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FEATURES OF TREATMENT OF PURULENT-NFLAMMATORY WOUND 
COMPLICATIONS AFTER RELAPAROTOMIES  "ON DEMAND"  
IN EMERGENCY ABDOMINAL SURGERY 

3.1.9. Surgery 
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Abstract.  In patients with emergency abdominal surgical pathology (EASP), purulent-inflammatory wound complications 
���3�,�:�&�����D�I�W�H�U���H�P�H�U�J�H�Q�F�\���U�H�O�D�S�D�U�R�W�R�P�\�����(�5�/�7�����³�R�Q���G�H�P�D�Q�G�´���G�H�Y�H�O�R�S���L�Q�������±65 % of cases. ERLT is performed in the first 
phase of wound healing (3-7 days), during this period of time, inflammatory processes are clearly expressed in the wound: 
the wound is oversaturated with inflammatory mediators (prostaglandins, inflammatory cytokines, chemokines) leading to 
vascular contraction and increased permeability of the vascular wall, local acidosis, increased catabolism, migration of leu-
kocytes into the wound, and wound ischemia is increased due to the compressive effect of the sutures. These components 
of the first phase of wound healing, during relaparotomy by removing sutures, significantly increase the risk of infection and 
complicate the treatment tasks. The aim of this study is to improve the treatment outcomes of patients with EASP after 
ERLT by using improved methods of treating PIWC. Materials and methods:  Clinical studies were conducted on 129 pa-
tients with various types of EASP who underwent ERLT, of which 87 were retrospective (comparison group) and 42 were 
prospective (main group). The results  showed that in the main group, the use of improved methods of treating PIWC 
based on closed prolonged irrigation of wounds with antibiotics and antiseptics, with anaerobic flora, additional insufflation 
of the wound with oxygen, allow earlier elimination of anaerobic non-clostridial flora (ANF), replacement of mixtures of fac-
ultative anaerobic bacteria with a monoculture, and avoidance of nosocomial infection. Compared to the comparison group, 
the updated algorithm for treating suppurating wounds reduced the time of the possibility of applying secondary sutures by 
������ �“�� ������ �G�D�\�V���� �U�H�G�X�F�H�G���W�K�H���G�X�U�D�W�L�R�Q���R�I�� �K�R�V�S�L�W�D�O�L�]�D�W�L�R�Q���E�\�� �������� �“�� ������ �G�D�\�V���� �D�Q�G���P�R�U�W�D�O�L�W�\�� �E�\�� ���������� �“�� ���������� ������Conclusions.  The 
proposed improved methods of closed treatment of PIWC after ERLT allow to avoid complications from the wound (phleg-
mon, eventration), statistically significantly reduce the duration of hospitalization and mortality. 

Keywords:  relaparotomy "on demand", purulent-inflammatory wound complications, irrigation, treatment 
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�g�b�l�h�f���� �i�h�k�e�_�� �o�b�j�m�j�]�b�q�_�k�d�h�]�h�� �\�f�_�r�Z�l�_�e�v�k�l�\�Z �o�b��
�j�m�j�]�b�� �\�� ���±16 % �k�e�m�q�Z�_�\�� �\�u�g�m�`�^�_�g�u�� �\�u�i�h�e�g�y�l�v��
�W�J�E�L�� �©�i�h�� �l�j�_�[�h�\�Z�g�b�x�ª�� �\�k�e�_�^�k�l�\�b�_�� �j�Z�a�e�b�q�g�u�o��
�\�g�m�l�j�b�[�j�x�r�g�u�o�� �h�k�e�h�`�g�_�g�b�c�� �>������ ���@���� �W�J�E�L�� �d�Z�d�� �h�l��
�\�_�l�g�Z�y���f�_�j�Z���w�n�n�_�d�l�b�\�g�Z���\�����������������k�e�m�q�Z�_�\�����h�^�g�Z��
�d�h�� �l�_�q�_�g�b�_�� �i�h�k�e�_�h�i�_�j�Z�p�b�h�g�g�h�]�h�� �i�_�j�b�h�^�Z�� �\�� �����±
65 ���� �k�e�m�q�Z�_�\�� �h�k�e�h�`�g�y�_�l�k�y�� �=�<�J�H�� �>������ ���@���� �W�l�h�l�� �g�_��
�`�_�e�Z�l�_�e�v�g�h �\�u�k�h�d�b�c�� �i�j�h�p�_�g�l�� �=�<�J�H �h�[�m�k�e�h�\�e�_�g��
�l�_�f�����q�l�h���W�J�E�L���i�m�l�_�f���k�g�y�l�b�y���r�\�h�\���\ 85�±�����������k�e�m��
�q�Z�_�\�� �\�u�i�h�e�g�y�_�l�k�y�� �g�Z�� ���±7-�_�� �k�m�l�d�b�� �i�h�k�e�_�� �i�_�j�\�b�q��
�g�h�c���h�i�_�j�Z�p�b�b���>���@�����l�����_�����\��I �n�Z�a�m���a�Z�`�b�\�e�_�g�b�y���j�Z�g�u����
�<�� �w�l�h�c�� �n�Z�a�_�� �y�j�d�h�� �\�u�j�Z�`�_�g�u�� �i�j�h�p�_�k�k�u�� �\�h�k�i�Z�e�_��
�g�b�y�� �j�Z�g�Z�� �i�_�j�_�g�Z�k�u�s�_�g�Z�� �f�_�^�b�Z�l�h�j�Z�f�b�� �\�h�k�i�Z�e�_��
�g�b�y�� ���i�j�h�k�l�Z�]�e�Z�g�^�b�g�u���� �\�h�k�i�Z�e�b�l�_�e�v�g�u�_�� �p�b�l�h�d�b�g�u����
�o�_�f�h�d�b�g�u�������i�j�b�\�h�^�y�s�b�f�b���d���k�h�k�m�^�b�k�l�h�c���d�h�g�l�j�Z�d�p�b�b��
�b�� �i�h�\�u�r�_�g�b�x�� �i�j�h�g�b�p�Z�_�f�h�k�l�b�� �k�h�k�m�^�b�k�l�h�c�� �k�l�_�g�d�b����
�b�f�_�_�l�� �f�_�k�l�h�� �e�h�d�Z�e�v�g�u�c���Z�p�b�^�h�a���� �m�k�b�e�_�g�b�_���i�j�h�p�_�k��
�k�h�\�� �d�Z�l�Z�[�h�e�b�a�f�Z���� �f�b�]�j�Z�p�b�b�� �\�� �j�Z�g�m�� �e�_�c�d�h�p�b�l�h�\����
�Z �b�r�_�f�b�y�� �j�Z�g�u�� �m�k�b�e�_�g�Z�� �a�Z�� �k�q�_�l�� �k�^�Z�\�e�b�\�Z�x�s�_�]�h��
�w�n�n�_�d�l�Z�� �r�\�h�\�� �>���@���� �W�l�b�� �k�h�k�l�Z�\�e�y�x�s�b�_��I �n�Z�a�u�� �a�Z��
�`�b�\�e�_�g�b�y�� �j�Z�g�� �h�s�m�l�b�f�h�� �i�h�\�u�r�Z�x�l�� �j�b�k�d�� �_�_���b�g�n�b��
�p�b�j�h�\�Z�g�b�y���b���m�k�e�h�`�g�y�x�l���a�Z�^�Z�q�b���e�_�q�_�g�b�y��  

�<�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �o�b�j�m�j�]�b�� �g�_�� �\�u�^�_�e�y�x�l��
�h�l�^�_�e�v�g�h���i�j�h�[�e�_�f�u�� �k �=�<�J�H�� �m�� �i�Z�p�b�_�g�l�h�\���� �i�_�j�_��
�g�_�k�r�b�o���W�J�E�L���©�i�h���l�j�_�[�h�\�Z�g�b�x�ª�����<�k�e�_�^�k�l�\�b�_���q�_��
�]�h�� �i�h�y�\�b�e�Z�k�v�� �g�_�h�[�o�h�^�b�f�h�k�l�v�� �j�Z�a�j�Z�[�h�l�d�b�� �[�h�e�_�_��
�w�n�n�_�d�l�b�\�g�u�o�� �k�i�h�k�h�[�h�\���f�_�l�h�^�h�\���� �i�j�b�f�_�g�b�f�u�o��
�^�e�y���f�_�k�l�g�h�]�h���e�_�q�_�g�b�y���=�<�J�H�� 

 
�P�?�E�V���J�:�;�H�L�U 

�M�e�m�q�r�b�l�v�� �j�_�a�m�e�v�l�Z�l�u�� �e�_�q�_�g�b�y�� �[�h�e�v�g�u�o��
�G�:�O�I���� �i�_�j�_�g�_�k�r�b�o�� �W�J�E�L�� �©�i�h�� �l�j�_�[�h�\�Z�g�b�x�ª�� �i�m��

�l�_�f�� �i�j�b�f�_�g�_�g�b�y�� �m�k�h�\�_�j�r�_�g�k�l�\�h�\�Z�g�g�u�o�� �k�i�h�k�h��
�[�h�\���e�_�q�_�g�b�y���=�<�J�H���� 

 
�F�?�L�H�>�B�D�:���B�K�K�E�?�>�H�<�:�G�B�Y 

�<�� �b�k�k�e�_�^�h�\�Z�g�b�_�� �[�u�e�h�� �\�d�e�x�q�_�g�h�� �������� �i�Z�p�b��
�_�g�l�h�\���� �D�e�b�g�b�q�_�k�d�b�f�� �f�Z�l�_�j�b�Z�e�h�f�� �^�e�y�� �j�_�l�j�h��
�k�i�_�d�l�b�\�g�h�]�h�������������±�����������]�]���������]�j�m�i�i�Z���k�j�Z�\�g�_�g�b�y���± 
������ �i�Z�p�b�_�g�l�h�\���� �b�� �i�j�h�k�i�_�d�l�b�\�g�h�]�h�� �����������±���������� �]�]������
�b�k�k�e�_�^�h�\�Z�g�b�c�� ���h�k�g�h�\�g�Z�y�� �]�j�m�i�i�Z���± �������� �i�h�k�e�m�`�b��
�e�b�� �[�h�e�v�g�u�_�� �k�� �j�Z�a�e�b�q�g�h�c�� �G�:�O�I�� �b�� �\�u�i�h�e�g�_�g�g�u��
�f�b�� �W�J�E�L�� �©�i�h�� �l�j�_�[�h�\�Z�g�b�x�ª���� �g�Z�o�h�^�b�\�r�b�o�k�y�� �g�Z��
�e�_�q�_�g�b�b�� �\�� �o�b�j�m�j�]�b�q�_�k�d�b�o�� �h�l�^�_�e�_�g�b�y�o�� �=�M�A�� �©�D�;��
�‹�� ���ª���� �=�M�A�� �©�D�;�� �‹�� �����ª�� �b�� �=�M�A�� �©�=�D�;�� �K�F�I�� �‹�� �����ª��
�]�� �<�h�e�]�h�]�j�Z�^�Z���� 

�=�j�m�i�i�u�� �[�u�e�b�� �h�^�g�h�j�h�^�g�u�� �i�h�� �G�:�O�I�� ���h�k�g�h�\��
�g�Z�y���]�j�m�i�i�Z�������]�j�m�i�i�Z���k�j�Z�\�g�_�g�b�y���� �h�k�l�j�u�c���^�_�k�l�j�m�d��
�l�b�\�g�u�c�� �Z�i�i�_�g�^�b�p�b�l���± 5 (11,9 %) / 9 (10,3 %), 
�h�k�l�j�u�c�� �^�_�k�l�j�m�d�l�b�\�g�u�c�� �o�h�e�_�p�b�k�l�b�l���± 4 (9,5 %) / 
���������������������������i�_�j�n�h�j�Z�p�b�y���y�a�\�u������-�i�_�j�k�l�g�h�c���d�b�r��
�d�b���b���`�_�e�m�^�d�Z���± �����������������������������������������������������i�Z�g�d�j�_�Z��
�l�h�]�_�g�g�u�_�� �]�g�h�c�g�h-�g�_�d�j�h�l�b�q�_�k�d�b�_ �h�k�e�h�`�g�_�g�b�y���± 
������ ������������ ������ ���� ������ ������������ �������� �i�_�j�n�h�j�Z�p�b�y�� �^�b�\�_�j�l�b��
�d�m�e�Z�� �l�h�e�k�l�h�c�� �d�b�r�d�b���± ���� ���������� ������ ���� ���� ���������� �������� �i�_�j��
�n�h�j�Z�p�b�y���j�Z�k�i�Z�^�Z�x�s�_�c�k�y���h�i�m�o�h�e�b���l�h�e�k�l�h�c���d�b�r��
�d�b���± ���� ���������� ������ ���� ���� ������������ �������� �h�k�l�j�Z�y�� �k�h�k�m�^�b�k�l�Z�y��
�[�h�e�_�a�g�v�� �d�b�r�_�q�g�b�d�Z���± 5 (11,9 %) / 9 (10,3 %), 
�h�k�l�j�Z�y���d�b�r�_�q�g�Z�y���g�_�i�j�h�o�h�^�b�f�h�k�l�v���± 7 (16,7 %) / 
14 (16,1 %) (p �!�����������������I�j�b���i�j�h�\�_�^�_�g�b�b���b�k�k�e�_�^�h��
�\�Z�g�b�c�� �j�m�d�h�\�h�^�k�l�\�h�\�Z�e�b�k�v�� �i�h�e�h�`�b�l�_�e�v�g�u�f�� �a�Z��
�d�e�x�q�_�g�b�_�f�� �E�h�d�Z�e�v�g�h�]�h�� �W�l�b�q�_�k�d�h�]�h�� �D�h�f�b�l�_�l�Z����
�k�i�j�Z�\�d�Z �‹������������������ -�>�B�� 

�I�h�d�Z�a�Z�g�b�y�� �d�� �W�J�E�L�� �©�i�h�� �l�j�_�[�h�\�Z�g�b�x�ª�� �i�j�_�^��
�k�l�Z�\�e�_�g�u���\���l�Z�[�e�b�p�_���� 
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�I�h�d�Z�a�Z�g�b�y���d���\�u�i�h�e�g�_�g�b�x���W�J�E�L���©�i�h���l�j�_�[�h�\�Z�g�b�x�ª���m���i�Z�p�b�_�g�l�h�\���k���G�:�O�I�� 

�I�h�d�Z�a�Z�g�b�y���d���W�J�E�L�� 
�©�i�h���l�j�_�[�h�\�Z�g�b�x�ª 

�H�k�g�h�\�g�Z�y���]�j�m�i�i�Z 
(n = 42) 

�=�j�m�i�i�Z���k�j�Z�\�g�_�g�b�y 
(n = 87) �H�R�����H�J�����>�B�����j 

�Z�[�k % �Z�[�k % 

�I�j�h�]�j�_�k�k�b�j�m�x�s�b�c�� 
�i�_�j�b�l�h�g�b�l 

5 11,9 9 10,3 
�H�R��� ���������������������������>�B�������������±3,740); p = 0,770 
�H�J��� ���������������������������>�B�������������±3,526) 

�:�[�k�p�_�k�k�� 
�[�j�x�r�g�h�c���i�h�e�h�k�l�b 

14 33,3 27 31,0 
�H�R��� ���������������������������>�B�������������±2,439); p = 0,841 
�H�J��� ���������������������������>�B�������������±1,868) 

�G�_�k�h�k�l�h�y�l�_�e�v�g�h�k�l�v���f�_�`��
�d�b�r�_�q�g�h�]�h���Z�g�Z�k�l�h�f�h�a�Z 

4 9,5 9 10,3 
�H�R��� ���������������������������>�B�������������±3,152); p = 1,000 
�H�J��� ���������������������������>�B�������������±3,069) 

�@�_�e�q�g�u�c���i�_�j�b�l�h�g�b�l 4 9,5 8 9,2 
�H�R��� ���������������������������>�B�������������±3,668); p = 1,000 
�H�J��� ���������������������������>�B�������������±3,577) 

�I�Z�g�d�j�_�Z�l�h�]�_�g�g�u�_�� 
�]�g�h�c�g�h-�g�_�d�j�h�l�b�q�_�k�d�b�_��
�h�k�e�h�`�g�_�g�b�y 

6 14,3 13 14,9 
�H�R��� ���������������������������>�B�������������±2,701); p = 1,000 
�H�J��� ���������������������������>�B�������������±2,488) 

�J�Z�g�g�y�y���k�i�Z�_�q�g�Z�y���d�b�r�_�q��
�g�Z�y���g�_�i�j�h�o�h�^�b�f�h�k�l�v 

4 9,5 9 10,3 
�H�R��� ���������������������������>�B�������������±3,152); p = 1,000 
�H�J��� ���������������������������>�B�������������±3,069) 

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

3 7,1 7 8,0 
�H�R��� ���������������������������>�B�������������±3,585); p = 1,000 
�H�J��� ���������������������������>�B�������������±3,610) 

�G�_�d�j�h�a���d�h�e�h�k�l�h�f�u 2 4,8 5 5,7 
�H�R��� ���������������������������>�B�������������±4,412); p = 1,000 
�H�J��� ���������������������������>�B�������������±4,615) 

�I�j�b�f�_�q�Z�g�b�_: �H�R���± �h�l�g�h�r�_�g�b�_���r�Z�g�k�h�\���� �H�J���± �h�l�g�h�k�b�l�_�e�v�g�u�c�� �j�b�k�d���� �>�B���± �^�h�\�_�j�b�l�_�e�v�g�u�c�� �b�g�l�_�j�\�Z�e���� �j���± 
�m�j�h�\�_�g�v���k�l�Z�l�b�k�l�b�q�_�k�d�h�c���a�g�Z�q�b�f�h�k�l�b. 

 
�<���h�[�_�b�o���b�k�k�e�_�^�m�_�f�u�o���]�j�m�i�i�Z�o���W�J�E�L���©�i�h �l�j �_��

�[�h�\�Z�g�b�x�ª�� �\�u�i�h�e�g�y�e�Z�k�v�� �g�Z�� ���±7-�_�� �k�m�l�d�b�� �i�h�k�e�_��
�i�_�j�\�b�q�g�h�c���h�i�_�j�Z�p�b�b���� 

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

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

�I�e�h�s�Z�^�v�� �]�j�Z�g�m�e�y�p�b�c�� �h�i�j�_�^�_�e�y�e�b �i�h�� �k�i�h��
�k�h�[�m���-�����,�����.�X�Q�G�L�Q���>���@���\���g�Z�r�_�c���f�h�^�b�n�b�d�Z�p�b�b���� 

�;�Z�d�l�_�j�b�h�e�h�]�b�q�_�k�d�h�_�� �b�k�k�e�_�^�h�\�Z�g�b�_�� �\�� �g�Z�]�g�h��
�b�\�r�b�o�k�y�� �j�Z�g�Z�o�� �i�j�h�\�h�^�b�e�b�� �\�� �©�<�>�P�� �F�_�^�b�p�b�g�k�d�b�c��
�p�_�g�l�j�ª�����H�H�H���©�<�h�e�]�h-�E�Z�[�ª���]�����<�h�e�]�h�]�j�Z�^�Z��  

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

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

�<�k�_�� �d�h�e�b�q�_�k�l�\�_�g�g�u�_���� �d�Z�l�_�]�h�j�b�Z�e�v�g�u�_�� �b���g�h��
�f�b�g�Z�e�v�g�u�_�� �i�_�j�_�f�_�g�g�u�_�� �j�_�h�i�_�j�b�j�h�\�Z�g�g�u�o�� �i�Z��
�p�b�_�g�l�h�\�� �[�u�e�b�� �i�_�j�_�g�_�k�_�g�u�� �\�� �l�Z�[�e�b�p�m��Microsoft 
Excel ������������ �b�� �i�j�b�� �i�h�f�h�s�b�� �i�j�h�]�j�Z�f�f�u�� �,�%�0�� �6�3�6�6��
Statistics ���������� ���,�%�0�� �&�R�U�S�R�U�D�W�L�R�Q���� �8�6�$���� �i�j�h�\�_�^�_�g��
�k�l�Z�l�b�k�l�b�q�_�k�d�b�c�� �Z�g�Z�e�b�a���i�h�e�m�q�_�g�g�u�o���j�_�a�m�e�v�l�Z�l�h�\����
�I�j�h�\�_�j�d�Z���g�Z���k�h�h�l�\�_�l�k�l�\�b�_���\�u�[�h�j�h�d���g�h�j�f�Z�e�v�g�h�f�m��
�a�Z�d�h�g�m���j�Z�k�i�j�_�^�_�e�_�g�b�y���i�j�h�\�h�^�b�e�Z�k�v��W-�d�j�b�l�_�j�b�_�f 
�R�Z�i�b�j�h �± �M�b�e�d�Z�� ��Shapiro �± �:�L�O�N�¶�V W test������ �I�j�b��
�g�h�j�f�Z�e�v�g�h�f�� �j�Z�k�i�j�_�^�_�e�_�g�b�b�� �g�_�i�j�_�j�u�\�g�u�o�� �d�h��
�e�b�q�_�k�l�\�_�g�g�u�o�� �i�j�b�a�g�Z�d�h�\�� �i�j�h�\�h�^�b�e�k�y�� �j�Z�k�q�_�l��
�k�j�_�^�g�b�o�� �Z�j�b�n�f�_�l�b�q�_�k�d�b�o�� �\�_�e�b�q�b�g�� ��M���� �b�� �k�l�Z�g��
�^�Z�j�l�g�u�o�� �h�l�d�e�h�g�_�g�b�c�� ��SD������ �\�� �w�l�h�f�� �k�e�m�q�Z�_�� �^�e�y��
�k�j�Z�\�g�_�g�b�y�� �^�\�m�o�� �g�_�a�Z�\�b�k�b�f�u�o�� �\�u�[�h�j�h�d�� �b�k�i�h�e�v��
�a�h�\�Z�e�b�� �^�\�m�o�\�u�[�h�j�h�q�g�u�c�� �g�_�i�Z�j�g�u�c��t-�d�j�b�l�_�j�b�c��
�K�l�v�x�^�_�g�l�Z���� �J�Z�a�e�b�q�b�y�� �\�� �i�h�d�Z�a�Z�l�_�e�y�o�� �k�q�b�l�Z�e�b��
�k�l�Z�l�b�k�l�b�q�_�k�d�b���a�g�Z�q�b�f�u�f�b���i�j�b��p < 0,05.  

�<�� �d�Z�q�_�k�l�\�_�� �d�h�e�b�q�_�k�l�\�_�g�g�h�c�� �f�_�j�u�� �w�n�n�_�d�l�Z��
�i�j�b�� �k�j�Z�\�g�_�g�b�b�� �h�l�g�h�k�b�l�_�e�v�g�u�o�� �i�h�d�Z�a�Z�l�_�e�_�c���b�k��
�i�h�e�v�a�h�\�Z�e�b���i�h�d�Z�a�Z�l�_�e�b���h�l�g�h�r�_�g�b�y���r�Z�g�k�h�\�����H�R�� 
�b�� �h�l�g�h�k�b�l�_�e�v�g�h�]�h�� �j�b�k�d�Z�� ���H�J������ �m�q�b�l�u�\�Z�y�� �d�h�f�[�b��
�g�b�j�h�\�Z�g�g�u�c�� �o�Z�j�Z�d�l�_�j�� �b�k�k�e�_�^�h�\�Z�g�b�y���� �k�� �j�Z�k�q�_��
�l�h�f�� �]�j�Z�g�b�p�� ������ ���� �^�h�\�_�j�b�l�_�e�v�g�h�]�h�� �b�g�l�_�j�\�Z�e�Z��
(95 ���� �>�B������ �A�g�Z�q�b�f�h�k�l�v�� �\�a�Z�b�f�h�k�\�y�a�b�� �b�k�o�h�^�Z�� �b��
�n�Z�d�l�h�j�Z�� �k�q�b�l�Z�e�Z�k�v�� �^�h�d�Z�a�Z�g�g�h�c�� �\�� �k�e�m�q�Z�_�� �g�Z�o�h�`��
�^�_�g�b�y�� �^�h�\�_�j�b�l�_�e�v�g�h�]�h�� �b�g�l�_�j�\�Z�e�Z�� �a�Z�� �i�j�_�^�_�e�Z�f�b��
�]�j�Z�g�b�p�u���h�l�k�m�l�k�l�\�b�y���w�n�n�_�d�l�Z�����i�j�b�g�b�f�Z�_�f�h�c���a�Z������ 
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�J�?�A�M�E�V�L�:�L�U���B�K�K�E�?�>�H�<�:�G�B�Y�� 
�B���B�O���H�;�K�M�@�>�?�G�B�? 

�J�_�l�j�h�k�i�_�d�l�b�\�g�u�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �G�Z�� ���±
6-�_���k�m�l�d�b���i�h�k�e�_���W�J�E�L���\ �]�j�m�i�i�_���k�j�Z�\�g�_�g�b�y���=�<�J�H��
�j�Z�a�\�b�e�b�k�v���m�����������������������± �����������������i�Z�p�b�_�g�l�h�\��  

�<�� �g�Z�]�g�h�b�\�r�b�o�k�y�� �j�Z�g�Z�o�� �i�Z�l�h�[�b�h�f�u�� �[�u�e�b��
�i�j�_�^�k�l�Z�\�e�_�g�u �f�h�g�h�d�m�e�v�l�m�j�h�c�� �b�a �w�g�l�_�j�h�[�Z�d�l�_�j�b�c��
(Escherichia coli, Enterococcus faecalis���� �\�� ���� ���������� ������
�k�e�m�q�Z�y�o�� �b��Staphylococcus aureus �\�� ���� ������������ ������ 
�f�b�d�k�l�h�f�� �b�a�� �w�g�l�_�j�h�[�Z�d�l�_�j�b�c�� �b��Staphylococcus 
aureus �\�� ������ ������������ ������ �b�� �\�� ������ ������������ ������ �k�e�m�q�Z�y�o��
�f�b�d�k�l�h�f�� �b�a�� �w�g�l�_�j�h�[�Z�d�l�_�j�b�c�� �b��Staphylococcus 
aureus �k���d�e�b�g�b�q�_�k�d�b�f�b�� �i�j�b�a�g�Z�d�Z�f�b�� �i�j�b�k�m�l�k�l�\�b�y��
�:�G�B�����K�l�_�i�_�g�v���f�b�d�j�h�[�g�h�c���h�[�k�_�f�_�g�_�g�g�h�k�l�b���\���j�Z��
�g�Z�o�� �[�u�e�Z�� �•����5 �D�H�?���f�e���� �<�� �i�j�h�p�_�k�k�_�� �e�_�q�_�g�b�y��
�]�g�h�c�g�u�o�� �j�Z�g�� �g�Z�� ���±7-�_�� �k�m�l�d�b�� �i�h�k�_�\�u�� �i�h�d�Z�a�Z�e�b��
�\ 6 �������������������k�e�m�q�Z�y�o���g�Z�e�b�q�b�_���\���j�Z�a�e�b�q�g�u�o���f�b�d�k��
�l�Z�o��Staphylococcus epidermidis 105 �D�H�?���f�e���� �f�h�g�h��
�d�m�e�v�l�m�j�u����Pseudomonas aerugenosa �\�� ���� �������� %) 
�k�e�m�q�Z�y�o�� Acinetobacter �k�D�O�F�R�D�F�H�W�L�F�X�V �\�� ���� ���������� ���� 
�b �\ 4 (12,5 %) �.�O�H�E�V�L�H�O�O�D���S�Q�H�X�P�R�Q�L�D�_�����I�h�k�e�_���W�J�E�L 
�©�i�h�� �l�j�_�[�h�\�Z�g�b�x�ª�� �g�Z�b�[�h�e�_�_�� �\�u�k�h�d�m�x�� �q�m�\�k�l�\�b��
�l�_�e�v�g�h�k�l�v�� �f�b�d�j�h�n�e�h�j�Z�� �\�� �g�Z�]�g�h�b�\�r�b�o�k�y�� �j�Z�g�Z�o��
�b�f�_�e�Z���d���d�Z�j�[�Z�i�_�g�_�f�Z�f���b���]�e�b�d�h�i�_�i�l�b�^�Z�f�� 

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

�H�k�e�h�`�g�_�g�b�y�����n�e�_�]�f�h�g�Z�����w�\�_�g�l�j�Z�p�b�b�����k�h���k�l�h��
�j�h�g�u�� �g�Z�]�g�h�b�\�r�b�o�k�y�� �j�Z�g�� �\�k�l�j�_�l�b�e�h�k�v�� �\�� ���� ���������� ������
�k�e�m�q�Z�y�o���� �d�h�l�h�j�u�_�� �k�h�i�j�h�\�h�`�^�Z�e�b�� �e�_�l�Z�e�v�g�h�k�l�v��
�\ �����������������b�a�������������<�l�h�j�b�q�g�u�_���r�\�u���m�����������������������i�Z��
�p�b�_�g�l�h�\�� �[�u�e�b�� �g�Z�e�h�`�_�g�u�� �g�Z�� �������� �“�� ������ �k�m�l�d�b���� �>�e�b��
�l�_�e�v�g�h�k�l�v�� �]�h�k�i�b�l�Z�e�b�a�Z�p�b�b�� �m�� �[�h�e�v�g�u�o�� �k�� �=�<�J�H�� �k�h��
�k�l�Z�\�b�e�Z�����������“���������^�g�y�����e�_�l�Z�e�v�g�h�k�l�v �± �������������“�������������� 
���������b�a���������� 

�I�j�h�k�i�_�d�l�b�\�g�u�_���b�k�k�e�_�^�h�\�Z�g�b�y�� �M�����������������������± 
�����������������[�h�e�v�g�u�o���b�a���h�k�g�h�\�g�h�c���]�j�m�i�i�u�� �l�Z�d�`�_���g�Z�����±
6-�_�� �k�m�l�d�b�� �i�h�k�e�_���W�J�E�L�� �©�i�h�� �l�j�_�[�h�\�Z�g�b�x�ª�� �j�Z�g�u��
�g�Z�]�g�h�b�e�b�k�v���g�Z���\�k�_�f���i�j�h�l�y�`�_�g�b�b���� 

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

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

�j�b�c���\�������������������������k�e�m�q�Z�_���b��Staphylococcus aureus 
�\���������������������������f�b�d�k�l�u���b�a���w�g�l�_�j�h�[�Z�d�l�_�j�b�c���b��Staph-
ylococcus aureus �\�������������������������k�h���k�l�_�i�_�g�v�x���h�[�k�_��
�f�_�g�_�g�g�h�k�l�b���•����5 �D�H�?���f�e�����I�h�k�e�_���W�J�E�L���[�h�e�v�g�u�o��
�k�j�Z�a�m�� �i�_�j�_�\�h�^�b�e�b�� �g�Z�� �e�_�q�_�g�b�_�� �Z�g�l�b�[�b�h�l�b�d�Z�f�b��
�b�a �]�j�m�i�i���d�Z�j�[�Z�i�_�g�_�f�h�\���b�e�b���]�e�b�d�h�i�_�i�l�b�^�h�\�� 

�E�_�q�_�g�b�_�� �g�Z�q�b�g�Z�e�b�� �k�� �h�[�b�e�v�g�h�]�h�� �i�j�h�f�u�\�Z��
�g�b�y���j�Z�g�u������-�f���j�Z�k�l�\�h�j�h�f���i�h�\�b�^�h�g-�c�h�^�Z�����a�Z�l�_�f��
�g�Z�� �^�g�h�� �j�Z�g�u�� �m�d�e�Z�^�u�\�Z�e�b�� �^�j�_�g�Z�`�g�m�x�� �i�_�j�n�h�j�b��
�j�h�\�Z�g�g�m�x�� �i�h�e�b�o�e�h�j�\�b�g�b�e�h�\�m�x�� �l�j�m�[�d�m�� �k�� �\�g�m�l��
�j�_�g�g�b�f�� �^�b�Z�f�_�l�j�h�f�� ������Fr���� �q�l�h�[�u�� �_�_���i�_�j�n�h�j�b�j�h��
�\�Z�g�g�u�_���h�l�\�_�j�k�l�b�y���g�_���\�u�o�h�^�b�e�b���a�Z���i�j�_�^�_�e�u���j�Z�g�u����
�D�h�`�m�� �m�r�b�\�Z�e�b�� ���±���� �r�\�Z�f�b�� �k�� �j�Z�k�k�l�h�y�g�b�_�f�� �f�_�`�^�m��
�g�b�f�b�������k�f�����F�_�`�^�m���r�\�Z�f�b���\�����±�����f�_�k�l�Z�o���i�j�h�\�h�^�b�e�b��
�j�_�a�b�g�h�\�u�_�� �i�_�j�q�Z�l�h�q�g�u�_�� �\�u�i�m�k�d�g�b�d�b�� �G�b�`�g�b�c�� �d�h��
�g�_�p �l�j�m�[�d�b�� ���g�Z�i�j�Z�\�e�_�g�g�u�c�� �\�� �k�l�h�j�h�g�m�� �e�h�[�d�Z���� �i�_��
�j�_�`�b�f�Z�e�b�� �a�Z�`�b�f�h�f���� �Z�� �i�h�� �l�j�m�[�d�_�� �k�l�j�m�_�c�� ���]�b�^�j�Z�\��
�e�b�q�_�k�d�Z�y�� �d�h�f�i�j�_�k�k�b�y�����i�j�b�� �i�h�f�h�s�b�������� �f�e���r�i�j�b�p�Z��
�i�h�^�Z�\�Z�e�b���\�� �j�Z�g�m���p�_�n�l�j�b�Z�d�k�h�g�����������]�� �g�Z���������f�e �n�b��
�a�b�h�e�h�]�b�q�_�k�d�h�]�h�� �j�Z�k�l�\�h�j�Z���� �^�h�[�b�\�Z�y�k�v�� �_�]�h�� �\�u�o�h�^�Z��
�\���i�j�h�f�_�`�m�l�d�b���f�_�`�^�m���d�h�`�g�u�f�b���r�\�Z�f�b�����Q�_�j�_�a�������q�Z��
�k�Z�� �i�h�k�e�_�� �\�\�_�^�_�g�b�y�� �Z�g�l�b�[�b�h�l�b�d�Z���� �l�Z�d�`�_�� ���� �j�Z�a�Z��
�\ �k�m�l�d�b�����r�i�j�b�p�_�f���k�l�j�m�_�c���\�\�h�^�b�e�b���^�h�����������f�e������-�]�h 
�j�Z�k�l�\�h�j�Z�� �i�h�\�b�^�h�g-�c�h�^�Z���� �^�h�[�b�\�Z�y�k�v�� �i�h�k�l�m�i�e�_�g�b�y��
�_�]�h���\���i�j�h�f�_�`�m�l�d�Z�o���f�_�`�^�m���r�\�Z�f�b�����A�Z�l�_�f���k���g�b�`�g�_��
�]�h�� �d�h�g�p�Z�� �l�j�m�[�d�b�� �a�Z�`�b�f�� �k�g�b�f�Z�e�b�� �b�� �i�j�h�\�h�^�b�e�b��
�i�j�h�l�h�q�g�m�x�� �b�j�j�b�]�Z�p�b�x�� �j�Z�g�u �������� �f�e�� ���� -�]�h �j�Z�k��
�l�\�h�j�Z�� �i�h�\�b�^�h�g-�c�h�^�Z�� �i�j�b�� �i�h�f�h�s�b�� �k�b�k�l�_�f�u�� �^�e�y��
�\�g�m�l�j�b�\�_�g�g�h�]�h�� �\�\�_�^�_�g�b�y�� �e�_�d�Z�j�k�l�\�_�g�g�u�o�� �i�j�_�i�Z��
�j�Z�l�h�\���k�h �k�d�h�j�h�k�l�v�x�������±�������d�Z�i�_�e�v���\���f�b�g�m�l�m�����?�`�_��
�^�g�_�\�g�h�� �i�_�j�_�^�� �\�\�_�^�_�g�b�_�f�� �\ �j�Z�g�m�� �Z�g�l�b�[�b�h�l�b�d�Z��
�f�_�g�y�e�b�� �j�_�a�b�g�h�\�u�_�� �i�_�j�q�Z�l�h�q�g�u�_�� �\�u�i�m�k�d�g�b�d�b�� �g�Z��
�g�h�\�u�_�� �k �h�[�j�Z�[�h�l�d�h�c�� �o�h�^�h�\���k�m�o�b�f�b�� �f�Z�j�e�_�\�u�f�b��
�l�m�j�m�g�^�Z�f�b�� �^�e�y�� �f�Z�d�k�b�f�Z�e�v�g�h�]�h�� �f�_�o�Z�g�b�q�_�k�d�h�]�h��
�m�^�Z�e�_�g�b�y�� �]�g�h�c�g�h-�n�b�[�j�b�g�h�a�g�u�o�� �g�Z�e�h�`�_�g�b�c�� �k�h��
�k�l�_�g�h�d�� �j�Z�g�u���� �G�Z�� �g�h�q�v�� �i�h�� �l�j�m�[�d�_�� �\�\�h�^�b�e�b�� �\�� �j�Z�g�m��
������ �]�� �f�Z�a�b�� �©�H�n�e�h�f�_�e�b�^�ª���� �D�Z�`�^�u�c�� �j�Z�a�� �j�Z�g�m�� �i�h��
�d�j�u�\�Z�e�b�� �i�h�\�y�a�d�Z�f�b��Zetuvit�ŠPlus Silicone���� �h�[�_�k�i�_��
�q�b�\�Z�x�s�b�f�b���\���j�Z�g�_���\�u�k�h�d�m�x���Z�[�k�h�j�[�p�b�x���j�Z�g�_�\�h�]�h��
�h�l�^�_�e�y�_�f�h�]�h���� 

�A�Z�d�j�u�l�u�c�� �k�i�h�k�h�[�� �e�_�q�_�g�b�y�� �=�<�J�H�� �m�`�_�� �g�Z 
4-�_�� �k�m�l�d�b�� �m�� ���� �����������± ���������� ������ �[�h�e�v�g�u�o�� �i�j�b�\�h�^�b�e��
�d �m�f�_�g�v�r�_�g�b�x�� �h�[�j�Z�a�h�\�Z�g�b�y�� �w�d�k�k�m�^�Z�l�Z���� �i�h�\�y�a�d�b��
�i�j�h�f�h�d�Z�e�b���e�b�r�v���g�_�[�h�e�v�r�b�f�b�� �i�y�l�g�Z�f�b�����I�j�b�� �e�h��
�d�Z�e�v�g�h�f�� �j�Z�a�\�_�^�_�g�b�b�� �j�Z�g�u�� ���f�_�`�^�m�� �r�\�Z�f�b���� �_�_��
�k�l�_�g�d�b�� �h�q�b�k�l�b�e�b�k�v�� �h�l�� �]�g�h�c�g�h-�n�b�[�j�b�g�h�a�g�u�o��
�g�Z�e�h�`�_�g�b�c���� �i�h�y�\�b�e�b�k�v�� �]�j�Z�g�m�e�y�p�b�b���� �a�Z�g�b�f�Z�x��
�s�b�_�����������“�������������i�e�h�s�Z�^�b���k�l�_�g�h�d���j�Z�g�u�� �I�h�k�_�\�� �b�a��
�j�Z�g�u�� �i�h�d�Z�a�u�\�Z�e�� �_�_�� �h�[�k�_�f�_�g�_�g�b�_�� �f�h�g�h�d�m�e�v�l�m��
�j�h�c�� �b�a��Staphylococcus aureus 104 �D�H�?���f�e�� �>�j�_��
�g�Z�`�g�m�x���l�j�m�[�d�m�� �m�^�Z�e�y�e�b���b���^�Z�e�_�_���\�_�e�b���j�Z�g�m���l�j�Z��
�^�b�p�b�h�g�g�u�f�� �k�i�h�k�h�[�h�f���� �i�_�j�_�\�y�a�d�b�� ���� �j�Z�a�� �\�� �k�m�l�d�b����
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�h�[�j�Z�[�h�l�d�Z���d�h�`�b��������-�f���j�Z�k�l�\�h�j�h�f���i�h�\�b�^�h�g-�c�h�^�Z��
�b�� �f�Z�j�e�_�\�u�_�� �i�h�\�y�a�d�b���� �A�Z�`�b�\�e�_�g�b�_�� �j�Z�g�u�� ���i�e�h�l��
�g�h�_���k�e�b�i�Z�g�b�_���d�j�Z�_�\�����h�l�f�_�q�Z�e�h�k�v���g�Z�����±7-�_���k�m�l�d�b��
�h�l���g�Z�q�Z�e�Z���e�_�q�_�g�b�y���� 

�E�b�r�v�� �\�� ���� �k�e�m�q�Z�y�o�� �����������± ���������� ������ �]�g�h�c�g�u�c��
�i�j�h�p�_�k�k�� �\�� �j�Z�g�_�� �i�j�_�^�e�h�`�_�g�g�u�f�b�� �f�_�j�h�i�j�b�y�l�b�y�f�b��
�h�k�l�Z�g�h�\�b�l�v�� �g�_�� �m�^�Z�e�h�k�v���� �i�j�b�r�e�h�k�v�� �k�g�b�f�Z�l�v�� ���±
3 �r�\�Z�� �b�� �\�_�k�l�b�� �j�Z�g�m�� �h�l�d�j�u�l�u�f�� �k�i�h�k�h�[�h�f�� �k�� �i�h��
�k�e�_�^�m�x�s�b�f���g�Z�e�h�`�_�g�b�_�f���\�l�h�j�b�q�g�u�o���r�\�h�\���q�_�j�_�a 
(�����“���������k�m�l�h�d�����H�k�e�h�`�g�_�g�b�c���k�h���k�l�h�j�h�g�u���j�Z�g���g�_���[�u�e�h�� 

�M�������������������± �������������i�Z�p�b�_�g�l�h�\���w�d�k�k�m�^�Z�l���\���j�Z�g�_��
�b�f�_�e���[�m�j�u�c���p�\�_�l���k���j�_�a�d�b�f���g�_�i�j�b�y�l�g�u�f���a�Z�i�Z�o�h�f����
�g�Z�[�e�x�^�Z�e�k�y���h�l�_�d���k�l�_�g�h�d���j�Z�g�u���k���g�_�a�g�Z�q�b�l�_�e�v�g�u�f��
�e�_�]�d�h���m�^�Z�e�y�_�f�u�f���]�g�h�c�g�h-�n�b�[�j�b�g�h�a�g�u�f���g�Z�e�_�l�h�f����
�q�l�h�� �j�Z�k�p�_�g�_�g�h�� �d�Z�d�� �g�Z�e�b�q�b�_�� �:�G�B���� �J�_�a�m�e�v�l�Z�l�u��
�[�Z�d�l�_�j�b�Z�e�v�g�h�]�h���i�h�k�_�\�Z���i�h�d�Z�a�Z�e�b �f�b�d�k�l���b�a��Esche-
richia coli 105 �D�H�?���f�e�� �b��Staphylococcus aureus 
105 �D�H�?���f�e���� 

�E�_�q�_�g�b�_�� �i�j�b�� �:�G�B�� �h�l�e�b�q�Z�e�h�k�v�� �l�_�f���� �q�l�h�� �j�Z��
�g�m���i�h�k�e�_���j�Z�a�\�_�^�_�g�b�y���d�j�Z�_�\���h�[�b�e�v�g�h���i�j�h�f�u�\�Z�e�b��
3%-�f�� �j�Z�k�l�\�h�j�h�f�� �i�_�j�_�d�b�k�b�� �\�h�^�h�j�h�^�Z���� �>�Z�e�_�_��
�g�Z �^�g�h�� �j�Z�g�u�� �m�d�e�Z�^�u�\�Z�e�b�� �^�j�_�g�Z�`�g�m�x�� �l�j�m�[�d�m��
�k �\�g�m�l�j�_�g�g�b�f�� �^�b�Z�f�_�l�j�h�f�� ������Fr���� �d�h�`�m�� �m�r�b�\�Z�e�b��
�j�_�^�d�b�f�b�� �r�\�Z�f�b�� �k�� �i�j�h�\�_�^�_�g�b�_�f�� �f�_�`�^�m�� �r�\�Z�f�b��
�\ 3�±�����f�_�k�l�Z�o���j�_�a�b�g�h�\�u�o���i�_�j�q�Z�l�h�q�g�u�o���\�u�i�m�k�d�g�b��
�d�h�\���� �>�e�y�� �[�u�k�l�j�h�c�� �w�e�b�f�b�g�Z�p�b�b�� �Z�g�Z�w�j�h�[�g�h�c�� �g�_�d��
�e�h�k�l�j�b�^�b�Z�e�v�g�h�c�� �f�b�d�j�h�n�e�h�j�u�� �i�j�h�\�h�^�b�e�b�� �Z�w�j�Z��
�p�b�x�� �j�Z�g�u���d�b�k�e�h�j�h�^�h�f���� �I�_�j�_�`�b�f�Z�e�b���g�b�`�g�b�c�� �d�h��
�g�_�p�� �l�j�m�[�d�b���� �Z�� �\�� �\�_�j�o�g�b�c�� �d�h�g�_�p�� �i�j�b�� �i�h�f�h�s�b��
�Z�i�i�Z�j�Z�l�Z�� �;�h�[�j�h�\�Z�� �\�\�h�^�b�e�b�� ��������-�c�� �d�b�k�e�h�j�h�^��
�k�h �k�d�h�j�h�k�l�v�x�� ���� �e�b�l�j�Z�� �\�� �f�b�g�m�l�m���\�� �l�_�q�_�g�b�_�������� �f�b��
�g�m�l���� �d�h�l�h�j�u�c�� �\�u�o�h�^�b�e�� �f�_�`�^�m�� �j�_�^�d�b�f�b�� �r�\�Z�f�b�� �g�Z��
�d�h�`�_�� �i�h�� �o�h�^�m�� �i�_�j�q�Z�l�h�q�g�u�o�� �j�_�a�b�g�h�\�u�o�� �\�u�i�m�k�d�g�b��
�d�h�\���� �:�w�j�Z�p�b�x���j�Z�g�u���d�b�k�e�h�j�h�^�h�f���i�j�h�\�h�^�b�e�b�������j�Z��
�a�Z �\�� �k�m�l�d�b�� �k�� �b�g�l�_�j�\�Z�e�h�f�� ���� �q�Z�k�h�\���� �D�Z�`�^�u�c�� �j�Z�a��
�i�h�k�e�_���k�_�Z�g�k�Z���Z�w�j�Z�p�b�b���i�h���l�j�m�[�d�_���������f�e���r�i�j�b�p�_�f��
�k�l�j�m�_�c�� �i�h�^�Z�\�Z�e�b���\�� �j�Z�g�m�� �������� �f�]�� ���������� �f�e���� �f�_�l�j�h��
�g�b�^�Z�a�h�e�Z���� �^�h�[�b�\�Z�y�k�v�� �_�]�h�� �\�u�o�h�^�Z�� �\�� �i�j�h�f�_�`�m�l�d�b��
�f�_�`�^�m�� �d�h�`�g�u�f�b�� �r�\�Z�f�b���� �Q�_�j�_�a�� ���� �q�Z�k�Z�� �i�h�k�e�_��
�\�\�_�^�_�g�b�y�� �Z�g�l�b�[�b�h�l�b�d�Z�� ���� �j�Z�a�Z�� �\�� �k�m�l�d�b�� �r�i�j�b�p�_�f��
�k�l�j�m�_�c�� �\�\�h�^�b�e�b�� �^�h�� �������� �f�e 5%-�]�h �j�Z�k�l�\�h�j�Z�� �i�h��
�\�b�^�h�g-�c�h�^�Z�� �k�� �i�h�k�e�_�^�m�x�s�_�c�� �i�j�h�e�h�g�]�b�j�h�\�Z�g�g�h�c��
�i�j�h�l�h�q�g�h�c�� �b�j�j�b�]�Z�p�b�_�c�� �j�Z�g�u�� �������� �f�e�� ����-�]�h �j�Z�k��
�l�\�h�j�Z�� �i�h�\�b�^�h�g-�c�h�^�Z���� �?�`�_�^�g�_�\�g�h�� �i�_�j�_�^�� �i�_�j�\�u�f��
�k�_�Z�g�k�h�f�� �Z�w�j�Z�p�b�b�� �f�_�g�y�e�b�� �j�_�a�b�g�h�\�u�_�� �i�_�j�q�Z�l�h�q��
�g�u�_�� �\�u�i�m�k�d�g�b�d�b�� �g�Z�� �g�h�\�u�_�� �k�� �h�[�j�Z�[�h�l�d�h�c�� �o�h�^�h�\��
�k�m�o�b�f�b���f�Z�j�e�_�\�u�f�b���l�m�j�m�g�^�Z�f�b�����I�h�k�e�_�������k�_�Z�g�k�h�\��
�Z�w�j�Z�p�b�b���b���b�j�j�b�]�Z�p�b�b���j�Z�g�u���Z�g�l�b�[�b�h�l�b�d�Z�f�b���b���Z�g��
�l�b�k�_�i�l�b�d�h�f�� �g�Z�� �����q�Z�k�h�\�� �i�h�� �^�j�_�g�Z�`�g�h�c�� �l�j�m�[�d�_��

�\ �j�Z�g�m�� �\�\�h�^�b�e�b�� ������ �]�� �f�Z�a�b�� �©�H�n�e�h�f�_�e�b�^�ª�� �b�� �b�k��
�i�h�e�v�a�h�\�Z�e�b���i�h�\�y�a�d�b��Zetuvit�ŠPlus Silicone.  

�M�`�_�� �q�_�j�_�a�� �k�m�l�d�b�� �h�l�� �g�Z�q�Z�e�Z�� �e�_�q�_�g�b�y�� �m�� �\�k�_�o��
�[�h�e�v�g�u�o���h�l�k�m�l�k�l�\�h�\�Z�e���j�_�a�d�b�c���g�_�i�j�b�y�l�g�u�c���a�Z�i�Z�o��
�w�d�k�k�m�^�Z�l�Z�� �\�� �j�Z�g�Z�o���� �q�l�h�� �k�\�b�^�_�l�_�e�v�k�l�\�h�\�Z�e�h�� �h�[��
�m�k�l�j�Z�g�_�g�b�b�� �Z�g�Z�w�j�h�[�g�h�c�� �g�_�d�e�h�k�l�j�b�^�b�Z�e�v�g�h�c��
�f�b�d�j�h�n�e�h�j�u���� �G�Z�� ��-�_�� �k�m�l�d�b���± �w�d�k�k�m�^�Z�l�� �b�a�� �j�Z�g�u��
�\ �\�b�^�_�� �i�y�l�_�g�� �g�Z�� �i�h�\�y�a�d�_���� �i�j�b�� �j�Z�a�\�_�^�_�g�b�b�� �j�Z�g�u��
�f�_�`�^�m�� �r�\�Z�f�b�� �k�l�_�g�d�b�� �\�� �q�b�k�l�h�c�� �`�b�j�h�\�h�c�� �l�d�Z�g�b��
�k �h�k�l�j�h�\�d�Z�f�b���]�j�Z�g�m�e�y�p�b�c���g�Z�����������“�������������i�e�h�s�Z�^�b�� 
�I�h�k�_�\�� �i�h�d�Z�a�Z�e�� �g�Z�e�b�q�b�_��Staphylococcus aureus 
�\ �k�l�_�i�_�g�b���h�[�k�_�f�_�g�_�g�g�h�k�l�b�� ����4 �D�H�?���f�e���� �>�j�_��
�g�Z�`�g�m�x���l�j�m�[�d�m�� �m�^�Z�e�y�e�b���� �>�Z�e�_�_�� �i�_�j�_�\�y�a�d�b�� �� �j�Z�a��
�\�� �k�m�l�d�b���� �d�h�`�m�� �h�[�j�Z�[�Z�l�u�\�Z�e�b�� �i�h�\�b�^�h�g-�c�h�^�h�f�� �b��
�b�k�i�h�e�v�a�h�\�Z�e�b�� �f�Z�j�e�_�\�u�_�� �i�h�\�y�a�d�b���� �I�e�h�l�g�h�_�� �k�e�b��
�i�Z�g�b�_�� �d�j�Z�_�\�� �j�Z�g�u�� ���a�Z�`�b�\�e�_�g�b�_���� �h�l�f�_�q�Z�e�h�k�v�� �g�Z��
7�±8-�_���k�m�l�d�b���h�l���g�Z�q�Z�e�Z���e�_�q�_�g�b�y���� 

�H�k�e�h�`�g�_�g�b�c�� �k�h�� �k�l�h�j�h�g�u�� �j�Z�g�� �h�l�f�_�q�_�g�h�� �g�_��
�[�u�e�h���� 

�>�e�b�l�_�e�v�g�h�k�l�v�� �]�h�k�i�b�l�Z�e�b�a�Z�p�b�b�� �m�� �i�Z�p�b�_�g�l�h�\��
�k�� �=�<�J�H�� �k�h�k�l�Z�\�b�e�Z�� �������� �“�� ������ �k�m�l�h�d���� �e�_�l�Z�e�v�g�h�k�l�v 
�������������“�����������������������b�a������������ 

�I�j�_�^�e�h�`�_�g�g�u�_�� �k�i�h�k�h�[�u�� �e�_�q�_�g�b�y�� �=�<�J�H�� �m �i�Z��
�p�b�_�g�l�h�\�����i�_�j�_�g�_�k�r�b�o���W�J�E�L���©�i�h���l�j�_�[�h�\�Z�g�b�x�ª�����i�h�a��
�\�h�e�b�e�b�� �b�a�[�_�`�Z�l�v�� �h�k�e�h�`�g�_�g�b�c�� �k�h�� �k�l�h�j�h�g�u�� �j�Z�g�u 
(�j ���� ������������ �b�� �d�h�g�l�Z�f�b�g�Z�p�b�b�� �j�Z�g�� �\�g�m�l�j�b�[�h�e�v�g�b�q�g�h�c��
�b�g�n�_�d�p�b�_�c�����j < 0,05).  

�K�h�d�j�Z�s�_�g�h�� �\�j�_�f�y�� �\�h�a�f�h�`�g�h�k�l�b�� �g�Z�e�h�`�_�g�b�y��
�\�l�h�j�b�q�g�u�o���r�\�h�\���g�Z���������“������ �k�m�l�h�d�����j < 0,05).  

�>�e�b�l�_�e�v�g�h�k�l�v�� �]�h�k�i�b�l�Z�e�b�a�Z�p�b�b�� �m�� �[�h�e�v�g�u�o��
�k �=�<�J�H �h�k�g�h�\�g�h�c�� �]�j�m�i�i�u�� �[�u�e�Z�� �k�g�b�`�_�g�Z�� �^�h�� ��������
�“�� ������ �k�m�l�h�d�� ���j < ������������ �i�j�h�l�b�\�� �]�j�m�i�i�u�� �k�j�Z�\�g�_�g�b�y���� �Z��
�e�_�l�Z�e�v�g�h�k�l�v���g�Z�������������“�������������������j < 0,05). 

 
�A�:�D�E�X�Q�?�G�B�? 
�I�j�_�^�e�h�`�_�g�g�u�_�� �k�i�h�k�h�[�u�� �a�Z�d�j�u�l�h�]�h�� �e�_�q�_�g�b�y��

�=�<�J�H�� �i�h�k�e�_�� �W�J�E�L�� �©�i�h�� �l�j�_�[�h�\�Z�g�b�x�ª�� �k�� �i�j�b�f�_�g�_��
�g�b�_�f���b�j�j�b�]�Z�p�b�b���j�Z�g���Z�g�l�b�[�b�h�l�b�d�Z�f�b���b���Z�g�l�b�k�_�i�l�b��
�d�Z�f�b���� �Z�w�j�Z�p�b�b�� �j�Z�g�� �d�b�k�e�h�j�h�^�h�f�� �b�� �i�j�h�e�h�g�]�b�j�h��
�\�Z�g�g�h�c�� �b�j�j�b�]�Z�p�b�_�c�� �Z�g�l�b�k�_�i�l�b�d�Z�f�b�� �i�h�a�\�h�e�y�x�l��
�\ �[�h�e�_�_�� �j�Z�g�g�b�_�� �k�j�h�d�b�� �w�e�b�f�b�g�b�j�h�\�Z�l�v�� �Z�g�Z�w�j�h�[��
�g�m�x���g�_�d�e�h�k�l�j�b�^�b�Z�e�v�g�m�x���n�e�h�j�m�����a�Z�f�_�g�b�l�v���f�b�d�k��
�l�u�� �b�a�� �n�Z�d�m�e�v�l�Z�l�b�\�g�h-�Z�g�Z�w�j�h�[�g�u�o�� �[�Z�d�l�_�j�b�c�� �g�Z��
�f�h�g�h�d�m�e�v�l�m�j�m�� �b�� �b�a�[�_�`�Z�l�v�� �i�j�b�k�h�_�^�b�g�_�g�b�y�� �\�g�m�l��
�j�b�[�h�e�v�g�b�q�g�h�c�� �b�g�n�_�d�p�b�b���� �I�j�b�f�_�g�_�g�b�_�� �m�k�h�\�_�j��
�r�_�g�k�l�\�h�\�Z�g�g�u�o�� �k�i�h�k�h�[�h�\�� �e�_�q�_�g�b�y�� �=�<�J�H�� �i�h�a�\�h��
�e�y�_�l�� �b�a�[�_�`�Z�l�v�� �h�k�e�h�`�g�_�g�b�c�� �k�h�� �k�l�h�j�h�g�u�� �j�Z�g����
�m�f�_�g�v�r�b�l�v�� �q�b�k�e�h�� �^�g�_�c�� �]�h�k�i�b�l�Z�e�b�a�Z�p�b�b�� �b�� �k�g�b��
�a�b�l�v���e�_�l�Z�e�v�g�h�k�l�v���>���±10]. 
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�:�g�g�h�l�Z�p�b�y. �<�� �^�Z�g�g�h�c�� �j�Z�[�h�l�_�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y�� �k�l�_�i�_�g�v�� �p�_�g�l�j�Z�e�b�a�Z�p�b�b�� �m�i�j�Z�\�e�_�g�b�y�� �\�� �d�h�g�l�_�d�k�l�_�� �j�_�]�m�e�y�l�h�j�g�h�c��
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STUDYING THE INDICATOR OF THE DEGREE OF ACTIVITY OF REGULATO RY 
SYSTEMS IN UNIVERSITY STUDENTS (BASED ON THE EXAMPLE  
OF THE INDICATOR OF THE DEGREE OF CENTRALIZATION OF MANAGEME NT  
OF CENTRAL LEVELS OF  REGULATION)  

3.2.1. Hygiene 
 

Abstract . This paper examines the degree of centralization of management in the context of regulatory activity, which 
plays an important role in human life. The aim of the work is to identify patterns and changes in the distribution of activi-
ty indicators of regulatory systems, in particular, the degree of centralization of management between the studied 
groups. The method of variational heart rate monitoring, developed by the Institute of Biomedical Problems of the Russian 
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Academy of Medical Sciences, was used to assess the activity of regulatory systems. The study involved two groups: 
a control group and a group of humanities students, who were assigned based on gender and course of study. The total 
number of respondents was 235 students. The age indicators, taking into account the course of study, were: for 1st 
year �± (18.3 �“ 2.1) years; for the 3rd course �± (20.5  �“ 1.9) years; for the 6th year �± (23.8 �“ 2.2) years, respectively, 1, 2, 3 
age gradations. Data analysis showed that the most common indicators were a gradual and sharp decrease in regu-
latory activity, typical for 37.98 and 37.43 %, respectively. At the same time, a sharp decrease in regulatory activity is 
most pronounced in the group of 1st-year students. The distribution of participants by gender showed that men are 
most characterized by a moderate decrease in regulatory activity, while women experience a sharp decrease in this 
indicator, which occurs in 36.95 and 43.68 %, respectively. A comparison of the two groups of study participants 
showed that normal regulatory activity was 3.16 % more common in the control group than in the student group. The 
conducted research has shown that it is necessary to study and review approaches to managing and supporting stu-
dents in the learning process. 

Keywords:  degree of centralization of management, regulatory activity, students, risk factors, heart rate variability 
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�g�Z�j�m�r�_�g�b�c�� �^�_�y�l�_�e�v�g�h�k�l�b�� �n�m�g�d�p�b�h�g�Z�e�v�g�u�o�� �k�b��
�k�l�_�f���h�j�]�Z�g�b�a�f�Z��  

�H�l�\�_�l�� �g�Z�� �k�l�j�_�k�k�� �y�\�e�y�_�l�k�y�� �d�h�f�i�e�_�d�k�g�h�c�� �j�_��
�Z�d�p�b�_�c���k�h���k�l�h�j�h�g�u���g�_�j�\�g�h�c���k�b�k�l�_�f�u�����<�G�K�������d�h�l�h��
�j�Z�y�� �g�Z�i�j�y�f�m�x�� �b�]�j�Z�_�l�� �j�_�r�Z�x�s�m�x�� �j�h�e�v���� �b�� �b�f�_�g�g�h��
�h�l�� �k�h�k�l�h�y�g�b�y�� �^�Z�g�g�h�c�� �k�b�k�l�_�f�u�� �a�Z�\�b�k�b�l�� �b�� �m�k�i�_�r��
�g�h�k�l�v���h�[�m�q�_�g�b�y.  

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

�G�_�d�h�l�h�j�u�_�� �b�k�k�e�_�^�h�\�Z�l�_�e�b�� �i�h�e�Z�]�Z�x�l���� �q�l�h��
�w�l�h���k�\�y�a�Z�g�h���k���k�_�j�v�_�a�g�h�c���i�j�h�[�e�_�f�h�c�� �m�q�_�[�g�u�o���a�Z��
�\�_�^�_�g�b�c�� �\�h�� �\�k�_�f�� �f�b�j�_�� �>���@���� �:�g�Z�e�b�a�� �k�_�j�^�_�q�g�h�]�h��
�j�b�l�f�Z�� ���<�K�J���� �k�e�m�`�b�l�� �b�g�^�b�d�Z�l�h�j�h�f�� �d�j�h�\�h�h�[�j�Z�s�_��
�g�b�y�����]�_�f�h�k�l�Z�a�Z�����Z�d�l�b�\�g�h�k�l�b���k�_�j�^�_�q�g�h-�k�h�k�m�^�b�k�l�u�o��
�f �_�o�Z�g�b�a�f�h�\���� �I�_�j�_�g�Z�i�j�y�`�_�g�b�_�� �Z�^�Z�i�l�b�\�g�u�o�� �f�_��
�o�Z�g�b�a�f�h�\�� �y�\�e�y�_�l�k�y�� �^�\�b�`�m�s�_�c�� �k�b�e�h�c�� �f�g�h�]�b�o�� �n�b��
�a�b�q�_�k�d�b�o�� �i�Z�l�h�e�h�]�b�c�� �K�h�h�l�g�h�r�_�g�b�y�� �k�b�f�i�Z�l�b�q�_��
�k�d�h�]�h�� �b�� �i�Z�j�Z�k�b�f�i�Z�l�b�q�_�k�d�h�]�h�� �\�h�a�^�_�c�k�l�\�b�y�� �a�g�Z�q�b��
�l�_�e�v�g�h�� �j�Z�a�e�b�q�Z�x�l�k�y�� �g�Z�� �\�k�_�o�� �w�l�Z�i�Z�o�� �h�g�l�h�]�_�g�_�a�Z����
�<�Z�`�g�h�����q�l�h���g�Z���w�l�h�l���j�b�l�f���\�e�b�y�x�l���\�u�k�r�b�_���j�_�]�m�e�y��
�l�h�j�g�u�_���p�_�g�l�j�u���b���k�l�j�m�d�l�m�j�u���]�h�e�h�\�g�h�]�h���f�h�a�]�Z�����H�g�b��
�b�]�j�Z�x�l�� �\�Z�`�g�m�x�� �j�h�e�v�� �\�� �i�j�h�p�_�k�k�Z�o�� �m�i�j�Z�\�e�_�g�b�y��
�k�_�j�^�_�q�g�u�f�� �j�b�l�f�h�f���� �\�� �q�Z�k�l�g�h�k�l�b���� �\�� �i�_�j�b�h�^�� �\�g�m�l��
�j�b�m�l�j�h�[�g�h�]�h�� �j�Z�a�\�b�l�b�y�� �;�b�h�e�h�]�b�q�_�k�d�Z�y�� �n�m�g�d�p�b�y��
�\ �d�Z�`�^�h�f�� �i�_�j�b�h�^�_�� �h�l�j�Z�`�Z�_�l�� �Z�d�l�b�\�g�h�k�l�v�� �b�� �j�b�l�f��
�j�_�]�m�e�b�j�m�x�s�b�o���k�b�k�l�_�f�����W�l�h���h�l�d�j�u�\�Z�_�l���\�h�a�f�h�`�g�h��
�k�l�b�� �^�e�y�� �d�h�f�i�v�x�l�_�j�g�h�]�h�� �Z�g�Z�e�b�a�Z�� �b�� �i�h�a�\�h�e�y�_�l�� �i�h��
�e�m�q�b�l�v�� �h�[�t�_�d�l�b�\�g�u�_�� �^�Z�g�g�u�_�� �h�� �k�h�k�l�h�y�g�b�b�� �j�b�l�f�Z��
�k�_�j�^�p�Z�����k�h�k�l�h�y�g�b�c���g�_�j�\�g�h�c���k�b�k�l�_�f�u �>���@�����<���d�h�g�_�q��
�g�h�f���k�q�_�l�_�����i�h�^�h�[�g�Z�y���b�g�n�h�j�f�Z�p�b�y���i�h�f�h�]�Z�_�l���h�p�_��
�g�b�l�v���� �g�Z�k�d�h�e�v�d�h�� �w�n�n�_�d�l�b�\�g�u�� �f�_�o�Z�g�b�a�f�u�� �m�i�j�Z�\��
�e�_�g�b�y���Z�^�Z�i�l�Z�p�b�h�g�g�h�c���k�b�k�l�_�f�h�c���h�j�]�Z�g�b�a�f�Z��  
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�P�?�E�V���J�:�;�H�L�U 
�B�a�m�q�b�l�v���^�b�g�Z�f�b�d�m���i�h�d�Z�a�Z�l�_�e�y���k�l�_�i�_�g�b���p�_�g��

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

 
�F�?�L�H�>�B�D�:���B�K�K�E�?�>�H�<�:�G�B�Y 

�>�e�y�� �h�p�_�g�d�b�� �i�h�d�Z�a�Z�l�_�e�y�� �Z�d�l�b�\�g�h�k�l�b�� �j�_�]�m�e�y��
�l�h�j�g�u�o�� �k�b�k�l�_�f�� �h�j�]�Z�g�b�a�f�Z�� �i�j�b�f�_�g�y�e�k�y�� �f�_�l�h�^��
�\�Z�j�b�Z�p�b�h�g�g�h�c �i�m�e�v�k�h�f�_�l�j�b�b���� �>�Z�g�g�Z�y�� �f�_�l�h�^�b�d�Z��
�j�Z�a�j�Z�[�h�l�Z�g�Z�� �b�� �m�k�h�\�_�j�r�_�g�k�l�\�h�\�Z�g�Z�� �B�g�k�l�b�l�m�l�h�f��
�f�_�^�b�d�h-�[�b�h�e�h�]�b�q�_�k�d�b�o���i�j�h�[�e�_�f���J�:�F�G���>���@��  

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

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

�I�Z�j�Z�e�e�_�e�v�g�h���k���w�e�_�d�l�j�h�d�Z�j�^�b�h�]�j�Z�n�b�q�_�k�d�b�f��
�b�k�k�e�_�^�h�\�Z�g�b�_�f�� ���������� �5�5 �d�Z�j�^�b�h�b�g�l�_�j�\�Z�e�h�\���� �i�j�h��
�\�h�^�b�e�h�k�v�� �k�h�p�b�Z�e�v�g�h-�]�b�]�b�_�g�b�q�_�k�d�h�_�� �b�k�k�e�_�^�h�\�Z��
�g�b�_�� ���Z�g�d�_�l�b�j�h�\�Z�g�b�_���� �g�Z�� �i�j�_�^�f�_�l�� �\�u�y�\�e�_�g�b�y��
�b �h�p�_�g�d�b�� �n�Z�d�l�h�j�h�\�� �j�b�k�d�Z�� �;�u�e�h�� �i�j�h�\�_�^�_�g�h�� �b�k��
�k�e�_�^�h�\�Z�g�b�_���� �\�� �d�h�l�h�j�h�f�� �i�j�b�g�y�e�b�� �m�q�Z�k�l�b�_�� �k�l�m�^�_�g��
�l�u���\�m�a�Z.  

�<�k�_�]�h�� �m�q�Z�k�l�\�h�\�Z�e�h�� �������� �k�l�m�^�_�g�l�h�\�� �k �j�Z�k��
�i�j�_�^�_�e�_�g�b�_�f�� �i�h�� �d�m�j�k�m�� �h�[�m�q�_�g�b�y�� �b�� �i�h�e�h�\�h�c�� �i�j�b��
�g�Z�^�e�_�`�g�h�k�l�b���� ���� �d�m�j�k�� �h�[�m�q�_�g�b�y���± ������ �q�_�e�h�\�_�d����
�b�a �g�b�o���������f�m�`�q�b�g���b���������`�_�g�s�b�g�u���������d�m�j�k���h�[�m�q�_�g�b�y���± 
������ �q�_�e�h�\�_�d�Z���� �b�a�� �g�b�o���± 42 �f�m�`�q�b�g�� �b�� ������ �`�_�g�s�b�g����

6 �d�m�j�k�� �h�[�m�q�_�g�b�y���± ������ �q�_�e�h�\�_�d���� �b�a���g�b�o ������ �f�m�`�q�b�g��
�b�� ������ �`�_�g�s�b�g�u�� �A�g�Z�q�_�g�b�y�� �\�h�a�j�Z�k�l�g�u�o�� �i�h�d�Z�a�Z�l�_��
�e�_�c�� �k�� �m�q�_�l�h�f�� �d�m�j�k�Z�� �h�[�m�q�_�g�b�y�� �k�h�k�l�Z�\�b�e�b���� �^�e�y��
1 �d�m�j�k�Z���± �������������“�������������]�h�^�Z�����^�e�y�������d�m�j�k�Z���± �������������“��
���������� �]�h�^�Z�� �^�e�y�� ���� �d�m�j�k�Z���± ������������ �“�� ���������� �]�h�^�Z���� �k�h�h�l��
�\�_�l�k�l�\�_�g�g�h���������������������\�h�a�j�Z�k�l�g�u�_���]�j�Z�^�Z�p�b�b��  

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

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

 
�J�?�A�M�E�V�L�:�L�U���B�K�K�E�?�>�H�<�:�G�B�Y�� 
�B���B�O���H�;�K�M�@�>�?�G�B�? 

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

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

�>�Z�e�_�_�� �k�e�_�^�m�_�l�� �i�h�d�Z�a�Z�l�_�e�v�� �g�h�j�f�Z�e�v�g�h�c�� �Z�d��
�l�b�\�g�h�k�l�b�� �j�_�]�m�e�y�p�b�b���± ������������ ������ �i�h�\�u�r�_�g�g�Z�y�� �Z�d��
�l�b�\�g�h�k�l�v�� �j�_�]�m�e�y�p�b�b�� �k�h�k�l�Z�\�e�y�_�l�� ���������� ������ �j�_�a�d�h�_��
�i�h�\�u�r�_�g�b�_�� �Z�d�l�b�\�g�h�k�l�b�� �j�_�]�m�e�y�p�b�b���± 1,67 %. 
�J�Z�k�i�j�_�^�_�e�_�g�b�_�� �b�a�m�q�Z�_�f�u�o�� �i�h�d�Z�a�Z�l�_�e�_�c�� �k�� �m�q�_��
�l�h�f���d�m�j�k�Z���h�[�m�q�_�g�b�y���i�j�_�^�k�l�Z�\�e�_�g�h���\���l�Z�[�e�b�p�_�� 

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

�k���m�q�_�l�h�f���d�m�j�k�Z���h�[�m�q�_�g�b�y�������� 

�=�j�Z�^�Z�p�b�b���i�h�d�Z�a�Z�l�_�e�y 1-�c���d�m�j�k 3-�c���d�m�j�k 6-�c���d�m�j�k 

�G�h�j�f�Z�e�v�g�Z�y���Z�d�l�b�\�g�h�k�l�v���j�_�]�m�e�y�p�b�b 10,39 15,79 15,62 
�I�h�\�u�r�_�g�g�Z�y���Z�d�l�b�\�g�h�k�l�v���j�_�]�m�e�y�p�b�b 11,69 5,26 9,37 
�M�f�_�j�_�g�g�h�_���k�g�b�`�_�g�b�_���Z�d�l�b�\�g�h�k�l�b���j�_�]�m�e�y�p�b�b 38,96 47,37 31,25 
 �J�_�a�d�h�_���i�h�\�u�r�_�g�b�_���Z�d�l�b�\�g�h�k�l�b���j�_�]�m�e�y�p�b�b�� 1,30 2,63 1,56 
�J�_�a�d�h�_���k�g�b�`�_�g�b�_���Z�d�l�b�\�g�h�k�l�b���j�_�]�m�e�y�p�b�b 37,66 28,95 42,19 

 
�:�g�Z�e�b�a�� �i�h�d�Z�a�Z�l�_�e�_�c�� �k�l�_�i�_�g�b�� �p�_�g�l�j�Z�e�b�a�Z�p�b�b��

�m�i�j�Z�\�e�_�g�b�y�� ��-�d�m�j�k�g�b�d�h�\�� �h�i�j�_�^�_�e�b�e�� �q�l�h�� �m�f�_�j�_�g��
�g�h�_�� �k�g�b�`�_�g�b�_�� �Z�d�l�b�\�g�h�k�l�b�� �j�_�]�m�e�y�p�b�b�� �b�� �j�_�a�d�h�_��
�k�g�b�`�_�g�b�_���Z�d�l�b�\�g�h�k�l�b�� �j�_�]�m�e�y�p�b�b���y�\�e�y�x�l�k�y �i�j�_�\�Z��
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�e�b�j�m�x�s�b�f�b���i�h�d�Z�a�Z�l�_�e�y�f�b���� �d�h�l�h�j�u�_���k�h�k�l�Z�\�e�y�x�l��
�������������b���������������������^�Z�e�_�_���k�e�_�^�m�_�l���i�h�\�u�r�_�g�g�Z�y���Z�d��
�l�b�\�g�h�k�l�v�� �j�_�]�m�e�y�p�b�b�� �k�h�� �a�g�Z�q�_�g�b�_�f�� ������������ ������ �i�h��
�d�Z�a�Z�l�_�e�v�� �g�h�j�f�Z�e�v�g�h�c�� �Z�d�l�b�\�g�h�k�l�b�� �j�_�]�m�e�y�p�b�b���± 
������������ ������ �j�_�a�d�h�_�� �i�h�\�u�r�_�g�b�_�� �Z�d�l�b�\�g�h�k�l�b�� �j�_�]�m�e�y��
�p�b�b���± 1,30 %. 

�K�h�]�e�Z�k�g�h�� �j�Z�k�i�j�_�^�_�e�_�g�b�x�� �i�h�d�Z�a�Z�l�_�e�_�c�� �k�l�_��
�i�_�g�b�� �p�_�g�l�j�Z�e�b�a�Z�p�b�b�� �m�i�j�Z�\�e�_�g�b�y�� ��-�d�m�j�k�g�b�d�h�\��
�m�f�_�j�_�g�g�h�_�� �k�g�b�`�_�g�b�_�� �Z�d�l�b�\�g�h�k�l�b�� �j�_�]�m�e�y�p�b�b�� �y�\��
�e�y�_�l�k�y�� �i�j�_�\�Z�e�b�j�m�x�s�b�f�� �i�h�d�Z�a�Z�l�_�e�_�f���± 47,37 %, 
�j�_�a�d�h�_�� �k�g�b�`�_�g�b�_�� �k�h�k�l�Z�\�e�y�_�l�� ������������ ������ �^�Z�e�_�_��
�k�e�_�^�m�_�l�� �i�h�d�Z�a�Z�l�_�e�v�� �g�h�j�f�Z�e�v�g�h�c�� �Z�d�l�b�\�g�h�k�l�b�� �j�_��
�]�m�e�y�p�b�b���± 15,79 %. 

�K�h�]�e�Z�k�g�h�� �j�Z�k�i�j�_�^�_�e�_�g�b�x�� �i�h�d�Z�a�Z�l�_�e�_�c�� �k�l�_��
�i�_�g�b�� �p�_�g�l�j�Z�e�b�a�Z�p�b�b�� �m�i�j�Z�\�e�_�g�b�y�� �m�� ��-�]�h�� �d�m�j�k�Z��
�m�k�l�Z�g�h�\�e�_�g�h���� �q�l�h�� �m�f�_�j�_�g�g�h�_�� �k�g�b�`�_�g�b�_�� �Z�d�l�b�\�g�h��
�k�l�b���j�_�]�m�e�y�p�b�b���b���j�_�a�d�h�_���k�g�b�`�_�g�b�_���Z�d�l�b�\�g�h�k�l�b���j�_��
�]�m�e�y�p�b�b�� �y�\�e�y�x�l�k�y�� �i�j�_�\�Z�e�b�j�m�x�s�b�f�b�� �i�h�d�Z�a�Z�l�_��
�e�y�f�b���� �d�h�l�h�j�u�_�� �k�h�k�l�Z�\�e�y�x�l�� ���������� �b�� ������������ ������ �^�Z��
�e�_�_�� �k�e�_�^�m�_�l�� �i�h�d�Z�a�Z�l�_�e�v�� �g�h�j�f�Z�e�v�g�h�c�� �Z�d�l�b�\�g�h�k�l�b��
�j�_�]�m�e�y�p�b�b���± ������������ ������ �i�h�\�u�r�_�g�g�Z�y�� �Z�d�l�b�\�g�h�k�l�v��
�j�_�]�m�e�y�p�b�b���k�h�k�l�Z�\�e�y�_�l�������������������j�_�a�d�h�_���i�h�\�u�r�_�g�b�_��
�Z�d�l�b�\�g�h�k�l�b���j�_�]�m�e�y�p�b�b���± 1,56 %. 

�I�h���^�Z�g�g�u�f���j�Z�k�i�j�_�^�_�e�_�g�b�y���i�h�d�Z�a�Z�l�_�e�_�c���k�l�_��
�i�_�g�b�� �p�_�g�l�j�Z�e�b�a�Z�p�b�b�� �m�i�j�Z�\�e�_�g�b�y�� �k�� �m�q�_�l�h�f�� �i�h�e�Z����
�m�f�_�j�_�g�g�h�_���k�g�b�`�_�g�b�_�� �Z�d�l�b�\�g�h�k�l�b�� �j�_�]�m�e�y�p�b�b���y�\�e�y��
�_�l�k�y���i�j�_�\�Z�e�b�j�m�x�s�b�f���i�h�d�Z�a�Z�l�_�e�_�f �k�j�_�^�b���f�m�`�q�b�g����
�d�h�l�h�j�h�_�� �k�h�k�l�Z�\�e�y�_�l�� ������������ ������ �m �`�_�g�s�b�g���± �i�h�d�Z�a�Z��
�l�_�e�v�� �j�_�a�d�h�]�h�� �k�g�b�`�_�g�b�y�� �k�h�� �a�g�Z�q�_�g�b�_�f�� ������������ ������
�K�e�_�^�m�x�s�b�f���i�h���j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�h�k�l�b���m �f�m�`�q�b�g���y�\��
�e�y�_�l�k�y�� �i�h�d�Z�a�Z�l�_�e�v�� �j�_�a�d�h�]�h�� �k�g�b�`�_�g�b�y�� �Z�d�l�b�\�g�h�k�l�b��
�j�_�]�m�e�y�p�b�b���� �d�h�l�h�j�u�c�� �k�h�k�l�Z�\�e�y�_�l�� ������������ ��, �^�Z�e�_�_��
�k�e�_�^�m�x�l�� �i�h�d�Z�a�Z�l�_�e�b�� �g�h�j�f�Z�e�v�g�h�c�� �Z�d�l�b�\�g�h�k�l�b�� �j�_��
�]�m�e�y�p�b�b���± ������������ ������ �i�h�\�u�r�_�g�g�h�c�� �Z�d�l�b�\�g�h�k�l�b�� �j�_��
�]�m�e�y�p�b�b���k�h���a�g�Z�q�_�g�b�_�f�������������������j�_�a�d�h�_���i�h�\�u�r �_�g�b�_��
�Z�d�l�b�\�g�h�k�l�b���j�_�]�m�e�y�p�b�b���k�h�k�l�Z�\�e�y�_�l������������������ 

�M���`�_�g�s�b�g���i�h�d�Z�a�Z�l�_�e�v���m�f�_�j�_�g�g�h�]�h���k�g�b�`�_�g�b�y��
�Z�d�l�b�\�g�h�k�l�b���j�_�]�m�e�y�p�b�b���k�h�k�l�Z�\�e�y�_�l���������������������^�Z�e�_�_��
�k�e�_�^�m�x�l���i�h�d�Z�a�Z�l�_�e�b �i�h�\�u�r�_�g�g�h�c���Z�d�l�b�\�g�h�k�l�b���j�_��
�]�m�e�y�p�b�b���± ���������� ������ �g�h�j�f�Z�e�v�g�h�c�� �Z�d�l�b�\�g�h�k�l�b�� �j�_�]�m��
�e�y�p�b�b���± 8,04 %. 

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

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

�<����-�c���\�h�a�j�Z�k�l�g�h�c���]�j�Z�^�Z�p�b�b���m�f�_�j�_�g�g�h�_���k�g�b�`�_��
�g�b�_�� �Z�d�l�b�\�g�h�k�l�b�� �j�_�]�m�e�y�p�b�b�� �y�\�e�y�_�l�k�y�� �i�j�_�\�Z�e�b�j�m�x��
�s�b�f�� �i�h�d�Z�a�Z�l�_�e�_�f���� �d�h�l�h�j�u�c�� �k�h�k�l�Z�\�e�y�_�l�� ������������ ���� 
�k�e�_�^�m�x�s�b�f�� �i�h�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�h�k�l�b�� �y�\�e�y�_�l�k�y��
�i�h�d�Z�a�Z�l�_�e�v�� �j�_�a�d�h�]�h�� �k�g�b�`�_�g�b�y�� �Z�d�l�b�\�g�h�k�l�b�� �j�_�]�m��
�e�y�p�b�b�� �k�h�� �a�g�Z�q�_�g�b�_�f�� ������ ������ �g�h�j�f�Z�e�v�g�Z�y�� �Z�d�l�b�\��
�g�h�k�l�v�� �j�_�]�m�e�y�p�b�b�� �k�h�k�l�Z�\�e�y�_�l�� ������������ ������ �i�h�\�u�r�_�g��
�g�Z�y���± ���������������j�_�a�d�h�_���i�h�\�u�r�_�g�b�_���± 3,12 %. 

�K�h�]�e�Z�k�g�h�� �j�Z�k�i�j�_�^�_�e�_�g�b�x�� �i�h�d�Z�a�Z�l�_�e�_�c�� �k�l�_��
�i�_�g�b���p�_�g�l�j�Z�e�b�a�Z�p�b�b���m�i�j�Z�\�e�_�g�b�y���m���`�_�g�s�b�g�����k���m�q�_��
�l�h�f�� �\�h�a�j�Z�k�l�Z���� �\�� ��-�c�� �\�h�a�j�Z�k�l�g�h�c�� �]�j�Z�^�Z�p�b�b�� �i�h�d�Z�a�Z��
�l�_�e�v�� �m�f�_�j�_�g�g�h�]�h�� �k�g�b�`�_�g�b�y�� �Z�d�l�b�\�g�h�k�l�b�� �j�_�]�m�e�y�p�b�b��
�y�\�e�y�_�l�k�y�� �i�j�_�\�Z�e�b�j�m�x�s�b�f�� �b�� �k�h�k�l�Z�\�e�y�_�l�� ������������ ���� 
�k�e�_�^�m�x�s�b�f�� �i�h�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�h�k�l�b�� �y�\�e�y�_�l�k�y�� �i�h��
�d�Z�a�Z�l�_�e�v�� �j�_�a�d�h�]�h�� �k�g�b�`�_�g�b�y�� �Z�d�l�b�\�g�h�k�l�b�� �j�_�]�m�e�y�p�b�b��
�k�h���a�g�Z�q�_�g�b�_�f���������������������<����-�c���\�h�a�j�Z�k�l�g�h�c���]�j�Z�^�Z�p�b�b��
�j�_�a�d�h�_���k�g�b�`�_�g�b�_���Z�d�l�b�\�g�h�k�l�b�� �j�_�]�m�e�y�p�b�b���k�h�k�l�Z�\�e�y��
�_�l������������ ������ �^�Z�e�_�_���k�e�_�^�m�_�l�� �i�h�d�Z�a�Z�l�_�e�v�� �m�f�_�j�_�g�g�h�]�h��
�k�g�b�`�_�g�b�y�� �Z�d�l�b�\�g�h�k�l�b�� �j�_�]�m�e�y�p�b�b�� �k�h�� �a�g�Z�q�_�g�b�_�f��
������������ ������ �g�h�j�f�Z�e�v�g�Z�y�� �Z�d�l�b�\�g�h�k�l�v�� �j�_�]�m�e�y�p�b�b�� �k�h��
�k�l�Z�\�e�y�_�l������������ %. 

�:�g�Z�e�b�a�� �^�Z�g�g�u�o�� �f�_�`�^�m�� �^�\�m�f�y�� �k�h�i�h�k�l�Z�\�b��
�f�u�f�b�� �]�j�m�i�i�Z�f�b���� �f�_�`�^�m�� �d�h�g�l�j�h�e�v�g�h�c�� �b�� �]�j�m�i�i�h�c��
�k�l�m�^�_�g�l�h�\���� �i�h�d�Z�a�Z�e���� �q�l�h�� �\�� �d�h�g�l�j�h�e�v�g�h�c�� �]�j�m�i�i�_��
�m ������������ ���� �b�k�i�u�l�m�_�f�u�o�� �g�Z�[�e�x�^�Z�e�Z�k�v�� �g�h�j�f�Z�e�v��
�g�Z�y�� �j�_�]�m�e�y�l�h�j�g�Z�y�� �Z�d�l�b�\�g�h�k�l�v���� �q�l�h�� �g�Z�� ���������� ����
�\�u�r�_���� �q�_�f�� �\�� �]�j�m�i�i�_�� �k�l�m�^�_�g�l�h�\���� �]�^�_�� �w�l�h�l�� �i�h�d�Z�a�Z��
�l�_�e�v���k�h�k�l�Z�\�e�y�_�l�������������������I�h�d�Z�a�Z�l�_�e�v���i�h�\�u�r�_�g�g�h�c��
�j�_�]�m�e�y�l�h�j�g�h�c�� �Z�d�l�b�\�g�h�k�l�b�� �\�� �d�h�g�l�j�h�e�v�g�h�c�� �]�j�m�i�i�_��
�k�h�k�l�Z�\�e�y�_�l���������������������Z���m���k�l�m�^�_�g�l�h�\���± 9,49 %. �M�f�_��
�j�_�g�g�h�_�� �k�g�b�`�_�g�b�_�� �\�� �d�h�g�l�j�h�e�v�g�h�c�� �]�j�m�i�i�_�� �[�u�e�h��
�a�Z�n�b�d�k�b�j�h�\�Z�g�h���g�Z�� �m�j�h�\�g�_�������������������b���a�g�Z�q�b�l�_�e�v��
�g�h�� �m�\�_�e�b�q�b�e�h�k�v�� �m�� �k�l�m�^�_�g�l�h�\�� �^�h�� ������������ ������ �<�� �d�h�g��
�l�j�h�e�v�g�h�c�� �]�j�m�i�i�_�� �g�Z�[�e�x�^�Z�e�h�k�v�� �j�_�a�d�h�_�� �i�h�\�u�r�_��
�g�b�_�� �Z�d�l�b�\�g�h�k�l�b�� �g�Z�� ���������� ������ �Z�� �m�� �k�l�m�^�_�g�l�h�\���± 
�g�Z ���������� ������ �I�j�b�� �i�j�h�\�_�^�_�g�g�h�f�� �Z�g�Z�e�b�a�_�� �[�u�e�h�� �a�Z��
�n�b�d�k�b�j�h�\�Z�g�h�� �j�_�a�d�h�_�� �k�g�b�`�_�g�b�_�� �j�_�]�m�e�y�l�h�j�g�h�c��
�Z�d�l�b�\�g�h�k�l�b���m���m�q�Z�k�l�g�b�d�h�\���d�h�g�l�j�h�e�v�g�h�c���]�j�m�i�i�u���k�h��
�a�g�Z�q�_�g�b�_�f�� ������������ ������ �q�l�h�� �g�Z�� ������������ ���� �\�u�r�_���� �q�_�f��
�����������������\���]�j�m�i�i�_���k�l�m�^�_�g�l�h�\�� 

�:�g�Z�e�b�a���i�h�d�Z�a�Z�e�����q�l�h���k�� �m�q�_�l�h�f���i�h�e�h�\�h�c���]�j�Z�^�Z��
�p�b�b�� �\�� �d�h�g�l�j�h�e�v�g�h�c�� �]�j�m�i�i�_�� �g�h�j�f�Z�e�v�g�Z�y�� �Z�d�l�b�\�g�h�k�l�v��
�j�_�]�m�e�y�p�b�b�� �m�� �f�m�`�q�b�g�� �k�h�k�l�Z�\�e�y�_�l�� ������������ ������ �\�� �l�h��
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�\�j�_�f�y�� �d�Z�d�� �m�� �`�_�g�s�b�g���± ������������ ������ �Q�l�h�� �d�Z�k�Z�_�l�k�y��
�k�l�m�^�_�g�l�h�\���� �l�h�� �Z�g�Z�e�h�]�b�q�g�u�_�� �i�h�d�Z�a�Z�l�_�e�b�� �^�e�y��
�f�m�`�q�b�g�� �b�� �`�_�g�s�b�g�� �k�h�k�l�Z�\�e�y�x�l�� ������������ �b�� ���������� ����
�k�h�h�l�\�_�l�k�l�\�_�g�g�h�����J�_�]�m�e�y�l�h�j�g�Z�y���Z�d�l�b�\�g�h�k�l�v���l�Z�d�`�_��
�j�Z�a�e�b�q�Z�_�l�k�y���� �m�� �f�m�`�q�b�g�� �\�� �d�h�g�l�j�h�e�v�g�h�c�� �]�j�m�i�i�_��
�w�l�h�l�� �i�h�d�Z�a�Z�l�_�e�v�� �k�h�k�l�Z�\�e�y�_�l�� ������������ ������ �Z�� �m�� �`�_�g��
�s�b�g���± ���������� ������ �>�e�y�� �k�l�m�^�_�g�l�h�\�� �f�m�`�k�d�h�]�h�� �i�h�e�Z��
�w�l�h�l�� �i�h�d�Z�a�Z�l�_�e�v�� �k�h�k�l�Z�\�e�y�_�l�� ���������� ������ �^�e�y�� �`�_�g��
�s�b�g �± 9,19 %. 

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

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

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

�<���d�Z�q�_�k�l�\�_���b�a�m�q�Z�_�f�u�o���n�Z�d�l�h�j�h�\���j�b�k�d�Z���\ �^�Z�g��
�g�h�f�� �b�k�k�e�_�^�h�\�Z�g�b�b�� �\�u�k�l�m�i�b�e�b���� �O���� ���i�h�e���� �� �]�j�Z��̂Z��
�p�b�b������ �O���� ���d�m�j�k�� �h�[�m�q�_�g�b�y�� ���� �]�j�Z�^�Z�p�b�b������ �O���� ���w�d�h�e�h�]�b��
�q�_�k�d�b�c�� �j�b�k�d���� ���� �]�j�Z�^�Z�p�b�b������ �O���� ���b�a�[�u�l�h�q�g�u�c�� �\�_�k�� 
4 �]�j�Z�^�Z�p�b�b�������O�������d�m�j�_�g�b�_���������]�j�Z�^�Z�p�b�b�������O�������k�l�j�_�k�k�� 3 

�]�j�Z�^�Z�p�b�b������ �O���� ���h�l�y�]�h�s�_�g�g�h�k�l�v�� �Z�g�Z�f�g�_�a�Z�� 2 �]�j�Z��
�^�Z�p�b�b������ �O���� ���a�Z�g�y�l�b�y�� �n�b�a�b�q�_�k�d�h�c�� �d�m�e�v�l�m�j�h�c�� �b��
�k�i�h�j�l�h�f�� �����]�j�Z�^�Z�p�b�b����  

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

 
�A�:�D�E�X�Q�?�G�B�? 

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

�G�Z�b�[�h�e�v�r�_�_���k�g�b�`�_�g�b�_���g�Z�[�e�x�^�Z�e�h�k�v�� �m���i�_�j��
�\�h�d�m�j�k�g�b�d�h�\�� �������������� �������� �j�_�a�d�h�_�� �k�g�b�`�_�g�b�_�� �Z�g�Z�e�b��
�a�b�j�m�_�f�h�]�h�� �a�g�Z�q�_�g�b�y�� �k�h�k�l�Z�\�b�e�h�� ������������ ������ �g�Z���l�j�_��
�l�v�_�f���d�m�j�k�_���m�f�_�j�_�g�g�h�_���b���j�_�a�d�h�_���k�g�b�`�_�g�b�_���i�h�d�Z�a�Z��
�l�_�e�y�� �k�h�k�l�Z�\�b�e�h�� ������������ �b�� ������������ ���� �k�h�h�l�\�_�l�k�l�\�_�g�g�h����
�g�Z�� �r�_�k�l�h�f�� �d�m�j�k�_�� �m�f�_�j�_�g�g�h�_�� �k�g�b�`�_�g�b�_�� �k�h�k�l�Z�\�b�e�h��
42,19 %. �:�g�Z�e�b�a�b�j�m�y�� �]�_�g�^�_�j�g�u�_�� �j�Z�a�e�b�q�b�y���� �m�f�_��
�j�_�g�g�h�_�� �k�g�b�`�_�g�b�_�� �������������� ���� �q�Z�s�_�� �\�k�l�j�_�q�Z�_�l�k�y��
�k�j�_�^�b�� �f�m�`�q�b�g���� �Z�� �j�_�a�d�h�_�� �k�g�b�`�_�g�b�_�� �������������� �������± 
�k�j�_�^�b���`�_�g�s�b�g�����I�h�^�h�[�g�Z�y���l�_�g�^�_�g�p�b�y���g�Z�[�e�x�^�Z�_�l��
�k�y�� �\�� �\�h�a�j�Z�k�l�g�u�o�� �]�j�m�i�i�Z�o�� �^�h�� ������ �b�� �����±������ �e�_�l�� �]�^�_��
�\�b�^�g�u���m�f�_�j�_�g�g�h�_���b���j�_�a�d�h�_���k�g�b�`�_�g�b�_���Z�d�l�b�\�g�h�k�l�b�� 

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

�J�_�a�m�e�v�l�Z�l�u�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �i�h�d�Z�a�Z�e�b���� �q�l�h��
�k�m�s�_�k�l�\�m�_�l�� �j�Z�a�g�b�p�Z�� �\�� �i�h�d�Z�a�Z�l�_�e�y�o�� �Z�g�Z�e�b�a�b�j�m��
�_�f�u�o�� �]�j�m�i�i�� �\�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �d�m�j�k�Z���� �i�h�e�Z���� �\�h�a��
�j�Z�k�l�g�h�c�� �]�j�m�i�i�u�� �b�� �n�Z�d�l�h�j�h�\�� �j�b�k�d�Z�� �j�Z�a�\�b�l�b�y�� �^�_��
�p�_�g�l�j�Z�e�b�a�Z�p�b�b�� �m�i�j�Z�\�e�_�g�b�y�� �j�_�]�m�e�y�l�h�j�g�h�c�� �^�_�y��
�l�_�e�v�g�h�k�l�v�x�� �q�l�h�� �m�d�Z�a�u�\�Z�_�l�� �g�Z�� �l�h���� �q�l�h�� �f�h�`�g�h��
�b�a�m�q�b�l�v�� �b�� �i�_�j�_�k�f�h�l�j�_�l�v�� �i�h�^�o�h�^�u�� �m�i�j�Z�\�e�_�g�b�y�� �b��
�i�h�^�^�_�j�`�d�b���k�l�m�^�_�g�l�h�\���\ �i�j�h�p�_�k�k�_���h�[�m�q�_�g�b�y�� 
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Abstract . According to the Russian Ministry of Health, diabetes mellitus currently accounts for 3.3 % of the Russian popu-
lation. The most dangerous consequences of the global diabetes epidemic are systemic vascular complications, in particu-
lar, lesions of the peripheral vessels of the lower extremities. A necessary condition for stopping infectious and trophic pro-
cesses in case of obstruction of limb vessels is the restoration of the main blood flow. In recent years, preference has been 
given to endovascular revascularization methods. The aim of the work  is to demonstrate a clinical observation and evalu-
ate the effectiveness of endovascular transluminal balloon angioplasty (TLBA) for the correction of TASC D leg lesions 
in a patient with diabetic foot syndrome (DFS), as well as to analyze the literature data on the use of this technique in lower 
extremity vascular lesions. Material and me thods . The clinical part of the work was carried out on the basis of the surgical 
departments of the State Healthcare Institution City Clinical Hospital of Emergency Medical Care No. 25 of Volgograd. Tra-
ditional research methods were used to diagnose lower extremity vascular lesions: duplex scanning of the lower extremity 
vessels, selective angiography of the arteries of the left lower extremity. The information bases were the following data: 
PubMed, CyberLeninka, Google Scholar, Medline, eLIBRARY and the Russian Diabetes Registry of 2021. Results. A re-
view of studies devoted to the study of the possibilities of lower extremity revascularization in the treatment of patients with 
diabetic foot syndrome shows that TLBA in patients with critical limb ischemia to preserve it costs the state 4�±7 times less 
than amputations and subsequent stages of prosthetics and rehabilitation. Reconstructive surgeries give positive results of 
limb revascularization in 70�±80 %. The article presents a clinical observation demonstrating the possibility and effective-
ness of endovascular balloon angioplasty as one of the options for endovascular correction in purulent-necrotic lesions of 
the foot in a patient with diabetic foot syndrome against the background of TASC D leg artery lesions. Conclusion . Trans-
luminal balloon angioplasty against the background of critical ischemia of the leg arteries in patients with diabetes mellitus 
can be considered as the operation of choice for limb salvation. 

Keywords: diabetes mellitus, diabetic angiopathy,  
diabetic foot syndrome, revascularization, endovascular balloon angioplasty 
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�g�b�`�g�_�c�� �d�h�g�_�q�g�h�k�l�b���� �K�h�\�j�_�f�_�g�g�u�_�� �^�Z�g�g�u�_�� �k�\�b��
�^�_�l�_�e�v�k�l�\�m�x�l�� �h�� �l�h�f���� �q�l�h�� �J�<���h�d�Z�a�u�\�Z�_�l�� �i�h�e�h�`�b��
�l�_�e�v�g�h�_�� �\�e�b�y�g�b�_�� �g�Z�� �d�j�h�\�h�l�h�d���� �i�_�j�n�m�a�b�x���� �k�b��
�k�l�_�f�g�m�x�� �n�m�g�d�p�b�x�� �w�g�^�h�l�_�e�b�y���� �g�Z�� �a�Z�`�b�\�e�_�g�b�_��
�j�Z�g���b���k�i�Z�k�_�g�b�_���d�h�g�_�q�g�h�k�l�b���>���@���� 

�<�� ���������� �]����G. I. T�D�\�O�R�U�� �b�� �-���� �+���� �3�D�O�P�H�U �\�\�_�e�b��
�Z�g�Z�l�h�f�b�q�_�k�d�m�x�� �d�h�g�p�_�i�p�b�x���� �\�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �d�h��
�l�h�j�h�c�� �k�l�h�i�Z�� �f�h�`�_�l�� �[�u�l�v�� �j�Z�a�^�_�e�_�g�Z�� �g�Z�� �l�j�_�o�f�_�j��
�g�u�_�� �[�e�h�d�b�� �l�d�Z�g�b���� �d�Z�`�^�u�c�� �k�h�� �k�\�h�_�c�� �k�h�[�k�l�\�_�g�g�h�c��
�i�b�l�Z�x�s�_�c���Z�j�l�_�j�b�_�c�� �I�j�y�f�Z�y���J�<���i�j�b�\�h�^�b�l���d���\�h�k��
�k�l�Z�g�h�\�e�_�g�b�x�� �i�m�e�v�k�b�j�m�x�s�_�]�h�� �d�j�h�\�h�l�h�d�Z�� �q�_�j�_�a��
�i�b�l�Z�x�s�m�x���Z�j�l�_�j�b�x���\���h�[�e�Z�k�l�v���e�h�d�Z�e�b�a�Z�p�b�b���y�a�\�u����
�\���l�h���\�j�_�f�y���d�Z�d���i�j�b���g�_�i�j�y�f�h�c���J�<���d�j�h�\�h�l�h�d���\�h�k�k�l�Z��
�g�Z�\�e�b�\�Z�_�l�k�y�� �q�_�j�_�a�� �d�h�e�e�Z�l�_�j�Z�e�v�g�u�_�� �k�h�k�m�^�u���� �\�u��
�o�h�^�y�s�b�_�� �b�a�� �k�h�k�_�^�g�b�o�� �Z�g�]�b�h�k�h�f�� �>���@���� �J�<�� �a�Z�� �k�q�_�l��
�\�h�k�k�l�Z�g�h�\�e�_�g�b�y���i�j�y�f�h�]�h���d�j�h�\�h�l�h�d�Z���d���h�^�g�h�c���b�a���Z�j��
�l�_�j�b�c�� �k�l�h�i�u���� �i�b�l�Z�x�s�_�c�� �Z�g�Z�l�h�f�b�q�_�k�d�m�x�� �h�[�e�Z�k�l�v 
�j�Z�g�u���� �m�e�m�q�r�Z�_�l�� �_�_�� �a�Z�`�b�\�e�_�g�b�_���� �k�i�h�k�h�[�k�l�\�m�_�l 
�m�k�l�j�Z�g�_�g�b�x�� �b�g�n�_�d�p�b�b���� �i�j�_�^�h�l�\�j�Z�s�Z�_�l�� �b�e�b�� �h�]�j�Z��
�g�b�q�b�\�Z�_�l���m�j�h�\�_�g�v���Z�f�i�m�l�Z�p�b�b���>�����@�� 
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�M�� �[�h�e�v�g�u�o�� �k�� �^�b�Z�[�_�l�b�q�_�k�d�h�c�� �Z�g�]�b�h�i�Z�l�b�_�c��
�b�f�_�_�l�k�y�� �f�g�h�]�h�m�j�h�\�g�_�\�h�_�� �h�d�d�e�x�a�b�h�g�g�h-�k�l�_�g�h�l�b-
�q�_�k�d�h�_ �i�h�j�Z�`�_�g�b�_�� �Z�j�l�_�j�b�Z�e�v�g�h�]�h�� �j�m�k�e�Z���� �q�l�h�� �k�h��
�a�^�Z�_�l�� �i�j�h�[�e�_�f�u�� �k�� �\�h�k�k�l�Z�g�h�\�e�_�g�b�_�f�� �d�j�h�\�h�l�h�d�Z��
�m �w�l�b�o���i�Z�p�b�_�g�l�h�\�����I�h���^�Z�g�g�u�f��TASC (TransAtlantic 
Society Consensus���� �>�����@���� �[�u�e�b�� �i�j�h�k�e�_�`�_�g�u�� �j�_��
�a�m�e�v�l�Z�l�u�� �e�_�q�_�g�b�y�� �g�Z�b�[�h�e�_�_�� �l�y�`�_�e�u�o�� �[�h�e�v�g�u�o����
�d�h�l�h�j�u�f�� �g�_�e�v�a�y�� �[�u�e�h�� �\�u�i�h�e�g�b�l�v�� �j�_�\�Z�k�d�m�e�y�j�b��
�a�Z�p�b�x�� �e�b�[�h�� �h�g�Z�� �[�u�e�Z�� �[�_�a�m�k�i�_�r�g�h�c���� �H�d�Z�a�Z�e�h�k�v����
�q�l�h�� �\ �l�_�q�_�g�b�_�� �r�_�k�l�b�� �f�_�k�y�p�_�\�� ������ ���� �i�Z�p�b�_�g�l�h�\��
�m�f�_�j�e�b���� ������ �����± �i�_�j�_�g�_�k�e�b�� �\�u�k�h�d�m�x�� �Z�f�i�m�l�Z�p�b�x����
�m�� ������ �����± �k�h�o�j�Z�g�y�e�Z�k�v�� �d�j�b�l�b�q�_�k�d�Z�y�� �b�r�_�f�b�y�� �d�h��
�g�_�q�g�h�k�l�b���� �O�b�j�m�j�]�b�q�_�k�d�Z�y�� �j�_�\�Z�k�d�m�e�y�j�b�a�Z�p�b�y�� �k�g�b��
�`�Z�_�l�� �q�Z�k�l�h�l�m�� �\�u�k�h�d�b�o�� �Z�f�i�m�l�Z�p�b�c�� �i�j�b�� �d�j�b�l�b�q�_��
�k�d�h�c�� �b�r�_�f�b�b�� �k�� ���� �^�h�� ������ ���� �>�����@���� �H�^�g�Z�d�h�� �^�h�� �k�b�o��
�i�h�j�� �g�_�l�� �_�^�b�g�h�]�h�� �f�g�_�g�b�y�� �h�� �i�h�d�Z�a�Z�g�b�y�o���� �\�j�_�f�_�g�b��
�\�u�i�h�e�g�_�g�b�y�� �j�_�d�h�g�k�l�j�m�d�l�b�\�g�u�o�� �b�� �w�g�^�h�\�Z�k�d�m�e�y�j��
�g�u�o���\�f�_�r�Z�l�_�e�v�k�l�\�� 

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

�<�h�k�k�l�Z�g�h�\�e�_�g�b�_�� �d�j�h�\�h�l�h�d�Z�� �d�Z�d���k�� �i�h�f�h�s�v�x 
�o�b�j�m�j�]�b�q�_�k�d�h�]�h�����l�Z�d���b���w�g�^�h�\�Z�k�d�m�e�y�j�g�h�]�h���^�h�k�l�m�i�Z��
�y�\�e�y�_�l�k�y�� �\�Z�`�g�u�f�� �l�_�j�Z�i�_�\�l�b�q�_�k�d�b�f�� �\�Z�j�b�Z�g�l�h�f��
�e�_�q�_�g�b�y�� �Z�l�_�j�h�k�d�e�_�j�h�l�b�q�_�k�d�b�o�� �i�h�j�Z�`�_�g�b�c�� �m �[�h�e�v��
�g�u�o�� �K�>���� �Z�� �[�Z�e�e�h�g�g�Z�y�� �Z�g�]�b�h�i�e�Z�k�l�b�d�Z�� �b���k�l�_�g�l�b�j�h��
�\�Z�g�b�_�� �k�l�Z�e�b�� �a�h�e�h�l�u�f�� �k�l�Z�g�^�Z�j�l�h�f�� �i�j�b�� �i�j�h�\�_�^�_��
�g�b�b�� �i�j�h�p�_�^�m�j�� �\�h�k�k�l�Z�g�h�\�e�_�g�b�y�� �d�j�h�\�h�l�h�d�Z�� �m�� �i�Z��
�p�b�_�g�l�h�\���k�� �k�b�g�^�j�h�f�h�f�� �^�b�Z�[�_�l�b�q�_�k�d�h�c�� �k�l�h�i�u�� �b��
�]�Z�g�]�j�_�g�h�c���>�����@�����W�l�b���i�Z�p�b�_�g�l�u�����d�Z�d���i�j�Z�\�b�e�h�����b�f�_�x�l��
�l�y�`�_�e�h�_�� �i�h�j�Z�`�_�g�b�_ �i�h�^�d�h�e�_�g�g�u�o�� �b �[�h�e�v�r�_�[�_�j��
�p�h�\�u�o�� �Z�j�l�_�j�b�c�� �k�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�u�f�b�� �i�j�h�l�y�`�_�g��
�g�u�f�b�� �k�_�]�f�_�g�l�Z�j�g�u�f�b�� �d�Z�e�v�p�b�g�b�j�h�\�Z�g�g�u�f�b�� �h�d��
�d�e�x�a�b�y�f�b���� �q�l�h�� �k�h�a�^�Z�_�l�� �l�_�o�g�b�q�_�k�d�b�_�� �k�e�h�`�g�h�k�l�b��
�i�j�b�� �i�j�h�\�_�^�_�g�b�b�� �J�<��[13, 14]. �W�g�^�h�\�Z�k�d�m�e�y�j�g�u�_��
�f�_�^�h�^�u�� �e�_�q�_�g�b�y�� �l�j�_�[�m�x�l�� �b�g�^�b�\�b�^�m�Z�e�v�g�h�]�h�� �i�h�^��
�o�h�^�Z���� �g�h�� �^�e�y�� �\�f�_�r�Z�l�_�e�v�k�l�\�Z�� �g�Z�� �b�g�n�j�Z�i�h�i�e�b�l�_��
�Z�e�v�g�u�o���k�h�k�m�^�Z�o���i�j�_�^�i�h�q�l�b�l�_�e�v�g�Z���[�Z�e�e�h�g�g�Z�y���Z�g��
�]�b�h�i�e�Z�k�l�b�d�Z�� �>�����@���� �K�m�s�_�k�l�\�_�g�g�u�f�� �g�_�^�h�k�l�Z�l�d�h�f��
�q�j�_�k�d�h�`�g�h�c�� �[�Z�e�e�h�g�g�h�c�� �Z�g�]�b�h�i�e�Z�k�l�b�d�b�� �y�\�e�y�_�l�k�y��
�\�u�k�h�d�Z�y�� �q�Z�k�l�h�l�Z�� �j�_�k�l�_�g�h�a�h�\���� �l�Z�d���� �q�_�j�_�a�� ���� �]�h�^�Z��
�h�l �f�h�f�_�g�l�Z�� �i�j�h�\�_�^�_�g�b�y�� �\�f�_�r�Z�l�_�e�v�k�l�\�Z�� �i�j�h�o�h��

�^�b�f�u�f�b�� �h�k�l�Z�x�l�k�y�� �l�h�e�v�d�h�� ������ ���� �©�e�_�q�_�g�u�o�ª�� �Z�j��
�l�_�j�b�c���>���@�� 

�<�Z�`�g�h���h�l�f�_�l�b�l�v�����q�l�h���k�h�i�m�l�k�l�\�m�x�s�_�_���a�Z�[�h�e�_��
�\�Z�g�b�_�� �Z�j�l�_�j�b�c�� �g�b�`�g�b�o�� �d�h�g�_�q�g�h�k�l�_�c�� �m�� �i�Z�p�b�_�g�l�h�\��
�k �y�a�\�Z�f�b���^�b�Z�[�_�l�b�q�_�k�d�h�c���k�l�h�i�u���k�\�y�a�Z�g�Z���k���[�h�e�v�r�_�c��
�q�Z�k�l�h�l�h�c�� �g�_�m�^�Z�q�� �a�Z�`�b�\�e�_�g�b�y�� �j�Z�g�� �b�� �g�_�h�[�o�h�^�b�f�h��
�k�l�v�x�� �Z�f�i�m�l�Z�p�b�b���� �W�l�Z�� �Z�k�k�h�p�b�Z�p�b�y�� �y�\�e�y�_�l�k�y�� �k�e�h�`��
�g�h�c���� �b�� �j�Z�a�e�b�q�g�u�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �i�h�d�Z�a�Z�e�b���� �q�l�h��
�m�k�i�_�r�g�Z�y�� �J�<�� �b�� �a�Z�`�b�\�e�_�g�b�_�� �y�a�\�u�� �g�_�� �\�k�_�]�^�Z�� �d�h�j��
�j�_�e�b�j�m�x�l [15]. 

 
�P�?�E�V���J�:�;�H�L�U 

�I�j�_�^�k�l�Z�\�b�l�v�� �d�e�b�g�b�q�_�k�d�h�_�� �g�Z�[�e�x�^�_�g�b�_�� �w�n��
�n�_�d�l�b�\�g�h�]�h�� �i�j�b�f�_�g�_�g�b�y�� �w�g�^�h�\�Z�k�d�m�e�y�j�g�h�c�� �l�j�Z�g�k-
�e�x�f�b�g�Z�e�v�g�h�c�� �[�Z�e�h�g�g�h�c�� �Z�g�]�b�h�i�e�Z�k�l�b�d�b�� ���L�E�;�I����
�^�e�y�� �d�h�j�j�_�d�p�b�b���i�h�j�Z�`�_�g�b�c�� �]�h�e�_�g�b�� �d�e�Z�k�k�Z��TASC D 
�m�� �[�h�e�v�g�h�c �k�� �k�b�g�^�j�h�f�h�f�� �^�b�Z�[�_�l�b�q�_�k�d�h�c�� �k�l�h�i�u��
���K�>�K���� 

 
�F�?�L�H�>�B�D�:���B�K�K�E�?�>�H�<�:�G�B�Y 

�D�e�b�g�b�q�_�k�d�Z�y�� �q�Z�k�l�v�� �j�Z�[�h�l�u�� �i�j�h�\�h�^�b�e�Z�k�v�� �g�Z��
�[�Z�a�_���o�b�j�m�j�]�b�q�_�k�d�b�o���h�l�^�_�e�_�g�b�c���=�M�A���=�D�;�K�F�I���‹������ 
�]�����<�h�e�]�h�]�j�Z�^�Z���� 

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

 
�J�?�A�M�E�V�L�:�L�U���B�K�K�E�?�>�H�<�:�G�B�Y�� 
�B���B�O���H�;�K�M�@�>�?�G�B�? 

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

�;�h�e�v�g�Z�y���F�������������e�_�l�����i�h�k�l�m�i�b�e�Z���\���k�j�h�q�g�h�f���i�h��
�j�y�^�d�_�� �\�� �o�b�j�m�j�]�b�q�_�k�d�h�_�� �h�l�^�_�e�_�g�b�_�� �=�M�A�� �=�D�;�K�F�I��
�‹  �������k���`�Z�e�h�[�Z�f�b���g�Z���[�h�e�b���\���h�[�e�Z�k�l�b���e�_�\�h�c���k�l�h�i�u����
�i�h�\�u�r�_�g�b�_���l�_�f�i�_�j�Z�l�m�j�u���^�h���������ƒ�K���� 

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

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

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

�K�h�i�m�l�k�l�\�m�x�s�Z�y�� �i�Z�l�h�e�h�]�b�y���� �B�;�K�� �N�D������ �D�Z�j��
�^�b�h�k�d�e�_�j�h�a�����O�K�G�������k�l�����N�D���������=�b�i�_�j�l�h�g�b�q�_�k�d�Z�y���[�h��
�e�_�a�g�v�������k�l�������Z�j�l�_�j�b�Z�e�v�g�Z�y���]�b�i�_�j�l�_�g�a�b�y���������j�b�k�d�������� 

�<�� �k�j�h�q�g�h�f�� �i�h�j�y�^�d�_�� �\�u�i�h�e�g�_�g�Z�� �h�i�_�j�Z�p�b�y���± 
�\�k�d�j�u�l�b�_���n�e�_�]�f�h�g�u�����<���i�h�k�e�_�h�i�_�j�Z�p�b�h�g�g�h�f���i�_�j�b�h��
� �̂_���± �i�_�j�_�\�y�a�d�b�����\���l�����q�����g�_�d�j�w�d�l�h�f�b�b�����J�Z�g�Z���������î�������k�f�� 
�\���]�e�m�[�b�g�_���i�h�^�h�r�\�_�g�g�u�c���Z�i�h�g�_�\�j�h�a�����h�l�^�_�e�y�_�f�h�_��
�k�_�j�h�a�g�h-�]�g�h�c�g�h�_���� �]�j�Z�g�m�e�y�p�b�b�� �\�y�e�u�_���� �l�m�k�d�e�u�_����
�<�u�i�h�e�g�_�g�h�� �^�m�i�e�_�d�k�g�h�_�� �k�d�Z�g�b�j�h�\�Z�g�b�_�� �k�h�k�m�^�h�\��
�g�b�`�g�b�o�� �d�h�g�_�q�g�h�k�l�_�c���� �E�_�\�u�_�� �h�[�s�Z�y���� �]�e�m�[�h�d�Z�y��
�b �i�h�\�_�j�o�g�h�k�l�g�Z�y�� �[�_�^�j�_�g�g�u�_�� �Z�j�l�_�j�b�b�� �i�j�h�o�h�^�b��
�f�u���� �g�_�� �k�l�_�g�h�a�b�j�h�\�Z�g�u���� �<�� �i�h�^�d�h�e�_�g�g�h�c�� �Z�j�l�_�j�b�b��
�k�l�_�g�h�a�������������i�j�h�k�\�_�l�Z�����\���Z�j�l�_�j�b�y�o���e�_�\�h�c���]�h�e�_�g�b��
�f�Z�]�b�k�l�j�Z�e�v�g�u�c�� �d�j�h�\�h�l�h�d�� �g�_�� �h�i�j�_�^�_�e�y�_�l�k�y���� �D�h�g��
�k�m�e�v�l�Z�p�b�y���Z�g�]�b�h�o�b�j�m�j�]�Z���� 

�A�Z�d�e�x�q�_�g�b�_���� �K�Z�o�Z�j�g�u�c�� �^�b�Z�[�_�l�� ��-�]�h�� �l�b�i�Z����
�>�b�Z�[�_�l�b�q�_�k�d�Z�y�� �Z�g�]�b�h�i�Z�l�b�y�� �g�b�`�g�b�o�� �d�h�g�_�q�g�h�k�l�_�c��
�\���k�h�q�_�l�Z�g�b�b���k���h�[�e�b�l�_�j�b�j�m�x�s�b�f���Z�l�_�j�h�k�d�e�_�j�h�a�h�f����
�K�l�_�g�h�a�� �i�h�^�d�h�e�_�g�g�h�c�� �Z�j�l�_�j�b�b�� �k�e�_�\�Z���� �h�d�d�e�x�a�b�y��
�i�_�j�_�^�g�_�c�� �b�� �a�Z�^�g�_�c�� �[�h�e�v�r�_�[�_�j�p�h�\�u�o�� �Z�j�l�_�j�b�c��
�k�e�_�\�Z���� �l�b�i��D �i�h��TASC���� �J�_�d�h�f�_�g�^�h�\�Z�g�h�� �w�g�^�h�\�Z�k��
�d�m�e�y�j�g�h�_���\�f�_�r�Z�l�_�e�v�k�l�\�h�� 

�H�i�_�j�Z�p�b�y�����L�j�Z�g�k�e�x�f�b�g�Z�e�v�g�Z�y�� �[�Z�e�e�h�g�g�Z�y��
�Z�g�]�b�h�i�e�Z�k�l�b�d�Z�� ���L�E�;�:�I���� �i�h�^�d�h�e�_�g�g�h�c�� �Z�j�l�_�j�b�b����
�l�b�[�b�h�i�_�j�h�g�_�Z�e�v�g�h�]�h�� �k�l�\�h�e�Z�� �k�e�_�\�Z���� �I�h�^���f���Z���\�u��
�i�h�e�g�_�g�Z���i�m�g�d�p�b�y���e�_�\�h�c���[�_�^�j�_�g�g�h�c���Z�j�l�_�j�b�b�����m�k�l�Z��
�g�h�\�e�_�g���b�g�l�j�h�^�v�x�k�_�j������Fr�����<�u�i�h�e�g�_�g�Z���k�_�e�_�d�l�b�\��
�g�Z�y�� �Z�g�]�b�]�j�Z�n�b�y�� �Z�j�l�_�j�b�c�� �e�_�\�h�c�� �g�b�`�g�_�c�� �d�h�g�_�q��
�g�h�k�l�b �i�j�b�� �d�h�l�h�j�h�c�� �\�u�y�\�e�_�g�Z�� �k�m�[�h�d�d�e�x�a�b�y��
�i�h�^�d�h�e�_�g�g�h�c�� �Z�j�l�_�j�b�b�� �b�� �h�d�d�e�x�a�b�y�� �l�b�[�b�h�i�_�j�h�g�_��
�Z�e�v�g�h�]�h���k�l�\�h�e�Z�����j�b�k�������������<�u�i�h�e�g�_�g�Z���L�E�;�:�I �\���a�h�g�_��
�k�m�[�h�d�d�e�x�a�b�b�� �[�Z�e�e�h�g�h�f�� �������� �î�� ������ �f�f���� �^�Z�\�e�_�g�b�_��
8 �Z�l�f���� �<�� �h�[�e�Z�k�l�b�� �l�b�[�b�h�i�_�j�h�g�_�Z�e�v�g�h�]�h�� �k�l�\�h�e�Z��
�L�>�;�:�I�� �[�Z�e�e�h�g�h�f�� �������� �f�f�� �î�� �������� �f�f���� �^�Z�\�e�_�g�b�_��
10 �Z�l�f�� �I�h�e�m�q�_�g�� �o�h�j�h�r�b�c�� �Z�g�l�_�]�j�Z�^�g�u�c�� �d�j�h�\�h�l�h�d��
�\�� �i�h�^�d�h�e�_�g�g�h�c���� �a�Z�^�g�_�[�h�e�v�r�_�[�_�j�p�h�\�h�c�� �b�� �f�Z�e�h��
�[�_�j�p�h�\�h�c�� �Z�j�l�_�j�b�y�o�� ���j�b�k���� �������� �I�_�j�_�^�g�y�y�� �[�h�e�v�r�_��
�[�_�j�p�h�\�Z�y���Z�j�l�_�j�b�y���h�d�d�e�x�a�b�j�h�\�Z�g�Z. 

 

 
 

�J�b�k�����������:�g�]�b�h�]�j�Z�f�f�Z���[�h�e�v�g�h�c���F�����^�h���Z�g�]�b�h�i�e�Z�k�l�b�d�b���� 
�K�l�_�g�h�a���i�h�^�d�h�e�_�g�g�h�c���Z�j�l�_�j�b�b�����i�j�_�j�u�\�b�k�l�Z�y���k�l�j�_�e�d�Z������ 

�H�d�d�e�x�a�b�y���Z�j�l�_�j�b�c���]�h�e�_�g�b�����k�i�e�h�r�g�Z�y���k�l�j�_�e�d�Z�� 
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�J�b�k�����������:�g�]�b�h�]�j�Z�f�f�Z���[�h�e�v�g�h�c���F�����i�h�k�e�_���Z�g�]�b�h�i�e�Z�k�l�b�d�b�����<�h�k�k�l�Z�g�h�\�e�_�g�b�_���f�Z�]�b�k�l�j�Z�e�v�g�h�]�h���d�j�h�\�h�l�h�d�Z�� 
�\���i�j�h�d�k�b�f�Z�e�v�g�h�f�����Z�����b���^�b�k�l�Z�e�v�g�h�f�����[�����h�l�^�_�e�Z�o���]�h�e�_�g�b 

 
�I�h�k�e�_�h�i�_�j�Z�p�b�h�g�g�u�c�� �i�_�j�b�h�^�� �[�_�a�� �h�k�e�h�`�g�_��

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

�=�e�Z�\�g�u�f�� �d�h�f�i�h�g�_�g�l�h�f�� �\�� �e�_�q�_�g�b�b�� �i�Z�p�b�_�g�l�h�\��
�l�j�h�n�b�q�_�k�d�b�f�b�� �i�h�j�Z�`�_�g�b�y�f�b�� �g�b�`�g�b�o�� �d�h�g�_�q�g�h�k�l�_�c��
�g�Z���n�h�g�_���K�>�K���b���g�Z�j�m�r�_�g�b�y���i�j�h�o�h�^�b�f�h�k�l�b���k�h�k�m�^�h�\��
�]�h�e�_�g�b�� �y�\�e�y�_�l�k�y�� �Z�^�_�d�\�Z�l�g�Z�y�� �j�_�\�Z�k�d�m�e�y�j�b�a�Z�p�b�y����
�E�x�[�u�_���i�h�i�u�l�d�b���d�h�g�k�_�j�\�Z�l�b�\�g�h�c���l�_�j�Z�i�b�b���[�_�a���\�h�k��
�k�l�Z�g�h�\�e�_�g�b�y�� �i�j�h�o�h�^�b�f�h�k�l�b�� �k�h�k�m�^�h�\�� �g�_�� �i�j�b�\�h�^�y�l��
�d �i�h�e�h�`�b�l�_�e�v�g�h�f�m�� �j�_�a�m�e�v�l�Z�l�m���>�����@���� �K�h�]�e�Z�k�g�h�� �^�Z�g��
�g�u�f�� �k�h�\�j�_�f�_�g�g�h�c�� �e�b�l�_�j�Z�l�m�j�u�� �L�E�;�:�I�� �b�� �k�l�_�g�l�b��
�j�h�\�Z�g�b�_�� �i�h�^�d�h�e�_�g�g�u�o�� �Z�j�l�_�j�b�c�� �b�� �Z�j�l�_�j�b�c�� �]�h�e�_�g�b��
�y�\�e�y�_�l�k�y���i�j�_�^�i�h�q�l�b�l�_�e�v�g�u�f�� �f�_�l�h�^�h�f���J�<�� �m���[�h�e�v��
�g�u�o���k���K�>�K���>�����@�� 

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

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

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

 
�A�:�D�E�X�Q�?�G�B�? 

�I�j�h�\�_�^�_�g�g�u�c�� �h�[�a�h�j�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �^�_�f�h�g��
�k�l�j�b�j�m�_�l���� �q�l�h�� �j�_�\�Z�k�d�m�e�y�j�b�a�Z�p�b�y�� �i�j�h�q�g�h�� �\�h�r�e�Z��
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�[�_�l�b�q�_�k�d�h�c�� �k�l�h�i�u���� �W�n�n�_�d�l�b�\�g�h�k�l�v�� �i�h�^�h�[�g�u�o��
�\�f�_�r�Z�l�_�e�v�k�l�\�� �i�h�^�l�\�_�j�`�^�_�g�Z�� �j�y�^�h�f�� �b�k�k�e�_�^�h�\�Z��
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�i�h�d�Z�a�Z�g�b�y�� �d�� �i�j�b�f�_�g�_�g�b�x�� �h�l�^�_�e�v�g�u�o�� �f�_�l�h�^�b�d�� �j�_��
�\�Z�k�d�m�e�y�j�b�a�Z�p�b�b�� �_�s�_�� �g�_�� �i�h�e�g�h�k�l�v�x�� �h�l�j�Z�[�h�l�Z�g�u��
�\ �a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �e�h�d�Z�e�b�a�Z�p�b�b�� �k�l�_�g�h�a�Z���� �_�]�h�� �i�j�h��
�l�y�`�_�g�g�h�k�l�b���� �k�l�_�i�_�g�b�� �l�y�`�_�k�l�b�� �k�b�g�^�j�h�f�Z�� �^�b�Z�[�_�l�b��
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�r �Z�l�_�e�v�k�l�\�� �\�� �d�h�j�j�_�d�p�b�b�� �i�h�j�Z�`�_�g�b�c�� �Z�j�l�_�j�b�c�� �]�h�e�_��
�g�b���d�e�Z�k�k�Z���7�$�6�&���'���m���[�h�e�v�g�h�c���k �k�b�g�^�j�h�f�h�f���^�b�Z�[�_��
�l�b�q�_�k�d�h�c�� �k�l�h�i�u���� �L�j�Z�g�k�e�x�f�b�g�Z�e�v�g�m�x�� �[�Z�e�e�h�g�g�m�x��
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�l�_�j�b�c�� �]�h�e�_�g�b�� �m�� �i�Z�p�b�_�g�l�h�\�� �k�� �k�Z�o�Z�j�g�u�f�� �^�b�Z�[�_�l�h�f��
�f�h�`�g�h�� �j�Z�k�k�f�Z�l�j�b�\�Z�l�v�� �d�Z�d�� �h�i�_�j�Z�p�b�x�� �\�u�[�h�j�Z�� �^�e�y��
�k�i�Z�k�_�g�b�y �d�h�g�_�q�g�h�k�l�b�� 
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DYNAMICS OF CHANGES IN THE SIZE OF THE MANDIBULAR BRANCH DUR ING 
THE PERIOD OF REMOVABLE OCCLUSION 

3.1.7. Dentistry 

 

Abstract . The relevance of the study is determined by the fact that there is still not enough information about age-
related changes in the mandibular branch associated with teething and growth of the alveolar part of the mandible. Pur-
pose . To determine the dynamics of changes in the size of the mandibular branch and its parts during the period of re-
movable occlusion. Material and methods . The gnathic part of the facial part of the head was measured on 53 sets of 
teleradiographs and orthopantomograms. The study was retrospective and randomized. Groups of children were formed 
taking into account the change of teeth. The continuation of the occlusal line served as the border between the upper 
and lower part of the jaw branch. Results and discussion . During the analysis, it was found that during the period of 
occlusion of milk teeth, the he�L�J�K�W���R�I���W�K�H���E�U�D�Q�F�K���Z�D�V�����������������“���������������P�P�� At the same time, the ratio of the height of the 
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upper occlusive-articular part of the branch to the lower occlusive-alveolar part averaged �����������“�������������D�Q�G���Y�L�V�X�D�O�O�\���W�K�H�\��
looked of equal size. With the eruption of permanent teeth and the change of milk teeth, the vertical size of the branch 
increased, and the ratio of their parts changed. After the eruption of the second permanent molars, the height of the 
�E�U�D�Q�F�K���Z�D�V�����������������“���������������P�P�����Z�K�L�F�K���Z�D�V���V�L�J�Q�L�I�L�F�D�Q�W�O�\���K�L�J�K�H�U��than in children of other groups (p �’�����������������$�W���W�K�H���V�D�P�H��
�W�L�P�H�����W�K�H���K�H�L�J�K�W���R�I���W�K�H���X�S�S�H�U���R�F�F�O�X�V�D�O���D�U�W�L�F�X�O�D�U���S�D�U�W���Z�D�V�����������������“���������������P�P�����D�Q�G���W�K�H���O�R�Z�H�U���S�D�U�W���Z�D�V�����������������“���������������P�P����
�7�K�H���U�D�W�L�R���R�I���W�K�H���K�H�L�J�K�W���R�I���W�K�H���X�S�S�H�U���S�D�U�W���R�I���W�K�H���E�U�D�Q�F�K���W�R���W�K�H���O�R�Z�H�U���S�D�U�W���Z�D�V���R�Q���D�Y�H�U�D�J�H�������������“������������ Conclusion . The 
results of the study can be used in clinical practice for the differential diagnosis of anomalies and variations of the man-
dibular branch, affecting the typological features of the growth of the gnathic part of the face.  

Keywords : orthopantomography, teleradiography, occlusal plane, mandible, reversible bite 
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�]�h�� �b�� �i�h�k�l�h�y�g�g�h�]�h�� �i�j�b�d�m�k�Z�� �i�j�_�^�e�h�`�_�g�u�� �f�g�h�]�h�q�b�k��
�e�_�g�g�u�_���f�_�l�h�^�u���b�k�k�e�_�^�h�\�Z�g�b�y���d�Z�d���k�� �m�q�_�l�h�f���i�h�e�h��
�\�h�]�h�� �^�b�f�h�j�n�b�a�f�Z���� �l�Z�d�� �b�� �l�b�i�h�e�h�]�b�q�_�k�d�b�o�� �h�k�h�[�_�g��
�g�h�k�l�_�c���a�m�[�h�q�_�e�x�k�l�g�u�o���^�m�]���>�����@���� 

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

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

�>�e�y�� �h�p�_�g�d�b�� �j�Z�a�f�_�j�h�\�� �a�m�[�h�q�_�e�x�k�l�g�u�o�� �^�m�]��
�d�e�b�g�b�p�b�k�l�u�� �b�k�i�h�e�v�a�m�x�l�� �f�g�h�]�h�q�b�k�e�_�g�g�u�_�� �o�j�_�k�l�h��
�f�Z�l�b�c�g�u�_�� �b�� �k�h�\�j�_�f�_�g�g�u�_�� �[�b�h�f�_�l�j�b�q�_�k�d�b�_�� �f�_�l�h��
�^�u���b�k�k�e�_�^�h�\�Z�g�b�y [13, 14]. 

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

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

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

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

 
�P�?�E�V���J�:�;�H�L�U�� 

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

 
�F�?�L�H�>�B�D�:���B�K�K�E�?�>�H�<�:�G�B�Y 

�J�_�l�j�h�k�i�_�d�l�b�\�g�u�c�� �Z�g�Z�e�b�a�� ������ �d�h�f�i�e�_�d�l�h�\��
�l�_�e�_�j�_�g�l�]�_�g�h�]�j�Z�f�f�� �b�� �h�j�l�h�i�Z�g�l�h�f�h�]�j�Z�f�f�� �^�_�l�_�c��
�i�_�j�b�h�^�Z�� �k�f�_�g�g�h�]�h�� �i�j�b�d�m�k�Z�� �i�h�a�\�h�e�b�e�� �k�l�j�Z�l�b�n�b��
�p�b�j�h�\�Z�l�v�� �b�o�� �g�Z�� �]�j�m�i�i�u�� �i�h�� �i�j�b�a�g�Z�d�m�� �i�j�h�j�_�a�u�\�Z��
�g�b�y�� �i�h�k�l�h�y�g�g�u�o�� �a�m�[�h�\���� �<�� ��-�x�� �]�j�m�i�i�m�� �\�d�e�x�q�Z�e�b��
�j�_�g�l�]�_�g�h�]�j�Z�f�f�u�� �^�_�l�_�c�� �i�_�j�b�h�^�Z�� �f�h�e�h�q�g�h�]�h�� �i�j�b��
�d�m�k�Z���\���a�Z�\�_�j�r�Z�x�s�_�c���_�]�h���k�l�Z�^�b�b�����b���\�u�k�h�l�Z���i�j�b�d�m��
�k�Z���n�b�d�k�b�j�h�\�Z�e�Z�k�v���g�Z���\�l�h�j�u�o���f�h�e�h�q�g�u�o���f�h�e�y�j�Z�o. 
2-�x�� �]�j�m�i�i�m�� �k�h�k�l�Z�\�b�e�b�� �^�_�l�b���� �m�� �d�h�l�h�j�u�o�� �i�j�h�j�_�a�Z��
�e�b�k�v�� �i�_�j�\�u�_�� �i�h�k�l�h�y�g�g�u�_�� �f�h�e�y�j�u���� �q�l�h�� �h�a�g�Z�f�_�g�h��
�\�u�\�Z�e�h �\�l�h�j�h�c�� �w�l�Z�i�� �i�h�^�t�_�f�Z�� �\�u�k�h�l�u�� �i�j�b�d�m�k�Z����
�< 3-�c���]�j�m�i�i�_���[�u�e�b���i�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�g�u���j�_�g�l�]�_�g�h��
�]�j�Z�f�f�u, �g�Z�� �d�h�l�h�j�u�o�� �i�j�h�b�a�h�r�e�Z�� �a�Z�f�_�g�Z���f�h�e�h�q��
�g�u�o���j�_�a�p�h�\ �i�h�k�l�h�y�g�g�u�f�b���a�Z�f�_�s�Z�x�s�b�f�b���a�m�[�Z�f�b����
�<����-�c���]�j�m�i�i�_���j�_�g�l�]�_�g�h�e�h�]�b�q�_�k�d�b���h�l�f�_�q�Z�e�Z�k�v���i�h�e��
�g�Z�y���k�f�_�g�Z���f�h�e�h�q�g�u�o���a�m�[�h�\���� 

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

�G�Z�� �[�h�d�h�\�u�o�� �l�_�e�_�j�_�g�l�]�_�g�]�_�g�h�]�j�Z�f�f�Z�o�� �\�_�j��
�r�b�g�m�� �k�m�k�l�Z�\�g�h�c�� �]�h�e�h�\�d�b�� �h�[�h�a�g�Z�q�Z�e�b�� �l�h�q�d�h�c�� �d�h�g��
�^�b�b�h�g��Cond. �D�Z�k�Z�l�_�e�v�g�u�_�� �e�b�g�b�b�� �d�� �\�_�l�\�b�� �b�� �l�_�e�m��
�g�b�`�g�_�c���q�_�e�x�k�l�b���i�_�j�_�k�_�d�Z�e�b�k�v���\���l�h�q�d�_���� �d�h�l�h�j�m�x��
�h�[�h�a�g�Z�q�b�e�b��Go���� �L�h�q�d�h�c��hPOcP �h�[�h�a�g�Z�q�Z�e�b�� �^�b��
�k�l�Z�e�v�g�u�c�� �[�m�]�h�j�h�d�� �g�b�`�g�_�]�h�� �\�l�h�j�h�]�h�� �f�h�e�y�j�Z��
�\�[�e�b�a�b�� �h�d�d�e�x�a�b�h�g�g�h�]�h�� �d�h�g�l�m�j�Z�� �d�h�j�h�g�d�b���� �M�d�Z�a�Z�g��
�g�u�c�� �h�j�b�_�g�l�b�j�� �k�h�_�^�b�g�y�e�b�� �k�� �f�_�`�j�_�a�p�h�\�h�c�� �l�h�q�d�h�c��
�i�j�b�� �i�h�k�l�j�h�_�g�b�b�� �h�d�d�e�x�a�b�h�g�g�h�c�� �e�b�g�b�b���� �<�u�k�h�l�Z��
�\�_�l�\�b �h�i�j�_�^�_�e�y�e�Z�k�v �j�Z�k�k�l�h�y�g�b�_�f��Go-Cond. 
�H�d�d�e�x�a�b�h�g�g�Z�y�� �e�b�g�b�y�� �k�e�m�`�b�e�Z�� �]�j�Z�g�b�p�_�c�� �f�_�`�^�m��
�\�_�j�o�g�_�c�� ���h�d�d�e�x�a�b�h�g�g�h-�k�m�k�l�Z�\�g�h�c���� �e�b�g�b�_�c�� �b�� �g�b�`��
�g�_�c�����h�d�d�e�x�a�b�h�g�g�h-�Z�e�v�\�_�h�e�y�j�g�h�c�����e�b�g�b�_�c.  

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

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

�=�h�j�b�a�h�g�l�Z�e�v�g�Z�y�� �e�b�g�y���� �k�h�_�^�b�g�y�x�s�Z�y�� �h�d�d�e�x��
�a�b�h�g�g�u�_�� �l�h�q�d�b��hPOcP���� �h�i�j�_�^�_�e�y�e�Z�k�v�� �d�Z�d�� �h�d�d�e�x��
�a�b�h�g�g�Z�y���]�h�j�b�a�h�g�l�Z�e�v���� 

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

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

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

�M�q�b�l�u�\�Z�y�� �\�Z�j�b�Z�[�_�e�v�g�h�k�l�v�� �Z�[�k�h�e�x�l�g�u�o�� �\�_��
�e�b�q�b�g�����h�i�j�_�^�_�e�b���h�l�g�h�k�b�l�_�e�v�g�u�_���i�h�d�Z�a�Z�l�_�e�b���k�h��
�j�Z�a�f�_�j�g�h�k�l�b�� �q�Z�k�l�_�c�� �\�_�l�\�b�� �g�b�`�g�_�c�� �q�_�e�x�k�l�b����
�L�Z�d���� �h�l�g�h�r�_�g�b�_�� �\�u�k�h�l�u�� �\�_�j�o�g�_�c�� �q�Z�k�l�b�� �\�_�l�\�b��
�d �g�b�`�g�_�c�� �\�� �k�j�_�^�g�_�f�� �k�h�k�l�Z�\�e�y�e�h�� ���������� �“�� ��������. 
�H�l�g�h�r�_�g�b�_���h�[�s�_�c���\�u�k�h�l�u���\�_�l�\�b���d���\�_�j�o�g�_�c���_�_���q�Z��
�k�l�b�� �k�h�k�l�Z�\�e�y�e�h�� ���������� �“�� ������������ �Z�� �h�l�g�h�r�_�g�b�_�� �h�[�s�_�c��
�\�u�k�h�l�u���\�_�l�\�b���d���g�b�`�g�_�c���_�_���q�Z�k�l�b���[�u�e�h�������������“������������
�b�� �^�h�k�l�h�\�_�j�g�u�o�� �j�Z�a�e�b�q�b�c�� �i�h�� �h�l�g�h�k�b�l�_�e�v�g�h�f�m�� �i�h��
�d�Z�a�Z�l�_�e�x�� �h�l�g�h�r�_�g�b�y�� �\�k�_�c�� �\�u�k�h�l�u�� �d�� �\�_�j�o�g�_�c��
�b �g�b�`�g�_�c�� �q�_�e�x�k�l�b�� �g�Z�f�b�� �g�_�� �h�l�f�_�q�_�g�h�� ���j �“�� ������������ 
�I�j�b�� �w�l�h�f�� �\�b�a�m�Z�e�v�g�h�� �h�[�_�� �q�Z�k�l�b�� �\�u�]�e�y�^�_�e�b�� �i�j�b��
�f�_�j�g�h���j�Z�\�g�h�j�Z�a�f�_�j�g�u�f�b�� 

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

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

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

�j�_�g�l�]�_�g�h�]�j�Z�f�f�_���\�u�k�h�l�Z���\�_�l�\�b���m���^�_�l�_�c����-�c���]�j�m�i�i�u��
�k�h�k�l�Z�\�e�y�e�Z�����������������“���������������f�f�����q�l�h���[�u�e�h���g�_�k�d�h�e�v��
�d�h���[�h�e�v�r�_�����q�_�f���m���^�_�l�_�c����-�c���]�j�m�i�i�u�����j  �’�������������� �I�j�b��
�w�l�h�f���\�u�k�h�l�Z���\�_�j�o�g�_�c���h�d�d�e�x�a�b�h�g�g�h-�k�m�k�l�Z�\�g�h�c���q�Z��
�k�l�b�� �[�u�e�Z�� �������������� �“�� ������������ �f�f���� �Z�� �g�b�`�g�_�c���± �������������� �“��
�������������f�f���� 

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

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

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

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

 



�<�H�E�=�H�=�J�:�>�K�D�B�C���G�:�M�Q�G�H-�F�?�>�B�P�B�G�K�D�B�C���@�M�J�G�:�E����������5�����L����22�����‹��2 

30 

 

�J�b�k�����������L�J�=���b���H�I�L�=���i�Z�p�b�_�g�l�Z �i�h�k�e�_���k�f�_�g�u���f�h�e�h�q�g�u�o���j�_�a�p�h�\�� 
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�g�Z�y���e�b�g�b�y���^�_�e�b�e�Z���\�_�l�\�v���g�Z���^�\�Z���h�l�^�_�e�Z 

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

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

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

�<�� ��-�c�� �]�j�m�i�i�_�� �[�u�e�b�� �i�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�g�u��
12 �d�h�f�i�e�_�d�l�h�\�� �j�_�g�l�]�_�g�h�]�j�Z�f�f���� �q�l�h�� �k�h�k�l�Z�\�b�e�h��
���������������“�������������������h�l���h�[�s�_�]�h���q�b�k�e�Z�����G�Z���\�k�_�o���j�_�g�l��
�]�_�g�h�]�j�Z�f�f�Z�o���i�j�h�b�a�h�r�e�Z���i�h�e�g�Z�y���k�f�_�g�Z���\�k�_�o���f�h��
�e�h�q�g�u�o�� �a�m�[�h�\�� �i�h�k�l�h�y�g�g�u�f�b���� �H�d�d�e�x�a�b�h�g�g�Z�y�� �e�b��
�g�b�y���^�_�e�b�e�Z���\�_�l�\�v���g�Z���^�\�Z���h�l�^�_�e�Z ���j�b�k���������� 
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�<�u�k�h�l�Z�� �\�_�l�\�b�� �m�� �^�_�l�_�c�� ��-�c�� �]�j�m�i�i�u�� �k�h�k�l�Z�\��
�e�y�e�Z�� �������������� �“�� ������������ �f�f���� �q�l�h�� �[�u�e�h���^�h�k�l�h�\�_�j�g�h��
�[�h�e�v�r�_���� �q�_�f�� �m�� �^�_�l�_�c�� ��-�c�� �]�j�m�i�i�u�� ���j �’�� ������������ �I�j�b��
�w�l�h�f�� �\�u�k�h�l�Z�� �\�_�j�o�g�_�c�� �h�d�d�e�x�a�b�h�g�g�h-�k�m�k�l�Z�\�g�h�c�� �q�Z��
�k�l�b�� �[�u�e�Z�� �������������� �“�� ������������ �f�f���� �Z�� �g�b�`�g�_�c���± �������������� �“��
������������ �f�f���� �<�u�k�h�l�Z�� �\�_�j�o�g�_�c�� �q�Z�k�l�b�� �[�u�e�Z�� �[�h�e�v�r�_��
�g�b�`�g�_�c���� �q�l�h�� �b�� �h�i�j�_�^�_�e�y�e�h�� �h�k�h�[�_�g�g�h�k�l�b�� �k�h�j�Z�a��
�f�_�j�g�h�k�l�b�� �q�Z�k�l�_�c�� �\�_�l�\�b�� �g�b�`�g�_�c�� �q�_�e�x�k�l�b�� �\�� �Z�g�Z��
�e�b�a�b�j�m�_�f�u�c���\�h�a�j�Z�k�l�g�h�c���i�_�j�b�h�^�� 

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

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

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

 

 

�J�b�k�����������L�J�=���b���H�I�L�=���i�Z�p�b�_�g�l�Z �i�h�k�e�_���k�f�_�g�u���f�h�e�h�q�g�u�o���a�m�[�h�\���b���i�j�h�j�_�a�u�\�Z�g�b�y���\�l�h�j�u�o���i�h�k�l�h�y�g�g�u�o���f�h�e�y�j�h�\�� 

 
�<�u�k�h�l�Z���\�_�l�\�b���m���^�_�l�_�c����-�c���]�j�m�i�i�u���k�h�k�l�Z�\�e�y��

�e�Z�����������������“���������������f�f�����q�l�h���[�u�e�h���^�h�k�l�h�\�_�j�g�h���[�h�e�v��
�r�_�����q�_�f���m���^�_�l�_�c���^�j�m�]�b�o���]�j�m�i�i�����j  �’�����������������I�j�b���w�l�h�f��
�\�u�k�h�l�Z�� �\�_�j�o�g�_�c�� �h�d�d�e�x�a�b�h�g�g�h-�k�m�k�l�Z�\�g�h�c�� �q�Z�k�l�b��
�[�u�e�Z�� �������������� �“�� ������������ �f�f���� �Z�� �g�b�`�g�_�c���± �������������� �“��
1,78) �f�f���� �<�u�k�h�l�Z�� �\�_�j�o�g�_�c�� �q�Z�k�l�b�� �[�u�e�Z�� �\�^�\�h�_��
�[�h�e�v�r�_�� �g�b�`�g�_�c���� �q�l�h�� �b�� �h�i�j�_�^�_�e�y�e�h�� �h�k�h�[�_�g�g�h�k�l�b��
�k�h�j�Z�a�f�_�j�g�h�k�l�b�� �q�Z�k�l�_�c�� �\�_�l�\�b�� �g�b�`�g�_�c�� �q�_�e�x�k�l�b��
�\ �Z�g�Z�e�b�a�b�j�m�_�f�u�c���\�h�a�j�Z�k�l�g�h�c���i�_�j�b�h�^�� 

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

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

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

 
�A�:�D�E�X�Q�?�G�B�? 

�<�� �o�h�^�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �h�i�j�_�^�_�e�_�g�u�� �a�Z�d�h�g�h��
�f�_�j�g�h�k�l�b�� �b�a�f�_�g�_�g�b�c�� �\�_�j�l�b�d�Z�e�v�g�u�o�� �j�Z�a�f�_�j�h�\��
�\�_�l�\�b�� �g�b�`�g�_�c�� �q�_�e�x�k�l�b���� �h�[�m�k�e�h�\�e�_�g�g�u�_�� �i�j�h�j�_��
�a�u�\�Z�g�b�_�f���i�h�k�l�h�y�g�g�u�o���a�m�[�h�\���\���i�_�j�b�h�^�_���k�f�_�g�g�h�]�h��
�i�j�b�d�m�k�Z���� �J�_�a�m�e�v�l�Z�l�u�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �f�h�]�m�l�� �[�u�l�v��
�b�k�i�h�e�v�a�h�\�Z�g�u�� �\�� �d�e�b�g�b�q�_�k�d�h�c�� �i�j�Z�d�l�b�d�_�� �^�e�y�� �^�b�n��
�n�_�j�_�g�p�b�Z�e�v�g�h�c�� �^�b�Z�]�g�h�k�l�b�d�b�� �Z�g�h�f�Z�e�b�c�� �b�� �\�Z�j�b�Z��
�p�b�c�� �\�_�l�\�b�� �g�b�`�g�_�c�� �q�_�e�x�k�l�b���� �\�e�b�y�x�s�b�_�� �g�Z�� �l�b�i�h��
�e�h�]�b�q�_�k�d�b�_�� �h�k�h�[�_�g�g�h�k�l�b�� �j�h�k�l�Z�� �]�g�Z�l�b�q�_�k�d�h�]�h�� �h�l��
�^�_�e�Z���e�b�p�Z�� 
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Abstract . The variability in the size of the branches of the lower jaw determines the relevance of assessing the propor-
tionality of its main parts. In intravital conditions, X-ray methods of examination occupy a special place in diagnosis. 
Purpose . To determine the main vertical parameters of the mandibular branch and its components in physiological oc-
clusion of permanent teeth. Material and methods . An analysis of 74 sets of radiographs, including orthopantomo-
grams and teleradiographs of people with signs of physiological occlusion, was carried out. The mandibular branch was 
conditionally divided by a line running through the distal occlusal point into two sections, the upper occlusal articular and 
the lower occlusal gonional. Results and discussion . In the course of the analysis of radiographs of people with physi-
ological types of occlusion, it was found that t�K�H���K�H�L�J�K�W���R�I���W�K�H���P�D�Q�G�L�E�X�O�D�U���E�U�D�Q�F�K���D�Y�H�U�D�J�H�G�����������������“���������������P�P�����7�K�H���U�D�W�L�R��
�R�I���W�K�H���X�S�S�H�U���S�D�U�W���W�R���W�K�H���O�R�Z�H�U���S�D�U�W���Z�D�V�������������“���������������7�K�H���U�H�O�D�W�L�Y�H���U�D�W�L�R���L�Q���W�K�H���U�D�Q�J�H���I�U�R�P�����������W�R�����������D�O�O�R�Z�H�G���X�V���W�R���G�L�V�W�Ln-
guish 3 groups. The first group included radiographs in which the relative indicator corresponded to the mean values 
(1.8�±2.1). The second group included radiographs with a reduced ratio of parts of the mandibular branch (less than 1.7). 
In the third group, the ratio of parts of the mandibular branch exceeded 2.2. Conclusion . On average, the height of the 
upper occlusal articular part of the branch was twice the size of the lower occlusal gonional part, which can be used both 
in the clinic of orthodontics and maxillofacial surgery when planning operations to model the branch of the lower jaw.  

Keywords : physiological occlusion, orthopantomography, teleradiography, occlusal plane, mandible 
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�d�h�� �i�j�h�^�h�e�`�_�g�b�_�� �m�d�Z�a�Z�g�g�h�]�h�� �h�j�b�_�g�l�b�j�Z�� �\�� �k�l�h�j�h��
�g�m�� �\�_�l�\�_�c�� �f�h�`�_�l�� �k�e�m�`�b�l�v�� �m�k�e�h�\�g�h�c�� �]�j�Z�g�b�p�_�c��
�f�_�`�^�m�� �h�d�d�e�x�a�b�h�g�g�h-�k�m�k�l�Z�\�g�h�c�� �b�� �h�d�d�e�x�a�b�h�g�g�h-
�Z�e�v�\�_�h�e�y�j�g�h�c�� �q�Z�k�l�y�f�b�� �\�_�l�\�b���� �L�_�f�� �g�_�� �f�_�g�_�_��
�\ �e�b�l�_�j�Z�l�m�j�_���f�u���g�_���\�k�l�j�_�l�b�e�b���i�h�^�h�[�g�u�o���b�k�k�e�_��
�^�h�\�Z�g�b�c�� 

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

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

 
�P�?�E�V���J�:�;�H�L�U�� 

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

 
�F�?�L�H�>�B�D�:���B�K�K�E�?�>�H�<�:�G�B�Y 

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

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

�^�h�e�`�Z�e�b���^�h���a�Z�^�g�_�c���q�Z�k�l�b���\�_�l�\�b���q�_�e�x�k�l�b�����<�u�k�h��
�l�m�� �\�_�l�\�b�� �b�a�f�_�j�y�e�b�� �d�Z�d�� �j�Z�k�k�l�h�y�g�b�_�� �h�l�� �m�]�e�Z�� �g�b�`��
�g�_�c���q�_�e�x�k�l�b���^�h���\�_�j�r�b�g�u���k�m�k�l�Z�\�g�h�c���]�h�e�h�\�d�b��Go-
Cond���� �H�[�s�m�x�� �\�u�k�h�l�m�� �\�_�l�\�b�� �m�k�e�h�\�g�h�� �^�_�e�b�e�b��
�g�Z ���� �q�Z�k�l�b���� �_�_�� �]�j�Z�g�b�p�_�c�� �k�e�m�`�b�e�Z�� �h�d�d�e�x�a�b�h�g�g�Z�y��
�e�b�g�b�y�����<�_�j�o�g�x�x���q�Z�k�l�v���h�[�h�a�g�Z�q�Z�e�b���d�Z�d���h�d�d�e�x�a�b��
�h�g�g�h-�k�m�k�l�Z�\�g�Z�y���� �Z�� �g�b�`�g�x�x���± �d�Z�d�� �h�d�d�e�x�a�b�h�g�g�h-
�]�h�g�b�h�g�Z�e�v�g�Z�y���� 

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

�D�Z�k�Z�l�_�e�v�g�Z�y�� �d�� �\�_�l�\�b�� �g�b�`�g�_�c�� �q�_�e�x�k�l�b�� �k�h��
�_�^�b�g�y�e�Z�� �\�u�k�l�m�i�Z�x�s�b�_�� �l�h�q�d�m���� �I�j�b�� �i�h�k�l�j�h�_�g�b�b��
�d�Z�k�Z�l�_�e�v�g�h�c�� �d�� �l�_�e�m�� �q�_�e�x�k�l�b�� �i�j�h�\�h�^�b�e�b�� �\�� �h�[�_��
�k�l�h�j�h�g�u�� �e�b�g�b�b�� �h�l�� �l�h�q�d�b��Gn���� �j�Z�k�i�h�e�h�`�_�g�g�h�c��
�\ �g�b�`�g�_�c�� �p�_�g�l�j�Z�e�v�g�h�c�� �q�Z�k�l�b�� �i�h�^�[�h�j�h�^�h�q�g�h�]�h��
�k�b�f�n�b�a�Z���� �^�h�� �\�u�k�l�m�i�Z�x�s�_�c�� �g�b�`�g�_�c�� �l�h�q�d�b�� �m�]�e�Z��
�q�_�e�x�k�l�b���� �D�Z�k�Z�l�_�e�v�g�u�_�� �e�b�g�b�b�� �i�j�b�� �i�_�j�_�k�_�q�_�g�b�b��
�h�i�j�_�^�_�e�y�e�b�� �d�h�g�k�l�j�m�d�l�b�\�g�m�x�� �l�h�q�d�m�� �]�h�g�b�h�g Go. 
�K�h�_�^�b�g�_�g�b�_�� �]�h�g�b�h�g�Z�e�v�g�u�o�� �l�h�q�_�d�� �h�i�j�_�^�_�e�y�e�h��
�i�h�e�h�`�_�g�b�_���]�h�g�b�h�g�Z�e�v�g�h�c���e�b�g�b�b��Go-Go�����I�j�b���k�h��
�_�^�b�g�_�g�b�b���h�d�d�e�x�a�b�h�g�g�u�o���l�h�q�_�d��hPOcP �i�h�e�m�q�Z�e�b��
�h�d�d�e�x�a�b�h�g�g�m�x�� �]�h�j�b�a�h�g�l�Z�e�v�� ���j�b�k���� ���������B�a�f�_�j�y�e�b��
�j�Z�k�k�l�h�y�g�b�_�� �f�_�`�^�m�� �]�h�j�b�a�h�g�l�Z�e�y�f�b�� �\�� �h�[�e�Z�k�l�b��
�\�_�l�\�_�c���g�b�`�g�_�c���q�_�e�x�k�l�b�����K�l�Z�l�b�k�l�b�q�_�k�d�b�c���Z�g�Z�e�b�a��
�i�j�h�\�h�^�b�e�b�� �\�� �i�j�h�]�j�Z�f�f�_��Microsoft Excel���� �K�h��
�k�l�Z�\�e�y�e�b�� �\�Z�j�b�Z�p�b�h�g�g�u�_�� �j�y�^�u�� �k�� �i�h�k�e�_�^�m�x�s�b�f��
�j�Z�k�q�_�l�h�f�� �k�j�_�^�g�_�]�h�� �a�g�Z�q�_�g�b�y���� �k�l�Z�g�^�Z�j�l�g�h�]�h�� �h�l��
�d�e�h�g�_�g�b�y�� �b�� �h�r�b�[�d�b�� �k�j�_�^�g�_�]�h�� �“m���� �L�Z�d�`�_�� �h�p�_�g�b��
�\�Z�e�b�� �f�Z�d�k�b�f�Z�e�v�g�u�_�� �b�� �f�b�g�b�f�Z�e�v�g�u�_�� �a�g�Z�q�_�g�b�y��
�\�_�e�b�q�b�g���� �H�i�j�_�^�_�e�b�� �h�l�g�h�k�b�l�_�e�v�g�u�_�� �\�_�e�b�q�b�g�u��
�k�h�h�l�g�h�r�_�g�b�y�� �\�_�j�o�g�_�c�� �b�� �g�b�`�g�_�c�� �q�Z�k�l�_�c�� �\�_�l�\�b��
�g�b�`�g�_�c���q�_�e�x�k�l�b��  

 

 

�Z                                                                                                         �[     

�J�b�k�����������F�_�l�h�^���b�a�f�_�j�_�g�b�y �\�u�k�h�l�u���\�_�l�\�b���g�b�`�g�_�c���q�_�e�x�k�l�b �g�Z���l�_�e�_�j�_�g�l�]�_�g�h�]�j�Z�f�f�_�����Z�����b���h�j�l �h�i�Z�g�l�h�f�h�]�j�Z�f�f�_�����[�� 
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�J�?�A�M�E�V�L�:�L�U���B�K�K�E�?�>�H�<�:�G�B�Y�� 
�B���B�O���H�;�K�M�@�>�?�G�B�? 

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

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

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

�I�Z�j�Z�f�_�l�j�u���\�_�l�\�b���g�b�`�g�_�c���q�_�e�x�k�l�b�����\���f�f�� �K�l�Z�l�b�k�l�b�q�_�k�d�b�_���i�h�d�Z�a�Z�l�_�e�b 
�F���k�j SD �“m 

�H�[�s�Z�y���\�u�k�h�l�Z���\�_�l�\�b����Cond-Go)  61,28 6,08 1,24 
�H�d�d�e�x�a�b�h�g�g�h-�k�m�k�l�Z�\�g�Z�y���q�Z�k�l�v���\�_�l�\�b�� 40,31 3,57 0,73 
�H�d�d�e�x�a�b�h�g�g�h-�]�h�g�b�h�g�Z�e�v�g�Z�y���q�Z�k�l�v���\�_�l�\�b�� 20,98 3,76 0,77 

 
�<���k�j�_�^�g�_�f���i�h���]�j�m�i�i�_���h�l�g�h�r�_�g�b�_���q�Z�k�l�_�c���k�h��

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

�<�� ��-�x�� �]�j�m�i�i�u�� �\�d�e�x�q�b�e�b�� �j�_�g�l�]�_�g�h�]�j�Z�f�f�u����
�m �d�h�l�h�j�u�o�� �h�l�g�h�k�b�l�_�e�v�g�u�c�� �i�h�d�Z�a�Z�l�_�e�v�� �k�h�h�l�\�_�l�k�l�\�h��
�\�Z�e�� �k�j�_�^�g�b�f�� �a�g�Z�q�_�g�b�y�f�� ���������±������������ �<�h�� ��-�x�� �]�j�m�i�i�m��
�h�l�g�h�k�b�e�b�� �j�_�g�l�]�_�g�h�]�j�Z�f�f�u�� �k �m�f�_�g�v�r�_�g�g�u�f�� �d�h�w�n��
�n�b�p�b�_�g�l�h�f���k�h�h�l�g�h�r�_�g�b�y�� �q�Z�k�l�_�c���\�_�l�\�b�� �g�b�`�g�_�c�� �q�_��
�e�x�k�l�b�� ���f�_�g�v�r�_�� ������������ �< 3-�c�� �]�j�m�i�i�_�� �i�h�d�Z�a�Z�l�_�e�v�� �d�h��
�w�n�n�b�p�b�_�g�l�Z�� �k�h�h�l�g�h�r�_�g�b�y�� �q�Z�k�l�_�c�� �\�_�l�\�b�� �g�b�`�g�_�c��
�q�_�e�x�k�l�b���i�j�_�\�u�r�Z�e���a�g�Z�q�_�g�b�y���������� 

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

�<����-�x���i�h�^�]�j�m�i�i�m���[�u�e�b���\�d�e�x�q�_�g�u���������d�h�f�i�e�_�d��
�l�h�\���l�_�e�_�j�_�g�l�]�_�g�h�]�j�Z�f�f�� �b���h�j�l�h�i�Z�g�l�h�f�h�]�j�Z�f�f���>�b�e�b��
�������������� �“�� ������������ ���� �h�l�� �h�[�s�_�]�h�� �d�h�e�b�q�_�k�l�\�Z�@���� �g�Z�� �d�h�l�h��

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

�<�h����-�x���i�h�^�]�j�m�i�i�m���[�u�e���\�d�e�x�q�_�g���������d�h�f�i�e�_�d�l��
�l�_�e�_�j�_�g�l�]�_�g�h�]�j�Z�f�f�� �b�� �h�j�l�h�i�Z�g�l�h�f�h�]�j�Z�f�f�� �>�b�e�b��
(������������ �“�� ������������ ���@���� �g�Z�� �d�h�l�h�j�u�o�� �k�j�_�^�g�y�y�� �\�_�e�b�q�b�g�Z��
�h�l�g�h�r�_�g�b�y���\�_�j�o�g�_�c���q�Z�k�l�b���\�_�l�\�b���d���g�b�`�g�_�c���k�h�k�l�Z�\��
�e�y�e�Z�� ���������� �“�� ������������ �q�l�h�� �[�u�e�h�� �^�h�k�l�h�\�_�j�g�h�� �f�_�g�v�r�_��
�i�h�d�Z�a�Z�l�_�e�y�����i�h�e�m�q�_�g�g�h�]�h���i�h���]�j�m�i�i�_���\���k�j�_�^�g�_�f���b���\��
1-�c �i�h�^�]�j�m�i�i�_���� 

�<�b�a�m�Z�e�v�g�h�� �i�Z�j�Z�f�_�l�j�u�� �\�_�l�\�b�� �h�l�e�b�q�Z�e�b�k�v��
�h�l �i�_�j�\�h�c���]�j�m�i�i�u�����j�b�k���������� 
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�J�b�k�����������H�I�L�=���i�Z�p�b�_�g�l�Z 2-�c���]�j�m�i�i�u���k���m�f�_�g�v�r�_�g�g�u�f���d�h�w�n�n�b�p�b�_�g�l�h�f�� 
�k�h�h�l�g�h�r�_�g�b�y���q�Z�k�l�_�c���\�_�l�\�b���g�b�`�g�_�c���q�_�e�x�k�l�b 

 

�<�u�k�h�l�Z���\�_�l�\�b���k�h�k�l�Z�\�e�y�e�Z�����������������“���������������f�f��
�b�� �^�h�k�l�h�\�_�j�g�u�o�� �j�Z�a�e�b�q�b�c�� �i�h�� �w�l�h�f�m�� �i�h�d�Z�a�Z�l�_�e�x��
�g�_  �h�l�f�_�q�_�g�h�����F�Z�d�k�b�f�Z�e�v�g�Z�y���\�u�k�h�l�Z���[�u�e�Z���������f�f�� 
�Z�� �f�b�g�b�f�Z�e�v�g�Z�y���± ������ �f�f���� �<�u�k�h�l�Z�� �\�_�j�o�g�_�c�� �q�Z�k�l�b��
�k�h�k�l�Z�\�e�y�e�Z�� �������������� �“�� ������������ �f�f���� �q�l�h�� �[�u�e�h�� �^�h�k�l�h��
�\�_�j�g�h���f�_�g�v�r�_�����q�_�f���m���e�x�^�_�c����-�c���i�h�^�]�j�m�i�i�u���� 

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

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

�[�u�e�h���g�_�k�d�h�e�v�d�h���f�_�g�v�r�_�����q�_�f���\���^�j�m�]�b�o���i�h�^�]�j�m�i�i�Z�o����
�F�Z�d�k�b�f�Z�e�v�g�Z�y�� �\�u�k�h�l�Z�� �[�u�e�Z�� ������ �f�f���� �Z �f�b�g�b�f�Z�e�v��
�g�Z�y �± ������ �f�f���� �<�u�k�h�l�Z�� �\�_�j�o�g�_�c�� �q�Z�k�l�b�� �k�h�k�l�Z�\�e�y�e�Z��
(41,03 �“���������������f�f�����q�l�h���[�u�e�h���[�e�b�a�d�b�f���i�h���a�g�Z�q�_�g�b�y�f����
�i�h�e�m�q�_�g�g�u�f���\���^�j�m�]�b�o���i�h�^�]�j�m�i�i�Z�o���b���k�\�b�^�_�l�_�e�v�k�l�\�h��
�\�Z�e�h���h���f�_�g�v�r�_�c���\�Z�j�b�Z�[�_�e�v�g�h�k�l�b���m�d�Z�a�Z�g�g�h�]�h���i�Z�j�Z��
�f�_�l�j�Z�����<���l�h���`�_���\�j�_�f�y���\�u�k�h�l�Z���g�b�`�g�_�]�h���h�l�^�_�e�Z���\�_�l��
�\�b���[�u�e�Z�����������������“���������������f�f���b���i�h�d�Z�a�Z�l�_�e�v���h�l�e�b�q�Z�e�k�y��
�\ �f�_�g�v�r�m�x���k�l�h�j�h�g�m���� �i�h���k�j�Z�\�g�_�g�b�x���k���Z�g�Z�e�h�]�b�q�g�u�f��
�j�Z�a�f�_�j�h�\���\���^�j�m�]�b�o���i�h�^�]�j�m�i�i�Z�o�����j�b�k����������  

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �i�j�b�� �n�b�a�b�h�e�h�]�b�q�_�k�d�b�o�� �\�Z��
�j�b�Z�g�l�Z�o�� �i�j�b�d�m�k�Z�� �h�i�j�_�^�_�e�_�g�u�� �h�k�g�h�\�g�u�_�� �\�_�j�l�b��
�d�Z�e�v�g�u�_���i�Z�j�Z�f�_�l�j�u���\�_�l�\�b���g�b�`�g�_�c���q�_�e�x�k�l�b���b���_�_��
�k�h�k�l�Z�\�g�u�o�� �q�Z�k�l�_�c���� �<�� �k�j�_�^�g�_�f�� �\�u�k�h�l�Z�� �\�_�j�o�g�_�c��
�h�d�d�e�x�a�b�h�g�g�h-�k�m�k�l�Z�\�g�h�c�� �q�Z�k�l�b�� �\�_�l�\�b�� �\�� �^�\�Z�� �j�Z�a�Z��
�i�j�_�\�u�r�Z�e�Z�� �j�Z�a�f�_�j�u�� �g�b�`�g�_�c�� �h�d�d�e�x�a�b�h�g�g�h-
�]�h�g�b�h�g�Z�e�v�g�h�c�� �q�Z�k�l�b���� �q�l�h�� �f�h�`�_�l�� �[�u�l�v�� �b�k�i�h�e�v�a�h��
�\�Z�g�h���d�Z�d���\���d�e�b�g�b�d�_���h�j�l�h�^�h�g�l�b�b�����l�Z�d���b���q�_�e�x�k�l�g�h-
�e�b�p�_�\�h�c�� �o�b�j�m�j�]�b�b�� �i�j�b�� �i�e�Z�g�b�j�h�\�Z�g�b�b�� �h�i�_�j�Z�p�b�c��
�i�h���f�h�^�_�e�b�j�h�\�Z�g�b�x���\�_�l�\�b���g�b�` �g�_�c���q�_�e�x�k�l�b��  
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�A�:�D�E�X�Q�?�G�B�? 
�<�� �o�h�^�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �h�i�j�_�^�_�e�_�g�u�� �h�k�g�h�\�g�u�_��

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

�k�h�k�l�Z�\�e�y�e�Z�� �\�_�e�b�q�b�g�Z���� �\�Z�j�v�b�j�m�_�f�Z�y�� �h�l�� �������� �^�h�� ����������
�<�k�l�j�_�q�Z�e�b�k�v�� �\�Z�j�b�Z�g�l�u�� �k�� �m�\�_�e�b�q�_�g�g�u�f�� �b�� �m�f�_�g�v��
�r�_�g�g�u�f�� �d�h�w�n�n�b�p�b�_�g�l�h�f�� �k�h�h�l�g�h�r�_�g�b�y�� �q�Z�k�l�_�c��
�\�_�l�\�b�� �g�b�`�g�_�c�� �q�_�e�x�k�l�b���� �q�l�h�� �f�h�`�_�l�� �[�u�l�v�� �b�k�i�h�e�v�a�h��
�\�Z�g�h���\���d�e�b�g�b�q�_�k�d�h�c���i�j�Z�d�l�b�d�_���b���^�b�Z�]�g�h�k�l�b�d�_���Z�g�h�f�Z��
�e�b�c���j�Z�a�f�_�j�h�\���\�_�l�\�_�c���g�b�`�g�_�c���q�_�e�x�k�l�b���� 
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�^�u�o���e�x�^�_�c���k���n�b�a�b�h�e�h�]�b�_�c���i�j�b�d�m�k�Z���b���������l�_�e�_�j�_�g�l�]�_�g�h�]�j�Z�f�f���^�_�l�_�c���\���j�Z�a�g�u�_���i�_�j�b�h�^�u���k�f�_�g�g�h�]�h���i�j�b�d�m�k�Z�����I�j�b���Z�g�Z��
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VARIANTS OF THE POSITION OF THE FIRST PERMANENT MOLARS RELAT IVE  
TO THE PTERYGOID VERTICAL PLANE ON A LAT ERAL TELERADIOGRAPHY  

3.1.7. Dentistry 
 

Abstract . Determination of the position of key teeth in the gnathic part of the facial region of the head according to tele-
radiography data is an urgent task of clinical orthodontics. Purpose . To determine the variants of the position of the first 
permanent molars relative to the pterygoid vertical plane on the lateral teleradiograph and to develop a model for pre-
dicting the optimal position of key teeth in the structure of the gnatic part of the face. Material and methods . The analy-
sis of 48 teleradiographs of young people with occlusion physiology and 23 teleradiographs of children in different periods 
of removable occlusion was carried out. The analysis used the Ralph E. McDonald method and the developed original 
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mole for predicting the optimal position of the occlusion keys. Results and discussion . The analysis of teleradiographs 
revealed that the distance from the pterygoid vertical plane PTV to the distal surface of the upper first permanent molar 
�L�Q���W�K�H���J�U�R�X�S���D�V���D���Z�K�R�O�H���Z�D�V�����������������“���������������P�P�����7�K�H���D�Y�H�U�D�J�H���G�L�V�W�D�Q�F�H���E�H�W�Z�H�H�Q���W�K�H���D�U�W�L�F�X�O�D�U���D�Q�G���V�S�L�Q�D�O���Y�H�U�W�L�F�D�O�V���L�Q���W�K�H��
�D�Q�D�O�\�]�H�G���J�U�R�X�S���Z�D�V�����������������“�������������P�P�����$�W���W�K�H���V�D�P�H���W�L�P�H�����W�K�H���V�D�J�L�W�W�D�O���V�L�]�H���D�Y�H�U�D�J�H�G�����������������“���������������P�P�����D�Q�G���W�K�H���Dnterior 
�V�L�]�H���Z�D�V�����������������“���������������P�P�����$���U�H�O�D�W�L�Y�H�O�\���V�W�D�E�O�H���L�Q�G�L�F�D�W�R�U���Z�D�V���W�K�H���U�D�W�L�R���R�I���W�K�H���V�D�J�L�W�W�D�O���V�L�]�H���R�I���W�K�H���J�Q�D�W�K�L�F���F�R�P�S�O�H�[���W�R���W�K�H��
�S�R�V�W�H�U�L�R�U���S�D�U�W�����Z�K�L�F�K���D�Y�H�U�D�J�H�G�����������“������������ Conclusio n. In the course of the analysis, an optimal model for predicting the 
first permanent molars was developed, which is an objective method of analysis in different periods of ontogenesis, re-
gardless of the sagittal size of the gnatic calving of the face. The ratio of the condyllospinal size to the coefficient of 1.5 
determines the position of the medial surface of the first molar, which can be used in the orthodontics clinic to diagnose 
anomalies in the position of teeth and dental arches.  

Keywords : physiological occlusion, teleradiography, reversible bite 
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�[�_�g�g�h�k�l�b�� �i�j�h�y�\�e�_�g�b�y�� �g�_�^�b�n�n�_�j�_�g�p�b�j�h�\�Z�g�g�h�c��
�^�b�k�i�e�Z�a�b�b�� �k�h�_�^�b�g�b�l�_�e�v�g�h�c�� �l�d�Z�g�b�� �\�� �q�_�e�x�k�l�g�h-
�e�b�p�_�\�h�c���h�[�e�Z�k�l�b [5, 6].  

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

�k�e�_�^�h�\�Z�g�b�y�� �y�\�e�y�x�l�k�y�� �d�h�k�l�g�u�_�� �w�e�_�f�_�g�l�u�� �g�b�`��
�g�_�q�_�e�x�k�l�g�h�]�h���k�m�k�l�Z�\�Z���>���������@���� 

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

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

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

�I�h�^�h�[�g�u�_�� �b�k�k�e�_�^�h�\�Z�g�b�y���� �g�Z�i�j�Z�\�e�_�g�g�u�_��
�g�Z���Z�g�Z�e�b�a�� �k�h�j�Z�a�f�_�j�g�h�k�l�b�� �q�Z�k�l�_�c�� �e�b�p�_�\�h�]�h�� �h�l��
�^�_�e�Z�� �b�� �a�m�[�h�q�_�e�x�k�l�g�u�o�� �^�m�]���� �e�_�`�Z�l�� �g�_�� �l�h�e�v�d�h��
�\ �h�k�g�h�\�_�� �^�b�Z�]�g�h�k�l�b�d�b�� �Z�g�h�f�Z�e�b�c�� �\�� �j�Z�a�e�b�q�g�u�o��
�g�Z�i�j�Z�\�e�_�g�b�y�o���� �g�h�� �b�� �h�i�j�_�^�_�e�y�x�l�� �l�Z�d�l�b�d�m�� �e�_�q�_�[��
�g�h-�i�j�h�n�b�e�Z�d�l�b�q�_�k�d�b�o�� �f�_�j�h�i�j�b�y�l�b�c [12�±�����@���� �H�l��
�f�_�q�_�g�h���� �i�j�b�� �Z�k�b�f�f�_�l�j�b�b�� �a�m�[�g�u�o�� �^�m�]�� �\�h�a�f�h�`�g�h��
�b�a�f�_�g�_�g�b�_�� �i�h�e�h�`�_�g�b�y�� �b�� �d�e�x�q�_�\�u�o�� �a�m�[�h�\���� �h�k�h��
�[�_�g�g�h���i�j�b���h�l�k�m�l�k�l�\�b�b���h�^�g�h�]�h���b�a���i�j�_�f�h�e�y�j�h�\��  

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

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

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

 
�P�?�E�V���J�:�;�H�L�U�� 

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

 
�F�?�L�H�>�B�D�:���B�K�K�E�?�>�H�<�:�G�B�Y�� 

�B�k�k�e�_�^�h�\�Z�g�b�_�� �i�j�h�\�h�^�b�e�h�k�v�� �\�� �^�\�Z�� �w�l�Z�i�Z����
�G�Z �i�_�j�\�h�f���w�l�Z�i�_���h�i�j�_�^�_�e�y�e�b���i�h�e�h�`�_�g�b�_���i�_�j�\�u�o��
�i�h�k�l�h�y�g�g�u�o�� �f�h�e�y�j�h�\�� �i�h�� �h�l�g�h�r�_�g�b�x�� �d�� �d�j�u�e�h�\�b�^��
�g�h�c���\�_�j�l�b�d�Z�e�b���i�h���f�_�l�h�^�m��Ralph E. McDonald.  

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

�K�h�]�e�Z�k�g�h�� �m�d�Z�a�Z�g�g�h�f�m�� �f�_�l�h�^�m�� �g�Z�� �j�_�g�l�]�_�g�h��
�]�j�Z�f�f�Z�o�� �i�j�h�\�h�^�b�e�b�� �N�j�Z�g�d�n�m�j�l�k�d�m�x�� �]�h�j�b�a�h�g��
�l�Z�e�v���� �M�q�b�l�u�\�Z�y�� �f�g�_�g�b�y�� �k�i�_�p�b�Z�e�b�k�l�h�\�� �h�l�g�h�k�b��
�l�_�e�v�g�h�� �h�j�b�_�g�l�b�j�h�\�� �^�e�y�� �i�h�k�l�j�h�_�g�b�y���b�� �\�Z�j�b�Z��
�[�_�e�v�g�h�k�l�v�� �i�h�e�h�`�_�g�b�y�� �g�Z�j�m�`�g�h�]�h�� �k�e�m�o�h�\�h�]�h��
�i�j�h�o�h�^�Z�����\���d�Z�q�_�k�l�\�_���a�Z�^�g�_�c���l�h�q�d�b���b�k�i�h�e�v�a�h�\�Z�e�b��
�\�_�j�o�g�x�x���\�u�i�m�d�e�h�k�l�v���k�m�k�l�Z�\�g�h�c���]�h�e�h�\�d�b���g�b�`�g�_�c 
�q�_�e�x�k�l�b�� ���©Cond�ª������ �I�_�j�_�^�g�y�y�� �l�h�q�d�Z�� �l�j�Z�^�b�p�b�h�g��
�g�h�� �j�Z�k�i�h�e�Z�]�Z�e�Z�k�v�� �g�Z�� �g�b�`�g�_�f�� �d�j�Z�_�� �]�e�Z�a�g�b�p�u��
�b �h�i�j�_�^�_�e�y�e�Z�k�v���d�Z�d���h�j�[�b�l�Z�e�v�g�Z�y���l�h�q�d�Z Or.  

�G�Z�o�h�^�b�e�b�� �i�h�e�h�`�_�g�b�_�� �l�h�q�d�b��Pt���� �d�h�l�h�j�Z�y��
�j�Z�k�i�h�e�Z�]�Z�e�Z�k�v�� �g�Z�� �i�_�j�_�k�_�q�_�g�b�b�� �g�b�`�g�_�]�h�� �d�j�Z�y��
�d�j�m�]�e�h�]�h�� �h�l�\�_�j�k�l�b�y�� �b�� �a�Z�^�g�_�c�� �k�l�_�g�d�b �d�j�u�e�h�\�b�^��
�g�h-�\�_�j�o�g�_�q�_�e�x�k�l�g�h�c�� �s�_�e�b���� �b�� �i�_�j�i�_�g�^�b�d�m�e�y�j�g�h��
�d�� �N�j�Z�g�d�n�m�j�l�k�d�h�c�� �]�h�j�b�a�h�g�l�Z�e�b�� �i�j�h�\�h�^�b�e�b�� �d�j�u��
�e�h�\�b�^�g�m�x���\�_�j�l�b�d�Z�e�v�g�m�x���e�b�g�b�x�����d�h�l�h�j�m�x���i�j�b�g�y��
�l�h �h�[�h�a�g�Z�q�Z�l�v�� �d�Z�d�� �i�e�h�k�d�h�k�l�v��PTV���� �J�Z�k�k�l�h�y�g�b�_��

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

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

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

�I�j�b�� �i�j�h�\�_�^�_�g�b�b�� �Z�g�Z�e�b�a�Z�� �d �N�j�Z�g�d�n�m�j�l�k�d�h�c��
�]�h�j�b�a�h�g�l�Z�e�b���i�j�h�\�h�^�b�e�b���i�_�j�_�^�g�b�c���b���a�Z�^�g�b�c���i�_�j��
�i�_�g�^�b�d�m�e�y�j�u���� �I�_�j�_�^�g�b�c�� �k�i�b�g�Z�e�v�g�u�c�� �i�_�j�i�_�g�^�b��
�d�m�e�y�j�� �i�j�h�o�h�^�b�e�� �q�_�j�_�a�� �\�u�k�l�m�i�Z�x�s�m�x�� �l�h�q�d�m�� �i�_��
�j�_�^�g�_�c�� �g�h�k�h�\�h�c�� �h�k�l�b�� ��spina nasalis anterior �± 
SNA������ �Z�� �a�Z�^�g�b�c�� �k�m�k�l�Z�\�g�h�c�� �i�_�j�i�_�g�^�b�d�m�e�y�j�� �h�i�m�k��
�d�Z�e�b�� �b�a�� �d�h�g�^�b�e�y�j�g�h�c�� �l�h�q�d�b��Cond���� �F�h�e�y�j�g�u�c��
�i�_�j�i�_�g�^�b�d�m�e�y�j�� �i�j�h�\�h�^�b�e�b�� �q�_�j�_�a�� �f�_�^�b�Z�e�v�g�m�x��
�i�h�\�_�j�o�g�h�k�l�v�� �i�_�j�\�h�]�h�� �i�h�k�l�h�y�g�g�h�]�h�� �f�h�e�y�j�Z���� �M�d�Z��
�a�Z�g�g�Z�y�� �\�_�j�l�b�d�Z�e�v�� �h�l�^�_�e�y�e�Z�� �a�Z�f�_�s�Z�x�s�b�_�� �a�m�[�u��
�i�h�k�l�h�y�g�g�h�]�h�� �i�j�b�d�m�k�Z�� �h�l�� �^�h�[�Z�\�h�q�g�u�o�� �a�m�[�h�\�� ���i�h��
�k�l�h�y�g�g�u�o�� �f�h�e�y�j�h�\������ �q�l�h�� �\�i�h�e�g�_�� �e�h�]�b�q�g�h�� �^�e�y��
�Z�g�Z�e�b�a�Z�� �i�h�e�h�`�_�g�b�y�� �i�_�j�\�u�o�� �i�h�k�l�h�y�g�g�u�o�� �f�h�e�y��
�j�h�\���\���]�g�Z�l�b�q�_�k�d�h�f���d�h�f�i�e�_�d�k�_�����j�b�k����������  

�?�k�e�b�� �f�_�l�h�^��R. E. McDonald �i�h�a�\�h�e�y�e�� �h�p�_��
�g�b�l�v�� �l�h�e�v�d�h�� �i�h�e�h�`�_�g�b�_�� �i�_�j�\�u�o�� �i�h�k�l�h�y�g�g�u�o��
�\�_�j�o�g�b�o�� �f�h�e�y�j�h�\���� �l�h�� �i�j�_�^�e�h�`�_�g�g�u�c�� �f�_�l�h�^�� �m�q�b��
�l�u�\�Z�e�� �k�Z�]�b�l�l�Z�e�v�g�u�_���b�g�^�b�\�b�^�m�Z�e�v�g�u�_�� �j�Z�a�f�_�j�u��
�]�g�Z�l�b�q�_�k�d�h�]�h�� �h�l�^�_�e�Z�� �e�b�p�Z�� �b�� �h�i�j�_�^�_�e�y�l�v�� �k�h�h�l��
�g�h�r�_�g�b�_�� �f�_�`�m�� �_�]�h�� �j�Z�a�f�_�j�Z�f�b�� �\�� �i�_�j�_�^�g�_�c�� �b��
�a�Z�^�g�_�c���q�Z�k�l�b�� 

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

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

�H�p�_�g�b�\�Z�e�b�� �k�j�_�^�g�b�_�� �a�g�Z�q�_�g�b�y�� �i�h�d�Z�a�Z�l�_�e�_�c��
�b���h�r�b�[�d�m���j�_�i�j�_�a�_�g�l�Z�l�b�\�g�h�k�l�b���“m.  
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�:�g�Z�e�b�a�� �i�j�h�\�_�^�_�g�g�h�]�h�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �j�_�g�l��
�]�_�g�h�]�j�Z�f�f�� �i�h�d�Z�a�Z�e�� �k�m�s�_�k�l�\�_�g�g�m�x�� �\�Z�j�b�Z�[�_�e�v��
�g�h�k�l�v�� �i�j�Z�d�l�b�q�_�k�d�b�� �\�k�_�o�� �e�b�g�_�c�g�u�o�� �i�h�d�Z�a�Z�l�_�e�_�c����
�M���f�h�e�h�^�u�o���e�x�^�_�c���k���n�b�a�b�h�e�h�]�b�q�_�k�d�b�f���i�j�b�d�m�k�h�f��
�i�h�k�l�h�y�g�g�u�o�� �a�m�[�h�\�� �j�Z�k�k�l�h�y�g�b�_�� �h�l�� �d�j�u�e�h�\�b�^�g�h�c��
�\�_�j�l�b�d�Z�e�v�g�h�c�� �i�e�h�k�d�h�k�l�b��PTV �^�h�� �^�b�k�l�Z�e�v�g�h�c�� �i�h��
�\�_�j�o�g�h�k�l�b�� �\�_�j�o�g�_�]�h�� �i�_�j�\�h�]�h�� �i�h�k�l�h�y�g�g�h�]�h�� �f�h�e�y�j�Z��
�\�� �p�_�e�h�f�� �i�h�� �]�j�m�i�i�_�� �k�h�k�l�Z�\�e�y�e�h�� �������������� �“�� ������������ �f�f�� 
�H�[�j�Z�s�Z�_�l�� �g�Z�� �k�_�[�y�� �\�g�b�f�Z�g�b�_�� �[�h�e�v�r�Z�y�� �h�r�b�[�d�Z��
�j�_�i�j�_�a�_�g�l�Z�l�b�\�g�h�k�l�b�� �b�a-�a�Z�� �j�Z�a�g�b�p�u�� �f�_�`�^�m�� �f�Z�d��
�k�b�f�Z�e�v�g�u�f�b���b���f�b�g�b�f�Z�e�v�g�u�f�b���a�g�Z�q�_�g�b�y�f�b���� 

�K�j�_�^�b�� �Z�g�Z�e�b�a�b�j�m�_�f�u�o�� �j�_�g�l�]�_�g�h�]�j�Z�f�f�� �f�b��
�g�b�f�Z�e�v�g�h�_�� �a�g�Z�q�_�g�b�_�� �j�Z�k�k�l�h�y�g�b�y�� �i�h�� �f�_�l�h�^�m��
R. E. McDonald �[�u�e�h�� ������ �f�f���� �Z�� �f�Z�d�k�b�f�Z�e�v�g�h�_��
�^�h�k�l�b�]�Z�e�h�� ������ �f�f�� �q�l�h���� �i�h�� �g�Z�r�_�f�m�� �f�g�_�g�b�x���� �h�[�m��
�k�e�h�\�e�_�g�h�� �\�Z�j�b�Z�[�_�e�v�g�h�k�l�v�x�� �k�Z�]�b�l�l�Z�e�v�g�h�]�h�� �j�Z�a��
�f�_�j�Z���]�g�Z�l�b�q�_�k�d�h�]�h���h�l�^�_�e�Z���e�b�p�Z���� 

�K�j�_�^�g�_�_�� �j�Z�k�k�l�h�y�g�b�_�� �f�_�`�^�m�� �k�m�k�l�Z�\�g�h�c�� ���d�h�g��
�^�b�e�y�j�g�h�c���� �b�� �k�i�b�g�Z�e�v�g�h�c�� �\�_�j�l�b�d�Z�e�y�f�b�� �\�� �Z�g�Z�e�b�a�b��
�j�m�_�f�h�c�� �]�j�m�i�i�_�� �k�h�k�l�Z�\�b�e�h �������������� �“�� ���������� �f�f�����I�j�b��
�w�l�h�f�� �k�Z�]�b�l�l�Z�e�v�g�u�c�� �j�Z�a�f�_�j�� �\ �k�j�_�^�g�_�f�� �k�h�k�l�Z�\��
�e�y�e�� �������������� �“�� ������������ �f�f���� �Z�� �i�_�j�_�^�g�b�c�� �j�Z�a�f�_�j�� �[�u�e��
�������������� �“�� ������������ �f�f���� �G�_�k�f�h�l�j�y�� �g�Z�� �\�Z�j�b�Z�[�_�e�v�g�h�k�l�v��
�j�Z�a�f�_�j�h�\�� �b�� �[�h�e�v�r�m�x�� �h�r�b�[�d�m���j�_�i�j�_�a�_�g�l�Z�l�b�\�g�h��
�k�l�b�����h�l�g�h�k�b�l�_�e�v�g�h���k�l�Z�[�b�e�v�g�u�f���i�h�d�Z�a�Z�l�_�e�_�f���[�u�e�h 

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

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �^�e�y�� �i�j�h�]�g�h�a�b�j�h�\�Z�g�b�y�� �h�i��
�l�b�f�Z�e�v�g�h�]�h�� �i�h�e�h�`�_�g�b�y�� �i�_�j�\�u�o�� �i�h�k�l�h�y�g�g�u�o�� �f�h��
�e�y�j�h�\�� �g�Z�b�[�h�e�_�_���p�_�e�_�k�h�h�[�j�Z�a�g�u�f�� �f�_�l�h�^�h�f���y�\�b��
�e�h�k�v���b�k�i�h�e�v�a�h�\�Z�g�b�_���h�l�g�h�k�b�l�_�e�v�g�h�]�h���i�h�d�Z�a�Z�l�_�e�y����
�q�l�h�� �i�h�^�l�\�_�j�`�^�_�g�h�� �i�j�b�� �Z�g�Z�e�b�a�_�� �j�_�g�l�]�_�g�h�]�j�Z�f�f��
�k �f�b�g�b�f�Z�e�v�g�u�f�b�� �b�� �f�Z�d�k�b�f�Z�e�v�g�u�f�b�� �a�g�Z�q�_�g�b�y�f�b��
�i�h���f�_�l�h�^�m��R. E. McDonald. 

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

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

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

 

 

�Z                                                                                  �[ 
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�<�l�h�j�h�c���q�Z�k�l�v�x���b�k�k�e�_�^�h�\�Z�g�b�y���[�u�e���Z�g�Z�e�b�a���i�h��
�e�h�`�_�g�b�y���i�_�j�\�u�o���i�h�k�l�h�y�g�g�u�o���f�h�e�y�j�h�\���\���j�Z�a�e�b�q�g�u�_��
�i�_�j�b�h�^�u�� �k�f�_�g�g�h�]�h�� �i�j�b�d�m�k�Z�� �G�Z�� �l�_�e�_�j�_�g�l�]�_�g�h�]�j�Z�f��
�f�Z�o�� �^�_�l�_�c�� �i�_�j�b�h�^�Z�� �i�j�b�d�m�k�Z�� �f�h�e�h�q�g�u�o�� �a�m�[�h�\�� �^�b��
�k�l�Z�e�v�g�Z�y�� �i�h�\�_�j�o�g�h�k�l�v�� �a�Z�q�Z�l�d�Z�� �i�_�j�\�h�]�h�� �i�h�k�l�h�y�g�g�h��
�]�h�� �f�h�e�y�j�Z�� �h�l�k�l�h�y�e�Z�� �h�l�� �d�j�u�e�h�\�b� �̂g�h�c�� �\�_�j�l�b�d�Z�e�b�� �g�Z��
�\�_�e�b�q�b�g�m���� �k�h�k�l�Z�\�e�y�x�s�m�x�� �h�d�h�e�h�� ���� �f�f���� �q�l�h�� �[�u�e�h��
�[�e�b�a�d�b�f�� �i�h�� �a�g�Z�q�_�g�b�x�� �d�� �^�Z�g�g�u�f��R. E. McDonald. 
�K�Z�]�b�l�l�Z�e�v�g�u�c���j�Z�a�f�_�j���]�Z�g�l�b�q�_�k�d�h�]�h���h�l�^�_�e�Z���k�h�k�l�Z�\��
�e�y�e�� �h�d�h�e�h�� ������ �f�f, �Z �_�]�h�� �h�l�g�h�r�_�g�b�_�� �d�� �d�h�g�^�b�e�y�j�g�h-
�f�h�e�y�j�g�h�c���]�e�m�[�b�g�_���± �����������j�b�k����������  

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

������������ �f�f���� �>�b�k�l�Z�e�v�g�Z�y�� �i�h�\�_�j�o�g�h�k�l�v�� �i�_�j�\�h�]�h�� �i�h�k�l�h��
�y�g�g�h�]�h�� �f�h�e�y�j�Z�� �h�l�k�l�h�y�e�Z�� �h�l�� �d�j�u�e�h�\�b�^�g�h�c�� �\�_�j�l�b�d�Z��
�e�b�� �g�Z�� �\�_�e�b�q�b�g�m���� �k�h�k�l�Z�\�e�y�x�s�m�x�� �h�d�h�e�h�� ������ �f�f���� �q�l�h����
�l�Z�d�� �`�_���� �d�Z�d�� �b�� �\�� �i�_�j�b�h�^�_�� �i�j�b�d�m�k�Z�� �f�h�e�h�q�g�u�o�� �a�m�[�h�\����
�[�u�e�h �[�e�b�a�d�b�f���i�h���a�g�Z�q�_�g�b�x���d���^�Z�g�g�u�f��R. E. McDon-
ald�����Z���b�f�_�g�g�h���\�h�a�j�Z�k�l�����i�e�x�k�������f�f�����H� �̂g�Z�d�h���\�_�e�b�q�b��
�g�Z�� �h�r�b�[�d�b�� �k�j�_�^�g�_�]�h�� �a�g�Z�q�_�g�b�y�� �k�\�b�^�_�l�_�e�v�k�l�\�h�\�Z�e�Z��
�h�� �\�Z�j�b�Z�[�_�e�v�g�h�k�l�b�� �i�j�b�a�g�Z�d�Z�� �^�Z�`�_�� �\�� �\�h�k�v�f�b�e�_�l�g�_�f��
�\�h�a�j�Z�k�l�_�� �i�h�k�e�_�� �a�Z�f�_�g�u�� �i�_�j�_� �̂g�_�c�� �]�j�m�i�i�u�� �a�m�[�h�\��
�b �m�k�l�Z�g�h�\�d�b�� �d�e�x�q�_�\�u�o�� �i�h�k�l�h�y�g�g�u�o���f�h�e�y�j�h�\�� �\�� �h�d��
�d�e�x�a�b�h�g�g�h�_�� �j�Z�\�g�h�\�_�k�b�_���� �H�[�j�Z�s�Z�_�l�� �g�Z�� �k�_�[�y�� �\�g�b��
�f�Z�g�b�_�� �h�l�g�h�r�_�g�b�_�� �]�e�m�[�b�g�u�� �]�g�Z�l�b�q�_�k�d�h�]�h�� �h�l�^�_�e�Z��
�e�b�p�Z���d�� �^�b�k�l�Z�e�v�g�h�f�m���h�l�^�_�e�m���� �Z�� �b�f�_�g�g�h���d�� �d�h�g�^�b�e�y�j��
�g�h-�f�h�e�y�j�g�h�f�m���j�Z�k�k�l�h�y�g�b�x�����j�b�k������������ 
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�J�b�k�����������H�k�h�[�_�g�g�h�k�l�b���i�h�e�h�`�_�g�b�y���i�_�j�\�u�o���f�h�e�y�j�h�\���i�h��R. E. McDonald ���Z���� 
�b���i�h���i�j�_�^�e�h�`�_�g�g�h�f�m���f�_�l�h�^�m�����[�����m���j�_�[�_�g�d�Z�������e�_�l 
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�J�b�k�����������H�k�h�[�_�g�g�h�k�l�b���i�h�e�h�`�_�g�b�y���i�_�j�\�u�o���f�h�e�y�j�h�\���i�h��R. E. McDonald ���Z���� 
�b���i�h���i�j�_�^�e�h�`�_�g�g�h�f�m���f�_�l�h�^�m�����[�����m���j�_�[�_�g�d�Z�������e�_�l 
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�I�h�k�e�_�� �i�j�h�j�_�a�u�\�Z�g�b�y���\�l�h�j�u�o�� �i�h�k�l�h�y�g�g�u�o��
�f�h�e�y�j�h�\�� �d�h�g�^�b�e�y�j�g�h-�k�i�b�g�Z�e�v�g�u�c�� �m�\�_�e�b�q�b�\�Z�e�k�y��
�^�h���������f�f���� 

�>�b�k�l�Z�e�v�g�Z�y�� �i�h�\�_�j�o�g�h�k�l�v�� �i�_�j�\�h�]�h�� �i�h�k�l�h�y�g��
�g�h�]�h���f�h�e�y�j�Z���h�l�k�l�h�y�e�Z���h�l���d�j�u�e�h�\�b�^�g�h�c���\�_�j�l�b�d�Z�e�b��
�g�Z�� �\�_�e�b�q�b�g�m���� �k�h�k�l�Z�\�e�y�x�s�m�x�� �h�d�h�e�h�� ���� �f�f���� �q�l�h����
�l�Z�d���`�_�����d�Z�d���b���\���i�j�_�^�u�^�m�s�b�o���i�_�j�b�h�^�Z�o���i�j�b�d�m�k�Z�����[�u��
�e�h���[�e�b�a�d�b�f���i�h���a�g�Z�q�_�g�b�x���d���^�Z�g�g�u�f��R. E. McDonald, 
�Z���b�f�_�g�g�h���\�h�a�j�Z�k�l�����i�e�x�k�������f�f�� 

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

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

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �i�j�b�� �n�b�a�b�h�e�h�]�b�q�_�k�d�b�o�� �h�d��
�d�e�x�a�b�h�g�g�u�o�� �\�a�Z�b�f�h�h�l�g�h�r�_�g�b�y�o�� �b�k�i�h�e�v�a�h�\�Z�g�b�_��
�f�_�l�h�^�Z��R. E. McDonald �^�e�y�� �h�i�j�_�^�_�e�_�g�b�y�� �h�i�l�b��
�f�Z�e�v�g�h�]�h�� �i�h�e�h�`�_�g�b�y�� �i�_�j�\�u�o�� �i�h�k�l�h�y�g�g�u�o���f�h�e�y��
�j�h�\���h�]�j�Z�g�b�q�_�g�h���b�g�^�b�\�b�^�m�Z�e�v�g�h-�l�b�i�h�e�h�]�b�q�_�k�d�b�f�b 
�h�k�h�[�_�g�g�h�k�l�y�f�b�� �k�Z�]�b�l�l�Z�e�v�g�u�o�� �j�Z�a�f�_�j�h�\�� �]�g�Z�l�b��
�q�_�k�d�h�]�h�� �h�l�^�_�e�Z�� �e�b�p�Z�����<�� �i�_�j�b�h�^�_�� �k�f�_�g�g�h�]�h�� �i�j�b��
�d�m�k�Z�� �m�d�Z�a�Z�g�g�u�c���f�_�l�h�^�� �f�h�`�_�l�� �[�u�l�v�� �b�k�i�h�e�v�a�h�\�Z�g��
�l�Z�d�`�_�� �i�j�b�� �h�i�j�_�^�_�e�_�g�g�h�c�� �\�_�e�b�q�b�g�_�� �d�h�g�^�b�e�y�j�g�h-
�k�i�b�g�Z�e�v�g�h�]�h �j�Z�a�f�_�j�Z�� 
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�J�b�k�����������H�k�h�[�_�g�g�h�k�l�b���i�h�e�h�`�_�g�b�y���i�_�j�\�u�o���f�h�e�y�j�h�\���i�h��R. E. McDonald ���Z���� 
�b���i�h���i�j�_�^�e�h�`�_�g�g�h�f�m���f�_�l�h�^�m�����[�����m���j�_�[�_�g�d�Z���������e�_�l 

 
�A�:�D�E�X�Q�?�G�B�?�� 

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

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

 
�K�I�B�K�H�D���B�K�L�H�Q�G�B�D�H�< 

1. �>�h�f�_�g�x�d���>�����:�������>�Z�\�u�^�h�\���;�����G�������E�_�i�b�e�b�g���:�����<�������N�h�f�b�g���B�����<�� �B�a�m�q�_�g�b�_���f�h�j�n�h�e�h�]�b�b�����k�i�h�k�h�[�h�\���k�h�i�h�k�l�Z�\�e�_��
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FEATURES OF CCND1 AND EGFR GENE AMPLIFICATION  
AND THEIR CORRESPONDENCE WITH THE EXPRESSION OF CYCLIN D1  
AND EGFR PROTEINS IN THE TONGUE SQUAMOUS CELL CARCINOMA  

3.3.2. Pathological anatomy 
 

Abstract.  The purpose of the stu dy:  Evaluation tumor cell number with CCND1 and EGFR gene amplification and 
its correlation with Cyclin D1 and EGFR protein expression in squamous cell carcinoma of the tongue. Material and  
methods.  For cytogenetic examination, smears from 19 cases of squamous tongue cancer were used, after which a bi-
opsy of the corresponding tumor sites was performed. The cytogenetic study was performed by interphase fluorescent 
in situ hybridization (FISH). The immunohistochemical study was performed using antibodies to Cyclin D1 and EGFR. 
Results. Amplification of the EGFR and CCND1 genes was detected in the tumor cells of all samples. The number of cells 
with amplification of the studied genes occupied a wide range. Thus, for the EGFR gene, it ranged from 1 to 59 cells, and 
for the CCND1 gene, it ranged from 1 to 87 cells. In 100 % of observations, EGFR and CCND1 amplification were com-
bined. Diffuse, mostly moderate EGFR expression was detected in 17 (89 %) of the 19 observations, and focal weak 
expression was detected in two observations (11 %). Cyclin D1 expression in all analyzed observations was focal, weak 
and moderate. Conclusion.  The cytogenetic features of the tongue squamous cell carcinoma are wide range of cells 
with amplification of EGFR and CCND1 genes, amounting to 1�±59 and 1�±87 cells, respectively. Tumors with EGFR am-
plification correspond to diffuse EGFR protein expression in 89% of cases and focal expression in 11% of cases.  
Tumors with CCND1 amplification correspond to the focal expression of Cyclin D1 in all observations.  

Keywords:  tongue cancer, amplification, expression 
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�g�Z���g�b�o���f�Z�a�d�Z�f�b���i�h�f�_�s�Z�e�b���\���n�b�d�k�Z�l�h�j�����k�f�_�k�v���f�_��
�l�Z�g�h�e�Z���b���m�d�k�m�k�g�h�c���d�b�k�e�h�l�u���\���k�h�h�l�g�h�r�_�g�b�b����������������  

�B�k�k�e�_�^�h�\�Z�g�b�_�� �\�u�i�h�e�g�_�g�h�� �f�_�l�h�^�h�f�� �b�g�l�_�j��
�n�Z�a�g�h�c�� �n�e�m�h�j�_�k�p�_�g�l�g�h�c��in situ �]�b�[�j�b�^�b�a�Z�p�b�b��
���)�,�6�+���� �k�� �i�j�b�f�_�g�_�g�b�_�f�� �d�h�f�f�_�j�q�_�k�d�b�o�� �>�G�D-�a�h�g�^�h�\ 
�]�_�g���p�_�g�l�j�h�f�_�j�Z���o�j�h�f�h�k�h�f�u�����(�*�)�5���&�(�3�����b���&�&ND1/ 
�&�(�3���������.�U�H�D�W�H�F�K�����G�b�^�_�j�e�Z�g� �̂u�������>�_�g�Z�l�m�j�Z�p�b�x���>�G�D��
�i�j�h�\�h�^�b�e�b�� �\�� �Z�\�l�h�f�Z�l�b�q�_�k�d�h�c�� �d�Z�f�_�j�_�� �+�\�E�U�L�W�H�� �i�j�b��
74 �ƒ�K���\���l�_�q�_�g�b�_�������f�b�g�m�l�����=�b�[�j�b�^�b�a�Z�p�b�x���h�k�m�s�_�k�l�\��
�e�y�e�b�� �i�j�b�� ������ �ƒ�K���\�� �l�_�j�f�h�k�l�Z�l�_�� �\�� �l�_�q�_�g�b�_�� ������ �q�Z�k�h�\. 
�>�e�y�� �\�b�a�m�Z�e�b�a�Z�p�b�b�� �i�j�_�i�Z�j�Z�l�h�\�� �g�Z�g�h�k�b�e�b�� �'�$�3�,��
(4,6-�^�b�Z�f�b�^�b�g�h-2-�n�_�g�b�e�b�g�^�h�e������ �:�g�Z�e�b�a�� �p�b�l�h�]�_��
�g�_�l�b�q�_�k�d�b�o�� �g�Z�j�m�r�_�g�b�c�� �\�u�i�h�e�g�y�e�k�y�� �g�Z���n�e�m�h�j�_�k��
�p�_�g�l�g�h�f���f�b�d�j�h�k�d�h�i�_���$�[�L�R�,�P�D�J�H�U�����=�H�L�V�V�������<���d�Z�`�^�h�f��
�g�Z�[�e�x�^�_�g�b�b�� �Z�g�Z�e�b�a�b�j�h�\�Z�e�b�� �i�h�� ���������������� �d�e�_�l�h�d 
�b �h�p�_�g�b�\�Z�e�b�� �d�h�e�b�q�_�k�l�\�h�� �d�e�_�l�h�d�� �h�i�m�o�h�e�b�� �k�� �Z�f��
�i�e�b�n�b�d�Z�p�b�_�c���]�_�g�h�\���&�&�1�'�������(�*�)�5�����>�e�y���]�b�k�l�h�e�h��
�]�b�q�_�k�d�h�]�h���b�k�k�e�_�^�h�\�Z�g�b�y���\�h���\�k�_�o���k�e�m�q�Z�y�o���b�k�i�h�e�v��
�a�h�\�Z�e�k�y���[�b�h�i�k�b�c�g�u�c���f�Z�l�_�j�b�Z�e���h�i�m�o�h�e�b���� 

�<�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �d�j�b�l�_�j�b�y�f�b�� �d�e�Z�k�k�b�n�b�d�Z��
�p�b�b���<�H�A�� �g�Z�[�e�x�^�_�g�b�y�� �[�u�e�b���j�Z�a�^�_�e�_�g�u���g�Z���\�u�k�h��
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�d�h�^�b�n�n�_�j�_�g�p�b�j�h�\�Z�g�g�u�_�� ��G�������� �m�f�_�j�_�g�g�h�^�b�n�n�_��
�j�_�g�p�b�j�h�\�Z�g�g�u�_�� ��G������ �b���g�b�a�d�h�^�b�n�n�_�j�_�g�p�b�j�h�\�Z�g��
�g�u�_�� ��G������ �i�e�h�k�d�h�d�e�_�l�h�q�g�u�_�� �j�Z�d�b���� �<�� �k�h�h�l�\�_�l�k�l�\�b�b��
�k TNM �d�e�Z�k�k�b�n�b�d�Z�p�b�_�c�� �g�Z�[�e�x�^�_�g�b�y�� �[�u�e�b�� �j�Z�a�^�_��
�e�_�g�u�� �g�Z��T1, T2, T3, T������ �>�e�y�� �b�f�f�m�g�h�]�b�k�l�h�o�b�f�b�q�_��
�k�d�h�]�h�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �b�k�i�h�e�v�a�h�\�Z�e�b�k�v�� �Z�g�l�b�l�_�e�Z��
�d Cyclin D���� ���d�e�h�g��AM29, Zymed Laboratories���� �j�Z�a��
�\�_�^�_�g�b�_�������������������b���d��EGFR (Novocastra�����j�Z�a�\�_�^�_�g�b�_��
���� ���� ���������� �>�e�y�� �m�l�h�q�g�_�g�b�y�� �k�\�y�a�b�� �f�_�`�^�m�� �d�h�e�b�q�_�k�l�\�h�f��
�h�i�m�o�h�e�_�\�u�o�� �d�e�_�l�h�d�� �k �Z�f�i�e�b�n�b�d�Z�p�b�_�c��EGFR �b 
CCND1 �b�k�i�h�e�v�a�h�\�Z�e�b�� �d�h�w�n�n�b�p�b�_�g�l�� �j�Z�g�]�h�\�h�c��
�d�h�j�j�_�e�y�p�b�b�� �K�i�b�j�f�_�g�Z���� �K�n�h�j�f�m�e�b�j�h�\�Z�g�u�� �g�m�e�_��
�\�Z�y�� ���G������ �b�� �Z�e�v�l�_�j�g�Z�l�b�\�g�Z�y�� ���G������ �]�b�i�h�l�_�a�Z���� �G�����± 

�d�h�j�j�_�e�y�p�b�b�� �f�_�`�^�m�� �i�_�j�_�f�_�g�g�u�f�b�� �g�_�� �h�l�e�b�q�Z�x�l�k�y��
�h�l�� �g�m�e�y���� �G�����± �d�h�j�j�_�e�y�p�b�b�� �f�_�`�^�m�� �i�_�j�_�f�_�g�g�u�f�b��
�h�l�e�b�q�Z�x�l�k�y�� �h�l�� �g�m�e�y���� �K�l�Z�l�b�k�l�b�q�_�k�d�b�_�� �]�b�i�h�l�_�a�u��
�i�j�h�\�_�j�y�e�b���g�Z���m�j�h�\�g�_���a�g�Z�q�b�f�h�k�l�b �.��� ������������ 

 
�J�?�A�M�E�V�L�:�L�U���B�K�K�E�?�>�H�<�:�G�B�Y�� 
�B���B�O���H�;�K�M�@�>�?�G�B�?�� 

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

�k�e�_�^�h�\�Z�g�h�� ���� �������� �h�i�m�o�h�e�_�\�u�o�� �d�e�_�l�h�d�� �b�� ���� �������� �d�e�_��
�l�h�d���± �i�j�b�� �b�a�m�q�_�g�b�b�� �Z�f�i�e�b�n�b�d�Z�p�b�b�� �]�_�g�Z��CCND1. 
�<�h���\�g�m�l�j�_�g�g�_�f�� �d�h�g�l�j�h�e�_���b�k�k�e�_�^�h�\�Z�g�h���������� �d�e�_�l�h�d 
���l�Z�[�e��������  

�L�Z�[�e�b�p�Z���� 
�J�_�a�m�e�v�l�Z�l�u���p�b�l�h�]�_�g�_�l�b�q�_�k�d�h�]�h���b�k�k�e�_�^�h�\�Z�g�b�y���d�h�e�b�q�_�k�l�\�Z���d�e�_�l�h�d���k���Z�f�i�e�b�n�b�d�Z�p�b�_�c���(�*�)�5�� 

�b���&�&�1�'�����\���l�d�Z�g�b���h�i�m�o�h�e�b���b���d�h�g�l�j�h�e�v�g�h�c�����d�h�g�l�j�Z�e�Z�l�_�j�Z�e�v�g�h�c�����k�l�h�j�h�g�_���y�a�u�d�Z 

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

EGFR/CEP7 
�©�<�g�m�l�j�_�g�g�b�c���d�h�g�l�j�h�e�v�ª 900 1 
�H�i�m�o�h�e�v 3440 9 

CCND1/CEP11 
�©�<�g�m�l�j�_�g�g�b�c���d�h�g�l�j�h�e�v�ª 900 1 
�H�i�m�o�h�e�v 3066 13 

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

�y�\�e�_�g�Z�� �Z�f�i�e�b�n�b�d�Z�p�b�y�� �]�_�g�h�\��EGFR �b��CCND1. 
�D�h�e�b�q�_�k�l�\�h�� �d�e�_�l�h�d�� �k�� �Z�f�i�e�b�n�b�d�Z�p�b�_�c�� �b�a�m�q�Z�_�f�u�o��
�]�_�g�h�\���a�Z�g�b�f�Z�e�Z���r�b�j�h�d�b�c���^�b�Z�i�Z�a�h�g�����L�Z�d�����^�e�y���]�_�g�Z��
EGFR �h�g�Z���k�h�k�l�Z�\�b�e�Z���h�l�������^�h���������d�e�_�l�h�d�����Z���^�e�y���]�_��
�g�Z��CCND���� �k�h�k�l�Z�\�b�e�Z�� �h�l�� ���� �^�h�� ������ �d�e�_�l�h�d���� �B�a�� �l�Z�[��
�e�b�p�u���k�e�_�^�m�_�l�����q�l�h���f�_�^�b�Z�g�Z���d�e�_�l�h�d���k���Z�f�i�e�b�n�b�d�Z��

�p�b�_�c���]�_�g�h�\��EGFR �b��CCND�����\���h�i�m�o�h�e�b���i�j�_�\�u�r�Z�_�l��
�i�h�d�Z�a�Z�l�_�e�b�� �d�h�g�l�j�Z�e�Z�l�_�j�Z�e�v�g�h�c�� �b�g�l�Z�d�l�g�h�c�� �k�l�h�j�h��
�g�u�� �y�a�u�d�Z���� �<�� �������� ���� �g�Z�[�e�x�^�_�g�b�c�� �Z�f�i�e�b�n�b�d�Z�p�b�y��
EGFR �b��CCND1 �k�h�q�_�l�Z�e�b�k�v�����D�h�e�b�q�_�k�l�\�h���h�i�m�o�h�e�_��
�\�u�o���d�e�_�l�h�d���k���Z�f�i�e�b�n�b�d�Z�p�b�_�c��EGFR, CCND�����b���k�h��
�h�l�\�_�l�k�l�\�m�x�s�b�_�� �b�f�� �d�Z�l�_�]�h�j�b�b�� �L�� �b�� �k�l�_�i�_�g�b �^�b�n��
�n�_�j�_�g�p�b�j�h�\�d�b���i�h�d�Z�a�Z�g�u���\���l�Z�[�e���������� 

�L�Z�[�e�b�p�Z������ 
�J�_�a�m�e�v�l�Z�l�u���p�b�l�h�]�_�g�_�l�b�q�_�k�d�h�]�h���b�k�k�e�_�^�h�\�Z�g�b�y���d�h�e�b�q�_�k�l�\�Z���d�e�_�l�h�d���k���Z�f�i�e�b�n�b�d�Z�p�b�_�c���(�*�)�5�� 

�b���&�&�1�'�����\���l�d�Z�g�b���h�i�m�o�h�e�b���\���a�Z�\�b�k�b�f�h�k�l�b���h�l���d�Z�l�_�]�h�j�b�b���L���b���k�l�_�i�_�g�b���h�i�m�o�h�e�_�\�h�c���^�b�n�n�_�j�_�g�p�b�j�h�\�d�b 

�D�Z�l�_�]�h�j�b�y���h�i�m�o�h�e�b��
�L 

�K�l�_�i�_�g�v�� 
�^�b�n�n�_�j�_�g�p�b�j�h�\�d�b 

�D�h�e�b�q�_�k�l�\�h���h�i�m�o�h�e�_�\�u�o���d�e�_�l�h�d �D�h�e�b�q�_�k�l�\�h���h�i�m�o�h�e�_�\�u�o���d�e�_�l�h�d 
�k���m�\�_�e�b�q�_�g�b�_�f���d�h�i�b�c���(�*�)�5 �k���m�\�_�e�b�q�_�g�b�_�f���d�h�i�b�c���&�&�1�'�� 

�L�� G1 6 6 
�L�� G1 29 87 
�L�� G1 5 1 
�L�� G1 31 53 
�L�� G2 14 23 
�L�� G2 12 38 
�L�� G1 20 13 
�L�� G3 1 6 
�L�� G1 59 51 
�L�� G1 3 12 
�L�� G1 3 26 
�L�� G2 2 7 
�L�� G1 42 6 
�L�� G2 1 3 
�L�� G2 3 10 
�L�� G3 5 52 
�L�� G2 16 18 
�L�� G1 2 12 
T4 G1 22 14 



�<�H�E�=�H�=�J�:�>�K�D�B�C���G�:�M�Q�G�H-�F�?�>�B�P�B�G�K�D�B�C���@�M�J�G�:�E����������5�����L����22�����‹��2 

60 

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

�I�j�b�� �i�j�h�\�_�^�_�g�b�b�� �d�h�j�j�_�e�y�p�b�h�g�g�h�]�h�� �Z�g�Z�e�b�a�Z��
�f�_�`�^�m�� �d�Z�l�_�]�h�j�b�_�c�� �h�i�m�o�h�e�b�� �L�� �b�� �d�h�e�b�q�_�k�l�\�h�f��
�h�i�m�o�h�e�_�\�u�o�� �d�e�_�l�h�d�� �k�� �m�\�_�e�b�q�_�g�b�_�f�� �d�h�i�b�c��EGFR 
�a�g�Z�q�b�f�u�o���j�Z�a�e�b�q�b�c���g�_���i�h�e�m�q�_�g�h����p = 0,46). 

�I�j�b�� �i�j�h�\�_�^�_�g�b�b�� �d�h�j�j�_�e�y�p�b�h�g�g�h�]�h�� �Z�g�Z�e�b�a�Z��
�f�_�`�^�m�� �d�Z�l�_�]�h�j�b�_�c�� �h�i�m�o�h�e�b�� �L�� �b�� �d�h�e�b�q�_�k�l�\�h�f�� �h�i�m��
�o�h�e�_�\�u�o���d�e�_�l�h�d���k���m�\�_�e�b�q�_�g�b�_�f���d�h�i�b�c���&�&�1�'�����a�g�Z��
�q�b�f�u�o���j�Z�a�e�b�q�b�c���g�_���i�h�e�m�q�_�g�h����p = 0,46). 

�I�j�b�� �i�j�h�\�_�^�_�g�b�b�� �d�h�j�j�_�e�y�p�b�h�g�g�h�]�h�� �Z�g�Z�e�b�a�Z��
�f�_�`�^�m���k�l�_�i�_�g�v�x���h�i�m�o�h�e�_�\�h�c���^�b�n�n�_�j�_�g�p�b�j�h�\�d�b��
�b�� �d�h�e�b�q�_�k�l�\�h�f�� �h�i�m�o�h�e�_�\�u�o�� �d�e�_�l�h�d�� �k�� �m�\�_�e�b�q�_�g�b��
�_�f�� �d�h�i�b�c��EGFR �a�g�Z�q�b�f�u�o�� �j�Z�a�e�b�q�b�c�� �g�_�� �i�h�e�m�q�_��
�g�h����p = 0,46). 

�I�j�b�� �i�j�h�\�_�^�_�g�b�b�� �d�h�j�j�_�e�y�p�b�h�g�g�h�]�h�� �Z�g�Z�e�b�a�Z��
�f�_�`�^�m���k�l�_�i�_�g�v�x���h�i�m�o�h�e�_�\�h�c���^�b�n�n�_�j�_�g�p�b�j�h�\�d�b��
�b�� �d�h�e�b�q�_�k�l�\�h�f�� �h�i�m�o�h�e�_�\�u�o�� �d�e�_�l�h�d�� �k�� �m�\�_�e�b�q�_�g�b��
�_�f�� �d�h�i�b�c��CCND���� �a�g�Z�q�b�f�u�o �j�Z�a�e�b�q�b�c�� �g�_�� �i�h�e�m��
�q�_�g�h����p = 0,46). 

�<�h�� �\�k�_�o�� ������ �b�k�k�e�_�^�m�_�f�u�o�� �g�Z�[�e�x�^�_�g�b�y�o��
�i�j�h�\�_�^�_�g�h�� �^�h�i�h�e�g�b�l�_�e�v�g�h�_�� �i�Z�j�Z�e�e�_�e�v�g�h�_���b�f��
�f�m�g�h�]�b�k�l�h�o�b�f�b�q�_�k�d�h�_�� �b�k�k�e�_�^�h�\�Z�g�b�_�� �i�h�� �\�u�y�\�e�_��
�g�b�x�� �w�d�k�i�j�_�k�k�b�b�� �[�_�e�d�h�\��EGFR �b��Cyclin D���� �k�h�h�l��
�\�_�l�k�l�\�_�g�g�h���� �i�j�b�� �w�l�h�f�� �^�b�n�n�m�a�g�Z�y�����i�j�_�b�f�m�s�_��
�k�l�\�_�g�g�h�� �m�f�_�j�_�g�g�Z�y�� �w�d�k�i�j�_�k�k�b�y��EGFR �h�i�j�_�^�_-
�e�y�e�Z�k�v�� �\ ������ �������� ������ �b�a�� ������ �g�Z�[�e�x�^�_�g�b�c�� ���j�b�k���� ��������
�h�q�Z�]�h�\�Z�y�� �k�e�Z�[�Z�y�� �w�d�k�i�j�_�k�k�b�y���± �\�� �^�\�m�o�� �g�Z�[�e�x�^�_��
�g�b�y�o (11 %).  

�W�d�k�i�j�_�k�k�b�y�� �&�\�F�O�L�Q�� �'���� �\�k�_�o�� �Z�g�Z�e�b�a�b�j�m�_�f�u�o��
�g�Z�[�e�x�^�_�g�b�c���[�u�e�Z���h�q�Z�]�h�\�h�c�����k�e�Z�[�h�c���b���m�f�_�j�_�g�g�h�c��
���j�b�k���������� 

 

  
 

�J�b�k�����������H�i�m�o�h�e�_�\�Z�y���d�e�_�l�d�Z���i�e�h�k�d�h�d�e�_�l�h�q�g�h�]�h���j�Z�d�Z��
�y�a�u�d�Z���k���Z�f�i�e�b�n�b�d�Z�p�b�_�c���]�_�g�Z��CCND1  

���d�j�Z�k�g�u�_���k�b�]�g�Z�e�u�� 

 

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

�������d�j�Z�k�g�u�o���k�b�]�g�Z�e�Z�� 

 

  
 

�J�b�k�����������>�b�n�n�m�a�g�Z�y���w�d�k�i�j�_�k�k�b�y��EGFR �\���d�e�_�l�d�Z�o��
�i�e�h�k�d�h�d�e�_�l�h�q�g�h�]�h���j�Z�d�Z���y�a�u�d�Z�� 

 �B�=�O �h�d�j�Z�r�b�\�Z�g�b�_�����î������ 

 

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

�B�=�O���h�d�j�Z�r�b�\�Z�g�b�_�����î������ 
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�J�_�p�_�i�l�h�j�� �(�*�)�5�� �\�� �h�i�m�o�h�e�_�\�u�o�� �d�e�_�l�d�Z�o�� �k�i�h��
�k�h�[�k�l�\�m�x�l�� �i�j�h�e�b�n�_�j�Z�p�b�b���� �b�g�\�Z�a�b�b�� �b�� �f�_�l�Z�k�l�Z�a�b��
�j�h�\�Z�g�b�x���� �Z�� �_�]�h�� �]�b�i�_�j�w�d�k�i�j�_�k�k�b�x�� �q�Z�k�l�h�� �k�\�y�a�u�\�Z��
�x�l���k���g�_�[�e�Z�]�h�i�j�b�y�l�g�u�f���b�k�o�h�^�h�f���a�Z�[�h�e�_�\�Z�g�b�y���i�j�b��
�h�i�m�o�h�e�y�o�� �]�h�e�h�\�u�� �b�� �r�_�b���>5�@���� �:�f�i�e�b�n�b�d�Z�p�b�y�� �]�_�g�Z��
EGFR �\�� �g�Z�r�_�f�� �b�k�k�e�_�^�h�\�Z�g�b�b�� �h�i�j�_�^�_�e�y�e�Z�k�v��
�\ �������� ���� �g�Z�[�e�x�^�_�g�b�c���� �h�^�g�Z�d�h�� �\�u�y�\�e�y�e�Z�k�v�� �\�� �j�Z�a��
�e�b�q�g�h�f�� �d�h�e�b�q�_�k�l�\�_�� �h�i�m�o�h�e�_�\�u�o�� �d�e�_�l�h�d�� �d�Z�d�� �i�j�b��
�g�Z�q�Z�e�v�g�u�o���d�Z�l�_�]�h�j�b�y�o���h�i�m�o�h�e�b �b�� �\�u�k�h�d�h�c�� �k�l�_�i�_��
�g�b�� �^�b�n�n�_�j�_�g�p�b�j�h�\�d�b���� �l�Z�d�� �b�� �i�j�b�� �[�h�e�_�_�� �i�h�a�^�g�b�o��
�d�Z�l�_�]�h�j�b�y�o�� �h�i�m�o�h�e�b�� �b�� �g�b�a�d�h�c�� �k�l�_�i�_�g�b�� �^�b�n�n�_��
�j�_�g�p�b�j�h�\�d�b�����I�j�b���d�Z�l�_�]�h�j�b�y�o���L�����b��T�����\�k�l�j�_�q�Z�e�b�k�v��
�g�Z�[�e�x�^�_�g�b�y���k���d�h�e�b�q�_�k�l�\�h�f���d�e�_�l�h�d�����g�_�a�g�Z�q�b�l�_�e�v��
�g�h���h�l�e�b�q�Z�x�s�b�o�k�y�� �^�j�m�]�� �h�l�� �^�j�m�]�Z�����L�Z�d�b�f���h�[�j�Z�a�h�f����
�f�u�� �g�_�� �h�[�g�Z�j�m�`�b�e�b�� �k�\�y�a�v�� �f�_�`�^�m�� �d�Z�l�_�]�h�j�b�_�c�� �h�i�m��
�o�h�e�b�� �b�� �k�l�_�i�_�g�v�x�� �^�b�n�n�_�j�_�g�p�b�j�h�\�d�b�� �k�� �d�h�e�b�q�_��
�k�l�\�h�f�� �h�i�m�o�h�e�_�\�u�o�� �d�e�_�l�h�d�� �k�� �Z�f�i�e�b�n�b�d�Z�p�b�_�c��
EGFR���� �I�h�� �^�Z�g�g�u�f�� �b�k�k�e�_�^�h�\�Z�l�_�e�_�c���� �q�Z�k�l�h�l�Z�� �Z�f��
�i�e�b�n�b�d�Z�p�b�b�� �]�_�g�Z��EGFR �i�j�b�� �i�e�h�k�d�h�d�e�_�l�h�q�g�h�f��
�j�Z�d�_���i�h�e�h�k�l�b���j�l�Z���k�h�k�l�Z�\�e�y�_�l���h�l���������������������h�^�g�Z�d�h��
�d�h�e�b�q�_�k�l�\�h�� �d�e�_�l�h�d���k�� �Z�f�i�e�b�n�b�d�Z�p�b�_�c���^�Z�g�g�h�]�h�� �]�_��
�g�Z�� �g�_�� �b�a�m�q�Z�e�h�k�v���>6�@���� �B�k�k�e�_�^�h�\�Z�l�_�e�b�� �h�l�f�_�q�Z�x�l��
�[�h�e�_�_�� �q�Z�k�l�h�_�� �\�u�y�\�e�_�g�b�_�� �Z�f�i�e�b�n�b�d�Z�p�b�b�� �]�_�g�Z��
EGFR �i�j�b�� �i�e�h�k�d�h�d�e�_�l�h�q�g�h�f�� �j�Z�d�_�� �i�h�e�h�k�l�b�� �j�l�Z��
�i�h�a�^�g�b�o���k�l�Z�^�b�c�����q�_�f���j�Z�g�g�b�o���>7�@.  

�I�h�� �^�Z�g�g�u�f�� �^�j�m�]�b�o�� �b�k�k�e�_�^�h�\�Z�l�_�e�_�c���� �g�b�a�d�h��
�^�b�n�n�_�j�_�g�p�b�j�h�\�Z�g�g�u�_�� �h�i�m�o�h�e�b�� �q�Z�s�_�� �\�k�l�j�_�q�Z��
�e�b�k�v�� �g�Z�� �i�h�a�^�g�b�o�� �k�l�Z�^�b�y�o�� �a�Z�[�h�e�_�\�Z�g�b�y�� ���7��-T4), 
�h�^�g�Z�d�h���o�Z�j�Z�d�l�_�j�b�a�h�\�Z�e�b�k�v�� �Z�f�i�e�b�n�b�d�Z�p�b�_�c��EGFR, 
�d�Z�d���b���\���\�u�k�h�d�h�^�b�n�n�_�j�_�g�p�b�j�h�\�Z�g�g�u�o���h�i�m�o�h�e�y�o���>8�@. 
�W�l�h�� �g�_�k�h�h�l�\�_�l�k�l�\�b�_�� �f�h�`�_�l�� �m�d�Z�a�u�\�Z�l�v�� �g�Z�� �l�h���� �q�l�h��
�Z�f�i�e�b�n�b�d�Z�p�b�y�� �(�*�)�5�� �h�d�Z�a�u�\�Z�_�l���g�_�h�i�j�_�^�_�e�_�g�g�h�_��
�\�e�b�y�g�b�_���g�Z���i�h�\�_�^�_�g�b�_���i�e�h�k�d�h�d�e�_�l�h�q�g�h�]�h���j�Z�d�Z �j �h��
�l�h�\�h�c���i�h�e�h�k�l�b���>9�@. 

�<�� �g�Z�r�_�f�� �b�k�k�e�_�^�h�\�Z�g�b�b�� �\�� �������� ���� �g�Z�[�e�x�^�_��
�g�b�c�� �k�� �Z�f�i�e�b�n�b�d�Z�p�b�_�c�� �]�_�g�Z��EGFR �\�u�y�\�e�_�g�Z��
�w�d�k�i�j�_�k�k�b�y�� �[�_�e�d�Z��EGFR���� �h�^�g�Z�d�h�� �\�� ������ ���� �w�d�k��
�i�j�_�k�k�b�y�� �[�u�e�Z���k�b�e�v�g�h�c���� �Z�� �\�� ������ ���� �g�Z�[�e�x�^�_�g�b�c���± 
�m�f�_�j�_�g�g�h�c�� �B�k�k�e�_�^�h�\�Z�l�_�e�y�f�b�� �l�Z�d�`�_�� �\�� �������� ����
�g�Z�[�e�x�^�_�g�b�c���j�Z�d�Z���y�a�u�d�Z���\�u�y�\�e�_�g�h���k�h�h�l�\�_�l�k�l�\�b�_��

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

�D�h�e�b�q�_�k�l�\�h���h�i�m�o�h�e�_�\�u�o���d�e�_�l�h�d���k���Z�f�i�e�b�n�b��
�d�Z�p�b�_�c�� �]�_�g�Z��CCND���� �\�� �g�Z�r�b�o�� �g�Z�[�e�x�^�_�g�b�y�o�� �k�h��
�k�l�Z�\�b�e�h�� �h�l�� ���� �^�h�� �������� �i�j�b�� �w�l�h�f�� �]�b�i�_�j�w�d�k�i�j�_�k�k�b�b��
�[�_�e�d�Z��Cyclin D���� �g�_�� �h�i�j�_�^�_�e�y�e�h�k�v���� �w�d�k�i�j�_�k�k�b�y��
�[�u�e�Z�� �h�q�Z�]�h�\�h�c���� �k�e�Z�[�h�c�� �b�� �m�f�_�j�_�g�g�h�c�� �I�h�� �^�Z�g��
�g�u�f���b�k�k�e�_�^�h�\�Z�l�_�e�_�c���Z�f�i�e�b�n�b�d�Z�p�b�y���i�j�h�l�h�h�g�d�h��
�]�_�g�Z��CCND���� �i�j�b�� �j�Z�d�_�� �j�h�l�h�\�h�c�� �i�h�e�h�k�l�b�� �a�Z�\�b�k�b�l��
�h�l�� �e�h�d�Z�e�b�a�Z�p�b�b���� �\�� �q�Z�k�l�g�h�k�l�b���� �i�j�b�� �j�Z�d�_�� �y�a�u�d�Z��
�k�h�k�l�Z�\�e�y�_�l���������>11�@ �b�����������������>12�@�����i�j�b���i�e�h�k�d�h�d�e�_��
�l�h�q�g�h�f�� �j�Z�d�_�� �s�_�d�b���± 56 % [11�@���� �h�^�g�Z�d�h�� �d�h�e�b�q�_��
�k�l�\�h�� �d�e�_�l�h�d�� �k�� �Z�f�i�e�b�n�b�d�Z�p�b�_�c�� �g�_�� �b�a�m�q�Z�e�h�k�v����
�< �k�e�m�q�Z�y�o�� �j�Z�a�g�u�o�� �d�Z�l�_�]�h�j�b�c�� �b�� �k�l�_�i�_�g�_�c�� �h�i�m�o�h��
�e�_�\�h�c�� �^�b�n�n�_�j�_�g�p�b�j�h�\�d�b�� �h�i�j�_�^�_�e�y�e�Z�k�v�� �h�q�Z�]�h��
�\�Z�y���� �k�e�Z�[�Z�y�� �b�� �m�f�_�j�_�g�g�Z�y�� �w�d�k�i�j�_�k�k�b�y�� �[�_�e�d�Z��Cy-
clin D������ �g�_�a�Z�\�b�k�b�f�h�� �h�l�� �d�h�e�b�q�_�k�l�\�Z�� �d�e�_�l�h�d�� �k�� �Z�f��
�i�e�b�n�b�d�Z�p�b�_�c�� �i�j�h�l�h�h�g�d�h�]�_�g�Z��CCND1. �<�� �j�Z�[�h�l�_��
�b�k�k�e�_�^�h�\�Z�l�_�e�_�c�� �l�Z�d�`�_�� �h�l�k�m�l�k�l�\�h�\�Z�e�Z�� �d�h�j�j�_�e�y��
�p�b�h�g�g�Z�y�� �k�\�y�a�v�� �f�_�`�^�m�� �Z�f�i�e�b�n�b�d�Z�p�b�_�c��CCND1 
�b �w�d�k�i�j�_�k�k�b�_�c���[�_�e�d�Z��Cyclin D���� �\���k�e�m�q�Z�_���i�e�h�k�d�h��
�d�e�_�l�h�q�g�h�f���j�Z�d�_���i�h�e�h�k�l�b���j�l�Z���>13�@. 

 
�A�:�D�E�X�Q�?�G�B�?�� 

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �^�b�Z�i�Z�a�h�g�� �h�i�m�o�h�e�_�\�u�o�� �d�e�_��
�l�h�d�� �k�� �Z�f�i�e�b�n�b�d�Z�p�b�_�c��EGFR �b��CCND���� �g�Z�o�h�^�b�l��
�k�y�� �\�� �r�b�j�h�d�b�o�� �i�j�_�^�_�e�Z�o�� �b�� �k�h�k�l�Z�\�e�y�_�l�� ����59 
�b 1�������� �d�e�_�l�h�d�� �k�h�h�l�\�_�l�k�l�\�_�g�g�h���� �I�j�b�� �w�l�h�f�� �h�i�m�o�h��
�e�_�\�u�f�� �d�e�_�l�d�Z�f�� �k�� �Z�f�i�e�b�n�b�d�Z�p�b�_�c��EGFR �k�h�h�l��
�\�_�l�k�l�\�m�_�l�� �i�j�_�b�f�m�s�_�k�l�\�_�g�g�h�� �k�b�e�v�g�Z�y�� �^�b�n�n�m�a��
�g�Z�y�� �w�d�k�i�j�_�k�k�b�y�� �[�_�e�d�Z��EGFR���� �Z�� �k�� �Z�f�i�e�b�n�b�d�Z�p�b��
�_�c��CCND1 �± �h�q�Z�]�h�\�Z�y���� �k�e�Z�[�Z�y�� �b�� �m�f�_�j�_�g�g�Z�y��
�w�d�k�i�j�_�k�k�b�y�� �[�_�e�d�Z��Cyclin D������ �G�Z�f�b�� �g�_�� �\�u�y�\�e�_�g�Z��
�k�\�y�a�v�� �f�_�`�^�m�� �d�h�e�b�q�_�k�l�\�h�f�� �h�i�m�o�h�e�_�\�u�o�� �d�e�_�l�h�d��
�k �Z�f�i�e�b�n�b�d�Z�p�b�_�c��EGFR, CCND�����b���k�l�Z�^�b�_�c���h�i�m��
�o�h�e�b�����Z���l�Z�d�`�_���k�l�_�i�_�g�v�x���_�_���^�b�n�n�_�j�_�g�p�b�j�h�\�d�b�� 
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EVALUATION OF THE EF FECTIVENESS OF THE ANTIREFLUX CUFF  
FROM THE ROUND LIGAMENT OF THE LIVER IN OBESE PATIENTS  
AFTER LONGITUDINAL GASTRECT OMY 

3.1.9. Surgery (medical sciences) 
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Abstract.  The purpose.  The objective of this study is to evaluate the efficacy and safety of forming an antireflux sleeve 
from the round ligament of the liver in obese patients after longitudinal gastrectomy (LG) in the prevention of gas-
troesophageal reflux disease (GERD) compared with standard LG with cruroraphy. Material and methods.  A prospec-
tive study (2018�±�������������L�Q�F�O�X�G�H�G���������R�E�H�V�H���S�D�W�L�H�Q�W�V�����%�0�,���•�������N�J���P�ð�����Z�L�W�K���F�R�Q�I�L�U�P�H�G���*�(�5�'�����7�K�H���S�U�L�P�D�U�\���F�R�K�R�U�W����n = 42) 
was administered GERD with the formation of an antireflux cuff from the round ligament of the liver and posterior cru-
roraphy; the control group (n = 40) received only GERD with cruroraphy. The assessment encompassed a range of 
methodologies, including clinical (GSRS, SF-36 questionnaires), instrumental (FEGDS, pH-metry, fluoroscopy), and the 
Clavien-Dindo classification of complications. Statistical analysis was performed using the Mann-�:�K�L�W�Q�H�\���D�Q�G���$�ð���F�U�L�W�H�U�L�D����
Results. Efficiency. After a 12-month period, a complete disappearance of GERD symptoms was observed in 92.9 % 
of patients in the primary cohort, as compared to 85% in the control group (p = 0.033). The recurrence of gastroesopha-
geal reflux disease (GERD) was observed to occur in 2.4 % (1/42) of the subjects in the study, as compared to 15 % 
(6/40) of the subjects in the study. Complications. In the main group, 2.4 % of mild complications (bleeding) were regis-
tered, while in the control group, 5 % of cases required repeated surgical interventions (e.g., gastric bypass, teres-
plasty). Instrumental data. In the primary cohort, Index DeMeester registered at 7.1 (compared to 9.3 in the control 
group), while the proportion of time spent with a pH below 4 was recorded at 1.7 % (versus 1.38 %). Quality of life. The 
GSRS questionnaire revealed a statistically significant improvement in the "reflux syndrome" scale among the primary 
cohort (p = 0.004). The SF-36 demonstrated a significant improvement in the "General health" (77 versus 67 points) and 
"Social functioning" (100 versus 88) scales. Conclusion.  The antireflux cuff, fabricated from the round ligament of the 
liver, has been demonstrated to reduce the risk of Gastroesophageal Reflux Disease (GERD) recurrence, enhance quali-
ty of life, and is deemed safe in patients post-Procedure Related to the Liver (PR). The method has the potential to be-
come a standard in bariatric surgery for patients with obesity and concomitant GERD. 

Keywords:  obesity, longitudinal gastrectomy, GERD, antireflux cuff, round ligament of the liver 
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�b�a�[�u�l�h�q�g�h�c�� �f�Z�k�k�u�� �l�_�e�Z���� �Z�� �h�`�b�j�_�g�b�_�� �^�b�Z�]�g�h�k�l�b��
�j�m�_�l�k�y�� �m�� �d�Z�`�^�h�]�h�� �^�_�k�y�l�h�]�h�� �\�a�j�h�k�e�h�]�h�� �q�_�e�h�\�_�d�Z����
�W�l�h���k�h�k�l�h�y�g�b�_���g�_���l�h�e�v�d�h���k�g�b�`�Z�_�l���d�Z�q�_�k�l�\�h���`�b�a�g�b��
�i�Z�p�b�_�g�l�h�\���� �g�h�� �b�� �i�j�b�\�h�^�b�l�� �d�� �j�Z�a�\�b�l�b�x�� �k�_�j�v�_�a�g�u�o��
�k�h�i�m�l�k�l�\�m�x�s�b�o���a�Z�[�h�e�_�\�Z�g�b�c�����l�Z�d�b�o���d�Z�d���k�Z�o�Z�j�g�u�c��
�^�b�Z�[�_�l�� ��-�]�h�� �l�b�i�Z���� �Z�j�l�_�j�b�Z�e�v�g�Z�y�� �]�b�i�_�j�l�_�g�a�b�y����
�k�_�j�^�_�q�g�h-�k�h�k�m�^�b�k�l�u�_�� �i�Z�l�h�e�h�]�b�b�� �b�� �]�Z�k�l�j�h�w�a�h��
�n�Z�]�_�Z�e�v�g�Z�y���j�_�n�e�x�d�k�g�Z�y���[�h�e�_�a�g�v�����=�W�J�;) [1, 2]. 

�=�W�J�;���� �\�� �k�\�h�x�� �h�q�_�j�_�^�v���� �y�\�e�y�_�l�k�y�� �h�^�g�b�f�� �b�a��
�g�Z�b�[�h�e�_�_�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�u�o�� �a�Z�[�h�e�_�\�Z�g�b�c�� �`�_�e�m��
�^�h�q�g�h-�d�b�r�_�q�g�h�]�h�� �l�j�Z�d�l�Z���� �h�k�h�[�_�g�g�h�� �k�j�_�^�b�� �i�Z�p�b��
�_�g�l�h�\�� �k�� �h�`�b�j�_�g�b�_�f���� �M�\�_�e�b�q�_�g�b�_�� �b�g�^�_�d�k�Z�� �f�Z�k�k�u��
�l�_�e�Z�����B�F�L�����g�Z�i�j�y�f�m�x���d�h�j�j�_�e�b�j�m�_�l���k���j�b�k�d�h�f���j�Z�a��
�\�b�l�b�y�� �=�W�J�;���� �q�l�h�� �k�\�y�a�Z�g�h�� �k�� �i�h�\�u�r�_�g�b�_�f���\�g�m�l�j�b��
�[�j�x�r�g�h�]�h�� �^�Z�\�e�_�g�b�y���� �g�Z�j�m�r�_�g�b�_�f�� �f�h�l�h�j�b�d�b�� �i�b��
�s�_�\�h�^�Z�� �b�� �b�a�f�_�g�_�g�b�_�f�� �Z�g�Z�l�h�f�b�b�� �]�Z�k�l�j�h�w�a�h�n�Z�]�_��
�Z�e�v�g�h�]�h���i�_�j�_�o�h�^�Z��[3, 4]. �M���i�Z�p�b�_�g�l�h�\���k���h�`�b�j�_�g�b�_�f 
�=�W�J�;�� �q�Z�k�l�h�� �i�j�h�l�_�d�Z�_�l�� �\�� �[�h�e�_�_�� �l�y�`�_�e�h�c�� �n�h�j�f�_����
�k�h�i�j�h�\�h�`�^�Z�y�k�v�� �w�j�h�a�b�\�g�u�f�� �w�a�h�n�Z�]�b�l�h�f���� �i�b�s�_�\�h��
�^�h�f�� �;�Z�j�j�_�l�l�Z�� �b�� �i�h�\�u�r�_�g�b�_�f�� �j�b�k�d�Z�� �j�Z�a�\�b�l�b�y��
�Z�^�_�g�h�d�Z�j�p�b�g�h�f�u���i�b�s�_�\�h�^�Z [5]. 
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�j�h�j�Z�n�b�b���i�h�k�e�_���n�h�j�f�b�j�h�\�Z�g�b�y���`�_�e�m�^�h�q�g�h�]�h���j�m�d�Z��
�\�Z���i�h�d�Z�a�u�\�Z�_�l���g�_�m�^�h�\�e�_�l�\�h�j�b�l�_�e�v�g�u�_���j�_�a�m�e�v�l�Z�l�u��
�i�j�_�^�h�l�\�j�Z�s�_�g�b�y���=�W�J�;�����<���k�\�y�a�b���k���w�l�b�f���h�k�h�[�u�c���b�g��
�l�_�j�_�k�� �\�u�a�u�\�Z�_�l�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�� �d�j�m�]�e�h�c�� �k�\�y�a�d�b��
�i�_�q�_�g�b�� �^�e�y�� �n�h�j�f�b�j�h�\�Z�g�b�y�� �Z�g�l�b�j�_�n�e�x�d�k�g�h�c�� �f�Z�g��
�`�_�l�u���� �q�l�h�� �i�h�a�\�h�e�y�_�l�� �\�h�k�k�l�Z�g�h�\�b�l�v�� �n�m�g�d�p�b�h�g�Z�e�v��
�g�h�k�l�v�� �]�Z�k�l�j�h�w�a�h�n�Z�]�_�Z�e�v�g�h�]�h�� �i�_�j�_�o�h�^�Z�� �b�� �i�j�_�^�h�l��
�\�j�Z�l�b�l�v�� �f�b�]�j�Z�p�b�x�� �`�_�e�m�^�h�q�g�h�]�h �j�m�d�Z�\�Z�� �\�� �k�j�_�^�h��
�k�l�_�g�b�_��[8, 9]. 
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�h�p�_�g�d�Z�� �w�n�n�_�d�l�b�\�g�h�k�l�b�� �b�� �[�_�a�h�i�Z�k�g�h�k�l�b�� �n�h�j�f�b��
�j�h�\�Z�g�b�y�� �Z�g�l�b�j�_�n�e�x�d�k�g�h�c�� �f�Z�g�`�_�l�u�� �b�a�� �d�j�m�]�e�h�c��
�k�\�y�a�d�b�� �i�_�q�_�g�b�� �m�� �i�Z�p�b�_�g�l�h�\�� �k�� �h�`�b�j�_�g�b�_�f���� �i�_�j�_��
�g�_�k�r�b�o�� �i�j�h�^�h�e�v�g�m�x�� �j�_�a�_�d�p�b�x�� �`�_�e�m� �̂d�Z�� ���I�J�@������
�b�a�m�q�_�g�b�_�� �\�e�b�y�g�b�y�� �^�Z�g�g�h�c�� �f�_�l�h�^�b�d�b���g�Z�� �m�k�l�j�Z�g�_��
�g�b�_�� �k�b�f�i�l�h�f�h�\�� �]�Z�k�l�j�h�w�a�h�n�Z�]�_�Z�e�v�g�h�c�� �j�_�n�e�x�d�k��
�g�h�c�� �[�h�e�_�a�g�b�� ���=�W�J�;������ �i�j�_�^�h�l�\�j�Z�s�_�g�b�_�� �j�_�p�b�^�b��
�\�h�\�� �a�Z�[�h�e�_�\�Z�g�b�y�� �b�� �m�e�m�q�r�_�g�b�_�� �d�Z�q�_�k�l�\�Z�� �`�b�a�g�b��
�i�Z�p�b�_�g�l�h�\�� 
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�j�h�\�Z�g�g�h�c�� �]�Z�k�l�j�h�w�a�h�n�Z�]�_�Z�e�v�g�h�c�� �j�_�n�e�x�d�k�g�h�c�� �[�h��
�e�_�a�g�v�x�� ���=�W�J�;���� �d�h�l�h�j�u�f�� �[�u�e�Z�� �\�u�i�h�e�g�_�g�Z�� �i�j�h��
�^�h�e�v�g�Z�y���j�_�a�_�d�p�b�y���`�_�e�m�^�d�Z�����I�J�@�������I�Z�p�b�_�g�l�u���[�u��
�e�b�� �j�Z�a�^�_�e�_�g�u�� �g�Z�� �^�\�_�� �]�j�m�i�i�u���� �h�k�g�h�\�g�Z�y�� �]�j�m�i�i�Z��
(n � �� ���������� �]�^�_�� �i�h�f�b�f�h�� �I�J�@�� �\�u�i�h�e�g�y�e�Z�k�v�� �a�Z�^�g�y�y��
�d�j�m�j�h�j�Z�n�b�y�� �b �n�h�j�f�b�j�h�\�Z�g�b�_�� �Z�g�l�b�j�_�n�e�x�d�k�g�h�c��
�f�Z�g�`�_�l�u���b�a �d�j�m�]�e�h�c�� �k�\�y�a�d�b���i�_�q�_�g�b���� �b�� �d�h�g�l�j�h�e�v��
�g�Z�y�� �]�j�m�i�i�Z�� ��n = 40), �]�^�_�� �i�j�h�\�h�^�b�e�Z�k�v�� �l�h�e�v�d�h��
�I�J�@���k���a�Z�^�g�_�c �d�j�m�j�h�j�Z�n�b�_�c�� 

�D�j�b�l�_�j�b�b���\�d�e�x�q�_�g�b�y�� 
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3) �g�Z�e�b�q�b�_�� �a�e�h�d�Z�q�_�k�l�\�_�g�g�u�o�� �g�h�\�h�h�[�j�Z�a�h��
�\�Z�g�b�c���`�_�e�m�^�h�q�g�h-�d�b�r�_�q�g�h�]�h���l�j�Z�d�l�Z�� 

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

�O�Z�j�Z�d�l�_�j�b�k�l�b�d�Z���]�j�m�i�i�� 
�± �h�k�g�h�\�g�Z�y�� �]�j�m�i�i�Z���� �k�j�_�^�g�b�c�� �\�h�a�j�Z�k�l���± 

46 �e�_�l�����f�_�^�b�Z�g�Z�����^�b�Z�i�Z�a�h�g�������±�������]�h�^�Z�������k�j�_�^�g�b�c��
�B�F�L���± �������d�]���f�ð�����f�_�^�b�Z�g�Z�����^�b�Z�i�Z�a�h�g�������±�������d�]���f�ð���� 

�± �d�h�g�l�j�h�e�v�g�Z�y�� �]�j�m�i�i�Z���� �k�j�_�^�g�b�c�� �\�h�a�j�Z�k�l���± 
�������]�h�^�Z�����f�_�^�b�Z�g�Z�����^�b�Z�i�Z�a�h�g����3�±�������e�_�l�������k�j�_�^�g�b�c��
�B�F�L���± �������d�]���f�ð�����f�_�^�b�Z�g�Z�����^�b�Z�i�Z�a�h�g�������±�������d�]���f�ð���� 

�K�l�Z�l�b�k�l�b�q�_�k�d�b�� �a�g�Z�q�b�f�u�o�� �j�Z�a�e�b�q�b�c�� �f�_�`�^�m��
�]�j�m�i�i�Z�f�b�� �i�h�� �\�h�a�j�Z�k�l�m���� �i�h�e�m���� �f�Z�k�k�_�� �l�_�e�Z�� �b�� �B�F�L��
�\�u�y�\�e�_�g�h���g�_���[�u�e�h����p �!�����������������q�l�h���h�[�_�k�i�_�q�b�e�h���k�h��
�i�h�k�l�Z�\�b�f�h�k�l�v���]�j�m�i�i���^�e�y���^�Z�e�v�g�_�c�r�_�]�h���Z�g�Z�e�b�a�Z�� 

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

�]�Z�k�l�j�h�^�m�h�^�_�g�h�k�d�h�i�b�x�� ���N�W�=�>�K���� �^�e�y�� �h�p�_�g�d�b�� �k�h�k�l�h��
�y�g�b�y�� �k�e�b�a�b�k�l�h�c�� �h�[�h�e�h�q�d�b�� �i�b�s�_�\�h�^�Z�� �b�� �`�_�e�m�^�d�Z����
�k�m�l�h�q�g�m�x�� �S�+-�f�_�l�j�b�x�� �^�e�y�� �i�h�^�l�\�_�j�`�^�_�g�b�y�� �^�b�Z�]�g�h��
�a�Z�� �=�W�J�;���� �Z�� �l�Z�d�`�_�� �d�h�f�i�v�x�l�_�j�g�m�x�� �l�h�f�h�]�j�Z�n�b�x�� �h�j��
�]�Z�g�h�\�� �]�j�m�^�g�h�c�� �d�e�_�l�d�b�� �k�� �b�a�f�_�j�_�g�b�_�f�� �^�b�Z�k�l�Z�a�Z�� �g�h��
�`�_�d���i�b�s�_�\�h�^�g�h�]�h���h�l�\�_�j�k�l�b�y���^�b�Z�n�j�Z�]�f�u�����I�H�>���� 

�H�i�_�j�Z�p�b�y�� �\�u�i�h�e�g�y�e�Z�k�v�� �e�Z�i�Z�j�h�k�d�h�i�b�q�_�k�d�b�f��
�^�h�k�l�m�i�h�f���k���b�k�i�h�e�v�a�h�\�Z�g�b�_�f���q�_�l�u�j�_�o���i�h�j�l�h�\�����i�_�j��
�\�u�c�� �l�j�h�Z�d�Z�j�� �������� �f�f���� �m�k�l�Z�g�Z�\�e�b�\�Z�e�k�y�� �\ �e�_�\�h�f��
�i�h�^�j�_�[�_�j�v�_�� �i�h�� �k�j�_�^�g�_�d�e�x�q�b�q�g�h�c�� �e�b�g�b�b���� �\�l�h�j�h�c��
�l�j�h�Z�d�Z�j�� ������ �f�f�����± �\�� �w�i�b�]�Z�k�l�j�Z�e�v�g�h�c�� �h�[�e�Z�k�l�b���� �l�j�_��
�l�b�c�� �l�j�h�Z�d�Z�j�� �������±������ �f�f�����± �\�� �i�j�Z�\�h�f�� �i�h�^�j�_�[�_�j�v�_����
�q�_�l�\�_�j�l�u�c�� �l�j�h�Z�d�Z�j�� ������ �f�f�����± �i�h�� �e�_�\�h�c�� �i�_�j�_�^�g�_�c��
�i�h�^�f�u�r�_�q�g�h�c���e�b�g�b�b�����J�_�a�_�d�p�b�y���`�_�e�m�^�d�Z���\�u�i�h�e�g�y��
�e�Z�k�v�� �\�^�h�e�v�� �[�h�e�v�r�h�c�� �d�j�b�\�b�a�g�u�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f��
�e�b�g�_�c�g�h�]�h�� �k�l�_�i�e�_�j�Z���� �g�Z�q�b�g�Z�y�� �h�l�� �Z�g�l�j�Z�e�v�g�h�]�h�� �h�l��
�^�_�e�Z���^�h���m�]�e�Z���=�b�k�Z�����>�b�Z�f�_�l�j���n�h�j�f�b�j�m�_�f�h�]�h���j�m�d�Z�\�Z��
�d�h�g�l�j�h�e�b�j�h�\�Z�e�k�y�� �k�� �i�h�f�h�s�v�x�� �d�Z�e�b�[�j�h�\�h�q�g�h�]�h�� �a�h�g��
�^�Z �������)�U�����E�b�g�b�y���j�_�a�_�d�p�b�b���m�d�j�_�i�e�y�e�Z�k�v���g�_�j�Z�k�k�Z�k�u��
�\�Z�x�s�b�f�k�y�� �r�h�\�g�u�f�� �f�Z�l�_�j�b�Z�e�h�f�� �^�e�y�� �i�j�_�^�h�l�\�j�Z��
�s�_�g�b�y���g�_�k�h�k�l�h�y�l�_�e�v�g�h�k�l�b���r�\�h�\���� 

�I�h�k�e�_�� �f�h�[�b�e�b�a�Z�p�b�b�� �Z�[�^�h�f�b�g�Z�e�v�g�h�]�h�� �h�l�^�_��
�e�Z�� �i�b�s�_�\�h�^�Z�� �\�u�i�h�e�g�y�e�Z�k�v�� �a�Z�^�g�y�y�� �d�j�m�j�h�j�Z�n�b�y��
�g�_�j�Z�k�k�Z�k�u�\�Z�x�s�_�c�k�y�� �g�b�l�v�x��V-lock 2-0. �I�b�s�_��
�\�h�^�g�h�_�� �h�l�\�_�j�k�l�b�_�� �^�b�Z�n�j�Z�]�f�u�� �n�h�j�f�b�j�h�\�Z�e�h�k�v��
�g�Z�������k�f���r�b�j�_���^�b�Z�f�_�l�j�Z���i�b�s�_�\�h�^�Z�����q�l�h���h�[�_�k�i�_�q�b��
�\�Z�e�h�� �k�\�h�[�h�^�g�h�_�� �i�j�h�o�h�`�^�_�g�b�_�� �d�Z�e�b�[�j�h�\�h�q�g�h�]�h��
�a�h�g�^�Z�� ������ �)�U���� �D�j�m�]�e�Z�y�� �k�\�y�a�d�Z�� �i�_�q�_�g�b�� �f�h�[�b�e�b�a�h�\�Z��
�e�Z�k�v�� �w�e�_�d�l�j�h�o�b�j�m�j�]�b�q�_�k�d�b�f�� �b�g�k�l�j�m�f�_�g�l�h�f�� �h�l�� �i�_��
�j�_�^�g�_�c�� �[�j�x�r�g�h�c�� �k�l�_�g�d�b�� �^�h�� �\�o�h�`�^�_�g�b�y�� �\�� �i�_�q�_�g�v����
�F�h�[�b�e�b�a�h�\�Z�g�g�Z�y�� �k�\�y�a�d�Z�� �i�j�h�\�h�^�b�e�Z�k�v�� �a�Z�� �i�b�s�_�\�h��
�^�h�f�� �b�� �n�b�d�k�b�j�h�\�Z�e�Z�k�v�� �d�� �e�_�\�h�c�� �i�_�j�_�^�g�_-�[�h�d�h�\�h�c��
�i�h�\�_�j�o�g�h�k�l�b�� �Z�[�^�h�f�b�g�Z�e�v�g�h�]�h�� �h�l�^�_�e�Z�� �i�b�s�_�\�h�^�Z��
�k �i�h�f�h�s�v�x�� �g�_�i�j�_�j�u�\�g�h�]�h�� �h�[�\�b�\�g�h�]�h�� �r�\�Z�� �g�b�l�v�x 
3-0���� �A�Z�l�_�f�� �k�\�y�a�d�Z�� �h�[�h�j�Z�q�b�\�Z�e�Z�k�v�� �\�h�d�j�m�]�� �i�b�s�_��
�\�h�^�Z�� �g�Z�� �������ƒ���� �n�h�j�f�b�j�m�y�� �g�_�a�Z�f�d�g�m�l�m�x�� �f�Z�g�`�_�l�m����
�b �n�b�d�k�b�j�h�\�Z�e�Z�k�v�� �d�� �i�j�Z�\�h�c�� �[�h�d�h�\�h�c�� �i�h�\�_�j�o�g�h�k�l�b��
�i�b�s�_�\�h�^�Z���� �I�j�h�o�h�^�b�f�h�k�l�v�� �i�b�s�_�\�h�^�Z�� �i�j�h�\�_�j�y�e�Z�k�v��
�i�j�h�\�_�^�_�g�b�_�f�� �d�Z�e�b�[�j�h�\�h�q�g�h�]�h�� �a�h�g�^�Z�� ������ �)�U�� �q�_�j�_�a��
�]�Z�k�l�j�h�w�a�h�n�Z�]�_�Z�e�v�g�u�c �i�_�j�_�o�h�^�� 

�I�h�k�e�_�h�i�_�j�Z�p�b�h�g�g�h�_�� �\�_�^�_�g�b�_. �<�k�_�� �i�Z�p�b�_�g��
�l�u�� �g�Z�o�h�^�b�e�b�k�v�� �i�h�^�� �g�Z�[�e�x�^�_�g�b�_�f�� �\�� �k�l�Z�p�b�h�g�Z�j�_��
�\ �l�_�q�_�g�b�_�� ���±���� �^�g�_�c���� �G�Z�a�g�Z�q�Z�e�Z�k�v�� �k�l�Z�g�^�Z�j�l�g�Z�y��
�i�h�k�e�_�h�i�_�j�Z�p�b�h�g�g�Z�y���l�_�j�Z�i�b�y���� �\�d�e�x�q�Z�x�s�Z�y���Z�g�Z�e�v��
�]�_�l�b�d�b���� �Z�g�l�b�[�b�h�l�b�d�b�� �b�� �b�g�]�b�[�b�l�h�j�u�� �i�j�h�l�h�g�g�h�c��
�i�h�f�i�u�����B�I�I�����^�e�y���i�j�h�n�b�e�Z�d�l�b�d�b���j�_�n�e�x�d�k�Z�����D�h�g��
�l�j�h�e�v�g�u�_�� �h�[�k�e�_�^�h�\�Z�g�b�y�� ���N�W�=�>�K���� �j�_�g�l�]�_�g�h�k�d�h��
�i�b�y���� �i�j�h�\�h�^�b�e�b�k�v�� �i�_�j�_�^�� �\�u�i�b�k�d�h�c�� �^�e�y�� �h�p�_�g�d�b��
�j�_�a�m�e�v�l�Z�l�h�\���h�i�_�j�Z�p�b�b��  

�>�e�y�� �h�p�_�g�d�b�� �w�n�n�_�d�l�b�\�g�h�k�l�b�� �o�b�j�m�j�]�b�q�_�k�d�h�]�h��
�e�_�q�_�g�b�y�� �b�k�i�h�e�v�a�h�\�Z�e�b�k�v�� �d�e�b�g�b�q�_�k�d�b�_���� �b�g�k�l�j �m��
�f�_�g�l�Z�e�v�g�u�_�� �b�� �k�m�[�t�_�d�l�b�\�g�u�_�� �f�_�l�h�^�u���� �d�h�l�h�j�u�_��
�i�j�b�f�_�g�y�e�b�k�v�� �\�� �i�j�_�^�h�i�_�j�Z�p�b�h�g�g�h�f���� �j�Z�g�g�_�f�� ���^�h 
���� �f�_�k�y�p�_�\���� �b�� �h�l�^�Z�e�_�g�g�h�f�� ������ �f�_�k�y�p�_�\�� �b�� �[�h�e�_�_����
�i�h�k�e�_�h�i�_�j�Z�p�b�h�g�g�u�o���i�_�j�b�h�^�Z�o�� 
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�D�e�b�g�b�q�_�k�d�Z�y�� �h�p�_�g�d�Z�� �h�p�_�g�d�Z���\�u�j�Z�`�_�g�g�h�k�l�b��
�k�b�f�i�l�h�f�h�\�����b�a�`�h�]�Z�����j�_�]�m�j�]�b�l�Z�p�b�y�����^�b�k�n�Z�]�b�y�����k �b�k��
�i�h�e�v�a�h�\�Z�g�b�_�f�� �k�l�Z�g�^�Z�j�l�b�a�b�j�h�\�Z�g�g�u�o�� �r�d�Z�e���� �l�Z�d�b�o��
�d�Z�d�� �*�H�U�G�4���� �N�b�d�k�Z�p�b�y�� �q�Z�k�l�h�l�u�� �b�� �b�g�l�_�g�k�b�\�g�h�k�l�b��
�k�b�f�i�l�h�f�h�\���\���^�b�g�Z�f�b�d�_�� 

�I�h�k�e�_�h�i�_�j�Z�p�b�h�g�g�u�_�� �h�k�e�h�`�g�_�g�b�y�� �j�_�]�b�k�l�j�Z��
�p�b�y���h�k�e�h�`�g�_�g�b�c�� �i�h�� �d�e�Z�k�k�b�n�b�d�Z�p�b�b��Clavien-Dindo. 
�M�q�_�l�� �l�Z�d�b�o�� �h�k�e�h�`�g�_�g�b�c���� �d�Z�d�� �d�j�h�\�h�l�_�q�_�g�b�y���� �g�_�k�h��
�k�l�h�y�l�_�e�v�g�h�k�l�v���r�\�h�\�����w�f�n�b�a�_�f�Z���k�j�_�^�h�k�l�_�g�b�y���b���^�j�� 

�B�g�k�l�j�m�f�_�g�l�Z�e�v�g�u�_�� �f�_�l�h�^�u�� �n�b�[�j�h�w�a�h��
�n�Z�]�h�]�Z�k�l�j�h�^�m�h�^�_�g�h�k�d�h�i�b�y�����N�W�=�>�K���� �i�j�h�\�h�^�b�e�Z�k�v��
�^�h�� �h�i�_�j�Z�p�b�b�� �b�� �q�_�j�_�a�� ������ �f�_�k�y�p�_�\�� �i�h�k�e�_�� �\�f�_�r�Z��
�l�_�e�v�k�l�\�Z�� �^�e�y�� �h�p�_�g�d�b�� �k�h�k�l�h�y�g�b�y�� �k�e�b�a�b�k�l�h�c�� �h�[�h��
�e�h�q�d�b���i�b�s�_�\�h�^�Z�����g�Z�e�b�q�b�_���w�j�h�a�b�c�����k�l�j�b�d�l�m�j�����i�b�s�_��
�\�h�^�Z�� �;�Z�j�j�_�l�l�Z������ �B�k�i�h�e�v�a�h�\�Z�e�Z�k�v�� �d�e�Z�k�k�b�n�b�d�Z�p�b�y��
�E�h�k-�:�g�^�`�_�e�_�k �^�e�y���h�p�_�g�d�b���k�l�_�i�_�g�b���w�a�h�n�Z�]�b�l�Z�� 

�K�m�l�h�q�g�Z�y�� �S�+-�f�_�l�j�b�y�� �\�u�i�h�e�g�y�e�Z�k�v���^�h�� �h�i�_��
�j�Z�p�b�b�� �b�� �q�_�j�_�a�� ������ �f�_�k�y�p�_�\�� �i�h�k�e�_�� �\�f�_�r�Z�l�_�e�v�k�l�\�Z��
�^�e�y�� �h�p�_�g�d�b�� �d�b�k�e�h�l�g�h�]�h�� �j�_�n�e�x�d�k�Z���� �:�g�Z�e�b�a�b�j�h�\�Z��
�e�b�k�v���l�Z�d�b�_���i�h�d�Z�a�Z�l�_�e�b�����d�Z�d���h�[�s�_�_���\�j�_�f�y���k��pH < 4, 
�d�h�e�b�q�_�k�l�\�h���j�_�n�e�x�d�k�h�\���^�e�b�l�_�e�v�g�h�k�l�v�x���[�h�e�_�_���� �f�b-
�g�m�l �b���b�g�^�_�d�k��DeMeester. 

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

�H�p�_�g�d�Z�� �d�Z�q�_�k�l�\�Z���`�b�a�g�b. �H�i�j�h�k�g�b�d��GSRS 
(Gastrointestinal Symptom Rating Scale): �b�k�i�h�e�v��
�a�h�\�Z�e�k�y���^�e�y�� �h�p�_�g�d�b�� �\�u�j�Z�`�_�g�g�h�k�l�b�� �`�_�e�m�^�h�q�g�h-
�d�b�r�_�q�g�u�o�� �k�b�f�i�l�h�f�h�\�� ���Z�[�^�h�f�b�g�Z�e�v�g�Z�y�� �[�h�e�v���� �j�_��
�n�e�x�d�k���� �^�b�Z�j�_�y���� �a�Z�i�h�j�u���� �a�Z�i�h�e�g�y�e�k�y���i�Z�p�b�_�g�l�Z�f�b��
�^�h�� �h�i�_�j�Z�p�b�b���� �q�_�j�_�a�� ���� �^�g�_�c�� �b�� �q�_�j�_�a ������ �f�_�k�y�p�_�\��
�i�h�k�e�_���\�f�_�r�Z�l�_�e�v�k�l�\�Z�� 

�H�i�j�h�k�g�b�d��SF-36 (Short Form Health Survey): 
�i�j�b�f�_�g�y�e�k�y���^�e�y���h�p�_�g�d�b���h�[�s�_�]�h���d�Z�q�_�k�l�\�Z���`�b�a�g�b����
�\�d�e�x�q�Z�y�� �n�b�a�b�q�_�k�d�h�_�� �b�� �i�k�b�o�h�e�h�]�b�q�_�k�d�h�_�� �a�^�h�j�h��

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

�K�j�Z�\�g�_�g�b�_�� �^�\�m�o�� �]�j�m�i�i. �B�k�o�h�^�g�u�_�� �o�Z�j�Z�d��
�l�_�j�b�k�l�b�d�b�� �i�Z�p�b�_�g�l�h�\�� �\�� �h�k�g�h�\�g�h�c�� �b�� �d�h�g�l�j�h�e�v�g�h�c��
�]�j�m�i�i�Z�o�� �[�u�e�b�� �k�h�i�h�k�l�Z�\�b�f�u���� �K�j�_�^�g�b�c�� �\�h�a�j�Z�k�l��
�\ �h�k�g�h�\�g�h�c�� �]�j�m�i�i�_�� �k�h�k�l�Z�\�b�e�� ������ �e�_�l�� ���f�_�^�b�Z�g�Z����
�^�b�Z�i�Z�a�h�g�� �����±������ �]�h�^�Z������ �\ �d�h�g�l�j�h�e�v�g�h�c�� �]�j�m�i�i�_���± 
������ �]�h�^�Z�� ���f�_�^�b�Z�g�Z���� �^�b�Z�i�Z�a�h�g�� �����±������ �e�_�l������ �K�j�_�^��
�g�b�c���b�g�^�_�d�k���f�Z�k�k�u���l�_�e�Z�����B�F�L�����\���h�k�g�h�\�g�h�c���]�j�m�i�i�_��
�[�u�e�� ������ �d�]���f�ð�� ���f�_�^�b�Z�g�Z���� �^�b�Z�i�Z�a�h�g�� �����±������ �d�]���f�ð������
�\ �d�h�g�l�j�h�e�v�g�h�c�� �]�j�m�i�i�_���± ������ �d�]���f�ð�� ���f�_�^�b�Z�g�Z���� �^�b�Z��
�i�Z�a�h�g�� �����±������ �d�]���f�ð������ �K�l�Z�l�b�k�l�b�q�_�k�d�b�� �a�g�Z�q�b�f�u�o��
�j�Z�a�e�b�q�b�c�� �i�h�� �\�h�a�j�Z�k�l�m���� �i�h�e�m���� �f�Z�k�k�_�� �l�_�e�Z�� �b�� �B�F�L��
�f�_�`�^�m���]�j�m�i�i�Z�f�b���\�u�y�\�e�_�g�h���g�_���[�u�e�h����p > 0,05). 

 
�J�?�A�M�E�V�L�:�L�U���B�K�K�E�?�>�H�<�:�G�B�Y�� 
�B���B�O���H�;�K�M�@�>�?�G�B�? 

�>�e�b�l�_�e�v�g�h�k�l�v�� �h�i�_�j�Z�p�b�b. �<�� �h�k�g�h�\�g�h�c�� �]�j�m�i��
�i�_�� �f�_�^�b�Z�g�Z�� �^�e�b�l�_�e�v�g�h�k�l�b�� �h�i�_�j�Z�p�b�b�� �k�h�k�l�Z�\�b�e�Z��
�������f�b�g�m�l�����d�\�Z�j�l�b�e�b�������±���������f�b�g�m�l�������\���d�h�g�l�j�h�e�v�g�h�c��
�]�j�m�i�i�_���± ������ �f�b�g�m�l�� ���d�\�Z�j�l�b�e�b�� �����±�������� �f�b�g�m�l������ �G�_��
�a�g�Z�q�b�l�_�e�v�g�h�_�� �m�\�_�e�b�q�_�g�b�_�� �\�j�_�f�_�g�b�� �\�� �h�k�g�h�\�g�h�c��
�]�j�m�i�i�_�� �[�u�e�h�� �k�\�y�a�Z�g�h�� �k�� �^�h�i�h�e�g�b�l�_�e�v�g�u�f�� �w�l�Z�i�h�f��
�f�h�[�b�e�b�a�Z�p�b�b�� �d�j�m�]�e�h�c�� �k�\�y�a�d�b�� �i�_�q�_�g�b�� �b�� �n�h�j�f�b�j�h��
�\�Z�g�b�_�f���Z�g�l�b�j�_�n�e�x�d�k�g�h�c���f�Z�g�`�_�l�u�����j�b�k���������� 

�H�[�t�_�f���d�j�h�\�h�i�h�l�_�j�b. �<�� �h�[�_�b�o���]�j�m�i�i�Z�o���h�[�t��
�_�f�� �b�g�l�j�Z�h�i�_�j�Z�p�b�h�g�g�h�c�� �d�j�h�\�h�i�h�l�_�j�b�� �[�u�e�� �f�b�g�b��
�f�Z�e�v�g�u�f�� ���f�_�^�b�Z�g�Z�� �����±������ �f�e������ �k�l�Z�l�b�k�l�b�q�_�k�d�b��
�a�g�Z�q�b�f�u�o���j�Z�a�e�b�q�b�c���g�_���\�u�y�\�e�_�g�h����p > 0,05).  

�H�k�e�h�`�g�_�g�b�y�� �<�� �h�k�g�h�\�g�h�c�� �]�j�m�i�i�_�� �b�g�l�j�Z�h�i�_��
�j�Z�p�b�h�g�g�u�_�� �h�k�e�h�`�g�_�g�b�y�� �g�Z�[�e�x�^�Z�e�b�k�v�� �m�� ������ ����
�i�Z�p�b�_�g�l�h�\�� ������ �b�a�� ���������� �\�� �d�h�g�l�j�h�e�v�g�h�c�� �]�j�m�i�i�_���± 
�m 17,5 % �������b�a�������������G�Z�b�[�h�e�_�_���q�Z�k�l�u�f�b���h�k�e�h�`�g�_�g�b��
�y�f�b�� �[�u�e�b�� �w�f�n�b�a�_�f�Z���k�j�_�^�h�k�l�_�g�b�y�� �b�� �i�h�\�j�_�`�^�_�g�b�_��
�k�_�j�h�a�g�h�c���h�[�h�e�h�q�d�b���`�_�e�m�^�d�Z�����<�k�_���h�k�e�h�`�g�_�g�b�y���e�_�]��
�d�b�_���b���g�_���l�j�_�[�h�\�Z�e�b���^�e�b�l�_�e�v�g�h�]�h���e�_�q�_�g�b�y�����j�b�k���������� 

 

 

�J�b�k�����������>�e�b�l�_�e�v�g�h�k�l�v���h�i�_�j�Z�p�b�b���\���h�k�g�h�\�g�h�c���b���d�h�g�l�j�h�e�v�g�h�c���]�j�m�i�i�Z�o�����\���f�b�g�m�l�Z�o�� 
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�J�b�k�����������Q�Z�k�l�h�l�Z���i�h�k�e�_�h�i�_�j�Z�p�b�h�g�g�u�o���h�k�e�h�`�g�_�g�b�c���i�h���d�e�Z�k�k�b�n�b�d�Z�p�b�b���&�O�D�Y�L�H�Q-Dindo 

 
�<�� �j�Z�g�g�_�f�� �i�h�k�e�_�h�i�_�j�Z�p�b�h�g�g�h�f�� �i�_�j�b�h�^�_��

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

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

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

�I�h�a�^�g�b�_���h�k�e�h�`�g�_�g�b�y�����j�_�p�b�^�b�\���=�W�J�;�����[�u�e�b��
�a�Z�j�_�]�b�k�l�j�b�j�h�\�Z�g�u���m�����������i�Z�p�b�_�g�l�h�\���������b�a�������������q�l�h��

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

�H�p�_�g�d�Z�� �i�h�� �d�e�Z�k�k�b�n�b�d�Z�p�b�b��Clavien-Dindo. 
�< �h�k�g�h�\�g�h�c�� �]�j�m�i�i�_�� �h�k�e�h�`�g�_�g�b�y��I �k�l�_�i�_�g�b�� ���e�_�]�d�b�_����
�g�_�� �l�j�_�[�m�x�s�b�_�� �e�_�q�_�g�b�y���� �g�Z�[�e�x�^�Z�e�b�k�v�� �m 11,9 % 
�i�Z�p�b�_�g�l�h�\�������� �b�a�������������,�,���k�l�_�i�_�g�b�����l�j�_�[�m�x�s�b�_���f�_�^�b��
�d�Z�f�_�g�l�h�a�g�h�]�h�� �e�_�q�_�g�b�y�����± �m 7,1% (3 �b�a ���������� �H�k�e�h�`��
�g�_�g�b�c��III �k�l�_�i�_�g�b���b���\�u�r�_���g�_���[�u�e�h���� 

�<���d�h�g�l�j�h�e�v�g�h�c���]�j�m�i�i�_���h�k�e�h�`�g�_�g�b�y��I �k�l�_�i�_�g�b��
�g�Z�[�e�x�^�Z�e�b�k�v�� �m�� ������ ���� �i�Z�p�b�_�g�l�h�\�� ������ �b�a�� ���������� �,�,�� �k�l�_��
�i�_�g�b���± �m�� �������� ���� ������ �b�a�� ���������� �M�� �������� ���� �i�Z�p�b�_�g�l�h�\��
(1 �b�a ���������[�u�e�b���a�Z�j�_�]�b�k�l�j�b�j�h�\�Z�g�u���h�k�e�h�`�g�_�g�b�y���,�,�,�E��
�k�l�_�i�_�g�b�����j�_�\�b�a�b�h�g�g�Z�y���h�i�_�j�Z�p�b�y�������j�b�k�� 3). 

 

 

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

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

�^�Z�e�b�k�v�� �m�� �������� ���� �i�Z�p�b�_�g�l�h�\�� ���a�Z�^�_�j�`�d�Z�� �\�� �d�Z�j�^�b�b���± 
4,8 %, �a�Z�^�_�j�`�d�Z���i�h���j�m�d�Z�\�m���± �����������������<���d�h�g�l�j�h�e�v�g�h�c��
�]�j�m�i�i�_�� �Z�g�Z�e�h�]�b�q�g�u�_�� �g�Z�j�m�r�_�g�b�y�� �[�u�e�b�� �\�u�y�\�e�_�g�u��
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�m ���������� ���� �i�Z�p�b�_�g�l�h�\���� �\�d�e�x�q�Z�y�� �f�b�]�j�Z�p�b�x�� �`�_�e�m�^�h�q��
�g�h�]�h���j�m�d�Z�\�Z���\���k�j�_�^�h�k�l�_�g�b�_�������������������b���j�_�n�e�x�d�k���d�h�g��
�l�j�Z�k�l�Z���������������������j�b�k. 4).  

�J�_�p�b�^�b�\�u�� �=�W�J�;. �Q�_�j�_�a�� ������ �f�_�k�y�p�_�\�� �i�h�k�e�_��
�h�i�_�j�Z�p�b�b�� �\�� �d�h�g�l�j�h�e�v�g�h�c�� �]�j�m�i�i�_�� �m�� ���� ���� �i�Z�p�b�_�g�l�h�\��
�������b�a�����������i�h�l�j�_�[�h�\�Z�e�Z�k�v���i�h�\�l�h�j�g�Z�y���h�i�_�j�Z�p�b�y���b�a-�a�Z��

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

 

 

�J�b�k�����������J�Z�k�i�j�_�^�_�e�_�g�b�_���k�l�_�i�_�g�b���h�k�e�h�`�g�_�g�b�c���i�h���r�d�Z�e�_��Clavien-Dindo �\���b�k�k�e�_�^�m�_�f�u�o���]�j�m�i�i�Z�o 

 

 

�J�b�k�����������J�_�p�b�^�b�\���k�b�f�i�l�h�f�h�\���=�W�J�;���\���l�_�q�_�g�b�_���������f�_�k�y�p�_�\���i�h�k�e�_���I�J�@ 

 
�>�b�g�Z�f�b�d�Z�� �k�b�f�i�l�h�f�h�\�� �=�W�J. �<�� �h�k�g�h�\�g�h�c��

�]�j�m�i�i�_ �m ���������� ���� �i�Z�p�b�_�g�l�h�\�� �������� �b�a�� �������� �g�Z�[�e�x�^�Z��
�e�h�k�v�� �i�h�e�g�h�_�� �b�k�q�_�a�g�h�\�_�g�b�_�� �b�e�b�� �a�g�Z�q�b�l�_�e�v�g�h�_��
�m�f�_�g�v�r�_�g�b�_�� �k�b�f�i�l�h�f�h�\�� �=�W�J�;�� ���b�a�`�h�]�Z���� �j�_�]�m�j�]�b�l�Z��
�p�b�y�����^�b�k�n�Z�]�b�y�����\���l�_�q�_�g�b�_���i�_�j�\�u�o�������f�_�k�y�p�_�\���i�h�k�e�_��
�h�i�_�j�Z�p�b�b�����D���������f�_�k�y�p�Z�f���k�b�f�i�l�h�f�u���i�h�e�g�h�k�l�v�x���h�l��
�k�m�l�k�l�\�h�\�Z�e�b���m���������� �������������b�a��42). 

�D�Z�q�_�k�l�\�h�� �`�b�a�g�b. �I�h�� �^�Z�g�g�u�f�� �h�i�j�h�k�g�b�d�Z��
�*�6�5�6�����\���h�k�g�h�\�g�h�c���]�j�m�i�i�_���g�Z�[�e�x�^�Z�e�h�k�v���a�g�Z�q�b�l�_�e�v��
�g�h�_���m�e�m�q�r�_�g�b�_���i�h���r�d�Z�e�_���©�J�_�n�e�x�d�k-�k�b�g�^-�j�h�f�ª (p = 
�������������� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k�� �d�h�g�l�j�h�e�v�g�h�c���]�j�m�i�i�h�c����
�I�h �h�i�j�h�k�g�b�d�m�� �6�)-������ �i�Z�p�b�_�g�l�u�� �h�k�g�h�\�g�h�c�� �]�j�m�i�i�u��
�l�Z�d�`�_�� �^�_�f�h�g�k�l�j�b�j�h�\�Z�e�b�� �e�m�q�r�b�_�� �i�h�d�Z�a�Z�l�_�e�b�� �i�h��
�r�d�Z�e�Z�f�� �©�H�[�s�_�_�� �k�h�k�l�h�y�g�b�_�� �a�^�h�j�h�\�v�y�ª���� �©�@�b�a�g�_�g��
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�g�Z�y�� �Z�d�l�b�\�g�h�k�l�v�ª�� �b�� �©�K�h�p�b�Z�e�v�g�h�_�� �n�m�g�d�p�b�h�g�b�j�h�\�Z��
�g�b�_�ª����p < 0,05).  

�< �d�h�g�l�j�h�e�v�g�h�c�� �]�j�m�i�i�_���m�e�m�q�r�_�g�b�_�� �k�b�f�i�l�h�f�h�\��
�=�W�J�;�� �g�Z�[�e�x�^�Z�e�h�k�v�� �m 85 % �i�Z�p�b�_�g�l�h�\�� �������� �b�a�� ��������
�\ �i�_�j�\�u�_�� ���� �f�_�k�y�p�Z���� �H�^�g�Z�d�h�� �d ������ �f�_�k�y�p�Z�f�� �m�� ������ ����
�i�Z�p�b�_�g�l�h�\�� ������ �b�a�� �������� �h�l�f�_�q�Z�e�k�y�� �j�_�p�b�^�b�\�� �k�b�f�i�l�h��
�f�h�\�����q�l�h���i�h�l�j�_�[�h�\�Z�e�h���^�h�i�h�e�g�b�l�_�e�v�g�h�]�h���e�_�q�_�g�b�y��  

�H�l�^�Z�e�_�g�g�u�_���j�_�a�m�e�v�l�Z�l�u. �<���h�k�g�h�\�g�h�c���]�j�m�i��
�i�_�� �k�j�_�^�g�_�_�� �k�g�b�`�_�g�b�_�� �f�Z�k�k�u�� �l�_�e�Z�� �q�_�j�_�a�� ������ �f�_�k�y��
�p�_�\�� �k�h�k�l�Z�\�b�e�h�� ���������� �d�]�� ���f�_�^�b�Z�g�Z���� �^�b�Z�i�Z�a�h�g�� �����±40 
�d�]�������q�l�h���k�h�h�l�\�_�l�k�l�\�m�_�l���k�g�b�`�_�g�b�x���B�F�L���g�Z�������������d�]���f�ð�� 
�< �d�h�g�l�j�h�e�v�g�h�c�� �]�j�m�i�i�_�� �k�j�_�^�g�_�_�� �k�g�b�`�_�g�b�_�� �f�Z�k�k�u��
�l�_�e�Z�� �q�_�j�_�a�� ������ �f�_�k�y�p�_�\�� �k�h�k�l�Z�\�b�e�h�� ���������� �d�]�� ���f�_�^�b�Z��

�g�Z���� �^�b�Z�i�Z�a�h�g�� �����±������ �d�]������ �q�l�h�� �k�h�h�l�\�_�l�k�l�\�m�_�l�� �k�g�b�`�_��
�g�b�x���B�F�L���g�Z�������������d�]���f�ð�� 

�J�_�a�m�e�v�l�Z�l�u�� �w�a�h�n�Z�]�h�]�Z�k�l�j�h�^�m�h�^�_�g�h�k�d�h�i�b�b��
���N�W�=�>�K). �< �h�k�g�h�\�g�h�c�� �]�j�m�i�i�_�� �q�_�j�_�a�� ������ �f�_�k�y�p�_�\��
�i�h�k�e�_�� �h�i�_�j�Z�p�b�b�� �m�� ���������� ���� �i�Z�p�b�_�g�l�h�\�� �������� �b�a�� ��������
�h�l�k�m�l�k�l�\�h�\�Z�e�b�� �i�j�b�a�g�Z�d�b�� �w�a�h�n�Z�]�b�l�Z���� �M �h�^�g�h�]�h�� �i�Z��
�p�b�_�g�l�Z�� �������������� �g�Z�[�e�x�^�Z�e�k�y�� �j�_�n�e�x�d�k-�w�a�h�n�Z�]�b�l��
�k�l�_�i�_�g�b���:���i�h���d�e�Z�k�k�b�n�b�d�Z�p�b�b���E�h�k-�:�g�^�`�_�e�_�k.  

�<���d�h�g�l�j�h�e�v�g�h�c���]�j�m�i�i�_���m�������������i�Z�p�b�_�g�l�h�\����������
�b�a�� �������� �h�l�k�m�l�k�l�\�h�\�Z�e�b�� �i�j�b�a�g�Z�d�b�� �w�a�h�n�Z�]�b�l�Z�����M 15 
���� �i�Z�p�b�_�g�l�h�\�� ������ �b�a�� �������� �[�u�e�b�� �\�u�y�\�e�_�g�u�� �i�j�b�a�g�Z�d�b��
�j�_�n�e�x�d�k-�w�a�h�n�Z�]�b�l�Z�����m���������������������b�a�����������± �k�l�_�i�_�g�v���:����
�m���������������������b�a�����������± �k�l�_�i�_�g�v���<�����j�b�k����������  

 

 

�J�b�k�����������G�Z�e�b�q�b�_���i�j�b�a�g�Z�d�h�\���w�a�h�n�Z�]�b�l�Z���i�h���^�Z�g�g�u�f���N�W�=�>�K���\���h�l�^�Z�e�_�g�g�h�f���i�_�j�b�h�^�_ 
 

�K�m�l�h�q�g�Z�y�� �S�+-�f�_�l�j�b�y. �<�� �h�k�g�h�\�g�h�c�� �]�j�m�i�i�_��
�k�j�_�^�g�_�_���\�j�_�f�y���k��pH < 4 �k�h�k�l�Z�\�b�e�h�����������������f�_�^�b��
�Z�g�Z�� �������� ������ �d�\�Z�j�l�b�e�b�� �������±�������� �������� �D�h�e�b�q�_�k�l�\�h���j�_��
�n�e�x�d�k�h�\�� �^�e�b�l�_�e�v�g�h�k�l�v�x���[�h�e�_�_������ �f�b�g�m�l���[�u�e�h���f�b��
�g�b�f�Z�e�v�g�u�f�� ���f�_�^�b�Z�g�Z�� ���������� �d�\�Z�j�l�b�e�b�� �������±������������ �B�g��
�^�_�d�k��DeMeester �k�h�k�l�Z�\�b�e���\���k�j�_�^�g�_�f�� �������� ���f�_�^�b�Z�g�Z��
���������� �d�\�Z�j�l�b�e�b�� �������±�������������� �<�� �d�h�g�l�j�h�e�v�g�h�c�� �]�j�m�i�i�_��
�k�j�_�^�g�_�_���\�j�_�f�y���k��pH < 4 �k�h�k�l�Z�\�b�e�h�������������� ���f�_�^�b�Z��
�g�Z�� �������� ������ �d�\�Z�j�l�b�e�b�� �������±�������� �������� �D�h�e�b�q�_�k�l�\�h�� �j�_��
�n�e�x�d�k�h�\�� �^�e�b�l�_�e�v�g�h�k�l�v�x�� �[�h�e�_�_�� ���� �f�b�g�m�l�� �[�u�e�h��
�\�u�r�_�� ���f�_�^�b�Z�g�Z�� ���������� �d�\�Z�j�l�b�e�b�� �������±������������ �B�g�^�_�d�k��
DeMeester �k�h�k�l�Z�\�b�e���\���k�j�_�^�g�_�f�� �����������f�_�^�b�Z�g�Z������������
�d�\�Z�j�l�b�e�b���������±���������������j�b�k�� 7). 

�D�Z�q�_�k�l�\�h�� �`�b�a�g�b. �I �h�� �h�i�j�h�k�g�b�d�m��GSRS (Gas-
trointestinal Symptom Rating Scale) �\ �h�k�g�h�\�g�h�c��
�]�j�m�i�i�_ �q�_�j�_�a���������f�_�k�y�p�_�\���i�h�k�e�_���h�i�_�j�Z�p�b�b���g�Z�[�e�x��
�^�Z�e�h�k�v�� �a�g�Z�q�b�l�_�e�v�g�h�_�� �m�e�m�q�r�_�g�b�_�� �i�h�� �r�d�Z�e�_�� �©�J�_��
�n�e�x�d�k-�k�b�g�^�j�h�f�ª�� ���f�_�^�b�Z�g�Z�� ���� �[�Z�e�e�h�\���� �d�\�Z�j�l�b�e�b��
4�±�������i�h���k�j�Z�\�g�_�g�b�x���k���d�h�g�l�j�h�e�v�g�h�c���]�j�m�i�i�h�c�����f�_� �̂b��
�Z�g�Z�� ���� �[�Z�e�e�h�\���� �d�\�Z�j�l�b�e�b�� ���±9, p � �� ���������������� �I�h�� �r�d�Z��

�e�Z�f�� �©�:�[�^�h�f�b�g�Z�e�v�g�Z�y�� �[�h�e�v�ª���� �©�>�b�Z�j�_�c�g�u�c�� �k�b�g��
�^�j�h�f�ª���� �©�>�b�k�i�_�i�l�b�q�_�k�d�b�c�� �k�b�g�^�j�h�f�ª�� �b�� �©�K�b�g�^�j�h�f��
�a�Z�i�h�j�h�\�ª�� �k�l�Z�l�b�k�l�b�q�_�k�d�b�� �a�g�Z�q�b�f�u�o�� �j�Z�a�e�b�q�b�c�� �f�_�`��
�^�m���]�j�m�i�i�Z�f�b���\�u�y�\�e�_�g�h���g�_���[�u�e�h����p > 0,05).  

�<�� �d�h�g�l�j�h�e�v�g�h�c�� �]�j�m�i�i�_�� �m�e�m�q�r�_�g�b�_�� �i�h�� �r�d�Z�e�_��
�©�J�_�n�e�x�d�k-�k�b�g�^�j�h�f�ª�� �[�u�e�h�� �f�_�g�_�_�� �\�u�j�Z�`�_�g�g�u�f����
�q�l�h�� �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l�� �h�� �k�h�o�j�Z�g�_�g�b�b�� �k�b�f�i�l�h�f�h�\��
�=�W�J�;�� �m�� �q�Z�k�l�b�� �i�Z�p�b�_�g�l�h�\�����H�p�_�g�d�Z�� �i�h�� �h�i�j�h�k�g�b�d�m��
SF-36 (Short Form Health Survey�������h�k�g�h�\�g�Z�y���]�j�m�i�i�Z��
�^�_�f�h�g�k�l�j�b�j�h�\�Z�e�Z�� �e�m�q�r�b�_�� �i�h�d�Z�a�Z�l�_�e�b�� �i�h�� �r�d�Z�e�Z�f��
�©�H�[�s�_�_�� �k�h�k�l�h�y�g�b�_�� �a�^�h�j�h�\�v�y�ª�� ���f�_�^�b�Z�g�Z�� ������ �[�Z�e��
�e�h�\���� �d�\�Z�j�l�b�e�b�� �����±���������� �©�@�b�a�g�_�g�g�Z�y�� �Z�d�l�b�\�g�h�k�l�v�ª��
���f�_�^�b�Z�g�Z�� ������ �[�Z�e�e�h�\���� �d�\�Z�j�l�b�e�b�� �����±�������� �b�� �©�K�h�p�b��
�Z�e�v�g�h�_���n�m�g�d�p�b�h�g�b�j�h�\�Z�g�b�_�ª�����f�_�^�b�Z�g�Z�����������[�Z�e�e�h�\����
�d�\�Z�j�l�b�e�b�� �����±���������� �i�h �k�j�Z�\�g�_�g�b�x�� �k�� �d�h�g�l�j�h�e�v�g�h�c��
�]�j�m�i�i�h�c�� ��p ���� �������������� �I�h �r�d�Z�e�Z�f�� �©�N�b�a�b�q�_�k�d�h�_�� �n�m�g�d��
�p�b�h�g�b�j�h�\�Z�g�b�_�ª���� �©�J�h�e�_�\�h�_�� �n�m�g�d�p�b�h�g�b�j�h�\�Z�g�b�_�ª��
�b �©�B�g�l�_�g�k�b�\�g�h�k�l�v�� �[�h�e�b�ª�� �j�Z�a�e�b�q�b�c�� �f�_�`�^�m�� �]�j�m�i�i�Z��
�f�b���g�_���[�u�e�h����p �!�����������������<���d�h�g�l�j�h�e�v�g�h�c���]�j�m�i�i�_���i�h�d�Z��
�a�Z�l�_�e�b�� �i�h�� �r�d�Z�e�Z�f�� �©�H�[�s�_�_�� �k�h�k�l�h�y�g�b�_�� �a�^�h�j�h�\�v�y�ª��
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���f�_�^�b�Z�g�Z������ �[�Z�e�e�h�\�����d�\�Z�j�l�b�e�b�������±�����������©�@�b�a�g�_�g�g�Z�y��
�Z�d�l�b�\�g�h�k�l�v�ª�� ���f�_�^�b�Z�g�Z�� ������ �[�Z�e�e�h�\���� �d�\�Z�j�l�b�e�b�� �����±80) 
�b �©�K�h�p�b�Z�e�v�g�h�_�� �n�m�g�d�p�b�h�g�b�j�h�\�Z�g�b�_�ª�� ���f�_�^�b�Z�g�Z��
88 �[�Z�e�e�h�\���� �d�\�Z�j�l�b�e�b�� �����±���������� �[�u�e�b�� �g�b�`�_���� �q�l�h�� �m�d�Z��
�a�u�\�Z�_�l���g�Z���f�_�g�_�_���[�e�Z�]�h�i�j�b�y�l�g�h�_���k�m�[�t�_�d�l�b�\�g�h�_���\�h�k��
�i�j�b�y�l�b�_���d�Z�q�_�k�l�\�Z���`�b�a�g�b�����B�l�h�]�h�\�Z�y���h�p�_�g�d�Z���d�Z�q�_�k�l�\�Z��

�`�b�a�g�b�� �i�h�d�Z�a�Z�e�Z�� �k�e�_�^�m�x�s�_�_�����m �h�k�g�h�\�g�h�c�� �]�j�m�i�i�u��
�k�m�f�f�Z�j�g�u�_�� �i�h�d�Z�a�Z�l�_�e�b�� �d�Z�q�_�k�l�\�Z�� �`�b�a�g�b�� �i�h�� �h�i�j�h�k��
�g�b�d�m�� �*�6�5�6�� �b�� �6�)-������ �[�u�e�b�� �^�h�k�l�h�\�_�j�g�h�� �\�u�r�_���� �q�_�f��
�\ �d�h�g�l�j�h�e�v�g�h�c���]�j�m�i�i�_�����q�l�h���k�\�b�^�_�l�_�e�v�k�l�\�m�_�l���h �[�h�e�_�_��
�[�e�Z�]�h�i�j�b�y�l�g�h�f�� �\�e�b�y�g�b�b�� �i�j�_�^�e�h�`�_�g�g�h�c�� �f�_�l�h�^�b�d�b��
�g�Z���h�[�s�_�_���k�h�k�l�h�y�g�b�_���i�Z�p�b�_�g�l�h�\. 

 

 

�J�b�k�����������I�h�d�Z�a�Z�l�_�e�b���d�b�k�e�h�l�g�h�]�h���j�_�n�e�x�d�k�Z���i�h���^�Z�g�g�u�f���k�m�l�h�q�g�h�c���S�+-�f�_�l�j�b�b���\���h�l�^�Z�e�_�g�g�h�f���i�_�j�b�h�^�_ 

 
�J�_�a�m�e�v�l�Z�l�u�� �g�Z�k�l�h�y�s�_�]�h�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �^�_��

�f�h�g�k�l�j�b�j�m�x�l���� �q�l�h�� �n�h�j�f�b�j�h�\�Z�g�b�_�� �Z�g�l�b�j�_�n�e�x�d�k��
�g�h�c�� �f�Z�g�`�_�l�u�� �b�a�� �d�j�m�]�e�h�c�� �k�\�y�a�d�b�� �i�_�q�_�g�b�� �m�� �i�Z�p�b�_�g��
�l�h�\�� �k�� �h�`�b�j�_�g�b�_�f�� �i�h�k�e�_���i�j�h�^�h�e�v�g�h�c�� �j�_�a�_�d�p�b�b���`�_��
�e�m�^�d�Z�� ���I�J�@���� �y�\�e�y�_�l�k�y�� �w�n�n�_�d�l�b�\�g�u�f�� �f�_�l�h�^�h�f��
�i�j�h�n�b�e�Z�d�l�b�d�b�� �b�� �e�_�q�_�g�b�y�� �]�Z�k�l�j�h�w�a�h�n�Z�]�_�Z�e�v�g�h�c��
�j�_�n�e�x�d�k�g�h�c���[�h�e�_�a�g�b�����=�W�J�;������ 

�W�l�b�� �^�Z�g�g�u�_�� �k�h�]�e�Z�k�m�x�l�k�y�� �k�� �j�_�a�m�e�v�l�Z�l�Z�f�b��
�^�j�m�]�b�o�� �b�k�k�e�_�^�h�\�Z�g�b�c���� �\ �d�h�l�h�j�u�o�� �l�Z�d�`�_�� �i�h�^�q�_�j�d�b��
�\�Z�_�l�k�y���\�Z�`�g�h�k�l�v���\�h�k�k�l�Z�g�h�\�e�_�g�b�y���n�m�g�d�p�b�h�g�Z�e�v�g�h��
�k�l�b�� �]�Z�k�l�j�h�w�a�h�n�Z�]�_�Z�e�v�g�h�]�h�� �i�_�j�_�o�h�^�Z�� �i�h�k�e�_�� �I�J�@��
[1, 2, 9]. 

 
�A�:�D�E�X�Q�?�G�B�?�� 

1. �I�j�_�^�e�h�`�_�g�g�Z�y�� �f�_�l�h�^�b�d�Z �n�h�j�f�b�j�h�\�Z�g�b�y��
�Z�g�l�b�j�_�n�e�x�d�k�g�h�c�� �f�Z�g�`�_�l�u�� �b�a�� �d�j�m�]�e�h�c�� �k�\�y�a�d�b�� �i�_��
�q�_�g�b�� �m�� �i�Z�p�b�_�g�l�h�\�� �k�� �h�`�b�j�_�g�b�_�f�� �i�h�k�e�_�� �i�j�h�^�h�e�v��
�g�h�c�� �j�_�a�_�d�p�b�b�� �`�_�e�m�^�d�Z�� �i�h�d�Z�a�Z�e�Z�� �w�n�n�_�d�l�b�\�g�h�k�l�v��
�\ �m�k�l�j�Z�g�_�g�b�_ �k�b�f�i�l�h�f�h�\�� �=�W�J�;�����m ���������� ���� �i�Z�p�b�_�g��
�l�h�\�� �h�k�g�h�\�g�h�c�� �]�j�m�i�i�u�� �g�Z�[�e�x�^�Z�e�h�k�v�� �i�h�e�g�h�_�� �b�k�q�_�a��
�g�h�\�_�g�b�_�� �b�e�b�� �a�g�Z�q�b�l�_�e�v�g�h�_���m�f�_�g�v�r�_�g�b�_�� �k�b�f�i�l�h��
�f�h�\�� �]�Z�k�l�j�h�w�a�h�n�Z�]�_�Z�e�v�g�h�c�� �j�_�n�e�x�d�k�g�h�c�� �[�h�e�_�a�g�b��
���=�W�J�;�����\���l�_�q�_�g�b�_���i�_�j�\�u�o�������f�_�k�y�p�_�\���i�h�k�e�_���h�i�_�j�Z��
�p�b�b, �d ������ �f�_�k�y�p�Z�f�� �k�b�f�i�l�h�f�u�� �i�h�e�g�h�k�l�v�x�� �h�l�k�m�l��
�k�l�\�h�\�Z�e�b���m�����������������i�Z�p�b�_�g�l�h�\�� 

2. �K�g�b�`�_�g�b�_�� �q�Z�k�l�h�l�u�� �j�_�p�b�^�b�\�h�\�����q�Z�k�l�h�l�Z���j�_��
�p�b�^�b�\�h�\���=�W�J�;���\���h�k�g�h�\�g�h�c���]�j�m�i�i�_���k�h�k�l�Z�\�b�e�Z����,4 %, 
�q�l�h�� �a�g�Z�q�b�l�_�e�v�g�h�� �g�b�`�_���� �q�_�f�� �\�� �d�h�g�l�j�h�e�v�g�h�c�� �]�j�m�i�i�_ 
(15 %, p = 0,033). 

3. �M�e�m�q�r�_�g�b�_�� �d�Z�q�_�k�l�\�Z�� �`�b�a�g�b�����i�Z�p�b�_�g�l�u���h�k��
�g�h�\�g�h�c�� �]�j�m�i�i�u�� �^�_�f�h�g�k�l�j�b�j�h�\�Z�e�b�� �[�h�e�_�_�� �\�u�k�h�d�b�_��
�i�h�d�Z�a�Z�l�_�e�b�� �d�Z�q�_�k�l�\�Z�� �`�b�a�g�b�� �i�h�� �h�i�j�h�k�g�b�d�Z�f�� �*�6�5�6��
�b SF-���������h�k�h�[�_�g�g�h���i�h���r�d�Z�e�Z�f���©�J�_�n�e�x�d�k-�k�b�g�^�j�h�f�ª��
�b���©�H�[�s�_�_���k�h�k�l�h�y�g�b�_���a�^�h�j�h�\�v�y�ª����p < 0,05). 

4. �I�j�_�^�e�h�`�_�g�g�Z�y�� �f�_�l�h�^�b�d�Z�� �n�h�j�f�b�j�h�\�Z�g�b�y��
�Z�g�l�b�j�_�n�e�x�d�k�g�h�c���f�Z�g�`�_�l�u�� �b�a���d�j�m�]�e�h�c���k�\�y�a�d�b���i�_�q�_��
�g�b���m���i�Z�p�b�_�g�l�h�\���k���h�`�b�j�_�g�b�_�f���i�h�k�e�_���i�j�h�^�h�e�v�g�h�c���j�_��
�a�_�d�p�b�b�� �`�_�e�m�^�d�Z�� �i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�e�Z�� �k�\�h�x�� �[�_�a��
�h�i�Z�k�g�h�k�l�v�����G�b�a�d�Z�y���q�Z�k�l�h�l�Z���h�k�e�h�`�g�_�g�b�c�����\���h�k�g�h�\�g�h�c��
�]�j�m�i�i�_���h�k�e�h�`�g�_�g�b�y���[�u�e�b���a�Z�j�_�]�b�k�l�j�b�j�h�\�Z�g�u���m��������������
�i�Z�p�b�_�g�l�h�\�� ���� �b�a�� ���������� �q�l�h�� �k�h�h�l�\�_�l�k�l�\�m�_�l�� �e�_�]�d�b�f��
�h�k�e�h�`�g�_�g�b�y�f�� �i�h�� �d�e�Z�k�k�b�n�b�d�Z�p�b�b��Clavien-Dindo (IIIb 
�k�l�_�i�_�g�v������ �<�k�_�� �h�k�e�h�`�g�_�g�b�y�� �[�u�e�b�� �m�k�i�_�r�g�h�� �m�k�l�j�Z�g�_��
�g�u���[�_�a���^�h�e�]�h�k�j�h�q�g�u�o���i�h�k�e�_� �̂k�l�\�b�c�� 

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

�D�e�x�q�_�\�u�_���k�e�h�\�Z�����a�^�h�j�h�\�v�_�����a�^�h�j�h�\�v�_�k�[�_�j�_�]�Z�x�s�b�_���l�_�o�g�h�e�h�]�b�b�����d�h�f�i�_�l�_�g�l�h�k�l�g�u�c���i�h�^�o�h�^ 
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ON THE NEED FOR HEALTH-SAVING EDUCATIONAL T ECHNOLOGIES IN UNIVERSITY 

3.2.3. Public health, organization and sociology of healthcare, medical and social expertise 
 

Abstract.  The article presents a rationale for the need for systematic implementation of health-saving educational 
technologies as an integral component of modern higher education, since the traditional organization of education 
provokes risks to the health of students. Objective.  To reveal the need to provide health-saving educational technolo-
gies in universities. Materials and methods.  Analytical formal-pedagogical components were applied. Results and 
discussion.  The article considers the need to implement health-saving educational technologies in higher education 
institutions. It is determined that the basis of the health-saving process of teaching and upbringing students is a com-
petence-based approach, as a systemic factor in the development of their personal qualities and the formation of 
a positive attitude towards health. It is emphasized that health-saving technologies are a set of pedagogical methods 
and organizational measures aimed at minimizing academic overload, preventing stress, optimizing physical activity 
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and forming a health culture not to the detriment of, but for the benefit of educational goals, which can achieve a tr i-
une result: maintaining students' health, increasing their motivation and learning efficiency, fulfilling the university's 
social mission to educate a healthy generation. Conclusion.  The introduction of necessary health-saving technolo-
gies into the educational process of higher education institutions, promoting a conscious attitude towards health, 
should be based on the necessary knowledge, skills and abilities of physical, mental, spiritual and social health of stu-
dents. The implementation of such technologies is a strategic necessity for the university, as  it leads to a decrease in 
the incidence of students, an increase in their adaptive potential, academic success and, ultimately, the quality of training 
competitive graduates. 

Keywords:  health, health-saving technologies,competence-based approach 

 
�F�h�e�h�^�_�`�v���� �d�Z�d�� �g�Z�b�[�h�e�_�_�� �w�g�_�j�]�b�q�g�Z�y�� �k�h�k�l�Z�\��

�e�y�x�s�Z�y�� �g�Z�p�b�b���� �y�\�e�y�_�l�k�y�� �k�l�j�Z�l�_�]�b�q�_�k�d�b�f�� �j�_�k�m�j��
�k�h�f�� �]�h�k�m�^�Z�j�k�l�\�Z���� �I�h�k�e�_�^�g�_�_�� �^�_�k�y�l�b�e�_�l�b�_�� �k�l�Z�e�h��
�^�e�y�� �g�b�o�� �i�_�j�b�h�^�h�f�� �b�k�i�u�l�Z�g�b�c���� �\�� �d�h�l�h�j�h�f�� �n�h�j�f�b��
�j�m�_�l�k�y�� �]�j�Z�`�^�Z�g�k�d�h�_�� �h�[�s�_�k�l�\�h���� �j�_�Z�e�b�a�m�x�l�k�y�� �j�_��
�n�h�j�f�u�� �\�� �h�[�j�Z�a�h�\�Z�g�b�b�� �b�� �a�^�j�Z�\�h�h�o�j�Z�g�_�g�b�b���� �h�[�_�k��
�i�_�q�b�\�Z�_�l�k�y���p�b�n�j�h�\�b�a�Z�p�b�y���]�h�k�m�^�Z�j�k�l�\�Z [1, 2]. 

�K�_�]�h�^�g�y�� �\�Z�`�g�u�f�� �Z�k�i�_�d�l�h�f�� �\�h�k�i�b�l�Z�g�b�y���i�h�̂ ��
�j�Z�k�l�Z�x�s�_�]�h�� �i�h�d�h�e�_�g�b�y�� �y�\�e�y�_�l�k�y�� �j�Z�a�j�Z�[�h�l�d�Z��
�m�k�l�h�c�q�b�\�u�o�� �h�j�b�_�g�l�b�j�h�\�� �^�e�y�� �i�h�g�b�f�Z�g�b�y�� �g�_�h�[�o�h�^�b��
�f�h�k�l�b�� �\�_� �̂_�g�b�y�� �a�^�h�j�h�\�h�]�h�� �h�[�j�Z�a�Z�� �`�b�a�g�b���� �M�o�m�^�r�_��
�g�b�_�� �a�^�h�j�h�\�v�y�� �f�h�e�h�^�_�`�b�� �h�[�m�k�e�h�\�e�_�g�h�� �_�_�� �g�b�a�d�h�c��
�h�k�\�_�^�h�f�e�_�g�g�h�k�l�v�x�� �h�� �\�Z�`�g�h�k�l�b�� �a�^�h�j�h�\�h�]�h�� �i�h�\�_�^�_��
�g�b�y���b���a�^�h�j�h�\�h�]�h���h�[�j�Z�a�Z���`�b�a�g�b�����k�g�b�`�_�g�b�_�f���^�h�k�l�m�i�Z��
�d�� �d�Z�q�_�k�l�\�_�g�g�u�f�� �f�_�^�b�p�b�g�k�d�b�f�� �m�k�e�m�]�Z�f�����g�_�d�Z�q�_��
�k�l�\�_�g�g�u�f�� �i�b�l�Z�g�b�_�f�� �>3�@���� �G�_�� �f�_�g�_�_�� �\�Z�`�g�u�f�b���n�Z�d��
�l�h�j�Z�f�b���� �\�e�b�y�x�s�b�f�b�� �g�Z�� �h�[�s�_�_�� �k�h�k�l�h�y�g�b�_�� �k�l�m�^�_�g��
�l�Z���� �y�\�e�y�x�l�k�y�� �i�h�k�l�h�y�g�g�u�_�� �b�a�f�_�g�_�g�b�y�� �\�� �k�b�k�l�_�f�_��
�i�h�^�]�h�l�h�\�d�b�� �k�i�_�p�b�Z�e�b�k�l�h�\�� �\�� �e�x�[�h�c�� �h�[�e�Z�k�l�b���� �k�l�j�_��
�f�b�l�_�e�v�g�Z�y�� �b�g�n�h�j�f�Z�l�b�a�Z�p�b�y�� �b�� �l�_�o�g�h�e�h�]�b�a�Z�p�b�y��
�h�[�s�_�k�l�\�Z�� �>4�±6�@���� �W�l�b�� �i�j�h�p�_�k�k�u�� �k�h�a�^�Z�x�l�� �g�_�_�k�l�_��
�k�l�\�_�g�g�u�_�� �m�k�e�h�\�b�y�� �^�e�y�� �n�m�g�d�p�b�h�g�b�j�h�\�Z�g�b�y�� �q�_�e�h��
�\�_�q�_�k�d�h�]�h�� �h�j�]�Z�g�b�a�f�Z���� �d�h�l�h�j�u�c�� �g�Z�o�h�^�b�l�k�y�� �\ �i�h�k�l�h��
�y�g�g�h�f���k�l�j�_�k�k�_�����q�l�h���i�j�b�\�h�^�b�l���d���m�l�h�f�e�_�g�b�x�����k�g�b�`�_��
�g�b�x���b�f�f�m�g�b�l�_�l�Z���b���b�k�l�h�s�_�g�b�x. 

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

�H�^�g�h�c�� �b�a�� �\�Z�`�g�u�o�� �a�Z�^�Z�q�� �i�j�_�i�h�^�Z�\�Z�l�_�e�_�c��
�y�\�e�y�_�l�k�y���k�h�a�^�Z�g�b�_���Z�l�f�h�k�n�_�j�u�����k�i�h�k�h�[�k�l�\�m�x�s�_�c��
�i�_�j�_�h�p�_�g�d�_�� �b�o�� �\�g�b�f�Z�g�b�y�� �d�� �k�h�[�k�l�\�_�g�g�h�f�m�� �a�^�h�j�h��
�\�v�x�����k���i�h�f�h�s�v�x���Z�d�p�_�g�l�b�j�h�\�Z�g�b�y���g�Z���i�h�e�h�`�b�l�_�e�v��
�g�u�o���Z�k�i�_�d�l�Z�o���a�^�h�j�h�\�v�_�k�[�_�j�_�`�_�g�b�y�����\�h�\�e�_�q�_�g�b�_�f��
�d�� �a�^�h�j�h�\�h�f�m�� �h�[�j�Z�a�m�� �`�b�a�g�b���� �n�h�j�f�b�j�h�\�Z�g�b�_�f��
�_�k�l�_�k�l�\�_�g�g�h�c�� �m�k�l�Z�g�h�\�d�b�� �g�Z�� �k�Z�f�h�k�h�\�_�j�r�_�g�k�l�\�h��
�\�Z�g�b�_ [7]. 

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

�k�l�h�j�h�g�g�b�o�� �m�k�b�e�b�c���� �k�Z�f�h�k�l�h�y�l�_�e�v�g�h���� �[�u�l�v�� �]�h�l�h��
�\�u�f�b�� �d�� �m�i�j�Z�\�e�_�g�b�x�� �a�^�h�j�h�\�v�_�f���� �i�j�h�\�h�^�y�� �^�b�Z�]�g�h��
�k�l�b�d�m���� �i�j�h�n�b�e�Z�d�l�b�d�m�� �b���� �i�j�b�� �g�_�h�[�o�h�^�b�f�h�k�l�b���� �d�h�j��
�j�_�d�p�b�x���\���\�b�^�_���e�_�q�_�g�b�y���>8]. 

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

 
�P�?�E�V���J�:�;�H�L�U 

�J�Z�k�d�j�u�l�v�� �g�_�h�[�o�h�^�b�f�h�k�l�v�� �h�[�_�k�i�_�q�_�g�b�y�� �a�^�h��
�j�h�\�v�_�k�[�_�j�_�]�Z�x�s�b�o�� �h�[�j�Z�a�h�\�Z�l�_�e�v�g�u�o�� �l�_�o�g�h�e�h�]�b�c��
�\�� �\�m�a�Z�o���� �^�h�d�Z�a�Z�l�v�� �g�_�h�[�o�h�^�b�f�h�k�l�v�� �i�j�b�f�_�g�_�g�b�y��
�a�^�h�j�h�\�v�_�k�[�_�j�_�]�Z�x�s�b�o���h�[�j�Z�a�h�\�Z�l�_�e�v�g�u�o���l�_�o�g�h�e�h��
�]�b�c���\���h�[�m�q�_�g�b�b���k�l�m�^�_�g�l�h�\�� 
 
�F�?�L�H�>�B�D�:���B�K�K�E�?�>�H�<�:�G�B�Y 

�I�j�b�f�_�g�_�g�u�� �Z�g�Z�e�b�l�b�q�_�k�d�b�_���� �n�h�j�f�Z�e�v�g�h-�i�_�^�Z-
�]�h�]�b�q�_�k�d�b�_���d�h�f�i�h�g�_�g�l�u�� 
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�B���B�O���H�;�K�M�@�>�?�G�B�? 

�I�j�b�h�j�b�l�_�l�g�h�k�l�v�� �k�h�o�j�Z�g�_�g�b�y�� �a�^�h�j�h�\�v�y�� �m�q�Z�k�l��
�g�b�d�h�\�� �h�[�j�Z�a�h�\�Z�l�_�e�v�g�h�]�h�� �i�j�h�p�_�k�k�Z�� �b�� �\�g�_�^�j�_�g�b�y��
�a�^�h�j�h�\�v�_�k�[�_�j�_�]�Z�x�s�b�o�� �l�_�o�g�h�e�h�]�b�c�� �i�j�b�� �b�a�m�q�_�g�b�b��
�i�j�h�n�_�k�k�b�h�g�Z�e�v�g�u�o�� �^�b�k�p�b�i�e�b�g�� �\�� �k�b�k�l�_�f�_�� �i�h�^�]�h��
�l�h�\�d�b���[�m�^�m�s�b�o���f�_�^�b�d�h�\���h�[�_�k�i�_�q�b�\�Z�_�l�k�y���f�h�^�_�j�g�b��
�a�Z�p�b�_�c�� �h�[�j�Z�a�h�\�Z�g�b�y���� �j�_�]�m�e�y�j�g�u�f�b�� �f�_�^�b�p�b�g�k�d�b�f�b��
�h�k�f�h�l�j�Z�f�b�����h�g�b���g�h�k�y�l���h�[�s�_�f�_�^�b�p�b�g�k�d�b�c���o�Z�j�Z�d�l�_�j��
�b���g�Z�i�j�Z�\�e�_�g�u���g�Z���\�u�y�\�e�_�g�b�_���a�Z�[�h�e�_�\�Z�g�b�c�����Z���g�_���g�Z��
�b�o�� �i�j�h�n�b�e�Z�d�l�b�d�m�������I�j�b�� �h�i�j�h�k�_�� �f�h�e�h�^�_�`�b�� �h�g�b�� �]�h��
�\�h�j�y�l���h�[���m�o�m�^�r�_�g�b�b �b�o���a�^�h�j�h�\�v�y���\���k�\�y�a�b���k���g�b�a�d�b�f��
�d�Z�q�_�k�l�\�h�f�� �i�j�h�n�b�e�Z�d�l�b�q�_�k�d�b�o�� �h�k�f�h�l�j�h�\���� �I�h�w�l�h�f�m��
�\�Z�`�g�h���� �q�l�h�[�u�� �i�j�h�n�b�e�Z�d�l�b�d�_�� �g�_�a�^�h�j�h�\�h�]�h�� �i�h�\�_�^�_��
�g�b�y�� �k�j�_�^�b�� �f�h�e�h�^�_�`�b�� �m�^�_�e�y�e�h�k�v�� �i�_�j�\�h�k�l�_�i�_�g�g�h�_��
�\�g�b�f�Z�g�b�_���>���������@�����H�j�]�Z�g�b�a�Z�p�b�y���A�H�@���k�h�h�l�g�h�k�b�l�k�y���k�h��
�k�e�_�^�m�x�s�b�f�b�� �k�h�k�l�Z�\�e�y�x�s�b�f�b�� �e�b�q�g�h�]�h�� �a�^�h�j�h�\�v�y����
�n�b�a�b�q�_�k�d�b�f���� �i�k�b�o�b�q�_�k�d�b�f���� �^�m�o�h�\�g�u�f�� �b�� �k�h�p�b�Z�e�v��
�g�u�f�� �a�^�h�j�h�\�v�_�f�� �D�� �h�k�g�h�\�g�u�f�� �g�Z�i�j�Z�\�e�_�g�b�y�f�� �^�_�y��
�l�_�e�v�g�h�k�l�b�� �]�h�k�m�^�Z�j�k�l�\�_�g�g�u�o�� �h�j�]�Z�g�h�\�� �b�k�i�h�e�g�b��
�l�_�e�v�g�h�c�� �\�e�Z�k�l�b�� �h�l�g�h�k�y�l�k�y���� �j�_�Z�e�b�a�Z�p�b�y�� �i�j�Z�d�l�b��
�q�_�k�d�b�o�� �i�h�^�o�h�^�h�\�� �\�� �j�Z�f�d�Z�o�� �]�h�k�m�^�Z�j�k�l�\�_�g�g�u�o��
�i�j�h�]�j�Z�f�f�� �i�h�� �m�d�j�_�i�e�_�g�b�x�� �a�^�h�j�h�\�v�y�� �b�� �n�h�j�f�b�j�h��
�\�Z�g�b�x�� �a�^�h�j�h�\�h�]�h�� �h�[�j�Z�a�Z�� �`�b�a�g�b���� �i�j�b�\�e�_�q�_�g�b�_��
�k�h�p�b�Z�e�v�g�h�� �h�l�\�_�l�k�l�\�_�g�g�h�]�h�� �[�b�a�g�_�k�Z�� �d�� �k�h�l�j�m�^�g�b��
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�q�_�k�l�\�m���k���]�h�k�m�^�Z�j�k�l�\�h�f���b���i�j�_�^�k�l�Z�\�b�l�_�e�y�f�b���]�j�Z�`��
�^�Z�g�k�d�h�]�h���h�[�s�_�k�l�\�Z [10]. 

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

�H�k�g�h�\�g�Z�y�� �a�Z�^�Z�q�Z�� �w�l�b�o�� �k�l�j�m�d�l�m�j���± �\�k�_�h�[�t�_�f��
�e�_�f�Z�y�� �j�Z�[�h�l�Z�� �i�h�� �i�j�h�i�Z�]�Z�g�^�_�� �b�� �n�h�j�f�b�j�h�\�Z�g�b�x��
�a�^�h�j�h�\�h�]�h�� �h�[�j�Z�a�Z�� �`�b�a�g�b�� �i�h�^�j�Z�k�l�Z�x�s�_�]�h�� �i�h�d�h�e�_��
�g�b�y���� �\�� �l�h�f�� �q�b�k�e�_�� �k�l�m�^�_�g�l�h�\���� �j�Z�k�i�j�h�k�l�j�Z�g�y�y�� �b�g��
�n�h�j�f�Z�p�b�h�g�g�h-�i�j�h�k�\�_�l�b�l�_�e�v�k�d�b�_�� �f�Z�l�_�j�b�Z�e�u�� ���e�b��
�k�l�h�\�d�b�����[�m�d�e�_�l�u�����i�e�Z�d�Z�l�u�������k�b�k�l�_�f�Z�l�b�q�_�k�d�b���i�m�[�e�b��
�d�m�y���\���K�F�B���b�g�n�h�j�f�Z�p�b�x���h���i�m�l�y�o���a�Z�j�Z�`�_�g�b�y�����f�_�j�Z�o��
�b���k�j�_�^�k�l�\�Z�o���i�j�h�n�b�e�Z�d�l�b�d�b���a�Z�[�h�e�_�\�Z�g�b�c. 

�D �k�h�`�Z�e�_�g�b�x���� �l�Z�d�Z�y�� �^�_�y�l�_�e�v�g�h�k�l�v���� �g�Z�i�j�Z�\��
�e�_�g�g�Z�y�� �g�Z�� �i�j�h�i�Z�]�Z�g�^�m�� �a�^�h�j�h�\�h�]�h�� �h�[�j�Z�a�Z�� �`�b�a�g�b����
�g�_�� �g�h�k�b�l�� �k�b�k�l�_�f�g�h�]�h�� �o�Z�j�Z�d�l�_�j�Z���� �>�Z�e�v�g�_�c�r�Z�y�� �j�_��
�Z�e�b�a�Z�p�b�y���w�l�h�]�h�� �g�Z�i�j�Z�\�e�_�g�b�y�� �l�j�_�[�m�_�l�� �j�Z�a�j�Z�[�h�l�d�b��
�i�h�k�l�h�y�g�g�h�]�h���i�h�^�o�h�^�Z���b���k�h�h�l�\�_�l�k�l�\�m�x�s�_�]�h���m�j�h�\�g�y��
�j�_�]�m�e�y�j�g�h�c�� �i�h�^�^�_�j�`�d�b���� �>�j�m�]�b�f�� �\�Z�`�g�u�f�� �g�Z�i�j�Z�\��
�e�_�g�b�_�f�� �]�h�k�m�^�Z�j�k�l�\�_�g�g�h�c�� �i�h�e�b�l�b�d�b���� �g�Z�i�j�Z�\�e�_�g��
�g�h�c���g�Z���i�j�h�i�Z�]�Z�g�^�m���b���k�h�o�j�Z�g�_�g�b�_���a�^�h�j�h�\�v�y�� �f�h�e�h��
�^�_�`�b���� �y�\�e�y�_�l�k�y�� �j�Z�a�\�b�l�b�_�� �f�Z�k�k�h�\�h�]�h�� �k�i�h�j�l�Z�� �b�� �h�l��
�^�u�o�Z���>3, 11]. 

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

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

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

�q�_�k�l�\�� �e�b�q�g�h�k�l�b������ �k�i�h�j�l�b�\�g�u�f�� ���Z�d�l�b�\�g�h�_�� �a�Z�g�y�l�b�_��
�n�b�a�d�m�e�v�l�m�j�h�c������ �a�^�h�j�h�\�u�f�� �h�[�j�Z�a�h�f�� �`�b�a�g�b�� ���j�_�`�b�f��
�i�b�l�Z�g�b�y���� �h�l� �̂u�o���� �b�a�[�Z�\�e�_�g�b�_���h�l���\�j�_�^�g�u�o���i�j�b�\�u�q�_�d����
�m�k�l�h�c�q�b�\�Z�y���i�k�b�o�b�d�Z�� [8]. 

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

�I�_�j�_�^�� �j�m�d�h�\�h�^�k�l�\�h�f�� �\�m�a�h�\�� �k�l�h�b�l�� �j�y�^�� �a�Z��
�^�Z�q���� �d�h�l�h�j�u�_�� �f�h�]�m�l�� �i�h�\�e�b�y�l�v�� �g�Z�� �^�Z�e�v�g�_�c�r�_�_��
�n�h�j�f�b�j�h�\�Z�g�b�_�� �a�^�h�j�h�\�h�c�� �g�Z�p�b�b�� �>12�@���� �W�l�h�� �b�� �k�h��
�a�^�Z�g�b�_�� �a�^�h�j�h�\�h�c�� �h�[�j�Z�a�h�\�Z�l�_�e�v�g�h�c�� �k�j�_�^�u�� �^�e�y��
�\�k�_�k�l�h�j�h�g�g�_�]�h�� �j�Z�a�\�b�l�b�y�� �e�b�q�g�h�k�l�b���� �\�d�e�x�q�_�g�b�_�� �\ 
�m�q�_�[�g�u�_�� �i�e�Z�g�u�� �b�� �j�Z�[�h�q�b�_�� �i�j�h�]�j�Z�f�f�u�� �m�q�_�[�g�u�o��
�^�b�k�p�b�i�e�b�g�� �i�h�� �i�h�^�]�h�l�h�\�d�_�� �k�l�m�^�_�g�l�h�\�� �\�u�k�r�b�o��
�m�q�_�[�g�u�o���h�[�j�Z�a�h�\�Z�g�b�c�� �d�h�f�i�h�g�_�g�l�h�\�� �k�� �l�_�f�Z�f�b�� �i�h��
�i�j�h�n�b�e�Z�d�l�b�d�_�� �m�i�h�l�j�_�[�e�_�g�b�y�� �l�Z�[�Z�d�Z���� �Z�e�d�h�]�h�e�y�� �b��
�g�Z�j�d�h�l�b�d�h�\���� �h�k�h�a�g�Z�g�b�_�� �j�h�e�b�� �i�j�Z�\�b�e�v�g�h�]�h�� �i�b�l�Z��
�g�b�y�� �d�Z�d�� �\�Z�`�g�h�c�� �n�b�a�b�h�e�h�]�b�q�_�k�d�h�c�� �i�h�l�j�_�[�g�h�k�l�b��
�h�j�]�Z�g�b�a�f�Z���b���l�����^�� 

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

�<�� �i�j�h�n�_�k�k�b�h�g�Z�e�v�g�h�c �^�_�y�l�_�e�v�g�h�k�l�b�� �j�m�d�h�\�h��
�^�b�l�_�e�y�� �e�x�[�h�]�h�� �m�j�h�\�g�y�� �\�u�k�r�_�]�h�� �m�q�_�[�g�h�]�h�� �a�Z�\�_�^�_��
�g�b�y�� �g�_�h�[�o�h�^�b�f�h�� �i�j�Z�d�l�b�d�h�\�Z�l�v�� �h�j�b�_�g�l�Z�p�b�x�� �g�Z�� �i�h��
�a�b�l�b�\���� �i�h�e�h�`�b�l�_�e�v�g�m�x�� �h�p�_�g�d�m�� �j�_�a�m�e�v�l�Z�l�h�\�� �l�j�m�^�Z����
�[�e�Z�]�h�i�j�b�y�l�g�u�c���i�k�b�o�h�e�h�]�b�q�_�k�d�b�c�� �d�e�b�f�Z�l���\ �d�h�e�e�_�d��
�l�b�\�_���� �i�h�^�^�_�j�`�d�m�� �d�h�e�e�_�]���� �f�h�j�Z�e�v�g�h�_�� �b �f�Z�l�_�j�b�Z�e�v��
�g�h�_���k�l�b�f�m�e�b�j�h�\�Z�g�b�_���b���l�����^�����>13] 

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

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

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

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

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

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

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

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

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

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

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

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

�b�g�l�_�g�k�b�n�b�d�Z�p�b�y�� �m�q�_�[�g�h�]�h�� �i�j�h�p�_�k�k�Z���� �g�_�k�h�[�e�x��
�^�_�g�b�_�� �l�j�_�[�h�\�Z�g�b�c�� �d�� �h�j�]�Z�g�b�a�Z�p�b�b�� �m�q�_�[�g�h�]�h�� �i�j�h��
�p�_�k�k�Z���� �h�l�k�m�l�k�l�\�b�_���k�b�k�l�_�f�g�h�c�� �j�Z�[�h�l�u�� �i�h�� �n�h�j�f�b��
�j�h�\�Z�g�b�x�� �a�^�h�j�h�\�h�]�h�� �h�[�j�Z�a�Z�� �`�b�a�g�b�� �b�� �\�h�k�i�j�b�y�l�b�y 
�a�^�h�j�h�\�v�y���d�Z�d���p�_�g�g�h�k�l�b���b���l�����^�� [4, 5]. 

�<�Z�`�g�h�c���b���g�_�h�[�o�h�^�b�f�h�c���n�h�j�f�h�c���k�h�o�j�Z�g�_�g�b�y��
�b�� �m�d�j�_�i�e�_�g�b�y�� �a�^�h�j�h�\�v�y�� �k�l�m�^�_�g�l�h�\�� �y�\�e�y�x�l�k�y�� �n�b��
�a�b�q�_�k�d�Z�y�� �d�m�e�v�l�m�j�Z���� �k�h�a�^�Z�g�b�_�� �g�_�h�[�o�h�^�b�f�u�o�� �k�Z�g�b��
�l�Z�j�g�h-�]�b�]�b�_�g�b�q�_�k�d�b�o�� �m�k�e�h�\�b�c���� �d�h�g�l�j�h�e�v�� �d�Z�q�_�k�l�\�Z��
�i�b�l�Z�g�b�y���>10]. 

�D�h�g�p�_�i�p�b�y�� �m�d�j�_�i�e�_�g�b�y�� �a�^�h�j�h�\�v�y���g�_�� �h�]�j�Z�g�b��
�q�b�\�Z�_�l�k�y�� �i�j�_�^�k�l�Z�\�e�_�g�b�_�f�� �h�[�� �m�d�j�_�i�e�_�g�b�b�� �l�h�e�v�d�h��
�a�^�h�j�h�\�v�y�� �k�l�m�^�_�g�l�h�\���� �<�Z�`�g�h�_�� �a�g�Z�q�_�g�b�_�� �g�_�h�[�o�h�^�b��
�f�h�� �m�^�_�e�b�l�v�� �i�k�b�o�b�q�_�k�d�h�f�m���� �^�m�o�h�\�g�h�f�m�� �b �k�h�p�b�Z�e�v��
�g�h�f�m�� �a�^�h�j�h�\�v�x�� �h�[�m�q�Z�x�s�b�o�k�y���� �>�e�y�� �w�l�h�]�h�� �g�_�h�[�o�h��
�^�b�f�h�� �k�h�a�^�Z�l�v�� �h�k�h�[�m�x�� �d�h�f�n�h�j�l�g�m�x�� �Z�l�f�h�k�n�_�j�m��
�\ �\�u�k�r�_�f���m�q�_�[�g�h�f���a�Z�\�_�^�_�g�b�b�����d�h�l�h�j�Z�y���h�l�d�j�u�\�Z�e�Z��
�[�u�� �i�j�h�k�l�h�j�� �^�e�y�� �e�b�q�g�h�k�l�g�h�]�h�� �j�h�k�l�Z�� �\�� �b�g�l�_�e�e�_�d�l�m��
�Z�e�v�g�h�c���� �^�m�o�h�\�g�h�c�� �b�� �k�h�p�b�Z�e�v�g�h�c�� �k�n�_�j�Z�o�� �^�e�y�� �d�Z�`��
�^�h�]�h �k�l�m�^�_�g�l�Z [14]. 

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

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

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

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

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

- �i�j�h�k�\�_�l�b�l�_�e�v�k�d�Z�y�� �b�� �i�j�h�n�b�e�Z�d�l�b�q�_�k�d�Z�y��
�j�Z�[�h�l�Z�� 

 
�A�:�D�E�X�Q�?�G�B�? 

�<�g�_�^�j�_�g�b�_�� �\�� �m�q�_�[�g�u�c�� �i�j�h�p�_�k�k�� �f�_�^�b�p�b�g�k�d�b�o��
�\�m�a�h�\�� �g�_�h�[�o�h�^�b�f�u�o�� �a�^�h�j�h�\�v�_�k�[�_�j�_�]�Z�x�s�b�o�� �l�_�o�g�h��
�e�h�]�b�c���� �k�i�h�k�h�[�k�l�\�m�x�s�b�o�� �h�k�h�a�g�Z�g�g�h�f�m�� �h�l�g�h�r�_�g�b�x��
�d �a�^�h�j�h�\�v�x���� �^�h�e�`�g�h�� �[�Z�a�b�j�h�\�Z�l�v�k�y�� �g�Z�� �g�_�h�[�o�h�^�b��
�f�u�o�� �a�g�Z�g�b�y�o���� �g�Z�\�u�d�Z�o�� �b�� �m�f�_�g�b�y�o�� �n�b�a�b�q�_�k�d�h�]�h����
�i�k�b�o�b�q�_�k�d�h�]�h���� �^�m�o�h�\�g�h�]�h�� �b�� �k�h�p�b�Z�e�v�g�h�]�h�� �a�^�h�j�h�\�v�y��
�k�l�m�^�_�g�l�h�\�� �G�Z�� �w�f�h�p�b�h�g�Z�e�v�g�h�_�� �b �i�k�b�o�h�e�h�]�b�q�_�k�d�h�_��
�k�h�k�l�h�y�g�b�_�� �k�l�m�^�_�g�l�h�\�� �b�� �i�j�_�i�h�^�Z�\�Z�l�_�e�_�c���� �b�o��
�k�l�j�_�f�e�_�g�b�_�� �d�� �\�_�^�_�g�b�x�� �a�^�h�j�h�\�h�]�h�� �h�[�j�Z�a�Z�� �`�b�a�g�b��
�[�m�^�_�l�� �\�e�b�y�l�v���� �\ �l�h�f�� �q�b�k�e�_�� �h�j�]�Z�g�b�a�Z�p�b�y�� �m�q�_�[�g�h�]�h��
�i�j�h�p�_�k�k�Z�� �<�� �i�_�^�Z�]�h�]�b�q�_�k�d�h�f�� �Z�k�i�_�d�l�_�� �e�b�q�g�h�_�� �a�^�h��
�j�h�\�v�_ �± �w�l�h�� �i�j�h�p�_�k�k�� �h�[�j�Z�a�h�\�Z�g�b�y�� �b�� �\�h�k�i�b�l�Z�g�b�y����
�d�h�l�h�j�u�c�� �g�_�� �g�Z�g�h�k�b�l�� �i�j�y�f�h�]�h�� �b�e�b�� �d�h�k�\�_�g�g�h�]�h�� �\�j�_��
�^�Z�� �a�^�h�j�h�\�v�x�� �k�l�m�^�_�g�l�h�\�� �\�u�k�r�b�o�� �f�_�^�b�p�b�g�k�d�b�o��
�m�q�_�[�g�u�o�� �a�Z�\�_�^�_�g�b�c���� �k�h�a�^�Z�_�l�� �[�_�a�h�i�Z�k�g�u�_�� �b �d�h�f��
�n�h�j�l�g�u�_���m�k�e�h�\�b�y���b�o���i�j�_�[�u�\�Z�g�b�y���\���\�m�a�Z�o�����h�[�_�k�i�_��
�q�b�\�Z�_�l�� �b�g�^�b�\�b�^�m�Z�e�v�g�m�x�� �l�j�Z�_�d�l�h�j�b�x�� �h�[�m�q�_�g�b�y����
�i�j�_�^�m�i�j�_�`�^�Z�_�l�� �k�l�j�_�k�k�u���� �k�i�h�k�h�[�k�l�\�m�_�l�� �k�h�o�j�Z�g�_��
�g�b�x���b���m�d�j�_�i�e�_�g�b�x���a�^�h�j�h�\�v�y�� 
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PROSPECTS OF EXOSKELETAL ORTHOSIS OF THE UPPER EXTREMITIES  
IN PATIENTS OF THE OLDER AGE GROUP 

3.1.33. Restorative medicine, sports medicine, physical therapy, balneology and physiotherapy, and medical and social 
rehabilitation 

 

�$�E�V�W�U�D�k�W����Introduction.  The causes of upper mono- and paraparesis leading to disability are often stroke, myopathy 
and trauma, the frequency of which increases with age. It is necessary to evaluate the results, features and prospects of 
using the innovative method of exoskeleton habilitation and rehabilitation in elderly patients. Objective:  to demonstrate 
the possibilities of using the modification of the passive exoskeleton of the upper limbs "EXAR-34" in complex habilita-
tion and rehabilitation of older patients with upper flaccid para- and monoparesis. Materials and methods.  The experi-
ence of using the EXAR-34 exoskeleton using the anatomical parameterization method in 2 women and 2 men aged 63-
86 years with upper flaccid para- and monoparesis of various etiologies is summarized. Goniometry and neurological 
status examination were used. Results.  The design features of the modification of the upper limb exoskeleton of the 
EXAR series, to be used in elderly patients with upper mono- and paraparesis, are revealed and described. It is demon-
strated how, as a result of exoskeleton habilitation and rehabilitation, all patients of the discussed category in a short 
time managed to steadily increase the volume of abduction and flexion in the shoulder-scapular joints compromised by 
pathology from the level of significant to insignificant limitation, which significantly improved their quality of life. The con-
cept is outlined and an assessment is given of the positive and negative aspects of the use of passive exoskeletons 
in a complex of habilitation and rehabilitation measures for mono- and paraparesis in elderly and old people. The ex-
pansion of indications is substantiated and the conditions for using a passive exoskeleton in spastic paraplegia are de-
termined. The pathogenetic effects and pathophysiological mechanisms of the influence of the EXAR series exoskele-
tons on neuromuscular transmission are revealed. Conclusions.  The first experience of using the EXAR-34 passive 
upper limb exoskeleton in older patients with upper flaccid para- and monoparesis indicates good tolerance of the exo-
skeleton and pronounced habilitation and rehabilitation effects. The expansion of indications for the use of the EXAR-34 
exoskeleton is possible due to a group of patients with post-stroke complications in the form of spastic paraplegia, after 
preliminary botulinum toxin therapy. 

Keywords:  upper flaccid para- and monoparesis, brachioplexopathy,  
complications of stroke, myopathy, habilitation and rehabilitation, upper limb exoskeleton,  

passive exoskeletons, EXAR-34, gerontology, botulinum toxin 
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�k�l�Z�\�e�y�x�l�� �w�d�a�h�k�d�_�e�_�l�u�� �d�h�g�_�q�g�h�k�l�_�c�� �>���@���� �I�j�b�q�_�f��
�\ �e�b�l�_�j�Z�l�m�j�_�� �a�Z�q�Z�k�l�m�x�� �h�[�k�m�`�^�Z�_�l�k�y�� �w�d�a�h�k�d�_�e�_�l��
�g�h�_�� �h�j�l�_�a�b�j�h�\�Z�g�b�_�� �g�b�`�g�b�o�� �d�h�g�_�q�g�h�k�l�_�c���� �Z�� �k�h�h�[��
�s�_�g�b�y���h�[���w�n�n�_�d�l�b�\�g�h�f���b�k�i�h�e�v�a�h�\�Z�g�b�b���i�h�^�h�[�g�u�o��
�f�_�o�Z�g�b�q�_�k�d�b�o���k�j�_�^�k�l�\�� �i�j�b�� �g�_�c�j�h�]�_�g�g�h�c�� �^�b�k�n�m�g�d��
�p�b�b���\�_�j�o�g�b�o���d�h�g�_�q�g�h�k�l�_�c���d�j�Z�c�g�_���j�_�^�d�b���>���@���� 

�<�� �n�_�^�_�j�Z�e�v�g�h�f�� �p�_�g�l�j�_�� �i�h�^�^�_�j�`�d�b���� �j�Z�a�j�Z��
�[�h�l�d�b�� �b�� �i�j�h�b�a�\�h�^�k�l�\�Z�� �w�d�a�h�i�j�h�l�_�a�h�\�� �N�=�;�H�M�� �<�H��
�<�h�e�]�=�F�M���F�b�g�a�^�j�Z�\�Z���J�h�k�k�b�b���k�� �m�q�_�l�h�f���b���m�k�l�j�Z�g�_��
�g�b�_�f�� �g�_�^�h�k�l�Z�l�d�h�\���� �d�h�l�h�j�u�_�� �g�_�� �i�h�a�\�h�e�y�e�b�� �i�j�_�^��
�r�_�k�l�\�_�g�g�b�d�Z�f�� �^�h�k�l�Z�l�h�q�g�h�� �r�b�j�h�d�h�� �\�g�_�^�j�b�l�v�� �i�h��
�^�h�[�g�u�_�� �d�h�g�k�l�j�m�d�p�b�b�� �\�� �d�e�b�g�b�q�_�k�d�m�x�� �i�j�Z�d�l�b�d�m����
�[�u�e�� �j�Z�a�j�Z�[�h�l�Z�g�� �b �a�Z�i�Z�l�_�g�l�h�\�Z�g�� �i�Z�k�k�b�\�g�u�c�� �w�d��
�a�h�k�d�_�e�_�l�� �\�_�j�o�g�b�o�� �d�h�g�_�q�g�h�k�l�_�c�� �©�W�D�A�:�J-�����ª�� �>���@�� 
�I�h�k�e�_�^�g�b�c�� �g�Z�r�_�e�� �m�k�i�_�r�g�h�_�� �i�j�b�f�_�g�_�g�b�_�� �b�� �g�Z��
�j�Z�a�g�u�o���w�l�Z�i�Z�o���Z�[�b�e�b�l�Z�p�b�b���b���j�_�Z�[�b�e�b�l�Z�p�b�b���m���i�Z��
�p�b�_�g�l�h�\���� �k�l�j�Z�^�Z�x�s�b�o�� �\�_�j�o�g�b�f�� �\�y�e�u�f�� �i�Z�j�Z- 
�b �f�h�g�h�i�Z�j�_�a�h�f���� �\�d�e�x�q�Z�y�� �^�_�l�_�c�� �k�� �\�j�h�`�^�_�g�g�u�f�b��
�b �i�j�b�h�[�j�_�l�_�g�g�u�f�b�� �a�Z�[�h�e�_�\�Z�g�b�y�f�b�� ���Z�j�l�j�h�]�j�b�i��
�i�h�a�h�f���� �j�Z�a�e�b�q�g�u�f�b�� �\�b�^�Z�f�b �f�b�h�i�Z�l�b�c�� �b�� �^�j��������
�\�a�j�h�k�e�u�o�� �k�� �i�h�k�l�l�j�Z�\�f�Z�l�b�q�_�k�d�b�f�b�� �f�h�g�h- �b�� �i�h�e�b��
�g�_�c�j�h�i�Z�l�b�y�f�b���� �i�e�_�d�k�h�i�Z�l�b�y�f�b�� �i�h�k�e�_�� �h�]�g�_�k�l�j�_�e�v��

�g�u�o���� �f�b�g�g�h-�\�a�j�u�\�g�u�o�� �l�j�Z�\�f���� �d�h�e�h�l�h-�j�_�a�Z�g�u�o�� �j�Z��
�g�_�g�b�c���>�����������@�����<�f�_�k�l�_���k���l�_�f���\���^�h�k�l�m�i�g�h�c���g�Z�f���e�b�l�_��
�j�Z�l�m�j�_���g�_�l���m�d�Z�a�Z�g�b�c���g�Z���b�k�i�h�e�v�a�h�\�Z�g�b�_���i�Z�k�k�b�\�g�u�o��
�w�a�h�k�d�_�e�_�l�h�\�� �\�_�j�o�g�b�o�� �d�h�g�_�q�g�h�k�l�_�c�� �m���i�Z�p�b�_�g�l�h�\��
�k�l�Z�j�r�_�c �\�h�a�j�Z�k�l�g�h�c���]�j�m�i�i�u [1]. 

 
�P�?�E�V���J�:�;�H�L�U 

�I�h�d�Z�a�Z�l�v�� �\�h�a�f�h�`�g�h�k�l�b�� �i�j�b�f�_�g�_�g�b�y�� �f�h�^�b��
�n�b�d�Z�p�b�b�� �i�Z�k�k�b�\�g�h�]�h�� �w�d�a�h�k�d�_�e�_�l�Z�� �\�_�j�o�g�b�o�� �d�h�g�_�q��
�g�h�k�l�_�c�� �©�W�D�A�:�J-�����ª�� �\�� �d�h�f�i�e�_�d�k�g�h�c�� �Z�[�b�e�b�l�Z�p�b�b��
�b �j�_�Z�[�b�e�b�l�Z�p�b�b���m���i�Z�p�b�_�g�l�h�\���k�l�Z�j�r�_�c���\�h�a�j�Z�k�l�g�h�c��
�]�j�m�i�i�u���k���\�_�j�o�g�b�f���\�y�e�u�f���i�Z�j�Z- �b���f�h�g�h�i�Z�j�_�a�h�f�� 

 
�F�?�L�H�>�B�D�:���B�K�K�E�?�>�H�<�:�G�B�Y 

�H�[�h�[�s�_�g�� �b�g�g�h�\�Z�p�b�h�g�g�u�c�� �h�i�u�l�� �b�k�i�h�e�v�a�h�\�Z��
�g�b�y���f�h�^�b�n�b�d�Z�p�b�b���i�Z�k�k�b�\�g�h�]�h���w�d�a�h�k�d�_�e�_�l�Z���\�_�j�o�g�b�o��
�d�h�g�_�q�g�h�k�l�_�c�� �©�W�D�A�:�J-�����ª���� �i�j�_�^�k�l�Z�\�e�y�x�s�_�]�h���Z�\��
�l�h�j�k�d�m�x�� �j�Z�a�j�Z�[�h�l�d�m�� �:���� �:���� �<�h�j�h�[�v�_�\�Z�� �b�� �N���� �:�����: �g��
�^�j�x�s�_�g�d�h�����k�d�h�g�k�l�j�m�b�j�h�\�Z�g�g�m�x���i�h���=�H�K�L���J�� ���������� 
0.3-202���� �b�� �L�M�� ����������������-001-39543129-2022 [9], 
�m ���� �`�_�g�s�b�g�� �b�� ���� �f�m�`�q�b�g���� �k�l�j�Z�^�Z�x�s�b�o�� �\�_�j�o�g�b�f�� �\�y��
�e�u�f�� �i�Z�j�Z- �b�� �f�h�g�h�i�Z�j�_�a�h�f���� �h�[�m�k�e�h�\�e�_�g�g�u�f�� �i�h��
�k�e�_� �̂k�l�\�b�y�f�b�� �l�j�Z�\�f�u���� �b�g�k�m�e�v�l�Z�� �b�� �f�b�h�i�Z�l�b�b�� �\�� �\�h�a��
�j�Z�k�l�_���h�l���������^�h���������e�_�l���� 

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

�G�Z�k�l�h�y�s�_�_�� �b�k�k�e�_�^�h�\�Z�g�b�_�� �k�h�h�l�\�_�l�k�l�\�m�_�l�� �w�l�b��
�q�_�k�d�b�f�� �g�h�j�f�Z�f�� �b�� �h�^�h�[�j�_�g�h�� �e�h�d�Z�e�v�g�u�f�� �w�l�b�q�_�k�d�b�f��
�d�h�f�b�l�_�l�h�f�����j�_�r�_�g�b�_���‹����������������-�>�B���h�l�������������������������� 

 
�J�?�A�M�E�V�L�:�L�U���B�K�K�E�?�>�H�<�:�G�B�Y�� 
�B���B�O���H�;�K�M�@�>�?�G�B�? 

�H�^�g�b�f�� �b�a�� �g�_�f�Z�e�h�\�Z�`�g�u�o�� �Z�k�i�_�d�l�h�\�� �i�j�b�� �k�h��
�a�^�Z�g�b�b�� �i�Z�k�k�b�\�g�h�]�h�� �w�d�a�h�k�d�_�e�_�l�Z�� �\�_�j�o�g�b�o�� �d�h�g�_�q��
�g�h�k�l�_�c�� �©�W�D�A�:�J-�����ª�� �^�e�y�� �e�b�p�� �i�h�`�b�e�h�]�h�� �b�� �i�j�_��
�d�e�h�g�g�h�]�h�� �\�h�a�j�Z�k�l�Z�� �y�\�b�e�k�y�� �i�h�^�[�h�j�� �f�Z�l�_�j�b�Z�e�h�\����
�d�Z�q�_�k�l�\�h�� �d�h�l�h�j�u�o�� �k�i�h�k�h�[�g�h�� �h�[�_�k�i�_�q�b�l�v�� �g�_�h�[�o�h��
�^�b�f�u�_���f�_�^�b�p�b�g�k�d�b�_���k�\�h�c�k�l�\�Z���d�h�g�k�l�j�m�d�p�b�b���� �I�j�b��
�b�a�]�h�l�h�\�e�_�g�b�b�� �i�h�k�e�_�^�g�_�c�� �i�j�b�f�_�g�_�g�u�� �f�Z�]�g�b�c-
�Z�e�x�f�b�g�b�_�\�u�_�� �k�i�e�Z�\�u�� �:�F�]���� �b�� �:�F�]������ �g�_�j�`�Z�\�_�x��
�s�Z�y�� �f�_�^�b�p�b�g�k�d�Z�y�� �k�l�Z�e�v���� �3�/�$�� �b�� �:�%�6�� �i�e�Z�k�l�b�d�b����
�e�b�l�v�_�\�h�c�� �i�e�Z�k�l�b�d���� �g�b�a�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�_�� �l�_�j�f�h��
�i�e�Z�k�l�b�d�b���k���i�Z�f�y�l�v�x���n�h�j�f�u���©�L�m�j�[�h�d�Z�k�l�ª���b���©�I�h��
�e�b�\�b�d�ª���� �Z���l�Z�d�`�_���`�_�k�l�d�b�_�� �i�h�e�b�f�_�j�u���� �I�j�_�^�i�h�q�l�_��
�g�b�_�� �h�l�^�Z�\�Z�e�h�k�v�� �h�l�_�q�_�k�l�\�_�g�g�u�f�� �f�Z�l�_�j�b�Z�e�Z�f����
�>�e�y�� �b�a�]�h�l�h�\�e�_�g�b�y�� �^�_�l�Z�e�_�c�� �b�k�i�h�e�v�a�h�\�Z�e�b�� ���'-
�f�h�^�_�e�b�j�h�\�Z�g�b�_�����h�[�t�_�f�g�m�x���n�j�_�a�_�j�h�\�d�m���g�Z���k�l�Z�g�d�_��
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�k���Q�I�M����3D-�i�j�b�g�l�_�j���� �e�b�l�v�_�� �\�� �i�j�_�k�k-�n�h�j�f�u���� �e�Z��
�a�_�j�g�m�x���j�_�a�d�m�����<���d�Z�q�_�k�l�\�_���m�i�j�m�]�b�o���w�e�_�f�_�g�l�h�\���\�u��
�[�j�Z�g�u�� �j�_�a�b�g�h�\�u�_�� �d�h�e�v�p�Z�� �j�Z�a�e�b�q�g�h�]�h�� �^�b�Z�f�_�l�j�Z��
�b �k�_�q�_�g�b�y�� 

�>�h���g�Z�q�Z�e�Z���w�d�a�h�k�d�_�e�_�l�g�h�c���Z�[�b�e�b�l�Z�p�b�b���m���\�k�_�o 
�[�h�e�v�g�u�o�� ��n � �� ������ �\�� �k�b�e�m�� �i�Z�l�h�e�h�]�b�b�� �h�l�f�_�q�Z�e�h�k�v��
�a�g�Z�q�b�l�_�e�v�g�h�_���� �����ƒ�� �b�� �f�_�g�_�_���� �h�]�j�Z�g�b�q�_�g�b�_�� �k�]�b�[�Z��
�g�b�y���b���h�l�\�_�^�_�g�b�y���\���i�e�_�q�_�\�u�o���k�m�k�l�Z�\�Z�o���i�h�j�Z�`�_�g��
�g�u�o�� �i�Z�j�_�a�h�f�� �j�m�d���� �I�_�j�\�b�q�g�u�c�� �Z�[�b�e�b�l�Z�p�b�h�g�g�u�c��
�b �j�_�Z�[�b�e�b�l�Z�p�b�h�g�g�u�c�� �w�n�n�_�d�l�� �[�u�e�� �h�l�f�_�q�_�g�� �k�j�Z��
�a�m�� �`�_�� �\�h�� �\�j�_�f�y�� �i�_�j�\�h�c�� �i�j�b�f�_�j�d�b�� �w�d�a�h�k�d�_�e�_�l�h�\����
�Z�^�Z�i�l�b�j�h�\�Z�g�g�u�o�� �d�� �b�g�^�b�\�b�^�m�Z�e�v�g�u�f�� �i�Z�j�Z�f�_�l��
�j�Z�f�� �i�Z�p�b�_�g�l�h�\���� �d�� �d�h�l�h�j�u�f�� �\�_�j�g�m�e�Z�k�v�� �\�h�a�f�h�`��
�g�h�k�l�v�� �k�]�b�[�Z�g�b�y�� �b�� �h�l�\�_�^�_�g�b�y�� �\�� �k�d�h�f�i�j�h�f�_�g�l�b�j�h��
�\�Z�g�g�u�o�� �i�e�_�q�_�e�h�i�Z�l�h�q�g�u�o�� �k�h�q�e�_�g�_�g�b�y�o�� �\�� �h�[�t�_��
�f�_�� �[�h�e�_�_�� �������ƒ���� �q�l�h�� �m�`�_�� �k�h�h�l�\�_�l�k�l�\�h�\�Z�e�h��
�g�_�a�g�Z�q�b�l�_�e�v�g�h�f�m�� �h�]�j�Z�g�b�q�_�g�b�x�� �h�[�t�_�f�Z�� �^�\�b�`�_��
�g�b�c���� �h�i�j�_�^�_�e�y�_�f�h�]�h�� �i�h�� �d�j�b�l�_�j�b�y�f�� �I�h�k�l�Z�g�h�\�e�_��
�g�b�y�� �I�j�Z�\�b�l�_�e�v�k�l�\�Z�� �J�N�� �h�l�� ���������������������� �‹�� ��������
���j�_�^���� �h�l�� ������������������������ �©�H�[�� �m�l�\�_�j�`�^�_�g�b�b�� �I�h�e�h�`�_��

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

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

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

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

- �i�j�h�n�b�e�Z�d�l�b�d�b���d�h�g�l�j�Z�d�l�m�j�� 
�<���h�k�g�h�\�_���\�u�r�_�i�_�j�_�q�b�k�e�_�g�g�u�o���i�Z�l�h�n�b�a�b�h�e�h��

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

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

�H�^�g�h�\�j�_�f�_�g�g�h���k���w�l�b�f���i�j�h�b�k�o�h�^�b�l���h�[�_�k�i�_�q�_��
�g�b�_�� �j�_�i�Z�j�Z�l�b�\�g�u�o�� �i�j�h�p�_�k�k�h�\�� �\�� �k�Z�f�h�f�� �g�_�c�j�h�g�_-
�i�j�h�\�h�^�g�b�d�_���� �I�j�b�\�_�^�_�g�g�u�c�� �f�_�o�Z�g�b�a�f�� �a�Z�f�d�g�m�l 
�\ �d�h�g�l�m�j�_���� �a�h�g�Z�� �d�h�j�Z�� �]�h�e�h�\�g�h�]�h�� �f�h�a�]�Z���± �g�_�c�j�h�g-
�i�j�h�\�h�^�g�b�d���± �f�u�r�_�q�g�u�_�� �\�h�e�h�d�g�Z���� �L�Z�d�b�f�� �h�[�j�Z�a�h�f��
�i�j�h�b�k�o�h�^�b�l���i�_�j�_�k�l�j�h�c�d�Z���n�m�g�d�p�b�h�g�Z�e�v�g�h�c���k�b�k�l�_�f�u��
�g�_�c�j�h�f�u�r�_�q�g�h�c���i�j�h�\�h�^�b�f�h�k�l�b���� 

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

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

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

�m�^�h�[�g�h�c�� �^�e�y�� �j�_�]�m�e�y�j�g�h�]�h�� �b�� �i�h�\�k�_�^�g�_�\�g�h�]�h�� �b�k��
�i�h�e�v�a�h�\�Z�g�b�y 
 
�A�:�D�E�X�Q�?�G�B�? 

�I�_�j�\�u�c�� �h�i�u�l�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �i�Z�k�k�b�\�g�h�]�h��
�w�d�a�h�k�d�_�e�_�l�Z�� �\�_�j�o�g�b�o�� �d�h�g�_�q�g�h�k�l�_�c�� �©�W�D�A�:�J-�����ª��
�\ �d�h�f�i�e�_�d�k�g�h�c�� �Z�[�b�e�b�l�Z�p�b�b�� �b �j�_�Z�[�b�e�b�l�Z�p�b�b�� �i�Z��
�p�b�_�g�l�h�\�� �k�l�Z�j�r�_�c�� �\�h�a�j�Z�k�l�g�h�c�� �]�j�m�i�i�u�� �k�� �\�_�j�o�g�b�f��
�\�y�e�u�f�� �i�Z�j�Z- �b�� �f�h�g�h�i�Z�j�_�a�h�f�� �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l��
�h �\�u�k�h�d�h�c�� �i�_�j�k�i�_�d�l�b�\�g�h�k�l�b�� �w�l�h�]�h�� �g�Z�i�j�Z�\�e�_�g�b�y��
�j�_�d�h�g�k�l�j�m�d�l�b�\�g�h�c���f�_�^�b�p�b�g�u�� 

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

 
�K�I�B�K�H�D���B�K�L�H�Q�G�B�D�H�< 

1. �I�b�k�v�f�_�g�g�Z�y�� �?���� �<������ �I�_�l�j�m�r�Z�g�k�d�Z�y�� �D���� �:������ �D�h�l�h�\�� �K���� �<������ �:�\�_�^�b�d�h�\�� �=���� �?������ �F�b�l�j�h�n�Z�g�h�\�� �B���� �?������ �L�h�e�k�l�h�\�� �D���� �F����
�b �^�j�� �D�e�b�g�b�d�h-�[�b�h�f�_�o�Z�g�b�q�_�k�d�h�_�� �h�[�h�k�g�h�\�Z�g�b�_�� �i�j�b�f�_�g�_�g�b�y�� �w�d�a�h�k�d�_�e�_�l�Z�� �©�W�d�a�h�:�l�e�_�l�ª�� �i�j�b�� �o�h�^�v�[�_�� �[�h�e�v�g�u�o�� �k�� �i�h��
�k�e�_�^�k�l�\�b�y�f�b�� �b�r�_�f�b�q�_�k�d�h�]�h�� �b�g�k�m�e�v�l�Z�����J�h�k�k�b�c�k�d�b�c�� �`�m�j�g�Z�e�� �[�b�h�f�_�o�Z�g�b�d�b�� 2019;23(2):204�±230. doi: 10.15593/ 
RZhBiomeh/2019.2.04. 

2. �D�Z�g�^�u�[�Z���>�����<�� �B�g�k�m�e�v�l�����J�h�k�k�b�c�k�d�b�c���k�_�f�_�c�g�u�c���\�j�Z�q. 2016;20(3):5�±15. doi: 10.17816/RFD201635-15. 
3. �D�m�j�m�r�b�g�Z���H�����<�������:�g�^�j�x�s�_�g�d�h���N�����:�������:�]�Z�j�d�h�\�Z���H�����B�������>�\�h�j�_�p�d�Z�y���X�����:�� �K�h�\�j�_�f�_�g�g�u�c���i�h�^�o�h�^���d���^�b�Z�]�g�h�k�l�b�d�_��

�b�� �e�_�q�_�g�b�x�� �i�_�j�\�b�q�g�u�o�� �b�� �\�l�h�j�b�q�g�u�o�� �f�b�h�i�Z�l�b�c�����<�_�k�l�g�b�d�� �<�h�e�]�h�]�j�Z�^�k�d�h�]�h�� �]�h�k�m�^�Z�j�k�l�\�_�g�g�h�]�h�� �f�_�^�b�p�b�g�k�d�h�]�h�� �m�g�b��
�\�_�j�k�b�l�_�l�Z. 2017;1(61):16�±20. doi: 10.19163/1994-9480-2017-1(61)-16-22. 

4. �<�h�j�h�[�v�_�\�� �:���� �:������ �F�Z�a�m�g�h�\�� �:���� �K������ �=�Z�c�\�h�j�h�g�k�d�b�c�� �:���� �B������ �:�g�^�j�x�s�_�g�d�h���N���� �:�� �H�i�u�l�� �i�j�b�f�_�g�_�g�b�y�� �i�Z�k�k�b�\�g�h�]�h��
�w�d�a�h�k�d�_�e�_�l�Z�� �©�W�D�A�:�J-�����ª�� �\�� �d�h�f�i�e�_�d�k�g�h�c�� �j�_�Z�[�b�e�b�l�Z�p�b�b�� �i�Z�p�b�_�g�l�Z�� �k�� �i�h�k�l�l�j�Z�\�f�Z�l�b�q�_�k�d�h�c�� �i�e�_�d�k�h�i�Z�l�b�_�c��
�\�k�e�_�^�k�l�\�b�_�� �h�]�g�_�k�l�j�_�e�v�g�h�]�h�� �p�_�j�\�b�d�h�l�h�j�Z�d�Z�e�v�g�h�]�h�� �j�Z�g�_�g�b�y�� ���d�e�b�g�b�q�_�k�d�h�_�� �g�Z�[�e�x�^�_�g�b�_�������<�_�k�l�g�b�d�� �<�h�e�]�h�]�j�Z�^��
�k�d�h�]�h�� �]�h�k�m�^�Z�j �k�l�\�_�g�g�h�]�h�� �f�_�^�b�p�b�g�k�d�h�]�h�� �m�g�b�\�_�j�k�b�l�_�l�Z�� 2024;21(3):173�±180. doi: 10.19163/1994-9480-2024-
21-3-173-180. 

5. He C., Xiong C.-H., Chen Z.-J., Fan W., Huang X.-L., Fu C. Preliminary Assessment of a Postural Synergy-Based 
Exoskeleton for Post-Stroke Upper Limb Rehabilitation. IEEE Transactions on Neural Systems and Rehabilitation Engi-
neering. 2021;29:1795�±1805. doi: 10.1109/tnsre.2021.3107376. 

6. �D�g�y�a�_�\���>�����:�������E�h�\�q�_�\���G�����?�������H�j�_�r�d�b�g���:�����<�� �I�Z�k�k�b�\�g�u�c���f�_�^�b�p�b�g�k�d�b�c���w�d�a�h�k�d�_�e�_�l���^�e�y���j�_�Z�[�b�e�b�l�Z�p�b�b���i�Z�p�b�_�g��
�l�h�\�� �k�� �e�h�d�h�f�h�l�h�j�g�u�f�b�� �g�Z�j�m�r�_�g�b�y�f�b�����B�a�\�_�k�l�b�y�� �l�h�f�k�d�h�]�h�� �i�h�e�b�l�_�o�g�b�q�_�k�d�h�]�h�� �m�g�b�\�_�j�k�b�l�_�l�Z���� �I�j�h�f�u�r�e�_�g�g�Z�y��
�d�b�[�_�j�g�_�l�b�d�Z�� 2023;1(3):1�±6. doi: 10.18799/29495407/2023/3/30. 

7. �;�Z�[�Z�g�h�\�� �G���� �>������ �D�m�[�j�y�d���H�����<�� �N�b�a�b�h�e�h�]�b�q�_�k�d�b�_���f�_�l�h�^�b�d�b���\�� �b�a�m�q�_�g�b�b���©�i�Z�k�k�b�\�g�u�o�ª�� �i�j�h�f�u�r�e�_�g�g�u�o���w�d�a�h�k�d�_��
�e�_�l�h�\�� �k�i�b�g�u�� �b�� �g�b�`�g�b�o�� �d�h�g�_�q�g�h�k�l�_�c�����F�_�^�b�p�b�g�Z�� �l�j�m�^�Z�� �b�� �i�j�h�f�u�r�e�_�g�g�Z�y�� �w�d�h�e�h�]�b�y�� 2020;5:318�±328. doi: 
10.31089/1026-9428-2020-60-5-318-328. 

8. Sturma A., Hruby L. A., Boesendorfer A., Pittermann A., Salminger S., Gstoettner C. et al. Prosthetic Embodi-
ment and Body Image Changes in Patients Undergoing Bionic Reconstruction Following Brachial Plexus Injury. Fron-
tiers Neurorobot. 2021. doi: 10.3389/fnbot.2021.645261. 

������ �I�Z�l�_�g�l�� �g�Z�� �b�a�h�[�j�_�l�_�g�b�_�� �‹�� ������������������ �J�h�k�k�b�c�k�d�Z�y�� �N�_�^�_�j�Z�p�b�y���� �F�I�D�:�����G���������:�����G���������������������������� �W�d�a�h�k�d�_�e�_�l��
�\�_�j�o�g�b�o���d�h�g�_�q�g�h�k�l�_�c�����<�h�j�h�[�v�_�\���:�����:�������:�g�^�j�x�s�_�g�d�h���N�����:�� �����a�Z�y�\�e�������������������������������h�i�m�[�e�������������������������������;�x�e�����‹�������� 

10. �<�h�j�h�[�v�_�\���:�����:�������F�Z�a�m�g�h�\���:�����K�������Q�m�e�d�h�\���H�����>�������G�_�`�b�g�k�d�b�c���>�����B�������K�_�j�]�_�_�\���I�����J�������=�j�b�]�h�j�y�g���D�����D�� �K�e�m�q�Z�c���w�n��
�n�_�d�l�b�\�g�h�c�� �w�d�a�h�k�d�_�e�_�l�g�h�c�� �Z�[�b�e�b�l�Z�p�b�b�� �b�� �j�_�Z�[�b�e�b�l�Z�p�b�b�� �i�Z�p�b�_�g�l�Z�� �k�� �Z�d�m�r�_�j�k�d�b�f�� �i�Z�j�Z�e�b�q�h�f�� �>�x�r�_�g�g�Z���± �W�j�[�Z����



�<�H�E�=�H�=�J�:�>�K�D�B�C���G�:�M�Q�G�H-�F�?�>�B�P�B�G�K�D�B�C���@�M�J�G�:�E����������5�����L����22�����‹��2 

84 

�H�i�_�j�Z�l�b�\�g�Z�y�� �o�b�j�m�j�]�b�y�� �b�� �d�e�b�g�b�q�_�k�d�Z�y�� �Z�g�Z�l�h�f�b�y�� ���I�b�j�h�]�h�\�k�d�b�c�� �g�Z�m�q�g�u�c�� �`�m�j�g�Z�e���� 2025;9(1):41�±47. doi: 
10.17116/operhirurg2025901141. 

11. �<�h�j�h�[�v�_�\���:�����:�������:�g�^�j�x�s�_�g�d�h���N�����:�������I�h�g�h�f�Z�j�_�\�Z���H�����:�������K�h�e�h�\�v�_�\�Z���B�����H�������D�j�b�\�h�g�h�`�d�b�g�Z���I�����K�� �J�Z�a�j�Z�[�h�l�d�Z��
�b �d�e�b�g�b�q�_�k�d�Z�y�� �Z�i�j�h�[�Z�p�b�y�� �i�Z�k�k�b�\�g�h�]�h�� �w�d�a�h�k�d�_�e�_�l�Z�� �\�_�j�o�g�b�o�� �d�h�g�_�q�g�h�k�l�_�c�� �©�W�D�A�:�J�ª�����K�h�\�j�_�f�_�g�g�u�_�� �f�_�^�b�p�b�g�k�d�b�_��
�l�_�o�g�h�e�h�]�b�b�� 2016;8(2):90�±95 doi: 10.17691/stm2016.8.2.13. 

 

REFERENCES 

1. Pismennaya �?. V., Petrushanskaya K. A., Kotov S. V., Avedikov G. E., Mitrofanov I. E., Tolstov K. M., et al. Clini-
�F�D�O���D�Q�G���E�L�R�P�H�F�K�D�Q�L�F�D�O���I�R�X�Q�G�D�W�L�R�Q���R�I���D�S�S�O�L�F�D�W�L�R�Q���R�I���W�K�H���H�[�R�V�N�H�O�H�W�R�Q���©�(�[�R�$�W�O�H�W�ª���D�W���Z�D�O�N�L�Q�J���R�I���S�D�W�L�H�Q�W�V���Z�L�W�K���S�R�V�W�V�W�U�R�N�H dis-
turbances. Rossijskij zhurnal biomekhaniki = Russian Journal of Biomechanics. 2019;23(2):204�±230. (In Russ.). doi:  
10.15593/RZhBiomeh/2019.2.04. 

2. Kandyba D. V. Stroke. Rossijskij semejny`j vrach = Russian Family Doctor.2016;20(3):5�±15. (In Russ.). doi: 
10.17816/RFD201635-15. 

3. Kurushina O. V., Andryushchenko F. A., Agarkova O. I., Dvoretskaya Y. A. Modern approach to diagnostics and 
treatment of primary and secondary myopathies. Vestnik Volgogradsko gogosudarstvennogo medicinskogo universiteta = 
Journal of Volgograd State Medical University. 2017;1(61):16�±20. (In Russ.). doi: 10.19163/1994-9480-2017-1(61)-
16-22. 

4. Vorob'ev A. A., Mazunov A. S., Gaivoronsky A. I., Andruschenko F. A. Experience of using the passive exoskele-
ton EXAR-34 in complex rehabilitation of a patient with post-traumatic plexopathy due to gunshot cervicothoracic wound 
(clinical observation). Vestnik Volgogradskogo gosudarstvennogo meditsinskogo universiteta = Journal of Volgograd 
State Medical University. 2024;21(3):173�±180. (In Russ.). doi: 10.19163/1994-9480-2024-21-3-173-180. 

5. He C., Xiong C.-H., Chen Z.-J., Fan W., Huang X.-L., Fu C. Preliminary Assessment of a Postural Synergy-Based 
Exoskeleton for Post-Stroke Upper Limb Rehabilitation. IEEE Transactions on Neural Systems and Rehabilitation Engi-
neering. 2021;29:1795�±1805. doi: 10.1109/tnsre.2021.3107376. 

6. Knyazev D. A., Lovchev N. E., Oreshkin A. V. Passive medical exoskeleton for rehabilitation of patients with lo-
comotor disorders. Izvestiya tomskogo politekynicheskogo universiteta. Promy`shlennaya kibernetika = Bulletin of the 
Tomsk Polytechnic University. Industrial Cybernetics. 2023;1 (3):1�±6. (In Russ.). doi:  10.18799/29495407/2023/3/30. 

7. Babanov N. D., Kubryak O. V. Physiological methods in the study of �³passive�  ́industrial exoskeletons of the back 
and lower extremities. Meditsina truda i promy`shlennaya e`kologiya = Russian Journal of Occupational Health and In-
dustrial Ecology. 2020;(5):318�±328. (In Russ.). doi: 10.31089/1026-9428-2020-60-5-318-328. 

8. Sturma A., Hruby L. A., Boesendorfer A., Pittermann A., Salminger S., Gstoettner C. et al. Prosthetic Embodi-
ment and Body Image Changes in Patients Undergoing Bionic Reconstruction Following Brachial Plexus Injury. Fron-
tiers Neurorobot. 2021. doi: 10.3389/fnbot.2021.645261. 

9. Patent for invention No. 2629738. Russian Federation, IPKA6/H1/00A61H1/0216.03.16. Exoskeleton of the upper 
extremities. Vorobyov A. A., Andryushchenko F. A. ; applic. 16.03.2016 ; publ. 31.08.2017, Byul. No. 25.  

10. Vorob'ev A. A., Mazunov A. S., Chulkov O. D., Nezhinsky D. I., Sergeev P. R., Grigoryan K. K. A case of effec-
tive exoskeleton habilitation and rehabilitation of a patient with obstetric Duchenne �± Erb palsy. Operativnaya khirurgiya 
I klinicheskaya anatomiya (Pirogovskij nauchny`j zhurnal) = Russian Journal of Operative Surgery and Clinical Anatomy. 
2025;9(1):41�±47. (In Russ.). doi: 10.17116/operhirurg2025901141. 

11. Vorob'ev A. A., Mazunov A. S., Chulkov O. D., Nezhinsky D. I., Sergeev P. R., Grigoryan K. K. A case of effec-
tive exoskeleton habilitation and rehabilitation of a patient with obstetric Duchenne �± Erb palsy. Operativnaya khirurgiya 
I klinicheskaya anatomiya (Pirogovskij nauchny`j zhurnal) = Russian Journal of Operative Surgery and Clinical Anatomy. 
2025;9(1):41�±47. (In Russ.). doi: 10.17116/operhirurg2025901141. 

 
�B�G�N�H�J�F�:�P�B�Y���H�;���:�<�L�H�J�:�O 
�:�e�_�d�k�Z�g�^�j�� �:�e�_�d�k�Z�g�^�j�h�\�b�q�� �<�h�j�h�[�v�_�\ �± �a�Z�\�_�^�m�x�s�b�c�� �d�Z�n�_�^�j�h�c�� �h�i�_�j�Z�l�b�\�g�h�c�� �o�b�j�m�j�]�b�b�� �b�� �l�h�i�h�]�j�Z�n�b�q�_�k�d�h�c��
�Z�g�Z�l�h�f�b�b���� �^�h�d�l�h�j�� �f�_�^�b�p�b�g�k�d�b�o�� �g�Z�m�d���� �i�j�h�n�_�k�k�h�j�����a�Z�k�e�m�`�_�g�g�u�c���^�_�y�l�_�e�v�� �g�Z�m�d�b�� �J�h�k�k�b�c�k�d�h�c�� �N�_�^�_�j�Z�p�b�b����
�a�Z�f�_�k�l�b�l�_�e�v�� �^�b�j�_�d�l�h�j�Z�� �N�_�^�_�j�Z�e�v�g�h�]�h�� �p�_�g�l�j�Z�� �i�h�^�^�_�j�`�d�b�� �j�Z�a�j�Z�[�h�l�d�b�� �b�� �i�j�h�b�a�\�h�^�k�l�\�Z�� �w�d�a�h�i�j�h�l�_�a�h�\�� �b��
�w�d�a�h�k�d�_�e�_�l�h�\����cos@volgmed.ru 
�N�z�^�h�j�� �:�g�^�j�_�_�\�b�q�� �:�g�^�j�x�s�_�g�d�h �± �d�Z�g�^�b�^�Z�l�� �f�_�^�b�p�b�g�k�d�b�o�� �g�Z�m�d���� �k�l�Z�j�r�b�c�� �g�Z�m�q�g�u�c�� �k�h�l�j�m�^�g�b�d�� �N�_�^�_�j�Z�e�v�g�h�]�h��
�p�_�g�l�j�Z���i�h�^�^�_�j�`�d�b���j�Z�a�j�Z�[�h�l�d�b���b���i�j�h�b�a�\�h�^�k�l�\�Z���w�d�a�h�i�j�h�l�_�a�h�\���b���w�d�a�h�k�d�_�e�_�l�h�\����andrewshenko@mail.ru 
�:�g�l�h�g�� �K�_�j�]�_�_�\�b�q�� �F�Z�a�m�g�h�\ �± �^�h�p�_�g�l�� �d�Z�n�_�^�j�u�� �h�i�_�j�Z�l�b�\�g�h�c�� �o�b�j�m�j�]�b�b�� �b�� �l�h�i�h�]�j�Z�n�b�q�_�k�d�h�c�� �Z�g�Z�l�h�f�b�b���� �d�Z�g�^�b�^�Z�l��
�f�_�^�b�p�b�g�k�d�b�o���g�Z�m�d����astra_83@mail.ru 
�?�e�_�g�Z���?�\�]�_�g�v�_�\�g�Z���I�b�k�Z�j�_�\�Z �± �^�h�p�_�g�l���d�Z�n�_�^�j�u���h�i�_�j�Z�l�b�\�g�h�c���o�b�j�m�j�]�b�b���b���l�h�i�h�]�j�Z�n�b�q�_�k�d�h�c���Z�g�Z�l�h�f�b�b�����d�Z�g�^�b�^�Z�l��
�f�_�^�b�p�b�g�k�d�b�o���g�Z�m�d�����^�h�p�_�g�l����eepisareva@mail.ru  
�?�e�_�g�Z�� �<�e�Z�^�b�f�b�j�h�\�g�Z�� �<�_�g�k�d�_�e�v �± �^�h�p�_�g�l�� �d�Z�n�_�^�j�u�� �h�i�_�j�Z�l�b�\�g�h�c�� �o�b�j�m�j�]�b�b�� �b�� �l�h�i�h�]�j�Z�n�b�q�_�k�d�h�c�� �Z�g�Z�l�h�f�b�b����
�d�Z�g�^�b�^�Z�l���f�_�^�b�p�b�g�k�d�b�o���g�Z�m�d�����^�h�p�_�g�l����elenavenskel@yandex.ru  



VOLGOGRAD SCIENTIFIC AND MEDICAL JOURNAL. 2025. VOL. 22, NO. 2 

85 

�H�e�_�]���>�f�b�l�j�b�_�\�b�q���Q�m�e�d�h�\ �± �Z�k�k�b�k�l�_�g�l���d�Z�n�_�^�j�u���h�i�_�j�Z�l�b�\�g�h�c���o�b�j�m�j�]�b�b���b���l�h�i�h�]�j�Z�n�b�q�_�k�d�h�c���Z�g�Z�l�h�f�b�b����chulkovo-
leg1966@mail.ru  
�<�y�q�_�k�e�Z�\�� �H�e�_�]�h�\�b�q�� �Q�_�j�g�h�\ �± �Z�k�k�b�k�l�_�g�l�� �d�Z�n�_�^�j�u�� �h�i�_�j�Z�l�b�\�g�h�c�� �o�b�j�m�j�]�b�b�� �b�� �l�h�i�h�]�j�Z�n�b�q�_�k�d�h�c�� �Z�g�Z�l�h�f�b�b����cher-
novts@yandex.ru 
 
�:�\�l�h�j�u�� �a�Z�y�\�e�y�x�l�� �h�[�� �h�l�k�m�l�k�l�\�b�b�� �d�h�g�n�e�b�d�l�Z�� �b�g�l�_�j�_�k�h�\���� �W�l�b�q�_�k�d�b�_�� �l�j�_�[�h�\�Z�g�b�y�� �k�h�[�e�x�^�_�g�u���� �L�_�d�k�l�� �g�_��
�k�]�_�g�_�j�b�j�h�\�Z�g���g�_�c�j�h�k�_�l�v�x�� 
�K�l�Z�l�v�y�� �i�h�k�l�m�i�b�e�Z�� �\�� �j�_�^�Z�d�p�b�x�� ������������������������ �h�^�h�[�j�_�g�Z�� �i�h�k�e�_�� �j�_�p�_�g�a�b�j�h�\�Z�g�b�y�� ������������������������ �� �i�j�b�g�y�l�Z�� �d�� �i�m�[�e�b�d�Z�p�b�b��
02.06.2025.  
 
INFORMATION ABOUT THE AUTHORS  
Alexander A. Vorob iev �± the Head of Department for Operative Surgery and Topographic Anatomy, Doctor of Medi-
cine, Professor, Honored Worker of Science, Deputy Director of Federal Center for Supporting the Development and 
Production of Exoprostheses, cosaav@mail.ru 
Fedor A. Andryushchenko  �± Candidate of medical Science, Senior Researcher, Federal Center for Supporting the 
Development and Production of Exoprostheses, andrewshenko@mail.ru 
Anton S. Mazunov  �± Associate Professor of the Department for Operative Surgery and Topographic Anatomy, Candi-
date of medical Science, astra_83@mail.ru 
Elena E. Pisareva  �± Associate Professor of the Department for Operative Surgery and Topographic Anatomy, Candi-
date of medical Science, eepisareva@mail.ru  
Elena V. Venskel  �± Associate Professor of the Department for Operative Surgery and Topographic Anatomy, Candidate 
of medical Science, elenavenskel@yandex.ru 
Oleg D. Chulkov  �± lecturer of the Department for Operative Surgery and Topographic Anatomy, chulkovo-
leg1966@mail.ru 
Vyacheslav O. Chernov  �± lecturer of the Department for Operative Surgery and Topographic Anatomy, cher-
novts@yandex.ru 
 
The authors declare no conflict of interest. Ethical requirements are met. The text is not generated by a neural network. 
�7�K�H���D�U�W�L�F�O�H���Z�D�V���V�X�E�P�L�W�W�H�G���������������������������Z�S�S�U�R�Y�H�G���D�I�W�H�U���U�H�Y�L�H�Z�L�Q�J�����������������������������Z�F�F�H�S�W�H�G���I�R�U���S�X�E�O�L�F�D�W�L�R�Q������������������������ 

 

 
 



�<�H�E�=�H�=�J�:�>�K�D�B�C���G�:�M�Q�G�H-�F�?�>�B�P�B�G�K�D�B�C���@�M�J�G�:�E����������5�����L����22�����‹��2 

86 

�<�H�E�=�H�=�J�:�>�K�D�B�C���G�:�M�Q�G�H-�F�?�>�B�P�B�G�K�D�B�C���@�M�J�G�:�E�����������������L�������������‹���������K�� 86�±93. 
�G�:�M�Q�G�:�Y���K�L�:�L�V�Y 
�M�>�D��������-091(075.8) 
doi: https://doi.org//10.19163/2658-4514-2025-22-2-86-93 

�:�����;�����D�m�[�Z�g�h�\�Z�� 1, 3 �
 �����:�����<�����K�f�b�j�g�h�\��2�����E�����>�����L�b�f�q�_�g�d�h��3�����K�����B�� �D�m�[�Z�g�h�\ 3,  
�=�����>�����>�`�b�d�Z�_�\��1, 3�����:�����B�����D�j�Z�x�r�d�b�g��2�����J�����I�����K�Z�f�m�k�_�\��2�����>�����X�����=�m�j�h�\��2�����<�����K�����A�Z�f�Z�j�Z�_�\��2 
1 �K�l�Z�\�j�h�i�h�e�v�k�d�b�c���]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���f�_�^�b�p�b�g�k�d�b�c���m�g�b�\�_�j�k�b�l�_�l�� �K�l�Z�\�j�h�i�h�e�v, �J�h�k�k�b�y�� 
2 �<�h�e�]�h�]�j�Z�^�k�d�b�c���]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���f�_�^�b�p�b�g�k�d�b�c���m�g�b�\�_�j�k�b�l�_�l�����<�h�e�]�h�]�j�Z�^�����J�h�k�k�b�y 
3 �K�_�\�_�j�h-�D�Z�\�d�Z�a�k�d�b�c���n�_�^�_�j�Z�e�v�g�u�c���m�g�b�\�_�j�k�b�l�_�l�����K�l�Z�\�j�h�i�h�e�v�� �J�h�k�k�b�y 
�
  albina.kubanowa@yandex.ru 

 

�F�H�J�N�H�E�H�=�B�Q�?�K�D�B�?���H�K�H�;�?�G�G�H�K�L�B���J�?�I�:�J�:�L�B�<�G�H�C �J�?�=�?�G�?�J�:�P�B�B�� 
�F�Y�=�D�B�O���L�D�:�G�?�C���I�J�B���J�:�G�?�<�H�F���I�J�H�P�?�K�K�?���M���D�J�U�K�� 
�K���W�D�K�I�?�J�B�F�?�G�L�:�E�V�G�U�F���K�:�O�:�J�G�U�F���>�B�:�;�?�L�H�F 

���������������I�Z�l�h�e�h�]�b�q�_�k�d�Z�y���Z�g�Z�l�h�f�b�y  
 

�:�g�g�h�l�Z�p�b�y�� �P�_�e�v�� �b�k�k�e�_�^�h�\�Z�g�b�y���� �b�a�m�q�_�g�b�_�� �f�h�j�n�h�e�h�]�b�q�_�k�d�b�o�� �b�a�f�_�g�_�g�b�c�� �b�� �\�u�j�Z�`�_�g�g�h�k�l�b�� �j�_�i�Z�j�Z�l�b�\�g�u�o��
�i�j�h�p�_�k�k�h�\�� �m���k�l�Z�j�u�o�� �d�j�u�k���i�j�b�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�f�� �j�Z�g�_�\�h�f�� �i�j�h�p�_�k�k�_�� �g�Z�� �n�h�g�_�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�]�h�� �k�Z�o�Z�j�g�h�]�h��
�^�b�Z�[�_�l�Z����-�]�h���l�b�i�Z�����F�Z�l�_�j�b�Z�e�u���b���f�_�l�h�^�u�����B�k�k�e�_�^�h�\�Z�g�b�_���[�u�e�h���\�u�i�h�e�g�_�g�h���g�Z���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�f���f�Z�l�_�j�b�Z�e�_����
�i�h�e�h�\�h�a�j�_�e�u�o�� �d�j�u�k�Z�o-�k�Z�f�p�Z�o�� �e�b�g�b�b��Wistar �\�� �\�h�a�j�Z�k�l�_�� ������ �f�_�k�y�p�_�\���� �g�Z�� �d�h�l�h�j�u�o�� �f�h�^�_�e�b�j�h�\�Z�e�b�� �k�Z�o�Z�j�g�u�c�� �^�b�Z��
�[�_�l�� ��-�]�h�� �l�b�i�Z�����K�>���L�����\���l�_�q�_�g�b�_�������f�_�k�y�p�_�\�����<�u�a�u�\�Z�e�b���K�>���L���k���i�h�f�h�s�v�x���k�l�j�_�i�l�h�a�h�l�h�p�b�g�Z�����������f�]���d�]�����q�_�j�_�a���������f�b��
�g�m�l���i�h�k�e�_���\�\�_�^�_�g�b�y�����������f�]���d�]���g�b�d�h�l�b�g�Z�f�b�^�Z�����6�L�J�P�D-�$�O�G�U�L�F�K�����K�R�:�������@�b�\�h�l�g�u�_���[�u�e�b���j�Z�a�^�_�e�_�g�u���g�Z���]�j�m�i�i�u����I �]�j�m�i��
�i�Z �± �f�h�^�_�e�b�j�h�\�Z�g�g�Z�y���j�Z�g�Z���d�h�`�g�u�o���i�h�d�j�h�\�h�\���m���d�j�u�k���[�_�a���K�>����II �j�Z�g�Z�������K�>���L���� �m�j�h�\�_�g�v���]�e�x�d�h�a�u���d�j�h�\�b���������f�f�h�e�v���e��
�b �\�u�r�_���� �K�d�Z�e�v�i�_�e�_�f�� �i�m�l�_�f�� �b�k�k�_�q�_�g�b�y�� �i�j�h�\�h�^�b�e�b�� �j�Z�g�_�\�h�_�� �i�h�\�j�_�`�^�_�g�b�_�� �d�h�`�b�� �j�Z�a�f�_�j�h�f�� ������ �î�� ������ �f�f�� �b�� �]�h�l�h�\�b�e�b��
�]�b�k�l�h�e�h�]�b�q�_�k�d�b�_�� �f�b�d�j�h�i�j�_�i�Z�j�Z�l�u���� �@�b�\�h�l�g�u�o�� �\�u�\�h�^�b�e�b�� �b�a�� �w�d�k�i�_�j�b�f�_�g�l�Z�� �g�Z�� ������ �������� ������ �b�� ����-�_���k�m�l�d�b���� �I�j�h�Z�g�Z�e�b�a�b��
�j�h�\�Z�g�Z���f�h�j�n�h�e�h�]�b�y���j�Z�g�_�\�h�]�h���i�j�h�p�_�k�k�Z���m���d�j�u�k���k���K�>���L���b���f�h�^�_�e�b�j�h�\�Z�g�g�u�f�b���i�e�h�k�d�h�k�l�g�u�f�b���j�Z�g�Z�f�b���f�y�]�d�b�o���l�d�Z�g�_�c����
�I�h�d�Z�a�Z�g�h�� �\�e�b�y�g�b�_�� �]�b�i�_�j�]�e�b�d�_�f�b�b�� �g�Z���f�h�j�n�h�e�h�]�b�q�_�k�d�b�_���h�k�h�[�_�g�g�h�k�l�b�� �l�_�q�_�g�b�y���j�Z�g�_�\�h�]�h�� �i�j�h�p�_�k�k�Z�� �m���k�l�Z�j�u�o�� �d�j�u�k. 
�<�u�y�\�e�_�g�Z���^�b�g�Z�f�b�d�Z���k�h�h�l�g�h�r�_�g�b�y���g�_�c�l�j�h�n�b�e�v�g�u�o���e�_�c�d�h�p�b�l�h�\���b���f�Z�d�j�h�n�Z�]�h�\���b���i�h�^�l�\�_�j�`�^�_�g�Z���i�j�b�h�j�b�l�_�l�g�Z�y���j�h�e�v��
�i�h�e�b�f�h�j�n�g�h-�g�m�d�e�_�Z�j�g�h�c���b�g�n�b�e�v�l�j�Z�p�b�b���d�Z�d���j�_�]�m�e�y�l�h�j�Z���\�h�k�i�Z�e�b�l�_�e�v�g�h-�j�_�i�Z�j�Z�l�b�\�g�u�o���\�a�Z�b�f�h�h�l�g�h�r�_�g�b�c���\���f�_�o�Z��
�g�b�a�f�_���a�Z�`�b�\�e�_�g�b�y���j�Z�g���m���k�l�Z�j�u�o���d�j�u�k �i�j�b���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�f���K�>���L�� 

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

  
VOLGOGRAD SCIENTIFIC AND MEDICAL JOURNAL. 2025. VOL. 22, NO. 2. P. 86�±93. 
ORIGINAL ARTICLE 
doi: https://doi.org//10.19163/2658-4514-2025-22-2-86-93 

A. B. Kubanova  1, 3 �
 , A. V. Smirnov 2, L. D. Timchenko 3, S. I. Kubanov 3,  
G. D. Dzhikaev 1, 3, A. I. Krayushkin 2, R. P. Samusev 2, D. Yu. Gurov 2, V. S. Zamaraev 2 
1 Stavropol State Medical University, Stavropol, Russia  
2 Volgograd State Medical University, Volgograd, Russia 
3 North Caucasus Federal University, Stavropol, Russia 
�
  albina.kubanowa@yandex.ru 

 

MORPHOLOGICAL CHANGE S IN REPARATIVE REGENERATION  
OF SOFT TISSUE IN RATS WITH COMPROMISED TYPE 2 DIABETES MELL ITUS 
DURING EXPERIMENTAL WOUND PROCESS 

3.3.2. Pathological anatomy 
 

Abs tract.  The aim  of the study was to investigate morphological changes and the severity of reparative processes 
in old rats with experimental wound healing against the background of experimental type 2 diabetes mellitus . 
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Materials and methods . The study was performed on experimental material, sexually mature male Wistar rats aged 
18 months, on which type 2 diabetes mellitus (T2DM) was modeled for 6 months. T2DM was induced using streptozoto-
cin (65 mg/kg, 15 min after administration of 230 mg/kg nicotinamide, Sigma-Aldrich, USA). The animals were divided 
into groups: Group I �± a modeled skin wound in rats without diabetes, Group II wound + T2DM, blood glucose level 
of 12 �P�P�R�O���O���D�Q�G���K�L�J�K�H�U�����$���Z�R�X�Q�G���L�Q�M�X�U�\���R�I���W�K�H���V�N�L�Q���P�H�D�V�X�U�L�Q�J���������î���������P�P���Z�D�V���H�[�F�L�V�H�G���Z�L�W�K���D���V�F�D�O�S�H�O���D�Q�G���K�L�V�W�R�O�R�J�L�F�D�O��
micropreparations were prepared. Animals were withdrawn from the experiment on days 7, 14, 21 and 28. The mor-
phology of the wound process in rats with T2DM and modeled planar wounds of soft tissues was analyzed. The effect 
of hyperglycemia on the morphological features of the wound process in old rats was shown. The dynamics of the ratio 
of neutrophilic leukocytes and macrophages was revealed and the priority role of polymorphonuclear infiltration as 
a regulator of inflammatory-reparative relationships in the mechanism of wound healing in old rats with experimental 
T2DM was confirmed. 

Keywords : reparative regeneration,  
experimental type 2 diabetes mellitus, wounds, inflammation, macrophages, neutrophilic leukocytes 
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�P�?�E�V���J�:�;�H�L�U 

�B�k�k�e�_�^�h�\�Z�l�v���b�� �b�a�m�q�b�l�v �f�h�j�n�h�e�h�]�b�q�_�k�d�b�_��
�b�a�f�_�g�_�g�b�y�� �b�� �k�l�_�i�_�g�v�� �\�u�j�Z�`�_�g�g�h�k�l�b�� �j�_�i�Z�j�Z�l�b�\��
�g�u�o���i�j�h�p�_�k�k�h�\���\���d�h�`�_���b���i�h�^�e�_�`�Z�s�b�o���f�y�]�d�b�o���l�d�Z��
�g�y�o�� �m�� �d�j�u�k�� �\�� �^�b�g�Z�f�b�d�_�� �j�Z�g�_�\�h�]�h�� �i�j�h�p�_�k�k�Z�� �i�j�b��
�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�f���K�>���L�� 

 
�F�?�L�H�>�B�D�:���B�K�K�E�?�>�H�<�:�G�B�Y�� 

�B�k�k�e�_�^�h�\�Z�g�b�_�� �[�u�e�h�� �\�u�i�h�e�g�_�g�h�� �g�Z�� �w�d�k�i�_�j�b��
�f�_�g�l�Z�e�v�g�h�f�� �f�Z�l�_�j�b�Z�e�_���� �i�h�e�h�\�h�a�j�_�e�u�o�� �d�j�u�k�Z�o-
�k�Z�f�p�Z�o���e�b�g�b�b��Wistar �\���\�h�a�j�Z�k�l�_���������f�_�k�y�p�_�\�����f�Z�k��
�k�h�c�� �������±�������� �]���� �@�b�\�h�l�g�u�_�� �k�h�^�_�j�`�Z�e�b�k�v�� �\�� �k�l�Z�g��
�^�Z�j�l�g�u�o�� �m�k�e�h�\�b�y�o�� �\�b�\�Z�j�b�y�� �k�h�]�e�Z�k�g�h�� �i�j�Z�\�b�e�Z�f��
�*�/�3�� �i�j�b�� �i�j�h�\�_�^�_�g�b�b�� �^�h�d�e�b�g�b�q�_�k�d�b�o�� �b�k�k�e�_�^�h�\�Z��
�g�b�c���\���J�N�����=�H�K�L���A�����������������������b����������������-96).  

�K�h�[�e�x�^�Z�e�b�k�v �w�l�b�q�_�k�d�b�_�� �i�j�b�g�p�b�i�u���� �h�[�h�a�g�Z��
�q�_�g�g�u�_�� �������������� �O�_�e�v�k�b�g�k�d�h�c�� �>�_�d�e�Z�j�Z�p�b�_�c�� �<�k�_��
�f�b�j�g�h�c���F�_�^�b�p�b�g�k�d�h�c���:�k�k�h�p�b�Z�p�b�b���b���F�_�`�^�m�g�Z�j�h�^��
�g�u�f���j�_�d�h�f�_�g�^�Z�p�b�y�f�� �i�h�� �a�Z�s�b�l�_�� �i�h�a�\�h�g�h�q�g�u�o�� �`�b��
�\�h�l�g�u�o��������������.  

�M�� �i�h�^�h�i�u�l�g�u�o�� �`�b�\�h�l�g�u�o�� �\�h��II �]�j�m�i�i�_�� �\�u�a�u��
�\�Z�e�b�� �K�>���L�� �i�m�l�_�f�� �\�\�_�^�_�g�b�y�� �k�l�j�_�i�l�h�a�h�l�h�p�b�g�Z��
(65 �f�]���d�]���� �q�_�j�_�a�� ������ �f�b�g�� �i�h�k�e�_�� �\�\�_�^�_�g�b�y�� �������� �f�]���d�]��
�g�b�d�h�l�b�g�Z�f�b�^�Z�����6�L�J�P�D-�$�O�G�U�L�F�K�����K�R�:�������Q�_�j�_�a���������q�Z�k�Z��
�i�j�h�b�a�\�h�^�b�e�b�� �d�h�e�b�q�_�k�l�\�_�g�g�h�_�� �h�i�j�_�^�_�e�_�g�b�_�� �]�e�x�d�h��
�a�u�� �\�� �d�j�h�\�b�� �]�e�x�d�h�a�h�h�d�k�b�^�Z�a�g�u�f�� �f�_�l�h�^�h�f�� �g�Z�� �k�i�_�d��
�l�j�h�n�h�l�h�f�_�l�j�_�����I�W-���������<�����W�D�J�H�K������ 

�<�� �^�Z�e�v�g�_�c�r�b�c�� �w�d�k�i�_�j�b�f�_�g�l�� �h�l�[�b�j�Z�e�b�� �`�b��
�\�h�l�g�u�o�� �k���m�j�h�\�g�_�f�� �]�e�x�d�h�a�u�� �d�j�h�\�b�� ������ �f�f�h�e�v���e�� �b 
�\�u�r�_�����<���l�_�q�_�g�b�_�������f�_�k�y�p�_�\���i�h�^�l�\�_�j�`�^�Z�e�b���K�>���L����
�h�i�j�_�^�_�e�y�y�� �\�u�j�Z�`�_�g�g�h�k�l�v�� �]�b�i�_�j�]�e�b�d�_�f�b�b�� �k �i�h�f�h��
�s�v�x���b�a�f�_�j�_�g�b�y���d�h�g�p�_�g�l�j�Z�p�b�b���]�e�x�d�h�a�u���]�e�x�d�h�f�_�l��
�j�h�f�� �b�� �l�_�k�l�� �i�h�e�h�k�h�d�� �n�b�j�f�u�� �&�R�Q�W�R�X�U�� �3�O�X�V�� ���D�h�g�l�m�j��
�i�e�x�k�����Y�i�h�g�b�y).  



�<�H�E�=�H�=�J�:�>�K�D�B�C���G�:�M�Q�G�H-�F�?�>�B�P�B�G�K�D�B�C���@�M�J�G�:�E����������5�����L����22�����‹��2 
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�I�h�k�e�_�� �i�h�^�l�\�_�j�`�^�_�g�b�y���K�> �f�h�^�_�e�b�j�h�\�Z�e�b�k�v��
�i�e�h�k�d�h�k�l�g�u�_�� �j�Z�g�u�� �m�� �g�Z�j�d�h�l�b�a�b�j�h�\�Z�g�g�u�o�� �`�b�\�h�l��
�g�u�o���� �@�b�\�h�l�g�u�_�� �[�u�e�b�� �j�Z�a�^�_�e�_�g�u�� �g�Z�� �k�e�_�^�m�x�s�b�_��
�]�j�m�i�i�u����I �]�j�m�i�i�Z���� �j�Z�g�_�\�h�c�� �^�_�n�_�d�l���± �]�j�m�i�i�Z�� �`�b��
�\�h�l�g�u�o�� �k�� �f�h�^�_�e�b�j�h�\�Z�g�g�u�f�b�� �j�Z�g�Z�f�b�� �\�� �\�h�a�j�Z�k�l�_��
������ �f�_�k�y�p�_�\����II �]�j�m�i�i�Z���� �j�Z�g�_�\�h�c�� �^�_�n�_�d�l�� ���� �k�Z�o�Z�j��
�g�u�c�� �^�b�Z�[�_�l�� ��-�]�h�� �l�b�i�Z���± �]�j�m�i�i�u���d�j�u�k�� �k�� �K�>���L��
�b �f�h�^�_�e�b�j�h�\�Z�g�g�u�f�b�� �j�Z�g�Z�f�b���� �I�j�_�^�\�Z�j�b�l�_�e�v�g�h��
�^�_�i�b�e�e�y�p�b�h�g�g�h�c���f�Z�a�v�x���m�^�Z�e�y�e�b���r�_�j�k�l�v���g�Z���d�h�`�_��
�k�i�b�g�u�����\���f�_�`�e�h�i�Z�l�h�q�g�h�c���h�[�e�Z�k�l�b�����h�[�j�Z�[�Z�l�u�\�Z�e�b��
�n�h�j�b�k�_�i�l�h�f���� �K�d�Z�e�v�i�_�e�_�f�� �i�m�l�_�f�� �b�k�k�_�q�_�g�b�y�� �i�j�h��
�\�h�^�b�e�b�� �j�Z�g�_�\�h�_�� �i�h�\�j�_�`�^�_�g�b�_�� �d�h�`�b�� �j�Z�a�f�_�j�h�f��
20 �î���������f�f�������������f�f2�������I�h�^�h�i�u�l�g�u�o���d�j�u�k���\�u�\�h�^�b��
�e�b�� �b�a�� �w�d�k�i�_�j�b�f�_�g�l�Z�� �g�Z�� ������ �������� ������ �b�� ����-�_�� �k�m�l�d�b��
�\ �k�h�h�l�\�_�l�k�l�\�b�b���k���I�j�Z�\�b�e�Z�f�b���e�Z�[�h�j�Z�l�h�j�g�h�c�����i�j�Z�� �� �� �� �� �� �� �� �� �� �� �� ���� ���� �� �� �� �� �� �� �� �� ���� �� �� �� �� �� �� �� �� �� �� �� �E���� �� ���d��
�l�b�d�b�� �\�� �J�N�� ���i�j�b�d�Z�a�� �F�A�� �J�N�� �h�l�� ���������������������� �‹�� ������������
�W�\�l�Z�g�Z�a�b�x�� �i�j�h�\�h�^�b�e�b�� �^�_�d�Z�i�b�l�Z�p�b�_�c�� �i�h�^�� �g�Z�j�d�h��
�a�h�f�� ���l�b�h�i�_�g�l�Z�e�� �g�Z�l�j�b�y�� �\�� �^�h�a�_�� ������ �f�]���d�]���� �\�g�m�l�j�b��
�[�j�x�r�b�g�g�h������ 

�>�e�y�� �f�h�j�n�h�e�h�]�b�q�_�k�d�b�o�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �h�[�j�Z�a��
�p�u�� �l�d�Z�g�_�c�� ���n�j�Z�]�f�_�g�l�u�� �d�h�`�b�� �b�� �i�h�^�e�_�`�Z�s�b�o�� �l�d�Z��
�g�_�c�����n�b�d�k�b�j�h�\�Z�e�b���\��������-�f���j�Z�k�l�\�h�j�_���g�_�c�l�j�Z�e�v�g�h��
�]�h�� �a�Z�[�m�n�_�j�_�g�g�h�]�h�� �n�h�j�f�Z�e�b�g�Z�� ���j�G-7,4) �\�� �l�_�q�_�g�b�_��
�������q�Z�k�h�\���k���^�Z�e�v�g�_�c�r�b�f���h�[�_�a�\�h�`�b�\�Z�g�b�_�f���\���[�Z�l�Z��
�j�_�_���k�i�b�j�l�h�\���b���b�a�]�h�l�h�\�e�_�g�b�_�f���i�Z�j�Z�n�b�g�h�\�u�o���[�e�h��
�d�h�\�����G�Z���j�h�l�h�j�g�h�f���f�b�d�j�h�l�h�f�_���b�a�]�h�l�Z�\�e�b�\�Z�e�b���k�j�_��
�a�u���l�h�e�s�b�g�h�c�����±�����f�d�f�����>�e�y���\�u�y�\�e�_�g�b�y���i�Z�l�h�e�h�]�b��
�q�_�k�d�b�o�� �i�j�h�p�_�k�k�h�\ �i�j�h�b�a�\�h�^�b�e�b�� �h�d�j�Z�r�b�\�Z�g�b�_��

�]�_�f�Z�l�h�d�k�b�e�b�g�h�f�� �b�� �w�h�a�b�g�h�f�� �i�h�� �h�[�s�_�i�j�b�g�y�l�h�c��
�]�b�k�l�h�e�h�]�b�q�_�k�d�h�c���f�_�l�h�^�b�d�_.  

�>�e�y�� �k�l�Z�l�b�k�l�b�q�_�k�d�h�]�h�� �Z�g�Z�e�b�a�Z�� �i�h�e�m�q�_�g�g�u�o��
�^�Z�g�g�u�o�� �b�k�i�h�e�v�a�h�\�Z�e�b�� �i�j�h�]�j�Z�f�f�g�u�c�� �i�Z�d�_�l�� �©Sta-
tistica�ª�� ������ ��Statsoft���� �K�R�:������ �>�e�y�� �k�j�Z�\�g�_�g�b�y�� �^�\�m�o��
�g�_�a�Z�\�b�k�b�f�u�o�� �\�u�[�h�j�h�d�� �b�k�i�h�e�v�a�h�\�Z�e�b�� �8-�d�j�b�l�_�j�b�c��
�F�Z�g�g�Z���± �M�b�l�g�b�����A�Z���m�j�h�\�_�g�v���a�g�Z�q�b�f�h�k�l�b���j�Z�a�e�b�q�b�c��
�i�j�b�g�b�f�Z�e�b��p < 0,05.  

 
�J�?�A�M�E�V�L�:�L�U���B�K�K�E�?�>�H�<�:�G�B�Y�� 
�B���B�O���H�;�K�M�@�>�?�G�B�? 

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

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

�M�� �`�b�\�h�l�g�u�o��II �]�j�m�i�i�u�� �d�� �h�d�h�g�q�Z�g�b�x�� �w�d�k�i�_��
�j�b�f�_�g�l�Z���i�e�h�s�Z�^�v���j�Z�g�_�\�h�]�h���^�_�n�_�d�l�Z���k�g�b�`�Z�e�Z�k�v����
�j�Z�g�_�\�h�c�� �^�_�n�_�d�l�� �h�l�f�_�q�Z�e�k�y���� �M�k�l�Z�g�h�\�e�_�g�h���� �q�l�h��
�i�e�h�s�Z�^�v�� �j�Z�g�_�\�h�]�h�� �^�_�n�_�d�l�Z�� �\�� �^�b�g�Z�f�b�d�_�� �i�j�h��
�]�j�_�k�k�b�\�g�h�� �k�g�b�`�Z�e�Z�k�v�� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k�� �i�j�_�^�u�^�m��
�s�b�f�� �k�j�h�d�h�f�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �\�� �,�� �]�j�m�i�i�_�� �\�� �k�e�_�^�m�x��
�s�_�c�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b���� �g�Z�� ����-�_�� �k�m�l�d�b���± �g�Z��
�����������������g�Z������-�_���k�m�l�d�b���± �g�Z�������������������g�Z����8-�_���k�m�l�d�b���± 
�g�Z�������������������\�h���,�,���]�j�m�i�i�_�����g�Z������-�_���k�m�l�d�b���± �g�Z��������������, 
�g�Z�� ����-�_�� �k�m�l�d�b���± �g�Z�� ���������� ������ �g�Z�� ����-�_�� �k�m�l�d�b���± �g�Z��
�����������������k�f�����l�Z�[�e������ 

 
�I�e�h�s�Z�^�v���j�Z�g�_�\�h�]�h���^�_�n�_�d�l�Z���i�h�\�_�j�o�g�h�k�l�b���d�h�`�b ���F���“��SD) 

�W�d�k�i�_�j�b�f�_�g�l�����k�m�l��
�d�b�� 

�>�h�k�l�h�\�_�j�g�h�k�l�v���j�Z�a�e�b�q�b�c����p < 0,05 
I �]�j�m�i�i�Z�����`�b�\�h�l�g�u�_���k���f�h�^�_�e�b�j�h�\�Z�g�g�u�f�b�� 
�j�Z�g�Z�f�b�����i�e�h�s�Z�^�v���d�h�`�g�h�]�h���^�_�n�_�d�l�Z�����f�f2) 

II �]�j�m�i�i�Z�����`�b�\�h�l�g�u�_���k���K�>���L���b���f�h�^�_�e�b�j�h�\�Z�g�g�u�f�b��
�j�Z�g�Z�f�b�����i�e�h�s�Z�^�v���d�h�`�g�h�]�h���^�_�n�_�d�l�Z�����f�f2) 

7-�_�� 21,2 �r 1,4 
17,3 �r 1,0 
0,9 �r 0,3 

0,002 �r 0,01 

28,4 �r 1,6* 
23,7 �r 1,4* 
16,6 �r 1,0* 
5,3 �r 0,4* 

14-�_�� 
21-�_�� 
28-�_�� 

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

 
�G�Z�� ��-�k�m�l�d�b�� �w�d�k�i�_�j�b�f�_�g�l�Z�� �m�� �k�l�Z�j�u�o�� �d�j�u�k��

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

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

�<�� �]�j�m�i�i�_�� �k�l�Z�j�u�o�� �d�j�u�k�� �k�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v��
�g�u�f�� �k�Z�o�Z�j�g�u�f�� �^�b�Z�[�_�l�h�f�� ��-�]�h�� �l�b�i�Z �b�� �k�� �f�h�^�_�e�b��
�j�h�\�Z�g�g�h�c�� �j�Z�g�h�c �h�[�g�Z�j�m�`�_�g�h�� �g�Z�e�b�q�b�_�� �j�Z�g�_�\�h�c��
�i�h�\�_�j�o�g�h�k�l�b �k�� �g�_�d�j�h�l�b�a�b�j�h�\�Z�g�g�u�f�b�� �l�d�Z�g�y�f�b��
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�\ �\�b�^�_�� �^�_�l�j�b�l�Z�� �b�� �k�l�j�m�i�Z���� �<�� �w�i�b�^�_�j�f�b�k�_�� �m�q�Z�k�l�d�b��
�j�Z�a�j�Z�k�l�Z�g�b�y�� �b�� �j�_�]�_�g�_�j�Z�p�b�b�� �i�h�� �d�j�Z�y�f�� �j�Z�g�u�� �f�_��
�g�_�_�� �\�u�j�Z�`�_�g�g�u�_���� �q�_�f�� �m�� �d�h�g�l�j�h�e�v�g�u�o�� �`�b�\�h�l�g�u�o��
�l�h�c�� �`�_�� �\�h�a�j�Z�k�l�g�h�c�� �]�j�m�i�i�u���� �I�h�^�� �k�l�j�m�i�h�f�� �h�i�j�_�^�_��
�e�y�x�l�k�y�� �g�_�c�l�j�h�n�b�e�v�g�u�_�� �e�_�c�d�h�p�b�l�u���� �i�j�b�a�g�Z�d�b��
�n�Z�]�h�p�b�l�h�a�Z�� �\�u�j�Z�`�_�g�u�� �f�_�g�v�r�_���� �q�l�h���� �i�h�� �g�Z�r�_�f�m��
�f�g�_�g�b�x���� �h�l�j�Z�`�Z�_�l�� �g�Z�j�m�r�_�g�b�_���\�� �k�b�k�l�_�f�_�� �Z�g�l�b�h�d��
�k�b�^�Z�g�l�g�h�c���a�Z�s�b�l�u���b���k�h�i�j�h�\�h�`�^�Z�_�l�k�y���k�g�b�`�_�g�b�_�f��
�m�j�h�\�g�y��NO �b���Z�d�l�b�\�g�u�o���n�h�j�f���d�b�k�e�h�j�h�^�Z�����d�h�l�h�j�u�_��
�\�u�j�Z�[�Z�l�u�\�Z�x�l�k�y�� �w�l�b�f�b���d�e�_�l�d�Z�f�b���>5�@���� �<�h�a�f�h�`�g�h�_��
�k�g�b�`�_�g�b�_�� �\�u�j�Z�[�h�l�d�b��NO �\�� �n�Z�a�m�� �i�j�h�e�b�n�_�j�Z�p�b�b��
�f�h�`�_�l�� �k�i�h�k�h�[�k�l�\�h�\�Z�l�v�� �k�g�b�`�_�g�b�x�� �k�b�g�l�_�a�Z���d�h�e�e�Z��
�]�_�g�Z���>6�@�����<���[�h�e�_�_���]�e�m�[�h�d�b�o���h�l�^�_�e�Z�o���j�Z�g���h�l�f�_�q�_�g�h��
�g�Z�e�b�q�b�_�� �w�d�k�k�m�^�Z�l�Z���� �h�[�b�e�v�g�Z�y�� �b�g�n�b�e�v�l�j�Z�p�b�y�� �i�h��
�e�b�f�h�j�n�g�h-�y�^�_�j�g�u�f�b�� �e�_�c�d�h�p�b�l�Z�f�b�� �b�� �]�b�k�l�b�h�p�b��
�l�Z�f�b���� �d�h�l�h�j�u�_�� �j�Z�k�i�h�e�h�`�_�g�u�� �^�b�n�n�m�a�g�h�����q�Z�k�l�v��
�b�a �g�b�o���± �i�_�j�b�\�Z�k�d�m�e�y�j�g�h���� �q�l�h���� �i�h-�\�b�^�b�f�h�f�m���� �k�\�b��
�^�_�l�_�e�v�k�l�\�m�_�l�� �h�� �i�h�\�u�r�_�g�g�h�c�� �i�j�h�g�b�p�Z�_�f�h�k�l�b�� �k�h��
�k�m�^�b�k�l�h�c�� �k�l�_�g�d�b���� �k�i�h�k�h�[�k�l�\�m�x�s�_�c�� �i�h�^�^�_�j�`�Z�g�b�x��
�\�h�k�i�Z�e�_�g�b�y���� �<�� �b�g�l�b�f�_�� �d�j�h�\�_�g�h�k�g�u�o�� �k�h�k�m�^�h�\�� �h�l��
�f�_�q�_�g�u�� �i�j�b�a�g�Z�d�b�� �i�h�\�j�_�`�^�_�g�b�y�� �w�g�^�h�l�_�e�b�y����
�G�Z�[�e�x�^�Z�_�l�k�y�� �i�h�y�\�e�_�g�b�_�� �d�h�e�e�Z�]�_�g�h�\�u�o�� �\�h�e�h�d�h�g����
�g�Z�e�b�q�b�_�� �]�j�Z�g�m�e�y�p�b�h�g�g�h�c�� �l�d�Z�g�b���� �g�_�a�g�Z�q�b�l�_�e�v�g�Z�y��
�w�i�b�l�_�e�b�a�Z�p�b�y�����j�b�k���������� 

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

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

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

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

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

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

�< �]�j�m�i�i�_�� �d�j�u�k�� �k �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�f���k�Z��
�o�Z�j�g�u�f�� �^�b�Z�[�_�l�h�f 2-�]�h�� �l�b�i�Z �j�Z�g�_�\�Z�y�� �i�h�\�_�j�o��
�g�h�k�l�v�� �i�h�d�j�u�l�Z�� �k�l�j�m�i�h�f���� �]�j�Z�g�m�e�y�p�b�h�g�g�Z�y�� �l�d�Z�g�v��
�k �\�u�j�Z�`�_�g�g�h�c�� �i�h�e�b�f�h�j�n�g�h-�g�m�d�e�_�Z�j�g�h�c�� �e�_�c�d�h��
�p�b�l�Z�j�g�h�c�� �b�g�n�b�e�v�l�j�Z�p�b�_�c�� ���j�b�k���� ������ �G�_�c�l�j�h�n�b�e�v��
�g�u�_�� �e�_�c�d�h�p�b�l�u�� �i�j�_�h�[�e�Z�^�Z�x�l�� �\�� �i�h�\�_�j�o�g�h�k�l�g�u�o��
�g�_�w�i�b�l�_�e�b�a�b�j�h�\�Z�g�g�u�o�� �h�l�^�_�e�Z�o���� �H�l�f�_�q�_�g�h�� �k�e�Z�[�h��
�\�u�j�Z�`�_�g�g�h�_�� �k�h�a�j�_�\�Z�g�b�_�� �]�j�Z�g�m�e�y�p�b�h�g�g�h�c�� �l�d�Z�g�b����
�i�j�_�h�[�e�Z�^�Z�x�l�� �d�e�_�l�d�b�� �k�h�_�^�b�g�b�l�_�e�v�g�h�c�� �l�d�Z�g�b���� �g�_��
�[�h�e�v�r�h�_�� �d�h�e�b�q�_�k�l�\�h�� �d�h�e�e�Z�]�_�g�h�\�u�o�� �\�h�e�h�d�h�g���� �h�l��
�f�_�q�Z�_�l�k�y�� �m�f�_�j�_�g�g�h�_�� �d�h�e�b�q�_�k�l�\�_ �\�g�h�\�v�� �h�[�j�Z�a�h��
�\�Z�g�g�u�o���k�h�k�m�^�h�\�����<���f�u�r�_�q�g�h�c���l�d�Z�g�b���g�Z�[�e�x�^�Z�_�l�k�y��
�^�b�k�l�j�h�n�b�y�����f�_�`�f�u�r�_�q�g�Z�y���e�b�f�n�h�]�b�k�l�b�h�p�b�l�Z�j�g�Z�y��
�b�g�n�b�e�v�l�j�Z�p�b�y���b���k�d�h�i�e�_�g�b�_���`�b�^�d�h�k�l�b��  

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

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

�q�_�k�d�h�]�h�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �h�� �i�j�h�p�_�k�k�_�� �a�Z�`�b�\�e�_�g�b�y��
�j�Z�g�� �i�j�b�� �f�h�^�_�e�b�j�h�\�Z�g�b�b�� �K�>���L�� �m�� �k�l�Z�j�u�o�� �d�j�u�k��
�k�h�]�e�Z�k�m�x�l�k�y�� �k�� �^�Z�g�g�u�f�b�� �h�� �i�j�h�p�_�k�k�Z�o���j�_�]�_�g�_�j�Z��
�p�b�b���� �k�h�i�j�h�\�h�`�^�Z�x�l�k�y�� �f�_�l�Z�[�h�e�b�q�_�k�d�b�f�b�� �b�� �h�[��
�f�_�g�g�u�f�b�� �g�Z�j�m�r�_�g�b�y�f�b���� �i�j�b�� �d�h�l�h�j�u�o���i�j�h�b�k�o�h��
�^�y�l�� �k�g�b�`�_�g�b�_�� �l�d�Z�g�_�\�h�]�h�� �d�j�h�\�h�h�[�j�Z�s�_�g�b�y���� �j�Z�a�\�b��
�l�b�_���f�_�k�l�g�h�c���]�b�i�h�d�k�b�b�����Z�p�b�^�h�a�Z���l�d�Z�g�_�c�����f�b�d�j�h�[�g�h�c 
�d�h�g�l�Z�f�b�g�Z�p�b�b���>6, 7].  

�M���e�b�p���k���K�>���L���j�b�k�d���j�Z�a�\�b�l�b�y���b�g�n�_�d�p�b�h�g�g�u�o��
�h�k�e�h�`�g�_�g�b�c�� �\�� �j�Z�a�u�� �\�u�r�_���� �q�_�f�� �m�� �i�Z�p�b�_�g�l�h�\�� �[�_�a��
�K�>�� �>8, 9]. �K�Z�o�Z�j�g�u�c�� �^�b�Z�[�_�l�� �a�Z�f�_�^�e�y�_�l�� �a�Z�`�b�\��
�e�_�g�b�_�� �j�Z�g���� �d�h�l�h�j�h�_�� �k�l�Z�g�h�\�b�l�k�y�� �^�e�b�l�_�e�v�g�u�f��
�k �j�_�p�b�^�b�\�b�j�m�x�s�b�f�b�� �i�h�\�j�_�`�^�_�g�b�y�f�b�� �b�� �b�g�n�_�d��
�p�b�y�f�b�� �>��0�@���� �I�h�e�m�q�_�g�g�u�_�� �g�Z�f�b�� �^�Z�g�g�u�_�� �i�h�^�l�\�_�j��
�`�^�Z�x�l�� �f�g�_�g�b�_���� �q�l�h�� �l�_�q�_�g�b�_�� �j�Z�g�_�\�h�]�h�� �i�j�h�p�_�k�k�Z��
�k�l�Z�g�h�\�b�l�k�y���[�h�e�_�_���^�e�b�l�_�e�v�g�u�f���i�h���k�j�Z�\�g�_�g�b�x���k�h��
�a�^�h�j�h�\�u�f�b�� �`�b�\�h�l�g�u�f�b���� �L�Z�d���� �\�� �]�j�m�i�i�_�� �m�� �k�l�Z�j�u�o��
�`�b�\�h�l�g�u�o���k���f�h�^�_�e�b�j�h�\�Z�g�g�h�c���j�Z�g�h�c���g�Z������-�_ �k�m�l��
�d�b�� �i�j�h�b�k�o�h�^�b�l�� �i�h�e�g�h�p�_�g�g�Z�y�� �j�_�w�i�b�l�_�e�b�a�Z�p�b�y��
�l�d�Z�g�_�c���i�j�b���h�l�k�m�l�k�l�\�b�b���\�e�b�y�g�b�y���]�b�i�_�j�]�e�b�d�_�f�b�b���� 

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

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

 
�A�:�D�E�X�Q�?�G�B�? 

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