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�\�h�f�m���i�•�^�o�h�^�•���^�h���\�b�a�g�Z�q�_�g�g�y���d�h�j�b�k�g�h�€���•���i�h�\�g�h�€���\�b�k�h�l�b���i�j�h�n�•�e�x���i�_�q�•���� 
�D�e�x�q�h�\�•���k�e�h�\�Z�����^�h�f�_�g�g�Z���i�•�q�����g�Z�d�h�i�b�q�m�\�Z�e�v�g�Z���q�Z�k�l�b�g�Z�����]�h�j�g�����a�m�f�i�n�� �a�f�•�g�Z�����d�j�b�l�_�j�•�€�����l�_�o�g�h�e�h�]�•�q�g�Z���f�h�`�e�b�\�•�k�l�v����
�_�e�_�f�_�g�l���i�j�h�n�•�e�x�����\�b�k�h�l�Z���i�_�q�•�� 
The purpose is the detection of changes in the design and operation of the storage part of blast furnaces, due to i m-
provements in smelting technology, as well as increasing power and specific productivity of units. 
The methodology based on the use of a new approach to assessing the technological capabilities of the furnace and 
storage part of blast furnaces in the study of design and practical information on the profiling of furnaces over a period of 
time characterized by dynamic development of units and cast iron smelting technology. 
Findings The proposed characteristics of the technological capabilities of the furnace and the storage part of the fur-
nace, as well as criteria for assessing these characteristics - the share of the storage part per air lance V_nch / n_f, the 
power of one air lance and the relative to the countercurrent part of the furnace / V_pr. It is shown that in the design and 
operation of blast furnaces it is desirable to maintain the criteria V_nch / n_f and V_nch / n_chl at the lowest possible 
level, and the criteria of air lance power and V_zum / V_pr at the maximum. There is a tendency to slow down the height 
of the furnace with increasing the useful volume of the furnaces. In modern furnaces, for every additional 1000 m3 of 
usable volume, the height of the furnace increased by an average of 9%. It is shown that the outstripping increase in the 
depth of the sump in comparison with other dimensions of the profile is due not only to its structural function, but also 
purely technological, namely the sump cast iron heat, which increases the inertia of the blast furnace process, and also 
participates in the cycle of accumulation and release of smelting products. Since the sump is part of the working space 
of the furnace, it is proposed to change the approach to determining the complete and useful height of the blast furnace. 
More specifically, the full height should be considered the distance from the ladder to the upper edge of the support ring 
(flange) of the grate cover, and useful - to the cone or tray of the backfill device in the lower working position. 
�7�K�H���V�W�X�G�\�¶�V���R�U�L�J�L�Q�D�O�L�W�\���L�V���W�R���M�X�V�W�L�I�\���W�K�H���Q�H�Z���S�U�L�Q�F�L�S�O�H�V���R�I���W�K�H���D�S�S�U�R�D�F�K���W�R���D�V�V�H�V�V�L�Q�J���W�K�H���W�H�F�K�Q�R�O�R�J�L�F�D�O���F�D�S�D�E�L�O�L�W�L�H�V of the 
furnace and storage part of blast furnaces, as well as to justify the need to consider the sump or dead layer as the sixth 
element of the profile. 
The practical value is to develop recommendations on the direction of changes in the design of the furnace and storage 
part of blast furnaces in the design of new and modernization of existing units, as well as a new approach to determining 
the useful and complete height of the furnace profile. 
Keywords: blast furnace, storage part, furnace, sump, change, criteria, technological capability, profile element, furnace 
height. 
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�I�j�b�� �j�h�a�j�Z�o�m�g�d�m�� �n�h�j�f�m�� �]�h�j�g�Z�� �•�� �a�m�f�i�n�m�� �i�j�b�c�g�y��
�e�b�� �p�b�e�•�g� �̂j�b�q�g�h�x���� �J�h�a�j�Z�o�m�g�h�d�� �d�h�j�b�k�g�h�]�h�� �h�[�¶�}�f�m��
�]�h�j�g�Z���8�Í

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

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

�•�g�l�_�j�_�k�� �j�h�a�]�e�y�^�� �i�_�j�\�b�g�g�b�o�� ���^�h�� �j�_�d�h�g�k�l�j�m�d�p�•�c���� �j�h�a��
�j�Z�o�m�g�d�h�\�b�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �l�b�i�h�\�b�o�� �i�_�q�_�c�� ���l�Z�[�e���� ��������
�K�e�•�^�� �a�Z�m�\�Z�`�b�l�b���� �s �h�� �i�j�h�p�_�k�� �i�j�h�_�d�l�m�\�Z�g�g�y�� �l�b�i�h�\�b�o��
�j�Z�^�y�g�k�v�d�b�o�� �i�_�q�_�c�� �[�m�\�� �j�h�a�l�y�]�g�m�l�b�c�� �m�� �a�g�Z�q�g�h�f�m��
�i�j�h�f�•�`�d�m�� �q�Z�k�m���� �l�h�f�m�� �m�k�_�j�_�^�g�_�g�•�� �^�Z�g�•�� �f�Z�x�l�v�� �•�e�x�k�l��
�j�Z�l�b�\�g�b�c���� �Z�� �g�_�� �m�a�Z�]�Z�e�v�g�x�x�q�b�c�� �o�Z�j�Z�d�l�_�j�����>�\�•���i�_�j�r�•��
�i�_�q�•�� �h�[�¶�}�f�h�f�� ���������� �•�� ���������� �f3 �y�\�e�y�x�l�v�� �k�h�[�h�x�� �j�h�a�\�b��
�l�h�d�� �^�\�h�o�� �i�_�j�r�b�o�� �j�Z�^�y�g�k�v�d�b�o�� �i�j�h�_�d�l�•�\�� �i�_�q�_�c��
�h�[�¶�}�f�h�f�� �������� �•�� ���������� �f3���� �i�h�y�\�Z�� �y�d�b�o�� �^�Z�l�h�\�Z�g�Z�� �k�_�j�_��
�^�b�g�h�x�� ����-�o�� �•�� ����-�o�� �j�h�d�•�\�� �O�O�� �k�l���� �I�j�h�_�d�l�b�� �i�_�q�_�c�� ������������
������������ ������������ ���������� �•�� ���������� �f3 �[�m�e�b�� �\�b�]�h�l�h�\�e�_�g�•�� �\��
1952-���������� �j�j���� �I�_�q�•�� �h�[�¶�}�f�h�f�� ���������� �•�� ���������� �f3 
�a�¶�y�\�b�e�b�k�y�� �m�� ����-�o�� �j�h�d�Z�o�� �l�h�]�h�� �`���k�l�h�e�•�l�l�y���� �I�j�h�_�d�l�b���i�_��
�q�_�c�� �h�[�¶�}�f�h�f�� ���������� �•�� ���������� �f3 �i�j�b�i�Z�^�Z�x�l�v�� �g�Z�� ����-�•���j�h��
�d�b�����Z�������������f3 �± �g�Z������-�•���j�h�d�b�� 

�I�•�^�l�j�b�f�Z�g�g�y�� �h�^�g�Z�d�h�\�h�€�� �\�b�k�h�l�b�� �]�h�j�g�Z�� �•�� �c�h�]�h�� �\�•�^��
�g�h�k�g�h�]�h�� �d�h�j�b�k�g�h�]�h�� �h�[�¶�}�f�m���8�Í�Æ

�� ���8�Ò�Ó �^�e�y�� �i�_�j�r�h�€�� �]�j�m�i�b��
�i�_�q�_�c�� �a�� �h�[�¶�}�f�h�f�� �\�•�^�� ���������� �^�h�� ���������� �f3

 �k�l�\�h�j�x�\�Z�e�h��
�i�•�^�k�l�Z�\�b�� �^�e�y�� �h�[�f�_�`�_�g�g�y�� �l�_�o�g�h�e�h�]�•�q�g�b�o�� �f�h�`�e�b�\�h�k��
�l�_�c�� �]�h�j�g�Z�� �a�•�� �a�j�h�k�l�Z�g�g�y�f�� �h�[�¶�}�f�m�� �i�_�q�_�c���� �L�Z�d���� �s �_�� �m��
�k�_�j�i�g�•�� �����������j�h�d�m���g�Z���\�k�_�k�h�x�a�g�•�c���g�Z�j�Z�^�•���^�h�f�_�g�s�b�d�•�\��
�a�� �h�[�f�•�g�m�� �^�h�k�\�•�^�h�f�� �j�h�[�h�l�b�� �i�h�l�m�`�g�b�o�� �^�h�f�_�g�g�b�o�� �i�_��
�q�_�c�� ���Z�� �l�Z�d�b�f�b�� �l�h�^�•�� �i�j�Z�\�h�f�•�j�g�h�� �\�\�Z�`�Z�e�b�k�y�� �Z�]�j�_�]�Z�l�b��
�h�[�¶�}�f�h�f�� ���������� �•�� ���������� �f3���� �i�h�\�•�^�h�f�e�y�e�h�k�v�� �>�����@�� �i�j�h��
�g�_�^�h�k�l�Z�l�g�x�� �}�f�d�•�k�l�v�� �]�h�j�g�Z�� �\�d�Z�a�Z�g�b�o�� �i�_�q�_�c���� �s �h��
�k�l�j�b�f�m�\�Z�e�h�� �n�h�j�k�m�\�Z�g�g�y�� �o�h�^�m���� �G�Z�f�Z�]�Z�g�g�y�� �a�f�_�g��
�r�b�l�b�� �a�Z�i�h�\�g�_�g�g�y�� �]�h�j�g�Z�� �a�[�•�e�v�r�_�g�g�y�f�� �d�•�e�v�d�h�k�l�•�� �\�b��
�i�m�k�d�•�\�� �]�Z�e�v�f�m�\�Z�e�h�k�y�� �g�b�a�v�d�h�x�� �y�d�•�k�l�x�� �l�h�]�h�q�Z�k�g�b�o��
�e�v�h�l�h�q�g�b�o�� �n�m�l�e�y�j�g�b�o�� �•�� �`�h�e�h�[�g�b�o�� �f�Z�k���� �M�� �a�\�¶�y�a�d�m�� �a��
�p�b�f�� �g�Z�j�Z�^�Z�� �j�_�d�h�f�_�g�^�m�\�Z�e�Z�� �[�m�^�m�\�Z�l�b�� �^�h�f�_�g�g�•�� �i�_�q�•��
�h�[�¶�}�f�h�f�� ���������� �f3 �•�� �[�•�e�v�r�_�� �a���^�\�h�f�Z���q�Z�\�m�g�g�b�f�b���e�v�h�l��
�d�Z�f�b���� �<�� �i�h�^�Z�e�v�r�h�f�m�� �i�j�Z�d�l�b�d�Z�� �i�h�d�Z�a�Z�e�Z�� �^�h�p�•�e�v��
�g�•�k�l�v�� �p�•�}�€�� �j�_�d�h�f�_�g�^�Z�p�•�€�� �g�Z�\�•�l�v�� �^�e�y�� �^�h�f�_�g�g�b�o�� �i�_�q�_�c��
�h�[�¶�}�f�h�f�����������������f3.  

�G�Z�c�[�•�e�v�r�b�c�� �\�•�^�g�h�k�g�b�c�� �h�[�¶�}�f�� �a�m�f�i�n�m�� �k�i�h�k�l�_�j�•��
�]�Z�\�k�y�� �^�e�y�� �i�_�q�•�� �h�[�¶�}�f�h�f�� ���������� �f3 �± 0,08 �8�Ò�Ó���� �g�Z�c��
�f�_�g�r�b�c�� �^�e�y�� �i�_�q�•�� �����������f3

 �± 0,02 �8�Ò�Ó�����<�•�^�g�h�k�g�h���d�h�j�b��
�k�g�h�]�h�� �h�[�¶�}�f�m�� �]�h�j�g�Z�� �g�Z�c�[�•�e�v�r�_�� �a�g�Z�q�_�g�g�y�� �a�m�f�i�n�m��
�k�i�h�k�l�_�j�•�]�Z�}�l�v�k�y�� �^�e�y�� �i�_�q�•�� �h�[�¶�}�f�h�f�� ���������� �f3 �± 0,06 
�8�Í�Æ

�� ���� �s �h�� �\�•�^�i�h�\�•�^�Z�}�� �k�m�q�Z�k�g�b�f�� �i�Z�j�Z�f�_�l�j�Z�f���� �g�Z�c��
�f�_�g�r�_�� �����������8�Í�Æ

��  �^�e�y�� �i�_�q�•�� �h�[�¶�}�f�h�f�� ���������� �f3���� �H�^�g�Z�d��
�g�_�h�[�o�•�^�g�h�� �a�Z�m�\�Z�`�b�l�b���� �s �h�� �a�g�Z�q�g�b�c�� �h�[�¶�}�f�� �a�m�f�i�n�m��
�\�•�^�g�h�k�g�h�� �d�h�j�b�k�g�h�]�h�� �h�[�¶�}�f�m�� �]�h�j�g�Z�� �^�_�y�d�b�o�� �j�Z�^�y�g�k�v��
�d�b�o�� �i�_�q�_�c�� �h�[�¶�}�f�h�f�������������������������•�������������f3

 �k�e�•�^���\�\�Z�`�Z��
�l�b�� �\�^�Z�\�Z�g�b�f���q�_�j�_�a���a�Z�g�b�`�_�g�•�� �]�e�b�[�b�g�m�� �•���h�[�¶�}�f���]�h�j�g�Z���� 
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�� �������3�-���3����������� ���������� ��� �����!�����3�4��

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

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

�m�l�\�h�j�_�g�g�y�f�� �l�Z�d�� �a�\�Z�g�h�€�� �©�y�f�b�ª���� �J�m�c�g�m�\�Z�g�g�x�� �e�_�s�Z�^�•��

�k�i�j�b�y�e�b�� �a�� �h�^�g�•�}�€�� �k�l�h�j�h�g�b�� �a�g�Z�q�g�Z�� �l�h�\�s �b�g�Z�� �\�h�]�g�_�l��
�j�b�\�g�h�]�h�� �f�Z�k�b�\�m�� �e�_�s�Z�^�•�� �\�•�^�� ���� �^�h�� ���� �f�� �\�� �a�Z�e�_�`�g�h�k�l�•��
�\�•�^�� �h�[�¶�}�f�m�� �i�_�q�•���� �a�� �^�j�m�]�h�€�� �\�•�^�k�m�l�g�•�k�l�v�� �i�•�^�e�_�s�Z�^�g�h�]�h��
�h�o�h�e�h�^�`�_�g�g�y�� �g�Z�� �i�_�q�Z�o�� �a�Z�^�m�\�d�b�� ����-50-�o�� �j�h�d�•�\���� �I�_��

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

�h�o�h�e�h�^�`�_�g�g�y�� �e�_�s�Z�^�•�� �k�\�•�^�q�Z�l�v�� �^�Z�g�•�� �>�����@���� �a�� �y�d�b�o�� �\�•��
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�^�h�f�h���� �s �h�� �h�[�¶�}�f�� �\�b�^�Z�g�h�]�h�� �d�h�a�e�h�\�h�]�h�� �q�Z�\�m�g�m���i�h���r�_��
�k�l�b�� �i�_�q�Z�f�� �]�Z�e�m�a�•�� �h�[�¶�}�f�h�f�� �i�h�� ���������� �f3 �k�d�e�Z�\�� �������� �f3 
�i�j�b�� �l�b�i�h�\�h�f�m�� �j�h�a�f�•�j�•�� �a�m�f�i�n�m�� ������ �f3���� �G�_�\�Z�`�d�h�� �[�Z��
�q�b�l�b�� ���j�b�k�������������s �h���j�h�a�f�•�j�b���©�y�f�ª��- �a�m�f�i�n�•�\���\���f�Z�k�b�\�Z�o��
�e�_�s�Z�^�•���g�_���i�h�k�l�m�i�Z�e�b�k�y���j�h�a�f�•�j�Z�f�� �]�h�j�g�m�� 

�A�Z�]�Z�e�v�g�h�x�� �a�Z�d�h�g�h�f�•�j�g�•�k�l�x���� �h�[�m�f�h�\�e�_�g�h�x�� �k�i�_��
�p�b�n�•�d�h�x�� �]�_�h�f�_�l�j�•�€�� �i�j�h�n�•�e�x���� �}�� �a�[�•�e�v�r�_�g�g�y�� �g�Z�\�Z�g��
�l�Z�`�_�g�g�y�� �h�[�¶�}�f�m�� �g�Z�d�h�i�b�q�m�\�Z�e�v�g�h�€�� �q�Z�k�l�b�g�b�� �i�_�q�•�� �g�Z��
�h�^�g�m�� �i�h�\�•�l�j�y�g�m�� �n�m�j�f�m�� �Z�[�h�� �g�Z�� �h�^�g�_�� �n�m�j�f�_�g�_�� �\�h�]��
�g�b�s�_�� �a�•�� �a�j�h�k�l�Z�g�g�y�f�� �d�h�j�b�k�g�h�]�h�� �h�[�¶�}�f�m�� �i�_�q�_�c���� �G�_��
�\�Z�`�d�h�� �[�Z�q�b�l�b�� �g�Z�� �i�j�b�d�e�Z�^�•�� �i�_�q�_�c�� �h�[�¶�}�f�h�f�� ���������� �•��
���������� �f 3 ���^�b�\���� �l�Z�[�e���� �������� �s �h�� �a�[�•�e�v�r�_�g�g�y�� �q�b�k�e�Z�� �n�m�j�f��
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�h�[�¶�}�f�m�� �\�b�k�h�l�Z�� �]�h�j�g�Z�� �a�j�h�k�e�Z�� �\�� �k�_�j�_�^�g�v�h�f�m�� �g�Z�� ��������
�l�h�^�•���y�d���g�Z���j�Z�^�y�g�k�v�d�b�o���l�b�i�h�\�b�o���i�_�q�Z�o���g�Z���������� 

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

�H�k�h�[�e�b�\�b�c�� �•�g�l�_�j�_�k�� �\�b�d�e�b�d�Z�}�� �i�b�l�Z�g�g�y�� �s �h�^�h��
�a�g�Z�q�g�h�]�h�� �a�j�h�k�l�Z�g�g�y�� �\�b�k�h�l�b�� �•�� �h�[�¶�}�f�m�� �a�m�f�i�n�m�� �\�� ����-�o��
�j�h�d�Z�o�� �O�O�� �k�l���� �•�� �\�i�j�h�^�h�\�`�� �g�Z�k�l�m�i�g�b�o�� �^�_�k�y�l�b�e�•�l�v���� �Y�d��
�s �h�� �i�h�j�•�\�g�y�l�b�� �j�h�a�f�•�j�b�� �i�j�h�n�•�e�x�� �>�I�� �‹���� �D�j�b�\�h�j�•�`�k��
�l�Z�e�•�� �m�� �]�j�m�^�g�•�� ���������� �j������ �l�h�^�•�� �g�Z�c�[�•�e�v�r�h�€�� �\�� �k�\�•�l�•�� �i�_�q�•��
�h�[�¶�}�f�h�f�� ���������� �f3���� �a�� �i�h�l�m�`�g�b�f�b�� �i�_�q�Z�f�b���k�v�h�]�h�^�_�g�g�y����
�l�h�� �k�e�•�^�� �g�Z�\�_�k�l�b�� �g�Z�k�l�m�i�g�•�� �^�Z�g�•���� �>�•�Z�f�_�l�j�� �]�h�j�g�Z�� �>�I��
�‹���� �D�j�b�\�h�j�•�`�k�l�Z�e�•���� �s �h�� �k�l�Z�g�h�\�b�\�� ���������� �f���� �a�j�•�k�� �^�h��
���������� �f�� �g�Z�� �>�I�� �‹�����\���2�L�W�D���>�����@���l�h�[�l�h���e�b�r�_���g�Z�����������<�b��
�k�h�l�Z�� �]�h�j�g�Z�� �h�k�l�Z�g�g�v�h�€�� �i�_�q�•�� �\�� �i�h�j�•�\�g�y�g�g�•�� �a�� �d�j�b�\�h�j�•�a�v��
�d�h�x�� �a�j�h�k�e�Z�� �a�� �������� �^�h�� ���������� �f�� �Z�[�h�� �g�Z�� ���������� �D�h�j�b�k�g�b�c��
�h�[�¶�}�f�� �g�Z�c�[�•�e�v�r�h�€�� �\�� �k�\�•�l�•�� �>�I�� �‹���� �m�� �=�\�Z�g�v�y�g�•�� ���I�•�\��
�^�_�g�g�Z�� �D�h�j�_�y���� �>�����@�� �m�� ���������� �f3 �i�_�j�_�\�b�s�b�\�� �l�Z�d�b�c�� �`�_��
�h�[�¶�}�f�� �>�I�� �‹���� �D�j�b�\�h�j�•�`�k�l�Z�e�•�� �g�Z�� ���������� �G�Z�� �i�j�h�l�b�\�Z�]�m��
�p�b�f�� �g�_�� �^�m�`�_�� �k�m�l�l�}�\�b�f�� �a�f�•�g�Z�f�� �]�e�b�[�b�g�Z�� �a�m�f�i�n�m�� �g�Z��
�k�m�q�Z�k�g�b�o�� �>�I�� �‹���� �•�� ���� �a�Z�\�h�^�m�� �D�D�V�K�L�P�D�� ���Y�i�h�g�•�y������ �s �h��
�f�Z�x�l�v�� �^�•�Z�f�_�l�j�� �]�h�j�g�Z�� ������ �f���� �a�j�h�k�e�Z�� �^�h�� �������� �f�� �>�����@����
�l�h�[�l�h�� �m�� �q�h�l�b�j�b�� �j�Z�a�b�� �\�� �i�h�j�•�\�g�y�g�g�•�� �a�� �i�h�q�Z�l�d�h�\�b�f�� �j�h��
�a�f�•�j�h�f���a�m�f�i�n�m�� �>�I���‹�����D�j�b�\�h�j�•�`�k�l�Z�e�•�� ���������������f������ 

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

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

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

�g�b�o�� �i�_�q�_�c���a���g�_�^�h�k�l�Z�l�g�v�h�x���]�e�b�[�b�g�h�x�� �a�m�f�i�n�m�� �a�Z���^�Z�g�b�f�b�� �1�Q�F��[28] �����Z�����>�I���‹�����D�j�b�\�h�j�•�`�k�l�Z�e�•�����\�b�^�m�\�d�Z���\��
�]�j�m�^�g�•�� ���������j���� �[�����>�I���‹�����K�_�\�_�j�k�l�Z�e�•�� ���J�N���� �m���i�_�j�r�m�� �d�Z�f�i�Z�g�•�x����������-���������� �j���j�������\�����>�I���‹�����m���o�h�^�•���^�j�m�]�h�€�� �d�Z�f��

�i�Z�g�•�€����������-���������� �j���j�������L���± �l�h�l�_�j�f�Z�g�� 
 

 
�J�b�k�m�g�h�d�������± �K�o�_�f�Z�� �j�m�c�g�m�\�Z�g�g�y�� �e�_�s�Z�^�•�� �•���k�l�•�g���a�m�f�i�n�m���\���a�Z�e�_�`�g�h�k�l�•���\�•�^���j�Z�^�•�m�k�m���]�h�j�g�Z�� 

�Z����R > �]�������[����R < �]�������\�����i�_�j�_�l�b�g���f�Z�l�_�j�•�Z�e�•�\���\���a�m�f�i�n�•���^�h�f�_�g�g�h�€���i�_�q�•���‹�����\���D�m�j�Z�k�b�d�b�����h�l�j�b�f�Z�g�b�c���f�_�l�h��
�^�h�f���i�h�r�Z�j�h�\�h�]�h�� �j�h�a�[�b�j�Z�g�g�y�� �a�Z���^�Z�g�b�f�b��[29] 

�Q�_�j�_�a�� �g�_�^�h�k�l�Z�l�g�x�� �]�e�b�[�b�g�m�� �a�m�f�i�n�m�� �g�Z�� �i�h�l�m�`�g�•�c��
�i�_�q�•�� �‹���� �\�� �D�m�j�Z�k�•�d�b�� ���Y�i�h�g�•�y���� �a�� �^�•�Z�f�_�l�j�h�f�� �]�h�j�g�Z�� ������
�f�� �\�•�^�[�m�e�h�k�y�� �o�Z�j�Z�d�l�_�j�g�_�� �j�m�c�g�m�\�Z�g�g�y�� �e�_�s�Z�^�•�� �m�� �\�b��
�]�e�y�^�•���©�k�e�h�g�h�\�h�€�� �g�h�]�b�ª�� ���j�b�k�����������\�����>�����@���� 

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

�l�Z�e�h�i�j�b�c�f�Z�q�Z���� �h�k�h�[�e�b�\�h�� �i�j�b�� �_�d�k�i�e�m�Z�l�Z�p�•�€�� �i�_�q�•���a��
�©�k�m�o�b�f�ª�� �]�h�j�g�h�f���� �>�e�y�� �i�h�j�•�\�g�y�g�g�y�� �\�l�j�Z�l�� �l�_�i�e�Z�� �g�Z��
�\�b�i�m�k�d�m�� �i�j�h�^�m�d�l�•�\�� �i�e�Z�\�d�b�� �a�� �f�h�`�e�b�\�•�k�l�x�� �a�[�_�j�_�`�_�g��
�g�y�� �l�_�i�e�Z�� �\�� �a�m�f�i�n�•�� �a�Z�� �j�Z�o�m�g�h�d�� �j�h�a�i�e�Z�\�e�_�g�h�]�h�� �q�Z�\�m��
�g�m�� �a�j�h�[�e�_�g�h�� �i�•�^�j�Z�o�m�g�d�b�� �a�� �\�b�d�h�j�b�k�l�Z�g�g�y�f�� �^�Z�g�b�o��
�i�j�h�� �j�h�[�h�l�m�� �i�_�q�•�� �K�_�\�_�j�k�l�Z�e�•�� �h�[�¶�}�f�h�f�� ���������� �f3 [15]. 
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�L�_�i�e�h�}�f�g�•�k�l�v�� �q�Z�\�m�g�m�� �i�j�b�c�g�y�l�h�� ���������� �d�>�`���d�]���� �Z���r�e�Z��
�d�m������������ �d�>�`���d�]�����J�h�a�j�Z�o�m�g�h�d���\�b�d�h�g�Z�g�h���a���m�f�h�\�h�x�����s �h��
�d�h�g�^�_�g�k�m�x�q�b�c�� �l�_�i�e�h�� �r�Z�j�� �q�Z�\�m�g�m�� �f�Z�}�� �\�b�k�h�l�m�� �g�b�`��
�g�v�h�€�� �q�Z�k�l�b�g�b�� �a�m�f�i�n�m���� �y�d�Z�� �g�_�� �i�j�b�c�f�Z�}�� �m�q�Z�k�l�v�� �\�� �p�b��
�d�e�•�� �©�g�Z�d�h�i�b�q�_�g�g�y���± �\�b�i�m�k�d�ª���� �>�e�y�� �l�b�i�h�\�h�]�h�� �i�j�h�_�d�l�m��
�\�h�g�Z�� �k�d�e�Z�e�Z�� �����������± ���������� � �� ���������� �f���� �^�e�y�� �j�_�d�h�f�_�g�^�h��
�\�Z�g�h�]�h���a�Z���m�f�h�\�h�x���D�Ê�Ö�Ï
N0,2�@�Æ  3,00 �± ����������� �������������f���� 

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

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

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

 �I�j�Z�d�l�b�d�Z�� �a�[�•�e�v�r�_�g�g�y�� �q�b�k�e�Z�� �q�Z�\�m�g�g�b�o�� �e�v�h�l�h�d��
�i�j�b�� �[�m�^�•�\�g�b�p�l�\�•�� �g�h�\�b�o�� �•�� �j�_�d�h�g�k�l�j�m�d�p�•�€�� �^�•�x�q�b�o���i�_�q�_�c��
�i�h�d�Z�a�Z�e�Z�� �_�n�_�d�l�b�\�g�•�k�l�v�� �\�i�e�b�\�m�� �p�v�h�]�h�� �a�Z�k�h�[�m�� �g�Z��
�k�l�Z�g�� �d�h�d�k�h�\�h�€�� �g�Z�k�Z�^�d�b�� �\�� �]�h�j�g�•�� �•�� �g�Z�� �a�[�•�e�v�r�_�g�g�y�� �i�j�h��
�^�m�d�l�b�\�g�h�k�l�•�� �Z�]�j�_�]�Z�l�•�\���� �G�_�\�b�i�Z�^�d�h�\�h���� �s �h�� �h�[�e�Z�^�g�Z�g��
�g�y�� �i�_�q�•�� �^�h�^�Z�l�d�h�\�b�f�b�� �e�v�h�l�d�Z�f�b�� �j�h�a�]�e�y�^�Z�e�h�k�y�� �y�d��
�n�Z�d�l�h�j�� �k�i�j�b�y�g�g�y�� �a�j�h�k�l�Z�g�g�x�� �i�j�h�^�m�d�l�b�\�g�h�k�l�•�� �i�_�q�•�� �•��
�a�g�b�`�_�g�g�x�� �\�b�l�j�Z�l�b�� �d�h�d�k�m��[30]. 

�L�h�f�m�� �g�_�� �f�h�`�g�Z�� �i�h�]�h�^�b�l�b�k�v�� �a�� �j�•�r�_�g�g�y�f�� �i�j�h�_�d��
�l�m�\�Z�e�v�g�b�d�Z��[9] �k�d�h�j�h�l�b�l�b�� �d�•�e�v�d�•�k�l�v�� �q�Z�\�m�g�g�b�o�� �e�v�h�l�h�d��
�g�Z�� �>�I�� �‹���� �I�:�L�� �©�:�j�k�_�e�h�j�� �F�•�l�l�Z�e�� �D�j�b�\�b�c�� �J�•�]�ª��
�h�[�¶�}�f�h�f�� ���������� �f3 �a�� �l�j�v�h�o���^�h���^�\�h�o�����\���j�_�a�m�e�v�l�Z�l�•���q�h�]�h��
�g�Z�\�Z�g�l�Z�`�_�g�•�k�l�v�� �h�[�¶�}�f�h�f�� �g�Z�d�h�i�b�q�m�\�Z�e�v�g�h�€�� �q�Z�k�l�b�g�b��
�i�_�q�•�� �g�Z�� �h�^�g�m�� �e�v�h�l�d�m�� �a�j�h�k�e�Z�� �a�•�� �������� �^�h�� �������� �f3���� �s �h��
�a�g�Z�q�g�h�� �[�•�e�v�r�_�� �g�•�`�� �g�Z�� �i�_�q�Z�o�� �h�^�g�Z�d�h�\�h�]�h�� �Z�[�h���[�e�b�a�v��
�d�h�]�h�� �d�h�j�b�k�g�h�]�h�� �h�[�¶�}�f�m���� �L�Z�d�� �g�Z�� �>�I�� �‹���� �K�_�\�_�j�k�l�Z�e�•��
���J�N���� �a�� �l�j�v�h�f�Z�� �e�v�h�l�d�Z�f�b�� �•�� �h�^�g�Z�d�h�\�b�f�� �d�h�j�b�k�g�b�f��

�h�[�¶�}�f�h�f���8�Ð�Ú���J�Ú�Î �k�d�e�Z�e�h�����������f3�����g�Z���>�I���‹�����:�e�q�_�\�k�v��
�d�h�]�h�� �f�_�l�d�h�f�[�•�g�Z�l�m�� �h�[�¶�}�f�h�f�� ���������� �f3 �•�� �l�j�v�h�f�Z�� �e�v�h�l��
�d�Z�f�b���± ���������f3. 

�<�b�k�g�h�\�d�b�����A�Z�i�j�h�i�h�g�h�\�Z�g�•�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �l�_�o��
�g�h�e�h�]�•�q�g�b�o�� �f�h�`�e�b�\�h�k�l�_�c�� �]�h�j�g�Z�� �•�� �g�Z�d�h�i�b�q�m�\�Z�e�v�g�h�€��
�q�Z�k�l�b�g�b�� �i�_�q�•���� �Z�� �l�Z�d�h�`�� �d�j�b�l�_�j�•�€�� �^�e�y�� �h�p�•�g�d�b�� �p�b�o���o�Z�j�Z��
�d�l�_�j�b�k�l�b�d���± �q�Z�k�l�d�b�� �h�[�¶�}�f�m�� �g�Z�d�h�i�b�q�m�\�Z�e�v�g�h�€�� �q�Z�k�l�b��
�g�b���� �s �h�� �i�j�b�o�h�^�y�l�v�k�y�� �g�Z�� �h�^�g�m�� �i�h�\�•�l�j�y�g�m�� �n�m�j�f�m��
�8�Ð�Ú���J�×���� �i�h�l�m�`�g�•�k�l�v�� �h�^�g�•�}�€�� �i�h�\�•�l�j�y�g�h�€�� �n�m�j�f�b�� �•�� �\�•�^�g�h��
�k�g�b�c�� �^�h�� �i�j�h�l�b�l�h�d�h�\�h�€�� �q�Z�k�l�b�g�b�� �i�_�q�•�� �h�[�¶�}�f�� �a�m�f�i�n�m��
�8�Ê�Ö�Ï���8�Ò�Ó�ä  �I�h�d�Z�a�Z�g�h���� �s �h�� �i�j�b�� �i�j�h�_�d�l�m�\�Z�g�g�•���•���f�h�^�_�j�g�•��
�a�Z�p�•�€�€�� �^�h�f�_�g�g�b�o�� �i�_�q�_�c�� �[�Z�`�Z�g�h�� �i�•�^�l�j�b�f�m�\�Z�l�b�� �d�j�b�l�_��
�j�•�€���8�Ð�Ú���J�× �•���8�Ð�Ú���J�Ú�Î  �g�Z�� �f�•�g�•�f�Z�e�v�g�h���f�h�`�e�b�\�h�f�m���j�•�\�g�•����
�Z�� �d�j�b�l�_�j�•�€�� �i�h�l�m�`�g�h�k�l�•�� �i�h�\�•�l�j�y�g�h�€�� �n�m�j�f�b�� �•���8�Ê�Ö�Ï���8�Ò�Ó �g�Z��
�f�Z�d�k�b�f�Z�e�v�g�h�f�m���� 

�<�k�l�Z�g�h�\�e�_�g�h�� �l�_�g�^�_�g�p�•�x�� �]�Z�e�v�f�m�\�Z�g�g�y�� �g�Z�j�h�s�m��
�\�Z�g�g�y�� �\�b�k�h�l�b�� �]�h�j�g�Z�� �a�•�� �a�[�•�e�v�r�_�g�g�y�f�� �d�h�j�b�k�g�h�]�h��
�h�[�¶�}�f�m�� �i�_�q�_�c���� �G�Z�� �k�m�q�Z�k�g�b�o�� �i�_�q�Z�o�� �g�Z�� �d�h�`�g�•�� �^�h�^�Z�l��
�d�h�\�•�� ���������� �f3 �d�h�j�b�k�g�h�]�h�� �h�[�¶�}�f�m�� �\�b�k�h�l�Z�� �]�h�j�g�Z�� �a�j�h�k��
�l�Z�e�Z�� �\�� �k�_�j�_�^�g�v�h�f�m�� �g�Z�� �������� �l�h�^�•�� �y�d�� �g�Z�� �j�Z�^�y�g�k�v�d�b�o��
�i�_�q�Z�o���a���l�b�i�h�\�b�f�� �i�j�h�n�•�e�_�f��- �g�Z���������� 

�I�h�d�Z�a�Z�g�h���� �s �h�� �\�b�i�_�j�_�^�`�Z�x�q�_�� �a�j�h�k�l�Z�g�g�y�� �]�e�b�[�b��
�g�b�� �a�m�f�i�n�m�� �m�� �i�h�j�•�\�g�y�g�g�•�� �a�� �•�g�r�b�f�b���j�h�a�f�•�j�Z�f�b�� �i�j�h�n�•��
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Purpose.  The purpose of the work is to study the dynamic loads that occur in the hydraulic system of the pipe blank 
clamping mechanism of the loading machine of the ring heating furnace of the pipe rolling unit 140 and to develop 
measures to reduce them. 
M ethodology.  The research methodology is based on the use of mathematical modeling methods and fundamental 
laws of hydraulics and hydrodynamics. A mathematical model of the study of dynamic processes occurring in the 
hydraulic system of the pipe blank clamping mechanism has been developed, which takes into account wave processes 
in long hydraulic mains. A distinctive feature of the developed mathematical model is the possibility of choosing a 
rational discretization step based on the analysis of the dynamic response of the hydraulic main to the influence of the 
disturbance characteristic of this hydraulic drive, in order to effectively take into account the wave properties of hydraulic 
mains. 
Findings. Using the developed model, the dynamic processes that occur in the hydraulic system of the pipe blank 
clamping mechanism were investigated. It was established that the dynamic coefficient of the hydraulic system is 1.39, 
which is significantly higher than the permissible value. Proposed technical solutions to reduce dangerous dynamic 
loads in the hydraulic system are that it is necessary to reduce the activation time of the hydraulic distributor from 0.30 
sec to 0.15 sec, and to use a brake device with a brake chamber length of 15 mm in the hydraulic cylinder.  
Originality.  In order to effectively take into account the wave properties of hydraulic mains in the mathematical model, 
the choice of a rational discretization step is provided based on the analysis of the dynamic response of the hydraulic 
main to the influence of the disturbance characteristic of this hydraulic drive. As such effects of disturbances in the 
conditions of the pump drive, the almost instantaneous activation of the control elements and the sudden stop of the 
working body at the end of its movement appear most often. Thus, for each of the hydraulic mains, a rational number of 
k j division sections was taken, which ensures the specified accuracy of the mathematical model.  
Practical value.  The practical significance of the work lies in the developed mathematical model, which makes it possi-
ble to analyze with high reliability the behavior of the hydraulic system of the clamping mechanism, which is exposed to 
various influences in a wide range of mode parameters. 
Keywords:  loading machine, clamping mechanism, hydraulic system, wave processes, pressure, dynamic loads, tran-
sient processes, hydraulic distributor, activation time, braking device. 
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�\�h�k�l�•�� �d�h�g�k�l�j�m�d�p�•�€�� �•�� �j�h�[�h�l�b�� �]�•�^�j�h�k�b�k�l�_�f�b�� �a�Z�l�b�k�d�Z�g�g�y��
�l�j�m�[�g�h�€�� �a�Z�]�h�l�h�\�d�b�� �a�Z�\�Z�g�l�Z�`�m�\�Z�e�v�g�h�€�� �f�Z�r�b�g�b�� �d�•�e�v��
�p�_�\�h�€�� �g�Z�]�j�•�\�Z�e�v�g�h�€�� �i�_�q�•�� �L�I�:�� ���������� �^�h�p�•�e�v�g�h�� �\�b�d�h�j�b��
�k�l�h�\�m�\�Z�l�b�� �k�b�k�l�_�f�m�� �^�b�n�_�j�_�g�p�•�Z�e�v�g�b�o�� �j�•�\�g�y�g�v�� �\��
�i�j�b�\�Z�l�g�b�o�� �i�h�o�•�^�g�b�o�� �a�� �g�_�e�•�g�•�c�g�b�f�b�� �•�� �g�_�k�l�Z�p�•�h�g�Z�j�g�b��
�f�b�� �d�h�_�n�•�p�•�}�g�l�Z�f�b���� �i�_�j�_�l�\�h�j�_�g�b�f�b�� �d�•�g�p�_�\�h-
�j�•�a�g�b�p�_�\�b�f�� �f�_�l�h�^�h�f�� �\�� �k�b�k�l�_�f�m�� �a�\�b�q�Z�c�g�b�o�� �^�b�n�_��
�j�_�g�p�•�Z�e�v�g�b�o�� �j�•�\�g�y�g�v�� �a�� �]�j�Z�g�b�q�g�b�f�b�� �m�f�h�\�Z�f�b���� �h�i�b��
�k�Z�g�b�f�b�� �Z�e�]�_�[�j�Z�€�q�g�b�f�b�� �j�•�\�g�y�g�g�y�f�b���� �P�_�� �^�Z�}�� �f�h�`�e�b��
�\�•�k�l�v�� �k�l�\�h�j�_�g�g�y�� �[�Z�a�h�\�h�€�� �^�b�g�Z�f�•�q�g�h�€�� �f�h�^�_�e�•���� �y�d�Z�� �^�h��
�a�\�h�e�y�}�� �a�� �\�b�k�h�d�h�x�� �^�h�k�l�h�\�•�j�g�•�k�l�x�� �Z�g�Z�e�•�a�m�\�Z�l�b�� �i�h�\�_��
�^�•�g�d�m�� �]�•�^�j�h�k�b�k�l�_�f�b�� �f�_�o�Z�g�•�a�f�m�� �a�Z�l�b�k�d�Z�g�g�y�� �l�j�m�[�g�h�€��
�a�Z�]�h�l�h�\�d�b�� �a�Z�\�Z�g�l�Z�`�m�\�Z�e�v�g�h�€�� �f�Z�r�b�g�b���� �y�d�Z�� �i�•�^�^�Z��
�}�l�v�k�y�� �\�i�e�b�\�m�� �j�•�a�g�h�]�h�� �o�Z�j�Z�d�l�_�j�m�� �\ �r�b�j�h�d�h�f�m�� �^�•�Z�i�Z��
�a�h�g�•���j�_�`�b�f�g�b�o���i�Z�j�Z�f�_�l�j�•�\�� 

�J�h�a�]�e�y�g�_�f�h�� �l�b�i�h�\�m�� �j�h�a�j�Z�o�m�g�d�h�\�m�� �k�o�_�f�m�� �]�•�^�j�h��
�k�b�k�l�_�f�b�� �f�_�o�Z�g�•�a�f�m�� �a�Z�l�b�k�d�Z�g�g�y�� �l�j�m�[�g�h�€�� �a�Z�]�h�l�h�\�d�b��
�a�Z�\�Z�g�l�Z�`�m�\�Z�e�v�g�h�€�� �f�Z�r�b�g�b�� �d�•�e�v�p�_�\�h�€�� �g�Z�]�j�•�\�Z�e�v�g�h�€��
�i�_�q�•�� �a�� �g�Z�k�h�k�g�b�f�� �i�j�b�\�h�^�h�f���� �d�h�l�j�Z�� �g�Z�\�_�^�_�g�Z�� �g�Z�� �j�b�k����
2. 

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

�`�m�\�Z�e�v�g�h�€�� �f�Z�r�b�g�b�� �d�•�e�v�p�_�\�h�€�� �g�Z�]�j�•�\�Z�e�v�g�h�€�� �i�_�q�•���L�I�:�������� 
 



�‹ 1, 2022 
 

18 
 

ISSN 1028-2335 
 

�� �������3�-���3����������� ���������� ��� �����!�����3�4��
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�>���@���� �l�Z�� �m�� �i�h�^�Z�e�v�r�h�f�m�� �j�h�a�\�b�g�_�g�m�� �m�� �j�h�[�h�l�Z�o�� �>����-12]. 
�I�j�b�� �k�l�\�h�j�_�g�•�� �f�Z�l�_�f�Z�l�b�q�g�h�]�h�� �h�i�b�k�m�� �i�j�h�p�_�k�•�\���� �y�d�•��
�i�j�h�l�b�d�Z�x�l�v�� �m�� �]�•�^�j�h�k�b�k�l�_�f�•�� �[�m�e�b�� �i�j�b�c�g�y�l�•�� �g�Z�k�l�m�i�g�•��
�i�j�b�i�m�s�_�g�g�y���� �l�b�k�d�� �j�h�[�h�q�h�€�� �j�•�^�b�g�b�� �k�l�\�h�j�_�g�b�c�� �g�Z�k�h��
�k�h�f�� �i�h�k�l�•�c�g�b�c���� �\�l�j�Z�l�b�� �j�•�^�b�g�b�� �m�� �]�•�^�j�h�k�b�k�l�_�f�•�� �\�•�^�k�m��
�l�g�•���� �g�Z�\�_�^�_�g�b�c�� �f�h�^�m�e�v�� �i�j�m�`�g�h�k�l�•�� �]�•�^�j�h�f�Z�]�•�k�l�j�Z�e�_�c��
�g�_�� �a�Z�e�_�`�b�l�v�� �\�•�^�� �l�b�k�d�m�� �l�Z�� �l�_�f�i�_�j�Z�l�m�j�b�� �j�h�[�h�q�h�€�� �j�•��
�^�b�g�b�� 

�F�Z�l�_�f�Z�l�b�q�g�Z�� �f�h�^�_�e�v�� �^�h�\�]�h�€�� �]�•�^�j�h�f�Z�]�•�k�l�j�Z�e�•�� �y�d��
�k�b�k�l�_�f�b�� �a�� �j�h�a�i�h�^�•�e�_�g�b�f�b�� �i�Z�j�Z�f�_�l�j�Z�f�b���� �^�e�y�� �g�_��
�k�l�Z�e�h�]�h�� �j�m�o�m�� �j�_�Z�e�v�g�h�€�� �i�j�m�`�g�h�€�� �j�•�^�b�g�b���� �h�i�b�k�m�}�l�v�k�y��
�j�•�\�g�y�g�g�y�f�b�� �>���@�� 
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� w � w
� ���U �˜ �˜

� w � w

p v
v v ;

x t 2 d

p v
� k � �

t x

                      (1) 

�^�_�� p �±�l�b�k�d�� �j�•�^�b�g�b�� �m�� �]�•�^�j�h�f�Z�]�•�k�l�j�Z�e�•����v �±

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

�  � U�k �( �� 
�L�m�l��E�±�m�k�_�j�_�^�g�_�g�b�c�� �f�h�^�m�e�v�� �h�[�¶�}�f�g�h�€�� �i�j�m�`�g�h�k�l�•��

�j�•�^�b�g�b�� �m�� �]�•�^�j�h�f�Z�]�•�k�l�j�Z�e�•�� �\�b�a�g�Z�q�Z�}�l�v�k�y�� �a���\�b�j�Z�`�_�g�g�y��
[13]: 
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1

� j � l

1 d
E ,

E E
 

�^�_�� �jE , �lE �±�f�h�^�m�e�v�� �i�j�m�`�g�h�k�l�•�� �j�•�^�b�g�b�� �l�Z�� �f�Z�l�_��

�j�•�Z�e�m�� �l�j�m�[�h�i�j�h�\�h�^�m����d  �l�Z���G�±�^�•�Z�f�_�l�j�� �l�Z�� �l�h�\�s �b�g�Z��
�k�l�•�g�d�b���l�j�m�[�h�i�j�h�\�h�^�m�� 

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

�� ��

��

��

� � � [
� �� �˜ �˜

�U�˜ �˜

� �˜ ��

i,j i 1,j i,j i,j
i,j i,j

j j

i,j j
i,j i 1,j

j

dv p p
v v ;

dt k 2 k

dp E
v v ,

dt k

                                  (2) 

�^�_��i , j �±�g�h�f�_�j���^�•�e�y�g�d�b���l�Z���•�g�^�_�d�k���]�•�^�j�h�f�Z�]�•�k�l�j�Z�e�•����

�[i,j �±�]�•�^�j�Z�\�e�•�q�g�b�c�� �h�i�•�j�� �L-�l�h�€�� �^�•�e�y�g�d�b�� �M-�l�h�€�� �]�•�^�j�h�f�Z�]�•�k��

�l�j�Z�e�•����jE �±�i�j�b�\�_�^�_�g�b�c�� �f�h�^�m�e�v�� �i�j�m�`�g�h�k�l�•�� �^�e�y�� �M-�l�h�€��

�]�•�^�j�h�f�Z�]�•�k�l�j�Z�e�•����jk �±�r�Z�]�� �^�b�k�d�j�_�l�b�a�Z�p�•�€���� �y�d�b�c�� �\�b�a�g�Z��

�q�Z�}�l�v�k�y�� �a�� �\�b�j�Z�`�_�g�g�y����� j j jk L n , jL  �l�Z�� jn �±

�^�h�\�`�b�g�Z�� �l�Z�� �q�b�k�e�h�� �^�•�e�y�g�h�d�� �j�h�a�[�b�l�l�y�� �M-�l�h�€�� �]�•�^�j�h�f�Z�]�•�k��
�l�j�Z�e�•�� 

�R�\�b�^�d�•�k�l�v�� �j�m�o�m�� �j�h�[�h�q�h�€�� �j�•�^�b�g�b�� �\�� �L-�l�•�c�� �^�•�e�y�g�p�•�� �M-
�l�h�€�� �]�•�^�j�h�f�Z�]�•�k�l�j�Z�e�•�� �f�h�`�_���[�m�l�b�� �\�b�j�Z�`�_�g�Z�� �m���\�b�]�e�y�^�•�� 

�  � ˜i,j i,j jQ v f ,                                           (3) 

�^�_�� jf �±�i�e�h�s�Z�� �i�h�i�_�j�_�q�g�h�]�h�� �i�_�j�_�j�•�a�m�� �M-�l�h�€�� �]�•�^�j�h��

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

�h�l�j�b�f�Z�}�f�h�� �f�Z�l�_�f�Z�l�b�q�g�m�� �f�h�^�_�e�v�� �]�•�^�j�h�f�Z�]�•�k�l�j�Z�e�•�� �a��
�j�h�a�i�h�^�•�e�_�g�b�f�b�� �i�Z�j�Z�f�_�l�j�Z�f�b�� 
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j i 1,j i,ji,j i,j
i,j i,j

j j j

i,j j
i,j i 1,j

j j

f p pdQ
Q Q ;

dt k 2 k f

dp E
Q Q ,

dt k f

                          (4) 

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

�j�_�^�[�Z�q�_�g�b�c�� �\�b�[�•�j�� �j�Z�p�•�h�g�Z�e�v�g�h�]�h�� �r�Z�]�m�� �^�b�k�d�j�_�l�b�a�Z��
�p�•�€�� �g�Z�� �h�k�g�h�\�•�� �Z�g�Z�e�•�a�m�� �^�b�g�Z�f�•�q�g�h�€�� �j�_�Z�d�p�•�€�� �]�•�^�j�h�f�Z�]�•�k��
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�� �������3�-���3����������� ���������� ��� �����!�����3�4��

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

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

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

�g�y�g�g�y�� �\�b�l�j�Z�l�� �g�Z�� �€�o�� �f�_�`�•���� �l�h�[�l�h����

i, j i 1, j i 2, jQ Q Q� � � ��  �  . 

�A�f�•�g�Z�� �l�b�k�d�m�� �m�� �\�•�^�i�h�\�•�^�g�b�o�� �i�h�j�h�`�g�b�g�Z�o�� �i�h�j�r�g�_��
�\�b�o�� �]�•�^�j�h�p�b�e�•�g�^�j�•�\�� �h�i�b�k�m�}�l�v�k�y�� �^�b�n�_�j�_�g�p�•�c�g�b�f�b�� �j�•��
�\�g�y�g�g�y�f�b�� 
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� i � `
� i � i0

� i � i

� r � `
� r � r0

� r � r

dp E dx
Q F ;

dt dtV x F

dp E dx
F Q ,

dt dtV x F

             (5) 

�^�_�� �ip  �•�� �rp �±�l�b�k�d�� �\�� �i�h�j�r�g�_�\�•�c�� �•�� �r�l�h�d�h�\�•�c�� �i�h��

�j�h�`�g�b�g�•�� �]�•�^�j�h�p�b�e�•�g�^�j�Z�����iF �•�� �rF �±�j�h�[�h�q�Z�� �i�e�h�s�Z��

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

�j�h�`�g�b�g�Z�o����0�iV  �•�� 0
�rV �±�i�h�q�Z�l�d�h�\�b�c�� �h�[�¶�}�f�� �i�h�j�r�g�_�\�h�€�� �•��

�r�l�h�d�h�\�h�€�� �i�h�j�h�`�g�b�g�b�� �]�•�^�j�h�p�b�e�•�g�^�j�m�����iQ  �•�� �rQ �±

�\�b�l�j�Z�l�Z�� �j�h�[�h�q�h�€�� �j�•�^�b�g�b�� �\�� �i�h�j�r�g�_�\�•�c�� �•�� �r�l�h�d�h�\�•�c�� �i�h��
�j�h�`�g�b�g�•�� �]�•�^�j�h�p�b�e�•�g�^�j�Z����x �±�d�h�h�j�^�b�g�Z�l�Z�� �i�h�e�h�`�_�g�g�y��
�j�h�[�h�q�h�]�h�� �h�j�]�Z�g�m���]�•�^�j�h�p�b�e�•�g�^�j�Z�� 

�J�m�o�� �j�h�[�h�q�h�]�h�� �h�j�]�Z�g�m�� �f�_�o�Z�g�•�a�f�m�� �a�Z�l�b�k�d�Z�g�g�y�� �l�j�m��
�[�g�h�€�� �a�Z�]�h�l�h�\�d�b�� �a�Z�\�Z�g�l�Z�`�m�\�Z�e�v�g�h�€�� �f�Z�r�b�g�b�� �h�i�b�k�m��
�}�l�v�k�y�� 
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2

�i�j2

�l�j���m�i �l�j���g �i �i �r �r

d x dx
m h U x, t �J �[�� �W

dtdt
dx

�L �L �V�L�J�Q �S �) �S �) ����
dt

                        (6) 

�^�_��m , x �±�f�Z�k�Z�� �l�Z�� �i�_�j�_�f�•�s �_�g�g�y�� �j�m�o�h�f�b�o�� �q�Z�k��

�l�b�g�� �j�h�[�h�q�h�]�h�� �h�j�]�Z�g�m����h  �•�� �� ��U x, t �±�d�h�_�n�•�p�•�}�g�l��

�\�¶�y�a�d�h�]�h�� �l�_�j�l�y�� �l�Z�� �g�Z�\�Z�g�l�Z�`�_�g�g�y�� �g�Z�� �j�h�[�h�q�b�c�� �h�j�]�Z�g����

�l�j���g�L  �•�� �l�j���m�i�L �±�k�b�e�Z�� �l�_�j�l�y �\�� �g�Z�i�j�y�f�g�b�o�� �d�Z�j�_�l�d�b��

�l�Z�� �\���m�s�•�e�v�g�_�g�g�y�o�� 

�=�j�Z�g�b�q�g�b�f�b�� �m�f�h�\�Z�f�b�� �^�e�y�� �k�b�k�l�_�f�b�� �j�•�\�g�y�g�v�� ����������
(4)-�������� �}�� �\�b�j�Z�`�_�g�g�y���� �s �h�� �y�\�e�y�x�l�v�� �k�h�[�h�x�� �\�b�l�j�Z�l�g�h-
�g�Z�i�•�j�g�•�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �\�•�^�i�h�\�•�^�g�b�o�� �d�_�j�m�x�q�b�o�� �i�j�b��
�k�l�j�h�€�\�� 

�� �� �� ����
��

� ˜ � �
� �P �˜ �˜ �˜ ��

�U
j 1 j

�j���L �j���L �j���L �M �� �M

2 p p
Q f p, t sign p p ,                    (7) 

�^�_�� �j���LQ  �•���P�j���L�±�\�_�e�b�q�b�g�Z�� �•�� �d�h�_�n�•�p�•�}�g�l�� �\�b�l�j�Z�l�b��

�d�j�•�a�v�� �\�•�^�i�h�\�•�^�g�b�c�� �d�_�j�m�x�q�b�c�� �i�j�b�k�l�j�•�c������ ���j���Lf p, t �±

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

�n�m�g�d�p�•�€�� �l�b�k�d�m�� �l�Z�� �q�Z�k�m������j 1p  �•�� jp �±�l�b�k�d�� �g�Z�� �d�•�g�p�_�\�b�o��

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

�g�y�g�v�� ���������� ������-�������� �}�� �\�b�j�Z�`�_�g�g�y�� �\�b�l�j�Z�l�� �m�� �\�•�^�i�h�\�•�^�g�b�o��
�i�_�j�_�l�b�g�Z�o�� �]�•�^�j�h�f�Z�]�•�k�l�j�Z�e�_�c�� 
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� ˜ � �
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�U
j 1 j

�k���L �k���L �L �M �� �M

2 p p
Q f sign p p ,                          (8) 

�^�_���D�k���L�±�d�h�_�n�•�p�•�}�g�l�� �\�b�l�j�Z�l�b�� �d�j�•�a�v�� �\�•�^�i�h�\�•�^�g�b�c��

�l�j�m�[�h�i�j�h�\�•�^����if �±�i�e�h�s�•�� �i�j�h�o�•�^�g�b�o�� �i�_�j�_�l�b�g�•�\�� �\�•�^�i�h��

�\�•�^�g�b�o���l�j�m�[�h�i�j�h�\�h�^�•�\�� 

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

�h

max
�j ���L �j ���L

�a

t
�i�j�b�����\�•�^�d�j�b�l�l�•�������I �S�� �W �I ��

t

t
�i�j�b�����a�Z�d�j�b�l�l�•�������I �S�� �W �I �� ��

t

                           (9) 
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�^�_�� max
�j ���Lf �±�f�Z�d�k�b�f�Z�e�v�g�Z�� �i�e�h�s�Z�� �i�j�h�o�•�^�g�h�]�h���i�_�j�_�l�b�g�m�� �]�•�^�j�h�j�h�a�i�h�^�•�e�v�g�b�d�Z������ ���j ���Lf p, t �±�a�f�•�g�Z�� �i�e�h�s�•�� �i�j�h�o�•��

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

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

�g�j �F�R�Q�V�W���  

�� ���g ������
�j���� �j�� �j�� �g ������

2 p p
Q f (t) sign p p .
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Q f (t) sign p p .
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�Z�j �F�R�Q�V�W���  

�I�j�b�c�g�y�l�•�� �a�g�Z�q�_�g�g�y�� �i�h�k�l�•�c�g�b�o�� �i�Z�j�Z�f�_�l�j�•�\�� �]�•�^�j�h��

�k�b�k�l�_�f�b�� �g�Z�k�l�m�i�g�•���� �g�j ���������F�I�Z� ; 

�Z�j ���������F�I�Z� ; m 460 �d�]� ; 

4 2
�iF 50,26 10  �f���  � ˜; 

4 2
�rF 30,63 10  �f���  � ˜; L 0,175 �f� ; 

1 2L L 5 �f�  �  ; 

4 2
1 2f f 1,131 10  �f��� � �˜ ; 

4 2
�jf 1,131 10  �f���  � ˜; 

3912 �d�] �f� U �  ; 

9
�`�? ���� �� ���� ���I�Z�  � ;̃ 

11
�l�? ������ ���� ���I�Z�  � ;̃ 

6h 8,6 10���  � ˜; 

4 4
�l�j���m�i �i �r�L ���������� ���� �j ���������� ���� �j� � � �� �˜ �˜ �� �˜ �˜

; �l�� 35� [ � #; �l�� 35� [ � #; � i � r0,35�D � �D � ; 

�j �j�� �j�� 0,65�P � �P � �P � . 

�I�h�\�g�m�� �k�b�k�l�_�f�m�� �j�•�\�g�y�g�v�� �a�� �]�j�Z�g�b�q�g�b�f�b�� �m�f�h�\�Z�f�b��
�a�j�m�q�g�h�� �j�_�Z�e�•�a�m�\�Z�l�b�� �g�Z�� �I�?�H�F�� �a�Z�� �^�h�i�h�f�h�]�h�x�� �k�l�Z�g��
�^�Z�j�l�g�b�o�� �f�_�l�h�^�•�\���J�m�g�]�_-�D�m�l�l�Z�� 

�J�_�a�m�e�v�l�Z�l�b�� �^�h�k�e�•�^�`�_�g�g�y�� �M�� �o�h�^�•���j�_�Z�e�•�a�Z�p�•�€���k�b��
�k�l�_�f�b�� �j�•�\�g�y�g�v�� �m�� �i�j�h�]�j�Z�f�g�h�f�m�� �k�_�j�_�^�h�\�b�s�•�� �6�L�P�X�O�L�Q�N��
�0�$�7�/�$�%���� �[�m�e�b�� �h�l�j�b�f�Z�g�•�� �j�_�a�m�e�v�l�Z�l�b�� �^�h�k�e�•�^�`�_�g�g�y��
�^�b�g�Z�f�•�q�g�b�o�� �i�j�h�p�_�k�•�\�� �\�� �]�•�^�j�h�k�b�k�l�_�f�•�� �f�_�o�Z�g�•�a�f�m�� �a�Z��
�l�b�k�d�Z�g�g�y�� �l�j�m�[�g�h�€�� �a�Z�]�h�l�h�\�d�b�� �a�Z�\�Z�g�l�Z�`�m�\�Z�e�v�g�h�€�� �f�Z��
�r�b�g�b�� �d�•�e�v�p�_�\�h�€�� �g�Z�]�j�•�\�Z�e�v�g�h�€�� �i�_�q�•�� �L�I�:�� ���������� �J�_�a�m�e�v��
�l�Z�l�b�� �^�h�k�e�•�^�`�_�g�v�� �g�Z�\�_�^�_�g�•�� �g�Z�� �j�b�k���� ���� �^�e�y�� �j�h�[�h�q�h�]�h��
�o�h�^�m�� �l�Z�� �g�Z�� �j�b�k���� ���� �^�e�y�� �a�\�h�j�h�l�g�h�]�h�� �o�h�^�m�� �f�_�o�Z�g�•�a�f�m��
�a�Z�l�b�k�d�Z�g�g�y�� �l�j�m�[�g�h�€�� �a�Z�]�h�l�h�\�d�b�� �\�•�^�i�h�\�•�^�g�h�� 

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

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

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

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

�g�h�\�b�l�v�� �^�D �������F�I�Z �������F�I�Z ���������  �  ���� �P�_��

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

�^�D ���� ��� ���� �H�d�j�•�f�� �l�h�]�h�� �[�m�e�h�� �\�k�l�Z�g�h�\�e�_�g�h�����s �h���m���i�_��

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

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

�i�h�^�•�e�v�g�b�d�Z�� �a�Z��0,15 0,30 �k�_�d�y ���� �y�d�•�k�g�h�� �h�^�g�Z�d�h�\�•��

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

�j�h�a�i�h�^�•�e�v�g�b�d�Z�� �a�Z��0,15 �k�_�d. 
�M�� �j�_�a�m�e�v�l�Z�l�•�� �Z�g�Z�e�•�a�m�� �^�b�g�Z�f�•�q�g�b�o�� �i�j�h�p�_�k�•�\�����j�b�k����

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

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



�‹ 1, 2022 
 

24 
 

ISSN 1028-2335 
 

�� �������3�-���3����������� ���������� ��� �����!�����3�4��

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

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

 
�Z�� 

 
�[�� 

 
1)                                                 2) 

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

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

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

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

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

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

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

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

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

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

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

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

������ �A�Z�i�j�h�i�h�g�h�\�Z�g�•�� �l�_�o�g�•�q�g�•�� �j�•�r�_�g�g�y�� �^�e�y�� �a�g�b�`�_�g��
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�g�y �\���j�•�^�b�g�m���k�l�j�m�f�_�g�•�\���]�Z�a�m���g�Z���a�j�Z�a�d�m���•���f�h�^�_�e�•���a���a�Z�[�_�a�i�_�q�_�g�g�y�f �/�j�a���G�\�����f�h�^�_�e�v����� ���/�j�a���G�\�����d�h�g�\�_�j�l�_�j�������G�\ �± �]�e�b��
�[�b�g�Z���\�Z�g�g�b���g�Z���f�h�^�_�e�•���l�Z���^�•�x�q�h�f�m���d�h�g�\�_�j�l�_�j�•�����/�j�a���± �^�h�\�`�b�g�Z���j�_�Z�d�p�•�c�g�h�€���a�h�g�b���i�j�b���\�b�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�f�m���f�h��
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�f�Z�g�g�y���m�f�h�\�b���j�•�\�g�h�k�l�•���\�•�^�g�h�r�_�g�g�y���i�e�h�s�b�g�b���\�Z�g�g�b���^�h���i�e�h�s�b�g�b���\�g�m�l�j�•�r�g�v�h�]�h���i�_�j�_�j�•�a�m���k�h�i�e�Z���i�j�h�^�m�\�g�h�€���n�m�j�f�b����
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Abstract. 
�Jurpose. Establish rational modes of bath blowing and slag formation when using traditional and experimental materials 
that ensure effective refining of steel from harmful impurities. To investigate the influence of the change in the hydrody-
namic state of the converter bath on the stability of the lining of problem areas of the converter and the loss of metal 
with removal, emissions, with metal balls merging with the slag. 
Method. The work uses methods of cold and high-temperature modeling of the steel smelting process. When conducting 
experiments on cold modeling, the mode of penetration of gas jets into the liquid on the sample and the model was ob-
served with the provision of Lrz/Nv (model) = Lrz/Nv (converter). Nv is the depth of the bath on the model and the work-
ing converter. Lrz - the length of the reaction zone in high-temperature simulations was determined as the length of the 
primary reaction zone, and in the cold one - as the length of the jet section formed when the gas jet penetrates the liq-
uid. These conditions, together with ensuring the similarity of the geometry of the model and the sample, were consi d-
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ered necessary and sufficient for obtaining data for qualitative and quantitative assessment of both the hydrodynamic 
state of the converter bath and the effect of changing the method and parameters of blowing the bath on the physico-
chemical features of steel refining according to the time of the process. An additional condition is compliance with the 
condition of equality of the ratio of the plane of the bath to the plane of the internal section of the nozzle of the blowing 
nozzle: (Sbaths/Snozzles) model=(Sbaths/Snozzles) sample on the model and sample. 
Scientific novelty. Theoretically substantiated and experimentally confirmed the expediency of using to determine the ef-
fect on physico-chemical processes and conversion in the converter bath of the blowing mode, for the characteristic of 
which the parameter - hydrodynamic factor equal to the ratio LrzI/Nv was chosen. In turn, the length of the reaction zone 
that remains when the gas jet enters the bath depends on the intensity of blowing: Lrz ~ K q0.4. 
For the first time, the parameter that determines the state of mixing of the bath during its oxygen blowing - LrzI/Nv - was 
used to determine the intensity of sulfur conversion into slag during the oxygen blowing of the iron-carbon melt of the 
converter bath for the range of changes in the carbon content in it 3.0...0.25. where LrzI is the length of the primary re-
action zone, which is formed when the oxygen jet penetrates the metal melt. The primary reaction zone is the source of 
the formation of CO bubbles according to the reaction FeO + C = Fe + CO, which are responsible for the intensity of 
mixing of the bath through the formation of circulating flows of metal in the bath, which in turn are responsible for the 
transport of impurity elements to the metal-slag boundary. 
It is shown that in the given range of changes in the content of carbon in the metal melt, the dependence of the removal 
rate of sulfur from the metal into the slag on the hydrodynamic parameter LrzI/Nv is extreme. At this time, when the 
maximum mixing effect of the bath is achieved, in the presence of the necessary basicity of the slag phase, the speed of 
the desulfurization reaction for these conditions is maximum. In the future, in the case of the implementation of the tradi-
tional conversion scheme, which is characterized by a sharp increase in the content of iron oxides in the slag 
(15...17%), the speed of the desulfurization reaction decreased even with a sufficient speed of metal flows. 
Practical significance. 
Reducing the intensity of metal bath blowing in the conditions of s teel smelting in a laboratory oxygen converter with up-
�S�H�U���R�[�\�J�H�Q���E�O�R�Z�L�Q�J���I�U�R�P�����������P�����W���P�L�Q���W�R�����������P�����W���P�L�Q�����Z�K�L�O�H���L�Q�F�U�H�D�V�L�Q�J���W�K�H���E�O�R�Z�L�Q�J���W�L�P�H���E�\�����������������L�Q�F�U�H�D�V�H�G���W�K�H���G�H�V�Xl-
phurization rate . Bringing the desulfurization reaction to its fuller completion was achieved due to the rational organiza-
tion of mixing the melt in the converter bath: the appropriate and effective rate of metal delivery to the reaction surface 
from the point of view of the completion of steel desulfurization ensured a higher speed of the desulfurization reaction at 
the border compared to more intensive blowing of the bath with oxygen metal -slag distribution. At the same time, the 
value of the indicator Ls =(S)/[S] increased from 6.4 to 10.5. 
Key words: steel, converter, mixing of the bath, blowing modes, hydrodynamic factor, desulfurization, slag-forming mix-
tures, production waste 
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�d�h�_�n�•�p�•�}�g�l�� �j�h�a�i�h�^�•�e�m�� �[�m�^�_�� �g�Z�c�\�b�s�b�f���� �y�d�s�h�� �e�m�`��
�g�•�k�l�v�� �r�e�Z�d�m�� �k�l�Z�g�h�\�b�e�Z�� ���������� �Z���\�f�•�k�l�� �)�H�2�� �k�l�Z�g�h�\�b�\��
21% [2]. 
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�k�•�j�d�b�� �l�Z�� �n�e�x�k�h�\�b�o�� �f�Z�l�_�j�•�Z�e�•�\�� �a�� �g�b�a�v�d�b�f�� �\�f�•�k�l�h�f��
�k�•�j�d�b�� �^�e�y�� �\�b�j�h�[�g�b�p�l�\�Z�� �k�l�Z�e�•�� �a�� �g�b�a�v�d�b�f�� �\�f�•�k�l�h�f��
�k�•�j�d�b���>��-5]. 

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

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

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

�<�a�Z�}�f�h�^�•�y�� �k�l�j�m�f�_�g�x�� �d�b�k�g�x�� �a�� �a�Z�e�•�a�h�\�m�]�e�_�p�_�\�b�f��
�j�h�a�i�e�Z�\�h�f���� �I�_�j�\�b�g�g�b�f�� �n�Z�d�l�h�j�h�f���� �s �h�� �\�b�a�g�Z�q�Z�}��
�h�k�h�[�e�b�\�h�k�l�•�� �h�k�g�h�\�g�b�o�� �n�•�a�b�d�h-�o�•�f�•�q�g�b�o�� �i�_�j�_�l�\�h�j�_�g�v��
�\�� �f�_�l�Z�e�_�\�•�c�� �\�Z�g�g�•�� �l�Z�� �r�e�Z�d�h�\�•�c�� �n�Z�a�•�� �d�b�k�g�_�\�h�]�h�� �d�h�g��
�\�_�j�l�_�j�Z���� �}�� �\�a�Z�}�f�h�^�•�y�� �k�l�j�m�f�_�g�x�� �d�b�k�g�x�� �a�� �a�Z�e�•�a�h�\�m��
�]�e�_�p�_�\�b�f�� �j�h�a�i�e�Z�\�h�f�� �>��-�����@���� �R�e�y�o�h�f�� �j�_�]�m�e�v�h�\�Z�g�h�]�h��
�\�b�d�h�j�b�k�l�Z�g�g�y�� �h�d�b�k�e�x�\�Z�e�v�g�h�]�h�� �i�h�l�_�g�p�•�Z�e�m�� �j�_�Z�d��
�p�•�c�g�h�€�� �a�h�g�b���� �i�j�b�� �m�f�h�\�•�� �k�l�\�h�j�_�g�g�y�� �h�k�g�h�\�g�h�]�h�� �r�e�Z�d�m����
�\�•�^�[�m�\�Z�}�l�v�k�y�� �j�Z�n�•�g�m�\�Z�g�g�y�� �f�_�l�Z�e�_�\�h�]�h�� �j�h�a�i�e�Z�\�m��
�\�•�^�� �^�h�f�•�r�h�d�� �f�_�l�Z�e�_�\�h�]�h�� �j�h�a�i�e�Z�\�m�� �a�� �^�h�k�y�]�g�_�g�g�y�f��
�k�d�e�Z�^�m�� �l�Z�� �l�_�f�i�_�j�Z�l�m�j�b�� �f�_�l�Z�e�m���� �y�d�•�� �g�_�h�[�o�•�^�g�•�� �^�e�y��
�k�l�\�h�j�_�g�g�y�� �k�l�Z�[�•�e�v�g�b�o�� �m�f�h�\�� �c�h�]�h�� �j�h�a�e�b�\�Z�g�g�y�� �g�Z��
�F�;�E�A�� 

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

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

�Y�d�s�h�� �]�•�^�j�h�^�b�g�Z�f�•�q�g�b�c�� �k�l�Z�g�� �d�h�g�\�_�j�l�_�j�g�h�€�� �\�Z�g�g�b��
�\�b�a�g�Z�q�Z�}�l�v�k�y�� �k�i�h�k�h�[�h�f�� �i�•�^�\�_�^�_�g�g�y�� �d�b�k�g�x���� �i�Z�j�Z��
�f�_�l�j�Z�f�b�� �^�m�l�l�y���� �k�o�_�f�h�x�� �j�h�a�l�Z�r�m�\�Z�g�g�y�� �i�j�b�k�l�j�h�€�\��
�^�e�y�� �i�j�h�^�m�\�Z�g�g�y���� �l�h�� �k�l�m�i�•�g�v�� �g�Z�[�e�b�`�_�g�g�y�� �^�m�l�l�v�h�\�h�]�h��
�j�_�`�b�f�m�� �i�e�Z�\�d�b�� �^�h�� �h�i�l�b�f�Z�e�v�g�h�]�h�� �[�m�^�_�� �\�b�a�g�Z�q�Z�l�b�k�y��
�k�m�f�Z�j�g�h�x�� �r�\�b�^�d�•�k�l�x�� �j�_�Z�d�p�•�c�� �j�Z�n�•�g�m�\�Z�g�g�y�� �f�_�l�Z�e�_��
�\�h�€�� �\�Z�g�g�b�� �\�•�^�� �K�����6�L���� �0�Q���� �3���� �6�� �\�� �o�Z�j�Z�d�l�_�j�g�b�o�� �a�h�g�Z�o��
�\�Z�g�g�b���� �\�� �y�d�b�o�� �\�•�^�[�m�\�Z�}�l�v�k�y�� �j�Z�n�•�g�m�\�Z�g�g�y�� �\�•�^��
�^�h�f�•�r�h�d�� 

�>�`�_�j�_�e�Z�f�b�� �n�•�a�b�d�h-�o�•�f�•�q�g�b�o�� �l�Z�� �l�_�i�e�h�\�b�o�� �i�_�j�_��
�l�\�h�j�_�g�v�� �\�� �d�h�g�\�_�j�l�_�j�•�� �}�� �d�b�k�g�_�\�b�c�� �k�l�j�m�f�•�g�v���� �y�d�b�c��
�i�•�k�e�y�� �i�j�h�g�b�d�g�_�g�g�y�� �\�� �a�Z�e�•�a�h�\�m�]�e�_�p�_�\�b�c�� �j�h�a�i�e�Z�\��
�[�_�a�i�_�j�_�j�\�g�h�� �m�l�\�h�j�x�}�� �\�� �\�Z�g�g�•�� �d�h�g�\�_�j�l�_�j�Z�� �i�h�l�•�d��
�h�d�b�k�e�x�\�Z�q�Z���� �s �h�� �d�•�e�v�d�•�k�g�h�� �\�b�a�g�Z�q�Z�}�l�v�k�y�� �i�b�l�h�f�h�x��
�\�b�l�j�Z�l�h�x�� �d�b�k�g�x���� �y�d�b�c�� �\�•�^�i�h�\�•�^�g�h�� �^�h�� �m�f�h�\�� ���l�_�j�f�h��
�^�b�g�Z�f�•�q�g�b�o�� �•�� �d�•�g�_�l�b�q�g�b�o���� �\�b�d�h�j�b�k�l�h�\�m�}�l�v�k�y�� �^�e�y��
�h�d�b�k�e�x�\�Z�g�g�y�� �^�h�f�•�r�h�d�� �f�_�l�Z�e�_�\�h�]�h�� �j�h�a�i�e�Z�\�m�� �a�� �^�h��
�k�l�Z�l�g�v�h�� �\�b�k�h�d�h�x�� �o�•�f�•�q�g�h�x�� �k�i�h�j�•�^�g�_�g�•�k�l�x�� �^�h���d�b�k�g�x����
�<�� �j�_�a�m�e�v�l�Z�l�•�� �d�_�j�h�\�Z�g�h�]�h�� �\�b�d�h�j�b�k�l�Z�g�g�y�� �^�\�h�o�� �i�h�l�_�g��
�p�•�Z�e�•�\��- �h�d�b�k�e�x�\�Z�e�v�g�h�]�h�� �i�h�l�_�g�p�•�Z�e�m�� �Z�d�l�b�\�g�h�]�h��
�d�b�k�g�x���� �j�h�a�q�b�g�_�g�h�]�h�� �\�� �f�_�l�Z�e�_�\�•�c�� �\�Z�g�g�•���� �l�Z�� �\�•�^�g�h�\��
�e�x�\�Z�e�v�g�h�]�h�� �_�e�_�f�_�g�l�•�\-�^�h�f�•�r�h�d�� �f�_�l�Z�e�_�\�h�€�� �\�Z�g�g�b��
�^�h�k�y�]�Z�x�l�v�k�y�� �a�Z�^�Z�g�b�c�� �o�•�f�•�q�g�b�c�� �k�d�e�Z�^�� �l�Z�� �l�_�f�i�_�j�Z��
�l�m�j�Z�� �j�•�^�d�h�€�� �k�l�Z�e�•�� �g�Z�� �€�€�� �\�b�i�m�k�d�m�� �\�� �d�•�\�r���� �H�d�j�•�f�� �\�d�Z�a�Z��
�g�b�o�� �^�`�_�j�_�e���� �s �h�� �}�� �n�Z�d�l�h�j�Z�f�b�� �d�h�f�i�e�_�d�k�g�h�]�h�� �d�_�j�h��
�\�Z�g�h�]�h�� �\�i�e�b�\�m�� �g�Z�� �i�j�h�p�_�k�� �j�Z�n�•�g�m�\�Z�g�g�y�� �\�� �f�_�l�Z�e�_�\�•�c��
�\�Z�g�g�•���� �^�e�y�� �k�l�\�h�j�_�g�g�y�� �r�e�Z�d�h�\�h�€�� �n�Z�a�b�� �a�Z�^�Z�g�h�]�h��
�o�•�f�•�q�g�h�]�h�� �k�d�e�Z�^�m�� �l�Z�� �\�e�Z�k�l�b�\�h�k�l�_�c�� �\�� �d�h�g�\�_�j�l�_�j�� �i�h��
�^�Z�x�l�v�� �r�e�Z�d�h�m�l�\�h�j�x�q�•�� �f�Z�l�_�j�•�Z�e�b���± �n�Z�d�l�h�j��
�a�h�\�g�•�r�g�v�h�€�� �^�•�€���� �<�� �j�_�a�m�e�v�l�Z�l�•�� �\�a�Z�}�f�h�^�•�€���\�g�m�l�j�•�r�g�•�o���l�Z��
�a�h�\�g�•�r�g�•�o�� �n�Z�d�l�h�j�•�\�� �\�i�e�b�\�m�� �g�Z�� �i�j�h�p�_�k�b�� �\�� �h�[�¶�}�f�•�� �f�_��
�l�Z�e�_�\�h�€�� �\�Z�g�g�b�� �l�Z�� �g�Z�� �f�_�`�•�� �r�e�Z�d-�f�_�l�Z�e�� �j�_�Z�e�•�a�m�x�l�v�k�y��
�\�•�^�i�h�\�•�^�g�•�� �o�•�f�•�q�g�•�� �j�_�Z�d�p�•�€���� �2�o���� �\�� �h�k�g�h�\�g�h�f�m���� �_�d�a�h��
�l�_�j�f�•�q�g�b�c�� �o�Z�j�Z�d�l�_�j�� �a�Z�[�_�a�i�_�q�m�}�� �j�_�Z�e�•�a�Z�p�•�x�� �i�j�h�p�_�k�m��
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�\�m�]�e�_�p�x�� 
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�d�h-�o�•�f�•�q�g�b�o�� �l�Z�� �l�_�i�e�h�\�b�o�� �i�j�h�p�_�k�•�\�� �m�� �\�Z�g�g�•�� �d�b�k�g�_�\�h�]�h��
�d�h�g�\�_�j�l�_�j�m���� �L�h�f�m���� �i�•�^�� �q�Z�k�� �i�j�h�^�m�\�Z�g�g�y�� �d�h�g�\�_�j�l�_�j��
�g�h�€�� �\�Z�g�g�b�� �d�b�k�g�_�f�� �a�Z�� �^�h�i�h�f�h�]�h�x�� �\�b�[�h�j�m�� �€�€�� �j�Z�p�•�h��
�g�Z�e�v�g�b�o�� �i�Z�j�Z�f�_�l�j�•�\�� �g�_�h�[�o�•�^�g�h�� �a�[�•�e�v�r�m�\�Z�l�b�� �_�n�_�d�l�b��
�i�h�a�b�l�b�\�g�h�]�h�� �o�Z�j�Z�d�l�_�j�m���� �<�Z�`�e�b�\�b�f�� �l�Z�d�h�`�� �}�� �g�_�� �l�•�e�v��
�d�b�� �\�b�a�g�Z�q�_�g�g�y�� �\�i�e�b�\�m�� �Z�e�]�h�j�b�l�f�m�� �i�j�h�^�m�\�Z�g�g�y�� �\�Z�g��
�g�b�� �d�b�k�g�_�f�� �g�Z�� �h�k�h�[�e�b�\�h�k�l�•�� �m�l�\�h�j�_�g�g�y�� �r�e�Z�d�m���� �Z�� �c��
�a�\�h�j�h�l�g�v�h�€�� �a�Z�^�Z�q�•��- �\�b�a�g�Z�q�_�g�g�y�� �\�i�e�b�\�m�� �h�d�b�k�e�x��
�\�Z�e�v�g�h-�\�•�^�g�h�\�e�x�\�Z�e�v�g�h�]�h�� �i�h�l�_�g�p�•�Z�e�m�� �l�Z�� �d�•�e�v�d�h�k�l�•��
�^�h�k�e�•�^�g�b�o�� �r�e�Z�d�h�m�l�\�h�j�x�x�q�b�o�� �f�Z�l�_�j�•�Z�e�•�\�� �j�Z�n�•�g�m�x��
�q�h�]�h���i�j�b�a�g�Z�q�_�g�g�y��[12]. 
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�g�y�f�� �_�n�_�d�l�b�\�g�b�o�� �n�Z�d�l�h�j�•�\�� �a�h�\�g�•�r�g�v�h�€�� �^�•�€���� �A�[�•�e�v��
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�k�e�•�^�`�_�g�g�y�� �a�� �\�b�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�h�]�h�� �f�h�^�_�e�x�\�Z�g�g�y��
�i�j�h�\�h�^�b�e�b�� �a�� �\�b�d�h�j�b�k�l�Z�g�g�y�f�� �����d�]�� �f�h�^�_�e�•�� �d�h�g�\�_�j�l�_��
�j�Z���� �<�� �y�d�h�k�l�•�� �h�k�g�h�\�g�b�o�� �i�Z�j�Z�f�_�l�j�•�\���� �y�d�•�� �o�Z�j�Z�d�l�_�j�b�a�m��
�x�l�v�� �]�•�^�j�h�^�b�g�Z�f�•�q�g�b�c�� �k�l�Z�g�� �\�Z�g�g�b�� �i�•�^�� �q�Z�k�� �€�€�� �i�j�h�^�m��
�\�Z�g�g�y�� �]�Z�a�h�\�b�f�b�� �k�l�j�m�f�_�g�y�f�b�� �l�Z�� �\�b�a�g�Z�q�Z�x�l�v�� �h�k�h�[��
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�l�Z�� �e�h�d�Z�e�v�g�b�o�� �p�b�j�d�m�e�y�p�•�c�g�b�o�� �d�h�g�l�m�j�Z�o�� ���&���± �f���k������ �•�g��
�l�_�g�k�b�\�g�•�k�l�v�� �i�_�j�_�f�•�r�m�\�Z�g�g�y�� �\�Z�g�g�b�� �������2 �± �k-�������� �\�b�k�h��
�l�m�� �k�m�p�•�e�v�g�h�]�h�� �k�i�e�_�k�d�m�� �j�•�^�d�h�€�� �n�Z�a�b�� �g�Z�^�� �j�•�\�g�_�f��
�k�i�h�d�•�c�g�h�€���\�Z�g�g�b�� ���G�‰���� �l�Z�� �•�g�r�•���� 

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

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

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

�]�h�� �i�h�l�h�d�m�� �l�Z�� �o�•�f�•�q�g�Z�� �\�a�Z�}�f�h�^�•�y�� ���)�H�2���� �a�� �d�h�f�i�h�g�_�g��
�l�Z�f�b�� �\�h�]�g�_�l�j�b�\�•�\�� 

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

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

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

�Y�d�� �i�h�d�Z�a�g�b�d�� �•�g�l�_�g�k�b�\�g�h�k�l�•�� �\�b�d�b�^�•�\�� �j�•�^�d�h�€�� �n�Z�a�b�� �a��
�d�h�g�\�_�j�l�_�j�g�h�€�� �\�Z�g�g�b���� �Z�g�Z�e�h�]�•�q�g�h�� �^�h�k�e�•�^�`�_�g�g�y�f��
�>���������@���� �[�m�e�Z�� �h�[�j�Z�g�Z�� �\�b�k�h�l�Z�� �k�m�p�•�e�v�g�h�]�h�� �k�i�e�_�k�d�m�� �G����
�s �h�� �\�b�a�g�Z�q�Z�}�l�v�k�y�� �[�_�a�i�h�k�_�j�_�^�g�•�f�� �\�b�f�•�j�h�f�� �\�b�k�h�l�b����
�g�Z�� �y�d�m�� �i�•�^�g�•�f�Z�x�l�v�k�y�� �^�h�k�b�l�v�� �\�_�e�b�d�•�� �h�[�k�y�]�b�� �j�•�^�b�g�b��
�[�_�a�� �\�•�^�j�b�\�m�� �\�•�^�� �h�k�g�h�\�g�h�]�h�� �h�[�¶�}�f�m���\�Z�g�g�b�����L�Z�d�h�`���^�e�y��
�\�b�a�g�Z�q�_�g�g�y�� �\�b�k�h�l�b�� �k�m�p�•�e�v�g�h�]�h�� �k�i�e�_�k�d�m�� �\�b�d�h�j�b�k�l�h��
�\�m�\�Z�e�b�� �n�h�l�h - �l�Z���d�•�g�h�a�c�h�f�d�m�����<�•�^�h�f�h���>�����@�����s �h���r�\�b�^��
�d�•�k�l�v�� �k�i�e�b�\�Z�g�g�y�� �\�_�e�b�d�b�o�� �]�Z�a�h�\�b�o�� �h�[�¶�}�f�•�\�� �� �� �� �&�� �a��
�'�i���������� �� �H�[�¶�}�f�b�� �j�•�^�b�g�b���� �y�d�•�� �j�h�a�l�Z�r�h�\�Z�g�•�� �i�•�^�� �r�Z�j�h�f��
�r�e�Z�d�m���� �g�Z�[�m�\�Z�x�l�v�� �i�j�b�[�e�b�a�g�h�� �l�Z�d�m�� �k�Z�f�h�� �r�\�b�^�d�•�k�l�v����
�y�d�� �• �r�\�b�^�d�•�k�l�v�� �\�b�o�h�^�m�� �i�m�a�b�j�y�� �g�Z�� �i�h�\�_�j�o�g�x���� �I�_�j�_��
�j�Z�o�m�g�h�d�� �r�\�b�^�d�h�k�l�•�� �j�m�o�m�� �f�_�l�Z�e�_�\�h�€�� �n�Z�a�b�� �^�e�y�� �i�j�h��
�p�_�k�m�� �a�� �\�b�k�h�d�h�� �•�g�l�_�g�k�b�\�g�b�f���i�j�h�^�m�\�Z�g�g�y�f���\�Z�g�g�b�����y�d�Z��
�[�� �a�Z�[�_�a�i�_�q�m�\�Z�e�Z�� �\�_�e�b�q�b�g�m�� �i�Z�j�Z�f�_�l�j�m�� �/�j�a�,���+�\��
�[�•�e�v�r�_�� ������������ �i�h�d�Z�a�m�}���� �s �h�� �^�e�y�� �p�b�o�� �m�f�h�\�� �r�\�b�^�d�•�k�l�v��
�j�m�o�m�� �f�_�l�Z�e�m�� �i�•�^�� �r�e�Z�d�h�f���i�_�j�_�\�b�s�m�}���a�g�Z�q�_�g�g�y��������������
�D�j�b�l�b�q�g�h�x�� �r�\�b�^�d�•�k�l�x�� �j�m�o�m�� �f�_�l�Z�e�_�\�h�€�� �n�Z�a�b�� �i�•�^��
�r�Z�j�h�f�� �r�e�Z�d�m���}������������- �����������f���k�����I�_�j�_�\�b�s�_�g�g�y���p�v�h�]�h��
�a�g�Z�q�_�g�g�y���� �s �h�� �\�k�l�Z�g�h�\�e�_�g�h�� �_�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h����
�i�j�b�a�\�h�^�b�l�v�� �^�h�� �a�f�_�g�r�_�g�g�y�� �•�g�l�_�g�k�b�\�g�h�k�l�•��
�j�Z�n�•�g�m�\�Z�g�g�y�� �f�_�l�Z�e�m�� �\�•�^�� �k�•�j�d�b�� �•�� �a�[�•�e�v�r�m�}�� �r�\�b�^�d�•�k�l�v��
�a�g�h�k�m�� �\�h�]�g�_�l�j�b�\�•�\�� �n�m�l�_�j�m�\�Z�g�g�y�� �\�� �a�h�g�•�� �r�e�Z�d�h�\�h�]�h��
�i�h�y�k�m�����l�Z�[�e�������� 

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

�l�_�j�•�� �i�j�b���i�j�h�^�m�\�Z�g�g�•���\�Z�g�g�b�� �d�b�k�g�_�f���a�\�_�j�o�m 
�/�j�a�,���+�\ �<�b�^�Z�e�_�g�h�� �k�•�j�d�b�� 

% 
�K�d�e�Z�^���q�Z�\�m�g�m���\���f�_�l�Z�e�h�� �r�b�o�l�•���i�e�Z�\�d�b, % 
C Si S 

0,35 21 2.91 0,29 0,027 
0,55 28 2,88 0,30 0,026 
0,75 24 2,90 0,28 0,027 
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�i�j�h�^�m�\�Z�g�g�y���� �d�h�e�b�� �/�j�a�,���+�\�� �!�� ������������ �g�_�� �i�j�b�a�\�h�^�b�l�v�� �^�h��
�h�q�•�d�m�\�Z�g�h�]�h�� �i�•�^�\�b�s�_�g�g�y�� �r�\�b�^�d�h�k�l�•�� �i�_�j�_�\�h�^�m�� �k�•�j�d�b��
�\���r�e�Z�d���� 

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

�A�g�Z�q�g�b�c�� �•�g�l�_�j�_�k�� �i�j�_�^�k�l�Z�\�e�y�x�l�v�� �j�_�a�m�e�v�l�Z�l�b�� �^�h��
�k�e�•�^�`�_�g�g�y���� �\�� �y�d�b�o�� �_�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�� �\�k�l�Z�g�h�\�e�x��
�\�Z�e�b�� �r�\�b�^�d�•�k�l�v�� �i�h�l�h�d�•�\�� �j�•�^�b�g�b�� ���:�p���� �\�� �d�h�g�\�_�j�l�_�j�g�•�c��
�\�Z�g�g�•�� �i�j�b�� �a�f�•�g�•�� �•�g�l�_�g�k�b�\�g�h�k�l�•�� �^�m�l�l�y���� �A�]�•�^�g�h�� �a�� �^�Z�g�b��
�f�b���� �s �h�� �i�j�b�\�_�^�_�g�h�� �\�� �>��-8, 14-�����@���� �p�y�� �\�_�e�b�q�b�g�Z��
�a�f�•�g�x�}�l�v�k�y���\���^�•�Z�i�Z�a�h�g�•���\�•�^�������������^�h�����������f���k�����K�e�•�^���\�•�^��
�a�g�Z�q�b�l�b���� �s �h�� �i�j�b�� �^�h�k�y�]�g�_�g�•�� �f�Z�d�k�b�f�Z�e�v�g�b�o�� �a�g�Z�q�_�g�v��
�r�\�b�^�d�h�k�l�•�� �f�_�l�Z�e�_�\�h�]�h�� �i�h�l�h�d�m�� �a�[�•�e�v�r�b�l�v�k�y�� �•�� �r�\�b�^��
�d�•�k�l�v�� �a�g�h�k�m�� �n�m�l�_�j�m�\�Z�g�g�y�� �r�e�Z�d�h�\�h�]�h�� �i�h�y�k�m���a�Z�� �j�Z�o�m��
�g�h�d�� �f�_�o�Z�g�•�q�g�h�€�� �^�•�€�� �i�h�l�h�d�m���� �y�d�b�c�� �i�•�k�e�y�� �g�Z�[�•�]�Z�g�g�y�� �g�Z��
�g�v�h�]�h�� �a�f�•�g�x�}�� �g�Z�i�j�y�f�h�d�� �j�m�o�m�� �l�Z�� �a�Z�� �j�Z�o�m�g�h�d�� �j�_�Z�d�p�•�c��
�\�a�Z�}�f�h�^�•�€�� ���)�H�2���� �r�e�Z�d�m�� �a�� �d�h�f�i�h�g�_�g�l�Z�f�b�� �\�h�]�g�_�l�j�b�\�•�\��
(MgO, C).  
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�f�_�l�j�b�q�g�h�� �i�h�� �d�h�e�m�� �g�Z�� �\�•�^�k�l�Z�g�•�� �������U�������������U�� �\�•�^�� �h�k�•�� �d�h�g��
�\�_�j�l�_�j�Z���� �^�h�k�y�]�Z�}�l�v�k�y�� �f�•�g�•�f�Z�e�v�g�Z�� �\�b�k�h�l�Z�� �k�i�e�_�k�d�•�\��
�j�•�^�b�g�b���� �y�d�Z�� �o�Z�j�Z�d�l�_�j�b�a�m�}�� �f�h�`�e�b�\�•�� �\�l�j�Z�l�b�� �f�_�l�Z�e�m�� �\��
�j�_�Z�e�v�g�b�o�� �m�f�h�\�Z�o��  �I�j�b�� �^�h�k�e�•�^�`�_�g�g�•�� �]�•�^�j�h�^�b�g�Z�f�•�q��
�g�h�]�h�� �k�l�Z�g�m�� �d�h�g�\�_�j�l�_�j�g�h�€�� �\�Z�g�g�b�� �f�_�l�h�^�h�f�� �\�\�_�^�_�g�g�y��
�\�� �\�Z�g�g�m�� �l�j�Z�k�_�j�m�� �i�j�b�� �j�_�Z�e�•�a�Z�p�•�€�� �i�j�b�\�_�^�_�g�h�€�� �k�o�_�f�b��
�^�m�l�l�y�� �•�� �\�Z�j�•�Z�g�l�•�\�� �j�h�a�l�Z�r�m�\�Z�g�g�y�� �i�j�h�^�m�\�g�b�o�� �i�j�b��
�k�l�j�h�€�\�� �\�k�l�Z�g�h�\�e�_�g�h�� �i�h�k�e�Z�[�e�_�g�g�y�� �r�\�b�^�d�h�k�l�•�� �j�m�o�m��
�j�•�^�b�g�b�� �\�� �h�k�g�h�\�g�h�f�m�� �p�b�j�d�m�e�y�p�•�c�g�h�f�m�� �d�h�g�l�m�j�•���� �P�_����
�h�q�_�\�b�^�g�h���� �^�h�k�y�]�Z�}�l�v�k�y�� �a�Z�� �j�Z�o�m�g�h�d�� �i�j�h�l�b�^�•�€�� �i�h�l�h�d�•�\����
�s �h�� �m�l�\�h�j�x�x�l�v�k�y�� �^�h�g�g�b�f�� �l�Z�� �\�_�j�o�g�•�f�� �^�m�l�l�y�f���� �P�_��
�i�j�b�a�\�h�^�b�l�v�� �^�h�� �a�g�b�`�_�g�g�y�� �r�\�b�^�d�h�k�l�•�� �\�b�o�h�^�m���]�Z�a�h�\�b�o��
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�i�e�Z�\�•�� �^�h�� ������������ �^�h�p�•�e�v�g�h�� �^�h�g�g�_�� �i�j�h�^�m�\�Z�g�g�y�� �i�j�h�\�h��
�^�b�l�b�� �]�Z�a�h�f�� �a�•�� �a�g�b�`�_�g�b�f�� �h�d�b�k�e�x�\�Z�e�v�g�b�f�� �i�h�l�_�g��
�p�•�Z�e�h�f���± �k�m�f�•�r�r�x�� �d�b�k�g�x�� �l�Z�� �Z�j�]�h�g�m�� �i�j�b�� �€�o��
�k�i�•�\�\�•�^�g�h�r�_�g�g�•�� �������������� �I�j�b�� �a�g�b�`�_�g�g�•���\�f�•�k�l�m���\�m�]�e�_�p�x��
�\�� �f�_�l�Z�e�•�� �g�b�`�q�_�� ��������������������������- �i�j�h�^�m�\�Z�l�b�� �l�•�e�v�d�b�� �Z�j��
�]�h�g�h�f���� �\�b�d�h�j�b�k�l�m�x�q�b�� �\�� �[�•�e�v�r�•�c�� �f�•�j�•���h�d�b�k�e�x�\�Z�e�v�g�b�c��
�i�h�l�_�g�p�•�Z�e�� �r�e�Z�d�m�� 

�<�� �a�Z�^�Z�g�h�f�m�� �^�•�Z�i�Z�a�h�g�•�� �a�f�•�g�b�� �\�f�•�k�l�m�� �\�� �f�_�l�Z�e�_�\�h��
�f�m�� �j�h�a�i�e�Z�\�•�� �\�m�]�e�_�p�x�� �a�Z�e�_�`�g�•�k�l�v�� �r�\�b�^�d�h�k�l�•�� �\�b�^�Z��
�e�_�g�g�y�� �k�•�j�d�b�� �a�� �f�_�l�Z�e�m�� �\�� �r�e�Z�d�� �\�•�^�� �]�•�^�j�h�^�b�g�Z�f�•�q�g�h�]�h��
�i�Z�j�Z�f�_�l�j�m�� �/�j�a�,���G�\�� �g�h�k�b�l�v�� �_�d�k�l�j�_�f�Z�e�v�g�b�c�� �o�Z�j�Z�d��
�l�_�j���� �?�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�� �g�Z�� �i�e�Z�\�d�Z�o�� �[�_�a�� �i�•�^�c�h�f�m��
�n�m�j�f�b�� �i�j�b�� �\�b�d�h�j�b�k�l�Z�g�g�•�� �^�h�k�e�•�^�g�b�o�� �r�e�Z�d�� �m�l�\�h�j�x�x��
�q�b�o�� �a�� �a�Z�^�Z�g�b�f�� �\�f�•�k�l�h�f�� �i�•�j�h�\�m�]�e�_�p�x���� �&�D�2�� �l�Z�� �)�H�2����
�s �h�� �h�l�j�b�f�Z�g�•�� �\�� �m�f�h�\�Z�o�� �k�i�•�e�v�g�h�€�� �l�_�i�e�h�\�h�€�� �h�[�j�h�[�d�b��
�\�b�o�•�^�g�h�€�� �k�m�f�•�r�•���� �\�k�l�Z�g�h�\�e�_�g�h���� �s �h�� �i�_�j�r�b�c�� �f�Z�d�k�b��
�f�m�f�� �r�b�^�d�h�k�l�•�� ���9�6���� �^�h�k�y�]�Z�}�l�v�k�y�� �i�j�b�� �������� �\�b�d�h�j�b��
�k�l�Z�g�g�y�� �d�b�k�g�x�� �g�Z�� �i�j�h�^�m�\�Z�g�g�y�� �\�Z�g�g�b���� �G�Z�� �i�e�Z�\�d�Z�o�� �a��
�i�•�^�c�h�f�h�f�� �n�m�j�f�b�� �^�e�y�� �i�j�h�^�m�\�Z�g�g�y���� �s �h�� �i�j�b�a�\�h�^�b�e�h��
�^�h�� �a�Z�l�m�o�Z�g�g�y�� �j�_�Z�d�p�•�€�� �^�_�k�m�e�v�n�m�j�Z�p�•�€���� �p�_�c�� �f�Z�d�k�b�f�m�f��
�^�h�k�y�]�Z�\�k�y�� �j�Z�g�•�r�_���� �i�j�b�� �\�b�d�h�j�b�k�l�Z�g�g�•�� �e�b�r�_�� ��������
�d�b�k�g�x���� �<�� �p�_�c�� �q�Z�k���� �d�h�e�b�� �^�h�k�y�]�Z�}�l�v�k�y�� �f�Z�d�k�b�f�Z�e�v�g�b�c��
�_�n�_�d�l�� �i�_�j�_�f�•�r�m�\�Z�g�g�y�� �\�Z�g�g�b���� �i�j�b�� �g�Z�y�\�g�h�k�l�•�� �g�_�h�[��
�o�•�^�g�h�€�� �h�k�g�h�\�g�h�k�l�•�� �r�e�Z�d�h�\�h�€�� �n�Z�a�b�� �r�\�b�^�d�•�k�l�v�� �j�_�Z�d�p�•�€��
�^�_�k�m�e�v�n�m�j�Z�p�•�€�� �^�e�y�� �^�Z�g�b�o�� �m�f�h�\�� �}�� �f�Z�d�k�b�f�Z�e�v�g�h�x���� �<��
�i�h�^�Z�e�v�r�h�f�m�� �\�� �j�Z�a�•�� �j�_�Z�e�•�a�Z�p�•�€�� �l�j�Z�^�b�p�•�c�g�h�€�� �k�o�_�f�b��
�d�h�g�\�_�j�l�m�\�Z�g�g�y���� �^�e�y�� �y�d�h�€�� �o�Z�j�Z�d�l�_�j�g�h�� �j�•�a�d�_�� �i�•�^�\�b��
�s �_�g�g�y�� �\�f�•�k�l�m�� �\�� �r�e�Z�d�m�� �h�d�k�b�^�•�\�� �a�Z�e�•�a�Z�� ����������������������
�r�\�b�^�d�•�k�l�v�� �j�_�Z�d�p�•�€�� �^�_�k�m�e�v�n�m�j�Z�p�•�€�� �s �_�� �i�j�b�� �^�h�k�l�Z�l�g�•�c��
�r�\�b�^�d�h�k�l�•�� �f�_�l�Z�e�_�\�b�o�� �i�h�l�h�d�•�\���� �a�f�_�g�r�m�\�Z�e�Z�k�y���� �I�j�b��
�\�b�d�h�j�b�k�l�Z�g�g�•�� �^�h�k�e�•�^�g�b�o�� �r�e�Z�d�� �m�l�\�h�j�x�x�q�b�o�� �^�h�k�y�]�Z��
�e�h�k�y�� �y�d�� �r�\�b�^�d�_���j�h�a�q�b�g�_�g�g�y���\�Z�i�g�Z�����l�Z�d���•���a�f�_�g�r�_�g�g�y��
�\�f�•�k�l�m�� �\�� �r�e�Z�d�m�� �h�d�k�b�^�•�\�� �a�Z�e�•�a�Z��-  �\�� �k�_�j�_�^�g�v�h�f�m�� �^�h��
12,8%. 

�<�i�e�b�\�� �l�_�f�i�_�j�Z�l�m�j�b�� �l�Z�� �\�f�•�k�l�m�� �\�m�]�e�_�p�x�� �g�Z�� �i�j�h��
�p�_�k���� �I�j�h�\�•�^�g�b�f�b�� �n�Z�d�l�h�j�Z�f�b���� �s �h�� �\�k�l�Z�g�h�\�e�_�g�h�� �\��
�^�h�k�e�•�^�`�_�g�g�•�� �_�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�� �•�� �y�d�•�� �\�b�a�g�Z�q�Z�x�l�v��
�a�f�•�g�m�� �]�•�^�j�h�^�b�g�Z�f�•�q�g�h�]�h�� �k�l�Z�g�m�� �d�h�g�\�_�j�l�_�j�g�h�€�� �\�Z�g�g�b��
�l�Z�� �€�€�� �\�i�e�b�\�� �g�Z�� �h�k�h�[�e�b�\�h�k�l�•�� �n�•�a�b�d�h-�o�•�f�•�q�g�b�o�� �i�j�h�p�_�k�•�\��
�m�� �g�•�c���� �}�� �l�_�f�i�_�j�Z�l�m�j�Z�� �f�_�l�Z�e�m�� �l�Z�� �\�f�•�k�l�� �\�� �g�v�h�f�m�� �\�m��
�]�e�_�p�x���� �2�o�� �\�i�e�b�\�� �f�•�g�•�f�Z�e�v�g�b�c�� �g�Z�� �i�h�q�Z�l�d�m�� �i�j�h�^�m�\�Z�g��
�g�y�� �\�Z�g�g�b���� �Z�� �\�� �i�h�^�Z�e�v�r�h�f�m�� �^�h�� �a�g�b�`�_�g�g�y�� �\�f�•�k�l�m�� �\�m��
�]�e�_�p�x�� �\�� �f�_�l�Z�e�•�� �^�h�� ������������ �]�•�^�j�h�^�b�g�Z�f�•�d�Z�� �d�h�g�\�_�j�l�_�j��
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�g�h�€�� �\�Z�g�g�b�� �a�Z�e�_�`�b�l�v���� �\�� �h�k�g�h�\�g�h�f�m���� �\�•�^�� �\�f�•�k�l�m�� �\�m��
�]�e�_�p�x�� �\���f�_�l�Z�e�•���� 

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

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

�>�e�y�� �p�b�o�� �m�f�h�\���� �h�k�h�[�e�b�\�h�� �g�Z�� �i�e�Z�\�d�Z�o�� �g�b�a�v�d�h�\�m��
�]�e�_�p�_�\�b�o�� �f�Z�j�h�d�� �k�l�Z�e�•�� �i�j�b�� �\�b�d�h�j�b�k�l�Z�g�g�•�� �n�•�a�b�q�g�h�� �l�Z��
�o�•�f�•�q�g�h�� �©�o�h�e�h�^�g�b�o�ª�� �q�Z�\�m�g�•�\�� ���W�q�Z�\�� �”�� ���������ƒ�K����
�>�6�L�@�q�Z�\ �”�� ������������������������������ �\�k�l�Z�g�h�\�e�_�g�h���� �s �h�� �d�h�j�h�l�d�h��
�q�Z�k�g�h�� �•�g�l�_�g�k�b�\�g�•�k�l�v�� �i�j�h�^�m�\�Z�g�g�y�� �f�_�l�Z�e�_�\�h�€�� �\�Z�g�g�b��
�d�b�k�g�_�f�� �a�\�_�j�o�m�� �f�h�`�_�� �\�b�a�g�Z�q�Z�l�b�k�y���� �y�d�� �/�j�a�� ���A�\���”��
�����������������������G�\���� �Z�� �^�e�y�� �^�h�g�g�h�]�h�� �^�m�l�l�y��- �/�j�a���>���� �”��
�������������������������� �L�_�o�g�h�e�h�]�•�q�g�Z�� �^�h�p�•�e�v�g�•�k�l�v�� �i�•�^�\�b�s�_�g�g�y�� �•�g��
�l�_�g�k�b�\�g�h�k�l�•�� �^�m�l�l�y�� �\�� �m�f�h�\�Z�o���� �d�h�e�b���i�j�h�p�_�k��
�j�Z�n�•�g�m�\�Z�g�g�y�� �d�h�g�l�j�h�e�x�}�l�v�k�y�� �r�\�b�^�d�•�k�l�x�� �g�Z�\�_�^�_�g�g�y��
�h�k�g�h�\�g�h�]�h�� �r�e�Z�d�m���� �h�[�‰�j�m�g�l�h�\�Z�g�h�� �j�_�a�m�e�v�l�Z�l�Z�f�b�� �^�h��
�k�e�•�^�`�_�g�g�y�� �>�����@���� �<�� �g�v�h�f�m�� �a�Z�^�Z�q�Z�� �m�l�\�h�j�_�g�g�y�� �h�k�g�h�\��
�g�h�]�h�� �j�•�^�d�h�� �j�m�o�e�b�\�h�]�h�� �r�e�Z�d�m�� �g�Z�� �i�_�j�r�b�o�� �o�\�b�e�b�g�Z�o��
�i�j�h�^�m�\�Z�g�g�y�� �\�b�j�•�r�m�\�Z�e�Z�k�y�� �r�e�y�o�h�f�� �\�b�d�h�j�b�k�l�Z�g�g�y��
�^�h�k�e�•�^�g�b�o�� �r�e�Z�d�� �m�l�\�h�j�x�x�q�b�o�� �f�Z�l�_�j�•�Z�e�•�\�� �p�•�e�v�h�\�h�]�h��
�i�j�b�a�g�Z�q�_�g�g�y�� �g�Z�� �h�k�g�h�\�•�� �f�Z�l�_�j�•�Z�e�•�\�� �l�_�o�g�h�]�_�g�g�h�]�h�� �i�h��

�o�h�^�`�_�g�g�y���� �s �h�� �f�•�k�l�y�l�v�� �&�D�2���)�H�2�� �l�Z�� �&�� �\�� �a�Z�^�Z�g�b�o��
�k�i�•�\�\�•�^�g�h�r�_�g�g�y�o���>�����@��  

�<�•�^�� �j�Z�p�•�h�g�Z�e�v�g�h�]�h�� �d�_�j�m�\�Z�g�g�y�� �j�_�`�b�f�h�f�� �i�j�h�^�m��
�\�Z�g�g�y�� �d�h�g�\�_�j�l�_�j�g�h�€�� �i�e�Z�\�d�b�� �a�Z�e�_�`�Z�l�v�� �d�•�g�p�_�\�•�� �j�_��
�a�m�e�v�l�Z�l�b�� �i�j�h�p�_�k�m�� �h�^�_�j�`�Z�g�g�y�� �y�d�•�k�g�h�]�h�� �f�_�l�Z�e�m�� �>�����@����
�L�h�f�m�� �a�� �f�_�l�h�x�� �\�k�l�Z�g�h�\�e�_�g�g�y�� �\�a�Z�}�f�g�h�]�h�� �\�i�e�b�\�m�� �j�_��
�`�b�f�•�\�� �i�j�h�^�m�\�Z�g�g�y�� �l�Z�� �r�e�Z�d�h�m�l�\�h�j�_�g�g�y�� �i�j�h�\�_�^�_�g�h��
�^�h�k�e�•�^�g�m�� �i�e�Z�\�d�m�� �g�Z�� �����d�]�� �f�h�^�_�e�•�� �d�h�g�\�_�j�l�_�j�Z�� �a�� �i�j�h��
�^�m�\�Z�g�g�y�f�� �f�_�l�Z�e�_�\�h�€�� �\�Z�g�g�b�� �d�b�k�g�_�f���� �<�� �y�d�h�k�l�•�� �r�e�Z��
�d�h�m�l�\�h�j�x�x�q�h�]�h�� �f�Z�l�_�j�•�Z�e�m�� �\�b�d�h�j�b�k�l�Z�g�h�� �^�h�k�e�•�^�g�b�c��
�a�Z�e�•�a�h-�f�Z�j�]�Z�g�p�_�\�b�c�� �Z�]�e�h�f�_�j�Z�l���� �y�d�b�c�� �h�l�j�b�f�Z�g�h�� �a��
�\�b�d�h�j�b�k�l�Z�g�g�y�f�� �l�_�o�g�h�]�_�g�g�b�o�� �f�Z�l�_�j�•�Z�e�•�\���� �Z�� �k�Z�f�_����
�r�e�Z�f�b�� �d�b�k�g�_�\�h-�d�h�g�\�_�j�l�_�j�g�h�]�h�� �p�_�o�m�� �l�Z��
�g�_�c�l�j�Z�e�•�a�Z�p�•�€�� �_�e�_�d�l�j�h�d�h�j�m�g�^�m���� �f�Z�j�]�Z�g�p�_�\�h�]�h�� �d�h�g��
�p�_�g�l�j�Z�l�m�� ���� �k�h�j�l�m�� ����-���f�f������ �^�b�k�i�_�j�k�g�b�o�� �\�•�^�o�h�^�•�\�� �\�b��
�j�h�[�g�b�p�l�\�Z�� �\�Z�i�g�Z�� �l�Z�� �\�m�]�e�_�p�v�f�•�k�l�y�q�h�]�h�� �f�Z�l�_�j�•�Z�e�m��- 
�i�•�j�h�\�m�]�e�_�p�x���� �y�d�b�c�� �h�l�j�b�f�Z�g�h�� �r�e�y�o�h�f�� �l�_�j�f�•�q�g�h�€�� �^�_��
�k�l�j�m�d�p�•�€�� �\�•�^�o�h�^�•�\�� �j�h�k�e�b�g�g�h�]�h�� �i�h�o�h�^�`�_�g�g�y���� �<�f�•�k�l�� �m��
�\�b�o�•�^�g�•�c�� �Z�]�e�h�r�b�o�l�•�� �\�•�^�o�h�^�•�\�� �f�•�g�_�j�Z�e�v�g�h�€�� �]�j�m�i�b��
�k�d�e�Z�^�Z�\�� �[�•�e�y�� ���������� �<�f�•�k�l�� �\�� �Z�]�e�h�f�_�j�Z�l�•�� �a�Z�e�•�a�Z�� �l�Z��
�f�Z�j�]�Z�g�p�x���� �y�d�•�� �\�� �Z�]�e�h�f�_�j�Z�l�•�� �a�g�Z�o�h�^�b�e�b�k�v�� �m�� �\�b�]�e�y�^�•��
�h�d�k�b�^�•�\�� �)�H�[�2�\���l�Z�� �0�Q�[�2�\�� �l�Z�� �€�o�� �k�i�h�e�m�d�� �a�� �K�Z�H�� �l�Z��
�6�L�2������ �k�d�e�Z�^�Z�\���� �\�•�^�i�h�\�•�^�g�h���� �\�� ���f�Z�k������ ���������� �l�Z�� ������������
�I�j�b�� �\�f�•�k�l�•�� �K�Z�H�� �l�Z�� �6�L�2���� �� �[�•�e�y�� �������f�Z�k������ �h�l�j�b�f�Z�e�b��
�^�h�k�e�•�^�g�b�c�� �Z�]�e�h�f�_�j�Z�l�� �a�� �h�k�g�h�\�g�•�k�l�x�� ������������ �<�f�•�k�l�� �m��
�\�b�o�•�^�g�•�c�� �Z�]�e�h�r�b�o�l�•�� �i�•�j�h�\�m�]�e�_�p�x�� �k�l�Z�g�h�\�b�\�� ������������
�f�Z�k������ �s �h�� �i�j�b�\�_�e�h�� �^�h�� �a�g�b�`�_�g�g�y�� �\�b�l�j�Z�l�b�� �l�j�Z��
�^�b�p�•�c�g�h�]�h�� �i�Z�e�b�\�Z�� �\�� �i�_�j�_�j�Z�o�m�g�d�m�� �g�Z�� �\�m�]�e�_�p�v���� �s �h��
�f�•�k�l�b�l�v�� �d�h�d�k���� �g�Z�� ���������� �G�Z�^�e�b�r�h�d�� �i�•�j�h�\�m�]�e�_�p�x�� �a�Z��
�[�_�a�i�_�q�b�e�h�� �h�l�j�b�f�Z�g�g�y�� �f�•�p�g�h�k�l�•���� �g�_�h�[�o�•�^�g�h�€�� �^�e�y�� �\�b��
�d�h�j�b�k�l�Z�g�g�y�� �\�� �m�f�h�\�Z�o�� �d�b�k�g�_�\�h-�d�h�g�\�_�j�l�_�j�g�h�]�h�� �i�j�h��
�p�_�k�m���� 

�I�j�b�� �i�j�h�\�_�^�_�g�g�•�� �^�h�k�e�•�^�g�h�€�� �i�e�Z�\�d�b�� �i�_�j�r�Z�� �i�h�j�p�•�y��
�^�h�k�e�•�^�g�b�o�� �r�e�Z�d�h�m�l�\�h�j�x�x�q�b�o���� �y�d�Z���k�l�Z�g�h�\�b�e�Z���a 50% 
�\�•�^�� �€�o�� �a�Z�]�Z�e�v�g�h�€�� �f�Z�k�b���� �\�\�h�^�b�e�Z�k�v�� �g�Z�� �i�h�\�_�j�o�g�x�� �f�_��
�l�Z�e�_�\�h�€�� �\�Z�g�g�b�� �g�Z�� �����k�_�d�� �i�j�h�^�m�\�Z�g�g�y�� �€�€�� �d�b�k�g�_�f���� �I�j�b��
�\�a�Z�}�f�h�^�•�€�� �q�Z�k�l�d�b�� �K�Z�H���� �y�d�Z�� �\�o�h�^�b�e�Z�� �^�h�� �k�d�e�Z�^�m�� �^�h��
�k�e�•�^�g�h�]�h�� �a�Z�e�•�a�h-�f�Z�j�]�Z�g�p�_�\�h�]�h�� �Z�]�e�h�f�_�j�Z�l�m���� �a�� �6�L�2������
�y�d�b�c�� �m�l�\�h�j�x�}�l�v�k�y�� �a�Z���j�Z�o�m�g�h�d���h�d�b�k�e�x�\�Z�g�g�y���d�j�_�f�g�•�x��
�q�Z�\�m�g�m���� �h�l�j�b�f�Z�e�b�� �r�e�Z�d�� �a�� �h�k�g�h�\�g�•�k�l�x�� �a ���������� �<�� �Z�e�]�h��
�j�b�l�f�� �j�_�`�b�f�m�� �i�j�h�^�m�\�Z�g�g�y�� �\�Z�g�g�b�� �d�b�k�g�_�f�� �[�m�e�b�� �\�g�_��
�k�_�g�•�� �d�h�j�_�d�l�b�\�b���± �n�m�j�f�Z�� �g�_�� �i�•�^�g�•�f�Z�e�Z�k�v�� �g�Z�^�� �j�•�\�g�_�f��
�\�Z�g�g�b�� �\�� �k�i�h�d�•�c�g�h�f�m�� �k�l�Z�g�•���� �P�_�� �^�h�a�\�h�e�b�e�h��
�k�l�Z�[�•�e�•�a�m�\�Z�l�b�� �]�•�^�j�h�^�b�g�Z�f�•�q�g�b�c�� �l�Z�� �l�_�i�e�h�\�b�c�� �k�l�Z�g��
�\�Z�g�g�b���� �[�_�a�� �a�f�_�g�r�_�g�g�y�� �•�g�l�_�g�k�b�\�g�h�k�l�•�� �i�j�h�^�m�\�Z�g�g�y��
�d�b�k�g�_�f���� �<�k�l�Z�g�h�\�e�_�g�h���� �s �h�� �j�•�^�d�h�j�m�o�e�b�\�b�c�� �h�k�g�h�\�g�b�c��
�r�e�Z�d�� �m�l�\�h�j�x�\�Z�\�k�y�� �\�`�_�� �i�•�k�e�y�� �������� �o�\�b�e�b�g�b�� �i�j�h�^�m��
�\�Z�g�g�y���� �A�f�_�g�r�_�g�g�y�� �h�k�g�h�\�g�h�k�l�•�� �r�e�Z�d�m�� �i�_�j�r�h�]�h��
�i�_�j�•�h�^�m�� �^�h�� �������� �^�h�a�\�h�e�b�e�h�� �i�h�g�b�a�b�l�b�� �c�h�]�h�� �l�_�f�i�_�j�Z��
�l�m�j�m�� �i�e�Z�\�e�_�g�g�y���� �:�� �g�Z�y�\�g�•�k�l�v�� �m�� �^�h�k�e�•�^�g�h�f�m�� �Z�]�e�h�f�_��
�j�Z�l�•�� �h�d�k�b�^�•�\�� �f�Z�j�]�Z�g�p�x�� �l�Z�� �a�Z�e�•�a�Z�� �k�i�j�b�y�e�h�� �[�•�e�v�r��
�r�\�b�^�d�h�f�m�� �j�h�a�q�b�g�_�g�g�•�� �\�� �r�e�Z�d�m�� �\�Z�i�g�Z���� �y�d�_�� �i�j�h�c�r�e�h��
�k�l�Z�^�•�x�� �i�h�i�_�j�_�^�g�v�h�€�� �l�_�i�e�h�\�h�€�� �h�[�j�h�[�d�b�� �\�� �i�j�h�p�_�k�•�� �Z�]��
�e�h�f�_�j�Z�p�•�€�� 

�>�j�m�]�Z�� �i�h�j�p�•�y�� �^�h�k�e�•�^�g�h�]�h�� �Z�]�e�h�f�_�j�Z�l�m�� �\�\�h�^�b�e�Z�k�v��
�\�� �f�h�f�_�g�l�� �j�•�a�d�h�]�h�� �a�g�b�`�_�g�g�y�� �\�� �r�e�Z�d�m�� �)�H�2���± �g�Z�� ��-�•�c��
�o�\�b�e�b�g�•�� �i�j�h�^�m�\�d�b���� �H�k�g�h�\�g�•�k�l�v�� �r�e�Z�d�m�� �i�•�k�e�y�� �j�h�a�q�b��
�g�_�g�g�y�� �^�j�m�]�h�€�� �i�h�j�p�•�€�� �Z�]�e�h�f�_�j�Z�l�m�� �k�l�Z�g�h�\�b�e�Z�� �a�� ����������
�J�_�a�m�e�v�l�Z�l�b�� �o�•�f�•�q�g�h�]�h�� �Z�g�Z�e�•�a�� �i�j�h�[�� �f�_�l�Z�e�m�� �l�Z�� �r�e�Z�d�m��
�k�\�•�^�q�Z�l�v�� �i�j�h�� �l�_�o�g�•�d�h-�_�d�h�g�h�f�•�q�g�m�� �^�h�p�•�e�v�g�•�k�l�v�� �\�b�d�h��
�j�b�k�l�Z�g�g�y�� �^�h�k�e�•�^�g�h�]�h�� �a�Z�e�•�a�h-�f�Z�j�]�Z�g�p�_�\�h�]�h�� �Z�]�e�h�f�_��
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�j�Z�l�m���� �h�l�j�b�f�Z�g�h�]�h�� �a�� �\�b�d�h�j�b�k�l�Z�g�g�y�f�� �l�_�o�g�h�]�_�g�g�b�o��
�\�•�^�o�h�^�•�\�� �f�_�l�Z�e�m�j�]�•�c�g�h�]�h�� �l�Z�� �j�h�k�e�b�g�g�h�]�h�� �i�h�o�h�^�`�_�g��
�g�y���� �K�l�m�i�•�g�v�� �^�_�n�h�k�n�h�j�Z�p�•�€�� �k�l�Z�e�•�� �k�l�Z�g�h�\�b�e�Z�� �a�� ����������
�^�_�k�m�e�v�n�m�j�Z�p�•�€��- �a�� ���������� �<�f�•�k�l�� �f�Z�j�]�Z�g�p�x�� �\�� �k�l�Z�e�•�� �a�Z��
�j�Z�o�m�g�h�d�� �c�h�]�h�� �i�_�j�_�j�h�a�i�h�^�•�e�m�� �f�•�`�� �r�e�Z�d�h�\�h�x�� �l�Z�� �f�_��
�l�Z�e�_�\�h�x�� �n�Z�a�Z�f�b�� �\�b�j�•�k�� �a�� ������������ �^�h�� �������������� �<�f�•�k�l�� �\��
�d�•�g�p�_�\�h�f�m���r�e�Z�d�m���)�H�2��- ~ 8,9%; MnO ~ 5,8%. 

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

�<�B�K�G�H�<�D�B 
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�h�k�g�•�� �\�_�j�g�x�� �l�Z�� �^�h�g�m�� �n�m�j�f�b�� �]�Z�a�h-�j�•�^�b�g�g�•�� �k�l�j�m�f�_�g�•��
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Goal. Research of physico-chemical processes that take place between molten pitch and solid fillers �± components of 
graphitized electrodes, and proposed methods for determining the rheological behavior of pitch. 
Method. The study of the rheological behavior of pitch was carried out using the methods of changing the marginal wet-
ting angle, and the surface properties of pitch - using the method of direct determination of the wetting index. 
The results. It was determined that the marginal wetting angle cannot be an absolute indicator of its quality, as it de-
pends on the adhesive activity of pitch with carbon fillers. 
Scientific novelty. It was shown for the first time that the strength characteristics of graphitized electrodes are deter-
mined by factors such as the wetting index, the marginal wetting angle, and depend on the initial period of adhesive in-
teraction of the electrode pitch with carbon fillers. 
Practical significance. According to the results of the work, it was established that a certain indicator corresponds to the 
general principle of phenomena occurring during wetting, which makes it possible to more fully characterize the behav-
ior of electrode pitches during the production of graphitized products. 
Key words: electrode pitch, graphite electrodes, adhesion, cohesion, wetting angle, wetting index, rheological character-
istics. 
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�p�_�\�h�€�� �l�_�f�i�_�j�Z�l�m�j�b�� �������� �ƒ�K�� �a�•�� �r�\�b�^�d�•�k�l�x�� ������ �ƒ�K�� ���� �o�\����
�D�h�e�b�� �l�_�f�i�_�j�Z�l�m�j�Z�� �^�h�k�y�]�Z�}�� �������� �ƒ�K���� �i�j�h�p�_�k�� �g�Z�]�j�•��
�\�Z�g�g�y�� �i�j�b�i�b�g�y�}�l�v�k�y���� �Z�� �l�j�m�[�d�Z�� �a�� �f�Z�l�_�j�•�Z�e�h�f���� �s �h��
�^�h�k�e�•�^�`�m�}�l�v�k�y���� �h�o�h�e�h�^�`�m�}�l�v�k�y�� �^�h�� �l�_�f�i�_�j�Z�l�m�j�b�� �g�Z��
�\�d�h�e�b�r�g�v�h�]�h�� �k�_�j�_�^�h�\�b�s�Z���� �A�� �h�o�h�e�h�^�`�_�g�h�€�� �l�j�m�[�d�b��
�a�]�\�b�g�q�m�}�l�v�k�y�� �g�b�`�g�y�� �i�j�h�[�d�Z���� �A�f�h�q�_�g�b�c�� �f�Z�l�_�j�•�Z�e��
�a�Z�e�b�r�Z�}�l�v�k�y�� �m�� �l�j�m�[�p�•���� �Z�� �g�_�� �a�f�h�q�_�g�b�c�� �\�b�k�b�i�Z�}�l�v�k�y����
�J�h�a�j�Z�o�m�g�h�d�� �i�j�h�\�h�^�y�l�v�� �\�•�^�i�h�\�•�^�g�h�� �^�h�� �\�•�^�g�h�r�_�g�g�y��
���d�m�e�v�d�b-�i�_�d������ �s �h�� �\�b�a�g�Z�q�Z�}�l�v�k�y�� �•�g�^�_�d�k�h�f�� ���j�b�k����������

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

�9 
L
�Æ�, �?�Æ

�Æ�,

H�s�r�r                                                 (5) 

 
�^�_���� W �± �1�g�^�_�d�k���a�f�h�q�m�\�Z�g�g�y���i�_�d�m�������� 
�F0 �± �f�Z�k�Z���d�m�e�v�h�d�����]�� 
�F �± �g�_���a�f�h�q�_�g�Z���i�•�d�h�f���f�Z�k�Z���d�m�e�v�h�d�����j�� 
 

 
�J�b�k�m�g�h�d�� ������ �L�j�m�[�d�Z�� �\�b�a�g�Z�q�_�g�g�y�� �•�g�^�_�d�k�m�� �a�f�h�q�m��

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

 

 
 
�J�b�k�m�g�h�d�� ������ �D�j�Z�c�h�\�b�c�� �d�m�l�� �a�f�h�q�m�\�Z�g�g�y�� �a�\�
�y�a�m�x�q�h�]�h�� �_�e�_�d�l�j�h�^�g�h�]�h�� �i�_�d�m�� �� �f�Z�j�d�b�� �©�;�ª���� �����± �]�j�Z�n�•�l�h�\�Z�g�b�c��

�d�h�d�k���� �����± �g�Z�n�l�h�\�b�c�� �d�h�d�k���� �����± �r�b�o�l�Z�� �������� �f�Z�k�������± �]�j�Z�n�•�l�h�\�Z�g�b�c�� �d�h�d�k���� ������ �f�Z�k���� �����± �]�h�e�d�h�\�b�c�� �g�Z�n�l�h�\�b�c��
�d�h�d�k�� 

 
�J�b�k�m�g�h�d�� ������ �1�g�^�_�d�k�� �a�f�h�q�m�\�Z�g�g�y�� �a�\�
�y�a�m�x�q�h�]�h�� �_�e�_�d�l�j�h�^�g�h�]�h�� �� �i�_�d�m�� �� �f�Z�j�d�b�� �©�;�ª���� �����± �]�j�Z�n�•�l�h�\�Z�g�b�c���d�h�d�k��������

�± �g�Z�n�l�h�\�b�c�� �d�h�d�k��������- �r�b�o�l�Z�����������f�Z�k������- �]�j�Z�n�•�l�h�\�Z�g�b�c���d�h�d�k�����������f�Z�k����- �]�h�e�d�h�\�b�c���g�Z�n�l�h�\�b�c�� �d�h�d�k�� 
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�F �_�l�Z. �>�h�k�e�•�^�b�l�b �o�Z�j�Z�d�l�_�j �l�Z �j�h�a�j�h�[�b�l�b �h�i�b�k �a�f�•�g�b �o�Z�j�Z�d�l�_�j�m �f�_�o�Z�g�•�q�g�h�]�h �j�m�c�g�m�\�Z�g�g�y �i�•�s�Z�g�h-�j�•�^�d�h�k�d�e�y�g�b�o 
�k�m�f�•�r�_�c �\�•� ̂�q�Z�k�m �€�o �k�l�j�m�d�l�m�j�m�\�Z�g�g�y �m �i�Z�j�h-�f�•�d�j�h�o�\�b�e�v�h�\�h�f�m �k�_�j�_�^�h�\�b�s�•.   
�F �_�l�h� �̂b�d�Z�����F�•�p�g�•�k�l�v���g�Z���j�h�a�l�y�]���k�l�j�m�d�l�m�j�h�\�Z�g�b�o���k�m�f�•�r�_�c���\�b�a�g�Z�q�Z�e�b���g�Z���i�j�b�e�Z�^�•���f�h�^�����/�5�X-���H���\�•�^�i�h�\�•�^�g�h���^�h���=�H�K�L��
23409.7. �K�l�j�m�d�l�m�j�m���i�h�\�_�j�o�h�g�v���j�m�c�g�m�\�Z�g�g�y���i�•�s�Z�g�h-�j�•�^�d�h�k�d�e�y�g�b�o���k�m�f�•�r�_�c���^�h�k�e�•� �̂ �̀m�\�Z�e�b���g�Z���j�Z�k�l�j�h�\�h�f�m���_�e�_�d�l�j�h�g�g�h��
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Purpose . There were nature investigation and description development of sand-sodium-silicate mixtures mechanical 
destruction nature changing according to the time of their structuring in steam-microwave environment. 
M ethodology. Structured mixtures tensile strength has been determined on LRu-2e model device in accordance with 
GOST 23409.7. Sand-sodium-silicate mixtures fracture surfaces structure has been studied using scanning electron mi-
croscope SEM-106I model at accelerating voltage of 20 to 30kV and probe current of 4�PA to 30�PA in secondary elec-
trons with probe diameter of 1000 to 200nm. 
Sand-sodium-silicate mixtures destruction mechanism description development has been carried out based on analysis 
results, comparison, exclusion and generalization of known and obtained by the authors of this work experimental re-
sults and theoretical data, published in open scientific sources devoted to present analysis subject.  
Findings. Regardless of sodium silicate solute content in structured sand-sodium-silicate mixture, its destruction nature 
depends on steam-microwave treatment time, which changes from adhesive to combined and cohesive with treatment 
time increasing. According to fracture mechanism description developed, transition from adhesive to cohesive fracture 
mechanism is caused by the time dependence character of both adhesive strength in quartz -sodium-silicate-solute sys-
tem and cohesive strength in sodium silicate solute in mixture cuffs increasing. At the same time, sodium silicate solute 
cohesive strength changing over time during microwave treatment is of an extreme nature and, obviously, caused by 
sodium silicate from sodium silicate solute polymerization degree during its dehydration. 
Originality. For the first time, description of sand-sodium-silicate mixtures mechanical destruction changing nature de-
voted to their structuring in steam-microwave environment time has been developed. 
Practical value. Data obtained make it possible to expand the understanding about sand-sodium-silicate molds proper-
ties and their destruction mechanism under mechanical influence, to evaluate the method of structuring in steam-
microwave environment possibilities, to purposefully choose research directions and practical actions in terms of struc-
tured sand-sodium-silicate mixtures properties level regulation. 
Keywords: sand-sodium-silicate mixture, cuff, sand grain, sodium silicate solute, structuring, destruction, adhesion, co-
hesion, strength 
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Effect the hot deformation on austenite structure of the carbon steel 
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Purpose.  Determination influence temperature and degree of hot plastic deformation carbon steel on the development 
secondary recrystallization of the austenite. M ethodology.  The carbon steels with a concentration of carbon by 0.55 
and 0.65%, which correspond to the maximum and minimum values within the brand composition for all -rolled railway 
wheels, were used as material for the research. The number of other chemical elements met requirements of the docu-
mentation for railway wheels. The samples for research had the form of cylinders with a diameter of 20 and a height of 
40 mm. Different degrees of plastic deformation were obtained during compression with a deformation rate of 10-3 s-1. 
Chamber-type electric heating furnaces were used to heat the samples to temperatures of the hot pressing. When heat-
ing samples, measures are taken to prevent oxidation and a local decrease concentration of the carbon atoms on their 
surfaces. After heat treatment of the samples and mechanical preparation of the surface, detection of the structure of 
austenite was carried out using of the etching based on a mixture of solutions hydrochloric and picric acids. The struc-
ture of the steels was investigated under a light microscope. The size of the austenite grain was determined by the 
methods of quantitative metallographic. Findings. The study structure of the carbon steel determined that under condi-
tions of increasing the annealing temperature, the occurrence of structural heterogeneity of the austenite is caused by a 
change at mechanism of the development secondary recrystallization. Starting from 10% of hot pressing, in proportion 
to the degree of plastic deformation, development secondary recrystallization by the mechanism of movement of the 
large-angle boundaries leads to grinding of the austenite grain and the formation of a homogeneous structure. At de-
grees of hot deformation less than 10%, the density of dislocations is not enough to form a nucleus for the development 
secondary recrystallization by the mechanism of movement of the large-angle boundaries. As a result, recombination of 
the dislocations in grains of hot deformed austenite will occur much faster, which will lead to the separation of grains into 
fragments. Their size will be determined by the density of dislocations introduced during hot pressing. Disorientation an-
gles between fragments have intermediate values between boundaries with large disorientation angles and subbounda-
ries, which determines their low mobility. For such a structure, development of the secondary recrystallization in austen-
ite will occur by the mechanism of grain boundary dissolution. As a result, there is significant heterogeneity structure of 
the austenite, which is determined by the difference in sizes between neighboring grains up to several times. Original i-
ty.  Depending on the conditions of hot pressing of the carbon steel, the value of plastic deformation is determined, 
which separates development the secondary recrystallization of the austenite by qualitatively different mechanisms. At a 
low value of hot deformation, when the density of dislocations is not sufficient for the formation of a nucleus of the sec-
ondary recrystallization by the mechanism movement of the large-angle boundaries, the growth austenite grains occurs 
by the mechanism of dissolution of the grain boundaries. Practical value. Determining effect temperature and degree of 
hot plastic deformation on the mechanism of the development secondary recrystallization will allow to the optimize tech-
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�j�Z�p�•�€�� �Z�l�h�f�•�\�� �\�m�]�e�_�p�x�� �g�Z�� �€�o�� �i�h�\�_�j�o�g�y�o���� �I�•�k�e�y�� �l�_�j�f�•��
�q�g�h�€�� �h�[�j�h�[�d�b�� �a�j�Z�a�d�•�\�� �l�Z�� �f�_�o�Z�g�•�q�g�h�€�� �i�•�^�]�h�l�h�\�d�b�� �i�h��
�\�_�j�o�g�•���� �\�b�y�\�e�_�g�g�y�� �k�l�j�m�d�l�m�j�b�� �Z�m�k�l�_�g�•�l�m�� �a�^�•�c�k�g�x�\�Z�e�b��
�a�� �\�b�d�h�j�b�k�l�Z�g�g�y�f�� �l�j�Z�\�g�b�d�Z�� �g�Z�� �h�k�g�h�\�•�� �k�m�f�•�r�•�� �j�h�a�q�b��
�g�•�\�� �a�� �k�h�e�y�g�h�€�� �l�Z�� �i�•�d�j�b�g�h�\�h�€�� �d�b�k�e�h�l���� �K�l�j�m�d�l�m�j�m�� �k�l�Z��
�e�_�c�� �^�h�k�e�•�^�`�m�\�Z�e�b�� �i�•�^�� �k�\�•�l�e�h�\�b�f�� �f�•�d�j�h�k�d�h�i�h�f���� �J�h�a��
�f�•�j�� �a�_�j�g�Z�� �Z�m�k�l�_�g�•�l�m�� �\�b�a�g�Z�q�Z�e�b���a�Z�� �f�_�l�h�^�b�d�Z�f�b�� �d�•�e�v��
�d�•�k�g�h�€���f�_�l�Z�e�h�]�j�Z�n�•�€���� 

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

�f�Z�k�h�i�_�j�_�g�h�k�•���� �^�e�y�� �[�•�e�v�r�h�k�l�•�� �f�_�l�Z�e�_�\�b�o�� �f�Z�l�_�j�•�Z�e�•�\��
�\�b�a�g�Z�q�Z�}�l�v�k�y�� �a�Z���k�i�•�\�\�•�^�g�h�r�_�g�g�y�f:  
          �L�J ~ K���LS,                                         (1) 

�^�_���L�J �± �l�_�f�i�_�j�Z�l�m�j�Z�� �i�j�h�p�_�k�m����K �± �d�h�_�n�•�p�•�}�g�l�����LS 
�± �l�_�f�i�_�j�Z�l�m�j�Z�� �k�h�e�•�^�m�k�� �a�Z�� �^�•�Z�]�j�Z�f�h�x�� �k�l�Z�g�m�� �a�Z�e�•�a�h-
�\�m�]�e�_�p�v��[9]���� �<���a�Z�e�_�`�g�h�k�l�•���\�•�^���^�h�k�e�•�^�`�m�\�Z�g�b�o���i�j�h�p�_��
�k�•�\���� �\�_�e�b�q�b�g�Z��K �i�j�b�c�f�Z�}���j�•�a�g�•���a�g�Z�q�_�g�g�y�����I�j�b �\�b�[�h�j�•��
�l�_�f�i�_�j�Z�l�m�j�b�� �]�Z�j�y�q�h�]�h�� �h�[�l�b�k�g�_�g�g�y�� ���LD���� �d�h�_�n�•�p�•�}�g�l��
K �a�Z�� �k�i�•�\�\�•�^�g�h�r�_�g�g�y�f�� �������� �^�e�y�� �[�Z�]�Z�l�v�h�o�� �f�_�l�Z�e�_�\�b�o��
�f�Z�l�_�j�•�Z�e�•�\�� �k�l�Z�g�h�\�b�l�v�� �a�g�Z�q�_�g�g�y�� �i�h�j�y�^�d�m�� �������� �>���@�� 
�<�j�Z�o�h�\�m�x�q�b�� �\�b�k�h�d�m�� �r�\�b�^�d�•�k�l�v�� �^�b�n�m�a�•�c�g�h�]�h�� �f�Z�k�h��
�i�_�j�_�g�h�k�m�� �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�•�� �h�[�l�b�k�g�_�g�g�y�� �a�Z�]�h�l�h�\�d�b��
�a�Z�e�•�a�g�b�q�g�h�]�h�� �d�h�e�_�k�Z�� ������������ �Û�K������ �^�h�p�•�e�v�g�h�� �h�d�j�_�f�h��
�h�p�•�g�b�l�b�� �k�l�j�m�d�l�m�j�g�•�� �a�f�•�g�b�� �\�� �Z�m�k�l�_�g�•�l�•�� �a�� �j�•�a�g�b�f�� �\�f�•�k��
�l�h�f�� �\�m�]�e�_�p�x���� �a�Z�� �q�Z�k�� �g�Z�]�j�•�\�m�� �a�Z�]�h�l�•�\�d�b�� �^�e�y�� �]�Z�j�y�q�h�€��
�i�e�Z�k�l�b�q�g�h�€�� �^�_�n�h�j�f�Z�p�•�€���� �G�Z�� �j�b�k���� ���� �g�Z�\�_�^�_�g�Z�� �k�l�j�m�d��
�l�m�j�Z�� �\�m�]�e�_�p�_�\�h�€�� �k�l�Z�e�•�� �a�� �������� % �K�� �i�•�k�e�y�� �g�Z�]�j�•�\�m�� �^�h��
�j�•�a�g�b�o���l�_�f�i�_�j�Z�l�m�j���� 
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�J�b�k�m�g�h�d 1. �<�i�e�b�\�� �l�_�f�i�_�j�Z�l�m�j�b�� �g�Z�]�j�•�\�m�� ���Z �± ���������� �[ �± ���������� �\ �± ���������� �] �± ���������� � ̂�± 1000 �Û�K���� �g�Z�� �k�l�j�m�d�l�m�j�m��
�Z�m�k�l�_�g�•�l�m�� �k�l�Z�e�•���a������������ �����K�� �A�[�•�e�v�r�_�g�g�y�� �������� 

 
�A�Z�� �Z�g�Z�e�•�a�h�f�� �k�l�j�m�d�l�m�j�b�� �f�h�`�g�Z�� �\�b�a�g�Z�q�b�l�b���� �s �h��

�i�j�h�i�h�j�p�•�c�g�h�� �l�_�f�i�_�j�Z�l�m�j�•�� �g�Z�]�j�•�\�m���� �p�•�e�d�h�f�� �h�q�•�d�m�\�Z�g�h����
�k�_�j�_�^�g�•�c�� �j�h�a�f�•�j�� �a�_�j�g�Z�� �Z�m�k�l�_�g�•�l�m�� ��dA���� �a�[�•�e�v�r�m�}�l�v�k�y����
�I�j�b�� �g�Z�]�j�•�\�•�� �^�h�� �f�•�g�•�f�Z�e�v�g�h�€�� �l�_�f�i�_�j�Z�l�m�j�b�� �^�h�k�e�•�^�` �m��
�\�Z�g�h�]�h�� �•�g�l�_�j�\�Z�e�m���� �k�i�h�k�l�_�j�•�]�Z�}�l�v�k�y�� �n�h�j�f�m�\�Z�g�g�y�� �^�h��
�k�l�Z�l�g�v�h�� �h�^�g�h�j�•�^�g�h�€�� �k�l�j�m�d�l�m�j�b�� �Z�m�k�l�_�g�•�l�m�� ���j�b�k�������� �Z������ �a��
�j�h�a�f�•�j�h�f�� �a�_�j�g�Z�� �����«������ �f�d�f�� �G�Z�� �i�•�^�k�l�Z�\�•�� �p�v�h�]�h�� �k�e�•�^��
�\�\�Z�`�Z�l�b���� �s �h�� �l�_�f�i�_�j�Z�l�m�j�b�� �g�Z�]�j�•�\�m�� �������� �Û�K�� ���D��= 0,64) 
�f�Z�}�� �[�m�l�b�� �^�h�k�l�Z�l�g�v�h�� �^�e�y�� �n�h�j�f�m�\�Z�g�g�y�� �j�•�\�g�h�f�•�j�g�h�€��
�k�l�j�m�d�l�m�j�b �Z�m�k�l�_�g�•�l�m���� �a�� �\�•�^�g�h�k�g�h�� �^�j�•�[�g�b�f�� �a�_�j�g�h�f����
�I�j�h�i�h�j�p�•�c�g�h�� �i�•�^�\�b�s�_�g�g�x�� �l�_�f�i�_�j�Z�l�m�j�b�� �g�Z�]�j�•�\�m����
�a�[�•�e�v�r�m�}�l�v�k�y�� �g�_�� �l�•�e�v�d�b�� �k�_�j�_�^�g�•�c�� �j�h�a�f�•�j�� �a�_�j�g�Z�� �Z�m�k��
�l�_�g�•�l�m���� �Z�e�_�� �•�� �g�_�h�^�g�h�j�•�^�g�•�k�l�v�� �k�l�j�m�d�l�m�j�b�� �\�� �p�•�e�h�f�m���� �L�Z��
�d�b�f�� �q�b�g�h�f���� �h�[�f�_�`�_�g�g�y�� �i�h�� �l�_�f�i�_�j�Z�l�m�j�•�� �g�Z�]�j�•�\�m�� �a�Z��
�]�h�l�•�\�d�b�� �f�h�`�_�� �\�b�j�•�r�b�l�b�� �i�b�l�Z�g�g�y�� �h�l�j�b�f�Z�g�g�y�� �j�•�\�g�h�f�•��
�j�g�h�€�� �k�l�j�m�d�l�m�j�b�� �a�_�j�_�g�� �Z�m�k�l�_�g�•�l�m�� �i�_�j�_�^�� �]�Z�j�y�q�b�f�� �h�[��

�l�b�k�g�_�g�g�y�f���� �H�^�g�Z�d���� �g�_�^�h�k�l�Z�l�g�y�� �i�h�l�m�`�g�•�k�l�v�� �h�[�e�Z�^��
�g�Z�g�g�y�� �^�e�y�� �]�Z�j�y�q�h�]�h�� �k�l�b�k�g�_�g�g�y�� �a�Z�]�h�l�•�\�d�b�� �a�Z�e�•�a�g�b�q��
�g�h�]�h�� �d�h�e�_�k�Z�� �}�� �h�^�g�•�}�x�� �a�� �]�h�e�h�\�g�b�o�� �i�j�b�q�b�g���i�•�^�\�b�s�_�g��
�g�y�� �l�_�f�i�_�j�Z�l�m�j�b�� �i�e�Z�k�l�b�q�g�h�€�� �^�_�n�h�j�f�Z�p�•�€�� �^�h�� ���������� �Û�K����
�A���•�g�r�h�]�h���[�h�d�m�����\�j�Z�o�h�\�m�x�q�b���\�b�k�h�d�m���r�\�b�^�d�•�k�l�v���^�b�n�m��
�a�•�c�g�h�]�h�� �f�Z�k�h�i�_�j�_�g�h�k�m�� �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�•�� �������� �Û�&���� �\�`�_��
�g�_�a�g�Z�q�g�h�]�h�� �i�•�^�\�b�s�_�g�g�y�� �l�_�f�i�_�j�Z�l�m�j�b�� �i�h�\�b�g�g�h�� �[�m�l�b��
�^�h�k�l�Z�l�g�v�h�� �^�e�y�� �i�j�b�k�d�h�j�_�g�g�y�� �j�h�a�\�b�l�d�m�� �a�[�•�j�d�h�\�h�€�� �j�_��
�d�j�b�k�l�Z�e�•�a�Z�p�•�€�� �•�� �a�[�•�e�v�r�_�g�g�y�� �k�_�j�_�^�g�v�h�]�h�� �j�h�a�f�•�j�m�� �a�_�j��
�g�Z�� �Z�m�k�l�_�g�•�l�m���� �>�•�c�k�g�h���� �i�•�^�\�b�s�_�g�g�y�� �l�_�f�i�_�j�Z�l�m�j�b�� �g�Z��
�]�j�•�\�m���^�h�����������Û�&�����D��� ���������������k�m�i�j�h�\�h�^�`�m�}�l�v�k�y���g�_���e�b�r�_��
�a�[�•�e�v�r�_�g�g�y�f��dA �i�j�b�[�e�b�a�g�h�� �\�� �^�\�Z�� �j�Z�a�b���� �Z�e�_�� �c�� �i�h�y��
�\�h�x�� �g�_�a�g�Z�q�g�h�€�� �d�•�e�v�d�h�k�l�•�� �f�•�k�p�v�� �\�� �k�l�j�m�d�l�m�j�•���� �a�� �\�•�^�k�m�l��
�g�•�f�b�� �n�j�Z�]�f�_�g�l�Z�f�b�� �f�_�`�� �a�_�j�_�g�� ���j�b�k���� ������ �[���� �i�h�a�g�Z�q�_�g��
�g�y�� �k�l�j�•�e�d�h�x������ �<�•�^�k�m�l�g�•�k�l�v�� �q�Z�k�l�b�g�b �f�_�`���a�_�j�_�g���f�h�`�g�Z��
�j�h�a�]�e�y�^�Z�l�b�� �y�d�� �k�\�•�^�q�_�g�g�y�� �i�j�h�� �i�h�q�Z�l�h�d�� �a�f�•�g�b�� �f�_�o�Z�g�•��
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�a�f�m�� �j�h�a�\�b�l�d�m�� �a�[�•�j�d�h�\�h�€�� �j�_�d�j�b�k�l�Z�e�•�a�Z�p�•�€���� �i�_�j�_�k�m�\�Z�g��
�g�y�� �f�_�`�� �a�_�j�_�g�� �Z�[�h�� �€�o�� �j�h�a�q�b�g�_�g�g�y���>���������@�����A���•�g�r�h�]�h���[�h��
�d�m���� �g�_�a�g�Z�q�g�Z�� �d�•�e�v�d�•�k�l�v�� �l�Z�d�b�o�� �f�•�k�p�v�� �f�h�`�_�� �k�\�•�^�q�b�l�b��
�i�j�h�� �i�j�b�q�b�g�b�� �•�g�r�h�]�h�� �i�h�o�h�^�`�_�g�g�y���� �g�Z�� �i�j�b�d�e�Z�^���± �\�b��
�g�b�d�g�_�g�g�y�� �y�\�b�s�� �e�•�d�\�Z�p�•�c�g�h�]�h�� �i�h�o�h�^�`�_�g�g�y���� �>�•�c�k�g�h����
�y�d�s�h�� �\�•�^�k�m�l�g�•�k�l�v�� �n�j�Z�]�f�_�g�l�•�\�� �f�_�`�� �a�_�j�_�g�� �Z�m�k�l�_�g�•�l�m��
�i�j�b�� �l�_�f�i�_�j�Z�l�m�j�•�� �������� �Û�K�� �\�•�^�i�h�\�•�^�Z�}�� �f�h�f�_�g�l�m�� �i�h�q�Z�l��
�d�m�� �a�f�•�g�b�� �f�_�o�Z�g�•�a�f�m�� �a�[�•�j�d�h�\�h�€�� �j�_�d�j�b�k�l�Z�e�•�a�Z�p�•�€�����l�h���i�j�b��
�[�•�e�v�r�� �\�b�k�h�d�b�o�� �l�_�f�i�_�j�Z�l�m�j�Z�o�� �n�h�j�f�m�\�Z�g�g�y�� �g�_�h�^�g�h��
�j�•�^�g�h�€�� �k�l�j�m�d�l�m�j�b�� �i�h�\�b�g�g�_�� �h�l�j�b�f�Z�l�b�� �k�m�l�l�}�\�h�]�h�� �i�j�b�k��
�d�h�j�_�g�g�y���� �:�g�Z�e�•�a�� �k�l�j�m�d�l�m�j�b�� �i�•�k�e�y�� �g�Z�]�j�•�\�m�� �������� �Û�K��
���j�b�k���� ������ �\���� �k�\�•�^�q�b�l�v�� �i�j�h�� �i�h�^�Z�e�v�r�b�c�� �j�h�a�\�b�l�h�d�� �a�[�•�j��
�d�h�\�h�€�� �j�_�d�j�b�k�l�Z�e�•�a�Z�p�•�€�� �a�Z�� �f�_�o�Z�g�•�a�f�h�f�� �j�m�o�m�� �f�_�`�� �a�_��
�j�_�g�� �Z�m�k�l�_�g�•�l�m���� �I�•�^�l�\�_�j�^�`�m�}�� �g�Z�\�_�^�_�g�_�� �i�h�e�h�`�_�g�g�y��
�n�h�j�f�m�\�Z�g�g�y�� �^�h�k�l�Z�l�g�v�h�� �h�^�g�h�j�•�^�g�h�€�� �k�l�j�m�d�l�m�j�b�� �Z�m�k��
�l�_�g�•�l�m���� �a�� �j�h�a�f�•�j�h�f�� �a�_�j�g�Z�� �����« �������� �f�d�f�� �l�Z�� �n�h�j�f�h�x����
�s �h�� �g�Z�[�e�b�`�m�}�l�v�k�y�� �^�h�� �i�h�e�•�_�^�j�m���� �O�h�q�Z�� �\�� �•�g�r�b�o��
�h�[�¶�}�f�Z�o�� �f�_�l�Z�e�m���� �k�_�j�_�^�g�•�c�� �j�h�a�f�•�j�� �f�h�`�_�� �[�m�l�b���^�_�d�•�e�v��
�d�Z�� �[�•�e�v�r�b�f�� ���������« 130 �f�d�f������ �Z�e�_�� �k�l�j�m�d�l�m�j�Z�� �\�k�_�� �h�^��
�g�h�� �a�Z�e�b�r�Z�}�l�v�k�y�� �^�h�k�l�Z�l�g�v�h�� �h�^�g�h�j�•�^�g�h�x���� �L�Z�d�b�f�� �q�b��
�g�h�f���� �g�Z�]�j�•�\�� �^�h�� �l�_�f�i�_�j�Z�l�m�j�� ������ �Û�K�� �g�_�� �i�j�b�\�h�^�b�l�v�� �^�h��
�a�f�•�g�b�� �f�_�o�Z�g�•�a�f�m�� �a�[�•�j�d�h�\�h�€�� �j�_�d�j�b�k�l�Z�e�•�a�Z�p�•�€���� �y�d�Z�� �a�Z��
�h�a�g�Z�d�Z�f�b�� �\�•�^�i�h�\�•�^�Z�}�� �f�_�o�Z�g�•�a�f�m�� �i�_�j�_�f�•�s �_�g�g�y�� �f�_�`��
�a�_�j�_�g�� �a�� �\�_�e�b�d�b�f�b�� �d�m�l�Z�f�b�� �j�Z�a�h�j�•�}�g�l�Z�p�•�€��[3]���� �I�j�b�� �i�•�^��
�\�b�s�_�g�g�•�� �l�_�f�i�_�j�Z�l�m�j�b�� �g�Z�]�j�•�\�m�� �^�h�� ������ �Û�K�����p�•�e�d�h�f���h�q�•��
�d�m�\�Z�g�_�� �i�j�b�k�d�h�j�_�g�g�y�� �i�j�h�p�_�k�•�\�� �^�b�n�m�a�•�c�g�h�]�h�� �f�Z�k�h�i�_��
�j�_�g�h�k�m�� �k�i�j�b�y�l�b�f�_�� �a�[�•�e�v�r�_�g�g�x�� �k�_�j�_�^�g�v�h�]�h�� �j�h�a�f�•�j�m��
�a�_�j�g�Z�� �Z�m�k�l�_�g�•�l�m�� ���j�b�k�� 1, �]������ �<�� �l�Z�d�•�c�� �k�l�j�m�d�l�m�j�•���� �i�h�j�•�\��
�g�y�g�h�� �a�� �l�_�f�i�_�j�Z�l�m�j�h�x�� �������Û�K���� �i�j�b�k�m�l�g�y�� �[�•�e�v�r�Z�� �d�•�e�v��
�d�•�k�l�v�� �h�[�•�j�\�Z�g�b�o�� �f�_�`�� �a�_�j�_�g�� ���i�h�a�g�Z�q�_�g�g�y�� �k�l�j�•�e�d�h�x������
�s �h�� �k�\�•�^�q�b�l�v�� �i�j�h�� �\�•�^�i�h�\�•�^�g�m�� �q�Z�k�l�d�m�� �j�h�a�\�b�l�d�m���j�_�d�j�b��
�k�l�Z�e�•�a�Z�p�•�€�� �Z�m�k�l�_�g�•�l�m�� �a�Z�� �f�_�o�Z�g�•�a�f�h�f�� �j�h�a�q�b�g�_�g�g�y�� �f�_�`��
�a�_�j�_�g�� �>���@���� �G�Z�]�j�•�\�� �f�_�l�Z�e�m�� �^�h�� �������� �Û�K�� ���D = �������������� �k�m��
�i�j�h�\�h�^�`�m�}�l�v�k�y�� �\�•�^�i�h�\�•�^�g�b�f�b�� �a�f�•�g�Z�f�b�� �k�l�j�m�d�l�m�j�b��
�Z�m�k�l�_�g�•�l�m�� ���j�b�k�� 1, �^������ �I�j�h�i�h�j�p�•�c�g�h�� �i�•�^�\�b�s�_�g�g�x�� �l�_��
�f�i�_�j�Z�l�m�j�b�� �g�Z�]�j�•�\�m���� �k�m�l�l�}�\�h�� �a�[�•�e�v�r�m�}�l�v�k�y�� �k�i�j�h�f�h�`��
�g�•�k�l�v�� �^�h�� �j�h�a�q�b�g�_�g�g�y�� �h�d�j�_�f�b�o�� �f�_�`�� �a�_�j�_�g���� �s �h�� �h�[�m��
�f�h�\�e�_�g�_�� �^�•�}�x�� �j�•�a�g�h�f�Z�g�•�l�g�b�o�� �q�b�g�g�b�d�•�\���� �i�h�q�b�g�Z�x�q�b��
�\�•�^�� �\�g�m�l�j�•�r�g�•�o�� �g�Z�i�j�m�`�_�g�v���� �j�•�a�g�h�€�� �i�j�b�j�h�^�b�� �i�h�o�h��
�^�`�_�g�g�y���� �^�h�� �e�•�d�\�Z�p�•�€�� �o�•�f�•�q�g�b�o�� �_�e�_�f�_�g�l�•�\�� �<���j�_�a�m�e�v�l�Z��
�l�•�� �\�b�l�j�b�f�d�b�� �f�_�l�Z�e�m�� �a�Z�� �l�_�f�i�_�j�Z�l�m�j�b�� �������� �Û�K���� �j�•�a�g�b��
�p�y�� �\�� �j�h�a�f�•�j�Z�o�� �f�•�`�� �k�m�k�•�^�g�•�f�b�� �a�_�j�g�Z�f�b�� �f�h�`�_���^�h�k�y�]�Z��
�l�b�� �^�h�� ���� �•�� �[�•�e�v�r�_�� �j�Z�a�•�\���� �k�d�e�Z�^�Z�x�q�b�� �•�g�l�_�j�\�Z�e�� �\�•�^�� ��������
�^�h�� ���� �f�d�f�� ���j�b�k�� 1, �^������ �L�Z�d�b�f�� �q�b�g�h�f���� �k�l�j�m�d�l�m�j�m�� �Z�m�k��
�l�_�g�•�l�m�� �k�l�Z�e�•�� �a�� �������� % �K�� �i�•�k�e�y�� �g�Z�]�j�•�\�m�� �^�h�� �������« 900 
�Û�K�� �f�h�`�g�Z�� �\�\�Z�`�Z�l�b�� �j�•�\�g�h�f�•�j�g�h�x���� �a�� �\�•�^�i�h�\�•�^�g�b�f�� �k�_��
�j�_�^�g�•�f�� �j�h�a�f�•�j�h�f�� �a�_�j�g�Z�� �Z�m�k�l�_�g�•�l�m���� �I�j�b�� �p�v�h�f�m���� �f�_��
�o�Z�g�•�a�f�� �a�[�•�j�d�h�\�h�€�� �j�_�d�j�b�k�l�Z�e�•�a�Z�p�•�€�� �\�� �a�g�Z�q�g�•�c�� �f�•�j�•�� �\�•�^��
�i�h�\�•�^�Z�}���� �i�_�j�_�f�•�s �_�g�g�x�� �f�_�`���a�_�j�_�g�����>�h�k�y�]�Z�}�l�v�k�y���j�•�\��
�g�h�f�•�j�g�•�k�l�v�� �k�l�j�m�d�l�m�j�b�� �a�Z�\�^�y�d�b�� �i�j�Z�d�l�b�q�g�h�� �h�^�g�Z�d�h�\�•�c��
�r�\�b�^�d�h�k�l�•�� �j�m�o�m�� �f�_�`�� �a�_�j�_�g���� �s �h�� �a�Z�[�_�a�i�_�q�m�}���€�o���i�_�j�_��
�f�•�s �_�g�g�y�� �g�Z�� �i�j�b�[�e�b�a�g�h�� �h�^�g�Z�d�h�\�•�� �\�•�^�k�l�Z�g�•���� �<���j�_�a�m�e�v��
�l�Z�l�•�� �h�^�g�h�q�Z�k�g�h�]�h�� �a�•�l�d�g�_�g�g�y�� �f�_�`�� �k�m�k�•�^�g�•�o�� �a�_�j�_�g�� �^�h��
�k�y�]�Z�}�l�v�k�y�� �j�•�\�g�h�f�•�j�g�•�k�l�v�� �k�l�j�m�d�l�m�j�b�� �Z�m�k�l�_�g�•�l�m���� �Z�� �n�h��
�j�f�Z�� �a�_�j�_�g�� �f�Z�}�� �\�b�]�e�y�^�� �\�b�i�m�d�e�h�]�h�� �[�Z�]�Z�l�h�d�m�l�g�b�d�Z�� 
�R�\�b�^�d�•�k�l�v�� �a�j�h�k�l�Z�g�g�y�� �k�_�j�_�^�g�v�h�]�h�� �j�h�a�f�•�j�m�� �a�_�j�g�Z�� �Z�m��
�k�l�_�g�•�l�m�� �[�m�^�_�� �a�g�Z�q�g�h�� �f�_�g�r�h�x�� �\�� �i�h�j�•�\�g�y�g�g�•���a���f�_�o�Z�g�•��
�a�f�h�f�� �j�h�a�q�b�g�_�g�g�y�� �f�_�`�� �a�_�j�_�g���� �J�•�q�� �m �l�h�f�m���� �s �h�� �Z�[�k�h��

�e�x�l�g�Z�� �r�\�b�^�d�•�k�l�v�� �i�_�j�_�f�•�s �_�g�g�y�� �f�_�`�b�� �a�_�j�g�Z�� �[�m�^�_��
�i�h�k�l�•�c�g�h�x�� �•�� �i�j�h�i�h�j�p�•�c�g�h�x�� �\�� �h�k�g�h�\�g�h�f�m�� �l�_�f�i�_�j�Z�l�m�j�•��
�g�Z�]�j�•�\�m���� �<�•�^�g�h�k�g�Z�� �r�\�b�^�d�•�k�l�v�� �a�j�h�k�l�Z�g�g�y�� �j�h�a�f�•�j�m�� �a�_��
�j�g�Z���� �i�j�b�� �a�[�•�e�v�r�_�g�g�•�� �c�h�]�h�� �Z�[�k�h�e�x�l�g�h�]�h�� �j�h�a�f�•�j�m���� �[�m��
�^�_�� �g�_�m�o�b�e�v�g�h�� �a�f�_�g�r�m�\�Z�l�b�k�y���� �H�l�`�_���� �q�b�f�� �[�•�e�v�r�b�c��
�j�h�a�f�•�j�� �a�_�j�g�Z���� �l�b�f�� �f�_�g�r�h�x�� �[�m�^�_�� �\�•�^�g�h�k�g�Z�� �r�\�b�^��
�d�•�k�l�v�� �c�h�]�h�� �a�j�h�k�l�Z�g�g�y���� �;�•�e�v�r�_�� �p�v�h�]�h���� �a�Z�� �\�b�k�h�d�b�o�� �l�_��
�f�i�_�j�Z�l�m�j�� �g�Z�]�j�•�\�m���� �i�j�h�i�h�j�p�•�c�g�h�� �r�\�b�^�d�h�k�l�•�� �^�b�n�m�a�•�c��
�g�h�]�h�� �f�Z�k�h�i�_�j�_�g�h�k�m�� �a�j�h�k�l�Z�l�b�f�_�� �c�f�h�\�•�j�g�•�k�l�v�� �n�h�j��
�f�m�\�Z�g�g�y�� �n�e�m�d�l�m�Z�p�•�c�� �j�m�r�•�c�g�h�€�� �k�b�e�b�� �a�[�•�j�d�h�\�h�€�� �j�_�d��
�j�b�k�l�Z�e�•�a�Z�p�•�€���� �<�� �g�Z�k�e�•�^�h�d�� �p�v�h�]�h���� �k�l�Z�}�� �^�m�`�_�� �k�d�e�Z�^�g�h��
�i�•�^�l�j�b�f�m�\�Z�l�b�� �h�^�g�Z�d�h�\�m�� �r�\�b�^�d�•�k�l�v�� �i�_�j�_�f�•�s �_�g�g�y��
�f�_�`�� �a�_�j�_�g�� �\�� �j�•�a�g�b�o�� �f�•�d�j�h�h�[�¶�}�f�Z�o�� �f�_�l�Z�e�m���� �Z�� �a�� �\�j�Z��
�o�m�\�Z�g�g�y�f�� �l�_�d�k�l�m�j�b�� �j�_�d�j�b�k�l�Z�e�•�a�Z�p�•�€�� �>���@���� �k�l�Z�}�� �\�a�Z�]�Z�e�•��
�g�_�f�h�`�e�b�\�h���� �L�Z�d�b�f�� �q�b�g�h�f���� �\�� �j�Z�a�•�� �j�h�a�\�b�l�d�m�� �a�[�•�j�d�h�\�h�€��
�j�_�d�j�b�k�l�Z�e�•�a�Z�p�•�€ �a�Z�� �f�_�o�Z�g�•�a�f�h�f�� �j�m�o�m�� �f�_�`�� �a�_�j�_�g���� �o�h��
�q�Z�� �n�h�j�f�Z�� �a�_�j�_�g�� �[�e�b�a�v�d�Z�� �^�h�� �\�b�i�m�d�e�h�]�h�� �[�Z�]�Z�l�h�d�m�l��
�g�b�d�Z���� �\�k�_�� �h�^�g�h�� �[�m�^�m�l�v�� �n�h�j�f�m�\�Z�l�b�k�y�� �h�k�_�j�_�^�d�b��
�k�l�j�m�d�l�m�j�b�� �a�� �\�b�a�g�Z�q�_�g�b�f�b�� �h�a�g�Z�d�Z�f�b�� �g�_�h�^�g�h�j�•�^�g�h�k�l�•����
�A�[�•�e�v�r�_�g�g�y�� �j�h�a�f�•�j�m�� �a�_�j�g�Z�� �a�Z�� �f�_�o�Z�g�•�a�f�h�f�� �j�h�a�q�b��
�g�_�g�g�y�� �f�_�`�� �f�Z�}�� �k�\�h�€�� �\�•�^�f�•�g�g�h�k�l�•���� �L�Z�d���� �j�h�a�q�b�g�_�g�g�y��
�f�_�`�•�� �f�•�`�� �a�_�j�g�Z�f�b�� �i�j�b�\�h�^�b�l�v���^�h���� �i�j�b�[�e�b�a�g�h���� �i�h��
�^�\�•�c�g�h�]�h�� �a�[�•�e�v�r�_�g�g�y�� �j�h�a�f�•�j�m�� �a�_�j�g�Z���� �<�� �j�_�a�m�e�v�l�Z�l�•��
�r�\�b�^�d�•�k�l�v�� �a�[�•�e�v�r�_�g�g�y��dA �[�m�^�_�� �a�g�Z�q�g�h�� �[�•�e�v�r�h�x�� �\��
�i�h�j�•�\�g�y�g�g�•�� �a�� �f�_�o�Z�g�•�a�f�h�f�� �j�m�o�m�� �f�_�`�� �a�_�j�_�g���� �;�•�e�v�r�_��
�p�v�h�]�h���� �j�h�a�q�b�g�_�g�g�y�� �f�_�`�� �i�j�b�\�h�^�b�l�v�� �^�h�� �n�h�j�f�m�\�Z�g�g�y��
�a�_�j�_�g�� �k�i�_�p�b�n�•�q�g�h�€�� �n�h�j�f�b���� �a�Z�\�^�y�d�b�� �\�b�d�j�b�\�e�_�g�b�f��
�f�_�`�Z�f�� ���j�b�k�� 1, �]������ �I�•�^�l�\�_�j�^�`�m�x�l�v�� �g�Z�\�_�^�_�g�_�� �i�h�e�h��
�`�_�g�g�y�� �^�•�e�y�g�d�b�� �k�l�j�m�d�l�m�j�b�� �Z�m�k�l�_�g�•�l�m�� �a�Z�� �\�b�l�j�b�f�h�d�� �i�j�b��
�l�_�f�i�_�j�Z�l�m�j�•�� ������ �Û�K���� �a�� �i�h�\�g�•�k�l�x�� �Z�[�h�� �q�Z�k�l�d�h�\�h�� �\�•�^�k�m��
�l�g�•�f�b�� �n�j�Z�]�f�_�g�l�Z�f�b�� �f�_�`�� �a�_�j�_�g�� ���i�h�a�g�Z�q�_�g�g�y�� �k�l�j�•�e��
�d�h�x���� �j�b�k�� 1, �]������ �:�g�Z�e�h�]�•�q�g�•�� �^�•�e�y�g�d�b�� �k�l�j�m�d�l�m�j�b���� �a�•�� �s �_��
�[�•�e�v�r�� �o�Z�j�Z�d�l�_�j�g�b�f�b�� �h�a�g�Z�d�Z�f�b�� �a�[�•�j�d�h�\�h�€�� �j�_�d�j�b�k�l�Z��
�e�•�a�Z�p�•�€�� �a�Z�� �f�_�o�Z�g�•�a�f�h�f�� �j�h�a�q�b�g�_�g�g�y�� �f�_�`�� �a�_�j�_�g���� �k�i�h��
�k�l�_�j�•�]�Z�x�l�v�k�y�� �a�Z�� �i�h�^�Z�e�v�r�b�f�� �i�•�^�\�b�s�_�g�g�y�f�� �l�_�f�i�_��
�j�Z�l�m�j�b�� �g�Z�]�j�•�\�m�� ���j�b�k�� 1, �^������ �L�Z�d�b�f�� �q�b�g�h�f���� �a�•���a�j�h�k�l�Z�g��
�g�y�f�� �l�_�f�i�_�j�Z�l�m�j�b�� �g�Z�]�j�•�\�m���� �a�f�•�g�Z�� �f�_�o�Z�g�•�a�f�m�� �a�[�•�j�d�h��
�\�h�€�� �j�_�d�j�b�k�l�Z�e�•�a�Z�p�•�€�� �}�� �h�^�g�•�}�x�� �a�� �h�k�g�h�\�g�b�o�� �i�j�b�q�b�g�� �\�b��
�g�b�d�g�_�g�g�y�� �k�l�j�m�d�l�m�j�g�h�€�� �g�_�h�^�g�h�j�•�^�g�h�k�l�•�� �Z�m�k�l�_�g�•�l�m�� �\�m��
�]�e�_�p�_�\�h�€�� �k�l�Z�e�•���� �<�� �i�h�j�•�\�g�y�g�g�•�� �a�•�� �k�l�Z�e�e�x�� �a�� �������� % �K����
�a�[�•�e�v�r�_�g�g�y�� �\�f�•�k�l�m�� �\�m�]�e�_�p�x�� �^�h�� �������� ���� �g�_�� �i�j�b�\�_�e�h��
�^�h�� �y�d�•�k�g�b�o�� �a�f�•�g�� �\�� �o�Z�j�Z�d�l�_�j�•�� �n�h�j�f�m�\�Z�g�g�y�� �k�l�j�m�d�l�m�j�b��
�Z�m�k�l�_�g�•�l�m�� �i�•�^�q�Z�k�� �g�Z�]�j�•�\�m�� �^�h���\�•�^�i�h�\�•�^�g�b�o���l�_�f�i�_�j�Z�l�m�j��
���j�b�k�� �������� �I�h�j�•�\�g�y�e�v�g�b�c�� �Z�g�Z�e�•�a��dA �i�h�d�Z�a�Z�\�� �g�_�a�g�Z�q�g�m��
�a�f�•�g�m�� �a�•�� �a�j�h�k�l�Z�g�g�y�f�� �\�f�•�k�l�m�� �\�m�]�e�_�p�x�� �k�l�Z�e�•���� �H�^�g�h�q�Z��
�k�g�h�� �a�� �p�b�f���� �i�j�b�j�•�k�l�� �\�f�•�k�l�m�� �\�m�]�e�_�p�x�� �\�� �k�l�Z�e�•�� �k�i�j�b�y�}��
�a�[�•�e�v�r�_�g�g�x�� �k�l�j�m�d�l�m�j�g�h�€�� �g�_�h�^�g�h�j�•�^�g�h�k�l�•�� �Z�m�k�l�_�g�•�l�m����
�^�e�y�� �^�h�k�e�•�^�`�m�\�Z�g�h�]�h�� �•�g�l�_�j�\�Z�e�m�� �l�_�f�i�_�j�Z�l�m�j���� �L�Z�d����
�^�e�y�� �k�l�Z�e�•�� �a�� �������� % �K���� �d�h�e�b�� �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�•�� ������ �ƒ�K��
�i�•�k�e�y�� �\�•�^�i�Z�e�m�� �n�h�j�f�m�}�l�v�k�y�� �\�•�^�g�h�k�g�h�� �j�•�\�g�h�f�•�j�g�Z��
�k�l�j�m�d�l�m�j�Z�� �a�_�j�_�g�� �Z�m�k�l�_�g�•�l�m�� ���j�b�k�� 1, �Z������ �a�j�h�k�l�Z�g�g�y��
�\�f�•�k�l�m�� �\�m�]�e�_�p�x�� �^�h�� �������� �����k�m�i�j�h�\�h�^�`�m�}�l�v�k�y���y�d�•�k�g�b��
�f�b�� �a�f�•�g�Z�f�b�� ���j�b�k�� 2, �Z������ �I�h�j�m�q�� �•�a�� �a�_�j�g�Z�f�b�� �j�h�a�f�•�j�h�f��
�i�h�j�y�^�d�m�� ���� �f�d�f�� �•�k�g�m�x�l�v�� �^�•�e�y�g�d�b�� �Z�m�k�l�_�g�•�l�m�� �a��dA �[�•��
�e�v�r�b�f�� �a�Z�� ������ �f�d�f���� �I�•�^�\�b�s�_�g�g�y�� �l�_�f�i�_�j�Z�l�m�j�b�� �g�Z��
�]�j�•�\�m�� �g�Z�� ���� �ƒ�K�� �i�j�Z�d�l�b�q�g�h�� �g�_�� �\�•�^�[�b�e�h�k�y�� �g�Z�� �k�l�j�m�d�l�m�j�•��
�Z�m�k�l�_�g�•�l�m�� ���j�b�k�� 2, �[������ �K�l�j�m�d�l�m�j�g�Z�� �g�_�h�^�g�h�j�•�^�g�•�k�l�v�� �l�Z��
�k�_�j�_�^�g�•�c���j�h�a�f�•�j���a�_�j�g�Z�� �Z�m�k�l�_�g�•�l�m 
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�] 

�J�b�k�m�g�h�d 2. �<�i�e�b�\�� �l�_�f�i�_�j�Z�l�m�j�b�� �g�Z�]�j�•�\�m�� ���Z �± ���������� �[ �± ���������� �\ �± ���������� �] �± 950 �Û�K���� �g�Z�� �k�l�j�m�d�l�m�j�m�� �Z�m�k�l�_�g�•�l�m��
�k�l�Z�e�•���a���������� % �K�� �A�[�•�e�v�r�_�g�g�y�� �������� 

 
�a�Z�e�b�r�b�e�b�k�y�� �i�j�Z�d�l�b�q�g�h�� �g�_�a�f�•�g�g�b�f�b�� �I�h�^�Z�e�v�r�_��

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

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

 

 
�J�b�k�m�g�h�d 3. �K�i�•�\�\�•�^�g�h�r�_�g�g�y��dA-dP �\���a�Z�e�_�`�g�h�k�l�•�� �\�•�^���\�f�•�k�l�m�� �\�m�]�e�_�p�x�� ���� �± 0,45; 2 �± 0,47; 3 �± 0,54; 4 �± 0,56 

% �K�����\���]�Z�j�y�q�_�d�Z�l�Z�g�b�o�� �k�l�Z�e�y�o�� �a�Z�� �^�Z�g�b�f�b�� �>�����@�� 
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�J�b�k�m�g�h�d �������K�l�j�m�d�l�m�j�Z�� �k�l�Z�e�• �a �������������K���i�•�k�e�y �\�•�^�i�Z�e�m ���Z���� �>�����@���l�Z �i�e�Z�k�l�b�q�g�h�€ �^�_�n�h�j�f�Z�p�•�€ ���[���± ���������\���± 18; 
�]���± ������ �������i�j�b�� �l�_�f�i�_�j�Z�l�m�j�• ���������� �ƒ�K�� �>�����@�����A�[�•�e�v�r�_�g�g�y 150. 

 
�K�_�j�_�^�g�}�� �a�g�Z�q�_�g�g�y��dA �m�d�e�Z�^�Z�}�l�v�k�y�� �\�� �•�g�l�_�j�\�Z�e��

�����«������ �f�d�f���� �I�•�^�\�b�s�_�g�g�y�� �l�_�f�i�_�j�Z�l�m�j�b�� �h�[�l�b�k�g�_�g�g�y��
�^�h�� �������� �Û�K���� �h�^�g�h�q�Z�k�g�h�� �a�•�� �a�j�h�k�l�Z�g�g�y�f�� �k�_�j�_�^�g�v�h�]�h��
�j�h�a�f�•�j�m�� �a�_�j�g�Z���� �i�j�b�a�\�h�^�b�l�v�� �^�h�� �n�h�j�f�m�\�Z�g�g�y�� �k�l�j�m�d��
�l�m�j�b�� �a�� �i�_�\�g�b�f�� �k�l�m�i�_�g�_�f�� �g�_�h�^�g�h�j�•�^�g�h�k�l�•�� ���j�b�k�� 5, �[������
�I�j�b�k�m�l�g�•�k�l�v�� �m�� �k�l�j�m�d�l�m�j�•�� �k�l�Z�e�•�� �a�_�j�_�g�� �Z�m�k�l�_�g�•�l�m�� �a�•��
�a�g�Z�q�g�b�f�b�� �\�•�^�f�•�g�g�h�k�l�y�f�b�� �m�� �j�h�a�f�•�j�•�� �k�e�•�^�� �j�h�a�]�e�y�^�Z�l�b��
�y�d�� �k�\�•�^�q�_�g�g�y�� �i�j�h�� �i�h�q�Z�l�h�d�� �j�h�a�\�b�l�d�m�� �a�[�•�j�d�h�\�h�€�� �j�_�d�j�b��
�k�l�Z�e�•�a�Z�p�•�€�� �a�Z�� �f�_�o�Z�g�•�a�f�h�f�� �j�h�a�q�b�g�_�g�g�y�� �f�_�`�� �>���@���� �P�_��
�i�•�^�l�\�_�j�^�`�m�}�l�v�k�y�� �\�•�^�k�m�l�g�•�k�l�x�� �h�d�j�_�f�b�o�� �n�j�Z�]�f�_�g�l�•�\�� �\��
�f�_�`�Z�o�� �a�_�j�_�g�� ���j�b�k�� 5, �[���� �i�h�a�g�Z�q�_�g�g�y�� �k�l�j�•�e�d�h�x�������<�j�Z��
�o�h�\�m�x�q�b���� �s �h�� �i�j�h�i�h�j�p�•�c�g�h��dA���� �a�j�h�k�l�Z�}�� �f�h�`�e�b�\�•�k�l�v��
�n�h�j�f�m�\�Z�g�g�y�� �n�e�m�d�l�m�Z�p�•�€�� �s �•�e�v�g�h�k�l�•�� �^�b�k�e�h�d�Z�p�•�c���� �g�Z��
�\�•�l�v�� �a�Z�� �g�_�\�_�e�b�d�b�o�� �i�e�Z�k�l�b�q�g�b�o�� �^�_�n�h�j�f�Z�p�•�c���� �j�h�a�i�Z�^��
�j�•�\�g�h�f�•�j�g�h�]�h�� �j�h�a�i�h�^�•�e�m�� �^�b�k�e�h�d�Z�p�•�c�� �g�Z�� �i�_�j�•�h�^�b�q�g�•��
�k�l�j�m�d�l�m�j�b�� �\�� �k�_�j�_�^�b�g�•�� �a�_�j�g�Z�� �p�•�e�d�h�f�� �\�b�i�j�Z�\�^�Z�g�h�� �>���@����
�<�� �j�_�a�m�e�v�l�Z�l�•�� �i�h�^�Z�e�v�r�h�€�� �j�_�d�h�f�[�•�g�Z�p�•�€�� �^�b�k�e�h�d�Z�p�•�c��
�\�•�^�[�m�\�Z�}�l�v�k�y�� �g�_�� �l�•�e�v�d�b�� �j�h�a�^�•�e�� �a�_�j�g�Z�� �Z�m�k�l�_�g�•�l�m�� �g�Z��
�n�j�Z�]�f�_�g�l�b�� �a�� �d�m�l�Z�f�b�� �j�Z�a�h�j�•�}�g�l�Z�p�•�€�� �\�•�^�f�•�g�g�b�f�b�� �\�•�^��
�a�g�Z�q�_�g�v�� �a�\�b�q�Z�c�g�b�o�� �f�_�`�� �a�_�j�_�g���� �Z�e�_�� �c�� �a�f�•�g�Z�� �j�•�\�g�y��
�f�•�d�j�h�g�Z�i�j�m�`�_�g�v���� �<�� �j�_�a�m�e�v�l�Z�l�•�� �l�Z�d�•�� �f�_�`�•�� �[�m�^�m�l�v�� �\�h��
�e�h�^�•�l�b�� �d�m�l�Z�f�b�� �j�Z�a�h�j�•�}�g�l�Z�p�•�€���� �s �h�� �f�Z�x�l�v�� �i�j�h�f�•�`�g�•��
�a�g�Z�q�_�g�g�y�� �^�e�y�� �f�_�`�� �a�� �\�_�e�b�d�b�f�b�� �•�� �f�Z�e�b�f�b�� �d�m�l�Z�f�b�� �>���@����
�Z�� �j�h�a�f�•�j�� �k�Z�f�b�o�� �n�j�Z�]�f�_�g�l�•�\���a�Z�e�_�`�Z�l�b�f�_�� �\�•�^�� �g�Z�d�h��
�i�b�q�_�g�h�€�� �s �•�e�v�g�h�k�l�•�� �^�b�k�e�h�d�Z�p�•�c�� �]�Z�j�y�q�h�]�h�� �h�[�l�b�k�g�_�g�g�y����
�G�Z�\�_�^�_�g�Z�� �k�o�_�f�Z�� �i�h�y�k�g�x�}�� �n�h�j�f�m�\�Z�g�g�y�� �k�l�j�m�d�l�m�j�g�h�€��
�g�_�h�^�g�h�j�•�^�g�h�k�l�•�� �Z�m�k�l�_�g�•�l�m���� �y�d�Z�� �g�_�f�b�g�m�q�_�� �[�m�^�_�� �m�k�i�Z��
�^�d�h�\�Z�g�Z�� �i�j�b�� �h�o�h�e�h�^�`�_�g�g�•�� �i�_�j�e�•�l�g�h�x�� �k�l�j�m�d�l�m�j�h�x��
�\�m�]�e�_�p�_�\�h�€�� �k�l�Z�e�•�� ���j�b�k���� �������� �<�� �j�_�a�m�e�v�l�Z�l�•���� �j�•�\�_�g�v���i�e�Z��
�k�l�b�q�g�h�k�l�•�� �k�l�Z�e�•�� �l�Z�� �€�€�� �l�j�•�s �b�g�h�k�l�•�c�d�•�k�l�v�� �f�Z�l�b�f�m�l�v�� �i�_��
�\�g�m�� �a�Z�e�_�`�g�•�k�l�v�� �\�•�^�� �j�•�\�g�h�f�•�j�g�h�k�l�•�� �k�l�j�m�d�l�m�j�b�� �Z�m�k�l�_�g�•��
�l�m�� �\�� �p�•�e�h�f�m�� �>�����@���� �I�h�j�•�\�g�y�e�v�g�b�c�� �Z�g�Z�e�•�a�� �o�Z�j�Z�d�l�_�j�m��
�n�h�j�f�m�\�Z�g�g�y�� �k�l�j�m�d�l�m�j�b�� �Z�m�k�l�_�g�•�l�m�� �i�j�b�� �\�•�^�i�Z�e�•�� ���j�b�k����
���� �•�� ������ �•�� �\�� �j�_�a�m�e�v�l�Z�l�•�� �]�Z�j�y�q�h�]�h�� �h�[�l�b�k�g�_�g�g�y�� �g�Z�� ������ ����

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

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

�k�l�m�i�•�g�v�� �i�e�Z�k�l�b�q�g�h�€�� �^�_�n�h�j�f�Z�p�•�€�� �i�_�j�_�\�b�s�m�}�� �d�j�b�l�b�q��
�g�_�� �a�g�Z�q�_�g�g�y�� �^�e�y�� �i�h�q�Z�l�d�m�� �j�h�a�\�b�l�d�m�� �j�_�d�j�b�k�l�Z�e�•�a�Z�p�•�€��
�a�Z�� �f�_�o�Z�g�•�a�f�h�f�� �i�_�j�_�f�•�s �_�g�g�y�� �f�_�`�� �a�_�j�_�g�� �>���@���� �o�Z�j�Z�d��
�l�_�j�� �a�Z�e�_�`�g�h�k�l�•��dA �}�� �p�•�e�d�h�f�� �\�b�i�j�Z�\�^�Z�g�b�f�� �>���@���� �>�e�y��
�i�h�y�k�g�_�g�g�y�� �\�i�e�b�\�m���\�f�•�k�l�m 
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�J�b�k�m�g�h�d�� 5. �<�i�e�b�\�� �\�f�•�k�l�m���\�m�]�e�_�p�x�� �\���k�l�Z�e�•������������ �± �Z�� �[������������ % �K �± �\�� �]�����•���l�_�f�i�_�j�Z�l�m�j�b�� �������� �± �Z�� �\����
1100 �Û�K �± �[�� �]���� �]�Z�j�y�q�h�€�� �^�_�n�h�j�f�Z�p�•�€�� ���� �����g�Z �k�l�j�m�d�l�m�j�m�� �Z�m�k�l�_�g�•�l�m�� �A�[�•�e�v�r�_�g�g�y�� �������� 

 

 
�Z���������������������������������������������������������������������������������������������������������[ 

�J�b�k�m�g�h�d �������A�Z�e�_�`�g�•�k�l�v�� �j�h�a�f�•�j�m�� �a�_�j�g�Z�� �Z�m�k�l�_�g�•�l�m�� �\�•�^���\�f�•�k�l�m�� �\�m�]�e�_�p�x�� �������������± �Z���l�Z�� ���������������K���± �[������ �k�l�m��
�i�_�g�y�� ���0�����l�Z�� �l�_�f�i�_�j�Z�l�m�j�b�� �h�[�l�b�k�g�_�g�g�y�� �k�l�Z�e�•�����‡���± ���������� �v���± �����������x�� �± ���������� �ƒ�K���� 

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

�k�l�Z�}�f�h�k�y�� �k�i�•�\�\�•�^�g�h�r�_�g�g�y�f�� �������� �^�e�y�� �h�p�•�g�d�b�� �l�_�f�i�_�j�Z��
�l�m�j�b�� �i�h�q�Z�l�d�m�� �j�_�d�j�b�k�l�Z�e�•�a�Z�p�•�€���� �A�Z�� �j�_�a�m�e�v�l�Z�l�Z�f�b�� �>�����@��
�\�_�e�b�q�b�g�m��K �k�e�•�^���i�j�b�c�g�y�l�b���j�•�\�g�h�x���������� 

     �LR ~0,4 �LS,                                                    (2) 
�^�_ �LR �± �l�_�f�i�_�j�Z�l�m�j�Z�� �i�h�q�Z�l�d�m�� �j�h�a�\�b�l�d�m�� �j�_�d�j�b�k��

�l�Z�e�•�a�Z�p�•�€���� �A�� �m�j�Z�o�m�\�Z�g�g�y�f�� �a�g�b�`�_�g�g�y���LS���� �a�Z�� �^�•�Z�]�j�Z��
�f�h�x�� �k�l�Z�g�m�� �a�Z�e�•�a�h-�\�m�]�e�_�p�v�� �>���@���� �a�[�•�e�v�r�_�g�g�y�� �\�f�•�k�l�m��
�\�m�]�e�_�p�x�� �k�l�Z�e�•�� �\�•�^�������������^�h�����������������K�����i�j�b�a�\�_�^�_���^�h���\�•��
�^�i�h�\�•�^�g�h�]�h�� �a�g�b�`�_�g�g�y���LR �i�j�b�[�e�b�a�g�h�� �g�Z�� �����«������ �Û�K����

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

                F=�$�0-n,                                             (3) 
�^�_ F �± �i�e�h�s�Z�� �a�_�j�g�Z����d=k �¥F, k  �± �d�h�_�n�•�p�•�}�g�l���n�h�j��

�f�b�� �a�_�j�g�Z����d �± �j�h�a�f�•�j�� �a�_�j�g�Z�����0 �± �k�l�m�i�•�g�v �^�_�n�h�j�f�Z�p�•�€����
�:  �• n �± �i�h�k�l�•�c�g�•�� �<�j�Z�o�h�\�m�x�q�b���� �s �h���n�h�j�f�Z���a�_�j�_�g���Z�m�k��
�l�_�g�•�l�m�� �^�e�y�� �^�h�k�e�•�^�`�m�\�Z�g�h�]�h�� �•�g�l�_�j�\�Z�e�m�� �l�_�f�i�_�j�Z�l�m�j�� �•��
�k�l�m�i�_�g�•�\�� �^�_�n�h�j�f�Z�p�•�€�� �g�Z�[�e�b�`�Z�}�l�v�k�y�� �^�h�� �[�Z�]�Z�l�h�d�m�l��

�g�b�d�Z�� ���j�b�k���� �������� �i�j�b�c�f�Z�}�f�h��k  = 1,86. �A�g�Z�q�_�g�g�y�� �i�h�k��
�l�•�c�g�b�o��A �• n �\�b�a�g�Z�q�Z�e�b�� �i�•�k�e�y�� �e�h�]�Z�j�b�n�f�m�\�Z�g�g�y�� �k�i�•�\��
�\�•�^�g�h�r�_�g�g�y���������� 

               lgF=lgA-nlg�0                                   (4) 
�A�Z�� �Z�g�Z�e�•�a�m�� �k�i�•�\�\�•�^�g�h�r�_�g�v��lgF ~ f(lg�0���� ���j�b�k���� ��������

�i�j�b��lg�0 = 0, lgF = lg�: �����Z��n= -�ûlgF/�ûlg�0. �?�d�k�i�h�g�_�g�l�Z��n 
�\�b�a�g�Z�q�Z�}�� �q�m�l�e�b�\�•�k�l�v�� �Z�m�k�l�_�g�•�l�m�� �^�h�� �j�h�a�\�b�l�d�m�� �j�_�d�j�b�k��
�l�Z�e�•�a�Z�p�•�€�� �\�•�^�� �l�_�f�i�_�j�Z�l�m�j�b�� �]�Z�j�y�q�h�€�� �i�e�Z�k�l�b�q�g�h�€�� �^�_��
�n�h�j�f�Z�p�•�€�� ���j�b�k���� �������� �N�h�j�f�Z�e�v�g�h�� �a�Z�� �a�Z�e�_�`�g�•�k�l�x�� ��������
�a�g�Z�q�_�g�g�y �:  �^�h�j�•�\�g�x�}�� �i�e�h�s�•�� �a�_�j�g�Z�� �Z�m�k�l�_�g�•�l�m�� �a�� �j�h�a��
�f�•�j�h�f dA���� �i�•�k�e�y�� �_�d�k�l�j�Z�i�h�e�y�p�•�€�� �k�i�•�\�\�•�^�g�h�r�_�g�g�y��lgF ~ 
f(lg�0) �g�Z�� �^�_�n�h�j�f�Z�p�•�x�� ������ ������ �O�h�q�Z�� �a�Z�� �^�Z�g�b�f�b�� �>���@����
�^�_�n�h�j�f�Z�p�•�€�� ������ ���� �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�•�� �������� �Û�&�� �g�_�� �^�h�k�l�Z��
�l�g�v�h�� �^�e�y�� �a�f�•�g�b�� �j�h�a�f�•�j�m�� �a�_�j�g�Z���� �h�l�j�b�f�Z�g�•�� �i�Z�j�Z�f�_�l�j�b��
�j�•�\�g�y�g�g�y�� �������� ���j�b�k���� ������ �l�Z�[�e������ �\�d�Z�a�m�x�l�v�� �g�Z�� �j�_�Z�e�v�g�m��
�a�f�•�g�m��dA���� �s �h�� �f�Z�}�� �^�h�^�Z�l�d�h�\�_�� �i�•�^�l�\�_�j�^�`�_�g�g�y�� �>������ �����@����
�A�Z�� �^�Z�g�b�f�b���>���� �����@�����^�e�y���k�l�Z�e�•���•�a���k�_�j�_�^�g�•�f���\�f�•�k�l�h�f���\�m��
�]�e�_�p�x���� �i�•�k�e�y�� �^�_�n�h�j�f�Z�p�•�€�� ���� ���� �i�j�b�� ������ �Û�&�� �l�Z�� �i�Z�m�a�b��
5 �k.�����j�h�a�f�•�j�� 
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�J�b�k�m�g�h�d 7. �A�Z�e�_�`�g�•�k�l�v��F �k�l�Z�e�_�c�� �a���������������D���� �L������������ �����K�����[���� �\�•�^���k�l�m�i�_�g�y�� ���0���� �l�Z���l�_�f�i�_�j�Z�l�m�j�b�� ���‡���± �����������v��
�± ������������ �x �± ���������� �ÛC���� �]�Z�j�y�q�h�]�h�� �h�[�l�b�k�g�_�g�g�y�� �K�i�•�\�\�•�^�g�h�r�_�g�g�y�� �f�•�`��m i dA ���\���� 

 
�a�_�j�g�Z�� �Z�m�k�l�_�g�•�l�m�� �k�l�Z�g�h�\�b�l�v�� �������« �������� �f�d�f���� �Z�� �i�•�k��

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

              n=2�±m�±g�±s,                                    (5) 
�^�_��m, g �l�Z��s �}���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�����y�d�•���\�•�^�i�h�\�•�^�g�h���\�b��

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

             m�§���±n                                               (6) 
�:�g�Z�e�•�a�� �j�h�a�j�Z�o�h�\�Z�g�b�o�� �a�g�Z�q�_�g�v��m �l�Z��dA ���l�Z�[�e������

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

�1�k�g�m�x�q�_�� �h�[�_�j�g�_�g�h�� �i�j�h�i�h�j�p�•�c�g�_�� �k�i�•�\�\�•�^�g�h�r�_�g�g�y��
m-dA �\�•�^�i�h�\�•�^�Z�}�� �k�l�m�i�_�g�x�� �]�Z�j�y�q�h�]�h�� �h�[�l�b�k�d�m�\�Z�g�g�y�� ������
%. �<�j�Z�o�h�\�m�x�q�b���� �s �h��m �\�b�a�g�Z�q�Z�}�� �j�h�e�v�� �^�_�n�h�j�f�Z�p�•�c��
�g�h�]�h�� �a�f�•�p�g�_�g�g�y�� �i�j�b�� �n�h�j�f�m�\�Z�g�g�•�� �a�Z�j�h�^�d�Z�� �j�_�d�j�b�k�l�Z��
�e�•�a�Z�p�•�€���� �d�•�e�v�d�•�k�l�v�� �^�_�n�_�d�l�•�\�� �d�j�b�k�l�Z�e�•�q�g�h�€�� �[�m�^�h�\�b�� �i�j�b��
�]�Z�j�y�q�h�f�m�� �h�[�l�b�k�g�_�g�g�•�� �[�m�^�_�� �\�b�a�g�Z�q�Z�l�b���o�Z�j�Z�d�l�_�j��
�k�l�j�m�d�l�m�j�g�b�o�� �i�_�j�_�l�\�h�j�_�g�v�� �\�� �Z�m�k�l�_�g�•�l�•���� �A�Z�� �Z�g�Z�e�•�a�h�f��
�k�l�j�m�d�l�m�j�g�b�o�� �i�_�j�_�l�\�h�j�_�g�v���� �\�� �Z�m�k�l�_�g�•�l�•�� �i�•�k�e�y�� �]�Z�j�y�q�h��
�]�h�� �h�[�l�b�k�g�_�g�g�y�� ������ ���� �s �•�e�v�g�h�k�l�•�� �^�_�n�_�d�l�•�\�� �d�j�b�k�l�Z�e�•�q��
�g�h�€�� �[�m�^�h�\�b�� �g�_�^�h�k�l�Z�l�g�v�h�� �^�e�y�� �n�h�j�f�m�\�Z�g�g�y�� �a�Z�j�h�^�d�Z��
�j�_�d�j�b�k�l�Z�e�•�a�Z�p�•�€���� �D�h�f�i�_�g�k�m�}�l�v�k�y�� �g�_�^�h�k�l�Z�l�g�y�� �d�•�e�v��
�d�•�k�l�v�� �^�_�n�_�d�l�•�\�� �d�j�b�k�l�Z�e�•�q�g�h�€�� �[�m�^�h�\�b���� �a�[�•�e�v�r�_�g�g�y�f��
�l�j�b�\�Z�e�h�k�l�•�� �•�g�d�m�[�Z�p�•�c�g�h�]�h�� �i�_�j�•�h�^�m�� �n�h�j�f�m�\�Z�g�g�y�� �a�Z��
�j�h�^�d�Z�� �j�_�d�j�b�k�l�Z�e�•�a�Z�p�•�€���� �J�Z�a�h�f�� �k�� �p�b�f���� �a�g�Z�q�g�h�� �r�\�b�^��
�d�b�c�� �j�h�a�\�b�l�h�d�� �i�j�h�p�_�k�m�� �k�m�[�k�l�j�m�d�l�m�j�g�b�o�� �i�_�j�_�l�\�h�j�_�g�v��
�\�� �Z�m�k�l�_�g�•�l�•�� �i�•�k�e�y�� ���� ���� �h�[�l�b�k�g�_�g�g�y���� �[�m�^�_���i�h�j�m�r�m�\�Z��
�l�b�� �m�f�h�\�b�� �n�h�j�f�m�\�Z�g�g�y�� �a�Z�j�h�^�d�m�� �j�_�d�j�b�k�l�Z�e�•�a�Z�p�•�€���� �<��
�j�_�a�m�e�v�l�Z�l�•�� �[�m�^�m�l�v�� �\�b�g�b�d�Z�l�b�� �f�_�`�•�� �a�_�j�_�g�� �a�� �g�b�a�v�d�h�x��
�f�h�[�•�e�v�g�•�k�l�x���� �G�b�a�v�d�Z�� �f�h�[�•�e�v�g�•�k�l�v�� �l�Z�d�h�€�� �f�_�`�•�� �h�[�m�f�h��
�\�e�_�g�Z�� �i�•�^�\�b�s�_�g�b�f�� �j�•�\�g�_�f�� �m�i�h�j�y�^�d�m�\�Z�g�g�y�� �^�b�k�e�h�d�Z��
�p�•�c���� �\�� �i�h�j�•�\�g�y�g�g�•�� �a�•�� �a�\�b�q�Z�c�g�b�f�b�� �f�_�`�Z�f�b���� �s �h�� �f�Z�x�l�v��
�\�_�e�b�d�•�� �d�m�l�b�� �j�Z�a�h�j�•�}�g�l�Z�p�•�€�� �>������ ���@�����M�l�\�h�j�_�g�g�y�� �f�_�`���a�_��
�j�_�g�� �a�•�� �a�g�b�`�_�g�h�x�� �j�m�o�e�b�\�•�k�l�x�� �k�e�•�^�� �j�h�a�]�e�y�^�Z�l�b�� �y�d��
�h�^�b�g�� �•�a�� �k�i�h�k�h�[�•�\�� �m�i�h�\�•�e�v�g�_�g�g�y�� �j�h�k�l�m�� �Z�m�k�l�_�g�•�l�g�h�]�h��
�a�_�j�g�Z�� �i�•�^�� �q�Z�k�� �\�b�l�j�b�f�d�b�� �f�_�l�Z�e�m�� �f�•�`�� �h�[�l�b�k�d�m�\�Z�g�g�y��
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�f�b�� �a�Z�� �\�b�k�h�d�b�o�� �l�_�f�i�_�j�Z�l�m�j���� �I�•�k�e�y�� �a�Z�\�_�j�r�_�g�g�y�� �h�[��
�l�b�k�d�m�\�Z�g�g�y�� �a�Z�]�h�l�•�\�d�b�� �g�Z�� �i�j�_�k�Z�o���� �j�h�a�f�•�j�� �a�_�j�g�Z�� �Z�m�k��
�l�_�g�•�l�m�� �\�� �h�[�e�Z�k�l�•�� �h�[�h�^�m�� �k�l�Z�g�h�\�b�l�v�� �������« �������� �f�d�f���� �G�Z��
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�Z�����������������������������������������������������������������������������������������[ 

�J�b�k�m�g�h�d ������ �<�i�e�b�\�� �\�f�•�k�l�m�� �\�m�]�e�_�p�x�� �\�� �k�l�Z�e�•�� ���Z�����± ������������ ���[�����± 0,65 % �K���l�Z���l�_�f�i�_�j�Z�l�m�j�b���]�Z�j�y�q�h�]�h���h�[�l�b�k�g�_�g��
�g�y���g�Z��lgA �± (1), n �± ���������b��m- (3). 

 
�L�Z�[�e�b�p�y. 

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

�f�_�l�j 
0,55 % �K 0,65 % �K 

�L�_�f�i�_�j�Z�l�m�j�Z�����$�K 
950 1100 1150 950 1100 1150 

lgA 3,57 4,8 5,24 4,2 4,53 5,0 
n 0,51 1,04 1,17 0,78 0,8 0,99 
�P�§�����± n 1,49 0,96 0,83 1,22 1,2 1,01 
dA,�����f�d�f 115 470 770 240 340 590 
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�\�b�d�h�j�b�k�l�Z�g�g�y�� �j�_�h�k�d�h�i�•�q�g�h�€�� �j�•�^�b�g�b�� �a�Z�[�_�a�i�_�q�m�}�� �k�l�Z�[�•�e�v�g�•�k�l�v�� �\�•�a�m�Z�e�•�a�Z�p�•�€�� �]�•�^�j�h�^�b�g�Z�f�•�q��
�g�b�o�� �p�b�j�d�m�e�y�p�•�c�g�b�o�� �i�h�l�h�d�•�\�� �•�� �^�h�a�\�h�e�y�}�� �\�b�a�g�Z�q�Z�l�b�� �g�Z�i�j�y�f�h�d�� �j�m�o�m�� �•�� �j�h�a�i�h�^�•�e�� �p�b�j�d�m�e�y�p�•�c��
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�D�e�x�q�h�\�•���k�e�h�\�Z�����I�J�H�>�M�<�D�:�����=�1�>�J�H�>�B�G�:�F�1�Q�G�1���I�H�L�H�D�B�����<�1�A�M�:�E�1�A�:�P�1�Y�����J�?�H�K�D�H�I�1�Q�G�:���J�1�>�B�G�:  
This article discusses the main advantages and disadvantages of the most common methods of hydrodynamic ci r-
culation flows visualization. The areas of their use and used equipment are considered. 
The purpose of this study was to develop an original methodology for visualizing hydrodynamic flows using rheo-
�V�F�R�S�L�F���I�O�X�L�G���D�Q�G���D�Q�D�O�\�]�H���W�K�H���I�H�D�W�X�U�H�V���R�I���L�W�V���X�V�H���L�Q���³�F�R�O�G� �́��P�R�G�H�O�L�Q�J���R�I���R�[�\�J�H�Q-converter blowing. 
To obtain a rheoscopic fluid, it was proposed to use water and a dry pearly pigment. 
B�D�V�H�G���R�Q���W�K�H���U�H�V�X�O�W�V���R�I���W�K�H���³�F�R�O�G� �́��P�R�G�H�O�L�Q�J���R�I���E�O�R�Z�L�Q�J�����L�W���Z�D�V���G�H�W�H�U�P�L�Q�H�G���W�K�D�W���W�K�H���X�V�H���R�I���U�K�H�R�V�F�R�S�L�F���I�O�X�L�G���S�U�R�Y�L�G�H�V��
the stable visualization of hydrodynamic circulation flows, allows to determine the direction of movement and distr i-
bution of circulation flows that form in the liquid bath and establish the localization of stagnant areas. 
Keywords: BLOWING, HYDRODYNAMIC FLOWS, VISUALIZATION, RHEOSCOPIC FLUID  
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�d�h�g�\�_�j�l�_�j�g�h�]�h�� �i�j�h�p�_�k�m���� �<�b�\�q�_�g�g�y�� �]�•�^�j�h�^�b�g�Z�f�•�q��
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�y�a�Z��
�g�_�� �a�•�� �a�g�Z�q�g�b�f�b�� �l�j�m�^�g�h�s�Z�f�b���� �i�h�\�
�y�a�Z�g�b�f�b�� �a�� �g�Z�y�\��
�g�•�k�l�x�� �r�d�•�^�e�b�\�b�o���•�� �g�_�[�_�a�i�_�q�g�b�o�� �n�Z�d�l�h�j�•�\�� �^�e�y�� �^�h�k��
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�N�•�a�b�q�g�_�� �f�h�^�_�e�x�\�Z�g�g�y�� �[�Z�a�m�}�l�v�k�y�� �g�Z�� �j�•�\�g�h�k�l�•��
�q�b�k�_�e�� �i�h�^�h�[�b�� �f�•�`�� �h�j�b�]�•�g�Z�e�h�f�� �•�� �f�h�^�_�e�e�x���� �s �h�� �^�Z�}��
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�d�b�k�g�_�\�h-�d�h�g�\�_�j�l�_�j�g�h�]�h�� �i�j�h�p�_�k�m�� �y�d�� �k�_�j�_�^�h�\�b�s�_����
�s �h�� �f�h�^�_�e�x�}�� �j�•�^�d�b�c�� �f�_�l�Z�e���� �[�•�e�v�r�•�k�l�v�� �^�h�k�e�•�^�g�b�d�•�\��
�\�b�d�h�j�b�k�l�h�\�m�x�l�v�� �\�h�^�m�����o�h�q�Z���f�h�`�m�l�v���a�Z�k�l�h�k�h�\�m�\�Z�l�b��
�c�� �•�g�r�•�� �j�•�^�b�g�b���� �g�Z�i�j�b�d�e�Z�^���� �j�l�m�l�v�� �>�����@���� �i�•�^�n�Z�j�[�h�\�Z��
�g�b�c�� �k�i�b�j�l�� �>�����@���� �_�i�h�d�k�b�^�g�m�� �k�f�h�e�m�� �>�����@�� �l�Z�� �•�g���� �Y�d�s�h��
�^�e�y�� �\�b�\�q�_�g�g�y�� �i�b�l�Z�g�v���� �i�h�\�
�y�a�Z�g�b�o�� �a�� �Z�g�Z�e�•�a�h�f�� �j�_��
�`�b�f�•�\�� �\�i�j�h�\�Z�^�`�_�g�g�y���� �j�h�a�i�h�\�k�x�^�`�_�g�g�y���l�Z�� �\�a�Z�}��
�f�h�^�•�€�� �]�Z�a�h�\�h�]�h�� �k�l�j�m�f�_�g�y�� �a�� �f�h�^�_�e�x�x�q�h�x�� �j�•�^�b�g�h�x����
�\�g�Z�k�e�•�^�h�d�� �^�h�k�l�Z�l�g�v�h�� �d�h�g�l�j�Z�k�l�g�h�€�� �d�Z�j�l�b�g�b�� �\�a�Z�}��
�f�h�^�•�€�� �f�•�`�� �n�Z�a�Z�f�b���� �f�h�`�e�b�\�h�� �h�[�f�_�`�b�l�b�k�y�� �n�h�l�h-
�\�•�^�_�h�� �n�•�d�k�Z�p�•�}�x�� �i�j�h�p�_�k�m���� �l�h�� �^�e�y�� �Z�g�Z�e�•�a�m�� �p�b�j�d�m�e�y��
�p�•�c�g�b�o�� �i�h�l�h�d�•�\�� �m�� �j�•�^�d�•�c�� �\�Z�g�g�•�� �q�_�j�_�a���i�j�h�a�h�j�•�k�l�v�����\�h��
�^�b�����g�_�h�[�o�•�^�g�h���a�Z�[�_�a�i�_�q�b�l�b�� �€�o�g�x���\�•�a�m�Z�e�•�a�Z�p�•�x�� 

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

�o�Z�j�Z�d�l�_�j�� �j�m�o�m�� �a�Z�[�Z�j�\�e�_�g�h�€�� �n�Z�a�b�� �•�� �n�•�d�k�m�}�l�v�k�y�� �q�Z�k��
�\�b�j�•�\�g�x�\�Z�g�g�y�� �•�g�l�_�g�k�b�\�g�h�k�l�•�� �a�Z�[�Z�j�\�e�_�g�g�y�� �\�� �h�[�k�y�a�•��
�\�Z�g�g�b���� �Y�d�� �•�g�^�b�d�Z�l�h�j�b�� �f�h�`�m�l�v�� �\�b�d�h�j�b�k�l�h�\�m�\�Z�l�b�k�y��
�r�b�j�h�d�b�c�� �k�i�_�d�l�j�� �j�_�q�h�\�b�g���� �>�����@���± �c�h�^��- �d�j�h�o�f�Z�e�v��
�g�b�c�� �j�h�a�q�b�g���� �>�����@��- �f�_�l�b�e�h�\�b�c�� �q�_�j�\�h��
�g�b�c���l�b�f�h�e�h�\�b�c�� �k�b�g�•�c���� �>�����@��- �d�b�k�e�h�l�g�h-�h�k�g�h�\�g�b�c��
�•�g�^�b�d�Z�l�h�j�� ���[�j�h�f�d�j�_�a�h�e�h�\�b�c�� �i�m�j�i�m�j�g�b�c������ �>��4] - �q�Z��
�k�l�b�g�d�b�� �i�h�e�•�_�l�b�e�_�g�m���� �>�����@��- �o�Z�j�q�h�\�b�c�� �[�Z�j�\�g�b�d���� �>�����@��
- �f�_�l�b�e�_�g�h�\�b�c�� �k�b�g�•�c���� �>�����@��- �n�_�g�h�e�n�l�Z�e�_�€�g���� �>�������� �����@��
�± �j�h�a�q�b�g�� �i�_�j�f�Z�g�]�Z�g�Z�l�m�� �d�Z�e�•�x���� �>�����@���± �m�e�v�l�j�Z�n�•�h�e�_��
�l�h�\�b�c�� �[�Z�j�\�g�b�d���� �>�����@��- �c�h�^�� �•�� �l�•�h�k�m�e�v�n�Z�l�� �g�Z�l�j�•�x�� �l�Z��
�•�g�� 

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

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

�i�j�b�o�h�\�Z�g�_�� �^�h�g�g�_���i�j�h�^�m�\�Z�g�g�y���\���f�h�^�_�e�•���i�h�^�h�\�h�]�h���k�l�Z�e�_�i�e�Z�\�b�e�v�g�h�]�h�� �Z�]�j�_�]�Z�l�m�� �>�����@���� 
�\���� �]���± �•�g�^�b�d�Z�l�h�j�� �m�e�v�l�j�Z�n�•�h�e�_�l�h�\�b�c�� �[�Z�j�\�g�b�d�� �>�����@�� ���\���± �\�\�_�^�_�g�g�y�� �•�g�^�b�d�Z�l�h�j�Z�� �h�[�k�y�]�� �f�h�^�_�e�•���\�b�e�b�\�g�b�p�•�����] 

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

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

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

 
�J�b�k�m�g�h�d�� �������K�o�_�f�Z�� �m�k�l�Z�g�h�\�d�b�� �\�b�f�•�j�m�� �f�b�l�l�}�\�b�o�� �r�\�b�^�d�h�k�l�_�c�� �f�_�l�h�^�h�f�� �k�l�j�h�[�h�k�d�h�i�•�q�g�h�€�� �\�•�a�m�Z�e�•�a�Z�p�•�€ 

 
1 �± �l�j�m�[�q�Z�k�l�Z�� �•�f�i�m�e�v�k�g�Z�� �e�Z�f�i�Z���� �����± �s�•�e�b�g�Z���� �����± �h�[�
�}�d�l�b�\���� ������- �i�j�b�a�f�Z���� ����- �d�Z�g�Z�e�� �a���i�j�h�a�h�j�b�f�b�� �k�l�•�g��

�d�Z�f�b���� ����- �n�h�l�h-�Z�[�h�� �d�•�g�h�d�Z�f�_�j�Z�� 
 

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

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

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

�>�h�� �i�e�Z�g�Z�j�g�b�o�� �f�_�l�h�^�•�\�� �\�•�^�g�h�k�y�l�v�k�y�� �3�D�U�W�L�F�O�H��
Image Velocimetry (PIV), Micro Particle Image 
Velocimetry (Micro PIV), Particle Tracking 
Velocimetry (PTV). 

�>�h�� �h�[�
�}�f�g�b�o�� �f�_�l�h�^�•�\�� �\�•�^�g�h�k�y�l�v�k�y�� �6�W�H�U�H�R��
Particle Image Velocimetry (Stereo PIV), Tomog-

?aphic Particle Image Velocimetry (Tomographic 
PIV) [37]. 
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�l�j�Z�k�k�_�j�g�m�� �\�•�a�m�Z�e�•�a�Z�p�•�x���� �\�d�e�x�q�Z�}�� �•�f�i�m�e�v�k�g�b�c�� �l�\�_��
�j�^�h�l�•�e�v�g�b�c�� �e�Z�a�_�j�� ���g�Z�c�q�Z�k�l�•�r�_ �•�l�j�•�c-�Z�e�x�f�•�g�•�c-
�]�j�Z�g�Z�l�h�\�b�c�� �1�G���<�$�*���� �a�� �i�h�^�\�•�c�g�h�x�� �]�h�e�h�\�d�h�x���� �s �h��
�\�b�d�h�j�b�k�l�h�\�m�}�l�v�k�y�� �y�d�� �^�`�_�j�_�e�h�� �h�k�\�•�l�e�_�g�g�y���� �f�Z�e�_��
�g�v�d�•�� �q�Z�k�l�b�g�d�b��- �l�j�Z�k�_�j�b���� �s �h�� �^�h�^�Z�x�l�v�k�y�� �\�� �l�_�q�•�x�� �•��
�k�i�_�p�•�Z�e�v�g�•�� �d�j�h�k�d�h�j�j�_�e�y�p�•�c�g�•�� �d�Z�f�_�j�b���� �s �h�� �j�_�}�k�l��
�j�m�x�l�v���k�\�•�l�e�h�����y�d�_���\�•�^�[�b�\�Z�}�l�v�k�y���q�Z�k�l�d�Z�f���>�����@�� 

�I�j�b�g�p�b�i�h�\�•�� �k�o�_�f�b�� �j�_�Z�e�•�a�Z�p�•�€�� �i�e�Z�g�Z�j�g�h�]�h�� �l�Z��
�h�[�
�}�f�g�h�]�h�� �f�_�l�h�^�m�� �p�b�n�j�h�\�h�€�� �l�j�Z�k�k�_�j�g�h�€�� �\�•�a�m�Z�e�•�a�Z��
�p�•�€���g�Z�\�_�^�_�g�•�� �g�Z���j�b�k���������>�����������@ 
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(Tomographic PIV). 
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