_�d�l�b�\�g�b�c�� �i�b�l�h�f�b�c�� �h�i�•�j�� �+�6�� �6�Q�22/�L�7�7-C60/�$�J�� �^�h�j�•�\�g�x�}�� ��x107 

�H�f�u�k�f�� 

�>�h�^�Z�l�d�h�\�_�� �i�h�]�e�b�g�Z�g�g�y�� �+�6�� �L�7�7/C60 �i�h�j�•�\�g�y�g�h�� �•�a�� �k�m�f�h�x�� �i�h�]�e�b�g�Z�g�v�� �^�e�y��

�c�h�]�h�� �h�d�j�_�f�b�o���d�h�f�i�h�g�_�g�l�•�\�� �\�d�Z�a�m�}�� �g�Z�� �m�l�\�h�j�_�g�g�y�� �f�h�e�_�d�m�e�y�j�g�b�o�� �d�h�f�i�e�_�d�k�•�\�� �L�7�7��

�l�Z���&60 �i�h�[�e�b�a�m���f�_�`�•���i�h�^�•�e�m���p�b�o���r�Z�j�•�\�����J�b�k�� 3.8). 

 

�J�b�k�� 3.8. �K�i�_�d�l�j�Z�e�v�g�•���a�Z�e�_�`�g�h�k�l�•���h�i�l�b�q�g�h�€���]�m�k�l�b�g�b �K60 (1); �L�L�L����2�������K60 �����L�L�L��
(3�����D�Q�G���L�L�L/�K60 (4). 

 

�J�b�k�������������K�i�_�d�l�j�Z�e�v�g�•���a�Z�e�_�`�g�h�k�l�•���n�h�l�h�k�l�j�m�f�m���d�h�j�h�l�d�h�]�h���a�Z�f�b�d�Z�g�g�y����Isc�������������l�Z��
�h�i�l�b�q�g�h�€���]�m�k�l�b�g�b�����������^�e�y���+�6��TTT/C60. 

 

�I�j�b���h�k�\�•�l�e�_�g�g�•�� �+�6���L�7�7/C60 Isc �\�b�d�e�b�d�Z�}�l�v�k�y�� �n�h�l�h�_�e�_�d�l�j�b�q�g�h�x���g�Z�i�j�m�]�h�x����

�s�h�� �\�b�g�b�d�Z�}�� �i�h�[�e�b�a�m�� �6�Q�22- �l�Z�� �$�J-�_�e�_�d�l�j�h�^�•�\�� �\�g�Z�k�e�•�^�h�d�� �Z�g�l�b�[�e�h�d�m�\�Z�e�v�g�b�o��

�\�b�]�b�g�•�\�� �a�h�g�� �^�e�y�� �g�_�j�•�\�g�h�\�Z�`�g�b�o�� �^�•�j�h�d�� �l�Z�� �_�e�_�d�l�j�h�g�•�\�� �m�� �i�e�•�\�d�Z�o�� �L�7�7�� �l�Z�� �&60 

�\�•�^�i�h�\�•�^�g�h�����J�b�k�� 3.9). 

 



84 
 

�I�Z�j�Z�]�j�Z�n 3.5. �N�h�l�h�_�e�_�d�l�j�b�q�g�•���\�e�Z�k�l�b�\�h�k�l�•���d�h�f�i�h�a�b�l�•�\���l�Z���]�_�l�_�j�h�k�l�j�m�d�l�m�j��

�K60 �a���j�•�^�d�b�f�b���d�j�b�k�l�Z�e�Z�f�b���l�Z���i�h�e�•�f�_�j�Z�f�b���� 

�M�� �d�h�f�i�h�a�b�l�Z�o��LC/C60���� �i�h�e�•�f�_�j���K60 �l�Z�� �]�_�l�_�j�h�k�l�j�m�d�l�m�j�Z�o���� �i�h�j�•�\�g�y�g�h�� �a��

�i�e�•�\�d�h�x��C60�����[�m�e�h���\�b�y�\�e�_�g�h���a�[�•�e�v�r�_�g�g�y���n�h�l�h�_�e�_�d�l�j�b�q�g�h�€���g�Z�i�j�m�]�b���\���^�•�Z�i�Z�a�h�g�•��

2�±���� �_�<���� �^�_�� �\��C60 �i�j�b�k�m�l�g�•�� �k�l�Z�g�b�� �a�� �i�_�j�_�g�h�k�h�f�� �a�Z�j�y�^�m�� ��CT-�k�l�Z�g�b���� �i�j�b�� �������� �l�Z��

2,7 �_�<���� �>�e�y�� �d�h�f�i�h�a�b�l�g�h�]�h�� �a�j�Z�a�d�Z�� �k�i�h�k�l�_�j�•�]�Z�}�l�v�k�y�� �a�g�Z�q�g�_�� �a�[�•�e�v�r�_�g�g�y��

�•�g�l�_�g�k�b�\�g�h�k�l�•���l�Z���i�e�h�s�•���^�e�y��CT-�k�f�m�]�b�����������_�<�����l�h�^�•���y�d���n�h�l�h�_�e�_�d�l�j�b�q�g�Z���g�Z�i�j�m�]�Z��

HS �k�b�e�v�g�•�r�_���a�j�h�k�l�Z�}���\���h�[�e�Z�k�l�•��CT-�k�f�m�]�b�����������_�<�� 

�A�g�Z�q�_�g�g�y�� �r�b�j�b�g�b�� �a�Z�[�h�j�h�g�_�g�h�€�� �a�h�g�b���� �h�p�•�g�_�g�•�� �g�Z�� �h�k�g�h�\�•�� �i�h�j�•�\�g�y�g�g�y��

�k�i�_�d�l�j�•�\�� �n�h�l�h�_�e�_�d�l�j�b�q�g�h�€�� �g�Z�i�j�m�]�b�� �d�h�f�i�h�a�b�l�Z��C60/LC �l�Z�� �]�_�l�_�j�h�k�l�j�m�d�l�m�j�b�� �a��

�n�h�l�h�_�e�_�d�l�j�b�q�g�h�x���g�Z�i�j�m�]�h�x���i�e�•�\�d�b��C60�����}���g�Z�k�l�m�i�g�b�f�b���������������_�<���^�e�y���d�h�f�i�h�a�b�l�Z���l�Z��

�����������_�<���m���\�b�i�Z�^�d�m���]�_�l�_�j�h�k�l�j�m�d�l�m�j�b�� 

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

�i�h�j�h�r�d�h�i�h�^�•�[�g�b�o�� �d�j�b�k�l�Z�e�•�l�•�\��C60 �������� �f�Z�k�������� �l�Z��LC �������� �f�Z�k���������� �K�m�f�•�r��

�i�h�f�•�s�Z�e�b�� �\�� �d�h�f�•�j�d�m�� �f�•�`�� �^�\�h�f�Z�� �k�d�e�y�g�b�f�b�� �i�e�Z�k�l�b�g�Z�f�b�� �a�� �g�Z�g�_�k�_�g�b�f�b��SnO2-

�_�e�_�d�l�j�h�^�Z�f�b���� �L�h�\�s�b�g�Z�� �a�j�Z�a�d�•�\�� �������� �f�d�f���� �l�Z�� �i�e�h�s�Z�� �����î������ �f�f���� �[�m�e�b��

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

�h�^�g�h�j�•�^�g�b�f�b���� �s�h�� �[�m�e�h�� �i�•�^�l�\�_�j�^�`�_�g�h�� �\�b�f�•�j�x�\�Z�g�g�y�f�b�� �n�h�l�h�_�e�_�d�l�j�b�q�g�h�€��

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

�a�j�Z�a�d�Z���� �j�•�a�g�b�p�y��V �[�m�e�Z�� �f�_�g�r�h�x�� �a�Z�� ���������� �N�h�l�h�q�m�l�e�b�\�b�c�� �r�Z�j��C60 HS �[�m�\��

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

�i�j�h�a�h�j�b�f�b��SnO2-�_�e�_�d�l�j�h�^�Z�f�b���� �L�_�f�i�_�j�Z�l�m�j�Z�� �i�•�^�d�e�Z�^�d�b�� �k�l�Z�g�h�\�b�e�Z�� �a��������K. 

�L�h�\�s�b�g�m�� �r�Z�j�•�\��C60 �l�Z��LC �[�m�e�h�� �\�k�l�Z�g�h�\�e�_�g�h�� �j�•�\�g�h�x�� �������±�������� �l�Z�� ������ �f�•�d�j�h�g�•�\����

�\�•�^�i�h�\�•�^�g�h�� 

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

�i�h�e�•�\�•�g�•�e�d�Z�j�[�Z�a�h�e�� ���I�<�D������ �i�h�e�•�� ����-�c�h�-̂9-�\�•�g�•�e�d�Z�j�[�Z�a�h�e���� �h�d�l�b�e�f�_�l�Z�d�j�b�e�Z�l�� ��P-3I-

9VC:OMA) �l�Z���i�h�e�•�\�•�g�•�e�_�l�•�e�Z�e�v�����I�<�?���� 

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

�i�e�•�\�d�m��C60���� �a�� �l�b�f�b�� �`�� �i�Z�j�Z�f�_�l�j�Z�f�b�� ���l�h�\�s�b�g�Z���� �i�e�h�s�Z�� �l�h�s�h������ �s�h�� �c�� �l�•���� �y�d�• 

�\�b�]�h�l�h�\�e�_�g�•���a��LC-�]�_�l�_�j�h�k�l�j�m�d�l�m�j���� 
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�J�b�k. 3.10. C�i�_�d�l�j�b���n�h�l�h�q�m�l�e�b�\�h�k�l�•���i�e�•�\�d�b���K60 �l�Z���d�h�f�i�h�a�b�l�•�\���K60 �a��

�i�h�e�•�f�_�j�Z�f�b���•���j�•�^�d�b�f �d�j�b�k�l�Z�e�h�f 

 

�<�k�l�Z�g�h�\�e�_�g�h���� �s�h�� �•�g�l�_�g�k�b�\�g�•�k�l�v�� �•�� �i�e�h�s�Z�� �k�f�m�]�b���� �a�m�f�h�\�e�_�g�h�€�� �k�l�Z�g�h�f�� �a��

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

�h�k�g�h�\�•�� �i�h�e�•�f�_�j�m�� �I�<�D�� �l�Z�� �3-���1-���9�&���2�0�$�� ���J�b�k��3.1���� �d�j�b�\�Z�� ������ ������ �P�y�� �k�f�m�]�Z�� �l�Z�d�h�`��

�k�b�e�v�g�h���a�j�h�k�l�Z�}���^�e�y���d�h�f�i�h�a�b�l���a���j�•�^�d�b�f���d�j�b�k�l�Z�e�h�f�����J�b�k��3.10, �d�j�b�\�Z�����������K�f�m�]�Z����������

�_�< �g�Z�c�[�•�e�v�r�� �•�g�l�_�g�k�b�\�g�Z �^�e�y�� �d�h�f�i�h�a�b�l�g�h�]�h�� �a�j�Z�a�d�Z�� �g�Z�� �h�k�g�h�\�•�� �3-���1-9VC:OMA �l�Z��

�]�_�l�_�j�h�k�l�j�m�d�l�m�j�b���a���j�•�^�d�b�f���d�j�b�k�l�Z�e�h�f�����J�b�k��3.10�����d�j�b�\�•�������l�Z���������� 

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

�\�•�^�g�h�k�g�b�o�� �h�^�b�g�b�p�y�o�� �± ������ �^�e�y�� �\�k�•�o�� �^�h�k�e�•�^�`�_�g�b�o�� �a�j�Z�a�d�•�\�� �g�Z�\�_�^�_�g�h�� �m �\�b�]�e�y�^�•��

�l�j�b�\�b�f�•�j�g�h�€���^�•�Z�]�j�Z�f�b���g�Z���J�b�k�� 3.11.  
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�J�b�k. 3.11. �J�_�a�m�e�v�l�Z�l���j�h�a�d�e�Z�^�m���k�i�_�d�l�j�•�\���g�Z���]�Z�m�k�k�h�\�•���k�d�e�Z�^�h�\�•�� 

 

�K�m�l�l�}�\�_�� �a�j�h�k�l�Z�g�g�y�� �n�h�l�h�q�m�l�e�b�\�h�k�l�•�� ��kCT���� �d�h�f�i�h�a�b�l�g�b�o�� �a�j�Z�a�d�•�\�� �f�h�`�_�� �[�m�l�b��

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

�i�h�^�•�e�m�� �&60 ���� �i�h�e�•�f�_�j�� �m �d�h�f�i�h�a�b�l�• [60]���� �s�h�� �[�•�e�v�r�� �y�k�d�j�Z�\�h�� �\�b�j�Z�`�_�g�_�� �\�� �h�[�e�Z�k�l�•��

�k�l�Z�g�•�\���a���i�_�j�_�g�h�k�h�f���a�Z�j�y�^�m���� 

�F�Z�d�k�b�f�Z�e�v�g�_��kCT �^�e�y�� �d�h�f�i�h�a�b�l�•�\�� �g�Z �h�k�g�h�\�•�� �i�h�e�•�f�_�j�m�� �J-���1-9VC:OMA 

�a�m�f�h�\�e�_�g�h���� �•�f�h�\�•�j�g�h���� �[�•�e�v�r�� �_�n�_�d�l�b�\�g�b�f�� �i�_�j�_�g�h�k�h�f�� �a�Z�j�y�^�m�� �f�•�`�� �f�h�e�_�d�m�e�h�x�� �&60 

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

�P�_�� �\�•�^�[�m�\�Z�}�l�v�k�y�� �l�h�f�m���� �s�h�� �f�h�e�_�d�m�e�Z�� �&60 �f�h�`�_�� �j�h�a�f�•�s�m�\�Z�l�b�k�v�� �m�� �Ä�\�•�d�g�•�´���� �s�h��

�m�l�\�h�j�x�}�l�v�k�y�� �\�� �J-���1-���9�&���2�0�$�� �f�•�`�� �h�d�l�•�e�f�_�l�Z�d�j�•�e�Z�l�g�b�f�b�� �]�j�m�i�Z�f�b���� �y�d�•��

�a�Z�f�•�s�m�x�l�v�� �\�� �p�v�h�f�m�� �d�h-�i�h�e�•�f�_�j�•�� �q�Z�k�l�b�g�m�� �d�Z�j�[�Z�a�h�e�v�g�b�o�� �]�j�m�i�� ���a�� ������������ �L�Z�d�_��

�j�h�a�l�Z�r�m�\�Z�g�g�y���a�g�Z�q�g�h���i�h�e�_�]�r�m�}���i�_�j�_�g�h�k���a�Z�j�y�^�m���f�•�`���f�h�e�_�d�m�e�h�x���&60 �l�Z�����y�d �\�e�Z�k�g�_��

�•�a�� �k�Z�f�b�f�b�� �h�d�l�•�e�f�_�l�Z�d�j�•�e�Z�l�g�b�f�b�� �]�j�m�i�Z�f�b���� �l�Z�d�� �•�� �a�� �Z�l�h�f�Z�f�b�� �c�h�^�m�� �k�m�k�•�^�g�v�h�€�� �,-
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�d�Z�j�[�Z�a�h�e�v�g�h�€�� �]�j�m�i�b���� �K�l�j�m�d�l�m�j�Z�� �f�h�e�_�d�m�e�b�� ���K�<�� �l�Z�d�h�`�� �k�i�j�b�y�}�� �i�•�^�k�b�e�_�g�g�x��

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

�h�d�l�b�e�v�g�b�c���o�\�•�k�l���J-���1-���9�&���2�0�$�����}���^�h�k�l�Z�l�g�v�h���^�h�\�]�b�f���^�e�y���k�m�l�l�}�\�h�]�h���i�h�d�j�Z�s�_�g�g�y��

�i�_�j�_�g�h�k�m���a�Z�j�y�^�m���a���f�h�e�_�d�m�e�h�x���K60.  

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

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

�g�_�c�l�j�Z�e�v�g�h�]�h�� �I�<�?�� �l�Z�� �a�g�Z�q�g�h�� �a�j�h�k�l�Z�} �^�e�y�� �[�•�e�v�r�� �i�j�h�\�•�^�g�b�o�� �I�<�D�� �l�Z�� �J-���1-

9VC:OMA. 
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�J�b�k. 3.12. �H�p�•�g�d�Z���r�b�j�b�g�b���a�Z�[�h�j�h�g�_�g�h�€���a�h�g�b���&60. 

 

�H�k�d�•�e�v�d�b���y�d���n�h�l�h�q�m�l�e�b�\�•�k�l�v��V�����l�Z�d���•�����j�•�a�g�b�p�y���n�h�l�h�q�m�l�e�b�\�h�k�l�_�c���d�h�f�i�h�a�b�l�Z��

���Z�[�h���]�_�l�_�j�h�k�l�j�m�d�l�m�j�b�����•���i�e�•�\�d�b���K60 (�' V�����h�^�g�Z�d�h�\�h���a�Z�e�_�`�Z�l�v���\�•�^���q�b�k�e�Z���i�h�]�e�b�g�m�l�b�o��

�d�\�Z�g�l�•�\�� �k�\�•�l�e�Z���� �l�h�� �\�•�^�g�h�r�_�g�g�y���' V/V �g�_�� �[�m�^�_�� �a�Z�e�_�`�Z�l�b�� �\�•�^�� �d�h�_�n�•�p�•�}�g�l�Z��

�i�h�]�e�b�g�Z�g�g�y�� �•�� �[�m�^�_�� �i�j�h�i�h�j�p�•�c�g�h�� �d�\�Z�g�l�h�\�•�c�� �_�n�_�d�l�b�\�g�h�k�l�•�� �n�h�l�h�]�_�g�_�j�Z�p�•�€�� ���E������ �P�_��

�^�h�a�\�h�e�y�}�� �d�h�j�_�d�l�g�h�� �\�b�a�g�Z�q�Z�l�b�� �r�b�j�b�g�m�� �a�Z�[�h�j�h�g�_�g�h�€�� �a�h�g�b�� �h�j�]�Z�g�•�q�g�b�o��
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�f�h�e�_�d�m�e�y�j�g�b�o���d�j�b�k�l�Z�e�•�\���_�d�k�l�j�Z�i�h�e�y�p�•�}�x���e�•�g�•�c�g�h�]�h���\�•�^�j�•�a�d�m���a�Z�e�_�`�g�h�k�l�•���' V/V ~ �E

(h�Q) [60�@���� �<�_�e�b�q�b�g�Z�� �r�b�j�b�g�b�� �a�Z�[�h�j�h�g�_�g�h�€�� �a�h�g�b���� �\�b�a�g�Z�q�_�g�Z�� �a�Z�� �a�]�Z�^�Z�g�h�x��

�i�j�h�p�_�^�m�j�h�x�� �a�� �i�h�j�•�\�g�y�g�g�y�� �k�i�_�d�l�j�•�\�� �n�h�l�h�q�m�l�e�b�\�h�k�l�•�� �i�e�•�\�d�b�� �&60 �a�•�� �k�i�_�d�l�j�Z�f�b��

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

�����������_�<���± �^�e�y���]�_�l�_�j�h�k�l�j�m�d�l�m�j�b�����J�b�k�� 3.12).  

�H�l�j�b�f�Z�g�•�� �a�g�Z�q�_�g�g�y�� �r�b�j�b�g�b�� �a�Z�[�h�j�h�g�_�g�h�€�� �a�h�g�b�� �����������“�������� �_�<�� �•�� ���������� �_�<���� �}��

�[�e�b�a�v�d�b�f�b���^�h���a�g�Z�q�_�g�v���r�b�j�b�g�b���a�Z�[�h�j�h�g�_�g�h�€���a�h�g�b���K60�����y�d�•���[�m�e�b���\�b�a�g�Z�q�_�g�•���•�g�r�b�f�b��

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

�n�h�l�h�i�j�h�\�•�^�g�h�k�l�•. 

�L�Z�d�b�f�� �q�b�g�h�f���� �\�k�l�Z�g�h�\�e�_�g�h���� �s�h�� �\�� �h�[�e�Z�k�l�•�� ���� �± ���� �_�<�� �^�e�y�� �d�h�f�i�h�a�b�l�•�\�� �•��

�]�_�l�_�j�h�k�l�j�m�d�l�m�j�� �n�h�l�h-�?�J�K�� �a�g�Z�q�g�h�� �a�j�h�k�l�Z�}�� �i�h�j�•�\�g�y�g�h�� �a�� �n�h�l�h-�?�J�K�� �i�e�•�\�d�b C60. 

�1�g�l�_�]�j�Z�e�v�g�_�� �a�j�h�k�l�Z�g�g�y�� �n�h�l�h�q�m�l�e�b�\�h�k�l�•�� �k�d�e�Z�e�h �^�e�y�� �j�•�a�g�b�o�� �a�j�Z�a�d�•�\�� �\�•�^�� ������9 �^�h��

1,49.  

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

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

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

�<�k�l�Z�g�h�\�e�_�g�h���� �s�h�� �^�e�y�� �d�h�f�i�h�a�b�l�g�b�o�� �a�j�Z�a�d�•�\�� �g�Z�� �h�k�g�h�\�•�� �I�<�D�� �l�Z�� �j�•�^�d�h�]�h��

�d�j�b�k�l�Z�e�m �f�Z�d�k�b�f�Z�e�v�g�h���a�j�h�k�l�Z�}���•�g�l�_�g�k�b�\�g�•�k�l�v���•���i�e�h�s�Z���k�f�m�]�b�����a�m�f�h�\�e�_�g�h�€���k�l�Z�g�h�f��

�a�� �i�_�j�_�g�h�k�h�f�� �a�Z�j�y�^�m�� �������� �_�<���� �Z�� �^�e�y�� �d�h�f�i�h�a�b�l�Z �g�Z�� �h�k�g�h�\�•�� �J-���1-VC:OMA �l�Z��

�]�_�l�_�j�h�k�l�m�d�l�m�j�b���a���j�•�^�d�b�f���d�j�b�k�l�Z�e�h�f�± �k�f�m�]�b�����������_�<, �s�h���\���j�_�a�m�e�v�l�Z�l�•���i�j�b�\�h�^�b�l�v���^�h��

�a�j�h�k�l�Z�g�g�y���•�g�l�_�]�j�Z�e�v�g�h�€���n�h�l�h�q�m�l�e�b�\�h�k�l�•�� 

�F�Z�d�k�b�f�Z�e�v�g�_�� �a�j�h�k�l�Z�g�g�y�� �^�e�y�� �d�h�f�i�h�a�b�l�•�\�� �J-���1-9VC:OMA �a�m�f�h�\�e�_�g�h���[�•�e�v�r��

�_�n�_�d�l�b�\�g�b�f���i�_�j�_�g�h�k�h�f���a�Z�j�y�^�m���f�•�`���f�h�e�_�d�m�e�h�x��C60 �l�Z���Z�l�h�f�h�f���c�h�^�m���•���Z�[�h���^�h�\�]�b�f�b��

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

�H�l�j�b�f�Z�g�•�� �a�Z�� �_�d�k�l�j�Z�i�h�e�y�p�•�}�x�� �e�•�g�•�c�g�h�€�� �^�•�e�y�g�d�b�� �a�Z�e�_�`�g�h�k�l�•���' V/V ~ �E(h�Q) 

�a�g�Z�q�_�g�g�y�� �r�b�j�b�g�b�� �a�Z�[�h�j�h�g�_�g�h�€�� �a�h�g�b�� �����������±2,2 �_�<���l�Z ���������� �_�<���� �}�� �[�e�b�a�v�d�b�f�b�� �^�h��

�a�g�Z�q�_�g�v�� �(g �K60���� �y�d�•�� �[�m�e�b�� �\�b�a�g�Z�q�_�g�•�� �•�g�r�b�f�b�� �Z�\�l�h�j�Z�f�b�� �a�Z�� �j�_�a�m�e�v�l�Z�l�Z�f�b��

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

1. �<�b�y�\�e�_�g�h���� �s�h�� �k�l�j�m�d�l�m�j�Z�� �l�h�g�d�b�o�� �i�e�L�\�h�d�� �l�_�l�j�Z�p�_�g�m�� �\�b�a�g�Z�q�Z�}�l�v�k�y��

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

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

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

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

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

�i�h�e�L�d�j�b�k�l�Z�e�L�q�g�b�o���i�e�L�\�d�Z�o���l�Z���\�L�e�v�g�b�f�b���f�h�e�_�d�m�e�Z�f�b���i�j�b����������K�����M���f�h�g�h�d�j�b�k�l�Z�e�Z�o��

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

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

�N�h�l�h�\�•�^�]�m�d�� �i�j�b�� �n�j�h�g�l�Z�e�v�g�h�f�m�� �L�� �l�b�e�v�g�h�f�m�� �h�k�\�L�l�e�_�g�g�L�� �l�h�g�d�b�o�� �i�e�L�\�h�d��

�l�_�l�j�Z�p�_�g�m���}���Z�e�]�_�[�j�Z�€�q�g�h�x���k�m�f�h�x���l�j�v�h�o���d�h�f�i�h�g�_�g�l�����^�b�n�m�a�L�c�g�h�€���n�h�l�h-�_�j�k�� �n�h�l�h-

�_�j�k�� �>�_�f�[�_�j�Z�� �h�[�¶�}�f�g�h�€�� �i�j�b�j�h�^�b�� �l�Z�� �i�h�\�_�j�o�g�_�\�h-�[�Z�j�¶�}�j�g�h�€�� �n�h�l�h-�_�j�k���� �a�m�f�h�\�e�_�g�b�o��

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

2. �M�k�l�Z�g�h�\�e�_�g�h���� �s�h�� �g�Z�i�b�e�_�g�L�� �g�Z�� �k�d�e�y�g�L�� �i�L�^�d�e�Z�^�d�b�� �i�e�L�\�d�b�� �l�_�l�j�Z�p�_�g�m����

�]�_�l�_�j�h�k�l�j�m�d�l�m�j�b�� �l�Z�� �d�h�f�i�h�a�b�l�b�� �l�_�l�j�Z�p�_�g-�7�&�1�4�� �}�� �i�h�e�L�d�j�b�k�l�Z�e�L�q�g�b�f�b���� �A�g�Z�c�^�_�g�h��

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

���F�K�D�U�J�H���W�U�D�Q�V�I�H�U���F�R�P�S�O�H�[�H�V�����f�L�`���f�h�e�_�d�m�e�Z�f�b���l�_�l�j�Z�p�_�g�m�����^�h�g�h�j�����L���7�&�1�4�����Z�d�p�_�i�l�h�j��

�_�e�_�d�l�j�h�g�L�\������ �I�j�b�� �h�^�g�h�q�Z�k�g�h�f�m�� �g�Z�i�b�e�_�g�g�L�� �m�� �\�Z�d�m�m�f�L�� �d�h�f�i�h�g�_�g�l�� �l�_�l�j�Z�p�_�g�m�� �l�Z��

�7�&�1�4�� �m�l�\�h�j�x�x�l�v�k�y�� �d�h�d�j�b�k�l�Z�e�L�l�b�� �l�_�l�j�Z�p�_�g-�7�&�1�4�� �\�� �h�[�¶�}�f�L�� �d�h�f�i�h�a�b�l�L�\���� �s�h��

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

3���� �M�k�l�Z�g�h�\�e�_�g�h���� �s�h�� �Z�^�k�h�j�[�p�•�y�� �d�b�k�g�x�� �i�j�b�\�h�^�b�l�v�� �^�h�� �m�l�\�h�j�_�g�g�y�� �d�•�e�v�d�h�o��

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

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

�I�h�\�•�e�v�g�Z�� �k�d�e�Z�^�h�\�Z�� �n�h�l�h-�?�J�K�� �^�h�f�•�g�m�}�� �^�e�y�� �k�l�j�m�d�l�m�j�� �a�� �k�b�e�v�g�h�� �h�d�b�k�e�_�g�b�f�� �$�O��

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

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

�_�e�_�f�_�g�l�•�\�� �i�Z�f�¶�y�l�•���� �R�\�b�^�d�Z�� �k�d�e�Z�^�h�\�Z�� �^�h�f�•�g�m�}�� �^�e�y�� �k�l�j�m�d�l�m�j�� �a�� �1�L�� �l�Z�� �$�X��

�_�e�_�d�l�j�h�^�Z�f�b���� �?�n�_�d�l�� �^�•�€�� �d�b�k�g�x�� �}�� �a�\�h�j�h�l�g�b�f�� �^�e�y�� �p�b�o�� �k�l�j�m�d�l�m�j���� �Q�m�l�e�b�\�•�k�l�v�� �^�h��

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

�_�e�_�f�_�g�l�•�\�� 

4. �M�k�l�Z�g�h�\�e�_�g�h���� �s�h�� �\�� �h�[�e�Z�k�l�•�� ���±���� �_�<�� �^�e�y�� �d�h�f�i�h�a�b�l�•�\�� �l�Z�� �]�_�l�_�j�h�k�l�j�m�d�l�m�j��

�n�h�l�h-�?�J�K�� �a�g�Z�q�g�h�� �a�j�h�k�l�Z�}�� �i�h�j�•�\�g�y�g�h�� �a�� �i�e�•�\�d�h�x�� �&60���� �1�•�g�l�_�]�j�Z�e�v�g�_�� �a�j�h�k�l�Z�g�g�y��

�n�h�l�h�q�m�l�e�b�\�h�k�l�•���k�l�Z�g�h�\�b�e�h���^�e�y���j�•�a�g�b�o���a�j�Z�a�d�•�\���\�•�^��������9 �^�h���������������<�b�y�\�e�_�g�h�����s�h���^�e�y��

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

�f�Z�d�k�b�f�Z�e�v�g�h�� �a�j�h�k�l�Z�}�� �•�g�l�_�g�k�b�\�g�•�k�l�v�� �•�� �i�e�h�s�Z�� �k�f�m�]�b���� �a�m�f�h�\�e�_�g�h�€�� �k�l�Z�g�h�f�� �a��

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

�i�h�e�•�f�_�j�m�� �J-���1-�9�&���2�0�$�� �l�Z�� �]�_�l�_�j�h�k�l�m�d�l�m�j�b�� �a�� �j�•�^�d�b�f�� �d�j�b�k�l�Z�e�h�f�± �k�f�m�]�b�� �������� �_�<����

�s�h�� �\�� �j�_�a�m�e�v�l�Z�l�•�� �i�j�b�\�h�^�b�l�v�� �^�h�� �a�j�h�k�l�Z�g�g�y�� �•�g�l�_�]�j�Z�e�v�g�h�€�� �n�h�l�h�q�m�l�e�b�\�h�k�l�•����

�F�Z�d�k�b�f�Z�e�v�g�_�� �a�j�h�k�l�Z�g�g�y�� �^�e�y�� �d�h�f�i�h�a�b�l�•�\�� �J-���1-���9�&���2�0�$�� �a�m�f�h�\�e�_�g�h�� �[�•�e�v�r��

�_�n�_�d�l�b�\�g�b�f���i�_�j�_�g�h�k�h�f���a�Z�j�y�^�m���f�•�`���f�h�e�_�d�m�e�h�x��C60 �l�Z���Z�l�h�f�h�f���c�h�^�m���•���Z�[�h���^�h�\�]�b�f�b��

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

 

�J�h�a�^�•�e���������H�i�l�b�q�g�•���l�Z���n�h�l�h�_�e�_�d�l�j�b�q�g�•���\�e�Z�k�l�b�\�h�k�l�•���i�e�•�\�h�d���l�Z���i�h�e�•�f�_�j�g�b�o��

�d�h�f�i�h�a�b�l�•�\���g�Z���h�k�g�h�\�•���i�h�e�•�f�_�l�b�g�h�\�b�o���[�Z�j�\�g�b�d�•�\���n�h�l�h�q�m�l�e�b�\�•���m���[�e�b�`�g�•�c���1�Q-

�h�[�e�Z�k�l�•. 

�I�j�h�l�y�]�h�f�� �h�k�l�Z�g�g�•�o�� �^�_�k�y�l�b�e�•�l�v�� �Z�d�l�b�\�g�h�� �j�h�a�\�b�\�Z�}�l�v�k�y�� �l�_�o�g�h�e�h�]�•�y��

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

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

�I�j�h�l�_�� �g�Z�c�[�•�e�v�r�� �_�n�_�d�l�b�\�g�•�� �g�_�h�j�]�Z�g�•�q�g�•�� �k�h�g�y�q�g�•�� �_�e�_�f�_�g�l�b�� �g�Z�� �h�k�g�h�\�•�� �6�L�� �•��

CuInSe2 �_�n�_�d�l�b�\�g�h�� �i�h�]�e�b�g�Z�x�l�v�� �k�h�g�y�q�g�_�� �\�b�i�j�h�f�•�g�x�\�Z�g�g�y�� �\�� �h�[�e�Z�k�l�•�� �\�•�^�� �������� �^�h��

1100�±�����������g�f�����k�l�\�h�j�x�x�q�b���g�h�k�•�€���a�Z�j�y�^�m�����M���l�h�c���`�_���q�Z�k���g�Z�c�d�j�Z�s�b�c���•�a���h�j�]�Z�g�•�q�g�b�o��

�k�h�g�y�q�g�b�o���i�j�b�k�l�j�h�€�\�����s�h���^�h�k�e�•�^�`�m�x�l�v�k�y���a�Z�j�Z�a�����i�h�]�e�b�g�Z�}���k�\�•�l�e�h�����k�l�\�h�j�x�x�q�b���g�h�k�•�€��

�a�Z�j�y�^�m�� �e�b�r�_�� �\�� �h�[�e�Z�k�l�•�� �������±�������� �g�f�� �>61, 62�@���� �P�_�� �h�^�g�Z�� �a�� �i�j�b�q�b�g�� �f�_�g�r�h�€��

�_�n�_�d�l�b�\�g�h�k�l�•�� �i�_�j�_�l�\�h�j�_�g�g�y�� �k�\�•�l�e�Z�� �h�j�]�Z�g�•�q�g�b�f�b�� �k�h�g�y�q�g�b�f�b�� �_�e�_�f�_�g�l�Z�f�b���� �L�h�f�m��

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

�r�b�j�h�d�h�f�m�� �k�i�_�d�l�j�Z�e�v�g�h�f�m�� �^�•�Z�i�Z�a�h�g�•�� ���������±���������� �g�f���� �^�e�y�� �j�h�a�j�h�[�d�b�� �l�Z��

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

C60���� �\�b�\�q�Z�x�l�v�k�y�� �\�� �[�•�e�v�r�h�k�l�•�� �j�h�[�•�l�� �^�e�y�� �k�l�\�h�j�_�g�g�y�� �g�Z�c�[�•�e�v�r�� �_�n�_�d�l�b�\�g�b�o��

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

���^�b�\�������g�Z�i�j�b�d�e�Z�^�����>61�@�������M���p�b�o���k�b�k�l�_�f�Z�o���_�n�_�d�l�b�\�g�Z���i�_�j�_�^�Z�q�Z���a�Z�j�y�^�m���\�•�^�[�m�\�Z�}�l�v�k�y��

�f�•�`���f�h�e�_�d�m�e�Z�f�b���i�h�e�•�f�_�j�m���l�Z���n�m�e�e�_�j�_�g�m�� 

�>�e�y�� �i�h�^�Z�e�v�r�h�]�h�� �i�•�^�\�b�s�_�g�g�y�� �_�n�_�d�l�b�\�g�h�k�l�•�� �l�Z�d�b�o�� �k�h�g�y�q�g�b�o�� �_�e�_�f�_�g�l�•�\��

�g�_�h�[�o�•�^�g�h�� �k�b�g�l�_�a�m�\�Z�l�b�� �g�h�\�•�� �i�h�o�•�^�g�•�� �&60���� �y�d�•�� �o�Z�j�Z�d�l�_�j�b�a�m�x�l�v�k�y�� �]�Z�j�g�h�x��

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

�l�Z�d�h� ̀�[�•�e�v�r���r�b�j�h�d�h�x���h�[�e�Z�k�l�x���i�h�]�e�b�g�Z�g�g�y���k�h�g�y�q�g�h�]�h���\�b�i�j�h�f�•�g�x�\�Z�g�g�y�� 

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

���^�b�\�������g�Z�i�j�b�d�e�Z�^�����>61]). 

�I�_�j�r�Z�� �a�� �\�b�s�_�a�Z�a�g�Z�q�_�g�b�o�� �i�j�h�[�e�_�f�� �i�j�Z�d�l�b�q�g�h�� �\�b�j�•�r�_�g�Z���� �Z�e�_���� �s�h�[��

�\�b�j�•�r�m�\�Z�l�b���•�g�r�•�����g�_�h�[�o�•�^�g�h���r�m�d�Z�l�b���g�h�\�•���f�Z�l�_�j�•�Z�e�b�� 

�H�^�g�•�}�x�� �a�� �f�h�`�e�b�\�b�o�� �k�l�j�Z�l�_�]�•�c�� �i�h�r�m�d�m�� �f�Z�l�_�j�•�Z�e�•�\�� �^�e�y�� �i�•�^�\�b�s�_�g�g�y��

�_�n�_�d�l�b�\�g�h�k�l�•�� �h�j�]�Z�g�•�q�g�b�o�� �k�h�g�y�q�g�b�o�� �_�e�_�f�_�g�l�•�\ �}�� �k�l�\�h�j�_�g�g�y�� �i�h�e�•�f�_�j�g�b�o 

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

�g�h�k�•�€�\�� �a�Z�j�y�^�m�� �\�� �h�[�e�Z�k�l�•�� �������±���������� �g�f���� �^�_�� �k�i�h�k�l�_�j�•�]�Z�}�l�v�k�y�� �f�Z�d�k�b�f�Z�e�v�g�Z��

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

�h�[�e�Z�k�l�v�� �n�h�l�h�q�m�l�e�b�\�h�k�l�•�� �y�d�� �m�� �d�h�j�h�l�d�h�o�\�b�e�h�v�\�m�� �k�l�h�j�h�g�m��(400-�������� �g�f������ �l�Z�d�� �•�� �m��

�^�h�\�]�h�o�\�b�e�v�h�\�m�����^�h�����������f�d�f��. 

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

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

�h�[�e�Z�k�l�•�� �������±���������� �g�f���� �>�_�y�d�•�� �a�� �p�b�o�� �[�Z�j�\�g�b�d�•�\�� �f�h�`�m�l�v�� �_�n�_�d�l�b�\�g�h�� �k�l�\�h�j�x�\�Z�l�b��

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

�•�a�h�e�v�h�\�Z�g�•���f�h�e�_�d�m�e�b�� 

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

�f�Z�l�j�b�p�•�� �^�_�d�•�e�v�d�Z�� �d�Z�j�[�Z�a�h�e�\�f�•�k�g�b�o�� �i�h�e�•�f�_�j�g�b�o�� �k�i�h�e�m�d���� �\�d�e�x�q�Z�x�q�b��PVK,  

�i�h�e�•�_�i�h�d�k�•�i�j�h�i�•�e�d�Z�j�[�Z�a�h�e�� ��PEPC)���� �i�h�e�•�� �>��-�f�_�l�h�d�k�b-5- (2 �?�l�b�e�]�_�d�k�b�e�h�d�k�b��-1,4-

�n�_�g�•�e�_�g�\�•�g�•�e�_�g�@�� ���0�(�+-�3�3�9���� �l�Z�� �i�h�e�•�\�•�g�•�e�_�l�b�e�Z�e�v�� ���3�9�(������ �y�d�•�� �^�h�[�j�_�� �j�h�a�q�b�g�_�g�•�� �\��

�h�j�]�Z�g�•�q�g�b�o���j�h�a�q�b�g�g�b�d�Z�o ���j�b�k��4.1). 
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�S�h�[�� �a�[�•�e�v�r�b�l�b�� �n�h�l�h�q�m�l�e�b�\�•�k�l�v�� �d�Z�j�[�Z�a�h�e�\�f�•�k�g�b�o�� �i�h�e�•�f�_�j�•�\���� �^�h�� �]�j�m�i�b��

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

�i�h�e�•�f�_�j�g�h�]�h�� �e�Z�g�p�x�]�Z�� �a�� �o�\�h�k�l�h�f�� �h�d�l�b�e�f�_�l�Z�d�j�b�e�Z�l�m�� ���H�F�:���� �Z�[�h�� �\�•�g�•�e�[�m�l�b�j�Z�e�x��

(VB) ���J�b�k��4.1). 

�Y�d �k�\�•�l�e�h�q�m�l�e�b�\�b�c �d�h�f�i�h�g�_�g�l���\�b�d�h�j�b�k�l�h�\�m�\�Z�e�b�k�y �i�h�e�•�f�_�l�b�g�h�\�•���[�Z�j�\�g�b�d�b����

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

�h�j�]�Z�g�•�q�g�b�o�� �j�h�a�q�b�g�g�b�d�Z�o���� �f�Z�d�k�b�f�m�f�� �i�h�]�e�b�g�Z�g�g�y�� �\�� �j�h�a�q�b�g�Z�o���\�� �h�[�e�Z�k�l�•�� �������±1050 

�g�f�� �l�Z�� �\�•�^�k�m�l�g�•�k�l�v�� �]�j�h�f�•�a�^�d�b�o�� �a�Z�f�•�k�g�b�d�•�\�� �\�� �f�_�a�h�i�h�e�h�`�_�g�g�•�� �>63, 64�@���� �H�k�l�Z�g�g�y��

�h�[�k�l�Z�\�b�g�Z�� �}�� �g�_�h�[�o�•�^�g�h�x�� �\�b�f�h�]�h�x���� �\�•�^�i�h�\�•�^�g�h�� �^�h�� �>64�@���� �^�e�y�� �_�n�_�d�l�b�\�g�h�]�h��

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

�\�b�]�e�y�^�m���f�h�e�_�d�m�e�b�� 

�>�h�k�e�•�^�`�m�\�Z�e�b�k�v�� �k�\�•�l�e�h�q�m�l�e�b�\�•�� �i�e�•�\�d�b�� �d�h�f�i�h�a�b�l�•�\, �h�l�j�b�f�Z�g�•�� �a�� �g�Z�k�l�m�i�g�b�o 

�[�Z�j�\�g�b�d�•�\�����+�,�7�&�����f�_�a�h-Cl���������������l�Z�����������W (�J�b�k��4.1). 
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�J�b�k. 4.1. �K�l�j�m�d�l�m�j�g�•���n�h�j�f�m�e�b���\�b�d�h�j�b�k�l�Z�g�b�o���[�Z�j�\�g�b�d�•�\���l�Z �i�h�e�•�f�_�j�•�\�� 

 

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

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

�i�h�e�•�f�_�j�g�h�€�� �k�i�h�e�m�d�b�� �l�Z�� �[�Z�j�\�g�b�d�Z���� �G�Z�c�[�•�e�v�r�� �i�h�\�g�•�� �^�Z�g�•�� �i�j�h�� �a�Z�e�_�`�g�•�k�l�v��

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

�i�e�•�\�h�d�� �i�h�e�•�f�_�j�g�b�o�� �d�h�f�i�h�a�b�l�•�\�� �g�Z�� �h�k�g�h�\�•�� �[�Z�j�\�g�b�d�Z�� �+�,�7�&���� �L�Z�d���� �g�Z�i�j�b�d�e�Z�^���� �g�Z��

�J�b�k����4.2���� �g�Z�\�_�^�_�g�h�� �a�Z�e�_�`�g�h�k�l�•�� �]�h�e�h�]�j�Z�n�•�q�g�h�€���^�b�n�j�Z�d�p�•�c�g�h�€���_�n�_�d�l�b�\�g�h�k�l�•�� ���d�j�b�\�Z��

�������� �•�g�l�_�]�j�Z�e�v�g�h�€�� �•�g�l�_�g�k�b�\�g�h�k�l�•�� �n�h�l�h�e�x�f�•�g�_�k�p�_�g�p�•�€�� ���N�E���� ���d�j�b�\�Z�� �������� �l�Z��

�•�g�l�_�]�j�Z�e�v�g�h�€�� �n�h�l�h-�?�J�K�� ���d�j�b�\�Z�� ������ �\�•�^�� �d�h�g�p�_�g�l�j�Z�p�•�€�� �[�Z�j�\�g�b�d�Z�� �^�e�y�� �i�e�•�\�h�d�� �p�b�o��

�d�h�f�i�h�a�b�l�•�\�� 

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

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

�i�j�Z�d�l�b�q�g�h�� �g�_�f�Z�}�� �n�h�l�h�q�m�l�e�b�\�h�k�l�•���� �I�j�b�� �\�_�e�b�d�b�o �d�h�g�p�_�g�l�j�Z�p�•�y�o�� �[�Z�j�\�g�b�d�•�\����

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

�g�b�a�v�d�Z���^�b�n�j�Z�d�p�•�c�g�Z���_�n�_�d�l�b�\�g�•�k�l�v���a�Z�i�b�k�m���•�g�n�h�j�f�Z�p�•�€�� 

�A�Z�l�m�o�Z�g�g�y�� �N�E�� �i�j�b�� �a�[�•�e�v�r�_�g�g�•�� �d�h�g�p�_�g�l�j�Z�p�•�€�� �h�i�b�k�m�}�l�v�k�y�� �j�•�\�g�y�g�g�y�f��

�R�l�_�j�g�Z�±�N�h�e�v�f�_�j�Z���^�j�m�]�h�]�h���i�h�j�y�^�d�m�����P�_���k�\�•�^�q�b�l�v���i�j�h���g�Z�y�\�g�•�k�l�v���^�\�h�o���f�_�o�Z�g�•�a�f�•�\��
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�]�Z�k�•�g�g�y�� �e�x�f�•�g�_�k�p�_�g�p�•�€���� �h�^�g�b�f�� �a�� �y�d�b�o�� �}�� �a�\�b�q�Z�c�g�b�f�� �d�h�g�p�_�g�l�j�Z�p�•�c�g�b�f�� �]�Z�k�•�g�g�y�f����

�\�b�d�e�b�d�Z�g�h�€���f�•�]�j�Z�p�•�}�x���_�g�_�j�]�•�€���f�•�`���h�d�j�_�f�b�f�b���f�h�e�_�d�m�e�Z�f�b���[�Z�j�\�g�b�d�Z�����C�f�h�\�•�j�g�•�k�l�v��

�l�Z�d�h�€���f�•�]�j�Z�p�•�€���i�j�b�j�h�^�g�h���a�j�h�k�l�Z�}���a���d�h�g�p�_�g�l�j�Z�p�•�}�x�� 

�>�j�m�]�b�c���� �g�Z�c�[�•�e�v�r���•�f�h�\�•�j�g�b�c �f�_�o�Z�g�•�a�f���i�h�\�
�y�a�Z�g�b�c�� �a���m�l�\�h�j�_�g�g�y�f�� �Z�]�j�_�]�Z�l�•�\����

�y�d�•���\���g�Z�r�h�f�m���\�b�i�Z�^�d�m�����r�\�b�^�r�_���a�Z���\�k�_�����}���^�b�f�_�j�g�b�f�b���Z�]�j�_�]�Z�l�Z�f�b���>63, 64]. 

�H�d�j�_�f�•�� �^�Z�g�•�� �^�e�y�� �•�g�r�b�o�� �i�h�e�•�f�_�j�g�b�o�� �d�h�f�i�h�a�b�l�•�\�� �k�\�•�^�q�Z�l�v�� �i�j�h�� �l�_���� �s�h�� �\�h�g�b��

�f�Z�x�l�v�� �Z�g�Z�e�h�]�•�q�g�b�c�� �o�Z�j�Z�d�l�_�j�� �d�h�g�p�_�g�l�j�Z�p�•�c�g�b�o�� �a�Z�e�_�`�g�h�k�l�_�c���� �L�Z�d�b�f�� �q�b�g�h�f���� �m��

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

�[�Z�j�\�g�b�d�Z���l�Z���i�h�e�•�f�_�j�g�h�€���f�Z�l�j�b�p�•�� 
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�J�b�k. 4.2�����?�n�_�d�l�b�\�g�•�k�l�v���^�b�n�j�Z�d�p�•�€�������������•�g�l�_�]�j�Z�e�v�g�Z���n�h�l�h�e�x�f�•�g�_�k�p�_�g�p�•�y����������
�l�Z���•�g�l�_�]�j�Z�e�v�g�Z���n�h�l�h-�?�J�K�����������^�e�y���d�h�f�i�h�a�b�l�g�b�o���i�e�•�\�h�d���i�h�j�•�\�g�y�g�h���a��

�d�h�g�p�_�g�l�j�Z�p�•�}�x���+�,�7�&-�[�Z�j�\�g�b�d�Z���\���i�h�e�•�f�_�j�g�•�c���k�i�h�e�m�p�•���3�(�3�&�� 
 

�?�n�_�d�l���f�h�e�_�d�m�e�y�j�g�h�€���k�l�j�m�d�l�m�j�b���[�Z�j�\�g�b�d�Z 

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

�d�h�f�i�h�a�b�l�•�\�� �a�� �d�h�g�p�_�g�l�j�Z�p�•�}�x�� �[�•�e�v�r�h�x�� �a�Z 30%. �<�� �h�[�e�Z�k�l�•���?�k = 1,58 �± ���������� �_�<��

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

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

�[�e�b�a�v�d�•�c���^�h���f�Z�d�k�b�f�m�f�m���i�h�l�h�d�m���k�h�g�y�q�g�b�o���n�h�l�h�g�•�\���>65] (�J�b�k�� 4.2). 

�I�j�b�j�h�^�g�h���� �s�h�� �i�j�b�� �i�j�b�]�h�l�m�\�Z�g�g�•�� �i�h�e�•�f�_�j�g�h�€�� �d�h�f�i�h�a�b�l�g�h�€�� �i�e�•�\�d�b��

�k�i�h�k�l�_�j�•�]�Z�}�l�v�k�y�� �a�f�•�s�_�g�g�y�� �f�Z�d�k�b�f�m�f�m�� �_�g�_�j�]�•�€���?�k �m���[�•�d �f�_�g�r�b�o�� �_�g�_�j�]�•�c�� �g�Z�� ���������±

�����������_�<���l�Z���•�k�l�h�l�g�_���Z�k�b�f�_�l�j�b�q�g�_���j�h�a�r�b�j�_�g�g�y���k�f�m�]���i�h�]�e�b�g�Z�g�g�y�����j�b�k����4.3�������A�k�m�\���?�k 

�g�Z���[�•�d �f�_�g�r�b�o �_�g�_�j�]�•�c���a�m�f�h�\�e�_�g�b�c���k�e�Z�[�d�b�f���a�\�¶�y�a�d�h�f���f�•�`���f�h�e�_�d�m�e�Z�f�b���[�Z�j�\�g�b�d�Z��

�l�Z�� �f�h�e�_�d�m�e�Z�f�b���i�h�e�•�f�_�j�g�h�€���k�i�h�e�m�d�b���\�� �d�h�f�i�h�a�b�l�•���� �K�b�e�v�g�Z���Z�k�b�f�_�l�j�•�y�� �j�h�a�r�b�j�_�g�g�y��

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

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

�^�h�^�Z�l�d�h�\�h�]�h���i�h�]�e�b�g�Z�g�g�y���\���i�e�•�\�d�Z�o���i�h�e�•�f�_�j�g�b�o���d�h�f�i�h�a�b�l�•�\���\���h�[�e�Z�k�l�•�����������± ���������_�<�� 
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�J�b�k. 4.�������K�i�_�d�l�j�b���i�h�]�e�b�g�Z�g�g�y���j�h�a�q�b�g�•�\���l�Z���i�h�e�•�f�_�j�g�b�o���d�h�f�i�h�a�b�l�•�\��
�i�h�e�•�f�_�l�b�g�h�\�b�o���[�Z�j�\�g�b�d�•�\���+�,�7�&�������������0�H�V�R-Cl (2)  

 
�P�_�� �i�h�]�e�b�g�Z�g�g�y�� �g�_�� �k�i�h�k�l�_�j�•�]�Z�e�h�k�y�� �\�� �k�e�Z�[�d�h�d�h�g�p�_�g�l�j�h�\�Z�g�b�o�� �j�h�a�q�b�g�Z�o��

�[�Z�j�\�g�b�d�•�\�� �•�� �\�b�d�e�b�d�Z�g�_�� �m�l�\�h�j�_�g�g�y�f�� �Z�]�j�_�]�Z�l�•�\���� �y�d�•���� �c�f�h�\�•�j�g�h���� �}�� �G-�i�h�^�•�[�g�b�f�b 

�Z�]�j�_�]�Z�l�Z�f�b���� �N�h�j�f�m�\�Z�g�g�y�� �l�Z�d�b�o�� �Z�]�j�_�]�Z�l�•�\�� �o�Z�j�Z�d�l�_�j�g�_�� �^�e�y�� �[�•�e�v�r�h�k�l�•��

�i�h�e�•�f�_�l�b�g�h�\�b�o�� �[�Z�j�\�g�b�d�•�\�� �p�v�h�]�h�� �d�e�Z�k�m�� �>63, 64�@���� �G�_�a�g�Z�q�g�_�� �j�h�a�r�b�j�_�g�g�y�� �k�f�m�] 
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�i�h�]�e�b�g�Z�g�g�y�� �\�� �j�Z�c�h�g�•�� �f�_�g�r�b�o�� �_�g�_�j�]�•�c�� ��h�� <Es���� �h�[�m�f�h�\�e�_�g�h�� �j�h�a�m�i�h�j�y�^�d�m�\�Z�g�g�y�f��

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

�i�h�]�e�b�g�Z�g�g�y�� ��hv ���������� �H�9������ �^�_�� �i�h�]�e�b�g�Z�g�g�y�� �d�h�f�i�e�_�d�k�•�\�� �f�•�`�� �f�h�e�_�d�m�e�Z�f�b�� �[�Z�j�\�g�b�d�Z��

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

�:�g�Z�e�•�a���k�i�_�d�l�j�•�\���i�h�]�e�b�g�Z�g�g�y���i�e�•�\�h�d���p�b�o���d�h�f�i�h�a�b�l�•�\�����J�b�k�� 4.3�����\�d�Z�a�m�}���g�Z���l�_����

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

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

�Z�]�j�_�]�Z�p�•�€���f�h�e�_�d�m�e���+�,�7�&���l�Z���0�H�V�R-Cl. 

�H�k�d�•�e�v�d�b�� �\�g�_�k�h�d�� �y�d�� �\�g�m�l�j�•�r�g�v�h�f�h�e�_�d�m�e�y�j�g�b�o�� �d�h�e�b�\�Z�g�v�� �f�h�e�_�d�m�e�b���� �l�Z�d�� �•��

�i�h�]�e�b�g�Z�g�g�y�� �d�h�f�i�e�_�d�k�•�\�� �i�h�e�•�f�_�j�� �± �[�Z�j�\�g�b�d�� �k�i�h�k�l�_�j�•�]�Z�}�l�v�k�y�� �e�b�r�_�� �\�� �h�[�e�Z�k�l�• 

�k�e�Z�[�d�h�]�h�� �i�h�]�e�b�g�Z�g�g�y�� ���f�_�g�r�_�� �������� �\�•�^�� �f�Z�d�k�b�f�Z�e�v�g�h�€�� �\�_�e�b�q�b�g�b�� �h�i�l�b�q�g�h�€��

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

�[�h�d�m �û�?+ �^�h�� �i�•�\�r�b�j�b�g�b�� �k�f�m�]�b�� �i�h�]�e�b�g�Z�g�g�y�� �a�� �^�h�\�]�h�o�\�b�e�v�h�\�h�]�h�� �[�h�d�m �û�?- �f�h�`�_��

�o�Z�j�Z�d�l�_�j�b�a�m�\�Z�l�b�� �c�f�h�\�•�j�g�•�k�l�v�� �m�l�\�h�j�_�g�g�y�� �Z�]�j�_�]�Z�l�•�\���� �<�•�^�g�h�r�_�g�g�y���1�Z � �� �û�?��+ ���� �û�?- 

�^�e�y���d�h�f�i�h�a�b�l�•�\���+�,�7�&���l�Z���0�H�V�R-�&�O���k�l�Z�g�h�\�b�l�v�������������•�������������\�•�^�i�h�\�•�^�g�h�� 

�M���y�d�h�k�l�• �i�_�j�r�h�]�h�� �g�Z�[�e�b�`�_�g�g�y�� �k�i�_�d�l�j�� �i�h�]�e�b�g�Z�g�g�y�� �\�k�•�o�� �Z�]�j�_�]�Z�l�•�\����

�m�l�\�h�j�_�g�b�o�� �m�� �d�h�f�i�h�a�b�l�g�b�o�� �i�e�•�\�d�Z�o���� �f�h�`�_�� �[�m�l�b�� �h�l�j�b�f�Z�g�b�c�� �y�d�� �j�•�a�g�b�p�y�� �f�•�`��

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

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

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

�g�_�h�[�o�•�^�g�h�� �g�h�j�f�m�\�Z�l�b�� �h�[�b�^�\�•�� �p�•�� �k�i�_�d�l�j�b�� �a�Z�� �a�g�Z�q�_�g�g�y�f�� �h�i�l�b�q�g�h�€�� �]�m�k�l�b�g�b�� �g�Z���?�k. 

�K�i�_�d�l�j�b�� �©�i�h�]�e�b�g�Z�g�g�y�� �G-�Z�]�j�_�]�Z�l�•�\�ª �+�,�7�&�� �l�Z�� �0�H�V�R-�&�O�� �\�� �,-VC-�2�0�$���� �h�l�j�b�f�Z�g�•��

�l�Z�d�b�f���q�b�g�h�f�����i�h�d�Z�a�Z�g�•���g�Z���J�b�k�� 4.4. 

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

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

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

�Z�]�j�_�]�Z�l�•�� �•���� �y�d�� �g�Z�k�e�•�^�h�d���� �_�g�_�j�]�•�}�x�� �a�[�m�^�`�_�g�g�y���� �G�Z�� �`�Z�e�v���� �l�h�q�g�•�k�l�v�� �h�p�•�g�h�d�� �_�g�_�j�]�•�€��

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

�j�h�a�m�i�h�j�y�^�d�m�\�Z�g�g�y���Z�]�j�_�]�Z�l�•�\���l�Z���k�m�l�l�}�\�h�]�h���i�_�j�_�d�j�b�\�Z�g�g�y���k�f�m�]���i�h�]�e�b�g�Z�g�g�y. 
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�S�_�� �[�•�e�v�r�Z�� �Z�k�b�f�_�l�j�•�y�� �k�f�m�]�� �k�i�h�k�l�_�j�•�]�Z�}�l�v�k�y�� �\�� �k�i�_�d�l�j�Z�o��V (�J�b�k�� 4.5���� �p�b�o��

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

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

�i�h�j�•�\�g�y�g�g�•�� �a�� �\�b�i�Z�^�d�h�f�� �n�h�l�h�]�_�g�_�j�m�\�Z�g�g�y�� �•�a�h�e�v�h�\�Z�g�b�f�b�� �f�h�e�_�d�m�e�Z�f�b���� �Y�d�s�h��

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

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

�f�h�e�_�d�m�e���� �l�h�� �Z�k�b�f�_�l�j�•�y�� �a�Z�]�Z�e�v�g�h�€�� �k�f�m�]�b�� �g�Z�� �k�i�_�d�l�j�Z�e�v�g�•�c�� �a�Z�e�_�`�g�h�k�l�•�� �9�� �[�m�^�_��

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

�D�j�•�f�� �l�h�]�h���� �f�Z�d�k�b�f�m�f�b�� �i�h�\�b�g�g�•�� �a�¶�y�\�e�y�l�b�k�y�� �m�� �k�i�_�d�l�j�Z�o�� �9�� �\�� �h�[�e�Z�k�l�•��

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

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

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

�l�Z�d���•���\�f�•�k�l�h�f���p�v�h�]�h���Z�]�j�_�]�Z�l�m���m���i�e�•�\�d�Z�o���d�h�f�i�h�a�b�l�m���� 
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�J�b�k. 4.4�����K�i�_�d�l�j�b���©�^�h�^�Z�l�d�h�\�h�]�h�ª���i�h�]�e�b�g�Z�g�g�y���Z�]�j�_�]�Z�l�•�\�����Z�����l�Z���k�i�_�d�l�j�b V ���[����
�^�e�y���d�h�f�i�h�a�b�l�•�\ �+�,�7�&�����������l�Z���0�H�V�R-�&�O�����������[�Z�j�\�g�b�d�•�\���a���i�h�e�•�f�_�j�Z�f�b���,-Vc-OMA. 

 

�H�k�l�Z�g�g�y���d�•�e�v�d�•�k�l�v���i�h�\�b�g�g�Z���[�m�l�b���i�j�h�i�h�j�p�•�c�g�h�x���\�_�e�b�q�b�g�•���h�i�l�b�q�g�h�€���]�m�k�l�b�g�b��

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

�L�h�f�m�� �i�j�Z�\�b�e�v�g�•�r�_�� �h�p�•�g�x�\�Z�l�b�� �_�g�_�j�]�•�x�� �l�Z�� �_�n�_�d�l�b�\�g�•�k�l�v�� �n�h�l�h�]�_�g�_�j�Z�p�•�€�� �g�h�k�•�€�\��
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�a�Z�j�y�^�m�� �d�h�g�d�j�_�l�g�h�]�h�� �Z�]�j�_�]�Z�l�m�� �s�h�^�h�� �_�n�_�d�l�b�\�g�h�k�l�•�� �n�h�l�h�]�_�g�_�j�Z�p�•�€��

�d�\�Z�a�•�•�a�h�e�v�h�\�Z�g�h�x�� �f�h�e�_�d�m�e�h�x�� �a�Z�� �k�i�_�d�l�j�Z�e�v�g�h�x�� �a�Z�e�_�`�g�•�k�l�x�� �9�� ���� �'���� �G�Z�i�j�b�d�e�Z�^����

�l�Z�d�•���a�Z�e�_�`�g�h�k�l�•���^�e�y���i�e�•�\�h�d���d�h�f�i�h�a�b�l�•�\���g�Z���h�k�g�h�\�•���f�_�a�h-Cl / 3I-VC-�2�0�$���i�h�d�Z�a�Z�g�•��

�g�Z���J�b�k�� 4.5. 

�A���p�b�o���a�Z�e�_�`�g�h�k�l�_�c���f�h�`�g�Z���q�•�l�d�h���[�Z�q�b�l�b���f�Z�d�k�b�f�m�f�b�������������������������������������������������l�Z��

�������� �_�<���� �\�� �y�d�b�o�� �k�i�•�\�\�•�^�g�h�r�_�g�g�y��V / D���� �l�h�[�l�h�� �k�i�•�\�\�•�^�g�h�r�_�g�g�y�� �d�\�Z�g�l�h�\�b�o��

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

�[�Z�j�\�g�b�d�Z�� �[�•�e�v�r�_�� ���� �������������� ������������ ���������� �•�� ������������ �\�•�^�i�h�\�•�^�g�h������ �M�� �i�e�•�\�d�Z�o�� �d�h�f�i�h�a�b�l�•�\��

�+�,�7�&�� �f�Z�d�k�b�f�Z�e�v�g�•�� �a�g�Z�q�_�g�g�y��Vs / D �k�i�h�k�l�_�j�•�]�Z�x�l�v�k�y�� �i�j�b�� ������������ ������������ ���������� �l�Z�� ����������

�H�9�����Z���\�•�^�i�h�\�•�^�g�•���k�i�•�\�\�•�^�g�h�r�_�g�g�y��- �������������������������������l�Z���������� 
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�J�b�k. 4.5�����K�i�_�d�l�j�b���i�h�]�e�b�g�Z�g�g�y�����������l�Z���n�h�l�h-�?�J�K ���������d�h�f�i�h�a�b�l�g�h�€���i�e�•�\�d�b��
�f�_�a�h-Cl / 3I-VC-�2�0�$���l�Z���€�o���k�i�•�\�\�•�^�g�h�r�_�g�g�y���9�������'���������� 

�1�f�h�\�•�j�g�•�k�l�v�� �m�l�\�h�j�_�g�g�y�� �Z�]�j�_�]�Z�l�m�� �l�h�]�h�� �q�b�� �•�g�r�h�]�h�� �l�b�i�m�� �i�h�\�b�g�g�Z�� �[�m�l�b��

�i�j�h�i�h�j�p�•�c�g�h�x�� �k�i�•�\�\�•�^�g�h�r�_�g�g�x�� �i�e�h�s�•�� �c�h�]�h�� �h�[�e�Z�k�l�•�� �i�h�]�e�b�g�Z�g�g�y�� �^�h���i�e�h�s�•�� �\�k�•�o��

�k�f�m�]�� �i�h�]�e�b�g�Z�g�g�y�� �m�� �h�[�e�Z�k�l�•�� �i�_�j�r�h�]�h�� �_�e�_�d�l�j�h�g�g�h�]�h�� �i�_�j�_�o�h�^�m���� �S�h�[�� �h�p�•�g�b�l�b�� �p�x��

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

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

�k�i�•�\�\�•�^�g�h�r�_�g�g�y���9�V�������'. 

�L�Z�d�b�c�� �Z�g�Z�e�•�a�� �^�e�y�� �i�e�•�\�h�d�� �d�h�f�i�h�a�b�l�•�\�� �g�Z�� �h�k�g�h�\�•�� �f�_�a�h-Cl / 3I-VC-OMA 

�i�h�d�Z�a�Z�\���� �s�h���c�f�h�\�•�j�g�•�k�l�v�� �m�l�\�h�j�_�g�g�y�� �Z�]�j�_�]�Z�l�•�\�� �a���_�g�_�j�]�•�y�f�b�������������������������� �����������������������•��

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

�^�e�y���^�\�h�o���g�Z�k�l�m�i�g�b�o���k�f�m�]���•���a���������^�e�y���]�j�m�i�b���a���g�Z�c�[�•�e�v�r�h�x���_�g�_�j�]�•�}�x�����\�•�^�i�h�\�•�^�g�h����

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

�[�Z�j�\�g�b�d�Z���� �y�d�•�� �m�l�\�h�j�x�x�l�v�� �Z�]�j�_�]�Z�l�b���� �<�h�g�Z�� �k�l�Z�g�h�\�b�l�v �a�� �������� �•�� �\�•�^�h�[�j�Z�`�Z�}��

�_�n�_�d�l�b�\�g�•�k�l�v���Z�]�j�_�]�Z�p�•�€���\���p�•�c���i�h�e�•�f�_�j�g�•�c���k�i�h�e�m�p�•�� 

�M �j�_�a�m�e�v�l�Z�l�•�� �\�b�k�h�d�h�€�� �_�n�_�d�l�b�\�g�h�k�l�•�� �n�h�l�h�]�_�g�_�j�Z�p�•�€�� �g�h�k�•�€�\�� �a�Z�j�y�^�m�� �\��

�f�h�e�_�d�m�e�Z�o���Z�]�j�_�]�Z�l�•�\�� �m���i�h�e�•�f�_�j�g�b�o���d�h�f�i�h�a�b�l�Z�o���a�����,-VC-�2�0�$���€�o���n�h�l�h�q�m�l�e�b�\�•�k�l�v��

�\�b�s�Z���� �g�•�`�� �m�� �g�Z�g�_�k�_�g�b�o�� �m�� �\�Z�d�m�m�f�•�� �i�e�•�\�h�d�� �n�l�Z�e�h�p�•�Z�g�•�g�•�\�� �&�X�� �l�Z�� �3�E���� �\�b�f�•�j�y�g�b�o���a�Z��

�l�b�o���`�_���m�f�h�\�� 
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�J�b�k. 4.6�����K�i�_�d�l�j�Z�e�v�g�•���a�Z�e�_�`�g�h�k�l�•���n�h�l�h-�?�J�K���d�h�f�i�h�a�b�l�•�\���g�Z���h�k�g�h�\�•���+�,�7�&������������
�f�_�a�h-Cl (2�����l�Z���j�h�a�j�h�[�e�_�g�•���r�Z�j�b���^�e�y���i�e�Z�k�l�b�q�g�b�o���k�h�g�y�q�g�b�o���_�e�_�f�_�g�l�•�\���3�&�%�0������

PTPTB (3) �l�Z���&�,�6�������3�&BM (4). 

�G�Z���J�b�k�� 4.6 �i�j�_�^�k�l�Z�\�e�_�g�•���k�i�_�d�l�j�Z�e�v�g�•���a�Z�e�_�`�g�h�k�l�•��V �^�e�y���j�h�a�j�h�[�e�_�g�b�o���g�Z�f�b��

�i�h�e�•�f�_�j�g�b�o�� �d�h�f�i�h�a�b�l�•�\�� ���d�j�b�\�•�� ��-�������� �d�h�f�i�h�a�b�l�•�\�� �&60 �a�� �i�j�h�\�•�^�g�b�f�b�� �i�h�e�•�f�_�j�Z�f�b��

[63, 6���@�� ���d�j�b�\�•��3, 4). �A�� �i�h�j�•�\�g�y�g�g�y�� �i�h�d�Z�a�Z�g�b�o�� �k�i�_�d�l�j�•�\�� �h�q�_�\�b�^�g�h���� �s�h�� �h�[�e�Z�k�l�v 
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�i�h�]�e�b�g�Z�g�g�y�� �k�h�g�y�q�g�h�]�h�� �k�\�•�l�e�Z�� �a�Z�i�j�h�i�h�g�h�\�Z�g�b�f�b�� �i�h�e�•�f�_�j�g�b�f�b�� �d�h�f�i�h�a�b�l�Z�f�b����

�g�Z�[�Z�]�Z�l�h���[�•�e�v�r�Z�����g�•�`���^�e�y���i�h�e�•�f�_�j�g�b�o���d�h�f�i�h�a�b�l�•�\���&60. 

�F�h�e�_�d�m�e�y�j�g�Z�� �k�l�j�m�d�l�m�j�Z�� �i�h�e�•�f�_�j�g�h�€�� �f�Z�l�j�b�p�•�� �k�b�e�v�g�h�� �\�i�e�b�\�Z�}�� �g�Z��

�_�n�_�d�l�b�\�g�•�k�l�v���n�h�l�h�]�_�g�_�j�Z�p�•�€���g�h�k�•�€�\�� �a�Z�j�y�^�m���\�� �d�h�f�i�h�a�b�l�Z�o���g�Z���h�k�g�h�\�•�� �+�,�7�&�����A�Z�f�•�g�Z��

�3�(�3�.���g�Z�����,-VC-�2�0�$���i�j�b�a�\�h�^�b�l�v���^�h���a�[�•�e�v�r�_�g�g�y���9���[�•�e�v�r�_�����g�•�`���g�Z���h�^�b�g���i�h�j�y�^�h�d��

(�J�b�k�� 4.7�������M���l�h�c���`�_���q�Z�k���k�i�_�d�l�j�b���i�h�]�e�b�g�Z�g�g�y���i�e�•�\�h�d���p�b�o���Z�]�j�_�]�Z�l�•�\���^�m�`�_���k�o�h�`�•�����Z��

�a�f�•�g�b���Z�[�k�h�e�x�l�g�h�]�h���a�g�Z�q�_�g�g�y���'���f�_�g�r�• �����������M���p�v�h�f�m���\�b�i�Z�^�d�m�����]�h�e�h�\�g�b�f���q�b�g�h�f����

�a�[�•�e�v�r�m�}�l�v�k�y�� �_�n�_�d�l�b�\�g�•�k�l�v�� �n�h�l�h�]�_�g�_�j�Z�p�•�€�� �g�h�k�•�€�\�� �\�b�k�h�d�h�_�g�_�j�]�_�l�b�q�g�b�f�b�� ���������±2,2 

�_�<���� �Z�]�j�_�]�Z�l�Z�f�b���� �G�Z�i�j�b�d�e�Z�^���� �\�\�_�^�_�g�g�y�� �Z�l�h�f�Z�� �c�h�^�m�� �\�� �i�h�e�•�f�_�j�g�b�c�� �e�Z�g�p�x�]�� �H�F�:��

���j�b�k��4.1�����\�b�d�e�b�d�Z�}���a�[�•�e�v�r�_�g�g�y��V �\�������j�Z�a�b���i�j�b��h�� � �����������_�<���•���f�Z�c�`�_���m �����j�Z�a�•�\���i�j�b��

hv = 2������ �_�<�� ���d�j�b�\�•�� ���� �l�Z�� ������ �j�b�k����4.7�Z������ �I�h�^�•�[�g�Z�� �a�f�•�g�Z�� �f�h�e�_�d�m�e�y�j�g�h�€�� �k�l�j�m�d�l�m�j�b�� �\��

�i�e�•�\�d�Z�o�� �d�h�f�i�h�a�b�l�•�\�� �P�H�V�R-�&�O�� �i�j�b�\�h�^�b�l�v�� �^�h�� �a�[�•�e�v�r�_�g�g�y�� �9�� �m 3-���� �j�Z�a�•�\���� �o�h�q�Z��

�_�n�_�d�l�b�\�g�•�k�l�v���m�l�\�h�j�_�g�g�y���Z�]�j�_�]�Z�l�•�\���i�j�Z�d�l�b�q�g�h���h�^�g�Z�d�h�\�Z�� 
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�J�b�k. 4.7�����A�Z�e�_�`�g�h�k�l�•���9�����Z�����l�Z���k�i�_�d�l�j�b���i�h�]�e�b�g�Z�g�g�y�����[�����^�e�y���d�h�f�i�h�a�b�l�•�\���+�,�7�&��
�a���3�(�3�&�������������3�9�.�����������,-VK-OMA (3). 
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�I�_�j�k�i�_�d�l�b�\�b�� �j�h�a�r�b�j�_�g�g�y�� �h�[�e�Z�k�l�•�� �n�h�l�h�q�m�l�e�b�\�h�k�l�•�� �i�h�e�•�f�_�j�g�b�o��

�d�h�f�i�h�a�b�l�•�\���m���d�h�j�h�l�d�h�o�\�b�e�v�h�\�m���l�\���^�h�\�]�h�o�\�b�e�v�h�\�m���k�l�h�j�h�g�b�� 

�:�g�Z�e�•�a���^�Z�g�b�o�����\�b�d�e�Z�^�_�g�b�o���\�b�s�_�����i�h�d�Z�a�m�}�� �s�h �j�h�a�r�b�j�_�g�g�y���n�h�l�h�q�m�l�e�b�\�h�k�l�•��

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

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

�f�_�g�r�b�f�b�� �h�[�¶�}�f�g�b�f�b�� �[�•�q�g�b�f�b�� �]�j�m�i�Z�f�b�� �l�Z�� �i�j�h�l�b�•�h�g�Z�f�b���� �Z�[�h�� �a�� �\�b�d�h�j�b�k�l�Z�g�g�y�f��

�•�g�r�b�o�� �i�h�e�•�f�_�j�g�b�o�� �k�i�h�e�m�d���� �y�d�•�� �f�Z�x�l�v�� �\�e�Z�k�g�m�� �n�h�l�h�q�m�l�e�b�\�•�k�l�v�� �m�� �j�_�]�•�h�g�•�� �������±3,0 

�_�<���� �A�Z�� �g�Z�r�b�f�b�� �h�p�•�g�d�Z�f�b���� �i�_�j�r�b�c�� �r�e�y�o�� �f�_�g�r�� �_�n�_�d�l�b�\�g�b�c���� �•�� �i�h�^�Z�e�v�r�_��

�j�h�a�r�b�j�_�g�g�y���n�h�l�h�q�m�l�e�b�\�h�k�l�•���d�h�f�i�h�a�b�l�•�\���l�Z�d�h�]�h���l�b�i�m���f�h�`�e�b�\�_���\�k�v�h�]�h�� �g�Z��0,2-0,3 

�_�<�� 

�>�e�y�� �i�_�j�_�\�•�j�d�b�� �_�n�_�d�l�b�\�g�h�k�l�•�� �^�j�m�]�h�]�h�� �k�i�h�k�h�[�m�� �i�j�h�\�h�^�b�e�b�k�y�� �^�h�k�e�•�^�`�_�g�g�y����

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

HITC / MEH-PPV. �>�e�y�� �Z�]�j�_�]�Z�l�•�\�� �+�,�7�&�� ���� �0�(�+-�3�3�9�� �k�i�h�k�l�_�j�•�]�Z�}�l�v�k�y�� �•�k�l�h�l�g�_��

�a�[�•�e�v�r�_�g�g�y�� �n�h�l�h�q�m�l�e�b�\�h�k�l�•�� �\�� �d�h�j�h�l�d�h�o�\�b�e�v�h�\�•�c�� �h�[�e�Z�k�l�•���� �K�i�_�d�l�j�Z�e�v�g�Z��

�a�Z�e�_�`�g�•�k�l�v�� �9�� �i�h�d�Z�a�Z�g�Z�� �g�Z�� �J�b�k�� 4.8 �j�Z�a�h�f�� �a�� �\�•�^�i�h�\�•�^�g�b�f�b�� �k�i�_�d�l�j�Z�f�b�� �^�e�y��

�d�h�f�i�h�a�b�l�•�\���+�,�7�&�������,-VC-OMA. 
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�J�b�k. 4.8�����K�i�_�d�l�j�Z�e�v�g�•���a�Z�e�_�`�g�h�k�l�•���i�h�]�e�b�g�Z�g�g�y�������� �������l�Z���9�������� �������^�e�y���i�e�•�\�h�d��
�d�h�f�i�h�a�b�l�•�\���+�,�7�&���\���0�(�+-�3�3�9�����������������l�Z���,-VC-OMA (2, 4). 

 

�<�b�^�g�h���� �s�h�� �a�Z�f�•�g�Z�� �i�h�e�•�f�_�j�m�� �,-VC-�2�0�$�� �g�Z�� �0�(�+-�3�3�9�� �i�j�b�\�h�^�b�l�v�� �^�h��

�a�[�•�e�v�r�_�g�g�y�� �\�•�^�g�h�k�g�h�€�� �k�\�•�l�e�h�q�m�l�e�b�\�h�k�l�•�� �i�e�•�\�h�d�� �d�h�f�i�h�a�b�p�•�c�� �+�,�7�&�� ���� �0�(�+-�3�3�9�� �m��

�d�h�j�h�l�d�h�o�\�b�e�v�h�\�•�c���h�[�e�Z�k�l�•���������j�Z�a�•�\���i�j�b��hv � �����������_�<���� 

�L�Z�d�b�f�� �q�b�g�h�f���� �g�Z�f�� �\�^�Z�e�h�k�y�� �i�•�^�l�\�_�j�^�b�l�b�� �f�h�`�e�b�\�•�k�l�v�� �k�l�\�h�j�_�g�g�y��

�k�\�•�l�e�h�q�m�l�e�b�\�b�o �d�h�f�i�h�a�b�l�•�\�� �\�� �^�•�Z�i�Z�a�h�g�•�� ������-�������� �_�<�� �g�Z�� �h�k�g�h�\�•�� �i�h�e�•�f�_�l�b�g�h�\�b�o��

�[�Z�j�\�g�b�d�•�\���l�Z���i�h�o�•�^�g�b�o���3�3�9�� 
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�I�h�e�•�f�_�j�g�•�� �d�h�f�i�h�a�b�l�b���� �h�i�b�k�Z�g�•�� �m �i�h�i�_�j�_�^�g�•�o�� �j�h�a�^�•�e�Z�o���� �m �^�Z�g�b�c�� �q�Z�k��

�i�h�j�•�\�g�y�g�•�� �a�• �k�l�j�m�d�l�m�j�Z�f�b�� �g�Z�� �h�k�g�h�\�•�� �6�L�� �y�d�� �i�h�� �^�•�Z�i�Z�a�h�g�m�� �i�h�]�e�b�g�Z�g�g�y���� �l�Z�d�� �•�� �i�h��

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

850�±�����������g�f�����:�g�Z�e�•�a���h�l�j�b�f�Z�g�b�o���^�Z�g�b�o���i�j�h���i�h�e�•�f�_�j�g�•���d�h�f�i�h�a�b�l�b���i�h�e�•�f�_�l�b�g�h�\�b�o��

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

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

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

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

�g�_�h�[�o�•�^�g�h�����s�h�[���€�o���f�h�e�_�d�m�e�y�j�g�Z���k�l�j�m�d�l�m�j�Z���g�_���f�Z�e�Z���]�j�h�f�•�a�^�d�b�o���a�Z�f�•�k�g�b�d�•�\���m���f�_�a�h-

�i�h�e�h�`�_�g�g�•���f�h�e�_�d�m�e�����Z���_�n�_�d�l�b�\�g�•�k�l�v���e�x�f�•�g�_�k�p�_�g�p�•�€���[�m�e�Z���f�Z�e�Z�����G�Z���`�Z�e�v���� �m �^�Z�g�b�c��

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

�_�n�_�d�l�b�\�g�h�€�� �n�h�l�h�]�_�g�_�j�Z�p�•�€�� �g�h�k�•�€�\�� �a�Z�j�y�^�m�� �\�� �l�Z�d�b�o�� �d�h�f�i�h�a�b�l�Z�o�� �i�h�\�b�g�g�Z�� �[�m�l�b��

�_�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h���i�_�j�_�\�•�j�_�g�Z. 

 

�J�b�k. 4.9�����K�i�_�d�l�j�b���i�h�]�e�b�g�Z�g�g�y���������� (1)  �l�Z�����������W (2) �[�Z�j�\�g�b�d�•�\���m���j�h�a�q�b�g�•���l�Z��
�i�e�•�\�h�d �p�b�o���[�Z�j�\�g�b�d�•�\�����\�•�^�i�h�\�•�^�g�h��������������. 
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�K�i�_�d�l�j�b�� �i�h�]�e�b�g�Z�g�g�y�� �^�h�k�e�•�^�`�m�\�Z�g�b�o�� �i�e�•�\�h�d�� �d�h�f�i�h�a�b�l�•�\�� �m�� �I�<�?�� �a��

�d�h�g�p�_�g�l�j�Z�p�•�}�x���[�Z�j�\�g�b�d�Z�����������i�h�d�Z�a�Z�g�•���g�Z���J�b�k�� 4.9�����>�e�y���i�h�j�•�\�g�y�g�g�y���p�_�c���j�b�k�m�g�h�d��

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

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

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

�g�_�\�_�e�b�d�Z�� �������±������ �f�?�<���� �a�f�•�s�_�g�g�y�� �_�g�_�j�]�•�€�� �g�Z�c�g�b�`�q�h�]�h�� �_�e�_�d�l�j�h�g�g�h�]�h�� �i�_�j�_�o�h�^�m��

�f�h�e�_�d�m�e�b�� ��Em � �� �������� �_�<���� �m�� �[�•�d �f�_�g�r�b�o�� �_�g�_�j�]�•�c���� �P�_�� �o�Z�j�Z�d�l�_�j�g�h�� �^�e�y�� �i�e�•�\�h�d��

�h�j�]�Z�g�•�q�g�b�o�� �g�Z�i�•�\�i�j�h�\�•�^�g�b�d�•�\�� �•�� �k�\�•�^�q�b�l�v�� �i�j�h�� �g�Z�y�\�g�•�k�l�v�� �k�e�Z�[�d�h�€�� ����-3% Em) 

�f�•�`�f�h�e�_�d�m�e�y�j�g�h�€���\�a�Z�}�f�h�^�•�€���f�h�e�_�d�m�e���[�Z�j�\�g�b�d�Z���l�Z���i�h�e�•�f�_�j�m�� 

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

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

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

�[�m�l�b���i�h�\�¶�y�a�Z�g�• �a���m�l�\�h�j�_�g�g�y�f���^�\�h�o���l�b�i�•�\���Z�]�j�_�]�Z�l�•�\�����y�d�•�����c�f�h�\�•�j�g�h�����}���+-�Z�]�j�_�]�Z�l�Z�f�b��

�^�b�f�_�j�g�h�]�h�� �l�b�i�m�� �>63, 64�@���� �1�g�l�_�g�k�b�\�g�•�k�l�v�� �i�h�]�e�b�g�Z�g�g�y�� �p�b�o �k�f�m�]�� �\�b�s�Z���� �g�•�`��

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

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

�[�•�e�v�r�Z���� �g�•�`�� �^�e�y�� �d�h�f�i�h�a�b�l�•�\�� �g�Z�� �h�k�g�h�\�•�� �+�,�7�&�� �•�� �f�_�a�h-�&�O���� �E�b�r�_�� �i�•�d�� ���������� �_�<�� �y�k�g�h��

�\�•�^�h�[�j�Z�`�Z�}�l�v�k�y���\���i�e�•�\�d�Z�o���Z�]�j�_�]�Z�l�•�\�������������m���p�•�c���h�[�e�Z�k�l�•�����1�g�l�_�g�k�b�\�g�•�k�l�v���p�v�h�]�h���i�•�d�m��

�[�•�e�v�r�Z���� �g�•�`�� �^�e�y�� �i�•�d�m�� �i�j�b�� �������� �_�<���� �l�h�[�l�h�� �\�� �p�v�h�f�m�� �d�h�f�i�h�a�b�l�•�� �]�h�e�h�\�g�b�f�� �q�b�g�h�f��

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

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

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

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

�������<���h�[�e�Z�k�l�•���g�b�a�v�d�b�o���_�g�_�j�]�•�c����hv <Em�����k�i�_�d�l�j�b���d�h�f�i�h�a�b�l�•�\���h�[�h�o���[�Z�j�\�g�b�d�•�\��

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

�o�Z�j�Z�d�l�_�j�b�a�m�}�l�v�k�y�� �i�_�j�_�]�b�g�Z�f�b�� �\�� �h�[�e�Z�k�l�•�� �������±�������� �_�<���� �P�•�� �i�_�j�_�]�b�g�b�� �f�h�`�m�l�v�� �[�m�l�b��

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

�1�g�l�_�g�k�b�\�g�•�k�l�v���i�h�]�e�b�g�Z�g�g�y���\���p�•�c���h�[�e�Z�k�l�•���i�h���\�•�^�g�h�r�_�g�g�x���^�h��Em �g�Z�[�Z�]�Z�l�h���[�•�e�v�r�Z����
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�g�•�`�� �m�� �d�h�f�i�h�a�b�l�Z�o�� �[�Z�j�\�g�b�d�Z�� �+�,�7�&���� �l�h�[�l�h�� �[�•�e�v�r�Z�� �c�f�h�\�•�j�g�•�k�l�v�� �m�l�\�h�j�_�g�g�y��

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

�>�e�y�� �i�_�j�_�\�•�j�d�b�� �_�n�_�d�l�b�\�g�h�k�l�•�� �n�h�l�h�]�_�g�_�j�Z�p�•�€�� �g�h�k�•�€�\�� �a�Z�j�y�^�m�� �i�j�b�� �a�[�m�^�`�_�g�g�•��

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

�j�Z�g�•�r�_���� �[�m�e�b�� �i�j�h�\�_�^�_�g�•�� �^�e�y�� �i�e�•�\�h�d�� �p�b�o�� �d�h�f�i�h�a�b�l�•�\���� �K�i�_�d�l�j�Z�e�v�g�•�� �a�Z�e�_�`�g�h�k�l�•��V 

�i�h�d�Z�a�Z�g�•���g�Z���J�b�k����4.10. 

�A�� �i�h�j�•�\�g�y�g�g�y�� �d�j�b�\�b�o�� �g�Z�� �J�b�k����4.9 �l�Z �J�b�k����4.10���� �\�b�^�g�h���� �s�h�� �\�k�•�� �Z�]�j�_�]�Z�l�b�� �l�Z��

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

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

�G�Z�c�[�•�e�v�r�Z�� �_�n�_�d�l�b�\�g�•�k�l�v�� �n�h�l�h�]�_�g�_�j�Z�p�•�€�� �g�h�k�•�€�\�� �a�Z�j�y�^�m�� �k�i�h�k�l�_�j�•�]�Z�}�l�v�k�y�� �^�e�y��

�Z�]�j�_�]�Z�l�m�� ���������� �_�<�� ���J�b�k�� 4.10���� �d�j�b�\�Z�� �������� �•�� �\�h�g�Z�� �[�•�e�v�r�Z���� �g�•�`�� �i�j�b�� �a�[�m�^�`�_�g�g�•��

�d�\�Z�a�•�•�a�h�e�v�h�\�Z�g�b�o���f�h�e�_�d�m�e�������������[�Z�j�\�g�b�d�Z�� 

�K�b�l�m�Z�p�•�y�� �}�� �[�•�e�v�r�� �k�d�e�Z�^�g�h�x�� �l�Z�� �g�_�l�b�i�h�\�h�x�� �m���\�b�i�Z�^�d�m���a���i�e�•�\�d�Z�f�b�� �Z�]�j�_�]�Z�l�•�\��

�����������[�Z�j�\�g�b�d�Z�� 

�I�h-�i�_�j�r�_���� �Z�]�j�_�]�Z�l�b�� ���������� �[�Z�j�\�g�b�d�Z�� �a�� �_�g�_�j�]�•�}�x�� ���������� �_�<�� �i�j�Z�d�l�b�q�g�h�� �g�_��

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

�9�� �\�� �p�•�c���k�i�_�d�l�j�Z�e�v�g�h�€���h�[�e�Z�k�l�•���� �M���l�h�c���`�_�� �q�Z�k���� �i�•�d�� �a�� �f�Z�d�k�b�f�m�f�h�f�� �[�e�b�a�v�d�h���������� �_�<��

�q�•�l�d�h�� �\�•�^�h�[�j�Z�`�Z�}�l�v�k�y�� �m�� �9-�k�i�_�d�l�j�Z�o���� �I�h-�^�j�m�]�_���� �9-�i�•�d�� �q�•�l�d�h�� �k�i�h�k�l�_�j�•�]�Z�}�l�v�k�y�� �i�j�b��

���������_�<�� 
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�J�b�k. 4.10�����K�i�_�d�l�j�b���n�h�l�h-�?�J�K���9������ �������l�Z���\�•�^�g�h�r�_�g�g�y���i�h�]�e�b�g�Z�g�g�y���^�h���n�h�l�h-
�?�J�K���9���'���������������^�e�y���d�h�f�i�h�a�b�l�•�\���g�Z���h�k�g�h�\�•������������������ 3) and 5011t (2, 4). 

 

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

�i�h�e�•�f�_�j�m���� �•�� �c�h�]�h�� �•�g�l�_�g�k�b�\�g�•�k�l�v�� �[�•�e�v�r�Z���� �g�•�`�� �m�� �h�[�e�Z�k�l�•���?m���� �L�Z�d�b�f�� �q�b�g�h�f����

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

�•�a�h�e�v�h�\�Z�g�h�€���f�h�e�_�d�m�e�b�� 

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

�j�•�a�g�•�����f�b���i�h�[�m�^�m�\�Z�e�b���k�i�_�d�l�j�Z�e�v�g�•���a�Z�e�_�`�g�h�k�l�•���k�i�•�\�\�•�^�g�h�r�_�g�g�y��V / D ���d�j�b�\�•�������l�Z��������

�J�b�k�� .10������ �s�h�[�� �\�j�Z�o�m�\�Z�l�b�� �p�_�c�� �n�Z�d�l�� �•�� �[�•�e�v�r�� �i�j�Z�\�b�e�v�g�h�� �h�p�•�g�b�l�b �n�h�l�h�q�m�l�e�b�\�•�k�l�v��

�j�•�a�g�b�o���p�_�g�l�j�•�\�� 

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

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

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

�Z�]�j�_�]�Z�l�•�\�� �a�� �_�g�_�j�]�•�y�f�b ���������� �•�� ���������� �_�<�� �a�� �g�_�\�_�e�b�d�h�x�� �_�n�_�d�l�b�\�g�•�k�l�x�� �n�h�l�h�]�_�g�_�j�Z�p�•�€����
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�I�•�d���9���g�Z�������������_�<���m �i�e�•�\�d�Z�o�������������\�b�d�e�b�d�Z�g�b�c���^�\�h�f�Z���Z�]�j�_�]�Z�l�Z�f�b���a���_�g�_�j�]�•�y�f�b�������������•��

�����������_�<���a���g�_�\�_�e�b�d�h�x���_�n�_�d�l�b�\�g�•�k�l�x���n�h�l�h�]�_�g�_�j�Z�p�•�€�� 

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

�[�•�e�v�r�Z�����g�•�`���m���•�a�h�e�v�h�\�Z�g�b�o���f�h�e�_�d�m�e���p�b�o���[�Z�j�\�g�b�d�•�\�����<�•�^�i�h�\�•�^�g�h���^�h���^�Z�g�b�o���j�h�a�^�•�e�m��

���������� �_�n�_�d�l�b�\�g�•�k�l�v�� �n�h�l�h�]�_�g�_�j�Z�p�•�€�� �g�h�k�•�€�\�� �a�Z�j�y�^�m�� �f�h�`�_�� �k�m�l�l�}�\�h�� �a�[�•�e�v�r�m�\�Z�l�b�k�y��

�\�b�[�h�j�h�f�� �i�h�e�•�f�_�j�g�h�€�� �f�Z�l�j�b�p�•���� �L�h�[�l�h�� �i�h�i�_�j�_�^�g�•�c�� �i�h�r�m�d�� �g�h�\�b�o�� �i�h�e�•�f�_�l�b�g�h�\�b�o��

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

�n�h�l�e�h�q�m�l�e�b�\�•���d�h�f�i�h�a�b�l�b���\���h�[�e�Z�k�l�•�����������± ���������_�<�� 

�L�Z�d�b�f�� �q�b�g�h�f���� �_�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�� �i�•�^�l�\�_�j�^�`�_�g�h�� �f�h�`�e�b�\�•�k�l�v�� �i�•�^�]�h�l�h�\�d�b��

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

�n�h�l�h�l�j�Z�g�k�n�h�j�f�Z�l�h�j�•�\���� �P�•�� �d�h�f�i�h�a�b�l�b�� �}�� �k�\�•�l�e�h�q�m�l�e�b�\�b�f�b�� �\�� �r�b�j�r�h�f�m�� �^�•�Z�i�Z�a�h�g�•����

�g�•�`���m���k�d�e�Z�^�•���d�h�f�i�h�a�b�l�•�\���g�Z���h�k�g�h�\�•���n�l�Z�e�h�p�•�Z�g�•�g�m���k�\�b�g�p�x�����3�E�3�F�����l�Z���6�L�� 
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�J�b�k. 4.���������K�i�_�d�l�j�b���n�h�l�h-�?�J�K���g�h�\�b�o���i�h�e�•�f�_�l�b�g�h�\�b�o���[�Z�j�\�g�b�d�•�\���������������������D�Q�G��
���������W�����������m���i�h�e�•�f�_�j�g�•�c���f�Z�l�j�b�p�•�����>�e�y���i�h�j�•�\�g�y�g�g�y���g�Z�\�_�^�_�g�h���k�i�_�d�l�j�b���n�l�Z�e�h�p�•�Z�g�•�g�m��

�k�\�b�g�p�x�����3�E�3�F�������������l�Z���6�L-�n�h�l�h�_�e�_�f�_�g�l�m���������� 
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�H�l�`�_, �a�Z�i�j�h�i�h�g�h�\�Z�g�h�� �g�Z�i�j�y�f�d�b�� �k�l�\�h�j�_�g�g�y �\�b�k�h�d�h�d�h�g�p�_�g�l�j�h�\�Z�g�b�o��

�i�h�e�•�f�_�j�g�b�o�� �d�h�f�i�h�a�b�l�•�\�� �g�Z�� �h�k�g�h�\�•�� �i�h�e�•�f�_�l�b�g�h�\�b�o�� �[�Z�j�\�g�b�d�•�\���� �P�•�� �d�h�f�i�h�a�b�l�b�� �}��

�n�h�l�h�q�m�l�e�b�\�b�f�b�� �m�� �i�j�Z�d�l�b�q�g�h�� �\�k�v�h�f�m�� �\�b�^�b�f�h�f�m�� �^�•�Z�i�Z�a�h�g�•, �f�Z�d�k�b�f�m�f�� �€�o��

�n�h�l�h�q�m�l�e�b�\�h�k�l�•�� �a�g�Z�o�h�^�b�l�v�k�y�� �m�� �[�e�b�`�g�•�c�� �1�Q-�h�[�e�Z�k�l�•���� �[�e�b�a�v�d�h�� �^�h�� �f�Z�d�k�b�f�m�f�m��

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

�a�[�•�e�v�r�_�g�g�y���€�o���n�h�l�h�q�m�l�e�b�\�h�k�l�•���m���d�h�j�h�l�d�h�o�\�b�e�v�h�\�b�c �[�•�d. 

�K�l�m�i�•�g�v�� �i�h�]�e�b�g�Z�g�g�y�� �k�h�g�y�q�g�h�]�h�� �k�\�•�l�e�Z�� �l�Z�� �r�b�j�b�g�Z�� �k�i�_�d�l�j�Z�e�v�g�h�€�� �h�[�e�Z�k�l�•��

�k�\�•�l�e�h�\�h�€���q�m�l�e�b�\�h�k�l�•�� �d�j�Z�s�b�o���•�a���a�Z�i�j�h�i�h�g�h�\�Z�g�b�o���i�h�e�•�f�_�j�g�b�o���d�h�f�i�h�a�b�l�•�\���[�•�e�v�r�•����

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

�i�h�e�•�f�_�j�•�\���� �k�_�g�k�b�[�•�e�•�a�h�\�Z�g�b�o�� �i�h�o�•�^�g�b�f�b�� �&60���� �?�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�� �i�•�^�l�\�_�j�^�`�_�g�h��

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

�j�h�a�r�b�j�_�g�m���^�h�����������f�d�f�� 

�H�k�g�h�\�g�h�x�� �i�j�b�q�b�g�h�x�� �j�h�a�r�b�j�_�g�g�y�� �k�i�_�d�l�j�Z�e�v�g�h�€�� �^�•�e�y�g�d�b�� �n�h�l�h�q�m�l�e�b�\�h�k�l�•��

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

�i�h�e�•�f�_�l�b�g�h�\�b�o���[�Z�j�\�g�b�d�•�\�� 

�P�•�� �i�h�e�•�f�_�j�g�•�� �d�h�f�i�h�a�b�l�b�� �}�� �[�Z�]�Z�l�h�n�m�g�d�p�•�h�g�Z�e�v�g�b�f�b���� �<�h�g�b�� �f�h�`�m�l�v�� �[�m�l�b��

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

�^�Z�l�q�b�d�b�� �1�Q-�\�b�i�j�h�f�•�g�x�\�Z�g�g�y���� �f�Z�l�_�j�•�Z�e�b�� �^�e�y�� �a�Z�i�b�k�m�� �k�l�Z�p�•�h�g�Z�j�g�b�o�� �]�h�e�h�]�j�Z�f�� �•�a��

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

�Z�[�h���y�d���_�e�_�f�_�g�l�b �m���g�_�e�•�g�•�c�g�•�c���h�i�l�b�p�•�� 

�<�b�k�g�h�\�d�b���^�h���J�h�a�^�•�e�m�������� 

1. �A�Z�i�j�h�i�h�g�h�\�Z�g�h���g�Z�i�j�y�f�d�b���k�l�\�h�j�_�g�g�y���\�b�k�h�d�h�d�h�g�p�_�g�l�j�h�\�Z�g�b�o���i�h�e�•�f�_�j�g�b�o��

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

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

�[�e�b�`�g�•�c�� �1�Q-�h�[�e�Z�k�l�•���� �^�_�� �a�g�Z�o�h�^�b�l�v�k�y�� �f�Z�d�k�b�f�m�f�� �i�h�l�h�d�m�� �k�h�g�y�q�g�b�o�� �n�h�l�h�g�•�\����

�K�l�m�i�•�g�v�� �i�h�]�e�b�g�Z�g�g�y�� �k�h�g�y�q�g�h�]�h�� �k�\�•�l�e�Z�� �l�Z�� �r�b�j�b�g�Z�� �k�i�_�d�l�j�Z�e�v�g�h�€�� �h�[�e�Z�k�l�•��

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

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

�k�_�g�k�b�[�•�e�•�a�h�\�Z�g�b�o���i�h�o�•�^�g�b�f�b���n�m�e�_�j�_�g�•�\���� 
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2. �?�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�� �i�•�^�l�\�_�j�^�`�_�g�h�� �f�h�`�e�b�\�•�k�l�v�� �\�b�]�h�l�h�\�e�_�g�g�y�� �d�h�f�i�h�a�b�l�•�\��

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

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

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

�l�b�i�•�\���Z�]�j�_�]�Z�l�•�\���i�h�e�•�f�_�l�b�g�h�\�b�o���[�Z�j�\�g�b�d�•�\�� 

 

�J�h�a�^�•�e���������K�l�\�h�j�_�g�g�y���i�h�e�•�f�_�j�g�b�o���d�h�f�i�h�a�b�l�•�\���n�h�l�h�q�m�l�e�b�\�b�o���m���r�b�j�h�d�•�c��

�k�i�_�d�l�j�Z�e�v�g�•�c���h�[�e�Z�k�l�•���g�Z���h�k�g�h�\�•���d�k�_�j�h�]�_�e�x���h�d�k�b�^�m���\�Z�g�Z�^�•�x���l�Z��Ni 

�f�_�l�Z�e�h�h�j�]�Z�g�•�q�g�h�€���k�i�h�e�m�d�b���l�Z���_�e�_�d�l�j�h�e�x�f�•�g�_�k�p�_�g�l�g�b�o���d�h�f�i�h�a�b�l�g�b�o��

�k�l�j�m�d�l�m�j���f�_�j�h�p�•�Z�g�•�g�h�\�h�]�h���[�Z�j�\�g�b�d�Z. 

�I�Z�j�Z�]�j�Z�n�������������<�i�e�b�\���Z�]�j�_�]�Z�p�•�€���g�Z���h�i�l�b�q�g�•���•���n�h�l�h�\�h�e�v�l�Z�€�q�g�•���\�e�Z�k�l�b�\�h�k�l�•��

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

�<�b�\�q�_�g�h���h�i�l�b�q�g�•���l�Z���n�h�l�h�_�e�_�d�l�j�b�q�g�•���\�e�Z�k�l�b�\�h�k�l�•���f�_�l�Z�e�h�h�j�]�Z�g�•�q�g�h�€���k�i�h�e�m�d�b���± 

�g�•�d�_�e�x�� ���,�,���� �[�•�k�� ���^�b�l�•�h�[�_�g�a�•�e�m���� ���1�%�'�%���� �\�� �j�•�a�g�b�o�� �k�l�Z�g�Z�o�� ���j�h�a�q�b�g���� �g�Z�i�b�e�_�g�Z�� �m��

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

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

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

�>�h�k�e�•�^�`�_�g�g�y�� �k�i�_�d�l�j�•�\�� �n�h�l�h-�?�J�K�� �i�h�d�Z�a�Z�e�h���� �s�h�� �y�d�� �h�k�Z�^�`�m�\�Z�g�•���� �l�Z�d�� �•��

�d�h�f�i�h�a�b�l�g�•�� �i�e�•�\�d�b�� �}�� �n�h�l�h�q�m�l�e�b�\�b�f�b�� �\�� �^�•�Z�i�Z�a�h�g�•�� �������±���������� �g�f���� �Z�� �d�\�Z�g�l�h�\�Z��

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

�a�[�m�^�`�_�g�g�y���f�h�g�h�f�_�j�•�\�� 

�;�•�e�v�r�•�k�l�v�� �h�j�]�Z�g�•�q�g�b�o�� �k�i�h�e�m�d�� �f�Z�x�l�v�� �^�h�\�`�b�g�m�� �o�\�b�e�•�� �i�h�]�e�b�g�Z�g�g�y�� �\�� �h�[�e�Z�k�l�•��

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

�k�i�h�e�m�d�� �\�� �1�Q�� �h�[�e�Z�k�l�•�� �^�e�y�� �j�•�a�g�b�o�� �i�j�Z�d�l�b�q�g�b�o�� �a�Z�k�l�h�k�m�\�Z�g�v���� �l�Z�d�b�o�� �y�d�� �e�Z�a�_�j�g�•��

�[�Z�j�\�g�b�d�b�����h�j�]�Z�g�•�q�g�•���k�\�•�l�e�h�^�•�h�^�b�����n�h�l�h�d�h�g�\�_�j�l�_�j�b�����k�h�g�y�q�g�•���_�e�_�f�_�g�l�b���l�h�s�h�� 

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

�\���[�e�b�`�g�•�c���1�Q-�h�[�e�Z�k�l�•���>66, 67]. 

�>�Z�g�b�c �i�m�g�d�l �h�i�b�k�m�}���\�b�\�q�_�g�g�y���h�i�l�b�q�g�b�o���l�Z���n�h�l�h�_�e�_�d�l�j�b�q�g�b�o���\�e�Z�k�l�b�\�h�k�l�_�c��

�f�_�l�Z�e�h�h�j�]�Z�g�•�q�g�b�o���i�e�•�\�h�d�����n�h�l�h�q�m�l�e�b�\�b�o���m �[�e�b�`�g�•�c���1�Q-�h�[�e�Z�k�l�•�� 
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�J�b�k�� 5.1 �K�l�j�m�d�l�m�j�g�Z���n�h�j�f�m�e�Z �g�•�d�_�e�x�����,�,�����[�•�k�����^�b�l�•�h�[�_�g�a�•�e�m�������1�%�'�%��. 

 

�K�i�h�k�l�_�j�_�`�_�g�g�y�� �n�h�l�h-�?�J�K�� �i�j�b�� �h�k�\�•�l�e�_�g�g�•�� �g�Z�i�b�e�_�g�b�o�� �i�e�•�\�h�d�� �a�� �h�[�h�o�� �[�h�d�•�\ 

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

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

�i�h�l�_�g�p�•�Z�e�v�g�h�]�h�� �[�Z�j�¶�}�j�m�� �g�Z�� �f�_�`�•�� �i�h�^�•�e�m�� �a�� �_�e�_�d�l�j�h�^�h�f�� �6�Q�22 �l�Z�� �g�Z�� �\�•�e�v�g�•�c��

�i�h�\�_�j�o�g�•�� �1�%�'�%���� �D�j�•�f�� �l�h�]�h���� �k�e�•�^�� �a�Z�a�g�Z�q�b�l�b���� �s�h�� �\�b�k�h�l�Z���i�h�l�_�g�p�•�c�g�h�]�h�� �[�Z�j�
�}�j�m���g�Z��

�f�_�`�•�� �f�•�`�� �1�%�'�%�� �•�� �6�Q�22 �}�� �[�•�e�v�r�h�x���� �g�•�`�� �\�b�]�b�g�� �_�g�_�j�]�_�l�b�q�g�b�o�� �a�h�g�� �g�Z�� �\�•�e�v�g�•�c��

�i�h�\�_�j�o�g�•�� 

�;�•�e�v�r�Z���\�•�^�g�h�k�g�Z���•�g�l�_�g�k�b�\�g�•�k�l�v�� �^�h�^�Z�l�d�h�\�b�o���k�f�m�]�� �m���k�i�_�d�l�j�Z�o���n�h�l�h-�?�J�K�����g�•�`��

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

�n�h�l�h�]�_�g�_�j�Z�p�•�€�� �^�e�y�� �i�j�y�f�h�]�h�� �a�[�m�^�`�_�g�g�y�� �Z�]�j�_�]�Z�l�•�\�� �[�•�e�v�r�Z���� �g�•�`�� �^�e�y�� �a�[�m�^�`�_�g�g�y��

�f�h�e�_�d�m�e���f�h�g�h�f�_�j�m���1�%�'�%�� 

�I�h�d�Z�a�Z�g�h���� �s�h�� �f�h�a�Z�€�q�g�Z�� �k�l�j�m�d�l�m�j�Z���� �s�h�� �k�d�e�Z�^�Z�}�l�v�k�y�� �a�� �k�_�g�^�\�b�q-�Z�]�j�_�]�Z�l�•�\����

�m�l�\�h�j�x�}�l�v�k�y���m���g�Z�g�_�k�_�g�•�c���m���\�Z�d�m�m�f�•���i�e�•�\�p�•���1�%�'�%�����m���l�h�c���q�Z�k �y�d���i�h�e�•�f�_�j�g�Z���i�e�•�\�d�Z��

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

 �>�h�k�e�•�^�`�_�g�g�y�� �k�i�_�d�l�j�•�\�� �n�h�l�h-�?�J�K�� �i�h�d�Z�a�Z�e�h���� �s�h�� �y�d�� �g�Z�i�b�e�_�g�•���� �l�Z�d�� �•��

�d�h�f�i�h�a�b�l�g�•���i�e�•�\�d�b���}���n�h�l�h�q�m�l�e�b�\�b�f�b���m �^�•�Z�i�Z�a�h�g�•���������±�����������g�f�����G�h�\�•���k�f�m�]�b�����i�h�y�\�Z��

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

�i�e�•�\�h�d���y�d���m���k�i�_�d�l�j�Z�o���i�h�]�e�b�g�Z�g�g�y�����l�Z�d���•���\���k�i�_�d�l�j�Z�o���n�h�l�h-�?�J�K�� 

�R�\�b�^�d�b�c���i�j�h�]�j�_�k���m���]�Z�e�m�a�•���h�j�]�Z�g�•�q�g�b�o���k�\�•�l�e�h�^�•�h�^�•�\�����2�/�(�'�����\ �h�k�l�Z�g�g�•���j�h�d�b��

�k�l�b�f�m�e�x�}���•�g�l�_�j�_�k���^�h���j�h�a�\�b�l�d�m���h�j�]�Z�g�•�q�g�b�o���k�h�g�y�q�g�b�o���_�e�_�f�_�g�l�•�\�����H�^�g�Z�d���^�h�k�y�]�g�m�l�h��

�e�b�r�_�� ��-������ �_�n�_�d�l�b�\�g�h�k�l�•�� �i�_�j�_�l�\�h�j�_�g�g�y�� �k�h�g�y�q�g�h�€�� �_�g�_�j�]�•�€�� �>66, 67�@���� �H�^�g�•�}�x�� �a��

�h�k�g�h�\�g�b�o�� �i�j�b�q�b�g�� �g�_�^�h�k�l�Z�l�g�v�h�€�� �_�n�_�d�l�b�\�g�h�k�l�•�� �}�� �\�m�a�v�d�Z�� �k�i�_�d�l�j�Z�e�v�g�Z�� �h�[�e�Z�k�l�v��

�n�h�l�h�h�q�m�l�e�b�\�h�k�l�•�� �\�b�d�h�j�b�k�l�Z�g�b�o�� �h�j�]�Z�g�•�q�g�b�o�� �f�Z�l�_�j�•�Z�e�•�\�� ���������±�������� �g�f������ �L�Z�d�b�f��

�q�b�g�h�f���� �j�h�a�r�b�j�_�g�g�y�� �^�•�Z�i�Z�a�h�g�m�� �n�h�l�h�q�m�l�e�b�\�h�k�l�•�� �h�j�]�Z�g�•�q�g�b�o�� �k�l�j�m�d�l�m�j�� �m�� �[�e�b�`�g�•�c��
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�1�Q-�h�[�e�Z�k�l�•�� �}�� �h�^�g�b�f�� �•�a�� �h�k�g�h�\�g�b�o�� �a�Z�k�h�[�•�\�� �i�•�^�\�b�s�_�g�g�y�� �_�n�_�d�l�b�\�g�h�k�l�•�� �h�j�]�Z�g�•�q�g�b�o��

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

�n�h�l�h�q�m�l�e�b�\�b�o���m���[�e�b�`�g�•�c �1�Q-�h�[�e�Z�k�l�•�����y�d�•���f�h�`�g�Z���\�b�d�h�j�b�k�l�h�\�m�\�Z�l�b���y�d���d�h�f�i�h�g�_�g�l�b��

�h�j�]�Z�g�•�q�g�b�o���k�h�g�y�q�g�b�o���_�e�_�f�_�g�l�•�\�� 

�>�Z�g�b�c �i�Z�j�Z�]�j�Z�n �h�i�b�k�m�}�� �^�h�k�e�•�^�`�_�g�g�y�� �n�h�l�h�_�e�_�d�l�j�b�q�g�b�o�� �\�e�Z�k�l�b�\�h�k�l�_�c��

�h�j�]�Z�g�•�q�g�b�o���i�e�•�\�h�d�����n�h�l�h�q�m�l�e�b�\�b�o���\���[�e�b�`�g�•�c���1�Q-�h�[�e�Z�k�l�•�����l�Z���k�l�\�h�j�_�g�b�o���g�Z���h�k�g�h�\�•��

�p�b�o�� �i�e�•�\�h�d�� �^�\�h�r�Z�j�h�\�b�o�� �]�_�l�_�j�h�k�l�j�m�d�l�m�j�� ���=�K��, �n�h�l�h�q�m�l�e�b�\�b�o�� �m�� �r�b�j�h�d�h�f�m��

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

�A�g�Z�q�g�_�� �j�h�a�r�b�j�_�g�g�y�� �k�i�_�d�l�j�Z�e�v�g�h�€�� �h�[�e�Z�k�l�•�� �n�h�l�h�q�m�l�e�b�\�h�k�l�•�� �k�i�h�k�l�_�j�•�]�Z�e�h�k�y��

�^�e�y�� �=�K�� �K60 ���� �1�%�'�%�� �i�j�b�� �h�k�\�•�l�e�_�g�g�•�� �a�� �h�[�h�o�� �[�h�d�•�\ (�J�b�k�� 5.�������� �1�g�l�_�]�j�Z�e�v�g�Z��V �m 

�^�•�Z�i�Z�a�h�g�•�� �������±���������� �g�f�� �i�h�f�•�l�g�h�� �[�•�e�v�r�Z���� �g�•�`�� �•�g�l�_�]�j�Z�e�v�g�Z��V �^�e�y�� �h�d�j�_�f�b�o��

�d�h�f�i�h�g�_�g�l�•�\���� �K�i�•�\�\�•�^�g�h�r�_�g�g�y��SV �^�h�j�•�\�g�x�}�� ���������� �i�j�b�� �h�k�\�•�l�e�_�g�g�•�� �r�Z�j�m�� �&60 �•�� ��������

�i�j�b���h�k�\�•�l�e�_�g�g�•���r�Z�j�m���1�%�'�%�� 

 

�J�b�k���������������K�i�_�d�l�j�Z�e�v�g�•���a�Z�e�_�`�g�h�k�l�•���n�h�l�h-�?�J�K���^�e�y���i�e�•�\�h�d��C60, NBDB �l�Z���=�K��
C60 / NBDB ���<�b�h�d�j�_�f�e�_�g�Z���^�•�e�y�g�d�Z���m���a�[�•�e�v�r�_�g�h�f�m���\�b�]�e�y�^�•���± �i�j�Z�\�h�j�m�q���� 

 

�K60 �r�Z�j���a�Z�[�_�a�i�_�q�m�}���h�k�g�h�\�g�b�c���\�g�_�k�h�d���m���9���\���^�•�Z�i�Z�a�h�g�•���������±���������g�f���l�Z���1�%�'�%��

�r�Z�j�� �m �^�•�Z�i�Z�a�h�g�•�� �������±���������� �g�f���� �\�•�^�i�h�\�•�^�g�h���� �F�_�g�r�b�c�� �\�g�_�k�h�d�� �m�� �n�h�l�h�]�_�g�_�j�Z�p�•�x��

�g�h�k�•�€�\�� �m �r�Z�j�•��NBDB���� �g�•�`�� �m �K60���� �f�h�`�_�� �[�m�l�b�� �i�h�\�¶�y�a�Z�g�b�c�� �a�� �l�b�f���� �s�h�� �\�� �p�b�o�� �=�K�� �g�_��

�[�m�e�h���h�i�l�b�f�•�a�h�\�Z�g�h���g�•���l�h�\�s�b�g�b���d�h�f�i�h�g�_�g�l�•�\�����g�•���m�f�h�\�b���g�Z�g�_�k�_�g�g�y���i�e�•�\�h�d�� 
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�I�h�d�Z�a�Z�g�h���� �s�h�� �i�e�•�\�d�Z�� �1�%�'�%�� �f�Z�}�� �n�h�l�h�q�m�l�e�b�\�•�k�l�v�� �m�� �k�i�_�d�l�j�Z�e�v�g�h�f�m��

�^�•�Z�i�Z�a�h�g�•�� �\�•�^�� �������� �^�h�� ���������� �g�f���� �G�_�\�_�e�b�d�_�� �a�[�•�e�v�r�_�g�g�y�� �9�� �k�i�h�k�l�_�j�•�]�Z�}�l�v�k�y�� �^�e�y��

�k�l�j�m�d�l�m�j���1�%�'�%�������3�F���m���i�h�j�•�\�g�y�g�g�• �a���i�e�•�\�d�Z�f�b���k�Z�f�b�o���J�k�� 

�I�e�•�\�d�Z�� �1�%�'�%�� �f�h�`�_�� �[�m�l�b�� �\�b�d�h�j�b�k�l�Z�g�Z�� �^�e�y�� �k�l�\�h�j�_�g�g�y�� �^�\�h�r�Z�j�h�\�b�o��

�k�l�j�m�d�l�m�j�� �a�� �K60���� �n�h�l�h�q�m�l�e�b�\�b�o�� �\�� �r�b�j�h�d�h�f�m�� �k�i�_�d�l�j�Z�e�v�g�h�f�m�� �^�•�Z�i�Z�a�h�g�•�� �\�•�^�� �������� �^�h��

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

�k�h�g�y�q�g�b�o���_�e�_�f�_�g�l�•�\���a���j�h�a�r�b�j�_�g�h�x���h�[�e�Z�k�l�x���n�h�l�h�q�m�l�e�b�\�h�k�l�•���� 

 

�I�Z�j�Z�]�j�Z�n �����������N�h�l�h�\�h�e�v�l�Z�€�q�g�•���_�n�_�d�l�b���\���d�h�f�i�h�a�b�l�Z�o���d�k�_�j�h�]�_�e�x v2o5 �a��

�i�h�e�•�f�_�l�b�g�h�\�b�f�b���[�Z�j�\�g�b�d�Z�f�b. 

�>�h�k�e�•�^�`�_�g�h�� �n�h�l�h�\�h�e�v�l�Z�€�q�g�•�� �\�e�Z�k�l�b�\�h�k�l�•�� �d�h�f�i�h�a�b�l�•�\�� �a�� �d�k�_�j�h�]�_�e�x V2O5  �l�Z��

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

�k�i�•�\�\�•�^�g�h�r�_�g�g�y�f�b���d�h�f�i�h�g�_�g�l�•�\�����A�g�Z�c�^�_�g�h���\�b�g�b�d�g�_�g�g�y���n�h�l�h-�?�J�K���m���\���r�b�j�h�d�h�f�m��

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

�k�i�h�k�l�_�j�•�]�Z�}�l�v�k�y�� �\�� �^�•�Z�i�Z�a�h�g�•�� �������±�������� �g�f�� �•�� �a�j�h�k�l�Z�}�� �a�� �d�h�g�p�_�g�l�j�Z�p�•�}�x�� �[�Z�j�\�g�b�d�Z����

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

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

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

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

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

�=�_�e�•�� �k�d�e�Z�^�g�b�o�� �h�d�k�b�^�•�\�� �f�_�l�Z�e�•�\���� �a�h�d�j�_�f�Z�� �92O5���� �}�� �i�_�j�k�i�_�d�l�b�\�g�b�f�b��

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

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

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

�g�Z�g�h�j�h�a�f�•�j�g�b�c���_�n�_�d�l. 

�A�]�•�^�g�h���a���>68�@���� �]�_�e�•�� �92O5�u�Q�G2�H���± �p�_�� �]�•�^�j�Z�l�b���i�h�e�•�\�Z�g�Z�^�•�}�\�h�€���d�b�k�e�h�l�b���� �\���y�d�•�c��

�f�h�e�_�d�m�e�b�� �h�d�k�b�^�g�b�o�� �r�Z�j�•�\�� �a�¶�}�^�g�Z�g�•�� �r�Z�j�Z�f�b�� �f�h�e�_�d�m�e�� �\�h�^�b���� �I�•�k�e�y�� �\�b�k�m�r�m�\�Z�g�g�y��

�q�Z�k�l�b�g�b�� �\�h�^�b�� �i�j�b�� ��������K �n�h�j�f�m�}�l�v�k�y�� �d�k�_�j�h�]�_�e�v�� �92O5�u1.6 H2O �a�� �f�•�`�r�Z�j�h�\�h�x��

�\�•�^�k�l�Z�g�g�x�� ������������ �c���� �A�]�•�^�g�h�� �^�Z�g�b�f�b�� �_�e�_�d�l�j�h�g�g�h�€�� �f�•�d�j�h�k�d�h�i�•�€�� �>68, 69�@���� �p�_�c��
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�d�k�_�j�h�]�_�e�v�� �k�d�e�Z�^�Z�}�l�v�k�y�� �a���i�e�h�k�d�b�o�� �k�f�m�]�� �^�h�\�`�b�g�h�x�� �a������������ �c���� �r�b�j�b�g�h�x�� �������� �c�� �l�Z��

�l�h�\�s�b�g�h�x���������c�� 

�I�j�h�\�•�^�g�•�k�l�v�� �92O5�unH2�2�� �k�l�Z�g�h�\�b�l�v �|10�±2 Ohm�±1�ucm�±1���� �s�h�� �g�Z�� ���� �i�h�j�y�^�d�b��

�[�•�e�v�r�_�����g�•�`���i�j�h�\�•�^�g�•�k�l�v���\�Z�d�m�m�f�g�h-�h�k�Z�^�`�_�g�b�o���i�e�•�\�h�d���92O5 [70�@�����M���l�Z�d�b�o���i�e�•�\�d�Z�o��

�d�k�_�j�h�]�_�e�x�� �k�i�h�k�l�_�j�•�]�Z�}�l�v�k�y�� �g�_�\�_�e�b�d�Z�� �n�h�l�h�q�m�l�e�b�\�•�k�l�v�� �\�� �M�N-�h�[�e�Z�k�l�•���� �I�j�h�l�_�� �€�o��

�i�h�]�e�b�g�Z�g�g�y�� �l�Z�� �n�h�l�h�q�m�l�e�b�\�•�k�l�v�� �m�� �\�b�^�b�f�•�c�� �l�Z�� �[�e�b�`�g�•�c�� �1�Q-�h�[�e�Z�k�l�y�o�� �^�m�`�_�� �g�b�a�v�d�•��

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

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

�F�_�l�h�x�� �^�Z�g�h�€�� �j�h�[�h�l�b�� �[�m�e�Z �j�h�a�j�h�[�d�Z�� �d�h�f�i�h�a�b�l�•�\�� �d�k�_�j�h�]�_�e�x�� �92O5 �a��

�h�j�]�Z�g�•�q�g�b�f�b���[�Z�j�\�g�b�d�Z�f�b�����n�h�l�h�q�m�l�e�b�\�b�f�b���\���^�•�Z�i�Z�a�h�g�•���������±���������g�f�����•���\�b�\�q�_�g�g�y���€�o��

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

�p�•�}�€�� �f�_�l�b�� �[�m�e�h�� �h�[�j�Z�g�h �[�Z�j�\�g�b�d�� �•�g�^�h�p�•�Z�g�•�g-�a�_�e�_�g�b�c�� �>71, 72�@���� �y�d�b�c�� �f�Z�}�� �]�Z�j�g�m��

�j�h�a�q�b�g�g�•�k�l�v���m���\�h�^�•���l�Z���f�Z�d�k�b�f�Z�e�v�g�_���i�h�]�e�b�g�Z�g�g�y���[�e�b�a�v�d�h�����������g�f�� 
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�J�b�k. 5.3�����K�i�_�d�l�j�Z�e�v�g�•���a�Z�e�_�`�g�h�k�l�•���h�i�l�b�q�g�h�€���]�m�k�l�b�g�b���d�h�f�i�h�a�b�l�g�b�o���i�e�•�\�h�d��
�[�Z�j�\�g�b�d�Z���•�g�^�h�p�•�Z�g-�a�_�e�_�g�b�c����cyan-green�����a���92O5 �������d�h�g�p�_�g�l�j�Z�p�•�y���[�Z�j�\�g�b�d�Z��������

�\�Z�]�����������D�j�b�\�Z���������l�Z���\�h�^�g�b�c���j�h�a�q�b�g���[�Z�j�\�g�b�d�Z�����d�h�g�p�_�g�l�j�Z�p�•�y�������±5 �]�������e�������d�j�b�\�Z��������
�l�Z���k�i�_�d�l�j���92O5 ���d�j�b�\�Z�������� 
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�G�Z�y�\�g�•�k�l�v�� �i�h�]�e�b�g�Z�g�g�y�� �l�Z�� �n�h�l�h�q�m�l�e�b�\�h�k�l�•�� ��Vs���� �\�� �h�[�e�Z�k�l�•�� �������±�������� �g�f�� �[�m�e�h��

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

�l�b�i�•�\�� �Z�]�j�_�]�Z�l�•�\�� �a�� �_�g�_�j�]�•�}�x�� �\�� �^�•�Z�i�Z�a�h�g�•�� �������±�������� �_�<���� �N�h�j�f�m�\�Z�g�g�y�� �Z�]�j�_�]�Z�l�•�\��

�o�Z�j�Z�d�l�_�j�g�h���^�e�y���p�v�h�]�h���d�e�Z�k�m���[�Z�j�\�g�b�d�•�\���>62�@�����M���p�v�h�f�m���\�b�i�Z�^�d�m���\�_�e�b�d�•���a�g�Z�q�_�g�g�y��Vs 

�m���p�•�c���h�[�e�Z�k�l�• �l�Z���i�h�y�\�Z���i�_�j�_�]�b�g�•�\���k�\�•�^�q�Z�l�v���i�j�h���l�_�����s�h���_�n�_�d�l�b�\�g�•�k�l�v���n�h�l�h�]�_�g�_�j�Z�p�•�€��

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

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

�[�e�b�a�v�d�h�� ���������� �_�<���� �H�k�d�•�e�v�d�b�� �€�€�� �_�g�_�j�]�•�y�� �f�_�g�r�Z �g�Z�� ���������� �_�<���� �g�•�`�� �_�g�_�j�]�•�y�� �i�_�j�r�h�]�h��

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

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

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

�d�h�f�i�h�a�b�l�g�h�€���i�e�•�\�d�b�����l�Z�d���•���i�_�j�_�\�Z�`�g�h���g�Z���€�€���\�•�e�v�g�•�c���i�h�\�_�j�o�g�•�� 
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�J�b�k. 5.4�����K�i�_�d�l�j�Z�e�v�g�•���a�Z�e�_�`�g�h�k�l�•���h�i�l�b�q�g�h�€���]�m�k�l�b�g�b��D �����������������l�Z���n�h�l�h-�?�J�K��
Vs ���������������������i�e�•�\�d�b���92O5 �����[�Z�j�\�g�b�d�Z���•�g�^�h�p�•�Z�g-�a�_�e�_�g�b�c����cyan-green�����a���j�•�a�g�h�x��

�d�h�g�p�_�g�l�j�Z�p�•�}�x���[�Z�j�\�g�b�d�Z�����������<�Z�]. %  (1, 4), 34 ���������������������•������ %  (3, 6). 
 

�<�•�^�g�h�k�g�b�c�� �\�g�_�k�h�d�� �i�_�\�g�h�]�h�� �l�b�i�m�� �Z�]�j�_�]�Z�l�m�� �\�b�\�q�_�g�h�]�h�� �[�Z�j�\�g�b�d�Z�� �i�h�\�b�g�_�g��

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



115 
 

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

���I�<�K���� �l�Z�� �\�b�\�q�_�g�h�� �€�o�� �h�i�l�b�q�g�•�� �l�Z�� �n�h�l�h�_�e�_�d�l�j�b�q�g�•�� �\�e�Z�k�l�b�\�h�k�l�•���� �H�l�j�b�f�Z�g�•��

�k�i�_�d�l�j�Z�e�v�g�•�� �a�Z�e�_�`�g�h�k�l�•�� �9�� ���i�j�b�� �h�i�j�h�f�•�g�_�g�g�•�� �d�j�•�a�v SnO2-�_�e�_�d�l�j�h�^���� �d�h�f�i�h�a�b�l�•�\��

�[�Z�j�\�g�b�d�Z�� �a�� �d�k�_�j�h�]�_�e�_�f�� �•�� �\�h�^�h�j�h�a�q�b�g�g�h�x�� �i�h�e�•�f�_�j�g�h�x�� �k�i�h�e�m�d�h�x�� ���I�<�K����

�i�j�_�^�k�l�Z�\�e�_�g�•�� �g�Z�� �J�b�k�� 5.4���� �A�� �i�h�j�•�\�g�y�g�g�y�� �€�o�� �k�i�_�d�l�j�Z�e�v�g�b�o�� �a�Z�e�_�`�g�h�k�l�_�c�� �k�l�Z�}��

�h�q�_�\�b�^�g�b�f���� �s�h�� �\�•�^�g�h�k�g�b�c�� �\�g�_�k�h�d�� �Z�]�j�_�]�Z�l�•�\�� �a�� �_�g�_�j�]�•�y�f�b�� �������±�������� �_�<�� �m�� �9���^�e�y��

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

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

�d�h�f�i�h�a�b�l�Z�o�� ���a�Z�� �[�•�e�v�r�h�€�� �d�h�g�p�_�g�l�j�Z�p�•�€���� �l�Z�� ���� �Z�[�h�� �[�•�e�v�r�h�x�� �_�n�_�d�l�b�\�g�•�k�l�x��

�n�h�l�h�]�_�g�_�j�Z�p�•�€���g�h�k�•�€�\���a�Z�j�y�^�m���a�Z���^�h�i�h�f�h�]�h�x���p�b�o���Z�]�j�_�]�Z�l�•�\�����A���i�h�j�•�\�g�y�g�g�y���k�i�_�d�l�j�•�\��

�h�i�l�b�q�g�h�€�� �]�m�k�l�b�g�b�� �d�h�f�i�h�a�b�l�g�b�o�� �i�e�•�\�h�d���� �i�h�d�Z�a�Z�g�b�o�� �g�Z�� �J�b�k�� 5.5, �\�b�^�g�h���� �s�h�� �€�o��

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

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

�[�Z�j�\�g�b�d�Z�� �a�� �I�<�:�� �_�n�_�d�l�b�\�g�•�k�l�v�� �n�h�l�h�]�_�g�_�j�Z�p�•�€�� �g�h�k�•�€�\�� �a�Z�j�y�^�m�� �_�g�_�j�]�_�l�b�q�g�b�f�b��

�Z�]�j�_�]�Z�l�Z�f�b�����������±���������_�<���[�•�e�v�r�Z�����g�•�`���Z�]�j�_�]�Z�l�Z�f�b���m���d�k�_�j�h�]�_�e�•���� 
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�J�b�k. 5.5�����K�i�_�d�l�j�Z�e�v�g�•���a�Z�e�_�`�g�h�k�l�•���n�h�l�h-�?�J�K���i�j�b���h�k�\�•�l�e�_�g�g�•���q�_�j�_�a���6�Q�22 
�_�e�_�d�l�j�h�^���d�h�f�i�h�a�b�l�m���a���i�h�e�•�f�_�j�h�f PVA (1), V2O5 �����a���[�Z�j�\�g�b�d�h�f�����������l�Z���€�o��

�k�i�•�\�\�•�^�g�h�r�_�g�g�y�����������^�e�y���d�h�f�i�h�a�b�l�g�b�o���i�e�•�\�h�d���a�����������[�Z�j�\�g�b�d�Z���•�g�^�h�p�•�Z�g-�a�_�e�_�g�b�c��
(cyan-green). 
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�I�h�j�•�\�g�y�g�g�y�� �k�i�_�d�l�j�Z�e�v�g�h�€�� �a�Z�e�_�`�g�h�k�l�•��V �h�l�j�b�f�Z�g�b�o�� �Z�]�j�_�]�Z�l�•�\�� �a�• 

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

�i�j�b�k�l�j�h�€�\���g�Z���h�k�g�h�\�•���d�h�f�i�h�a�b�l�•�\���i�j�h�\�•�^�g�b�o���i�h�e�•�f�_�j�g�b�o���k�i�h�e�m�d���a���&60 [66�@���Z�[�h���&�,�6��

[73�@�� �i�h�d�Z�a�m�}���� �s�h�� �d�h�f�i�h�a�b�l�b���� �y�d�• �\�b�\�q�Z�x�l�v�k�y, �_�n�_�d�l�b�\�g�•�r�_�� �i�h�]�e�b�g�Z�x�l�v�� �m��

�[�e�b�`�g�•�c�� �q�Z�k�l�b�g�•�� �•�g�n�j�Z�q�_�j�\�h�g�h�€�� �q�Z�k�l�b�g�b�� �k�h�g�y�q�g�h�€�� �j�Z�^�•�Z�p�•�€���� �^�_�� �•�g�l�_�g�k�b�\�g�•�k�l�v��

�k�h�g�y�q�g�h�]�h�� �k�\�•�l�e�Z�� �}�� �[�•�e�v�r�h�x�� �l�Z�� �f�_�g�r�� �_�n�_�d�l�b�\�g�h�x�� �m�� �d�h�j�h�l�d�h�o�\�b�e�v�h�\�•�c�� �q�Z�k�l�b�g�•��

�\�b�^�b�f�h�]�h���^�•�Z�i�Z�a�h�g�m�����������±���������g�f���� 

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

�d�k�_�j�h�]�_�e�x��V2O5 �a�� �\�h�^�h�j�h�a�q�b�g�g�b�f�� �i�h�e�•�f�_�l�b�g�h�\�b�f�� �[�Z�j�\�g�b�d�h�f�� �•�g�^�h�p�•�Z�g�b�g��

�a�_�e�_�g�b�c�� �n�h�l�h�q�m�l�e�b�\�b�o�� �m�� �k�i�_�d�l�j�Z�e�v�g�h�f�m�� �^�•�Z�i�Z�a�h�g�•�� ��������-�������� �g�f������ �F�Z�d�k�b�f�m�f��

�n�h�l�h�q�m�l�e�b�\�h�k�l�•�� �h�l�j�b�f�Z�g�b�o�� �d�h�f�i�h�a�b�l�•�\�� �a�f�•�s�m�}�l�v�k�y�� �\�� �h�[�e�Z�k�l�v�� �[�•�e�v�r�h�€��

�•�g�l�_�g�k�b�\�g�h�k�l�•�� �k�h�g�y�q�g�h�€�� �j�Z�^�•�Z�p�•�€���� �s�h�� �}�� �g�_�h�[�o�•�^�g�h�x�� �\�b�f�h�]�h�x�� �^�e�y���j�h�a�j�h�[�d�b 

�k�h�g�y�q�g�b�o�� �i�j�b�k�l�j�h�€�\�� �g�Z�� �€�o�� �h�k�g�h�\�•�� �I�h�d�Z�a�Z�g�h���� �s�h�� �r�b�j�r�Z�� �k�i�_�d�l�j�Z�e�v�g�Z�� �h�[�e�Z�k�l�v��

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

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

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

�_�n�_�d�l�b�\�g�h�����g�•�`���•�a�h�e�v�h�\�Z�g�•���f�h�e�_�d�m�e�b���[�Z�j�\�g�b�d�Z�� 

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

�I�<�K���� �s�h�� �i�h�d�Z�a�m�}�� �a�g�Z�q�g�_�� �i�h�]�e�b�g�Z�g�g�y�� �l�Z�� �n�h�l�h�q�m�l�e�b�\�•�k�l�v�� �m�� �^�•�e�y�g�p�•�� �������±�������� �g�f����

�Z�[�h�� �i�h�e�•�h�d�k�h�f�_�l�Z�e�Z�l�m�� �a�� �f�_�g�r�h�x�� �r�b�j�b�g�h�x�� �a�Z�[�h�j�h�g�_�g�h�€�� �a�h�g�b�� �•�� �[�•�e�v�r�h�x��

�n�h�l�h�q�m�l�e�b�\�•�k�l�x�� �a�Z�f�•�k�l�v�� �d�k�_�j�h�]�_�e�x V2O5 �i�j�b�\�_�^�_�� �^�h�� �a�[�•�e�v�r�_�g�g�y�� �•�g�l�_�]�j�Z�e�v�g�h�€��

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

�k�l�\�h�j�_�g�g�y�� �i�h�e�•�f�_�j�g�b�o�� �d�h�f�i�h�a�b�l�•�\�� �n�h�l�h�q�m�l�e�b�\�b�o�� �m�� �r�b�j�h�d�•�c�� ���������±�������� �g�f����

�h�[�e�Z�k�l�•���k�h�g�y�q�g�h�€���j�Z�^�•�Z�p�•�€�� 
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�I�Z�j�Z�]�j�Z�n ���������� �N�h�l�h- �l�Z�� �_�e�_�d�l�j�h�e�x�f�•�g�_�k�p�_�g�p�•�y�� �f�_�j�h�p�•�Z�g�•�g�h�\�h�]�h��

�[�Z�j�\�g�b�d�Z���F-440. 

�<�b�\�q�_�g�•�� �k�i�_�d�l�j�Z�e�v�g�•���� �n�h�l�h�e�x�f�•�g�_�k�p�_�g�l�g�•�� ���N�E���� �l�Z�� �_�e�_�d�l�j�h�e�x�f�•�g�_�k�p�_�g�l�g�•��

���?�E���� �\�e�Z�k�l�b�\�h�k�l�•�� �l�h�g�d�b�o�� �i�e�•�\�h�d�� �f�_�j�h�p�•�Z�g�•�g�h�\�h�]�h�� �[�Z�j�\�g�b�d�Z�� �F-���������� �J�h�a�j�h�[�e�_�g�h��

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

�[�Z�j�\�g�b�d�Z�� 

�J�•�\�g�h�f�•�j�g�_�� �`�h�\�l�_�� �\�b�i�j�h�f�•�g�x�\�Z�g�g�y�� �l�h�g�d�h�€�� �i�e�•�\�d�b�� �[�Z�j�\�g�b�d�Z�� �F-440 

�k�i�h�k�l�_�j�•�]�Z�}�l�v�k�y�� �i�j�b�� �g�Z�i�j�m�a�•�� �i�j�y�f�h�]�h�� �a�f�•�s�_�g�g�y���� �s�h�� �\�•�^�i�h�\�•�^�Z�}�� �•�g�`�_�d�p�•�c�g�•�c��

�q�Z�k�l�b�g�•���\�h�e�v�l-�Z�f�i�_�j�g�h�€���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�����<�:�O����������-�������<��. 

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

�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���l�h�g�d�b�o���i�e�•�\�h�d���f�_�j�h�p�•�Z�g�•�g�h�\�h�]�h���[�Z�j�\�g�b�d�Z���F-440. 

�>�e�y�� �f�_�a�h�p�•�Z�g�•�g�h�\�h�]�h�� �[�Z�j�\�g�b�d�Z�� �F-440 �m�i�_�j�r�_�� �[�m�e�h�� �^�h�k�e�•�^�`�_�g�h�� �k�i�_�d�l�j�b��

�\�b�i�j�h�f�•�g�x�\�Z�g�g�y���� �h�[�m�f�h�\�e�_�g�•�� �j�_�d�h�f�[�•�g�Z�p�•�}�x�� �•�g�`�_�d�p�•�c�g�b�o�� �g�h�k�•�€�\�� �a�Z�j�y�^�m�� �?�E��

�k�l�j�m�d�l�m�j�b�� 

�F�_�j�h�p�•�Z�g�•�g�h�\�•���[�Z�j�\�g�b�d�b���± �p�_���\�g�m�l�j�•�r�g�v�h�f�h�e�_�d�m�e�y�j�g�•���^�h�g�h�j�g�h-�Z�d�p�_�i�l�h�j�g�•��

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

�_�e�_�d�l�j�h�g�g�h-�Z�d�p�_�i�l�h�j�g�m�� �]�j�m�i�m���:  �g�Z�� �•�g�r�h�f�m�� �>74�@���� �?�e�_�d�l�j�h�g�g�m�� �k�l�j�m�d�l�m�j�m��

�f�_�j�h�p�•�Z�g�•�g�•�\�� �f�h�`�g�Z�� �i�j�h�k�l�h�� �h�i�b�k�Z�l�b�� �^�\�h�f�Z�� �h�k�g�h�\�g�b�f�b�� �]�j�Z�g�b�q�g�b�f�b��

�k�l�j�m�d�l�m�j�Z�f�b���� �g�_�c�l�j�Z�e�v�g�h�x�� ��D-A���� �l�Z�� �[�•�i�h�e�y�j�g�h�x�� ��D+-A-������ �Y�d�s�h�� �^�h�g�h�j�g�h-

�Z�d�p�_�i�l�h�j�g�•�� �\�e�Z�k�l�b�\�h�k�l�•�� �]�j�m�i D-A �k�e�Z�[�d�•���� �l�h�� �f�_�j�h�p�•�Z�g�•�g�h�\�b�c�� �[�Z�j�\�g�b�d�� �\��

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

�[�e�b�a�v�d�b�c�� �^�h�� �[�•�i�h�e�y�j�g�h�€�� �>74, 75�@���� �>�e�y�� �l�Z�d�b�o�� �f�_�j�h�p�•�Z�g�•�g�•�\�� �o�Z�j�Z�d�l�_�j�g�Z�� �i�h�a�b�l�b�\�g�Z��

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

�i�h�e�y�j�g�h�k�l�•�� �k�_�j�_�^�h�\�b�s�Z���� �>76�@���� �P�_�� �a�m�f�h�\�e�_�g�h�� �l�b�f���� �s�h�� �i�h�e�y�j�g�•�� �f�•�`�f�h�e�_�d�m�e�y�j�g�•��

�\�a�Z�}�f�h�^�•�€�� �k�l�Z�[�•�e�•�a�m�x�l�v�� �i�_�j�_�\�Z�`�g�h�� �a�[�m�^�`�_�g�•�� �k�l�Z�g�b���� �Z�e�_�� �g�_�� �h�k�g�h�\�g�b�c�� �k�l�Z�g���� �A�•��

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

�a�Z�j�y�^�� �a�[�•�e�v�r�m�}�l�v�k�y�� �g�Z�� �i�_�j�r�h�f�m�� �n�j�Z�]�f�_�g�l�•���� �Z �g�_�]�Z�l�b�\�g�b�c�� �a�Z�j�y�^�� �[�m�^�_��

�a�h�k�_�j�_�^�`�_�g�b�c�� �g�Z�� �•�g�r�h�f�m�� �n�j�Z�]�f�_�g�l�•�� �a�Z�� �j�Z�o�m�g�h�d�� �f�•�]�j�Z�p�•�€�� �_�e�_�d�l�j�h�g�g�h�€�� �]�m�k�l�b�g�b��

�\�a�^�h�\�`�� �k�b�k�l�_�f�b�� �k�i�j�y�`�_�g�b�o�� �a�\�¶�y�a�d�•�\�� �\�•�^��D �^�h��A���� �Y�d�� �j�_�a�m�e�v�l�Z�l���� �[�•�i�h�e�y�j�g�Z��
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�k�l�j�m�d�l�m�j�Z�� �[�m�^�_�� �i�_�j�_�\�Z�`�Z�l�b�� �\�� �h�k�g�h�\�g�h�f�m�� �k�l�Z�g�•���� �•�� �g�_�c�l�j�Z�e�v�g�Z�� �k�l�j�m�d�l�m�j�Z��

�i�_�j�_�\�Z�`�Z�l�b�f�_�� �\�� �a�[�m�^�`�_�g�h�f�m�� �k�l�Z�g�•�� �i�j�b�� �^�_�y�d�b�o�� �a�g�Z�q�_�g�g�y�o��D �•��A���� �L�Z�d�b�c�� �l�b�i��

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

�a�k�m�\�� �_�e�_�d�l�j�h�g�g�b�o�� �k�f�m�]�� �i�j�b�� �a�[�•�e�v�r�_�g�g�•�� �i�h�e�y�j�g�h�k�l�•�� �k�_�j�_�^�h�\�b�s�Z���� �>76�@���� �P�_��

�a�m�f�h�\�e�_�g�h�� �[�•�e�v�r�h�x�� �k�l�Z�[�•�e�•�a�Z�p�•�}�x�� �h�k�g�h�\�g�h�]�h�� �k�l�Z�g�m�� �a�Z�� �^�h�i�h�f�h�]�h�x�� �i�h�e�y�j�g�b�o��

�\�a�Z�}�f�h�^�•�c�� �i�h�j�•�\�g�y�g�h�� �a�•�� �a�[�m�^�`�_�g�b�f�� �j�•�\�g�_�f���� �A�^�Z�l�g�•�k�l�v�� �f�_�j�h�p�•�Z�g�•�g�•�\�� �l�Z�d�b�f��

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

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

�i�j�b�q�b�g�h�x�� �€�o�� �r�b�j�h�d�h�]�h�� �a�Z�k�l�h�k�m�\�Z�g�g�y���y�d �i�_�j�_�l�\�h�j�x�\�Z�q�•�\�� �k�\�•�l�e�h�\�h�€�� �_�g�_�j�]�•�€�� �\��

�j�•�a�g�b�o���]�Z�e�m�a�y�o���g�Z�m�d�b���•���l�_�o�g�•�d�b�� 

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

�e�x�f�•�g�_�k�p�_�g�l�g�b�o�� �\�e�Z�k�l�b�\�h�k�l�_�c�� �l�h�g�d�b�o�� �i�e�•�\�h�d�� �f�_�j�h�p�•�Z�g�•�g�h�\�h�]�h�� �[�Z�j�\�g�b�d�Z�� �F-440 

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

 

 

 

 

�K�o�_�f�Z��5.�������K�l�j�m�d�l�m�j�g�Z���n�h�j�f�m�e�Z���f�_�j�h�p�•�Z�g�•�g�h�\�h�]�h���[�Z�j�\�g�b�d�Z���0��������

Me

Me Me

C      N

C      NN

Me

Me Me

C      N

C      NN
-+



119 
 

450 500 550 600 650 700 750 800 850
0

25

50

75

100

125

0

25

50

75

100

125

 

 1
 2
 3
 4
 5

M440, 300 K

P
L,

 a
.u

.
�O, nm
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�J�b�k����5.7�����K�i�_�d�l�j�b���N�E���^�e�y���j�•�a�g�b�o 
�a�j�Z�a�d�•�\���F���������i�j�b������ K. 
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�J�b�k. 5.8. �K�i�_�d�l�j���?�E���^�e�y���i�e�•�\�h�d���0�������� 
 

�<�k�l�Z�g�h�\�e�_�g�h���� �s�h�� �i�e�•�\�d�b, �g�Z�g�_�k�_�g�•�� �a�� �j�h�a�q�b�g�m�� �h�[�_�j�l�Z�g�g�y�f�� �l�Z�� �\�Z�d�m�m�f�g�h-

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

�r�h�j�k�l�d�•�k�l�x���i�h�\�_�j�o�g�•�� 

�I�h�e�•�f�_�j�g�•�� �d�h�f�i�h�a�b�l�b�� �F-�������� �i�j�b�� �f�Z�e�b�o�� �d�h�g�p�_�g�l�j�Z�p�•�y�o�� �[�Z�j�\�g�b�d�•�\�� ���d�•�e�v�d�Z��

������ �^�h�k�b�l�v�� �h�^�g�h�j�•�^�g�•���� �I�j�b�� �[�•�e�v�r�� �\�b�k�h�d�b�o�� �d�h�g�p�_�g�l�j�Z�p�•�y�o�� ���^�_�k�y�l�d�b�� ������ �k�l�Z�x�l�v��

�\�b�^�b�f�b�f�b�� �h�d�j�_�f�•�� �d�j�b�k�l�Z�e�•�l�b�� �l�Z�� �€�o�g�•�� �e�Z�g�p�x�]�b���� �<�h�g�b�� �m�l�\�h�j�x�x�l�v�� �i�_�\�g�m�� �f�_�j�_�`�m��

�h�d�j�_�f�b�o�� �h�[�e�Z�k�l�_�c���� �A�� �p�b�o�� �©�d�j�b�k�l�Z�e�•�q�g�b�o�ª �h�[�e�Z�k�l�_�c�� �k�i�h�k�l�_�j�•�]�Z�}�l�v�k�y�� �y�k�d�j�Z�\�Z��

�n�h�l�h�e�x�f�•�g�_�k�p�_�g�p�•�y�� 

�K�i�_�d�l�j�� �_�e�_�d�l�j�h�g�g�h�]�h�� �i�h�]�e�b�g�Z�g�g�y�� �j�h�a�q�b�g�m�� �[�Z�j�\�g�b�d�Z�� �f�_�j�h�p�•�Z�g�•�g�m�� �0�������� �\��

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

�a�����������g�f���•���c�h�]�h���d�h�e�b�\�Z�e�v�g�•���d�h�f�i�h�g�_�g�l�b���g�Z���a���������±���������g�f���•���������±���������g�f���a�� 

�H�k�d�•�e�v�d�b�� �0�������� �f�Z�}�� �i�h�a�b�l�b�\�g�m�� �k�h�e�v�\�Z�l�h�o�j�h�f�•�x�� ���f�Z�d�k�b�f�m�f�b�� �k�f�m�]�b��

�i�h�]�e�b�g�Z�g�g�y�� �m�� �j�h�a�q�b�g�Z�o�� �g�b�a�v�d�h�i�h�e�y�j�g�h�]�h�� �&�&�O4 �•�� �k�b�e�v�g�R�i�h�e�y�j�g�h�]�h�� �>�F�N�:��
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�a�g�Z�o�h�^�y�l�v�k�y�� �g�Z�� �������� �•�� �������� �g�f���� �\�•�^�i�h�\�•�^�g�h������ �g�_�c�l�j�Z�e�v�g�Z�� �n�h�j�f�Z�� �i�_�j�_�\�Z�`�Z�}�� �\��

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

�G�Z�� �J�b�k����5.6 �i�h�d�Z�a�Z�g�•�� �k�i�_�d�l�j�b�� �n�h�l�h�e�x�f�•�g�_�k�p�_�g�p�•�€�� ���N�E���� �i�j�b�� �d�•�f�g�Z�l�g�•�c��

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

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

�j�h�a�q�b�g�m�� �h�[�_�j�l�Z�g�g�y�f�� ���d�j�b�\�Z�� �������� �Z�� �l�Z�d�h�`�� �i�e�•�\�d�b�� �i�h�e�•�f�_�j�g�b�o�� �d�h�f�i�h�a�b�l�•�\�� �0������-

�3�(�3�&�����d�j�b�\�Z�������� 

�I�•�^�� �q�Z�k�� �m�e�v�l�j�Z�n�•�h�e�_�l�h�\�h�]�h�� �h�i�j�h�f�•�g�_�g�g�y�� �a�j�Z�a�d�•�\�� �m�� �i�h�\�•�l�j�•�� �k�i�h�k�l�_�j�•�]�Z�}�l�v�k�y��

�a�g�b�`�_�g�g�y�� �•�g�l�_�g�k�b�\�g�h�k�l�•�� �€�o�� �n�h�l�h�e�x�f�•�g�_�k�p�_�g�p�•�€���� �M �k�i�_�d�l�j�Z�o�� �i�h�]�e�b�g�Z�g�g�y�� �i�j�b��

�^�_�]�j�Z�^�Z�p�•�€�� �i�e�•�\�h�d�� �}�� �i�_�j�_�j�h�a�i�h�^�•�e���� �s�h�� �k�i�h�k�l�_�j�•�]�Z�}�l�v�k�y�� �f�•�`�� �k�f�m�]�Z�f�b���� �q�_�j�_�a�� ������

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

�a�f�_�g�r�m�}�l�v�k�y���� �Z�� �•�g�l�_�g�k�b�\�g�•�k�l�v�� �^�h�\�]�h�o�\�b�e�v�h�\�h�€�� �k�f�m�]�b�� �a�[�•�e�v�r�m�}�l�v�k�y���� �L�Z�d�b�f��

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

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

�n�h�j�f�m�\�Z�g�g�y�f���Z�]�j�_�]�Z�l�•�\���f�h�e�_�d�m�e���[�Z�j�\�g�b�d�Z�� 

�G�_�a�\�b�q�g�•�� �_�n�_�d�l�b�� �[�m�e�b�� �\�b�y�\�e�_�g�•�� �\�� �k�i�_�d�l�j�Z�o�� �N�E�� �0�������� �i�j�b�� ������K (�J�b�k��5.7). 

�K�f�m�]�b�� �p�b�o�� �k�i�_�d�l�j�•�\�� �a�g�Z�q�g�h�� �r�b�j�r�•���� �g�•�`�� �l�•���� �s�h�� �i�j�b�� ��������K (�J�b�k�� 5.6������ �D�j�•�f�� �l�h�]�h����

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

�I�h�^�•�[�g�•�� �_�n�_�d�l�b�� �[�m�e�b�� �a�g�Z�c�^�_�g�•�� �l�Z�d�h�`�� �^�e�y�� �k�i�_�d�l�j�•�\�� �N�E�� �i�e�•�\�d�b���� �i�h�f�•�s�_�g�h�€�� �m��

�\�Z�d�m�m�f�g�m���l�j�m�[�d�m�����\�b�f�•�j�y�g�b�o �i�j�b�����������D�� 

�G�_�a�\�b�q�Z�c�g�Z�� �n�h�j�f�Z�� �k�i�_�d�l�j�•�\�� �i�j�b�� �g�b�a�v�d�•�c�� �l�_�f�i�_�j�Z�l�m�j�•�� �i�h�y�k�g�x�}�l�v�k�y��

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

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

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

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

�f�h�e�_�d�m�e���k�l�Z�}���k�e�Z�[�r�b�f. 

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

�a��PEPC �l�Z���g�Z�g�_�k�_�g�b�o���m���\�Z�d�m�m�f�•�� �i�e�•�\�h�d���[�Z�j�\�g�b�d�Z�� ���J�b�k�� 5.6������ �A�Z�a�\�b�q�Z�c���� �a�g�b�`�_�g�g�y��

�l�_�f�i�_�j�Z�l�m�j�b�� �\�b�d�e�b�d�Z�}�� �]�•�i�k�h�o�j�h�f�g�b�c�� �a�k�m�\�� �k�f�m�]�� �N�E���� �P�_�� �i�h�\�¶�y�a�Z�g�h�� �a�� �l�b�f���� �s�h��

�i�_�j�_�[�m�^�h�\�Z�� �k�m�f�•�`�g�b�o�� �f�h�e�_�d�m�e�� �m�k�d�e�Z�^�g�x�}�l�v�k�y�� �m�� �a�[�m�^�`�_�g�h�f�m�� �k�l�Z�g�•�� �N�j�Z�g�d�Z�±
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�D�h�g�^�h�g�Z�����P�_���i�j�b�\�h�^�b�l�v���^�h���a�f�_�g�r�_�g�g�y���_�g�_�j�]�•�€���i�j�b���i�_�j�_�o�h�^�•���^�h���n�e�m�h�j�_�k�p�_�g�l�g�h�]�h��

�k�l�Z�g�m�����L�Z�d�b�f���q�b�g�h�f�����a�g�Z�q�g�•���[�Z�l�h�o�j�h�f�g�•���a�k�m�\�b�����Z���l�Z�d�h�`���j�h�a�r�b�j�_�g�g�y���N�E���k�f�m�]�b���}��

�k�\�•�^�q�_�g�g�y�f�� �^�_�y�d�h�€�� �•�g�r�h�€�� �i�j�b�j�h�^�b�� �k�f�m�]�b�� �i�j�b�� ������K���� �2�€�� �i�h�^�•�[�g�•�k�l�v�� �^�h�� �k�f�m�]�b�� �N�E��

�i�j�b�� ��������K �i�e�•�\�d�b���� �g�Z�g�_�k�_�g�h�€�� �m�� �\�Z�d�m�m�f�g�•�c�� �l�j�m�[�p�•���� �^�Z�}�� �g�Z�f�� �f�h�`�e�b�\�•�k�l�v�� �k�d�Z�a�Z�l�b����

�s�h�� �o�Z�j�Z�d�l�_�j�� �\�b�s�_�a�]�Z�^�Z�g�h�€�� �k�f�m�]�b�� �i�h�\�¶�y�a�Z�g�b�c�� �a�� �g�Z�y�\�g�•�k�l�x�� �d�b�k�g�x���� �I�j�b�� �g�b�a�v�d�•�c��

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

�L�h�f�m���f�h�`�g�Z���a�j�h�[�b�l�b���\�b�k�g�h�\�h�d�����s�h���i�h�y�\�Z���^�h�\�]�h�o�\�b�e�v�h�\�h�€���k�f�m�]�b���N�E���i�j�b���g�b�a�v�d�•�c��

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

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

�g�Z�y�\�g�h�k�l�•�� �d�b�k�g�x������ �A�g�Z�q�g�b�c�� �[�Z�l�h�o�j�h�f�g�b�c�� �a�k�m�\�� �•�� �r�b�j�r�•�� �k�f�m�]�b�� �m�� �\�Z�d�m�m�f�•�� �l�Z�� �i�j�b��

�g�b�a�v�d�b�o���l�_�f�i�_�j�Z�l�m�j�Z�o���f�h�`�m�l�v���f�Z�l�b���•�h�g�g�h-�j�Z�^�b�d�Z�e�v�g�b�c���o�Z�j�Z�d�l�_�j�����s�h���f�h�`�_���[�m�l�b��

�k�i�j�b�q�b�g�_�g�_���y�d���m�l�\�h�j�_�g�g�y�f���Z�g�•�h�g-�j�Z�^�b�d�Z�e�•�\��D-A- �l�Z���d�Z�l�•�h�g-�j�Z�^�b�d�Z�e�•�\��D+-A.  

�K�o�h�`�_�����i�j�h�p�_�k�b���j�_�d�h�f�[�•�g�Z�p�•�€�����\�b�d�e�b�d�Z�g�•���_�e�_�d�l�j�h�g�g�b�f�b���i�_�j�_�o�h�^�Z�f�b���\��

�Z�]�j�_�]�Z�l�Z�o���l�Z���^�_�n�_�d�l�Z�o���F-�����������\�•�^�•�]�j�Z�x�l�v���]�h�e�h�\�g�m���j�h�e�v���\���?�E�� 

�P�_���k�\�•�^�q�b�l�v���i�j�h���l�_�����s�h���€�o�g�}���i�h�o�h�^�`�_�g�g�y���f�Z�}���k�i�•�e�v�g�b�c���o�Z�j�Z�d�l�_�j�����H�k�d�•�e�v�d�b��

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

�i�h�y�k�g�x�}�l�v�k�y�� �m�l�\�h�j�_�g�g�y�f�� �•�h�g�g�b�o�� �j�Z�^�b�d�Z�e�•�\���� �?�E�� �f�h�`�_�� �f�Z�l�b�� �i�h�^�•�[�g�b�c�� �o�Z�j�Z�d�l�_�j����

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

�i�•�^�� �q�Z�k�� �i�j�h�p�_�k�m�� �h�d�b�k�e�_�g�g�y-�\�•�^�g�h�\�e�_�g�g�y�� �i�j�b�� �i�j�b�d�e�Z�^�_�g�h�f�m�� �_�e�_�d�l�j�b�q�g�h�f�m�� �i�h�e�•����

�M���p�b�o���m�f�h�\�Z�o���f�h�e�_�d�m�e�Z���f�_�j�h�p�•�Z�g�•�g�m���i�h�\�b�g�g�Z���a�Z�o�h�i�e�x�\�Z�l�b���_�e�_�d�l�j�h�g���a���g�_�]�Z�l�b�\�g�h��

�a�Z�j�y�^�`�_�g�h�]�h�� �_�e�_�d�l�j�h�^�m�� �0�J-Al, �l�Z �i�_�j�_�^�Z�\�Z�l�b�� �c�h�]�h�� �g�Z�� �i�h�a�b�l�b�\�g�h�� �a�Z�j�y�^�`�_�g�b�c��

�_�e�_�d�l�j�h�^�� �,�7�2���� �<�� �i�_�j�r�h�f�m�� �l�Z�� �^�j�m�]�h�f�m�� �\�b�i�Z�^�d�Z�o�� �m�l�\�h�j�x�x�l�v�k�y�� �d�Z�l�•�h�g-�j�Z�^�b�d�Z�e�b��

D-A- �Z�g�•�h�g-�j�Z�^�b�d�Z�e���•��D+-�:. 

�H�k�d�•�e�v�d�b���f�h�e�_�d�m�e�b���[�Z�j�\�g�b�d�•�\���^�m�`�_���s�•�e�v�g�h���m�i�Z�d�h�\�Z�g�•���m���i�e�•�\�d�b���•���f�h�`�m�l�v��

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

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

D. - A- +  D  - A  �o  D - A + D. - A-  �����«��������������������                            (5.1) 

D+ - A. +  D  - A  �o  D - A + D+ - A. �����«������������������������������������������������������������������������������5.2) 
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�I�•�^�� �q�Z�k�� �\�a�Z�}�f�h�^�•�€�� �i�j�h�l�b�e�_�`�g�h�� �a�Z�j�y�^�`�_�g�b�o�� �d�Z�l�•�h�g�g�b�o�� �l�Z�� �Z�g�•�h�g�g�b�o��

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

�_�e�_�d�l�j�h�e�x�f�•�g�_�k�p�_�g�p�•�y���f�_�j�h�p�•�Z�g�•�g�h�\�h�]�h���[�Z�j�\�g�b�d�Z���F�������� 

�<�b�k�g�h�\�d�b���^�h���J�h�a�^�•�e�m������ 

1. �I�h�d�Z�a�Z�g�h���� �s�h�� �i�e�•�\�d�Z�� �f�_�l�Z�e�h�h�j�]�Z�g�•�q�g�h�€�� �k�i�h�e�m�d�b�� �1�%�'�%�� �f�h�`�_�� �[�m�l�b��

�\�b�d�h�j�b�k�l�Z�g�Z�� �^�e�y�� �k�l�\�h�j�_�g�g�y�� �^�\�h�r�Z�j�h�\�b�o�� �k�l�j�m�d�l�m�j�� �a�� �K60���� �n�h�l�h�q�m�l�e�b�\�b�o�� �m��

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

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

�n�h�l�h�q�m�l�e�b�\�h�k�l�•�� 

2. �?�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�� �i�•�^�l�\�_�j�^�`�_�g�Z�� �f�h�`�e�b�\�•�k�l�v�� �k�l�\�h�j�_�g�g�y�� �d�h�f�i�h�a�b�l�•�\��

�d�k�_�j�h�]�_�e�x��V2O5 �a�� �\�h�^�h�j�h�a�q�b�g�g�b�f�� �i�h�e�•�f�_�l�b�g�h�\�b�f�� �[�Z�j�\�g�b�d�h�f�� �•�g�^�h�p�•�Z�g�b�g��

�a�_�e�_�g�b�c�� �n�h�l�h�q�m�l�e�b�\�b�o�� �m�� �k�i�_�d�l�j�Z�e�v�g�h�f�m�� �^�•�Z�i�Z�a�h�g�•�� ��������-�������� �g�f������ �F�Z�d�k�b�f�m�f��

�n�h�l�h�q�m�l�e�b�\�h�k�l�•�� �h�l�j�b�f�Z�g�b�o�� �d�h�f�i�h�a�b�l�•�\�� �a�f�•�s�m�}�l�v�k�y�� �\�� �h�[�e�Z�k�l�v�� �[�•�e�v�r�h�€��

�•�g�l�_�g�k�b�\�g�h�k�l�•�� �k�h�g�y�q�g�h�€�� �j�Z�^�•�Z�p�•�€���� �s�h�� �}�� �g�_�h�[�o�•�^�g�h�x�� �\�b�f�h�]�h�x�� �^�e�y���j�h�a�j�h�[�d�b 

�k�h�g�y�q�g�b�o�� �i�j�b�k�l�j�h�€�\�� �g�Z�� �€�o�� �h�k�g�h�\�•�� �I�h�d�Z�a�Z�g�h���� �s�h�� �r�b�j�r�Z�� �k�i�_�d�l�j�Z�e�v�g�Z�� �h�[�e�Z�k�l�v��

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

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

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

�_�n�_�d�l�b�\�g�h�����g�•�`���•�a�h�e�v�h�\�Z�g�•���f�h�e�_�d�m�e�b���[�Z�j�\�g�b�d�Z�� 

3. �I�j�h�p�_�k�b���j�_�d�h�f�[�•�g�Z�p�•�€�����\�b�d�e�b�d�Z�g�•���_�e�_�d�l�j�h�g�g�b�f�b���i�_�j�_�o�h�^�Z�f�b���\���Z�]�j�_�]�Z�l�Z�o��

�l�Z�� �^�_�n�_�d�l�Z�o�� �f�_�j�h�p�•�Z�g�•�g�h�\�h�]�h�� �[�Z�j�\�g�b�d�Z�� �F-���������� �\�•�^�•�]�j�Z�x�l�v�� �]�h�e�h�\�g�m�� �j�h�e�v�� �m��

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

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

�i�j�b�� �i�j�b�d�e�Z�^�_�g�h�f�m�� �_�e�_�d�l�j�b�q�g�h�f�m�� �i�h�e�•���� �M�� �p�b�o�� �m�f�h�\�Z�o�� �f�h�e�_�d�m�e�Z�� �f�_�j�h�p�•�Z�g�•�g�m��

�i�h�\�b�g�g�Z�� �a�Z�o�h�i�e�x�\�Z�l�b�� �_�e�_�d�l�j�h�g�� �a�� �g�_�]�Z�l�b�\�g�h�� �a�Z�j�y�^�`�_�g�h�]�h�� �_�e�_�d�l�j�h�^�m�� �0�J-�$�O���� �Z��

�g�Z�\�i�Z�d�b���� �i�_�j�_�^�Z�\�Z�l�b�� �c�h�]�h�� �g�Z�� �i�h�a�b�l�b�\�g�h�� �a�Z�j�y�^�`�_�g�b�c�� �_�e�_�d�l�j�h�^�� �,�7�2���� �M�� �i�_�j�r�h�f�m��

�l�Z���^�j�m�]�h�f�m���\�b�i�Z�^�d�Z�o���m�l�\�h�j�x�x�l�v�k�y���d�Z�l�•�h�g-�j�Z�^�b�d�Z�e�b���'-A�± �Z�g�•�h�g-�j�Z�^�b�d�Z�e���•���'+-�:����

�I�•�^�� �q�Z�k�� �\�a�Z�}�f�h�^�•�€�� �i�j�h�l�b�e�_�`�g�h�� �a�Z�j�y�^�`�_�g�b�o�� �d�Z�l�•�h�g�g�b�o�� �l�Z�� �Z�g�•�h�g�g�b�o�� �j�Z�^�b�d�Z�e�•�\��

�\�•�^�[�m�\�Z�}�l�v�k�y�� �j�_�d�h�f�[�•�g�Z�p�•�y�� �•���� �y�d�� �g�Z�k�e�•�^�h�d�� �k�i�h�k�l�_�j�•�]�Z�}�l�v�k�y�� �y�k�d�j�Z�\�Z��

�_�e�_�d�l�j�h�e�x�f�•�g�_�k�p�_�g�p�•�y���f�_�j�h�p�•�Z�g�•�g�h�\�h�]�h���[�Z�j�\�g�b�d�Z���F��������  
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�J�h�a�^�•�e��6. �R�e�y�o�b���j�_�e�Z�d�k�Z�p�•�€���a�[�m�^�`�_�g�b�o���k�l�Z�g�•�\���m���i�h�e�•�f�_�l�b�g�h�\�b�o���[�Z�j�\�g�b�d�Z�o����

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

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

 

�I�Z�j�Z�]�j�Z�n 6.1. �G�_�k�b�f�_�l�j�b�q�g�•�� �r�e�y�o�b�� �j�_�e�Z�d�k�Z�p�•�€�� �a�[�m�^�`�_�g�b�o�� �k�l�Z�g�•�\�� �m��

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

�n�e�x�h�j�_�k�p�_�g�p�•�€�����i�h�e�•�f�_�l�b�g�h�\�•���l�Z���i�h�e�•�}�g�h�\�•���n�h�j�f�b. 

 

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

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

�i�b�l�Z�g�v�� �i�h�j�m�r�_�g�g�y�� �k�b�f�_�l�j�•�€�� �m�� �k�b�k�l�_�f�Z�o���� �y�d�•�� �f�Z�x�l�v�� �j�•�a�g�_�� �j�h�a�l�Z�r�m�\�Z�g�g�y��

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

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

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

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

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

�o�•�f�•�q�g�h�]�h���f�h�^�_�e�x�\�Z�g�g�y�����<�Z�`�e�b�\�h���\�•�^�a�g�Z�q�b�l�b�����s�h���\�b�\�q�_�g�b�c���p�•�Z�g�•�g�h�\�b�c���[�Z�j�\�g�b�d��

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

�r�e�y�o�b�� �a�[�m�^�`�_�g�b�o�� �k�l�Z�g�•�\�� �m�� �i�h�e�•�f�_�l�b�g�h�\�•�c�� �l�Z�� �^�h�g�h�j�g�h-�Z�d�p�_�i�l�h�j�g�•�c���i�h�e�•�}�g�h�\�•�c��

�n�h�j�f�Z�o�����i�j�b�q�h�f�m �i�j�h�y�\���h�k�l�Z�g�g�v�h�€���n�h�j�f�b���k�b�e�v�g�h���a�f�_�g�r�m�}�l�v�k�y���m���f�_�g�r���i�h�e�y�j�g�b�o��

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

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

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

�l�Z���n�h�l�h�g�g�b�o���a�Z�k�l�h�k�m�\�Z�g�g�v���^�h�\�]�b�o���Œ-�_�e�_�d�l�j�h�g�g�b�o���k�b�k�l�_�f�� 

�I�h�e�•�f�_�l�b�g�h�\�•�� �[�Z�j�\�g�b�d�b���� �\�b�y�\�e�_�g�•�� �\�� �k�_�j�_�^�b�g�•�� �;�,�;�� �k�l�h�e�•�l�l�y���� �i�j�h�^�h�\�`�m�x�l�v��

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

�k�_�g�k�h�j�g�b�f�� �\�e�Z�k�l�b�\�h�k�l�y�f�� �H�k�h�[�e�b�\�h�� �r�b�j�h�d�h�� �^�h�k�e�•�^�`�_�g�b�f�b�� �}�� �Z�a�h�l�f�•�k�l�d�• 

�i�h�e�•�f�_�l�b�g�b���� �p�•�Z�g�•�g�h�\�•�� �[�Z�j�\�g�b�d�b�� �>77�±81]. �M�� �^�Z�g�b�c�� �q�Z�k�� �k�i�h�k�l�_�j�•�]�Z�}�l�v�k�y��

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

�•�g�n�j�Z�q�_�j�\�h�g�•�c�� ���1�Q���� �h�[�e�Z�k�l�•�� �m�� �[�•�h�e�h�]�•�q�g�b�o�� �a�h�[�j�Z�`�_�g�g�y�o���� �g�_�e�•�g�•�c�g�•�c���h�i�l�b�p�•�� �l�Z��
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�j�h�a�j�h�[�p�•�� �i�_�j�_�^�h�\�b�o�� �n�h�l�h�g�g�b�o�� �f�Z�l�_�j�•�Z�e�•�\ [80, 81]. �M�� �a�Z�]�Z�e�v�g�h�f�m�� �\�b�]�e�y�^�•�� �•�h�g�g�•��

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

�^�_�e�h�d�Z�e�•�a�h�\�Z�g�b�c�� �f�•�`�� �^�\�h�f�Z�� �_�e�_�d�l�j�h�g�g�h-�^�h�g�h�j�g�b�f�b�� ���Z�[�h�� �_�e�_�d�l�j�h�g�g�h-

�Z�d�p�_�i�l�h�j�g�b�f�b���� �l�_�j�f�•�g�Z�e�v�g�b�f�b�� �]�j�m�i�Z�f�b�� ���L�=���� �q�_�j�_�a�� �g�_�i�Z�j�g�m�� �d�•�e�v�d�•�k�l�v�� �V�S2-

�]�•�[�j�b�^�b�a�h�\�Z�g�b�o���Z�l�h�f�•�\���\�m�]�e�_�p�x�����y�d �p�_���i�j�_�^�k�l�Z�\�e�_�g�h���n�h�j�f�m�e�h�x��6.1: 

 

TG+/- �± (CH = CH)i �± CH = TG                             (6.1) 

�^�_���L��- �p�_���d�•�e�v�d�•�k�l�v���\�•�g�•�e�_�g�h�\�b�o���]�j�m�i��(-CH = CH-).  

 

�K�i�j�y�`�_�g�b�c�� �e�Z�g�p�x�]�� �Z�l�h�f�•�\�� �\�m�]�e�_�p�x�� �f�•�`�� �L�=�� �m�l�\�h�j�x�}�� �l���a�\���� �i�h�e�•�f�_�l�b�g�h�\�b�c��

�e�Z�g�p�x�]���� �I�j�b�� �p�v�h�f�m�� �g�Z�y�\�g�•�k�l�v�� �j�h�a�\�b�g�m�l�h�€�� �Œ-�_�e�_�d�l�j�h�g�g�h�€�� �k�b�k�l�_�f�b�� �a�Z�[�_�a�i�_�q�m�}��

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

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

�^�•�Z�i�Z�a�h�g�Z�o: �M�N���� �\�b�^�b�f�b�c �•�� �[�e�b�`�g�•�c �1�Q���� �1�g�r�h�x�� �h�k�h�[�e�b�\�•�k�l�x�� �l�Z�d�b�o�� �•�h�g�g�b�o��

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

�m�� �i�h�e�•�f�_�l�b�g�h�\�h�f�m�� �e�Z�g�p�x�a�•�� �i�j�b�� �a�[�m�^�`�_�g�g�•���� �s�h�� �^�Z�}�� �\�_�e�b�d�b�c�� �^�b�i�h�e�v�g�b�c�� �f�h�f�_�g�l��

�i�_�j�_�o�h�^�m���•�����h�l�`�_�����\�b�k�h�d�m���•�g�l�_�g�k�b�\�g�•�k�l�v���^�h�\�]�h�o�\�b�e�v�h�\�h�€���k�i�_�d�l�j�Z�e�v�g�h�€���k�f�m�]�b��[77, 

80]. 

�I�h�^�h�\�`�_�g�g�y�� �i�h�e�•�f�_�l�b�g�h�\�h�]�h�� �e�Z�g�p�x�]�Z�� �g�Z�� �h�^�g�m�� �e�Z�g�d�m�� ���n�h�j�f�m�e�Z��6.1) 

�r�e�y�o�h�f�� �a�[�•�e�v�r�_�g�g�y��i �^�h��i + 1 �j�_�]�m�e�y�j�g�h�� �a�f�•�s�m�}�� �k�i�_�d�l�j�Z�e�v�g�m�� �k�f�m�]�m�� �m��

�^�h�\�]�h�o�\�b�e�v�h�\�b�c�� �[�•�d�� �i�j�b�[�e�b�a�g�h���g�Z���������� �g�f [80].. �A�k�m�\�� �i�j�b�\�h�^�b�l�v�� �^�h�� �j�h�a�r�b�j�_�g�g�y��

�l�b�i�h�\�h�€�� �p�•�Z�g�•�g�h�\�h�€�� �k�f�m�]�b�� �a�� �j�•�a�d�b�f�� �\�m�a�v�d�b�f�� �f�Z�d�k�b�f�m�f�h�f���� �l�h�^�•�� �y�d�� �g�Z��

�d�h�j�h�l�d�h�o�\�b�e�v�h�\�h�f�m �[�h�p�•�� �a�¶�y�\�e�y�}�l�v�k�y�� �g�h�\�_�� �r�b�j�h�d�_�� �i�e�_�q�_��[82, 83]. �<�k�_�[�•�q�g�•��

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

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

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

�i�h�e�•�f�_�l�b�g�h�\�h�]�h�� �e�Z�g�p�x�]�Z [80, 82�±88]. �L�Z�d�Z�� �i�h�\�_�^�•�g�d�Z�� �j�h�a�i�h�^�•�e�m�� �_�e�_�d�l�j�h�g�g�h�]�h��

�a�Z�j�y�^�m���f�h�`�_���[�m�l�b���i�h�y�k�g�_�g�Z���m���j�Z�f�d�Z�o���k�h�e�•�l�h�g�g�h�€���d�h�g�p�_�i�p�•�€ [82�±92]. �A�]�•�^�g�h���a���p�•�}�x��

�d�h�g�p�_�i�p�•�}�x �a�Z�j�y�^�� �m�� �d�h�e�_�d�l�b�\�g�b�o�� �Œ-�_�e�_�d�l�j�h�g�g�b�o�� �k�b�k�l�_�f�Z�o�� �g�Z�j�h�^�`�m�}�� �k�h�e�•�l�h�g�g�m��

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

�k�h�e�•�l�h�g���j�h�a�l�Z�r�h�\�Z�g�b�c���m���p�_�g�l�j�•���•�h�g�g�h�€���e�•�g�•�c�g�h�€���g�_�a�Z�f�•�s�_�g�h�€���k�i�j�y�`�_�g�h�€���k�b�k�l�_�f�b����

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

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

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

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

�k�i�_�d�l�j�Z�e�v�g�m���k�f�m�]�m���m���d�h�j�h�l�d�h�o�\�b�e�v�h�\�•�c���h�[�e�Z�k�l�• [80]. 

�I�h�j�m�r�_�g�g�y�� �k�b�f�_�l�j�•�€�� �a�
�y�\�e�y�}�l�v�k�y�� �g�_�� �l�•�e�v�d�b�� �\�� �h�k�g�h�\�g�h�f�m�� �k�l�Z�g�•�� ���60������ �Z�e�_�� �•�� �\��

�i�_�j�r�h�f�m�� �a�[�m�^�`�_�g�h�f�m�� �k�l�Z�g�•�� ���61������ �H�l�j�b�f�Z�g�h�� �^�_�l�Z�e�v�g�•�� �^�h�d�Z�a�b�� �^�e�y�� �f�h�^�_�e�•�� �©�^�\�h�o��

�k�l�Z�g�•�\�ª �m���i�h�e�•�f�_�l�b�g�h�\�b�o���p�•�Z�g�•�g�Z�o���>93]. �;�m�e�h���i�h�d�Z�a�Z�g�h�����s�h���i�j�b���a�[�m�^�`�_�g�g�•���m���k�l�Z�g��

S1 �f�h�e�_�d�m�e�Z�� �[�Z�j�\�g�b�d�Z�� �c�^�_�� �i�h�� �r�e�y�o�m�� �a�� �^�\�h�f�Z�� �j�•�a�g�b�f�b�� �d�h�e�b�\�Z�e�v�g�b�f�b�� �f�h�^�Z�f�b����

�a�Z�k�_�e�_�g�b�f�b�� �i�h�k�e�•�^�h�\�g�h���� �I�_�j�r�Z�� �d�h�e�b�\�Z�e�v�g�Z�� �f�h�^�Z�� �i�h�\�g�•�k�l�x�� �k�b�f�_�l�j�b�q�g�Z�� �•��

�k�i�h�q�Z�l�d�m�� �j�_�e�Z�d�k�m�}�� �m�� �i�h�q�Z�l�d�h�\�m�� �i�e�Z�g�Z�j�g�m�� �k�b�k�l�_�f�m�� �i�h�a�Z�� �f�_�`�Z�f�b�� �n�j�Z�g�d-

�d�h�g�^�h�g�•�\�k�v�d�h�€�� ���N�D���� �h�[�e�Z�k�l�•�� �q�_�j�_�a�� �h�k�p�b�e�y�p�•�€�� �j�h�a�l�y�]�g�_�g�g�y�� �h�k�l�h�\�m���� �I�j�h�l�_�� �^�j�m�]�Z��

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

�h�^�g�h�]�h�� �a�� �p�_�g�l�j�Z�e�v�g�b�o�� �i�h�^�\�•�c�g�b�o�� �a�\�¶�y�a�d�•�\�� �k�b�k�l�_�f�b [93]. �Y�d�� �g�Z�k�e�•�^�h�d��

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

������ �ƒ�� �d�h�g�n�•�]�m�j�Z�p�•�x���� �y�d�m�� �g�_�� �f�h�`�g�Z�� �k�i�h�k�l�_�j�•�]�Z�l�b�� �i�j�b�� �k�l�Z�p�•�h�g�Z�j�g�•�c�� �n�e�m�h�j�_�k�p�_�g�p�•�€��

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

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

�k�b�f�_�l�j�•�}�x�������������y�d�• �f�•�k�l�y�l�v���d�j�b�l�b�q�g�m���d�•�e�v�d�•�k�l�v���\�•�g�•�e�_�g�h�\�b�o���]�j�m�i�������L�������\���e�Z�g�p�x�a�•�����M��

�k�l�Z�l�l�•��[94] �•�k�g�m�\�Z�g�g�y�� �h�^�g�h�]�h�� �g�_�k�b�f�_�l�j�b�q�g�h�]�h�� �j�_�e�Z�d�k�Z�p�•�c�g�h�]�h�� �r�e�y�o�m�� �^�e�y��

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

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

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

�f�Z�l�j�b�p�•���j�h�a�q�b�g�g�b�d�Z�� 

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

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

�g�Z�c�i�j�h�k�l�•�r�b�f�b���L�=�����a���h�^�g�b�f���p�_�g�l�j�h�f���Œ-�_�e�_�d�l�j�h�g�•�\���l�Z���]�j�m�i�Z�f�b��-N(CH3)2�������l�h�^�•���y�d��
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�[�Z�]�Z�l�h�� �i�h�e�•�f�_�l�b�g�h�\�b�o�� �[�Z�j�\�g�b�d�•�\�� �f�•�k�l�y�l�v�� �k�d�e�Z�^�g�•�� �]�_�l�_�j�h�p�b�d�e�b�� �a�� �\�_�e�b�d�h�x��

�k�i�j�y�`�_�g�h�x���k�b�k�l�_�f�h�x��  

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

�i�h�e�•�f�_�l�b�g�h�\�b�o�� �[�Z�j�\�g�b�d�•�\�� �a�Z�� �^�h�i�h�f�h�]�h�x�� �j�_�a�h�g�Z�g�k�g�h�€�� �k�l�j�m�d�l�m�j�b�� �a�� �e�h�d�Z�e�•�a�Z�p�•�}�x��

�a�Z�]�Z�e�v�g�h�]�h�� �i�h�a�b�l�b�\�g�h�]�h�� �Z�[�h�� �g�_�]�Z�l�b�\�g�h�]�h�� �a�Z�j�y�^�m�� �\�� �h�^�g�•�c�� �a�� �L�=���� �G�Z�i�j�b�d�e�Z�^����

�n�h�j�f�m�e�Z��(6.1) �y�\�e�y�}�� �k�h�[�h�x�� �i�_�j�r�m�� �L�=���� �y�d�Z�� �j�h�a�]�e�y�^�Z�}�l�v�k�y�� �y�d�� �Z�d�p�_�i�l�h�j�g�Z�� �]�j�m�i�Z����

�l�h�^�•���y�d���^�j�m�]�Z���L�=�����a���l�•�}�x���`���o�•�f�•�q�g�h�x���[�m�^�h�\�h�x�����g�Z�a�b�\�Z�}�l�v�k�y���^�h�g�h�j�g�h�x���]�j�m�i�h�x�����•��

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

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

�j�_�a�h�g�Z�g�k�g�h�x�� �k�l�j�m�d�l�m�j�h�x�� �•�a�� �j�h�a�l�Z�r�m�\�Z�g�g�y�f�� �a�Z�j�y�^�m�� �g�Z�� �[�m�^�v-�y�d�h�f�m�� �Z�l�h�f�•��

�\�m�]�e�_�p�x���\���e�Z�g�p�x�a�•�����g�Z�i�j�b�d�e�Z�^�����a�Z���n�h�j�f�m�e�h�x��(6.2): 

 

TG �± +/-CH = CH �± (CH = CH)i-1 �± CH = TG                            (6.2) 

 

�F�h�`�g�Z�� �i�j�b�i�m�k�l�b�l�b���� �s�h�� �i�h�^�•�[�g�•�� �^�\�•�� �g�_�k�b�f�_�l�j�b�q�g�•�� �n�h�j�f�b�� ���a��

�j�h�a�l�Z�r�m�\�Z�g�g�y�f�� �a�Z�]�Z�e�v�g�h�]�h�� �a�Z�j�y�^�m�� �\�� �h�k�g�h�\�g�h�f�m�� �g�Z�� �L�=�� �Z�[�h�� �e�Z�g�p�x�`�d�m���� �f�h�`�g�Z��

�a�g�Z�c�l�b�� �•�� �m�� �a�[�m�^�`�_�g�h�f�m�� �k�l�Z�g�•���� �G�_�� �•�k�g�m�}�� �d�h�f�i�e�_�d�k�g�b�o�� �^�h�k�e�•�^�`�_�g�v���� �s�h��

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

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

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

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

�^�h�i�h�f�h�]�h�x���q�Z�k�h�j�h�a�^�•�e�_�g�h�€���e�x�f�•�g�_�k�p�_�g�l�g�h�€���k�i�_�d�l�j�h�k�d�h�i�•�€���l�Z���f�_�l�h�^�h�f���d�\�Z�g�l�h�\�h-

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

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

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

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

�r�e�y�o�b�� �j�_�e�Z�d�k�Z�p�•�€�� �•�a�� �a�f�•�g�h�x�� �q�Z�k�•�\�� �`�b�l�l�y���� �k�i�_�d�l�j�•�\�� �l�Z�� �f�h�e�_�d�m�e�y�j�g�b�o�� �k�l�j�m�d�l�m�j����

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

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

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

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

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

�i�j�h�Z�g�Z�e�•�a�h�\�Z�g�h�� �d�•�g�_�l�b�d�m�� �a�Z�l�m�o�Z�g�g�y�� �n�e�m�h�j�_�k�p�_�g�p�•�€���� �<�k�•�� �d�•�g�_�l�b�q�g�•�� �d�j�b�\�•���� �a�Z��

�\�b�g�y�l�d�h�f�� �e�b�r�_�� �d�•�g�_�l�b�d�b�� �^�e�y��AF �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�•�� ������K �m�� �\�h�^�•�� �� �^�h�[�j�_��

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

�a�Z�l�m�o�Z�g�g�y�� �)�$�6�7�� �^�e�y��AF �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�•�� ������K �m�� �\�h�^�•�� �^�h�i�h�f�•�]�� �\�b�y�\�b�l�b���� �s�h�� �p�•��

�d�•�g�_�l�b�d�b�� �g�Z�c�d�j�Z�s�_�� �h�i�b�k�m�x�l�v�k�y�� �_�d�k�i�h�g�_�g�l�h�x�� ��-�]�h�� �i�h�j�y�^�d�m���� �Q�Z�k�� �`�b�l�l�y����

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

�[�•�e�v�r�� �i�j�_�p�b�a�•�c�g�h�x�� �i�j�h�p�_�^�m�j�h�x�� �m�� �i�j�h�]�j�Z�f�g�h�f�m�� �i�Z�d�_�l�•��FAST (Trial Version) 

�j�h�a�i�h�^�•�e�b���•�g�l�_�j�\�Z�e�•�\���q�Z�k�•�\���`�b�l�l�y���i�•�^�k�m�f�h�\�m�x�l�v�k�y���m���l�Z�[�e�b�p�•��6.1. 

�I�j�b�� �d�•�f�g�Z�l�g�•�c�� �l�_�f�i�_�j�Z�l�m�j�•�� �f�h�e�_�d�m�e�Z��AF �o�Z�j�Z�d�l�_�j�b�a�m�}�l�v�k�y�� �g�_�� �l�•�e�v�d�b��

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

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

�l�j�Z�g�k-�p�b�k�� �•�a�h�f�_�j�b�a�Z�p�•�x��AF���� �g�_�� �l�•�e�v�d�b�� �i�j�b�a�\�h�^�b�l�v�� �^�h�� �g�b�a�v�d�h�]�h�� �d�\�Z�g�l�h�\�h�]�h��

�\�b�o�h�^�m�� �n�e�m�h�j�_�k�p�_�g�p�•�€���� �Z�e�_�� �l�Z�d�h�`�� �•�� �^�h�� �^�m�`�_�� �d�h�j�h�l�d�h�]�h�� �q�Z�k�m�� �`�b�l�l�y���� �<�\�_�^�_�g�g�y��

�f�•�p�_�e���I�: �<���6�'�6���m���f�h�e�_�d�m�e�y�j�g�b�c���j�h�a�q�b�g��AF �a�[�•�e�v�r�m�}���q�Z�k���`�b�l�l�y���^�h�����������i�k�����l�h�^�•��

�y�d�� �q�Z�k�� �`�b�l�l�y��AF �m���j�•�^�d�h�f�m�� �d�j�b�k�l�Z�e�•�� ���&�%�� ���i�j�b�� �d�\�Z�g�l�h�\�h�f�m�� �\�b�o�h�^�•���� �s�h�� �^�h�k�y�]�Z�}��

�f�Z�c�`�_�� ������ �a�g�Z�q�g�h�� �a�[�•�e�v�r�m�}�l�v�k�y�� �± �^�h�� �������� �g�k���� �L�Z�d�b�f�� �q�b�g�h�f���� �f�b�� �f�h�`�_�f�h�� �q�•�l�d�h��

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

�n�e�m�h�j�_�k�p�_�g�p�•�€�����<�k�l�Z�g�h�\�e�_�g�b�c���q�Z�k���`�b�l�l�y���m�����������i�k AF �\���g�_�i�h�e�y�j�g�h�f�m���o�e�h�j�h�n�h�j�f�• 

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

�k�_�j�_�^�h�\�b�s�Z���� �s�h�� �f�h�`�_�� �[�m�l�b�� �j�_�a�m�e�v�l�Z�l�h�f�� �k�l�Z�[�•�e�•�a�Z�p�•�€�� �a�[�m�^�`�_�g�h�]�h�� �k�l�Z�g�m��

�g�_�i�h�e�y�j�g�b�f���h�l�h�q�_�g�g�y�f�� 
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�L�Z�[�e�b�p�y��6.1�����Q�Z�k�b���`�b�l�l�y���n�e�m�h�j�_�k�p�_�g�p�•�€���^�e�y���$�)���m���\�h�^�•�����o�e�h�j�h�n�h�j�f�•�������&�%���l�Z��
�\�h�^�g�b�o���k�m�f�•�r�_�c���$�)���a���6�'�6�����h�l�j�b�f�Z�g�•���i�j�b���_�d�k�i�h�g�_�g�p�•�Z�e�v�g�h�f�m���n�•�l�m�\�Z�g�g�•���d�j�b�\�b�o��

�a�Z�l�m�o�Z�g�g�y�����a���m�j�Z�o�m�\�Z�g�g�y�f���,�5�)���l�Z���L�g�l�_�j�\�Z�e�•�\���j�h�a�i�h�^�•�e�•�\���q�Z�k�•�\���a�Z���^�h�i�h�f�h�]�h�x��
�i�j�h�]�j�Z�f�g�h�]�h���Z�g�Z�e�•�a�m���)�$�6�7�� 

 ��EM, nm �21, �i�k 
(�.1) 

�22, �i�k 
(�.2) 

�23, �i�k 
(�.3) 

�J�h�a�i�h�^�•�e��FAST  
�21, �i�k �22, �g�k �23, �g�k 

AF, 
300 K  560 40 �± �± 30�±50 �± �± 
AF �a SDS, 
300 K 572 120 �± �± 100�±200 �± �± 
AF �m 5CB, 
300 K 578 �± 2500 �± �± 2.0�±3.0 �± 

AF, 
77 K 

570 160 
(0.29) 

1680 
(0.36) 

3530 
(0.35) 

150-300 1.5-2.6 3.5-10 
615 210 

(0.19) 
1600 
(0.45) 

4050 
(0.36) 

AF �a SDS, 
77 K 600 440 

(0.14) 
2560 
(0.86) - 200-600 2.0-3.0 - 

 

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

�i�j�b���g�b�a�v�d�b�o���l�_�f�i�_�j�Z�l�m�j�Z�o�����D�•�g�_�l�b�d�Z���a�Z�l�m�o�Z�g�g�y���n�e�m�h�j�_�k�p�_�g�p�•�€���q�b�k�l�h�]�h���$�)���^�h�[�j�_��

�h�i�b�k�m�}�l�v�k�y�� �l�•�e�v�d�b��3-�_�d�k�i�h�g�_�g�p�•�Z�e�v�g�h�x�� �n�m�g�d�p�•�}�x�� �a�� �21���� �22���� �23, �m�� �l�h�c�� �q�Z�k �y�d��

�d�•�g�_�l�b�d�Z���^�e�y���k�m�f�•�r�•���$�)���a���6�'�6���h�i�b�k�m�}�l�v�k�y����-�_�d�k�i�h�g�_�g�p�•�Z�e�v�g�h�x���n�m�g�d�p�•�}�x���a���21�����22. 

�:�g�Z�e�•�a���q�Z�k�•�\���`�b�l�l�y���`�b�l�l�y�����l�Z�[�e����6.1�����i�h�d�Z�a�m�}�����s�h���k�b�k�l�_�f�b���$�)���a���6�'�6���•���$�)���m�����&�%��

�g�_�� �f�Z�x�l�v�� �d�h�f�i�h�g�_�g�l�b�� �q�Z�k�m�� �`�b�l�l�y�� ���23���� �m�� �^�•�Z�i�Z�a�h�g�•�� �������±������ �g�k���� �D�j�•�f�� �l�h�]�h����

�i�_�j�_�^�_�d�k�i�h�g�_�g�p�•�Z�e�v�g�b�c���d�h�_�n�•�p�•�}�g�l���^�e�y���i�h�\�•�e�v�g�h�€�����22�����d�h�f�i�h�g�_�g�l�b���$�)���m���f�•�p�_�e�Z�o��

�6�'�6���k�l�Z�g�h�\�b�l�v���.2 � ���������������s�h���g�Z�\�•�l�v���i�_�j�_�\�b�s�m�}���k�m�f�m���.2 �l�Z���.3 �^�e�y���q�b�k�l�h�]�h���$�)�����m��

�^�•�Z�i�Z�a�h�g�•�� ���������±�������������� �@�h�j�k�l�d�•�k�l�v�� �f�Z�l�j�b�p�•�� �i�j�b�� ������K �^�e�y�� �h�[�h�o�� �k�b�k�l�_�f�� �i�j�Z�d�l�b�q�g�h��

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

�L�h�f�m���g�_�i�h�e�y�j�g�_���k�_�j�_�^�h�\�b�s�_���6�'�6���i�j�b�\�h�^�b�l�v���^�h���^�\�h�o���\�b�i�j�h�f�•�g�x�\�Z�e�v�g�b�o���r�e�y�o�•�\��

�•�a���a�g�Z�q�g�b�f���i�_�j�_�\�Z�`�Z�g�g�y�f���i�h�\�•�e�v�g�h�€�����22�����d�h�f�i�h�g�_�g�l�b���� 

�I�h�� �k�m�l�•���� �m�� �\�b�k�h�d�h�i�h�e�y�j�g�h�f�m�� �\�h�^�g�h�f�m�� �k�_�j�_�^�h�\�b�s�•�� �\�b�y�\�e�_�g�h�� �s�h�g�Z�c�f�_�g�r�_��

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

�r�\�b�^�d�Z���± �21 �± �\�•�^���^�_�k�y�l�d�•�\���^�h���k�h�l�_�g�v���i�•�d�h�k�_�d�m�g�^�����i�j�h�f�•�`�g�Z�����22 , �± �m���f�_�`�Z�o�����±�����g�k, 

�l�Z�� �i�h�\�•�e�v�g�Z���� �23, �± �[�•�e�v�r�_�� ���� �g�k���� �H�k�l�Z�g�g�y���� ���23) �± �\�b�i�j�h�f�•�g�x�\�Z�e�v�g�b�c�� �r�e�y�o����

�[�_�a�m�f�h�\�g�h�����•�g�^�m�d�m�}�l�v�k�y���i�h�e�y�j�g�b�f���k�_�j�_�^�h�\�b�s�_�f���f�h�e�_�d�m�e�b���$�)�� 

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

�Z�g�Z�e�•�a�m�� �q�Z�k�h�j�h�a�^�•�e�v�g�b�o�� �k�i�_�d�l�j�•�\�� �\�b�i�j�h�f�•�g�x�\�Z�g�g�y�� ��TRES) �a�� �j�•�a�g�b�f�b�� �q�Z�k�h�\�b�f�b��
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�a�Z�l�j�b�f�d�Z�f�b����td�������H�k�h�[�e�b�\�_���a�g�Z�q�_�g�g�y���f�Z�}���Z�g�Z�e�•�a���l�j�v�h�o���d�h�f�i�h�g�_�g�l�•�\�����q�Z�k�•�\���`�b�l�l�y����

TRES �q�b�k�l�h�]�h�� �$�)�� �i�j�b�� �g�b�a�v�d�•�c�� �l�_�f�i�_�j�Z�l�m�j�•���� �G�Z�� �J�b�k������������ �7�5�(�6�� �^�e�y�� �q�b�k�l�h�]�h�� �$�)��

�i�j�b�� ������ �D�� �i�j�_�^�k�l�Z�\�e�_�g�•�� �^�e�y�� �f�Z�e�b�o�� ���J�b�k���� �������Z���� �l�Z�� �\�_�e�b�d�b�o�� ���J�b�k���� �������[���� �a�g�Z�q�_�g�v�� �Wd. 

�F�h�`�g�Z�� �i�h�[�Z�q�b�l�b���� �s�h�� �i�•�k�e�y�� �i�h�q�Z�l�d�h�\�h�]�h�� �a�[�•�e�v�r�_�g�g�y��td���� �k�i�_�d�l�j�� �n�e�m�h�j�_�k�p�_�g�p�•�€��

�k�l�Z�}���\�m�`�q�b�f���•���f�Z�}���f�Z�d�k�b�f�Z�e�v�g�b�c���q�_�j�\�h�g�b�c���a�k�m�\���\�•�^�� �\�•�^�����������^�h�����������g�f�����R�\�b�^�d�Z��

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

�k�f�m�]�b���a���[�•�e�v�r���^�h�\�]�b�f�b�����Q�V�����q�Z�k�Z�f�b���`�b�l�l�y�����22 �•���23�������A�[�•�e�v�r�_�g�g�y��td �\�•�^�����������^�h��������������

�g�k �k�m�i�j�h�\�h�^�`�m�}�l�v�k�y�� �^�h�^�Z�l�d�h�\�b�f�� �q�_�j�\�h�g�b�f�� �a�f�•�s�_�g�g�y�f�� �\�•�^�� �\�•�^�����������^�h�����������g�f�� �l�Z��

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

�i�_�j�_�\�Z�`�g�h�� �\�b�g�b�d�Z�x�l�v�� �\�g�Z�k�e�•�^�h�d�� �a�[�•�e�v�r�_�g�g�y�� �\�g�_�k�d�m�� �i�h�\�•�e�v�g�h�€�� �d�h�f�i�h�g�_�g�l�b�� ���23), 

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

�7�5�(�6�� �^�h�i�h�f�h�]�e�h�� �\�b�a�g�Z�q�b�l�b�� �^�h�g�h�j�g�h-�Z�d�p�_�i�l�h�j�g�b�c�� �o�Z�j�Z�d�l�_�j�� �i�h�\�•�e�v�g�h�€�� ���23) 

�d�h�f�i�h�g�_�g�l�b�� 

�>�b�n�_�j�_�g�p�•�Z�e�v�g�b�c�� �Z�g�Z�e�•�a�� �7�5�(�6���^�e�y�� �$�)���i�j�b�������� �D���^�h�a�\�h�e�b�\���g�Z�f���h�i�b�k�Z�l�b�� �\�k�•��

�k�i�_�d�l�j�b���� �g�Z�\�_�^�_�g�•�� �g�Z�� �j�b�k�m�g�d�m��6.1 �k�m�i�_�j�i�h�a�b�p�•�}�x�� �l�j�v�h�o�� �k�i�_�d�l�j�Z�e�v�g�b�o��

�d�h�f�i�h�g�_�g�l�•�\�����s�h���k�d�e�Z�^�Z�x�l�v�k�y���a�����r�\�b�^�d�h�€�����21 = 150�±���������S�V�������k�_�j�_�^�g�v�h�€�����22 = 1.5�±

���������g�k�������•���i�h�\�•�e�v�g�h�€�������23 = 3,5�±�������g�k�����d�h�f�i�h�g�_�g�l�����K�i�_�d�l�j�Z�e�v�g�Z���n�h�j�f�Z���r�\�b�^�d�h�€�����21) 

�l�Z�� �i�j�h�f�•�`�g�h�€�� ���22���� �d�h�f�i�h�g�_�g�l�� �h�l�j�b�f�m�}�l�v�k�y�� �a�� �^�b�n�_�j�_�g�p�•�Z�e�v�g�b�o�� �7�5�(�6�� ���d�j�b�\�Z�� ������

�j�b�k����6.1�Z�� �l�Z�� �d�j�b�\�Z�� ������ �j�b�k����6.1b������ �l�h�^�•�� �y�d�� �i�h�\�•�e�v�g�Z�� ���23���� �k�i�_�d�l�j�Z�e�v�g�Z�� �d�h�f�i�h�g�_�g�l�Z��

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

������ �j�b�k�m�g�h�d��6.1�E������ �>�b�n�_�j�_�g�p�•�Z�e�v�g�•�� �k�i�_�d�l�j�b�� �g�_�� �\�•�^�h�[�j�Z�`�Z�x�l�v�� �l�h�q�g�m�� �k�i�_�d�l�j�Z�e�v�g�m��

�a�Z�e�_�`�g�•�k�l�v���� �Z�e�_�� �^�h�a�\�h�e�y�x�l�v�� �h�p�•�g�b�l�b�� �f�Z�d�k�b�f�m�f�b�� �n�e�m�h�j�_�k�p�_�g�p�•�€�� ����max
FL���� �•��

�K�l�h�d�k�h�\�•���a�k�m�\�b���^�e�y���j�•�a�g�b�o���q�Z�k�•�\���a�Z�l�m�o�Z�g�g�y�����A�]�•�^�g�h���a���j�b�k�m�g�d�h�f��6.1������max
FL �r�\�b�^�d�h�€��

�k�d�e�Z�^�h�\�h�€�� ���21���� �k�l�Z�g�h�\�b�l�v�� ������������ �k�f-1 ���������� �g�f��������max
FL �i�j�h�f�•�`�g�h�€�� �d�h�f�i�h�g�_�g�l�b�� ���22) 

�k�l�Z�g�h�\�b�l�v���������������k�f-1 �����������g�f�������Z����max
FL �i�h�\�•�e�v�g�h�€���d�h�f�i�h�g�_�g�l�b�����23�����������������k�f-1 (576 

�g�f������ �L�Z�d�b�f�� �q�b�g�h�f���� �f�b�� �a�f�h�]�e�b�� �j�h�a�j�Z�o�m�\�Z�l�b�� �j�•�a�g�b�p�x�� �K�l�h�d�•�\�� �a�k�m�\�•�\�� ���û���� �f�•�`��

�d�h�f�i�h�g�_�g�l�Z�f�b���� �û�� � �� �������� �k�f-1 �f�•�`�� �d�h�f�i�h�g�_�g�l�Z�f�b�� �21 �•�� �22���� �Z�� �û�� � �� �������� �k�f-1 �± �f�•�`��

�d�h�f�i�h�g�_�g�l�Z�f�b���21 �•���23. 
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AF - 77K : 0 - 1200 ps 
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6. TRES(0ps) - TRES(300ps) x 0.71

(563 nm)
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AF - 77K : 0 - 14.85 ns 
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e-1.65 / 3.5= 0.62(568 nm)
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�J�b�k. 6.1. �G�h�j�f�h�\�Z�g�b�c���7�5�(�6 �k�i�_�d�l�j���^�e�y���\�h�^�g�h�]�h���j�h�a�q�b�g�m���$�)���i�j�b���������D���i�j�b���Wd = 0-
1200 �i�k ���D�����l�Z�����±�������������g�k ���E�������>�b�n�_�j�_�g�p�•�Z�e�v�g�•���7�5�(�6���\�•�^�i�h�\�•�^�Z�x�l�v���r�\�b�^�d�•�c�����21�����l�Z��

�i�j�h�f�•�`�g�•�c�����22�����k�i�_�d�l�j�Z�e�v�g�b�f���d�h�f�i�h�g�_�g�l�Z�f�����l�Z�[�e����6.1).  
���Z�����R�\�b�^�d�Z���d�h�f�i�h�g�_�g�l�Z�����d�j�b�\�Z�����������h�l�j�b�f�Z�g�Z���r�e�y�o�h�f���\�•�^�g�•�f�Z�g�g�y���\�•�^���g�m�e�v�h�\�h�€��

�a�Z�l�j�b�f�d�b�����d�j�b�\�Z���������k�i�_�d�l�j�m���a�Z�l�j�b�f�d�b�����������S�V�����d�j�b�\�Z�����������g�h�j�f�h�\�Z�g�h�]�h���^�h���k�m�f�b���.i 
�^�e�y���22 �•���23����������������������������� ���������������l�Z�[�e�b�p�y��6.1).  

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

 
�:�g�Z�e�•�a���7�5�(�6���^�e�y���$�)���a���6�'�6���k�i�j�h�s�m�}�l�v�k�y���a�Z�\�^�y�d�b���g�Z�y�\�g�h�k�l�•���^�\�h�o���d�h�f�i�h�g�_�g�l��

�q�Z�k�•�\�� �`�b�l�l�y�� �� �•�� �^�m�`�_�� �g�_�\�_�e�b�d�•�c �a�f�•�g�• �f�•�`�� �r�\�b�^�d�b�f�b�� ���21���� �l�Z�� �i�h�\�•�e�v�g�b�f�b�� ���22) 

�k�i�_�d�l�j�Z�e�v�g�b�f�b���d�h�f�i�h�g�_�g�l�Z�f�b�����<�_�e�b�q�b�g�Z����max
FL �r�\�b�^�d�h�€���k�i�_�d�l�j�Z�e�v�g�h�€���k�d�e�Z�^�h�\�h�€��

���21 = 200�±600 �i�k�����k�l�Z�g�h�\�b�l�v���������������k�f�±1 �����������g�f�������l�h�^�•���y�d���i�h�\�•�e�v�g�b�c���k�i�_�d�l�j���7�5�(�6��

���22 = 2,0�±3,0 �g�k���� �f�Z�}�� �i�•�d�� �i�j�b�� ������������ �k�f�±1 ���������� �g�f������ �K�e�•�^�� �a�Z�a�g�Z�q�b�l�b���� �s�h�� �i�•�d��

�i�h�\�•�e�v�g�h�€�� �d�h�f�i�h�g�_�g�l�b�� �i�j�Z�d�l�b�q�g�h�� �g�_�� �a�f�•�s�m�}�l�v�k�y�� �a�•�� �a�f�•�g�h�x��td���� �J�•�a�g�b�p�y�� �a�k�m�\�•�\��

�K�l�h�d�k�Z���û��� �����������k�f-1�����y�d�Z�����g�Z���^�h�^�Z�q�m���^�h���l�h�]�h�����s�h���22 = 2�±3 �g�k �}���l�h�x���`���a�Z���i�h�j�y�^�d�h�f��

�\�_�e�b�q�b�g�b�� ���l�Z�[�e����6.1������ �l�Z�d�h�`�� �i�•�^�l�\�_�j�^�`�m�}�� �g�Z�r�_�� �k�i�•�\�\�•�^�g�_�k�_�g�g�y�� �i�h�\�•�e�v�g�h�€ ���22) 

�k�i�_�d�l�j�Z�e�v�g�h�€ �d�h�f�i�h�g�_�g�l�b �m �d�h�f�i�h�a�b�l�•���$�)���•�a���6�'�6���l�Z���i�j�h�f�•�`�g�h�€�����22�����k�i�_�d�l�j�Z�e�v�g�h�€��

�d�h�f�i�h�g�_�g�l�b�� �\�� �q�b�k�l�h�f�m�� �$�)�� �h�^�g�h�f�m�� �•�� �l�h�f�m�� �`�� �r�e�y�o�m�� �j�_�e�Z�d�k�Z�p�•�€���� �L�Z�d�b�f�� �q�b�g�h�f����

�Z�g�Z�e�•�a�� �7�5�(�6�� �^�e�y�� �g�b�a�v�d�h�l�_�f�i�_�j�Z�l�m�j�g�b�o�� �\�b�f�•�j�x�\�Z�g�v�� �^�h�i�h�\�g�x�}�� �j�_�a�m�e�v�l�Z�l�b��
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�a�Z�l�m�o�Z�g�g�y�� �n�e�m�h�j�_�k�p�_�g�p�•�€���� �s�h�� �i�h�d�Z�a�Z�e�b�� �l�j�b�� �j�Z�^�•�Z�p�•�c�g�•�� �r�e�y�o�b�� �j�_�e�Z�d�k�Z�p�•�€��

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

�g�_�i�h�e�y�j�g�•�c���h�[�h�e�h�g�p�•���f�•�p�_�e���6�'�6�� 

�:�g�Z�e�•�a�� �q�Z�k�•�\�� �`�b�l�l�y�� �l�Z�� �k�i�_�d�l�j�•�\ �7�5�(�6�� �^�e�y�� �f�h�e�_�d�m�e�b�� �$�)�� �^�h�a�\�h�e�y�}��

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

�I�j�h�i�h�g�h�\�Z�g�Z�� �_�g�_�j�]�_�l�b�q�g�Z�� �^�•�Z�]�j�Z�f�Z�� �g�_�� �\�•�^�h�[�j�Z�`�Z�}�� �m�k�•�o�� �n�h�l�h�g�g�b�o�� �i�j�h�p�_�k�•�\�� �m 

�f�h�e�_�d�m�e�•���� �Z�e�_�� �^�Z�}�� �\�k�_�[�•�q�g�b�c�� �h�]�e�y�^�� �n�e�x�h�j�_�k�p�_�g�l�g�b�o�� �r�e�y�o�•�\�� �j�_�e�Z�d�k�Z�p�•�€�� �\��

�p�•�Z�g�•�g�h�\�b�o�� �[�Z�j�\�g�b�d�Z�o�� ���j�b�k����6.2������ �I�•�k�e�y�� �i�h�]�e�b�g�Z�g�g�y�� �k�\�•�l�e�Z�� �a�� �^�h�k�l�Z�l�g�v�h�� �\�b�k�h�d�h�x��

�_�g�_�j�]�•�}�x�� �^�m�`�_�� �r�\�b�^�d�Z�� �k�m�[�i�•�d�h�k�_�d�m�g�^�g�Z�� �d�h�e�b�\�Z�e�v�g�Z�� �j�_�e�Z�d�k�Z�p�•�y�� �\�b�g�b�d�Z�}�� �a��

�g�Z�c�g�b�`�q�h�]�h�� �g�_�j�•�\�g�h�\�Z�`�g�h�]�h�� �)�&�� �a�[�m�^�`�_�g�h�]�h�� �k�l�Z�g�m�� �a�� �_�g�_�j�]�•�}�x�� �?+
FC ���i�m�g�d�l�b�j�g�Z��

�d�j�b�\�Z�� �y�\�e�y�}�� �k�h�[�h�x�� �?+
FC �i�•�^�� �\�i�e�b�\�h�f�� �a�Z�f�h�j�h�`�_�g�h�€�� �k�h�e�v�\�Z�l�g�h�€�� �h�[�h�e�h�g�d�b�� �i�j�b��

�g�b�a�v�d�•�c�� �l�_�f�i�_�j�Z�l�m�j�•���� �g�Z�i�j�b�d�e�Z�^���� ������ �D�� ���� �K�l�Z�g�� �?+
FC �o�Z�j�Z�d�l�_�j�b�a�m�}�� �•�^�_�Z�e�v�g�m��

�i�h�e�•�f�_�l�b�g�h�\�m���k�l�j�m�d�l�m�j�m���f�h�e�_�d�m�e�b�����M���k�i�_�d�l�j�Z�o���7�5�(�6���i�_�j�_�o�•�^���\�•�^���n�e�m�h�j�_�k�p�_�g�p�•�€��

�a�� �?+
FC �f�Z�}�� �i�h�e�h�`�_�g�g�y�� �d�h�j�h�l�d�h�o�\�b�e�v�h�\�h�]�h�� �i�•�d�m�� �l�Z�� �q�Z�k�� �`�b�l�l�y���� �s�h�� �\�•�^�i�h�\�•�^�Z�}��

�r�\�b�^�d�•�c���d�h�f�i�h�g�_�g�l�•���a���21 (30-600 ps). 

�W
3
 = 3.5 - 10 �g�k
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�J�b�k����6.2�����?�g�_�j�]�_�l�b�q�g�Z���^�•�Z�]�j�Z�f�Z���j�_�e�Z�d�k�Z�p�•�c�g�b�o���r�e�y�o�•�\���n�e�m�h�j�_�k�p�_�g�l�g�b�o��
�a�[�m�^�`�_�g�b�o���k�l�Z�g�•�\���a���j�•�a�g�b�f�b���2i. E0 �± �h�k�g�h�\�g�b�c���k�l�Z�g�����?+

FC �± �g�_�j�•�\�g�h�\�Z�`�g�b�c���)�&��
�a�[�m�^�`�_�g�b�c���k�l�Z�g�����?+

FC �± �a�[�m�^�`�_�g�b�c���k�b�f�_�l�j�b�q�g�b�c���k�l�Z�g���j�•�\�g�h�\�Z�]�b����E��
PM �l�Z��E��

DA - 
�a�[�m�^�`�_�g�•���k�l�Z�g�b���a���i�h�j�m�r�_�g�h�x���k�b�f�_�l�j�•�}�x���i�h�e�•�f�_�l�b�g�h�\�h�€���l�Z���^�h�g�h�j�g�h-�Z�d�p�_�i�l�h�j�g�h�€��

�i�h�e�•�}�g�h�\�h�€���i�j�b�j�h�^�b�����\�•�^�i�h�\�•�^�g�h�� 
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�H�d�j�•�f�� �n�e�m�h�j�_�k�p�_�g�p�•�€�� �a�� �g�_�j�•�\�g�h�\�Z�`�g�h�]�h�� �k�l�Z�g�m�� �?+
FC �a�� �g�Z�c�d�h�j�h�l�r�b�f�� �q�Z�k�h�f��

�`�b�l�l�y���� �a�[�m�^�`�_�g�Z�� �f�h�e�_�d�m�e�Z�� �$�)�� �j�_�e�Z�d�k�m�}�� �^�h�� �g�Z�c�g�b�`�q�h�]�h�� �j�•�\�g�h�\�Z�`�g�h�]�h��

�a�[�m�^�`�_�g�h�]�h�� �k�l�Z�g�m�� �?+
R �a�� �•�^�_�Z�e�v�g�h�x�� �i�h�e�•�f�_�l�b�g�h�\�h�x�� �k�l�j�m�d�l�m�j�h�x�� ���j�b�k����6.2). 

�N�e�m�h�j�_�k�p�_�g�p�•�y�� �a�• �a�[�m�^�`�_�g�h�]�h�� �k�l�Z�g�m�� �(+
R �a�� �_�g�_�j�]�•�}�x�� �(R �^�m�`�_�� �q�m�l�e�b�\�Z�� �^�h��

�i�h�e�y�j�g�h�k�l�•�� �j�h�a�q�b�g�g�b�d�Z���� �M�� �g�_�i�h�e�y�j�g�h�f�m�� �k�_�j�_�^�h�\�b�s�•���� �l�Z�d�h�f�m�� �y�d�� �$�)���� �i�h�d�j�b�l�•��

�h�[�h�e�h�g�d�h�x���f�•�p�_�e���6�'�6�����j�_�e�Z�d�k�Z�p�•�y���a���p�v�h�]�h���k�l�Z�g�m���\�•�^�[�m�\�Z�}�l�v�k�y���a���q�Z�k�h�f���`�b�l�l�y���2+
2 �\��

�•�g�l�_�j�\�Z�e�•�� ��-3 �g�k���� �D�j�•�f�� �l�h�]�h���� �p�_�c�� �i�_�j�_�o�•�^�� �o�Z�j�Z�d�l�_�j�b�a�m�}�l�v�k�y�� �y�d�� �i�j�h�f�•�`�g�b�c��

�k�i�_�d�l�j�Z�e�v�g�b�c�� �d�h�f�i�h�g�_�g�l���� �s�h�� �f�Z�}�� �f�Z�d�k�b�f�m�f�� �[�e�b�a�v�d�h�� �������� �g�f���� �s�h�� �i�j�Z�d�l�b�q�g�h �g�_��

�a�f�•�g�x�}�l�v�k�y���i�j�b���a�f�•�g�•��td �m���\�b�f�•�j�Z�o���7�5�(�6�����D�j�•�f���l�h�]�h�����p�y���k�f�m�]�Z���o�Z�j�Z�d�l�_�j�g�Z���^�e�y���\�k�•�o��

�7�5�(�6���g�_�a�Z�e�_�`�g�h���\�•�^���i�h�e�y�j�g�h�k�l�•���k�_�j�_�^�h�\�b�s�Z�� 

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

�k�b�f�_�l�j�•�€���� �•���� �h�l�`�_���� �a�[�m�^�`�_�g�Z�� �f�h�e�_�d�m�e�Z�� �$�)�� �•�a�� �•�^�_�Z�e�v�g�h�x�� �i�h�e�•�f�_�l�b�g�h�\�h�x��

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

�a�Z�j�y�^�m�� �\�a�^�h�\�`�� �i�h�e�•�f�_�l�b�g�h�\�h�]�h�� �e�Z�g�p�x�]�Z�� �± E��
PM �l�Z��E��

DA ���j�b�k����6.2������ �M�� �\�b�i�Z�^�d�m��

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

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

�\�•�^�[�m�\�Z�}�l�v�k�y�� �\�� �i�h�e�•�f�_�l�b�g�h�\�h�f�m�� �e�Z�g�p�x�a�•���� �I�_�j�_�o�h�^�b�� �\�•�^�� �(��
PM �o�Z�j�Z�d�l�_�j�b�a�m�x�l�v�k�y��

�q�Z�k�h�f�� �n�e�m�h�j�_�k�p�_�g�p�•�€�� �2-
2 �l�Z�� �i�j�h�f�•�`�g�h�x �k�i�_�d�l�j�Z�e�v�g�h�x�� �d�h�f�i�h�g�_�g�l�h�x�� ���j�b�k���� ���[������

�K�e�•�^���a�Z�a�g�Z�q�b�l�b�����s�h���2-
2 �^�e�y���i�h�e�y�j�g�h�]�h���k�_�j�_�^�h�\�b�s�Z���\�h�^�b���d�h�e�b�\�Z�}�l�v�k�y���\��������-2,0 �g�k 

���l�Z�[�e����6.1�������s�h���l�j�h�o�b���r�\�b�^�r�_�����g�•�`���^�e�y���g�_�i�h�e�y�j�g�h�]�h�����2+
2�������>�e�y���7�5�(�6���k�i�_�d�l�j�b��td, 

�s�h���i�h�d�Z�a�m�}���q�_�j�\�h�g�b�c���a�k�m�\���f�Z�d�k�b�f�m�f�m���7�5�(�6���a�•���a�[�•�e�v�r�_�g�g�y�f��td�����A�Z�e�_�`�g�•�k�l�v���7�5�(�6��

�\�•�^�� �Wd �i�h�y�k�g�x�}�l�v�k�y�� �j�•�a�g�h�f�Z�g�•�l�g�b�f�b�� �g�_�k�b�f�_�l�j�b�q�g�b�f�b�� �j�h�a�i�h�^�•�e�Z�f�b�� �a�Z�j�y�^�•�\��

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

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

�a�� �h�^�g�b�f�� �Œ-�p�_�g�l�j�h�f�� ���Z�f�•�g�h�]�j�m�i�Z���� �1�+2). �M�� �f�h�e�_�d�m�e�•�� �$�)���� �s�h�� �f�•�k�l�b�l�v�� �k�d�e�Z�^�g�•��

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

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

�j�h�a�l�Z�r�h�\�Z�g�b�c�� �\�k�_�j�_�^�b�g�•�� �h�^�g�h�]�h�� �a�� �l�_�j�f�•�g�Z�e�v�g�b�o�� �•�g�^�h�e�v�g�b�o�� �a�Z�e�b�r�d�•�\���� �L�Z�d�b�f��

�q�b�g�h�f���� �f�h�e�_�d�m�e�Z�� �$�)�� �l�j�Z�g�k�n�h�j�f�m�}�l�v�k�y�� �a�� �i�h�e�•�f�_�l�b�g�h�\�h�€�� �k�l�j�m�d�l�m�j�b�� �•�a��
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�k�b�f�_�l�j�b�q�g�b�f�� �j�h�a�i�h�^�•�e�h�f�� �a�Z�j�y�^�m�� ���?+
R���� �Z�[�h�� �g�_�•�^�_�Z�e�v�g�h�x�� �i�h�e�•�f�_�l�b�g�h�\�h�x��

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

�f�h�e�_�d�m�e�m�� �a�� �e�h�d�Z�e�•�a�Z�p�•�}�x�� �a�Z�j�y�^�m�� �g�Z�� �h�^�g�h�f�m�� �a�� �Z�l�h�f�•�\�� �Z�a�h�l�m�� �l�_�j�f�•�g�Z�e�v�g�b�o�� �]�j�m�i��

(E��
DA������ �Q�_�j�_�a�� �e�h�d�Z�e�•�a�Z�p�•�x�� �i�h�a�b�l�b�\�g�h�]�h�� �a�Z�j�y�^�m�� �g�Z�� �Z�l�h�f�•�� �Z�a�h�l�m�� �f�h�e�_�d�m�e�b�� �p�•�Z�g�•�g�m��

�\�•�^�[�m�\�Z�}�l�v�k�y�� �i�_�j�_�o�•�^�� �\�•�^�� �i�h�e�•�f�_�l�b�g�m�� �^�h�� �f�h�e�_�d�m�e�y�j�g�h�€�� �k�l�j�m�d�l�m�j�b�� �^�h�g�h�j�g�h-

�Z�d�p�_�i�l�h�j�g�h�]�h���i�h�e�•�}�g�m���a���^�h�\�]�b�f���n�e�m�h�j�_�k�p�_�g�l�g�b�f���q�Z�k�h�f���`�b�l�l�y�����23�������o�Z�j�Z�d�l�_�j�g�b�f��

�^�e�y�� �q�b�k�l�h�]�h�� �$�)�� �e�b�r�_�� �m�� �\�h�^�g�h�f�m�� �k�_�j�_�^�h�\�b�s�•���� �L�Z�d�b�f�� �q�b�g�h�f���� �\�g�_�k�h�d��

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

�h�l�h�q�m�x�q�h�]�h���k�_�j�_�^�h�\�b�s�Z�� 

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

�y�d���p�_���g�_�f�h�`�e�b�\�h���i�j�b���g�b�a�v�d�•�c���l�_�f�i�_�j�Z�l�m�j�•���l�Z���\���`�h�j�k�l�d�•�c���f�Z�l�j�b�p�•���y�d�����&�%����

�M �p�v�h�f�m���\�b�i�Z�^�d�m���f�b���\�\�Z�`�Z�}�f�h�����s�h���i�j�b���\�•�^�g�h�k�g�h���g�b�a�v�d�b�o���d�h�g�n�h�j�f�Z�p�•�c�g�b�o��

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

�k�b�f�_�l�j�b�q�g�Z�� �d�h�f�i�h�g�_�g�l�Z���n�e�m�h�j�_�k�p�_�g�p�•�€�� �$�)���� �€�€�� �q�Z�k�� �`�b�l�l�y�� �k�l�Z�g�h�\�b�l�v�� �\�•�^�� ������

�^�h�� ���������i�k �a�Z�e�_�`�g�h���\�•�^�� �k�_�j�_�^�h�\�b�s�Z���� �s�h�� �h�l�h�q�m�}�� �f�h�e�_�d�m�e�m�� �$�)���� �I�•�k�e�y�� �p�v�h�]�h��

�`�h�^�g�•�� �g�_�k�b�f�_�l�j�b�q�g�•�� �d�h�f�i�h�g�_�g�l�b�� �g�_�� �i�h�\�b�g�g�•�� �a�¶�y�\�e�y�l�b�k�y�� �q�_�j�_�a�� �g�Z�^�f�•�j�g�h��

�g�b�a�v�d�b�c�� �d�h�g�n�h�j�f�Z�p�•�c�g�b�c�� �[�Z�j�¶�}�j�� �g�Z�\�d�h�e�h�� �i�h�^�h�\�`�_�g�h�]�h�� �\�m�]�e�_�p�v-

�\�m�]�e�_�p�_�\�h�]�h�� �a�\�¶�y�a�d�m�� �\�� �e�Z�g�p�x�a�•���� �l�Z�d�b�f�� �q�b�g�h�f�� �\�h�g�b�� �f�h�`�m�l�v�� �r�\�b�^�d�h��

�i�_�j�_�l�\�h�j�x�\�Z�l�b�k�y���m �[�_�a�\�b�i�j�h�f�•�g�x�\�Z�e�v�g�•���n�h�j�f�b�� 

�x �I�j�b�� �g�b�a�v�d�•�c�� �l�_�f�i�_�j�Z�l�m�j�•�� �d�h�g�n�h�j�f�Z�p�•�c�g�•�� �i�_�j�_�l�\�h�j�_�g�g�y�� �h�[�f�_�`�_�g�•���� �h�l�`�_����

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

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

�r�e�y�o�•�\�� �l�h�[�l�h���i�j�h�y�\�e�y�}���k�_�[�_���m���j�•�a�g�b�o���n�e�m�h�j�_�k�p�_�g�p�•�c�g�b�o���k�i�_�d�l�j�Z�o���•���q�Z�k�Z�o��

�`�b�l�l�y���� �>�•�c�k�g�h���� �i�j�b�� �g�b�a�v�d�•�c�� �l�_�f�i�_�j�Z�l�m�j�•�� �f�b�� �k�i�h�k�l�_�j�•�]�Z�e�b�� �a�[�•�e�v�r�_�g�g�y��

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

�^�h�^�Z�l�d�h�\�•���i�h�\�•�e�v�g�•���d�h�f�i�h�g�_�g�l�b���n�e�m�h�j�_�k�p�_�g�p�•�€���•�a���q�Z�k�Z�f�b���`�b�l�l�y�����22 = 1,5 �± 

3,0 �g�k �•���23 = 3,5 �± 10 �g�k�����i�h�j�•�\�g�y�g�h���a���\�b�f�•�j�Z�f�b���i�j�b���d�•�f�g�Z�l�g�•�c���l�_�f�i�_�j�Z�l�m�j�•��

���j�b�k����6.1���� �l�Z�[�e����6.1������ �Y�d�� �g�Z�k�e�•�^�h�d�� �^�_�l�Z�e�v�g�h�]�h�� �Z�g�Z�e�•�a�m�� �7�5�(�6���� �\�b�^�g�h���� �s�h�� �\��

�a�[�m�^�`�_�g�h�f�m�� �k�l�Z�g�•�� �•�k�g�m�}�� �g�_�� �^�\�•�� �n�h�j�f�b���� �Z�� �l�j�b�� �j�h�a�j�•�a�g�_�g�•�� �n�h�j�f�b�� �a�� �j�•�a�g�b�f�b��

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



134 
 

�n�e�m�h�j�_�k�p�_�g�l�g�m�� �j�_�e�Z�d�k�Z�p�•�x���� �L�Z�d�b�f�� �q�b�g�h�f���� �i�h�j�•�\�g�y�e�v�g�b�c�� �Z�g�Z�e�•�a�� �7�5�(�6�� �l�Z��

�d�\�Z�g�l�h�\�h-�o�•�f�•�q�g�_�� �f�h�^�_�e�x�\�Z�g�g�y�� �i�h�d�Z�a�m�x�l�v���� �s�h�� �\�� �a�[�m�^�`�_�g�h�f�m�� �k�l�Z�g�•�� �$�)�� �}��

�l�j�b���d�h�f�i�h�g�_�g�l�b���m���\�h�^�g�h�f�m���j�h�a�q�b�g�•���i�j�b���g�b�a�v�d�•�c���l�_�f�i�_�j�Z�l�m�j�•�����s�h���\�d�Z�a�m�}���g�Z��

�l�j�b���r�e�y�o�b���j�Z�^�•�Z�p�•�c�g�h�€���j�_�e�Z�d�k�Z�p�•�€�����<�k�•���l�j�b���n�h�j�f�b�����h�^�g�Z���k�b�f�_�l�j�b�q�g�Z���l�Z���^�\�•��

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

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

�h�k�h�[�e�b�\�h�k�l�•�� �_�e�_�d�l�j�h�g�g�h�€�� �k�l�j�m�d�l�m�j�b�� �p�b�o�� �l�j�v�h�o�� �f�h�`�e�b�\�b�o�� �d�h�f�i�h�g�_�g�l��

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

�d�h�f�i�h�g�_�g�l�Z���r�e�y�o�m�����\�d�e�x�q�Z�x�q�b���d�\�Z�g�l�h�\�h-�o�•�f�•�q�g�_���f�h�^�_�e�x�\�Z�g�g�y�� 

�x �‡�� �L���� �K�b�f�_�l�j�b�q�g�Z�� �n�h�j�f�Z���� �K�m�f�Z�j�g�b�c�� �i�h�a�b�l�b�\�g�b�c�� �a�Z�j�y�^�� �$�)�� �^�_�e�h�d�Z�e�•�a�m�}�l�v�k�y��

�]�h�e�h�\�g�b�f�� �q�b�g�h�f�� �g�Z�� �i�h�e�•�f�_�l�b�g�h�\�h�f�m�� �e�Z�g�p�x�a�•���� �\�•�g�� �i�h�j�h�^�`�m�}�� �o�\�b�e�x��

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

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

�k�i�j�y�f�h�\�Z�g�•�� �i�_�j�i�_�g�^�b�d�m�e�y�j�g�h�� �o�j�h�f�h�n�h�j�m���� �H�[�b�^�\�•�� �L�=�� �k�e�•�^�� �j�h�a�]�e�y�^�Z�l�b�� �y�d��

�a�Z�e�b�r�d�b�� �^�h�g�h�j�•�\�� �q�_�j�_�a�� �h�^�b�g�h�q�g�m�� �_�e�_�d�l�j�h�g�g�m�� �i�Z�j�m�� �g�Z�� �Z�l�h�f�•�� �Z�a�h�l�m����

�>�h�\�`�b�g�b�� �a�\�¶�y�a�d�•�\�� �a�j�•�\�g�x�x�l�v�k�y�� �a�• �g�_�a�g�Z�q�g�b�f�� �q�_�j�]�m�\�Z�g�g�y�f�� �c�h�]�h�� �a�g�Z�q�_�g�g�y��

�\�•�^�� �p�_�g�l�j�m�� �e�Z�g�p�x�]�Z�� �^�h�� �L�=. �F�b�� �i�j�h�i�h�g�m�}�f�h�� �g�Z�a�\�Z�l�b�� �p�x�� �n�h�j�f�m�� �y�d��

�k�b�f�_�l�j�b�q�g�b�c���i�h�e�•�f�_�l�b�g�h�\�b�c���k�l�Z�g�����R�\�b�^�d�b�c �q�Z�k���`�b�l�l�y�����21 = 150�±600 gc�����•��

�d�h�j�h�l�d�h�o�\�b�e�v�h�\�Z���d�h�f�i�h�g�_�g�l�Z���7�5�(�6���\�•�^�i�h�\�•�^�Z�x�l�v���p�v�h�f�m���k�l�Z�g�m�� 

�‡�� �•�•���� �g�_�k�b�f�_�l�j�b�q�g�Z�� �n�h�j�f�Z�� ������ �A�Z�]�Z�e�v�g�b�c�� �i�h�a�b�l�b�\�g�b�c�� �a�Z�j�y�^�� �l�Z�d�h�`��

�^�_�e�h�d�Z�e�•�a�m�}�l�v�k�y���� �\-�h�k�g�h�\�g�h�f�m���� �g�Z�� �i�h�e�•�f�_�l�b�g�h�\�h�f�m�� �e�Z�g�p�x�a�•���� �Z�e�_�� �j�h�a�i�h�^�•�e��

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

�a�f�•�s�_�g�•�� �•�� �l�j�h�o�b�� �[�•�e�v�r�•���� �g�•�`�� �m�� �k�b�f�_�l�j�b�q�g�•�c�� �n�h�j�f�•���� �>�h�\�`�b�g�b�� �a�\�¶�y�a�d�•�\��

�a�Z�e�b�r�Z�x�l�v�k�y�� �\�b�j�•�\�g�y�g�b�f�b. �I�j�h�i�h�g�m�}�l�v�k�y �g�Z�a�b�\�Z�l�b�� �p�x�� �n�h�j�f�m��

�g�_�k�b�f�_�l�j�b�q�g�b�f�� �i�h�e�•�f�_�l�b�g�h�\�b�f�� �k�l�Z�g�h�f���� �I�j�h�f�•�`�g�Z�� �l�j�b�\�Z�e�•�k�l�v�� �`�b�l�l�y�� ���22 = 

1,5 �± ���������g�k�����•���k�_�j�_�^�g�•�c���q�_�j�\�h�g�b�c���a�k�m�\���i�•�d�•�\���n�e�m�h�j�_�k�p�_�g�p�•�€���\�•�^�g�h�k�y�l�v�k�y���^�h��

�\�b�s�_�a�]�Z�^�Z�g�h�€���n�h�j�f�b�� 

�‡�� �L�L�L���� �g�_�k�b�f�_�l�j�b�q�g�Z�� �n�h�j�f�Z�� ������ �I�h�a�b�l�b�\�g�b�c�� �a�Z�j�y�^�� �e�h�d�Z�e�•�a�m�}�l�v�k�y�� �m�� �f�_�`�Z�o��

�h�^�g�h�€�� �a�� �L�=���� �p�_�� �o�•�f�•�q�g�h�� �i�j�_�^�k�l�Z�\�e�_�g�h�� �n�h�j�f�m�e�h�x�� �a�� �a�g�Z�d�h�f�� �i�e�x�k�� �g�Z�� �Z�l�h�f�•��

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

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

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

�e�Z�g�p�x�]�Z���� �S�h�� �k�l�h�k�m�}�l�v�k�y�� �^�b�i�h�e�v�g�h�]�h�� �f�h�f�_�g�l�m�� �k�l�Z�g�m���� �l�h�� �c�h�]�h�� �g�Z�i�j�y�f�h�d��

�a�[�•�]�Z�}�l�v�k�y�� �a�� �\�•�k�k�x�� �e�Z�g�p�x�]�Z���� �I�j�h�i�h�g�m�}�l�v�k�y �g�Z�a�\�Z�l�b�� �p�x�� �n�h�j�f�m�� �^�h�g�h�j�g�h-

�Z�d�p�_�i�l�h�j�g�b�f�� �i�h�e�•�}�g�h�\�b�f�� �k�l�Z�g�h�f���� �O�Z�j�Z�d�l�_�j�g�b�f�b�� �j�b�k�Z�f�b�� �p�v�h�]�h�� �k�l�Z�g�m�� �}��

�i�h�\�•�e�v�g�b�c���q�Z�k���`�b�l�l�y�����23 = 3,5 �± �������g�k�������l�Z���i�•�d�b���7�5�(�6���a���k�b�e�v�g�b�f���q�_�j�\�h�g�b�f��

�a�k�m�\�h�f�� 

�;�•�e�v�r�_�� �l�h�]�h���� �f�b�� �f�Z�}�f�h�� �k�l�Z�g�� �a�� �^�h�g�h�j�g�h-�Z�d�p�_�i�l�h�j�g�b�f�b�� �\�e�Z�k�l�b�\�h�k�l�y�f�b���� �y�d��

�Z�g�Z�e�h�]�� �f�_�j�h�p�•�Z�g�•�g�•�\�� �l�Z�� �\�b�i�j�h�f�•�g�x�\�Z�g�g�y�� �a�� �q�Z�k�h�f�� �`�b�l�l�y�� �������±10 �g�k���� �l�h�^�•�� �y�d��

�g�_�k�b�f�_�l�j�b�q�g�b�c���i�h�e�•�f�_�l�b�g�h�\�b�c���k�l�Z�g���\�•�^�i�h�\�•�^�Z�}���i�j�h�f�•�`�g�b�f���q�Z�k�Z�f���`�b�l�l�y���\���f�_�`�Z�o��

1,5 �± 3,0 �g�k���� �F�b�� �o�h�l�•�e�b�� �[�� �i�•�^�d�j�_�k�e�b�l�b���� �s�h�� �^�h�g�h�j�g�h-�Z�d�p�_�i�l�h�j�g�b�c�� �i�h�e�•�}�g�h�\�b�c��

�k�l�Z�g�� �}�� �g�Z�^�a�\�b�q�Z�c�g�h�� �q�m�l�e�b�\�b�c�� �^�h�� �i�h�e�y�j�g�h�k�l�•�� �j�h�a�q�b�g�g�b�d�Z���� �F�h�e�_�d�m�e�b�� �$�)�� �m��

�f�•�p�_�e�Z�o�����&�%���Z�[�h���6�'�6���g�_���f�Z�x�l�v���d�h�f�i�h�g�_�g�l�b���\�_�e�b�d�h�]�h���q�Z�k�m���`�b�l�l�y�����l�Z�[�e����6.1�������s�h��

�i�h�y�k�g�x�}�l�v�k�y�� �a�g�Z�q�g�h�� �g�b�`�q�h�x�� �i�h�e�y�j�g�•�k�l�x�� �e�h�d�Z�e�v�g�h�]�h�� �k�_�j�_�^�h�\�b�s�Z�� �g�Z�\�d�h�e�h�� �$�)��

�i�h�j�•�\�g�y�g�h �a�� �\�b�k�h�d�h�i�h�e�y�j�g�b�f�� �\�h�^�g�b�f�� �k�_�j�_�^�h�\�b�s�_�f���� �M�� �f�_�g�r�� �i�h�e�y�j�g�h�f�m��

�k�_�j�_�^�h�\�b�s�•�� �f�•�p�_�e�� ���&�%�� �Z�[�h�� �6�'�6�� �Z�l�h�f�b�� �Z�a�h�l�m�� �g�_�� �[�_�j�m�l�v�� �m�q�Z�k�l�•�� �\�� �q�_�j�]�m�\�Z�g�g�•��

�a�Z�j�y�^�•�\�� �i�j�b�� �a�[�m�^�`�_�g�g�•�� �i�h�e�•�f�_�l�b�g�h�\�h�]�h�� �e�Z�g�p�x�]�Z���� �Z�� �n�h�j�f�m�\�Z�g�g�y�� �^�h�g�h�j�g�h-

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

 

 
�J�b�k�� 6.3. �G�Z�y�\�g�•�k�l�v���l�j�v�h�o���j�_�e�Z�d�k�Z�p�•�c�g�b�o���r�e�y�o�•�\���^�e�y���k�b�f�_�l�j�b�q�g�b�o��

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

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

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

�k�b�f�_�l�j�•�€�� �^�e�y�� �_�e�_�d�l�j�h�g�g�h�€�� �k�l�j�m�d�l�m�j�b�� �l�Z�� �^�\�h�o�� �g�_�k�b�f�_�l�j�b�q�g�b�o�� �r�e�y�o�•�\�� �•�a�� �j�•�a�g�b�f�b��

�i�h�j�m�r�_�g�g�y�f�b�� �k�b�f�_�l�j�•�€���� �I�_�j�r�b�c�� �g�_�k�b�f�_�l�j�b�q�g�b�c�� �f�_�o�Z�g�•�a�f�� �i�j�b�\�h�^�b�l�v�� �^�h��

�i�h�e�•�f�_�l�b�g�h�\�h�]�h���k�l�Z�g�m�����Z���^�j�m�]�b�c�� �± �^�h���^�h�g�h�j�g�h-�Z�d�p�_�i�l�h�j�g�h�]�h���i�h�e�•�}�g�h�\�h�]�h���k�l�Z�g�m����

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

�q�Z�k�h�j�h�a�^�•�e�_�g�h�€�� �n�e�m�h�j�_�k�p�_�g�l�g�h�€�� �k�i�_�d�l�j�h�k�d�h�i�•�€�� �i�j�b�� �g�b�a�v�d�b�o�� �l�_�f�i�_�j�Z�l�m�j�Z�o�� �m��

�i�h�e�y�j�g�h�f�m�� �k�_�j�_�^�h�\�b�s�•���� �N�e�m�h�j�_�k�p�_�g�l�g�•�� �r�e�y�o�b�� �\�•�^�j�•�a�g�y�x�l�v�k�y�� �a�Z�� �€�o�� �l�j�b�\�Z�e�•�k�l�x��

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

�`�h�j�k�l�d�h�k�l�•�� �l�Z�� �i�h�e�y�j�g�h�k�l�•�� �g�Z�\�d�h�e�b�r�g�v�h�]�h�� �k�_�j�_�^�h�\�b�s�Z���� �>�h�k�e�•�^�`�_�g�g�y���� �h�i�b�k�Z�g�•��

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

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

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

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

�i�j�h�^�h�\�`�m�\�Z�l�b�� �p�•�� �^�h�k�e�•�^�`�_�g�g�y���� �A�Z�]�Z�e�h�f���� �h�l�j�b�f�Z�g�•�� �j�_�a�m�e�v�l�Z�l�b�� �a�Z�[�_�a�i�_�q�m�x�l�v��

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

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

�f�h�e�_�d�m�e�y�j�g�b�o���k�_�g�k�h�j�•�\�����a�h�d�j�_�f�Z�����a�h�[�j�Z�`�_�g�v���n�e�m�h�j�_�k�p�_�g�l�g�h�€���j�Z�^�•�h�f�_�l�j�•�€���l�Z�������Z�[�h��

�l�j�b�\�Z�e�h�k�l�•�� �`�b�l�l�y�� ���)�/�,�0�������� �h�i�l�h�_�e�_�d�l�j�h�g�g�b�o�� �i�_�j�_�f�b�d�Z�q�•�\���� �n�h�l�h�\�h�e�v�l�Z�•�q�g�b�o��

�d�h�f�i�h�a�b�l�•�\�����f�h�e�_�d�m�e�y�j�g�b�o���j�h�l�h�j�•�\���l�h�s�h�� 

 

�I�Z�j�Z�]�j�Z�n 6.2. �I�h�j�m�r�_�g�g�y���i�j�Z�\�b�e�Z���D�Z�r�• �m���\�b�s�b�o���a�[�m�^�`�_�g�b�o���k�l�Z�g�Z�o����-

�i�•�j�b�e�h�p�•�Z�g�•�g�•�\. 

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

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

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

�n�e�m�h�j�_�k�p�_�g�p�•�x�� �a�� �g�Z�c�g�b�`�q�h�]�h�� �a�[�m�^�`�_�g�h�]�h�� �k�l�Z�g�m �l�Z�� �n�e�m�h�j�_�k�p�_�g�p�•�x�� �a�� �\�b�s�b�o��

�a�[�m�^�`�_�g�b�o�� �k�l�Z�g�•�\���� �K�l�Z�p�•�h�g�Z�j�g�Z�� �k�f�m�]�Z�� �n�e�m�h�j�_�k�p�_�g�p�•�€�� �a�� �g�Z�c�g�b�`�q�h�]�h�� �a�[�m�^�`�_�g�h�]�h��

�k�l�Z�g�m���a�f�•�s�m�}�l�v�k�y���[�Z�l�h�o�j�h�f�g�h���a���i�h�^�h�\�`�_�g�g�y�f���i�h�e�•�f�_�l�b�g�h�\�h�]�h���e�Z�g�p�x�]�Z�����s�h���l�Z�d�h�`��
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�\�•�^�h�[�j�Z�`�Z�}�l�v�k�y�� �g�Z�� �a�f�•�s�_�g�g�•�� �i�h�]�e�b�g�Z�g�g�y���� �A�]�•�^�g�h�� �a�� �d�\�Z�g�l�h�\�h-�o�•�f�•�q�g�b�f��

�f�h�^�_�e�x�\�Z�g�g�y�f�����i�h�y�\�Z���g�_�l�j�Z�^�b�p�•�c�g�h�€���n�e�m�h�j�_�k�p�_�g�p�•�€�����y�d�Z���i�j�b�]�g�•�q�m�}���i�j�Z�\�b�e�h���D�Z�r�•����

�i�h�\�¶�y�a�Z�g�Z���a���j�•�a�g�h�x���i�j�b�j�h�^�h�x���g�Z�c�g�b�`�q�b�o���a�[�m�^�`�_�g�b�o���k�l�Z�g�•�\�����i�_�j�r�b�c���l�Z���q�_�l�\�_�j�l�b�c��

�i�_�j�_�o�h�^�b���}���l�b�i�h�\�b�f�b���i�h�e�•�f�_�l�b�g�h�\�b�f�b���_�e�_�d�l�j�h�g�g�b�f�b���i�_�j�_�o�h�^�Z�f�b�����s�h���k�l�h�k�m�x�l�v�k�y��

�e�b�r�_���i�h�\�g�•�k�l�x���^�_�e�h�d�Z�e�•�a�h�\�Z�g�b�o���f�h�e�_�d�m�e�y�j�g�b�o���h�j�[�•�l�Z�e�_�c�����F�H�������l�h�^�•���y�d���^�j�m�]�b�c���l�Z��

�l�j�_�l�•�c�� �i�_�j�_�o�h�^�b�� �\�•�^�i�h�\�•�^�Z�x�l�v�� �k�l�j�b�[�d�Z�f�� �_�e�_�d�l�j�h�g�•�\�� �a���\�b�j�h�^�`�_�g�b�o�� �F�H����

�e�h�d�Z�e�•�a�h�\�Z�g�b�o���e�b�r�_���\���f�_�`�Z�o���d�•�g�p�_�\�b�o���]�j�m�i�����l�Z�d���a�\�Z�g�•���d�\�Z�a�•�e�h�d�Z�e�v�g�•���F�H���•�����h�l�`�_����

�d�\�Z�a�•�e�h�d�Z�e�v�g�•�� �i�_�j�_�o�h�^�b������ �A�Z�[�h�j�h�g�_�g�•�� �i�_�j�_�o�h�^�b�� �f�•�`�� �a�[�m�^�`�_�g�b�f�b�� �k�l�Z�g�Z�f�b�� �j�•�a�g�b�o��

�l�b�i�•�\���k�l�b�f�m�e�x�x�l�v���n�e�m�h�j�_�k�p�_�g�p�•�x���a���\�b�s�b�o���a�[�m�^�`�_�g�b�o���k�l�Z�g�•�\�� 

�A�Z�]�Z�e�v�g�h�\�•�^�h�f�h�����s�h���e�x�f�•�g�_�k�p�_�g�p�•�y���k�i�j�y�`�_�g�b�o���f�h�e�_�d�m�e���a�Z�a�\�b�q�Z�c���\�b�g�b�d�Z�}��

�a�� �g�Z�c�g�b�`�q�h�]�h�� �a�[�m�^�`�_�g�h�]�h�� �k�l�Z�g�m���� �m�a�Z�]�Z�e�v�g�_�g�g�y�� �p�v�h�]�h�� �k�i�h�k�l�_�j�_�`�_�g�g�y��

�k�n�h�j�f�m�e�v�h�\�Z�g�h���y�d���i�j�Z�\�b�e�h���D�Z�r�•���>95, 96�@�����H�^�g�Z�d���^�_�y�d�•���k�i�_�d�l�j�Z�e�v�g�•���^�h�k�e�•�^�`�_�g�g�y��

�i�h�d�Z�a�Z�e�b���� �s�h�� �a�� �p�v�h�]�h�� �i�j�Z�\�b�e�Z�� �}�� �\�b�g�y�l�d�b���� �l�h�f�m�� �^�_�y�d�•�� �h�j�]�Z�g�•�q�g�•�� �f�h�e�_�d�m�e�b�� �^�Z�x�l�v��

�\�b�i�j�h�f�•�g�x�\�Z�g�g�y�� �a�� �\�b�s�b�o�� �a�[�m�^�`�_�g�b�o�� �k�l�Z�g�•�\�� ���^�b�\������ �g�Z�i�j�b�d�e�Z�^���� �h�]�e�y�^�� �>97�@�� �l�Z��

�i�h�k�b�e�Z�g�g�y�� �\�� �g�v�h�f�m������ �L�Z�d�_�� �Z�g�h�f�Z�e�v�g�_�� �\�b�i�j�h�f�•�g�x�\�Z�g�g�y�� �i�j�h�^�h�\�`�m�}�� �i�j�b�\�_�j�l�Z�l�b��

�l�_�h�j�_�l�b�q�g�b�c�� �l�Z�� �_�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�b�c�� �•�g�l�_�j�_�k���� �;�_�a�m�f�h�\�g�h���� �\�Z�`�e�b�\�h�� �^�h�k�e�•�^�b�l�b��

�a�\�¶�y�a�h�d�� �f�•�`�� �\�b�i�j�h�f�•�g�x�\�Z�g�g�y�f�� �a�� �\�b�s�b�o�� �_�e�_�d�l�j�h�g�g�b�o�� �a�[�m�^�`�_�g�b�o�� �k�l�Z�g�•�\�� �l�Z��

�f�_�o�Z�g�•�a�f�Z�f�b���\�g�m�l�j�•�r�g�v�h�f�h�e�_�d�m�e�y�j�g�b�o���i�j�h�p�_�k�•�\���_�e�_�d�l�j�h�g�g�h�€���j�_�e�Z�d�k�Z�p�•�€�� 

�:�a�m�e�_�g�•�����l�•�h�g�b���l�Z���i�•�j�_�g�b���}���g�Z�c�[�•�e�v�r���\�•�^�h�f�b�f�b���l�b�i�h�\�b�f�b���f�h�e�_�d�m�e�Z�f�b�����y�d�•��

�f�h�`�m�l�v���i�j�h�y�\�e�y�l�b���Z�g�h�f�Z�e�v�g�m���e�x�f�•�g�_�k�p�_�g�p�•�x���a���\�b�s�b�o���a�[�m�^�`�_�g�b�o���k�l�Z�g�•�\�����i�j�h�l�_��

�•�k�g�m�x�l�v�� �•�g�r�•���� �f�_�g�r�� �\�•�^�h�f�•�� �f�h�e�_�d�m�e�b���� �y�d�•�� �^�_�f�h�g�k�l�j�m�x�l�v�� �i�h�^�•�[�g�_��

�\�b�i�j�h�f�•�g�x�\�Z�g�g�y���� �k�b�k�l�_�f�Z�l�b�q�g�b�c�� �Z�g�Z�e�•�a�� �[�m�\�� �r�b�j�h�d�h�� �j�h�a�]�e�y�g�m�l�b�c�� �\�� �h�]�e�y�^�•�� �>�����@����

�K�_�j�_�^���f�h�e�_�d�m�e���a���l�Z�d�h�x���g�_�l�j�Z�^�b�p�•�c�g�h�x���e�x�f�•�g�_�k�p�_�g�p�•�}�x�� 4-�i�•�j�b�e�h�p�•�Z�g�•�g�b���k�l�Z�e�b��

�i�j�b�\�Z�[�e�b�\�b�f�b�� �^�e�y�� �k�i�_�d�l�j�Z�e�v�g�b�o�� �^�h�k�e�•�^�`�_�g�v���� �\�d�e�x�q�Z�x�q�b�� �k�b�f�_�l�j�b�q�g�•��

�i�h�e�•�f�_�l�b�g�h�\�•���[�Z�j�\�g�b�d�b�����s�h���f�•�k�l�y�l�v����-�i�•�j�b�e�•�}�\�_���y�^�j�h���y�d���d�•�g�p�_�\�•���]�j�m�i�b���>�����±102]. 

�I�h�i�_�j�_�^�g�•�� �k�i�_�d�l�j�Z�e�v�g�•�� �l�Z�� �d�\�Z�g�l�h�\�h-�o�•�f�•�q�g�•�� �^�h�k�e�•�^�`�_�g�g�y�� �\�k�l�Z�g�h�\�b�e�b���� �s�h��

�k�i�_�p�b�n�•�q�g�•�� �e�h�d�Z�e�v�g�•�� �h�j�[�•�l�Z�e�•�� �•�k�g�m�x�l�v�� �m�� �i�h�e�•�f�_�l�b�g�h�\�b�o�� �[�Z�j�\�g�b�d�Z�o�� �a�� �l�Z�d�b�f�b��

�d�•�g�p�_�\�b�f�b���]�j�m�i�Z�f�b�����D�j�•�f���l�h�]�h�����•�k�g�m�x�l�v���^�\�Z���j�•�a�g�b�o���l�b�i�b���_�e�_�d�l�j�h�g�g�b�o���i�_�j�_�o�h�^�•�\����

������ �l�b�i�� �i�h�e�•�f�_�l�b�g�h�\�h�]�h�� �i�_�j�_�o�h�^�m���� �y�d�b�c�� �\�d�e�x�q�Z�}�� �e�b�r�_�� �i�h�\�g�•�k�l�x�� �^�_�e�h�d�Z�e�•�a�h�\�Z�g�•��

�F�H�����������d�\�Z�a�•�e�h�d�Z�e�v�g�b�c���l�b�i���i�_�j�_�o�h�^�m�����s�h���\�d�e�x�q�Z�}���h�^�g�m���^�_�e�h�d�Z�e�•�a�h�\�Z�g�m���h�j�[�•�l�Z�e�v��
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�l�Z�� �h�^�g�m�� �e�h�d�Z�e�v�g�m�� �F�H�� �>�������@���� �H�k�d�•�e�v�d�b�� �i�_�j�_�o�•�^�� �f�•�`�� �i�h�e�•�f�_�l�b�g�h�f�� �l�Z��

�d�\�Z�a�•�e�h�d�Z�e�v�g�h�x�� �F�H�� �m�l�j�m�^�g�_�g�b�c���� �i�h�y�\�Z�� �g�_�l�j�Z�^�b�p�•�c�g�h�]�h�� �d�\�Z�a�•�e�h�d�Z�e�v�g�h�]�h��

�i�_�j�_�o�h�^�m�� �\�� �k�i�_�d�l�j�Z�o�� �f�h�`�_�� �i�j�b�\�_�k�l�b�� �^�h�� �i�h�j�m�r�_�g�g�y�� �i�j�Z�\�b�e�Z�� �D�Z�r�•���� �I�h�l�•�f���� �\��

�j�_�a�m�e�v�l�Z�l�•�����\�b�g�b�d�Z�}���e�x�f�•�g�_�k�p�_�g�p�•�y���a���\�b�s�h�]�h���a�[�m�^�`�_�g�h�]�h���k�l�Z�g�m�� 

�M���p�v�h�f�m���i�Z�j�Z�]�j�Z�n�•���i�j�_�^�k�l�Z�\�e�_�g�•�� �j�_�a�m�e�v�l�Z�l�b�� �^�h�k�e�•�^�`�_�g�g�y���i�j�b�j�h�^�b���\�b�s�b�o��

�a�[�m�^�`�_�g�b�o�� �k�l�Z�g�•�\�� �m�� ��-�i�•�j�b�e�h�p�•�Z�g�•�g�Z�o���� �\�d�e�x�q�Z�x�q�b�� �k�i�_�d�l�j�Z�e�v�g�•�� �\�b�f�•�j�x�\�Z�g�g�y�� �l�Z��

�d�\�Z�g�l�h�\�h-�o�•�f�•�q�g�•���j�h�a�j�Z�o�m�g�d�b�� 

 

�J�b�k. 6.4. �O�•�f�•�q�g�•���k�l�j�m�d�l�m�j�b���^�h�k�e�•�^�`�m�\�Z�g�b�o���[�Z�j�\�g�b�d�•�\�����±3. 

 

�J�b�k. 6.5�����K�i�_�d�l�j�b���i�h�]�e�b�g�Z�g�g�y���M�N �l�Z���\�b�^�b�f�h�]�h���^�•�Z�i�Z�a�h�g�•�\ �l�Z���a�g�Z�q�_�g�g�y��
�f�Z�d�k�b�f�m�f�•�\���i�h�]�e�b�g�Z�g�g�y���[�Z�j�\�g�b�d�•�\�����±�����\���Z�p�_�l�h�g�•�l�j�b�e�•�����&M = 1�u10�±5). 

 

�K�i�_�d�l�j�b�� �i�h�]�e�b�g�Z�g�g�y�� �[�Z�j�\�g�b�d�•�\�� ���±���� �\�� �Z�p�_�l�h�g�•�l�j�b�e�•�� �i�h�d�Z�a�Z�g�h�� �g�Z�� �J�b�k�� 6.5. 

�G�Z�� �J�b�k�� �������� �k�i�h�k�l�_�j�•�]�Z�}�l�v�k�y�� �•�g�l�_�g�k�b�\�g�Z �^�h�\�]�h�o�\�b�e�v�h�\�Z �k�f�m�]�Z �m�� �\�b�^�b�f�•�c�� �l�Z��

�[�e�b�`�g�•�c�� �•�g�n�j�Z�q�_�j�\�h�g�•�c�� �h�[�e�Z�k�l�y�o�� �k�i�_�d�l�j�Z���� �J�h�a�r�b�j�_�g�g�y�� �k�i�j�y�`�_�g�h�€�� �k�b�k�l�_�f�b��

�r�e�y�o�h�f���\�\�_�^�_�g�g�y���g�h�\�b�o���\�•�g�•�e�_�g�h�\�b�o���]�j�m�i�����s�h���i�h�^�h�\�`�m�}���k�i�j�y�`�_�g�b�c���e�Z�g�p�x�]��������

�± 2 �± ���������k�m�i�j�h�\�h�^�`�m�}�l�v�k�y���j�_�]�m�e�y�j�g�b�f���a�f�•�s�_�g�g�y�f���f�Z�d�k�b�f�m�f�m���k�f�m�]�b���\���h�[�e�Z�k�l�v��
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�^�h�\�r�b�o�� �o�\�b�e�v���� �>�h�^�Z�l�d�h�\�b�c�� �i�h�f�•�l�g�b�c�� �i�•�d�� �g�Z�� �d�h�j�h�l�d�h�o�\�b�e�v�h�\�h�f�m �[�h�p�•��

�k�i�_�d�l�j�Z�e�v�g�h�€�� �k�f�m�]�b�� �\�•�^�i�h�\�•�^�Z�}�� �d�h�e�b�\�Z�e�v�g�h�f�m�� �i�_�j�_�o�h�^�m�� ���� �± ���
���� �s�h�� �}�� �l�b�i�h�\�b�f��

�^�e�y�� �i�h�e�•�f�_�l�b�g�h�\�b�o�� ���p�•�Z�g�•�g�h�\�b�o���� �[�Z�j�\�g�b�d�•�\�� �>���������� �������@���� �<�h�^�g�h�q�Z�k�� �r�b�j�h�d�•��

�g�_�k�l�j�m�d�l�m�j�h�\�Z�g�•�� �k�i�_�d�l�j�Z�e�v�g�•�� �k�f�m�]�b�� �\�� �d�h�j�h�l�d�h�o�\�b�e�v�h�\�•�c�� �h�[�e�Z�k�l�•�� �i�h�\�¶�y�a�Z�g�•���a��

�i�_�j�_�o�h�^�Z�f�b���a���\�b�s�b�o���_�e�_�d�l�j�h�g�g�b�o���a�[�m�^�`�_�g�b�o���k�l�Z�g�•�\�� 

�D�Z�j�l�b�� �e�x�f�•�g�_�k�p�_�g�p�•�€���� �d�Z�j�l�b��PLE���� �^�e�y�� �\�k�•�o�� �l�j�v�h�o�� �k�i�h�e�m�d�� �i�j�_�^�k�l�Z�\�e�_�g�•�� �g�Z��

�J�b�k���� �������� �a�� �^�h�\�`�b�g�Z�f�b�� �o�\�b�e�v�� �a�[�m�^�`�_�g�g�y��kex �•�� �������� �g�f���� �l�h�^�•�� �y�d�� �k�i�_�d�l�j�b��

�k�l�Z�p�•�h�g�Z�j�g�h�€�� �e�x�f�•�g�_�k�p�_�g�p�•�€�� �k�i�h�e�m�d�b�� ������ �h�l�j�b�f�Z�g�•�� �r�e�y�o�h�f�� �a�[�m�^�`�_�g�g�y�� �i�j�b��270, 

�������������������g�f�����i�h�d�Z�a�Z�g�•���g�Z���J�b�k�� 6.6. 

 

 

 

 

�J�b�k. 6.6. �D�Z�j�l�b��PLE �[�Z�j�\�g�b�d�•�\��������a), 2 (b�����l�Z��������c�������\�b�f�•�j�y�g�•���\���Z�p�_�l�h�g�•�l�j�b�e�•��
�i�j�b���d�h�g�p�_�g�l�j�Z�p�•�y�o����CM): 3,8�u10�±6 (1), 3,7�u10�±6 (2), 3,3�u10�±6 (3).  
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�A���h�[�h�o���j�b�k�m�g�d�•�\���q�•�l�d�h���\�b�^�g�h�����s�h���\�b�f�•�j�y�g�•���k�i�_�d�l�j�b���e�x�f�•�g�_�k�p�_�g�p�•�€���y�\�g�h���l�Z��

�h�^�g�h�a�g�Z�q�g�h�� �a�Z�e�_�`�Z�l�v�� �\�•�^�� �^�h�\�`�b�g�b�� �o�\�b�e�•�� �a�[�m�^�`�_�g�g�y���� �Y�d�� �\�b�i�e�b�\�Z�}�� �a�� �J�b�k�� 6.6, 

�a�[�m�^�`�_�g�g�y�� �i�h�[�e�b�a�m�� �h�[�e�Z�k�l�•�� �i�h�]�e�b�g�Z�g�g�y�� �k�m�i�j�h�\�h�^�`�m�}�l�v�k�y�� �l�j�b�\�•�Z�e�v�g�h�x��

�n�e�m�h�j�_�k�p�_�g�p�•�}�x�� �a�� �g�Z�c�g�b�`�q�h�]�h�� �a�[�m�^�`�_�g�h�]�h�� �k�l�Z�g�m���� �f�Z�d�k�b�f�m�f�� �k�f�m�]�b��

�n�e�m�h�j�_�k�p�_�g�p�•�€�� �j�_�]�m�e�y�j�g�h�� �a�f�•�s�m�}�l�v�k�y�� �\�� �^�h�\�]�h�o�\�b�e�v�h�\�m�� �h�[�e�Z�k�l�v�� �i�j�b�� �i�_�j�_�o�h�^�•�� �^�h��

�\�b�s�b�o�� �]�h�f�h�e�h�]�•�\���� �[�Z�j�\�g�b�d�� ���� �± �[�Z�j�\�g�b�d�� ���� �± �[�Z�j�\�g�b�d�� ������ �F�Z�d�k�b�f�m�f�b��

�n�e�m�h�j�_�k�p�_�g�p�•�€���\�•�^�i�h�\�•�^�Z�x�l�v���f�Z�d�k�b�f�m�f�Z�f���i�h�]�e�b�g�Z�g�g�y���g�Z���J�b�k�� 6.5. 

 

�J�b�k. 6.�������K�i�_�d�l�j�b���n�e�m�h�j�_�k�p�_�g�p�•�€���k�i�h�e�m�d�b���� �\���Z�p�_�l�h�g�•�l�j�b�e�•����CM � �����������±5�����a���Nex. = 
���������g�f���������������������g�f�����������l�Z�����������g�f�������������I�•�d�b�����������g�f���g�Z���d�j�b�\�•�c�������l�Z�����������g�f���g�Z��

�d�j�b�\�•�c�������i�h�y�k�g�x�x�l�v�k�y���j�h�a�k�•�y�g�b�f���k�\�•�l�e�h�f���a�[�m�^�`�_�g�g�y�� 

  

�A�Z�]�Z�e�v�g�h�\�•�^�h�f�h���� �s�h�� �^�h�\�]�h�o�\�b�e�v�h�\�Z�� �n�e�m�h�j�_�k�p�_�g�p�•�y�� �\�� �d�Z�l�•�h�g�g�b�o��

�i�h�e�•�f�_�l�b�g�h�\�b�o���[�Z�j�\�g�b�d�Z�o�� �\�•�^�i�h�\�•�^�Z�}�� �i�j�Z�\�b�e�m�� �D�Z�r�•���� �:�e�_�� �\�� �g�Z�r�h�f�m�� �\�b�i�Z�^�d�m���� �y�d��

�p�•�d�Z�\�b�c���i�j�b�d�e�Z�^�����k�i�h�k�l�_�j�•�]�Z�x�l�v�k�y���j�•�a�g�•���k�f�m�]�b���n�e�m�h�j�_�k�p�_�g�p�•�€���^�e�y���[�Z�j�\�g�b�d�Z�������i�j�b��

�a�Z�k�_�e�_�g�g�•���\�b�s�b�o���a�[�m�^�`�_�g�b�o���k�l�Z�g�•�\�����a�[�m�^�`�_�g�g�y���i�j�b��kex � ���������������������Z�[�h�����������g�f�� 

�L�Z�d�b�f�� �q�b�g�h�f���� �J�b�k. 6.6 �l�Z�� �J�b�k. 6.7 �i�h�d�Z�a�m�x�l�v���� �s�h�� �e�x�f�•�g�_�k�p�_�g�p�•�y�� �\�k�•�o��

�l�j�v�h�o�� �k�i�h�e�m�d�� ���±���� �\�� �d�h�j�h�l�d�h�o�\�b�e�v�h�\�•�c�� �h�[�e�Z�k�l�•�� �a�� �\�b�s�h�]�h�� �a�[�m�^�`�_�g�h�]�h�� �k�l�Z�g�m��

�i�h�\�b�g�g�Z�� �[�m�l�b�� �i�h�\�¶�y�a�Z�g�Z�� �a�� �\�b�s�b�f�b�� �a�[�m�^�`�_�g�b�f�b�� �_�e�_�d�l�j�h�g�g�b�f�b�� �k�l�Z�g�Z�f�b���� �F�b��

�i�j�b�i�m�k�d�Z�}�f�h���� �s�h�� �p�•�� �y�\�b�s�Z�� �i�h�\�¶�y�a�Z�g�•�� �a�•�� �k�i�_�p�b�n�•�q�g�b�f�b�� �h�k�h�[�e�b�\�h�k�l�y�f�b��
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�a�[�m�^�`�_�g�b�o���k�l�Z�g�•�\���m���i�h�e�•�f�_�l�b�g�h�\�b�o���[�Z�j�\�g�b�d�Z�o�����s�h���f�•�k�l�y�l�v���k�b�f�_�l�j�b�q�g�•���i�•�j�b�e�•�}�\�•��

�d�•�g�p�_�\�•���]�j�m�i�b�� 

�>�e�y�� �i�j�Z�\�b�e�v�g�h�€�� �•�g�l�_�j�i�j�_�l�Z�p�•�€�� �i�j�b�j�h�^�b�� �g�Z�c�g�b�`�q�b�o�� �i�_�j�_�o�h�^�•�\���� �a�h�d�j�_�f�Z��

�i�h�y�\�b�� �g�_�l�j�Z�^�b�p�•�c�g�h�€�� �e�x�f�•�g�_�k�p�_�g�p�•�€���� �[�m�e�h�� �i�j�h�\�_�^�_�g�h�� �d�\�Z�g�l�h�\�h-�o�•�f�•�q�g�•��

�j�h�a�j�Z�o�m�g�d�b�� �f�h�e�_�d�m�e�y�j�g�b�o�� �j�•�\�g�•�\�� �l�Z�� �_�e�_�d�l�j�h�g�g�b�o�� �i�_�j�_�o�h�^�•�\�� �m�� �^�h�k�e�•�^�`�m�\�Z�g�b�o��

�f�h�e�_�d�m�e�Z�o�� �[�Z�j�\�g�b�d�Z���� �;�m�e�h�� �a�f�h�^�_�e�v�h�\�Z�g�h�� �]�j�Z�g�b�q�g�m�� �l�Z�� �g�Z�c�[�e�b�`�q�m�� �h�j�[�•�l�Z�e�•���� �s�h��

�[�_�j�m�l�v���m�q�Z�k�l�v���m���g�Z�c�g�b�`�q�b�o���_�e�_�d�l�j�h�g�g�b�o���i�_�j�_�o�h�^�Z�o�� 

�;�m�e�h�� �i�h�d�Z�a�Z�g�h���� �s�h�� �\�� �f�h�e�_�d�m�e�Z�o�� �[�Z�j�\�g�b�d�Z�� �•�k�g�m�x�l�v�� �^�\�Z�� �g�Z�k�l�m�i�g�•�� �l�b�i�b��p-

�F�H�� 

a. �I�h�\�g�•�k�l�x�� �^�_�e�h�d�Z�e�•�a�h�\�Z�g�•�� �h�j�[�•�l�Z�e�• �± �\�h�g�b�� �m�l�\�h�j�x�x�l�v�k�y�� �a�� �F�H��

�i�h�q�Z�l�d�h�\�h�]�h�� �]�_�l�_�j�h�p�b�d�e�•�q�g�h�]�h�� �n�j�Z�]�f�_�g�l�Z���� �y�d�•�� �g�_�� �f�Z�x�l�v�� �F�H-

�f�h�^�b�� �g�Z�� �Z�l�h�f�•�� �\�m�]�e�_�p�x���� �a�\�¶�y�a�Z�g�h�f�m�� �a�•�� �k�i�j�y�`�_�g�b�f�� �e�Z�g�p�x�]�h�f����

�g�Z�i�j�b�d�e�Z�^����LUMO, LUMO +1, HOMO, 

b. �E�h�d�Z�e�v�g�•���F�H �± �\�h�g�b���\�b�g�b�d�Z�x�l�v���a���F�H���h�[�h�o���l�_�j�f�•�g�Z�e�v�g�b�o���]�j�m�i, 

�y�d�•���f�Z�x�l�v���F�H-�f�h�^�m���g�Z���Z�l�h�f�•���\�m�]�e�_�p�x���g�Z���k�i�j�y�`�_�g�h�f�m���e�Z�g�p�x�a�•�����•, 

�l�h�f�m�� �p�•���F�H �g�_�� �f�h�`�m�l�v�� �[�j�Z�l�b�� �m�q�Z�k�l�v�� �m�� �i�h�\�g�h�f�m�� �k�i�j�y�`�_�g�g�•��

�f�h�e�_�d�m�e�b �[�Z�j�\�g�b�d�Z�����g�Z�i�j�b�d�e�Z�^����HOMO-1, HOMO-2). 

�:�g�Z�e�•�a�� �i�h�d�Z�a�Z�\���� �s�h�� �h�[�b�^�\�•�� �]�j�Z�g�b�q�g�•���F�H �i�h�\�g�•�k�l�x�� �^�_�e�h�d�Z�e�•�a�h�\�Z�g�•�� �\�a�^�h�\�`��

�m�k�•�}�€�� �k�i�j�y�`�_�g�h�€�� �k�b�k�l�_�f�b���� �g�Z�\�i�Z�d�b����HOMO-1 �l�Z��HOMO-2 �j�h�a�l�Z�r�h�\�Z�g�•�� �e�b�r�_�� �\��

�f�_�`�Z�o�� �d�•�g�p�_�\�b�o�� ��-�q�e�_�g�g�b�o�� �i�•�j�b�e�b�}�\�b�o�� �d�•�e�_�p�v�� �m�� �\�k�•�o�� �[�Z�j�\�g�b�d�Z�o���� �L�h�^�•�� �i�_�j�r�b�c��

�_�e�_�d�l�j�h�g�g�b�c���i�_�j�_�o�•�^�����}���^�_�e�h�d�Z�e�•�a�h�\�Z�g�b�f���Z�[�h���i�h�e�•�f�_�l�b�g�h�\�b�f���i�_�j�_�o�h�^�h�f�����L�Z�d�h�`��

�q�_�l�\�_�j�l�b�c�� �i�_�j�_�o�h�^�b��e �[�Z�j�\�g�b�d�Z�o�� ���� �l�Z�� ���� �k�e�•�^�� �j�h�a�]�e�y�^�Z�l�b�� �y�d�� �l�b�i�h�\�b�c��

�i�h�e�•�f�_�l�b�g�h�\�b�c�� �i�_�j�_�o�•�^�� �a�Z �\�b�a�g�Z�q�_�g�g�y�f���� �g�Z�k�l�m�i�g�Z�� �g�Z�c�g�b�`�q�Z�� �\�Z�d�Z�g�k�•�y�� �l�Z�d�h�`�� �}��

�e�h�d�Z�e�v�g�h�x�� �F�H���� �<�h�^�g�h�q�Z�k�� �m�� �[�Z�j�\�g�b�d�m�� ���� �a�� �g�Z�c�^�h�\�r�b�f�� �e�Z�g�p�x�]�h�f���� �^�j�m�]�b�c�� �l�Z��

�l�j�_�l�•�c���i�_�j�_�o�h�^�b���^�_�e�h�d�Z�e�•�a�h�\�Z�g�•�� 

�I�_�j�_�o�h�^�b�����s�h���i�h�q�b�g�Z�x�l�v�k�y���a���[�m�^�v-�y�d�h�€���d�\�Z�a�•�e�h�d�Z�e�v�g�h�€���h�j�[�•�l�Z�e�•����HOMO-1 

�Z�[�h��HOMO-�������� �k�e�•�^�� �j�h�a�]�e�y�^�Z�l�b�� �y�d�� �d�\�Z�a�•�e�h�d�Z�e�v�g�•�� �i�_�j�_�o�h�^�b���� �J�_�a�m�e�v�l�Z�l�b��

�j�h�a�j�Z�o�m�g�d�•�\�� �\�b�a�g�Z�q�Z�x�l�v�� �l�Z�d�b�c�� �o�Z�j�Z�d�l�_�j�� �^�e�y�� �^�j�m�]�h�]�h�� �l�Z�� �l�j�_�l�v�h�]�h�� �i�_�j�_�o�h�^�•�\�� �m��

�^�\�h�o�� �[�Z�j�\�g�b�d�Z�o�� �a�� �d�h�j�h�l�d�b�f�� �e�Z�g�p�x�]�h�f�� �������������� �Z�� �l�Z�d�h�`�� �q�_�l�\�_�j�l�h�]�h�� �l�Z�� �i�¶�y�l�h�]�h��

�i�_�j�_�o�h�^�•�\�� �m�� �[�Z�j�\�g�b�d�m�� ���� �a�� �g�Z�c�^�h�\�r�b�f�� �k�i�j�y�`�_�g�b�f�� �e�Z�g�p�x�]�h�f���� �P�•�� �i�_�j�_�o�h�^�b�� �k�e�•�^��
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�j�h�a�]�e�y�^�Z�l�b�� �y�d�� �d�\�Z�a�•�e�h�d�Z�e�v�g�•�� �i�_�j�_�o�h�^�b�� �a�•�� �k�m�l�l�}�\�b�f�� �i�_�j�_�g�h�k�h�f�� �a�Z�j�y�^�m���� �H�k�d�•�e�v�d�b��

�i�h�e�•�f�_�l�b�g�h�\�•�� �l�Z�� �d�\�Z�a�•�e�h�d�Z�e�v�g�•�� �i�_�j�_�o�h�^�b�� �k�m�l�l�}�\�h�� �\�•�^�j�•�a�g�y�x�l�v�k�y���� �\�a�Z�}�f�g�•��

�i�_�j�_�o�h�^�b�� �f�h�`�m�l�v�� �[�m�l�b�� �i�h�\�•�e�v�g�•�r�b�f�b���� �K�Z�f�_�� �\�a�Z�}�f�g�_�� �j�h�a�l�Z�r�m�\�Z�g�g�y��

�i�h�e�•�f�_�l�b�g�h�\�b�o�� �l�Z�� �d�\�Z�a�•�e�h�d�Z�e�v�g�b�o�� �a�[�m�^�`�_�g�b�o�� �k�l�Z�g�•�\�� �i�j�b�\�h�^�b�l�v �^�h�� �i�h�j�m�r�_�g�g�y��

�i�j�Z�\�b�e�Z���D�Z�r�Z�� 

�A�Z�]�Z�e�v�g�Z���k�o�_�f�Z���e�x�f�•�g�_�k�p�_�g�p�•�€���\���[�Z�j�\�g�b�d�Z�o�����±3 

�L�_�i�_�j�� �j�h�a�]�e�y�g�_�f�h�� �a�Z�]�Z�e�v�g�m�� �k�o�_�f�m�� �_�e�_�d�l�j�h�g�g�b�o �i�_�j�_�o�h�^�•�\���� �s�h��

�k�i�h�k�l�_�j�•�]�Z�x�l�v�k�y�� �m �i�h�]�e�b�g�Z�g�g�•�� �l�Z�� �e�x�f�•�g�_�k�p�_�g�p�•�€�� ���i�_�j�_�o�h�^�b�� �g�Z�� �j�•�a�g�b�o��

�j�•�\�g�h�\�Z�`�g�b�o���]�_�h�f�_�l�j�•�y�o���f�h�e�_�d�m�e�����h�k�g�h�\�g�b�c��S0 �l�Z���j�_�e�Z�d�k�h�\�Z�g�b�c �a�[�m�^�`�_�g�b�c���k�l�Z�g��

Si). 

 

�J�b�k. �����������K�o�_�f�Z���_�e�_�d�l�j�h�g�g�b�o���k�l�Z�g�•�\���l�Z���i�_�j�_�o�h�^�•�\�����i�h�\�
�y�a�Z�g�b�o���a��
�n�e�m�h�j�_�k�p�_�g�p�•�}�x�����m���[�Z�j�\�g�b�d�Z�o������ �������k�•�j�•���e�•�g�•�€���i�h�d�Z�a�m�x�l�v���d�\�Z�a�•�e�h�d�Z�e�v�g�•���k�l�Z�g�b���� 

 

�F�h�`�g�Z�� �i�h�[�Z�q�b�l�b���� �s�h�� �^�\�Z�� �d�\�Z�a�•�e�h�d�Z�e�v�g�•�� �k�l�Z�g�b�� �a�Z�l�b�k�g�m�l�•�� �f�•�`�� �^�\�h�f�Z��

�^�_�e�h�d�Z�e�•�a�h�\�Z�g�b�f�b�� �a�[�m�^�`�_�g�b�f�b�� �k�l�Z�g�Z�f�b����S1 �l�Z��S4���� �m�� �[�Z�j�\�g�b�d�Z�o�� ������ ������ �I�h�^�•�[�g�Z��

�d�Z�j�l�b�g�Z�� �h�l�j�b�f�Z�g�Z�� �a�� �j�h�a�j�Z�o�m�g�d�•�\�� �^�e�y�� �[�Z�j�\�g�b�d�Z�� ������ �a�[�m�^�`�_�g�•�� �k�l�Z�g�b�� �j�h�a�l�Z�r�h�\�Z�g�•��

�h�^�b�g�� �a�Z�� �h�^�g�b�f����S1(deloc) �²  S2(deloc) �²  S3 (deloc) �²  S4(loc) �²  S5(loc������ �H�l�`�_����

�a�[�m�^�`�_�g�g�y�� �n�h�l�h�g�h�f�� �^�h�k�l�Z�l�g�v�h�� �g�b�a�v�d�h�€�� �_�g�_�j�]�•�€�� ���a�[�m�^�`�_�g�g�y��k = k�i�h�]�e�b�g�Z�g�g�y����

�i�j�b�\�h�^�b�l�v�� �^�h�� �a�\�b�q�Z�c�g�h�€�� �j�_�e�Z�d�k�Z�p�•�€�� �m�� �k�l�Z�g�•��S1(R���� �•�� �^�Z�e�•�� �^�h�� �a�\�b�q�Z�c�g�h�€��

�n�e�m�h�j�_�k�p�_�g�p�•�€�����J�b�k�� �������������A�h�\�k�•�f���•�g�r�b�c���i�j�h�p�_�k���k�i�h�k�l�_�j�•�]�Z�}�l�v�k�y���i�j�b���a�[�m�^�`�_�g�g�•���a��

�_�g�_�j�]�•�}�x�����y�d�Z���\�b�s�Z���a�Z���_�g�_�j�]�•�€���d�\�Z�a�•�e�h�d�Z�e�v�g�b�o���i�_�j�_�o�h�^�•�\����k-�a�[�m�^�`�_�g�g�y���e�h�d�Z�e�v�g�_����

�l�h�[�l�h��k-�a�[�m�^�`�_�g�g�y�� ���� �������� �g�f�� �m�� �g�Z�r�b�o�� �\�b�f�•�j�x�\�Z�g�g�y�o�� ���^�b�\���� �J�b�k�� ������������ �L�Z�d�b�f��

�q�b�g�h�f���� �i�h�\�b�g�g�Z�� �i�j�h�y�\�e�y�l�b�k�y�� �e�b�r�_�� �n�e�m�h�j�_�k�p�_�g�p�•�y�� �a�� �\�b�s�h�]�h�� �a�[�m�^�`�_�g�h�]�h�� �k�l�Z�g�m����

�s�h���k�i�h�k�l�_�j�•�]�Z�}�l�v�k�y���_�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h. 



143 
 

�L�Z�d�b�f�� �q�b�g�h�f���� �_�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�� �\�b�y�\�e�_�g�h�� �n�e�m�h�j�_�k�p�_�g�p�•�x�� �a�� �\�b�s�b�o��

�a�[�m�^�`�_�g�b�o�� �k�l�Z�g�•�\�� �m�� �\�•�g�•�e�h�]�•�q�g�•�c�� �k�_�j�•�€�� ��-�i�•�j�b�e�h�p�•�Z�g�•�g�•�\���� �A�\�b�q�Z�c�g�Z�� �k�f�m�]�Z��

�n�e�m�h�j�_�k�p�_�g�p�•�€�� �a�� �g�Z�c�g�b�`�q�h�]�h�� �a�[�m�^�`�_�g�h�]�h�� �k�l�Z�g�m�� �a�f�•�s�m�}�l�v�k�y�� �[�Z�l�h�o�j�h�f�g�h�� �a��

�i�h�^�h�\�`�_�g�g�y�f�� �i�h�e�•�f�_�l�b�g�h�\�h�]�h�� �o�j�h�f�h�n�h�j�Z���� �h�^�g�h�q�Z�k�g�h�� �a�•���a�f�•�s�_�g�g�y�f�� �i�h�]�e�b�g�Z�g�g�y����

�A�]�•�^�g�h���a���d�\�Z�g�l�h�\�h-�o�•�f�•�q�g�b�f���f�h�^�_�e�x�\�Z�g�g�y�f���i�h�y�\�Z���g�_�a�\�b�q�Z�c�g�h�€���n�e�m�h�j�_�k�p�_�g�p�•�€�����y�d�Z��

�i�j�b�]�g�•�q�m�}�� �i�j�Z�\�b�e�h�� �D�Z�r�•���� �i�h�\�¶�y�a�Z�g�Z�� �a�� �j�•�a�g�h�x�� �i�j�b�j�h�^�h�x���g�Z�c�g�b�`�q�b�o�� �a�[�m�^�`�_�g�b�o��

�k�l�Z�g�•�\���� �i�_�j�r�b�c�� �l�Z�� �q�_�l�\�_�j�l�b�c�� �i�_�j�_�o�h�^�b�� �}�� �l�b�i�h�\�b�f�b�� �_�e�_�d�l�j�h�g�g�b�f�b�� �i�_�j�_�o�h�^�Z�f�b��

�i�h�e�•�f�_�l�b�g�h�\�h�]�h�� �l�b�i�m���� �\�� �y�d�b�o�� �a�Z�^�•�y�g�•�� �e�b�r�_�� �i�h�\�g�•�k�l�x�� �^�_�e�h�d�Z�e�•�a�h�\�Z�g�•���F�H���� �l�h�^�•�� �y�d��

�^�j�m�]�b�c���l�Z���l�j�_�l�•�c���i�_�j�_�o�h�^�b���\�•�^�i�h�\�•�^�Z�x�l�v���k�l�j�b�[�d�Z�f���_�e�_�d�l�j�h�g�•�\���a���\�b�j�h�^�`�_�g�b�o���F�H, 

�j�h�a�l�Z�r�h�\�Z�g�b�o�� �e�b�r�_�� �\�� �f�_�`�Z�o�� �l�_�j�f�•�g�Z�e�v�g�b�o�� �]�j�m�i�� ���l�Z�d�� �a�\�Z�g�•�� �d�\�Z�a�•�e�h�d�Z�e�v�g�•�� �F�H���� �Z��

�h�l�`�_���� �d�\�Z�a�•�e�h�d�Z�e�v�g�•�� �i�_�j�_�o�h�^�b������ �A�Z�[�h�j�h�g�Z�� �i�_�j�_�o�h�^�•�\�� �f�•�`�� �a�[�m�^�`�_�g�b�f�b�� �k�l�Z�g�Z�f�b��

�j�•�a�g�b�o�� �l�b�i�•�\�� �k�l�b�f�m�e�x�}�� �k�i�h�k�l�_�j�_�`�m�\�Z�g�m�� �n�e�m�h�j�_�k�p�_�g�p�•�x�� �a���\�b�s�b�o�� �a�[�m�^�`�_�g�b�o��

�k�l�Z�g�•�\�� 

 

�I�Z�j�Z�]�j�Z�n�� �������� �<�i�e�b�\�� �l�_�j�f�•�g�Z�e�v�g�h�€�� �]�j�m�i�b�� �g�Z�� �l�_�f�i�_�j�Z�l�m�j�g�h-�a�Z�e�_�`�g�m��

�j�_�e�Z�d�k�Z�p�•�x���a�[�m�^�`�_�g�h�]�h���k�l�Z�g�m���\���d�Z�l�•�h�g�g�b�o���[�Z�j�\�g�b�d�Z�o. 

�D�Z�l�•�h�g�g�•�� �h�j�]�Z�g�•�q�g�•�� �[�Z�j�\�g�b�d�b�� �g�_�k�m�l�v�� �i�h�a�b�l�b�\�g�b�c�� �a�Z�j�y�^���� �j�h�a�i�h�^�•�e�_�g�b�c���\�a�^�h�\�`��

�f�h�e�_�d�m�e�b���� �•�� �e�h�d�Z�e�•�a�Z�p�•�y�� �p�v�h�]�h�� �a�Z�j�y�^�m�� �k�m�l�l�}�\�h�� �\�i�e�b�\�Z�}�� �g�Z�� �€�o�g�x�� �k�b�f�_�l�j�•�x�� �l�Z��

�h�i�l�b�q�g�•���\�e�Z�k�l�b�\�h�k�l�•�����A�Z�e�_�`�g�h���\�•�^���j�•�a�g�b�o���n�Z�d�l�h�j�•�\�����l�h�i�h�e�h�]�•�€���l�_�j�f�•�g�Z�e�v�g�b�o���]�j�m�i����

�i�h�e�y�j�g�h�k�l�•�� �j�h�a�q�b�g�g�b�d�Z�� �l�Z�� �l�_�f�i�_�j�Z�l�m�j�b���� �m�� �l�Z�d�b�o�� �[�Z�j�\�g�b�d�Z�o�� �m�l�\�h�j�x�}�l�v�k�y��

�i�h�e�•�}�g�h�\�Z���� �i�h�e�•�f�_�l�b�g�h�\�Z�� �Z�[�h�� �^�h�g�h�j�g�h-�Z�d�p�_�i�l�h�j�g�Z�� �k�l�j�m�d�l�m�j�Z���� �Z�� �j�_�e�Z�d�k�Z�p�•�y��

�a�[�m�^�`�_�g�h�]�h�� �k�l�Z�g�m�� �^�e�y�� �l�Z�d�b�o�� �k�b�k�l�_�f�� �g�_�� �^�h�� �d�•�g�p�y�� �\�b�\�q�_�g�Z���� �h�k�h�[�e�b�\�h�� �a�Z�� �g�b�a�v�d�b�o��

�l�_�f�i�_�j�Z�l�m�j���� �A�Z�� �d�•�f�g�Z�l�g�h�€�� �l�_�f�i�_�j�Z�l�m�j�b�� �^�h�k�e�•�^�`�m�\�Z�g�•�� �d�Z�l�•�h�g�g�•�� �[�Z�j�\�g�b�d�b����

�g�_�a�Z�e�_�`�g�h�� �\�•�^�� �k�b�f�_�l�j�•�€�� �\�� �h�k�g�h�\�g�h�f�m�� �k�l�Z�g�•���� �a�^�_�[�•�e�v�r�h�]�h�� �k�b�f�_�l�j�b�q�g�•�� �m��

�a�[�m�^�`�_�g�h�f�m�� �k�l�Z�g�•���� �A�Z�� �g�b�a�v�d�b�o�� �l�_�f�i�_�j�Z�l�m�j�� �k�l�Z�x�l�v�� �h�q�_�\�b�^�g�b�f�b�� �_�n�_�d�l�b��

�e�h�d�Z�e�•�a�Z�p�•�€���a�Z�j�y�^�m�����s�h���i�j�b�a�\�h�^�b�l�v���^�h���i�h�j�m�r�_�g�g�y���k�b�f�_�l�j�•�€���y�d���\���h�k�g�h�\�g�h�f�m�����l�Z�d���•��

�\���a�[�m�^�`�_�g�h�f�m���k�l�Z�g�Z�o�����M���p�v�h�f�m���i�Z�j�]�j�Z�n�•���h�i�b�k�Z�g�h�����y�d���l�_�j�f�•�g�Z�e�v�g�•���]�j�m�i�b���g�Z���d�•�g�p�•��

�d�Z�l�•�h�g�g�b�o�� �[�Z�j�\�g�b�d�•�\�� �\�i�e�b�\�Z�x�l�v�� �g�Z�� �j�_�e�Z�d�k�Z�p�•�x�� �a�[�m�^�`�_�g�b�o�� �k�l�Z�g�•�\���� �Z�g�Z�e�•�a�m�x�q�b��

�_�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�•�� �g�b�a�v�d�h�l�_�f�i�_�j�Z�l�m�j�g�•�� �q�Z�k�h�j�h�a�^�•�e�_�g�•�� �k�i�_�d�l�j�b�� �m �i�h�}�^�g�Z�g�g�•�� �a��

�d�\�Z�g�l�h�\�h-�o�•�f�•�q�g�b�f�b�� �j�h�a�j�Z�o�m�g�d�Z�f�b���� �O�Z�j�Z�d�l�_�j�g�Z�� �_�f�•�k�•�y�� ���������� �g�f���� �\��



144 
 

�Z�g�l�b�k�l�h�d�k�h�\�h�f�m�� �^�•�Z�i�Z�a�h�g�•�� �i�h�e�•�f�_�l�b�g�h�\�h�€�� �k�f�m�]�b�� ���������±�������� �g�f���� �o�Z�j�Z�d�l�_�j�b�a�m�}��

�i�h�e�•�}�g�h�\�•�� �k�l�j�m�d�l�m�j�b���� �s�h�� �n�h�j�f�m�x�l�v�k�y�� �a�Z�e�_�`�g�h�� �\�•�^�� �l�_�f�i�_�j�Z�l�m�j�b���� �i�h�e�y�j�g�h�k�l�•��

�j�h�a�q�b�g�g�b�d�Z���l�Z���a�Z�j�y�^�h�^�h�g�h�j�g�b�o���\�e�Z�k�l�b�\�h�k�l�_�c���l�_�j�f�•�g�Z�e�v�g�b�o���]�j�m�i���[�Z�j�\�g�b�d�Z�����D�j�•�f��

�l�h�]�h���� �m�� �g�b�a�v�d�h�l�_�f�i�_�j�Z�l�m�j�g�•�c�� �q�Z�k�h�j�h�a�^�•�e�_�g�h�€�� �N�E�� �\�b�^�•�e�y�}�l�v�k�y�� �k�f�m�]�Z�� �������� �g�f���� �y�d�Z��

�i�h�\�
�y�a�Z�g�Z�� �a�� �\�g�m�l�j�•�r�g�v�h�f�h�e�_�d�m�e�y�j�g�b�f�� �i�_�j�_�g�h�k�h�f�� �a�Z�j�y�^�m���� �J�h�a�j�Z�o�m�g�d�b�� �\�b�y�\�b�e�b��

�g�_�j�•�\�g�h�f�•�j�g�b�c�� �j�h�a�i�h�^�•�e�� �a�Z�]�Z�e�v�g�h�]�h�� �i�h�a�b�l�b�\�g�h�]�h�� �a�Z�j�y�^�m���\�� �j�•�a�g�b�o���f�h�e�_�d�m�e�y�j�g�b�o��

�n�j�Z�]�f�_�g�l�Z�o�� ���i�h�e�•�f�_�l�b�g�h�\�b�c�� �e�Z�g�p�x�]�� �l�Z�� �l�_�j�f�•�g�Z�e�v�g�•�� �]�j�m�i�b���� �l�Z�� �m�l�\�h�j�_�g�g�y��

�g�_�]�Z�l�b�\�g�h�]�h�� �a�Z�j�y�^�m�� �g�Z�� �i�h�e�•�f�_�l�b�g�h�\�h�f�m�� �e�Z�g�p�x�a�•���� �F�b�� �i�j�h�i�h�g�m�}�f�h�� �f�h�^�_�e�v��

�j�_�e�Z�d�k�Z�p�•�c�g�b�o�� �i�_�j�_�o�h�^�•�\�� �a�[�m�^�`�_�g�h�]�h�� �k�l�Z�g�m�� �^�e�y�� �e�•�g�•�c�g�b�o�� �d�Z�l�•�h�g�g�b�o��

�f�h�e�_�d�m�e�y�j�g�b�o�� �k�b�k�l�_�f���� �s�h�� �^�h�a�\�h�e�y�}�� �j�_�Z�e�•�a�m�\�Z�l�b�� �^�h�g�h�j�g�h-�Z�d�p�_�i�l�h�j�g�•��

�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���� �P�y�� �f�h�^�_�e�v�� �i�j�h�i�h�g�m�}�� �p�•�g�g�•�� �a�g�Z�g�g�y�� �^�e�y�� �j�h�a�j�h�[�d�b�� �g�h�\�b�o��

�n�m�g�d�p�•�h�g�Z�e�v�g�b�o�� �f�Z�l�_�j�•�Z�e�•�\�� �a�� �g�Z�e�Z�r�l�h�\�Z�g�b�f�b�� �\�e�Z�k�l�b�\�h�k�l�y�f�b�� �Z�[�h�� �_�n�_�d�l�b�\�g�b�o��

�k�b�k�l�_�f���i�_�j�_�^�Z�q�•���_�g�_�j�]�•�€���^�e�y���r�l�m�q�g�h�]�h���n�h�l�h�k�b�g�l�_�a�m�� 

 �K�i�_�d�l�j�h�k�d�h�i�•�y�� �a�� �j�h�a�^�•�e�_�g�g�y�f�� �m �q�Z�k�•�� �}�� �•�g�n�h�j�f�Z�l�b�\�g�b�f�� �i�j�Z�d�l�b�q�g�b�f��

�f�_�l�h�^�h�f�� �^�e�y�� �\�b�\�q�_�g�g�y�� �j�_�e�Z�d�k�Z�p�•�€�� �a�[�m�^�`�_�g�h�]�h�� �k�l�Z�g�m�� �\�� �i�j�h�l�y�`�g�b�o�� �k�i�j�y�`�_�g�b�o��

�f�h�e�_�d�m�e�Z�o���>���������������@�����a���h�k�h�[�e�b�\�b�f���•�g�l�_�j�_�k�h�f���^�h���Z�^�Z�i�l�h�\�Z�g�b�o���d�Z�l�•�h�g�g�b�o���e�•�g�•�c�g�b�o��

�i�h�e�•�f�_�l�b�g�h�\�b�o�� �[�Z�j�\�g�b�d�•�\�� ���I�F�;���� �>�������� �������±�������@���� �A�[�m�^�`�_�g�g�y�� �l�Z�d�b�o�� �[�Z�j�\�g�b�d�•�\��

�i�j�b�\�h�^�b�l�v�� �^�h�� �€�o�� �a�g�Z�q�g�b�o�� �]�_�h�f�_�l�j�b�q�g�b�o�� �a�f�•�g���� �s�h�� �k�m�i�j�h�\�h�^�`�m�x�l�v�k�y�� �k�m�l�l�}�\�b�f��

�i�_�j�_�j�h�a�i�h�^�•�e�h�f�� �_�e�_�d�l�j�h�g�g�h�€�� �]�m�k�l�b�g�b���� �M�� �d�Z�l�•�h�g�g�b�o�� �I�F�;�� �i�h�a�b�l�b�\�g�b�c�� �a�Z�j�y�^�� �g�_��

�j�h�a�l�Z�r�h�\�Z�g�b�c�� �g�Z�� �`�h�^�g�h�f�m�� �h�d�j�_�f�h�f�m�� �Z�l�h�f�•���� �Z�� �^�_�e�h�d�Z�e�•�a�h�\�Z�g�b�c�� �m�� �p�•�e�•�c��

�d�h�e�_�d�l�b�\�g�•�c���Œ-�_�e�_�d�l�j�h�g�g�•�c���k�b�k�l�_�f�•�����]�_�g�_�j�m�x�q�b���k�h�e�•�l�h�g�g�m���o�\�b�e�x���a�Z�j�y�^�m�����Z���l�Z�d�h�`��

�\�•�^�i�h�\�•�^�g�m�� �]�_�h�f�_�l�j�b�q�g�m�� ���Z�[�h�� �l�h�i�h�e�h�]�•�q�g�m���� �o�\�b�e�x�� �>�������� �������� ���������� �������@����

�?�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�� �l�Z�� �d�\�Z�g�l�h�\�h-�o�•�f�•�q�g�h�� �[�m�e�h�� �\�k�l�Z�g�h�\�e�_�g�h���� �s�h�� �k�h�e�•�l�h�g�g�•�� �o�\�b�e�•��

�k�l�Z�x�l�v�� �j�m�o�e�b�\�b�f�b�� �\�� �I�F�;�� �a�� �i�h�j�•�\�g�y�g�h�� �^�h�\�]�b�f�� �i�h�e�•�f�_�l�b�g�h�\�b�f�� �e�Z�g�p�x�]�h�f����

�j�m�o�e�b�\�•�k�l�v���i�j�b�a�\�h�^�b�l�v���^�h���i�h�j�m�r�_�g�g�y���k�b�f�_�l�j�•�€�����s�h���i�j�b�a�\�h�^�b�l�v���^�h���l�j�Z�g�k�n�h�j�f�Z�p�•�€��

�^�h�\�]�h�o�\�b�e�v�h�\�h�€�� �k�f�m�]�b�� �\�� �k�i�_�d�l�j�•�� �i�h�]�e�b�g�Z�g�g�y�� �>�������� �������@���� �L�_�h�j�_�l�b�q�g�h�� �[�m�e�h��

�i�_�j�_�^�[�Z�q�_�g�h�����s�h���j�m�o�e�b�\�•�k�l�v���l�Z�d�b�o���k�h�e�•�l�h�g�g�b�o���o�\�b�e�v���i�h�\�b�g�g�Z���[�m�l�b���q�m�l�e�b�\�h�x���^�h��

�k�\�•�l�e�h�\�h�]�h�� �a�[�m�^�`�_�g�g�y���� �D�j�•�f�� �l�h�]�h���� �]�_�h�f�_�l�j�b�q�g�Z�� �j�_�e�Z�d�k�Z�p�•�y�� �a�[�m�^�`�_�g�b�o�� �f�h�e�_�d�m�e��

�\�•�^�[�m�\�Z�}�l�v�k�y�� �k�m�l�l�}�\�h�� �i�h�\�•�e�v�g�•�r�_���� �•�� �l�h�f�m�� �€�€�� �f�h�`�g�Z�� �^�h�k�e�•�^�`�m�\�Z�l�b�� �a�Z�� �^�h�i�h�f�h�]�h�x��

�k�i�_�d�l�j�h�k�d�h�i�•�€���a���j�h�a�^�•�e�v�g�h�x���a�^�Z�l�g�•�k�l�x���a���q�Z�k�h�f���>���������������@�� 
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�Q�Z�k�h�j�h�a�^�•�e�_�g�•�� �k�i�_�d�l�j�b�� �\�b�i�j�h�f�•�g�x�\�Z�g�g�y�� ���7�5�(�6���� �I�F�;�� �a�� �d�h�j�h�l�d�b�f��

�\�m�]�e�_�p�_�\�b�f���e�Z�g�p�x�]�h�f���g�_���\�b�y�\�b�e�b���k�m�l�l�}�\�b�o���a�f�•�g���a�Z���d�•�f�g�Z�l�g�h�€���l�_�f�i�_�j�Z�l�m�j�b�����l�h�^�•��

�y�d�� �a�Z�� �g�b�a�v�d�b�o�� �l�_�f�i�_�j�Z�l�m�j�� ���m�� �a�Z�f�h�j�h�`�_�g�b�o���j�h�a�q�b�g�Z�o���� �7�5�(�6�� �k�m�l�l�}�\�h�� �a�f�•�g�x�}�l�v�k�y��

�a�Z�e�_�`�g�h���\�•�^���l�_�f�i�_�j�Z�l�m�j�b���l�Z���i�h�e�y�j�g�h�k�l�•���j�h�a�q�b�g�g�b�d�Z���\���a�Z�f�h�j�h�`�_�g�h�f�m���k�l�Z�g�•���>�����@�� 

�J�_�a�m�e�v�l�Z�l�b �^�h�k�e�•�^�`�_�g�v���� �s�h�� �k�l�h�k�m�x�l�v�k�y�� �j�_�e�Z�d�k�Z�p�•�€�� �a�[�m�^�`�_�g�h�]�h�� �k�l�Z�g�m��

�[�Z�j�\�g�b�d�Z���i�•�j�b�e�h�p�•�Z�g�•�g�� ��PyC���� ���J�b�k. 6.9a���� �i�h�d�Z�a�Z�e�b���a�f�•�s�_�g�g�y�� �Z�l�h�f�g�b�o���a�Z�j�y�^�•�\���^�h��

�l�_�j�f�•�g�Z�e�v�g�h�€�� �]�j�m�i�b ���L�=���� �i�j�b�� �a�[�m�^�`�_�g�g�•���� �L�m�l�� �i�h�j�•�\�g�y�e�v�g�h�� �^�h�k�e�•�^�`�m�}�l�v�k�y�� �l�Z�d�h�`��

�•�g�r�b�c�� �d�Z�l�•�h�g�g�b�c�� �[�Z�j�\�g�b�d�� ���J�b�k. 6.9b������ �s�h�� �f�•�k�l�b�l�v�� �L�=�� �a�•�� �a�^�Z�l�g�•�k�l�x�� �\�•�^�^�Z�\�Z�l�b�� �Œ-

�_�e�_�d�l�j�h�g�g�m�� �]�m�k�l�b�g�m�� �\�•�^�� �g�b�o�� �Z�l�h�f�Z�f�� �i�h�e�•�f�_�l�b�g�h�\�h�]�h�� �e�Z�g�p�x�]�Z���� �a�� �f�_�l�h�x��

�j�h�a�m�f�•�g�g�y�� �\�i�e�b�\�m�� �h�k�h�[�e�b�\�h�k�l�_�c�� �L�=�� �g�Z�� �i�h�j�m�r�_�g�g�y�� �k�b�f�_�l�j�•�€�� �[�Z�j�\�g�b�d�Z�����M��

�[�Z�j�\�g�b�d�m��PyC ���J�b�k. 6.9a���� �L�=�� �}�� �n�Z�d�l�b�q�g�h�� �i�j�h�^�h�\�`�_�g�g�y�f�� �i�h�e�•�f�_�l�b�g�h�\�h�]�h��

�e�Z�g�p�x�]�Z�����j�h�a�]�Z�e�m�`�_�g�b�c���i�h�e�•�f�_�l�b�g�h�\�b�c���e�Z�g�p�x�]�������M���[�Z�j�\�g�b�d�m���[�_�g�a�h�>e�@�•�g�^�h�p�•�Z�g�•�g��

(BIC���� ���J�b�k�m�g�h�d�� ������b���� �\�•�^�d�j�b�l�b�c�� �i�h�e�•�f�_�l�b�g�h�\�b�c�� �e�Z�g�p�x�]�� �h�^�g�Z�d�h�\�b�c���� �l�h�^�•�� �y�d��

�h�[�b�^�\�Z���L�=���f�•�k�l�y�l�v���\�e�Z�k�g�•���p�b�d�e�•�q�g�•�� �Œ-�_�e�_�d�l�j�h�g�g�•���k�b�k�l�_�f�b�����k�i�j�y�`�_�g�•���a���\�•�^�d�j�b�l�b�f��

�i�h�e�•�f�_�l�b�g�h�\�b�f�� �e�Z�g�p�x�]�h�f�� �q�_�j�_�a�� �Z�a�h�l�h�\�f�•�k�g�•�� �]�j�m�i�b���� �L�Z�d�b�f�� �q�b�g�h�f���� �h�[�b�^�\�Z��

�[�Z�j�\�g�b�d�b�� �f�Z�x�l�v�� �l�b�i�h�\�m�� �^�e�y�� �i�h�e�•�f�_�l�b�g�h�\�b�o�� �[�Z�j�\�g�b�d�•�\�� �k�l�j�m�d�l�m�j�m���� �i�h�d�Z�a�Z�g�m��

�n�h�j�f�m�e�h�x������������ 

[TG�± (CH)n �±TG] + ,             (1) 

�^�_��(CH)n �²  �\�•�^�d�j�b�l�b�c���i�h�e�•�f�_�l�b�g�h�\�b�c���e�Z�g�p�x�]�� 

 

 
PyC 

 
BIC 

 
 

�J�b�k. 6.9. �O�•�f�•�q�g�Z���k�l�j�m�d�l�m�j�Z���^�h�k�e�•�^�`�m�\�Z�g�b�o���[�Z�j�\�g�b�d�•�\��PyC �l�Z��BIC �a��
�g�m�f�_�j�Z�p�•�}�x��(�—�����Z�l�h�f�•�\���\�m�]�e�_�p�x���\���i�h�e�•�f�_�l�b�g�h�\�h�f�m���e�Z�g�p�x�a�•�� 
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1.  900 ps
2.  1500 ps
3.  2100 ps
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1.   5600 ps
2.   6600 ps
3.   7600 ps
4.   8600 ps
5.   9600 ps
6.  10600 ps
7.  11600 ps
8.  12600 ps
9.  13600 ps
10.  14600 ps
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�J�b�k. ���������������D���E�������'���j�b�k�m�g�d�b���7�5�(�6���^�e�y���Z�p�_�l�h�g�•�l�j�b�e�v�g�b�o���j�h�a�q�b�g�•�\���[�Z�j�\�g�b�d�Z���%�,�&��
�i�j�b�����������.�����D�����l�Z�������������E�����.�������(�;��� �����������g�f�������F���G�����7�5�(�6�����g�h�j�f�Z�e�•�a�h�\�Z�g�b�c���i�j�b�[�e�b�a�g�h��

�i�j�b�����������g�f�����g�Z�c�[�•�e�v�r���•�g�l�_�g�k�b�\�g�Z���k�f�m�]�Z�����i�j�b�����(�;��� �����������g�f���^�e�y��
�Z�p�_�l�h�g�•�l�j�b�e�v�g�h�]�h���j�h�a�q�b�g�m���%�,�&���i�j�b�����������.�����F�����\���^�•�Z�i�Z�a�h�g�•���W��� ����������- �����������i�k���a��

�d�j�h�d�h�f�����������i�k�����d�j�b�\�•�����±���������l�Z�����G�����\���^�•�Z�i�Z�a�h�g�•���W��� �������������± �������������i�k���a���d�j�h�d�h�f������������
�i�k�����d�j�b�\�•�����±�����������>�b�n�_�j�_�g�p�•�Z�e�v�g�b�c���7�5�(�6�����d�j�b�\�Z�����������h�l�j�b�f�m�}�l�v�k�y���r�e�y�o�h�f��
�\�•�^�g�•�f�Z�g�g�y���d�j�b�\�h�€�����������W��� �������������i�k�����\�•�^���d�j�b�\�h�€���������W��� �����������i�k�����m���q�Z�k�l�b�g�•�����F���� 

 
�G�Z�� �j�b�k���� ���������� �i�h�d�Z�a�Z�g�h�� �d�Z�j�l�b��TRES �^�e�y�� �j�h�a�q�b�g�m�� �[�Z�j�\�g�b�d�Z��BIC �\��

�Z�p�_�l�h�g�•�l�j�b�e�•�����>�h�\�`�b�g�Z���o�\�b�e�•���e�Z�a�_�j�Z���a�[�m�^�`�_�g�g�y��TRES ��EX � �����������g�f���i�h�l�j�Z�i�e�y�}���\��

�k�i�_�d�l�j�Z�e�v�g�m�� �h�[�e�Z�k�l�v���� �[�e�b�a�v�d�m�� �^�h�� �_�g�_�j�]�•�€�� �a�[�m�^�`�_�g�g�y�� �g�Z�c�g�b�`�q�b�o�� �_�e�_�d�l�j�h�g�g�b�o��

�i�_�j�_�o�h�^�•�\�����±�����y�d���k�b�f�_�l�j�b�q�g�b�o�����l�Z�d���•���Z�k�b�f�_�l�j�b�q�g�b�o���n�h�j�f���[�Z�j�\�g�b�d�Z�����D�Z�j�l�Z��TRES 

�^�e�y�� �[�Z�j�\�g�b�d�Z��BIC �i�j�b�� �d�•�f�g�Z�l�g�•�c�� �l�_�f�i�_�j�Z�l�m�j�•�� ���j�b�k���� ��������a���� �i�h�d�Z�a�m�}���� �s�h�� �n�h�j�f�Z��

�k�i�_�d�l�j�•�\�� �f�b�l�l�}�\�h�€�� �n�h�l�h�e�x�f�•�g�_�k�p�_�g�p�•�€�� ���a�� �i�•�d�h�f�� �i�j�b�� �������� �g�f���� �a�Z�e�b�r�Z�}�l�v�k�y��

�i�j�Z�d�l�b�q�g�h���g�_�a�f�•�g�g�h�x���i�j�b���j�•�a�g�b�o��td = 0�±�����g�k�����G�b�a�v�d�h�l�_�f�i�_�j�Z�l�m�j�g�Z������������K�����d�Z�j�l�Z��
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TRES �[�Z�j�\�g�b�d�Z��BIC ���j�b�k������b�����k�\�•�^�q�b�l�v���i�j�h���r�\�b�^�d�•���a�f�•�g�b�����s�h���\�•�^�[�m�\�Z�x�l�v�k�y���i�•�k�e�y��

�a�[�m�^�`�_�g�g�y���^�h�������g�k�����H�d�j�•�f���f�Z�d�k�b�f�m�f�m���n�h�l�h�e�x�f�•�g�_�k�p�_�g�p�•�€����PL�����i�j�b���������±���������g�f����

�g�Z�� �g�b�a�v�d�h�l�_�f�i�_�j�Z�l�m�j�g�•�c�� �d�Z�j�l�•��TRES �a�¶�y�\�e�y�}�l�v�k�y�� �g�_�\�_�e�b�d�Z�� �k�f�m�]�Z�� �a�� �f�Z�d�k�b�f�m�f�h�f��

�i�j�b�� �������� �g�f���� �y�d�h�€�� �g�_�f�Z�}�� �g�Z�� �d�Z�j�l�•��TRES �i�j�b�� �d�•�f�g�Z�l�g�•�c�� �l�_�f�i�_�j�Z�l�m�j�•���� �G�Z�� �j�b�k����

6.10c,d �i�h�d�Z�a�Z�g�h���g�b�a�v�d�h�l�_�f�i�_�j�Z�l�m�j�g�•������������K) TRES-�k�i�_�d�l�j�b���^�e�y���[�Z�j�\�g�b�d�Z��BIC �\��

�Z�p�_�l�h�g�•�l�j�b�e�•���� �G�Z�c�r�\�b�^�r�•�� �a�f�•�g�b�� �^�e�y��BIC �\�•�^�[�m�\�Z�x�l�v�k�y�� �\�� �^�•�Z�i�Z�a�h�g�•�� �������±�������� �g�f����

�M�� �^�b�n�_�j�_�g�p�•�Z�e�v�g�h�f�m�� �k�i�_�d�l�j�•�� �n�h�l�h�e�x�f�•�g�_�k�p�_�g�p�•�€�� ���j�b�k���� ��������c������ �h�l�j�b�f�Z�g�h�f�m��

�r�e�y�o�h�f�� �\�•�^�g�•�f�Z�g�g�y�� �d�j�b�\�h�€�� �������� �i�k�� �\�•�^�� �d�j�b�\�h�€�� ���������� �i�k���� �\�b�y�\�e�y�}�l�v�k�y�� �k�f�m�]�Z�� �a��

�f�Z�d�k�b�f�m�f�h�f�� �i�j�b�� �������� �g�f���� �I�j�b��td���� �s�h�� �a�f�•�g�x�}�l�v�k�y�� �\�•�^�� ���������� �^�h�� ������ �������� �i�k�� ���j�b�k����

6.10d������ �g�Z�c�[�•�e�v�r�� �j�•�a�d�Z�� �a�f�•�g�Z�� �n�h�l�h�e�x�f�•�g�_�k�p�_�g�p�•�€�� �\�•�^�[�m�\�Z�}�l�v�k�y�� �\�� �^�•�Z�i�Z�a�h�g�•�� �������±

���������g�f���� �G�h�\�Z���k�f�m�]�Z�� �a���i�•�d�h�f�� �i�j�b�� ���������g�f���a�¶�y�\�b�e�Z�k�y�� �\�� �k�i�_�d�l�j�•�� �n�h�l�h�e�x�f�•�g�_�k�p�_�g�p�•�€��

�i�j�b��td = 6000�±���������������i�k�����Q�Z�k���`�b�l�l�y���n�h�l�h�e�x�f�•�g�_�k�p�_�g�p�•�€���^�e�y���p�•�}�€���k�f�m�]�b �k�l�Z�g�h�\�b�l�v��

�[�e�b�a�v�d�h�������������i�k���i�j�b����������K �l�Z�������������i�k���i�j�b��������K. 

�K�f�m�]�b�� �\�b�i�j�h�f�•�g�x�\�Z�g�g�y�� �\�� �^�•�Z�i�Z�a�h�g�•�� �������� �g�f�� �d�j�Z�s�_�� �\�b�j�Z�`�_�g�•�� �\�� �k�i�_�d�l�j�Z�o��

TRES �i�j�b�� �d�h�j�h�l�d�b�o�� �q�Z�k�Z�o�� �a�Z�l�j�b�f�d�b��td < ���� �g�k�� �•�� �f�h�`�m�l�v�� �[�m�l�b�� �i�h�\�¶�y�a�Z�g�•�� �a�� �q�b�k�l�h��

�_�e�_�d�l�j�h�g�g�b�f�b�� �i�_�j�_�o�h�^�Z�f�b���� �o�Z�j�Z�d�l�_�j�g�b�f�b�� �^�e�y�� �f�h�e�_�d�m�e�y�j�g�b�o�� �k�l�j�m�d�l�m�j��

�\�m�]�e�_�p�_�\�h�]�h���e�Z�g�p�x�]�Z���i�h�e�•�}�g�h�\�h�]�h���l�b�i�m�����>�e�y��BIC �q�Z�k���`�b�l�l�y���p�b�o���k�f�m�]���i�j�b����������K 

�k�l�Z�g�h�\�b�l�v���21 � �����������i�k���l�Z���22 � �������������i�k�����D�h�f�i�h�g�_�g�l�Z���n�h�l�h�e�x�f�•�g�_�k�p�_�g�p�•�€���a���21 = 227 

�i�k���f�h�`�_���[�m�l�b���i�h�\�¶�y�a�Z�g�Z���a���i�j�h�p�_�k�Z�f�b���j�_�e�Z�d�k�Z�p�•�€���\���k�f�m�a�•�����������g�f�����Z���d�h�f�i�h�g�_�g�l�Z���a���22 

� �� ���������� �i�k�� �[�m�^�_�� �\�g�_�k�d�h�f�� �•�g�l�_�g�k�b�\�g�h�€�� �k�f�m�]�b�� �i�j�b�� �������� �g�f���� �y�d�Z�� �i�_�j�_�d�j�b�\�Z�}�l�v�k�y�� �a�•��

�k�f�m�]�h�x�����������g�f�� 

�I�j�b�� �l�j�b�\�Z�e�b�o�� �q�Z�k�Z�o�� �a�Z�l�j�b�f�d�b�� ���!�� ���� �g�k���� ���j�b�k���� �������������a�¶�y�\�e�y�}�l�v�k�y�� �g�h�\�Z�� �k�f�m�]�Z��

�\�b�i�j�h�f�•�g�x�\�Z�g�g�y �\�� �^�h�\�]�h�o�\�b�e�v�h�\�•�c�� �h�[�e�Z�k�l�•��TRES �i�j�b�� �������� �g�f���� �y�d�m�� �g�_�� �f�h�`�g�Z��

�i�h�y�k�g�b�l�b���\�•�[�j�h�g�g�b�f���i�_�j�_�o�h�^�h�f�����1�g�l�_�g�k�b�\�g�•�k�l�v���p�•�}�€���k�f�m�]�b���a�g�Z�q�g�h���\�b�s�Z���^�e�y��BIC 

�i�h�j�•�\�g�y�g�h�� �a�� �[�Z�j�\�g�b�d�h�f��PyC���� �s�h�� �f�h�`�g�Z�� �i�h�y�k�g�b�l�b�� �a�^�Z�l�g�•�k�l�x�� �i�_�j�_�g�h�k�b�l�b�� �Œ-

�_�e�_�d�l�j�h�g�g�m���]�m�k�l�b�g�m���a��TG�����Q�Z�k���`�b�l�l�y���p�•�}�€���k�f�m�]�b���i�j�b����������K �k�l�Z�g�h�\�b�l�v���22 � �������������i�k��

�l�Z�� �23 � �� ���������� �i�k���� �^�_�� �i�h�\�•�e�v�g�h�� �a�]�Z�k�Z�x�q�Z�� �n�h�l�h�e�x�f�•�g�_�k�p�_�g�p�•�y�� ���23���� �f�h�`�_�� �[�m�l�b��

�i�h�\�¶�y�a�Z�g�Z �a���i�j�h�p�_�k�Z�f�b���j�_�e�Z�d�k�Z�p�•�€���\���k�f�m�a�•�����������g�f�����Z���i�j�h�f�•�`�g�b�c���d�h�f�i�h�g�_�g�l���a�� �22 = 

���������� �i�k�� �i�h�y�k�g�x�}�l�v�k�y�� �\�g�_�k�d�h�f�� �•�g�l�_�g�k�b�\�g�h�€�� �k�f�m�]�b�� �������� �g�f���� �y�d�Z�� �\�k�_�� �s�_��
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�i�_�j�_�d�j�b�\�Z�}�l�v�k�y���a�•���k�f�m�]�h�x�����������g�f�����K�f�m�]�b�����������l�Z�����������g�f���^�h�[�j�_���j�h�a�^�•�e�_�g�•���\��TRES �a��

�j�•�a�g�b�f�b���q�Z�k�h�\�b�f�b���a�Z�l�j�b�f�d�Z�f�b�����j�b�k��������������c,d). 

�L�Z�d�b�f�� �q�b�g�h�f���� �j�_�a�m�e�v�l�Z�l�b�� �d�h�f�[�•�g�h�\�Z�g�b�o�� �d�\�Z�g�l�h�\�h-�o�•�f�•�q�g�b�o�� �l�Z��

�k�i�_�d�l�j�Z�e�v�g�b�o�� �^�h�k�e�•�^�`�_�g�v�� �[�Z�j�\�g�b�d�•�\��PyC �l�Z��BIC �m�� �i�h�e�y�j�g�h�f�m�� �j�h�a�q�b�g�g�b�d�m��

�^�h�a�\�h�e�y�x�l�v�� �g�Z�f�� �i�•�^�d�j�_�k�e�b�l�b���� �s�h�� �m�� �a�[�m�^�`�_�g�h�f�m�� �k�l�Z�g�•�� �•�k�g�m�x�l�v�� �l�j�b�� �r�e�y�o�b��

�j�_�e�Z�d�k�Z�p�•�€�� 

�k�b�f�_�l�j�b�q�g�b�c�� ���i�h�e�•�f�_�l�b�g�h�\�Z�� �j�_�e�Z�d�k�Z�p�•�y���� �r�e�y�o�� �a�� �\�b�j�•�\�g�x�\�Z�g�g�y�f�� �^�h�\�`�b�g��

�a�\�¶�y�a�d�•�\���� �s�h�� �i�j�b�\�h�^�b�l�v�� �^�h�� �n�h�l�h�e�x�f�•�g�_�k�p�_�g�p�•�€�� ���N�E���� �m�� �^�•�Z�i�Z�a�h�g�•�� �������� �l�Z�� ���������g�f��

�^�e�y��BIC �l�Z��PyC �\�•�^�i�h�\�•�^�g�h���� �i�h�e�y�j�h�g�g�Z�� �f�h�^�_�e�v�� �k�b�f�_�l�j�b�q�g�h�€�� �n�h�j�f�b�� �[�Z�j�\�g�b�d�Z��

���i�h�e�y�j�h�g�� �\�_�e�b�d�h�]�h�� �j�Z�^�•�m�k�Z�� �\�k�_�j�_�^�b�g�•�� �\�m�]�e�_�p�_�\�h�]�h�� �e�Z�g�p�x�]�Z������ �a�^�Z�l�g�h�]�h 

�i�_�j�_�o�h�^�b�l�b���\���g�_�k�b�f�_�l�j�b�q�g�m���n�h�j�f�m�� 

�g�_�k�b�f�_�l�j�b�q�g�b�c�� ���i�h�e�•�}�g�h�\�b�c���� �r�e�y�o�� �± �a�•�� �a�g�Z�q�g�b�f�� �q�_�j�]�m�\�Z�g�g�y�f�� �^�h�\�`�b�g��

�a�\�¶�y�a�d�•�\���l�Z���f�h�`�e�b�\�•�k�l�x���a�Z�k�l�h�k�m�\�Z�g�g�y���_�d�k�b�l�h�g�g�h�€���f�h�^�_�e�•�����<�b�i�j�h�f�•�g�x�\�Z�g�g�y���N�E �m��

�^�•�Z�i�Z�a�h�g��680�±�������� �g�f�� �^�e�y��PyC �l�Z�� �������±�������� �g�f�� �^�e�y��BIC �a�� �\�•�^�g�h�k�g�h�� �d�h�j�h�l�d�b�f��

�q�Z�k�h�f���`�b�l�l�y�����g�_�k�b�f�_�l�j�b�q�g�Z���n�h�j�f�Z���[�Z�j�\�g�b�d�Z�����i�h�\�¶�y�a�Z�g�Z���a���e�h�d�Z�e�•�a�Z�p�•�}�x���a�Z�j�y�^�m���g�Z��

�h�^�g�h�f�m���a��TG �l�Z���\�m�]�e�_�p�_�\�h�]�h���e�Z�g�p�x�]�Z�� 

�^�h�g�h�j�g�h-�Z�d�p�_�i�l�h�j�g�b�c�� ��D-A���� �r�e�y�o�� �± �j�_�e�Z�d�k�Z�p�•�y�� �a�[�m�^�`�_�g�g�y�� �\��

�g�_�k�b�f�_�l�j�b�q�g�•�c���i�h�e�•�}�g�h�\�•�c���n�h�j�f�•���q�_�j�_�a���_�e�_�d�l�j�h�g�g�m���]�m�k�l�b�g�m���^�h�g�h�j�Z��TG �l�Z���a�f�•�g�m��

�g�Z�i�j�y�f�d�m�� �^�b�i�h�e�v�g�h�]�h�� �f�h�f�_�g�l�m�� �e�Z�g�p�x�]�Z�� ���\�•�^�� �i�_�j�i�_�g�^�b�d�m�e�y�j�g�h�]�h�� �^�h��

�i�Z�j�Z�e�_�e�v�g�h�]�h�������O�Z�j�Z�d�l�_�j�g�b�c���^�•�Z�i�Z�a�h�g���n�h�l�h�e�x�f�•�g�_�k�p�_�g�p�•�€���k�l�Z�g�h�\�b�l�v���������±���������g�f��

�m���[�Z�j�\�g�b�d�m��BIC. 

�G�Z�\�_�^�_�g�m�� �\�b�s�_�� �f�h�^�_�e�v�� �f�h�`�g�Z�� �i�j�_�^�k�l�Z�\�b�l�b�� �m�� �\�b�]�e�y�^�•�� �_�g�_�j�]�_�l�b�q�g�h�€��

�^�•�Z�]�j�Z�f�b�� ���j�b�k���� ������������ �•�a�� �a�Z�a�g�Z�q�_�g�b�f�b�� �g�Z�� �g�•�c�� �i�j�h�p�_�k�Z�f�b�� �j�_�e�Z�d�k�Z�p�•�€�� �^�e�y�� �[�Z�j�\�g�b�d�Z��

BIC. ��EX �i�j�_�^�k�l�Z�\�e�y�x�l�v�� �a�[�m�^�`�_�g�g�y�� �n�h�l�h�e�x�f�•�g�_�k�p�_�g�p�•�€�� �\�� �^�•�Z�i�Z�a�h�g�•�� �i�•�d�Z 

�i�h�]�e�b�g�Z�g�g�y�� �l�Z�� �\�•�^�i�h�\�•�^�g�•�� �r�e�y�o�b�� �n�h�l�h�e�x�f�•�g�_�k�p�_�g�p�•�€���� �L�Z�d�•�� �r�e�y�o�b��

�i�•�^�l�\�_�j�^�`�m�x�l�v�k�y���g�Z�y�\�g�•�k�l�x���j�•�a�g�b�o���_�f�•�k�•�c�g�b�o���d�h�f�i�h�g�_�g�l�•�\���m���k�i�_�d�l�j�Z�o��TRES �i�j�b��

�g�b�a�v�d�b�o�� �l�_�f�i�_�j�Z�l�m�j�Z�o���� �A�Z�i�j�h�i�h�g�h�\�Z�g�Z�� �f�h�^�_�e�v�� �f�h�`�_�� �o�Z�j�Z�d�l�_�j�b�a�m�\�Z�l�b�� �a�[�m�^�`�_�g�•��

�k�l�Z�g�b�� �\�� �i�_�g�l�Z�f�_�l�b�g�h�\�b�o�� �p�•�Z�g�•�g�h�\�b�o�� �[�Z�j�\�g�b�d�Z�o�� �l�Z�� �i�h�y�k�g�x�\�Z�l�b�� �\�i�e�b�\��TG �g�Z��

�k�i�_�d�l�j�Z�e�v�g�•�� �l�Z�� �q�Z�k�h�\�•�� �h�k�h�[�e�b�\�h�k�l�•�� �n�e�m�h�j�_�k�p�_�g�p�•�€�� �l�Z�d�b�o�� �[�Z�j�\�g�b�d�•�\���� �P�y�� �f�h�^�_�e�v��

�g�Z�^�Z�}�� �g�h�\�_�� �j�h�a�m�f�•�g�g�y�� �k�b�f�_�l�j�b�q�g�b�o�� �l�Z�� �g�_�k�b�f�_�l�j�b�q�g�b�o�� �n�h�j�f�� �d�Z�l�•�h�g�g�b�o�� �p�•�Z�g�•�g�•�\��
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[91] �•�a �Z�d�p�_�g�l�h�f �g�Z���l�h�f�m���� �y�d�� �l�_�j�f�•�g�Z�e�v�g�•�� �]�j�m�i�b�� ���L�=���� �\�i�e�b�\�Z�x�l�v�� �g�Z�� �e�h�d�Z�e�•�a�Z�p�•�x��

�p�v�h�]�h�� �d�Z�l�•�h�g�Z���l�Z�� �g�Z���i�h�y�\�m �g�h�\�h�€���n�e�m�h�j�_�k�p�_�g�p�•�€�� �\�� �^�h�\�]�h�o�\�b�e�v�h�\�h�f�m�����[�e�b�`�g�v�h�f�m��

�1�Q���� �^�•�Z�i�Z�a�h�g�•���� �M�� �f�Z�c�[�m�l�g�v�h�f�m�� �g�_�h�[�o�•�^�g�h�� �\�b�\�q�Z�l�b�� �[�•�e�v�r�� �i�h�\�g�b�c�� �k�i�_�d�l�j�� �j�•�a�g�b�o��

�L�=�� ���d�Z�l�•�h�g�g�b�o�� �l�Z�� �Z�g�•�h�g�g�b�o���� �a�Z�� �^�h�i�h�f�h�]�h�x�� �f�_�l�h�^�•�\�� �a�� �j�h�a�^�•�e�v�g�h�x�� �a�^�Z�l�g�•�k�l�x�� �\��

�q�Z�k�•�����a�h�k�_�j�_�^�`�_�g�b�o���g�Z���e�h�d�Z�e�•�a�Z�p�•�€���a�Z�j�y�^�m�� 

�D�j�Z�s�_�� �j�h�a�m�f�•�g�g�y�� �\�i�e�b�\�m�� �L�=���� �s�h�� �^�h�g�h�j�m�x�l�v�� �_�e�_�d�l�j�h�g�g�m�� �]�m�k�l�b�g�m����

�^�h�i�h�f�h�`�_�� �\�� �j�h�a�j�h�[�p�•�� �f�h�e�_�d�m�e�� �a�� �\�_�e�b�d�b�f�� �^�b�i�h�e�y�j�g�b�f�� �f�h�f�_�g�l�h�f�� �m�� �a�[�m�^�`�_�g�h�f�m��

�k�l�Z�g�•���� �s�h�� �^�h�a�\�h�e�b�l�v�� �i�•�^�k�b�e�x�\�Z�l�b�� �^�\�h�n�h�l�h�g�g�_�� �i�h�]�e�b�g�Z�g�g�y���� �Z�i�d�h�g�\�_�j�k�•�x����

�i�_�j�_�^�Z�q�m�� �_�g�_�j�]�•�€���� �[�•�h�\�•�a�m�Z�e�•�a�Z�p�•�x�� �l�h�s�h���� �S�_�� �h�^�g�b�f�� �\�Z�`�e�b�\�b�f�� �Z�k�i�_�d�l�h�f��

�f�h�^�_�e�x�\�Z�g�g�y�� �l�Z�d�b�o�� �e�•�g�•�c�g�b�o�� �f�h�e�_�d�m�e�� �}�� �h�l�j�b�f�Z�g�g�y�� �j�h�a�m�f�•�g�g�y�� �^�b�g�Z�f�•�d�b��

�a�[�m�^�`�_�g�h�]�h�� �k�l�Z�g�m�� �d�Z�j�h�l�b�g�h�€�^�•�\���� �y�d�•�� �[�_�j�m�l�v�� �m�q�Z�k�l�v�� �m�� �i�j�h�p�_�k�•�� �n�h�l�h�k�b�g�l�_�a�m���� �L�Z�d�_��

�]�e�b�[�h�d�_�� �j�h�a�m�f�•�g�g�y�� �k�d�e�Z�^�g�b�o�� �[�•�h�e�h�]�•�q�g�b�o�� �k�b�k�l�_�f�� �a�� �\�b�d�h�j�b�k�l�Z�g�g�y�f�� �i�j�h�k�l�b�o��

�f�h�^�_�e�x�x�q�b�o���f�h�e�_�d�m�e���i�j�h�d�e�Z�^�Z�}���r�e�y�o���^�h���j�h�a�j�h�[�d�b���_�n�_�d�l�b�\�g�b�o���k�b�k�l�_�f���i�_�j�_�^�Z�q�•��

�_�g�_�j�]�•�€���^�e�y���r�l�m�q�g�h�]�h���n�h�l�h�k�b�g�l�_�a�m�� 

�K�b�f�_�l�j�•�y�� �f�h�e�_�d�m�e�b�� �I�F�;�� �l�Z�� �e�h�d�Z�e�•�a�Z�p�•�y�� �g�Z�^�e�b�r�d�h�\�h�]�h�� �a�Z�j�y�^�m�� �g�Z��

�\�m�]�e�_�p�_�\�h�f�m���e�Z�g�p�x�a�•���l�Z���d�•�g�p�_�\�b�o���]�j�m�i�Z�o���f�h�e�_�d�m�e�b���f�h�`�m�l�v���[�m�l�b���j�•�a�g�b�f�b���^�e�y���€�€��

�h�k�g�h�\�g�h�]�h�� �l�Z�� �h�i�l�b�q�g�h�� �a�[�m�^�`�_�g�h�]�h�� �k�l�Z�g�•�\�� �a�Z�e�_�`�g�h�� �\�•�^�� �l�h�i�h�e�h�]�•�€�� �d�•�g�p�_�\�b�o�� �]�j�m�i����

�i�h�e�y�j�g�h�k�l�•�� �j�h�a�q�b�g�g�b�d�Z�� �l�Z�� �l�_�f�i�_�j�Z�l�m�j�b���� �<�� �j�_�a�m�e�v�l�Z�l�•���� �^�e�y�� �f�h�e�_�d�m�e�� �I�F�;�� �m��

�f�h�e�_�d�m�e�y�j�g�b�o�� �j�h�a�q�b�g�Z�o�� �f�h�`�m�l�v�� �m�l�\�h�j�x�\�Z�l�b�k�y�� �i�h�e�•�}�g�h�\�•���� �i�h�e�•�f�_�l�b�g�h�\�•�� �Z�[�h��

�^�h�g�h�j�g�h-�Z�d�p�_�i�l�h�j�g�•�� �k�l�j�m�d�l�m�j�b�� �y�d�� �\�� �h�k�g�h�\�g�h�f�m���� �l�Z�d �•�� �\�� �h�i�l�b�q�g�h�� �a�[�m�^�`�_�g�b�o��

�k�l�Z�g�Z�o�� 

�I�•�^�k�m�f�h�\�m�x�q�b���� �\�•�^�a�g�Z�q�b�f�h�� �s�h �g�b�a�v�d�h�l�_�f�i�_�j�Z�l�m�j�g�•�� �k�i�_�d�l�j�Z�e�v�g�•�� �l�Z��

�d�\�Z�g�l�h�\�h-�o�•�f�•�q�g�•�� �^�h�k�e�•�^�`�_�g�g�y�� �d�Z�l�•�h�g�g�b�o�� �i�h�e�•�f�_�l�b�g�h�\�b�o�� �[�Z�j�\�g�b�d�•�\�� �i�h�d�Z�a�Z�e�b��

�\�i�e�b�\�� �^�h�g�h�j�g�h�€�� �_�e�_�d�l�j�h�g�g�h�€�� �]�m�k�l�b�g�b�� �d�•�g�p�_�\�b�o�� �]�j�m�i�� �g�Z�� �j�_�e�Z�d�k�Z�p�•�x�� �a�[�m�^�`�_�g�b�o��

�k�l�Z�g�•�\���� �A�Z�e�_�`�g�h�� �\�•�^�� �l�h�i�h�e�h�]�•�€�� �d�•�g�p�_�\�b�o�� �]�j�m�i���� �i�h�e�y�j�g�h�k�l�•�� �j�h�a�q�b�g�g�b�d�Z���l�Z��

�l�_�f�i�_�j�Z�l�m�j�b���� �m�� �^�h�k�e�•�^�`�m�\�Z�g�b�o�� �f�h�e�_�d�m�e�Z�o�� �f�h�`�_�� �i�_�j�_�\�Z�`�Z�l�b�� �i�h�e�•�}�g�h�\�Z �Z�[�h��

�i�h�e�•�f�_�l�b�g�h�\�Z�� �k�l�j�m�d�l�m�j�Z���� �>�e�y�� �f�h�e�_�d�m�e�b�� �[�Z�j�\�g�b�d�Z�� �a�� �i�•�j�b�e�h�p�•�Z�g�•�g�h�\�b�f�b�� ��PyC) 

�d�•�g�p�_�\�b�f�b���]�j�m�i�Z�f�b�����s�h���f�Z�x�l�v���g�b�a�v�d�m���a�^�Z�l�g�•�k�l�v���i�_�j�_�g�h�k�b�l�b���_�e�_�d�l�j�h�g�g�m���]�m�k�l�b�g�m��

�^�h�� �h�k�g�h�\�g�h�]�h�� �i�h�e�•�f�_�l�b�g�h�\�h�]�h�� �e�Z�g�p�x�]�Z���� �f�h�`�e�b�\�b�c�� �i�h�e�•�}�g�h�\�b�c�� �r�e�y�o�� �j�_�e�Z�d�k�Z�p�•�€��

�g�Z�� �^�h�^�Z�l�h�d�� �^�h�� �i�_�j�_�\�Z�`�g�h�]�h�� �i�h�e�•�f�_�l�b�g�h�\�h�]�h�� �r�e�y�o�m���� �L�Z�d�b�c�� �i�h�e�•�}�g�h�\�b�c�� �r�e�y�o�� �}��
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�[�•�e�v�r���_�n�_�d�l�b�\�g�b�f���m���g�_�i�h�e�y�j�g�h�f�m���k�_�j�_�^�h�\�b�s�•���l�h�e�m�h�e�m���l�Z���f�Z�}���g�_�\�_�e�b�d�b�c���\�g�_�k�h�d��

�m�� �i�h�e�y�j�g�h�f�m�� �Z�p�_�l�h�g�•�l�j�b�e�•���� �I�j�b�� �g�b�a�v�d�b�o�� �l�_�f�i�_�j�Z�l�m�j�Z�o�� �^�e�y�� �p�v�h�]�h�� �[�Z�j�\�g�b�d�Z��

�i�h�]�e�b�g�Z�g�g�y �\���_�e�_�d�l�j�h�g�g�h-�d�h�e�b�\�Z�e�v�g�h�f�m���i�_�j�_�o�h�^�•�����±�����f�Z�}���j�h�a�r�b�j�_�g�g�y���k�f�m�]�b���a�•��

�a�[�•�e�v�r�_�g�g�y�f���•�g�l�_�g�k�b�\�g�h�k�l�•�����•���k�i�h�k�l�_�j�•�]�Z�}�l�v�k�y���k�f�m�]�Z���n�h�l�h�e�x�f�•�g�_�k�p�_�g�p�•�€�����������g�f���\��

�Z�g�l�b�k�l�h�d�k�h�\�h�f�m���^�•�Z�i�Z�a�h�g�•���i�h�e�•�f�_�l�b�g�h�\�h�]�h���f�Z�d�k�b�f�m�f�m�����s�h���f�h�`�_���[�m�l�b���i�h�\�¶�y�a�Z�g�h��

�a�� �•�k�g�m�\�Z�g�g�y�f�� �f�h�e�_�d�m�e�� �[�Z�j�\�g�b�d�Z�� �a�� �i�h�j�m�r�_�g�h�x�� �k�b�f�_�l�j�•�}�x�� �\�� �a�Z�f�h�j�h�`�_�g�b�o��

�j�h�a�q�b�g�Z�o�� 

 
�J�b�k�����������������?�g�_�j�]�_�l�b�q�g�Z���^�•�Z�]�j�Z�f�Z���r�e�y�o�•�\���j�_�e�Z�d�k�Z�p�•�€���a�[�m�^�`�_�g�b�o���k�l�Z�g�•�\���a���j�•�a�g�b�f�b��
�2���l�Z����EM. �O�Z�j�Z�d�l�_�j�g�•���q�Z�k�b���`�b�l�l�y���l�Z���^�h�\�`�b�g�Z���o�\�b�e�•���\�b�i�j�h�f�•�g�x�\�Z�g�g�y���g�Z�\�_�^�_�g�h��

�^�e�y���[�Z�j�\�g�b�d�Z��BIC.  

 

�;�Z�j�\�g�b�d�� �[�_�g�a�h�>e�@�•�g�^�h�d�Z�j�[�h�p�•�Z�g�•�g�� ��BIC���� �a�� �e�h�d�Z�e�•�a�h�\�Z�g�b�f�� �i�h�a�b�l�b�\�g�b�f��

�a�Z�j�y�^�h�f�� �g�Z�� �d�•�g�p�_�\�b�o�� �]�j�m�i�Z�o�� �f�Z�}�� �g�_�]�Z�l�b�\�g�b�c�� �a�Z�j�y�^���� �s�h�� �i�_�j�_�g�h�k�b�l�v�k�y�� �a�� �d�•�g�p�_�\�h�€��

�]�j�m�i�b�� �g�Z�� �i�h�e�•�f�_�l�b�g�h�\�b�c�� �e�Z�g�p�x�]���� �s�h�� �i�j�b�\�h�^�b�l�v�� �^�h�� �m�l�\�h�j�_�g�g�y�� �^�h�g�h�j�g�h-

�Z�d�p�_�i�l�h�j�g�h-�^�h�g�h�j�g�h�€�� �k�b�k�l�_�f�b���� �;�Z�j�\�g�b�d��BIC �o�Z�j�Z�d�l�_�j�b�a�m�}�l�v�k�y�� �^�h�^�Z�l�d�h�\�b�f��

�r�e�y�o�h�f���j�_�e�Z�d�k�Z�p�•�€���m���a�[�m�^�`�_�g�h�f�m���k�l�Z�g�•���a���o�Z�j�Z�d�l�_�j�b�k�l�b�q�g�b�f���\�b�i�j�h�f�•�g�x�\�Z�g�g�y�f���m��

�^�•�Z�i�Z�a�h�g�•���������±���������g�f���l�Z���\�•�^�g�h�k�g�h���^�h�\�]�b�f���q�Z�k�h�f���`�b�l�l�y�����D�j�•�f���l�h�]�h�����[�Z�j�\�g�b�d��BIC 

�i�j�b�� �g�b�a�v�d�•�c�� �l�_�f�i�_�j�Z�l�m�j�•�� �f�Z�}�� �i�_�j�_�\�Z�`�g�h�� �i�h�e�•�}�g�h�\�m�� �k�l�j�m�d�l�m�j�m�� �a�•�� �a�g�Z�q�g�b�f��

�\�g�_�k�d�h�f�� �\�b�i�j�h�f�•�g�x�\�Z�g�g�y�� �n�h�l�h�e�x�f�•�g�_�k�p�_�g�p�•�€�� �������� �g�f���� �L�Z�d�b�f�� �q�b�g�h�f���� �i�j�h�p�_�k��

�j�_�e�Z�d�k�Z�p�•�€�� �^�h�g�h�j�g�h-�Z�d�p�_�i�l�h�j�g�h�€�� �k�b�k�l�_�f�b���� �i�h�\�¶�y�a�Z�g�b�c�� �a�� �i�_�j�_�g�h�k�h�f�� �a�Z�j�y�^�m�� �q�_�j�_�a��

�\�m�]�e�_�p�_�\�b�c �e�Z�g�p�x�]�� �l�Z�� �l�_�j�f�•�g�Z�e�v�g�• �]�j�m�i���� �k�m�l�l�}�\�h�� �a�Z�e�_�`�b�l�v�� �\�•�^��

�o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �e�Z�g�p�x�]�Z���� �>�e�y�� �^�h�[�j�_�� �k�i�j�y�`�_�g�h�€�� �k�l�j�m�d�l�m�j�b�� �p�•�Z�g�•�g�h�\�h�]�h��

�e�Z�g�p�x�]�Z�� �p�_�c�� �i�j�h�p�_�k�� �o�Z�j�Z�d�l�_�j�b�a�m�}�l�v�k�y�� �d�h�j�h�l�d�b�f�� �q�Z�k�h�f�� �`�b�l�l�y���� �>�e�y��
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�i�h�e�•�}�g�h�\�h�€�� �k�l�j�m�d�l�m�j�b���� �a�Z�\�^�y�d�b�� �€�€�� �^�•�_�e�_�d�l�j�b�q�g�b�f�� �\�e�Z�k�l�b�\�h�k�l�y�f���� �i�j�h�p�_�k��

�_�f�•�k�•�c�g�h�€���j�_�e�Z�d�k�Z�p�•�€���k�m�i�j�h�\�h�^�`�m�\�Z�l�b�f�_�l�v�k�y���l�j�b�\�Z�e�b�f�b���q�Z�k�Z�f�b���a�Z�l�j�b�f�d�b��

�i�•�k�e�y���h�i�l�b�q�g�h�]�h���a�[�m�^�`�_�g�g�y�� 

 

 
�J�b�k�����������������K�o�_�f�Z�l�b�q�g�_���a�h�[�j�Z�`�_�g�g�y���h�k�h�[�e�b�\�h�k�l�_�c���j�h�a�i�h�^�•�e�m���a�Z�j�y�^�m���g�Z��

�l�_�j�f�•�g�Z�e�v�g�b�o���]�j�m�i�Z�o���l�Z���c�h�]�h���\�i�e�b�\�m���g�Z���N�E�� 
 

�L�Z�d�h�`�� �l�j�_�[�Z�� �\�•�^�f�•�l�b�l�b���� �s�h �a�Z�� �d�•�f�g�Z�l�g�h�€�� �l�_�f�i�_�j�Z�l�m�j�b�� �^�h�k�e�•�^�`�m�\�Z�g�•��

�[�Z�j�\�g�b�d�b���� �g�_�a�Z�e�_�`�g�h�� �\�•�^�� �k�b�f�_�l�j�•�€�� �\�� �h�k�g�h�\�g�h�f�m�� �k�l�Z�g�•���� �[�e�b�a�v�d�•�� �^�h�� �k�b�f�_�l�j�b�q�g�h�€��

�n�h�j�f�b�� �m�� �a�[�m�^�`�_�g�h�f�m�� �k�l�Z�g�•���� �Z�� �€�o�g�•�� �k�i�_�d�l�j�Z�e�v�g�•�� �\�e�Z�k�l�b�\�h�k�l�•�� �\�b�a�g�Z�q�Z�x�l�v�k�y��

�k�l�m�i�_�g�_�f���\�b�j�•�\�g�x�\�Z�g�g�y���a�\�¶�y�a�d�•�\���&-�&���l�Z���j�h�a�i�h�^�•�e�h�f���a�Z�j�y�^�•�\���g�Z���Z�l�h�f�Z�o���\�m�]�e�_�p�x���\��

�\�m�]�e�_�p�_�\�h�f�m�� �e�Z�g�p�x�a�•���� �A�Z�� �g�b�a�v�d�b�o�� �l�_�f�i�_�j�Z�l�m�j�� �^�h�k�e�•�^�`�m�\�Z�g�•�� �d�Z�l�•�h�g�g�•�� �[�Z�j�\�g�b�d�b��

�^�_�f�h�g�k�l�j�m�x�l�v���_�n�_�d�l�b���e�h�d�Z�e�•�a�Z�p�•�€���a�Z�j�y�^�m�����Z���€�o�g�•���k�i�_�d�l�j�Z�e�v�g�•���\�e�Z�k�l�b�\�h�k�l�•���f�h�`�m�l�v��

�[�m�l�b�� �i�h�\�¶�y�a�Z�g�•�� �a�� �i�h�j�m�r�_�g�g�y�f�� �k�b�f�_�l�j�•�€�� �y�d�� �\�� �h�k�g�h�\�g�h�f�m���� �l�Z�d�� �•�� �\�� �a�[�m�^�`�_�g�h�f�m��

�k�l�Z�g�Z�o���� �;�m�e�h�� �h�l�j�b�f�Z�g�h�� �\�Z�`�e�b�\�_�� �j�h�a�m�f�•�g�g�y�� �h�k�h�[�e�b�\�h�k�l�_�c�� �l�_�j�f�•�g�Z�e�v�g�h�€�� �]�j�m�i�b����

�s�h�� �^�h�a�\�h�e�b�e�h�� �g�Z�f�� �i�j�h�k�m�g�m�l�b�k�y�� �\�� �j�h�a�j�h�[�p�•�� �l�Z�� �k�b�g�l�_�a�•�� �g�h�\�b�o�� �n�h�l�h�Z�d�l�b�\�g�b�o��

�k�b�k�l�_�f�� �a�� �i�_�j�_�^�[�Z�q�m�\�Z�g�h�x�� �e�h�d�Z�e�•�a�Z�p�•�}�x�� �d�Z�l�•�h�g�g�h�]�h�� �a�Z�j�y�^�m�� �l�Z�� �n�m�g�d�p�•�h�g�Z�e�v�g�b�f�b��

�o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b�� 
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�<�b�k�g�h�\�d�b���^�h���J�h�a�^�•�e�m������ 

1. �<�b�d�h�g�Z�g�•�� �n�h�l�h�g�g�•�� �l�Z�� �d�\�Z�g�l�h�\�h-�o�•�f�•�q�g�•�� �^�h�k�e�•�^�`�_�g�g�y�� �i�h�d�Z�a�Z�e�b�� �g�Z�y�\�g�•�k�l�v��

�l�j�v�h�o���j�_�e�Z�d�k�Z�p�•�c�g�b�o���r�e�y�o�•�\���a�[�m�^�`�_�g�b�o �k�l�Z�g�•�\ �^�e�y���k�b�f�_�l�j�b�q�g�b�o���i�h�e�•�f�_�l�b�g�h�\�b�o��

�[�Z�j�\�g�b�d�•�\���� �h�^�g�h�]�h�� �k�b�f�_�l�j�b�q�g�h�]�h�� �r�e�y�o�m�� �•�a�� �a�[�_�j�_�`�_�g�g�y�f�� �k�b�f�_�l�j�•�€�� �^�e�y��

�_�e�_�d�l�j�h�g�g�h�€���k�l�j�m�d�l�m�j�b���l�Z���^�\�h�o���g�_�k�b�f�_�l�j�b�q�g�b�o���r�e�y�o�•�\���•�a���j�•�a�g�b�f�b���i�h�j�m�r�_�g�g�y�f�b��

�k�b�f�_�l�j�•�€�����I�_�j�r�b�c���g�_�k�b�f�_�l�j�b�q�g�b�c���f�_�o�Z�g�•�a�f���i�j�b�\�h�^�b�l�v���^�h���i�h�e�•�f�_�l�b�g�h�\�h�]�h���k�l�Z�g�m����

�Z�� �^�j�m�]�b�c�� �± �^�h�� �^�h�g�h�j�g�h-�Z�d�p�_�i�l�h�j�g�h�]�h�� �i�h�e�•�}�g�h�\�h�]�h�� �k�l�Z�g�m���� �<�k�•�� �l�j�b�� �d�h�f�i�h�g�_�g�l�b��

�_�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�� �\�b�y�\�e�y�x�l�v�k�y�� �a�Z�� �^�h�i�h�f�h�]�h�x�� �q�Z�k�h�j�h�a�^�•�e�_�g�h�€�� �n�e�m�h�j�_�k�p�_�g�l�g�h�€��

�k�i�_�d�l�j�h�k�d�h�i�•�€�� �i�j�b�� �g�b�a�v�d�b�o�� �l�_�f�i�_�j�Z�l�m�j�Z�o�� �m�� �i�h�e�y�j�g�h�f�m�� �k�_�j�_�^�h�\�b�s�•����

�N�e�m�h�j�_�k�p�_�g�l�g�•�� �r�e�y�o�b�� �\�•�^�j�•�a�g�y�x�l�v�k�y�� �a�Z�� �€�o�� �q�Z�k�h�f�� �`�b�l�l�y�� �l�Z�� �k�i�_�d�l�j�Z�e�v�g�h�x��

�n�h�j�f�h�x�� ���f�Z�d�k�b�f�m�f�b�� �k�f�m�]������ �Z�� �l�Z�d�h�`�� �k�b�e�v�g�h�� �a�Z�e�_�`�Z�l�v�� �\�•�^�� �`�h�j�k�l�d�h�k�l�•�� �l�Z��

�i�h�e�y�j�g�h�k�l�•�� �g�Z�\�d�h�e�b�r�g�v�h�]�h�� �k�_�j�_�^�h�\�b�s�Z���� �A�Z�]�Z�e�h�f���� �h�l�j�b�f�Z�g�•�� �j�_�a�m�e�v�l�Z�l�b��

�a�Z�[�_�a�i�_�q�m�x�l�v�� �\�Z�`�e�b�\�•�� �a�g�Z�g�g�y�� �^�e�y�� �f�Z�c�[�m�l�g�v�h�]�h�� �i�j�h�_�d�l�m�\�Z�g�g�y�� �g�h�\�b�o�� �n�h�l�h�g�g�b�o��

�k�b�k�l�_�f�� �•�a���i�h�l�_�g�p�•�c�g�b�f�� �a�Z�k�l�h�k�m�\�Z�g�g�y�f�� �m�� �\�b�]�e�y�^�•�� �g�Z�^�r�\�b�^�d�b�o�� �n�h�l�h�g�g�b�o�� �k�b�k�l�_�f����

�f�h�e�_�d�m�e�y�j�g�b�o�� �^�Z�l�q�b�d�•�\�� �l�Z�� �j�h�l�h�j�•�\�� ���a�h�d�j�_�f�Z���� �n�e�m�h�j�_�k�p�_�g�l�g�b�o�� �k�_�g�k�h�j�•�\�� �l�Z��

�k�_�g�k�h�j�•�\�� �q�Z�k�m�� �`�b�l�l�y�� ���)�/�,�0�������� �h�i�l�h�_�e�_�d�l�j�h�g�g�b�o�� �i�_�j�_�f�b�d�Z�q�•�\���� �n�h�l�h�\�h�e�v�l�Z�€�q�g�b�o��

�d�h�f�i�h�a�b�l�•�\�����l�h�s�h�� 

2. �?�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h���\�b�y�\�e�_�g�h���n�e�m�h�j�_�k�p�_�g�p�•�x���a���\�b�s�b�o���a�[�m�^�`�_�g�b�o���k�l�Z�g�•�\���m��

�\�•�g�•�e�h�]�•�q�g�•�c�� �k�_�j�•�€�� �i�•�j�b�e�h�p�•�Z�g�•�g�•�\���� �A�\�b�q�Z�c�g�Z�� �k�f�m�]�Z�� �n�e�m�h�j�_�k�p�_�g�p�•�€�� �a�� �g�Z�c�g�b�`�q�h�]�h��

�a�[�m�^�`�_�g�h�]�h�� �k�l�Z�g�m�� �a�f�•�s�m�}�l�v�k�y�� �[�Z�l�h�o�j�h�f�g�h�� �a�� �i�h�^�h�\�`�_�g�g�y�f�� �i�h�e�•�f�_�l�b�g�h�\�h�]�h��

�o�j�h�f�h�n�h�j�Z�� �h�^�g�h�q�Z�k�g�h�� �a�•�� �a�f�•�s�_�g�g�y�f�� �i�h�]�e�b�g�Z�g�g�y���� �A�]�•�^�g�h�� �a�� �d�\�Z�g�l�h�\�h-�o�•�f�•�q�g�b�f��

�f�h�^�_�e�x�\�Z�g�g�y�f�� �i�h�y�\�Z�� �g�_�a�\�b�q�Z�c�g�h�€�� �n�e�m�h�j�_�k�p�_�g�p�•�€���� �y�d�Z�� �k�m�i�_�j�_�q�b�l�v�� �i�j�Z�\�b�e�m�� �D�Z�r�•����

�i�h�\�¶�y�a�Z�g�Z���a���j�•�a�g�h�x���i�j�b�j�h�^�h�x���g�Z�c�g�b�`�q�b�o���a�[�m�^�`�_�g�b�o���k�l�Z�g�•�\�����i�_�j�r�b�c���l�Z���q�_�l�\�_�j�l�b�c��

�i�_�j�_�o�h�^�b�� �}�� �l�b�i�h�\�b�f�b�� �_�e�_�d�l�j�h�g�g�b�f�b�� �i�_�j�_�o�h�^�Z�f�b�� �i�h�e�•�f�_�l�b�g�h�\�h�]�h�� �l�b�i�m���� �\�� �y�d�b�o��

�a�Z�^�•�y�g�•�� �e�b�r�_�� �i�h�\�g�•�k�l�x�� �^�_�e�h�d�Z�e�•�a�h�\�Z�g�•�� �f�h�e�_�d�m�e�y�j�g�•�� �h�j�[�•�l�Z�e�•���� �l�h�^�•�� �y�d�� �^�j�m�]�b�c�� �l�Z��

�l�j�_�l�•�c�� �i�_�j�_�o�h�^�b�� �\�•�^�i�h�\�•�^�Z�x�l�v�� �k�l�j�b�[�d�Z�f�� �_�e�_�d�l�j�h�g�•�\�� �a���\�b�j�h�^�`�_�g�b�o�� �f�h�e�_�d�m�e�y�j�g�b�o��

�h�j�[�•�l�Z�e�_�c���� �j�h�a�l�Z�r�h�\�Z�g�b�o�� �e�b�r�_�� �\�� �f�_�`�Z�o�� �l�_�j�f�•�g�Z�e�v�g�b�o�� �]�j�m�i�� ���l�Z�d�� �a�\�Z�g�•��

�d�\�Z�a�•�e�h�d�Z�e�v�g�•�� �f�h�e�_�d�m�e�y�j�g�•�� �h�j�[�•�l�Z�e�•���� �Z�� �h�l�`�_���� �d�\�Z�a�•�e�h�d�Z�e�v�g�•�� �i�_�j�_�o�h�^�b������ �A�Z�[�h�j�h�g�Z��

�i�_�j�_�o�h�^�•�\�� �f�•�`�� �a�[�m�^�`�_�g�b�f�b�� �k�l�Z�g�Z�f�b�� �j�•�a�g�b�o�� �l�b�i�•�\�� �k�l�b�f�m�e�x�}�� �k�i�h�k�l�_�j�_�`�m�\�Z�g�m��

�n�e�m�h�j�_�k�p�_�g�p�•�x���a���\�b�s�b�o���a�[�m�^�`�_�g�b�o���k�l�Z�g�•�\�� 
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������ �K�b�f�_�l�j�•�y�� �f�h�e�_�d�m�e�b�� �i�h�e�•�f�_�l�b�g�h�\�h�]�h�� �[�Z�j�\�g�b�d�Z�� �l�Z�� �e�h�d�Z�e�•�a�Z�p�•�y��

�g�Z�^�e�b�r�d�h�\�h�]�h�� �a�Z�j�y�^�m �g�Z�� �\�m�]�e�_�p�_�\�h�f�m�� �e�Z�g�p�x�a�•�� �l�Z�� �l�_�j�f�•�g�Z�e�v�g�b�o�� �]�j�m�i�Z�o��

�f�h�e�_�d�m�e�b���f�h�`�m�l�v���[�m�l�b���j�•�a�g�b�f�b���^�e�y���€�€���h�k�g�h�\�g�h�]�h���l�Z���h�i�l�b�q�g�h���a�[�m�^�`�_�g�h�]�h���k�l�Z�g�•�\��

�a�Z�e�_�`�g�h�� �\�•�^�� �l�h�i�h�e�h�]�•�€�� �l�_�j�f�•�g�Z�e�v�g�b�o�� �]�j�m�i���� �i�h�e�y�j�g�h�k�l�•�� �j�h�a�q�b�g�g�b�d�Z�� �l�Z��

�l�_�f�i�_�j�Z�l�m�j�b���� �<�� �j�_�a�m�e�v�l�Z�l�•�� �^�e�y�� �f�h�e�_�d�m�e�� �i�h�e�•�f�_�l�b�g�h�\�h�]�h�� �[�Z�j�\�g�b�d�Z�� �m��

�f�h�e�_�d�m�e�y�j�g�b�o�� �j�h�a�q�b�g�Z�o�� �f�h�`�m�l�v�� �m�l�\�h�j�x�\�Z�l�b�k�y�� �i�h�e�•�}�g�h�\�•���� �i�h�e�•�f�_�l�b�g�h�\�•�� �Z�[�h��

�^�h�g�h�j�g�h-�Z�d�p�_�i�l�h�j�g�•�� �k�l�j�m�d�l�m�j�b�� �y�d�� �\�� �h�k�g�h�\�g�h�f�m���� �l�Z�d�� �•�� �\�� �h�i�l�b�q�g�h�� �a�[�m�^�`�_�g�b�o��

�k�l�Z�g�Z�o���� �A�Z�� �d�•�f�g�Z�l�g�h�€�� �l�_�f�i�_�j�Z�l�m�j�b�� �^�h�k�e�•�^�`�m�\�Z�g�•�� �[�Z�j�\�g�b�d�b���� �g�_�a�Z�e�_�`�g�h�� �\�•�^��

�k�b�f�_�l�j�•�€���\���h�k�g�h�\�g�h�f�m���k�l�Z�g�•�����[�e�b�a�v�d�•���^�h���k�b�f�_�l�j�b�q�g�h�€���n�h�j�f�b���m���a�[�m�^�`�_�g�h�f�m���k�l�Z�g�•����

�Z���€�o�g�•���k�i�_�d�l�j�Z�e�v�g�•���\�e�Z�k�l�b�\�h�k�l�•���\�b�a�g�Z�q�Z�x�l�v�k�y���k�l�m�i�_�g�_�f���\�b�j�•�\�g�x�\�Z�g�g�y���a�\�¶�y�a�d�•�\���&-

�&���l�Z���j�h�a�i�h�^�•�e�h�f���a�Z�j�y�^�•�\���g�Z���Z�l�h�f�Z�o���\�m�]�e�_�p�x���m���\�m�]�e�_�p�_�\�h�f�m���e�Z�g�p�x�a�•�����A�Z���g�b�a�v�d�b�o��

�l�_�f�i�_�j�Z�l�m�j�� �^�h�k�e�•�^�`�m�\�Z�g�•�� �d�Z�l�•�h�g�g�•�� �[�Z�j�\�g�b�d�b�� �^�_�f�h�g�k�l�j�m�x�l�v�� �_�n�_�d�l�b�� �e�h�d�Z�e�•�a�Z�p�•�€��

�a�Z�j�y�^�m���� �Z�� �€�o�g�•�� �k�i�_�d�l�j�Z�e�v�g�•�� �\�e�Z�k�l�b�\�h�k�l�•�� �f�h�`�m�l�v�� �[�m�l�b�� �i�h�\�¶�y�a�Z�g�•�� �a�� �i�h�j�m�r�_�g�g�y�f��

�k�b�f�_�l�j�•�€�� �y�d�� �\�� �h�k�g�h�\�g�h�f�m���� �l�Z�d�� �•�� �\�� �a�[�m�^�`�_�g�h�f�m�� �k�l�Z�g�Z�o���� �;�m�e�h�� �h�l�j�b�f�Z�g�h�� �\�Z�`�e�b�\�_��

�j�h�a�m�f�•�g�g�y�� �h�k�h�[�e�b�\�h�k�l�_�c�� �l�_�j�f�•�g�Z�e�v�g�b�o�� �]�j�m�i�� �i�h�e�•�f�_�l�b�g�h�\�b�o�� �[�Z�j�\�g�b�d�•�\���� �s�h��

�^�h�a�\�h�e�y�}�� �i�j�h�k�m�g�m�l�b�k�y�� �\�� �j�h�a�j�h�[�p�•�� �l�Z�� �k�b�g�l�_�a�•�� �g�h�\�b�o�� �n�h�l�h�Z�d�l�b�\�g�b�o�� �k�b�k�l�_�f�� �a��

�i�_�j�_�^�[�Z�q�m�\�Z�g�h�x�� �e�h�d�Z�e�•�a�Z�p�•�}�x�� �d�Z�l�•�h�g�g�h�]�h�� �a�Z�j�y�^�m�� �l�Z�� �\�•�^�i�h�\�•�^�g�h��

�n�m�g�d�p�•�h�g�Z�e�v�g�b�f�b���o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b�� 
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�A�Z�]�Z�e�v�g�•���\�b�k�g�h�\�d�b. 

�M�� �^�b�k�_�j�l�Z�p�•�€�� �j�h�a�\�¶�y�a�Z�g�h�� �g�Z�m�d�h�\�m�� �i�j�h�[�e�_�f�m�� �\�b�a�g�Z�q�_�g�g�y�� �n�•�a�b�q�g�b�o�� �a�Z�k�Z�^ 

�k�l�\�h�j�_�g�g�y�� �d�h�f�i�h�a�b�l�g�b�o�� �k�b�k�l�_�f�� �a�� �g�Z�i�_�j�_�^�� �a�Z�^�Z�g�b�f�b�� �\�e�Z�k�l�b�\�h�k�l�y�f�b�� �g�Z�� �h�k�g�h�\�•��

�r�b�j�h�d�h�]�h�� �d�e�Z�k�m�� �[�Z�j�\�g�b�d�•�\���� �\�m�]�e�_�p�_�\�b�o�� �g�Z�g�h�l�j�m�[�h�d���� �i�h�e�•�Z�p�_�g�•�\�� �l�Z��

�_�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�� �i�h�d�Z�a�Z�g�h�� �i�_�j�k�i�_�d�l�b�\�b�� �€�o�� �i�j�Z�d�l�b�q�g�h�]�h�� �a�Z�k�l�h�k�m�\�Z�g�g�y�� �m��

�f�h�e�_�d�m�e�y�j�g�•�c���_�e�_�d�l�j�h�g�•�p�•.  

1���� �<�i�_�j�r�_�� �i�j�h�^�_�f�h�g�k�l�j�h�\�Z�g�h�� �•�h�g�g�•�� �d�h�f�i�e�_�d�k�•�\�� �\�m�]�e�_�p�_�\�•�� �g�Z�g�h�l�j�m�[�d�b��- 

�h�j�]�Z�g�•�q�g�b�c���[�Z�j�\�g�b�d���a���q�m�l�e�b�\�b�f���l�Z���k�_�e�_�d�l�b�\�g�b�f���n�h�l�h�e�x�f�•�g�_�k�p�_�g�l�g�b�f���\�•�^�]�m�d�h�f��

�a�•�� �a�g�Z�q�g�h�� �i�•�^�k�b�e�_�g�b�f�� �\�b�i�j�h�f�•�g�x�\�Z�g�g�y�f���� �s�h�� �^�h�a�\�h�e�b�e�h�� �k�l�\�h�j�b�l�b�� �g�Z�^�q�m�e�b�\�b�c��

�k�_�g�k�h�j�� �g�Z�g�h�l�j�m�[�h�d���� �y�d�•�� �}�� �i�h�l�_�g�p�•�c�g�b�f�b�� �a�Z�[�j�m�^�g�x�\�Z�q�Z�f�b�� �g�Z�\�d�h�e�b�r�g�v�h�]�h��

�k�_�j�_�^�h�\�b�s�Z���� �=�j�Z�g�b�q�g�Z�� �q�m�l�e�b�\�•�k�l�v�� �^�Z�g�h�]�h�� �k�_�g�k�h�j�Z�� �}�� �i�h�j�y�^�d�m�� �h�^�b�g�b�p�v�� �g�Z�g�h�]�j�Z�f��

�g�Z�� �f�e���� �s�h�� �}�� �g�Z�� �j�•�\�g�•�� �d�j�Z�s�b�o�� �k�\�•�l�h�\�b�o�� �k�l�Z�g�^�Z�j�l�•�\���� �G�_�h�[�o�•�^�g�h�x�� �m�f�h�\�h�x�� �}��

�Z�]�j�_�]�Z�p�•�y�� �[�Z�j�\�g�b�d�Z��- �k�Z�f�_�� �q�_�j�_�a�� �Z�]�j�_�]�Z�l�b�� �[�Z�j�\�g�b�d�Z�� �\�•�^�[�m�\�Z�}�l�v�k�y�� �j�_�a�h�g�Z�g�k�g�b�c��

�i�_�j�_�g�h�k���_�g�_�j�]�•�€���a���f�h�e�_�d�m�e���[�Z�j�\�g�b�d�Z���g�Z���g�Z�g�h�l�j�m�[�d�m�����I�_�j�_�g�h�k���_�g�_�j�]�•�€���l�Z���\�_�e�b�q�b�g�Z��

�i�•�^�k�b�e�_�g�g�y�� �k�m�l�l�}�\�h�� �a�Z�e�_�`�b�l�v�� �\�•�^�� �o�•�j�Z�e�v�g�h�k�l�•�� �g�Z�g�h�l�j�m�[�h�d���� �h�k�d�•�e�v�d�b�� �o�•�j�Z�e�v�g�•�k�l�v����

�a�h�d�j�_�f�Z�����\�i�e�b�\�Z�}���g�Z���Z�]�j�_�]�Z�p�•�x���� 

2���� �<�i�_�j�r�_�� �\�b�y�\�e�_�g�h�� �m�g�•�d�Z�e�v�g�_�� �y�\�b�s�_�� �m�l�\�h�j�_�g�g�y�� �j�_�a�h�g�Z�g�k�g�b�o�� �--�Z�]�j�_�]�Z�l�•�\�� �g�Z��

�a�h�\�g�•�r�g�•�c���i�h�\�_�j�o�g�•��CNT �a���_�n�_�d�l�b�\�g�h�x���i�_�j�_�^�Z�q�_�x���_�g�_�j�]�•�€���\�•�^���Z�]�j�_�]�Z�l�m���[�Z�j�\�g�b�d�Z��

�^�h�� �g�Z�g�h�l�j�m�[�d�b���� �A�Z�i�j�h�i�h�g�h�\�Z�g�b�c�� �f�_�o�Z�g�•�a�f�� �m�l�\�h�j�_�g�g�y�� �Z�]�j�_�]�Z�l�•�\�� �i�h�\�¶�y�a�Z�g�b�c�� �•�a��

�i�_�j�_�\�Z�`�g�b�f�� �k�Z�f�h�\�i�h�j�y�^�d�m�\�Z�g�g�y�f�� �p�b�k-�•�a�h�f�_�j�•�\�� �[�Z�j�\�g�b�d�Z���� �s�h�� �f�Z�x�l�v�� �\�b�]�g�m�l�•�� �Œ-

�k�i�j�y�`�_�g�•�� �]�j�m�i�b�� �l�Z�� �^�h�[�j�_�� �i�j�b�e�y�]�Z�x�l�v�� �^�h�� �h�i�m�d�e�h�€�� �i�h�\�_�j�o�g�•�� �g�Z�g�h�l�j�m�[�d�b���� �D�j�•�f��

�m�l�\�h�j�_�g�g�y�� �--�Z�]�j�_�]�Z�l�•�\�� �g�Z��CNT���� �m�l�\�h�j�x�x�l�v�k�y�� �l�Z�d�h�`�� �\�•�e�v�g�•�� �Z�]�j�_�]�Z�l�b�� �[�Z�j�\�g�b�d�Z��

���[�_�a��CNT������ �y�d�•�� �f�Z�x�l�v�� �j�•�a�g�•�� �k�i�_�d�l�j�Z�e�v�g�•�� �h�k�h�[�e�b�\�h�k�l�•�� �l�Z�� �i�h�\�¶�y�a�Z�g�•�� �a��

�k�Z�f�h�\�i�h�j�y�^�d�m�\�Z�g�g�y�f�� �i�_�j�_�\�Z�`�g�h�� �i�e�Z�g�Z�j�g�b�o�� �l�j�Z�g�k-�•�a�h�f�_�j�•�\�� �� �f�h�e�_�d�m�e�� �[�Z�j�\�g�b�d�Z����

�L�Z�d�b�f�� �q�b�g�h�f���� �i�h�d�Z�a�Z�g�h�� �n�h�j�f�m�\�Z�g�g�y�� �m�g�•�d�Z�e�v�g�h�]�h�� �g�Z�g�h�f�Z�l�_�j�•�Z�e�m�� �a�� �j�h�a�r�b�j�_�g�h�x��

�n�m�g�d�p�•�h�g�Z�e�v�g�•�k�l�x�����s�h���\�•�^�d�j�b�\�Z�}���r�e�y�o���^�h���a�Z�k�l�h�k�m�\�Z�g�g�y���_�n�_�d�l�b�\�g�h�€���j�_�a�h�g�Z�g�k�g�h�€��

�\�a�Z�}�f�h�^�•�€�� �k�Z�f�h�\�i�h�j�y�^�d�h�\�Z�g�b�o�� �--�Z�]�j�_�]�Z�l�•�\�� �l�Z�� �g�Z�g�h�l�j�m�[�h�d�� �m�� �g�Z�g�h�j�h�a�f�•�j�g�b�o��

�h�i�l�h�_�e�_�d�l�j�h�g�g�b�o���l�Z���n�h�l�h�g�g�b�o�����i�j�b�k�l�j�h�y�o�� 

3���� �M�� �j�_�a�m�e�v�l�Z�l�•�� �^�h�k�e�•�^�`�_�g�g�y�� �i�j�h�p�_�k�•�\�� �\�a�Z�}�f�h�^�•�€�� �^�•�h�d�k�Z�[�h�j�b�g�h�\�b�o�� �[�Z�j�\�g�b�d�•�\���a��

�Z�e�•�n�Z�l�b�q�g�b�f�b�� �Z�f�•�g�Z�f�b�� �l�Z�� �\�m�]�e�_�p�_�\�b�f�b�� �g�Z�g�h�l�j�m�[�d�Z�f�b�� �[�m�e�h�� �i�j�h�^�_�f�h�g�k�l�j�\�Z�g�h��



155 
 

�f�h�`�e�b�\�•�k�l�v�� �€�o�� �\�b�d�h�j�b�k�l�Z�g�g�y�� �y�d�� �r�\�b�^�d�h�^�•�x�q�b�o�� �n�e�m�h�j�_�k�p�_�g�l�g�b�o�� �a�h�g�^�•�\�� �^�e�y��

�Z�f�•�g�•�\�� �l�Z�� �\�m�]�e�_�p�_�\�b�o�� �g�Z�g�h�l�j�m�[�h�d���� �<�b�a�g�Z�q�_�g�h�� �g�Z�c�[�•�e�v�r�� �h�i�l�b�f�Z�e�v�g�b�c�� �k�_�j�_�^��

�\�b�i�j�h�[�m�\�Z�g�b�o�� �^�•�h�d�k�Z�[�h�j�b�g�h�\�b�o�� �[�Z�j�\�g�b�d�•�\�� �^�e�y�� �^�_�l�_�d�l�m�\�Z�g�g�y �Z�f�•�Z�d�m�� ���Z�f�•�g�•�\���� �m��

�\�h�^�g�b�o�� �k�_�j�_�^�h�\�b�s�Z�o���� �s�h�� �^�h�a�\�h�e�y�}�� �^�_�l�_�d�l�m�\�Z�l�b�� �\�•�^�g�h�k�g�h�� �g�_�\�_�e�b�d�•�� �d�•�e�v�d�h�k�l�•��

�Z�f�•�Z�d�m�� ���Z�f�•�g�m���� �^�h�� �������� �[�� ����-6 ���P�R�O���O������ �� �<�b�y�\�e�_�g�h���� �s�h�� �^�•�h�d�k�Z�[�h�j�b�g�h�\�b�c�� �[�Z�j�\�g�b�d��

DOB-���������a�\�¶�y�a�m�}�l�v�k�y���a���\�m�]�e�_�p�_�\�b�f�b���g�Z�g�h�l�j�m�[�d�Z�f�b���•���m�l�\�h�j�x�}���g�Z�g�h�k�l�j�m�d�l�m�j�h�\�Z�g�•��

�d�h�f�i�e�_�d�k�b���q�_�j�_�a���Œ-�Œ �\�a�Z�}�f�h�^�•�x���]�•�^�j�h�n�h�[�g�h�]�h���k�i�j�y�`�_�g�h�]�h�]�h���d�Z�j�d�Z�k�m���� �<�a�Z�}�f�h�^�•�y��

�i�•�^�l�\�_�j�^�`�m�}�l�v�k�y�� �a�f�•�g�_�g�b�f�b�� �h�i�l�b�q�g�b�f�b�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b�� �\�� �f�_�`�Z�o�� �\�e�Z�k�g�h�]�h��

�a�[�m�^�`�_�g�g�y�� �[�Z�j�\�g�b�d�Z�� �\�g�Z�k�e�•�^�h�d�� �j�_�a�h�g�Z�g�k�g�h�]�h�� �i�_�j�_�g�_�k�_�g�g�y�� �_�g�_�j�]�•�€�� �\�•�^�� �[�Z�j�\�g�b�d�Z��

�^�h���g�Z�g�h�l�j�m�[�h�d.  

4. �<�b�y�\�e�_�g�h���� �s�h�� �k�l�j�m�d�l�m�j�Z�� �l�h�g�d�b�o�� �i�e�L�\�h�d�� �l�_�l�j�Z�p�_�g�m�� �\�b�a�g�Z�q�Z�}�l�v�k�y�� �\�_�e�b�q�b�g�h�x��

�_�g�_�j�]�L�€���\�a�Z�}�f�h�^�L�€���f�h�e�_�d�m�e���f�L�`�� �k�h�[�h�x�� �l�Z�� �a���f�h�e�_�d�m�e�Z�f�b�� �i�L�^�d�e�Z�^�h�d�� �l�Z�� �_�e�_�d�l�j�h�^�•�\����

�<�� �i�j�h�p�_�k�L�� �l�_�j�f�L�q�g�h�]�h�� �g�Z�i�b�e�_�g�g�y�� �m�� �\�Z�d�m�m�f�L�� �g�Z�� �f�L�^�g�b�o�� �l�Z�� �g�Z�� �k�d�e�y�g�b�o�� �Z�[�h��

�d�\�Z�j�p�h�\�b�o�� �i�L�^�d�e�Z�^�d�Z�o�� �n�h�j�f�m�x�l�v�k�y�� �k�m�p�L�e�v�g�L�� �l�Z�� �h�k�l�j�L�\�p�_�\�L�� �i�h�e�L�d�j�b�k�l�Z�e�L�q�g�L 

�i�e�L�\�d�b�����\�L�^�i�h�\�L�^�g�h�����N�h�l�h�\�•�^�]�m�d���l�h�g�d�b�o���i�e�L�\�h�d���l�_�l�j�Z�p�_�g�m���}���Z�e�]�_�[�j�Z�€�q�g�h�x���k�m�f�h�x��

�l�j�v�h�o���d�h�f�i�h�g�_�g�l���� �^�b�n�m�a�L�c�g�h�€���n�h�l�h-�_�j�k���� �n�h�l�h-�_�j�k�� �>�_�f�[�_�j�Z�� �h�[�¶�}�f�g�h�€���i�j�b�j�h�^�b���l�Z��

�i�h�\�_�j�o�g�_�\�h-�[�Z�j�¶�}�j�g�h�€�� �n�h�l�h-�_�j�k���� �a�m�f�h�\�e�_�g�b�o�� �\�b�]�b�g�Z�f�b�� �_�g�_�j�]�_�l�b�q�g�b�o�� �a�h�g�� �[�L�e�y��

�\�L�e�v�g�h�€�� �l�Z�� �l�b�e�v�g�h�€�� �i�h�\�_�j�o�h�g�v�� �i�e�L�\�h�d�� �l�_�l�j�Z�p�_�g�m�� �<�k�l�Z�g�h�\�e�_�g�h���� �s�h�� �g�Z�i�b�e�_�g�•�� �g�Z��

�k�d�e�y�g�L�� �i�L�^�d�e�Z�^�d�b�� �i�e�L�\�d�b�� �l�_�l�j�Z�p�_�g�m���� �]�_�l�_�j�h�k�l�j�m�d�l�m�j�b�� �l�Z�� �� �d�h�f�i�h�a�b�l�b�� �l�_�l�j�Z�p�_�g-

�7�&�1�4�� �}�� �i�h�e�L�d�j�b�k�l�Z�e�L�q�g�b�f�b���� �A�g�Z�c�^�_�g�h�� �m�l�\�h�j�_�g�g�y�� �g�Z�� �f�_�`�L�� �j�h�a�^�L�e�m��

�]�_�l�_�j�h�k�l�j�m�d�l�m�j�� �l�Z�� �\�� �h�[�¶�}�f�L�� �d�h�f�i�h�a�b�l�L�\�� �K�L - �d�h�f�i�e�_�d�k�L�\�� �f�L�`�� �f�h�e�_�d�m�e�Z�f�b��

�l�_�l�j�Z�p�_�g�m�����^�h�g�h�j�����L���7�&�1�4�����Z�d�p�_�i�l�h�j���_�e�_�d�l�j�h�g�L�\�������I�j�b���h�^�g�h�q�Z�k�g�h�f�m���g�Z�i�b�e�_�g�g�•���m��

�\�Z�d�m�m�f�L�� �d�h�f�i�h�g�_�g�l�� �l�_�l�j�Z�p�_�g�m�� �l�Z�� �7�&�1�4�� �m�l�\�h�j�x�x�l�v�k�y�� �d�h�d�j�b�k�l�Z�e�L�l�b�� �l�_�l�j�Z�p�_�g-

�7�&�1�4�� �\�� �h�[�¶�}�f�L�� �d�h�f�i�h�a�b�l�L�\���� �s�h�� �i�j�b�a�\�h�^�b�l�v�� �^�h�� �a�j�h�k�l�Z�g�g�y�� �•�g�l�_�]�j�Z�e�v�g�h�€��

�n�h�l�h�q�m�l�e�b�\�h�k�l�•���� 

5���� �<�k�l�Z�g�h�\�e�_�g�h���� �s�h�� �Z�^�k�h�j�[�p�•�y�� �d�b�k�g�x�� �m�� �k�l�j�m�d�l�m�j�Z�o�� �g�Z�� �h�k�g�h�\�•�� �i�_�g�l�Z�p�_�g�m��

�i�j�b�\�h�^�b�l�v�� �^�h�� �m�l�\�h�j�_�g�g�y�� �d�•�e�v�d�h�o�� �p�_�g�l�j�•�\�� �a�Z�o�h�i�e�_�g�g�y�� �a�� �j�•�a�g�b�f�� �q�Z�k�h�f�� �j�_�e�Z�d�k�Z�p�•�€��

�i�h�[�e�b�a�m�� �f�_�`�•�� �j�h�a�^�•�e�m���� �D�h�g�p�_�g�l�j�Z�p�•�y�� �p�b�o�� �p�_�g�l�j�•�\�� �a�Z�e�_�`�b�l�v�� �\�•�^�� �f�Z�l�_�j�•�Z�e�m��

�\�_�j�o�g�v�h�]�h�� �_�e�_�d�l�j�h�^�Z���� �I�h�\�•�e�v�g�Z�� �k�d�e�Z�^�h�\�Z�� �n�h�l�h-�?�J�K�� �^�h�f�•�g�m�}�� �^�e�y�� �k�l�j�m�d�l�m�j�� �a��

�k�b�e�v�g�h �h�d�b�k�e�_�g�b�f�� �$�O�� �\�_�j�o�g�•�f�� �_�e�_�d�l�j�h�^�h�f�� �q�_�j�_�a�� �m�l�\�h�j�_�g�g�y�� �]�e�b�[�h�d�b�o�� �p�_�g�l�j�•�\��
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�a�Z�o�h�i�e�_�g�g�y���i�h�[�e�b�a�m���f�_�`�•���j�h�a�^�•�e�m�����P�_���f�h�`�_���[�m�l�b���\�b�d�h�j�b�k�l�Z�g�h���^�e�y���i�j�h�_�d�l�m�\�Z�g�g�y��

�h�i�l�h�_�e�_�d�l�j�h�g�g�b�o���_�e�_�f�_�g�l�•�\���i�Z�f�
�y�l�•�����R�\�b�^�d�Z���k�d�e�Z�^�h�\�Z���^�h�f�•�g�m�}���^�e�y���k�l�j�m�d�l�m�j���a���1�L��

�l�Z���$�X���_�e�_�d�l�j�h�^�Z�f�b�����Q�m�l�e�b�\�•�k�l�v���^�h���d�b�k�g�x �]�_�l�_�j�h�k�l�j�m�d�l�m�j���\�b�a�g�Z�q�Z�}�l�v�k�y���]�h�e�h�\�g�b�f��

�q�b�g�h�f���r�Z�j�h�f���i�_�g�l�Z�p�_�g�m�����L�Z�d�•���k�l�j�m�d�l�m�j�b���f�h�`�m�l�v���[�m�l�b���\�b�d�h�j�b�k�l�Z�g�•���^�e�y���j�h�a�j�h�[�d�b��

�]�Z�a�h�\�b�o���k�_�g�k�h�j�•�\���l�Z���k�h�g�y�q�g�b�o���_�e�_�f�_�g�l�•�\�� 

6. �A�Z�i�j�h�i�h�g�h�\�Z�g�h�� �g�Z�i�j�y�f�d�b�� �� �k�l�\�h�j�_�g�g�y�� �\�b�k�h�d�h�d�h�g�p�_�g�l�j�h�\�Z�g�b�o�� �i�h�e�•�f�_�j�g�b�o��

�d�h�f�i�h�a�b�l�•�\�� �g�Z�� �h�k�g�h�\�•�� �i�h�e�•�f�_�l�b�g�h�\�b�o �[�Z�j�\�g�b�d�•�\���� �y�d�•�� �}�� �n�h�l�h�q�m�l�e�b�\�b�f�b�� �m��

�i�j�Z�d�l�b�q�g�h�� �\�k�v�h�f�m�� �\�b�^�b�f�h�f�m�� �^�•�Z�i�Z�a�h�g�•�� �l�Z�� �� �f�Z�x�l�v�� �f�Z�d�k�b�f�m�f�� �n�h�l�h�q�m�l�e�b�\�h�k�l�•�� �m��

�[�e�b�`�g�•�c�� �1�Q-�h�[�e�Z�k�l�•���� �^�_�� �a�g�Z�o�h�^�b�l�v�k�y�� �f�Z�d�k�b�f�m�f�� �i�h�l�h�d�m�� �k�h�g�y�q�g�b�o�� �n�h�l�h�g�•�\����

�K�l�m�i�•�g�v�� �i�h�]�e�b�g�Z�g�g�y�� �k�h�g�y�q�g�h�]�h�� �k�\�•�l�e�Z�� �l�Z�� �r�b�j�b�g�Z�� �k�i�_�d�l�j�Z�e�v�g�h�€�� �h�[�e�Z�k�l�•��

�n�h�l�h�q�m�l�e�b�\�h�k�l�• �d�j�Z�s�b�o�� �•�a�� �a�Z�i�j�h�i�h�g�h�\�Z�g�b�o�� �i�h�e�•�f�_�j�g�b�o�� �d�h�f�i�h�a�b�l�•�\�� �[�•�e�v�r�•���� �g�•�`��

�^�h�[�j�_�� �\�b�\�q�_�g�b�o�� �i�e�Z�k�l�b�q�g�b�o�� �k�l�j�m�d�l�m�j�� �g�Z�� �h�k�g�h�\�•�� �i�j�h�\�•�^�g�b�o�� �i�h�e�•�f�_�j�•�\����

�k�_�g�k�b�[�•�e�•�a�h�\�Z�g�b�o�� �i�h�o�•�^�g�b�f�b�� �n�m�e�_�j�_�g�•�\���� �?�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�� �i�•�^�l�\�_�j�^�`�_�g�h��

�f�h�`�e�b�\�•�k�l�v���\�b�]�h�l�h�\�e�_�g�g�y���d�h�f�i�h�a�b�l�•�\���a���k�i�_�d�l�j�Z�e�v�g�h�x���h�[�e�Z�k�l�x���n�h�l�h�q�m�l�e�b�\�h�k�l�•����

�j�h�a�r�b�j�_�g�m�� �^�h�� �������� �f�d�f���� �H�k�g�h�\�g�h�x�� �i�j�b�q�b�g�h�x�� �j�h�a�r�b�j�_�g�g�y�� �k�i�_�d�l�j�Z�e�v�g�h�€�� �h�[�e�Z�k�l�• 

�n�h�l�h�q�m�l�e�b�\�h�k�l�•�� �^�e�y�� �p�b�o�� �d�h�f�i�h�a�b�l�•�\�� �}�� �m�l�\�h�j�_�g�g�y�� �^�_�d�•�e�v�d�h�o�� �l�b�i�•�\�� �Z�]�j�_�]�Z�l�•�\��

�i�h�e�•�f�_�l�b�g�h�\�b�o���[�Z�j�\�g�b�d�•�\�� 

7. �M�l�\�h�j�_�g�g�y�� �•�h�g-�j�Z�^�b�d�Z�e�•�\�� �f�h�`�_�� �\�•�^�[�m�\�Z�l�b�k�y�� �\�� �i�e�•�\�d�Z�o�� �k�_�g�^�\�•�q-�k�l�j�m�d�l�m�j��

�f�_�j�h�p�•�Z�g�•�g�m�� �i�•�^�� �q�Z�k�� �i�j�h�p�_�k�m�� �h�d�b�k�e�_�g�g�y-�\�•�^�g�h�\�e�_�g�g�y�� �i�j�b�� �i�j�b�d�e�Z�^�_�g�h�f�m��

�_�e�_�d�l�j�b�q�g�h�f�m�� �i�h�e�•���� �M�� �p�b�o�� �m�f�h�\�Z�o�� �f�h�e�_�d�m�e�Z�� �f�_�j�h�p�•�Z�g�•�g�m�� �i�h�\�b�g�g�Z�� �a�Z�o�h�i�e�x�\�Z�l�b��

�_�e�_�d�l�j�h�g�� �a�� �g�_�]�Z�l�b�\�g�h�� �a�Z�j�y�^�`�_�g�h�]�h�� �0�J-�$�O�� �_�e�_�d�l�j�h�^�m�� �a�� �m�l�\�h�j�_�g�g�y�f�� �d�Z�l�•�h�g-

�j�Z�^�b�d�Z�e�m���'��- A-�����Z�����g�Z�\�i�Z�d�b�����i�_�j�_�^�Z�\�Z�l�b���c�h�]�h���g�Z���i�h�a�b�l�b�\�g�h���a�Z�j�y�^�`�_�g�b�c���_�e�_�d�l�j�h�^��

�,�7�2�� �a�� �m�l�\�h�j�_�g�g�y�f�� �Z�g�•�h�g-�j�Z�^�b�d�Z�e�m�� �•�� �'+ - �:���� �I�•�^�� �q�Z�k�� �\�a�Z�}�f�h�^�•�€�� �i�j�h�l�b�e�_�`�g�h��

�a�Z�j�y�^�`�_�g�b�o�� �d�Z�l�•�h�g�g�b�o�� �l�Z�� �Z�g�•�h�g�g�b�o�� �j�Z�^�b�d�Z�e�•�\�� �\�•�^�[�m�\�Z�}�l�v�k�y�� �j�_�d�h�f�[�•�g�Z�p�•�y�� �•���� �y�d��

�g�Z�k�e�•�^�h�d�����k�i�h�k�l�_�j�•�]�Z�}�l�v�k�y���_�e�_�d�l�j�h�e�x�f�•�g�_�k�p�_�g�p�•�y���[�Z�j�\�g�b�d�Z���F�������� 

8�����<�b�d�h�g�Z�g�•���n�h�l�h�g�g�•���l�Z���d�\�Z�g�l�h�\�h-�o�•�f�•�q�g�•���^�h�k�e�•�^�`�_�g�g�y���i�h�d�Z�a�Z�e�b���g�Z�y�\�g�•�k�l�v���l�j�v�h�o��

�j�_�e�Z�d�k�Z�p�•�c�g�b�o�� �r�e�y�o�•�\�� �a�[�m�^�`�_�g�b�o�� �k�l�Z�g�•�\�� �^�e�y�� �k�b�f�_�l�j�b�q�g�b�o�� �i�h�e�•�f�_�l�b�g�h�\�b�o��

�[�Z�j�\�g�b�d�•�\���� �h�^�g�h�]�h�� �k�b�f�_�l�j�b�q�g�h�]�h�� �r�e�y�o�m�� �•�a�� �a�[�_�j�_�`�_�g�g�y�f�� �k�b�f�_�l�j�•�€�� �^�e�y��

�_�e�_�d�l�j�h�g�g�h�€���k�l�j�m�d�l�m�j�b���l�Z���^�\�h�o���g�_�k�b�f�_�l�j�b�q�g�b�o���r�e�y�o�•�\���•�a���j�•�a�g�b�f�b���i�h�j�m�r�_�g�g�y�f�b��

�k�b�f�_�l�j�•�€���� �I�_�j�r�b�c�� �g�_�k�b�f�_�l�j�b�q�g�b�c�� �f�_�o�Z�g�•�a�f�� �i�j�b�a�\�h�^�b�l�v�� �^�h�� �i�h�e�•�f�_�l�b�g�h�\�h�]�h��
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�k�l�Z�g�m���� �Z�� �^�j�m�]�b�c��- �^�h�� �^�h�g�h�j�g�h-�Z�d�p�_�i�l�h�j�g�h�]�h�� �i�h�e�•�}�g�h�\�h�]�h�� �k�l�Z�g�m���� �<�k�•�� �l�j�b��

�d�h�f�i�h�g�_�g�l�b�� �_�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�� �\�b�y�\�e�y�x�l�v�k�y�� �a�Z�� �^�h�i�h�f�h�]�h�x�� �q�Z�k�h�j�h�a�^�•�e�_�g�h�€��
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Fig. S1 Absorption spectra of water solutions of astraphloxin (1 - 0.01 mg/ml, 2 �± 0.004 mg/ml, 
3 �± 0.001 mg/ml) as measured (solid) and normalized to the maximum (dashed). 

�¶�D�V�W�U�D�¶���L�V���V�K�R�U�W���I�U�R�P���D�V�W�Uaphloxin and used in the curves markers for sake of clarity. 
 

�7�K�H���D�E�V�R�U�S�W�L�R�Q���V�S�H�F�W�U�X�P���R�I���W�K�H���D�V�W�U�D�S�K�O�R�[�L�Q���V�R�O�X�W�L�R�Q���F�R�Q�V�L�V�W�V���R�I���D���P�D�[�L�P�X�P���D�W����M = 540 nm and a 
vibrational progression band at 510 nm regardless of its concentration in our study (Fig. S1). The 
�D�E�V�R�U�E�D�Q�F�H���S�H�D�N���P�D�[�L�P�X�P���R�I���W�K�H���D�V�W�U�D�S�K�O�R�[�L�Q���P�R�Q�R�P�H�U�V����M = 540 nm for neat astraphloxin solution shifts 
to 554 nm for the dye concentrations of 0.0005 mg/ml in the mixture. The mixtures at 0.002 mg/ml 
concentration of astraphloxin have absorption spectra that could be fitted as a superposition of three 
�F�R�P�S�R�Q�H�Q�W�V�����I�L�U�V�W���I�R�U���W�K�H���P�R�Q�R�P�H�U�V���R�I���W�K�H���G�\�H���S�H�D�N�L�Q�J���D�W����M = 540 nm, second for the dye interacting with 
CNT peaking at ca. 554 nm, and third for the CNT itself with maximum at 655 nm (Fig. S2, curve 4). 
Additionally, the increase in the concentration of astraphloxin up to 0.004 mg/ml in the mixture results in the 
fitting by three components taking into account a further red shift of the peak for the dye interacting with the 
CNT (for example, at 0.004 mg/ml the peak moves by 6 nm from 554 to 560 nm Supplementary Fig. S2). 
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Fig. S2 Numerical fitting (curve 1) of the absorption spectrum for the mixture of astraphloxin with CNT (curve 
2) as a superposition of components: first for monom�H�U�V���R�I���W�K�H���G�\�H���S�H�D�N�L�Q�J���D�W����M = 540 nm (curve 3), second 

for the CNT itself (curve 4), and third for the dye interacting with the CNT peaking at 560 nm (curve 5). 
Particularly, we used the absorption spectra of water solutions for the mixture of CNT with astraphloxin at a 
concentration of 0.004 mg/ml (2), for neat astraphloxin at a concentration of 0.004 mg/ml (3), for neat CNT 

(4), for a mixture of CNT with astraphloxin at a concentration of 0.001 mg/ml red shifted by 6 nm (5), and for 
the mixture of CNT with astraphloxin at a concentration of 0.001 mg/ml as measured (6). 

CNT were dispersed in water with SDBS. 
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Fig. S3 Absorption spectra in the visible and NIR ranges of water solutions of neat CNT (1) and astraphloxin 
(0.0005 mg/ml) mixed with CNT (2). The CNT were dispersed in water with SDBS. 
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Fig. S4 The PL excitation-emission (PLE) maps of water solutions of (a) neat CNT dispersed with SDBS and 

mixtures of the CNT with (b-d) astraphloxin or (e-g) Cy3 (b,e - 0.0005 mg/ml, c,f - 0.001 mg/ml,  
d,g - 0.002 mg/ml). The inset shows the molecular structure of the astraphloxin analogue, Cy3. 
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Fig. S5 Rise of PL under the astraphloxin admixture depending on the CNT concentration of (a) (6,5) and 

(b) (8,4) chirality in SDBS supernatant solution 
�D�W����EX � �����������Q�P�������D������EM � �����������Q�P���D�Q�G�����E������EM = 1121 nm. 

 
 

The method of CNT concentration calibration curve and estimation for limit of CNT detection 
 
Due to the specific procedure for obtaining CNT dispersion in water, we have evaluated the concentration of 
specific CNT in solution with indirect measurements and calculations. We have estimated the concentration 
of the dispersed CNT as a supernatant solution using two methods. Furthermore, the content of metallic and 
semiconductor (chiral) CNT has been evaluated. The main task of the evaluation procedure is to obtain a 
justified range of CNT concentrations to be detected. 

The first step was to determine the CNT concentration of supernatant we use in our studies described 
in the manuscript. We have employed two methods for determination of the CNT concentration in SDBS 
dispersion. The first one deals with the extinction coefficient (�0), which according to Backes et al., �0 of 
�&�R�0�R�&�$�7���6�:�1�7�V���D�W�����������Q�P���L�V�������������O�����J���P�����R�U���������������P�O�����P�J���F�P��S1. Using the formulae for optical density 
�2�'��� ���F���O���0�����Z�K�H�U�H���F���L�V���F�R�Q�F�H�Q�W�U�D�W�L�R�Q�����D�Q�G���O���L�V���R�S�W�L�F�D�O��path (l = 1 cm) we estimated the concentration of CNT in 
�R�X�U���V�D�P�S�O�H�V���F��� ���2�'�����O���0����� ���������������������������§���������������^�P�J���P�O�`�����7�K�H���V�H�F�R�Q�G���P�H�W�K�R�G���Q�H�H�G�V���H�V�W�L�P�D�W�L�R�Q���I�R�U���W�K�H���&�1�7��
recovery percentage in the supernatant dispersion (i.e. the CNT content left in thesupernatant) after 
ultrasonication and ultracentrifugation. Considering the data obtained in collaboration with SouthWest 
Nanotechnologies Inc., (SWeNT Inc.)S2, the CNT recovery percentage for 1mM of SDBS in H2O is 75% 
taking into account the study of purified CNT with content above 90%. According to the specification of our 
CNT samples (SWeNT Inc., CoMoCAT, CG100, Catalog Numbers 704113) the single-walled CNT content 
determined from thermogravimetric analysis (TGA) is ca. 70%S3. Thus, in our case, the percentage of CNT in 
SDBS recovered in the supernatant could be estimated as ca. 50%, which is consistent with CNT recovery 
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(50%) determined for SDOC dispersions of CoMoCAT CNT from SWeNT IncS4. The concentration of initial 
CNT being the ratio of 1.24 mg to 20 ml amounts 0.062 mg/ml, whereas the concentration of recovered CNT 
could be estimated as ca. 0.031 mg/ml. After dilution (1:4) we obtained samples with concentration of  
ca. 0.006 mg/ml, which is in the same range of concentrations obtained by the extinction coefficient method. 
Thus, the recovery of 50% is well employable for our standard procedure of ultrasonication and 
ultracentrifugation of CNT with SDBS. 

In addition, we can estimate the concentrations of metallic and semiconductor CNT in our dispersions 
using data in ref. S5, where CG100 samples of CNT from SWeNT Inc. have content of metallic and 
semiconductor CNT of 42.5% and 57.5%, respectively. In ref. S6, the concentration of CNT with different 
chiralities was estimated from the relative contributions of PL intensity peaks in EPL map neglecting different 
quantum yields of PL. The estimation from our EPL maps (Fig. 4 or Fig. S4a) gives the content of (6,5), (7,5), 
(8,4) of ca. 26%, 29%, 26%, respectively. The content of other CNT chiralities is low (amounting ca.19% in 
total). 

Thus, considering the three above factors (recovery percentage, content of both semiconductor and 
specific chirality) we have obtained the (6,5), (7,5), (8,4) CNT concentrations in supernatant due to 
recalibration of the initial CNT concentrations (0.00225-0.012 mg/ml). Based on the comprehensive 
measurements of the EPL maps, the calibration curves were plotted as dependences of PL amplification 
versus CNT concentrations of (6,5), (7,5) and (8,4) chirality in Fig. S5a, Fig. 5d, Fig. S5b, respectively. The 
�W�K�U�H�H���W�L�P�H�V�������î�����U�D�W�L�R���R�I���D���V�W�D�Q�G�D�U�G���G�H�Y�L�D�W�L�R�Q���I�R�U���D���V�H�W���R�I���E�O�D�Q�N���V�L�J�Q�D�O�V�����L�Q�V�W�U�X�P�H�Q�W�D�O���Q�R�L�V�H���O�H�Y�H�O���R�I���3�/�����W�R���W�K�H��
slope of the curve for the lowest concentrations allows us to estimate the limit of detection of the techniqueS7. 
Having the standard deviation of blank signal of 10 cps, the limit of detection appears in the range of  
1-4 ng/ml. 
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Fig. S6 Absorption and PL spectra in the visible range for Cy3 with CNT dispersed with SDBS. 

(a) Absorption spectra of water solutions of Cy3 (1 - 0.002 mg/ml), mixtures of CNT with Cy3 (2-5): 
hereinafter in the Fig S7 curves 2 - 0.0005 mg/ml, 3 - 0.001 mg/ml, 4 - 0.002 mg/ml, 5 - 0.004 mg/ml of the 

dye in the mixtures; neat CNT (6) as a reference; 
���E�����3�/���H�[�F�L�W�D�W�L�R�Q���V�S�H�F�W�U�D���D�W����EM = 1028 nm of water solutions of neat CNT (1) and mixtures (2-5) of CNT with 

Cy3; (c) PL spectra of water solutions for Cy3 (1 - 0.002 mg/ml) and (2-5) mixtures of Cy3 with CNT. 
��EM = 1028 nm corresponds to (7,5) tubes emission. 

(c,d) As measured (c) and normalized to the maximum (d) PL spectra of water solutions for Cy3 
(1 - 0.002 mg/ml) and (2-�������P�L�[�W�X�U�H�V���R�I���&�\�����Z�L�W�K���&�1�7���D�W����EX = 525 nm. 

 
 
 
 

Cy3, the astraphloxin analogue with the long alkyl chain (Fig. S4), resulted in a tangible amplification of 
PL emission from CNT. The absorption spectra for the mixtures of Cy3 with CNT have a red-shifted peak for 
the dye absorption depending on the concentration of the dye (Fig. S6a). For Cy3 having a maximum at 
543 nm in neat solution, the peak shifted to 554 nm for the lowest concentrations of the dye in the mixture 
(Fig. S6a). In a similar way the absorbance peak of Cy3 monomers (543 nm) disappears in the mixtures with 
CNT at the low concentration of the dye (Fig. S6a, curves 2,3). In the range of intrinsic emission of Cy3, the 
PL of the mixtures of the dye with CNT is quenched in ca. 3 times comparing to the neat Cy3 emission 
(Fig. S6c). A small red-shift (ca. 5 nm �± from 557 nm to 562 nm) of the maxima for excitation and emission 
was observed for the Cy3 mixtures (Fig. S6d). 
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Fig. S7 Dependence of PL on the Cy3 concentration in the mixtures with CNT dispersed by 
SDBS.  

(a) PL spectra of water solutions of neat CNT (1) and the mixture (2-5) of CNT with (a) Cy3  
(2 - 0.0005 mg/ml, 3 - 0.001 mg/ml, 4 - 0.002 mg/ml, 5 �± 0.004 mg/ml).  
(b) Concentration dependence of PL for the mixtures of CNT with Cy3  

�D�W������EX = 555 nm; ��EM � �������������Q�P�������V�T�X�D�U�H�V�����D�Q�G������EX = 520 nm; ��EM = 555 nm) (circles). 
 

Cy3 with CNT behaves similarly to astraphloxin mixtures with the nanotubes, Fig. S4,S6,S7 and Fig. 3-5 
reveal small differences between Cy3 and astraphloxin. Thus, we observe the amplification of PL peaks in 
the NIR range �K�D�Y�L�Q�J�� �W�K�H�� �P�D�[�L�P�X�P�� �D�W�� ��EX = 555 nm for both astraphloxin and Cy3. For astraphloxin, we 
achieved the maximum amplification (up to 6 times) at the concentration of 0.004 mg/ml, whereas, for Cy3, 
the highest amplification is 4 times reached at the concentration of 0.002 mg/ml. Furthermore, the Cy3 
molecule is heavier than astraphloxin, and the molar concentrations (CM) for the maximum amplification 
differs a bit more (M[astraphloxin] = 393 g/mol; M[Cy3] = 493 g/mol; CM

[astraphloxin] = 1x10-5 M; CM
[Cy3] = 4x10-6 M). 

Nonetheless, it should be noted that neat solutions of Cy3 are stable for months without both aggregates and 
small shiny crystals/particles formed (like for astraphloxin). It evidences less efficient aggregation of Cy3 
molecules due to alkyl chain presence. In the case of Cy3, the alkyl modification does not vary the positively 
charged nature of the molecule. 
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Fig. S8 Molecular structures of studied betaine analogues of  
astraphloxin (I-624, I-673, I-582) and Cy3 (I-841). 
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Fig. S9 PL spectra for astraphloxin with CNT dispersed by various surfactants. 
PL spectra of water solutions of neat CNT (1) and the mixture of CNT with astraphloxin (2); 

CNT were dispersed by (a) SDS, (b) SDOC, (c) STDOC, (d) Triton-X 100, and (e) PVP. 
The concentration of astraphloxin in all solutions (a-e) is 0.004 mg/ml. 

 
 
In a small number of minutes, CNT dispersed by non-ionic (Triton-X 100 and PVP) surfactants in the mixture 
with astraphloxin aggregate in naked-eye visible bundles (Fig. S9d,e), whereas solutions of neat CNT are 
practically stable for a few weeks before any visible bundles formed. Thus, the dye molecules dramatically 
speed up the bundling of CNT dispersed with non-ionic surfactant from weeks to minutes. 
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Table S1. 
�3�/���S�H�D�N���S�R�V�L�W�L�R�Q�V��������EX ; ��EM), for water solutions of CNT with different surfactants and mixtures of CNT with 

astraphloxin at 0.004 mg/ml  
Parameters of CNT with chirality of (6,5) (7,5) (8,4)* (9,5)/(8,7) 
Diameter, [nm] 0.75 0.83 0.84 0.98 / 1.03 
 
����EX ; ��EM) [nm ; nm] 
CNT (SDBS) (570 ; 982) (650 ; 1028) (590 ; 1121)  
CNT (SDBS)+astraphloxin (555 ; 983) (555 ; 1030) (555 ; 1121) ( - ; ~ 1270) 
     
CNT (SDS) (570 ; 1000) (650 ; 1046) (590 ; 1130)  
CNT (SDS)+astraphloxin (565 ; 1004) (565 ; 1050) (565 ; 1144) ( - ; ~ 1290) 
     
CNT (SDOC) (570 ; 985) (650 ; 1034) (590 ; 1121)  
CNT (SDOC)+astraphloxin (570 ; 988) (570 ; 1034) (570 ; 1131) ( - ; ~ 1285) 
     
CNT (STDOC) (570 ; 985) (650 ; 1032) (590 ; 1121)  
CNT (STDOC)+astraphloxin (570 ; 988) (570 ; 1043) (580 ; 1133) ( - ; ~ 1285) 
     
CNT (Triton-X 100) (570 ; 983) (650 ; 1033) (590 ; 1123) ( - ; ~ 1290) 
CNT (Triton-X 100)+astraphloxin (570 ; 989) (650 ; 1037) (590 ; 1126) ( - ; ~ 1290) 
     
CNT (PVP) (575 ; 1004) (655 ; 1055) (590 ; 1142) ( - ; ~ 1290) 
CNT (PVP)+astraphloxin (575 ; 1004) (655 ; 1055) (590 ; 1142) ( - ; ~ 1290) 

 
* It should be noted that at ��EX = 555 nm the peak of CNT of (9,2) chirality revealed having ��EM ~ 1145 nm. 

 

 

 
Table S2. 

�7�K�H���U�H�G���V�K�L�I�W�V���R�I���3�/���S�H�D�N���H�P�L�V�V�L�R�Q������EM, for water solutions of CNT with different surfactants under admixture 
of astraphloxin at 0.004 mg/ml to CNT relatively to the water solutions of neat CNT. The absolute values of 

��EM from Table S1 were utilized. 
 

Parameters of CNT with chirality of (6,5) (7,5) (8,4)* (9,5)/(8,7) 
Diameter, [nm] 0.75 0.83 0.84 0.98 / 1.03 
 
(�û��EM= ��EM

{CNT+astra} - ��EM
{CNT}) [nm] 

 
CNT (SDBS) + astraphloxin 1 2 0 - 
CNT (SDS) + astraphloxin 4 4 14 - 
CNT (SDOC) + astraphloxin 3 0 10 - 
CNT (STDOC) + astraphloxin 3 11 12 - 
CNT (Triton-X 100) + astraphloxin 6 4 3 0 
CNT (PVP) + astraphloxin 0 0 0 0 
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Table S3. 
PL amplification/decrease in the NIR range for astraphloxin with CNT dispersed by various surfactants. 

(The data for Cy3 with CNT dispersed by SDBS was inserted as a reference). 
 

Parameters of CNT with chirality of (6,5) (7,5) (8,4) (9,5)/(8,7) 
Diameter, [nm] 0.75 0.83 0.84 0.98 / 1.03 

 
Maximum relative increase of the PL at ��EX = 555 nm for 

astraphloxin at 0.004 mg/ml + CNT 
(SDBS) 

3.1 
����EM=983nm) 

6.0 
����EM=1030nm) 

5.2 
����EM=1121nm) 

2.4 
����EM 

~1270nm) 

Cy3 at 0.002 mg/ml + CNT (SDBS) 
2.6 

����EM=983nm) 
4.1 

����EM=1030nm) 
4.0 

����EM=1121nm) 

1.9 
����EM 

~1270nm) 
astraphloxin at 0.004 mg/ml + CNT 

(Triton-X 100) 
0.6 

����EM=989nm) 
0.6 

����EM=1037nm) 
0.6 

����EM=1126nm) 
0.8 

����EM=1290nm) 
astraphloxin at 0.004 mg/ml + CNT 

(PVP) 
0.6 

����EM=1004nm) 
0.7 

����EM=1055nm) 
0.6 

����EM=1142nm) 
0.9 

����EM=1290nm) 
 

Maximum relative increase of the PL at ��EX = 565 nm for 

astraphloxin at 0.004 mg/ml + CNT 
(SDS) 

2.2 
����EM=1004nm) 

2.7 
����EM=1050nm) 

2.1 
����EM=1144nm) 

1.3 
����EM 

~1290nm) 
 

Maximum relative increase of the PL at ��EX = 570 nm for 

astraphloxin at 0.004 mg/ml + CNT 
(SDOC) 

0.9 
����EM=988nm) 

1.7 
����EM=1034nm) 

1.4 
����EM=1131nm) 

1.3 
����EM 

~1285nm) 

astraphloxin at 0.004 mg/ml + CNT 
(STDOC) 

1.2 
����EM~988nm) 

3.0 
����EM=1043nm) 

2.4 
����EM=1133nm) 

2.0 
����EM 

~1285nm) 
 

PL spectra show the different effect of the dyes on each type of CNT chirality revealing a selectivity of 
sensing for CNT of various diameters. Firstly, the enhancement of PL strongly depends on the chirality of 
CNT (see Supplementary Table S3). The highest PL amplification was observed for CNT of (7,5) chirality. 
For SDOC and STDOC, the small nanotubes with chirality (6,5) practically do not have PL amplification, 
�Z�K�H�U�H�D�V���������������D�Q�G���������������&�1�7���K�D�Y�H���µ�E�U�L�J�K�W�H�Q�H�G�¶���3�/���L�Q���D���I�H�Z���H�[�D�P�S�O�H�V�����6�H�F�R�Q�G�O�\����we observe a shift of ��EM for 
CNT peaks in the mixtures strongly depending on surfactant and chirality of CNT (see Supplementary Tables 
S1 and S2). Particular attention must be paid for CNT dispersed by STDOC, where ��EM for chirality (6,5) is 
red-shifted by 3 nm, and the chiralities of (7,5) and (8,4) have the shift of ��EM of 11 and 12 nm, respectively. 
Thus, we observe that astraphloxin molecules are more likely to form complexes with CNT having chirality of 
(7,5) and (8,4). Besides, the observed phenomena can be referred to different action of surfactants on the 
nanotubes of various diameters observed earlierS8. 
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Fig. S10 Raman spectra for samples of astraphloxin with CNT dispersed by SDBS (1) or Triton-
X 100 (2), neat astraphloxin (3) and neat CNT dispersed by Triton-X 100 (4) or SDBS (5). The 

spectra have been normalized to the G band for comparison and shifted on the Y axis for the sake 
of clarity. 

The concentration of astraphloxin was 0.004 mg/ml. 
 

 
In the Raman spectra of CNT dispersed by ionic (SDBS) and nonionic (Triton-X 100) surfactants, 
�W�K�H���I�H�D�W�X�U�H�V���R�I���Q�R�W�H���D�U�H���'�����*���D�Q�G���*�¶���D�W���a�����������������������D�Q�G�������������F�P-1 respectively (Fig. S10). 
Importantly, there are no significant shifts in the position or intensity of these features after the 
addition of astraphloxin. Moreover, the ratio of D to G bands does not change in the presence of 
astraphloxin that vindicates no covalent side-wall functionalization of CNTS9. The most obvious 
change we can confident state is that the intensity of peaks associated with the dye in the 
complexed materials (i.e. containing CNT + surfactant + dye) is greater (relative to those from the 
CNT) in the case of SDBS. By comparison of the peak heights of the D band (of CNT) and the 
peak immediately to its right (of the dye), it is clear that this is significantly greater for SDBS than 
Triton-X 100 and could indicate stronger interaction between the nanotube covered with SDBS and 
the dye due to electrostatic attraction. According to the literature S10, the enhancement of Raman 
bands for cyanine dyes has been attributed to the aggregation of the dye molecules (termed 
�µ�D�J�J�U�H�J�D�W�L�R�Q-�H�Q�K�D�Q�F�H�G���5�D�P�D�Q���V�F�D�W�W�H�U�L�Q�J�¶�������Z�K�L�F�K���Z�H���D�O�V�R���R�E�V�H�U�Y�H���L�Q���R�X�U���Zork. 
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