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RADIATION RISK FOR YOUR EYES OCCUPATIONALLY EXPOSED PERSONS PRI 

INTERVENTIONAL RADIOLOGY PROCEDURES 
 

ABSTRACT: 
The paper deals with radiation risk to the eyes of professionally exposed persons in interventional 

radiological procedures. The approach is explicit, with direct measurement of equivalent dose. Ways to 
reduce the equivalent dose of ionizing radiation to the lens of the eye in local and global terms are presented 
in this paper. The contribution of ionizing radiation in medical diagnosis and treatment is immeasurable but 
the use must be controlled. 

Keywords: radiation risk, professionally exposed persons, the eyes, the equivalent dose of ionizing 
radiation, protection measures. 

1. �M�<�H�> 

�>�h�i�j�b�g�h�k�� �•�h�g�b�a�m�•�m�„�_�]�� �a�j�Z�q�_�ƒ�Z�� �m�� �f�_�^�b�p�b�g�k�d�h�•�� �^�b�•�Z�]�g�h�k�l�b�p�b�� �b�� �l�_�j�Z�i�b�•�b�� �•�_�� �g�_�f�_�j�‚�b�\�� �Z�e�b��
�m�i�h�l�j�_�[�Z�� �f�h�j�Z�� �[�b�l�b�� �d�h�g�l�j�h�e�b�k�Z�g�Z���� �>�\�Z�� �h�k�g�h�\�g�Z�� �i�j�b�g�p�b�i�Z�� �m�� �a�Z�r�l�b�l�b�� �h�^�� �i�j�_�d�h�f�_�j�g�_�� �b�j�Z�^�b�•�Z�p�b�•�_����
�d�h�•�b�f�Z�� �f�h�j�Z�•�m�� �^�Z�� �k�_�� �� �j�m�d�h�\�h�^�_�� �f�_�^�b�p�b�g�k�d�h�� �b�� �l�_�o�g�b�q�d�h�� �h�k�h�[�‚�_�� �m�� �f�_�^�b�p�b�g�k�d�h�•�� �i�j�b�f�_�g�b�� �•�h�g�b�a�m�•�m�„�_�]��
�a�j�Z�q�_�ƒ�Z�� �•�_�k�m�� �h�i�l�b�f�b�a�Z�p�b�•�Z���� �l�•���� �f�b�g�b�f�b�a�b�j�Z�ƒ�_�� �b�a�e�Z�]�Z�ƒ�Z�� �i�Z�p�b�•�_�g�l�Z�� �d�Z�^�� �]�h�^�� �•�_�� �l�h�� �f�h�]�m�„�_���� �m�a���h�q�m�\�Z�ƒ�_��
�d�\�Z�e�b�l�_�l�Z���f�_�^�b�p�b�g�k�d�_���k�e�b�d�_���g�Z���g�b�\�h�m���d�h�•�b�� �h�f�h�]�m�„�Z�\�Z���i�h�m�a�^�Z�g�m���^�b�•�Z�]�g�h�k�l�b�d�m�����b���h�i�j�Z�\�^�Z�g�h�k�l���i�j�b�f�_�g�_����
�g�Z���l�_�f�_�‚�m���k�i�h�a�g�Z�•�_���i�h�l�_�g�p�b�•�Z�e�g�h�]�� �[�_�g�_�n�b�l�Z���h�^�g�h�k�g�h���[�b�h�e�h�r�d�b�� �r�l�_�l�g�h�]���m�l�b�p�Z�•�Z�������������������������������������������������� 

�I�h�k�l�h�•�_�� �l�j�b�� �h�[�e�b�d�Z���d�Z�l�Z�j�Z�d�l�_���� �g�m�d�e�_�Z�j�g�Z���� �d�h�j�l�b�d�Z�e�g�Z���b�� �i�h�k�l-�k�m�[�d�Z�i�k�m�e�Z�j�g�Z�����I�K�P- �i�h�k�l�_�j�b�h�j��
�k�m�[�p�Z�i�k�m�e�Z�j������ �L�j�_�„�b�� �h�[�e�b�d�� �k�_�� �g�Z�•�q�_�r�„�_�� �i�h�\�_�a�m�•�_�� �k�Z�� �•�h�g�b�a�m�•�m�„�b�f�� �a�j�Z�q�_�ƒ�_�f�� �>������ ������ ���@���� �H�\�Z�� �\�j�k�l�Z��
�d�Z�l�Z�j�Z�d�l�_�� �k�_�� �n�h�j�f�b�j�Z�� �g�Z�� �a�Z�^�ƒ�_�f�� �^�_�e�m�� �h�d�Z�� �b�� �b�a�Z�a�b�\�Z�� �i�h�l�_�r�d�h�„�_�� �m�� �j�Z�a�e�b�d�h�\�Z�ƒ�m�� �d�h�g�l�j�Z�k�l�Z���� �Z�� �m��
�i�h�h�^�f�Z�d�e�h�•�� �n�Z�a�b�� �g�Z�k�l�Z�•�_�� �b�� �]�m�[�b�l�Z�d�� �\�b�^�Z���� �G�Z�d�h�g�� �b�a�e�Z�]�Z�ƒ�Z�� �•�h�g�b�a�m�•�m�„�_�f�� �a�j�Z�q�_�ƒ�m���� �i�j�\�_�� �i�j�h�f�_�g�_�� �k�_��
�•�Z�\�‚�Z�•�m�� �m�� �a�Z�^�ƒ�_�f�� �k�m�[�d�Z�i�k�m�e�Z�j�g�h�f�� �j�_�]�b�h�g�m�� �h�q�g�h�]�� �k�h�q�b�\�Z�� �b�� �k�Z�k�l�h�•�_�� �k�_�� �h�^�� �f�Z�e�b�o�� �l�Z�q�Z�d�Z�� �d�h�•�_�� �k�_��
�\�j�_�f�_�g�h�f���i�j�_�l�\�Z�j�Z�•�m���m���\�_�„�Z���h�r�l�_�„�_�ƒ�Z���>���@�����B���e�Z�l�_�g�l�g�Z���b���^�b�j�_�d�l�g�Z���d�Z�l�Z�j�Z�d�l�Z���a�Z�\�b�k�_���h�^���^�h�a�_���>���������@���� 

�G�Z�� �i�j�h�n�_�k�b�h�g�Z�e�g�h�� �b�a�e�h�`�_�g�Z�� �e�b�p�Z�� �i�j�b�� �b�g�l�_�j�\�_�g�l�g�b�f�� �i�j�h�p�_�^�m�j�Z�f�Z�� �f�h�j�Z�� �k�_���h�[�j�Z�l�b�l�b�� �i�h�k�_�[�g�Z��
�i�Z�`�ƒ�Z���k�Z���h�\�h�]�� �Z�k�i�_�d�l�Z���� �G�_�i�h�[�b�l�g�h���•�_�� �m�l�\�j�{�_�g�h���^�Z���•�h�g�b�a�m�•�m�„�_���a�j�Z�q�_�ƒ�_���f�h�`�_���b�a�Z�a�\�Z�l�b���d�Z�l�Z�j�Z�d�l�m���>���������@����
�B�Z�d�h�� �i�_�j�b�h�^�� �e�Z�l�_�g�p�b�•�_�� �f�h�`�_�� �l�j�Z�•�Z�l�b�� �f�g�h�]�h�� �]�h�^�b�g�Z���� �[�h�e�_�k�l�� �^�_�n�b�g�b�l�b�\�g�h�� �i�h�^�f�m�d�e�h�� �b�� �d�h�g�k�l�Z�g�l�g�h��
�g�Z�i�j�_�^�m�•�_�� �>���@�� �a�Z�•�_�^�g�h�� �k�Z�� �i�h�\�_�„�Z�\�Z�ƒ�_�f�� �b�g�l�_�a�b�l�_�l�Z�� �b�� �m�q�_�k�l�Z�g�h�r�„�m�� �h�a�j�Z�q�b�\�Z�ƒ�Z�� �>��-������ ���@���� �I�h�k�e�_�^�ƒ�b�o��
�]�h�^�b�g�Z�� �•�_�� �h�\�h�� �i�b�l�Z�ƒ�_���m���[�b�h�^�h�a�b�f�_�l�j�b�•�k�d�h�f�� �n�h�d�m�k�m���>��, 8-�����@���•�_�j�� �k�m���g�h�\�b�� �_�e�_�f�_�g�l�b�� �m���_�i�b�^�_�f�b�h�e�h�r�d�b�f��
�k�l�m�^�b�•�Z�f�Z�� �� �j�_�\�_�^�b�j�Z�e�b�� �i�h�k�l�h�•�_�„�Z�� �a�g�Z�ƒ�Z�� �h�� �f�_�o�Z�g�b�a�f�b�f�Z�� �g�Z�k�l�Z�g�d�Z�� �k�Z�f�_�� �[�h�e�_�k�l�b�� �l�•���� �k�Z�\�j�_�f�_�g�Z��
�b�k�l�j�Z�`�b�\�Z�ƒ�Z���m�d�Z�a�m�•�m���^�Z���•�_�� �i�j�Z�]�� �^�h�a�_���a�Z���g�Z�k�l�Z�g�Z�d���d�Z�l�_�j�Z�d�l�_���^�Z�e�_�d�h���g�b�`�b���h�^���j�Z�g�b�•�_���m�l�\�j�{�_�g�b�o���>���@�����b���^�Z��
�f�h�`�_�� �[�b�l�b�� �m�� �b�g�l�_�j�\�Z�e�m�� �h�^�� �������� �^�h�� �������� �f�=�\�� �>�������� �����@���� �r�l�h�� �•�_�� �m�l�b�p�Z�e�h�� �g�Z�� �i�j�_�i�h�j�m�d�m�� �^�Z�� �k�_�� �]�j�Z�g�b�p�Z��
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�d�h�•�h�•�� �i�h�a�b�p�b�•�b�� �g�Z���l�_�e�m�����g�_�a�Z�\�b�k�g�h���h�^���m�i�Z�^�g�h�]�� ���b�g�p�b�^�_�g�l�g�h�]�� �m�]�e�Z���a�j�Z�q�_�ƒ�Z�����m���h�i�k�_�a�b�f�Z���h�^��1 nGy �± 9999 
Gy i10 nGy/s �± 0,6 mGy/s���� �j�_�k�i�_�d�l�b�\�g�h���� �a�Z���h�^�j�_�{�_�g�b���^�_�h���l�_�e�Z�����g�i�j���� �h�q�b���� �r�Z�d�_�����k�l�h�i�Z�e�Z�����L�Z�d�h�{�_���f�_�j�b���b��



�J�b�a�b�d���b���[�_�a�[�_�^�g�h�k�g�b���b�g�`�_�ƒ�_�j�b�g�]��- �D�h�i�Z�h�g�b�d��������4. 

3 

�m�d�m�i�g�h�� �\�j�_�f�_���b�a�e�Z�]�Z�ƒ�Z���L�Z�d�h�{�_���b�f�Z���b���Z�e�Z�j�f�_���d�h�•�b�� �k�_���Z�d�l�b�\�b�j�Z�•�m���d�Z�^�Z���k�_���^�h�k�l�b�]�g�m���h�^�Z�[�j�Z�g�_���]�j�Z�g�b�p�_��
�^�h�a�_���b�e�b���•�Z�q�b�g�_���^�h�a�_�� �D�Z�e�b�[�j�Z�p�b�•�Z�� �^�h�a�b�f�_�l�j�Z���•�_���h�[�Z�\�‚�_�g�Z���m���K�K�>�E�����K�_�d�m�g�^�Z�j�g�h�•�� �K�l�Z�g�^�Z�j�^�g�h�•��
�>�h�a�b�f�_�l�j�b�•�k�d�h�•�� �E�Z�[�h�j�Z�l�h�j�b�•�b���� �m���B�g�k�l�b�l�m�l�m���a�Z���g�m�d�e�_�Z�j�g�_���g�Z�m�d�_���<�b�g�q�Z���� �m���k�l�Z�g�^�Z�j�^�g�h�f���G-�������d�\�Z�e�b�l�_�l�m��
�k�g�h�i�Z�� 

5. �K�M�F�B�J�:�G�B���J�?�A�M�E�L�:�L�B���I�H���B�G�L�?�J�<�?�G�L�G�B�F���I�J�H�P�?�>�M�J�:�F�: 

�B�g�l�_�j�\�_�g�l�g�_���d�Z�j�^�b�h�e�h�r�d�_���i�j�h�p�_�^�m�j�_ 
- �[�j�h�•���f�_�j�_�ƒ�Z�������� 
- �j�_�g�^�]�_�g���m�j�_�{�Z�•�b�� �$�[�L�R�P�� �$�U�W�L�V���'�)�&���± �6�L�H�P�H�Q�V�´�����Ä�$�[�L�R�P���$�U�W�L�V���'�)�$���± �6�L�H�P�H�Q�V�´�� 
- �k�j�_�^�ƒ�Z���\�j�_�^�g�h�k�l��Hp(3)±�d�\�Z�^�j�Z�l�g�b���d�h�j�_�g���\�Z�j�b�•�Z�g�k�_��121±84 ��Sv 
-�f�Z�d�k�b�f�Z�e�g�Z���b�a�f�_�j�_�g�Z���\�j�_�^�g�h�k�l���+�S���������������� ��Sv 
-�k�j�_�^�ƒ�Z���\�j�_�^�g�h�k�l���.�$�3�“�d�\�Z� �̂j�Z�l�g�b���d�h�j�_�g���\�Z�j�b�•�Z�g�k�_��198±125 Gycm2  
- �f�Z�d�k�b�f�����[�j�h�•���b�g�l�_�j�\�_�g�p�b�•�Z�� �g�Z���]�h�^�b�r�ƒ�_�f���g�b�\�h�m�� ���g�Z���h�k�g�h�\�m���k�j�_�^�ƒ�_���\�j�_�^�g�h�k�l�b����Hp(3)) 165 
-�d�h�j�_�e�Z�p�b�h�g�b�� �n�Z�d�l�h�j���+�S���������.�$�3���������� 
 
�M�]�j�Z�^�ƒ�Z���i�_�•�k�f�_�•�d�_�j�Z 
- �[�j�h�•���f�_�j�_�ƒ�Z��45 
- �j�_�g�^�]�_�g���m�j�_�{�Z�•�Ä�$�O�O�X�U�D�� �;�S�H�U���)�'��������������-  �3�K�L�O�L�S�V�´�� �� 
- �k�j�_�^�ƒ�Z���\�j�_�^�g�h�k�l��Hp(3)± �d�\�Z�^�j�Z�l�g�b���d�h�j�_�g���\�Z�j�b�•�Z�g�k�_��43,4±20,6 ��Sv 
- �f�Z�d�k�b�f�Z�e�g�Z���b�a�f�_�j�_�g�Z���\�j�_�^�g�h�k�l���+�S������������������ ��Sv 
- �k�j�_�^�ƒ�Z���\�j�_�^�g�h�k�l���.�$�3�“�d�\�Z�^�j�Z�l�g�b���d�h�j�_�g���\�Z�j�b�•�Z�g�k�_�����������“���������*�\�F�P2   
- �f�Z�d�k�b�f�����[�j�h�•���b�g�l�_�j�\�_�g�p�b�•�Z�� �g�Z���]�h�^�b�r�ƒ�_�f���g�b�\�h�m�� ���g�Z���h�k�g�h�\�m���k�j�_�^�ƒ�_���\�j�_�^�g�h�k�l�b����Hp(3)) 454 
-�d�h�j�_�e�Z�p�b�h�g�b�� �n�Z�d�l�h�j���+�S���������.�$�3������������ 
 
�B�g�l�_�j�\�_�g�l�g�_���]�Z�k�l�j�h�_�g�l�_�j�h�e�h�r�d�_���i�j�h�p�_�^�m�j�_ 
- �[�j�h�•���f�_�j�_�ƒ�Z��38 
- �j�_�g�^�]�_�g���m�j�_�{�Z�• �Ä�'�X�R���'�L�D�J�Q�R�V�W���± �3�K�L�O�L�S�V�³ 
- �k�j�_�^�ƒ�Z���\�j�_�^�g�h�k�l��Hp(3)± �d�\�Z�^�j�Z�l�g�b���d�h�j�_�g���\�Z�j�b�•�Z�g�k�_��185,8±192,8 ��Sv 
- �f�Z�d�k�b�f�Z�e�g�Z���b�a�f�_�j�_�g�Z���\�j�_�^�g�h�k�l�������������� ��Sv 
- �k�j�_�^�ƒ�Z���\�j�_�^�g�h�k�l���.�$�3�“�d�\�Z�^�j�Z�l�g�b���d�h�j�_�g���\�Z�j�b�•�Z�g�k�_���������“�������*�\�F�P2 

- �f�Z�d�k�b�f�����[�j�h�•���b�g�l�_�j�\�_�g�p�b�•�Z�� �g�Z���]�h�^�b�r�ƒ�_�f���g�b�\�h�m�� ���g�Z���h�k�g�h�\�m���k�j�_�^�ƒ�_���\�j�_�^�g�h�k�l�b����Hp(3)) 107 
- �d�h�j�_�e�Z�p�b�h�g�b�� �n�Z�d�l�h�j���+�S������/KAP 0.79 
 
�H�i�_�j�Z�l�b�\�g�b���h�j�l�h�i�_�^�k�d�b���a�Z�o�\�Z�l�b 
-�[�j�h�•�� �f�_�j�_�ƒ�Z������ 
- �j�_�g�^�]�_�g���m�j�_�{�Z�• �ÄArcadis Varic�± Siemens�³�� 
- �k�j�_�^�ƒ�Z���\�j�_�^�g�h�k�l��Hp(3)± �d�\�Z�^�j�Z�l�g�b���d�h�j�_�g���\�Z�j�b�•�Z�g�k�_��55,1±37,9 ��Sv 
- �f�Z�d�k�b�f�Z�e�g�Z���b�a�f�_�j�_�g�Z���\�j�_�^�g�h�k�l������������Sv 
- �k�j�_�^�ƒ�Z���\�j�_�^�g�h�k�l���.�$�3�“�d�\�Z�^�j�Z�l�g�b���d�h�j�_�g���\�Z�j�b�•�Z�g�k�_�����������“���������*�\�F�P2 

- �f�Z�d�k�b�f�����[�j�h�•���b�g�l�_�j�\�_�g�p�b�•�Z�� �g�Z���]�h�^�b�r�ƒ�_�f���g�b�\�h�m�� ���g�Z���h�k�g�h�\�m���k�j�_�^�ƒ�_���\�j�_�^�g�h�k�l�b����Hp(3)) 361 
- �d�h�j�_�e�Z�p�b�h�g�b�� �n�Z�d�l�h�j���+�S���������.�$�3���������� 
 
�M�d�m�i�Z�g���i�j�h�p�_�g�Z�l�� �m�i�h�l�j�_�[�_���a�Z�r�l�b�l�g�b�o���k�j�_�^�k�l�Z�\�Z�������������h�[�a�_�j�\�Z�p�b�•�_���� 
-�d�_�p�_�‚�_������������ �� 
-�h�d�h�\�j�Z�l�g�b�p�b�� ������������ �� 
-�g�Z�h�q�Z�j�b�������������� �� 

6. �>�B�K�D�M�K�B�3�: 

�I�j�_�p�b�a�g�Z�� �f�_�j�_�ƒ�Z�� �m�� �d�e�b�g�b�q�d�b�f�� �m�k�e�h�\�b�f�Z�� �g�_�^�h�k�l�Z�•�m�� �m�� �e�b�l�_�j�Z�l�m�j�b�� �b�� �h�\�h�� �•�_���� �m�a���k�\�Z���h�]�j�Z�g�b�q�_�ƒ�Z���� �•�_�^�g�Z��
�k�\�_�h�[�m�o�\�Z�l�g�Z�� �Z�g�Z�e�b�a�Z�� �j�Z�^�b�•�Z�p�b�h�g�h�]�� �b�a�e�Z�]�Z�ƒ�Z�� �a�Z�� �k�\�_�� �]�j�m�i�Z�p�b�•�_�� �b�g�l�_�j�\�_�g�l�g�b�o�� �d�e�b�g�b�q�d�b�o�� �i�j�h�p�_�^�m�j�Z����
�K�j�`�� �i�j�h�[�e�_�f�Z�l�b�d�_�� �� �•�_�� �m�� �l�h�f�_�� �r�l�h�� �g�_�� �i�h�k�l�h�•�b�� �•�Z�k�Z�g�� �d�h�g�p�_�g�a�m�k�� �h�d�h�� �d�h�j�_�e�Z�p�b�•�_�� �i�Z�p�b�•�_�g�l�g�_�� �^�h�a�_���� �q�b�•�_��
�f�_�j�_�ƒ�_ �•�_�� �m�d�‚�m�q�_�g�h�� �m�� �_�e�_�d�l�j�h�g�k�d�b�� �k�b�k�l�_�f�� �j�_�g�^�]�_�g�� �m�j�_�{�Z�•�Z���� �b�� �j�Z�^�b�•�Z�p�b�h�g�_�� �^�h�a�_�� �a�Z�� �h�q�g�h���k�h�q�b�\�h���� �K�Z��
�^�j�m�]�_�� �k�l�j�Z�g�_���� �i�h�k�l�h�•�_�� �[�j�h�•�g�_�� �k�l�m�^�b�•�_�� �h�� �\�_�a�b�� �b�a�f�_�{�m���i�j�h�b�a�\�h�^�Z�� �d�_�j�f�_�� �b�� �i�h�\�j�r�b�g�_�� ���D�:�I���� �b�� �^�h�a�_�� �a�Z��
�i�j�h�n�_�k�b�h�g�Z�e�g�h���b�a�e�h�`�_�g�Z���e�b�p�Z��[9,21-23], �l�Z�d�h���^�Z���k�f�h�� �m���j�Z�^�m���`�_�e�_�e�b���b�� �f�b���^�Z���^�Z�f�h���^�h�i�j�b�g�h�k���m���i�j�h�\�_�j�b��
�l�_���o�b�i�h�l�_�a�_���� 
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�I�h�k�l�h�•�_�� �[�j�h�•�g�_�� �k�l�m�^�b�•�_�� �]�^�_�� �k�m�� �f�_�j�_�g�_�� �� �_�d�\�b�\�Z�e�_�g�l�g�_���^�h�a�_�� �a�Z�� �\�j�Z�l�g�h�� �i�h�^�j�m�q�•�_�� ���k�Z�� �Z�d�p�_�g�l�h�f�� �g�Z��
�j�Z�^�b�•�Z�p�b�h�g�b�� �m�l�b�p�Z�•�� �g�Z�� �r�l�b�l�g�m�� �`�e�_�a�^�m������ �>�Z�� �e�b�� �k�_�� �l�b�� �j�_�a�m�e�l�Z�l�b�� �f�h�]�m�� �b�k�d�h�j�b�k�l�b�l�b�� �a�Z�� �i�j�h�p�_�g�m��
�_�d�\�b�\�Z�e�_�g�l�g�_���^�h�a�_���a�Z���h�q�g�h���k�h�q�b�\�h�"�� �H�^�j�_�{�_�g���[�j�h�•�� �j�Z�^�h�\�Z���m�d�Z�a�m�•�_���^�Z���k�_���h�^�]�h�\�Z�j�Z�•�m�„�Z���_�k�l�b�f�Z�p�b�•�Z���f�h�`�_��
�g�Z�i�j�Z�\�b�l�b�� �� �>���������������@�� �a�Z�� �_�g�_�j�]�b�•�_�� �[�� �a�j�Z�q�_�ƒ�Z���d�h�•�_�� �k�_�� �d�h�j�b�k�l�_�� �i�j�b�� �b�g�l�_�j�\�_�g�l�g�b�f�� �i�j�h�p�_�^�m�j�Z�f�Z���� �r�l�h�� �k�_�� �m��
�^�h�[�j�h�•�� �f�_�j�b�� �i�h�d�e�Z�i�Z�� �b�� �k�Z���F�h�g�l�_�� �P�Z�j�e�h���k�b�f�m�e�Z�p�b�•�Z�f�Z���>�����@���d�h�•�_�� �k�m�]�_�j�b�r�m���^�Z���•�_�� �_�d�\�b�\�Z�e�_�g�l�g�Z���^�h�a�Z���a�Z��
�h�q�b  ������ ���� �f�Z�ƒ�Z���g�_�]�h�� �_�d�\�b�\�Z�e�_�g�l�g�Z���^�h�a�Z���a�Z���\�j�Z�l�g�b���^�_�h�����:�m�l�h�j�b���h�\�h�]���j�Z�^�Z���m�a�b�f�Z�•�m���h�\�Z�d�\�m���•�_�^�g�h�k�l�Z�\�g�m��
�h�p�_�g�m�� �k�Z�� �j�_�a�_�j�\�h�f�� �b�a���[�Z�j�_�f�� �l�j�b�� �j�Z�a�e�h�]�Z���� �D�Z�h���i�j�\�h���� �a�[�h�]�� �\�Z�j�b�•�Z�p�b�•�Z���m���i�h�a�b�p�b�•�b�� �^�h�a�b�f�_�l�j�Z�� �g�Z���\�j�Z�l�g�h�f��
�^�_�e�m�� �>�����@, �^�j�m�]�h�� �a�[�h�]�� �g�Z�]�g�m�l�_�� �i�h�a�b�p�b�•�_�� �^�h�d�l�h�j�Z�� �i�j�b�� �h�^�j�_�{�_�g�b�f�� �i�j�h�p�_�^�m�j�Z�f�Z�� �>�����@�� �b�� �g�Z�j�Z�\�g�h���g�Z�•�\�b�r�_��
�a�[�h�]�� �l�h�]�Z�� �r�l�h�� �a�Z�� �b�g�l�_�j�\�_�g�l�g�_�� �i�j�h�p�_�^�m�j�_�� �n�Z�e�_�� �i�h�^�Z�p�b���d�h�•�b�� �[�b�� �i�h�l�\�j�^�b�e�b�� �b�e�b�� �h�i�h�\�j�]�e�b�� �k�l�_�i�_�g��
�i�h�m�a�^�Z�g�h�k�l�b�� �h�\�Z�d�\�_���Z�i�j�h�d�k�b�f�Z�p�b�•�_���� 
 
�K�l�m�^�b�•�Z���•�_�� �m�j�Z�{�_�g�Z���g�Z���h�k�g�h�\�m���f�_�j�_�ƒ�Z���\�j�r�_�g�b�o���m���^�\�h�]�h�^�b�r�ƒ�_�f���i�_�j�b�h�^�m�����:�g�Z�e�b�a�Z���j�_�a�m�e�l�Z�l�Z���m���h�\�Z�d�\�h�f��
�i�j�b�k�l�m�i�m�� �•�_�� �\�_�h�f�Z�� �•�_�^�g�h�k�l�Z�\�g�Z���� �G�Z�� �h�k�g�h�\�m�� �k�j�_�^�ƒ�b�o�� �b�a�f�_�j�_�g�b�o�� �\�j�_�^�g�h�k�l�b�� �j�Z�^�b�•�Z�p�b�h�g�_�� �^�h�a�_�� �i�j�b��
�i�h�•�_�^�b�g�Z�q�g�b�f�� �b�g�l�_�j�\�_�g�p�b�•�Z�f�Z�� �a�Z�� �h�^�j�_�{�_�g�m�� �]�j�m�i�Z�p�b�•�m�� �f�_�^�b�p�b�g�k�d�h-�j�Z�^�b�h�e�h�r�d�b�o�� �i�j�h�p�_�^�m�j�Z���� �b�f�Z�•�m�„�b�� �m��
�\�b�^�m���g�h�\�_�� �]�j�Z�g�b�q�g�_���\�j�_�^�g�h�k�l�b�� �a�Z���_�d�\�b�\�Z�e�_�g�l�g�m���^�h�a�m���a�Z���h�q�g�h���k�h�q�b�\�h���� �_�k�l�b�f�h�\�Z�g���•�_���ƒ�b�o�h�\���f�Z�d�k�b�f�Z�e�Z�g��
�[�j�h�•�� �� �g�Z�� �]�h�^�b�r�ƒ�_�f�� �g�b�\�h�m���� �[�_�a�� �d�h�j�b�r�„�_�ƒ�Z�� �a�Z�r�l�b�l�g�b�o�� �k�j�_�^�k�l�Z�\�Z���� �B�g�l�_�j�_�k�Z�g�l�g�h�� �•�_�� �^�Z�� �•�_�� �g�Z�•�\�_�„�Z��
�b�a�f�_�j�_�g�Z�� �\�j�_�^�g�h�k�l�� �b�a�f�_�j�_�g�Z�� �d�h�^�� �]�Z�k�l�j�h�_�g�l�_�j�h�e�h�r�d�_�� �i�j�h�p�_�^�m�j�_�� �k�l�_�g�l�h�\�Z�ƒ�Z�� �j�_�d�l�m�f�Z��- 976,2 ��Sv. 
�F�Z�d�k�b�f�Z�e�Z�g�� �[�j�h�•�� �b�g�l�_�j�\�_�g�p�b�•�Z�� �•�_�� �j�Z�q�m�g�Z�l�� �g�Z�� �[�Z�a�b�� �k�j�_�^�ƒ�b�o �\�j�_�^�g�h�k�l�b���� �i�h�^�� �i�j�_�^�i�h�k�l�Z�\�d�h�f�� �^�Z�� �k�_��
�a�Z�r�l�b�l�g�_���g�Z�h�q�Z�j�b���g�_���d�h�j�b�k�l�_�� 
 
�A�Z���k�\�Z�d�m���b�g�l�_�j�\�_�g�p�b�•�m���[�_�e�_�`�_�g�Z���•�_�� �\�j�_�^�g�h�k�l�� �D�:�I-�Z�����b�e�b���^�b�j�_�d�g�h���k�Z���d�h�g�a�h�e�_���m�j�_�{�Z�•�Z���b�e�b���i�j�_�d�h���D�:�I-
�f�_�l�j�Z�� �± �a�Z �Ä�'�X�R�� �'�L�D�J�Q�R�V�W�� �± �3�K�L�O�L�S�V�³������ �D�h�j�_�e�Z�p�b�•�Z�� �k�Z�� �_�d�\�b�\�Z�e�_�g�l�g�h�f�� �^�h�a�h�f�� �i�j�b�� �k�\�b�f�� �l�b�i�h�\�b�f�Z��
�b�g�l�_�j�\�_�g�p�b�•�Z�� �•�_�� �[�b�e�Z�� �h�d�h�� �������� �l�Z�d�h�� �^�Z�� �k�_�� �h�\�Z�� �k�l�m�^�b�•�Z�� �f�h�`�_�� �i�j�b�d�‚�m�q�b�l�b�� �\�_�„�� �g�Z�\�_�^�_�g�b�f�� �>��������-�����@�� �b��
�^�j�m�]�b�f�� �d�h�•�b�� �i�h�^�j�`�Z�\�Z�•�m���h�\�m���\�_�a�m���m���p�b�‚�m���]�j�m�[�_�� �Z�e�b���•�_�^�g�h�k�l�Z�\�g�_���_�k�l�b�f�Z�p�b�•�_�� �j�Z�^�b�•�Z�p�b�h�g�_���_�d�\�b�\�Z�e�_�g�l�g�_��
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�3�U�R�W�H�F�W�L�R�Q�´���� �^�Z�� �i�j�b�� �b�g�l�_�j�\�_�g�l�g�b�f�� �i�j�h�p�_�^�m�j�Z�f�Z�� �h�[�Z�\�_�a�g�h�� �l�j�_�[�Z�•�m�� �g�Z�•�b�a�e�h�`�_�g�b�•�Z�� �e�b�p�Z�� �^�Z�� �d�h�j�b�k�l�_��
�a�Z�r�l�b�l�m���� �G�Z�h�q�Z�j�b�� �k�Z���h�e�h�\�g�b�f�� �_�d�\�b�\�Z�e�_�g�l�h�f�� �h�^ ���������3�E���k�f�Z�ƒ�m�•�m���j�Z�^�b�•�Z�p�b�h�g�b���m�l�b�p�Z�•���a�Z���]�h�l�h�\�h�����������>�����@��
�Z�e�b�� �_�n�b�d�Z�k�g�h�k�l�� �a�Z�\�b�k�b�� �^�h�k�l�Z�� �h�^�� �^�b�a�Z�•�g�Z�� �d�h�g�d�j�_�l�g�h�]�� �f�h�^�_�e�Z���� �I�j�_�f�Z�� �>�������� �����@���� �i�j�h�b�a�\�h�{�Z�q�b�� �l�j�_�[�Z�� �^�Z��
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7. �A�:�D�4�M�Q�P�B 

�H�\�Z�•�� �j�Z�^�� �k�_�� �[�Z�\�b�� �j�Z�^�b�•�Z�p�b�h�g�b�f�� �j�b�a�b�d�h�f�� �a�Z�� �h�q�b�� �i�j�h�n�_�k�b�h�g�Z�e�g�h�� �b�a�e�h�`�_�g�b�o�� �e�b�p�Z�� �i�j�b�� �b�g�l�_�j�\�_�g�l�g�b�f��
�j�Z�^�b�h�e�h�r�d�b�f�� �i�j�h�p�_�^�m�j�Z�f�Z�����I�j�b�k�l�m�i�� �•�_���_�d�k�i�e�b�p�b�l�Z�g���� �^�b�j�_�d�l�g�b�f���f�_�j�_�ƒ�_�f���_�d�\�b�\�Z�e�_�g�l�g�_���^�h�a�_���� 
�F�_�j�_�ƒ�Z�� �k�m�� �j�Z�{�_�g�Z�� �a�Z�� �k�\�_�� �l�b�i�h�\�_�� �b�g�l�_�j�\�_�g�l�g�b�o�� �i�j�h�p�_�^�m�j�Z�� �m�� �D�e�b�g�b�q�d�h�f�� �p�_�g�l�j�m�� �K�j�[�b�•�_�� �b�� �g�Z�� �h�k�g�h�\�m��
�j�_�a�m�e�l�Z�l�Z���•�_�� �m���k�d�e�Z�^�m���k�Z���g�h�\�b�f���]�j�Z�g�b�p�Z�f�Z���d�h�•�_���•�_���i�j�_�^�e�h�`�b�e�Z���B�P�J�I�����Ä�B�g�l�_�j�g�Z�l�b�h�g�Z�e���P�h�f�f�b�k�k�b�h�g���h�g��
�J�Z�^�b�h�e�h�]�b�p�Z�e���� �I�j�h�l�_�p�l�b�h�g�´��, �_�k�l�b�f�h�\�Z�g �•�_  �ƒ�b�o�h�\ �f�Z�d�k�b�f�Z�e�Z�g �[�j�h�• �g�Z �]�h�^�b�r�ƒ�_�f �g�b�\�h�m. �G�Z���l�Z�•���g�Z�q�b�g��
�•�_���b�a�\�j�r�_�g�Z���i�j�h�p�_�g�Z�� �j�b�a�b�d�Z���a�Z���h�^�]�h�\�Z�j�Z�•�m�„�_���j�Z�^�g�h���f�_�k�l�h���k�Z���Z�k�i�_�d�l�Z���j�Z�^�b�•�Z�p�b�h�g�h�]���b�a�e�Z�]�Z�ƒ�Z���h�q�b�•�m���� 
�3�_�^�Z�g���h�^�� �a�Z�d�‚�m�q�Z�d�Z�� �•�_�� �b�� �^�Z���k�_���m���D�e�b�g�b�q�d�h�f�� �p�_�g�l�j�m���K�j�[�b�•�_���� �d�Z�h���b�� �f�Z�o�h�f���m���p�_�e�h�•���J�_�i�m�[�e�b�p�b�����a�Z�r�l�b�l�g�_��
�g�Z�h�q�Z�j�_���a�Z���a�Z�r�l�b�l�m���h�^���•�h�g�b�a�m�•�m�„�b�o�� �a�j�Z�q�_�ƒ�Z���\�j�e�h���f�Z�e�h���d�h�j�b�k�l�_���� 
�I�h�l�\�j�{�_�g�Z���•�_���^�h�[�j�Z���d�h�j�_�e�Z�p�b�•�Z���+�S���������.�$�3�����m���k�Z�]�e�Z�k�g�h�k�l�b���k�Z���k�d�h�j�Z�r�ƒ�_���h�[�•�Z�\�‚�_�g�b�f���b�k�l�j�Z�`�b�\�Z�ƒ�b�f�Z���� 
�I�j�_�^�k�l�Z�\�‚�_�g�b�� �k�m�� �g�Z�q�b�g�b �^�Z�� �k�_�� �k�f�Z�ƒ�b�� �_�d�\�b�\�Z�e�_�g�l�g�Z�� �^�h�a�Z�� �•�h�g�b�a�m�•�m�„�_�]�� �a�j�Z�q�_�ƒ�Z�� �a�Z�� �h�q�g�h�� �k�h�q�b�\�h���� �b�� �m��
�e�h�d�Z�e�g�h�f�� �b���m���]�e�h�[�Z�e�g�h�f���k�f�b�k�e�m���� 
�H�]�j�Z�g�b�q�_�ƒ�Z�� �m�� �k�l�m�^�b�•�k�d�h�f�� �i�j�b�k�l�m�i�m���k�_���h�]�e�_�^�Z�•�m���m���a�[�b�j�g�h�f�� �k�Z�]�e�_�^�Z�\�Z�ƒ�m���b�g�^�b�\�b�^�m�Z�e�g�b�o���f�_�^�b�p�b�g�k�d�b�o��
�i�j�h�[�e�_�f�Z�l�b�d�Z���� �j�Z�a�e�b�d�Z�f�Z�� �m�� �\�_�r�l�b�g�b�� �j�Z�^�Z���� �\�b�k�b�g�b�� �^�h�d�l�h�j�Z�� ���[�Z�a�b�q�g�h�� �\�_�„�_�� �h�^�k�l�h�•�Z�ƒ�_������ �d�h�e�b�d�h�� �k�m�� �k�_��
�h�^�f�b�p�Z�e�b�� �d�Z�^�� �g�b�•�_�� �i�h�l�j�_�[�g�h�� �ƒ�b�o�h�\�h�� �h�i�_�j�Z�l�b�\�g�h�� �Z�g�]�Z�`�h�\�Z�ƒ�_���� �m�� �i�j�b�f�_�g�b�� �h�i�_�j�Z�l�b�\�g�b�o�� �f�_�j�Z�� �a�Z�r�l�b�l�_��
���i�h�k�e�_�^�ƒ�b���i�Z�k�m�k���>�b�k�d�m�k�b�•�_���� �b�l�^���� 
�L�Z�d�h�{�_���� �k�l�m�^�b�•�Z�� �g�b�•�_�� �h�[�m�o�\�Z�l�b�e�Z�� �h�k�l�Z�e�Z�� �e�b�p�Z�� �d�h�•�Z�� �i�j�h�p�_�^�m�j�Z�e�g�h�� �•�_�k�m���� �b�e�b���f�h�]�m���[�b�l�b�� �^�b�j�_�d�l�g�h���m���a�h�g�b 
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UNITS OF LOCAL SELF-GOVERNMENT IN  
THE PROTECTION AND RESCUE SYSTEM OF THE REPUBLIC OF SERBIA 
 

ABSTRACT:  
The units of local self-government, in accordance with the Constitution of the Republic of Serbia, the 

Emergency Management Act and the Local Self-Government Act, regulate, on the area of their jurisdiction, function of 
protection and rescue of, most importantly, the elements/subjects of protection and rescue; authority of the bodies of the 
local self-government; inclusion of trained and enabled legal entities and their activation in the system; role of the 
�F�L�W�L�]�H�Q�V���� �F�L�W�L�]�H�Q�V�¶�� �J�U�R�X�S�V�� �D�Q�G�� �R�W�K�H�U�� �R�U�J�D�Q�L�]�D�W�L�R�Q�V���� �F�R�R�U�G�L�Q�D�W�L�R�Q�� �D�Q�G�� �P�D�Q�D�J�H�P�H�Q�W�� �R�I�� �S�U�R�W�H�F�W�L�R�Q�� �D�Q�G�� �U�H�V�F�X�H�� �L�Q��
extraordinary situations; personal, mutual and collective protection; conducting the measures and tasks of civil 
protection; appointing commissioners and their deputies; forming the units of general civil protection; functioning of the 
public alert system and installing the sirens; training and enabling; planning and programming; financing the protection 
and rescue system; determining the damage; acknowledgements and awards, and other important tasks vital to 
organization and civil protection functioning. The paper elaborates the place and role of th e local self-government units 
in the protection and rescue system, especially the achieved organization and preparation of the forces and means for 
actions in extraordinary situations. 

Keywords: units of local self-government, protection and rescue, civil protection. 
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�i�j�h�]�j�Z�f�b�f�Z���� �i�e�Z�g�h�\�b�f�Z�� �b�� �^�j�m�]�b�f�� �^�h�d�m�f�_�g�l�b�f�Z���d�h�•�b�f�Z���k�_���m�j�_�{�m�•�_�� �h�j�]�Z�g�b�a�Z�p�b�•�Z���� �j�Z�a�\�h�•���� �i�j�b�i�j�_�f�Z�ƒ�_���b��
�m�i�h�l�j�_�[�Z���k�g�Z�]�Z���b�� �k�j�_�^�k�l�Z�\�Z���A�b�K���� �H�[�Z�\�_�a�g�_���k�m���� �^�Z���i�j�_���k�\�_�]�Z�����k�i�j�h�\�h�^�_���i�j�_�\�_�g�l�b�\�g�_ �f�_�j�_���A�b�K�����a�Z�l�b�f��
�f�_�j�_���a�Z�r�l�b�l�_���m���k�e�m�q�Z�•�m���g�_�i�h�k�j�_�^�g�_���h�i�Z�k�g�h�k�l�b���h�^���_�e�_�f�_�g�l�Z�j�g�b�o���g�_�i�h�]�h�^�Z���b���^�j�m�]�b�o���g�_�k�j�_�„�Z, �f�_�j�_��
�a�Z�r�l�b�l�_�� �d�Z�^�Z���g�Z�k�l�m�i�_�� �_�e�_�f�_�g�l�Z�j�g�_���g�_�i�h�]�h�^�_���b���^�j�m�]�_���g�_�k�j�_�„�_�����f�_�j�_���m�[�e�Z�`�Z�\�Z�ƒ�Z���b���h�l�d�e�Z�ƒ�Z�ƒ�Z��
�g�_�i�h�k�j�_� �̂g�b�o���i�h�k�e�_�^�b�p�Z���h� �̂��_�e�_�f�_�g�l�Z�j�g�b�o���g�_�i�h�]�h� �̂Z���b���^�j�m�]�b�o���g�_�k�j�_�„�Z���b���f�_�j�_���m�[�e�Z�`�Z�\�Z�ƒ�Z���b���h�l�d�e�Z�ƒ�Z�ƒ�Z��
�g�_�i�h�k�j�_�^�g�b�o���i�h�k�e�_�^�b�p�Z���h�^���_�e�_�f�_�g�l�Z�j�g�b�o���g�_�i�h�]�h�^�Z���b���^�j�m�]�b�o���g�_�k�j�_�„�Z���� 
 

2. �H�;�:�<�?�A�?���3�?�>�B�G�B�P�:���E�H�D�:�E�G�?���K�:�F�H�M�I�J�:�<�?���M���K�B�K�L�?�F�M���A�:�R�L�B�L�?���B��
�K�I�:�K�:�<�:�5�:  

 
�>�Z�� �[�b�� �k�Z�� �m�k�i�_�o�h�f�� �f�h�]�e�b�� �i�j�_�^�m�a�b�f�Z�l�b�� �i�j�h�i�b�k�Z�g�_�� �f�_�j�_�� �A�b�K���� �3�E�K�� �k�m�� �h�[�Z�\�_�a�g�_�� �^�Z�� �^�_�n�b�g�b�r�m��

�k�g�Z�]�_���a�Z�r�l�b�l�_���b���k�i�Z�k�Z�\�Z�ƒ�Z�k�\�h�•�_���l�_�j�b�l�h�j�b�•�_���d�Z�h���r�l�h���k�m:  
- �r�l�Z�[�h�\�b���a�Z���\�Z�g�j�_�^�g�_���k�b�l�m�Z�p�b�•�_���� 
- �•�_�^�b�g�b�p�_�� �p�b�\�b�e�g�_�� �a�Z�r�l�b�l�_�����m���^�Z�‚�_�f���l�_�d�k�l�m�����P�A������ 
- �k�m�[�•�_�d�l�_���q�b�•�Z���•�_���j�_�^�h�\�g�Z���^�_�e�Z�l�g�h�k�l���A�b�K�����d�Z�h���b���i�j�b�\�j�_�^�g�Z���^�j�m�r�l�\�Z���b���^�j�m�]�Z���i�j�Z�\�g�Z���e�b�p�Z������ 
- �m�^�j�m�`�_�ƒ�Z�� �d�h�•�Z�� �k�m�� �h�k�i�h�k�h�[�‚�_�g�Z�� �b�� �h�i�j�_�f�‚�_�g�Z�� �a�Z�� �A�b�K���� �b���^�Z���m�a���i�h�f�h�„�� �\�Z�l�j�h�]�Z�k�g�h-�k�i�Z�k�b�e�Z�q�d�b�o��

�•�_�^�b�g�b�p�Z���� �i�h�e�b�p�b�•�_���� �<�h�•�k�d�_�� �K�j�[�b�•�_���� �P�j�\�_�g�h�]�� �d�j�k�l�Z�� �K�j�[�b�•�_���� �=�h�j�k�d�_�� �k�e�m�`�[�_�� �k�i�Z�k�Z�\�Z�ƒ�Z�� �K�j�[�b�•�_��
�f�h�]�m�� �k�i�Z�k�b�l�b�� �k�l�Z�g�h�\�g�b�r�l�\�h�� �b�� �m�]�j�h�`�_�g�Z�� �f�Z�l�_�j�b�•�Z�e�g�Z�� �b���d�m�e�l�m�j�g�Z�� �^�h�[�j�Z�� �h�^�� �h�i�Z�k�g�h�k�l�b�� �b��
�i�h�k�e�_�^�b�p�Z���_�e�_�f�_�g�l�Z�j�g�b�o���g�_�i�h�]�h�^�Z���b�� �^�j�m�]�b�o���g�_�k�j�_�„�Z���� 
�M���h�k�l�\�Z�j�b�\�Z�ƒ�m���i�j�Z�\�Z���b���^�m�`�g�h�k�l�b���m���i�b�l�Z�ƒ�b�f�Z���A�b�K�3�E�K�����i�j�_�d�h���k�\�h�•�b�o�� �h�j�]�Z�g�Z,�h�[�Z�\�Z�‚�Z�•�m���k�e�_�^�_�„�_��

�i�h�k�e�h�\�_: 
1)  �^�h�g�h�k�_�� �h�^�e�m�d�m�� �h�� �h�j�]�Z�g�b�a�Z�p�b�•�b�� �b�� �n�m�g�d�p�b�h�g�b�k�Z�ƒ�m���P�A �b�� �h�[�_�a�[�_�{�m�•�m�� �ƒ�_�g�h�� �k�i�j�h�\�h�{�_�ƒ�_�� �m�� �k�d�e�Z�^�m��

�k�Z���•�_�^�b�g�k�l�\�_�g�b�f���k�b�k�l�_�f�h�f���A�b�K; 
2)  �^�h�g�h�k�_�� �i�e�Z�g�� �b�� �i�j�h�]�j�Z�f�� �j�Z�a�\�h�•�Z�� �k�b�k�l�_�f�Z�� �A�b�K�� �m�� �k�d�e�Z�^�m�� �k�Z�� �>�m�]�h�j�h�q�g�b�f�� �i�e�Z�g�h�f�� �j�Z�a�\�h�•�Z�� �A�b�K 

�J.�K�j�[�b�•�_�� 
3) �i�e�Z�g�b�j�Z�•�m�� �b�� �m�l�\�j�{�m�•�m�� �b�a�\�h�j�_�� �n�b�g�Z�g�k�b�j�Z�ƒ�Z�� �a�Z�� �j�Z�a�\�h�•�����b�a�]�j�Z�^�ƒ�m�� �b�� �b�a�\�j�r�Z�\�Z�ƒ�_�� �a�Z�^�Z�l�Z�d�Z�� �A�b�K �b��

�j�Z�a�\�h�•�� �b���k�i�j�h�\�h�{�_�ƒ�_���f�_�j�Z���b���a�Z�^�Z�l�Z�d�Z���P�A; 
4) �h�[�j�Z�a�m�•�m���R�l�Z�[���a�Z���\�Z�g�j�_�^�g�_���k�b�l�m�Z�p�b�•�_�� 
5)  �g�_�i�h�k�j�_�^�g�h�� �k�Z�j�Z�{�m�•�m�� �k�Z�� �g�Z�^�e�_�`�g�h�f�� �k�e�m�`�[�h�f���� �^�j�m�]�b�f�� �^�j�`�Z�\�g�b�f�� �h�j�]�Z�g�b�f�Z���� �i�j�b�\�j�_�^�g�b�f��

�^�j�m�r�l�\�b�f�Z���b���^�j�m�]�b�f���i�j�Z�\�g�b�f�� �e�b�p�b�f�Z�� 
6)  �h�k�l�\�Z�j�m�•�m���k�Z�j�Z�^�ƒ�m���k�Z���j�_�]�b�•�Z�f�Z���b���h�i�r�l�b�g�Z�f�Z���k�m�k�_�^�g�b�o���a�_�f�Z�‚�Z�� 
7)  �m�k�d�e�Z�{�m�•�m���k�\�h�•�_�� �i�e�Z�g�h�\�_�� �A�b�K �k�Z���I�e�Z�g�h�f���A�b�K �m���\�Z�g�j�_�^�g�b�f���k�b�l�m�Z�p�b�•�Z�f�Z�����m���^�Z�‚�_�f���l�_�d�k�l�m�����<�j�K�b����

�J.�K�j�[�b�•�_�� 
8) �h�^�j�_�{�m�•�m���h�k�i�h�k�h�[�‚�_�g�Z���i�j�Z�\�g�Z���e�b�p�Z�� �h�^���a�g�Z�q�Z�•�Z���a�Z���A�b�K; 
9)  �h�[�_�a�[�_�{�m�•�m�� �l�_�e�_�d�h�f�m�g�b�d�Z�p�b�h�g�m�� �b�� �b�g�n�h�j�f�Z�p�b�h�g�m�� �i�h�^�j�r�d�m�� �a�Z�� �i�h�l�j�_�[�_�� �A�b�K���� �d�Z�h�� �b�� �m�d�‚�m�q�_�ƒ�_�� �m��

�l�_�e�_�d�h�f�m�g�b�d�Z�p�b�h�g�b���b���b�g�n�h�j�f�Z�p�b�h�g�b���k�b�k�l�_�f���K�e�m�`�[�_���h�k�f�Z�l�j�Z�ƒ�Z�����h�[�Z�\�_�r�l�Z�\�Z�ƒ�Z���b���m�a�[�m�ƒ�b�\�Z�ƒ�Z��
�b�� �i�h�\�_�a�m�•�m���k�_���k�Z���ƒ�b�f�� 

10)  �b�a�j�Z�{�m�•�m�� �b�� �^�h�g�h�k�_�� �I�j�h�p�_�g�m�� �m�]�j�h�`�_�g�h�k�l�b�� �b�� �I�e�Z�g�� �A�b�K �m���<�j�K�b�� ���i�j�h�p�_�g�m�� �m�]�j�h�`�_�g�h�k�l�b�� �b�a�j�Z�{�m�•�_��
�g�Z�^�e�_�`�g�b�� �h�j�]�Z�g�� �m�� �k�Z�j�Z�^�ƒ�b�� �k�Z�� �g�Z�^�e�_�`�g�h�f�� �k�e�m�`�[�h�f �F�M�I-�Z���� �h�j�]�Z�g�b�f�Z�� �Z�m�l�h�g�h�f�g�_�� �i�h�d�j�Z�•�b�g�_����
�h�i�r�l�b�g�k�d�b�f- �]�j�Z�^�k�d�b�f���r�l�Z�[�h�f���a�Z���<�j�K�b������ 

11) �i�j�Z�l�_�� �h�i�Z�k�g�h�k�l�b���� �h�[�Z�\�_�r�l�Z�\�Z�•�m���k�l�Z�g�h�\�g�b�r�l�\�h�� �h���h�i�Z�k�g�h�k�l�b�f�Z���b���i�j�_�^�m�a�b�f�Z�•�m���^�j�m�]�_���i�j�_�\�_�g�l�b�\�g�_��
�f�_�j�_���a�Z �k�f�Z�ƒ�_�ƒ�_���j�b�a�b�d�Z���h�^���_�e�_�f�_�g�l�Z�j�g�b�o���g�_�i�h�]�h�^�Z���b���^�j�m�]�b�o���g�_�k�j�_�„�Z�� 

12)  �g�Z�[�Z�\�‚�Z�•�m�� �b�� �h�^�j�`�Z�\�Z�•�m�� �k�j�_�^�k�l�\�Z�� �a�Z�� �m�a�[�m�ƒ�b�\�Z�ƒ�_�� �m�� �h�d�\�b�j�m�� �k�b�k�l�_�f�Z�� �•�Z�\�g�h�]�� �m�a�[�m�ƒ�b�\�Z�ƒ�Z�� �m��
�J.�K�j�[�b�•�b���� �m�q�_�k�l�\�m�•�m�� �m�� �b�a�j�Z�^�b���k�l�m�^�b�•�_�� �i�h�d�j�b�\�_�g�h�k�l�b�� �k�b�k�l�_�f�Z���•�Z�\�g�h�]�� �m�a�[�m�ƒ�b�\�Z�ƒ�Z���a�Z���l�_�j�b�l�h�j�b�•�m��
�3�E�K; 

13)  �h�j�]�Z�g�b�a�m�•�m���� �j�Z�a�\�b�•�Z�•�m�� �b���\�h�^�_���e�b�q�g�m���b���d�h�e�_�d�l�b�\�g�m�� �a�Z�r�l�b�l�m�� 
14)  �n�h�j�f�b�j�Z�•�m���� �h�j�]�Z�g�b�a�m�•�m�� �b�� �h�i�j�_�f�Z�•�m���•�_�^�b�g�b�p�_���P�A �h�i�r�l�_���g�Z�f�_�g�_�� 
15) �m�k�d�e�Z�{�m�•�m���i�e�Z�g�h�\�_�� �A�b�K �m���<�j�K�b �k�Z���k�m�k�_�^�g�b�f���h�i�r�l�b�g�Z�f�Z. 

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

�i�j�h�]�e�Z�r�_�g�Z�� �b�� �i�h�r�l�h�� �•�_�� �g�Z�k�l�m�i�b�e�Z�� �Z�d�h�� �k�_�� �h�i�Z�k�g�h�k�l�� �g�b�•�_�� �f�h�]�e�Z�� �i�j�_�^�\�b�^�_�l�b�� �b�e�b�� �k�_���� �a�[�h�]�� �^�j�m�]�b�o��
�h�d�h�e�g�h�k�l�b���� �g�b�•�_�� �f�h�]�e�Z�� �i�j�h�]�e�Z�k�b�l�b�� �h�^�f�Z�o���i�h�k�e�_���k�Z�a�g�Z�ƒ�Z���� �<�j�K�b���f�h�`�_�� �^�Z���k�_���i�j�h�]�e�Z�k�b���a�Z���h�i�r�l�b�g�m�����b�e�b��
�a�Z�� �ƒ�_�g�� �^�_�h���� �Z�d�h���i�h�k�l�h�•�b�� �g�_�i�h�k�j�_�^�g�Z���h�i�Z�k�g�h�k�l�� �^�Z���„�_�� �a�Z�o�\�Z�l�b�l�b�� �b�e�b���Z�d�h���•�_�� �\�_�„�� �a�Z�o�\�Z�l�b�e�Z���^�_�h���b�e�b���p�_�e�m��
�l�_�j�b�l�h�j�b�•�_�� �3�E�K���� �H�^�e�m�d�m�� �h�� �i�j�h�]�e�Z�r�_�ƒ�m-�m�d�b�^�Z�ƒ�m�<�j�K�b���� �g�Z�� �i�j�_�^�e�h�]�� �r�l�Z�[�Z�� �a�Z�� �<�j�K�b�� �^�h�g�h�k�b-�m�d�b�^�Z���� �a�Z��
�l�_�j�b�l�h�j�b�•�m�� �3�E�K��- �i�j�_�^�k�_�^�g�b�d���3�E�K�����h�^�g�h�k�g�h���a�Z���l�_�j�b�l�h�j�b�•�m���]�j�Z�^�Z�±�]�j�Z�^�h�g�Z�q�_�e�g�b�d�� 
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�A�Z���d�h�h�j�^�b�g�Z�p�b�•�m���b�� �j�m�d�h�\�h�{�_�ƒ�_���A�b�K���m���<�j�K�b���d�Z�h���h�i�_�j�Z�l�b�\�g�h-�k�l�j�m�q�g�h���l�_�e�h���h�[�j�Z�a�m�•�_���k�_���r�l�Z�[���a�Z��
�\�Z�g�j�_�^�g�_�� �k�b�l�m�Z�p�b�•�_���� �b�� �l�h���� �a�Z�� �l�_�j�b�l�h�j�b�•�m�� �]�j�Z�^�Z�� �± �]�j�Z�^�k�d�b�� �r�l�Z�[�� �a�Z�� �<�j�K�b���� �d�h�•�b�� �h�[�j�Z�a�m�•�_�� �k�d�m�i�r�l�b�g�Z��
�]�j�Z�^�Z���� �Z�� �a�Z�� �l�_�j�b�l�h�j�b�•�m�� �3�E�K�� �± �h�i�r�l�b�g�k�d�b�� �r�l�Z�[�� �a�Z�� �<�j�K�b���� �d�h�•�b�� �h�[�j�Z�a�m�•�_�� �k�d�m�i�r�l�b�g�Z�� �3�E�K���R�l�Z�[�� �q�b�g�_��
�d�h�f�Z�g�^�Z�g�l�����a�Z�f�_�g�b�d���d�h�f�Z�g�^�Z�g�l�Z���r�l�Z�[�Z�����g�Z�q�_�e�g�b�d���b���q�e�Z�g�h�\�b���r�l�Z�[�Z���d�h�•�b���h�[�Z�\�‚�Z���k�e�_�^�_�„�_���i�h�k�e�h�\�_�� 
1)  �j�m�d�h�\�h�^�b�� �b�� �d�h�h�j�^�b�g�b�j�Z�� �j�Z�^�� �k�m�[�•�_�d�Z�l�Z���k�b�k�l�_�f�Z���b�� �k�g�Z�]�Z���A�b�K���m���<�j�K�b���g�Z���k�i�j�h�\�h�{�_�ƒ�m���m�l�\�j�{�_�g�b�o��

�a�Z�^�Z�l�Z�d�Z���� 
2)  �j�m�d�h�\�h�^�b���b�� �d�h�h�j�^�b�g�b�j�Z�� �k�i�j�h�\�h�{�_�ƒ�_���f�_�j�Z���b���a�Z�^�Z�l�Z�d�Z���P�A���� 
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4)  �i�j�b�e�Z�]�h�{�Z�\�Z�ƒ�_���i�h�^�a�_�f�g�b�o���h�[�•�_�d�Z�l�Z�����i�h�^�a�_�f�g�b���i�j�h�e�Z�a�b�����l�m�g�_�e�b���b���^�j�m�]�b�����a�Z���k�d�e�Z�ƒ�Z�ƒ�_���b���ƒ�b�o�h�\�h��

�h�^�j�`�Z�\�Z�ƒ�_�����d�Z�h���b���h�^�j�`�Z�\�Z�ƒ�_���^�j�m�]�b�o���a�Z�r�l�b�l�g�b�o���h�[�•�_�d�Z�l�Z�� 
5)  �h�[�m�d�m���k�l�Z�g�h�\�g�b�r�l�\�Z���b�a���h�[�e�Z�k�l�b���A�b�K�� 
6)  �k�Z�g�b�j�Z�ƒ�_�� �r�l�_�l�Z�� �g�Z�k�l�Z�e�b�o�� �i�j�b�j�h�^�g�h�f�� �b�� �^�j�m�]�h�f�� �g�_�a�]�h�^�h�f���� �m�� �k�d�e�Z�^�m�� �k�Z�� �f�Z�l�_�j�b�•�Z�e�g�b�f��

�f�h�]�m�„�g�h�k�l�b�f�Z���� 
7)  �^�j�m�]�_�����i�h�l�j�_�[�_���A�b�K���m �k�d�e�Z�^�m���k�Z���A�Z�d�h�g�h�f���b���^�j�m�]�b�f���i�j�h�i�b�k�b�f�Z�� 
 

3. �:�D�L�:���3�?�>�B�G�B�P�:���E�H�D�:�E�G�?���K�:�F�H�M�I�J�:�<�?�M���K�B�K�L�?�F�M���A�:�R�L�B�L�?���B��
�K�I�:�K�:�<�:�5�:  

 
�3�E�K�•�_�� �h�^�]�h�\�h�j�g�Z���^�Z���k�_�����i�j�_�d�h���k�\�h�•�b�o���h�j�]�Z�g�Z�Z���m���k�d�e�Z�^�m���k�Z���M�k�l�Z�\�h�f���J�_�i�m�[�e�b�d�_���K�j�[�b�•�_�����A�Z�d�h�g�h�f��

�h�� �\�Z�g�j�_�^�g�b�f�� �k�b�l�m�Z�p�b�•�Z�f�Z���b�� �A�Z�d�h�g�h�f�� �h���e�h�d�Z�e�g�h�•���k�Z�f�h�i�j�Z�\�b����''�k�l�Z�j�Z �h���a�Z�r�l�b�l�b���`�b�\�h�l�g�_���k�j�_�^�b�g�_�����^�h�g�h�k�b��
�i�j�h�]�j�Z�f�_�� �d�h�j�b�r�„�_�ƒ�Z�� �b�� �a�Z�r�l�b�l�_�� �i�j�b�j�h�^�g�b�o�� �\�j�_�^�g�h�k�l�b�� �b���i�j�h�]�j�Z�f�_�� �a�Z�r�l�b�l�_�� �`�b�\�h�l�g�_�� �k�j�_�^�b�g�_'' �b�� �^�Z��
'' �h�j�]�Z�g�b�a�m�•�_�� �a�Z�r�l�b�l�m�� �h�^�� �_�e�_�f�_�g�l�Z�j�g�b�o�� �b�� �^�j�m�]�b�o�� �\�_�„�b�o�� �g�_�i�h�]�h�^�Z���� �a�Z�r�l�b�l�m�� �h�^�� �i�h�`�Z�j�Z�� �b�� �k�l�\�Z�j�Z��
�m�k�e�h�\�_���a�Z���ƒ�b�o�h�\�h���h�l�d�e�Z�ƒ�Z�ƒ�_�����h�^�g�h�k�g�h���m�[�e�Z�`�Z�\�Z�ƒ�_���ƒ�b�o�h�\�b�o���i�h�k�e�_�^�b�p�Z''..  

�>�Z�� �[�b�� �h�k�l�\�Z�j�b�e�Z�� �h�\�Z�•�� �k�_�l�� �a�Z�^�Z�l�Z�d�Z���� �Z�� �m�� �p�b�‚�m�� �^�_�l�Z�‚�g�b�•�_�]�� �^�_�n�b�g�b�k�Z�ƒ�Z�� �i�h�k�e�h�\�Z�� �A�b�K���� �3�E�K�•�_��
�i�j�h�i�b�k�Z�e�Z�� �^�h�d�m�f�_�g�l�Z���f�_�{�m���d�h�•�b�f�Z���l�j�_�[�Z���b�k�l�Z�„�b�k�e�_�^�_�„�Z1: 
- �I�j�h�p�_�g�Z���m�]�j�h�`�_�g�h�k�l�b�� �l�_�j�b�l�h�j�b�•�_�� �b�� �b�a�j�Z�^�Z���I�e�Z�g�h�\�Z���A�Z�r�l�b�l�_���b���k�i�Z�k�Z�\�Z�ƒ�Z�� 
- �H�^�e�m�d�Z �h���h�j�]�Z�g�b�a�Z�p�b�•�b�� �b���n�m�g�d�p�b�h�g�b�k�Z�ƒ�m���P�A �g�Z���l�_�j�b�l�h�j�b�•�b�� �]�j�Z�^�Z���3�E�K 
- �H�^�e�m�d�Z���h�h�[�j�Z�a�h�\�Z�ƒ�m�]�j�Z�^�k�d�h�]���h�i�r�l�b�g�k�d�h�]�r�l�Z�[�Z�a�Z�\�Z�g�j�_�^�g�_�k�b�l�m�Z�p�b�•�_ 
- �=�h�^�b�r�ƒ�b���i�e�Z�g���j�Z�^�Z���]�j�Z�^�k�d�h�]���h�i�r�l�b�g�k�d�h�]���r�l�Z�[�Z���a�Z���\�Z�g�j�_�^�g�_���k�b�l�m�Z�p�b�•�_ 
- �I�h�k�e�h�\�g�b�d�� �h���j�Z�^�m���]�j�Z�^�k�d�h�]���h�i�r�l�b�g�k�d�h�]�� �r�l�Z�[�Z���a�Z���\�Z�g�j�_�^�g�_���k�b�l�m�Z�p�b�•�_ 
- �J�_�r�_�ƒ�_���h���i�h�k�l�Z�\�‚�Z�ƒ�m���k�b�j�_�g�Z�����m�j�_�{�Z�•�Z���b���k�j�_�^�k�l�Z�\�Z���a�Z���•�Z�\�g�h���m�a�[�m�ƒ�b�\�Z�ƒ�_ 
- �H�^�e�m�d�Z���h�� �i�h�d�j�_�l�Z�ƒ�m���i�j�h�p�_�k�Z���b�a�j�Z�^�_���i�j�h�p�_�g�_���m�]�j�h�`�_�g�h�k�l�b���h�^���_�e�_�f�_�g�l�Z�j�g�b�o���g�_�i�h�]�h�^�Z���b���^�j�m�]�b�o��

�g�_�k�j�_�„�Z 
- �A�Z�d�‚�m�q�Z�d���h���k�i�j�h�\�h�{�_�ƒ�m���h�k�i�h�k�h�[�‚�Z�\�Z�ƒ�Z���]�j�Z�{�Z�g�Z���a�Z���e�b�q�g�m���b���d�h�e�_�d�l�b�\�g�m���a�Z�r�l�b�l�m�� 
- �G�Z�j�_�^�[�Z���h���f�h�[�b�e�b�a�Z�p�b�•�b�� �b���m�q�_�r�„�m���m���A�b�K���m���<�j�K�b 
- �H�^�e�m�d�Z���h���h�^�j�_�{�b�\�Z�ƒ�m���h�\�e�Z�r�„�_�g�b�o���b���h�k�i�h�k�h�[�‚�_�g�b�o���i�j�Z�\�g�b�o�� �e�b�p�Z���a�Z���A�b�K�� 
-  �H�^�e�m�d�Z���h���h�[�j�Z�a�h�\�Z�ƒ�m���•�_�^�b�g�b�p�Z���P�A���h�i�r�l�_���g�Z�f�_�g�_ 
- �I�j�h�]�j�Z�f���a�Z���i�j�_�\�_�g�l�b�\�g�m���a�Z�r�l�b�l�m���h�^���_�e�_�f�_�g�l�Z�j�g�b�o���b���^�j�m�]�b�o���g�_�i�h�]�h�^�Z 

                                                 
1�K�\�Z�d�Z���h�i�r�l �b�g�Z���•�_���K�e�m�`�[�_�g�b�f ���e�b�k�l �h�f ���i�j�h�i�b�k�Z�e�Z���g�Z�\�_�^�_�g�Z���^�h�d�m�f�_�g�l �Z�����A�Z���i�h�l �j�_�[�_���j�Z�^�Z���h�[�j�Z�{�_�g�h���•�_���������h�i�r�l �b�g�Z���m���J���K�j�[�b�•�b 
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-  �H�^�e�m�d�Z���h���a�Z�r�l�b�l�b���h�^���_�e�_�f�_�g�l�Z�j�g�b�o���b���^�j�m�]�b�o���\�_�„�b�o���g�_�i�h�]�h�^�Z- �A�Z�d�‚�m�q�Z�d�h�h�[�j�Z-�a�h�\�Z�ƒ�m��
�k�l�j�m�q�g�h-�h�i�_�j�Z�l�b�\�g�h�]�� �l�b�f�Z���a�Z���A�b�K���h�^���_�e�_�f�_�g�l�Z�j�g�b�o���g�_�i�h�]�h�^�Z�����i�h�i�e�Z�\�Z�����a�_�f�‚�h�l�j�_�k�Z���������������� 
 
�D�Z�h���i�h�e�Z�a�g�b���^�h�d�m�f�_�g�l�� �a�Z���b�a�j�Z�^�m���k�\�b�o���i�e�Z�g�h�\�Z���b�� �h�k�l�Z�e�b�o���Z�d�Z�l�Z�����d�Z�h���b���n�m�g�d�p�b�h�g�b�k�Z�ƒ�_���k�b�k�l�_�f�Z��

�A�b�K���� �Z�� �g�Z���h�k�g�h�\�m���q�e�Z�g�Z���������� �A�Z�d�h�g�Z���h�� �<�j�K�b�� �q�e�Z�g�Z���������� �A�Z�d�h�g�Z���h���e�h�d�Z�e�g�h�•���k�Z�f�h�m�i�j�Z�\�b���b���K�l�Z�l�m�l�Z���3�E�K���k�m��
�^�h�g�_�e�_���H�^�e�m�d�m���h���h�j�]�Z�g�b�a�Z�p�b�•�b���b���n�m�g�d�p�b�h�g�b�k�Z�ƒ�m���p�b�\�b�e�g�_���a�Z�r�l�b�l�_���g�Z���k�\�h�•�h�•���l�_�j�b�l�h�j�b�•�b���H�^�e�m�d�Z����
�b�a�f�_�{�m���h�k�l�Z�e�b�o�� 
- �j�_�]�m�e�b�r�_�� �h�j�]�Z�g�b�a�Z�p�b�•�m�� �b���n�m�g�d�p�b�h�g�b�k�Z�ƒ�_�P�A���� 
- �m�l�\�j�{�m�•�m�k�_�g�Z�^�e�_�`�g�h�k�l�b�h�j�]�Z�g�Z�3�E�K�b���^�m�`�g�h�k�l���]�j�Z�^�k�d�b�o���h�j�]�Z�g�Z���m���A�b�K���� 
- �b�a�j�Z�^�m���I�j�h�p�_�g�_���m�]�j�h�`�_�g�h�k�l�b���b���I�e�Z�g�h�\�Z���A�b�K;  
- �i�h�k�l�Z�\�‚�Z�ƒ�_���i�h�\�_�j�_�g�b�d�Z���b���a�Z�f�_�g�b�d�Z���i�h�\�_�j�_�g�b�d�Z���P�A���m���g�Z�k�_�‚�_�g�b�f���f�_�k�l�b�f�Z�� 
- �n�h�j�f�b�j�Z�ƒ�_���•�_�^�b�g�b�p�Z�� �P�A���h�i�r�l�_���g�Z�f�_�g�_�� 
- �m�j�_�{�m�•�_�k�_���m�d�‚�m�q�b�\�Z�ƒ�_�h�k�i�h�k�h�[�‚�_�g�b�o�i�j�Z�\�g�b�o�e�b�p�Z�b�ƒ�b�o�h�\�h�Z�d�l�b�\�b�j�Z�ƒ�_���� 
- �m�e�h�]�Z�]�j�Z�{�Z�g�Z���� �m�^�j�m�`�_�ƒ�Z���]�j�Z�{�Z�g�Z�b�^�j�m�]�b�o�h�j�]�Z�g�b�a�Z�p�b�•�Z���� 
- �d�h�h�j�^�b�g�Z�p�b�•�Z�b�j�m�d�h�\�h�{�_�ƒ�_�A�b�K�m�<�j�K�b�� 
- �h�k�l�\�Z�j�b�\�Z�ƒ�_�e�b�q�g�_�����m�a�Z�•�Z�f�g�_���b���d�h�e�_�d�l�b�\�g�_���a�Z�r�l�b�l�_; 
- �k�i�j�h�\�h�{�_�ƒ�_�f�_�j�Z�b�a�Z�^�Z�l�Z�d�Z�P�A���� 
- �n�m�g�d�p�b�h�g�b�k�Z�ƒ�_�k�b�k�l�_�f�Z�•�Z�\�g�h�]�m�a�[�m�ƒ�b�\�Z�ƒ�Z���� 
- �h�[�m�d�Z�b�h�k�i�h�k�h�[�‚�Z�\�Z�ƒ�_���� 
- �i�e�Z�g�b�j�Z�ƒ�_�b�i�j�h�]�j�Z�f�b�j�Z�ƒ�_���� 
- �n�b�g�Z�g�k�b�j�Z�ƒ�_�k�b�k�l�_�f�Z�A�b�K���� 
- �m�l�\�j�{�b�\�Z�ƒ�_�r�l�_�l�_���� 
- �i�j�b�a�g�Z�ƒ�Z�b�g�Z�]�j�Z�^�_�b 
- �^�j�m�]�Z�i�b�l�Z�ƒ�Z�h�^�a�g�Z�q�Z�•�Z�a�Z�h�j�]�Z�g�b�a�Z�p�b�•�m�b�n�m�g�d�p�b�h�g�b�k�Z�ƒ�_�P�A�� 
 

4. �F�?�K�L�H���B���M�E�H�=�:���F�?�K�G�?���A�:�3�?�>�G�B�P�?���M���K�B�K�L�?�F�M���A�:�R�L�B�L�?���B��
�K�I�:�K�:�<�:�5�:  

 
�F�_�k�g�Z�� �a�Z�•�_�^�g�b�p�Z���� �j�Z�^�b�� �a�Z�^�h�\�h�‚�Z�\�Z�ƒ�Z�� �i�h�l�j�_�[�Z�� �b�� �b�g�l�_�j�_�k�Z�� �e�h�d�Z�e�g�h�]�� �k�l�Z�g�h�\�g�b�r�l�\�Z�� �m���h�[�e�Z�k�l�b��

�<�j�K�b���� �i�m�l�_�f���K�Z�\�_�l�Z���f�_�k�g�_���a�Z�•�_�^�g�b�p�_���� 
1)  �i�j�_�^�e�Z�`�_���i�h�\�_�j�_�g�b�d�_���P�A���b���ƒ�b�o�h�\�_���a�Z�f�_�g�b�d�_���m���g�Z�k�_�‚�_�g�h�f���f�_�k�l�m���g�Z���k�\�h�f���i�h�^�j�m�q�•�m�� 
2)  �h�[�Z�\�_�r�l�Z�\�Z���R�l�Z�[�� �h�� �i�h�^�Z�p�b�f�Z���k�Z���k�\�h�]���i�h�^�j�m�q�•�Z���d�h�•�b���k�m���h�^���a�g�Z�q�Z�•�Z���a�Z���i�e�Z�g�b�j�Z�ƒ�_�����h�j�]�Z�g�b�a�h�\�Z�ƒ�_��

�b�� �k�i�j�h�\�h�{�_�ƒ�_���A�b�K���‚�m�^�k�l�\�Z���b���f�Z�l�_�j�b�•�Z�e�g�b�o���^�h�[�Z�j�Z�����m���^�Z�‚�_�f���l�_�d�k�l�m�����4�b�F�>������ 
3)  �m�q�_�k�l�\�m�•�_�� �m�� �k�i�j�h�\�h�{�_�ƒ�m�� �f�_�j�_�� �b�� �a�Z�^�Z�l�Z�d�Z�� �A�b�K�� �4�b�F�>�� �g�Z�� �k�\�h�f�� �i�h�^�j�m�q�•�m�� �d�h�•�_�� �g�Z�j�_�^�b�� �R�l�Z�[��

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

4)  �m�q�_�k�l�\�m�•�_���m���h�j�]�Z�g�b�a�h�\�Z�ƒ�m���b���h�k�i�h�k�h�[�‚�Z�\�Z�ƒ�m���]�j�Z�{�Z�g�Z���a�Z���k�i�j�h�\�h�{�_�ƒ�_���E�M�b�D�A���� 
5)  �m�q�_�k�l�\�m�•�_�� �m�� �b�g�n�h�j�f�b�k�Z�ƒ�m�� �]�j�Z�{�Z�g�Z�� �h�� �h�i�Z�k�g�h�k�l�b�f�Z�� �h�^�� �i�j�b�j�h�^�g�b�o�� �b�� �^�j�m�]�b�o�� �g�_�k�j�_�„�Z����

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

6)  �m�� �k�d�e�Z�^�m�� �k�Z�� �k�\�h�•�b�f�� �f�h�]�m�„�g�h�k�l�b�f�Z���� �i�e�Z�g�b�j�Z�� �b�� �h�[�_�a�[�_�{�m�•�_�� �k�j�_�^�k�l�\�Z�� �a�Z�� �h�j�]�Z�g�b�a�h�\�Z�ƒ�_�� �b��
�k�i�j�h�\�h�{�_�ƒ�_�� �i�j�_�\�_�g�l�b�\�g�b�o�� �f�_�j�Z�� �a�Z�r�l�b�l�_�� �h�^�� �i�j�b�j�h�^�g�b�o�� �b�� �^�j�m�]�b�o�� �g�_�k�j�_�„�Z�� �g�Z�� �i�h�^�j�m�q�•�m�� �f�_�k�g�_��
�a�Z�•�_�^�g�b�p�_���� 

7)  �h�k�l�\�Z�j�m�•�_�� �k�Z�j�Z�{�ƒ�m�� �k�Z�� �h�i�r�l�b�g�k�d�h�f�� �D�h�f�b�k�b�•�h�f�� �a�Z�� �i�j�h�p�_�g�m�� �r�l�_�l�_�� �g�Z�k�l�Z�e�_�� �h�^�� �_�e�_�f�_�g�l�Z�j�g�b�o��
�g�_�i�h�]�h�^�Z���g�Z���k�\�h�f���i�h�^�j�m�q�•�m���� 

8)  �m�q�_�k�l�\�m�•�_�� �m�� �n�h�j�f�b�j�Z�ƒ�m�� �i�j�b�\�j�_�f�_�g�b�o�� �j�Z�^�g�b�o�� �•�_�^�b�g�b�p�Z�� �h�^�� �k�\�h�•�b�o�� �]�j�Z�{�Z�g�Z���� �j�Z�^�b�� �k�i�j�h�\�h�{�_�ƒ�Z��
�f�_�j�Z���a�Z���m�[�e�Z�`�Z�\�Z�ƒ�_���b���h�l�d�e�Z�ƒ�Z�ƒ�Z���i�h�k�e�_�^�b�p�Z���\�Z�g�j�_�^�g�_���k�b�l�m�Z�p�b�•�_���g�Z���k�\�h�f���i�h�^�j�m�q�•�m���� 

9)  �i�h�� �g�Z�j�_�{�_�ƒ�m���I�j�_�^�k�_�^�g�b�d�Z���h�i�r�l�b�g�_���m�\�h�^�b���^�_�`�m�j�k�l�\�h���m���\�Z�g�j�_�^�g�b�f���k�b�l�m�Z�p�b�•�Z�f�Z�� 
 
�F�_�k�g�Z�� �a�Z�•�_�^�g�b�p�Z���� �m�� �k�d�e�Z�^�m�� �k�Z�� �a�Z�d�h�g�h�f���� �h�^�e�m�d�h�f�� �h�� �f�_�k�g�h�•�� �k�Z�f�h�m�i�j�Z�\�b���� �k�l�Z�l�m�l�h�f�� �f�_�k�g�_��

�a�Z�•�_�^�g�b�p�_���b�� �^�j�m�]�b�f���i�j�h�i�b�k�b�f�Z���� �h�k�b�f���g�Z�\�_�^�_�g�b�o���•�h�r���� 
- �i�h�d�j�_�„�_�� �b�g�b�p�b�•�Z�l�b�\�m���a�Z���m�]�j�Z�^�ƒ�m���_�e�_�f�_�g�Z�l�Z���A�b�K���m���Z�d�l�_���\�_�a�Z�g�b�o���a�Z���i�e�Z�g�b�j�Z�ƒ�_�����m�j�_�{�_�ƒ�_���b���j�Z�a�\�h�•��

�g�Z�k�_�‚�Z���� 
- �i�j�b�d�m�i�‚�Z�� �b�� �h�[�•�_�^�b�ƒ�Z�\�Z���f�b�r�‚�_�ƒ�_���]�j�Z�{�Z�g�Z���h���i�b�l�Z�ƒ�b�f�Z���h�^���a�g�Z�q�Z�•�Z���a�Z���\�Z�g�j�_�^�g�_���k�b�l�m�Z�p�b�•�_���� 
- �h�j�]�Z�g�b�a�m�•�_�� �j�Z�a�g�_���h�[�e�b�d�_���o�m�f�Z�g�b�l�Z�j�g�_���i�h�f�h�„�b�� �g�Z���k�\�h�f���i�h�^�j�m�q�•�m���� 



�J�b�a�b�d���b���[�_�a�[�_�^�g�h�k�g�b���b�g�`�_�ƒ�_�j�b�g�]��- �D�h�i�Z�h�g�b�d��������4. 
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- �i�j�_�^�e�Z�`�_�� �m�k�d�e�Z�{�b�\�Z�ƒ�_�� �i�j�h�]�j�Z�f�Z�� �a�Z�� �b�a�]�j�Z�^�ƒ�m�� �d�h�f�m�g�Z�e�g�_�� �b�g�n�j�Z�k�l�j�m�d�l�m�j�_�� �k�Z�� �i�h�l�j�_�[�Z�f�Z�� �b�a��
�h�[�e�Z�k�l�b���A�b�K���� 

- �m�k�f�_�j�Z�\�Z�� �d�h�j�b�r�„�_�ƒ�_�� �i�j�h�k�l�h�j�Z�� �b�� �h�^�j�`�Z�\�Z�ƒ�_�� �h�[�•�_�d�Z�l�Z�� �g�Z�� �l�_�j�b�l�h�j�b�•�b�� �f�_�k�g�_�� �a�Z�•�_�^�g�b�p�_���k�o�h�^�g�h��
�i�h�l�j�_�[�Z�f�Z���A�b�K���� 

- �h�k�l�\�Z�j�m�•�_�� �k�Z�j�Z�^�ƒ�m���m���h�[�e�Z�k�l�b�� �A�b�K���m���<�j�K�b���k�Z���i�j�b�\�j�_�^�g�b�f�� �^�j�m�r�l�\�b�f�Z���b���i�j�_�^�m�a�_�l�g�b�p�b�f�Z�����d�Z�h���b��
�g�_�\�e�Z�^�b�g�b�f�� �h�j�]�Z�g�b�a�Z�p�b�•�Z�f�Z�� �b�� �p�b�\�b�e�g�b�f�� �^�j�m�r�l�\�b�f�Z���g�Z���k�\�h�•�h�•�� �l�_�j�b�l�h�j�b�•�b���� 

 

5. �A�:�D�4�M�Q�:�D�� 

 
�M�k�l�Z�\�� �J���K�j�[�b�•�_�� �b�� �A�Z�d�h�g�� �� �h�� �e�h�d�Z�e�g�h�•�� �k�Z�f�h�m�i�j�Z�\�b�� �k�m���•�Z�k�g�h���^�_�n�b�g�b�k�Z�e�_���g�Z�^�e�_�`�g�h�k�l�b�� �h�i�r�l�b�g�_�m��

�k�n�_�j�b�� �a�Z�r�l�b�l�_�� �k�\�h�•�b�o���]�j�Z�{�Z�g�Z���� �L�_���g�Z�^�e�_�`�g�h�k�l�b�� �k�m���k�_���^�h�i�m�g�b�e�_���A�Z�d�h�g�h�f���h���\�Z�g�j�_�^�g�b�f���k�b�l�m�Z�p�b�•�Z�f�Z�����k�Z��
�i�h�^�a�Z�d�h�g�k�d�b�f�� �Z�d�l�b�f�Z�����]�^�_���h�i�r�l�b�g�_���b�f�Z�•�m���p�_�g�l�j�Z�e�g�h���f�_�k�l�h���m���k�b�k�l�_�f�m���a�Z�r�l�b�l�_���b���k�i�Z�k�Z�\�Z�ƒ�Z�� 

�E�h�d�Z�e�g�Z�� �k�Z�f�h�m�i�j�Z�\�Z�� �•�_�� �i�j�Z�\�h�� �]�j�Z�{�Z�g�Z�� �^�Z�� �m�i�j�Z�\�‚�Z�•�m�� �•�Z�\�g�b�f�� �i�h�k�e�h�\�b�f�Z�� �h�^�� �g�_�i�h�k�j�_�^�g�h�]����
�a�Z�•�_�^�g�b�q�d�h�]�� �b�� �h�i�r�l�_�]�� �b�g�l�_�j�_�k�Z�� �a�Z�� �e�h�d�Z�e�g�h�� �k�l�Z�g�h�\�g�b�r�l�\�h���� �g�_�i�h�k�j�_�^�g�h�� �b�� �i�j�_�d�h�k�e�h�[�h�^�g�h�� �b�a�Z�[�j�Z�g�b�o��
�i�j�_�^�k�l�Z�\�g�b�d�Z���m���•�_�^�b�g�b�p�Z�f�Z���e�h�d�Z�e�g�_���k�Z�f�h�m�i�j�Z�\�_�����d�Z�h���b���i�j�Z�\�h���b���k�i�h�k�h�[�g�h�k�l���h�j�]�Z�g�Z���e�h�d�Z�e�g�_���k�Z�f�h�m�i�j�Z�\�_��
�^�Z���� �m�� �]�j�Z�g�b�p�Z�f�Z�� �a�Z�d�h�g�Z���� �m�j�_�{�m�•�m�� �i�h�k�e�h�\�_�� �b�� �m�i�j�Z�\�‚�Z�•�m�� �•�Z�\�g�b�f�� �i�h�k�e�h�\�b�f�Z�� �d�h�•�b�� �k�m�� �m�� �ƒ�b�o�h�\�h�•��
�g�Z�^�e�_�`�g�h�k�l�b�� �b�� �h�^�� �b�g�l�_�j�_�k�Z�� �a�Z�� �e�h�d�Z�e�g�h�� �k�l�Z�g�h�\�g�b�r�l�\�h���J�_�i�m�[�e�b�d�Z���K�j�[�b�•�Z���� �:�m�l�h�g�h�f�g�Z���i�h�d�j�Z�•�b�g�Z���f�h�`�_��
�a�Z�d�h�g�h�f���i�h�\�_�j�b�l�b�� �•�_�^�b�g�b�p�Z�f�Z���e�h�d�Z�e�g�_���k�Z�f�h�m�i�j�Z�\�_���i�h�•�_�^�b�g�Z���i�b�l�Z�ƒ�Z���b�a���k�\�h�•�_���g�Z�^�e�_�`�g�h�k�l�b�� 

�M���\�j�r�_�ƒ�m�� �k�\�h�•�_�� �g�Z�^�e�_�`�g�h�k�l�b���� �•�_�^�b�g�b�p�Z�� �e�h�d�Z�e�g�_�� �k�Z�f�h�m�i�j�Z�\�_�� �^�h�g�h�k�b�� �i�j�h�i�b�k�_�� �k�Z�f�h�k�l�Z�e�g�h���� �m��
�k�d�e�Z�^�m���k�Z���k�\�h�•�b�f���i�j�Z�\�b�f�Z���b���^�m�`�g�h�k�l�b�f�Z���m�l�\�j�{�_�g�b�f���M�k�l�Z�\�h�f�����a�Z�d�h�g�h�f�����^�j�m�]�b�f���i�j�h�i�b�k�h�f���b���k�l�Z�l�m�l�h�f�� 

�3�_�^�b�g�b�p�Z�� �e�h�d�Z�e�g�_�� �k�Z�f�h�m�i�j�Z�\�_�� �h�^�]�h�\�h�j�g�Z�� �•�_�� �a�Z�� �d�\�Z�e�b�l�_�l�g�h�� �b�� �_�n�b�d�Z�k�g�h�� �\�j�r�_�ƒ�_�� �k�\�h�•�b�o �b��
�i�h�\�_�j�_�g�b�o�� �g�Z�^�e�_�`�g�h�k�l�b�� 

�G�Z�•�\�b�r�b�� �i�j�Z�\�g�b�� �Z�d�l�� �•�_�^�b�g�b�p�_�� �e�h�d�Z�e�g�_�� �k�Z�f�h�m�i�j�Z�\�_�� �•�_�� �k�l�Z�l�m�l���K�l�Z�l�m�l�h�f�� �k�_�� �m�j�_�{�m�•�m�� �g�Z�j�h�q�b�l�h����
�i�j�Z�\�Z�� �b�� �^�m�`�g�h�k�l�b�� �•�_�^�b�g�b�p�_�� �e�h�d�Z�e�g�_�� �k�Z�f�h�m�i�j�Z�\�_�� �b�� �g�Z�q�b�g�� �ƒ�b�o�h�\�h�]�� �h�k�l�\�Z�j�b�\�Z�ƒ�Z���� �[�j�h�•�� �h�^�[�h�j�g�b�d�Z��
�k�d�m�i�r�l�b�g�_�� �•�_�^�b�g�b�p�_�� �e�h�d�Z�e�g�_�� �k�Z�f�h�m�i�j�Z�\�_���� �h�j�]�Z�g�b�a�Z�p�b�•�Z�� �b�� �j�Z�^�� �h�j�]�Z�g�Z�� �b�� �k�e�m�`�[�b���� �g�Z�q�b�g�� �m�i�j�Z�\�‚�Z�ƒ�Z��
�]�j�Z�{�Z�g�Z�� �i�h�k�e�h�\�b�f�Z�� �b�a�� �g�Z�^�e�_�`�g�h�k�l�b�� �•�_�^�b�g�b�p�_���e�h�d�Z�e�g�_���k�Z�f�h�m�i�j�Z�\�_���� �h�k�g�b�\�Z�ƒ�_���b�� �j�Z�^�� �f�_�k�g�_���a�Z�•�_�^�g�b�p�_���b��
�^�j�m�]�b�o�� �h�[�e�b�d�Z�� �f�_�k�g�_�� �k�Z�f�h�m�i�j�Z�\�_���� �m�k�e�h�\�b�� �a�Z�� �i�h�d�j�_�l�Z�ƒ�_�� �]�j�Z�{�Z�g�k�d�_�� �b�g�b�p�b�•�Z�l�b�\�_�� �b�� �^�j�m�]�Z�� �i�b�l�Z�ƒ�Z�� �h�^��
�a�g�Z�q�Z�•�Z���a�Z���•�_�^�b�g�b�p�m�� �e�h�d�Z�e�g�_���k�Z�f�h�m�i�j�Z�\�_�� 

�3�_�^�b�g�b�p�_�� �e�h�d�Z�e�g�_�� �k�Z�f�h�m�i�j�Z�\�_�� �k�Z�j�Z�{�m�•�m�� �b�� �m�^�j�m�`�m�•�m���k�_���j�Z�^�b���h�k�l�\�Z�j�b�\�Z�ƒ�Z���a�Z�•�_�^�g�b�q�d�b�o���p�b�‚�_�\�Z����
�i�e�Z�g�h�\�Z�� �b�� �i�j�h�]�j�Z�f�Z�� �j�Z�a�\�h�•�Z���� �d�Z�h�� �b�� �^�j�m�]�b�o�� �i�h�l�j�_�[�Z�� �h�^�� �a�Z�•�_�^�g�b�q�d�h�]�� �b�g�l�_�j�_�k�Z�� �b�� �j�Z�^�b�� �ƒ�b�o�h�\�h�]��
�h�k�l�\�Z�j�b�\�Z�ƒ�Z���f�h�]�m���m�^�j�m�`�b�\�Z�l�b�� �k�j�_�^�k�l�\�Z�� �b�� �h�[�j�Z�a�h�\�Z�l�b���a�Z�•�_�^�g�b�q�d�_���h�j�]�Z�g�_�����i�j�_�^�m�a�_�„�Z�����m�k�l�Z�g�h�\�_���b���^�j�m�]�_��
�h�j�]�Z�g�b�a�Z�p�b�•�_�� �b�� �k�e�m�`�[�_���� �m�� �k�d�e�Z�^�m�� �k�Z�� �a�Z�d�h�g�h�f�� �b�� �k�l�Z�l�m�l�h�f���� �3�_�^�b�g�b�p�_�� �e�h�d�Z�e�g�_�� �k�Z�f�h�m�i�j�Z�\�_�� �f�h�]�m��
�k�Z�j�Z�{�b�\�Z�l�b�� �k�Z�� �•�_�^�b�g�b�p�Z�f�Z�� �e�h�d�Z�e�g�_�� �k�Z�f�h�m�i�j�Z�\�_�� �^�j�m�]�b�o�^�j�`�Z�\�Z���� �m�� �h�d�\�b�j�m�� �k�i�h�‚�g�_�� �i�h�e�b�l�b�d�_���J�_�i�m�[�e�b�d�_��
�K�j�[�b�•�_���� �m�a�� �i�h�r�l�h�\�Z�ƒ�_�� �l�_�j�b�l�h�j�b�•�Z�e�g�h�]�� �•�_�^�b�g�k�l�\�Z�� �b�� �i�j�Z�\�g�h�]�� �i�h�j�_�l�d�Z�� �J�_�i�m�[�e�b�d�_�� �K�j�[�b�•�_���H�j�]�Z�g�b��
�•�_�^�b�g�b�p�Z�� �e�h�d�Z�e�g�_�� �k�Z�f�h�m�i�j�Z�\�_�� �f�h�]�m�� �k�Z�j�Z�{�b�\�Z�l�b�� �k�Z�� �g�_�\�e�Z�^�b�g�b�f�� �h�j�]�Z�g�b�a�Z�p�b�•�Z�f�Z���� �o�m�f�Z�g�b�l�Z�j�g�b�f��
�h�j�]�Z�g�b�a�Z�p�b�•�Z�f�Z�� �b�� �^�j�m�]�b�f�� �h�j�]�Z�g�b�a�Z�p�b�•�Z�f�Z���� �m�� �b�g�l�_�j�_�k�m���•�_�^�b�g�b�p�_�� �e�h�d�Z�e�g�_�� �k�Z�f�h�m�i�j�Z�\�_�� �b�� �k�l�Z�g�h�\�g�b�d�Z�� �k�Z��
�k�\�h�]���i�h�^�j�m�q�•�Z�� 

�K�� �h�[�a�b�j�h�f�� �g�Z�� �i�h�k�l�h�•�Z�ƒ�_�� �j�b�a�b�d�Z�� �h�^�� �g�Z�k�l�Z�•�Z�ƒ�Z�� �\�Z�g�j�_�^�g�b�o�� �k�b�l�m�Z�p�b�•�Z�� �g�Z�� �l�_�j�b�l�h�j�b�•�b�� �h�i�r�l�b�g�_��
�f�h�`�_�ke �a�Z�d�‚�m�q�b�l�b�� �^�Z�� �g�Z�� �l�_�j�b�l�h�j�b�•�b�� �h�i�r�l�b�g�_�� �i�h�k�l�h�•�b�� �\�b�r�_�� �h�i�Z�k�g�h�k�l�b�� �q�b�•�Z�� �i�h�•�Z�\�Z���b�� �^�_�e�h�\�Z�ƒ�_���f�h�`�_��
�[�b�l�b�� �r�l�_�l�g�Z�� �i�h�� �‚�m�^�_���� �f�Z�l�_�j�b�•�Z�e�g�Z�� �b�� �d�m�e�l�m�j�g�Z�� �^�h�[�j�Z�� �b�� �`�b�\�h�l�g�m�� �k�j�_�^�b�g�m���� �I�h�k�l�h�•�Z�ƒ�_�� �j�b�a�b�d�Z�� �k�_��
�m�l�\�j�{�m�•�_�� �m �^�h�g�_�l�b�f�� �I�j�h�p�_�g�Z�f�Z�� �m�]�j�h�`�_�g�h�k�l�b�� �� �g�Z�� �h�k�g�h�\�m�� �d�h�•�b�o�� �k�_�� �b�a�j�Z�{�m�•�m�� �I�e�Z�g�h�\�b�� �a�Z�r�l�b�l�_�� �b��
�k�i�Z�k�Z�\�Z�ƒ�Z���i�h�� �h�i�Z�k�g�h�k�l�b�� �d�h�•�_�� �f�h�]�m���[�b�l�b�� �b�a�Z�a�\�Z�g�_���_�e�_�f�_�g�l�Z�j�g�b�f���b���^�j�m�]�b�f���g�_�i�h�]�h�^�Z�f�Z���b���L�L���m�^�_�k�b�f�Z���b��
�d�Z�l�Z�k�l�j�h�n�Z�f�Z�� 

�J�m�d�h�\�h�{�_�ƒ�_�f���Z�d�p�b�•�Z���a�Z�r�l�b�l�_���b���k�i�Z�k�Z�\�Z�ƒ�Z�����k�i�j�h�\�h�{�_�ƒ�_�f���f�_�j�Z���d�h�•�b�f�Z���k�_���k�i�j�_�q�Z�\�Z�•�m�����h�l�d�e�Z�ƒ�Z�•�m��
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GAUGING THREATS AND  
PROTECTION AND RESCUE PLANS OF DEFENSE ELEMENTS 

ABSTRACT:  
Passing the Emergency Management Act and the Regulationson the Methodology for Formulating the Gauging 

Threats and Protection and Rescue Plans in Extraordinary Situations has created the necessary conditions for the 
defense elements (state bodies, bodies of autonomous province and the units of the  local self-government; economic 
�F�R�U�S�R�U�D�W�L�R�Q�V���D�Q�G���R�W�K�H�U���O�H�J�D�O���H�Q�W�L�W�L�H�V�����F�L�W�L�]�H�Q�V�����F�L�W�L�]�H�Q�V�¶���J�U�R�X�S�V�����S�U�R�I�H�V�V�L�R�Q�D�O���D�Q�G���R�W�K�H�U���R�U�J�D�Q�L�]�D�W�L�R�Q�V�����W�R���V�W�D�U�W���I�R�U�P�X�O�D�W�L�Q�J 
the Gauging Threats and Protection and Rescue Plans. The main goal of passing the necessary documents is a planned 
engagement in case of weather and other disasters, as well as technical and technological accidents and catastrophes. 
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Rescue Plans, and their implication on the state and security of the citizens, material and cultural goods and the 
environment. 
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�m�]�j�h�`�_�g�h�k�l�b�� �k�Z�^�j�`�b�� �g�Z�j�h�q�b�l�h�������d�Z�j�Z�d�l�_�j�b�k�l�b�d�_�� �l�_�j�b�l�h�j�b�•�_���� �d�j�b�l�b�q�g�Z�� �i�h�k�l�j�h�•�_�ƒ�Z���� �d�j�b�l�b�q�g�Z�� �f�_�k�l�Z���b��
�i�j�h�k�l�h�j�_�� �k�Z�� �]�e�_�^�b�r�l�Z�� �m�]�j�h�`�_�g�h�k�l�b�� �h�^�� �?�G�b�>�G���� �k�Z���_�\�_�g�l�m�Z�e�g�b�f�� �i�j�_�d�h�]�j�Z�g�b�q�g�b�f�� �_�n�_�d�l�b�f�Z���m�^�_�k�Z����2) 
�i�h�\�j�_�^�b�\�h�k�l�� �l�_�j�b�l�h�j�b�•�_�� �h�^�� �?�G�b�>�G�������� �Z�g�Z�e�b�a�m���f�h�]�m�„�b�o���i�h�k�e�_�^�b�p�Z���h�^�� �?�G�b�>�G�������i�h�l�j�_�[�_�� �b���f�h�]�m�„�g�h�k�l�b��
�a�Z���a�Z�r�l�b�l�m���‚�m�^�b�����f�Z�l�_�j�b�•�Z�e�g�b�o���^�h�[�Z�j�Z���b���`�b�\�h�l�g�_���k�j�_�^�b�g�_���h�^���i�h�k�e�_�^�b�p�Z���?�G�b�>�G�� 

�I�j�h�p�_�g�Z���m�]�j�h�`�_�g�h�k�l�b�h�^�� �?�G�b�>�G���•�_�� �h�k�g�h�\�g�b���^�h�d�m�f�_�g�l�� �a�Z���b�a�j�Z�^�m���I�e�Z�g�Z���a�Z�r�l�b�l�_���b���k�i�Z�k�Z�\�Z�ƒ�Z���m 
�\�Z�g�j�_�^�g�b�f�� �k�b�l�m�Z�p�b�•�Z�f�Z�� ���m�� �^�Z�‚�_�f�� �l�_�d�k�l�m���� �<�j�K�b���� �� �g�Z�� �g�b�\�h�m���J�_�i�m�[�e�b�d�_�� �K�j�[�b�•�_�� ���m�� �^�Z�‚�_�f�� �l�_�d�k�l�m����
�G�Z�p�b�h�g�Z�e�g�b�� �i�e�Z�g���� �b�� �I�e�Z�g�Z�� �A�b�K�� �m�� �<�j�K�b�� �h�j�]�Z�g�Z�� �^�j�`�Z�\�g�_�� �m�i�j�Z�\�_���� �Z�m�l�h�g�h�f�g�b�o�� �i�h�d�j�Z�•�b�g�Z�� ���m�� �^�Z�‚�_�f��
�l�_�d�k�l�m���� �:�I������ �•�_�^�b�g�b�p�Z�� �e�h�d�Z�e�g�_�� �k�Z�f�h�m�i�j�Z�\�_�� ���m�� �^�Z�‚�_�f�� �l�_�d�k�l�m���� �3�E�K������ �i�j�b�\�j�_�^�g�b�o�� �^�j�m�r�l�Z�\�Z�� �b�� �^�j�m�]�b�o��
�i�j�Z�\�g�b�o�� �e�b�p�Z�� ���m���^�Z�‚�_�f���l�_�d�k�l�m�����I�>���b���>�I�E�����b���^�j�m�]�b�o���h�j�]�Z�g�b�a�Z�p�b�•�Z�����m���^�Z�‚�_�f���l�_�d�k�l�m�����I�e�Z�g���� 

�I�j�h�p�_�g�_�� �m�]�j�h�`�_�g�h�k�l�b�� �i�j�Z�\�g�b�o�� �e�b�p�Z�� �b�� �i�j�b�\�j�_�^�g�b�o�� �^�j�m�r�l�Z�\�Z�� �h�[�m�o�\�Z�l�Z�•�m�� �h�[�•�_�d�l�_�� �b�� �i�j�h�k�l�h�j�� �m��
�ƒ�b�o�h�\�h�f�� �\�e�Z�k�g�b�r�l�\�m�� �b�e�b�� �g�Z�� �d�h�j�b�r�„�_�ƒ�m�� �b�� �i�j�h�k�l�h�j�� �h�d�h�� �l�b�o�� �h�[�•�_�d�Z�l�Z�� �d�h�•�b�� �f�h�`�_�� �[�b�l�b�� �m�]�j�h�`�_�g�� �?�G�� �b��
�>�G���g�Z���i�h�k�l�j�h�•�_�ƒ�b�f�Z���m���d�h�•�b�f�Z���h�[�Z�\�‚�Z�•�m���^�_�e�Z�l�g�h�k�l���� �h�^�g�h�k�g�h���f�h�`�_���m�a�j�h�d�h�\�Z�l�b���g�_�]�Z�l�b�\�g�_���i�h�k�e�_�^�b�p�_���i�h��
                                                 
1�i�j�h�n�_�k�h�j���m���<�b�k�h�d�h�•���l�_�o�g�b�q�d�h�•���r�d�h�e�b���k�l�j�m�d�h�\�g�b�o���k�l�m� �̂b�•�Z���m���G�h�\�h�f���K�Z� �̂m�����R�d�h�e�k�d�Z���[�j�h�•���������������������G�h�\�b���K�Z�^ 
2�A�Z�d�h�g���h���\�Z�g�j�_�^�g�b�f ���k�b�l �m�Z�p�b�•�Z�f �Z�����K�e�m� �̀[�_�g�b���]�e�Z�k�g�b�d���J���K�j�[�b�•�_�����[�j�h�•��������1/2009; �B�a�f �_�g�_���b���^�h�i�m�g�_�����[�j�h�•��92/07.12. 2011 



�J�b�a�b�d���b���[�_�a�[�_�^�g�h�k�g�b���b�g�`�_�ƒ�_�j�b�g�]��- �D�h�i�Z�h�g�b�d��������4. 
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�r�b�j�m�� �a�Z�•�_�^�g�b�p�m�� �b�� �h�d�h�e�b�g�m�� �m�� �k�e�m�q�Z�•�_�\�b�f�Z�� �i�j�_�d�b�^�Z�� �j�Z�^�Z�� �b�e�b�� �a�g�Z�q�Z�•�g�b�•�b�o�� �i�h�j�_�f�_�„�Z�•�Z�� �m�� �j�Z�^�m�� �h�[�•�_�d�Z�l�Z��
�d�j�b�l�b�q�g�_���b�g�n�j�Z�k�l�j�m�d�l�m�j�_���� 
 �I�j�b�e�b�d�h�f�� �b�a�j�Z�^�_�� �I�j�h�p�_�g�_�� �m�a�b�f�Z�•�m�� �k�_�� �h�[�a�b�j�� �k�l�Z�g�^�Z�j�^�b���m�j�[�Z�g�b�k�l�b�q�d�h��- �i�e�Z�g�k�d�_�� �j�_�]�m�e�Z�l�b�\�_����
�l�_�o�g�b�q�d�h��- �l�_�o�g�h�e�h�r�d�_�� �^�h�d�m�f�_�g�l�Z�p�b�•�_���� �i�j�h�p�_�^�m�j�_�� �i�j�h�b�a�\�h�^�g�b�o�� �b�� �^�j�m�]�b�o�� �i�j�h�p�_�k�Z�� �b�� �k�l�Z�l�b�k�l�b�q�d�b�o��
�i�h�^�Z�l�Z�d�Z���h���k�\�b�f���_�e�_�f�_�g�l�b�f�Z���i�h�l�j�_�[�g�b�f���a�Z���b�a�j�Z�^�m���b�k�l�_���� 

 
�I�e�Z�g�h�f�� �a�Z�r�l�b�l�_�� �b�� �k�i�Z�k�Z�\�Z�ƒ�Z �m�� �<�j�K�b�� �i�e�Z�g�b�j�Z�•�m�� �k�_�� �i�j�_�\�_�g�l�b�\�g�_�� �b�� �h�i�_�j�Z�l�b�\�g�_�� �f�_�j�_�� �a�Z��

�k�i�j�_�q�Z�\�Z�ƒ�_���b���m�f�Z�ƒ�_�ƒ�_���i�h�k�e�_�^�b�p�Z���?�g�b�>�G�����l�_�o�g�b�q�d�h-�l�_�o�g�h�e�h�r�d�b�o�� �g�_�k�j�_�„�Z��- �m�^�_�k�Z���b���d�Z�l�Z�k�l�j�h�n�Z�����d�Z�h���b��
�k�g�Z�]�_�� �b�� �k�j�_�^�k�l�\�Z�� �k�m�[�•�_�d�Z�l�Z�� �k�b�k�l�_�f�Z�� �A�b�K���� �ƒ�b�o�h�\�h�� �h�j�]�Z�g�b�a�h�\�Z�g�h�� �b�� �d�h�h�j�^�b�g�b�j�Z�g�h�� �Z�g�]�Z�`�h�\�Z�ƒ�_�� �b��
�^�_�e�h�\�Z�ƒ�_���m���<�j�K�b���m���p�b�‚�m���A�b�K���‚�m�^�b���� �f�Z�l�_�j�b�•�Z�e�g�b�o���b���d�m�e�l�m�j�g�b�o���^�h�[�Z�j�Z���b���h�[�_�a�[�_�{�_�ƒ�Z���h�k�g�h�\�g�b�o���m�k�e�h�\�Z��
�a�Z�� �`�b�\�h�l���I�e�Z�g�� �A�b�K�� �m�� �<�j�K�b�� �b�a�j�Z�{�m�•�_�� �k�_�� �g�Z�� �h�k�g�h�\�m�� �i�j�h�p�_�g�_�� �m�]�j�h�`�_�g�h�k�l�b���<�e�Z�^�Z���� �g�Z�� �h�k�g�h�\�m�� �I�j�h�p�_�g�_��
�m�]�j�h�`�_�g�h�k�l�b�� �J�_�i�m�[�e�b�d�_�� �K�j�[�b�•�_���� �m�l�\�j�{�m�•�_�� �a�Z�� �d�h�•�_�� �k�_�� �\�j�k�l�_�� �_�e�_�f�_�g�l�Z�j�g�b�o�� �g�_�i�h�]�h�^�Z�� �b�� �l�_�o�g�b�q�d�h-
�l�_�o�g�h�e�h�r�d�b�o�� �g�_�k�j�_�„�Z�� �± �m�^�_�k�Z�� �b�� �h�i�Z�k�g�h�k�l�b�� �b�a�j�Z�{�m�•�m�� �i�e�Z�g�h�\�b�� �b�� �h�^�j�_�{�m�•�_�� �d�h�•�b���^�j�`�Z�\�g�b�� �h�j�]�Z�g�b��
�m�q�_�k�l�\�m�•�m���m���ƒ�b�o�h�\�h�•�� �b�a�j�Z�^�b�� 

�M���b�a�j�Z�^�b���G�Z�p�b�h�g�Z�e�g�h�]�� �i�e�Z�g�Z���A�b�K���m���<�j�K�b���m�q�_�k�l�\�m�•�m���F�b�g�b�k�l�j�Z�k�l�\�Z�� �b�� �^�j�m�]�b�� �h�j�]�Z�g�b���m���^�_�e�m���d�h�•�b��
�k�_�� �h�^�g�h�k�b�� �g�Z�� �ƒ�b�o�h�\�� �^�_�e�h�d�j�m�]�� �j�Z�^�Z���� �d�h�•�b�� �k�\�h�•�_�� �i�j�_�^�e�h�]�_�� �^�h�k�l�Z�\�‚�Z�•�m�� �F�b�g�b�k�l�Z�j�k�l�\�m���� �j�Z�^�b�� �i�j�b�i�j�_�f�_��
�i�j�_�^�e�h�]�Z�� �G�Z�p�b�h�g�Z�e�g�h�]�� �i�e�Z�g�Z�� �A�b�K�� �m�� �<�j�K�b�� �J�_�i�m�[�e�b�d�_���K�j�[�b�•�_���K�Z�k�l�Z�\�g�b���^�_�h���G�Z�p�b�h�g�Z�e�g�h�]�� �i�e�Z�g�Z���A�b�K���m��
�<�j�K�b�� �J�_�i�m�[�e�b�d�_�� �K�j�[�b�•�_�� �•�_�� �b�� �I�e�Z�g�� �A�b�K�� �m�� �<�j�K�b�� �m�i�j�Z�\�g�h�]�� �h�d�j�m�]�Z���� �d�h�•�b�� �k�Z�q�b�ƒ�Z�\�Z�� �i�h�^�j�m�q�g�Z��
�h�j�]�Z�g�b�a�Z�p�b�h�g�Z�� �•�_�^�b�g�b�p�Z�� �g�Z�^�e�_�`�g�_�� �k�e�m�`�[�_�� �m�� �m�i�j�Z�\�g�h�f�� �h�d�j�m�]�m���� �m�� �k�Z�j�Z�^�ƒ�b�� �k�Z�� �h�d�j�m�`�g�b�f�� �i�h�^�j�m�q�g�b�f��
�•�_�^�b�g�b�p�Z�f�Z���h�j�]�Z�g�Z���^�j�`�Z�\�g�_���m�i�j�Z�\�_���m���h�d�j�m�]�m���b�� �k�l�j�m�q�g�h�f���k�e�m�`�[�h�f���m�i�j�Z�\�g�h�]���h�d�j�m�]�Z�� 

�I�e�Z�g�� �A�b�K�� �m�� �<�j�K�b�:�I�� �b�a�j�Z�{�m�•�m�� �g�Z�^�e�_�`�g�b�� �i�h�d�j�Z�•�b�g�k�d�b�� �h�j�]�Z�g�b�� �m�� �k�Z�j�Z�^�ƒ�b�� �k�Z�� �g�Z�^�e�_�`�g�h�f��
�k�e�m�`�[�h�f�����Z���^�h�g�h�k�b���]�Z���b�a�\�j�r�g�b�� �h�j�]�Z�g���:�I�� 

�I�e�Z�g�� �A�b�K�� �m�� �<�j�K�b�3�E�K�� �b�a�j�Z�{�m�•�m�� �g�Z�^�e�_�`�g�b�� �h�j�]�Z�g�b�� �3�E�K�� �m�� �k�Z�j�Z�^�ƒ�b�� �k�Z�� �g�Z�^�e�_�`�g�h�f�� �k�e�m�`�[�h�f���� �Z��
�^�h�g�h�k�b���]�Z���b�a�\�j�r�g�b�� �h�j�]�Z�g���3�E�K�� 

�I�e�Z�g�h�\�b�� �A�b�K�� �m�� �<�j�K�b�� �:�I�� �b�� �3�E�K���f�h�j�Z�•�m���[�b�l�b�� �m�k�d�e�Z�{�_�g�b���k�Z���G�Z�p�b�h�g�Z�e�g�b�f�� �i�e�Z�g�h�f�� �A�b�K���m���<�j�K�b��
�J�_�i�m�[�e�b�d�_���K�j�[�b�•�_�� 

�H�\�e�Z�r�„�_�g�Z�� �b�� �h�k�i�h�k�h�[�‚�_�g�Z�� �i�j�Z�\�g�Z�� �e�b�p�Z�� �b�� �^�j�m�]�_�� �h�j�]�Z�g�b�a�Z�p�b�•�_�� �h�i�j�_�f�‚�_�g�_�� �b�� �h�k�i�h�k�h�[�‚�_�g�_�� �a�Z��
�A�b�K���� �m���k�d�e�Z�^�m���k�Z���G�Z�p�b�h�g�Z�e�g�b�f�� �i�e�Z�g�h�f�� �A�b�K���m���<�j�K�b���J�_�i�m�[�e�b�d�_���K�j�[�b�•�_�����i�e�Z�g�h�f���A�b�K���m���<�j�K�b�:�i���b���3�E�K���b��
�a�Z�^�Z�p�b�f�Z���d�h�•�_�� �i�h�k�l�Z�\�b�� �g�Z�^�e�_�`�g�b���r�l�Z�[�� �a�Z���<�j�K�b���� �b�a�j�Z�{�m�•�m���k�h�i�k�l�\�_�g�_���i�e�Z�g�h�\�_���i�j�_�f�Z���d�h�•�b�f�Z���b�a�\�j�r�Z�\�Z�•�m��
�a�Z�^�Z�l�d�_���g�Z���A�b�K�� 

2. �I�J�H�P�?�G�:���M�=�J�H�@�?�G�H�K�L�B���B���I�E�:�G�H�<�B���A�:�R�L�B�L�?���B���K�I�:�K�:�<�:�5�: 

�I�e�Z�g�h�\�_�� �A�b�K�� �k�m�� �m�� �h�[�Z�\�_�a�b�� �^�Z�� �b�a�j�Z�{�m�•�m�� �k�\�b�� �k�m�[�•�_�d�l�b�� �p�b�\�b�e�g�_�� �h�^�[�j�Z�g�_���� �5�b�o�h�\�m�� �b�a�j�Z�^�m���� �Z�� �g�Z��
�h�k�g�h�\�m���A�Z�d�h�g�Z���h���<�j�K�b�����^�_�n�b�g�b�r�m�� �l�j�b���h�k�g�h�\�g�Z���Z�d�l�Z�� 

2.1. �M�i�m�l�k�l�\�h�� �h�� �f�_�l�h�^�h�e�h�]�b�•�b�� �a�Z�� �b�a�j�Z�^�m�� �i�j�h�p�_�g�_�� �m�]�j�h�`�_�g�h�k�l�b�� �b�� �i�e�Z�g�h�\�Z�� �A�b�K�� �m��
�<�j�K�b1�i�j�h�i�b�k�m�•�_�� �f�_�l�h�^�h�e�h�]�b�•�m�� �a�Z�� �b�a�j�Z�^�m�� �i�j�h�p�_�g�_�� �m�]�j�h�`�_�g�h�k�l�b�� �h�^�� �?�G�� �b�� �>�G���� �i�e�Z�g�Z�� �A�b�K�� �m�� �<�j�K�b�� �g�Z��
�g�b�\�h�m�� �J�_�i�m�[�e�b�d�_�� �K�j�[�b�•�_�� �b�� �i�e�Z�g�Z�� �A�b�K�� �m�� �<�j�K�b�� �h�j�]�Z�g�Z�� �^�j�`�Z�\�g�_�� �m�i�j�Z�\�_���� �:�I���� �3�E�K���� �I�>�b�>�I�E�� �b�� �^�j�m�]�b�o��
�h�j�]�Z�g�b�a�Z�p�b�•�Z���� �I�j�h�p�_�g�Z���m�]�j�h�`�_�g�h�k�l�b�� �h�^�� �?�G���b�� �>�G���•�_�� �h�k�g�h�\�g�b���^�h�d�m�f�_�g�l���a�Z���b�a�j�Z�^�m���I�e�Z�g�Z���A�b�K���m���<�j�K�b���g�Z��
�g�b�\�h�m�� �J���� �K�j�[�b�•�_�� ���G�Z�p�b�h�g�Z�e�g�b�� �i�e�Z�g���� �b�� �I�e�Z�g�Z�� �A�b�K�� �m�� �<�j�K�b�� �h�j�]�Z�g�Z�� �^�j�`�Z�\�g�_�� �m�i�j�Z�\�_���� �Z�m�l�h�g�h�f�g�b�o��
�i�h�d�j�Z�•�b�g�Z���� �3�E�K���� �I�>�b�>�I�E�� �b�� �^�j�m�]�b�o�� �h�j�]�Z�g�b�a�Z�p�b�•�Z�� ���I�e�Z�g������ �Z�� �b�a�j�Z�{�m�•�m�� �•�_�� �k�\�b�� �k�m�[�•�_�d�l�b�� �^�_�n�b�g�b�k�Z�g�b��
�A�Z�d�h�g�h�f���h���<�j�K�b�� 

�I�j�h�p�_�g�h�f �k�_���^�_�n�b�g�b�r�m���� 
- �i�h�e�h�`�Z�•�� �b�� �d�Z�j�Z�d�l�_�j�b�k�l�b�d�_���l�_�j�b�l�h�j�b�•�_���� 
- �f�h�]�m�„�Z���m�]�j�h�`�_�g�h�k�l���d�j�b�l�b�q�g�_���b�g�n�j�Z�k�l�j�m�d�l�m�j�_���� 
- �b�^�_�g�l�b�n�b�d�Z�p�b�•�Z�� �h�i�Z�k�g�h�k�l�b���� 
- �i�j�h�p�_�g�Z�� �j�b�a�b�d�Z���� 
- �i�j�h�p�_�g�Z�� �i�h�l�j�_�[�g�b�o�� �k�g�Z�]�Z�����k�j�_�^�k�l�Z�\�Z���b���i�j�_�\�_�g�l�b�\�g�b�o���f�_�j�Z���a�Z���A�b�K���h�^���?�G���b���>�G���� 
- �i�j�h�p�_�g�Z�� �i�h�l�j�_�[�g�b�o�� �k�g�Z�]�Z�����k�j�_�^�k�l�Z�\�Z���b���i�j�_�\�_�g�l�b�\�g�b�o���f�_�j�Z���a�Z���A�b�K���h�^���?�G���b���>�G���� 

�I�j�h�p�_�g�Z���k�Z�^�j� �̀b�� 
1)  �M�\�h�^�� 
2)  �I�h�e�h�`�Z�•�� �b�� �d�Z�j�Z�d�l�_�j�b�k�l�b�d�_���l�_�j�b�l�h�j�b�•�_�� 
3)  �I�j�h�p�_�g�m���d�j�b�l�b�q�g�_���b�g�n�j�Z�k�l�j�m�d�l�m�j�_�� �k�Z���k�l�Z�g�h�\�b�r�l�Z���m�]�j�h�`�_�g�h�k�l�b���h�^���?�G���b���>�G�� 
4)  �B�^�_�g�l�b�n�b�d�Z�p�b�•�m�� �h�i�Z�k�g�h�k�l�b�� �b�� �i�j�h�p�_�g�m�� �j�b�a�b�d�Z���h�^���?�G���b���>�G�� 
5)  �I�j�h�p�_�g�m���i�h�l�j�_�[�g�b�o�� �k�g�Z�]�Z�����k�j�_�^�k�l�Z�\�Z���b���i�j�_�\�_�g�l�b�\�g�b�o���f�_�j�Z���a�Z���A�b�K�� 

                                                 
1�M�I�M�L�K�L�<�H���h���f �_�l �h�^�h�e�h�]�b�•�b���a�Z���b�a�j�Z�^�m���i�j�h�p�_�g�_���m�]�j�h�`�_�g�h�k�l �b���b���i�e�Z�g�h�\�Z���A�b�K���m���<�j�K�b �����
�
�K�e�m�`�[�_�g�b���]�e�Z�k�g�b�d���J�K�
�
�����[�j . 96/2012  
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6)  �A�Z�d�‚�m�q�Z�d�� 
�F�_�l�h�^�h�e�h�]�b�•�Z�� �^�Z�•�_�� �i�j�h�p�_�g�m�� �j�b�a�b�d�Z�� �k�Z�� �d�\�Z�g�l�b�l�Z�l�b�\�g�b�f���b�� �d�\�Z�e�b�l�Z�l�b�\�g�b�f�� �i�h�^�Z�p�b�f�Z���� �I�j�h�p�_�g�Z��

�j�b�a�b�d�Z�� �•�_�� �k�\�_�m�d�m�i�Z�g�� �i�j�h�p�_�k�� �b�^�_�g�l�b�n�b�d�Z�p�b�•�_���� �Z�g�Z�e�b�a�_���b�� �h�p�_�g�_�� �j�b�a�b�d�Z���� �I�j�h�p�_�g�Z�� �j�b�a�b�d�Z�� �m�d�‚�m�q�m�•�_��
�i�j�h�p�_�k�� �b�^�_�g�l�b�n�b�d�h�\�Z�ƒ�Z�� �m�g�m�l�j�Z�r�ƒ�b�o�� �b�� �k�i�h�‚�Z�r�ƒ�b�o�� �i�j�_�l�ƒ�b�� �b�� �j�Z�ƒ�b�\�h�k�l�b���� �b�^�_�g�l�b�n�b�d�h�\�Z�ƒ�Z��
�\�_�j�h�\�Z�l�g�h�„�_�� �^�h�]�Z�{�Z�•�Z�� �k�Z�� �i�h�j�Z�k�l�h�f�� �l�Z�d�\�b�o�� �i�j�_�l�ƒ�b�� �b�� �j�Z�ƒ�b�\�h�k�l�b���� �^�_�n�b�g�b�k�Z�ƒ�Z�� �d�‚�m�q�g�b�o�� �n�m�g�d�p�b�•�Z��
�i�h�l�j�_�[�g�b�o�� �a�Z�� �d�h�g�l�b�g�m�b�l�_�l�� �h�i�_�j�Z�p�b�•�Z���� �^�_�n�b�g�b�k�Z�ƒ�Z�� �d�h�g�l�j�h�e�_�� �g�Z�� �f�_�k�l�m�� �i�h�l�j�_�[�g�h�f�� �a�Z�� �k�f�Z�ƒ�_�ƒ�_��
�b�a�e�h�`�_�g�h�k�l�b�� �b�� �Z�g�Z�e�b�a�m�� �l�j�h�r�d�h�\�Z�� �l�Z�d�\�_�� �d�h�g�l�j�h�e�_���� �I�j�b���i�j�h�p�_�g�b�� �j�b�a�b�d�Z�� �i�h�l�j�_�[�g�h�� �•�_ �d�h�j�b�k�l�b��
�^�h�k�l�b�]�g�m�„�Z���g�Z���i�h�‚�m���k�l�Z�g�^�Z�j�^�b�a�Z�p�b�•�_���m���h�[�e�Z�k�l�b���i�j�h�p�_�g�_���j�b�a�b�d�Z�� 

�F�_�l�h�^�h�e�h�]�b�•�Z���i�j�h�p�_�g�_���j�b�a�b�d�Z���k�_���a�Z�k�g�b�\�Z���g�Z���i�j�h�p�_�k�m���i�j�b�d�Z�a�Z�g�h�f�� �m���I�j�b�e�h�]�m���:�����L�Z�[�_�e�Z���:�������^�h�d��
�k�m���r�l�b�„�_�g�_���\�j�_�^�g�h�k�l�b���� �h�^�g�h�k�g�h���h�[�e�Z�k�l�b���m�l�b�p�Z�•�Z���r�l�b�„�_�g�b�o�� �\�j�_�^�g�h�k�l�b���^�Z�l�b���k�m���m���I�j�b�e�h�]�m���;�����L�Z�[�_�e�Z���;���� 

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

�I�e�Z�g�� �A�b�K �•�_�� �h�k�g�h�\�g�b�� �i�e�Z�g�k�d�b�� �^�h�d�m�f�_�g�l�� �g�Z�� �h�k�g�h�\�m�� �d�h�]�Z�� �k�_�� �k�m�[�•�_�d�l�b�� �A�b�K�� �h�j�]�Z�g�b�a�m�•�m����
�i�j�b�i�j�_�f�Z�•�m���b�� �m�q�_�k�l�\�m�•�m���m���b�a�\�j�r�Z�\�Z�ƒ�m���f�_�j�Z���b�� �a�Z�^�Z�l�Z�d�Z���A�b�K���m�]�j�h�`�_�g�h�]�� �k�l�Z�g�h�\�g�b�r�l�\�Z���� �f�Z�l�_�j�b�•�Z�e�g�b�o���b��
�d�m�e�l�m�j�g�b�o�� �^�h�[�Z�j�Z���b���`�b�\�h�l�g�_���k�j�_�^�b�g�_���� 

�P�b�‚�� �b�a�j�Z�^�_�� �i�e�Z�g�h�\�Z �•�_�� �m�l�\�j�{�b�\�Z�ƒ�_�� �a�Z�^�Z�l�Z�d�Z�� �k�\�b�o�� �k�m�[�•�_�d�Z�l�Z�� �A�b�K���� �i�e�Z�g�k�d�h�� �b�� �h�j�]�Z�g�b�a�h�\�Z�g�h��
�Z�g�]�Z�`�h�\�Z�ƒ�_���d�Z�i�Z�p�b�l�_�l�Z�����m�k�d�e�Z�{�b�\�Z�ƒ�_���Z�d�l�b�\�g�h�k�l�b���m���k�i�j�h�\�h�{�_�ƒ�m���f�_�j�Z���b���a�Z�^�Z�l�Z�d�Z���A�b�K���� 

 

 
�L�Z�[�_�e�Z���:������- �I�j�h�p�_�k���i�j�h�p�_�g�_���j�b�a�b�d�Z 

 
�I�e�Z�g�h�\�b�� �A�b�K���k�_���b�a�j�Z�{�m�•�m���m���k�d�e�Z�^�m �k�Z���� 

- �A�Z�d�h�g�h�f���h���<�j�K�b������ 
- �M�j�_�^�[�h�f���� 
- �H�^�e�m�d�h�f���h���h�^�j�_�{�b�\�Z�ƒ�m���h�\�e�Z�r�„�_�g�b�o���b���h�k�i�h�k�h�[�‚�_�g�b�o�� �i�j�Z�\�g�b�o�� �e�b�p�Z���a�Z���A�b�K���J�_�i�m�[�e�b�d�_���K�j�[�b�•�_���� 
- �h�^�e�m�d�Z�f�Z�� �h�� �h�^�j�_�{�b�\�Z�ƒ�m�� �h�k�i�h�k�h�[�‚�_�g�b�o�� �i�j�Z�\�g�b�o�� �e�b�p�Z�� �h�^���a�g�Z�q�Z�•�Z�� �a�Z�� �A�b�K�� �g�Z�� �g�b�\�h�m�� �:�I�� �� �b��

�•�_�^�b�g�b�p�Z�� �e�h�d�Z�e�g�_���k�Z�f�h�m�i�j�Z�\�_���m���^�Z�‚�_�f���l�_�d�k�l�m�����3�E�K�������������b 
- �h�\�b�f���m�i�m�l�k�l�\�h�f���� 

�I�e�Z�g�h�\�b���k�m���a�Z�k�g�h�\�Z�g�b���g�Z : 
- �i�j�h�p�_�g�Z�f�Z���m�]�j�h�`�_�g�h�k�l�b���� �b 
- �g�Z���i�j�h�p�_�g�Z�f�Z���j�Z�k�i�h�e�h�`�b�\�b�o�� �d�Z�i�Z�p�b�l�_�l�Z���b���f�h�]�m�„�g�h�k�l�b �a�Z���A�b�K�����g�Z���k�\�b�f���g�b�\�h�b�f�Z���� 
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�L�Z�[�_�e�Z���������=�j�m�i�_���j�b�a�b�d�Z 

 

 
 

�L�Z�[�_�e�Z���������D�j�b�l�_�j�b�•�m�f�b�� �a�Z���i�j�h�p�_�g�m�� �j�b�a�b�d�Z 
 

�G�Z�p�b�h�g�Z�e�g�b���i�e�Z�g���b���i�e�Z�g�h�\�b���A�b�K �m���<�j�K�b���:�I�������m�i�j�Z�\�g�b�o���h�d�j�m�]�Z���b���3�E�K���k�Z�^�j�`�_���� 
1)  �I�e�Z�g���i�j�b�i�j�Z�\�g�h�k�l�b-�k�i�j�_�f�g�h�k�l�b�� �a�Z���^�_�e�h�\�Z�ƒ�_���m���<�j�K�b������ 
2)  �I�e�Z�g���f�h�[�b�e�b�a�Z�p�b�•�_-�Z�d�l�b�\�b�j�Z�ƒ�Z���k�g�Z�]�Z���A�b�K���m���k�e�m�q�Z�•�m���g�_�i�h�k�j�_�^�g�_���h�i�Z�k�g�h�k�l�b���b�e�b���g�Z�k�l�Z�g�d�Z���<�j�K�b��

;  
3)  �I�e�Z�g���A�b�K���i�h���\�j�k�l�Z�f�Z���h�i�Z�k�g�h�k�l�b�����m���k�d�e�Z�^�m���k�Z���i�j�h�p�_�g�h�f���m�]�j�h�`�_�g�h�k�l�b������ 
4)  �I�e�Z�g���f�_�j�Z���b���a�Z�^�Z�l�Z�d�Z���p�b�\�b�e�g�_���a�Z�r�l�b�l�_�����m���^�Z�‚�_�f���l�_�d�k�l�m�����P�A����;  
5)  �I�e�Z�g���H�k�����J�M�i�����H�[���b���M�a���� 
6)  �I�e�Z�g���m�i�h�l�j�_�[�_���k�g�Z�]�Z���b���k�j�_�^�k�l�Z�\�Z���A�b�K���� 
7)  �I�e�Z�g���m�[�e�Z�`�Z�\�Z�ƒ�Z���b���h�l�d�e�Z�ƒ�Z�ƒ�Z���i�h�k�e�_�^�b�p�Z���_�e�_�f�_�g�l�Z�j�g�b�o���g�_�i�h�]�h�^�Z���b���^�j�m�]�b�o���g�_�k�j�_�„�Z���� 
8)  �I�e�Z�g���b�g�n�h�j�f�b�k�Z�ƒ�Z���•�Z�\�g�h�k�l�b���� 
 
 �G�Z�p�b�h�g�Z�e�g�b�� �i�e�Z�g�� �b�� �i�e�Z�g�h�\�_�� �A�b�K �m�� �<�j�K�b�� �:�I���� �m�i�j�Z�\�g�b�o�� �h�d�j�m�]�Z���b�� �3�E�K���� �b�a�j�Z�{�m�•�m���b�� �^�h�g�h�k�_��
�g�Z�^�e�_�`�g�b���h�j�]�Z�g�b�� �m���k�d�e�Z�^�m���k�Z���q�e�Z�g�h�\�b�f�Z�����������b�����������A�Z�d�h�g�Z���h���<�j�K�b��1.  
                                                 
1 �Q�e�Z�g�����������M���b�a�j�Z� �̂b���G�Z�p�b�h�g�Z�e�g�h�]���i�e�Z�g�Z���A�b�K���m���<�j�>�]�m�q�_�k�l�\�m�•�m���F�b�g�b�k�l�Z�j�k�l�\�Z���b��� �̂j�m�]�b���h�j�]�Z�g�b���m��� �̂_�e�m���d�h�• �b���k�_���h� �̂g�h�k�b���g�Z���ƒ�b�o�h�\��� �̂_�e�h�d�j�m�]���j�Z� �̂Z����
�d�h�•�b���k�\�h�•�_���i�j�_� �̂e�h�]�_��� �̂h�k�l�Z�\�‚�Z�•�m���F�b�g�b�k�l�Z�j�k�l�\�m�����j�Z� �̂b���i�j�b�i�j�_�f�_���i�j�_� �̂e�h�]�Z���G�Z�p�b�h�g�Z�e�g�h�]���i�e�Z�g�Z���A�b�K���m���<�j�>�]�J�_�i�m�[�e�b�d�_���K�j�[�b�•�_���K�Z�k�l�Z�\�g�b��� �̂_�h 
�G�Z�p�b�h�g�Z�e�g�h�]���i�e�Z�g�Z���A�b�K�m���<�j�>�]�J�_�i�m�[�e�b�d�_���K�j�[�b�•�_���•�_���b���I�e�Z�g���A�b�K���m���<�j�>�]�m�i�j�Z�\�g�h�]���h�d�j�m�]�Z�����d�h�•�b���k�Z�q�b�ƒ�Z�\�Z �i�h� �̂j�m�q�g�Z���h�j�]�Z�g�b�a�Z�p�b�h�g�Z���•�_� �̂b�g�b�p�Z��
�g�Z� �̂e�_� �̀g�_���k�e�m� �̀[�_���m���m�i�j�Z�\�g�h�f���h�d�j�m�]�m�����m���k�Z�j�Z� �̂ƒ�b���k�Z���h�d�j�m� �̀g�b�f���i�h� �̂j�m�q�g�b�f���•�_� �̂b�g�b�p�Z�f�Z���h�j�]�Z�g�Z��� �̂j� �̀Z�\�g�_���m�i�j�Z�\�_���m���h�d�j�m�]�m���b���k�l�j�m�q�g�h�f���k�e�m� �̀[ �h�f��
�m�i�j�Z�\�g�h�]���h�d�j�m�]�Z���� 
�Q�e�Z�g�����������I�e�Z�g���A�b�K���m���<�j�>�]�Z�m�l�h�g�h�f�g�_���i�h�d�j�Z�•�b�g�_���b�a�j�Z�{�m�•�m���g�Z� �̂e�_� �̀g�b���i�h�d�j�Z�•�b�g�k�d�b���h�j�] �Z�g�b���m���k�Z�j�Z� �̂ƒ�b���k�Z���g�Z� �̂e�_� �̀g�h�f���k�e�m� �̀[�h�f�����Z��� �̂h�g�h�k�b���]�Z��
�b�a�\�j�r�g�b�� �h�j�]�Z�g�� �Z�m�l�h�g�h�f�g�_�� �i�h�d�j�Z�•�b�g�_���� �I�e�Z�g�� �A�b�K�m�� �<�j�>�]�•�_� �̂b�g�b�p�Z�� �e�h�d�Z�e�g�_�� �k�Z�f�h�m�i�j�Z�\�_�� �b�a�j�Z�{�m�•�m�� �g�Z� �̂e�_� �̀g�b�� �h�j�]�Z�g�b���•�_� �̂b�g�b�p�Z�� �e�h�d�Z�e�g�_��
�k�Z�f�h�m�i�j�Z�\�_���m���k�Z�j�Z� �̂ƒ�b���k�Z���g�Z� �̂e�_� �̀g�h�f���k�e�m� �̀[�h�f�����Z��� �̂h�g�h�k�b���]�Z���b�a�\�j�r�g�b���h�j�]�Z�g���•�_� �̂b�g�b�p�_���e�h�d�Z�e�g�_���k�Z�f �h�m�i�j�Z�\�_�����I�e�Z�g�h�\�b���A�b�K�m���<�j�>�]���Z�m�l�h�g�h�f�g�_��
�i�h�d�j�Z�•�b�g�_���b���•�_� �̂b�g�b�p�_���e�h�d�Z�e�g�_���k�Z�f�h�m�i�j�Z�\�_���f�h�j�Z�•�m���[�b�l�b���m�k�d�e�Z�{�_�g�b���k�Z���G�Z�p�b�h�g�Z�e�g�b�f���i�e�Z�g�h�f���A�b�K�m���<�j�>�]�J�_�i�m�[�e�b�d�_���K�j�[�b�•�_�� 
 
 

�=�j�m�i�_�� �j�b�a�b�d�Z�� �������������������������������������������������������������������������������������������I�j�b�e�h�]�� �����:�g�Z�e�b�a�Z�� �d�j�h�a�� 
 
�I�G-1   �A�_�f�‚�h�l�j�_�k     �<�� �����l�Z�q�Z�d�Z 

�I�G-2   �H�^�j�h�g���� �d�e�b�a�b�r�l�Z�� �b���_�j�h�a�b�•�_   �=�� 6 
�I�G-3   �I�h�i�e�Z�\�_     �>1 4 

�I�G-4   �H�e�m�•�g�b�� �\�_�l�j�h�\�b    �- 1 4  

�I�G-5   �=�j�Z� ̂      �?1 7 
�I�G-6   �K�g�_�`�g�Z�� �f�_�„�Z�\�Z, �g�Z�g�h�k�� �b���i�h�e�_�^�b�p�_;  �@1 4 

�I�G-7   �K�m�r�Z      �A1 5 

�I�G-8   �?�i�b�^�_�f�b�•�_;     �B1 5 
�I�G-9   �?�i�b�a�h�h�l�b�•�_��     �3�� 5 

�L�L�G-1   �I�h�`�Z�j�� �b���_�d�k�i�e�h�a�b�•�Z��    �D�� 4 

�L�L�G-2   �L�L�� �m�^�_�k���b���l�_�j�h�j�b�k�l�b�q�d�b�� �g�Z�i�Z�^���� �b������  �E�� 5 

�L�L�G-3   �G�m�d�e�_�Z�j�g�b�� �b�e�b�� �j�Z�^�b�•�Z�p�b�h�g�b�� �Z�d�p�b�^�_�g�l�b���� �4��  5 

�Z���� �D�j�b�l�_�j�b�•�m�f�� �a�Z���b�^�_�g�l�b�n�b�d�Z�p�b�•�m�� �b���i�j�_�e�b�f�b�g�Z�j�g�m�� �Z�g�Z�e�b�a�m�� ������ 

              �i�h�l�_�g�p�b�•�Z�e�g�b�o�� �h�i�Z�k�g�h�k�l�b�� �k�\�b�o�� �]�j�m�i�Z�� �j�b�a�b�d�Z�� 
�[���� �D�j�b�l�_�j�b�•�m�f�� �a�Z���h�^�j�_�{�b�\�Z�ƒ�_�� �\�_�j�h�\�Z�l�g�h�„�_���� �����������������������������������������������������<� ���M�
�J 

�\���� �D�j�b�l�_�j�b�•�m�f�� �a�Z���h�^�j�_�{�b�\�Z�ƒ�_�� �i�h�k�e�_�^�b�p�Z���� ��������������������������������              �I� �� �R�
�D 

�]���� �D�j�b�l�_�j�b�•�m�f�� �a�Z���m�l�\�j�{�b�\�Z�ƒ�_�� �g�b�\�h�Z�� �j�b�a�b�d�Z���� �����������������������������������������������G�J�� � ���<���
���I 
�^���� �D�j�b�l�_�j�b�•�m�f�� �a�Z���m�l�\�j�{�b�\�Z�ƒ�_�� �d�Z�l�_�]�h�j�b�•�_�� �j�b�a�b�d�Z�� 

�{���� �D�j�b�l�_�j�b�•�m�f�� �a�Z���m�l�\�j�{�b�\�Z�ƒ�_�� �i�j�b�h�j�b�l�_�l�Z�� �j�b�a�b�d�Z�� 

�_���� �D�j�b�l�_�j�b�•�m�f�� �a�Z���i�j�b�f�_�g�m�� �h�i�p�b�•�Z�� �a�Z���m�[�e�Z�`�Z�\�Z�ƒ�_�� �j�b�a�b�d�Z�� 
�`�� �D�j�b�l�_�j�b�•�m�f�� �a�Z���i�j�b�f�_�g�m�� �h�i�p�b�•�Z�� �a�Z���b�a�\�h�^�‚�b�\�h�k�l�� 

�a���� �D�j�b�l�_�j�b�•�m�f�� �a�Z���i�j�b�f�_�g�m�� �Z�g�Z�e�b�a�_�� �p�_�g�Z-�d�h�j�b�k�l�� 

�b�� �D�j�b�l�_�j�b�•�m�f�� �a�Z���h�^�j�_�{�b�\�Z�ƒ�_�� �i�j�_�h�k�l�Z�e�h�]�� �j�b�a�b�d�Z�� �b 
�•���� �D�j�b�l�_�j�b�•�m�f�� �a�Z���m�l�\�j�{�b�\�Z�ƒ�_�� �d�h�f�[�b�g�Z�p�b�•�_�� �\�b�r�_�� �j�b�a�b�d�Z�� ���f�m�e�l�b�� ������ 

�j�b�a�b�d������

�H�[�j 
�Z�a�Z�p 

 �<���K-�I�J -1  
�I�j �b�e�h�]�� �F 



�J�b�a�b�d���b���[�_�a�[�_�^�g�h�k�g�b���b�g�`�_�ƒ�_�j�b�g�]��- �D�h�i�Z�h�g�b�d��������4. 

18 

 
 �I�e�Z�g���A�b�K���m���<�j�K�b���I�>���b���>�I�E���k�Z�^�j�`�b���� 
1)  �I�e�Z�g���i�j�b�i�j�Z�\�g�h�k�l�b-�k�i�j�_�f�g�h�k�l�b �a�Z���^�_�e�h�\�Z�ƒ�_���m���<�j�K�b�����a�Z���p�_�e�h���i�j�b�\�j�_�^�g�h���^�j�m�r�l�\�h���b�e�b���k�Z�f�h��

�a�Z�� �h�j�]�Z�g�b�a�Z�p�b�h�g�_�� �p�_�e�b�g�_�� �d�h�•�_�� �k�m�� �g�h�k�b�h�p�b�� �b�a�\�j�r�_�ƒ�Z�� �a�Z�^�Z�l�Z�d�Z�� �m�� �h�[�e�Z�k�l�b�� �A�b�K�� �^�h�[�b�•�_�g�b�o�� �h�^��
�g�Z�^�e�_�`�g�b�o�� �r�l�Z�[�h�\�Z���a�Z���<�j�K�b�������� 

2)  �I�e�Z�g���f�h�[�b�e�b�a�Z�p�b�•�_-�Z�d�l�b�\�b�j�Z�ƒ�Z���k�h�i�k�l�\�_�g�b�o���k�g�Z�]�Z���b���k�j�_�^�k�l�Z�\�Z �j�Z�^�b���b�a�\�j�r�_�ƒ�Z���a�Z�^�Z�l�Z�d�Z���m��
�h�[�e�Z�k�l�b���A�b�K���^�h�[�b�•�_�g�b�o���h�^���g�Z�^�e�_�`�g�b�o���r�l�Z�[�h�\�Z���a�Z���<�j�K�b������ 

3)  �I�e�Z�g���H�k�����J�M�i�����H�[���b���M�a - �b�a�j�Z�{�m�•�m���I�>���b�>�I�E���d�h�•�Z���k�m���i�j�_�f�Z���A�Z�d�h�g�m���h���<�j�K�b���^�m�`�g�Z���^�Z���h�[�_�a�[�_�^�_��
�[�e�Z�]�h�\�j�_�f�_�g�h�� �h�k�f�Z�l�j�Z�ƒ�_���� �j�Z�g�h�� �m�i�h�a�h�j�Z�\�Z�ƒ�_���� �h�[�Z�\�_�r�l�Z�\�Z�ƒ�_�� �b�� �m�a�[�m�ƒ�b�\�Z�ƒ�_�� �k�l�Z�g�h�\�g�b�r�l�\�Z�� �h��
�h�i�Z�k�g�h�k�l�b�f�Z�����_�e�_�d�l�j�h�i�j�b�\�j�_�^�Z�����\�h�^�h�i�j�b�\�j�_�^�Z���� �f�_�l�_�h�j�h�e�h�]�b�•�Z���� �k�_�b�a�f�h�e�h�]�b�•�Z���b���^�j�m�]�b������ 

4)  �I�e�Z�g�� �f�_�j�Z�� �b�� �a�Z�^�Z�l�Z�d�Z���P�A�� - �b�a�j�Z�{�m�•�_�� �k�_���a�Z���i�h�l�j�_�[�_�� �a�Z�i�h�k�e�_�g�b�o���b�� �d�h�j�b�k�g�b�d�_���m�k�e�m�]�Z���i�j�Z�\�g�b�o��
�e�b�p�Z���b�� �i�h�^�j�Z�a�m�f�_�\�Z���� 

- �m�a�[�m�ƒ�b�\�Z�ƒ�_���� 
- �_�\�Z�d�m�Z�p�b�•�m���� 
- �k�d�e�Z�ƒ�Z�ƒ�_���� 
- �a�[�j�b�ƒ�Z�\�Z�ƒ�_���m�]�j�h�`�_�g�b�o���� 
- �i�j�\�m���i�h�f�h�„���� 
- �a�Z�r�l�b�l�m���h�^���i�h�`�Z�j�Z�����b�� 
- �^�j�m�]�_���f�_�j�_���b���a�Z�^�Z�l�d�_���m���k�d�e�Z�^�m���k�Z���k�h�i�k�l�\�_�g�h�f���i�j�h�p�_�g�h�f���� 
�K�Z�k�l�Z�\�g�b���^�_�h���h�\�h�]���i�e�Z�g�Z���•�_���i�j�_�]�e�_�^���k�j�_�^�k�l�Z�\�Z���a�Z���e�b�q�g�m�����m�a�Z�•�Z�f�g�m���b���d�h�e�_�d�l�b�\�g�m���a�Z�r�l�b�l�m���� 
5)  �I�e�Z�g�� �b�a�\�j�r�_�ƒ�Z�� �a�Z�^�Z�l�Z�d�Z�� �m�l�\�j�{�_�g�b�o�� �G�Z�p�b�h�g�Z�e�g�b�f�� �i�e�Z�g�h�f���� �h�d�j�m�`�g�b�f�� �b�� �i�e�Z�g�h�f�� �3�E�K�� ����
�b�a�j�Z�{�m�•�m�� �h�\�e�Z�r�„�_�g�Z�� �b�� �h�k�i�h�k�h�[�‚�_�g�Z�� �i�j�Z�\�g�Z�� �e�b�p�Z�� �b�� �h�g�� �k�Z�^�j�`�b���� �i�j�_�]�e�_�^�� �^�h�[�b�•�_�g�b�o�� �a�Z�^�Z�l�Z�d�Z���� �i�e�Z�g��
�Z�d�l�b�\�b�j�Z�ƒ�Z�� �b�� �i�e�Z�g�� �m�i�h�l�j�_�[�_�� �k�g�Z�]�Z���b�� �k�j�_�^�k�l�Z�\�Z���A�b�K���m���k�d�e�Z�^�m���k�Z���^�h�[�b�•�_�g�b�f�� �a�Z�^�Z�l�d�h�f���� �i�j�_�]�e�_�^�� �I�>�� �b��
�>�I�E�� �b�p�Z�� �k�Z�� �d�h�•�b�f�Z�� �k�Z�j�Z�{�m�•�_�� �m�� �b�a�\�j�r�_�ƒ�m�� �a�Z�^�Z�l�d�Z���� �i�h�^�k�_�l�g�b�d�� �a�Z�� �j�Z�^�� �j�m�d�h�\�h�^�b�h�p�Z�� �I�>�� �b�� �>�I�E�� �a�Z��
�h�j�]�Z�g�b�a�Z�p�b�•�m�� �b�� �b�a�\�j�r�_�ƒ�_�� �a�Z�^�Z�l�d�Z�� �A�b�K���� �k�i�b�k�Z�d�� �a�Z�i�h�k�e�_�g�b�o�� �d�h�•�b�� �k�_�� �Z�g�]�Z�`�m�•�m�� �m�� �k�i�j�h�\�h�{�_�ƒ�m�� �a�Z�^�Z�l�Z�d�Z����
�i�j�_�]�e�_�^���F�L�K���d�h�•�Z���k�_���Z�g�]�Z�`�m�•�m���m���A�b�K���� 
 
 �H�j�]�Z�g�b�� �^�j� �̀Z�\�g�_�� �m�i�j�Z�\�_���� �h�j�]�Z�g�b�� �:�I�� ���� �h�j�]�Z�g�b�� �3�E�K�� �� �b�� �^�j�m�]�_�� �h�j�]�Z�g�b�a�Z�p�b�•�_�� �b�a�j�Z�{�m�•�m��
�k�h�i�k�l�\�_�g�b���I�e�Z�g���A�b�K �m���<�j�K�b���d�h�•�b���k�Z�^�j�`�b���� 
1)  �I�e�Z�g���i�j�b�i�j�Z�\�g�h�k�l�b-�k�i�j�_�f�g�h�k�l�b�� �a�Z���^�_�e�h�\�Z�ƒ�_���m���<�j�K�b������ 
2)  �I�e�Z�g���f�h�[�b�e�b�a�Z�p�b�•�_-�Z�d�l�b�\�b�j�Z�ƒ�Z�� �k�h�i�k�l�\�_�g�b�o���‚�m�^�k�d�b�o���b���f�Z�l�_�j�b�•�Z�e�g�b�o�� �j�_�k�m�j�k�Z���� 
3)  �I�e�Z�g�� �f�_�j�Z�� �b�� �a�Z�^�Z�l�Z�d�Z�� �A�b�K�� �i�h�� �\�j�k�l�Z�f�Z�� �h�i�Z�k�g�h�k�l�b�� ���m�e�h�]�Z���b�� �a�Z�^�Z�p�b�� �m�� �k�d�e�Z�^�m�� �k�Z�� �a�Z�d�h�g�k�d�b�f��

�h�\�e�Z�r�„�_�ƒ�b�f�Z���� �m�i�h�l�j�_�[�Z�� �k�h�i�k�l�\�_�g�b�o�� �k�g�Z�]�Z�� �a�Z�� �A�b�K�� �b�a�� �k�\�h�•�_�� �g�Z�^�e�_�`�g�h�k�l�b���� �m�[�e�Z�`�Z�\�Z�ƒ�_�� �b��
�h�l�d�e�Z�ƒ�Z�ƒ�_�� �i�h�k�e�_�^�b�p�Z�� �m�� �k�d�e�Z�^�m�� �k�Z�� �^�_�e�h�d�j�m�]�h�f�� �j�Z�^�Z�� �b�� �a�Z�^�Z�p�b�f�Z�� �b�a�� �G�Z�p�b�h�g�Z�e�g�h�]�� �i�e�Z�g�Z����
�i�h�d�j�Z�•�b�g�k�d�h�]���� �h�d�j�m�`�g�h�]�� �b�� �i�e�Z�g�Z���3�E�K���m���k�e�m�q�Z�•�m���d�h�g�d�j�_�l�g�_���h�i�Z�k�g�h�k�l�b�� �b�e�b���<�j�K�b�������� 

4) �I�e�Z�g���f�_�j�Z�� �b���a�Z�^�Z�l�Z�d�Z���P�A�����k�_���b�a�j�Z�{�m�•�_���a�Z���i�h�l�j�_�[�_���a�Z�i�h�k�e�_�g�b�o���m���l�b�f���h�j�]�Z�g�b�f�Z���b���a�Z�l�_�q�_�g�b�o���e�b�p�Z��
�b�� �i�h�^�j�Z�a�m�f�_�\�Z�� �m�a�[�m�ƒ�b�\�Z�ƒ�_���� �_�\�Z�d�m�Z�p�b�•�m���� �k�d�e�Z�ƒ�Z�ƒ�_���� �a�[�j�b�ƒ�Z�\�Z�ƒ�_�� �m�]�j�h�`�_�g�b�o���� �i�j�\�m�� �i�h�f�h�„�� ����
�a�Z�r�l�b�l�m���h�^���i�h�`�Z�j�Z���b���^�j�m�]�_���f�_�j�_���b���a�Z�^�Z�l�d�_���m���k�d�e�Z�^�m���k�Z���k�h�i�k�l�\�_�g�h�f���i�j�h�p�_�g�h�f���� 

�K�Z�k�l�Z�\�g�b���^�_�h���h�\�h�]���i�e�Z�g�Z���•�_���i�j�_�]�e�_�^���k�j�_�^�k�l�Z�\�Z���a�Z���e�b�q�g�m�����m�a�Z�•�Z�f�g�m���b���d�h�e�_�d�l�b�\�g�m���a�Z�r�l�b�l�m�� 
 
2.2.. �M�j�_�^�[�Z�� �� �h�� �k�Z�^�j�`�Z�•�m�� �b�� �g�Z�q�b�g�m�� �b�a�j�Z�^�_�� �i�e�Z�g�Z�� �A�b�K �m�� �<�j�K�b1�m�j�_�{�m�•�_�� �k�Z�^�j�`�Z�• �b�� �g�Z�q�b�g�� �b�a�j�Z�^�_��
�I�e�Z�g�Z���A�b�K���m���<�j�K�b���g�Z���g�b�\�h�m:  
1).  �J�_�i�m�[�e�b�d�_���K�j�[�b�•�_�� ���m���^�Z�‚�_�f���l�_�d�k�l�m�����G�Z�p�b�h�g�Z�e�g�b���i�e�Z�g), �g�h�k�b�e�Z�p���b�a�j�Z�^�_���•�_���K�_�d�l�h�j���a�Z���\�Z�g�j�_�^�g�_��

�k�b�l�m�Z�p�b�•�_�� �F�M�I���J�K���� 
2).  �h�j�]�Z�g�Z���^�j�`�Z�\�g�_���m�i�j�Z�\�_ ���m���^�Z�‚�_�f���l�_�d�k�l�m�����I�e�Z�g��;  
3).  �h�j�]�Z�g�Z���Z�m�l�h�g�h�f�g�b�o�� �i�h�d�j�Z�•�b�g�Z ���I�e�Z�g��;  
4).  �h�j�]�Z�g�Z���•�_�^�b�g�b�p�Z�� �e�h�d�Z�e�g�_���k�Z�f�h�m�i�j�Z�\�_ ���I�e�Z�g��;  
5).  �i�j�b�\�j�_�^�g�b�o�� �^�j�m�r�l�Z�\�Z�� �b�� �^�j�m�]�b�o�� �i�j�Z�\�g�b�o�� �e�b�p�Z ���I�e�Z�g��, �Z �I�j�b�\�j�_�^�g�Z�� �^�j�m�r�l�\�Z�� �b�� �^�j�m�]�Z�� �i�j�Z�\�g�Z��

�e�b�p�Z�����m���^�Z�‚�_�f�� �l�_�d�k�l�m�����I�>�b�>�I�E�����d�h�•�Z���i�j�h�b�a�\�h�^�_�����k�d�e�Z�^�b�r�l�_���b���l�j�Z�g�k�i�h�j�l�m�•�m���h�i�Z�k�g�_���f�Z�l�_�j�b�•�_, 
�m�i�j�Z�\�‚�Z�•�m�� �h�[�•�_�d�l�b�f�Z�� �m�]�j�h�`�_�g�b�f�� �k�Z�� �Z�k�i�_�d�l�Z�� �l�_�j�h�j�b�k�l�b�q�d�b�o�� �g�Z�i�Z�^�Z���� �b�a�j�Z�{�m�•�m�� �^�h�d�m�f�_�g�l-�I�e�Z�g��
�a�Z�r�l�b�l�_�� �h�^�� �m�^�_�k�Z�� �d�h�•�b�� �•�_�� �k�Z�k�l�Z�\�g�b�� �^�_�h�� �I�e�Z�g�Z�A�b�K  ���g�h�k�b�h�p�b�� �b�a�j�Z�^�_�� �i�e�Z�g�Z�� �a�Z�r�l�b�l�_�� �h�^�� �m�^�_�k�Z��
�^�m�`�g�b���k�m���[�b�e�b���^�Z���l�Z�•���i�e�Z�g���^�h�g�_�k�m���^�h��11.11.2011. �]�h�^�b�g�_��;  

6).  �^�j�m�]�b�o���h�j�]�Z�g�b�a�Z�p�b�•�Z ���I�e�Z�g���� 
 

                                                 
1�M�j�_�^�[�Z�����h���k�Z� �̂j� �̀Z�•�m���b���g�Z�q�b�g�m���b�a�j�Z� �̂_���i�e�Z�g�Z���a�Z�r�l�b�l�_���b���k�i�Z�k�Z�\�Z�ƒ�Z���m���\�Z�g�j�_� �̂g�b�f���k�b�l�m�Z�p�b�•�Z�f�Z���� �K�e�m� �̀[�_�g�b���]�e�Z�k�g�b�d���J �K�����[�j. �����������h� �̂�������������������������
�]�h�^�b�g�_ 
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�I�e�Z�g���A�b�K �k�Z�^�j�`�b���k�\�_���g�_�h�i�o�h�^�g�_���_�e�_�f�_�g�l�_���a�Z���A�b�K���m���<�j�K�b���Z���g�Z�j�h�q�b�l�h�����r�_�f�Z��������1) �i�j�b�i�j�Z�\�g�h�k�l��
�± �k�i�j�_�f�g�h�k�l�� �a�Z�� �<�j�K�b����2) �f�h�[�b�e�b�a�Z�p�b�•�m-�Z�d�l�b�\�b�j�Z�ƒ�_�� �m�� �k�e�m�q�Z�•�m�� �g�_�i�h�k�j�_�^�g�_�� �h�i�Z�k�g�h�k�l�b�� �b�e�b�� �g�Z�k�l�Z�g�d�Z��
�<�j�K�b����3) �A�b�K�� �i�h�� �\�j�k�l�Z�f�Z�� �h�i�Z�k�g�h�k�l�b����4) �f�_�j�_�� �b�� �a�Z�^�Z�l�d�_�� �p�b�\�b�e�g�_�� �a�Z�r�l�b�l�_����5) �h�k�f�Z�l�j�Z�ƒ�_���� �j�Z�g�h��
�m�i�h�a�h�j�Z�\�Z�ƒ�_�� �h�[�Z�\�_�r�l�Z�\�Z�ƒ�_���b���m�a�[�m�ƒ�b�\�Z�ƒ�_�����m���^�Z�‚�_�f���l�_�d�k�l�m�����H�k�����J�m�i�����H�[���b���M�a������6) �m�i�h�l�j�_�[�m���k�g�Z�]�Z���A�b�K����
7) �m�[�e�Z�`�Z�\�Z�ƒ�_���b���h�l�d�e�Z�ƒ�Z�ƒ�_���i�h�k�e�_�^�b�p�Z�����b��8) �b�g�n�h�j�f�b�k�Z�ƒ�_���•�Z�\�g�h�k�l�b�� 

 
�R�_�f�Z���������H�k�g�h�\�g�b���_�e�_�f�_�g�l�b���I�e�Z�g�Z���A�b�K���� �b�a�\�h�j�����Z�m�l�h�j 

 
�I�e�Z�g�� �k�_�� �b�a�j�Z�{�m�•�_�� �g�Z�� �h�k�g�h�\�m���I�j�h�p�_�g�_�� �m�]�j�h� �̀_�g�h�k�l�b �h�^�� �?�G�� �b�� �>�G�� �d�h�•�h�f�� �k�_�� �b�^�_�g�l�b�n�b�d�m�•�m��

�h�i�Z�k�g�h�k�l�b���� �b�a�\�h�j�b�� �b�� �h�[�e�b�p�b���m�]�j�h�`�Z�\�Z�ƒ�Z���� �f�h�]�m�„�b�� �_�n�_�d�l�b�� �b�� �i�h�k�e�_�^�b�p�_���� �b�� �k�Z�]�e�_�^�Z�\�Z�•�m���k�g�Z�]�_�� �b�� �k�j�_�^�k�l�\�Z��
�a�Z�� �h�^�]�h�\�h�j�� �g�Z�� �h�i�Z�k�g�h�k�l�b�� �b�a�Z�a�\�Z�g�_�� �_�e�_�f�_�g�l�Z�j�g�b�f�� �g�_�i�h�]�h�^�Z�f�Z�� �b�� �^�j�m�]�b�f�� �g�_�k�j�_�„�Z�f�Z���� �a�Z�� �A�b�K���`�b�\�h�l�Z���b��
�a�^�j�Z�\�‚�Z�� �‚�m�^�b���� �`�b�\�h�l�b�ƒ�Z���� �f�Z�l�_�j�b�•�Z�e�g�b�o�� �b�� �d�m�e�l�m�j�g�b�o�� �^�h�[�Z�j�Z�� �b�� �`�b�\�h�l�g�_�� �k�j�_�^�b�g�_���� �I�j�h�p�_�g�m���b�a�j�Z�{�m�•�m��
�k�\�b�� �k�m�[�•�_�d�l�b �d�h�•�b�� �b�f�Z�•�m���h�[�Z�\�_�a�m���b�a�j�Z�^�_���i�e�Z�g�h�\�Z���A�b�K���� �� �I�j�h�p�_�g�Z���� �G�Z�p�b�h�g�Z�e�g�b���i�e�Z�g���b���I�e�Z�g���b�a�j�Z�{�m�•�m���k�_��
�m�� �k�d�e�Z�^�m�� �k�Z���M�i�m�l�k�l�\�h�f�� �h�� �f�_�l�h�^�h�e�h�]�b�•�b�� �a�Z�� �b�a�j�Z�^�m�� �i�j�h�p�_�g�_�� �m�]�j�h� �̀_�g�h�k�l�b�� �b�� �i�e�Z�g�h�\�Z �d�Z�h�� �b�� �k�Z��
�\�Z�`�_�„�b�f���k�l�Z�g�^�Z�j�^�b�f�Z���b�a���h�[�e�Z�k�l�b���a�Z�r�l�b�l�_���e�b�p�Z�����b�f�h�\�b�g�_���b���i�h�k�e�h�\�Z�ƒ�Z���� 

�I�j�b�\�j�_�^�g�Z�� �^�j�m�r�l�\�Z���� �^�j�m�]�Z�� �i�j�Z�\�g�Z�� �e�b�p�Z�� �b�� �h�j�]�Z�g�b�a�Z�p�b�•�_ �^�m�`�g�b�� �k�m���[�b�e�Z���^�Z���^�h�g�_�k�m���k�\�h�•�_��
�i�j�h�p�_�g�_�� �m�]�j�h�`�_�g�h�k�l�b�� �m�� �j�h�d�m�� �h�^�� �r�_�k�l�� �f�_�k�_�p�b�� �h�^�� �^�Z�g�Z�� �k�l�m�i�Z�ƒ�Z�� �g�Z�� �k�g�Z�]�m�� �M�j�_�^�[�_�l�•���� �^�h��19.08.2011. 
�]�h�^�b�g�_���� �Z�� �I�e�Z�g�� �m�� �j�h�d�m���h�^�� �h�k�Z�f�� �f�_�k�_�p�b���� �l�•���� �^�h 19.10.2011. �]�h�^�b�g�_���� �I�>�b�>�I�E���d�h�•�Z���m�i�j�Z�\�‚�Z�•�m���h�i�Z�k�g�b�f��
�f�Z�l�_�j�b�•�Z�f�Z �b�a�j�Z�{�m�•�m���I�e�Z�g���a�Z�r�l�b�l�_�� �h�^�� �m�^�_�k�Z���g�Z���h�k�g�h�\�m���I�j�Z�\�b�e�g�b�d�Z���h�� �g�Z�q�b�g�m���b�a�j�Z�^�_���b���k�Z�^�j� �̀Z�•�m��
�I�e�Z�g�Z���a�Z�r�l�b�l�_���h�^���m�^�_�k�Z �d�h�•�b���^�h�g�h�k�b���f�b�g�b�k�l�Z�j���m�g�m�l�j�Z�r�ƒ�b�o���i�h�k�e�h�\�Z���m���j�h�d�m���h�^���l�j�b�^�_�k�_�l���^�Z�g�Z���h�^���^�Z�g�Z��
�k�l�m�i�Z�ƒ�Z���g�Z���k�g�Z�]�m���M�j�_�^�[�_�����l�•�����^�h��19.03.2011. �]�h�^�b�g�_. 

�3�_�^�b�g�b�p�_���e�h�d�Z�e�g�_���k�Z�f�h�m�i�j�Z�\�_ �^�m�`�g�_���k�m���[�b�e�_���^�Z���^�h�g�_�k�m���k�\�h�•�_���i�j�h�p�_�g�_���m�]�j�h�`�_�g�h�k�l�b���m���j�h�d�m���h�^��
�h�k�Z�f���f�_�k�_�p�b���h�^���^�Z�g�Z���k�l�m�i�Z�ƒ�Z���g�Z���k�g�Z�]�m���m�j�_�^�[�_�����l�•�����^�h 19.10.2011.�]�h�^�b�g�_���� �Z���I�e�Z�g���m���j�h�d�m���h�^���^�_�k�_�l���f�_�k�_�p�b��
�h�^���^�Z�g�Z���k�l�m�i�Z�ƒ�Z���g�Z���k�g�Z�]�m���M�j�_�^�[�_�����l�•�����^�h 19.12.2011. �]�h�^�b�g�_. 

�:�m�l�h�g�h�f�g�Z�� �i�h�d�j�Z�•�b�g�Z �^�m�`�g�Z�� �•�_�� �[�b�e�Z���^�Z���^�h�g�_�k�_���k�\�h�•�m���i�j�h�p�_�g�m���m�]�j�h�`�_�g�h�k�l�b�� �m���j�h�d�m���h�^�� �^�_�k�_�l��
�f�_�k�_�p�b���h�^�� �^�Z�g�Z���k�l�m�i�Z�ƒ�Z���g�Z���k�g�Z�]�m���M�j�_�^�[�_�����l�•�����^�h 19.12.2011. �]�h�^�b�g�_�����Z���I�e�Z�g���m���j�h�d�m���h�^���������f�_�k�_�p�b�����l�•�����^�h 
19.02.2012. �]�h�^�b�g�_. 

�I�j�h�p�_�g�Z���m�]�j�h� �̀_ �g�h�k�l�b�� �J�_�i�m�[�e�b�d�_���K�j�[�b�•�_ �l�j�_�[�Z�e�Z���k�_���^�h�g�_�l�b�� �m���j�h�d�m���h�^�� ������ �f�_�k�_�p�b���h�^���^�Z�g�Z��
�k�l�m�i�Z�ƒ�Z�� �g�Z�� �k�g�Z�]�m���M�j�_�^�[�_���� �l�•���� �^�h 19.02.2012. �]�h�^�b�g�_���� �Z�� �G�Z�p�b�h�g�Z�e�g�b���i�e�Z�g���m���j�h�d�m���h�^�� ������ �f�_�k�_�p�b���h�^�� �^�Z�g�Z��
�k�l�m�i�Z�ƒ�Z���g�Z���k�g�Z�]�m���M�j�_�^�[�_�����l�•�����^�h 19.05.2012. �]�h�^�b�g�_. 
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2.3. �I�j�Z�\�b�e�g�b�d���� �h�� �g�Z�q�b�g�m���b�a�j�Z�^�_���b�� �k�Z�^�j�`�Z�•�m���i�e�Z�g�Z���a�Z�r�l�b�l�_���h�^���m�^�_�k�Z1�[�e�b�`�_���i�j�h�i�b�k�m�•�_���g�Z�q�b�g��
�b�a�j�Z�^�_���I�e�Z�g�Z�� �i�e�Z�g�Z���a�Z�r�l�b�l�_�� �h�^�� �m�^�_�k�Z���I�>�� �b�� �>�I�E�����I�e�Z�g���a�Z�r�l�b�l�_�� �h�^�� �m�^�_�k�Z�����m���k�d�e�Z�^�m���k�Z���A�Z�d�h�g�h�f���h��
�<�j�K�b������ �h�[�m�o�\�Z�l�Z-�r�_�f�Z�� �[�j�h�•�� ������ ������ �h�j�]�Z�g�b�a�Z�p�b�•�m�� �b�� �i�h�k�l�m�i�d�_�� �h�[�Z�\�_�r�l�Z�\�Z�ƒ�Z���� �Z�d�l�b�\�b�j�Z�ƒ�Z�� �h�j�]�Z�g�Z�� �b��
�k�l�j�m�d�l�m�j�Z�� �a�Z�� �j�_�Z�]�h�\�Z�ƒ�_�� �m�� �k�e�m�q�Z�•�m�� �m�^�_�k�Z���� �i�j�h�p�_�g�m�� �g�Z�k�l�Z�e�_���k�b�l�m�Z�p�b�•�_�� �b�� �^�h�g�h�r�_�ƒ�_���h�^�e�m�d�Z���� ������ �f�_�j�_�� �a�Z��
�k�f�Z�ƒ�_�ƒ�_�� �j�b�a�b�d�Z�� �a�Z�� �a�Z�i�h�k�e�_�g�_�� �g�Z�� �j�b�a�b�q�g�b�f�� �j�Z�^�g�b�f�� �f�_�k�l�b�f�Z�� �a�Z�o�\�Z�„�_�g�b�f�� �m�^�_�k�h�f���� ������ �h�j�]�Z�g�b�a�Z�p�b�•�m���a�Z��
�j�Z�g�h�� �m�i�h�a�h�j�_�ƒ�_�� �b�� �h�[�Z�\�_�r�l�Z�\�Z�ƒ�_�� �h�� �m�^�_�k�m�� �g�Z�^�e�_�`�g�b�o�� �h�j�]�Z�g�Z�� �J�_�i�m�[�e�b�d�_���� �3�E�K���� �k�l�Z�g�h�\�g�b�r�l�\�Z���� �d�Z�h�� �b 
�k�h�i�k�l�\�_�g�_�� �f�_�j�_�� �i�j�m�`�Z�ƒ�Z���i�h�f�h�„�b�� �i�j�b�� �k�i�j�h�\�h�{�_�ƒ�m���i�e�Z�g�h�\�Z���a�Z�r�l�b�l�_�� �i�h�� �d�h�•�b�f�Z���i�h�k�l�m�i�Z�•�m���l�b�� �h�j�]�Z�g�b���� ������
�h�j�]�Z�g�b�a�Z�p�b�•�m�� �j�Z�^�Z�� �h�j�]�Z�g�Z�� �b�� �a�Z�i�h�k�e�_�g�b�o�� �m�� �k�i�j�h�\�h�{�_�ƒ�m���f�_�j�Z�� �A�b�K�� �‚�m�^�b�� �b�� �a�Z�r�l�b�l�b�� �`�b�\�h�l�g�_���k�j�_�^�b�g�_���m��
�k�e�m�q�Z�•�m�� �m�^�_�k�Z���� ������ �h�j�]�Z�g�b�a�Z�p�b�•�m�� �b�g�n�h�j�f�b�k�Z�ƒ�Z�� �•�Z�\�g�h�k�l�b���� ������ �h�j�]�Z�g�b�a�Z�p�b�•�m�� �g�Z�k�l�Z�\�d�Z�� �j�Z�^�Z�� �b�� �h�i�h�j�Z�\�d�Z�� �h�^��
�m�^�_�k�Z���� �I�e�Z�g���a�Z�r�l�b�l�_���h�^���m�^�_�k�Z���b�a�j�Z�{�m�•�_���k�_���m���k�d�e�Z�^�m���k�Z���I�j�Z�\�b�e�g�b�d�h�f���b���F�_�l�h�^�h�e�h�]�b�•�h�f���a�Z���b�a�j�Z�^�m���i�e�Z�g�Z��
�a�Z�r�l�b�l�_���h�^���m�^�_�k�Z���� 
2.3.1. �I�j�h�p�_�g�Z�� �h�i�Z�k�g�h�k�l�b���b�a�j�Z�{�m�•�_�� �k�_�� �j�Z�^�b�� �k�Z�]�e�_�^�Z�\�Z�ƒ�Z�� �m�]�j�h�`�_�g�h�k�l�b�� �`�b�\�h�l�Z���� �a�^�j�Z�\�‚�Z�� �‚�m�^�b�� �b��
�i�h�\�j�_�^�b�\�h�k�l�b�� �h�[�•�_�d�Z�l�Z �b�� �`�b�\�h�l�g�_�� �k�j�_�^�b�g�_�� �h�^�� �i�h�k�e�_�^�b�p�Z�� �m�^�_�k�Z�� �b�a�Z�a�\�Z�g�b�f�� �Z�d�l�b�\�g�h�k�l�b�f�Z���k�Z���h�i�Z�k�g�b�f��
�f�Z�l�_�j�b�•�Z�f�Z���b���k�Z���Z�k�i�_�d�l�Z���l�_�j�h�j�b�k�l�b�q�d�b�o���Z�d�l�b�\�g�h�k�l�b�����b���k�Z�^�j�`�b���� 
1)  �h�i�r�l�_���i�h�^�Z�l�d�_���h���i�j�b�\�j�_�^�g�h�f���^�j�m�r�l�\�m���b�� �^�j�m�]�h�f���i�j�Z�\�g�h�f���e�b�p�m���� 

1.  �h�i�r�l�_���i�h�^�Z�l�d�_�����g�Z�a�b�\�����k�_�^�b�r�l�_�����Z�^�j�_�k�m���b���^�j�������� 
2.  �i�h�^�Z�l�d�_���h���h�^�]�h�\�h�j�g�h�f���e�b�p�m���� 
3.  �i�h�^�Z�l�d�_���h���h�i�Z�k�g�b�f���f�Z�l�_�j�b�•�Z�f�Z�� 
4:  �h�k�h�[�b�g�_���h�i�Z�k�g�b�o���f�Z�l�_�j�b�•�Z���d�h�•�_���g�Z�k�l�Z�•�m���m���m�^�_�k���� 
5.  �i�h�i�b�k�� �h�i�Z�k�g�b�o�� �f�Z�l�_�j�b�•�Z�� 
6.  �i�j�b�f�_�ƒ�_�g�_���l�_�o�g�h�e�h�]�b�•�_���� 
7.  �i�h�^�Z�l�d�_���h���d�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�Z���i�h�k�l�j�h�•�_�ƒ�Z�����m�j�_�{�Z�•�Z���b���h�i�j�_�f�_�� 
8.  �i�h�^�Z�l�d�_�� �h�� �d�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�Z�� �h�[�•�_�d�Z�l�Z���� �m�j�_�{�Z�•�Z�� �b�� �h�i�j�_�f�_�� �k�Z�� �Z�k�i�_�d�l�Z�� �h�k�_�l�‚�b�\�h�k�l�b�� �h�^��

�l�_�j�h�j�b�k�l�b�q�d�b�o���Z�d�l�b�\�g�h�k�l�b���� 
9.  �d�Z�j�Z�d�l�_�j�b�k�l�b�d�_���e�h�d�Z�p�b�•�_�� �b�� �h�d�j�m�`�_�ƒ�Z���� 

2)  �b�^�_�g�l�b�n�b�d�Z�p�b�•�m�� �h�i�Z�k�g�h�k�l�b���� 
3)  �f�_�j�_���i�j�_�\�_�g�p�b�•�_���� 
4)  �k�g�Z�]�_���b���k�j�_�^�k�l�\�Z���� 
2.3.2. �F�_�j�_���h�^�]�h�\�h�j�Z���g�Z���m�^�_�k���i�j�_�^�m�a�b�f�Z�•�m���k�_���j�Z�^�b���i�e�Z�g�b�j�Z�ƒ�Z���b���k�i�j�h�\�h�{�_�ƒ�Z���f�_�j�Z�����j�Z�^�ƒ�b���b���i�h�k�l�m�i�Z�d�Z��
�I�>�� �b�� �>�I�E�� �j�Z�^�b�� �j�_�Z�]�h�\�Z�ƒ�Z�� �g�Z�� �m�^�_�k�� �b�� �h�[�m�o�\�Z�l�Z�•�m���� ������ �Z�d�l�b�\�b�j�Z�ƒ�_�� �h�j�]�Z�g�Z���� �k�l�j�m�d�l�m�j�Z�� �b�� �k�g�Z�]�Z�� �a�Z��
�j�_�Z�]�h�\�Z�ƒ�_�� �m�� �k�e�m�q�Z�•�m�� �m�^�_�k�Z���� ������ �f�_�j�_�� �A�b�K���� ������ �f�_�j�_�� �h�l�d�e�Z�ƒ�Z�ƒ�Z���i�h�k�e�_�^�b�p�Z���m�^�_�k�Z���� �:�d�l�b�\�b�j�Z�ƒ�_���h�j�]�Z�g�Z����
�k�l�j�m�d�l�m�j�Z�� �b�� �k�g�Z�]�Z�� �a�Z�� �j�_�Z�]�h�\�Z�ƒ�_�� �m�� �k�e�m�q�Z�•�m�� �m�^�_�k�Z�� �h�[�m�o�\�Z�l�Z�� �i�j�h�p�_�g�m�� �g�Z�k�l�Z�e�_�� �h�i�Z�k�g�h�k�l�b���� �Z�d�l�b�\�b�j�Z�ƒ�_��
�‚�m�^�k�d�b�o�� �j�_�k�m�j�k�Z���� �g�Z�q�b�g�� �b�a�\�_�r�l�Z�\�Z�ƒ�Z���� �h�^�]�h�\�h�j�g�Z�� �e�b�p�Z���� �j�h�d�h�\�_�� �b�a�\�j�r�_�ƒ�Z�� �b�� �m�i�h�l�j�_�[�m�� �f�Z�l�_�j�b�•�Z�e�g�b�o��
�k�j�_�^�k�l�Z�\�Z���� �F�_�j�Z�f�Z�� �A�b�K�� �b�� �f�_�j�Z�f�Z�� �h�l�d�e�Z�ƒ�Z�ƒ�Z�� �i�h�k�e�_�^�b�p�Z�� �h�^�� �m�^�_�k�Z�� �^�_�n�b�g�b�r�m�� �k�_���� �h�j�]�Z�g�b�a�Z�p�b�•�Z��
�j�m�d�h�\�h�{�_�ƒ�Z�����k�i�j�h�\�h�{�_�ƒ�_���f�_�j�Z���A�b�K�����[�_�a�[�_�^�g�h�k�g�_���f�_�j�_�����h�j�]�Z�g�b�a�Z�p�b�•�Z�� �k�Z�h�[�j�Z�„�Z�•�g�h�]���h�[�_�a�[�_�{�_�ƒ�Z�����a�Z�r�l�b�l�Z��
�h�[�•�_�d�Z�l�Z��- �d�j�b�l�b�q�g�_�� �b�g�n�j�Z�k�l�j�m�d�l�m�j�_���� �g�Z�q�b�g�� �b�a�\�_�r�l�Z�\�Z�ƒ�Z���� �k�Z�g�b�j�Z�ƒ�_�� �i�j�h�k�l�h�j�Z���� �k�l�\�Z�j�Z�ƒ�_�� �m�k�e�h�\�Z�� �a�Z��
�g�h�j�f�Z�e�b�a�Z�p�b�•�m�� �j�Z�^�Z�� �b�� �`�b�\�h�l�Z���� �h�[�g�Z�\�‚�Z�ƒ�_�� �`�b�\�h�l�g�_�� �k�j�_�^�b�g�_���� �i�j�Z�„�_�ƒ�_�� �i�h�k�l�m�^�_�k�g�_�� �k�b�l�m�Z�p�b�•�_����
�h�^�]�h�\�h�j�g�Z���e�b�p�Z���b�� �j�h�d�h�\�b�� �b�a�\�j�r�_�ƒ�Z���� 

 

�R�_�f�Z���������K�l�j�m�d�l�m�j�Z���I�e�Z�g�Z�����a�Z�r�l�b�l�_���h�^���m�^�_�k�Z�����b�a�\�h�j�����Z�m�l�h�j  

                                                 
1 �I�j�Z�\�b�e�g�b�d�����h���g�Z�q�b�g�m���b�a�j�Z�^�_���b���k�Z�^�j�`�Z�•�m���i�e�Z�g�Z���a�Z�r�l �b�l �_���h�^���m�^�_�k�Z�����
�
�K�e�m� �̀[�_�g�b���]�e�Z�k�g�b�d���J���K�j�[�b�•�_�
�
�����[�j�h�•���������������� 
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2.3.3. �B�g�n�h�j�f�b�k�Z�ƒ�_���•�Z�\�g�h�k�l�b���h�[�m�o�\�Z�l�Z���g�Z�q�b�g���b�� �i�h�k�l�m�i�d�_���m�i�h�a�g�Z�\�Z�ƒ�Z���k�Z���\�j�k�l�h�f���g�Z�k�l�Z�e�_���h�i�Z�k�g�h�k�l�b����
�k�b�k�l�_�f�h�f�� �m�i�j�Z�\�‚�Z�ƒ�Z���<�j�K�b���b�� �f�_�j�Z�f�Z���A�b�K���h�^�� �i�h�k�e�_�^�b�p�Z���m�^�_�k�Z���� �I�j�Z�\�b�e�g�b�d���h�� �k�Z�^�j�`�Z�•�m���b�g�n�h�j�f�Z�p�b�•�_���h��
�h�i�Z�k�g�h�k�l�b�f�Z���� �f�_�j�Z�f�Z�� �b�� �i�h�k�l�m�i�p�b�f�Z�� �m�� �k�e�m�q�Z�•�m�� �m�^�_�k�Z1 �m�j�_�{�m�•�_�� �k�Z�^�j�`�Z�•�� �b�g�n�h�j�f�Z�p�b�•�_�� �h�� �i�h�l�_�g�p�b�•�Z�e�g�b�f��
�h�i�Z�k�g�h�k�l�b�f�Z�� �h�^�� �m�^�_�k�Z���� �i�j�_�\�_�g�l�b�\�g�b�f�� �[�_�a�[�_�^�g�h�k�g�b�f�� �f�_�j�Z�f�Z���b�� �i�h�k�l�m�i�p�b�f�Z���b�� �f�_�j�Z�f�Z���m���k�e�m�q�Z�•�m���m�^�_�k�Z��
�I�>�� �b�� �>�I�E���� �d�h�•�m�� �k�m�� �h�\�Z�� �e�b�p�Z�� �^�m�`�g�Z�� �^�Z�� �•�Z�\�g�h�k�l�b�� �m�q�b�g�_���^�h�k�l�m�i�g�h�f���� �B�g�n�h�j�f�Z�p�b�•�Z�� �k�Z�^�j�`�b���� ������ �h�i�r�l�_��
�i�h�^�Z�l�d�_���h�� �I�>�� �b�� �>�I�E���� ������ �i�h�^�Z�l�d�_���h�� �h�i�Z�k�g�b�f���f�Z�l�_�j�b�•�Z�f�Z�����\�j�k�l�Z�����d�h�e�b�q�b�g�Z�����h�k�h�[�b�g�_���h�i�Z�k�g�b�o���f�Z�l�_�j�b�•�Z������
������ �\�_�j�h�\�Z�l�g�h�„�m���g�Z�k�l�Z�•�Z�ƒ�Z���m�^�_�k�Z���� ������ �^�_�l�Z�‚�Z�g���h�i�b�k���f�h�]�m�„�_�]���j�Z�a�\�h�•�Z���^�h�]�Z�{�Z�•�Z���m�^�_�k�Z�����h�^�g�h�k�g�h���m�k�e�h�\�_���i�h�^��
�d�h�•�b�f�Z�� �g�Z�k�l�Z�•�_�� ������ �i�j�h�p�_�g�m�� �h�[�b�f�Z�� �b�� �h�a�[�b�‚�g�h�k�l�b�� �i�h�k�e�_�^�b�p�Z�� �m�^�_�k�Z���� ������ �h�i�b�k�� �l�_�o�g�b�q�d�b�o�� �i�Z�j�Z�f�_�l�Z�j�Z��
�h�i�j�_�f�_�� �d�h�•�Z�� �k�_�� �d�h�j�b�k�l�b�� �a�Z�� �[�_�a�[�_�^�g�h�k�l�� �i�h�k�l�j�h�•�_�ƒ�Z���� �������b�g�l�_�j�\�_�g�l�g�_�� �f�_�j�_�� �a�Z�� �k�i�j�_�q�Z�\�Z�ƒ�_���� �r�b�j�_�ƒ�_�� �b��
�h�l�d�e�Z�ƒ�Z�ƒ�_���i�h�k�e�_�^�b�p�Z���h�^�� �m�^�_�k�Z���� ������ �f�_�j�_�� �A�b�K���� ������ �i�h�^�Z�l�d�_���h�� �h�i�j�_�f�b�� �d�h�•�Z���k�_���d�h�j�b�k�l�b�� �a�Z���e�b�q�g�m���a�Z�r�l�b�l�m��
�k�l�Z�g�h�\�g�b�r�l�\�Z�� �m�� �g�_�i�h�k�j�_�^�g�h�•�� �a�h�g�b�� �m�]�j�h�`�_�g�h�k�l�b�� �h�^�� �_�n�_�d�Z�l�Z�� �m�^�_�k�Z���� �������� �h�j�]�Z�g�b�a�Z�p�b�•�m�� �h�[�Z�\�_�r�l�Z�\�Z�ƒ�Z���b��
�m�a�[�m�ƒ�b�\�Z�ƒ�Z���� �������� �i�h�^�Z�l�d�_�� �h�� �k�g�Z�]�Z�f�Z�� �b�� �k�j�_�^�k�l�\�b�f�Z�� �a�Z�� �j�_�Z�]�h�\�Z�ƒ�_�� �m�� �k�e�m�q�Z�•�m�� �m�^�_�k�Z���� �B�g�n�h�j�f�b�k�Z�ƒ�_��
�•�Z�\�g�h�k�l�b�� �\�j�r�b�� �k�_�� �k�Z�]�e�Z�k�g�h�� �I�e�Z�g�m�� �a�Z�r�l�b�l�_�� �h�^�� �m�^�_�k�Z��- �i�m�l�_�f�� �k�j�_�^�k�l�Z�\�Z�� �•�Z�\�g�h�]�� �b�g�n�h�j�f�b�k�Z�ƒ�Z�� �b�e�b��
�g�_�i�h�k�j�_�^�g�b�f�� �d�h�g�l�Z�d�l�h�f���� �Z�� �m���\�_�a�b���k�Z���b�a�\�j�r�_�g�b�f�� �b�g�n�h�j�f�b�k�Z�ƒ�_�f�� �_�\�b�^�_�g�l�b�j�Z���k�_���f�_�k�l�h���� �\�j�_�f�_�� �b�� �g�Z�q�b�g��
�b�g�n�h�j�f�b�k�Z�ƒ�Z���•�Z�\�g�h�k�l�b���� 

�I�e�Z�g�h�\�b�� �a�Z�r�l�b�l�_�� �h�^�� �m�^�_�k�Z���I�>�b�>�I�E���� �k�Z�]�e�Z�k�g�h���a�Z�d�h�g�m���h���<�j�K�b���� �m�k�d�e�Z�{�m�•�m���k�_���k�Z���I�e�Z�g�h�f�� �A�b�K���m��
�<�j�K�b�� �h�j�]�Z�g�Z�� �3�E�K���� �h�j�]�Z�g�Z�� �Z�:�I �b�� �h�j�]�Z�g�Z���J���� �K�j�[�b�•�_2  �b�� �M�i�m�l�k�l�\�h�f�� �h�� �f�_�l�h�^�h�e�h�]�b�•�b�� �� �a�Z���b�a�j�Z�^�m���i�j�h�p�_�g�_��
�m�]�j�h�`�_�g�h�k�l�b-�j�b�a�b�d�Z�� �b���i�e�Z�g�h�\�Z���A�b�K���m���<�j�K�b3. 
 
2.3.4. �=�j�Z�n�b�q�d�b�� �^�_�h���f�_�j�Z�� �A�b�K �k�Z�^�j�`�b���� �h�a�g�Z�d�_���i�j�b�k�l�m�i�g�b�o���i�m�l�_�\�Z���a�Z���b�g�l�_�j�\�_�g�p�b�•�m�����i�j�b�h�j�b�l�_�l�g�b�o���b��
�Z�e�l�_�j�g�Z�l�b�\�g�b�o���i�j�Z�\�Z�p�Z������ �i�j�b�d�Z�a���h�[�•�_�d�Z�l�Z���k�f�_�r�l�Z�•�Z���k�g�Z�]�Z���A�b�K���� �i�j�b�d�Z�a���h�[�•�_�d�Z�l�Z���h�i�j�_�f�_���a�Z���A�b�K�����i�m�l�_�\�_��
�a�Z�� �_�\�Z�d�m�Z�p�b�•�m�� ���i�j�Z�\�p�_�� �d�j�_�l�Z�ƒ�Z������ �h�[�•�_�d�l�_�� �b�� �k�j�_�^�k�l�\�Z�� �a�Z�� �i�j�m�`�Z�ƒ�_�� �i�j�\�_�� �f�_�^�b�p�b�g�k�d�_�� �i�h�f�h�„�b�� �b��
�a�^�j�Z�\�k�l�\�_�g�h�]�� �a�[�j�b�ƒ�Z�\�Z�ƒ�Z���� �h�[�•�_�d�l�_�� �b�� �k�j�_�^�k�l�\�Z�� �a�Z�� �^�_�d�h�g�l�Z�f�b�g�Z�p�b�•�m���� �h�[�•�_�d�l�_�� �a�[�j�b�ƒ�Z�\�Z�ƒ�Z��- �k�f�_�r�l�Z�•�Z��
�m�]�j�h�`�_�g�b�o�� �‚�m�^�b���� �`�b�\�h�l�b�ƒ�Z�� �b�� �f�Z�l�_�j�b�•�Z�e�g�b�o���b�� �d�m�e�l�m�j�g�b�o���^�h�[�Z�j�Z���� �b�� �i�j�h�k�l�h�j�_�� �b�� �h�[�•�_�d�l�_�� �a�Z���^�b�k�e�h�d�Z�p�b�•�m��
�f�Z�l�_�j�b�•�Z�e�g�b�o�� �^�h�[�Z�j�Z���� �I�j�Z�l�_�„�b�� �^�h�d�m�f�_�g�l�b�� �f�_�j�Z�� �A�b�K���q�b�g�_���i�j�b�e�h�a�b���� �i�j�h�]�j�Z�f�� �h�k�i�h�k�h�[�‚�Z�\�Z�ƒ�Z���� �i�j�h�\�_�j�_��
�a�g�Z�ƒ�Z���� �h�j�]�Z�g�b�a�Z�p�b�•�Z���b�� �i�j�b�i�j�_�f�Z���b�a�\�h�{�_�ƒ�Z���\�_�`�[�b�� �b�� �i�j�_�]�e�_�^�� �k�m�[�•�_�d�Z�l�Z���h�^�� �a�g�Z�q�Z�•�Z���a�Z���k�i�j�h�\�h�{�_�ƒ�_���f�_�j�Z 
�A�b�K�����a�Z�\�h�^�b�����b�g�k�l�b�l�m�p�b�•�_�� �b���^�j�������� 
 
2.3.5. �=�j�Z�n�b�q�d�b�� �^�_�h�� �i�e�Z�g�Z �k�Z�^�j�`�b���� �i�j�b�d�Z�a�� �]�j�Z�{�_�\�b�g�Z���� �h�[�•�_�d�Z�l�Z�� �b�� �i�h�k�l�j�h�•�_�ƒ�Z�� �b�e�b�� �^�j�m�]�b�o��
�d�Z�j�Z�d�l�_�j�b�k�l�b�q�g�b�o�� �i�j�h�k�l�h�j�Z�� �b�� �k�Z�^�j�`�Z�•�Z���� �h�a�g�Z�d�_�� �g�Z�f�_�g�_�� �i�h�k�l�j�h�•�_�ƒ�Z�� �b�� �h�[�•�_�d�l�Z�� �b�e�b�� �i�j�h�k�l�h�j�Z���� �p�_�g�l�j�_��
�h�i�Z�k�g�h�k�l�b���� �f�Z�d�k�b�f�Z�e�g�h�� �i�j�h�p�_�ƒ�_�g�� �^�h�f�_�l�� �h�i�Z�k�g�h�k�l�b���� �h�a�g�Z�d�_�� �i�j�b�k�l�m�i�g�b�o�� �i�m�l�_�\�Z�� �a�Z�� �b�g�l�_�j�\�_�g�p�b�•�m��
���i�j�\�_�g�k�l�\�_�g�b�o�� �b�� �Z�e�l�_�j�g�Z�l�b�\�g�b�o�� �i�j�Z�\�Z�p�Z������ �i�j�b�d�Z�a���f�Z�]�Z�p�b�g�Z���h�i�j�_�f�_�� �a�Z���A�b�K���� �i�j�_�]�e�_�^�� �e�h�d�Z�p�b�•�Z���k�g�Z�]�Z���a�Z��
�A�b�K�����d�h�f�m�g�b�d�Z�p�b�•�k�d�b�� �p�_�g�l�Z�j���� �b���e�h�d�Z�p�b�•�m�� �f�Z�]�Z�p�b�g�Z���b���i�j�_�]�e�_�^���h�i�j�_�f�_���a�Z���A�b�K���� 
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COMPUTER CLASSROOM'S IMPACT ON THE ENVIRONMENT 

SUMMARY 
With technical and technological developments of the twentieth century, one of the largest  demands was a 

constant need to increase electricity production. In today's world it is almost impossible to conceive of any product for 
whose production and/or operation electricity is not needed. 

This paper examines the impact of computer classroom on the environment since it is assumed that its the 
power consumption is considerable, and that the majority comes from coal-fired power plants. Impacts of coal-fired 
power plants on the environment are multi-dimensional, intensive and generally unfavorable to the ecological system. 

Calculation of electricity consumption and environmental pollu tion of a typical computer classroom 
is performed, which indicates that computer classroom does have a certain impact on the environment, primarily 
because of the way to produce electricity. 

Keywords: computer classroom, electricity, pollution, coal power plants  
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�_�g�_�j�]�b�•�_���� �K�\�_�� �h�g�h���r�l�h�� �m���i�j�h�b�a�\�h�^�g�h�f�� �i�j�h�p�_�k�m���i�h�^�j�Z�a�m�f�_�\�Z���_�f�b�k�b�•�m���m�]�‚�_�g���^�b�h�d�k�b�^�Z���b���h�k�l�Z�e�b�o���]�Z�k�h�\�Z��
�k�l�Z�d�e�_�g�_�� �[�Z�r�l�_�� �k�f�Z�l�j�Z�� �k�_�� �g�_�i�h�`�_�‚�g�b�f�� �m�� �_�d�h�e�h�r�d�h�f�� �k�f�b�k�e�m���� �L�Z�d�h�� �k�m�� �l�_�j�f�h�_�e�_�d�l�j�Z�g�_���m���d�h�•�b�f�Z���k�_��
�k�Z�]�h�j�_�\�Z�� �m�]�Z�‚�� �b�� �g�Z�n�l�g�b�� �^�_�j�b�\�Z�l�b�� �i�h�k�l�Z�e�_�� �g�_�i�h�`�_�‚�g�_�����b�Z�d�h�� �l�j�[�Z�� �j�_�„�b�� �^�Z�� �k�_�� �m�� �f�g�h�]�b�f�� �a�_�f�‚�Z�f�Z�� �m��
�j�Z�a�\�h�•�m�� �f�_�{�m�� �d�h�•�b�f�Z�� �•�_�� �b�� �K�j�[�b�•�Z���m�i�j�Z�\�h�� �h�\�_�� �\�j�k�l�_�� �_�e�_�d�l�j�Z�g�Z���•�h�r�� �m�\�_�d���g�Z�•�\�b�r�_�� �d�h�j�b�k�l�_�� �b�� �q�Z�d���b�� �^�Z�g�Z�k��
�b�a�]�j�Z�{�m�•�m���g�h�\�_���� �G�m�d�e�_�Z�j�g�_���_�e�_�d�l�j�Z�g�_���d�h�•�_�� �l�Z�d�h�{�_�� �k�i�Z�^�Z�•�m���m���l�_�j�f�h�_�e�_�d�l�j�Z�g�_���k�m���k�Z���k�l�Z�g�h�\�b�r�l�Z���_�f�b�k�b�•�_��
�]�Z�k�h�\�Z�� �k�l�Z�d�e�_�g�_�� �[�Z�r�l�_�� �_�d�h�e�h�r�d�b�� �i�j�b�o�\�Z�l�‚�b�\�_���� �L�_�j�f�h�_�e�_�d�l�j�Z�g�_�� �g�Z�� �a�_�f�g�b�� �]�Z�k�� �b�� �[�b�h�f�Z�k�m�� �k�m�� �g�_�r�l�h��
�i�j�b�o�\�Z�l�‚�b�\�b�•�_�� �h�^�� �l�_�j�f�h�_�e�_�d�l�j�Z�g�Z���g�Z���m�]�Z�‚�� �b���g�Z�n�l�g�_���^�_�j�b�\�Z�l�_�����•�_�j���•�_���d�h�^���ƒ�b�o���_�f�b�k�b�•�Z���]�Z�k�h�\�Z���k�l�Z�d�e�_�g�_��
�[�Z�r�l�_�� �f�Z�ƒ�Z���� �Z�� �m���k�e�m�q�Z�•�m���[�b�h�f�Z�k�_���b�a�\�h�j�� �_�g�_�j�]�b�•�_�� �•�_�� �h�[�g�h�\�‚�b�\���� �>�Z�g�Z�k���k�_���k�\�_���\�b�r�_���d�h�j�b�k�l�_���h�[�g�h�\�‚�b�\�b��
�b�a�\�h�j�b�� �_�g�_�j�]�b�•�_ �a�[�h�]�� �k�\�h�•�_�� �g�_�r�d�h�^�‚�b�\�h�k�l�b�� �i�j�_�f�Z�� �`�b�\�h�l�g�h�•�� �k�j�_�^�b�g�b���� �L�h�� �k�m�� �b�a�\�h�j�b�� �_�g�_�j�]�b�•�_�� �d�h�•�b�� �k�_��
�^�h�[�b�•�Z�•�m�� �b�a���i�j�b�j�h�^�_���i�Z�� �k�_���f�h�]�m���h�[�g�Z�\�‚�Z�l�b���� 

�A�Z�]�Z�{�_�ƒ�_ �\�Z�a�^�m�o�Z�� �g�b�•�_�� �g�h�\�� �p�b�\�b�e�b�a�Z�p�b�•�k�d�b�� �n�_�g�h�f�_�g���� �I�j�\�_�� �Z�d�l�b�\�g�h�k�l�b�� �b�� �d�h�g�k�l�Z�l�Z�p�b�•�_�� �h��
�a�Z�]�Z�{�_�ƒ�m���\�Z�a�^�m�o�Z���d�Z�h���i�h�k�e�_�^�b�p�Z���k�Z�]�h�j�_�\�Z�ƒ�Z���m�]�‚�Z���i�h�•�Z�\�‚�m�•�m���k�_���m���?�g�]�e�_�k�d�h�•�����d�Z�^�Z���d�j�Z�‚���?�^�\�Z�j�^��I 1307. 
�]�h�^�b�g�_���g�Z���a�Z�k�_�^�Z�ƒ�m���I�Z�j�e�Z�f�_�g�l�Z���i�h�d�j�_�„�_���a�Z�o�l�_�\���a�Z���h�]�j�Z�g�b�q�_�ƒ�Z���m���k�i�Z�‚�b�\�Z�ƒ�m���m�]�‚�Z���� 

�B�g�^�m�k�l�j�b�•�k�d�b�� �k�\�_�l���k�_���i�j�_���b���i�h�k�e�_���,�,���k�\�_�l�k�d�h�]���j�Z�l�Z���k�m�k�j�_�l�Z�h���k�Z���f�Z�ƒ�b�f���b�g�p�b�^�_�g�l�b�f�Z���m���a�Z�]�Z�{�_�ƒ�m��
�\�Z�a�^�m�o�Z���� ������������ ���m�[�b�k�l�\�_�g�b���k�f�h�]���� �h�d�m�i�b�j�Z�h���•�_�� �E�h�g�^�h�g���m���i�_�j�b�h�^�m���h�^���•�_�^�g�_���k�_�^�f�b�p�_�����B�a�\�h�j�b���a�Z�]�Z�{�_�ƒ�Z���k�m��
�_�g�_�j�]�_�l�k�d�Z���i�h�k�l�j�h�•�_�ƒ�Z���]�^�_�� �k�Z�]�h�j�_�\�Z���m�]�Z�‚�� �m�a���g�_�i�h�\�h�‚�g�m���b�g�\�_�j�a�b�•�m���m���Z�l�f�h�k�n�_�j�b���d�Z�h���i�h�k�e�_�^�b�p�Z���q�_�]�Z���•�_��
�\�b�^�‚�b�\�h�k�l�� �[�b�e�Z���k�f�Z�ƒ�_�g�Z���g�Z���b�k�i�h�^���������f�_�l�Z�j�Z�����K�m�f�i�h�j���^�b�h�d�k�b�^���b���q�\�j�k�l�_���q�_�k�l�b�p�_���k�m���[�b�e�_���m�a�j�h�d���k�f�j�l�b��
�h�d�h�������������� �k�l�Z�g�h�\�g�b�d�Z���E�h�g�^�h�g�Z���� 

                                                 
1 �<�b�k�h�d�Z���l�_�o�g�b�q�d�Z�� �r�d�h�e�Z���k�l�j �m�d�h�\�g�b�o���k�l�m�^�b�•�Z���m���G�h�\�h�f���K�Z�^�m 



�J�b�a�b�d���b���[�_�a�[�_�^�g�h�k�g�b���b�g�`�_�ƒ�_�j�b�g�]��- �D�h�i�Z�h�g�b�d��������4. 
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������������ �]�h�^�b�g�_�� �m�� �E�h�k�� �:�g�{�_�e�_�k�m�•�_�� �^�_�n�b�g�b�k�Z�g �•�h�r�� �•�_�^�Z�g�� �h�[�e�b�d�� �Z�_�j�h�� �a�Z�]�Z�{�_�ƒ�Z���� �d�h�•�b�� �k�_�� �g�Z�a�b�\�Z��
�n�h�l�h�o�_�f�b�•�k�d�b�� �k�f�h�]���� �Z�� �d�h�•�b�� �a�Z�� �j�Z�a�e�b�d�m�� �h�^�� �E�h�g�^�h�g�k�d�h�]���i�h�l�b�q�_�� �g�Z�•�\�b�r�_�� �h�^�� �b�a�^�m�\�g�b�o�� �]�Z�k�h�\�Z�� �f�h�l�h�j�g�b�o��
�\�h�a�b�e�Z�� 

�N�h�l�h�o�_�f�b�•�k�d�Z�� �a�Z�]�Z�{�_�ƒ�Z�� �k�m�� �^�Z�g�Z�k�� �i�j�b�k�m�l�g�Z�� �m�� �g�Z�•�\�_�„�_�f���[�j�h�•�m�� �m�j�[�Z�g�b�o�� �k�j�_�^�b�g�Z���� �g�Z�j�h�q�b�l�h�� �m��
�l�h�i�e�b�•�_�f�� �d�e�b�f�Z�l�k�d�h�f�� �i�h�^�j�m�q�•�m���� �H�\�h�� �a�Z�]�Z�{�_�ƒ�_�� �g�Z�k�l�Z�•�_���m�k�e�_�^�� �_�f�b�k�b�•�_�� �h�d�k�b�^�Z�� �m�]�‚�_�g�b�d�Z���� �Z�a�h�l�Z�� �b��
�j�Z�a�e�b�q�b�l�b�o�� �b�k�i�Z�j�‚�b�\�b�o�� �h�j�]�Z�g�k�d�b�o�� �d�h�f�i�h�g�_�g�l�b�� �d�h�•�_�� �m�� �Z�l�f�h�k�n�_�j�b�� �m�� �i�j�b�k�m�k�l�\�m�� �k�\�_�l�e�h�k�l�b�� �k�l�\�Z�j�Z�•�m��
�n�h�l�h�o�_�f�b�•�k�d�h���a�Z�]�Z�{�_�ƒ�_�� 

�>�\�_�� �g�Z�\�_�^�_�g�_�� �\�j�k�l�_�� �Z�_�j�h�a�Z�]�Z�{�_�ƒ�Z���� �k�m�f�i�h�j�g�b�� �k�f�h�]��- �b�g�^�m�k�l�j�b�•�k�d�h�� �a�Z�]�Z�{�_�ƒ�_�� �b�� �n�h�l�h�o�_�f�b�•�k�d�h��
�a�Z�]�Z�{�_�ƒ�_���k�m���i�j�_�^�f�_�l���a�Z�d�h�g�h�^�Z�\�k�l�\�Z���b���i�j�Z�„�_�ƒ�Z�����g�Z�•�\�b�r�_���m���m�j�[�Z�g�b�f���k�j�_�^�b�g�Z�f�Z�� 

�Q�b�k�l�� �\�Z�a�^�m�o���•�_�� �l�_�r�d�h���^�_�n�b�g�b�k�Z�l�b�� �•�_�j�� �k�_�� �k�Z�k�l�h�•�b���b�a���\�_�e�b�d�h�]���[�j�h�•�Z���d�h�f�i�h�g�_�g�l�b�����Q�\�j�k�l�_���q�_�k�l�b�p�_��
�b�� �i�j�Z�r�b�g�Z�� �k�_�� �m�^�Z�‚�Z�\�Z�•�m�� �b�a�� �\�Z�a�^�m�o�Z���i�j�b�j�h�^�g�b�f�� �]�j�Z�\�b�l�Z�p�b�h�g�b�f�� �i�j�h�p�_�k�h�f���� �M�i�j�h�r�„�_�g�h���k�Z�k�l�Z�\�� ���q�b�k�l�h�]��
�\�Z�a�^�m�o�Z�����^�Z�l���•�_���m���l�Z�[�_�e�b����. 
 

�L�Z�[�_�e�Z���������K�Z�k�l�Z�\���\�Z�a�^�m�o�Z[1] 
�Z�a�h�l���12 78,1 % 
�d�b�k�_�h�g�b�d�� �H2 21 % 
�m�]�‚�_�g���^�b�h�d�k�b�^���&�H2 0,3 % 
�b�g�_�j�l�g�b�� �]�Z�k�h�\�b�����$�U�����,�U�����1�_�����+�_�����;�H���� 0,1 % 
�h�k�l�Z�e�b 0,6% 

 
�M�� �l�j�Z�]�h�\�b�f�Z�� �k�m�� �i�j�b�k�m�l�g�b�� �f�Z�e�b�� �m�^�_�e�b�� �\�h�^�h�g�b�d�Z��(H2), �m�]�‚�_�g�� �f�h�g�h�d�k�b�^�Z��(C�H2), �h�a�h�g�Z�����H3), 

�Z�f�h�g�b�•�Z�d�Z�� ���1�G3), �h�d�k�b�^�Z���Z�a�h�l�Z�� 
�M�d�h�e�b�d�h�� �•�_�� �q�h�\�_�d�� �]�_�g�_�j�Z�l�h�j�� �a�Z�]�Z�{�_�ƒ�Z���� �_�f�b�l�h�\�Z�g�_�� �d�h�f�i�h�g�_�g�l�_�� �k�_�� �g�Z�a�b�\�Z�•�m�� �Z�g�l�j�h�i�h�]�_�g�b��

�a�Z�]�Z�{�b�\�Z�q�b�� �a�Z�� �j�Z�a�e�b�d�m�� �h�^�� �f�g�h�]�b�o�� �i�j�b�j�h�^�g�b�o�� �n�_�g�h�f�_�g�Z���d�h�•�b�� �_�f�b�l�m�•�m�� �a�Z�]�Z�{�_�ƒ�_�� ���i�j�b�j�h�^�g�b�� �i�h�`�Z�j�b����
�_�j�m�i�p�b�•�_���� 

�:�_�j�h�� �a�Z�]�Z�{�_�ƒ�_���\�Z�a�^�m�o�Z���f�h�`�_�� �[�b�l�b�� �m���]�Z�k�h�\�b�l�h�f���� �i�Z�j�g�h�f�� �b�� �q�\�j�k�l�h�f�����k�b�l�g�_���q�_�k�l�b�p�_�����Z�]�j�_�]�Z�l�g�h�f��
�k�l�Z�ƒ�m�����A�Z�]�Z�{�m�•�m�„�_���d�h�f�i�h�g�_�g�l�_���b�f�Z�•�m���r�l�_�l�Z�g���m�l�b�p�Z�•���g�Z���q�h�\�_�d�Z�����[�b�‚�g�b���� �`�b�\�h�l�b�ƒ�k�d�b���k�\�_�l���b���h�d�j�m�`�_�ƒ�_�� 

�D�Z�d�\�h�� �b�� �d�h�e�b�d�h���^�_�•�k�l�\�h�� �a�Z�]�Z�{�_�ƒ�Z���g�Z���_�d�h���k�b�k�l�_�f���„�_���[�b�l�b���a�Z�\�b�k�b���h�^���\�j�k�l�_���a�Z�]�Z�{�m�•�m�„�_���d�h�f�i�h�g�_�g�l�_����
�ƒ�_�g�_�� �d�h�g�p�_�g�l�j�Z�p�b�•�_���� �^�m�`�b�g�_�� �\�j�_�f�_�g�k�d�h�]�� �m�l�b�p�Z�•�Z���� �f�_�{�m�k�h�[�g�_�� �j�_�Z�d�p�b�•�_�� �i�j�b�f�Z�j�g�b�o�� �a�Z�]�Z�{�b�\�Z�q�Z����
�A�Z�]�Z�{�_�ƒ�_���f�h�`�_�� �b�a�Z�a�\�Z�l�b���a�g�Z�q�Z�•�g�h���i�h�]�h�j�r�Z�ƒ�_���g�Z�q�b�g�Z���n�m�g�d�p�b�h�g�b�k�Z�ƒ�Z���`�b�\�b�o���h�j�]�Z�g�b�a�Z�f�Z�����Z���d�h�^���q�h�\�_�d�Z����
�a�Z�\�b�k�g�h�� �h�^�� �b�g�^�b�\�b�^�m�Z�e�g�_�� �h�l�i�h�j�g�h�k�l�b���� �h�[�h�‚�_�ƒ�_�� �h�j�]�Z�g�Z���a�Z�� �^�b�k�Z�ƒ�_���� �j�Z�o�b�l�b�k�Z���� �m�i�Z�e�_�� �k�e�m�a�h�d�h�`�_�� �h�q�b�•�m����
�b�g�n�e�m�_�g�p�_�������>���@ 

�I�h�k�e�_�^�b�q�g�b���\�j�_�f�_�g�k�d�b���_�n�_�d�l�b���a�Z�]�Z�{�_�ƒ�Z���g�Z���‚�m�^�_���f�h�]�m���k�_���^�_�n�b�g�b�k�Z�l�b���d�Z�h�� 
- �g�_�i�h�k�j�_�^�g�b�� �_�n�_�d�l�b�����h�^���������^�h���������q�Z�k�h�\�Z�� 
- �a�Z�d�Z�k�g�_�e�b���_�n�_�d�l�b�����g�Z�d�h�g���\�b�r�_�f�_�k�_�q�g�_���b�a�e�h�`�_�g�h�k�l�b���a�Z�]�Z�{�_�ƒ�m�� 
- �o�j�h�g�b�q�g�b�� �_�n�_�d�l�b�����\�b�r�_�]�h�^�b�r�ƒ�b�� �m�l�b�p�Z�•�� �a�Z�]�Z�{�m�•�m�„�b�o�� �d�h�f�i�h�g�_�g�l�b�� 

�L�h�d�k�b�q�g�_�� �k�m�i�k�l�Z�g�p�_�� �k�\�h�•�_�� �g�_�]�Z�l�b�\�g�h�� �^�_�•�k�l�\�h�� �g�Z�� �`�b�\�_���h�j�]�Z�g�b�a�f�_�� �f�h�]�m�� �i�j�_�g�_�l�b�� �d�j�h�a�� �\�Z�a�^�m�o����
�i�m�l�_�f�� �\�h�^�_�� �m�� �d�h�•�m�� �^�h�k�i�_�\�Z�•�m�� �a�Z�]�Z�{�_�ƒ�Z�� �b�a�� �\�Z�a�^�m�o�Z�� �b�e�b�� �i�m�l�_�f�� �d�h�j�b�r�„�_�ƒ�Z�� �o�j�Z�g�_�� �k�Z�� �a�_�f�‚�b�r�l�Z��
�d�h�g�l�Z�f�b�g�b�j�Z�g�h�]�� �Z�_�j�h���a�Z�]�Z�{�_�ƒ�_�f�� 

�=�Z�k�h�\�b�l�Z���a�Z�]�Z�{�_�ƒ�Z���i�h�l�b�q�m���h�^�� �g�_�]�Z�l�b�\�g�b�o���� �g�Z�•�q�_�r�„�_�� �h�l�j�h�\�g�b�o�����^�_�•�k�l�Z�\�Z���]�Z�k�h�\�Z���g�Z���n�e�h�j�m���b���n�Z�m�g�m��
�d�Z�h���b���h�^���g�_�i�j�b�•�Z�l�g�b�o�� �f�b�j�b�k�Z���d�h�•�b�� �g�_���f�h�j�Z�•�m���b�f�Z�l�b���b���^�j�m�]�Z���r�l�_�l�g�Z���^�_�•�k�l�\�Z�� 

�F�g�h�]�b�� �b�a�\�h�j�b�� �]�Z�k�h�\�Z�� �b�� �q�\�j�k�l�b�o�� �q�_�k�l�b�p�Z���� �d�h�•�_�� �a�Z�]�Z�{�b�\�Z�q�b�� �_�f�b�l�m�•�m�� �^�b�j�_�d�l�g�h�� �m�� �Z�l�f�h�k�n�_�j�m����
�g�Z�a�b�\�Z�•�m���k�_���i�j�b�f�Z�j�g�Z���a�Z�]�Z�{�_�ƒ�Z���� �A�Z�]�Z�{�b�\�Z�q�b���d�h�•�b�� �k�_���n�h�j�f�b�j�Z�•�m���m���Z�l�f�h�k�n�_�j�b���d�Z�h���i�h�k�e�_�^�b�p�Z���j�Z�a�e�b�q�b�l�b�o��
�n�b�a�b�q�d�b�o�� �b�� �o�_�f�b�•�k�d�b�o�� �i�j�h�p�_�k�Z�� �g�Z�a�b�\�Z�•�m�� �k�_�� �k�_�d�m�g�^�Z�j�g�b�� �a�Z�]�Z�{�b�\�Z�q�b���� �G�Z�� �i�j�b�f�_�j���� �Z�a�h�l�g�b�� �h�d�k�b�^�b�� �b�e�b��
�m�]�‚�h�\�h�^�h�g�b�p�b�� �d�h�•�b�� �g�Z�k�l�Z�•�m�� �i�j�b�� �k�Z�]�h�j�_�\�Z�ƒ�m�� �m�‚�Z�� �g�Z�a�b�\�Z�•�m�� �k�_�� �i�j�b�f�Z�j�g�b�� �a�Z�]�Z�{�b�\�Z�q�b�� �^�h�d�� �h�a�h�g�� �d�h�•�b��
�g�Z�k�l�Z�•�_���d�Z�h���i�h�k�e�_�^�b�p�Z���b�g�l�_�j�Z�d�p�b�•�_�� �i�j�b�f�Z�j�g�b�o���� �g�Z�a�b�\�Z���k�_���k�_�d�m�g�^�Z�j�g�b���a�Z�]�Z�{�b�\�Z�q�� 

�B�a�\�h�j�b�� �i�j�b�f�Z�j�g�h�]�� �a�Z�]�Z�{�_�ƒ�Z���� �^�_�n�b�g�b�r�m�� �k�_�� �d�Z�h�� �i�j�h�p�_�k�b���d�h�•�b�� �b�o�� �k�l�\�Z�j�Z�•�m���� �G�Z�•�\�_�„�b�� �[�j�h�•��
�i�j�b�f�Z�j�g�b�o�� �a�Z�]�Z�{�b�\�Z�q�Z�� �_�f�b�l�m�•�m�� �k�_�� �m�� �Z�l�f�h�k�n�_�j�m�� �d�Z�h�� �i�h�k�e�_�^�b�p�Z�� �k�Z�]�h�j�_�\�Z�ƒ�Z���� �b�k�i�Z�j�Z�\�Z�ƒ�Z���� �f�e�_�\�_�ƒ�Z����
�q�b�r�„�_�ƒ�Z���� �B�k�i�Z�j�‚�b�\�_�� �k�m�i�k�l�Z�g�p�_�� �h�^�� �]�h�j�b�\�Z���� �[�h�•�Z���� �n�e�m�b�^�Z���a�Z���q�b�r�„�_�ƒ�_���� �h�^�e�Z�a�_���m���Z�l�f�h�k�n�_�j�m���i�j�h�p�_�k�h�f��
�b�k�i�Z�j�Z�\�Z�ƒ�Z���� �I�j�Z�r�b�g�Z�� �g�Z�k�l�Z�•�_�� �i�j�b�� �j�Z�a�e�b�q�b�l�b�f�� �i�j�h�p�_�k�b�f�Z�� �h�[�j�Z�^�_�� �a�_�f�‚�_���� �B�a�^�m�\�g�b�� �Z�m�l�h�f�h�[�b�e�k�d�b��
�]�Z�k�h�\�b���b���]�Z�k�h�\�b���b�a���_�e�_�d�l�j�Z�g�Z���g�Z�k�l�Z�•�m���d�Z�h���i�h�k�e�_�^�b�p�Z���k�Z�]�h�j�_�\�Z�ƒ�Z�� 

�I�j�h�p�_�k�b���k�Z�]�h�j�_�\�Z�ƒ�Z���k�m���•�_�^�Z�g���h�^���g�Z�•�a�g�Z�q�Z�•�g�b�•�b�o�� �b�a�\�h�j�Z���a�Z�]�Z�{�_�ƒ�Z���� 

2. �?�E�?�D�L�J�B�Q�G�:���?�G�?�J�=�B�3�:���B���5�?�G���M�L�B�P�:�3���G�:���@�B�<�H�L�G�M���K�J�?�>�B�G�M 

�I�j�h�b�a�\�h�^�ƒ�Z�� �_�e�_�d�l�j�b�q�g�_�� �_�g�_�j�]�b�•�_�� �m�� �K�j�[�b�•�b�� �\�j�r�b�� �k�_�� �m�� �l�_�j�f�h�_�e�_�d�l�j�Z�g�Z�f�Z���b�� �o�b�^�j�h�_�e�_�d�l�j�Z�g�Z�f�Z����
�O�b�^�j�h�_�e�_�d�l�j�Z�g�_�� �m�� �K�j�[�b�•�b�� �i�j�h�b�a�\�h�^�_�� �]�h�^�b�r�ƒ�_�� �h�d�h�� ���������� ���� �m�d�m�i�g�_�� �]�h�^�b�r�ƒ�_�� �i�j�h�b�a�\�h�^�ƒ�_�� �_�e�_�d�l�j�b�q�g�_��
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�_�g�_�j�]�b�•�_�>���@���� �F�_�{�m�l�b�f���� �ƒ�b�o�h�\�Z�� �b�g�k�l�Z�e�b�k�Z�g�Z�� �k�g�Z�]�Z�� �•�_�� �h�d�h�� ���� ���� �h�^�� �m�d�m�i�g�b�o�� �b�g�k�l�Z�e�b�k�Z�g�b�o��
�_�e�_�d�l�j�h�_�g�_�j�]�_�l�k�d�b�o�� �i�h�l�_�p�b�•�Z�e�Z�� �a�Z�� �i�j�h�b�a�\�h�^�ƒ�m�� �k�l�j�m�•�_���� �>�Z�d�e�_���� �m�� �K�j�[�b�•�b�� �k�_�� �i�j�h�b�a�\�_�^�_�� �h�d�h�� ���������� ����
�_�e�_�d�l�j�b�q�g�_���_�g�_�j�]�b�•�_�� �m���l�_�j�f�h�_�e�_�d�l�j�Z�g�Z�f�Z���� 

�M�� �l�_�j�f�h�_�e�_�d�l�j�Z�g�Z�f�Z�� �k�_�� �\�_�„�b�g�h�f�� �k�Z�]�h�j�_�\�Z�� �m�]�Z�‚�� �d�Z�h�� �i�h�]�h�g�k�d�h�� �]�h�j�b�\�h���� �K�Z�f�h�� �f�Z�e�b�� �i�j�h�p�_�g�Z�l��
�_�e�_�d�l�j�Z�g�Z�����l�_�j�f�h�_�e�_�d�l�j�Z�g�_-�l�h�i�e�Z�g�_���m���G�����K�Z�^�m�����K�j�����F�b�l�j�h�\�b�p�b���b���A�j�_�ƒ�Z�g�b�g�m�����d�h�j�b�k�l�b���i�j�b�j�h�^�g�b�� �]�Z�k���� 

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

3. �M�L�B�P�:�3���L�?�J�F�H�?�E�?�D�L�J�:�G�:���G�:���@�B�<�H�L�G�M���K�J�?�>�B�G�M 

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

�L�Z�[�_�e�Z���������I�j�h�^�m�d�l�b���k�Z�]�h�j�_�\�Z�ƒ�Z�>���@ 
�G�Z�a�b�\ �N�h�j�f�m�e�Z �A�g�Z�q�Z�•�g�_���h�k�h�[�b�g�_ �A�g�Z�q�Z�•�g�h���a�Z�]�Z�{�_�ƒ�_�� �\�Z�a� �̂m�o�Z 

�k�m�f�i�h�j��
� �̂b�h�d�k�b�^ �6�H2 

�[�_�a�[�h�•�Z�g�����b�g�l�_�g�a�b�\�Z�g�� �h�r�l�Z�j��
�f�b�j�b�k�����n�h�j�f�b�j�Z���+2SO3 �k�Z��
�\�h� �̂h�f 

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

�k�m�f�i�h�j��
�l�j�b�h�d�k�b�^ �6�H3 �j�Z�k�l�\�h�j�‚�b�\���m���\�h� �̂b�� �+2�6�H4 �\�_�h�f�Z���d�h�j�h�a�b�\�Z�g 

�Z�a�h�l���h�d�k�b�^ N2�H 
�[�_�a�[�h�•�Z�g�����d�h�j�b�k�l�b���k�_���d�Z�h��
�h�k�g�h�\�g�b���]�Z�k���d�h� �̂��Z�_�j�h�k�h�e�Z 

�j�_�e�Z�l�b�\�g�h�� �b�g�_�j�l�Z�g�����g�b�•�_���i�j�h� �̂m�d�l��
�k�Z�]�h�j�_�\�Z�ƒ�Z 

�Z�a�h�l���f�h�g�h�d�k�b�^ �1�H 
�[�_�a�[�h�•�Z�g�����i�h�g�_�d�Z� �̂��k�_��
�d�h�j�b�k�l�b���d�Z�h���Z�g�_�k�l�_�l�b�d 

�g�Z�k�l�Z�•�_�� �g�Z���i�h�q�_�l�d�m���k�Z�]�h�j�_�\�Z�ƒ�Z���b��
�i�j�b���\�b�k�h�d�b�f���l�_�f�i�_�j�Z�l�m�j�Z�f�Z��
�h�d�k�b� �̂Z�p�b�•�_���� �m���\�Z�a� �̂m�o�m�� �h�d�k�b� �̂b�r�_�� �m��
�1�H2 

�Z�a�h�l��� �̂b�h�d�k�b�^ �1�H2 �[�j�Z�h�g���b�e�b���g�Z�j�Z�g�`�Z�k�l�_���[�h�•�_ �d�h�f�i�h�g�_�g�l�Z���n�h�l�h�o�_�f�b�•�k�d�h�]�� �k�f�h�]�Z����
�h�l�j�h�\�Z�g���i�j�b���\�b�k�h�d�h�•���d�h�g�p�_�g�l�j�Z�p�b�•�b 

�m�]�‚�_�g��
�f�h�g�h�d�k�b�^ �&�H �[�_�a�[�h�•�Z�g���b���[�_�a���f�b�j�b�k�Z �i�j�h� �̂m�d�l�� �g�_�i�h�l�i�m�g�h�]���k�Z�]�h�j�_�\�Z�ƒ�Z����

�h�l�j�h�\�Z�g���i�j�b���\�b�k�h�d�h�•���d�h�g�p�_�g�l�j�Z�p�b�•�b 

�m�]�‚�_�g��� �̂b�h�d�k�b�^ �&�H2 �[�_�a�[�h�•�Z�g���b���[�_�a���f�b�j�b�k�Z 
�i�j�h� �̂m�d�l�� �i�h�l�i�m�g�h�]���k�Z�]�h�j�_�\�Z�ƒ�Z��
�h�j�]�Z�g�k�d�b�o�� �f�Z�l�_�j�b�•�Z�����m�l�b�q�_���g�Z��
�]�e�h�[�Z�e�g�m���i�j�h�f�_�g�m���d�e�b�f�_ 

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

�r�l�h�� �k�_�� �_�n�b�d�Z�k�g�h���h�k�l�\�Z�j�m�•�_���d�h�^���]�Z�k�h�\�b�l�b�o���]�h�j�b�\�Z�����>�Z���[�b���k�_���h�k�b�]�m�j�Z�e�h���i�h�l�i�m�g�h���k�Z�]�h�j�_�\�Z�ƒ�_�����i�h�l�j�_�[�g�h���•�_��
�h�k�b�]�m�j�Z�l�b�� �g�Z�•�f�Z�ƒ�b�� �l�_�h�j�_�l�k�d�b�� �i�h�l�j�_�[�g�m�� �d�h�e�b�q�b�g�m�� �\�Z�a�^�m�o�Z���� �I�h�\�_�„�Z�ƒ�_�f�� �i�j�h�l�h�d�Z�� �\�Z�a�^�m�o�Z�� �k�f�Z�ƒ�m�•�_�� �k�_��
�k�l�_�i�_�g���^�_�e�h�\�Z�ƒ�Z�����•�_�j���k�_���m���Z�l�f�h�k�n�_�j�m���h�^�\�h�^�b���\�_�„�Z���d�h�e�b�q�b�g�Z���m�]�j�_�•�Z�g�b�o���]�Z�k�h�\�Z�� 

�H�^���o�_�f�b�•�k�d�h�]���k�Z�k�l�Z�\�Z���]�h�j�b�\�Z���a�Z�\�b�k�b���k�Z�k�l�Z�\���]�Z�k�h�\�Z���d�Z�h���i�j�h�^�m�d�Z�l�Z���k�Z�]�h�j�_�\�Z�ƒ�Z���d�h�•�b���k�_���b�k�i�m�r�l�Z�•�m���m��
�Z�l�f�h�k�n�_�j�m�����G�Z���m�^�_�h���i�h�•�_�^�b�g�b�o���i�j�h�^�m�d�Z�l�Z���k�Z�]�h�j�_�\�Z�ƒ�Z���m���]�Z�k�h�\�b�f�Z���m�l�b�q�_���i�h�k�l�h�l�Z�d���i�h�•�_�^�b�g�b�o���_�e�_�f�_�g�Z�l�Z��
�m���]�h�j�b�\�m���� �Z�e�b���k�i�_�p�b�n�b�q�g�Z�� �_�f�b�k�b�•�Z���a�Z�\�b�k�b���h�^���ƒ�_�]�h�\�_���d�Z�e�h�j�b�q�g�_���f�h�„�b�� 

�L�Z�d�h���•�_�� �m���e�b�]�g�b�l�m���f�Z�ƒ�b���i�h�k�l�h�l�Z�d���k�m�f�i�h�j�Z���g�_�]�h���m���d�Z�f�_�g�h�f���m�]�‚�m�����Z�e�b���•�_���\�_�„�Z���k�i�_�p�b�n�b�q�g�Z���_�f�b�k�b�•�Z��
�k�m�f�i�h�j�^�b�h�d�k�b�^�Z�� �i�h�� �•�_�^�b�g�b�p�b�� �_�g�_�j�]�b�•�_�� �m�� �]�h�j�b�\�m���� �a�[�h�]���f�Z�ƒ�_�� �d�Z�e�h�j�b�q�g�_�� �f�h�„�b���� �I�j�h�k�_�q�g�_�� �d�Z�e�h�j�b�q�g�_��
�k�i�_�p�b�n�b�q�g�_�� �_�f�b�k�b�•�_�� �\�h�^�_�g�_���i�Z�j�_���b���m�]�‚�_�g�^�b�h�d�k�b�^�Z���a�Z�\�b�k�_���h�^���k�Z�^�j�`�Z�•�Z���\�h�^�h�g�b�d�Z���b���m�]�‚�_�g�b�d�Z��  

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

�L�Z�[�_�e�Z���������I�j�h�k�_�q�g�_���d�Z�e�h�j�b�q�g�_���\�j�_�^�g�h�k�l�b���k�i�_�p�b�n�b�q�g�_���_�f�b�k�b�•�_�>���@  

�=�h�j�b�\�h 
H2�H�� 

g/kWh 
�&�H2 

g/kWh 
�&�H�� 

g/kWh 
�6�H2  

g/kWh 
�1�HX  

g/kWh 
�I�_�i�_�h���b���q�Z�{��

g/kWh 

�M�]�Z�‚ 150 1200 0,10 10,0 2,5 2,0 
�E�h�`���m�‚�_ 250 750 0,01 7,0 2,5 0,30 

�I�j�b�j�h� �̂g�b���]�Z�k 400 600 0,01 0 2,0 0,05 

 
�K�i�_�p�b�n�b�q�g�Z���_�f�b�k�b�•�Z���k�m�f�i�h�j�^�b�h�d�k�b�^�Z�����K�H2) �a�Z�\�b�k�b���m���i�j�\�h�f���j�_�^�m���h�^���k�Z�^�j�`�Z�•�Z���k�m�f�i�h�j�Z���m���]�h�j�b�\�m����

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



�J�b�a�b�d���b���[�_�a�[�_�^�g�h�k�g�b���b�g�`�_�ƒ�_�j�b�g�]��- �D�h�i�Z�h�g�b�d��������4. 
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�G�Z�� �k�i�_�p�b�n�b�q�g�m�� �_�f�b�k�b�•�m�� �i�_�i�_�e�Z�� �m�l�b�q�_�� �ƒ�_�]�h�\�Z�� �d�h�e�b�q�b�g�Z���m�� �]�h�j�b�\�m���� �b�a�\�_�^�[�Z�� �e�h�`�b�r�l�Z���� �g�Z�q�b�g��
�h�k�e�h�[�Z�{�Z�ƒ�Z���i�_�i�_�e�Z���b���k�l�_�i�_�g���h�l�i�j�Z�r�b�\�Z�ƒ�Z���]�Z�k�h�\�Z���k�Z�]�h�j�_�\�Z�ƒ�Z�� 

�M�a���i�h�a�g�Z�l�_�� �a�Z�]�Z�{�b�\�Z�q�_���_�f�b�l�m�•�m���k�_���d�Z�g�p�_�j�h�]�_�g�_���h�j�]�Z�g�k�d�_���q�_�k�l�b�p�_�����i�h�e�b�p�b�d�e�b�q�g�b���m�]�‚�b�d�h�\�h�^�b�p�b������
�d�Z�h�� �b�� �q�_�k�l�b�p�_�� �l�_�r�d�b�o�� �f�_�l�Z�e�Z�� ���h�e�h�\�Z���� �`�b�\�_���� �Z�j�k�_�g�Z�� �b�� �^�j������ �Z�e�b�� �b�� �i�j�b�j�h�^�g�b�� �j�Z�^�b�h�Z�d�l�b�\�g�b�� �_�e�_�f�_�g�l�b��
���j�Z�^�b�•�m�f���� �j�Z�^�h�g���� �h�e�h�\�h���� �i�h�e�h�g�b�•�m�f���� �l�h�j�b�•�m�f�� �b�� �^�j�������� 

�K�Z�]�h�j�_�\�Z�ƒ�_�f�� �m�]�‚�Z�� �m�� �l�_�j�f�h�_�e�_�d�l�j�Z�g�Z�f�Z�� �h�\�b�� �j�Z�^�b�h�Z�d�l�b�\�g�b�� �_�e�_�f�_�g�l�b�� �k�_�� �i�j�_�g�h�k�_�� �b�a �m�]�‚�Z�� �m��
�[�b�h�k�n�_�j�m���� �G�Z�•�\�_�„�m�� �d�h�g�p�_�g�l�j�Z�p�b�•�m�� �j�Z�^�b�h�Z�d�l�b�\�g�b�o�� �g�m�d�e�b�^�Z�� �b�f�Z�•�m�� �g�Z�•�k�b�l�g�b�•�_�� �q�_�k�l�b�p�_�� �d�h�•�_�� �b�f�Z�•�m�� �b��
�g�Z�•�\�_�„�m�� �\�_�j�h�\�Z�l�g�h�„�m�� �b�a�e�Z�k�d�Z�� �d�j�h�a�� �^�b�f�ƒ�Z�d���� �>�h�d�� �m�� �m�]�‚�m�� �i�h�k�l�h�•�b�� �j�Z�^�b�h�Z�d�l�b�\�g�Z�� �j�Z�\�g�h�l�_�`�Z���� �h�g�Z�� �k�_��
�ƒ�_�]�h�\�b�f�� �k�Z�]�h�j�_�\�Z�ƒ�_�f�� �g�Z�j�m�r�Z�\�Z���� �l�_�� �m�� �i�_�i�_�e�m�� �^�h�e�Z�a�b�� �^�h�� �\�b�r�_�k�l�j�m�d�h�]�� �i�h�\�_�„�Z�ƒ�Z�� �k�Z�^�j�`�Z�•�Z��
�j�Z�^�b�h�Z�d�l�b�\�g�b�o���_�e�_�f�_�g�Z�l�Z���� �d�h�•�b�� �a�Z�\�b�k�_���h�^�� �\�j�k�l�_���� �k�Z�k�l�Z�\�Z���b�� �d�\�Z�e�b�l�_�l�Z���m�]�‚�Z���b���g�Z�q�b�g�Z���e�h�`�_�ƒ�Z�����i�Z���f�h�`�_��
�b�a�g�h�k�b�l�b�� �b�� �^�h���g�_�d�h�e�b�d�h���k�l�h�l�b�g�Z���i�m�l�Z���\�b�r�_���h�^���i�j�b�j�h�^�g�h�]�� �a�j�Z�q�_�ƒ�Z�>���@�� 

4. �M�L�B�P�:�3���O�B�>�J�H�?�E�?�D�L�J�:�G�:���G�:���@�B�<�H�L�G�M���K�J�?�>�B�G�M 

�?�g�_�j�]�b�•�Z�� �\�h�^�_�� ���o�b�^�j�h�_�g�_�j�]�b�•�Z���� �•�_�� �•�_�^�b�g�b�� �b�a�\�h�j�� �_�g�_�j�]�b�•�_�� �d�h�•�b�� �•�_�� �_�d�h�g�h�f�k�d�b�� �d�h�g�d�m�j�_�g�l�Z�g��
�n�h�k�b�e�g�b�f�� �]�h�j�b�\�b�f�Z���b�� �g�m�d�e�_�Z�j�g�h�•�� �_�g�_�j�]�b�•�b���� �Z���m�•�_�^�g�h���•�_���b�� �g�Z�•�a�g�Z�q�Z�•�g�b�•�b�� �h�[�g�h�\�‚�b�\�b�� �b�a�\�h�j�� �_�g�_�j�]�b�•�_�>���@���� 

�M���i�h�k�‚�_�^�ƒ�b�o������-�Z�d���]�h�^�b�g�Z���� �m���k�\�_�l�k�d�b�f���j�Z�a�f�_�j�Z�f�Z�����i�j�h�b�a�\�h�^�ƒ�Z���_�g�_�j�]�b�•�_���m���o�b�^�j�h�_�e�_�d�l�j�Z�g�Z�f�Z���•�_��
�m�l�j�h�k�l�j�m�q�_�g�Z���� �^�h�d �•�_�� �m�� �g�m�d�e�_�Z�j�g�b�f�� �_�e�_�d�l�j�Z�g�Z�f�Z���m���b�k�l�h�f�� �j�Z�a�^�h�[�‚�m���i�j�h�b�a�\�h�^�ƒ�Z���i�h�\�_�„�Z�g�Z���]�h�l�h�\�h�� �k�l�h��
�i�m�l�Z�>���@�����L�Z�d�h���•�_���•�_�j���d�h�j�b�r�„�_�ƒ�_���o�b�^�j�h�_�g�_�j�]�b�•�_�� �b�f�Z���k�\�h�•�Z���h�]�j�Z�g�b�q�_�ƒ�Z���� 

�O�b�^�j�h�_�g�_�j�]�b�•�Z�� �k�_�� �g�_�� �f�h�`�_�� �d�h�j�b�k�l�b�l�b�� �k�\�m�^�Z�� �•�_�j�� �i�h�^�j�Z�a�m�f�_�\�Z�� �f�g�h�]�h�� �\�h�^�_�� �\�_�e�b�d�_�� �[�j�a�b�g�_���� �Z��
�i�h�`�_�‚�g�h���•�_�� �b�� �^�Z���•�_�� �b�f�Z���^�h�\�h�‚�g�h���p�_�e�_���]�h�^�b�g�_�����•�_�j���k�_���_�e�_�d�l�j�b�q�g�Z���_�g�_�j�]�b�•�Z���g�_���f�h�`�_���k�d�e�Z�^�b�r�l�b�l�b�����>�Z���[�b��
�k�_�� �i�h�g�b�r�l�b�h���m�l�b�p�Z�•�� �h�k�p�b�e�Z�p�b�•�Z���\�h�^�h�k�l�Z�•�Z���]�j�Z�^�_���k�_���[�j�Z�g�_���b�� �Z�d�m�f�m�e�Z�p�b�h�g�Z���•�_�a�_�j�Z���� �L�h���a�g�Z�l�g�h���^�b�`�_���p�_�g�m��
�_�e�_�d�l�j�Z�g�_�����Z���o�b�^�j�h�_�g�_�j�]�b�•�Z �g�b�•�_�� �\�b�r�_�� �k�Z�k�\�b�f���[�_�a�h�i�Z�k�g�Z���a�Z���`�b�\�h�l�g�m���k�j�_�^�b�g�m.  

�O�b�^�j�h�_�e�_�d�l�j�Z�g�_�� �q�b�•�b�� �k�_�� �m�^�_�h�� �m���i�j�h�b�a�\�h�^�ƒ�b���_�e�_�d�l�j�b�q�g�_���_�g�_�j�]�b�•�_�� �k�f�Z�ƒ�m�•�_���� �b�i�Z�d���i�j�_�^�k�l�Z�\�‚�Z�•�m��
�a�g�Z�q�Z�•�Z�g�� �b�a�\�h�j�� �_�e�_�d�l�j�b�q�g�_�� �_�g�_�j�]�b�•�_���� �M�� �i�j�b�e�h�]�� �h�\�h�f�_���b�ê �b�� �q�b�ƒ�_�g�b�p�Z�� �^�Z�� �k�\�_�� �\�b�r�_�� �f�h�]�m�„�b�o��
�o�b�^�j�h�_�e�_�d�l�j�Z�g�Z�� �a�Z�� �b�a�]�j�Z�^�ƒ�m�� �i�h�k�l�Z�•�m�� �_�d�h�g�h�f�k�d�b�� �h�i�j�Z�\�^�Z�g�_�� �a�[�h�]�� �k�l�Z�e�g�h�]�� �b�� �a�g�Z�l�g�h�]�� �i�h�j�Z�k�l�Z�� �p�_�g�Z��
�n�h�k�b�e�g�b�o�� �]�h�j�b�\�Z���� �I�h�j�_�^�� �h�\�h�]�Z���� �o�b�^�j�h�_�e�_�d�l�j�Z�g�_�� �k�m�� �m�� �h�^�g�h�k�m�� �g�Z�� �h�k�l�Z�e�_�� �_�e�_�d�l�j�Z�g�_�� ���d�e�Z�k�b�q�g�_�� �l�_�j-
�f�h�_�e�_�d�l�j�Z�g�_�� �g�Z�� �m�]�Z�‚���� �g�Z�n�l�m�� �b�� �]�Z�k�� �b�� �g�m�d�e�_�Z�j�g�_�� �_�e�_�d�l�j�Z�g�_���� �m�� �i�j�_�^�g�h�k�l�b�� �k�Z�� �k�l�Z�g�h�\�b�r�l�Z�� �a�Z�]�Z�{�b�\�Z�ƒ�Z��
�h�d�h�e�b�g�_�� 

�I�j�h�p�_�ƒ�m�•�_�� �k�_���^�Z���•�_���b�k�d�h�j�b�r�„�_�g�h���k�Z�f�h���h�d�h�������������k�\�_�l�k�d�h�]���o�b�^�j�h�_�g�_�j�]�_�l�k�d�h�]���i�h�l�_�g�p�b�•�Z�e�Z�����<�_�„�b�g�Z��
�g�_�b�k�d�h�j�b�r�„�_�g�h�]�� �i�h�l�_�g�p�b�•�Z�e�Z�� �g�Z�e�Z�a�b�� �k�_�� �m�� �g�_�j�Z�a�\�b�•�_�g�b�f�� �a�_�f�‚�Z�f�Z���� �r�l�h�� �•�_�� �i�h�\�h�‚�g�h�� �•�_�j�� �k�_�� �m�� �ƒ�b�f�Z��
�h�q�_�d�m�•�_���a�g�Z�l�Z�g���i�h�j�Z�k�l���i�h�l�j�h�r�ƒ�_���_�g�_�j�]�b�•�_�>���@���� 

�B�f�Z�•�m�„�b�� �m�� �\�b�^�m�� �d�h�j�b�k�l�b�� �d�h�•�_�� �k�_�� �i�h�k�l�b�`�m�� �b�a�]�j�Z�^�ƒ�h�f�� �[�j�Z�g�_�� �b�� �Z�d�m�f�m�e�Z�p�b�•�_���� �d�Z�h�� �g�i�j����
�_�e�b�f�b�g�Z�p�b�•�Z�� �i�h�i�e�Z�\�Z�� �b�� �k�� �l�b�f�� �m�� �\�_�a�b�� �f�h�]�m�„�g�h�k�l�� �b�g�l�_�g�a�b�\�g�b�•�_�� �h�[�j�Z�^�_�� �i�h�‚�h�i�j�b�\�j�_�^�g�h�]�� �a�_�f�‚�b�r�l�Z����
�f�h�]�m�„�g�h�k�l�b�� �g�Z�\�h�^�ƒ�Z�\�Z�ƒ�Z�� �b�� �i�h�\�_�„�Z�ƒ�Z�� �i�j�b�g�h�k�Z���� �m�g�Z�i�j�_�{�_�ƒ�_�� �b�e�b�� �h�]�j�Z�g�b�q�Z�\�Z�ƒ�_�� �i�e�h�\�b�^�[�_����
�i�h�[�h�‚�r�Z�\�Z�ƒ�_�� �m�k�e�h�\�Z�� �\�h�^�h�k�g�Z�[�^�_�\�Z�ƒ�Z���� �i�j�h�b�a�\�h�^�ƒ�_�� �_�e�_�d�l�j�b�q�g�_�� �_�g�_�j�]�b�•�_�� �b�l�^���� �k�Z�k�\�b�f�� �•�_�� �•�Z�k�Z�g�� �b��
�i�j�b�o�\�Z�„�_�g�� �k�l�Z�\���^�Z���k�_���o�b�^�j�h�_�e�_�d�l�j�Z�g�_���l�j�_�[�Z�•�m���]�j�Z�^�b�l�b�� 

�J�Z�k�l�m�„�Z�� �i�h�l�j�_�[�Z�� �a�Z�� �_�g�_�j�]�b�•�h�f�� �i�j�b�� �l�h�f�_�� �q�_�k�l�h�� �i�j�_�l�_�`�_�� �g�Z�^�� �[�j�b�]�h�f�� �h�� �m�l�b�p�Z�•�b�f�Z�� �g�Z�� �`�b�\�h�l�g�m��
�k�j�_�^�b�g�m���� �Z�� �^�b�f�_�g�a�b�•�_�� �g�_�d�b�o���a�Z�o�\�Z�l�Z���g�Z�f�_�„�m���m�l�b�k�Z�d���^�Z���•�_���ƒ�b�o�h�\�h���b�a�\�h�{�_�ƒ�_���g�_���k�Z�f�h���k�l�\�Z�j���_�g�_�j�]�b�•�_���g�_�]�h��
�b�� �i�j�_�k�l�b�`�Z�� 

�G�_�� �l�j�_�[�Z�� �]�m�[�b�l�b�� �b�a�� �\�b�^�Z�� �^�Z�� �b�a�]�j�Z�^�ƒ�Z�� �o�b�^�j�h�_�e�_�d�l�j�Z�g�Z���b�f�Z���g�_�]�Z�l�b�\�g�b�o���i�h�k�e�_�^�b�p�Z���� �d�Z�h���r�l�h�� �k�m��
�g�Z�j�m�r�Z�\�Z�ƒ�_�� �i�j�b�j�h�^�_���� �i�h�j�_�f�_�„�Z�•�� �j�Z�\�g�h�l�_�`�_�� �`�b�\�h�l�Z�� �m�� �j�_�d�Z�f�Z���� �b�k�_�‚�Z�\�Z�ƒ�_�� �‚�m�^�b�� �b�a�� �i�h�l�h�i�‚�_�g�h�]��
�i�h�^�j�m�q�•�Z�� �b�� �i�j�h�[�e�_�f�b�� �ƒ�b�o�h�\�h�]�� �a�Z�i�h�r�‚�Z�\�Z�ƒ�Z���� �f�h�]�m�„�g�h�k�l���r�b�j�_�ƒ�Z�� �[�h�e�_�k�l�b���� �i�j�h�f�_�g�Z�� �d�e�b�f�_���� �i�j�h�f�_�g�Z��
�i�h�^�a�_�f�g�b�o�� �l�h�d�h�\�Z�� �\�h�^�_�� �b�� �i�h�]�h�j�r�Z�\�Z�ƒ�_�� �\�h�^�h�k�g�Z�[�^�_�\�Z�ƒ�Z���g�_�d�b�o�� �i�h�^�j�m�q�•�Z���� �<�_�e�b�d�b�� �i�j�h�[�e�_�f�� �d�h�^��
�Z�d�m�f�m�e�Z�p�b�•�Z���\�h�^�_���•�_���b �a�Z�r�l�b�l�Z���h�^���a�_�f�‚�h�l�j�_�k�Z�����Z���m���a�Z�^�ƒ�_���\�j�_�f�_���b���a�Z�r�l�b�l�Z���h�^���l�_�j�h�j�b�k�l�b�q�d�h�]���Z�d�l�Z�� 

�3�_�^�b�g�b�� �b�k�i�j�Z�\�Z�g�� �i�m�l�� �•�_�� �d�h�f�i�e�_�d�k�g�h�� �j�_�r�Z�\�Z�ƒ�_�� �\�b�r�_�g�Z�f�_�g�k�d�h�]�� �d�Z�j�Z�d�l�_�j�Z���k�\�Z�d�h�]�� �\�h�^�h�l�h�d�Z���g�Z��
�g�Z�q�b�g�� �^�Z�� �k�_�� �d�h�j�b�k�l���� �d�h�•�Z�� �k�_�� �f�h�`�_�� �i�h�k�l�b�„�b���� �j�Z�a�f�Z�l�j�Z���b�� �k�Z���k�l�Z�g�h�\�b�r�l�Z�� �a�Z�r�l�b�l�_�� �`�b�\�h�l�g�_���k�j�_�^�b�g�_���� �k�Z��
�l�_�`�ƒ�h�f���d�Z���h�i�l�b�f�m�f�m�� 

5. �F�H�=�M�6�G�H�K�L���I�J�B�F�?�G�?���H�;�G�H�<�4�B�<�B�O���B�A�<�H�J�:���?�G�?�J�=�B�3�?�� 

�H�[�g�h�\�‚�b�\�b�� �b�a�\�h�j�b�� �_�g�_�j�]�b�•�_�� �k�m�� �Z�d�l�m�_�e�g�h�� �i�b�l�Z�ƒ�_�� �m�� �k�\�b�f�� �j�Z�a�\�b�•�_�g�b�f�� �a�_�f�‚�Z�f�Z���� �H�g�b���„�_�� �i�h�k�l�Z�l�b��
�Z�d�l�m�_�e�g�b���b�� �m���K�j�[�b�•�b�� �\�_�„�� �l�h�d�h�f�� �i�j�h�p�_�k�Z���i�j�b�k�l�m�i�Z�ƒ�Z���?�M�����M���K�j�[�b�•�b���•�_���d�h�j�b�r�„�_�ƒ�_���h�[�g�h�\�‚�b�\�b�o���b�a�\�h�j�Z���m��
�i�j�h�b�a�\�h�^�ƒ�b���k�l�j�m�•�_�� �i�j�b�e�b�q�g�h���a�Z�[�h�j�Z�\�‚�_�g�Z���b�� �k�i�h�j�_�^�g�Z���l�_�f�Z�����r�l�h���•�_���g�_�^�h�i�m�k�l�b�\�h���k���h�[�a�b�j�h�f���g�Z���h�]�j�h�f�g�_��
�i�h�l�_�g�p�b�•�Z�e�_�� �a�Z���ƒ�b�o�h�\�m���m�i�h�l�j�_�[�m���� 

�L�_�o�g�h�e�h�]�b�•�_�� �h�[�g�h�\�‚�b�\�b�o�� �b�a�\�h�j�Z�� �_�g�_�j�]�b�•�_ �k�m�� �q�b�k�l�_���� �b�� �h�g�_�� �b�f�Z�•�m���f�g�h�]�h�� �f�Z�ƒ�b���m�l�b�p�Z�•�� �g�Z�� �`�b�\�h�l�g�m��
�k�j�_�^�b�g�m �h�^���d�h�g�\�_�g�p�b�h�g�Z�e�g�b�o�� �_�g�_�j�]�_�l�k�d�b�o���l�_�o�g�h�e�h�]�b�•�Z�� 
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�H�[�g�h�\�‚�b�\�b�� �b�a�\�h�j�b�� �_�g�_�j�]�b�•�_�� �g�b�d�Z�^�Z�� �g�_�„�_�� �g�_�k�l�Z�l�b���� �H�k�l�Z�e�b�� �b�a�\�h�j�b�� �_�g�_�j�]�b�•�_�� �k�m�� �d�h�g�Z�q�g�b���b�� �•�_�^�g�h�]��
�^�Z�g�Z���„�_���[�b�l�b���i�h�l�j�h�r�_�g�b�� 

�D�h�j�b�r�„ �_�ƒ�_ �h�[�g�h�\�‚�b�\�b�o�� �b�a�\�h�j�Z�� �_�g�_�j�]�b�•�_�� �h�k�b�f�� �k�f�Z�ƒ�_�ƒ�Z�� �_�f�b�k�b�•�_ �]�Z�k�h�\�Z���� �^�h�i�j�b�g�h�k�b �b��
�_�n�b�d�Z�k�g�b�•�_�f �d�h�j�b�r�„ �_�ƒ�m �k�h�i�k�l�\�_�g�b�o �i�h�l�_�g�p�b�•�Z�e�Z �m �i�j�h�b�a�\�h�^�ƒ�b �_�g�_�j�]�b�•�_, �k�f�Z�ƒ�_�ƒ�m �m�\�h�a�Z �n�h�k�b�e�g�b�o 
�]�h�j�b�\�Z, �j�Z�a�\�h�•�m �e�h�d�Z�e�g�_ �b�g�^�m�k�l�j�b�•�_. 
�<�_�„�b�g�Z���b�g�\�_�k�l�b�p�b�•�Z���� �b�a���^�h�f�_�g�Z���h�[�g�h�\�‚�b�\�b�o���b�a�\�h�j�Z���_�g�_�j�]�b�•�_���� �l�j�h�r�_���f�Z�ƒ�_���f�Z�l�_�j�b�•�Z�e�Z���b���j�Z�^�Z���i�j�b�e�b�d�h�f��
�ƒ�b�o�h�\�_�� �b�a�]�j�Z�^�ƒ�_���d�Z�h���b�� �f�Z�ƒ�_���b�g�\�_�k�l�b�p�b�•�_���i�j�b�e�b�d�h�f���ƒ�b�o�h�\�h�]���h�^�j�`�Z�\�Z�ƒ�Z�����I�h�r�l�h���k�_���i�h�k�l�h�•�_�„�_���j�_�a�_�j�\�_��
�n�h�k�e�b�g�b�o�� �]�h�j�b�\�Z�� �k�l�Z�e�g�h�� �k�f�Z�ƒ�m�•�m���� �g�_�^�\�h�k�f�b�k�e�_�g�h�� �•�_�� �^�Z�� �„�_�� �ƒ�b�o�h�\�_�� �p�_�g�_�� �b�� �^�Z�‚�_�� �j�Z�k�l�b���� �r�l�h�� �^�Z�•�_��
�i�j�h�k�l�h�j�Z�� �a�Z���j�Z�a�\�h�•�� �i�j�b�f�_�g�_���h�[�g�h�\�‚�b�\�b�o���b�a�\�h�j�Z���_�g�_�j�]�b�•�_���� �M�\�h�a���n�h�k�b�e�g�b�o���]�h�j�b�\�Z���i�j�_�^�k�l�Z�\�‚�Z�� �k�\�_�� �\�_�„�_��
�h�i�l�_�j�_�„�_�ƒ�_�� �a�Z�� �g�Z�r�m �_�d�h�g�h�f�b�•�m���� �I�j�b�f�_�g�h�f�� �f�_�j�Z�� �d�h�•�_�� �g�m�^�_�� �l�_�o�g�h�e�h�]�b�•�_�� �_�g�_�j�]�_�l�k�d�_�� �_�n�b�d�Z�k�g�h�k�l�b�� �b��
�e�h�d�Z�e�g�b�� �k�b�k�l�_�f�b�� �h�[�g�h�\�‚�b�\�b�o�� �b�a�\�h�j�Z�� �_�g�_�j�]�b�•�_�� �d�h�j�b�k�l�_���k�_�� �e�h�d�Z�e�g�b�� �j�_�k�m�j�k�b���� �D�Z�^�Z�� �g�h�\�Z�p���� �h�k�l�Z�•�_�� �g�Z��
�e�h�d�Z�e�g�h�f�� �g�b�\�h�m�� �l�h�� �k�l�\�Z�j�Z�� �m�f�g�h�`�Z�\�Z�•�m�„�b�� �_�n�_�d�Z�l���� �I�j�h�b�a�\�h�^�ƒ�h�f�� �b�� �j�Z�a�\�b�•�Z�ƒ�_�f�� �l�_�o�g�h�e�h�]�b�•�Z���� �f�h�]�m�„�_�� �•�_��
�i�h�^�k�la�„�b���b�a�\�h�a���� �i�j�m�`�Z�•�m�„�b�� �i�h�^�k�l�b�p�Z�•�� �l�j�]�h�\�b�g�k�d�h�f�� �k�m�n�b�p�b�l�m�>���@�� 

6. �I�J�H�J�:�Q�M�G���I�H�L�J�H�R�5�?���?�E�����?�G�?�J�=�B�3�?���M���J�:�Q�M�G�:�J�K�D�H�3���M�Q�B�H�G�B�P�B���B��
�?�F�B�K�B�3�?���R�L�?�L�G�B�O���F�:�L�?�J�B�3�: 

�J�Z�q�m�g�Z�j�k�d�Z�� �m�q�b�h�g�b�p�Z�� �•�_�� �h�i�j�_�f�‚�_�g�Z���k�Z�������� �j�Z�q�m�g�Z�j�Z��Fujitsu-Siemens �?��Series �q�b�•�Z���•�_�� �f�Z�d�k�b�f�Z�e�g�Z��
�^�_�d�e�Z�j�b�k�Z�g�Z���k�g�Z�]�Z����������W�����F�_�{�m�l�b�f�����j�_�Z�e�g�Z���i�h�l�j�h�r�ƒ�Z���•�_���^�Z�e�_�d�h���f�Z�ƒ�Z���b���i�j�b�d�Z�a�Z�g�Z���•�_���m���l�Z�[�_�e�b����. 
 

�L�Z�[�_�e�Z���������I�h�l�j�h�r�ƒ�Z���_�e�_�d�l�j�b�q�g�_���_�g�_�j�]�b�•�_���j�Z�q�m�g�Z�j�Z�>���@ 

 �J�_�`�b�f���j�Z�^�Z 
�I�h�l�j�h�r�ƒ�Z���_�e�����_�g�_�j�]�b�•�_ 

Wh 

Stand by 3 

�K�Z�f�h���h�i�_�j�Z�l�b�\�g�b�� �k�b�k�l�_�f���Z�d�l�b�\�Z�g 78 

�K�Z���Z�i�e�b�d�Z�p�b�•�Z�f�Z�� �m���j�Z� �̂m 95 

�K�Z���a�Z�o�l�_�\�g�b�f�� �Z�i�e�b�d�Z�p�b�•�Z�f�Z 124 

�K�Z���Z�i�e�b�d�Z�p�b�•�Z�f�Z�� �b���Z�d�l�b�\�g�b�f�� �&�'-�h�f 135 

 
�G�Z�� �h�k�g�h�\�m�� �i�h�^�Z�l�Z�d�Z�� �b�a���l�Z�[�_�e�_�� �� �a�Z�� �^�Z�‚�_�� �j�Z�a�f�Z�l�j�Z�ƒ�_�� �i�j�h�[�e�_�f�Z�l�b�d�_�� �•�_�� �m�a�_�l�h�� �^�Z�� �•�_�� �i�j�h�k�_�q�g�Z��

�i�h�l�j�h�r�ƒ�_���_�e�_�d�l�j�b�q�g�_���_�g�_�j�]�b�•�_�� �•�_�^�g�h�]�� �j�Z�q�m�g�Z�j�Z����������Wh. 
�J�Z�q�m�g�Z�j�b�� �k�m�� �h�i�j�_�f�‚�_�g�b��Fujitsu-Siemens LCD �����´�� �f�h�g�b�l�h�j�b�f�Z�� �q�b�•�Z�� �•�_�� �g�h�f�b�g�Z�e�g�Z���i�h�l�j�h�r�ƒ�Z��������

Wh���� �f�_�{�m�l�b�f���b�a�f�_�j�_�g�Z���i�h�l�j�h�r�ƒ�Z���•�_��oko 50 Wh�>���@�����r�l�h���•�_���b���m�a�_�l�h���m���^�Z�‚�_�f���j�Z�a�f�Z�l�j�Z�ƒ�m�� 
�I�h�j�_�^���j�Z�q�m�g�Z�j�Z���j�Z�q�m�g�Z�j�k�d�Z���m�q�b�h�g�b�p�Z���•�_���h�i�j�_�f�‚�_�g�Z���b���i�j�h�•�_�d�l�h�j�h�f�� �q�b�•�Z���•�_���i�h�l�j�h�r�ƒ�Z����������Wh. 
�M�d�m�i�g�Z���i�h�l�j�h�r�ƒ�Z �_�e�_�d�l�j�b�q�g�_���_�g�_�j�]�b�•�_�� �b�a�g�h�k�b�� 

 
(100 + 50) · 16 + 200 = 2600 Wh = 2,6 kWh 

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

�b�f�Z���������j�Z�^�g�b�o���g�_�^�_�‚�Z�� 
�M�d�m�i�g�Z���]�h�^�b�r�ƒ�Z���i�h�l�j�h�r�ƒ�Z���_�e�_�d�l�j�b�q�g�_���_�g�_�j�]�b�•�_�� �m���j�Z�q�m�g�Z�j�k�d�h�•�� �m�q�b�h�g�b�p�b�� �b�a�g�h�k�b�� 

 
2,6 · 38 · 30 = 2964 kWh �§������������kWh 

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

�_�e�_�d�l�j�h�g�k�d�m���h�i�j�_�f�m���m�q�b�h�g�b�p�_���� �I�h�j�_�^�� �h�\�h�]�� �i�h�k�l�h�•�b�� �i�h�l�j�h�r�ƒ�Z���_�e�����_�g�_�j�]�b�•�_���a�Z���h�k�\�_�l�‚�_�ƒ�_�����Z�e�b���h�g�Z���g�_�„�_��
�[�b�l�b���j�Z�a�f�_�l�j�Z�g�Z���•�_�j���k�_���h�g�Z���g�_���j�Z�a�e�b�d�m�•�_���m���h�^�g�h�k�m���g�Z���³�h�[�b�q�g�m�´�� �m�q�b�h�g�b�p�m�� 

�G�Z�� �h�k�g�h�\�m�� �b�a�j�Z�q�m�g�Z�l�_�� �i�h�l�j�h�r�ƒ�_�� �_�e�_�d�l�j�b�q�g�_�� �_�g�_�j�]�b�•�_�� �b���l�Z�[�_�e�_�� �� �^�h�e�Z�a�b�� �k�_�� �^�h�� �i�h�^�Z�l�Z�d�Z�� �h��
�]�h�^�b�r�ƒ�h�•�� �_�f�b�k�b�•�b�� �r�l�_�l�g�b�o�� �f�Z�l�_�j�b�•�Z�� ���l�Z�[�_�e�Z�� ������ �d�h�•�Z�� �•�_�� �\�_�a�Z�g�Z�� �a�Z�� �j�Z�^�� �j�Z�q�m�g�Z�j�k�d�_�� �m�q�b�h�g�b�p�_���� �I�j�b��
�i�j�h�j�Z�q�m�g�m�� �]�h�^�b�r�ƒ�_�� �_�f�b�k�b�•�_�� �m�a�_�l�h�� �•�_�� �m�� �h�[�a�b�j�� �^�Z�� �k�_�� ������ ���� �_�e�_�d�l�j�b�q�g�_�� �_�g�_�j�]�b�•�_�� �^�h�[�b�•�Z�� �b�a��
�l�_�j�f�h�_�e�_�d�l�j�Z�g�Z���d�h�•�_���d�Z�h���]�h�j�b�\�h���d�h�j�b�k�l�_���m�]�Z�‚�����e�b�]�g�b�l������ �Z�������������b�a���o�b�^�j�h�_�e�_�d�l�j�Z�g�Z���� 
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�L�Z�[�_�e�Z���������=�h�^�b�r�ƒ�Z���_�f�b�k�b�•�Z���j�Z�q�m�g�Z�j�k�d�_���m�q�b�h�g�b�p�_ 

�G�Z�a�b�\�� 
�f�Z�l�_�j�b�•�_�� H2�H�� �&�H2 �&�H�� �6�H2  �1�HX  �I�_�i�_�h���b���q�Z�{�� 

�K�i�_�p�b�n�b�q�g�Z�� �_�f�b�k�b�•�Z��
g/kWh 150 1200 0,10 10,0 2,5 2,0 

�=�h�^�b�r�ƒ�Z���_�f�b�k�b�•�Z��
�N�J���]�h�^�b�g�b 

337,5  2700  0,23  22,5  5,63 4,5 

 
�B�a�� �^�h�[�b�•�_�g�b�o�� �i�h�^�Z�l�Z�d�Z�� �k�_�� �\�b�^�b�� �^�Z�� �i�h�k�l�h�•�b�� �h�^�j�_�{�_�g�� �m�l�b�p�Z�•�� �j�Z�q�m�g�Z�j�k�d�_�� �m�q�b�h�g�b�p�_�� �g�Z�� �`�b�\�h�l�g�m��

�k�j�_�^�b�g�m���•�_�j�� �b�� �f�Z�e�_���d�h�e�b�q�b�g�_��C�H����S�H2 �b��N�HX �k�m���h�l�j�h�\�g�_�����^�h�d��C�H2 �m�l�b�q�_���g�Z���i�h�\�_�„�Z�ƒ�_���_�n�_�d�l�Z���k�l�Z�d�e�_�g�_��
�[�Z�r�l�_�� 

7. �A�:�D�4�M�Q�:�D 

�M�l�b�p�Z�•�b�� �l�_�j�f�h�_�e�_�d�l�j�Z�g�Z�� �g�Z�� �m�]�Z�‚�� �g�Z���`�b�\�h�l�g�m���k�j�_�^�b�g�m���k�m���\�b�r�_�a�g�Z�q�g�b���� �b�g�l�_�g�a�b�\�g�b���b�� �m�]�e�Z�\�g�h�f��
�g�_�i�h�\�h�‚�g�b�� �a�Z�� �_�d�h�e�h�r�d�b�� �k�b�k�l�_�f���� �H�g�b�� �i�h�l�b�q�m�� �h�^�� �i�h�l�_�g�p�b�•�Z�e�g�h�]�� �a�Z�]�Z�{�b�\�Z�ƒ�Z�� �\�Z�a�^�m�o�Z���� �\�h�^�_�� �b�� �l�e�Z����
�h�l�i�Z�^�g�_�� �l�h�i�e�h�l�_���� �g�Z�j�m�r�Z�\�Z�ƒ�Z�� �i�j�b�j�h�^�g�_�� �j�Z�\�g�h�l�_�`�_�� �b�� �a�\�m�q�g�b�o�� �m�l�b�p�Z�•�Z���� �?�f�b�k�b�•�Z�� �r�l�_�l�g�b�o���f�Z�l�_�j�b�•�Z���b�a��
�l�_�j�f�h�_�e�_�d�l�j�Z�g�Z���h�[�m�o�\�Z�l�Z���^�b�f�g�_���]�Z�k�h�\�_�����i�j�Z�r�b�g�m�����r�‚�Z�d�m�����i�_�i�_�h���b���h�l�i�Z�^�g�_���\�h�^�_���� 

�D�Z�h�� �r�l�h�� �k�_�� �b�a�� �i�j�_�l�o�h�^�g�b�o�� �j�Z�a�f�Z�l�j�Z�ƒ�Z�� �\�b�^�b�� �j�Z�q�m�g�Z�j�k�d�Z���m�q�b�h�g�b�p�Z�� �b�f�Z�� �m�l�b�p�Z�•�� �g�Z �`�b�\�h�l�g�m��
�k�j�_�^�b�g�m�� �d�h�•�b�� �g�b�•�_�� �a�Z�g�_�f�Z�j�b�\�� �b�� �l�h�� �i�j�_�� �k�\�_�]�Z�� �a�[�h�]�� �g�Z�q�b�g�Z�� �g�Z�� �d�h�•�b�� �k�_�� �^�h�[�b�•�Z�� �_�e�_�d�l�j�b�q�g�Z�� �_�g�_�j�]�b�•�Z���� �K��
�h�[�a�b�j�h�f�� �^�Z�� �•�_�� �i�h�k�e�_�^�ƒ�b�o�� �]�h�^�b�g�Z�� �l�_�o�g�h�e�h�r�d�b�� �j�Z�a�\�h�•�� �b���i�j�b�f�_�g�Z�� �k�\�_�� �\�b�r�_�� �_�e�d�l�j�b�q�g�_�� �b�� �_�e�_�d�l�j�h�g�k�d�_��
�h�i�j�_�f�_�� �m�l�b�p�Z�e�Z�� �g�Z�� �i�h�\�_�„�Z�ƒ�_�� �i�h�l�j�h�r�ƒ�_�� �_�e�_�d�l�j�b�q�g�_�� �_�g�_�j�]�b�•�_���� �f�h�`�_�� �k�_�� �h�q�_�d�b�\�Z�l�b�� �^�Z�� �k�_�� �h�\�Z�•�� �l�j�_�g�^��
�g�Z�k�l�Z�\�b���b���m���[�m�^�m�„�g�h�k�l�b�� 

�D�Z�^�Z���•�_�� �K�j�[�b�•�Z���m���i�b�l�Z�ƒ�m���� �i�j�h�[�e�_�f�Z�l�b�d�Z���a�Z�]�Z�{�_�ƒ�Z���`�b�\�h�l�g�_���k�j�_�^�b�g�_���^�h�[�b�•�Z�ƒ�_�f�� �_�g�_�j�]�b�•�_�� �g�Z�\�h�^�b��
�g�Z�k���g�Z���j�Z�a�f�b�r�‚�Z�ƒ�_���h���^�\�_���[�b�l�g�_���k�l�\�Z�j�b�� 

- �d�Z�d�h�� �i�h�k�l�h�•�_�„�_�� �l�_�o�g�h�e�h�]�b�•�_�� �m�q�b�g�b�l�b�� �r�l�h�� �f�Z�ƒ�_���r�l�_�l�g�b�f�� �a�Z���`�b�\�h�l�g�m���k�j�_�^�b�g�m���•�_�j�� �k�_�� �b�� �^�Z�‚�_��
�i�e�Z�g�b�j�Z���a�g�Z�l�g�h���d�h�j�b�r�„�_�ƒ�_���l�_�j�f�h�_�e�_�d�l�j�Z�g�Z���� �i�Z�� �q�Z�d �b�� �b�a�]�j�Z�^�ƒ�Z���g�h�\�b�o���k�� �h�[�a�b�j�h�f�� �g�Z���\�_�e�b�d�Z��
�g�Z�e�Z�a�b�r�l�Z���m�]�‚�Z�� 

- �d�Z�d�h���b�f�i�e�_�f�_�g�b�j�Z�l�b�� �i�j�b�f�_�g�m�� �h�[�g�h�\�‚�b�\�b�o�� �b�a�\�h�j�Z���_�g�_�j�]�b�•�_���� 
�F�h�`�_�� �k�_�� �j�_�„�b�� �^�Z�� �•�_�� �i�h�k�e�_�^�ƒ�b�o�� �g�_�d�h�e�b�d�h�� �]�h�^�b�g�Z�� �i�h�q�_�h���^�Z�� �k�_�� �f�_�ƒ�Z�� �h�^�g�h�k�� �i�j�_�f�Z�� �h�\�h�•��

�i�j�h�[�e�_�f�Z�l�b�p�b���� 
�L�h�d�h�f�� ������������ �]�h�^�b�g�_�� �<�e�Z�^�Z�� �K�j�[�b�•�_�� �•�_�� �^�h�g�_�e�Z�� �g�_�d�h�e�b�d�h�� �\�Z�`�g�b�o�� �h�^�e�m�d�Z�� �d�Z�^�Z�� �•�_�� �m�� �i�b�l�Z�ƒ�m��

�i�j�h�b�a�\�h�^�ƒ�Z�� �_�e�_�d�l�j�b�q�g�_�� �_�g�_�j�]�b�•�_�� �b�a���h�[�g�h�\�‚�b�\�b�o���b�a�\�h�j�Z���_�g�_�j�]�b�•�_���� �5�b�f�Z���k�_���k�l�b�f�m�e�b�r�m���b�g�\�_�k�l�b�l�h�j�b�� �b��
�[�m�^�m�„�b�� �i�j�h�b�a�\�h�{�Z�q�b���_�e�_�d�l�j�b�q�g�_���_�g�_�j�]�b�•�_�� �b�a���h�[�g�h�\�‚�b�\�b�o���b�a�\�h�j�Z���_�g�_�j�]�b�•�_�����G�Z�`�Z�e�h�k�l���i�j�h�p�_�^�m�j�Z���b�a�j�Z�^�_��
�i�h�l�j�_�[�g�b�o�� �^�h�a�\�h�e�Z�� �g�b�•�_�� �•�h�r�� �m�\�_�d�� �m�� �i�h�l�i�m�g�h�k�l�b�� �i�j�_�p�b�a�g�h�� �h�^�j�_�{�_�g�Z���� �Z�e�b�� �i�h�k�l�h�•�_�� �b�g�^�b�p�b�•�_�� �^�Z�� �„�_�� �k�_�� �b��
�h�\�_�� �i�h�l�_�r�d�h�„�_�� �j�_�r�b�l�b���� �3�_�^�g�Z�� �h�^�� �g�Z�•�a�g�Z�q�Z�•�g�b�•�b�o�� �i�h�^�k�l�b�p�Z�•�g�b�o�� �f�_�j�Z�� �•�_�k�l�_�� �b�� �i�h�\�e�Z�r�„�_�g�Z�� �p�_�g�Z��
�_�e�_�d�l�j�b�q�g�_���_�g�_�j�]�b�•�_�� �i�j�h�b�a�\�h�{�Z�q�b�f�Z���d�h�•�b�� �d�h�j�b�k�l�_���h�[�g�h�\�‚�b�\�_���b�a�\�h�j�_���� 

�G�Z���`�Z�e�h�k�l���� �i�h�k�l�h�•�_�� �\�_�e�b�d�b���i�j�h�[�e�_�f�b�� �a�Z���a�g�Z�q�Z�•�g�b�•�m���i�j�b�f�_�g�m���h�[�g�h�\�‚�b�\�b�o���b�a�\�h�j�Z���_�g�_�j�]�b�•�_�����q�b�f�_��
�[�b���k�_���k�f�Z�ƒ�b�h���g�_�]�Z�l�b�\�Z�g���m�l�b�p�\�Z�•���j�Z�q�m�g�Z�j�k�d�_���m�q�b�h�g�b�p�_���g�Z���`�b�\�h�l�g�m�� �k�j�_�^�b�g�m���� �Z���g�Z�•�\�_�„�b�� �k�m���� 

�i�h�^�Z�p�b�� �h���i�h�l�_�g�p�b�•�Z�e�b�f�Z�� �h�[�g�h�\�‚�b�\�b�o�� �b�a�\�h�j�Z���_�g�_�j�]�b�•�_�� �k�m���r�Z�j�h�e�b�d�b�� �b�� �g�_�i�h�m�a�^�Z�g�b�� 
�g�_�f�Z���A�Z�d�h�g�k�d�h�]���h�d�\�b�j�Z���a�Z���i�h�^�k�l�b�p�Z�ƒ�_���d�h�j�b�r�„�_�ƒ�Z���h�[�g�h�\�‚�b�\�b�o���b�a�\�h�j�Z���_�g�_�j�]�b�•�_�� 
�g�_�f�Z���n�b�g�Z�g�k�b�•�k�d�b�o�� �b�g�k�l�j�m�f�_�g�Z�l�Z���a�Z���h�f�Z�k�h�\�‚�Z�\�Z�ƒ�_���h�[�g�h�\�‚�b�\�b�o���b�a�\�h�j�Z���_�g�_�j�]�b�•�_�� 

8. �E�B�L�?�J�:�L�M�J�: 
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REZIME  
�*�H�R�J�U�D�I�V�N�L�� �S�R�O�R�å�D�M�� �L�� �J�H�R�O�R�ã�N�R-�K�L�G�U�R�O�R�ã�N�H�� �N�D�U�D�N�W�H�U�L�V�W�L�N�H�� �R�G�U�H�ÿ�X�M�X�� �X�]�U�R�N�H�� �S�R�S�O�D�Y�D�� �S�R�G�U�X�þ�M�D�� �R�S�ã�Wine Bara. 

�8�N�R�O�L�N�R�� �V�H�� �L�]�Y�U�ã�L�� �V�Y�H�R�E�X�K�Y�D�W�Q�D�� �D�Q�D�O�L�]�D�� �K�D�]�D�U�G�D���� �X�þ�H�V�W�D�Q�R�V�W�L���S�R�M�D�Y�O�M�L�Y�D�Q�M�D���L���L�Q�W�H�]�L�W�H�W�D���S�R�S�O�D�Y�D�����P�R�J�X���V�H���S�O�D�Q�L�U�D�W�L���P�M�H�U�H����
�V�Q�D�J�H�� �L�� �V�U�H�G�V�W�Y�D�� �]�D�� �]�D�ã�W�L�W�X�� �R�G�� �S�R�S�O�D�Y�D���� �&�L�O�M�� �U�D�G�D�� �M�H�� �G�D�� �V�H�� �Q�D�� �R�V�Q�R�Y�X�� �N�U�L�W�H�U�L�M�X�P�D�� �L�� �S�U�L�Q�F�L�S�D�� �]�D�ã�W�L�W�H�� �R�G�� �S�R�S�O�D�Y�D���S�U�L�N�D�å�H��
pregle�G���Q�H�R�S�K�R�G�Q�L�K���U�D�G�R�Y�D���L���P�M�H�U�D�� �]�D���X�U�H�ÿ�H�Q�M�H���Y�R�G�R�W�R�N�D���L���]�D�ã�W�L�W�X���R�G���S�R�S�O�D�Y�D���]�D���R�S�ã�W�L�Q�V�N�R���S�R�G�U�X�þ�M�H���%�D�U�D�� 

�.�O�M�X�þ�Q�H�� �U�L�M�H�þ�L�����S�R�S�O�D�Y�D�����P�M�H�U�H�� �]�D�ã�W�L�W�H�����X�U�H�ÿ�H�Q�M�H���Y�R�G�R�W�R�N�D 
 
PLANNING OF FLOOD PROTECTION MEASURES FOR THE MUNIC IPAL 

AREA OF THE BAR 
 

ABSTRACT 
Geographical location and geological and hydrological characteristics determine the causes of the flood area of 

the municipality of Bar. If we perform a comprehensive analysis of hazards, the frequency of occurrence and intensity 
of floods, can be planned measures, the s trength and the means to protect against flooding. The aim of this paper is that 
based on the criteria and principles of flood shows an overview of the necessary papers and measures of river 
management and flood protection for the municipal area of Bara 

Key words: flood, protection measures, regulation of water flows. 

1. UVOD 

�3�R�S�O�D�Y�H�� �V�H�� �P�R�J�X�� �G�R�J�R�G�L�W�L�� �V�Y�X�G�D���� �L�� �þ�H�V�W�H�� �V�X�� �H�O�H�P�H�Q�W�D�U�Q�H���Q�H�S�R�J�R�G�H���N�R�M�H���P�R�J�X���E�L�W�L���O�R�N�D�O�Q�L�K���U�D�]�P�M�H�U�D��
�± �X�N�R�O�L�N�R�� �S�R�J�D�ÿ�D�M�X�� �Q�D�V�H�O�M�H�� �L�O�L�� �P�D�Q�M�H�� �]�D�M�H�G�Q�L�F�H���� �L�O�L�� �Y�H�O�L�N�L�K�� �U�D�]�P�M�H�U�D�� �± �X�N�R�O�L�N�R���S�R�J�D�ÿ�D�M�X���þ�L�W�D�Y�H���V�O�L�Y�R�Y�H���U�L�M�H�N�D���L��
�Y�H�ü�L�� �E�U�R�M�� �R�S�ã�W�L�Q�D����Vrijeme razvijanja poplava v�D�U�L�U�D���R�G���V�O�X�þ�D�M�D���G�R���V�O�X�þ�D�M�D���� �3�R�S�O�D�Y�H���X���U�D�Y�Q�L�þ�D�U�V�N�L�P���N�U�D�M�H�Y�L�P�D��
�V�H�� �U�D�]�Y�L�M�D�M�X�� �S�R�O�D�N�R���� �S�R�� �Q�H�N�R�O�L�N�R�� �G�D�Q�D���� �]�D�� �U�D�]�O�L�N�X�� �R�G���E�X�M�L�þ�Q�L�K�� �S�R�S�O�D�Y�D�� �N�R�M�H�� �V�H�� �U�D�]�Y�L�M�D�M�X�� �E�U�]�R���� �Q�H�N�D�G�� �L�� �E�H�]��
vidljivih znakova. Ovakve poplave formiraju opasan i destruktivan plavni talas, koji sa sobom nosi mulj, 
kamenje, granje i otpad. �ý�D�N�� �L�� �Y�U�O�R�� �P�D�O�L�� �S�R�W�R�F�L���� �U�M�H�þ�L�F�H���� �N�D�Q�D�O�L�� �]�D�� �R�G�Y�R�G�� �L�O�L�� �N�L�ã�Q�L�� �N�D�Q�D�O�L���� �N�R�M�L�� �G�M�H�O�X�M�X��
�E�H�]�R�S�D�V�Q�R���� �P�R�J�X���L�]�D�]�Y�D�W�L�� �S�R�S�O�D�Y�H���Y�H�ü�L�K���U�D�]�P�M�H�U�D�� 

�3�R�S�O�D�Y�H�� �Q�D�� �S�R�G�U�X�þ�M�X�� �%�D�U�D�� �Q�D�V�W�D�M�X�� �N�D�R�� �U�H�]�X�O�W�D�W�� �H�N�V�W�U�H�P�Q�L�K�� �Y�U�H�P�H�Q�V�N�L�K�� �Q�H�S�R�J�R�G�D���� �S�U�Y�H�Q�V�Wveno 
�R�E�L�O�Q�L�K�� �S�D�G�D�Y�L�Q�D�� �S�U�D�ü�H�Q�L�K�� �Y�M�H�W�U�R�P�� �N�D�R�� �L�� �Q�H�G�R�Y�R�O�M�Q�L�K�� �L�� �Q�H�D�G�H�N�Y�D�W�Q�L�K�� �S�U�H�Y�H�Q�W�L�Y�Q�L�K�� �P�M�H�U�D�� �L�� �D�N�W�L�Y�Q�R�V�W�L���� �1�D��
�W�H�U�L�W�R�U�L�M�L�� �E�D�U�V�N�H���R�S�ã�W�L�Q�H���Q�D�M�Y�H�ü�H���S�U�R�E�O�H�P�H���L�]�D�]�L�Y�D�M�X�� �E�X�M�L�þ�Q�L�� �W�R�N�R�Y�L�� 

�3�R�S�O�D�Y�H���V�H���Q�D�M�þ�H�ã�ü�H���Q�H���P�R�J�X���V�S�U�L�M�H�þ�L�W�L���� �D�O�L���S�R�V�W�R�M�H���R�G�U�H�ÿ�H�Q�H���D�N�W�L�Y�Q�R�V�W�L���N�R�M�H���þ�R�Y�M�H�N���P�R�å�H���S�U�H�G�X�]�H�W�L�����D��
�N�R�M�H���ü�H���S�U�H�G�X�S�U�L�M�H�G�L�W�L�� �L�O�L�� �X�P�D�Q�M�L�W�L�� �S�R�V�O�M�H�G�L�F�H�� �S�U�R�X�]�U�R�N�R�Y�D�Q�H���R�Y�R�P�� �S�U�L�U�R�G�Q�R�P�� �Q�H�S�R�J�R�G�R�P�� 

2. �*�(�2�*�5�$�)�6�.�,���3�2�/�2�ä�$�-���2�3�â�7�,�1�(���%�$�5 

�7�H�U�L�W�R�U�L�M�D�� �R�S�ã�W�L�Q�H�� �%�D�U�� �Q�D�O�D�]�L�� �V�H�� �Q�D�� �M�X�J�R�L�V�W�R�þ�Q�R�P�� �G�L�M�H�O�X�� �&�U�Q�R�J�R�U�V�N�R�J�� �S�U�L�P�R�U�M�D���� �L�]�P�H�ÿ�X�� �6�N�D�G�D�U�V�N�R�J��
jezera i Jadranskog �P�R�U�D�� ���V�O�L�N�D�� �������� �=�D�X�]�L�P�D���S�R�Y�U�ã�L�Q�X���R�G���������� �N�P�ð���� �R�G���þ�H�J�D���S�R�Y�U�ã�L�Q�D���S�R�G���N�R�S�Q�R�P���L�]�Q�R�V�L����������
�N�P�ð���� �2�S�ã�W�L�Q�D�� �V�H�� �Q�D�O�D�]�L�� �L�]�P�H�ÿ�X�� �����ž�� ���•�� �J�H�R�J�U�D�I�V�N�H�� �ã�L�U�L�Q�H�� �L�� �����ž�� ���•�� �J�H�R�J�U�D�I�V�N�H���G�X�å�L�Q�H���� �3�O�D�Q�L�Q�V�N�L�P���Y�L�M�H�Q�F�H�P���� �V�D��
�Q�D�M�Y�L�ã�L�P�� �Y�U�K�R�P���Q�D���5�X�P�L�M�L�� ������������ �P������ �W�H�U�L�W�R�U�L�M�D�� �M�H���S�R�G�L�M�H�O�M�H�Q�D�� �Q�D���S�U�L�P�R�U�V�N�R�� �L���M�H�]�H�U�V�N�R���S�R�G�U�X�þ�M�H�� 

�*�H�R�J�U�D�I�V�N�L�� �S�R�O�R�å�D�M�� �2�S�ã�W�L�Q�H�� �M�H�� �Y�H�R�P�D�� �S�R�Y�R�O�M�D�Q���� �R�E�]�L�U�R�P���G�D�� �V�H�� �Q�D�O�D�]�L�� �Q�D�� �Q�D�M�M�X�å�Q�L�M�H�P�� �G�L�M�H�O�X��
�-�D�G�U�D�Q�V�N�R�J���P�R�U�D���N�R�P�H���J�U�D�Y�L�W�L�U�D���N�R�Q�W�L�Q�H�Q�W�D�O�Q�R���]�D�O�H�ÿ�H���&�U�Q�H���*�R�U�H���� �6�U�E�L�M�H���� �0�D�N�H�G�R�Q�L�M�H���� �N�D�R���L�� �S�R�G�U�X�þ�M�H���V�U�H�G�Q�M�H����
�M�X�J�R�L�V�W�R�þ�Q�H�� �L�� �L�V�W�R�þ�Q�H���(�Y�U�R�S�H�� �M�X�å�Q�H���,�W�D�O�L�M�H���� �V�M�H�Y�H�U�Q�H���L���V�M�H�Y�H�U�R�]�D�S�D�G�Q�H���$�O�E�D�Q�L�M�H�� 

�2�Y�D�N�D�Y�� �J�H�R�J�U�D�I�V�N�L�� �S�R�O�R�å�D�M�� �Q�H�S�R�V�U�H�G�Q�R�� �M�H�� �X�W�L�F�D�R�� �Q�D�� �U�D�]�Y�R�M�� �N�O�L�P�H���� �V�D�V�W�D�Y���]�H�P�O�M�L�ã�W�D���� �N�D�U�D�N�W�H�U���E�L�O�M�Q�R�J���L��
�å�L�Y�R�W�L�Q�M�V�N�R�J�� �V�Y�L�M�H�W�D�� �L�� �G�U���� �G�H�W�H�U�P�L�Q�L�ã�X�ü�L�� �W�D�N�R���� �S�R�V�U�H�G�Q�R���� �R�V�Q�R�Y�Q�H�� �S�U�L�Y�U�H�G�Q�H���� �V�D�R�E�U�D�ü�D�M�Q�H���� �G�H�P�R�J�U�D�I�V�N�H����
i�V�W�R�U�L�M�V�N�H���� �N�X�O�W�X�U�Q�H�� �L���G�U�X�J�H���N�D�U�D�N�W�H�U�L�V�W�L�N�H���E�D�U�V�N�H���R�S�ã�W�L�Q�H [1]. 
 
                                                 
1 �6�O�X�å�E�D �]�D�ã�W�L�W�H���L���V�S�D�V�D�Y�D�Q�M�D���%�D�U 
2 �9�L�V�R�N�D���W�H�K�Q�L�þ�N�D���ã�N�R�O�D���V�W�U�X�N�R�Y�Q�L�K���V�W�X�G�L�M�D���X���1�R�Y�R�P���6�D�G�X 
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�6�O�L�N�D���������0�D�N�U�R�O�R�N�D�F�L�M�D���R�S�ã�W�L�Q�H���%�D�U���>���@ 

3. �*�(�2�/�2�â�.�2 -�+�,�'�5�2�/�2�â�.�(���.�$�5�$�.�7�(�5�,STIKE 

�+�L�G�U�R�J�U�D�I�V�N�H���� �K�L�G�U�R�O�R�ã�N�H�� �L�� �K�L�G�U�R�J�H�R�O�R�ã�N�H�� �N�D�U�D�N�W�H�U�L�V�W�L�N�H�� �R�S�ã�W�L�Q�H�� �%�D�U�� �X�W�L�þ�X�� �N�D�N�R�� �Q�D���N�R�U�L�ã�ü�H�Q�M�H���Q�M�H�Q�R�J��
prostora, tako i �Q�D���S�U�H�Y�H�Q�W�L�Y�Q�H���L���R�S�H�U�D�W�L�Y�Q�H���D�N�W�L�Y�Q�R�V�W�L�� �]�D�ã�W�L�W�H���L���V�S�D�ã�D�Y�D�Q�M�D�� 

�%�D�U�V�N�R�� �S�R�G�U�X�þ�M�H�� �J�H�Q�H�U�D�O�Q�R�� �S�U�L�S�D�G�D�� �N�U�D�ã�N�R-�K�L�G�U�R�O�R�ã�N�R�M�� �]�R�Q�L�� �N�R�M�D�� �V�H�� �R�G�O�L�N�X�M�H�� �V�S�H�F�L�I�L�þ�Q�L�P��
�]�D�N�R�Q�L�W�R�V�W�L�P�D�� �N�U�H�W�D�Q�M�D�� �Y�R�G�H���� �%�D�U�V�N�X�� �W�H�U�L�W�R�U�L�M�X�� �N�D�U�D�N�W�H�U�L�ã�H�� �Y�L�V�R�N�� �Q�L�Y�R�� �S�R�G�]�H�P�Q�L�K�� �Y�R�G�D�� �N�R�M�L�� �L�]�Q�R�V�L�� ���P����
Relati�Y�Q�R�� �Y�H�O�L�N�H�� �N�R�O�L�þ�L�Q�H�� �S�D�G�D�Y�L�Q�D�� �L�� �S�U�H�W�H�å�Q�R�� �N�U�H�þ�Q�M�D�þ�N�D�� �J�H�R�O�R�ã�N�D�� �S�R�G�O�R�J�D���� �X�V�O�R�Y�L�O�L�� �V�X���S�R�M�D�Y�X���N�U�D�ã�N�L�K���L�]�Y�R�U�D��
�P�D�Q�M�H�� �L�O�L�� �Y�H�ü�H�� �L�]�G�D�ã�Q�R�V�W�L���� �1�D�M�]�Q�D�þ�D�M�Q�L�M�D�� �L�]�Y�R�U�L�ã�W�D�� �Q�D�� �W�H�U�L�W�R�U�L�M�L�� �R�S�ã�W�L�Q�H�� �V�X���� �%�U�F�D���� �%�X�Q�D�U���� �.�D�M�Q�D�N���� �6�X�V�W�D�ã����
�=�D�O�M�H�Y�R���� �ý�D�Q�M���� �'�R�E�U�D���9�R�G�D�����â�N�X�U�W�D�����ý�U�Y�D�Q�M���L�� �%�L�Mela skala. 

�7�H�U�L�W�R�U�L�M�D�� �2�S�ã�W�L�Q�H�� �S�U�H�G�V�W�D�Y�O�M�D�� �W�L�S�L�þ�Q�R�� �E�X�M�L�þ�Q�R�� �S�R�G�U�X�þ�M�H���� �3�U�R�V�M�H�þ�Q�D�� �J�R�G�L�ã�Q�M�D�� �N�R�O�L�þ�L�Q�D�� �S�D�G�D�Y�L�Q�D�� �N�U�H�ü�H��
�V�H�� �G�R�� ���������� �P�P���� �ã�W�R�� �X�� �X�V�O�R�Y�L�P�D�� �L�]�U�D�]�L�W�H�� �Q�D�J�Q�X�W�R�V�W�L�� �W�H�U�H�Q�D�� �L�� �X�� �V�N�O�D�G�X�� �V�D�� �J�H�R�O�R�ã�N�L�P�� �L�� �K�L�G�U�R�J�H�R�O�R�ã�N�L�P��
osobenostima ima za posljedicu pojavu velikog b�U�R�M�D�� �Y�U�O�R�� �M�D�N�L�K�� �E�X�M�L�F�D���� �R�G�� �N�R�M�L�K�� �Q�D�V�W�D�M�X�� �Y�H�O�L�N�H�� �ã�W�H�W�H���� �8��
�-�D�G�U�D�Q�V�N�R�P�� �V�O�L�Y�X�� �Q�D�M�Y�H�ü�L�� �E�X�M�L�þ�Q�L�� �W�R�N�R�Y�L�� �V�X���� �5�L�N�D�Y�D�F�����5�H�Q�D���� �ä�H�O�M�H�]�Q�L�F�D�� �L�� �%�R�W�X�Q���� �D�� �X�� �V�O�L�Y�X�� �6�N�D�G�D�U�V�N�R�J�� �M�H�]�H�U�D��
�Y�H�ü�H���E�X�M�L�F�H���V�X���� �2�U�D�K�R�Y�ã�W�L�F�D�����*�U�D�G�R�Y�L���� �0�O�L�Q�ã�W�L�F�D���� �%�L�V�W�U�L�F�D���L���/�L�P�ã�W�L�F�D��[3]. 

�8���]�D�O�H�ÿ�X���%�D�U�V�N�H���R�S�ã�W�L�Q�H�����Q�D���V�O�L�Y�X���6�N�D�G�D�U�V�N�R�J���M�H�]�H�U�D���� �N�D�R���L���Q�D���S�R�G�U�X�þ�M�X�� �9�L�U�S�D�]�D�U�D���S�R�V�W�R�M�L�� �Y�L�ã�H���E�X�M�L�F�D�� 
�%�X�M�L�F�H�� �X�� �R�S�ã�W�L�Q�L�� �%�D�U�� �L�� �W�R�N�R�Y�L�� �N�R�M�L�� �V�H�� �V�W�Y�D�U�D�M�X�� �S�U�H�G�V�W�D�Y�O�M�D�M�X�� �R�S�D�V�Q�R�V�W�� �L�� �X�]�U�R�N�� �Q�D�V�W�D�M�D�Q�M�D�� �S�R�S�O�D�Y�D����

�6�W�D�Q�M�H�� �W�R�N�R�Y�D�� �M�H�� �G�R�V�W�D�� �O�R�ã�H���M�H�U���V�H���S�R�V�O�M�H�G�Q�M�L�K������-ak godina na njihovoj sa�Q�D�F�L�M�L���Q�L�M�H���Q�L�ã�W�D���U�D�G�L�O�R���� �R�V�L�P���D�N�R���L�V�W�H��
�Q�H�S�R�V�U�H�G�Q�R�� �X�J�U�R�å�D�Y�D�M�X�� �U�D�G�� �L�O�L�� �Q�H�N�L�� �]�Q�D�þ�D�M�D�Q�� �R�E�M�H�N�D�W���� �=�D�� �G�D�Y�Q�R�� �L�]�Y�H�G�H�Q�H�� �Y�U�L�M�H�G�Q�H�� �L�� �N�R�U�L�V�Q�H�� �U�H�J�X�O�D�F�L�R�Q�H��
�R�E�M�H�N�W�H���S�U�D�N�W�L�þ�Q�R���Q�H�P�D���Q�L���Y�O�D�V�Q�L�N�D�� �Q�L���Q�D�G�O�H�å�Q�H���R�U�J�D�Q�L�]�D�F�L�M�H�� �N�R�M�D���L�K���R�G�U�å�D�Y�D�� 

4. ANALIZA HAZARDA  

U posljednjih nekoli�N�R�� �G�H�F�H�Q�L�M�D�� �W�H�U�L�W�R�U�L�M�X�� �R�S�ã�W�L�Q�H�� �%�D�U�� �]�D�G�H�V�L�O�R�� �M�H�� �Y�L�ã�H�� �S�R�S�O�D�Y�D���� �S�U�R�X�]�U�R�N�R�Y�D�Q�L�K��
�H�N�V�W�U�H�P�Q�L�P�� �Y�U�H�P�H�Q�V�N�L�P�� �Q�H�S�U�L�O�L�N�D�P�D���� �N�D�U�D�N�W�H�U�R�P�� �Y�R�G�R�W�R�N�D�� �L�� �Q�M�L�K�R�Y�L�P�� �Q�H�R�G�U�å�D�Y�D�Q�M�H�P���� �1�D�M�Y�H�ü�H�� �S�R�V�O�M�H�G�L�F�H��
�]�D�E�L�O�M�H�å�H�Q�H�� �V�X�� �S�U�L�O�L�N�R�P�� �S�R�S�O�D�Y�D�� ���������� �������� ������������ �������������� �������� ������������ �������������� �������� ���������� 05. 09. 2001; 05. 10. 2010; 
25/26. 12. 2010. 

�3�R�S�O�D�Y�H�� �N�R�M�H�� �V�X�� �S�R�J�R�G�L�O�H�� �&�U�Q�X�� �*�R�U�X�� �X�� �G�H�F�H�P�E�U�X�� ������������ �J�R�G�L�Q�H���� �Q�D�Q�L�M�H�O�H�� �V�X�� �Q�H�]�D�S�D�P�ü�H�Q�H�� �ã�W�H�W�H��
�Q�D�V�H�O�M�L�P�D�� �L�� �L�Q�I�U�D�V�W�U�X�N�W�X�U�L�� �X�]�� �6�N�D�G�D�U�V�N�R���M�H�]�H�U�R���� �S�R�V�H�E�Q�R���X���9�L�U�S�D�]�D�U�X���L�� �R�N�R�O�Q�L�P���V�H�O�L�P�D���� �6�W�D�Q�R�Y�Q�L�ã�W�Y�R���M�H���J�R�W�R�Y�R��
mjesec dana ���R�G�������������������S�D���Q�D�G�D�O�M�H�����å�L�Y�M�H�O�R�� �X���Y�D�Q�U�H�G�Q�L�P���R�N�R�O�Q�R�V�W�L�P�D�� 

Voda je poplavila staro jezgro Virpazara i veliki broj naselja uz obalu Skadarskog jezera: naselje oko 
�å�H�O�M�H�]�Q�L�þ�N�H�� �V�W�D�Q�L�F�H�� �9�L�U�S�D�]�D�U���� �2�U�D�K�R�Y�R���� �'�R�Q�M�L�� �%�U�þ�H�O�L���� �%�R�O�M�H�Y�L�ü�L�� �L�V�S�R�G�� �S�X�W�D���� �3�R�W�N�U�D�M�� �S�U�H�P�D�� �'�X�S�L�O�X, Godinje, 
�'�R�Q�M�H���6�H�R�F�H�����.�U�Q�M�L�F�H�����0�X�U�L�ü�L���� �%�R�E�R�Y�L�ã�W�H���L���&�N�O�D�� 

Naselja su bila desetak dana bez struje (stigla je 14. 12.), bez vode i fiksne telefonije. Seoski putevi 
�S�R�� �þ�L�W�D�Y�R�M�� �&�U�P�Q�L�F�L�� �L�� �X�]�� �M�H�]�H�U�R�� �E�L�O�L�� �V�X�� �X�� �Y�H�O�L�N�R�M�� �P�M�H�U�L���R�ã�W�H�ü�H�Q�L���� �V�D�� �]�Q�D�þ�D�M�Q�L�P�� �E�U�R�M�H�P�� �S�R�U�X�ã�H�Q�L�K�� �P�H�ÿ�D�� �L��
�S�R�W�S�R�U�Q�L�K�� �]�L�G�R�Y�D�� �L�� �V�D�� �Y�H�O�L�N�L�P�� �E�U�R�M�H�P�� �D�N�W�L�Y�L�U�D�Q�L�K�� �P�D�Q�M�L�K�� �R�G�U�R�Q�D�� �L�� �N�O�L�]�L�ã�W�D���� �0�D�J�L�V�W�U�D�O�Q�L�� �S�X�W�� �%�D�U��- Podgorica 
�E�L�R���M�H���X���S�U�H�N�L�G�X���� �,�]�� �V�W�D�U�R�J���M�H�]�J�U�D���9�L�U�S�D�]�D�U�D���H�Y�D�N�X�L�V�D�Q�R���M�H�������� �S�R�U�R�G�L�F�D���V�D�������� �þ�O�D�Q�R�Y�D���� �3�U�H�R�V�W�D�O�R���V�W�D�Q�R�Y�Q�L�ã�W�Y�R��
�å�L�Y�M�H�O�R�� �M�H�� �Q�D�� �J�R�U�Q�M�L�P�� �V�S�U�D�W�R�Y�L�P�D�� �N�X�ü�D���� �D�� �V�Q�D�E�G�L�M�H�Y�D�Q�M�H�� �L�� �N�U�H�W�D�Q�M�H�� �R�G�Y�L�M�D�O�L�� �V�X�� �V�H�� �þ�X�Q�R�Y�L�P�D���� �3�R�� �S�U�L�M�D�Y�O�M�H�Q�L�P�� �L��
�U�H�J�L�V�W�U�R�Y�D�Q�L�P�� �S�R�G�D�F�L�P�D���� �S�R�S�O�D�Y�O�M�H�Q�D�� �V�X�� ������ �G�R�P�D�ü�L�Q�V�W�Y�D�� �V�D�P�R�� �X�� �9�L�U�S�D�]�D�U�X���� �7�R�N�R�P�� �S�R�S�O�D�Y�H�� �R�ã�W�H�ü�H�Q�� �M�H��
�]�Q�D�þ�D�M�D�Q�� �E�U�R�M�� �W�X�U�L�V�W�L�þ�N�L�K�� �L�� �G�U�X�J�L�K�� �R�E�M�H�N�D�W�D�� �L�� �V�D�G�U�å�D�M�D���1�3���6�N�D�G�D�U�V�N�R���M�H�]�H�U�R���L�� �7�X�U�L�V�W�L�þ�N�H���R�U�J�D�Q�L�]�D�F�L�M�H���%�D�U���� �N�D�R��
�ã�W�R���M�H���&�H�Q�W�D�U���]�D���S�R�V�M�H�W�L�R�F�H���X���9�L�U�S�D�]�D�U�X���� �����G�U�Y�H�Q�H���N�X�ü�L�F�H���]�D���S�R�V�M�H�W�L�R�F�H���X���0�X�U�L�ü�L�P�D�� �L���G�U�� 

�2�G�� �V�W�U�D�Q�H�� �.�R�P�L�V�L�M�H�� �]�D�� �S�U�R�F�M�H�Q�X�� �ã�W�H�W�H�� �R�S�ã�W�L�Q�H�� �%�D�U���� �X�N�X�S�Q�D�� �ã�W�H�W�D�� �Q�D�� �S�U�L�M�D�Y�O�M�H�Q�L�P�� �R�E�M�H�N�W�L�P�D�� �N�R�M�D��
�S�U�L�S�D�G�D�M�X�� �G�R�P�D�ü�L�Q�V�W�Y�L�P�D���� �S�U�R�F�L�M�H�Q�M�H�Q�D�� �M�H�� �Q�D�� �������������������������� �H�X�U�D���� �R�G�� �þ�H�J�D�� �M�H�� �Q�D�� �R�E�M�H�N�W�L�P�D�� �ã�W�H�W�D�� �E�L�O�D��
������������������������ �H�X�U�D�����D���ã�W�H�W�D���Q�D���L�Q�I�U�D�V�W�U�X�N�W�X�U�L���������������������������� �H�X�U�D��[4]. 
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5. VODOTOCI I JEZERA KOJI MOGU BITI UZROCI POPLAVA 

�1�D���W�H�U�L�W�R�U�L�M�L�� �R�S�ã�W�L�Q�H���%�D�U���X�]�U�R�N���S�R�S�O�D�Y�D���P�R�å�H���E�L�W�L��[5]: 
�ƒ podizanje nivoa vode Skadarskog jezera, 
�ƒ ekstremne vremenske neprilike sa obimnim padavinama, 
�ƒ �Q�H�U�H�G�R�Y�Q�R���R�G�U�å�D�Y�D�Q�M�H���S�R�V�W�R�M�H�ü�L�K�� �Y�R�G�R�W�R�N�D���L�� �N�D�Q�D�O�D���L 
�ƒ �Q�H�E�O�D�J�R�Y�U�H�P�H�Q�R���S�U�H�G�X�]�L�P�D�Q�M�H�� �]�D�N�R�Q�R�P���S�U�H�G�Y�L�ÿ�H�Q�L�K�� �S�U�H�Y�H�Q�W�L�Y�Q�L�K�� �P�M�H�U�D�� 

�6�N�D�G�D�U�V�N�R���M�H�]�H�U�R���]�D�K�Y�D�W�D���S�R�Y�U�ã�L�Q�X�� �P�D�Q�M�X���R�G���������� �N�P2 pri minimalnim vodostajima,  pa do 525 km2 pri 
�Q�D�M�Y�L�ã�L�P�� �U�H�J�L�V�W�U�R�Y�D�Q�L�P�� �Y�R�G�Q�L�P�� �Q�L�Y�R�L�P�D���� �3�U�Y�H�Q�V�W�Y�H�Q�R���V�H���S�X�Q�L���U�L�M�H�N�R�P�� �0�R�U�D�þ�R�P���� �D���X���Q�M�H�J�D���V�H���X�O�L�Y�D�M�X�� �L�� �5�L�M�H�N�D��
�&�U�Q�R�M�H�Y�L�ü�D���� �2�U�D�K�R�Y�ã�W�L�F�D���L�� �U�L�M�H�N�D���.�L�U�L���X���$�O�E�D�Q�L�M�L���� �3�U�D�å�Q�M�H�Q�M�H���V�H���Y�U�ã�L���U�L�M�H�N�R�P�� �%�R�M�D�Q�R�P���� �2�V�Q�R�Y�Q�L�� �N�Y�D�Q�W�L�W�D�W�L�Y�Q�L��
�K�L�G�U�R�O�R�ã�N�L�� �S�D�U�D�P�H�W�Ui, za ulaz u Skadarsko jezero su: 

- �0�R�U�D�þ�D�����X�ã�ü�H���X���-�H�]�H�U�R����                             202 m3/s; 
- �5�L�M�H�N�D���&�U�Q�R�M�H�Y�L�ü�D���� �X�ã�ü�H���X���-�H�]�H�U�R����                               6 m3/s; 
- �2�U�D�K�R�Y�ã�W�L�F�D�����X�ã�ü�H���X���-�H�]�H�U�R����                                3 m3/s; 
- Padavine direktno na Skadarsko jezero,                             20 m3/s; 
- Neposredne pritoke Jezera                                                               10 m3/s; 
- Neposredan dotok u Jezero na albanskoj strani                 15 m3/s. 

6. �3�/�$�9�/�-�(�1�(���3�2�9�5�â�,�1�( 

Poplave na p�R�G�U�X�þ�M�X�� �S�U�L�P�R�U�V�N�R�J�� �G�L�M�H�O�D�� �R�S�ã�W�L�Q�H�� �%�D�U�� �Q�D�V�W�D�M�X�� �N�D�R�� �U�H�]�X�O�W�D�W�� �H�N�V�W�U�H�P�Q�L�K�� �Y�U�H�P�H�Q�V�N�L�K��
�Q�H�S�R�J�R�G�D���� �S�U�Y�H�Q�V�W�Y�H�Q�R�� �R�E�L�O�Q�L�K�� �S�D�G�D�Y�L�Q�D�� �S�U�D�ü�H�Q�L�K�� �Y�M�H�W�U�R�P���� �N�D�R�� �L�� �Q�H�G�R�Y�R�O�M�Q�L�K�� �L�� �Q�H�D�G�H�N�Y�D�W�Q�L�K�� �S�U�H�Y�H�Q�W�L�Y�Q�L�K��
mjera i aktivnosti. Tada se u veoma kratkom vremenskom intervalu, zbog izrazite nagnutosti terena, nagle 
�X�U�E�D�Q�L�]�D�F�L�M�H�� �L�� �E�U�R�M�Q�L�K�� �X�]�X�U�S�D�F�L�M�D�� �]�H�P�O�M�L�ã�W�D�� �X�]�� �Y�R�G�R�W�R�N�H�� ���G�L�Y�O�M�D�� �J�U�D�G�Q�M�D���� �E�D�F�D�Q�M�H�� �R�W�S�D�G�D���� �O�R�ã�D�� �L�Q�I�U�D�V�W�U�X�N�W�X�U�Q�D��
�U�M�H�ã�H�Q�M�D���L�� �G�U�������Y�U�O�R���E�U�]�R���Q�D�S�X�Q�H���S�R�V�W�R�M�H�ü�L���Y�R�G�R�W�R�F�L�� �L�� �N�D�Q�D�O�L���� 

�'�X�å�� �E�U�R�M�Q�L�K�� �Y�R�G�R�W�R�N�R�Y�D�� �Q�D�O�D�]�H�� �V�H�� �J�X�V�W�R�� �Q�D�V�H�O�M�H�Q�D�� �S�R�G�U�X�þ�M�D�� ���N�X�ü�H���� �S�U�L�Y�U�H�G�Q�L�� �R�E�M�H�N�W�L���� �L�Q�I�U�D�V�W�U�X�N�W�X�U�D����
�S�R�O�M�R�S�U�L�Y�U�H�G�Q�D�� �]�H�P�O�M�L�ã�W�D�� �L�� �G�U�������� �3�U�L�O�L�N�R�P�� �S�R�S�O�D�Y�D�� �G�R�O�D�]�L�� �G�R�� �S�O�D�Y�O�M�H�Q�M�D�� �R�G�U�H�ÿ�H�Q�R�J�� �E�U�R�M�D�� �R�E�M�H�N�D�W�D�� �L�� �]�H�P�O�M�L�ã�W�D�����X��
�J�U�D�G�V�N�L�P�� �L�� �S�U�L�J�U�D�G�V�N�L�P�� �Q�D�V�H�O�M�L�P�D���� �S�U�L�� �þ�H�P�X�� �Q�D�V�W�D�M�X�� �U�D�]�Q�D�� �R�ã�W�H�ü�H�Q�M�D���� �S�R�V�H�E�Q�R�� �X�� �Q�D�V�H�O�M�L�P�D���� �6�R�N�R�O�Dna, Polje, 
�3�R�S�R�Y�L�ü�L���� �,�O�L�Q�R���� �=�D�O�M�H�Y�R���L�� �G�U�� 

�3�U�R�W�L�F�D�M�Q�L�� �S�U�R�I�L�O�L�� �N�D�Q�D�O�D�� �L�� �Y�R�G�R�W�R�N�D�� �V�X�� �X�� �]�Q�D�þ�D�M�Q�R�M�� �P�M�H�U�L�� �]�D�X�]�H�W�L���� �W�M���� �]�D�W�U�S�D�Q�L���W�D�O�R�å�H�Q�M�H�P���Q�D�Q�R�V�D���]�E�R�J��
�Q�H�U�H�G�R�Y�Q�R�J�� �þ�L�ã�ü�H�Q�M�D���� �R�G�O�D�J�D�Q�M�H�P�� �U�D�]�Q�L�K�� �Y�U�V�W�D�� �V�L�W�Q�R�J�� �L���N�U�X�S�Q�R�J�� �R�W�S�D�G�D�� �R�G�� �V�W�U�D�Q�H�� �V�W�D�Q�R�Y�Q�L�ã�W�Y�D���� �N�D�R�� �L�� �]�E�R�J��
�Q�D�þ�L�Q�D���L�]�Y�R�ÿ�H�Q�M�D�� �S�U�H�O�D�]�D-mostova preko korita rijeka-�N�D�Q�D�O�D���� �ã�W�R���V�Y�H���]�D�M�H�G�Q�R���V�P�D�Q�M�X�M�H���S�U�R�S�X�V�Q�X���P�R�ü�� 

�2�V�L�P���W�R�J�D���� �V�D�V�W�D�Y���W�H�U�H�Q�D���R�E�D�O�D���M�H���W�D�N�D�Y���G�D���J�D���Y�R�G�D���O�D�N�R���U�X�ã�L���L�� �R�G�Q�R�V�L���R�N�R�O�Q�R���]�H�P�O�M�L�ã�W�H���� �D���G�M�H�O�L�P�L�þ�Q�R���L��
lokalne komunikacije. 

7. MJERE, SNAGE I SREDS�7�9�$���=�$���=�$�â�7�,�7�8���2�'��POPLAVA 

Da bi se izbjegle poplave kao elementarna nepogoda, potrebno je preduzimati preventivne mjere 
�]�D�ã�W�L�W�H�����2�G���S�U�H�Y�H�Q�W�L�Y�Q�L�K�� �P�M�H�U�D���]�D�ã�W�L�W�H���Q�D�M�]�Q�D�þ�D�M�Q�L�M�H���V�X��[5]: 

�ƒ �þ�L�ã�ü�H�Q�M�H���V�Y�L�K���N�D�Q�D�O�D���L�� �Y�R�G�R�W�R�N�R�Y�D�� �R�G���V�P�H�ü�D���L���R�W�S�D�G�D�N�D�� 
�ƒ �S�H�U�P�D�Q�H�Q�W�Q�R���R�G�U�å�D�Y�D�Q�M�H���U�H�J�X�O�L�V�D�Q�L�K�� �L�� �Q�H�U�H�J�X�O�L�V�D�Q�L�K�� �J�O�D�Y�Q�L�K�� �E�X�M�L�þ�Q�L�K�� �W�R�N�R�Y�D���L���V�H�N�X�Q�G�D�U�Q�L�K�� �N�D�Q�D�O�D�� 
�ƒ �L�]�Y�R�ÿ�H�Q�M�H�� �U�D�G�R�Y�D�� �Q�D�� �E�X�M�L�þ�Q�L�P�� �W�R�N�R�Y�L�P�D�� ���U�H�J�X�O�D�F�L�R�Q�L�� �U�D�G�R�Y�L���� �E�L�R�O�R�ã�N�L�� �U�D�G�R�Y�L-�S�R�ã�X�P�O�M�D�Y�D�Q�M�H���� �U�H�W�H�Q�]�L�R�Q�L��

�U�D�G�R�Y�L���L�� �D�G�P�L�Q�L�V�W�U�D�W�L�Y�Q�H�� �P�M�H�U�H���]�D�ã�W�L�W�H���V�O�L�Y�Q�L�K�� �S�R�G�U�X�þ�M�D���� 
�ƒ �L�]�U�D�G�D�� �ã�H�P�D�W�V�N�R�J���� �I�X�Q�N�F�L�R�Q�D�O�Q�R�J�� �S�U�H�J�O�H�G�D�� �L�]�J�U�D�ÿ�H�Q�R�V�W�L�� �]�D�ã�W�L�W�Q�L�K�� �Y�R�G�R�S�U�L�Y�U�H�G�Q�L�K�� �R�E�M�H�N�D�W�D�� �V�D��

�Q�X�P�H�U�L�þ�N�L�P�� �S�R�N�D�]�D�W�H�O�M�L�P�D�� ���E�U�R�M���� �Y�U�V�W�D�����G�L�P�H�Q�]�L�M�H���� �V�W�D�Q�M�H���H�I�L�N�D�V�Q�R�V�W�L�� �L���G�U������ 
�ƒ �U�D�G�R�Y�L�� �L�� �D�N�F�L�M�H�� �Q�D�� �V�P�L�U�L�Y�D�Q�M�X�� �Q�H�J�D�W�L�Y�Q�L�K�� �K�L�G�U�R�J�U�D�I�V�N�L�K�� �L�� �K�L�G�U�R�O�R�ã�N�L�K�� �S�U�R�F�H�V�D�� ���S�R�ã�X�P�O�M�D�Y�D�Q�M�H�� �L�]�Y�R�U�L�ã�Q�L�K��

djelova slivova bujica, �L�]�J�U�D�G�Q�M�D�� �S�U�H�J�U�D�G�D���L���Y�H�ü�L�K���E�U�D�Q�D���� 
�ƒ kanalisanje i potpuno izolovanje vodenih tokova u zonama naselja; 
�ƒ �P�R�Q�L�W�R�U�L�Q�J�� ���J�O�R�E�D�O�Q�L�� �P�H�W�H�R���P�R�G�H�O������ �S�U�H�G�Y�L�ÿ�D�Q�M�H���S�R�V�O�M�H�G�L�F�D�� �Q�D�������N�P�ð���V�D���S�R�O�X�þ�D�V�R�Y�Q�R�P���X�þ�H�V�W�D�O�R�ã�ü�X�� 
�ƒ strukturalni radovi: nasipi, brane, kanali za odliv, slivnici, rezervoari, izgradnja odbrambenih linija, 

anti-erozivni radovi i sl.; 
�ƒ �Q�H�V�W�U�X�N�W�X�U�D�O�Q�H�� �D�N�W�L�Y�Q�R�V�W�L���� �H�I�L�N�D�V�D�Q�� �V�L�V�W�H�P�� �S�U�H�G�Y�L�ÿ�D�Q�M�D���L�� �S�U�H�Y�H�Q�F�L�M�H���� �S�O�D�Q�� �]�D�� �K�L�W�Q�H�� �L�Q�W�H�U�Y�H�Q�F�L�M�H����

planiranje evakuacije, aktivan pregled prevoznih sredstava, putevi za izlaz ili prilaz, iniciranje i 
usmjeravanje saradnje sa subjektima. 

�2�G���R�S�H�U�D�W�L�Y�Q�L�K�� �P�M�H�U�D���]�D�ã�W�L�W�H���Q�D�M�Q�X�å�Q�L�M�H�� �V�X���V�O�M�H�G�H�ü�H�� 
�ƒ �S�U�R�E�L�M�D�Q�M�H�� �H�Y�H�Q�W�X�D�O�Q�L�K�� �S�U�R�G�R�U�D���]�D���R�G�Y�R�G�Q�M�D�Y�D�Q�M�H�� �X�J�U�R�å�H�Q�L�K�� �S�U�R�V�W�R�U�D�� 
�ƒ �þ�L�ã�ü�H�Q�M�H���D�W�P�R�V�I�H�U�V�N�L�K���N�R�O�H�N�W�R�U�D���Q�D���N�U�L�W�L�þ�Q�L�P�� �W�D�þ�N�D�P�D���L���V�S�D�ã�D�Y�D�Q�M�H�� 
�ƒ evakuacija i z�E�U�L�Q�M�D�Y�D�Q�M�H�� �X�J�U�R�å�H�Q�R�J�� �V�W�D�Q�R�Y�Q�L�ã�W�Y�D�� 
�ƒ �H�Y�D�N�X�D�F�L�M�D���L�� �]�E�U�L�Q�M�D�Y�D�Q�M�H�� �X�J�U�R�å�H�Q�L�K�� �å�L�Y�R�W�L�Q�M�D�� �L�W�G�� 



�J�b�a�b�d���b���[�_�a�[�_�^�g�h�k�g�b���b�g�`�_�ƒ�_�j�b�g�]��- �D�h�i�Z�h�g�b�d��������4. 

32 

�.�D�G�D���M�H���S�R�V�W�X�S�D�N���]�D�ã�W�L�W�H���L���V�S�D�ã�D�Y�D�Q�M�D���R�G���S�R�S�O�D�Y�D���X���S�L�W�D�Q�M�X�� �S�R�V�W�R�M�H���G�Y�L�M�H�� �Y�U�V�W�H���]�D�ã�W�L�W�H���� �L���W�R���� �U�H�G�R�Y�Q�D���L���Y�D�Q�U�H�G�Q�D��
�]�D�ã�W�L�W�D���R�G���S�R�S�O�D�Y�D�� 

�5�H�G�R�Y�Q�D�� �]�D�ã�W�L�W�D�� �R�G�� �S�R�S�O�D�Y�D�� �S�U�H�G�X�]�L�P�D se u periodu do nailaska velikih voda i obuhvata preventivne 
�U�D�G�R�Y�H�� �L�� �P�M�H�U�H�� �Q�D�� �]�D�ã�W�L�W�L�� �R�G�� �S�R�S�O�D�Y�D���� �L�G�H�Q�W�L�I�L�N�D�F�L�M�D�� �S�R�G�U�X�þ�M�D�� �]�D�� �N�R�M�D�� �V�H�� �V�P�D�W�U�D�� �G�D�� �S�R�V�W�R�M�L�� �U�L�]�L�N�� �R�G�� �Q�D�V�W�D�Q�N�D��
�S�R�S�O�D�Y�D�� ���S�R�S�O�D�Y�Q�D�� �S�R�G�U�X�þ�M�D������ �L�]�U�D�G�D�� �N�D�U�D�W�D�� �S�O�D�Y�Q�L�K�� �]�R�Q�D���L�� �Q�M�L�K�R�Y�R�� �X�Q�R�ã�H�Q�M�H�� �X�� �S�O�D�Q�R�Y�H�� �S�U�R�V�W�R�U�Q�R�J�� �X�U�H�ÿ�H�Q�M�D����
�L�Q�I�R�U�P�D�F�L�R�Q�L�� �V�L�V�W�H�P�� �L�� �N�D�W�D�V�W�D�U�� �Q�H�S�R�N�U�H�W�Q�R�V�W�L���� �L�]�U�D�G�D�� �S�U�R�M�H�N�W�Q�H�� �G�R�N�X�P�H�Q�W�D�F�L�M�H�� �]�D�� �]�D�ã�W�L�W�X�� �R�G�� �S�R�S�O�D�Y�D�� �L��
�L�]�J�U�D�G�Q�M�D�� �L�� �U�H�G�R�Y�Q�R�� �R�G�U�å�D�Y�D�Q�M�H�� �R�E�M�H�N�D�W�D�� �]�D�� �]�D�ã�W�L�W�X�� �R�G���S�R�S�O�D�Y�D���� �,�G�H�Q�W�L�I�L�N�D�F�L�M�D�� �S�R�S�O�D�Y�Q�L�K�� �S�R�G�U�X�þ�M�D�� �U�D�G�L�� �V�H�� �Q�D��
osnovu opisa poplava koje �V�X�� �V�H�� �G�H�V�L�O�H�� �X�� �S�U�R�ã�O�R�V�W�L�� �L�� �N�R�M�H�� �V�X�� �L�P�D�O�H�� �]�Q�D�þ�D�M�Q�R�� �Q�H�J�D�W�L�Y�D�Q�� �X�W�L�F�D�M�� �Q�D�� �O�M�X�G�H����
�P�D�W�H�U�L�M�D�O�Q�D�� �G�R�E�U�D���� �å�L�Y�R�W�Q�X�� �V�U�H�G�L�Q�X���� �N�X�O�W�X�U�Q�R�� �Q�D�V�O�M�H�ÿ�H�� �L�� �S�U�L�Y�U�H�G�Q�H�� �D�N�W�L�Y�Q�R�V�W�L�� �L�� �]�D�� �N�R�M�H�� �M�H�� �Y�M�H�U�R�Y�D�W�Q�R�� �G�D�� �ü�H�� �V�H��
�N�D�R�� �W�D�N�Y�H�� �L�O�L�� �V�O�L�þ�Q�H�� �S�R�Q�R�Y�L�W�L�� �X�� �E�X�G�X�ü�Q�R�V�W�L����Izrada projektne dokumentacije podrazumijeva izradu planova, 
�S�U�R�J�U�D�P�D�� �L�� �R�V�W�D�O�H�� �S�U�R�M�H�N�W�Q�H�� �G�R�N�X�P�H�Q�W�D�F�L�M�H�� �]�D�� �V�S�U�H�þ�D�Y�D�Q�M�H�� �Q�D�V�W�D�Q�N�D�� �S�R�S�O�D�Y�D���� �5�H�G�R�Y�Q�D�� �]�D�ã�W�L�W�D�� �R�G�� �S�R�S�O�D�Y�D��
obuhvata i: 

�ƒ �L�]�Y�L�ÿ�D�Q�M�H�� �L�� �R�V�P�D�W�U�D�Q�M�H���V�W�D�Q�M�D���Y�R�G�D���� �W�H�U�H�Q�D���L���R�E�M�H�N�D�W�D���X���]�R�Q�L�� �S�R�S�O�D�Y�D�� 
�ƒ �L�]�X�þ�D�Y�D�Q�M�H���U�H�å�L�P�D���S�O�D�Y�O�M�H�Q�M�D�� 

�ƒ organi�]�D�F�L�M�V�N�X�� �L�� �P�D�W�H�U�L�M�D�O�Q�X�� �S�U�L�S�U�H�P�X�� �V�Y�L�K���X�þ�H�V�Q�L�N�D���X���]�D�ã�W�L�W�L�� �R�G���S�R�S�O�D�Y�D�� 
�9�D�Q�U�H�G�Q�D�� �]�D�ã�W�L�W�D od poplava preduzima se u periodu nailaska velikih voda i podrazumijeva 

�S�U�H�G�X�]�L�P�D�Q�M�H�� �S�R�W�U�H�E�Q�L�K�� �W�H�K�Q�L�þ�N�L�K�� �P�M�H�U�D�� �9�D�Q�U�H�G�Q�D�� �]�D�ã�W�L�W�D�� �R�G�� �S�R�S�O�D�Y�D�� �R�U�J�D�Q�L�]�X�M�H�� �V�H�� �L�� �Y�U�ã�L�� �X�� �]�D�Y�L�V�Q�R�Vti od 
stepena opasnosti. 

�3�U�H�P�D���Y�H�O�L�þ�L�Q�L�� �R�S�D�V�Q�R�V�W�L���R�G���Q�D�V�W�D�Q�N�D���S�R�S�O�D�Y�D���X�W�Y�U�ÿ�X�M�X�� �V�H�������V�W�H�S�H�Q�D���R�S�D�V�Q�R�V�W�L���L���W�R�� 
�ƒ prvi �± �N�D�G�D���V�H���Y�R�G�D���S�R�þ�Q�H���L�]�O�L�Y�D�W�L�� �L�]�� �N�R�U�L�W�D���� �D���R�þ�H�N�X�M�H���V�H���G�D�O�M�L���S�R�U�D�V�W���Y�R�G�R�V�W�D�M�D�� 
�ƒ drugi �± �N�D�G�D���L�]�O�L�Y�H�Q�D���Y�R�G�D���G�R�V�S�L�M�H�� �G�R���Q�R�å�L�F�D���Q�D�V�L�S�D�� 
�ƒ �W�U�H�ü�L�� �± kada �Q�L�Y�R�� �Y�R�G�H�� �X�� �Y�R�G�R�W�R�N�X�� �G�R�V�W�L�J�Q�H�� �G�R�� ���� �P�H�W�D�U�� �L�V�S�R�G�� �Q�D�M�Y�H�ü�H�J�� �]�D�E�L�O�M�H�å�H�Q�R�J�� �Y�R�G�R�V�W�D�M�D���� �D��

�R�þ�H�N�X�M�H���V�H���L���G�D�O�M�L�� �S�R�U�D�V�W���Y�R�G�H�����L�O�L�� �N�D�G�D���M�H���]�D�ã�W�L�W�Q�L�� �Q�D�V�L�S���U�D�V�N�Y�D�ã�H�Q���X�V�O�M�H�G���G�X�J�R�W�U�D�M�Q�L�K�� �Y�L�V�R�N�L�K�� �Y�R�G�R�V�W�D�M�D�� 
�ƒ �þ�H�W�Y�U�W�L�� �± �N�D�G�D�� �Q�L�Y�R�� �Y�R�G�H�� �X�� �Y�R�G�R�W�R�N�X�� �G�R�V�W�L�J�Q�H�� �Q�D�M�Y�H�ü�L���]�D�E�L�O�M�H�å�H�Q�L���Y�R�G�R�V�W�D�M���� �D���R�þ�H�N�X�M�H���V�H���L�� �G�D�O�M�H���Q�M�H�J�R�Y��

�S�R�U�D�V�W�����L�O�L�� �N�D�G�D���M�H���]�D�ã�W�L�W�Q�L�� �Q�D�V�L�S���X���Y�H�ü�R�M���P�M�H�U�L�� �U�D�V�N�Y�D�ã�H�Q���X�V�O�M�H�G���G�X�J�R�W�U�D�M�Q�L�K�� �Y�L�V�R�N�L�K�� �Y�R�G�R�V�W�D�M�D�� 
�9�D�Q�U�H�G�Q�D���]�D�ã�W�L�W�D���R�G���S�R�S�O�D�Y�D���R�E�X�K�Y�D�W�D���L�� 

�ƒ �X�Y�R�ÿ�H�Q�M�H�� �G�H�å�X�U�V�W�Y�D�� �X�� �V�Y�L�P�� �L�Q�V�W�L�W�X�F�L�M�D�P�D�� �N�R�M�H�� �V�X�� �X�þ�H�V�Q�L�F�L�� �V�L�V�W�H�P�D�� �]�D�ã�W�L�W�H�� �L�� �V�S�D�ã�D�Y�Dnja u zavisnosti od 
stepena opasnosti; 

�ƒ regulaciju nivoa vode u hidroakumulacijama do tzv. bezbjedne kote i 
�ƒ �S�O�D�Q�V�N�R�� �S�O�D�Y�O�M�H�Q�M�H�� �R�G�U�H�ÿ�H�Q�L�K�� �S�R�G�U�X�þ�M�D�� �X�� �F�L�O�M�X�� �U�D�V�W�H�U�H�ü�H�Q�M�D�� �X�J�U�R�å�H�Q�R�J�� �S�R�G�U�X�þ�M�D�� �U�D�G�L�� �V�P�D�Q�M�H�Q�M�D��

�P�R�J�X�ü�Q�R�V�W�L�� �Q�D�V�W�D�Q�N�D���S�R�S�O�D�Y�H�� 
Pod �V�Q�D�J�D�P�D�� �]�D�� �]�D�ã�W�L�W�X�� �R�G�� �S�R�S�O�D�Y�D�� �S�R�G�U�D�]�X�P�L�M�H�Y�D�P�R�� �V�Y�H�� �U�D�V�S�R�O�R�å�L�Y�H�� �O�M�X�G�V�N�H�� �U�H�V�X�U�V�H�� �N�R�M�L�� �V�H��

�D�Q�J�D�å�X�M�X�� �X�� �V�O�X�þ�D�M�X�� �Q�D�V�W�D�Q�N�D�� �S�R�S�O�D�Y�D���� �6�K�R�G�Q�R�� �=�D�N�R�Q�X���R�� �]�D�ã�W�L�W�L�� �L�� �V�S�D�ã�D�Y�D�Q�M�X [6], definisano je da su to 
operativne jedinice.   

�2�S�H�U�D�W�L�Y�Q�H���M�H�G�L�Q�L�F�H�� �N�R�M�H���V�H���D�Q�J�D�å�X�M�X���Q�D���]�D�ã�W�L�W�L�� �L���V�S�D�ã�D�Y�D�Q�M�X���R�G���S�R�S�Oava su:  
�ƒ �R�S�ã�W�L�Q�V�N�H���V�O�X�å�E�H���]�D���]�D�ã�W�L�W�X���L�� �V�S�D�ã�D�Y�D�Q�M�H�� 
�ƒ �V�S�H�F�L�M�D�O�L�V�W�L�þ�N�H�� �M�H�G�L�Q�L�F�H�� 
�ƒ �M�H�G�L�Q�L�F�H�� �F�L�Y�L�O�Q�H�� �]�D�ã�W�L�W�H�� 
�ƒ �M�H�G�L�Q�L�F�H�� �]�D���]�D�ã�W�L�W�X���L�� �V�S�D�ã�D�Y�D�Q�M�H���S�U�L�Y�U�H�G�Q�L�K�� �G�U�X�ã�W�D�Y�D���L���G�U�X�J�L�K�� �S�U�D�Y�Q�L�K���O�L�F�D�� 
�ƒ avio �± helikopterska jedinica; 
�ƒ �G�R�E�U�R�Y�R�O�M�Q�H�� �M�H�G�L�Q�L�F�H�� �]�D���]�D�ã�W�L�W�X���L�� �V�S�D�ã�D�Y�D�Q�M�H�� 

�2�S�ã�W�L�Q�V�N�D���V�O�X�å�E�D���]�D���]�D�ã�W�L�W�X���L�� �V�S�D�ã�D�Y�D�Q�M�H���R�S�ã�W�L�Q�H���%�D�U���� �N�D�R���L�� �Q�M�H�Q�D���P�R�E�L�O�Q�R�V�W���L���L�Q�W�H�U�Y�H�Q�W�Q�D���V�S�U�H�P�Q�R�V�W���M�H��
dovoljna za poplave manjeg intenziteta. �6�O�X�å�E�D�� �]�D�ã�W�L�W�H�� �R�S�U�H�P�O�M�H�Q�D�� �M�H�� �X�J�O�D�Y�Q�R�P�� �R�S�U�H�P�R�P�� �L�� �V�U�H�G�V�W�Y�L�P�D�� �N�R�M�D��
�V�X���S�U�H�G�Y�L�ÿ�H�Q�D���]�D���J�D�ã�H�Q�M�H���S�R�å�D�U�D�����N�D�R���L���V�S�D�ã�D�Y�D�Q�M�H �L�]���U�X�ã�H�Y�L�Q�D���L�� �S�U�L�O�L�N�R�P�� �Q�D�V�W�D�Q�N�D���V�D�R�E�U�D�ü�D�M�Q�L�K���X�G�H�V�D���� 

�2�E�]�L�U�R�P�� �Q�D�� �W�R���� �G�D���M�H���R�G�U�H�G�E�D�P�D���=�D�N�R�Q�D���R���]�D�ã�W�L�W�L���L�� �V�S�D�ã�D�Y�D�Q�M�X, �X�O�R�J�D���L�� �Q�D�G�O�H�å�Q�R�V�W���R�S�ã�W�L�Q�V�N�H���V�O�X�å�E�H���X��
�]�Q�D�þ�D�M�Q�R�M�� �P�M�H�U�L�� �L�]�P�L�M�H�Q�M�H�Q�D���� �W�D�N�R�� �G�D�� �R�Q�D�� �G�D�M�H�� �S�U�Y�L�� �R�G�J�R�Y�R�U�� �Q�D�� �V�Y�H�� �Y�U�V�W�H�� �K�D�]�D�U�G�D�� �N�R�M�L���V�H���G�R�J�R�G�H���Q�D���W�H�U�Ltoriji 
�R�S�ã�W�L�Q�H���� �S�R�W�U�H�E�Q�R���M�H���Y�U�ã�L�W�L�� �Q�M�H�Q�R���G�R�G�D�W�Q�R���R�S�U�H�P�D�Q�M�H���]�D���G�M�H�O�R�Y�D�Q�M�H���� �L�]�P�H�ÿ�X���R�V�W�D�O�R�J���� �L�� �X���V�O�X�þ�D�M�X���S�R�S�O�D�Y�D��  

8. PREGLED NEOPHODNIH RADOVA I MJERA ZA URE ���(�1�-�(���9�2�'�2�7�2�.�$���,��
�=�$�â�7�,�7�8���2�'���3�2�3�/�$�9�$ 

�,�P�D�M�X�ü�L�� �X�� �Y�L�G�X�� �P�R�J�X�ü�H�� �ã�W�H�W�H�� �L�� �X�O�R�J�X�� �D�N�W�L�Y�Q�L�K�� �P�M�H�U�D�� �]�D�� �V�P�D�Q�M�H�Q�M�H�� �ã�W�H�W�D�� �X�� �2�S�ã�W�L�Q�L�� �V�D�� �M�H�G�Q�H�� �L��
�H�N�R�Q�R�P�V�N�H�� �P�R�J�X�ü�Q�R�V�W�L�� �2�S�ã�W�L�Q�H�� �V�� �G�U�X�J�H�� �V�W�U�D�Q�H���� �Q�H�� �P�R�å�H���V�H�� �R�þ�H�N�L�Y�D�W�L�� �E�U�]�D���U�H�D�O�L�]�D�F�L�M�D���R�E�M�H�N�D�W�D���L�]�� �N�D�W�H�J�R�U�L�M�H��
�D�N�W�L�Y�Q�L�K�� �P�M�H�U�D���]�D�ã�W�L�W�H���Q�D���Q�D�M�X�J�U�R�å�H�Q�L�M�L�P�� �S�R�G�U�X�þ�M�L�P�D�� 

�6�W�R�J�D���V�H���N�D�R���S�U�L�R�U�L�W�H�W�L�� �X���E�X�G�X�ü�Q�R�V�W�L�� �P�R�J�X���S�R�V�W�D�Y�L�W�L�� �V�O�M�H�G�H�ü�H���P�M�H�U�H�� 
�ƒ dograd�Q�M�D�� �L�� �R�M�D�þ�D�Y�D�Q�M�H�� �]�D�ã�W�L�W�Q�L�K�� �Q�D�V�L�S�D�� �G�X�å�� �Y�R�G�R�W�R�N�D�� �N�R�M�L�� �L�]�D�]�L�Y�D�M�X�� �S�R�S�O�D�Y�H�� �L�� �Q�M�L�K�R�Y�R kvalitetno 

�R�G�U�å�D�Y�D�Q�M�H�� 



�J�b�a�b�d���b���[�_�a�[�_�^�g�h�k�g�b���b�g�`�_�ƒ�_�j�b�g�]��- �D�h�i�Z�h�g�b�d��������4. 
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�ƒ �O�R�N�D�O�Q�L�� �U�D�G�R�Y�L�� �Q�D�� �S�R�Y�H�ü�D�Y�D�Q�M�X�� �N�D�S�D�F�L�W�H�W�D�� �N�R�U�L�W�D�� �G�D�� �E�L�� �V�H�� �V�S�U�L�M�H�þ�L�O�R�� �L�]�O�L�Y�D�Q�M�H���� �N�D�R�� �L�� �U�D�G�R�Y�L�� �Q�D�� �N�R�Q�W�U�R�O�L��
nanosa; 

�ƒ izgradnja kaseta u blizini Skadarskog jez�H�U�D���� �G�D�� �E�L�� �V�H�� �L�V�N�R�U�L�V�W�L�O�H�� �S�R�Y�U�ã�L�Q�H�� �N�R�M�H�� �Q�H�� �S�U�L�S�D�G�D�M�X��
Nacionalnom parku; 

�ƒ �R�G�U�å�D�Y�D�Q�M�H���S�R�V�W�R�M�H�ü�L�K�� �K�L�G�U�R�W�H�K�Q�L�þ�N�L�K�� �R�E�M�H�N�D�W�D�� 
�ƒ �I�R�U�P�L�U�D�Q�M�H�� �E�D�]�H���S�R�G�D�W�D�N�D���]�D���G�R�P�D�ü�L�Q�V�W�Y�D���L���R�E�M�H�N�W�H���Q�D���X�J�U�R�å�H�Q�R�P���S�R�G�U�X�þ�M�X�� 

�8���G�R�V�D�G�D�ã�Q�M�H�P���U�D�]�Y�R�M�X���� �S�U�L�P�M�H�Q�M�L�Y�D�Q�L�� �V�X���Q�D�M�þ�H�ã�ü�H���V�O�M�H�G�H�ü�L���Q�D�þ�L�Q�L �]�D�ã�W�L�W�H���R�G���S�R�S�O�D�Y�D�� 
�ƒ �L�]�J�U�D�G�Q�M�D�� �]�D�ã�W�L�W�Q�L�K�� �L�� �G�U�X�J�L�K�� �Q�D�V�L�S�D�� ���O�R�N�D�O�L�]�D�F�L�R�Q�L���� �S�R�J�U�D�Q�L�þ�Q�L���� �O�M�H�W�Q�M�L������ �N�H�M�V�N�L�K�� �L�� �]�D�ã�W�L�W�Q�L�K�� �]�L�G�R�Y�D�� �X�� �F�L�O�M�X��

�V�S�U�H�þ�D�Y�D�Q�M�D�� �G�L�U�H�N�W�Q�R�J�� �± �Q�H�S�R�V�U�H�G�Q�R�J�� �L�]�O�L�Y�D�Q�M�D�� �Y�H�O�L�N�L�K�� �Y�R�G�D�� �L�]�� �Y�R�G�R�W�R�N�D�� �L�� �R�Q�H�P�R�J�X�ü�D�Y�D�Q�M�D�� �Q�M�L�K�R�Y�R�J��
�S�U�R�G�R�U�D���X���]�D�ã�W�L�ü�H�Q�D���S�R�G�U�X�þ�M�D�� 

�ƒ �S�R�E�R�O�M�ã�D�Q�M�H�� �S�U�R�W�L�F�D�M�Q�R�J�� �N�D�S�D�F�L�W�H�W�D�� �U�L�M�H�þ�Q�H�� �G�L�R�Q�L�F�H�� ���V�P�D�Q�M�H�Q�M�H�P�� �U�D�S�D�Y�R�V�W�L���� �S�R�Y�H�ü�D�Q�M�H�P�� �S�U�R�W�L�F�D�M�Q�R�J��
�S�U�R�I�L�O�D�� �L�O�L�� �V�N�U�D�ü�H�Q�M�H�P���U�L�M�H�þ�Q�R�J���W�R�N�D���� 

�ƒ �V�N�U�H�W�D�Q�M�H���G�L�M�H�O�D�� �S�R�S�O�D�Y�Q�R�J�� �W�D�O�D�V�D���X���U�D�V�W�H�U�H�W�Q�H���N�D�Q�D�O�H�����þ�L�P�H���V�H���Q�H�S�R�V�U�H�G�Q�R���U�H�G�X�N�X�M�H���S�U�R�W�L�F�D�M���Q�L�]�Y�R�G�Q�R�� 
�Ä�/�L�Q�L�M�V�N�L�³�� �V�L�V�W�H�P�L�� �]�D�ã�W�L�W�H�� ���Q�D�V�L�S�L�� �L�� �V�O�L�þ�Q�L�� �R�E�M�H�N�W�L�����X�E�U�D�M�D�M�X�� �V�H�� �X�� �S�D�V�L�Y�Q�H�� �P�M�H�U�H�� �]�D�ã�W�L�W�H���R�G���S�R�S�O�D�Y�D���� �6�Y�H��

�R�V�W�D�O�H�� �Q�D�E�U�R�M�D�Q�H�� �P�M�H�U�H�� �]�D�ã�W�L�W�H�� �R�G�� �S�R�S�O�D�Y�D���� �V�� �R�E�]�L�U�R�P�� �Q�D�� �W�R�� �G�D�� �V�H�� �U�H�D�O�L�]�X�M�X�� �U�D�G�L�� �X�E�O�D�å�D�Y�D�Q�M�D�� �Q�H�S�R�Y�R�O�M�Q�L�K��
karakteristika velikih voda, spadaju u aktivne mjere. 

Napred nav�H�G�H�Q�H�� �P�M�H�U�H�� �þ�L�Q�H�� �J�U�X�S�X�� �N�O�D�V�L�þ�Q�L�K�� �J�U�D�ÿ�H�Y�L�Q�V�N�L�K�� �± investicionih mjera, koje se 
�G�L�P�H�Q�]�L�R�Q�L�ã�X�� �]�D�� �X�V�Y�R�M�H�Q�H�� �Ä�P�M�H�U�R�G�D�Y�Q�H�³�� �X�W�L�F�D�M�H���� �U�D�]�O�L�þ�L�W�L�K�� �Y�M�H�U�R�Y�D�W�Q�R�ü�D�� �S�R�M�D�Y�H���� �-�D�V�Q�R�� �M�H�� �G�D�� �V�H�� �Q�H�� �P�R�å�H��
�U�D�þ�X�Q�D�W�L�� �Q�D�� �S�R�W�S�X�Q�X�� �]�D�ã�W�L�W�X�� �R�G�� �E�L�O�R�� �N�R�J�� �ã�W�H�W�Q�R�J�� �G�H�M�V�W�Y�D�� �Y�R�G�D���� �S�D�� �Q�L�� �R�G�� �S�R�S�O�D�Y�D���� �M�H�U�� �V�H�� �R�G�� �Ä�P�M�H�U�R�G�D�Y�Q�R�J�³��
�X�W�L�F�D�M�D�� �Q�D�� �N�R�M�L�� �M�H�� �G�L�P�H�Q�]�L�R�Q�L�V�D�Q�� �]�D�ã�W�L�W�Q�L�� �V�L�V�W�H�P���� �X�Y�L�M�H�N�� �P�R�å�H�� �S�R�M�D�Y�L�W�L�� �M�R�ã�� �Y�H�ü�L�� �L�� �L�]�D�]�Y�D�W�L�� �ã�W�H�W�H���� �,�]�� �W�R�J�D�� �V�O�L�M�H�G�L��
�O�R�J�L�þ�D�Q�� �]�D�N�O�M�X�þ�D�N�� �G�D�� �M�H�� �S�R�W�S�X�Q�D�� �H�O�L�P�L�Q�D�F�L�M�D�� �ã�W�H�W�D�� �R�G�� �Q�H�S�R�Y�R�O�M�Q�L�K�� �G�H�M�V�W�D�Y�D�� �Y�R�G�H�� �Q�H�P�R�J�X�ü�D���� �Y�H�ü�� �V�H�� �W�H�å�L��
njihovom razumnom smanjenju. 

�.�D�R�� �G�R�S�X�Q�D�� �J�U�D�ÿ�H�Y�L�Q�V�N�L�P�� �U�D�G�R�Y�L�P�D���� �X���Q�R�Y�L�M�H���Y�U�L�M�H�P�H���V�X���X���V�Y�L�M�H�W�X���V�Y�H���Y�L�ã�H���X���S�U�L�P�M�H�Q�L���Q�H�L�Q�Y�H�V�W�L�F�L�R�Q�H��
�P�M�H�U�H�� �]�D�ã�W�L�W�H�� �R�G�� �S�R�S�O�D�Y�D���� �N�R�M�H�� �þ�L�Q�L�� �V�N�X�S�� �D�G�P�L�Q�L�V�W�U�D�W�L�Y�Q�L�K���� �U�H�J�X�O�D�W�L�Y�Q�L�K�� �L�� �L�Q�V�W�L�W�X�F�L�R�Q�D�O�Q�L�K�� �P�M�H�U�D�� �]�D���S�U�H�Y�H�Q�W�L�Y�Q�R��
smanjenje direktnih, indirektn�L�K�� �L�� �S�R�W�H�Q�F�L�M�D�O�Q�L�K�� �ã�W�H�W�D�� �R�G�� �S�R�S�O�D�Y�D���� �3�R�G�� �Q�H�L�Q�Y�H�V�W�L�F�L�R�Q�L�P�� �P�M�H�U�D�P�D�� �V�H��
�S�R�G�U�D�]�X�P�L�M�H�Y�D�M�X�� �D�N�W�L�Y�Q�R�V�W�L�� �N�R�M�H�� �V�H�� �S�U�H�G�X�]�L�P�D�M�X�� �N�D�N�R�� �E�L�� �V�H�� �L�]�E�M�H�J�O�R�� �R�S�D�V�Q�R�� �L�� �Q�H�S�R�å�H�O�M�Q�R�� �N�R�U�L�ã�ü�H�Q�M�H��
�L�Q�X�Q�G�D�F�L�M�H���� �N�D�R�� �L�� �N�R�U�L�ã�ü�H�Q�M�H�� �L�Q�X�Q�G�D�F�L�M�H�� �Q�D�� �Q�D�þ�L�Q�� �N�R�M�L�� �Q�L�M�H�� �H�N�R�Q�R�P�V�N�L�� �R�S�U�D�Y�G�D�Q���� �7�R�� �M�H�� �V�W�U�D�Wegija smanjenja 
�ã�W�H�W�D�� �N�R�M�H���S�R�S�O�D�Y�H���L�]�D�]�L�Y�D�M�X���� �D���Q�H���V�P�D�Q�M�H�Q�M�D���V�D�P�L�K���S�R�S�O�D�Y�D���� �6�X�ã�W�L�Q�D���M�H���G�D���V�H���S�O�D�Q�L�U�D�Q�M�H���U�D�]�Y�R�M�D���Q�D���X�J�U�R�å�H�Q�L�P��
�S�R�G�U�X�þ�M�L�P�D�� �V�S�U�R�Y�R�G�L�� �X�]�� 

�ƒ �]�R�Q�L�U�D�Q�M�H�� �W�H�U�H�Q�D���S�U�H�P�D���X�J�U�R�å�H�Q�R�V�W�L���R�G���S�R�S�O�D�Y�D�� 
�ƒ �G�H�I�L�Q�L�V�D�Q�M�H�� �Q�D�P�M�H�Q�H���S�R�Y�U�ã�L�Q�D�� �L���Q�D�þ�L�Q�D���N�R�U�L�ã�ü�H�Q�M�D�� 
�ƒ dopunu zak�R�Q�V�N�H���U�H�J�X�O�D�W�L�Y�H���L�� �J�U�D�ÿ�H�Y�L�Q�V�N�L�K�� �S�U�R�S�L�V�D���� 

U neinvesticione mjere spadaju: 
�ƒ preventivne i operativne mjere, 
�ƒ regulativne i institucionalne mjere, 
�ƒ �P�M�H�U�H���V�R�O�L�G�D�U�Q�R�V�W�L�� �]�D���X�E�O�D�å�D�Y�D�Q�M�H�� �S�R�V�O�M�H�G�L�F�D�� �S�R�S�O�D�Y�D���L 
�ƒ informisanje javnosti. 

Preventivne mjere podrazumijevaju cjelokupnu djelatnost usmjerenu na suzbijanje opasnosti od 
�S�R�S�O�D�Y�D�� �L�� �V�P�D�Q�M�H�Q�M�H�� �ã�W�H�W�Q�L�K�� �S�R�V�O�M�H�G�L�F�D�� �X�� �V�Y�L�P�� �I�D�]�D�P�D�� �]�D�ã�W�L�W�H�� �R�G�� �S�R�S�O�D�Y�D���� �1�M�L�K�R�Y�D�� �E�L�W�Q�D�� �R�G�O�L�N�D�� �P�R�U�D�� �E�L�W�L��
�R�U�J�D�Q�L�]�R�Y�D�Q�R�V�W���� �1�D�M�]�Q�D�þ�D�M�Q�L�M�X�� �S�U�H�Y�H�Q�W�L�Y�Q�X�� �P�M�H�U�X�� �S�U�H�G�V�W�D�Y�O�M�D�� �G�R�Q�R�ã�H�Q�M�H�� �L�� �V�S�U�R�Y�R�ÿ�H�Q�M�H���S�O�D�Q�R�Y�D���L��pravilnika za 
�]�D�ã�W�L�W�X�� �R�G���S�R�S�O�D�Y�D���� �X���N�R�M�L�P�D���V�H���G�H�I�L�Q�L�ã�X���R�E�D�Y�H�]�H���L�� �S�U�D�Y�D���V�Y�L�K���X�þ�H�V�Q�L�N�D���X���]�D�ã�W�L�W�L���R�G���S�R�S�O�D�Y�D���� �$�N�R���Q�D���S�R�G�U�X�þ�M�X��
�S�R�V�W�R�M�H�� �]�D�ã�W�L�W�Q�L�� �R�E�M�H�N�W�L�� ���Q�D�M�þ�H�ã�ü�H�� �Q�D�V�L�S�L������ �S�O�D�Q�R�P�� �R�G�E�U�D�Q�H�� �V�X �S�U�H�G�Y�L�ÿ�H�Q�L�� �V�W�H�S�H�Q�L�� �S�U�L�S�U�D�Y�Q�R�V�W�L�� �X�� �]�D�Y�L�V�Q�R�V�W�L�� �R�G��
razvoja poplave. U grup�X�� �S�U�H�Y�H�Q�W�L�Y�Q�L�K�� �P�M�H�U�D�� �V�S�D�G�D�� �L�� �S�U�H�Y�H�Q�W�L�Y�Q�R�� �R�E�H�]�E�M�H�ÿ�L�Y�D�Q�M�H�� �S�R�S�O�D�Y�R�P�� �X�J�U�R�å�H�Q�L�K��
�R�E�M�H�N�D�W�D�� ���L�]�J�U�D�G�Q�M�D�� �O�R�N�D�O�Q�H�� �]�D�ã�W�L�W�H�� �R�N�R���R�E�M�H�N�D�W�D���� �V�S�U�H�þ�D�Y�D�Q�M�H���S�U�R�G�R�U�D���Y�R�G�H���X���R�E�M�H�N�W�H���� �G�L�V�O�R�N�D�F�L�M�X���S�U�H�G�P�H�W�D���X��
objektima i sl.).  

Operativne mjere �]�D�ã�W�L�W�H�� �R�G�� �S�R�S�O�D�Y�D�� �R�E�X�K�Y�D�W�D�M�X�� �S�U�R�J�Q�Rzu nailaska poplavnog talasa, prenos 
�L�Q�I�R�U�P�D�F�L�M�D�� �Q�D�� �W�H�U�H�Q���� �R�E�D�Y�M�H�ã�W�D�Y�D�Q�M�H�� �L�� �X�]�E�X�Q�M�L�Y�D�Q�M�H�� �Q�D�G�O�H�å�Q�L�K�� �R�U�J�D�Q�D�� �L�� �V�W�D�Q�R�Y�Q�L�ã�W�Y�D���� �X�� �V�N�O�D�G�X�� �V�D�� �X�Q�D�S�U�L�M�H�G��
�S�U�L�S�U�H�P�O�M�H�Q�L�P�� �S�O�D�Q�R�P���� �2�Y�D�M�� �S�O�D�Q�� �P�R�U�D�� �S�U�H�G�Y�L�G�M�H�W�L�� �L�� �H�Y�H�Q�W�X�D�O�Q�X�� �G�L�V�O�R�N�D�F�L�M�X�� �V�W�D�Q�R�Y�Q�L�ã�W�Y�D�� �L�� �G�R�E�D�U�D���� �]�D�� �V�O�X�þ�D�M��
naila�V�N�D�� �H�N�V�W�U�H�P�Q�L�K�� �Y�H�O�L�N�L�K�� �Y�R�G�D���� �.�R�G�� �U�L�M�H�þ�Q�L�K�� �W�R�N�R�Y�D�� �Q�D�� �N�R�M�L�P�D�� �V�H�� �X�� �]�D�ã�W�L�W�L�� �R�G�� �S�R�S�O�D�Y�D�� �N�R�U�L�V�W�H�� �L��
�D�N�X�P�X�O�D�F�L�M�H���� �U�D�G�H�� �V�H�� �S�R�V�H�E�Q�D�� �R�S�H�U�D�W�L�Y�Q�D�� �X�S�X�W�V�W�Y�D�� �]�D�� �X�S�U�D�Y�O�M�D�Q�M�H���� �ã�W�R�� �M�H�� �Q�D�U�R�þ�L�W�R�� �Y�D�å�Q�R�� �N�R�G�� �Y�L�ã�H�Q�D�P�M�H�Q�V�N�L�K��
akumulacija. 

Regulativne i institucionalne mjere �þ�L�Q�H���V�N�Xp mjera definisanih zakonima, propisima, uredbama ili 
�Q�D�� �G�U�X�J�L�� �Q�D�þ�L�Q���� �N�R�M�L�P�D�� �V�H���R�V�W�Y�D�U�X�M�H���R�G�U�H�ÿ�H�Q�D���S�R�O�L�W�L�N�D���X���S�R�J�O�H�G�X���N�R�U�L�ã�ü�H�Q�M�D���S�R�S�O�D�Y�R�P���X�J�U�R�å�H�Q�R�J���S�R�G�U�X�þ�M�D���� �8��
�R�Y�D�M�� �V�N�X�S�� �P�M�H�U�D�� �V�H�� �X�E�U�D�M�D�� �L�� �I�R�U�P�L�U�D�Q�M�H�� �V�W�U�X�N�W�X�U�H�� �X�S�U�D�Y�O�M�D�Q�M�D�� �S�R�G�U�X�þ�M�L�P�D�� �X�J�U�R�å�H�Q�L�P�� �S�R�S�O�D�Y�R�P����
admi�Q�L�V�W�U�D�W�L�Y�Q�H�� �Q�D�G�O�H�å�Q�R�V�W�L���� �R�U�J�D�Q�L�]�R�Y�D�Q�M�H�� �V�W�U�X�þ�Q�L�K�� �V�O�X�å�E�L���� �I�X�Q�N�F�L�M�D�� �Q�D�G�]�R�U�D�� �L�� �S�U�H�G�X�]�L�P�D�Q�M�D�� �P�M�H�U�D�� �U�D�G�L��
�S�R�ã�W�R�Y�D�Q�M�D�� �]�D�N�R�Q�V�N�H�� �L�� �G�U�X�J�H�� �U�H�J�X�O�D�W�L�Y�H���� �2�Y�H�� �P�M�H�U�H�� �L�P�D�M�X�� �Q�D�M�Y�H�ü�L�� �H�I�H�N�D�W�� �X�� �S�O�D�Q�L�U�D�Q�M�X�� �U�D�]�Y�R�M�D�� �Q�D�� �S�R�S�O�D�Y�R�P��
�X�J�U�R�å�H�Q�L�P�� �S�U�R�V�W�R�U�L�P�D���� �D�O�L�� �P�R�J�X���G�D���X�W�L�þ�X���L�� �Q�D���D�N�W�L�Y�Q�R�V�W�L�� �N�R�U�L�V�Q�L�N�D�� �N�R�M�L�� �V�X���Y�H�ü���O�R�F�L�U�D�Q�L���Q�D���W�L�P���S�U�R�V�W�R�U�L�P�D���� 



�J�b�a�b�d���b���[�_�a�[�_�^�g�h�k�g�b���b�g�`�_�ƒ�_�j�b�g�]��- �D�h�i�Z�h�g�b�d��������4. 
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Mjere solidarnosti �]�D�� �X�E�O�D�å�D�Y�D�Q�M�H�� �S�R�V�O�M�H�G�L�F�D�� �S�R�S�O�D�Y�D�� �L�P�D�M�X�� �]�D�� �F�L�O�M�� �V�P�D�Q�M�H�Q�M�H�� �ã�W�H�W�D�� �N�R�M�H�� �Q�D�V�W�D�M�X�� �X��
�W�R�N�X�� �L�� �Q�D�N�R�Q�� �S�R�S�O�D�Y�D���� �]�E�R�J�� �S�R�U�H�P�H�ü�D�M�D�� �G�U�X�ã�W�Y�H�Q�R�J�� �L�� �H�N�R�Q�R�P�V�N�R�J�� �å�L�Y�R�W�D���� �8�� �R�Y�H�� �P�M�H�U�H�� �G�M�H�O�L�P�L�þ�Q�R�� �X�O�D�]�L�� �L��
pro�W�L�Y�S�R�S�O�D�Y�Q�R�� �R�V�L�J�X�U�D�Q�M�H���� �N�D�R���P�M�H�U�D���V�P�L�ã�O�M�H�Q�H�� �U�D�V�S�R�G�M�H�O�H���U�L�]�L�N�D�� �R�G���S�R�S�O�D�Y�D���S�R���Y�U�H�P�H�Q�X���L���S�U�R�V�W�R�U�X���� 

�,�Q�I�R�U�P�L�V�D�Q�M�H���L�� �H�G�X�N�D�F�L�M�D���N�D�G�U�R�Y�D���L�� �V�W�D�Q�R�Y�Q�L�ã�W�Y�D �M�H���Q�H�R�S�K�R�G�D�Q���S�U�H�G�X�V�O�R�Y���]�D���H�I�L�N�D�V�Q�R���V�S�U�R�Y�R�ÿ�H�Q�M�H��
�]�D�ã�W�L�W�H�� �R�G�� �S�R�S�O�D�Y�D���� �8�� �W�R�P�� �F�L�O�M�X�� �M�H�� �Q�H�R�S�K�R�G�Q�R�� �X�W�Y�U�G�L�W�L�� �L�� �N�R�Q�V�W�D�Q�W�Q�R���V�S�U�R�Y�R�G�L�W�L���G�X�J�R�U�R�þ�Q�L���S�U�R�J�U�D�P���� �X�V�Y�R�M�H�Q���R�G��
mjerodavnih organa vlasti.  

�3�U�R�S�L�V�L�� �R�� �Q�D�P�M�H�Q�L�� �S�R�S�O�D�Y�R�P�� �X�J�U�R�å�H�Q�L�K�� �W�H�U�H�Q�D�� �R�G�U�H�ÿ�X�M�X�� �Q�D�þ�L�Q�� �N�R�U�L�ã�ü�H�Q�M�D�� �W�H�U�H�Q�D���� �N�D�R�� �L�� �Y�U�V�W�X���J�U�D�G�Q�M�H��
�N�R�M�D���V�H���Q�D���Q�M�L�P�D���P�R�å�H���G�R�S�X�V�W�L�W�L���� �1�M�L�P�D���V�H���P�R�J�X���S�U�H�F�L�]�L�U�D�W�L�� �L�� �Q�D�M�Q�L�å�H�� �G�R�S�X�ã�W�H�Q�H���N�R�W�H���R�Ejekata.  

�3�R�V�H�E�Q�L�� �J�U�D�ÿ�H�Y�L�Q�V�N�L�� �S�U�R�S�L�V�L�� �]�D�� �J�U�D�G�Q�M�X�� �X�� �S�O�D�Y�Q�L�P�� �]�R�Q�D�P�D�� �U�H�J�X�O�L�ã�X�� �Y�U�V�W�X�� �N�R�Q�V�W�U�X�N�F�L�M�D���� �Q�D�þ�L�Q���J�U�D�G�Q�M�H��
�L�� �J�U�D�ÿ�H�Y�L�Q�V�N�H�� �P�D�W�H�U�L�M�D�O�H�� �N�R�M�L�� �V�H�� �P�R�J�X�� �S�U�L�P�M�H�Q�M�L�Y�D�W�L�� �X���Q�M�L�P�D���� �X�� �]�D�Y�L�V�Q�R�V�W�L���R�G���V�W�H�S�H�Q�D���X�J�U�R�å�H�Q�R�V�W�L���R�G���S�R�S�O�D�Y�D����
�&�L�O�M�� �R�Y�D�N�R�� �G�H�I�L�Q�L�V�D�Q�L�K�� �J�U�D�ÿ�H�Y�L�Q�V�N�L�K�� �S�U�R�S�L�V�D�� �Q�L�M�H�� �G�D�� �R�J�U�D�Q�L�þ�L�� �P�R�J�X�ü�Q�R�V�W�L�� �L�]�J�U�D�G�Q�M�H�� �R�E�M�H�N�W�D���� �Y�H�ü�� �G�D�� �V�P�D�Q�M�L��
�ã�W�H�W�H�� �G�R�� �N�R�M�L�K�� �E�L�� �G�R�ã�O�R�� �X�� �V�O�X�þ�D�M�X�� �S�O�D�Y�O�M�H�Q�M�D�� �R�E�M�H�N�W�D���� �2�Y�L�P���S�U�R�S�L�V�L�P�D���V�H���P�R�J�X���G�H�I�L�Q�L�V�D�W�L���W�H�K�Q�L�þ�N�H���Q�R�U�P�H���N�D�N�R��
bi se: 

�ƒ uspostavili minimalni regulativni nivoi podova; 
�ƒ �R�E�H�]�E�L�M�H�G�L�O�R�� �G�D���V�H���H�O�H�N�W�U�L�þ�Q�L���Y�R�G�R�Y�L�� �Q�D�O�D�]�H���L�]�Q�D�G�� �Q�L�Y�R�D���S�R�S�O�D�Y�D���L�O�L�� �G�D���V�X���]�D�ã�W�L�ü�H�Q�L���R�G���S�R�S�O�D�Y�D�� 
�ƒ �R�J�U�D�Q�L�þ�L�O�D�� �X�S�R�W�U�H�E�D���P�D�W�H�U�L�M�D�O�D�� �R�V�M�H�W�O�M�L�Y�L�K�� �Q�D���Y�O�D�J�X�� 

�=�D�Y�R�G�� �]�D�� �K�L�G�U�R�P�H�W�H�R�U�R�O�R�J�L�M�X�� �L�� �V�H�L�]�P�R�O�R�J�L�M�X�� �R�G�J�R�Y�R�U�D�Q�� �M�H�� �]�D�� �S�U�D�ü�H�Q�M�H�� �L�� �S�U�L�N�X�S�O�M�D�Q�M�H�� �P�H�W�H�R�U�R�O�R�ã�N�L�K��
�S�R�G�D�W�D�N�D�� �N�R�M�L�� �X�N�O�M�X�þ�X�M�X�� �X�S�R�]�R�U�H�Q�M�D�� �R�� �S�R�S�O�D�Y�D�P�D���� �0�M�H�U�Q�H�� �V�W�D�Q�L�F�H�� �V�X�� �S�R�V�W�D�Y�O�M�H�Q�H�� �G�X�å�� �U�L�M�H�þ�Q�L�K�� �W�R�N�R�Y�D�� �L��
�R�G�J�R�Y�R�U�Q�H�� �R�V�R�E�H�� �L�]�� �=�D�Y�R�G�D�� �]�D�� �K�L�G�U�R�P�H�W�H�R�U�R�O�R�J�L�M�X�� �L�� �V�H�L�]�P�R�O�R�J�L�M�X�� �]�D�G�X�å�H�Q�H�� �V�X�� �G�D�� �V�N�X�S�O�M�D�M�X�� �D�å�X�U�Q�H��
�L�Q�I�R�U�P�D�F�L�M�H�� �N�R�M�H�� �V�H�� �R�G�Q�R�V�H�� �Q�D�� �Y�L�V�L�Q�X�� �U�L�M�H�þ�Q�R�J�� �W�R�N�D��[7]. Ovi podaci i upozorenja se prenose sa nacionalnog 
nivoa (MUP-�6�H�N�W�R�U���]�D���Y�D�Q�U�H�G�Q�H���V�L�W�X�D�F�L�M�H���L���F�L�Y�L�O�Q�X�� �E�H�]�E�M�H�G�Q�R�V�W���� �Q�D���O�R�N�D�O�Q�L�� �Q�L�Y�R�� ���R�S�ã�W�L�Q�H������ 

9. EVAKUACIJA 

Op�ãtinski tim za upravljanje u vanrednim situacijama procjenjuje situaciju na ugro�åenom podru�þju i 
donosi odluku o sprovo�ÿenju evakuacije na teritoriji op�ãtine. Op�ãtinski tim za upravljanje u vanrednim 
situacijama procjenjuje potrebu i dostavlja predlog Operativnom �ãtabu za vanredne situacije, o dono�ãenju 
odluke od strane Vlade Crne Gore o evakuaciji stanovni�ãtva iz jedne u drugu op�ãtinu. Op�ãtinski tim sprovodi 
donesenu odluku i nala�åe realizovanje konkretnih radnji i aktivnosti koje �üe sprovoditi Slu�åba za za�ãtitu i 
spa�ãavanje, uz pomo�ü��drugih nadle�ånih subjekata za�ãtite i spa�ãavanja, kao �ãto su: OO Crveni krst, Vojska 
CG-Mornarica, Uprava policije Bar, nadle�åni organi lokalne uprave, specijalisti�þke jedinice i dr.  

Uprava policije odgovorna je da obezbijedi prohodnost evakuacionih puteva, bezbjednost gra�ÿana 
koji se evakui�ãu, kao i da za�ãtiti imovinu na podru�þju sa kojeg je izvr�ãena evakuacija. 

Crveni krst u�þestvuje u prihvatu i smje�ãtaju evakuisanog stanovni�ãtva, izbjeglih i raseljenih lica, 
pri�åanju pomo�üi i sprovo�ÿenju drugih mjera koje mogu doprinijeti zbrinjavanju nastradalog i ugro�åenog 
stanovni�ãtva. 

Ostali subjekti anga�åovat �üe se na zadacima za�ãtite i spa�ãavanja u skladu sa prirodom svoje osnovne 
djelatnosti, npr. izvi�ÿa�þi mogu biti anga�åovani na podizanju �ãatorskih naselja, radio amateri na 
uspostavljanju radio veza i sl. 

Slu�åbe i timovi koji vr�ãe evakuaciju imaju obavezu evidentiranja ljudi pogo�ÿenih vanrednom 
situacijom uzrokovanom poplavom, uklju�þuju�üi one koji su evakuisani. 

10. �=�$�.�/�-�8�ý�$�.  

Mogu�ünosti nastajanja poplava na teritoriji op�ãtine Bar su velike na gotovo svim vodoplavnim 
terenima, posebno na podru�þju Skadarskog jezera i uz vodotoke buji�þnog karaktera ���äeljeznica, Rikavac, 
Rena, Suvi potok i dr.). Vrijednosti koje se brane su zna�þajne, pa je i sistem za�ãtite i spa�ãavanja od poplava 
zahtjevan.  

Kao posljedica poplava mogu se o�þekivati zna�þajne materijalne �ãtete na objektima i doma�üinstvima i 
manji ljudski gubici, zbog �þega je potrebno, u domenu prihvatljivog rizika, obezbijediti naselja, privredne 
objekte, zemlji�ãta i druga dobra od �ãtetnog djelovanja voda. 

Da bi se posljedice po ljude i materijalna dobra od pojave poplava umanjile potrebno je preduzeti 
preventivne mjere koje �üe se sprovoditi kroz prostorne i urbanisti�þke planove op�ãtina, kao i posebne planove, 
programe i projektnu dokumentaciju za spre�þavanje �ãtetnog dejstva voda. Pored toga potrebno je 
primjenjivati odgovaraju�üe zakone i propise iz oblasti za�ãtite i spa�ãavanja od poplava, kao i osnovne propise 
svih subjekata koji imaju obaveze i nadle�ånosti na planu za�ãtite i spa�ãavanja od poplava. 
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STATIC ELECTRICITY AND PROBLEMS OF FUEL LOADING INTO 

AIRCRAFT 
 

ABSTRACT:   
The problems of static electricity during procedures of fuel loading and unloading from the aircraft 

pose a serious challenge and require exceptional commitment of authorized persons who perform the duty. 
Nature of static electricity, mechanisms and conditions of its generation, the consequences as well as the sets of 
preventive measures have a common factor, which is the phenomenon of contact in the technique. Starting 
from the physical nature of the phenomenon of contacts that drive the process of generating static electricity, 
its accumulation, movement and unintended consequences of this movement, and procedures through the 
contact potential equalization provides a clear insight into this issue. The proposed technical solutions and 
preventive measures proposed are based on legal standards, are largely standardized and from the security 
aspect are complete. 

Keyword: static electricity, electrostatic discharge, aircrafts, fuel, equipotential 
 
1. �M�<�H�> 
 
�H�i�r�l�_�� �•�_�� �i�h�a�g�Z�l�h�� �^�Z�� �d�h�g�p�_�g�l�j�Z�p�b�•�Z�� �g�Z�_�e�_�d�l�j�b�k�Z�ƒ�Z�� �g�Z���\�Z�a�^�m�o�h�i�e�h�\�m���� �h�^�g�h�k�g�h�� �i�h�l�_�g�p�b�•�Z�e�b�� �d�h�•�b��

�g�Z�k�l�Z�•�m�� �d�Z�h�� �i�h�k�e�_�^�b�p�Z�� �g�Z�]�h�f�b�e�Z�\�Z�ƒ�Z�� �g�Z�_�e�_�d�l�j�b�k�Z�ƒ�Z�� �f�h�]�m�� �^�Z���i�h�k�e�_�^�b�q�g�h���b�a�Z�a�h�\�m���i�j�h�[�e�_�f�_�� �m���j�Z�^�b�h��
�d�h�f�m�g�b�d�Z�p�b�•�b�� �d�j�h�a�� �i�h�•�Z�\�m�� �b�g�l�_�j�n�_�j�_�g�p�b�•�_���� �a�Z�l�b�f�� �f�h�]�m�„�b�� �k�m�� �b�� �_�e�_�d�l�j�b�q�g�b�� �m�^�Z�j�b�� ���^�b�j�_�d�l�g�b�� �b�e�b��
�b�g�^�b�j�_�d�l�g�b������ �h�r�l�_�„�_�ƒ�_�� �_�e�_�d�l�j�h�g�k�d�_�� �h�i�j�_�f�_�� �d�Z�h�� �b�� �g�_�`�_�‚�_�g�h�� �\�Z�j�g�b�q�_�ƒ�_�� �d�h�•�_�� �m�� �d�j�Z�•�ƒ�_�f�� �f�h�a�_��
�j�_�a�m�e�l�h�\�Z�l�b���_�d�k�i�e�h�a�b�•�h�f���� �I�h�k�e�_�^�b�p�_���m���k�\�b�f���g�Z�\�_�^�_�g�b�f���k�e�m�q�Z�•�_�\�b�f�Z���f�h�]�m���[�b�l�b���d�j�Z�•�ƒ�_���d�Z�l�Z�k�l�j�h�n�Z�e�g�_����
�;�j�h�•�g�b�� �k�m�� �i�h�^�Z�p�b�� �d�h�•�b�� �^�b�j�_�d�l�g�h�� �m�d�Z�a�m�•�m�� �g�Z�� �k�l�Z�l�b�q�d�b���_�e�_�d�l�j�b�p�b�l�_�l�� �d�Z�h�� �m�a�j�h�d�� �Z�\�b�h�g�k�d�b�o�� �g�_�k�j�_�„�Z��[1]. 
�L�Z�d�h�{�_���� �r�b�j�h�d�Z�� �i�j�b�f�_�g�Z�� �k�h�n�b�k�l�b�p�b�j�Z�g�b�o�� �_�e�_�d�l�j�h�g�k�d�b�o���m�j�_�{�Z�•�Z���� �\�b�k�h�d�b�� �k�l�_�i�_�g�� �d�h�f�h�^�b�l�_�l�Z�� �m��
�\�Z�a�^�m�o�h�i�e�h�\�b�f�Z���� �^�h�i�j�b�g�h�k�_�� �m�� �\�_�e�b�d�h�•�� �f�_�j�b�� �]�_�g�_�j�b�k�Z�ƒ�m�� �b�� �Z�d�m�f�m�e�Z�p�b�•�b�� �k�l�Z�l�b�q�d�h�]�� �_�e�_�d�l�j�b�p�b�l�_�l�Z���d�h�•�b��
�k�Z���^�j�m�]�_�� �k�l�j�Z�g�_���]�_�g�_�j�b�r�_�� �h�^�]�h�\�Z�j�Z�•�m�„�_�� �_�e�_�d�l�j�b�q�g�h���� �Z�� �i�h�^�� �h�^�]�h�\�Z�j�Z�•�m�„�b�f�� �m�k�e�h�\�b�f�Z���b�� �f�Z�]�_�g�l�g�h���i�h�‚�_����
�G�Z���[�Z�a�b���l�h�]�Z���k�e�_�^�b���b���e�h�]�b�q�Z�g���a�Z�d�‚�m�q�Z�d�����^�Z���k�_���m���g�_�d�b�f���k�e�m�q�Z�•�_�\�b�f�Z���d�h�f�i�e�_�l�g�Z���d�Z�[�b�g�Z���\�Z�a�^�m�o�h�i�e�h�\�Z�����Z��
�g�Z�j�h�q�b�l�h�� �i�m�l�g�b�q�d�b�� �^�_�h���� �i�h�g�Z�r�Z�� �d�Z�h�� �•�_�^�g�Z�� �\�_�e�b�d�Z�� �f�b�d�j�h�l�Z�e�Z�k�g�Z�� �r�m�i�‚�b�g�Z���� �L�Z�� �q�b�ƒ�_�g�b�p�Z���� �m�i�j�d�h�k��
�[�j�h�•�g�b�f�� �l�_�o�g�b�q�d�b�f�� �j�_�r�_�ƒ�b�f�Z���� �[�Z�a�b�j�Z�g�b�f�� �g�Z�� �i�j�b�f�_�g�b�� �f�h�^�_�j�g�b�o�� �i�j�h�\�h�^�g�b�o�� �n�b�[�_�j�� �k�b�k�l�_�f�Z��
�k�i�h�k�h�[�g�b�o�� �^�Z�� �Z�i�h�k�j�[�m�•�m�� �b�� �k�i�j�_�q�_�� �^�_�•�k�l�Z�\�Z ESD i EMW, �g�_�� �k�f�_�� �k�_�� �a�Z�g�_�f�Z�j�b�l�b�� �i�j�b�e�b�d�h�f�� �j�_�Z�e�g�h�]��
�k�Z�]�e�_�^�Z�\�Z�ƒ�Z���d�h�e�b�q�b�g�_���Z�d�m�f�m�e�b�j�Z�g�h�]���g�Z�_�e�d�l�b�j�k�Z�ƒ�Z���g�Z���\�Z�a�^�m�o�h�i�e�h�\�m���� 

                                                 
1 �<�b�k�h�d�Z���L�_�o�g�b�q�d�Z���R�d�h�e�Z���K�l�j�m�d�h�\�g�b�o���K�l�m�^�b�•�Z���G�b�r���:�e�_�d�k�Z�g�^�j�Z���F�_�^�\�_�^�_�\�Z�� ���������������������G�b�r�� 
2 �<�b�k�h�d�Z���L�_�o�g�b�q�d�Z���R�d�h�e�Z���K�l�j�m�d�h�\�g�b�o���K�l�m�^�b�•�Z���� �G�m�r�b�„�_�\�Z�������������������� �A�\�_�q�Z�g 
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�_�e�_�d�l�j�b�q�g�h�]�� �i�h�‚�Z�� �m�� �i�j�h�k�l�h�j�m�� �a�_�f�‚�Z-�•�h�g�h�k�n�_�j�Z���� �i�j�b�� �q�_�f�m�� �•�_�� �i�h�l�_�g�p�b�•�Z�e�� �•�h�g�h�k�n�_�j�_�� �h�d�h��3·105V. �H�\�^�_��
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�_�e�_�d�l�j�h�k�l�Z�l�b�q�d�h�]���i�j�Z�`�ƒ�_�ƒ�Z���b���ƒ�_�]�h�\�h�]���h�^�\�h�{�_�ƒ�Z���k�Z���\�Z�a�^�m�o�h�i�e�h�\�Z [1, 4]. 
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�Z�^�b�l�b�\�Z���� �K�\�_�k�l�� �h�� �i�j�h�[�e�_�f���� �ƒ�_�]�h�\�h�•�� �i�j�b�j�h�^�b���d�Z�h���b�� �i�h�k�e�_�^�b�p�Z�f�Z���� �^�h�i�j�b�g�_�e�Z���•�_�� �^�Z���m���g�Z�j�_�^�_�g�h�f�� �i�_�j�b�h�^��
�k�_�� �i�j�b�k�l�m�i�b�� �^�_�n�b�g�b�k�Z�ƒ�m�� �b�� �m�\�h�{�_�ƒ�m�� �g�b�a�Z�� �[�_�[�_�^�h�g�h�k�g�b�o���i�j�h�p�_�^�m�j�Z�� �B�f�Z�•�m�„�b�� �m�� �\�b�^�m�� �q�b�ƒ�_�g�b�p�m�� �^�Z��
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�h�� �m�g�m�l�Z�j�� �Z�l�h�f�k�d�h�f�� �i�j�h�p�_�k�m�� �d�h�•�b�� �k�_�� �i�_�j�f�Z�g�_�l�g�h�� �h�^�b�]�j�Z�\�Z�� �d�Z�h���i�h�k�e�_�^�b�p�Z���[�j�h�•�g�b�o���a�Z�d�h�g�Z���j�Z�k�i�h�^�_�e�_���b��
�h�^�j�`�Z�\�Z�ƒ�Z�����d�h�e�b�q�b�g�_���_�e�_�d�l�j�b�p�b�l�_�l�Z���b���_�g�_�j�]�b�•�_���� �g�b�•�_���l�_�r�d�h���d�h�g�k�l�Z�l�h�\�Z�l�b���d�h�f�i�d�_�k�g�h�k�l���i�j�h�[�e�_�f�Z���>��-4] 
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�i�h�]�e�_�^�m�� �\�Z�a�^�m�r�g�h�]�� �k�Z�h�[�j�Z�„�Z�•�Z���� �_�n�b�d�Z�k�g�h�� �i�e�Z�g�b�j�Z�ƒ�_�� �e�_�l�h�\�Z���� �k�Z�]�e�_�^�Z�g�h�� �d�j�h�a�� �h�i�l�b�f�Z�e�g�h�� �^�_�n�b�g�b�k�Z�g�_����
�l�j�Z�k�_���� �\�b�k�b�g�m�� �e�_�l�Z���� �[�j�a�b�g�m���� �\�j�_�f�_�g�k�d�_�� �m�k�e�h�\�_���� �m�� �f�g�h�]�h�f�_�� �^�h�i�j�b�g�h�k�b�� �_�d�h�g�h�f�b�q�g�h�•�� �i�h�l�j�h�r�ƒ�b���]�h�j�b�\�Z����
�M���Z�\�b�h�g���k�_���m�l�Z�q�_���l�Z�q�g�h���h�^�j�_�{�_�g�Z���d�h�e�b�q�b�g�Z���]�h�j�b�\�Z���d�h�•�Z���•�_���i�h�l�j�_�[�g�Z���a�Z���i�e�Z�g�b�j�Z�g�b���e�_�l�����G�Z���h�k�g�h�\�m���i�e�Z�g�Z��
�e�_�l�Z���� �i�j�Z�\�b�� �k�_�� �j�_�Z�e�g�Z�� �i�h�l�j�_�[�Z�� �a�Z�� �d�h�e�b�q�b�g�Z�f�Z�� �]�h�j�b�\�Z���� �M�\�_�d�� �k�_�� �m�l�Z�q�_�� �^�h�\�h�‚�g�h�� �]�h�j�b�\�Z���� �l�Z�d�h�� �^�Z��
�\�Z�a�^�m�o�h�i�e�h�\�� �b�f�Z�� �g�_�� �k�Z�f�h�� �a�Z�� �e�_�l�� �h�^�� �•�_�^�g�h�]�� �^�h�� �^�j�m�]�h�]���e�_�l�b�e�b�r�l�Z���� �\�_�„�� �b�� �a�Z�� �i�j�_�m�k�f�_�j�Z�\�Z�ƒ�_�� �g�Z��
�Z�e�l�_�j�g�Z�l�b�\�g�h���e�_�l�b�e�b�r�l�_�� �b�e�b���a�Z���^�m�`�_���d�j�m�`�_�ƒ�_���b�a�g�Z�^���e�_�l�b�e�b�r�l�Z�����m�d�h�e�b�d�h���•�_���g�Z���ƒ�_�]�Z���g�_�f�h�]�m�„�_���k�e�_�l�_�l�b��
�m�� �i�j�\�h�[�b�l�g�h�� �i�e�Z�g�b�j�Z�g�h�f�� �l�j�_�g�m�l�d�m���� �K�l�h�]�Z���� �k�Z�� �k�l�Z�g�h�\�b�r�l�Z�� �n�m�g�d�p�b�h�g�b�k�ƒ�Z�� �e�_�l�b�e�b�r�l�Z�� �i�j�h�p�_�^�m�j�_��
�k�g�Z�[�^�_�\�Z�ƒ�Z���]�h�j�b�\�h�f���\�Z�a�^�m�o�h�i�e�h�\�Z���i�j�_�^�k�l�Z�\�‚�Z�•�m���•�_�^�Z�g���h�^���d�‚�m�q�g�b�o���_�e�_�f�_�g�Z�l�Z �d�h�•�b���a�Z�o�l�_�\�Z���_�n�b�d�Z�k�g�m���b��
�[�_�a�[�_�^�g�m���i�j�h�p�_�^�m�j�_���>���@ 
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�^�_�n�b�g�b�r�_�� �d�Z�h�� �l�j�Z�g�k�i�h�j�l�� �a�Z�i�Z�‚�b�\�_�� �f�Z�l�_�j�b�•�Z�� �b�a�f�_�{�m�� �k�d�e�Z�^�b�r�g�b�o�� �j�_�a�_�j�\�h�Z�j�Z�� �b�� �j�_�a�_�j�\�h�Z�j�Z��
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�o�b�^�j�Z�g�l�k�d�b�o�� �•�_�^�b�g�b�p�Z���� �m�j�_�{�Z�•�Z�� �a�Z�� �h�]�j�g�Z�b�q�_�ƒ�_�� �i�m�ƒ�_�ƒ�Z���� �b�g�^�b�d�Z�l�h�j�_�� �g�b�\�h�Z���� �\�_�g�l�b�e�Z�� �a�Z�� �b�k�i�m�r�l�Z�ƒ�_��
�g�Z�^�i�j�b�k�l�b�k�d�Z���� �j�_�]�m�e�Z�l�h�j�_�� �i�j�b�l�b�k�d�Z���� �p�_�\�b���� �\�_�a�Z�� �a�Z�� �i�j�_�g�h�k�� �b�� �[�j�h�•�g�b�o�� �_�e�_�d�h�l�j�h�g�k�d�b�� �m�i�j�Z�\�‚�Z�•�m�„�b�o��
�•�_�^�b�g�b�p�Z�� �b���k�e�������k�e�������� 
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�\�j�_�f�_�� �a�Z���j�_�d�h-�f�[�b�g�Z�p�b�•�m���g�Z�e�_�d�l�j�b�k�Z�ƒ�Z�����J�_�e�Z�l�b�\�g�h���i�j�b�o�\�Z�l�‚�b�\�h���\�j�_�f�_���a�Z���h�\�Z�•���i�j�h�p�_�k�k- �b�a�g�h�k�b���������k�_�p����
�b�a�f�_�{�m�� �l�j�Z�g�k�i�h�j�l�Z�� �h�^�� �n�b�e�l�_�j�Z�� �^�h�� �i�h�l�b�k�g�h�]�� �h�l�\�h�j�Z���� �L�h�� �k�_�� �i�h�k�l�b�`�_�� �Z�^�_�d�\�Z�l�g�l�h�f�� �^�m�`�b�g�h�f�� �p�_�\�b�� �m��
�j�_�e�Z�d�k�Z�p�b�h�g�h�•�� �d�h�f�h�j�b���� �d�j�h�a���d�h�•�_�� �k�_�� �l�j�Z�g�k�i�h�j�l�m�•�_�� �]�h�j�b�\�h���� �L�Z�d�h�{�_�� �[�j�a�b�g�Z���i�j�h�l�h�d�Z���]�h�j�b�\�Z���b�� �d�h�e�b�q�b�g�Z���g�Z��
�m�e�Z�a�m���m���n�b�e�l�_�j�� �f�h�`�_���^�Z���^�h�\�h�^�_���^�h���g�_�`�_�‚�_�g�b�o���i�h�k�e�_�^�b�p�Z���>���@���� 



�J�b�a�b�d���b���[�_�a�[�_�^�g�h�k�g�b���b�g�`�_�ƒ�_�j�b�g�]��- �D�h�i�Z�h�g�b�d��������4. 

38 

rezervoar Pumpa

sistem snabdevanja
pumpa

cevovod

filtracija

filtracija

ventilacija

gorivo

gas isparenja

nivo goriva 

 

       �K�e�b�d�Z���������I�j�b�d�Z�a���^�_�e�Z���b�g�k�l�Z�e�Z�p�b�•�_���a�Z���k�g�Z�[�^�_�\�Z�ƒ�Z���]�h�j�b�\�h�f���>���@ 
 

�G�Z�b�f�_���� �i�j�b�e�b�d�h�f�� �m�l�Z�d�Z�ƒ�Z���]�h�j�b�\�Z���m���j�_�a�_�j�\�h�Z�j�����m�k�e�_�^���i�j�b�k�m�k�l�\�Z���h�^�]�h�\�Z�j�Z�•�m�„�b�o���]�Z�k�g�b�o���k�f�_�r�Z���m��
�ƒ�_�f�m�� �b�� �]�_�g�_�j�b�k�Z�g�h�]�� �k�l�Z�l�b�q�d�h�]�� �g�Z�_�e�_�d�l�j�b�k�Z�ƒ�Z�� �m�k�e�_�^�� �n�j�b�d�p�b�h�g�b�o�� �i�j�h�p�_�k�Z���� �k�l�\�Z�j�Z�•�m�� �k�_�� �b�g�b�p�b�•�Z�e�g�b��
�m�k�e�h�\�b�� �a�Z�� �i�j�h�p�_�k�� �i�Z�‚�_�ƒ�Z���� �H�[�b�q�g�h�� �k�_�� �g�Z���m�g�m�l�j�Z�r�ƒ�h�k�l�b���j�_�a�_�j�\�h�Z�j�Z���f�h�]�m���i�j�b�f�_�l�b�l�b�� �p�j�g�_���l�Z�q�d�_���d�h�•�_��
�k�e�b�m�`�_�� �d�Z�h�� �^�h�d�Z�a�b���� �^�Z���k�m���k�_���m���i�j�h�k�l�h�j�m���h�^�b�]�j�Z�\�Z�e�b���h�^�]�h�\�Z�j�Z�•�m�„�b�� �i�j�h�p�_�k�b���k�Z�]�h�j�_�\�Z�ƒ�Z���� �A�Z�l�h�� �•�_�� �\�_�h�f�Z��
�\�Z�`�g�h���^�Z���[�j�a�b�g�Z���m�l�Z�d�Z�ƒ�Z���]�h�j�b�\�Z���m���j�_�a�_�j�\�h�Z�j�� �[�m�^�_���d�h�g�l�j�h�e�b�k�Z�g�Z���� �f�Z�e�Z���� �d�Z�h���b�� �^�Z���k�_���h�[�j�Z�l�b���i�Z�`�ƒ�Z���g�Z��
�l�_�o�g�b�q�d�_�� �d�Z�j�Z�d�l�_�j�b�k�l�b�d�_�� �j�_�a�_�j�\�h�Z�j�Z�� �d�Z�h�� �b�� �b�k�d�m�k�l�\�Z�� �i�j�h�b�a�\�h�{�Z�q�Z���� �G�Z�]�e�_�� �i�j�h�f�_�g�_�� �[�j�a�b�g�_�� �m�l�Z�d�Z�ƒ�Z��
�h�^�g�h�k�g�h���� �b�k�l�Z�d�Z�ƒ�Z�� �]�h�j�b�\�Z���� �k�l�\�Z�j�Z�•�m�� �i�h�]�h�^�g�_�� �m�k�e�h�\�_�� �a�Z�� �b�g�l�_�a�b�\�g�b�•�_�� �]�_�g�_�j�b�k�Z�ƒ�_�� �b�� �Z�d�m�f�m�e�Z�p�b�•�m��
�k�l�Z�l�b�q�d�h�]���_�e�_�d�l�j�b�p�b�l�_�l�Z.  

�K�Z�� �^�j�m�]�_�� �k�l�j�Z�g�_���� �h�i�r�l�_�� �•�_�� �i�h�a�g�Z�l�h�� �^�Z�� �[�b�� �k�_�� �g�_�d�h�� �l�_�q�g�h�� �]�h�j�b�\�h�� �m�i�Z�e�b�e�h���� �i�h�l�j�_�[�g�h�� �•�_�� �^�Z�� �k�_��
�h�[�j�Z�a�m�•�_�� �k�f�_�r�Z���i�Z�j�Z���a�Z�i�Z�‚�b�\�_�� �l�_�q�g�h�k�l�b�� �b�� �\�Z�a�^�m�o�Z���m���]�j�Z�g�b�p�Z�f�Z���a�Z�i�Z�‚�b�\�h�k�l�b�����H�[�e�Z�k�l���a�Z�i�Z�‚�b�\�h�k�l�b���•�_��
�h�[�e�Z�k�l�� �b�a�f�_�^�•�m���^�h�ƒ�_���]�j�Z�g�b�p�_���a�Z�i�Z�‚�b�\�h�k�l�b�� �b�� �]�h�j�ƒ�_���]�j�Z�g�b�p�_���a�Z�i�Z�‚�b�\�h�k�l�b�����>�h�ƒ�Z���]�j�Z�g�b�p�Z���a�Z�i�Z�‚�b�\�h�k�l�b��
�b�e�b�� �_�d�k�i�e�h�a�b�\�g�h�k�l�b�� �•�_�� �g�Z�•�g�b�`�Z�� �d�h�g�p�_�g�l�j�Z�p�b�•�Z�� �i�Z�j�Z�� �]�h�j�b�\�_�� �l�_�q�g�h�k�l�b�� �k�Z�� �\�Z�a�^�m�o�h�f�� �d�Z�^�Z�� �^�h�e�Z�a�b�� �^�h��
�i�Z�‚�_�ƒ�Z���� �Z�d�h�� �k�_�� �k�f�_�r�Z�� �a�Z�]�j�_�•�_�� �^�h�� �l�_�f�i�_�j�Z�l�m�j�_�� �i�Z�‚�_�ƒ�Z���� �:�d�h�� �•�_�� �d�h�g�p�_�g�l�j�Z�p�b�•�Z�� �g�b�`�Z���h�^�� �h�\�_�� �]�j�Z�g�b�p�_����
�g�_�f�Z�� �k�Z�]�h�j�_�\�Z�ƒ�Z���� �=�h�j�ƒ�Z�� �]�j�Z�g�b�p�Z�� �a�Z�i�Z�‚�b�\�h�k�l�b�� �b�e�b�� �_�d�k�i�e�h�a�b�\�g�h�k�l�b�� �•�_�� �g�Z�•�\�b�r�Z�� �d�h�g�p�_�g�l�j�Z�p�b�•�Z�� �i�Z�j�Z��
�]�h�j�b�\�g�_�� �l�_�q�g�h�k�l�b�� �k�Z�� �\�Z�a�^�m�o�h�f���� �i�j�b�� �d�h�•�h�•�� �^�h�e�Z�a�b�� �^�h�� �i�Z�‚�_�ƒ�Z�� �Z�d�h�� �k�_�� �k�f�_�r�Z�� �a�Z�]�j�_�•�_�� �^�h�� �l�_�f�i�_�j�Z�l�m�j�_��
�i�Z�‚�_�ƒ�Z���� �:�d�h�� �•�_�� �d�h�g�p�_�g�l�j�Z�p�b�•�Z�� �\�_�„�Z�� �h�^�� �]�h�j�ƒ�_�� �]�j�Z�g�b�p�_���a�Z�i�Z�‚�b�\�h�k�l�b�� �g�_�f�Z�� �i�j�h�p�_�k�Z�� �k�Z�]�h�j�_�\�Z�ƒ�Z���� �[�_�a��
�h�[�a�b�j�Z���g�Z���l�_�f�i�_�j�Z�l�m�j�m���^�h���d�h�•�_���k�_���k�f�_�r�Z���a�Z�]�j�_�•�Z�e�Z���>���@�� 

separ
�å
acioni

kertird

ulazni
priklju�þ�D�N

I la ni
priklju ak
z z

�þ

koalasencioni
�N�H�U�W�U�L�G�å

 
 

�K�e�b�d�Z���������I�j�b�d�Z�a���^�_�e�Z���b�g�k�l�Z�e�Z�p�b�•�_���a�Z���k�g�Z�[�^�_�\�Z�ƒ�Z���]�h�j�b�\�h�f��[6] 
 



�J�b�a�b�d���b���[�_�a�[�_�^�g�h�k�g�b���b�g�`�_�ƒ�_�j�b�g�]��- �D�h�i�Z�h�g�b�d��������4. 

39 

 
�K�e�b�d�Z���������O�b�^�j�Z�g�l�k�d�b���k�b�k�l�_�f���a�Z���m�l�Z�d�Z�ƒ�_���b���b�k�l�Z�d�Z�ƒ�Z���]�h�j�b�\�Z���b�a���\�Z�a�^�m�o�h�i�e�h�\�Z- �I�j�b�d�Z�a���k�l�Z�g�^�Z�j�^�g�h�]��
�Z�_�j�h�^�h�j�f�d�k�h�]���l�h�j�^�_�e�g�h�]���o�b� �̂j�Z�g�l�k�d�h�]���k�b�k�l�_�f�Z�����K�b�k�l�_�f���k�Z���i�j�b�•�_�f�����e�Z�]�_�j�h�\�Z�ƒ�_���b���b�a� �̂Z�\�Z�ƒ�_���]�h�j�b�\�Z��[6] 
 
3 �F�?�J�?���I�J�?�<�?�G�P�B�3�? 

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

�i�j�h�\�h�^�g�b�o�� �l�_�e�Z�� �d�h�•�Z�� �m�q�_�k�l�\�m�•�m�� �m�� �i�j�h�p�_�^�m�j�b�� �k�g�Z�[�^�_�\�Z�ƒ�Z���\�Z�a�^�m�o�h�i�e�h�\�Z���]�h�j�b�\�h�f���� �d�Z�h���b�� �l�_�e�Z���m���[�e�b�`�_�f��
�h�d�j�m�`�_�ƒ�m���� �I�j�h�[�e�_�f�� �d�h�g�l�Z�d�l�Z�� �k�_�� �]�_�g�_�j�Z�e�g�h�� �m�� �l�_�o�g�b�p�b �f�h�`�_�� �i�h�k�f�Z�l�j�Z�l�b�� �d�j�h�a�� �i�j�h�[�e�_�f�� �^�b�k�b�i�Z�p�b�•�_��
�k�g�Z�]�_�� �g�Z�� �^�h�^�b�j�g�h�•�� �i�h�\�j�r�b�g�b�� �b�a�f�_�{�m�� �^�\�Z�� �l�_�e�Z���� �L�h�� �k�_�� �h�^�g�h�k�b�� �i�j�_�� �k�\�_�]�Z�� �g�Z�� �i�j�b�k�l�m�i���� �m�� �d�h�f�_�� �l�_�e�Z��
�i�h�k�f�Z�l�j�Z�f�h�� �d�Z�h�� �i�h�^�k�b�k�l�_�f�_���� �d�h�•�b�� �i�h�^�� �h�^�j�_�{�_�g�b�f�� �m�k�e�h�\�b�f�Z�� �n�h�j�f�b�j�Z�•�m�� �k�b�k�l�_�f�� �d�h�•�b�� �a�Z�^�h�\�h�‚�Z�\�Z��
�h�k�g�h�\�g�_���l�_�j�f�h�^�b�g�Z�f�b�q�d�_���a�Z�d�h�g�_���� �N�h�j�f�b�j�Z�ƒ�_�f���_�d�\�b�i�h�l�_�g�p�b�•�Z�e�g�_���i�h�\�j�r�b�g�_�����k�l�\�Z�j�Z�•�m���k�_���m�k�e�h�\�b���^�Z���j�Z�^��
�d�h�•�b�� �k�b�e�_���i�h�‚�Z���h�[�Z�\�_���i�j�b���i�j�_�[�Z�p�b�\�Z�ƒ�m���g�Z�e�_�d�l�j�b�k�Z�ƒ�Z���b�a���•�_�^�g�_���m���^�j�m�]�m���l�Z�q�d�m���[�m�^�_���•�_�^�g�Z�d���g�m�e�b���>�������@�� 

 
�A�Z�d�h�g�k�d�_���j�_�]�m�e�Z�l�b�\�_���^�h�k�l�Z���^�h�[�j�h���i�h�d�j�b�\�Z�� �h�\�m���h�[�e�Z�k�l��[9].. �K�Z���k�l�Z�g�h�\�b�r�l�Z���b�a�e�h�`�_�g�h�]���i�j�h�[�e�_�f�Z����

�b�a�Z�a�\�Z�g�h�]�� �k�l�Z�l�b�q�d�b�f�� �g�Z�_�e�_�d�l�b�j�k�Z�ƒ�_�f�� �i�m�ƒ�_�ƒ�_�� �\�Z�a�^�m�o�h�i�e�h�\�Z�� �]�h�j�b�\�h�f�� �f�h�`�_�� �k�_�� �\�j�r�b�l�b�� �k�Z�f�h�� �Z�d�h�� �k�_��
�m�l�\�j�^�b�� �^�Z���k�m���i�j�_�^�m�a�_�l�_�� �h�i�r�l�_�� �b�� �i�h�k�_�[�g�_���f�_�j�_�� �a�Z�r�l�b�l�_�� �h�^�� �i�h�`�Z�j�Z���� �d�h�•�_�� �a�Z�o�l�_�\�Z�•�m�^�Z���•�_�� �Z�m�l�h-�p�b�k�l�_�j�g�Z��
�d�Z�[�e�h�f�� �a�Z���b�a�•�_�^�g�Z�q�Z�\�Z�ƒ�_���i�h�l�_�g�p�b�•�Z�e�Z���k�i�h�•�_�g�Z���k�Z���\�Z�a�^�m�o�h�i�e�h�\�h�f�����A�Z�l�b�f�����^�Z���f�h�l�h�j �p�b�k�l�_�j�g�_���g�b�•�_���b�k�i�h�^��
�d�j�b�e�Z���� �M�� �k�e�m�q�Z�•�m�� �^�Z�� �k�_�� �\�Z�a�^�m�o�h�i�e�h�\�� �i�m�g�b�� �\�b�k�h�d�h�h�d�l�Z�g�k�d�b�f�� �[�_�g�a�b�g�h�f���� �Z�m�l�h-�p�b�k�l�_�j�g�Z�� �b�� �^�j�m�]�Z���\�h�a�b�e�Z��
�d�h�•�Z���h�i�k�e�m�`�m�•�m�� �\�Z�a�^�m�o�h�i�e�h�\���f�h�j�Z�•�m���b�f�Z�l�b���o�\�Z�l�Z�q���\�Z�j�g�b�p�Z���g�Z���b�a�^�m�\�g�h�•�� �p�_�\�b�� 

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

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

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

�i�e�Z�f�_�g�Z�����j�Z�^���k�Z���h�l�\�h�j�_�g�b�f���i�e�Z�f�_�g�h�f�����a�Z�\�Z�j�b�\�Z�ƒ�_���b���k�e�������b���m�`�Z�j�_�g�b�f���i�j�_�^�f�_�l�b�f�Z�����i�m�r�_�ƒ�_���b���m�i�h�l�j�_�[�Z��
�k�j�_�^�k�l�Z�\�Z���a�Z���i�Z�‚�_�ƒ�_�����r�b�[�b�p�_�����m�i�Z�‚�Z�q���b���k�e���������j�Z�^���k�Z���Z�e�Z�l�h�f���d�h�•�b���\�Z�j�g�b�q�b�����k�l�Z�j�l�h�\�Z�ƒ�_���\�h�a�b�e�Z���b���^�j�m�]�b�o��
�i�h�f�h�„�g�b�o�� �_�e�_�d�l�j�b�q�g�b�o�� �i�h�k�l�j�h�•�_�ƒ�Z�� �k�\�_�� �^�h�d�� �k�_�� �i�m�ƒ�_�ƒ�_�� �]�h�j�b�\�h�f�� �g�_�� �a�Z�\�j�r�b���� �i�h�k�l�Z�\�‚�Z�l�b�� �g�Z�^�a�_�f�g�_��
�_�e�_�d�l�j�b�q�g�_���\�h�^�h�\�_�����[�_�a���h�[�a�b�j�Z���g�Z���g�Z�i�h�g���� 

 
�L�Z�d�h�{�_�� �g�b�•�_�� �^�h�a�h�\�h�‚�_�g�� �j�Z�^�� �f�h�l�h�j�Z�� �\�h�a�b�e�Z�� �a�Z�� �\�j�_�f�_�� �m�l�Z�d�Z�ƒ�Z���� �i�j�_�l�Z�d�Z�ƒ�Z�� �b�e�b�� �b�k�l�Z�d�Z�ƒ�Z��

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

 
�P�_�\�h�\�h�^�b���� �p�_�\�g�b���k�i�h�•�_�\�b���� �Z�j�f�Z�l�m�j�_�� �b�� �h�i�j�_�f�Z���a�Z���i�m�ƒ�_�ƒ�_���� �f�h�j�Z�•�m���[�b�l�b���h�^�j�`�Z�\�Z�g�b���b���h�[�_�a�[�_�{�_�g�b��

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

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



�J�b�a�b�d���b���[�_�a�[�_�^�g�h�k�g�b���b�g�`�_�ƒ�_�j�b�g�]��- �D�h�i�Z�h�g�b�d��������4. 

40 

�i�h�`�Z�j�Z���� �h�^�� �d�h�•�b�o���•�_�^�Z�g���a�Z���]�Z�r�_�ƒ�_���i�h�`�Z�j�Z���g�Z���f�h�l�h�j�m�����Z���^�j�m�]�b���a�Z���]�Z�r�_�ƒ�_���i�h�`�Z�j�Z���g�Z���l�h�\�Z�j�m���\�h�a�b�e�Z�����b���l�h��
�l�Z�d�\�h�]�� �i�m�ƒ�_�ƒ�Z�� �d�h�•�_���� �k�� �h�[�a�b�j�h�f�� �g�Z�� �d�h�e�b�q�b�g�m�� �b�� �^�j�m�]�Z�� �k�\�h�•�k�l�\�Z�� �h�i�Z�k�g�_�� �f�Z�l�_�j�b�•�_���� �h�f�h�]�m�„�Z�\�Z�� �_�n�b�d�Z�k�g�h��
�]�Z�r�_�ƒ�_�� �i�h�`�Z�j�Z���� �\�Z�l�j�h�h�l�i�h�j�g�m�� �i�j�h�k�l�b�j�d�m�� �b�� �i�h�l�j�_�[�g�_�� �d�h�e�b�q�b�g�_�� �i�Z�f�m�q�g�_�� �l�d�Z�g�b�g�_�� �a�Z�� �[�j�b�k�Z�ƒ�_�� �]�h�j�b�\�Z��
�i�j�h�k�m�l�h�]�� �i�h�� �\�Z�a�^�m�o�h�i�e�h�\�m���� �\�h�a�Z�q�d�b�� �Z�e�Z�l�� �b�� �^�b�a�Z�e�b�p�m�� �a�Z�� �\�h�a�b�e�h���� �^�\�_�� �a�Z�k�l�Z�\�b�p�_�� �a�Z���h�a�g�Z�q�Z�\�Z�ƒ�_���\�h�a�b�e�Z��
�d�h�•�b�f�� �k�_���i�j�_�\�h�a�_���h�i�Z�k�g�_���f�Z�l�_�j�b�•�_���>���@�� 
 

 

�K�e�b�d�Z���������I�j�h�p�_�m�^�j�Z���m�l�Z�d�Z�ƒ�Z���]�h�j�b�\�Z���m���\�Z�a�^�m�o�h�i�e�h�\ 

�M�� �d�h�g�l�_�d�k�l�m�� �]�h�j�_�� �g�Z�\�_�^�_�g�h�]���� �f�h�`�_�� �k�_�� �b�k�l�Z�„�b�� �b�� �h�i�r�l�_���i�h�a�g�Z�l�Z���q�b�ƒ�_�g�b�p�Z���^�Z���k�_���]�h�j�b�\�m���^�h�^�Z�•�m��
�j�Z�a�g�b�� �Z�^�b�l�b�\�b���� �I�h�f�_�g�m�l�b�� �Z�^�b�l�b�\�b�� �k�e�m�`�_�� �a�Z�� �k�i�j�_�q�Z�\�Z�ƒ�_�� �i�h�•�Z�\�_�� �i�_�g�_�ƒ�Z�� �i�j�b�e�b�d�h�f�� �^�h�i�m�g�_�� �]�h�j�b�\�Z�� �m��
�\�Z�a�^�m�o�h�i�e�h�\�m�� �b�e�b�� �g�Z�]�e�_�� �i�j�h�f�_�g�_�� �\�b�k�b�g�_�� �e�_�l�Z���� �L�h���k�m���h�[�b�q�g�h���k�_���j�Z�a�g�b���b�g�o�b�[�b�l�h�j�b�� �a�Z���i�_�g�_�ƒ�_���� �L�Z�d�h�{�_����
�i�m�f�i�_�� �\�b�k�h�d�h�]���i�j�b�l�b�k�d�Z���k�b�k�l�_�f�m���\�Z�a�^�m�o�h�i�e�h�\�Z���k�l�\�Z�j�Z�•�m���k�l�Z�l�b�q�d�b���_�e�_�d�l�j�b�p�b�l�_�l���g�Z�k�l�Z�h���l�j�_�ƒ�_�f���k�e�h�•�_�\�Z��
�]�h�j�b�\�Z���i�j�b�� �m�[�j�b�a�]�Z�\�Z�ƒ�m���� 
 
4. �A�:�D�4�M�Q�:�D 
 

�J�_�r�_�ƒ�_�� �i�j�h�[�e�_�f�Z�� �k�l�Z�l�b�q�d�h�]�� �_�e�_�d�l�j�b�p�b�l�_�l�Z�� �k�� �h�[�b�a�h�j�f�� �g�Z�� �h�i�Z�k�g�h�k�l�b�� �b�� �r�l�_�l�g�h�k�l�b�� �d�Z�h���d�Z�h���b��
�\�b�k�h�d���k�l�_�i�_�g���j�b�a�b�d�Z���� �f�h�]�m�„�_�� �d�Z�l�Z�k�l�j�h�n�Z�e�g�_���i�h�k�e�_�^�b�p�_���a�Z�o�l�_�\�Z���•�_�^�Z�g���r�b�j�h�d�b���b���k�\�_�h�[�m�o�\�Z�l�g�b���i�j�b�k�l�m�i����
�I�h�e�Z�a�_�„�b�� �h�^���Z�d�l�m�_�e�g�h�]���k�l�Z�ƒ�Z���m���h�\�h�•���h�[�e�Z�k�l�b�����i�Z���i�j�_�d�h���j�Z�a�m�f�_�\�Z�ƒ�Z���i�j�b�j�h�^�_���]�_�g�_�j�b�k�Z�ƒ�Z���b���Z�d�m�f�m�e�Z�p�b�•�_��
�k�l�Z�l�b�q�d�h�]�� �_�e�_�d�l�j�b�p�b�l�_�l�Z�� �g�Z�� �e�_�l�b�e�b�r�l�b�f�Z�� �b�� �\�Z�a�^�m�o�h�i�e�h�\�b�f�Z���i�j�m�`�_�g���•�_�� �^�h�[�Z�j�� �i�j�_�]�e�_�^�� �i�h�l�_�g�p�b�•�Z�e�g�b�o��
�b�a�\�h�j�Z���k�l�Z�l�b�q�d�h�]�� �_�e�_�d�l�j�b�p�b�l�_�l�Z���m���k�b�k�l�_�f�m���k�g�Z�[�^�_�\�Z�ƒ�Z���\�Z�a�^�m�o�h�i�e�h�\�Z���]�h�j�b�\�h�f�����d�Z�h���b���f�_�j�Z���i�j�_�\�_�g�p�b�•�_����
�K�l�Z�\�‚�Z�ƒ�_�f�� �Z�d�p�_�g�l�Z���g�Z���i�h�•�Z�f�m���d�h�g�l�Z�d�l�Z���d�Z�h���a�Z�•�_�^�g�b�q�d�_���h�^�j�_�^�g�b�p�_���a�Z���l�m�f�Z�q�_�ƒ�_���i�j�b�j�h�^�_�����]�_�g�_�j�b�k�Z�ƒ�Z����
�Z�d�m-�f�m�e�Z�p�b�•�Z���d�Z�h���b�� �d�h�g�l�j�h�e�_���g�_�`�_�‚�_�g�b�o���_�n�_�d�Z�l�Z���b�a�Z�a�\�Z�g�b�o���k�l�Z�l�b�q�d�b�f���_�e�_�d�l�j�b�p�b�l�b�l�_�l�f���•�Z�k�g�h���k�_���i�j�\�b��
�i�e�Z�g�� �d�j�h�a�� �n�m�g�^�Z�f�_�g�l�Z�e�Z�g�� �i�j�b�k�l�m�i�� �b�k�l�b�q�_�� �f�h�]�m�„�b�� �i�j�Z�\�p�b�� �i�j�_�\�_�g�l�b�\�g�h�]�� �^�_�e�h�\�Z�ƒ�Z�� �m�� �n�m�g�d�p�b�h�g�b�k�Z�ƒ�m��
�e�_�b�l�b�e�b�r�l�Z�� �k�Z���Z�i�_�d�l�Z���h�\�h�]���i�j�h�[�e�_�f�Z 
5.  �E�B�7�?�5�:�7�8�5�: 

[1] �>�����;�e�Z�]�h�•�_�\�b�„���� �:�����;�h�j�b�q�b�„���� �F�_�j�_���d�h�g�l�j�h�e�_���k�l�Z�l�b�q�d�h�]���_�e�_�d�b�l�j�p�b�l�_�l�Z���d�h�^���\�Z�a�^�m�o�h�i�e�h�\�Z����
�A�[�h�j�g�b�d���j�Z�^�h�\�Z���k�Z���B���f�_�{�m�g�Z�j�h�^�g�_���d�h�g�n�_�j�_�g�p�b�•�_�� �I�?�K�����;�Z�j���������������i�i  

[2] Kaiser, Kenneth L.). Electrosta tic discharge. Washington, DC: Taylor & Francis. 2006 pg 72�±73  
[3] �@�����F�Z�j�m�r�b�„���� �B�����:�e�n�b�j�_�\�b�„���� �H���I�b�l�Z�����F�_�l�h�^�_���i�h�\�_�„�Z�ƒ�Z���i�h�m�a�^�Z�g�h�k�l�b���k�m�k�l�Z�\�Z���h�^�j�`�Z�\�Z�ƒ�Z��

�a�j�Z�d�h�i�h�\�Z���� �7�(�&�+�1�,�&�$�/���*�$�=�(�7�7�(���������� �A�Z�]�j�_�[����(2007)(3,4)37-45 
[4] �F�Z�j�l�b�g���>�•�h�\�q�h�r���H�i�Z�k�g�h�k�l���g�Z���Z�_�j�h� �̂j�h�f�m�����K�L�M�>�B�H���E�B�G�?�����;�_�h�]�j�Z�^�����������������k�l�j�������� 
[5] NFPA 407, Standard for sircrft fuel servicing 2012 
[6] M. Kluttz, Aircraft fuel hydrant system desing Issues, The International forum on emergencz and 

risk management, Singapore  
[7] �F�����;�m�k�Z�j�q�_�\�b�„�����>���J�Z�^�f�b�e�Z�p�����>���D�j�k�l�b�„�����4�����P�\�_�l�d�h�\�b�„���;�����=�e�m�r�b�p�Z���� �>�•�����I�h�‚�Z�d�������H�k�g�h�\�b��

�d�j�b�f�b�g�Z�e�b�k�l�b�q�d�b�o�� �\�_�r�l�Z�q�_�ƒ�Z�����;�_�h�]�j�Z�^���������������b�a�^�Z�\�Z�q���F�M�I���J�_�i�m�[�e�b�d�_���K�j�[�b�•�_ 
[8] 2005Keith Switzer, Practica l Guide to electrical grounding, An Erico Publication 1999, pg 89-91 
[9] �I�j�Z�\�b�e�g�b�d�� �h���\�Z�l�j�h�]�Z�k�g�h-�k�i�Z�k�b�e�Z�q�d�h�f���h�[�_�a�[�_�{�_�ƒ�m���\�Z�l�j�h�]�Z�k�g�h���k�i�Z�k�b�e�Z�d�h�•�� �k�e�m�`�[�b���g�Z��

�Z�_�j�h�^�h�j�f�m���b�� �e�_�l�b�e�b�r�l�m������ �K�E�����E�b�k�l���K�J�3���[�j���������������� 
 



�J�b�a�b�d���b���[�_�a�[�_�^�g�h�k�g�b���b�g�`�_�ƒ�_�j�b�g�]��- �D�h�i�Z�h�g�b�d��������4. 

41 

�K�L�:�L�B�Q�D�B�� �?�E�?�D�L�J�B�P�B�L�?�L���� �<�J�?�>�G�H�K�L�B�� �G�?�D�B�O�� �?�E�?�D�L�J�B�Q�G�B�O��
�I�:�J�:�F�?�L�:�J�:�� �B���5�B�O�H�<�� �M�L�B�P�:�3�� �G�: �;�?�A�;�?�>�G�H�K�L�� �<�:�A�>�M�O�H�I�E�H�<�: 

�>�_�•�Z�g�� �;�e�Z�]�h�•�_�\�b�„1, �:�e�_�d�k�Z�g�^�j�Z���;�h�j�b�q�b�„1�����A�h�j�Z�g���I�h�i�h�\�b�„2,  
dejan.blagojevic@vtsnis.edu.rs 

 

�:�;�K�L�J�:�D�L���� 
�I�j�h�[�e�_�f�b�� �i�j�h�m�a�j�h�d�h�\�Z�g�b�� �k�l�Z�l�b�q�d�b�f�� �_�e�_�d�l�j�b�p�b�l�_�l�h�f�� �b�a��� �̂Z�g�Z�� �m�� � �̂Z�g�� �k�m�� �k�\�_�� �[�j�h�•�g�b�•�b�� �b�� �i�j�_� �̂k�l�Z�\�‚�Z�•�m��

�h�a�[�b�‚�Z�g�� �b�a�Z�a�h�\�� �a�Z�� �i�j�h�•�_�d�l�Z�g�l�_���� �d�h�g�k�l�j�m�d�l�h�j�_�����i�j�h�b�a�\�h�{�Z�q�_���b���k�\�_��� �̂j�m�]�_���h�k�h�[�_���m��� �̂m�]�Z�q�d�h�f���l�_�o�g�b�q�d�h���l�_�o�g�h�e�h�r�d�h�f��
�b�� �_�d�h�g�h�f�k�d�h�f�� �e�Z�g�p�m���� �B�f�Z�•�m�„�b�� �m�� �\�b� �̂m�� �\�_�e�b�d�b�� �[�j�h�•�� �d�\�Z�j�h�\�Z�� �b�� � �̂_�n�_�d�Z�l�Z���\�Z�a� �̂m�o�h�i�e�h�\�Z�����i�Z���b���k�Z�h�[�j�Z�„�Z�•�g�b�o���g�_�k�j�_�„�Z��
�k�Z �d�Z�l�Z�k�l�j�h�n�Z�e�g�b�f�� �i�h�k�e�_� �̂b�p�Z�f�Z���� �b�a�Z�a�\�Z�g�b�o�� �g�_�d�h�g�l�j�h�e�b�k�Z�g�b�f�� �_�e�_�d�l�j�h�k�l�Z�l�b�q�d�b�f�� �i�j�Z�`�ƒ�_�ƒ�_�f���� �m�� �h�\�h�f�� �j�Z� �̂m��
�i�h�d�m�r�Z�e�b�� �k�f�h�� � �̂Z�� � �̂Z�f�h�� �d�j�Z�l�Z�d�� �i�j�_�]�e�_� �̂� �g�_�d�b�o�� �_�e�_�d�l�j�b�q�g�b�o�� �i�Z�j�Z�f�_�l�Z�j�Z�� �b�� �ƒ�b�o�h�\�b�o�� �d�j�b�l�b�q�g�b�o�� �\�j�_� �̂g�h�k�l�b���� �d�h�•�_��
�b�f�Z�•�m�� �[�b�l�Z�g�� �m�l�b�p�Z�•�� �g�Z�� �[�_�a�[�_� �̂g�h�k�l�� �\�Z�a� �̂m�o�h�i�e�h�\�Z�� �b�� �h�k�h�[�‚�Z���� �:�g�Z�e�b�a�Z�� �•�_�� �m�k�f�_�j�_�g�Z�� �g�Z�� �i�h�•�Z�r�ƒ�Z�\�Z�ƒ�_�� �m�l�b�p�Z�•�Z�� �h�\�b�o��
�i�Z�j�Z�f�_�l�Z�j�Z�� �b�� �ƒ�b�o�h�\�m�� �j�_�n�e�_�d�k�b�•�m�� �g�Z�� �k�l�_�i�_�g�� �j�b�a�b�d�Z���� �L�Z�d�h�{�_���� �i�h�•�Z�r�ƒ�_�g�b�� �k�m�� �f�_�o�Z�g�b�a�f�b�� �]�_�g�_�j�b�k�Z�ƒ�Z�� �k�l�Z�l�b�q�d�h�]��
�g�Z�_�e�_�d�l�j�b�k�Z�ƒ�Z�� �k�Z���k�l�Z�g�h�\�b�r�l�Z�� �l�j�b�[�h�_�e�_�d�l�j�b�q�g�b�o�� �i�j�h�p�_�k�Z�����i�j�h�p�_�k�Z���b�g� �̂m�d�p�b�•�_�� �b���l�j�_�ƒ�Z�� 

�D�‚�m�q�g�_�� �j�_�q�b���� �k�l�Z�l�b�q�d�b�� �_�e�_�d�l�j�b�p�b�l�_�l���� �\�Z�a� �̂m�o�h�i�e�h�\�b���� �l�j�b�[�h�_�e�_�d�l�j�b�q�g�b�� �i�j�h�p�_�k�b���� �b�g� �̂m�d�p�b�•�Z���� �l�j�_�ƒ�_����
�_�e�_�d�l�j�b�q�g�b�� �m� �̂Z�j�����h�l�i�h�j�g�h�k�l�����d�Z�i�Z�p�b�l�b�\�g�h�k�l�b���� �m�a�_�f �‚�_�ƒ�_�����j�b�a�b�d���� �i�j�_�\�_�g�l�b�\�g�_�� �f�_�j�_. 
 

STATIC ELECTRICITY, SOME ELECTRICAL PARAMETERS QUAN�LITIES 
AND THEIR INFLUENCE ON THE AIRCRAFT SAFETY 

 

ABSTRACT :  
The problems caused by static electricity are becoming more numerous and represent a serious 

challenge for the designers, constructors, producers and all others in a long technical/technological and 
economic chain. Considering the large number of failures and defects of aircrafts, including traffic accidents, 
caused by uncontrolled electrostatic discharge, in this paper we have tried to give a brief review of some 
electrical parameters and their critical values, which have a substantial influence on the safety of aircraft and 
personnel. The analysis is focused on clarifying the influence of these parameters and their influence on the 
risk level. The mechanisms of generating static charge are also discussed from the point of tribo electric process, 
the process of induction and friction.  

Keywords: static electricity, aircraft, tribo electric processes, induction, friction, electric shock, 
resistivity, capacitance, grounding, risk, preventive measures. 
 

1. �M�<�H�> 

�F�_�o�Z�g�b�a�f�b�� �]�_�g�_�j�b�k�Z�ƒ�Z���k�l�Z�l�b�q�d�h�]���_�e�_�d�l�j�b�p�b�l�_�l�Z���g�Z���\�Z�a�^�m�o�h�i�e�h�\�b�f�Z���l�h�d�h�f���e�_�l�Z�� �i�j�_�^�k�l�Z�\�‚�Z�•�m��
�\�_�e�b�d�b���b�a�Z�a�h�\���a�Z���i�j�h�•�_�d�l�Z�g�l�_���� �d�h�g�k�l�j�m�d�l�h�j�_�� �b���e�b�p�Z���a�Z�^�m�`�_�g�Z���a�Z���i�b�l�Z�ƒ�_���l�_�o�g�b�q�d�_���[�_�a�[�_�^�g�h�k�l�b���g�Z���ƒ�b�f�Z��
�>���@���� �G�b�\�h�� �]�_�g�_�j�b�k�Z�g�h�]�� �b�� �Z�d�m�f�m�e�b�j�g�Z�h�]�� �g�Z�_�e�_�d�l�j�b�k�Z�ƒ�Z���� �ƒ�_�]�h�\�Z�� �i�j�b�j�h�^�Z���� �d�Z�h�� �b�� �f�_�o�Z�g�b�a�f�b�� �i�j�Z�`�_�ƒ�_����
�i�j�_�^�k�l�Z�\�‚�Z�•�m�� �h�a�[�b�‚�Z�g�� �i�j�h�[�e�_�f�� �k�Z�� �k�l�Z�g�h�\�b�r�l�Z�� �[�_�a�[�_�^�g�h�k�l�b���� �I�j�h�[�e�_�f�b�� �b�a�Z�a�\�Z�g�b�� �Z�d�m�f�m�e�b�j�Z�ƒ�_�f��
�k�l�Z�l�b�q�d�h�]�� �_�e�_�d�l�j�b�p�b�l�_�l�Z�� �b�� �ƒ�_�]�h�\�b�f�� �g�_�d�h�g�l�j�h�e�b�k�Z�g�b�f�� �i�j�Z�`�ƒ�_�ƒ�_�f�� �k�m�� �[�j�h�•�g�b�� �b�� �f�h�]�m�� �k�_�� �]�_�g�_�j�Z�e�g�h��
�k�\�j�k�l�Z�l�b�� �m���g�_�d�h�e�b�d�h���]�j�m�i�Z���� �m�\�� �i�h�l�_�g�p�b�•�Z�e�g�h���g�_�]�Z�l�b�\�g�m���j�_�n�e�_�d�k�b�•�m���g�Z���h�k�h�[�‚�_���b���i�m�l�g�b�d�_�����k�b�k�l�_�f�_���\�_�a�_����
�m�i�j�Z�\�‚�Z�q�d�_���d�h�f�Z�g�^�_���b���^�j�m�]�_���n�m�g�d�p�b�h�g�Z�e�g�_�� �^�_�e�h�\�_�����l�j�Z�g�k�i�h�j�l�g�b���l�h�\�Z�j���k�e���>�������@�� 

2. �F�?�O�:�G�B�A�F�B���=�?�G�?�J�B�K�:�5�:���K�L�:�L�B�Q�D�H�=���?�E�?�D�L�J�B�P�B�L�?�L�:���B���<�:�A�>�M�O�H�I�E�H�<�B 

�F�_�o�Z�g�b�a�f�b�� �]�_�g�_�j�b�k�Z�ƒ�Z���b�� �Z�d�m�f�m�e�b�j�Z�ƒ�Z���k�l�Z�l�b�q�d�h�]�� �g�Z�_�e�_�d�l�j�b�k�Z�ƒ�Z���g�Z���\�Z�a�^�m�o�h�i�e�h�\�b�f�Z���f�h�]�m���k�_��
�i�h�k�f�Z�l�j�Z�l�b�� �k�Z�� �k�l�Z�g�h�\�b�r�l�Z�� �l�j�b�[�h�_�e�_�d�l�j�b�q�g�b�o�� �i�j�h�p�_�k�Z�����i�j�h�p�_�k�Z�� �b�g�^�m�d�p�b�•�_�� �b�� �i�j�h�p�_�k�Z�� �l�j�_�ƒ�Z�� �>���@����
�I�j�b�e�b�d�h�f�� �k�l�Z�g�^�Z�j�^�g�b�o�� �f�Z�g�b�i�m�e�Z�l�b�\�g�b�o�� �j�Z�^�ƒ�b�� �i�j�b�� �h�^�j�`�Z�\�Z�ƒ�m�� �\�Z�a�^�m�o�h�i�e�h�\�Z���b�� �ƒ�b�o�h�\�h�•�� �i�j�b�i�j�_�f�b�� �a�Z��
�^�Z�‚�_�� �Z�d�l�b�\�g�h�k�l�b���� �b�g�l�_�g�a�b�l�_�l�b�� �i�j�_�l�o�h�^�g�h�� �g�Z�\�_�^�_�g�b�o�� �i�j�h�p�_�k�Z���� �i�j�_�^�k�l�Z�\�‚�Z�•�m�� �•�Z�d�h�� �[�b�l�Z�g�� �n�Z�d�l�h�j��
�i�j�b�e�b�d�h�f�� �i�j�h�p�_�g�Z�� �i�h�l�_�g�p�b�•�Z�e�g�b�o�� �j�b�a�b�d�Z���� �D�h�e�b�q�b�g�Z�� �Z�d�m�f�m�e�b�j�Z�g�h�]�� �_�e�_�d�l�j�b�p�b�l�_�l�Z���� �[�_�a�� �h�[�a�b�j�Z��

                                                 
1 �<�b�k�h�d�Z���L�_�o�g�b�q�d�Z���R�d�h�e�Z���K�l�j�m�d�h�\�g�b�o���K�l�m�^�b�•�Z���G�b�r���:�e�_�d�k�Z�g�^�j�Z���F�_�^�\�_�^�_�\�Z�� ���������������������G�b�r�� 
2 �<�b�k�h�d�Z���L�_�o�g�b�q�d�Z���R�d�h�e�Z���K�l�j�m�d�h�\�g�b�o���K�l�m�^�b�•�Z���� �G�m�r�b�„�_�\�Z�������������������� �A�\�_�q�Z�g 
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�f�_�o�Z�g�b�a�Z�f�� �ƒ�_�g�h�]�� �]�_�g�_�j�b�k�Z�ƒ�Z���•�_�� �m���^�b�j�_�d�l�g�h�•�� �d�h�j�_�e�Z�p�b�•�b�� �k�Z���b�g�l�_�g�a�b�l�_�l�h�f�� �l�Z�d�h���k�l�\�h�j�_�g�h�]���_�e�_�d�l�j�b�q�g�h�]��
�i�h�‚�Z . �I�h�^�k�_�l�b�„�_�f�h�� �k�_�� �^�Z�� �i�h�� �k�\�h�•�h�• �^�_�n�b�g�b�p�b�•�b���� �_�e�_�d�l�j�b�q�g�h�� �i�h�‚�_�� �i�j�_�^�k�l�Z�\�‚�Z�� �i�h�k�_�[�g�h�� �k�l�Z�ƒ�_��
�f�Z�l�_�j�b�•�Z�e�g�_�� �k�j�_�^�b�g�_���� �m�� �h�d�h�e�b�g�b�� �g�Z�_�e�_�d�l�j�b�k�Z�g�b�o�� �l�_�e�Z���� �d�h�•�_�� �k�_�� �f�Z�g�b�n�_�k�l�m�•�_�� �^�_�•�k�l�\�h�f�� �f�_�o�Z�g�b�q�d�_���k�b�e�_��
�g�Z���m�g�_�l�h�� �_�e�_�d�l�j�b�q�g�h���h�i�l�_�j�_�„�_�ƒ�_���m���i�j�h�k�l�h�j�� �i�h�‚�Z���� �M���^�Z�‚�_�f�����i�h�l�j�_�[�g�h���•�_���g�Z�]�e�Z�k�b�l�b���b���m�l�b�p�Z�•���j�Z�k�l�h�•�Z�ƒ�Z��
�h�^�� �b�a�\�h�j�Z �i�h�‚�Z���� �m�� �g�Z�r�_�f�� �k�e�m�q�Z�•�m�� �Z�d�m�f�m�e�b�j�Z�g�h�]�� �g�Z�_�e�_�d�l�b�j�k�Z�ƒ�Z�� �g�Z�� �\�Z�a�^�m�o�h�i�e�h�\�m���� �d�Z�h�� �b��
�d�Z�j�Z�d�l�_�j�b�k�l�b�d�_���k�j�_�^�b�g�_���� �G�Z���l�Z�•�� �g�Z�q�b�g���� �i�j�b�j�h�^�Z���j�Z�k�i�h�^�_�e�_�� �_�e�_�d�l�j�b�q�g�h�]�� �i�h�‚�Z �m���i�j�h�k�l�h�j�m���•�_���i�h�l�i�m�g�h��
�h�^�j�_�{�_�g�Z���>���@���� 

 

 
 

�K�e�b�d�Z�������I�j�b�d�Z�a���i�j�h�p�_�k�Z���]�_�g�_�j�b�k�Z�ƒ�Z���k�l�Z�l�b�q�d�h�]���_�e�_�d�l�j�b�p�b�l�_�l�Z���l�j�b�[�h�_�e�_�d�l�j�b�q�g�b�f���i�j�h�p�_�k�b�f�Z���>���@. 
 
�L�j�b�[�h�_�e�_�d�l�j�b�q�g�b�� �_�n�_�d�Z�l�� �•�_�� �i�h�k�e�_�^�b�p�Z�� �i�j�_�� �k�\�_�]�Z�� �b�g�l�_�j�Z�d�p�b�•�_�� �\�Z�a�^�m�o�h�i�e�h�\�Z���b�� �h�d�h�e�g�_���k�j�_�^�b�g�_��

�l�h�d�h�f�� �e�_�l�Z���� �F�_�o�Z�g�b�a�Z�f�� �ƒ�_�]�h�\�h�]�� �]�_�g�_�j�b�k�Z�ƒ�Z���� �e�_�`�b�� �m���i�j�b�j�h�^�b���d�h�g�l�Z�d�l�Z���\�Z�a�^�m�o�h�i�e�h�\�Z���k�Z���j�Z�a�e�b�q�b�l�b�f��
�f�Z�l�_�j�b�•�Z�f�Z���� �d�h�•�_�� �k�m�� �k�Z�^�j�`�Z�g�_�� �m�� �Z�l�f�h�k�n�_�j�b���� �h�^�g�h�k�g�h�� �i�h�•�Z�\�‚�m�•�m�� �k�_�� �m�� �n�h�j�f�b�� �h�^�]�h�\�Z�j�Z�•�m�„�b�o��
�Z�l�f�h�k�n�_�j�k�d�b�o���i�h�•�Z�\�Z�����\�_�l�Z�j���� �q�_�k�l�b�p�_���i�j�Z�r�b�g�_�����d�b�r�Z�����k�g�_�]���b���k�e�������k�e�������������I�j�_�f�Z���g�_�d�f���i�j�h�p�_�g�Z�f�Z�����•�Z�q�b�g�Z��
�k�l�j�m�•�_�� �d�h�•�m�� �]�_�g�_�j�b�r�_�� �h�\�Z�d�h�� �Z�d�m�f�m�e�b�j�Z�g�h�� �g�Z�_�e�_�d�l�j�b�k�Z�ƒ�_�� ���m�� �k�e�m�q�Z�•�m�� �i�_�r�q�Z�g�b�o�� �h�e�m�•�Z������ �d�j�_�„�_�� �k�_�� �m��
�]�j�Z�g�b�p�Z�f�Z���^�h�� ���� �PA. �H�\�Z�•���l�b�i���Z�d�m�f�m�e�b�j�Z�g�h�]���k�l�Z�l�b�q�d�h�]���g�Z�_�e�_�d�l�j�b�k�Z�ƒ�Z�����i�h�a�g�Z�l���•�_���i�h�^���g�Z�a�b�\�h�f P-static. 
�H�\�Z�•�� �l�b�i�� �g�Z�_�e�_�d�l�j�b�k�Z�ƒ�Z���� �e�Z�d�h���k�_���m�d�e�Z�ƒ�Z���k�Z���\�Z�a�^�m�o�h�i�e�h�\�Z���� �i�h�\�_�a�b�\�Z�ƒ�_�f�� �b�k�l�h�]�� �k�Z���k�b�k�l�_�f�h�f�� �a�Z���h�^�\�h�^��
�k�l�Z�l�b�q�d�h�]���g�Z�_�e�_�d�l�j�b�k�Z�ƒ�Z�����q�b�•�Z���h�l�i�h�j�g�h�k�l���k�_���d�j�_�„�_���m���]�j�Z�g�b�p�Z�f�Z���h�d�h��10k�:��  �H�\�Z�•���_�n�_�d�Z�l���•�_���g�Z�j�h�q�b�l�h��
�b�a�j�Z�`�_�g�� �d�h�^�� �o�_�e�b�d�h�i�l�_�j�Z�� �m�� �l�j�_�g�m�l�d�m�� �e�_�[�^�_�ƒ�Z�� �m�� �\�Z�a�^�m�o�m���� �D�h�e�b�q�b�g�Z�� �l�Z�d�h�� �g�Z�]�h�f�b�e�Z�g�h�]�� �_�e�_�l�b�j�p�b�l�_�l�Z��
�f�h�`�_�� �k�l�\�h�j�b�� �g�Z�i�h�g�_�� �m�� �h�i�k�_�]�m�� �h�^�� �� kV���� �K�Z�f�b�f�� �l�b�f���� �h�k�h�[�‚�_�� �o�_�e�b�d�h�i�l�_�j�Z�� �f�h�j�Z�� �^�Z�� �k�l�j�h�]�h�� �i�h�r�l�m�•�_��
�i�j�h�i�b�k�Z�g�_�� �i�j�h�p�_�^�m�j�_�� �d�Z�d�h�� �[�b�� �k�_�� �b�a�[�_�]�e�_�� �g�_�`�_�‚�_�g�_�� �i�h�k�e�_�^�b�p�_ �b�a�Z�a�\�Z�g�_�� �g�Z�]�h�f�b�e�Z�g�b�f�� �k�l�Z�l�b�d�b�f��
�g�Z�_�e�_�d�l�j�b�k�Z�ƒ�_�f���i�j�b�e�b�d�h�f���k�e�_�l�Z�ƒ�Z���b���m�a�_�f�‚�_�ƒ�Z��[4].  

�=�h�j�_�� �g�Z�\�_�^�_�g�b�� �i�h�^�Z�l�Z�d���� �h�� �i�j�h�p�_�ƒ�_�g�h�•�� �•�Z�q�b�g�b�� �k�l�j�m�•�_�� �h�^�� �������P�:���� �]�_�g�_�j�b�k�Z�g�_�� �h�\�b�f�� �f�_�o�Z�g�b�a�f�h�f��
�m�k�e�_�^�� �i�h�•�Z�\�_�� �i�_�r�q�Z�g�b�o�� �h�e�m�•�Z���� �d�Z�^�Z�� �k�_�� �i�j�b�f�_�g�b�� �g�Z�� �g�_�m�a�_�f�‚�_�g�m�� �e�_�l�b�e�b�p�m���� �i�j�h�a�b�\�_�r�„�_�� �j�Z�a�e�b�d�m��
�i�h�l�_�g�p�b�•�Z�e�Z���h�^��1200 V, �a�Z���k�e�m�q�Z�•�� �^�Z���h�l�i�j�h�g�h�k�l�� �i�g�_�m�f�Z�l�b�d�Z���\�Z�a�^�m�o�h�i�e�h�\�Z�����b�a�g�h�k�b���m���]�j�Z�g�b�q�g�h�f���k�e�m�q�Z�•�m����
R= 40 M�:  (U=IR). �H�\�Z���d�h�e�b�q�b�g�Z���g�Z�_�e�_�d�l�j�b�k�Z�ƒ�Z���d�h�•�Z���k�_���Z�d�m�f�m�e�b�j�Z�e�Z���l�h�d�h�f���h�^�]�h�\�Z�j�Z�•�m�„�_�]���\�j�_�f�_�g�k�d�h�]��
�b�g�l�_�j�\�Z�e�Z���� �h�^�k�l�j�Z�ƒ�m�•�_�� �k�_�� �m�� �\�_�h�f�Z�� �d�j�Z�l�d�h�f�� �\�j�_�f�_�g�k�d�h�f�� �b�g�l�_�j�\�Z�e�m�� �i�j�h�p�_�k�h�f�� �h�^�\�h�{�_�ƒ�Z�� �k�Z��
�\�Z�a�^�m�o�h�i�e�h�\�Z���� �>�h�[�b�•�_�g�Z�� �\�j�_�^�g�h�k�l�� �]�_�g�_�j�b�k�Z�g�_�� �j�Z�a�e�b�d�_���i�h�l�_�g�p�b�•�Z�e�Z���� �^�h�\�h�‚�g�Z�� �•�_�� �^�Z���b�a�Z�a�h�\�_�� �j�_�n�e�_�d�k�g�m��
�j�_�Z�d�p�b�•�m�� �h�k�h�[�_���� �d�h�•�Z�� �g�Z�� �[�b�e�h�� �d�h�•�b�� �g�Z�q�b�g�� �k�_�� �g�Z�{�_�� �m�� �d�h�g�l�Z�d�l�m���k�Z���\�Z�a�^�m�o�h�i�e�h�\�h�f���� �I�h�f�_�g�m�l�Z���j�_�n�e�_�d�k�g�Z��
�j�_�Z�d�p�b�•�Z�����m�k�e�_�^���_�e�_�d�l�j�b�q�g�h�]���m�^�Z�j�Z�������m���d�j�Z�•�ƒ�_�f�����f�h�`�_���j�_�a�m-�e�l�b�j�Z�l�b���h�a�[�b�‚�ƒ�b�f���i�h�\�j�_�^�Z�f�Z���>���@�� 
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�K�e�b�d�Z�������I�j�b�d�Z�a���i�j�h�p�_�k�Z���]�_�g�_�j�b�k�Z�ƒ�Z���k�l�Z�l�b�q�d�h�]���_�e�_�d�l�j�b�p�b�l�_�l�Z���b�g�^�m�d�p�b�h�g�b�f�� �i�j�h�p�_�k�b�f�Z���>���@. 
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�i�h�\�_�„�Z�ƒ�_�f���i�j�b�l�b�k�d�Z���m���i�g�_�m�f�Z�l�b�p�b�f�Z���i�h�\�_�„�Z�\�Z���k�_���ƒ�b�o�h�\�Z���h�l�i�h�j�g�h�k�l�� �^�h�d���k�Z���i�h�\�_�„�Z�ƒ�_�f���l�_�j�_�l�Z�����b�k�l�Z���k�_��
�k�f�Z�ƒ�m�•�_���� �>�Z�‚�_���� �h�l�i�h�j�g�h�k�l�� �k�b�l�_�f�Z���a�Z���h�^�\�h�{�_�ƒ�_���\�b�r�d�Z���g�Z�_�e�_�d�l�j�b�k�Z�ƒ�Z���d�Z�h���b�� �\�j�_�f�_�g�k�d�b���m�k�e�h�\�b�� ���k�g�_�]����
�d�b�r�Z���� �k�m�\�h�� �\�j�_�f�_������ �[�b�l�g�h���m�l�b�q�m���g�Z���\�j�_�^�g�h�k�l���h�l�i�h�j�g�h�k�l�b�����G�Z���h�k�g�h�\�m���[�j�h�•�g�b�o���Z�g�Z�e�b�a�Z���b���i�h�^�Z�l�Z�d�Z�����f�h�`�_��
�k�_�� �d�h�g�k�l�Z�l�h�\�Z�l�b���� �^�Z���d�Z�i�Z�p�b�l�\�g�h�k�l�� �\�Z�a�^�m�o�h�i�e�h�\�Z���b�f�Z���i�j�b�[�e�b�`�g�h���d�h�g�k�l�Z�g�l�g�m���\�j�_�^�g�h�k�l���d�h�•�Z���k�_���d�j�_�„e �^�h 

 �PF (tab. 1) [4-6]. 
�L�Z�[�_�e�Z���������<�j�_�^�g�h�k�l�b���i�Z�j�Z�_�f�l�Z�j�Z���_�e�_�d�_�l�j�b�q�g�b�o���\�_�e�b�q�b�g�Z���[�b�l�g�b�o���a�Z���i�j�Z�„�_�ƒ�_���b���Z�g�Z�e�b�a�m���m�l�b�p�Z�•�Z��

�k�l�Z�l�b�q�d�h���_�e�_�d�l�j�b�p�b�l�_�l�Z���g�Z���[�_�a�[�_�^�g�h�k�l���\�Z�a�^�m�o�h�i�e�h�\�Z���b���h�k�h�[�‚�Z 
�?�e�_�d�l�j�b�q�g�b���i�Z�j�Z�f�_�l�Z�j �\�j�_�^�g�h�k�l�b 
�D�Z�i�Z�p�b�l�\�g�h�k�l���\�Z�a�^�m�o�h�i�e�h�\�Z 0,001-0,005 �PF 
�H�l�i�h�j�g�h�k�l���\�Z�a�^�m�o�h�i�e�h�\�Z � ô 40 M�:   
�D�Z�i�Z�p�b�l�b�\�g�h�k�l�� �‚�m�^�k�d�h�]���l�_�e�Z 500 pF 
�H�l�i�h�j�g�h�k�l���‚�m�^�k�d�h�]���l�_�e�Z 50-1500 �:   

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

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

�G�Z�� �h�k�g�h�\�m�� �h�i�r�l�_�� �i�h�a�g�Z�l�b�o�� �^�_�n�b�g�b�p�b�•�Z�� �b�a�� �h�[�e�Z�k�l�b�� �_�e�_�d�l�j�h�k�l�Z�l�b�d�_�� �>���@���� �e�Z�d�h�� �f�h�`�_�f�h��
�a�Z�d�‚�m�q�b�l�b�� �^�Z�� �h�k�h�[�Z�� �d�h�•�Z�� �k�_�� �g�Z�{�_�� �m�� �^�b�j�_�d�l�g�h�f�� �d�h�g�l�Z�d�m�� �k�Z�� �\�Z�a�^�m�o�h�i�e�h�f���� �g�Z�� �d�h�f�_�� �k�_�� �m�k�e�_�^�� �h�i�b�k�Z�g�_��
�k�b�l�m�Z�p�b�•�_�� �b�g�^�m�d�h�\�Z�e�h�� �k�l�Z�l�b�q�d�h�� �g�Z�_�e�_�d�l�j�b�k�Z�ƒ�_�� �d�h�•�_�� �•�_�� �d�j�_�b�j�Z�e�h�� �i�h�l�_�g�p�b�•�Z�e�� �h�^�� �h�d�h��60kV, �k�i�j�h�\�_�r�„�_��

�d�Z�� �a�_�f�‚�b���� �k�l�j�m�•�m�� �q�b�•�Z�� �_�g�_�j�]�b�•�Z�� �b�a�g�h�k�b�� �h�d�h��9J . �>�h�[�b�•�_�g�Z�� �\�j�_�^�g�h�k�l�� �m�d�Z�a�m�•�_�� �^�Z�� �m�� �h�\�h�f��
�k�e�m�q�Z�•�m���� �k�m���f�h�]�m�„�_���i�h�k�e�_�^�b�p�_���k�Z���k�f�j�l�g�b�f���b�k�o�h�^�h�f�� 

�<�j�_�f�_ t, �i�h�l�j�_�[�g�h���a�Z���h�^�\�h�{�_�ƒ�_���b�g�^�m�d�h�\�Z�g�h�] �g�Z�_�e�_�d�l�j�b�k�Z�ƒ�Z���k�Z���i�h�\�j�r�b�g�_���\�Z�a�^�m�o�h�i�h�\�Z���•�_�� 

                                                                           (1) 

�]�^�_ R �h�l�i�h�j�g�h�k�l�� �\�Z�a�^�m�o�h�i�e�h�\�Z, C �d�Z�i�Z�p�b�l�b�\�g�h�k�l�� �\�Z�a�^�m�o�h�i�e�h�\�Z, Ei �b�g�b�p�b�•�Z�e�g�Z�� �\�j�_�^�g�h�k�l�� �g�Z�i�h�g�Z, Es 
�^�h�a�\�h�‚�_�g�Z���\�j�_�^�g�h�k�l���g�Z�i�h�g�Z 

�M�a�b�f�Z�•�m�„�b�� �m���h�[�a�b�j�� �i�j�_�l�o�h�^�g�h���b�a�g�_�l�_�� �i�h�^�l�Z�d�_���^�Z���k�_���h�l�i�h�j�g�h�k�l���J���d�j�_�„�_���m���]�j�Z�g�b�p�Z�f�Z���^�h��40 M�: , 
�d�Z�i�Z�p�b�l�b�\�g�h�k�l C �h�d�h��5 nF, �^�Z���•�_��ES = 30V, a Ei  = 60 kV�����^�h�[�b�•�Z�f�h���^�Z���•�_�� 

= 1,52 s                                                      (2) 
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�H�\�Z�d�h�� �^�h�[�b�•�_�g�b�� �i�h�^�Z�l�Z�d���� �i�h�l�j�_�[�g�h�� �•�_�� �m�i�h�j�_�^�b�l�b�� �k�Z�� �i�h�^�Z�l�Z�d�h�f�� �^�Z�� �^�_�n�b�[�b�e�Z�l�h�j�� �j�_�Z�]�m�•�_�� �m��
�b�g�l�_�j�\�Z�e�m�� �h�^ 0.2s, �^�Z�� �[�b�k�f�h�� �^�h�[�b�e�b�� �•�Z�k�g�m�� �k�e�b�d�m�� �h�� �k�l�_�i�_�g�m�� �j�b�a�b�d�Z���� �H�^�g�h�k�g�h���� �i�_�j�b�h�^�� �h�^�\�h�{�_�ƒ�Z��
�Z�d�m�f�m�e�b�j�Z�g�h�]�� �g�Z�_�e�_�d�l�j�b�k�Z�ƒ�Z�� �k�Z�� �\�Z�a�^�m�o�h�i�e�h�\�Z�� �•�_�� �g�_�i�j�b�o�\�Z�l�‚�b�\�h�� �^�m�]���� �B�a�� �]�h�j�ƒ�_�]�� �b�a�j�Z�a�Z���� �•�Z�k�g�h�� �•�_�� �^�Z��
�i�h�k�f�Z�l�j�Z�g�b���i�j�h�p�_�k�� �f�h�`�_�f�h���m�[�j�a�Z�l�b���k�f�Z�ƒ�_�f���h�l�i�h�j�g�h�k�l�b. 
 

4 �A�:�D�4�M�Q�:�D 
�M�� �h�\�h�f�� �j�Z�^�m���� �i�j�_�^�k�l�Z�\�‚�_�g�b�� �k�m�� �h�k�g�h�\�g�b�� �f�_�o�Z�g�b�a�f�b�� �]�_�g�_�j�b�k�Z�ƒ�Z�� �k�l�Z�l�b�q�d�h�]�� �_�e�_�d�l�j�b�p�b�l�_�l�Z�� �g�Z��

�\�Z�a�^�m�o�h�i�e�h�\�b�f�Z���� �D�h�^�� �l�j�b�[�h�_�e�_�d�l�j�b�q�g�h�]�� �f�_�o�Z�g�b�a�f�Z���� �h�k�g�h�\�Z�� �a�Z�� �]�_�g�_�j�b�k�Z�ƒ�_�� �b�� �Z�d�m�f�m�e�b�j�Z�ƒ�_��
�g�Z�_�e�_�d�l�j�b�k�Z�ƒ�Z���e�_�`�b�� �m���i�j�b�j�h�^�b���d�h�g�l�Z�d�l�Z���\�Z�a�^�m�o�h�i�e�h�\�Z���k�Z���j�Z�a�e�b�q�b�l�b�f���f�Z�l�_�j�b�•�Z�f�Z�����d�h�•�_���k�m���k�Z�^�j�`�Z�g�_���m��
�Z�l�f�h�k�n�_�j�b���� �h�^�g�h�k�g�h�� �i�h�•�Z�\�‚�m�•�m�� �k�_�� �m�� �n�h�j�f�b�� �h�^�]�h�\�Z�j�Z�•�m�„�b�o�� �Z�l�f�h�k�n�_�j�k�d�b�o�� �i�h�•�Z�\�Z�� ���\�_�l�Z�j���� �q�_�k�l�b�p�_��
�i�j�Z�r�b�g�_���� �d�b�r�Z���� �k�g�_�]�� �b�� �k�e������ �B�g�l�_�a�b�l�_�l�� �h�\�Z�d�h���]�_�g�_�j�b�k�Z�g�_���k�l�j�m�•�_���g�_���i�j�_�e�Z�a�b��30 �PA, �Z���ƒ�_�g�_���i�h�k�e�_�^�b�p�_���k�_��
�f�Z�g�b�n�_�k�l�m�•�m�� �m�� �\�b�^�m�� �j�_�n�e�_�d�k�g�b�o�� �j�_�Z�d�p�b�•�Z���� �h�k�h�[�_�� �d�h�•�Z���•�_�� �b�a�e�h�`�_�g�Z�� �h�\�h�•�� �k�l�j�m�•�b���� �:�d�m�f�m�e�b�j�Z�ƒ�_��
�g�Z�_�e�_�d�l�j�b�k�Z�ƒ�Z�� �b�g�^�m�d�p�b�•�h�f���� �j�Z�a�\�b�„�_�� �i�h�l�_�g�p�b�•�Z�e�g�m�� �j�Z�a�e�b�d�m�� �^�h��60 kV, �d�h�•�Z�� �k�Z�f�Z�� �i�h�� �k�_�[�b�� �\�_�„�� �f�h�`�_�� �^�Z��
�b�a�Z�a�h�\�_�� �h�a�[�b�‚�g�b�•�_�� �i�h�k�e�_�^�b�p�_�� ���h�i�_�d�h�l�b�g�_�� �b�� �k�e�������� �F�_�o�Z�g�b�a�Z�f�� �]�_�g�_�j�b�k�Z�ƒ�Z���k�l�Z�l�b�q�d�h�]�� �_�e�_�d�l�j�b�p�b�l�_�l�Z���g�Z��
�\�Z�a�^�m�o�h�i�e�h�\�b�f�Z���i�m�l�_�f���i�j�h�p�_�k�Z���l�j�_�ƒ�Z�����k�l�\�Z�j�Z���g�Z�i�h�g�_���^�h 27 kV �m���i�h�k�_�[�g�b�f���Z�l�f�h�k�n�_�j�k�d�b�f���m�k�e�h�\�b�f�Z���� 

�I�h�k�e�_�^�b�p�_�� �i�h�� �h�k�h�[�‚�_�� �d�h�•�_�� �k�_�� �g�Z�{�_�� �m���[�b�e�h���^�b�j�_�d�l�g�h�f�� �b�e�b���b�g�^�b�j�_�d�l�g�h�f�� �d�h�g�l�Z�d�l�m���d�j�_�„�m���k�_���h�^��
�h�[�b�q�g�b�o�� �j�_�n�e�_�d�k�g�b�o�� �j�_�Z�d�p�b�•�Z���� �i�Z�� �^�h�� �l�_�`�b�o�� �i�h�\�j�_�^�Z�� �d�h�•�_�� �f�h�]�m�� �^�Z�� �b�f�Z�•�m�� �b�� �l�j�Z�]�b�q�g�_�� �i�h�k�e�_�^�b�p�_����
�M�a�b�f�Z�•�m�„�b�� �m�� �h�[�a�b�j���� �g�_�d�_�� �k�l�Z�g�^�Z�j�^�g�_�� �\�j�_�^�g�h�k�l�b�� �_�e�_�d�l�j�b�q�g�b�o�� �i�Z�j�Z�f�_�l�Z�j�Z���� �f�h�`�_�f�h�� �a�Z�d�‚�m�q�b�l�b�� �^�Z�� �k�Z��
�k�l�Z�g�h�\�b�r�l�Z�� �h�\�_�� �Z�g�Z�e�b�a�_���� �g�Z�\�_�^�_�g�b�� �i�j�h�[�e�_�f�b�� �k�_�� �m�k�i�_�r�g�h�� �j�_�r�Z�\�Z�•�m�� �k�l�Z�g�^�Z�j�^�g�b�f�� �i�j�h�p�_�^�m�j�Z�f�Z��
�m�a�_�f�‚�_�ƒ�Z���\�Z�a�^�m�o�h�i�e�h�\a.  
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�Je�]�b�h�g�����-�m�]�h�b�k�l�h�q�g�_���?�\�j�h�i�_���k�\�_���\�b�r�_���•�_���m�]�j�h�`�_�g���j�Z�a�g�b�f���\�j�k�l�Z�f�Z���i�j�b�j�h� �̂g�b�o���h�i�Z�k�g�h�k�l�b�������i�h�i�e�Z�\�_�����k�m�r�_����

�_�d�k�l�j�_�f�g�h�� �\�b�k�h�d�_�� �l�_�f�i�_�j�Z�l�m�j�_���� �a�_�f�‚�h�l�j�_�k�b���� �d�e�b�a�b�r�l�Z�����h�e�m�•�g�_�� �g�_�i�h�]�h� �̂_���� �b�l� �̂����� �l�_�o�g�b�q�d�h-�l�_�o�g�h�e�h�r�d�b�f��
�g�_�k�j�_�„�Z�f�Z����� �̂_�•�k�l�\�h�f���h�i�Z�k�g�b�o�� �f�Z�l�_�j�b�•�Z���b���^�j�m�]�b�o�� �k�l�Z�ƒ�Z�� �h�i�Z�k�g�h�k�l�b���� 

�M�� �p�b�‚�m�� �k�f�Z�ƒ�b�\�Z�ƒ�Z  �[�j�h�•�Z�� �b���i�h�k�e�_� �̂b�p�Z���\�Z�g�j�_� �̂g�b�o���k�b�l�m�Z�p�b�•�Z�����g�_�h�i�o�h� �̂g�h���•�_���i�_�j�f�Z�g�_�g�l�g�h���i�h�\�_�„�Z�ƒ�_���k�l�Z�ƒ�Z��
�h� �̂]�h�\�h�j�g�h�k�l�b�� �b�� �d�Z�i�Z�p�b�l�_�l�Z�� �a�Z�� �m�i�j�Z�\�‚�Z�ƒ�_�� �k�\�b�f�� �\�j�k�l�Z�f�Z�� �\�Z�g�j�_� �̂g�b�o�� � �̂h�]�Z�{�Z�•�Z�� �d�j�h�a�� �d�h�h�j� �̂b�g�b�k�Z�g�m�� �Z�d�p�b�•�m�� �\�_�„�_�]��
�[�j�h�•�Z�� �k�m�[�•�_�d�Z�l�Z���� �B�f�Z�•�m�„�b�� �m�� �\�b� �̂m�� �^�Z�� �k�_�� �m�i�j�Z�\�‚�Z�ƒ�_�� �\�Z�g�j�_� �̂g�b�f�� � �̂h�]�Z�{�Z�•�b�f�Z�� �\�j�r�b�� �m�� �k�d�e�Z� �̂m�� �k�Z�� �i�j�h�i�b�k�b�f�Z�� �b��
�g�h�j�f�Z�l�b�\�b�f�Z�� �h�j�]�Z�g�b�a�Z�p�b�•�Z�� ���k�e�m�`�[�b���� �h�j�]�Z�g�Z���� �•�_� �̂b�g�b�p�Z���� �d�h�•�b�� � �̂b�j�_�d�g�h�� �m�q�_�k�l�\�m�•�m�� �m�� �h�\�h�f�� �i�j�h�p�_�k�m���� �ƒ�b�o�h�\�h��
�i�h�\�_�a�b�\�Z�ƒ�_�� �b�� �d�h�h�j� �̂b�g�Z�p�b�•�Z�� �j�Z� �̂Z�� �m�� �m�i�j�Z�\�‚�Z�ƒ�m�� �\�Z�g�j�_� �̂g�b�f�� �k�b�l�m�Z�p�b�•�Z�f�Z�� �•�_�� �d�‚�m�q�g�h�� �a�Z�� �m�k�i�_�r�g�h�� �k�i�j�h�\�h�{ �_�ƒ�_��
�i�j�_�\�_�g�l�b�\�g�b�o�� �b�� �h�i�_�j�Z�l�b�\�g�b�o�� �f�_�j�Z�� �b�� �Z�d�l�b�\�g�h�k�l�b�� �d�Z�d�h�� �[�b�� �k�_�� �j�b�a�b�q�g�b�� � �̂h�]�Z�{�Z�•�b�� �k�i�j�_�q�b�e�b���� �k�f�Z�ƒ�b�e�Z�� �ƒ�b�o�h�\�Z��
�m�q�_�k�l�Z�e�h�k�l���� �l�_�`�b�g�Z�� �b�� �m�[�e�Z�`�b�e�b�� �f�h�]�m�„�b�� �_�n�_�d�l�b�� �i�h�� �q�h�\�_�d�Z�� �b�� �`�b�\�h�l�g�m�� �k�j�_� �̂b�g�m���� �L�_���a�Z�o�l�_�\�_���f�h�`�_��� �̂Z���b�k�i�m�g�b���k�Z�f�h��
�h�j�]�Z�g�b�a�Z�p�b�•�Z���d�h�•�Z�� �b�f�Z���j�Z�a�\�b�•�_�g���l�b�f�k�d�b���j�Z� �̂��b���m���h�d�\�b�j�m���ƒ�_�]�Z���l�b�f�k�d�h���m�q�_�ƒ�_�����[�_�a���d�h�•�_�]�� �g�_�f�Z���g�Z�i�j�_� �̂h�\�Z�ƒ�Z���� 
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ABSTRACT 
The SEE region is increasingly threatened by various types of natural hazards (floods, drou ghts, extreme heat, 

earthquakes, landslides, storms, etc.), technical and technological accidents, effects of hazardous substances and other 
dangerous situations. 

In order to reduce the number and consequences of extraordinary situations, it is a permanent  increase in the 
balance of responsibility and the capacity to manage all types of emergencies through the coordinated action of a 
number of subjects.Bearing in mind that the management of unexpected events is performed in accordance with the 
regulations and standards organizations (departments, agencies, units) who directly participate in this process, their 
networking and coordination of emergency management is crucial to the successful implementation of preventive and 
operational measures and activities in order to prevent risk events, reduce their frequency, severity and mitigate 
potential effects on humans and the environment. These requirements can be fulfilled only organization that has 
developed teamwork and within that team learning, without which no progress. 

Keywords: emergency management, team, teamwork 
 

1. �M�<�H�>�� 

�I�h�� �h�[�b�f�m���b�� �j�Z�a�g�h�\�j�k�g�h�k�l�b�� �j�b�a�b�d�Z���b�� �m�]�j�h�`�_�g�h�k�l�b�� �`�b�\�h�l�g�_���k�j�_�^�b�g�_���� �i�h�l�j�_�[�_���m���k�m�i�j�h�k�l�Z�\�‚�Z�ƒ�m��
�l�b�f�� �h�i�Z�k�g�h�k�l�b�f�Z���i�j�_�\�Z�a�b�e�Z�a�_���f�h�]�m�„�g�h�k�l�b���[�b�e�h���d�h�]���^�j�`�Z�\�g�h�]���h�j�]�Z�g�Z�����l�Z�d�h���^�Z���k�_���m���Z�d�l�b�\�g�h�k�l�b���a�Z�r�l�b�l�_��
�`�b�\�h�l�g�_�� �k�j�_�^�b�g�_�� �m�d�‚�m�q�m�•�_�� �q�b�l�Z�\�� �g�b�a�� �j�Z�a�e�b�q�b�l�b�o�� �^�j�m�r�l�\�_�g�b�o�� �q�b�g�b�e�Z�p�Z���� �G�Z�j�Z�\�g�h�� �ƒ�b�o�h�\�h��
�m�d�‚�m�q�b�\�Z�ƒ�_���b�� �Z�g�]�Z�`�h�\�Z�g�h�k�l�� �i�h�^�j�Z�a�m�f�_�\�Z���i�j�b�i�j�_�f�‚�_�g�h�k�l�����h�k�i�h�k�h�[�‚�_�g�h�k�l���a�Z���m�i�j�Z�\�‚�Z�ƒ�_���m���d�h�g�l�_�d�k�l�m��
�a�Z�r�l�b�l�_���`�b�\�h�l�g�_���k�j�_�^�b�g�_�����b���i�j�_�l�\�Z�j�Z�ƒ�_���l�_�g�a�b�•�_���m�q�_�ƒ�Z���m���f�h�„���i�j�h�f�_�g�Z���b���k�i�h�k�h�[�g�h�k�l���b�g�h�\�Z�p�b�•�Z. 

�L�b�f�k�d�b�f�� �m�q�_�ƒ�_�f�� �b�� �l�b�f�k�d�b�f�� �j�Z�^�h�f�� �m�� �m�i�j�Z�\�‚�Z�ƒ�m�� �\�Z�g�j�_�^�g�b�f�� �k�b�l�m�Z�p�b�•�Z�f�Z�� �k�l�\�Z�j�Z�•�m�� �k�_��
�g�_�h�i�o�h�^�g�b�� �i�j�_�^�m�k�e�h�\�b�� �a�Z�� �i�j�h�n�_�k�b�h�g�Z�e�g�m�� �j�_�Z�e�b�a�Z�p�b�•�m�� �a�g�Z�ƒ�Z�� �k�\�Z�d�h�]�� �q�e�Z�g�Z�� �l�b�f�Z���� �d�Z�h�� �b�� �m�k�i�_�r�g�h��
�j�_�r�Z�\�Z�ƒ�_���i�h�k�l�Z�\�‚�_�g�h�]�� �p�b�‚�Z���[�b�e�h���^�Z���k�_���j�Z�^�b���h�� �i�j�_�\�_�g�l�b�\�g�h�f��  �^�_�e�h�\�Z�ƒ�m���m���l�h�d�m�����b�e�b���d�h�^���h�l�d�e�Z�ƒ�Z�ƒ�Z��
�i�h�k�e�_�^�b�p�Z�� �\�Z�g�j�_�^�g�_�� �k�b�l�m�Z�p�b�•�_���� �K�b�k�l�_�f�� �m�i�j�Z�\�‚�Z�ƒ�Z�� �\�Z�g�j�_�^�g�b�f�� �k�b�l�m�Z�p�b�•�Z�f�Z�� �a�Z�o�l�_�\�Z�� �n�h�j�f�b�j�Z�ƒ�_��
�j�Z�a�e�b�q�b�l�b�o�� �l�b�f�h�\�Z���� �G�Z�•�_�n�b�d�Z�k�g�b�•�_�� �•�_�� �n�h�j�f�b�j�Z�l�b�� �l�b�f�� �a�Z�� �d�h�h�j�^�b�g�Z�p�b�•�m�� �j�Z�^�Z�� �b�� �Z�d�l�b�\�g�h�k�l�b�� �g�Z��
�k�b�k�l�_�f�k�d�h�f�� �g�b�\�h�m���� �^�h�d�� �k�_�� �a�Z�� �b�a�\�j�r�_�ƒ�_�� �i�h�•�_�^�b�g�b�o�� �a�Z�^�Z�l�Z�d�Z�� �h�[�_�a�[�_�{�m�•�m�� �l�b�f�h�\�b�� �k�Z�k�l�Z�\�‚�_�g�b�� �h�^��
�a�Z�i�h�k�e�_�g�b�o�� �d�h�•�b�� �j�Z�^�_�� �g�Z�� �j�_�e�_�\�Z�g�l�g�b�f�� �j�Z�^�g�b�f�� �f�_�k�l�b�f�Z���� �>�Z�d�e�_���� �h�\�^�_�� �•�_�� �j�_�q�� �h�� �n�h�j�f�b�j�Z�ƒ�m�� �k�b�k�l�_�f�Z��
�l�b�f�h�\�Z���a�Z���i�h�k�l�b�a�Z�ƒ�_���k�b�k�l�_�f�Z���p�b�‚�_�\�Z���� �7�b�f�k�d�h���m�q�_�ƒ�_���b���l�b�f�k�d�b���j�Z�^�� �l�j�_�[�Z���^�Z���^�h�i�j�b�g�_�k�m���i�h�[�h�‚�r�Z�ƒ�m��
�d�\�Z�e�b�l�_�l�Z�� �m�i�j�Z�\�‚�Z�ƒ�Z�� �\�Z�g�j�_�^�g�b�f�� �k�b�l�m�Z�p�b�•�Z�f�Z���� �d�Z�h�� �b�� �[�h�‚�h�•�� �d�h�f�m�g�b�d�Z�p�b�•�b�� �b�� �d�h�h�j�^�b�g�Z�p�b�•�b�� �k�\�b�o��
�j�_�e�_�\�Z�g�l�g�b�o���m�q�_�k�g�b�d�Z���h�^�]�h�\�h�j�g�b�o�� �a�Z���\�Z�g�j�_�^�g�_ 

                                                 
1 �A�^�j�Z�\�k�l�\�_�g�b �p�_�g�l�Z�j, �D�h�k�h�\�k�d�Z �F�b�l�j�h�\�b�p�Z 
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�J�b�a�b�d���b���[�_�a�[�_�^�g�h�k�g�b���b�g�`�_�ƒ�_�j�b�g�]��- �D�h�i�Z�h�g�b�d��������4. 
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�;�_�a���h�[�a�b�j�Z���g�Z���g�b�\�h�� �l�_�o�g�h�e�h�r�d�h�]���� �i�j�b�\�j�_�^�g�h�]�� �b�� �^�j�m�r�l�\�_�g�h�]�� �j�Z�a�\�h�•�Z���g�b���•�_�^�g�Z���a�_�f�‚�Z�� �g�_���f�h�`�_���Z��
�^�Z�� �k�_�� �g�_�� �[�Z�\�b�� �b�� �^�Z�� �a�Z�g�_�f�Z�j�b�� �[�j�h�•�g�_�� �j�b�a�b�d�_���� �h�i�Z�k�g�h�k�l�b�� �h�^�� �Z�d�p�b�^�_�g�Z�l�Z���� �m�^�_�k�Z���� �o�Z�\�Z�j�b�•�Z���� �i�j�b�j�h�^�g�b�o��
�d�Z�l�Z�k�l�j�h�n�Z�� �b�� �^�j�m�]�b�o�� �h�[�e�b�d�Z�� �j�Z�a�h�j�g�h�]�� �^�_�e�h�\�Z�ƒ�Z�� �g�Z�� �q�h�\�_�d�Z���� �f�Z�l�_�j�b�•�Z�e�g�Z�� �^�h�[�j�Z�� �b�� �`�b�\�h�l�g�m�� �k�j�_�^�b�g�m��
�m�h�i�r�l�_���I�j�_�f�Z�� �h�p�_�g�b�� �f�g�h�]�b�o�� �Z�g�Z�e�b�l�b�q�Z�j�Z���� �]�h�^�b�r�ƒ�_�� �k�_�� �^�_�k�b�� �\�b�r�_�� �h�^�� �i�_�l�� �f�b�e�b�h�g�Z�� �j�_�]�b�k�l�j�h�\�Z�g�b�o��
�i�h�`�Z�j�Z���� �k�l�h�� �o�b�‚�Z�^�Z�� �\�j�_�f�_�g�k�d�b�o�� �g�_�i�h�]�h�^�Z���� �h�d�h�� �^�_�k�_�l�� �o�b�‚�Z�^�Z���i�h�i�e�Z�\�Z���� �o�b�‚�Z�^�_���a�_�f�‚ �h�l�j�_�k�Z���� �m�j�Z�]�Z�g�Z����
�\�m�e�d�Z�g�k�d�b�o�� �_�j�m�i�p�b�•�Z���� �f�b�e�b�h�g�b�� �^�j�m�f�k�d�h-�l�j�Z�g�k�i�h�j�l�g�b�o�� �g�_�k�j�_�„�Z���� �o�b�‚�Z�^�_�� �\�_�e�b�d�b�o�� �b�g�^�m�k�l�j�b�•�k�d�b�o��
�o�Z�\�Z�j�b�•�Z�� �b�� �_�d�k�i�e�h�a�b�•�Z���� �k�l�h�l�b�g�_�� �[�j�h�^�h�e�h�f�Z���� �^�_�k�_�l�b�g�_���Z�\�b�h�g�k�d�b�o�� �g�_�k�j�_�„�Z���b�l�^���� �K�\�_�� �h�\�h�� �b�� �•�h�r�� �f�g�h�]�h�� �g�_��
�g�Z�[�j�h�•�Z�g�b�o�� �g�_�k�j�_�„�Z�� �j�Z�a�e�b�q�b�l�h�]�� �d�Z�j�Z�d�l�_�j�Z�� �i�j�_�^�k�l�Z�\�‚�Z���g�m�`�g�h�k�l�� �[�Z�\�‚�_�ƒ�Z�� �h�\�b�f�� �g�_�k�j�_�„�Z�f�Z���� �Z�� �m�� �b�k�l�h��
�\�j�_�f�_���b���\�_�e�b�d�b���a�Z�^�Z�l�Z�d���k�\�b�o���^�j�`�Z�\�Z���k�\�_�l�Z�� 

2. �<�:�G�J�?�>�G�?���K�B�L�M�:�P�B�3�? 

�<�Z�g�j�_�^�g�_�� �k�b�l�m�Z�p�b�•�_�� �k�_�� �^�_�n�b�g�b�r�m�� �d�Z�h�� �³�b�a�g�_�g�Z�^�g�_�� �k�b�l�m�Z�p�b�•�_  �g�Z���h�^�j�_�{�_�g�h�•�� �l�_�j�b�l�h�j�b�•�b�� �g�Z�k�l�Z�e�_��
�d�Z�h�� �j�_�a�m�e�l�Z�l�� �o�Z�\�Z�j�b�•�_���� �h�i�Z�k�g�_���i�j�b�j�h�^�g�_���i�h�•�Z�\�_���� �d�Z�l�Z�k�l�j�h�n�_���� �k�l�b�o�b�•�k�d�_ �b�e�b���_�e�_�f�_�g�l�Z�j�g�_���g�_�i�h�]�h�^�_���d�h�•�_��
�f�h�]�m�� �b�f�Z�l�b�� �b�e�b�� �b�f�Z�•�m�� �‚�m�^�k�d�_�� �`�j�l�\�_���� �g�Z�j�m�r�Z�\�Z�ƒ�_�� �a�^�j�Z�\�‚�Z�� �‚�m�^�b�� �b�e�b�� �i�j�b�j�h�^�g�_�� �k�j�_�^�b�g�_���� �^�h�\�h�^�_�� �^�h��
�a�g�Z�q�Z�•�g�b�o�� �f�Z�l�_�j�b�•�Z�e�g�b�o�� �]�m�[�b�l�Z�d�Z�� �b�� �g�Z�j�m�r�Z�\�Z�•�m�� �m�k�e�h�\�_�� �`�b�\�h�l�Z�� �b�� �j�Z�^�Z�� �‚�m�^�b�³�� ���������� �D�Z�^�Z�� �]�h�\�h�j�b�f�h�� �h��
�\�Z�g�j�_�^�g�h�•�� �k�b�l�m�Z�p�b�•�b�� �f�h�`�_�f�h�� �j�_�„�b�� �^�Z�� �\�Z�g�j�_�^�g�h�� �k�l�Z�ƒ�_�� �•�h�r�� �m�\�_�d�� �g�b�•�_�� �d�j�b�a�g�h���� �f�Z�^�Z�� �a�Z�o�l�_�\�Z�� �\�Z�g�j�_�^�g�_��
�a�Z�o�l�_�\�_���� �F�h�`�_�f�h�� �k�e�h�[�h�^�g�h�� �j�_�„�b�� �^�Z�� �•�_�� �\�Z�g�j�_�^�g�Z�� �k�b�l�m�Z�p�b�•�Z�� �r�b�j�b�� �i�h�•�Z�f�� �h�^�� �d�j�b�a�_�� �•�_�j�� �•�_���� �k�\�Z�d�Z�� �d�j�b�a�Z��
�m�•�_�^�g�h���b�� �\�Z�g�j�_�^�g�h���k�l�Z�ƒ�_�����^�h�d���k�\�Z�d�h���\�Z�g�j�_�^�g�h���k�l�Z�ƒ�_���g�_���f�h�j�Z���^�Z���[�m�^�_���d�j�b�a�Z�����H�\�h���[�b���f�h�]�e�h���^�Z���a�g�Z�q�b���^�Z��
�h�g�h�� �r�l�h�� �•�_ �a�Z�� �g�_�d�m�� �^�j�m�r�l�\�_�g�m�� �]�j�m�i�m�� �b�e�b�� �]�_�h�]�j�Z�n�k�d�m�� �a�Z�•�_�^�g�b�p�m���k�Z�f�h�� �\�Z�g�j�_�^�g�h���k�l�Z�ƒ�_�����\�_�e�b�d�b���i�h�`�Z�j����
�k�Z�h�[�j�Z�„�Z�•�g�Z���g�_�k�j�_�„�Z�������a�Z���g�_�i�h�k�j�_�^�g�_���Z�d�l�_�j�_���f�h�`�_���[�b�l�b���d�j�b�a�Z���b�e�b���d�Z�l�Z�k�l�j�h�n�Z�����D�Z�^�Z���^�j�m�r�l�\�h���j�_�^�h�\�g�b�f��
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THE ANALYZE THE LEVEL OF SATISFACTION OF EMPLOYEES T OWARDS 
THE ESSENTIAL CONDITIONS FOR OCCUPATIONAL HEALTH AN D SAFETY 

 Alin BRINDA1, Juliya  PETROVA2,Gabriela  Victoria  MNERIE3 

SUMMARY 
In this research there is a general consensus about that the OSH management should be considered part of the 

general management structure, not a separate business process. It is considered that as OHS issues become associated 
main activities of an organization will improve OSH performance of any changes at the organizational level (eg, due to 
economic problems, merger or contraction of rapid technological innovation). Given that implementation, maintenance 
and improvement of health and safety management and consultation work involves, in this paper scientifically it was 
performed consulting employees in order to analyze the level of satisfaction of employees towards the essential 
conditions safety and Health at Work in SC AQUATIM S. A. - Production Department, namely finding by applying of 
an opinion survey of the employees of this department of water treatment plants. After this method it is possible to 
generalize in many companies. 

Keywords: level of satisfaction, occupational health and safety, questionnaire 
 

1. Introduction 

After OHS legislation, the management system it must to achieve a good safety, a good health and 
ultimately a good business. 

The concept of OSH management system is fairly recent entrant into the Romanian legislation in the 
field, but enjoying the experience of many years in developed countries like UK, Germany, Australia, Japan 
etc.. Internationally there is a rich literature in this area (books, brochures, implementation guidelines, good 
practice guides and even websites).  

Analyses on level of satisfaction of employees towards the essential conditions for Occupational 
Health and Safety are conducted in the  many companies in European countries such as the Czech Republic. 
Also there is a great interest about this procedure in other countries with the prospect of joining the European 
Union, such as Moldova and Ukraine. 

In order to ensure an efficient safety risk management and obtain a permanent improvement of 
workplace safety, it is recommended for production companies to implement OHS management standard. 
�7�K�H�� �P�D�M�R�U�L�W�\�� �R�I�� �2�+�6�0�6�¶�V�� �D�U�H�� �E�D�V�H�G�� �R�Q�� �3�'�&�$�� �V�\�V�W�H�P�� �P�R�G�H�O�� ���)�L�J���������� �7�K�L�V�� �F�\�F�O�H�� �P�R�G�H�O�� �F�R�Q�V�L�V�W�V�� �R�I�� �Iive 
phases: OHS policy, planning, implementation and operation, checking and corrective actions and 
management review.  

�2�U�J�D�Q�L�]�D�W�L�R�Q�¶�V�� �W�R�S�� �P�D�Q�D�J�H�P�H�Q�W�� �V�K�D�O�O���G�H�I�L�Q�H���D�Q���D�S�S�U�R�S�U�L�D�W�H���2�+�6��policy. The policy must provide a 
framework for setting and reviewing OHS objectives, must be communicated to all personnel and be 
available to interested parties. 

The OHS policy should be reviewed periodically to ensure that it remains relevant and appropriate to 
the organization. Change is inevitable, as legislation and societal expectations evolve; consequently, the 
�R�U�J�D�Q�L�]�D�W�L�R�Q�¶�V�� �2�+�6�� �S�R�O�L�F�\�� �D�Q�G�� �2�+�6�� �P�D�Q�D�J�H�P�H�Q�W�� �V�\�V�W�H�P�� �Q�H�H�G�� �W�R�� �E�H�� �U�H�Y�L�H�Z�H�G�� �U�H�J�X�O�D�U�O�\�� �W�R�� �H�Q�V�X�U�H�� �W�K�H�L�U��
continuing suitability and effectiveness. [OHSAS18002:2008] 

 

                                                 
1 SC AQUATIM SA Timisoara, Romania 
2 Donetsk National University of Economics and trade named after  M. Tugan-Baranovsky, Donetsk, Ukraine 
3 �Ä�,�R�D�Q���6�O�D�Y�L�F�L�´���8�Q�L�Y�H�U�V�L�W�\����Timisoara, ROMANIA 
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Figure 1. - OHSAS 18001: 2007 PDCA model ���³Plan, Do, �&�K�H�F�N�����$�F�W�´�� 

 
The experience has shown that proper implementation and maintenance of an OSH management 

system brings many benefits to both employers and employees. Thus, in a report of the European Agency for 
Safety and Health at Work conducted following a study on the use of OSH management systems which 
targeted several businesses in EU countries shows that the implementation of these systems has had positive 
effects in all cases presented, resulting in the reduction of accidents and occupational diseases . The report 
also highlights that there is a general consensus that innovative management strategies are superior to 
traditional approaches and that they had a number of important benefits including: 

- ease of systematically analyzing the hazards, risks and incidents ; 
- greater awareness of hazards and risks; 
- improve transparency of internal processes ; 
- better communication between employees ; 
- stronger employee motivation and identification with the company ; 
- a more integrated perspective of the working environment ; 
- better OHS performance measurement . 

An interesting finding of the report referred to is that there were some shortcomings on 
communication and performance of functions of SSM "especially in organizations where the employee 
participation was voluntary, which has tended to lead to a low involvement from staff" . 

 
2. �7�K�H���$�4�8�4�7�,�0�¶�V���V�L�W�X�D�W�L�R�Q 

�$�4�8�$�7�,�0�� �7�L�P�L�ú�R�D�U�D�� �:�D�W�H�U�� �D�Q�G�� �6�H�Z�H�U�D�J�H�� �3�X�E�O�L�F�� �&�R�P�S�D�Q�\�� �Z�H�U�H���F�U�H�D�W�H�G�� �L�Q�� ������������ �$�4�8�$�7�,�0��
operates in 40 localities (460.000 inhabitants) in the Timis County and provides the following services: 
drinking and industrial water catchment and treatment, water and sewerage public networks operation and 
maintenance, domestic, industrial, rainwater and waste waters collecting, transportation and treatment, 
design and approval of the water and sewerage networks extension, checking, repairing and changing the 
water meters and the house connections and emptying works for the population and the companies. The 
length of the water supply network is 1200 km, and the sewerage network has a length of 650 km. 

The commercial company AQUATIM Timisoara (Fig. 1), is the Romanian legal person having legal 
form of joint stock company and operates in accordance with the law on the basis of economic management 
and financial autonomy and the rules of organization and operation. That company depend of the territorial 
administration local . 

�6�&���$�4�8�$�7�,�0�� �6���� �$���� �E�D�V�H�G���L�Q���5�R�P�D�Q�L�D�������7�L�P�L�V�R�D�U�D�������7�L�P�L�V�R�D�U�D���1�R���������V�W�U���*�K���/�D�]���U���R�S�H�U�D�W�L�Q�J���R�Q���W�K�H��
Timis County area where there water treatment plants , waterworks / sewerage and wastewater treatment and 
workshops related maintenance . 
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The company owns commercial property in Timisoara AQUATIM its heritage. The exercise of the 
right of ownership and management and has it uses automatically by the law, the goods it have the heritage 
to achieve the object of activity and the results they receive after using. 

 
 

Figure 2. - SC AQUATIM SA building office. 
 

After conducting a SWOT analysis on the management of OHS, it was found some weaknesses on 
the level of  awareness of the employees of the importance of the competence in the field of OSH. 
  

3. Experiments 
 

 One way to solve most of the weaknesses of the SWOT analysis is the operational procedure OP 
02/01/00 "Participation and consultation" - the specific requirements of 4.4.3.1. and 4.4.3.2 of OHSAS 
18001/2008. 

In accordance with: 
Law no. 319/2006 , of the safety and health , art. 18, which reads: 

(1) Employers shall consult workers and / or their representatives and allow them to participate in 
discussions on all questions relating to safety and health at work; 

( 2 ) Application of par. (1) implies : 
a) consultation of workers; 
b ) the right of workers and / or their representatives to make proposals ; 
c ) balanced participation . 

- Operational Procedure ' participation and consultation "PO-02.01.00/23.02.2010, art.6.1.2, Which 
reads: 
" Art.6.1.2 . Advise : 
- Employees are consulted every three years through questionnaires, the working conditions of the 

IPPC "art.6.4., which reads: 
" 6.4 . responsibilities: 
 6.4.1. Director General: 
- Decide consulting employees. 
6.4.2 . Internal Department for Prevention and Protection: 
- �3�H�U�I�R�U�P�V���F�R�Q�V�X�O�W�L�Q�J���H�P�S�O�R�\�H�H�V���� �T�X�H�V�W�L�R�Q�Q�D�L�U�H�V���D�Q�G���L�Q�I�R�U�P�D�W�L�R�Q�� �S�U�R�F�H�V�V�L�Q�J���H�P�S�O�R�\�H�U���´���>�����@ 

 
For this purpose it was applied a typical questionnaire to all employees AQUATIM SA.  
The questionnaire contained the following questions: 
1. Consider that you are sufficiently informed on OHS issues? 
2. Compared to the present situation, consider that the unit should pay more attention to issues of 

SSM? 
3. How do you appreciate your work place arrangement? 
4. How do you appreciate the arrangement of the related places of work (changing rooms, toilets ...)? 
5. How do you appreciate your personal protective equipment that you have available (PPE)? 
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6. What OHS issues you consider negative? 
Comparative results of the consultations and their synthesis is presented below. The measures 

proposed in the consultation analysis workers were analyzed in the Committee of Safety and Health at Work, 
which is the ruling body in health and safety at work in the company. 

Consulting workers was based on a schedule approved by the Director General to all employees 
AQUATIM SA unit. 

The questionnaires were distributed, completed and returned completed by most employees. 
After analyzing of the employee consultation questionnaires regarding the security and health for 2012 were 
recorded as follows data: 
TOTAL PERSONAL AQUATIM S. A. = 898 workers 

Completed questionnaires: 760 workers, 85% 
 
4. Discussion and Conclusion 

 
The consultation of workers through a questionnaire, without names, in health and safety at work is a 

useful and effective way for to detect deficiencies that were not raised in the inspections , and any areas for 
improvement of conditions at work sites and the not for the work (changing rooms, toilets , showers, etc.).  

The resulted deficiencies and improvement issues, disposal or retention those  transposed into an 
action plan to implement that was presented, reviewed and approved by the Committee on Safety and Health 
at Work. 

The measures were prioritized were set deadlines and responsibilities, funding include in their 
investment programs, acquisition and coverage appropriate measures of prevention and protection plan. 

Analyzing and comparing the results of the evaluation of the accidents risk and of the assessment 
and occupational diseases applied in 2009 and 2012 it has been found an improvement in the sense of 
reducing the overall risk level of injury and occupational disease throughout on the entire company from 
2.87 to 2.7 on a scale values from 1-7, 7 being the maximum risk in the terms of the operating area's growth 
,of the jobs and hence of the number of employees. AQUATIM chose the acceptable as risk level the value 
3.5. 

It can be concluded that the implementation of safety management and health at work with a good 
policy SSM helps to increase company performance. 

The improving the OSH in the AQUATIM is a permanent action and requires careful analysis and 
management of the environmental, organizational and workplace related and human and individual 
characteristics which influences the behavior at work . Practical examples are: 

- Redesigning workstations and introduction of new technologies - the auto-combination acquisition 
and the introduction of a program of maintenance of canal networks has led to higher productivity and the 
OHS risks, musculoskeletal disorders, reduced. 

- Implementation of preventive programs and health monitoring 
- Improved design workstations to reduce risks and increase motivation SSM labor. 
Regarding staff motivation works as follows: 
- Senior management demonstrates a clear and consistent capacity 
- Maintain safe and healthy working conditions 
- Employees who trust and are competent in what they do 
- OSH policies and effective systems are used and are functional 
- Involving employees in decision making SSM 
- Individuals, teams and organizations that are recognized and rewarded for their successes.  
After that study a summary of the directions of action is shown schematically in Figure 3. This 

image was popularized in the visible places close workspaces inside the company. This practical experience 
about the consulting of the employees on improving of the System of Security  and Health Management 
remains on SC AQUATIM SA, but it is proposed to extend to other firms in Timisoara and abroad. 
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Figure 3. - Scheme of the directions for improving OSH activities. 

The good policy requires OHS risk management. The prevention and control risk effectively SSM, 
has proven to be beneficial to any organization. 

The message is:  
Good OSH performance means good business. 
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NOTATIONS 

OHS �± Occupational Health and Safety  
OHSMS �± Occupational Health and Safety Management System 
PDCA - Plan, Do, Check, Act 
PPE  - Personal Protective Equipment 
HF - High Frequency 
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PREVENTIVE SAFETY MEASURES DURING SOIL DIGGING WORKS  

ABSTRACT: 
The paper identifies hazards to the safety of workers and passersby during soil digging works in public open 

spaces. Earthworks include excavation deeper than one meter, which can be planned or occur due to accidents on the 
district heating, water supply, sewerage or other pipeline networks. The most common accidents occur due to 
undermining and landslide of soil. In most cases, the consequences are fatal. Severe consequences for people can be 
very effectively eliminated by preventive constructive and organizational measures to prevent falls, landslides, fencing 
the site, etc. 

Keywords: preventive measures, soil digging, worksite 
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�•�_���g�Z�•�q�_�r�„�_���g�Z�^�e�_�`�g�h���•�Z�\�g�h���d�h�f�m�g�Z�e�g�h�� �i�j�_�^�m�a�_�„�_���d�Z�h���\�e�Z�k�g�b�d���^�h�l�b�q�g�_���h�i�j�_�f�_�� 
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�M���h�\�h�f���k�e�m�q�Z�•�m���b�a�\�h�{�Z�q���j�Z�^�h�\�Z���k�_���g�_���i�j�b�^�j�`�Z�\�Z���i�j�Z�\�g�b�o�� �i�j�h�i�b�k�Z�� �d�h�•�b�� �b�g�Z�q�_���^�_�p�b�^�g�h���g�Z�e�Z�`�m���b�a�j�Z�^�m��
�_�e�Z�[�h�j�Z�l�Z �h���m�j�_�{�_�ƒ�m���]�j�Z�^�b�e�b�r�l�Z�����O�b�l�g�h�k�l�� �j�Z�^�h�\�Z�����h�g�_�f�h�]�m�„�Z�\�Z�����a�[�h�]���h�]�j�Z�g�b�q�_�g�h�]�� �\�j�_�f�_�g�Z��
�i�h�l�j�_�[�g�h�]�� �a�Z���b�a�j�Z�^�m���b���h�^�h�[�j�_�ƒ�_���l�h�]���^�h�d�m�f�_�g�l�Z���h�^���k�l�j�Z�g�_���b�g�k�i�_�d�p�b�•�_���� �b�a�j�Z�^�m���d�h�j�_�d�l�g�h�]�� �_�e�Z�[�h�j�Z�l�Z���a�Z��
�k�\�Z�d�h���i�h�•�_�^�b�g�Z�q�g�h�� �j�Z�^�b�e�b�r�l�_�����N�Z�d�l�b�q�d�b���b�g�k�i�_�d�p�b�•�Z�� �h�^�h�[�j�Z�\�Z���j�Z�^�h�\�_���Ä�g�Z���g�_�\�b�{�_�g�h�³�� 
�G�Z���h�k�g�h�\�m���b�k�d�m�k�l�\�Z���l�•�����^�h�[�j�_���b�g�`�_�ƒ�_�j�k�d�_���i�j�Z�d�k�_���i�h�l�j�_�[�g�h���•�_���j�Z�a�j�Z�^�b�l�b���k�l�j�Z�l�_�]�b�•�m���m���h�^�j�`�Z�\�Z�ƒ�m��
�b�g�n�j�Z�k�l�j�m�d�l�m�j�g�b�o�� �p�_�\�g�b�o�� �b�g�k�l�Z�e�Z�p�b�•�Z�� �d�h�•�_���[�b���i�j�h�Z�d�l�b�\�g�h�� �[�b�e�Z���^�h�d�m�f�_�g�l�h�\�Z�g�Z���b�� �h�[�_�a�[�_�^�b�e�Z��
�f�Z�d�k�b�f�Z�e�g�m���[�_�a�[�_�^�g�h�k�l���a�Z�i�h�k�e�_�g�b�o���g�Z���l�h�f���j�Z�^�b�e�b�r�l�m�����K�l�j�Z�l�_�]�b�•�Z���d�Z�h���\�Z�e�b�^�Z�g���^�h�d�m�f�_�g�l��
�i�j�_�^�k�l�Z�\�‚�Z�e�Z���[�b���a�Z�f�_�g�m���a�Z���_�e�Z�[�h�j�Z�l�����?�e�Z�[�h�j�Z�l���h���m�j�_�{�_�ƒ�m���]�j�Z�^�b�e�b�r�l�Z���h�[�Z�\�_�a�g�h���f�h�j�Z���k�Z�^�j�`�Z�l�b��
�k�e�_�^�_�„�_���Z�d�l�b�\�g�h�k�l�b�� 

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

�g�_�d�h�j�b�r�„�_�ƒ�Z���b�e�b�� �a�e�h�m�i�h�l�j�_�[�_���k�Z�g�d�p�b�h�g�b�k�Z�l�b���� �b�� 
- �h�k�b�]�m�j�Z�l�b�� �d�h�f�i�_�l�_�g�l�g�Z���k�l�j�m�q�g�Z���e�b�p�_���a�Z���k�l�Z�e�Z�g���g�Z�^�a�h�j���g�Z�^���k�\�b�f���j�Z�^�h�\�b�f�Z�� 
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�M�a�j�h�p�b���i�h�\�j�_�{�b�\�Z�ƒ�Z���b�e�b�� �i�h�•�Z�\�_�� �h�[�h�‚�_�ƒ�Z���f�h�]�m���g�Z�k�l�Z�l�b���m�k�e�_�^���i�j�b�k�m�l�g�b�o�� �h�i�Z�k�g�h�k�l�b�� �b�� �r�l�_�g�h�k�l�b���i�j�b��
�b�a�\�h�{�_�ƒ�m���a�_�f�‚�Z�g�b�o���j�Z�^�h�\�Z���d�Z�h���r�l�h���k�m�� 

- �h�[�j�m�r�Z�\�Z�ƒ�_���b���h�^�j�h�g�Z���a�_�f�‚�Z�g�b�o���a�b�^�h�\�Z���b���g�Z�k�b�i�Z�� 
- �i�h�•�Z�\�Z���d�e�b�a�b�r�l�Z�� 
- �a�Z�l�j�i�Z�\�Z�ƒ�_���a�Z�i�h�k�e�_�g�b�o���d�h�•�b�� �k�_ �g�Z�e�Z�a�_���m���d�Z�g�Z�e�m-�j�h�\�m���a�_�f�‚�Z�g�b�f���f�Z�l�_�j�b�•�Z�e�b�f�Z�� 
- �i�Z�^�Z���m���d�Z�g�Z�e-�j�h�\���i�h�l�j�_�[�g�b�o���j�_�a�_�j�\�g�b�o���^�_�e�h�\�Z�����f�Z�r�b�g�Z�����Z�e�Z�l�Z���b���k�e�b�q�g�h�� 
- �k�e�m�q�Z�•�g�b�� �d�h�g�l�Z�d�l�� �k�Z�� �]�j�Z�{�_�\�b�g�k�d�b�f�� �f�Z�r�b�g�Z�f�Z�� �b�� �m�j�_�{�Z�•�b�f�Z�� �i�j�b�� �f�Z�r�b�g�k�d�h�f�� �b�k�d�h�i�Z�\�Z�ƒ�m��

�a�_�f�‚�Z�g�b�o���f�Z�l�_�j�b�•�Z�e�Z�� 
- �i�Z�^���i�j�b�� �g�_�i�j�Z�\�b�e�g�h�f�� �k�b�e�Z�`�_�ƒ�m���b�e�b���i�_�ƒ�Z�g�•�m���m �d�Z�g�Z�e-�j�h�\�� 
- �m�i�Z�^�Z�ƒ�_�� �m�� �d�Z�g�Z�e-�j�h�\�� �j�Z�^�g�b�d�Z�� �b�e�b�� �k�e�m�q�Z�g�h�� �i�j�b�k�m�l�g�b�o�� �h�k�h�[�Z�� �d�h�•�b�� �k�_�� �d�j�_�„�m�� �m�� �[�e�b�a�b�g�b��

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

�k�e�m�q�Z�•�g�_���i�j�h�e�Z�a�g�b�d�_�� 
- �h�r�l�_�„�_�ƒ�_�� �^�m�]�b�o�� �\�j�k�l�Z�� �b�g�n�j�Z�k�l�j�m�d�l�m�j�g�b�o�� �b�g�k�l�Z�e�Z�p�b�•�� ���i�h�\�j�_�^�_�� �m�k�e�_�^�� �h�i�Z�k�g�h�k�l�b�� �h�^��

�l�j�Z�g�k�i�h�j�l�h�\�Z�g�h�]�� �f�_�^�b�•�m�f�Z���m���l�b�f���b�g�k�l�Z�e�Z�p�b�•�Z�f�Z���� 
- �i�h�•�Z�\�Z���r�l�_�l�g�b�o���a�Z�i�Z�‚�b�\�b�o���b�� �h�i�Z�k�g�b�o�� �f�Z�l�_�j�b�•�Z�� 
- �i�h�•�Z�\�Z���i�h�^�a�_�f�g�b�o���b���g�Z�^�a�_�f�g�b�o���\�h�^�Z���b�� 
- �d�e�b�f�Z�l�k�d�h���Z�l�f�h�k�n�_�j�k�d�b�o���i�h�•�Z�\�Z�� 
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�I�j�_�\�_�g�l�b�\�g�_���f�_�j�_���[�_�a�[�_�^�g�h�k�l�b �d�h�•�_���k�_���f�h�j�Z�•�m���i�j�b�f�_�g�b�l�b�� �i�j�b�� �b�k�d�h�i�m�� �a�_�f�‚�Z�g�b�o���f�Z�l�_�j�b�•�Z�e�Z���k�m��
�k�Z�k�l�Z�\�g�b���^�h���Z�d�l�Z���h���i�j�h�p�_�g�b���j�b�a�b�d�Z�����K�i�j�h�\�h�{�_�ƒ�_���[�_�a�[�_�^�g�h�k�g�b�o���f�_�j�Z���h�^�g�h�k�b���k�_���d�Z�d�h���g�Z���b�a�\�h�{�Z�q�Z��
�f�h�g�l�_�j�k�d�b�o���j�Z�^�h�\�Z���g�Z���p�_�\�g�b�f�� �b�g�k�l�Z�e�Z�p�b�•�Z�f�Z���l�Z�d�h���b���g�Z���b�a�\�h�{�_�ƒ�m���i�j�b�i�j�_�f�g�b�o�� �]�j�Z�{�_�\�b�g�k�d�b�o�� �j�Z�^�h�\�Z���g�Z��
�b�k�d�h�i�m�� �a�_�f�‚�Z�g�b�o���f�Z�l�j�_�b�•�Z�e�Z�����D�Z�d�h���k�m���h�\�b�� �i�h�k�e�h�\�b�� �b�k�i�j�_�i�e�_�l�Z�g�b�� �[�_�a�[�_�^�g�h�k�g�_���f�_�l�h�^�Z���j�Z�^�Z���k�_���f�h�]�m��
�i�h�k�f�Z�l�j�Z�l�b���m���b�g�l�_�]�j�Z�e�g�h�f�� �d�h�g�l�_�d�k�l�m�����G�Z�•�a�g�Z�q�Z�•�g�b�•�_�� �[�_�a�[�_�^�g�h�k�g�_���f�_�j�_���k�m���k�e�_�^�_�„�_�� 

�¾ �f�_�j�_���i�j�h�l�b�\���h�[�j�m�r�Z�\�Z�ƒ�Z���b���h�^�j�h�g�Z���a�_�f�‚�Z�g�b�o���f�Z�l�_�j�b�•�Z�e�Z���� 
�x �i�h�k�l�Z�\�‚�Z�ƒ�_�f���h�i�e�Z�l�Z���b���b�e�b���i�h�^�]�j�Z�^�Z���m���b�k�d�h�i�m�� 
�x �b�a�j�Z�^�h�f�� �d�h�k�b�g�Z�� �g�Z�� �a�_�f�‚�Z�g�b�f�� �f�Z�l�_�j�b�•�Z�e�b�f�Z�� ���d�h�i�Z�ƒ�_�f�� �^�h�\�h�‚�g�h�� �r�b�j�h�d�h�]�� �j�h�\�Z�� �b�e�b��

�j�m�i�_���� 
�¾ �b�a�[�Z�p�b�\�Z�ƒ�_�f���a�_�f�‚�Z�g�b�o���f�Z�l�_�j�b�•�Z�e�Z���g�Z���^�h�\�h�‚�g�h���j�Z�k�l�h�•�Z�ƒ�m���h�^���a�b�^�Z���j�h�\�Z���� 
�¾ �g�Z�^�\�b�r�_�ƒ�f���h�i�e�Z�l�_���b�a�g�Z�^���a�b�^�Z���j�h�\�Z�� 
�¾ �k�i�j�_�q�Z�\�Z�ƒ�_�f�� �d�e�b�a�Z�ƒ�Z�� �a�_�f�‚�Z�g�b�o�� �k�e�h�•�_�\�Z�� �h�d�h�e�g�b�o�� �h�[�•�_�d�Z�l�Z�� ���i�h�a�g�Z�l�b�f�� �d�h�g�k�l �j�m�d�l�b�\�g�b�f��

�j�_�r�_�ƒ�b�f�Z���� 
�¾ �k�l�Z�e�g�b�f���i�j�Z�„�_�ƒ�_�f���b���i�h�k�f�Z�l�j�Z�ƒ�_�f���l�_�j�_�g�Z���h�^���k�l�j�Z�g�_���h�^���k�l�j�Z�g�_���a�Z�^�m�`�_�g�h�]���g�Z�^�a�h�j�g�h�]���l�_�e�Z�� 
�¾ �h�[�_�a�[�_�{�_�ƒ�_�f���i�h�l�_�j�[�g�_���^�h�d�m�f�_�g�l�Z�p�b�•�_���h���h�k�l�Z�e�b�f���b�g�n�j�Z�k�l�j�m�d�l�m�j�g�h�•���h�i�j�_�f�b���b�� �b�g�k�l�Z�e�Z�p�b�•�Z�f�Z�� 
�¾ �i�j�b�f�_�g�h�f�� �e�_�k�l�\�b�� �a�Z�� �k�b�e�Z�`�_�ƒ�_�� �b�� �i�_�ƒ�Z�ƒ�_�� ��������cm �b�a�g�Z�^�� �i�h�\�j�r�b�g�_�� �b�k�d�h�i�Z �b�� �k�i�j�_�q�Z�\�Z�ƒ�_�f��

�d�e�b�a�Z�ƒ�Z���d�j�Z�d�h�\�Z���e�_�k�l�\�b���� 
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�¾ �i�h�k�l�Z�\�‚�Z�ƒ�_���a�g�Z�d�h�\�Z���m�i�h�a�h�j�_�ƒ�Z���h���i�j�b�k�m�l�g�b�f���h�i�Z�k�g�h�k�l�b�f�Z�� 
�¾ �h�]�j�Z�{�b�\�Z�ƒ�_���]�j�Z�^�b�e�b�r�l�Z�� 
�¾ �i�h�k�l�Z�\�‚�Z�ƒ�_���k�Z�h�[�j�Z�„�Z�•�g�_���k�b�]�g�Z�e�b�a�Z�p�b�•�_���b�� �j�_�]�m�e�b�k�Z�ƒ�_���k�Z�h�[�j�Z�„�Z�•�Z�� 
�¾ �i�h�k�l�Z�\�‚�Z�ƒ�_���h�k�\�_�l�‚�_�ƒ�Z�����j�Z�^�h�\�b���k�_���b�a�\�h�^�_���g�h�„�m���� 
�¾ �h�[�Z�\�_�a�g�h���d�h�j�b�r�„�_�ƒ�_���e�b�q�g�_���a�Z�r�l�b�l�g�_���h�i�j�_�f�_���b���k�j�_�^�k�l�\�Z�� 
�¾ �i�j�Z�\�b�e�g�b�f�� �k�d�e�Z�^�b�r�l�_�ƒ�_�f���b���h�^�e�Z�]�Z�ƒ�_�f���h�i�j�_�f�_���b���m�i�h�l�j�_�[�‚�Z�\�Z�g�b�o���f�Z�l�_�j�b�•�Z�e�Z�� 
�¾ �h�^�j�`�Z�\�Z�ƒ�_���j�Z�^�b�e�b�r�l�Z���m���m�j�_�{�_�g�h�f���k�l�Z�ƒ�m�����b�a�[�_�]�Z�\�Z�ƒ�_���a�Z�d�j�q�_�g�h�k�l�b���j�Z�^�g�h�]���i�j�h�k�l�h�j�Z���� 
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�K�\�Z�d�h�^�g�_�\�g�h���\�_�e�b�d���[�j�h�•�� �b�g�l�_�j�\�_�g�p�b�•�Z�� �g�Z���h�l�d�e�Z�ƒ�Z�ƒ�m���h�l�d�Z�a�Z���g�Z���d�h�f�m�g�Z�e�g�b�f�� �b�g�n�j�Z�k�l�j�m�d�l�m�j�g�b�f��
�b�g�k�l�Z�e�Z�p�b�•�Z�f�Z���a�Z�o�l�_�\�Z���k�Z���Z�k�i�_�d�l�Z���[�_�a�[�_� �̂g�h�k�l�b���b���a�^�j�Z�\�‚�Z���g�Z���j�Z�^�m���i�h�k�_�[�Z�g���i�j�b�e�Z�a���� 
�A�Z�d�h�g�k�d�Z���j�_�]�m�e�Z�l�b�\�Z���m���h�[�e�Z�k�l�b���]�j�Z�{�_�\�b�g�Z�j�k�l�\�Z���i�h�k�_�[�g�m���i�Z�`�ƒ�m���i�h�k�\�_�„�m�•�_�� �[�_�a�[�_�^�g�h�k�l�b���g�Z���j�Z�^�m���a�[�h�]��
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�6�$�ä�(�7�$�.�� 
�8�� �R�Y�R�P�� �U�D�G�X���S�U�L�N�D�]�D�Q�R���M�H���L�V�W�U�D�å�L�Y�D�Q�M�H���S�D�U�D�P�H�W�D�U�D���U�D�G�Q�R�J���R�N�R�O�L�ã�D���X���S�R�J�R�Q�X���]�D���S�U�R�L�]�Y�R�G�Q�M�X���S�D�O�H�W�D�����,�V�W�U�D�å�L�Y�D�Q�M�H��

�U�D�G�Q�R�J�� �R�N�R�O�L�ã�D�� �S�R�G�L�M�H�O�M�H�Q�R�� �M�H�� �X�� �V�O�M�H�G�H�ü�L�K�� ���� �N�D�W�H�J�R�U�L�M�D���� �P�L�N�U�R�N�O�L�P�D�W�V�N�L �X�Y�M�H�W�L���� �W�H�P�S�H�U�D�W�X�U�D���� �U�H�O�D�W�L�Y�Q�D�� �Y�O�D�å�Q�R�V�W���� �E�U�]�L�Q�D��
�V�W�U�X�M�D�Q�M�D�� �]�U�D�N�D���� �R�V�Y�L�M�H�W�O�M�H�Q�R�V�W���� �N�H�P�L�M�V�N�H�� �ã�W�H�W�Q�R�V�W�L�� �L�� �E�X�N�D���� �6�Y�L���S�R�N�D�]�D�W�H�O�M�L���L�]�P�M�H�U�H�Q�L���V�X���X���V�N�O�D�G�X���V���S�R�V�W�R�M�H�ü�R�P���S�R�]�L�W�L�Y�Q�R�P��
�]�D�N�R�Q�V�N�R�P�� �U�H�J�X�O�D�W�L�Y�R�P���� �'�R�E�L�Y�H�Q�L�� �U�H�]�X�O�W�D�W�L�� �X�� �R�Y�R�P�� �L�V�W�U�D�å�L�Y�D�Q�M�X�� �D�Q�D�O�L�]�L�U�D�Q�L�� �V�X�� �V�W�D�W�L�V�W�L�þ�N�R�P�� �P�H�W�R�G�R�P�� �L�� �X�V�S�R�U�H�ÿ�H�Q�L���V�X���V��
dozvoljenim vrijednostima koje su propisane u pravilnicima i ostaloj zakonskoj regulativi. Analiza dobivenih podataka 
�S�R�N�D�]�D�O�D���M�H���G�D���V�H���S�R�V�O�R�G�D�Y�D�F���S�U�L�G�U�å�D�Y�D���S�R�V�W�R�M�H�ü�L�K���S�U�D�Y�L�O�Q�L�N�D���L���]�D�N�R�Q�D���L�D�N�R���V�X���G�R�E�L�Y�H�Q�D���P�D�Q�M�D���R�G�V�W�X�S�D�Q�M�D���X���G �R�S�X�ã�W�H�Q�R�M��
�U�D�]�L�Q�L���E�X�N�H�����,�D�N�R���V�X���U�D�G�Q�L�F�L�P�D���R�V�L�J�X�U�D�Q�D���Y�L�V�R�N�R���N�Y�D�O�L�W�H�W�Q�D���2�=�6���]�D���]�D�ã�W�L�W�X���V�O�X�K�D�����S�U�L���þ�L�M�H�P���V�H���R�G�D�E�L�U�X���Y�R�G�L�O�D���E�U�L�J�D���G�D���V�X��
�X���V�N�O�D�G�X���V���]�D�K�W�M�H�Y�L�P�D���]�D�N�R�Q�V�N�H���U�H�J�X�O�D�W�L�Y�H���L���Q�R�U�P�L���S�R�W�U�H�E�Q�R���M�H���Q�D�J�O�D�V�L�W�L���G�D���2�=�6���Q�L�V�X���S�U�L�P�D�U�Q�L���Q�D�þ�L�Q���U�M�H�ã�D�Y�D�Q�M�D���S�U�R�E�O�H�P�D��
�ã�W�H�W�Q�R�V�W�L�� �Q�D�� �U�D�G�Q�R�P�� �P�M�H�V�W�X���� �Y�H�ü���V�X���W�R���R�V�Q�R�Y�Q�D���S�U�D�Y�L�O�D���=�1�5�����2�Y�D�M���U�D�G���V�Y�R�M�R�P���W�H�P�D�W�L�N�R�P���X�N�D�]�X�M�H���Q�D���S�R�W�U�H�E�X���L���Y�D�å�Q�R�V�W��
�U�H�G�R�Y�L�W�H�� �N�R�Q�W�U�R�O�H�� �L���L�V�S�L�W�L�Y�D�Q�M�D���U�D�G�Q�R�J���R�N�R�O�L�ã�D���X���V�Y�L�P���J�R�V�S�R�G�D�U�V�N�L�P���J�U�D�Q�D�P�D�����7�D�N�R�ÿ�H�U�����M�H���Y�D�å�Q�R���X�N�D�]�L�Y�D�W�L���Q�D���S�U�R�E�O�H�P�H���L��
�S�U�H�G�O�D�J�D�W�L���P�M�H�U�H�� �]�D�� �S�R�E�R�O�M�ã�D�Q�M�H���U�D�G�Q�R�J���R�N�R�O�L�ã�D���ã�W�R���M�H���X���R�Y�R�P���U�D�G�X���Q�D�S�U�D�Y�O�M�H�Q�R���]�D���N�R�Q�N�U�H�W�Q�L���S�R�J�R�Q���]�D���S�U�H�U�D�G�X���S�H�O�H�W�D���� 

�.�O�M�X�þ�Q�H�� �U�L�M�H�þ�L�� �=�D�ã�W�L�W�D�����U�D�G�Q�L���R�N�R�O�L�ã 
 

TESTING OF PARAMETERS IN WORKING ENVIROMENT OF THE 
PELLETS PRODUCTION PLANT 

 

ABSTRACT: 
This paper presents the research parameters  of the working environment at the facility for the production of 

pallets. Research work environment is divided into the following seven categories: microclimate conditions, 
temperature, relative humidity, air velocity, brightness, chemical identification and noise. All indicators are measured in 
accordance with the existing positive legislation. The results obtained in this study were analyzed by a statistical 
method and compared with allowable values prescribed in the regulations and other legislation. Analysis of the data 
obtained showed that the employer reserves the existing ordinances and laws, although they received minor deviations 
in the permissible sound level. Although workers provided high quality PPE hearing protection, at whose selection 
concern was that they comply with the requirements of legislation and standards must be emphasized that PPE is not the 
primary way of solving the problem identification in the workplace, but these are the basic rules of safety at work. This 
work its theme points to the need and importance of regular inspection and testing of the working environment in all 
industries. Also, it is important to point out the problems and propose measures to improve the working  environment in 
which this work done for concrete processing plant pellets. 

Keywords: Protection, work environment 
 

1. UVOD  

Ispitivanje i kontrola parametara radnog okoli�ãa izuzetno je va�åno za utvr�ÿivanje �ãtetnosti kojima su 
radnici izlo�åeni u radnom okoli�ãu. Svrha ispitivanja pojedinih parametara radnog okoli�ãa je utvrditi koliko su 
nalazi ispitivanja u granicama utvr�ÿenim propisima i normama koje se odnose na pojedina podru�þja. 
Obaveza ispitivanja radnog okoli�ãa proizlazi iz za�ãtite na radu s ciljem smanjenja rizika od profesionalnih 
bolesti. [1] 

Prema �þlanku 50. ZNR-a poslodavac je du�åan obavljati ispitivanja u radnim prostorijama u kojima 
proces rada koji se u njima obavlja utje�þe na temperaturu, vla�ånost i brzinu strujanja zraka; u kojima u 
procesu rada nastaje buka i vibracije; u kojima se pri radu koriste ili  proizvode opasne tvari; u kojima pri 

                                                 
1 �V�W�X�G�H�Q�W�L�F�D���� �9�H�O�H�X�þ�L�O�L�ã�W�H�� �X���.�D�U�O�R�Y�F�X�������7�U�J���-�����-�����6�W�U�R�V�V�P�D�\�H�U�D��9 
2 �9�H�O�H�X�þ�L�O�L�ã�W�H�� �X���.�D�U�O�R�Y�F�X�������7�U�J���-�����-�����6�W�U�R�V�V�P�D�\�H�U�D���� 
3 �&�,�$�.�����-�R�V�L�S�D���/�R�Q�þ�D�U�D�������������=�D�J�U�H�E 
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radu nastaju opasna zra�þenja te u kojima je pri radu potrebno osigurati odgovaraju�üu rasvjetu. Ispitivanje 
radnog okoli�ãa poslodavac je du�åan obaviti u rokovima koji ne mogu biti du�åi od dvije godine. [2] 

Me�ÿutim, do�ÿe li do promjena u radnom okoli�ãu, pojave li se neke �ãtetnosti ili  se radnici po�åale na 
radne uvijete u radnoj prostoriji ili  prostoru, du�ånost je poslodavca, bez obzira na prethodno izvr�ãeno 
ispitivanje, ponovno ispitati parametre radnog okoli�ãa, analizirati ih i predlo�åiti mjere za pobolj�ãanje. 

Glavni cilj ovog istra�åivanja je utvrditi odgovaraju li postoje�üi fizikalni i kemijski �þimbenici 
zakonskim propisima i normama koje se odnose na pojedina podru�þja u tvrtci za proizvodnju paleta i 
primjenjuju li se u toj tvrtci propisi za ova podru�þja istra�åivanja? 

2. �&�,�/�-���,�6�7�5�$�ä�,�9�$�1�-�$ 

Postrojenje za proizvodnju paleta granski mo�åemo svrstati u drvoprera�ÿiva�þku industriju. Radnici 
koji rade u preradi i obradi drveta izlo�åeni su tijekom rada raznim �ãtetnostima, fizikalnim i kemijskim. 
Radnici su tijekom rada izlo�åeni, izme�ÿu ostalih opasnosti i �ãtetnosti, utjecaju buke i pra�ãine drveta. 

Osnovni cilj rada je izmjeriti parametre u radnom okoli�ãu postrojenja za proizvodnju paleta i  utvrditi 
da li postoje�üi fizikalni i kemijski �þimbenici odgovaraju zakonskim propisima. Na osnovu rezultata 
preporu�þene su mjere za pobolj�ãanje radnih uvjeta. 

3. METODE RADA 

Pretpostavka je da poslodavac primjenjuje propise za rad na siguran na�þin, no da su mogu�üa manja 
odstupanja u proizvodnom procesu glede propisanih uvjeta rada na pojedinim radnim mjestima. Kako bi se 
parametri radnog okoli�ãa bili �ãto uspje�ãnije analizirani prethodno je bilo potrebno izvr�ãiti sljede�üe: [1] 

�x izraditi plan mjerenja 

�x �R�E�D�Y�L�W�L�� �P�M�H�U�H�Q�M�H�� �S�D�U�D�P�H�W�D�U�D�� �U�D�G�Q�R�J�� �R�N�R�O�L�ã�D�� ���W�H�P�S�H�U�D�W�X�U�D���� �Y�O�D�å�Q�R�V�W���� �E�U�]�L�Q�D�� �V�W�U�X�M�D�Q�M�D�� �]�U�D�N�D����
�R�V�Y�L�M�H�W�O�M�H�Q�R�V�W���� �E�X�N�D�����S�U�D�ã�L�Q�D�� 

�x ocijeniti rezultate mjerenja mikroklimatskih uvjeta  u skladu s normom U.J5.600 i U.J5.610, [3] 
�³�3�U�D�Y�L�O�Q�L�N�R�P�� �R�� �]�D�ã�W�L�W�L�� �Q�D�� �U�D�G�X�� �]�D�� �U�D�G�Q�H�� �L�� �S�R�P�R�ü�Q�H���S�U�R�V�W�R�U�L�M�H���L�� �S�U�R�V�W�R�U�H�³�� �1���1���� ���������� ���� �³�3�U�D�Y�L�O�Q�L�N�R�P���R��
�L�]�P�M�H�Q�D�P�D�� �L�� �G�R�S�X�Q�D�P�D�� �S�U�D�Y�L�O�Q�L�N�D�� �R�� �]�D�ã�W�L�W�L�� �Q�D�� �U�D�G�X�� �]�D���U�D�G�Q�H�� �L�� �S�R�P�R�ü�Q�H�� �S�U�R�V�W�R�U�L�M�H�� �L�� �S�U�R�V�W�R�U�H�³�� �1���1����
42/05. [4] 

�x �R�F�L�M�H�Q�L�W�L�� �U�H�]�X�O�W�D�W�H�� �P�M�H�U�H�Q�M�D�� �E�X�N�H�� �V�X�N�O�D�G�Q�R�� �3�U�D�Y�L�O�Q�L�N�X���R�� �]�D�ã�W�L�W�L�� �U�D�G�Q�L�N�D�� �R�G�� �L�]�O�R�å�H�Q�R�V�W�L�� �E�X�F�L�� �Q�D�� �U�D�G�X�³��
(NN 46/08);  

�x �2�F�L�M�H�Q�L�W�L�� �L�V�S�L�W�L�Y�D�Q�M�H�� �R�V�Y�L�M�H�W�O�M�H�Q�R�V�W�L�� �X�� �V�N�O�D�G�X�� �M�H�� �V�� �R�G�U�H�G�E�D�P�D���+�5�1���8���&�������������������� �³�'�Q�H�Y�Q�R���L�� �H�O�H�N�W�U�L�þ�Q�R��
�R�V�Y�M�H�W�O�M�H�Q�M�H�� �S�U�R�V�W�R�U�L�M�D�� �X���]�J�U�D�G�D�P�D�³�����>���@ 

�x �2�F�L�M�H�Q�L�W�L�� �U�H�]�X�O�W�D�W�H�� �L�V�S�L�W�L�Y�D�Q�M�D�� �N�H�P�L�M�V�N�L�K�� �ã�W�H�W�Q�R�V�W�L���X�� �V�N�O�D�G�X�� �V�� �R�G�U�H�G�E�D�P�D�� �3�U�D�Y�L�O�Q�L�N�D �R�� �J�U�D�Q�L�þ�Q�L�P��
�Y�U�L�M�H�G�Q�R�V�W�L�P�D�� �L�]�O�R�å�H�Q�R�V�W�L�� �R�S�D�V�Q�L�P�� �W�Y�D�U�L�P�D�� �S�U�L�� �U�D�G�X�� �L�� �R���E�L�R�O�R�ã�N�L�P�� �J�U�D�Q�L�þ�Q�L�P�� �Y�U�L�M�H�G�Q�R�V�W�L�P�D���� �1���1����
13/09. [6] 

�x �,�]�U�D�G�L�W�L�� �S�U�L�M�H�G�O�R�J�� �P�M�H�U�D���]�D���S�R�E�R�O�M�ã�D�Q�M�H�� �U�D�G�Q�L�K���X�Y�M�H�W�D�� 

�2�V�Q�R�Y�Q�D�� �P�H�W�R�G�D�� �]�D�� �L�]�U�D�G�X�� �L�V�W�U�D�å�L�Y�D�þ�N�R�J�� �U�D�G�D�� �M�H�� �N�Y�D�Q�W�L�W�D�W�L�Y�Q�D���� �>���@�� �7�R�� �]�Q�D�þ�L�� �G�D�� �V�P�R�� �Q�X�P�H�U�L�þ�N�L�P��
�Y�U�L�M�H�G�Q�R�V�W�L�P�D�� �L�]�U�D�]�L�O�L�� �L�]�P�M�H�U�H�Q�H�� �Y�H�O�L�þ�L�Q�H�� �ã�W�H�W�Q�R�V�W�L���� �W�H�� �V�P�R�� �L�K�� �Q�D�N�R�Q�� �P�M�H�U�H�Q�M�D�� �X�V�S�R�U�H�ÿ�L�Y�D�O�L�� �W�D�N�R�ÿ�H�U�� �V��
�Q�X�P�H�U�L�þ�N�L�P�� �V�W�D�Q�G�D�U�G�L�P�D���Y�U�L�M�H�G�Q�R�V�W�L�� �N�R�M�H���V�X���G�R�S�X�ã�W�H�Q�H���]�D���S�R�M�H�G�L�Q�H�� �Y�U�V�W�H���ã�W�H�W�Q�R�V�W�L���X���U�D�G�Q�R�P���R�N�R�O�L�ã�X�� 

4. MIKROKLIMATSKI UVJETI 

Mikroklima (temperatura���� �Y�O�D�å�Q�R�V�W�� �]�U�D�N�D���� �E�U�]�L�Q�D�� �V�W�U�X�M�D�Q�M�D�� �]�U�D�N�D���� �± ispitana je  na svakom radnom 
�P�M�H�V�W�X���� �X�]�� �U�D�G�Q�L�� �V�W�U�R�M�� �L�� �Q�D�� �V�U�H�G�L�Q�L�� �U�D�G�Q�H�� �S�U�R�V�W�R�U�L�M�H���� �,�V�S�L�W�L�Y�D�Q�M�H�� �P�L�N�U�R�N�O�L�P�H�� �L�]�Y�U�ã�H�Q�R���M�H���N�R�G���X�R�E�L�þ�D�M�H�Q�L�K���U�D�G�Q�L�K��
uvjeta, 1,2 m od poda. Za ispitivanje  mikroklimatskih parametara kori�ã�W�H�Q�L���V�X���V�O�L�M�H�G�H�ü�L�� �L�Q�V�W�U�X�P�H�Q�W�L�� 

�x �=�D���P�M�H�U�H�Q�M�H���W�H�P�S�H�U�D�W�X�U�H���L���U�H�O�D�W�L�Y�Q�H���Y�O�D�å�Q�R�V�W�L�� �]�U�D�N�D���� �7�(�6�7�2�������������V�H�U�L�M�V�N�L�� �E�U�������������������� 

�x Za mjerenje brzine strujanja zraka: Kestrel 2000, serijski broj 1613690 

�,�]�P�M�H�U�H�Q�L�� �P�L�N�U�R�N�O�L�P�D�W�V�N�L�� �X�Y�M�H�W�L�� ���W�H�P�S�H�U�D�W�X�U�D���� �Y�O�D�å�Q�R�V�W���� �E�U�]�L�Q�D�� �V�W�Uujanja zraka) u zatvorenim 
prostorima udovoljavaju pravilima ZNR, i sukladni su odredbama norme  HRN U.J5.600 i U.J5.610, 
�³�3�U�D�Y�L�O�Q�L�N�X�� �R�� �]�D�ã�W�L�W�L���Q�D���U�D�G�X���]�D���U�D�G�Q�H���L�� �S�R�P�R�ü�Q�H���S�U�R�V�W�R�U�L�M�H���L�� �S�U�R�V�W�R�U�H�³�� �1���1���� ���������� �L�� �³�3�U�D�Y�L�O�Q�L�N�X���R���L�]�P�M�H�Q�D�P�D���L��
dopunama pravilnika o za�ã�W�L�W�L�� �Q�D���U�D�G�X���]�D���U�D�G�Q�H���L���S�R�P�R�ü�Q�H���S�U�R�V�W�R�U�L�M�H���L�� �S�U�R�V�W�R�U�H�³���1���1���������������� 
Buka 



�J�b�a�b�d���b���[�_�a�[�_�^�g�h�k�g�b���b�g�`�_�ƒ�_�j�b�g�]��- �D�h�i�Z�h�g�b�d��������4. 

63 

Buka je ispitana metodom radnih mjesta sukladno HRN EN 9612:2010, gdje je za svako radno 
mjesto ispitivana buka u trajanju od tri serije po 5 minuta mjerenja. [8,9,10,11] Za ispitivan�M�H���U�D�]�L�Q�H���]�Y�X�þ�Q�R�J��
�W�O�D�N�D�� �N�R�U�L�ã�W�H�Q�� �M�H�� �L�Q�V�W�U�X�P�H�Q�W���� �,�Q�W�H�J�U�L�U�D�M�X�ü�L�� �]�Y�X�N�R�P�M�H�U�� �N�O�D�V�H�� ���� �&�(�6�9�$���� �W�L�S���6�&������������ �E�U���� �7���������������� �P�L�N�U�R�I�R�Q���&-
130 br. 9957, umjeren 9.11.2012. br. 10-9-993. 

�0�M�H�U�H�Q�M�H�� �M�H�� �L�]�Y�U�ã�H�Q�R�� �X�� �Y�L�V�L�Q�L�� �V�O�X�ã�Q�L�K�� �R�U�J�D�Q�D�� �U�D�G�Q�L�N�D�� �N�R�G�� �V�Y�D�N�R�J�� �U�D�G�Q�R�J�� �V�W�U�R�M�D�� �L�� �X�� �V�U�H�Gini radne 
�S�U�R�V�W�R�U�L�M�H���� �,�]�P�M�H�U�H�Q�H�� �U�D�]�L�Q�H�� �E�X�N�H�� �1�(�� �]�D�G�R�Y�R�O�M�D�Y�D�M�X�� �S�U�D�Y�L�O�D�� �]�D�ã�W�L�W�H�� �Q�D�� �U�D�G�X�� �L�� �R�G�U�H�G�E�H�� �3�U�D�Y�L�O�Q�L�N�D�� �R�� �]�D�ã�W�L�W�L��
�U�D�G�Q�L�N�D���R�G���L�]�O�R�å�H�Q�R�V�W�L�� �E�X�F�L���Q�D���U�D�G�X�����1���1������������������ 
Osvijetljenost 

Osvjetljenje je ispitano na svakom radnom mjestu radnika, 20 �± 30 cm od rad�Q�H���S�R�Y�U�ã�L�Q�H���L�� �R�N�R��������
cm od poda radnog prostora i u sredini hale. Osvijetljenost na radnim mjestima s kombiniranom rasvjetom 
ispitana je lux-�P�H�W�U�R�P�� �V���G�L�U�H�N�W�Q�L�P�� �R�þ�L�W�D�Q�M�H�P���X���O�X�[�L�P�D�� �7�(�6�7�2�������������V�H�U�L�M�V�N�L�� �E�U������������������������������ 

�,�]�P�M�H�U�H�Q�L�� �L�Q�W�H�Q�]�L�W�H�W�� �H�O�H�N�W�U�L�þ�Q�H�� �R�V�Y�L�M�H�Wljenosti radnih mjesta zadovoljava minimalno propisane 
�]�D�K�W�M�H�Y�H�� �S�U�H�P�D�� �+�5�1�� �8���&���� ���� ���������������� �>���@�� �³�'�Q�H�Y�Q�R�� �L�� �H�O�H�N�W�U�L�þ�Q�R�� �R�V�Y�M�H�W�O�M�H�Q�M�H�� �S�U�R�V�W�R�U�L�M�D�� �X�� �]�J�U�D�G�D�P�D�³���� �5�D�G�Q�L��
�S�U�R�V�W�R�U�� �J�G�M�H�� �V�X�� �V�P�M�H�ã�W�H�Q�H�� �V�Y�H�� �þ�H�W�L�U�L�� �S�U�R�L�]�Y�R�G�Q�H�� �O�L�Q�L�M�H���R�V�Y�L�M�H�W�O�M�H�Q�� �M�H�� �G�Q�H�Y�Q�L�P�� �V�Y�M�H�W�O�R�P�� �N�U�R�]�� �S�U�R�]�R�U�H���� �1�R�ü�X���V�H��
prostor osvjetljava neonskim lampama. 
�.�H�P�L�M�V�N�H���ã�W�H�W�Q�R�V�W�L 

�.�H�P�L�M�V�N�H�� �ã�W�H�W�Q�R�V�W�L�� ���S�U�D�ã�L�Q�D���� �� �L�V�S�L�W�D�Q�H���V�X���6�.�&���S�X�P�S�L�F�D�P�D���V���I�L�O�W�U�R�P���]�D���X�N�X�S�Q�X���L�� �U�H�V�S�L�U�D�E�L�O�Q�X���S�U�D�ã�L�Q�X����
�,�V�S�L�W�D�Q�D�� �V�X�� �U�D�G�Q�D�� �P�M�H�V�W�D�� �Q�D�� �N�R�M�L�P�D�� �V�H���Y�U�ã�L���R�E�U�D�G�D���G�U�Y�H�Q�L�K���N�R�P�D�G�D���S�L�O�M�H�Q�M�H�P���� �W�H���W�L�M�H�N�R�P���W�Rg procesa nastaje 
�S�U�D�ã�L�Q�D���� �0�M�H�U�H�Q�M�D�� �V�X�� �R�E�D�Y�O�M�H�Q�D�� �S�U�L���X�R�E�L�þ�D�M�H�Q�L�P���U�D�G�Q�L�P���X�Y�M�H�W�L�P�D���� �8�� �Y�U�L�M�H�P�H���P�M�H�U�H�Q�M�D���U�D�G�L�O�L���V�X���V�X�V�W�D�Y�L���O�R�N�D�O�Q�H��
�R�G�V�L�V�Q�H���Y�H�Q�W�L�O�D�F�L�M�H���� �2�E�D�Y�O�M�H�Q�D���V�X���P�M�H�U�H�Q�M�D���V�O�L�M�H�G�H�ü�L�K�� �ã�W�H�W�Q�L�K���W�Y�D�U�L���� �3�U�D�ã�L�Q�D���G�U�Y�D�� 

�,�]�P�M�H�U�H�Q�H�� �N�R�Q�F�H�Q�W�U�D�F�L�M�H�� �S�U�D�ã�L�Q�H�� �Q�D�� �V�Y�L�P�� �P�M�H�U�Q�Lm mjestima su ispod GVI, sukladno Pravilnika o 
�J�U�D�Q�L�þ�Q�L�P�� �Y�U�L�M�H�G�Q�R�V�W�L�P�D�� �L�]�O�R�å�H�Q�R�V�W�L�� �R�S�D�V�Q�L�P�� �W�Y�D�U�L�P�D�� �S�U�L�� �U�D�G�X�� �L�� �R�� �E�L�R�O�R�ã�N�L�P�� �J�U�D�Q�L�þ�Q�L�P�� �Y�U�L�M�H�G�Q�R�V�W�L�P�D���� �1���1����
13/09. [6] 

5. ANALIZA REZULTATA IS �7�5�$�ä�,�9�$�1�-�$ 

Temperatura 

Izmjerena temperatura u radnom prostoru linija za proizvodnju paleta intenziteta je od 15,5°C do 
�����ƒ�&���� �ã�W�R�� �M�H�� �S�U�L�K�Y�D�W�O�M�L�Y�R�� �V�� �R�E�]�L�U�R�P�� �G�D�� �U�D�G�� �U�D�G�Q�L�N�D�� �Q�D�� �O�L�Q�L�M�D�P�D�� �P�R�å�H�P�R�� �R�F�L�M�H�Q�L�W�L�� �N�D�R�� �W�H�ã�N�L�� �I�L�]�L�þ�N�L���U�D�G���� �8�]�U�R�N��
razlike u temperaturi su dva ulaza u objekt. Jedan je potpuno otvoren i kroz njega se dopremaju klade na 
�W�U�D�þ�Q�X�� �S�L�O�X�� ���P�M�H�U�Q�R�� �P�M�H�V�W�R�� �������� �S�D�� �M�H�� �V�W�R�J�D�� �W�D�M�� �G�L�R�� �L�]�O�R�å�H�Q�� �Y�H�ü�H�P�� �X�W�M�H�F�D�M�X�� �Y�D�Q�M�V�N�L�K�� �X�Y�M�H�W�D����Drugi je ulaz za 
�Y�L�O�L�þ�D�U���� �Q�D�O�D�]�L�� �V�H�� �R�W�S�U�L�O�L�N�H�� �Q�D�� �V�U�H�G�L�Q�L�� �R�E�M�H�N�W�D���� �L�� �N�U�R�]�� �Q�M�H�J�D�� �V�H���J�R�W�R�Y�H���S�D�O�H�W�H���L�]�Y�R�]�H���Q�D���S�U�R�V�W�R�U���]�D���V�N�O�D�G�L�ã�W�H�Q�M�H����
Rezultati mjerenja temperature prikazani su na grafikonu 1. 

 

Grafikon 1. Temperatura zraka. 
 

�5�H�O�D�W�L�Y�Q�D���Y�O�D�å�Q�R�V�W 

�,�]�P�M�H�U�H�Q�D�� �U�H�O�D�W�L�Y�Q�D�� �Y�O�D�å�Q�R�V�W�� �X�� �U�D�G�Q�R�P�� �S�U�R�V�W�R�U�X�� �N�U�H�ü�H�� �V�H�� �R�G�� ������������ �G�R�� ���������� ���� �ã�W�R�� �M�H�� �S�U�L�N�D�]�D�Q�R�� �Q�D��
grafikonu 2. Vidljivo je da je ista vrlo blizu ili �P�D�O�R�� �S�U�H�N�R�� �G�R�S�X�ã�W�H�Q�H�� �V�W�D�Q�G�D�U�G�R�P���� �1�R���� �V�� �S�R�U�D�V�W�R�P�� �Y�O�D�J�H��
�S�R�Y�H�ü�D�Y�D���V�H���L�� �]�D�V�L�ü�H�Q�M�H���]�U�D�N�D���Y�R�G�R�P���R�G�Q�R�V�Q�R���Y�R�G�H�Q�R�P���S�D�U�R�P���� �S�D���V�H���U�D�G�Q�L�F�L���W�L�M�H�N�R�P���U�D�G�D���Y�L�ã�H���]�Q�R�M�H�����8�W�M�H�F�D�M��
�Q�D�� �U�H�O�D�W�L�Y�Q�X�� �Y�O�D�å�Q�R�V�W�� �L�P�D�� �L�� �V�D�P�D�� �Y�O�D�å�Q�R�V�W�� �G�U�Y�H�W�D�� �N�R�M�H�� �V�H�� �R�E�U�D�ÿ�X�M�H���� �9�D�å�Q�R�� �M�H���� �X�� �V�O�X�þ�D�M�X�� �S�R�U�D�V�W�D�� relativnu 
�Y�O�D�å�Q�R�V�W�� �]�U�D�N�D���U�H�J�X�O�L�U�D�W�L���N�O�L�P�D�W�L�]�D�F�L�M�R�P�� 
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Grafikon 2 �����5�H�O�D�W�L�Y�Q�D���Y�O�D�å�Q�R�V�W���]�U�D�N�D�� 

Brzina strujanja zraka 

�,�]�P�M�H�U�H�Q�H�� �E�U�]�L�Q�H�� �V�W�U�X�M�D�Q�M�D�� �V�X�� �P�D�Q�M�H�� �R�G�� �������� �P���V�� �â�W�R�� �M�H�� �S�U�L�N�D�]�D�Q�R�� �Q�D�� �J�U�D�I�L�N�R�Q�X�� �����,�]�P�M�H�U�H�Q�H�� �E�U�]�L�Q�H��
strujanja zraka u skladu su s odredbama standarda HRN U.J5.600 koji za prijelazno razdoblje (temperatura 
�Y�D�Q�M�V�N�R�J�� �]�U�D�N�D�� �R�G�� �������� �.�� �G�R���������� �.���� �G�R�S�X�ã�W�D���P�D�N�V�L�P�D�O�Q�X���E�U�]�L�Q�X���V�W�U�X�M�D�Q�M�D���G�R�����P���V���� �1�D�M�L�]�U�D�å�H�Q�L�M�H���M�H���V�W�U�X�M�D�Q�M�H��
�]�U�D�N�D�� �X�� �E�O�L�]�L�Q�L�� �X�O�D�]�D�� �]�D�� �X�W�R�Y�D�U�� �N�O�D�G�D�� �Q�D�� �U�D�P�S�X�� �W�U�D�þ�Q�H�� �S�L�O�H�� �L�� �X�O�D�]�D�� �]�D�� �Y�L�O�L�þ�D�U���� �Q�R�� �Q�H�� �S�U�H�O�D�]�L�� �G�R�S�X�ã�W�H�Q�H��
�Y�U�L�M�H�G�Q�R�V�W�L�� ���X�� �Y�U�L�M�H�P�H�� �P�M�H�U�H�Q�M�D������ �Q�R�� �V�� �S�U�R�P�M�H�Q�R�P�� �Y�D�Q�M�V�N�L�K�� �X�Y�M�H�W�D�� ���S�R�Y�H�ü�D�Q�H�� �E�U�]�L�Q�H�� �V�W�U�X�M�D�Q�M�D�� �]�U�D�N�D������ �U�D�G�Q�L�N��
�Q�D���W�U�D�þ�Q�R�M���S�L�O�L�� �L�� �U�D�G�Q�L�F�L���Q�D���V�W�R�O�X���]�D���V�D�V�W�D�Y�O�M�D�Q�M�H���S�D�O�H�W�D���S�U�Y�L���ü�H���E�L�W�L���S�R�G���X�W�M�H�F�D�M�H�P���W�L�K���S�U�R�P�M�H�Q�D�� 

 

 

Grafikon 3. Brzina strujanja zraka. 
 

�=�E�R�J�� �V�P�D�Q�M�H�Q�M�D�� �G�L�U�H�N�W�Q�R�J�� �Y�D�Q�M�V�N�R�J�� �X�W�M�H�F�D�M�D�� �W�H�P�S�H�U�D�W�X�U�H���� �D�O�L�� �L�� �Y�O�D�å�Q�R�V�W�L�� �L�� �E�U�]�L�Q�H���V�W�U�X�M�D�Q�M�D���]�U�D�N�D���� �E�L�O�R��
bi dobro zatvoriti ulaza za utovar klada, npr. trakastim prozirnim zastorima da se ne smanji vidljivost 
�S�U�L�O�L�N�R�P�� �X�O�D�V�N�D�� �V�W�U�R�M�H�P�� �X�� �R�E�M�H�N�W���� �D�� �W�R�P�� �ü�H�� �V�H�� �P�M�H�U�R�P�� �V�P�D�Q�M�L�W�L�� �G�L�U�H�N�W�D�Q�� �X�W�M�H�F�D�M�� �Y�D�Q�M�V�N�H�� �N�O�L�P�H�� �Q�D�� �U�D�G�Q�L�N�H�� �X��
postrojenju.  
 
Osvijetljenost 

Izmjerene razine osvijetljenosti zadovoljavaju i iznad su minimalnih vrijednosti sukladno normi 
HRN U.C9:100/62. �'�Q�H�Y�Q�R�� �L�� �H�O�H�N�W�U�L�þ�Q�R�� �R�V�Y�M�H�W�O�M�H�Q�M�H�� �S�U�R�V�W�R�U�L�M�D�� �X�� �]�J�U�D�G�D�P�D���� �Y�D�U�L�U�D���L�]�P�H�ÿ�X���������� �G�R���������� �O�X�N�V�D��
�ã�W�R�� �M�H�� �S�U�L�N�D�]�D�Q�R�� �Q�D�� �J�U�D�I�L�N�R�Q�X�� ������ �5�D�]�O�R�J�� �W�R�P�X�� �M�H�� �ã�W�R�� �V�� �Y�U�H�P�H�Q�R�P�� �U�D�V�Y�M�H�W�Q�D�� �W�L�M�H�O�D�� �E�X�G�X�� �]�D�S�U�O�M�D�Q�D���S�U�D�ã�L�Q�R�P���L��
tada dolazi do smanjenja razine osvijetljenosti. Rasvjetna ti�M�H�O�D�� �S�R�W�U�H�E�Q�R���M�H���þ�H�ã�ü�H���þ�L�V�W�L�W�L���R�G���S�U�D�ã�L�Q�H�� 
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Grafikon 4. Intenzitet osvijetljenosti. 

 
�=�D�� �G�X�J�D�� �U�D�]�G�R�E�O�M�D�� �U�D�G�D�� �0�H�ÿ�X�Q�D�U�R�G�Q�R�� �S�R�Y�M�H�U�H�Q�V�W�Y�R�� �]�D�� �U�D�V�Y�M�H�W�X�� �S�U�H�S�R�U�X�þ�X�M�H�� �L�]�E�M�H�J�D�Y�D�Q�M�H�� �U�D�]�L�Q�D��

�R�V�Y�L�M�H�W�O�M�H�Q�R�V�W�L�� �Q�L�å�L�K�� �R�G�� �������� �O�X�N�V�D�� �E�H�]�� �R�E�]�L�U�D�� �Q�D�� �Y�Ldne zahtjeve radnog mjesta. Slijedom toga potrebno je 
�X�J�U�D�G�L�W�L�� �G�R�G�D�W�Q�D�� �U�D�V�Y�M�H�W�Q�D�� �W�L�M�H�O�D�� �U�D�G�L�� �S�R�E�R�O�M�ã�D�Q�M�D�� �R�V�Y�L�M�H�W�O�M�H�Q�R�V�W�L���� �D�� �W�L�P�H�� �L�� �V�P�D�Q�M�H�Q�M�D�� �U�L�]�L�N�D�� �R�G�� �R�]�O�M�H�G�H��
uzrokovanih slabom ili neadekvatnom rasvjetom. 
�.�H�P�L�M�V�N�H���ã�W�H�W�Q�R�V�W�L 

�,�]�P�M�H�U�H�Q�H�� �N�R�Q�F�H�Q�W�U�D�F�L�M�H�� �S�U�D�ã�L�Q�H �G�U�Y�H�W�D�� �Q�D�� �P�M�H�U�Q�L�P�� �P�M�H�V�W�L�P�D�� �N�R�G�� �E�U�H�Q�W�H�� �L�� �S�R�S�U�H�þ�Q�R�J�� �S�U�H�U�H�]�L�Y�D�þ�D��
�Q�L�å�H�� �V�X�� �R�G�� �G�R�S�X�ã�W�H�Q�L�K�� �R�G�U�H�G�E�D�P�D�� �3�U�D�Y�L�O�Q�L�N�D�� �R�� �J�U�D�Q�L�þ�Q�L�P�� �Y�U�L�M�H�G�Q�R�V�W�L�P�D�� �L�]�O�R�å�H�Q�R�V�W�L�� �R�S�D�V�Q�L�P���W�Y�D�U�L�P�D���S�U�L���U�D�G�X��
�L�� �R�� �E�L�R�O�R�ã�N�L�P�� �J�U�D�Q�L�þ�Q�L�P�� �Y�U�L�M�H�G�Q�R�V�W�L�P�D���� �1���1���� �������������� �>���@���,�]�P�M�H�U�H�Q�H�� �Y�U�L�M�H�G�Q�R�V�W�L�� �N�U�H�ü�X�� �V�H�� �Rd minimalne 
izmjerene vrijednosti od 1,5 mg/m3 �ã�W�R���M�H���L�]�P�M�H�U�H�Q�R���X���G�L�M�H�O�X���J�G�M�H���V�H���]�D�N�X�F�D�Y�D�M�X���S�H�O�H�W�L���� �S�D���V�Y�H���G�R���P�D�N�V�L�P�D�O�Q�H��
vrijednosti od 4,2 mg/m3 �ã�W�R�� �M�H�� �L�]�P�M�H�U�H�Q�R�� �N�R�G�� �S�R�S�U�H�þ�Q�L�K�� �S�U�H�U�H�]�L�Y�D�þ�D���� �6�Y�L���U�H�]�X�O�W�D�W�L���S�U�L�N�D�]�D�Q�L���V�X���Q�D���J�U�D�I�L�N�R�Q�X��
5. 

 
Grafikon 5 �����.�H�P�L�M�V�N�H���ã�W�H�W�Q�R�V�W�L�������S�U�D�ã�L�Q�D���G�U�Y�H�W�D������ 

 
Buka 

�,�]�P�M�H�U�H�Q�H�� �U�D�]�L�Q�H�� �E�X�N�H�� �Q�L�V�X���X���V�N�O�D�G�X���V���G�R�S�X�ã�W�H�Q�L�P���U�D�]�L�Q�D�P�D���V�X�N�O�D�G�Q�R���³�� �3�U�D�Y�L�O�Q�L�N�R�P���R���]�D�ã�W�L�W�L���U�D�G�Q�L�N�D��
�R�G�� �L�]�O�R�å�H�Q�R�V�W�L�� �E�X�F�L�� �Q�D�� �U�D�G�X�³�� ���1�1�� ���������������� �(�1�� �,�6�2�� �������������������� ���$�N�X�V�W�L�N�D- �2�G�U�H�ÿ�L�Y�D�Q�M�H�� �L�]�O�R�å�H�Q�R�V�W�L�� �Euci pri 
radu), HRN ISO 1999:2000 (Akustika �± �2�G�U�H�ÿ�L�Y�D�Q�M�H�� �L�]�O�R�å�H�Q�R�V�W�L�� �E�X�F�L�� �S�U�L�� �U�D�G�X�� �L�� �S�U�R�F�M�H�Q�D�� �R�ã�W�H�ü�H�Q�M�D�� �V�O�X�K�D��
izazvanog bukom). �0�D�N�V�L�P�D�O�Q�D�� �L�]�P�M�H�U�H�Q�D�� �U�D�]�L�Q�D�� �E�X�N�H�� �L�]�Q�R�V�L�� ���������� �G�%���� �D�� �P�L�Q�L�P�D�O�Q�D�� ���������� �ã�W�R�� �M�H�� �G�D�O�H�N�R�� �Y�L�ã�H��
od dozvoljenih 85dB. Svi rezultati mjerenja buke prikazani su na grafikonu 6. 

�=�D�� �U�M�H�ã�D�Y�D�Q�M�H�� �S�U�R�E�O�H�P�D�� �E�X�N�H�� �S�R�V�W�R�M�L�� �Y�L�ã�H�� �P�R�J�X�ü�Q�R�V�W�L�����3�U�Y�D�� �E�L�� �E�L�O�D�� �G�R�G�D�W�Q�D�� �]�Y�X�þ�Q�D�� �L�]�R�O�D�F�L�M�D�� �U�D�G�Q�L�K��
�V�W�U�R�M�H�Y�D���� �V�� �W�L�P�� �ã�W�R�� �E�L�� �Q�D�� �Q�H�N�H�� �R�G�� �Q�M�L�K�� ���ã�W�X�F�H�U���� �W�U�H�E�D�O�R���S�R�V�W�D�Y�L�W�L���S�U�R�]�L�U�Q�H���R�W�Y�R�U�H���G�D���V�H���Q�D�N�R�Q���L�]�R�O�D�F�L�M�H���W�L�M�H�N�R�P��
�U�D�G�D���P�R�å�H���Nontrolirati rad stroja.  

�'�U�X�J�D�� �P�R�J�X�ü�Q�R�V�W�� �M�H�� �U�D�]�G�Y�D�M�D�Q�M�H�� �S�R�M�H�G�L�Q�L�K�� �G�L�M�H�O�R�Y�D�� �S�U�R�F�H�V�D�� �X�� �]�D�V�H�E�Q�H�� �U�D�G�Q�H�� �S�U�R�V�W�R�U�L�M�H���� �7�L�P�H�� �E�L�� �V�H��
smanjio utjecaj buke od drugih radnih strojeva ali i doprinos buke drugim strojevima izoliranog stroja.  

�7�U�H�ü�D�� �P�R�J�X�ü�Q�R�V�W�� �L�� �Y�M�H�U�R�M�D�W�Q�R��najskuplja bila bi oblaganja zidova i stropa objekta apsorpcijskim 
�P�D�W�H�U�L�M�D�O�L�P�D�� �N�R�M�L�� �E�L���S�U�L�J�X�ã�L�O�L�� �H�P�L�W�L�U�D�Q�X�� �E�X�N�X���L�� �V�P�D�Q�M�L�O�L�� �U�H�I�O�H�N�W�L�U�D�Q�M�H���E�X�N�H���R�G���]�L�G�R�Y�D�� �L�� �V�W�U�R�S�D���R�E�M�H�N�W�D�� 
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Grafikon 6. Buka (dB). 

6. �=�$�.�/�-�8�ý�$�.  

Na temelju provedenog istra�åivanja mo�åemo zaklju�þiti da je pretpostavka bila to�þna, odnosno da se 
prihva�üa hipoteza da poslodavac primjenjuje propise za rad na siguran na�þin, ali su uo�þena i manja 
odstupanja naro�þito u dopu�ãtenoj razini buke. 

Buka je, promatraju�üi rezultate istra�åivanja, jedan od najozbiljnijih problema u proizvodnji paleta 
koji mo�åe utjecati na zdravlje radnika, a time i na njihovu radnu sposobnost. 

Iako su radnicima osigurana visoko kvalitetna OZS za za�ãtitu sluha, pri �þijem se odabiru vodila briga 
da su u skladu s zahtjevima zakonske regulative i normi potrebno je naglasiti da OZS nisu primarni na�þin 
rje�ãavanja problema �ãtetnosti na radnom mjestu, ve�ü��su to osnovna pravila ZNR.  

Zbog svega navedenog izuzetno je va�åno redovito kontrolirati i ispitivati radni okoli�ã��u svim 
gospodarskim granama, te ukazivati na probleme i predlagati mjere za pobolj�ãanje istog, jer samo zdravo 
radno mjesto pru�åa uvjete za o�þuvanje zdravlja radnika.  

Ne smijemo dopustiti da nam radnici s radnih mjesta odlaze naru�ãenog zdravlja ili  ozbiljno 
ugro�åenog s dijagnozom invalida rada ili  profesionalnog oboljenja. 
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PROTECTION OF THE OIL PIPELINE ON LINE ROUTE  
AND IN THE PUMPING STATIONS AREAS 

�&�K�U�R�P�H�N���,�Y�D�Q�����0�U�D�þ�N�R�Y�i���(�Y�D�����6�O�H�]�i�N���-�i�Q�����-�~�O�L�X�V���%�X�þ�N�R�����6�]�L�O�D�U�G���6�]�H�G�O�D�U 

ABSTRACT 
The article discusses the system of organizational and technical methods for protection of the oil pipeline route 

and pumping stations areas in the Slovak Republic territory. Technical assurance is aimed at protecting the pipeline 
before natural aggressive environment using the isolation of steel tube and the cathodic protection. Other technical 
measures addressing the issue of pipes protection against the increased pressure, the sensoric indication of leakage of 
small amounts of oil and the protection of storage facilities by active lightning conductors. Technical assurance is 
supplemented with a system of supporting technical safety devices enhancing the effectiveness of the physical 
protection of the area. 

Keywords:Passive protection, Active protection, Cathodic protection, LEOS 
 
1. Introduction 
T�K�H�� �'�U�X�]�K�E�D�� �S�L�S�H�O�L�Q�H�� ���L�Q�� �U�X�V�V�L�D�Q�� �O�D�Q�J�X�D�J�H�� �g�_�n�l�_�i�j�h�\�h�^�� �>�j�m�`�[�Z��- also has been referred to as 
the Friendship is the world's longest oil pipeline and in fact one of the biggest oil pipeline networks in the 
world.  It carries oil some 5,000 kilometres  from the eastern part of the Russia to points in Belarus, 
Germany,  Poland, Ukraine, Hungary, Slovakia and the Czech Republic. The beginning of Druzhbais in 
Republic of Bashkiria (on the east from Volga river).  It is divided on two sections in Mazyr (Belarus): the 
north one goes through the Poland and Germany, the south one goes through the Slovak and Czech  
Republic. In Slovak city Sahy, it is directed  into the Hungary.  
The length of Druzhba pipeline is approximately 440 km  in Slovakia. It has two parallel pipes with 
diameters DN 500 and DN 700, which bring 9 million tons of oil per year.  
Adria oil pipeline is the second pipeline that goes over the Slovakia. It transports oil into the states of former 
Yugoslavia.  
TRANSPETROL, Inc., is the only one pipeline company in Slovakia. The overall length of both pipelines is 
515 km. In connection with the length of pipelines and undulated transport route they create risk of oil 
escape into the environment.  The escape of oil is the pipeline accident. How can we solve this problem?   
 
2. The aim of thesis 
The aim of thesis is the verification of emergency - renewing system of TRANSPETROL, Inc., forcefully on 
suitability of technological - preventive progresses which are aimed at the detection of oil escape from 
storage tank. 
 
3. Methodics of thesis 
The characteristic of basic technical processes obtained from study of technical documentation and operating 
instructions TRANSPETROL, Inc., Bratislava, which minimize hazard of oil escape from transport pipes and 
tanks.    
4. Results 
Possible reasons of breaking oil pipeline are:  
�x hidden material defect (not detected in pressure and inspection tests) 
�x corrosion of pipeline 
�x mechanical damage 
�x other damage.  
 
The effects of escape oil products into the environment are:  
�x water quality worsen (taste, smell and coloration at small oil concentration 0,05 mg/l)  
�x created of oil filter on water level (restriction of oxygen access) 
�x toxic effects of oil on organism in water (creating of nervous poison)  
�x pollution of land which lead to secondary groundwater pollution and mortification of vegetation. 
 

http://en.wikipedia.org/wiki/Pipeline_transport
http://en.wikipedia.org/wiki/Russia
http://en.wikipedia.org/wiki/Belarus
http://en.wikipedia.org/wiki/Germany
http://en.wikipedia.org/wiki/Poland
http://en.wikipedia.org/wiki/Ukraine
http://en.wikipedia.org/wiki/Hungary
http://en.wikipedia.org/wiki/Slovakia
http://en.wikipedia.org/wiki/Czech_Republic
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In process removal of emergency oil escape hazardous wastes come into existence. It is disposal by special 
conditions provisions in special law.  
 
Hazardous wastes:  
 
1. 170503 Soil and stones containing hazardous substances 
2. 170505 Cutting soil containing hazardous substances 
3. 170903 Other building, demolition and mixing wastes containing hazardous substances   
4. 140603 Other solvent and mixture containing hazardous substances 
5. 150110 Covers containing or contaminate by hazardous substances  
6. 150202 Absorbents, filtration materials, oily filters, rags on cleaning protective clothing contaminate 

by hazardous wastes 
7. 160708 Wastes containing oil  
8. 160709 Wastes containing other hazardous wastes 
9. 170106 Mixture or separated substances of concrete, brick, tiles and ceramics containing hazardous 

waste.  
10. 170409 Metal waste containing hazardous waste 
 
The Identification Lists of Hazardous Wastes and Directive for Transport - Emergency Plan in Case of 
Accident or Event are worked out for each type of hazardous waste, which is being manipulated on the route 
of oil pipeline. 
 
4a. Control of pipeline 
 
The main principles of control are described in technical standards. Standards for pipeline checking refer to: 
STN 65 0204 (transport of flammable liquids), 
STN 83 0916 (water protection before oil products), 
STN 03 8373 (anticorrosive protection), 
STN 34 3800 (electric machinery control). 
 
The whole pipeline route has to be checked at least once per month according to STN 65 0204.The exposed 
sections have to be checked by walk-about at least once per week.(STN 65 0204 section 305). A cathode 
protection station has to be checked at least once per month.    
 
There is fly-by control besides visual control of pipeline. The fly-by control is provided by helicopter 
according to time table, which is updated every year. If there are suspicious stains or breaks of pipeline 
safety zone (300 m vertically from axis of pipeline) a crew of helicopter checks that place. Record of control 
is made on video cassette and CD. The recordings are delivered to 5 days. Technician of revision and control 
made evaluation and entry.     
 

4b Technical and technological measures  

The closing armatures are located on line part of pipeline, which divide oil pipeline in case of emergency. 
The result of it is reducing the amount of oil, which can leak from broken pipeline.  

The armature shafts are located in an approximate distance of 10 km distance and when crossing pipeline 
with bigger water-courses, main roads, and railways according to STN 65 0204. The closing armatures are 
remote-controlled from the closet transport station (TS) or from TS 4Sahy. Each armature is placed in closed 
object with impounding reservoir under it. 

In the armature shafts there are monitored parameters from time to time: 

�x service pressure in pipeline 

�x temperature of oil 

�x position of closure armature (open, closed)  

�x signalization of crowfoot passing 

�x signalization of presence of hydrocarbons in armature shaft (concentration, level) 
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�x object safety signalization  

All monitoring parameters are transmitted continually to operator in TS and sent to TS4. Operator 
and controller can monitor operating mode with possibility of controlling the armature shafts and immediate 
intervention to operating mode.  ́

 

Safety of pipeline oil operation and surface and underground water protection is provided by 
technical measures (reconstruction, complete repairs and checks with the most modern methods) and with 
regularly controls according to STN. In the first place following steps were completed: 

�x complete reconstruction of armature pipeline shafts DN 500, DN 700. The armature shafts are equipped 
with telemetry, which allowed telecommand of information by optical cable.   

�x checking of pipeline by "intelligent crowfoot" and repair of defects 

�x complete check of isolation and cathode protection with shortcomings removal 

Other checks:  

�x regular active check and preventive maintenance 

�x pressure examination of transport medium made by overpressure once per year  

�x check of crossing water-course once per year   

System which monitors changes in service pressure automatically is installed on the pipeline and 
signalizes pressure changes a
signalization that may be caused by escape or manipulation on oil pipeline. Then pressure checks frequency 
is increased and the controller decides on the next steps, which depend on pressure changes.  

5. Conclusion  

Technical and technological route safety meets the strictest criteria. According to the provided 
documentation the company TRANSPETROL, Inc., Bratislava verifies its measures by certification made by 
certification companies. 

 In May 2001 the company SKQS, as part of international IQ �± Net, certified that the whole pipeline 
system of TRANSPETROL, Inc. is in accordance with ISO 14001. TRANSPETROL, Inc., has become the 
first company in the central Europe, which has registered transport line according to ISO 14001. The 
company was again certificate by Slovak company for system certification control and system of quality 
(SKQS) in July 2013. It was confirm that the oil pipeline system including TS 1 to TS 5, transfer oil station 
has purposeful built management quality system and environment management system, which is maintained 
according to international ISO standard 9001:2000 and ISO standard 14001:1996. The company SKQS has 
made extended certificate audit of health and safety management system according to OHSAS 18001 for all 
operations of TRANSPETROL, Inc. in November 2010.The DQS (Definite Quality Systems) has advised to 
give an international certificate OHSAS 18001 to TRANSPETROL, Inc. on the base of positive reviews. It is 
valid from 23th December 2010. 

6. Literature:  
Emergency plan TRANSPETROL, Inc., according to Law No. 364/2004 Coll. TRANSPETROL, Inc., 
Bratislava  
Service manual for control, maintenance and operation of oil pipelines. TRANSPETROL, Inc., Bratislava 
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THERMAL IMAGING OF EQUIPMENT IN POWER PLANTS 

ABSTRACT 
Reliable and quality supply of electricity is a basic requirement that consumers of electricity place in front the 

power system. The reliability of the power system is to a large extent affected by the state the high-voltage equipment in 
the substations. Characteristics of the high-voltage equipment are irreversibly changing during operation due to a 

number of factors.  
Economically most appropriate method for assessing the condition of the equipment is the one implemented 

without interruption facility. Economically most appropriate method for assessing the condition of the equipment are 
the ones implemented without supply interruption. Although less reliable, their use can provide a preliminary picture of 
the equipment state based on which further steps are undertaken such as implementation of field and laboratory tests. 
Thermal imaging (thermography) testing is a procedure that is increasingly used in the monitoring of the elements of 
high voltage substations. This paper presents the basic principles of the thermal imaging, the results of inspection of 
certain power plants in operation, as well as the issues of occupatinal safety and security of the workers. 

Key words: preventive maintenance, thermal imaging, emissivity factor, hot spot, camera, safety 
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�n�j�_�d�\�_�g�p�b�•�_ �h�^�����î������11 Hz �^�h�����î������14 Hz [2].  
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�g�Z�j�h�q�b�l�h�� �m�� �m�j�[�Z�g�b�f�� �k�j�_�^�b�g�Z�f�Z���� �f�h�]�m�„�Z�� �•�_�� �i�j�b�f�_�g�Z�� �h�\�_�� �f�_�l�h�^�_�� �d�Z�h�� �^�_�h�� �b�g�l�_�]�j�b�k�Z�g�h�] �k�b�k�l�_�f�Z��
�i�j�b�d�m�i�‚�Z�ƒ�Z�� �i�j�h�k�l�h�j�g�b�o�� �i�h�^�Z�l�Z�d�Z���� �m�� �d�h�f�[�b�g�Z�p�b�•�b�� �k�Z�� �l�_�o�g�b�d�Z�f�Z�� �^�Z�‚�b�g�k�d�_�� �^�_�l�_�d�p�b�•�_�� �b�� �e�Z�k�_�j�k�d�h�]��
�k�d�_�g�b�j�Z�ƒ�Z �l�_�j�_�g�Z���>���@�� 

�H�k�g�h�\�g�b�� �^�_�e�h�\�b�� �b�g�n�j�Z�p�j�\�_�g�_ �d�Z�f�_�j�_�� �k�m���� �h�[�•�_�d�l�b�\�� ���k�Z�d�m�i�‚�Z�� �a�j�Z�q�_�ƒ�_������ �n�b�e�l�_�j�� ���i�j�h�i�m�r�l�Z��
�a�j�Z�q�_�ƒ�_���h�^�j�_�{�_�g�_ �l�Z�e�Z�k�g�_���^�m�`�b�g�_������ �^�_�l�_�d�l�h�j�� ���h�q�b�l�Z�\�Z���a�j�Z�q�_�ƒ�_���b�� �i�j�_�\�h�^�b���]�Z�� �m���_�e�_�d�l�j�h�g�k�d�b���h�[�e�b�d�����b��
�f�h�g�b�l�h�j�� ���_�e�_�d�l�j�h�g�k�d�b�� �h�[�e�b�d�� �i�j�b�d�Z�a�m�•�_ �d�Z�h�� �k�e�b�d�m���� �l�•���� �l�_�j�f�h�]�j�Z�f���� �>���@�� �>�Z�e�_�d�h�f�_�l�g�_�� �l�_�j�f�h�\�b�a�b�•�k�d�_��
�d�Z�f�_�j�_�� �^�_�l�_�d�l�m�•�m�� �b�g�n�j�Z�p�j�\�_�g�h�� �a�j�Z�q�_�ƒ�_�� �g�Z�� �l�Z�e�Z�k�g�h�•�� �^�m�`�b�g�b�� �b�a�f�_�{�m�� ���� �b�� ������ �f�b�d�j�h�g�Z���� ���f�b�d�j�h�g-
�o�b�‚�Z�^�b�l�b�� �^�_�h���f�b�e�b�f�_�l�j�Z������ �^�h�d���d�Z�f�_�j�_�� �k�j�_�^�ƒ�_�]�� �^�h�f�_�l�Z���^�_�l�_�d�l�m�•�m���a�j�Z�q�_�ƒ�_���g�Z���l�Z�e�Z�k�g�h�•���^�m�`�b�g�b���h�^����������
�^�h�� ���� �f�b�d�j�h�g�Z. �H�[�Z���l�b�i�Z�� �d�Z�f�_�j�Z���b�f�Z�•�m���l�_�j�f�b�q�d�m���h�k�_�l�‚�b�\�h�k�l���h�^�����������hC �b�e�b���f�Z�ƒ�m�����P�_�g�Z���h�\�b�o���d�Z�f�_�j�Z���•�_��
�^�j�Z�k�l�b�q�g�h���h�i�Z�e�Z���k�Z���f�h�^�_�j�g�b�a�Z�p�b�•�h�f���� �Z�� �d�\�Z�e�b�l�_�l�� �k�g�b�f�Z�d�Z���•�_�� �i�h�j�Z�k�l�Z�h���g�Z���a�Z�\�b�^�Z�g���g�b�\�h���� �D�h�^�� �f�h�^�_�j�g�b�o��
�d�Z�f�_�j�Z���k�_���a�Z���h�[�j�Z�^�m���k�e�b�d�Z���d�h�j�b�k�l�_���i�h�k�_�[�g�b���d�h�f�i�•�m�l�_�j�k�d�b���k�h�n�l�\�_�j�b��  

4�����L�?�J�F�H�<�B�A�B�3�:���?�E�?�D�L�J�H�?�G�?�J�=�?�L�K�D�?���H�I�J�?�F�? 

�I�j�b�e�b�d�h�f�� �l�_�j�f�h�\�b�a�b�•�k�d�_�� �i�j�h�\�_�j�_�� �_�e�_�d�l�j�h�_�g�_�j�]�_�l�k�d�_�� �h�i�j�_�f�_�� �d�h�j�b�r�„�_�g�Z�� �•�_�� �d�Z�f�_�j�Z�� �k�Z�� �k�e�_�^�_�„�b�f��
�i�h�^�Z�p�b�f�Z�� 
�I�j�h�b�a�\�h�{�Z�q����FLIR.�����k�e�b�d�Z���� 
�L�b�i�� P65. 
�I�h�‚�_���\�b�^�‚�b�\�h�k�l�b���f�b�g�b�f�Z�e�g�h���n�h�d�m�k�b�j�Z�g�h�� 19o x 14o / 0.3 m 
�J�_�a�h�e�m�p�b�•�Z���k�e�b�d�_�� 320 x 240 �i�b�d�k�_�e�Z��  JPEG �k�l�Z�g�^�Z�j�^�� 
�L�_�j�f�Z�e�g�Z���h�k�_�l�‚�b�\�h�k�l���g�Z��������������Hz: 0.05oC �g�Z������oC 
�K�i�_�d�l�j�Z�e�g�b���h�i�k�_�]�� 7.5 �^�h������ ���P 
�J�Z�^�g�b���l�_�f�i�_�j�Z�l�m�j�g�b���h�i�k�_�]��  
�H�i�k�_�]������ - 40oC �^�h 120oC�����H�i�k�_�]�������� 0�hC �^�h 500oC 
 

 
 

�K�e�b�d�Z���������L�_�j�f�h���d�Z�f�_�j�Z��FLIR P65 
 
���������D�J�B�L�?�J�B�3�M�F�B���A�:���H�P�?�G�M���K�L�:�5�:���H�I�J�?�F�? 
 
�I�h�e�Z�a�g�b�� �h�k�g�h�\�� �a�Z�� �^�_�n�b�g�b�k�Z�ƒ�_�� �g�b�\�h�Z�� �d�j�b�l�b�q�g�h�k�l�b�� �•�_�� �j�Z�a�e�b�d�Z�� �m�l�\�j�{�_�g�_�� �l�_�f�i�_�j�Z�l�m�j�_�� �b�� �l�_�f�i�_�j�Z�l�m�j�_��
�h�d�h�e�b�g�_�� �g�Z�� �h�k�g�h�\�m�� �h�\�h�]�Z�� �q�_�]�Z�� �k�_�� �i�j�_�i�h�j�m�q�m�•�_�� �h�^�j�_�{�_�g�Z�� �Z�d�l�b�\�g�h�k�l���� �H�[�b�q�g�h�� �k�_�� �g�_�� �f�h�`�_�� �^�Z�l�b��
�^�_�p�b�^�b�j�Z�g�Z�� �b�� �]�_�g�_�j�Z�e�b�a�h�\�Z�g�Z�� �]�j�Z�g�b�p�Z�� �g�Z�^�l�_�f�i�_�j�Z�l�m�j�_���h�i�j�_�f�_�� �g�Z�� �h�k�g�h�\�m�� �d�h�•�_�� �k�_�� �h�^�j�_�{�m�•�_�� �k�l�_�i�_�g��
�o�b�l�g�h�k�l�b�� �b�g�l�_�j�\�_�g�p�b�•�_���� �M���l�Z�[�_�e�b������ �k�m���i�j�b�d�Z�a�Z�g�_���i�j�_�i�h�j�m�q�_�g�_���Z�d�l�b�\�g�h�k�l�b���d�h�•�_���[�b���k�_���f�h�j�Z�e�_���k�i�j�h�\�_�k�l�b��
�g�Z�^���h�i�j�_�f�h�f���g�Z���h�k�g�h�\�m���^�h�[�b�•�_�g�_���g�Z�^�l�_�f�i�_�j�Z�l�m�j�_��[8]. 
�D�h�^�� �h�p�_�g�_���k�l�Z�ƒ�Z���h�i�j�_�f�_�� �l�j�_�[�Z���b�f�Z�l�b�� �m���\�b�^�m���^�Z���k�_���a�Z���k�\�Z�d�b���_�e�_�f�_�g�Z�l���i�h�k�l�j�h�•�_�ƒ�Z���f�h�j�Z���a�g�Z�l�b���d�Z�d�h���k�_��
�i�h�g�Z�r�Z���m���g�h�j�f�Z�e�g�b�f�� �m�k�e�h�\�b�f�Z���j�Z�^�Z���b���m���m�k�e�h�\�b�f�Z���i�j�_�]�j�_�\�Z�ƒ�Z���b���g�Z���h�k�g�h�\�m���l�h�]�Z���^�Z�l�b���b�a�\�_�r�l�Z�•���h���k�l�Z�ƒ�m��
�i�j�_�]�e�_�^�Z�g�_�� �h�i�j�_�f�_�� �b�� �i�j�_�^�e�h�]�� �o�b�l�g�h�k�l�b�� �f�_�j�Z�� �d�h�•�_�� �k�_�� �f�h�j�Z�•�m�� �k�i�j�h�\�_�k�l�b�� �d�Z�d�h�� �[�b�� �k�_�� �l�h�i�e�h�� �f�_�k�l�h��
�h�l�d�e�h�g�b�e�h���� �D�h�g�Z�q�g�m�� �h�^�e�m�d�m�� �h�� �k�l�_�i�_�g�m�� �o�b�l�g�h�k�l�b�� �b�g�l�_�j�\�_�g�p�b�•�_�� �g�Z�� �h�i�j�_�f�b�� �^�h�g�h�k�b�� �e�b�p�_�� �h�^�]�h�\�h�j�g�h�� �a�Z��
�h�^�j�`�Z�\�Z�ƒ�_���h�[�•�_�d�l�Z��- �i�h�k�l�j�h�•�_�ƒ�Z���h�[�m�o�\�Z�„�_�g�h�]���l�_�j�f�h�\�b�a�b�•�k�d�b�f���b�k�i�b�l�b�\�Z�ƒ�_�f�� 

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



�J�b�a�b�d���b���[�_�a�[�_�^�g�h�k�g�b���b�g�`�_�ƒ�_�j�b�g�]��- �D�h�i�Z�h�g�b�d��������4. 
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�D�Z�l�_�]�h�j�b�•�Z 
�B�a�g�Z�^���l�_�f�i�_�j�Z�l�m�j�_��

�h�d�h�e�b�g�_ 
�G�b�\�h��

�d�j�b�l�b�q�g�h�k�l�b �I�j�_�i�h�j�m�q�_�g�Z���Z�d�l�b�\�g�h�k�l 

1 �>�h�������hC �G�b�•�_�� �d�j�b�l�b�q�g�h �G�b�k�m���i�h�l�j�_�[�g�_��
�Z�d�l�b�\�g�h�k�l�b 

2 �B�a�f�_�{�m������o�&���b�� ����oC 
�F�Z�e�h��
�d�j�b�l�b�q�g�h 

�G�Z�k�l�Z�\�b�l�b���k�Z���i�j�Z�„�_�ƒ�_�f��
�k�b�l�m�Z�p�b�•�_ 

3 �B�a�f�_�{�m������o�&���b�� ����oC �I�h�e�m�d�j�b�l�b�q�g�h 
�I�j�_�d�b�g�m�l�b�� �k�Z���i�j�Z�„�_�ƒ�_�f���b��
�i�j�b�i�j�_�f�b�l�b�� �k�_���a�Z��
�j�_�r�Z�\�Z�ƒ�_���i�j�h�[�e�_�f�Z 

4 �B�a�g�Z�^������oC �D�j�b�l�b�q�g�h 

�L�j�_�[�Z���h�^�f�Z�o���j�_�r�Z�\�Z�l�b��
�i�j�h�[�e�_�f�����i�j�_�� �g�Z�k�l�Z�g�d�Z��
�r�l�_�l�_���k�Z���\�_�e�b�d�b�f��
�i�h�k�e�_�^�b�p�Z�f�Z 
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�G�Z���k�e�b�p�b���� �•�_�� �i�j�b�d�Z�a�Z�g���l�_�j�f�h�k�g�b�f�Z�d���f�Z�e�h�m�‚�g�h�]���i�j�_�d�b�^�Z�q�Z���m���L�K�����������������N�9���N�9�����K�l�j�m�•�Z���i�j�b���k�g�b�f�Z�ƒ�m���•�_��
�[�b�e�Z�� ������ �:���� �K�g�b�f�Z�d�� �i�j�b�d�Z�a�m�•�_�� �i�h�\�_�„�Z�g�h�� �a�Z�]�j�_�\�Z�ƒ�_�� �g�Z�� �^�_�k�g�h�f�� �i�h�e�m�� �i�j�_�d�b�^�Z�q�Z���� �k�Z�� �^�h�ƒ�_�� �k�l�j�Z�g�_����
�G�h�j�f�Z�e�g�Z�� �l�_�f�i�_�j�Z�l�m�j�Z�� �h�\�h�]�� �i�j�_�d�b�^�Z�q�Z�� �i�j�b�� �j�Z�^�m�� �•�_�� �������h�K���� �^�h�d�� �•�_�� �l�_�f�i�_�j�Z�l�m�j�Z�� �b�a�f�_�j�_�g�Z�� �g�Z�� �^�_�k�g�h�f��
�i�h�e�m�� �b�a�g�h�k�b�e�Z���������h�K�����G�Z�•�q�_�r�„�b���m�a�j�h�d���i�h�•�Z�\�_�� �l�h�i�e�h�]�� �f�_�k�l�Z���m���h�\�h�•���k�b�l�m�Z�p�b�•�b�� �•�_���e�h�r�� �d�h�g�l�Z�d�l���i�j�_�d�b�^�Z�q�Z�� 
 

 
 

�K�e�b�d�Z���������L�_�j�f�h�]�j�Z�n�k�d�b���k�g�b�f�Z�d���f�Z�e�h�m�‚�g�h�]���i�j�_�d�b�^�Z�q�Z��20 kV [1]  
 
�K�e�b�d�Z�� ���� �i�j�b�d�Z�a�m�•�_�� �l�_�j�f�h�]�j�Z�n�k�d�b�� �k�g�b�f�Z�d�� �i�j�_�d�b�^�Z�q�Z���� �d�h�•�b�� �•�_�� �b�k�i�m�ƒ�_�g��SF6 �]�Z�k�h�f���� �d�h�•�b�� �b�f�Z�� �a�Z�� ������
�i�j�h�p�_�g�Z�l�Z���\�_�„�m���i�j�h�[�h�•�g�m���q�\�j�k�l�h�„�m���m���h�^�g�h�k�m���g�Z���m�‚�_���� �l�_�� �•�_�� �k�Z�f�b�f���l�b�f���b���[�h�‚�_���j�_�r�_�ƒ�_�����L�h�i�e�h���f�_�k�l�h���k�_��
�g�Z�e�Z�a�b�� �m�� �^�_�k�g�h�f�� �i�h�e�m���i�j�_�d�b�^�Z�q�Z���� �Z�e�b���k�Z���]�h�j�ƒ�_���k�l�j�Z�g�_���� �K�l�j�m�•�Z���d�j�h�a���i�j�_�d�b�^�Z�q���l�h�d�h�f�� �f�_�j�_�ƒ�Z���•�_�� ������ �:����
�D�h�^���h�\�_���\�j�k�l�_���i�j�_�d�b�^�Z�q�Z���g�h�j�f�Z�e�g�Z���l�_�f�i�_�j�Z�l�m�j�Z���i�j�b���j�Z�^�m���•�_���������h�K�����Z���l�_�f�i�_�j�Z�l�m�j�Z���l�h�i�e�h�]���f�_�k�l�Z��250�h�K����
�;�_�e�h�� �i�h�‚�_�� �m�� �h�[�e�b�d�m�� �k�e�h�\�Z�� �=�� �k�Z�� �e�_�\�_�� �k�l�j�Z�g�_�� �•�_�� �i�h�k�e�_�^�b�p�Z�� �j�_�n�e�_�d�k�b�•�_�� �b�� �g�_�f�Z�� �g�b�d�Z�d�Z�\�� �a�g�Z�q�Z�•�� �g�Z��
�j�_�a�m�e�l�Z�l�_���k�g�b�f�Z�ƒ�Z��[1]. 
�K�i�_�p�b�n�b�q�g�h�k�l�� �l�_�j�f�h�\�b�a�b�•�k�d�_�� �d�h�g�l�j�h�e�_��SF6 �i�j�_�d�b�^�Z�q�Z�� �•�_�� �m�� �l�h�f�_�� �r�l�h�� �•�_��SF6 �]�Z�k�� �e�h�r�� �i�j�h�\�h�^�g�b�d��
�l�h�i�e�h�l�_���� �l�_�� �k�_�� �o�e�Z�{�_�ƒ�_�� �h�\�b�o�� �i�j�_�d�b�^�Z�q�Z���\�j�r�b�� �a�j�Z�q�_�ƒ�_�f���� �I�h�\�j�r�b�g�k�d�b���^�_�h���k�l�m�[�e�b�g�_���k�Z�^�j�`�b�� �Z�j�Z�e�^�b�l��
�d�h�•�b�� �g�_���i�j�h�i�m�r�l�Z�� �b�g�n�j�Z�p�j�\�_�g�_���a�j�Z�d�_���� �<�h�^�_�„�b���k�_���h�\�h�f���h�k�h�[�b�g�h�f�����d�h�^���f�Z�e�h�m�‚�g�b�o���i�j�_�d�b�^�Z�q�Z���d�\�Z�j���„�_���k�_��
�e�Z�d�r�_���m�l�\�j�^�b�l�b�����i�h�r�l�h�� �„�_���k�_���^�_�l�_�d�l�h�\�Z�l�b���\�b�r�Z���l�_�f�i�_�j�Z�l�m�j�Z�� 
�I�h�j�_�{�_�ƒ�_�f�� �K�e�b�d�Z�� ���� �b�� ���� �\�b�^�b�� �k�_�� �j�Z�a�e�b�d�Z�� �m�� �i�j�h�k�l�b�j�Z�ƒ�m�� �l�h�i�e�h�]�� �f�_�k�l�Z�� �g�Z�� �^�_�k�g�h�f�� �i�h�e�m�� �i�j�_�d�b�^�Z�q�Z����
�m�i�j�Z�\�h�� �a�[�h�]�� �j�Z�a�e�b�d�_�� �m�� �d�h�g�k�l�j�m�d�p�b�•�Z�f�Z�� �i�j�_�d�b�^�Z�q�Z���� �K�l�m�[�e�b�g�Z��SF6 �i�j�_�d�b�^�Z�q�Z�� �k�_�� �k�Z�k�l�h�•�b�� �b�a�� �^�\�Z�� �^�_�e�Z��
�Z�j�Z�e�^�b�l�Z���k�Z���a�Z�i�l�b�\�Z�q�_�f���b�a�f�_�{�m���ƒ�b�o�����i�Z���„�_���k�_���p�_�e�Z���]�h�j�ƒ�Z���i�h�e�h�\�b�g�Z���k�d�e�h�i�Z���i�j�b�[�e�b�`�g�h���b�k�l�h���]�j�_�•�Z�l�b�� 
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�K�e�b�d�Z���������L�_�j�f�h�]�j�Z�n�k�d�b���k�g�b�f�Z�d��SF6 �i�j�_�d�b�^�Z�q�Z��������kV [1]  

 
�D�Z�f�_�j�Z�� �„�_�� �i�j�b�d�Z�a�Z�l�b�� �k�Z�f�h�� �i�h�\�_�„�Z�g�h�� �]�j�_�•�Z�ƒ�_�� �Z�j�Z�e�^�b�l�Z�� �a�[�h�]�� �m�g�m�l�j�Z�r�ƒ�_�]�� �d�\�Z�j�Z���� �D�h�^�� �k�\�Z�d�_�� �j�Z�a�e�b�d�_��
�l�_�f�i�_�j�Z�l�m�j�Z�� �k�l�m�[�e�b�g�_��SF6 �i�j�_�d�b�^�Z�q�Z���� �h�g�b�� �k�_�� �f�h�j�Z�•�m�� �^�_�l�Z�‚�g�h�� �i�j�_�d�h�g�l�j�h�e�b�k�Z�l�b�� �f�_�j�_�ƒ�_�f�� �i�j�_�e�Z�a�g�b�o��
�h�l�i�h�j�Z���� �i�Z�� �k�_���g�Z�d�h�g���l�h�]�Z���m�l�\�j�{�m�•�_�� �o�b�l�g�h�k�l�� �h�l�d�e�Z�ƒ�Z�ƒ�Z���d�\�Z�j�Z���� �I�h�j�_�^�� �i�j�_�d�b�^�Z�q�Z���� �l�h�i�e�Z���f�_�k�l�Z���k�_���f�h�]�m��
�i�h�•�Z�\�b�l�b�� �b�� �g�Z�� �h�k�l�Z�e�b�f�� �_�e�_�f�_�g�l�b�f�Z�� �_�e�_�d�l�j�h�_�g�_�j�]�_�l�k�d�h�]�� �k�b�k�l�_�f�Z���� �k�l�j�m�•�g�_�� �k�l�_�a�Z�‚�d�_���� �k�l�j�m�•�g�b�� �f�_�j�g�b��
�l�j�Z�g�k�n�h�j�f�Z�l�h�j�b���� �i�j�h�\�h�^�g�b�� �b�a�h�e�Z�l�h�j�b���� �k�i�h�•�g�b�p�_�� �b�l�^���� 
 
���������L�_�j�f�h�\�b�a�b�•�k�d�Z���i�j�h�\�_�j�Z���k�l�Z�ƒ�Z���h�i�j�_�f�_���m���L�?���L�H���G�h�\�b���K�Z�^ 

�L�h�d�h�f�� �b�k�i�b�l�b�\�Z�ƒ�Z�� �•�_�� �b�a�\�j�r�_�g�Z�� �i�j�h�\�_�j�Z���k�l�j�m�•�g�b�o���k�l�_�a�Z�‚�d�b���� �k�l�j�m�•�g�b�o���f�_�j�g�b�o���l�j�Z�g�k�n�h�j�f�Z�l�h�j�Z��
110 kV �b�� �i�j�h�\�h�^�g�b�o�� �b�a�h�e�Z�l�h�j�Z�� �[�e�h�d�� �l�j�Z�g�k�n�h�j�f�Z�l�h�j�Z�� �L���� �������������������� kV/kV �m�� �L�?-�L�H�� �G�h�\�b�� �K�Z�^�� 
�K�g�b�f�Z�ƒ�_���•�_�� �b�a�\�j�r�_�g�h���������� �b�� ���������^�_�p�_�f�[�j�Z���������������=�h�^�b�g�_�����r�l�h���i�j�_�^�k�l�Z�\�‚�Z���\�j�_�f�_���Ä�r�i�b�p�Z�³���m���i�j�h�b�a�\�h�^�ƒ�b��
�_�e�_�d�l�j�b�q�g�_�� �_�g�_�j�]�b�•�_���� �H�\�Z�� �_�e�_�d�l�j�Z�g�Z�� �•�_�� �\�j�r�g�Z���� �l�•�� �i�j�h�b�a�\�h�^�b�� �_�e�_�d�l�j�b�q�g�m�� �_�g�_�j�]�b�•�m�� �i�h�� �i�h�l�j�_�[�b�� �Z��
�i�j�b�f�Z�j�g�Z�� �n�m�g�d�p�b�•�Z�� �•�h�•�� �•�_�� �i�j�h�b�a�\�h�^�ƒ�Z�� �l�h�i�e�h�l�g�_�� �� �_�g�_�j�]�b�•�_���� �F�_�j�_�ƒ�_�� �•�_�� �\�j�r�_�g�h�� �[�_�k�d�h�g�l�Z�d�l�g�h���� �[�_�a��
�i�j�_�d�b�^�Z���i�h�]�h�g�Z���� �k�Z���[�_�a�[�_�^�g�_���m�^�Z�‚�_�g�h�k�l�b�� 

�I�h�q�_�l�Z�d���k�g�b�f�Z�ƒ�Z���•�_�� �[�b�h���m�������������� �K���� �<�j�_�f�_�� �l�j�Z�•�Z�ƒ�Z���k�g�b�f�Z�ƒ�Z���i�h�� �_�e�_�f�_�g�l�m���b�a�g�h�k�b���b�a�f�_�{�m������ �b������
�f�b�g�m�l�Z���� �l�Z�d�h���^�Z���� �� �i�h�k�Z�h���f�h�`�_�� �^�Z���k�_���h�[�Z�\�b�� �a�Z���^�\�Z�^�_�k�_�l�� �f�b�g�m�l�Z���� �I�h�q�_�l�Z�d���k�g�b�f�Z�ƒ�Z���k�_���[�b�j�Z���l�Z�d�h���^�Z���•�_��
�k�g�b�f�Z�g�b�� �_�e�_�f�_�g�l�� �i�h�^�� �g�Z�•�\�_�„�b�f�� �h�i�l�_�j�_�„�_�ƒ�_�f���� �^�Z�� �[�b�� �k�_���^�h�[�b�e�b�� �r�l�h�� �\�_�j�h�^�h�k�l�h�•�g�b�•�b�� �j�_�a�m�e�l�Z�l�b����
�K�i�h�‚�Z�r�ƒ�Z�� �l�_�f�i�_�j�Z�l�m�j�Z�� �•�_�� �[�b�e�Z�����h�K���d�Z�^�Z���k�m���k�g�b�f�Z�g�_���k�Z�f�h�� �k�l�j�m�•�g�_���k�l�_�a�Z�‚�d�_���� �h�^�g�h�k�g�h��-5�h�K���� �d�Z�^�Z���k�m��
�k�g�b�f�Z�g�b���k�l�j�m�•�g�b�� �f�_�j�g�b���l�j�Z�g�k�n�h�j�f�Z�l�h�j�b���b�� �i�j�h�\�h�^�g�b�� �b�a�h�e�Z�l�h�j�� �[�e�h�d���l�j�Z�g�k�n�h�j�f�Z�l�h�j�Z���L������ 

�K�g�b�f�Z�ƒ�_�� �k�_�� �h�[�Z�\�‚�Z�� �[�_�k�d�h�g�l�Z�d�l�g�h�� �b�� �g�_�f�Z�� �i�h�l�j�_�[�_�� �a�Z�� �i�j�_�d�b�^�h�f�� �i�h�]�h�g�Z���� �D�Z�^�Z�� �k�_�� �k�g�b�f�Z�•�m��
�k�l�j�m�•�g�_���k�l�_�a�Z�‚�d�_�����Z�d�h���i�h�k�l�h�•�b���\�_�e�b�d�Z���j�Z�a�e�b�d�Z���m���l�_�f�i�_�j�Z�l�m�j�b���l�h�i�e�h�]���f�_�k�l�Z�����e�Z�d�h���k�_���f�h�`�_���m�l�\�j�^�b�l�b���g�Z�^��
�d�h�•�h�f�� �k�_�� �f�h�j�Z�� �b�a�\�j�r�b�l�b�� �b�g�l�_�j�\�_�g�p�b�•�Z���� �M�� �h�\�h�f�� �k�e�m�q�Z�•�m�� �•�_�� �f�_�l�h�^�Z�� �g�_�i�h�]�j�_�r�b�\�Z���� �F�_�{�m�l�b�f�� �d�h�^��
�_�e�_�f�_�g�Z�l�Z���d�h�•�b�� �k�_���g�_���k�g�b�f�Z�•�m���m���k�\�_�� �l�j�b�� �n�Z�a�_���� �l�_�`�_�� �•�_�� �h�^�j�_�^�b�l�b�� �k�l�_�i�_�g���o�b�l�g�h�k�l�b���b�g�l �_�j�\�_�g�p�b�•�_���b���m���l�h�f��
�k�e�m�q�Z�•�m�� �i�h�f�Z�`�_�� �b�k�d�m�k�l�\�h�� �b�� �h�[�m�q�_�g�h�k�l�� �‚�m�^�b�� �Z�e�b�� �b�� �i�j�_�i�h�j�m�d�_���� �L�Z�[�_�e�Z�� ������ �L�j�Z�g�k�n�_�j�� �l�_�j�f�h�]�j�Z�f�Z�� �g�Z��
�j�Z�q�m�g�Z�j�� �k�_�� �\�j�r�b�� �i�h�f�h�„�m��USB  �d�Z�[�_�e�Z�� �b�� �i�h�k�_�[�g�h�]�� �k�h�n�l�\�_�j�Z���� �K�g�b�f�p�b���k�_���f�h�]�m���i�j�_�[�Z�p�b�\�Z�l�b�� �b�� �i�h�f�h�„�m��
bluetooth-a �b�e�b���i�j�_�d�h���f�_�f�h�j�b�•�k�d�_���d�Z�j�l�b�p�_���d�h�•�Z���k�_���i�j�b�d�‚�m�q�b���g�Z���j�Z�q�m�g�Z�j���� 

 
���������;�_�a�[�_� �̂g�h�k�l���b���a�^�j�Z�\�‚�_���g�Z���j�Z�^�m���i�j�b���l�_�j�f�h�\�b�a�b�•�k�d�h�f���k�g�b�f�Z�ƒ�m 
�I�j�h�p�_�g�Z�� �j�b�a�b�d�Z�� �j�Z�^�g�h�]�� �f�_�k�l�Z�� �•�_�� �f�m�k�e�l�b�^�b�k�p�b�i�e�b�g�Z�j�g�b���i�j�h�p�_�k�� �d�h�•�b�f�� �k�_�� �h�k�l�\�Z�j�m�•�_�� �i�h�\�b�r�_�ƒ�_�� �g�b�\�h�Z��
�[�_�a�[�_�^�g�h�k�l�b���g�Z���j�Z�^�g�h�f���f�_�k�l�m [9]�����I�j�_�f�Z���i�j�_�i�h�j�m�d�Z�f�Z���+�6�(���b���2�+�6�$�6���^�_�n�b�g�b�r�_���k�_���i�_�l���d�h�j�Z�d�Z���i�j�h�p�_�g�_��
�j�b�a�b�d�Z���� �i�j�_�i�h�a�g�Z�\�Z�ƒ�_�� �h�i�Z�k�g�h�k�l�b�� �b�� �r�l�_�l�g�h�k�l�b���� �m�l�\�j�{�b�\�Z�ƒ�_�� �h�i�Z�k�g�h�k�l�b�� �b�� �r�l�_�l�g�h�k�l�b���� �i�j�h�p�_�g�Z��
���_�\�Z�e�m�Z�p�b�•�Z���� �j�b�a�b�d�Z���� �_�\�b�^�_�g�l�b�j�Z�ƒ�_�� �i�h�k�l�h�•�_�„�b�o�� �k�l�Z�ƒ�Z�� �b���f�_�j�Z�� �b�� �^�h�^�Z�l�g�b�o�� �f�_�j�Z���� �b�� �d�h�g�Z�q�g�h�� �i�h�g�h�\�g�Z��
�i�j�h�p�_�g�Z�� �j�b�a�b�d�Z���i�h�k�e�_���i�j�b�f�_�g�_���^�h�^�Z�l�g�b�o���f�_�j�Z�� 
�3�_�^�Z�g�� �f�_�l�h�^�� �a�Z�� �i�j�h�p�_�g�m�� �j�b�a�b�d�Z�� �i�j�b�� �h�^�j�`�Z�\�Z�ƒ�m�� �\�b�k�h�d�h�g�Z�i�h�k�g�d�b�o�� �l�j�Z�g�k�n�h�j�f�Z�l�h�j�k�d�b�o�� �k�l�Z�g�b�p�Z�� �•�_��
�i�j�b�d�Z�a�Z�g�� �m�� �j�_�n�_�j�_�g�p�b��[11]���� �K�Z�� �Z�k�i�_�d�l�Z�� �[�_�a�[�_�^�g�h�k�l�b�� �b�� �a�Z�r�l�b�l�_�� �g�Z�� �j�Z�^�m���� �l�_�j�f�h�\�b�a�b�•�k�d�h�� �b�k�i�b�l�b�\�Z�ƒ�_��
�_�e�_�d�l�j�h�_�g�_�j�]�_�l�k�d�_�� �h�i�j�_�f�_�� �k�i�Z�^�Z�� �m�� �i�h�k�e�h�\�_�� �[�_�a�� �i�h�\�_�„�Z�g�h�]�� �j�b�a�b�d�Z�� �•�_�j�� �k�_�� �k�g�b�f�Z�ƒ�_�� �h�i�j�_�f�_�� �\�j�r�b��
�[�_�k�d�h�g�l�Z�d�l�g�h���� �[�_�a�� �b�a�\�h�{�_�ƒ�Z�� �f�Z�g�b�i�m�e�Z�p�b�•�Z�� �d�Z�h�� �g�Z�•�j�b�a�g�b�q�g�b�•�_�]�� �^�_�e�Z�� �h�^�j�`�Z�\�Z�ƒ�Z�� �i�h�k�l�j�h�•�_�ƒ�Z�� �b�� �[�_�a��
�i�j�_�d�b�^�Z�� �g�Z�i�Z�•�Z�ƒ�Z���� �K�g�b�f�Z�ƒ�_�� �k�_�� �\�j�r�b�� �k�Z���[�_�a�[�_�^�g�_���m�^�Z�‚�_�g�h�k�l�b�� �h�^�� ��-���� �f�_�l�Z�j�Z���r�l�h�� �•�_�� �a�g�Z�l�g�h���\�b�r�_�� �h�^��
�k�b�]�m�j�g�h�k�g�_�� �m�^�Z�‚�_�g�h�k�l�b�� �a�Z�� ��������kV �g�Z�i�h�g (1150 mm �m�� �a�Z�l�\�h�j�_�g�h�f�� �i�j�h�k�l�h�j�m �b������������ �P�P �g�Z�� �h�l�\�h�j�_�g�h�f��
�i�j�h�k�l�h�j�m) [10].   
�I�h�k�l�j�h�•�_�ƒ�Z����������kV �m���L�K����������x kV �k�m���b�a�]�j�Z�{�_�g�Z���m���k�d�e�Z�^�m���k�Z���L�_�o�g�b�q�d�h�f �i�j�_�i�h�j�m�d�h�f �[�j.12�Z - �?�I�K [10], 
�b�� �k�f�_�r�l�_�g�Z�� �k�m�� �g�Z�� �h�l�\�h�j�_�g�h�f�� �i�j�h�k�l�h�j�m�� �d�h�•�b�� �•�_�� �h�]�j�Z�{�_�g�� �a�Z�r�l�b�l�b�g�h�f�� �h�]�j�Z�^�h�f���� �I�j�b�k�l�m�i�� �m�� �i�h�k�l�j�h�•�_�ƒ�_��
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�b�f�Z�•�m���k�Z�f�h�� �h�\�e�Z�r�„�_�g�Z���e�b�p�Z���k�Z���h�^�h�[�j�_�g�b�f �j�Z�^�g�b�f�� �g�Z�e�h�]�h�f���� �I�h�k�l�j�h�•�_�ƒ�_����������kV �m���L�?-�L�H���G�h�\�b���K�Z�^���•�_��
�h�[�_�a�[�_�{�_�g�h�� �a�Z�r�l�b�l�g�h�f�� �h�]�j�Z�^�h�f���� �b�� �g�b�•�_�� �^�h�a�\�h�‚�_�g�� �m�e�Z�a�Z�d�� �j�Z�^�g�b�d�Z�� �L�?-�L�H�� �d�h�•�b�� �g�_�� �m�q�_�k�l�\�m�•�m�� �m��
�h�^�j�`�Z�\�Z�ƒ�m���L�K���m���i�h�k�l�j�h�•�_�ƒ�_���� �I�h�k�l�j�h�•�_�ƒ�Z��������kV, 20 kV �b 10 kV �m���L�K����������������kV, 110/20 kV �b����������������kV 
�k�m�� �k�f�_�r�l�_�g�Z�� �m�� �a�]�j�Z�^�b���� �K�b�]�m�j�g�h�k�g�Z�� �j�Z�k�l�h�•�Z�ƒ�Z�� �a�Z�� �h�^�j�_�{�_�g�b�� �g�Z�i�h�g�k�d�b�� �g�b�\�h�� �m�� �a�Z�l�\�h�j�_�g�h�f�� �i�j�h�k�l�h�j�m���k�m��
�f�Z�ƒ�Z�� �m�� �h�^�g�h�k�m�� �g�Z�� �h�g�Z�� �g�Z�� �h�l�\�h�j�_�g�h�f�� �i�j�h�k�l�h�j�m���� �G�Z�� �i�j�b�f�_�j�� �a�Z�� �g�Z�i�h�g�k�d�b�� �g�b�\�h�� ����-35 kV �k�b�]�m�j�g�h�k�g�Z��
�j�Z�k�l�h�•�Z�ƒ�Z�� �m�� �a�Z�l�\�j�_�g�h�f�� �i�j�h�k�l�h�j�m�� �b�a�g�h�k�_�� ��������mm �^�h�d�� �g�Z�� �h�l�\�h�j�_�g�h�f�� �b�a�g�h�k�_�� ���������� �P�P���� �h�� �q�_�f�m �l�j�_�[�Z��
�\�h�^�b�l�b�� �j�Z�q�m�g�Z���i�j�b�� �l�_�j�f�h�\�b�a�b�•�k�d�h�f�� �b�k�i�b�l�b�\�Z�ƒ�m���_�e�_�d�l�j�h�_�g�_�j�]�_�l�k�d�_���h�i�j�_�f�_���� �I�j�h�[�e�_�f���d�h�^���b�k�i�b�l�b�\�Z�ƒ�Z��
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INFORMATION SAFETY BASED ON EXTENDED KEY LENGHTS 

Florentina  CULBEC1, Dumitru MNERIE2, Titus SLAVICI3  

SUMMARY: 
The virtual transfer of confidential information, especially those that cause the transfer of money is always 

proven risky. For maximum security there are o lots of solutions more or less safe. In this paper it is presented an offer 
protective measure applied to protect sensitive or confidential data that have been collected legitimately. It uses an 
encryption mechanism - decryption, particularly AES (Advanced Encryption Standard). The cryptography can protect 
the confidentiality and integrity of data. It is a study on the influence of the cipher key  length on safety level. Greater 
security cause higher costs. Applications were made using different hardware schemes, depending on the version of 
AES (AES - 192, or AES - 256). It shows in detail how AES works and how it works the main operations on which  are 
based AES. 

Keywords: security, data protection, encryption-decryption, Encryption Standard 
 
1. Introduction 

In our modern society, businesses and other organizations collect data and extract information for 
various purposes. For example, a shop owner needs to have a view on which items are sold in order to refill 
the stock. A more advanced use of the data may be to link external factors to the rate at which certain items 
are being sold, in order to predict further sales and optimize stock management. Data from different sources 
may be aggregated to reveal more information. By analyzing which items are bought by the same customer, 
it becomes possible to construct customer confidential profiles, which can be used to send the customer 
targeted advertisements or to improve customer service in other ways. Our paper deals with protection 
measures applied to safeguard sensitive or confidential data, which has been collected legitimately [1].  

On the other hand, when we consider online orders [2], this simple and �U�R�X�W�L�Q�H���D�F�W�L�R�Q���Z�R�Q�¶�W���U�D�L�V�H��
any suspicion regarding the security of money transfer from our account to destination. But when it is 
performed in order to transfer large amounts of money for paying the bills, for example, we should start 
wondering is this transfer process safe enough. How about if we want to transfer some highly important data 
that we want no one else to know except the person that should receive the information? Here is where an 
encryption-decryption mechanism, particularly AES (Advanced Encryption Standard [3]), intervenes: 
without seeing it, even if we transfer money or data, all the information that we want to send to someone is 
being encrypted before it leaves our computer and travels to the destination where what we transferred is 
being decrypted. In this way the person from the destination sees just the message as we send it and not the 
encrypted one. This whole process takes place without knowing it, we are just taking it as a transparent 
operation. But what happens when an encryption protocol, such as AES-128 [4], is not enough and our 
private information is being endangered? Furthermore, how can be prevented a hacking operation, provoked 
by a malicious fault for example, attacking a banking system, a military database and, why not, even our 
medical  records? As it is known [5], malicious faults are introduced by a human with malicious objective of 
causing harm to the system. The protection of information is a multi-faceted problem. Since cryptography is 
based on mathematics, one can prove rigorously that it can eliminate certain risks. This is an important 
strength of cryptography. It is only true, however, if state-of-the-art cryptographic methods are used [6].  

Cryptography can protect the secrecy and the integrity of data. Historically, these two properties 
have been ensured by means of different techniques [1][6]. Currently it is recommended to always 
accompany secrecy protection techniques by integrity protection techniques, or to use techniques that 
simultaneously provide secrecy protection and integrity protection. In our paper, we refer to public-key 
cryptography, also known as asymmetric cryptography, which involves a cryptographic algorithm with two 
separate keys, one of which is secret (or private) and one of which is public. In an asymmetric key 
encryption scheme, anyone can encrypt messages using the public key, but only the holder of the paired 
private key can decrypt. Security depends on the secrecy of the private key. The public key is used to encrypt 
plaintext or to verify a digital signature, whereas the private key is used to decrypt cipher text or to create a 
digital signature. Message authentication [7] involves with a private processing a message with a private key 
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to produce a digital signature. Typically, only a hash or digest of the message, and not the message itself, is 
encrypted as the signature. The key generation process involves a pseudorandom pattern generator and the 
digital signature generation process involves a information compression scheme [6][8]. One of many 
technical solutions, this time for both generation processes-that of pseudorandom pattern and that of digital 
signatures-, can be implemented based on a linear sequential circuit implemented as a Linear Feedback Shift 
Register (LFSR) or as a Multiple Input Shift Register (MISR) [9][10]. Both solutions are based of the 
generation of the control bits of cycles codes and their process efficiency depends on many factors, one of 
them is represented by the degree of de generation polynomial which decides the key length [10][11][12].  

Many of the above questions find their answers in the solution of using a larger cipher-key. In this 
context, the subject of our paper is the simulation in an AES environment of the encryption and decryption 
processes using bigger keys as usual, conferring this way a higher security with the costs of increasing the 
silicon area, the power consumption and the operation latency according to [4].  

 
2. About AES 

 
Advanced Encryption Standard (AES) became the new Federal Information Processing Standard in 

2001 after being selected by National Institute of Standards and Technologies as the successor of Data 
�(�Q�F�U�\�S�W�L�R�Q�� �6�W�D�Q�G�D�U�G�� ���'�(�6������ �$�I�W�H�U�� �D�� �V�L�J�Q�L�I�L�F�D�Q�W�� �S�H�U�L�R�G�� �R�I�� �X�V�H���� �'�(�6�� �O�R�V�W���L�W�V���V�H�F�X�U�L�W�\�� �V�W�U�H�Q�J�W�K���� �8�V�L�Q�J���W�R�G�D�\�¶�V��
computational power DES �F�D�Q���E�H���E�U�R�N�H�Q���L�Q���D���³�I�H�Z���K�R�X�U�V���E�\���O�D�X�Q�F�K�L�Q�J���D���E�U�X�W�H-�I�R�U�F�H���D�W�W�D�F�N�´���>���@�����7�K�H���S�U�R�F�H�V�V��
of selecting a DES replacement was initiated in 1997. AES was required to operate with 128 bit data blocks, 
supporting 128, 192 and 256 bit keys and being royalty-free available. The selection process evaluated the 
candidates based on security, cost and implementation characteristics. The cost refers to resource 
requirements for implementing the algorithm on various platforms such as Application Specific Integrated 
Processors, Field Programmable Gate Arrays, Smart Cards and in software. The most important 
characteristic sought for AES was simplicity and algorithm flexibility. The Rijndael was eventually adopted 
as the new AES because of its implementation efficiency, flexibility and long-term foresaw security. 
National Institute of Standards and Technologies expects the security lifetime for 128-bit keys symmetric 
encryption algorithms (including AES) to last beyond 2030 [14]. 
Advanced Encryption Standard, as defined by Daemen and Rijmen [15], is a block cipher, operating 
encryption and decryption on data blocks using a secret key. It is a substitution permutation network, 
operating in an iterative manner, with a particular sequence of operations (collectively described as around) 
being repeated a certain number of times. The AES operations are byte-oriented, which is also the reason for 
its performance on resource-limited processors as well as on current 32 and 64-bit architectures. The design 
�F�U�L�W�H�U�L�R�Q�V�� �Z�H�U�H�� �J�X�L�G�H�G�� �E�\�� �6�K�D�Q�Q�R�Q�¶�V��notions of diffusion and confusion �D�V���S�U�H�V�H�Q�W�H�G���L�Q���K�L�V���³�&�R�P�P�X�Q�L�F�D�W�L�R�Q��
�R�I�� �6�H�F�U�H�F�\�� �6�\�V�W�H�P�V�´�� �>�����@�� Diffusion will disperse the plaintext and key information into the cipher-text and 
is typically achieved in cryptographic algorithm by use of permutations. The confusion property achieves a 
complicated relation between the inputs (plaintext and the key) and the encrypted output, and is usually 
implemented by use of substitutions, or SBox-es. 

The AES algorithm operates with 128-bit data blocks and accepts keys of 128, 192 and 256 bits. 
Dependent on the key length the algorithm is performed by iterating a different number of times the round 
transformations. The most used implementation, as well as the one provisioned by NIST to maintain its 
security beyond 2030 [16], is based on 128-bit keys. AES belongs to the key-alternating block cipher class 
because its common round transformation is parameterized only by the key, and in consequence both 
encryption and decryption round depends on its correspondent round key.  

Thus, AES encrypt data blocks of 128 bits organized in words of 32 bits length. The number of 
columns in the state is denoted by Nb and is equal to the block length divided by 32, so the number of words 
are Nb=4. As we said earlier, the key length can take the values 128, 192 and 256 bits, so that the number of 
words of the key, denoted by Nk is 4, 6, and 8 respectively. So the number of rounds needed for the 
encryption process, denoted by Nr, results equal to 10 AES-128, equal to 12 for AES-192, and equal to 14 
respectively [2]. In Fig. 1 [2] are presented the three 128 bits tables corresponding to the input block (in), to 
the state block (s) and to the output block (out). The blocks are represented by tables where the bytes are 
mapped on rows and columns and the plaintext represents the initial state table. The AES algorithm  uses for 
the encryption process, as well as for the decryption process, a number of rounds, which contains four types 
of transformations, called steps, namely SubBytes, ShiftRows, MixColumns and AddRoundKey [2]. 
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Figure 1 

 
2.1. AES Encryption 

 
 The encryption unfolds as shown in the pseudo-code illustrated (fig. 2) in the following algorithm 
[2]: 

 
Figure 2 

 
Cipher (byte in[4*Nb], byte out[4*Nb], word w[Nb*(Nr+1)]) 

                  begin 
  
                  byte state[4,Nb]  
                  state = in 
                  AddRoundKey(state,w) 
 
                  for round = 1 step 1 to Nr-1 
                   SubBytes(state)  
                  ShiftRows(state) 
                  MixColumns(state) 
 
                  AddRoundKey(state,w+round*Nb)  
                  end for 
                  SubBytes(state) 
                  ShiftRows(state) 
 
                  AddRoundKey(state,w+Nr*Nb) 
                  out = state 
                  end 
 
The algorithm starts by copying the input (in) into the state table. After a first addition of the initial 
RoundKey, the specific round transformations follows, with the observation that the final round (the one 
situated just after closing the for  loop) is slightly different. This final round does not contains the 
MixColumns transformation. At the end, the state table is copied into the output table. Another aspect worth 
mentioning is that the array w[ ] contains all the RoundKeys generated by the KeyGenerator. The 
transformations which intervene (SubBytes, ShiftRows, MixColumns and AddRoundKey) and which operate 
on the state table are described below. 

 
 2.2. AES Transformations 



�J�b�a�b�d���b���[�_�a�[�_�^�g�h�k�g�b���b�g�`�_�ƒ�_�j�b�g�]��- �D�h�i�Z�h�g�b�d��������4. 

81 

 
      The SubBytes transformation is mapping the current state table to the a specific substitution box denoted 
S-box. As we can see in the figure 3 [2], the SubBytes step is a permutation which affects the bytes of the 
state applying an S-box [5][6]. 
 

 
 

Figure 3 
 

     The ShiftRows transformation operates on rows. In this step, the bytes from the state table are shifted to 
the left depending the selected row: row 1 remains the same (this row is not shifted), row 2 is shifted to the 
left one position, row 3 is shifted to the left two positions and, finally, row 4 is shifted to the left with three 
positions. It is worth mentioning that every position is shifted one byte to the left. In the figure above, we can 
see an example of the ShiftRows for the case of AES-128. 
     The MixColumns transformation operates on the state table in a column-by-column mode. This step 
affects only the columns of the state table as shown below (fig. 4). 

 
Figure 4 

 
The AddRoundKey transformation adds every round the current round key to the state [15]. In the 

GF(28) field, addition is implemented as bit-wise EX-OR between the two elements. And because EX-OR 
function is its own inverse, the AddRoundKey step implements also its inverse round transformation 
[14][15]. 

 
2.3. Key Generator 

 
The AES algorithm uses the key K to generate the round key through a specific procedure which 

generates a total of Nb(Nb+1) words of 32 bits, which form an array. The algorithm below [2] illustrated the 
pseudocode for the key generator. 

 
KeyExpansion(byte key[4 * Nk], word w[Nb * (Nr + 1)], Nk) 
 begin 
i=0 
while (i < Nk) 

 
w[i] = word[key[4*i],key[4*i+1],key[4*i+2],key[4*i+3]] 
 i = i + 1 

 
end while 
i = Nk 
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while (i < Nb * (Nr + 1))  
word temp = w[i - 1] 
if (i mod Nk = 0) 

 
temp = SubWord(RotWord(temp)) xor Rcon[i / Nk]  
else if (Nk = 8 and i mod Nk = 4) 

 
temp = SubWord(temp) 
end if 

 
w[i] = w[i - Nk] xor temp 
 i = i + 1 

 
end while  
end 

 
        Subword is a function which maps a word of 32 bits into a word which will have the same size, by 
applying the function SubBytes to each Byte individually. BitWord is also a function which permute on a 
word. Rcon[i] is a vector which contains values starting with i (where i indicate the current round) from 
value 1 and not 0. By taking a close look at the above algorithm, we can observe that the first Nk words of 
the extended key are basically identical with the original key. All the next words w[i] are obtained by 
applying a bitwise EX-OR operation between the previous word w[i-1] and the word w[i-Nk]. For the words 
which are in positions of multiple of Nk, before applying the EX-OR operation on w[i-1], we apply an 
additional transformation Subword (RotWord) xor Rcon[i]. 
  
 24. AES Decryption 
      The AES decryption algorithm can be seen as an inverse operation of the encryption algorithm. It 
consists of the inverse way: SubBytes will now become InvSubBytes, ShiftRows will be InvShiftRows and, 
finally, MixColumn will be called now InvMixColumns. The only transformation which is not affected is 
AddRoundKey, because AddRoundKey is its own inverse [15]. In the following figure 5, we describe the 
InvShiftRows function. 
 

 
Figure 5 

 
      The InvSubBytes transformation is a substitution box reverting the effect of the direct SubBytes 
operation. The InvShiftRows will shift to the right the second row with one position, the third row with two 
positions and the forth row with three positions. The row 1 is not shifted. Every position is shifted with one 
�E�\�W�H�����6�L�P�L�O�D�U�O�\���� �,�Q�Y�0�L�[�&�R�O�X�P�Q�V�� �R�S�H�U�D�W�H�V���O�L�Q�H�D�U�O�\�� �R�Q���W�K�H���V�W�D�W�H���P�D�W�U�L�[�¶�V���F�R�O�X�P�Q�V���>�����@�� 
 

 
3. Implementations of the extended versions of AES 

 
3.1. Implementation of AES-192 

 
     For the new key generator, we take as an input the key_data on 192 bits and we keep the round_constant 
of 8 bits (the same as for AES-128). After the Key_Unit process the information given at its inputs, it will 
return as output the next round_key on 192 bits and also the next_round_constant on 8 bits as shown in 
figure 6 below.  
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Figure 6 

 
In order for the Key-Unit to be able to return the correct mentioned above, some workarounds need to be 
done: first because we use a common datapath for all implementations and because each round uses only 128 
bits of round key, we had to split the next round key generation in two parts, namely one constructing the 
most significant 128 bits and one generating the least significant 64 bits. As a consequence, in order to 
generate the next round key, we will use only the most significant 128 bits and the other 64 bits will be 
shifted with 64 positions so that these least significant bits will now become the most significant bits, as 
shown in the next figure [7]. Furthermore, at every three rounds, we will generate a complete new key data 
as the standard defines it. To implement the above mentioned strategy, we need to separate three cases. This 
is why we use a flag on 2 bits, which will trigger the use of the first 128 bits of the key data when the flag is 
0. When the remaining 64 bits concatenated with the next 64 bits will be used, the flag is set to 1, and, 
finally, the flag is set on value 2 when the third case is triggered. In the first two cases, all the four operations 
on which AES is based on are performed and, in the case with the flag set on value 2, there are no operation 
performed except the simple EX-OR. The three cases are depicted in the above figure for the flag 0 on the 
left, for flag 1 in the middle and for flag 2 on the right (fig. 7).  

 
Figure 7 

 
For the key generator decryption, we take as an input the key_data on 192 bits obtained after encryption and 
we keep the round_constant of 8 bits (the same as for AES-128). After the Key_Unit process the information 
given at its inputs, it will return as output the next round_key on 192 bits and also the next_round_constant 
on 8 bits. In order for Key- Unit to be able to return the correct values mentioned above, some workarounds 
need to be done: first because we use a common datapath for all implementations and because each round 
uses only 128 bits of round key, we had to split the next round key generation in two parts, namely the most 
significant 128 bits and one generating the least significant 64 bits. As a consequence, in order to generate 
the next most significant 128 bits and the other64 bits will be shifted with 64 positions so that these most 
significant bits will now become the least significant bits, as shown in the figure below. The three possible 
cases are depicted for flag 2 on the left, for flag 1 in the middle and for flag 0 to the right.  
 
3.2. Implementation of AES-256 
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For the new key generator (fig. 8), we take as an input the key_data on 256 bits and we keep the 
round_constant of 8 bits (the same as for AES-128).  

 
Figure 8 

 
After the Key_Unit process the information given at its inputs, it will return as output the next round_key on 
256 bits and also the next_round_constant on 8 bits as shown in figure below [7]. In order for the Key-Unit 
to be able to return the correct mentioned above, some workarounds need to be done: first because we use a 
common data path for all implementations and because each round uses only 128 bits of round key, we had 
to split the next round key generation in two parts, namely one constructing the most significant 128 bits and 
one generating the least significant 128 bits. As a consequence, in order to generate the next round key, we 
will use only the most significant 128 bits and the other half will be shifted with 128 positions so that these 
least significant bits will now become the most significant bits, as shown in the next figure. Furthermore, at 
every three rounds, we will generate a complete new key data as the standard defines it. To implement the 
above mentioned strategy, we need to separate two cases. This is why we use a flag of one  bit, which will 
trigger the use of the first half of the key data when flag is 0 and when will use the other half when it has the 
value 1. In the first case all the four operations on which AES is based on are performed and in the case with 
the flag on value 1, only the S box is performed, as described by the AES standard [2]. These workarounds 
are described in the figure for the case when the flag is 0 on the left and when the flag is 1 on the right (fig. 
9).  
 

 
Figure 9 

 
The decryption process (fig. 10),  is similar to encryption except that now we use the least significant 

128 bits to generate the next round key and the most significant 128 bits will now be shifted to the right with 
128 positions in order to concatenate the new round key to this most significant bit [7]. 
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Figure 10 

 
3.3. Design validation 

 
      In order to verify the final results, a test bench module was designed. This unit contains the input vectors 
(the key data, the plaintext and the current output data). And another unit called `aes  ́which implements the 
whole algorithm. The correctness of the design was assessed using the table vectors from the AES standard 
[2][3]. If an error occurs in the first round, it will be propagated and amplified to the next round and so on till 
it reaches the final round yielding completely different result [7]. 
      Another test strategy would be to choose the plaintext and just encrypt it with any encryption unit that 
was validated, then get the result and give it as an input for the decryption, in this way the result from 
decryption will have to be identical with the final plaintext. Another important aspect is the fact that all the 
operations for the current round are done in parallel, in one single clock cycle, for each corresponding round 
[7]. 
 

4. Conclusions 
        In this paper we applied the concept of encryption and decryption based on the length of the key, from 
here resulting different kind of hardware scheme depending on the AES version (AES-192 or AES-256). We 
also presented in detail how the AES algorithm works, how the round keys are generated and how the four 
main operations on which AES is based operate. The AES design was implemented with success for 192 and 
256 bits key, this being proved by various input data which were encrypted using different keys of 192 and 
256 bits and then the results were given as input for decryption, so that in the end we got the decryption 
result identical with the input data given at the beginning of the encryption. 
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http://csrc.nist.gov/publications/fips/fips197/fips-197.pdf
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VREMENSKI EKSTREMI I PRIPRAVNOST LOKALNE ZAJEDNICE 

�7�D�W�M�D�Q�D���ý�X�P�S�H�N��1�����-�R�Y�D�Q���9�X�þ�L�Q�L�ü2  
ta tjana.cumpek@duzs.hr, jovan.vucinic@vuka.hr 

�6�$�ä�(�7�$�.�� 
�3�U�R�F�M�H�Q�D�� �V�W�D�Q�M�D���� �8�1�� �R�Y�H�� �P�H�ÿ�X�Q�D�U�R�G�Q�H�� �N�R�Q�I�H�U�H�Q�F�L�M�H���]�D���N�O�L�P�D�W�V�N�H���S�U�R�P�M�H�Q�H��- IPCC-a[1]  pod  radnim nazivom - 

AR4 [2] iz 2007.g. ut�Y�U�G�L�O�R�� �M�H�� �E�O�L�V�N�X�� �Y�H�]�X�� �L�]�P�H�ÿ�X�� �J�O�R�E�D�O�Q�R�J�� �]�D�W�R�S�O�M�H�Q�M�D���L�� �H�N�V�W�U�H�P�Q�L�K�� �Y�U�H�P�H�Q�V�N�L�K�� �X�Y�M�H�W�D�� �W�H�� �R�E�M�D�Y�L�O�R��
�M�D�Y�Q�R�V�W�L�� �G�D�� �ü�H�� �X�S�U�D�Y�R�� �J�O�R�E�D�O�Q�R�� �]�D�W�R�S�O�M�H�Q�M�H�� �E�L�W�L�� �X�]�U�R�N�� �V�Y�H�� �þ�H�ã�ü�L�K�� �W�R�S�O�L�Q�V�N�L�K�� �X�G�D�U�D���� �V�X�ã�D�� �L�� �S�R�S�O�D�Y�D�� �X�� �Q�D�G�R�O�D�]�H�ü�L�P��
�G�H�V�H�W�O�M�H�ü�L�P�D���� �,�]�Y�M�H�ã�ü�H�� �V�D�� �Y�H�O�L�N�R�P�� �Y�M�H�U�R�M�D�W�Q�R�ã�ü�X�� �X�W�Y�U�G�L�O�R�� �G�D�� �G�R�� �V�D�G�D�� �Q�L�M�H�� �X�W�Y�U�ÿ�H�Q�R�� �G�D�� �M�H�� �H�P�L�V�L�M�D�� �V�W�D�N�O�H�Q�L�þ�N�L�K�� �S�O�L�Q�R�Y�D��
�P�D�Q�M�D���� �N�D�R�� �L�� �W�R�� �G�D�� �Y�U�H�P�H�Q�V�N�L�� �H�N�V�W�U�H�P�L�� �S�U�H�G�V�W�D�Y�O�M�D�M�X�� �V�Y�H�� �Y�H�ü�L�� �U�L�]�L�N�� �]�D�� �O�R�N�D�O�Q�X�� �]�D�M�H�G�Q�L�F�X���� �2�E�D�� �V�H�� �L�]�Y�M�H�ã�ü�D�� �V�O�D�å�X�� �X��
�Q�H�N�R�O�L�N�R�� �]�D�N�O�M�X�þ�D�N�D���� �G�D�� �H�P�L�V�L�M�D�� �V�W�D�N�O�H�Q�L�þ�N�L�K�� �S�O�L�Q�R�Y�D�� �Q�L�M�H�� �X�� �S�D�G�X���� �G�D�� �Y�U�H�P�H�Q�V �N�L�� �H�N�V�W�U�H�P�L�� �S�U�H�G�V�W�D�Y�O�M�D�M�X���V�Y�H�� �Y�H�ü�L�� �U�L�]�L�N�� �]�D��
�V�W�D�Q�R�Y�Q�L�ã�W�Y�R���W�H���G�D���M�H���Q�H�R�S�K�R�G�Q�R���S�U�L�S�U�H�P�D�W�L���P�M�H�U�H���]�D���]�D�ã�W�L�W�X���V�W�D�Q�R�Y�Q�L�ã�W�Y�D���L���G�U�X�ã�W�Y�H�Q�H���]�D�M�H�G�Q�L�F�H������ 

�.�O�M�X�þ�Q�H�� �U�L�M�H�ü�L�� Vremenski ekstremi, klimatske promjene, lokalna zajednica, prirodne nepogode 
 

WEATHER EXTREMES AND READINESS OF LOCAL COMMUNITIES 

ABSTRACT:  
Fourth Assessment Report (AR4)from 2007 by the Intergovernmental Panel on Climate Change e IPCC 

established connection between global warming and extreme weather changes  and disasters  concluding that global 
warming will make heat waves, droughts, floods, and other extreme weather events much more common in the decades 
to come. In spite the fact that they go easy on statements in second published report - SREX, there became evident that 
risk of climate change and emission of greenhouse gas concentration have not diminished. 

At the same time there is increasing uncertainty about some weather extremes and recommendation about 
employing measures for managing climate risks and preparing local community for weather disasters before they occur.  

Both Reports agreed on facts that follow: greenhouse gas emissions reductions are more urgent, risks of  
weather extremes are greater, preparedness and societal resilience is required 

Keywords: Weather extremes, Climate changes, local community, natural disasters   
 

1. UVOD 

�0�Q�R�J�L�� �V�Y�M�H�W�V�N�L�� �N�O�L�P�D�W�R�O�R�]�L�� �L�G�X�� �N�R�U�D�N�� �G�D�O�M�H�� �L�� �V�O�D�å�X���V�H���X���S�U�R�J�Q�R�]�L�� �G�D���M�H���J�O�R�E�D�O�Q�R���]�D�W�R�S�O�M�H�Q�M�H���G�L�U�H�N�W�D�Q���X�]�U�R�N���V�Y�H��
�þ�H�ã�ü�L�K���� �V�S�R�U�D�G�L�þ�Q�L�K�� �L�� �Q�H�R�þ�H�N�L�Y�D�Q�L�K���Y�U�H�P�H�Q�V�N�L�K���H�N�V�W�U�H�P�D���L�O�L���N�D�N�R���Q�D�]�L�Y�D�M�X���I�H�Q�R�P�H�Q�� �± �Ä�O�R�D�G���W�K�H���G�L�F�H�³���� �� �-�Hdan 
�R�G�� �W�D�N�R�Y�L�K�� �Q�H�R�þ�H�N�L�Y�D�Q�L�K�� �Y�U�H�P�H�Q�V�N�L�K�� �H�N�V�W�U�H�P�D�� �M�H�� �W�R�S�O�R�W�Q�L�� �X�G�D�U�� �X�� �0�R�V�N�Y�L�� �����������J���� �N�R�M�L�� �M�H�� �G�R�V�H�J�D�R�� �U�H�N�R�U�G�Q�R��
�Y�L�V�R�N�H���W�H�P�S�H�U�D�W�X�U�H���D�O�L���L�� �R�G�Q�L�R�� �Q�H�N�R�O�L�N�R�� �V�W�R�W�L�Q�D���O�M�X�G�V�N�L�K�� �å�L�Y�R�W�D���� 

�%�U�R�M���V�W�D�Q�R�Y�Q�L�N�D���M�H���X���S�R�U�D�V�W�X���� �L�Q�I�U�D�V�W�U�X�N�W�X�U�D���V�Y�H���V�O�R�å�H�Q�L�M�D���L�� �U�D�]�J�U�D�Q�D�W�L�M�D�>���@���� �D���W�L�P�H���V�X���V�Y�H���Y�H�ü�L���L���U�L�]�L�F�L���N�R�M�H���Q�R�V�H��
�Q�D�O�H�W�L�� �R�E�L�O�Q�L�K�� �S�D�G�D�O�L�Q�D�� �L�O�L�� �H�N�V�W�U�H�P�Q�L�K�� �Y�U�X�ü�L�Q�D���� �ý�D�N�� �L���N�D�G�D�� �]�D�Q�H�P�D�U�L�P�R�� �G�M�H�O�R�Y�D�Q�M�H�� �D�Q�W�U�R�S�R�J�H�Q�R�J�� �I�D�N�W�R�U�D�� �Q�D��
podizanje razine mora ili zakiseljavanje oceana, te utjecaj globalnog zagrijavanja na floru i faunu, krajnje je 
vrijem�H���S�U�L�S�U�H�P�L�W�L�� �V�W�D�Q�R�Y�Q�L�ã�W�Y�R�� �Q�D���Q�R�Y�H���U�L�]�L�N�H���L�� �Q�D�G�R�O�D�]�H�ü�H���R�S�D�V�Q�R�V�W�L���� 
�6�Y�L�� �N�O�L�P�D�W�R�O�R�]�L�� �� �V�X�J�O�D�V�Q�L�V�X�� �X�� �M�H�G�Q�R�P���� �]�Q�D�Q�V�W�Y�H�Q�R�� �M�H�� �X�W�Y�U�ÿ�H�Q�R�� �G�D�� �ü�H�� �J�O�R�E�D�O�Q�R�� �]�D�J�U�L�M�D�Y�D�Q�M�H���S�U�D�W�L�W�L���S�U�R�P�M�H�Q�H���X��
�L�Q�W�H�Q�]�L�W�H�W�X���� �W�U�D�M�D�Q�M�X���� �X�þ�H�V�W�D�O�R�V�W�L���W�H���S�U�R�V�W�R�U�L�P�D���N�R�M�L���V�X���S�R�J�R�ÿ�H�Q�L���N�O�L�P�D�W�V�N�L�P�� �L���Y�U�Hmenskim ekstremima.[4]  
�8�� �R�Y�R�P�� �U�D�G�X�� �N�R�U�L�V�W�L�� �V�H�� �S�R�M�D�P�� �Y�U�H�P�H�Q�V�N�R�J�� �H�N�V�W�U�H�P�D�� �]�D�� �R�]�Q�D�þ�D�Y�D�Q�M�H�� �S�R�M�H�G�L�Q�D�þ�Q�L�K�� �Y�U�H�P�H�Q�V�N�L�K�� �S�R�M�D�Y�D�� �N�R�M�H��
�Q�L�V�X���X�R�E�L�þ�D�M�H�Q�H���D���L�P�D�M�X���ã�W�H�W�Q�H���S�R�V�O�M�H�G�L�F�H�����S�R�S�X�W���Ä�S�L�M�D�Y�L�F�D�³�� �Q�D���-�D�G�U�D�Q�X������ �3�R�M�D�P���N�O�L�P�D�W�V�N�L�K���H�N�V�W�U�H�P�D���R�G�Q�R�V�L���V�H��
�Q�D���L�V�W�X���S�R�M�D�Y�X�� �D�O�L���S�U�D�ü�H�Q�X���N�U�R�]���G�X�å�L�� �Y�U�H�P�H�Q�V�N�L���S�H�U�L�R�G�� �± �Q�H�N�R�O�L�N�R�� �J�R�G�L�Q�D�� �L���G�X�å�H�� 
�1�H�R�Y�L�V�Q�R�� �R�� �S�R�W�S�X�Q�R�P�� �V�X�J�O�D�V�M�X�� �L�O�L�� �Q�H�V�X�J�O�D�V�M�X�� �N�O�L�P�D�W�R�O�R�J�D���� �N�D�W�D�V�W�U�R�I�L�þ�D�U�D�� �L�O�L�� �S�D�N�� �]�D�J�R�Y�R�U�Q�L�N�D�� �S�R�O�L�W�L�N�D��
�R�V�L�J�X�U�D�Y�D�M�X�ü�L�K�� �G�U�X�ã�W�D�Y�D���� �þ�L�Q�M�H�Q�L�F�D�� �M�H�� �G�D�� �L�]�Q�H�Q�D�G�Q�L�� �X�G�D�U�L�� �Y�U�H�P�H�Q�V�N�L�K�� �H�N�V�W�U�H�P�D�� �V�Y�H�� �þ�H�ã�ü�H�� �S�R�J�D�ÿ�D�M�X�� �O�Rkalne 
zajednice.  
�7�D�N�R�ÿ�H�U�� �M�H�� �þ�L�Q�M�H�Q�L�F�D�� �G�D�� �M�R�ã�� �X�Y�L�M�H�N�� �Q�H�� �U�D�]�Y�L�M�D�P�R�� �U�H�V�X�U�V�H�� �L�� �N�D�S�D�F�L�W�H�W�H�� �E�U�]�R�J�� �R�S�R�U�D�Y�N�D�� �O�R�N�D�O�Q�H�� �]�D�M�H�G�Q�L�F�H�� �Q�D��
�N�R�M�R�M�� �M�H�� �R�G�J�R�Y�R�U�Q�R�V�W���� �Y�H�ü�� �V�W�U�D�W�H�J�L�M�H�� �L�� �S�O�D�Q�R�Y�L�� �G�R�O�D�]�H�� �Ä�R�G�R�]�J�R�³�� �]�E�R�J�� �þ�H�J�D�� �L�]�R�V�W�D�M�H�� �V�L�Q�K�U�R�Q�L�]�L�U�D�Q�R���L�� �V�L�Q�H�U�J�L�M�V�N�R��
djelovanje snaga i res�X�U�V�D���� �1�H�R�V�M�H�W�O�M�L�Y�R�V�W�� �S�U�H�P�D�� �O�R�N�D�O�Q�R�P�� �Y�D�O�M�D�� �S�R�W�U�D�å�L�W�L�� �X���W�U�H�Q�G�X�� �J�O�R�E�D�O�L�]�D�F�L�M�H�� �L�O�L��
�S�R�P�D�Q�M�N�D�Q�M�X�� �H�P�S�D�W�L�M�H�� �X�V�O�L�M�H�G�� �V�Y�D�N�R�G�Q�H�Y�Q�R�J�� �S�U�D�ü�H�Q�M�D�� �V�Y�M�H�W�V�N�L�K�� �N�D�W�D�V�W�U�R�I�D���� �=�D�K�Y�D�O�M�X�M�X�ü�L�� �W�R�P�H�� �G�D�Q�D�V�� �L�P�D�P�R��
trend globalne neosjetljivosti za lokalno. Udari nepogoda su za ukupnu zaj�H�G�Q�L�F�X�� �Ä�P�D�O�L�³�� �D�O�L�� �V�X�� �R�J�U�R�P�Q�L�� �]�D��

                                                 
1 �'�U�å�D�Y�Q�D���X�S�U�D�Y�D���]�D���]�D�ã�W�L�W�X���L�� �V�S�D�ã�D�Y�D�Q�M�H���5�+ 
2 Veleu�þili �ãte u Kar lovcu 
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�O�R�N�D�O�Q�R�� �V�W�D�Q�R�Y�Q�L�ã�W�Y�R���� �2�W�X�G�D�� �L�� �R�W�S�R�U�� �N�D�G�� �V�H�� �]�D�K�W�L�M�H�Y�D�� �S�U�R�J�O�D�ã�D�Y�D�Q�M�H�� �H�O�H�P�H�Q�W�D�U�Q�L�K�� �Q�H�S�R�J�R�G�D���� �S�D�� �N�U�R�Q�L�þ�Q�L��
�Q�H�G�R�V�W�D�W�D�N�� �V�U�H�G�V�W�D�Y�D�� �S�R�P�R�ü�L�� �]�D�� �S�R�O�M�R�S�U�L�Y�U�H�G�X�� �L�O�L�� �N�X�ü�D�Q�V�W�Y�D���� �9�D�O�M�G�D�� �]�E�R�J�� �W�R�J�D�� �Q�H�P�D�� �M�H�G�L�Q�V�W�Y�H�Q�R�J�� �S�U�D�ü�H�Q�M�D��
elementarnih nepog�R�G�D���L�� �Q�D�V�W�D�O�L�K���ã�W�H�W�D���L�O�L���D�Q�D�O�L�]�H���N�R�M�D���E�L���G�H�I�L�Q�L�U�D�O�D���Q�H�X�U�D�O�J�L�þ�Q�H���W�R�þ�N�H���Q�D�N�R�Q���þ�H�J�D���E�L���V�W�U�D�W�H�J�L�M�D��
�R�G�U�H�G�L�O�D�� �S�U�L�R�U�L�W�H�W�H���L�� �N�R�Q�F�H�Q�W�U�L�U�D�O�D���V�H���Q�D���M�D�þ�D�Q�M�H���N�D�S�D�F�L�W�H�W�D���Q�D�M�L�]�O�R�å�H�Q�L�M�L�K�� �O�R�N�D�O�Q�L�K�� �]�D�M�H�G�Q�L�F�D���� 

2. �3�5�$�û�(�1�-�(���3�5�,�5�2�'�1�,�+���1�(�3�2�*�2�'�$ 

�'�R�V�D�G�D�ã�Q�M�H�� �S�U�D�ü�H�Q�M�H�� �S�U�L�U�R�G�Q�L�K�� �Q�H�S�R�J�Rda, a posebno zbog utjecaja klimatskih promjena, nepotpuno  je i 
�D�N�X�P�X�O�L�U�D�� �S�R�J�U�H�ã�N�H. 
�7�H�P�H�O�M�H�P�� �G�R�V�D�G�D�ã�Q�M�L�K�� �S�U�H�G�Y�L�ÿ�D�Q�M�D�� �L�� �S�D�U�D�P�H�W�D�U�D���� �N�R�M�L�� �V�H�� �X�]�L�P�D�M�X�� �X�� �R�E�]�L�U���� �Q�L�M�H�� �P�R�J�X�ü�H�� �S�U�H�G�Y�L�G�M�H�W�L�� �N�R�M�H��
�Y�U�H�P�H�Q�V�N�H�� �Q�H�S�R�J�R�G�H�� �L�� �X�� �N�R�M�L�P�� �U�D�]�P�M�H�U�L�P�D�� �P�R�J�X�� �S�R�J�R�G�L�W�L���S�R�M�H�G�L�Q�R�� �S�R�G�U�X�þ�Me. Svi dosada prikupljeni podaci 
�W�H�P�H�O�M�H�� �V�H�� �Q�D�� �O�L�Q�H�D�U�Q�R�P�� �S�U�D�ü�H�Q�M�X�� �Y�U�H�P�H�Q�V�N�L�K�� �X�Y�M�H�W�D�� �X�� �S�U�R�ã�O�R�V�W�L�� �L�� �L�]�U�D�þ�X�Q�D�Y�D�Q�M�X�� �S�U�R�V�M�H�N�D�� �E�H�]�� �X�N�O�M�X�þ�L�Y�D�Q�M�D���X��
�N�D�O�N�X�O�D�F�L�M�X�� �N�O�M�X�þ�Q�R�J�� �O�M�X�G�V�N�R�J�� �þ�L�P�E�H�Q�L�N�D�� �N�R�M�L�� �M�H�� �S�U�R�L�]�Y�H�R�� �I�H�Q�R�P�H�Q�� �X�E�U�]�D�Q�R�J�� �Q�D�N�X�S�O�M�D�Q�M�D�� �V�W�D�N�O�H�Q�L�þ�N�L�K�� �S�O�L�Q�R�Y�D��
i globalnog zatopljenja. Upravo to je i pokazala studija Stefana Rahmstorfa i Dima Coumoua u koju su 
�X�Q�L�M�H�O�L�� �N�O�L�P�D�W�V�N�H�� �S�R�G�D�W�N�H�� �L�� �Y�U�H�P�H�Q�V�N�H�� �N�D�U�D�N�W�H�U�L�V�W�L�N�H�� �]�D�� �S�H�U�L�R�G�� �G�X�å�L�� �R�G�� �V�W�R�O�M�H�ü�D�� �W�H�� �V�W�D�W�L�V�W�L�þ�N�L�P�� �P�H�W�R�G�D�P�D��
�L�]�U�D�þ�X�Q�D�O�L�� �Y�M�H�U�R�M�D�W�Q�R�V�W�� �Y�U�H�P�H�Q�V�N�R�J���H�N�V�W�U�H�P�D���� �'�D�N�O�H���� �N�R�U�L�V�W�H�ü�L���G�R�V�D�G�D�ã�Q�M�H���S�U�L�V�W�X�S�H���L�� �P�H�W�R�G�H���L�]�U�D�þ�X�Q�D���� �6�W�X�G�L�M�D��
je pokazala �± �V�� �������� �Y�M�H�U�R�M�D�W�Q�R�ã�ü�X�� �G�D�� �V�H���� �U�D�Q�L�M�H�� �V�S�R�P�H�Q�X�W�L���� �I�H�Q�R�P�H�Q�� �V���U�H�N�R�U�G�Q�R���Y�L�V�R�N�L�P���� �W�H�P�S�H�U�D�W�X�U�D�P�D���X��
Moskvi nikada nije trebao dogoditi.  
 
�2�G�J�R�Y�R�U�� �Q�D�� �H�Y�L�G�H�Q�W�Q�X�� �S�R�J�U�H�ã�N�X�� �N�R�M�D�� �M�H�� �S�U�R�L�]�L�ã�O�D�� �L�]�� �N�R�U�L�ã�W�H�Q�M�D�� �L�V�N�X�V�W�Y�H�Q�H�� �P�H�W�R�G�H�� �S�U�R�Q�D�ã�O�L�� �V�X�� �X�S�U�D�Y�R�� �X��
�G�M�H�O�R�Y�D�Q�M�X�� �O�M�X�G�V�N�R�J�� �I�D�N�W�R�U�D���Q�D���J�O�R�E�D�O�Q�R�� �]�D�W�R�S�O�M�H�Q�M�H�� �L���V�W�D�N�O�H�Q�L�þ�N�H���S�O�L�Q�R�Y�H���� �D���W�D�M���I�D�N�W�R�U�����Q�L�M�H���E�L�R���X���N�D�O�N�X�O�D�F�L�M�L���� �� 
�2�Y�D�� �L�V�N�X�V�W�Y�H�Q�D�� �P�H�W�R�G�D�� �W�H�P�H�O�M�� �M�H�� �L�� �G�D�Q�D�ã�Q�M�L�K�� �S�U�R�M�H�N�F�L�M�D��- �R�þ�H�N�L�Y�D�Q�L�K�� �Q�H�S�R�J�R�G�D��- �X�� �3�U�R�F�M�H�Q�D�P�D�� �X�J�U�R�å�H�Q�R�V�W�L��
s�W�D�Q�R�Y�Q�L�ã�W�Y�D���� �P�D�W�H�U�L�M�D�O�Q�L�K�� �L�� �N�X�O�W�X�U�Q�L�K�� �G�R�E�D�U�D�� �W�H�� �R�N�R�O�L�ã�D�� �R�G�� �Y�H�O�L�N�L�K�� �Q�H�V�U�H�ü�D�� �L�� �N�D�W�D�V�W�U�R�I�D�� �N�R�M�H�� �P�R�U�D�M�X�� �L�]�U�D�G�L�W�L��
�V�Y�H�� �M�H�G�L�Q�L�F�H�� �O�R�N�D�O�Q�L�� �S�R�G�U�X�þ�Q�H�� ���U�H�J�L�R�Q�D�O�Q�H���� �V�D�P�R�X�S�U�D�Y�H���X���5�+���� �7�L�P�H���V�H���X���R�þ�H�N�L�Y�D�Q�L�P���U�L�]�L�F�L�P�D���N�R�Q�F�H�Q�W�U�L�U�D�P�R��
�Q�D�� �V�W�D�W�L�V�W�L�N�X�� �L�� �P�R�J�X�ü�L�� �R�E�U�D�]�D�F�� �S�R�Q�D�Y�O�M�D�Q�M�D�� �]�D�Q�H�P�D�U�X�M�X�ü�L�� �J�O�R�E�D�O�Q�H�� �N�O�L�P�D�W�V�N�H�� �S�U�R�P�M�H�Q�H���� �$�� �X�S�U�D�Y�R�� �G�D�Q�D�V��
�P�R�å�H�P�R���]�D�N�O�M�X�þ�L�W�L�� �G�D���V�H���U�D�G�L���R���J�R�U�Q�M�R�M�� �J�U�D�Q�L�F�L�� �D�Q�W�U�R�S�R�J�H�Q�R�J���X�W�M�H�F�D�M�D���Q�D���D�W�P�R�V�I�H�U�X���L���N�O�L�P�X�� �X���R�Y�R�P�H���V�W�R�O�M�H�ü�X�� 
 
�8�S�U�D�Y�R���� �G�D���E�L���V�H���L�]�E�M�H�J�O�H���R�Y�D�N�Y�H���S�R�J�U�H�ã�N�H���� �G�D�Q�D�V���V�H���N�R�U�L�V�W�L���W�]�Y���� �0�R�Q�W�H���&�D�U�O�R���V�L�P�X�O�D�F�L�M�D���N�Rja je ukomponirala 
�G�M�H�O�R�Y�D�Q�M�H�� �D�Q�W�U�R�S�R�J�H�Q�R�J�� �I�D�N�W�R�U�D�� �W�H�� �M�H�� �R�W�Y�R�U�L�O�D�� �S�X�W�� �S�R�W�S�X�Q�R�� �Q�R�Y�L�P�� �L�V�W�U�D�å�L�Y�D�Q�M�L�P�D�� �V�� �S�R�W�S�X�Q�R�� �Q�R�Y�L�P��
rezultatima.   
�7�K�R�P�D�V�� �6�W�R�F�N�H�U���� �M�H�G�D�Q�� �R�G�� �V�X�S�U�H�G�V�M�H�G�D�W�H�O�M�D�� �0�H�ÿ�X�Y�O�D�G�L�Q�R�J���S�D�Q�H�O�D���R���S�U�R�P�M�H�Q�L���N�O�L�P�H���L�� �S�U�R�I�H�V�R�U���Q�D���,�Q�V�W�L�W�X�W�X���]�D��
�I�L�]�L�N�X�� �6�Y�H�X�þ�L�O�L�ã�W�D�� �X �%�H�U�Q�X���� �â�Y�L�F�D�U�V�N�D���� �]�D�N�O�M�X�þ�L�R���M�H���G�D���R�V�L�P���G�L�U�H�N�W�Q�R�J���X�W�M�H�F�D�M�D���þ�R�Y�M�H�N�D���Q�D���N�O�L�P�D�W�V�N�H���S�U�R�P�M�H�Q�H����
�]�D�� �R�þ�H�N�L�Y�D�W�L���M�H���G�D���ü�H���V�H���W�R�S�O�L�Q�V�N�L���Y�D�O�R�Y�L���S�R�Y�H�ü�D�W�L���]�D���I�D�N�W�R�U�������� �X���Q�D�U�H�G�Q�L�P���G�H�V�H�W�O�M�H�ü�L�P�D���L�� �W�R���X���V�Y�L�P���G�L�M�H�O�R�Y�L�P�D��
svijeta. 

�=�D�E�U�L�Q�M�D�Y�D�M�X�ü�D�� �M�H�� �L�� �W�Y�U�G�Q�M�D�� �'�L�P�D���&�R�X�P�R�X�D���� �³�� �P�Dn-made global warming is making certain kinds of extreme 
�H�Y�H�Q�W�V�� �Z�R�U�V�H�³�� ���J�O�R�E�D�O�Q�R�� �]�D�W�R�S�O�M�H�Q�M�H�� �N�R�M�H�� �V�P�R�� �S�U�R�X�]�U�R�þ�L�O�L�� �þ�L�Q�L�� �H�N�V�W�U�H�P�Q�H�� �Y�U�H�P�H�Q�V�N�H�� �S�R�M�D�Y�H�� �M�R�ã��
ekstremnijima). 

�'�U�X�J�D�� �V�W�X�G�L�M�D�� �D�P�H�U�L�þ�N�H���X�S�U�D�Y�H���1�D�W�L�R�Q�D�O���2�F�H�D�Q���D�Q�G���$�W�P�R�V�S�K�H�U�L�F���$�G�P�L�Q�L�V�W�U�D�W�L�R�Q�����1�2�$�$���� �S�R�N�D�]�D�Oa je da je 
�X�S�U�D�Y�R���J�O�R�E�D�O�Q�R���]�D�W�R�S�O�M�H�Q�M�H���G�L�M�H�O�R�P���R�G�J�R�Y�R�U�Q�R���L�� �]�D���H�N�V�W�U�H�P�Q�H���V�X�ã�H���X���S�R�G�U�X�þ�M�X���0�H�G�L�W�H�U�D�Q�D�����1�D���V�X�ã�H���V�H���Y�H�å�H���L��
eksplozija koncentracije peludi te sve intenzivnije alergijske smetnje kod velikog dijela populacije. NOAA-
in meteorolog dr. Martin P. Hoerling[5]���� �V�W�U�X�þ�Q�M�D�N�� �]�D�� �N�O�L�P�D�W�V�N�X�� �G�L�Q�D�P�L�N�X���� �X�S�R�]�R�U�D�Y�D�� �X�� �V�Y�R�M�R�M�� �V�W�X�G�L�M�L�� �G�D��
�J�O�R�E�D�O�Q�H�� �N�O�L�P�D�W�V�N�H���S�U�R�P�M�H�Q�H���L�P�D�M�X���G�D�O�H�N�R�V�H�å�Q�H���S�R�V�O�M�H�G�L�F�H���Q�D���� �F�L�M�H�Q�X���K�U�D�Q�H���L�� �U�H�V�X�U�V�H���Y�R�G�H���� �3�U�D�W�H�ü�L���N�O�L�P�D�W�V�N�H��
�S�U�R�P�M�H�Q�H�� �X�� �U�D�]�O�L�þ�L�W�L�P�� �G�L�M�H�O�R�Y�L�P�D�� �V�Y�L�M�H�W�D���� �]�D�N�O�M�X�þ�L�O�L���V�X�� �G�D�� �M�H�� �Q�H�G�R�V�W�D�W�D�N�� �S�Ddalina zimi u Mediteranskoj regiji 
�S�R�V�W�D�O�D�� �X�R�E�L�þ�D�M�H�Q�D�� �S�R�M�D�Y�D�� �N�R�M�D�� �P�R�å�H�� �X�J�U�R�]�L�W�L�� �S�U�R�L�]�Y�R�G�Q�M�X�� �K�U�D�Q�H�� ���V�O�L�þ�Q�R�� �V�H�� �G�R�J�D�ÿ�D�� �L�� �Q�D�� �]�D�S�D�G�Q�R�M�� �D�P�H�U�L�þ�N�R�M��
�R�E�D�O�L�� �N�R�M�D���L�P�D���N�O�L�P�X�� �V�O�L�þ�Q�X���0�H�G�L�W�H�U�D�Q�X���L���V�M�H�Y�H�U�Q�R�M�� �$�I�U�L�F�L������ 
�'�D�N�O�H���X���S�U�D�ü�H�Q�M�X���Y�U�H�P�H�Q�V�N�L�K���H�N�V�W�U�H�P�D���S�R�W�U�H�E�Q�R���M�H���� 
1. �± �S�U�D�W�L�W�L���L�K���V�W�D�W�L�V�W�L�þ�N�L���� �D���S�R�W�R�P�� 
2. �± �S�U�R�F�L�M�H�Q�L�W�L�� �X�þ�H�V�W�D�O�R�V�W���W�D�N�R�Y�L�K���D�Q�R�P�D�O�L�M�D 
3. �± ova kretanja svakako ne pokazuju linearni trend �± a upravo na ovakvim trendovima temeljena je uputa 
�'�U�å�D�Y�Q�H���X�S�U�D�Y�H���]�D���]�D�ã�W�L�W�X���L���V�S�D�ã�D�Y�D�Q�M�H���R���Q�D�þ�L�Q�X���N�U�H�L�U�D�Q�M�D���S�U�R�F�M�H�Q�D���X�J�U�R�å�H�Q�R�V�W�L�� �V�W�D�Q�R�Y�Q�L�ã�W�Y�D�� 
 
Republika Hrvatska prema gospodarskoj orijentiranosti na poljoprivredu i turizam ulazi u skupinu zemalja 
�N�R�M�H���V�X���R�V�R�E�L�W�R�� �L�]�O�R�å�H�Q�H�� �Q�H�J�D�W�L�Y�Q�L�P�� �S�R�V�O�M�H�G�L�F�D�P�D�� �Y�U�H�P�H�Q�V�N�L�K���H�N�V�W�U�H�P�D���� 
�Ä�1�H�� �Y�O�D�G�D�P�R�� �W�X�U�L�]�P�R�P�� �± �R�Q�� �Q�D�P�� �V�H�� �G�R�J�D�ÿ�D�³�� �Q�D�V�O�R�Y�Q�L�F�D�� �M�H�� �9�H�þ�H�U�Q�M�H�J�� �O�L�V�W�D�� �R�G�� �������� �N�R�O�R�Y�R�]�D�� ������������ �L�� �V�D�P�R��
�M�H�G�D�Q�� �R�G�� �Q�L�]�D�� �V�O�L�þ�Q�L�K�� �]�D�N�O�M�X�þ�D�N�D�� �N�R�M�L�� �R�S�L�V�X�M�X�� �V�W�D�Q�M�H�� �L�� �L�V�N�R�U�L�ã�W�H�Q�R�V�W�� �Q�D�ã�H�� �W�X�U�L�V�W�L�þ�N�H�� �S�R�Q�X�G�H���� �� �2�G�O�D�]�D�N���W�X�U�L�V�W�D���V��
�-�D�G�U�D�Q�V�N�H�� �R�E�D�O�H�� �Q�D�N�R�Q�� �S�R�å�D�U�D�� �L�O�L�� �O�D�Q�þ�D�Q�D���S�R�V�N�X�S�O�M�H�Q�M�D���S�U�H�K�U�D�P�E�H�Q�L�K���Q�D�P�L�U�Q�L�F�D���Q�D�N�R�Q���V�X�ã�H���X���6�O�D�Y�R�Q�L�M�L���� �Y�R�ü�D��
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�L�O�L�� �S�R�Y�U�ü�D�� �Q�D�N�R�Q�� �P�U�D�]�D�� �L�O�L�� �W�X�þ�H���� �þ�L�Q�L�� �S�U�L�Y�U�H�G�X�� �5�H�S�X�E�O�L�N�H�� �+�U�Y�D�W�V�N�H�� �Y�U�O�R�� �R�V�M�H�W�O�M�L�Y�R�P���� �� �� �6�Y�D�N�D�� �S�U�L�U�R�G�Q�D��
nepogoda stoga ima direktan utjecaj na ekonomsko-socijalnu situaciju te ostavlja posljedice na primarnoj 
gospodarskoj grani - �S�U�R�L�]�Y�R�G�Q�M�L�� �K�U�D�Q�H���� �'�U�å�D�Yne subvencije samo su vatrogasna mjera i nisu dostatne, 
�R�G�Q�R�V�Q�R���Q�H���S�U�H�G�V�W�D�Y�O�M�D�M�X�� �G�X�J�R�U�R�þ�Q�R�� �U�M�H�ã�H�Q�M�H������ 
�8�� �S�U�R�ã�O�R�P�� �V�W�R�O�M�H�ü�X�� �U�D�]�L�Q�D�� �R�F�H�D�Q�D�� �S�R�U�D�V�O�D�� �M�H�� �]�D�� �J�R�W�R�Y�R���G�Y�D�G�H�V�H�W�� �F�H�Q�W�L�P�H�W�D�U�D���� �7�D�N�R�ÿ�H�U�� ���� �X�� �Q�D�M�W�R�S�O�L�M�R�M�� ������������
�J�R�G�L�Q�L���� �R�O�X�M�H���� �S�R�S�O�D�Y�H���� �V�X�ã�H�� �L�� �S�R�å�D�U�L�� �X�Q�L�ã�W�L�O�L�� �V�X�� �G�R�P�R�Y�H�� �P�L�O�L�M�X�Q�D�� �O�M�X�G�L�� �L�� �L�]�D�]�Y�D�O�L�� �R�J�U�R�P�Q�H�� �P�D�W�H�U�L�M�D�O�Q�H���ã�W�H�W�H���� ���9��
hrvatska konferencija o vodama) 
 
�3�U�R�P�M�H�Q�D�� �N�O�L�P�D�W�V�N�L�K�� �]�D�N�R�Q�L�W�R�V�W�L�� �Q�H�R�þ�H�N�L�Y�D�Q�R�� �X�W�M�H�þ�H�� �Q�D�� �U�D�V�S�R�U�H�G�� �R�E�R�U�L�Q�D�� �X�� �S�U�R�V�W�R�U�X�� �L�� �X�� �Y�U�H�P�H�Q�X���� �Q�D�� �V�Q�D�J�X��
�R�O�X�M�D�� �L�� �V�X�ã�D���� �Q�D�� �V�P�M�H�U�� �J�O�D�Y�Q�L�K�� �Y�M�H�W�U�R�Y�D�� �L�� �P�R�U�V�N�L�K�� �V�W�Uuja, te pojavu lokalnih vremenskih uvjeta, s krajnostima 
�W�R�S�O�L�Q�H�� �L�� �K�O�D�G�Q�R�ü�H���� �3�U�H�P�D�� �V�Y�L�P�� �G�R�V�D�G�D�ã�Q�M�L�P�� �S�U�D�ü�H�Q�M�L�P�D�� �L�� �O�L�Q�H�D�U�Q�L�P�� �S�U�H�G�Y�L�ÿ�D�Q�M�L�P�D�� �± �R�Y�D�N�Y�H�� �X�þ�H�V�W�D�O�R�V�W�L��
ekstrema ne bi trebalo biti.  
 
�$�� �W�U�H�Q�G�� �V�H�� �G�D�O�M�H�� �S�R�M�D�þ�D�Y�D���� �$�N�R�� �G�R�G�D�P�R�� �I�D�N�W�R�U�� �N�R�M�L�� �L�Q�W�H�Q�]�L�Y�L�U�D�� �S�R�M�D�Yu �± �D�� �W�R�� �M�H�� �S�R�M�D�þ�D�Q�D�� �H�P�L�V�L�M�D�� �X�J�O�M�L�þ�Q�R�J��
�G�L�R�N�V�L�G�D�� �L�� �Y�L�ã�D�� �N�R�Q�F�H�Q�W�U�D�F�L�M�D�� �S�U�R�G�X�N�D�W�D�� �V�D�J�R�U�L�M�H�Y�D�Q�M�D���I�R�V�L�O�Q�L�K�� �J�R�U�L�Y�D�� �± �R�Q�G�D�� �M�H�� �M�D�V�Q�R�� �G�D�� �P�R�å�H�P�R�� �R�þ�H�N�L�Y�D�W�L����
�M�R�ã���Y�L�ã�H���H�N�V�W�U�H�P�D�� 
 

3. �8�ý�,�1�&�,���.�/�,�0�$�7�6�.�,�+���3�5OMJENA U HRVATSKOJ I PRIPRAVNOST LOKALNE 
ZAJEDNICE 

 
Naravno od svih trendova u promjeni klime nije izuzeta Hrvatska.   
Temperature zraka: p�R�]�L�W�L�Y�D�Q�� �W�U�H�Q�G���� �R�G�Q�R�V�Q�R�� �S�R�U�D�V�W�� �V�U�H�G�Q�M�H�� �J�R�G�L�ã�Q�M�H�� �W�H�P�S�H�U�D�W�X�U�H�� �]�U�D�N�D���� �S�U�L�V�X�W�D�Q�� �M�H�� �Q�D��
�S�R�G�U�X�þ�M�X�� �F�L�M�H�O�H�� �+�U�Y�D�W�V�N�H���� �2�G�� �S�R�þ�H�W�N�D�� �D�Q�D�O�L�]�L�U�D�Q�R�J�� �U�D�]�G�R�E�O�M�D���� �S�R�V�W�D�R�� �M�H�� �R�V�R�E�L�W�R�� �L�]�U�D�å�H�Q�� �X�� �S�R�V�O�M�H�G�Q�M�L�K�������� �L �M�R�ã��
�Y�L�ã�H���X���S�R�V�O�M�H�G�Q�M�L�K�� ������ �J�R�G�L�Q�D�>��] . 
�8�� �Q�D�F�L�R�Q�D�O�Q�R�P�� �L�]�Y�M�H�ã�ü�X�� �'�+�0�=-a navodi se da je zbog ubrzanog zagrijavanja atmosfere u posljednjem 
�U�D�]�G�R�E�O�M�X���� �R�G�� �S�R�þ�H�W�N�D�� �������� �V�W�R�O�M�H�ü�D�� �X�S�U�D�Y�R�� �G�H�V�H�W�� �Q�D�M�W�R�S�O�L�M�L�K�� �J�R�G�L�Q�D�� �]�D�E�L�O�M�H�å�H�Q�R�� �Q�D�N�R�Q�� �� ������������ �J�R�G�L�Q�H�� ������ �X��
Zagrebu, 6 u Gosp�L�ü�X�� �L�� �&�U�L�N�Y�H�Q�L�F�L���� �����X���+�Y�D�U�X���L�������X���2�V�L�M�H�N�X������ 
�2�E�R�U�L�Q�D���� �W�U�H�Q�G�� �J�R�G�L�ã�Q�M�L�K�� �N�R�O�L�þ�L�Q�D�� �R�E�R�U�L�Q�H�� �S�R�N�D�]�X�M�H�� �Q�M�L�K�R�Y�R�� �V�P�D�Q�M�H�Q�M�H�� �W�L�M�H�N�R�P�� �������� �V�W�R�O�M�H�ü�D�� �Q�D�� �F�L�M�H�O�R�P��
�S�R�G�U�X�þ�M�X�� �+�U�Y�D�W�V�N�H���� �þ�L�P�H�� �V�H�� �R�Q�R�� �S�U�L�G�U�X�å�X�M�H�� �W�H�Q�G�H�Q�F�L�M�L�� �V�X�K�L�K�� �]�L�P�D�� �Q�D�� �0�H�G�L�W�H�U�D�Q�X���� �D�� �S�R�V�H�E�Q�R�� �M�H�� �� �L�]�U�D�å�H�Q�R���Q�D��
Jadranu.  
�3�R�Y�H�ü�D�Q�D���N�R�Q�F�H�Q�W�U�D�F�L�M�D���S�O�L�Q�R�Y�D���V�W�D�N�O�H�Q�L�N�D���S�U�H�P�D���$�����V�F�H�Q�D�U�L�M�X���S�U�R�X�]�U�R�þ�L�W�� �ü�H���G�D�N�O�H 
�V�U�H�G�L�Q�R�P���R�Y�R�J���V�W�R�O�M�H�ü�D���U�H�O�D�W�L�Y�Q�R�� �M�D�þ�H���]�D�J�U�L�M�D�Y�D�Q�M�H���S�U�L�]�H�P�Q�H�� �D�W�P�R�V�I�H�U�H���O�M�H�W�L���� �ã�W�R���P�R�å�H���L�P�D�W�L 
negativan utjecaj na ljudske aktivnosti i zdravlje (vidjeti na pr. Srnec i Zan�L�Q�R�Y�L�ü�� �������������� �1�R�� �J�O�R�E�D�O�Q�R��
�]�D�J�U�L�M�D�Y�D�Q�M�H�� �Q�H���P�R�U�D���L�P�D�W�L�� �ã�W�H�W�Q�H���S�R�V�O�M�H�G�L�F�H���D�N�R���V�H���S�R�G�X�]�P�X���D�G�H�N�Y�D�W�Q�H���P�M�H�U�H���S�U�L�O�D�J�R�G�E�H�� 
�9�M�H�W�D�U���� �S�U�R�F�M�H�Q�M�X�M�H�� �V�H�� �G�D�� �ü�H�� �X�� �E�X�G�X�ü�L�P�� �S�U�R�M�H�N�F�L�M�D�P�D�� �S�R�M�D�þ�D�Q�L�� �Y�L�V�L�Q�V�N�L�� �Y�M�H�W�D�U�� �X�� �]�L�P�L�� �]�D�K�Y�D�W�L�W�L���S�U�D�N�W�L�þ�N�L���F�L�M�H�O�X��
�(�X�U�R�S�X���� �D���Q�D�M�Y�L�ã�H���Q�M�H�]�L�Q�� �]�D�S�D�G�Qi dio s Atlantikom (IPCC A2 scenarij). 
 �/�M�H�W�L�� �M�H�� �M�D�þ�D�Q�M�H�� �Y�L�V�L�Q�V�N�R�J�� �Y�M�H�W�U�D�� �L�]�U�D�å�H�Q�L�M�H�� �X�� �V�M�H�Y�H�U�Q�R�P�� �G�L�M�H�O�X�� �G�R�P�H�Q�H���� �D�� �L�]�Q�D�G�� �Q�D�ã�L�K�� �N�U�D�M�H�Y�D�� �R�M�D�þ�D�W�� �ü�H��
�V�M�H�Y�H�U�Q�D���N�R�P�S�R�Q�H�Q�W�D���Y�M�H�W�U�D���� �S�U�H�P�G�D���ü�H���L���G�D�O�M�H���S�U�H�Y�O�D�G�D�Y�D�W�L���Y�M�H�W�D�U���]�D�S�D�G�Q�R�J���V�P�M�H�U�D�� 
�6�Q�L�M�H�J���� �]�D���R�þ�H�N�L�Y�D�W�L���M�H���G�D���ü�H uz globalno zatopljenje, odnosno osjetan porast temperature zimi 
�G�R�ü�L���L�� �G�R���S�U�R�P�M�H�Q�H���X���S�R�N�U�L�Y�H�Q�R�V�W�L�� ���U�D�V�S�U�R�V�W�U�D�Q�M�H�Q�R�V�W�L���� �L�� �Y�L�V�L�Q�L�� �V�Q�M�H�å�Q�R�J�� �S�R�N�U�L�Y�D�þ�D���X 
�(�X�U�R�S�L���� �8�� �Q�D�ã�L�P�� �N�U�D�M�H�Y�L�P�D�� �V�P�D�Q�M�H�Q�M�H�� �M�H�� �R�G�� ���� �P�P�� �X�� �V�M�H�Y�H�U�Q�R�M�� �+�U�Y�D�W�V�N�R�M�� �G�R�� �Q�H�ã�W�R���Y�L�ã�H���R�G������ �P�P���X���J�R�U�V�N�L�P��
predjelima.[6] 
 

���������=�D�ã�W�L�W�Q�H���P�M�H�U�H�� 
 
�2�V�M�H�W�O�M�L�Y�R�V�W�� �]�D�M�H�G�Q�L�F�H�� �R�E�M�H�G�L�Q�M�D�Y�D�� �Q�H�N�R�O�L�N�R���I�D�N�W�R�U�D���N�D�R���ã�W�R���V�X���W�L�S���X�J�U�R�]�H���� �V�Q�D�J�D���L�� �X�þ�H�V�W�D�O�R�V�W���N�R�M�R�P���Y�U�H�P�H�Q�V�N�L��
�H�N�V�W�U�H�P�� �S�R�J�D�ÿ�D�� �W�R�� �R�G�U�H�ÿ�H�Q�R�� �S�R�G�U�X�þ�M�H���� �� �1�D�G�D�O�M�H���V�X�V�W�D�Y���O�R�N�D�O�Q�H���]�D�M�H�G�Q�L�F�H���P�D�Q�M�H���M�H���X�J�U�R�å�H�Q���X�N�R�O�L�N�R���V�H���P�R�å�H��
prilagodi�W�L�� �L�� �S�U�X�å�L�W�L�� �D�G�H�N�Y�D�W�D�Q�� �R�G�J�R�Y�R�U���� �)�D�N�W�R�U�� �S�U�L�O�D�J�R�G�E�H�� �Q�D�G�D�O�M�H�� �R�Y�L�V�L�� �R�� �E�R�J�D�W�V�W�Y�X�� �L�� �U�D�V�S�R�O�R�å�L�Y�L�P�� �U�H�V�X�U�V�L�P�D��
socioekonomskog sustava.   
�)�D�N�W�R�U�� �S�U�L�O�D�J�R�G�E�H�� �]�D���5�+���S�U�L�O�L�þ�Q�R���M�H���Q�L�]�D�N���N�D�R���L�� �H�N�R�Q�R�P�V�N�L���V�W�D�Q�G�D�U�G���V�W�D�Q�R�Y�Q�L�ã�W�Y�D�����J�R�Y�R�U�H�ü�L���X���P�M�H�U�L�O�L�P�D���(�8������
Ekonomski pokazatelji �V�X�� �V�O�D�E�L���� �S�R�S�X�O�D�F�L�M�D�� �N�R�M�D�� �Q�H�� �S�U�L�Y�U�H�ÿ�X�M�H�� �X�V�N�R�U�R�� �E�L�� �P�R�J�O�D�� �þ�L�Q�L�W�L�� �J�R�W�R�Y�R�� �S�R�O�R�Y�L�F�X��
�V�W�D�Q�R�Y�Q�L�ã�W�Y�D���� �D�� �X�S�L�W�Q�R�� �M�H�� �L�� �V�W�D�Q�M�H�� �U�R�E�Q�L�K�� �U�H�]�H�U�Y�L�� �± kad je Ravnateljstvo za robne zalihe trgovalo tim istim 
�]�D�O�L�K�D�P�D�� ���1�D�F�L�R�Q�D�O���� �Y�H�O�M�D�þ�D�������������� �Ä�,�]���U�R�E�Q�L�K�� �U�H�]�H�U�Y�L���R�S�O�M�D�þ�N�D�Q�R�� ��������mil.kn.)  
Za agrarnu lokalnu zajednicu (kakva je Hrvatska) posljedice vremenskih ekstrema, koje mi kvalificiramo kao 
�H�O�H�P�H�Q�W�D�U�Q�H�� �Q�H�S�R�J�R�G�H���� �� �R�G�U�D�å�D�Y�D�M�X�� �V�H�� �G�L�U�H�N�W�Q�R�� �Q�D�� �S�R�S�X�O�D�F�L�M�X���� �8�N�R�O�L�N�R�� �Q�H�� �S�U�L�S�U�H�P�L�P�R�� �]�D�ã�W�L�W�Q�H�� �P�M�H�U�H��
�L�]�O�D�å�H�P�R�� �V�W�D�Q�R�Y�Q�L�ã�W�Y�R�� �V�L�U�R�P�D�ã�W�Y�X�� �L�� �J�O�D�G�L�� �L�O�L�� �S�D�N�� �G�D�O�M�Q�M�H�P�� �N�U�H�G�L�W�Q�R�P�� �]�D�G�X�å�L�Y�D�Q�M�X���� �2�Y�R�� �M�H�� �M�H�G�D�Q�� �R�G�� �J�O�D�Y�Q�L�K��
�X�J�U�R�]�D���L���U�L�]�L�N�D�� �]�D���V�W�D�Q�R�Y�Q�L�ã�W�Y�R���� �� 
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UN ova organizacija za hranu i poljoprivredu (FAO) �L�V�W�L�þ�H�� �G�D�� �ü�H�� �Y�L�ã�H�� �F�L�M�H�Q�H�� �K�U�D�Q�H�� �G�R�Y�H�V�W�L�� �G�R�� �W�R�J�D�� �G�D�� �ü�H��
�V�L�U�R�P�D�ã�Q�L�M�H�� �]�H�P�O�M�H�� �Q�D�� �X�Y�R�]�� �W�U�R�ã�L�W�L�� �L�� ������ �S�R�V�W�R�� �Y�L�ã�H���Q�R�Y�F�D���� �7�R���]�Q�D�þ�L���G�D���ü�H���W�H���G�U�å�D�Y�H���W�U�R�ã�L�W�L�������� �S�R�V�W�R���Q�R�Y�F�D���Q�D��
uvoz hrane, dok je svjetski prosjek sedam posto. Primjerice cijene hrane, od svibnja 2010. do svibnja 
�����������J������ �S�R�U�D�V�O�H���V�X���Q�D���V�Y�M�H�W�V�N�R�P���W�U�å�L�ã�W�X���]�D������������ 
 
Nesigurnost koja proizlazi iz poljoprivrednog �V�H�N�W�R�U�D���� �N�R�M�L�� �S�D�N�� �V�Y�H�� �þ�H�ã�ü�H�� �E�L�Y�D�� �L�]�O�R�å�H�Q�� �Q�H�S�R�Y�R�O�M�Q�L�P��
vremenskim ekstremima, kao i nepripremljenost strategije za razvoj i potpore u poljoprivredi te sanaciju 
�S�R�V�O�M�H�G�L�F�D���� �U�H�]�X�O�W�L�U�D�� �Q�H�V�L�J�X�U�Q�R�P�� �E�X�G�X�ü�Q�R�ã�ü�X�� �L�� �R�W�N�O�R�Q�R�P�� �R�G�� �S�U�R�L�]�Y�R�G�Q�M�H�� �K�U�D�Q�H���� �7�R�� �Q�D�V�� �G�R�G�D�W�Q�R�� �V�W�D�Y�O�Ma u 
�Q�H�S�R�Y�R�O�M�D�Q�� �S�R�O�R�å�D�M�� �N�D�G�� �M�H�� �X�� �S�L�W�D�Q�M�X�� �V�S�R�V�R�E�Q�R�V�W�� �S�U�H�K�U�D�Q�M�L�Y�D�Q�M�D�� �Y�O�D�V�W�L�W�R�J�� �V�W�D�Q�R�Y�Q�L�ã�W�Y�D���� �� �1�H�V�L�J�X�U�Q�D�� �E�X�G�X�ü�Q�R�V�W��
ovog sektora prelijeva se i na ukupnu zajednicu.  
 
�'�U�X�J�D�� �J�R�V�S�R�G�D�U�V�N�D�� �D�N�W�L�Y�Q�R�V�W�� �N�R�M�D�� �S�R�Y�H�ü�D�Y�D�� �G�U�X�ã�W�Y�H�Q�L�� �E�U�X�W�R�� �S�U�R�L�]�Y�R�G�� �M�H�� �W�X�U�L�]�D�P���� �=�E�R�J�� �Q�H�S�R�Y�R�O�M�Q�H 
�L�Q�Y�H�V�W�L�F�L�M�V�N�H�� �N�O�L�P�H�� �W�X�U�L�V�W�L�þ�N�D�� �S�R�Q�X�G�D�� �Q�L�M�H�� �]�Q�D�þ�D�M�Q�L�M�H�� �X�Q�D�S�U�L�M�H�ÿ�H�Q�D���� �V�� �L�]�Q�L�P�N�R�P�� �U�H�V�R�U�W�D�� �L�� �K�R�W�H�O�D�� �N�R�M�L�� �V�X�� �X��
�V�W�U�D�Q�R�P�� �Y�O�D�V�Q�L�ã�W�Y�X���� �W�D�N�R�� �G�D�� �M�H�� �K�U�Y�D�W�V�N�L�� �W�X�U�L�]�D�P�� �G�L�U�H�N�W�Q�R�� �R�Y�L�V�D�Q�� �R�� �N�O�L�P�L���� �,�O�L�� �E�R�O�M�H�� �U�H�þ�H�Q�R�� �G�L�U�H�N�W�Q�R�� �L�]�O�R�å�H�Q��
�S�R�U�H�P�H�ü�D�M�L�P�D�� �L�� �Y�U�H�P�H�Q�V�N�L�P�� �H�N�V�W�U�H�P�L�P�D���� �(�J�]�Lstencija brojnih obitelji ovisi o vremenskim nepogodama i 
�X�O�D�J�D�Q�M�L�P�D�� �X�� �W�X�U�L�V�W�L�þ�N�X�� �S�R�Q�X�G�X�� �V�X�V�M�H�G�Q�L�K�� �P�H�G�L�W�H�U�D�Q�V�N�L�K�� �]�H�P�D�O�M�D���� �� �� �'�D�N�O�H�� �G�Y�R�V�W�U�X�N�R�� �V�P�R�� �L�]�O�R�å�H�Q�L�� �I�D�N�W�R�U�L�P�D��
�Q�D���N�R�M�H���Q�H���P�R�å�H�P�R���X�W�M�H�F�D�W�L���� �� 
 
�8�N�R�O�L�N�R�� �V�W�D�Y�L�P�R�� �X�� �N�R�U�H�O�D�F�L�M�X�� �Y�L�V�L�Q�X�� �U�L�]�L�N�D�� ���L�]�O�R�å�H�Q�R�V�W�L���� �V�D�� �V�S�R�V�R�E�Q�R�ã�ü�X�� �G�U�X�ã�W�Y�H�Q�H�� �]�D�M�H�G�Q�L�F�H�� �G�D�� �V�H�� �S�U�L�O�D�J�R�G�L��
�L�]�D�]�R�Y�L�P�D�� �L�� �R�V�S�R�V�R�E�L�� �]�D�� �E�U�]�R�� �V�D�Q�L�U�D�Q�M�H�� �S�R�V�O�M�H�G�L�F�D���� �W�D�G�D�� �ü�H�P�R�� �V�K�Y�D�W�L�W�L�� �G�D�� �V�P�R�� �L�]�X�]�H�W�Q�R�� �R�V�M�H�W�O�M�L�Y�L�� ���V�H�Q�V�L�W�L�Y�L�W�\������
�L�� �� �G�D�� �M�H�� �U�D�]�L�Q�D�� �U�D�Q�M�L�Y�R�V�W�L�� ���Y�X�O�Q�H�U�D�E�L�O�L�W�\���� �Y�L�V�R�N�D���� �â�W�R�� �]�Q�D�þ�L���G�D���Q�H�P�D�P�R���U�D�]�Y�L�M�H�Q�H���P�M�H�U�H���L�� �P�H�W�R�G�H���N�R�M�L�P�D���ü�H�P�R��
�V�D�Q�L�U�D�W�L�� �S�R�V�O�M�H�G�L�F�H�� �X�J�U�R�]�H�� ���V�S�R�V�R�E�Q�R�V�W�� �S�U�L�O�D�J�R�G�E�H������ �D�� �R�Y�D�M�� �W�L�S�� �X�J�U�R�]�D�� �S�R�J�D�ÿ�D�� �þ�L�W�D�Y�X�� �G�U�X�ã�W�Y�H�Q�X�� �]�D�M�H�G�Q�L�F�X�� �L��
�H�N�R�Q�R�P�V�N�L�� �L�� �S�V�L�K�R�O�R�ã�N�L���� 
Koliko god nepopularan danas bio naziv ekonomsko �± �S�R�O�L�W�L�þ�N�D�� �]�D�M�H�G�Q�L�F�D���� �Q�L�N�D�G�� �Q�L�M�H���E�L�O�R�� �M�D�V�Q�L�M�H 
�ã�W�R�� �R�Y�D�� �V�O�R�å�H�Q�L�F�D�� �]�Q�D�þ�L���� �(�N�R�Q�R�P�L�M�D�� ���J�R�V�S�R�G�D�U�V�W�Y�R���� �� �L�]�U�D�]�L�W�R�� �M�H�� �L�]�O�R�å�H�Q�R�� �M�H�U�� �M�H�� �R�E�O�L�N�R�Y�D�Q�R�� �S�U�H�P�D�� �S�R�O�L�W�L�þ�N�R�M��
�S�U�H�Y�O�D�V�W�L�� �R�G�U�H�ÿ�H�Q�L�K�� �S�R�O�L�W�L�þ�N�L�K�� �R�S�F�L�M�D���� �'�L�U�H�N�W�D�Q�� �X�W�M�H�F�D�M�� �L�� �P�L�M�H�ã�D�Q�M�H�� �S�R�O�L�W�L�N�H�� �X�� �J�R�V�S�R�G�D�U�V�W�Y�R�� �]�D�X�V�W�D�Y�L�O�R�� �M�H��
�X�W�M�H�F�D�M�� �V�W�U�X�N�H�� �L�� �S�R�V�W�D�O�R�� �G�Q�H�Y�Q�R�� �S�R�O�L�W�L�þ�N�L�� �L�Q�W�H�U�H�V���� �=�E�R�J���Q�D�U�H�þ�Hnog, izostale su kvalitetne �± �V�W�U�X�þ�Q�R���X�W�H�P�H�O�M�H�Q�H��
�V�W�X�G�L�M�H�� �N�R�M�H�� �E�L�� �M�D�V�Q�R�� �G�H�I�L�Q�L�U�D�O�H�� �W�U�H�Q�X�W�Q�R�� �V�W�D�Q�M�H�� �L�� �V�P�M�H�U�Q�L�F�H�� �U�D�]�Y�R�M�D�� �E�H�]�� �Ä�I�L�Q�J�L�U�D�Q�M�D�³�� �V�W�D�Q�M�D�� �N�R�M�H�� �S�R�J�R�G�X�M�H��
�S�R�O�L�W�L�þ�N�R�M�� �R�S�F�L�M�L���� �3�U�L�J�R�G�Q�H�� �V�W�U�D�W�H�J�L�M�H�� �U�D�]�Y�R�M�D�� �P�D�U�J�L�Q�D�O�L�]�L�U�D�O�H�� �V�X�� �V�W�U�X�N�X�� �L�� �Q�L�V�X�� �S�R�O�X�þ�L�O�H�� �Q�D�M�D�Y�O�M�L�Y�D�Q�H�� �X�þ�L�Q�N�H����
�Ä�6�W�U�D�W�H�J�L�M�D�P�D�³�� �V�P�R�� �]�D�P�D�J�O�M�L�Y�D�O�L�� �Q�H�G�R�V�W�D�W�D�N�� �N�R�Q�N�U�H�W�Q�L�K�� �]�D�G�D�W�D�N�D�� �N�R�M�L�P�D�� �R�V�W�Y�D�U�X�M�H�P�R�� �S�R�M�H�G�L�Q�H�� �F�L�O�M�H�Y�H���� �X��
�S�U�R�S�L�V�D�Q�L�P�� �U�R�N�R�Y�L�P�D���� �X�]�� �S�R�L�P�H�Q�F�H�� �Q�D�Y�H�G�H�Q�H�� �L�� �R�G�J�R�Y�R�U�Q�H���Q�R�V�L�W�H�O�M�D�� �]�D�G�D�ü�D�� �L�� �Q�D���N�U�D�M�X���V�D�Q�N�F�L�M�H���D�N�R���V�H���F�L�O�M���Q�H��
�L�V�S�X�Q�L���� �%�M�H�å�D�Q�M�H�� �R�G���N�R�Q�N�U�H�W�Q�L�K���]�D�G�D�ü�D�� �U�D�]�O�R�J���M�H���ã�W�R���Q�H���X�V�S�L�M�H�Y�D�P�R���S�R�Y�O�D�þ�L�W�L���Q�R�Y�D�F���L�]�� �(�8�� �I�R�Q�G�R�Y�D���� �*�R�G�L�Q�D�P�D��
�]�D�S�U�D�Y�R���� �Q�H�� �þ�L�Q�L�P�R�� �Q�L�ã�W�D���� �Y�U�W�L�P�R�� �V�H�� �X�� �N�U�X�J�� �L�� �M�D�Y�Q�R�V�W�� �L�P�D�� �G�R�M�D�P�� �G�D�� �V�P�R�� �X�� �G�X�E�R�N�R�M�� �N�U�L�]�L�� �L�]�� �N�R�M�H�� �V�H�� �Q�H�� �Y�L�G�L��
�Ä�V�Y�M�H�W�O�R�� �Q�D���N�U�D�M�X���W�X�Q�H�O�D�³���� 
�0�H�ÿ�X�W�L�P���� �U�D�]�O�R�]�L�� �V�X�� �S�X�Q�R�� �W�U�D�Q�V�S�D�U�H�Q�W�Q�L�M�L�� �± nitko nije sagledao stvarne kapacitete RH, napravio cost-benefit 
analizu ulaska u EU, postavio smjernice razvoja i utvrdio da imamo resurse i potencijale. Sada se ponovno 
�Y�U�D�ü�D�P�R�� �Q�D�� �N�O�M�X�þ�Q�L�� �S�U�R�E�O�H�P�� �Q�D�ã�H�� �Q�H�X�þ�L�Q�N�R�Y�L�W�R�V�W�L���� �7�H�P�H�O�M�� �Q�D�ã�H�J�� �R�G�U�å�L�Y�R�J�� �U�D�]�Y�R�M�D�� �M�H�� �S�U�H�X�U�H�ÿ�H�Q�M�H���S�U�Hskupe i 
�Q�H�X�þ�L�Q�N�R�Y�L�W�H�� �G�U�å�D�Y�H���� �7�H�N�� �W�D�G�D�� �P�R�å�H�P�R�� �Ä�S�X�Q�L�P�� �S�O�X�ü�L�P�D�³�� �S�U�L�R�Q�X�W�L�� �V�W�Y�D�U�D�Q�M�X�� �Q�R�Y�L�K�� �Y�U�L�M�H�G�Q�R�V�W�L�� �N�R�M�H�� �V�H�� �Q�H�ü�H��
�L�V�W�R�S�L�W�L�� �X�� �O�D�E�L�U�L�Q�W�X�� �G�U�å�D�Y�Q�H�� �X�S�U�D�Y�H���� �D�� �R�Y�D�� �ü�H�� �X�þ�L�Q�N�R�Y�L�W�D�� �X�S�U�D�Y�D�� �S�R�Y�H�]�D�W�L�� �V�Y�H�� �U�D�]�L�Q�H�� �V�W�U�X�N�H�� �L�� �W�H�N�� �W�D�G�D�� �ü�H�P�R��
dobiti valjane rezultate i otvoriti pu�W���U�D�]�Y�R�M�D���� �7�H�N���W�D�G�D���ü�H���V�W�U�X�þ�Q�M�D�F�L���V�D�Y�M�H�W�R�Y�D�W�L���L�� �S�U�L�S�U�H�P�D�W�L���O�R�N�D�O�Q�X���]�D�M�H�G�Q�L�F�X��
�Q�D�� �W�R�� �N�D�N�R���R�G�J�R�Y�R�U�L�W�L���L�� �S�U�L�S�U�H�P�L�W�L���V�H���Q�D���X�þ�L�Q�N�H���Q�H�V�U�H�ü�D���� �,�� �W�D�G�D���ü�H���]�D�G�D�ü�H���E�L�W�L���N�R�Q�N�U�H�W�Q�H���� �N�D�R���L�� �Q�R�V�L�R�F�L���L�� �Q�L�W�N�R��
�V�H���Y�L�ã�H���Q�H�ü�H���V�N�U�L�Y�D�W�L���L�]�D���Q�D�S�X�W�D�N�D���L�� �J�R�P�L�O�D�Q�M�D�� �S�D�S�L�U�R�O�R�J�L�M�H���� ������ 
 

4. Z�$�.�/�-�8�ý�$�.  
 �3�R�Y�H�ü�D�Q�M�H�� �X�þ�H�V�W�D�O�R�V�W�L�� �� �Y�U�H�P�H�Q�V�N�L�K�� �H�N�V�W�U�H�P�D���� �Q�D�� �Q�D�ã�H�P���S�R�G�U�X�þ�M�X���� �P�R�å�H�P�R�� �S�O�D�V�W�L�þ�Q�R�� �S�U�R�P�D�W�U�D�W�L�� �N�U�R�]��
�Q�H�R�þ�H�N�L�Y�D�Q�H�� �W�H�P�S�H�U�D�W�X�U�Q�H�� �ã�R�N�R�Y�H�� �± oscilacije temperatura u kratkom vremenskom razdoblju, ekstremno 
visoke temperature ljeti (preko 40°C u Kninu). Ove pojave prate i nagli pad temperatura zimi i zamrzavanje 
�U�L�M�H�N�D�� �L�O�L�� �S�D�N�� �Y�L�V�R�N�H�� �Q�D�Q�R�V�H���V�Q�L�M�H�J�D���X���6�S�O�L�W�X���L�� �Q�D���R�E�D�O�L���� �G�X�J�D���V�X�ã�Q�D���U�D�]�G�R�E�O�M�D���D�O�L���L�� �N�U�R�]�� �S�R�U�H�P�H�ü�D�M�H���X���P�L�J�U�D�F�L�M�L��
�S�W�L�F�D���L�� �Q�S�U�����]�D�G�U�å�D�Y�D�Q�M�H���L���U�D�V�W���S�R�S�X�O�D�F�L�M�H�� �O�D�E�X�G�R�Y�D���� �N�U�R�]�� �F�L�M�H�O�X�� �J�R�G�L�Q�X���� �Q�D���U�L�M�H�N�D�P�D���.�D�U�O�R�Y�D�þ�N�H���å�X�S�D�Q�L�M�H���� ���� 
 
�8�� �S�R�V�O�M�H�G�Q�M�H�P�� �G�H�V�H�W�O�M�H�ü�X���� �Q�D�� �Y�R�G�Q�R�P�� �S�R�G�U�X�þ�M�X�� �U�L�M�H�N�H�� �'�X�Q�D�Y�� �X�� �5�H�S�X�E�O�L�F�L�� �+�U�Y�D�W�V�N�R�M�� �X�þ�H�V�W�D�O�D�� �M�H�� �S�R�M�D�Y�D��
�K�L�G�U�R�O�R�ã�N�L�K�� �H�N�V�W�U�H�P�D���� �V�X�ã�D�� �L�]�� ������������ �L�� ������������ �J�R�G�L�Q�H�� �W�H�� �S�R�S�O�D�Y�D���L�]�� �������������� �������������������������� ������������ �L�� ������������ �J�R�G�L�Q�H����U 
�*�R�V�S�L�ü�X�� �M�H�� �]�D�E�L�O�M�H�å�H�Q�� �D�S�Volutni minimum (1961-2005.) za mjesec �R�å�X�M�D�N��u 2005. godini i iznosio je -23,6 
°C�����D���X���V�Y�L�E�Q�M�X�� �M�H���Y�H�ü���]�D�E�L�O�M�H�å�H�Q�� �D�S�V�R�O�X�W�Q�L�� �P�D�N�V�L�P�X�P���R�G��29,8 °C. 
�1�D�å�D�O�R�V�W���� �L�J�Q�R�U�L�U�D�P�R�� �X�þ�L�Q�N�H�� �N�O�L�P�D�W�V�N�L�K���S�U�R�P�M�H�Q�D���L�� �V�Y�H���X�þ�H�V�W�D�O�L�M�H���H�O�H�P�H�Q�W�D�U�Q�H���Q�H�S�R�J�R�G�H���M�H�U���S�R�J�D�ÿ�D�M�X���O�R�N�D�O�Q�H��
zajed�Q�L�F�H�� �L�� �P�D�Q�M�L�� �E�U�R�M�� �V�W�D�Q�R�Y�Q�L�N�D���� �7�D�N�R�ÿ�H�U�� �Q�L�V�P�R�� �S�U�H�G�Y�L�G�M�H�O�L�� �M�D�V�Q�H�� �L�� �N�R�Q�N�W�H�U�Q�H�� �S�R�V�W�X�S�N�H�� �L�� �P�M�H�U�H�� �R�S�R�U�D�Y�N�D����
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�]�E�R�J�� �þ�H�J�D�� �V�P�R�� �L�]�U�D�]�L�W�R�� �R�V�M�H�W�O�M�L�Y�D�� �L�� �U�D�Q�M�L�Y�D�� �G�U�X�ã�W�Y�H�Q�R���± ekonomska zajednica. Prirodne nepogode tretiraju se 
�N�D�R�� �Ä�V�O�X�þ�D�M�Q�H�³���� �Q�H�� �S�U�D�W�H�� �V�H�� �N�R�Q�W�L�Q�X�L�U�D�Q�R�� �Q�L�W�L�� �Ve analiziraju podaci. Naravno, organizirali smo niz institucija i 
�X�U�H�G�D�� �N�R�M�L�� �V�X�G�M�H�O�X�M�X�� �X�� �Q�D�U�H�þ�H�Q�R�M�� �S�U�R�E�O�H�P�D�W�L�F�L���� �P�H�ÿ�X�W�L�P�� �Q�M�L�K�R�Y�L�� �S�R�G�D�F�L�� �L�� �X�þ�L�Q�F�L�� �Q�L�V�X�� �S�R�Y�H�]�D�Q�L�� �X�� �M�H�G�L�Q�V�W�Y�H�Q�X��
�D�Q�D�O�L�]�X�� �Q�L�W�L�� �V�X�� �G�D�O�L�� �V�P�M�H�U�Q�L�F�H�� �L�� �S�R�O�X�þ�L�O�L�� �N�R�Q�N�U�H�W�Q�H�� �X�þ�L�Q�N�H���� �7�D�N�R�ÿ�H�U�� �L�P�D�P�R�� �Q�L�]�� �]�D�N�O�M�X�þ�D�N�D�� �L�� �S�U�R�F�M�H�Q�D�� �N�R�M�H��
�S�R�S�X�Q�M�D�Y�D�M�X�� �S�R�O�L�F�H�� �L���Q�H�P�D�M�X���J�R�V�S�R�G�D�U�V�N�L�� �X�þ�L�Q�D�N���� �D�O�L���M�H���]�D�G�R�Y�R�O�M�H�Q�D�� �I�R�U�P�D���� 
�3�U�D�ü�H�Q�M�H�� �Y�U�H�P�H�Q�V�N�L�K�� �H�N�V�W�U�H�P�D�� �L�� �S�U�L�S�U�H�P�D�� �O�R�N�D�O�Q�H�� �]�D�M�H�G�Q�L�F�H�� �Q�D�� �S�R�W�S�X�Q�R�� �Q�R�Y�H�� �X�J�U�R�]�H�� �± osnova je primjene 
�D�G�H�N�Y�D�W�Q�L�K���P�M�H�U�D���]�D�ã�W�L�W�H���V�W�D�Q�R�Y�Q�L�ã�W�Y�D���� �7�D�N�R�ÿ�H�U���M�H���W�H�P�H�O�M���]�D���D�Q�D�O�L�]�X�� �R�þ�H�N�L�Y�D�Q�L�K�� �X�þ�L�Q�D�N�D�� 
Stoga je krajnje vrijeme uvezivanja klimatologa, vodnog gospodarstva, poljoprivrede, lokalne samouprave i 
pratitelja pojava - �Q�D�F�L�R�Q�D�O�Q�L�K�� �L�� �O�R�N�D�O�Q�L�K���� �N�D�N�R�� �E�L�� �R�E�M�H�G�L�Q�L�O�L�� �S�R�G�D�W�N�H���L�� �X�W�Y�U�G�L�W�L�� �X�þ�H�V�W�D�O�R�V�W�� �H�O�H�P�H�Q�W�D�U�Q�L�K��
nepogoda i na�M�X�J�U�R�å�H�Q�L�M�D�� �S�R�G�U�X�þ�M�D�� �± �S�U�R�V�W�R�U�Q�R�� �L�� �J�R�V�S�R�G�D�U�V�N�L���� �$�Q�D�O�L�]�D���� �G�R�V�D�G�D�ã�Q�M�L�K���P�D�W�H�U�L�M�D�O�Q�L�K���ã�W�H�W�D���N�R�M�H���V�X��
�S�R�V�O�M�H�G�L�F�D�� �Q�H�S�R�J�R�G�D���G�D�W�L���ü�H���Q�D�P���G�R�V�W�D���S�R�G�D�W�D�N�D���]�D���X�W�Y�U�ÿ�L�Y�D�Q�M�H���P�M�H�U�D���L���S�U�X�å�D�Q�M�D���S�R�P�R�ü�L���O�R�N�D�O�Q�R�M�� �]�D�M�H�G�Q�L�F�L���� ���� 
�0�R�å�H���V�H���V�O�R�E�R�G�Q�R���U�H�ü�L���G�D���N�U�H�L�U�D�Q�M�H���V�W�U�D�W�H�J�L�M�D���Q�H���S�U�D�W�L���X�W�M�H�F�D�M�H���Q�L�W�L���G�R�J�D�ÿ�D�Q�M�D���X���R�N�U�X�å�H�Q�M�X���W�H���Q�L�M�H���W�H�P�H�O�M�H�Q�R���Q�D��
�V�W�U�X�þ�Q�R�P���P�L�ã�O�M�H�Q�M�X�� �L���Q�D�M�þ�H�ã�ü�H���M�H���S�U�R�G�X�N�W���G�Q�H�Y�Q�R���S�R�O�L�W�L�þ�N�L�K�� �S�R�W�U�H�E�D���L���]�D�G�R�Y�R�O�M�D�Y�D�Q�M�D�� �I�R�U�P�H���� 
�2�V�L�P�� �ã�W�R�� �V�P�R�� �L�]�O�R�å�H�Q�L�� �Y�U�H�P�H�Q�V�N�L�P�� �H�N�V�W�U�H�P�L�P�D���� �G�R�G�D�W�Q�R���V�P�R�� �U�D�Q�M�L�Y�D�� �]�D�M�H�G�Q�L�F�D�� �M�H�U�� �Q�L�W�L�� �Q�D�� �M�H�G�Q�R�M�� �U�D�]�L�Q�L�� ���Rd 
�X�S�U�D�Y�O�M�D�þ�N�H�� �G�R�� �O�R�N�D�O�Q�H�� �]�D�M�H�G�Q�L�F�H���� �Q�L�V�P�R�� �U�D�]�Y�L�O�L�� �X�þ�L�Q�N�R�Y�L�W�X�� �S�U�L�S�U�H�P�X���� �D�� �M�R�ã�� �P�D�Q�M�H�� �V�D�Q�D�F�L�M�X���� �5�L�]�L�F�L�P�D�� �M�H��
�L�]�O�R�å�H�Q�D�� �S�R�O�M�R�S�U�L�Y�U�H�G�D���� �W�X�U�L�]�D�P�� �L�� �O�R�N�D�O�Q�D�� �]�D�M�H�G�Q�L�F�D���� �6�W�R�J�D�� �M�H�� �]�D�G�D�ü�D�� �L�� �V�W�U�X�þ�Q�H�� �L�� �L�Q�V�W�L�W�X�F�L�R�Q�D�O�Q�H�� �M�D�Y�Q�R�V�W�L���G�D���X�]��
multidisciplinarni pristup, kreira i razradi mjere na kojima se temelji brzi oporavak.  
�1�D�U�D�Y�Q�R���� �R�Y�L�� �Q�D�O�D�]�� �W�U�H�E�D�M�X�� �E�L�W�L�� �X�� �I�X�Q�N�F�L�M�L�� �M�D�Y�Q�R�V�W�L���� �]�Q�D�ü�L�� �± dostupni bez naplate, a posebno zajednicama koje 
�V�X���L�]�O�R�å�H�Q�H�� �X�J�U�R�]�D�P�D���L�O�L�� �W�U�S�H���X�G�D�U�H���Y�U�H�P�H�Q�V�N�L�K���H�N�V�W�U�H�P�D�� 
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�J�?�A�B�F�?��  
�M�� �j�Z� �̂m���k�m���j�Z�a�f�Z�l�j�Z�g�b���m�k�e�h�\�b���m���d�h�•�b�f�Z���j�Z� �̂_���j�m�d�h�\�Z�h�p�b���i�h�‚�h�i�j�b�\�j�_� �̂g�h�f���f�_�o�Z�g�b�a�Z�p�b�•�h�f�����H�\�b���m�k�e�h�\�b���k�m��

�q�_�k�l�h�� �b�a�m�a�_�l�g�h�� �l�_�r�d�b���� �Z�� �a�Z�o�l�_�\�b�� �a�Z�� �i�j�_�p�b�a�g�b�•�b�f�� �b�a�\�j�r�Z�\�Z�ƒ�_�f�� �l�_�o�g�h�e�h�r�d�b�o�� �h�i�_�j�Z�p�b�•�Z�� �k�\�_�� �k�l�j�h�`�b�•�b���� �i�Z�� �k�_�� �d�h� �̂�
�h�\�b�o�� �j�Z� �̂g�b�d�Z�� �•�Z�\�‚�Z�� �a�Z�f�h�j�� �b�� �d�Z�j�Z�d�l�_�j�b�k�l�b�q�g�Z�� �h�[�h�e�_�ƒ�Z���� �:�g�Z�e�b�a�Z�� �n�Z�d�l�h�j�Z�� �d�h�•�b�� �m�l�b�q�m�� �g�Z�� �j�Z� �̂� �j�m�d�h�\�Z�h�p�Z��
�i�h�‚�h�i�j�b�\�j�_� �̂g�b�f�� �f�Z�r�b�g�Z�f�Z�� �b�f�Z�� �a�Z�� �p�b�‚�� � �̂Z�� �m�d�Z�`�_�� �g�Z�� �g�_�h�i�o�h� �̂g�h�k�l�� �b�a�g�Z�e�Z�`�_�ƒ�Z�� �b�� �i�j�_� �̂m�a�b�f�Z�ƒ�Z�� �f�_�j�Z�� �m�� �p�b�‚�m��
�i�h�i�j�Z�\�‚�Z�ƒ�Z���m�k�e�h�\�Z���m���d�h�•�b�f�Z���j�Z� �̂_���j�Z� �̂g�b�p�b�� 

�D�‚�m�q�g�_�� �j�_�q�b: �\�b�[�j�Z�p�b�•�_�� �p�_�e�h�]�� �l�_�e�Z���� �\�b�[�j�Z�p�b�•�_�� �k�b�k�l�_�f�� �r�Z�d�Z�� �± �j�m�d�Z���� �m�l�b�p�Z�•�� �g�Z�� �a�^�j�Z�\�‚�_���� �[�_�a�[�_� �̂g�h�k�l�� �b��
�a� �̂j�Z�\�‚�_�� �g�Z���j�Z� �̂m��  

VIBRATIONS LIKE A PROFESSIONAL HEALTH RISK ON FARME RS IN 
RURAL PRODUCTION 

ABSTRACT:  
Conditions under which the agricultural machinery operators work are discussed in the paper. The subject 

conditions are usually extremely difficult whereas requirements to precisely execute technological operations are 
increasingly strict Therefrom, the operators exercise fatigue and vocational diseases. The objective of the analysis of the 
factors which affect the work of the agricultural machinery operators is to communicate and indicate to find out and 
undertake measures subject to improvement of the conditions under which the operators work. 

Keywords: whole body vibraction, system of hand �± arm, impact on healt, safety and health at work. 

1. �M�<�H�> 

�P�b�‚�� �k�b�k�l�_�f�Z�� �a�Z�r�l�b�l�_�� �g�Z�� �j�Z�^�m�� �•�_�� �k�i�j�_�q�b�l�b�� �f�h�]�m�„�g�h�k�l�� �i�h�\�j�_�{�b�\�Z�ƒ�Z�� �j�Z�^�g�b�d�Z�� �b�e�b�� �j�Z�a�\�h�•�Z��
�i�j�h�n�_�k�b�h�g�Z�e�g�b�o�� �[�h�e�_�k�l�b�� �I�j�h�n�_�k�b�h�g�Z�e�g�Z�� �[�h�e�_�k�l�� �k�_�� �i�j�h�m�a�j�h�d�m�•�_�� �^�m�`�b�f�� �g�_�i�h�k�j�_�^�g�b�f�� �m�l�b�p�Z�•�_�f��
�i�j�h�p�_�k�Z���b�� �m�k�e�h�\�Z���j�Z�^�Z���g�Z���h�^�j�_�{�_�g�b�f�� �j�Z�^�g�b�f���f�_�k�l�b�f�Z���b�e�b���i�h�k�e�h�\�b�f�Z�����m���^�_�e�Z�l�g�h�k�l�b�f�Z���g�Z���h�k�g�h�\�m���d�h�•�b�o��
�h�[�h�e�_�e�h�� �e�b�p�_�� �b�f�Z�� �k�\�h�•�k�l�\�h�� �h�k�b�]�m�j�Z�g�b�d�Z�� �<�b�[�j�Z�p�b�h�g�Z�� �[�h�e�_�k�l�� �•�_�� �[�h�e�_�k�l�� �i�j�h�m�a�j�h�d�h�\�Z�g�Z�� �\�b�[�j�Z�p�b�•�Z�f�Z��
���h�r�l�_�„�_�ƒ�Z�� �f�b�r�b�„�Z���� �l�_�l�b�\�Z���� �d�h�k�l�b�•�m���� �a�]�e�h�[�h�\�Z���� �d�b�q�f�_�����i�_�j�b�n�_�j�g�b�o�� �d�j�\�g�b�o�� �k�m�^�h�\�Z�� �b�� �g�_�j�Z�\�Z������ �d�Z�h��
�i�h�k�e�_�^�b�p�Z�� �j�Z�^�Z�� �k�Z�� �\�b�[�j�h�Z�e�Z�l�b�f�Z���� �Z�i�Z�j�Z�l�b�f�Z���� �f�Z�r�b�g�Z�f�Z���b�� �\�h�a�b�e�b�f�Z���d�h�•�b�� �i�j�h�b�a�\�h�^�_���e�h�d�Z�e�g�_���b�� �h�i�r�l�_��
�\�b�[�j�Z�p�b�•�_�� �J�Z�^�g�h�� �Z�g�]�Z�`�h�\�Z�ƒ�_�� �i�h�‚�h�i�j�b�\�j�_�^�g�_�� �f�_�o�Z�g�b�a�Z�p�b�•�_�� �]�_�g�_�j�b�r�_�� �\�b�[�j�Z�p�b�•�_���� �Z�� �k�_�a�h�g�k�d�b�� �m�k�e�h�\�b��
�j�Z�^�Z��- �j�Z�^�� �g�Z�� �h�l�\�h�j�_�g�h�f�� �i�j�h�k�l�h�j�m���� �g�_�^�_�n�b�g�b�k�Z�g�h�� �\�j�_�f�_�� �Z�g�]�Z�`�h�\�Z�ƒ�Z���� �g�_�i�j�b�j�h�^�Z�g�� �i�h�e�h�`�Z�•�� �l�_�e�Z�� �b��
�h�^�k�m�k�l�\�h�� �j�Z�g�_�� �^�b�•�Z�]�g�h�a�_�� �b�� �k�l�j�m�q�g�_�� �j�_�o�Z�[�b�e�b�l�Z�p�b�•�_, �k�l�\�Z�j�Z�•�m�� �m�k�e�h�\�_�� �a�Z�� �j�Z�a�\�h�•�� �[�h�e�_�k�l�b�� �k�Z��
�i�j�h�n�_�k�b�h�g�Z�e�g�h�f�� �_�l�b�h�e�h�]�b�•�h�f�� 

�M�� �k�Z�\�j�_�f�_�g�h�•�� �j�Z�l�Z�j�k�d�h�•�� �i�j�h�b�a�\�h�^�ƒ�b�� �j�Z�^�� �•�_�� �m�]�e�Z�\�g�h�f�� �f�_�o�Z�g�b�a�h�\�Z�g���� �J�Z�l�Z�j�k�d�Z�� �Z�d�l�b�\�g�h�k�l�� �m��
�j�m�j�Z�e�g�b�f�� �m�k�e�h�\�b�f�Z���i�h�^�j�Z�a�m�f�_�\�Z���k�\�Z�d�h�^�g�_�\�g�h���j�m�d�h�\�Z�ƒ�_���i�h�‚�h�i�j�b�\�j�_�^�g�h�f�� �f�_�o�Z�g�b�a�Z�p�b�•�h�f�� �± �l�j�Z�d�l�h�j�� �b��
�i�j�b�i�Z�^�Z�•�m�„�_�� �i�j�b�d�‚�m�q�g�_�� �f�Z�r�b�g�_���� �f�h�l�h�d�m�e�l�b�\�Z�l�h�j���� �f�h�l�h�j�g�Z�� �d�h�k�Z���� �f�h�l�h�j�g�Z�� �l�_�k�l�_�j�Z���� �i�j�k�d�Z�e�b�p�Z���� �j�m�q�g�b��
�[�j�Z�\�Z�j�k�d�b�� �Z�e�Z�l�� �b�� �^�j�m�]�_�� �\�b�[�j�h�� �Z�d�l�b�\�g�_���b�a�\�h�j�_���� �� �K�l�Z�j�h�k�l�� �i�h�‚�h�i�j�b�\�j�_�^�g�_���f�_�o�Z�g�b�a�Z�p�b�•�_�� �d�h�•�h�f�� �m�i�j�Z�\�‚�Z��
�j�Z�l�Z�j�� �m���j�m�j�Z�e�g�b�f�� �m�k�e�h�\�b�f�Z���•�_�� �m���]�j�Z�g�b�p�Z�f�Z���h�^���������^�h���������]�h�^�b�g�Z�����K�l�Z�j�h�k�l���l�j�Z�d�l�h�j�Z���•�_���i�h�\�_�„�Z�g�Z���g�Z���i�j�_�d�h��
������ �]�h�^�b�g�Z�� �h�^�� ������������ �]�h�^�b�g�_���� �Z�� �i�j�h�k�_�q�g�Z�� �k�l�Z�j�h�k�l�� �i�j�b�d�‚�m�q�g�b�o�� �f�Z�r�b�g�Z�� �•�_�� �i�j�_�d�h�� ������ �]�h�^�b�g�Z [11]. �I�j�_�f�Z��
�b�a�\�h�j�b�f�Z�� �k�l�j�m�q�g�_�� �•�Z�\�g�h�k�l�b�� ���������������� �m�� �K�j�[�b�•�b�� �k�_�� �_�d�k�i�e�h�Z�l�b�r�_�� �h�d�h ���������������� �l�j�Z�d�l�h�j�Z���� �d�h�•�b�� �k�m���i�j�h�k�_�q�g�h��
�j�Z�^�g�h���Z�d�l�b�\�g�b���b�a�f�_�{�m���������� �b�� �������� �k�Z�l�b���]�h�^�b�r�ƒ�_�����r�l�h���b�f�Z�����a�g�Z�q�Z�•�Z�g���m�l�b�p�Z�•���g�Z���a�^�j�Z�\�‚�_���k�\�h�•�b�o���j�m�d�h�\�Z�h�p�Z 
[12]. 

�I�h�e�Z�a�_�„�b�� �h�^�� �h�k�g�h�\�g�_���i�j�h�n�_�k�b�h�g�Z�e�g�_���o�b�i�h�l�_�a�_���� �d�h�•�h�f�� �k�_���i�h�^�j�Z�a�m�f�_�\�Z���j�Z�^���g�Z���h�q�m�\�Z�ƒ�m���a�^�j�Z�\�‚�Z��
�‚�m�^�b�� �m�� �i�j�h�p�_�k�m�� �j�Z�^�Z���� �a�Z�d�‚�m�q�b�e�b�� �k�f�h�� �^�Z�� �i�h�k�l�h�•�b�� �a�g�Z�q�Z�•�Z�g�� �[�j�h�•�� �j�Z�^�g�h�� �k�i�h�k�h�[�g�_�� �i�h�i�m�e�Z�p�b�•�_�� �g�Z�� �k�_�e�m����
�d�h�•�Z���k�_���[�Z�\�b�� �j�Z�l�Z�j�k�d�h�f�� �i�j�h�b�a�\�h�^�ƒ�h�f�� �g�Z���k�h�i�k�l�\�_�g�h�f���b�f�Z�ƒ�m���b���a�Z���k�h�i�k�l�\�_�g�_���i�h�l�j�_�[�_�����Z���q�b�•�_���•�_���a�^�j�Z�\�‚�_��
�i�j�_�i�m�r�l�_�g�h�� �³�[�h�]�m�´�� �b�e�b�� �g�_�d�b�f�� �³�\�b�r�b�f�� �k�b�e�Z�f�Z�´���� �M�� �j�Z�^�m���„�_�� �[�b�l�b�� �j�Z�a�f�h�l�j�_�g�b�� �_�n�_�d�l�b�� �\�b�[�j�Z�p�b�•�Z�� �d�h�•�b��
�]�_�g�_�j�b�r�_�� �f�_�o�Z�g�b�a�Z�p�b�•�Z���m���j�Z�l�Z�j�k�d�h�•�� �i�j�h�b�a�\�h�^�ƒ�b���� �Z���d�h�•�_���k�\�h�•�b�f �g�_�]�Z�l�b�\�g�b�f���_�o�_�d�l�b�f�Z���m�l�b�q�m���g�Z���a�^�j�Z�\�‚�_��

                                                 
1 �<�b�k�h�d�Z���l�_�o�g�b�q�d�Z���r�d�h�e�Z���k�l�j�m�d�h�\�g�b�o���k�l�m�^�b�•�Z���G�b�r 
2 �N�Z�d�m�e�l�_�l���a�Z�r�l�b�l�_���g�Z���j�Z�^�m���m���G�b�r�m 
3 �N�Z�d�m�e�l�_�l���a�Z�r�l�b�l�_���g�Z���j�Z�^�m���m���G�b�r�m 



�J�b�a�b�d���b���[�_�a�[�_�^�g�h�k�g�b���b�g�`�_�ƒ�_�j�b�g�]��- �D�h�i�Z�h�g�b�d��������4. 
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�j�Z�l�Z�j�Z���� �I�h�j�_�^�� �l�h�]�Z���m���j�Z�^�m���k�m���i�j�b�d�Z�a�Z�g�_���\�j�_�^�g�h�k�l�b�� �b�a�f�_�j�_�g�b�o���\�b�[�j�Z�p�b�•�Z���m���i�j�h�p�_�k�m���_�d�k�i�_�j�b�f�_�g�l�Z�e�g�b�o��
�b�k�i�b�l�b�\�Z�ƒ�Z�� �g�Z�� �j�_�Z�e�g�b�f�� �f�h�^�_�e�b�f�Z�� �g�Z�k�l�Z�e�b�o�� �l�h�d�h�f�� �j�Z�^�Z���g�Z�� �f�h�l�h�j�g�h�•�� �d�h�k�Z�q�b�p�b���� �e�_�{�g�h�•�� �d�h�k�Z�q�b�p�b��
���l�j�b�f�_�j�� �a�Z�� �l�j�Z�\�m������ �f�h�l�h�d�m�e�l�b�\�Z�l�h�j�m���� �f�h�l�h�j�g�h�•�� �l�_�k�l�_�j�b���b�� �i�j�b�e�b�d�h�f�� �j�Z�^�Z�� �k�Z�� �l�j�Z�d�l�h�j�h�f�� �k�Z�� �b�� �[�_�a��
�i�j�b�d�‚�m�q�g�b�o�� �f�Z�r�b�g�Z���� �d�Z�h���b���f�_�j�_���i�j�_�\�_�g�p�b�•�_�� 

2. �<�J�K�L�?���<�B�;�J�:�P�B�3�:���B���>�H�A�<�H�4�?�G�?���<�J�?�>�G�H�K�L�B 

�Q�h�\�_�d�� �•�_�� �d�Z�h�� �k�m�[�•�_�d�l�� �m�� �k�Z�\�j�_�f�_�g�b�f�� �m�k�e�h�\�b�f�Z�� �j�Z�^�Z�� �b�� �`�b�\�‚�_�ƒ�Z�� �_�d�k�i�h�g�b�j�Z�g�� �\�b�[�j�Z�p�b�•�Z�f�Z�� �d�h�•�_�� �k�_��
�f�h�]�m�� �]�j�m�i�b�k�Z�l�b�� �m�� �l�j�b�� �d�Z�l�_�]�h�j�b�•�_���� �k�Z�f�h�i�h�[�m�^�g�_���� �i�j�b�g�m�^�g�_�� �\�b�[�j�Z�p�b�•�_�� �i�j�b�� �i�k�b�o�h�n�b�a�b�h�e�h�r�d�h�f��
�Z�g�]�Z�`�h�\�Z�ƒ�m�� �b�� �i�j�b�g�m�^�g�_�� �\�b�[�j�Z�p�b�•�_�� �[�_�a�� �i�k�b�o�h�n�b�a�b�h�e�h�r�d�h�]�� �Z�g�]�Z�`�h�\�Z�ƒ�Z. �I�h�^�Z�p�b�� �d�h�•�b�f�Z�� �j�Z�k�i�h�e�Z�`�_��
�f�_�{�m�g�Z�j�h�^�g�Z�� �g�Z�m�q�g�h�� �k�l�j�m�q�g�Z�� �•�Z�\�g�h�k�l�� �h�� �j�b�a�b�p�b�f�Z�� �d�h�j�b�r�„�_�ƒ�Z�� �\�b�[�j�h�f�_�o�Z�g�b�q�d�b�o�� �Z�e�Z�l�Z�� �k�m��
�a�Z�[�j�b�ƒ�Z�\�Z�•�m�„�b���� �a�[�h�]�� �q�_�]�Z���>�b�j�_�d�l�b�\�Z���?�\�j�h�i�k�d�h�]�� �I�Z�j�e�Z�f�_�g�l�Z���b���<�e�Z�^�_ 2002/44/EC [5][6], �d�h�•�Z���k�_���h�^�g�h�k�b��
�g�Z�� �b�a�e�h�`�_�g�h�k�l�� �j�Z�^�g�b�d�Z�� �j�b�a�b�p�b�f�Z�� �d�h�•�b�� �g�Z�k�l�Z�•�m���h�^�� �\�b�[�j�Z�p�b�•�Z���� �a�Z�o�l�_�\�Z���m�\�h�{�_�ƒ�_���f�b�g�b�f�Z�e�g�b�o���a�Z�o�l�_�\�Z���a�Z��
�a�Z�r�l�b�l�m�� �j�Z�^�g�b�d�Z���� �m�� �l�h�d�m�� �j�Z�^�Z�� �d�Z�^�Z�� �k�m�� �b�a�e�h�`�_�g�b�� �j�b�a�b�p�b�f�Z�� �d�h�•�b�� �g�Z�k�l�Z�•�m���� �>�b�j�_�d�l�b�\�Z�� �^�_�n�b�g�b�r�_�� �^�\�_��
�\�j�k�l�_�� �\�j�_�^�g�h�k�l�b�� �± �]�j�Z�g�b�q�g�_���\�j�_�^�g�h�k�l�b���b�a�e�h�`�_�g�h�k�l�b�����m���^�Z�‚�_�f���l�_�d�k�l�m ELV�����b�a�g�Z�^���d�h�•�b�o���j�Z�^�g�b�d���g�_���k�f�_��
�[�b�l�b�� �b�a�e�h�`�_�g�� �m�� �l�h�d�m�� �ƒ�_�]�h�\�h�]�� �j�Z�^�Z�� �b�� �Z�d�p�b�h�g�_�� �\�j�_�^�g�h�k�l�b�� �b�a�e�h�`�_�g�h�k�l�b�� ���m�� �^�Z�‚�_�f�� �l�_�d�k�l�m���?�:V���� �b�a�g�Z�^��
�d�h�•�b�o���•�_�� �i�h�k�e�h�^�Z�\�Z�p���^�m�`�Z�g���^�Z���i�j�_�^�m�a�f�_�� �h�^�]�h�\�Z�j�Z�•�m�„�_���f�_�j�_���a�Z���k�f�Z�ƒ�_�ƒ�_���\�j�_�^�g�h�k�l�b���\�b�[�j�Z�p�b�•�Z���d�h�•�b�f�Z���•�_��
�j�Z�^�g�b�d���b�a�e�h�`�_�g�� �>�b�j�_�d�l�b�\�Z 2002/44/EC �^�_�n�b�g�b�r�_�� �^�\�_���\�j�k�l�_���\�b�[�j�Z�p�b�•�Z�� 

�x �\�b�[�j�Z�p�b�•�_�� �p�_�e�h�]�� �l�_�e�Z�����m���^�Z�‚�_�f���l�_�d�k�l�m��WBV �\�b�[�j�Z�p�b�•�_�������b�� 
�x �\�b�[�j�Z�p�b�•�_�� �k�b�k�l�_�f�Z���r�Z�d�Z-�j�m�d�Z�����m���^�Z�‚�_�f���l�_�d�k�l�m��H�: V �\�b�[�j�Z�p�b�•�_���� 

WBV �k�m���b�a�Z�a�\�Z�g�_���\�b�[�j�Z�p�b�•�Z�f�Z���f�Z�r�b�g�Z���b���\�h�a�b�e�Z�����Z���i�j�_�g�h�k�_���k�_���i�j�_�d�h���k�_�^�b�r�l�Z���b�e�b���i�h�^�g�h�`�•�Z���j�Z�^�g�h�]��
�f�_�k�l�Z���� �B�a�e�h�`�_�g�h�k�l�� �\�b�r�d�h�f�� �\�j�_�^�g�h�k�l�b�f�Z��WBV �f�h�`�_���i�j�_�^�k�l�Z�\�‚�Z�l�b���j�b�a�b�d���a�Z���a�^�j�Z�\�‚�_���b���[�_�a�[�_�^�g�h�k�l���b��
�f�h�`�_�� �i�j�h�m�a�j�h�d�h�\�Z�l�b�� �b�e�b�� �i�h�]�j�h�r�Z�l�b�� �i�h�\�j�_�^�_�� �e�_�{�Z���� �J�b�a�b�p�b�� �k�m�� �g�Z�•�\�_�„�b�� �d�Z�^�Z�� �k�m�� �Z�f�i�e�b�l�m�^�_�� �\�b�[�j�Z�p�b�•�Z��
�\�_�e�b�d�_���� �l�j�Z�•�Z�ƒ�_�� �b�a�e�h�`�_�g�h�k�l�b�� �^�m�]�h���� �Z�� �_�d�k�i�h�g�b�j�Z�ƒ�_�� �q�_�k�l�h�� �b�� �j�_�^�h�\�g�h�� �b�� �d�Z�^�Z�� �\�b�[�j�Z�p�b�•�_�� �m�d�‚�m�q�m�•�m�� �•�Z�d�_��
�m�^�Z�j�_���b���i�h�l�j�_�k�_ 

HAV �k�m�� �i�j�h�m�a�j�h�d�h�\�Z�g�_�� �\�b�[�j�Z�p�b�•�Z�f�Z�� �d�h�•�_�� �k�_�� �i�j�_�g�h�k�_�� �g�Z�� �r�Z�d�m�� �b�� �j�m�d�m�� �i�j�_�d�h�� �^�e�Z�g�Z�� �b�� �i�j�k�l�b�•�m. 
�J�Z�^�g�b�p�b�� �q�b�•�_�� �k�m�� �j�m�d�_�� �j�_�^�h�\�g�h�� �b�a�e�h�`�_�g�_��H�: V �f�h�]�m�� �i�Z�l�b�l�b�� �h�^�� �h�r�l�_�„�_�ƒ�Z�� �l�d�b�\�Z�� �j�m�d�m�� �b �r�Z�d�Z���� �d�h�•�b��
�i�j�h�m�a�j�h�d�m�•�m�� �k�b�f�i�l�h�f�_���i�h�a�g�Z�l�_���i�h�^���a�Z�•�_�^�g�b�q�b�f���b�f�_�g�h�f���³�\�b�[�j�Z�p�b�h�g�b�� �k�b�g�^�j�h�f���r�Z�d�Z-�j�m�d�Z�´�� 
 

�L�Z�[�_�e�Z���� �>�h�a�\�h�‚�_�g�_���\�j�_�^�g�h�k�l�b���\�b�[�j�Z�p�b�•�Z 

�l�b�i���\�j�_�^�g�h�k�l�b WBV HAV 

EAV 
 

0.5 m/s2 
(�b�e�b�� �\�j�_�^�g�h�k�l���^�h�a�_���\�b�[�j�Z�p�b�•�Z 9.1m/s1.75) 

2.5 m/s2 

ELV 
 

1.15 m/s2 
(�b�e�b�� �\�j�_�^�g�h�k�l���^�h�a�_ �\�b�[�j�Z�p�b�•�Z 21 m/s1.75) 

5 m/s2 

3. �F�?�J�?�5�:�����H�P�?�G�?���B���H�>�J�?�-�B�<�:�5�?���<�J�?�F�?�G�:���B�A�E�H�@�?�G�H�K�L�B���<�B�;�J�:�P�B�3�:�F�: 

�I�j�_�� �g�_�]�h�� �r�l�h�� �k�_�� �h�^�j�_�^�_�� �\�j�_�^�g�h�k�l�b�� �^�g�_�\�g�_�� �b�a�e�h�`�_�g�h�k�l�b�� �\�b�[�j�Z�p�b�•�Z�� �:�������� �b�e�b��VDV - �^�h�a�Z��
�\�b�[�j�Z�p�b�•�Z�� ���k�Z�f�h�� �a�Z��WBV���� �g�_�h�i�o�h�^�g�h�� �•�_�� �h�^�j�_�^�b�l�b�� �m�d�m�i�g�h�� �\�j�_�f�_�� �^�g�_�\�g�_�� �b�a�e�h�`�_�g�h�k�l�b�� �\�b�[�j�Z�p�b�•�Z�f�Z���a�Z��
�k�\�Z�d�m���f�Z�r�b�g�m���d�h�•�Z���k�_���d�h�j�b�k�l�b���� �d�Z�h���b�� �a�Z���k�\�Z�d�b���Z�e�Z�l�� �d�h�•�b�� �k�_�� �d�h�j�b�k�l�b���� �I�h�l�j�_�[�g�h���•�_�� �\�h�^�b�l�b�� �j�Z�q�m�g�Z���^�Z���k�_��
�d�h�j�b�k�l�_�� �i�h�^�Z�p�b�� �d�h�•�b�� �k�m�� �d�h�f�i�Z�l�b�[�b�e�g�b�� �k�Z�� �i�h�^�Z�p�b�f�Z�� �h�� �Z�f�i�e�b�l�m�^�Z�f�Z�� �\�b�[�j�Z�p�b�•�Z���� �I�j�b�f�_�j�Z�� �j�Z�^�b �Z�d�h���k�_��
�i�h�^�Z�p�b���h�� �Z�f�i�e�b�l�m�^�b���\�b�[�j�Z�p�b�•�Z���h�^�g�h�k�_���g�Z���f�Z�r�b�g�m���d�Z�^�Z���h�g�Z���j�Z�^�b�����h�g�^�Z���l�j�_�[�Z���h�^�j�_�^�b�l�b���\�j�_�f�_���m���d�h�f�_���•�_��
�j�Z�^�g�b�d�� �b�a�e�h�`�_�g�� �l�b�f�� �\�b�[�j�Z�p�b�•�Z�f�Z���� �I�h�k�l�h�•�_�� �i�_�j�b�h�^�b�� �j�Z�^�Z�� �f�Z�r�b�g�Z�� �b�� �Z�e�Z�l�Z�� �d�Z�^�Z�� �g�_�f�Z�� �b�a�e�h�`�_�g�h�k�l�b��
�\�b�[�j�Z�p�b�•�Z�f�Z�����g�i�j���� �d�Z�^�Z���m���l�h�d�m���j�Z�^�Z���j�Z�^�g�b�d���k�i�m�k�l�b���Z�e�Z�l���i�h�j�_�^���k�_�[�_���b�e�b���]�Z���^�j�`�b���Z�e�b���h�g���g�_���j�Z�^�b���� 

RMS �Z�f�i�e�b�l�m�^�Z�� �\�b�[�j�Z�p�b�•�Z�� �i�j�_�^�k�l�Z�\�‚�Z�� �_�n�_�d�l�b�\�g�m �\�j�_�^�g�h�k�l�� �\�b�[�j�Z�p�b�•�Z�� �m�� �f�_�j�g�h�f�� �i�_�j�b�h�^�m����
�H�^�j�_�{�m�•�_�� �k�_���d�Z�h���g�Z�•�\�_�„�Z���\�j�_�^�g�h�k�l�� �l�j�b�� �\�j�_�^�g�h�k�l�b�� �m���h�j�l�h�]�h�g�Z�e�g�b�f�� �i�j�Z�\�p�b�f�Z�����������Zwx���� �������Zwy�����Zwz�����d�h�•�b���k�_��
�d�h�j�b�k�l�_�� �a�Z�� �i�j�h�p�_�g�m�� �b�a�e�h�`�_�g�h�k�l�b����RMS �Z�f�i�e�b�l�m�^�Z�� �\�b�[�j�Z�p�b�•�Z�� �k�_�� �b�a�j�Z�`�Z�\�Z�� �d�Z�h�� �n�j�_�d�\�_�g�p�b�•�k�d�b��
�i�h�g�^�_�j�b�k�Z�g�h�� �m�[�j�a�Z�ƒ�_�� �g�Z�� �k�_�^�b�r�l�m�� ���d�h�^�� �k�_�^�_�„�_�]�� �i�h�e�h�`�Z�•�Z���� �b�e�b�� �g�Z�� �i�h�^�e�h�a�b���g�Z���d�h�•�h�•�� �k�_�� �g�h�]�Z�f�Z���h�k�e�Z�ƒ�Z��
�j�Z�^�g�b�d���� 

�<�b�[�j�Z�p�b�•�_�� �k�_�� �^�_�n�b�g�b�r�m�� �Z�f�i�e�b�l�m�^�h�f�� �b�� �n�j�_�d�\�_�g�p�b�•�h�f���� �:�f�i�e�b�l�m�^�Z���k�_���f�h�`�_�� �b�a�j�Z�a�b�l�b�� �i�j�_�d�h��
�i�h�f�_�j�Z�•�Z�� �\�b�[�j�Z�p�b�•�Z, �[�j�a�b�g�_�� �b�e�b�� �m�[�j�a�Z�ƒ�Z�� �\�b�[�j�Z�p�b�•�Z���� �N�j�_�d�\�_�g�p�b�•�k�d�b�� �h�i�k�_�]�� �f�_�j�_�ƒ�m�� �b�a�g�h�k�b�� �a�Z��WBV: 
0.5Hz �^�h�� ������Hz.  �J�b�a�b�d�� �h�^�� �h�r�l�_�„�_�ƒ�Z�� �g�b�•�_�� �b�k�l�b�� �a�Z�� �k�\�_�� �n�j�_�d�\�_�g�p�b�•�_�� �i�Z�� �k�_�� �d�h�j�b�k�l�b�� �n�j�_�d�\�_�g�p�b�•�k�d�Z��
�i�h�g�^�_�j�Z�p�b�•�Z���� �D�Z�h���j�_�a�m�e�l�Z�l���i�h�g�^�_�j�Z�p�b�h�g�Z�� �\�j�_�^�g�h�k�l���m�[�j�a�Z�ƒ�Z���h�i�Z�^�Z���k�Z���i�h�\�_�„�Z�ƒ�_�f���n�j�_�d�\�_�g�p�b�•�_�����F�_�j�_�ƒ�_��
�l�j�_�[�Z���k�i�j�h�\�_�k�l�b���l�Z�d�h���^�Z���k�_���^�h�[�b�•�Z���\�j�_�^�g�h�k�l���a�Z���j�Z�^�g�b���i�_�j�b�h�^���h�i�_�j�Z�l�h�j�Z���� 
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4. �J�?�A�M�E�L�:�L�B���?�D�K�I�?�J�B�F�?�G�L�:�E�G�H�=���J�:�>�: 

�M�� �i�j�h�p�_�k�m�� �b�k�l�j�Z�`�b�\�Z�ƒ�Z�� �i�j�h�[�e�_�f�Z�� �k�i�j�h�\�_�^�_�g�Z�� �•�_�� �i�j�h�p�_�^�m�j�Z�� �b�k�i�b�l�b�\�Z�ƒ�Z WBV �b HAV �g�Z��
�f�_�o�Z�g�b�a�Z�p�b�•�b�� �j�Z�l�Z�j�Z�� �m�� �L�h�i�e�b�q�d�h�f�� �h�d�j�m�]�m, �q�b�•�Z�� �k�_�� �i�j�h�k�_�q�g�Z�� �h�[�j�Z�^�b�\�Z�� �i�h�\�j�r�b�g�Z�� �d�j�_�„�_�� �h�^�� �������� �^�h������
�o�_�d�l�Z�j�Z���� �B�k�i�b�l�b�\�Z�ƒ�Z���k�b���b�a�\�_�^�_�g�Z���d�h�j�b�r�„�_�ƒ�_�f �o�Z�j�^�\�_�j�k�d�h�]���i�Z�d�_�l�Z�����f�h�^�_�e 4447 B&K �b���h�^�]�h�\�Z�j�Z�•�m�„�_�]��
�k�h�n�l�\�_�j�k�d�h�]�� �i�Z�d�_�l�Z�� �a�Z�� �b�a�j�Z�q�m�g�Z�\�Z�ƒ�_�� �i�Z�j�Z�f�_�l�Z�j�Z���a�Z���h�p�_�g�m���r�l�_�l�g�h�]�� �^�_�e�h�\�Z�ƒ�Z���\�b�[�j�Z�p�b�•�Z���m���k�d�e�Z�^�m���k�Z��
�k�l�Z�g�^�Z�j�^�h�f �,�6�2�������������� �,�6�2�������������b���>�b�j�_�d�l�b�\�h�f 2002/44/EC. �M���g�Z�k�l�Z�\�d�m���j�Z�^�Z���d�Z�h���ƒ�_�]�h�\���b�g�l�_�]�j�Z�e�g�b���^�_�h��
�i�j�_�^�k�l�Z�\�‚�_�g�b�� �k�m�� �j�_�a�m�e�l�Z�l�b�� �k�i�j�h�\�_�^�_�g�b�o�� �f�_�j�_�ƒ�Z�� �m�� �\�b�^�m�� �\�j�_�f�_�g�k�d�h�]�� �k�i�_�d�l�j�Z�� �Z�f�i�e�b�l�m�^�_�� �m�[�j�a�Z�ƒ�Z�� �b 
RMS �\�j�_�^�g�h�k�l���^�h�a�_���\�b�[�j�Z�p�b�•�Z���g�Z���d�Z�j�Z�d�l�_�j�b�k�l�b�q�g�b�f���f�h�^�_�e�b�f�Z���i�h�‚�h�i�j�b�\�j�_�^�g�_���f�_�o�Z�g�b�a�Z�p�b�•�_. 
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4.4. Mo�l�h�j�g�Z���l�_�k�l�_�j�Z��Husqvarna - 735 
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4.5. T�j�Z�d�l�h�j��IMT �± 539 
 

   

 
 

�������>�B�K�D�M�K�B�3�: 
�I�j�b�d�Z�a�Z�g�b�� �i�h�e�h�`�Z�•�b�� �j�m�d�h�\�Z�h�p�Z�� �l�j�Z�d�l�h�j�Z���� �]�^�_�� �•�_�� �d�b�q�f�_�g�b�� �k�l�m�[�� �g�Z�•�\�b�r�_�� �h�i�l�_�j�_�„�_�g���� �m�a�� �i�j�b�k�m�l�g�_��

�i�h�l�j�_�k�_�� �b�� �\�b�[�j�Z�p�b�•�_�� �i�j�_�^�k�l�Z�\�‚�Z�•�m�� �\�_�e�b�d�h�� �h�i�l�_�j�_�„�_�ƒ�_ �‚�m�^�k�d�h�]�� �h�j�]�Z�g�b�a�f�Z�� �b�� �^�h�\�h�^�_�� �^�h��
�i�j�h�n�_�k�b�h�g�Z�e�g�b�o�� �h�[�h�e�_�ƒ�Z�� �F�_�j�_�ƒ�_�f�� �b�g�l�_�g�a�b�l�_�l�Z�� �h�i�r�l�b�o�� �\�b�[�j�Z�p�b�•�Z�� �g�Z�� �k�_�^�b�r�l�b�f�Z�� �\�b�r�_�� �l�b�i�h�\�Z��
�l�j�Z�d�l�h�j�Z�� �m�l�\�j�{�_�g�h�� �•�_�� �^�Z�� �j�b�a�b�d�� �i�h�� �a�^�j�Z�\�‚�_�� �\�h�a�Z�q�Z�� �Ä�i�h�k�l�h�•�b�³���� �q�Z�d�� �b�� �d�h�^�� �h�g�b�o�� �l�j�Z�d�l�h�j�b�k�l�Z�� �d�h�•�b�� �k�m��
�\�b�[�j�Z�p�b�•�Z�f�Z�� �b�a�e�h�`�_�g�b�� �l�_�d�� �•�_�^�Z�g�� �k�Z�l�� �^�g�_�\�g�h���� �Z�� �^�Z�� �•�_���j�b�a�b�d�� �Ä�\�_�j�h�\�Z�l�Z�g�³�� �d�h�^�� �k�\�b�o�� �h�k�l�Z�e�b�o�� �d�h�•�b�� �k�m��
�^�g�_�\�g�h���b�a�e�h�`�_�g�b���\�b�r�_�� �h�^�� �•�_�^�g�h�]�� �k�Z�l�Z���� �B�g�l�_�g�a�b�l�_�l���\�b�[�j�Z�p�b�•�Z���g�Z���k�_�^�b�r�l�b�f�Z���l�j�Z�d�l�h�j�Z���d�h�•�b���•�_���f�_�j�_�ƒ�_�f��
�m�l�\�j�{�_�g�� �f�h�`�_�� �^�h�\�_�k�l�b�� �^�h�� �h�r�l�_�„�_�ƒ�Z�� �d�j�\�g�h-�k�m�^�h�\�g�h�]���� �g�_�j�\�g�h�]�� �b�� �d�h�r�l�Z�g�h-�f�b�r�b�„�g�h-�a�]�e�h�[�g�h�]�� �Z�i�Z�j�Z�l�Z��
�l�_�e�Z�����Z�e�b���b���h�r�l�_�„�_�ƒ�Z���^�j�m�]�b�o���h�j�]�Z�g�Z�� 

�M�� �p�b�‚�m�� �i�j�_�\�_�g�p�b�•�_�� �b�� �k�i�j�_�q�Z�\�Z�ƒ�Z�� �m�l�b�p�Z�•�Z�� �h�i�r�l�b�o�� �\�b�[�j�Z�p�b�•�Z�� �g�Z�� �a�^�j�Z�\�‚�_�� �\�h�a�Z�q�Z�� �l�j�Z�d�l�h�j�Z�� �b��
�^�j�m�]�b�o�� �i�h�‚�h�i�j�b�\�j�_�^�g�b�o�� �f�Z�r�b�g�Z���� �i�h�l�j�_�[�g�h�� �•�_�� �k�i�j�h�\�h�{�_�ƒ�_�� �[�_�a�[�_�^�g�h�k�l�b�� �g�Z�� �j�Z�^�m�� �b�� �h�q�m�\�Z�ƒ�_�� �a�^�j�Z�\�‚�Z��
�j�Z�^�g�b�d�Z���� �d�Z�h�� �b�� �^�_�n�b�g�b�k�Z�l�b�� �b�g�l�_�]�j�Z�e�g�b�� �^�_�h�� �i�h�k�e�h�\�Z�ƒ�Z���j�Z�^�g�_�� �h�j�]�Z�g�b�a�Z�p�b�•�_�� �b�� �k�i�j�h�\�h�^�b�l�b�� �b�o�� �m��
�d�h�g�l�b�g�m�b�l�_�l�m�� 

�I�j�h�m�q�Z�\�Z�ƒ�_�f�� �\�b�[�j�Z�p�b�•�Z�� �d�h�•�_�� �k�_�� �i�h�•�Z�\�‚�m�•�m�� �g�Z�� �j�Z�^�g�b�f�� �f�_�k�l�b�f�Z�� �m���i�h�‚�h�i�j�b�\�j�_�^�b���b�� �h�p�_�g�Z���ƒ�b�o�h�\�h�]��
�m�l�b�p�Z�•�Z�� �g�Z�� �h�j�]�Z�g�b�a�Z�f�� �q�h�\�_�d�Z�� �k�m�� �i�j�_�^�m�k�e�h�\�b�� �a�Z�� �i�j�_�^�m�a�b�f�Z�ƒ�_�� �f�_�j�Z�� �i�j�h�l�b�\�� �r�l�_�l�g�h�k�l�b�� �i�h�� �a�^�j�Z�\�‚�_�� �b��
�k�f�Z�ƒ�_�ƒ�Z�� �j�Z�^�g�_�� �k�i�h�k�h�[�g�h�k�l�b�� �d�h�^�� �h�[�Z�\�‚�Z�ƒ�Z�� �j�Z�^�h�\�Z�� �m�� �i�h�‚�h�i�j�b�\�j�_�^�b���� �G�Z�•�a�g�Z�q�Z�•�g�b�•�b�� �b�a�\�h�j�� �\�b�[�j�Z�p�b�•�Z��
�d�h�^�� �i�h�‚�h�i�j�b�\�j�_�^�g�b�o���f�Z�r�b�g�Z���•�_�� �l�j�Z�d�l�h�j���� �<�b�[�j�Z�p�b�•�_�� �l�j�Z�d�l�h�j�Z���g�Z�k�l�Z�•�m���m�k�e�_�^�� �f�g�h�]�h�[�j�h�•�g�b�o���n�Z�d�l�h�j�Z�����h�^��
�d�h�•�b�o�� �k�m���g�Z�•�a�g�Z�q�Z�•�g�b�•�b���� 

�‡ �d�j�_�l�Z�ƒ�_���l�j�Z�d�l�h�j�Z���i�h���g�_�j�Z�\�g�h�f���l�_�j�_�g�m���� 
�‡ �j�Z�^�Z���i�h�]�h�g�k�d�h�]�� �f�h�l�h�j�Z���b���i�j�_�g�h�k�g�b�d�Z���k�g�Z�]�_��  
�‡ �j�Z�^�Z���i�j�b�d�‚�m�q�g�b�o�� �f�Z�r�b�g�Z�����b�l�^���� 

�<�b�[�j�Z�p�b�h�g�Z�� �i�h�f�_�j�Z�ƒ�Z�� �g�Z�� �k�_�^�b�r�l�m�� �\�h�a�Z�q�Z�� �l�j�Z�d�l�h�j�Z�� �m�]�e�Z�\�g�h�f�� �k�m�� �i�j�h�m�a�j�h�d�h�\�Z�g�Z�� �i�h�f�_�j�Z�ƒ�b�f�Z�� �b��
�a�Z�g�h�r�_�ƒ�b�f�Z�� �l�j�Z�d�l�h�j�Z�� �i�j�b�� �i�j�_�e�Z�`�_�ƒ�m�� �i�j�_�d�h�� �g�_�j�Z�\�g�b�g�Z�� �g�Z�� �l�_�j�_�g�m���� �N�Z�d�l�h�j�b�� �d�h�•�b�� �m�l�b�q�m�� �g�Z�� �\�_�e�b�q�b�g�m��
�\�b�[�j�Z�p�b�h�g�b�o�� �i�h�f�_�j�Z�ƒ�Z�� �k�m���� �\�b�k�b�g�Z�� �b�� �m�q�_�k�l�Z�g�h�k�l�� �g�_�j�Z�\�g�b�g�Z���� �[�j�a�b�g�Z�� �l�j�Z�d�l�h�j�Z���� �k�h�i�k�l�\�_�g�Z�� �n�j�_�d�\�_�g�p�b�•�Z��
�l�j�Z�d�l�h�j�Z���� �f�Z�k�Z�� �l�j�Z�d�l�h�j�Z�� �b�l�^���>���@. �H�^�� �r�_�k�l�� �f�h�]�m�„�b�o�� �i�h�f�_�j�Z�ƒ�Z�� �m�� �i�j�h�k�l�h�j�m���� �d�h�^�� �i�h�‚�h�i�j�b�\�j�_�^�g�h�]��
�l�j�Z�d�l�h�j�Z�� �k�_�� �•�Z�\�‚�Z�•�m�� �m�� �i�j�\�h�f�� �j�_�^�m�� �\�_�j�l�b�d�Z�e�g�Z�� �i�h�f�_�j�Z�ƒ�Z�� ���m�� �i�j�Z�\�p�m��z - �h�k�_������ �i�h�f�_�j�Z�ƒ�Z�� �i�h�k�j�l�Z�ƒ�Z�� ���m��
�i�j�Z�\�p�m��x �h�k�_���� �b�� �i�h�f�_�j�Z�ƒ�Z - �a�Z�g�h�r�_�ƒ�Z�� �e�_�\�h-�^�_�k�g�h�� ���m�� �i�j�Z�\�p�m��y - �h�k�_������ �>�Z�‚�_�� �k�_�� �•�Z�\�‚�Z�•�m�� �b�� �\�b�[�j�Z�p�b�•�_��
�m�a�j�h�d�h�\�Z�g�_�� �j�Z�^�h�f�� �f�h�l�h�j�Z���� �^�_�e�h�\�b�f�Z�� �b�� �m�j�_�{�Z�•�b�f�Z�� �l�j�Z�d�l�h�j�Z�� �b�� �i�j�b�d�‚�m�q�g�b�f�� �f�Z�r�b�g�Z�f�Z�� �b�� �m�j�_�{�Z�•�b�f�Z����
�H�k�p�b�e�Z�p�b�•�_�� �l�j�Z�d�l�h�j�Z���k�_���i�j�_�g�h�k�_���g�Z���k�_�^�b�r�l�_�� �\�h�a�Z�q�Z���b���^�_�e�m�•�m���g�Z���\�h�a�Z�q�Z���m���l�j�b���i�j�Z�\�p�Z�����B�k�l�j�Z�`�b�\�Z�ƒ�Z���k�m��
�i�h�d�Z�a�Z�e�Z�� �^�Z�� �g�_�`�_�‚�_�g�b�� �_�n�_�d�l�b�� �i�h�� �a�^�j�Z�\�‚�_�� �\�h�a�Z�q�Z�� �l�j�Z�d�l�h�j�Z�� �i�j�h�m�a�j�h�d�m�•�m�� �m�� �i�j�\�h�f�� �j�_�^�m�� �\�_�j�l�b�d�Z�e�g�_�� �b��
�m�]�Z�h�g�_���\�b�[�j�Z�p�b�•�_���� �a�[�h�]���q�_�]�Z���k�_���f�b�r�b�„�b�� �‚�m�^�k�d�h�]���l�_�e�Z���m�d�j�m�„�m�•�m�� �b���h�^�j�`�Z�\�Z�•�m���m���l�Z�d�\�h�f���k�l�Z�ƒ�m���I�Z�l�h�e�h�r�d�_��
�^�_�n�h�j�f�Z�p�b�•�_�� �d�b�q�f�_�g�h�]�� �k�l�m�[�Z�� �m�l�\�j�{�_�g�_�� �a�Z�� �j�Z�a�e�b�q�b�l�Z�� �a�Z�g�b�f�Z�ƒ�Z�� �i�h�d�Z�a�m�•�m�� �^�Z�� �k�_�� �g�Z�•�\�_�„�b�� �i�j�h�p�_�g�Z�l��
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�^�_�n�h�j�f�Z�p�b�•�Z���i�h�•�Z�\�‚�m�•�_�� �d�h�^�� �\�h�a�Z�q�Z���d�Z�f�b�h�g�Z���b���l�j�Z�d�l�h�j�Z�����Z���k�l�h�f�Z�q�g�b���i�j�h�[�e�_�f�b���m���g�Z�•�\�_�„�_�f���i�j�h�p�_�g�l�m���d�h�^��
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�b�a�e�h�`�_�g�h�k�l�b�� �\�b�[�j�Z�p�b�•�Z�f�Z���� � �̂Z�e�_�d�h�� �h� �̂� �\�j�_� �̂g�h�k�l�b�� �i�j�h�i�b�k�Z�g�b�o�� �a�Z�d�h�g�k�d�h�f�� �j�_�]�m�e�Z�l�b�\�h�f���� �H�\�h�� �a�g�Z�q�b��� �̂Z���•�_���g�_�h�i�o�h�^�g�h��
�i�j �_� �̂m�a�_�l�b�� �h� �̂]�h�\�Z�j�Z�•�m�„�_�� �h�j�]�Z�g�b�a�Z�p�b�h�g�_�� �b�� �l�_�o�g�b�q�d�_�� �f�_�j�_���d�Z�d�h�� �[�b�� �k�_�� �\�_�e�b�q�b�g�_�� � �̂h�\�_�e�_�� �m�� �a�Z�d�h�g�h�f�� � �̂h�a�\�h�‚�_�g�_��
�]�j�Z�g�b�p�_���� �[�_�a�� �h�[�a�b�j�Z�� � �̂Z�� �e�b�� �k�_�� �j�Z� �̂b�� �h�� �i�j�h�n�_�k�b�h�g�Z�e�g�b�f���\�h�a�Z�q�b�f�Z�� �l�j�Z�d�l�h�j�Z�� �b�e�b�� �k�Z�f�h�k�l�Z�e�g�b�f�� �i�h�‚�h�i�j�b�\�j�_� �̂g�b�f��
�i�j�h�b�a�\�h�{�Z�q�b�f�Z������ 
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THE LEVELS OF DAILY VIBRATION EXPOSURES �:�L  IMT 539 DELUXE 
�LRACTOR DRIVER WHEN PLOWING 

 

ABSTRACT:  
Drivers of agricultural tractors are exposed during operation, to a number of adverse factors, among which 

there are vibrations. This vibration comes from the engine operating modes, interacting with uneven terrain, and they 
are transmitted through the seat, floor and commands to the body of the driver. Exposure to these vibrations, in the long 
term, can lead to serious health problems. Therefore, the measurement and evaluation of vibration is extremely 
important in terms of developing safeguards. Measuring the size of the vibration of the tractor IMT 639 De Luxe, 
domestic tractor manufacturer IMT, indicated the high level of daily exposure to vibration, far from the values 
prescribed by the legislation. This means that it is necessary to take appropriate organizational and technical measures 
to put these values into legal limits, regardless of whether it is a professional tractor driver or independent farmer.  

Keywords: tractor, vibration, protection measures  
 

1. �M�<�H�> 
 
�K�Z�� �j�Z�a�\�h�•�_�f�� �l�_�o�g�b�d�_�� �b�� �l�_�o�g�h�e�h�]�b�•�Z���� �m�� �\�_�„�b�f�� �]�j�Z�^�h�\�b�f�Z���� �b�a�� �]�h�^�b�g�_�� �m�� �]�h�^�b�g�m�� �k�_�� �j�_�]�b�k�l�j�m�•�_��

�k�l�Z�e�Z�g�� �i�h�j�Z�k�l�� �g�b�\�h�Z�� �[�m�d�_�� �b�� �\�b�[�j�Z�p�b�•�Z�� �m�� �q�h�\�_�d�h�\�h�•�� �j�Z�^�g�h�•�� �b�� �`�b�\�h�l�g�h�•�� �k�j�_�^�b�g�b���� �F�h�`�_�� �k�_���� �j�_�„�b�� �^�Z���•�_�� �m��
�i�_�j�b�h�^�m�� �g�Z�•�[�j�`�_�]�� �m�k�i�h�g�Z�� �l�_�o�g�b�d�_�� ���a�Z�^�ƒ�b�o�� ������ �^�h�� �������� �]�h�^�b�g�Z������ �m�d�m�i�Z�g �g�b�\�h�� �\�b�[�j�Z�p�b�•�Z�� �b�� �[�m�d�_��
�a�Z�[�_�e�_�`�b�h�� �g�Z�•�\�_�„�b�� �i�h�j�Z�k�l���� �B�k�l�j�Z�`�b�\�Z�ƒ�Z�� �h�k�g�h�\�g�b�o�� �n�Z�d�l�h�j�Z�� �µ�¶�a�Z�]�Z�{�b�\�Z�ƒ�Z�¶�¶�� �h�d�h�e�b�g�_�� �m�� �j�Z�a�\�b�•�_�g�b�f��
�b�g�^�m�k�l�j�b�•�k�d�b�f�� �a�_�f�‚�Z�f�Z���� �i�h�d�Z�a�m�•�m�� �^�Z�� �[�m�d�Z�� �b�� �\�b�[�j�Z�p�b�•�_�� �a�Z�m�a�b�f�Z�•�m�� �l�j�_�„�_�� �f�_�k�l�h���� �h�^�f�Z�o�� �b�a�Z�� �a�Z�]�Z�{�_�ƒ�Z��
�\�Z�a�^�m�o�Z�� �b�� �\�h�^�_�� �>���@. �4�m�^�b���k�m���� �d�h�g�k�l�Z�g�l�g�h���� �l�h�d�h�f�� �k�\�h�•�b�o���k�\�Z�d�h�^�g�_�\�g�b�o���Z�d�l�b�\�g�h�k�l�b�� �m���j�Z�^�g�h�•�� �b�� �`�b�\�h�l�g�h�•��
�k�j�_�^�b�g�b���� �b�a�e�h�`�_�g�b�� �^�_�•�k�l�\�m���\�b�[�j�Z�p�b�•�Z���� �J�Z�^�b���k�_���h���i�j�b�g�m�^�g�b�f�� �\�b�[�j�Z�p�b�•�Z�f�Z�����_�g�]����forced vibration)5 �d�h�•�b�f�Z��
�q�h�\�_�d�� �f�h�`�_�� �[�b�l�b�� �b�a�e�h�`�_�g�� �i�j�b�� �i�k�b�o�h�n�b�a�b�h�e�h�r�d�h�f�� �Z�g�]�Z�`�h�\�Z�ƒ�m�� �d�Z�h�� �Z�d�l�b�\�Z�g�� �q�b�g�b�e�Z�p�� ���\�h�a�Z�q���� �i�b�e�h�l����
�j�Z�^�g�b�d�� �k�Z�� �\�b�[�j�h�Z�e�Z�l�h�f���� �l�j�Z�d�l�h�j�b�k�l�Z �b�l�^���� �b�e�b�� �[�_�a�� �i�k�b�o�h�n�b�a�b�h�e�h�r�d�h�]�� �Z�g�]�Z�`�h�\�Z�ƒ�Z�� ���i�m�l�g�b�d�� �m��
�i�j�_�\�h�a�g�h�f�� �k�j�_�^�k�l�\�m���� �j�Z�^�g�b�d�� �m�� �d�Z�g�p�_�e�Z�j�b�•�b���� �k�l�Z�g�m �b�l�^��) [2]. �<�b�[�j�Z�p�b�•�_�� �d�h�•�_�� �^�_�•�k�l�\�m�•�m���g�Z���q�h�\�_�d�Z�����_�g�]����
human vibration������ �[�_�a���h�[�a�b�j�Z���g�Z���b�a�\�h�j�� �\�b�[�j�Z�p�b�•�Z���� �f�h�]�m���k�_���i�h�^�_�e�b�l�b�� �m���^�\�_�� �]�j�m�i�_���� �\�b�[�j�Z�p�b�•�_���p�_�e�h�]���l�_�e�Z��

                                                 
1  �<�b�k�h�d�Z���l�_�o�g�b�q�d�Z���r�d�h�e�Z���k�l�j�m�d�h�\�g�b�o���k�l�m�^�b�•�Z���G�b�r 
2 �<�b�k�h�d�Z���l�_�o�g�b�q�d�Z���r�d�h�e�Z���k�l�j�m�d�h�\�g�b�o���k�l�m�^�b�•�Z���G�b�r 
3 �N�Z�d�m�e�l�_�l���a�Z�r�l�b�l�_���g�Z���j�Z�^�m 
4 �<�b�k�h�d�Z���l�_�o�g�b�q�d�Z���r�d�h�e�Z���k�l�j�m�d�h�\�g�b�o���k�l�m�^�b�•�Z���G�b�r 
5 �I�h�k�l�h�•�_ �b �k�Z�f�h�i�h�[�m�^�g�_ �\�b�[�j�Z�p�b�•�_ (�_�g�]. self-induces vibrations)  �d�h�•�_ �^�h�e�Z�a�_ �h� ̂�i�h�d�j�_�l�Z �d�h�•�b �k�m �k�Z�k�l�Z�\�g�b �^�_�h �q�h�\�_�d�h�\�h�] 
�k�\�Z�d�h�^�g�_�\�g�h�] �`�b�\�h�l�Z (�i�_�r�Z�q�_�ƒ�_, �l�j�q�Z�ƒ�_, �k�i�h�j�l�k�d�Z �Z�d�l�b�\�g�h�k�l�«������ 
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(�_�g�]����whole body vibration) �b���e�h�d�Z�e�g�_���b�e�b���k�_�]�f�_�g�l�g�_ �\�b�[�j�Z�p�b�•�_���r�Z�d�Z���± �j�m�d�Z�����_�g�]����hand �Zrm vibration)1. 
�>�_�•�k�l�\�h�� �h�\�b�o���\�b�[�j�Z�p�b�•�Z���•�_�� �b�� �i�h�� �i�j�b�j�h�^�b���b�� �i�h�� �a�^�j�Z�\�k�l�\�_�g�b�f�� �_�n�_�d�l�b�f�Z���g�Z���q�h�\�_�d�Z���i�h�l�i�m�g�h���j�Z�a�e�b�q�b�l�h�� �l�_��
�k�_ �a�Z�l�h�� �h�^�\�h�•�_�g�h�� �b�� �i�j�h�m�q�Z�\�Z�•�m���� �I�j�_�f�Z�� �b�k�l�j�Z�`�b�\�Z�ƒ�m�� �?�\�j�h�i�k�d�_�� �Z�]�_�g�p�b�•�_�� �a�Z�� �[�_�a�[�_�^�g�h�k�l�� �b�� �a�^�j�Z�\�‚�_�� �g�Z��
�j�Z�^�m (EU-OSHA)���� �� �k�\�Z�d�b�� �l�j�_�„�b�� �j�Z�^�g�b�d�� �m�� �?�\�j�h�i�b�� �b�a�e�h�`�_�g�� �•�_�� �g�_�d�h�•�� �\�j�k�l�b�� �\�b�[�j�Z�p�b�•�Z���� �[�b�e�h�� �h�^�� �Z�e�Z�l�Z����
�f�Z�r�b�g�Z���b�e�b�� �\�h�a�b�e�Z���� �i�j�b�� �q�_�f�m���•�_���i�j�_�d�h�����������k�\�b�o���j�Z�^�g�b�d�Z���\�b�[�j�Z�p�b�•�Z�f�Z���b�a�e�h�`�_�g�h�� �i�m�g�h�� �j�Z�^�g�h���\�j�_�f�_���>���@.  

�<�b�[�j�Z�p�b�•�_�� �p�_�e�h�]�� �l�_�e�Z�� �k�m�� �g�b�k�d�h�n�j�_�d�\�_�g�l�g�_�� �f�_�o�Z�g�b�q�d�_�� �\�b�[�j�Z�p�b�•�_���� �d�h�•�_�� �k�_�� �h�^�� �b�a�\�h�j�Z���\�b�[�j�Z�p�b�•�Z����
�i�j�_�g�h�k�_�� �^�h�� �p�_�e�h�]�� �l�_�e�Z�� �i�j�b�f�Z�h�p�Z���� �A�Z�� �h�\�_�� �\�b�[�j�Z�p�b�•�_���� �\�Z�`�g�b�f�Z�� �k�_�� �k�f�Z�l�j�Z�•�m�� �n�j�_�d�\�_�g�p�b�•�_�� �m�� �j�Z�k�i�h�g�m�� �h�^��
�������+�]�� �^�h�� �����+�]��[4]. �K�e�b�q�g�h�� �a�\�m�d�m���� �f�h�]�m�� �[�b�l�b�� �i�j�b�•�Z�l�g�_�� �b�e�b�� �g�_�i�j�b�•�Z�l�g�_�� �a�Z�� �h�g�h�]�Z�� �d�h�� �b�o �i�j�b�f�Z���� �M��
�e�b�l�_�j�Z�l�m�j�b�� �k�_���� �\�b�[�j�Z�p�b�•�_�� �p�_�e�h�]�� �l�_�e�Z���� �d�h�•�_�� �k�m�� �g�_�i�j�b�•�Z�l�g�_�� �i�h�� �i�j�b�f�Z�h�p�Z���� �q�_�k�l�h���� �g�Z�a�b�\�Z�•�m�� �b�� �e�h�r�_��
�\�b�[�j�Z�p�b�•�_�� ���_�g�]����bad vibration)2���� �J�Z�^�b���k�_���h�� �\�b�[�j�Z�p�b�•�Z�f�Z���\�b�k�h�d�b�o���b�g�l�_�g�a�b�l�_�l�Z���d�h�•�_�� �k�m���g�Z�k�l�Z�e�_���i�j�b���j�Z�^�m��
�Z�e�Z�l�Z���� �\�h�a�b�e�Z���b�� �f�Z�r�b�g�Z���� �Z�� �d�h�•�_�� �k�_���� �g�Z�•�q�_�r�„�_���� �g�Z���l�_�e�h���q�h�\�_�d�Z���i�j�_�g�h�k�_���i�j�_�d�h���^�h�ƒ�_�]���^�_�e�Z���e�_�{�Z�����m���k�e�m�q�Z�•�m��
�k�_�^�_�„�_�]���j�Z�^�g�h�]���i�h�e�h�`�Z�•�Z���b�e�b���i�j�_�d�h���k�l�h�i�Z�e�Z���m���k�e�m�q�Z�•�m���j�Z�^�Z���d�h�•�b���k�_���b�a�\�h�^�b���k�l�h�•�_�„�b���� 

�>�_�•�k�l�\�Z�� �\�b�[�j�Z�p�b�•�Z���g�Z���a�^�j�Z�\�‚�_�� �q�h�\�_�d�Z���k�m���[�j�h�•�g�Z���� �Z�e�b���k�_���� �q�_�k�l�h���� �a�[�h�]���m�^�j�m�`�_�g�h�k�l�b���\�b�[�j�Z�p�b�•�Z���k�Z��
�^�j�m�]�b�f�� �i�j�h�n�_�k�b�h�g�Z�e�g�b�f�� �h�i�Z�k�g�h�k�l�b�f�Z�� �b �r�l�_�l�g�h�k�l�b�f�Z���� �g�_�� �f�h�`�_���� �i�h�l�i�m�g�h���•�Z�k�g�h���� �m�k�i�h�k�l�Z�\�b�l�b�� �m�a�j�h�q�g�h-
�i�h�k�e�_�^�b�q�g�Z���\�_�a�Z���b�a�f�_�{�m���^�_�•�k�l�\�Z�� �\�b�[�j�Z�p�b�•�Z���b���h�r�l�_�„�_�ƒ�Z���a�^�j�Z�\�‚�Z�����B�i�Z�d�����[�j�h�•�g�_���k�l�m�^�b�•�_���b���b�k�l�j�Z�`�b�\�Z�ƒ�Z����
�i�h�d�Z�a�m�•�m���^�Z���d�j�Z�„�Z�����Z�e�b���d�h�g�k�l�Z�g�l�g�Z�����b�a�e�h�`�_�g�h�k�l���\�b�k�h�d�b�f���\�j�_�^�g�h�k�l�b�f�Z���\�b�[�j�Z�p�b�•�Z�f�Z�����f�h�`�_���b�a�Z�a�\�Z�l�b�����[�h�e��
�m�� �k�l�h�f�Z�d�m�� �b�� �]�j�m�^�b�f�Z���� �g�_�^�h�k�l�Z�l�Z�d�� �^�Z�o�Z���� �f�m�q�g�b�g�m���� �b�� �\�j�l�h�]�e�Z�\�b�p�m���� �^�h�d�� �^�m�]�h�l�j�Z�•�g�Z�� �b�� �d�h�g�k�l�Z�g�l�g�Z��
�b�a�e�h�`�_�g�h�k�l�� �f�h�`�_�� �^�h�\�_�k�l�b�� �^�h�� �i�h�j�_�f�_�„�Z�•�Z�� �i�k�b�o�h�f�h�l�h�j�g�h�]���� �n�b�a�b�h�e�h�r�d�h�]�� �b�� �i�k�b�o�h�e�h�r�d�h�]�� �k�b�k�l�_�f�Z��
�j�Z�^�g�b�d�Z���� �I�h�j�_�f�_�„�Z�•�b�� �a�^�j�Z�\�‚�Z�� �k�_�� �•�Z�\�‚�Z�•�m�� �i�h�k�l�_�i�_�g�h, �h�[�b�q�g�h�� �i�h�k�e�_�� �g�_�d�h�e�b�d�h�� �]�h�^�b�g�Z���j�Z�^�Z���� �g�Z���j�Z�^�g�b�f��
�f�_�k�l�b�f�Z���]�^�_���k�m���j�Z�^�g�b�p�b���d�h�g�k�l�Z�g�l�g�h���b�a�e�h�`�_�g�b���h�\�b�f���\�b�[�j�Z�p�b�•�Z�f�Z��[5].  

 �D�Z�h�� �•�_�^�g�Z�� �h�^�� �d�j�b�l�b�q�g�b�o�� �^�_�e�Z�l�g�h�k�l�b���� �m�� �i�h�]�e�_�^�m�� �b�a�e�h�`�_�g�h�k�l�b�� �j�Z�^�g�b�d�Z�� �^�_�•�k�l�\�m���h�\�b�o���\�b�[�j�Z�p�b�•�Z����
�•�_�� �b�� �i�h�‚�h�i�j�b�\�j�_�^�Z���� �Z�� �d�j�b�l�b�q�g�Z�� �a�Z�g�b�f�Z�ƒ�Z�� �k�m�� �\�h�a�Z�q�b�� �b���h�i�_�j�Z�l�_�j�b�� �i�h�‚�h�i�j�b�\�j�_�^�g�_�� �f�_�o�Z�g�b�a�Z�p�b�•�_. 
�L�j�Z�d�l�h�j�b���� �d�Z�h�� �•�_�^�g�h�� �h�^�� �g�Z�•�q�_�r�„�b�o�� �k�j�_�^�k�l�Z�\�Z�� �i�h�‚�h�i�j�b�\�j�_�^�g�_�� �f�_�o�Z�b�a�Z�p�b�•�_���� �g�_�k�m�f�ƒ�b�\�h�� �k�m�� �m�l�b�p�Z�e�b���g�Z��
�h�]�j�h�f�g�h�� �i�h�\�_�„�Z�ƒ�_�� �i�j�h�b�a�\�h�^�g�h�k�l�b�� �i�h�‚�h�i�j�b�\�j�_�^�g�b�o�� �j�Z�^�h�\�Z�� �b�� �^�b�j�_�d�l�g�h�� �h�e�Z�d�r�Z�ƒ�_���� �Z�� �g�_�]�^�_�� �b�� �i�h�l�i�m�g�h��
�_�e�b�f�b�g�b�k�Z�ƒ�_�� �n�b�a�b�q�d�h�]�� �j�Z�^�Z�� �i�h�‚�h�i�j�b�\�j�_�^�g�b�o�� �j�Z�^�g�b�d�Z���� �K�Z�� �^�j�m�]�_�� �k�l�j�Z�g�_���� �l �h�d�h�f�� �k�\�h�•�b�o���k�\�Z�d�h�^�g�_�\�g�b�o��
�j�Z�^�g�b�o�� �Z�d�l�b�\�g�h�k�l�b���� �\�h�a�Z�q�b�� �l�j�Z�d�l�h�j�Z���� �b�a�e�h�`�_�g�b�� �k�m�� �f�g�h�]�h�[�j�h�•�g�b�f�� �g�_�i�h�\�h�‚�g�b�f�� �m�l�b�p�Z�•�b�f�Z�� �d�Z�h�� �r�l�h�� �k�m��
�[�m�d�Z���� �g�_�Z�^�_�d�\�Z�l�g�h�� �b�a�\�h�{�_�ƒ�_�� �j�Z�^�g�b�o�� �d�h�f�Z�g�^�b���� �Z�l�f�h�k�n�_�j�k�d�_���i�Z�^�Z�\�b�g�_���� �i�j�Z�r�b�g�Z���� �k�j�_�^�k�l�\�Z�� �a�Z���a�Z�r�l�b�l�m��
�[�b�‚�Z���� �\�b�k�h�d�_�� �b�e�b�� �g�b�k�d�_�� �l�_�f�i�_�j�Z�l�m�j�_���� �d�h�•�b�� �b�f�Z�•�m�� �d�h�f�i�e�_�d�k�g�h�� �r�l�_�l�g�h�� �^�_�•�k�l�\�h�� �g�Z�� �a�^�j�Z�\�‚�_�� �q�h�\�_�d�Z�� �b��
�_�n�b�d�Z�k�g�h�� �h�[�Z�\�‚�Z�ƒ�_�� �j�Z�^�g�b�o�� �a�Z�^�Z�l�Z�d�Z���� �D�Z�h�� �•�_�^�Z�g�� �h�^�� �a�g�Z�q�Z�•�g�b�o�� �r�l�_�l�g�b�o�� �n�Z�d�l�h�j�Z�� �i�h�•�Z�\�‚�m�•�m�� �k�_�� �b��
�\�b�[�j�Z�p�b�•�_�� �d�h�•�_���� �m���a�Z�\�b�k�g�h�k�l�b�� �h�^�� �l�_�j�_�g�Z���b���[�j�a�b�g�_���d�h�•�h�f���k�_���l�j�Z�d�l�h�j���d�j�_�„�_�����f�h�]�m���b�f�Z�l�b���\�b�k�h�d�_���\�j�_�^�g�h�k�l�b��
�k�Z�� �h�a�[�b�‚�g�b�f�� �i�h�k�e�_�^�b�p�Z�f�Z�� �m�� �i�h�]�e�_�^�m�� �a�^�j�Z�\�‚�Z�� �\�h�a�Z�q�Z���� �I�h�•�_�^�b�g�_�� �k�l�m�^�b�•�_�� �m�d�Z�a�m�•�m�� �^�Z�� �•�_�� �h�d�h���������� �k�\�b�o��
�\�h�a�Z�q�Z�� �l�j�Z�d�l�h�j�Z�� �m�� �k�\�_�l�m���� �l�h�d�h�f�� �h�k�f�h�q�Z�k�h�\�g�h�]�� �j�Z�^�g�h�]���\�j�_�f�_�g�Z���� �b�a�e�h�`�_�g�h���b�a�m�a�_�l�g�h���\�b�k�h�d�b�f�� �g�b�\�h�b�f�Z����
�^�h�d�� �m�� �k�e�m�q�Z�•�m�� �^�m�`�_�]�� �j�Z�^�g�h�]�� �^�Z�g�Z�� �l�Z�•�� �i�j�h�p�_�g�Z�l�� �j�Z�k�l�_���g�Z������������ �Q�Z�d���������� �k�\�b�o���\�h�a�Z�q�Z���l�j�Z�d�l�h�j�Z���� �l�h�d�h�f��
�j�Z�^�g�h�]���^�Z�g�Z���h�^�������q�Z�k�h�\�Z�����b�a�e�h�`�_�g�h���•�_���i�h�\�b�r�_�g�b�f�� �g�b�\�h�b�f�Z���\�b�[�j�Z�p�b�•�Z��[6].  

 �R�l�_�l�g�h�� �^�_�•�k�l�\�h�� �\�b�[�j�Z�p�b�•�Z�� �g�Z�j�h�q�b�l�h�� �•�_�� �b�a�j�Z�`�_�g�h�� �d�h�^�� �k�l�Z�j�b�•�b�o�� �l�j�Z�d�l�h�j�Z�� �d�h�^�� �d�h�•�b�o�� �g�_�� �i�h�k�l�h�•�b��
�_�n�b�d�Z�k�Z�g���k�b�k�l�_�f���Z�f�h�j�l�b�a�h�\�Z�ƒ�Z���\�b�[�j�Z�p�b�•�Z���b���m�^�Z�j�Z�p�Z���•�_�j���k�m���i�j�Z�\�‚�_�g�b���k�Z���i�j�h�k�l�b�f���\�_�r�Z�ƒ�_�f���g�Z���i�j�_�^�ƒ�h�•��
�h�k�h�\�b�g�b�� �b�� �i�j�h�k�l�b�f�� �f�_�o�Z�g�b�q�d�b�f�� �k�_�^�b�r�l�b�f�Z�� �>���@���� �I�j�_�f�Z�� �i�h�^�Z�p�b�f�Z�� �b�a�� ������������ �m�� �J�_�i�m�[�e�b�p�b�� �K�j�[�b�•�b�� �b�f�Z��
���������������� �j�_�]�b�k�l�j�h�\�Z�g�b�o�� �l�j�Z�d�l�h�j�Z���q�b�•�Z���•�_���i�j�h�k�_�q�g�Z���k�l�Z�j�h�k�l���b�a�f�_�{�m���������b�������� �]�h�^�b�g�Z���� �k�Z���f�Z�e�h�f���g�Z�^�h�f���^�Z���„�_��
�k�_�� �k�l�Z�j�h�k�g�Z�� �k�l�j�m�d�l�m�j�Z�� �m�� �[�m�^�m�„�g�h�k�l�b�� �i�j�h�f�_�g�b�l�b�� �K�� �h�[�a�b�j�h�f�� �^�Z�� �•�_�� �i�j�_�d�h�� �������� �l�j�Z�d�l�h�j�Z�� �m�� �K�j�[�b�•�b�� �m��
�i�j�b�\�Z�l�g�h�f�� �\�e�Z�k�g�b�r�l�\�m���� �k�Z���]�h�^�b�r�ƒ�b�f�� �d�h�j�b�r�„�_�ƒ�_�f�� �h�^�� �h�d�h���������� �q�Z�k�h�\�Z���� �d�Z�h���i�h�k�e�_�^�b�p�m���b�f�Z�f�h���h�]�j�h�f�Z�g��
�[�j�h�•�� �k�Z�f�h�k�l�Z�e�g�b�o�� �i�h�‚�h�i�j�b�\�j�_�^�g�b�o�� �i�j�h�b�a�\�h�{�Z�q�Z���� �d�h�•�b�� �k�m�� �d�Z�h�� �\�h�a�Z�q�b�� �l�j�Z�d�l�h�j�Z�� �b�a�e�h�`�_�g�b�� �\�b�k�h�d�b�f��
�\�j�_�^�g�h�k�l�b�f�Z�� �\�b�[�j�Z�p�b�•�Z���� �\�j�e�h�� �q�_�k�l�h�� �i�j�_�d�h�� �^�h�a�\�h�‚�_�g�b�o���]�j�Z�g�b�p�Z���� �h�� �q�_�f�m�� �g�_�� �i�h�k�l�h�•�b�� �i�j�_�p�b�a�g�Z��
�_�\�b�^�_�g�p�b�•�Z�� �b�� �k�l�Z�l�b�k�l�b�d�Z��[8].  

�J�Z�^���k�_���[�Z�\�b���\�j�_�^�g�h�\�Z�ƒ�_�f���g�b�\�h�Z���b�a�e�h�`�_�g�h�k�l�b���l�_�e�Z���\�h�a�Z�q�Z���\�b�[�j�Z�p�b�•�Z�f�Z�����l�h�d�h�f���j�Z�^�g�h�]���^�Z�g�Z�����d�h�^��
�•�_�^�g�h�]�� �h�^�� �g�Z�•�q�_�r�„�b�o�� �l�b�i�h�\�Z���l�j�Z�d�l�h�j�Z���g�Z���k�j�i�k�d�b�f�� �i�h�‚�b�f�Z���� �Z�� �l�h�� �•�_�� �l�j�Z�d�l�h�j�� �B�F�L���������� �'�H���O�X�[�H�� �k�j�i�k�d�h�]��
�i�j�h�b�a�\�h�{�Z�q�Z���f�Z�r�b�g�Z���b�� �l�j�Z�d�l�h�j�Z���B�F�L���;�_�h�]�j�Z�^�����F�_�j�_�ƒ�Z���\�j�_�^�g�h�k�l�b���b�g�l�_�g�a�b�l�_�l�Z���\�b�[�j�Z�p�b�•�Z���p�_�e�h�]���l�_�e�Z����

                                                 
1 �I�h�•�_�^�b�g�b �Z�m�l�h�j�b �m �d�e�Z�k�b�n�b�d�Z�p�b�•�b �\�b�[�j�Z�p�b�•�Z �l�•. �‚�m�^�k�d�h�] �h�^�] �h�\�h�j�Z �g�Z �ƒ�b�o�h�\�h �^�_�e�h�\�Z�ƒ�_, �^�Z�•�m �•�h�r �b �f�m�q�g�b�g�m �m �l�h�d�m �\�h�`�ƒ�_ 
(�_�g�] �� motion sickness) �b�� �l�a�\���� �m�^�Z�j�g�_�� �\�b�[�j�Z�p�b�•�_��(�_�g�] �� impact vibration) �d�h�•�_�� �i�j�_�^�k�l�Z�\�‚�Z�•�m�� �i�h�•�_�^�b�g�Z�q�g�_�� �m�^�Z�j�_�� ���g�i�j���� �i�j�b�� �m�^�Z�j�m��
�q�_�d�b�„�Z���m���_�d�k�_�j�� �b�e�b���k�_�d�b�j�_���m���^�j�\�h���� 
2 �M�� �l�_�j�Z�i�_�m�l�k�d�_�� �k�\�j�o�_�� �b�� �a�Z�� �i�h�l�j�_�[�_�� �h�^�]�h�\�Z�j�Z�•�m�„�b�o�� �l�j�_�g�b�g�]�Z���� �Z�� �m�� �p�b�‚�m�� �i�h�k�l�b�a�Z�ƒ�Z�� �h�^�j�_�{�_�g�b�o�� �d�h�j�b�k�l�b�� �i�h��
�a�^�j�Z�\�‚�_�� �i�j�b�f�Z�h�p�Z���� �m�� �d�h�g�l�j�h�e�b�k�Z�g�b�f�� �m�k�e�h�\�b�f�Z���� �f�h�]�m�� �k�_�� �k�l�\�h�j�b�l�b�� �b�� �l�a�\���� �^�h�[�j�_�� �\�b�[�j�Z�p�b�•�_�� �p�_�e�h�]�� �l�_�e�Z�� �� �_�g�]�� 
therapeutic whole body vibra tion�������I�j�b�g�p�b�i�b�•�_�e�g�Z���j�Z�a�e�b�d�Z���b�a�f�_�{�m���l�_�j�Z�i�_�m�l�k�d�_���b���g�_�`�_�‚�_�g�_���\�b�[�j�Z�p�b�•�_���•�_���m���l�h�f�_��
�r�l�h�� �k�_�� �i�h�`�_�‚�g�Z�� �\�b�[�j�Z�p�b�•�Z�� �i�j�b�f�_�ƒ�m�•�_�� �m�� �d�j�Z�l�d�h�f�� �i�_�j�b�h�^�m�� ���g�_�d�h�e�b�d�h���f�b�g�m�l�Z�������k�Z���f�Z�e�b�f���b�g�l�_�g�a�b�l�_�l�h�f���b���[�_�a��
�\�_�e�b�d�b�o���k�d�h�d�h�\�Z���\�j�_�^�g�h�k�l�b�����l�a�\�����r�h�d�h�\�Z�������<�b�[ �j�Z�p�b�•�_���k�_���d�h�j�b�k�l�_���b���i�j�b�e�b�d�h�f���g�_�d�b�o���l�_�o�g�h�e�h�r�d�b�o���i�h�k�l�m�i�Z�d�Z�����g�i�j����
�a�Z�� �i�h�i�m�r�l�Z�ƒ�_�� �a�Z�h�k�l�Z�e�b�o�� �g�Z�i�j�_�a�Z�ƒ�Z�� �g�Z�d�h�g�� �e�b�\�_�ƒ�Z���� �d�h�^���h�i�j�_�f�_�� �d�Z�h�� �r�l�h�� �k�m�� �\�b�[�j�Z�p�b�•�k�d�Z�� �k�b�l�Z�� �b�e�b�� �d�h�^��
�k�i�_�p�b�n�b�q�g�b�o���f�Z�r�b�g�Z�����d�Z�h���r�l�h���•�_���\�b�[�j�h���\�Z�‚�Z�d�� 
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�b�a�\�j�r�_�g�Z�� �k�m�� �•�_�� �������������� �����������]���� �g�Z�� �i�h�^�j�m�q�•�m���h�i�r�l�b�g�_���A�Z�•�_�q�Z�j�� ���k�_�e�h���F�Z�e�b���B�a�\�h�j������ �g�Z�� �i�j�b�\�Z�l�g�h�•�� �i�Z�j�p�_�e�b. 
�P�b�‚�� �j�Z�^�Z���•�_�� �^�Z���m�d�Z�`�_�� �g�Z���i�j�h�[�e�_�f�� �r�l�_�l�g�h�]���^�_�e�h�\�Z�ƒ�Z���\�b�[�j�Z�p�b�•�Z���g�Z���a�^�j�Z�\�‚�_���\�h�a�Z�q�Z���l�j�Z�d�l�h�j�Z�����d�Z�h���b���^�Z��
�i�h�g�m�^�b�� �g�_�d�_�� �h�^�� �f�_�j�Z�� �a�Z�� �k�f�Z�ƒ�_�ƒ�_�� �b�e�b�� �i�h�l�i�m�g�h�� �_�e�b�f�b�g�b�k�Z�ƒ�_�� �\�b�k�h�d�b�o�� �\�j�_�^�g�h�k�l�b�� �b�a�e�h�`�_�g�h�k�l�b��
�\�b�[�j�Z�p�b�•�Z�f�Z���� ���� 
 
2. �H�K�G�H�<�G�?���D�:�J�:�D�L�?�J�B�K�L�B�D�?���<�B�;�J�:�P�B�3�:���D�H�>���L�J�:�D�L�H�J�: 
  
 �I�j�b�� �d�j�_�l�Z�ƒ�m�� �l�j�Z�d�l�h�j�Z�� �m�� �i�h�‚�k�d�b�f�� �m�k�e�h�\�b�f�Z�� �b�e�b�� �m�k�e�h�\�b�f�Z�� �^�j�m�f�k�d�h�]�� �k�Z�h�[�j�Z�„�Z�•�Z���� �ƒ�_�]�h�\�Z��
�k�l�j�m�d�l�m�j�Z�� �b�� �Z�]�j�_�]�Z�l�b�� �b�a�e�h�`�_�g�b���k�m���k�e�h�`�_�g�b�f�� �h�k�p�b�e�Z�l�h�j�g�b�f�� �i�j�h�p�_�k�b�f�Z- �\�b�[�j�Z�p�b�•�Z�f�Z���� �i�j�h�m�a�j�h�d�h�\�Z�g�b�f��
�^�_�•�k�l�\�h�f�� �g�_�j�Z�\�g�b�g�Z�� �l�e�Z�� �m�� �b�g�l�_�j�Z�d�p�b�•�b�� �k�Z�� �j�Z�^�g�b�f�� �j�_�`�b�f�b�f�Z�� �i�h�]�h�g�k�d�h�]�� �Z�]�j�_�]�Z�l�Z�� �f�h�l�h�j�Z���� �<�b�[�j�Z�p�b�•�_����
�d�h�•�_�� �g�Z�k�l�Z�•�m���m���•�_�^�g�h�f���l�Z�d�h���k�e�h�`�_�g�h�f���k�b�k�l�_�f�m�����d�Z�h���r�l�h���•�_���l�j�Z�d�l�h�j�����i�j�_�g�h�k�_���k�_���^�h���l�_�e�Z���j�m�d�h�\�Z�h�p�Z���g�Z���l�j�b��
�h�k�g�h�\�g�Z���g�Z�q�b�g�Z���� 

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

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

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

1÷50Hz ���\�b�[�j�Z�p�b�•�_�� �d�Z�[�b�g�_���� �l�h�q�d�Z�� �m�i�j�Z�\�‚�Z�q�Z���� �i�h�^�m�`�g�_�� �\�b�[�j�Z�p�b�•�_�� �l�j�Z�d�l�h�j�Z���� �j�_�a�h�g�Z�g�p�Z���l�h�q�d�h�\�Z���b�� �^�j��������
�k�j�_�^�ƒ�b�o�� �n�j�_�d�\�_�g�p�b�•�Z�� �������·��������Hz ���\�b�[�j�Z�p�b�•�_�� �l�j�Z�g�k�f�b�k�b�•�_���� �b�a�^�m�\�g�h�]�� �k�b�k�l�_�f�Z���� �f�_�o�Z�g�b�q�d�Z���b��
�]�Z�k�g�h�^�b�g�Z�f�b�q�d�Z�� �k�l�j�m�•�Z�ƒ�Z�� �m�� �m�k�b�k�g�h�f�� �b�� �b�a�^�m�\�g�h�f�� �k�b�k�l�_�f�m���b�� �^�j������ �b�� �\�b�k�h�d�b�o���n�j�_�d�\�_�g�p�b�•�Z�����������·��������Hz 
���\�b�[�j�Z�p�b�•�_�� �f�h�l�h�j�Z���i�j�h�m�a�j�h�d�h�\�Z�g�_�� �i�j�h�p�_�k�h�f�� �k�Z�]�h�j�_�\�Z�ƒ�Z�����f�_�o�Z�g�b�q�d�_���[�m�d�_���b���^�j���������K�Z���Z�k�i�_�d�l�Z���g�_�]�Z�l�b�\�g�h�]��
�^�_�•�k�l�\�Z�� �g�Z�� �‚�m�^�k�d�h�� �l�_�e�h���� �g�Z�j�h�q�b�l�h�� �k�m�� �a�g�Z�q�Z�•�g�_�� �\�b�[�j�Z�p�b�•�_�� �n�j�_�d�\�_�g�p�b�•�Z�� �h�^�� ��Hz �^�h�� ����Hz �a�[�h�]�� �f�h�]�m�„�_�]��
�i�h�d�e�Z�i�Z�ƒ�Z�� �k�Z�� �n�j�_�d�\�_�g�p�b�•�Z�f�Z�� �h�k�p�b�e�h�\�Z�ƒ�Z�� �\�_�„�b�g�_�� �^�_�e�h�\�Z�� �‚�m�^�k�d�h�]�� �l�_�e�Z�� �b�� �i�h�•�Z�\�m�� �j�_�a�h�g�Z�g�k�_���� �D�Z�^�Z�� �k�_��
�]�h�\�h�j�b�� �h�� �b�g�l�_�g�a�b�l�_�l�m�� �l�j�_�[�Z�� �j�_�„�b�� �^�Z�� �\�j�r�g�_�� ���f�Z�d�k�b�f�Z�e�g�_���� �\�j�_�^�g�h�k�l�b�� �b�^�m�� �^�h�� ����g���� �i�Z�� �b �\�b�r�_���� �m��
�a�Z�\�b�k�g�h�k�l�b���^�Z���e�b���l�j�Z�d�l�h�j�b���b�f�Z�•�m���k�b�k�l�_�f�_���_�e�Z�k�l�b�q�g�h�]���h�k�e�Z�ƒ�Z�ƒ�Z���b�e�b���g�_��[9]. 
 
�������F�?�L�H�>���J�:�>�: 
  

�M�� �f�_�j�_�ƒ�m�� �•�_�� �d�h�j�b�r�„�_�g�� �l�j�Z�d�l�h�j�� �B�F�L���������� �'�H���O�X�[�H���� �7�j�Z�d�l�h�j�b �k�_�j�b�•�_�� �������� �b�� �ƒ�_�]�h�\�Z���i�h�[�h�‚�r�Z�g�Z��
�\�_�j�a�b�•�Z�� �������� �'�H�� �O�X�[�H���� �i�h�q�_�e�b�� �k�m �^�Z�� �k�_�� �i�j�h�b�a�\�h�^�_ �•�h�r�� �k�_�^�Z�f�^�_�k�_�l�b�o�� �]�h�^�b�g�Z�� �i�j�h�r�e�h�]�� �\�_�d�Z�� �m�� �n�Z�[�j�b�p�b��
�B�g�^�m�k�l�j�b�•�Z���f�Z�r�b�g�Z���b�� �l�j�Z�d�l�h�j�Z��- �B�F�L���;�_�h�]�j�Z�^���� �H�\�Z�•�� �m�g�b�\�_�j�a�Z�e�g�b���l�j�Z�d�l�h�j���•�_���b���^�Z�g�Z�k���g�Z�•�a�Z�k�l�m�i�‚�_�g�b�•�b��
�f�h�^�_�e�� �m�� �i�j�h�b�a�\�h�^�g�h�f�� �i�j�h�]�j�Z�f�m�� �B�F�L���� �D�h�^�� �h�\�b�o�� �l�j�Z�d�l�h�j�Z���a�Z�^�ƒ�b�� �f�h�k�l�� �•�_�� �n�b�d�k�g�b���� �^�h�d�� �•�_�� �i�j�_�^�ƒ�b��
�d�e�Z�l�_�„�b�� �b�� �g�_�f�Z�•�m���h�]�b�[�‚�_�ƒ�_���d�Z�[�b�g�_���b�e�b���h�k�h�\�b�g�Z���� �M�e�h�]�m���_�e�Z�k�l�b�q�g�h�]�� �h�k�e�Z�ƒ�Z�ƒ�Z���b�f�Z�•�m���i�g�_�m�f�Z�l�b�p�b���� �^�h�d��
�k�_���m�^�h�[�g�h�k�l���\�h�a�Z�q�Z���i�h�d�m�r�Z�\�Z���h�[�_�a�[�_�^�b�l�b���f�_�o�Z�g�b�q�d�b�f���k�_�^�b�r�l�_�f���� 

�L�j�Z�d�l�h�j�� �d�h�j�b�r�„�_�g�� �m�� �f�_�j�_�ƒ�m���� �i�j�h�b�a�\�_�^�_�g �•�_�� �����������]�h�^�b�g�_���� �Z�� �m�� �l�j�_�g�m�l�d�m�� �f�_�j�_�ƒ�Z���b�f�Z�h�� �•�_�� ��1300 
�j�Z�^�g�b�o���k�Z�l�b�� ���k�e�b�d�Z�������� �<�h�a�Z�q���•�_���b�f�Z�h�������N�J�����\�b�k�b�g�m���������F�P�����b���^�_�k�_�l�h�]�h�^�b�r�ƒ�_���b�k�d�m�k�l�\�h���m���f�Z�g�b�i�m�e�b�k�Z�ƒ�m��
�l�j�Z�d�l�h�j�h�f���� 
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�A�Z�� �f�_�j�_�ƒ�_�� �\�b�[�j�Z�p�b�•�Z�� �d�h�j�b�r�„�_�g�� �•�_�� �Z�i�Z�j�Z�l�� �a�Z�� �f�_�j�_�ƒ�_�� �o�m�f�Z�g�b�o�� �\�b�[�j�Z�p�b�•�Z�� �n�b�j�f�_��Br�•�_l�	�� �D�•� r 
�l�b�i�� ������������ �i�j�b�� �q�_�f�m���k�_���Z�d�p�_�e�_�j�h�f�_�l�Z�j���k�Z���i�h�^�e�h�]�h�f���g�Z�e�Z�a�b�h���g�Z���k�_�^�b�r�l�m���\�h�a�Z�q�Z�����k�e�b�d�Z���������� 

 

     
 

�K�e�b�d�Z���������F�_�j�g�Z���h�i�j�_�f�Z 
 

�<�j�_�^�g�h�k�l�b�� �\�b�[�j�Z�p�b�•�Z�� ��r.m.s���� �m�[�j�a�Z�ƒ�Z���� �f�_�j�_�g�_�� �k�m�� �m�� �l�j�b�� �h�j�l�h�]�h�g�Z�e�g�Z�� �f�_�j�g�Z�� �i�j�Z�\�p�Z����z-�i�j�Z�\�Z�p��
���\�_�j�l�b�d�Z�e�Z�g������x-�i�j�Z�\�Z�p�����m�a�^�m�`�g�b���� �b��y-�i�j�Z�\�Z�p�����[�h�q�g�b�������k�e�b�d�Z���������� 
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�L�j�Z�d�l�h�j�� �•�_�� �h�[�Z�\�‚�Z�h�� �i�h�‚�h�i�j�b�\�j�_�^�g�m�� �h�i�_�j�Z�p�b�•�m�� �h�j�Z�ƒ�_���� �g�Z�� �^�m�[�b�g�b���h�^�� ����cm���� �F�_�j�_�ƒ�_���\�b�[�j�Z�p�b�•�Z��
�•�_�� �l�j�Z�•�Z�e�h�� ������ �f�b�g�m�l�Z���� �Z�� �g�b�\�h�� �^�g�_�\�g�_���b�a�e�h�`�_�g�h�k�l�b�� �\�h�a�Z�q�Z���\�b�[�j�Z�p�b�•�Z�f�Z���:���������� �g�h�j�f�b�j�Z�g���•�_�� �k�� �h�[�a�b�j�h�f�� �g�Z��
�h�k�f�h�q�Z�k�h�\�g�h�� �j�Z�^�g�h�� �\�j�_�f�_���� �L�h�� �a�g�Z�q�b�� �^�Z�� �•�_�� �Z�g�Z�e�b�a�Z�� �\�j�r�_�g�Z�� �d�Z�h�� �^�Z�� �•�_�� �j�Z�^�g�b�d�� �i�j�_�h�k�l�Z�e�h�� �\�j�_�f�_�� �^�h��
�h�k�f�h�q�Z�k�h�\�g�_�� �k�f�_�g�_�� ����h �b�� ����min������ �� �i�j�h�\�_�h�� �m�� �^�j�m�]�b�f�� �Z�d�l�b�\�g�h�k�l�b�f�Z���� �Z�� �g�_�� �\�h�`�ƒ�b���� �>�h�[�b�•�_�g�_�� �\�j�_�^�g�h�k�l�b��
�m�i�h�j�_�{�_�g�_�� �k�m�� �k�Z�� �f�Z�d�k�b�f�Z�e�g�h�� �^�h�a�\�h�‚�_�g�b�f�� �a�Z�d�h�g�k�d�b�f�� �\�j�_�^�g�h�k�l�b�f�Z���� �d�h�•�_�� �k�m�� �m�� �?�\�j�h�i�k�d�h�•�� �M�g�b�•�b��
�i�j�h�i�b�k�Z�g�_�� �>�b�j�_�d�l�b�\�h�f�� �h�� �\�b�[�j�Z�p�b�•�Z�f�Z�� �����������������(�&��[10]. �J�_�i�m�[�e�b�d�Z�� �K�j�[�b�•�Z �•�_�� �i�j�Z�\�b�e�g�b�d�h�f�� �h��
�i�j�_�\�_�g�l�b�\�g�b�f�� �f�_�j�Z�f�Z�� �a�Z�� �[�_�a�[�_�^�Z�g�� �b�� �a�^�j�Z�\�� �j�Z�^�� �i�j�b�� �b�a�e�Z�]�Z�ƒ�m�� �\�b�[�j�Z�p�b�•�Z�f�Z���� �i�j�_�[�Z�p�b�e�Z�� �>�b�j�_�d�l�b�\�m��
�����������������(�&���m���k�\�h�•�_�� �a�Z�d�h�g�h�^�Z�\�k�l�\�h�� �M���k�e�m�q�Z�•�m���^�g�_�\�g�_���b�a�e�h�`�_�g�h�k�l�b���\�b�[�j�Z�p�b�•�Z�f�Z���d�h�•�_���k�_���i�j�_�g�h�k�_���g�Z���p�_�e�h��
�l�_�e�h���� �g�Z�\�_�^�_�g�_�� �k�m�� �^�g�_�\�g�Z�� �]�j�Z�g�b�q�g�Z�� �\�j�_�^�g�h�k�l�� �b�a�e�h�`�_�g�h�k�l�b�� ���_�g�]���_�[�S�R�V�X�U�H�� �O�L�P�L�W���Y�D�O�X�H-�(�/�9���� �d�h�•�Z���g�_���k�f�_��
�[�b�l�b�� �i�j�_�d�h�j�Z�q�_�g�Z�� �m�� �i�j�h�n�_�k�b�h�g�Z�e�g�b�f�� �m�k�e�h�\�b�f�Z�� �b�� �b�a�g�h�k�b�� ���������P���V2���� �l�_�� �^�g�_�\�g�Z�� �m�i�h�a�h�j�Z�\�Z�•�m�„�Z�� �\�j�_�^�g�h�k�l��
�b�a�e�h�`�_�g�h�k�l�b�� ���_�g�]���_�[�S�R�V�X�U�H�� �Z�F�W�L�R�Q�� �Y�D�O�X�H-�?�:�9���� �b�a�g�Z�^ �d�h�•�_�� �k�m�� �i�h�k�e�h�^�Z�\�p�b�� �^�m�`�g�b�� �d�h�g�l�j�h�e�b�k�Z�l�b�� �j�b�a�b�d�_��
�i�j�h�b�a�Z�r�e�_���b�a���\�b�[�j�Z�p�b�•�Z�� �b���b�a�g�h�k�b�� �������P���V2.   
 
�������J�?�A�M�E�L�:�L�B���B���>�B�K�D�M�K�B�3�:�� 
 

�G�Z�d�h�g�� �b�a�f�_�j�_�g�b�o�� �\�j�_�^�g�h�k�l�b�� �\�b�[�j�Z�p�b�•�Z�� ���l�Z�[�_�e�Z�� �������� �k�j�Z�q�m�g�Z�l�b�� �k�m�� �g�b�\�h�b�� �b�a�e�h�`�_�g�h�k�l�b�� �\�h�a�Z�q�Z��
���l�Z�[�_�e�Z�����������d�h�j�b�r�„�_�ƒ�_�f �h�^�]�h�\�Z�j�Z�•�m�„�_�]���k�h�n�l�\�_�j�Z [11]. 
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�L�Z�[�_�e�Z���������<�_�e�b�q�b�g�_���b�a�f�_�j�_�g�b�o���\�b�[�j�Z�p�b�•�Z 

 �L�b�i�� �l�j�Z�d�l�h�j�Z 

�>�m�`�b�g�Z��
�f�_�j�_�ƒ�Z-
�\�h�`�ƒ�_ 
[h:min] 

�I�j�h�k�_�q�g�h��r.m.s�����m�[�j�a�Z�ƒ�_���>m/s2] 

X Y Z 
�H�k�Z���k�Z��

�g�Z�•�\�b�r�h�f��
�\�j�_�^�g�h�r�„�m 

�B�F�L�����������'�H��
luxe 0:25 8,942 9,231 3,147 Y 

 
�L�Z�[�_�e�Z���������G�b�\�h�b���^�g�_�\�g�_���b�a�e�h�`�_�g�h�k�l�b 

�L�b�i��
�l�j�Z�d�l�h�j�Z 

 

�I�Z�j�p�b�•�Z�e�g�b�� �^�g�_�\�g�b�� �g�b�\�h�b��
�b�a�e�h�`�_�g�h�k�l�b��[m/s2] 

�>�g�_�\�g�b��
�g�b�\�h��

�b�a�e�h�`�_�g�h
�k�l�b�����:��������

m/s²  

�<�j�_�f�_���^�h��
�?�:�<��

[h:min] 

�<�j�_�f�_���^�h����
�?�E�<��

[h:min] �:������ 
�;���h�k�Z 

�:������ 
�<���h�k�Z 

�:������ 
�=���h�k�Z 

�B�F�L����������
De luxe 2,86 2,95 0,72 2,95 0:00 0:03 

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

�h�j�Z�ƒ�m���� �i�h�k�l�h�•�b�� �j�b�a�b�d���i�h�� �a�^�j�Z�\�‚�_�� �h�^�� �\�b�[�j�Z�p�b�•�Z���d�h�•�_�� �k�_�� �i�j�h�k�l�b�j�m���p�_�e�b�f���l�_�e�h�f�����B�Z�d�h���•�_���f�_�j�_�ƒ�_���\�j�r�_�g�h��
�k�Z�f�h�� �m�� �f�b�g�b�f�Z�e�g�h�f�� �i�_�j�b�h�^�m�� �h�^�� ������ �f�b�g�m�l�Z���� �g�b�\�h�b�� �b�a�e�h�`�_�g�h�k�l�b�� �k�m�� �h�k�_�l�g�h�� �i�j�_�d�h�j�Z�q�b�e�b�� �f�Z�d�k�b�f�Z�e�g�h��
�^�h�a�\�h�‚�_�g�_���]�j�Z�g�b�p�_���� �K�Z���h�\�Z�d�\�b�f���\�j�_�^�g�h�k�l�b�f�Z���\�b�[�j�Z�p�b�•�Z���� �\�h�a�Z�q���[�b���k�f�_�h���^�Z���\�h�a�b���k�Z�f�h�������f�b�g�m�l�Z���•�_�j���[�b���a�Z��
�l�h�� �\�j�_�f�_�� �g�b�\�h�� �b�a�e�h�`�_�g�h�k�l�b�� �k�\�_�^�_�g���g�Z���h�k�f�h�q�Z�k�h�\�g�h���\�j�_�f�_���^�h�k�l�b�]�Z�h���f�Z�d�k�b�f�Z�e�g�h���^�h�a�\�h�‚�_�g�m���\�j�_�^�g�h�k�l����
�I�h�k�_�[�g�h�� �a�Z�[�j�b�ƒ�Z�\�Z�•�m�„�_�� �•�_�� �r�l�h�� �\�h�a�Z�q�� �g�Z���l�j�Z�d�l�h�j�m���� �m�]�e�Z�\�g�h�f���� �h�[�Z�\�‚�Z�� �i�h�‚�h�i�j�b�\�j�_�^�g�_���h�i�_�j�Z�p�b�•�_�� �^�m�`�_��
�h�^�� ���� �k�Z�l�Z���� �Z �m���i�h�‚�h�i�j�b�\�j�_�^�g�h�•�� �k�_�a�h�g�b���b�� �^�m�`�_�� �h�^�� ���� �q�Z�k�h�\�Z���� �M���k�e�m�q�Z�•�m���^�Z���j�Z�^�g�b�d�����k�Z���h�\�Z�d�\�b�f���j�_�`�b�f�h�f��
�j�Z�^�Z�� ���h�\�Z�d�\�b�f�� �b�g�l�_�g�a�b�l�_�l�b�f�Z�� �\�b�[�j�Z�p�b�•�Z���� �h�[�Z�\�‚�Z�� �h�j�Z�ƒ�_�� �i�m�g�m���k�f�_�g�m���h�^�� ���� �q�Z�k�h�\�Z, �\�j�_�^�g�h�k�l�b�� �[�b�� �[�b�e�_��
�^�_�k�_�l���i�m�l�Z���\�_�„�_���h�^���f�Z�d�k�b�f�Z�e�g�h���a�Z�d�h�g�k�d�b���^�h�a�\�h�‚�_�g�b�o�����l�Z�[�_�e�Z���������k�e�b�d�Z�������������� 

 
�L�Z�[�_�e�Z���������G�b�\�h�b���^�g�_�\�g�_���b�a�e�h�`�_�g�h�k�l�b���a�Z���j�Z�a�e�b�q�b�l�_���i�_�j�b�h�^�_���j�Z�^�Z 

�<�j�_�f�_���h�j�Z�ƒ�Z 

�>�g�_�\�g�b�� �g�b�\�h��

�b�a�e�h�`�_�g�h�k�l�b�� ���:��������

m/s² 

1h  4,57 

4h 9,14 

8h 12,92 
 

 
 

�K�e�b�d�Z���������I�j�h�]�j�Z�f���a�Z���k�j�Z�q�m�g�Z�\�Z�ƒ�_���^�g�_�\�g�b�o���g�b�\�h�Z���b�a�e�h�`�_�g�h�k�l�b���\�b�[�j�Z�p�b�•�Z�f�Z���p�_�e�h�]���l�_�e�Z 
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�D�h�^�� �h�\�Z�d�\�b�o���g�b�\�h�Z���^�g�_�\�g�_���b�a�e�h�`�_�g�h�k�l�b�� �j�Z�^�� �[�b�� �f�h�j�Z�h���[�b�l�b�� �h�[�m�k�l�Z�\�‚�_�g���^�h�d���k�_���h�^�]�h�\�Z�j�Z�•�m�„�b�f��
�l�_�o�g�b�q�d�b�f�� �f�_�j�Z�f�Z�� �\�j�_�^�g�h�k�l�b�� �\�b�[�j�Z�p�b�•�Z�� �g�_�� �^�h�\�_�^�m�� �m�� �^�h�a�\�h�‚�_�g�_�� �a�Z�d�h�g�k�d�_�� �\�j�_�^�g�h�k�l�b���� �M�� �h�\�b�f��
�k�e�m�q�Z�•�_�\�b�f�Z�� �g�_�d�_�� �h�^�� �h�j�]�Z�g�b�a�Z�p�b�h�g�b�o�� �f�_�j�Z���� �d�Z�h�� �r�l�h�� �•�_�� �q�_�r�„�Z�� �� �a�Z�f�_�g�Z�� �\�h�a�Z�q�Z���� �g�_�� �[�b�� �^�Z�e�Z�� �g�b�d�Z�d�\�_��
�j�_�a�m�e�l�Z�l�_�� �•�_�j�� �k�m�� �^�h�i�m�r�l�_�g�Z�� �\�j�_�f�_�g�Z�� �j�Z�^�Z�� ��time to �?LV �b�e�b���?�:V���� �[�b�e�Z���k�m�\�b�r�_�� �f�Z�e�Z���m���i�h�j�_�{�_�ƒ�m���k�Z��
�^�m�`�b�g�h�f�� �k�f�_�g�_���\�h�a�Z�q�Z���m���i�h�‚�h�i�j�b�\�j�_�^�g�h�•�� �k�_�a�h�g�b���� 

�>�h�[�b�•�_�g�_���\�j�_�^�g�h�k�l�b�� �� �m�d�Z�a�Z�e�_���k�m���g�Z���d�j�b�l�b�q�g�_���g�b�\�h�_���b�a�e�h�`�_�g�h�k�l�b���m���k�\�b�f���h�k�Z�f�Z���i�j�b���q�_�f�m���•�_���h�k�Z��
�k�Z���g�Z�•�\�b�r�b�f�� �\�j�_�^�g�h�k�l�b�f�Z���\�b�[�j�Z�p�b�•�Z��Y ���e�_�\�h���± �^�_�k�g�h�������a�Z�l�b�f��X �h�k�Z�����g�Z�i�j�_�^���± �g�Z�a�Z�^�������^�h�d���•�_���m���i�j�Z�\�p�m��Z 
�h�k�_�����]�h�j�_���± �^�h�e�_�����k�_�^�b�r�l�_���k�f�Z�ƒ�b�e�h���\�j�_�^�g�h�k�l�b���\�b�[�j�Z�p�b�•�Z���b�k�i�h�^���\�j�_�^�g�h�k�l�b����������m/s2 ���?LV).  

�3�_�^�g�h�� �h�^�� �j�_�r�_�ƒ�Z�� �a�Z�� �j�_�^�m�d�p�b�•�m�� �\�j�_�^�g�h�k�l�b�� �\�b�[�j�Z�p�b�•�Z�� �b���Z�f�h�j�l�b�a�Z�p�b�•�m�� �_�\�_�g�l�m�Z�e�g�b�o�� �m�^�Z�j�Z���� �m��
�k�e�m�q�Z�•�m�� �B�F�L���l�j�Z�d�l�h�j�Z���� �•�_�� �m�]�j�Z�^�ƒ�Z�� �k�Z�\�j�_�f�_�g�b�o���k�_�^�b�r�l�Z�� �k�Z���i�h�e�m�Z�d�l�b�\�g�b�f�� �b�e�b���Z�d�l�b�\�g�b�f�� �h�]�b�[�‚�_�ƒ�_�f����
�H�\�Z�� �k�_�^�b�r�l�Z�� �b�k�i�m�ƒ�Z�\�Z�•�m�� �h�r�l�j�_�� �_�j�]�h�g�h�f�k�d�_�� �a�Z�o�l�_�\�_���� �Z���i�j�_�f�Z�� �l�\�j�^�ƒ�Z�f�Z�� �k�Z�f�b�o�� �i�j�h�b�a�\�h�{�Z�q�Z���� �f�h�]�m��
�k�f�Z�ƒ�b�l�b�� �g�b�\�h�_���\�b�[�j�Z�p�b�•�Z���q�Z�d���^�h�� ���������� �H�k�l�Z�e�_���l�_�o�g�b�q�d�_���f�_�j�_�����d�Z�h���r�l�h���•�_���m�]�j�Z�^�ƒ�Z���h�]�b�[�‚�_�ƒ�Z-�\�_�r�Z�ƒ�Z��
�g�Z�� �l�j�Z�d�l�h�j�m�� ���g�i�j���� �d�Z�[�b�g�b���� �•�_�� �_�d�h�g�h�f�k�d�b�� �g�_�b�k�i�e�Z�l�b�\�Z�� �\�h�^�_�„�b�� �j�Z�q�m�g�Z�� �h�� �k�l�Z�j�h�k�l�b�� �b�� �\�j�_�^�g�h�k�l�b�� �k�Z�f�b�o��
�l�j�Z�d�l�h�j�Z���� 

       
5. �A�:�D�4�M�Q�:�D 
 �F�_�j�_�ƒ�Z���b�g�l�_�g�a�b�l�_�l�Z���\�b�[�j�Z�p�b�•�Z���b���\�j�_�^�g�h�\�Z�ƒ�_���g�b�\�h�Z���^�g�_�\�g�_���b�a�e�h�`�_�g�h�k�l�b���\�h�a�Z�q�Z�����m�d�Z�a�m�•�m���^�Z���k�m����
�k�l�Z�j�b�•�b�� �l�b�i�h�\�b�� �B�F�L���l�j�Z�d�l�h�j�Z���� �� �j�b�a�b�q�g�h���k�j�_�^�k�l�\�h�� �j�Z�^�Z���k�Z���Z�k�i�_�d�l�Z���r�l�_�l�g�h�k�l�b���h�^���^�_�e�h�\�Z�ƒ�Z���\�b�[�j�Z�p�b�•�Z��
�p�_�e�h�]�� �l�_�e�Z���� �Q�b�g�b�� �k�_�� �^�Z�� �•�_�� �l�h�� �e�h�]�b�q�g�Z�� �i�h�k�e�_�^�b�p�Z�� �k�l�Z�j�h�k�l�b�� �k�Z�f�b�o�� �l�j�Z�d�l�h�j�Z�� �b�� �i�h�^�Z�l�d�Z���^�Z���k�m���^�b�a�Z�•�g�� �b��
�d�h�g�k�l�j�m�d�l�b�\�g�h�� �b�a�\�h�{�_�ƒ�_�� �h�\�b�o�� �l�j�Z�d�l�h�j�Z�� �g�Z�k�l�Z�e�b�� �i�j�_�� ������ �]�h�^�b�g�Z���d�Z�^�Z���k�_���_�j�]�h�g�h�f�k�d�b�f�� �a�Z�o�l�_�\�b�f�Z���g�b�•�_��
�i�j�b�^�Z�\�Z�e�Z���i�j�_�\�_�e�b�d�Z���i�Z�`�ƒ�Z�����A�Z�k�l�Z�j�_�e�h���h�]�b�[�‚�_�ƒ�_���b���k�_�^�b�r�l�Z���g�b�d�Z�d�h���g�_���f�h�]�m���^�Z���Z�f�h�j�l�b�a�m�•�m���\�b�[�j�Z�p�b�•�_��
�d�h�•�_�� �g�Z�k�l�Z�•�m�� �i�j�b�� �j�Z�^�g�b�f�� �j�_�`�b�f�b�f�Z���� �k�l�Z�j�b�o���� �^�b�a�_�e�� �f�h�l�h�j�Z�� �d�h�•�b�� �k�m�� �m�]�j�Z�{�_�g�b�� �m�� �h�\�_�� �l�j�Z�d�l�h�j�_���� �Z�� �m��
�b�g�l�_�j�Z�d�p�b�•�b�� �k�Z���g�_�j�Z�\�g�b�g�Z�f�Z���l�_�j�_�g�Z�� 
 �G�_�� �l�j�_�[�Z�� �a�Z�[�h�j�Z�\�b�l�b�� �^�Z�� �g�Z�� �\�_�e�b�q�b�g�m�� �g�Z�k�l�Z�e�b�o�� �\�b�[�j�Z�p�b�•�Z���� �Z�� �g�Z�j�h�q�b�l�h�� �ƒ�b�o�h�\�h�� �i�j�h�k�l�b�j�Z�ƒ�_����
�f�h�`�_�� �m�l�b�p�Z�l�b�� �b�� �k�m�[�•�_�d�l�b�\�g�b�� �n�Z�d�l�h�j�� �l�•���� �k�Z�f�� �\�h�a�Z�q���� �D�\�Z�e�b�l�_�l�Z�g�� �b�� �b�k�d�m�k�Z�g�� �\�h�a�Z�q���� �d�h�•�b�� �i�h�a�g�Z�•�_��
�f�h�]�m�„�g�h�k�l�b�� �k�\�h�]�� �\�h�a�b�e�Z���� �Z�� �i�j�b�� �l�h�f�_�� �•�_�� �b�� �b�g�n�h�j�f�b�k�Z�g���h�� �r�l�_�l�g�h�k�l�b�f�Z�� �\�b�[�j�Z�p�b�•�Z���� �f�h�„�b�� �„�_���� �f�Z�d�Z�j�� �b��
�f�b�g�b�f�Z�e�g�h�� �^�Z���m�l�b�q�_���g�Z���j�_�^�m�d�p�b�•�m���l�b�o���r�l�_�l�g�h�k�l�b���� 
 �M �k�e�m�q�Z�•�m�� �b�k�i�b�l�b�\�Z�g�h�]�� �l�j�Z�d�l�h�j�Z�� �B�F�L�� ��������De luxe���� �f�_�j�Z�� �d�h�•�m���\�h�a�Z�q���f�h�`�_�� �i�j�_�^�m�a�_�l�b�� �m���p�b�‚�m��
�k�f�Z�ƒ�_�ƒ�Z�� �_�d�k�l�j�_�f�g�h�� �\�b�k�h�d�b�o�� �g�b�\�h�Z�� �b�a�e�h�`�_�g�h�k�l�b�� �\�b�[�j�Z�p�b�•�Z�f�Z���� �•�_�� �g�Z�[�Z�\�d�Z�� �h�^�]�h�\�Z�j�Z�•�m�„�b�o�� �•�Z�k�l�m�d�Z�� �a�Z��
�k�_�^�b�r�l�_�� �d�h�•�b�� �k�m���b�k�i�m�ƒ�_�g�b���j�Z�a�e�b�q�b�l�b�f�� �f�Z�l�_�j�b�•�Z�e�b�f�Z���b���n�e�m�b�^�b�f�Z�����\�h�^�Z���� �i�_�g�Z�����\�Z�a�^�m�o�����k�m�g�{�_�j�«�������H�\�b��
�•�Z�k�l�m�p�b�� �k�f�Z�ƒ�m�•�m�� �^�b�j�_�d�l�Z�g�� �d�h�g�l�Z�d�l�� �b�a�f�_�{�m�� �k�_�^�b�r�l�Z�� �l�•���� �d�h�g�k�l�j�m�d�p�b�•�_�� �\�h�a�b�e�Z�� �b�� �l�_�e�Z�� �\�h�a�Z�q�Z���� �>�j�m�]�h��
�j�_�r�_�ƒ�_�� �•�_�� �_�d�h�g�h�f�k�d�b�� �a�Z�o�l�_�\�g�b�•�_���� �Z�� �l�h�� �•�_�� �d�m�i�h�\�b�g�Z�� �g�h�\�h�]�� �d�\�Z�e�b�l�_�l�g�h�]�� �k�_�^�b�r�l�Z�� �k�Z�� �i�h�e�m�Z�d�l�b�\�g�b�f��
�h�]�b�[�‚�_�ƒ�_�f���� 
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RISK ASSESSMENT AND MEASURES FOR RISK REDUCTION FOR 
OPERATOR ON THE MACHINE FOR PRODUCTION OF RUBBER 

COMPOUNDS 
 

ABSTRACT:  
Risk assessment is the basis for the employer provides a comprehensive insight into the health and safety at 

work and manage workflow in terms of safety and health at work, which is a very important part of the whole b usiness. 
In Serbia, the branch of industry that manufactures of rubber and plastic for around 15,000 workers. Statistics show that 
in addition to the injuries that were caused by the use of machines for cutting, pressing, welding, machines for the 
production of rubber compounds are machine at which the greatest number of serious injuries and even fatal injuries. 
This work was carried out , risk assessment and determine the level of risk exposure due to identified risks and threats 
to the workplace of the operator on the machine for the production of rubber compounds, as well as consideration of 
possible measures to eliminate hazards or reduce risk to an acceptable level 

Keywords: risk assessment, hazard, Kinney method, the rubber industry.  

 
�������M�<�H�> 

�I�j�_�f�Z�� �i�j�h�p�_�g�Z�f�Z�� �m�� �K�j�[�b�•�b�� �m�� �]�j�Z�g�b�� �i�j�b�\�j�_�^�_�� �d�h�•�Z�� �k�_�� �[�Z�\�b�� �b�a�j�Z�^�h�f�� �i�j�_�^�f�_�l�Z�� �h�^�� �]�m�f�_�� �b��
�i�e�Z�k�l�b�d�_�� �j�Z�^�b�� �g�_�]�^�_�� �h�d�h�� �������������� �j�Z�^�g�b�d�Z���� �^�h�d�� �•�_�� �h�\�Z�•�� �[�j�h�•�� �m�� �?�\�j�h�i�k�d�h�•�� �M�g�b�•�b�� �^�Z�e�_�d�h���\�_�„�b�� �b�a�g�h�k�b���h�d�h��
���������������� �j�Z�^�g�b�d�Z [1,2]���� �K�l�Z�l�b�k�l�b�d�Z�� �i�h�d�Z�a�m�•�_�� �^�Z�� �i�h�j�_�^�� �i�h�\�j�_�^�Z�� �d�h�•�_�� �k�m�� �g�Z�k�l�Z�e�_���m�i�h�l�j�_�[�h�f�� �f�Z�r�b�g�Z���a�Z��
�k�_�q�_�ƒ�_���� �i�j�_�k�h�\�Z�ƒ�_���� �a�Z�\�Z�j�b�\�Z�ƒ�_���� �\�Z�‚�p�b�� �b�� �f�b�d�k�_�j�b�� �a�Z���f�_�r�Z�ƒ�_���]�m�f�_�� �i�j�_�^�k�l�Z�\�‚�Z�•�m���f�Z�r�b�g�_���g�Z���d�h�•�b�f�Z��
�g�Z�k�l�Z�•�_���g�Z�•�\�_�„�b�� �[�j�h�•�� �l�_�r�d�b�o���i�h�\�j�_�^�Z�����i�Z���q�Z�d���b���i�h�\�j�_�^�Z���k�Z���k�f�j�l�g�b�f���b�k�o�h�^�h�f�����:�f�i�m�l�Z�p�b�•�Z���_�d�k�l�j�_�f�b�l�_�l�Z��
�k�m���g�Z�•�q�_�r�„�_���i�h�\�j�_�^�_���a�[�h�]���d�h�•�b�o���k�_���h�^�e�Z�a�b���m���b�g�\�Z�e�b�^�k�d�m���i�_�g�a�b�•�m���� 

�I�j�_�f�Z�� �i�h�^�Z�p�b�f�Z�� �:�f�_�j�b�q�d�h�]�� �[�b�j�h�Z�� �a�Z���j�Z�^�� �b�� �k�l�Z�l�b�k�l�b�d�m���m���i�_�j�b�h�^�m����������-������������ �=�h�^�b�g�_���[�b�e�h���•�_��
������������ �k�e�b�q�Z�•�_�\�Z���Z�f�i�m�l�Z�p�b�•�_�� �_�d�k�l�j�_�f�b�l�_�l�Z�� �[�_�a���n�Z�l�Z�e�g�h�]���b�k�o�h�^�Z�����i�j�b���q�_�f�m���•�_���^�h���k�Z�^�Z���j�_�Z�e�b�a�h�\�Z�g�h��������������
�h�^�r�_�l�g�Z���a�Z�o�l�_�\�Z [3]�����H�^���h�\�h�]���[�j�h�•�Z���h�d�h�������������•�_���\�_�a�Z�g�h���a�Z���]�h�j�_���g�Z�\�_�^�_�g�_���l�b�i�h�\�_���j�Z�^�g�b�o���f�Z�r�b�g�Z�����I�j�_�f�Z��
�i�h�k�e�_�^�ƒ�b�f�� �i�h�^�Z�p�b�f�Z���J�B�>�>�H�J-a (Reporting of injuries, Diseases and Dangerous Occirrenes Regulations) 
�g�Z�•�\�_�„�b�� �[�j�h�•�� �i�h�\�j�_�^�Z���m���]�m�f�Z�j�k�d�h�•�� �b�g�^�m�k�l�j�b�•�b�� �g�Z�k�l�Z�•�_�� �m���d�h�g�l�Z�d�l�m���k�Z���i�h�d�j�_�l�g�b�f�� �^�_�e�h�\�b�f�Z���f�Z�r�b�g�_���r�l�h��
�•�_�� �i�j�b�d�Z�a�Z�g�h�� �g�Z�� �K�e�b�p�b�� ��. [4]���� �A�[�h�]�� �l�h�]�Z�� �k�_�� �i�h�k�_�[�g�Z�� �i�Z�`�ƒ�Z�� �f�h�j�Z�� �i�h�k�\�_�l�b�l�b�� �k�f�Z�ƒ�_�ƒ�m�� �j�b�a�b�d�Z�� �h�^��
�h�i�Z�k�g�h�k�l�b�� �b���r�l�_�l�g�h�k�l�b���i�j�b�� �j�Z�^�m���g�Z���h�\�b�f���f�Z�r�b�g�Z�f�Z�� 

                                                 
1 �<�b�k�h�d�Z���l�_�o�g�b�q�d�Z�� �r�d�h�e�Z���k�l�j �m�d�h�\�g�b�o���k�l�m�^�b�•�Z���G�b�r 

mailto:petar.djekic@vtsnis.edu.rs


�J�b�a�b�d���b���[�_�a�[�_�^�g�h�k�g�b���b�g�`�_�ƒ�_�j�b�g�]��- �D�h�i�Z�h�g�b�d��������4. 

104 

 
�K�e�b�d�Z��1 �± �G�Z�•�q�_�r�„�_���i�h�\�j�_�^�_���m���]�m�f�Z�j�k�d�h�•���b�g�^�m�k�l�j�b�•�b�� 

 

�������J�:�>�G�H���F�?�K�L�H���H�I�?�J�:�L�?�J���G�:���F�:�R�B�G�B���A�:���I�J�H�B�A�<�H�>�5�M���=�M�F�?�G�B�O���K�F�?�R�:  
 
�����������H�i�b�k���i�j�h�p�_�k�Z���j�Z�^�Z���m�f�_�r�Z�\�Z�ƒ�Z���]�m�f�_�g�b�o���k�f�_�k�Z 

�M�f�_�r�Z�\�Z�ƒ�_���k�f�_�r�Z���k�_���\�j�r�b���g�Z���^�\�h�\�Z�‚�p�b�f�Z�����l�j�h�\�Z�‚�p�b�f�Z���b�e�b���m���f�b�d�k�_�j�b�f�Z�����>�\�h�\�Z�‚�Z�d���•�_���m�j�_�{�Z�•��
�k�Z�� �^�\�Z�� �\�Z�‚�d�Z�� �k�f�_�r�l�_�g�Z �m�� �o�h�j�b�a�h�g�l�Z�e�g�h�•�� �j�Z�\�g�b���� �d�h�•�b�� �k�_�� �h�d�j�_�„�m���•�_�^�Z�g���i�j�_�f�Z���^�j�m�]�h�f�� �I�j�_�q�g�b�d���\�Z�‚�d�Z��
�d�j�_�„�H���k�_���h�^������������ �P���^�h���������� �P�����Z���^�h�d���b�f���•�_���f�Z�d�k�b�f�Z�e�g�Z���^�m�`�b�g�Z�������P�����H�l�\�h�j���b�a�f�_�{�m���\�Z�‚�Z�d�Z���i�h�^�_�r�Z�\�Z���k�_���g�Z��
�i�h�q�_�l�d�m�� �j�Z�^�Z�� �l�Z�d�h�� �^�Z�� �j�h�l�b�j�Z�•�m�„�b�� �\�Z�‚�p�b���f�h�]�m���m�o�\�Z�l�b�l�b�� �b�� �i�h�\�m�„�b�� �d�h�f�Z�^�_���d�Z�m�q�m�d�Z���� �G�Z�d�h�g���r�l�h�� �k�f�_�r�Z��
�i�j�h�{�_�� �b�a�f�_�{�m���\�Z�‚�Z�d�Z���� �j�Z�^�g�b�d���d�h�•�b�� �j�m�d�m�•�_���m�j�_�{�Z�•�_�f���� �\�j�Z�„�Z���b�o���b�� �l�_�j�Z�� �i�h�g�h�\�h�� �d�j�h�a���h�l�\�h�j�� �b�a�f�_�{�m���\�Z�‚�Z�d�Z��
�b�� �l�Z�d�h�� �k�\�_�� �^�h�d�� �k�_�� �k�f�_�r�Z�� �g�_�� �m�f�_�r�Z�� �b�� �^�h�k�l�b�]�g�_�� �h�^�]�h�\�Z�j�Z�•�m�„�m�� �^�_�[�‚�b�g�m���� �>�Z�� �[�b�� �k�_�� �i�h�\�_�„�Z�h�� �k�l�_�i�_�g��
�f�Z�k�l�b�n�b�d�Z�p�b�•�_�� �d�Z�m�q�m�d�Z���� �i�j�_�^�ƒ�b�� �\�Z�‚�Z�d�� �k�_�� �h�[�b�q�g�h�� �h�d�j�_�„�_�� �g�_�r�l�h�� �k�i�h�j�b�•�_�� �h�^�� �a�Z�^�ƒ�_�]���� �H�[�Z�� �k�_�� �\�Z�‚�d�Z��
�i�h�d�j�_�„�m�� �b�k�l�b�f�� �f�h�l�h�j�h�f�� �b�� �f�_�{�m�k�h�[�g�h���k�m���i�h�\�_�a�Z�g�b���a�m�i�q�Z�g�b�p�b�f�Z���k�Z���^�m�]�Z�q�d�b�f�� �a�m�i�p�b�f�Z���� �d�Z�d�h���[�b�� �\�Z�‚�p�b��
�h�k�l�Z�e�b���m���\�_�a�b���b�� �d�Z�^�Z���k�_���j�Z�a�f�b�q�m�����D�Z�^�Z���k�_���i�j�_�j�Z�{�m�•�_���f�Z�l�_�j�b�•�Z�e���d�h�•�b�� �b�a�Z�a�b�\�Z���\�j�e�h���\�_�e�b�d�h���l�j�_�ƒ�_�����k�\�Z�d�b���k�_��
�\�Z�‚�Z�d���i�h�d�j�_�„�_���a�Z�k�_�[�g�h���� 

�I�h�j�_�^�� �j�Z�^�Z���g�Z���^�\�h�\�Z�‚�p�b�f�Z�����f�_�r�Z�ƒ�_���k�f�_�r�_���h�[�Z�\�‚�Z���k�_���b���m���f�_�r�Z�e�b�p�Z�f�Z�����f�b�d�k�_�j�b�f�Z�������F�b�d�k�_�j��
�k�_�� �k�Z�k�l�h�•�b�� �h�^�� �a�Z�l�\�h�j�_�g�_�� �d�h�f�h�j�_�� �k�Z�� �^�\�Z�� �j�h�l�h�j�Z�� �g�_�i�j�Z�\�b�e�g�h�]�� ���d�j�m�r�d�Z�k�l�h�]���� �h�[�e�b�d�Z���� �J�h�l�h�j�b�� �k�_�� �h�d�j�_�„�m��
�•�_�^�Z�g�� �i�j�_�f�Z�� �^�j�m�]�h�f�� �b�� �l�h�f�� �i�j�b�e�b�d�h�f�� �i�j�b�l�b�k�d�Z�•�m�� �b�� �f�_�r�Z�•�m�� �k�f�_�r�m�� �b�a�f�_�{�m�� �\�Z�‚�Z�d�Z���� �Z�e�b�� �b�� �b�a�f�_�{�m��
�i�h�•�_�^�b�g�h�]�� �\�Z�‚�d�Z�� �b�� �a�b�^�Z�� �d�h�f�h�j�_�� �f�b�d�k�_�j�Z���� �I�j�h�p�_�k�� �k�_�� �h�^�\�b�•�Z�� �f�g�h�]�h�� �_�n�b�d�Z�k�g�b�•�_���� �i�Z�� �•�_�� �a�Z���m�f�_�r�Z�\�Z�ƒ�_���m��
�f�_�r�Z�e�b�p�b���i�h�l�j�_�[�g�h���f�g�h�]�h���f�Z�ƒ�_���\�j�_�f�_�g�Z���>�������@�� 
 
�����������:�g�Z�e�b�a�Z���j�Z�^�g�h�]���f�_�k�l�Z���k�Z���Z�k�i�_�d�l�Z���[�_�a�[�_�^�g�h�k�l�b���g�Z���j�Z�^�m 

�I�j�h�[�e�_�f�� �j�Z�^�Z�� �g�Z�� �^�\�h�\�Z�‚�p�b�f�Z�� �g�b�•�_�� �i�j�h�k�l���� �\�_�„�� �•�_�� �d�h�f�i�b�d�h�\�Z�g�� �b�� �f�h�j�Z�� �k�_�� �k�Z�]�e�_�^�Z�l�b�� �g�_�d�h�e�b�d�h��
�Z�k�i�_�d�Z�l�Z�� 

- -�\�b�k�b�g�Z���m�j�_�{�Z�•�Z���a�Z���f�_�r�Z�ƒ�_�� 
- -�l�b�i�� �b���g�Z�q�b�g�� �j�Z�^�Z���m�j�_�{�Z�•�Z�� 
- -�\�b�k�b�g�Z���h�i�_�j�Z�l�_�j�Z�� 
- -�l�b�i�� �i�h�f�h�„�g�_���h�i�j�_�f�_�� 
- -�l�b�i�� �f�Z�l�_�j�b�•�Z�e�Z���d�h�•�b�� �k�_���i�j�_�j�Z�{�m�•�_�� 
- -�[�j�a�b�g�Z���a�Z�m�k�l�Z�\�‚�Z�ƒ�Z 
�L�b�i�� �f�Z�r�b�g�Z�� �b�� �ƒ�b�o�h�\�Z�� �\�b�k�b�g�Z�� �m�l�b�q�m���g�Z���f�_�k�l�h�� �k�l�Z�•�Z�ƒ�Z���h�i�_�j�Z�l�_�j�Z���b�� �i�h�e�h�`�Z�•�� �ƒ�_�]�h�\�h�]�� �l�_�e�Z���� �A�Z��

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

�=�j�Z�{�Z�� �h�i�_�j�Z�l�_�j�Z�� �l�Z�d�h�{�_�� �m�l�b�q�_�� �g�Z���i�h�e�h�`�Z�•�� �b�� �[�e�b�a�b�g�m���h�i�_�j�Z�l�_�j�Z���b�� �j�Z�^�g�_�� �f�Z�r�b�g�_���� �H�[�a�b�j�h�f�� �^�Z��
�f�Z�r�b�g�_�� �\�j�e�h�� �q�_�k�l�h�� �h�i�k�e�m�`�m�•�_�� �\�_�„�b�� �[�j�h�•�� �j�Z�^�g�b�d�Z�� �Z�� �g�Z�j�h�q�b�l�h�� �d�h�^�� �k�f�_�g�k�d�h�]�� �j�Z�^�Z�� �\�j�_�f�_�� �j�_�Z�d�p�b�•�_��
�k�b�]�m�j�g�h�k�g�b�o�� �m�j�_�{�Z�•�Z���f�h�j�Z���^�Z���[�m�^�_���i�j�b�e�Z�]�h�{�_�g�h���\�_�„�b�g�b���h�i�_�j�Z�l�_�j�Z���� 

�I�h�f�h�„�g�Z���h�i�j�_�f�Z���� �^�h�k�l�Z�\�g�_���l�j�Z�d�_���b���i�m�g�b�e�b�p�_�����d�h�•�Z���k�_���g�Z�e�Z�a�b���m���k�Z�k�l�Z�\�m���m�j�_�{�Z�•�Z���a�Z���f�_�r�Z�ƒ�_���\�j�e�h��
�q�_�k�l�h�� �k�m�� �h�i�l�_�j�_�„�_�g�_�� �k�b�]�m�j�g�h�k�g�b�f�� �d�Z�[�e�h�\�b�f�Z�� �b�� �m�`�Z�^�b�f�Z���� �H�i�_�j�Z�l�_�j�b�� �\�j�e�h�� �q�_�k�l�h�� �i�h�f�_�j�Z�•�m�� �b�e�b��
�m�d�e�Z�ƒ�Z�•�m�� �h�\�_�� �d�Z�[�e�h�\�_���� �h�^�g�h�k�g�h�� �m�`�Z�^�� �d�Z�d�h�� �[�b�� �e�Z�d�r�_�� �j�Z�^�b�e�b�� �g�Z�� �f�Z�r�b�g�Z�f�Z���� �H�\�h�� �l�Z�d�h�{�_�� �b�f�Z�� �a�Z��
�i�h�k�e�_�^�b�p�m�� �^�Z���k�_���k�b�]�m�j�g�h�k�g�b���m�j�_�{�Z�•�b�� �g�Z�e�Z�a�_���b�a�\�Z�g���^�h�f�Z�r�Z�•�Z���^�_�e�h�\�Z���l�_�e�Z���h�i�_�j�Z�l�_�j�Z�� 



�J�b�a�b�d���b���[�_�a�[�_�^�g�h�k�g�b���b�g�`�_�ƒ�_�j�b�g�]��- �D�h�i�Z�h�g�b�d��������4. 

105 

�L�b�i�� �b�� �g�Z�q�b�g���j�Z�^�Z���m�j�_�{�Z�•�Z���h�^�j�_�{�m�•�m���^�Z���e�b���h�i�_�j�Z�l�_�j���f�h�j�Z���^�Z���^�h�{�_���m���d�h�g�l�Z�d�l���k�Z���i�j�_�^�f�_�l�h�f���h�[�j�Z� �̂_��
���]�m�f�_�g�h�f�� �k�f�_�r�h�f������ �H�i�_�j�Z�l�_�j�� �f�h�j�Z�� �j�m�q�g�h���^�Z���k�d�b�g�_���]�m�f�m�����k�Z���\�Z�‚�Z�d�Z�����g�Z�f�h�l�Z���m���j�h�e�g�m���b���i�h�g�h�\�h���k�l�Z�\�b���m��
�q�_�‚�m�k�l�b�� �\�Z�‚�d�Z���� �H�\�h�� �b�f�Z���a�Z���i�h�k�e�_�^�b�p�m���^�Z���h�i�_�j�Z�l�_�j�� �^�h�e�Z�a�b���m���^�b�j�_�d�l�g�m���\�_�a�m���k�Z���\�Z�‚�p�b�f�Z���b���m���a�g�Z�q�Z�•�g�h�•��
�f�_�j�b�� �i�h�\�_�„�Z�\�Z�� �j�b�a�b�d�� �^�Z�� �^�h�{�_�� �^�h�� �g�_�`�_�‚�_�g�h�]�� �^�h�]�Z�{�Z�•�Z�� ���i�h�\�j�_�^�Z�� �i�j�k�l�b�•�m���� �r�Z�d�_�� �b�� �j�m�d�_������ �L�Z�d�h�{�_���� �\�j�e�h��
�q�_�k�l�h�� �b�� �f�Z�l�_�j�b�•�Z�e�� �d�h�•�b�� �k�_�� �h�[�j�Z�{�m�•�_�� �f�h�`�_�� �[�b�l�b�� �e�_�i�‚�b�\�� �i�Z�� �•�_�� �ƒ�_�]�h�\�h�� �h�^�k�l�j�Z�ƒ�b�\�Z�ƒ�_�� �l�_�`�_�� �q�b�f�_�� �k�_��
�i�h�\�_�„�Z�\�Z���j�b�a�b�d���h�^���g�_�`�_�‚�_�g�h�]���^�h�]�Z�{�Z�•�Z�����I�h�r�l�h���k�_���q�_�k�l�h���^�h�^�Z�•�m���i�j�Z�r�d�Z�k�l�_���f�Z�l�_�j�b�•�_�����i�h�k�_�[�g�Z���i�Z�`�ƒ�Z���k�_��
�f�h�j�Z���i�h�k�\�_�l�b�l�b���b���\�_�g�l�b�e�Z�p�b�•�b�� 

�:�m�l�h�f�Z�l�k�d�b���k�b�]�m�j�g�h�k�g�b���m�j�_�{�Z�•�b�� �g�_�„�_�� �[�b�l�b�� �_�n�b�d�Z�k�g�b���Z�d�h���\�j�_�f�_�� �ƒ�b�o�h�\�h�]�� �h�^�a�b�\�Z���g�_���[�m�^�_���d�j�Z�„�_��
�h�^���\�j�_�f�_�g�Z���d�h�•�_�� �•�_���g�_�h�i�o�h�^�g�h�� �^�Z���k�_���^�_�e�h�\�b���l�_�e�Z���h�i�_�j�Z�l�_�j�Z���g�Z�{�m���m���d�h�g�l�Z�d�l�m���k�Z���\�Z�‚�p�b�f�Z���b���g�_�d�b�f���^�j�m�]�b�f��
�i�h�d�_�l�g�b�f�� �^�_�e�h�\�b�f�Z���f�Z�r�b�g�_�� 
 

�������F�?�L�H�>�H�E�H�=�B�3�:���I�J�H�P�?�G�?���J�B�A�B�D�: 
�I�j�h�p�_�g�Z�� �j�b�a�b�d�Z�� �a�Z�k�g�b�\�Z�� �k�_�� �g�Z�� �Z�g�Z�e�b�a�b�� �\�_�j�h�\�Z�l�g�h�„�_�� �g�Z�k�l�Z�g�d�Z�� �b�� �l�_�`�b�g�_�� �f�h�]�m�„�_�� �i�h�\�j�_�^�_�� �g�Z��

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

�G�Z�� �h�k�g�h�\�m�� �i�j�b�d�m�i�‚�_�g�b�o�� �i�h�^�Z�l�Z�d�Z�� �b�� �i�j�_�i�h�a�g�Z�l�b�o���� �h�^�g�h�k�g�h�� �m�l�\�j�{�_�g�b�o�� �h�i�Z�k�g�h�k�l�b�� �b�� �r�l�_�l�g�h�k�l�b��
�b�� �m�l�\�j�{�_�g�_�� �e�b�k�l�_�� �h�i�Z�k�g�h�k�l�b�� �b�� �r�l�_�l�g�h�k�l�b�� �m�� �j�Z�^�g�h�•�� �h�d�h�e�b�g�b�� �g�Z�� �k�\�Z�d�h�f�� �j�Z�^�g�h�f�� �f�_�k�l�m���� �b�a�[�h�j�h�f�� �b��
�i�j�b�f�_�g�h�f�� �h�^�]�h�\�Z�j�Z�•�m�„�b�o�� �f�_�l�h�^�Z�� �\�j�r�b�� �k�_�� �i�j�h�p�_�ƒ�b�\�Z�ƒ�_�� �j�b�a�b�d�Z��- �\�_�j�h�\�Z�l�g�h�„�_�� �g�Z�k�l�Z�g�d�Z�� �b�� �l�_�`�b�g�_��
�i�h�\�j�_�^�Z���g�Z���j�Z�^�m�����h�r�l�_�„�_�ƒ�Z���a�^�j�Z�\�‚�Z���b�e�b���h�[�h�‚�_�ƒ�Z���a�Z�i�h�k�e�_�g�h�]���>���@���� 

�I�j�_�� �i�j�b�k�l�b�i�Z�ƒ�m�� �i�j�h�p�_�g�b �j�b�a�b�d�Z�� �g�_�h�i�o�h�^�g�h�� �•�_�� �b�a�Z�[�j�Z�l�b �f�_�l�h�^�h�e�h�]�b�•�m�� �i�j�h�p�_�g�_�� �j�b�a�b�d�Z����
�I�h�k�l�h�•�_�� �j�Z�a�e�b�q�b�l�_�� �f�_�l�h�^�h�e�h�]�b�•�_�� �i�j�h�p�_�g�_�� �j�b�a�b�d�Z���� �*�X�D�U�G�P�D�V�W�H�U���� �.�L�Q�Q�H�\���� �3�L�O�]���� �:�N�R���� �$�X�Y�D���� �b�l�^���� �M�� �h�\�h�f��
�j�Z�^�m���„�_���[�b�l�b���i�j�b�f�_�ƒ�_�g�Z���.�L�Q�Q�H�\���f�_�l�h�^�Z���a�Z���i�j�h�p�_�g�m���j�b�a�b�d�Z���� 

�.�L�Q�Q�H�\�� �f�_�l�h�^�Z���k�Z�]�e�_�^�Z�\�Z���l�j�b���d�j�b�l�_�j�b�•�m�f�Z���d�h�•�b���k�_���Z�g�Z�e�b�a�b�j�Z�•�m�� 
 
�I�h�k�e�_�^�b�p�_-�l�_�`�b�g�Z���i�h�\�j�_�^�Z���b�e�b���h�[�h�‚�_�ƒ�Z�����7���� 
 

�J�:�G�= �H�I�B�K���D�E�:�K�B�N�B�D�:�P�B�3�? 

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

2 �A�g�Z�l�g�_��- �f�_�^�_�p�b�g�k�d�b���l�j�_�l�f�Z�g���h�^���k�l�j�Z�g�_���^�h�d�l�h�j�Z 

3 �H�a�[�b�‚�g�_�� �± �B�g�\�Z�e�b�^�g�h�k�l���� �i�h�•�_�^�b�g�Z�q�g�Z�� �h�a�[�b�‚�g�Z���i�h�\�j�_�^�Z���k�Z���o�h�k�i�b�l�Z�e�b�a�Z�p�b�•�h�f��
�b�� �b�a�]�m�[�‚�_�g�b�f���^�Z�g�b�f�Z 

6 �<�_�h�f�Z���h�a�[�b�‚�g�_��- �I�h�•�_�^�b�g�Z�q�g�Z���g�_�k�j�_�„�Z���k�Z���k�f�j�l�g�b�f���b�k�o�h�^�h�f�� 

10 �D�Z�l�Z�k�l�j�h�n�Z�e�g�_��- �<�b�r�_�k�l�j�m�d�b���k�f�j�l�g�b���b�k�o�h�^ 
 
�<�_�j�h�\�Z�l�g�h�„�Z- �g�Z�k�l�Z�g�d�Z���g�_�`�_�‚�_�g�h�]���^�h�]�Z�{�Z�•�Z�����M���� 
 

�J�:�G�= �H�I�B�K���D�E�:�K�B�N�B�D�:�P�B�3�? 

0.1 �3�_�^�\�Z���i�h�•�f�‚�b�\�h 

0.2 �I�j�Z�d�l�b�q�g�h���g�_�\�_�j�h�\�Z�l�g�h 

0.5 �I�h�k�l�h�•�b���� �Z�e�b���f�Z�e�h���\�_�j�h�\�Z�l�g�h 

1 �F�Z�e�Z���\�_�j�h�\�Z�l�g�h�p�Z�����Z�e�b���f�h�]�m�„�Z���m���h�]�j�Z�g�b�q�_�g�b�f�� �k�e�m�q�Z�•�_�\�b�f�Z 

3 �F�Z�e�h���f�h�]�m�„�_ 

6 �K�Z�k�\�b�f���f�h�]�m�„�_ 

10 �I�j�_�^�\�b�^�b�\�h���� �h�q�_�d�b�\�Z�g�h 

 
�M�q�_�k�l�Z�e�h�k�l-�\�j�_�f�_���b�a�e�Z�]�Z�ƒ�Z���h�i�Z�k�g�h�k�l�b�f�Z���b�e�b���r�l�_�l�g�h�k�l�b�f�Z�����<���� 



�J�b�a�b�d���b���[�_�a�[�_�^�g�h�k�g�b���b�g�`�_�ƒ�_�j�b�g�]��- �D�h�i�Z�h�g�b�d��������4. 

106 

 

�J�:�G�= �H�I�B�K���D�E�:�K�B�N�B�D�:�P�B�3�? 

1 �B�a�e�Z�`�_���k�_���j�_�l�d�h�����]�h�^�b�r�ƒ�_�� 

2 �B�a�e�Z�`�_���k�_�����f�_�k�_�q�g�h 

3 �B�a�e�Z�`�_���k�_���g�_�^�_�‚�g�h 

6 �B�a�e�Z�`�_���k�_�����^�g�_�\�g�h 

10 �B�a�e�Z�`�_���k�_���l�j�Z�•�g�h�����d�h�g�l�b�g�m�Z�e�g�h 

 
�G�Z�d�h�g�� �Z�g�Z�e�b�a�_�� �h�\�Z�� �l�j�b�� �d�j�b�l�_�j�b�•�m�f�Z�� �i�j�b�k�l�m�i�Z�� �k�_�� �b�a�j�Z�q�m�g�Z�\�Z�ƒ�m���j�b�a�b�d�Z���m���d�h�f�_�� �k�_�� �g�b�\�h�� �j�b�a�b�d�Z��

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

�J��� ���L���o���<�o���M 
 
�G�Z�d�h�g�� �i�j�h�j�Z�q�m�g�Z�� �j�b�a�b�d�Z�� �a�Z�� �k�\�Z�d�m�� �h�i�Z�k�g�h�k�l���r�l�_�l�g�h�k�l�� �\�j�r�b�� �k�_�� �j�Z�g�]�b�j�Z�ƒ�_�� �g�Z�� �h�k�g�h�\�m�� �g�b�\�h�Z��

���j�Z�g�]�Z�����j�b�a�b�d�Z���� 
 

�J�:�G�= �H�I�B�K �D�E�:�K�B�N�B�D�:�P�B�3�? 

1 
�J�”���� �I�j�b�o�\�Z�l�‚�b�\ 

2 
�������J�”���� �F�Z�e�b�����I�h�l�j�_�[�Z�g���h�i�j�_�a�����j�_�r�b�l�b�� �]�Z���j�_�^�h�\�g�h�f���i�j�h�p�_�^�m�j�h�f�� �± 
�j�Z�^�g�b�f���m�i�m�k�l�\�h�f�� 

3 
�������J�”������ �M�f�_�j�_�g�b�����I�h�l�j�_�[�g�_���f�_�j�_�� 

4 
���������J�”������ �<�b�k�h�d�b�����I�h�l�j�_�[�g�Z���[�j�a�Z���j�_�Z�d�p�b�•�Z���h�^���k�l�j�Z�g�_���\�b�r�_�]���j�m�d�h�\�h�^�k�l�\�Z����
�a�Z�o�l�_�\�Z�l�b���i�h�[�h�‚�r�Z�ƒ�_���h�^���i�j�\�h�]�� �i�j�_�l�i�h�k�l�Z�\�‚�_�g�h�]�� 

5 
�J�!������ �?�d�k�l�j�_�f�g�b���j�b�a�b�d���� �I�j�_�d�b�g�m�l�b�� �Z�d�l�b�\�g�h�k�l�����I�h�l�j�_�[�g�Z���f�h�f�_�g�l�Z�e�g�Z��
�Z�d�p�b�•�Z�� �h�^���k�l�j�Z�g�_���g�Z�•�\�b�r�_�]�� �j�m�d�h�\�h�^�k�l�Z�\�Z 

 
�D�Z�^�Z���k�_���i�j�h�j�Z�q�m�g�Z�•�m���k�\�b�� �j�b�a�b�p�b���� �k�Z�]�e�_�^�Z�\�Z���k�_���k�\�Z�d�Z���h�i�Z�k�g�h�k�l���b���r�l�_�l�g�h�k�l�����Z���g�Z�•�\�_�„�b���h�^���ƒ�b�o���k�_��

�m�a�b�f�Z���d�Z�h���f�_�j�h�^�Z�\�Z�g���a�Z���l�h���j�Z�^�g�h���f�_�k�l�h�� �A�Z���j�Z�^�g�h���f�_�k�l�h���k�Z���i�h�\�_�„�Z�g�b�f���j�b�a�b�d�h�f���k�f�Z�l�j�Z���k�_���j�Z�^�g�h���f�_�k�l�h��
�a�Z���d�h�•�_���•�_���b�a�j�Z�q�m�g�Z�l�Z���\�j�_�^�g�h�k�l���j�b�a�b�d�Z���\�_�„�Z���h�^������. 
 
�����������:�g�Z�e�b�a�Z���h�i�Z�k�g�h�k�l�b���b���r�l�_�l�g�h�k�l�b�� 
 

�M�� �l�Z�[�_�e�b�� �k�m�� �i�j�b�d�Z�a�Z�g�_�� �k�\�_�� �h�i�Z�k�g�h�k�l�b�� �b�� �r�l�_�l�g�h�k�l�b�� �\�_�a�Z�g�_�� �a�Z�� �j�Z�^�g�h�� �f�_�k�l�h���� �d�Z�h�� �b�� �ƒ�b�o�h�\�_��
�\�_�j�h�\�Z�l�g�h�„�_�����m�q�_�k�l�Z�e�h�k�l �g�Z�k�l�Z�g�d�Z���b���l�_�`�b�g�Z���i�h�\�j�_�^�Z�� 
  



�J�b�a�b�d���b���[�_�a�[�_�^�g�h�k�g�b���b�g�`�_�ƒ�_�j�b�g�]��- �D�h�i�Z�h�g�b�d��������4. 

107 

�J�_�^�g�b��
�[�j�h�• �I�J�?�I�H�A�G�:�L�B���J�B�A�B�P�B 

�I�J�H�P�?�G�:���J�B�A�B�D�: 

�I�h�k�e�_�^�b�p�_ 
�I  

�<�_�j�h�\�Z�l�g�h�„�Z 
�< 

�M�q�_�k�l�Z�e�h�k�l 
�M 

�G�b�\�h���j�b�a�b�d�Z 
�J� �I�[�<�[�M 

�F�_�o�Z�g�b�q�d�_���h�i�Z�k�g�h�k�l�b���d�h�•�_���k�_���i�h�•�Z�\�‚�m�•�m���d�h�j�b�r�l�_�ƒ�_�f���h�i�j�_�f�_���a�Z���j�Z�^ 

1 

�G�_�^�h�\�h�‚�g�Z���[�_�a�[�_�^�g�h�k�l���a�[�h�]��
�j�h�l�b�j�Z�•�m�„�b�o�� �b�e�b�� �i�h�d�j�_�l�g�b�o�� �^�_�e�h�\�Z��
���f�h�^�j�b�p�_���� �g�Z�]�ƒ�_�q�_�ƒ�Z�����i�j�_�e�h�f�b����
�Z�f�i�m�l�Z�p�b�•�_�� 

6 3 10 180 

2 

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

6 3 10 180 

�H�i�Z�k�g�h�k�l�b���d�h�•�_���i�h�•�Z�\�‚�m�•�m���m���\�_�a�b���k�Z���d�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�Z���j�Z�^�g�h�]���f�_�k�l�Z 

3 

�H�i�Z�k�g�_���i�h�\�j�r�b�g�_�� �± �i�h�^�h�\�b���� �k�\�_��
�\�j�k�l�_���]�Z�a�b�r�l�Z�����i�h�\�j�r�b�g�_�� �k�Z��
�d�h�•�b�f�Z���a�Z�i�h�k�e�_�g�b���^�h�e�Z�a�b���m���^�h�^�b�j���b��
�k�e�������f�h�^�j�b�p�_���� �g�Z�]�ƒ�_�q�_�ƒ�Z����
�i�h�k�_�d�h�l�b�g�_�� 

1 3 10 30 

4 
�F�h�]�m�„�g�h�k�l�� �d�e�b�a�Z�ƒ�Z���b�� �k�i�h�l�b�p�Z�ƒ�Z��
���f�h�^�j�b�p�_���� �g�Z�]�ƒ�_�q�_�ƒ�Z�����i�j�_�e�h�f�b�� 2 3 10 60 

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

5 �H�i�Z�k�g�h�k�l���h�^���^�b�j�_�d�l�g�h�]��
�^�h�^�b�j�Z���k�l�j�m�•�g�b�� �m�^�Z�j�����h�i�_�d�h�l�b�g�_�� 

2 1 10 20 

6 
�H�i�Z�k�g�h�k�l���h�^���b�g�^�b�j�_�d�l�g�h�]��
�^�h�^�b�j�Z���k�l�j�m�•�g�b�� �m�^�Z�j�����h�i�_�d�h�l�b�g�_�� 

2 1 10 20 

�O�_�f�b�•�k�d�_���r�l�_�l�g�h�k�l�b���b���^�b�f�h�\�b 

7 

�O�_�f�b�•�k�d�_���r�l�_�l�g�h�k�l�b�����i�j�Z�r�b�g�Z�� �b��
�^�b�f�h�\�b�����m�^�b�k�Z�ƒ�_�����]�m�r�_�ƒ�_����
�m�g�h�r�_�ƒ�_���m���h�j�]�Z�g�b�a�Z�f���� �i�j�h�^�h�j�� �m��
�l�_�e�h���d�j�h�a���d�h�`�m�� 

2 3 10 60 

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

1 3 10 30 

�N�b�a�b�q�d�_���r�l�_�l�g�h�k�l�b 

9 �;�m�d�Z�b���\�b�[�j�Z�p�b�•�_ 3 1 10 30 

�R�l�_�l�g�h�k�l�b���d�h�•�_���i�j�h�b�k�l�b�q�m���b�a���i�k�b�o�h�n�b�a�b�q�d�b�o���g�Z�i�h�j�Z 

10 �G�_�n�b�a�b�h�e�h�r�d�b�� �i�h�e�h�`�Z�•�� �l�_�e�Z��
���^�m�]�h�l�j�Z�•�g�h���k�l�Z�•�Z�ƒ�_�� 

3 1 10 30 

�R�l�_�l�g�h�k�l�b���\�_�a�Z�g�_���a�Z���h�j�]�Z�g�b�a�Z�p�b�•�m���j�Z�^�Z 

11 �J�Z�^���m���k�f�_�g�Z�f�Z�����Z���^�m�`�b���h�^���i�m�g�h�]��
�j�Z�^�g�h�]���\�j�_�f�_�g�Z 

2 3 6 36 

 
4�����F�?�J�?���A�:���K�F�:�5�?�5�?���J�B�A�B�D�:�H�>���H�I�:�K�G�H�K�L�B���B���R�L�?�L�G�H�K�L�B�� 

�G�Z���h�k�g�h�\�m���]�h�j�_�� �b�a�e�h�`�_�g�h�]�����j�Z�^�g�h���f�_�k�l�h���•�_���f�_�k�l�h���k�Z���i�h�\�_�„�Z�g�b�f���j�b�a�b�d�Z�����h�[�a�b�j�h�f���^�Z���g�b�\�h���j�b�a�b�d�Z��
�a�Z�� �^�\�_ �h�i�Z�k�g�h�k�l�b�� �i�j�_�\�Z�a�b�e�Z�a�b�� ������ ���g�b�\�h�� �j�b�a�b�d�Z���\�_�a�Z�g���a�Z���d�h�j�b�r�„�_�ƒ�_���h�i�j�_�f�_�� �a�Z���j�Z�^�� �•�_�� �m���h�[�Z���k�e�m�q�Z�•�Z���•�_��
������������ �I�h�k�_�[�g�Z�� �i�Z�`�ƒ�Z�� �k�_�� �i�h�d�e�Z�ƒ�Z�� �m�]�j�Z�^�ƒ�b�� �k�b�]�m�j�g�h�k�g�b�o�� �d�h�q�g�b�p�Z�� �d�h�•�_�� �[�e�h�d�b�j�Z�•�m�� �j�Z�^�� �^�\�h�\�Z�‚�d�Z�� �b��
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�Z�m�l�h�f�Z�l�k�d�b���f�_�ƒ�Z�•�m���k�f�_�j�� �d�j�_�l�Z�ƒ�Z���\�Z�‚�Z�d�Z���b���h�f�h�]�m�„�Z�\�Z�•�m���b�a�\�e�Z�q�_�ƒ�_���_�d�k�l�j�_�f�b�l�_�l�Z�� �H�\�Z�•���k�b�k�l�_�f���f�h�`�_��
�[�b�l�b���^�_�n�b�g�b�k�Z�g�� �>���@���� 

- �a�Z�r�l�b�l�g�h�f���i�h�e�m�]�h�f�� �m���\�b�k�b�g�b�� �j�m�d�_���i�j�b�d�Z�a�Z�g�� �g�Z���K�e�b�p�b��2,  
- �a�Z�r�l�b�l�g�h�f���i�h�e�m�]�h�f�� �m���\�b�k�b�g�b�� �k�l�h�f�Z�d�Z���i�j�b�d�Z�a�Z�g���g�Z���K�e�b�p�b��3,  
- �a�Z�r�l�b�l�g�b�f���d�Z�[�e�h�f���i�j�b�d�Z�a�Z�g���g�Z���K�e�b�p�b��4,  
- �a�Z�r�l�b�l�g�b�f���l�Z�k�l�_�j�b�f�Z���i�j�b�d�Z�a�Z�g���g�Z���K�e�b�p�b��5,  
- �a�Z�r�l�b�l�g�R�f���h�]�j�Z�^�h�f���g�Z���K�e�b�p�b��6. 

 

 
�K�e�b�d�Z��2 �± �A�Z�r�l�b�l�g�Z �i�h�e�m�]�Z �m���\�b�k�b�g�b���j�m�d�_ 

 
�K�e�b�d�Z��3 �± �A�Z�r�l�b�l�g�Z �i�h�e�m�]�Z �m���\�b�k�b�g�b���k�l�h�f�Z�d�Z 

 
�K�e�b�d�Z��4 �± �A�Z�r�l�b�l�g�b���d�Z�[�e 

 
�K�e�b�d�Z��5 �± �A�Z�r�l�b�l�g�b���l�Z�k�l�_�j 

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

�i�j�_�^�\�b�{�Z�� �k�_�� �b�� �m�]�j�Z�^�ƒ�Z���a�Z�r�l�b�l�g�_���h�]�j�Z�^�_���d�h�•�Z���h�g�_�f�h�]�m�„�Z�\�Z���^�Z���h�i�_�j�Z�l�h�j�� �f�Z�r�b�g�_���m���[�b�e�h���d�h�f�� �f�h�f�_�g�l�m��
�^�h�{�_���m���d�h�g�l�Z�d�l���k�Z���j�h�l�b�j�Z�•�m�„�b�f���^�_�e�h�\�b�f�Z���f�Z�r�b�g�_�����r�l�h���m�•�_�^�g�h���b�� �i�j�_�^�k�l�Z�\�‚�Z���g�Z�•�[�h�‚�m���a�Z�r�l�b�l�m�� [6] 

�I�h�j�_�^�� �]�h�j�_�� �g�Z�\�_�^�_�g�b�o�� �k�b�]�m�j�g�h�k�g�b�o�� �k�b�k�l�_�f�Z���� �g�_�h�i�o�h�^�g�h�� �•�_�� �^�Z�� �m�� �i�j�h�p�_�^�m�j�m�� �m�{�_�� �b�� �h�[�Z�\�_�a�g�Z��
�i�j�h�\�_�j�Z���j�Z�^�Z���k�\�b�o���k�b�]�m�j�g�h�k�g�b�o���k�b�k�l�_�f�Z���i�j�b�� �i�j�\�h�f�� �k�l�Z�j�l�h�\�Z�ƒ�m���f�Z�r�b�g�Z���h�^���k�l�j�Z�g�_���h�i�_�j�Z�l�_�j�Z�����L�Z�d�h�{�_����
�g�_�h�i�o�h�^�g�Z�� �•�_�� �b�� �i�_�j�b�h�^�b�q�g�Z�� �i�j�_�]�e�_�^���� �h�^�� �k�l�j�Z�g�_�� �g�Z�^�a�h�j�g�h�]�� �h�j�]�Z�g�Z�� �^�Z�� �e�b�� �k�b�]�m�j�g�h�k�g�b�� �k�b�k�l�_�f�b�� �g�b�k�m��
�b�k�d�‚�m�q�_�g�b���b�e�b���h�g�_�k�i�h�k�h�[�‚�_�g�b�� 

 
�K�e�b�d�Z��6 �± �I�j�b�f�_�j���a�Z�r�l�b�l�l�g�_���f�j�_�`�_ 
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5. �A�:�D�4�M�Q�:�D 
�G�Z�•�\�_�„�b�� �[�j�h�•�� �i�h�\�j�_�^�Z�� �m�� �b�g�^�m�k�l�j�b�•�b�� �g�Z�k�l�Z�•�_�� �i�j�b�� �j�Z�^�m���g�Z�� �f�Z�r�b�g�Z�f�Z�� �a�Z�� �k�_�q�_�ƒ�_���� �i�j�_�k�h�\�Z�ƒ�_����

�a�Z�\�Z�j�b�\�Z�ƒ�_�� �b�� �f�Z�r�b�g�Z�f�Z�� �a�Z�� �i�j�h�b�a�\�h�^�ƒ�m�� �]�m�f�_�g�b�o�� �k�f�_�r�Z�����I�j�b �j�Z�^�m�� �g�Z�� �\�Z�‚�p�b�f�Z�� �b�� �f�b�d�k�_�j�b�f�Z�� �a�Z��
�f�_�r�Z�ƒ�_���]�m�f�_�� �g�Z�k�l�Z�•�_�� �g�Z�•�\�_�„�b�� �[�j�h�•�� �l�_�r�d�b�o���i�h�\�j�_�^�Z���� �d�Z�h���b�� �i�h�\�j�_�^�Z���k�Z���k�f�j�l�g�b�f�� �b�k�o�h�^�h�f �����A�[�h�]���l�h�]�Z���k�_��
�i�h�k�_�[�g�Z�� �i�Z�`�ƒ�Z�� �i�h�k�\�_�„�m�•�_�� �i�j�h�p�_�g�b�� �j�b�a�b�d�Z�� �a�Z�� �j�Z�^�g�h�� �f�_�k�l�h�� �g�Z�� �h�\�b�f�� �f�Z�r�b�g�Z�f�Z���� �d�Z�h�� �� �b�� �f�_�j�Z�f�Z�� �a�Z��
�k�f�Z�ƒ�_�ƒ�_���j�b�a�b�d�Z���h�^���i�j�_�i�h�a�g�Z�l�b�o���h�i�Z�k�g�h�k�l�b �b�� �r�l�_�l�g�h�k�l�b�� 

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

�G�Z�d�h�g�� �k�i�j�h�\�_�^�_�g�_�� �i�j�h�p�_�^�m�j�_�� �a�Z�� �i�j�h�p�_�g�m�� �g�b�\�h�Z�� �j�b�a�b�d�Z���� �a�Z�d�‚�m�q�m�•�_�� �k�_�� �^�Z�� �a�Z�� �f�_�o�Z�g�b�q�d�_��
�h�i�Z�k�g�h�k�l�b�� �d�h�•�_�� �k�_���i�h�•�Z�\�‚�m�•�m���d�h�j�b�r�l�_�ƒ�_�f�� �h�i�j�_�f�_�� �a�Z���j�Z� :̂ �g�_�^�h�\�h�‚�g�Z���[�_�a�[�_�^�g�h�k�l�� �a�[�h�]���j�h�l�b�j�Z�•�m�„�b�o���b�e�b��
�i�h�d�j�_�l�g�b�o�� �^�_�e�h�\�Z�� �b�� �g�_�^�h�\�h�‚�g�Z�� �[�_�a�[�_�^�g�h�k�l�� �a�[�h�]�� �j�h�l�b�j�Z�•�m�„�b�o�� �b�e�b�� �i�h�d�j�_�l�g�b�o�� �^�_�e�h�\�Z���� �g�b�\�h�� �j�b�a�b�d�Z�� �•�_��
���������� �I�h��Kinney �f�_�l�h�^�b�� �a�Z�� �j�Z�^�g�h�� �f�_�k�l�h�� �k�Z�� �i�h�\�_�„�Z�g�b�f�� �j�b�a�b�d�h�f�� �k�f�Z�l�j�Z�� �k�_�� �j�Z�^�g�h�� �f�_�k�l�h�� �a�Z�� �d�h�•�_�� �•�_��
�b�a�j�Z�q�m�g�Z�l�Z���\�j�_�^�g�h�k�l���j�b�a�b�d�Z���\�_�„�Z���h�^������ �b���a�[�h�]���l�h�]�Z���•�_���i�h�l�j�_�[�g�h���i�j�_�^�m�a�_�l�b���f�_�j�_���a�Z���k�f�Z�ƒ�_�ƒ�_���j�b�a�b�d�Z�� 

�D�Z�h���f�_�j�_�� �a�Z���k�f�Z�ƒ�_�ƒ�_���j�b�a�b�d�Z���i�j�_�^�e�h�`�_�g�_���k�m�����m�]�j�Z�^�ƒ�Z���k�b�]�m�j�g�h�k�g�b�o���d�h�q�g�b�p�Z���d�h�•�_���[�e�h�d�b�j�Z�•�m���j�Z�^��
�^�\�h�\�Z�‚�d�Z���b�� �Z�m�l�h�f�Z�l�k�d�b���f�_�ƒ�Z�•�m���k�f�_�j�� �d�j�_�l�Z�ƒ�Z���\�Z�‚�Z�d�Z���b���h�f�h�]�m�„�Z�\�Z�•�m���b�a�\�e�Z�q�_�ƒ�_���_�d�k�l�j�_�f�b�l�_�l�Z���� �d�Z�h���b��
�j�Z�a�e�b�q�b�l�b�� �l�b�i�h�\�b�� �a�Z�r�l�b�l�_���� �a�Z�r�l�b�l�g�Z�� �i�h�e�m�]�Z�� �m�� �\�b�k�b�g�b���j�m�d�_���� �a�Z�r�l�b�l�g�Z�� �i�h�e�m�]�Z�� �m�� �\�b�k�b�g�b�� �k�l�h�f�Z�d�Z����
�a�Z�r�l�b�l�g�b���d�Z�[�e�����a�Z�r�l�b�l�g�b���l�Z�k�l�_�j�b���b���a�Z�r�l�b�l�g�Z���h�]�j�Z�^�Z�� 
 
�������J�?�N�?�J�?�G�P�? 
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�M�a�b�f�Z�•�m�„�b�� �m�� �h�[�a�b�j�� �h�[�Z�\�_�a�_�� �d�h�•�_�� �i�j�h�b�k�l�b�q�m�� �b�a�� �A�Z�d�h�g�Z���h�� �[�_�a�[�_� �̂g�h�k�l�b�� �b�� �a� �̂j�Z�\�‚�m�� �g�Z���j�Z� �̂m�����q�e�Z�g���������k�l�Z�\��������

�l�Z�q�d�Z�� ���� �b�� �������� �I�j�Z�\�b�e�g�b�d�Z�� �h�� �k�Z� �̂j�`�Z�•�m�� �?�e�Z�[�h�j�Z�l�Z�� �h�� �m�j�_�{�_�ƒ�m�� �]�j�Z� �̂b�e�b�r�l�Z�� ���Ä�K�e���]�e�Z�k�g�b�d�� �J�K�³���� ������������������ �M�j�_� �̂[�_�� �h��
�[�_�a�[�_� �̂g�h�k�l�b�� �b�� �a� �̂j�Z�\�‚�m�� �g�Z�� �j�Z� �̂m�� �g�Z�� �i�j�b�\�j�_�f�_�g�b�f���b�e�b���i�h�d�j�_�l�g�b�f���]�j�Z� �̂b�e�b�r�l�b�f�Z�����Z�g�Z�e�b�a�Z�f�Z���i�h�\�j�_� �̂Z���g�Z���j �Z� �̂m���d�h�•�_��
�k�m�� �k�_�� � �̂h�]�Z�{�Z�•�m�� �m�� �]�j�Z�{�_�\�b�g�Z�j�k�l�\�m���� �i�j�_�\�_�g�l�b�\�g�_�� �f�_�j�_�� �a�Z�� �[�_�a�[�_� �̂Z�g�� �b�� �a� �̂j�Z�\���j�Z� �̂��g�Z���]�j�Z� �̂b�e�b�r�l�b�f�Z���a�Z�o�l�_�\�Z�•�m���i�h�k�_�[�g�m��
�i�Z�`�ƒ�m���d�Z�d�h���m���g�h�j�f�Z�l�b�\�g�h�f���m�j�_�{�b�\�Z�ƒ�m�����l�Z�d�h���b���m���i�j�b�f�_�g�b�� 

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

WORKS IN DEPTH WITH THE USE  
OF PROTECTIVE CAGE 

ABSTRAKT 
Taking into account  the obligations arising from the law on Safety and Health at Work (Article 7, paragraph 1, 

�L�W�H�P�������D�Q�G�����������5�H�J�X�O�D�W�L�R�Q�V���R�Q���F�R�Q�W�H�Q�W�V���R�I���W�K�H���E�X�L�O�G�L�Q�J���V�L�W�H�����³�2�I�I�L�F�L�D�O���*�D�]�H�W�W�H���R�I���5�6�´�����1�R����������������������Decree on Safety and 
Health  at Work at temporary or mobile construction sites, analysis of workplace injures that occur in the consrustion 
industry, preventive measures for Safe and Healthy work sites that require special attention to the normative regula tion, 
and in the application. 

Key words: site, a protective cage, safety and health at work. 
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 �H�[�Z�\�_�a�_���d�h�•�_���i�j�h�b�k�l�b�q�m���b�a���A�Z�d�h�g�Z���h���[�_�a�[�_�^�g�h�k�l�b���b���a�^�j�Z�\�‚�m���g�Z���j�Z�^�m���b�����M�j�_�^�[�_���h���[�_�a�[�_�^�g�h�k�l�b���b��
�a�^�j�Z�\�‚�m�� �g�Z�� �j�Z�^�m�� �g�Z�� �i�j�b�\�j�_�f�_�g�b�f�� �b�e�b�� �i�h�d�j�_�l�g�b�f�� �]�j�Z�^�b�e�b�r�l�b�f�Z�� �f�h�`�_�f�h�� �a�Z�d�‚�m�q�b�l�b�� �^�Z�� �•�_��
�]�j�Z�{�_�\�b�g�Z�j�k�l�\�h�� �•�_�^�g�Z�� �h�^�� �g�Z�•�j�b�a�b�q�g�b�•�b�o���^�_�e�Z�l�g�h�k�l�b�� �m���i�h�]�e�_�^�m���f�h�]�m�„�g�h�k�l�b�� �i�h�\�j�_�{�b�\�Z�ƒ�Z���b�� �m�]�j�h�`�Z�\�Z�ƒ�Z��
�a�^�j�Z�\�‚�Z�� �a�Z�i�h�k�e�_�g�b�o���� �I�h�j�Z�k�l�� �[�j�h�•�Z�� �i�h�\�j�_�^�Z�� �g�Z�� �]�j�Z�^�b�e�b�r�l�b�f�Z�� �b�� �ƒ�b�o�h�\�Z�� �l�_�`�b�g�Z�� �a�Z�o�l�_�\�Z�•�m�� �i�j�b�f�_�g�m��
�g�_�h�i�o�h�^�g�b�o�� �f�_�j�Z�� �[�_�a�[�_�^�g�h�k�l�b�� �g�Z�� �j�Z�^�m���� �•�_�j�� �k�_�� �l�Z�d�h�� �f�h�]�m�� �k�i�j�_�q�b�l�b�� �g�_�k�j�_�„�_�� �g�Z�� �j�Z�^�m�� �b�� �h�l�d�e�h�g�b�l�b��
�g�_�]�Z�l�b�\�g�b���m�l�b�p�Z�•�b�� �j�Z�^�g�_���k�j�_�^�b�g�_���g�Z���a�^�j�Z�\�‚�_�� 
 �I�h�k�e�h�^�Z�\�Z�p�� �d�h�•�b�� �b�a�\�h�^�b�� �j�Z�^�h�\�_�� �g�Z�� �]�j�Z�^�b�e�b�r�l�m�� �^�m�`�Z�g�� �•�_�� �^�Z�� �b�a�j�Z�^�b�� �?�e�Z�[�h�j�Z�l�� �h�� �m�j�_�{�_�ƒ�m��
�]�j�Z�^�b�e�b�r�l�Z�� �d�h�•�b�� �k�Z�^�j�`�b�� �r�_�f�m�� �]�j�Z�^�b�e�b�r�l�Z���� �h�i�b�k�� �j�Z�^�h�\�Z���� �g�Z�q�b�g�� �b�a�\�h�{�_�ƒ�Z�� �j�Z�^�h�\�Z���� �k�j�_�^�k�l�\�Z�� �d�h�•�Z�� �k�_��
�d�h�j�b�k�l�_���a�Z���b�a�\�h�{�_�ƒ�_���j�Z�^�h�\�Z�����h�^�g�h�k�g�h���^�Z���i�j�_�^�m�a�f�_���k�\�_���g�_�h�i�o�h�^�g�_���f�_�j�_���a�Z���[�_�a�[�_�^�Z�g���b���a�^�j�Z�\���j�Z�^�� 
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 �A�_�f�‚�Z�g�b���j�Z�^�h�\�b���b�a�\�h�^�_���k�_���m�a���i�j�b�f�_�g�m�� �i�h�k�_�[�g�b�o���f�_�j�Z���[�_�a�[�_� �̂g�h�k�l�b�����I�h�k�_�[�g�_���f�_�j�_���[�_�a�[�_�^�g�h�k�l�b��
�g�Z���j�Z�^�m���i�j�b�� �b�a�\�h�{�_�ƒ�m���a�_�f�‚�Z�g�b�o���j�Z�^�h�\�Z���•�_�k�m���f�_�j�_�� �i�j�h�l�b�\�� �h�[�j�m�r�Z�\�Z�ƒ�Z���� �h�^�j�h�g�Z���i�j�b���b�k�d�h�i�b�f�Z�����f�_�j�_���a�Z��
�k�i�j�_�q�Z�\�Z�ƒ�_�� �d�e�b�a�Z�ƒ�Z�� �h�d�h�e�g�b�o�� �a�_�f�‚�Z�g�b�o�� �k�e�h�•�_�\�Z���� �H�\�b�� �j�Z�^�h�\�b�� �b�a�\�h�^�_�� �k�_�� �i�h�^�� �k�l�Z�e�g�b�f�� �g�Z�^�a�h�j�h�f�� �b��
�m�i�m�l�k�l�\�h�f���j�m�d�h�\�h�^�b�h�p�Z���j�Z�^�h�\�Z�����m�a���i�j�b�f�_�g�m�����?�e�Z�[�h�j�Z�l�Z���h���m�j�_�{�_�ƒ�m���]�j�Z�^�b�e�b�r�l�Z�� 
 �I�h�k�_�[�g�_���f�_�j�_���a�Z�r�l�b�l�_���h�^���h�[�j�m�r�Z�\�Z�ƒ�Z���i�j�_�^�\�b�{�_�g�_���k�m���i�j�b���b�k�d�h�i�b�f�Z���^�m�[�‚�b�f���h�^�����������f�����D�Z�^�Z���k�_��
�\�j�r�b�� �b�k�d�h�i�� �j�h�\�Z���a�Z���i�h�k�l�Z�\�‚�Z�ƒ�_���\�h�^�h�\�h�^�g�b�o���b�� �d�Z�g�Z�e�b�a�Z�p�b�h�g�b�o���p�_�\�b���� �n�Z�a�_���j�Z�^�g�h�]�� �i�j�h�p�_�k�Z���a�[�b�•�Z�•�m���k�_���m��
�d�j�Z�„�_���^�_�h�g�b�p�_�� 
 

                        �������H�;�?�A�;�?�-�B�<�:�5�?���J�H�<�:���H�>���H�;�J�M�R�:�<�:�5�:���A�:�R�L�B�L�G�B�F���D�:�<�?�A�H�F 
            ���������G�Z�f�_�g�Z���b���h�i�b�k�� 
 �A�Z�r�l�b�l�g�b�� �d�Z�\�_�a�� �•�_�� �i�h�f�h�„�g�b�� �Z�e�Z�l�� �d�h�•�b�� �k�_�� �b�k�d�‚�m�q�b�\�h�� �d�h�j�b�k�l�b�� �d�Z�h�� �a�Z�r�l�b�l�Z�� �a�Z�i�h�k�e�_�g�b�o�� �h�^��
�h�[�j�m�r�Z�\�Z�ƒ�Z���a�_�f�‚�_���i�j�b�e�b�d�h�f���d�h�i�Z�ƒ�Z���^�m�[�‚�b�o���j�h�\�h�\�Z���� 

                                                 
1 �3�D�I���Ä�<�h�^�h�\�h�^���b���d�Z�g�Z�e�b�a�Z�p�b�•�Z�³���D�j�Z�] �m�•�_�\�Z�p 
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 �A�Z�r�l�b�l�g�b�� �d�Z�\�_�a�� �•�_�� �b�a�j�Z�{�_�g �h�^�� �d�m�l�b�•�Z�k�l�b�o�� �i�j�h�n�b�e�Z���d�h�•�b�� �q�b�g�_���j�_�r�_�l�d�Z�k�l�m���g�h�k�_�„�m���d�h�g�k�l�j�m�d�p�b�•�m��
�b�� �q�_�e�b�q�g�h�]�� �e�b�f�Z�� �d�h�•�b�f�� �•�_�� �h�[�e�h�`�_�g�Z�� �[�h�q�g�Z�� �d�h�g�k�l�j�m�d�p�b�•�Z�� �d�Z�\�_�a�Z���� �G�Z�� �q�_�h�g�b�f�� �k�l�j�Z�g�Z�f�Z�� �d�Z�\�_�a�Z��
�i�h�k�l�Z�\�‚�_�g�h�� �•�_�� �]�j�b�n�h�\�Z�g�h�� �i�e�Z�l�g�h���� �G�Z�� �\�j�o�m�� �b�e�b�� �i�e�Z�n�h�g�m�� �d�Z�\�_�a�Z�� �g�Z�e�Z�a�b�� �k�_�� �j�_�\�b�a�b�h�g�b�� �h�l�\�h�j�� �d�h�•�b��
�h�f�h�]�m�„�Z�\�Z���m�e�Z�a�Z�d���a�Z�i�h�k�e�_�g�h�]���m���i�j�h�k�l�h�j���d�Z�\�_�a�Z�����J�_�\�b�a�b�h�g�b���h�l�\�h�j���a�Z�l�\�Z�j�Z���k�_���q�_�e�b�q�g�b�f���i�h�d�e�h�i�p�_�f�� 
 
 ���������L�_�o�g�b�q�d�_���d�Z�j�Z�d�l�_�j�b�k�l�b�d�_���a�Z�r�l�b�l�g�h�]���d�Z�\�_�a�Z 
            �=�Z�[�Z�j�b�l�g�_���^�b�f�_�g�a�b�•�_������������������������������������������������������������������������������������������������ L = 1520 mm 
                                                                                                B = 706 mm 
                                                                                                H = 2500 mm �[�_�a���m�r�b�p�Z 
                                                                                                H=  2686 mm �k�Z���m�r�b�p�Z�f�Z 
             
          
 ���������M�]�j�Z�{�_�g�b���f�Z�l�_�j�b�•�Z�e 
 �D�m�l�b�•�Z�k�l�b�i�� �i�j�h�n�b�e 60x60x2.5 
 �D�m�l�b�•�Z�k�l�b�i�� �i�j�h�n�b�e 60x40x2.5 
 �P�j�g�b���e�b�f���ý�������������� �^�_�[�‚�b�g�_��d=3mm 
 �=�j�b�n�h�\�Z�g�h�� �i�e�Z�l�g�h���‘��mm���� �h�l�\�h�j�Z���h�d�p�Z������x40 
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      �B�k�i�b�l�b�\�Z�ƒ�_�� �a�Z�r�l�b�l�g�h�]�� �d�Z�\�_�a�Z�� �m�j�Z�{�_�g�h�� �•�_�� �g�Z�� �b�k�i�b�l�g�h�f���f�_�k�l�m�� �m�� �i�j�h�b�a�\�h�^�g�h�f�� �i�h�]�h�g�m��

�Ä�F�b�d�j�h�l�_�o�g�b�d�_�³�G�b�r���� �m�� �d�Z�j�Z�d�l�_�j�b�k�l�b�q�g�b�f�� �i�j�_�k�_�p�b�f�Z�� �k�Z���h�^�]�h�\�Z�j�Z�•�m�„�h�f�� �Z�i�Z�j�Z�l�m�j�h�f���� �m�k�l�Z�g�h�\�‚�_�g�h�f��
�f�_�l�h�^�h�f�� �i�j�h�\�_�j�_�� �k�b�e�_���i�j�b�� �d�h�•�h�•�� �g�_���^�h�e�Z�a�b���^�h�� �^�_�n�h�j�f�Z�p�b�•�_�� �d�Z�\�_�a�Z���� �B�k�i�b�l�b�\�Z�g�b���a�Z�r�l�b�l�g�b���d�Z�\�_�a���•�_���[�b�h��
�i�h�^�\�j�]�g�m�l�� �h�i�l�_�j�_�„�_�ƒ�b�f�Z���h�^�� ����-������ �N�1���m���i�h�i�j�_�q�g�h�f�� �i�j�Z�\�p�m�����r�l�h���i�j�_�^�k�l�Z�\�‚�Z���g�Z�•�f�Z�ƒ�_���^�\�h�k�l�j�m�d�b���b�a�g�h�k��
�\�j�_�^�g�h�k�l�b�� �m�� �i�j�h�j�Z�q�m�g�m�� �b�� �k�Z�� ������ �N�1�� �g�Z�� �d�j�h�\�m�� �r�l�h�� �i�j�_�^�k�l�Z�\�‚�Z�� �g�_�r�l�h�� �\�_�„�m�� �k�b�e�m�� �h�^�� �\�j�_�^�g�h�k�l�b�� �m��
�i�j�h�j�Z�q�m�g�m���� �A�Z�r�l�b�l�g�b���d�Z�\�_�a���g�b�•�_�� �i�j�_�l�j�i�_�h���l�j�Z�•�g�_���^�_�n�h�j�f �Z�p�b�•�_���� �Z�� �d�h�g�k�l�j�m�d�p�b�•�Z���k�_���\�j�Z�l�b�e�Z���m���i�j�\�h�[�b�l�g�b��
�i�h�e�h�`�Z�•�� �g�Z�d�h�g�� �j�Z�k�l�_�j�_�„�_�ƒ�Z�����l�Z�d�h���^�Z���•�_���a�Z�r�l�b�l�g�b���d�Z�\�_�a���[�_�a�[�_�^�Z�g���a�Z���m�i�h�l�j�_�[�m�� 

         �G�_�^�h�k�l�Z�l�Z�d�� �i�j�b�e�b�d�h�f�� �i�j�_�]�e�_�^�Z�� �[�b�h�� �•�_�� �l�Z�•�� �r�l�h�� �g�Z�� �a�Z�r�l�b�l�g�h�f�� �d�Z�\�_�a�m�� �g�b�•�_�� �i�h�k�l�Z�\�‚�_�g�Z�� �l�Z�[�e�b�p�Z�� �k�Z��
�h�k�g�h�\�g�b�f�� �b�� �l�_�o�g�b�q�d�b�f�� �i�h�^�Z�p�b�f�Z���� �d�Z�h�� �b �l�_�`�b�g�Z�� �a�Z�r�l�b�l�g�h�]�� �d�Z�\�_�a�Z���� �G�Z�d�h�g�� �^�h�[�b�•�Z�ƒ�Z�� �k�l�j�m�q�g�h�]�� �g�Z�e�Z�a�Z��
�k�\�b���g�_�^�h�k�l�Z�p�b���k�m���m�d�e�h�ƒ�_�g�b�� 
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 3.5 �I�h�k�l�m�i�Z�d�����j�m�d�h�\�Z�ƒ�Z 
 �Q�_�e�b�q�g�b�� �a�Z�r�l�b�l�g�b�� �d�Z�\�_�a�� �k�_�� �d�h�j�b�k�l�b�� �a�Z�� �a�Z�r�l�b�l�m�� �a�Z�i�h�k�e�_�g�b�o�� �i�j�b�� �b�a�\�h�{�_�ƒ�m�� �j�Z�^�h�\�Z��
�d�Z�g�Z�e�b�a�Z�p�b�h�g�_�� �b�� �\�h�^�h�\�h�^�g�_�� �f�j�_�`�_���� �d�Z�^�Z�� �k�m�� �^�m�[�b�g�_�� �\�_�„�_�� �h�^�� �i�j�h�i�b�k�Z�g�b�o���� �]�^�_�� �•�_�� �h�[�Z�\�_�a�g�h���h�[�_�a�[�_�{�_�ƒ�_��
�j�h�\�Z���h�^���h�[�j�m�r�Z�\�Z�ƒ�Z�� 
 �I�h�� �b�k�d�h�i�m���j�Z�^�g�h�]�� �j�h�\�Z���g�Z���i�j�h�•�_�d�l�h�\�Z�g�m���^�m�[�b�g�m���� �a�Z�r�l�b�l�g�b���d�Z�\�_�a���k�_���d�Z�q�b���q�_�e�b�q�g�h�f���k�Z�•�e�h�f���d�h�•�Z��
�•�_���Z�l�_�k�l�b�j�Z�g�Z���a�Z���i�j�_�^�\�b�{�_�g�_���m�r�b�p�_�����K�Z�•�e�Z���k�_���i�h�l�h�f���d�Z�q�b���a�Z���Z�l�_�k�l�b�j�Z�g�m���[�j�Z�\�m���g�Z���j�Z�^�g�m �d�Z�r�b�d�m���[�Z�]�_�j�Z����
�D�Z�^�Z���k�_���h�[�Z�\�b���j�Z�^�ƒ�Z���d�Z�q�_�ƒ�Z���d�Z�\�_�a�Z���k�Z�•�e�Z�f�Z���a�Z���d�Z�r�b�d�m���[�Z�]�_�j�Z�����a�Z�i�h�k�e�_�g�b���k�_���i�h�\�e�Z�q�_���m���[�_�a�[�_�^�g�m���a�h�g�m����
�;�Z�]�_�j���i�h�e�Z�d�h���i�h�^�b�`�_���d�Z�\�_�a���b�� �i�h�e�Z�d�h���k�i�m�r�l�Z���m���j�h�\�����G�Z�d�h�g���k�i�m�r�l�Z�ƒ�Z���d�Z�\�_�a�Z���m���j�h�\�����k�Z�•�e�Z���k�_���h�k�e�h�[�Z�{�Z���k�Z��
�d�Z�\�_�a�Z�� �b�� �[�Z�]�_�j�Z���� �i�h�f�_�j�Z�� �� �k�Z�� �k�l�j�Z�g�_�� �b�� �a�Z�i�h�k�e�_�g�b�� �k�b�e�Z�a�b�� �d�j�h�a�� �j�_�\�b�a�b�h�g�b���h�l�\�h�j�� �m���d�Z�\�_�a���� �I�h�� �k�b�e�Z�k�d�m���m��
�d�Z�\�_�a�����a�Z�i�h�k�e�_�g�b���a�Z�l�\�Z�j�Z���m�e�Z�a���d�Z�\�_�a�Z�����i�h�d�e�h�i�p�_�f���d�h�•�b�� �•�_���k�Z�k�l�Z�\�g�b���^�_�h���d�Z�\�_�a�Z�����i�Z���k�_���h�g�^�Z���k�i�m�r�l�Z���g�Z���^�g�h��
�]�^�_�� �h�[�Z�\�‚�Z�� �k�i�Z�•�Z�ƒ�_�� �p�_�\�b�� �b�e�b�� �^�j�m�]�_�� �i�h�l�j�_�[�g�_�� �j�Z�^�ƒ�_���� �K�Z�� �[�h�q�g�b�o�� �k�l�j�Z�g�Z�� �b�� �k�Z���\�j�o�Z�����i�e�Z�n�h�g�Z���� �d�Z�\�_�a�Z��
�a�Z�r�l�b�l�m�� �q�b�g�b�� �p�j�g�b�� �e�b�f�� �^�_�[�‚�b�g�_�� ����mm �^�h�d�� �•�_�� �k�Z�� �[�h�q�g�b�o�� �k�l�j�Z�g�Z�� �i�h�k�l�Z�\�‚�_�g�Z�� �a�Z�r�l�b�l�g�Z�� �f�j�_�`�Z�� �h�^��
�]�j�b�n�h�\�Z�g�h�]�� �i�e�Z�l�g�Z���‘�� ����mm���� �H�\�Z���f�j�_�`�Z���h�f�h�]�m�„�Z�\�Z���a�Z�i�h�k�e�_�g�h�f�� �^�Z���\�b�^�b���m�d�m�i�g�m���^�m�`�b�g�m���j�h�\�Z���m���d�h�f�_���•�_��
�d�Z�\�_�a�� �i�h�k�l�Z�\�‚�_�g���� �I�h�� �h�[�Z�\�‚�_�g�h�f�� �i�h�k�e�m�� �a�Z�i�h�k�e�_�g�b�� �b�a�e�Z�a�b�� �b�a�� �d�Z�\�_�a�Z���� �j�m�d�h�\�Z�h�p�� �[�Z�]�_�j�Z�� �g�Z�k�l�Z�\�‚�Z�� �k�Z��
�b�k�d�h�i�h�f�� �j�h�\�Z���� �a�Z�� �l�h�� �\�j�_�f�_�� �a�Z�i�h�k�e�_�g�b�� �k�m�� �\�Z�g�� �a�h�g�_�� �h�i�Z�k�g�h�k�l�b�� ���f�Z�g�b�i�m�e�Z�p�b�•�_�� �[�Z�]�_�j�Z������ �I�h�� �b�k�d�h�i�Z�g�h�f��
�k�e�_�^�_�„�_�f�� �i�h�‚�m���� �i�h�g�h�\�h�� �k�_�� �d�Z�q�b���k�Z�•�e�Z���g�Z���i�j�_�^�\�b�{�_�g�h�f���f�_�k�l�m���d�Z�\�_�a�Z���� �d�Z�\�_�a���k�_���i�h�^�b�`�_�� �b�� �i�j�_�f�_�r�l�Z�� �g�Z��
�k�e�_�^�_�„�_�� �i�j�_�^�\�b�{�_�g�h���f�_�k�l�h���� �]�^�_�� �k�_���i�j�_�l�o�h�^�g�Z���j�Z�^�ƒ�Z���i�h�g�Z�\�‚�Z���� �I�h�� �a�Z�\�j�r�_�l�d�m���j�Z�^�h�\�Z���d�Z�\�_�a���k�_���i�h�f�h�„�m��
�k�Z�•�e�_���b�a�\�e�Z�q�b���b�a���j�Z�^�g�h�]�� �j�h�\�Z���� �q�b�k�l�b�� �h�^�� �a�_�f�‚�_�� �b�� �\�b�a�m�_�e�g�h���i�j�h�\�_�j�Z�\�Z���^�Z���e�b���•�_���i�j�b�e�b�d�h�f���j�Z�^�Z���^�h�r�e�h���^�h��
�g�_�d�h�]�� �h�r�l�_�„�_�ƒ�Z���m���k�f�b�k�e�m���g�Z�i�j�k�e�b�g�Z���b�� �k�e���� �M�d�h�e�b�d�h���•�_���^�h�r�e�h���^�h���g�_�d�b�o���i�j�h�f�_�g�Z-�^�_�n�h�j�f�Z�p�b�•�_�����d�Z�\�_�a���k�_��
�\�j�Z�„�Z���m���o�b�^�j�h�f�Z�r�b�g�k�d�m���j�Z�^�b�h�g�b�p�m�� �]�^�_���k�_���\�j�r�b���i�h�i�j�Z�\�d�Z���b�k�l�h�]���� 
            ���������B�a�\�h�j�b���h�i�Z�k�g�h�k�l�b 

      �B�a�\�h�j�b�� �h�i�Z�k�g�h�k�l�b���i�j�b�� �j�Z�^�m���k�Z���a�Z�r�l�b�l�g�b�f���d�Z�\�_�a�h�f���k�m�� 
�ì �g�_�i�j�Z�\�b�e�g�h�� �j�m�d�h�\�Z�ƒ�_ 
�ì �g�_�b�k�i�j�Z�\�g�_-�h�r�l�_�„�_�g�_���m�r�b�p�_�� �a�Z���d�Z�q�_�ƒ�_���d�Z�\�_�a�Z 
�ì �h�r�l�_�„�_�g�b���i�h�d�e�h�i�Z�p�� �d�Z�\�_�a�Z 
�ì �h�r�l�_�„�_�g�Z���a�Z�r�l�b�l�g�Z���f�j�_�`�Z���g�Z���[�h�q�g�b�f���k�l�j�Z�g�Z�f�Z���d�Z�\�_�a�Z 
�ì �h�r�l�_�„�_�g�_���k�Z�•�e�_���a�Z���d�Z�q�_�ƒ�_���d�Z�\�_�a�Z 

�I�h�k�l�m�i�Z�d�����h�^�j� �̀Z�\�Z�ƒ�Z 
           �J�m�d�h�\�Z�ƒ�_���A�Z�r�l�b�l�g�b�f���d�Z�\�_�a�h�f���•�_���\�j�e�h���•�_�^�g�h�k�l�Z�\�g�h���b���g�_���a�Z�o�l�_�\�Z���g�b�d�Z�\�_���i�h�k�_�[�g�_���m�k�e�h�\�_���h�^�j�`�Z�\�Z�ƒ�Z����

�H�[�Z�\�_�a�Z���d�h�j�b�k�g�b�d�Z���•�_�� �^�Z���i�h�k�e�_���k�\�Z�d�h�]�� �a�Z�\�j�r�_�g�h�]�� �^�g�_�\�g�h�]���i�h�k�e�Z���\�b�a�m�_�e�g�h���i�j�_�]�e�_�^�Z���d�Z�\�_�a�����I�h�\�j�_�f�_�g�h����
�Z�� �g�Z�•�f�Z�ƒ�_�� �•�_�^�g�h�f�� �f�_�k�_�q�g�h�� �\�j�r�b�� �^�_�l�Z�‚�g�m�� �d�h�g�l�j�h�e�m�� �d�Z�\�_�a�Z���� �Z�� �m�� �k�e�m�q�Z�•�m�� �f�_�o�Z�g�b�q�d�h�]�� �h�r�l�_�„�_�ƒ�Z�� �b�k�l�_��
�h�l�d�e�h�g�b�� 
 �������A�:�D�4�M�Q�:�D 
 �J�Z�a�e�h�]�� �a�Z�� �b�a�j�Z�^�m�� �a�Z�r�l�b�l�g�h�]�� �d�Z�\�_�a�Z�� �[�b�e�_�� �k�m�� �l�_�r�d�_�� �i�h�\�j�_�^�_���� �d�Z�h�� �b�� �•�_�^�g�Z�� �l�_�r�d�Z�� �i�h�\�j�_�^�Z�� �k�Z��
�k�f�j�g�b�f���b�k�o�h�^�h�f���l�h�d�h�f���j�Z�^�h�\�Z���g�Z���^�m�[�b�g�b�����i�j�b�� �b�a�\�h�{�_�ƒ�m���\�h�^�h�\�h�^�g�_���b���d�Z�g�Z�e�b�a�Z�p�b�h�g�_�� �f�j�_�`�_���� 
 �G�Z�� �h�k�g�h�\�m�� �g�Z�r�_�]�� �q�_�l�\�h�j�h�]�h�^�b�r�ƒ�_�]�� �b�k�d�m�k�l�\�Z���� �i�j�b�f�_�g�Z�� �a�Z�r�l�b�l�g�h�]�� �d�Z�\�_�a�Z�� �i�j�b�� �j�Z�^�h�\�b�f�Z�� �g�Z��
�^�m�[�b�g�b���� �i�h�d�Z�a�Z�e�Z�� �k�_���•�Z�d�h���m�k�i�_�r�g�h�f�� �m���k�f�b�k�e�m���[�_�a�[�_�^�g�h�k�l�b�� �a�Z�i�h�k�e�_�g�b�o���g�Z���l�b�f�� �i�h�k�e�h�\�b�f�Z���� �G�_�f�b�g�h�\�g�Z��
�•�_�� �q�b�ƒ�_�g�b�p�Z���^�Z���•�_�� �m���i�h�q�_�l�d�m���[�b�e�h���l�_�r�d�h���j�Z�a�\�b�l�b�� �k�\�_�k�l�� �d�h�]�� �a�Z�i�h�k�e�_�g�b�o���^�Z���•�_���k�Z�f�Z���i�j�b�f�_�g�Z���a�Z�r�l�b�l�g�h�]��
�d�Z�\�_�a�Z���g�_�r�l�h���r�l�h���„�_���b�f���h�f�h�]�m�„�b�l�b���i�j�_���k�\�_�]�Z���[�_�a�[�_�^�Z�g���b���k�b�]�m�j�Z�g���j�Z�^���m���j�h�\�m���� 
 �K�Z���a�Z�^�h�\�h�‚�k�l�\�h�f���b�k�l�b�q�_�f�h���^�Z�����h�^���d�Z�^�Z���•�_���a�Z�r�l�b�l�g�b���d�Z�\�_�a���m���i�j�b�f�_�g�b�����g�b�•�_���[�b�e�h���i�h�\�j�_�^�Z�����i�h�r�l�h������
�a�Z�i�h�k�e�_�g�b���j�Z�^�h�\�_���\�b�r�_���g�_���h�[�Z�\�‚�Z�•�m���[�_�a���a�Z�r�l�b�l�g�h�]���d�Z�\�_�a�Z�� 

�������E�B�L�?�J�:�L�M�J�: 
 [1]  �A�Z�d�h�g���h���[�_�a�[�_�^�g�h�k�l�b���b���a�^�j�Z�\�‚�m���g�Z���j�Z�^�m ���Ä�K�e���]�e�Z�k�g�b�d���J�K�³�����[�j������������������ 
 [2] �M�j�_�^�[�Z�� �h�� �[�_�a�[�_�^�g�h�k�l�b�� �b�� �a�^�j�Z�\�‚�m�� �g�Z���j�Z�^�m���g�Z���i�j�b�\�j�_�f�_�g�b�f�� �b�e�b���i�h�d�j�_�l�g�b�f�� �]�j�Z�^�b�e�b�r�l�b�f�Z 
���Ä�K�e���]�e�Z�k�g�b�d���J�K�³�����[�j���������������� 
 [3] �I�j�Z�\�b�e�g�b�d�� �h���k�Z�^�j�`�Z�•�m���_�e�Z�[�h�j�Z�l�Z���h���m�j�_�{�_�ƒ�m���]�j�Z�^�b�e�b�r�l�Z�����Ä�K�e���]�e�Z�k�g�b�d���J�K�³�����[�j������������������ 
 [4] �:�l�_�k�l�g�Z���^�h�d�m�f�_�g�l�Z�p�b�•�Z���a�Z���a�Z�r�l�b�l�g�b���d�Z�\�_�a�� �3�D�I���Ä�<�h�^�h�\�h�^���b���d�Z�g�Z�e�b�a�Z�p�b�•�Z�³�����D�j�Z�]�m�•�_�\�Z�p�� 
2009. 
 [5] �B�a�\�_�r�l�Z�•���h���b�k�i�b�l�b�\�Z�ƒ�m���a�Z�r�l�b�l�g�h�]���d�Z�\�_�a�Z���i�j�_�f�Z���i�j�h�•�_�d�l�g�b�f�� �h�i�l�_�j�_�„�_�ƒ�b�f�Z�����M�g�b�\�_�j�a�b�l�_�l���m��
�G�b�r�m���� �F�Z�r�b�g�k�d�b�� �n�Z�d�m�e�l�_�l���� �A�Z�\�h�^�� �a�Z�� �f�Z�r�b�g�k�d�h�� �b�g�`�_�ƒ�_�j�k�l�\�h���� �E�Z�[�h�j�Z�l�h�j�b�•�Z�� �a�Z�� �f�Z�r�b�g�_�� �b��
�f�_�o�Z�g�b�a�f�_�������������� 
 [6] �K�l�j�m�q�g�b�� �g�Z�e�Z�a�� �h�� �i�j�_�]�e�_�^�m�� �b�� �b�k�i�b�l�b�\�Z�ƒ�m�� �a�Z�r�l�b�l�g�h�]�� �d�Z�\�_�a�Z�� �i�j�_�f�Z�� �i�j�h�•�_�d�l�g�b�f��
�h�i�l�_�j�_�„�_�ƒ�b�f�Z���� �B�g�k�l�b�l�m�l�� �a�Z�� �d�\�Z�e�b�l�_�l�� �j�Z�^�g�_�� �b�� �`�b�\�h�l�g�_�� �k�j�_�^�b�g�_�� �Ä�����F�Z�•�³�� �Z���^���� �G�b�r���� ���������� 
 



�J�b�a�b�d���b���[�_�a�[�_�^�g�h�k�g�b���b�g�`�_�ƒ�_�j�b�g�]��- �D�h�i�Z�h�g�b�d��������4. 

117 

�:�G�:�E�B�A�:�� �B�K�I�J�:�<�G�H�K�L�B�� �=�J�:�G�B�Q�G�B�O �<�J�?�>�G�H�K�L�B�� �M���H�>�G�H�K�M�� �G�:��
�N�B�A�B�H�E�H�R�D�B�� �:�K�I�?�D�:�L�� �;�M�D�? 
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�J�?�A�B�F�? 

�I�h�d�m�r�Z�e�b�� �k�f�h � �̂Z�� �h� �̂]�h�\�h�j�b�f�h �g�Z�� �i�b�l�Z�ƒ�_�� � �̂Z�� �e�b�� �•�_�� �]�j�Z�g�b�q�g�Z�� �\�j�_� �̂g�h�k�l���[�m�d�_���i�j�h�i�b�k�Z�g�Z���a�Z�d�h�g�h �f���m�•�_� �̂g�h���b��
�n�b�a�b�h�e�h�r�d�Z���]�j�Z�g�b�p�Z, �i�j�Z�l�_�„�b���_�n�_�d�l�_ �[�m�d�_���d�h� �̂��a�Z�i�h�k�e�_�g�b�o�� �m���I�>���L�?�G�L. 

�B�k�i�b�l�b�\�Z�g�b�� �k�m�� �j�Z� �̂g�b�p�b�� �d�h�•�b�� �l�h�d�h�f 2011-������������ �h�[�Z�\�b�e�b�� �i�_�j�b�h� �̂b�q�g�_�� �i�j�_�]�e�_� �̂_���� �a�Z�i�h�k�e�_�g�b�� �g�Z�� �j�Z�^�g�b�f��
�f�_�k�l�b�f�Z�� �k�Z�� �i�h�\�_�„�Z�g�b�f�� �j�b�a�b�d�h�f���� �I�h� �̂_�‚�_�g�b �k�m �m�� � �̂\�_�� �]�j�m�i�_���� �•�_� �̂g�Z�� �•�_�� �j�Z� �̂b�e�Z�� �g�Z�� �f�_�k�l�b�f�Z�� �]� �̂_�� �•�_�� �[�m�d�Z�� �b�a�g�Z� �̂�
� �̂h�a�\�h�‚�_�g�b�o�� �]�j�Z�g�b�p�Z���� �Z�� � �̂j�m�]�Z�� �g�Z�� �f�_�k�l�b�f�Z�� �]� �̂_�� �[�m�d�Z�� �g�_���i�j�_�e�Z�a�b�� � �̂h�a�\�h�‚�_�g�_�� �]�j�Z�g�b�p�_���� �K�\�b�f�Z���k�m�� �j�Z�{�_�g�Z��
�Z�m� �̂b�h�f�_�l�j�b�•�k�d�Z�� �b�k�i�b�l�b�\�Z�ƒ�Z�� �b���Z�g�d�_�l�b�j�Z�g�b �k�m �i�h�k�_�[�g�h��� �̂b�a�Z�•�g�b�j�Z�g�b�f���m�i�b�l�g�b�p�b�f�Z���� 

�J�_�a�m�e�l�Z�l�b�� �k�m���� �g�Z�� �i�j�\�b�� �i�h�]�e�_� �̂��� �g�_�h�q�_�d�b�\�Z�g�b�� �b�� �Z�i�k�m�j� �̂g�b���� �G�Z�b�f�_���� �� �g�b�k�f�h�� �g�Z�r�e�b�� �k�l�Z�l�b�k�l�b�q�d�b�� �a�g�Z�q�Z�•�g�m��
�j�Z�a�e�b�d�m�� �b�a�f�_�{�m�� �]�j�m�i�Z�� �d�Z� �̂Z���•�_���m���i�b�l�Z�ƒ�m�����i�h�•�Z�\�Z���h�r�l�_�„�_�ƒ�Z���k�e�m�o�Z�����Z�m� �̂b�h�f�_�l�j�b�•�k�d�b���j�_�a�m�e�l�Z�l�b�������F�_�{�m�l�b�f�����b�f�Z�•�m�„�b���m��
�\�b� �̂m�� �k�\�_�� �d�h�g�l�j�h�e�b�k�Z�g�_�� �j�Z� �̂g�b�d�_�� �i�h�•�Z�\�Z�� �h�r�l�_�„�_�ƒ�Z�� �k�e�m�o�Z���•�_�� �m�� �h�\�h�f�� �m�a�h�j�d�m�� �i�h�i�m�e�Z�p�b�•�_�� �\�b�k�h�d�h�� �k�b�]�g�b�n�b�d�Z�g�l�g�Z��
������������������ �:�g�Z�e�b�a�Z�� �i�h� �̂Z�l�Z�d�Z�� �b�a�� �Z�g�d�_�l�Z�� �m�� �\�_�a�b�� �k�Z�� �g�_�d�b�f�� �_�d�k�l�j�Z�Z�m� �̂b�l�b�\�g�b�f�� �_�n�_�d�l�b�f�Z�� �l�Z�d�h�{�_�� �g�b�•�_�� � �̂Z�e�Z�� �k�l�Z�l�b�k�l�b�q�d�b��
�a�g�Z�q�Z�•�_���j�Z�a�e�b�d�_.  

�F�h�]�m�„�b�o�� �h�[�•�Z�r�ƒ�_�ƒ�Z�� �a�Z�� �h�\�Z�d�\�m�� �j�Z�k�i�h� �̂_�e�m�� �_�n�_�d�Z�l�Z�� �b�f�Z�� �g�_�d�h�e�b�d�h�� �H�[�_�� �]�j�m�i�_�� �a�Z�i�j�Z�\�h�� �j�Z� �̂_�� �m�� �[�m�p�b����
�G�_�d�h�e�b�d�h�� � �̂_�p�b�[�_�e�Z�� �d�h�•�b�� �q�b�g�_�� �]�j�Z�g�b�p�m�� �b�a�f�_�{�m�� � �̂h�a�\�h�‚�_�g�b�o�� �b�� �g�_� �̂h�a�\�h �‚�_�g�b�o�� �g�b�\�h�Z�� �g�_�� �b�]�j�Z�� �i�j�_�k�m� �̂g�m�� �m�e�h�]�m����
�?�d�k�l�j�Z�Z�m� �̂b�l�b�\�g�b�� �_�n�_�d�l�b�� �g�Z�� �g�_�j�\�g�h�f�� �k�b�k�l�_�f�m�� �k�_�� �•�Z�\�‚�Z�•�m�� �b�� �g�Z�� �g�b�`�b�f�� �g�b�\�h�b�f�Z�� �[�m�d�_���� �g�Z�j�h�q�b�l�h�� �d�h� �̂� � �̂m�]�h�l�j�Z�•�g�_��
�b�a�e�h�`�_�g�h�k�l�b���� �G�_�h�i�o�h� �̂g�h�� �•�_�� �k�i�j�h�\�_�k�l�b�� �•�h�r�� �[�h�‚�_���f�_�j�_���l�_�o�g�b�q�d�_���a�Z�r�l�b�l�_�����b�����g�Z�j�Z�\�g�h�����d�h�j�b�r�„�_�ƒ�_���k�j�_� �̂k�l�Z�\�Z���e�b�q�g�_��
�a�Z�r�l�b�l�_���� �r�l�h �k�_�����_�\�b� �̂_�g�l�g�h���� �g�_� �̂h�\�h�‚�g�h���q�b�g�b���� 

�D�‚�m�q�g�_�� �j�_�q�b�� �[�m�d�Z���_�n�_�d�Z�l���Z�m� �̂b�l�b�\�g�b���_�d�k�l�j�Z�Z�m� �̂b�l�b�\�g�b 
 
THE ANALYSIS OF THE ACCURACY OF THE BORDERLINE VALU ES IN 

RELATION TO THE PHYSIOLOGICAL ASPECT OF NOISE 

ABSTRACT 
The aim was to look into the effect of noise with all the employees who are employed at places with a higher 

risk rate in PD TENT, that is to We tried to answer the question is the borderline noise value determined by the law also 
a physiological value, following up the effect of noise with employees in TPP. 

The employees questioned were the ones who had their regular medical checks during 2011-2012, all the 
employees at workplaces with a higher risk rate. They were divided into two groups, one of which was employed at 
workplaces with noise above the values allowed, and the other at workplaces with noise levels lower than the values 
allowed. Audiometric hearing tests were performed with all the employees and all of them got specially designed 
questionnaires. At first, the results were unexpected and absurd. Namely, �Z�H���K�D�Y�H�Q�¶�W���I�R�X�Q�G���D�Q�\���V�L�J�Q�L�I�L�F�D�Q�W���G�L�I�I�H�U�H�Q�F�H��
between the groups when it comes to damage to hearing (audiometric results). However, having in mind all the 
examined employees, hearing aid damage in this population sample is highly significant (<0, 01).   The analysis of the 
data from the questionnaires regarding the possible extra-�D�X�G�L�W�R�U�\�� �H�I�I�H�F�W�V�� �R�I�� �Q�R�L�V�H�� �D�O�V�R�� �G�L�G�Q�¶�W�� �J�L�Y�H�� �D�Q�\�� �V�W�D�W�L�V�W�L�F�D�O�O�\��
significant differences between the groups of employees (fatigue, insomnia, anxiety) 

There are a few possible explanations for this arrangement of the effects. Both groups of employees actually 
work in noise. A few decibels which make the difference between allowed and not allowed levels plays no important 
role. Extra-auditory effects on the nervous system are present even with lower noise levels, especially with long-term 
noise exposure. It is necessary to put into effect even better technical protective measures and, of course, use means of 
personal protection, which is, obviously not done enough.  

Key words: noise, effect, auditory, extra-auditory 
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         �>�Z�g�Z�k���[�m�d�Z���i�j�_�^�k�l�Z�\�‚�Z���•�_�^�Z�g���h�^���a�g�Z�q�Z�•�g�b�•�b�o�� �_�d�h�e�h�r�d�b�o�� �i�j�h�[�e�_�f�Z���K�\�_���k�\�_�l�k�d�_���k�l�Z�l�b�k�l�b�d�_���]�h�\�h�j�_��
�l�h�f�_�� �m�� �i�j�b�e�h�]���� �;�m�d�h�f�� �•�_�� �h�f�_�l�_�g�h�� �\�b�r�_�� �h�^�� �������� �_�\�j�h�i�k�d�h�]�� �k�l�Z�g�h�\�g�b�r�l�\�Z���� �Z�� �h�d�h�� �������� �`�b�\�b�� �m �Ä�p�j�g�b�f��
�Z�d�m�k�l�b�q�d�b�f�� �j�m�i�Z�f�Z�³���� �;�m�d�Z�� �h�f�_�l�Z�� �k�i�Z�\�Z�ƒ�_�� �������� �k�l�Z�g�h�\�g�b�d�Z �?�\�j�h�i�_���� �;�m�d�Z�� �m�]�j�h�`�Z�\�Z�� �k�e�m�o�� �h�d�h�� ��������
�f�b�e�b�h�g�Z�� �‚�m�^�b�� 

                                                 
1 �>�h�f���a�^�j�Z�\�‚�Z���H�[�j�_�g�h�\�Z�p 
2 �K�l�Z�e�g�Z���d�h�g�n�_�j�_�g�p�b�•�Z���] �j�Z�^�h�\�Z���b���h�i�r�l�b�g�Z���K�j�[�b�•�_ 
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�H�i�r�l�b�� �g�b�\�h�� �•�Z�q�b�g�_���[�m�d�_���m���k�\�_�l�m���i�h�\�_�„�Z�\�Z���k�_���a�Z������dB �]�h�^�b�r�ƒ�_���H�k�b�f���h�g�_���[�m�d�_���g�Z���j�Z�^�g�h�f���f�_�k�l�m���k�\�_���•�_��
�\�b�r�_�� �b�� �d�h�f�m�g�Z�e�g�_���[�m�d�_���l�Z�d�h���^�Z���•�_�� �k�\�_�� �l�_�`�_���g�Z�„�b���g�Z�q�b�g�Z���a�Z���i�j�Z�\�b���h�^�f�h�j���h�j�]�Z�g�b�a�f�Z�����h�^���ƒ�_�����I�h�k�l�Z�e�Z���•�_��
�i�j�Z�\�Z���µ�µ�d�m�]�Z�¶�¶���k�Z�\�j�_�f�_�g�h�]���^�h�[�Z�����d�Z�d�h���•�_���•�h�r���m���^�_�\�_�l�g�Z�_�k�l�h�f���\�_�d�m���i�j�_�^�\�b�^�_�h���q�m�\�_�g�b���e�_�d�Z�j���b���i�j�h�g�Z�e�Z�a�Z�q��
�J�h�[�_�l���D�h�p�o�� 

         �=�m�[�b�l�Z�d�� �k�e�m�o�Z�� �i�j�h�m�a�j�h�d�h�\�Z�g�� �[�m�d�h�f�� �•�_�� �•�h�r�� �m�\�b�•�_�d�� �•�_�^�Z�g�� �h�^�� �g�Z�•�q�_�r�„�b�o�� �i�j�h�n�_�k�b�h�g�Z�e�g�b�o��
�i�h�j�_�f�_�„�Z�•�Z���m���?�\�j�h�i�b�� �b�� �q�b�g�b���h�d�h���•�_�^�g�_���l�j�_�„�b�g�_���k�\�b�o���h�[�h�‚�_�ƒ�Z���i�h�\�_�a�Z�g�b�o���k�Z���j�Z�^�h�f�����;�m�d�Z���•�_���j�Z�a�e�h�]���d�h�•�b��
�k�l�h�•�b�� �b�a�Z�� �^�j�m�]�h�]�� �g�Z�•�\�_�„�_�]�� �i�h�•�_�^�b�g�Z�q�g�h�]�� �b�a�g�h�k�Z�� �]�h�^�b�r�ƒ�b�o�� �j�Z�k�o�h�^�Z�� �a�Z�� �b�g�\�Z�e�b�^�k�d�_���i�_�g�a�b�•�_�� �b�� �l�j�h�r�d�h�\�_��
�j�_�o�Z�[�b�e�b�l�Z�p�b�•�_���� 
         �;�m�d�Z�� �•�_�� �k�\�Z�d�b�� �g�_�`�_�‚�_�g�b�� �a�\�m�d���� �h�^�g�h�k�g�h���� �[�m�d�Z�� �•�_�� �a�\�m�d���d�h�•�b�� �k�_�� �k�m�[�•�_�d�l�b�\�g�h�� �^�h�`�b�\�‚�Z�\�Z�� �d�Z�h��
�g�_�i�j�b�•�Z�l�Z�g���� �i�j�_�]�e�Z�k�Z�g���� �g�_�m�]�h�^�Z�g�� �b�e�b�� �g�_�h�q�_�d�b�\�Z�g���� �D�j�b�l�_�j�b�•�m�f�� �r�l�_�l�g�h�k�l�b�� �[�m�d�_�� �k�_�� �n�h�j�f�b�j�Z�� �g�Z���h�k�g�h�\�m��
�i�j�h�p�_�g�l�Z���‚�m�^�b���d�h�•�b�� �h�k�_�„�Z�•�m���m�a�g�_�f�b�j�Z�\�Z�ƒ�_���[�m�d�h�f���R�l�_�l�g�h���^�_�•�k�l�\�h�� �[�m�d�_���l�_�r�d�h���•�_���i�h�m�a�^�Z�g�h���b�a�f�_�j�b�l�b���b��
�i�j�b�d�Z�a�Z�l�b�� �m�\�_�d�� �i�j�b�f�_�ƒ�b�\�b�f�� �� �•�_�^�b�g�k�l�\�_�g�b�f�� �d�j�b�l�_�j�b�•�m�f�h�f���� �•�_�j�� �h�g�h�� �a�Z�\�b�k�b�� �h�^�� �d�Z�j�Z�d�l�_�j�b�k�l �b�d�Z�� �k�Z�f�_��
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WORKERS' HEALTH PROTECTION AT WORK AT HIGH 
TEMPERATURES IN THE WORK ENVIRONMENT 

 

ABSTRACT: 
Physical work at high temperatures in the work environment has a negative influence on workers' health, their 

work abilities and safety, which contributes to an increased risk of work-related injuries. Health problems can be 
prevented through better organization of work, proper diet and fluid intake. The national institutions of Australia, 
Canada and USA, greatly experienced in organization of work at high temperatures, have composed the WBGT index 
and the Humidex index, as recommendations for professional limits of exposure for workplace heat stress control. 
Advice was given on protocol in high temperature conditions, along with professional limits of expo sure, so the 
beginning symptoms of heat stress could be recognized, appropriate measures applied, and negative consequences on 
workers' health avoided.  

Key words: work, high temperature, thermal stress control, WBGT index, Humidex index 
 
1. INTRODUCTION  
 
During the summer period the workers on workplaces in the open areas are highly exposed to high 
environmental temperatures. Those workplaces are related to construction industry, agriculture, shipbuilding, 
forestry, fishing industry and others. 
Considering the humans are homoeothermic, which means they are capable of maintaining their body 
temperature constant at approximately 370C [1,2] (in specific temperature environment), in high 
temperatures the thermoregulation system activates the mechanisms that save on heat production and 
mechanisms that increase the release of the body heat. Therefore, the high work environment temperatures 
lead to vasodilation (dilatation of the blood vessels) and increased perspiration which is a mechanism for 
releasing the excess heat to the environment. Because of the vasodilation the blood inflow is increased from 
the inside to the body surface so the portion of the heat is released to the surface. 
In addition, the sweat glands intensify the release of the sweat which evaporation requires the necessary heat 
of the body which is then cooled down. The amount of the heat which can be this way released to the 
environment depends on the environmental air movement, its humidity as well as the physical activity of the 
worker (taking into consideration the production of the heat is increased by the physical activity). The faster 
the air movement, the lower the humidity, or if the person is involved in light activity, the process of 
releasing the heat to the environment will be more efficient. 
In the contrary, at high temperatures, weak air movement, and in existence of the significant physical activity 
the heat stress will rise. The heat stress means physical and physiological reaction of the organism to the high 
temperature. As a consequence, the feeling of the comfort is reduced as well as work ability and safety which 
leads to the risk of occupational accidents.  
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2. HEALTH ISSUES AT HIGH TEMPERATURES 
 
All forms of the health issues are the consequence of high liquid loss from the organism through perspiration 
process which symptoms are dehydration, temporary heat exhaustion, unconsciousness (syncope), heat 
collapse, heat stroke and sunstroke. 
 
2.1. Dehydration 
 
Approximately, 60% of the body mass is composed of water. During the physical activity the body will lose 
the liquid which will cause the sensation of thirstiness, dry mouth, rapid heartbeat and thumping of the heart, 
as well as the muscle cramps. When there is a loss of more than 10% of the body liquid there is blurry vision, 
dizziness and tinnitus. Further liquid loss could lead to coma and death. [2,3] 
 
2.2. Temporary heat exhaustion 
 
Primarily, it will arise with the workers that have not been acclimatized for work at high temperatures as the 
reaction of the organism to heat which could take around two weeks. [3,4] 
 
2.3. Heat cramps 
 
The heat cramps are the consequence of the water-electrolyte imbalance (sodium loss) due to  excess 
perspiration. It will primarily arise with the workers involved in the heavy physical work and result in 
excessive perspiration. The heat cramps are demonstrated through pain in the most stressed muscles (hand 
and leg muscles) that take 1-3 minutes in repetitive manner. They are accompanied with the nausea and low 
blood pressure. [3,4] 
 
2.4. Unconsciousness (syncope) 
 
The unconsciousness occurs due to peripheral vasodilation and lasts approximately two weeks until the 
organism has adopted. It is demonstrated by temporary weakness and unconsciousness. [3,4] 
 
2.5. Heat exhaustion (collapse) 
 
The heat exhaustion occurs in cases of high temperatures exposure in persons unacclimatized to work at high 
temperatures. It represents the higher degree of the heat cramps so along the muscle cramps there are 
stomach cramps. The skin is cold, damp and white. The person suffers from weakness, headache, nausea, 
vomiting, rapid heartbeat, rapid and shallow breathing, anxiety and loss of consciousness. At this point, if no 
action are taken this condition could lead to heat stroke. [3,4] 
 
2.6. Heat stroke 
 
The heat stroke is the most severe form of the heat load that follows the heat exhaustion and consequently 
leads to complete thermoregulatory system collapse. For this reason the body temperature arises even above 
400C, the skin is red, hot and dry, the heartbeats are accelerated and breathing is shallow. All organs suffer 
damages. There are heavy headaches, nausea, vomiting, confusion and loss of consciousness. In 20-50% of 
the cases the heat stroke leads to death. [3,4] 
 
2.7. Sunstroke 
 
Sunstroke occurs by combined influence of high body temperature and sun rays acting on the back of the 
head. In less serious cases the symptoms are weakness, nausea, vomiting, headache, dizziness, confusion, 
face skin redness, tinnitus. In serious cases the symptoms are disorientation, dilated pupils, unconsciousness, 
rapid pulse and shallow breathing. [3,4] 
 
3. HEAT STRESS CONTROL 
Some states use WBGT method (Wet Bulb Globe Temperature Index) for surveillance and control of the 
heat stress on workplaces in open areas at high temperatures. The WBGT Index is detailed in the standard 
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document ISO 7243 [5], which is the basic standard for the heat stress. This standard is the foundation for the 
EN 27243:1993 accepted by the Republic of Croatia. The WBGT method takes into consideration the air 
temperature, the heat of the sun rays, humidity and air movement speed that contribute the heat perception of 
the humans. The American Conference of Governmental Industrial Hygienist �± ACGIH elaborated a Table 1 
which contains all threshold values of the WBGT Index of  heat stress exposure for the for 8-hour work day, 
five days per week with conventional breaks. [6]  
 
1.Table 1. ACGIH criteria  for heat stress exposure for 8 -hour work day, five days per week with 
conventiona l breaks. [6] 
 
 
Work/Rest 

Acclimatized workers Unacclimatized workers 
Light 
Work 

Moderate 
Work 

Heavy 
Work 

Very 
Heavy 
Work 

Light 
Work 

Moderat
e Work 

Heavy 
Work 

Very 
Heavy 
Work 

continuous work (30 
min. break) 

29.5 27.5 26.0  27.5 25.0 22.5  

each hour 45 min. 
work, 15 min. break  

30.5 28.5 27.5  29.0 26.5 24.5  

each hour 30 min. 
work, 30 min. rest 

31.5 29.5 28.5 27.5 30.0 28.0 26.5 25.0 

each hour 15 min. 
work, 45 min. rest 

32.5 31.0 30.0 29.5 31.0 29.0 28.0 26.5 

 Exposure threshold values, WBGT ( 0C ) 
 
When the stated threshold values are respected the workers do not have any symptoms of the heat illnesses 
assumed they are adequately supplied with liquids, they are healthy and wear light clothes. 
In practice, the values of the WBGT Index are easily determined by the Table 2 [7] when we are familiar 
with the air temperature and relative air humidity. The abscissa shows air relative humidity values (%) and 
the ordinate shows the air temperature (0C). At the intersection of those two values there is value of WBGT 
heat index. 
If the value readings are compared to the Table 3 we can achieve the information on possible consequence 
per worker in case the work is prolonged under those conditions. [8] 
 
Table 2:WBGT Index va lue reading from measured a ir temperature va lues and rela tive humidity [7] 

WBGT INDEX (0C) 
 Air Relative Humidity (%) 
Temp (0C) 40 45 50 55 60 65 70 75 80 85 90 95 100 
27 27 27 27 27 28 28 28 29 29 29 30 30 31 
28 27 28 28 29 29 29 30 31 32 32 33 34 35 
29 28 29 29 30 31 32 32 33 34 36 37 38 39 
30 29 31 31 32 33 34 35 36 38 39 41 42 44 
31 31 32 33 34 35 37 38 39 41 43 45 47 49 
32 33 34 35 36 38 39 41 43 45 47 50 53 56 
33 34 36 37 38 41 42 44 47 49 52 55   
34 36 38 39 41 43 46 48 51 54 57    
36 38 40 42 44 47 49 52 56      
37 41 43 45 47 51 53 57       
38 43 46 48 51 54 58        
39 46 48 51 54 58         
40 48 51 55 58          
41 51 54 58           
43 54 58            
47 58             
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Table 3. Possible consequences for the worker in case of the prolonged work in certa in conditions  [8] 
 

Category Heat Index (0C) Possible consequences 
Caution 27 �± 32 Possible weakness with the long-term exposure. 
Extreme 
Caution 

32 �± 41 Sunstroke, heat cramps, exhaustion. 
Heat stroke under longer exposure and / or physical 
activity. 

Danger 41 �± 54 Heat cramps lacking longer activity 
Extreme 
Danger 

54 and more Heat stroke lacking physical activity during longer 
exposure 

 
At first, the Canadian meteorologists used Humidex Index in order to demonstrate the feeling of the average 
person exposed to combination of the high temperature and relative air humidity. High temperature and the 
high relative humidity increase the level of so called "sensory temperature" which leads to physical 
discomfort. Today in Canada the Humidex is used for analysis of the work conditions where the worker is 
exposed to the heat stress. For Humidex readings the Table 4 is used. The sensory temperature is read on the 
intersection of the measured air temperature and relative air humidity. [9] 
 
Table 4. Reference table for analysis of the heat stress on the workp lace based on the Humidex Index. [9] 
 

A
ir 

te
m

p.
 

(0
C

) 

 
 

Relative air humidity (%)  

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 
21             25 26 27 27 28 29 29 
22          25 25 26 27 27 28 29 30 30 31 
23         25 26 27 28 28 29 30 31 32 32 33 
24       25 26 27 28 28 29 30 31 32 33 33 34 35 
25     25 26 27 27 28 29 30 31 32 33 34 34 35 36 37 
26    25 26 27 28 29 30 31 32 33 34 34 35 36 37 38 39 
27   25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 
28 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 
29 26 27 28 29 30 31 32 33 35 36 37 38 39 40 41 42 43 45 46 
30 27 28 29 30 32 33 34 35 36 37 39 40 41 42 43 44 46 47 48 
31 28 29 30 32 33 34 35 37 38 39 40 42 43 44 45 47 48 49 50 
32 29 30 32 33 34 36 37 38 40 41 42 44 45 46 48 49 50   
33 30 32 33 34 36 37 39 40 41 43 44 46 47 48 50     
34 31 33 34 36 37 39 40 42 43 45 46 48 49       
35 33 34 36 37 39 40 42 44 45 47 48 50        
36 34 35 37 39 40 42 44 45 47 49 50         
37 35 37 38 40 42 44 45 47 49           
38 36 38 40 42 44 45 47 49            
39 37 39 41 43 45 47 49             
40 39 41 43 45 47 49              
41 40 42 44 46 48               
42 41 43 46 48 50               
43 42 45 47 49                
44 44 46 49                 
45 45 47 50                 
46 46 49                  
47 47 50                  
48 47                   
49 50                   
 
In order to avoid the heat load [9] some procedure instructions are given (Table 5) 
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Below the warning values stated in the Humidex 1 column most unacclimatized workers will not suffer the 
negative influence of the heat stress. Also, most of the acclimatized workers of good health below the 
warning values stated in the Humidex 2 column will not suffer any negative influence of the heat stress if 
taken the measures stated in the Table 5. 
Taking into consideration that for control of the heat stress the WBG and Humidex Index methods are used 
worldwide and based on the sequence of taken readings the correlation between those two indexes is the 
following:[10] 
 

HUMIDEX = 1,9392�uWBGT �± 11,338 
Table 5. Procedure instructions based on the measured Humidex index .[9] 
 

HUMIDEX 1 (0C) 
(unacclimatized workers 

performing moderate physical 
work) 

 
 

INSTRUCTIONS 

HUMIDEX 2 (0C) 
(acclimatized worker 

performing moderate physical 
work) 

25-29 Mandatory water supply for 
workers 

32-35 

 
 

30 �± 33 

Notify workers of the heat stress. 
Encourage workers to take 
additional water quantities. 
Take notes each hour for 
temperature and relative humidity. 

 
 

36 �± 39 

 
 

34 �± 37 

Notify workers of danger. 
Warn workers to take additional 
water quantities. 
Train workers for recognition of 
the heat stress symptoms. 

 
 

40 �± 42 

 
 
 
 

38 - 39 

Working with 15 minute rest per 
hour. 
Drink at least 2,5 dl of water 
(temperatures 10 �± 150C) each 20 
minutes. 
Workers having heat stress 
symptoms immediately seek 
medical assistance. 

 
 
 
 

43 �± 44 

 
40 �± 41 

Working with 30 minute rest per 
hour with previously prescribed 
declaration of such work. 

 
45 �± 46 

 
42 �± 44 

Working with 45 minute rest per 
hour with previously prescribed 
declaration of such work. 

 
47 �± 49 

45 and higher Only occupational medicine 
specialist approves the work 

50 and higher 

 
 
4. CONCLUSION 
 
Works performed at the open are beyond the influence of the employer to the microclimate factors (air 
temperature, air humidity and sun radiation). Applying the safety at work regulations will reduce or avoid the 
great deal of the heat stress. The prevention of the heat stress should be performed as per stated 
recommendations. As recommended, the heavy physical work should be replaced with machines as much as 
possible, there should be rooms for cooling the workers, workers must be acclimatized for work at high 
temperatures, the extra work force should be brought in extreme conditions, and avoided work on open at the 
warmest part of the day. 
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Workers must be introduced to the dangers of the work in open area at high temperatures and provided with 
bright, cotton and light clothes. In case the work requires personal protective equipment the workers must 
have the opportunity to remove them during the rest. 
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SAFETY WORK ON BELT SANDER FOR WOOD 

Abstract: 
In order to assist health and safety officers to assess risk for the workers on the belt sander for wood, potential hazards 

and harms are recognized and identified; and measures for risk management are given. 
Authors have relied on their long experience in periodic inspection of work equipment and in training of workers in 

safe working practices. 
Keywords:  belt sander for wood, safe, hazards, risk. 
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�j�Z�^�� �d�h�•�_�� �i�h�^�e�_�`�m�� �i�j�_�\�_�g�l�b�\�g�b�f�� �b�� �i�_�j�b�h�^�b�q�g�b�f�� �i�j�_�]�e�_�^�b�f�Z�� �b�� �b�k�i�b�l�b�\�Z�ƒ�Z�� �F�Z�r�b�g�_�� �a�Z�� �h�[�j�Z�^�m�� �b��
�i�j�_�j�Z�^�m���^�j�\�_�l�Z���k�m���_�d�k�i�e�b�p�b�l�g�h���g�Z�\�_�^�_�g�_���m���q�e�Z�g�m���������i�h�^���l�Z�q�d�h�f������ 

�F�Z�r�b�g�_�� �a�Z�� �h�[�j�Z�^�m�� �^�j�\�_�l�Z�� �k�\�j�k�l�Z�\�Z�•�m�� �k�_�� �m�� �g�Z�•�h�i�Z�k�g�b�•�_�� �f�Z�r�b�g�_�� �b�a�� �]�j�m�i�_�� �a�Z�� �h�[�j�Z�^�m�� �f�Z�l�_�j�b�•�Z�e�Z��
�i�j�\�_�g�k�l�\�_�g�h�� �a�[�h�]�� �\�_�e�b�d�_�� �[�j�a�b�g�_�� �j�_�a�g�h�]�� �Z�e�Z�l�Z�� �b�� �q�_�k�l�b�o�� �i�h�f�h�„�g�b�o�� �h�i�_�j�Z�p�b�•�Z�� �d�h�•�_�� �k�_�� �h�[�Z�\�‚�Z�•�m�� �j�m�q�g�h��
�i�j�b�� �i�h�l�b�k�d�b�\�Z�ƒ�m���f�Z�l�_�j�b�•�Z�e�Z�� 

�G�Z�� �h�k�g�h�\�m�� �\�j�k�l�_�� �f�_�o�Z�g�b�q�d�_�� �h�[�j�Z�^�_�� �b�� �i�j�_�j�Z�^�_�� �^�j�\�_�l�Z�� �b�� �k�e�b�q�g�b�o���f�Z�l�_�j�b�•�Z�e�Z���h�\�_�� �f�Z�r�b�g�_���k�_���f�h�]�m��
�i�h�^�_�e�b�l�b�� �g�Z���� �f�Z�r�b�g�_���a�Z���j�_�a�Z�ƒ�_�����k�_�q�_�ƒ�_���b���‚�m�r�l�_�ƒ�_���± �k�d�b�^�Z�ƒ�_���k�l�j�m�]�h�l�b�g�_�����]�Z�l�_�j�b�����d�j�m�`�g�_���b���l�j�Z�d�Z�k�l�_��
�l�_�k�l�_�j�_���� �j�Z�\�g�Z�e�b�p�_���� �^�_�[�‚�Z�q�_���� �]�e�h�^�Z�e�b�p�_���� �^�m�[�b�e�b�p�_���� �[�j�m�k�b�e�b�p�_���� �[�m�r�b�e�b�p�_���b�e�b���d�h�f�[�b�g�h�\�Z�g�_���k�l�h�e�Z�j�k�d�_��
�f�Z�r�b�g�_���� �b�� �g�Z�� �f�Z�r�b�g�_�� �a�Z�� �h�[�e�b�d�h�\�Z�ƒ�_�� �^�_�n�h�j�f�b�k�Z�ƒ�_�f�� ���i�j�_�k�_���� �f�Z�r�b�g�_�� �a�Z�� �k�Z�\�b�•�Z�ƒ�_���� �f�Z�r�b�g�_�� �a�Z��
�g�Z�g�h�r�_�ƒ�_���j�Z�a�g�b�o�� �i�j�_�f�Z�a�Z���b�e�b���f�Z�r�b�g�_���a�Z���e�_�i�‚�_�ƒ�_���n�m�j�g�b�j�Z���� 

�;�j�m�r�_�ƒ�_�� �k�i�Z�^�Z�� �m�� �i�h�k�l�m�i�Z�d�� �a�Z�\�j�r�g�_�� �h�[�j�Z�^�_�� �^�j�\�_�l�Z���� �:�e�Z�l�� �a�Z�� �[�j�m�r�_�ƒ�_�� �± �[�j�m�k�g�Z�� �l�j�Z�d�Z��(1) �b�f�Z��
�j�_�e�Z�l�b�\�g�h���\�_�e�b�d�m���[�j�a�b�g�m�� �b���b�a�\�h�^�b���]�e�Z�\�g�h���d�j�_�l�Z�ƒ�_����G)�����I�h�f�h�„�g�h���d�j�_�l�Z�ƒ�_��(P) �b�f�Z���i�j�_�^�f�_�l���h�[�j�Z�^�_��(2) �b��
�m�i�j�Z�\�g�h�� �•�_���g�Z���]�e�Z�\�g�h���d�j�_�l�Z�ƒ�_����[3] 

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

 
�K�e�b�d�Z�������± �H�k�g�h�\�g�Z���d�j�_�l�Z�ƒ�Z���g�Z���l�j�Z�d�Z�k�l�h�•���[�j�m�k�b�e�b�p�b 

                                                 
1 �<�b�k�h�d�Z���l�_�o�g�b�q�d�Z���r�d�h�e�Z���k�l�j�m�d�h�\�g�b�o���k�l�m�^�b�•�Z���m���G�h�\�h�f���K�Z�^�m 
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�L�j�Z�d�Z�k�l�Z �[�j�m�k�b�e�b�p�Z���� �i�j�b�d�Z�a�Z�g�Z�� �g�Z�� �k�e�b�p�b�� ������ �k�_�� �m�i�h�l�j�_�[�‚�Z�\�Z�� �a�Z���[�j�m�r�_�ƒ�_�� �i�j�_�^�f�_�l�Z�� �b�� �i�h�\�j�r�b�g�Z����

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

 
�K�e�b�d�Z�������± �L�j�Z�d�Z�k�l�Z���[�j�m�k�b�e�b�p�Z 

 
2. �H�I�:�K�G�H�K�L�B���I�J�B���H�;�J�:�>�B���G�:���L�J�:�D�:�K�L�H�3���;�J�M�K�B�E�B�P�B 

�I�j�b�� �h�[�Z�\�‚�Z�ƒ�m���j�Z�^�g�b�o���Z�d�l�b�\�g�h�k�l�b�� �g�Z���l�j�Z�d�Z�k�l�h�•���[�j�m�k�b�e�b�p�b�����k�e�b�d�Z���������b���m���k�d�e�Z�^�m���k�Z���q�e�Z�g�h�\�b�f�Z���������b��������
�I�j�Z�\�b�e�g�b�d�Z���h���g�Z�q�b�g�m���b���i�h�k�l�m�i�d�m���i�j�h�p�_�g�_���j�b�a�b�d�Z���g�Z���j�Z� �̂g�h�f���f�_�k�l�m���b���m���j�Z�^�g�h�•���h�d�h�e�b�g�b [4] �i�j�_�i�h�a�g�Z�l�_��
�k�m���b���m�l�\�j�{�_�g�_���k�e�_�^�_�„�_���h�i�Z�k�g�h�k�l�b���b���r�l�_�l�g�h�k�l�b�����l�Z�[�_�e�Z���������d�h�•�_���f�h�]�m���m�]�j�h�a�b�l�b���`�b�\�h�l���b���a�^�j�Z�\�‚�_���j�Z�^�g�b�d�Z�� 

 
�L�Z�[�_�e�Z�������± �I�j�_�i�h�a�g�Z�l�_���b���m�l�\�j�{�_�g�_���h�i�Z�k�g�h�k�l�b���b���r�l�_�l�g�h�k�l�b�� 

�i�j�b���h�[�j�Z�^�b���g�Z���l�j�Z�d�Z�k�l�h�•���[�j�m�k�b�e�b�p�b 
 

�J����
�[�j�� 

�H�I�:�K�G�H�K�L�B���B��
�R�L�?�L�G�H�K�L�B 

�H�I�B�K�G�:���:�G�:�E�B�A�: 

1. 
�J�h�l�b�j�Z�•�m�„�b�� �b�e�b��

�i�h�d�j�_�l�g�b �^�_�e�h�\�b 

�A�Z�o�\�Z�l�Z�ƒ�_�� �i�j�k�l�b�•�m�� �b�e�b���r�Z�d�_���j�Z�^�g�b�d�Z���[�j�m�k�g�h�f�� �l�j�Z�d�h�f�� �a�Z��
�\�j�_�f�_�� �h�[�j�Z�^�_�� �d�Z�^�Z�� �k�_�� �g�_���d�h�j�b�k�l�_�� �a�Z�r�l�b�l�g�b�p�b���b�� �i�h�f�h�„�g�b��
�Z�e�Z�l�b�� �a�Z�� �i�h�l�b�k�d�b�\�Z�ƒ�_���� �d�Z�^�Z�� �j�Z�^�g�b�d�m�� �j�m�d�_�� �k�d�e�b�a�g�m���b�k�i�h�^��
�[�j�m�k�g�_�� �l�j�Z�d�_�� �b�e�b�� �d�Z�^�Z�� �k�_�� �[�j�m�k�b�e�b�p�Z�� �i�h�^�f�Z�a�m�•�_�� �^�h�d�� �•�_�� �m��
�i�h�d�j�_�l�m�� 
�A�Z�o�\�Z�l�Z�ƒ�_�� �i�j�k�l�b�•�m�� �b�e�b�� �r�Z�d�_�� �j�Z�^�g�b�d�Z�� �g�_�a�Z�r�l�b�„�_�g�b�f��
�i�h�]�h�g�k�d�b�f�� �b�e�b���k�e�h�[�h�^�g�b�f��- �a�Z�l�_�a�g�b�f���\�Z�‚�d�h�f�� 

�A�Z�m�k�l�Z�\�‚�Z�ƒ�_���[�j�m�k�g�_���l�j�Z�d�_���j�m�d�h�f���b�e�b���d�h�f�Z�^�h�f���^�j�\�_�l�Z�� 

�K�e�m�q�Z�•�g�h���m�d�‚�m�q�b�\�Z�ƒ�_���f�Z�r�b�g�_���m���j�Z�^�� 

�A�Z�o�\�Z�l�Z�ƒ�_���i�j�k�l�b�•�m���b�e�b���r�Z�d�_���j�Z�^�g�b�d�Z���i�j�b���[�j�m�r�_�ƒ�m���f�Z�ƒ�b�o��
�d�h�f�Z�^�Z�� 

2. 

�D�h�j�b�r�„�_�ƒ�_��
�k�j�_�^�k�l�Z�\�Z���a�Z���j�Z�^��

�d�h�•�Z���f�h�]�m��
�i�j�h�m�a�j�h�d�h�\�Z�l�b��

�g�Z�k�l�Z�g�Z�d���i�h�`�Z�j�Z���b��
�_�d�k�i�e�h�a�b�•�_ 

�I�j�b�� �[�j�m�r�_�ƒ�m���� �Z�d�h�� �g�_�^�h�k�l�Z�•�_�� �\�_�g�l�b�e�Z�p�b�•�k�d�b�� �m�j�_�{�Z�•�� �a�Z��
�h�^�\�h�{�_�ƒ�_�� �i�j�Z�r�b�g�_�� �b�� �k�l�j�m�]�h�l�b�g�_�� �b�e�b�� �i�h�k�l�h�•�_�„�b�� �m�j�_�{�Z�•���g�_��
�j�Z�^�b�� �b�k�i�j�Z�\�g�h�� �b�e�b�� �g�b�•�_�� �i�j�Z�\�b�e�g�h�� �b�a�\�_�^�_�g���� �f�h�`�_�� �k�_��
�k�l�\�h�j�b�l�b�� �\�_�e�b�d�Z�� �d�h�e�b�q�b�g�Z�� �i�j�Z�r�b�g�_�� �d�h�•�Z�� �i�j�_�^�k�l�Z�\�‚�Z��
�b�a�\�h�j�� �i�h�`�Z�j�Z�� 

3. 

�H�i�Z�k�g�h�k�l���h�^��
�^�b�j�_�d�l�g�h�]�� �b��
�b�g�^�b�j�_�d�l�g�h�]��

�^�h�^�b�j�Z 

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

�E�h�r�_���m�a�_�f�‚�_�ƒ�_���l�j�Z�d�Z�k�l�_���[�j�m�k�b�e�b�p�_�� 

4. �>�_�e�h�\�b���b �q�_�k�l�b�p�_���D�b�^�Z�ƒ�_ �b���j�Z�a�e�_�l�Z�ƒ�Z���[�j�m�k�g�_���l�j�Z�d�_�� 
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�d�h�•�_���e�_�l�_ �H�^�e�_�l�Z�ƒ�Z���k�b�l�g�b�o���q�_�k�l�b�p�Z �^�j�\�_�g�_���i�j�Z�r�b�g�_���m���h�d�h���j�Z�^�g�b�d�Z. 

5. 
�O�_�f�b�•�k�d�Z���r�l�_�l�g�h�k�l��

- �i�j�Z�r�b�g�Z 

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

�J�:�> �G�B�3�?���G�:�F�?�5�?�G���>�:���H�;�M�O�<�:�L�B���K�<�?���I�H�L�?�G�P�B�3�:�E�G�?���H�I�:�K�G�H�K�L�B���B��
�R�L�?�L�G�H�K�L�B���I�J�B���J�:�>�M���G�:���L�J�:�D�:�K�L�H�3���;�J�M�K�B�E�B�P�B�� 

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

�i�j�b�d�Z�a�Z�g�Z�� �•�_�� �g�Z�� �k�e�b�p�b�� ������ �I�j�b�d�Z�a�Z�g�Z�� �l�j�Z�d�Z�k�l�Z�� �[�j�m�k�b�e�b�p�Z�� �g�b�•�_�� �[�_�a�[�_�^�g�Z�� �a�Z�� �j�Z�^���� �•�_�j�� �g�b�•�_�� �h�i�j�_�f�‚�_�g�Z��
�a�Z�r�l�b�l�g�b�p�b�f�Z�� ���h�d�h�� �]�h�j�ƒ�_�]�� �^�_�e�Z�� �[�j�m�k�g�_�� �l�j�Z�d�_���� �i�h�]�h�g�k�d�h�]�� �b�� �k�e�h�[�h�^�g�h�]�� �± �a�Z�l�_�a�g�h�]�� �\�Z�‚�d�Z������ �d�Z�h�� �g�b�� �k�Z��
�m�j�_�{�Z�•�_�f���a�Z���h�^�\�h�{�_�ƒ�_���i�j�Z�r�b�g�_�� 

 
�K�e�b�d�Z 3 �± �G�_�[�_�a�[�_�^�g�Z���l�j�Z�d�Z�k�l�Z���[�j�m�k�b�e�b�p�Z 

 
3. �F�?�J�?���;�?�A�;�?�>�G�H�K�L�B���I�J�B���H�;�J�:�>�B���G�:���L�J�:�D�:�K�L�H�3���;�J�M�K�B�E�B�P�B 
�:�g�Z�e�b�a�h�f�� �l�_�o�g�h�e�h�r�d�h�]�� �i�j�h�p�_�k�Z�� �h�[�j�Z�^�_�� �^�j�\�_�l�Z�� �b�� �k�e�b�q�g�b�o�� �f�Z�l�_�j�b�•�Z�e�Z �b�� �i�j�_�i�h�a�g�Z�l�b�o�� �h�i�Z�k�g�h�k�l�b�� �b��

�r�l�_�l�g�h�k�l�b���m�l�\�j�{�_�g�_���k�m���k�e�_�^�_�„�_���f�_�j�_���a�Z���h�l�d�e�Z�ƒ�Z�ƒ�_���b���k�f�Z�ƒ�_�ƒ�_���j�b�a�b�d�Z�� 
�x �d�h�j�b�k�l�b�l�b�� �l�j�Z�d�Z�k�l�m���[�j�m�k�b�e�b�p�m���m���k�d�e�Z�^�m���k�Z���g�Z�f�_�g�h�f�� 
�x �h�^�j�`�Z�\�Z�l�b�� �l�j�Z�d�Z�k�l�m�� �[�j�m�k�b�e�b�p�m�� �i�j�_�f�Z�� �m�i�m�l�k�l�\�m�� �i�j�h�b�a�\�h�{�Z�q�Z���� �m�� �k�d�e�Z�^�m�� �k�Z�� �q�e�Z�g�h�f�� �������� �k�l�Z�\�� ������

�A�Z�d�h�g�Z���h���[�_�a�[�_�^�g�h�k�l�b���b���a�^�j�Z�\�‚�Z���g�Z���j�Z�^�m [1], 
�x �h�^�j�`�Z�\�Z�ƒ�_���� �i�h�i�j�Z�\�d�m�� �b�� �i�h�^�_�r�Z�\�Z�ƒ�_�� �l�j�Z�d�Z�k�l�_�� �[�j�m�k�b�e�b�p�_�� �•�_�^�b�g�h�� �f�h�`�_�� �\�j�r�b�l�b�� �k�l�j�m�q�g�h�� �b��

�h�\�e�Z�r�„�_�g�h���e�b�p�_�� 
�x �\�j�r�b�l�b�� �i�_�j�b�h�^�b�q�g�_�� �i�j�_�]�e�_�^�_�� �b�� �b�k�i�b�l�b�\�Z�ƒ�Z�� �l�j�Z�d�Z�k�l�_�� �[�j�m�k�b�e�b�p�_���m���k�d�e�Z�^�m���k�Z���q�e�Z�g�h�f�� �������� �k�l�Z�\�� ������

�A�Z�d�h�g�Z��[1�@���b���i�j�_�f�Z���I�j�Z�\�b�e�g�b�d�m���>2], 
�x �\�j�r�b�l�b�� �h�k�i�h�k�h�[�‚�Z�\�Z�ƒ�_�� �a�Z�i�h�k�e�_�g�b�o�� �a�Z�� �[�_�a�[�_�^�Z�g�� �j�Z�^�� �k�Z���l�j�Z�d�Z�k�l�h�f�� �[�j�m�k�b�e�b�p�h�f�� �m�� �k�d�e�Z�^�m�� �k�Z��

�q�e�Z�g�h�\�b�f�Z�����������b�����������A�Z�d�h�g�Z��[1], 
�x �h�[�_�a�[�_�^�b�l�b���^�h�i�m�g�k�d�Z���m�i�h�a�g�Z�\�Z�ƒ�Z���a�Z�i�h�k�e�_�g�b�o���k�Z���h�i�Z�k�g�h�k�l�b�f�Z���i�m�l�_�f���m�i�m�l�k�l�Z�\�Z�����g�Z�l�i�b�k�Z���b���a�g�Z�d�h�\�Z��

�m�i�h�a�h�j�_�ƒ�Z���g�Z���h�k�g�h�\�m���q�e�Z�g�Z�����������k�l�Z�\���������A�Z�d�h�g�Z��[1�@�����Z���i�j�_�f�Z���I�j�Z�\�b�e�g�b�d�m���h���h�[�_�a�[�_�{�b�\�Z�ƒ�m���h�a�g�Z�d�Z���a�Z��
�[�_�a�[�_�^�g�h�k�l���b���a�^�j�Z�\�‚�_���g�Z���j�Z�^�m [5], 

�x �\�j�r�b�l�b�� �^�g�_�\�g�m���i�j�h�\�_�j�m���b�k�i�j�Z�\�g�h�k�l�b�� �l�j�Z�d�Z�k�l�_���[�j�m�k�b�e�b�p�_�� 
�x �h�[�_�a�[�_�^�b�l�b���i�j�Z�\�b�e�g�h���d�h�j�b�r�„�_�ƒ�_ �i�j�h�i�b�k�Z�g�b�o�� �k�j�_�^�k�l�Z�\�Z���a�Z���e�b�q�g�m���a�Z�r�l�b�l�m���g�Z���j�Z�^�m�� 
�x �d�h�j�b�k�l�b�l�b�� �b�� �i�j�Z�\�b�e�g�h�� �i�h�k�l�Z�\�b�l�b���a�Z�r�l�b�l�g�b�d�_���h�d�h���[�j�m�k�g�_���l�j�Z�d�_���b���\�Z�‚�Z�d�Z�� 

�D�h�^�� �l�j�Z�d�Z�k�l�_�� �[�j�m�k�b�e�b�p�_���i�h�]�h�g�k�d�b���\�Z�‚�Z�d���•�_�� �k�f�_�r�l�_�g���m�g�m�l�Z�j���a�Z�r�l�b�l�g�b�d�Z�����d�h�•�b �•�_���h�[�e�b�d�m���i�h�d�e�h�i�p�Z����
�r�l�h���•�_���i�j�b�d�Z�a�Z�g�h�� �g�Z���k�e�b�p�b�� ���� 
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�K�e�b�d�Z�������± �A�Z�r�l�b�l�g�b�d���h�d�h���i�h�]�h�g�k�d�h�]���\�Z�‚�d�Z 

 
�K�e�h�[�h�^�g�b�� �± �a�Z�l�_�a�g�b�� �\�Z�‚�Z�d�� �•�_�� �l�Z�d�h�{�_�� �k�f�_�r�l�_�g�� �m�g�m�l�Z�j�� �a�Z�r�l�b�l�g�b�d�Z�����d�h�•�b�� �•�_�� �m�� �h�[�e�b�d�m�� �i�h�d�e�h�i�p�Z��
���k�e�b�d�Z�� ������ �i�h�a�b�p�b�•�Z�� �������� �I�j�b�d�Z�a�Z�g�Z�� �l�j�Z�d�Z�k�l�Z�� �[�j�m�k�b�e�b�p�Z�� �•�_�� �h�i�j�_�f�‚�_�g�Z�� �f�b�d�j�h�i�j�_�d�b�^�Z�q�_�f�� ���k�e�b�d�Z�� ������
�i�h�a�b�p�b�•�Z���������� �d�h�•�b�� �a�Z�•�_�^�g�h���k�Z���a�Z�r�l�b�l�g�b�d�h�f�� �q�b�g�b���[�_�a�[�_�^�g�h�k�g�b���m�j�_�{�Z�•�����M�e�h�]�Z���[�_�a�[�_�^�g�h�k�g�h�]���m�j�_�{�Z�•�Z���•�_��
�^�Z�� �h�g�_�f�h�]�m�„�b�� �i�h�d�j�_�l�Z�ƒ�_�� �f�Z�r�b�g�_���� �Z�d�h�� �a�Z�r�l�b�l�g�b�d-�i�h�d�e�h�i�Z�p�� �g�b�•�_�� �m�� �i�j�_�^�\�b�{�_�g�h�f�� �a�Z�r�l�b�l�g�h�f��
�i�h�e�h�`�Z�•�m�� ���g�_�� �a�Z�l�\�Z�j�Z�� �h�i�Z�k�g�m�� �a�h�g�m�� �h�d�h�� �\�Z�‚�d�Z���� �b�e�b�� �^�Z�� �a�Z�m�k�l�Z�\�b�� �f�Z�r�b�g�m�� �Z�d�h�� �k�_�� �m�� �l�h�d�m�� �j�Z�^�Z��
�a�Z�r�l�b�l�g�b�d-�i�h�d�e�h�i�Z�p�� �h�l�\�h�j�b�� �b�e�b���i�h�f�_�j�b�� �b�a�� �[�b�e�h���d�h�•�b�o�� �j�Z�a�e�h�]�Z�� 

  
�K�e�b�d�Z�������± �;�_�a�[�_�^�g�h�k�g�b���m�j�_�{�Z�•���h�d�h���k�e�h�[�h�^�g�h�]��- �a�Z�l�_�a�g�h�]���\�Z�‚�d�Z 

 
�;�j�m�k�g�Z���l�j�Z�d�Z���� �^�Z���[�b�� �k�_���k�i�j�_�q�b�e�_���i�h�\�j�_�^�_���j�Z�^�g�b�d�Z�����f�h�j�Z���[�b�l�b���a�Z�l�\�h�j�_�g�Z���i�h���p�_�e�h�•���^�m�`�b�g�b�����k�e�b�d�Z��������
�i�h�a�b�p�b�•�Z�� ���������h�k�b�f���m���^�h�ƒ�_�f���^�_�e�m���l�j�Z�d�_���d�h�•�b�f���k�_���[�j�m�k�b�� 
�I�j�b�d�Z�a�Z�g�Z���l�j�Z�d�Z�k�l�Z���[�j�m�k�b�e�b�p�Z���•�_�� �h�i�j�_�f�‚�_�g�Z���b�� �[�_�a�[�_�^�g�h�k�g�b�f���m�j�_�{�Z�•�_�f���m���\�b�^�m���o�Z�\�Z�j�b�•�k�d�h�]���m�`�_�l�Z��
���k�e�b�d�Z�� ������ �i�h�a�b�p�b�•�Z�� �������� �d�h�•�_�� �b�f�Z�� �b�k�l�m�� �m�e�h�]�m�� �d�Z�h�� �b�� �ÄNOT-�6�7�2�3�³ �l�Z�k�l�_�j�� �m�� �k�e�m�q�Z�•�m�� �_�\�_�g�l�m�Z�e�g�_��
�h�i�Z�k�g�h�k�l�b�� 

�x �i�j�Z�\�b�e�g�h���i�h�k�l�Z�\�b�l�b���b�k�i�j�Z�\�Z�g���m�j�_�{�Z�•���a�Z���h�^�\�h�{�_�ƒ�_���i�j�Z�r�b�g�_���b���^�j�\�_�g�_���k�l�j�m�]�h�l�b�g�_�� 
�I�j�_�� �i�h�q�_�l�d�Z�� �j�Z�^�Z�� �i�j�h�\�_�j�b�l�b�� �^�_�e�h�l�\�h�j�g�h�k�l�� �b�� �b�k�i�j�Z�\�g�h�k�l�� �m�j�_�{�Z�•�Z�� �a�Z�� �h�^�\�h�{�_�ƒ�_�� �i�j�Z�r�b�g�_�� �b��
�k�l�j�m�]�h�l�b�g�_���� 
�A�Z�� �_�n�b�d�Z�k�g�h�� �m�d�e�Z�ƒ�Z�ƒ�_�� �g�Z�k�l�Z�e�_�� �i�j�Z�r�b�g�_�� �b�� �^�j�\�_�g�_�� �k�l�j�m�]�h�l�b�g�_�� �i�h�l�j�_�[�g�h�� �•�_�� �^�Z���[�j�a�b�g�Z���\�Z�a�^�m�o�Z���m��
�m�j�_�{�Z�•�m�� �a�Z�� �h�l�i�j�Z�r�b�\�Z�ƒ�_�� �[�m�^�_�� �h�d�h�� ������m/s���� �G�_�h�i�o�h�^�g�h�� �•�_�� �g�Z�]�e�Z�k�b�l�b�� �^�Z�� �k�_�� �i�j�Z�r�b�g�Z�� �b�� �^�j�\�_�g�Z��
�k�l�j�m�]�h�l�b�g�Z���� �d�h�•�_�� �g�Z�k�l�Z�•�_�� �i�j�b�� �[�j�m�r�_�ƒ�m�� �g�Z�� �l�j�Z�d�Z�k�l�h�•�� �[�j�m�k�b�e�b�p�b���� �\�j�e�h�� �l�_�r�d�h�� �f�h�]�m�� �m�� �i�h�l�i�m�g�h�k�l�b��
�m�d�e�h�g�b�l�b�� �i�j�b�f�_�g�h�f�� �m�j�_�{�Z�•�Z�� �a�Z�� �h�l�i�j�Z�r�b�\�Z�ƒ�_���� �A�[�h�]�� �l�h�]�Z�� �k�_�� �i�j�_�i�h�j�m�q�m�•�_�� �^�Z�� �j�Z�^�g�b�p�b�� �d�h�j�b�k�l�_�� �b��
�e�b�q�g�m���a�Z�r�l�b�l�g�m���h�i�j�_�f�m���� �d�Z�h���r�l�h���k�m���a�Z�r�l�b�l�g�Z���f�Z�k�d�Z���b���g�Z�h�q�Z�j�_���k�Z���[�h�q�g�h�f���a�Z�r�l�b�l�h�f�� 
�L�j�Z�d�Z�k�l�Z���[�j�m�k�b�e�b�p�Z���f�h�`�_�� �j�Z�^�b���h�^�\�h�{�_�ƒ�Z���i�j�Z�r�b�g�_���b���k�l�j�m�]�h�l�b�g�_���[�b�l�b���i�j�b�d�‚�m�q�_�g�Z���g�Z���k�Z�f�h�k�l�Z�e�g�b��
�m�j�_�{�Z�•�� �a�Z�� �h�l�i�j�Z�r�b�\�Z�ƒ�_���� �d�Z�d�h�� �•�_�� �i�j�b�d�Z�a�Z�g�h�� �g�Z�� �k�e�b�p�b�� ������ �b�e�b���g�Z���p�_�g�l�j�Z�e�g�b���m�j�_�{�Z�•�� �a�Z���h�l�i�j�Z�r�b�\�Z�ƒ�_����
�k�e�b�d�Z�������� �g�Z���d�h�•�b�� �k�m���i�j�b�d�‚�m�q�_�g�_���b�� �^�j�m�]�_���f�Z�r�b�g�_���b���m�j�_�{�Z�•�b�� �a�Z���h�[�j�Z�^�m���^�j�\�_�l �Z����[6] 
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�K�e�b�d�Z�������± �K�Z�f�h�k�l�Z�e�g�b���m�j�_�{�Z�•���a�Z���h�l�i�j�Z�r�b�\�Z�ƒ�_���g�Z���l�j�Z�d�Z�k�l�h�•���[�j�m�k�b�e�b�p�b 
(1 �± �h�l�i�j�Z�r�b�\�Z�q�b���������± �p�_�\�h�\�h�^���a�Z���h�^�\�h�{�_�ƒ�_���i�j�Z�r�b�g�_���������± �[�j�m�k�g�Z���l�j�Z�d�Z�� 

 

 
�K�e�b�d�Z�������± �P�_�g�l�j�Z�e�g�b���m�j�_�{�Z�•���a�Z���h�l�i�j�Z�r�b�\�Z�ƒ�_�� 

�k�Z���i�j�b�d�‚�m�q�p�b�f�Z���g�Z���l�j�Z�d�Z�k�l�h�•���[�j�m�k�b�e�b�p�b 
 

�A�Z���h�^�\�h�{�_�ƒ�_���i�j�Z�r�b�g�_���b�� �k�l�j�m�]�h�l�b�g�_���k�Z���l�j�Z�d�Z�k�l�_�� �l�_�k�l�_�j�_�� �f�h�`�_�� �k�_�� �d�h�j�b�k�l�b�l�b���b���f�h�[�b�e�g�b���i�h�d�j�_�l�g�b��
�h�l�i�j�Z�r�b�\�Z�q�� 

�x �g�Z�d�m�i�‚�_�g�m�� �i�j�Z�r�b�g�m�� �l�h�d�h�f���j�Z�^�Z���i�h�\�j�_�f�_�g�h���h�q�b�k�l�b�l�b���f�_�l�e�b�p�h�f�� 
�x �d�h�j�b�k�l�b�l�b�� �j�_�k�i�b�j�Z�l�h�j�� �Z�d�h���•�_���\�_�g�l�b�e�Z�p�b�•�Z�� �g�_�^�_�e�h�l�\�h�j�g�Z���b�e�b�� �Z�d�h���•�_���g�_�f�Z�� 
�x �i�h�k�l�Z�\�b�l�b�� �l�j�Z�d�Z�k�l�_�� �[�j�m�k�b�e�b�p�_���� �Z�d�h�� �•�_�� �f�h�]�m�„�_���� �m�� �i�h�k�_�[�g�_�� �h�^�\�h�•�_�g�_�� �i�j�h�k�l�h�j�b�•�_�� �b�e�b�� �i�j�_�]�j�Z�{�_�g�_��

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

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

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

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

�g�Z�d�h�g�� �a�Z�\�j�r�_�l�d�Z�� �^�g�_�\�g�h�]�� �j�Z�^�Z���� �h�[�Z�\�_�a�g�h�� �b�k�d�‚�m�q�b�l�b�� �]�e�Z�\�g�b�� �i�j�_�d�b�^�Z�q�� �a�Z�� �g�Z�i�Z�•�Z�ƒ�_�� �l�j�Z�d�Z�k�l�_��
�[�j�m�k�b�e�b�p�_�� �_�e�_�d�l�j�b�q�g�h�f���_�g�_�j�]�b�•�h�f�� �b���h�[�_�a�[�_�^�b�l�b���•�_���h�^���k�e�m�q�Z�•�g�h�]���i�h�g�h�\�g�h�]�� �m�d�‚�m�q�_�ƒ�Z���b 
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Analysis of ergonomics computer components and computer environments 
 

ABSTRACT:  
Long-term working on a computer is one of the serious risk factors for the occurence and development of 

various pathological conditions and diseases, whose weight ranges from relatively benign to extremely serious. They 
arise as a result of long-term static loading of the spine , non-physiological position and repetitive motion in the wrist . 
The paper presents the elements of ergonomics computer with the results of a survey , and that includes  working with 
the keyboard and mouse . 

Keywords : ergonomics , risk factors , health damage 
 
1. �A�:�R�L�H���I�J�H�P�?�G�:���J�B�A�B�D�:���A�:���:�>�F�B�G�B�K�L�J�:�L�B�<�G�?���J�:�>�G�B�D�?���" 

�:�^�f�b�g�b�k�l�j�Z�l�b�\�g�Z�� �j�Z�^�g�Z�� �f�_�k�l�Z�� �k�m�� �i�j�b�k�m�l�g�Z�� �m�� �k�\�b�f�� �^�_�e�Z�l�g�h�k�l�b�f�Z�� �b�� �g�Z�� �ƒ�b�f�Z�� �k�m�� �a�Z�i�h�k�e�_�g�b��
�j�Z�^�g�b�p�b�� �m�� �� �f�Z�ƒ�_�f�� �b�e�b�� �\�_�„�_�f�� �[�j�h�•�m���� �G�Z�� �k�e�b�p�b�� �[�j������ �^�Z�l�� �•�_�� �i�j�b�d�Z�a�� �k�l�j�m�d�l�m�j�_�� �a�Z�i�h�k�e�_�g�b�o�� �m�� �^�\�Z��
�i�j�_�^�m�a�_�„�Z�����m���\�e�Z�^�b���:�I�<�h�•�\�h�^�b�g�_���b���L�_�e�_�d�h�f�m���K�j�[�b�•�_�� 

 
�K�e�b�d�Z���[�j���������K�l�j�m�d�l�m�j�Z���j�Z�^�g�b�d�Z���m���\�e�Z�^�b���:�I�<�h�•�\�h�^�b�g�_���b���L�_�e�_�d�h�f�m���K�j�[�b�•�_ 

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

�J�Z�^�g�Z���f�_�k�l�Z���m���Z�^�f�b�g�b�k�l�j�Z�p�b�•�b���d�Z�j�Z�d�l�_�j�b�r�_���g�_�d�h�e�b�d�h���n�Z�d�l�h�j�Z�� 
1. �M�f�g�b�� �j�Z�^�� �•�_�� �h�k�g�h�\�g�b�� �h�[�e�b�d�� �j�Z�^�Z�� �m�� �Z�^�f�b�g�b�k�l�j�Z�l�b�\�g�b�f�� �^�_�e�Z�l�g�h�k�l�b�f�Z���� �I�j�b�� �m�f�g�h�f�� �j�Z�^�m��

�i�j�\�_�g�k�l�\�_�g�h�� �^�h�e�Z�a�b�� �^�h�� �g�Z�i�j�_�a�Z�ƒ�Z�� �i�Z�`�ƒ�_���� �i�Z�f�„�_�ƒ�Z���� �Z�d�l�b�\�Z�p�b�•�_�� �i�j�h�p�_�k�Z�� �f�b�r�‚�_�ƒ�Z���� �Z�d�l�b�\�Z�p�b�•�_��
�_�f�h�p�b�h�g�Z�e�g�_�� �k�n�_�j�_�� �d�Z�h�� �b�� �^�h�� �g�Z�i�j�_�a�Z�ƒ�Z���k�_�g�a�h�j�g�h�]�� �Z�i�Z�j�Z�l�Z�����q�m�e�Z������ �^�h�d���•�_�� �i�j�b�� �n�b�a�b�q�d�h�f�� �j�Z�^�m���h�k�g�h�\�g�Z��
�Z�g�]�Z�`�h�\�Z�g�h�k�l�� �f�b�r�b�„�g�b�o�� �]�j�m�i�Z���� �D�Z�d�h�� �m�f�g�b�� �j�Z�^�� �f�h�`�_�� �[�b�l�b�� �j�Z�a�e�b�q�b�l�� �a�Z�\�b�k�g�h�� �h�^�� �h�j�]�Z�g�b�a�Z�p�b�•�_�� �j�Z�^�g�h�]��
�i�j�h�p�_�k�Z���� �j�Z�\�g�h�f�_�j�g�h�k�l�b�� �g�Z�i�j�_�a�Z�ƒ�Z���� �k�l�_�i�_�g�Z�� �_�f�h�p�b�h�g�Z�e�g�h�]�� �g�Z�i�j�_�a�Z�ƒ�Z�� �h�g�� �k�_�� �f�h�`�_�� �]�j�m�i�b�k�Z�l�b�� �m��
�g�_�d�h�e�b�d�h�� �]�j�m�i�Z���h�^���d�h�•�b�o�� �k�m���k�g�_�d�_���d�Z�j�Z�d�l�_�j�b�k�l�b�q�g�_���a�Z���Z�^�f�b�g�b�k�l�j�Z�l�b�\�g�_���^�_�e�Z�l�g�h�k�l�b�� 

                                                 
1 �<�b�k�h�d�Z���l�_�o�g�b�q�d�Z���r�d�h�e�Z���k�l�j�m�d�h�\�g�b�o���k�l�m�^�b�•�Z���m���G�h�\�h�f���K�Z�^�m 



�J�b�a�b�d���b���[�_�a�[�_�^�g�h�k�g�b���b�g�`�_�ƒ�_�j�b�g�]��- �D�h�i�Z�h�g�b�d��������4. 

134 

a. �J�Z�^�� �k�Z�� �i�j�_�l�_�`�g�b�f�� �g�Z�i�j�_�a�Z�ƒ�_�f�� �i�j�h�p�_�k�Z�� �f�b�r�‚�_�ƒ�Z�� �m�a�� �d�h�j�b�r�„�_�ƒ�_�� �i�h�k�l�h�•�_�„�b�o��
�Z�e�]�h�j�b�l�Z�f�Z�� 

b. �J�Z�^�� �d�h�•�b�� �a�Z�o�l�_�\�Z�� �g�_�j�_�]�m�e�Z�j�g�Z�� �g�Z�i�j�_�a�Z�ƒ�Z���� �g�_�h�i�o�h�^�g�h�k�l�� �q�_�k�l�h�]�� �^�h�g�h�r�_�ƒ�Z�� �h�^�e�m�d�Z�� �b��
�d�h�j�b�r�„�_�ƒ�_�����g�_�k�l�Z�g�^�Z�j�^�g�b�o���j�_�r�_�ƒ�Z�����i�_�j�h�b�h�^�b�q�g�h�k�l���i�h�•�Z�\�_�� �d�h�g�n�e�b�d�l�g�b�o�� �k�b�l�m�Z�p�b�•�_�� 

c. �K�l�\�Z�j�Z�e�Z�q�d�b�� �j�Z�^�� �d�h�•�b�� �a�Z�o�l�_�\�Z�� �k�l�\�Z�j�Z�ƒ�_�� �g�h�\�b�o�� �Z�e�]�h�j�b�l�Z�f�Z���� �i�h�\�_�„�Z�g�� �k�l�_�i�_�g�� �g�_�j�\�g�h��
�_�f�h�p�b�h�g�Z�e�g�h�]�� �g�Z�i�j�_�a�Z�ƒ�Z�����[�_�a���l�Z�q�g�h���h�^�j�_�{�_�g�h�]���j�Z�k�i�h�j�_�^�Z���\�j�_�f�_�g�Z�� 

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

Kao �b���n�b�a�b�q�d�b���j�Z�^�� �b�� �m�f�g�b���j�Z�^�� �f�h�`�_�� �^�Z���[�m�^�_���j�Z�a�e�b�q�b�l�_�� �l�_�`�b�g�_���r�l�h�� �a�Z�\�b�k�b���h�^���k�l�_�i�_�g�Z���g�_�j�\�g�h-
�_�f�h�p�b�h�g�h�]�� �g�Z�i�j�_�a�Z�ƒ�Z�����d�h�•�_�� �h�^�j�_�{�m�•�_���b�g�l�_�e�_�d�l�m�Z�e�g�h���� �_�f�h�p�b�h�g�Z�e�g�h�� �b�� �k�_�g�a�h�j�g�h���Z�g�]�Z�`�h�\�Z�ƒ�_�� 

2. �>�j�m�]�Z���d�Z�j�Z�d�l�_�j�b�k�l�b�d�Z���j�Z�^�Z���m���Z�^�f�b�g�b�k�l�j�Z�p�b�•�b�� �•�_�� �h�^�m�k�l�\�h�� �n�b�a�b�q�d�h�]���g�Z�i�j�_�a�Z�ƒ�Z���i�j�b���j�Z�^�m���d�h�•�b���k�_��
�i�j�_�l�_�`�g�h���h�[�Z�\�‚�Z�� �m���k�_�^�_�„�_�f�� �i�h�e�h�`�Z�•�m���� �I�j�b�� �j�Z�^�m���k�m���Z�g�]�Z�`�h�\�Z�g�_���j�m�d�_���� �i�h�k�_�[�g�h���r�Z�d�_���b�� �i�j�k�l�b���� �h�^�g�h�k�g�h��
�f�Z�ƒ�_���f�b�r�b�„�g�_���]�j�m�i�_���� �;�j�h�•���b���\�j�k�l�_���Z�d�l�b�\�g�h�k�l�b���m���Z�^�f�b�g�b�k�l�j�Z�l�b�\�g�b�f���^�_�e�Z�l�g�h�k�l�b�f�Z���k�m���j�Z�a�e�b�q�b�l�_�����h�k�b�f��
�i�j�b�•�_�f�Z�� �b�� �i�j�_�j�Z�^�_�� �b�g�n�h�j�f�Z�p�b�•�Z�� �d�h�•�_�� �k�_�� �h�[�Z�\�‚�Z�� �e�b�q�g�b�f�� �g�_�i�h�k�j�_�^�g�b�f�� �i�b�k�f�_�g�b�f�� �b�e�b�� �m�k�f�_�g�b�f��
�d�h�g�l�Z�d�l�b�f�Z���� �l�_�e�_�n�h�g�k�d�b�f�� �i�m�l�_�f���� �i�m�l�_�f�� �j�Z�q�m�g�Z�j�Z�� �b�� �k�e������ �\�j�r�_�� �k�_�� �a�Z�d�‚�m�q�b�\�Z�ƒ�Z�� �g�Z�� �h�k�g�h�\�m�� �\�_�„�_�]�� �b�e�b��
�f�Z�ƒ�_�]���[�j�h�•�Z���i�h�^�Z�l�Z�d�Z�������^�Z�•�m���k�_���b�g�k�l�j�m�d�p�b�•�_�����\�j�r�b�� �k�_���h�[�m�q�Z�\�Z�ƒ�_���^�j�m�]�b�o�� �i�e�Z�g�b�j�Z�•�m���k�_���Z�d�l�b�\�g�h�k�l�b�����b���k�e�� 

3. �:�^�f�b�g�b�k�l�j�Z�l�b�\�g�b�� �i�h�k�e�h�\�b�� �m�� �\�_�e�b�d�h�•�� �f�_�j�b�� �h�[�Z�\�‚�Z�•�m���k�_���i�j�b�f�_�g�h�f�� �j�Z�q�m�g�Z�j�Z���d�Z�•�_�� �d�Z�j�Z�d�l�_�j�b�r�_��
�i�h�\�_�„�Z�ƒ�_���i�k�b�o�h�n�b�a�b�q�d�h�]�� �b���i�k�b�o�b�q�d�h�]�� �g�Z�i�j�_�a�Z�ƒ�Z�����Z���i�h�k�_�[�g�h���\�b�a�m�_�e�g�h���k�_�g�a�h�j�g�h�� �g�Z�i�j�_�a�Z�ƒ�_�� [1] 
 

�������I�J�H�P�?�G�:���J�B�A�B�D�:���A�:���:�>�F�B�G�B�K�L�J�:�L�B�<�G�:���J�:�>�G�:���F�?�K�L�: 
�I�h�k�e�h�^�Z�\�Z�p�� �•�_�� �^�m�`�Z�g�� �^�Z�� �b�a�\�j�r�b�� �i�j�h�p�_�g�m�� �j�b�a�b�d�Z�� �a�Z�� �k�\�Z�� �j�Z�^�g�Z�� �f�_�k�l�Z�� �g�Z�� �d�h�•�b�f�Z�� �k�_�� �d�h�j�b�k�l�b��

�h�i�j�_�f�Z���a�Z���j�Z�^�� �k�Z���_�d�j�Z�g�h�f���� �A�Z�i�h�k�e�_�g�b���m���k�f�b�k�e�m���h�\�h�]���I�j�Z�\�b�e�g�b�d�Z���•�_���h�g�Z�•���d�h�•�b���d�h�j�b�k�l�b���h�i�j�_�f�m���a�Z���j�Z�^���k�Z��
�_�d�j�Z�g�h�f���g�Z�•�f�Z�ƒ�_�������q�Z�k�Z���^�g�_�\�g�h���� 

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

 
�K�e�b�d�Z���[�j��2: �?�J�=�H�G�H�F�B�3�:���>�?�E�H�<�:���J�:�Q�M�G�:�J�:���B���J�:�Q�M�G�:�J�K�D�H�=���H�D�J�M�@�?�5�:[2] 

�H�k�b�f�� �i�Z�`�ƒ�_�� �d�h�•�Z�� �k�_�� �f�h�j�Z�� �i�h�k�\�_�l�b�l�b�� �_�j�]�h�g�h�f�b�k�d�h�f�� �h�[�e�b�d�h�\�Z�ƒ�m�� �j�Z�^�g�h�]�� �f�_�k�l�Z�� ���k�e�b�d�Z�� ������
�i�h�k�_�[�g�Z���i�Z�`�ƒ�Z���f�h�j�Z���[�b�l�b���i�h�k�\�_�„�_�g�Z���b���k�e�_�^�_�„�b�f���d�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�Z�� 

�x �I�h�^�_�r�Z�\�Z�ƒ�_���i�_�j�n�h�j�f�Z�g�k�b���j�Z�q�m�g�Z�j�Z���j�Z�^�b���e�Z�d�r�_�]���j�m�d�h�\�Z�ƒ�Z  - �A�Z�i�h�k�e�_�g�b���q�_�k�l�h���i�h�g�Z�\�‚�Z��
�a�Z�^�Z�l�d�_�� �d�h�j�b�r�„�_�ƒ�_�f�� �l�Z�k�l�Z�l�m�j�_�� �b�� �f�b�r�Z�� �b�k�l�b�f�� �i�h�d�j�_�l�b�f�Z�� �r�l�h�� �f�h�`�_�� �^�h�\�_�k�l�b�� �^�h�� �a�Z�f�h�j�Z�� �b�� �m�i�Z�e�_��
�a�]�e�h�[�h�\�Z�� 

 �F�_�j�Z�� �D�h�j�b�r�„�_�ƒ�_���i�j�_�q�b�p�Z���j�Z�^�b���Z�m�l�h�f�Z�l�b�a�h�\�Z�ƒ�Z���g�_�d�b�o���m�h�[�b�q�Z�•�_�g�b�o���a�Z�^�Z�l�Z�d�Z�����d�Z�h���r�l�h���•�_��
�n�h�j�f�Z�l�b�j�Z�ƒ�_���^�h�d�m�f�_�g�l�Z�����m�[�Z�p�b�\�Z�ƒ�_���f�Z�b�e���Z�^�j�_�k�_���b���k�e�������f�h�`�_���a�g�Z�q�Z�•�g�h���m�f�Z�ƒ�b�l�b���\�j�_�f�_���d�h�j�b�r�„�_�ƒ�Z��
�l�Z�k�l�Z�l�m�j�_�����G�Z�[�Z�\�b�l�b���Z�g�Z�l�h�f�k�d�h�]���f�b�r�Z���b�e�b���l�Z�k�l�Z�l�m�j�m���b�e�b���i�h�^�e�h�]�m���a�Z���f�b�r�Z 

�x �I�h�k�_�[�g�h���i�h� �̂_�r�Z�\�Z�ƒ�_���i�_�j�n�h�j�f�Z�g�k�b���_�d�j�Z�g�Z - �N�j�_�d�\�_�g�p�b�•�Z���h�k�\�_�`�Z�\�Z�ƒ�Z���f�h�g�b�l�h�j�Z���•�_���b�a�g�Z�^����������
�Z�� �i�h�`�_�‚�g�h���•�_ ������ �+�]�� �m�d�h�e�b�d�h���k�_���d�h�j�b�k�l�b��CRT �f�h�g�b�l�h�j�����H�\�Z�d�h���\�_�e�b�d�h���h�k�\�_�`�_�ƒ�_���•�_���i�h�l�j�_�[�g�h���d�Z�d�h���[�b���k�_��



�J�b�a�b�d���b���[�_�a�[�_�^�g�h�k�g�b���b�g�`�_�ƒ�_�j�b�g�]��- �D�h�i�Z�h�g�b�d��������4. 
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�m�f�Z�ƒ�b�e�h�� �l�j�_�i�_�j�_�ƒ�_�� �k�e�b�d�_���� �M�d�h�e�b�d�h�� �k�_�� �f�_�{�m�l�b�f�� �d�h�j�b�k�l�_��LCD �_�d�j�Z�g�b�� �n�j�_�d�\�_�g�p�b�•�Z���h�k�\�_�`�Z�\�Z�ƒ�Z���g�b�•�_��
�l�h�e�b�d�h�� �a�Z�g�Z�q�Z�•�g�Z�� �a�Z�l�h�� �r�l�h�� �k�e�b�d�Z�� �i�j�Z�d�l�b�q�g�h�� �k�l�Z�e�g�h�� �i�h�k�l�h�•�b�� �g�Z�� �i�h�\�j�r�b�g�b�� �_�d�j�Z�g�Z���� �A�[�h�] �l�h�]�Z�� �k�m��
�n�j�_�d�\�_�g�p�b�•�_�� �h�k�\�_�`�Z�\�Z�ƒ�Z���d�h�^���h�\�h�]���l�b�i�Z���f�h�g�b�l�h�j�Z���h�^���������^�h������ Hz.  

�F�_�j�Z�����H�[�m�d�Z 
�x �Ä�;�_�e�Z�� �[�m�d�Z�´ �i�j�_�^�k�l�Z�\�‚�Z�� �b�k�l�h�\�j�_�f�_�g�h�� �i�m�r�l�Z�ƒ�_���a�\�m�d�h�\�Z���k�\�b�o���n�j�_�d�\�_�g�p�b�•�Z���m���q�m�•�g�h�f�� �k�i�_�d�l�j�m��

(20 Hz �± ������ �N�+�]������ �H�\�m�� �[�m�d�m���� �b�k�l�b�g�Z�� �\�_�h�f�Z�� �g�b�k�d�h�]�� �b�g�l�_�g�a�b�l�_�l�Z�����i�j�h�b�a�\�h�^�b�� �]�h�l�h�\�h�� �k�\�Z�d�b�� �d�h�f�i�•�m�l�_�j����
�a�Z�o�\�Z�‚�m�•�m�„�b�� �\�_�g�l�b�e�Z�l�h�j�b�f�Z�� �b�� �^�b�k�d�h�\�b�f�Z�� �d�h�•�b���� �f�Z�� �d�h�e�b�d�h�� �[�b�e�b�� �l�b�o�b���� �i�j�Z�\�_�� �[�_�e�m�� �[�m�d�m���� �>�m�]�h�j�h�q�g�h����
�[�_�e�Z���[�m�d�Z���d�h�•�Z���g�Z���i�j�\�b���i�h�]�e�_�^���g�_���k�f�_�l�Z���^�h�\�h�^�b���^�h���^�_�d�h�g�p�_�g�l�j�b�k�Z�g�h�k�l�b���b���g�_�j�\�h�a�_���d�h�j�b�k�g�b�d�Z���� 

�F�_�j�Z: �J�_�r�_�ƒ�_���h�\�h�]���i�j�h�[�e�_�f�Z���•�_�k�l�_���f�b�g�b�f�b�a�b�j�Z�ƒ�_���b�a�\�h�j�Z���[�_�e�_���[�m�d�_���m �•�_�^�g�h�•���i�j�h�k�l�h�j�b�•�b�����r�l�h��
�f�Z�ƒ�_���d�h�f�i�•�m�l�_�j�Z���m���k�h�[�b���± �l�h���[�h�‚�_���� 

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

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

�_�d�j�Z�g�h�f�� �g�Z�•�f�Z�ƒ�_������ �q�Z�k�Z���^�g�_�\�g�h���� �� �N�j�_�d�\�_�g�p�b�•�Z���•�_�� �q�Z�k�h�\�g�Z���m�d�h�e�b�d�h���a�Z�i�h�k�e�_�g�b���g�Z���j�Z�q�m�g�Z�j�m���j�Z�^�b���h�^����-6 
�q�Z�k�h�\�Z���^�g�_�\�g�h���� �Z�� �d�h�g�k�l�Z�g�l�g�Z���m�d�h�e�b�d�h���j�Z�^�b���h�^�� ��-���� �q�Z�k�h�\�Z���^�g�_�\�g�h���� ���g�Z�•�q�_�r�„�_�� �j�Z�^�g�h �f�_�k�l�h�� �i�j�h�]�j�Z�f�_�j�Z����
WEB �^�b�a�Z�•�g�_�j�Z���b�� �k�e�����a�Z�g�b�f�Z�ƒ�Z  �q�b�•�b���k�_���j�Z�^�g�b���a�Z�^�Z�p�b���h�^�\�b�•�Z�•�m���b�k�d�‚�m�q�b�\�h���g�Z���j�Z�q�m�g�Z�j�m��. [2] 
4. �I�H�3�:�F���?�J�=�H�G�H�F�B�3�?���G�:���J�:�>�G�H�F���F�?�K�L�M 

�?�j�]�h�g�h�f�b�•�Z�� �i�j�h�m�q�Z�\�Z�� �m�k�e�h�\�_�� �j�Z�^�Z���� �d�Z�h�� �b�� �f�h�]�m�„�g�h�k�l�b�� �i�j�b�e�Z�]�h�{�Z�\�Z�ƒ�Z�� �q�h�\�_�d�Z�� �l�b�f�� �m�k�e�h�\�b�f�Z����
�h�^�g�h�k�g�h���g�Z�q�b�g�_���b�� �f�_�l�h�^�_���a�Z���i�j�b�e�Z�]�h�{�Z�\�Z�ƒ�Z���m�k�e�h�\�Z���j�Z�^�Z���q�h�\�_�d�m�����D�Z�h���g�Z�m�q�g�Z���^�b�k�p�b�i�e�b�g�Z���h�[�m�o�\�Z�l�Z���k�\�_��
�Z�k�i�_�d�l�_�� �‚�m�^�k�d�_���Z�d�l�b�\�g�h�k�l�b�� �i�j�b�e�b�d�h�f�� �b�a�j�Z�^�_���b�� �m�i�h�l�j�_�[�_�� �_�e�_�f�_�g�Z�l�Z���j�Z�^�g�h�]�� �i�j�h�p�_�k�Z���� �f�Z�r�b�g�Z���b���Z�e�Z�l�Z����
�j�Z�^�g�_�� �k�j�_�^�b�g�_���� �k�Z�f�h�]�� �j�Z�^�Z�� �b�� �ƒ�_�]�h�\�_�� �h�j�]�Z�g�b�a�Z�p�b�•�_���� �m�a�b�f�Z�•�m�„�b�� �m�� �h�[�a�b�j�� �[�b�h�e�h�r�d�_���� �i�k�b�o�h�e�h�r�d�_�� �b��
�k�h�p�b�•�Z�e�g�_�� �n�Z�d�l�h�j�_���q�h�\�_�d�Z���m���l�h�f���i�j�h�p�_�k�m���� 

�?�j�]�h�g�h�f�b�•�Z�� �•�_�� �g�Z�m�d�Z�� �q�b�•�b�� �•�_�� �a�Z�^�Z�l�Z�d�� �^�Z�� �j�Z�^�� �m�q�b�g�b�� �m�^�h�[�g�b�•�b�f�� �b�� �[�_�a�[�_�^�g�b�•�b�f���� �b�f�Z�� �\�_�e�b�d�m��
�i�j�b�f�_�g�m�� �m�� �k�\�b�f�� �h�[�e�Z�k�l�b�f�Z���� �•�_�j�� �m�g�Z�i�j�_�{�m�•�_�� �b�� �h�^�j�`�Z�\�Z���_�n�b�d�Z�k�g�h�k�l���� �i�j�h�^�m�d�l�b�\�g�h�k�l���� �[�_�a�[�_�^�g�h�k�l�� �b��
�a�^�j�Z�\�‚�_���l�h�d�h�f���k�i�j�h�\�h�{�_�ƒ�Z���j�Z�^�g�b�o���a�Z�^�Z�l�Z�d�Z���� 
�?�j�]�h�g�h�f�b�•�Z�� �m�a�b�f�Z���m���h�[�a�b�j���q�h�\�_�d�Z���h�^�g�h�k�g�h���� 

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

�=�e�Z�\�g�b���p�b�‚�� �_�j�]�h�g�h�f�b�•�_�� �i�j�_�^�k�l�Z�\�‚�Z�� �k�f�Z�ƒ�_�ƒ�_���[�j�h�•�Z���h�[�h�e�_�e�b�o���j�Z�^�g�b�d�Z���h�^�� �]�j�m�i�_���h�[�h�‚�_�ƒ�Z���d�h�•�Z��
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�j�m�q�g�h�f�� �a�]�e�h�[�m�����r�l�h���f�h�`�_���b�a�Z�a�\�Z�l�b���[�h�e���b�e�b���^�h�\�_�k�l�b���^�h���i�h�\�j�_�^�_���d�Z�h���r�l�h���k�m���k�b�g�^�j�h�f���d�Z�j�i�Z�e�g�h�]���l�m�g�_�e�Z����
�L�Z�d�h�{�_���� �d�h�j�b�k�g�b�d���f�h�`�_���j�Z�a�f�b�k�e�b�l�b���h���d�h�j�b�r�„�_�ƒ�m���i�j�_�q�b�p�Z���g�Z���l�Z�k�l�Z�l�m�j�b���d�h�•�_���[�b���f�m���k�d�j�Z�l�b�e�_���\�j�_�f�_���d�h�^��
�d�h�j�b�r�„�_�ƒ�Z���m�h�[�b�q�Z�•�_�g�b�o�� �a�Z�^�Z�l�Z�d�Z�� 

 

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

�K�e�b�d�Z���������Z�����I�j�Z�\�b�e�Z�g���i�h�e�h�`�Z�•���j�m�d�m���l�h�d�h�f���d�h�j�b�r�„�_�ƒ�Z���l�Z�l�k�Z�l�m�j�_ 
�[�����G�_�i�j�Z�\�b�e�Z�g���i�h�e�h�`�Z�•���j�m�d�m���l�h�d�h�f���d�h�j�b�r�„�_�ƒ�Z���l�Z�l�k�Z�l�m�j�_[4] 
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���������D�h�j�b�r�„�_�ƒ�_���f�b�r�Z 
�>�h�[�j�h�� �^�b�a�Z�•�g�b�j�Z�g�� �f�b�r�� �g�_�� �[�b�� �l�j�Z�[�Z�e�h�� �^�Z�� �\�j�r�b�� �i�j�b�l�b�k�Z�d�� �g�Z�� �a�]�e�h�[�� �b�� �i�h�^�e�Z�d�l�b�p�m�� �f�b�r�b�„�Z����

�<�_�e�b�d�b���� �]�e�h�f�Z�a�Z�g���f�b�r���f�h�`�_���^�j�`�Z�l�b���a�]�e�h�[���k�l�Z�e�g�h���k�Z�\�b�•�_�g���g�Z���g�_�i�j�b�•�Z�l�Z�g���m�]�Z�h�� 
�I�h�l�j�_�[�g�h�� �•�_�� �^�j�`�Z�l�b�� �� �j�m�q�g�b�� �a�]�e�h�[�� �m�� �m�^�h�[�g�h�f���� �g�_�m�l�j�Z�e�g�h�f�� �i�h�e�h�`�Z�•�m���� �Z�� �i�h�d�Z�a�b�\�Z�q�d�b�� �m�j�_�{�Z�•�� �m��

�j�Z�\�g�b�� �k�Z�� �i�h�^�e�Z�d�l�b�p�h�f���� �G�_�� �i�h�f�_�j�Z�l�b�� �f�b�r�� �i�j�_�^�Z�e�_�d�h�� �h�^���l�Z�k�l�Z�l�m�j�_�� �•�_�j�� �l�h�� �f�h�`�_�� �^�Z�� �m�a�j�h�d�m�•�_�� �•�Z�d�h��
�k�Z�\�b�•�Z�ƒ�_�� �j�m�q�g�h�]�� �a�]�e�h�[�Z�� �m�� �k�l�j�Z�g�m�� ���k�e�b�d�Z�� ���Z�� �b�� ���[��- �i�j�Z�\�b�e�Z�g�� �b�� �g�_�i�j�Z�\�b�e�Z�g�� �i�h�e�h�`�Z�•�� �j�m�d�_�� �l�h�d�h�f��
�d�h�j�b�r�„�_�ƒ�Z���f�b�r�Z���� 

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

�K�e�b�d�Z�����Z�����I�j�Z�\�b�e�g�h���i�h�k�l�Z�\�‚�_�g�Z���j�m�d�Z���g�Z���f�b�r 
���[�����G�_�i�j�Z�\�b�e�Z�g���i�h�e�h�`�Z�•���j�m�d�_���g�Z���f�b�r�m[4] 

 
�������I�H�<�J�?�>�?���M�A�J�H�D�H�<�:�G�?���J�:�>�H�F���G�:���J�:�Q�M�G�:�J�M 

�>�m�]�h�l�j�Z�•�Z�g�� �j�Z�^�� �a�Z�� �j�Z�q�m�g�Z�j�h�f�� �k�_�� �m�[�j�Z�•�Z�� �m�� �h�a�[�b�‚�g�_�� �n�Z�d�l�h�j�_�� �j�b�a�b�d�Z�� �a�Z�� �g�Z�k�l�Z�g�Z�d�� �b�� �j�Z�a�\�h�•��
�j�Z�a�g�h�\�j�k�g�b�o�� �i�Z�l�h�e�h�r�d�b�o�� �k�l�Z�ƒ�Z�� �b�� �h�[�h�‚�_�ƒ�Z���� �q�b�•�Z�� �l�_�`�b�g�Z�� �\�Z�j�b�j�Z�� �h�^�� �j�_�e�Z�l�b�\�g�h���[�_�a�h�i�Z�k�g�b�o���^�h�� �d�j�Z�•�ƒ�_��
�h�a�[�b�‚�g�b�o���� �G�Z�•�q�_�r�„�_�� �k�_�� �•�Z�\�‚�Z�•�m���i�h�j�_�f�_�„�Z�•�b�� �m���n�m�g�d�p�b�h�g�b�k�Z�ƒ�m���e�h�d�h�f�h�l�h�j�g�h�]�� �k�b�k�l�_�f�Z���� �H�g�b���g�Z�k�l�Z�•�m���d�Z�h��
�i�h�k�e�_�^�b�p�Z�� �^�m�]�h�l�j�Z�•�g�h�]�� �k�l�Z�l�b�q�d�h�]�� �h�i�l�_�j�_�„�_�ƒ�Z�� �d�b�q�f�_�g�h�]�� �k�l�m�[�Z���� �g�_�n�b�a�b�h�e�h�r�d�h�]�� �i�h�e�h�`�Z�•�Z�� �b��
�i�h�g�Z�\�‚�Z�g�b�o�� �i�h�d�j�_�l�Z���m���a�]�e�h�[�m���r�Z�d�_�� 

�M���]�j�m�i�m���h�[�h�‚�_�ƒ�Z���m�a�j�h�d�h�\�Z�g�b�o���j�Z�^�h�f�� �g�Z���j�Z�q�m�g�Z�j�b�f�Z���k�\�j�k�l�Z�\�Z�•�m���k�_���l�j�b���d�Z�l�_�]�h�j�b�•�_���i�Z�l�h�e�h�r�d�b�o��
�i�j�h�p�_�k�Z�� 

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

�I�h�\�j�_�^�_�� �e�h�d�h�f�h�l�h�j�g�h�]�� �Z�i�Z�j�Z�l�Z�� �m�a�j�h�d�h�\�Z�g�_�� �i�h�g�Z�\�‚�Z�g�b�f���g�Z�i�j�_�a�Z�ƒ�_�f�� �k�m�� �g�Z�•�m�q�_�k�l�Z�e�b�•�Z�� �]�j�m�i�Z��
�i�h�j�_�f�_�„�Z�•�Z���m�a�j�h�d�h�\�Z�g�b�o�� �^�m�]�h�l�j�Z�•�g�b�f�� �j�Z�^�h�f���g�Z���j�Z�q�m�g�Z�j�m�����L�Z�d�\�_���j�Z�^�ƒ�_���k�m�����g�Z���i�j�b�f�_�j�� 

o �d�m�p�Z�ƒ�_���l�_�d�k�l�Z���g�Z���l�Z�k�l�Z�l�m�j�b�����d�Z�^�Z���r�Z�d�_���a�Z�m�a�b�f�Z�•�m���g�_�h�^�]�h�\�Z�j�Z�•�m�„�b���i�h�e�h�`�Z�•���m���j�m�q�g�h�f���a�]�e�h�[�m���� 
o �i�h�f�_�j�Z�ƒ�_�� �f�b�r�Z�� �i�h�� �i�h�^�e�h�a�� �[�_�a�� �h�k�e�h�g�p�Z���� �d�Z�^�Z�� �d�h�j�_�g�� �^�e�Z�g�Z�� �Ä�e�_�[�^�b�´�� �b�� �h�i�l�_�j�_�„�m�•�_�� �f�b�r�b�„�_��

�j�Z�f�_�g�h�]���i�h�•�Z�k�Z���b�� �i�h�^�e�Z�d�l�b�p�_���� 
o �i�j�b�l�b�k�d�Z�ƒ�_�� �Ä�l�\�j�^�b�o�´�� �l�Z�k�l�_�j�Z���� �q�b�f�_�� �k�_�� �g�Z�j�h�q�b�l�h�� �h�i�l�_�j�_�„�m�•�_�� �h�k�_�l�‚�b�\�� �e�b�]�Z�f�_�g�l�Z�j�g�b�� �Z�i�Z�j�Z�l��

�i�j�k�l�b�•�m�� �r�Z�d�_���b�l�^������ 
�>�\�Z���g�Z�•�q�_�r�„�Z���i�h�j�_�f�_�„�Z�•�Z���b�a���h�\�_���]�j�m�i�_���•�_�k�m�� 

�x �k�b�g�^�j�h�f�� �d�Z�j�i�Z�e�g�h�]�� �l�m�g�_�e�Z�� �d�h�•�b�� �•�_�� �m�a�j�h�d�h�\�Z�g���� �d�h�f�i�j�_�k�b�•�h�f�� �f�_�^�b�•�Z�e�g�h�]�� �g�_�j�\�Z�� �m���l�_�k�g�h�f�� �d�Z�g�Z�e�m��
�j�m�d�_ �b���l�Z�•�� �i�j�b�l�b�k�Z�d�� �f�h�`�_�� �^�h�\�_�k�l�b�� �^�h�� �i�j�h�^�h�j�Z�� �\�_�a�b�\�g�h�]�� �l�d�b�\�Z�� �b�� �l�j�Z�•�g�h�]�� �g�_�m�j�h�e�h�r�d�h�]��
�h�r�l�_�„�_�ƒ�Z���d�h�•�_���^�h�\�h�^�b���^�h���\�_�„�_�]���b�e�b���f�Z�ƒ�_�]���b�g�\�Z�e�b�^�b�l�_�l�Z�����F�Z�g�b�n�_�k�l�m�•�_���k�_���l�j�ƒ�_�ƒ�_�f���b���`�Z�j�_�„�b�f��
�[�h�e�h�f���m���r�Z�p�b���d�h�•�b�� �[�h�e�_�k�g�b�d�Z���[�m�^�b���g�h�„�m �b�� 

�x �i�h�\�j�_�^�_�� �l�_�l�b�\�Z - �m�]�e�Z�\�g�h�f�� �k�_�� �\�b�{�Z�•�m�� �m�� �h�[�e�b�d�m�� �a�Z�i�Z�‚�_�ƒ�Z�� ���l�_�g�^�b�g�b�l�b�k���� �d�h�^�� �d�h�•�_�]�� �^�h�e�Z�a�b�� �^�h��
�j�Z�a�^�\�Z�•�Z�ƒ�Z���b�� �i�m�p�Z�ƒ�Z���\�e�Z�d�Z�g�Z���l�_�l�b�\�Z���� �r�l�h���a�Z���i�h�k�e�_�^�b�p�m���b�f�Z���i�h�•�Z�q�Z�g�h���l�j�_�ƒ�_�����j�Z�a�\�b�l�Z�d���\�_�e�b�d�b�o��
�h�l�h�d�Z���b���[�h�e���d�h�•�b�� �f�h�`�_���i�h�l�i�m�g�h���b�f�h�[�b�e�b�k�Z�l�b�� �a�Z�o�\�Z�„�_�g�b���^�_�h���_�d�k�l�j�_�f�b�l�_�l�Z����[4] 

�������K�I�J�H�<�?�>�?�G�H���B�K�L�J�:�@�B�<�:�5�? 
�A�Z�� �i�h�l�j�_�[�_�� �h�\�h�]�� �j�Z�^�Z�� �b�a�\�j�r�_�g�h�� �•�_�� �b�k�l�j�Z�`�b�\�Z�ƒ�_�� �\�_�a�Z�g�h�� �a�Z�� �_�j�]�h�g�h�f�b�•�m�� �j�Z�q�m�g�Z�j�Z�� �g�Z��

�Z�^�f�b�g�b�k�l�j�Z�l�b�\�g�h�f���j�Z�^�g�h�f���f�_�k�l�m�� 

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

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

�F�_�l�h�^�_���b�k�l�j�Z� �̀b�\�Z�ƒ�Z�� 
�F�_�l�h�^�_���d�h�•�_���k�m���d�h�j�b�r�„�_�g�_���a�Z���i�h�l�j�_�[�_���b�k�l�j�Z�`�b�\�Z�ƒ�Z���k�m�� 
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 - �L�_�k�l�b�j�Z�ƒ�_���a�Z�i�h�k�e�_�g�b�o���g�Z���Z�^�f�b�g�b�k�l�j�Z�l�b�\�g�h�f���j�Z�^�g�h�f���f�_�k�l�m���b�a���h�[�e�Z�k�l�b���_�j�]�h�g�h�f�b�•�_���j�Z�q�m�g�Z�j�Z 

�L�_�o�g�b�d�_���b���Z�e�Z�l�b���b�k�l�j�Z� �̀b�\�Z�ƒ�Z  
�:�e�Z�l���b�k�l�j�Z�`�b�\�Z�ƒ�Z���•�_���l�_�k�l���b�a���h�[�e�Z�k�l�b���;�A�J /�_�j�]�h�g�h�f�b�•�_���j�Z�q�m�g�Z�j�Z. 
 �I�h�f�_�g�m�l�Z���Z�g�d�_�l�Z���k�Z�^�j�`�b���k�e�_�^�_�„�m���]�j�m�i�m���i�b�l�Z�ƒ�Z: 
- �I�b�l�Z�ƒ�Z���d�h�•�Z���i�j�h�\�_�j�Z�\�Z�•�m���i�j�b�e�Z�]�h�{�_�g�h�k�l�� �j�Z�^�g�h�]���h�d�j�m�`�_�ƒ�Z���b�a���h�[�e�Z�k�l�b���_�j�]�h�g�h�f�b�•�_�� �j�Z�q�m�g�Z�j�Z 
- �I�b�l�Z�ƒ�Z�� �d�h�•�Z�� �k�_�� �h�^�g�h�k�_�� �g�Z�� �a�^�j�Z�\�k�l�\�_�g�_�� �i�j�h�[�e�_�f�_�� �d�h�^�� �a�Z�i�h�k�e�_�g�b�o�� �d�h�•�b�� �k�_�� �i�h�\�_�a�m�•�m�� �k�Z��

�^�m�]�h�l�j�Z�•�g�b�f�� �j�Z�^�g�h�f���g�Z���j�Z�q�m�g�Z�j�m. 
�A�Z�� �h�[�e�Z�k�l�� �_�j�]�h�g�h�f�b�•�_�� �j�Z�q�m�g�Z�j�Z�� �Z�g�d�_�l�g�b�� �e�b�k�l�� �•�_�� �^�Z�l�� �d�Z�h�� �m�i�b�l�g�b�d�� �i�b�l�Z�ƒ�b�f�Z�� �a�Z�� �d�h�•�_�� �k�m�� �i�h�g�m�{�_�g�b��

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

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

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

�������J�?�A�M�E�L�:�L�B���K�I�J�H�<�?�>�?�G�B�O���B�K�L�J�:�@�B�<�:�5�:�� 
�:�g�d�_�l�Z�� �d�h�•�m�� �k�m���a�Z�i�h�k�e�_�g�b���i�h�i�m�ƒ�Z�\�Z�e�b���k�_���k�Z�k�l�h�•�b�� �b�a���^�\�Z���^�_�e�Z: I �^�_�h���d�h�•�b�� �i�j�_�^�k�l�Z�\�‚�Z�� �i�b�l�Z�ƒ�Z���d�h�•�Z��

�i�j�h�\�_�j�Z�\�Z�•�m�� �i�j�b�e�Z�]�h�{�_�g�h�k�l�� �j�Z�^�g�h�]�� �h�d�j�m�`�_�ƒ�Z�� �b�a�� �h�[�e�Z�k�l�b�� �_�j�]�h�g�h�f�b�•�_�� �j�Z�q�m�g�Z�j�Z���� �b��II  �^�_�h�� �d�h�•�b��
�i�j�_�^�k�l�Z�\�‚�Z�� �Z�g�d�_�l�m�� �h�� �_�\�_�g�l�m�Z�e�g�h�f�� �i�j�b�k�m�k�l�\�m�� �a�^�j�Z�\�k�l�\�_�g�b�o�� �l�_�]�h�[�Z�� �d�h�•�_�� �k�_�� �i�h�\�_�a�m�•�m�� �k�Z�� �^�m�]�h�l�j�Z�•�g�b�f��
�j�Z�^�h�f���g�Z���j�Z�q�m�g�Z�j�m���d�h�^���a�Z�i�h�k�e�_�g�b�o�� 

�L�Z�[�_�e�Z���������:�g�d�_�l�g�b���e�b�k�l���± �i�b�l�Z�ƒ�Z 
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m
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�>�Z���e�b���•�_���l�Z�k�l�Z�l�m�j�Z�����m�^�h�[�g�Z�� �a�Z���d�h�j�b�r�„�_�ƒ�_�"   
�>�Z���e�b���k�l�_���m�d�m�p�Z�\�Z�ƒ�_�f���m���k�l�Z�ƒ�m���^�Z���^�j�`�b�l�_ �k�\�h�•�_���a�]�e�h�[�h�\�_���j�Z�\�g�h�"   
�>�Z���e�b���k�m���d�‚�m�q�g�b �k�b�f�[�h�e�b���•�Z�k�g�b �b�� �q�b�l�d�b?   
�>�Z���e�b���i�h�k�l�h�•�b�� �^�h�\�h�‚�g�h���i�j�h�k�l�h�j�Z���a�Z���d�h�j�b�r�„�_�ƒ�_���f�b�r�Z�"   
�>�Z�� �e�b�� �k�l�_�� �m�� �f�h�]�m�„�g�h�k�l�b�� �^�Z�� �d�h�j�b�k�l�b�l�_�� �f�b�r�� �[�_�a�� �i�h�k�_�a�Z�ƒ�Z 
���g�Z�]�b�ƒ�Z�ƒ�Z��? 

  

�>�Z�� �e�b�� �\�Z�f�� �•�_�� �i�h�l�j�_�[�Z�g���g�Z�k�e�h�g�� �a�Z�� �a�]�e�h�[�� �a�Z�� �l�Z�k�l�Z�l�m�j�m�� ���Z�U�L�V�W�U�H�V�W��
keyboard)? 

  

�I�j�h�[�e�_�f�b�� �[�b�e�h�� �a�Z�� �l�Z�k�l�Z�l�m�j�m�� �b�e�b�� �f�b�r�� ���Z�d�h�� �i�h�k�l�h�•�_���� �h�i�b�r�b�l�_���m��
�i�h�‚�m���>�:) 

  

�F
�b

�r
 

�>�Z���e�b���•�_���m�j�_�{�Z�•�� �i�h�]�h�^�Z�g���a�Z���a�Z�^�Z�l�d�_���a�Z���d�h�•�_���k�_���d�h�j�b�k�l�b�"   
�>�Z���e�b���•�_���m�j�_�{�Z�•�� �i�h�a�b�p�b�h�g�b�j�Z�g�� �m���[�e�b�a�b�g�b�� 
�d�h�j�b�k�g�b�d�Z�" 

  

�>�Z���e�b���i�h�k�l�h�•�b�� �i�h�^�j�r�d�Z���a�Z���a�]�e�h�[���g�Z���m�j�_�{�Z�•�m���b�e�b���a�Z���i�h�^�e�Z�d�l�b�p�m�"   
�>�Z���e�b���m�j�_�{�Z�•�� �n�m�g�d�p�b�h�g�b�r�_�� �]�e�Z�l�d�h���[�j�a�b�g�h�f�� 
�d�h�•�Z���h�^�]�h�\�Z�j�Z���d�h�j�b�k�g�b�d�m�" 

  

�F�h�`�_���e�b���d�h�j�b�k�g�b�d�� �e�Z�d�h���^�Z���i�h�^�_�k�b���[�j�a�b�g�m���b�� 
�l�Z�q�g�h�k�l���i�h�d�Z�a�b�\�Z�q�Z�" 

  

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

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

�>�Z �e�b �i�h�\�j�_�f�_�g�h �i�h�\�j�_�f�_�g�h �b�f�Z�l�_ �[�h�e�h�\�_ �m �j�m�q�g�h�f �a�]�e�h�[�m �g�Z�d�h�g �^�m�]�h�l�j�Z�•�g�h�] �d�h�j�b�r�„ �_�ƒ�Z 
�j�Z�q�m�g�Z�j�Z? 
 �K�l�Z�j�h�k�g�Z��

�]�j�m�i�Z���h�^��
�������^�h��������
�]�h�^�� 

% �K�l�Z�j�h�k�g�Z��
�]�j�m�i�Z���h�^��
�������^�h��������
�]�h�^�� 

% �K�l�Z�j�h�k�g�Z��
�]�j�m�i�Z���h�^��
�������^�h��������
�]�h�^�� 

% �K�l�Z�j�h�k�g�Z���]�j�m�i�Z��
�i�j�_�d�h���������]�h�^�� 

% 

�g�_ 99 81.15 55 78.
57 

21 30 2 10.52 

�^�Z 23 18.85 15 21.
43 

49 70 17 89.47 

 �>�Z �G�_ 
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�L�Z�[�_�e�Z�����[�����L�_�]�h�[�_���d�h�•�_���a�Z�i�h�k�e�_�g�b���b�f�Z�•�m�����Z���i�h�l�_�g�p�b�•�Z�e�g�b���m�a�j�h�q�g�b�p�b���k�m���l�Z�k�l�Z�l�m�j�Z���b���f�b�r 

�>�Z���e�b���i�h�\�j�_�f�_�g�h �b�f�Z�l�_���i�h�•�Z�\�m���l�j�ƒ�_�ƒ�Z���r�Z�d�_�" 

 

�K�l�Z�j�h�k�g�Z��
�]�j�m�i�Z���h�^��
�������^�h��������
�]�h�^�� 

% �K�l�Z�j�h�k�g
�Z���]�j�m�i�Z��
�h�^�������� �^�h��
�������]�h�^�� 

% �K�l�Z�j�h�k�g�Z��
�]�j�m�i�Z���h�^��
�������^�h��������
�]�h�^�� 

% �K�l�Z�j�h�k�g�Z���]�j�m�i�Z��
�i�j�_�d�h���������]�h�^�� 

% 

�g�_ 103 84.43 47 68.11 12 20.33 4 25 
�^�Z 19 15.57 22 31.88 47 79.67 12 75 
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�x �H�[�m�d�Z�� �f�h�`�_�� �m�� �i�j�Z�\�b�e�g�h�f�� �d�h�j�b�r�„�_�ƒ�m�� �l�Z�k�l�Z�l�m�j�_���� �i�j�Z�\�b�e�g�h�f�� �j�Z�k�i�h�j�_�^�m�� �i�j�k�l�b�•�m���b�� �d�h�j�b�r�„�_�ƒ�m��

�i�j�_�q�b�p�Z���g�Z���l�Z�k�l�Z�l�m�j�b 
�x �M�j�_�{�Z�•�_���l�j�_�[�Z���h�^�j�`�Z�\�Z�l�b���q�b�k�l�b�f�����Z�d�h���k�_���d�Z�j�Z�d�l�_�j�b���b���^�Z�‚�_���g�_���f�h�]�m���i�j�h�q�b�l�Z�l�b�����l�Z�k�l�Z�l�m�j�m���l�j�_�[�Z��

�a�Z�f�_�g�b�l�b�� 
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�x �J�Z�k�i�h�j�_�^�b�l�b �j�Z�^�g�b �k�l�h���� �l�Z�d�h�� �^�Z�� �d�h�j�b�k�g�b�d�� �f�h�`�_�� �^�Z�� �b�a�\�j�r�b�� �a�Z�^�Z�l�d�_�� �d�h�•�b�� �k�_�� �b�a�\�j�r�Z�\�Z�•�m��
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�x �I�j�Z�\�‚�_�ƒ�_�� �i�Z�m�a�Z�� �m�� �j�Z�^�m�� �b�� �b�a�[�_�]�Z�\�Z�l�b�� �d�h�g�k�l�Z�g�l�Z�g���j�Z�^�� �g�Z���m�g�h�k�m���i�h�^�Z�l�Z�d�Z���b�� �k�e���� �Z�d�l�b�\�g�h�k�l�b�f�Z��
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Risk Management - General indicators of 
in the field of safety and health at work in Serbia 

 

ABSTRACT:  
This paper presents the work of inspection in the field of OHS, with special emphasis on the monitoring and 

recording of occupational injuries. In addition, an analysis of occupational injuries in the Republic of Serbia for 2003. 
until 2012. Special attention was paid to informal work, or the work of "black" which is one of the major economic and 
social problems. 

Keywords: injuries, fatal injuries, illegal work, training 
 
1. �M�\�h�^ 

�P�b�‚�� �b�g�k�i�_�d�p�b�•�k�d�h�]�� �g�Z�^�a�h�j�Z���m���h�[�e�Z�k�l�b�� �[�_�a�[�_�^�g�h�k�l�b�� �b�� �a�^�j�Z�\�‚�Z���g�Z �j�Z�^�m�����m���^�Z�‚�_�f���l�_�d�k�l�m���;�A�J�������•�_��
�i�j�_�� �k�\�_�]�Z�� �k�i�j�_�q�Z�\�Z�ƒ�_�� �i�h�\�j�_�^�Z�� �g�Z�� �j�Z�^�m���b�� �i�j�h�n�_�k�b�h�g�Z�e�g�b�o���h�[�h�‚�_�ƒ�Z���� �Z �a�Z�k�g�b�\�Z���k�_���g�Z���i�h�d�j�_�l�Z�ƒ�m���g�b�a�Z��
�Z�d�l�b�\�g�h�k�l�b�� �m�� �\�b�r�_�� �h�[�e�Z�k�l�b�� �^�_�e�h�\�Z�ƒ�Z���� �d�Z�h�� �r�l�h�� �k�m �m�k�i�h�k�l�Z�\�‚�Z�ƒ�_�� �h�^�]�h�\�h�j�g�h�k�l�b�� �i�h�k�e�h�^�Z�\�p�Z�� �m�� �k�\�b�f��
�n�Z�a�Z�f�Z���j�Z�^�Z�����i�j�b�f�_�g�Z �i�j�_�\�_�g�l�b�\�g�b�o���f�_�j�Z���m���k�\�b�f���h�[�e�b�p�b�f�Z���j�Z�^�Z���b���l�_�o�g�h�e�h�r�d�b�f���n�Z�a�Z�f�Z���j�Z�^�Z�����i�j�h�p�_�g�Z��
�j�b�a�b�d�Z���b�� �m�i�j�Z�\�‚�Z�ƒ�_���b�k�l�b�f���g�Z���k�\�b�f���f�_�k�l�b�f�Z���j�Z�^�Z�����h�k�i�h�k�h�[�‚�Z�\�Z�ƒ�_���a�Z�i�h�k�e�_�g�b�o���a�Z �[�_�a�[�_�^�Z�g���b���a�^�j�Z�\���j�Z�^����
�i�j�Z�„�_�ƒ�_���ƒ�b�o�h�\�h�]���a�^�j�Z�\�k�l�\�_�g�h�]���k�l�Z�ƒ�Z�����i�j�Z�„�_�ƒ�_���i�Z�j�Z�f�_�l�Z�j�Z �m�k�e�h�\�Z���j�Z�^�g�_���k�j�_�^�b�g�_���b���k�e�b�q�g�h�� 

�M�� �j�Z�^�m�� �•�_�� �^�Z�l�� �i�j�_�]�e�_�^�� �i�h�\�j�_�^�Z�� �g�Z�� �j�Z�^�m�� �m�� �i�_�j�b�h�^�m�� ����05���]�h�^��-�����������]�h�^�b�g�Z�� �d�h�•�b�� �•�_�� �k�Z�q�b�ƒ�_�g�� �g�Z��
�h�k�g�h�\�m���b�g�k�i�_�d�p�b�•�k�d�h�]�� �g�Z�^�a�h�j�Z�� 

 
2. �I�H�<�J�?�>�?���G�:���J�:�>�M���B���I�J�H�N�?�K�B�H�G�:�E�G�?���;�H�E�?�K�L�� 

 �I�h�\�j�_�^�h�f �g�Z �j�Z�^�m, ���q�e���� �������� �b�� �������� �I�B�H���� �k�f�Z�l�j�Z �k�_ �i�h�\�j�_�^�Z �h�k�b�]�m�j�Z�g�b�d�Z - �a�Z�i�h�k�e�_�g�h�] �d�h�•�Z �k�_ 
�^�h�]�h�^�b �m �i�j�h�k�l�h�j�g�h�•, �\�j�_�f�_�g�k�d�h�• �b �m�a�j�h�q�g�h�• �i�h�\�_�a�Z�g�h�k�l�b �k�Z �h�[�Z�\�‚�Z�ƒ�_�f �i�h�k�e�Z �i�h �h�k�g�h�\�m �d�h�]�Z �•�_ 
�h�k�b�]�m�j�Z�g, �i�j�h�m�a�j�h�d�h�\�Z�g�Z �g�_�i�h�k�j�_�^�g�b�f �b �d�j�Z�l�d�h�l�j�Z�•�g�b�f �f�_�o�Z�g�b�q�d�b�f, �n�b�a�b�q�d�b�f �b�e�b �o�_�f�b�•�k�d�b�f 
�^�_�•�k�l�\�h�f, �g�Z�]�e�b�f �i�j�h�f�_�g�Z�f�Z �i�h�e�h�`�Z�•�Z �l�_�e�Z, �b�a�g�_�g�Z�^�g�b�f �h�i�l�_�j�_�„�_�ƒ�_�f �l�_�e�Z �b�e�b �^�j�m�]�b�f �i�j�h�f�_�g�Z�f�Z 
�n�b�a�b�h�e�h�r�d�h�] �k�l�Z�ƒ�Z �h�j�]�Z�g�b�a�f�Z. 

�I�h�\�j�_�^�h�f �g�Z �j�Z�^�m �k�f�Z�l�j�Z �k�_ �b �h�[�h�‚�_�ƒ�_ �h�k�b�]�m�j�Z�g�b�d�Z �d�h�•�_ �•�_ �g�Z�k�l�Z�e�h �g�_�i�h�k�j�_�^�g�h �b�e�b �d�Z�h 
�b�k�d�‚�m�q�b�\�Z �i�h�k�e�_�^�b�p�Z �g�_�d�h�] �g�_�k�j�_�„�g�h�] �k�e�m�q�Z�•�Z �b�e�b �\�b�r�_ �k�b�e�_ �a�Z �\�j�_�f�_ �h�[�Z�\�‚�Z�ƒ�Z �i�h�k�e�Z �i�h �h�k�g�h�\�m 
�d�h�]�Z �•�_ �h�k�b�]�m�j�Z�g �b�e�b �m �\�_�a�b �k �ƒ�b�f. 

�I�h�\�j�_�^�h�f �g�Z �j�Z�^�m �k�f�Z�l�j�Z �k�_ �b �i�h�\�j�_�^�Z�� �� �d�h�•�m �h�k�b�]�m�j�Z�g�b�d - �a�Z�i�h�k�e�_�g�b �i�j�_�l�j�i�b �i�j�b �h�[�Z�\�‚�Z�ƒ�m 
�i�h�k�e�Z �g�Z �d�h�•�b �g�b�•�_ �j�Z�k�i�h�j�_�{�_�g, �Z�e�b �d�h�•�b �h�[�Z�\�‚�Z �m �b�g�l�_�j�_�k�m �i�h�k�e�h�^�Z�\�p�Z �d�h�^ �d�h�]�Z �•�_ �a�Z�i�h�k�e�_�g. 

�I�j�h�n�_�k�b�h�g�Z�e�g�_ �[�h�e�_�k�l�b���� ���q�e. 24.�I�B�H) �•�_�k�m �h�^�j�_�{�_�g�_ �[�h�e�_�k�l�b �g�Z�k�l�Z�e�_ �m �l�h�d�m  �k�b�]�m�j�Z�ƒ�Z, 
�i�j�h�m�a�j�h�d�h�\�Z�g�_ �^�m�`�b�f �g�_�i�h�k�j�_�^�g�b�f �m�l�b�p�Z�•�_�f �i�j�h�p�_�k�Z �b �m�k�e�h�\�Z �j�Z�^�Z �g�Z �j�Z�^�g�b�f �f�_�k�l�b�f�Z, �h�^�g�h�k�g�h 
�i�h�k�e�h�\�b�f�Z �d�h�•�_ �•�_ �h�k�b�]�m�j�Z�g�b�d �h�[�Z�\�‚�Z�h 

�G�Z�j�m�r�_�g�h���a�^�j�Z�\�‚�_�����H�O�K�:�K�� - �g�_�i�h�\�h�‚�g�h�����r�l�_�l�g�h�����n�b�a�b�q�d�h���b�e�b�� �f�_�g�l�Z�e�g�h���k�l�Z�ƒ�_���d�h�•�_���k�_���f�h�`�_��
�b�^�_�g�l�b�n�b�d�h�\�Z�l�b���� �Z�� �d�h�•�_�� �•�_�� �i�j�h�m�a�j�h�d�h�\�Z�g�h�� �b���b�e�b�� �•�_�� �i�h�]�h�j�r�Z�g�h���m�k�e�_�^�� �j�Z�^�g�_���Z�d�l�b�\�g�h�k�l�b�� �b/�b�e�b���k�b�l�m�Z�p�b�•�_��
�i�h�\�_�a�Z�g�_���k�Z���j�Z�^�h�f 

                                                 
1 �<�b�k�h�d�Z���l�_�o�g�b�q�d�Z���r�d�h�e�Z���k�l�j�m�d�h�\�g�b�o���k�l�m�^�b�•�Z���m���G�h�\�h�f���K�Z�^�m 
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�J�b�a�b�d���b���[�_�a�[�_�^�g�h�k�g�b���b�g�`�_�ƒ�_�j�b�g�]��- �D�h�i�Z�h�g�b�d��������4. 

141 

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

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

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

�m�k�e�h�\�g�b�f�� �n�Z�d�l�h�j�h�f���d�h�•�b�� �•�_���i�j�h�m�a�j�h�d�h�\�Z�h�� �i�h�\�j�_�{�b�\�Z�ƒ�_���^�\�Z���b�e�b���\�b�r�_���a�Z�i�h�k�e�_�g�b�o�� 
�A�Z�d�h�g�h�f�� �h�� �;�A�J �k�_���m�j�_�{�m�•�_���k�i�j�h�\�h�{�_�ƒ�_���b���m�g�Z�i�j�_�{�b�\�Z�ƒ�_���[�_�a�[�_�^�g�h�k�l�b���b���a�^�j�Z�\�‚�Z���g�Z���j�Z�^�m���e�b�p�Z���d�h�•�Z��

�m�q�_�k�l�\�m�•�m���m���j�Z�^�g�b�f�� �i�j�h�p�_�k�b�f�Z���� �d�Z�h���b�� �e�b�p�Z���d�h�•�Z���k�_���a�Z�l�_�d�g�m���m���j�Z�^�g�h�•���h�d�h�e�b�g�b�����j�Z�^�b���k�i�j�_�q�Z�\�Z�ƒ�Z���i�h�\�j�_�^�Z��
�g�Z�� �j�Z�^�m���� �i�j�h�n�_�k�b�h�g�Z�e�g�b�o�� �h�[�h�‚�_�ƒ�Z�� �b�� �h�[�h�‚�_�ƒ�Z�� �m�� �\�_�a�b�� �k�Z�� �j�Z�^�h�f���� �A�Z�d�h�g�h�f�� �k�m�� �^�_�n�b�g�b�k�Z�g�_���� �i�j�_�� �k�\�b�o����
�h�[�Z�\�_�a�_���i�h�k�e�h�^�Z�\�p�Z�����e�b�p�Z���a�Z���[�_�a�[�_�^�g�h�k�l���b���a�^�j�Z�\�‚�_���g�Z���j�Z�^�m���b���k�e�m�`�[�_���f�_�^�b�p�b�g�_���j�Z�^�Z���� 

 
���������M�e�h�]�Z �f�_�^�b�p�b�g�_ �j�Z�^�Z 
�A�g�Z�q�Z�•�Z�g �^�_�h �^�h�d�m�f�_�g�l�Z�p�b�•�_ �\�Z�`�g�_ �a�Z �j�_�Z�e�b�a�Z�p�b�•�m �;�A�J���•�_ �^�_�h �j�Z�^�g�b�o �h�[�Z�\�_�a�Z �k�e�m�`�[�_ �f�_�^�b�p�b�g�_ 

�j�Z�^�Z. �5�_�g �a�Z�^�Z�l�Z�d �•�_ �^�Z �b�k�i�b�l�m�•�_ �b �m�l�\�j�{�m�•�_ �m�a�j�h�d�_ �g�Z�k�l�Z�g�d�Z �i�h�\�j�_�^�Z �g�Z �j�Z�^�m, �i�j�h�n�_�k�b�h�g�Z�e�g�b�o 
�h�[�h�‚�_�ƒ�Z �b �[�h�e�_�k�l�b �m �\�_�a�b �k�Z �j�Z�^�h�f, �\�j�r�b �i�j�_�l�o�h�^�g�_ �b �i�_�j�b�h�^�b�q�g�_ �e�_�d�Z�j�k�d�_ �i�j�_�]�e�_�^�_ �a�Z�i�h�k�e�_�g�b�o �g�Z 
�j�Z�^�g�b�f �f�_�k�l�b�f�Z �k�Z �i�h�\�_�„�Z�g�b�f �j�b�a�b�d�h�f �i�h �a�^�j�Z�\�‚�_, �g�Z�d�h�g �q�_�]�Z �b�a�^�Z�•�_ �b�a�\�_�r�l�Z�•�_ �h �k�i�j�h�\�_�^�_�g�b�f 
�e�_�d�Z�j�k�d�b�f �i�j�_�]�e�_�^�b�f�Z �d�h�•�b �k�Z�^�j�`�_ �h�p�_�g�m �j�Z�^�g�_ �k�i�h�k�h�[�g�h�k�l�b. �K�e�m�`�[�Z �f�_�^�b�p�b�g�_ �j�Z�^�Z �Z�g�Z�e�b�a�b�j�Z 
�i�h�\�j�_�^�_ �g�Z �j�Z�^�m, �i�j�h�n�_�k�b�h�g�Z�e�g�Z �h�[�h�‚�_�ƒ�Z �b �[�h�e�_�k�l�b �m �\�_�a�b �k�Z �j�Z�^�h�f �b, �k�Z�f�Z �b�e�b �a�Z�•�_�^�g�h �k�Z �e�b�p�_�f �a�Z 
�[�_�a�[�_�^�g�h�k�l �b �a�^�j�Z�\�‚�_ �g�Z �j�Z�^�m, �m�l�\�j�{�m�•�_ �m�a�j�h�d�_ �ƒ�b�o�h�\�h�] �g�Z�k�l�Z�•�Z�ƒ�Z �b �h �l�h�f�_ �^�Z�•�_ �i�b�k�Z�g�_ �b�a�\�_�r�l�Z�•�_ 
�i�h�k�e�h�^�Z�\�p�m, �b�g�k�i�_�d�l�h�j�Z�l�m �b �^�j�m�]�b�f�Z.  

�F�_�^�b�p�b�g�Z �j�Z�^�Z �\�h�^�b �g�b�a, �i�j�Z�\�b�e�g�b�p�b�f�Z �j�_�]�m�e�b�k�Z�g�b�o �b �i�j�h�i�b�k�Z�g�b�o �^�h�d�m�f�_�g�Z�l�Z, �m �p�_�e�h�k�l�b �b�e�b 
�^�_�e�b�f�b�q�g�h: �b�a�\�_�r�l�Z�•�_ �h �i�h�\�j�_�^�Z�f�Z �g�Z �j�Z�^�m, �i�j�h�n�_�k�b�h�g�Z�e�g�b�f �h�[�h�‚�_�ƒ�b�f�Z �b �[�h�e�_�k�l�b�f�Z �m �\�_�a�b �k�Z 
�j�Z�^�h�f, �b�a�\�_�r�l�Z�•�_ �h �i�j�_�\�_�g�l�b�\�g�b�f �i�j�_�]�e�_�^�b�f�Z(�i�j�_�l�o�h�^�g�b�f, �i�_�j�b�h�^�b�q�g�b�f, �p�b�‚�Z�g�b�f, �\�Z�g�j�_�^�g�b�f), 
�h�p�_�ƒ�b�\�Z�ƒ�m �j�Z�^�g�_ �k�i�h�k�h�[�g�h�k�l�b �h�k�h�[�Z �k�Z �b�g�\�Z�e�b�^�b�l�_�l�h�f, �m �i�h�k�l�m�i�d�m �k�i�j�_�q�Z�\�Z�ƒ�Z �a�e�h�k�l�Z�\�‚�Z�ƒ�Z �g�Z 
�j�Z�^�g�h�f �f�_�k�l�m �b �a�Z�r�l�b�l�b �^�j�m�]�b�o �\�m�e�g�_�j�Z�[�b�e�g�b�o �]�j�m�i�Z, �d�Z�h �r �l�h �k�m �l�j�m�^�g�b�p�_, �f�e�Z�^�b �j�Z�^�g�b�p�b, �h�[�h�e�_�e�b 
�b �k�l�Z�j�b �j�Z�^�g�b�p�b.  

 
2.2  �I�j�Z�„�_�ƒ�_ �b �_�\�b�^�_�g�l�b�j�Z�ƒ�_ �i�h�\�j�_�^�Z �g�Z �j�Z�^�m 
�J�_�]�b�k�l�j�h�\�Z�ƒ�_�� �i�h�l�\�j�^�Z�� �g�Z�� �j�Z�^�m���� �i�j�h�n�_�k�b�g�Z�e�g�b�o�� �[�h�e�_�k�l�b�� �b�� �[�h�e�_�k�l�b�� �m���\�_�a�b���k�Z���j�Z�^�h�f�� �\�j�r�b�� �k�m���g�Z��

�h�k�g�h�\�m�� �i�h�^�g�_�l�b�o�� �b�a�\�_�r�l�Z�•�Z�� �h�� �h�\�b�f�� �k�l�Z�ƒ�b�f�Z���� �Z�� �m�� �k�d�e�Z�^�m�� �k�Z�� �I�j�Z�\�b�e�g�b�d�h�f�� �h�� �k�Z�^�j�`�Z�•�m�� �b�� �g�Z�q �b�g�m��
�b�a�^�Z�\�Z�ƒ�Z���h�[�j�Z�k�p�Z���b�a�\�_�r�l�Z�•�Z���h���i�h�\�j�_�^�b���g�Z���j�Z�^�m�����i�j�h�n�_�k�b�h�g�Z�e�g�h�f�� �h�[�h�‚�_�ƒ�m���b���h�[�h�‚�_�ƒ�m���m���\�_�a�b���k�Z���j�Z�^�h�f��
[1]. 

�I�j�h�i�b�k�Z�g�_�� �_�\�b�^�_�g�p�b�•�_�� �m�� �h�[�e�Z�k�l�b�� �[�_�a�[�_�^�g�h�k�l�b�� �b�� �a�^�j�Z�\�‚�Z�� �g�Z�� �j�Z�^�m�� �k�m�� �Z�d�l�m�_�e�g�b�f�� �i�h�^�a�Z�d�h�g�k�d�b�f��
�Z�d�l�h�f��- �I�j�Z�\�b�e�g�b�d�h�f�� �h�� �_�\�b�^�_�g�p�b�•�Z�f�Z���m���h�[�e�Z�k�l�b�� �;�A�J���� �m�j�_�{�_�g�_���a�Z���m�g�Z�i�j�_�^���^�_�n�b�g�b�k�Z�g�_���i�h�^�Z�l�d�_���d�h�•�b���k�m��
�k�Z�^�j�`�Z�g�b�� �m�� �i�j�b�e�h�`�_�g�b�f�� �h�[�j�Z�k�p�b�f�Z���� �K�\�j�o�Z�� �h�[�j�Z�a�Z�p�Z�� �•�_�� �i�j�b�d�m�i�‚�Z�ƒ�_���� �_�\�b�^�_�g�l�b�j�Z�ƒ�_�� �b�� �g�h�l�b�n�b�d�Z�p�b�•�Z��
�i�h�m�a�^�Z�g�b�o���i�h�^�Z�d�Z �h�� �i�j�_�^�f�_�l�m���_�\�b�^�_�g�p�b�•�Z���� �i�h�\�j�_�^�Z�f�Z���g�Z���j�Z�^�m���� �i�j�h�n�_�k�b�h�g�Z�e�g�b�f�� �b�� �[�h�e�_�k�l�b�f�Z���m���\�_�a�b���k�Z��
�j�Z�^�h�f���� �h�[�m�p�b���� �h�i�Z�k�g�b�f�� �f�Z�l�_�j�b�•�Z�f�Z�� �b�e�b�� �h�i�Z�k�g�b�f�� �i�h�•�Z�\�Z�f�Z�� �b�� �^�j�m�]�h���� �H�[�j�Z�k�p�b�� �k�Z�^�j�`�_�� �i�j�_�^�\�b�{�_�g�_�� �b 
�i�h�^�Z�l�d�_���h���e�b�p�b�f�Z���h�^�]�h�\�h�j�g�b�f�� �a�Z���l�Z�q�g�h�k�l���b���Z�^�_�d�\�Z�l�g�h�k�l�����r�l�h���h�g�b���i�h�l�\�j�{�m�•�m���i�h�l�i�b�k�h�f���� �Z���l�h���k�m���� 

�x �I�h�k�e�h�^�Z�\�Z�p���� 
�x �E�b�p�_���a�Z���[�_�a�[�_�^�g�h�k�l���h���a�^�j�Z�\�‚�_���g�Z���j�Z�^�m���b 
�x �A�Z�i�h�k�e�_�g�b�����m���H�[�j�Z�k�p�m����- �?�\�b�^�_�g�p�b�•�Z���h���a�Z�i�h�k�e�_�g�b�f�Z���h�k�i�h�k�h�[�‚�_�g�b�f�� �a�Z���;�A�J��. 
�x �H�k�g�h�\�m�� �a�Z�� �m�g�Z�i�j�_�{�_�ƒ�_�� �k�b�k�l�_�f�Z�� �;�A�J �i�j�_�^�k�l�Z�\�‚�Z�� �i�h�k�_�^�h�\�Z�ƒ�_�� �i�h�m�a�^�Z�g�b�o�� �b�� �[�e�Z�]�h�\�j�_�f�g�b�o��

�i�h�^�Z�l�Z�d�Z���b���b�g�n�h�j�f�Z�p�b�•�Z���� 
�D�Z�d�h���k�_���^�h�d�m�f�_�g�l�Z���m�k�l�Z�g�h�\�‚�Z�\�Z�•�m���� �b�a�j�Z�{�m�•�m���� �Z�`�m�j�b�j�Z�•�m���� �k�b�k�l�_�f�� �h�^�]�h�\�h�j�g�h�k�l�b�� �b�� �a�g�Z�q�Z�•�� �^�h�[�j�h�]�� �\�h�{�_�ƒ�Z��
�^�h�d�m�f�_�g�Z�l�Z���� �^�Z�l�� �•�_�� �m�� �f�_�{�m�g�Z�j�h�^�g�b�f�� �k�l�Z�g�^�Z�j�^�b�f�Z���� �i�j�_�\�Z�k�o�h�^�g�h�� �K�b�k�l�_�f�m�� �f�_�g�Z�‡�f�_�g�l�Z�� �d�\�Z�e�b�l�_�l�h�f - 
�B�K�H������������������������ �Z���a�Z�l�b�f���b���k�l�Z�g�^�Z�j�^�m���d�h�•�b�f���k�_���m�j�_�{�m�•�_���h�[�e�Z�k�l���[�_�a�[�_� �̂g�h�k�l�b���b���a�^�j�Z�\�‚�Z���g�Z���j�Z�^�m- �H�O�K�:�K��
������������������������ �I�j�b�f�_�g�Z���k�Z�a�g�Z�ƒ�Z���b�� �b�k�d�m�k�l�\�Z�� �i�j�h�b�k�l�_�d�e�b�o���b�a���h�\�b�o���k�l�Z�g�^�Z�j�^�Z���^�h�[�Z�j�� �•�_�� �g�Z�q�b�g���^�Z���k�_���m�j�_�^�_��
�^�h�d�m�f�_�g�l�Z���b���_�\�b�^�_�g�p�b�•�_���� �d�Z�h���^�_�h���i�h�p�_�k�Z���m�\�h�{�_�ƒ�Z���b���k�i�j�h�\�h�{�_�ƒ�Z���k�b�k�l�_�f�Z���[�_�a�[�_� �̂g�h�k�l�b���b���a�^�j�Z�\�‚�Z���g�Z���j�Z�^��
�m���k�d�e�Z�^�m���k�Z���A�Z�d�h�g�h�f���h���[�_�a�[�_�^�g�h�k�l�b���b���a�^�j�Z�\�‚�Z���g�Z���j�Z�^�m�� 
 

3. �I�H�<�J�?�>�?���G�:���J�:�>�M �M���J�?�I�M�;�E�B�P�B���K�J�;�B�3�B 

�K�j�[�b�•�Z�� �•�_�� �m�� �k�Z�f�h�f�� �_�\�j�h�i�k�d�h�f�� �\�j�o�m�� �i�h�� �[�j�h�•�m�� �i�h�\�j�_�^�Z�� �g�Z�� �j�Z�^�m���� �k�Z�� �]�h�^�b�r�ƒ�b�f�� �i�j�h�k�_�d�h�f�� �h�^ 40 
�i�h�]�b�g�m�e�b�o�� �b�� �h�d�h�������������� �l�_�r�d�h���i�h�\�j�_�{�_�g�b�o�� �j�Z�^�g�b�d�Z. 

�M�� �l�Z�[�_�e�b�� �[�j���� ���� �i�j�b�d�Z�a�Z�g�� �•�_�� �� �[�j�h�•�� �b�g�k�i�_�d�p�b�•�k�d�b�o�� �g�Z�^�a�h�j�Z���d�h�•�_�� �•�_�� �b�a�\�j�r�_�g�� �m�� �i�_�j�b�h�^�m�� �R�^�� ���������� �^�h����
2012���]�h�^�� [2,3,4] 
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�L�Z�[�_�e�Z���[�j�����������I�j�b�d�Z�a���[�j�h�•�Z �b�g�k�i�_�d�p�b�•�k�d�b�o���g�Z� �̂a�h�j�Z���d�h�•�_���•�_���b�a�\�j�r�_�g���m���i�_�j�b�h� �̂m�������������± 2012���]�h�^�� 

�]�h�^�b�g�Z 

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

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

2005. 1.006 43 31 907 56 

2006. 1.102 54 27 966 82 

2007. 1.330 28 28 1.140 162 

2008. 1.285 42 32 1.034 177 

2009.    1.034  37 11 999 183 

2010. 1279 21 29 1026 232 

2011. 1082 26 24 958 54 

2012. 1243 28 24 1003 177 

�M�� �i�_�j�b�h�^�m�� �•�Z�g�m�Z�j 2010  �± �^�_�p�_�f�[�Z�j�� ������������ �]�h�^�b�g�_���� �b�g�k�i�_�d�l�h�j�b�� �j�Z�^�Z�� �k�m�� �b�a�\�j�r�b�e�b���b�g�k�i�_�d�p�b�•�k�d�_ 
�g�Z�^�a�h�j�_ �i�h�\�h�^�h�f�� �k�f�j�l�g�b�o�� �i�h�\�j�_�^�Z�� �g�Z�� �j�Z�^�m�� �b�� �l�_�r�d�b�o�� �i�h�\�j�_�^�Z�� �k�Z�� �k�f�j�l�g�b�f�� �b�k�o�h�^�h�f���� �r�l�h�� �•�_�� �i�j�_�f�Z��
�^�_�e�Z�l�g�h�k�l�b�f�Z���^�Z�l�h���m���l�Z�[�_�e�b���� . [2,3,4] 

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

�i�j�_�l�_� �̀g�Z���^�_�e�Z�l�g�h�k�l �K�f�j�l�g�_���b���l�_�r�d�_���i�h�\�j�_�^�_���k�Z���k�f�j�l�g�b�f���b�k�o�h�^�h�f�� 

�M �����������]�h�^�� �M�������������]�h�^�� 

�k�f�j�l�g�_�� �l�_�r�d�_���k�Z��
�k�f�j�l���b�k�o�h�^�h�f�� 

�k�f�j�l�g�_�� �l�_�r�d�_���k�Z��
�k�f�j�l���b�k�o�h�^�h�f�� 

01-�b�g�^�m�k�l�j�b�•�Z�� �b�� �j�m�^�Z�j�k�l�\�h 20 28 27 15 

02-�i�h�‚�h�i�j�b�\�j�_�^�Z 4 6 4 

8 03-�r�m�f�Z�j�k�l�\�h 4 2 1 

04-�\�h�^�h�i�j�b�\�j�_�^�Z 2 2 - 

05-�]�j�Z�{�_�\�b�g�Z�j�k�l�\�h 53 28 57 54 

06-�k�Z�h�[�j�Z�„�Z�•���b���\�_�a�_ 10 17 4 15 

15-�h�k�l�Z�e�h 7 17 7 8 

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

�d�h�j�r�„�_�g�b�� �i�h�^�Z�p�b�� ���d�h�•�b�� �k�m���^�h�k�l�m�i�g�b���b�a���b�g�k�i�_�d�l�h�j�Z�l�Z���a�Z���j�Z�^�����h�[�e�b�d�h�\�Z�g�b���m���]�h�^�b�r�ƒ�b���b�a�\�_�r�l�Z�•�� 
�M�� �l�Z�[�_�e�b�� �[�j���� ���� �^�Z�l�� �•�_�� �i�j�b�d�Z�a���b�� �Z�g�Z�e�b�a�Z���k�f�j�l�b�o���i�h�\�j�_�^�Z���g�Z���j�Z�^�m���a�Z���i�_�j�b�h�^�� ������������ �± �����������]�h�^�b�g�Z��

�i�j�_�f�Z���\�b�r�_���d�j�b�l�_�j�b�•�m�f�Z���d�h�•�b�� �k�m���^�Z�l�b���m���l�Z�[�_�e�b�� [2,3,4] 
 

�L�Z�[�_�e�Z���[�j���������:�g�Z�e�b�a�Z���k�f�j�l�g�b�o���i�h�\�j�_� �̂Z���g�Z���j�Z� �̂m�� 
�d�h�•�_���k�m���k�_���^�h�]�h� �̂b�e�_���l�h�d�h�f���i�_�j�b�h� �̂Z������������- �������������]�h� �̂b�g�_ 
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�D�j�b�l�_�j�b�•�m�f�����Z�g�Z�e�b�a�_ �����������]�h�^�b�g�Z �����������]�h�^�b�g�Z �����������]�h�^�b�g�Z 

�^�_�e�Z�l�g�h�k�l�b���m���d�h�•�b�f�Z���k�m��
�i�j�b�•�Z�\�‚�_�g�_�� �k�f�j�l�g�_ 
�i�h�\�j�_�^�_���g�Z���j�Z�^�m�� 

46,54% 
�]�j�Z�{�_�\�b�g�Z�j�k�l�\�Z 

73% �]�j�Z�{�_�\�b�g�Z�j�k�l�\�Z���b 
�b�g�^�m�k�l�j�b�•�_ 

84% �]�j�Z�{�_�\�b�g�Z�j�k�l�\�Z���b 
�b�g�^�m�k�l�j�b�•�_ 

�I�h�e���k�f�j�l�g�h���k�l�j�Z�^�Z�e�b�o��
�a�Z�i�h�k�e�_�g�b�o 

�F�m�r�d�b���i�h�e  
70.50% 

�M���g�Z�•�\�_�„�_�f���[�j�h�•�m��
�f�m�r�d�b���i�h�e 

�f�m�r�d�b���i�h�e��������% 

�J�Z�^�g�Z���k�f�_�g�Z���m���d�h�•�h�•���k�m���k�_��
�^�h�]�h�^�b�e�_���k�f�j�l�g�_���i�h�\�j�_� �̂_��
�g�Z���j�Z�^�m 

 
89�����k�e�m�q�Z�•�_�\�Z��
�i�h�\�j�_�^�_���k�m���k�_��
�^�h�]�h�^�b�e�_���m��I �k�f�_�g�b 

���������k�e�m�q�Z�•�_�\�Z���i�h�\�j�_�^�_���k�m��
�k�_���^�h�]�h�^�b�e�_���m��I �k�f�_�g�b 

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

���������������d�h�^���e�b�p�Z��
�k�l�Z�j�h�k�g�_���^�h�[�b���� 
30 �± ������ �]�h�^�b�g�Z 

49% �d�h�^���e�b�p�Z��
�k�l�Z�j�h�k�g�_���^�h�[�b 
46 - 60 �]�h�^�b�g�Z 
 

���������d�h�^���e�b�p�Z���k�l�Z�j�h�k�g�_��
�^�h�[�b 
46 - �������]�h�^�b�g�Z 
 

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

35 �����d�h�^���e�b�p�Z��
�k�l�Z�j�h�k�g�_���^�h�[�b���� 
21 - 30 �]�h�^�b�g�Z 

�����������d�h�^���e�b�p�Z���k�l�Z�j�h�k�g�_��
�^�h�[�b���� 
26 - �������]�h�^�b�g�Z 

�k�l�_�i�_�g���k�l�j�m�q�g�_���k�i�j�_�f�_ 
���g�Z�•�q�_�r�„�b���m�a�j�h�d���i�h�\�j�_�^�Z��
�g�Z���j�Z�^�m���•�_���g�_�^�h�\�h�‚�g�Z��
�k�l�j�m�q�g�Z���h�k�i�h�k�h�[�‚�_�g�h�k�l 
�a�Z�i�h�k�e�_�g�b�o���d�Z�h���b��
�g�_�Z�^�_�d�\�Z�l�g�Z��
o�k�i�h�k�h�[�‚�_�g�h�k�l���a�Z���;�A�J) 

�G�_�f�Z���^�_�l�Z�‚�g�b�o��
�i�h�^�Z�l�Z�d�Z 

6�������i�h�\�j�_�{�_�g�b�o�� �g�Z��
�j�Z�^�m���•�_�� �a�Z�\�j�r�b�e�h��III  �b��
IV  �k�l�_�i�_�g���k�l�j�m�q�g�_��
�k�i�j�_�f�_ 
 

���������i�h�\�j�_�{�_�g�b�o�� �g�Z���j�Z�^�m���•�_��
�a�Z�\�j�r�b�e�h��III  �b��IV  �k�l�_�i�_�g��
�k�l�j�m�q�g�_���k�i�j�_�f�_ 
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�K�e�b�d�Z���[�j�����������M�i�h�j�_�^�g�b���i�j�b�d�Z�a���[�j�h�•�Z���b�a�\�j�r�_�g�b�o���b�g�k�i�_�d�p�b�•�k�d�b�o���g�Z�^�a�h�j�Z���m���k�e�m�q�Z�•�m 
�k�f�j�l�g�_���i�h�\�j�_�^�_���g�Z���j�Z�^�m���a�Z���i�_�j�b�h�^������������-2012 

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

  �a�Z���i�_�j�b�h�^������������-�����������]�h�^���m���k�e�m�q�Z�•�m���g�Z���h�k�g�h�\�m���b�a�\�j�r�_�g�b�o���b�g�k�i�_�d�p�b�•�k�d�b�o���g�Z�^�a�h�j�Z. 
 

 
 

�K�e�b�d�Z���[�j�����������M�i�h�j�_�^�g�Z���Z�g�Z�e�b�a�Z���[�j�h�•�Z���l�_�r�d�b�o���i�h�\�j�_�^�Z���g�Z���j�Z�^�m���m���J�k�j�[�b�•�b 
  �a�Z���i�_�j�b�h�^������������-�����������]�h�^�� 

 
���������G�Z�•�q�_�r�„�b���m�a�j�h�p�b���i�h�\�j�_�^�Z���g�Z���j�Z�^�m 
�:�g�Z�e�b�a�h�f�� �m�a�j�h�d�Z�� �b�� �h�d�h�e�g�h�k�l�b�� �a�[�h�]�� �d�h�•�b�o�� �•�_�� �^�h�r�e�h�� �^�h���i�h�\�j�_�^�Z�� �g�Z�� �j�Z�^�m���� �m�l�\�j�{�_�g�h�� �•�_�� �^�Z�� �k�m��

�g�Z�•�q�_�r�„�b�� �m�a�j�h�p�b�� �i�h�\�j�_�{�b�\�Z�ƒ�Z���k�e�_�^�_�„�b�� 
- �g�_�[�_�a�[�_�^�Z�g���j�Z�^���g�Z���\�b�k�b�g�b���b���g�Z���g�_�i�j�h�i�b�k�g�h�� �f�h�g�l�b�j�Z�g�b�f�� �k�d�_�e�Z�f�Z�� 
- �g�_�d�h�j�b�r�„�_�ƒ�_���i�j�h�i�b�k�Z�g�b�o�� �k�j�_�^�k�l�Z�\�Z���b���h�i�j�_�f�_���a�Z���e�b�q�g�m �a�Z�r�l�b�l�m���g�Z���j�Z�^�m 
�i�j�\�_�g�k�l�\�_�g�h���j�Z�^���[�_�a���a�Z�r�l�b�l�g�h�]���r�e�_�f�Z���b���a�Z�r�l�b�l�g�h�]���h�i�Z�k�Z�q�Z�� 
- �j�Z�^���m���g�_�i�j�h�i�b�k�g�h�� �h�[�_�a�[�_�{�_�g�b�f���b�k�d�h�i�b�f�Z�� 
- �g�_�i�j�b�f�_�ƒ�b�\�Z�ƒ�_���h�k�g�h�\�g�b�o�� �g�Z�q�_�e�Z���h�j�]�Z�g�b�a�Z�p�b�•�_�� �b�a�\�h�{�_�ƒ�Z���j�Z�^�h�\�Z�� 
- �h�^�k�l�m�i�Z�ƒ�_���h�^���i�j�h�i�b�k�Z�g�h�]���b�� �m�l�\�j�{�_�g�h�]���i�j�h�p�_�k�Z���j�Z�^�Z�� 
- �g�_�i�j�h�i�b�k�g�Z�� �k�Z�j�Z�^�ƒ�Z�����d�h�h�j�^�b�g�Z�p�b�•�Z�����m�q�_�k�g�b�d�Z���m���j�Z�^�m�� 
- �g�_�i�j�h�i�b�k�Z�g�� �j�Z�^���k�Z���h�i�j�_�f�h�f���a�Z���j�Z�^�� 
- �g�_�h�k�i�h�k�h�[�‚�_�g�h�k�l���Z�g�]�Z�`�h�\�Z�g�b�o���g�Z���j�Z�^�m���a�Z���[�_�a�[�_�^�Z�g���j�Z�^�� 
- �g�_�i�h�l�i�m�g�h�� �k�i�j�h�\�h�{�_�ƒ�_���f�_�j�Z���[�_�a�[�_�^�g�h�k�l�b���b���a�^�j�Z�\�‚�Z���g�Z���j�Z�^�m���g�Z���f�_�k�l�b�f�Z 
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�j�Z�^�Z�� 
- �Z�g�]�Z�`�h�\�Z�ƒ�_���a�g�Z�l�g�h�]���[�j�h�•�Z���g�_�h�[�m�q�_�g�b�o���e�b�p�Z���d�h�•�Z���j�Z�^�_���g�Z���
�
�p�j�g�h�
�
. 

 
���������G�Z�•�m�]�j�h� �̀_�g�b�•�Z���a�Z�g�b�f�Z�ƒ�Z���m���J�_�i�m�[�e�b�p�b���K�j�[�b�•�b 
�G�Z�•�m�]�j�h�`�_�g�b�•�Z�� �a�Z�g�b�f�Z�ƒ�Z�� �m�� �J�_�i�m�[�e�b�p�b�� �K�j�[�b�•�b�� �g�Z�� �h�k�g�h�\�m���k�f�j�l�g�b�o�� �i�h�\�j�_�^�Z�� �g�Z�� �j�Z�^�m�� �J�_�i�m�[�e�b�p�b��

�K�j�[�b�•�b�� �Z�d�h���k�_���m�a�f�m���m���h�[�a�b�j�� �k�\�_�� �k�i�_�p�b�n�b�q�g�h�k�l�b�� �b�� �h�i�Z�k�g�h�k�l�b�� �\�_�a�Z�g�_���a�Z���b�a�\�h�{�_�ƒ�_���j�Z�^�h�\�Z���b���l�_�o�g�h�e�h�r�d�b��
�i�j�h�p�_�k�� �i�j�h�b�a�\�h�^�ƒ�_���� �d�Z�h���b�� �i�j�b�f�_�g�Z���f�_�j�Z�� �a�Z���;�A�J�� �a�Z�i�h�k�e�_�g�b�o���b�� �[�j�h�•�� �i�h�\�j�_�^�Z���g�Z���j�Z�^�m�����]�j�Z�{�_�\�b�g�Z�j�k�l�\�h���b��
�b�g�^�m�k�l�j�b�•�Z�� �k�i�Z�^�Z�•�m���m���g�Z�•�j�b�a�b�q�g�b�•�_�� �^�_�e�Z�l�g�h�k�l�b�� 
�K�o�h�^�g�h�� �g�Z�\�_�^�_�g�h�f���� �g�Z�•�m�]�j�h�`�_�g�b�•�Z�� �a�Z�g�b�f�Z�ƒ�Z�� �a�Z�i�h�k�e�_�g�b�o���k�m���]�j�Z�{�_�\�b�g�k�d�b���j�Z�^�g�b�p�b���j�Z�a�e�b�q�b�l�b�o���i�j�h�n�b�e�Z��
- �G�D�� �j�Z�^�g�b�p�b���� �Z�j�f�b�j�Z�q�b���� �l�_�k�Z�j�b���� �a�b�^�Z�j�b���� �\�h�a�Z�q�b�� ���Z�m�l�h�\�b�‚�m�r�d�Z�j�Z���� �l�_�j�_�l�g�b�o�� �f�h�l�h�j�g�b�o�� �\�h�a�b�e�Z������
�Z�m�l�h�f�_�o�Z�g�b�q�Z�j�b���� �i�h�f�h�„�g�b�� �j�Z�^�g�b�p�b���� �_�e�_�d�l�j�h�f�h�g�l�_�j�b���� �[�j�Z�\�Z�j�b��- �a�Z�\�Z�j�b�\�Z�q�b���b�� �j�m�d�h�\�Z�h�p�b���^�b�a�Z�e�b�p�Z�f�Z��- 
�d�j�Z�g�h�\�b�f�Z�� [4] 

 
�������K�b�\�Z���_�d�h�g�h�f�b�•�Z���k�Z���k�l�Z�g�h�\�b�r�l�Z���b�g�k�i�_�d�p�b�•�k�d�h�]���g�Z�^�a�h�j�Z��- �j�Z�^���Ä�g�Z���p�j�g�h�³ 

�G�_�n�h�j�f�Z�e�g�b�� �j�Z�^���� �Ä�k�b�\�Z���_�d�h�g�h�f�b�•�Z�³���� �h�^�g�h�k�g�h���j�Z�^�� �Ä�g�Z���p�j�g�h�³���� �m���K�j�[�b�•�b�� �•�_�� �b�a�m�a�_�l�g�h���j�Z�k�i�j�h�k�l�j�Z�ƒ�_�g��
�b�� �i�j�_�^�k�l�Z�\�‚�Z���•�_�^�Z�g���h�^���g�Z�•�\�_�„�b�o���i�j�b�\�j�_�^�g�b�o�� �b���^�j�m�r�l�\�_�g�b�o���i�j�h�[�e�_�f�Z�� 

�A�Z�d�h�g�h�f�� �h�� �j�Z�^�m�� �•�_�� �i�j�h�i�b�k�Z�g�h�� �^�Z�� �g�Z�^�a�h�j�� �g�Z�^�� �ƒ�_�]�h�\�h�f�� �i�j�b�f�_�g�h�f���� �d�Z�h�� �b�� �g�Z�^�� �i�j�b�f�_�g�h�f�� �^�j�m�]�b�o��
�i�j�h�i�b�k�Z�� �h�� �j�Z�^�g�b�f�� �h�^�g�h�k�b�f�Z���� �d�h�e�_�d�l�b�\�g�b�o���m�]�h�\�h�j�Z���b�� �m�]�h�\�h�j�Z���h�� �j�Z�^�m���� �d�h�•�b�f�Z���k�_���m�j�_�{�m�•�m���i�j�Z�\�Z���� �h�[�Z�\�_�a�_��
�b�� �h�^�]�h�\�h�j�g�h�k�l�b�� �a�Z�i�h�k�e�_�g�b�o���� �\�j�r�b�� �b�g�k�i�_�d�p�b�•�Z���j�Z�^�Z���� �r�l�h�� �i�h�^�j�Z�a�m�f�_�\�Z���^�Z���b�g�k�i�_�d�p�b�•�Z���j�Z�^�Z���\�j�r�b�� �g�Z�^�a�h�j��
�b�� �g�Z�^�� �e�_�]�Z�e�g�h�r�„�m���j�Z�^�g�h�]�� �h�^�g�h�k�Z���� �l�•���� �^�Z���e�b���•�_�� �j�Z�^�g�b���h�^�g�h�k�� �a�Z�k�g�h�\�Z�g���m���k�d�e�Z�^�m���k�Z���A�Z�d�h�g�h�f���h���j�Z�^�m�����d�Z�h���b��
�^�Z�� �a�Z�•�_�^�g�b�q�d�b�� �k�Z�� �^�j�m�]�b�f�� �g�Z�^�e�_�`�g�b�f���� �^�j�`�Z�\�g�b�f�� �h�j�]�Z�g�b�f�Z���� �h�[�_�a�[�_�{�m�•�_�� �i�j�b�f�_�g�m�� �a�Z�d�h�g�Z���� �d�h�e�_�d�l�b�\�g�b�o��
�m�]�h�\�h�j�Z���b�� �^�j�m�]�b�o���i�j�h�i�b�k�Z����[5] 

�I�j�b�e�b�d�h�f�� �\�j�r�_�ƒ�Z�� �b�g�k�i�_�d�p�b�•�k�d�h�]�� �g�Z�^�a�h�j�Z���� �b�g�k�i�_�d�l�h�j�b�� �j�Z�^�Z�� �g�Z���j�Z�^�m���Ä�g�Z���p�j�g�h�³�� �g�Z�•�q�_�r�„�_�� �a�Z�l�b�q�m��
�f�e�Z�^�_�����i�j�_���k�\�_�]�Z���g�_�d�\�Z�e�b�n�b�d�h�\�Z�g�_���j�Z�^�g�b�d�_���� �g�Z�•�q�_�r�„�_���^�h���k�j�_�^�ƒ�_�]���g�b�\�h�Z���k�l�j�m�q�g�_���k�i�j�_�f�_�����a�Z�i�h�k�e�_�g�_���[�_�a��
�j�_�^�h�\�g�b�o�� �a�Z�j�Z�^�Z�� �b�� �a�Z�i�h�k�e�_�g�_�� �i�j�_�d�h�� ������ �]�h�^�b�g�Z�� �`�b�\�h�l�Z���� �d�Z�h�� �b�� �i�j�b�f�Z�h�p�_�� �g�h�\�q�Z�g�b�o�� �g�Z�d�g�Z�^�Z���� �k�h�p�b�•�Z�e�g�_��
�i�h�f�h�„�b�� �b���k�e���� 

�M���l�Z�[�_�e�b���[�j������ �� �^�Z�l�� �•�_�� �i�j�_�]�e�_�^�� �b�g�k�i�_�d�p�b�•�k�d�b�o���g�Z�^�a�h�j�Z���m���h�[�e�Z�k�l�b�� �j�Z�^�g�b�o���h�^�g�h�k�Z���m���i�_�j�b�h�^�m������������-
2012.�]�h�^�b�g�_�� [4] 

�L�Z�[�_�e�Z���[�j���������I�j�_�]�e�_�^���b�g�k�i�_�d�p�b�•�k�d�b�o���g�Z�^�a�h�j�Z���m���h�[�e�Z�k�l�b 
 �j�Z�^�g�b�o���h� �̂g�h�k�Z���m���i�_�j�b�h�^�m������������-�����������]�h�^�b�g�_�� 

 

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

�b�^�_�g�l�b�n�b�d�h�\�Z�l�b���� �•�_�j�� �a�[�h�]�� �k�l�j�Z�o�Z�� �j�Z�^�g�b�d�Z�� �h�^�� �]�m�[�b�l�d�Z���b�� �l�Z�d�\�h�]�� �i�h�k�e�Z���� �b�a�f�_�{�m�� �j�Z�^�g�b�d�Z�� �b�� �i�h�k�e�h�^�Z�\�p�Z��
�i�h�k�l�h�•�b�� �k�Z�]�e�Z�k�g�h�k�l�� �^�Z�� �k�_�� �m�� �l�j�_�g�m�l�d�m�� �b�g�k�i�_�d�p�b�•�k�d�h�]�� �g�Z�^�a�h�j�Z�� �b�a�[�_�]�g�_�� �e�_�]�Z�e�b�a�h�\�Z�ƒ�_�� �l�h�]�� �h�^�g�h�k�Z���� �L�h���•�_��
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�[�_�a�[�_�^�g�h�k�l���B���a�^�j�Z�\�‚�_���g�Z���j�Z�^�m���a�Z��������1���]�h�^�������;�_�h�]�j�Z�^�����f�Z�j�l��������2���]�h�^�� 
[4] �B�a�\�_�r�l�Z�•���h���j�Z�^�m�������J�_�i�m�[�e�b�d�Z���K�j�[�b�•�Z���� �F�b�g�b�k�l�Z�j�k�l�\�h�� �a�Z���j�Z�^���b �k�h�p�b�•�Z�e�g�_�� �i�h�e�b�l�b�d�_�� ���M�i�j�Z�\�Z���a�Z��
�[�_�a�[�_�^�g�h�k�l���B���a�^�j�Z�\�‚�_���g�Z���j�Z�^�m���a�Z�������������]�h�^�������;�_�h�]�j�Z�^�����f�Z�j�l�������������]�h�^�� 
�>���@���A�Z�d�h�g���h���j�Z�^�m�������K�e�m�`�[�_�g�b�� �]�e�Z�k�g�b�d���J�K�����[�j������������������ ������������ �b�� �������������� 
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�J�?�A�B�F�? 
�<�Z�g�j�_� �̂g�_�� �k�b�l�m�Z�p�b�•�_���� �b�� �i�j�b�j�h� �̂g�_�� �b�� �h�g�_�� �b�a�Z�a�\�Z�g�_�� �m�l�b�p�Z�•�_�f�� �q�h�\�_�d�Z���� �m�� �f�g�h�]�b�f�� �a�_�f�‚�Z�f�Z�� �r�b�j�h�f�� �k�\�_�l�Z�� 

�a�Z� �̂ƒ�b�o�� � �̂_�p�_�g�b�•�Z, �b�f�Z�•�m�� �l�_�g� �̂_�g�p�b�•�m�� �i�h�j�Z�k�l�Z�� �d�Z�d�h�� �m�� �i�h�]�e�_� �̂m�� �m�q�_�k�l�Z�e�h�k�l�b�� �l�Z�d�h�� �b�� �m�� �i�h�]�e�_� �̂m�� �i�h�k�e�_� �̂b�p�Z�� �d�h�•�_��
�h�k�l�Z�\�‚�Z�•�m���a�Z���k�h�[�h�f�����M���a�_�f�‚�Z�f�Z���m���j�Z�a�\�h�•�m���� �\�Z�g�j�_� �̂g�_���k�b�l�m�Z�p�b�•�_���b�a�Z�a�b�\�Z�•�m��� �̂b�k�i�j�h�i�h�j�p�b�h�g�Z�e�g�h���\�_�e�b�d�_���i�h�k�e�_� �̂b�p�_, �m��
�k�f�b�k�e�m�� �]�m�[�b�l�Z�d�Z�� �`�b�\�h�l�Z�� �b �m�g�b�r�l�_�ƒ�Z�� �f�Z�l�_�j�b�•�Z�e�g�b�o�� � �̂h�[�Z�j�Z���� �I�h�l�j�_�[�Z�� �i�j�_� �̂m�a�b�f�Z�ƒ�Z�� �Z�d�p�b�•�Z�� �a�Z�� �_�n�b�d�Z�k �g�h��
�m�i�j�Z�\�‚�Z�ƒ�_�� �\�Z�g�j�_� �̂g�b�f�� �k�b�l�m�Z�p�b�•�Z�f�Z���� �k�_�� �m�� �i�h�k�e�_� �̂ƒ�_�� �\�j�_�f�_�� �q�_�k�l�h�� �i�h�l�_�g�p�b�j�Z�� �g�Z�� �\�_�e�b�d�b�f�� �f�_�{�m�g�Z�j�h� �̂g�b�f��
�d�h�g�n�_�j�_�g�p�b�•�Z�f�Z���� �Z�� �m�� �f�g�h�]�b�f�� �a�_�f�‚�Z�f�Z�� �k�_�� �\�_�„�� �i�j�_� �̂m�a�b�f�Z�•�m�� �i�j�_�\�_�g�l�b�\�g�_ �f�_�j�_���� �d�Z�d�h�� �g�Z�� �g�Z�p�b�h�g�Z�e�g�h�f���� �l�Z�d�h�� �b�� �g�Z��
�f�_�{�m�g�Z�j�h� �̂g�h�f���g�b�\�h�m���� 

�A�_�f�‚�_�� �m�� �j�Z�a�\�h�•�m���� �f�_�{�m�� �d�h�•�_�� �k�i�Z� �̂Z�� �b�� �K�j�[�b�•�Z�� �b�f�Z�•�m�� �f�Z�ƒ�_�� �f�h�]�m�„�g�h�k�l�b � �̂Z�� �k�_�� �g�h�k�_�� �k�Z�� �m�a�j�h�p�b�f�Z�� �b��
�i�h�k�e�_� �̂b�p�Z�f�Z�� �\�Z�g�j�_� �̂g�b�o�� �k�b�l�m�Z�p�b�•�Z���� �A�[�h�]�� �l�h�]�Z�� �•�_�� �\�Z�`�g�h � �̂Z�� �•�_� �̂g�Z�� �h� �̂� �i�j�_�\�_�g�l�b�\�g�b�o�� �f�_�j�Z�� �m�� �m�i�j�Z�\�‚�Z�ƒ�m�� �j�b�a�b�d�h�f���h� �̂�
�\�Z�g�j�_� �̂g�b�o�� �k�b�l�m�Z�p�b�•�Z�� �[�m� �̂_�� �k�Z� �̂j�`�Z�g�Z�� �i�j�b�e�b�d�h�f �b�a�]�j�Z� �̂ƒ�_ �h�[�•�_�d�Z�l�Z���� �H�\�Z�•�� �j�Z� �̂� �j�Z�a�f�Z�l�j�Z�� �g�Z�� �d�h�•�b�� �k�_�� �g�Z�q�b�g�� �l�h�� �f�h�`�_��
�i�h�k�l�b�„�b���� �I�h�e�Z�a�b�� �k�_�� �h� �̂� �i�j�_� �̂k�l�Z�\�‚�Z�ƒ�Z �i�j�b�f�_�j�Z���g�_� �̂Z�\�g�b�o���d�Z�l�Z�k�l�j�h�n�Z���b�� �d�Z�d�h���k�m���h�g�_���m�l�b�p�Z�e�_ �g�Z���g�Z�k�_�‚�Z�����Z �a�Z�l�b�f���k�_��
�j�Z�a�f�Z�l�j�Z�� �m�e�h�]�Z �d�h�•�m�� �]�j�Z�{�_�\�b�g�_�� �m�h�i�r�l�_���� �f�h�]�m�� � �̂Z�� �b�f�Z�•�m�� �m�� �m�i�j�Z�\�‚�Z�ƒ�m�� �j�b�a�b�d�h�f�� �h� �̂� �\�Z�g�j�_� �̂g�b�o �k�b�l�m�Z�p�b�•�Z���� �I�j�Z�l�_�„�b��
�l�j�_�g�m�l�g�_�� �b�g�b�p�b�•�Z�l�b�\�_�� �b�� �Z�d�p�b�•�_�� �d�h�•�_�� �k�_, �m�� �h�\�h�•�� �h�[�e�Z�k�l�b�� �i�j�_� �̂m�a�b�f�Z�•�m�� �m �k�\�_�l�m, �d�Z�d�h�� �[�b�� �k�_�� �h�e�Z�d�r�Z�e�h�� �m�i�j�Z�\�‚�Z�ƒ�_ 
�\�Z�g�j�_� �̂b�f���k�b�l�m�Z�p�b�•�Z�f�Z�����m���j�Z�^�m �k�m���i�j�_� �̂e�h�`�_�g�b �f�h�]�m�„�b���i�j�Z�\�p�b��� �̂_�e�h�\�Z�ƒ�Z. 

�D�‚ �m�q�g�_�� �j�_�q�b���� �g�Z�k�_�‚�Z�����m�i�j�Z�\�‚�Z�ƒ�_���j�b�a�b�d�h�f���h� �̂��\�Z�g�j�_� �̂g�b�o�� �k�b�l�m�Z�p�b�•�Z���� �j�Z�a�\�h�•���]�j�Z�{�_�\�b�g�k�d�_�� �b�g� �̂m�k�l�j�b�•�_. 
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ABSTRACT 
Disasters, both natural and human-caused, have been occurring with increasing frequency and effect in recent 

decades in many countries around the world. They have had a disproportionately heavy toll on developing countries 
both in terms of loss of lives and damage to property. The need to take action to effectively manage disasters has be en 
highlighted at many major international conferences and measures are underway in many countries and at the 
international level.  

The developing countries, among which is Serbia as well, are less able to deal with the causes and impacts of 
disasters. It is important to develop the construction industries of the poorer nations in order to equip them to manage 
disasters. This paper considers how this can be done. It starts by providing examples of recent disasters and their impact 
on human settlements. It then considers the role construction can play in disaster management. Following a review of 
current initiatives, some recommendations for further action are presented.  

Key Words: settlemets, emergency risk management, construction industry development.  
 

1. �M�<�H�> 
 
�I�j�_�f�Z�� �b�a�\�_�r�l�Z�•�m�� �g�Z�•�\�_�„�_�� �R�\�Z�•�p�Z�j�k�d�_�� �]�j�m�i�Z�p�b�•�_�� �a�Z���j�_�h�k�b�]�m�j�Z�ƒ�_����Swiss Re insurance group, 

�\�Z�g�j�_�^�g�_�� �k�b�l�m�Z�p�b�•�_���k�m �m�� ������������ �]�h�^�b�g�b���� �i�j�b�q�b�g�b�e�_�� �f�Z�l�_�j�b�•�Z�e�g�m�� �r�l�_�l�m�� �h�^�� ���������f�b�e�b�•�Z�j�^�b�� �(�8�5���� �^�h�d���k�m��
�_�d�h�g�h�f�k�d�b�� �]�m�[�b�p�b�� �m�� ������������ �]�h�^�b�g�b�� �b�a�g�h�k�b�e�b�� �������� �f�b�e�b�•�Z�j�^�b�� �(�8�5��[1] �M�� ������������ �]�h�^�b�g�b���� �\�b�r�_�� �h�^�� ��������������
�‚�m�^�b�� �•�_�� �b�a�]�m�[�b�e�h�� �`�b�\�h�l�_�� �m�� �\�Z�g�j�_�^�g�b�f�� �k�b�l�m�Z�p�b�•�Z�f�Z���� �Z �h�\�b�� �]�m�[�b�p�b�� �k�m�� �m�� �i�j�\�h�f�� �j�_�^�m�� �[�b�e�b�� �m�a�j�h�d�h�\�Z�g�b��
�a�_�f�‚�h�l�j�_�k�h�f���b���p�m�g�Z�f�b�•�_�f���m���3�Z�i�Z�g�m���� 

�M���i�h�k�e�_�^�ƒ�h�•�� �^�_�d�Z�^�b, �^�h�]�h�^�b�e�_�� �k�m���k�_���k�e�_�^�_�„�_�� �\�_�e�b�d�_���d�Z�l�Z�k�l�j�h�n�_���m���k�\�_�l�m�����p�m�g�Z�f�b���m���B�g�^�b�•�k�d�h�f��
�h�d�_�Z�g�m�� ���������� �]�h�^�b�g�_���� �i�j�b�� �q�_�f�m�� �•�_�� �k�l�j�Z�^�Z�e�h�� ���������������� �h�k�h�[�Z���� �p�b�d�e�h�g���G�Z�j�]�b�g�� �m�� �F�•�Z�g�f�Z�j�m�� ������������ �]�h�^�b�g�_����
�]�^�_�� �•�_�� ���������������� �h�k�h�[�Z�� �b�a�]�m�[�b�e�h�� �`�b�\�h�l���� �a�_�f�‚�h�l�j�_�k�� �m�� �i�j�h�\�b�g�p�b�•�b�� �K�_�q�m�Z�g�� �m�� �D�b�g�b�� ������������ �]�h�^�b�g�_���� �]�^�_�� �•�_��
�k�l�j�Z�^�Z�e�h�� ������������ �h�k�h�[�Z���� �l�h�i�e�h�l�g�b�� �l�Z�e�Z�k�� �m�� �?�\�j�h�i�b�� ������������ �]�h�^�b�g�_���� �d�h�•�b�� �•�_�� �h�^�g�_�h�� �������������� �`�b�\�h�l�Z�� �b��
�d�Z�l�Z�k�l�j�h�n�Z�e�g�b�� �a�_�f�‚�h�l�j�_�k�� ������������ �]�h�^�b�g�_�� �g�Z�� �O�Z�b�l�b�•�m�� �d�h�•�b�� �•�_�� �m�k�f�j�l�b�h�� ���������������� �h�k�h�[�Z���� �Z�� �•�h�r�� �h�d�h�� ����
�f�b�e�b�h�g�Z�� �‚�m�^�b���M�H���g�Z���g�_�d�b���g�Z�q�b�g�� �[�b�e�R���i�h�]�h�{�_�g�R�� �d�Z�l�Z�k�l�j�h�n�h�f��[2] 

�D�Z�^�Z�� �k�m�� �_�e�_�f�_�g�l�Z�j�g�_ �g�_�i�h�]�h�^�_�� �m�� �i�b�l�Z�ƒ�m, �g�_�� �i�h�k�l�h�•�_�� �i�j�Z�\�b�e�Z�� �m�� �i�h�]�e�_�^�m�� �\�j�_�f�_�g�Z�� �b�� �f�_�k�l�Z��
�ƒ�b�o�h�\�h�] �g�Z�k�l�Z�g�d�Z���� �d�Z�h�� �g�b�� �m�� �i�h�]�e�_�^�m�� �ƒ�b�o�h�\�_�� �m�q�_�k�l�Z�e�h�k�l�b���� �I�h�k�l�h�•�_�� �f�_�{�m�l�b�f�� �h�^�j�_�{�_�g�_�� �]�_�h�]�j�Z�n�k�d�_��
�h�[�e�Z�k�l�b �m�� �k�\�_�l�m �d�h�•�_�� �k�m�� �i�h�^�e�h�`�g�b�•�_�� �g�_�d�h�M�� �h�^�� �_�e�_�f�_�g�l�Z�j�g�b�o �g�_�i�h�]�h�^�Z�� �i�j�_�� �k�\�_�]�Z�� �a�[�h�]�� �e�h�d�Z�p�b�•�_���b��

                                                 
1 �B�g�k�l�b�l�m�l���a�Z���B�g�l�_�] �j�b�k�Z�g�m���[�_�a�[�_�^�g�h�k�l �A�Z�r�l�b�l�Z���I�j�_�\�_�g�l�b�\�Z���^�h�h���G�h�\�b���K�Z�^�����K�j�[�b�•�Z 



�J�b�a�b�d���b���[�_�a�[�_�^�g�h�k�g�b���b�g�`�_�ƒ�_�j�b�g�]��- �D�h�i�Z�h�g�b�d��������4. 

148 

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

�B�a�� �g�Z�\�_�^�_�g�b�o�� �i�j�b�f�_�j�Z�� �\�Z�g�j�_�^�g�b�o�� �k�b�l�m�Z�p�b�•�Z���d�h�•�_�� �k�m���k�_���^�_�k�b�e�_���m���i�h�k�e�_�^�ƒ�h�•�� �^�_�p�_�g�b�•�b���� �f�h�`�_���k�_��
�a�Z�d�‚�m�q�b�l�b���� �^�Z�� �k�m�� �h�g�_�� �m�]�e�Z�\�g�h�f�� �i�h�]�Z�{�Z�e�_�� �a�_�f�‚�_�� �m�� �j�Z�a�\�h�•�m�� �b�� �^�Z�� �k�m�� �[�b�e�_�� �b�a�Z�a�\�Z�g�_�� �_�e�_�f�_�g�Z�j�g�b�f��
�g�_�i�h�]�h�^�Z�f�Z���� �K�Z�f�Z�� �q�b�ƒ�_�g�b�p�Z�� �^�Z�� �k�_�� �j�Z�^�b�� �h�� �a�_�f�‚�Z�f�Z�� �m�� �j�Z�a�\�h�•�m�� �m�d�Z�a�m�•�_�� �g�Z�� �l�h�� �^�Z���„�_�� �h�g�_���b�f�Z�l�b�� �b �\�_�„�_ 
�i�h�l�_�r�d�h�„�_ �m �[�h�j�[�b�� �k�Z���i�h�k�e�_�^�b�p�Z�f�Z���h�\�Z�d�\�b�o���d�Z�l�Z�k�l�j�h�n�Z���� 

�H�\�Z�•���j�Z�^���„�_���j�Z�a�f�Z�l�j�Z�l�b �k�e�_�^�_�„�_�� 
�x �m�l�b�p�Z�• �\�Z�g�j�_�^�g�b�o�� �k�b�l�m�Z�p�b�•�Z�� �b�� �i�h�k�e�_�^�b�p�_���d�h�•�_�� �h�g�_���h�k�l�Z�\�‚�Z�•�m���g�Z �]�j�Z�{�_�\�b�g�_���m���g�Z�k�_�‚�b�f�Z����

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

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

�M���i�j�h�p�_�k�m���i�j�h�•�_�d�l�h�\�Z�ƒ�Z���g�Z�k�_�‚�Z�����g�_���l�j�_�[�Z���k�_���a�Z�g�_�f�Z�j�b�l�b���b���ƒ�_�]�h�\�Z���m�e�h�]�Z���m���m�i�j�Z�\�‚�Z�ƒ�m���j�b�a�b�d�h�f��
�h�^�� �\�Z�g�j�_�^�g�b�o�� �k�b�l�m�Z�p�b�•�Z���� �M�� �l�Z�[�_�e�b�� ������ �i�j�b�d�Z�a�Z�g�_�� �k�m�� �g�_�d�_�� �h�^�� �[�b�l�g�b�•�b�o�� �d�Z�j�Z�d�l�_�j�b�k�l�b�d�Z �h�[�•�_�d�Z�l�Z�� �a�[�h�]��
�d�h�•�b�o���k�m���h�g�b���j�Z�ƒ�b�\�b���� �D�Z�d�h���k�_�� �i�j�_�l�ƒ�_���h�^�� �d�Z�l�Z�k�l�j�h�n�Z���� �b�� �i�j�b�j�h�^�g�_���b�� �h�g�_���b�a�Z�a�\�Z�g�_���‚�m�^�k�d�f���^�_�e�Z�l�g�h�r�„�m����
�g�_�� �f�h�]�m�� �m�� �i�h�l�i�m�g�h�k�l�b�� �_�e�b�f�b�g�b�k�Z�l�b���� �g�Z�•�^�_�e�h�l�\�h�j�g�b�•�Z�� �f�_�j�Z �•�_�� �]�j�Z�^�b�l�b�� �h�[�•�_�d�l�_�� �q�b�•�_�� �[�b�� �d�Z�j�Z�d�l�_�j�b�k�l�b�d�_��
�[�b�e�_���l�Z�d�\�_���^�Z���h�]�j�Z�g�b�q�_���r�l�_�l�m���h�^���d�Z�l�Z�k�l�j�h�n�Z���� 

 
�L�Z�[�_�e�Z���������D�Z�j�Z�d�l�_�j�b�k�l�b�d�_���h�[�•�_�d�Z�l�Z���b���ƒ�b�o�h�\�Z���j�Z�ƒ�b�\�h�k�l 

�D�Z�j�Z�d�l�_�j�b�k�l�b�d�_���h�[�•�_�d�Z�l�Z �J�_�a�m�e�l�m�•�m�„�Z���j�Z�ƒ�b�\�h�k�l 

�K�i�_�p�b�n�b�q�g�h�k�l�� �e�h�d�Z�p�b�•�_�� �b��
�b�f�h�[�b�e�g�h�k�l 

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

�x �g�_���f�h�]�m���k�_���i�h�f�_�j�Z�l�b�� 

�<�b�k�h�d�Z���p�_�g�Z 

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

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

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

�h�[�•�_�d�Z�l�Z���m�d�‚�m�q�m�•�m���\�b�r�_���n�Z�a�Z���b��
�h�i�_�j�Z�p�b�•�Z�� 

�B�a�^�j�`�‚�b�\�h�k�l 

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

�d�b�^�Z�ƒ�m���b�� �h�k�l�Z�e�b�f���m�l�b�p�Z�•�b�f�Z���d�h�•�b���f�h�]�m���^�Z��
�b�o���h�k�e�Z�[�_�� 

�M�i�h�l�j�_�[�Z 

�x �h�[�•�_�d�l�b�� �k�m�� �g�Z�k�l�Z�ƒ�_�g�b�� �b�� �d�h�j�b�k�l�_�� �k�_�� �a�Z��
�\�b�r�_���g�Z�f�_�g�Z�� 

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

 
2.1.  �M�q�_�ƒ�_���g�Z���h�k�g�h�\�m���b�k�d�m�k�l�\�Z 

 
�M�i�j�Z�\�‚�Z�ƒ�_�� �\�Z�g�j�_�^�g�b�f�� �k�b�l�m�Z�p�b�•�Z�f�Z���� �d�Z�h�� �h�k�f�b�r�‚�_�g�Z�� �Z�d�l�b�\�g�h�k�l�� �b�f�Z���\�b�r�_�� �^�b�f�_�g�a�b�•�Z���� �d�h�•�b�f�Z��

�k�_�� �f�h�`�_ �i�j�b�k�l�m�i�b�l�b�� �k�Z�� �\�b�r�_�� �Z�k�i�_�d�Z�l�Z���� �B�a�\�_�r�l�Z�•�b�� �b�� �Z�g�Z�e�b�a�_�� �g�Z�d�h�g�� �g�Z�k�l�Z�g�d�Z�� �h�^�j�_�{�_�g�_�� �\�Z�g�j�_�^�g�_��
�k�b�l�m�Z�p�b�•�_�� �b�e�b���d�Z�l�Z�k�l�j�h�n�_���\�_�e�b�d�b�o���j�Z�a�f�_�j�Z���� �b�f�Z�•�m���a�g�Z�q�Z�•�g�m���m�e�h�]�m���m���k�Z�]�e�_�^�Z�\�Z�ƒ�m���]�j�_�r�Z�d�Z���b�� �i�j�h�i�m�k�l�Z����
�H�\�h�� �b�a���j�Z�a�e�h�]�Z���d�Z�d�h���[�b�� �k�_�� �g�Z���ƒ�b�o�h�\�h�f�� �b�k�d�m�k�l�\�m���f�h�]�e�h���m�q�b�l�b�� �b�� �[�b�l�b�� �k�i�j�_�f�g�b�•�b���a�Z���[�m�^�m�„�Z���j�_�Z�]�h�\�Z�ƒ�Z����
�L�Z�d�h�� �k�_�� �g�Z�� �h�k�g�h�\�m���b�a�\�_�r�l�Z�•�Z���>���@ �d�h�•�b�� �k�m���g�Z�k�l�Z�e�b�� �g�Z�d�h�g�� �\�_�e�b�d�h�] �a�_�f�‚�h�l�j�_�k�Z �m���D�j�Z�‚�_�\�m�������������� �]�h�^�b�g�_, 
�f�h�`�_�� �\�j�r�b�l�b���Z�g�Z�e�b�a�Z���^�h�]�Z�{�Z�•�Z�����^�h�g�h�k�b�l�b���a�Z�d�‚�m�q�p�b���b���i�j�_�^�e�Z�]�Z�l�b���f�_�j�_���a�Z���h�l�d�e�Z�ƒ�Z�ƒ�_���g�_�^�h�k�l�Z�l�Z�d�Z���d�h�•�b��
�k�m�� �m�h�q�_�g�b���� �G�_�d�_�� �h�^�� �i�j�_�\�_�g�l�b�\�g�b�o�� �f�_�j�Z�� �d�h�•�_�� �k�_�� �f�h�]�m�� �i�j�_�^�e�h�`�b�l�b���� �m�� �k�e�m�q�Z�•�m�� �i�h�g�h�\�g�_�� �h�i�Z�k�g�h�k�l�b�� �h�^��
�g�Z�k�l�Z�g�d�Z���d�Z�l�Z�k�l�j�h�n�Z���\�_�e�b�d�b�o���j�Z�a�f�_�j�Z���k�m: �h�[�_�a�[�_�{�_�ƒ�_���i�j�b�\�j�_�f�_�g�b�o���a�Z�d�e�h�g�Z���i�j�_���g�Z�k�l�Z�g�d�Z �d�Z�l�Z�k�l�j�h�n�_ �b��
�l�h�� �i�j�_�� �k�\�_�]�Z�� �a�Z�� �g�Z�•�m�]�j�h�`�_�g�b�•�Z�� �i�h�^�j�m�q�•�Z���� �h�[�g�h�\�Z���•�Z�\�g�b�o���m�k�l�Z�g�h�\�Z���d�Z�h���r�l�h�� �k�m���[�h�e�g�b�p�_���� �r�d�h�e�_���� �k�b�k�l�_�f�b��
�a�Z�� �g�Z�[�Z�\�d�m�� �\�h�^�_ �b���_�g�_�j�]�b�•�_���� �d�h�f�m�g�b�d�Z�p�b�•�_���� �b�g�n�j�Z�k�l�m�d�l�m�j�_���� �^�j�`�Z�\�g�_�� �k�e�m�`�[�_, �b���ƒ�b�o�h�\�Z�� �Z�^�Z�i�l�Z�p�b�•�_�� �^�Z��
�f�h�]�m���^�Z���j�Z�^�_���i�m�g�b�f�� �b�e�b���i�h�\�_�„�Z�g�b�f�� �d�Z�i�Z�p�b�l�_�l�h�f�� �m�d�h�e�b�d�h���^�h�{�_���^�h���d�Z�l�Z�k�l�j�h�n�_���b�e�b���\�Z�g�j�_�^�g�_���k�b�l�m�Z�p�b�•�_����
�i�j�b�i�j�Z�\�g�h�k�l�� �b�� �k�i�j�_�f�g�h�k�l�� �a�Z���j�_�Z�]�h�\�Z�ƒ�_���•�_�^�b�g�b�p�Z���a�Z���b�g�l�_�j�\�_�g�p�b�•�m���b���k�i�Z�k�Z�\�Z�ƒ�_�����\�Z�l�j�h�]�Z�k�g�h-�k�i�Z�k�b�e�Z�q�d�_��
�k�e�m�`�[�_�����\�h�•�k�d�_�����•�_�^�b�g�b�p�_�� �p�b�\�b�e�g�_�� �a�Z�r�l�b�l�_�����b�l�^�� 
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�R�l�h�� �k�_�� �l�b�q�_���h�i�h�j�Z�\�d�Z���h�^�� �d�Z�l�Z�k�l�j�h�n�Z���b�� �k�Z�g�Z�p�b�•�_�� �i�h�k�e�_�^�b�p�Z���� �g�Z�•j�Z�q�_���i�h�]�h�{�_�g�_���a�Z�•�_�^�g�b�p�_���f�h�j�Z�•�m��
�^�Z�� �^�h�[�b�•�m�� �i�j�b�h�j�b�l�_�l�� �m�� �a�[�j�b�ƒ�Z�\�Z�ƒ�m���� �i�j�m�`�Z�ƒ�m�� �[�b�e�h�� �d�h�•�_�� �\�j�k�l�_�� �i�h�f�h�„�b���� �j�_�b�a�]�j�Z�^�ƒ�b �d�m�„�Z�� �g�Z�� �ƒ�b�o�h�\�h�•��
�i�j�_�l�o�h�^�g�h�•�� �e�h�d�Z�p�b�•�b �b���k�e�� 

 
3. �M�E�H�=�: �=�J�:�-�?�<�B�G�K�D�?���B�G�>�M�K�L�J�B�3�?���M���M�I�J�:�<�4�:�5�M���J�B�A�B�D�H�F���H�>��

�<�:�G�J�?�>�G�B�O �K�B�L�M�:�P�B�3�: 
 

�I�h�k�f�Z�l�j�Z�•�m�„�b�� �b�a�]�j�Z�^�ƒ�m���h�[�•�_�d�Z�l�Z���a�Z���k�l�Z�g�h�\�Z�ƒ�_���� �d�Z�h���•�_�^�g�m���h�^�� �i�j�_�\�_�g�l�b�\�g�b�o���f�_�j�Z���m���m�i�j�Z�\�‚�Z�ƒ�m��
�j�b�a�b�d�h�f�� �h�^�� �\�Z�g�j�_�^�g�b�o�� �k�b�l�m�Z�p�b�•�Z���� �a�Z�d�h�g�k�d�Z�� �j�_�]�m�e�Z�l�b�\�Z�� �b�]�j�Z�� �\�j�e�h�� �\�Z�`�g�m�� �m�e�h�]�m���� �H�g�Z�� �k�_�� �l�j�_�[�Z�� �•�Z�k�g�h��
�n�h�j�f�m�e�b�k�Z�l�b�� �b�� �k�l�Z�e�g�h���g�Z�^�h�]�j�Z�{�b�\�Z�l�b���� �g�_���a�Z�[�h�j�Z�\�‚�Z�•�m�„�b�� �i�j�b�� �l�h�f���^�Z���•�_���h�k�g�h�\�g�Z���n�m�g�d�p�b�•�Z���h�\�b�o���h�[�•�_�d�Z�l�Z��
�^�Z�� �h�[�_�a�[�_�^�_�� �a�Z�r�l�b�l�m�� �b�� �k�b�]�m�j�g�h�k�l�� �k�l�Z�g�Z�j�Z���� �3�_�^�Z�g���k�_�l���a�Z�d�h�g�k�d�_���j�_�]�m�e�Z�l�b�\�_�� �b�� �i�j�h�i�b�k�Z���b�a���h�\�_�� �h�[�e�Z�k�l�b��
�l�j�_�[�Z�� �^�Z�� �k�_�� �h�^�g�h�k�b�� �g�Z�� �i�e�Z�g�b�j�Z�ƒ�_�� �m�i�h�l�j�_�[�_�� �a�_�f�‚�b�r�l�Z�� �a�Z���b�a�]�j�Z�^�ƒ�m���b�� �h�^�j�_�{�b�\�Z�ƒ�_���e�h�d�Z�p�b�•�_�� �h�[�•�_�d�Z�l�Z��
���a�h�g�b�j�Z�ƒ�_������ �ƒ�b�o�h�\�m�� �]�m�k�l�b�g�m���� �\�b�k�b�g�m�� �b�� �f�_�{�m�k�h�[�g�m�� �m�^�Z�‚�_�g�h�k�l���� �>�j�m�]�b�� �k�_�l�� �j�_�]�m�e�Z�l�b�\�Z�� �l�j�_�[�Z�� �[�b�l�b��
�i�h�\�_�a�Z�g�� �k�Z�� �i�j�h�•�_�d�l�h�\�Z�ƒ�_�f�� �a�]�j�Z�^�Z���� �=�e�Z�\�g�b�� �p�b�‚�� �a�Z�d�h�g�k�d�_�� �j�_�]�m�e�Z�l�b�\�_�� �•�_�� �^�Z�� �k�_�� �i�j�b�e�b�d�h�f�� �b�a�]�j�Z�^�ƒ�_��
�h�[�_�a�[�_�^�b�� �k�b�]�m�j�g�h�k�l�� �k�l�Z�g�h�\�g�b�d�Z�� �a�]�j�Z�^�_���� �h�d�h�e�g�b�o�� �h�[�•�_�d�Z�l�Z�� �b�� �ƒ�b�o�h�\�b�o�� �k�l�Z�g�h�\�g�b�d�Z���� �I�j�b�d�e�Z�^�g�_�� �f�_�j�_�� �m��
�h�\�h�f�� �k�f�b�k�e�m���b�f�Z�•�m���\�Z�`�g�m���m�e�h�]�m���m���h�q�m�\�Z�ƒ�m���‚�m�^�k�d�b�o���`�b�\�h�l�Z�����m�k�e�h�\�Z���a�Z���`�b�\�h�l�����f�Z�l�_�j�b�•�Z�e�g�Z���^�h�[�j�Z���b�l�^����
�G�_�Z�^�_�d�\�Z�l�g�_���f�_�j�_���� �k�Z���^�j�m�]�_���k�l�j�Z�g�_�����d�Z�h���r�l�h���k�m���g�_�i�h�k�l�h�•�Z�ƒ�_���h�^�]�h�\�Z�j�Z�•�m�„�_���b�e�b���g�_�i�h�r�l�h�\�Z�ƒ�_�� �i�h�k�l�h�•�_�„�_��
�j�_�]�m�e�Z�l�b�\�_���� �m�i�h�l�j�_�[�Z�� �g�_�Z�^�_�d�\�Z�l�g�b�o�� �a�Z�d�h�g�Z���h�� �b�a�]�j�Z�^�ƒ�b���� �m���a�h�g�Z�f�Z���a�_�f�‚�h�l�j�_�k�Z���� �^�h�i�m�r�l�Z�ƒ�_���^�Z���i�e�Z�\�g�Z��
�i�h�^�j�m�q�•�Z���[�m�^�m���]�m�k�l�h���g�Z�k�_�‚�_�g�Z���b�l�^�����f�h�]�m���^�Z���m�a�j�h�d�m�•�m���\�_�e�b�d�_���i�h�k�e�_�^�b�p�_�� 

�G�Z�`�Z�e�h�k�l���� �a�_�f�‚�_�� �m�� �j�Z�a�\�h�•�m���� �f�_�{�m�� �d�h�•�_�� �k�i�Z�^�Z�� �b�� �K�j�[�b�•�Z���� �k�_�� �m�� �h�\�h�•�� �h�[�e�Z�k�l�b�� �k�m�h�q�Z�\�Z�•�m�� �k�Z 
�i�h�l�_�r�d�h�„�Z�f�Z���� �I�j�\�h���� �h�\�_�� �a�_�f�‚�_�� �q�_�k�l�h�� �d�h�j�b�k�l�_�� ���i�j�_�i�b�k�m�•�m���� �j�_�]�m�e�Z�l�b�\�m�� �b�a�� �h�\�_�� �h�[�e�Z�k�l�b�� �d�h�•�Z�� �•�_��
�n�h�j�f�b�j�Z�g�Z�� �m�� �g�_�d�h�•�� �^�j�m�]�h�•�� �a�_�f�‚�b�� �i�h�^�� �^�j�m�]�Z�q�b�•�b�f�� �_�d�h�g�h�f�k�d�b�f���� �^�j�m�r�l�\�_�g�b�f���� �d�e�b�f�Z�l�k�d�b�f�� �b�� �h�k�l�Z�e�b�f��
�h�d�h�e�g�h�k�l�b�f�Z���� �Z�� �g�_�� �i�j�b�e�Z�]�h�{�Z�\�Z�•�m�� �•�_�� �k�\�h�•�b�f�� �m�k�e�h�\�b�f�Z���� �>�j�m�]�b�� �i�j�h�[�e�_�f�� �•�_�� �r�l�h�� �a�_�f�‚�_�� �m�� �j�Z�a�\�h�•�m�� �q�_�k�l�h��
�d�h�j�b�k�l�_�� �g�Z�k�e�_�{�_�g�m�� �a�Z�d�h�g�k�d�m���j�_�]�m�e�Z�l�b�\�m���^�j�`�Z�\�Z���q�b�•�b�� �k�m���g�_�d�Z�^�Z���[�b�e�b���q�e�Z�g���� �b�� �d�h�j�b�k�l�_�� �•�_�� �g�_�j�_�\�b�^�b�j�Z�g�m��
�b�� �l�j�_�g�m�l�g�b���i�j�h�[�e�_�f�b���k�_���g�_���m�a�b�f�Z�•�m���m���h�[�a�b�j�����L�j�_�„�b���i�j�h�[�e�_�f���•�_�k�l�_���k�l�Z�e�g�Z���l�j�d�Z���b�a�f�_�{�m���p�_�g�_���b���d�\�Z�e�b�l�_�l�Z��
�h�^�g�h�k�g�h���l�j�Z�•�g�h�k�l�b�� �f�Z�l�_�j�b�•�Z�e�Z���d�h�•�b�� �k�_���d�h�j�b�k�l�b���a�Z���b�a�]�j�Z�^�ƒ�m���h�[�•�_�d�Z�l�Z�����b���d�h�g�d�m�j�_�g�l�g�h�k�l�b�� �b�a�\�h�{�Z�q�Z���� 

�K�i�h�k�h�[�g�h�k�l�� �b�a�]�j�Z�{�_�g�h�]�� �h�[�•�_�d�l�Z�� �^�Z�� �b�a�^�j�`�b�� �h�r�l�_�„�_�ƒ�Z���� �^�Z�� �k�i�j�_�q�b�� �b�e�b�� �j�_�^�m�d�m�•�_�� �i�h�k�e�_�^�b�p�_��
�d�Z�l�Z�k�l�j�h�n�Z�� �f�h�`�_�� �[�b�l�b�� �i�h�[�h�‚�r�Z�g�Z�� �Z�^�_�d�\�Z�l�g�b�f�� �i�j�h�•�_�d�l�h�\�Z�ƒ�_�f���� �H�\�h�� �m�d�‚�m�q�m�•�_�� �k�l�j�m�d�l�m�j�m�� �h�[�•�_�d�l�Z�� �b��
�b�g�k�l�Z�e�Z�p�b�•�Z���� �j�Z�k�i�h�j�_�^�� �b�� �^�b�f�_�g�a�b�•�_���� �d�Z�h�� �b�� �d�h�j�b�r�„�_�g�b���f�Z�l�_�j�b�•�Z�e�b�� �b�� �g�Z�q�b�g�� �b�a�]�j�Z�^�ƒ�_���� �M�� �f�g�h�]�b�f��
�k�e�m�q�Z�•�b�f�Z�� �h�[�j�m�r�Z�\�Z�ƒ�_�� �h�[�•�_�d�Z�l�Z���b�a�Z�a�b�\�Z���g�Z�•�\�b�r�_�� �k�l�j�Z�^�Z�ƒ�Z���� �Z�� �l�h�� �k�\�_�� �a�[�h�]�� �k�e�Z�[�_�� �d�h�g�k�l�j�m�d�p�b�•�_���� �>�j�m�]�b��
�\�j�e�h�� �\�Z�`�Z�g�� �Z�k�i�_�d�l�� �i�j�b�e�b�d�h�f�� �b�a�]�j�Z�^�ƒ�_�� �h�[�•�_�d�Z�l�Z�� �•�_�k�l�_���^�Z�� �h�g�b�� �[�m�^�m�� �l�Z�d�Z�\�b�� �^�Z�� �b�o�� �•�_�� �f�h�]�m�„�_�� �e�Z�d�h��
�k�Z�g�b�j�Z�l�b �b���j�_�d�h�g�k�l�m�b�k�Z�l�b���g�Z�d�h�g�� �g�_�k�j�_�„�_�� 

�<�Z�`�g�h�k�l�� �i�e�Z�g�b�j�Z�ƒ�Z���� �i�j�h�•�_�d�l�h�\�Z�ƒ�Z�� �b�� �b�a�]�j�Z�^�ƒ�Z�� �h�[�•�_�d�Z�l�Z���k�_�� �h�]�e�_�^�Z�� �m�� �k�f�Z�ƒ�_�ƒ�m�� �ƒ�b�o�h�\�_��
�j�Z�ƒ�b�\�h�k�l�b�� �i�j�b�e�b�d�h�f�� �g�Z�k�l�Z�g�d�Z���d�Z�l�Z�k�l�j�h�n�Z���� �d�Z�d�h���[�b���k�_���k�Z�q�m�\�Z�e�b���b���a�Z�r�l�b�l�b�e�b���`�b�\�h�l�b�����H�k�b�f���g�Z�\�_�^�_�g�h�]��
�l�Z�d�h�{�_�� �•�_�� �\�j�e�h�� �\�Z�`�g�h�� �a�Z�^�h�\�h�‚�b�l�b�� �b�� �i�h�l�j�_�[�m�� �a�Z�� �ƒ�b�o�h�\�m�� �[�j�a�m�� �h�[�g�h�\�m�� �b�� �j�_�o�Z�[�b�e�b�l�Z�p�b�•�m�� �d�Z�d�h�� �[�b�� �k�_��
�i�h�g�h�\�h�� �m�k�i�h�k�l�Z�\�b�e�_�� �_�d�h�g�h�f�k�d�_�� �Z�d�l�b�\�g�h�k�l�b�� �b�� �`�b�\�h�l�� �^�h�\�_�h�� �m�� �k�l�Z�ƒ�_�� �i�j�_�� �d�Z�l�Z�k�l�j�h�n�_���� �M�� �l�h�f�� �i�h�]�e�_�^�m��
�\�j�e�h�� �•�_�� �[�b�l�g�h�� �k�l�Z�e�g�h�� �m�g�Z�i�j�_�{�b�\�Z�l�b�� �b�� �g�Z�^�h�]�j�Z�{�b�\�Z�l�b�� �]�j�Z�{�_�\�b�g�k�d�m�� �b�g�^�m�k�l�j�b�•�m�� �M�g�Z�i�j�_�{�_�ƒ�_��
�]�j�Z�{�_�\�b�g�k�d�_�� �b�g�^�m�k�l�j�b�•�_�� �•�_�� �f�h�]�m�„�_�� �\�j�r�b�l�b�� �d�j�h�a: �j�Z�a�\�h�•�� �‚�m�^�k�d�b�o�� �j�_�k�m�j�k�Z���� �j�Z�a�\�h�•�� �f�Z�l�_�j�b�•�Z�e�Z���� �j�Z�a�\�h�•��
�l�_�o�g�h�e�h�]�b�•�_���� �d�h�j�i�h�j�Z�l�b�\�g�b�� �j�Z�a�\�h�•���� �j�Z�a�\�h�•���^�h�d�m�f�_�g�l�Z�p�b�•�_�� �b�� �i�j�h�p�_�^�m�j�Z. [5] 

 �J�Z�a�\�h�•�� �]�j�Z�{�_�\�b�g�k�d�_�� �b�g�^�m�k�l�j�b�•�_�� �l�j�_�[�Z�� �^�Z�� �b�^�_�� �m�� �i�j�Z�\�p�m�� �j�Z�a�\�h�•�Z�� �b�� �i�h�[�h�‚�r�Z�ƒ�Z�� �d�Z�i�Z�p�b�l�_�l�Z�� �b��
�_�n�b�d�Z�k�g�h�k�l�b���� �i�j�_�d�h���i�j�h�f�b�r�‚�_�g�h�]�� �b�� �m�i�j�Z�\�‚�Z�q�d�h�]���i�j�h�p�_�k�Z���b�� �k�m�k�j�_�l�Z���k�Z���_�d�h�g�h�f�k�d�b�f���a�Z�o�l�_�\�b�f�Z���� 

�H�\�Z�d�Z�\�� �d�h�g�p�_�i�l�� �j�Z�a�\�h�•�Z�� �]�j�Z�{�_�\�b�g�k�d�_�� �b�g�^�m�k�l�j�b�•�_�� �•�_�� �e�_�i�h�� �i�j�b�o�\�Z�„�_�g�� �m�� �b�g�^�m�k�l�j�b�•�Z�e�b�a�h�\�Z�g�b�f��
�a�_�f�‚�Z�f�Z�� �d�h�•�_�� �b�� �i�h�j�_�^�� �l�h�]�Z�� �r�l�h�� �b�f�Z�•�m�� �^�h�[�j�h�� �j�Z�a�\�b�•�_�g�b�m �]�j�Z�{�_�\�b�g�k�d�m �b�g�^�m�k�l�j�b�•�m���� �d�h�g�l�b�g�m�b�j�Z�g�h���j�Z�^�_��
�g�Z���ƒ�_�g�h�f���^�Z�‚�_�f �j�Z�a�\�h�•�m���b���m�k�Z�\�j�r�Z�\�Z�ƒ�m.    

 
4. �M�G�:�I�J�?�-�?�5�?���=�J�:�-�?�<�B�G�K�D�?���B�G�>�M�K�L�J�B�3�? 

 
�>�Z�� �[�b�� �b�a�]�j�Z�^�ƒ�Z�� �]�j�Z�{�_�\�b�g�k�d�b�o�� �h�[�•�_�d�Z�l�Z�� �f�h�]�e�Z�� �^�Z�� �[�m�^�_���_�n�b�d�Z�k�g�Z�� �i�j�_�\�_�g�l�b�\�g�Z�� �f�_�j�Z�� �m��

�m�i�j�Z�\�‚�Z�ƒ�m�� �j�b�a�b�d�h�f�� �h�^�� �\�Z�g�j�_�^�g�b�o�� �k�b�l�m�Z�p�b�•�Z���� �i�h�l�j�_�[�g�h���•�_�� �j�Z�^�b�l�b�� �g�Z�� �m�g�Z�i�j�_�{�_�ƒ�m�� �b�� �i�h�[�h�‚�r�Z�ƒ�m��
�h�^�j�_�{�_�g�b�o�� �_�e�_�f�_�g�Z�l�Z�� �m�� �h�\�h�•�� �h�[�e�Z�k�l�b�����I�j �\�h���� �i�h�l�j�_�[�g�h���•�_�� �i�h�k�l�h�•�Z�ƒ�_�� �h�^�]�h�\�Z�j�Z�•�m�„�_�� �a�Z�d�h�g�k�d�_ �j�_�]�m�e�Z�l�b�\�_ 
�d�h�•�Z �[�b�� �[�b�e�Z�� �\�h�^�b�q�� �i�j�h�•�_�d�l�Z�g�l�b�f�Z�� �b�� �b�a�\�h�{�Z�q�b�f�Z�� �m�� �i�j�_�^�m�a�b�f�Z�ƒ�m �i�j�_�\�_�g�l�b�\�g�b�o�� �f�_�j�Z�� �i�j�b�e�b�d�h�f��
�i�j�h�•�_�d�l�h�\�Z�ƒ�Z���h�[�•�_�d�Z�l�Z�����b���l�h���g�Z���l�Z�•���g�Z�q�b�g���^�Z���h�g�b���a�Z�^�h�\�h�‚�_���a�Z�o�l�_�\�_���i�h���i�b�l�Z�ƒ�m���d�\�Z�e�b�l�_�l�Z���b���l�j�Z�•�g�h�k�l�b��   

�>�j�m�]�h, �f�h�j�Z���^�Z���i�h�k�l�h�•�b�� �_�n�b�d�Z�k�Z�g���h�d�\�b�j�� �a�Z���k�i�j�h�\�h�{�_�ƒ�_���j�_�]�m�e�Z�l�b�\�_ �d�Z�d�h���[�b���h�g�Z �^�Z�e�Z �i�j�Z�d�l�b�q�g�_��
�_�n�_�d�l�_���� 

�H�g�h�� �h�^�� �q�_�]�Z�� �k�_�� �f�h�j�Z�� �d�j�_�g�m�l�b, �l�h�� �•�_�� �j�Z�a�\�h�•�� �‚�m�^�k�d�b�o�� �j�_�k�m�j�k�Z���� �I�h�l�j�_�[�g�h�� �•�_�� �^�Z�� �‚�m�^�b�� �b�a�� �h�\�_��
�h�[�e�Z�k�l�b���� �i�j�h�•�_�d�l�Z�g�l�b���� �d�h�g�k�l�j�m�d�l�h�j�b���� �b�a�\�h�{�Z�q�b���b�l�^���� �b�f�Z�•�m���Z�^�_�d�\�Z�l�g�Z�� �a�g�Z�ƒ�Z �b���\�_�r�l�b�g�_ �d�h�•�_���k�m���i�h�l�j�_�[�g�_��
�i�j�b�e�b�d�h�f�� �i�j�h�•�_�d�l�h�\�Z�ƒ�Z �b�� �b�a�]�j�Z�^�ƒ�_. �L�Z�d�h�{�_���� �l�j�_�[�Z �j�Z�^�b�l�b�� �g�Z�� �b�g�n�h�j�f�b�k�Z�ƒ�m�� �‚�m�^�b�� �b�a�� �h�\�_�� �h�[�e�Z�k�l�b�� �m��



�J�b�a�b�d���b���[�_�a�[�_�^�g�h�k�g�b���b�g�`�_�ƒ�_�j�b�g�]��- �D�h�i�Z�h�g�b�d��������4. 
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�i�h�]�e�_�^�m�� �g�h�\�b�o�� �b�e�b�� �b�a�f�_�ƒ�_�g�b�o�� �a�Z�d�h�g�Z���� �k�l�Z�g�^�Z�j�^�Z���� �i�j�h�i�b�k�Z���b�� �h�k�l�Z�e�b�o���g�h�\�b�g�Z���m���a�_�f�‚�b�� �b�� �k�\�_�l�m���� �L�j�_�„�_, 
�i�h�l�j�_�[�g�h�� �•�_�� �h�n�h�j�f�b�l�b�� �i�j�h�]�j�Z�f�_ �a�Z�� �j�Z�a�\�h�•���� �b�k�l�j�Z�`�b�\�Z�ƒ�_�� �b�� �i�h�[�h�‚�r�Z�ƒ�_���d�\�Z�e�b�l�_�l�Z �f�Z�l�_�j�b�•�Z�e�Z �d�h�•�b�� �k�_��
�d�h�j�b�k�l�_�� �m�� �b�a�]�j�Z�^�ƒ�b���� �d�Z�d�h�� �[�b�� �k�_ �i�j�h�g�Z�r�e�b �f�Z�l�_�j�b�•�Z�e�b�� �k�Z�� �´�\�b�k�h�d�b�f �i�_�j�n�h�j�f�Z�g�k�Z�f�Z�´���� �d�h�•�b�� �[�b��
�a�Z�^�h�\�h�‚�b�e�b�� �a�Z�o�l�_�\��- �h�l�i�h�j�g�h�k�l �i�j�b�e�b�d�h�f �d�Z�l�Z�k�l�j�h�n�Z�� �b �d�h�•�b���k�m �i�h�]�h�^�g�b�� �a�Z�� �m�i�h�l�j�_�[�m�� �m�� �d�h�g�d�j�_�l�g�h�•��
�k�j�_�^�b�g�b���� �b�f�Z�•�m���^�h�[�Z�j���d�\�Z�e�b�l�_�l�����l�j�Z�•�g�h�k�l���b���f�h�]�m���k�_���i�j�b�m�r�l�b�l�b����  

�K�e�_�^�_�„�b �Z�k�i�_�d�l�� �•�_�� �d�h�j�i�h�j�Z�l�b�\�g�b�� �j�Z�a�\�h�•�� �i�j�b�� �q�_�f�m�� �k�_�� �d�h�f�i�Z�g�b�•�_�� �m�� �]�j�Z�{�_�\�b�g�k�d�h�•�� �b�g�^�m�k�l�j�b�•�b��
�h�o�j�Z�[�j�m�•�m �b���i�h�^�k�l�b�q�m���^�Z���k�_���k�l�Z�e�g�h���g�Z�^�h�]�j�Z�{�m�•�m �b���b�^�m���m���d�h�j�Z�d���k�Z���g�h�\�b�f���a�Z�o�l�_�\�b�f�Z���b���i�h�l�j�Z�`�ƒ�h�f������ 

�J�Z�^�� �g�Z�� �m�g�Z�i�j�_�{�_�ƒ�m�� �b�a�]�j�Z�^�ƒ�_�� �h�[�•�_�d�Z�l�Z�� �l�Z�d�h�� �^�Z�� �h�g�b�� �f�h�]�m�� �^�Z�� �b�a�^�j�`�_�� �b�� �^�Z�� �k�_�� �h�^�m�i�j�m�� �m�l�b�p�Z�•�m��
�\�_�e�b�d�b�o�� �d�Z�l�Z�k�l�h�j�n�Z�� �g�b�d�Z�^�Z�� �g�_�� �l�j�_�[�Z�� �^�Z�� �m�{�_�� �m�� �n�Z�a�m�� �a�Z�l�b�r�•�Z���� �K�\�_�� �d�h�f�i�h�g�_�g�l�_�� �j�Z�a�\�h�•�Z�� �b�� �m�g�Z�i�j�_�{�_�ƒ�Z��
�]�j�Z�{�_�\�b�g�k�d�_�� �b�g�^�m�k�l�j�b�•�_�� �d�h�•�b�� �k�m�� �m�� �j�Z�^�m�� �i�h�f�_�g�m�l�b���� �a�Z�o�l�_�\�Z�•�m�� �i�Z�`�ƒ�m�� �b�� �g�Z�p�b�h�g�Z�e�g�b�o�� �\�e�Z�^�Z�� �b�� �e�h�d�Z�e�g�b�o��
�]�j�Z�{�_�\�b�g�k�d�b�o�� �n�b�j�f�b���� �H�g�h���r�l�h���l�Z�d�h�{�_���a�Z�o�l�_�\�Z���i�Z�`�ƒ�m���k�m���b���k�l�Z�e�g�_���j�_�n�h�j�f�_���m���a�Z�d�h�g�k�d�h�•���j�_�]�m�e�Z�l�b�\�b���� 

�I�h�k�l�h�•�b�� �i�h�l�j�_�[�Z���a�Z���j�Z�a�\�h�•�_�f���b�� �b�k�l�j�Z�`�b�\�Z�ƒ�_�f���g�_�d�h�e�b�d�h���Z�k�i�_�d�Z�l�Z���d�h�•�b�� �k�_���h�^�g�h�k�_���g�Z���\�_�a�m���b�a�f�_�{�m��
�d�Z�l�Z�k�l�j�h�n�Z�� �b�� �]�j�Z�{�_�\�b�g�k�d�b�o�� �h�[�•�_�d�Z�l�Z���� �Z�� �l�h�� �k�m���� �i�j�h�f�_�g�‚�b�\�h�k�l�� �g�Z�k�l�Z�g�d�Z���d�Z�l�Z�k�l�h�j�n�Z���b�� �ƒ�b�o�h�\�� �m�l�b�p�Z�•�� �g�Z��
�]�j�Z�{�_�\�b�g�_���� �h�^�]�h�\�Z�j�Z�•�m�„�_���i�j�h�•�_�d�l�h�\�Z�ƒ�_���m���h�^�g�h�k�m���g�Z���k�Z�a�g�Z�ƒ�Z���h���f�h�]�m�„�b�f���d�Z�l�Z�k�l�j�h�n�Z�f�Z���g�Z���^�Z�l�h�•���e�h�d�Z�p�b�•�b��
�b�� �h�^�]�h�\�Z�j�Z�•�m�„�b�� �]�j�Z�{�_�\�b�g�k�d�b�� �f�Z�l�_�j�b�•�Z�e�b�� �b�� �g�Z�q�b�g�� �b�a�]�j�Z�^�ƒ�_�� �d�h�•�b�� �i�h�\�_�„�Z�\�Z�•�m�� �k�i�h�k�h�[�g�h�k�l�� �]�j�Z�{�_�\�b�g�k�d�b�o��
�h�[�•�_�d�Z�l�Z���^�Z���b�a�^�j�`�_���d�Z�l�Z�k�l�j�h�n�_���� 

�I�h�l�j�_�[�g�h�� �•�_�� �j�Z�^�b�l�b�� �g�Z�� �k�l�Z�\�h�\�b�f�Z�� �\�e�Z�^�Z���� �f�_�{�m�g�Z�j�h�^�g�b�o�� �h�j�]�Z�g�b�a�Z�p�b�•�Z�� �b�� �d�h�f�i�Z�g�b�•�Z�� �i�h�� �h�\�h�f��
�i�b�l�Z�ƒ�m���� �Z�� �b�k�l�h�\�j�_�f�_�g�h�� �i�h�l�_�g�p�b�j�Z�l�b�� �\�Z�`�g�h�k�l�� �i�j�_�i�h�a�g�Z�\�Z�ƒ�Z�� �j�b�a�b�d�Z�� �h�^�� �d�Z�l�Z�k�l�j�h�n�Z�� �b�� �\�Z�g�j�_�^�g�b�o��
�k�b�l�m�Z�p�b�•�Z���b�� �i�j�_�^�m�a�b�f�Z�ƒ�_���h�^�]�h�\�Z�j�Z�•�m�„�b�o���f�_�j�Z�� �g�Z���k�\�b�f���g�b�\�h�b�f�Z���i�e�Z�g�b�j�Z�ƒ�Z���� �i�j�h�•�_�d�l�h�\�Z�ƒ�Z���b���b�a�]�j�Z�^�ƒ�_����
�I�j�h�n�_�k�b�h�g�Z�e�g�_�� �b�g�k�l�b�l�m�p�b�•�_�� �b�� �d�h�f�i�Z�g�b�•�_�� �f�h�j�Z�•�m�� �i�h�\�_�„�Z�l�b�� �k�\�_�k�l�� �k�\�h�•�b�o�� �q�e�Z�g�h�\�Z�� �m�� �h�^�g�h�k�m�� �g�Z�� �h�\�Z�•��
�i�j�h�[�e�_�f���� �H�g�h���r�l�h�� �[�b�� �[�b�h���i�j�_�^�e�h�]�� �•�_�k�l�_�� �b�� �b�a�j�Z�^�Z���q�_�d���e�b�k�l�b�� �k�Z���i�h�l�_�g�p�b�•�Z�e�g�b�f�� �h�i�Z�k�g�h�k�l�b�f�Z���g�Z���^�Z�l�h�f��
�i�h�^�j�m�q�•�m�� �d�h�•�_�� �[�b���d�h�j�b�k�l�b�e�b�� �i�j�h�•�_�d�l�Z�g�l�b�f�Z���b���b�a�\�h�{�Z�q�b�f�Z���i�j�b�e�b�d�h�f�� �b�a�]�j�Z�^�ƒ�_���h�[�•�_�d�Z�l�Z�� 
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�M�i�j�Z�\�‚�Z�ƒ�_�� �j�b�a�b�d�h�f�� �h�^�� �\�Z�g�j�_�^�g�b�o�� �k�b�l�m�Z�p�b�•�Z�� �•�_�� �h�[�e�Z�k�l���d�h�•�Z�� �k�_�� �^�Z�g�Z�k�� �h�a�[�b�‚�g�h�� �j�Z�a�f�Z�l�j�Z�� �g�Z��
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�Z�k�i�_�d�l�_�� �i�h�•�Z�\�_�� �j�b�a�b�d�Z�� �h�^�� �\�Z�g�j�_�^�g�b�o�� �k�b�l�m�Z�p�b�•�Z���� �m�d�‚�m�q�m�•�m�„�b�� �ƒ�b�o�h�\�_�� �m�a�j�h�d�_�� �b�� �i�h�k�e�_�^�b�p�_���� �H�\�Z�•�� �j�Z�^�� �k�_��
�n�h�d�m�k�b�j�Z���g�Z���m�i�j�Z�\�‚�Z�ƒ�_���j�b�a�b�d�h�f�� �h�^�� �\�Z�g�j�_�^�g�b�o���k�b�l�m�Z�p�b�•�Z���m���g�Z�k�_�‚�b�f�Z���� �<�j�e�h���•�_�� �[�b�l�g�h���i�h�k�l�Z�\�b�l�b�� �h�\�h���m��
�h�^�]�h�\�Z�j�Z�•�m�„�b�� �d�h�g�l�_�d�k�l�� �b�� �g�Z�]�e�Z�k�b�l�b�� �^�Z�� �^�Z�g�Z�k�� �d�h�^�� �g�Z�k���i�h�k�l�h�•�b�� �h�[�g�h�\�‚�_�g�Z�� �h�^�e�m�q�g�h�k�l�� �^�Z�� �k�_�� �h�\�h�f��
�k�_�]�f�_�g�l�m���i�j�b�k�l�m�i�b�� �h�^�]�h�\�h�j�g�h���b�� �^�Z���k�_���i�h�d�e�h�g�b���i�Z�`�ƒ�Z���d�Z�d�\�Z���[�b���l�j�_�[�Z�e�Z���� 

�F�_�{�m�g�Z�j�h�^�g�Z�� �k�l�j�Z�l�_�]�b�•�Z�� �M�•�_�^�b�ƒ�_�g�b�o �G�Z�p�b�•�Z�� �a�Z�� �k�f�Z�ƒ�_�ƒ�_�� �i�h�k�e�_�^�b�p�Z���d�Z�l�Z�k�l�j�h�n�Z���� �m�i�j�Z�\�‚�Z�ƒ�_��
�j�b�a�b�d�h�f�� �h�^�� �d�Z�l�Z�k�l�j�h�n�Z �^�_�n�b�g�b�r�_�� �d�Z�h �´�k�b�k�l�_�f�Z�l�b�q�Z�g�� �i�j�h�p�_�k�� �m�i�h�l�j�_�[�_�� �Z�^�f�b�g�b�k�l�j�Z�l�b�\�g�b�o�� �h�^�e�m�d�Z����
�h�j�]�Z�g�b�a�Z�p�b�•�Z���� �\�_�r�l�b�g�Z�� �b�� �d�Z�i�Z�p�b�l�_�l�Z�� �^�Z�� �k�_�� �b�f�i�e�_�f�_�g�l�b�j�Z�•�m�� �i�h�e�b�l�b�d�_���� �k�l�j�Z�l�_�]�b�•�_�� �b�� �b�a�[�h�j�b�� �k�Z��
�d�Z�i�Z�p�b�l�_�l�b�f�Z���^�j�m�r�l�\�Z�� �b�� �a�Z�•�_�^�g�b�p�Z���^�Z���[�b�� �k�_�� �k�f�Z�ƒ�b�e�b���o�Z�a�Z�j�^�b �b���d�Z�l�Z�k�l�j�h�n�_���i�h�\�_�a�Z�g�b �k�Z���i�j�b�j�h�^�g�b�f���b��
�l�_�o�g�b�q�d�h-�l�_�o�g�h�e�h�r�d�b�f �d�Z�l�Z�k�l�j�h�n�Z�f�Z�³�����>���@ 

�K�Z�� �k�l�Z�g�h�\�b�r�l�Z�� �m�i�j�Z�\�‚�Z�ƒ�Z�� �j�b�a�b�d�h�f���� �[�b�l�g�Z�� �•�_�� �b�f�i�e�_�f�_�g�l�Z�p�b�•�Z�� �Z�d�p�b�•�Z�� �b�� �i�h�e�b�l�b�d�Z �d�h�•�_�� �k�m 
�i�h�\�_�a�Z�g�_ �k�Z�� �b�^�_�g�l�b�n�b�d�p�b�•�h�f�� �b�� �i�j�h�p�_�g�h�f�� �j�b�a�b�d�Z���� �k�f�Z�ƒ�_�ƒ�_�f �j�b�a�b�d�Z���� �n�b�g�Z�g�k�b�•�k�d�h�f �a�Z�r�l�b�l�h�f, 
�k�i�j�_�f�g�h�k�l���a�Z���j�_�Z�]�h�\�Z�ƒ�_���m���\�Z�g�j�_�g�^�b�f���k�b�l�m�Z�p�b�•�Z�f�Z�����b���k�Z�g�Z�p�b�•�h�f �f�_�k�l�Z�����d�Z�h���r�l�h���•�_���i�j�b�d�Z�a�Z�g�h���m���l�Z�[�_�e�b��  
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�x �b�g�^�b�\�b�^�m�Z�e�g�Z�� �b�� �d�h�e�_�d�l�b�\�g�Z�� �i�_�j�p�_�i�p�b�•�Z��
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�k�b�l�m�Z�p�b�•�m 
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�x �i�e�Z�g�h�\�b�� �a�Z�r�l�b�l�_�� �b�� �k�i�Z�k�Z�\�Z�ƒ�Z�� �m�� �\�Z�g�j�_�^�g�b�f��

�k�b�l�m�Z�p�b�•�Z�f�Z�� 
�x �_�\�Z�d�m�Z�p�b�•�Z �i�h�]�h�{�_�g�h�]�� �k�l�Z�g�h�\�g�b�r�l�\�Z�� �b��

�i�j�b�\�j�_�f�_�g�h���j�Z�k�_�‚�Z�\�Z�ƒ�_; 
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�I�h�l�j�_�[�Z���^�Z���h�[�•�_�d�l�b�� �a�Z���k�l�Z�g�h�\�Z�ƒ�_���b�f�Z�•�m���k�i�h�k�h�[�g�h�k�l���^�Z���b�a�^�j�`�_���m�l�b�p�Z�•�_���d�Z�l�Z�k�l�j�h�n�Z�����b���i�j�b�j�h�^�g�_��
�b�� �h�g�_�� �b�a�Z�a�\�Z�g�_�� �‚�m�^�k�d�h�f�� �^�_�e�Z�l�g�h�r�„�m���� �d�Z�h�� �b�� �i�h�l�j�_�[�Z�� �^�Z�� �k�_�� �k�i�j�h�\�_�^�m�� �Z�d�p�b�•�_�� �b�� �g�Z�� �g�Z�p�b�h�g�Z�e�g�h�f�� �b�� �g�Z��
�e�h�d�Z�e�g�h�f�� �g�b�\�h�m���� �•�_�� �h�q�b�]�e�_�^�g�Z���� �M���\�_�„�b�g�b���k�e�m�q�Z�•�_�\�Z���� �i�h�l�j�_�[�g�_���Z�d�p�b�•�_�� �k�m���•�_�^�g�h�k�l�Z�\�g�_���b�� �g�_���l�Z�d�h���k�d�m�i�_���� �Z��
�m�]�e�Z�\�g�h�f�� �k�_�� �h�]�e�_�^�Z�•�m�� �m�� �� �i�j�_�^�m�a�b�f�Z�ƒ�m�� �f�_�j�Z�� �i�j�_�^�h�k�l�j�h�`�g�h�k�l�b���� �I�h�l�j�_�[�g�h�� �•�_�� �i�h�\�_�„�Z�l�b�� �a�g�Z�ƒ�_�� �m�� �\�_�a�b��
�b�a�f�_�{�m�� �^�h�[�j�h�]�� �i�e�Z�g�b�j�Z�ƒ�Z���� �i�j�h�•�_�d�l�h�\�Z�ƒ�Z���� �]�j�Z�{�_�ƒ�Z�� �b�� �m�i�j�Z�\�‚�Z�ƒ�m�� �b�� �k�i�j�_�q�Z�\�Z�ƒ�m�� �d�Z�l�Z�k�l�j�h�n�Z���� �<�j�e�h�� �•�_��
�[�b�l�g�h�� �^�Z�� �h�g�b�� �d�h�•�b�� �k�m�� �^�b�j�_�d�l�g�h�� �m�d�‚�m�q�_�g�b�� �m�� �h�\�m�� �h�[�e�Z�k�l���� �Z�� �l�h�� �k�m�� �i�j�_�� �k�\�_�]�Z�� �\�e�Z�^�_�� �b�� �f�_�{�m�g�Z�j�h�^�g�_��
�h�j�]�Z�g�b�a�Z�p�b�•�_�� �b�� �g�Z�� �d�j�Z�•�m�� �]�j�Z�{�_�\�b�g�k�d�_�� �d�h�f�i�Z�g�b�•�_�� �i�j�_�i�h�a�g�Z�•�m���a�g�Z�q�Z�•�� �h�\�_�� �h�[�e�Z�k�l�b���� �i�j�Z�l�_�� �g�h�\�_�� �l�j�_�g�^�h�\�_�� �b��
�k�l�Z�e�g�h���j�Z�^�_���g�Z���ƒ�_�g�h�f���m�g�Z�i�j�_�{�_�ƒ�m�����F�h�`�^�Z���g�Z�•�[�h�‚�_���f�_�k�l�h���k�Z���d�h�]���[�b���k�_���d�j�_�g�m�e�h���j�Z�^�b�l�b���g�Z���m�g�Z�i�j�_�{�_�ƒ�m��
�h�\�_�� �h�[�e�Z�k�l�b�� �•�_�k�m���m�g�b�\�j�a�b�l�_�l�b�� �b�� �l�h�� �i�j�_�d�h���Z�^�_�d�\�Z�l�g�h�]���g�Z�k�l�Z�\�g�h�]�� �i�e�Z�g�Z���b�� �i�j�h�]�j�Z�f�Z���� �d�Z�h���b���d�h�g�l�b�g�m�b�j�Z�g�b��
�j�Z�a�\�h�•�� �b���_�^�m�d�Z�p�b�•�Z���h�g�b�o�� �d�h�•�b�� �h�[�Z�\�‚�Z�•�m���k�l�m�q�Z�g���i�h�k�Z�h���m���h�\�h�•���h�[�e�Z�k�l�b�� 
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AIR PROTECTION IN REPUBLIC OF SRPSKA 

ABSTRACT:  
The environmental situation is not at a high level in Republic of Srpska. The current situation in the area of air 

protection is caused by different factors, such as the social and economic circumstances, whose execution is a 
prerequisite for solving environmental problems. The legislation is largely in line with European standards, however 
there are problems failure to adopt secondary legislation. In the Republic of Srpska missing accredited laboratory in 
accordance with ISO 17025. To solve the problem it is necessary to establish a pollution monitoring and strengthen the 
capacity and willingness of different stakeholders concerning the environmental. 

Key words: air protection, Republic of Srpska 
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�i�h�^�k�l�b�q�_�� �j�Z�p�b�h�g�Z�e�g�h�� �d�h�j�b�r�„�_�ƒ�_�� �i�j�b�j�h�^�g�b�o�� �[�h�]�Z�l�k�l�Z�\�Z���m�� �p�b�‚�m�� �a�Z�r�l�b�l�_�� �b�� �i�h�[�h�‚�r�Z�ƒ�Z�� �d�\�Z�e�b�l�_�l�Z��
�`�b�\�h�l�Z���b�� �a�Z�r�l�b�l�_�� �b�� �h�[�g�h�\�_�� �k�j�_�^�b�g�_���m���h�i�r�l�_�f�� �b�g�l�_�j�_�k�m�´���� �^�h�d���q�e�Z�g���������� �d�Z�`�_�� �^�Z���
�
�J�_�i�m�[�e�b�d�Z���m�j�_�{�m�•�_���b��
�h�[�_�a�[�•�_�{�m�•�_�� �a�Z�r�l�b�l�m�� �`�b�\�h�l�g�_�� �k�j�_�^�b�g�_�
�
�� �>���@���� �G�Z�� �h�k�g�h�\�m���M�k�l�Z�\�Z�� �•�_�� �i�j�h�b�k�l�_�d�e�h�� �^�h�g�h�r�_�ƒ�_�� �a�Z�d�h�g�k�d�b�o 
�i�j�h�i�b�k�Z���b�a���h�[�e�Z�k�l�b�� �a�Z�r�l�b�l�_�� �`�b�\�h�l�g�_���k�j�_�^�b�g�_���� �d�h�•�b�f�Z���k�_���g�_�i�h�k�j�_�^�g�h���b�e�b���i�h�k�j�_�^�g�h���m�j�_�{�m�•�_���h�\�Z���h�[�e�Z�k�l��
�b�� �m�� �k�d�e�Z�^�m�� �k�Z�� �^�b�j�_�d�l�b�\�Z�f�Z�� �?�\�j�h�i�k�d�_�� �m�g�b�•�_���� �d�h�•�b�f�Z�� �k�m�� �h�[�Z�\�_�a�Z�g�_�� �a�_�f�‚�_�� �^�Z�� �m�� �i�j�b�i�j�_�f�b�� �a�Z��
�i�j�b�^�j�m�`�b�\�Z�ƒ�_�� �?�\�j�h�i�k�d�h�•�� �m�g�b�•�b�� �m�j�_�^�_���h�^�]�h�\�Z�j�Z�•�m�„�_�� �j�_�k�m�j�k�_���m���k�d�e�Z�^�m���k�Z���k�l�Z�g�^�Z�j�^�b�f�Z���� �F�_�{�m���h�k�l�Z�e�b�f��
�^�•�_�e�Z�l�g�h�k�l�b�f�Z���•�_���b�� �^�•�_�e�Z�l�g�h�k�l���a�Z�r�l�b�l�_���`�b�\�h�l�g�_���k�j�_�^�b�g�_���d�h�•�Z���i�h�^�e�b�•�_�`�_�� �l�b�f���^�b�j�_�d�l�b�\�Z�f�Z�����M���k�d�e�Z�^�m���k�Z��
�h�[�Z�\�_�a�Z�f�Z���� �Z�� �m�� �p�b�‚�m�� �k�i�j�_�q�Z�\�Z�ƒ�Z�� �^�_�]�j�Z�^�Z�p�b�•�_�� �`�b�\�h�l�g�_���k�j�_�^�b�g�_���� �m���J�_�i�m�[�e�b�p�b���K�j�i�k�d�h�•�� �•�_�� �l�h�d�h�f�� ������������
�]�h�^�b�g�_���^�h�g�_�k�_�g���k�_�l�� �a�Z�d�h�g�k�d�b�o���i�j�h�i�b�k�Z���d�h�•�b�� �j�_�]�m�e�b�r�m���h�[�e�Z�k�l�� �a�Z�r�l�b�l�_�� �`�b�\�h�l�g�_���k�j�_�^�b�g�_�����f�_�{�m���d�h�•�b�f���•�_��
�b�� �A�Z�d�h�g���h�� �a�Z�r�l�b�l�b�� �\�Z�a�^�m�o�Z���� �L�Z�^�Z���•�_�� �a�Z�i�h�q�_�h���i�j�h�p�_�k���g�Z���i�h�^�j�m�q�•�m���J�_�i�m�[�e�b�d�_���K�j�i�k�d�_�����d�h�•�b�f���k�_���j�_�]�m�e�b�r�_��
�i�b�l�Z�ƒ�_�� �a�Z�r�l�b�l�_�� �\�Z�a�^�m�o�Z���� �h�^�g�k�h�g�h�� �`�b�\�h�l�g�_�� �k�j�_�^�b�g�_���� �Z���g�Z�\�_�^�_�g�b�� �a�Z�d�h�g�� �•�_�� �[�b�h�� �m�� �a�g�Z�l�g�h�•�� �f�•�_�j�b��
�m�k�Z�]�e�Z�r�_�g�b�� �k�Z�� �a�Z�d�h�g�h�^�Z�\�k�l�\�h�f�� �?�\�j�h�i�k�d�_�� �m�g�b�•�_���� �G�Z�\�_�^�_�g�h�� �m�k�Z�]�e�Z�r�Z�\�Z�ƒ�_�� �•�_�� �g�Z�k�l�Z�\�‚�_�g�h�� �l�h�d�h�f��
�g�Z�j�_�^�g�b�o�� �]�h�^�b�g�Z���� �Z�� �g�Z�j�h�q�b�l�h�� �^�h�g�h�r�_�ƒ�_�f�� �\�Z�`�_�„�_�]�� �A�Z�d�h�g�Z�� �h�� �a�Z�r�l�b�l�b�� �\�Z�a�^�m�o�Z�� �>���@�� �b�� �^�h�g�h�r�_�ƒ�_�f��
�h�^�]�h�\�Z�j�Z�•�m�„�b�o�� �i�h�^�a�Z�d�h�g�k�d�b�o�� �Z�d�Z�l�Z�� 
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�I�b�l�Z�ƒ�_�� �a�Z�r�l�b�l�_�� �\�Z�a�^�m�o�Z���m �J�_�i�m�[�e�b�p�b���K�j�i�k�d�h�•�� �•�_�� �j�_�]�m�e�b�k�Z�g�h���A�Z�d�h�g�h�f�� �h�� �a�Z�r�l�b�l�b�� �\�Z�a�^�m�o�Z���>���@����
�A�Z�d�h�g�h�f�� �k�_���m�j�_�{�m�•�_���a�Z�r�l�b�l�Z���b���m�i�j�Z�\�‚�Z�ƒ�_���d�\�Z�e�b�l�_�l�h�f���\�Z�a�^�m�o�Z���b���h�^�j�_�{�m�•�m���f�•�_�j�_�����g�Z�q�b�g���h�j�]�Z�g�b�a�h�\�Z�ƒ�Z���b��
�d�h�g�l�j�h�e�Z�� �k�i�j�h�\�h�{�_�ƒ�Z�� �a�Z�r�l�b�l�_�� �b�� �i�h�[�h�‚�r�Z�ƒ�Z�� �d�\�Z�e�b�l�_�l�Z�� �\�Z�a�^�m�o�Z�� �d�Z�h�� �i�j�b�j�h�^�g�h�]�� �^�h�[�j�Z�� �h�^�� �h�i�r�l�_�]��
�b�g�l�_�j�_�k�Z�� �d�h�•�_�� �m�`�b�\�Z�� �i�h�k�_�[�g�m�� �a�Z�r�l�b�l�m���� �G�Z�\�_�^�_�g�b�� �A�Z�d�h�g�� �•�_�� �m�� �g�Z�•�\�_�„�h�•�� �f�•�_�j�b�� �m�k�d�e�Z�{�_�g�� �k�Z�� �>�b�j�_�d�l�b�\�h�f��
�����������������(�&�� �?�\�j�h�i�k�d�h�]�� �i�Z�j�e�Z�f�_�g�l�Z�� �b�� �K�Z�\�•�_�l�Z�� �h�^�� �������� �f�Z�•�Z�� ������������ �R���d�\�Z�e�b�l�_�l�m���Z�f�[�b�•�_�g�l�Z�e�g�h�]�� �\�Z�a�^�m�o�Z���b��
�q�b�k�l�b�•�_�f�� �\�Z�a�^�m�o�m�� �a�Z�� �?�\�j�h�i�m���� �^�h�d���k�m���i�h�^�a�Z�d�h�g�k�d�b���Z�d�l�b�� �d�h�•�b�� �k�m���^�h�g�_�k�_�g�b���g�Z�� �h�k�g�h�\�m���i�j�_�^�o�h�^�g�h�]�� �a�Z�d�h�g�Z��
�m�j�Z�{�_�g�b�� �g�Z�� �l�_�f�_�‚�b�f�Z�� �H�d�\�b�j�g�_�� �^�b�j�_�d�l�b�\�_�� �h�� �d�\�Z�e�b�l�_�l�m�� �\�Z�a�^�m�o�Z�� �b�a�� ������������ �]�h�^�b�g�_�����������������(�&���� �I�h�l�i�m�g�h��
�j�_�]�m�e�b�k�Z�ƒ�_�� �a�Z�r�l�b�l�_�� �`�b�\�h�l�g�_�� �k�j�_�^�b�g�_���� �m�� �k�d�e�Z�^�m�� �k�Z�� �a�Z�o�l�_�\�b�f�Z�� �?�M���� �i�h�^�j�Z�a�m�f�b�•�_�\�Z�� �^�h�g�h�r�_�ƒ�_�� �b��
�h�^�]�h�\�Z�j�Z�•�m�„�b�o�� �i�h�^�a�Z�d�h�g�k�d�b�o�� �Z�d�Z�l�Z���a�Z���ƒ�b�o�h�\�h���k�i�j�h�\�h�{�_�ƒ�_�� 

�I�h�j�_�^�� �g�Z�\�_�^�_�g�h�]���� �I�j�h�k�l�h�j�g�b���i�e�Z�g���J�_�i�m�[�e�b�d�_���K�j�i�k�d�_���^�h���������������]�h�^�b�g�_���i�j�_�^�\�b�^�b�h���•�_���g�b�a���f�•�_�j�Z���b��
�Z�d�l�b�\�g�h�k�l�b�� �d�h�•�_�� �•�_�� �g�_�h�i�o�h�^�g�h���i�j�h�\�h�^�b�l�b�� �d�Z�d�h���[�b�� �k�_�� �a�Z�r�l�b�l�b�h���� �k�Z�q�m�\�Z�h���b�� �i�h�[�h�‚�r�Z�h���d�\�Z�e�b�l�_�l�� �\�Z�a�^�m�o�Z��
�g�Z���i�h�^�j�m�q�•�m�� �J�_�i�m�[�e�b�d�_���K�j�i�k�d�_���>���@�� 

- �i�e�Z�g�b�j�Z�l�b�� �p�_�g�l�j�Z�e�b�a�h�\�Z�g�h�� �a�Z�]�j�b�•�_�\�Z�ƒ�_�� �b�a�]�j�Z�^�ƒ�h�f�� �p�_�g�l�j�Z�e�g�b�o�� �l�h�i�e�Z�g�Z�� ���k�l�Z�g�h�\�g�b�r�l�\�Z����
�k�l�Z�f�[�_�g�h�]���i�j�h�k�l�h�j�Z�����b�g�^�m�k�l�j�b�•�k�d�b�o�� �i�j�_�^�m�a�_�„�Z�����•�Z�\�g�b�o�� �m�k�l�Z�g�h�\�Z���� 

- �d�Z�h�� �]�h�j�b�\�h�� �a�Z�� �a�Z�]�j�b�•�Z�\�Z�ƒ�_�� �d�h�j�b�k�l�b�l�b�� �d�h�f�[�b�g�Z�p�b�•�m���� �i�j�b�j�h�^�g�h�]�� �]�Z�k�Z���� �f�Z�a�m�l�Z���� �k�Z��
�k�i�_�p�b�n�b�p�b�j�Z�g�b�f�� �k�Z�^�j�`�Z�•�_�f�� �k�m�f�i�h�j�Z�� �b�� �]�_�h�l�_�j�f�Z�e�g�m�� �_�g�_�j�]�b�•�m�� ���d�Z�h�� �g�h�\�b�� �h�[�g�h�\�‚�b�\�b�� �b�a�\�h�j��
�_�g�_�j�]�b�•�_������ �d�h�•�Z�� �m�� �h�^�g�h�k�m�� �g�Z�� �d�h�g�\�_�g�p�b�h�g�Z�e�g�Z�� �n�h�k�b�e�g�Z�� �]�h�j�b�\�Z�� �g�_�� �a�Z�]�Z�{�m�•�_�� �Z�l�f�h�k�n�_�j�m��
�_�f�b�k�b�h�g�b�f�� �]�Z�k�h�\�b�f�Z�� 

- �j�_�d�h�g�k�l�j�m�b�k�Z�l�b �k�Z�h�[�j�Z�„�Z�•�g�m �f�j�_� �̀m�� �b�a�g�Z�„�b �b�� �j�_�Z�e�b�a�h�\�Z�l�b �Z�j�o�b�l�_�d�l�h�g�k�d�Z���� �]�j�Z�{�_�\�b�g�k�d�Z �b��
�o�h�j�l�b�d�m�e�l�m�j�g�Z �j�•�_�r�_�ƒ�Z���b�a�f�_�{�m���k�Z�h�[�j�Z�„�Z�•�g�b�p�Z���� �k�l�Z�f�[�_�g�b�o���b���j�Z�^�g�b�o���a�h�g�Z���b�� �h�[�•�_�d�Z�l�Z�� 

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

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

- �m�k�i�h�k�l�Z�\�b�l�b�� �f�h�g�b�l�h�j�b�g�]�� �d�\�Z�e�b�l�_�l�Z���\�Z�a�^�m�o�Z���a�Z���i�j�Z�„�_�ƒ�_���h�k�g�h�\�g�b�o���a�Z�]�Z�{�m�•�m�„�b�o���f�Z�l�_�j�b�•�Z����SO 
�b���q�Z�{���� �l�Z�e�h�`�g�_���f�Z�l�_�j�b�•�_���� �k�m�k�i�_�g�^�h�\�Z�g�_���q�_�k�l�b�p�_����NOX �b��CO�������g�Z���i�h�^�j�m�q�•�m���p�b�•�_�e�_���J�_�i�m�[�e�b�d�_��
�K�j�i�k�d�_��  

- �i�h�\�j�_�f�_�g�h���f�•�_�j�b�l�b�� �d�Z�j�Z�d�l�_�j�b�k�l�b�q�g�_���a�Z�]�Z�{�m�•�m�„�_���f�Z�l�_�j�b�•�_���b�a���k�Z�h�[�j�Z�„�Z�•�Z�� 
- �i�h�\�j�_�f�_�g�h�� �f�•�_�j�b�l�b�� �k�i�_�p�b�n�b�q�g�_�� �a�Z�]�Z�{�m�•�m�„�_�� �f�Z�l�_�j�b�•�_�� �b�a�� �b�g�^�m�k�l�j�b�•�k�d�b�o�� �b�� �^�j�m�]�b�o��

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

�i�j�h�•�_�d�l�h�\�Z�ƒ�Z�� �b�� �b�a�\�h�{�_�ƒ�Z�� �k�Z�h�[�j�Z�„�Z�•�g�b�p�Z�� �i�j�_�^�\�b�^�•�_�l�b�� �a�Z�r�l�b�l�g�_�� �^�j�\�h�j�_�^�_�� �b�� �^�j�m�]�_�� �\�b�^�h�\�_��
�q�\�j�k�l�b�o���[�Z�j�b�•�_�j�Z�����a�Z�r�l�b�l�Z���h�^���[�m�d�_�����b���^�j�m�]�_���f�•�_�j�_�� 

�I�h�k�‚�_�^�ƒ�b�o�� �]�h�^�b�g�Z�� �m�� �J�_�i�m�[�e�b�p�b�� �K�j�i�k�d�h�•�� �•�_�� �m�q�b�ƒ�_�g�� �a�g�Z�q�Z�•�Z�g�� �g�Z�i�j�_�^�Z�d�� �m�� �j�•�_�r�Z�\�Z�ƒ�m�� �g�_�d�b�o��
�i�j�h�[�e�_�f�Z���m���h�[�e�Z�k�l�b�� �`�b�\�h�l�g�_���k�j�_�^�b�g�_���b�e�b���k�l�\�Z�j�Z�ƒ�m���i�j�_�l�i�h�k�l�Z�\�d�b���a�Z���ƒ�b�o�h�\�h���j�•�_�r�Z�\�Z�ƒ�_�����>�h�g�_�k�_�g�b���k�m��
�b�e�b�� �k�m�� �m�� �i�j�h�p�_�^�m�j�b�� �m�k�\�Z�•�Z�ƒ�Z�� �k�b�k�l�_�f�k�d�b�� �i�j�h�i�b�k�b�� �m�� �h�[�e�Z�k�l�b�� �`�b�\�h�l�g�_�� �k�j�_�^�b�g�_���� �q�b�f�_�� �•�_�� �k�l�\�h�j�_�g��
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�m�g�b�•�_�� �>2]. 
 
�F�H�G�B�L�H�J�B�G�=���<�:�A�>�M�O�:���M���J�?�I�M�;�E�B�P�B���K�J�I�K�D�H�3 
 

�F�h�g�b�l�h�j�b�g�]�� �d�\�Z�e�b�l�_�l�Z�� �`�b�\�h�l�g�_�� �k�j�_�^�b�g�_�� �•�_�� �•�_�^�g�Z�� �h�^�� �Z�d�l�b�\�g�h�k�l�b�� �d�h�•�Z���•�_�� �g�_�h�i�o�h�^�g�Z���d�Z�h���h�k�g�h�\�Z��
�a�Z�� �i�j�b�d�m�i�‚�Z�ƒ�_�� �b�g�n�h�j�f�Z�p�b�•�Z�� �h�� �k�l�Z�ƒ�m�� �`�b�\�h�l�g�_�� �k�j�_�^�b�g�_�����H�a�g�Z�q�Z�\�Z�� �Z�g�Z�e�b�l�b�q�d�h�� �f�•�_�j�_�ƒ�_���k�i�_�p�b�n�b�q�g�b�o��
�[�b�h�e�h�r�d�b�o���� �o�_�f�b�•�k�d�b�o�� �b�� �n�b�a�b�q�d�b�o�� �i�Z�j�Z�f�_�l�Z�j�Z���� �d�h�•�b�� �k�_�� �i�j�h�i�b�k�m�•�m �a�Z�d�h�g�h�f�� �b�� �i�h�^�a�Z�d�h�g�k�d�b�f�� �Z�d�l�b�f�Z����
�G�Z�•�q�_�r�„�_�� �•�_�� �^�_�n�b�g�b�k�Z�g�� �d�Z�h�� �_�d�h�e�h�r�d�b�� �f�h�g�b�l�h�j�b�g�]�� �d�h�•�b���i�h�^�j�Z�a�m�f�b�•�_�\�Z�� �b�g�n�h�j�f�Z�p�b�h�g�b�� �k�b�k�l�_�f�� �a�Z��
�i�j�Z�„�_�ƒ�_���� �h�p�•�_�g�m���b�� �i�j�h�]�g�h�a�m���i�j�h�f�•�_�g�Z���k�l�Z�ƒ�Z���`�b�\�h�l�g�_���k�j�_�^�b�g�_���� �d�h�•�b�� �•�_�� �b�a�]�j�Z�{�_�g���k�Z���p�b�‚�_�f���^�Z���k�_���b�a�^�\�h�•�_��
�Z�g�l�j�h�i�h�]�_�g�_�� �d�h�f�i�h�g�_�g�l�_�� �l�b�o�� �i�j�h�f�•�_�g�Z�� �b�a�� �n�h�g�Z���i�j�b�j�h�^�g�b�o���i�j�h�p�_�k�Z���>���@���� �K�i�j�h�\�h�^�b���k�_���m���p�b�‚�m���^�h�[�b�•�Z�ƒ�Z��
�i�h�^�Z�l�Z�d�Z�� �h�� �k�l�Z�ƒ�m�� �d�\�Z�e�b�l�_�l�Z�� �\�Z�a�^�m�o�Z�� �d�h�•�b�� �f�h�]�m�� �^�Z�� �i�h�k�e�m�`�_�� �a�Z�� �^�h�[�b�•�Z�ƒ�_�� �i�h�m�a�^�Z�g�b�o�� �b�� �d�\�Z�e�b�l�_�l�g�b�o��
�b�g�n�h�j�f�Z�p�b�•�Z�� �h�� �k�l�Z�ƒ�m�� �`�b�\�h�l�g�_�� �k�j�_�^�b�g�_���� �^�_�n�b�g�b�k�Z�ƒ�_�� �f�•�_�j�Z�� �a�Z�r�l�b�l�_���� �b�^�_�g�l�b�n�b�d�Z�p�b�•�m�� �a�Z�]�Z�{�b�\�Z�q�Z����
�^�h�g�h�r�_�ƒ�_�� �Z�^�_�d�\�Z�l�g�b�o�� �b�� �i�j�Z�\�h�\�j�_�f�_�g�b�o�� �h�^�e�m�d�Z���� �n�h�j�f�b�j�Z�ƒ�_�� �b�g�n�h�j�f�Z�p�b�h�g�h�]�� �k�b�k�l�_�f�Z���� �j�_�Z�]�h�\�Z�ƒ�_�� �m��
�Z�d�p�b�^�_�g�l�g�b�f�� �k�b�l�m�Z�p�b�•�Z�f�Z���� �^�_�n�b�g�b�k�Z�ƒ�_�� �i�j�b�h�j�b�l�_�l�Z�� �m�� �m�i�j�Z�\�‚�Z�ƒ�m�� �d�\�Z�e�b�l�_�l�h�f�� �`�b�\�h�l�g�_�� �k�j�_�^�b�g�_�� �b��
�b�a�\�•�_�r�l�Z�\�Z�ƒ�_�� �•�Z�\�g�h�k�l�b���� �K�i�h�‚�Z�r�ƒ�_�� �f�•�_�j�_�ƒ�_�� �i�j�b�a�_�f�g�b�o�� �g�b�\�h�Z�� �d�h�g�p�_�g�l�j�Z�p�b�•�Z�� �k�_�� �g�Z�•�q�_�r�„�_�� �g�Z�a�b�\�Z��
�Z�f�[�b�•�_�g�l�Z�e�g�b���f�h�g�b�l�h�j�b�g�]�� 

�H�k�l�\�Z�j�b�\�Z�ƒ�_�� �f�h�g�b�l�h�j�b�g�]�Z�� �d�\�Z�e�b�l�_�l�Z�� �\�Z�a�^�m�o�Z�� �i�j�h�\�h�^�b�� �k�_�� �i�h�k�l�Z�\�‚�Z�ƒ�_�f�� �f�j�_�`�_�� �f�•�_�j�g�b�o��
�k�l�Z�g�b�p�Z���d�h�•�_���j�_�n�_�j�_�g�l�g�b�f���f�_�l�h�^�Z�f�Z���\�j�r�_���f�h�g�b�l�h�j�b�g�]���d�\�Z�e�b�l�_�l�Z���\�Z�a�^�m�o�Z�����M���J�_�i�m�[�e�b�p�b���K�j�i�k�d�h�•�����d�Z�h���b��
�;�h�k�g�b�� �b�� �O�_�j�p�_�]�h�\�b�g�b�� �m�� �p�•�_�e�b�g�b���� �i�h�k�l�h�•�b�� �^�m�]�h�]�h�^�b�r�ƒ�Z���l�j�Z�^�b�p�b�•�Z�� �f �h�g�b�l�h�j�b�g�]�Z���d�Z�d�h���_�f�b�k�b�•�_�� �m���\�Z�a�^�m�o����
�l�Z�d�h�� �b�� �d�\�Z�e�b�l�_�l�Z�� �\�Z�a�^�m�o�Z���� �I�j�\�b�� �f�h�g�b�l�h�j�b�g�]�� �d�\�Z�e�b�l�_�l�Z�� �\�Z�a�^�m�o�Z�� �a�Z�i�h�q�_�h�� �•�_�� �j�Z�g�b�o�� �r�_�a�^�_�k�_�l�b�o�� �b��
�d�h�g�l�b�g�m�b�j�Z�g�h�� �k�_�� �j�Z�a�\�b�•�Z�h�� �k�\�_�� �^�h�� �i�h�q�_�l�d�Z�� �j�Z�l�g�b�o�� �k�m�d�h�[�Z�� �g�Z�� �l�_�j�b�l�h�j�b�•�b�� �;�b�O���� �G�Z���i�h�^�j�m�q�•�m���J�_�i�m�[�e�b�d�_��
�K�j�i�k�d�_���i�b�h�g�b�j�k�d�h���i�j�Z�„�_�ƒ�_���d�\�Z�e�b�l�_�l�Z���\�Z�a�^�m�o�Z���•�_�� �g�Z�•�i�j�b�•�_�� �a�Z�i�h�q�_�e�h���m���;�Z�ƒ�h�•�� �E�m�p�b���h�k�Z�f�^�_�k�_�l�b�o���]�h�^�b�g�Z��
�i�j�h�r�e�h�]�� �\�b�•�_�d�Z���� �k�Z�� �i�j�_�d�b�^�h�f�� �i�j�Z�„�_�ƒ�Z�� �h�^�� ������������ �]�h�^�b�g�_�� �^�h�� ������������ �]�h�^�b�g�_���� �l�_�� �•�_�� �h�g�Z�� �i�h�k�l�Z�e�Z�� �e�b�^�_�j�� �b��
�i�h�d�j�_�l�Z�q���j�Z�a�\�h�•�Z���f�h�g�b�l�h�j�b�g�]�� �f�j�_�`�_���m���J�_�i�m�[�e�b�p�b���K�j�i�k�d�h�• [8].  

�M�j�_�^�[�h�f�� �h���m�k�i�h�k�l�Z�\�‚�Z�ƒ�m���j�_�i�m�[�e�b�q�d�_���f�j�_�`�_���f�•�_�j�g�b�o���k�l�Z�g�b�p�Z���b���f�•�_�j�g�b�o���f�•�_�k�l�Z���>���@���i�j�h�i�b�k�Z�g���•�_��
�[�j�h�•�� �b�� �j�Z�k�i�h�j�_�^�� �f�•�_�j�g�b�o�� �k�l�Z�g�b�p�Z�� �b���b�e�b�� �f�•�_�j�g�b�o�� �f�•�_�k�l�Z�� �m�� �h�^�j�_�{�_�g�h�•�� �a�h�g�b�� �b�e�b�� �Z�]�e�h�f�_�j�Z�p�b�•�b���� �h�[�b�f����
�\�j�k�l�Z�� �b�� �m�q�_�k�l�Z�e�h�k�l�� �f�•�_�j�_�ƒ�Z�� �a�Z�� �i�j�Z�„�_�ƒ�_�� �d�\�Z�e�b�l�_�l�Z�� �\�Z�a�^�m�o�Z�� �g�Z�� �g�b�\�h�m�� �J�_�i�m�[�e�b�d�_�� �K�j�i�k�d�_���� �I�h�k�l�h�•�_�„�Z��
�f�j�_�`�Z�� �g�_�� �a�Z�^�h�\�h�‚�Z�\�Z�� �i�j�h�i�b�k�Z�g�_�� �d�j�b�l�_�j�b�•�m�f�_�� �b�� �g�_�� �i�h�k�l�h�•�b�� �f�h�g�b�l�h�j�b�g�]�� �m�� �Z�]�e�h�f�_�j�Z�p�b�•�Z�f�Z�� �I�j�b�•�_�^�h�j��
���I�j�b�•�_�^�h�j�� �b�� �I�j�b�•�_�^�h�j�� ���F�j�Z�d�h�\�b�p�Z�������� �>�h�[�h�•�� ���>�h�[�h�•������ �B�k�l�h�q�g�h���K�Z�j�Z�•�_�\�h�� ���K�h�d�h�e�Z�p���b�� �N�h�q�Z�����L�•�_�g�l�b�r�l�_������
�b�� �L�j�_�[�b�ƒ�m�����L�j�_�[�b�ƒ�_���� �k�_�� �g�_���\�j�r�b�� �f�h�g�b�l�h�j�b�g�]�� �\�Z�a�^�m�o�Z���� �^�h�d���•�_�� �f�h�g�b�l�h�j�b�g�]�� �m�k�i�h�k�l�Z�\�‚�_�g���m���;�Z�ƒ�h�•���E�m�p�b����
�=�j�Z�^�b�r�p�b�� �b�� �;�b�•�_�‚�b�g�b���� �l�_�� �m�� �;�j�h�^�m���� �M�]�‚�_�\�b�d�m�� �b�� �=�Z�p�d�m�����g�Z�� �e�h�d�Z�p�b�•�Z�f�Z�� �b�g�^�m�k�l�j�b�•�k�d�b�o�� �a�Z�]�Z�{�b�\�Z�q�Z���� �M��
�;�Z�ƒ�h�•�� �E�m�p�b�� �f�h�g�b�l�h�j�b�g�]�� �k�_�� �\�j�r�b�� �g�Z�� �e�h�d�Z�p�b�•�Z�f�Z���� �E�Z�a�Z�j�_�\�h���� �P�_�g�l�Z�j���� �H�[�b�e�b�„�_�\�h���� �;�h�j�b�d���b�� �I�Z�i�j�b�d�h�\�Z�p����
�=�j�Z�^�� �;�b�•�_�‚�b�g�Z�� �\�j�r�b�� �f�•�_�j�_�ƒ�Z�� �h�k�g�h�\�g�b�o�� �i�h�e�m�l�Z�g�Z�l�Z�� �m�� �\�Z�a�^�m�o�m�� �g�Z�� �e�h�d�Z�p�b�•�Z�f�Z���� �P�_�g�l�Z�j���� �I�Z�g�Z�n�e�_�d�k�� �b��
�@�b�l�h�i�j�h�f�_�l�����H�i�r�l�b�g�Z���=�j�Z�^�b�r�d�Z���\�j�r�b���f�•�_�j�_�ƒ�Z���g�Z���e�h�d�Z�p�b�•�b�� �P�j�i�g�Z���k�l�Z�g�b�p�Z���d�_�•�� ���L�Z�[�_�e�Z�������� 

 
�L�Z�[�_�e�Z���������I�j�h�k�•�_�q�g�_���]�h�^�b�r�ƒ�_���\�j�b�•�_�^�g�h�k�l�b���i�h�e�m�l�Z�g�Z�l�Z���m���\�Z�a�^�m�o�m�����������������>�����@ 

�E�h�d�Z�p�b�•�Z 
SO2 

µg/m3 
NO 

µg/m3 
NO2 

µg/m3 
NOX 

µg/m3 
CO 

mg/m3 
O3 

µg/m3 
�E�Q10 

µg/m3 
�Q�Z�{ 

µg/m3 
�M�L�F 

mg/m2d 
�M�E�Q10 

µg/m3 

�;�Z�ƒ�Z���E�m�d�Z 

�P�_�g�l�Z�j 26,51 15,10 24,82 39,91 1,40 56,70 32,42 16,42 - - 

�I�Z�i�j�b�d�h�\�Z�p 23,76 13,22 20,66 35,04 1,30 55,48 29,98 15,65 - - 

�;�h�j�b�d 28,49 14,34 24,06 39,27 1,24 52,39 32,60 16,63 - - 

�H�[�b�e�b�„�_�\�h 26,64 14,74 24,72 39,44 0,76 55,09 29,55 15,22 - - 

�;�b�•�_�‚�b�g�Z 

�P�_�g�l�Z�j 66,58 6,47 19,29 25,04 0,75 52,73 30,39 25,31 175,75 90,81 

�=�j�Z�^�b�r�d�Z 
�P�j�i�g�Z��
�k�l�Z�g�b�p�Z���D�_�• 26,00 - - - - - - 22,00 - - 
 



�J�b�a�b�d���b���[�_�a�[�_�^�g�h�k�g�b���b�g�`�_�ƒ�_�j�b�g�]��- �D�h�i�Z�h�g�b�d��������4. 
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�I�h�� �a�\�Z�g�b�q�g�b�f�� �i�h�^�Z�p�b�f�Z�� �a�Z�� ������������ �]�h�^�b�g�m�� �]�j�Z�g�b�q�g�Z�� �\�j�b�•�_�^�g�h�k�l�� �a�Z��SO2 

�•�_�� �i�j�_�d�h�j�Z�q�_�g�Z�� �m�� �;�b�•�_�‚�b�g�b���� �^�h�d�� �•�_�� �d�\�Z�e�b�l�_�l�� �\�Z�a�^�m�o�Z���a�Z�^�h�\�h�‚�Z�\�Z�•�m�„�b�� �m�� �=�j�Z�^�b�r�p�b�� �b�� �;�b�•�_�‚�b�g�b�� �k�Z��
�Z�k�i�_�d�l�Z���i�j�b�k�m�k�l�\�Z���k�m�f�i�h�j�^�b�h�d�k�b�^�Z���� 

�=�j�Z�g�b�q�g�Z�� �\�j�b�•�_�^�g�h�k�l�� �a�Z��NO2 �b��CO, �p�b�‚�g�Z�� �\�j�b�•�_�^�g�h�k�l �a�Z��O3 �b�� �f�Z�d�k�b�f�Z�e�g�Z�� �^�h�a�\�h�‚�_�g�Z��
�\�j�b�•�_�^�g�h�k�l�� �a�Z���q�Z�{���g�b�•�_���i�j�_�d�h�j�Z�q�_�g�Z���g�b���g�Z �•�_�^�g�h�f���e�h�d�Z�e�b�l�_�l�m�� 

�G�Z���]�h�^�b�r�ƒ�_�f�� �g�b�\�h�m���\�j�b�•�_�^�g�h�k�l�b�� �d�\�Z�e�b�l�_�l�Z���\�Z�a�^�m�o�Z���k�m���g�Z���a�Z�^�h�\�h�‚�Z�\�Z�•�m�„�_�f���g�b�\�h�m�����m���f�•�_�k�l�b�f�Z��
�m�� �d�h�•�b�f�Z�� �k�_�� �\�j�r�b�� �f�h�g�b�l�h�j�b�g�]���� �k�� �l�b�f�� �^�Z���m���i�h�•�_�^�b�g�b�f�� �i�_�j�b�h�^�b�f�Z���� �g�Z�j�h�q�b�l�h�� �m���a�b�f�k�d�h�f���� �i�h�k�l�h�•�_�� �a�g�Z�l�g�_��
�_�i�b�a�h�^�_���a�Z�]�Z�{�_�ƒ�Z���b���a�g�Z�q�Z�•�g�h���i�h�\�_�„�Z�ƒ�_���a�Z�]�Z�{�m�•�m�„�b�o���f�Z�l�_�j�b�•�Z�����d�h�•�_���i�j�_�d�h�j�Z�q�m�•�m�� �]�j�Z�g�b�q�g�_���\�j�b�•�_�^�g�h�k�l�b�� 

�H�p�•�_�g�Z���d�\�Z�e�b�l�_�l�Z���\�Z�a�^�m�o�Z���k�_���\�j�r�b���i�j�_�f�Z���M�j�_�^�[�b���h���\�j�b�•�_�^�g�h�k�l�b�f�Z���d�\�Z�e�b�l�_�l�Z���\�Z�a�^�m�o�Z���>�����@�� 
�M�i�j�d�h�k�� �a�Z�d�h�g�k�d�h�•�� �h�[�Z�\�_�a�b���� �k�l�Z�ƒ�_�� �f�h�g�b�l�h�j�b�g�]�Z�� �•�_�� �g�Z�� �•�Z�d�h�� �g�b�k�d�h�f�� �g�b�\�h�m�� �b�� �g�_�h�i�o�h�^�g�h�� �]�Z�� �•�_��

�m�g�Z�i�j�b�•�_�^�b�l�b���� �i�j�\�_�g�k�l�\�_�g�h�� �b�g�k�l�Z�e�b�j�Z�ƒ�_�f�� �g�h�\�_�� �h�i�j�_�f�_���� �f�•�_�j�g�b�o�� �k�l�Z�g�b�p�Z���� �d�Z�e�b�[�j�Z�p�b�h�g�_�� �f�j�_�`�_�� �b��
�m�k�i�h�k�l�Z�\�‚�Z�ƒ�_�f�� �g�Z�p�b�h�g�Z�e�g�_�� �j�_�n�_�j�_�g�l�g�_���e�Z�[�h�j�Z�l�h�j�b�•�_�� �b���b�k�d�‚�m�q�b�\�h�� �\�j�r�_�ƒ�_�f�� �f�h�g�b�l�h�j�b�g�]�Z���h�^�� �k�l�j�Z�g�_��
�•�Z�\�g�b�o�� �m�k�l�Z�g�h�\�Z��[2]. 
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�O�_�f�b�•�k�d�b�� �m� �̂_�k�b�� �k�m�� �g�_�f�b�g�h�\�g�h�k�l�� �k�Z�\�j�_�f�_�g�h�]�� �l�_�o�g�h�e�h�r�d�h�]�� �j�Z�a�\�h�•�Z�� � �̂j�m�r�l�\�Z�� �b�� � �̂_�r�Z�\�Z�•�m���k�_���b�a�g�_�g�Z� �̂Z���b���g�Z��

�j�Z�a�e�b�q�b�l�b�f�� �f�_�k�l�b�f�Z���� �a�[�h�]�� �q�_�]�Z�� �•�_�� �g�_�h�i�o�h� �̂g�h �i�j�_� �̂m�a�b�f�Z�ƒ�_�� �h� �̂]�h�\�Z�j�Z�•�m�„�b�o�� �f�_�j�Z��- �_� �̂m�d�Z�p�b�•�Z���� �f�h�g�b�l�h�j�b�g�]����
�a�Z�r�l�b�l�Z���� �h�l�d�e�Z�ƒ�Z�ƒ�_�� �i�h�k�e�_� �̂b�p�Z�� �b�� � �̂j���� �M�� �b�g�l�_�]�j�b�k�Z�g�h�f�� �h�^�]�h�\�h�j�m�� �g�Z�� �o�_�f�b�•�k�d�b�� �m� �̂_�k�� �m�q�_�k�l�\�m�•�m�� �j�Z�a�e�b�q�b�l�b�� �k�m�[�•�_�d�l�b��
� �̂j�m�r�l�\�Z���� �_�d�b�i�_�� �6�H�Y�H�]�R�� �i�h�k�l�j�h�•�_�ƒ�Z���� �k�g�Z�]�_�� �K�_�d�l�h�j�Z�� �a�Z�� �\�Z�g�j�_� �̂g�_�� �k�b�l�m�Z�p�b�•�_���� �b�g�k�l�b�l�m�p�b�•�_�� �e�h�d�Z�e�g�_�� �k�Z�f�h�m�i�j�Z�\�_����
�A�Z�\�h� �̂b�� �a�Z�� �•�Z�\�g�h�� �a� �̂j�Z�\�‚�_���� �•�_� �̂b�g�b�p�_�� �<�h�•�k�d�_�� �K�j�[�b�•�_�� �b�l�^���� �3�_� �̂b�g�b�p�_�� �Z�l�h�f�k�d�h-�[�b�h�e�h�r�d�h-�o�_�f�b�•�k�d�_�� ���:�;�O���� �k�e�m�`�[�_���f�h�]�m��
�k�_�� �m�d�‚�m�q�b�l�b�� �m�� �i�j�h�p�_�k�� �h�l�d�e�Z�ƒ�Z�ƒ�Z�� �i�h�k�e�_� �̂b�p�Z���� �i�j�\�_�g�k�l�\�_�g�h�� �i�j�b�� �o�_�f�b�•�k�d�h�f�� �m� �̂_�k�m�� �,�,�,�� � �̂h�� �9�� �g�b�\�h�Z�� ���g�b�\�h�� �e�h�d�Z�e�g�_��
�k�Z�f�h�m�i�j�Z�\�_���� �g�Z�p�b�h�g�Z�e�g�b�� �b�� �f�_�{�m�g�Z�j�h� �̂g�b���g�b�\�h���� �M�i�h�l�j�_�[�Z���•�_� �̂b�g�b�p�Z���<�h�•�k�d�_���i�j�b���o�_�f�b�•�k�d�h�f���m� �̂_�k�m���•�_���k�i�_�p�b�n�b�q�g�Z���m��
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�a�g�Z�q�Z�•�Z�� �k�m�� �d�\�Z�e�b�l�_�l�g�_�� �b�g�n�h�j�f�Z�p�b�•�_�� �h�� �o�_�f�b�•�k�d�h�f �m� �̂_�k�m���� �a�[�h�]�� �i�h�l�i�m�g�_�� �Z�g�Z�e�b�a�_�� �j�b�a�b�d�Z���� �b�a�j�Z� �̂_�� �Z� �̂_�d�\�Z�l�g�h�]���f�h� �̂_�e�Z��
�Z�g�]�Z�`�h�\�Z�ƒ�Z�� �b�� � �̂h�g�h�r�_�ƒ�Z�� �h�i�l�b�f�Z�e�g�_�� �h� �̂e�m�d�_�� �a�Z�� �m�i�h�l�j�_�[�m�����m�� �b�g�l�_�]�j�b�k�Z�g�h�f�� �h� �̂]�h�\�h�j�m�� �k�Z�� �h�k�l�Z�e�b�f�� �k�m�[�•�_�d�l�b�f�Z��
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�D�‚�m�q�g�_�� �j�_�q�b�����o�_�f�b�•�k�d�b�� �m�^�_�k���� �b�g�l�_�]�j�b�k�Z�g�b�� �h�^�]�h�\�h�j���� �•�_�^�b�g�b�p�_�� �:�;�O�� �k�e�m�`�[�_���� �h�l�d�e�Z�ƒ�Z�ƒ�_�� �i�h�k�e�_�^�b�p�Z����
�f�_�l�h�^�h�e�h�]�b�•�Z���H3. 
 

REVIEW OF EQUITY UNITS NBC SERVICE THE 
INTEGRATED RESPONSE TO CHEMICAL ACCIDENTS 

SUMMARY 
Chemical accidents are inevitable modern technological development and happen suddenly and in different 

places, which makes it necessary to take appropriate preventive measures - education, monitoring, protection, recovery 
and others. In an integrated response to chemical accidents involved different actors of society: of Seveso plants, power 
of Emergency Situations, the institutions of local government, public health institutes, units of th e Serbian Army etc. 
The nuclear-biological-chemical (NBC) agencies may be involved in the process of eliminating the consequences, 
primarily in chemical accident III to V (local governments, national and international level). The use of Army units in 
chemical accident is specific in relation to civilian structures, causing the paper, we propose a model for the 
involvement of NBC services according to the methodology O3 (discovery-O1, decide-O2, allow-O3). During the 
application of this methodology is essential for high quality information about the chemical accident, due to the 
complete risk analysis, development of an adequate model of engagement and making optimal decisions for use in an 
integrated response with other entities of the society. 

Keywords: chemica l accidents, integra ted response, units NBC service, recovery,  methodology O3. 
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�O�_�f�b�•�k�d�b�� �m�^�_�k�b�� ���O�� �m�^�_�k�b���� �b�f�Z�•�m�� �j�Z�a�e�b�q�b�l�_�� �g�b�\�h�_�� �l�_�`�b�g�_�� �m�� �a�Z�\�b�k�g�h�k�l�b�� �h�^�� �i�h�k�e�_�^�b�p�Z���� �Z�� �m�a�j�h�p�b�� �k�m��
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�i�h�j�_�^�� �j�Z�a�e�b�q�b�l�b�o�� �k�m�[�•�_�d�Z�l�Z�� �^�j�m�r�l�\�Z�� ���_�d�b�i�_�� �o�_�f�b�•�k�d�h�]���i�h�k�l�j�h�•�_�ƒ�Z���� �k�g�Z�]�_�� �K�_�d�l�h�j�Z�� �a�Z�� �\�Z�g�j�_�^�g�_��
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�<�h�•�k�d�_���K�j�[�b�•�_�� ���<�K������ �Z�e�b���k�Z���g�_�i�h�l�i�m�g�h���j�Z�a�j�Z�{�_�g�h�f���i�j�h�p�_�^�m�j�h�f���Z�g�]�Z�`�h�\�Z�ƒ�Z���b���\�j�e�h���q�_�k�l�h���[�_�a���i�h�l�j�_�[�g�_��
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�3�_�^�b�g�b�p�_���:�;�O���k�e�m�`�[�_�� �l�_�`�b�r�g�h���k�_���Z�g�]�Z�`�m�•�m���d�Z�^�Z���k�_���O���m�^�_�k���g�_���f�h�`�_���k�Z�g�b�j�Z�l�b�� �i�h�k�l�h�•�_�„�b�f���k�g�Z�]�Z�f�Z�����g�Z��
�l�_�j�_�g�m���� �Z�� �g�Z���h�k�g�h�\�m���a�Z�o�l�_�\�Z���g�Z�^�e�_�`�g�b�o���h�j�]�Z�g�Z���J�_�i�m�[�e�b�d�_���K�j�[�b�•�_�� �b�� �h�^�h�[�j�_�ƒ�Z���j�_�k�h�j�g�h�]�� �f�b�g�b�k�l�Z�j�k�l�\�Z��

                                                 
1 �M�g�b�\�_�j�a�b�l�_�l���h�^�[�j�Z�g�_�����<�h�•�g�Z���Z�d�Z�^�_�f�b�•�Z�����;�_�h�] �j�Z�^ 
2 �N�Z�d�m�e�l�_�l���h�j�] �Z�g�b�a�Z�p�b�h�g�b�o���g�Z�m�d�Z�����;�_�h�] �j�Z�^ 
3 �M�g�b�\�_�j�a�b�l�_�l���h�^�[�j�Z�g�_�����<�h�•�g�Z���Z�d�Z�^�_�f�b�•�Z�����;�_�h�] �j�Z�^ 
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���F�b�g�b�k�l�Z�j�k�l�\�h�� �h�^�[�j�Z�g�_���� �F�_�{�m�l�b�f���� �a�[�h�]�� �k�i�_�p�b�n�b�q�g�h�k�l�b�� �k�b�l�m�Z�p�b�•�_�� ���\�b�k�h�d�_�� �d�h�g�p�_�g�l�j�Z�p�b�•�_�� �h�i�Z�k�g�b�o��
�f�Z�l�_�j�b�•�Z���� �d�j�Z�l�d�h���\�j�_�f�_�� �a�Z���j�_�Z�]�h�\�Z�ƒ�_���� �k�i�_�p�b�n�b�q�g�b���i�h�`�Z�j�b���� �\�_�h�f�Z���•�_�� �l�_�r�d�h���h�^�j�_�^�b�l�b���Z�^�_�d�\�Z�l�g�_���k�g�Z�]�_��
�:�;�O���k�e�m�`�[�_���d�h�•�_���[�b���l�j�_�[�Z�e�h���Z�g�]�Z�`�h�\�Z�l�b���m���b�g�l�_�]�j�b�k�Z�g�h�f���h�^�]�h�\�h�j�m���g�Z���O���m�^�_�k���� 
�M�� �h�\�h�f�� �j�Z�^�m�� �„�_�f�h�� �i�j�b�d�Z�a�Z�l�b�� �•�_�^�g�m�� �h�^�� �f�h�]�m�„�b�o�� �\�Z�j�b�•�Z�g�l�b�� �m�q�_�r�„�Z�� �•�_�^�b�g�b�p�Z�� �:�;�O�� �k�e�m�`�[�_�� �m��
�b�g�l�_�]�j�b�k�Z�g�h�f�� �h�^�]�h�\�h�j�m���g�Z���O���m�^�_�k���� �d�h�j�b�r�„�_�ƒ�_�f�� �f�_�l�h�^�h�e�h�]�b�•�_�� �H3 (�h�l�d�j�b���± �H1�����h�^�e�m�q�b���± �H2�����h�f�h�]�m�„�b���± 
�H3).    

�������F�H�>�?�E�H�<�:�5�?���O�?�F�B�3�K�D�H�=���M�>�?�K�: 

�M�� �j�Z�^�m�� �•�_�� �g�Z�\�_�^�_�g�� �•�_�^�Z�g�� �h�^�� �i�j�b�k�l�m�i�Z�� �d�j�_�b�j�Z�ƒ�m�� �f�h�^�_�e�Z�� �O�� �m�^�_�k�Z�� �k�Z�� �m�^�_�k�g�b�f�� �k�p�_�g�Z�j�b�h�f�� �k�Z�� �l�_�r�d�b�f��
�]�Z�k�h�f���� �g�Z���\�_�„�h�•���m�^�Z�‚�_�g�h�k�l�b���h�^���•�_�^�b�g�b�p�_���:�;�O���k�e�m�`�[�_�����h�d�h�����������N�P�����b���k�Z���f�h�]�m�„�b�f���j�Z�a�f �_�j�Z�f�Z���i�h�k�e�_�^�b�p�Z��
�d�h�•�_�� �l�Z�•���m�^�_�k���f�h�`�_���i�j�h�m�a�j�h�d�h�\�Z�l�b���� �G�Z���h�k�g�h�\�m���k�\�_�]�Z���g�Z�\�_�^�_�g�h�]�����f�h�`�_���k�_���^�h�„�b���^�h���i�h�q�_�l�g�b�o���_�e�_�f�_�g�Z�l�Z���a�Z��
�f�h�^�_�e�h�\�Z�ƒ�_���•�_�^�b�g�b�p�Z���:�;�O���k�e�m�`�[�_���d�h�•�_���[�b���k�_���m�d�‚�m�q�b�e�_���m���b�g�l�_�]�j�b�k�Z�g�b���h�^�]�h�\�h�j�� �g�Z���O���m�^�_�k�� 
 
�I�j�_�f�Z�� �^�_�n�b�g�b�k�Z�go�f�� �k�p�_�g�Z�j�b�•�m �b�a�j�Z�q�m�g�Z�\�Z�•�m�� �k�_ �b�� �f�h�^�_�e�m�•�m �_�n�_�d�l�b�� �m�^�_�k�Z���� �Z�� �g�Z�� �h�k�g�h�\�m�� �^�h�[�b�•�_�g�b�o��
�i�h�^�Z�l�Z�d�Z�� �h�^�j�_�{�m�•�m �k�_ �r�b�j�b�g�_�� �i�h�\�j�_�^�b�\�b�o�� �a�h�g�Z���� �A�Z�� �f�h�^�_�e�h�\�Z�ƒ�_�� �k�_ �d�h�j�b�k�l�_ �i�Z�j�Z�f�_�l�j�b�� �i�j�h�b�a�Z�r�e�b���b�a��
�i�j�b�j�h�^�_�� �h�i�Z�k�g�b�o�� �f�Z�l�_�j�b�•�Z �d�h�•�_ �m�q�_�k�l�\�m�•�m�� �m�� �m�^�_�k�m�� �b�e�b�� �m�� �ƒ�_�f�m�� �g�Z�k�l�Z�•�m�� �b�� �ƒ�b�o�h�\�_�� �n�b�a�b�q�d�h-�o�_�f�b�•�k�d�_����
�l�h�d�k�b�d�h�e�h�r�d�_���� �_�d�h�l�h�d�k�b�d�h�e�h�r�d�_�� �b�� �^�j�m�]�_�� �h�k�h�[�b�g�_�� �M�� �p�b�‚�m�� �^�h�[�b�•�Z�ƒ�Z�� �\�Z�e�b�^�g�b�o�� �i�h�^�Z�l�Z�d�Z�� �m�� �h�[�a�b�j�� �k�_��
�f�h�j�Z�•�m���m�a�_�l�b�� �b�� �l�j�_�g�m�l�g�b���f�_�l�_�h�j�h�e�h�r�d�b���i�Z�j�Z�f�_�l�j�b�� �b�� �d�h�g�d�j�_�l�g�_���l�h�i�h�]�j�Z�n�k�d�_���d�Z�j�Z�d�l�_�j�b�k�l�b�d�_���e�h�d�Z�p�b�•�_����
�g�Z���d�h�•�h�•�� �•�_���^�h�r�e�h���^�h���O���m�^�_�k�Z�� 
 
�M�^�_�k�g�b���k�p�_�g�Z�j�b�h�����g�Z���e�h�d�Z�p�b�•�b�� �o�_�f�b�•�k�d�_���n�Z�[�j�b�d�_��(�ÄZorka  - Tikurila�³���R�Z�[�Z�p) �•�_���^�h�r�e�h���^�h���h�r�l�_�„�_�ƒ�Z��
�b�k�i�m�k�g�h�]�� �\�_�g�l�b�e�Z�� �Z�m�l�h�f�h�[�b�e-�p�b�k�l�_�j�g�_�� �g�Z�i�m�ƒ�_�g�_�� �j�Z�k�l�\�h�j�h�f�� �o�e�h�j�h�\�h�^�h�g�b�q�g�_�� �d�b�k�_�e�b�g�_�� ��HCl), 
�d�h�g�p�_�g�l�j�Z�p�b�•�_�� ������ ���� ��m/m������ �r�l�h�� �•�_�� �^�h�\�_�e�h���^�h���b�a�e�b�\�Z�ƒ�Z���d�h�f�i�e�_�l�g�h�]���k�Z�^�j�`�Z�•�Z���b�a���j�_�a�_�j�\�h�Z�j�Z���i�h���h�d�h�e�g�h�f��
�i�j�h�k�l�h�j�m��  
 
�H�i�Z�k�g�h�k�l�� �h�^��HCl: �e�_�l�Z�e�g�Z���^�h�a�Z���m���d�h�•�h�•�� ������ ���� �l�_�k�l�b�j�Z�g�b�o���`�b�\�h�l�b�ƒ�Z���m�f�j�_���i�j�b���b�a�e�h�`�_�g�h�k�l�b��HCl �•�_���h�d�h��
900 mg/kg �l�_�e�_�k�g�_�� �l�_�`�b�g�_���� �g�Z�� �a�_�q�_�\�b�f�Z�� �d�Z�^�Z�� �k�_�� �d�h�g�a�m�f�b�j�Z�� �h�j�Z�e�g�h���� �O�e�h�j�h�\�h�^�h�g�b�q�g�Z�� �d�b�k�_�e�b�g�Z�� �k�_��
�h�[�b�q�g�h���d�e�Z�k�b�n�b�d�m�•�_�� �d�Z�h���Ä�h�l�j�h�\�g�Z�³�� �b�� �Ä�d�h�j�h�a�b�\�g�Z�³���� �Z�� �i�j�_�^�k�l�Z�\�‚�Z�� �i�h�\�_�„�Z�g�m���h�i�Z�k�g�h�k�l���a�Z���k�\�Z�d�h�]�Z���d�h���j�Z�^�b��
�k�Z���ƒ�h�f�� 
 
�M�e�Z�a�g�b�� �i�h�^�Z�p�b�����f�Z�k�Z�� �j�Z�k�l�\�h�j�Z��HCl �d�b�k�_�e�b�g�_��- 20 t; �i�h�^�e�h�]�Z�� �± �j�Z�\�g�Z�����[�_�l�h�g�k�d�Z������ �h�d�h�e�b�g�Z��- �]�j�Z�^�k�d�b��
�m�k�e�h�\�b�� ���m�j�[�Z�g�Z���k�j�_�^�b�g�Z���� �l�_�f�i�_�j�Z�l�m�j�Z���\�Z�a�^�m�o�Z�����h�d�h�e�b�g�_�� - 20 °C; �j�_�e�Z�l�b�\�g�Z���\�e�Z�`�g�h�k�l���\�Z�a�^�m�o�Z��- 70 % ; 
�\�j�_�f�_��- �f�b�j�g�h�����[�_�a���i�Z�^�Z�\�b�g�Z�� �\�_�l�Z�j��- �k�_�\�_�j�h�a�Z�i�Z�^�g�b�����[�j�a�b�g�Z������m/s ���g�Z���\�b�k�b�g�b������m �h�^���g�b�\�h�Z���l�e�Z��; �k�l�Z�ƒ�_��
�m���i�j�b�a�_�f�g�h�f�� �k�e�h�•�m���Z�l�f�h�k�n�_�j�_��- �k�l�Z�[�b�e�g�h�����d�e�Z�k�Z���k�l�Z�[�b�e�g�h�k�l�b��F. 
 
�J�_�a�m�e�l�Z�l�b���i�j�h�j�Z�q�m�g�Z�����i�j�h�p�_�g�Z���a�Z�]�Z�{�_�ƒ�Z���± �h�i�Z�k�g�h�k�l�b���� 
�J�Z�a�e�b�\�_�g�b�� �j�Z�k�l�\�h�j�� �o�e�h�j�h�\�h�^�h�g�b�q�g�_�� �d�b�k�_�e�b�g�_�� ���+�&�O���� �g�Z�� �j�Z�\�g�h�•�� �i�h�^�e�h�a�b�� �n�h�j�f�b�j�Z�� �e�h�d�\�m�� �l�_�q�g�h�k�l�b���� �a�Z��
�d�h�•�m���k�_���f�h�`�_�� �m�a�_�l�b�� �^�Z���b�a�g�h�k�b���|10 mm. �I�h�� �n�h�j�f�b�j�Z�ƒ�m���e�h�d�\�_�� �l�_�q�g�_���n�Z�a�_���^�h�e�Z�a�b���^�h���b�k�i�Z�j�Z�\�Z�ƒ�Z��HCl �b��
�g�Z�k�l�Z�•�Z�ƒ�Z�� �k�_�d�m�g�^�Z�j�g�h�]�� �d�h�g�l�Z�f�b�g�Z�p�b�h�g�h�]�� �h�[�e�Z�d�Z�� �m�� �i�j�b�a�_�f�g�h�f�� �k�e�h�•�m���Z�l�f�h�k�n�_�j�_���� �B�a���n�h�j�f�b�j�Z�g�_���e�h�d�\�_��
�b�k�i�Z�j�Z�\�Z��HCl�����i�j�b�� �q�_�f�m���[�j�a�b�g�Z���b�k�i�Z�j�Z�\�Z�ƒ�Z���a�Z�\�b�k�b���h�^���d�h�g�p�_�g�l�j�Z�p�b�•�_��HCl �m���j�Z�k�l�\�h�j�m���� 

- �i�h�q�_�l�g�Z���f�Z�k�Z���+�&�O���m���b�a�e�b�\�_�g�h�•���l�_�q�g�h�k�l�b����0 0,33 20000 6600HClm kg� �˜ � , �^�h�d���•�_ 

- �i�h�q�_�l�g�Z���f�Z�k�Z���\�h�^�_���m���b�a�e�b�\�_�g�h�•���l�_�q�g�h�k�l�b����2
0 0,67 20000 13400H Om kg� �˜ � . 

�I�h�q�_�l�g�_�� �[�j�a�b�g�_�� �b�k�i�Z�j�Z�\�Z�ƒ�Z��HCl �b�� �\�h�^�_�� �b�a�� �g�Z�k�l�Z�e�_�� �e�h�d�\�_���� �i�j�b�� �g�Z�\�_�^�_�g�b�f�� �m�k�e�h�\�b�f�Z�� �h�i�b�k�m�•�m�� �k�_��
�k�e�_�^�_�„�b�f���•�_�^�g�Z�q�b�g�Z�f�Z�� 

0
HFm = 5,12·105 �P�J���V���b 

2
0
H Om = 8,05·104 mg/s. 

�I�j�h�f�_�g�Z���[�j�a�b�g�_���b�k�i�Z�j�Z�\�Z�ƒ�Z��HCl �b�a���g�Z�k�l�Z�e�_���e�h�d�\�_�� �l�h�d�h�f���\�j�_�f�_�g�Z�����i�j�b���g�Z�\�_�^�_�g�b�f���m�k�e�h�\�b�f�Z�����f�h�`�_���k�_��
�h�i�b�k�Z�l�b�� �k�e�_�^�_�„�h�f���•�_�^�g�Z�q�b�g�h�f�� 

 
45 4,3105,12 10HF tm e

���� �˜ �˜� �˜ �˜  �����P�J���V�����������\�j�_�f�_��- t �m���P�L�Q�� 

�L�Z�d�h�{�_���� �i�j�h�f�_�g�Z�� �[�j�a�b�g�_�� �b�k�i�Z�j�Z�\�Z�ƒ�Z��HCl �b�a�� �j�Z�k�m�l�h�]�� �j�Z�k�l�\�h�j�Z�� �l�h�d�h�f�� �\�j�_�f�_�g�Z���� �i�j�b�d�Z�a�Z�g�Z�� �•�_�� �g�Z��
�]�j�Z�n�b�d�h�g�m�� ���� 



�J�b�a�b�d���b���[�_�a�[�_�^�g�h�k�g�b���b�g�`�_�ƒ�_�j�b�g�]��- �D�h�i�Z�h�g�b�d��������4. 
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�=�j�Z�n�b�d�h�g���������I�j�h�f�_�g�Z���[�j�a�b�g�_���b�k�i�Z�j�Z�\�Z�ƒ�Z��HCl �b�a���j�Z�k�m�l�h�]���j�Z�k�l�\�h�j�Z���l�h�d�h�f���\�j�_�f�_�g�Z�� �g�Z�k�l�Z�e�h�]��
�b�a�e�b�\�Z�ƒ�_�f �b�a���Z�m�l�h-�p�b�k�l�_�j�g�_���k�Z��������t �j�Z�k�l�\�h�j�Z��HCl�����d�h�g�p�_�g�l�j�Z�p�b�•�_������������(m/m) 

 
�I�j�_�f�Z���i�h�^�Z�p�b�f�Z���k�Z���]�j�Z�n�b�d�h�g�Z�� �����m�h�q�Z�\�Z���k�_���^�Z���k�_���a�Z���d�j�Z�„�Z���\�j�_�f�_�g�Z���f�h�`�_���m�a�_�l�b���^�Z���•�_���[�j�a�b�g�Z���b�k�i�Z�j�Z�\�Z�ƒ�Z��
HCl �d�h�g�k�l�Z�g�l�g�Z�����•�_�j���k�i�h�j�h���h�i�Z�^�Z���k���\�j�_�f�_�g�h�f�����l�_���•�_���a�Z���h�^�j�_�{�b�\�Z�ƒ�_���^�b�k�i�_�j�a�b�•�_���g�Z�k�l�Z�e�b�o���i�Z�j�Z���d�h�j�b�r�„�_�g�Z��
�l�Z�d�\�Z�� �\�j�_�^�g�h�k�l�� ���^�b�k�i�_�j�a�b�•�_�� �i�h�k�f�Z�l�j�Z�g�_�� �g�Z�d�h�g�� ������min �b�� ������min �h�^�� �i�h�q�_�l�d�Z���b�a�e�b�\�Z�ƒ�Z���� �G�Z�k�l�Z�e�_���i�Z�j�_��
�+�&�O���k�m���l�_�`�_���h�^���h�d�h�e�g�h�]���\�Z�a�^�m�o�Z�����]�m�k�l�b�g�Z���i�Z�j�Z���+�&�O���M�H�������������N�J���P3, �Z���\�Z�a�^�m�o�Z�������������N�J���P3 na 20 °�&�������l�_���•�_���a�Z��
�i�j�h�k�l�b�j�Z�ƒ�_�� �i�Z�j�Z�� �+�&�O�� �m�� �i�j�b�a�_�f�g�h�f�� �k�e�h�•�m�� �Z�l�f�h�k�n�_�j�_�� �d�h�j�b�r�„�_�g�� �f�h�^�_�e�� �����l�_�r�d�h�]�³�� �]�Z�k�Z [1]���� �k�Z�� �^�\�Z��
�j�Z�a�e�b�q�b�l�Z���f�_�o�Z�g�b�a�f�Z���^�b�k�i�_�j�a�b�•�_�� 
- �m�� �i�h�q�_�l�g�h�f�� �i�_�j�b�h�^�m�� ���l�j�Z�•�_�� �h�d�h�� ����min���� �^�h�e�Z�a�b�� �^�h�� �]�j�Z�\�b�l�Z�p�b�h�g�h�]�� �r�b�j�_�ƒ�Z�� �g�Z�k�l�Z�e�h�]�� �k�_�d�m�g�^�Z�j�g�h�]��
�h�[�e�Z�d�Z���� 
- �Z�� �i�h�l�h�f���� �^�h�� �=�Z�m�k�h�\�k�d�_�� �^�b�k�i�_�j�a�b�•�_�� �g�Z�k�l�Z�e�h�]�� �h�[�e�Z�d�Z���� �m���k�d�e�Z�^�m���k�Z���a�Z�d�h�g�b�f�Z���l�m�j�[�m�e�_�g�l�g�_���^�b�n�m�a�b�•�_��
���d�Z�h���g�_�m�l�j�Z�e�g�b���]�Z�k��- �]�Z�k�h�\�b���k���]�m�k�l�b�g�h�f���d�h�•�Z���•�_���i�j�b�[�e�b�`�g�Z�� �]�m�k�l�b�g�b���\�Z�a�^�m�o�Z���� 
 
�H�^�� �i�h�q�_�l�g�_�� �\�j�_�^�g�h�k�l�b�� �i�h�e�m�i�j�_�q�g�b�d�Z�� �g�Z�k�l�Z�e�h�]�� �h�[�e�Z�d�Z�� ��R0 � �� ���������� �P���� �i�h�e�m�i�j�_�q�g�b�d�� �d�h�g�l�Z�f�b�g�Z-�p�b�h�g�h�]��
�h�[�e�Z�d�Z�� �l�h�d�h�f�� �]�j�Z�\�b�l�Z�p�b�h�g�h�]�� �i�_�j�b�h�^�Z�� �g�Z�j�Z�k�l�_�� �^�h��R �§�� ������ �P���� �g�Z�� �a�Z�\�j�r�_�l�d�m�� �l�h�]�� �i�_�j�b�h�^�Z���� �I�h�q�_�l�g�Z��
�\�j�_�^�g�h�k�l���^�b�k�i�_�j�a�b�•�_���� �a�Z���i�_�j�b�h�^���=�Z�m�k�h�\�k�d�_���^�b�k�i�_�j�a�b�•�_���b�a�j�Z�q�m�g�Z�\�Z�g�Z���•�_���i�j�_�f�Z���•�_�^�g�Z�q�b�g�b�� 

 
0

62
29

2,14 2,14y

R
m�V �  �  �   

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

 
�=�j�Z�n�b�d�h�g�����������I�j�h�f�_�g�Z���d�h�g�p�_�g�l�j�Z�p�b�•�_���i�Z�j�Z��HCl �m���i�j�h�k�l�h�j�m���g�Z�d�h�g���b�a�e�b�\�Z�ƒ�Z���b�a���Z�m�l�h-�p�b�k�l�_�j�g�_���k�Z��������t, 

33 %-�g�_��HCl�����m���m�k�e�h�\�b�f�Z���k�l�Z�[�b�e�g�_���Z�l�f�h�k�n�_�j�_���b���[�j�a�b�g�b���\�_�l�j�Z���h�^��2 m/s 
�M���p�b�‚�m���h�^�j�_�{�b�\�Z�ƒ�Z���a�h�g�Z���i�j�h�k�l�b�j�Z�ƒ�Z���h�i�Z�k�g�b�o���d�h�g�p�_�g�l�j�Z�p�b�•�Z��HCl���� �g�_�h�i�o�h�^�g�h���•�_�� �^�_�n�b�g�b�k�Z�l�b���d�h�•�_���k�m���l�h��
�d�Z�j�Z�d�l�_�j�b�k�l�b�q�g�_���d�h�g�p�_�g�l�j�Z�p�b�•�_�� �a�Z���k�e�m�q�Z�•���g�Z�k�l�Z�e�h�]���O���m�^�_�k�Z�� 
- LC50 �± �k�j�_�^�ƒ�Z���k�f�j�l�g�Z���d�h�g�p�_�g�l�j�Z�p�b�•�Z�����i�j�b���_�d�k�i�h�a�b�p�b�•�b�� �h�^�������K�����/�&50�§�����������P�J���P3���� �a�Z���f�b�r�_�\�_�� 
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- IDLH 1 �± �d�h�g�p�_�g�l�j�Z�p�b�•�Z���h�i�Z�k�g�Z���i�h�� �a�^�j�Z�\�‚�_���‚�m�^�b�����i�j�b���_�d�k�i�h�a�b�p�b�•�b�� �h�^���������P�L�Q�����,�'�/�+� �������P�J���P3) 
- 0,1 IDLH �± �d�h�g�p�_�g�l�j�Z�p�b�•�Z�� �h�i�Z�k�g�Z�� �i�h�� �a�^�j�Z�\�‚�_�� �h�k�_�l�‚�b�\�_�� �i�h�i�m�e�Z�p�b�•�_�� ���^�_�p�Z���� �k�l�Z�j�b�•�_�� �b�e�b�� �[�h�e�_�k�g�_��
�h�k�h�[�_���� 
 
�I�h�r�l�h�� �•�_�� �n�h�j�f�b�j�Z�ƒ�_���d�h�g�l�Z�f�b�g�Z�p�b�h�g�h�]�� �h�[�e�Z�d�Z���^�b�g�Z�f�b�q�d�h�]�� �d�Z�j�Z�d�l�_�j�Z���� �Z�g�Z�e�b�a�Z���h�i�Z�k�g�h�k�l�b�� �h�^���l�j�h�\�Z�ƒ�Z��
�i�Z�j�Z�f�Z �+�&�O���� �a�Z���d�h�g�p�_�g�l�j�Z�p�b�•�_���g�b�\�h�Z���/�&50 �i�j�h�\�_�^�_�g�Z���•�_���i�j�b�f�_�g�h�f���I�j�h�[�b�l-�n�m�g�d�p�b�•�_�����d�h�•�Z���a�Z���+�&�O���]�e�Z�k�b��
[2]: 

t)(Cln2,6521,76Y �˜�˜�����   

�]�^�_���k�m: 

- Y �± �I�j�h�[�b�l-�n�m�g�d�p�b�•�Z�� 
- C �± �d�h�g�p�_�g�l�j�Z�p�b�•�Z�� �i�Z�j�Z���+�&�O���� �S�S�P 
- t �± �\�j�_�f�_���b�a�e�Z�]�Z�ƒ�Z�����_�d�k�i�h�a�b�p�b�•�_�������P�L�Q�� 
 
�I�j�_�l�i�h�k�l�Z�\�‚�Z�•�m�„�b�� �^�Z�� �\�j�_�f�_�� �b�a�e�h�`�_�g�h�k�l�b�� �‚�m�^�k�l�\�Z�� �i�Z�j�Z�f�Z�� �b�a�g�h�k�b�� ������ �P�L�Q���� �h�^�g�h�k�g�h�� ������ �P�L�Q�� ���^�\�_��
�\�Z�j�b�•�Z�g�l�_������ �f�h�]�m�„�_�� �i�h�k�e�_�^�b�p�_�� �i�h�� �g�_�a�Z�r�l�b�„�_�g�h�� �‚�m�^�k�l�\�h���m�� �a�h�g�b�� �i�j�h�k�l�b�j�Z�ƒ�Z�� �d�h�g�l�Z�f�b�g�Z�p�b�h�g�h�]�� �h�[�e�Z�d�Z��
�i�Z�j�Z���+�&�O���� �g�Z���h�k�g�h�\�m���l�_�k�l�b�j�Z�ƒ�Z���\�_�j�h�\�Z�l�g�h�„�_�����i�j�_�d�h���I�j�h�[�b�l-�n�m�g�d�p�b�•�_�����i�j�b�d�Z�a�Z�g�_���k�m���m���l�Z�[�_�e�b�������� 
 
�L�Z�[�_�e�Z�� ��. �F�h�]�m�„�_�� �i�h�k�e�_�^�b�p�_�� �i�h�� �g�_�a�Z�r�l�b�„�_�g�_�� �‚�m�^�_�� �g�Z�d�h�g�� �b�a�e�b�\�Z�ƒ�Z�� �Z�m�l�h�f�h�[�b�e-�p�b�k�l�_�j�g�_�� �k�Z��
�j�Z�k�l�\�h�j�h�f��HCl �m���a�h�g�b���i�j�h�k�l�b�j�Z�ƒ�Z���k�f�j�l�g�b�o���d�h�g�p�_�g�l�j�Z�p�b�•�Z�����i�j�b���[�j�a�b�g�b���\�_�l�j�Z���h�^������m/s �b���k�l�Z�[�b�e�g�h�f��
�k�l�Z�ƒ�m���Z�l�f�h�k�n�_�j�_�����a�Z���j�Z�a�e�b�q�b�l�h���\�j�_�f�_���b�a�e�Z�]�Z�ƒ�Z [3] 
 

�J�Z�k�l�h�•�Z�ƒ�_���h�^���f�_�k�l�Z��
�b�k�i�m�k�l�Z��HCl (m) 

�D�h�g�p�_�g�l�j�Z�p�b�•�Z�� �i�Z�j�Z 
HCl (mg/m3 i ppm) 

�<�j�_�^�g�h�k�l 
�I�j�h�[�b�l-�n�m�g�d�p�b�•�_ 

�<�_�j�h�\�Z�l�g�h�„�Z���k�f�j�l�g�h�]��
�k�l�j�Z�^�Z�ƒ�Z�������� 

10 min 30 min 10 min 30 min 
15 1450/1036 2,74 5,65 1 74 
25 915,8/654,2 1,52 4,43 0 28 
50 457,6/327 -0,315 2,60 0 0 
75 294,4/210,3 -1,484 1,43 0 0 

 
�I�j�_�f�Z�� �i�h�^�Z�p�b�f�Z�� �b�a �l�Z�[�_�e�_�� ���� �m�h�q�Z�\�Z�� �k�_�� �^�Z�� �a�h�g�Z�� �k�f�j�l�g�h�]�� �k�l�j�Z�^�Z�ƒ�Z�� �‚�m�^�b���d�h�•�b�� �g�_���i�h�k�_�^�m�•�m���k�j�_�^�k�l�\�Z��
�a�Z�r�l�b�l�_�� �^�b�k�Z�•�g�b�o�� �h�j�]�Z�g�Z�� �g�b�•�_�� �\�_�e�b�d�Z���� �Z�� �m�a�b�f�Z�•�m�„�b�� �m���h�[�a�b�j�� �]�m�k�l�b�g�m�� �g�Z�k�_�‚�_�g�h�k�l�b�� �m�� �h�i�r�l�b�g�b�� �R�Z�[�Z�p��
���i�j�h�k�_�q�g�h�� �������� �k�l�Z�g�h�\�g�b�d�Z���N�P2���� �b�� �q�b�ƒ�_�g�b�p�m�� �^�Z�� �•�_�� �m�� �m�k�e�h�\�b�f�Z�� �b�g�\�_�j�a�b�•�_�� �l�Z�� �a�h�g�Z���m�`�Z���� �j�_�e�Z�l�b�\�g�h���f�Z�e�b��
�[�j�h�•�� �‚�m�^�b���[�b�� �g�Z�k�l�j�Z�^�Z�h2���� �B�a���l�Z�[�_�e�_���k�_���l�Z�d�h�{�_���a�Z�i�Z�`�Z���b���a�g�Z�q�Z�•���k�Z�g�b�j�Z�ƒ�Z���g�Z�k�l�Z�e�_���m�^�_�k�g�_���k�b�l�m�Z�p�b�•�_���k�Z��
�b�a�e�b�\�_�g�b�f�� �j�Z�k�l�\�h�j�h�f��HCl�����r�l�h���]�h�\�h�j�b�� �h���i�h�l�j�_�[�b���[�j�a�_���o�_�f�b�•�k�d�_���^�_�d�h�g�l�Z�f�b�g�Z�p�b�•�_���� 
 
�G�Z�� �k�e�b�p�b��1 �i�j�b�d�Z�a�Z�g�_�� �k�m�� �a�h�g�_�� �i�j�h�k�l�b�j�Z�ƒ�Z�� �h�i�Z�k�g�b�o�� �d�h�g�p�_�g�l�j�Z�p�b�•�Z��HCl �g�Z�� �e�h�d�Z�p�b�•�b�� �m�� �g�_�i�h�k�j�_�^�g�h�•��
�[�e�b�a�b�g�b�� �n�Z�[�j�b�d�_���m���R�Z�i�p�m���� �a�Z���i�h�q�_�l�g�_���m�k�e�h�\�_���^�b�k�i�_�j�a�b�•�_�����^�h��������min �h�^���i�h�q�_�l�d�Z���b�a�e�b�\�Z�ƒ�Z������ 
 

                                                 
1 IDLH - Immedia tely Dangerous to Life or Hea lth. 
2 �M���f�h� �̂_�e�h�\�Z�g�h�f���k�p�_�g�Z�j�b�•�m���O���m� �̂_�k�Z���i�h�k�e�_�^�b�p�_���g�Z���‚�m�^�_ �[�b���[�b�e�_: 
- �g�Z�k�l�j�Z� �̂Z�e�b �± ����� �̂h�������e�b�p�Z�� 
- �b�g�l�h�d�k�b�d�h�\�Z�g�b (CIDLH ) �± ������ �e�b�p�Z; 
- �b�g�l�h�d�k�b�d�h�\�Z�g�b�� ���&0,1IDLH) �± ���������e�b�p�Z�� 
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�K�e�b�d�Z��1�����A�h�g�_���i�j�h�k�l�b�j�Z�ƒ�Z���h�i�Z�k�g�b�o���d�h�g�p�_�g�l�j�Z�p�b�•�Z��HCl�����a�Z���i�h�q�_�l�g�_���m�k�e�h�\�_���^�b�k�i�_�j�a�b�•�_�����^�h��������min �h�^��

�i�h�q�_�l�d�Z���b�a�e�b�\�Z�ƒ�Z�����m���m�k�e�h�\�b�f�Z���k�l�Z�[�b�e�g�_���Z�l�f�h�k�n�_�j�_�� �b���i�j�b���[�j�a�b�g�b���\�_�l�j�Z���h�^��2 m/s 
 
�G�Z�� �k�e�b�p�b 2 �i�j�b�d�Z�a�Z�g�_�� �k�m�� �a�h�g�_�� �i�j�h�k�l�b�j�Z�ƒ�Z�� �h�i�Z�k�g�b�o�� �d�h�g�p�_�g�l�j�Z�p�b�•�Z��HCl �g�Z�� �g�Z�\�_�^�_�g�h�•�� �e�h�d�Z�p�b�•�b�� �i�h�k�e�_��
�\�j�_�f�_�g�Z���h�^��������min ���k�Z���i�_�j�b�h�^�h�f���m�k�j�_�^�ƒ�Z�\�Z�ƒ�Z���d�h�g�p�_�g�l�j�Z�p�b�•�Z���h�^��������min). 
 

 
�K�e�b�d�Z���������A�h�g�_���i�j�h�k�l�b�j�Z�ƒ�Z���h�i�Z�k�g�b�o���d�h�g�p�_�g�l�j�Z�p�b�•�Z��HCl�����g�Z�d�h�g��������min �h�^���i�h�q�_�l�d�Z��������������������������������������������

�^�b�k�i�_�j�a�b�•�_�� �m���m�k�e�h�\�b�f�Z���k�l�Z�[�b�e�g�_���Z�l�f�h�k�n�_�j�_���b���i�j�b���[�j�a�b�g�b���\�_�l�j�Z���h�^��2 m/s 
 
�I�j�_�f�Z���i�h�^�Z�p�b�f�Z���k�Z���k�e�b�d�Z������ �b�� ���� �_�\�b�^�_�g�l�g�h���•�_�� �^�Z���a�h�g�_���g�Z�j�h�q�b�l�h���h�i�Z�k�g�b�o���d�h�g�p�_�g�l�j�Z�p�b�•�Z�����,�'�/�+�����^�h�k�_�`�m��
�b�� �^�h�� �������� �P���h�^�� �f�_�k�l�Z���b�a�e�b�\�Z�ƒ�Z�����`�Z�j�b�r�l�D �d�h�g�l�Z�f�b�g�Z�p�b�•�_���� �l�_�� �•�_�� �m���k�d�e�h�i�m���h�^�]�h�\�h�j�Z���g�Z���g�Z�k�l�Z�e�m���m�^�_�k�g�m��
�k�b�l�m�Z�p�b�•�m���g�_�h�i�o�h� �̂g�h���k�i�j�h�\�_�k�l�b���f�_�j�_���k�Z�g�Z�p�b�•�_���m�^�_�k�Z�����h� �̂g�h�k�g�h���b�a�\�h�{�_�ƒ�_���^�_�d�h�g�l�Z�f�b�g�Z�p�b�•�_���f�_�k�l�Z��
�m�^�_�k�Z���h�^���b�a�e�b�\�_�g�h�]���j�Z�k�l�\�h�j�Z��HCl. 
 
�D�Z�h���h�i�l�b�f�Z�e�g�b���j�Z�k�l�\�h�j�� �a�Z���^�_�d�h�g�l�Z�f�b�g�Z�p�b�•�m���i�j�_�i�h�j�m�q�m�•�_���k�_���i�j�b�f�_�g�Z���j�Z�k�l�\�h�j�Z���d�Z�e�p�b�•�m�f-�o�b�^�j�h�d�k�b�^�Z�����m��
�h�[�e�b�d�m�� �d�Z�r�_�� �b�e�b�� �d�j�_�q�g�h�]�� �f�e�_�d�Z������ �d�h�•�b�� �k�_�� �f�h�]�m�� �i�j�b�f�_�ƒ�b�\�Z�l�b�� �b�a�� �Z�m�l�h�f�h�[�b�e-�p�b�k�l�_�j�g�_�� �a�Z��
�^�_�d�h�g�l�Z�f�b�g�Z�p�b�•�m���:�P�> M-������ ���d�h�•�Z���_�]�a�b�k�l�b�j�Z�� �m���•�_�^�b�g�b�p�Z�f�Z���:�;�O���k�e�m�`�[�_�� �<�K������ �[�_�a���b�d�Z�d�\�b�o���^�h�j�Z�^�Z���b�e�b��
�f�h�^�b�n�b�d�Z�p�b�•�Z�� �m���i�j�b�f�_�g�b�� �^�_�d�h�g�l�Z�f�b�g�Z�p�b�h�g�h�]�� �j�Z�k�l�\�h�j�Z�� 
�>�_�d�h�g�l�Z�f�b�g�Z�p�b�•�m���b�a�e�b�\�_�g�h�]�� �j�Z�k�l�\�h�j�Z��HCl �l�j�_�[�Z���j�_�Z�e�b�a�h�\�Z�l�b���j�Z�k�l�\�h�j�h�f���&�D���2�+��2�����Z���o�_�f�b�a�Z�f���g�Z�\�_�^�_�g�_��
�j�_�Z�d�p�b�•�_�� �k�_���f�h�`�_���h�i�b�k�Z�l�b���k�e�_�^�_�„�h�f���•�_�^�g�Z�q�b�g�h�f�� 
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2 HCl + Ca(OH)2 �:�� CaCl���; + 2 H2O 
 

�D�Z�h���Z�e�l�_�j�g�Z�l�b�\�g�Z���j�_�r�_�ƒ�_���f�h�]�m���^�Z���i�h�k�e�m�`�_���k�e�_�^�_�„�_���\�Z�j�b�•�Z�g�l�_�� 
- �i�j�b�f�_�g�Z�� �j�Z�k�l�\�h�j�Z�� �1�D�2�+�� �m���\�h�^�b�����d�h�g�p�_�g�l�j�Z�p�b�•�_�� �^�h�� ���� ����1���� �Z�� �o�_�f�b�a�Z�f�� �g�Z�\�_�^�_�g�_���j�_�d�Z�p�b�•�_�� �f�h�`�_�� �k�_��
�i�j�b�d�Z�a�Z�l�b�� �k�e�_�^�_�„�h�f���•�_�^�g�Z�q�b�g�h�f���� 

HCl + NaOH �:�� NaCl + H2O �b�e�b 

- �j�Z�a�[�e�Z�`�b�\�Z�ƒ�_�� �e�h�d�\�_�� �\�_�e�b�d�b�f�� �d�h�e�b�q�b�g�Z�f�Z���\�h�^�_�����i�j�b�f�_�g�Z���:�P�> M-������ �b�e�b���Z�m�l�h�f�h�[�b�e���p�b�k�l�_�j�g�_���a�Z��
�\�h�^�m���:�P�<��M-�����������m�a���g�Z�d�g�Z�^�g�h���^�h�^�Z�\�Z�ƒ�_���g�_�]�Z�r�_�g�h�]���d�j�_�q�Z���m���p�b�‚�m���g�_�m�l�j�Z�e�b�a�Z�p�b�•�_���b�a�e�b�\�_�g�_���d�b�k�_�e�b�g�_�� 
 
�I�j�b�d�Z�a�Z�g�b�� �m�^�_�k�g�b���k�p�_�g�Z�j�b�h���g�Z�\�h�^�b���g�Z�k�� �g�Z���a�Z�d�‚�m�q�Z�d���^�Z���•�_�� �[�j�a�b�g�Z���j�_�Z�]�h�\�Z�ƒ�Z���m���^�Z�l�h�•�� �k�b�l�m�Z�p�b�•�b�� �\�_�h�f�Z��
�[�b�l�g�Z���� �h�^�g�h�k�g�h�� �i�j�_�k�m�^�g�Z�� �a�Z�� �Z�g�]�Z�`�h�\�Z�ƒ�_�� �•�_�^�b�g�b�p�Z�� �:�;�O���k�e�m�`�[�_�� �m���b�g�l�_�]�j�b�k�Z�g�h�f�� �h�^�]�h�\�h�j�m���g�Z���O���m�^�_�k����
�G�Z�i�h�f�b�ƒ�_�f�h���� �^�Z�� �k�m�� �•�_�^�b�g�b�p�_�� �:�;�O�� �k�e�m�`�[�_�� �j�Z�a�f�_�r�l�_�g�_�� �k�Z�f�h�� �m�� �]�Z�j�g�b�a�h�g�m�� �D�j�m�r�_�\�Z�p���� �r�l�h�� �g�Z�f�_�„�_��
�a�Z�d�‚�m�q�Z�d�� �^�Z�� �•�_�� �m�i�h�l�j�_�[�Z�� �h�\�b�o�� �•�_�^�b�g�b�p�Z�� �g�Z�� �\�_�„�b�f�� �m�^�Z�‚�_�g�h�k�l�b�f�Z�� �h�^�� �f�Z�l�b�q�g�b�o�� �e�h�d�Z�p�b�•�Z�� ���d�Z�h�� �r�l�h�� �•�_��
�i�j�b�d�Z�a�Z�g�h�� �m���f�h�^�_�e�h�\�Z�g�h�f���k�p�_�g�Z�j�b�•�m���� �h�l�_�`�Z�g�Z���b���g�_�p�_�e�b�k�o�h�^�g�Z�� 

 

�������F�H�>�?�E���:�G�=�:�@�H�<�:�5�:���3�?�>�B�G�B�P�:���:�;�O���K�E�M�@�;�?���I�H���F�?�L�H�>�H�E�H�=�B�3�B���H3 

 
�D�Z�d�h�� �[�b�� �k�_�� �b�a�\�j�r�b�e�h�� �h�i�l�b�f�Z�e�g�h�� �Z�g�]�Z�`�h�\�Z�ƒ�_�� �•�_�^�b�g�b�p�Z�� �:�;�O�� �k�e�m�`�[�_�� �m�� �b�g�l�_�]�j�b�k�Z�g�h�f�� �h�^�]�h�\�h�j�m�� �g�Z�� �O��
�m�^�_�k�� �g�_�h�i�o�h�^�g�h�� �•�_�� �i�j�b�f�_�g�b�l�b�� �h�^�]�h�\�Z�j�Z�•�m�„�m�� �f�_�l�h�^�h�e�h�]�b�•�m�� �m�� �i�j�h�p�_�k�m�� �h�^�e�m�q�b�\�Z�ƒ�Z�� �h�^�g�h�k�g�h�� �i�j�b�e�b�d�h�f��
�b�a�[�h�j�Z���•�_�^�b�g�b�p�_�� �d�h�•�Z���„�_���k�_���m�i�h�l�j�_�[�b�l�b���m���^�Z�l�h�•���k�b�l�m�Z�p�b�•�b���� 
 
�K�l�j�m�q�ƒ�Z�p�b�� �G�:�L�H�� �i�j�b�e�b�d�h�f�� �h�^�e�m�q�b�\�Z�ƒ�Z�� �m���[�h�j�[�_�g�b�f�� �m�k�e�h�\�b�f�Z���q�_�k�l�h�� �i�j�b�f�_�ƒ�m�•�m���f�_�l�h�^�h�e�h�]�b�•�m���'3 �± 
Detection ���h�l�d�j�b������Decision ���h�^�e�m�q�b������Destroy ���m�g�b�r�l�b�������L�_�`�b�r�l�_���•�_���^�Z�l�h���g�Z���g�Z�^�f�h�„�g�h�•���l�_�o�g�b�p�b���]�^�_���k�_��
�i�j�\�h�� �\�j�r�b�� �h�l�d�j�b�\�Z�ƒ�_�� �p�b�‚�Z���� �a�Z�l�b�f�� �^�h�g�h�r�_�ƒ�_�� �h�^�e�m�d�_�� �h�� �h�i�l�b�f�Z�e�g�h�•�� �m�i�h�l�j�_�[�b�� �b�� �g�Z �d�j�Z�•�m���k�_���i�j�b�k�l�m�i�Z��
�_�n�b�d�Z�k�g�h�f���m�g�b�r�l�_�ƒ�m���b�a�Z�[�j�Z�g�h�]���p�b�‚�Z���� 
 
�M���<�h�•�k�p�b�� �K�j�[�b�•�_�� ���<�K�����i�j�b�f�_�ƒ�_�g�Z���•�_���Z�k�b�f�_�l�j�b�q�g�Z���k�l�j�Z�l�_�]�b�•�Z���i�h�� �f�_�l�h�^�h�e�h�]�b�•�b�� �H3: �h�l�d�j�b �± �H1, �h�^�e�m�q�b �± 
�H2, �h���g�_���f�h�]�m�„�b �± �H3�����]�^�_���•�_���l�_�j�f�b�g���m�g�b�r�l�b �a�Z�f�_�ƒ�_�g���k�Z���l�_�j�f�b�g�h�f���h���g�_���f�h�]�m�„�b [4]. �A�[�h�]���h�]�j�Z�g�b�q�_�ƒ�Z��
�d�h�•�Z�� �<�K�� �b�f�Z�� ���i�j�_�� �k�\�b�o�� �f�Z�l�_�j�b�•�Z�e�g�h-�l�_�o�g�b�q�d�Z�� �b�� �n�b�g�Z�g�k�b�•�k�d�Z�� �h�]�j�Z�g�b�q�_�ƒ�Z���� �i�j�b�f�_�ƒ�m�•�_�� �k�_�� �k�l�j�Z�l�_�]�b�•�Z��
�h�g�_�f�h�]�m�„�Z�\�Z�ƒ�Z�� �g�_�i�j�b�•�Z�l�_�‚�Z���m���h�k�l�\�Z�j�_�ƒ�m���p�b�‚�Z���g�Z���h�^�j�_�{�_�g�h�f�� �i�j�h�k�l�h�j�m���i�j�b�e�b�d�h�f�� �m�i�h�l�j�_�[�_�� �h�j�m�`�•�Z���a�Z��
�f�Z�k�h�\�g�h�� �m�g�b�r�l�Z�\�Z�ƒ�_�� ���b�� �i�j�b�� �d�h�g�l�Z�f�b�g�Z�p�b�•�b�� �g�Z�k�l�Z�e�h�•�� �^�_�•�k�l�\�h�f�� �i�h�� �h�[�•�_�d�l�b�f�Z�� �i�j�h�p�_�k�g�_�� �b�g�^�m�k�l�j�b�•�_2), 
�h�^�g�h�k�g�h�� �h�f�h�]�m�„�Z�\�Z�ƒ�_�� �i�j�_�`�b�\�‚�Z�\�Z�ƒ�Z�� �k�h�i�k�l�\�_�g�b�o�� �•�_�^�b�g�b�p�Z�� �l�h�d�h�f�� �b�a�\�j�r�_�ƒ�Z�� �j�Z�a�e�b�q�b�l�b�o�� �a�Z�^�Z�l�Z�d�Z�� �m��
�l�Z�d�h���k�e�h�`�_�g�b�f���m�k�e�h�\�b�f�Z��  
 
�J�Z�a�f�Z�l�j�Z�•�m�„�b�� �h�\�_�� �^�\�_�� �f�_�l�h�^�h�e�h�]�b�•�_���� �g�Z�� �f�h�^�_�e�h�\�Z�ƒ�_�� �Z�g�]�Z�`�h�\�Z�ƒ�Z�� �•�_�^�b�g�b�p�Z�� �:�;�O�� �k�e�m�`�[�_�� �m��
�b�g�l�_�]�j�b�k�Z�g�h�f�� �h�^�]�h�\�h�j�m�� �g�Z�� �O�� �m�^�_�k���� �f�h�`�_�f�h�� �a�Z�d�‚�m�q�b�l�b�� �^�Z�� �•�_�� �m�i�h�l�j�_�[�Z�� �f�_�l�h�^�h�e�h�]�b�•�_�� �H3 �k�Z�k�\�b�f��
�i�j�b�o�\�Z�l�‚�b�\�Z�� �m�a�� �h�^�j�_�{�_�g�_�� �f�h�^�b�n�b�d�Z�p�b�•�_�� �d�h�•�_�� �k�m�� �i�j�b�d�Z�a�Z�g�_�� �g�Z�� �r�_�f�b�� ������ �]�^�_�� �k�_�� �d�j�h�a�� �Z�e�]�h�j�b�l�Z�f��
�Z�d�l�b�\�g�h�k�l�b���d�h�•�_�� �k�_���j�_�Z�e�b�a�m�•�m���f�h�]�m���m���i�h�l�i�m�g�h�k�l�b�� �k�Z�]�e�_�^�Z�l�b���k�\�_���k�i�_�p�b�n�b�q�g�h�k�l�b���h�\�h�]���k�e�h�`�_�g�h�]���i�j�h�p�_�k�Z�� 
 
 
 
 
 

                                                 
1 �I�h�\�h�‚�g�b�•�Z���•�_�� �a�g�Z�l�g�h���i�j�b�f�_�g�Z��Ca(OH)2 �•�_�j�� �g�Z�k�l�Z�e�b��CaF2 �g�b�•�_�� �j�Z�k�l�\�h�j�‚�b�\ �m���\�h�^�b���b�� �g�_���f�_�ƒ�Z���k�Z�k�l�Z�\���h�d�h�e�g�h�] ���a�_�f�‚�b�r�l�Z���a�Z��

�j�Z�a�e�b�d�m���h�^���_�\�_�g�l�m�Z�e�g�h���g�Z�k�l�Z�e�h�] ��NaF ���i�h�k�e�_���i�j�b�f�_�g�_��NaOH). 
2 �L�b�i�b�q�Z�g�� �i�j�b�f�_�j�� �h�\�_�� �\�j�k�l�_�� �d�h�g�l�Z�f�b�g�Z�p�b�•�_�� �g�Z�k�l�Z�h�� �•�_�� �i�j�b�e�b�d�h�f�� �[�h�f�[�Z�j�^�h�\�Z�ƒ�Z�� �h�[�•�_�d�Z�l�Z�� �i�j�h�p�_�k�g�_�� �b�g�^�m�k�l�j�b�•�_�� �m�� �K�J��
�3�m�] �h�k�e�Z�\�b�•�b���h�^�� �k�l�j�Z�g�_���G�:�L�H���i�Z�d�l�Z���������������] �h�^�b�g�_�� �M���i�j�b�e�h�] ���l�h�f�_���] �h�\�h�j�_���b���k�e�_�^�_�„�_���[�j�h�•�d�_�� 
- 880 kg �g�Z�l�j�b�•�m�f-�o�b�^�j�h�d�k�b�^�Z���b���•�_�^�g�Z���l�h�g�Z���o�j�h�f�g�_���d�b�k�_�e�b�g�_���b�a�e�b�e�h���k�_���m���j�_�d�m���L�Z�f�b�r�� 
- 800 t �o�e�h�j�h�\�h�^�h�g�b�q�g�_���d�b�k�_�e�b�g�_���� ������t �o�e�h�j�Z���� ������������t �g�Z�l�j�b�•�m�f-�o�b�^�j�h�d�k�b�^�Z���b�a�e�b�e�h���k�_���m�� �j�_�d�m �>�m�g�Z�\�� 
- 250 t �Z�f�h�g�b�•�Z�d�Z���b�a�e�b�e�h���k�_���m���j�_�d�m���K�Z�\�m�� 
- �b�a�] �h�j�_�e�h���•�_����������t �\�b�g�b�e-�o�e�h�j�b�^�� �f�h�g�h�f�_�j�Z���k�l�\�Z�j�Z�•�m�„�b�� �l�j�Z�•�g�_���a�Z�] �Z�{�b�\�Z�q�_���^�b�h�d�k�b�g�_�� 
- �b�a�] �h�j�_�e�h���•�_��80.000 t �g�Z�n�l�_�� ���i�j�b�� �q�b�•�_�f�� �k�_�� �k�Z�] �h�j�_�\�Z�ƒ�m���h�k�e�h�[�Z�{�Z�•�m���i�h�e�b�p�b�d�e�b�q�g�b���Z�j�h�f�Z�l�b�q�g�b���m�] �‚�h�\�h�^�h�g�b�p�b���f�_�{�m���d�h�•�b�f�Z���•�_��

�����h�a�e�h�] �e�Z�r�_�g�b�����[�_�g�a�h�i�b�j�_�g���± �d�h�•�b���b�a�Z�a�b�\�Z���d�Z�g�p�_�j�����b���^�j�� 
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�R�_�f�Z���������F�h�^�_�e���Z�g�]�Z�`�h�\�Z�ƒ�Z���•�_�^�b�g�b�p�Z���:�;�O���k�e�m�`�[�_���m���b�g�l�_�]�j�b�k�Z�g�h�f���h�^�]�h�\�h�j�m���g�Z���O���m�^�_�k���i�h��
�f�_�l�h�^�h�e�h�]�b�•�b���H3���h�l�d�j�b�����h�^�e�m�q�b�����h�f�h�]�m�„�b��1 

                                                 
1 �:�g�Z�e�h�] �g�h, �F�m�q�b�[�Z�[�b�„���K�������H�^�e�m�q�b�\�Z�ƒ�_���m���d�h�g�n�e�b�d�l�g�b�f���k�b�l�m�Z�p�b�•�Z�f�Z�����<�B�A�����;�_�h�] �j�Z�^�������������� 

 
 
 
 

 

�H�d�j�m�`�_�ƒ�_ 

�I�j �b�d�m�i�‚�Z�ƒ�_���b���h�[�j �Z�^�Z��
�b�g�n�h�j �f�Z�p�b�•�Z�� �h���O���m�^�_�k�m����

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

�g�Z�^�e�_�`�g�b�o�� �b�g�k�l�b�l�m�p�b�•�Z 
�i�h���i�j�b�g�p�b�i�m���Ä�H�L�D�J�B�³ ���H1) 

�:�g�Z�e�b�a�Z���a�Z�^�Z�l�d�Z���b�� 
�h�^�j �_�{�b�\�Z�ƒ�_���p�b�‚�_�\�Z�� 

�i�h���i�j�b�g�p�b�i�m���Ä�H�>�E�M�Q�B�³�����H2) 

�:�g�Z�e�b�a�Z���j �b�a�b�d�Z���i�j �b���O���m�^�_�k�m 
���d�j�b�l�_�j�b�•�m�f�b���b���h�]�j�Z�g�b�q�_�ƒ�Z���m��

�Z�g�]�Z� �̀h�\�Z�ƒ�m���k�g�Z�]�Z�� 

�J�Z�a�j �Z�^�Z���k�p�_�g�Z�j �b�•�Z���O���m�^�_�k�Z 
���j�Z�a�f�Z�l�j�Z�ƒ�_���m�l�b�p�Z�•�Z���k�\�b�o��
�j�_�e�_�\�Z�g�l�g�b�o���i�Z�j�Z�f�_�l�Z�j�Z�� 

�K�b�f�m�e�Z�p�b�•�Z�� �i�h�g�Z�r�Z�ƒ�Z�� �f�h�^�_�e�Z�� 
 �i�j �b���O���m�^�_�k�m�����_�n�b�d�Z�k�g�h�k�l���f�h� �̂_�e�Z���m��
�h� �̂g�h�k�m���g�Z��� �̂_�n�b�g�b�k�Z�g�_���d�j�b�l�_�j�b�•�m�f�_�� 

�>�h�g�h�r�_�ƒ�_���h�^�e�m�d�_���h���m�i�h�l�j �_�[�b��
�h�i�l�b�f�Z�e�g�b�o�� �k�g�Z�]�Z���i�j �b���O���m�^�_�k�m 

���i�j�b�f�_�g�Z���f�_�l�h� �̂_��Fazzy �\�b�r�_�d�j�b�l�_�j����
�h� �̂e�m�q�b�\�Z�ƒ�Z���b���f�_�l�h� �̂_���:�O�I�� 

�M�d�‚�m�q�b�\�Z�ƒ�_���•�_�^�b�g�b�p�Z���:�;�O�K�e���m��
�b�g�l�_�]�j �b�k�Z�g�b�� �h�^�]�h�\�h�j ���g�Z���O���m�^�_�k 

���\�j�_�f�_�����f�_�k�l�h���b���g�Z�q�b�g���m�d�‚�m�q�b�\�Z�ƒ�Z�� 
�m�d�‚�m�q�b�\�Z�ƒ�Z

�J�Z�a�j �Z�^�Z���f�h�^�_�e�Z���Z�g�]�Z�`�h�\�Z�ƒ�Z��
�•�_�^�b�g�b�p�Z�� �:�;�O���k�e�m�`�[�_�����m�i�h�j�_� �̂g�Z��
�Z�g�Z�e�b�a�Z���b���_�d�k�i�_�j�l�k�d�h���h�p�_�ƒ�b�\�Z�ƒ�_�� 

�J�_�Z�e�b�a�Z�p�b�•�Z�� �h�l�d�e�Z�ƒ�Z�ƒ�Z��
�i�h�k�e�_�^�b�p�Z�� �O���m�^�_�k�Z�� 

�i�h���i�j�b�g�p�b�i�m���Ä�H�F�H�=�M�6�B�³���H3) 
���O���b�a�\�b�{�Z�ƒ�_�����O���^�_�d�h�g�l�Z�f�b�g�Z�p�b�•�Z�� 

�Z�g�Z�e�b�a�Z�� �O���m�a�h�j �Z�d�Z���b���d�h�g�l�j �h�e�Z��
�b�a�\�j �r�_�g�_���O���^�_�d�h�g�l�Z�f�b�g�Z�p�b�•�_�� 

�J�m�d�h�\�h�{�_�ƒ�_���j �_�Z�e�b�a�Z�p�b�•�h�f��
�h�l�d�e�Z�ƒ�Z�ƒ�Z���i�h�k�e�_�^�b�p�Z�� 

�O���m�^�_�k�Z�� 

�D�h�h�j �^�b�g�Z�p�b�•�Z�� �b���d�h�g�l�j �h�e�Z��
�h�l�d�e�Z�ƒ�Z�ƒ�Z���i�h�k�e�_�^�b�p�Z�� 

�O���m�^�_�k�Z�� 

�D�h�j �_�d�p�b�•�Z���Z�d�p�b�•�Z���g�Z���h�l�d�e�Z�ƒ�Z�ƒ�m��
�i�h�k�e�_�^�b�p�Z�� �O���m�^�_�k�Z�� 

�B�g�l�_�]�j�b�k�Z�g�b��
�h�^�]�h�\�h�j�� �g�Z�� 

�O���m�^�_�k 
�B�a�\�b�{�Z�ƒ�_��� �̀Z�j�b�r�l�Z�� 

�O���m� �̂_�k�Z�����l�h�d�k�b�d�h�e�h�r�d�_��
�_�d�b�i�_���A�Z�\�h� �̂Z���a�Z���•�Z�\�g�h��

�a� �̂j�Z�\�‚�_���h�i�r�l�b�g�_-�]�j�Z� �̂Z�� 

�I�j �_�g�h�r�_�ƒ�_���h�^�e�m�d�_���g�Z��
�i�h�l�q�b�ƒ�_�g�_�� �i�m�l�_�f�� �g�Z�j �_�{�_�ƒ�Z 

�H�[�Z�\�_�r�l�Z�\�Z�ƒ�_���h 
�O���m� �̂_�k�m����� �̂_� �̀m�j�g�b���m��

�n�Z�[�j�b�p�b���b���P�_�g�l�j�b���a�Z��
�h�[�Z�\�_�r�l�Z�\�Z�ƒ�_���F�M�I�� 

�H3 

�H2 

�H1 
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�M�� �h�d�\�b�j�m�� �n�Z�a�_�� �H1 �m�d�Z�a�Z�g�h�� �•�_�� �g�Z�� �i�j�h�[�e�_�f�� �g�_�^�h�k�l�Z�l�d�Z�� �i�h�m�a�^�Z�g�h�]�� �k�h�n�l�\�_�j�k�d�h�]�� �i�Z�d�_�l�Z�� �a�Z�� �d�\�Z�e�b�l�_�l�g�h��
�i�j�b�d�m�i�‚�Z�ƒ�_�� �b�� �h�[�j�Z�^�m�� �b�g�n�h�j�f�Z�p�b�•�Z�� �h�� �o�_�f�b�•�k�d�h�•�� �h�i�Z�k�g�h�k�l�b �q�b�f�_�� �[�b�� �k�_�� �m�[�j�a�Z�h�� �i�j�h�p�_�k�� �^�h�g�h�r�_�ƒ�Z��
�h�i�l�b�f�Z�e�g�_�� �h�^�e�m�d�_���� �D�j�h�a�� �n�Z�a�m�� �H2 �i�h�k�_�[�g�h�� �•�_�� �g�Z�]�e�Z�r�_�g�� �a�g�Z�q�Z�•�� �i�h�l�i�m�g�_�� �Z�g�Z�e�b�a�_�� �j�b�a�b�d�Z�����i�j�Z�\�b�e�g�_��
�j�Z�a�j�Z�^�_�� �k�p�_�g�Z�j�b�•�Z�� �m�^�_�k�Z�� �b�� �b�a�j�Z�^�_�� �Z�^�_�d�\�Z�l�g�h�]�� �f�h�^�_�e�Z���•�_�^�b�g�b�p�_�� �:�;�O�� �k�e�m�`�[�_���� �A�[�h�]�� �g�_�i�h�k�l�h�•�Z�ƒ�Z��
�k�b�f�m�e�Z�p�b�h�g�b�o�� �k�h�n�l�\�_�j�Z�� �a�Z�� �i�j�h�\�_�j�m�� �b�a�Z�[�j�Z�g�h�]�� �f�h�^�_�e�Z�����i�j�h�[�e�_�f�� �k�_�� �f�h�`�_�� �j�_�r�b�l�b�� �d�j�h�a�� �Z�g�Z�e�b�a�m��
�_�n�b�d�Z�k�g�h�k�l�b�� �f�h�^�_�e�Z�� �g�Z�� �h�l�d�e�Z�ƒ�Z�ƒ�m�� �i�h�k�e�_�^�b�p�Z�� �O�� �m�^�_�k�Z�� �g�Z�� �h�k�g�h�\�m�� �^�_�n�b�g�b�k�Z�g�b�o�� �d�j�b�l�_�j�b�•�m�f�Z����
�F�Z�l�_�f�Z�l�b�q�d�Z���n�h�j�f�Z�e�b�a�Z�p�b�•�Z���h�^�e�m�d�_���h���Z�g�]�Z�`�h�\�Z�ƒ�m���•�_�^�b�g�b�p�Z���:�;�O���k�e�m�`�[�_���f�h�`�_���k�_ �b�a�\�j�r�b�l�b���m�j�_�{�_�g�h�f��
�i�_�l�h�j�d�h�f���� �2��� ���I�����$�����6����, X, �t �������i�j�b�� �q�_�f�m���•�_�� 

- �:��� ���^�Di} �± �k�d�m�i���Z�e�l�_�j�g�Z�l�b�\�Z�����h�^���d�h�•�b�o���k�_���[�b�j�Z���•�_�^�g�Z�� 
- S = {sj} �± �k�d�m�i���f�h�]�m�„�b�o���k�l�Z�ƒ�Z���h�d�h�e�b�g�_���b���ƒ�b�o�h�\���h�i�b�k�� 
-  : A x S �t  X �± �i�j�_�k�e�b�d�Z�\�Z�ƒ�_���h�^�e�m�d�_���m���b�k�o�h�^�� 
- X = {x ij |xij  = f (ai, sj)} �± �b�k�o�h�^���h�^�e�m�d�_�� 
- �t  �± �j�_�Z�e�b�a�Z�p�b�•�Z���i�j�_�n�_�j�_�g�l�g�h�k�l�b�� �d�h�•�Z���b�f�i�e�b�p�b�l�g�h�� �m�d�‚�m�q�m�•�_���n�m�g�d�p�b�•�m�� �d�h�j�b�k�g�h�k�l�b 
       �^�h�g�h�k�b�h�p�Z���h�^�e�m�d�_���>���@�� 

�G�Z�d�h�g�� �i�h�l�i�m�g�h�� �k�i�j�h�\�_�^�_�g�h�]�� �i�j�h�p�_�k�Z�� �h�^�e�m�q�b�\�Z�ƒ�Z�� �k�l�Z�j�_�r�b�g�Z�� �•�_�^�b�g�b�p�_�� �:�;�O�� �k�e�m�`�[�_��
�h�i�j�_�^�_�‚�m�•�_�� �k�_�� �a�Z�� �h�i�l�b�f�Z�e�g�m�� �\�Z�j�b�•�Z�g�l�m�� �Z�g�]�Z�`�h�\�Z�ƒ�Z�� �k�g�Z�]�Z�� �i�j�b�� �O�� �m�^�_�k�m���� �L�h�d�h�f�� �n�Z�a�_�� �H3 �\�j�r�b�� �k�_ 
�m�d�‚�m�q�b�\�Z�ƒ�_���•�_�^�b�g�b�p�Z���:�;�O���k�e�m�`�[�_�� �m���b�g�l�_�]�j�b�k�Z�g�b���h�^�]�h�\�h�j���g�Z���O���m�^�_�k���k�Z���h�k�l�Z�e�b�f���k�m�[�•�_�d�l�b�f�Z���^�j�m�r�l�\�Z����
�I�h�l�i�m�g�Z�� �d�h�h�j�^�b�g�Z�p�b�•�Z�� �b�� �i�j�Z�\�h�\�j�_�f�_�g�_�� �d�h�j�_�d�l�b�\�g�_�� �Z�d�p�b�•�_�� �m�� �l�h�d�m�� �h�l�d�e�Z�ƒ�Z�ƒ�Z�� �i�h�k�e�_�^�b�p�Z�� �[�b�l �Z�g�� �k�m��
�i�j�_�^�m�k�e�h�\���a�Z���m�k�i�_�r�g�h���b�a�\�j�r�_�ƒ�_���a�Z�^�Z�l�d�Z���� 

 
�G�Z�� �h�k�g�h�\�m�� �b�a�\�j�r�_�g�h�]�� �b�a�[�h�j�Z�� �•�_�^�b�g�b�p�_�� �:�;�O�� �k�e�m�`�[�_�� ���g�i�j���� �•�_�^�b�g�b�p�Z�� �a�Z�� �h�[�_�a�[�_�{�_�ƒ�_�� �h�^�� �G�� �b�� �O��

�m�^�_�k�Z1���� �d�h�•�Z�� �„�_�� �k�_�� �Z�g�]�Z�`�h�\�Z�l�b�� �g�Z�� �j�_�r�Z�\�Z�ƒ�m�� �i�j�h�[�e�_�f�Z�� �i�j�b�� �m�^�_�k�m�� ���b�a�e�b�\�Z�ƒ�_��HCl������ �Z�d�l�b�\�g�h�k�l�b�� �k�_��
�j�_�Z�e�b�a�m�•�m�� �g�Z���k�e�_�^�_�„�b���g�Z�q�b�g�� 

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

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

�^�_�d�h�g�l�Z�f�b�g�Z�p�b�•�b�� �^�_�h�g�b�p�_�� �i�m�l�Z�� �a�g�Z�q�Z�•�g�_�� �a�Z�� �i�j�b�e�Z�a�� �f�_�k�l�m�� �O�� �m�^�_�k�Z���� �Z�� �g�Z�� �^�_�d�h�g�l�Z�f�b�g�Z�p�b�•�b��
�`�Z�j�b�r�l�Z���O���m�^�_�k�Z���± �•�_�^�b�g�b�p�_���i�j�h�l�b�\�i�h�`�Z�j�g�_�� �i�h�e�b�p�b�•�_�� �m���k�d�e�Z�^�m���k�Z���g�Z�f�_�g�k�d�b�f���a�Z�^�Z�p�b�f�Z�������>���@ 
 
�G�Z�d�h�g�� �^�h�e�Z�k�d�Z�� �g�Z�� �f�_�k�l�h�� �m�^�_�k�Z�� �k�g�Z�]�_�� �a�Z�� �o�_�f�b�•�k�d�h�� �b�a�\�b�{�Z�ƒ�_�� ���g�Z�•�q�_�r�„�_�� �b�a�\�b�{�Z�q�d�Z���_�d�b�i�Z���h�^�� ����

�e�b�p�Z���� �b�a�\�j�r�b�e�_�� �[�b�� �b�a�\�b�{�Z�ƒ�_�� �f�_�k�l�Z�� �m�^�_�k�Z�� �m�i�h�l�j�_�[�h�f�� �b�a�\�b�{�Z�q�d�h�]�� �\�h�a�b�e�Z�� �b�� �k�Z�\�j�_�f�_�g�b�o���k�j�_�^�k�l�Z�\�Z���a�Z��
�^�_�l�_�d�p�b�•�m�� �d�h�•�b�f�Z�� �k�m�� �h�i�j�_�f�‚�_�g�b�� ���Z�m�l�h�f�Z�l�k�d�b�� �^�_�l�_�d�l�h�j�� �o�_�f�b�•�k�d�b�o�� �Z�]�_�g�Z�k�Z�� �5�$�,�'�� �0-���������� �^�_�l�_�d�l�h�j��
�b�g�^�m�k�l�j�b�•�k�d�b�o�� �]�Z�k�h�\�Z��- �'�5�$�*�(�5�� �$�&�&�8�5�2�� �b�� �k�e�������� �B�f�Z�•�m�„�b�� �m�� �\�b�^�m�� �^�m�`�b�g�m�� �d�h�g�l�Z�f�b�g�b�j�Z�g�_�� �^�_�h�g�b�p�_��
���������� �d�f������ �i�h�l�j�_�[�g�h�� �\�j�_�f�_�� �a�Z�� �j�_�Z�e�b�a�Z�p�b�•�m�� �a�Z�^�Z�l�d�Z�� ���m�� �k�d�e�Z�^�m�� �k�Z�� �h�i�b�l�h�\�Z�g�b�f�� �g�h�j�f�Z�f�Z�� �g�Z�� �h�[�m�p�b�� �b��
�\�_�`�[�Z�f�Z2���� �[�b�e�h���[�b�� �h�d�h�������q�Z�k�����O�_�f�b�•�k�d�Z���^�_�d�h�g�l�Z�f�b�g�Z�p�b�•�Z���d�h�g�l�Z�f�b�g�b�j�Z�g�_���^�_�h�g�b�p�_���i�m�l�Z���b�a�\�j�r�b�e�Z���[�b���k�_��
�m�i�h�l�j�_�[�h�f�� �:�P�>�� �F-������ �k�Z�� �i�j�b�i�j�_�f�‚�_�g�b�f�� �j�Z�k�l�\�h�j�h�f�� �a�Z�� �^�_�d�h�g�l�Z�f�b�g�Z�p�b�•�m ���d�Z�e�p�b�•�m�f-�o�b�^�j�h�d�k�b�^���� �b��
�i�j�b�f�_�g�h�f�� �f�_�l�h�^�_�� �•�_�^�g�h�\�j�_�f�_�g�_�� �^�_�d�h�g�l�Z�f�b�g�Z�p�b�•�_3���� �I�h�l�j�_�[�g�h�� �\�j�_�f�_�� �a�Z�� �b�a�\�j�r�_�ƒ�_�� �o�_�f�b�•�k�d�_��
�^�_�d�h�g�l�Z�f�b�g�Z�p�b�•�_�� �•�_���h�d�h���������� �q�Z�k�� 

 
�F�h�j�Z�f�h�� �g�Z�i�h�f�_�g�m�l�b���� �^�Z�� �k�_�� �•�_�^�b�g�b�p�_�� �:�;�O�� �k�e�m�`�[�_�� �m�� �k�\�h�•�b�f�� �a�Z�^�Z�p�b�f�Z�� �i�j�_�\�Z�k�o�h�^�g�h�� �[�Z�\�_��

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

 

                                                 
1 �3�_�^�b�g�b�p�Z���•�_�� �k�Z�k�l�Z�\�‚�_�g�Z���h�^�� �k�g�Z�] �Z���a�Z���o�_�f�b�•�k�d�h���b�a�\�b�{�Z�ƒ�_�� �e�Z�[�h�j�Z�l�h�j�b�•�k�d�_���i�h�k�e�h�\�_�� ���g�_���d�h�j�b�k�l�_�� �k�_ �a�Z���j�_�r�Z�\�Z�ƒ�_���f�h�^�_�e�h�\�Z�g�h�] ��
�i�j�h�[�e�_�f�Z�����b���^�_�d�h�g�l�Z�f�b�g�Z�p�b�•�m�� 
2 �F�h�] �m�„�g�h�k�l�b�� �•�_�^�b�g�b�p�Z�� �:�;�O�� �k�e�m�`�[�_�� �i�j�b�� �o�_�f�b�•�k�d�h�f�� �b�a�\�b�{�Z�ƒ�m�� �d�e�Z�k�b�q�g�b�o�� �l�h�d�k�b�q�g�b�o���o�_�f�b�d�Z�e�b�•�Z�� �� �k�m���h�d�h���������� �d�f�� �g�Z���q�Z�k�� ���i�j�b��
�h�[�Z�\�‚�Z�ƒ�m�� �Z�d�l�b�\�g�h�k�l�b�� �j�m�q�g�b�f�� �o�_�f�b�•�k�d�b�f�� �^�_�l�_�d�l�h�j�h�f���� �g�Z�� �l�_�j�_�g�m�� �d�h�•�b�� �g�b�•�_�� �m�g�Z�i�j�_�^�� �i�h�a�g�Z�l�� �b�� �a�Z�� �\�j�e�h�� �^�h�[�j�h�� �h�[�m�q�_�g�h��
�‚�m�^�k�l�\�h������ �I�h�r�l�h�� �k�_���h�\�^�_�� �j�Z�^�b���h�� �h�i�Z�k�g�b�f�� �f�Z�l�_�j�b�•�Z�f�Z���d�h�•�_���k�_���^�_�l�_�d�l�m�•�m���Z�m�l�h�f�Z�l�k�d�b�f���^�_�l�_�d�l�h�j�b�f�Z�����g�Z���i�h�a�g�Z�l�h�f���l�_�j�_�g�m��
�b���k�Z���i�h�a�g�Z�l�h�f���f�Z�l�_�j�b�•�h�f�����\�j�_�f�_�g�Z���k�m���a�g�Z�l�g�h���d�j�Z�„�Z�����h�d�h�������i�m�l�Z������ 
3 �L�j�b�� �Z�m�l�h�f�h�[�b�e-�p�b�k�l�_�j�g�_���a�Z���^�_�d�h�g�l�Z�f�b�g�Z�p�b�•�m�����:�P�>���F-�������� �k�_�� �i�h�k�l�Z�\�‚�Z�•�m���^�m�`�� �d�h�g�l�Z�f�b�g�b�j�Z�g�_���^�_�h�g�b�p�_�����m���^�h�^�_�‚�_�g�h�•���a�h�g�b����
�b���\�j�r�_�� �^�_�d�h�g�l�Z�f�b�g�Z�p�b�•�m���b�k�l�h�\�j�_�f�_�g�h���� 



�J�b�a�b�d���b���[�_�a�[�_�^�g�h�k�g�b���b�g�`�_�ƒ�_�j�b�g�]��- �D�h�i�Z�h�g�b�d��������4. 
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�g�Z�\�_�^�_�g�h�]�� �i�j�h�[�e�_�f�Z�� �O�� �m�^�_�k�Z���� �f�h�j�Z�•�m�� �[�b�l�b�� �i�h�^�j�`�Z�g�_�� �h�^�]�h�\�Z�j�Z�•�m�„�b�f�� �b�g�n�h�j�f�Z�p�b�h�g�b�f�� �k�b�k�l�_�f�h�f���� �d�Z�d�h��
�[�b���k�\�_���\�j�_�f�_���j�Z�^�Z���b�f�Z�e�b���Z�^�_�d�\�Z�l�g�h���i�j�Z�„�_�ƒ�_���o�_�f�b�•�k�d�_���k�b�l�m�Z�p�b�•�_���m���j�_�Z�e�g�h�f���\�j�_�f�_�g�m�����>���@�� 

�M�� �<�h�•�k�p�b�� �K�j�[�b�•�_�� �k�_�� �l�j�_�g�m�l�g�h�� �d�h�j�b�k�l�_�� �^�\�Z���k�h�n�l�\�_�j�k�d�Z���i�j�h�]�j�Z�f�Z���� �+�H�6�3�5�2��- �I�j�h�]�j�Z�f�� �a�Z���[�j�a�m��
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ELECTRICAL SAFETY EQUIPMENT - KEY FACTOR FOR 

SAFETY AT WORK  
SUMMARY:  
�0�D�L�Q�� �J�R�D�O�� �R�I�� �3�X�E�O�L�F�� �&�R�P�S�D�Q�\�� �³�(�O�H�N�W�U�R�P�U�H�]�D�� �6�U�E�L�M�H�´�� �E�D�V�L�F�� �D�F�W�L�Y�L�W�L�H�V�� �L�V�� �W�R�� �S�U�R�Y�L�G�H��Secure and reliable power 

transmission; efficient control of the power system interconnected with the power systems of other countries; optimum 
and sustainable development of the transmission system aimed at satisfying the needs of customers and of the entire 
society; ensuring the functioning and development of the Serbian electricity market as well as its integration in the 
regional and European power markets. By applying the Instructions and Directions concerning Safety at Work, using 
Electrical safety Equipment, and permanent education and personnel training  of the employees, the number of accidents  
at work could bi significantly decreased. This paper analyze Additional Workplace Security and use of Electrical Safety 
equipment as a key factor for increasing Safety of Work. 

 KEY WORDS:  
Safety at Work, Electrical Safety equipment, Additional Workplace Security 

1. �M�<�H�> 

�H�k�g�h�\�g�Z�� �^�_�e�Z�l�g�h�k�l�� �•�Z�\�g�h�]�� �i�j�_�^�m�a�_�„�Z�� �Ä�?�e�_�d�l�j�h�f�j�_�`�Z�� �K�j�[�b�•�_�³�� �•�_�� �h�[�_�a�[�_�{�_�ƒ�_�� �k�b�]�m�j�g�h�]�� �b��
�i�h�m�a�^�Z�g�h�]�� �i�j�_�g�h�k�Z�� �_�e�_�d�l�j�b�q�g�_�� �_�g�_�j�]�b�•�_���� �_�n�b�d�Z�k�g�h�]�� �m�i�j�Z�\�‚�Z�ƒ�Z�� �i�j�_�g�h�k�g�b�f�� �k�b�k�l�_�f�h�f�� �i�h�\�_�a�Z�g�h�]�� �k�Z��
�_�e�_�d�l�j�h�_�g�_�j�]�_�l�k�d�b�f�� �k�b�k�l�_�f�b�f�Z���^�j�m�]�b�o���a�_�f�Z�‚�Z�����h�i�l�b�f�Z�e�Z�g�h�]���b���h�^�j�`�b�\�h�]���j�Z�a�\�h�•�Z���i�j�_�g�h�k�g�h�]���k�b�k�l�_�f�Z���m��
�p�b�‚�m�� �a�Z�^�h�\�h�‚�_�ƒ�Z�� �i�h�l�j�_�[�Z�� �d�h�j�b�k�g�b�d�Z�� �b�� �^�j�m�r�l�\�Z�� �m�� �p�_�e�b�g�b���� �h�[�_�a�[�_�{�b�\�Z�ƒ�_�� �n�m�g�d�p�b�h�g�b�k�Z�ƒ�Z�� �b�� �j�Z�a�\�h�•�Z��
�l�j�`�b�r�l�Z�� �_�e�_�d�l�j�b�q�g�_�� �_�g�_�j�]�b�•�_�� �m�� �K�j�[�b�•�b�� �b�� �ƒ�_�]�h�\�h�� �b�g�l�_�]�j�b�k�Z�ƒ�_�� �m�� �j�_�]�b�h�g�Z�e�g�h�� �b�� �_�\�j�h�i�k�d�h�� �l�j�`�b�r�l�_��
�_�e�_�d�l�j�b�q�g�_�� �_�g�_�j�]�b�•�_���� �L�h�� �k�_�� �f�h�`�_�� �i�h�k�l�b�„�b�� �Z�m�l�h�f�Z�l�b�a�Z�p�b�•�h�f�� �i�h�k�l�j�h�•�_�ƒ�Z���� �d�h�j�b�r�„�_�ƒ�_�f�� �h�i�j�_�f�_�� �d�h�•�Z���g�_��
�a�Z�o�l�_�\�Z�� �q�_�k�l�h�� �h�^�j�`�Z�\�Z�ƒ�_�� �d�Z�h�� �b�� �j�Z�a�\�h�•�_�f�� �f�j�_�`�_�� �d�h�•�Z�� �h�f�h�]�m�„�Z�\�Z�� �^�\�h�k�l�j�Z�g�h�� �g�Z�i�Z�•�Z�ƒ�_�� �i�h�l�j�h�r�Z�q�Z����
�F�_�{�m�l�b�f���� �[�_�a�� �h�[�a�b�j�Z�� �g�Z�� �k�\�_�� �i�j�b�f�_�ƒ�_�g�_�� �f�_�j�_���� �g�_�h�i�o�h�^�g�Z�� �k�m�� �h�^�j�_�{�_�g�Z�� �b�k�d�‚�m�q�_�ƒ�Z�� �^�_�e�Z��
�_�e�_�d�l�j�h�_�g�_�j�]�_�l�k�d�h�]�� �k�b�k�l�_�f�Z�� �j�Z�^�b�� �h�^�j�`�Z�\�Z�ƒ�Z�� �b�e�b�� �b�g�l�_�j�\�_�g�p�b�•�Z���� �h�^�g�h�k�g�h�� �b�a�\�h�{�_�ƒ�Z�� �j�Z�^�h�\�Z�� �� �d�Z�d�h�� �[�b��
�k�b�k�l�_�f�� �k�l�Z�[�b�e�g�h�� �b�� �i�h�m�a�^�Z�g�h�� �n�m�g�d�p�b�h�g�b�k�Z�h���� �>�Z�� �[�b�� �k�_�� �j�Z�^�h�\�b�� �b�a�\�h�^�b�e�b�� �g�Z�� �\�b�k�h�d�h�g�Z�i�h�g�k�d�b�f��
�i�h�k�l�j�h�•�_�ƒ�b�f�Z�� �g�_�h�i�o�h�^�g�h�� �•�_�� �h�[�_�a�[�_�^�b�l�b�� �f�_�k�l�h�� �j�Z�^�Z���� �I�h�k�l�m�i�Z�d���h�[�_�a�[�_�{�_�ƒ�Z���f�_�k�l�Z���j�Z�^�Z���^�_�n�b�g�b�k�Z�g���•�_��
�b�g�l�_�j�g�b�f�� �l�_�o�g�b�q�d�b�f�� �m�i�m�l�k�l�\�h�f�� �Ä�� �M�i�m�l�k�l�\�h�� �a�Z�� �h�j�]�Z�g�b�a�Z�p�b�•�m�� �b�a�\�h�{�_�ƒ�Z�� �j�Z�^�h�\�Z�� �g�Z�� �?�?�� �h�[�•�_�d�l�b�f�Z��
�?�e�_�d�l�j�h�f�j�_�`�Z���K�j�[�b�•�_���± �L�M-�?�D�K-�����³���Z���\�j�r�b���k�_���d�j�h�a���^�\�_���n�Z�a�_���b���l�h�� 

�ƒ �H�k�g�h�\�g�h���h�[�_�a�[�_�{�_�ƒ�_���f�_�k�l�Z���j�Z�^�Z�� 

�ƒ �>�h�i�m�g�k�d�h�� �h�[�_�a�[�_�{�_�ƒ�_���f�_�k�l�Z���j�Z�^�Z�� 

                                                 
1 �3�I���Ä�?�e�_�d�l�j�h�f�j�_�`�Z���K�j�[�b�•�_�³�����;�_�h�] �j�Z�^ 
2 �3�I���Ä�?�e�_�d�l�j�h�f�j�_�`�Z���K�j�[�b�•�_�³�����;�_�h�] �j�Z�^ 

mailto:zika.jovanovic@ems.rs


�J�b�a�b�d���b���[�_�a�[�_�^�g�h�k�g�b���b�g�`�_�ƒ�_�j�b�g�]��- �D�h�i�Z�h�g�b�d��������4. 

169 

�H�K�G�H�<�G�H���H�;�?�A�;�?�-�?�5�?���F�?�K�L�:���J�:�>�:�����G�Z�d�h�g���i�h�^�g�h�r�_�ƒ�Z���A�Z�o�l�_�\�Z���a�Z���j�Z�^���l�_�o�g�b�q�d�_���k�e�m�`�[�_ 
�I�h�]�h�g�Z�� �i�j�_�g�h�k�Z�� �j�Z�^�g�b�d�m�� �h�\�e�Z�r�„�_�g�h�f�� �a�Z�� �i�j�b�•�_�f�� �b�� �h�[�j�Z�^�m�� �A�Z�o�l�_�\�Z���� �j�m�d�h�\�h�^�b�e�Z�p�� �j�Z�^�h�\�Z�� �q�b�•�_�� �k�_�� �b�f�_��
�g�Z�e�Z�a�b�� �m�� �A�Z�o�l�_�\�m�� �a�Z�� �j�Z�^�� �g�Z�•�Z�\�‚�m�•�_�� �j�Z�^�h�\�_�� �^�b�k�i�_�q�_�j�m���� �g�Z�•�f�Z�ƒ�_�� ������ �f�b�g�m�l�Z���i�j�_�� �l�_�j�f�b�g�Z���g�Z�a�g�Z�q�_�g�h�]�� �m��
�A�Z�o�l�_�\�m�� �b�� �l�j�Z�`�b�� �b�a�\�h�{�_�ƒ�_�� �f�Z�g�b�i�m�e�Z�p�b�•�Z�� �a�Z�� �k�i�j�h�\�h�{�_�ƒ�_�� �h�k�g�h�\�g�b�o�� �f�_�j�Z�� �h�[�_�a�[�_�{�_�ƒ�Z�� �f�_�k�l�Z�� �j�Z�^�Z����
�>�_�`�m�j�g�b�� �^�b�k�i�_�q�_�j�� �b�a�^�Z�•�_�� �g�Z�e�h�]�_�� �j�m�d�h�\�Z�h�p�m�� �a�Z�� �f�Z�g�b�i�m�e�Z�p�b�•�_�� �j�Z�^�b���k�i�j�h�\�h�{�_�ƒ�Z���h�\�b�o���f�_�j�Z�� �b�� �h�[�Z�\�‚�Z�•�m��
�k�_���k�e�_�^�_�„�b�f���j�_�^�h�k�e�_�^�h�f�� 

�ƒ �B�a�\�j�r�b�l�b�� �k�\�Z���i�h�l�j�_�[�g�Z���b�k�d�‚�m�q�_�ƒ�Z���b���h�^�\�Z�•�Z�ƒ�Z���h�^���g�Z�i�h�g�Z�� 

�ƒ �H�k�b�]�m�j�Z�l�b���k�_���h�^���k�e�m�q�Z�•�g�h�]���i�h�g�h�\�g�h�]�� �m�d�‚�m�q�_�ƒ�Z�� 

�ƒ �M�l�\�j�^�b�l�b���[�_�a�g�Z�i�h�g�k�d�h���k�l�Z�ƒ�_�����f�_�j�g�b���b�g�k�l�j�m�f�_�g�l�b���� 

�ƒ �M�a�_�f�‚�b�l�b���b���d�j�Z�l�d�h���k�i�h�•�b�l�b�� ���k�b�k�l�_�f�k�d�Z���m�a�_�f�‚�_�ƒ�Z���� 

�I�h�� �a�Z�\�j�r�_�l�d�m�� �f�Z�g�b�i�m�e�Z�p�b�•�Z�� �a�Z�� �i�j�b�f�_�g�m�� �f�_�j�Z�� �h�k�g�h�\�g�h�]���h�[�_�a�[�_�{�_�ƒ�Z�� �f�_�k�l�Z�� �j�Z�^�Z���� �^�b�k�i�_�q�_�j��
�i�h�i�m�ƒ�Z�\�Z�� �k�Z�� �j�m�d�h�\�h�^�b�h�p�_�f�� �j�Z�^�h�\�Z�� �>�h�a�\�h�e�m�� �a�Z�� �j�Z�^�� �b�� �g�Z�d�h�g�� �i�h�l�i�b�k�b�\�Z�ƒ�Z�� �h�^�� �k�l�j�Z�g�_�� �h�[�Z�� �a�Z�i�h�k�e�_�g�Z����
�>�h�a�\�h�e�Z�� �k�_�� �k�f�Z�l�j�Z�� �h�l�\�h�j�_�g�h�f���� �I�h�k�e�_�� �h�l�\�Z�j�Z�ƒ�Z�� �>�h�a�\�h�e�_�� �a�Z�� �j�Z�^���� �\�j�r�_�� �k�_�� �i�h�k�e�h�\�b�� �>�H�I�M�G�K�D�H��
�H�;�?�A�;�?�-�?�5�?�� �F�?�K�L�:�� �J�:�>�:���� �d�h�•�_�� �h�[�Z�\�‚�Z�•�m�� �j�m�d�h�\�Z�e�Z�p�� �b�� �b�a�\�j�b�r�b�e�Z�p�� �j�Z�^�h�\�Z�� �Z�� �i�h�� �g�Z�e�h�]�m��
�j�m�d�h�\�h�^�b�h�p�Z���j�Z�^�h�\�Z���� �H�\�b�� �j�Z�^�h�\�b�� �k�_�� �b�a�\�h�^�_���g�Z���k�Z�f�h�f�� �f�_�k�l�m���j�Z�^�Z���i�Z�� �k�m���a�Z�i�h�k�e�_�g�b���d�h�•�b���b�a�\�h�^�_���j�Z�^�h�\�_��
�^�h�i�m�g�k�d�h�]�� �h�[�_�a�[�_�{�_�ƒ�Z���f�_�k�l�Z���j�Z�^�Z���b�a�e�h�`�_�g�b���h�i�Z�k�g�h�k�l�b�f�Z���b���r�l�_�l�g�h�k�l�b�f�Z���d�h�•�_���k�_���•�Z�\�‚�Z�•�m���m��II  �b��III  �a�h�g�b��
�h�i�Z�k�g�h�k�l�b���� �b�� �d�Z�l�_�]�h�j�b�k�Z�g�b���k�m���d�Z�h���j�Z�^�h�\�b�� �\�_�h�f�Z���\�b�k�h�d�h�]�� �j�b�a�b�d�Z���� �>�h�i�m�g�k�d�h���h�[�_�a�[�_�{�_�ƒ�_���f�_�k�l�Z���j�Z�^�Z���k�_��
�\�j�r�b�� �m�a���h�[�Z�\�_�a�g�h���i�j�b�k�m�k�l�\�h���k�\�Z���l�j�b���a�Z�i�h�k�e�_�g�Z���b���h�[�Z�\�‚�Z���k�_���k�e�_�^�_�„�b�f���j�_�^�h�k�e�_�^�h�f�� 

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

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

�h�l�\�h�j�_�g�b���b�� �m�d�‚�m�q�_�g�Z���k�b�k�l�_�f�k�d�Z���m�a�_�f�‚�_�ƒ�Z���� 

�ƒ �I�h�k�l�Z�\�‚�Z�ƒ�_�� �]�e�Z�\�g�h�]�� �i�j�_�d�b�^�Z�q�Z�� ����-������ �m�� �f�h�l�h�j�g�b�f�� �i�h�]�h�g�b�f�Z�� �m�� �i�h�e�h�`�Z�•�� ������ �b�� �Z�m�l�h�f�Z�l�k�d�b�o��

�h�k�b�]�m�j�Z�q�Z�� �d�h�•�b�� �k�_�� �g�Z�e�Z�a�_�� �m�� �j�_�e�_�•�g�h�•�� �d�m�„�b�p�b�� �m�� �i�h�e�h�`�Z�•�� �B�K�D�4�M�Q�?�G�H���� �^�Z�� �[�b�� �k�_�� �h�k�b�]�m�j�Z�e�b���h�^��

�k�e�m�q�Z�•�g�h�]�� �i�h�g�h�\�g�h�]�� �m�d�‚�m�q�_�ƒ�Z�� 

�ƒ �M�l�\�j�{�b�\�Z�ƒ�_�� �[�_�a�g�Z�i�h�g�k�d�h�]�� �k�l�Z�ƒ�Z���� �b�g�^�b�d�Z�l�h�j�h�f�� �g�Z�i�h�g�Z�����d�h�•�_�� �\�j�r�b�� �j�m�d�h�\�Z�e�Z�p�� �Z�� �i�h�� �g�Z�e�h�]�m��

�j�m�d�h�\�h�^�b�h�p�Z�� �j�Z�^�h�\�Z���� �M�l�\�j�{�b�\�Z�ƒ�_�� �[�_�a�g�Z�i�h�g�k�d�h�]�� �k�l�Z�ƒ�Z�� �k�_�� �\�j�r�b�� �g�Z�� �k�\�Z�d�h�f�� �f�_�k�l�m�� �]�^�_�� �•�_��

�i�h�l�j�_�[�g�h���i�h�k�l�Z�\�b�l�b���i�j�b�\�j�_�f�_�g�h�� �m�a�_�f�‚�_�ƒ�_�� 

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

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

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

�h�l�\�Z�j�Z�ƒ�Z���>�h�a�\�h�e�_���a�Z���j�Z�^�� 

�ƒ �H�[�_�e�_�`�Z�\�Z�ƒ�_�� �b�� �h�]�j�Z�{�b�\�Z�ƒ�_�� �f�_�k�l�Z�� �j�Z�^�Z�� �d�Z�g�Z�i�b�f�Z�� �k�Z�� �a�Z�k�l�Z�\�b�p�Z�f�Z�� �b�e�b��PVC �l�j�Z�d�Z�f�Z�� �g�Z�� ��m 

�\�b�k�b�g�_���h�^���l�e�Z�� 

�G�Z�d�h�g�� �h�[�Z�\�‚�_�g�b�o�� �k�\�b�o�� �i�j�_�^�o�h�^�g�h�� �g�Z�\�_�^�_�g�b�o�� �d�h�j�Z�d�Z�� �f�h�`�_�� �k�_�� �i�j�b�k�l�m�i�b�l�b�� �j�Z�^�h�\�b�f�Z���� �h�^�g�h�k�g�h��
�Z�g�]�Z�`�m�•�m���k�_���j�_�f�h�g�l�g�_���_�d�b�i�_���a�Z���b�a�\�h�{�_�ƒ�_���j�Z�^�g�b�o���a�Z�^�Z�l�Z�d�Z���m���?�?���h�[�•�_�d�l�b�f�Z�� 

�:�g�Z�e�b�a�h�f�� �i�j�h�[�e�_�f�Z�l�b�q�g�b�o�� �i�h�]�h�g�k�d�b�o�� �^�h�]�Z�{�Z�•�Z�� �m�k�l�g�h�\�b�e�b�� �k�f�h�� �^�Z�� �•�_�� �•�_�^�Z�g�� �g�_�� �a�Z�\�b�^�Z�g�� �[�j�h�•��
�]�j�_�r�Z�d�Z�� �b�a�Z�a�\�Z�g�� �‚�m�^�k�d�b�f�� �n�Z�d�l�h�j�h�f���� �=�j�_�r�d�_�� �k�_�� �g�Z�•�q�_�r�„�_�� �^�_�r�Z�\�Z�•�m�� �a�[�h�]�� �g�_�i�h�r�l�h�\�Z�ƒ�Z�� �i�j�h�p�_�^�m�j�_����
�M�\�j�_�`�_�g�h���•�_�� �f�b�r�‚�_�ƒ�_���f�_�{�m���a�Z�i�h�k�e�_�g�b�f�Z���^�Z���m�d�h�e�b�d�h���i�h�r�l�m�•�m���k�\�Z�d�b���d�h�j�Z�d���i�j�h�i�b�k�Z�g���b�g�l�_�j�g�b�f���Z�d�l�b�f�Z��
�]�m�[�_�� �i�j�b�e�b�q�g�h�� �\�j�_�f�_�g�Z�� �a�Z�� �i�j�b�i�j�_�f�Z�ƒ�_�� �f�_�k�l�Z�� �j�Z�^�Z���� �l�_���k�_�� �a�[�h�]�� �l�h�]�Z�� �k�d�j�Z�„�m�•�m�� �^�j�Z�]�h�p�_�g�h�� �\�j�_�f�_�� �a�Z��
�h�[�Z�\�‚�Z�ƒ�_�� �j�Z�^�g�b�o�� �a�Z�^�Z�l�Z�d�Z���� �H�\�Z�d�\�h�� �f�b�r�‚�_�ƒ�_�� �•�_�� �g�Z�j�h�q�b�l�h�� �a�Z�k�l�m�i�‚�_�g�h�� �d�h�^�� �a�Z�i�h�k�e�_�g�b�o�� �k�Z�� �^�m�]�b�f��
�j�Z�^�g�b�f�� �b�k�d�m�k�l�\�h�f���� �A�Z�� �j�Z�a�e�b�d�m�� �h�^�� �a�Z�i�h�k�e�_�g�b�o���� �k�l�Z�l�b�k�l�b�d�Z�� �i�h�d�Z�a�m�•�_�� �^�Z�� �k�m�� �Z�d�l�_�j�b�� �i�j�h�[�e�_�f�Z�l�b�q�g�b�o��
�i�h�]�h�g�k�d�b�o�� �^�h�]�Z�{�Z�•�Z�� �m�� �i�j�_�d�h�� �������� �k�e�m�q�Z�•�_�\�Z�� �[�Z�r�� �a�Z�i�h�k�e�_�g�b�� �d�h�•�b�� �b�f�Z�•�m�� �k�Z�f�h�� �g�_�d�h�e�b�d�h�� �]�h�^�b�g�Z�� �^�h 
�i�_�g�a�b�•�_���� �F�h�j�Z�f�h�� �g�Z�]�e�Z�k�b�l�b�� �^�Z�� �a�[�h�]�� �k�i�_�p�b�n�b�q�g�h�k�l�b�� �i�h�k�e�h�\�Z�� �d�h�•�_�� �h�[�Z�\�‚�Z�•�m�� �k�Z�f�h�� �•�_�^�Z�g�� �l�j�_�g�m�l�Z�d��
�g�_�i�Z�`�ƒ�_�� �f�h�`�_�� �^�h�\�_�k�l�b�� �^�h�� �i�h�\�j�_�{�b�\�Z�ƒ�Z�� �a�Z�i�h�k�e�_�g�h�]�� �Z�� �h�\�Z�d�\�_�� �i�h�\�j�_�^�_�� �k�m�� �l�_�r�d�_�� �b�e�b�� �k�Z�� �k�f�j�l�g�b�f��
�b�k�o�h�^�h�f���� �� �� �G�Z�•�q�_�r�„�_�� �k�_�� �g�_���i�h�r�l�m�•�_�� �i�h�k�l�m�i�Z�d���m�l�\�j�{�b�\�Z�ƒ�Z���[�_�a�g�Z�i�h�g�k�d�h�]�� �k�l�Z�ƒ�Z���� �b�g�b�d�Z�l�h�j�b�f�Z���g�Z�i�h�g�Z���b��
�g�_�� �d�h�j�b�r�„�_�ƒ�_�� �d�h�f�i�e�_�l�g�_�� �a�Z�r�l�b�l�g�_�� �b�a�h�e�Z�p�b�h�g�_�� �h�i�j�_�f�_�����l�_�� �„�_�� �d�j�h�a�� �j�Z�^�� �i�h�k�_�[�Z�g�Z�� �i�Z�`�ƒ�Z�� �[�b�l�b��
�i�h�k�\�_�„�_�g�Z�� �^�h�i�m�g�k�d�h�f�� �h�[�_�a�[�_�{�_�ƒ�m�� �f�_�k�l�Z�� �j�Z�^�Z�� �b�� �m�i�h�l�j�_�[�b�� �a�Z�r�l�b�l�g�_�� �_�e�_�d�l�j�h�b�a�h�e�Z�p�b�h�g�_�� �h�i�j�_�f�_�� �m��
�n�m�g�d�p�b�•�b�� �[�_�a�[�_�^�g�h�]���b�a�\�h�{�_�ƒ�Z���j�Z�^�h�\�Z�� 



�J�b�a�b�d���b���[�_�a�[�_�^�g�h�k�g�b���b�g�`�_�ƒ�_�j�b�g�]��- �D�h�i�Z�h�g�b�d��������4. 

170 

2. �B�G�P�B�>�?�G�L�B���D�H�>���>�H�I�M�G�K�D�H�=���H�;�?�A�;�?�-�?�5�:���F�?�K�L�:���J�:�>�: 

�D�Z�h�� �r�l�h�� �k�f�h�� �\�_�„�� �g�Z�]�e�Z�k�b�e�b�� �^�h�i�m�g�k�d�h�� �h�[�_�a�[�_�{�_�ƒ�_�� �f�_�k�l�Z���j�Z�^�Z�� �i�j�_�^�k�l�Z�\�‚�Z�� �•�_�^�g�m�� �h�^��
�g�Z�•�j�b�a�b�q�g�b�•�b�o�� �Z�d�l�b�\�g�h�k�l�b�� �a�Z�i�h�k�e�_�g�b�o�� �m�� �3�I�� �?�F�K���� �;�_�a�� �h�[�a�b�j�Z�� �g�Z�� �f�Z�e�b�� �[�j�h�•�� �b�g�p�b�^�_�g�Z�l�Z�� �m�� �h�\�h�f��
�i�h�k�l�m�i�d�m���� �a�[�h�]�� �h�a�[�b�‚�g�h�k�l�b�� �i�h�\�j�_�^�Z���d�h�•�_���f�h�]�m���[�b�l�b���j�_�a�m�e�l�Z�l���]�j�_�r�d�_�����\�_�e�b�d�b�o���f�Z�l�_�j�b�•�Z�e�g�b�o���]�m�[�b�l�Z�d�Z���b��
�g�_�`�_�‚�_�g�h�]�� �b�a�h�e�h�\�Z�ƒ�Z�� �^�_�e�Z�� �?�?�� �k�b�k�l�_�f�Z���� �f�h�j�Z�f�h�� �k�Z�� �\�_�e�b�d�h�f�� �h�a�[�b�‚�g�h�r�„�m�� �Z�g�Z�e�b�a�b�j�Z�l�b�� �k�\�Z�d�b��
�b�g�p�b�^�_�g�l���� �m�k�l�Z�g�h�\�b�l�b�� �m�a�j�h�d�� �]�j�_�r�d�_�� �b�� �i�j�b�f�_�g�b�l�b�� �h�^�j�_�{�_�g�_���f�_�j�_�� �d�Z�d�h���[�b�� �k�_�� �f�h�]�m�„�g�h�k�l�� �]�j�_�r�d�_���k�\�_�e�Z��
�g�Z�� �g�Z�•�f�Z�ƒ�m�� �f�h�]�m�„�m�� �f�_�j�m���� �3�I�� �?�F�K�� �•�_�� �h�j�]�Z�g�b�h�\�Z�g�� �l�Z�d�h�� �^�Z �m�� �h�d�\�b�j�m�� �^�b�j�_�d�p�b�•�_�� �a�Z�� �i�j�_�g�h�k�� �i�h�k�l�h�•�b�� �i�_�l��
�i�h�]�h�g�Z�� �i�j�_�g�h�k�Z���� �;�_�h�]�j�Z�^���� �G�h�\�b�� �K�Z�^���� �;�h�j���� �<�Z�‚�_�\�h�� �b�� �D�j�m�r�_�\�Z�p���� �D�Z�d�h�� �[�b�� �i�h�•�Z�k�g�b�e�b�� �i�h�•�Z�f�� �Ä�f�Z�e�b�� �[�j�h�•��
�]�j�_�r�Z�d�Z�³�� �b�a�g�_�„�_�f�h�� �i�h�^�Z�l�Z�d�� �d�h�•�b�� �k�_�� �h�^�g�h�k�b�� �g�Z�� �[�j�h�•�� �f�Z�g�b�i�m�e�Z�p�b�•�Z�� �m�� �h�d�\�b�j�m�� �•�_�^�g�h�]�� �i�h�]�h�g�Z�� �i�j�_�g�h�k�Z�� �b��
�[�j�h�•�� �]�j�_�r�Z�d�Z�� �b�a�Z�a�\�Z�g�� �‚�m�^�k�d�b�f�� �n�Z�d�l�h�j�h�f���� �M�� �i�h�]�h�g�m�� �i�j�_�g�h�k�Z�� �;�_�h�]�j�Z�^�� �k�_�� �m�� �i�j�h�k�_�d�m���b�a�\�j�r�b�� �h�d�h������������
�f�Z�g�b�i�m�e�Z�p�b�•�Z�� �]�h�^�b�r�ƒ�_�� �Z���]�j�_�r�d�_���h�i�_�j�Z�l�b�\�g�h�]�� �h�k�h�[�‚�Z�� �k�m���j�_�^�Z���\�_�e�b�q�b�g�_���h�^�� ���� �^�h�� ������ �H�\�Z���\�j�k�l�Z�� �j�Z�^�h�\�Z��
�b�a�\�h�^�b�� �k�_�� �m�� �[�e�b�a�b�g�b�� �^�_�e�h�\�Z�� �d�h�•�b�� �k�m�� �i�h�^�� �g�Z�i�h�g�h�f�� �g�Z�i�h�g�k�d�h�]�� �g�b�\�h�Z�� ������kV, 220kV �b��������kV. �G�Z�•�q�_�r�„�_��
�^�h�� �]�j�_�r�d�_�� �^�h�e�Z�a�b�� �d�Z�^�Z�� �h�i�_�j�Z�l�b�\�g�h�� �h�k�h�[�‚�_���� �a�[�h�]�� �b�g�^�_�g�l�b�q�g�h�]�� �j�Z�k�i�h�j�_�^�Z�� �h�i�j�_�f�_�� �m�� �i�h�k�l�j�h�•�_�ƒ�b�f�Z����
�i�j�h�f�Z�r�b�� �i�h�‚�_�� �b�� �i�h�d�m�r�Z�•�m���^�Z���i�h�k�l�Z�\�_�� �i�j�b�\�j�_�f�_�g�h���i�j�_�g�h�k�g�h���m�a�_�f�‚�_�ƒ�_���g�Z���i�j�h�\�h�^�g�b�d���m�k�e�_�^���q�_�]�Z���^�h�{�_��
�^�h���i�h�•�Z�\�_���_�e�_�d�l�j�b�q�g�h�]�� �e�m�d�Z���� 

 
�K�e�b�d�Z���������B�a�h�e�Z�p�b�h�g�Z���f�h�l�d�Z���g�Z�d�h�g���d�h�g�l�Z�d�l�Z���k�Z���_�e�_�d�l�j�b�q�g�b�f���e�m�d�h�f 
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�K�e�b�d�Z���������3�Z�d�g�Z���d�h�•�m���•�_���a�Z�i�h�k�e�_�g�b���g�h�k�b�h�� 

�I�h�k�e�_�^�b�p�_�� �h�\�Z�d�\�b�o�� �]�j�_�r�Z�d�Z�� �k�m�� �\�_�e�b�d�_���� �G�Z�� �k�e�b�p�b�� ������ �i�j�b�d�Z�a�Z�g�Z�� �•�_�� �b�a�h�e�Z�p�b�h�g�Z�� �f�h�l�d�Z�� �d�h�•�h�f�� �•�_��
�a�Z�i�h�k�e�_�g�b�� �i�h�d�m�r�Z�h�� �^�Z�� �i�h�k�l�Z�\�b�� �i�j�b�\�j�_�f�_�g�h�� �m�a�_�f�‚�_�ƒ�_�� �g�Z�� ��220kV �k�l�j�Z�g�b�� �i�h�k�l�j�h�•�_�ƒ�Z���� �A�Z�i�h�k�e�_�g�b�� �•�_��
�i�j�_�k�d�h�q�b�h�� �i�j�h�p�_�^�m�j�h�f�� �i�j�h�i�b�k�Z�g�b�� �d�h�j�Z�d�� �Ä�i�j�h�\�_�j�b�l�b�� �[�_�a�g�Z�i�h�g�k�d�h�� �k�l�Z�ƒ�_�� �b�g�^�b�d�Z�l�h�j�h�f�� �g�Z�i�h�g�Z�³���� �g�Z��
�k�\�Z�d�h�f�� �f�_�k�l�m�� �i�h�k�l�Z�\�‚�Z�ƒ�Z�� �i�j�b�\�j�_�f�_�g�h�]�� �m�a�_�f�‚�_�ƒ�Z�� �b�� �i�j�b�\�j�_�f�_�g�b�f�� �i�j�_�g�h�k�g�b�f�� �m�a�_�f�‚�_�ƒ�_�f�� �m�a�_�f�‚�b�h��
�k�Z�[�b�j�g�b�p�_���i�h�^�� �g�Z�i�h�g�h�f���� �>�h�r�e�h���•�_�� �^�h�� �_�e�_�d�l�j�b�q�g�h�]�� �e�m�d�Z���b�� �_�d�k�i�e�h�a�b�•�_���Z���a�Z�i�h�k�e�_�g�b���•�_���a�Z�^�h�[�b�h���h�i�_�d�h�l�b�g�_��
�b�� �g�Z�� �k�\�m�� �k�j�_�„�m�� �i�j�h�r�Z�h�� �[�_�a�� �l�j�Z�]�b�q�g�h�]�� �b�k�o�h�^�Z���� �G�Z���k�e�b�p�b�������� �i�j�b�d�Z�a�Z�g�Z���•�_�� �•�Z�d�g�Z���d�h�•�m���•�_�� �a�Z�i�h�k�e�_�g�b���g�h�k�b�h��
�i�j�b�� �h�[�Z�\�‚�Z�ƒ�m�� �i�h�k�e�h�\�Z�� �^�h�i�m�g�k�d�h�]�� �h�[�_�a�[�_�{�_�ƒ�Z�� �f�_�k�l�Z�� �j�Z�^�Z���� �G�Z�\�_�^�_�g�b�� �i�j�b�f�_�j�� �•�_�� �k�Z�f�h�� �•�_�^�Z�g�� �m�� �g�b�a�m��
�i�j�h�[�e�_�f�Z�l�b�q�g�b�o�� �i�h�]�h�g�k�d�b�o�� �^�h�]�Z�{�Z�•�Z�� �Z�e�b�� �f�h�j�Z�f�h�� �g�Z�]�e�Z�k�b�l�b�� �f�Z�e�b�� �[�j�h�•�� �b�g�p�b�^�_�g�Z�l�Z�� �m�� �h�^�g�h�k�m�� �g�Z�� �[�j�h�•��
�f�Z�g�b�i�m�e�Z�p�b�•�Z�� 

3. �A�:�R�L�B�L�G�:���?�E�?�D�L�J�H�B�A�H�E�:�P�B�H�G�:���H�I�J�?�F�: 

�3�I�� �?�F�K�� �b�f�Z�� �g�m�e�l�m�� �l�h�e�_�j�Z�g�p�b�•�m�� �i�j�_�f�Z�� �b�g�p�b�^�_�g�l�g�b�f�� �k�b�l�m�Z�p�b�•�Z�f�Z�� �d�h�•�_�� �f�h�]�m�� �^�h�\�_�k�l�b�� �^�h��
�i�h�\�j�_�^�_�� �g�Z�� �j�Z�^�m�� �k�Z�� �l�j�Z�]�b�q�g�b�f�� �b�k�o�h�^�h�f���� �L�h�d�h�f�� ��������-�l�_�� �b�� ��������-�l�_�� �]�h�^�b�g�_�� �b�a�\�j�r�_�g�� �•�_�� �\�_�e�b�d�b�� �[�j�h�•��
�h�[�m�d�Z���� �]�^�_�� �k�m�� �p�b�‚�g�Z�� �]�j�m�i�Z�� �[�b�e�b�� �j�m�d�h�\�h�^�b�h�p�b�� �j�Z�^�h�\�Z�� �b�� �j�m�d�h�\�Z�h�p�b���� �h�^�g�h�k�g�h�� �[�Z�r�� �a�Z�i�h�k�e�_�g�b�� �d�h�•�b��
�m�q�_�k�l�\�m�•�m�� �m�� �g�Z�•�j�b�a�b�q�g�b�•�_�f�� �i�h�k�l�m�i�d�m�� �m�� �i�j�_�^�m�a�_�„�m���� �L�Z�d�h�{�_�� �•�_�� �l�h�d�h�f�� ��������-�l�_�� �]�h�^�b�g�_���m�k�\�h�•�_�g�h���M�i�m�l�k�l�\�h��
�a�Z�� �[�_�a�[�_�^�Z�g�� �j�Z�^�� �k�Z�� �a�Z�r�l�b�l�g�h�f�� �_�e�_�d�l�j�h�b�a�h�e�Z�p�b�h�g�h�f�� �h�i�j�_�f�h�f���� �m�� �d�h�f�� �k�_�� �^�_�n�b�g�b�r�m�� �\�j�k�l�_�� �a�Z�r�l�b�l�g�_��
�b�a�h�e�Z�p�b�h�g�_�� �h�i�j�_�f�_�� �m���i�j�b�f�_�g�b���m���3�I�� �?�F�K���� �l�_�o�g�b�q�d�_���d�Z�j�Z�d�l�_�j�b�k�l�b�d�_���� �i�j�b�i�j�_�f�Z���a�Z���m�i�h�l�j�_�[�m���� �m�i�h�l�j�_�[�Z����
�h�^�j�`�Z�\�Z�ƒ�_���� �q�m�\�Z�ƒ�_���b�� �b�k�i�b�l�b�\�Z�ƒ�_���i�j�_�^�f�_�l�g�_���h�i�j�_�f�_�����H�^�j�_�^�[�_���h�\�h�]���M�i�m�l�k�l�\�Z���h�^�g�h�k�_���k�_���g�Z���a�Z�r�l�b�l�g�b��
�_�e�_�d�l�j�h�b�a�h�e�Z�p�b�h�g�b�� �r�e�_�f���� �a�Z�r�l�b�l�g�_�� �_�e�_�d�l�j�h�b�a�h�e�Z�p�b�h�g�_���j�m�d�Z�\�b�p�_���� �a�Z�r�l�b�l�g�_�� �_�e�_�d�l�j�h�b�a�h�e�Z�p�b�h�g�_��
�q�b�a�f�_���� �_�e�_�d�l�j�h�b�a�h�e�Z�p�b�h�g�_�� �f�Z�g�b�i�m�e�Z�l�b�\�g�_�� �f�h�l�d�_�� �b�� �b�g�^�b�d�Z�l�h�j�_�� ���^�_�l�_�d�l�h�j�_���� �g�Z�i�h�g�Z�� �i�h�l�j�_�[�g�_��
�a�Z�i�h�k�e�_�g�b�f�Z���m���3�I�� �?�F�K���i�j�b�� �b�a�\�h�{�_�ƒ�m���f�Z�g�b�i�m�e�Z�p�b�•�Z�����i�j�h�f�_�g�Z���m�d�e�h�i�g�h�]���k�l�Z�ƒ�Z�����j�Z�k�d�e�h�i�g�h�f���h�i�j�_�f�h�f���m��
�i�h�k�l�j�h�•�_�ƒ�b�f�Z�� ���l�j�Z�g�k�n�h�j�f�Z�l�h�j�k�d�b�f�� �k�l�Z�g�b�p�Z�f�Z�� �b�� �j�Z�a�\�h�^�g�b�f�� �i�h�k�l�j�h�•�_�ƒ�b�f�Z�� �i�j�_�g�h�k�g�_�� �f�j�_�`�_������
�B�a�h�e�Z�p�b�h�g�Z�� �h�i�j�_�f�Z�� �l�j�_�[�Z�� �^�Z�� �b�k�i�m�ƒ�Z�\�Z�� �a�Z�o�l�_�\�_�� �d�\�Z�e�b�l�_�l�Z�� �b�� �g�Z�q�b�g�Z�� �b�k�i�b�l�b�\�Z�ƒ�Z�� �b�� �^�j�m�]�h���� �i�j�_�f�Z��
�k�l�Z�g�^�Z�j�^�b�f�Z���� 

�ƒ SRPS EN �����������A�Z�r�l�b�l�g�b���r�e�_�f�h�\�b���m���b�g�^�m�k�l�j�b�•�b���� 

�ƒ SRPS EN ���������������?�e�_�d�l�j�b�q�g�h-�b�a�h�e�Z�p�b�h�g�_�� �d�Z�p�b�]�_�� �a�Z���m�i�h�l�j�_�[�m���m���i�h�k�l�j�h�•�_�ƒ�b�f�Z���g�b�k�d�h�]�� �g�Z�i�h�g�Z���� 
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�ƒ SRPS EN ���������������B�g�^�m�k�l�j�b�•�k�d�b���r�e�_�f�h�\�b���\�b�k�h�d�b�o�� �i�_�j�n�h�j�f�Z�g�k�b������ 

�ƒ SRPS EN ���������������J�Z�^���i�h�^���g�Z�i�h�g�h�f���± �J�m�d�Z�\�b�p�_���h�^���b�a�h�e�Z�p�b�h�g�h�]�� �f�Z�l�_�j�b�•�Z�e�Z������ 

�ƒ SRPS Z.B������������ ���K�j�_�^�k�l�\�Z�� �b�� �h�i�j�_�f�Z���a�Z���e�b�q�g�m���a�Z�r�l�b�l�m���g�Z���j�Z�^�m���± �A�Z�r�l�b�l�g�Z���_�e�_�d�l�j�h�b�a�h�e�Z�p�b�h�g�Z��

�h�[�m�„�Z��- �A�Z�o�l�_�\�b���b���b�k�i�b�l�b�\�Z�ƒ�Z������ 

�ƒ SRPS EN 61243-���� ���J�Z�^�� �i�h�^�� �g�Z�i�h�g�h�f�� �± �>�_�l�_�d�l�h�j�b�� �g�Z�i�h�g�Z�� �± �>�_�h�������� �D�Z�i�Z�p�b�l�b�\�g�b���l�b�i�� �a�Z���g�Z�i�h�g�_��

�b�a�g�Z�^��������kV �g�Z�b�a�f�_�g�b�q�g�_���k�l�j�m�•�_������ 

�ƒ SRPS EN 61243-1:2012/A���� ���J�Z�^�� �i�h�^�� �g�Z�i�h�g�h�f�� �± �>�_�l�_�d�l�h�j�b�� �g�Z�i�h�g�Z�� �± �>�_�h���������D�Z�i�Z�p�b�l�b�\�g�b���l�b�i���a�Z��

�g�Z�i�h�g�_�� �b�a�g�Z�^��������kV �g�Z�b�a�f�_�g�b�q�g�_���k�l�j�m�•�_��- �B�a�f�_�g�Z���������� 

�ƒ SRPS EN ������������ ���B�a�h�e�Z�p�b�h�g�_�� �p�_�\�b�� �i�m�ƒ�_�g�_�� �i�_�g�h�f�� �b�� �r�l�Z�i�h�\�b�� �i�m�g�h�]���i�j�_�k�_�d�Z�� �a�Z�� �j�Z�^�� �i�h�^��

�g�Z�i�h�g�h�f������ 

�ƒ SRPS EN ���������������J�Z�^���i�h�^���g�Z�i�h�g�h�f���± �R�m�i�‚�_���b�a�h�e�Z�p�b�h�g�_���p�_�\�b�� �a�Z���_�e�_�d�l�j�b�q�g�_���k�\�j�o�_���� 

�:�d�l�b�\�g�h�k�l�b�� �g�Z�� �h�^�j�`�Z�\�Z�ƒ�m�� �a�Z�r�l�b�l�g�_�� �_�e�_�d�l�j�h�b�a�h�e�Z�p�b�h�g�_���h�i�j�_�f�_�� �^�_�n�b�g�b�k�Z�g�_ �k�m�� �m�i�m�l�k�l�\�b�f�Z��
�i�j�h�b�a�\�h�{�Z�q�Z���b�� �i�h�k�_�[�g�b�f�� �m�i�m�l�k�l�\�b�f�Z���� �A�Z���k�i�j�h�\�h�{�_�ƒ�_���Z�d�l�b�\�g�h�k�l�b�� �g�Z���h�^�j�`�Z�\�Z�ƒ�m���a�Z�r�l�b�l�g�_���b�a�h�e�Z�p�b�h�g�_��
�h�i�j�_�f�_�� �a�Z�^�m�`�_�g���•�_�� �R�_�n���L�K���h�^�g�h�k�g�h���I�h�k�e�h�\�h�{�Z���_�d�b�i�_�� �a�Z���>�<���b�e�b���I�h�k�e�h�\�h�{�Z���_�d�b�i�_���a�Z���L�K�����B�a�\�_�r�l�Z�•���h��
�h�^�j�`�Z�\�Z�ƒ�m���a�Z�r�l�b�l�g�_���_�e�_�d�l�j�h�b�a�h�e�Z�p�b�h�g�_���h�i�j�_�f�_�� �m�g�h�k�b���R�_�n���L�K���h�^�g�h�k�g�h���I�h�k�e�h�\�h�{�Z���_�d�b�i�_�� �a�Z���>�<���b�e�b��
�I�h�k�e�h�\�h�{�Z�� �_�d�b�i�_�� �a�Z�� �L�K�� �m�� �D�ƒ�b�]�m�� �h�^�j�`�Z�\�Z�ƒ�Z�� �a�Z�r�l�b�l�g�_�� �_�e�_�d�l�j�h�b�a�h�e�Z�p�b�h�g�_�� �h�i�j�_�f�_���� �� �d�h�•�Z�� �k�_�� �q�m�\�Z�� �g�Z��
�h�[�•�_�d�l�m���� �M�d�h�e�b�d�h�� �k�_�� �m�� �l�h�d�m�� �k�i�j�h�\�h�{�_�ƒ�Z�� �Z�d�l�b�\�g�h�k�l�b�� �g�Z�� �h�^�j�`�Z�\�Z�ƒ�m�� �a�Z�r�l�b�l�g�_�� �_�e�_�d�l�j�h�b�a�h�e�Z�p�b�h�g�_��
�h�i�j�_�f�_�� �m�l�\�j�^�b�� �g�_�b�k�i�j�Z�\�g�h�k�l�� �h�i�j�_�f�_�� �b�e�b���k�_���m�l�\�j�^�b�� �^�Z���•�_���j�h�d���\�Z�`�g�h�k�l�b���b�k�i�b�l�b�\�Z�ƒ�Z���b�k�l�_�d�Z�h�����i�h�l�j�_�[�g�h��
�•�_�� 

�x �h�i�j�_�f�m���h�[�_�e�_�`�b�l�b���h�a�g�Z�q�b�l�b�� �d�Z�h���g�_�b�k�i�j�Z�\�g�m�� 
�x �_�e�_�d�l�j�h�g�k�d�h�f�� �i�h�r�l�h�f�� �b�e�b�� �l�_�e�_�n�h�g�h�f�� �h�[�Z�\�_�k�l�b�l�b�� �E�b�p�_�� �a�Z�� �;�A�J�� �h�� �g�_�b�k�i�j�Z�\�g�h�k�l�b��

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

�g�_�b�k�i�j�Z�\�g�h�k�l�b�� �h�i�j�_�f�_�� 
�x �m�g�_�l�b�� �b�g�n�h�j�f�Z�p�b�•�m�� �h�� �g�_�b�k�i�j�Z�\�g�h�k�l�b�� �h�i�j�_�f�_�� �m�� �D�ƒ�b�]�m�� �h�^�j�`�Z�\�Z�ƒ�Z�� �a�Z�r�l�b�l�g�_��

�_�e�_�d�l�j�h�b�a�h�e�Z�p�b�h�g�_�� �h�i�j�_�f�_�� 
�G�_�b�k�i�j�Z�\�g�m���h�i�j�_�f�m���h�[�_�e�_�`�b�l�b���g�Z�e�_�i�g�b�p�h�f��- �G�?���M�I�H�L�J�?�;�4�:�<�:�L�B�����i�j�b�d�Z�a�Z�g�m���g�Z���k�e�b�p�b���[�j����

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

 

�G�?���M�I�H�L�J�?�;�4�:�<�:�L�B�� 

 
_____________ 

�>�Z�l�m�f 

 
_____________ 

�;�j�����b�a���d�ƒ�����h�^�j�`�����A�?�B�H 

 
_____________ 

�I�h�l�i�b�k 

 �2�;���B�F�K.23.09  

�K�e�b�d�Z���������G�Z�e�_�i�g�b�p�Z���a�Z���h�[�_�e�_�`�Z�\�Z�ƒ�_���g�_�b�k�i�j�Z�\�g�_���h�i�j�_�f�_ 
 

�G�_�i�h�k�j�_�^�g�h�� �i�j�_�� �m�i�h�l�j�_�[�_�� �b�a�h�e�Z�p�b�h�g�_�� �h�i�j�_�f�_���� �d�h�j�b�k�g�b�d�� �h�i�j�_�f�_�� �f�h�j�Z�� �h�[�Z�\�b�l�b�� �k�e�_�^�_�„�_��
�i�j�b�i�j�_�f�g�_�� �j�Z�^�ƒ�_���b���i�j�h�\�_�j�_���� 

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

�„�_���k�_���d�h�j�b�k�l�b�l�b���� 

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

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

�ƒ �\�b�a�m�_�e�g�h�� �i�j�h�\�_�j�b�l�b�� �b�k�i�j�Z�\�g�h�k�l���h�i�j�_�f�_�����q�b�k�l�h�„�Z�����\�b�^�‚�b�\�Z���h�r�l�_�„�_�ƒ�Z������ 

�K�\�Z�d�b�� �d�h�f�Z�^�� �h�i�j�_�f�_�� �•�_�� �h�[�_�e�_�`�_�g�� �_�\�b�^�_�g�p�b�h�g�b�f�� �[�j�h�•�_�f�� �b�� �g�Z�� �h�k�g�h�\�m�� �[�j�h�•�Z�� �\�_�a�Z�g�� �a�Z�� �h�[�•�_�d�Z�l����
�k�e�b�d�Z�� ������ �H�i�j�_�f�Z�� �k�_�� �j�_�^�h�\�g�h�� �b�k�i�b�l�m�•�_�� �m�� �a�Z�d�h�g�k�d�b�� �i�j�h�i�b�k�Z�g�b�f�� �j�h�d�h�\�b�f�Z���� �r�l�h�� �i�h�l�\�j�{�m�•�m�� �K�l�j�m�q�g�b��
�g�Z�e�Z�a�b���h���b�a�\�j�r�_�g�h�f���b�k�i�b�l�b�\�Z�ƒ�m�� 

 
�K�e�b�d�Z���������H�[�_�e�_�`�Z�\�Z�ƒ�_���a�Z�r�l�b�l�g�_���_�e�_�d�l�j�h�b�a�h�e�Z�p�b�h�g�_���h�i�j�_�f�_ 

�A�Z�i�h�k�e�_�g�b�� �k�m�� �d�j�h�a�� �\�b�r�_�� �b�l�_�j�Z�p�b�•�Z�� �m�i�h�a�g�Z�l�b�� �k�Z�� �k�Z�^�j�`�Z�•�_�f�� �m�i�m�l�k�l�\�Z�� �Z�� �m�� �^�_�p�_�f�[�j�m�� �f�_�k�_�p�m��
�h�j�]�Z�g�b�a�h�\�Z�g�Z�� �•�_�� �b�� �i�j�Z�d�l�b�q�g�Z���h�[�m�d�Z���� �m���q�_�l�b�j�b�� �l�_�j�f�b�g�Z���� �m�i�h�l�j�_�[�_�� �a�Z�r�l�b�l�g�_���_�e�_�d�l�j�h�b�a�h�e�Z�p�b�h�g�_���h�i�j�_�f�_��
�m���d�h�•�h�•�� �•�_���Z�d�l�b�\�g�h���m�q�_�k�l�\�h�\�Z�h���b���i�j�_�^�k�l�Z�\�g�b�d���n�j�Z�g�p�m�k�d�h�]���i�j�h�b�a�\�h�{�Z�q�Z���?�B�H���ÄCATU�³�� 

�A�Z�i�h�k�e�_�g�b�� �3�I�� �?�F�K�� �k�m�� �^�_�f�h�g�k�l�j�b�j�Z�e�b�� �m�i�h�l�j�_�[�m�� �a�Z�r�l�b�l�g�_���_�e�_�d�l�j�h�b�a�h�e�Z�p�b�h�g�_�� �h�i�j�_�f�_�� �m��
�i�h�k�l�m�i�d�m�� �^�h�i�m�g�k�d�h�]�� �h�[�_�a�[�_�{�_�ƒ�Z�� �f�_�k�l�Z�� �j�Z�^�Z�� �Z�� �m�� �k�d�e�Z�^�m�� �k�Z�� �i�h�f�_�g�m�l�b�f�� �m�i�m�l�k�\�h�f���� �P�b�‚�� �h�[�m�d�_�� �•�_��
�i�j�b�i�j�_�f�Z���b�g�l�_�j�g�b�o���i�j�_�^�Z�\�Z�q�Z���j�Z�^�b���^�Z�‚�_�]�� �k�i�j�h�\�h�{�_�ƒ�Z���h�[�m�d�Z���a�Z���j�Z�^�� �k�Z���_�e�_�d�l�j�h�b�a�h�e�Z�p�b�h�g�h�f���h�i�j�_�f�h�f��
�b�� �i�h�^�b�a�Z�ƒ�_���k�\�_�k�l�b���a�Z�i�h�k�e�_�g�b�o���h���g�_�h�i�o�h�^�g�h�k�l�b���d�h�j�r�„�_�ƒ�Z���h�i�j�_�f�_�����K�Z���a�Z�i�h�k�e�_�g�b�f�Z���•�_���^�_�l�Z�‚�g�h���h�[�j�Z�{�_�g��
�k�\�Z�d�b�� �d�h�j�Z�d�� �i�j�b�f�_�g�_�� �i�j�h�i�b�k�Z�g�_�� �h�i�j�_�f�_�� ���k�e�b�d�_�� ������ ������ ������ ���� �b�� �������� �G�Z�d�h�g���h�[�Z�\�‚�_�g�b�o���i�j�b�i�j�_�f�g�b�o���j�Z�^�ƒ�b���b��
�i�j�h�\�_�j�_�� �h�i�j�_�f�_�� �i�h�e�Z�a�g�b�p�b���k�m���Z�d�l�b�\�g�h���m�q�_�k�l�\�h�\�Z�e�b���m���i�j�h�p�_�k�m���i�h�k�l�Z�\�‚�Z�ƒ�Z���i�j�b�\�j�_�f�_�g�h�]���m�a�_�f�‚�_�ƒ�Z���g�Z��
�i�j�h�\�h�^�g�b�d���� �]�^�_�� �k�m�� �i�j�_�� �i�h�^�b�a�Z�ƒ�Z�� �m�`�_�l�Z�� �� �i�j�h�\�_�j�Z�\�Z�e�b���b�k�i�j�Z�\�g�h�k�l�� �� �b�g�^�b�d�Z�l�h�j�Z���g�Z�i�h�g�Z���l�_�k�l�� �l�Z�k�l�_�j�h�f����
�i�j�h�\�_�j�Z�\�Z�e�b���[�_�a�g�Z�i�h�g�k�d�h���k�l�Z�ƒ�_���g�Z���k�\�Z�d�h�f���f�_�k�l�m���i�h�k�l�Z�\�‚�Z�ƒ�Z���i�j�b�\�j�_�f�_�g�h�]���m�a�_�f�‚�_�ƒ�Z���i�Z���l�_�d���i�h�r�l�h���k�m��
�k�_�� �m�\�_�j�b�e�b�� �^�Z�� �f�h�]�m�� �[�_�a�[�_�^�g�h�� �i�h�k�l�Z�\�b�l�b�� �i�j�b�\�j�_�f�_�g�h�� �m�a�_�f�‚�_�ƒ�_���� �i�j�b�k�l�m�i�b�e�b�� �i�h�k�l�Z�\�‚�Z�ƒ�m�� �b�k�l�h�]����
�M�q�_�k�g�b�p�b�f�Z�� �h�[�m�d�_�� �i�j�_�^�h�q�_�g�_�� �k�m�� �g�_�i�j�Z�\�b�e�g�h�k�l�b�� �d�j�h�a�� �Z�g�Z�e�b�a�m�� �^�h�]�Z�{�Z�•�Z�� �d�h�•�m�� �•�_�� �h�[�j�Z�^�b�e�Z�� �K�l�Z�e�g�Z��
�d�h�f�b�k�b�•�Z�� �a�Z�� �Z�g�Z�e�b�a�m�� �i�h�]�h�g�k�d�b�o�� �^�h�]�Z�{�Z�•�Z���b�� �g�Z���d�j�Z�•�m���k�m���a�Z�i�h�k�e�_�g�b���b�a�g�_�e�b���k�\�h�•�_�� �k�m�]�_�k�l�b�•�_�� �b�� �i�j�_�^�e�h�]�_�� �a�Z��
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4. �A�:�D�4�M�Q�:�D 

�D�j�h�a�� �j�Z�^�� �k�m�� �i�j�h�^�b�k�d�m�l�h�\�Z�g�_�� �j�b�a�b�q�g�_�� �j�Z�^�g�_�� �Z�d�l�b�\�g�h�k�l�b���d�h�•�_�� �h�[�Z�\�‚�Z�•�m�� �a�Z�i�h�k�e�_�g�b�� �m�� �•�Z�\�g�h�f��
�i�j�_�^�m�a�_�„�m�� �Ä�?�e�_�d�l�j�h�f�j�_�`�Z�� �K�j�[�b�•�_�³���� �b�g�p�b�^�_�g�l�� �d�h�•�b�� �k�_�� �^�h�]�h�^�b�h�� �g�Z�� �•�_�^�g�h�f�� �h�^�� �h�[�•�_�d�Z�l�Z�� �b�� �f�_�j�_�� �d�h�•�_�� �k�_��
�i�j�_�^�m�a�b�f�Z�•�m�� �^�Z�� �[�b�� �k�_�� �i�j�h�[�e�_�f�Z�l�b�q�g�b���i�h�]�h�g�k�d�b���^�h�]�Z�{�Z�•�b�� �k�\�_�e�b���g�Z���f�b�g�b�f�m�f���� �=�e�h�[�Z�e�g�b���p�b�‚�� �i�j�_�^�m�a�_�„�Z��
�•�_�� �Ä���³�� �b�g�p�b�^�_�g�l�g�b�o�� �k�b�l�m�Z�p�b�•�Z�� �m�� �l�h�d�m�� �]�h�^�b�g�_���� �>�_�l�Z�‚�g�h�� �•�_�� �h�[�j�Z�{�_�g�h�� �m�i�m�l�k�l�\�h�� �a�Z�� �[�_�a�[�_�^�Z�g�� �j�Z�^�� �k�Z��
�a�Z�r�l�b�l�g�h�f�� �_�e�_�d�l�j�h�b�a�h�e�Z�p�b�h�g�h�f�� �h�i�j�_�f�h�f�� �b�� �f�b�r�‚�_�ƒ�Z�� �k�f�h���^�Z�� �„�_�� �k�_�� �ƒ�_�]�h�\�h�f�� �b�f�i�e�_�f�_�g�l�Z�p�b�•�h�f�� �b��
�k�l�Z�e�g�h�f�� �_�^�m�d�Z�p�b�•�h�f�� �a�Z�i�h�k�e�_�g�b�o���� �p�b�‚�� �d�h�•�b�� �•�_�� �i�j�_�^�� �g�Z�k�� �i�h�k�l�Z�\�‚�_�g�� �b�� �h�k�l�\�Z�j�b�l�b���� �G�Z�k�l�Z�\�‚�Z�•�m�� �k�_��
�Z�d�l�b�\�g�h�k�l�b�� �g�Z�� �i�h�^�b�a�Z�ƒ�m�� �k�\�_�k�l�b�� �a�Z�i�h�k�e�_�g�b�o�� �h�� �g�_�h�i�o�h�^�g�h�k�l�b�� �i�j�b�^�j�`�Z�\�Z�ƒ�Z�� �f�_�j�Z�� �[�_�a�[�_�^�g�h�k�l�b�� �b��
�a�^�j�Z�\�‚�Z�� �g�Z�� �j�Z�^�m�� �b�� �h�j�]�Z�g�b�a�Z�p�b�•�b�� �h�[�m�d�Z���� �]�^�_�� �„�_�� �k�_�� �\�_�„�Z�� �i�Z�`�ƒ�Z�� �i�h�k�\�_�l�b�l�b�� �i�j�Z�d�l�b�q�g�h�f�� �^�_�e�m���� �h�^�g�h�k�g�h��
�m�q�_�r�„�m���a�Z�i�h�k�e�_�g�b�o���m���j�_�Z�e�g�b�f�� �k�b�l�m�Z�p�b�•�Z�f�Z�� 

5. �E�B�L�?�J�:�L�M�J�: 

[1] �M�i�m�l�k�l�\�h���a�Z���h�j�]�Z�g�b�a�Z�p�b�•�m�� �b�a�\�h�{�_�ƒ�Z���j�Z�^�h�\�Z���g�Z���?�?���h�[�•�_�d�l�b�f�Z���?�e�_�d�l�j�h�f�j�_�`�Z���K�j�[�b�•�_���± �L�M-�?�D�K-04 
[2] �M�i�m�l�k�l�\�h���a�Z���[�_�a�[�_�^�Z�g���j�Z�^���k�Z���a�Z�r�l�b�l�g�h�f���_�e�_�d�l�j�h�b�a�h�e�Z�p�b�h�g�h�f���h�i�j�_�f�h�f���3�I���?�F�K 
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ENDANGERING OF NOVI SAD WITH LPG 

ABSTRACT: 
This paper deals with the risk of spilling of LPG stored in an oil refinery owned by "NIS" in Novi Sad 

(�â�D�Q�J�D�M). The amount of stored LPG in this plant is continuously increasing in proportion to the increase in the use of 
LPG in industry, households and transportation. In case of accident of one of the spherical storage tanks, where LPG is 
kept, it  could spread towards the Novi Sad, causing many hazards with potentially large number of victims in Novi Sad 
and surrounding areas. 

Keywords: LPG, Aloha , hazards in refineries 

 
�������M�<�H�> 

�D�j�Z�•�_�f���i�j�h�r�e�h�]�� �\�_�d�Z�����g�Z�r�Z���a�_�f�‚�Z���•�_���[�b�e�Z���f�_�l�Z���k�\�b�j�_�i�_���Z�]�j�_�k�h�j�k�d�_���Z�e�b�•�Z�g�k�_���m���g�Z�•�i�h�^�f�m�d�e�b�•�_�f��
�\�h�•�g�h�f�� �i�h�^�m�o�\�Z�l�m���d�h�•�b�� �•�_���a�Z�^�_�k�b�h���h�\�_���i�j�h�k�l�h�j�_���•�h�r�� �h�^���^�j�m�]�h�]���k�\�_�l�k�d�h�]���j�Z�l�Z�����M���h�\�h�•���\�h�•�g�h�•�� �Z�d�p�b�•�b����
�G�:�L�H���•�_���[�h�f�[�Z�f�Z���a�Z�k�b�i�Z�h���\�_�e�b�d�b���[�j�h�•���\�h�•�g�b�o���� �Z�e�b���b�� �p�b�\�b�e�g�b�o�� �b���b�g�^�m�k�l�j�b�•�k�d�b�o�� �h�[�•�_�d�Z�l�Z����
�;�h�f�[�Z�j�^�h�\�Z�ƒ�_���i�h�k�l�j�h�•�_�ƒ�Z���d�h�f�i�Z�g�b�•�_�� �Ä�G�B�K�³���m���R�Z�g�]�Z�•�m���� �h�k�l�Z�\�b�e�h���•�_���h�l�\�h�j�_�g�Z���[�j�h�•�g�Z���i�b�l�Z�ƒ�Z�����H�\�h��
�i�h�k�l�j�h�•�_�ƒ�_���•�_���j�Z�n�b�g�_�j�b�•�Z�� �]�h�j�b�\�Z���� �m���d�h�•�h�•�� �k�_���i�j�h�b�a�\�h�^�_���b�� �i�j�_�j�Z�{�m�•�m�� �g�Z�n�l�Z���b�� �ƒ�_�g�b���^�_�j�b�\�Z�l�b���� 

�3�_�^�Z�g���h�^���i�j�h�b�a�\�h�^�Z���h�\�h�]�� �i�h�k�l�j�h�•�_�ƒ�Z �•�_���b�� �L�G�=���d�h�•�b�� �•�_�� �m���^�Z�g�Z�r�ƒ�_���\�j�_�f�_���k�\�_���\�b�r�_���m���m�i�h�l�j�_�[�b����
�i�h�k�_�[�g�h���d�Z�^�Z���k�_���]�h�\�h�j�b���h���i�h�]�h�g�k�d�b�f�� �]�h�j�b�\�b�f�Z���a�Z���f�h�l�h�j�g�Z���\�h�a�b�e�Z�����I�h�k�l�j�h�•�_�ƒ�_���m���R�Z�g�]�Z�•�m���� �d�h�•�_�� �h�^��
�G�h�\�h�]���K�Z�^�Z���^�_�e�b���k�Z�f�h���>�m�g�Z�\�����[�j�h�•�b�� �k�_�^�Z�f���k�n�_�j�g�b�o���j�_�a�_�j�\�h�Z�j�Z���m���d�h�•�b�f�Z���k�_���q�m�\�Z���L�G�=�����•�_�^�g�Z�d�h�]��
�d�Z�i�Z�p�b�l�_�l�Z�����d�h�•�b�� �b�a�g�h�k�b�� ��������m3.  

�L�h�d�h�f���[�h�f�[�Z�j�^�h�\�Z�ƒ�Z���������������]�h�^�b�g�_���� �i�h�k�l�j�h�•�_�ƒ�_���•�_�� �m���f�g�h�]�h���g�Z�\�j�Z�l�Z���[�b�e�h���f�_�l�Z�����M���•�_�^�g�h�f��
�f�h�f�_�g�l�m���•�_���^�_�l�h�g�Z�p�b�•�Z�f�Z���[�b�e�Z���h�a�[�b�‚�g�h���^�_�n�h�j�f�b�k�Z�g�Z���g�h�k�_�„�Z���d�h�g�k�l�j�m�d�p�b�•�Z�� �•�_�^�g�h�]�� �h�^���k�n�_�j�g�b�o��
�j�_�a�_�j�\�h�Z�j�Z�����M���l�h�f���f�h�f�_�g�l�m���•�_���i�h�k�l�h�•�Z�e�Z���h�i�Z�k�g�h�k�l���^�Z���k�n�_�j�Z���i�m�g�Z���L�G�=-�Z���i�Z�^�g�_���g�Z���l�e�h�����j�Z�k�i�j�k�g�_���k�_���b���^�Z��
�k�_����������m3 �L�G�=-�Z���b�a�e�b�•�_�� �m���`�b�\�h�l�g�m�� �k�j�_�^�b�g�m�����>�Z���[�b���k�_���b�a�[�_�]�e�Z���h�\�Z�d�\�Z���d�Z�l�Z�k�l�j�h�n�Z�����i�m�g�b�h�g�b�p�Z�� �L�G�=-�Z���•�_��
�^�Z�g�h�g�h�„�g�h�� �j�Z�^�b�e�Z���b�� �L�G�=���•�_���i�j�h�^�Z�\�Z�g���k�l�Z�g�h�\�g�b�r�l�\�m���� �r�l�h���•�_�� �i�h�]�h�^�h�\�Z�e�h���b���j�Z�n�b�g�_�j�b�•�b�� �b�a���_�d�h�g�h�f�k�d�b�o��
�j�Z�a�e�h�]�Z�����b�� �k�l�Z�g�h�\�g�b�r�l�\�m���� �•�_�j�� �•�_���[�b�e�Z���h�i�r�l�Z���g�_�k�l�Z�r�b�p�Z���^�j�m�]�b�o���_�g�_�j�]�_�g�Z�l�Z�����Z���b���k�\�b�f���k�l�Z�g�h�\�g�b�p�b�f�Z��
�G�h�\�h�]���K�Z�^�Z���b���k�\�b�o���h�d�h�e�g�b�o�� �g�Z�k�_�‚�Z�����•�_�j�� �•�_���k�i�j�_�q�_�g�Z���d�Z�l�Z�k�l�j�h�n�Z���� 

 
�K�e�b�d�Z�������± �H�r�l�_�„�_�g�b���g�h�k�Z�q�b���k�n�_�j�g�h�]���j�_�a�_�j�\�h�Z�j�Z�����m���k�j�_�^�b�g�b��2 

                                                 
1 �<�b�k�h�d�Z���l�_�o�g�b�q�d�Z���r�d�h�e�Z���k�l�j�m�d�h�\�g�b�o���k�l�m�^�b�•�Z���m���G�h�\�h�f���K�Z�^�m 
2 �N�h�l�h�] �j�Z�n�b�•�Z���i�j�_�m�a�_�l�Z���b�a���n�b�e�f�Z���Ä�F�b�k�b�•�Z���f�b�e�h�k�j�^�g�h�] ���{�Z�\�h�e�Z�³���± �J�Z�^�b�h���L�_�e�_�\�b�a�b�•�Z���G�h�\�b���K�Z�^���± 2000. 
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�B�Z�d�h���^�h���b�k�i�m�r�l�Z�ƒ�Z���h�\�_���_�g�h�j�f�g�_���d�h�e�b�q�b�g�_�� �L�G�=-�Z���l�h�d�h�f���[�h�f�[�Z�j�^�h�\�Z�ƒ�Z���g�b�•�_���^�h�r�e�h���� �h�\�Z��
�k�b�l�m�Z�p�b�•�Z�� �•�_���m�d�Z�a�Z�e�Z���g�Z���h�i�Z�k�g�h�k�l���d�h�•�_���� �b�� �k�_�d�l�h�j���a�Z���\�Z�g�j�_�^�g�_���k�b�l�m�Z�p�b�•�_�� �b���‚�m�^�b���d�h�•�b�� �`�b�\�_���g�Z���h�\�h�f��
�i�h�^�j�m�q�•�m���� �f�h�j�Z�•�m���[�b�l�b���k�\�_�k�g�b�����B���i�h�j�_�^���k�\�b�o���f�_�j�Z���i�j�_�^�h�k�l�j�h�`�g�h�k�l�b���b���i�j�_�\�_�g�p�b�•�_�� �m�^�_�k�Z�����m�^�_�k�b���k�_���b�i�Z�d��
�^�_�r�Z�\�Z�•�m���� 

�M���g�Z�k�l�Z�\�d�m���h�\�h�]���j�Z�^�Z�����h�i�b�k�Z�g�_���k�m���h�i�Z�k�g�h�k�l�b�� �d�h�•�_�� �[�b���L�G�=���i�j�h�m�a�j�h�d�h�\�Z�h�� �m���k�e�m�q�Z�•�m���^�Z���k�_���b�a�e�b�•�_�� �m��
�h�\�Z�d�h���\�_�e�b�d�h�•�� �d�h�e�b�q�b�g�b���� �H�i�b�k�Z�g���•�_���b���k�e�m�q�Z�•���i�h�`�Z�j�Z���m���k�e�m�q�Z�•�m���p�m�j�_�ƒ�Z���L�G�=-�Z���b�a���j�_�a�_�j�\�h�Z�j�Z�����d�Z�h���b��
�k�e�m�q�Z�•���_�d�k�i�e�h�a�b�•�_�� �j�_�a�_�j�\�h�Z�j�Z���d�h�•�b�� �k�Z�^�j�`�b���L�G�=�����;�E�?�<�?���_�n�_�d�Z�l�������L�Z�d�h�{�_�����h�i�b�k�Z�g���•�_�� �b���j�Z�^���m���i�j�h�]�j�Z�f�m��
�Ä�:�e�h�o�Z�³�� �b���i�j�b�d�Z�a�Z�g�b�� �k�m���j�_�a�m�e�l�Z�l�b���k�b�f�m�e�Z�p�b�•�_�� �a�Z���k�p�_�g�Z�j�b�h�� �k�Z���g�Z�•�g�_�i�h�\�h�‚�g�b�•�b�f�� �f�_�l�_�h�j�h�e�h�r�d�b�f��
�i�Z�j�Z�f�_�l�j�b�f�Z���� 
�G�Z�•�g�_�i�h�\�h�‚�g�b�•�b�� �k�p�_�g�Z�j�b�h���m���m�^�_�k�m���•�_�^�g�h�]�� �h�^���h�\�b�o���k�n�_�j�g�b�o���j�_�a�_�j�\�h�Z�j�Z���b�f�Z�h���[�b���k�e�_�^�_�„�_���h�k�h�[�b�g�_�� 
 

- �e�_�l�ƒ�b���^�Z�g�����k�Z���l�_�f�i�_�j�Z�l�m�j�h�f���\�Z�a�^�m�o�Z���h�^�������ƒC 
- �g�b�k�d�Z���\�e�Z�`�g�h�k�l���\�Z�a�^�m�o�Z 30% 
- �\�_�l�j�h�f���[�j�a�b�g�_ 7 m/s�����b�a���i�j�Z�\�p�Z���k�_�\�_�j�h�b�k�l�h�d�Z 
- �f�Z�e�Z���h�[�e�Z�q�g�h�k�l�� 1/10 

 
�������L�G�=���D�:�H���H�I�:�K�G�H�K�L���A�:���@�B�<�H�L�G�M���K�J�?�>�B�G�M 

�<�h�{�_�g�Z���i�j�_���k�\�_�]�Z���j�Z�a�\�h�•�_�f���b�g�^�m�k�l�j�b�•�_���� �Z�e�b���b���k�\�_���\�_�„�h�f���i�h�l�j�_�[�h�f���a�Z���h�\�b�f���_�g�_�j�]�_�g�l�h�f���m��
�^�h�f�Z�„�b�g�k�l�\�b�f�Z�����i�j�h�b�a�\�h�^�ƒ�Z���L�G�=-�Z���d�h�g�k�l�Z�g�l�g�h���j�Z�k�l�_�����A�Z�•�_�^�g�h���k�Z���i�j�h�b�a�\�h�^�ƒ�h�f���� �j�Z�k�l�m �b���m�k�d�e�Z�^�b�r�l�_�g�_��
�d�h�e�b�q�b�g�_�� �h�\�_���f�Z�l�_�j�b�•�_�����F�Z���d�h�e�b�d�h�� �d�h�f�n�h�j�Z���m�g�h�k�b�h�� �m���`�b�\�h�l���� �L�G�=���f�h�`�_���[�b�l�b���b�� �l�_���d�Z�d�h���h�i�Z�k�Z�g����
�i�h�]�h�l�h�\�h�� �d�Z�^�Z���k�_���]�h�\�h�j�b�� �h���k�d�e�Z�^�b�r�l�b�f�Z�����G�Z�•�g�_�i�h�\�h�‚�g�b�•�b�� �k�e�m�q�Z�•���m�^�_�k�Z���k�Z���L�G�=-�h�f�����a�Z���G�h�\�b���K�Z�^����
�i�j�_�^�k�l�Z�\�‚�Z���m�i�j�Z�\�h���j�m�r�_�ƒ�_���•�_�^�g�h�]�� �h�^���k�n�_�j�g�b�o�� �j�_�a�_�j�\�h�Z�j�Z���m���d�h�•�b�f�Z���k�_���q�m�\�Z���L�G�=�����M���h�\�h�f���k�e�m�q�Z�•�m���[�b���k�_��
�k�n�_�j�g�b���j�_�a�_�j�\�h�j�Z�j���h�^���k�b�e�b�g�_�� �i�Z�^�Z���j�Z�k�i�j�k�g�m�h���� �Z���i�h�^���i�j�_�l�i�h�k�l�Z�\�d�h�f���^�Z���•�_���j�_�a�_�j�\�h�Z�j���i�m�g���� �Ä�g�Z���k�e�h�[�h�^�b�³��
�[�b���k�_���g�Z�r�e�h���h�d�h����������m3 �L�G�=-�Z���� 

�L�G�=���•�_���[�_�a�[�h�•�Z�g���]�Z�k�����k�f�_�r�Z���i�j�h�i�Z�g�Z���b���[�m�l�Z�g�Z�����b�a�m�a�_�l�g�h���a�Z�i�Z�‚�b�\���b�� �_�d�k�i�e�h�a�b�\�Z�g���� �A�Z�i�Z�‚�b�\���•�_���m��
�d�h�g�p�_�g�l�j�Z�p�b�•�Z�f�Z�� �h�^���������^�h���������k�Z���\�Z�a�^�m�o�h�f�����=�h�j�b���[�m�j�g�h���� �Z���l�_�f�i�_�j�Z�l�m�j�Z���k�Z�]�h�j�_�\�Z�ƒ�Z�����m���k�f�_�r�b���k�Z��
�\�Z�a�^�m�o�h�f�����f�m���•�_���h�d�h�����������ƒC�����B�f�Z���d�Z�j�Z�d�l�_�j�b�k�l�b�q�Z�g���f�b�j�b�k�����L�_�`�b���•�_���������� �i�m�l�Z���h�^���\�Z�a�^�m�o�Z���b���b�f�Z��
�l�_�g�^�_�g�p�b�•�m�� �^�Z���k�_���a�Z�^�j�`�Z�\�Z���m���g�Z�•�g�b�`�b�f�� �l�Z�q�d�Z�f�Z���l�_�j�_�g�Z���h�^�Z�d�e�_���f�h�`�_���^�Z���b�k�l�b�k�g�_���d�b�k�_�h�g�b�d���� �i�Z���k�_��
�k�\�j�k�l�Z�\�Z���m���]�j�m�i�m���a�Z�]�m�r�b�\�Z�q�Z�����A�[�h�]���i�j�b�k�m�k�l�\�Z���[�m�l�Z�g�Z���•�_���l�h�d�k�b�q�Z�g�����Z�e�b���b���\�_�„�b�f���d�h�e�b�q�b�g�Z�f�Z���b�f�Z���e�Z�d�h��
�g�Z�j�d�h�l�b�q�g�h�� �^�_�•�k�l�\�h�����>�m�]�h�l�j�Z�•�g�b�•�Z�� �b�a�e�h�`�_�g�h�k�l�� �\�_�„�b�f���d�h�g�p�_�g�l�j�Z�p�b�•�Z�f�Z�� �L�G�=-�Z���f�h�`�_���^�h�\�_�k�l�b���^�h���]�m�r�_�ƒ�Z��
�b�� �k�f�j�l�b�� 

�L�_�f�i�_�j�Z�l�m�j�Z���b�k�i�Z�j�Z�\�Z�ƒ�Z���L�G�=-�Z���f�h�`�_���[�b�l�b���m���j�Z�k�i�h�g�m�� �h�^��-42°C �^�h�����ƒC�����m���a�Z�\�b�k�g�h�k�l�b���h�^���h�^�g�h�k�Z��
�i�j�h�i�Z�g�Z�� �b���[�m�l�Z�g�Z�����>�Z�d�e�_�����m���h�^�Z�[�j�Z�g�h�f���k�p�_�g�Z�j�b�•�m���� �m�l�_�q�ƒ�_�g�b���L�G�=���„�_���\�_�h�f�Z���[�j�a�h���i�j�_�e�Z�a�b�l�b�� �m���]�Z�k�h�\�b�l�h��
�k�l�Z�ƒ�_�����i�j�b�� �q�_�f�m���„�_���f�m���k�_���a�Z�i�j�_�f�b�g�Z���i�h�\�_�„�Z�l�b�� �h�d�h���������i�m�l�Z�� 
�A�[�h�]���l�h�]�Z���r�l�h���•�_���l�_�`�b���h�^���\�Z�a�^�m�o�Z�����a�Z�m�a�_�„�_���g�Z�•�g�b�`�_�� �l�Z�q�d�_���l�_�j�_�g�Z�����K�p�_�g�Z�j�b�h���a�Z���k�b�f�m�e�Z�p�b�•�m�� �m�d�‚�m�q�m�•�_���b��
�\�_�l�Z�j���d�h�•�b�� �„�_���b�k�i�Z�j�_�g�b�� �L�G�=���i�h�l�b�k�g�m�l�b�� �i�j�_�f�Z���G�h�\�h�f���K�Z�^�m�����D�Z�d�h���k�_���]�Z�k���g�_���^�b�`�_���m���\�b�k�b�g�m���� �j�_�a�m�e�l�Z�g�l�g�b��
�^�b�•�Z�]�j�Z�f���k�b�f�m�e�Z�p�b�•�_�� �l�Z�q�g�h���h�^�]�h�\�Z�j�Z���j�_�Z�e�g�h�•�� �d�h�g�l�Z�f�b�g�b�j�Z�g�h�•�� �i�h�\�j�r�b�g�b�� �]�j�Z�^�k�d�_���a�h�g�_���� 

�H�i�Z�k�g�h�k�l�����f�_�{�m�l�b�f�����g�_���i�j�_�^�k�l�Z�\�‚�Z���k�Z�f�h���h�[�e�Z�d���b�k�i�Z�j�_�ƒ�Z���d�h�•�b�� �k�_���d�j�_�„�_���i�j�_�f�Z���]�j�Z�^�m�����=�j�Z�^�k�d�Z��
�d�Z�g�Z�e�b�a�Z�p�b�•�Z�� �k�_���i�j�h�l�_�`�_���d�j�h�a���p�_�h���]�j�Z�^�����i�h�\�_�a�m�•�_�� �]�h�l�h�\�h���k�\�Z�d�b���h�[�•�_�d�Z�l���m���]�j�Z�^�m�����I�h�j�_�^���l�h�]�Z����
�d�Z�g�Z�e�b�a�Z�p�b�•�Z�� �•�_�� �g�Z�•�g�b�`�b�� �^�_�h���l�_�j�_�g�Z�����i�Z���[�b���k�_���L�G�=���i�h�k�e�_���h�^�j�_�{�_�g�h�]���\�j�_�f�_�g�Z�����a�Z�i�j�Z�\�h���� �g�Z�r�Z�h���g�Z��
�i�h�^�j�m�q�•�m�� �p�_�e�h�]�� �]�j�Z�^�Z�� �r�b�j�_�„�b�� �k�_���d�Z�g�Z�e�b�a�Z�p�b�•�h�f���� �H�\�Z�•���k�e�m�q�Z�•���g�b�•�_�� �f�h�]�m�„�_���m���i�h�l�i�m�g�h�k�l�b�� �k�b�f�m�e�b�j�Z�l�b����
�i�Z���•�_���k�b�f�m�e�Z�p�b�•�h�f�� �h�[�m�o�\�Z�„�_�g���k�Z�f�h���_�n�_�d�Z�l���h�[�e�Z�d�Z���b�k�i�Z�j�_�ƒ�Z���g�Z���G�h�\�b�� �K�Z�^�����b���l�h���k�Z�f�h���m���i�_�j�b�h�^�m�� �h�^��������
�f�b�g�m�l�Z���� �d�h�e�b�d�h���•�_�� �\�j�_�f�_�g�k�d�h���h�]�j�Z�g�b�q�_�ƒ�_���i�j�h�]�j�Z�f�Z���Ä�:�e�h�o�Z�³���� 

�D�Z�^�Z���k�_���m�a�f�m���m���h�[�a�b�j�� �d�Z�j�Z�d�l�_�j�b�k�l�b�d�_���L�G�=-�Z���b���d�Z�j�Z�d�l�_�j�b�k�l�b�d�_���i�h�^�j�m�q�•�Z���g�Z���d�h�•�_�� �[�b���k�_���h�g���f�h�]�Z�h��
�b�a�e�b�l�b�� �i�j�_�f�Z���i�Z�j�Z�f�_�l�j�b�f�Z���m�a�_�l�b�f���a�Z���k�b�f�m�e�Z�p�b�•�m���� �a�Z�i�j�Z�\�h���i�j�_�l�_���^�\�_���j�Z�a�e�b�q�b�l�_���h�i�Z�k�g�h�k�l�b�����I�j�\�Z��
�h�i�Z�k�g�h�k�l���•�_���h�i�Z�k�g�h�k�l���d�h�•�m�� �i�j�h�m�a�j�h�d�m�•�_�� �m�]�m�r�m�•�m�„�b�� �h�[�e�Z�d���L�G�=-�Z���m���]�Z�k�h�\�b�l�h�f���k�l�Z�ƒ�m�����>�j�m�]�Z���h�i�Z�k�g�h�k�l���•�_��
�h�i�Z�k�g�h�k�l���h�^���^�h�k�i�_�\�Z�ƒ�Z���L�G�=-�Z���m���]�Z�k�h�\�b�l�h�f���k�l�Z�ƒ�m���m���d�Z�g�Z�e�b�a�Z�p�b�•�m�� �b���r�b�j�_�ƒ�_���g�Z���\�_�„�m���i�h�\�j�r�b�g�m���� �L�j�_�„�Z��
�h�i�Z�k�g�h�k�l���•�_���h�i�Z�k�g�h�k�l���h�^���i�Z�‚�_�ƒ�Z���k�f�_�r�_���L�G�=-�Z���k�Z���\�Z�a� �̂m�o�h�f���b���\�_�h�f�Z���•�Z�d�_���b�� �^�_�k�l�j�m�d�l�b�\�g�_���^�_�l�h�g�Z�p�b�•�_����
�Q�_�l�\�j�l�Z���h�i�Z�k�g�h�k�l���•�_���i�Z�‚�_�ƒ�_���f�e�Z�a�Z���m���l�h�d�m���b�k�l�b�p�Z�ƒ�Z���L�G�=-�Z���b�a���i�m�d�h�l�b�g�_�� �g�Z���j�_�a�_�j�\�h�Z�j�m�����I�_�l�Z���h�i�Z�k�g�h�k�l��
�•�_���_�d�k�i�e�h�a�b�•�Z�� �j�_�a�_�j�\�h�Z�j�Z���m���d�h�•�_�f���k�_���L�G�=���g�Z�e�Z�a�b�����;�E�?�<�?���_�n�_�d�Z�l���� 
 
�������H���I�J�H�=�J�:�F�M���Ä�:�E�H�O�:�³ 

�I�j�h�]�j�Z�f���Ä�:�e�h�o�Z�³�� �•�_���d�‚�m�q�g�b���^�_�h���k�h�n�l�\�_�j�k�d�h�]���i�Z�d�_�l�Z���Ä�&�$�0�(�2�³���d�h�•�b�� �k�_���k�Z�k�l�h�•�b���b�a���^�\�Z���^�_�e�Z�����Z��
�l�h���k�m���i�j�h�]�j�Z�f���Ä�F�Z�j�i�e�h�l�³�� �b���i�j�h�]�j�Z�f�� �Ä�:�e�h�o�Z�³�����Ä�F�Z�j�i�e�h�l�³�� �•�_���^�_�h���i�Z�d�_�l�Z���d�h�•�b�� �k�e�m�`�b���a�Z���i�j�b�d�Z�a�� �^�b�•�Z�]�j�Z�f�Z��
�m�]�j�h�`�Z�\�Z�ƒ�Z���g�Z���d�Z�j�l�b���m�]�j�h�`�_�g�h�]�� �i�h�^�j�m�q�•�Z���� �f�_�{�m�l�b�f�����h�\�Z�•�� �i�j�h�]�j�Z�f���m���k�_�[�b���k�Z�^�j�`�b���k�Z�f�h���^�_�l�Z�‚�g�m���f�Z�i�m��
�K�:�>�����i�Z���a�Z���g�Z�r�_���i�h�^�j�m�q�•�_�� �g�b�•�_�� �m�i�h�l�j�_�[�‚�b�\�����;�_�a���h�[�a�b�j�Z���g�Z���l�h���h�]�j�Z�g�b�q�_�ƒ�_���� �i�j�h�]�j�Z�f���Ä�:�e�h�o�Z�³�� �•�_���k�Z�f���i�h��



�J�b�a�b�d���b���[�_�a�[�_�^�g�h�k�g�b���b�g�`�_�ƒ�_�j�b�g�]��- �D�h�i�Z�h�g�b�d��������4. 

179 

�k�_�[�b���^�h�\�h�‚�Z�g�����h�^���k�d�h�j�Z���•�_ �f�h�]�m�„���i�j�b�d�Z�a���^�b�•�Z�]�j�Z�f�Z���m�]�j�h�`�Z�\�Z�ƒ�Z���b���m�a���i�h�f�h�„�� �i�j�h�]�j�Z�f�Z���Ä�*�R�R�J�O�H�� �P�D�S�V�³���� �i�Z��
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�k�b�f�m�e�Z�p�b�•�m�� �•�_���m�a�_�l���k�_�\�_�j�h�b�k�l�h�q�g�b���\�_�l�Z�j�����[�j�a�b�g�_�������f�_�l�Z�j�Z���m���k�_�d�m�g�^�b�����g�Z���Z�f�[�b�•�_�g�l�Z�e�g�h�•�� �l�_�f�i�_�j�Z�l�m�j�b���h�^��
�����ƒ�&���� �i�j�b�� �h�[�e�Z�q�g�h�k�l�b���h�^�������������b�� �\�e�Z�`�g�h�k�l�b���\�Z�a�^�m�o�Z���h�^������������ 
 

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

                                                 
1 LPG �± Liquid Petroleum Gas, �m���i�j�_�\�h�^�m���g�Z���k�j�i�k�d�b���•�_�a�b�d���L�G�=���± �l�_�q�g�b���g�Z�n�l�g�b���] �Z�k 
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�G�Z�d�h�g���m�g�h�k�Z���i�h�^�Z�l�Z�d�Z���h���f�_�l�_�h�j�h�e�h�r�d�b�f���m�k�e�h�\�b�f�Z���g�Z���e�b�p�m�� �f�_�k�l�Z�����i�j�_�e�Z�a�b���k�_���g�Z���h�^�Z�[�b�j���l�b�i�Z��
�b�a�\�h�j�Z���b�� �d�h�e�b�q�b�g�_�� �f�Z�l�_�j�b�•�_���� 
 

- �^�b�j�_�d�l�g�b�� �± �i�h�l�i�m�g�h�� �\�Z�j�b�•�Z�[�b�e�Z�g�� �b�a�\�h�j�� �± �a�Z���i�h�l�j�_�[�_���b�k�l�j�Z�`�b�\�Z�ƒ�Z�� 
- �e�h�d�\�Z�����[�Z�j�Z���� 
- �j�_�a�_�j�\�h�Z�j�� 
- �p�_�\�h�\�h�^�� 

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

�h�\�Z�•�� �i�j�b�f�_�j���•�_�� �m�a�_�l���k�n�_�j�g�b���j�_�a�_�j�\�h�Z�j���i�j�_�q�g�b�d�Z�������������f�_�l�j�Z�������������l�h�g�Z���L�G�=-�Z���m���l�_�q�g�h�f���k�l�Z�ƒ�m���k�Z��
�i�m�d�h�l�b�g�h�f�� �i�j�Z�\�h�m�]�Z�h�g�h�]���� �r�b�j�b�g�_�� �������� �Z���^�m�`�b�g�_���������� �F�P���g�Z���k�Z�f�h�f���^�g�m���� 
 

       
 

      
 

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

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

�M���g�Z�r�_�f���i�j�b�f�_�j�m���� �Ä�:�e�h�o�Z�³�� �i�h�^���h�\�b�f���m�k�e�h�\�b�f�Z���g�_���^�h�a�\�h�‚�Z�\�Z���k�b�f�m�e�Z�p�b�•�m�� �_�d�k�i�e�h�a�b�•�_���� �g�b�l�b�� �]�h�j�_�ƒ�Z����
�g�_�]�h���k�Z�f�h���h�k�e�h�[�Z�{�Z�ƒ�Z���f�Z�l�_�j�b�•�_���m���Z�l�f�h�k�n�_�j�m���� 
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�K�e�b�d�Z���������I�j�b�d�Z�a���^�b�•�Z�]�j�Z�f�Z���m�]�j�h�`�Z�\�Z�ƒ�Z�����L�G�=���^�_�e�m�•�_���m�]�m�r�m�•�m�„�_�� 

 
�K�Z���k�e�b�d�_�������k�_���•�Z�k�g�h���\�b�^�_���^�b�f�_�g�a�b�•�_�� �i�j�h�k�l�h�j�Z���d�h�•�b�� �[�b���[�b�h���a�Z�o�\�Z�„�_�g���\�b�r�b�f�� �d�h�g�p�_�g�l�j�Z�p�b�•�Z�f�Z�� �L�G�=-�Z���h�^��
�h�g�b�o�� �d�h�•�_�� �q�h�\�_�d���f�h�`�_���^�Z���i�h�^�g�_�k�_�����K�f�j�l�h�g�h�k�g�Z���^�h�a�Z���L�G�=-�Z���[�b���k�_���i�h�•�Z�\�b�e�Z���g�Z���i�h�^�j�m�q�•�m�� �r�b�j�b�g�_�� �h�^���h�d�h��
�������� �f�_�l�Z�j�Z�����g�Z�•�^�Z�‚�_�����������f�_�l�Z�j�Z���h�^���f�_�k�l�Z���m�^�_�k�Z�����I�h�l�_�g�p�b�•�Z�e�g�h���k�f�j�l�h�g�h�k�g�Z���^�h�a�Z���[�b���k�_���i�h�•�Z�\�b�e�Z�� �g�Z��
�i�h�^�j�m�q�•�m�� �r�b�j�b�g�_�� �h�^���h�d�h���������� �f�_�l�Z�j�Z�����g�Z�•�^�Z�‚�_�������������f�_�l�Z�j�Z���h�^���f�_�k�l�Z���m�^�_�k�Z�����;�e�Z�]�h���i�h�\�b�r�_�g�Z��
�d�h�g�p�_�g�l�j�Z�p�b�•�Z�� �d�h�•�Z���f�h�`�_���b�a�Z�a�\�Z�l�b���h�f�Z�f�‚�_�g�h�k�l���[�b���k�_���i�h�•�Z�\�b�e�Z���g�Z���i�h�^�j�m�q�•�m�� �r�b�j�b�g�_�� ���������� �f�_�l�Z�j�Z����
�g�Z�•�^�Z�‚�_������������ �f�_�l�Z�j�Z���h�^���f�_�k�l�Z���m�^�_�k�Z���g�b�a���\�_�l�Z�j�� 
 

      
�K�e�b�d�Z���������I�j�b�d�Z�a���^�b�•�Z�]�j�Z�f�Z���m�]�j�h�`�Z�\�Z�ƒ�Z�����A�Z�i�Z�‚�b�\�Z���a�h�g�Z�� 

 
�K�Z���k�e�b�d�_�������k�_���•�Z�k�g�h���\�b�^�_���^�b�f�_�g�a�b�•�_�� �i�j�h�k�l�h�j�Z���d�h�•�b�� �[�b���[�b�h���a�Z�o�\�Z�„�_�g���L�G�=-�Z���m���d�h�g�p�_�g�l�j�Z�p�b�•�Z�f�Z��

�����������`�m�l�h�����b�� �����������p�j�\�_�g�h���� �h�^���^�h�ƒ�_���]�j�Z�g�b�p�_���_�d�k�i�e�h�a�b�\�g�h�k�l�b���� �E�Z�d�h���a�Z�i�Z�‚�b�\�Z���d�h�g�p�_�g�l�j�Z�p�b�•�Z�� �L�G�=-�Z���[�b��
�k�_���i�h�•�Z�\�b�e�Z�� �g�Z���i�h�^�j�m�q�•�m�� �r�b�j�b�g�_�� �h�^���h�d�h���������� �f�_�l�Z�j�Z�����g�Z�•�^�Z�‚�_�������������f�_�l�Z�j�Z���h�^���f�_�k�l�Z���m�^�_�k�Z����
�I�h�l�_�g�p�b�•�Z�e�g�h�� �a�Z�i�Z�‚�b�\�Z���d�h�g�p�_�g�l�j�Z�p�b�•�Z�� �[�b���k�_���i�h�•�Z�\�b�e�Z���g�Z���i�h�^�j�m�q�•�m�� �r�b�j�b�g�_�� �h�^���h�d�h������������ �f�_�l�Z�j�Z����
�g�Z�•�^�Z�‚�_������������ �f�_�l�Z�j�Z���h�^���f�_�k�l�Z���m�^�_�k�Z���� 

�K�Z�^�Z���•�_���i�h�l�j�_�[�g�h���b�a�\�j�r�b�l�b�� �d�h�j�_�d�p�b�•�_�� �i�Z�j�Z�f�_�l�Z�j�Z���a�Z���k�b�f�m�e�Z�p�b�•�m���d�Z�d�h���[�b���k�_���m�j�Z�^�b�e�Z��
�k�b�f�m�e�Z�p�b�•�Z�� �i�Z�‚�_�ƒ�Z���f�e�Z�a�Z���i�j�b�e�b�d�h�f�� �b�k�l�b�p�Z�ƒ�Z���L�G�=-�Z���b�a���h�l�\�h�j�Z���g�Z���j�_�a�_�j�\�h�Z�j�m�����\�_�e�b�q�b�g�_��������x 20cm. 
 

 
�K�e�b�d�Z���������D�h�j�_�d�p�b�•�Z���i�Z�j�Z�f�_�l�Z�j�Z 
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�K�e�b�d�Z���������I�j�b�d�Z�a���^�b�•�Z�]�j�Z�f�Z���m�]�j�h�`�Z�\�Z�ƒ�Z�����I�Z�‚�_�ƒ�_���f�e�Z�a�Z�� 

 
�K�Z���k�e�b�d�_�������k�_���f�h�`�_���a�Z�d�‚�m�q�b�l�b���^�Z���[�b���m���k�e�m�q�Z�•�m���i�Z�‚�_�ƒ�Z���f�e�Z�a�Z���L�G�=-�Z���^�h�r�e�h���^�h���_�d�k�i�e�h�a�b�•�_����

�G�Z�•�m�]�j�h�`�_�g�b�•�Z�� �a�h�g�Z���[�b���[�b�e�Z���i�j�_�q�g�b�d�Z���������� �f�_�l�Z�j�Z�����p�j�\�_�g�Z���a�h�g�Z�����m���d�h�•�h�•�� �k�g�Z�]�Z���^�_�l�h�g�Z�p�b�•�_�� �[�b�e�Z���^�h�\�h�‚�g�Z��
�^�Z���m�k�f�j�l�b���k�\�_���d�h�•�b�� �k�_���m���h�\�h�•�� �a�h�g�b���g�Z�{�m�����I�h�l�_�g�p�b�•�Z�e�g�h�� �k�f�j�l�h�g�h�k�g�Z���k�g�Z�]�Z���^�_�l�h�g�Z�p�b�•�_�� �[�b���[�b�e�Z���m���i�h�^�j�m�q�•�m��
�i�j�_�q�g�b�d�Z���h�d�h�����������f�_�l�Z�j�Z�����g�Z�j�Z�g�‡�Z�k�l�Z���a�h�g�Z���� �M���i�h�^�j�m�q�•�m���i�j�_�q�g�b�d�Z�� ���������f�_�l�Z�j�Z�����`�m�l�Z���a�h�g�Z�����[�b���k�g�Z�]�Z��
�^�_�l�h�g�Z�p�b�•�_�� �b�a�Z�a�b�\�Z�e�Z���[�h�e�h�\�_���d�h�^���‚�m�^�b���d�h�•�b�� �[�b���k�_���g�Z�r�e�b���g�Z���l�h�f���i�h�^�j�m�q�•�m�� 
 

      
�K�e�b�d�Z���������I�j�b�d�Z�a���^�b�•�Z�]�j�Z�f�Z���m�]�j�h�`�Z�\�Z�ƒ�Z�����;�E�?�<�?���_�n�_�d�Z�l�� 

 
�K�Z���k�e�b�d�_�������k�_���f�h�`�_���a�Z�d�‚�m�q�b�l�b���^�Z���[�b���m���k�e�m�q�Z�•�m���_�d�k�i�e�h�a�b�•�_�� �j�_�a�_�j�\�h�Z�j�Z���L�G�=-�Z�����;�E�?�<�?���_�n�_�d�Z�l������

�G�Z�•�m�]�j�h�`�_�g�b�•�Z�� �a�h�g�Z���[�b���[�b�e�Z���i�j�_�q�g�b�d�Z������������ �f�_�l�Z�j�Z�����p�j�\�_�g�Z���a�h�g�Z�����m���d�h�•�h�•�� �k�g�Z�]�Z���^�_�l�h�g�Z�p�b�•�_�� �[�b�e�Z��
�^�h�\�h�‚�g�Z���^�Z���m�k�f�j�l�b���k�\�_���d�h�•�b�� �k�_���m���h�\�h�•�� �a�h�g�b���g�Z�{�m�����I�h�l�_�g�p�b�•�Z�e�g�h�� �k�f�j�l�h�g�h�k�g�Z���k�g�Z�]�Z���^�_�l�h�g�Z�p�b�•�_�� �[�b���[�b�e�Z���m��
�i�h�^�j�m�q�•�m�� �i�j�_�q�g�b�d�Z���h�d�h������������ �f�_�l�Z�j�Z�����g�Z�j�Z�g�‡�Z�k�l�Z���a�h�g�Z�������M���i�h�^�j�m�q�•�m�� �i�j�_�q�g�b�d�Z������������ �f�_�l�Z�j�Z�����`�m�l�Z���a�h�g�Z����
�[�b���k�g�Z�]�Z���^�_�l�h�g�Z�p�b�•�_�� �b�a�Z�a�b�\�Z�e�Z���[�h�e�h�\�_���d�h�^���‚�m�^�b���d�h�•�b���[�b���k�_���g�Z�r�e�b���g�Z���l�h�f���i�h�^�j�m�q�•�m�� 
 
5. �A�:�D�4�M�Q�:�D 
 

�B�a���j�_�a�m�e�l�Z�l�Z���k�b�f�m�e�Z�p�b�•�_�� �k�_���•�Z�k�g�h���\�b�^�b���^�Z���k�m���k�n�_�j�g�b���j�_�a�_�j�\�h�Z�j�b���h�\�b�o���^�b�f�_�g�a�b�•�Z������������m3) 
�a�Z�b�k�l�Z���\�_�e�b�d�Z���i�j�_�l�ƒ�Z���i�h�� �`�b�\�h�l�g�m���k�j�_�^�b�g�m���b�� �k�\�_���`�b�\�_���h�j�]�Z�g�b�a�f�_���d�h�•�b�� �k�_���m���ƒ�h�•�� �g�Z�e�Z�a�_�����M���h�\�h�f���j�Z�^�m���•�_��
�i�h�k�_�[�Z�g���h�k�\�j�l���g�Z���`�b�\�h�l�_���‚�m�^�b���d�h�•�b�� �`�b�\�_���m���]�j�Z�^�k�d�h�•���a�h�g�b�� �d�h�•�Z���•�_�� �m���g�_�i�h�k�j�_�^�g�h�•�� �[�e�b�a�b�g�b�� �j�Z�n�b�g�_�j�b�•�_����
�d�Z�h���b���h�g�_���d�h�•�b�� �`�b�\�_���m���[�e�b�a�b�g�b�� �h�[�Z�e�_���k�Z���i�j�_�d�_���k�l�j�Z�g�_���>�m�g�Z�\�Z���� 

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

�M�]�m�r�m�•�m�„�b�� �b���l�h�d�k�b�q�g�b���_�n�_�d�l�b���L�G�=-�Z���^�h�e�Z�a�_���^�h���b�a�j�Z�`�Z�•�Z���k�Z�f�h���m���k�e�m�q�Z�•�m���b�k�i�m�r�l�Z�ƒ�Z���L�G�=-�Z���[�_�a��
�i�Z�‚�_�ƒ�Z���h�[�e�Z�d�Z���b�k�i�Z�j�_�ƒ�Z�����A�h�g�Z���m�]�m�r�m�•�m�„�_�]�� �l�h�d�k�b�q�g�h�]�� �h�[�e�Z�d�Z���^�h�k�_�]�e�Z���[�b������������ �f�_�l�Z�j�Z���h�^���f�_�k�l�Z���m�^�_�k�Z����
�g�b�a���\�_�l�Z�j�� 

�L�h�i�e�h�l�g�b�� �_�n�_�d�l�b���\�Z�l�j�_�g�_���e�h�i�l�_���n�h�j�f�b�j�Z�g�_���_�d�k�i�e�h�a�b�•�h�f�� �j�_�a�_�j�\�h�Z�j�Z�����;�E�?�<�?���_�n�_�d�Z�l�����[�b��
�g�Z�•�\�b�r�_�� �m�l�b�p�Z�•�Z���b�f�Z�e�b���m���h�d�\�b�j�m�� �i�h�k�l�j�h�•�_�ƒ�Z�����I�j�_�f�Z���j�_�a�m�e�l�Z�l�b�f�Z���k�b�f�m�e�Z�p�b�•�_�����d�h�f�i�e�_�l�g�Z���j�Z�n�b�g�_�j�b�•�Z��
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ANALYSIS OF THE LABOUR ACCIDENTS  

Ciprian Georgian DRAGOMIR1, Pavel KASAI2, Anton Francisc SZASZ3 
 ciprian.dragomir@inspectiamuncii.ro, pavel.kasa i @ itmtimis.ro, anton.szasz@itmtimis.ro,  

SUMMARY 
Due to the analysis performed on labour accidents in the Timis County, resulting in temporary 

disability of the victims, we have been able to observe that most events occurred in a wood processing company. 
In this study we present and analyze eight events occurred between September 2012 and May 2013. In 
making a post-event analysis, we tried to highlight common characteristics of the 8 events, to prepare some 
proposals for measures to prevent similar accidents. 

Keywords: health and safety at work, event, labour accident, victim.  
 

1. INTRODUCTION 
 
Following the analysis of the events leading to temporary disability of the victims, produced during 

the last nine months in the Timis County, we became aware that most events were recorded at a wood 
processing company. 

In order to reduce the number of events followed by temporary disabilities of the victims, we 
performed an analysis of these labour accidents that occurred between September 2012 and May 2013.  

In this period the chosen company held 8 events followed by temporary disability of the victims. 
This study aims to present an analysis of these events and proposals for actions to reduce their number. 

 
2. COMPANY DESCRIPTION 

 
The company is profiled on woodworking activities, having NACE - 1629. The main product is 

finished wooden stick for ice-cream, coffee etc. Facilities in terms of work equipment are suitable, the 
company having machines and production lines specialized in the finished product.  

�/�D�E�R�X�U���I�R�U�F�H���U�H�T�X�L�U�H�G���L�V���S�U�R�Y�L�G�H�G�� �I�U�R�P���W�Z�R���³�V�R�X�U�F�H�V�´�����W�K�U�R�X�J�K���G�L�U�H�F�W���H�P�S�O�R�\�P�H�Q�W�� �D�Q�G���W�K�U�R�X�J�K�� �D��
contract with a temporary employment agency.  

In general, an average of 160 employees works in the company, organized in three shifts. The 
structure of activity in terms of safety and health requirements, are according to the present labour 
legislation, meaning they have an appointed worker, external service for prevention and protection and a 
Health and Safety Committee at work.  The company performs the regular trainings at the time of 
employment, at the actual workplace and then regularly. The interval between periodic trainings was 
established at 3 months. 
 

3. DESCRIPTION OF  EVENTS 
 

3.1. Event No.1 . 
Date of Event: 19/09/2012 
Time: 02.45 
Shift: III 
Victim: Romanian citizen 
Age: 21 years old;  
Qualification: economist technician;  
Length of service: 5 months;  
Employed by: temporary work agency;  
Work equipment involved: grinding and milling machine; 
 

                                                 
1 Ministry of Labor, Family, Social protection and Elder ly, Bucharest, ROMANIA 
2 Labor Inspectorate of Timis County 
3 Labor Inspectorate of Timis County 
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How the accident happened: At around 02.45 a.m., the worker noted that sawdust was coming out of the 
milling machine. He stopped the machine from the control panel, then removed the cap and inserted his hand 
into the gap in order to clear the sawdust suction tube.  Due to inertia, the milling head was still in motion, 
and caused the injury. 
Suffered consequences: traumatic superficial lesion of the index finger of the left hand.  
The cause of the accidents�����W�K�H���Z�R�U�N�H�U�¶�V���L�Q�W�H�U�Y�H�Q�W�L�R�Q���R�Q���W�K�H���P�D�F�K�L�Q�H�����E�H�I�R�U�H���Z�D�L�W�L�Q�J���I�R�U���D���F�R�P�S�O�H�W�H���V�W�R�S���R�I���L�W�� 
 
 

3.2 Event No.2. 
 
Date of Event: 25/09/2012; 
Time: 13.00; 
Shift: I;  
Victim: Romanian citizen; 
Age: 20 years old; 
Qualification: IT specialist; 
Length of service: 5 months; 
Employed by: temporary work agency      
Work equipment involved: grinding and milling machine 
 
How the accident happened: At around 13.00, the worker noticed that at some point the wood-sticks were 
emerging from their seat on the conveyor, on the path between the grinding and milling area. To remedy the 
situation, the worker tried to catch and arrange the stick with his right hand without stopping the machine. 
Suffered consequences: traumatic amputation of the first phalanx of the middle finger of his right hand. 
The cause:  direct intervention of the worker for arranging the sticks, without stopping the machine. 
 
 

3.3 Event No.3. 
 
Date of Event 03/11/2012;  
Time: 19.30; 
Shift: II; 
Victim: Romanian citizen; 
Age: 22 years old; 
Qualification: machine operator; 
Length of service: 17 days;  
Employed by: temporary work agency;     
Work equipment involved: grinding and milling machine.  
 
How the accident happened: At around 19.30, the worker noted that at one time, a stick was stuck to the edge 
of the conveyor belt, which caused the other sticks to be thrown off of the belt. In order to relieve the 
blockage, the worker placed his right hand under the belt guard, thus he was injured. 
Suffered consequences: traumatic lesions of left hand fingers. 
The cause: direct intervention of the worker to the conveyor belt, without stopping the machine. 
 
 

3.4. Event No.4. 
 
Date of Event: 24/11/2012;  
Time: 02.30;  
Shift: III;  
Victim: Romanian citizen; 
Age: 44 years old; 
Qualification: crane operator; 
Length of service: 2 months; 
Employed by: temporary work agency;      
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Work equipment involved: shipping container and PVC door - which was to be installed at the entrance of an 
office.  
 
How the accident happened: At around 02.30, the worker was handling an empty container used for transport 
and storage of the wood-sticks, with dimensions of 1200X800X790 mm, placed on four wheels for storage.  
At one point, during these maneuvers, he left the safe area moving backwards, and with the heel of one foot 
hit a PVC door that was leaning against the wall of the hall. Due to the lower door coup received, the door 
became unbalanced and fell, thus injuring the worker. 
Suffered consequences: injuries of the head. 
The cause: carelessness of the worker in handling container and leaving lane of moving. 
 
 

3.5. Event No.5. 
 
Date of Event: 17/01/2013; 
Time: 09.30;  
Shift: I;  
Victim: Romanian citizen;  
Age: 38 years old;  
Qualification: machine operator;  
Length of service: 13 months;  
Employed by: directly by the company;  
Work equipment involved:  intermediary wood sticks storage bunker 
 
How the accident happened: At around 09.30, the worker was maneuvering a metal cabinet used to lock the 
upper compartment on the way of the sticks). At one point his left hand reached the corner of a metal sheet 
exiting from the wall.  
Suffered consequences: traumatic wound to the left hand thumb.  
The cause: carelessness of the worker in handling the metal cabinet of the storage bunker. 
 
 

3.6. Event No.6. 
 
Date of Event: 11/03/2013;  
Time: 05.30; 
Shift: III;  
Victim: Romanian citizen; 
Age: 57 years old;  
Qualification: machine operator; 
Length of service: 10 months;  
Employed by: directly by the company;      
Work equipment involved:  selection machine area  
 
How the accident happened: At around 05.30, the worker was in the feeding area of the equipment, 
supervising its proper functioning. At one point he observed the feed zone clogging, turned to the control 
panel and stopped the machine.  Due to the rush, he stumbled and collapsed on the floor, injuring himself. In 
the machine area the floor is leveled without gaps or holes. 
Suffered consequences: traumatic lesions in his right hand and forearm fracture. 
The cause: careless moving around of the worker. 
 
 

3.7 Event No.7. 
 
Date of Event: 26/03/2013;  
Time: 16.30;  
Shift: II;  
Victim: Romanian citizen;  
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Age: 26 years old;  
Qualification: machine operator;  
Length of service: 9 months;  
Employed by: temporary work agency;       
Work equipment involved:  punching machine and scrap conveyer belt.  
 
How the accident happened: At around 16.30, the worker was maneuvering metal plates used in stamping 
foils (veneer result in progress), and checking the transport of the wood waste conveyor to the shredder. At 
one point, he noticed that the tape transporting waste to the shredder, jammed. Wanting to unblock the 
carrier, the worker inserted his right hand in order to remove the waste producing the blocking, when the 
hand was caught and injured. 
Suffered consequences: the victim suffered ligament stretching in right hand. 
The cause: intervention of the worker on the conveyor belt without stopping the functioning beforehand. 
 

3.8 Event No.8. 
 
Date of Event: 12/05/2013;  
Time: 08.30;  
Shift: I;  
Victim: Romanian citizen;  
Age: 29 years old;  
Qualification: machine operator; 
Length of service: 8 months; 
Employed by: directly by the company;      
Work equipment involved:  selecting machine.  
 
How the accident happened: The worker opened the protective cap from the milling area for cleaning. Once 
�U�H�V�W�D�U�W�H�G�����L�Q���W�K�H���³�P�D�Q�X�D�O�´���P�R�G�H����with his left hand button, he tried to remove a stick with the right hand, 
getting injured. 
Suffered consequences: traumatic lesions and injury in his right hand index finger. 
The cause: intervention of the worker while the machine was functioning. 
 
4. RESULT ANALYSIS 
4.1.Time when events happened 
 
 

Nr. 
ev 

Time 
when 

happened 
Shift Time when 

shift begins 

E.1 02.45 III  5 

E.2 13.00 I 7 

E.3 19.30 II  5 

E.4 02.30 III  4 

E.5 09.30 I 3 

E.6 05.30 III  7 

E.7 16.30 II  2 

E.8 08.30 I 2 
Fig.1 

 
As one can see in the above table (fig.1), most events happened in the third shift , that is 3 

events. Regarding the time when shift begins, two accidents happend after 7 hours, also two events 
after 5 and respectively 2 hours. 
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4.2.Information about victims 
 

Nr. 
ev. 

Age Profession* Length in service 

E.1. 21 unqualified 5 months 
E.2. 20 unqualified 5 months 
E.3. 22 unqualified 17 days 
E.4. 44 unqualified 2 months 
E.5. 38 unqualified 13 months 
E.6. 57 unqualified 10 months 
E.7. 26 unqualified 9 months 
E.8. 29 unqualified 8 months 

*-qualified in the area of woodworking or unqualified (other professions) 
Fig.2 

 
 �)�U�R�P���W�K�H���W�D�E�O�H���D�E�R�Y�H�����I�L�J���������W�K�H���J�H�Q�H�U�D�O���S�U�R�I�L�O�H���R�I���W�K�H���H�Y�H�Q�W�¶�V���Y�L�F�W�L�P���L�V���U�H�I�O�H�F�W�H�G�����Q�D�P�H�O�\��������
years of age, without a qualification in the woodworking area and with a length in service of  6,5 
months. 
 
4.3. Information about working tools 
In all the cases presented, where working tools where involved at the times the events happened, these 
where in appropriate conditions, fitted with necessary protectors and in normal functional condition. 
 
4.4. Main reasons for the events happening 
 

Nr. ev. Main reason Cod  RFLA * 
E.1. Intervention upon the 

machine running 23-02 

E.2. Intervention upon the 
machine running 23-02 

E.3. Intervention upon the 
machine running 

23-02 

E.4. Inappropriate handling 23-03 
E.5. Inappropriate handling 23-03 
E.6. Hurrying when walking 23-15 
E.7. Intervention upon the 

machine running 
23-02 

E.8. Intervention upon the 
machine running 23-02 

*Registation form for labour accidents  
Fig.3 

 
As one can see in the above table (fig.3), the main reason for events happening, in five instances 

�Z�D�V���W�K�H���Y�L�F�W�L�P�¶�V���L�Q�W�H�U�Y�H�Q�W�L�R�Q���X�S�R�Q���W�K�H���P�D�F�K�L�Q�H���Z�K�L�O�H���U�X�Q�Q�L�Q�J�����L�Q���W�Z�R���L�Q�V�W�D�Q�F�H�V���Z�D�V���L�Q�D�S�S�U�R�S�U�L�D�W�H��
handling and in one instance was  because of hurrying when walking. 
 
 
5. PROPOSED MEASURED FOR THE PREVENTION OF SIMILAR EVENTS TO HAPPEN 
 
 As a result of what was presented in the previous chapter, for the prevention of other similar 
events to happen, we recommend the following measures: 

a) Compulsory participation of the unqualified labours (in the area of woodworking) who will 
use machines and tools for wood manufacturing to a at least 10-15 hours course in wood 
technology area and subarea.    

b) At the periodical training should be well emphasized the technology and work discipline as 
well as the consequences of not complying to them.  
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c) The time between the two periodical training should be of one month, not two months as it 
is done at present.  

d) Closer supervision by �V�X�S�H�U�L�R�U�¶�V workers, especially those newly employed. 
e) Increasing interest and stimulate workers on health and safety issues at work; 
f)  Reducing stress at work. 
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IDENTIFICATION COMBUSTIBLE COMPONENTS BY RAMAN 
SPECTROSCOPY METHOD. 

Kazakova  Nadezhda  Rashidovna1 ,Ivanov Alexey Vladimirovich1, Ivakhnyuk Grigory Konstantinovich1 

1. INTRODUCTION 

Identification combustible components on the oil and gas industrial facilities areone of the topical 
issues in sourcesdetermination of emergency or unauthorizede mission of petroleum products[1].Modern 
methods of detection and identification of combustible environment and materials are limited by the timing 
parameters and biodegradation processes conditions, also conditions of hydrocarbon energy, which can blunt 
the effectiveness. 

To make the exact and accurate identification sources of fire and emergency situation �L�W�¶�V���V�X�J�J�H�V�W�H�G��
to use the Raman spectroscopy method (Raman spectroscopy). 

The essence of this method is registering of spectral line, scattered by the specimen in liquid,solid or 
gaseous state.The spectrum corresponds to specific vibrationscluster of atomsincorporated into the objects 
for analysis. This allows easier to get both quantitative and qualitative information about the objects for 
analysis. Also makes it possible to interpret the spectrum, use thespectrum library and the data processing 
using computer methods for the quantitative analysis[2]. 

AnalysisoftheobjectsbyRamanspectroscopyallow with a high confidence level to determine the 
certain types of hydrocarbons and petroleum products in the environment[3, 4]. 

Anewmethodofidentificationsources of combustible environment using Raman spectroscopy 
areactivelydevelopedinSt. Petersburg University of State Fire Service of EMERCOM of Russia. 
Theessenceofthismethodisresearchanddetectionpeculiar spectrum to substances that are not 
undergodegradation over long time periods.Alsothismethodallowscreating databases needed to practical use 
of this method. 

Figures 1 and 2 shows peculiar spectrum toethyl alcohol and kerosene A,obtained in the 
analysisoftheobjects on a mica substrate to laser with a wavelength of 532 nm. 

 

 
Fig.1. Raman spectra of ethanolon a micasubstrate. 
 

                                                 
1 St. Petersburg University of State Fire Serviceof EMERCOM of Russia  
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Fig.2. Raman spectra of keroseneon a micasubstrate. 
 
The use of Raman spectroscopy for the identification sources of combustible environmentunder 

different conditionsto reducing the risk of inflammation and developing of large fire and emergency 
situations at the facilities of chemical industry production and transportation of oil and petroleum products. 
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THE IMPORTANCE OF EDUCATION FOR QUALITY EMERGENCY 
MANAGEMENT 

SUMMARY : 
The modern world is characterized by a sharp rise in risk identified as emergencies. The cause of this condition 

is mostly found in nature and technical systems, but most of it is in man, and the amount of knowledge he has about 
certain phenomen. Knowledge is a resource essential for prevention and emergency response. The quality of 
knowledge, human capital, determined to a large extent, learning and education. Today's piecemeal approach to this 
issue has resulted in many cases of improper relationship to the system of protection and rescue as well as individual 
and group actions in emergency situations. 
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�^�j�m�r�l�\�_�g�h�]�� �k�b�k�l�_�f�Z�� �a�_�f�‚�_�� �b�e�b�� �ƒ�_�g�h�]�� �^�_�e�Z���� �Z�� �m�k�f�_�j�_�g�b�� �k�m�� �g�Z�� �m�]�j�h�`�Z�\�Z�ƒ�_�� �`�b�\�h�l�Z�� �k�l�Z�g�h�\�g�b�r�l�\�Z����
�j�Z�a�Z�j�Z�ƒ�Z�� �b�f�h�\�b�g�_���� �f�Z�l�_�j�b�•�Z�e�g�b�o�� �^�h�[�Z�j�Z�� �b�� �`�b�\�h�l�g�_�� �k�j�_�^�b�g�_���� �;�_�a�� �h�[�a�b�j�Z�� �g�Z�� �j�Z�a�e�b�q�b�l�_�� �m�a�j�h�d�_�� �b��
�i�h�k�e�_�^�b�p�_�� �\�Z�g�j�_�^�g�b�o�� �k�b�l�m�Z�p�b�•�Z���� �h�g�_�� �b�f�Z�•�m�� �a�Z�•�_�^�g�b�q�d�m�� �d�Z�j�Z�d�l�_�j�b�k�l�b�d�m�� �± �h�]�j�h�f�g�_�� �‚�m�^�k�d�_�� �`�j�l�\�_�� �b��
�f�Z�l�_�j�b�•�Z�e�g�Z���j�Z�a�Z�j�Z�ƒ�Z�����i�Z���k�l�h�]�Z���b���\�_�e�b�d�m���i�h�l�_�g�p�b�•�Z�e�g�m�� �b���j�_�Z�e�g�m���h�i�Z�k�g�h�k�l���i�h���^�j�m�r�l�\�h���m���p�_�e�b�g�b���� �>���@ 
�I�h�•�Z�f�� �b�� �d�e�Z�k�b�n�b�d�Z�p�b�•�m�� �\�Z�g�j�_�^�g�b�o�� �k�b�l�m�Z�p�b�•�Z�� �h�i�j�_�^�_�‚�m�•�m�� �i�j�_�� �k�\�_�]�Z�� �j�Z�a�e�b�q�b�l�_�� �\�j�k�l�_�� �h�i�Z�k�g�h�k�l�b���� �d�h�•�_��
�m�]�j�h�`�Z�\�Z�•�m�� �[�_�a�[�_�^�g�h�k�l�� �b�� �d�h�•�_���� �m�a�j�h�d�h�\�Z�g�_�� �^�_�•�k�l�\�h�f�� �i�j�b�j�h�^�_���� �l�_�o�g�b�d�_�� �b�e�b�� �^�_�e�Z�l�g�h�r�„�m�� �‚�m�^�k�d�h�]��
�n�Z�d�l�h�j�Z���� �f�h�]�m�� �^�Z�� �^�h�\�_�^�m�� �^�h�� �\�Z�g�j�_�^�g�_�� �k�b�l�m�Z�p�b�•�_�� �g�Z�� �h�^�j�_�{�_�g�h�•�� �l�_�j�b�l�h�j�b�•�b���� �K�o�h�^�g�h�� �l�h�f�_���� �d�Z�^�Z�� �k�_��
�j�_�^�h�\�g�b�f�� �Z�d�l�b�\�g�h�k�l�b�f�Z�� ���i�j�_�\�_�g�l�b�\�g�b�f���� �h�i�_�j�Z�l�b�\�g�b�f�� �b�� �^�j�m�]�b�f���� �g�_�� �f�h�]�m�� �k�i�j�_�q�b�l�b�� �b�� �h�l�d�e�h�g�b�l�b��
�i�h�k�e�_�^�b�p�_�� �b�a�Z�a�\�Z�g�_�� �h�i�Z�k�g�h�k�l�b�f�Z���� �h�g�^�Z�� �k�l�Z�ƒ�Z�� �h�i�Z�k�g�h�k�l�b�� �^�h�[�b�•�Z�•�m���d�Z�j�Z�d�l�_�j�� �\�Z�g�j�_�^�g�_���k�b�l�m�Z�p�b�•�_���� �A�[�h�]��
�j�Z�a�e�b�q�b�l�_�� �\�_�e�b�q�b�g�_�� �h�i�Z�k�g�h�k�l�b�� �h�^�� �^�h�]�Z�{�Z�•�Z�� �d�h�•�b�� �f�h�]�m���m�� �h�^�j�_�{�_�g�b�f�� �h�d�h�e�g�h�k�l�b�f�Z�� �^�Z�� �i�j�_�j�Z�k�l�m�� �m��
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�^�_�n�b�g�b�p�b�•�h�f���� �g�b�k�m�� �k�\�b�� �i�h�`�Z�j�b���� �a�_�f�‚�h�l�j�_�k�b���� �_�i�b�^�_�f�b�•�_�� �b�e�b�� �b�g�^�m�k�l�j�b�•�k�d�b�� �Z�d�p�b�^�_�g�l�b�� �d�Z�l�Z�k�l�j�h�n�_���� �\�_�„��
�k�Z�f�h�� �h�g�b���d�h�•�b�� �i�j�_�\�Z�a�b�e�Z�a�_���f�h�]�m�„�g�h�k�l�� �^�j�m�r�l�\�Z�� �^�Z���Z�^�_�d�\�Z�l�g�h���j�_�Z�]�m�•�_���\�e�Z�k�l�b�l�b�f���d�Z�i�Z�p�b�l�_�l�b�f�Z���b���m�k�e�_�^��
�l�h�]�Z���•�_���i�j�b�g�m�{�_�g�h�� �^�Z���l�j�Z�`�b���i�h�f�h�„���^�j�m�]�b�o���k�m�[�•�_�d�Z�l�Z���f�_�{�m�g�Z�j�h�^�g�_���a�Z�•�_�^�g�b�p�_�����>�����@ 
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�ƒ�b�f�� �b�� �j�Z�a�]�j�Z�g�b�q�_�ƒ�Z���� �r�l�Z�� �•�_�k�l�_�� �Z�� �r�l�Z�� �g�b�•�_�� �\�Z�g�j�_�^�g�Z�� �k�b�l�m�Z�p�b�•�Z���� �Q�b�ƒ�_�g�b�p�Z�� �•�_�� �^�Z�� �i�h�•�_�^�b�g�b�� �^�h�]�Z�{�Z�•�b����
�i�h�•�Z�\�_�� �g�Z�k�l�Z�•�m�� �b�� �b�a�Z�a�h�\�m�� �h�^�j�_�{�_�g�_�� �i�h�k�e�_�^�b�p�_�� �g�Z�� �h�^�j�_�{�_�g�h�•�� �l�_�j�b�l�h�j�b�•�b���� �b�� �[�_�a���h�[�a�b�j�Z���g�Z���\�_�e�b�q�b�g�m���l�b�o��
�i�h�k�e�_�^�b�p�Z���� �Z�d�l�b�\�b�j�Z�•�m�� �k�_�� �k�g�Z�]�_�� �a�Z�r�l�b�l�_�� �b �k�i�Z�k�Z�\�Z�ƒ�Z�� �b�e�b�� �i�h�•�_�^�b�g�p�b�� �d�h�•�b�� �b�f�Z�•�m���d�Z�i�Z�p�b�l�_�l�Z���^�Z���i�j�m�`�_��
�i�h�f�h�„���� �<�_�e�b�q�b�g�Z���l�j�_�g�m�l�g�b�o���i�h�k�e�_�^�b�p�Z���•�_�� �_�\�b�^�_�g�l�g�Z���d�h�^�� �h�g�b�o���d�h�•�b�� �k�m���i�j�_�l�j�i�_�e�b���^�_�e�h�\�Z�ƒ�_���g�_�]�Z�l�b�\�g�h�]��
�^�h�]�Z�{�Z�•�Z���Z�e�b���b�o���g�Z���b�k�l�b�� �g�Z�q�b�g���g�_���^�h�`�b�\�‚�Z�\�Z�•�m���i�h�•�_�^�b�g�p�b���d�h�•�b�� �g�b�k�m���i�j�_�l�j�i�_�e�b���^�h�]�Z�{�Z�•�� �d�Z�h���g�b���k�m�[�•�_�d�l�b��
�k�b�k�l�_�f�Z�� �a�Z�r�l�b�l�_�� �b�� �k�i�Z�k�Z�\�Z�ƒ�Z���� �K�Z�� �l�h�]�� �Z�k�i�_�d�l�Z�� �g�Z�k�l�Z�e�b���^�h�]�Z�{�Z�•�� �b�� �_�\�b�^�_�g�l�g�_�� �i�h�k�e�_�^�b�p�_���� �f�h�]�m�� �^�Z�� �k�_��
�l�m�f�Z�q�_�� �d�Z�h�� �b�g�p�b�^�_�g�l���� �d�Z�l�Z�k�l�j�h�n�Z���� �d�j�b�a�g�Z�� �k�b�l�m�Z�p�b�•�Z�����b�� �k�e���� �M�� �h�\�Z�d�\�b�f�� �k�e�m�q�Z�•�_�\�b�f�Z�� �•�_�� �g�_�h�i�o�h�^�g�h��
�m�k�l�Z�g�h�\�b�l�b�� �•�Z�k�g�m�� �^�_�f�Z�j�d�Z�p�b�h�g�m�� �e�b�g�b�•�m�� �b�a�f�_�{�m�� �g�Z�\�_�^�_�g�b�o�� �k�l�Z�ƒ�Z���� �A�Z�\�b�k�g�h�� �h�^�� �i�_�j�p�_�i�p�b�•�_���� �i�h�•�_�^�b�g�Z�p�Z��
�b�e�b�� �k�l�j�m�q�g�b�o�� �k�e�m�`�[�b���� �i�h�k�l�h�•�_�„�_�� �k�l�Z�ƒ�_�� �„�_�� �^�Z�� �[�m�^�_�� �h�p�_�ƒ�_�g�h�� �g�Z�� �j�Z�a�e�b�q�b�l�_�� �g�Z�q�b�g�_���� �A�Z�\�b�k�g�h�� �h�^��
�i�_�j�p�_�i�p�b�•�_�� �j�Z�a�e�b�q�b�l�b�o�� �k�m�[�•�_�d�Z�l�Z�� �f�h�]�m�„�_�� �k�m�� �b�� �j�Z�a�e�b�q�b�l�_�� �^�b�k�l�b�g�d�p�b�•�_�� �k�l�Z�ƒ�Z���� �Z�e�b�� �a�\�Z�g�b�q�g�b�� �i�h�q�_�l�Z�d��
�\�Z�g�j�_�^�g�_�� �k�b�l�m�Z�p�b�•�_���� �m�� �k�f�b�k�e�m�� �a�Z�d�h�g�Z�� �h�� �\�Z�g�j�_�^�g�b�f�� �k�b�l�m�Z�p�b�•�Z�f�Z���� �g�Z�k�l�Z�•�_�� �d�Z�^�Z�� �•�_�� �i�j�h�]�e�Z�k�b�� �g�Z�^�e�_�`�g�b��
�h�j�]�Z�g���� �H�\�Z�•�� �f�h�f�_�g�Z�l�� �•�_�� �\�_�h�f�Z�� �[�b�l�Z�g�� �a�Z�� �i�h�•�_�^�b�g�p�Z�� �� �b���i�j�Z�\�g�Z�� �e�b�p�Z�� �d�Z�h�� �k�m�[�•�_�d�l�_�� �k�b�k�l�_�f�Z�� �a�Z�r�l�b�l�_�� �b��
�k�i�Z�k�Z�\�Z�ƒ�Z�����^�Z���i�j�b�k�l�m�i�_���k�Z�f�h�i�h�f�h�„�b���b���i�h�f�h�„�b���^�j�m�]�b�f���e�b�p�b�f�Z���� �^�h���^�h�e�Z�k�d�Z���k�l�j�m�q�g�b�o���h�j�]�Z�g�Z�� 
�I�j�_�^�m�a�b�f�Z�ƒ�_�� �l�Z�d�\�b�o�� �Z�d�p�b�•�Z�� �•�_�� �f�h�]�m�„�_ �k�Z�f�h���� �b�� �k�Z�f�h�� �Z�d�h���� �k�m�� �h�k�i�h�k�h�[�‚�_�g�b�� �a�Z�� �i�j�m�`�Z�ƒ�_�� �j�Z�a�e�b�q�b�l�b�o��
�\�b�^�h�\�Z�� �k�Z�f�h�i�h�f�h�„�b�� �b�� �i�h�f�h�„�b�� ���j�_�Z�g�b�f�Z�p�b�•�Z���� �]�Z�r�_�ƒ�_�� �i�h�`�Z�j�Z���� �b�a�\�e�Z�q�_�ƒ�_���� �b�k�e�������� �M�� �k�\�Z�d�h�f�� �^�j�m�]�h�f��
�k�e�m�q�Z�•�m���� �i�h�d�m�r�Z�•�b�� �f�h�]�m���^�Z���[�m�^�m���[�_�a�\�j�_�^�g�b���b���b�e�b���b�a�Z�a�h�\�m���•�h�r�� �\�_�„�_���g�_�]�Z�l�b�\�g�_���i�h�k�e�_�^�b�p�_�� 
2. �D�<�:�E�B�L�?�L���M���<�:�G�J�?�>�G�B�F���K�B�L�M�:�P�B�3�:�F�: 

�H�[�a�b�j�h�f�� �g�Z�� �k�b�k�l�_�f�k�d�b�� �d�Z�j�Z�d�l�_�j�� �m�i�j�Z�\�‚�Z�ƒ�Z�� �\�Z�g�j�_�^�g�b�f�� �k�b�l�m�Z�p�b�•�Z�f�Z���� �g�_�h�i�o�h�^�Z�g�� �•�_�� �h�^�j�_�{�_�g�b�� �k�l�_�i�_�g��
�d�\�Z�e�b�l�_�l�Z���k�b�k�l�_�f�Z���m�i�j�Z�\�‚�Z�ƒ�Z�����j�Z�^�b���i�h�m�a�^�Z�g�_���j�_�Z�e�b�a�Z�p�b�•�_���p�b�‚�_�\�Z���k�b�k�l�_�f�Z�� 
2.1. �D�\�Z�e�b�l�_�l���d�j�h�a���m�i�j�Z�\�‚�Z�ƒ�_���j�b�a�b�d�h�f 

�P�b�‚�� �m�i�j�Z�\�‚�Z�ƒ�Z�� �\�Z�g�j�_�^�g�b�f�� �k�b�l�m�Z�p�b�•�Z�f�Z�� �•�_�k�l�_���� �i�j�_�\�_�g�p�b�•�h�f�� �k�i�j�_�q�b�l�b�� �g�Z�k�l�Z�g�Z�d���\�Z�g�j�_�^�g�_���k�b�l�m�Z�p�b�•�_�� �b��
�k�i�j�_�f�g�h�� �j�_�Z�]�h�\�Z�l�b�� �m�� �k�e�m�q�Z�•�m�� �^�Z�� �g�Z�k�l�Z�g�_�� �\�Z�g�j�_�^�g�b�� �^�h�]�Z�{�Z�•���� �>�Z�d�e�_���� �k�l�\�h�j�b�l�b�� �m�k�e�h�\�_�� �m�� �d�h�•�b�f�Z�� �„�_��
�d�j�b�l�b�q�g�b�� �j�_�k�m�j�k�b�� �h�j�]�Z�g�b�a�Z�p�b�•�_���� �^�Z�� �[�m�^�m�� �b�a�e�h�`�_�g�b�� �g�Z�•�f�Z�ƒ�b�f�� �g�_�]�Z�l�b�\�g�b�f�� �i�h�k�e�_�^�b�p�Z�f�Z���� �H�\�Z�d�Z�\��
�i�j�b�k�l�m�i�� �b�f�i�e�b�p�b�j�Z�� �^�Z�� �•�_�� �m�j�Z�\�‚�Z�ƒ�_�� �\�Z�g�j�_�^�g�b�f�� �k�b�l�m�Z�p�b�•�Z�f�Z�� �m�k�f�_�j�_�g�h�� �d�Z�� �[�_�a�[�_�^�g�h�k�l�b�� �h�j�]�Z�g�b�a�Z�p�b�•�_����
�H�[�a�b�j�h�f���� �^�Z�� �•�_�� �r�b�j�h�d�� �k�i�_�d�l�Z�j�� �h�i�Z�k�g�h�k�l�b�� �d�h�•�_�� �i�j�_�l�_�� �[�_�a�[�_�^�g�h�k�l�b�� �h�j�]�Z�g�b�a�Z�p�b�•�_���� �b�� �^�Z���h�� �g�_�d�b�f�Z���b�f�Z�f�h��
�f�b�g�b�f�Z�e�g�Z�� �a�g�Z�ƒ�Z���� �l�_�`�ƒ�Z�� �h�j�]�Z�g�b�a�Z�p�b�•�_�� �•�_�� �m�k�f�_�j�_�g�Z���g�Z���b�^�_�g�l�b�n�b�d�Z�p�b�•�m���i�h�•�_�^�b�g�b�o���h�i�Z�k�g�h�k�l�b���� �k�Z�a�g�Z�ƒ�_��
�d�Z�d�h�� �b�� �a�Z�r�l�h�� �g�Z�k�l�Z�•�m�� �b�� �d�Z�d�h�� �k�_�� �j�Z�a�\�b�•�Z�•�m���� �^�Z�� �[�b�� �i�j�_�^�m�a�_�e�Z�� �f�_�j�_�� �b�� �Z�d�l�b�\�g�h�k�l�b�� �d�h�•�b�f�Z���„�_�� �h�[�_�a�[�_�^�b�l�b��
�g�Z�•�f�Z�ƒ�m�� �f�h�]�m�„�m�� �b�a�e�h�`�_�g�h�k�l�� �j�_�k�m�j�k�Z�� �g�_�]�Z�l�b�\�g�b�f�� �i�h�k�e�_�^�b�p�Z�f�Z���� �F�h�]�m�„�g�h�k�l�� �g�Z�k�l�Z�g�d�Z�� �g�_�]�Z�l�b�\�g�b�o��
�^�h�]�Z�{�Z�•�Z�� �b�� �i�j�h�p�_�g�Z�� �ƒ�b�o�h�\�b�o�� �b�f�e�b�d�Z�p�b�•�Z�� �g�Z�� �j�_�k�m�j�k�_�� �b�f�Z�� �\�b�k�h�d�� �k�l�_�i�_�g�� �g�_�b�a�\�_�k�g�h�k�l�b���� �:�g�Z�e�b�a�Z�� �b��
�m�i�j�Z�\�‚�Z�ƒ�_�� �l�b�f�� �f�h�]�m�„�g�h�k�l�b�f�Z�� �•�_�� �k�Z�^�j�`�Z�g�h�� �m�� �m�i�j�Z�\�‚�Z�ƒ�m���j�b�a�b�d�h�f���� �H�[�a�b�j�h�f�� �^�Z���j�b�a�b�d���i�j�_�l�i�h�k�l�Z�\�‚�Z��
�i�h�k�l�h�•�Z�ƒ�_�� �h�^�j�_�{�_�g�h�]�� �i�j�h�p�_�g�l�Z�� �a�g�Z�ƒ�Z�� �h�� �^�h�]�Z�{�Z�•�b�f�Z���� �\�_�j�h�\�Z�l�g�h�„�b�� �g�Z�k�l�Z�g�d�Z�� �b�� �f�h�]�m�„�b�f�� �i�h�k�e�_�^�b�p�Z�f�Z����
�e�h�]�b�q�g�h���•�_�� �^�Z���m�i�j�Z�\�‚�Z�ƒ�_���j�b�a�b�d�h�f�� �\�h�^�b���d�Z���h�k�l�\�Z�j�_�ƒ�m���i�Z�j�Z�f�_�l�Z�j�Z�� �d�\�Z�e�b�l�_�l�Z���h�j�]�Z�g�b�a�Z�p�b�h�g�h�]���k�b�k�l�_�f�Z��
�k�Z�^�j�`�Z�g�b�o���m���[�_�a�[�_�^�g�h�k�l�b���h�j�]�Z�g�b�a�Z�p�b�•�_���� �>�����@���>���@ 
�M���f�h�^�_�j�g�h�•���l�_�h�j�b�•�b�����j�b�a�b�d���k�_���i�h�k�f�Z�l�j�Z���k�Z���j�Z�a�e�b�q�b�l�b�o���Z�k�i�_�d�Z�l�Z�����r�l�h���•�_���j�_�a�m�e�l�b�j�Z�e�h���k�l�\�Z�j�Z�ƒ�_�f���f�g�h�]�b�o��
�l�_�h�j�b�•�Z���h�� �j�b�a�b�d�m���� �I�h�k�_�[�g�h���f�_�k�l�h�� �a�Z�m�a�b�f�Z�•�m���d�h�f�i�e�_�d�k�g�_���k�b�l�m�Z�p�b�•�_�� �h�^�j�_�{�_�g�_���k�Z���\�_�„�b�f���[�j�h�•�_�f���n�Z�d�l�h�j�Z����
�M�� �l�Z�d�\�_�� �k�b�l�m�Z�p�b�•�_�� �b�e�b���h�d�h�e�g�h�k�l�b�� �k�i�Z�^�Z�•�m���\�Z�g�j�_�^�g�_���k�b�l�m�Z�p�b�•�_���� �K�\�b�� �^�h�]�Z�{�Z�•�b�� �m���\�Z�g�j�_�^�g�b�f�� �k�b�l�m�Z�p�b�•�Z�f�Z��
�f�h�]�m���^�Z���k�_���g�Z�{�m���m���k�l�Z�ƒ�m���b�a�\�_�k�g�h�k�l�b���� �j�b�a�b�d�Z���b���g�_�b�a�\�_�k�g�h�k�l�b�����J�b�a�b�d���d�Z�h���i�h�•�Z�\�Z���•�_���\�_�a�Z�g���a�Z���g�_�b�a�\�_�k�g�h�k�l����
�>���@���J�b�a�b�d���i�j�_�^�k�l�Z�\�‚�Z���f�h�]�m�„�g�h�k�l���g�Z�k�l�m�i�Z�ƒ�Z���\�Z�g�j�_�^�g�h�]���^�h�]�Z�{�Z�•�Z���b���j�_�a�m�e�l�b�j�Z�ƒ�Z���h�^�j�_�{�_�g�b�f���g�_�]�Z�l�b�\�g�b�f��
�i�h�k�e�_�^�b�p�Z�f�Z���� �H�\�Z�d�\�h�� �h�^�j�_�{�_�ƒ�_�� �m�d�Z�a�m�•�_�� �g�Z�� �d�h�f�i�e�_�d�k�g�h�k�l�� �j�b�a�b�d�Z�� �m�� �k�e�m�q�Z�•�m�� �\�Z�g�j�_�^�g�b�o�� �k�b�l�m�Z�p�b�•�Z���� �i�j�_��
�k�\�_�]�Z�� �a�[�h�]�� �i�h�k�l�h�•�Z�ƒ�Z�� �g�_�b�a�\�_�k�g�h�k�l�b�� �m�� �i�h�a�g�Z�\�Z�ƒ�m�� �\�j�_�f�_�g�Z�� �g�Z�k�l�Z�g�d�Z�� �b�� �j�Z�a�\�h�•�Z�� �\�Z�g�j�_�^�g�_�� �k�b�l�m�Z�p�b�•�_���� �M��
�k�e�m�q�Z�•�m�� �\�Z�g�j�_�^�g�b�o�� �k�b�l�m�Z�p�b�•�Z�� �\�_�h�f�Z�� �\�Z�`�g�h�� �f�_�k�l�h�� �a�Z�m�a�b�f�Z�� �k�Z�f�Z�� �i�j�b�j�h�^�Z�� �j�b�a�b�d�Z���� �h�^�g�h�k�g�h�� �ƒ�_�]�h�\�Z��
�k�m�[�•�_�d�l�b�\�g�Z�� �b�� �h�[�•�_�d�l�b�\�g�Z�� �^�b�f�_�g�a�b�•�Z���� �M�� �i�j�b�e�h�]�� �g�Z�\�_�^�_�g�h�f�� �b�^�_�� �b�� �q�b�ƒ�_�g�b�p�Z�� �^�Z�� �k�m�� �j�Z�a�e�b�q�b�l�b�� �m�a�j�h�p�b��
�\�Z�g�j�_�^�g�b�o���k�b�l�m�Z�p�b�•�Z���� �Z���k�Z�f�b�f���l�b�f���•�_���b���k�e�h�`�_�g�h�k�l���j�b�a�b�d�Z���d�Z�h���i�h�•�Z�\�_���\�b�r�_�k�l�j�m�d�h���\�_�„�Z�� 
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�I�j�h�p�_�ƒ�b�\�Z�ƒ�_�� �j�b�a�b�d�Z�� �•�_�� �i�j�h�p�_�k�g�h�]�� �d�Z�j�Z�d�l�_�j�Z�� �b�� �m�k�f�_�j�_�g�h�� �•�_�� �g�Z�� �d�\�Z�g�l�b�n�b�d�Z�p�b�•�m�� �j�b�a�b�d�Z�� �h�^�j�_�{�b�\�Z�ƒ�_�f��
�\�_�j�h�\�Z�l�g�h�„�_�� �b�� �i�h�k�e�_�^�b�p�Z���g�Z�k�l�Z�g�d�Z���\�Z�g�j�_�^�g�h�]�� �^�h�]�Z�{�Z�•�Z���� �I�j�h�p�_�k�� �i�j�h�p�_�g�_���j�b�a�b�d�Z���h�^���\�Z�g�j�_�^�g�b�o���^�h�]�Z�{�Z�•�Z��
�i�h�q�b�ƒ�_�� �b�^�_�g�l�b�n�b�d�Z�p�b�•�h�f�� �b�� �k�o�\�Z�l�Z�ƒ�_�f�� �\�Z�g�j�_�^�g�h�]�� �^�h�]�Z�{�Z�•�Z���� �K�Z�f�h�� �i�j�b�k�m�k�l�\�h�� �\�Z�g�j�_�^�g�h�]�� �^�h�]�Z�{�Z�•�Z�� �g�_��
�b�f�i�e�b�p�b�j�Z�� �\�Z�g�j�_�^�g�m�� �k�b�l�m�Z�p�b�•�m���� �\�_�„�� �ƒ�_�g�h�� �i�h�l�_�g�p�b�•�Z�e�g�h�� �i�h�k�l�h�•�Z�ƒ�_���� �m�\�Z�`�Z�\�Z�•�m�„�b�� �i�j�Z�\�g�_�� �g�h�j�f�_����
�:�g�Z�e�b�a�h�f�� �_�e�_�f�_�g�Z�l�Z�� �\�Z�g�j�_�^�g�h�]�� �^�h�]�Z�{�Z�•�Z�� �d�Z�h�� �r�l�h�� �k�m���\�_�j�h�\�Z�l�g�h�„�Z���g�Z�k�l�Z�g�d�Z���b�� �i�h�k�e�_�^�b�p�_���j�_�Z�e�b�a�Z�p�b�•�_����
�^�h�[�b�•�Z�� �k�_�� �\�_�e�b�q�b�g�Z�� ���g�b�\�h���� �j�b�a�b�d�Z���� �H�^�j�_�{�_�g�b�� �g�b�\�h�� �j�b�a�b�d�Z�� �k�b�]�g�Z�e�b�a�b�j�Z���i�h�k�l�h�•�Z�ƒ�_���h�i�Z�k�g�h�k�l�b�� �h�^�� �^�Z�l�h�]��
�^�h�]�Z�{�Z�•�Z�� �k�Z�� �i�j�h�p�_�ƒ�_�g�h�f�� �\�_�j�h�\�Z�l�g�h�„�h�f�� �g�Z�k�l�m�i�Z�ƒ�Z���b�� �f�h�]�m�„�b�f�� �i�h�k�e�_�^�b�p�Z�f�Z���� �>���@���I�j�h�p�_�ƒ�b�\�Z�ƒ�_���j�b�a�b�d�Z��
�g�b�d�Z�d�h���g�_���e�b�f�b�l�b�j�Z�� �\�j�_�f�_���g�Z�k�l�Z�g�d�Z���\�Z�g�j�_�^�g�h�]���^�h�]�Z�{�Z�•�Z�����Z�e�b���a�g�Z�q�Z�•�g�h���f�h�`�_���^�Z���m�l�b�q�_���g�Z���i�h�k�e�_�^�b�p�_�� 
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�k�b�l�m�Z�p�b�•�Z�f�Z���m���a�_�f�‚�b���Z�e�b���b���m���i�j�_�d�h�]�j�Z�g�b�q�g�h�•�� �k�Z�j�Z�^�ƒ�b�� 
 
3. �H�;�J�:�A�H�<�:�5�?�� �M�� �N�M�G�D�P�B�3�B�� �D�<�:�E�B�L�?�L�:�� �M�I�J�:�<�4�:�5�:�� �<�:�G�J�?�>�G�B�F��

�K�B�L�M�:�P�B�3�:�F�: 

�M�� �\�_�e�b�d�h�f�� �[�j�h�•�m�� �k�e�m�q�Z�•�_�\�Z���� �f�h�]�m�„�_�� �•�_�� �i�j�_�i�h�a�g�Z�l�b�� �^�h�]�Z�{�Z�•�_�� �b�� �i�h�•�Z�\�_�� �d�h�•�_�� �b�f�Z�•�m�� �i�h�•�Z�\�g�_�� �h�[�e�b�d�_�� �d�h�•�b����
�m�d�Z�a�m�•�m�� �g�Z�� �f�h�]�m�„�g�h�k�l�� �g�Z�k�l�Z�g�d�Z�� �g�_�]�Z�l�b�\�g�b�o�� �i�h�k�e�_�^�b�p�Z���i�h�� �q�h�\�_�d�Z�� �b�� �`�b�\�h�l�g�m���k�j�_�^�b�g�m���b�e�b���f�Z�l�_�j�b�•�Z�e�g�Z��
�k�j�_�^�k�l�\�Z���� �I�j�_�i�h�a�g�Z�\�Z�ƒ�_�� �l�Z�d�\�b�o�� �d�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�� �b�� �m�l�b�p�Z�•�� �g�Z�� �ƒ�b�o�� �b�e�b�� �h�[�Z�\�_�r�l�Z�\�Z�ƒ�_�� �h�� �ƒ�b�f�Z���� �g�b�•�_��
�f�h�]�m�„�_���� �Z�d�h�� �k�_�� �g�_�� �i�h�a�g�Z�•�m�� �ƒ�b�o�h�\�b�� �m�a�j�h�p�b���� �g�Z�q�b�g�� �j�Z�a�\�h�•�Z�� �b�� �^�_�e�h�\�Z�ƒ�Z���� �f�h�]�m�„�_�� �i�h�k�e�_�^�b�p�_���� �b�l�^���� �>�Z�d�e�_����
�i�j�_�i�h�a�g�Z�\�Z�ƒ�_�� �f�h�]�m�� �^�Z�� �b�a�\�j�r�_�� �k�Z�f�h�� �e�b�p�Z�� �d�h�•�Z�� �i�h�k�_�^�m�•�m�� �a�g�Z�ƒ�Z�� �h�� �l�Z�d�\�b�f�� �i�h�•�Z�\�Z�f�Z���� �A�g�Z�ƒ�Z���d�h�•�Z���b�f�� �l�h��
�h�f�m�]�m�„�Z�\�Z�•�m�� �k�l�b�q�m�� �k�_�� �d�j�h�a�� �h�[�j�Z�a�h�\�Z�ƒ�_���� �h�[�m�d�m�� �b�� �h�k�i�h�k�h�[�‚�Z�\�Z�ƒ�_�� �a�Z�� �h�[�Z�\�‚�Z�ƒ�_�� �i�h�k�e�h�\�Z�� �b�a�� �h�[�e�Z�k�l�b��
�[�_�a�[�_�^�g�h�k�l�b���b���\�Z�g�j�_�^�g�b�o���k�b�l�m�Z�p�b�•�Z�� 
3.1. �N�h�j�f�Z�e�g�h���h�[�j�Z�a�h�\�Z�ƒ�_ 

�I�_�j�p�_�i�p�b�•�Z�� �h�i�Z�k�g�h�k�l�b���� �m�h�i�r�l�_���� �Z�� �g�Z�j�h�q�b�l�h�� �\�Z�g�j�_�^�g�b�o���k�b�l�m�Z�p�b�•�Z���� �h�^�� �d�‚�m�q�g�h�]�� �•�_�� �a�g�Z�q�Z�•�Z�� �a�Z�� �ƒ�b�o�h�\�h��
�i�j�_�i�h�a�g�Z�\�Z�ƒ�_�� �b�� �i�j�_�\�_�g�p�b�•�m���� �<�Z�g�j�_�^�g�_�� �k�b�l�m�Z�p�b�•�_���� �k�Z�f�_���i�h�� �k�_�[�b���� �b�f�i�e�b�p�b�j�Z�•�m�� �g�Z�� �h�i�Z�k�g�h�k�l���� �g�_�k�j�_�„�m����
�`�Z�e�h�k�l���� �]�m�[�b�l�d�_���� �K�\�_���g�Z�\�_�^�_�g�h���k�m���h�k�_�„�Z�ƒ�Z���d�h�•�Z���d�h�^���‚�m�^�b���b�a�Z�a�b�\�Z�•�m���k�l�j�Z�o�����Z���m���\�_�e�b�d�h�f���[�j�h�•�m���k�e�m�q�Z�•�_�\�Z��
�b�� �i�Z�g�b�d�m���� �K�l�j�Z�o�� �d�h�^�� �‚�m�^�b���� �m�� �m�k�e�h�\�b�f�Z�� �h�i�k�g�h�k�l�b���� �i�h�[�m�{�m�•�_�� �g�_�k�\�_�k�g�_�� �^�_�e�h�\�_�� �e�b�q�g�h�k�l�b���� �b�� �m���i�j�\�b�� �i�e�Z�g��
�b�a�[�b�•�Z���d�h�e�_�d�l�b�\�g�Z���k�\�_�k�l���� �Z�� �g�_�k�l�Z�•�_�� �b�e�b���k�_���[�e�h�d�b�j�Z���k�Z�f�h�d�h�g�l�j�h�e�Z�����e�b�q�g�Z���k�g�Z�]�Z�����f�h�j�Z�e�g�h�k�l���>���@���Q�h�\�_�d���k�_��
�\�b�r�_�� �h�d�j�_�„�_�� �d�Z�� �h�q�_�d�b�\�Z�ƒ�m�� �i�h�f�h�„�b�� �k�Z�� �k�l�j�Z�g�_���� �h�^�� �h�j�]�Z�g�Z�� �\�e�Z�k�l�b���� �>���@�� �K�l�j�Z�o�� �b�� �Z�g�d�k�b�h�a�g�h�k�l�� �k�m���]�e�Z�\�g�b��
�i�h�d�j�_�l�Z�q�b�� �i�h�g�Z�r�Z�ƒ�Z�� �‚�m�^�b�� �b�� �m�i�m�„�b�\�Z�ƒ�Z�� �g�Z�� �]�j�m�i�m���� �>�Z�d�e�_���� �m�g�_�k�j�_�„�_�g�b�� �‚�m�^�b�� �i�_�j�p�b�i�b�j�Z�•�m�� �h�i�Z�k�g�h�k�l����
�m�]�j�h�`�Z�\�Z�ƒ�_�� �b�� �\�_�j�h�\�Z�l�g�h�� �k�m�� �k�\�_�k�g�b�� �h�� �q�_�f�m�� �k�_�� �j�Z�^�b�� ���a�_�f�‚�h�l�j�_�k���� �i�h�e�Z�\�Z���� �i�h�`�Z�j������ �I�j�h�[�e�_�f�� �g�Z�k�l�Z�•�_�� �m��
�f�h�f�_�g�l�m���d�Z�^�� �l�j�_�[�Z���^�Z���j�_�Z�]�m�•�m���b�� �i�j�b�f�_�g�_���h�^�j�_�{�_�g�_���f�_�j�_���b���Z�d�l�b�\�g�h�k�l�b���a�Z���i�j�m�`�Z�ƒ�_���i�h�f�h�„�b�����k�d�e�Z�ƒ�Z�ƒ�_����
�b�a�\�e�Z�q�_�ƒ�_���� �b�� �k�e���� �K�\�b�� �i�j�b�i�Z�^�g�b�p�b�� �]�j�m�i�_�� �d�h�•�b�� �g�_�f�Z�•�m�� �i�h�l�j�_�[�g�Z�� �a�g�Z�ƒ�Z�� �h�� �g�Z�q�b�g�b�f�Z�� �i�h�k�l�m�i�Z�ƒ�Z�� �b��
�j�_�Z�]�h�\�Z�ƒ�Z���� �i�h�k�l�Z�•�m�� �^�h�^�Z�l�g�b�� �i�j�h�[�e�_�f�� �b�� �h�i�Z�k�g�h�k�l���� �•�_�j���j�_�Z�]�m�•�m�� �g�Z�k�m�f�b�q�g�h�� �b�� �f�h�]�m�� �^�Z�� �b�a�Z�a�h�\�m�� �i�h�\�j�_�^�_��
�k�_�[�_���b�e�b���^�j�m�]�b�o���‚�m�^�b���b�� �b�a�Z�a�h�\�m���k�_�d�m�g�^�Z�j�g�_���g�_�]�Z�l�b�\�g�_���_�n�_�d�l�_���i�h���h�d�h�e�b�g�m���� 
�B�a�� �g�Z�\�_�^�_�g�b�o�� �q�b�ƒ�_�g�b�p�Z�� �k�_�� �e�Z�d�h�� �a�Z�d�‚�m�q�m�•�_�� �^�Z�� �•�_�� �a�g�Z�ƒ�_�� �h�k�g�h�\�g�b���� �k�m�r�l�b�g�k�d�b�� �n�Z�d�l�h�j�� �i�j�_�\�_�g�p�b�•�_��
�\�Z�g�j�_�^�g�b�o�� �^�h�]�Z�{�Z�•�Z�� �b�� �\�Z�g�j�_�^�g�b�o�� �k�b�l�m�Z�p�b�•�Z���� �K�l�b�p�Z�ƒ�_�� �a�g�Z�ƒ�Z���i�h�q�b�ƒ�_���•�h�r�� �h�^ �f�Z�e�b�o���g�h�]�m���� �h�^�g�h�k�g�h���d�j�h�a��
�n�h�j�f�Z�e�g�h�� �h�[�j�Z�a�h�\�Z�ƒ�_�� �m�� �r�d�h�e�k�d�h�f�� �h�[�j�Z�a�h�\�g�h�f�� �k�b�k�l�_�f�m�����:�d�p�_�g�Z�l�� �k�_�� �^�Z�•�_�� �g�Z�� �i�_�j�f�Z�g�_�g�l�g�h�k�l�b��
�h�[�j�Z�a�h�\�Z�ƒ�Z�� �b�� �^�h�[�b�•�Z�ƒ�Z�� �b�g�n�h�j�f�Z�p�b�•�Z�� �k�o�h�^�g�h�� �m�a�j�Z�k�l�m�� �^�_�p�_���� �G�h�j�f�Z�e�g�h�� �•�_�� �^�Z�� �^�_�l�_�� �m�� �i�j�_�^�r�d�h�e�k�d�h�f�� �b��
�j�Z�g�h�f�� �r�d�h�e�k�d�h�f�� �m�a�j�Z�k�l�m�� �g�_�� �a�g�Z�� �f�g�h�]�h�� �b�e�b�� �g�b�r�l�Z�� �h�� �h�i�Z�k�g�h�k�l�b�f�Z�� �h�d�h�� �k�_�[�_�� ���k�Z�h�[�j�Z�„�Z�•���� �k�l�j�m�•�Z����
�_�e�_�f�_�g�l�Z�j�g�_�� �g�_�i�h�]�h�^�_���� �b�k�e������ �J�Z�a�\�b�•�Z�ƒ�_�� �k�\�_�k�l�b�� �h�� �i�h�•�f�m�� �[�_�a�[�_�^�g�h�k�l�b���� �i�j�Z�\�m�� �b�� �h�[�Z�\�_�a�Z�f�Z�� �m�� �\�_�a�b��
�[�_�a�[�_�^�g�h�k�l�b�� �b�� �i�h�l�j�_�[�b�� �[�_�a�[�_�^�g�h�k�l�b�� �k�m�� �d�‚�m�q�g�b�� �_�e�_�f�_�g�l�b�� �l�j�Z�•�g�h�]�� �m�k�\�Z�•�Z�ƒ�Z�� �l�Z�d�\�b�o�� �b�g�n�h�j�f�Z�p�b�•�Z����
�h�^�g�h�k�g�h���h�i�r�l�_�� �d�m�e�l�m�j�_�� �[�_�a�[�_�^�g�h�k�l�b�� �b�� �i�j�b�i�j�_�f�_�� �a�Z���^�_�l�Z�‚�g�b�•�_�� �b�a�m�q�Z�\�Z�ƒ�_���h�\�_�� �i�j�h�[�e�_�f�Z�l�b�d�_���g�Z���g�b�\�h�m��
�\�b�r�_�]���h�k�g�h�\�g�h�]�� �b�� �k�j�_�^�ƒ�_�]���h�[�j�Z�a�h�\�Z�ƒ�Z�����>���@ 
�K�j�_�^�ƒ�_�� �h�[�j�Z�a�h�\�Z�ƒ�_�� �g�_�� �i�h�k�\�_�„�m�•�_�� �^�h�\�h�‚�g�h�� �i�Z�`�ƒ�_�� �\�Z�g�j�_�^�g�b�f�� �k�b�l�m�Z�p�b�•�Z�f�Z���� �h�k�b�f�� �m�� �^�_�e�m�� �r�d�h�e�Z�� �d�h�•�_��
�\�j�r�_�� �h�[�j�Z�a�h�\�Z�ƒ�_�� �i�j�b�i�Z�^�g�b�d�Z�� �k�i�_�p�b�•�Z�e�b�a�h�\�Z�g�b�o�� �k�e�m�`�[�b�����\�Z�l�j�h�]�Z�k�p�b������ �>���@�� �<�_�h�f�Z�� �\�Z�`�g�h�� �\�j�_�f�_���� �k�Z��
�Z�k�i�_�d�l�Z�� �m�k�\�Z�•�Z�ƒ�Z�� �i�j�Z�d�l�b�q�g�b�o�� �a�g�Z�ƒ�Z�� �b�a�� �h�[�e�Z�k�l�b�� �\�Z�g�j�_�^�g�b�o�� �k�b�l�m�Z�p�b�•�Z���� �•�_�k�l�_�� �k�j�_�^�ƒ�_�� �h�[�j�Z�a�h�\�Z�ƒ�_���� �M��
�h�\�h�f�� �i�_�j�b�h�^�m�� �i�h�e�Z�a�g�b�p�b�� �r�d�h�e�Z�� �f�h�]�m�� �^�Z�� �m�q�_�k�l�\�m�•�m�� �m�� �i�j�Z�d�l�b�q�g�b�f�� �\�_�`�[�Z�f�Z�� �b�� �^�Z�� �\�_�h�f�Z�� �d�\�Z�e�b�l�_�l�g�h��
�m�k�\�h�•�_���i�j�Z�d�l�b�q�g�Z���a�g�Z�ƒ�Z�����L�Z�d�\�Z���a�g�Z�ƒ�Z���f�h�]�m���^�Z���[�m�^�m���b���d�\�Z�e�b�l�_�l�g�b���j�_�i�_�j�b���a�Z���b�a�[�h�j���[�m�^�m�„�b�o���a�Z�g�b�f�Z�ƒ�Z�� 
�I�h�l�j�_�[�m�� �a�Z�� �m�\�h�{�_�ƒ�_�f�� �k�Z�^�j�`�Z�•�Z�� �b�a�� �h�[�e�Z�k�l�b�� �[�_�a�[�_�^�g�h�k�l�b�� �b�� �\�Z�g�j�_�^�g�b�o�� �k�b�l�m�Z�p�b�•�Z���� �i�j�_�i�h�a�g�Z�e�_�� �k�m��
�h�[�j�Z�a�h�\�g�_�� �b�� �g�Z�m�q�g�h-�b�k�l�j�Z�`�b�\�Z�q�d�_�� �m�k�l�Z�g�h�\�_�� �m�� �a�_�f�‚�b���� �g�Z�� �n�Z�d�m�e�l�_�l�k�d�h�f�� �g�b�\�h�m���� �I�j�h�]�j�Z�f�b�� �h�\�b�o��
�m�k�l�Z�g�h�\�Z�� �k�m�� �m�k�f�_�j�_�g�b�� �g�Z�� �j�Z�a�\�b�•�Z�ƒ�_�� �h�i�r�l�b�o�� �a�g�Z�ƒ�Z���d�h�•�b�f�Z���k�_���h�f�h�]�m�„�Z�\�Z���i�h�k�f�Z�l�j�Z�ƒ�_���b�� �b�k�l�j�Z�`�b�\�Z�ƒ�_��
�i�h�•�Z�\�Z���\�_�a�Z�g�b�o���a�Z���\�Z�g�j�_�^�g�_���k�b�l�m�Z�p�b�•�_�� 
�A�g�Z�ƒ�Z�� �g�Z�� �k�\�b�f�� �g�b�\�h�b�f�Z�� �h�[�j�Z�a�h�\�Z�ƒ�Z���� �l�j�_�[�Z�� �^�Z�� �k�m�� �k�b�k�l�_�f�k�d�b�� �h�k�f�b�r�‚�_�g�Z�� �b�� �m�k�Z�]�e�Z�r�_�g�Z�� �k�Z�� �e�h�]�b�d�h�f��
�i�j�_�\�_�g�p�b�•�_�� �h�i�Z�k�g�b�o�� �i�h�•�Z�\�Z�� �b�� �^�h�]�Z�{�Z�•�Z���� �G�Z�� �l�Z�•�� �g�Z�q�b�g���„�_�� �b�� �k�Z�f�h�� �j�_�Z�]�h�\�Z�ƒ�_�� �g�Z�� �\�Z�g�j�_�^�g�_�� �k�b�l�m�Z�p�b�•�_�� �^�Z��
�[�m�^�_���d�\�Z�e�b�l�_�l�g�b�•�_���b���m���j�_�Z�e�g�h�f���\�j�_�f�_�g�m�� 
3.2. �G�_�n�h�j�f�Z�e�g�h���h�[�j�Z�a�h�\�Z�ƒ�_ 

�B�� �m�� �g�Z�•�b�^�_�e�g�b�•�b�f�� �k�b�l�m�Z�p�b�•�Z�f�Z���� �d�Z�^�Z�� �[�_�k�i�j�_�d�h�j�g�h�� �n�m�g�d�p�b�h�g�b�r�_�� �k�b�k�l�_�f�� �k�l�b�p�Z�ƒ�Z�� �a�g�Z�ƒ�Z�� �h�� �\�Z�g�j�_�^�g�b�f��
�k�b�l�m�Z�p�b�•�Z�f�Z�� �d�j�h�a�� �n�h�j�f�Z�e�g�h�� �h�[�j�Z�a�h�\�Z�ƒ�_���� �ƒ�_�]�h�\�Z���l�j�Z�•�g�h�k�l�� �•�_�� �i�h�^�� �a�g�Z�d�h�f�� �i�b�l�Z�ƒ�Z���Z�d�h �k�_���g�_���h�[�g�Z�\�‚�Z�� �b��
�m�k�Z�\�j�r�Z�\�Z���� �I�j�h�p�_�k�� �m�k�Z�\�j�r�Z�\�Z�ƒ�Z���a�g�Z�ƒ�Z���� �k�l�b�p�Z�ƒ�Z���g�h�\�b�o���a�g�Z�ƒ�Z���b�� �h�[�g�Z�\�‚�Z�ƒ�Z���i�h�k�l�h�•�_�„�b�o���\�j�r�b���k�_���d�j�h�a��
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�J�b�a�b�q�g�h�� �^�j�m�r�l�\�h�� �m�� �d�h�f�_�� �`�b�\�b�f�h���� �b�f�i�e�b�p�b�j�Z�� �i�h�l�j�_�[�m�� �b�^�_�g�l�b�n�b�d�Z�p�b�•�_�� �b�� �i�j�_�^�m�a�b�f�Z�ƒ�Z�� �r�b�j�h�d�h�]��
�k�i�_�d�l�j�Z���f�_�j�Z���a�Z���k�f�Z�ƒ�_�ƒ�_���j�b�a�b�d�Z�����>�Z�g�Z�r�ƒ�b���i�Z�j�p�b�•�Z�e�g�b���i�j�b�k�l�m�i�� �h�[�j�Z�a�h�\�Z�ƒ�m���m���[�_�a�[�_�^�g�h�k�l�b���Z���g�Z�j�h�q�b�l�h��
�m�� �\�Z�g�j�_�^�g�b�f�� �k�b�l�m�Z�p�b�•�Z�f�Z���� �\�b�r�_�� �b�f�Z�� �a�[�m�ƒ�m�•�m�„�b�� �d�Z�j�Z�d�l�_�j�� �g�_�]�h�� �k�l�\�Z�j�Z�ƒ�_�� �d�m�e�l�m�j�_�� �[�_�a�[�_�^�g�h�k�l�b���� �>���@��
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�M�� �k�Z�\�j�_�f�_�g�h�f�� �^�j�m�r�l�\�m���� �h�[�j�Z�a�h�\�Z�ƒ�_�� �i�j�_�^�k�l�Z�\�‚�Z�� �•�_�^�Z�g�� �h�^�� �l�_�f�_�‚�g�b�o�� �k�l�m�[�h�\�Z�� �h�^�j�`�b�\�h�]�� �j�Z�a�\�h�•�Z����
�H�^�j�`�b�\�b�� �j�Z�a�\�h�•�� �•�_�� �g�_�a�Z�f�b�k�e�b�\�� �Z�d�h�� �g�_�� �i�h�k�l�h�•�_�� �f�_�o�Z�g�b�a�f�b�� �a�Z�� �� �_�n�b�d�Z�k�g�h�� �^�_�e�h�\�Z�ƒ�_�� �b�� �i�j�_�\�_�g�p�b�•�m��
�\�Z�g�j�_�^�g�b�o�� �k�b�l�m�Z�p�b�•�Z���� �d�Z�h�� �g�Z�•�\�_�„�_�]�� �g�_�i�j�b�•�Z�l�_�‚�Z�� �k�Z�\�j�_�f�_�g�h�]�� �‚�m�^�k�d�h�]�� �^�j�m�r�l�\�Z���� �>3] �H�[�a�b�j�h�f�� �^�Z��
�^�j�m�r�l�\�_�g�m�� �a�Z�•�_�^�g�b�p�m���� �q�b�g�_�� �k�\�_�� �•�_�^�b�g�d�_�� �d�h�•�_�� �m�� �ƒ�h�•�� �`�b�\�_���� �e�h�]�b�q�g�h�� �•�_�� �^�Z�� �k�\�Z�d�Z�� �f�h�j�Z�� �^�Z�� �i�j�_�m�a�f�_��
�h�^�]�h�\�h�j�g�h�k�l�� �a�Z�� �\�e�Z�k�l�b�l�b�� �^�h�i�j�b�g�h�k�� �[�_�a�[�_�^�g�h�k�l�b�� �m�� �\�Z�g�j�_�^�g�b�f�� �k�b�l�m�Z�p�b�•�Z�f�Z���� �K�b�k�l�_�f�� �h�^�]�h�\�h�j�g�h�k�l�b�� �k�_��
�m�k�i�h�k�l�Z�\�‚�Z�� �d�j�h�a���f�_�o�Z�g�b�a�f�_�� �\�e�Z�k�l�b�� �Z�e�b���b�� �m�k�i�h�k�l�Z�\�‚�Z�ƒ�_���k�b�k�l�_�f �Z���a�Z�r�l�b�l�_�� �b���k�i�Z�k�Z�\�Z�ƒ�Z���b���k�l�\�Z�j�Z�ƒ�_�f��
�k�\�_�k�l�b�� �h�� �i�h�l�j�_�[�b�� �b�� �g�_�h�i�o�h�^�g�h�k�l�b�� �h�[�j�Z�a�h�\�Z�ƒ�Z���� �h�[�m�d�_���b���^�h�`�b�\�h�l�g�h�]���m�q�_�ƒ�Z���h���[�_�a�[�_�^�g�h�k�l�b���m���\�Z�g�j�_�^�g�b�f��
�k�b�l�m�Z�p�b�•�Z�f�Z��  
  
�A�:�D�4�M�Q�:�D 
�Q�b�ƒ�_�g�b�p�Z�� �•�_�� �^�Z�� �\�_�e�b�d�b�� �[�j�h�•�� �i�h�•�_�^�b�g�Z�p�Z���� �m���k�e�m�q�Z�•�_�\�b�f�Z���g�Z�k�l�Z�g�d�Z���^�h�]�Z�{�Z�•�Z���k�Z���g�_�]�Z�l�b�\�g�b�f�� �d�h�g�l�_�d�k�l�h�f����
�i�j�_�i�h�a�Z�•�m�� �h�i�Z�k�g�h�k�l�� �i�h�� �k�h�i�k�l�\�_�g�b�� �`�b�\�h�l�� �b�e�b���`�b�\�h�l�� �[�e�b�k�d�b�o���h�k�h�[�Z���b�� �f�Z�l�_�j�b�•�Z�e�g�Z���k�j�_�^�k�l�\�Z���� �M���l�Z�d�\�b�f��
�k�b�l�m�Z�p�b�•�Z�f�Z���� �i�j�\�Z�� �j�_�Z�d�p�b�•�Z�� �[�b�\�Z���� �i�h�a�b�\�Z�ƒ�_�� �o�b�l�g�b�o�� �k�e�m�`�[�b���� �\�Z�l�j�h�]�Z�ka�p�Z���� �o�b�l�g�_�� �i�h�f�h�„�b���� �b�k�e���� �<�_�h�f�Z��
�q�_�k�l�h���� �j�_�a�m�e�l�Z�l�� �q�_�d�Z�ƒ�Z�� �^�h�� �^�h�e�Z�k�d�Z�� �o�b�l�g�b�o�� �k�e�m�`�[�b�� �•�_�k�l�_���� �[�j�a�h�� �r�b�j�_�ƒ�_�� �i�h�`�Z�j�Z���� �]�m�[�b�l�Z�d�� �‚�m�^�k�d�b�o��
�`�b�\�h�l�Z���� �k�l�j�Z�o���� �b�l�^���� �J�Z�a�e�h�]�� �a�Z���g�_�i�j�b�k�l�m�i�Z�ƒ�_���]�Z�r�_�ƒ�m���i�h�`�Z�j�Z���b�e�b���j�_�Z�g�b�f�Z�p�b�•�b���q�h�\�_�d�Z�����•�_�k�l�_���m���g�_�a�g�Z�ƒ�m��
�b�� �k�l�j�Z�o�m���� �K�l�j�Z�o�� �•�_�� �f�h�]�m�„�_�� �i�h�[�_�^�b�l�b�� �k�b�k�l�_�f�k�d�b�f�� �h�[�j�Z�a�h�\�Z�ƒ�_�f�� �i�h�•�_�^�b�g�Z�p�Z�� �b�� �j�Z�a�\�b�•�Z�ƒ�m�� �d�m�e�l�m�j�_��
�[�_�a�[�_�^�g�h�k�l�b���Z���g�_�a�g�Z�ƒ�_���g�Z�k�l�Z�\�d�h�f���h�[�j�Z�a�h�\�Z�ƒ�Z���b���h�k�i�h�k�h�[�‚�Z�\�Z�ƒ�Z���d�j�h�a���j�Z�a�e�b�q�b�l�_���\�j�k�l�_���h�[�m�d�Z�� 
�H�[�j�Z�a�h�\�Z�ƒ�_�� �i�j�_�^�k�l�Z�\�‚�Z�� �•�_�^�g�m�� �h�^�� �g�Z�•�\�Z�`�g�b�•�b�o���� �g�Z�•�^�m�]�h�l�j�Z�•�g�b�o�� �f�_�j�Z�� �i�j�_�\�_�g�p�b�•�_�� �\�Z�g�j�_�^�g�b�o�� �k�b�l�m�Z�p�b�•�Z��
�h�^�g�h�k�g�h�� �g�_�]�Z�l�b�\�g�b�o�� �i�h�k�e�_�^�b�p�Z�� �\�Z�g�j�_�^�g�b�o�� �k�b�l�m�Z�p�b�•�Z���� �K�Z�f�h�� �[�_�a�[�_�^�g�h�k�g�h�� �h�[�j�Z�a�h�\�Z�g�b���� �h�[�m�q�_�g�b�� �b��
�h�k�i�h�k�h�[�‚�_�g�b�� �i�h�•�_�^�b�g�p�b�� �f�h�]�m�� �^�Z�� �i�j�m�`�_ �Z�^�_�d�\�Z�l�g�m�� �b�� �g�_�h�i�o�h�^�g�m�� �i�j�\�m�� �j�_�Z�d�p�b�•�m�� �m�� �k�e�m�q�Z�•�m�� �\�Z�g�j�_�^�g�b�o��
�k�b�l�m�Z�p�b�•�Z�� 
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ALGORITAM DESIGN, MANUFACTURE AND CONFORMITY 

ASSESSMENT PRESSURE EQUIPMENT 

SUMMARY: 
The aim of this paper is to demonstrate the technical and safety requirements for the design, development and 

conformity assessment of pressure equipment which is the maximum allowable pressure PS greater than 0,5 bar, 
according to the regulations related to that area. View of the above requirements is given in this paper by the algorithm. 
Certain procedures, documents and records are summarized and described 

Keywords: design, conformity assessment of pressure equipment, the a lgorithm 

 
1. �M�<�H�> 
�H�i�j�_�f�Z���i�h�^���i�j�b�l�b�k�d�h�f�� �k�m���i�h�k�m�^�_�����p�_�\�h�\�h�^�b���� �k�b�]�m�j�g�h�k�g�b�� �m�j�_�{�Z�•�b���� �i�h�f�h�„�g�b�� �m�j�_�{�Z�•�b�� �i�h�^���i�j�b�l�b�k�d�h�f�� �b��
�i�j�b�i�Z�^�Z�•�m�„�b�� �^�_�e�h�\�b���h�\�_���h�i�j�_�f�_�����k�i�h�•�g�b�p�_���� �i�j�b�j�m�[�g�b�p�_���b���^�j���������> �@1 . 
�G�Z�•�\�_�„�b���^�h�a�\�h�‚�_�g�b���i�j�b�l�b�k�Z�d��PS �•�_���h�g�Z�•�� �i�j�b�l�b�k�Z�d���n�e�m�b�^�Z���a�Z���d�h�•�b�� �•�_���h�i�j�_�f�Z���i�j�h�•�_�d�l�h�\�Z�g�Z�� �h�^���k�l�j�Z�g�_��
�i�j�h�b�a�\�h�{�Z�q�Z�� 
�K�_�f���g�Z�\�_�^�_�g�b�o���b�a�j�Z�a�Z�����d�h�j�b�k�l�_���k�_���b���Ä�g�_�j�Z�k�l�Z�\�‚�b�\�b���k�i�h�•�_�\�b�³�� �^�h�[�b�•�_�g�b�� �a�Z�\�Z�j�b�\�Z�ƒ�_�f���b���^�j�m�]�b�f��
�l�_�o�g�h�e�h�r�d�b�f�� �i�h�k�l�m�i�d�h�f�� �Z���g�_���f�h�]�m���k�_���j�Z�k�l�Z�\�b�l�b���[�_�a���j�Z�a�Z�j�Z�ƒ�Z�����I�j�b���b�a�j�Z�^�b���h�i�j�_�f�_���i�h�^���i�j�b�l�b�k�d�h�f��
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���m�i�j�Z�\�‚�Z�ƒ�_���d�\�Z�e�b�l�_�l�h�f�����h�^���i�j�b�•�_�f�Z���f�Z�l�_�j�b�•�Z�e�Z�����i�j�h�b�a�\�h�^�ƒ�_���^�h���a�Z�\�j�r�g�_���d�h�g�l�j�h�e�_���i�j�h�b�a�\�_�^�_�g�_��
�h�i�j�_�f�_���i�h�^���i�j�b�l�b�k�d�h�f�� 
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3.2 �A�:�<�J�R�G�H���H�P�?�5�B�<�:�5�? 
�H�i�j�_�f�Z���i�h�^���i�j�b�l�b�k�d�h�f�� �g�Z�d�h�g�� �f�h�g�l�Z�`�_���f�h�j�Z���[�b�l�b���i�h�^�\�j�]�g�m�l�Z���a�Z�\�j�r�g�h�f���h�p�_�ƒ�b�\�Z�ƒ�m���d�Z�d�h���•�_���l�h��
�^�_�n�b�g�b�k�Z�g�h�� �m���I�j�b�e�h�]�m��I �I�j�Z�\�b�e�g�b�d�Z���> �@1 . 
�������������A�Z�\�j�r�g�h���d�h�g�l�j�h�e�b�k�Z�ƒ�_���k�_���h�[�Z�\�‚�Z���\�b�a�m�_�e�g�h���b���i�j�_�]�e�_�^�h�f���i�j�Z�l�_�„�_���^�h�d�m�f�_�g�l�Z�p�b�•�_�� �m���p�b�‚�m��
�m�l�\�j�{�b�\�Z�ƒ�Z���m�k�Z�]�e�Z�r�_�g�h�k�l�b���k�Z���I�j�Z�\�b�e�g�b�d�h�f���> �@1 .  
�������������B�k�i�b�l�b�\�Z�ƒ�_���i�h�^���i�j�b�l�b�k�d�h�f���k�_���h�[�Z�\�‚�Z���i�j�b�l�b�k�d�h�f���m���\�b�^�b���g�Z�^�i�j�b�l�b�k�d�Z���m���n�h�j�f�b��
�o�b�^�j�h�k�l�Z�l�b�q�d�h�]���i�j�b�l�b�k�d�Z���d�h�•�b�� �h�^�]�h�\�Z�j�Z���f�Z�d�k�b�f�Z�e�g�h�f���h�i�l�_�j�_�„�_�ƒ�m���d�h�•�b�f�� �f�h�`�_���[�b�l�b���b�a�e�h�`�_�g�Z���h�i�j�_�f�Z��
�m���l�h�d�m���j�Z�^�Z�����m�a�b�f�Z�•�m�„�b�� �m���h�[�a�b�j�� �g�Z�•�\�_�„�b�� �^�h�a�\�h�‚�_�g�b���i�j�b�l�b�k�Z�d���b���g�Z�•�\�_�„�m�� �^�h�a�\�h�‚�_�g�m���l�_�f�i�_�j�Z�l�m�j�m����
�i�h�f�g�h�`�_�g�h�� �k�Z���d�h�_�n�b�p�b�•�_�g�l�h�f�� ���������� 
�������������D�h�g�l�j�h�e�b�k�Z�ƒ�_���k�b�]�m�j�g�h�k�g�_���h�i�j�_�f�_���k�_���l�Z�d�h�{�_���h�[�Z�\�‚�Z���m���\�b�^�m���i�j�h�\�_�j�_���k�b�]�m�j�g�h�k�l�b�� �m���k�d�e�Z�^�m���k�Z��
�I�j�Z�\�b�e�g�b�d�h�f���> �@1 . 
 
3.3 �A�G�:�D���M�K�:�=�E�:�R�?�G�H�K�L�B�� 
�A�g�Z�d���m�k�Z�]�e�Z�r�_�g�h�k�l�b���k�l�Z�\�‚�Z���k�_���g�Z���h�i�j�_�f�m���i�h�^�� �i�b�j�b�l�b�k�d�h�f���� �<�b�k�b�g�Z���a�g�Z�d�Z���•�_���g�Z�•�f�Z�ƒ�_�������f�f�� 
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3.3 �>�?�D�E�:�J�:�P�B�3�:�� �H���M�K�:�=�E�:�R�?�G�H�K�L�B  
�>�_�d�e�Z�j�Z�p�b�•�Z���h���m�k�Z�]�e�Z�r�_�g�h�k�l�b���f�h�j�Z���^�Z���k�Z�^�j�`�b�����g�Z�a�b�\�� �b���Z�^�j�_�k�m���i�j�h�b�a�\�h�{�Z�q�Z���� �h�i�b�k�� �h�i�j�_�f�_���b�e�b�� �k�d�e�h�i�Z��
�i�h�^���i�j�b�l�b�k�d�h�f���� �k�i�j�h�\�_�^�_�g�b���i�h�k�l�m�i�Z�d���h�p�_�ƒ�b�\�Z�ƒ�Z���m�k�Z�]�e�Z�r�_�g�h�k�l�b�� 
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4. �:�E�=�H�J�B�L�:�F
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�K�e�b�d�Z�������± �:�e�]�h�j�b�l�Z�f�����i�j�h�•�_�d�l�h�\�Z�ƒ�Z�����b�a�j�Z�^�_���b���h�p�_�ƒ�b�\�Z�ƒ�Z���m�k�Z�]�e�Z�r�_�g�h�k�l�b���h�i�j�_�f�_���i�h�^���i�j�b�l�b�k�d�h�f 
 
5. �A�:�D�4�M�Q�P�B 

1. �I�j�h�•�_�d�l�h�\�Z�ƒ�_���� �b�a�j�Z�^�Z�� �h�i�j�_�f�_���i�h�^�� �i�j�b�l�b�k�d�h�f �b�� �d�h�j�b�r�„�_�g�b�� �f�Z�l�_�j�b�•�Z�e�b �f�h�j�Z�•�m �^�Z�� �k�m��
�m�k�Z�]�e�Z�r�_�g�b�� �k�Z�� �[�b�l�g�b�f�� �a�Z�o�l�_�\�b�f�Z�� �[�_�a�[�_�^�g�h�k�l�b�� �i�j�h�i�b�k�Z�g�h�•�� �a�Z�d�h�g�k�d�h�•�� �h�[�Z�\�_�a�b �b �\�Z�`�_�„�b�f 
�o�Z�j�f�h�g�b�a�h�\�Z�g�b�f�� �_�\�j�h�i�k�d�b�f���k�l�Z�g�^�Z�j�^�b�f�Z�� 
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2. �H�i�b�k�Z�g�Z�� �i�j�h�p�_�^�m�j�Z�� �^�Z�l�Z�� �Z�e�]�h�j�b�l�f�h�f�� �^�_�p�b�^�g�h�� �h�i�b�k�m�•�_�� �m�j�_�{�_�g�h�k�l�� �Z�d�l�b�\�g�h�k�l�b�� �i�j�h�b�a�\�h�{�Z�q�Z��
�h�i�j�_�f�_���g�Z���m�k�Z�]�e�Z�r�Z�\�Z�ƒ�m���k�Z���>�b�j�_�d�l�b�\�h�f��PED 97/23/EC 

3. �G�Z�� �l�j�`�b�r�l�m�� �J�_�i�m�[�e�b�d�_�� �K�j�[�b�•�_�� �i�h�•�Z�\�‚�m�•�m  �k�_�� �k�l�Z�e�g�h�� �g�h�\�b�� �i�j�h�b�a�\�h�^�b�� �d�h�•�b�� �a�Z�o�l�_�\�Z�•�m��
�\�_�j�b�n�b�d�Z�p�b�•�m�� �[�b�l�g�b�o�� �a�Z�o�l�_�\�Z�� �[�_�a�[�_�^�g�h�k�l�b�� �l�_�� �b�� �n�h�j�f�b�j�Z�ƒ�_�� �b�f�_�g�h�\�Z�g�b�o�� �l�_�e�Z�� �h�^�� �k�l�j�Z�g�_��
�g�Z�^�e�_�`�g�h�]�� �F�b�g�b�k�l�j�Z 

 
 
���������E�B�L�?�J�:�L�M�J�: 
�> �@1 �
�
�
�I�j�Z�\�b�e�g�b�d�� �h���l�_�o�g�b�q�d�b�f���a�Z�o�l�_�\�b�f�Z���a�Z���i�j�h�•�_�d�l�h�\�Z�ƒ�_�����b�a�j�Z�^�m���b�� �h�p�_�ƒ�b�\�Z�ƒ�_���m�k�Z�]�e�Z�r�_�g�h�k�l�b��
�h�i�j�_�f�_���i�h�^���i�j�b�l�b�k�d�h�f�� ���Ä�K�e�m�`�[�_�g�b���]�e�Z�k�g�b�d���J�K�³�����[�j���������������������� 
�> �@2  �;�Z�d�b�„���A�������D�h�\�Z�q�_�\�b�„���;�������D�h�\�Z�q�_�\�b�„���B�������L�_�o�g�b�q�d�Z���j�_�]�m�e�Z�l�b�\�Z���j�_�i�m�[�e�b�d�_���K�j�[�b�•�_���� �?�e�_�d�l�j�Z�g�_����
�A�e�Z�l�b�[�h�j������������ 
�> �@3 *** PED 97/23/EC 
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�J�?�A�B�F�? 
�I�h�l�j�_�[�g�h�� �\�j�_�f�_�� �l�h�d�h�f  �d�h�]�Z�� �]�j�Z�{�_�\�b�g�k�d�_�� �d�h�g�k�l�j�m�d�p�b�•�_�� �m�� �i�h�`�Z�j�m�� �f�h�j�Z�•�m�� � �̂Z�� �k�Z�q�m�\�Z�•�m�� �k�\�h�•�m�� �n�m�g�d�p�b�•�m����

�a�Z�\�b�k�b�� �h� �̂� �h�q�_�d�b�\�Z�g�h�]�� �j�Z�a�\�h�•�Z�� �i�h�`�Z�j�Z�� �b�� �l�_�f�i�_�j�Z�l�m�j�g�h�]�� �j�_�`�b�f�Z�����d�h�•�_�f���„�_���[�b�l�b���b�a�e�Z�]�Z�g�_�����I�j�h�j�Z�q�m�g�k�d�h���i�h�l�j�_�[�g�h��
�\�j�_�f�_�� �h�l�i�h�j�g�h�k�l�b�� �_�e�_�f�_�g�Z�l�Z�� �d�h�g�k�l�j�m�d�p�b�•�_�� �l�h�d�h�f�� �i�h�`�Z�j�Z�� ���i�j�b�o�\�Z�„�_�g�h�� �m�� �?�<�J�H�D�H�>�H�<�B�F�:�� ���?�G�<�� ��������-19�������� �b��
�K�J�I�K�� �L�I�� ���������� �f�h�j�Z�� �[�b�l�b�� � �̂m�`�_�� �h� �̂� �i�j�_�l�i�h�k�l�Z�\�‚�_�g�_�� � �̂m�`�b�g�_�� �l�j�Z�•�Z�ƒ�Z�� �i�h�`�Z�j�Z���� �D�e�Z�k�_�� �h�l�i�h�j�g�h�k�l�b�� �i�j�_�f�Z�� �i�h�`�Z�j�m��- 
� �̂_�n�b�g�b�r�m���[�j�h�•�g�h�f���h�a�g�Z�d�h�f���h�l�i�h�j�g�h�k�l���i�j�_�f�Z���i�h�`�Z�j�m�����d�h�g�k�j�l�m�d�l�b�\�g�h�]���_�e�_�f�_�g�l�Z���b�a�j�Z�`�_�g�m���m���f�b�g�m�l�b�f�Z����F15, F30,  
F60,  F�������� �� �b�� ��F���������� �b �a�Z�� �i�h�•�_� �̂b�g�_�� �]�j�Z�{�_�\�b�g�k�d�_�� �_�e�_�f�_�g�l�_�� �f�h�]�m�� � �̂Z�� �k�_�� �h� �̂j�_� �̂_���� �k�l�Z�g� �̂Z�j� �̂g�b�f�� �� �i�h�`�Z�j�g�b�f��
�b�k�i�b�l�b�\�Z�ƒ�b�f�Z�� ���K�J�I�K�� �B�K�H�� ������������ �b�e�b�� �g�Z���h�k�g�h�\�m���k�l�Z�g� �̂Z�j�^�Z���� 

�I�h�r�l�h�� �•�_�� �f�_�{�m�� �i�j�h�•�_�d�l�Z�g�l�b�f�Z�� �f�Z�ƒ�_�� �i�h�a�g�Z�l�� �i�h�k�l�m�i�Z�d�� � �̂_�n�b�g�b�k�Z�ƒ�Z�� �i�h�l�j�_�[�g�_�� �h�l�i�h�j�g�h�k�l�b�� �_�e�_�f�_�g�Z�l�Z��
�a�]�j�Z� �̂Z�� �i�j�_�f�Z�� �i�h�`�Z�j�m�� ���i�h�l�j�_�[�g�_�� �d�e�Z�k�_������ �d�Z�h�� �b�� �b�a�[�h�j�� �n�Z�d�l�b�q�g�b�o�� �j�_�r�_�ƒ�Z�� �d�h�g�k�l�j�m�d�p�b�•�_���� �d�h�•�_�� �„�_�� �a�Z� �̂h�\�h�‚�b�l�b��
�l�j�Z�`�_�g�m���d�e�Z�k�m�����m���j�Z� �̂m���k�_��� �̂Z�•�m���i�j�b�f�_�j�b���g�_�d�b�o�� �d�Z�j�Z�d�l�_�j�b�k�l�b�q�g�b�o�� �j�_�r�_�ƒ�Z�� 

�D�‚�m�q�g�_�� �j�_�q�b�� �h�l�i�h�j�g�h�k�l���i�j�_�f�Z���i�h�`�Z�j�m�����b�k�d�m�k�l�\�Z���� �d�e�Z�k�_���h�l�i�h�j�g�h�k�l�b���_�e�_�f�_�g�Z�l�Z 
 

EXPERIENCE IN FIRE ANALYSIS IN BUILDINGS BY EUROCODES 

SUMMARY 
The required time during wich civil engineering structures in fire must preserve ther function depenos on the 

expected fire development and temperature regimen theyare exposed to. The calculated required time of resistance in 
the elements of the structure during fire, accepted in Eurocodes (ENV 1991-1999), and SRPS TP 19, must be longer 
than the anticipated fire length. 

Fire resistance classes define by numeric marks the fire resistance of the structural element expressed in 
minutes (F15, F30, F60, F90 and F120), and for cpecific elements can be determined through standard fire 
investigations (SRPS ISO 834), or by standards. 

As among designers the procedure to define the required fire resistance of buildings (the required class) is less 
known, as well as the choice of practical solutions of structures that will satisfy the required class, the paper gives 
examples of some characteristic solutions. 

Keywords: resistance to fire, experience, class of fire resistance of elements 
 

1. �M�<�H�>�� 

�M�� �h�d�\�b�j�m�� �F�_�{�m�g�Z�j�h�^�g�_�� �h�j�]�Z�g�b�a�Z�p�b�•�_�� �a�Z�� �k�l�Z�g�^�Z�j�^�b�a�Z�p�b�•�m (ISO���� �n�h�j�f�b�j�Z�g�b���� �l�_�o�g�b�q�d�b���d�h�f�b�l�_�l��TC-92 
�j�Z�^�b�� �g�Z�� �m�g�b�n�b�d�Z�p�b�•�b�� �b�� �m�k�Z�\�j�r�Z�\�Z�ƒ�m�� �i�h�`�Z�j�g�_�� �d�e�Z�k�b�n�b�d�Z�p�b�•�_�� �]�j�Z�{�_�\�b�g�k�d�b�o�� �f�Z�l�_�j�b�•�Z�e�Z�� �b��
�d�h�g�k�l�j�m�d�p�b�•�Z���� �k�Z���p�b�‚�_�f�� �m�•�_�^�g�Z�q�Z�\�Z�ƒ�Z���g�Z�p�b�h�g�Z�e�g�b�o���k�l�Z�g�^�Z�j�^�Z���� �5�b�o�h�\�� �I�h�^�d�h�f�b�l�_�l SC�����j�Z�^�b���g�Z���]�j�m�i�b��
�k�l�Z�g�^�Z�j�^�Z���m���\�_�a�b���j�_�Z�d�p�b�•�_���f�Z�l�_�j�b�•�Z�e�Z���g�Z���\�Z�l�j�m�����Z��SC�����g�Z���k�l�Z�g�^�Z�j�^�b�f�Z���m���\�_�a�b���h�l�i�h�j�g�h�k�l�b���]�j�Z�{�_�\�b�g�k�d�b�o��
�_�e�_�f�_�g�Z�l�Z�� �i�j�_�f�Z�� �i�j�h�`�Z�j�m�����H�I�I������ �L�_�o�g�b�q�d�b�f�� �i�j�_�i�h�j�m�d�Z�f�Z��ISO���LR10158 �m�d�Z�a�m�•�_�� �k�_�� �g�Z�� �i�h�l�j�_�[�m��
�Z�g�Z�e�b�l�b�q�d�b�o�� �i�j�h�j�Z�q�m�g�Z�� �d�h�g�k�l�j�m�d�p�b�•�Z�� �g�Z�� �i�h�`�Z�j���� �m�d�h�e�b�d�h�� �`�_�e�b�� �^�Z�� �k�_�� �^�h�[�b�•�_�� �j�Z�p�b�h�g�Z�e�g�b�•�_�� �j�_�r�_�ƒ�_�� �m��
�h�^�g�h�k�m���g�Z���h�g�Z�����d�h�•�_���g�Z�f�_�„�m���d�j�m�l�b���g�Z�p�b�h�g�Z�e�g�b���i�j�h�i�b�k�b�����A�g�Z�q�Z�•�g�h���f�_�k�l�h���a�Z�m�a�b�f�Z���^�_�n�b�g�b�k�Z�ƒ�_���i�h�l�j�_�[�g�_��
�h�l�i�h�j�g�h�k�l�b �i�j�_�f�Z�� �i�h� �̀Z�j�m���d�h�g�k�l�j�m�d�l�b�\�g�b�o�� �_�e�_�f�_�g�Z�l�Z���� �b�k�d�Z�a�Z�g�_�� �f�b�g�m�l�b�f�Z���� �m�� �h�^�g�h�k�m�� �g�Z�� �^�j�m�]�_��
�i�j�b�f�_�ƒ�_�g�_�� �l�_�o�g�b�q�d�_�� �b�� �h�j�]�Z�g�b�a�Z�p�b�h�g�_�� �f�_�j�_�� �a�Z�r�l�b�l�_�� �h�[�•�_�d�l�Z�� �h�^�� �i�h�`�Z�j�Z�� �� ���m�]�j�Z�{�_�g�_�� �f�h�[�b�e�g�_�� �b��
�Z�m�l�h�f�Z�l�k�d�_���h�i�j�_�f�_�� �a�Z���^�h�•�Z�\�m���b�� �]�Z�r�_�ƒ�_���i�h�`�Z�j�Z���� �i�j�b�k�m�k�l�\�h�� �\�Z�l�j�h�]�Z�k�g�_���k�e�m�`�[�_���b���ƒ�_�g�Z���h�i�j�_�f�‚�_�g�h�k�l���b��
�^�j���������M���^�h�f�Z�„�h�•���l�_�o�g�b�q�d�h�•�� �j�_�]�m�e�Z�l�b�\�b�� �a�Z���g�_�d�_���g�Z�f�_�g�k�d�_���h�[�•�_�d�Z�l�_�����i�h�k�l�h�•�_���h�^�j�_�{�_�g�b���a�Z�o�l�_�\�b���a�Z���i�h�l�j�_�[�g�m��
�H�I�I�� �d�h�g�k�l�j�m�d�p�b�•�_���� �Z�e�b���i�j�h�•�_�d�l�Z�g�l�b�f�Z���k�m���g�_�i�h�a�g�Z�l�_�� �k�\�_�� �f�h�]�m�„�g�h�k�l�b�� �d�h�•�b�f�Z���k�_���h�g�_���f�h�]�m���j�_�Z�e�b�a�h�\�Z�l�b����
�A�[�h�]�� �l�h�]�Z���k�m���m���j�Z�^�m���^�Z�l�b�� �m�a�\�h�^�b���b�a���f�_�{�m�g�Z�j�h�^�g�b�o���k�l�Z�g�^�Z�j�^�Z���?�<�J�H�D�H�>�������������^�_�h����-�����b���\�Z�`�_�„�b�o���K�J�I�K��
�k�l�Z�g�^�Z�j�^�Z�����d�h�•�b���^�_�n�b�g�b�r�m�� �h�l�i�h�j�g�h�k�l�� �i�j�_�f�Z���i�h�`�Z�j�m���g�Z�•�q�_�r�„�_���i�j�b�f�_�ƒ�b�\�Z�g�b�o�� �d�h�g�k�l�j�m�d�p�b�•�Z�� 

 

                                                 
1 �N�Z�d�m�e�l�_�l���l�_�o�g�b�q�d�b�o���g�Z�m�d�Z�����������������G�h�\�b���K�Z�^�����L�j�] ���>�h�k�b�l�_�•�Z��O�[�j�Z�^�h�\�b�„�Z������ 
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2.  �I�H�L�J�?�;�G�:���H�L�I�H�J�G�H�K�L���I�J�?�F�:���I�H�@�:�J�M���?�E�?�F�?�G�:�L�:���A�=�:�J�:�>�:�� 

 
�I�j�h�j�Z�q�m�g�k�d�h���i�h�l�j�_�[�g�h���\�j�_�f�_ �h�l�i�h�j�g�h�k�l�b���_�e�_�f�_�g�Z�l�Z���d�h�g�k�l�j�m�d�p�b�•�_���i�j�_�f�Z���i�h�`�Z�j�m�����H�I�I�������f�h�j�Z���[�b�l�b��
�^�m�`�_���h�^���i�j�_�l�i�h�k�l�Z�\�‚�_�g�_���^�m�`�b�g�_���l�j�Z�•�Z�ƒ�Z���i�h�`�Z�j�Z�����Z���g�Z���l�h���i�j�\�_�g�k�l�\�_�g�h���m�l�b�q�m���k�e�_�^�_�„�b���n�Z�d�l�h�j�b�� 

 - �\�_�e�b�q�b�g�Z���� �\�j�k�l�Z���b���j�Z�a�f�_�r�l�Z�•���i�h�`�Z�j�g�h�]���h�i�l�_�j�_�„�_�ƒ�Z���m���k�_�d�l�h�j�m�� 
     - �\�_�e�b�q�b�g�Z���b���j�Z�k�i�h�j�_�^���h�l�\�h�j�Z���g�Z���h�[�•�_�d�l�m�����a�Z���h�^�\�h�{�_�ƒ�_���^�b�f�Z���b���l�h�i�e�h�l�_�� 
     - �\�j�k�l�Z���h�[�e�h�]�Z���m���a�]�j�Z�^�b�����d�h�•�_���f�h�]�m���^�Z���Z�i�k�h�j�[�m�•�m���^�_�h���l�h�i�e�h�l�_���m���i�h�`�Z�j�m�� 
     - �i�h�k�l�h�•�Z�ƒ�_�� �m�j�_�{�Z�•�Z�� �a�Z�� �^�h�•�Z�\�m�� �b�� �Z�m�l�h�f�Z�l�k�d�h�� �]�Z�r�_�ƒ�_ �i�h�`�Z�j�Z���� �d�Z�h�� �b�� �g�b�\�h�� �l�_�o�g�b�q�d�_�� �d�h�g�l�j�h�e�_��

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

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

     - �[�j�h�•���m�]�j�h�`�_�g�b�o���‚�m�^�b���m���h�[�•�_�d�l�m���b�� �i�h�l�j�_�[�g�h���\�j�_�f�_���a�Z���ƒ�b�o�h�\�m���_�\�Z�d�m�Z�p�b�•�m�� 
     - �\�j�_�^�g�h�k�l�� �h�[�•�_�d�l�Z�� �b�� �k�Z�^�j�`�Z�•�Z�� �b�� �ƒ�b�o�h�\�� �^�j�m�r�l�\�_�g�b�� �a�g�Z�q�Z�•���� ���?�m�j�h�d�h�^�� �?C-���� �m�\�h�^�b �Z�g�Z�e�h�]�g�h�� ����

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

- �k�_�b�a�f�b�q�g�h�k�l���l�_�j�_�g�Z���g�Z���d�h�f�_���k�_���g�Z�e�Z�a�b���h�[�•�_�d�Z�l�������I�j�b�f�_�j�����M���N�j�Z�g�p�m�k�d�h�•�����i�j�h�i�b�k�b���a�Z�o�l�_�\�Z�•�m��
�^�Z���k�_���m�a�f�_���m���h�[�a�b�j���i�h�•�Z�\�Z���i�h�`�Z�j�Z���m���f�h�f�_�g�l�m���k�_�b�a�f�b�q�d�h�]���i�h�l�j�_�k�Z�����b�Z�d�h���m���I�Z�j�b�a�m���•�h�r���h�^��
�������������]�h�^�b�g�_�����g�b�•�_���[�b�e�h���•�Z�q�b�o�����i�h�l�j�_�k�Z���� 

 
�M�\�h�{�_�ƒ�_�f�� �Z�g�Z�e�b�a�_���k�\�b�o���g�Z�\�_�^�_�g�b�o���i�Z�j�Z�f�_�l�Z�j�Z���j�b�a�b�d�Z���i�h�`�Z�j�Z���� �� �n�h�j�f�b�j�Z�g���•�_ �f�Z�l�_�f�Z�l�b�q�d�b���f�h�^�_�e���b��
�m�j�Z�{�_�g�� �i�j�h�]�j�Z�f�k�d�b�� �i�Z�d�_�l�� ���N�B�J�?�� �L�?�K�L�� ���� �>2�@ �a�Z�� �[�j�a�h�� �h�^�j�_�{�b�\�Z�ƒ�_�� �i�h�l�j�_�[�g�_�� �\�Z�l�j�h�h�l�i�h�j�g�h�k�l�b��
�_�e�_�f�_�g�Z�l�Z�� �d�h�g�k�l�j�m�d�p�b�•�_�� ���Z�m�l�h�j�� �K���� �D�j�ƒ�_�l�b�g������ �H�g�� �•�_�� �g�Z�k�l�Z�h�� �g�Z�� �h�k�g�h�\�m�� �^�h�i�m�ƒ�_�g�h�]�� �b�� �d�h�j�b�]�h�\�Z�g�h�]��
�h�k�g�h�\�g�h�]�� �k�l�Z�g�^�Z�j�^�Z��DIN �������������� �m�a�� �^�h�i�m�g�_�� �h�^�j�_�^�[�Z�f�Z�� �?�<�J�H�D�H�>�:�� ������ �^�_�h�� ������������ �b�� �?�<�J�H�D�H�>�:�� ��������
�J�_�a�m�e�l�Z�l���Z�g�Z�e�b�a�_���•�_���i�j�h�p�_�ƒ�_�g�Z���i�h�l�j�_�[�g�Z �d�e�Z�k�Z���h�l�i�h�j�g�h�k�l�b  �i�j�_�f�Z���i�h�`�Z�j�m���a�Z���_�e�_�f�_�g�l�_���d�h�g�k�l�j�m�d�p�b�•�_��
�i�j�_�f�Z�� �ƒ�b�o�h�\�h�•�� �j�Z�a�e�b�q�b�l�h�•�� �h�^�]�h�\�h�j�g�h�k�l�b�� �a�Z�� �i�h�g�Z�r�Z�ƒ�_�� �a�]�j�Z�^�_�� �m�� �i�h�`�Z�j�m��(F30, F60, F90  i F120). 
�<�Z�l�j�h�h�l�i�h�j�g�h�k�l�b�� �\�_�„�_�� �h�^��F�������� �k�_�� �g�_�� �i�j�_�^�\�b�{�Z�•�m�� �a�Z�� �g�Z�\�_�^�_�g�_�� �h�[�•�_�d�l�_���� �•�_�j�� �•�_�� �l�_�o�g�b�q�d�b�� �g�_�i�h�l�j�_�[�g�h���� �Z��
�a�g�Z�l�g�h���i�h�k�d�m�i�‚�m�•�_�� ���a�Z�r�l�b�l�m���h�^���i�h�`�Z�j�Z�� 
 �G�Z�\�_�^�_�g�_�� �Z�g�Z�e�b�a�_���m�l�b�p�Z�•�Z���i�h�`�Z�j�Z���g�Z���d�h�g�k�l�j�m�d�p�b�•�m���� �Z�e�b���b�� �g�Z���`�b�\�h�l�g�m���k�j�_�^�b�g�m���� �f�h�j�Z�•�m���^�Z���[�m�^�m��
�k�Z�k�l�Z�\�g�b�� �^�_�h�� �i�j�h�•�_�d�l�Z���� �k�e�b�q�g�h���d�Z�h���d�h�^�� �h�k�l�Z�e�b�o���i�j�h�j�Z�q�m�g�Z���k�b�]�m�j�g�h�k�l�b���� �G�Z���l�Z�•�� �g�Z�q�b�g���[�b�� �k�_�� �h�f�h�]�m�„�b�e�h��
�i�j�h�•�_�d�l�h�\�Z�ƒ�_�� �a�]�j�Z�^�Z�� �^�h�\�h�‚�g�h�� �h�l�i�h�j�g�b�o�� �g�Z�� �i�h�`�Z�j���� �d�h�•�_�� �h�f�h�]�m�„�m�•�m�� �k�b�]�m�j�Z�g���[�h�j�Z�\�Z�d���‚�m�^�b���m���ƒ�b�f�Z���� �Z�� �m��
�k�e�m�q�Z�•�m���i�h�`�Z�j�Z���h�]�j�Z�g�b�q�_�g�_���b�� �d�h�g�l�j�h�e�b�k�Z�g�_�� �_�n�_�d�l�_���g�Z���`�b�\�h�l�g�m���k�j�_�^�b�g�m�� 
 �K�J�I�K�� �L�I�� ������- �L�_�o�g�b�q�d�_�� �i�j�_�i�h�j�m�d�_�� �a�Z�� �]�j�Z�{�_�\�b�g�k�d�_�� �l�_�o�g�b�q�d�_�� �f�_�j�_�� �a�Z�r�l�b�l�_�� �h�^�� �i�h�`�Z�j�Z��
�b�g�^�m�k�l�j�b�•�k�d�b�o�� �h�[�•�_�d�Z�l�Z���� �^�Z�•�m���� �i�h�� �i�j�\�b�� �i�m�l�� �m�� �g�Z�r�h�•�� �i�j�h�•�_�d�l�g�h�•�� �i�j�Z�d�k�b���� �Z�g�Z�e�b�l�b�q�d�b�� �i�h�k�l�m�i�Z�d�� �a�Z��
�h�^�j�_�{�b�\�Z�ƒ�_�� �i�h�l�j�_�[�g�_�� �h�l�i�h�j�g�h�k�l�b�� �_�e�_�f�_�g�Z�l�Z�� �a�]�j�Z�^�_�� �i�j�_�f�Z�� �i�h�`�Z�j�m�� �a�Z�� �b�g�^�m�k�l�b�•�k�d�_�� �h�[�•�_�d�l�_���� �G�_�f�Z��
�h�[�Z�\�_�a�m�•�m�„�_�� �^�_�•�k�l�\�h���� �Z�e�b���k�_���i�j�_�i�h�j�m�q�m�•�_���l�Z�d�h�{�_�� �d�Z�h���f�h�]�m�„�b���f�_�l�h�^���i�h�`�Z�j�g�_���Z�g�Z�e�b�a�_�����I�h�k�e�_�^�ƒ�_���K�J�I�K��
�L�I��������- �L�_�o�g�b�q�d�_���i�j�_�i�h�j�m�d�_���a�Z���a�Z�r�l�b�l�m���h�^���i�h� �̀Z�j�Z���k�l�Z�f�[�_�g�b�o�����i�h�k�e�h�\�g�b�o���b���•�Z�\�g�b�o���a�]�j�Z�^�Z�����^�Z�•�m��
�i�h�`�Z�j�g�_�� �d�e�Z�k�b�n�b�d�Z�p�b�•�_�� �h�\�b�o�� �h�[�•�_�d�Z�l�Z�� �b�� �i�j�_�i�h�j�m�d�_�� �h�� �k�\�b�f�� �\�Z�`�g�b�•�b�f�� �a�Z�o�l�_�\�b�f�Z�� �a�Z�� �]�j�Z�{�_�\�b�g�k�d�m��
�a�Z�r�l�b�l�m�� �h�^�� �i�h�`�Z�j�Z���� �i�h�l�j�_�[�Z�g�� �k�l�_�i�_�g�� �h�l�i�h�j�g�h�k�l�b�� �d�h�g�k�l�j�m�d�p�b�•�_�� �i�j�_�f�Z�� �i�h�`�Z�j�m���� �h�[�e�b�d�h�\�Z�ƒ�_��
�_�\�Z�d�m�Z�p�b�h�g�b�o���i�m�l�_�\�Z���k�Z���m�j�Z�{�_�g�b�f�� �i�j�b�f�_�j�b�f�Z���i�j�b�f�_�g�_���h�\�b�o���i�j�_�i�h�j�m�d�Z�����I�h�l�j�_�[�g�Z���H�I�I���^�_�n�b�g�b�k�Z�g�Z���•�_��
�i�j�_�d�h�� �i�h�l�j�_�[�g�g�h�]�� �k�l�_�i�_�g�Z�� �h�l�i�h�j�g�h�k�l�b�� �h�[�•�_�d�Z�l�Z���� �i�j�b�d�Z�a�Z�g�b�o�� �l�Z�[�_�e�Z�j�g�h���� �a�Z�� �j�Z�a�g�_�� �d�Z�l�_�]�h�j�b�•�_�� �h�\�Z�d�\�b�o��
�a�]�j�Z�^�Z���� �G�_�� �i�h�a�g�Z�\�Z�ƒ�_�� �i�h�l�j�_�[�g�_�� �h�l�i�h�j�g�h�k�l�b�� �_�e�_�f�_�g�Z�l�Z���a�]�j�Z�^�Z�� �i�j�_�f�Z�� �i�h�`�Z�j�m�� �f�h�`�_�� �^�Z�� �b�a�Z�a�h�\�_��
�i�h�k�e�_�^�b�p�_���i�j�b�d�Z�a�Z�g�_���g�Z���K�e�b�p�b�� ���������J�Z�^�g�b�q�d�b���m�g�b�\�_�j�a�b�l�_�l���m���G�h�\�h�f���K�Z�^�m���������������� 
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�D�E�:�K�?���H�L�I�H�J�G�H�K�L�B���I�J�?�F�:���I�H�@�:�J�M�� 

 
�D�E�:�K�?���H�L�I�H�J�G�H�K�L�B���I�J�?�F�:���I�H�@�:�J�M��- �^�_�n�b�g�b�r�m���[�j�h�•�g�h�f�� �h�a�g�Z�d�h�f �h�l�i�h�j�g�h�k�l�� �i�j�_�f�Z��
�i�h�`�Z�j�m  �d�h�g�k�j�l�m�d�l�b�\�g�h�]�� �_�e�_�f�_�g�l�Z���b�a�j�Z�`�_�g�m���m���f�b�g�m�l�b�f�Z�����J�Z�a�e�b�d�m�•�_�f�h�����k�e�_�^�_�„�_���d�e�Z�k�_���h�l�i�h�j�g�h�k�l�b����
�_�e�_�f�_�g�Z�l�Z���i�j�_�f�Z���i�h�`�Z�j�m: F15, F30,  F60,  F90, F120. �D�e�Z�k�_���h�l�i�h�j�g�h�k�l�b���i�j�_�f�Z���i�h�`�Z�j�m����F15-F120), 
�a�Z���i�h�•�_�^�b�g�_�� �]�j�Z�{�_�\�b�g�k�d�_���_�e�_�f�_�g�l�_���f�h�]�m���^�Z���k�_���h�^�j�_�^�_�����k�l�Z�g�^�Z�j�^�g�b�f�����i�h�`�Z�j�g�b�f���b�k�i�b�l�b�\�Z�ƒ�b�f�Z��
���K�J�I�K���B�K�H���������������b�e�b���g�Z���h�k�g�h�\�m���k�l�Z�g�^�Z�j�^�Z�����K�e�_�^�b���i�j�_�]�e�_�^���d�e�Z�k�Z���h�l�i�h�j�g�h�k�l�b�� �a�Z���h�^�Z�[�j�Z�g�_��
�k�e�m�q�Z�•�_�\�_�����d�h�•�b�� �k�_���q�_�k�l�h���i�h�•�Z�\�‚�m�•�m�� �m���i�j�Z�d�k�b���� 

F15 - �i�j�Z�d�l�b�q�q�g�h���a�Z�^�h�\�h�‚�Z�\�Z�•�m�� 
- �k�\�_�� �d�h�g�k�l�j�m�d�p�b�•�_�� �h�^�� �d�Z�f�_�g�Z���� �h�i�_�d�_���� �[�_�l�h�g�Z���� �q�_�e�b�d�Z�� �b�� �^�j�\�_�l�Z���� �[�_�a�� �i�h�k�_�[�g�b�o�� �a�Z�r�l�b�l�g�b�o�� �h�[�e�h�]�Z��
�i�j�h�l�b�\�� �i�h�`�Z�j�Z�� 

F30 - �i�j�Z�d�l�b�q�g�h���a�Z�^�h�\�h�‚�Z�\�Z�•�m�� 
- �k�\�_�� �d�h�g�k�l�j�m�d�p�b�•�_�� �h�^�� �d�Z�f�_�g�Z���� �h�i�_�d�_�� �b�� �� �[�_�l�h�g�Z���� ���L�Z�q�g�b�•�m�� �i�j�h�\�_�j�m�� �a�Z�� �\�Z�l�j�h�h�l�i�h�j�g�h�k�l�� �[�_�l�h�g�k�d�b�o����
�d�h�g�k�l�j�m�d�p�b�•�Z�� �m�j�Z�^�b�l�b���i�j�_�f�Z���K�J�I�K���M���3������������ 
- �_�e�_�f�_�g�l�b���h�^���q�_�e�b�d�Z���[�_�a���a�Z�r�l�b�l�g�b�o���i�j�_�f�Z�a�Z���k�Z�f�h���\�_�e�b�d�_���f�Z�k�b�\�g�h�k�l�b�����b���l�h�� 

      -  �k�l�m�[�h�\�b���n�Z�d�l�h�j�Z���i�j�_�k�_�d�Z���:���<���f�Z�ƒ�_�]���h�^���������b 
-  �]�j�_�^�_���n�Z�d�l�h�j�Z���i�j�_�k�_�d�Z���:���<���f�Z�ƒ�_�]���h�^���������� 
-  �_�e�_�f�_�g�l�b�� �h�^�� �q�_�e�b�d�Z���� �Z�d�h�� �k�m�� �a�Z�r�l�b�„�_�g�b�� �i�h�`�Z�j�g�b�f�� �i�j�_�f�Z�a�b�f�Z�� �� �i�j�_�f�Z���K�J�I�K���M���3������������ �b�� �K�J�I�K��
�M���3������������ 
- �_�e�_�f�_�g�l�b�� �h�^�� �f�h�g�h�e�b�l�g�h�]�� �^�j�\�_�l�Z�� �[�_�a�� �a�Z�r�l�b�l�g�b�o �i�j�_�f�Z�a�Z�� �b�e�b�� �h�[�e�h�]�Z���� �k�Z�f�h�� �m�� �b�a�m�a�_�l�g�b�f����
�k�e�m�q�Z�•�_�\�b�f�Z���d�Z�h���r�l�h���k�m�� 
-  �i�j�b�l�b�k�g�m�l�b�� �_�e�_�f�_�g�l�b�� �^�m�`�b�g�_�� �b�a�\�b�•�Z�ƒ�Z�� �^�h�� ��������m �g�Z�•�f�Z�ƒ�_�� �r�b�j�b�g�_�� ������- 24 cm �k�Z�� �i�j�b�l�b�k�g�b�f����

�g�Z�i�h�g�b�f�Z�� ��������- 1100 N/cm2 �j�_�k�i�_�d�l�b�\�g�h�� 
-  �a�Z�l�_�]�g�m�l�b�� �_�e�_�f�_�g�l�b�� �h�^�� �f�h�g�h�e�b�l�g�h�]�� �^�j�\�_�l�Z�� �b�e�b�� �e�_�i�‚�_�g�h�]�� �e�Z�f�_�e�b�j�Z�g�h�]�� �^�j�\�_�l�Z���� �d�h�•�b�f�Z�� �•�_����
�i�h�l�j�_�[�Z�g���k�l�Z�l�b�q�d�b���i�j�_�k�_�d���m�\�_�„�Z�g�����i�h�\�_�„�Z�ƒ�_�f���k�l�j�Z�g�Z���i�j�_�k�_�d�Z���a�Z��������mm, 
 - �k�Z�\�b�•�_�g�b�� �g�h�k�Z�q�b�� �h�^�� �f�h�g�h�e�b�l�g�h�]�� �^�j�\�_�l�Z�� �r�b�j�b�g�_�� ������- 150 mm �b�� �\�b�k�b�g�_�� ��������- 260 mm���� �b�a�e�h�`�_�g�b��

�g�Z�i�h�g�b�f�Z�� ���h�^���V�f��= 300 - 1300 N/cm2 �j�_�k�i�_�d�l�b�\�g�h�� 
 - �_�e�_�f�_�g�l�b�� �h�^�� �^�j�\�_�l�Z���� �Z�d�h�� �k�m�� �a�Z�r�l�b�„�_�g�b�� �i�h�`�Z�j�g�b�f�� �i�j�_�f�Z�a�b�f�Z�� �i�j�_�f�Z�� �K�J�I�K�� �M���3������������ �b�� �K�J�I�K����
�M���3�������������b�e�b���h�[�e�h�]�Z�f�Z���i�j�_�f�Z���K�J�I�K���M���P������������ 

F60 - �i�j�Z�d�l�b�q�g�h���a�Z�^�h�\�h�‚�Z�\�Z�•�m�� 
             - �a�b�^�h�\�b���h�^���i�m�g�_���b���r�m�i�‚�_���h�i�_�d�_���^�_�[�‚�b�g�_���g�Z�•�f�Z�ƒ�_��������cm, 

             - �a�b�^�g�_���i�e�h�q�_���h�^���]�b�i�k�Z�����J = 600 kg/m3�����^�_�[�‚�b�g�_���g�Z�•�f�Z�ƒ�_������cm 
             - �[�_�l�h�g�k�d�b���g�_�g�h�k�_�„�b���a�b�^�h�\�b���g�Z�•�f�Z�ƒ�_���^�_�[�‚�b�g�_������cm, 



�J�b�a�b�d���b���[�_�a�[�_�^�g�h�k�g�b���b�g�`�_�ƒ�_�j�b�g�]��- �D�h�i�Z�h�g�b�d��������4. 
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             - �[�_�l�h�g�k�d�b���g�h�k�_�„�b���a�b�^�h�\�b���g�Z�•�f�Z�ƒ�_���^�_�[�‚�b�g�_��������cm, 
             - �Z�j�f�b�j�Z�g�h�[�_�l�h�g�k�d�_���]�j�_�^�_���g�Z�•�f�Z�ƒ�_���^�_�[�‚�b�g�_��������cm, 
             - �Z�j�f�b�j�Z�g�h�[�_�l�h�g�k�d�b���k�l�m�[�h�\�b���g�Z�•�f�Z�ƒ�_���^�_�[�‚�b�g�_��20 cm, 
             - �Z�j�f�b�j�Z�g�h�[�_�l�h�g�k�d�_���i�e�h�q�_���g�Z�•�f�Z�ƒ�_���^�_�[�‚�b�g�_������cm. 
���L�Z�q�g�b�•�m�� �i�j�h�\�_�j�m�� �a�Z�� �\�Z�l�j�h�h�l�i�h�j�g�h�k�l�� �[�_�l�h�g�k�d�b�o�� �d�h�g�k�l�j�m�d�p�b�•�Z�� �m�j�Z�^�b�l�b�� �i�j�_�f�Z�� �K�J�I�K�� �M���3��������������
�G�Z�i�h�f�b�ƒ�_�� �k�_�� �^�Z�� �i�j�_�l�o�h�^�g�h�� �g�Z�i�j�_�]�g�m�l�_�� �[�_�l�h�g�k�d�_�� �d�h�g�k�l�j�m�d�p�b�•�_�� �b�f�Z�•�m�� �a�g�Z�l�g�h�� �g�b�`�m�� �h�l�i�h�j�g�h�k�l��
�i�j�_�f�Z�� �i�h�`�Z�j�m�� �h�^�� �d�e�Z�k�b�q�g�h�� �Z�j�f�b�j�Z�g�b�o�� �d�h�g�k�l�j�m�d�p�b�•�Z�� �b�� �i�j�h�p�_�ƒ�m�•�_�� �k�_�� �^�Z�� �k�b�k�l�_�f�b���� �d�h�•�b�� �k�_��
�i�j�b�f�_�ƒ�m�•�m�� �m�� �K�j�[�b�•�b���� �b�f�Z�•�m�� �d�e�Z�k�m�� �h�l�i�h�j�g�h�k�l�b�� �b�a�f�_�{�m�� ������- ������ �f�b�g�m�l�Z���� �� �^�Z�d�e�_���g�_���b�k�i�m�ƒ�Z�\�Z�•�m���d�e�Z�k�m��
F60). 
- �_�e�_�f�_�g�l�b�� �h�^�� �q�_�e�b�d�Z���h�\�m���d�e�Z�k�m���f�h�]�m���^�Z���a�Z�^�h�\�h�‚�_�����Z�d�h���k�m���a�Z�r�l�b�„�_�g�b���i�h�`�Z�j�g�b�f���i�j�_�f�Z�a�b�f�Z���i�j�_�f�Z��
�K�J�I�K���M���3�������������b���K�J�I�K���M���3�������������b�e�b���a�Z�r�l�b�l�g�b�f���h�[�e�h�]�Z�f�Z�����i�j�_�f�Z���K�J�I�K���M���?������������ 
- �_�e�_�f�_�g�l�b���h�^���e�_�i�‚�_�g�h�]�� �e�Z�f�_�e�b�j�Z�g�h�]���^�j�\�_�l�Z���[�_�a���a�Z�r�l�b�l�g�b�o���i�j�_�f�Z�a�Z���b�e�b���h�[�e�h�]�Z�������k�Z�f�h���m���b�a�m�a�_�l�g�b�f��
�k�e�m�q�Z�•�_�\�b�f�Z�� 
 - �i�j�b�l�b�k�g�m�l�b�� �_�e�_�f�_�g�l�b�� �^�m�`�b�g�_�� �b�a�\�b�•�Z�ƒ�Z�� �h�^�� ���� �± 7m �g�Z�•�f�Z�ƒ�_�� �^�_�[�‚�b�g�_�� ������- 23 cm �k�Z���i�j�b�l�b�k�g�b�f��

�g�Z�i�h�g�b�f�Z�� ��������N/cm2 �j�_�k�i�_�d�l�b�\�g�h���� �h�^�g�h�k�g�h�� ������ �± 34cm �k�Z�� �i�j�b�l�b�k�g�b�f�� �� �g�Z�i�h�g�b�f�Z�� ����������N/cm2 

�j�_�k�i�_�d�l�b�\�g�h�� 
 - �a�Z�l�_�]�g�m�l�b�� �_�e�_�f�_�g�l�b�� �h�^�� �f�h�g�h�e�b�l�g�h�]�� �^�j�\�_�l�Z�� �b�e�b�� �e�_�i�‚�_�g�h�]�� �� �e�Z�f�_�e�b�j�Z�g�h�]�� �^�j�\�_�l�Z���� �� �d�h�•�b�f�Z�� �•�_������
�i�h�l�j�_�[�Z�g���k�l�Z�l�b�q�d�b���i�j�_�k�_�d���m�\�_�„�Z�g���i�h�\�_�„�Z�ƒ�_�f�����k�l�j�Z�g�Z���i�j�_�k�_�d�Z���a�Z��������mm, 
 - �k�Z�\�b�•�_�g�b���g�h�k�Z�q�b���h�^�� �f�h�g�h�e�b�l�g�h�]�� �^�j�\�_�l�Z�� �r�b�j�b�g�_����������- 300 mm �b���\�b�k�b�g�_����������- 520 mm���� �� �b�a�e�h�`�_�g�b��

�g�Z�i�h�g�b�f�Z�� ���h�^���V�f��= 300 - 1300 N/cm2 �j�_�k�i�_�d�l�b�\�g�h�� 
 - �_�e�_�f�_�g�l�b�� �h�^�� �^�j�\�_�l�Z���� �Z�d�h�� �k�m�� �a�Z�r�l�b�„�_�g�b�� �i�h�`�Z�j�g�b�f�� �i�j�_�f�Z�a�b�f�Z�� �i�j�_�f�Z�� �K�J�I�K�� �M���3������������ �b�� �K�J�I�K��
�M���3�������������b�e�b�� �h�[�e�h�]�Z�f�Z���i�j�_�f�Z���K�J�I�K���M���P������������ 

F90 - �i�j�Z�d�l�b�q�g�h���a�Z�^�h�\�h�‚�Z�\�Z�•�m�� 
            - �a�b�^�h�\�b���h�^���i�m�g�_���b���r�m�i�‚�_���h�i�_�d�_���^�_�[�‚�b�g�_���g�Z�•�f�Z�ƒ�_��������cm���������h�[�h�k�l�j�Z�g�h���f�Z�e�l�_�j�b�k�Z�g�b���� 

            - �a�b�^�g�_���i�e�h�q�_���h�^���]�b�i�k�Z�����J= 600 kg/m3�����^�_�[�‚�b�g�_���g�Z�•�f�Z�ƒ�_������cm, 
            - �[�_�l�h�g�k�d�b���g�_�g�h�k�_�„�b���a�b�^�h�\�b���g�Z�•�f�Z�ƒ�_���^�_�[�‚�b�g�_��������cm, 
            - �[�_�l�h�g�k�d�b���g�h�k�_�„�b���a�b�^�h�\�b���g�Z�•�f�Z�ƒ�_���^�_�[�‚�b�g�_��������cm, 
            - �Z�j�f�b�j�Z�g�h�[�_�l�h�g�k�d�_���]�j�_�^�_���g�Z�•�f�Z�ƒ�_���^�_�[�‚�b�g�_��������cm, 
            - �Z�j�f�b�j�Z�g�h�[�_�l�h�g�k�d�b���k�l�m�[�h�\�b���g�Z�•�f�Z�ƒ�_���^�_�[�‚�b�g�_��������cm, 
            - �Z�j�f�b�j�Z�g�h�[�_�l�h�g�k�d�_���i�e�h�q�_���g�Z�•�f�Z�ƒ�_ �^�_�[�‚�b�g�_��������cm. 
���L�Z�q�g�b�•�m���i�j�h�\�_�j�m���a�Z���\�Z�l�j�h�h�l�i�h�j�g�h�k�l�� �[�_�l�h�g�k�d�b�o���d�h�g�k�l�j�m�d�p�b�•�Z���m�j�Z�^�b�l�b�� �i�j�_�f�Z���K�J�I�K���M���3������������������������
�G�Z�i�h�f�b�ƒ�_�� �k�_�� �^�Z�� �i�j�_�l�o�h�^�g�h�� �g�Z�i�j�_�]�g�m�l�_�� �[�_�l�h�g�k�d�_�� �d�h�g�k�l�j�m�d�p�b�•�_�� �b�f�Z�•�m�� �a�g�Z�l�g�h�� �g�b�`�m�� �h�l�i�h�j�g�h�k�l��
�i�j�_�f�Z�� �i�h�`�Z�j�m�� �h�^�� �� �d�e�Z�k�b�q�g�h�� �Z�j�f�b�j�Z�g�b�o�� �d�h�g�k�l�j�m�d�p�b�•�Z���� �H�\�Z�d�\�b�� �k�b�k�l�_�f�b�� �m�� �K�j�[�b�•�b�� �b�f�Z�•�m�� �d�e�Z�k�m��
�h�l�i�h�j�g�h�k�l�b�� �b�a�f�_�{�m��������- �������f�b�g�m�l�Z�������^�Z�d�e�_���g�_���b�k�i�m�ƒ�Z�\�Z�•�m���d�e�Z�k�m��F90). 
            - �_�e�_�f�_�g�l�b���h�^���q�_�e�b�d�Z���Z�d�h���k�m���a�Z�r�l�b�„�_�g�b���i�h�`�Z�j�g�b�f���i�j�_�f�Z�a�b�f�Z���i�j�_�f�Z���K�J�I�K���M���3�����������������������b��
�K�J�I�K���M���3���������������������������b�e�b���a�Z�r�l�b�l�g�b�f���h�[�e�h�]�Z�f�Z���i�j�_�f�Z���K�J�I�K���M���?����������������������, 
            - �_�e�_�f�_�g�l�b���h�^���^�j�\�_�l�Z�����Z�d�h���k�m���a�Z�r�l�b�„�_�g�b���i�h�`�Z�j�g�b�f���i�j�_�f�Z�a�b�f�Z���i�j�_�f�Z���K�J�I�K���M���3�����������������������b��
�K�J�I�K�����M���3������������������������ 

F120 - �i�j�Z�d�l�b�q�g�h���a�Z�^�h�\�h�‚�Z�\�Z�•�m�� 
            - �a�b�^�h�\�b���h�^���i�m�g�_���b���r�m�i�‚�_���h�i�_�d�_���^�_�[�‚�b�g�_���g�Z�•�f�Z�ƒ�_��������cm�����h�[�h�k�l�j�Z�g�h���f�Z�e�l�_�j�b�k�Z�g�b���� 
            - �a�b�^�h�\�b���h�^���k�b�i�h�j�_�d�k�Z���g�Z�•�f�Z�ƒ�_���^�_�[�‚�b�g�_��������cm, 

            - �a�b�^�g�_���i�e�h�q�_���h�^���]�b�i�k�Z�����J=600 kg/m3�����^�_�[�‚�b�g�_���g�Z�•�f�Z�ƒ�_������cm, 
            - �[�_�l�h�g�k�d�b���g�_�g�h�k�_�„�b���a�b�^�h�\�b���g�Z�•�f�Z�ƒ�_���^�_�[�‚�b�g�_��������cm, 
            - �[�_�l�h�g�k�d�b���g�h�k�_�„�b���a�b�^�h�\�b���g�Z�•�f�Z�ƒ�_���^�_�[�‚�b�g�_��������cm, 
            - �Z�j�f�b�j�Z�g�h�[�_�l�h�g�k�d�_���]�j�_�^�_���g�Z�•�f�Z�ƒ�_���^�_�[�‚�b�g�_��������cm, 
            - �Z�j�f�b�j�Z�g�h�[�_�l�h�g�k�d�b���k�l�m�[�h�\�b���g�Z�•�f�Z�ƒ�_���^�_�[�‚�b�g�_��������cm, 
            - �Z�j�f�b�j�Z�g�h�[�_�l�h�g�k�d�_���i�e�h�q�_���g�Z�•�f�Z�ƒ�_���^�_�[�‚�b�g�_��������cm. 

���L�Z�q�g�b�•�m�� �i�j�h�\�_�j�m�� �a�Z�� �\�Z�l�j�h�h�l�i�h�j�g�h�k�l�� �[�_�l�h�g�k�d�b�o�� �d�h�g�k�l�j�m�d�p�b�•�Z�� �m�j�Z�^�b�l�b�� �i�j�_�f�Z�� �K�J�I�K�� �M���3������������������������
�G�Z�i�h�f�b�ƒ�_�� �k�_�� �^�Z�� �i�j�_�l�o�h�^�g�h�� �g�Z�i�j�_�]�g�m�l�_�� �[�_�l�h�g�k�d�_�� �d�h�g�k�l�j�m�d�p�b�•�_�� �b�f�Z�•�m�� �a�g�Z�l�g�h�� �g�b�`�m�� �h�l�i�h�j�g�h�k�l�� �i�j�_�f�Z��
�i�h�`�Z�j�m���h�^�� �� �d�e�Z�k�b�q�g�h���Z�j�f�b�j�Z�g�b�o���d�h�g�k�l�j�m�d�p�b�•�Z���� �H�\�Z�d�\�b���k�b�k�l�_�f�b���b�f�Z�•�m���d�e�Z�k�m���h�l�i�h�j�g�h�k�l�b���b�a�f�_�{�m��������- 55 
�f�b�g�m�l�Z���� ���^�Z�d�e�_���g�_���b�k�i�m�ƒ�Z�\�Z�•�m���d�e�Z�k�m��F120). 
- �_�e�_�f�_�g�l�b�� �h�^�� �q�_�e�b�d�Z���� �Z�d�h�� �k�m�� �a�Z�r�l�b�„�_�g�b�� �i�h�`�Z�j�g�b�f�� �i�j�_�f�Z�a�b�f�Z���i�j�_�f�Z���K�J�I�K���M���3������������ ������������ �b�� �K�J�I�K����
�M���3������������������������ ���b�e�b���a�Z�r�l�b�l�g�b�f���h�[�e�h�]�Z�f�Z���i�j�_�f�Z���K�J�I�K���M���?������������������������ 
-  �_�e�_�f�_�g�l�b�� �h�^�� �^�j�\�_�l�Z���� �Z�d�h���k�m���a�Z�r�l�b�„�_�g�b���i�h�`�Z�j�g�b�f�� �i�j�_�f�Z�a�b�f�Z���i�j�_�f�Z���K�J�I�K���M���3������������ ������������ �b�� �K�J�I�K��



�J�b�a�b�d���b���[�_�a�[�_�^�g�h�k�g�b���b�g�`�_�ƒ�_�j�b�g�]��- �D�h�i�Z�h�g�b�d��������4. 
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�M���3������������������������ 

4. �<�:�@�G�B�3�?�����H�>�J�?�>�;�?���M���?�<�J�H�D�H�>�H�<�B�F�: 

�G�Z�•�\�Z�`�g�b�•�b�� �a�Z�o�l�_�\�� �d�h�•�b�� �^�h�g�h�k�_�� �g�h�\�_�� �_�\�j�h�i�k�d�_�� �]�j�Z�{�_�\�b�g�k�d�_�� �g�h�j�f�_�� �•�_���h�[�Z�\�_�a�Z�� �i�j�h�j�Z�q�m�g�Z����
�d�h�g�k�l�j�m�d�p�b�•�Z���g�Z���^�_�•�k�l�\�h���i�h� �̀Z�j�Z�����q�Z�d���b���a�Z���i�j�b�\�j�_�f�_�g�_�������d�h�g�k�l�j�m�d�p�b�•�_����ENV 1991-2-�������q�e�������������������J������������
�G�Z�]�e�Z�r�_�g�b�� �a�g�Z�q�Z�•�� �h�\�_�� �Z�g�Z�e�b�a�_�� �k�_�� �\�b�^�b�� �b�� �i�h�� �j�_�^�h�k�e�_�^�m�� �h�[�e�Z�k�l�b�� �i�j�h�j�Z�q�m�g�Z���� �l�Z�d�h�� �^�Z�� �k�_�� �i�h�]�e�Z�\�‚�_����
�A�Z�r�l�b�l�Z�� �h�^�� �i�h�`�Z�j�Z�� �m�� �l�_�d�k�l�h�\�b�f�Z�� �k�\�b�o�� �?�\�j�h�d�h�^�h�\�Z�� �g�Z�e�Z�a�b�� �g�Z�� �^�j�m�]�h�f�� �f�_�k�l�m���� �h�^�f�Z�o�� �b�a�Z�� �i�h�]�e�Z�\�‚�Z��
�H�i�r�l�Z���i�j�Z�\�b�e�Z���a�Z���i�j�h�j�Z�q�m�g�� 

�A�Z�� �d�h�g�k�l�j�m�d�p�b�•�_���� �d�h�^�� �d�h�•�b�o�� �k�_�� �i�h�k�_�[�Z�g�� �j�b�a�b�d�� �� �h�^�� �i�h�`�Z�j�Z�� �i�h�\�_�„�Z�\�Z�� �i�j�b�� �i�h�•�Z�\�b���^�j�m�]�b�o��
�b�g�p�b�^�_�g�l�g�b�o���^�_�•�k�l�Z�\�Z�����g���i���� �a�_�f�‚�h�l�j�_�k������ �l�Z�•�� �j�b�a�b�d���k�_���f�h�j�Z���j�Z�a�f�Z�l�j�Z�l�b���i�j�b���h�^�j�_�{�b�\�Z�ƒ�m���]�e�h�[�Z�e�g�h�]��
�d�h�g�p�_�i�l�Z�� �k�b�]�m�j�g�h�k�l�b���� �h�^�g�h�k�g�h�� �f�h�j�Z�•�m�� �k�_�� �i�h�\�_�„�Z�l�b�� �d�h�_�n�b�p�b�•�_�g�l�b�� �k�b�]�m�j�g�h�k�l�b�� �b�� �i�j�b�f�_�g�b�l�b�� �d�h�g�p�_�i�l��
�i�j�h�•�_�d�l�h�\�Z�ƒ�Z���i�j�h�]�j�Z�f�b�j�Z�g�h�]�� �i�h�g�Z�r�Z�ƒ�Z���k�Z���Z�k�i�_�d�l�Z���d�Z�i�Z�p�b�l�_�l�Z���g�h�k�b�\�h�k�l�b�� 

�<�_�e�b�q�b�g�Z���i�h� �̀Z�j�g�b�o���k�_�d�l�h�j�Z �k�_���i�j�h�k�l�h�j�g�h���h�]�j�Z�g�b�q�Z�\�Z�����I�j�_�i�h�j�m�q�m�•�_���k�_���^�Z���i�h���^�m�`�b�g�b���g�_���l�j�_�[�Z��
�^�Z�� �i�j�_�d�h�j�Z�q�b�� ������ �f���� �i�h�� �r�b�j�b�g�b�� �����f�� �b�� �� �i�h�� �\�b�k�b�g�b�� ���f���� �H�\�b�� �a�Z�o�l�_�\�b�� �b�f�Z�•�m�� �a�Z�� �p�b�‚�� �^�Z�� �k�i�j�_�q�_�� �\�_�e�b�d�_��
�i�h�`�Z�j�_�� �b�� �^�Z���h�]�j�Z�g�b�q�b���ƒ�_�]�h�\���^�h�f�_�l�����I�h� �̀Z�j�g�b���a�b�^�h�\�b�����d�h�•�b�f�Z���k�_���n�h�j�f�b�j�Z�•�m���i�h�`�Z�j�g�b���k�_�d�l�h�j�b�����l�j�_�[�Z�•�m��
�^�Z�� �[�m�^�m�� �i�j�h�j�Z�q�m�g�Z�l�b�� �g�Z�� �\�Z�l�j�h�h�l�i�h�j�g�h�k�l�� �b�� �d�h�g�k�l�j�m�d�p�b�•�k�d�m�� �k�l�Z�[�b�e�g�h�k�l���� �m�d�‚�m�q�m�•�m�„�b�� �b�� �g�h�k�b�\�h�k�l�� �g�Z��
�o�h�j�b�a�h�g�l�Z�e�g�b�� �� �m�^�Z�j�� �i�j�h�j�Z�q�m�g�k�d�_�� �_�g�_�j�]�b�•�_�� ���������� �G�f���� �l�Z�d�h�� �^�Z�� �m�� �k�e�m�q�Z�•�m�� �i�h�`�Z�j�Z�� �b�� �]�m�[�b�l�d�Z�� �g�h�k�b�\�h�k�l�b��
�d�h�g�k�l�j�m�d�p�b�•�_�� �k�Z���•�_�^�g�_���k�l�j�Z�g�_���a�b�^�Z�����[�m�^�_���b�a�[�_�]�g�m�l�h���r�b�j�_�ƒ�_���\�Z�l�j�_���k�Z���^�j�m�]�_���k�l�j�Z�g�_���a�b�^�Z�� 

�A�Z���i�j�h�j�Z�q�m�g���i�h�`�Z�j�g�h�]�� �^�_�•�k�l�\�Z�� �� �m�\�h�^�_���k�_�����k�l�Z�g�^�Z�j�^�g�Z �i�h�`�Z�j�g�Z���d�j�b�\�Z�����k�i�h�‚�Z�r�g�Z �i�h�`�Z�j�g�Z���d�j�b�\�Z����
���h�[�_�� �k�m���\�_�„���m���i�j�b�f�_�g�b���b���m���^�h�f�Z�„�b�f���k�l�Z�g�^�Z�j�^�b�f�Z�������m�]�‚�h�\�h�^�h�g�b�q�g�Z �d�j�b�\�Z�����a�Z���m�]�‚�h�\�h�^�h�g�b�q�g�Z���i�h�`�Z�j�g�Z��
�h�i�l�_�j�_�„�_�ƒ�Z���� �b���i�Z�j�Z�f�_�l�Z�j�k�d�_ �i�h�`�Z�j�g�_���d�j�b�\�_���� ���<�Z�`�_�� �a�Z���k�_�d�l�h�j�_���^�h��100 m2 �i�h�\�j�r�b�g�_���i�h�^�Z�����[�_�a���h�l�\�h�j�Z��
�g�Z�� �d�j�h�\�m���� �f�Z�d�k�b�f�Z�e�g�_�� �\�b�k�b�g�_�� �h�^�� ��m �b�� �m�d�h�e�b�d�h�� �k�_�� �j�Z�^�b�� �m�]�e�Z�\�g�h�f�� �h�� �i�h�`�Z�j�g�h�f�� �h�i�l�_�j�_�„�_�ƒ�m�� �g�Z�� �[�Z�a�b��
�p�_�e�m�e�h�a�_������ �A�g�Z�q�Z�•�g�h�� �•�_�� �r�l�h�� �k�_�� �?�\�j�h�d�h�^�h�\�b�f�Z�� �h�f�h�]�m�„�m�•�_�� �d�h�j�b�r�„�_�ƒ�_�����_�d�\�b�\�Z�e�_�g�l�g�h�]�� �\�j�_�f�_�g�Z��
�b�a�e�h� �̀_�g�h�k�l�b�� �i�h� �̀Z�j�m���� �d�h�•�_�� �•�_�� �g�_�^�Z�\�g�h�� �m�\�_�^�_�g�h�� �b �m�� �g�Z�r�_�� �i�j�Z�\�b�e�g�b�d�_�� ���3�M�K�� �L�I�� ������- �L�_�o�g�b�q�d�_��
�i�j�_�i�h�j�m�d�_�� �� �a�Z�� �]�j�Z�{�_�\�b�g�k�d�_�� �l�_�o�g�b�q�d�_�� �f�_�j�_�� �a�Z�r�l�b�l�_�� �h�^���i�h�`�Z�j�Z�� �b�g�^�m�k�l�j�b�•�k�d�b�o�� �a�]�j�Z�^�Z���� �i�j�_�f�Z��DIN 
18230/87). (�A�Z�g�b�f�‚�b�\�h���•�_���^�Z���k�_���i�j�_�i�h�j�m�q�m�•�_����ENV 1991-2-�������q�e���������������^�Z���k�_���k�b�l�m�Z�p�b�•�Z���i�h�k�e�_���i�h�`�Z�j�Z����
�d�Z�^�Z���k�_���d�h�g�k�l�j�m�d�p�b�•�Z���h�o�e�Z� �̂b�e�Z�� �g�_���l�j�_�[�Z �m�a�b�f�Z�l�b���m���h�[�a�b�j���i�j�b���i�j�h�j�Z�q�m�g�m�����H�\�^�_���b�i�Z�d���l�j�_�[�Z���b�f�Z�l�b���m��
�\�b�^�m���q�b�ƒ�_�g�b�p�m���^�Z���•�_���a�Z���[�_�l�h�g�k�d�_���d�h�g�k�l�j�m�d�p�b�•�_���m���i�j�Z�d�k�b���^�h�d�Z�a�Z�g�h�����^�Z���b���g�Z�d�h�g���o�e�Z�{�_�ƒ�Z���[�_�l�h�g���f�h�`�_��
�b�a�]�m�[�b�l�b���g�Z�d�g�Z� �̂g�h���b���^�h�����������q�\�j�k�l�h�„�_�����r�l�h���k�_���g�_���k�f�_���a�Z�g�_�f�Z�j�b�l�b�����M��CIB �i�j�_�i�h�j�m�d�Z�f�Z���������������������k�_��
�a�Z�l�h���i�j�_�i�h�j�m�q�m�•�_���^�Z���k�_���_�d�k�i�_�j�l�b�a�Z���i�h�\�j�_� �̂Z���d�h�g�k�l�j�m�d�p�b�•�_���i�h�k�e�_���i�h�`�Z�j�Z���h�[�Z�\�b���g�Z�•�j�Z�g�b�•�_���l�j�b���g�_�^�_�‚�_��
�i�h�k�e�_���i�h�`�Z�j�Z���� 

 
 �M���?�<�J�H�D�H�>-�m���?�P���������^�_�h��-2, �d�h�•�b���k�m���i�j�b�o�\�Z�„�_�g�b�� �d�h�^���g�Z�k���d�h�^���i�j�h�•�_�d�l�h�\�Z�ƒ�Z���a�]�j�Z�^�Z�����^�_�n�b�g�b�r�m��
�k�_���i�h�l�j�_�[�g�b���m�k�e�h�\�b�� �a�Z���Z�j�f�b�j�Z�g�h�[�_�l�h�g�k�d�_���_�e�_�f�_�g�l�_�����a�Z���i�h�k�l�b�a�Z�ƒ�_���h�^�]�h�\�Z�j�Z�•�m�„�_���d�e�Z�k�_���h�l�i�h�j�g�h�k�l�b��
�i�j�_�f�Z���i�h�`�Z�j�m���� �I�j�_�f�Z���h�\�b�f���a�Z�o�l�_�\�b�f�Z�����a�Z�\�b�k�g�h���h�^���g�b�\�h�Z�� �h�i�l�_�j�_�„�_�ƒ�Z�����b�a�e�h�`�_�g�h�k�l�b�� �i�h�`�Z�j�m��
���•�_�^�g�h�k�l�j�Z�g�h���b�e�b���\�b�r�_�k�l�j�Z�g�h������ �k�Z�l�Z�\�Z���[�_�l�h�g�Z�����d�j�l�_�q�ƒ�Z�q�d�b�����e�Z�d�b���b�e�b�� �k�b�e�b�d�Z�l�g�b������ �a�Z���k�l�m�[�h�\�_���k�_��
�^�_�n�b�g�b�r�m�� �f�b�g�b�f�Z�e�g�h�� �i�h�l�j�_�[�g�_���r�b�j�b�g�_�� �[�_�l�h�g�k�d�h�]���k�l�m�[�Z���b���^�_�[�‚�b�g�_���a�Z�r�l�b�l�g�h�]���k�e�h�•�Z���[�_�l�h�g�Z���^�h��
�Z�j�f�Z�l�m�j�_�����L�Z�d�h���g�Z���i�j�b�f�_�j���� �^�Z���[�b���k�_���^�h�k�l�b�]�e�Z���d�e�Z�k�Z��F�������� �f�b�g�m�l�Z���h�l�i�h�j�g�h�k�l�b�� �i�j�_�f�Z���i�h�`�Z�j�m����
�k�l�m�[�h�\�b���f�h�j�Z�•�m���^�Z���a�Z�^�h�\�h�‚�_���f�_�j�_�����r�b�j�b�g�_�� �k�l�m�[�Z�����[�����b���^�_�[�‚�b�g�_���a�Z�r�l�b�l�g�h�]���k�e�h�•�Z���[�_�l�h�g�Z�����Z�������d�h�•�_�� �k�m��
�^�Z�l�_���m���L�Z�[�_�e�b�������� �]�^�_���•�_���P �f�_�j�h�^�Z�\�g�b���g�b�\�h�� �h�i�l�_�j�_�„�_�ƒ�Z���k�l�m�[�Z�� 

�L�Z�[�_�e�Z���������I�h�l�j�_�[�g�_���^�_�[�‚�b�g�_���[�_�l�h�g�k�d�b�o���k�l�m�[�h�\�Z���b���^�_�[�‚�b�g�_���[�_�l�h�g�Z���^�h���Z�j�f�Z�l�m�j�_�����a�Z���d�e�Z�k�m��F120 
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ANALYSIS OF PROBABILITY OF RARE ACCIDENTS 

When you define the necessary security measures and the protection of various types of accidents, it is 
necessary to predict the frequency or probability of its occurrence. In cases where the assessor is unable to assess  the 
likelihood of injury or occupational disease, and these are events of low probability, the corresponding random variable 
representing the number of injuries or illnesses in a given time t has the Poisson distribution. If the statistical data set 
there are a large number of zero frequency then proposes the application of the negative binomial distribution. The 
paper presents examples of the application of this distribution. 
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�i�j�b�o�\�Z�l�b�l�b���� �A�[�h�]�� �l�h�]�Z�� �•�_�� �\�_�e�b�d�Z�� �h�^�]�h�\�h�j�g�h�k�l�� �i�j�h�p�_�g�b�l�_�‚�Z���� �Z�� �k�\�Z�d�Z�� �g�_�d�h�j�_�d�l�g�h�� �b�a�\�_�^�_�g�Z�� �i�j�h�p�_�g�Z��
�j�b�a�b�d�Z���f�h�`�_���i�h�g�_�d�Z�^ �^�Z���h�k�l�Z�\�b���l�_�r�d�_���i�h�k�e�_�^�b�p�_. 
  �<�_�„�b�g�Z���m�^�_�k�Z���•�_���i�h�\�_�a�Z�g�Z���k�Z���f�b�g�b�f�Z�e�g�b�f�� �]�j�_�r�d�Z�f�Z�����G�_�d�_���]�j�_�r�d�_���k�_���•�Z�\�‚�Z�•�m���\�_�h�f�Z���q�_�k�l�h�����^�h�d���k�_��
�g�_�d�_�� �•�Z�\�‚�Z�•�m�� �•�_�^�g�h�f�� �m�� �i�_�l���� �^�_�k�_�l�� �b�e�b�� �^�\�Z�^�_�k�_�l�� �]�h�^�b�g�Z���� �I�j�b�f�_�j�� �k�m�� �r�l�_�l�_�� �i�j�h�m�a�j�h�d�h�\�Z�g�_�� �g�i�j����
�i�j�b�j�h�^�g�b�f�� �d�Z�l�Z�k�l�j�h�n�Z�f�Z���� �M�� �k�\�b�f�� �k�e�m�q�Z�•�_�\�b�f�Z�� �i�h�k�f�Z�l�j�Z�g�b�� �m�^�_�k�b�� �g�Z�k�l�Z�•�m�� �g�Z�� �k�e�m�q�Z�•�Z�g�� �g�Z�q�b�g�� ���[�_�a��
�i�j�Z�\�b�e�Z������ �i�j�b�� �q�_�f�m�� �•�_�� �i�_�j�b�h�^�� �b�a�f�_�{�m�� �m�^�_�k�Z�� �h�^�� �g�_�d�h�e�b�d�h�� �k�Z�l�b�� �^�h�� �g�_�d�h�e�b�d�h�� �]�h�^�b�g�Z�� �b�e�b�� �^�_�p�_�g�b�•�Z���� �G�Z��
�h�k�g�h�\�m�� �k�l�Z�l�b�k�l�b�q�d�b�o�� �i�h�^�Z�l�Z�d�Z���� �a�Z�� �\�_�e�b�d�b�� �[�j�h�•�� �m�^�_�k�Z���k�_�� �f�h�]�m�� �g�Z�i�j�Z�\�b�l�b�� �f�Z�l�_�f�Z�l�b�q�d�b�� �f�h�^�_�e�b�� �d�h�•�b��
�h�^�j�_�{�m�•�m���\�_�j�h�\�Z�l�g�h�„�m���g�Z�k�l�Z�g�d�Z���m�^�_�k�Z 
 �M���j�Z�^�m���„�_�� �[�b�l�b�� �i�j�_�^�k�l�Z�\�‚�_�g�_���g�_�d�_���^�b�k�d�j�_�l�g�_���j�Z�i�h�^�_�e�_���d�h�•�_�� �k�_�� �f�h�]�m���d�h�j�b�k�l�b�l�b�� �a�Z���f�h�^�_�e�b�j�Z�ƒ�_��
�\�_�j�h�\�Z�l�g�h�„�_�� �b�� �n�j�_�d�\�_�g�p�b�•�_�� �m�^�_�k�Z�� �ƒ�b�o�h�\�_�� �h�k�h�[�b�g�_�� �d�h�•�_�� �k�m�� �\�Z�`�g�_�� �a�Z�� �Z�g�Z�e�b�a�m�� �n�j�_�d�\�_�g�p�b�•�_�� �m�^�_�k�Z����
�G�Z�•�q�_�r�„�_�� �d�h�j�b�r�„�_�g�_�� �j�Z�k�i�h�^�_�e�_�� �m�� �i�j�Z�d�k�b�� �a�Z�� �f�h�^�_�e�b�j�Z�ƒ�_�� �n�j�_�d�\�_�g�p�b�•�_�� �^�h�]�Z�{�Z�•�Z�� �k�m�� �I�h�Z�k�h�g�h�\�Z�� �b��
�G�_�]�Z�l�b�\�g�Z���[�b�g�h�f�g�Z���j�Z�k�i�h�^�_�e�Z�����Z���k�Z�f�h���m���g�_�d�b�f���j�_�{�b�f���k�e�m�q�Z�•�_�\�b�f�Z���[�b�g�h�f�g�Z���b���]�_�h�f�_�l�j�b�•�k�d�Z���j�Z�k�i�h�^�_�e�Z�� 
�������>�B�K�D�J�?�L�G�?���J�:�K�I�H�>�?�E�? 
�L�j�_�[�Z���h�^�j�_�^�b�l�b���a�Z�d�h�g���j�Z�k�i�h�^�_�e�_���k�e�m�q�Z�•�g�_���i�j�h�f�_�g�‚�b�\�_���d�h�•�Z���i�j�_�^�k�l�Z�\�‚�Z���[�j�h�•���m�^�_�k�Z���m��n �_�d�k�i�_�j�b�f�_�g�Z�l�Z����
�i�j�b�� �q�_�f�m�� �^�_�n�b�g�b�p�b�•�m �_�d�k�i�_�j�b�f�_�g�l�Z���i�j�h�r�b�j�m�•�_�f�h���� �i�Z�� �•�_�� �_�d�k�i�_�j�b�f�_�g�l�� �k�\�Z�d�b���^�h�]�Z�{�Z�•�� �m���l�h�d�m���d�h�•�_�]�� �f�h�`�_��
�^�h�„�b�� �^�h���i�h�k�f�Z�l�j�Z�g�h�]���m�^�_�k�Z�� 

                                                 
1 �<�b�k�h�d�Z���l�_�o�g�b�q�d�Z���r�d�h�e�Z���k�l�j�m�d�h�\�g�b�o���k�l�m�^�b�•�Z�����G�h�\�b���K�Z�^�����R�d�h�e�k�d�Z���� 
2 �N�Z�d�m�e�l�_�l�� �l�_�o�g�b�q�d�b�o���g�Z�m�d�Z�����������������G�h�\�b���K�Z�^�����L�j�]���>�h�k�b�l�_�•�Z��O�[�j�Z�^�h�\�b�„�Z������ 
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�K�e�m�q�Z�•�g�Z�� �i�j�h�f�_�g�‚�b�\�Z�� �d�h�•�Z�� �i�j�_�^�k�l�Z�\�‚�Z�� �[�j�h�•�� �j�_�Z�e�b�a�h�\�Z�g�b�o�� �m�^�_�k�Z�� �i�j�b�� �\�j�r�_�ƒ�m��n �_�d�k�i�_�j�b�f�_�g�l�Z�� �b�f�Z��
�;�b�g�h�f�g�m���j�Z�k�i�h�^�_�e�m��B (n,p)���� �3�Z�k�g�h���•�_�� �^�Z���\�_�j�h�\�Z�l�g�h�„�Z���j�_�Z�e�b�a�Z�p�b�•�_�� �m�^�_�k�Z���f�Z�e�Z���� �l�•�����m���i�b�l�Z�ƒ�m���k�m���^�h�]�Z�{�Z�•�b��
�f�Z�e�_���\�_�j�h�\�Z�l�g�h�„�_���� �j�_�l�d�b���^�h�]�Z�{�Z�•�b�����I�h�r�l�h���•�_�����k�Z���^�j�m�]�_���k�l�j�Z�g�_�����[�j�h�•���_�d�k�i�_�j�b�f�_�g�Z�l�Z���\�_�e�b�d�b�����m���i�b�l�Z�ƒ�m���k�m��
�g�Z�•�q�_�r�„�_�� �i�j�h�p�_�k�b�� �m�� �\�_�a�b�� �k�Z�� �i�j�h�b�a�\�h�^�ƒ�h�f�� �b�e�b�� �m�k�e�m�]�h�f���d�h�•�b�� �k�_�� �k�\�Z�d�h�^�g�_�\�g�h���i�h�g�Z�\�‚�Z�•�m���� �b�k�i�m�ƒ�_�g�b���k�m��
�m�k�e�h�\�b�� �a�Z���Z�i�j�h�d�k�b�f�Z�p�b�•�m�� �;�b�g�h�f�g�_���j�Z�k�i�h�^�_�e�_���I�h�Z�k�h�g�h�\�h�f����np < 10). 
2.1. �I�h�Z�k�h�g�h�\���a�Z�d�h�g���j�Z�k�i�h�^�_�e�_  
 
 �D�Z�^�Z�� �•�_�� �d�h�^�� �;�b�g�h�f�g�_�� �j�Z�k�i�h�^�_�e�_�� �[�j�h�•�� �i�h�g�Z�\�‚�Z�ƒ�Z�� �_�d�k�i�_�j�b�f�_�g�l�Z�� �\�_�e�b�d�b���� �h�\�Z�� �j�Z�k�i�h�^�_�e�Z�� �k�_��
�Z�i�j�h�d�k�b�f�b�j�Z�� �I�h�Z�k�h�g�h�\�h�f���� �H�k�g�h�\�g�Z�� �j�Z�a�e�b�d�Z�� �b�a�f�_�{�m�� �h�\�_���^�\�_�� �j�Z�k�i�h�^�_�e�_�� �•�_�� �r�l�h�� �d�h�^�� �I�h�Z�k�h�g�h�\�_��
�j�Z�k�i�h�^�_�e�_�� �g�_�� �\�Z�`�b�� �i�j�_�l�i�h�k�l�Z�\�d�Z�� �h�� �n�b�d�k�g�h�f�� �[�j�h�•�m�� �_�d�k�i�_�j�b�f�_�g�Z�l�Z���� �M�� �h�\�h�•�� �j�Z�k�i�h�^�_�e�b�� �i�h�k�l�h�•�b�� �k�Z�f�h��
�•�_�^�Z�g�� �i�Z�j�Z�f�_�l�Z�j���� �D�h�j�b�k�l�b�� �k�_�� �a�Z�� �h�^�j�_�{�b�\�Z�ƒ�_�� �\�_�j�h�\�Z�l�g�h�„�_�� �^�Z�� �„�_�� �k�_�� �h�^�j�_�{�_�g�� �[�j�h�•�� �^�h�]�Z�{�Z�•�Z���i�h�•�Z�\�b�l�b�� �m��
�h�^�j�_�{�_�g�h�f���\�j�_�f�_�g�k�d�h�f���b�g�l�_�j�\�Z�e�m�� 
 
 �A�Z���g�_�d�m���k�e�m�q�Z�•�g�m���i�j�h�f�_�g�‚�b�\�m�� �;���d�Z�`�_���k�_���^�Z���b�f�Z���I�h�Z�k�h�g�h�\�m���j�Z�k�i�h�^�_�e�m���Z�d�h���•�_���b�k�i�m�ƒ�_�g�h�� 

 

�=�^�_���•�_  {0,1,2, �«  } �b ��>0. 

�>�b�•�Z�]�j�Z�f���������=�j�Z�n�b�p�b�����n�m�g�d�p�b�•�_���a�Z���j�Z�a�e�b�q�b�l�_���\�j�_�^�g�h�k�l�b���O���g�Z�•�\�b�r�b���^�b�•�Z�]�j�Z�f���k�_���h�^�g�h�k�b���g�Z���O� �������Z��
�g�Z�•�g�b�`�b���a�Z���O=10) 

 

�H�k�h�[�b�g�_���I�h�Z�k�h�g�h�\�_���j�Z�k�i�h�^�_�e�_�� 
- �k�e�m�q�Z�•�g�b�� �i�j�h�p�_�k�� �•�_�� �k�l�Z�p�b�h�g�Z�j�Z�g�� ���\�_�j�h�\�Z�l�g�h�„�Z�� �i�h�•�Z�\�_�� �^�h�]�Z�{�Z�•�Z���m���k�_�]�f�_�g�l�m���� �>�W���W���2�@���•�_�� �g�_�a�Z�\�b�k�g�Z���h�^�� �W���b��
�a�Z�\�b�k�b���k�Z�f�h���h�^���2������ 
- �^�h�]�Z�{�Z�•�b�� �g�_�f�Z�•�m���i�h�k�e�_�^�b�p�Z���l�•���� �^�h�]�Z�{�Z�•�b�� �� �k�m���f�_�{�m�k�h�[�g�h���g�_�a�Z�\�b�k�g�b�����\�j�_�f�_�g�k�d�b���b�g�l�_�j�\�Z�e�b���b�a�f�_�{�m���g�_�d�Z��
�^�\�Z���^�h�]�Z�{�Z�•�Z���f�_�{�m�k�h�[�g�h���k�m���g�_�a�Z�\�b�k�g�b���� 
- �i�j�h�p�_�k�� �•�_�� �h�j�^�b�g�Z�j�Z�g��- �^�h�]�Z�{�Z�•�b�� �k�m�� �j�_�l�d�b�� ���\�_�j�h�\�Z�l�g�h�„�Z�� �^�Z�� �k�_�� �m�� �g�_�d�h�f�� �•�Z�d�h�� �d�j�Z�l�d�h�f�� �\�j�_�f�_�g�k�d�h�f����
�b�g�l�_�j�\�Z�e�m���û�W�����û�W�:������ �h�^�b�]�j�Z�� �\�b�r�_�� �h�^ �•�_�^�g�h�]�� �^�h�]�Z�{�Z�•�Z���•�_�� �a�Z�g�_�f�Z�j�‚�b�\�Z - �l�Z���\�_�j�h�\�Z�l�g�h�„�Z���•�_���f�g�h�]�h���f�Z�ƒ�Z��
�h�^���\�_�j�h�\�Z�l�g�h�„�_���^�Z���k�_���m���l�h�f���b�g�l�_�j�\�Z�e�m���h�^�b�]�j�Z���k�Z�f�h���•�_�^�Z�g���^�h�]�Z�{�Z�•������  
 �I�h�Z�k�h�g�h�\�Z���j�Z�k�i�h�^�_�e�Z���k�_���d�h�j�b�k�l�b���a�Z���f�h�^�_�e�b�j�Z�ƒ�_���n�j�_�d�\�_�g�p�b�•�_���m�^�_�k�Z���Z�d�h���•�Z���i�h�a�g�Z�l���h�q�_�d�b�\�Z�g�b���[�j�h�•��
�m�^�_�k�Z���d�h�•�b�� �„�_���k�_���j�_�Z�e�b�a�h�\�Z�l�b���m���i�h�k�f�Z�l�j�Z�g�h�f���\�j�_�f�_�g�k�d�h�f���b�g�l�_�j�\�Z�e�m�����H�q�_�d�b�\�Z�g�b���[�j�h�•���m�^�_�k�Z���a�Z�\�b�k�b���b���h�^��
�^�m�`�b�g�_���i�h�k�f�Z�l�j�Z�g�h�]���\�j�_�f�_�g�k�d�h�]���b�g�l�_�j�\�Z�e�Z�� 
 �M�� �j�Z�^�m�� ���> �@1  �•�_�� �^�h�d�Z�a�Z�g�h�� �^�Z�� �k�_�� �m�f�_�k�l�h�� �d�e�Z�k�b�q�g�_�� �I�h�Z�k�h�g�h�\�_�� �j�Z�k�i�h�^�_�e�_�� �f�h�`�_�� �d�h�j�b�k�l�b�l�b�� �b��
�f�h�^�b�n�b�d�h�\�Z�g�Z���j�Z�k�i�h�^�_�e�Z���� 

 

http://en.wikipedia.org/wiki/File:Poisson_distribution_PMF.png
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�B�e�b���•�_�^�g�h�k�l�Z�\�g�b�•�_�� 

. 

 �A�Z�� �j�Z�a�e�b�d�m�� �h�^�� �d�e�Z�k�b�q�g�_�� �I�h�Z�k�h�g�h�\�_�� �j�Z�k�i�h�^�_�e�_�� �]�^�_�� �\�_�j�h�\�Z�l�g�h�„�Z�� �a�Z�\�b�k�b�� �k�Z�f�h�� �h�^�� �i�j�h�f�_�g�‚�b�\�_��i, 
�h�\�^�_�� �b�f�Z�f�h�� �n�m�g�d�p�b�•�m�� �^�\�_�� �i�j�h�f�_�g�‚�b�\�_���� �[�j�h�•�Z�� �^�h�]�Z�{�Z�•�Z��i �b�� �\�j�_�f�_�g�k�d�h�]�� �b�g�l�_�j�\�Z�e�Z��t. �F�Z�l�_�f�Z�l�b�q�d�h��
�h�q�_�d�b�\�Z�ƒ�_ �b���^�b�k�i�_�j�a�b�•�Z���m���h�\�h�f���k�e�m�q�Z�•�m���k�m�� 

 

 

 �I�h�r�l�h�� �k�m���h�q�_�d�b�\�Z�g�Z���\�j�_�^�g�h�k�l �b���^�b�k�i�_�j�a�b�•�Z���d�h�^���I�h�Z�k�h�g�h�\�_���j�Z�k�i�h�^�_�e�_���b�k�l�b�����e�Z�d�h���•�_���i�j�h�\�_�j�b�l�b���^�Z��
�e�b�� �k�_�� �k�l�Z�l�b�k�l�b�q�d�b�� �k�d�m�i�� �n�h�j�f�b�j�Z�g�� �a�Z�� �g�_�d�b�� �m�^�_�k�� �i�h�d�h�j�Z�\�Z�� �I�h�Z�k�h�g�h�\�h�•�� �j�Z�k�i�h�^�_�e�b���� �I�h�l�j�_�[�g�h�� �•�_�� �^�Z����
�m�a�h�j�Z�q�d�Z���k�j�_�^�ƒ�Z���\�j�_�^�g�h�k�l���b���m�a�h�j�Z�q�d�Z���^�b�k�i�_�j�a�b�•�Z���b�f�Z�•�m���[�e�b�k�d�_���\�j�_�^�g�h�k�l�b�� 
 
 
�����������G�_�]�Z�l�b�\�g�Z���[�b�g�h�f�g�Z���j�Z�k�i�h�^�_�e�Z�����G�;�� 
 
 �M���k�e�m�q�Z�•�_�\�b�f�Z���d�Z�^�Z���•�_���m�a�h�j�Z�q�d�Z���k�j�_�^�ƒ�Z���\�j�_�^�g�h�k�l���\�_�„�Z���h�^���m�a�h�j�Z�q�d�_���^�b�k�i�_�j�a�b�•�_�����m�f�_�k�l�h���I�h�Z�k�h�g�h�\�_��
�j�Z�k�i�h�^�_�e�_���d�h�j�b�k�l�b�� �k�_���G�_�]�Z�l�b�\�g�Z���[�b�g�h�f�g�Z���j�Z�k�i�h�^�_�e�Z�� �D�h�^���h�\�_���j�Z�k�i�h�^�_�e�_���_�d�k�i�_�j�b�f�_�g�l�b���k�Z���\�j�r�_���^�h�d���k�_��
�m�^�_�k��r  �i�m�l�Z�� �g�_�� �j�_�Z�e�b�a�m�•�_���� �I�h�l�h�f�� �k�_�� �b�k�i�b�l�m�•�_�� �d�h�e�b�d�h�� �k�_ �i�m�l�Z�� �_�d�k�i�_�j�b�f�_�g�l�� �g�b�•�_�� �j�_�Z�e�b�a�h�\�Z�h�� �H�\�Z��
�j�Z�k�i�h�^�_�e�Z���•�_�� �^�\�h�i�Z�j�Z�f�_�l�Z�j�k�d�Z���k�Z���i�Z�j�Z�f�_�l�j�h�f���j �d�h�•�b���i�j�_�^�k�l�Z�\�‚�Z���\�_�j�h�\�Z�l�g�h�„�m���^�Z���k�_���^�h�]�Z�{�Z�•���g�_���^�_�k�b���m��
�l�h�d�m�� �i�h�k�l�m�i�d�Z�� �b�� �i�Z�j�Z�f�_�l�j�h�f��r �d�h�•�b�� �k�Z�� �g�_�]�Z�l�b�\�g�h�f�� �k�e�m�q�Z�•�g�h�f�� �i�j�h�f�_�g�‚�b�\�h�f���d �h�^�j�_�{�m�•�_�� �d�h�e�b�d�h�� �i�m�l�Z��
�l�j�_�[�Z���b�a�\�_�k�l�b���g�_�d�b���i�h�k�l�m�i�Z�d�����^�Z���k�_���m�^�_�k���d���i�m�l�Z���g�_���^�_�k�b�� 
�N�m�g�d�p�b�•�Z�� �j�Z�k�i�h�^�_�e�_���\�_�j�h�\�Z�l�g�h�„�Z���g�_�]�Z�l�b�\�g�_���[�b�g�h�f�g�_���k�e�m�q�Z�•�g�_���i�j�h�f�_�g�‚�b�\�_��N  �b�f�Z�����k�e�_�^�_�„�b���h�[�e�b�d 
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 �<�_�j�h�\�Z�l�g�h�„�Z��kp  �M�H���\�_�j�h�\�Z�l�g�h�„�Z���^�Z���k�_���m�^�_�k���d-�i�m�l�Z���g�b�•�_���^�_�k�b�h�����i�h�r�l�h�� �k�_��r �i�m�l�Z���^�h�]�h�^�b�h�����I�h�r�l�h���k�_��
�b�a�� �n�h�j�f�m�e�Z�� �f�h�`�_�� �a�Z�d�‚�m�q�b�l�b�� �^�Z�� �•�_�� �^�b�k�ie�j�a�b�•�Z�� �\�_�„�Z�� �h�^�� �h�q�_�d�b�\�Z�g�_�� �\�j�_�^�g�h�k�l�b���� �g�_�]�Z�l�b�\�Z�g�Z�� �[�b�g�h�f�g�Z��
�j�Z�k�i�h�^�_�e�Z�� �k�_�� �f�h�`�_�� �d�h�j�b�k�l�b�l�b�� �d�Z�^�Z�� �a�Z�� �h�^�j�_�{�_�g�b�� �k�l�Z�l�b�k�l�b�q�d�b�� �k�d�m�i�� �^�h�[�b�•�Z�f�h�� �^�b�k�i�_�j�a�b�•�m�� �\�_�„�m�� �h�^��
�h�q�_�d�b�\�Z�g�_���\�j�_�^�g�h�k�l�b�� 
  
 �D�h�^�� �I�h�Z�k�h�g�h�\�_�� �j�Z�k�i�h�^�_�e�_���•�_�� �h�q�_�d�b�\�Z�g�Z���\�j�_�^�g�h�k�l���^�m�`�b�g�_���\�j�_�f�_�g�k�d�h�]���i�_�j�b�h�^�Z���b�a�f�_�{�m���i�h�•�Z�\�_���^�\�Z��

�m�a�Z�k�l�h�i�g�Z���^�h�]�Z�{�Z�•�Z���d�h�g�k�l�Z�g�l�g�Z���b�� �•�_�^�g�Z�d�Z��
�O
1

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

�f�h�`�_���k�_���h�q�_�d�b�\�Z�l�_���\�_�„�_���h�^�k�l�m�i�Z�ƒ�_���g�_�]�h���d�h�^���I�h�Z�k�h�g�h�\�_���j�Z�k�i�h�^�_�e�_�� 
 
 �������I�J�B�F�?�J�B���I�J�B�F�?�G�?���J�:�K�I�H�>�?�E�: 
 
 �M�� �j�Z�^�m�� �>���@ �b�� �>���@�� �b�k�i�b�l�Z�g�Z�� �•�_�� �i�j�b�f�_�g�Z�� �g�_�]�Z�l�b�\�g�_�� �[�b�g�h�f�g�_�� �j�Z�k�i�h�^�_�e�_�� �g�Z�� �k�Z�h�[�j�Z�„�Z�•�g�_�� �m�^�_�k�_�� �m��
�k�e�m�q�Z�•�m���k�g�_�`�g�_���h�e�m�•�_�� �>���@ �b���g�Z���l�_�j�b�l�h�j�b�•�b�� �L�Z�•�\�Z�g�Z���>���@�� �K�Z���f�_�l�h�^�h�e�h�r�d�h�] �k�l�Z�g�h�\�b�r�l�Z���g�Z�•�q�_�r�„�b���i�j�b�k�l�m�i��
�^�Z �k�_ �Z�g�Z�e�b�a�b�j�Z�� �\�_�j�h�\�Z�l�g�h�„�Z �[�j�h�•�Z���m�^�_�k�Z�� �a�Z���h�^�j�_�{�_�g�b���k�_�]�f�_�g�l�� �d�h�e�h�\�h�a�Z �•�_�� �i�j�b�f�_�g�b�l�b�� �I�h�Z�k�h�g�h�\�m �b�e�b��
�g�_�]�Z�l�b�\�Z�g�m �[�b�g�h�f�g�m�� �j�Z�k�i�h�^�_�e�m��  



�J�b�a�b�d���b���[�_�a�[�_�^�g�h�k�g�b���b�g�`�_�ƒ�_�j�b�g�]��- �D�h�i�Z�h�g�b�d��������4. 

214 

 �K�Z �_�f�i�b�j�b�•�k�d�h�]�� �k�l�Z�g�h�\�b�r�l�Z���� �\�_�„�b�g�Z�� �b�k�l�j�Z�`�b�\�Z�q�d�b�o�� �k�l�m�^�b�•�Z ���R�Z�g�d�Z�j �b�� �^�j���� 199������ �F�b�e�l�h�g�� �b��
�F�Z�g�_�j�b�g�]�� 1998; �D�Z�j�k�h�g���b�� �F�Z�g�_�j�b�g�]�� ������������ �k�_�� �n�h�d�m�k�b�j�Z�e�Z �g�Z�� �n�Z�d�l�h�j�_ �j�b�a�b�d�Z���h�^�� �g�_�k�j�_�„�Z���g�Z���Z�m�l�h�i�m�l�m��
�b�e�b�� �]�e�Z�\�g�h�f �d�h�e�h�\�h�a�m���d�h�•�b�� �g�_���k�i�Z�^�Z�•�m���m���‚�m�^�k�d�b���n�Z�d�l�h�j ���� �g�b�•�_�� �m���i�b�l�Z�ƒ�m���‚�m�^�k�d�Z���]�j�_�r�d�Z�������H�\�b���n�Z�d�l�h�j�b��
�m�d�‚�m�q�m�•�m �]�_�h�f�_�l�j�b�•�m �Z�m�l�h�i�m�l�Z�� ���g�i�j���� �o�h�j�b�a�h�g�l�Z�e�g�Z �b�� �\�_�j�l�b�d�Z�e�g�Z�� �i�h�j�Z�\�g�Z�ƒ�Z������ �d�Z�j�Z�d�l�_�j�b�k�l�b�d�_��
�k�Z�h�[�j�Z�„�Z�•�Z�� ���g�i�j���� �i�j�h�k�_�q�Z�g�� �]�h�^�b�r�ƒ�b�� �^�g�_�\�g�b���k�Z�h�[�j�Z�„�Z�•�� �b�� �i�j�h�p�_�g�Z�l�� �d�Z�f�b�h�g�Z���� �b�� �\�j�_�f�_�g�k�d�b���m�k�e�h�\�b�� ���g�i�j����
�d�b�r�_�� �b�e�b�� �k�g�_�]�Z). �G�_�]�Z�l�b�\�g�b�� �[�b�g�h�f�g�b�� �f�h�^�_�e�� �� �•�_�� �r�b�j�h�d�h�� �d�h�j�b�r�„�_�g�� �a�Z�� �Z�g�Z�e�b�a�m�� �[�j�h�•�Z�� �m�^�_�k�Z, �i�h�r�l�h�� �•�_��
�Z�g�Z�e�b�a�h�f�� �i�h�^�Z�l�Z�d�Z �m�l�\�j�{�_�g�h���^�Z �„�_�� �^�b�k�i�_�j�a�b�•�Z �\�_�j�h�\�Z�l�g�h���[�b�l�b�� �a�g�Z�q�Z�•�g�h �\�_�„�Z �h�^���h�q�_�d�b�\�Z�g�_ �\�j�_�^�g�h�k�l�b�� 
�M�� �g�_�d�b�f�� �k�e�m�q�Z�•�_�\�b�f�Z�� �i�j�h�[�e�_�f�� �i�j�_�^�k�l�Z�\�‚�Z�•�m�� �i�j�_�d�h�f�_�j�g�_ �g�m�e�_�� ���l�•���� �i�h�k�f�Z�l�j�Z�ƒ�Z�� �[�_�a �g�_�a�]�h�^�_���� �m��
�i�h�^�Z�p�b�f�Z�� �g�_�a�]�h�^�Z�� �m���k�Z�h�[�j�Z�„�Z�•�m���� �I�j�b�f�_�g�Z���g�m�e�Z��- �b�a�f�_�ƒ�_�g�b�o���[�j�h�•�Z�ƒ�Z���i�j�h�p�_�k�Z �h�f�h�]�m�„�Z�\�Z���f�h�^�_�e�h�\�Z�ƒ�_ 
�a�Z�d�h�g�Z�� �j�Z�k�i�h�^�_�e�_ �\�_�j�h�\�Z�l�g�h�„�Z �g�_�a�]�h�^�Z���� �B�k�i�b�l�b�\�Z�ƒ�Z �k�m�� �i�h�d�Z�a�Z�e�Z �^�Z �g�m�e�Z��- �b�a�f�_�ƒ�_�g�_ �j�Z�k�i�h�^�_�e�_ 
�\�_�j�h�\�Z�l�g�h�„�Z�� �^�Z�•�_�� �\�_�e�b�d�m���n�e�_�d�k�b�[�b�e�g�h�k�l�� �m�� �i�j�b�f�_�g�b�� �g�Z�� �d�h�e�h�\�h�a�g�b�f �k�_�d�p�b�•�Z�f�Z �k�Z �g�m�e�Z���g�_�k�j�_�„�Z��, �d�Z�h���b 
�g�Z���k�_�d�p�b�•�Z�f�Z���i�m�l�Z���g�Z���d�h�•�b�f�Z���b�f�Z �m�^�_�k�Z.  

�R�Z�g�d�Z�j���� �F�b�e�l�h�g�� �b�� �F�Z�g�_�j�b�g�] (1997)  �k�m �m�l�\�j�^�b�e�b �^�Z�� �� �a�Z�d�h�g�� �j�Z�k�i�h�^�_�e�_�� �k�e�m�q�Z�•�g�_�� �i�j�h�f�_�g�‚�b�\�_, 
�d�h�•�Z�� �i�j�_�^�k�l�Z�\�‚�Z�� �]�h�^�b�r�ƒ�b �[�j�h�• �m�^�_�k�Z���� �f�h�`�_�� �[�b�l�b�� �d�\�Z�e�b�l�Z�l�b�\�g�h �^�j�m�]�Z�q�b�•�Z�� �h�^�� �i�j�h�k�l�_ �I�h�Z�k�h�g�� �b �G�;��
�^�b�k�l�j�b�[�m�p�b�•�_�� �Z�d�h�� �i�h�k�l�h�•�b�� �\�b�r�Z�d�� �g�m�e�Z�� �i�h�k�f�Z�l�j�Z�ƒ�Z �m�� �i�h�^�Z�p�b�f�Z���� �M�� �l�h�f�� �k�e�m�q�Z�•�m �f�h�]�m �k�_�� �i�j�b�f�_�g�b�l�b��
�j�Z�a�e�b�q�b�l�_�� �j�Z�k�i�h�^�_�e�_�� �a�Z�� �j�Z�a�e�b�q�b�l�_�� �^�_�e�h�\�_�� �i�m�l�Z���� �]�^�_���k�_���f�h�]�m�� �j�Z�k�d�j�k�g�b�p�_�� �k�f�Z�l�j�Z�l�b�� �i�j�Z�d�l�b�q�g�h �f�Z�ƒ�_��
�k�b�]�m�j�g�b�f�� �b �]�^�_�� �k�_���i�j�_�l�i�h�k�l�Z�\�‚�Z�� �^�Z���„�_�� �n�j�_�d�\�_�g�p�b�•�_ �g�_�k�j�_�„�Z���i�j�Z�l�b�l�b �g�_�d�_���i�h�a�g�Z�l�_���^�b�k�l�j�b�[�m�p�b�•�_���i�h�i�m�l��
�I�h�Z�k�h�g�Z �b�� �G�;���� �H�\�_�� �j�Z�k�i�h�^�_�e�_ �k�_���i�j�b�f�_�ƒ�m�•�m���k�Z�f�h���a�Z���j�Z�k�d�j�k�g�b�p�_ �k�Z���g�_-�g�m�e�l�b�f���k�l�Z�ƒ�_�f���m�^�_�k�Z�� �h�^�g�h�k�g�h 
�g�_�[�_�a�[�_�^�g�_���j�Z�k�d�j�k�g�b�p�_���� �A�[�h�]�� �i�j�b�k�m�k�l�\�Z�� �^�_�e�h�\�Z���i�m�l�Z���k�Z �g�m�e�Z���� �m�^�_�k�Z�����\�b�r�d�Z���g�m�e�Z �l�Z�q�Z�d�Z���m���i�h�^�Z�p�b�f�Z���h 
�g�_�a�]�h�^�Z�f�Z���� �h�\�Z �i�j�h�p�_�g�Z �f�h�`�_ �[�b�l�b �]�j�_�r�d�h�f�� �k�f�Z�l�j�Z�g�Z �d�Z�h�� �^�h�d�Z�a�� �•�Z�d�h���\�_�e�b�d�_���^�b�k�i�_�j�a�b�•�_�� �m���i�h�^�Z�p�b�f�Z��
�k�l�Z�l�b�k�l�b�q�d�h�]�� �k�d�m�i�Z�����i�j�_�l�_�j�Z�g�Z���j�Z�k�m�l�h�k�l �m���i�h�^�Z�p�b�f�Z������ �H�\�Z�•�� �i�j�h�[�e�_�f�� �k�_�� �f�h�`�_�� �j�_�r�b�l�b�� �l�Z�d�h���r�l�h�� �k�_���a�Z��
�h�\�_���^�_�e�h�\�_���i�m�l�Z���d�h�j�b�k�l�_���g�m�e�Z-�i�j�h�f�_�ƒ�_�g�_����zero-altered) �k�e�m�q�Z�•�g�_���i�j�h�f�_�g�‚�b�\�_�� 
�M���j�Z�^�m���>���@  �^�Z�l�_���k�m���n�h�j�f�m�e�_���a�Z���h�\�_���i�j�h�f�_�g�‚�b�\�_���a�Z���G�;���j�Z�k�i�h�^�_�e�m�� 
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�N�h�j�f�m�e�Z���^�Z�•�_�� �\�_�j�h�\�Z�l�g�h�„�m���^�Z���g�Z���^�_�e�m���i�m�l�Z��i, �[�j�h�•�� �m�^�_�k�ZiY  �[�m�^�_���d�� �M���n�h�j�f�m�e�b���k�m���d�h�j�b�r�„�_�g�_���k�e�_�^�_�„�_��
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�I�j�b�� �l�h�f�_���D�•�_�� �� �^�b�k�i�_�j�a�b�•�Z���� �d�� �•�_�� �[�j�h�•�� �m�^�_�k�Z���g�Z���^�_�h�g�b�p�b���i�m�l�Z��i , i�O �•�_�� �h�q�_�d�b�\�Z�g�Z���\�j�_�^�g�h�k�l�� �g�Z���^�_�h�g�b�p�b��

�i�m�l�Z��i, ip  �•�_�� �\�_�j�h�\�Z�l�g�h�„�Z���^�Z���g�Z���^�_�h�g�b�p�b���i�m�l�Z��i �b�f�Z���g�m�e�Z���m�^�_�k�Z���� �A�Z���=����n ) �d�h�j�b�k�l�b�f�h�� �•�_�^�g�m���b�e�b���^�j�m�]�m��
�n�h�j�f�m�e�m�������m���a�Z�\�b�k�g�h�k�l�b�� �h�^���l�h�]�Z���^�Z���e�b���•�_���i�h�a�b�l�b�\�g�h��n �p�_�h���[�j�h�•�� �b�e�b�� �g�b�•�_�� 
 
�������G�M�F�?�J�B�Q�D�B���I�J�B�F�?�J    
 
 �;�j�h�•�� �‚�m�^�b�� �d�h�•�b�� �]�h�^�b�r�ƒ�_�� �k�l�j�Z�^�Z�•�m�� �m�� �i�h�`�Z�j�b�f�Z�� �m�� �]�j�Z�^�h�\�b�f�Z�� �r�b�j�h�f�� �k�\�_�l�Z���� �j�Z�a�e�b�q�b�l�� �•�_�� �b����
�\�j�_�f�_�g�k�d�b�� �i�j�h�f�_�g�‚�b�\���� �Z�� �a�Z�� �m�a�h�j�Z�d�� �h�^�� ���������������� �‚�m�^�b�� �b�a�g�h�k�b�� �h�^��0 �^�h�� ��,������ �G�Z�� �h�k�g�h�\�m�� �k�l�Z�l�b�k�l�b�q�d�b�o��
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WORK-FAMILY CONFLICT AND ITS CONSEQUENCES AT WORK 

SUMMARY 
Many working parents have difficulties in combining employment with family responsibilities. 

Many organizations have started to address this problem and pay more attention to finding strategies in order 
to establish a balance between these two spheres. This paper presents different theories about the relationship 
between work and family and it also gives an overview of the negative consequences of the work-family 
conflict. The final part of the paper includes the analysis of specific methods by means of which managers of 
organizations may contribute to mitigation of this problem. 

�D�_�\�Z�R�U�G�V����work-family conflict, negative consequences, family-supportive organization 

 
�������M�<�H�> 

�L�j�Z�^�b�p�b�h�g�Z�e�g�Z�� �k�e�b�d�Z�� �h�� �f�Z�•�d�Z�f�Z�� �b�� �h�q�_�\�b�f�Z�� �d�j�h�a�� �b�k�l�h�j�b�•�m�� �^�h�� �^�Z�g�Z�k�� �i�h�q�b�\�Z�� �g�Z�� �b�^�_�•�b�� �^�Z�� �•�_��
�h�^�]�h�\�h�j�g�h�k�l�� �� �f�Z�•�d�_�� �[�j�b�]�Z�� �h�� �^�_�p�b�� �b�� �p�_�e�h�f�� �^�h�f�Z�„�b�g�k�l�\�m���� �^�h�d�� �� �•�_�� �h�l�Z�p�� �h�^�]�h�\�h�j�Z�g�� �a�Z�� �n�b�g�Z�g�k�b�•�k�d�m��
�k�b�]�m�j�g�h�k�l�� �i�h�j�h�^�b�p�_���� �M�e�Z�k�d�h�f�� �`�_�g�_���g�Z���l�j�`�b�r�l�_�� �j�Z�^�Z���� �m�e�h�]�Z���h�q�_�\�Z���k�_���f�_�ƒ�Z�e�Z�����d�Z�h���b���m�e�h�]�Z���f�Z�•�d�_�����I�j�_��
�^�\�Z�^�_�k�_�l�� �]�h�^�b�g�Z�� �i�h�q�_�e�h�� �k�_�� �]�h�\�h�j�b�l�b�� �h�� �Ä�g�h�\�h�f�� �j�h�^�b�l�_�‚�k�l�\�m�´�� �h�^�g�h�k�g�h�� �Ä�k�Z�\�j�_�f�_�g�h�f�� �j�h�^�b�l�_�‚�k�l�\�m�´��
�i�j�_�f�Z�� �d�h�•�_�f�� �f�Z�•�d�_�� �b�� �h�q�_�\�b�� �^�_�e�_�� �[�j�b�]�m�� �b�� �h�^�]�h�\�h�j�g�h�k�l���a�Z���i�h�^�b�a�Z�ƒ�_���^�_�p�_���� �K���^�j�m�]�_�� �k�l�j�Z�g�_���m���i�h�k�e�h�\�g�h�•��
�k�n�_�j�b�� �^�h�r�e�h�� �•�_�� �^�h�� �\�_�e�b�d�b�o�� �i�j�h�f�_�g�Z���� �>�j�m�r�l�\�h�� �b�� �_�d�h�g�h�f�b�•�Z�� �i�h�k�l�Z�e�b�� �k�m�� �f�g�h�]�h�� �d�h�f�i�e�_�d�k�g�b�•�b���� �M�k�e�_�^��
�[�j�h�•�g�b�o�� �n�Z�d�l�h�j�Z�� �^�h�]�Z�{�Z�•�b�� �b�� �\�j�_�f�_�� �m�� �d�h�•�_�f�� �`�b�\�b�f�h�� �i�h�k�l�Z�e�b�� �k�m�� �g�_�i�j�_�^�\�b�^�b�\�b���� �J�Z�^�b�d�Z�e�g�h�� �k�_�� �f�_�ƒ�Z��
�g�Z�q�b�g�� �j�Z�^�Z�� �m�k�e�_�^�� �l�_�o�g�h�e�h�r�d�b�o�� �i�j�h�f�_�g�Z���� �i�j�_�� �k�\�_�]�Z�� �i�j�h�f�_�g�Z�� �m�� �b�g�n�h�j�f�Z�p�b�h�g�b�f�� �b�� �d�h�f�m�g�b�d�Z�p�b�h�g�b�f��
�l�_�o�g�h�e�h�]�b�•�Z�f�Z���� �D�h�g�d�m�j�_�g�p�b�•�Z�� �g�Z�� �l�j�`�b�r�l�m�� �•�_�� �\�_�e�b�d�Z�� �b�� �b�a�m�a�_�l�g�h�� �i�j�h�]�j�_�k�b�\�g�Z���� �I�h�\�_�„�Z�g�b���k�m���a�Z�o�l�_�\�b�� �a�Z��
�n�e�_�d�k�b�[�b�e�g�h�r�„�m�� �m�g�m�l�Z�j�� �h�j�]�Z�g�b�a�Z�p�b�•�_�� �d�Z�h�� �b�� �b�a�f�_�{�m�� �h�j�]�Z�g�b�a�Z�p�b�•�Z���� �M�d�h�e�b�d�h�� �a�Z�i�h�k�e�_�g�b�� �`�_�e�_�� �^�Z�� �b�^�m�� �m��
�d�h�j�Z�d�� �k�Z�� �a�Z�o�l�_�\�b�f�Z�� �h�d�j�m�`�_�ƒ�Z�� �i�h�l�j�_�[�g�h�� �•�_�� �^�Z�� �m�e�Z�`�m�� �f�g�h�]�h�� �\�j�_�f�_�g�Z�� �m�� �k�\�h�•�� �e�b�q�g�b�� �j�Z�a�\�h�•�� �b�� �k�l�j�m�q�g�h��
�m�k�Z�\�j�r�Z�\�Z�ƒ�_���� 

�K�\�_�� �h�\�_�� �i�j�h�f�_�g�_���b�f�Z�•�m���g�_�a�Z�h�[�b�e�Z�a�Z�g���m�l�b�p�Z�•�� �b�� �g�Z���k�Z�f�_���a�Z�i�h�k�e�_�g�_���b�� �ƒ�b�o�h�\�_���`�b�\�h�l�_�����I�h�l�_�g�p�b�•�Z�e�g�_��
�i�h�k�e�_�^�b�p�_�� �k�l�j�_�k�Z�� �a�Z�� �d�h�f�i�Z�g�b�•�_�� �b�� �ƒ�b�o�h�\�_�� �a�Z�i�h�k�e�_�g�_�� �k�m�� �l�h�e�b�d�h�� �a�g�Z�q�Z�•�g�_�� �^�Z�� �•�_�� �\�Z�`�g�h�� �^�Z�� �j�m�d�h�\�h�^�_�„�b��
�d�Z�^�Z�j���l�h���i�j�_�i�h�a�g�Z���b���i�h�f�h�]�g�_���k�\�h�•�b�f�� �a�Z�i�h�k�e�_�g�b�f�Z���m���j�Z�a�\�h�•�m���\�_�r�l�b�g�Z���k�m�h�q�Z�\�Z�ƒ�Z���k�Z���k�l�j�_�k�h�f���b���k�f�Z�ƒ�_�ƒ�m��
�b�a�\�h�j�Z���k�l�j�_�k�Z���g�Z���k�Z�f�h�f���i�h�k�e�m�����]�^�_���•�_���l�h���f�h�]�m�„�_�� 
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1 �K�e�m�`�[�Z���a�Z���m�i�j�Z�\�‚�Z�ƒ�_���‚�m�^�k�d�b�f���j�_�k�m�j�k�b�f�Z���� �<�e�Z�^�Z���:�I���<�h�•�\�h�^�b�g�_���� �;�m�e���� �F�b�o�Z�•�e�Z���I�m�i�b�g�Z�����������G�h�\�b���K�Z�^�����K�j�[�b�•�Z 
2 �D�Z�j�e���N�j�Z�g�p�_�a���M�g�b�\�_�j�a�b�l�_�l���m���=�j�Z�p�m, �f�Z�k�l�_�j���i�j�h�] �j�Z�f���Ä�*�O�R�E�D�O���V�W�X�G�L�H�V�´ 



�J�b�a�b�d���b���[�_�a�[�_�^�g�h�k�g�b���b�g�`�_�ƒ�_�j�b�g�]��- �D�h�i�Z�h�g�b�d��������4. 
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RISK EVALUATION FOR IMPROVED MAINTENACE MANAGEMENT AT 
NATURAL GAS PRESSURE REDUCTION STATIONS 
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SUMMARY 
Risk based management is being implemented on wide scale in industrial installations, given its advantages 

with regard to costs optimization and improvements in overall safety. Standardized methods can be implemen ted using 
specific software developed for risk based inspection and asset management; the implementation process can however 
be performed only if certain prerequisites are met, such as an existing database and well defined maintenance 
procedures. These latter issues can vary widely from one industry to another and can be highly specific for different 
organizations. Within this framework, the present study aims to develop an adapted method for risk evaluation at 
natural gas pressure reduction stations. One of the main requirements for the developed method is that it requires input 
data in a volume as low as possible. To this end, the procedure for risk evaluation started with the use of available 
information, and the process of data collection, followed by analysis was tailored for improved adaptability correlated 
with the needs of the user. A case study for one pressure reduction station was analyzed using the proposed method and 
conclusions are presented, in view of existing maintenance practices. 

Keywords 
risk eva luation, asset maintenance, na tura l gas pressure reduction sta tions, low qua lity input da ta , standard 

compliant procedure  

 
1. Introduction 

The transportation of large quantities of sometimes very hazardous products over great distances through 
a pressurized pipeline system, often with zero-leak tolerance, is a relatively simple system but with 
sometimes highly complex aspects. Metallurgy, fracture mechanics, welding processes, stress-strain 
reactions, soil-interface mechanical properties of the coating as well as their critical electrochemical 
properties, soil chemistry, every conceivable geotechnical event creating a myriad of forces and loadings, 
sophisticated computerized supervisory control and data acquisition (SCADA) systems are all factors that 
must be accounted for when considering the state of a natural gas transmission pipeline. Rotating equipment 
or the complex electrochemical reactions involved in corrosion prevention must also be taken into account, 
making pipeline management even more complex [1]. 

Failures in a pipeline system result in events with different consequences. Risk assessment aims to use 
probabilistic values to evaluate the chances of an undesired event taking place, as well as measuring the 
consequences of such an event. Such risk evaluation methods are used in petrochemical plants [2-3], as well 
as natural gas pipelines [4]. As it is a general method, risk evaluation can be applied to any system [5], but it 
is mostly used in the petrochemical industry. Some of the key elements underpinning pipeline risk 
management are that risk management techniques are fundamentally decision support tools. The actual 
�H�Y�D�O�X�D�W�L�R�Q�� �L�P�S�O�L�H�V�� �J�R�L�Q�J�� �W�K�U�R�X�J�K���F�R�P�S�O�H�[�L�W�\�� �L�Q���R�U�G�H�U���W�R���D�F�K�L�H�Y�H���³�L�Q�W�H�O�O�L�J�H�Q�W�� �V�L�P�S�O�L�I�L�F�D�W�L�R�Q�´�� �>���@���� 
In most cases, the operators are more interested in identifying locations where a potential failure mechanism 
is more aggressive, rather than predicting the length of time the mechanism must be active before failure 
occurs.  

Many variables impact pipeline risk. Among all possible variables, choices are required to strike a 
balance between a comprehensive model that covers all of the important aspects and an unwieldy model with 
too many relatively unimportant details. As a result of applying this method, resource allocation or 
reallocation, towards reduction of failure probability, is normally the most effective way to practice risk 
management. 
 
 
 2. Risk assessment for different components 

Such an examination has virtually as a result framing components of a station in a risk matrix. The 
results of such an analysis are extremely useful in identifying the components with a high degree of risk and 
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planning the allocation of resources in such a way as to ensure a more efficient reduction of the overall risk.  
The risk matrix is a method known and widely accepted in the field of activity of the operation and 

maintenance based on assessment of the degree of risk. Practically, there are two combined variables: the 
likelihood of the occurence of an event and the severity of consequences of such event, allowing the 
assessment of the degree of risk and classifying it in one of the chosen categories (such as: acceptable, 
tolerable and unacceptable risk). An example of such risk matrix, in simplified form, is shown in the figure 
below. 

 

 
Figure 1 �± Simplified risk matrix 

 
For this degree of risk analysis only time dependent factors that can affect and influence the integrity of 

SRM have been considered, so as to make possible the assessment of the coverage of identifying possible 
defects that can occur as a result of the normal operation of the stations [6].  

In assessing the likelihood of occurrence of a failure, the severity of the failure mode was taken into 
account, with the classification into four categories outlined in Table 1. 

 
Table 1 �± Defining the failure severity [7]  
Severity of 
failure mode Description 

CRITICAL Failure that produces immediate and complete loss of the ability of the system to 
perform the required function. 

DETERIORATION 
Non critical failure, but leading to the loss of the capacity of the system to operate in 
the prescribed parameters. Such a defect is generally either gradual or partial and 
may become critical in time 

INCIPIENT 
Failure that does not cause immediate loss of the capacity of the system to perform 
the required function, but which, if not remedied, could evolve towards a critical 
damage or defect in the near future. 

UNKNOWN For such failures there is no data to help estimate the degree of severity. 
 

The maximum acceptable risk threshold (as a product of the probability score and the severity score) was 
chosen at a value of 4. At first glance, this may seem a slightly high value, given the fact that the maximum 
product between probability score and the gravity score is 16. But, the severity grid does not contain a 
category with scores for catastrophic events. 

For a classification of the parts in the risk matrix, it was considered applying a weighting coefficient, so 
that the critical failure modes contribute with a larger share (50%), decreasing for damage (30%) and 
incipient faults (15%), all the unknown failures having the lowest share (5%). 

The stages of the methodology implementation for determining the level of risk for the components of an 
SRM, 

�”���L�G�H�Q�W�L�I�\�L�Q�J�� �W�K�H���F�R�P�S�R�Q�H�Q�W�V���Q�H�H�G�H�G���I�R�U���W�K�H���D�Q�D�O�\�V�L�V�� 
�”���I�D�L�O�X�U�H���P�Rde analysis, 
�”���G�H�W�H�U�P�L�Q�L�Q�J�� �W�K�H���I�D�L�O�X�U�H���U�D�W�H���I�R�U���D���S�H�U�L�R�G���R�I������6 hours of operation, 
�”���F�D�O�F�X�O�D�W�L�Q�J�� �W�K�H���I�D�L�O�X�U�H���S�U�R�E�D�E�L�O�L�W�\�� 
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�” determining scores for failure occurrence probability and the consequences scores, 
�”���F�D�O�F�X�O�D�W�L�Q�J�� �W�K�H���G�H�J�U�H�H���R�I���U�L�V�N���>�������@�� 
For an easier following, each stage is detailed with its determination method for the used parameters. 
 

3. Case study 
For the following example, valves with drawers have been chosen, due to the large number of such 

components into a station, but the procedure is basically the same for all components. 
As an example, for the 'loss of tightness of some components', failure mode can be identified as leaks in 

'off position' under the category 'critical'. 
The average probability of occurrence is 0.39 events in 106 hours of operation for this mode of failure. 

The next step within the third phase is to establish the rate of failure.  
Once the value for the failure probability is calculated, scores are awarded depending on the result. Thus, 

1 point is given for an extremely rar�H���H�Y�H�Q�W���Z�L�W�K���”�� ���������� �I�D�L�O�X�U�H�V���D�W������6 hours, 2 points for an rare event, for 
�!���������� �D�Q�G�� �”���� �I�D�L�O�X�U�H�V�� �D�W������6 �K�R�X�U�V���� ���� �S�R�L�Q�W�V���I�R�U���D���O�L�N�H�O�\�� �H�Y�H�Q�W���� �Z�L�W�K���!���� �D�Q�G���”�������� �I�D�L�O�X�U�H�V���L�Q������6 hours and 3 
points for a frequent event with �!���������D�Q�G���”��������������failures in 106 hours of operation (106 hours of operation ~ 
114 years). The scores for all consequences will be granted from 1 to 4, depending on the class of 
employment/SIL level (grade 1, 2, etc.) [9]. 
 

 
Figure 2 �± Example for setting the fa ilure ra te [7]  

 
Figure 3 �± Example for a  fa ilure probability ca lcula tion [7]  

 
Finally, the degree of risk is calculated by multiplying the two scores (for probability and for 

consequences). For the defect: 'loss of tightness of components', failure mode: 'leaks into closed position' in 
the category 'critical' has a failure probability of 0.52, which corresponds to a score of 2 for the likelihood of 
an event. Considering the consequences of such a defect, classification is class Grade 3, with 2 points 
(serious consequences for Grade 1 with 4 points, significant consequences for Grade 2 with 3 points, minor 
consequences for Grade 3 with 2 points and insignificant consequences for Grade with 1 point), thus 
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resulting a score of 4 for degree of risk for this failure. 

 
Figure 4 �± Example for determining scores and ca lcula ting degree of r isk [7]  

 
Failure mode analysis for taps (table 2) shows that these components have a relatively high risk for some 

types of flaws, but on average, the risk is at an acceptable level, which ensures the integrity of the station. 
 

Table 2 �± Determination of r isk degree for va lves [7]  

No
. Name Failure Failure 

mode 
Failure 
reason 

Failure 
probabilit
y*  (score / 
failures in 
106 hours) 

Severity**  
(score / 

classificatio
n class) 

Degre
e of 

risk ***  

Maintenanc
e actions 

1 2 3 4 5 6 7 8 9 
1 Valves 

with 
drawer
s 

External 
corrosio
n 

C
R

IT
IC

A
L 

Leaks in 
closed 
position 

External 
corrosion 2 / 0.52 2 / Degree 3 4 

Restoring 
corrosive 
protection by 
painting 
areas 
exposed to 
environment
al influence 

Shutdown 
failure 3 / 11.43 1 / Degree 4 3 

Apparent 
operation 3 / 1.58 1 / Degree 4 3 

Others 2 / 0.98 1 / Degree 4 2 

D
E

T
E

R
IO

R
A

T
O

N
 

Leaks in 
the outer 
environmen
t 

3 / 1.03 1 / Degree 4 3 

Verification 
of absence of 
gas leakage 
Visual 
assessment 
of the 
integrity of 
the body and 
the actuator 
system 
components 
Verifying 
the tightness 
of taps 
closing and 
fittings by 
complete 
shutdown 

Leaks in 
closed 
position 

3 / 3.39 1 / Degree 4 4 

Minor 
malfunctio
ns 

2 / 0.98 1 / Degree 4 2 

Others 3 / 9.31 1 / Degree 4 3 

IN
C

IP
IE

N
T

 

Leaks in 
the outer 
environmen
t 

3 / 1.03 1 / Degree 4 4 

Minor 
malfunctio
ns 

3 / 2.93 1 / Degree 4 3 

Others 2 / 0.98 1 / Degree 4 2 
UNKNOWN 3 / 2.85 1 / Degree 4 3 
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Internal 
corrosio
n 

C
R

IT
IC

A
L Shutdown 

failure 
Internal 
corrosion 3 / 11.43 1 / Degree 4 3 

Disassembly 
of 
installation 
taps / valves 
/ fittings. 
replacement 
and 
transportatio
n to a 
specialized 
unit for 
repair 
Verification 
of tight 
closure of 
taps and 
fittings by 
complete 
shutdown 

Apparent 
operation 

3 / 1.58 1 / Degree 4 3 

Others 2 / 0.98 1 / Degree 4 2 

D
E

T
E

R
IO

R
A

T
IO

N
 Shutdown 

failure 2 / 1.01 1 / Degree 4 2 

Minor 
malfunctio
ns 

2 / 0.98 1 / Degree 4 2 

Structural 
failures 2 / 0.46 1 / Degree 4 2 

Others  
 

3 / 9.31 1 / Degree 4 3 

IN
C

IP
IE

N
T

 

Internal 
leakage 

2 / 1.03 1 / Degree 4 2 

Minor 
malfunctio
ns 

3 / 2.93 1 / Degree 4 3 

Others 
 

2 / 0.98 1 / Degree 4 2 

UNKNOWN 3 / 2.85 1 / Degree 4 3 
Loss of 
tightnes
s and 
other 
failures 
by wear 

C
R

IT
IC

A
L 

Leaks in 
closed 
position 

Wear of 
component

s 
2 / 0.52 2 / Degree 3 4 

Verification 
of absence of 
gas leakage. 
Visual 
assessment 
of the 
integrity of 
the body and 
the actuator 
system 
components 

Apparent 
operation 3 / 1.58 1 / Degree 4 3 

Others 2 / 0.98 1 / Degree 4 2 

*  �(�[�W�U�H�P�H�O�\�� �U�D�U�H���H�Y�H�Q�W���”�����������I�D�L�O�X�U�H�V���I�R�U������6���� �U�D�U�H���I�R�U���!�����������D�Q�G���”�����I�D�L�O�X�U�H�V���I�R�U������6 hours, probable for >1 
�D�Q�G�����”���������I�D�L�O�X�U�H�V���I�R�U������6 �K�R�X�U�V���� �I�U�H�T�X�H�Q�W���I�R�U���!�������� �D�Q�G���”�������������� �I�D�L�O�X�U�H�V���I�R�U������6 hours of  operation (106 
hours of operation ~114 years) 

**  Severe consequences for Grade 1, significant for Grade 2, minor for Grade 3 and unsignificat for Grade 4 
***  �$�F�F�H�S�W�D�E�O�H���U�L�V�N���I�R�U���V�F�R�U�H���R�I�����”�������D�Q�G���X�Q�D�F�F�H�S�W�D�E�O�H���I�R�U���V�F�R�U�H���!���� 

 
Representing the position of this type of component inside the risk matrix can be done as in figure below, 

considering the weighted mean value of 2.5 points for malfunction probability and 1.9 points for 
consequences relative to an event taking place. 

 
Figure 5 �± Va lves framing inside the risk matrix [7]  
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In case of large value for the dispersion of starting date, it can be made a framing of the parts belonging to 
the same type inside time groups, which can offer a more profound image over the existing situation (for 
example, the replacement necessity for 10% of the valves). 

Another aspect represents the effective functioning time, considering that components usage is not 
homogenous. In order to better quantify those situations it can be applied a coefficient established on the basis 
of the exploitment history of the station and / or the basis of a short interview with the personnel assuring the 
activity. It should be considered also the fact that this option introduces supplementary variables which can take 
a more or less important effect over the analysis. 

�$�V�� �V�D�L�G�� �E�H�I�R�U�H���� �W�K�H�� �R�S�H�U�D�W�R�U�¶�V experience which makes the analysis plays an important role over the 
obtained results. From this reason, it is recommended a simple to complex approach which can ensure an 
objective image over the analyzed situation. 
 
4. CALCULUS FOR AVERAGE PERIOD UNTIL MALFUNCTION APPEARANCE AT SRM 

LEVEL 
For a quick evaluation of the appearance probability of malfunction at SRM level, values can be chosen 

�I�R�U�� �³�D�O�O�� �P�D�O�I�X�Q�F�W�L�R�Q�� �Z�D�\�V�� �S�R�V�V�L�E�O�H�´�� �I�R�U�� �H�D�F�K�� �W�\�S�H�� �R�I�� �F�R�P�S�R�Q�H�Q�W���� �$�W�� �W�K�H�� �H�Q�G�� �W�K�U�H�H�� �Y�D�O�X�H�V�� �U�H�V�X�O�W�� �I�R�U��
malfunction probability (minimum, average and maximum), which corresponds to optimistic, average and 
pessimistic scenarios. In this way a minimum and a maximum interval results for making the periodic 
inspections which can assure minimizing the risk degree. 

First stage after establishing the schematics for an SRM used for analysis is to establish the malfunction 
appearance probability for a function interval of 106 hours. 

As an example, for a safety valve there will be chosen values of 2.02 minimum, 25.63 medium and 72.45 
maximum for all malfunction ways. 

Each component of the station will have a malfunction occurrence probability which depends of the 
previously chosen value and the functioning time. In case there are components with the same starting data 
(like pieces which were changed previously at different time frames), there will be made a separate calculus. 

For example, for the chosen SRM as case study, the three pressure regulators have different malfunction 
probabilities, having in mind that the R1 regulator was replaced in 2006. 
 

 
Figure 6 �± Example for probability ca lculus for malfunction occurrence [7]  

 
The results can be interpreted as minimum and maximum periods (pessimistic and optimistic scenarios) 

which will assure a significant reduction of risk degree. Of course, the high periods of functioning stations 
(precisely, with an increased number of components with long periods of functioning) will imply frequent 
checking by comparison with a station with low functioning period. 

 
Table 3 -  Case study for probability va lues of malfunction for an SRM [7]  

Subsystem Component Malfunction rate [malfunction at 106 functioning hours] 
   min medium max min medium max 

1 2 3 4 5 6 7 8 

1 
Valve 104 32.36 65.37 107.74 

177.76 791.66 1799.74 Separator 113.04 660.92 1584.26 
Valve 25 32.36 65.37 107.74 

2 
Valve 28 32.36 65.37 107.74 

102.40 351.05 743.57 Filter F1 113.04 660.92 1584.26 
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Filter F2 113.04 660.92 1584.26 
Filter F3 113.04 660.92 1584.26 
Valve 30 32.36 65.37 107.74 

3 

Valve 29 32.36 65.37 107.74 

102.40 351.05 743.57 
Filter F4 113.04 660.92 1584.26 
Filter F5 113.04 660.92 1584.26 
Filter F6 113.04 660.92 1584.26 
Valve 31 32.36 65.37 107.74 

4 Chromatograph 8.73 13.85 19.94 8.73 13.85 19.94 

5 

Valve 33 32.36 65.37 107.74 

21.84 46.40 79.05 

Heat exchanger I1 7.36 87.39 244.18 
Heat exchanger I2 7.36 87.39 244.18 
Heat exchanger I3 7.36 87.39 244.18 
Valve 34 32.36 65.37 107.74 
Valve 32 32.36 65.37 107.74 

 
 

1 2 3 4 5 6 7 8 

6 

Valve 35 32.36 65.37 107.74 

16.58 34.13 57.56 

Pressure 
regulator R1 1.82 6.65 17.19 
Valve 39 32.36 65.37 107.74 
Valve 36 32.36 65.37 107.74 
Pressure 
regulator R2 2.29 8.37 21.62 
Valve 40 32.36 65.37 107.74 
Valve 37 32.36 65.37 107.74 
Valve 41 32.36 65.37 107.74 
Valve 38 32.36 65.37 107.74 
Pressure 
regulator R3 2.29 8.37 21.62 
Valve 42 32.36 65.37 107.74 

7 

Safety valve 
SS1 2.67 33.94 95.93 

39.19 91.05 168.25 

Valve 43 32.36 65.37 107.74 
Diaphragm 10.98 17.43 25.08 
Valve 45 32.36 65.37 107.74 
Safety valve 
SS2 2.67 33.94 95.93 
Valve 44 32.36 65.37 107.74 
Diaphragm 10.98 17.43 25.08 
Valve 46 32.36 65.37 107.74 

8 

Valve 47 32.36 65.37 107.74 

156.60 311.60 509.93 

Valve 69 32.36 65.37 107.74 
Valve 70 32.36 65.37 107.74 
Odorant 10.98 17.43 25.08 
Valve 71 32.36 65.37 107.74 
Valve 49 32.36 65.37 107.74 
Valve  48 32.36 65.37 107.74 
Valve 50 32.36 65.37 107.74 

TOTAL SRM 471.90 1464.22 3006.25 
 

Another interesting aspect for analysis is the way in which special situations are approached. Here is the 
place where operator experience has an important role inside the analysis. In this way the recommended 
period for maintenance can be reduced and in this way it is assured the decrease in risk degree with the 
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increase in human resources. 
 
5. Conclusions 

�5�2�$�,�0�6���3�U�R�J�U�D�P���U�H�S�U�H�V�H�Q�W�V���W�K�H���³�K�R�O�H���L�Q���R�Q�H�´���V�R�O�X�W�L�R�Q���I�R�U���D���S�L�S�H�O�L�Q�H���L�Q�W�H�J�U�L�W�\���P�D�Q�D�J�H�P�H�Q�W���V�\�V�W�H�P�����7�K�H��
entire range of modules covers all the activity fields for ROSEN Integrity Loop. The program presents a series 
of advantages: defining and integration of a secure route and its entire facilities, aligning and inserting other 
reference data, visualization and interpretation of information inside a GIS environment throughout the entire 
domain, prediction and evaluation for increased ILI abnormalities, priority for maintenance operations using 
risk evaluation results and monitoring of the planned repair actions. 

It is recommended that the implementation of this type of program to be made on new pipe routs where all 
the component informations are known, like the used materials, welds, wall status, etc. 

Also, for data collection it is recommended the SCADA program. 
From a responsible operator it is expected to have a capable system to check and evaluate the station status. 

The proposed calculus procedure for estimating the malfunction rate can be extended in order to make an 
evaluation of the opportunities for further investments in order to assure a decisive support for developing 
strategies for maintenance and exploitation. In this way, there can be made a comparison between replacing the 
components solution with the one to reduce the period between two consecutive inspections. The first option is 
an intensive one in regards to the necessary funds for investment but can offer significant long term cost 
reduction, while the second solution reduces the investment funds but has as a direct result increased 
operational costs. 
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�J�?�A�B�F�? 
�F�_�l�h� �̂Z�� �i�j�h�p�_�k�g�b�o�� �n�m�g�d�p�b�•�Z, �d�Z�h�� �•�_� �̂g�Z�� �h� �̂� �g�Z�•�i�h�a�g�Z�l�b�•�b�o�� �b�� �g�Z�•�i�j�b�o�\�Z�l�‚�b�\�b�•�b�o�� �f�_�l�h� �̂Z �a�Z�� �h�p�•�_�g�m�� �g�b�\�h�Z��

�h�j�]�Z�g�b�a�h�\�Z�g�h�k�l�b, �i�j�_� �̂k�l�Z�\�‚�Z�� �\�_�h�f�Z�� �_�n�_�d�l�Z�g�� �Z�e�Z�l �a�Z�� �k�l�b�p�Z�ƒ�_�� �m�\�b� �̂Z�� �m�� �h�g�h�� �r�l�h�� �l�j�_�[�Z�� �i�j�h�f�b�•�_�g�b�l�b �b�e�b��
�i�h�[�h�e�‚�r�Z�l�b �m�� �l�h�d�m�� �h�[�Z�\�‚�Z�ƒ�Z�� �i�j�h�p�_�k�Z�� �j�Z� �̂Z. �F�_�l�h� �̂h�f���i�j�h�p�_�k�g�b�o���n�m�g�d�p�b�•�Z���f�h�`�_���k�_���h�p�•�_�ƒ�b�\�Z�l�b���h�j�]�Z�g�b�a�h�\�Z�g�h�k�l 
�i�h�k�e�h�\�g�b�o�� �n�m�g�d�p�b�•�Z, �h�j�]�Z�g�b�a�Z�p�b�•�k�d�_�� �•�_� �̂b�g�b�p�_, �i�h� �̂j�m�q�•�Z�� �j�Z� �̂Z, �_�e�_�f�_�g�Z�l�Z�� �i�h�k�e�h�\�Z�ƒ�Z, �j�Z� �̂g�b�o�� �f�•�_�k�l�Z�� �b���k�e. �M���h�\�h�f��
�j�Z� �̂m�� �•�_�� �i�j�b�d�Z�a�Z�g�Z�� �i�j�b�f�•�_�g�Z�� �f�_�l�h� �̂_�� �i�j�h�p�_�k�g�b�o�� �n�m�g�d�p�b�•�Z �a�Z�� �i�j�h�p�•�_�g�m�� �g�b�\�h�Z�� �h�j�]�Z�g�b�a�h�\�Z�g�h�k�l�b�� �a�Z�r�l�b�l�_ �`�b�\�h�l�g�_��
�k�j�_� �̂b�g�_ �m���•�_� �̂g�h�•�� �h� �̂��•�_� �̂b�g�b�p�Z�� �<�h�•�k�d�_�� �K�j�[�b�•�_. 

�D�‚�m�q�g�_�� �j�b�•�_�q�b���� �i�j�h�p�_�k�g�_���n�m�g�d�p�b�•�_�����i�j�h�p�•�_�g�Z�� �h�j�]�Z�g�b�a�h�\�Z�g�h�k�l���� �`�b�\�h�l�g�Z���k�j�_� �̂b�g�Z 

 
APPLICATION OF PROCESS FUNCTION METHOD IN ESTIMATIO N OF 

ORGANIZATION LEVEL OF PROTECTION OF THE ENVIRONMENT  
 

ABSTRACT 
Process function method, as one of the most known and acceptable methods for organization level evaluation, 

represent very good effective tool for information gathering in a purpose, what should change or improved while work 
process performing. Process function method can be useful for evolution of business function organization, unit 
organization, work area, business elements, work places etc. In this paper is shown application of process function 
method in estimation of level organization of protection of the environment in one Serbian army unit.  

Key words: Process function, estimation, organization, environment 
 
�M�<�H�> 
 

�B�k�l�h�j�b�•�k�d�b �i�h�k�f�Z�l�j�Z�g�h, �i�h�l�j�_�[�Z �a�Z �i�j�_�^�m�a�b�f�Z�ƒ�_�f �h�^�j�_�{�_�g�b�o �Z�d�l�b�\�g�h�k�l�b �j�Z�^�b �a�Z�r�l�b�l�_ �`�b�\�h�l�g�_ 
�k�j�_�^�b�g�_, �•�Z�\�‚�Z �k�_ �k�Z �i�j�\�b�f �h�[�e�b�p�b�f�Z �j�Z�^�Z, �•�_�j �•�_ �k�\�Z�d�b �j�Z� ̂�i�j�Z�„�_�g �f�Z�ƒ�b�f �b�e�b �\�_�„�b�f �h�i�Z�k�g�h�k�l�b�f�Z �i�h 
�ƒ�_�g�h �g�Z�j�m�r�Z�\�Z�ƒ�_, �Z�e�b �k�_ �d�Z�h �h�j�]�Z�g�b�a�h�\�Z�g�Z �^�•�_�e�Z�l�g�h�k�l �m�k�i�h�k�l�Z�\�‚�Z �l�_�d �i�h�q�_�l�d�h�f 19. �\�b�•�_�d�Z. �K�Z 
�m�k�Z�\�j�r�Z�\�Z�ƒ�_�f �k�j�_�^�k�l�Z�\�Z �a�Z �j�Z�,̂ �Z �g�Z�j�h�q�b�l�h �k�Z �l�_�o�g�b�q�d�b�f �g�Z�i�j�_�l�d�h�f �i�h�a�g�Z�l�b�f �i�h� ̂ �g�Z�a�b�\�h�f 
"�b�g�^�m�k�l�j�b�•�k�d�Z �j�_�\�h�e�m�p�b�•�Z" �`�b�\�h�l�g�Z �k�j�_�^�b�g�Z �k�\�_ �\�b�r�_ �i�h�k�l�Z�•�_ �i�h�^�e�h�`�g�Z �m�l�b�p�Z�•�b�f�Z �i�j�h�p�_�k�Z �j�Z�^�Z. 
�M�i�h�j�_�^�h �k�Z �h�\�b�f, �i�h�q�b�ƒ�_ �b �b�g�l�_�g�a�b�\�Z�g �j�Z�a�\�h�• �a�Z�r�l�b�l�g�h�] �a�Z�d�h�g�h�^�Z�\�k�l�\�Z, �r�b�j�_�ƒ�_ �k�h�p�b�•�Z�e�g�b�o �i�j�Z�\�Z �b 
�k�l�\�Z�j�Z�ƒ�_ �f�_�{�m�g�Z�j�h�^�g�b�o �h�]�Z�g�b�a�Z�p�b�•�Z �d�h�•�_ �m �\�_�e�b�d�h�• �f�•�_�j�b �^�h�i�j�b�g�h�k�_ �m�k�i�h�k�l�Z�\�‚�Z�ƒ�m �k�l�Z�[�b�e�g�b�o 
�k�b�k�l�_�f�Z �a�Z�r�l�b�l�_ �\�_�a�Z�g�b�o �a�Z �k�\�_ �Z�k�i�_�d�l�_ �i�j�h�p�_�k�Z �j�Z�^�Z �Z �k�Z�f�b�f �l�b�f �b �a�Z�r�l�b�l�_ �`�b�\�h�l�g�_ �k�j�_�^�b�g�_.  

�?�n�b�d�Z�k�g�h�k�l�b�� �k�b�k�l�_�f�Z�� �a�Z�r�l�b�l�_�� �`�b�\�h�l�g�_ �k�j�_�^�b�g�_ �^�Z�g�Z�k �k�_ �i�h�k�\�_�„�m�•�_�� �k�\�_�� �\�_�„�Z�� �i�Z�`�ƒ�Z���� �i�h�k�_�[�g�h�� �m��
�h�j�]�Z�g�b�a�Z�p�b�•�Z�f�Z�� �d�h�•�_�� �d�Z�j�Z�d�l�_�j�b�r�m�� �j�Z�^�g�Z�� �f�•�_�k�l�Z�� �k�Z�� �i�h�\�_�„�Z�g�b�f�� �j�b�a�b�d�h�f�� �i�h�� �g�Z�j�m�r�Z�\�Z�ƒ�_ �b�k�l�_���� �<�h�•�k�d�Z����
�d�Z�h�� �•�_�^�g�Z�� �h�^�� �l�b�o�� �h�j�]�Z�g�b�a�Z�p�b�•�Z���� �i�h�j�_�^�� �k�l�j�h�]�b�o�� �b�g�l�_�j�g�b�o�� �g�h�j�f�Z�l�b�\�g�b�o�� �Z�d�Z�l�Z�� �d�h�•�b�f�Z�� �•�_�� �^�_�n�b�g�b�k�Z�g�Z��
�n�m�g�d�p�b�•�Z�� �a�Z�r�l�b�l�_�� �j�_�k�m�j�k�Z�� �b�� �m�� �d�h�•�b�f�Z�� �k�m�� �j�_�]�m�e�b�k�Z�g�_�� �f�•�_�j�_�� �[�_�a�[�•�_�^�g�h�k�l�b�� �b�� �a�Z�r�l�b�l�_���� �f�h�j�Z�� �l�_�`�b�l�b�� �b��
�f�h�l�b�\�b�k�Z�ƒ�m�� �k�\�h�•�b�o�� �i�j�b�i�Z�^�g�b�d�Z�� �a�Z�� �Z�d�l�b�\�g�h�� �m�d�‚�m�q�b�\�Z�ƒ�_���m���i�h�^�b�a�Z�ƒ�_���f �•�_�j�Z���a�Z�r�l�b�l�_�� �`�b�\�h�l�g�_ �k�j�_�^�b�g�_ 
�g�Z���g�Z�•�\�_�„�b�� �f�h�]�m�„�b�� �g�b�\�h�� 

�F�_�l�h�^�Z�� �i�j�h�p�_�k�g�b�o�� �n�m�g�d�p�b�•�Z���� �d�Z�h�� �•�_�^�g�Z�� �h�^�� �g�Z�•�a�Z�k�l�m�i�‚�_�g�b�•�b�o �Z�g�Z�e�b�l�b�q�d�b�o �f�_�l�h�^�Z�� �a�Z�� �h�p�•�_�g�m�� �g�b�\�h�Z��
�h�j�]�Z�g�b�a�h�\�Z�g�h�k�l�b���� �i�h�]�h�^�Z�g �•�_ �b�g�k�l�j�m�f�_�g�l �b �a�Z�� �^�b�•�Z�]�g�h�k�l�b�d�h�\�Z�ƒ�_ �h�g�h�]�Z �r�l�h �l�j�_�[�Z�� �i�j�h�f�b�•�_�g�b�l�b�� �b�e�b��
�i�h�[�h�‚�r�Z�l�b���m �i�h�k�l�h�•�_�„�_�f �k�b�k�l�_�f�m �a�Z�r�l�b�l�_ �`�b�\�h�l�g�_ �k�j�_�^�b�g�_.  
 
�I�J�B�F�3�?�G�:���F�?�L�H�>�?���I�J�H�P�?�K�G�B�O���N�M�G�D�P�B�3�:�� 

�F�_�l�h�^�Z �i�j�h�p�_�k�g�b�o �n�m�g�d�p�b�•�Z �f�h�`�_ �k�_ �m�i�h�l�j�b�•�_�[�b�l�b �a�Z �h�p�•�_�ƒ�b�\�Z�ƒ�_ �h�j�]�Z�g�b�a�Z�p�b�•�k�d�h�] �g�b�\�h�Z 
�p�•�_�e�h�d�m�i�g�_ �h�j�]�Z�g�b�a�Z�p�b�•�_ �b�e�b �k�Z�f�h �i�h�•�_�^�b�g�b�o �h�j�]�Z�g�b�a�Z�p�b�•�k�d�b�o �•�_�^�b�g�b�p�Z, �n�m�g�d�p�b�•�Z �b �^�j. �I�h�  ̂ �i�h�•�f�h�f 

                                                 
1 �M�g�b�\�_�j�a�b�l�_�l���h�^�[�j�Z�g�_�����<�h�•�g�Z���Z�d�Z�^�_�f�b�•�Z 
2 �M�g�b�\�_�j�a�b�l�_�l�� �m���;�_�h�]�j�Z� �̂m, �N�Z�d�m�e�l�_�l�� �h�j�]�Z�g�b�a�Z�p�b�h�g�b�o�� �g�Z�m�d�Z 
3 �M�g�b�\�_�j�a�b�l�_�l�� �h� �̂[�j�Z�g�_�����<�h�•�g�Z���Z�d�Z�^�_�f�b�•�Z 
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�i�j�h�p�_�k�g�b�o �n�m�g�d�p�b�•�Z �i�j�_�f�Z [1] �i�h�^�j�Z�a�m�f�b�•�_�\�Z�•�m �k�_ �^�•�_�e�Z�l�g�h�k�l�b �d�h�•�_ �k�m �g�_�h�i�o�h�^�g�_ �a�Z �m�k�i�•�_�r�g�h 
�b�a�\�j�r�Z�\�Z�ƒ�_ �p�•�_�e�h�d�m�i�g�h�] �a�Z�^�Z�l�d�Z �g�Z �k�\�b�f �g�b�\�h�b�f�Z �j�Z�^�g�b�o �f�•�_�k�l�Z �m �h�j�]�Z�g�b�a�Z�p�b�•�b. �M �j�Z�^�g�h�f �i�j�h�p�_�k�m 
�k�_ �•�Z�\�‚�Z �^�_�\�_�l �h�k�g�h�\�g�b�o �n�Z�a�Z - �i�j�h�p�_�k�g�b�o �n�m�g�d�p�b�•�Z, �l�Z�[�_�e�Z 1. 
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�L�j�Z�`�_�ƒ�_���b���h�[�e�b�d�h�\�Z�ƒ�_���h�^�]�h�\�Z�j�Z�•�m�„�b�o���h�j�]�Z�g�b�a�Z�p�b�•�k�d�b�o���i�h�k�l�m�i�Z�d�Z��

�b�� �b�a�\�j�r�Z�\�Z�ƒ�_���j�Z�^�g�b�o���a�Z�^�Z�l�Z�d�Z�� 
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�h�j�]�Z�g�b�a�Z�p�b�•�b�� 

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

004  �I�j�h�m�q�Z�\�Z���a�Z�d�h�g���b���i�h�^�a�Z�d�h�g�k�d�Z���Z�d�l�Z���h���m�i�j�Z�\�‚�Z�ƒ�m���h�l�i�Z�^�h�f���b���b�k�l�b���k�i�j�h�\�h�^�b���m���•�_�^�b�g�b�p�b�� 

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

006  �D�h�g�l�j�h�e�b�r�_�� �^�Z���e�b���k�m���b�a�\�j�r�_�g�Z���f�•�_�j�Z�ƒ�Z���i�j�h�^�m�d�Z�l�Z���k�Z�]�h�j�b�•�_�\�Z�ƒ�Z���b�a���d�h�l�e�Z�j�g�b�p�Z�� 
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�D�Z�d�h�� �k�\�Z�d�b�� �i�h�k�Z�h���� �g�_�� �f�h�j�Z�� �k�Z�^�j�`�Z�l�b�� �k�\�_�� �i�j�h�p�_�k�g�_�� �n�m�g�d�p�b�•�_���� �i�h�l�j�_�[�g�h�� �•�_�� �m�l�\�j�^�b�l�b�� �ƒ�b�o�h�\�m��

�i�h�\�_�a�Z�g�h�k�l���� �I�h�\�_�a�Z�g�h�k�l�� �i�h�k�e�h�\�Z���k�Z �i�j�h�p�_�k�g�b�f�� �n�m�g�d�p�b�•�Z�f�Z���k�_���m�l�\�j�{�m�•�_�� �l�Z�d�h���r�l�h���k�_���m���l�Z�[�_�e�b�����i�h�k�e�h�\�b��
�± �i�j�h�p�_�k�g�_���n�m�g�d�p�b�•�_���� ���l�Z�[�_�e�Z���������� �a�Z���i�h�k�Z�h���d�h�•�b�� �k�Z�^�j�`�b�� �g�_�d�m���h�^�� �i�j�h�p�_�k�g�b�o���n�m�g�d�p�b�•�Z���m�g�h�k�b���a�g�Z�d���� ���� �i�j�b��
�q�_�f�m�� �a�[�b�j�� �a�g�Z�d�h�\�Z�� ���� �i�j�_�^�k�l�Z�\�‚�Z�� �k�m�f�m�� �n�j�_�d�\�_�g�p�b�•�Z�� ���N�������:�d�h�� �i�h�k�Z�h�� �g�_�� �k�Z�^�j�`�b�� �g�_�d�m�� �h�^�� �i�j�h�p�_�k�g�b�o��
�n�m�g�d�p�b�•�Z���� �m���l�Z�[�_�e�m���k�_���m�g�h�k�b���a�g�Z�d����. 
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3 �B�a�\�j�r�Z�\�Z�ƒ�_���i�h�k�e�h�\�Z���m�l�b�q�_���g�Z���_�d�h�g�h�f�b�q�g�h�k�l���i�h�k�e�h�\�Z�ƒ�Z�� 

2 �G�_�a�\�j�r�Z�\�Z�ƒ�_���i�h�k�e�h�\�Z���m�a�j�h�d�m�•�_���f�Z�ƒ�d�Z�\�h�k�l���m���i�h�k�e�h�\�Z�ƒ�m�����Z�e�b���•�_��
�i�h�k�e�h�\�Z�ƒ�_���m�i�j�d�h�k�� �l�h�f�_���f�h�]�m�„�_�� 

1 �B�a�\�j�r�Z�\�Z�ƒ�_���i�h�k�e�h�\�Z���m�l�b�q�_���g�Z���p�•�_�e�h�\�b�l�h�k�l���i�h�k�e�h�\�Z�ƒ�Z�� 
0 �B�a�\�j�r�Z�\�Z�ƒ�_���i�h�k�e�h�\�Z���g�b�•�_���i�h�l�j�_�[�g�h. 

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

�a�Z���h�[�Z�\�‚�Z�ƒ�_���i�h�k�e�Z���� 
�B�a�Z�[�j�Z�g�b�� �i�h�g�^�_�j�b�� �a�Z�� �i�h�k�e�h�\�_���� �d�Z�h�� �b�� �b�a�Z�[�j�Z�g�b�� �i�h�g�^�_�j�b�� �a�Z�� �i�j�h�p�_�k�g�_�� �n�m�g�d�p�b�•�_���� �j�_�a�m�e�l�Z�l�� �k�m�� �Z�g�d�_�l�_��

�k�i�j�h�\�_�^�_�g�_���k�Z���e�b�p�_�f���d�h�•�_���h�[�Z�\�‚�Z���h�\�_���i�h�k�e�h�\�_���m���•�_�^�b�g�b�p�b���<�K���d�h�•�Z���•�_�� �[�b�e�Z���i�j�_�^�f�_�l���h�\�_���g�Z�e�b�a�_�� 
�I�h�g�^�_�j�b�k�Z�ƒ�_���i�h�k�e�h�\�Z���b�� �i�j�h�p�_�k�g�b�o���n�m�g�d�p�b�•�Z���\�j�r�b�� �k�_�� �l�Z�d�h���r�l�h���k�_���b�a�Z�[�j�Z�g�b���i�h�g�^�_�j�b���i�h�k�e�h�\�Z���f�g�h�`�_��

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

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

               �I�J�H�P�?�K�G�?���� 
               �N�M�G�D�P�B�3�? 
         

 
�I�H�K�E�H�<�B 

�?�\ �H�[ �D�l �:�g �H�^�e �I�e �M�k �H�j�] �B�a�\ 

�¦  
�I�H�G�>�?�J 

�H�A�G�:�D�: �I�H�G�>�?�J 1 2 3 3 5 5 4 4 2 
001  5 5 �� 15 15 25 25 20 20 10 135 
002  4 4 8 12 12 20 20 16 16 8 116 
003  5 5 10 15 15 25 25 20 20 10 145 
004  4 4 8 12 12 20 20 16 16 8 116 
005  3 3 �� 9 9 15 15 12 12 6 81 
006  3 3 6 9 9 15 15 12 12 6 87 
007  5 5 �� 15 15 25 25 20 20 10 135 
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008  4 4 �� �� 12 �� 20 16 16 8 76 
009  5 5 10 15 15 �� 25 20 20 10 120 

�¦  38 42 102 114 145 190 152 152 76 1011 

 
�K�e�_�^�_�„�b�� �d�h�j�Z�d�� �•�_�� �h�p�•�_�ƒ�b�\�Z�ƒ�_�� �i�h�k�e�h�\�Z�� �i�h�� �i�j�h�p�_�k�g�b�f�� �n�m�g�d�p�b�•�Z�f�Z�� �h�p�•�_�g�Z�f�Z�� �h�^�� ���� �^�h�� ������ �i�j�_�f�Z��

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

�L�Z�[�_�e�Z���������D�j�b�l�_�j�b�•�m�f�b���a�Z���h�^�j�_�{�b�\�Z�ƒ�_���h�p�•�_�g�Z���i�h�k�e�h�\�Z 

�H�P�3�?�G�: �D�J�B�L�?�J�B�3�M�F�B���A�:���H�>�J�?�-�B�<�:�5�?���H�P�3�?�G�: 
1 �I�h�k�e�h�\�b�� �k�_���g�_���h�[�Z�\�‚�Z�•�m�� 
2 �I�h�k�e�h�\�b�� �k�_�����h�[�Z�\�‚�Z�•�m���i�h�\�j�_�f�_�g�h�� 
3 �I�h�k�e�h�\�b�� �k�_�����h�[�Z�\�‚�Z�•�m���g�Z���\�e�Z�k�l�b�l�m���b�g�b�p�b�•�Z�l�b�\�m���� �Z�e�b���i�h�� �^�h�]�h�\�h�j�m�� 
4 �I�h�k�e�h�\�b�� �k�_�����h�[�Z�\�‚�Z�•�m���i�j�_�f�Z���m�i�m�l�k�l�\�b�f�Z���i�j�_�l�i�h�k�l�Z�\�‚�_�g�b�o�� 
5 �I�h�k�e�h�\�b�� �k�_�����h�[�Z�\�‚�Z�•�m���i�j�_�f�Z���h�j�]�Z�g�b�a�Z�p�b�•�k�d�b�f���i�j�h�i�b�k�b�f�Z�� 

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

�k�i�j�h�\�_�^�_�g�_���k�Z���e�b�p�_�f���d�h�•�_���h�[�Z�\�‚�Z���i�h�k�e�h�\�_���d�h�•�b���k�m���i�j�_�^�f�_�l���h�\�_���Z�g�Z�e�b�a�_�� 
�L�Z�[�_�e�Z���������H�p�•�_�g�_���i�h�k�e�h�\�Z���i�h���i�j�h�p�_�k�g�b�f�� �n�m�g�d�p�b�•�Z�f�Z 

             �I�J�H�P�?�K�G�?���� 
           �N�M�G�D�P�B�3�? 
 
 
        �I�H�K�E�H�<�B���������� 

�?�\ �H�[ �D�l �:�g �H�^�e �I�e �M�k �H�j�] �B�a�\ 

001  5 - 4 4 4 4 4 4 4 
002  5 3 4 4 4 4 4 4 4 
003  4 4 5 5 5 5 5 4 5 
004  2 3 2 2 3 2 2 3 2 
005  5 - 5 4 4 4 4 5 4 
006  5 4 3 3 3 4 3 5 5 
007  5 - 5 4 5 5 5 5 5 
008  5 - - 3 - 5 5 5 4 
009  2 3 4 3 - 4 3 4 4 

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

�i�h�k�e�h�\�Z����sP �����i�h�f�h�„�m���n�h�j�f�m�e�_�� 

o

p
s S

OP
P

�˜
�                      (1) 

�]�^�•�_���•�_�� 

pP �± �i�h�l�j�_�[�g�b�����l�_�h�j�_�l�k�d�b�����i�h�g�^�_�j���i�h�k�e�Z�� 

�H�����± �h�p�•�_�g�Z���i�h�k�e�Z���i�h�� �i�j�h�p�_�k�g�b�f�� �n�m�g�d�p�b�•�Z�f�Z�� 

oS �± �k�d�Z�e�Z���h�p�•�_�g�_���������� 
�K�l�\�Z�j�g�b���i�h�g�^�_�j�b�� �i�h�k�e�h�\�Z���i�j�b�d�Z�a�Z�g�b�� �k�m���l�Z�[�_�e�h�f������ 

�L�Z�[�_�e�Z���������K�l�\�Z�j�g�b���i�h�g�^�_�j�b���i�h�k�e�h�\�Z 

             �I�J�H�P�?�K�G�?���� 
           �N�M�G�D�P�B�3�? 
 
 
        �I�H�K�E�H�<�B���������� 

�?�\ �H�[ �D�l �:�g �H�^�e �I�e �M�k �H�j�] �B�a�\ �6 

001  5 - 12 12 20 20 16 16 8 109 
002  4 4,8 9,6 9,6 16 16 12,8 12,8 6,4 92 
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003  4 8 15 15 25 25 20 16 10 138 
004  1,6 4,8 4,8 4,8 12 8 6,4 9,6 3,2 55,2 
005  3 - 9 7,2 12 12 9,6 12 4,8 69,6 
006  3 4,8 5,4 5,4 9 12 7,2 12 6 64,8 
007  5 - 15 12 25 25 20 20 10 132 
008  4 - - 7,2 - 20 16 16 6,4 69,6 
009  2 6 12 9 - 20 12 16 8 85 
�6 31,6 28,4 82,8 82,2 119 158 120 130,4 62,8 815,2 

�K�e�_�^�_�„�Z�� �n�Z�a�Z�� �m�� �i�j�b�f�•�_�g�b�� �h�\�_�� �f�_�l�h�^�_�� �•�_�� �b�a�j�Z�q�m�g�Z�\�Z�ƒ�_�� �i�j�h�k�•�_�q�g�b�o�� �h�p�•�_�g�Z�� �i�h�k�e�h�\�Z�� ��O ���� �i�h�f�h�„�m��
�n�h�j�f�m�e�_�� 

o
p

s S
P

P
O �˜� 

�¦
�¦                 (2) 

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

�L�Z�[�_�e�Z���������I�j�h�k�•�_�q�g�_���h�p�•�_�g�_���i�h�k�e�h�\�Z 

�I�H�K�E�H�<�B �¦ pP  �¦ sP  O  
001  135 109 4,04 
002  116 92 3,96 
003  145 138 4,76 
004  116 55,2 2,38 
005  81 69,6 4,29 
006  87 64,8 3,72 
007  135 132 4,89 
008  76 69,6 4,58 
009  120 85 3,54 

�M�D�M�I�G�H 1011 815,2 4,03 
�I�h�f�h�„�m�� �i�h�g�^�_�j�Z�� �b�a�� �l�Z�[�_�e�_�� ���� �b�� �l�Z�[�_�e�_�� ���� �\�j�r�b�� �k�_�� �b�a�j�Z�q�m�g�Z�\�Z�ƒ�_�� �i�j�h�k�•�_�q�g�b�o�� �h�p�•�_�g�Z�� �i�j�h�p�_�k�g�b�o��

�n�m�g�d�p�b�•�Z�� ��pfO �����i�h�f�h�„�m���n�h�j�f�m�e�_�� 

o
p

s
pf S

P

P
O �˜� 

�¦
�¦            (3) 

�]�^�•�_���•�_�� 

sP �± �k�l�\�Z�j�g�b���i�h�g�^�_�j���i�j�h�p�_�k�g�_�� �n�m�g�d�p�b�•�_�� 

pP �± �i�h�l�j�_�[�g�b���i�h�g�^�_�j�� �i�j�h�p�_�k�g�_�� �n�m�g�d�p�b�•�_�� 

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

�L�Z�[�_�e�Z�����������H�p�•�_�g�_���i�j�h�p�_�k�g�b�o�� �n�m�g�d�p�b�•�Z 

�I�J�H�P�?�K�G�?��
�N�M�G�D�P�B�3�? �¦ pP  �¦ sP  pfO  

�?�\�b�^�_�g�l�b�j�Z�ƒ�_ 38 31,6 4,16 
�H�[�Z�\�M�_�r�l�Z�\�Z�ƒ�_ 42 28,4 3,38 
�D�h�g�l�j�h�e�b�k�Z�ƒ�_ 102 82,8 4,06 
�:�g�Z�e�b�a�b�j�Z�ƒ�_ 114 82,2 3,6 
�H�^�e�m�q�b�\�Z�ƒ�_ 145 119 4,1 
�I�e�Z�g�b�j�Z�ƒ�_ 190 158 4,16 

�M�k�d�e�Z�{�b�\�Z�ƒ�_ 152 120 3,95 
�H�j�]�Z�g�b�a�h�\�Z�ƒ�_ 152 130,4 4,29 

�B�a�\�h�{�_�ƒ�_ 76 62,8 4,13 
�M�D�M�I�G�H 1011 815,2 4,03 
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�G�Z�� �h�k�g�h�\�m�� �i�j�h�k�•�_�q�g�b�o�� �h�p�•�_�g�Z�� �i�h�k�e�h�\�Z�� �b�� �i�j�h�p�_�k�g�b�o�� �n�m�g�d�p�b�•�Z���� �i�j�b�k�l�m�i�Z�� �k�_�� �j�Z�g�]�b�j�Z�ƒ�m�� �i�h�k�e�h�\�Z��
���l�Z�[�_�e�Z�����������b���i�j�h�p�_�k�g�b�o���n�m�g�d�p�b�•�Z�� ���l�Z�[�_�e�Z���������� 

�L�Z�[�_�e�Z�����������J�Z�g�]�b�j�Z�ƒ�_���i�h�k�e�h�\�Z 

�J�:�G�= �H�A�G�:�D�:���I�H�K�E�: �I�H�G�>�?�J �I�J�H�K�3�?�Q�G�:�� �H�P�3�?�G�: 
1. 007 5 4,89 

2. 003 5 4,76 

3. 008 4 4,58 

4. 005 3 4,29 
5. 001 5 4,04 

6. 002 4 3,96 

7. 006 3 3,72 
8. 009 5 3,54 

9. 004 4 2,38 

 
�L�Z�[�_�e�Z�����������J�Z�g�]�b�j�Z�ƒ�_���i�j�h�p�_�k�g�b�o���n�m�g�d�p�b�•�Z 

�J�:�G�= �I�J�H�P�?�K�G�?�� �N�M�G�D�P�B�3�? �I�H�G�>�?�J �I�J�H�K�3�?�Q�G�:�� �H�P�3�?�G�: 

1. �H�j�]�Z�g�b�a�h�\�Z�ƒ�_ 4 4,29 

2. �I�e�Z�g�b�j�Z�ƒ�_ 5 4,16 

3. �?�\�b� �̂_�g�l�b�j�Z�ƒ�_ 1 4,16 

4. �B�a�\�h�{�_�ƒ�_ 2 4,13 

5. �H� �̂e�m�q�b�\�Z�ƒ�_ 5 4,1 

6. �D�h�g�l�j�h�e�b�k�Z�ƒ�_ 3 4,06 
7. �M�k�d�e�Z�{�b�\�Z�ƒ�_ 4 3,95 

8. �:�g�Z�e�b�a�b�j�Z�ƒ�_ 3 3,6 

9. �H�[�Z�\�•�_�r�l�Z�\�Z�ƒ�_ 2 3,38 

 
�A�:�D�4�M�Q�:�D 

�I�j�h�k�•�_�q�g�Z���h�p�•�_�g�Z���i�h�k�e�h�\�Z���i�j�_�^�k�l�Z�\�‚�Z�� �h�p�•�_�g�m���g�b�\�h�Z���h�j�]�Z�g�b�a�h�\�Z�g�h�k�l�b�� �g�Z���d�h�g�d�j�_�l�g�h�f���j�Z�^�g�h�f���f�•�_�k�l �m����
�B�f�Z�•�m�„�b�� �m�� �\�b�^�m�� �ƒ�_�g�m�� �[�j�h�•�q�Z�g�m�� �\�j�b�•�_�^�g�h�k�l�� �h�^�� ���������� �f�h�`�_�� �k�_�� �a�Z�d�‚�m�q�b�l�b�� �^�Z�� �•�_�� �m�� �i�b�l�Z�ƒ�m�� �l�Z�d�Z�\�� �g�b�\�h��
�h�j�]�Z�g�b�a�h�\�Z�g�h�k�l�b�� �a�Z�� �d�h�•�b�� �•�_�� �d�Z�j�Z�d�l�_�j�b�k�l�b�q�g�h�� �^�Z�� �k�_�� �b�a�\�j�r�_�ƒ�_�� �i�h�k�e�h�\�Z���g�_���a�Z�k�g�b�\�Z���g�Z���h�j�]�Z�g�b�a�Z�p�b�•�k�d�b�f��
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BTEX IN BURNING CANDLES COMBUSTION PRODUCTS 

ABSTRACT 
Nowadays, candles are very popular as decorative items which are used for a variety celebrations, ceremonies, 

the romantic mood. They are available in all shapes, colours, with addition of fragrances. Wax candles are mainly used 
in church ceremonies. 

Products formed during candle combustion could be harmful to the health of the exposed. The paper presents 
gas chromatography determination of BTEX compounds in burning candles combustion products. 

 
Key words: benzene, toluene, ethylbenzene, xylene, burning candles combustion products  
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�i�j�h�^�m�d�l�b�� �k�Z�]�h�j�_�\�Z�ƒ�Z���� �d�Z�h�� �k�l�h�� �k�m�� �m�]�‚�_�g�f�h�g�h�d�k�b�^�� ��CO������ �Z�a�h�l�g�b�� �h�d�k�b�^�b�� ��NOx������ �\�h�e�Z�l�b�e�g�Z�� �b��
�k�_�f�b�\�h�e�Z�l�b�e�g�Z�� �h�j�]�Z�g�k�d�Z�� �•�_�^�b�ƒ�_�ƒ�Z�� ��VOC-volatile organic compounds; SVOC-semi-volatile organic 
compounds������ �d�Z�h�� �b�� �q�_�k�l�b�q�g�_�� �f�Z�l�_�j�b�•�_���� �d�h�•�b�� �f�h�]�m���m�l�b�p�Z�l�b�� �g�Z���d�\�Z�e�b�l�_�l�� �\�Z�a�^�m�o�Z���a�Z�l�\�h�j�_�g�b�o���i�j�h�k�l�h�j�Z�� �b��
�‚�m�^�k�d�h���a�^�j�Z�\�‚�_�� 
�F�g�h�]�h�[�j�h�•�g�_�� �k�l�m�^�b�•�_���� �m�� �d�h�•�b�f�Z�� �k�_�� �k�b�f�m�e�b�j�Z�•�m�� �m�k�e�h�\�b���l�b�i�b�q�g�b�� �a�Z�� �d�\�Z�e�b�l�_�l�� �\�Z�a�^�m�o�Z�� �m�� �k�l�Z�g�h�\�b�f�Z���� �k�m��
�j�_�Z�e�b�a�h�\�Z�g�_�� �k�Z�� �p�b�‚�_�f�� �h�^�j�_�{�b�\�Z�ƒ�Z�� �]�h�j�_�ƒ�_�f�� �k�\�_�„�_�� �m�a�j�h�d�h�\�Z�g�b�o�� �_�f�b�k�b�•�Z�� �]�Z�k�h�\�Z�� �d�Z�h�� �r�l�h�� �k�m��CO �b�e�b��
NOx���� �\�h�e�Z�l�b�e�g�Z�� �b�� �k�_�f�b�\�h�e�Z�l�b�e�g�Z�� �h�j�]�Z�g�k�d�Z�� �•�_�^�b�ƒ�_�ƒ�Z���� �g�Z�f�_�j�g�h�� �^�h�^�Z�l�Z�� �d�Z�h�� �f�b�j�b�k�� �b�e�b�� �g�Z�k�l �Z�e�Z��
�g�_�d�h�f�i�e�_�l�g�b�f�� �k�Z�]�h�j�_�\�Z�ƒ�_�f�� ���g�i�j���� �Z�e�^�_�o�b�^�b�� �d�j�Z�l�d�b�o�� �g�b�a�h�\�Z���� �[�_�g�a�_�g���� �k�l�b�j�_�g�b���� �i�h�e�b�p�b�d�e�b�q�g�b��
�Z�j�h�f�Z�l�b�q�g�b�� �m�]�‚�h�\�h�^�h�g�b�p�b-PAHs���� �i�h�e�b�o�e�h�j�h�\�Z�g�b�� �^�b�[�_�g�a�h�^�b�h�d�k�b�g�b-PCDDs �b�� �i�h�e�b�o�e�h�j�h�\�Z�g�b��
�^�b�[�_�g�a�h�n�m�j�Z�g�b-PSDFs) [1]. 
VOC �3�_�^�b�ƒ�_�ƒ�Z���k�_���g�Z���]�Z�k�g�h�f�� �o�j�h�f�Z�l�h�]�j�Z�n�m���i�h�•�Z�\�‚�m�•�m���b�a�f�_�{�m���b���m�d�‚�m�q�m�•�m�„�b��n-�o�_�d�k�Z�g���b n-�o�_�d�k�Z�^�_�d�Z�g����
�3�_�^�b�ƒ�_�ƒ�Z���d�h�•�Z���b�a�e�Z�a�_���i�j�_��VOC �k�m VVOC (very volatile organic compounds-�\�_�h�f�Z���b�k�i�Z�j�‚�b�\�Z���h�j�]�Z�g�k�d�Z��
�•�_�^�b�ƒ�_�ƒ�Z)�����Z���h�g�Z���d�h�•�Z���b�a�e�Z�a�_���i�h�k�e�_ VOC �k�m SVOC [2]. 
�B�f�Z�•�m�„�b�� �m���\�b�^�m���g�Z�i�j�_�^�� �b�a�g�_�k�_�g�h���h�^�e�m�q�b�e�b���k�f�h�� �k�_���a�Z���f�_�j�_�ƒ�_���_�f�b�k�b�•�_���[�_�g�a�_�g�Z�� �l�h�e�m�_�g�Z�����_�l�b�e�[�_�g�a�_�g�Z���b��
�d�k�b�e�_�g�Z�� ���_�g�]���� �%�7�(�;�� �± benzene, toluene, ethylbenzene, xylene������ �d�Z�h��VOC �f�Z�j�d�_�j�Z���� �m�� �i�j�h�^�m�d�l�b�f�Z��
�k�Z�]�h�j�_�\�Z�ƒ�Z���k�\�_�„�Z���� �H�\�Z���•�_�^�b�ƒ�_�ƒ�Z���g�b�k�m���g�Z�f�_�j�g�h���^�h�^�Z�l�Z���d�Z�h���k�Z�k�l�h�•�p�b���k�\�_�„�Z���\�_�„���k�m���j�_�a�m�e�l�Z�l���g�_�i�h�l�i�m�g�h�]��
�k�Z�]�h�j�_�\�Z�ƒ�Z���h�j�]�Z�g�k�d�b�o���f�Z�l�_�j�b�•�Z�e�Z�� 
�M�� �g�Z�j�_�^�g�h�f �i�h�]�e�Z�\�‚�m�� �^�Z�l�_�� �k�m�� �g�_�d�_�� �h�k�h�[�b�g�_�� �[�_�g�a�_�g�Z���� �l�h�e�m�_�g�Z���� �_�l�b�e�[�_�g�a�_�g�Z�� �b�� �d�k�b�e�_�g�Z���� �d�Z�h�� �b�� �i�j�b�d�Z�a��
�d�Z�d�h���k�j�i�k�d�h���a�Z�d�h�g�h�^�Z�\�k�l�\�h���i�j�h�i�b�k�b�f�Z���l�j�_�l�b�j�Z���h�\�Z���•�_�^�b�ƒ�_�ƒ�Z�� 
 
�%�7�(�;���H�K�H�;�B�G�?���B���I�J�H�I�B�K�B 
�G�Z�� �K�e�b�p�b�� ���� �i�j�b�d�Z�a�Z�g�_�� �k�m�� �k�l�j�m�d�l�m�j�_�� �[�_�g�a�_�g�Z���� �l�h�e�m�_�g�Z�����_�l�b�e�[�_�g�a�_�g�Z�� �b�� �d�k�b�e�_�g�Z�� ���f�m�e�l�b�d�h�g�k�l�b�l�m�_�g�l�g�m��
�k�m�i�k�l�Z�g�p�Z���� 

�l�h�e�m�_�g�[�_�g�a�_�g �_�l�b�e�[�_�g�a�_�go-�d�k�b�e�_�g m-�d�k�b�e�_�g p-�d�k�b�e�_�g 
 

�K�e�b�d�Z�������� �%�7�(�;���K�l�j�m�d�l�m�j�_ 
 
�G�_�d�_���n�b�a�b�q�d�h-�o�_�f�b�•�k�d�_���d�Z�j�Z�d�l�_�j�b�k�l�b�d�_���%�7�(�;�� �•�_�^�b�ƒ�_�ƒ�Z���� �^�Z�l�_�� �k�m���m���L�Z�[�_�e�b���������i�j�_�f�Z���d�ƒ�b�a�b���Ä�O�_�f�b�•�k�d�b��
�b�� �n�b�a�b�q�d�b�� �i�h�^�Z�p�b���b�� �\�_�e�b�q�b�g�_�³��[3]. 
�D�e�Z�k�b�n�b�d�Z�p�b�•�Z�� �b�� �h�[�_�e�_�`�Z�\�Z�ƒ�_�� �%�7�(�;�� �•�_�^�b�ƒ�_�ƒ�Z�� �^�Z�l�Z�� �•�_�� �m �L�Z�[�_�e�b�� ������ �i�j�_�f�Z��DSD/DPD �k�b�k�l�_�f�m����
�I�j�Z�\�b�e�g�b�d�� �h�� �d�e�Z�k�b�n�b�d�Z�p�b�•�b���� �i�Z�d�h�\�Z�ƒ�m���� �h�[�_�e�_�`�Z�\�Z�ƒ�m�� �b���h�]�e�Z�r�Z�\�Z�ƒ�m�� �o�_�f�b�d�Z�e�b�•�_�� �b�� �h�^�j�_�{�_�g�h�]��
�i�j�h�b�a�\�h�^�Z��[4]���� �d�Z�h���b�� �i�j�_�f�Z��CLP/GHS �k�b�k�l�_�f�m���� �I�j�Z�\�b�e�g�b�d���h�� �d�e�Z�k�b�n�b�d�Z�p�b�•�b�����i�Z�d�h�\�Z�ƒ�m�����h�[�_�e�_�`�Z�\�Z�ƒ�m���b��
�h�]�e�Z�r�Z�\�Z�ƒ�m�� �o�_�f�b�d�Z�e�b�•�_�� �b�� �h�^�j�_�{�_�g�h�]�� �i�j�h�b�a�\�h�^�Z�� �m�� �k�d�e�Z�^�m�� �k�Z�� �=�e�h�[�Z�e�g�h���o�Z�j�f�h�g�b�a�h�\�Z�g�b�f�� �k�b�k�l�_�f�h�f�� �a�Z��
�d�e�Z�k�b�n�b�d�Z�p�b�•�m�� �b�� �h�[�_�e�_�`�Z�\�Z�ƒ�_�� �M�G [5]���� �D�e�Z�k�b�n�b�d�Z�p�b�•�Z�� �b�� �h�[�_�e�_�`�Z�\�Z�ƒ�_�� �m�� �k�d�e�Z�^�m�� �k�Z�� �i�h�f�_�g�m�l�b�f��
�k�b�k�l�_�f�b�f�Z���i�j�_�m�a�_�l�b���k�m���b�a �K�i�b�k�d�Z �d�e�Z�k�b�n�b�d�h�\�Z�g�b�o���k�m�i�k�l�Z�g�p�b [6]. 

�L�Z�[�_�e�Z���������N�b�a�b�q�d�h-�o�_�f�b�•�k�d�_���d�Z�j�Z�d�l�_�j�b�k�l�b�d�_���%�7�(�;���•�_�^�b�ƒ�_�ƒ�Z 
�3�_�^�b�ƒ�_�ƒ�_ T B E X 
�<�_�e�b�q�b�g�Z o- m- p- 
M [gmol-1] 92,15 78,11 106,17 106,17 
�!20°C [gcm-3] 0,8669 0,879 0,867 0,8802 0,8642 0,8611 
tt [°C] -95 5,5 -95,0 -25,18 -47,87 13,26 
tk [°C] 110,6 80,1 136,2 144,4 139,1 138,35 
�;�j�m�l�h��
�n�h�j�f�m�e�Z 

C7H8 C6H6 C8H10 C8H10 
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�=�j�Z�g�b�q�g�_�� �\�j�_�^�g�h�k�l�b�� �b�a�e�h�`�_�g�h�k�l�b�� ���=�<�B���� �b�� �d�j�Z�l�d�h�l�j�Z�•�g�_���]�j�Z�g�b�q�g�_���\�j�_�^�g�h�k�l�b�� �b�a�e�h�`�_�g�h�k�l�b�� ���D�=�<�B���� �a�Z��
�%�7�(�;�� �•�_�^�b�ƒ�_�ƒ�Z���^�Z�l�_�� �k�m���m���L�Z�[�_�e�b�������� �i�j�_�f�Z �I�j�Z�\�b�e�g�b�d�m���h�� �i�j�_�\�_�g�l�b�\�g�b�f�� �f�_�j�Z�f�Z���a�Z���[�_�a�[�_�^�Z�g���b���a�^�j�Z�\��
�j�Z�^�� �i�j�b�� �b�a�e�Z�]�Z�ƒ�m�� �o�_�f�b�•�k�d�b�f�� �f�Z�l�_�j�b�•�Z�f�Z��[7] �b���I�j�Z�\�b�e�g�b�d�m�� �h�� �i�j�_�\�_�g�l�b�\�g�b�f�� �f�_�j�Z�f�Z�� �a�Z�� �[�_�a�[�_�^�Z�g�� �b��
�a�^�j�Z�\���j�Z�^���i�j�b���b�a�e�Z�]�Z�ƒ�m���d�Z�j�p�b�g�h�]�_�g�b�f�Z�� �b���f�m�l�Z�]�_�g�b�f�Z��[8]�����H�\�_���\�j�_�^�g�h�k�l�b���h�^�g�h�k�_���k�_���g�Z���j�Z�^�g�m���k�j�_�^�b�g�m�� 
�=�j�Z�g�b�q�g�Z�� �\�j�_�^�g�h�k�l�� �a�Z�� �[�_�g�a�_�g�� �m�� �`�b�\�h�l�g�h�•�� �k�j�_�^�b�g�b�� �^�Z�l�Z�� �•�_�� �m�� �M�j�_�^�[�b�� �h�� �m�k�e�h�\�b�f�Z�� �a�Z�� �f�h�g�b�l�h�j�b�g�]�� �b��
�a�Z�o�l�_�\�b�f�Z���d�\�Z�e�b�l�_�l�Z���\�Z�a�^�m�o�Z��[9]�����B�k�_�q�Z�d���b�a���h�\�_���m�j�_�^�[�_���i�j�b�d�Z�a�Z�g���•�_���d�Z�h���L�Z�[�_�e�Z������ 
�M���?�\�j�h�i�k�d�h�•�� �m�g�b�•�b�� �]�j�Z�g�b�q�g�Z���\�j�_�^�g�h�k�l�� �a�Z���[�_�g�a�_�g���m���Z�f�[�b�•�_�g�l�Z�e�g�h�f�� �\�Z�a�^�m�o�m���d�Z�h���b�� �m���\�Z�a�^�m�o�m���a�Z�l�\�h�j�_�g�b�o��
�`�b�\�h�l�g�b�o�� �i�j�h�k�l�h�j�Z�� �•�_�� ���� ���J�P-3 [1,10]���� �=�j�Z�g�b�q�g�_���\�j�_�^�g�h�k�l�b�� �a�Z���`�b�\�h�l�g�m���k�j�_�^�b�g�m���k�m���a�Z���h�d�h���o�b�‚�Z�^�m���i�m�l�Z��
�g�b�`�_�� �h�^���h�g�b�o�� �m���j�Z�^�g�h�•�� �k�j�_�^�b�g�b. 
 

�L�Z�[�_�e�Z���������D�e�Z�k�b�n�b�d�Z�p�b�•�Z�� �b�� �h�[�_�e�_�`�Z�\�Z�ƒ�_���%�7�(�;���•�_�^�b�ƒ�_�ƒ�Z 
�3�_�^�b�ƒ�_�ƒ�_ B ���;�_�g�a�_�g�� T ���L�h�e�m�_�g�� E ���?�l�b�e�[�_�g�a�_�g�� X ���D�k�b�e�_�g�� 
CAS �;�j�h�• 71-43-2 108-88-3 100-41-4 o-�d�k�b�e�_�g��������-

47-6 
p-�d�k�b�e�_�g����
106-42-3 
m-�d�k�b�e�_�g����
108-38-3 
�d�k�b�e�_�g; 1330-
20-7 

DSD/DPD �D�e�Z�k�b�n�b�d�Z�p�b�•�Z F; R11 
�D�Z�j�p. �d�Z�l.1; 
R45 
�F�m�l�Z. �d�Z�l. 2; 
R46 
T; 
R48/23/24/25 
Xn; R65 
Xi; R36/38 

F; R11 
�L�h�d�k�����i�h��
�j�_�i�j. �d�Z�l����������
R63 
Xn; R48/20-
65 
Xi; R38 
R67 

F; R11 
Xn; R20 

R10 
Xn; R20/21 
Xi; R38 

�H�[�_�e�_�`�Z�\�Z�ƒ�_ F; T 
R: 45-46-11-
36/38-
48/23/24/25-
65 
S: 53-45 

F; Xn 
R: 11-38-
48/20-63-65-
67 
S: (2-)36/37-
46-62 

F; Xn 
R: 11-20 
S: (2-)16-24/25-
29 

Xn 
R: 10-20/21-
38 
S: (2-)25 

CLP/GHS �D�e�Z�k�b�n�b�d�Z�p�b�•�Z �A�Z�i�����l�_�q������ 
�D�Z�j�p������A 
�F�m�l�����]�_�j�f�������; 
�K�i�_�p����
�l�h�d�k���í�<�B���� 
�:�k�i������ 
�B�j�b�l�����h�d�Z���� 
�B�j�b�l�����d�h�`�_���� 

�A�Z�i�����l�_�q������ 
�L�h�d�k�����i�h��
�j�_�i�j������ 
�:�k�i������ 
�K�i�_�p�����l�h�d�k���í��
�<�B�������
 
�B�j�b�l�����d�h�`�_���� 
�K�i�_�p�����l�h�d�k���í��
�3�B���� 

�A�Z�i�����l�_�q������ 
�:�d�����l�h�d�k���������
 

�A�Z�i�����l�_�q������ 
�:�d�����l�h�d�k���������
 
�:�d�����l�h�d�k����4 * 
�B�j�b�l�����d�h�`�_���� 

H225 
H350 
H340 
H372 ** 
H304 
H319 
H315 

H225 
H361d *** 
H304 
H373 ** 
H315 
H336 

H225 
H332 

H226 
H332 
H312 
H315 

�H�[�_�e�_�`�Z�\�Z�ƒ�_ GHS02 
GHS08 
GHS07 
�H�i�Z�k�g�h�k�l 

GHS02 
GHS08 
GHS07 
�H�i�Z�k�g�h�k�l 

GHS02 
GHS07 
�H�i�Z�k�g�h�k�l 

GHS02 
GHS07 
�I�Z�`�ƒ�Z 

H225 
H350 

H225 
H361d *** 

H225 
H332 

H226 
H332 
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H340 
H372 ** 
H304 
H319 
H315 

H304 
H373 ** 
H315 
H336 

H312 
H315 

�>�h�^�Z�l�g�h �h�[�Z�\�_�r�l�_�ƒ�_���h �h�i�Z�k�g�h�k�l�b - �G�?�F�: 
 

�L�Z�[�_�e�Z���������=�<�B���b���D�=�<�B���<�j�_�^�g�h�k�l�b���a�Z���%�7�(�;���•�_�^�b�ƒ�_�ƒ�Z �m���j�Z�^�g�h�•���k�j�_�^�b�g�b 
�3�_�^�b�ƒ�_�ƒ�_���m���j�Z�^�g�h�•��
�k�j�_�^�b�g�b 

B ���;�_�g�a�_�g�� T ���L�h�e�m�_�g�� E ���?�l�b�e�[�_�g�a�_�g�� X ���D�k�b�e�_�g���
 
�=�<�B �D�=�<�B �=�<�B �D�=�<�B �=�<�B �D�=�<�B �=�<�B �D�=�<�B 

�I�j�Z�\�b�e�g�b�d��
[7] 

ppm 1 - 50 100 100 200 50 100 
mgm-3 3,25 - 192 384 442 884 221 442 

�I�j�Z�\�b�e�g�b�d��
[8] 

ppm 1 - - - - - - - 
mgm-3 3,25 - - - - - - - 

 
* �<�j�_�^�b���a�Z���f�m�e�l�b�d�h�g�k�l�b�l�m�_�g�l�g�m���k�f�_�r�m�����a�[�b�j���b�a�h�f�_�j�Z�����b�e�b���a�Z���i�h�•�_�^�b�g�Z�q�g�_���b�a�h�f�_�j�_ 
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�?�D�K�I�?�J�B�F�?�G�L�:�E�G�B���>�?�H 
�?�d�k�i�_�j�b�f�_�g�l�� �•�_�� �b�a�\�_�^�_�g���g�Z���k�_�^�Z�f�� �m�a�h�j�Z�d�Z���k�\�_�„�Z�����d�h�f�_�j�p�b�•�Z�e�g�b���i�j�h�b�a�\�h�^�b���d�h�•�b �k�_���f�h�]�m���m�]�e�Z�\�g�h�f���g�Z�„�b��
�g�Z���l�j�`�b�r�l�m���� �b�� �g�Z���m�a�h�j�d�m���d�Z�g�^�b�e�Z�����K�\�_�„�_���k�m���i�Z�j�Z�n�b�g�k�d�_�����[�_�a���^�h�^�Z�l�Z�d�Z�����k�Z���^�h�^�Z�l�d�h�f���[�h�•�_�����k�Z���^�h�^�Z�l�d�h�f��
�[�h�•�_�� �b�� �f�b�j�b�k�Z������ �\�h�r�l�Z�g�_�� ���^�h�f�Z�„�_�� �i�j�h�b�a�\�h�^�ƒ�_�� �b�� �p�j�d�\�_�g�_���b�a�� �?�i�Z�j�o�b�•�_�� �[�Z�q�d�_������ �Z�� �d�Z�g�^�b�e�h�� �•�_�� �k�Z��
�d�h�f�_�j�p�b�•�Z�e�g�h�� �^�h�k�l�m�i�g�b�f���� �•�_�k�l�b�\�b�f���� �j�Z�n�b�g�b�k�Z�g�b�f�� �k�m�g�p�h�d�j�_�l�h�\�b�f�� �m�‚�_�f���� �F�_�j�_�ƒ�Z�� �k�m�� �b�a�\�_�^�_�g�Z�� �m��
�j�_�Z�e�g�b�f�� �m�k�e�h�\�b�f�Z�� �m�� �E�Z�[�h�j�Z�l�h�j�b�•�b�� �a�Z�� �o�_�f�b�•�m�� �b�� �l�_�o�g�h�e�h�]�b�•�m�� �<�b�k�h�d�_�� �l�_�o�g�b�q�d�_�� �r�d�h�e�_�� �k�l�j�m�d�h�\�g�b�o��
�k�l�m�^�b�•�Z���m���G�h�\�h�f�� �K�Z�^�m���� �I�j�b���b�a�\�h�{�_�ƒ�m���_�d�k�i�_�j�b�f�_�g�Z�l�Z���f�_�j�_�g�Z���•�_���Z�f�[�b�•�_�g�l�Z�e�g�Z���l�_�f�i�_�j�Z�l�m�j�Z���b���i�j�b�l�b�k�Z�d��
�m���a�Z�l�\�h�j�_�g�h�•�� �i�j�h�k�l�h�j�b�•�b���� �K�\�Z�d�h�f�� �m�a�h�j�Z�d�m���•�_�� �i�j�_�� �i�Z�‚�_�ƒ�Z���b�a�f�_�j�_�g�Z���f�Z�k�Z���� �Z�� �a�Z�l�b�f�� �•�_�� �a�Z�i�Z�‚�_�g���b���i�m�r�l�_�g��
�^�Z�� �g�Z�� �k�h�[�g�h�•�� �l�_�f�i�_�j�Z�l�m�j�b�� �]�h�j�b�� �l�Z�q�g�h�� �k�Z�l�� �\�j�_�f�_�g�Z���� �q�b�f�_�� �k�_�� �`�_�‚�_�e�h�� �i�h�k�l�b�„�b�� �k�l�Z�p�b�h�g�Z�j�g�h�� �k�l�Z�ƒ�_���� �l�•��
�a�Z�k�b�„�_�ƒ�_�� �b�� �Ä�i�j�Z�ƒ�_�³�� �h�d�h�e�g�_�� �Z�l�f�h�k�n�_�j�_�� �i�j�h�b�a�\�h�^�b�f�Z�� �k�Z�]�h�j�_�\�Z�ƒ�Z�� �m�a�h�j�d�Z���� �G�Z�d�h�g�� �l�b�o�� �k�Z�l�� �\�j�_�f�_�g�Z��
�m�d�‚�m�q�b �k�_�� �i�m�f�i�Z�� �a�Z�� �m�a�h�j�d�h�\�Z�ƒ�_�� �\�Z�a�^�m�o�Z�� ���$�S�H�[�� �3�H�U�V�R�Q�D�O�� �$�L�U�� �6�D�P�S�O�L�Q�J�� �3�X�P�S������ �M�a�h�j�d�h�\�Z�ƒ�_�� �•�_�� �j�Z�{�_�g�h��
�l�Z�q�g�h���k�Z�l���\�j�_�f�_�g�Z�����m�a���i�j�h�l�h�d���\�Z�a�^�m�o�Z���h�^�������O���P�L�Q�����G�Z�q�b�g���b�a�\�h�{�_�ƒ�Z���_�d�k�i�_�j�b�f�_�g�l�Z���^�Z�l���•�_���g�Z���K�e�b�p�b������ 
 �M�a�h�j�d�h�\�Z�ƒ�Z�� �k�m�� �\�j�r�_�g�Z�� �l�Z�d�h�� �r�l�h�� �•�_�� �g�Z�� �\�b�k�b�g�b�� ���� �P�� �h�^�� �i�h�^�e�h�]�_���� �g�Z�� �d�h�•�h�•�� �k�_�� �g�Z�e�Z�a�b�� �]�h�j�_�„�Z�� �k�\�_�„�Z����
�i�h�k�l�Z�\�‚�_�g�� �k�l�Z�d�e�_�g�b�� �e�_�\�Z�d���� �r�b�j�h�f�� �k�l�j�Z�g�h�f�� �d�Z�� �i�e�Z�f�_�g�m���� �G�Z�� �m�`�m�� �k�l�j�Z�g�m�� �e�_�\�d�Z�� �]�m�f�_�g�b�f�� �p�j�_�\�h�f�� �•�_��
�k�i�h�•�_�g�Z���•�_�^�g�Z���k�l�j�Z�g�Z���p�_�\�q�b�p�_���a�Z���m�a�h�j�d�h�\�Z�ƒ�_�����Z���ƒ�_�g���k�m�i�j�h�l�g�b���d�j�Z�•�����l�Z�d�h�{�_���]�m�f�_�g�b�f���p�j�_�\�h�f�����k�i�h�•�_�g���•�_���k�Z��
�i�m�f�i�h�f���� �M�a�h�j�d�h�\�Z�ƒ�_�� �•�_�� �j�Z�{�_�g�h�� �l�Z�q�g�h�� �k�Z�l�� �\�j�_�f�_�g�Z���� �E�_�\�Z�d�� �•�_�� �i�h�k�l�Z�\�‚�_�g�� �g�Z�� �\�b�k�b�g�m�� �h�^�� ���� �P���� �^�Z�� �[�b��
�i�j�h�b�a�\�h�^�b�� �k�Z�]�h�j�_�\�Z�ƒ�Z�� �i�j�_�� �m�e�Z�k�d�Z�� �m�� �p�_�\�q�b�p�m�� �[�b�e�b�� �h�o�e�Z�{�_�g�b�� �g�Z�� �k�h�[�g�m�� �l�_�f�i�_�j�Z�l�m�j�m���� �<�_�j�l�b�d�Z�e�g�Z��
�k�b�f�_�l�j�Z�e�Z�� �e�_�\�d�Z�� �•�_�� �b�k�l�h�\�j�_�f�_�g�h�� �b�� �\�_�j�l�b�d�Z�e�g�Z�� �k�b�f�_�l�j�Z�e�Z�� �i�e�Z�f�_�g�Z���� �H�\�Z�d�Z�\�� �g�Z�q�b�g�� �m�a�h�j�d�h�\�Z�ƒ�Z�� �•�_��
�b�a�Z�[�j�Z�g�� �d�Z�h�� �g�Z�•�]�h�j�b�� �f�h�]�m�„�b�� �k�p�_�g�Z�j�b�h�� �b�a�e�Z�]�Z�ƒ�Z���� �•�_�j�� �•�_�� �g�Z�•�\�_�„�Z�� �d�h�g�p�_�g�l�j�Z�p�b�•�Z�� �i�j�h�b�a�\�h�^�Z�� �k�Z�]�h�j�_�\�Z�ƒ�Z��
�m�i�j�Z�\�h�� �b�a�g�Z�^�� �\�j�o�Z�� �i�e�Z�f�_�g�Z���� �B�a�[�h�j�h�f�� �h�\�Z�d�\�b�o�� �m�k�e�h�\�Z�� �i�h�k�l�b�`�_�� �k�_�� �^�Z�� �k�m�� �j�_�Z�e�g�_�� �d�h�g�p�_�g�l�j�Z�p�b�•�_��
�a�Z�]�Z�{�m�•�m�„�_�� �f�Z�l�_�j�b�•�_�� �m���i�j�h�k�l�h�j�b�•�b�� �m�\�_�d���f�Z�ƒ�_���h�^�� �f�_�j�_�g�_���� �Z�� �k�Z�f�b�f�� �l�b�f�� �b�� �b�a�e�h�`�_�g�h�k�l�� �i�j�b�k�m�l�g�b�o���� �>�Z���k�_��
�_�e�b�f�b�g�b�r�_�� �^�h�i�j�b�g�h�k�� �%�7�(�;�� �•�_�^�b�ƒ�_�ƒ�Z�� �_�\�_�g�l�m�Z�e�g�h�� �i�j�b�k�m�l�g�b�o�� �m�� �i�j�h�k�l�h�j�b�•�b���� �Z�� �d�h�•�Z�� �g�_�� �i�h�l�b�q�m�� �h�^��
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�]�h�j�_�ƒ�Z���k�\�_�„�_���d�Z�g�^�b�e�Z���� �j�Z�{�_�g�Z���•�_�� �k�e�_�i�Z���i�j�h�[�Z���l�Z�d�h���r�l�h�� �•�_�� �g�Z�d�h�g���k�Z�l�� �\�j�_�f�_�g�Z���l�_�f�i�_�j�b�j�Z�ƒ�Z�����m�d�‚�m�q�_�g�Z��
�i�m�f�i�Z�� �d�h�•�Z���•�_�� �m�k�b�k�Z�\�Z�e�Z���Z�f�[�b�•�_�g�l�Z�e�g�b���\�Z�a�^�m�o���[�_�a���i�j�b�k�m�k�l�\�Z���]�h�j�_�„�_���k�\�_�„�_���d�Z�g�^�b�e�Z�����l�Z�q�g�h���k�Z�l���\�j�_�f�_�g�Z����
�G�Z�d�h�g���o�e�Z�{�_�ƒ�Z���g�Z���k�h�[�g�m���l�_�f�i�_�j�Z�l�m�j�m���m�a�h�j�p�b�f�Z���•�_���i�h�g�h�\�h���b�a�f�_�j�_�g�Z���f�Z�k�Z�����J�Z�a�e�b�d�Z���f�Z�k�Z���m�a�h�j�Z�d�Z���i�j�_���b��
�i�h�k�e�_���^�\�h�q�Z�k�h�\�g�h�]�� �]�h�j�_�ƒ�Z�����û�P������ �i�j�_�^�k�l�Z�\�‚�Z���]�m�[�b�l�Z�d���f�Z�k�_���]�h�j�_�ƒ�_�f�����I�h�r�l�h���]�m�[�b�l�Z�d���f�Z�k�_���f�_�j�b�f�h���g�Z��
�^�\�Z���k�Z�l�Z���� �Z�� �m�a�h�j�d�m�•�_�f�h�� �k�Z�l�� �\�j�_�f�_�g�Z���� �i�h�l�j�_�[�g�h���•�_���û�P �i�h�^�_�e�b�l�b���k�Z���[�j�h�•�_�f�������^�Z���[�b���^�h�[�b�e�b���]�m�[�b�l�Z�d���f�Z�k�_��
�k�\�_�„�_�� �l�h�d�h�f�� �k�Z�l�� �\�j�_�f�_�g�Z�� �m�a�h�j�d�h�\�Z�ƒ�Z�� ���û�P/2������ �L�Z�[�_�e�Z�� ������ �D�Z�^�Z�� �h�\�m�� �\�j�_�^�g�h�k�l�� ���û�P/2���� �i�h�^�_�e�b�f�h�� �k�Z��
�\�j�_�f�_�g�h�f���m�a�h�j�d�h�\�Z�ƒ�Z��������h�������^�h�[�b�•�Z���k�_���[�j�a�b�g�Z���k�Z�]�h�j�_�\�Z�ƒ�Z���k�\�Z�d�h�]���i�h�•�_�^�b�g�Z�q�g�h�]���m�a�h�j�d�Z����v�������L�Z�[�_�e�Z������ 
�K�\�b�f�� �m�a�h�j�p�b�f�Z�� �b�a�f�_�j�Z�g�Z�� �•�_�� �l�_�f�i�_�j�Z�l�m�j�Z�� �i�e�Z�f�_�g�Z���� �m�� �h�d�k�b�^�Z�p�b�h�g�h�•���� �j�_�^�m�d�p�b�h�g�h�•�� �b�� �a�h�g�b�� �f�_�r�Z�ƒ�Z����
�F�_�j�_�ƒ�Z���k�m���\�j�r�_�g�Z���m�i�h�l�j�_�[�h�f�� �^�b�]�b�l�Z�e�g�h�]�� �l�_�j�f�h�f�_�l�j�Z�� �'�7�,���� �i�h�f�h�„�m���l�_�j�f�h�i�Z�j�Z���1�L�&�U-�1�L���� �k�Z���l�Z�q�g�h�r�„�m��
�f�_�j�_�ƒ�Z�����ƒ�&�� 
�%�7�(�;�� �K�m���Z�^�k�h�j�[�h�\�Z�g�b���b�a���\�Z�a�^�m�o�Z���i�h�f�h�„�m���Z�^�k�h�j�i�p�b�h�g�b�o���p�_�\�q�b�p�Z���k�Z���Z�d�l�b�\�g�b�f���m�]�‚�_�f���&�Dsella Cel. 226-
�������� �^�_�k�h�j�[�h�\�Z�g�b�� �k�Z�� ���� �P�O�� �m�]�‚�_�g�^�b�k�m�e�n�b�^�Z�� ���&�62���� �b�� �Z�g�Z�e�b�a�b�j�Z�g�b�� �i�h�f�h�„�m�� �]�Z�k�g�h�]�� �o�j�h�f�Z�l�h�]�j�Z�n�Z�� �k�Z�� �)�,�'��
�^�_�l�_�d�l�h�j�h�f���i�j�_�f�Z���f�_�l�h�^�b��NIOSH 1501 [11]. 
�O�j�h�f�Z�l�h�]�j�Z�n�k�d�Z���Z�g�Z�e�b�a�Z 
�A�Z�� �d�\�Z�g�l�b�l�Z�l�b�\�g�h�� �h�^�j�_�{�b�\�Z�ƒ�_�� �d�h�j�b�r�„�_�g�� �•�_�� �k�l�Z�g�^�Z�j�^�g�b���j�Z�k�l�\�h�j�� �%�7�(�;���� �d�h�g�p�_�g�l�j�Z�p�b�•�_�� ����������µg/ml 
�k�\�Z�d�_�� �i�h�•�_�^�b�g�Z�q�g�_�� �d�h�f�i�h�g�_�g�l�_���� �i�j�h�b�a�\�h�{�Z�q�Z�� �6�X�S�H�O�F�R�����d�Z�l�Z�e�h�r�d�b�� �[�j�h�•�� �������������� �?�d�k�l�j�Z�d�l�b�� �k�m��
�Z�g�Z�e�b�a�b�j�Z�g�b�� �g�Z�� �]�Z�k�g�h�f�� �o�j�h�f�Z�l�h�]�j�Z�n�m���$�J�L�O�H�Q�W�����������$�� �k�Z���)�,�'�� �^�_�l�_�d�l�h�j�h�f���� �A�Z���j�Z�a�^�\�Z�•�Z�ƒ�_���•�_�� �d�h�j�b�r�„�_�g�Z��
�g�_�i�h�e�Z�j�g�Z�� �d�h�e�h�g�Z���+�3���± �������������P���î�������������P�P���� �b���Z�a�h�l���d�Z�h���]�Z�k���g�h�k�Z�q�� 
�L�_�f�i�_�j�Z�l�m�j�g�b���i�j�h�]�j�Z�f�� �d�h�e�h�g�_���� �i�h�q�_�l�g�Z���l�_�f�i�_�j�Z�l�m�j�Z�������ƒ�&���� �����f�b�g�m�l�Z�����i�j�\�Z���j�Z�f�i�Z�������ƒ�&���f�b�g�m�l�m�����������ƒ�&����
���� �f�b�g�m�l�Z���� �<�j�_�f�_�� �l�j�Z�•�Z�ƒ�Z�� �Z�g�Z�e�b�a�_�� ���������� �f�b�g�m�l�Z���� �:�g�Z�e�b�a�h�f�� �o�j�h�f�Z�l�h�]�j�Z�f�Z���m�h�q�_�g�h���•�_�� �i�j�b�k�m�k�l�\�h�� �i�b�d�h�\�Z��
�d�h�•�b�� �k�m�� �i�h�j�_�d�e�h�f�� �h�^�� �[�_�g�a�_�g�Z���� �l�h�e�m�_�g�Z���� �_�l�b�e�[�_�g�a�_�g�Z�� �b�� �d�k�b�e�_�g�Z���� �Z�e�b�� �b�� �i�b�d�h�\�Z���g�_�q�b�k�l�h�„�Z���� �D�h�_�n�b�p�b�•�_�g�l��
�d�h�j�_�e�Z�p�b�•�_�� �d�Z�e�b�[�j�Z�p�b�h�g�_�� �d�j�b�\�_�� �a�Z���k�\�Z�d�m���i�h�•�_�^�b�g�Z�q�g�m���d�h�f�i�h�g�_�g�l�m���b�a�g�h�k�b�� ������������ 
 �D�h�g�p�_�g�l�j�Z�p�b�•�_�� �%�7�(�;�� �•�_�^�b�ƒ�_�ƒ�Z�� �m�� �m�a�h�j�d�h�\�Z�g�h�f�� �\�Z�a�^�m�o�m���� �^�h�[�b�•�_�g�_�� �g�Z�d�h�g�� �]�Z�k�g�h-�o�j�h�f�Z�l�h�]�j�Z�n�k�d�_��
�Z�g�Z�e�b�a�_�� �i�j�b�d�Z�a�Z�g�_�� �k�m�� �m�� �L�Z�[�_�e�b�� ������ �D�Z�^�Z�� �k�_ �h�\�_�� �d�h�g�p�_�g�l�j�Z�p�b�•�_�� ��c���� �i�h�^�_�e�_�� �k�Z�� �[�j�a�b�g�h�f�� �k�Z�]�h�j�_�\�Z�ƒ�Z��
�h�^�]�h�\�Z�j�Z�•�m�„�_�]�� �m�a�h�j�d�Z����v������ �^�h�[�b�•�Z���k�_���\�_�e�b�q�b�g�Z����c/v������ �d�h�•�Z���i�j�_�^�k�l�Z�\�‚�Z�� �i�j�b�j�Z�k�l�� �d�h�g�p�_�g�l�j�Z�p�b�•�_�� �a�Z�]�Z�{�m�•�m�„�_��
�f�Z�l�_�j�b�•�_���m�����J�P-3���� �l�h�d�h�f���k�Z�l���\�j�_�f�_�g�Z���]�h�j�_�ƒ�Z�����i�h���]�j�Z�f�m���b�a�]�h�j�_�e�_���k�\�_�„�_�����R�l�h���•�_���h�\�Z�•���[�j�h�•�� �\�_�„�b���l�h���•�_���k�\�_�„�Z��
�•�Z�q�b���_�f�b�l�_�j���a�Z�]�Z�{�m�•�m�„�_���f�Z�l�_�j�b�•�_�� 
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�L�Z�[�_�e�Z���������F�_�j�_�g�_���\�_�e�b�q�b�g�_ 
 

�;�
j�h

�•
��

�m
�a

�h
�j�

d�
Z

 

�M�a�h�j�Z�d 

�D�h�g� �̂b�p�b�h�g�b�j�Z�ƒ�_ 
[h] 

�M�a�h�j�d�h�\�Z�ƒ�_ 
[h] 

�=�m�[�b�l�Z�d���f�Z�k�_ 
[g] 

�L�_�f�i�_�j�Z�l�m�j�Z���i�e�Z�f�_�g�Z��[°C] 

�A�h�g�Z���i�e�Z�f�_�g�Z 

t1 t2 �û�W�
 t2 t3 �û�W�� m1 m2 �û�P���� �h�d�k �j�_� ̂ �f�_�r 
1 �I�Z�j�Z�n�b�g�k�d�Z���h�[�b�q�g�Z��

�[�_�e�Z 
8,00 9,00 1,00 9,00 10,00 1,00 57,5739 46,1002 5,7368 693 720 645 

2 �I�Z�j�Z�n�b�g�k�d�Z���h�[�b�q�g�Z��
�i�e�Z�\�Z 

13,45 14,45 1,00 14,45 15,45 1,00 60,1353 44,6437 7,7458 730 762 655 

3 �I�Z�j�Z�n�b�g�k�d�Z��
�f�b�j�b�k�g�Z���[�e�_� �̂h-
�a�_�e�_�g�Z 

13,25 14,25 1,00 14,25 15,25 1,00 61,3707 56,1092 2,6307 700 730 628 

4 �I�Z�j�Z�n�b�g�k�d�Z��
�f�b�j�b�k�g�Z��
�g�Z�j�Z�g�‡�Z�k�l�Z 

11,48 12,48 1,00 12,48 13,48 1,00 209,3221 196,9871 6,1675 685 720 680 

5 �I�Z�j�Z�n�b�g�k�d�Z��
�f�b�j�b�k�g�Z���l�Z�f�g�h-
�p�j�\�_�g�Z 

7,52 8,52 1,00 8,52 9,52 1,00 59,7897 55,7601 2,0148 698 786 628 

6 �<�h�r�l�Z�g�Z�� �p�j�d�\�_�g�Z 11,20 12,20 1,00 12,20 13,20 1,00 114,0334 97,6113 8,2111 725 752 736 
7 �<�h�r�l�Z�g�Z�� � �̂h�f�Z�„�Z 8,16 9,16 1,00 9,16 10,16 1,00 77,7225 68,8264 4,4481 715 735 654 
8 �D�Z�g� �̂b�e�h�� �k�Z��

�k�m�g�p�h�d�j�_�l�h�\�b�f��
�m�‚�_�f 

8,39 9,39 1,00 9,39 10,39 1,00 230,41 222,20 4,10 615 694 640 
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�L�Z�[�_�e�Z���������>�h�[�b�•�_�g�b�� �j�_�a�m�e�l�Z�l�b 
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 �<�_�e�b�q�b�g�Z �F���>���J�P-3] v = 
���û�P���������û�W����
[gh-1] 

�F���Y���>���J�P-3hg-1] �:�f�[�b�•�_�g�l�Z�e�g�b�� �m�k�e�h�\�b 
�3�_� �̂b�ƒ�_�ƒ�_ B T E X B T E X t [°C] p 

[mmHg] �M�a�h�j�Z�d o m p o m p 

0 �K�e�_�i�Z�� �i�j�h�[�Z -*  0,825 <QL**  <QL <QL 0 - - - - - 25,0 775,0 

1 �I�Z�j�Z�n�b�g�k�d�Z��
�h�[�b�q�g�Z���[�_�e�Z 

0,284 <QL <QL - - 5,7368 0,053 - - - - 25,0 775,0 

2 �I�Z�j�Z�n�b�g�k�d�Z��
�h�[�b�q�g�Z���i�e�Z�\�Z 

0,424 <QL <QL - 3,62 7,7458 0,055 - - - 0,467 23,5 772,0 

3 �I�Z�j�Z�n�b�g�k�d�Z��
�f�b�j�b�k�g�Z���[�e�_� �̂h-
�a�_�e�_�g�Z 

0,047 <QL <QL <QL <QL 2,6307 0,018 - - - - 24,0 778,5 

4 �I�Z�j�Z�n�b�g�k�d�Z��
�f�b�j�b�k�g�Z��
�g�Z�j�Z�g�‡�Z�k�l�Z 

0,419 <QL <QL - 2,98 6,1675 0,068 - - - 0,483 22,5 766,5 

5 �I�Z�j�Z�n�b�g�k�d�Z��
�f�b�j�b�k�g�Z���l�Z�f�g�h-
�p�j�\�_�g�Z 

1,380 <QL <QL - - 2,0148 0,685 - - - - 24,0 777,0 

6 �<�h�r�l�Z�g�Z��
�p�j�d�\�_�g�Z 

- <QL <QL - <QL 8,2111 - - - - - 23,5 772,5 

7 �<�h�r�l�Z�g�Z��
� �̂h�f�Z�„�Z 

- - <QL - 3,30 4,4481 - - - - 0,742 25,0 780,0 

8 �D�Z�g� �̂b�e�h�� �k�Z��
�k�m�g�p�h�d�j�_�l�h�\�b�f��
�m�‚�_�f 

0,150 7,660 <QL - 1,95 4,1000 0,037 1,868 - - 0,476 23,0 779,0 

 
  * �K�m�i�k�l�Z�g�p�Z���g�b�•�_�� �i�j�b�k�m�l�g�Z 
�
�
���K�m�i�k�l�Z�g�p�Z���i�j�b�k�m�l�g�Z���b�k�i�h�^�� �]�j�Z�g�b�p�_���d�\�Z�g�l�b�n�b�d�Z�p�b�•�_�� ��QL-quantification limit) 
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�A�:�D�4�M�Q�G�:���J�:�A�F�:�L�J�:�5�: 
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�m�a�h�j�p�b�f�Z���� �q�b�g�b���k�_���d�h�g�d�m�j�_�g�l�k�d�b�f�� �i�j�h�p�_�k�h�f���� �i�j�b�� �q�_�f�m���•�_�^�Z�g���h�^�� �h�\�b�o���i�j�h�b�a�\�h�^�Z���^�h�f�b�g�b�j�Z�����Z�e�b���g�_���m�\�_�d��
�b�k�l�b���� �B�a�g�_�g�Z�{�_�ƒ�_���•�_�� �^�Z���k�_���m���\�h�r�l�Z�g�h�•���k�\�_�„�b���^�h�f�Z�„�_���i�j�h�b�a�\�h�^�ƒ�_���g�Z�e�Z�a�b���i�h�\�_�„�Z�g���k�Z�^�j�`�Z�•���d�k�b�e�_�g�Z�����r�l�h��
�f�h�`�_���m�d�Z�a�b�\�Z�l�b���g�Z���i�j�b�f�_�g�m���k�m�\�b�r�_���\�b�k�h�d�b�o���l�_�f�i�_�j�Z�l�m�j�Z���i�j�b���b�a�j�Z�^�b�� 
�:�d�h�� �k�_�� �i�h�k�f�Z�l�j�Z�•�m�� �l�_�f�i�_�j�Z�l�m�j�_�� �m�� �j�_�^�m�d�p�b�h�g�h�•�� �a�h�g�b���� �h�g�_�� �k�_�� �d�j�_�„�m�� �h�^�� ������°C ���d�Z�g�^�b�e�h���� �^�h�� ������°C 
���i�Z�j�Z�n�b�g�k�d�Z�� �f�b�j�b�k�g�Z�� �l�Z�f�g�h-�p�j�\�_�g�Z�� �k�\�_�„�Z������ �>�h�[�b�•�_�g�b�� �j�_�a�m�e�l�Z�l�b�� �i�h�d�Z�a�m�•�m�� �^�Z�� �k�m�� �\�b�r�_�� �l�_�f�i�_�j�Z�l�m�j�_��
�a�Z�[�_�e�_�`�_�g�_�� �i�j�b�� �k�Z�]�h�j�_�\�Z�ƒ�m�� �i�Z�j�Z�n�b�g�k�d�b�o�� �k�\�_�„�Z�� �l�Z�f�g�b�•�_�� �[�h�•�_���� �B�Z�d�h�� �•�_�� �l�_�f�i�_�j�Z�l�m�j�Z�� �d�h�^�� �d�Z�g�^�b�e�Z��
�g�Z�•�g�b�`�Z���� �d�h�g�p�_�g�l�j�Z�p�b�•�_�� �i�j�b�k�m�l�g�b�o��BTEX �k�m���a�g�Z�q�Z�•�g�_�����d�Z�h���b���ƒ�b�o�h�\�Z���j�Z�a�g�h�\�j�k�g�h�k�l�� 
�H�^�� �k�\�b�o�� �i�j�b�k�m�l�g�b�o�� �%�7�(�;���� �[�_�g�a�_�g�� �•�_�� �g�Z�•�h�i�Z�k�g�b�•�b�� �i�h�� �a�^�j�Z�\�‚�_�� �‚�m�^�b���� �Z�e�b�� �k�m���b�a�f�_�j�_�g�_���d�h�g�p�_�g�l�j�Z�p�b�•�_�� �m��
�k�\�b�f�� �m�a�h�j�p�b�f�Z�� �b�k�i�h�^�� �^�h�a�\�h�‚�_�g�b�o�� �\�j�_�^�g�h�k�l�b��[1,9,10]���� �K�l�h�]�Z���� �i�j�b�� �i�h�\�j�_�f�_�g�h�•�� �m�i�h�l�j�_�[�b���� �k�\�_�„�_�� �g�_��
�i�j�_�^�k�l�Z�\�‚�Z�•�m���j�b�a�b�d���i�h�� �‚�m�^�k�d�h���a�^�j�Z�\�‚�_�� 
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STATUTE OF WOODEN RAILWAY SLEEPERS AND THEIR  

GENERAL HAZARD 

SUMMARY 
The Railways on the territory of the Republic of Macedonia were built five or six or more decades , with all of 

them wearing stripes being incorporated as part of the wooden sleepers . The last two decades of railway installations 
very few are maintained and reconstructed , which led to almost fully depreciated , especially wooden sleepers which 
are largely destroyed. Due to the deterioration of wooden sleepers have occurred several railway accidents where there 
has been a slip of locomotives and wagons , leaving the track and endangering passengers and property . The paper 
presents the research on the usability of wooden railway sleepers , was determined by the level of decline in the quality 
thresholds and the distances railway Skopje-Kicevo and Skopje- Kosovopolje . To determine the degree of decline in 
the quality of usability wooden sleepers used method falls wood density . The results obtained by the research that was 
conducted in six locations , indicating that a decrease usability themselves thresholds depending on location and year of 
production of the same and some factors of maintenance and operation , the biggest drop in there to share Skopje - 
Tetovo than 49 % , then Tetovo - �*�R�V�W�L�Y�D�U�� �R�I�� �������� ���� �6�N�R�S�M�H�� �.�D�þ�D�Q�L�N�� �R�I�� �������� ���� �*ostivar- �.�L�F�H�Y�R�� �R�I�� �������� ���� �.�D�þ�D�Q�L�N��-
Ferizaj than 26 % , while at least share Ferizaj - Kosovopolje of 22%. At the end of the paper provides conclusions and 
recommendations for improving the current situation . 

Keywords : durability of wood , obsolete slippers, risk.    
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�G�Z�� �l�_�j�b�l�h�j�b�•�b �F�Z�d�_�^�h�g�b�•�_�� �`�_�e�_�a�g�b�q�d�_�� �i�j�m�]�_�� �k�m�� �d�e�Z�k�b�q�g�h�]�� �l�b�i�Z�� �b�� �b�k�l�_�� �k�m�� �]�j�Z�{�_�g�_�� �i�_�^�_�k�l�b�o�� �b��
�r�_�k�^�_�l�b�o�� �]�h�^�b�g�Z�� �i�j�h�r�e�h�]�� �\�_�d�Z���� �D�e�Z�k�b�q�g�Z�� �� �i�j�m�]�Z�� �k�Z�k�l�h�•�b�� �k�_�� �b�a�� �^�h�ƒ�_�]�� �b�� �]�h�j�ƒ�_�]�� �k�l�j�h�•�Z���� �I�h�^�\�h�a�•�_��
�i�j�_�^�k�l�Z�\�‚�Z�� �]�j�Z�{�_�\�b�g�k�d�_���j�Z�^�h�\�_�� �b�� �h�[�•�_�d�l�_�� ���� �m�k�•�_�d�_���� �g�Z�k�b�i�_�� �f�h�k�l�h�\�_�� �b�� �k�e���������^�h�d���k�_���]�h�j�ƒ�b���k�l�j�h�•���k�Z�k�l�h�•�b����
�b�a�� �l�m�p�Z�g�b�q�d�h�]�� �a�Z�k�l�h�j�Z���� �i�j�Z�]�h�\�Z���� �l�j�Z�q�g�b�p�Z���� �k�d�j�_�l�g�b�p�Z���� �k�b�]�g�Z�e�g�h�^�h�•�Z�\�g�h�]�� �b�� �m�i�j�Z�\�‚�Z�q�d�h�]�� �i�j�b�[�h�j�Z�� �b��
�h�i�j�_�f�_�����Z���d�h�^���_�e�_�d�l�j�b�n�b�p�b�j�Z�g�b�o�� �i�j�m�]�Z���^�h�^�Z�l�g�h���•�h�r�� �b���]�h�j�ƒ�b���b�e�b�� �g�Z�i�h�•�g�b�� �\�h�^���� 
�I�j�m�]�_�� �k �f�Z�ƒ�h�f�� �i�j�h�f�_�l�g�h�f�� �n�j�_�d�\�_�g�p�b�•�h�f���� �[�j�a�b�g�h�f���� �d�Z�i�Z�p�b�l�_�l�h�f���� �f�Z�k�h�f�� �\�h�a�b�e�Z���b�� �d�g�Z�q�g�h���\�Z�`�g�h�r�„�m��
�f�h�]�m���[�b�l�b���b���[�_�a���i�h�•�_�^�b�g�b�o�� �^�_�e�h�\�Z���^�h�ƒ�_�]���h�^�g�h�k�g�h���]�h�j�ƒ�_�]���k�l�j�h�•�Z�� 
�>�Z�g�Z�r�ƒ�Z�� �k�b�l�m�Z�p�b�•�Z�� �k�� �i�j�Z�]�h�\�b�f�Z�� �g�Z�� �i�j�m�]�Z�f�Z�� �d�h�•�_�� �k�m�� �i�j�_�^�f�_�l�� �b�k�l�j�Z�`�b�\�Z�ƒ�Z�� �•�_�� �i�h�k�_�[�Z�g�� �i�j�h�[�e�_�f����
�G�Z�•�k�e�Z�[�b�•�Z�� �l�Z�q�d�Z�� �i�h�� �h�\�h�f�� �i�b�l�Z�ƒ�m�� �•�_�� �g�_�b�k�i�j�Z�\�g�h�k�l�� �^�j�\�_�g�b�o�� �i�j�Z�]�h�\�Z���� �J�Z�^�b�� �h�\�h�]�Z���� �g�Z�� �h�\�b�f�� �i�j�m�]�Z�f�Z��
�i�h�k�l�Z�\�‚�Z�� �k�_�� �i�b�l�Z�ƒ�_�� �h�� �ƒ�b�o�h�\�h�•�� �g�h�k�b�\�h�k�l�b���� �a�Z�l�b�f�� �[�j�a�b�g�Z�� �d�Z�h�� �b�� �k�b�]�m�j�g�h�k�l�� �\�h�`�ƒ�_���� �H�k�b�f�� �l�h�]�Z�� �h�\�h��
�i�b�l�Z�ƒ�_���h�k�_�l�‚�b�\�h���a�Z�^�b�j�_���b���m���_�d�h�g�h�f�b�q�g�h�k�l���i�h�k�e�h�\�Z�ƒ�Z���k�Z�f�b�o���`�_�e�_�a�g�b�p�Z���� 
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�f�h�`�_���h�[�Z�\�‚�Z�l�b���j�_�^�h�\�g�h���� 
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�^�b�f�_�g�a�b�•�Z������ �o�_�f�b�•�k�d�b�� �g�Z�k�j�l�Z�•�b�� ���d�b�k�_�e�b�g�_���� �]�Z�k�h�\�b���� �h�d�k�b�^�Z�p�b�•�Z�� �b�� �j�_�^�m�d�p�b�•�Z�� �k�Z�k�l�Z�\�g�b�o�� �^�_�e�h�\�Z������ �l�_��
�f�_�o�Z�g�b�q�d�b���g�Z�k�j�l�Z�•�b�� ���k�l�Z�l�b�q�d�b�����^�b�g�Z�f�b�q�d�b���� �l�j�Z�•�g�b���� �i�j�h�f�_�g�e�b�\�b���� �i�b�e�k�b�j�Z�•�m�„�b�� �b�� �k�e������ 
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�p�j�\�h�l�h�q�b�g�_���� �M�k�e�_�^�� �f�_�o�Z�g�b�q�d�h�]�� �^�_�e�h�\�Z�ƒ�Z�� �i�j�Z�]�� �q�_�k�l�h�� �i�j�h�i�Z�^�Z�� �i�j�_�� �g�_�]�h�� �r�l�h�� �l�h�l�Z�e�g�h�� �b�k�l�j�m�e�b����
�>�_�e�h�\�Z�ƒ�_���f�_�o�Z�g�b�q�d�b�o���k�b�e�Z���i�j�_�d�h���r�b�g�Z���i�j�_�g�h�k�b���k�_���g�Z���i�j�Z�] �m�k�e�_�^�� �q�_�]�Z���j�m�i�_�� �m���d�h�•�b�f�Z���k�m���d�e�b�g�h�\�b�����b�e�b��
�l�b�j�n�h�g�b�� �k�_���i�j�h�r�b�j�_�� �Z���d�e�b�g�h�\�b�� �b�e�b�� �l�b�j�n�h�g�b�� �g�_���^�j�`�_�����i�j�b�� �q�_�f�m���^�h�e�Z�a�b���^�h���l�Z�d�h�a�\�Z�g�b�o 
�Ä�i�j�h�e�m�i�Z�ƒ�Z�� �l�b�j�n�h�g�Z�´�� ���k�e���������� 
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�e�b�l�_�j�Z�l�m�j�b�� �h�� �l�j�Z�•�Z�ƒ�m�� �b�f�i�j�_�]�g�b�k�Z�g�b�o�� �i�j�Z�]�h�\�Z�� �a�g�Z�l�g�h�� �k�_�� �j�_�a�e�b�d�m�•�m�� �a�[�h�]�� �g�Z�q�b�g�Z�� �b�f�i�j�_�]�g�Z�p�b�•�_���� �m�k�e�h�\�Z��
�d�h�j�b�r�„�_�ƒ�Z���� �d�\�Z�e�b�l�_�l�Z�� �b�f�i�j�_�]�g�Z�p�b�•�_�� �b�� �g�b�a�� �^�j�m�]�b�o�� �q�b�g�b�h�p�Z���� �I�j�_�f�Z�� �i�h�^�Z�l�p�b�f�Z�� �k�e�m�`�[�_�� �h�^�j�`�Z�\�Z�ƒ�Z����
�[�m�d�h�\�� �i�j�Z�]�� �b�f�i�j�_�]�g�b�j�Z�g�� �k�Z�� �p�b�g�d�o�e�h�j�b�^�h�f�� �l�j�Z�•�_�� �k�Z�f�h�� ������ �]�h�^�b�g�Z���� �k�Z�� �p�b�g�d�o�e�h�j�b�^�h�f�� �b�� �d�j�_�h�a�h�l�h�f�� ������
�]�h�^�b�g�_���Z���k�Z���d�j�_�h�a�h�l�h�f�� ������ �]�h�^�b�g�_�����E�b�l�_�j�Z�l�m�j�g�b���i�h�^�Z�l�p�b���h���l�j�Z�•�g�h�k�l�b���^�j�\�_�g�b�o���i�j�Z�]�h�\�Z���•�Z�d�h���k�_���j�Z�a�e�b�d�m�•�m����
�G�Z���i�j�m�]�Z�f�Z���d�h�•�_�� �k�m���i�j�_�^�f�_�l�� �h�\�h�]�Z���j�Z�^�Z���� �k�\�b�� �i�j�Z�]�h�\�b���d�h�•�b�� �k�m���d�h�j�b�r�„�_�g�b���a�Z���b�k�l�j�Z�`�b�\�Z�ƒ�_���i�j�h�b�a�\�_�^�_�g�b��
�k�m ���������� �]�h�^�b�g�_�����k�e�������������� 
 
 

�K�e�b�d�Z���������@�b�]�h�\�b���k�Z���]�h�^�b�r�l�_�f���i�j�h�b�a�\�h�^�ƒ�_���i�j�Z�]�h�\�Z�� 
 

3. �K�L�:�5�?���B�K�I�J�:�<�G�H�K�L�B���I�J�:�=�H�<�: 

�B�k�i�j�Z�\�g�h�k�l�� �]�h�j�ƒ�_�]�� �k�l�j�h�•�Z�� �`�_�e�_�a�g�b�q�d�b�o�� �i�j�m�]�Z�� �i�j�h�\�_�j�Z�\�Z�� �k�_�� �i�j�_�]�e�_�^�h�f�� �b�� �k�g�b�f�Z�ƒ�_�f���� �k�Z�]�e�Z�k�g�h��
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�b�k�i�j�Z�\�g�h�k�l�� �k�\�b�o�� �q�_�e�b�q�g�b�o�� �^�_�e�h�\�Z�� �k�d�j�_�l�g�b�p�_���� �i�j�b�[�h�j�Z���b�� �^�j�\�_�g�b�o�� �i�j�Z�]�h�\�Z���� �Z�� �b�k�l�h�� �l�Z�d�h�� �b�� �\�b�a�m�Z�e�g�h��
�k�l�Z�ƒ�_�� �^�j�\�_�g�b�o�� �i�j�Z�]�h�\�Z���� �k�b�]�g�Z�e�g�_�� �k�\�•�_�l�b�‚�d�_���b�� �f�_�{�b�d�Z���� �d�Z�h���b�� �q�b�k�l�h�„�Z���b�� �i�h�^�f�Z�a�b�\�Z�ƒ�_���k�d�j�_�l�g�b�p�_���� �I�j�b��
�i�j�h�\�_�j�b�� �k�l�Z�[�b�e�g�h�k�l�b�� �d�h�e�h�k�_�d�Z���h�^�� �m�d�m�i�g�h���b�k�i�b�l�Z�g�_���d�h�e�b�q�b�g�_���i�j�Z�]�h�\�Z���� �k�f�_�� �[�b�l�b�� �g�Z�•�\�b�r�_�������������i�j�Z�]�h�\�Z��
�b�]�j�Z�q�Z���� �k�l�b�f�� �^�Z�� �j�Z�a�f�Z�d�� �i�h�•�_�^�b�g�b�o�� �b�]�j�Z�•�m�„�b�o�� �i�j�Z�]�h�\�Z���[�m�^�_�� �g�Z�•�f�Z�ƒ�_�� ���f���� �<�b�a�m�_�e�g�b�� �h�i�r�l�b�� �i�j�_�]�e�_�^��
�]�h�j�ƒ�_�]�� �k�l�j�h�•�Z���� �i�h�k�_�[�g�h�� �i�j�Z�]�h�\�Z���� �•�_�� �•�Z�d�h�� �k�m�[�•�_�d�l�b�\�Z�g�� �b�� �q�_�k�l�h�� �g�_���^�Z�•�_�� �a�Z�^�h�\�h�‚�Z�\�Z�•�m�„�_�� �j�_�a�m�e�l�Z�l�_���� �A�[�h�]��
�k�i�_�p�b�n�b�q�g�h�k�l�b�� �k�Z�f�h�]�� �f�Z�l�_�j�b�•�Z�e�Z�� �h�^�� �d�h�]�Z�� �k�m�� �b�a�j�Z�{�_�g�b���i�j�Z�]�h�\�b���� �q�_�k�l�h�� �^�h�e�Z�a�b�� �b�� �^�h�� �i�h�]�j�_�r�g�b�o��
�a�Z�d�‚�m�q�Z�d�Z�����r�l�h���^�h�\�h�^�b���^�h���g�_�i�j�_�^�m�a�b�f�Z�ƒ�Z���Z�^�_�d�\�Z�l�g�b�o���f�_�j�Z�����l�Z�d�h���^�Z���•�_���k�l�Z�ƒ�_���k�e�Z�[�h�]���d�\�Z�e�b�l�_�l�Z���i�j�Z�]�h�\�Z��
�^�h�\�_�e�h���^�h���g�_�d�h�e�b�d�h���`�_�e�_�a�g�b�q�d�b�o�� �g�_�k�j�_�„�Z�� 

3.1. �F�Z�l�_�j�b�•�Z�e���b���f�_�l�h�^�_�� 

�>�Z�� �[�b�� �k�_�� �f�h�]�Zo �m�l�\�^�b�l�b�� �d�\�Z�e�b�l�_�l�� �i�j�Z�]�h�\�Z���� �i�j�b�k�l�m�i�b�e�h�� �k�_�� �k�Z�� �k�g�b�f�Z�ƒ�_�f�� �k�b�l�m�Z�p�b�•�_�� �g�Z�� �l�_�j�_�g�m�� �g�Z��
�i�j�_�^�o�h�^�g�h���h�^�Z�[�j�Z�g�b�f�� �e�h�d�Z�p�b�•�Z�f�Z���b�� �i�j�m�`�b�f�� �^e�h�g�b�p�b�f�Z���� �A�Z���h�\�m���k�\�j�o�m���g�Z�[�Z�\�‚�_�g�b���k�m���i�j�Z�]�h�\�b���d�h�•�b���k�m���k�_��
�a�[�h�]���^�h�l�j�Z�•�Z�e�h�k�l�b���a�Z�f�_�ƒ�_�g�b���g�h�\�b�f�����k�e������������ 
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�K�e�b�d�Z���������K�e�h�`�Z�•���h�k�l�j�Z�ƒ�_�g�b�o���i�j�Z�]�h�\�Z�����e�_�\�h�����b���m�i�e�Z�l�g�b�p�Z���g�Z�[�Z�\�d�_���i�j�Z�]�h�\�Z�����^�_�k�g�h���� 

�I�j�Z�]�h�\�b�� �d�h�•�b�� �k�m���h�^�j�_�{�_�g�b���a�Z���b�k�l�j�Z�`�b�\�Z�ƒ�_���� �h�^�Z�[�j�Z�g�b���k�m���[�j�b�`�‚�b�\�h�� �d�Z�d�h���[�b�� �[�b�e�b���i�j�_�a�_�g�l�_�j�b�� �h�k�l�Z�e�b�o����
�b�a�[�j�Z�g�b�� �k�m�� �g�Z�•�d�\�Z�e�b�l�_�l�g�b�•�b�� �b�� �g�Z�•�a�^�j�Z�\�b�•�b���� �M�� �b�k�l�j�Z�`�b�\�Z�ƒ�m�� �k�m�� �m�q�_�k�l�\�h�\�Z�e�b���m�d�m�i�g�h�������� �i�j�Z�]�h�\�Z���b�� �l�h�� �a�Z 
�k�\�Z�d�m�� �^�_�h�g�b�p�m�� �h�^�Z�[�j�Z�g�b�� �k�m�� �i�h�� �l�j�b�� �i�j�Z�]�Z���� �H�^�� �k�\�Z�d�h�]�� �i�j�Z�]�Z�� �b�a�j�_�a�Z�g�_�� �k�m�� �i�h�� �q�_�l�b�j�b�� �i�j�h�[�_���_�i�j�m�\�_�l�_�� �m��
�i�h�i�j�_�q�g�h�f�� �i�j�Z�\�p�m�� �h�k�b���^�j�\�_�l�Z���b���l�h���^�_�[�‚�b�g�_�������p�f�����I�h���^�\�_���i�j�h�[�_���k�m���\�Z�{�_�g�_���m���^�_�e�m���b�a�f�_�{�m���r�b�g�Z���b���i�h���^�\�_��
�k�Z���k�i�h�‚�g�_���k�l�j�Z�g�_���r�b�g�Z���g�Z�������p�f���i�h�j�_�^���l�b�j�n�h�g�Z�����k�e���������� 
  
 
 
 
 
 
 
 
 
 
 
 
 

 
 

�K�e�b�d�Z���������>�\�h�•�g�h���b���i�h�•�_�^�b�g�Z�q�g�h���f�_�j�_�ƒ�_���i�j�h�[�Z�� 
�D�Z�d�h�� �[�b�� �k�_�� �h�j�b�•�_�g�l�Z�p�b�h�g�h�� �f�h�]�e�h�� �m�l�\�j�^�b�l�b�� �d�Z�d�Z�\�� �•�_�� �i�Z�^�� �a�Z�i�j�_�f�b�g�k�d�_�� �f�Z�k�_�� �^�j�\�_�g�b�o�� �i�j�Z�]�h�\�Z���� �Z�� �a�[�h�]��
�g�_�f�Z�ƒ�Z�� �i�h�^�Z�l�Z�d�Z�� �h�� �a�Z�i�j�_�f�b�g�k�d�h�•�� �f�Z�k�b�� �i�j�Z�]�h�\�Z�� �a�Z�� �\�j�_�f�_�� �ƒ�b�o�h�\�_�� �b�a�j�Z�^�_���� �i�j�b�o�\�Z�„�_�g�h���•�_�� �^�Z���k�_���b�a�\�r�b��
�m�i�h�j�_�^�[�Z���k�Z���b�k�l�b�f�� �i�h�^�Z�l�d�h�f���� �b�� �a�Z���h�\�m���k�\�j�o�m���d�h�j�b�r�„�_�g�Z���•�_�� �a�Z�i�j�_�f�b�g�k�d�Z���f�Z�k�Z���Z�i�k�h�e�m�l�g�h���k�m�\�h�]���^�j�\�_�l�Z��
�[�m�d�_�� �d�h�•�Z�� �b�a�g�h�k�b�� ���������� �]�j���p�f3���� �>�_�h�g�b�p�_�� �i�j�m�]�Z�� �a�Z�� �d�h�•�_�� �•�_�� �\�j�r�_�g�h�� �b�k�l�j�Z�`�b�\�Z�ƒ�_���� �]�j�Z�{�_�g�_�� �k�m�� �m�� �b�k�l�h�f��
�\�j�_�f�_�g�k�d�h�f�� �j�Z�a�^�h�[�‚�m���� �l�Z�d�h���^�Z���k�_���f�h�`�_�� �m�a�_�l�b�� �m���h�[�a�b�j���^�Z���k�m���^�h�[�b�•�Z�g�b���^�j�\�_�g�b���i�j�Z�]�h�\�b�� �i�j�h�b�a�\�_�^�_�g�b���k�Z��
�b�k�l�b�o�� �k�l�Z�g�b�r�l�Z�� �b�� �i�j�h�b�a�\�h�{�Z�„�Z���� �l�_�� �^�Z�� �k�m�� �b�f�Z�e�b���b�� �i�j�b�[�e�b�`�g�h���b�k�l�m���a�Z�i�j�_�f�b�g�k�d�m���f�Z�k�m���� �H�\�Z�d�\�Z���l�_�a�Z���•�_��
�i�h�k�l�Z�\�‚�_�g�Z�� �a�[�h�]�� �l�h�]�Z�� �r�l�h�� �a�Z�i�j�_�f�b�g�k�d�Z���f�Z�k�Z���� �d�Z�h���b�� �k�\�Z���k�\�h�•�k�l�\�Z�� �^�j�\�_�l�Z���� �a�g�Z�l�g�h���k�_���f�_�ƒ�Z���b�� �h�\�b�k�b���h�^��
�m�g�m�l�Z�j�Z�r�g�b�o���b�� �\�Z�ƒ�k�d�b�o���m�k�e�h�\�Z���� �M���m�g�m�l�j�Z�r�ƒ�_���q�b�g�b�h�p�_�� �m�[�j�Z�•�Z�•�m���k�_���� �\�j�k�l�Z�� �^�j�\�_�l�Z�����k�l�Z�j�h�k�l���b���i�h�e�h�`�Z�•���m��
�k�l�Z�[�e�m���� �Z�� �m�� �\�Z�ƒ�k�d�_�� �q�b�g�b�h�p�_���� �h�[�e�Z�k�l�� �j�Z�r�„�_�ƒ�Z���� �k�l�Z�g�b�r�g�b�� �n�Z�d�l�h�j�b���� �g�Z�q�b�g�� �i�h�^�b�a�Z�ƒ�Z�� �k�Z�k�l�h�•�b�g�_���� �f�_�j�_��
�g�_�]�_�� �b�� �h�[�j�Z�^�_�� �l�e�Z���� �A�Z�i�j�_�f�b�g�k�d�Z�� �f�Z�k�Z�� �i�j�_�� �k�\�_�]�Z���� �h�\�b�k�b�� �h�� �r�b�j�b�g�_�� �i�j�k�l�_�g�Z�� �i�j�b�j�Z�k�l�Z���� �h�^�g�h�k�g�h�� �h�^��
�m�q�_�k�l�\�h�\�Z�ƒ�_�� �j�Z�g�h�]�� �b�� �d�Z�k�g�h�]�� �^�j�\�_�l�Z���� �A�[�h�]�� �g�Z�\�_�^�_�g�b�o�� �b�� �^�j�m�]�b�o�� �j�Z�a�e�h�]�Z���� �l�_�h�j�_�l�k�d�b�� �•�_�� �i�h�k�l�Z�\�‚�_�g�Z��
�a�Z�\�b�k�g�h�k�l�� �b�a�f�_�{�m�� �a�Z�i�j�_�f�b�g�k�d�_�� �f�Z�k�_�� �Z�i�k�h�e�m�l�g�h�� �k�m�\�h�]�� �^�j�\�_�l�Z�� �[�m�d�_�� �b�� �Z�i�k�h�e�m�l�g�h�� �k�m�\�h�]�� �^�j�\�_�l�Z�� �i�j�h�[�_��
�m�a�_�l�b�o���k�Z���i�j�Z�]�h�\�Z���� �K�\�_���i�j�h�[�_���i�j�_���f�_�j�_�ƒ�Z�����k�m�r�_�g�_���k�m���m���e�Z�[�Z�j�Z�l�h�j�b�•�k�d�h�•���k�m�r�b�h�g�b�p�b���^�h���Z�i�k�h�e�m�l�g�h���k�m�\�h�]��
�k�l�Z�ƒ�Z���g�Z���l�_�f�i�_�j�Z�l�m�j�b���h�^���������ž���“�����ž���K���� 
�I�h���^�h�[�b�\�Z�ƒ�m���d�h�g�k�l�Z�g�l�g�_���f�Z�k�_���i�j�h�[�Z�����h�[�j�Z�q�m�g�Z�l�_���k�m���a�Z�i�j�_�f�b�g�k�d�_���f�Z�k�_���Z�i�k�h�e�m�l�g�h���k�m�\�h�]���^�j�\�_�l�Z���d�h�•�Z���k�_��
�^�h�[�b�e�Z���d�Z�h���d�h�e�b�q�g�b�d���b�a�f�_�{�m���f�Z�k�_���b�� �a�Z�i�j�_�f�b�g�_���m���Z�i�k�h�e�m�l�g�h���k�m�\�h�f���k�l�Z�ƒ�m���\�e�Z�`�g�h�k�l�b���^�j�\�_�l�Z�����H�[�j�Z�q�m�g��
�a�Z�i�j�_�f�b�g�k�d�_���f�Z�k�_���h�^�j�_�{�_�g���•�_���i�h���h�[�j�Z�k�p�m�� 
 

                                  ,   ( g/cm3 )                                                        (1) 

�=�^�_���k�m�� 
             m�s - �f�Z�k�Z���Z�i�k�h�e�m�l�g�h���k�m�\�h�]���^�j�\�_�l�Z���m���]�j�Z�f�b�f�Z�� 
            V�s - �a�Z�i�j�_�f�b�g�Z���i�j�h�[�_���^�j�\�_�l�Z���m��cm3

.                
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�K�\�_�� �i�h�^�Z�l�d�_�� �k�m�� �l�Z�[�e�b�q�g�h�� �k�j�_�{�_�g�_�� �b�� �b�k�d�h�j�b�r�„�_�g�_�� �a�Z�� �d�h�f�i�Z�j�Z�l�b�\�g�Z�� �m�i�h�j�_�{�b�\�Z�ƒ�Z�� �b�� �m�l�\�j�{�b�\�Z�ƒ�_��
�d�\�Z�e�b�l�_�l�Z���i�j�Z�]�h�\�Z���g�Z���i�h�•�_�^�b�g�b�f�� �j�_�e�Z�p�b�•�Z�f�Z���b���ƒ�b�o�h�\�b�o�� �^�_�h�g�b�p�Z�� 
 

3.2. �J�_�a�m�e�l�Z�l�b���b�k�l�j�Z� �̀b�\�Z�ƒ�Z�� 

�K�j�_�{�b�\�Z�ƒ�_�f���j�_�a�m�e�l�Z�l�Z���b�k�l�j�Z�`�b�\�Z�ƒ�Z�����m�l�\�j�{�_�g�b���k�m���i�h�^�Z�l�p�b���h���k�l�Z�ƒ�m���b���d�\�Z�e�b�l�_�l���^�j�\�_�g�b�o���i�j�Z�]�h�\�Z���g�Z���^�\�_��
�j�_�e�Z�p�b�•�_���� �K�d�h�i�‚�_�� �±�D�h�k�h�\�h�� �I�h�‚�_�� �b�� �K�d�h�i�‚�_�� �± �D�b�q�_�\�h���� �A�Z���h�\�_�� �j�_�e�Z�p�b�•�_�� �^�h�[�b�e�b���k�f�h�� �b�� �i�h�^�Z�l�d�_���h�� �i�Z�^�m��
�a�Z�i�j�_�f�b�g�k�d�_���f�Z�k�_���g�Z���i�j�h�[�Z�f�Z���b���l�h���a�Z���l�j�b���^�_�h�g�b�p�_�����a�Z���j�_�e�Z�p�b�•�m���K�d�h�i�‚�_���± �D�h�k�h�\�h���I�h�‚�_�����g�Z���^�_�h�g�b�p�b�f�Z����
�K�d�h�i�‚�_�� �± �D�Z�q�Z�g�b�d���� �D�Z�q�Z�g�b�d�� �± �M�j�h�r�_�\�Z�p�� �b�� �M�j�h�r�_�\�Z�p���± �D�h�k�h�\�h�� �I�h�‚�_���� �^�h�d�� �a�Z�� �j�_�e�Z�p�b�•�m�� �K�d�h�i�‚�_�� �± 
�D�b�q�_�\�h���� �g�Z�� �^�_�h�g�b�p�b�f�Z���� �K�d�h�i�‚�_�� �± �L�_�l�h�\�h���� �L�_�l�h�\�h�� �± �=�h�k�l�b�\�Z�j�� �b�� �=�h�k�l�b�\�Z�j�� �± �D�b�q�_�\�h���� �J�_�a�m�e�l�Z�l�b��
�b�k�l�j�Z�`�b�\�Z�ƒ�Z���i�j�b�d�Z�a�Z�g�b���k�m���g�Z���]�j�Z�n�b�d�h�g�m�� �k�e�b�d�_�������� 

 
�K�e�b�d�Z���������=�j�Z�n�b�q�d�b���i�j�b�d�Z�a���i�Z�^�Z���a�Z�i�j�_�f�b�g�k�d�_���f�Z�k�_���^�j �\�_�g�b�o���i�j�Z�]�h�\�Z�� 

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

1. �K�d�h�i�‚�_���± �L�_�l�h�\�h�������� 
2. �L�_�l�h�\�h���± �=�h�k�l�b�\�Z�j�������� 
3. �K�d�i�h�‚�_���± �D�Z�q�Z�g�b�d�������� 
4. �=�h�k�l�b�\�Z�j���± �D�b�q�_�\�h�������� 
5. �D�Z�q�Z�g�b�d���± �M�j�h�r�_�\�Z�p�����������b 
6. �M�j�h�r�_�\�Z�p���± �D�h�k�h�\�h���I�h�‚�_���������� 

�B�a�� �i�h�^�Z�l�Z�d�Z�� �d�h�•�b�� �k�m�� �b�a�g�_�l�b���� �•�Z�k�g�h�� �•�_�� �^�Z�� �g�Z�•�\�_�„�b�� �i�Z�^�� �d�\�Z�e�b�l�_�l�Z�� �i�j�Z�]�h�\�Z���b�f�Z�f�h�� �g�Z���^�_�h�g�b�p�b���K�d�h�i�‚�_�� �± 
�L�_�l�h�\�h���� �^�h�d�� �g�Z�•�f�Z�ƒ�b�� �g�Z�� �^�_�h�g�b�p�b�� �M�j�h�r�_�\�Z�p�� �± �D�h�k�h�\�h�� �I�h�‚�_���� �:�d�h�� �i�h�k�f�Z�l�j�Z�f�h�� �j�_�e�Z�p�b�•�_�� �d�h�•�_�� �k�m��
�k�i�h�f�_�g�m�l�_���� �•�Z�k�g�h�� �•�_�� �^�Z�� �g�Z�� �j�_�e�Z�p�b�•�b�� �K�d�h�i�‚�_�� �± �D�b�q�_�\�h�� �b�f�Z�f�h�� �\�_�„�b�� �i�Z�^�� �d�\�Z�e�b�l�_�l�Z���i�j�Z�]�h�\�Z���b�� �i�j�h�k�_�q�g�b��
�i�j�h�p�_�g�Z�l�� �•�_�� ������������ �^�h�d���g�Z���j�_�e�Z�p�b�•�b�� �K�d�h�i�‚�_�� �± �D�h�k�h�\�h�� �I�h�e�•�_�� �i�Z�^�� �d�\�Z�e�b�l�_�l�Z���b�a�g�h�k�b���������������� �J�Z�a�e�h�a�b���d�h�•�b��
�[�b�� �l�j�_�[�Z�e�b�� �h�[�•�Z�k�g�b�l�b�� �h�\�Z�d�Z�\�� �b�� �j�Z�a�e�b�q�b�l�b�� �i�Z�^�� �d�\�Z�e�b�l�_�l�Z���� �g�Z�•�\�_�j�h�\�Z�l�g�b�•�_�� �k�m�� �a�[�h�]�� �j�Z�a�e�b�q�b�l�b�o��
�d�e�b�f�Z�l�k�d�b�o�� �m�k�e�h�\�Z�� ���l�_�f�i�_�j�Z�l�m�j�g�_�� �j�Z�a�e�b�d�_���� �g�Z�^�f�h�j�k�d�Z�� �\�b�k�b�g�Z���� �i�Z�^�Z�\�b�g�_������ �j�_�`�b�f�Z�� �m�i�h�l�j�_�[�_�� �b��
�h�i�l�_�j�_�„�g�h�k�l�� �k�Z�f�b�o�� �i�j�m�`�g�b�o�� �j�_�e�Z�p�b�•�Z���� �g�Z�q�b�g�� �i�_�j�b�h�^�b�q�g�h�]�� �b�� �i�_�j�f�Z�g�_�g�l�g�h�]�� �h�^�j�`�Z�\�Z�ƒ�Z�� �d�Z�h�� �b�� �^�j�m�]�b�o��
�q�b�g�b�h�p�Z���� 
 

3.3. �<�b�a�m�Z�e�g�b���i�j�_�]�e�_�^�b 
 
�I�j�h�\�_�j�m�� �]�h�j�ƒ�_�]�� �k�l�j�h�•�Z�� �`�_�e�_�a�g�b�q�d�b�o�� �i�j�m�]�Z�� �\�j�r�b�� �e�b�p�_�� �d�h�•�_�� �•�_�� �a�Z�^�m�`�_�g�h�� �^�Z�� �i�h�j�_�^�� �h�k�l�Z�e�h�]�� �\�j�r�b�� �b��
�j�Z�^�h�\�_���h�d�h���m�l�\�j�{�b�\�Z�ƒ�Z���n�Z�d�l�b�q�h�]���k�l�Z�ƒ�Z���k�\�b�o���_�e�_�f�_�g�Z�l�Z���i�j�m�]�_�����<�b�a�m�_�e�g�b���h�i�r�l�b���i�j�_�]�e�_�^���]�h�j�ƒ�_�]���k�l�j�h�•�Z��
�\�j�r�b�� �k�_�� �^�j�_�a�b�g�h�f�� �b�e�b�� �i�_�r�b�p�_�� �b�� �h�[�m�o�\�Z�„�Z�� �h�i�r�l�_�� �k�l�Z�ƒ�_���� �m�]�j�Z�{�_�g�b�o�� �r�b�g�Z���� �d�h�e�h�k�_�q�g�h�]�� �i�j�b�[�h�j�Z����
�i�j�Z�]�h�\�Z���� �a�Z�k�l�h�j�Z���� �^�b�e�Z�l�Z�p�b�•�Z���� �`�‚�_�[�h�\�Z�� �i�h�j�_�^�� �\�h�a�g�b�o���l�j�Z�q�g�b�p�Z���� �g�b�\�_�e�_�l�_�� �b�� �k�f�_�j�Z���d�h�e�h�k�_�d�Z���� �h�^�\�h�^�ƒ�_��
�d�h�e�h�k�_�d�Z�� �b�� �b�k�i�j�Z�\�g�h�k�l�b�� �d�h�e�h�k�_�d�Z�� �m�� �p�_�e�b�g�b���� �@�_�e�_�a�g�b�q�d�h�� �l�j�Z�g�k�i�h�j�l�g�h�� �i�j�_�^�m�a�_�„�_�� �f�h�j�Z�� �h�^�j�_�{�b�\�Z�l�b�� �a�Z��
�b�a�\�j�r�g�h�� �i�j�m�`�g�h�� �h�k�h�[�‚�_�� �[�j�h�•�� �\�b�a�m�Z�e�g�b�o�� �i�j�_�]�e�_�^�Z�� �i�j�_�f�Z���� �k�l�Z�ƒ�m�� �]�h�j�ƒ�_�]�� �b�� �^�h�ƒ�_�]�� �k�l�j�h�•�Z���� �^�m�`�b�g�b��
�^�_�h�g�b�p�_���� �\�_�e�b�q�b�g�b���i�j�h�f�_�l�Z���b�� �f�_�k�g�b�f�� �i�j�b�e�b�d�Z�f�Z���� �M���g�Z�r�b�f�� �i�j�b�e�b�d�Z�f�Z���� �Z�� �a�[�h�]�� �_�d�h�g�h�f�k�d�b�o���i�h�l�_�r�d�h�„�Z��
�g�Z�� �d�h�•�b�f�� �k�m�� �g�Z�b�r�e�b�� �b�� �k�_�d�l�h�j�� �a�Z�� �h�^�j�`�Z�\�Z�ƒ�_�� �i�j�m�]�Z���� �m�� �a�Z�^�ƒ�_�� �\�j�_�f�_�� �i�j�m�`�g�_�� �b�g�k�l�Z�e�Z�p�b�•�_�� �k�m�� �•�Z�d�h��
�a�Z�i�m�r�l�_�g�_���r�l�h�� �•�_�� �^�h�\�_�e�h���b�� �^�h�� �l�h�]�Z���^�Z���k�_���i�j�m�]�_�� �g�_���h�^�j�`�Z�\�Z�•�m���d�Z�d�h���•�_���b���i�j�i�b�k�Z�g�h���A�Z�d�h�g�h�f�����G�Z���k�e�b�d�Z�f�Z��
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������ ���� �b�� ������ �i�j�b�d�Z�a�Z�g�_�� �k�m�� �^�_�n�_�d�l�g�_�� �k�b�l�m�Z�p�b�•�_�� �g�Z�� �i�j�Z�]�Z�f�Z���� �]�^�_�� �k�_�� �•�Z�k�g�h�� �m�h�q�Z�\�Z�•�m�� �g�_�^�h�k�l�Z�l�p�b�� �b��
�g�_�h�^�j�`�Z�\�Z�g�h�k�l�����h�^�g�h�k�g�h���l�j�m�e�h�k�l���b���i�j�h�i�Z�e�h�k�l�� �^�j�\�_�g�b�o���i�j�Z�]�h�\�Z�� 
   
 
 
      
 
 
 
 
 
 
 
�K�e�b�d�Z���������I�j�h�e�m�i�Z�g�b���l�b�j�n�h�g�b���g�Z���l�j�m�e�b�f���b���•�Z�d�h���j�Z�k�i�m�p�Z�g�b�o���i�j�Z�]�h�\�Z�����^�_�h�g�b�p�Z �K�d�h�i�‚�_��- �L�_�l�h�\�h���� 

 
�D�h�^�� �^�j�\�_�g�b�o���i�j�Z�]�h�\�Z���� �i�h�j�_�^�� �m�i�h�l�j�_�[�_�� �q�_�d�b�„�Z���a�Z���m�l�\�j�{�b�\�Z�ƒ�_���d�\�Z�e�b�l�_�l�Z���i�j�Z�]�h�\�Z�����d�h�•�b���•�_���•�Z�d�h���g�_�k�b�]�m�j�Z�g��
�b�� �k�m�[�•�_�d�l�b�\�Z�g���� �f�h�j�Z�•�m���k�_���m�a�_�l�b�� �m���h�[�a�b�j�� �b�� �^�j�m�]�b�� �i�Z�j�Z�f�_�l�j�b�� �d�Z�h���� �k�i�h�•�� �b�a�f�_�{�m���i�h�^�e�h�`�g�_���i�e�h�q�b�p�_���b���i�j�Z�]�Z��
�d�Z�h�� �b�� �ƒ�b�o�h�\�h�� �k�l�Z�ƒ�_�� ���k�e���� ������ �������� �k�l�Z�ƒ�_���l�b�j�n�h�g�Z���b�� �i�j�b�‚�m�[�‚�_�g�h�k�l�� �a�Z���i�h�^�e�h�]�m�����k�e���� ���������������� �k�l�Z�ƒ�_���d�e�b�g�h�\�Z��
�`�b�]�h�\�Z���b�� �ƒ�b�o�h�\�Z���i�j�b�‚�m�[�‚�_�g�h�k�l�� �a�Z���h�k�g�h�\�m���� �d�Z�h���b���h�i�r�l�_���k�l�Z�ƒ�_���b���j�Z�k�i�m�d�e�b�g�_���^�j�\�_�g�b�o���i�j�Z�]�h�\�Z�����k�e����������������
8). 
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�K�e�b�d�Z���������L�j�Z�]�h�\�b���h� �̂��`�_�e�_�a�g�b�q�d�_���g�_�k�j�_�„�_���b���b�a�e�Z�a�Z���\�h�a�Z���k���l�j�Z�q�g�b�p�Z�����^�_�h�g�b�p�Z���K�d�h�i�‚�_���± �L�_�l�h�\�h�����g�Z�������d�f����
�h�^���`�_�e�_�a�g�b�q�d�_���k�l�Z�g�b�p�_���m���L�_�l�h�\�m���������������]�h�^�b�g�_������ 

�M���a�Z�^�ƒ�_���\�j�_�f�_���g�Z���b�a�\�_�k�g�b�f���^�_�e�h�\�Z���i�j�m�]�_���\�j�r�b���k�_���i�j�h�f�_�g�Z���i�j�Z�]�h�\�Z���g�Z���g�Z�q�b�g���d�h�•�b���[�b���l�j�_�[�Z�h���h�k�b�]�m�j�Z�l�b��
�k�l�Z�[�b�e�g�h�k�l�� �� �l�j�Z�q�g�b�p�Z���� �l�Z�d�h���^�Z���k�_���g�h�\�b�� �i�j�Z�]�h�\�b�� �m�]�j�Z�{�m�•�m���g�Z�b�a�f�_�g�b�q�g�h�����k�e���� ���� �^�_�k�g�h������ �g�Z���k�\�Z�d�b�o����-������ �f��
�^�m�`�b�g�_���i�j�m�]�_���� �i�j�Z�]�h�\�b�� �k�_���i�h�k�l�Z�\�‚�Z�•�m���i�h�^�[�b�•�Z�ƒ�_�f�� 
 

4. �A�:�D�4�M�Q�:�D 

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

�‡ �L�j�_�[�Z�•�m���k�_���i�j�_�^�m�a�_�l�b���Z�d�l�b�\�g�h�k�l�b�� �h�d�h���m�l�\�j�{�b�\�Z�ƒ�Z���d�\�Z�e�b�l�_�l�Z���b���a�^�j�Z�\�k�l�\�_�g�h�]���k�l�Z�ƒ�Z���i�j�Z�]�h�\�Z���b���g�Z��
�h�k�l�Z�e�b�f���^�_�h�g�b�p�b�f�Z���d�h�•�_�� �k�m���]�j�Z�{�_�g�_���d�Z�^�Z���b���i�j�m�]�_���d�h�•�_�� �k�m���b�k�i�b�l�b�\�Z�g�_�� 

�‡ �A�Z�f�_�g�b�l�b�� �k�\�_�� �i�j�Z�]�h�\�_�� �d�h�•�_�� �k�m�� �k�m�f�ƒ�b�\�h�]�� �d�\�Z�e�b�l�_�l�Z�� �b�� �g�b�k�m�� �m�� �k�l�Z�ƒ�m�� �^�Z�� �^�j�`�_�� �i�j�b�q�\�j�r�„�_�g�_��
�l�j�b�n�h�g�_���g�Z���a�Z�^�h�\�h�‚�Z�\�Z�•�m�„�b���g�Z�q�b�g�� 



�J�b�a�b�d���b���[�_�a�[�_�^�g�h�k�g�b���b�g�`�_�ƒ�_�j�b�g�]��- �D�h�i�Z�h�g�b�d��������4. 

251 

�‡ �B�a�\�j�r�b�l�b�� �^�_�e�m�f�g�m���b�e�b���p�_�e�h�k�g�m���b�a�f�_�g�m���i�j�Z�]�h�\�Z���a�Z���d�h�•�_�� �k�_�� �m�l�\�j�^�b�� �^�Z���k�m���i�h�k�l�Z�e�b���g�_�b�k�i�j�Z�\�g�b���b��
�g�_���f�h�]�m���h�k�l�Z�l�b���m���d�h�e�h�k�_�d�m���^�h���k�e�_�^�_�„�_���j�_�d�h�g�k�l�j�m�d�p�b�•�_�� 

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

- �I�h�i�j�_�q�g�b���i�j�_�e�h�f�b�� 
- �H�k�e�Z�[�‚�_�g�h�k�l���i�j�Z�]�Z���m���i�h�^�j�m�q�•�_�� �e�_�`�b�r�l�Z���l�j�Z�q�g�b�p�_���� �m�k�e�_�^���f�_�o�Z�g�b�q�d�h�]���^�_�e�h�\�Z�ƒ�Z�� 
- �>�m�[�h�d�Z���e�h�d�Z�e�g�Z���l�j�m�e�_�`���m���i�h�^�j�m�q�•�_�� �l�b�j�n�h�g�Z���b�e�b�� �_�d�k�_�j�Z�� 

- �H�i�r�l�Z���l�j�m�e�_�`���b�e�b���m���l�h�•���f�_�j�b���^�Z���k�_���i�j�b���i�h�^�[�b�•�Z�ƒ�_���d�j�Z�•�_�\�b���i�j�Z�]�h�\�Z���i�j�b�f�_�l�g�h���i�h�^�b�`�m�� 
- �I�m�d�h�l�b�g�_���i�h�� �p�_�e�h�•�� �\�b�k�b�g�b���� �Z���m���^�m�`�b�g�b�� �\�_�„�h�•�� �h�^���i�h�e�h�\�b�g�_�� �^�m�`�b�g�_���i�j�Z�]�Z�����b 
- �H�r�l�_�„�_�g�b���\�Z�l�j�h�f���b�e�b���\�Z�g�j�_�^�g�b�f���^�h�]�Z�{�Z�•�b�f�Z�� 

�B�f�Z�•�m�„�b�� �m�� �\�b�^�m�� �b�k�l�j�Z�`�b�\�Z�ƒ�_�� �d�h�•�_�� �•�_�� �i�h�d�Z�a�Z�e�h�� �^�Z�� �b�f�Z���\�_�e�b�d�b�� �i�Z�^�� �d�\�Z�e�b�l�_�l�Z�� �i�j�Z�]�h�\�Z���� �i�h�k�_�[�g�h�� �g�Z��
�^�_�h�g�b�p�b���K�d�h�i�‚�_�� �± �L�_�l�h�\�h���� �L�_�l�h�\�h�� �± �=�h�k�l�b�\�Z�j�� �b�� �K�d�h�i�‚�_�� �±�D�Z�q�Z�g�b�d�����]�^�_���•�_���i�j�b�f�_�„�_�g���i�Z�^���d�\�Z�e�b�l�_�l�Z���h�^��
�i�j�_�d�h������������ �k�e�h�[�h�^�g�h���k�_���f�h�`�_�� �d�h�g�k�l�Z�l�b�j�Z�l�b�� �^�Z���k�_���g�Z���h�\�b�f���^�b�h�g�b�p�Z�f�Z���f�h�j�Z�•�m���i�j�_�^�m�a�_�l�b���i�h�k�_�[�g�_���f�_�j�_��
�b�� �m�j�Z�^�b�� �p�_�e�h�k�g�Z�� �j�_�d�h�g�k�l�j�m�d�p�b�•�Z���� �l�_�� �a�Z�f�_�g�b�l�b�� �k�\�_�� �^�j�\�_�g�_�� �i�j�Z�]�h�\�_�� �a�[�h�]�� �a�Z�k�l�Z�j�_�e�h�k�l�b�� �b�� �^�h�l�j�Z�•�Z�e�h�k�l�b��
�b�k�l�b�o�� 
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