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The main performance characteristics of automotive and tractor diesel engines are the indicators that ensure the installed capac-

ity, fuel efficiency, environmental safety, reliability, depending on a set of design and operational factors. One of the main factors for 
meeting the required indicators is the quality of the diesel fuel used. Chemical and physical properties of diesel fuel have a signifi-
cant impact on the organization of mixture formation and combustion processes, toxicity of exhaust gases, reliability indicators of 
the fuel supply equipment, parts of the cylinder-piston group and the engine as a whole. The most acceptable way to ensure the re-
quired indicators of diesel fuel is the use of various additives. As a result of the review, the main indicators of modern cetane-
enhancing additives to diesel fuel are presented, providing improved mixture formation and combustion of fuel, which leads to im-
proved power, economic and environmental performance of diesel engines. The main indicators of modern depressant additives to 
diesel fuel are given, providing improved performance, achieving the maximum filterability temperature and reducing the level of 
paraffin deposition. The most acceptable way to ensure the required environmental performance of diesel fuel is to use various anti-
smoke additives based on barium, manganese and iron compounds. Anti-wear additives based on fatty naphthenic or carboxylic 
acids increase the service life of the engine, bring fuel performance to compliance with profile regulatory requirements, additionally 
protect fuel equipment components from corrosion and, as a result, reduce the cost of scheduled maintenance. 

Key words: indicator, diesel fuel, performance characteristics. 
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�i�m�k�d�Z�l�v���b�o���k�f�_�r�b�\�Z�g�b�y���k���e�_�l�g�b�f�b���l�h�i�e�b�\�Z�f�b�� 

�;�_�e�h�j�m�k�k�d�b�c�� �k�l�Z�g�^�Z�j�l�� �K�L�;�� ���������±���������� �>���@�� �i�j�_�^�m�k�f�Z�l�j�b�\�Z�_�l�� �\�u�i�m�k�d�� �^�b�a�_�e�v�g�u�o�� �l�h�i�e�b�\�� �^�e�y�� �j�Z�a�e�b�q��
�g�u�o�� �d�e�b�f�Z�l�b�q�_�k�d�b�o�� �j�Z�c�h�g�h�\���� �>�e�y�� �j�Z�c�h�g�h�\�� �k�� �m�f�_�j�_�g�g�u�f�� �d�e�b�f�Z�l�h�f�� �\�u�i�m�k�d�Z�_�l�k�y�� ���� �f�Z�j�h�d�� �^�b�a�_�e�v�g�u�o��
�l�h�i�e�b�\����A, B, C, D, E, F�������b�f�_�x�s�b�o���i�j�_�^�_�e�v�g�u�_���l�_�f�i�_�j�Z�l�m�j�u���n�b�e�v�l�j�m�_�f�h�k�l�b���k�h�h�l�\�_�l�k�l�\�_�g�g�h�����������������±5; 
�±10; �±���������b���±20 �ž�K�����>�e�y���j�Z�c�h�g�h�\���k���o�h�e�h�^�g�u�f���b���Z�j�d�l�b�q�_�k�d�b�f���d�e�b�f�Z�l�h�f���i�j�_�^�m�k�f�h�l�j�_�g���\�u�i�m�k�d�������d�e�Z�k�k�h�\��
�������������������������^�b�a�_�e�v�g�h�]�h���l�h�i�e�b�\�Z���k���i�j�_�^�_�e�v�g�h�c���l�_�f�i�_�j�Z�l�m�j�h�c���n�b�e�v�l�j�m�_�f�h�k�l�b���h�l���±�������^�h���±44 �ž�K�� 

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

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

�H�k�g�h�\�g�Z�y���q�Z�k�l�v 
�D�Z�q�_�k�l�\�h�� �^�b�a�_�e�v�g�h�]�h�� �l�h�i�e�b�\�Z�� �j�_�]�e�Z�f�_�g�l�b�j�m�_�l�� �=�H�K�L�� ������-82 �± �©�L�h�i�e�b�\�h�� �^�b�a�_�e�v�g�h�_���� �L�_�o�g�b�q�_�k�d�b�_��

�m�k�e�h�\�b�y�ª���>���@�����d�h�l�h�j�u�c���m�k�l�Z�g�Z�\�e�b�\�Z�_�l���a�g�Z�q�_�g�b�y���h�k�g�h�\�g�u�o���n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�o���i�h�d�Z�a�Z�l�_�e�_�c�����h�i�j�_�^�_�e�y��
�x�s�b�o���d�Z�q�_�k�l�\�h���l�h�i�e�b�\�Z�����p�_�l�Z�g�h�\�h�_���q�b�k�e�h�����d�b�g�_�f�Z�l�b�q�_�k�d�Z�y���\�y�a�d�h�k�l�v�����l�_�f�i�_�j�Z�l�m�j�u���i�h�f�m�l�g�_�g�b�y�����a�Z�k�l�u��
�\�Z�g�b�y�� �b�� �\�k�i�u�r�d�b���� �f�Z�k�k�h�\�Z�y�� �^�h�e�y�� �k�_�j�u���� �k�h�^�_�j�`�Z�g�b�_�� �\�h�^�h�j�Z�k�l�\�h�j�b�f�u�o�� �d�b�k�e�h�l�� �b�� �s�_�e�h�q�_�c���� �d�h�g�p�_�g�l�j�Z��
�p�b�y���n�b�a�b�q�_�k�d�b�o���k�f�h�e�����d�b�k�e�h�l�g�h�k�l�v�����a�h�e�v�g�h�k�l�v���b���^�j�����>�e�y���h�[�_�k�i�_�q�_�g�b�y���l�j�_�[�m�_�f�u�o���a�g�Z�q�_�g�b�c���h�l�^�_�e�v�g�u�o��
�i�h�d�Z�a�Z�l�_�e�_�c�� �g�Z�� �a�Z�\�_�j�r�Z�x�s�_�f�� �w�l�Z�i�_�� �i�j�h�b�a�\�h�^�k�l�\�Z�� �^�b�a�_�e�v�g�u�o�� �l�h�i�e�b�\�� �\�� �k�f�_�k�v�� �^�b�k�l�b�e�e�y�l�g�h�c�� �]�Z�a�h�c�e�_��
�\�h�c�� �n�j�Z�d�p�b�b�� �b�� �i�j�h�^�m�d�l�h�\�� �\�� �j�_�a�m�e�v�l�Z�l�_�� �d�Z�l�Z�e�b�l�b�q�_�k�d�h�]�h�� �d�j�_�d�b�g�]�Z�� �\�\�h�^�y�l�k�y�� �i�j�b�k�Z�^�d�b���� �m�e�m�q�r�Z�x�s�b�_��
�h�^�g�h�� �b�e�b�� �g�_�k�d�h�e�v�d�h�� �k�\�h�c�k�l�\�� �^�b�a�_�e�v�g�h�]�h�� �l�h�i�e�b�\�Z�����I�j�b�k�Z�^�d�b�� �^�e�y���^�b�a�_�e�v�g�h�]�h�� �l�h�i�e�b�\�Z�� �i�h�^�j�Z�a�^�_�e�y�x�l�k�y��
�g�Z���k�e�_�^�m�x�s�b�_���]�j�m�i�i�u�����j�b�k�� 1): 

 

 
�J �b �k �� 1 . �I�j�b�k�Z�^�d�b���^�e�y���^�b�a�_�e�v�g�h�]�h���l�h�i�e�b�\�Z 

 

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

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

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

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

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

1658�±���������� �>���@�� �p�_�l�Z�g�h�\�h�_�� �q�b�k�e�h�� �^�h�e�`�g�h�� �[�u�l�v�� �g�_�� �f�_�g�_�_�� ������ �^�e�y�� �^�b�a�_�e�v�g�h�]�h�� �l�h�i�e�b�\�Z���� �i�j�b�f�_�g�y�_�f�h�]�h�� �\��
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�m�k�e�h�\�b�y�o���m�f�_�j�_�g�g�h�]�h���d�e�b�f�Z�l�Z���� �b�������«�������± �^�e�y���^�b�a�_�e�v�g�h�]�h���l�h�i�e�b�\�Z���� �i�j�b�f�_�g�y�_�f�h�]�h���\���m�k�e�h�\�b�y�o���Z�j�d�l�b��
�q�_�k�d�h�]�h���b���o�h�e�h�^�g�h�]�h���d�e�b�f�Z�l�Z�� �Q�_�f���\�u�r�_���p�_�l�Z�g�h�\�h�_���q�b�k�e�h�����l�_�f���e�m�q�r�_���\�h�k�i�e�Z�f�_�g�y�_�f�h�k�l�v���l�h�i�e�b�\�Z�����<���l�h��
�`�_���\�j�_�f�y���i�j�b���b�k�i�h�e�v�a�h�\�Z�g�b�b���l�h�i�e�b�\�Z���k���i�h�\�u�r�_�g�g�u�f���p�_�l�Z�g�h�\�u�f���q�b�k�e�h�f���i�j�h�b�k�o�h�^�b�l���i�j�_�`�^�_�\�j�_�f�_�g��
�g�h�_���\�h�k�i�e�Z�f�_�g�_�g�b�_���l�h�i�e�b�\�g�h�c���k�f�_�k�b�����d�h�l�h�j�h�_���k�g�b�`�Z�_�l���f�h�s�g�h�k�l�v���b���w�d�h�g�h�f�b�q�g�h�k�l�v���^�b�a�_�e�y�����i�h�\�u�r�Z�_�l��
�^�u�f�g�h�k�l�v�� �h�l�j�Z�[�h�l�Z�\�r�b�o�� �]�Z�a�h�\���� �I�j�b�f�_�g�_�g�b�_�� �l�h�i�e�b�\�Z�� �k�� �p�_�l�Z�g�h�\�u�f�� �q�b�k�e�h�f�� �f�_�g�_�_�� ������ �h�[�m�k�e�h�\�e�b�\�Z�_�l��
�`�_�k�l�d�m�x���j�Z�[�h�l�m���^�\�b�]�Z�l�_�e�y�����i�j�b���d�h�l�h�j�h�c���\�h�a�g�b�d�Z�_�l���o�Z�j�Z�d�l�_�j�g�u�c���f�_�l�Z�e�e�b�q�_�k�d�b�c���k�l�m�d�����g�Z�i�h�f�b�g�Z�x�s�b�c��
�^�_�l�h�g�Z�p�b�x���\���^�\�b�]�Z�l�_�e�_���k���b�k�d�j�h�\�u�f���a�Z�`�b�]�Z�g�b�_�f�����i�h�\�u�r�_�g�g�m�x���\�b�[�j�Z�p�b�x���i�_�j�_�]�j�_�\���^�_�l�Z�e�_�c���p�b�e�b�g�^�j�h��
�i�h�j�r�g�_�\�h�c���]�j�m�i�i�u���� 

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

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

�P�_�l�Z�g�h�i�h�\�u�r�Z�x�s�Z�y���i�j�b�k�Z�^�d�Z���'�L�I�U�R�Q���+�����������k�g�b�`�Z�_�l���r�m�f���\���^�\�b�]�Z�l�_�e�_�����h�[�e�_�]�q�Z�_�l���o�h�e�h�^�g�u�c���a�Z�i�m�k�d����
�W�l�Z�� �i�j�b�k�Z�^�d�Z�� �b�k�i�h�e�v�a�m�_�l�k�y�� �l�Z�d�`�_�� �\�� �d�Z�q�_�k�l�\�_�� �Z�g�l�b�h�d�b�k�e�b�l�_�e�_�c���� �l�Z�d�� �d�Z�d�� �^�b�a�_�e�v�g�h�_�� �l�h�i�e�b�\�h�� �g�Z�q�b�g�Z�_�l��
�h�d�b�k�e�y�l�v�k�y���m�`�_���q�_�j�_�a���l�j�b���f�_�k�y�p�Z���o�j�Z�g�_�g�b�y���>���@�� 

�>�e�y�� �i�h�\�u�r�_�g�b�y�� �p�_�l�Z�g�h�\�h�]�h�� �q�b�k�e�Z�� �b�k�i�h�e�v�a�m�x�l�k�y�� �l�Z�d�`�_�� �m�g�b�\�_�j�k�Z�e�v�g�u�_�� �i�j�b�k�Z�^�d�b�� �k�� �^�h�i�h�e�g�b�l�_�e�v��
�g�u�f�b�� �\�h�a�f�h�`�g�h�k�l�y�f�b�� �>���@����Liqui Moly Super Diesel Additiv �± �h�q�b�s�Z�_�l�� �l�h�i�e�b�\�g�m�x�� �k�b�k�l�_�f�m����Hi-Gear �± 
�a�Z�s�b�s�Z�_�l���f�_�l�Z�e�e�b�q�_�k�d�b�_���^�_�l�Z�e�b���b���m�f�_�g�v�r�Z�_�l���j�Z�k�o�h�^���l�h�i�e�b�\�Z����BBF�± �h�[�e�Z�^�Z�_�l���Z�g�l�b�d�h�j�j�h�a�b�c�g�u�f���w�n��
�n�_�d�l�h�f����Lavr �± �j�_�d�h�f�_�g�^�m�_�l�k�y���^�e�y���i�h�k�l�h�y�g�g�h�]�h���b�k�i�h�e�v�a�h�\�Z�g�b�y���\���m�k�e�h�\�b�y�o���g�b�a�d�b�o���l�_�f�i�_�j�Z�l�m�j����Castrol 
TDA �± �h�[�e�Z�^�Z�_�l���h�^�g�h�\�j�_�f�_�g�g�h���k�f�Z�a�u�\�Z�x�s�b�f���b���i�j�h�l�b�\�h�b�a�g�h�k�g�u�f���w�n�n�_�d�l�h�f�� 

�A�Z�\�h�^�u���� �i�j�h�b�a�\�h�^�y�s�b�_�� �^�b�a�_�e�v�g�h�_�� �l�h�i�e�b�\�h�� �i�h�� �_�\�j�h�i�_�c�k�d�b�f�� �k�l�Z�g�^�Z�j�l�Z�f�����a�Z�d�m�i�Z�x�l�� �p�_�l�Z�g�h�i�h�\�u�r�Z��
�x�s�b�_�� �i�j�b�k�Z�^�d�b�� �\�� �h�k�g�h�\�g�h�f�� �a�Z�� �j�m�[�_�`�h�f���� �G�Z�b�[�h�e�_�_ �b�a�\�_�k�l�g�u�_ �i�j�b�k�Z�^�d�b �± Kerobrizol (Basf), Hitec 
4103W (Afton Chemical Corporation), RV 100 (Total) [8,9]. 

�G�b�a�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�_���k�\�h�c�k�l�\�Z���^�b�a�_�e�v�g�h�]�h���l�h�i�e�b�\�Z���m�e�m�q�r�Z�x�l���^�\�m�f�y���k�i�h�k�h�[�Z�f�b���>���@�����m�^�Z�e�_�g�b�_�f���b�a��
�b�o�� �k�h�k�l�Z�\�Z�� �\�u�k�h�d�h�i�e�Z�\�d�b�o�� �i�Z�j�Z�n�b�g�h�\�� �g�h�j�f�Z�e�v�g�h�]�h�� �k�l�j�h�_�g�b�y�� �b�e�b�� �^�h�[�Z�\�e�_�g�b�y�� �\�� �g�b�o�� �^�_�i�j�_�k�k�h�j�g�u�o��
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�F�_�o�Z�g�b�a�f�� �^�_�c�k�l�\�b�y�� �^�_�i�j�_�k�k�h�j�g�u�o�� �i�j�b�k�Z�^�h�d�� �a�Z�d�e�x�q�Z�_�l�k�y�� �\�� �f�h�^�b�n�b�d�Z�p�b�b�� �k�l�j�m�d�l�m�j�u�� �d�j�b�k�l�Z�e�e�b�a�m�x��
�s�b�o�k�y�� �i�Z�j�Z�n�b�g�h�\�� �b�� �m�f�_�g�v�r�_�g�b�b�� �b�o�� �j�Z�a�f�_�j�h�\���� �G�b�a�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�_�� �k�\�h�c�k�l�\�Z�� �^�b�a�_�e�v�g�h�]�h�� �l�h�i�e�b�\�Z�� �k��
�^�_�i�j�_�k�k�h�j�g�u�f�b�� �i�j�b�k�Z�^�d�Z�f�b�� �h�p�_�g�b�\�Z�x�l�k�y�� �i�h�� �l�_�f�i�_�j�Z�l�m�j�_�� �i�h�f�m�l�g�_�g�b�y�� �b�� �i�j�_�^�_�e�v�g�h�c�� �l�_�f�i�_�j�Z�l�m�j�_��
�n�b�e�v�l�j�Z�p�b�b�����I�L�N�������Z���l�h�i�e�b�\���[�_�a���i�j�b�k�Z�^�h�d���± �i�h���l�_�f�i�_�j�Z�l�m�j�_ �i�h�f�m�l�g�_�g�b�y���b���a�Z�k�l�u�\�Z�g�b�y�� 

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

 

�>�Z�g�g�u�_���w�n�n�_�d�l�b�\�g�h�k�l�b���i�j�b�k�Z�^�h�d���>���@ 
 

�I�j�b�k�Z�^�d�Z �D�h�g�p�_�g�l�j�Z�p�b�y �I�j�b�k�Z�^�d�b�� % 
�I�L�N�����ƒ�K 

�J�N�K �M�a�N�K 

�;�_�a���i�j�b�k�Z�^�d�b 
�>�>�I-�:�g�l�b�]�_�e�v 
Dodiflow 5416 
Keroflux  3501 
Difron  389 

�± 
0,2 
0,05 
0,05 
0,05 

�±6 
�±18 
�±20 
�±22 
�±21 

�±4 
�±15 
�±15 
�±18 
�±19 

 

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

�I�j�b�k�Z�^�d�Z �>�>�I-�:�g�l�b�]�_�e�v �>�����@���i�j�_�^�g�Z�a�g�Z�q�_�g�Z���^�e�y���m�e�m�q�r�_�g�b�y���g�b�a�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�o���k�\�h�c�k�l�\���k�j�_�^�g�b�o��
�^�b�k�l�b�e�e�y�l�h�\�����i�h�a�\�h�e�y�_�l���k�g�b�`�Z�l�v���i�j�_�^�_�e�v�g�m�x���l�_�f�i�_�j�Z�l�m�j�m���n�b�e�v�l�j�m�_�f�h�k�l�b���b���l�_�f�i�_�j�Z�l�m�j�m���a�Z�k�l�u�\�Z�g�b�y��
�^�b�a�_�e�v�g�u�o���b���e�_�]�d�b�o���i�_�q�g�u�o���l�h�i�e�b�\�����Z���l�Z�d�`�_���m�e�m�q�r�Z�_�l���^�b�k�i�_�j�k�g�m�x���m�k�l�h�c�q�b�\�h�k�l�v���i�Z�j�Z�n�b�g�h�\�u�o���m�]�e�_��
�\�h�^�h�j�h�^�h�\�� �\�� �^�b�a�_�e�v�g�h�f�� �l�h�i�e�b�\�_�� �i�j�b�� �_�]�h�� �o�j�Z�g�_�g�b�b�� �g�b�`�_�� �l�_�f�i�_�j�Z�l�m�j�u�� �i�h�f�m�l�g�_�g�b�y���� �W�l�h�� �^�h�k�l�b�]�Z�_�l�k�y��
�m�f�_�g�v�r�_�g�b�_�f�� �j�Z�a�f�_�j�h�\�� �b�� �i�j�_�^�h�l�\�j�Z�s�_�g�b�_�f�� �Z�]�e�h�f�_�j�Z�p�b�b�� �d�j�b�k�l�Z�e�e�h�\�� �i�Z�j�Z�n�b�g�h�\���� �>�e�y�� �^�h�k�l�b�`�_�g�b�y��
�l�j�_�[�m�_�f�h�c���i�j�_�^�_�e�v�g�h�c���n�b�e�v�l�j�m�_�f�h�k�l�b���b�e�b���l�_�f�i�_�j�Z�l�m�j�u���a�Z�k�l�u�\�Z�g�b�y�����\���a�Z�\�b�k�b�f�h�k�l�b���h�l���o�Z�j�Z�d�l�_�j�b�k�l�b�d��
�k�j�_�^�g�_�]�h�� �^�b�k�l�b�e�e�y�l�Z�� �^�h�k�l�Z�l�h�q�g�Z�� �^�h�a�b�j�h�\�d�Z�� �������«�������� �d�]���l���� �I�j�b�k�Z�^�d�Z�� �h�[�_�k�i�_�q�b�\�Z�_�l�� �k�g�b�`�_�g�b�_�� �i�j�_�^�_�e�v��
�g�h�c�� �n�b�e�v�l�j�m�_�f�h�k�l�b�� �^�h��-�����« -24 �ž�K���� �l�_�f�i�_�j�Z�l�m�j�u�� �a�Z�k�l�u�\�Z�g�b�y�� �^�h -�����« -35 �ž�K���� �m�e�m�q�r�_�g�b�_�� �i�j�h�l�b�\�h�b�a��
�g�h�k�g�u�o���k�\�h�c�k�l�\���g�Z�������«���� �������i�h�\�u�r�_�g�b�_���k�l�Z�[�b�e�v�g�h�k�l�b�����k�_�^�b�f�_�g�l�Z�p�b�h�g�g�h�c���m�k�l�h�c�q�b�\�h�k�l�b�����^�b�a�_�e�v�g�h��
�]�h���l�h�i�e�b�\�Z���i�j�b���g�b�a�d�b�o���l�_�f�i�_�j�Z�l�m�j�Z�o�� 

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

�;�e�Z�]�h�^�Z�j�y �r�b�j�h�d�h�f�m �k�_�d�l�h�j�m �Z�d�l�b�\�g�h�k�l�b �h�g�Z �w�n�n�_�d�l�b�\�g�Z �^�e�y �j�Z�a�g�u�o �l�h�i�e�b�\�� �\�d�e�x�q�Z�y �k�j�_�^�g�b�_ �^�b��
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�B�k�l�h�j�b�q�_�k�d�b���k�g�b�`�_�g�b�_���l�h�d�k�b�q�g�h�k�l�b���H�=���h�k�m�s�_�k�l�\�e�y�e�h�k�v���\���i�_�j�\�m�x���h�q�_�j�_�^�v���i�m�l�_�f���k�h�\�_�j�r�_�g�k�l�\�h�\�Z��
�g�b�y���l�j�Z�^�b�p�b�h�g�g�u�o���i�j�h�p�_�k�k�h�\���k�f�_�k�_�h�[�j�Z�a�h�\�Z�g�b�y���b���k�]�h�j�Z�g�b�y���i�j�b���h�^�g�h�\�j�_�f�_�g�g�h�c���h�i�l�b�f�b�a�Z�p�b�b���m�i�j�Z�\��
�e�_�g�b�y���^�\�b�]�Z�l�_�e�_�f�����k�h�k�l�Z�\���k�f�_�k�b���b���m�]�h�e���h�i�_�j�_�`�_�g�b�y���a�Z�`�b�]�Z�g�b�y�������I�j�Z�d�l�b�d�Z���i�h�d�Z�a�Z�e�Z�����q�l�h���^�h�k�l�b�q�v���i�j�b��
�w�l�h�f���m�j�h�\�g�y���l�h�d�k�b�q�g�h�k�l�b���H�=�����l�j�_�[�m�_�f�h�]�h���a�Z�d�h�g�h�^�Z�l�_�e�v�k�l�\�h�f���j�Z�a�\�b�l�u�o���k�l�j�Z�g�����g�_�e�v�a�y�����I�h�w�l�h�f�m���r�b�j�h��
�d�h�_���i�j�b�f�_�g�_�g�b�_���i�h�e�m�q�b�e �\�l�h�j�h�c���i�m�l�v���± �g�_�c�l�j�Z�e�b�a�Z�p�b�y���H�=���\���k�b�k�l�_�f�_���\�u�i�m�k�d�Z�����i�j�b���d�h�l�h�j�h�f���l�h�d�k�b�q�g�u�_��
�]�Z�a�u�� ���K�H���� �Kn�Gm �b�� �1�2x������ �\�u�r�_�^�r�b�_�� �b�a�� �p�b�e�b�g�^�j�h�\�� �^�\�b�]�Z�l�_�e�y���� �g�_�c�l�j�Z�e�b�a�m�x�l�k�y�� �\�� �k�b�k�l�_�f�_�� �\�u�i�m�k�d�Z�� �^�h��
�\�u�[�j�h�k�Z���b�o���\���Z�l�f�h�k�n�_�j�m�� �M�e�m�q�r�_�g�b�_���i�h�d�Z�a�Z�l�_�e�_�c�� 

�<���J�h�k�k�b�b���[�u�e�b���^�h�i�m�s�_�g�u���d���i�j�b�f�_�g�_�g�b�x���\���^�b�a�_�e�v�g�u�o���l�h�i�e�b�\�Z�o���i�j�h�l�b�\�h�^�u�f�g�u�_���i�j�b�k�Z�^�d�b, �k�h�^�_�j��
�`�Z�s�b�_���[�Z�j�b�c�����B�O�I-�����������B�O�I-�����������W�N�:�;-�;�����:�g�]�Z�j�Z�^-2401, Lubrizol-�����������b���^�j�����>�����@�� 

�B�O�I-702 �± �i�_�j�\�Z�y���Z�g�l�b�^�u�f�g�Z�y���i�j�b�k�Z�^�d�Z�����j�Z�a�j�Z�[�h�l�Z�g�g�Z�y���\���;�Z�d�m���\�����������±1970-�_���]�h�^�u�����H�g�Z���i�j�_�^�k�l�Z�\��
�e�y�e�Z�� �k�h�[�h�c�� �l�h�i�e�b�\�h�j�Z�k�l�\�h�j�b�f�u�c�� �^�b�Z�e�d�b�e�n�_�g�h�e�y�l�� �[�Z�j�b�y���� �i�h�e�m�q�Z�_�f�u�c�� �g�_�i�h�k�j�_�^�k�l�\�_�g�g�u�f�� �^�_�c�k�l�\�b�_�f��
�]�b�^�j�h�d�k�b�^�Z���[�Z�j�b�y���g�Z���Z�e�d�b�e�n�_�g�h�e�����I�j�b �\�\�_�^�_�g�b�b���\���l�h�i�e�b�\�Z �\���d�h�g�p�_�g�l�j�Z�p�b�b���� �����i�j�b�k�Z�^�d�Z���h�[�_�k�i�_�q�b�\�Z��
�e�Z���k�g�b�`�_�g�b�_���k�Z�`�b���\���h�l�j�Z�[�h�l�\�r�b�o���]�Z�a�Z�o���g�Z�������«���� %. 

�B�O�I-706 �± �i�j�_�\�h�k�o�h�^�b�e�Z�� �i�j�_�^�u�^�m�s�m�x�� �i�j�b�k�Z�^�d�m�� �i�h�� �k�h�^�_�j�`�Z�g�b�x�� �[�Z�j�b�y�� �b���� �k�e�_�^�h�\�Z�l�_�e�v�g�h���� �Z�g�l�b��
�^�u�f�g�h�c�� �Z�d�l�b�\�g�h�k�l�b���� �M�\�_�e�b�q�_�g�b�_�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �f�_�l�Z�e�e�Z�� �^�h�k�l�b�]�Z�e�h�k�v�� �d�Z�j�[�h�g�Z�p�b�_�c���� �l���_���� �h�[�j�Z�[�h�l�d�h�c��
�j�_�Z�d�p�b�h�g�g�h�c���f�Z�k�k�u���m�]�e�_�d�b�k�e�u�f���]�Z�a�h�f�����A�Z���k�q�_�l���w�l�h�c���h�i�_�j�Z�p�b�b���d�h�g�p�_�g�l�j�Z�p�b�y���[�Z�j�b�y���\���i�j�b�k�Z�^�d�_���m�\�_�e�b��
�q�b�\�Z�e�Z�k�v���\���i�h�e�l�h�j�Z���j�Z�a�Z�����J�_�d�h�f�_�g�^�m�_�f�Z�y���d�h�g�p�_�g�l�j�Z�p�b�y���i�j�b�k�Z�^�d�b���\���l�h�i�e�b�\�_���k�h�k�l�Z�\�e�y�e�Z���������«������ %. 

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

�W�N�:�;-�;���± �d�h�f�i�h�a�b�p�b�y�� �Z�e�d�b�e�n�_�g�h�e�y�l�Z�� �[�Z�j�b�y�� ������ �������� �^�b�k�i�_�j�]�b�j�m�x�s�_�]�h�� �d�h�f�i�h�g�_�g�l�Z�� ���� ������ �b�� �j�Z�k��
�l�\�h�j�b�l�_�e�y�� ������ �������� �i�h�^�h�[�j�Z�g�g�h�]�h�� �l�Z�d�b�f�� �h�[�j�Z�a�h�f���� �q�l�h�[�u�� �h�[�_�k�i�_�q�b�l�v�� �g�b�a�d�m�x�� �l�_�f�i�_�j�Z�l�m�j�m�� �a�Z�k�l�u�\�Z�g�b�y��
�i�j�b�k�Z�^�d�b���b���g�_�\�u�k�h�d�m�x���\�y�a�d�h�k�l�v�� 

�:�g�]�Z�j�Z�^-2401 �± �k�f�_�k�v���Z�e�d�b�e�n�_�g�h�e�y�l�Z���[�Z�j�b�y���������±90 ���������h�k�g�h�\�Z�g�b�y���F�Z�g�b�o�Z���������±50 �������b���N�D-4 (0,1�±
5 �������� �I�h�� �^�Z�g�g�u�f�� �k�l�_�g�^�h�\�u�o�� �b�k�i�u�l�Z�g�b�c�� �^�b�a�_�e�y�� �D�:�F�:�A-�������� �\�\�_�^�_�g�b�_�� ������ ���� �i�j�b�k�Z�^�d�b�� �\�� �^�b�a�_�e�v�g�h�_��
�l�h�i�e�b�\�h���^�u�f�g�h�k�l�v���h�l�j�Z�[�h�l�Z�\�r�b�o���]�Z�a�h�\���k�g�b�`�Z�_�l�k�y���i�j�b�f�_�j�g�h���\�^�\�h�_�� 

Lubrizol-8288 �± �d�h�f�i�h�a�b�p�b�y���Z�e�d�b�e�n�_�g�h�e�y�l�Z���[�Z�j�b�y���k���Z�a�h�l�h�k�h�^�_�j�`�Z�s�_�c���^�b�k�i�_�j�]�b�j�m�x�s�_�c���^�h�[�Z�\�d�h�c���\��
�h�l�g�h�r�_�g�b�b�� ������������ �I�j�b�� �b�k�i�u�l�Z�g�b�y�o�� �^�b�a�_�e�v�g�h�]�h�� �l�h�i�e�b�\�Z�� �k�� ������ ���� �i�j�b�k�Z�^�d�b���^�u�f�g�h�k�l�v�� �h�l�j�Z�[�h�l�Z�\�r�b�o�� �]�Z��
�a�h�\���k�g�b�`�Z�e�h�k�v���\���k�j�_�^�g�_�f���g�Z������ %. 

�W�n�n�_�d�l�b�\�g�h�k�l�v���Z�g�l�b�^�u�f�g�u�o���i�j�b�k�Z�^�h�d���a�Z�\�b�k�b�l���h�l���l�b�i�Z���^�\�b�]�Z�l�_�e�y���b���j�_�`�b�f�Z���_�]�h���j�Z�[�h�l�u�����I�j�b���k�l�_�g��
�^�h�\�u�o�� �b�k�i�u�l�Z�g�b�y�o�� �h�g�Z�� �k�h�k�l�Z�\�e�y�_�l�� �����«���� ������ �Z�� �\�� �m�k�e�h�\�b�y�o�� �w�d�k�i�e�m�Z�l�Z�p�b�b�� �f�h�`�_�l�� �[�u�l�v�� �]�h�j�Z�a�^�h�� �\�u�r�_����
�I�j�b�� �b�k�i�u�l�Z�g�b�b�� �i�j�b�k�Z�^�h�d���� �k�h�^�_�j�`�Z�s�b�o�� �[�Z�j�b�c���� �g�Z���^�\�b�]�Z�l�_�e�y�o�� �k�� �i�j�_�^�\�Z�j�b�l�_�e�v�g�u�f�� �k�f�_�k�_�h�[�j�Z�a�h�\�Z�g�b�_�f��
�[�u�e���i�h�e�m�q�_�g���[�h�e�v�r�b�c���w�n�n�_�d�l�����q�_�f���g�Z���^�\�b�]�Z�l�_�e�y�o���k���i�j�y�f�u�f���\�i�j�u�k�d�h�f���>������ 19]. 

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

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

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

�<�� �:�H�� ���G�:�F�B-�O�B�F�ª�� �b�k�k�e�_�^�h�\�Z�g�u�� �`�_�e�_�a�h�k�h�^�_�j�`�Z�s�b�_�� �i�j�b�k�Z�^�d�b���� �d�h�l�h�j�u�_�� �i�j�h�y�\�b�e�b�� �^�h�k�l�Z�l�h�q�g�h��
�\�u�k�h�d�m�x���w�n�n�_�d�l�b�\�g�h�k�l�v���\���^�\�b�]�Z�l�_�e�y�o���k���i�j�_�^�d�Z�f�_�j�g�u�f���k�f�_�k�_�h�[�j�Z�a�h�\�Z�g�b�_�f�����g�h���[�u�e�b���f�Z�e�h�w�n�n�_�d�l�b�\�g�u��
�i�j�b���b�k�i�u�l�Z�g�b�y�o���g�Z���^�\�b�]�Z�l�_�e�y�o���k���g�_�i�h�k�j�_�^�k�l�\�_�g�g�u�f���\�i�j�u�k�d�h�f�� 

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

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

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