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TO THE CALCULATION OF PRECAST REINFORCED CONCRETE RIBBED SLABS FOR 

PUNCHING  
Khapin Alexandr Vladimirovich , Candidate of Technical Sciences, Professor, D. Serikbayev 

East Kazakhstan State Technical University, Ust-Kamenogorsk, Kazakhstan, sacha2447@rambler.ru 
Makhiyev Bekbolat Espulovich, Candidate of Technical Sciences, Associate Professor, D. 

Serikbayev East Kazakhstan State Technical University, Ust-Kamenogorsk, Kazakhstan, 
bolat6505@rambler.ru 

Verevkin Dmitriy Vladimirovich , Senior lecturer, D. Serikbayev East Kazakhstan State 
Technical University, Ust-Kamenogorsk, Kazakhstan, dvverevkin@ya.ru 

Abstract. This work describes the characteristics of the constructive solution of the building. A 
photo of the interior is shown. An analysis of the features of interfloor ceilings is given. The operating 
conditions are analyzed. The causes of destruction of the shelves of ribbed slabs are considered. The 
current vehicle loads are determined. The values of concentrated loads are calculated. The calculation for 
the punching of the shelves is made according to the old design standards. Conditions for the application 
of loads are clarified. The influence of the size of the load application sites is shown. The calculation for 
punching is made according to Eurocode 2. The dimensions of the main control section are determined. A 
punching model has been developed. A comparative analysis of two calculations is carried out. The stress 
state of the shelf is estimated using the finite element method. The theoretical and full-scale dimensions 
of the shelf damage zones are compared. A photo of the damage is shown. The conclusion is drawn on the 
decisive role of tensile stresses from bending. The option of reinforcing the shelf of the slab is proposed. 

Keywords: reinforced concrete slab, shelf, concentrated load, punching, design norm, Eurocode 
2, calculation, comparative analysis of reinforcement. 
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�d�h�g�k�l�j�m�b�j�h�\�Z�e�b�k�v�� �k�� �m�l�h�e�s�_�g�g�h�c�� �i�h�e�d�h�c��
(40-�������f�f���\�f�_�k�l�h���������f�f�������q�l�h�[�u���h�[�_�k�i�_�q�b�l�v��
�i�j�h�q�g�h�k�l�v���g�Z���i�j�h�^�Z�\�e�b�\�Z�g�b�_�� 

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

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

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

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

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

 

 
 

�J�b�k. 1 �± �H�[�s�b�c �\�b� ̂�f�_�`�^�m�w�l�Z�`�g�h�]�h �i�_�j�_�d�j�u�l�b�y 
Fig. 1 �± General view of the floor overlap 

 
�J�Z�a�f�_�j�u�� �w�e�_�f�_�g�l�h�\�� �i�_�j�_�d�j�u�l�b�c, 

�k�e�_�^�m�x�s�b�_���� �d�Z�i�b�l�_�e�b�� �d�\�Z�^�j�Z�l�g�h�c�� �n�h�j�f�u����
���������î���������� �f�f���� �g�Z�^�d�h�e�h�g�g�u�_�� �i�e�b�l�u��

���������î���������� �f�f���� �i�j�h�e�_�l�g�u�_�� �i�e�b�l�u��
���������î�����������f�f�� 

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

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

�>�e�y�� �j�Z�k�q�z�l�Z�� �i�e�b�l�� �g�Z�� �i�j�h�^�Z�\�e�b�\�Z�g�b�_��
�i���� ���������� �g�h�j�f�� �i�j�h�_�d�l�b�j�h�\�Z�g�b�y�� �>���@��
�j�_�d�h�f�_�g�^�m�_�l���k�e�_�^�m�x�s�m�x���n�h�j�f�m�e�m�� 

 

F �”���.�ÂRbt�Âum�Âho , (1) 

�]�^�_  F �± �i�j�h�^�Z�\�e�b�\�Z�x�s�Z�y���k�b�e�Z�� 
�. = 1.0 �± �d�h�w�n�n�b�p�b�_�g�l���^�e�y���l�y�`�_�e�h�]�h��

�[�_�l�h�g�Z�� 

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

Rbt �± �j�Z�k�q�z�l�g�h�_�� �k�h�i�j�h�l�b�\�e�_�g�b�_��
�l�y�`�z�e�h�]�h �[�_�l�h�g�Z�� �d�e�Z�k�k�Z�� �<������ �j�Z�k�l�y�`�_�g�b�x����
�j�Z�\�g�h�_�������������d�]�k���k�f2; 

ho � ���������f�f���± �j�Z�[�h�q�Z�y���\�u�k�h�l�Z���k�_�q�_�g�b�y��
�i�e�b�l�u�� 

�G�Z�� �h�k�g�h�\�_�� �g�Z�l�m�j�g�u�o�� �a�Z�f�_�j�h�\�� �d�h�e�z�k��
�Z�\�l�h�i�h�]�j�m�a�q�b�d�Z�� �m�k�l�Z�g�h�\�e�_�g�h���� �q�l�h�� �j�Z�a�f�_�j�u��
�i�e�h�s�Z�^�d�b���� �g�Z�� �d�h�l�h�j�h�c�� �i�_�j�_�^�Z�_�l�k�y 
�k�h�k�j�_�^�h�l�h�q�_�g�g�Z�y�� �g�Z�]�j�m�a�d�Z�� ���i�e�h�s�Z�^�v��
�d�Z�k�Z�g�b�y�� �d�h�e�_�k�Z�� �g�Z�� �j�_�a�b�g�h�\�h�f�� �o�h�^�m�� �k��
�i�_�j�_�d�j�u�l�b�_�f���� �j�Z�\�g�Z�� �����î������ �k�f���� �M�q�b�l�u�\�Z�y��
�g�_�j�Z�\�g�h�f�_�j�g�u�c�� �o�Z�j�Z�d�l�_�j�� �i�_�j�_�^�Z�q�b��
�g�Z�]�j�m�a�d�b���� �g�b�`�_�� �\�� �j�Z�k�q�_�l�_�� �i�j�b�g�y�l�Z��
�i�e�h�s�Z�^�d�Z�� �j�Z�a�f�_�j�h�f�� �����î������ �k�f���� �I�j�b��
�l�h�e�s�b�g�_�� �i�e�b�l�u�� ������ �f�f�� �b�� �a�Z�s�b�l�g�h�f�� �k�e�h�_��
�[�_�l�h�g�Z�� �k�_�l�d�b���� �j�Z�\�g�h�f�� ������ �f�f���� �\�u�k�h�l�Z��
�i�b�j�Z�f�b�^�u���i�j�h�^�Z�\�e�b�\�Z�g�b�y���k�h�k�l�Z�\�e�y�_�l���������f�f��
���j�b�k�m�g�h�d�� ������ �[������ �L�h�]�^�Z�� �g�b�`�g�b�c�� �i�_�j�b�f�_�l�j��
�i�b�j�Z�f�b�^�u�� �[�m�^�_�l�� �j�Z�\�_�g�� �����î������ �k�f���� �b��
�\�_�e�b�q�b�g�Z�� 

 

um = 
�� ��

2
418410 �˜���˜

� ���������k�f�� 

 
�Z�� 

 

�[�� 

 

 

�Z���± �i�h�i�_�j�_�q�g�h�_���k�_�q�_�g�b�_���i�j�h�e�z�l�g�h�c���i�e�b�l�u�����[���± �k�o�_�f�Z���i�j�h�^�Z�\�e�b�\�Z�g�b�y 
 

�J�b�k���������± �D���j�Z�k�q�z�l�m���j�_�[�j�b�k�l�h�c���i�e�b�l�u���k�h�]�e�Z�k�g�h���>���@ 
Fig. 2 �± To the calculation of the ribbed plate according to [2] 
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�K�e�_�^�h�\�Z�l�_�e�v�g�h���� �g�_�k�m�s�Z�y��
�k�i�h�k�h�[�g�h�k�l�v�� �i�e�b�l�u�� �g�Z�� �i�j�h�^�Z�\�e�b�\�Z�g�b�_��
�h�[�_�k�i�_�q�b�\�Z�_�l�k�y���� �L�_�f�� �g�_�� �f�_�g�_�_�� �b�f�_�x�l�k�y��
�i�j�b�a�g�Z�d�b�� �i�h�l�_�j�b�� �g�_�k�m�s�_�c�� �k�i�h�k�h�[�g�h�k�l�b����
�\�i�e�h�l�v�� �^�h�� �i�h�e�g�h�]�h�� �j�Z�a�j�m�r�_�g�b�y�� �b��
�i�j�h�\�Z�e�b�\�Z�g�b�y�� �d�h�e�_�k�Z���� �l���_���� �i�j�_�^�e�Z�]�Z�_�f�u�c��
�g�h�j�f�Z�f�b�� �i�j�h�_�d�l�b�j�h�\�Z�g�b�y�� �>���@�� �j�Z�k�q�z�l�� �g�_��
�k�h�h�l�\�_�l�k�l�\�m�_�l���j�_�Z�e�v�g�h�c���j�Z�[�h�l�_���i�e�b�l�u�� 

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

�>�e�y�� �b�a�m�q�_�g�b�y�� �g�Z�i�j�y�`�z�g�g�h-
�^�_�n�h�j�f�b�j�h�\�Z�g�g�h�]�h�� �k�h�k�l�h�y�g�b�y�� �i�e�b�l�u�� �b��

�h�i�j�_�^�_�e�_�g�b�y�� �\�_�e�b�q�b�g�� �^�_�c�k�l�\�m�x�s�b�o��
�g�Z�i�j�y�`�_�g�b�c�� �b�k�i�h�e�v�a�h�\�Z�e�k�y�� �f�_�l�h�^��
�d�h�g�_�q�g�u�o�� �w�e�_�f�_�g�l�h�\���� �j�_�Z�e�b�a�h�\�Z�g�g�u�c�� �k��
�i�h�f�h�s�v�x�� �i�j�h�]�j�Z�f�f�u��SCAD 21.1.9.5. 
�A�Z�^�Z�q�_�c�� �j�Z�k�q�z�l�Z�� �[�u�e�h�� �\�u�y�\�e�_�g�b�_��
�f�Z�d�k�b�f�Z�e�v�g�u�o�� �g�Z�i�j�y�`�_�g�b�c���� �^�_�c�k�l�\�m�x�s�b�o��
�\�� �i�e�h�k�d�h�k�l�b�� �i�h�e�d�b���� �h�d�Z�a�u�\�Z�x�s�b�o��
�f�Z�d�k�b�f�Z�e�v�g�h�_�� �\�e�b�y�g�b�_�� �g�Z�� �i�j�h�q�g�h�k�l�v 
�[�_�l�h�g�Z���� �L�Z�d�h�c�� �i�h�^�o�h�^�� �y�\�e�y�_�l�k�y��
�i�j�b�[�e�b�`�_�g�g�u�f���� �l�Z�d�� �d�Z�d�� �g�_�� �m�q�b�l�u�\�Z�_�l��
�^�j�m�]�b�o�� �d�h�f�i�h�g�_�g�l�h�\�� �l�_�g�a�h�j�Z�� �g�Z�i�j�y�`�_�g�b�c����
�H�^�g�Z�d�h�� �h�g�� �h�i�j�Z�\�^�Z�g�� �k�Z�f�h�c�� �d�Z�j�l�b�g�h�c��
�j�Z�a�j�m�r�_�g�b�y���� �\�� �d�h�l�h�j�h�c�� �i�j�h�y�\�e�y�_�l�k�y��
�j�_�r�Z�x�s�_�_�� �\�e�b�y�g�b�_�� �g�Z�� �i�j�h�q�g�h�k�l�v�� �[�_�l�h�g�Z��
�]�h�j�b�a�h�g�l�Z�e�v�g�u�o�� �j�Z�k�l�y�]�b�\�Z�x�s�b�o��
�g�Z�i�j�y�`�_�g�b�c�� �\�� �m�j�h�\�g�_�� �g�b�`�g�_�c�� �]�j�Z�g�b�� �i�h�e�d�b��
�i�e�b�l�u���� �W�l�h�� �i�h�a�\�h�e�y�_�l�� �j�_�r�b�l�v��
�i�h�k�l�Z�\�e�_�g�g�m�x���a�Z�^�Z�q�m���h�p�_�g�d�b���i�j�h�q�g�h�k�l�b�����g�_��
�i�j�b�[�_�]�Z�y�� �d�� �i�h�^�[�h�j�m�� �i�h�^�o�h�^�y�s�_�c��
�n�_�g�h�f�_�g�h�e�h�]�b�q�_�k�d�h�c���l�_�h�j�b�b���i�j�h�q�g�h�k�l�b�� 

 

 
 

�J�b�k���������± �I�h�\�j�_�`�^�_�g�b�_���i�h�e�d�b���i�e�b�l�u���\���f�_�k�l�_���i�j�h�^�Z�\�e�b�\�Z�g�b�y 
Fig.3 �± Damage to the plate shelf in the place of punching 

 
�G�_�k�m�s�Z�y�� �k�i�h�k�h�[�g�h�k�l�v�� �i�e�b�l�u�� �g�Z��

�i�j�h�^�Z�\�e�b�\�Z�g�b�_���[�m�^�_�l���j�Z�\�g�Z�� 
 

[F�@��� ��������������������������� �������������d�]�k���!���J��� �������������d�]�k�� 
 

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

�w�l�h�f�� �\�e�b�y�g�b�_�� �Z�j�f�Z�l�m�j�g�h�c�� �k�_�l�d�b����
�j�Z�k�i�h�e�h�`�_�g�g�h�c�� �\�� �m�j�h�\�g�_�� �g�_�c�l�j�Z�e�v�g�h�]�h��
�k�e�h�y���� �g�_�� �m�q�b�l�u�\�Z�e�h�k�v���� �F�Z�d�k�b�f�Z�e�v�g�u�_��
�j�Z�k�l�y�]�b�\�Z�x�s�b�_�� �g�Z�i�j�y�`�_�g�b�y�� �\�� �m�j�h�\�g�_��
�g�b�`�g�_�c�� �]�j�Z�g�b�� �i�e�b�l�u�� �k�h�k�l�Z�\�b�e�b�� ���������� �F�I�Z����
�l���_���� �i�j�_�\�u�k�b�e�b�� �j�Z�k�q�z�l�g�h�_�� �k�h�i�j�h�l�b�\�e�_�g�b�_��
Rbt � �� �������� �F�I�Z�� �i�h�q�l�b�� �\�� ������ �j�Z�a���� �i�h�w�l�h�f�m��
�y�\�e�y�x�l�k�y���[�h�e�_�_���h�i�Z�k�g�u�f�b�� 
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�J�Z�a�f�_�j�u�� �a�h�g�u�� �i�h�\�j�_�`�^�_�g�b�y�� �[�_�l�h�g�Z����
�\�� �d�h�l�h�j�h�c�� �j�Z�k�l�y�]�b�\�Z�x�s�b�_�� �g�Z�i�j�y�`�_�g�b�y��
�\�u�a�u�\�Z�x�l�� �i�h�y�\�e�_�g�b�_�� �l�j�_�s�b�g���� �^�h�k�l�b�]�Z�x�l��
�i�j�b�f�_�j�g�h�� ���î���� �f���� �W�l�h�� �i�h�^�l�\�_�j�`�^�Z�_�l�k�y��
�k�h�i�h�k�l�Z�\�e�_�g�b�_�f�� �j�_�Z�e�v�g�h�c�� �h�[�e�Z�k�l�b�� �l�j�_�s�b�g��
���j�b�k�m�g�h�d�� ������ �b�� �l�_�h�j�_�l�b�q�_�k�d�h�c�� �d�Z�j�l�b�g�u��
���j�b�k�m�g�h�d�������� 

�I�j�h�\�_�j�d�Z�� �i�e�b�l�u�� �g�Z�� �i�j�h�^�Z�\�e�b�\�Z�g�b�_��
�\�u�i�h�e�g�y�e�Z�k�v�� �l�Z�d�`�_�� �b�� �i�h�� �?�\�j�h�d�h�^�m�� �>���@����
�K�_�q�_�g�b�_�� �f�h�^�_�e�b�� �j�Z�k�q�z�l�Z�� �g�Z�� �i�j�h�^�Z�\�e�b�\�Z�g�b�_��
�i�h�d�Z�a�Z�g�h�� �g�Z�� �j�b�k�m�g�d�_�� ������ �I�j�h�\�_�j�d�Z��
�i�j�h�q�g�h�k�l�b�� �^�e�y�� �h�k�g�h�\�g�h�]�h�� �d�h�g�l�j�h�e�v�g�h�]�h��
�k�_�q�_�g�b�y���b�f�_�_�l���\�b�^: 

 
VEd �”��VRd,c , (2) 

 

�]�^�_��VEd �± �f�Z�d�k�b�f�Z�e�v�g�h�_���g�Z�i�j�y�`�_�g�b�_��
�h�l���i�j�h�^�Z�\�e�b�\�Z�g�b�y�����F�I�Z�� 
   VRd,c �± �j�Z�k�q�z�l�g�h�_�� �k�h�i�j�h�l�b�\�e�_�g�b�_��
�i�j�h�^�Z�\�e�b�\�Z�g�b�x�� �i�e�b�l�u�� �[�_�a�� �i�h�i�_�j�_�q�g�h�c��
�Z�j�f�Z�l�m�j�u���\���j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�f���d�h�g�l�j�h�e�v�g�h�f��
�k�_�q�_�g�b�b�����F�I�Z�� 
 

VRd,c � ���KRd,c��K�������������!1��fc�d) 3

1

 + K1���1�k�j��

�•����min + K1���1�k�j 
(3) 

 

�]�^�_�� fc�d � �� ������ �F�I�Z�� �± 
�o�Z�j�Z�d�l�_�j�b�k�l�b�q�_�k�d�Z�y�� �p�b�e�b�g�^�j�b�q�_�k�d�Z�y��
�i�j�h�q�g�h�k�l�v�� �[�_�l�h�g�Z�� �g�Z�� �k�`�Z�l�b�_�� �\�� �\�h�a�j�Z�k�l�_�� ������
�k�m�l�h�d�����l�Z�[�e�b�p�Z�����������>���@���� 

 

�D��� ��
d

200
1�� �����]�^�_��

d �\���f�f�� 
 

 

�!1 = 
�d�˜ z�m 11 �U�U 0.02;  

�!1�m �b�� �!1z �± �d�h�w�n�n�b�p�b�_�g�l�u��
�Z�j�f�b�j�h�\�Z�g�b�y���� �i�j�b�� �Z�j�f�b�j�h�\�Z�g�b�b�� �k�_�l�d�h�c�� �b�a��
�i�j�h�\�h�e�h�d�b �^�b�Z�f�_�l�j�h�f�� ���� �f�f�� �k�� �j�Z�a�f�_�j�h�f��
�y�q�_�_�d���������î���������f�f���h�g�b���j�Z�\�g�u�������������� 

�1�k�j = 
2

czcy �V�V ��
  

�1�k�m �b���1�kz �± �g�Z�i�j�y�`�_�g�b�y�� �\�� �[�_�l�h�g�_�� �\��
�g�Z�i�j�Z�\�e�_�g�b�y�o���m���b��z �\���d�j�b�l�b�q�_�k�d�h�f���k�_�q�_�g�b�b��
�\���F�I�Z���� 

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

�K�h�]�e�Z�k�g�h�� �g�Z�p�b�h�g�Z�e�v�g�h�f�m��
�i�j�b�e�h�`�_�g�b�x���>���@�� 

 

�KRd,c = 
5.1
18.018.0

� 
�k�J

= 0.12;  K1 = 

0.1;  ��min � ���������������D2
3

�� fc�d2

1

; 
 

���k = 1.5 �± �q�Z�k�l�g�u�c���d�h�w�n�n�b�p�b�_�g�l���^�e�y��
�[�_�l�h�g�Z�� �i�j�b�� �i�h�k�l�h�y�g�g�h�c�� �b�� �i�_�j�_�o�h�^�g�h�c��
�g�Z�]�j�m�a�d�_�� �h�i�j�_�^�_�e�y�_�l�k�y���i�h���l�Z�[�e�b�p�_��������N[3]. 

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

 

�D��� ��
40
200

1��  = �������������”������ 

��min � ����������������2
3

�� 302

1

 = 0.542; 

VRd,c � ��������������������������������������������3

1

 + 
���������� �•������������������������������ 

�����������•������������ 
 

 

�F�Z�d�k�b�f�Z�e�v�g�u�_�� �g�Z�i�j�y�`�_�g�b�y�� �g�Z��
�h�k�g�h�\�g�h�f���d�h�g�l�j�h�e�v�g�h�f���i�_�j�b�f�_�l�j�_���j�Z�\�g�u�� 

 

VEd = 
104304

1800
�˜�˜�˜

 � ���������������F�I�Z�����������������F�I�Z�� 

 

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �g�_�k�m�s�Z�y��
�k�i�h�k�h�[�g�h�k�l�v�� �k�h�]�e�Z�k�g�h�� �>���@�� �l�Z�d�`�_��
�^�h�k�l�Z�l�h�q�g�Z�� 
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�J�b�k. 4 �± �G�Z�i�j�y�`�z�g�g�h�_ �k�h�k�l�h�y�g�b�_ �i�h�e�d�b �i�e�b�l�u 
Fig. 4 �± The stress state of the shelf plate 

 
�K�e�_�^�h�\�Z�l�_�e�v�g�h���� �\�� �^�Z�g�g�h�f�� �k�e�m�q�Z�_��

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

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

 

 
 

�J�b�k���������± �F�h�^�_�e�v���j�Z�k�q�z�l�Z���g�Z���i�j�h�^�Z�\�e�b�\�Z�g�b�_���\���k�_�q�_�g�b�b���i�e�b�l�u���k�h�]�e�Z�k�g�h���>���@ 
Fig. 5 �± Model of calculation for pressing in the cross section of the plate according to [3] 
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�<�u�\�h�^�u�� ������ �I�j�b�� �j�Z�k�q�z�l�_�� �g�Z��
�i�j�h�^�Z�\�e�b�\�Z�g�b�_�� �g�_�h�[�o�h�^�b�f�h�� �m�q�b�l�u�\�Z�l�v�� �g�_��
�l�h�e�v�d�h�� �\�_�j�l�b�d�Z�e�v�g�u�_�� �j�Z�k�l�y�]�b�\�Z�x�s�b�_��
�g�Z�i�j�y�`�_�g�b�y���� �^�_�c�k�l�\�m�x�s�b�_�� �g�Z�� �g�Z�d�e�h�g�g�u�o��
�]�j�Z�g�y�o�� �i�b�j�Z�f�b�^�u�� �i�j�h�^�Z�\�e�b�\�Z�g�b�y����
�G�_�h�[�o�h�^�b�f�h�� �\�g�Z�q�Z�e�_�� �h�i�j�_�^�_�e�b�l�v��
�g�Z�i�j�y�`�_�g�b�y���h�l���b�a�]�b�[�Z�����\���h�k�h�[�_�g�g�h�k�l�b�����_�k�e�b��
�j�Z�a�f�_�j�u���i�h�e�d�b���i�e�b�l�u���\���i�e�Z�g�_���f�g�h�]�h�d�j�Z�l�g�h��
�i�j�_�\�u�r�Z�x�l�� �_�z�� �l�h�e�s�b�g�m���� �<�� �w�l�h�f�� �k�e�m�q�Z�_��
�j�Z�k�q�z�l�� �g�Z���b�a�]�b�[�� �^�Z�z�l�� �^�h�k�l�h�\�_�j�g�m�x���d�Z�j�l�b�g�m��
�g�Z�i�j�y�`�z�g�g�h�]�h�� �k�h�k�l�h�y�g�b�y�� �i�h�e�d�b�� �b��
�h�[�t�y�k�g�y�_�l���i�j�b�q�b�g�u���j�Z�a�j�m�r�_�g�b�y�� 

������ �K�h�i�h�k�l�Z�\�b�l�_�e�v�g�u�c�� �Z�g�Z�e�b�a��
�i�h�d�Z�a�u�\�Z�_�l���� �q�l�h�� �j�Z�k�q�z�l�� �g�Z�� �i�j�h�^�Z�\�e�b�\�Z�g�b�_��
�i�h�� �?�\�j�h�d�h�^�m�� ���� �>���@�� �[�h�e�_�_�� �l�h�q�g�h�� �m�q�b�l�u�\�Z�_�l��
�d�h�f�i�h�g�_�g�l�u�� �l�_�g�a�h�j�Z�� �g�Z�i�j�y�`�_�g�b�c���� �<��

�n�h�j�f�m�e�m�� �������� �\�d�e�x�q�_�g�u�� �g�Z�i�j�y�`�_�g�b�y�� �1�k�j, 
�i�j�b�� �^�_�c�k�l�\�b�b�� �d�h�l�h�j�u�o�� �k�h�a�^�Z�x�l�k�y�� �m�k�e�h�\�b�y����
�[�e�b�a�d�b�_�� �d�� �l�j�z�o�h�k�g�h�f�m�� �k�`�Z�l�b�x���� �<��
�j�_�a�m�e�v�l�Z�l�_�� �w�l�h�]�h, �i�j�h�q�g�h�k�l�v�� �g�Z��
�i�j�h�^�Z�\�e�b�\�Z�g�b�_��VRd,c �i�h�\�u�r�Z�_�l�k�y���� �J�Z�k�q�z�l��
�i�h���k�l�Z�j�u�f���g�h�j�f�Z�f���i�j�h�_�d�l�b�j�h�\�Z�g�b�y���>���@���w�l�h�l��
�n�Z�d�l�h�j���g�_���m�q�b�l�u�\�Z�_�l�� 

������ �>�e�y�� �m�k�b�e�_�g�b�y�� �i�e�b�l�u�� �g�_�h�[�o�h�^�b�f�h��
�m�\�_�e�b�q�b�l�v�� �_�z�� �l�h�e�s�b�g�m�� �_�s�z�� �g�Z�� ������ �f�f����
�i�j�_�^�\�Z�j�b�l�_�e�v�g�h�� �m�^�Z�e�b�\�� �i�h�d�j�u�l�b�_�� �i�h�e�Z�� �b�a��
�p�_�f�_�g�l�g�h�c�� �k�l�y�`�d�b���� �M�d�e�Z�^�d�m��
�^�h�i�h�e�g�b�l�_�e�v�g�h�]�h�� �k�e�h�y�� �f�_�e�d�h�a�_�j�g�b�k�l�h�]�h��
�[�_�l�h�g�Z�� �g�Z�^�h�� �\�_�k�l�b�� �i�h�� �Z�j�f�Z�l�m�j�g�h�c�� �k�_�l�d�_����
�q�l�h�� �m�e�m�q�r�b�l�� �_�]�h�� �k�p�_�i�e�_�g�b�_�� �k�� �[�_�l�h�g�h�f��
�i�h�e�d�b�� 
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Abstract. The article describes the method of vibration diagnostics, also shows a spectral analysis 
that allows you to solve the following problems: to determine the resonant frequencies and damping 
properties of various structures of the railway track; to forecast the speeds of the rolling stock at which 
resonance phenomena will occur on the track structure under study. 

In the Republic of Kazakhstan, there are increasingly high requirements for the reliability of 
railway transport in the conditions of dynamic economic development. Experience in railway operation 
shows that with reinforced concrete sleepers, the output of rails for joint defects increased two to three 
times compared to the output with wooden sleepers. There is also a more intense formation of undulating 
wear of the rails and a more intense deformation of the main platform of the roadbed. We know that the 
main reason for all the above disadvantages of railway tracks with reinforced concrete sleepers is their 
lower ability to dampen vibrations that occur when moving rolling stock, compared with wooden 
sleepers. For this purpose, issues related to determining the impact of vibration effects on the operation of 
railway elements become particularly relevant when operating a railway. 

Keywords: vibration diagnostics, spectral analysis, resonant frequencies, damping properties of 
various structures, movement speed 
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�k�h�h�l�\�_�l�k�l�\�m�x�s�b�_�� �f�h�^�Z�f�� �b�a�]�b�[�g�u�o��
�d�h�e�_�[�Z�g�b�c�� �d�h�g�k�l�j�m�d�p�b�b�� �i�m�l�b��if , 

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

 

 
trace 1, trace �����b��trace 3 �± �k�h���k�d�j�_�i�e�_�g�b�_�f���l�b�i�Z��FOSSLOH, KZF-�������b���@�;�J-�����R�> 

 
�J�b�k�m�g�h�d�������± �I�j�b�f�_�j���]�j�Z�n�b�d�h�\���k�i�_�d�l�j�Z�e�v�g�h�c���i�e�h�l�g�h�k�l�b���h�l�d�e�b�d�h�\���\�b�[�j�h�k�d�h�j�h�k�l�b�����i�h�e�m�q�_�g�g�u�o���g�Z��

�j�Z�a�e�b�q�g�u�o���d�h�g�k�l�j�m�d�p�b�y�o���\�_�j�o�g�_�]�h���k�l�j�h�_�g�b�y���i�m�l�b 
Figure 1 - Example of spectral density graphs of vibration velocity responses obtained on various 

structures of the upper structure of the path 
 

������ �E�h�]�Z�j�b�n�f�b�q�_�k�d�b�c�� �^�_�d�j�_�f�_�g�l��
�d�h�e�_�[�Z�g�b�c���� �h�i�j�_�^�_�e�y�_�f�u�c�� �g�Z�� �h�k�g�h�\�Z�g�b�b��
�k�\�y�a�b�� �f�_�`�^�m�� �e�h�]�Z�j�b�n�f�b�q�_�k�d�b�f��
�^�_�d�j�_�f�_�g�l�h�f�� �b�� �r�b�j�b�g�h�c�� �k�i�_�d�l�j�Z�e�v�g�h�c��
�e�b�g�b�b�� 
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(1) 

�]�^�_��id , if�' , if  �± �e�h�]�Z�j�b�n�f�b�q�_�k�d�b�c��

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

������ �D�h�w�n�n�b�p�b�_�g�l�� �^�b�g�Z�f�b�q�g�h�k�l�b��i�E , 

�h�i�j�_�^�_�e�y�_�f�u�c���g�Z���h�k�g�h�\�Z�g�b�b �a�Z�\�b�k�b�f�h�k�l�b�� 
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(2) 

 

�]�^�_��vf  �± �q�Z�k�l�h�l�Z���\�h�a�^�_�c�k�l�\�b�y�� 

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

�^�\�b�`�_�g�b�y�� �i�h�^�\�b�`�g�h�]�h�� �k�h�k�l�Z�\�Z��V  �b��
�i�Z�j�Z�f�_�l�j�h�\���\�h�a�[�m�`�^�_�g�b�y���\�b�[�j�Z�p�b�b��vl : 

 

v
v l

V
f �  

(3) 

�O�Z�j�Z�d�l�_�j�g�u�_�� �i�Z�j�Z�f�_�l�j�u��vl  

�b�k�l�h�q�g�b�d�Z�� �\�b�[�j�Z�p�b�b�� �i�j�_�^�k�l�Z�\�e�_�g�u�� �g�Z��
�j�b�k�m�g�d�_������ 
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trace 1, trace �����b��trace 3 �± �k�h���k�d�j�_�i�e�_�g�b�_�f���l�b�i�Z��FOSSLOH, KZF-�������b���@�;�J-�����R�> 

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

Figure 2 - an Example of the dependence of the dynamic coefficient on the speed of movement of rolling 
stock, obtained on various structures of the upper structure of the track 

 

 
1 �± �j�Z�k�k�l�h�y�g�b�_�� �f�_�`�^�m�� �h�i�h�j�g�u�f�b�� �w�e�_�f�_�g�l�Z�f�b�� �i�m�l�b; 2 �± �j�Z�k�k�l�h�y�g�b�_�� �f�_�`�^�m�� �d�h�e�_�k�g�u�f�b�� �i�Z�j�Z�f�b�� �l�_�e�_�`�d�b��                
3 �± �j�Z�k�k�l�h�y�g�b�_���f�_�`�^�m���k�h�k�_�^�g�b�f�b���l�_�e�_�`�d�Z�f�b���k�h�k�_�^�g�b�o���\�Z�]�h�g�h�\�������� �± �j�Z�k�k�l�h�y�g�b�_���f�_�`�^�m���l�_�e�_�`�d�Z�f�b���h�^�g�h�]�h��
�\�Z�]�h�g�Z���������± �f�_�`�^�m�\�Z�]�h�g�g�h�_���j�Z�k�k�l�h�y�g�b�_ 

 

�J�b�k�m�g�h�d 3 �± �O�Z�j�Z�d�l�_�j�g�u�_ �i�Z�j�Z�f�_�l�j�u �b�k�l�h�q�g�b�d�Z �\�b�[�j�Z�p�b�b 
Figure 3 - Characteristic parameters of the vibration source 

 
�K�e�_�^�m�_�l�� �h�l�f�_�l�b�l�v���� �q�l�h�� �^�e�y��

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

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

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

�<�h-�i�_�j�\�u�o���� �m�^�Z�j�g�h�_�� �\�h�a�^�_�c�k�l�\�b�_�� �g�Z��
�d�h�g�k�l�j�m�d�p�b�x�� �i�m�l�b�� �^�h�e�`�g�h��
�o�Z�j�Z�d�l�_�j�b�a�h�\�Z�l�v�k�y���h�i�l�b�f�Z�e�v�g�h�c���\�_�e�b�q�b�g�h�c��
�^�e�b�l�_�e�v�g�h�k�l�b�� �m�^�Z�j�g�h�]�h�� �b�f�i�m�e�v�k�Z���2��
���j�b�k�m�g�h�d�� ������ �������� �>�e�b�l�_�e�v�g�h�k�l�v�� �m�^�Z�j�g�h�]�h��
�b�f�i�m�e�v�k�Z���2���� �\�� �i�_�j�\�h�f�� �i�j�b�[�e�b�`�_�g�b�b��
�h�i�j�_�^�_�e�y�_�l�k�y�� �g�Z�� �h�k�g�h�\�_�� �l�_�h�j�b�b�� �m�^�Z�j�Z��
�=�_�j�p�Z�� 
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(4) 

�]�^�_��1E , 
2E  �b��1�P , 2�P  �± �f�h�^�m�e�b�� �X�g�]�Z�� �b��

�d�h�w�n�n�b�p�b�_�g�l�u�� �I�m�Z�k�k�h�g�Z���� �k�h�h�l�\�_�l�k�l�\�_�g�g�h����
�f�Z�l�_�j�b�Z�e�Z���m�^�Z�j�g�b�d�Z���b���j�_�e�v�k�h�\�h�c���k�l�Z�e�b����R �± 
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�j�Z�^�b�m�k�� �d�h�g�l�Z�d�l�g�h�c�� �i�h�\�_�j�o�g�h�k�l�b�� �m�^�Z�j�g�h�c��
�k�b�k�l�_�f�u����oV  �± �e�b�g�_�c�g�Z�y���k�d�h�j�h�k�l�v���m�^�Z�j�g�b�d�Z����

�F  �± �i�j�b�\�_�^�_�g�g�Z�y�� �f�Z�k�k�Z�� �k�h�m�^�Z�j�y�x�s�b�o�k�y��
�l�_�e�����j�Z�\�g�Z�y�� 
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(5) 

�]�^�_�� 1m  �b�� 2m  �± �f�Z�k�k�u����
�k�h�h�l�\�_�l�k�l�\�_�g�g�h���� �m�^�Z�j�g�b�d�Z�� �b�� �d�h�g�k�l�j�m�d�p�b�b��
�`�_�e�_�a�g�h�^�h�j�h�`�g�h�]�h���i�m�l�b�� 

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

�I�j�b�q�_�f���� �g�Z�q�Z�e�v�g�Z�y�� �Z�f�i�e�b�l�m�^�Z�� �w�l�b�o��
�d�h�e�_�[�Z�g�b�c��oS  �^�h�e�`�g�Z�� �[�u�l�v�� �l�Z�d�h�c���� �q�l�h�[�u��

�i�j�b���a�Z�^�Z�g�g�h�c���q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�b���i�j�b�_�f�g�h�]�h��
�\�b�[�j�h�^�Z�l�q�b�d�Z���]  �[�u�e�h�� �\�h�a�f�h�`�g�h��
�i�j�h�\�_�^�_�g�b�_�� �d�Z�q�_�k�l�\�_�g�g�h�]�h�� �k�i�_�d�l�j�Z�e�v�g�h�]�h��
�Z�g�Z�e�b�a�Z�� �j�_�]�b�k�l�j�b�j�m�_�f�u�o�� �h�l�d�e�b�d�h�\�� �g�Z��
�m�^�Z�j�g�h�_�� �\�h�a�^�_�c�k�l�\�b�_��( �]10�!oS ������ �G�Z�q�Z�e�v�g�Z�y��

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

�f�h�^�u�� �`�_�e�_�a�g�h�^�h�j�h�`�g�h�]�h�� �i�m�l�b����

21 mmm ��� . 
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�m�^�Z�j�g�h�]�h���b�f�i�m�e�v�k�Z 

 
�J�b�k�m�g�h�d�������± �A�Z�\�b�k�b�f�h�k�l�v���q�Z�k�l�h�l�g�h�]�h���k�i�_�d�l�j�Z���\�h�a�^�_�c�k�l�\�b�y���h�l���^�e�b�l�_�e�v�g�h�k�l�b���m�^�Z�j�g�h�]�h���b�f�i�m�e�v�k�Z 

Figure 4 - Dependence of the frequency spectrum of the impact on the duration of the shock pulse 
 

 
 

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

3 �± �k�i�_�d�l�j���h�l�d�e�b�d�Z���k�b�k�l�_�f�u���g�Z���m�^�Z�j�g�h�_���\�h�a�^�_�c�k�l�\�b�_ 
 

�J�b�k�m�g�h�d�������± �A�Z�\�b�k�b�f�h�k�l�v���k�i�_�d�l�j�Z���h�l�d�e�b�d�Z���k�b�k�l�_�f�u���h�l���q�Z�k�l�h�l�g�u�o���o�Z�j�Z�d�l�_�j�b�k�l�b�d���\�h�a�^�_�c�k�l�\�b�y 
Figure 5 - Dependence of the response spectrum of the system on the frequency characteristics of the 

impact 
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Abstract. The article discusses the means of measuring the geometric parameters of the path and 

diagnostics of the subgrade and engineering structures. An important conclusion was drawn that the use 
of complex means of monitoring the geometry of the track and assessing its condition for the appointment 
of scheduled and unplanned work, establishing acceptable speeds allows you to switch to a new system of 
track management. 

In the context of a constant increase in the volume and intensity of traffic, the role of effective use 
of modern means of diagnostics of the track and its elements to ensure the safety of train traffic is 
significantly increasing. 

Intensive equipping of Railways with modern track equipment has allowed 60-70 % of track 
works to be performed with modern technical complexes that meet the highest requirements. This makes 
it possible to switch to a new system of track management: from extensive technologies, which were 
characterized by a short time of repair and interruption of train traffic with a significant expenditure of 
resources, to resource-saving technologies used throughout the world, increase the inter-repair time, track 
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stability, and move to the purpose of repairs based on the actual state of the track and its elements. This is 
confirmed by the stability and improvement of operational indicators of the track condition. 

Keywords: KVL-P1M, KVL-P1MP, TsNII-4 track measuring cars, flaw detection 
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�w�d�k�i�e�m�Z�l�Z�p�b�h�g�g�u�f�b�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b����
�b�a�f�_�j�_�g�b�_�f�� �^�h�i�h�e�g�b�l�_�e�v�g�u�o�� �i�Z�j�Z�f�_�l�j�h�\��
���l�h�q�g�h�c�� �i�j�b�\�y�a�d�b�� �d�h�h�j�^�b�g�Z�l����
�\�h�e�g�h�h�[�j�Z�a�g�h�]�h�� �b�a�g�h�k�Z���� �k�l�u�d�h�\�u�o�� �a�Z�a�h�j�h�\����
�l�_�f�i�_�j�Z�l�m�j�u���j�_�e�v�k�h�\���� 

�<�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �h�k�g�h�\�g�u�f��
�k�j�_�^�k�l�\�h�f�� �d�h�g�l�j�h�e�y�� �]�_�h�f�_�l�j�b�q�_�k�d�b�o��
�i�Z�j�Z�f�_�l�j�h�\�� �k�h�k�l�h�y�g�b�y�� �j�_�e�v�k�h�\�h�c�� �d�h�e�_�b��
�y�\�e�y�_�l�k�y�� �i�m�l�_�b�a�f�_�j�b�l�_�e�v�� �k�b�k�l�_�f�u�� �P�G�B�B-
������ �I�j�b�g�p�b�i�� �j�Z�[�h�l�u�� �P�G�B�B-���� �h�k�g�h�\�Z�g�� �g�Z��
�f�_�o�Z�g�b�q�_�k�d�h�f�� �k�i�h�k�h�[�_�� �b�a�f�_�j�_�g�b�c�� �b��
�j�m�q�g�h�c�� �h�[�j�Z�[�h�l�d�_�� �j�_�a�m�e�v�l�Z�l�h�\����
�i�h�e�m�q�Z�_�f�u�o�� �g�Z�� �[�m�f�Z�`�g�h�c�� �e�_�g�l�_���� �A�Z�� �k�q�_�l��
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�m�k�l�Z�g�h�\�d�b�� �[�h�j�l�h�\�h�c�� �Z�\�l�h�f�Z�l�b�a�b�j�h�\�Z�g�g�h�c��
�k�b�k�l�_�f�u�� ���;�:�K���� �^�e�y�� �j�_�]�b�k�l�j�Z�p�b�b�� �b��
�j�Z�k�r�b�n�j�h�\�d�b���j�_�a�m�e�v�l�Z�l�h�\���b�a�f�_�j�_�g�b�c�����[�u�e�Z��
�i�j�h�\�_�^�_�g�Z�� �f�h�^�_�j�g�b�a�Z�p�b�y�� �P�G�B�B-������ �M��
�g�h�\�h�]�h�� �i�h�d�h�e�_�g�b�y�� �i�m�l�_�b�a�f�_�j�b�l�_�e�y�� �P�G�B�B-
4 - �\�� �h�l�e�b�q�b�_�� �h�l�� �P�G�B�B-���� �h�l�k�m�l�k�l�\�m�x�l��
�d�h�g�l�Z�d�l�b�j�m�x�s�b�_�� �k�� �j�_�e�v�k�h�f�� �w�e�_�f�_�g�l�u��
�b�a�f�_�j�b�l�_�e�v�g�h�c�� �k�b�k�l�_�f�u���� �<�f�_�k�l�h��
�f�_�o�Z�g�b�q�_�k�d�b�o�� �^�Z�l�q�b�d�h�\�� �b�k�i�h�e�v�a�m�x�l�k�y��
�h�i�l�b�q�_�k�d�b�_���� �W�l�h�� �i�h�a�\�h�e�y�_�l�� �b�k�d�e�x�q�b�l�v��
�h�r�b�[�d�b�� �b�a-�a�Z�� �b�g�_�j�p�b�h�g�g�h�k�l�b��
�f�_�o�Z�g�b�q�_�k�d�b�o�� �^�Z�l�q�b�d�h�\�� �b�� �m�\�_�e�b�q�b�l�v��
�j�Z�[�h�q�m�x�� �k�d�h�j�h�k�l�v�� �i�m�l�_�b�a�f�_�j�b�l�_�e�y�� �^�h�� ��������
�d�f���q���� �D�j�h�f�_�� �l�h�]�h���� �P�G�B�B-���� �h�[�h�j�m�^�h�\�Z�g��
�l�j�_�f�y�� �[�h�j�l�h�\�u�f�b�� �W�<�F���� �h�[�t�_�^�b�g�_�g�g�u�f�b�� �\��
�e�h�d�Z�e�v�g�m�x�� �k�_�l�v���� �q�l�h�� �i�h�a�\�h�e�y�_�l�� �i�h�e�m�q�Z�l�v��
�b�g�n�h�j�f�Z�p�b�x���h���k�h�k�l�h�y�g�b�b���i�m�l�b���\���j�_�Z�e�v�g�h�f��
�f�Z�k�r�l�Z�[�_���\�j�_�f�_�g�b���b���p�b�n�j�h�\�h�f���\�b�^�_�� 

�N�m�g�d�p�b�h�g�Z�e�v�g�h�_�� �g�Z�a�g�Z�q�_�g�b�_��
�\�Z�]�h�g�h�\��- �i�m�l�_�b�a�f�_�j�b�l�_�e�_�c�� �P�G�B�B-4 - 
�h�i�j�_�^�_�e�_�g�b�_�� �m�k�l�j�h�c�k�l�\�Z�� �i�m�l�b���� �k�t�_�f�d�Z�� �b��
�i�Z�k�i�h�j�l�b�a�Z�p�b�y�� �d�j�b�\�u�o�� �m�q�Z�k�l�d�h�\�� �i�m�l�b����
�i�j�h�^�h�e�v�g�h�]�h�� �i�j�h�n�b�e�y���� �h�p�_�g�d�Z�� �k�h�k�l�h�y�g�b�y��
�i�h�� �]�_�h�f�_�l�j�b�b�� �b�� �_�]�h�� �k�l�Z�[�b�e�v�g�h�k�l�b�� �i�j�b��
�w�d�k�i�e�m�Z�l�Z�p�b�b���� �h�p�_�g�d�Z�� �w�n�n�_�d�l�b�\�g�h�k�l�b�� �b��
�d�Z�q�_�k�l�\�Z���j�_�f�h�g�l�g�u�o���j�Z�[�h�l�� 

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

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

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

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

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

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

�K�j�_�^�k�l�\�Z�� �^�b�Z�]�g�h�k�l�b�d�b�� �a�_�f�e�y�g�h�]�h��
�i�h�e�h�l�g�Z�� �b�� �b�g�`�_�g�_�j�g�u�o�� �k�h�h�j�m�`�_�g�b�c��
�\�d�e�x�q�Z�x�l�� �\�� �k�_�[�y�� �\�Z�]�h�g�u�� �b�g�`�_�g�_�j�g�h-
�]�_�h�e�h�]�b�q�_�k�d�h�]�h�� �h�[�k�e�_�^�h�\�Z�g�b�y�� �<�B�=�H����
�e�Z�[�h�j�Z�l�h�j�b�b�� �E�B�=�H�� ���b�e�b�� �g�Z�]�j�m�a�h�q�g�u�_��
�i�h�_�a�^�Z�����b���]�_�h�j�Z�^�Z�j�u�� 

�G�Z�a�g�Z�q�_�g�b�_�f�� �\�Z�]�h�g�Z-�e�Z�[�h�j�Z�l�h�j�b�b��
�<�B�=�H���y�\�e�y�_�l�k�y�� 

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

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

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

�H�k�g�h�\�g�u�f�b�� �n�m�g�d�p�b�y�f�b�� �<�B�=�H��
�y�\�e�y�x�l�k�y�� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�I�_�j�_�^�\�b�`�g�Z�y���e�Z�[�h�j�Z�l�h�j�b�y���b�g�`�_�g�_�j-
�g�h-�]�_�h�e�h�]�b�q�_�k�d�h�]�h�� �h�[�k�e�_�^�h�\�Z�g�b�y�� ���E�B�=�H������
�h�k�g�Z-�s�_�g�g�Z�y���g�Z�]�j�m�a�h�q�g�u�f���Z�]�j�_�]�Z�l�h�f���G�K�F-
������ �b�� �b�a�f�_�j�b�l�_�e�v�g�h-�\�u�q�b�k�e�b�l�_�e�v�g�u�f��
�d�h�f�i�e�_�d�k�h�f���� �i�h�e�h�`�_�g�b�_��
�^�_�n�h�j�f�b�j�m�x�s�b�o�k�y�� �m�q�Z�k�l�d�h�\�� �f�h�`�_�l��
�h�i�j�_�^�_�e�y�l�v�� �i�h�� �h�k�p�b�e�e�h�]�j�Z�f�f�Z�f�� �m�i�j�m�]�b�o��
�h�k�Z�^�h�d���� �i�h�e�m�q�Z�_�f�u�o�� �i�h�_�a�^�Z�f�b�� �E�B�=�H�� �k��
�g�Z�]�j�m�a�d�h�c�� ������ �b�� ������ �l�k���h�k�v���� �M�i�j�m�]�b�_�� �h�k�Z�^�d�b��
�h�i�j�_-�^�_�e�y�x�l�k�y�� �k�h�k�l�h�y�g�b�_�f�� �k�d�j�_�i�e�_�g�b�c, 
�[�Z�e�e�Z�k�l�g�h�]�h�� �k�e�h�y���� �Z�� �l�Z�d�`�_�� �i�h�^�[�Z�e�e�Z�k�l�g�h�c��
�]�j�m�g�l�h�\�h�c�� �k�j�_�^�u���� �L�Z�d�h�c�� �m�q�Z�k�l�h�d�� �l�Z�d�`�_�� �g�_-
�h�[�o�h�^�b�f�h���h�[�k�e�_�^�h�\�Z�l�v�� 
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�I�_�j�k�i�_�d�l�b�\�_�g�� �^�e�y�� �w�l�b�o�� �p�_�e�_�c�� �f�_�l�h�^��
�]�_�h�j�Z�^�b�h�e�h�d�Z�p�b�h�g�g�h�c�� �^�b�Z�]�g�h�k�l�b�d�b����
�d�h�l�h�j�u�c���i�h�a�\�h�e�y�_�l���i�h�e�m�q�b�l�v���j�Z�^�Z�j�h�]�j�Z�f�f�m��
�g�_�i�j�_�j�u�\�g�h�]�h�� �i�j�h�^�h�e�v�g�h�]�h�� �i�j�h�n�b�e�y��
�[�Z�e�e�Z�k�l�g�h�]�h�� �k�e�h�y�� �b�� �i�h�^�[�Z�e�e�Z�k�l�g�h�c��
�]�j�m�g�l�h�\�h�c�� �k�j�_�^�u���� �H�g�� �h�k�g�h�\�Z�g�� �g�Z��
�b�k�i�h�e�v�a�h�\�Z�g�b�b�� �]�_�h�j�Z�^�Z�j�h�\�� �b�f�i�m�e�v�k�g�h�]�h��
�l�b�i�Z�� �k�� �d�h�f�i�e�_�d�k�h�f�� �k�f�_�g�g�u�o�� �Z�g�l�_�g�g���� �I�j�b��
�b�a�e�m�q�_�g�b�b���i�_�j�_�^�Z�x�s�_�c���Z�g�l�_�g�g�h�c���d�h�j�h�l�d�b�o��
���h�l�� ���� �^�h�� ������ �g�k���� �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�u�o��
�b�f�i�m�e�v�k�h�\���� �i�j�h�g�b�d�Z�x�s�b�o�� �\�� �[�Z�e�e�Z�k�l�g�m�x�� �b��
�]�j�m�g�l�h�\�m�x�� �k�j�_�^�u�� �b�� �i�j�b�_�f�_�� �h�l�j�Z�`�_�g�g�u�o��
�k�b�]�g�Z�e�h�\�� �h�l�� �]�j�Z�g�b�p�� �b�o�� �j�Z�a�^�_�e�Z���� �b�f�_�x�s�b�o��
�j�Z�a�e�b�q�g�u�_�� �w�e�_�d�l�j�h�n�b�a�b�q�_�k�d�b�_�� �k�\�h�c�k�l�\�Z����
�i�j�b�_�f�g�Z�y�� �Z�g�l�_�g�g�Z�� �n�h�j�f�b�j�m�_�l��
�j�Z�^�Z�j�h�]�j�Z�f�f�u���� �i�h�� �d�h�l�h�j�u�f�� �\�� �j�_�a�m�e�v�l�Z�l�_��
�d�h�f�i�v�x�l�_�j�g�h�c�� �h�[�j�Z�[�h�l�d�b�� �f�h�`�g�h�� �h�p�_�g�b�l�v��
�k�h�k�l�h�y�g�b�_���b�k�k�e�_�^�m�_�f�h�c���k�j�_�^�u�� 

�D���g�Z�k�l�h�y�s�_�f�m���\�j�_�f�_�g�b���j�Z�a�j�Z�[�h�l�Z�g�u��
�b���k�h�a�^�Z�x�l�k�y���g�_�k�d�h�e�v�d�h���f�h�^�_�e�_�c���]�_�h�j�Z�^�Z�j�h�\��
�©�=�R�Q�G-�����F�ª�� ���G�I�H�� �©�J�Z�^�Z�j�ª���� �E�Z�l�\�b�y������
�©�=�j�h�l�ª�����B�A�F�B�J�:�G�������©�E�h�a�Z�ª�����<�G�B�B�K�F�B������
�©�H�D�H-�F�ª���b���^�j�� 

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

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

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

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

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

�=�_�h�j�Z�^�Z�j�� �©�I�j�h�n�b�e�v-���������ª��
�m�k�l�Z�g�Z�\�e�b�\�Z�_�l�k�y�� �g�Z�� �l�_�e�_�`�d�m�� �b�� �i�h�a�\�h�e�y�_�l��

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

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

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

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

�>�_�n�_�d�l�h�k�d�h�i�u�� �J�>�F-���� �b�� �:�\�b�d�h�g-01 
�i�j�b�g�p�b�i�b�Z�e�v�g�h�� �h�l�e�b�q�Z�x�l�k�y�� �h�l��
�^�_�n�_�d�l�h�k�d�h�i�h�\�� �I�h�b�k�d-���� �b�� �I�h�b�k�d��-�����W��
�g�h�\�u�f�b�� �k�o�_�f�Z�f�b�� �i�j�h�a�\�m�q�b�\�Z�g�b�y�� �j�_�e�v�k�h�\����
�H�g�b�� �k�h�^�_�j�`�Z�l���� �k�h�h�l�\�_�l�k�l�\�_�g�g�h���� �i�h�� �r�_�k�l�v�� �b��
�^�_�k�y�l�v�� �g�_�a�Z�\�b�k�b�f�u�o�� �d�Z�g�Z�e�h�\�� �g�Z�� �d�Z�`�^�m�x��
�g�b�l�v�� �i�m�l�b�� �b�� �h�[�g�Z�j�m-�`�b�\�Z�x�l�� �^�_�n�_�d�l�u����
�g�_�\�u�i�h�e�g�y�_�f�u�_�� �^�_�n�_�d�l�h�k�d�h�i�Z�f�b�� �I�h�b�k�d-2 
�b���I�h�b�k�d��-�����W�����l�Z�d�b�_���d�Z�d�� 

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

- �l�j�_�s�b�g�u�� �h�l�� �[�h�e�l�h�\�u�o�� �h�l�\�_�j�k�l�b�c��
�g�Z���j�Z�g�g�_�c���k�l�Z�^�b�b���b�o���j�Z�a�\�b�l�b�y�����d�h�^���������� 

- �i�j�h�^�h�e�v�g�u�_�� �]�h�j�b�a�h�g�l�Z�e�v�g�u�_��
�l�j�_�s�b�g�u���� �_�k�e�b�� �h�g�b�� �\�� �k�\�h�_�f�� �j�Z�a�\�b�l�b�b�� �g�_��
�^�h�k�l�b�]�e�b���h�k�b���j�_�e�v�k�Z�����d�h�^�u�������=�����������b���������� 

- �i�j�h�^�h�e�v�g�u�_�� �]�h�j�b�a�h�g�l�Z�e�v�g�u�_��
�l�j�_�s�b�g�u���� �j�Z�k�i�h�e�h�`�_�g�g�u�_�� �i�h�k�_�j�_�^�b�g�_��
�\�u�k�h�l�u���j�_�e�v�k�Z�����d�h�^���������� 

- �d�h�j�j�h�a�b�h�g�g�u�_�� �i�h�i�_�j�_�q�g�u�_��
�l�j�_�s�b�g�u���\���i�h�^�h�r�\�_���j�_�e�v�k�Z�����d�h�^���������� 

�D�j�h�f�_�� �l�h�]�h���� �h�g�b�� �m�d�h�f�i�e�_�d�l�h�\�Z�g�u��
�j�_�]�b�k�l�j�Z�l�h�j�Z�f�b�� �b�g�n�h�j�f�Z�p�b�b���� �^�e�y��
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Abstract. This article discusses the need to comply with an anti-theft system, which should not 
be significantly upset by the effects of temperature deformations of rails. Separate bonding also 
substantially satisfies this requirement. The fastening resistance is maintained even if the rail slipped 
relative to the fastening as a result of thermal deformations. With a crutch bonding with anti-theft, even 
spring-loaded modern design, the situation is much worse. 

Among the most significant advantages of a linkless track compared to a link (25 m) on wooden 
sleepers are: an increase in the service life of all elements of the upper structure of the track by about 
20%, which reduces the annual reduced costs to 5%, reducing the cost of train traction to 5%, improving 
the operation of rail chains on sections equipped with automatic locking and dispatcher centralization; 
less labor costs for maintenance and repair work. Along with the technical and economic efficiency, there 
are other advantages of a joint-free track: comfort of driving; protect the environment from noise. 

The joint-free path opens up the possibility of using large quantities of reinforced concrete 
sleepers produced by the industry, which will save a significant amount of high-quality wood. Despite the 
severe climatic and operational conditions, the joint-free track has found application on the Railways of 
Kazakhstan.  
 Keywords: deformation, rail, ballast subsidence, loosening of bolted joints, flaw detector 
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�]�j�m�a�h�g�Z�i�j�y�`�_�g�g�h�k�l�v�� �e�b�g�b�b�� �[�u�e�Z �g�Z�f�g�h�]�h��
�\�u�r�_���k�j�_�^�g�_�k�_�l�_�\�h�c�� 

�L�Z�d���� �g�Z�� �m�q�Z�k�l�d�Z�o�� �W�d�b�[�Z�k�l�m�a-�:�k�l�Z�g�Z����
�h�k�_�\�Z�y�� �g�Z�]�j�m�a�d�Z�� �]�j�m�a�h�\�u�o�� �\�Z�]�h�g�h�\��
�k�h�k�l�Z�\�e�y�e�Z�� �^�h�� �������� �d�G���� �I�j�h�\�_�^�_�g�g�u�_��
�\�u�[�h�j�h�q�g�u�_�� �h�[�k�e�_�^�h�\�Z�g�b�y�� �m�]�h�e�v�g�u�o��
�f�Z�j�r�j�m�l�h�\���� �b�^�m�s�b�o�� �k�� �W�d�b�[�Z�k�l�m�a�k�d�h�]�h��
�[�Z�k�k�_�c�g�Z���� �i�h�d�Z�a�Z�e�b���� �q�l�h�� �^�h�� ��������
�i�h�e�m�\�Z�]�h�g�h�\�� �k�� �m�]�e�_�f�� �b�f�_�e�b�� �n�Z�d�l�b�q�_�k�d�b�_��
�h�k�_�\�u�_�� �g�Z�]�j�m�a�d�b�� �[�h�e�_�_�� �������� �d�G���� �F�g�h�]�b�_��
�d�b�e�h�f�_�l�j�u�� �[�_�k�k�l�u�d�h�\�h�]�h�� �i�m�l�b��
�i�j�b�o�h�^�b�e�b�k�v�� �g�Z�� �m�q�Z�k�l�d�b�� �f�Z�k�k�h�\�h�c��
�i�_�j�_�\�h�a�d�b�� �m�]�e�y���� �j�m�^�u���� �g�_�n�l�y�g�u�o�� �b�� �^�j�m�]�b�o��
�]�j�m�a�h�\�� 

�G�_�k�f�h�l�j�y�� �g�Z�� �w�l�b�� �l�j�m�^�g�h�k�l�b��
�[�_�k�k�l�u�d�h�\�h�c�� �i�m�l�v�� �g�Z�� �^�h�j�h�]�Z�o�� �D�Z�a�Z�o�k�l�Z�g�Z��

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

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

�R�b�j�h�d�h�_�� �i�j�b�f�_�g�_�g�b�_�� �i�h�e�m�q�b�e�Z�� �g�Z��
�^�h�j�h�]�Z�o�� �D�Z�a�Z�o�k�l�Z�g�Z�� �j�Z�a�j�Z�[�h�l�Z�g�g�Z�y�� �\�h��
�<�G�B�B�@�L�_�� �f�_�l�h�^�b�d�Z�� �>��-���@�� �i�j�h�]�j�_�k�k�b�\�g�h�c��
�l�_�o�g�h�e�h�]�b�b�� �\�h�k�k�l�Z�g�h�\�e�_�g�b�y�� �^�_�n�_�d�l�g�u�o��
�j�_�e�v�k�h�\�u�o�� �i�e�_�l�_�c�� �[�_�k�k�l�u�d�h�\�h�]�h�� �i�m�l�b��
�i�h�k�l�Z�g�h�\�d�h�c�� �g�Z�d�e�Z�^�h�d�� �g�Z�� �k�_�q�_�g�b�_���� �]�^�_��
�k�j�_�^�k�l�\�Z�f�b�� �^�_�n�_�d�l�h�k�d�h�i�b�b�� �h�[�g�Z�j�m�`�_�g�u��
�i�h�i�_�j�_�q�g�u�_�� �l�j�_�s�b�g�u�� �^�_�n�_�d�l�Z�� ������
�i�e�h�s�Z�^�v�x���^�h���������� �h�l�� �k�_�q�_�g�b�y���]�h�e�h�\�d�b���� �q�l�h��
�i�h�a�\�h�e�b�e�b���b�k�d�e�x�q�b�l�v���g�_�i�j�h�b�a�\�h�^�b�l�_�e�v�g�u�_��
�j�Z�k�o�h�^�u�� �i�h�� �\�u�j�_�a�d�_���� �k�h�l�_�g�� �d�m�k�d�h�\�� �j�_�e�v�k�h�\��
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�k�� �l�j�_�s�b�g�Z�f�b�� �f�Z�e�u�o�� �j�Z�a�f�_�j�h�\���� �Z�� �l�Z�d�`�_�� �\��
�j�_�a�m�e�v�l�Z�l�_�� �e�h�`�g�h�c�� �j�Z�a�[�j�Z�d�h�\�d�b�� �j�_�e�v�k�h�\��
���l�Z�d�b�o���k�e�m�q�Z�_�\����-10%).  

�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_�� �b�k�k�e�_�^�h�\�Z�g�b�y��
�g�Z�� �j�y�^�_�� �g�Z�i�j�Z�\�e�_�g�b�c�� �k�_�l�b�� �^�h�j�h�]�� �\�k�d�j�u�e�b��
�^�h�i�h�e�g�b�l�_�e�v�g�u�_�� �j�_�a�_�j�\�u�� �\�� �j�Z�k�r�b�j�_�g�b�b��
�a�h�g�u�� �i�j�b�f�_�g�_�g�b�y�� �<�L�M-�������� �B�a�� �i�h�e�m�q�_�g�g�u�o��
�>���@�� �f�Z�l�_�j�b�Z�e�h�\�� �k�e�_�^�m�_�l�� �g�_�h�[�o�h�^�b�f�h�k�l�v��
�j�Z�k�r�b�j�_�g�b�y�� �k�n�_�j�u�� �i�j�b�f�_�g�_�g�b�y�� �<�L�M�� �b��
�\�\�_�^�_�g�b�y���^�h�i�h�e�g�b�l�_�e�v�g�u�o���g�h�j�f�Z�l�b�\�h�\�� 

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

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

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

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

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

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

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

�l�_�o�g�h�e�h�]�b�b�� �^�_�n�_�d�l�h�k�d�h�i�g�h�]�h�� �d�h�g�l�j�h�e�y��
�j�_�e�v�k�h�\���\���i�m�l�b�� 

- �j�Z�k�r�b�j�_�g�b�_�� �h�[�t�_�f�h�\�� �k�\�Z�j�d�b��
�k�l�Z�j�h�]�h�^�g�u�o�� �j�_�e�v�k�h�\�� �\�� �^�e�b�g�g�h�f�_�j�g�u�_��
�i�e�_�l�b�� 

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

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

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

�M�]�h�g�� �i�m�l�b��- �i�j�h�^�h�e�v�g�h�_��
�i�_�j�_�f�_�s�_�g�b�_�� �j�_�e�v�k�h�\�� �h�l�g�h�k�b�l�_�e�v�g�h�� �r�i�Z�e��
�b�e�b�� �k�h�\�f�_�k�l�g�h�_�� �i�_�j�_�f�_�s�_�g�b�_�� �j�_�e�v�k�h�\�� �b��
�r�i�Z�e�� �h�l�g�h�k�b�l�_�e�v�g�h�� �[�Z�e�e�Z�k�l�Z�� �i�h�^��
�\�h�a�^�_�c�k�l�\�b�_�f�� �^�\�b�`�m�s�b�o�k�y�� �i�h�_�a�^�h�\��- 
�i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c�� �k�e�h�`�g�h�_�� �b�� �\�_�k�v�f�Z��
�g�_�`�_�e�Z�l�_�e�v�g�h�_�� �y�\�e�_�g�b�_���� �I�_�j�\�u�_��
�b�k�k�e�_�^�h�\�Z�g�b�y���i�j�b�q�b�g���m�]�h�g�Z���i�m�l�b���h�l�g�h�k�y�l�k�y��
�d�� ����-�f�� �]�h�^�Z�f��XIX �\�_�d�Z���� �<�� �i�h�k�e�_�^�m�x�s�b�_��
�^�_�k�y�l�b�e�_�l�b�y�� �w�l�h�f�m�� �\�h�i�j�h�k�m�� �[�u�e�h��
�i�h�k�\�y�s�_�g�h�� �f�g�h�]�h�� �l�_�h�j�_�l�b�q�_�k�d�b�o��
�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o�� �j�Z�[�h�l���� �d�Z�d�� �\�� �g�Z�r�_�c��
�k�l�j�Z�g�_���� �l�Z�d�� �b �a�Z�� �j�m�[�_�`�h�f���� �<�� �j�_�a�m�e�v�l�Z�l�_��
�m�k�l�Z�g�h�\�e�_�g�h���� �q�l�h�� �m�]�h�g�� �i�m�l�b�� �\�u�a�u�\�Z�_�l�k�y����
�d�Z�d�� �k�d�Z�a�Z�g�h�� �\�u�r�_�� �p�_�e�u�f�� �d�h�f�i�e�_�d�k�h�f��
�j�Z�a�g�h�j�h�^�g�u�o�� �i�j�b�q�b�g���� �i�j�h�^�h�e�v�g�u�f��
�i�_�j�_�f�_�s�_�g�b�_�f�� �j�_�e�v�k�Z�� �h�l�g�h�k�b�l�_�e�v�g�h�� �h�i�h�j��
�i�h�^�� �\�h�a�^�_�c�k�l�\�b�_�f�� �g�Z�� �g�_�]�h�� �^�\�b�`�m�s�_�c�k�y�� �g�Z-
�]�j�m�a�d�b��- �m�^�Z�j�Z�f�b�� �d�h�e�_�k�� �\�Z�]�h�g�h�\�� �b��
�e�h�d�h�f�h�l�b�\�h�\�� �h�� �j�_�e�v�k�u�� �g�Z�� �k�l�u�d�Z�o���� �k�h-
�i�j�h�l�b�\�e�_�g�b�_�f�� �j�_�e�v�k�h�\�� �^�\�b�`�_�g�b�x�� �d�h�e�_�k����
�l�_�f�i�_�j�Z�l�m�j�g�u�f�b�� �^�_�n�h�j�f�Z�p�b�y�f�b �j�_�e�v�k�h�\��
[5-8]. 

�F�g�h�]�b�_���\�_�^�m�s�b�_���k�i�_�p�b�Z�e�b�k�l�u���\���l�h�c��
�b�e�b�� �b�g�h�c�� �k�l�_�i�_�g�b�� �a�Z�g�b�f�Z�e�b�k�v��
�b�k�k�e�_�^�h�\�Z�g�b�_�f�� �m�]�h�g�Z�� �i�m�l�b���� �I�j�h�n�_�k�k�h�j��
�F���N���� �<�_�j�b�]�h�� �j�Z�a�j�Z�[�h�l�Z�e�� �h�k�g�h�\�g�u�_��
�i�j�b�g�p�b�i�u�� �i�j�h�_�d�l�b�j�h�\�Z�g�b�y��
�i�j�h�l�b�\�h�m�]�h�g�g�h�]�h�� �i�j�h�f�_�`�m�l�h�q�g�h�]�h��
�k�d�j�_�i�e�_�g�b�y���� �i�j�b�g�y�\�� �\�� �d�Z�q�_�k�l�\�_��
�h�[�y�a�Z�l�_�e�v�g�h�]�h�� �m�k�e�h�\�b�y�� �i�j�_�^�m�i�j�_�`�^�_�g�b�_��
�i�j�h�k�d�Z�e�v�a�u�\�Z�g�b�y�� �j�_�e�v�k�Z�� �h�l�g�h�k�b�l�_�e�v�g�h��
�h�i�h�j�� �>���@���� �G�_�k�d�h�e�v�d�h�� �j�Z�g�_�_�� �b�k�k�e�_�^�h�\�Z�g�b�_�f��
�m�]�h�g�Z�� �i�m�l�b�� �a�Z�g�b�f�Z�e�b�k�v�� �i�j�h�n�_�k�k�h�j�Z�� �F���:����
�N�j�b�r�f�Z�g�� �>���@���� �D���G���� �F�b�s�_�g�d�h���� �I�j�h�n�_�k�k�h�j��
�:�e�v�[�j�_�o�l�� �j�Z�a�j�Z�[�h�l�Z�e�� �l�_�h�j�b�x����
�h�[�t�y�k�g�y�x�s�m�x�� �m�]�h�g�� �i�m�l�b�� �a�Z�� �k�q�_�l�� �i�h�\�h�j�h�l�Z��
�i�h�i�_�j�_�q�g�u�o���k�_�q�_�g�b�c���j�_�e�v�k�Z���i�j�b���b�a�]�b�[�_���i�h�^��
�\�h�a�^�_�c�k�l�\�b�_�f�� �i�h�^�\�b�`�g�h�]�h�� �k�h�k�l�Z�\�Z�� �>��-9]. 
�I�j�h�n�_�k�k�h�j�� �F���K���� �;�h�q�_�g�d�h�\���� �d�Z�d�� �g�Z�� �h�^�g�m�� �b�a��
�i�j�b�q�b�g�� �m�]�h�g�Z���� �m�d�Z�a�Z�e�� �g�Z�� �i�j�h�^�h�e�v�g�u�_��
�i�_�j�_�f�_�s�_�g�b�y�� �h�k�b�� �j�_�e�v�k�Z�� �i�j�b�� �_�]�h�� �b�a�]�b�[�_��
�i�h�^�� �i�h�^�\�b�`�g�h�c�� �g�Z�]�j�m�a�d�h�c�� �>���@���� �H�l�f�_�l�b�f��
�a�Z�f�_�l�g�u�c���\�d�e�Z�^���\���j�_�r�_�g�b�b���\�h�i�j�h�k�h�\���m�]�h�g�Z��
�i�m�l�b���� �\�u�[�h�j�Z �j�Z�p�b�h�g�Z�e�v�g�h�c�� �d�h�g�k�l�j�m�d�p�b�b��

�[�_�k�k�l�u�d�h�\�h�]�h�� �i�m�l�b�� �b�� �f�_�l�h�^�h�\�� �_�]�h�� �j�Z�k�q�_�l�Z��
�?���F�����;�j�h�f�[�_�j�]�Z�����K���I�����I�_�j�r�b�g�Z�����G���;�����A�\�_�j�_-
�\�Z���� �<���B���� �D�m�\�Z�e�v�^�b�g�Z���� �<���:���� �E�Z�i�l�_�\�Z���� �W���I����
�B�k�Z�_�g�d�h�������<���B�����F�Z�l�\�_�_�\�Z���b���^�j�� 

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

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

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

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

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

�I�j�b�� �i�e�_�l�v�_�\�h�f�� �i�m�l�b�� ���[�_�k�k�l�u�d�h�\�h�c��
�i�m�l�v�� �k�� �Z�\�l�h�f�Z�l�b�q�_�k�d�h�c�� �j�Z�a�j�y�^�d�h�c��
�l�_�f�i�_�j�Z�l�m�j�g�u�o�� �g�Z�i�j�y�`�_�g�b�c����
�i�j�h�f�_�`�m�l�h�q�g�h�_�� �k�d�j�_�i�e�_�g�b�_�� �g�_�� �b�f�_�_�l��
�i�j�y�f�u�o�� �n�m�g�d�p�b�c�� �i�j�h�l�b�\�h�m�]�h�g�g�h�c��
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Abstract. Metallurgy has a large enough package of different methods of assessment of physical-

mechanical characteristics of metals. Among them, the most popular are mechanical tests that allow for 
simple loading schemes for prototypes to determine a number of standard characteristics of metals and 
alloys. These test methods should primarily include the tensile test and the compression test.  

For tensile testing, the tool industry offers a large range of loading devices with different limiting 
forces, with different drives, as well as a large number of attached additional devices for cryogenic and 
high-temperature tests. Well-developed force measurement devices and extensometers for fixing 
elongation, narrowing or broadening of samples during testing. Sometimes the stretching curves are 
rearranged into a diagram of true flow stresses, but what "truth" can we talk about if for calculating flow 
stresses (S), the values of the axial load relate to the initial cross-sectional area of the sample. 

Reliable information about the nature of changes in the strain resistance and the level of current 
stresses can only be obtained by referring the current value of the tensile force to the actual diameter of 
the sample in the dangerous section, measured at the appropriate time of the test. If for experiments 
conducted at room temperature, this condition is not difficult to observe, then at high and cryogenic 
temperatures, technical difficulties arise, to overcome which there are no modern tools yet. 

Uneven and stage-like plastic flow of metals, reflected in the course of true stress diagrams, is 
often explained by rapid or deformation hardening or softening of the tested materials. Interest in the 
study of the physical characteristics of these processes increased after the publication of scientific papers 
By V. A. Bakofen and others [1, 2], which linked the possibility of a superplastic flow of an aluminum-
zinc eutectoid with its increased sensitivity to high-speed hardening. The authors have shown that the 
high uniformity and duration of superplastic shaping is due to compensation for deformation or geometric 
hardening, which is provided by high-speed hardening. 

Keywords: �Fetals, alloys, methods of processing experimental data. 
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1 �D�Z�a�Z�o�k�d�Z�y���Z�d�Z�^�_�f�b�y���l�j�Z�g�k�i�h�j�l�Z���b���d�h�f�f�m�g�b�d�Z�p�b�c�����]���:�e�f�Z�l�u�����D�Z�a�Z�o�k�l�Z�g 
2�K�%�l�[�Z�_�\ �m�g�b�\�_�j�k�b�l�_�l�•�����]���:�e�f�Z�l�u�����D�Z�a�Z�o�k�l�Z�g 

3�D�Z�a�Z�o�k�d�b�c���g�Z�p�b�h�g�Z�e�v�g�u�c���Z�]�j�Z�j�g�u�c���m�g�b�\�_�j�k�b�l�_�l�� �]���:�e�f�Z�l�u�����D�Z�a�Z�o�k�l�Z�g 
 

�N�B�A�B�Q�?�K�D�B�?���H�K�G�H�<�U���H�I�J�?�>�?�E�?�G�B�Y �F�?�O�:�G�B�Q�?�K�D�B�O���O�:�J�:�D�L�?�J�B�K�L�B�D��
�F�?�L�:�E�E�H�< 

 
�:�g�g�h�l�Z�p�b�y. �F�_�l�Z�e�e�h�\�_�^�_�g�b�_�� �j�Z�k�i�h�e�Z�]�Z�_�l�� �^�h�k�l�Z�l�h�q�g�h�� �_�f�d�b�f�� �i�Z�d�_�l�h�f�� �j�Z�a�e�b�q�g�u�o��

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

�D�e�x�q�_�\�u�_�� �k�e�h�\�Z�����f�_�l�Z�e�e�u���� �k�i�e�Z�\�u���� �f�_�l�h�^�b�d�Z�� �h�[�j�Z�[�h�l�d�b�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o��
�b�k�k�e�_�^�h�\�Z�g�b�b���� 

 
�<�\�_�^�_�g�b�_�� �>�e�y�� �b�k�i�u�l�Z�g�b�c�� �g�Z��

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

 
�����F�I�Z�� (1) 

 

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

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

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

 
�����F�I�Z�� (2) 

 

�]�^�_�� �6- �b�k�l�b�g�g�h�_�� �g�Z�i�j�y�`�_�g�b�_��
�l�_�q�_�g�b�y���� - �l�_�d�m�s�Z�y�� �g�Z�]�j�m�a�d�Z�� �^�e�y��
�^�Z�g�g�h�]�h�� �f�h�f�_�g�l�Z�� �^�_�n�h�j�f�Z�p�b�b���� �± 
�l�_�d�m�s�_�_�� �a�g�Z�q�_�g�b�_�� �i�e�h�s�Z�^�b�� �i�h�i�_�j�_�q�g�h�]�h��
�k�_�q�_�g�b�y�� �h�[�j�Z�a�p�Z���I�h�� �h�k�b�� �Z�[�k�p�b�k�k�� �g�Z��
�f�Z�r�b�g�g�u�o�� �^�b�Z�]�j�Z�f�f�Z�o�� �h�[�u�q�g�h��
�h�l�d�e�Z�^�u�\�Z�_�l�k�y���^�_�n�h�j�f�Z�p�b�y�����0�������b�e�b���l�h�q�g�_�_����
�h�l�g�h�k�b�l�_�e�v�g�h�_�� �m�^�e�b�g�_�g�b�_�� ���/������
�j�Z�k�k�q�b�l�Z�g�g�h�_�� �k�l�Z�g�^�Z�j�l�g�h�c�� �d�h�f�i�v�x�l�_�j�g�h�c��
�i�j�h�]�j�Z�f�f�h�c�� �i�h�� �^�Z�g�g�u�f, �i�h�e�m�q�_�g�g�u�f�� �k��
�i�h�f�h�s�v�x���w�d�k�l�_�g�a�h�f�_�l�j�Z�� 

 

, %  (3) 

 

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

�L�_�d�m�s�_�_�� �a�g�Z�q�_�g�b�_�� �h�l�g�h�k�b�l�_�e�v�g�h�c��
�^�_�n�h�j�f�Z�p�b�b�� �h�[�j�Z�a�p�Z�� ���0���� �i�j�b�� �j�Z�k�l�y�`�_�g�b�b��
�p�_�e�_�k�h�h�[�j�Z�a�g�h�� �h�i�j�_�^�_�e�y�l�v�� �i�h��
�h�l�g�h�k�b�l�_�e�v�g�h�f�m���k�m�`�_�g�b�x�� 

 
, % , (4) 

 

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

 
�����k�_�d-1, (5) 

 

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

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

 
�����k�_�d-1 (6) 

 
�a�^�_�k�v�� - �l�_�d�m�s�_�_���a�g�Z�q�_�g�b�_���^�e�b�g�u���r�_�c�d�b�� 

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

 
�����k�_�d-1.           (7) 

 

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

�k�\�_�j�o�i�e�Z�k�l�b�q�g�h�]�h�� �l�_�q�_�g�b�y�� �Z�e�x�f�b�g�b�_�\�h-
�p�b�g�d�h�\�h�]�h�� �w�\�l�_�d�l�h�b�^�Z�� �k�� �_�]�h�� �i�h�\�u�r�_�g�g�h�c��
�q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v�x�� �d�� �k�d�h�j�h�k�l�g�h�f�m��
�m�i�j�h�q�g�_�g�b�x���� �:�\�l�h�j�u�� �i�h�d�Z�a�Z�e�b���� �q�l�h��
�\�u�k�h�d�Z�y�� �j�Z�\�g�h�f�_�j�g�h�k�l�v�� �b��
�i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�v�� �k�\�_�j�o�i�e�Z�k�l�b�q�g�h�]�h��
�n�h�j�f�h�b�a�f�_�g�_�g�b�y�� �h�[�m�k�e�h�\�e�_�g�Z��
�d�h�f�i�_�g�k�Z�p�b�_�c�� �^�_�n�h�j�f�Z�p�b�h�g�g�h�]�h�� �b�e�b��
�]�_�h�f�_�l�j�b�q�_�k�d�h�]�h�� �m�i�j�h�q�g�_�g�b�y���� �d�h�l�h�j�h�_��
�h�[�_�k�i�_�q�b�\�Z�_�l�k�y�� �k�d�h�j�h�k�l�g�u�f�� �m�i�j�h�q�g�_�g�b�_�f����
�B�g�Z�q�_�� �]�h�\�h�j�y���� �\�� �\�h�a�g�b�d�Z�x�s�_�f�� �h�q�Z�]�_��
�e�h�d�Z�e�v�g�h�c���^�_�n�h�j�f�Z�p�b�b���b, �\���k�\�y�a�b���k���j�_�a�d�b�f��
�k�h�k�j�_�^�h�l�h�q�_�g�b�_�f�� �n�h�j�f�h�b�a�f�_�g�_�g�b�y����
�k�m�s�_�k�l�\�_�g�g�h�� �\�h�a�j�Z�k�l�Z�_�l�� �k�d�h�j�h�k�l�v��
�^�_�n�h�j�f�Z�p�b�b�� �b�� �k�d�h�j�h�k�l�g�h�_�� �m�i�j�h�q�g�_�g�b�_����
�d�h�l�h�j�h�_�� �g�Z�� �g�_�d�h�l�h�j�h�_�� �\�j�_�f�y��
�³�a�Z�f�h�j�Z�`�b�\�Z�_�l�´�� �r�_�c�d�m�� �a�Z�k�l�Z�\�e�y�y�� �h�q�Z�]��
�^�_�n�h�j�f�Z�p�b�b���f�b�]�j�b�j�h�\�Z�l�v���i�h���j�Z�[�h�q�_�c���q�Z�k�l�b��
�h�[�j�Z�a�p�Z���� �W�l�b�� �i�j�h�p�_�k�k�u�� �o�Z�j�Z�d�l�_�j�g�u�� �^�e�y��
�i�_�j�b�h�^�Z�� �j�Z�\�g�h�f�_�j�g�h�c�� �^�_�n�h�j�f�Z�p�b�b�� �\�k�_�o��
�i�e�Z�k�l�b�q�g�u�o�� �f�_�l�Z�e�e�h�\�� �b�� �k�i�e�Z�\�h�\���� �h�^�g�Z�d�h��
�j�_�Z�e�b�a�m�x�l�k�y�� �\�� �i�h�e�g�h�c�� �f�_�j�_�� �l�h�e�v�d�h���m��
�k�\�_�j�o�i�e�Z�k�l�b�q�g�u�o�� �k�i�e�Z�\�h�\�� �h�[�e�Z�^�Z�x�s�b�o��
�Z�g�h�f�Z�e�v�g�h�c�� �q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v�x�� �d��
�k�d�h�j�h�k�l�g�h�f�m���m�i�j�h�q�g�_�g�b�x�� 

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

 
 �b�e�b  , (8) 

 

�]�^�_��  - �d�h�w�n�n�b�p�b�_�g�l��
�^�_�n�h�j�f�Z�p�b�h�g�g�h�]�h�� �m�i�j�h�q�g�_�g�b�y���� - 
�b�k�l�b�g�g�h�_�� �g�Z�i�j�y�`�_�g�b�_�� �l�_�q�_�g�b�y���� �0�� �± �k�l�_�i�_�g�v��
�l�_�d�m�s�_�c �^�_�n�h�j�f�Z�p�b�b�� 

�I�j�b�� �i�_�j�_�o�h�^�_�� �d�� �d�h�g�_�q�g�u�f��
�j�Z�a�g�h�k�l�y�f 

 
 , (9) 

 

�]�^�_�� ; ; ;  - �a�g�Z�q�_�g�b�y��
�g�Z�i�j�y�`�_�g�b�c�� �b�� �^�_�n�h�j�f�Z�p�b�c�� �k�h�h�l�\�_�l�k�l�\�_�g�g�h��
�\�� �g�Z�q�Z�e�_�� �b�� �\�� �d�h�g�p�_�� �l�h�]�h�� �i�_�j�b�h�^�Z���� �^�e�y��
�d�h�l�h�j�h�]�h�� �h�i�j�_�^�_�e�y�_�l�k�y�� �d�h�w�n�n�b�p�b�_�g�l��
�m�i�j�h�q�g�_�g�b�y�� 
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�J�b�k���������± �K�o�_�f�Z���h�[�j�Z�a�h�\�Z�g�b�y���d�h�g�m�k�h�\���a�Z�l�j�m�^�g�_�g�g�h�c���^�_�n�h�j�f�Z�p�b�b���b���r�_�c�d�b 
Fig. 1 �± Scheme of formation of cones of difficult deformation and neck 

 
�G�Z�� �d�j�b�\�u�o�� �l�_�q�_�g�b�y�� �b�� �f�Z�r�b�g�g�u�o��

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

 

  (10) 

 

�]�^�_��  - �g�Z�i�j�y�`�_�g�b�_�� �l�_�q�_�g�b�y�� �\�� �d�h�g�p�_��
�i�_�j�b�h�^�Z�� �j�Z�\�g�h�f�_�j�g�h�c�� �^�_�n�h�j�f�Z�p�b�b;  - 
�g�Z�i�j�y�`�_�g�b�_�� �\�� �i�_�j�\�u�c�� �f�h�f�_�g�l�� �g�Z�]�j�m�`�_�g�b�y��

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

 

 . (11) 

 

�A�^�_�k�v�� �\�f�_�k�l�h�� �f�h�`�g�h�� �a�Z�i�b�k�Z�l�v��
�k�l�_�i�_�g�v�� �j�Z�\�g�h�f�_�j�g�h�]�h�� �k�m�`�_�g�b�y�� �b�e�b��
�j�Z�\�g�h�f�_�j�g�h�]�h���m�^�e�b�g�_�g�b�y�������l�_�f���[�h�e�_�_�����q�l�h��
�g�Z���w�l�h�c���k�l�Z�^�b�b���^�_�n�h�j�f�Z�p�b�b��: 

 

�����b�e�b  (12) 

 

�?�k�e�b�� �\�f�_�k�l�h�� �g�Z�i�j�y�`�_�g�b�y�� ������ �b��
�i�Z�j�Z�f�_�l�j�Z�� �h�l�g�h�k�b�l�_�e�v�g�h�]�h�� �j�Z�\�g�h�f�_�j�g�h�]�h��
�k�m�`�_�g�b�b�� ���%���� �i�h�^�k�l�Z�\�b�l�v�� �b�o�� �j�Z�k�q�_�l�g�u�_��
�n�h�j�f�m�e�u�����l�h���i�h�e�m�q�b�f�� 

 
 , (13) 

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

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

 
 , (14) 

 

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

�I�h�� �Z�g�Z�e�h�]�b�b�� �k�� �i�j�_�^�u�^�m�s�b�f��
�d�h�w�n�n�b�p�b�_�g�l�h�f�� �^�_�n�h�j�f�Z�p�b�h�g�g�h�]�h��
�m�i�j�h�q�g�_�g�b�y�� �^�e�y�� �i�_�j�b�h�^�Z�� �k�l�Z�^�b�c�g�h�c��
�e�h�d�Z�e�v�g�h�c�� �^�_�n�h�j�f�Z�p�b�b�� ���i�_�j�b�h�^�� ������ �f�h�`�g�h��
�j�Z�k�k�q�b�l�Z�l�v�� 

 

  (15) 

 

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

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

 

 , (16) 

 

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

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

 
 , (17) 

 

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

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

 
,  (18) 

 

 
 

�J�b�k���������± �H�i�j�_�^�_�e�_�g�b�_���i�_�j�b�h�^�h�\���^�_�n�h�j�f�Z�p�b�b���^�e�y���j�Z�k�q�_�l�Z���d�h�w�n�n�b�p�b�_�g�l�h�\���m�i�j�h�q�g�_�g�b�y��  �± 
�d�j�b�\�Z�y���l�_�q�_�g�b�y����  �± �f�Z�r�b�g�g�Z�y���^�b�Z�]�j�Z�f�f�Z�� 

1 �± �i�_�j�b�h�^���j�Z�\�g�h�f�_�j�g�h�c���b���d�\�Z�a�b�j�Z�\�g�h�f�_�j�g�h�c���^�_�n�h�j�f�Z�p�b�b����2 �± �i�_�j�b�h�^���k�l�Z�^�b�c�g�h�c���e�h�d�Z�e�v�g�h�c��
�^�_�n�h�j�f�Z�p�b�b����3�± �i�_�j�b�h�^���k�h�k�j�_�^�h�l�h�q�_�g�g�h�]�h���n�h�j�f�h�b�a�f�_�g�_�g�b�y�� 

Fig. 2 �± The analysis of deformation to calculate the coefficients of hardening.  �± flow curve; 
 �± machine diagram. uasi-uniform deformation; 2 - the period of stage local deformation; 3 - 

the period of concentrated shape change 
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�I�j�h�p�_�k�k�� �k�l�Z�^�b�c�g�h�c�� �^�_�n�h�j�f�Z�p�b�b�� �i�h��
�f�_�o�Z�g�b�d�_�� �³�[�_�]�Z�x�s�_�c�´�� �b�e�b�� �f�b�]�j�b�j�m�x�s�_�c��
�r�_�c�d�b�� �\�i�h�e�g�_�� �h�[�t�y�k�g�b�f�� �k�� �l�h�q�d�b�� �a�j�_�g�b�y��
�w�g�_�j�]�_�l�b�q�_�k�d�h�c�� �p�_�e�_�k�h�h�[�j�Z�a�g�h�k�l�b���� �l���_���� �h�g��
�\�k�_�]�^�Z�� �j�Z�a�\�b�\�Z�_�l�k�y�� �l�Z�f���� �]�^�_�� �^�e�y�� �_�]�h��
�j�_�Z�e�b�a�Z�p�b�b�� �g�m�`�g�h�� �i�j�b�e�h�`�b�l�v�� �f�_�g�v�r�_�_��
�m�k�b�e�b�_���� �L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �^�e�y�� �k�h�\�j�_�f�_�g�g�h�]�h��
�i�j�_�^�k�l�Z�\�e�_�g�b�y�� �h�� �f�_�o�Z�g�b�d�_�� �b�� �f�_�o�Z�g�b�a�f�Z�o��
�i�e�Z�k�l�b�q�_�k�d�h�c�� �^�_�n�h�j�f�Z�p�b�b���� �d�h�l�h�j�Z�y�� �\�k�_�]�^�Z��
�j�Z�a�\�b�\�Z�_�l�k�y�� �g�_�j�Z�\�g�h�f�_�j�g�h�� �b�� �k�l�Z�^�b�c�g�h����
�h�k�h�[�h�_�� �a�g�Z�q�_�g�b�_�� �b�f�_�_�l�� �h�p�_�g�d�Z�� �f�_�l�Z�e�e�h�\�� �d��
�k�d�h�j�h�k�l�g�h�c�� �q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�b�� �d��
�m�i�j�h�q�g�_�g�b�x���>4].  

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

 
�����b�e�b  , (19) 

 

�]�^�_�� - �g�Z�i�j�y�`�_�g�b�_�� �l�_�q�_�g�b�y���� - 
�k�d�h�j�h�k�l�v���^�_�n�h�j�f�Z�p�b�b�� 

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

 
 , (20) 

 

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

,  - �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_�� �k�d�h�j�h�k�l�b��
�n�h�j�f�h�b�a�f�_�g�_�g�b�y�� 

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

 

 , (21) 

 

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

. 

�<�� �g�Z�q�Z�e�v�g�u�c�� �f�h�f�_�g�l�� �b�k�i�u�l�Z�g�b�c��
, ���� �l�h�]�^�Z�� �d�h�w�n�n�b�p�b�_�g�l��

�k�d�h�j�h�k�l�g�h�]�h���m�i�j�h�q�g�_�g�b�y���f�h�`�g�h���j�Z�k�k�q�b�l�Z�l�v��
�i�h���m�i�j�h�s�_�g�g�h�c���n�h�j�f�m�e�_�� 

 

 
(22) 

 

�G�h���_�k�e�b�� �����l�h�]�^�Z�� 
 

 
(23) 

 

�]�^�_��  - �l�_�d�m�s�_�_�� �a�g�Z�q�_�g�b�_�� �^�e�b�g�u��
�j�Z�[�h�q�_�c���q�Z�k�l�b���h�[�j�Z�a�p�Z�� 

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

 

 
(24) 

�g�h �����l�h�]�^�Z 

 

 , (25) 

 

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

 

  (26) 

 

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

 

 
(27) 

 

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

�I�j�b�� �g�_�h�[�o�h�^�b�f�h�k�l�b�� �i�h�e�m�q�_�g�b�y��
�[�_�a�j�Z�a�f�_�j�g�h�]�h�� �d�h�w�n�n�b�p�b�_�g�l�Z�� �k�d�h�j�h�k�l�g�h�c��
�q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�b�� �d�� �m�i�j�h�q�g�_�g�b�x�� �f�h�`�g�h��
�\�h�k�i�h�e�v�a�h�\�Z�l�v�k�y�� �i�j�_�^�e�h�`�_�g�b�_�f�� �<���:����
�;�Z�d�h�n�_�g�Z�����d�h�]�^�Z���j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�_���i�_�j�b�h�^�u��
�d�j�b�\�h�c�� �l�_�q�_�g�b�y�� �i�_�j�_�k�l�j�Z�b�\�Z�x�l�k�y�� �\��
�e�h�]�Z�j�b�n�f�b�q�_�k�d�b�o�� �d�h�h�j�^�b�g�Z�l�Z�o�� �b�� �d�j�b�\�Z�y��
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APPLICATION OF A FIRE EXTINGUISHING SYSTEM WITH FINELY  

SPRAYED WATER FOR THE PROTECTION OF THE POPULATION IN THE  
RESIDENTIAL SECTOR 

Sapar Kabikenov, candidate of Technical Sciences, associate Professor Karaganda State 
Technical University, Karaganda, Kazakhstan; 

Alexandr Komarov, Master, Karaganda State Technical University, Karaganda, Kazakhstan; 
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Abstract. The colossal successes of the development of modern society entail the formation of 
new threats to human life and health. Every year in the Republic of Kazakhstan, large-scale emergency 
situations of a man-made, environmental, and natural nature occur, as a result of which people suffer, die, 
and cause great material damage. Therefore, an important state function was and is the protection of the 
population and national wealth from the consequences of emergency situations, accidents, disasters and 
other natural disasters. One of the effective means of protecting state and personal property of people 
from fire is the creation and equipping of the garrison of the fire service with first-class fire equipment, 
since the tasks assigned to the fire service are possible in the presence of automobile transport. Given the 
above factors, requirements for fire engines are increasing, both in terms of their dynamics, and in terms 
of fire extinguishing efficiency, which in turn is an indispensable condition for eliminating a fire in the 
shortest time before fire damage reaches significant dimensions. 

The article presents the results of a study of the distribution of fire departments by call objects, 
the results of comparing the working time of water trunks using the traditional fire extinguishing system 
and Hiromax fine dust water technology, the properties of fire extinguishing substances and their effect 
on combustion processes. 

The emphasis is on the mechanism of extinguishing with water and the effect of extinguishing 
with thinly sprayed liquid. The properties and effect of the fine jet of water have been analyzed. 

Keywords: fire-fighting method, water-extinguishing technology, finely sprayed water, water 
mist, fire-extinguishing substances, compact stream, smoke absorption. 
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�<�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �l�j�_�[�h�\�Z�g�b�y�f�b��
�A�Z�d�h�g�Z���J�_�k�i�m�[�e�b�d�b���D�Z�a�Z�o�k�l�Z�g���h�l���������Z�i�j�_�e�y��
2�������� �]�h�^�Z�� �‹������-V �©�H�� �]�j�Z�`�^�Z�g�k�d�h�c��
�a�Z�s�b�l�_�ª���� �h�^�go�c�� �b�a�� �h�k�g�h�\�g�u�o�� �a�Z�^�Z�q�� �b��
�i�j�b�g�p�b�i�h�\ �]�j�Z�`�^�Z�g�k�d�h�c���a�Z�s�b�l�u���y�\�e�y�_�l�k�y���± 
�i�j�_�^�m�i�j�_�`�^�_�g�b�_�� �b�� �e�b�d�\�b�^�Z�p�b�y��
�q�j�_�a�\�u�q�Z�c�g�u�o�� �k�b�l�m�Z�p�b�c�� �b�� �b�o�� �i�h�k�e�_�^�k�l�\�b�c����
�b���f�b�g�b�f�b�a�Z�p�b�y�� �m�]�j�h�a�� �b�� �m�s�_�j�[�Z�� �]�j�Z�`�^�Z�g�Z�f��
�b���h�[�s�_�k�l�\�m���h�l���q�j�_�a�\�u�q�Z�c�g�u�o���k�b�l�m�Z�p�b�c.  

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

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

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

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

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

 

 
�J�b�k. 1 - �J�Z�k�i�j�_�^�_�e�_�g�b�_���\�u�_�a�^�h�\���^�_�`�m�j�g�u�o���i�h�^�j�Z�a�^�_�e�_�g�b�c���i�j�h�l�b�\�h�i�h�`�Z�j�g�h�c���k�e�m�`�[�u  

�]�����D�Z�j�Z�]�Z�g�^�u���i�h���h�[�t�_�d�l�Z�f���a�Z�������������]�h�^ 
Fig.1 - Distribution of fires at various sites in the city of Karaganda for 2019 
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�J�b�k. 2 �± �J�Z�k�i�j�_�^�_�e�_�g�b�_���\�u�_�a�^�h�\���^�_�`�m�j�g�u�o���i�h�^�j�Z�a�^�_�e�_�g�b�c���i�j�h�l�b�\�h�i�h�`�Z�j�g�h�c���k�e�m�`�[�u �]�h�j�h�^�Z��

�D�Z�j�Z�]�Z�g�^�u���i�h���i�j�b�q�b�g�Z�f���\�h�a�g�b�d�g�h�\�_�g�b�y���i�h�`�Z�j�h�\���a�Z�������������]�h�^ 
Fig.2 - Distribution by causes of fires in the city of Karaganda for 2019 

 

 
�J�b�k. 3 - �J�Z�k�i�j�_�^�_�e�_�g�b�_���\�u�_�a�^�h�\���^�_�`�m�j�g�u�o���i�h�^�j�Z�a�^�_�e�_�g�b�c���i�j�h�l�b�\�h�i�h�`�Z�j�g�h�c���k�e�m�`�[�u���i�h���h�[�t�_�d�l�Z�f��

�j�Z�a�e�b�q�g�u�o���l�b�i�h�\���b���i�j�b�q�b�g���\�u�_�a�^�h�\���\���]�����D�Z�j�Z�]�Z�g�^�u �a�Z�������������]�h�^ 
Fig.3 - Distribution of fires by objects of various types and for reasons in the city of Karaganda for 2019 
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�J�b�k. 4 - �:�g�Z�e�h�]�b�y���a�Z�l�j�Z�q�_�g�g�h�]�h���\�j�_�f�_�g�b���j�Z�[�h�l�u���\�h�^�y�g�u�o���i�h�`�Z�j�g�u�o���k�l�\�h�e�h�\���k���i�j�b�f�_�g�_�g�b�_�f��
�d�e�Z�k�k�b�q�_�k�d�h�c���k�b�k�l�_�f�u���l�m�r�_�g�b�y���b���k�b�k�l�_�f�u���l�m�r�_�g�b�y���i�h�`�Z�j�h�\ �l�h�g�d�h�j�Z�k�i�u�e�_�g�g�h�c���\�h�^�h�c 

Fig.4 - Comparison of the running time of water trunks using a traditional fire extinguishing system and a 
finely sprayed water extinguishing system 
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�B�k�o�h�^�y�� �b�a�� �l�h�]�h���� �q�l�h�� �\�j�_�f�y��
�k�e�_�^�h�\�Z�g�b�y���i�h�`�Z�j�g�h�]�h���j�Z�k�q�_�l�Z�����h�l���f�h�f�_�g�l�Z��
�i�j�b�[�u�l�b�y�� �^�h�� �_�]�h �\�h�a�\�j�Z�s�_�g�b�y�� �d�� �f�_�k�l�m��
�j�Z�a�f�_�s�_�g�b�y�� �i�h�^�j�Z�a�^�_�e�_�g�b�y���� �y�\�e�y�_�l�k�y��
�h�^�g�b�f�� �b�a�� �g�Z�b�[�h�e�_�_�� �a�g�Z�q�b�f�u�o�� �d�j�b�l�_�j�b�_�\��
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Abstract. This article assesses the current state of surface and underground waters of the Ilek 

river on the territory of the Aktobe Ferroalloy plant. The influence of the plant's activity on the water 
basin is analyzed. The paper presents the results of the content of trace elements and heavy metals in the 
surface waters of the Ilek river. Analysis of the samples has shown that the concentration of hexavalent 
chromium in the samples increases several times due to the discharge of the contaminated underground 
stream from the sludge accumulators. The implementation of recommendations for the creation of 
circulating water supply systems will reduce the intake of fresh water from water sources and prevent the 
discharge of waste water into water bodies. These measures are aimed at rational use and protection of 
water resources. The ideal option for organizing the water supply of industrial enterprise is the 
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introduction of waste-free schemes with minimal consumption of external resources and maximum use of 
production waste. 

This article assesses the current state of surface and groundwaters of the Ilek River in the territory 
of the Aktobe ferroalloy plant. For this, the current state of the water economy of the Aktobe ferroalloy 
plant was studied. The implementation of the recommendations on the creation of circulating and closed 
water supply systems of the main sectors of the economy will ensure a reduction in the intake of fresh 
water from water sources and prevent the discharge of wastewater into input facilities. These measures 
are aimed at rational use and protection of water resources. 

�7�K�H�� �$�N�W�R�E�H�� �I�H�U�U�R�D�O�O�R�\�� �S�O�D�Q�W�� �L�Q�F�O�X�G�H�V�� �W�K�H�� �©�6�K�D�N�D�V�K�ª�� �G�H�S�R�V�L�W���� �D�Q�� �H�Q�U�L�F�K�P�H�Q�W�� �S�O�D�Q�W���� �D��
thermoelectric plant and a ferroalloy plant. Industrial water supply of the plant is carried out according to 
a sequentially repeated and reverse system. The tailings of the enrichment, ash and sludge of 
metallurgical production enter one structure - a slag dump, in which sufficiently effective clarification of 
industrial wastewater is carried out. In order to study the state of surface and groundwaters, the surface 
waters of the p. Ilek on the territory of the Aktobe ferroalloy plant (samples were taken offshore and at a 
distance of about 5 m from it). 

An analysis of the results shows that the water in the Ilek river has a high content of chlorides, 
sulfates, hardness and alkalinity, but in general throughout the year the concentrations of these substances 
do not exceed the maximum permissible concentrations, which suggests a fairly satisfactory quality of 
river water throughout the study area. 

Keywords: water source, recycled water supply, release, chemical analysis, concentrations of 
substances. 
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�i�h�^�a�_�f�g�u�o�� �\�h�^�� �j�_�d�b�� �B�e�_�d�� �g�Z�� �l�_�j�j�b�l�h�j�b�b��
�:�d�l�x�[�b�g�k�d�h�]�h�� �a�Z�\�h�^�Z�� �n�_�j�j�h�k�i�e�Z�\�h�\��
(�:�A�N������ �>�e�y�� �w�l�h�]�h�� �[�u�e�h�� �b�a�m�q�_�g�h��
�k�h�\�j�_�f�_�g�g�h�_�� �k�h�k�l�h�y�g�b�_�� �\�h�^�g�h�]�h�� �o�h�a�y�c�k�l�\�Z��
�:�d�l�x�[�b�g�k�d�h�]�h�� �a�Z�\�h�^�Z�� �n�_�j�j�h�k�i�e�Z�\�h�\����
�J�_�Z�e�b�a�Z�p�b�y�� �j�_�d�h�f�_�g�^�Z�p�b�c�� �i�h�� �k�h�a�^�Z�g�b�x��
�h�[�h�j�h�l�g�u�o�� �b�� �a�Z�f�d�g�m�l�u�o�� �k�b�k�l�_�f��
�\�h�^�h�k�g�Z�[�`�_�g�b�y�� �h�k�g�h�\�g�u�o�� �h�l�j�Z�k�e�_�c��
�w�d�h�g�h�f�b�d�b�� �i�h�a�\�h�e�b�l�� �h�[�_�k�i�_�q�b�l�v��
�k�h�d�j�Z�s�_�g�b�_�� �a�Z�[�h�j�Z�� �k�\�_�`�_�c�� �\�h�^�u�� �b�a 
�\�h�^�h�b�k�l�h�q�g�b�d�h�\�� �b�� �i�j�_�^�h�l�\�j�Z�l�b�l�v�� �k�[�j�h�k��
�k�l�h�q�g�u�o�� �\�h�^�� �\�� �\�\�h�^�g�u�_�� �h�[�t�_�d�l�u�� �>�������@����
�>�Z�g�g�u�_�� �f�_�j�h�i�j�b�y�l�b�y�� �g�Z�i�j�Z�\�e�_�g�u�� �g�Z��
�j�Z�p�b�h�g�Z�e�v�g�h�_�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�� �b�� �h�o�j�Z�g�m��
�\�h�^�g�u�o���j�_�k�m�j�k�h�\�� 

�<�� �k�h�k�l�Z�\�� �:�d�l�x�[�b�g�k�d�h�]�h�� �a�Z�\�h�^�Z��
�n�_�j�j�h�k�i�e�Z�\�h�\�� �\�o�h�^�b�l�� �f�_�k�l�h�j�h�`�^�_�g�b�_��
�©�R�Z�d�Z�r�ª���� �h�[�h�]�Z�l�b�l�_�e�v�g�Z�y���n�Z�[�j�b�d�Z�� �L�W�P���b��
�a�Z�\�h�^�� �n�_�j�j�h�k�i�e�Z�\�h�\���� �I�j�h�b�a�\�h�^�k�l�\�_�g�g�h�_��
�\�h�^�h�k�g�Z�[�`�_�g�b�_�� �a�Z�\�h�^�Z�� �i�j�h�b�a�\�h�^�b�l�k�y�� �i�h��
�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h-�i�h�\�l�h�j�g�h�c�� �b�� �h�[�h�j�h�l�g�h�c��
�k�b�k�l�_�f�_���� �O�\�h�k�l�u�� �h�[�h�]�Z�s�_�g�b�y���� �a�h�e�Z�� �L�W�P�� �b��
�r�e�Z�f�u�� �f�_�l�Z�e�e�m�j�]�b�q�_�k�d�h�]�h�� �i�j�h�b�a�\�h�^�k�l�\�Z��
�i�h�k�l�m�i�Z�x�l�� �\�� �h�^�g�h�� �k�h�h�j�m�`�_�g�b�_�� �± 
�r�e�Z�d�h�h�l�\�Z�e���� �\�� �d�h�l�h�j�h�f�� �h�k�m�s�_�k�l�\�e�y�_�l�k�y��
�^�h�k�l�Z�l�h�q�g�h�� �w�n�n�_�d�l�b�\�g�h�_�� �h�k�\�_�l�e�_�g�b�_��
�i�j�h�b�a�\�h�^�k�l�\�_�g�g�u�o���k�l�h�q�g�u�o���\�h�^���>��-5]. 
 �:�d�l�x�[�b�g�k�d�b�c�� �a�Z�\�h�^�� �n�_�j�j�h�k�i�e�Z�\�h�\��
�h�k�m�s�_�k�l�\�e�y�_�l�� �^�h�[�u�q�m�� �b�� �l�j�Z�g�k�i�h�j�l�b�j�h�\�d�m��
�l�_�o�g�b�q�_�k�d�h�c�� �\�h�^�u���� �<�h�^�Z�� �l�_�o�g�b�q�_�k�d�Z�y����
�b�k�i�h�e�v�a�m�_�f�Z�y�� �^�e�y�� �k�h�[�k�l�\�_�g�g�h�]�h��
�i�h�l�j�_�[�e�_�g�b�y���� �g�Z�i�j�Z�\�e�y�_�l�k�y�� �g�Z�� �h�o�e�Z�`�^�_�g�b�_��
�m�a�e�h�\���b���f�_�o�Z�g�b�a�f�h�\���i�e�Z�\�b�e�v�g�u�o���Z�]�j�_�]�Z�l�h�\����
�g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�� �g�Z�� �w�e�_�d�l�j�h�k�l�Z�g�p�b�x�� �:�A�N����
�w�g�_�j�]�_�l�b�q�_�k�d�b�c�� �p�_�o���� �K�l�h�j�h�g�g�b�f�b��
�i�h�l�j�_�[�b�l�_�e�y�f�b�� �l�_�o�g�b�q�_�k�d�h�c�� �\�h�^�u��
�y�\�e�y�x�l�k�y�� �k�e�_�^�m�x�s�b�_�� �i�j�_�^�i�j�b�y�l�b�y����
�:�d�l�x�[�b�g�k�d�Z�y���L�W�P�����L�H�H���©�E�h�l�h�k-�:�d�l�h�[�_�ª�� 

�G�Z�� �a�Z�\�h�^�_�� �j�Z�[�h�l�Z�x�l�� ���� �k�b�k�l�_�f�u��
�h�[�h�j�h�l�g�h�]�h���\�h�^�h�k�g�Z�[�`�_�g�b�y�� 

- �h�[�h�j�h�l�g�h�_���\�h�^�h�k�g�Z�[�`�_�g�b�_���k�b�k�l�_�f�u��
�h�o�e�Z�`�^�_�g�b�y�� 

- �k�b�k�l�_�f�Z�� �h�[�h�j�h�l�g�h�]�h��
�\�h�^�h�k�g�Z�[�`�_�g�b�y���h�[�h�]�Z�l�b�l�_�e�v�g�h�c���n�Z�[�j�b�d�b�� 

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

�:�d�l�x�[�b�g�k�d�b�c���a�Z�\�h�^���n�_�j�j�h�k�i�e�Z�\�h�\�� �± 
�n�b�e�b�Z�e�� �:�H�� �©�L�G�D�� �©�D�Z�a�o�j�h�f�ª�� �g�_��
�h�k�m�s�_�k�l�\�e�y�_�l�� �k�[�j�h�k�Z�� �k�l�h�q�g�u�o�� �\�h�^�� 
�L�_�o�g�b�q�_�k�d�Z�y�� �\�h�^�Z�� �h�l�^�Z�_�l�k�y�� �k�l�h�j�h�g�g�b�f��
�\�h�^�h�i�h�e�v�a�h�\�Z�l�_�e�y�f���� �o�h�a�y�c�k�l�\�_�g�g�h-�[�u�l�h�\�u�_��
�k�l�h�d�b�� �k�[�j�Z�k�u�\�Z�x�l�k�y�� �\�� �k�_�l�b�� �]�h�j�h�^�k�d�h�]�h��
�\�h�^�h�d�Z�g�Z�e�Z�� �©�:�d�[�m�e�Z�d�ª���� �i�h�`�Z�j�g�h-�i�b�l�v�_�\�Z�y��
�\�h�^�Z�� �b�� �o�h�a�n�_�d�Z�e�v�g�u�_�� �k�l�h�d�b�� �h�l��
�w�e�_�d�l�j�h�k�l�Z�g�p�b�b�� �:�A�N�� �l�j�Z�g�k�i�h�j�l�b�j�m�x�l�k�y��
�q�_�j�_�a�� �k�_�l�b�� �:�L�W�P���� �B�f�_�x�l�k�y��
�l�_�o�g�h�e�h�]�b�q�_�k�d�b�_�� �b�� �o�h�a�y�c�k�l�\�_�g�g�h-�[�u�l�h�\�u�_��
�k�l�h�d�b�� �h�l�� �b�k�l�h�q�g�b�d�h�\�� �\�� �\�Z�o�l�h�\�h�f�� �i�h�k�_�e�d�_��
�f�_�k�l�h�j�h�`�^�_�g�b�y�� �©�R�h�d�Z�r�ª���� �g�h�j�f�Z�l�b�\�g�u�_�� �b��
�n�Z�d�l�b�q�_�k�d�b�_�� �h�[�t�_�f�u�� �k�[�j�h�k�h�\�� �d�h�l�h�j�u�o��
�i�j�b�\�_�^�_�g�u���\���l�Z�[�e�b�p�_������ 
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�L�Z�[�e�b�p�Z�������± �G�h�j�f�Z�l�b�\�g�u�_���b���n�Z�d�l�b�q�_�k�d�b�_���h�[�t�_�f�u���k�[�j�h�k�h�\���a�Z�]�j�y�a�g�y�x�s�b�o���\�_�s�_�k�l�\���m��
�f�_�k�l�h�j�h�`�^�_�g�b�y���©�R�h�d�Z�r�ª 

Table 1 �± Normative and actual volumes of pollutants discharges near the minefield 
�©�6�K�R�N�D�V�K�ª 
 
�G�Z�b�f�_�g�h�\�Z�g�b�_ 
�\�_�s�_�k�l�\�Z 

�G�h�j�f�Z�l�b�\�g�u�_���h�[�t�_�f�u��
�k�[�j�h�k�h�\���A�< �N�Z�d�l�b�q�_�k�d�b�_���h�[�t�_�f�u���k�[�j�h�k�h�\ 

�<�k�_�]�h�����\���l���q������
�i�j�h�b�a�\�h�^�k�l�\�_�g�g�u�_�� 

 
0,917 

 
0,012 

�b�a���g�b�o��   
-�\�a�\�_�r�_�g�g�u�_��
�\�_�s�_�k�l�\�Z 

0,8395 0,007 

-�;�I�D 0,0406 0,004 
-�Z�f�f�b�Z�d 0,0059 - 0 
-�g�b�l�j�b�l 0,00009 0,000041 
-�g�b�l�j�Z�l 0,03 0,001568 
-�K�I�:�< 0,00059 0 
-�g�_�n�l�_�i�j�h�^�m�d�l�u 0,00046 0 

 
�F�_�l�h�^�u�����K�� �p�_�e�v�x�� �b�a�m�q�_�g�b�y��

�k�h�k�l�h�y�g�b�y���i�h�\�_�j�o�g�h�k�l�g�u�o���b���i�h�^�a�_�f�g�u�o���\�h�^��
�[�u�e�b�� �h�i�j�h�[�h�\�Z�g�u�� �i�h�\�_�j�o�g�h�k�l�g�u�_�� �\�h�^�u�� �j����
�B�e�_�d���g�Z���l�_�j�j�b�l�h�j�b�b���:�A�N�����i�j�h�[�u���h�l�h�[�j�Z�g�u��

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

 
�L�Z�[�e�b�p�Z�������± �J�_�a�m�e�v�l�Z�l�u���o�b�f�b�q�_�k�d�h�]�h���Z�g�Z�e�b�a�Z���i�h�\�_�j�o�g�h�k�l�g�u�o���\�h�^���j�_�d�b���B�e�_�d 
Table 2 �± Results of chemical analysis of surface water of the Ilek river  

 

�W�e�_�f�_�g�l 
�K�h�^�_�j�`�Z�g�b�_�����f�]���^�f3)�\���i�j�h�[�_���‹�� �I�>�D�j�u�[�h�o�h�a�� 

�I�j�h�[�Z���� �I�j�h�[�Z���� �I�j�h�[�Z���� �I�j�h�[�Z���� 

�K�m�o�h�c���h�k�l�Z�l�h�d 607 634 629 621 1000 
�J�G 6,9 7,4 7,6 7.4 6.5-8.5 
�H�d�b�k�e�y�_�f�h�k�l�v 6,9 6,8 6,6 6,7  
�O�e�h�j�b�^�u 105,69 108.07 105,68 106,48 350 
�K�m�e�v�n�Z�l�u 171.45 124,54 105.68 106,48 100 
�@�_�k�l�d�h�k�l�v���h�[�s�� 7,2 6,9 7,6 7,2  
�S�_�e�h�q�g�h�k�l�v 4,8 4,8 4.3 4,6  
�G�_�n�l�_�i�j�h�^�m�d�l�u ore. 0,13 0,2 0,1 0.05 
 

�L�Z�[�e�b�p�Z�������± �K�h�^�_�j�`�Z�g�b�_���f�b�d�j�h�w�e�_�f�_�g�l�h�\���b���l�y�`�_�e�u�o���f�_�l�Z�e�e�h�\���\���\�h�^�_���j�_�d�b���B�e�_�d 
Table 3 �± Content of microelements and heavy metals in water of the Ilek river 

 
�W�e�_�f�_�g�l 

 
 

�K�h�^�_�j�`�Z�g�b�_�����f�]���^�f3�����\���i�j�h�[�_���‹�� 
�I�>�D�j�u�[�h�o�h�a�� 

�I�j�h�[�Z���� 1  �I�j�h�[�Z���� �I�j�h�[�Z���� �I�j�h�[�Z���� 

�N�l�h�j 1.02 1,35 1,06 1,09 0.75 
�:�e�x�f�b�g�b�c 0,36 0.352 0,376 0.36 0,5 
�D�Z�^�f�b�c 0,0 0,0 0,0 0,0     1 0.005 
�O�j�h�f+ 0,002 0,012 0,01 0,07 0,02 
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�F�_�^�v 0.044 ore. 0.02 0.024 0,001 
�@�_�e�_�a�h���h�[�s 1,1 0,6 0,6 0,7 0.1 
�F�Z�j�]�Z�g�_�p 0,065 0.045  0.09 0,11 0.01 
�G�b�d�_�e�v �h�l�k�� 0.02  0.1 0.01 0,01 
�K�\�b�g�_�p 0,003 0,0035  0,005 0,01 0,1 
�<�Z�g�Z�^�b�c 0,0 0.0  0,0 0,0 0.001 
�P�b�g�d 0,196 0,65  0,163 0.26 0.01 
�F�u�r�v�y�d 0,0 0,0  0,0 0,0 0,05 

 
�:�g�Z�e�b�a���j�_�a�m�e�v�l�Z�l�h�\ �i�h�d�Z�a�u�\�Z�_�l�����q�l�h��

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

�<�� �h�l�^�_�e�v�g�u�_�� �k�_�a�h�g�u�� �]�h�^�Z�� �\�� �j�_�q�g�h�c��
�\�h�^�_�� �b�f�_�x�l�� �f�_�k�l�h�� �i�h�\�u�r�_�g�g�u�_��
�d�h�g�p�_�g�l�j�Z�p�b�b�� �`�_�e�_�a�Z���� �f�Z�j�]�Z�g�p�Z�� �b�� �o�j�h�f�Z+6. 
�K�h�^�_�j�`�Z�g�b�_�� �l�Z�d�b�o�� �w�e�_�f�_�g�l�h�\���� �d�Z�d�� �f�_�^�v����
�d�Z�^�f�b�c���� �g�b�d�_�e�v���� �\�Z�g�Z�^�b�c�� �b�� �f�u�r�v�y�d��
�g�Z�o�h�^�y�l�k�y�� �g�Z�� �m�j�h�\�g�_�� �i�j�_�^�_�e�Z��
�q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�b���f�_�l�h�^�h�\���b�o���h�i�j�_�^�_�e�_�g�b�y�� 

�K�e�_�^�m�_�l���h�l�f�_�l�b�l�v�����q�l�h���k�h�^�_�j�`�Z�g�b�_���\��
�j�_�q�g�u�o�� �\�h�^�Z�o�� �o�j�h�f�Z+6 �b�f�_�x�l�� �i�h�\�u�r�_�g�g�h�_��
�k�h�^�_�j�`�Z�g�b�_�� �e�b�r�v�� �\�� �k�l�\�h�j�_�� �‹������ �]�^�_�� �b�f�_�_�l��

�f�_�k�l�h�� �j�Z�a�]�j�m�a�d�Z�� �i�h�^�a�_�f�g�u�o�� �\�h�^����
�a�Z�]�j�y�a�g�_�g�g�u�o���w�l�b�f���\�_�s�_�k�l�\�h�f���\���j�_�a�m�e�v�l�Z�l�_��
�\�h�a�^�_�c�k�l�\�b�y�� �r�e�Z�f�h�\�u�o�� �g�Z�d�h�i�b�l�_�e�_�c��
�:�d�l�x�[�b�g�k�d�h�]�h�� �a�Z�\�h�^�Z�� �o�j�h�f�h�\�u�o��
�k�h�_�^�b�g�_�g�b�c�� ���:�A�O�K���� ���l�Z�[�e�b�p�Z�� �������� �<��
�h�k�l�Z�e�v�g�u�o�� �i�m�g�d�l�Z�o�� �d�h�g�l�j�h�e�y�� �\�� �l�_�q�_�g�b�_��
�]�h�^�Z�� �k�h�^�_�j�`�Z�g�b�_�� �o�j�h�f�Z+6 �g�Z�o�h�^�b�e�h�k�v �\��
�i�j�_�^�_�e�Z�o���g�h�j�f�u�� 

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

 
�L�Z�[�e�b�p�Z������ �± �K�h�^�_�j�`�Z�g�b�_���f�b�d�j�h�w�e�_�f�_�g�l�h�\�� �b���l�y�`�_�e�u�o���f�_�l�Z�e�e�h�\�� �\�� �i�h�^�a�_�f�g�u�o���\�h�^�Z�o��

�j�Z�c�h�g�Z���i�j�h�f�i�e�h�s�Z�^�d�b���b���r�e�Z�d�h�h�l�\�Z�e�Z���:�A�N�� 
Table 4 �± Content of trace elements and heavy metals in underground water of the 

industrial site and slag dump area of AFP  
 

�W�e�_�f�_�g�l 
�K�h�^�_�j�`�Z�g�b�_�����f�]���^�f3 �����\���i�j�h�[�_ 

�‹��  
�i�^�d�d�m�e�v�l�� 

�[�u�l�� 
�K�D�<��- 1 �K�D�<��- 2 �K�D�<��- 3 �K�D�<���� 

�:�e�x�f�b�g�b�c 0.35 0.29 0,82 1,20 0,5 
�D�Z�^�f�b�c 0,0005 0,001 0,003 0,003 0,001 
�O�j�h�f+6 0,15 0,26 31,81 53,92 0,05 
�F�_�^�v 0,152 0.18 0,32 0,46 1,0 
�@�_�e�_�a�h���h�[�s 0,37 0,35 1,25 0,31 0,3 
�F�Z�j�]�Z�g�_�p 0,12 0,21 0,248 0,32 0.1 
�G�b�d�_�e�v 0.026 0.016 0.02 0,02 0.1 
�K�\�b�g�_�p 0.008 0.006 0.004 0.003 0.03 
�<�Z�g�Z�^�b�c 0.01 0.01 0.01 0.01 0.1 
�P�b�g�d �h�l�k�� 0.96 2,6 0.26 1.0 
�F�u�r�v�y�d 0.005 0.005 0.005 0.005 0.05 
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�I�h�� �]�b�^�j�h�]�_�h�e�h�]�b�q�_�k�d�b�f�� �m�k�e�h�\�b�y�f�� �b��
�d�Z�q�_�k�l�\�m�� �i�h�^�a�_�f�g�u�o�� �\�h�^�� �\�� �j�Z�c�h�g�_�� �:�A�N�� �^�h��
�g�Z�k�l�h�y�s�_�]�h�� �\�j�_�f�_�g�b�� �g�_�l�� �h�^�g�h�a�g�Z�q�g�h�]�h��
�h�l�\�_�l�Z�� �h�l�g�h�k�b�l�_�e�v�g�h�� �b�k�l�h�q�g�b�d�Z��
�a�Z�]�j�y�a�g�_�g�b�y�� �j�_�q�g�u�o�� �\�h�^�� �r�_�k�l�b�\�Z�e�_�g�l�g�u�f��
�o�j�h�f�h�f�� 

�J�_�a�m�e�v�l�Z�l�u�����<�� �l�Z�[�e�b�p�_�� ����
�i�j�b�\�_�^�_�g�u�� �h�k�j�_�^�g�_�g�g�u�_�� �^�Z�g�g�u�_��
�f�b�d�j�h�d�h�f�i�h�g�_�g�l�g�h�]�h�� �k�h�k�l�Z�\�Z�� �i�h�^�a�_�f�g�u�o��
�\�h�^�� �\�� �j�Z�c�h�g�_�� �i�j�h�f�i�e�h�s�Z�^�d�b�� �b�� �k�l�Z�j�h�]�h��
�a�h�e�h�h�l�\�Z�e�Z�� �L�W�P���� �D�Z�d�� �\�b�^�g�h�� �b�a��
�i�j�b�\�_�^�_�g�g�u�o�� �^�Z�g�g�u�o���� �\�� �j�Z�c�h�g�_�� �i�e�h�s�Z�^�d�b��
�a�Z�\�h�^�Z�� �b�f�_�_�l�� �f�_�k�l�h�� �g�_�a�g�Z�q�b�l�_�e�v�g�h�_��
�i�j�_�\�u�r�_�g�b�_���^�h�i�m�k�l�b�f�u�o���d�h�g�p�_�g�l�j�Z�p�b�c���i�h��
�f�Z�j�]�Z�g�p�m�� �b�� �`�_�e�_�a�m�� ���������� �I�>�D���� �b�� �o�j�h�f�m+ (3 
�I�>�D������ �q�l�h�� �\�� �p�_�e�h�f�� �y�\�e�y�_�l�k�y�� �o�Z�j�Z�d�l�_�j�g�u�f��
�y�\�e�_�g�b�_�f�� �^�e�y�� �b�k�k�e�_�^�m�_�f�h�c�� �l�_�j�j�b�l�h�j�b�b���� �<��
�k�d�\�Z�`�b�g�Z�o�� �‹��-������ �j�Z�k�i�h�e�h�`�_�g�g�u�o�� �\�� �j�Z�c�h�g�_��
�k�l�Z�j�h�]�h�� �a�h�e�h�h�l�\�Z�e�Z�� �L�W�P�� �h�[�g�Z�j�m�`�_�g�h��
�i�h�\�u�r�_�g�g�h�_�� �k�h�^�_�j�`�Z�g�b�_�� �Z�e�x�f�b�g�b�y�� �\��
�i�j�_�^�_�e�Z�o�� ��������-���������� �f�]���^�f3 (1,6-�������� �I�>�D������
�f�Z�j�]�Z�g�p�Z��- �\�� �i�j�_�^�_�e�Z�o�� ��������-���������� �f�]���^�f3 
(2,1-�������� �I�>�D������ �`�_�e�_�a�Z��- �\�� �i�j�_�^�_�e�Z�o�� ��������-
���������� �f�]���^�f3 (1,03-�������� �I�>�D������ �o�j�h�f�Z+6 - �\��
�i�j�_�^�_�e�Z�o�� ����������-������������ �f�]���^�f3 (636,2-1078,4 
�I�>�D������ �<�� �k�d�\�Z�`�b�g�_�� �‹���� �h�[�g�Z�j�m�`�_�g�h��
�i�h�\�u�r�_�g�g�h�_���k�h�^�_�j�`�Z�g�b�_���p�b�g�d�Z�������������I�>�D������ 

�:�g�Z�e�b�a�b�j�m�y�� �i�j�b�\�_�^�_�g�g�u�_�� �^�Z�g�g�u�_����
�k�e�_�^�m�_�l�� �h�l�f�_�l�b�l�v���� �q�l�h�� �\�e�b�y�g�b�_�� �k�l�Z�j�h�]�h��
�a�h�e�h�h�l�\�Z�e�Z�� �L�W�P�� �g�Z�� �k�h�k�l�h�y�g�b�_�� �i�h�^�a�_�f�g�u�o��
�\�h�^�� �j�Z�c�h�g�Z�� �i�j�h�f�i�e�h�s�Z�^�d�b�� �b�� �r�e�Z�d�h�h�l�\�Z�e�Z��
�:�A�N���^�h�k�l�Z�l�h�q�g�h���k�m�s�_�k�l�\�_�g�g�h�_�����h�k�h�[�_�g�g�h���\��

�q�Z�k�l�b�� �a�Z�]�j�y�a�g�_�g�b�y�� �b�o�� �Z�e�x�f�b�g�b�_�f����
�f�Z�j�]�Z�g�p�_�f�����o�j�h�f�h�f���b���p�b�g�d�h�f���>�����������@�� 

�O�Z�j�Z�d�l�_�j�b�a�m�y�� �b�a�f�_�g�_�g�b�_��
�d�h�g�p�_�g�l�j�Z�p�b�c�� �r�_�k�l�b�\�Z�e�_�g�l�g�h�]�h�� �o�j�h�f�Z�� �\��
�i�h�^�a�_�f�g�u�o�� �\�h�^�Z�o�� �i�h�� �g�Z�i�j�Z�\�e�_�g�b�x��
�^�\�b�`�_�g�b�y�� �]�j�m�g�l�h�\�h�]�h�� �i�h�l�h�d�Z�� �R�l��
�r�e�Z�f�h�g�Z�d�h�i�b�l�_�e�_�c�� �H�:�H�� �©�:�A�O�K�ª�� �d��
�r�e�Z�d�h�h�l�\�Z�e�Z�f�� �:�A�N�� �b�� �^�Z�e�_�_�� �d�� �j���B�e�_�d����
�f�h�`�g�h�� �k�^�_�e�Z�l�v�� �\�u�\�h�^�� �h�� �l�h�f���� �q�l�h�� �\�� �j�Z�c�h�g�_��
�r�e�Z�d�h�h�l�\�Z�e�Z�� �i�j�_�^�i�j�b�y�l�b�_���� �j�Z�k�i�h�e�h�`�_�g�g�h�_��
�f�_�`�^�m�� �k�d�\�Z�`�b�g�Z�f�b�� �‹�‹�� ���������� �b�� ������������
�b�f�_�_�l�� �f�_�k�l�h�� �j�_�a�d�b�c�� �k�i�Z�^�� �d�h�g�p�_�g�l�j�Z�p�b�b��
Cr+6 ���k�������������f�]���^�f3 �^�h�������������f�]���^�f3�������I�h�w�l�h�f�m��
�f�h�`�g�h�� �l�Z�d�`�_�� �h�l�f�_�l�b�l�v���� �l�h�� �b�g�n�b�e�v�l�j�Z�p�b�y��
�Z�l�f�h�k�n�_�j�g�u�o�� �h�k�Z�^�d�h�\�� �q�_�j�_�a�� �l�h�e�s�m 
�r�e�Z�d�h�\�u�o�� �h�l�e�h�`�_�g�b�c�� �g�Z �h�l�\�Z�e�_�� �g�_�� �f�h�`�_�l��
�k�e�m�`�b�l�v�� �i�j�b�q�b�g�h�c�� �a�Z�]�j�y�a�g�_�g�b�y�� �]�j�m�g�l�h�\�u�o��
�\�h�^���r�_�k�l�b�\�Z�e�_�g�l�g�u�f���o�j�h�f�h�f�����j�b�k�m�g�h�d���������� 

�R�e�Z�d�h�\�u�c�� �h�l�\�Z�e�� �\�u�l�y�g�m�l�� �\��
�f�_�j�b�^�b�h�g�Z�e�v�g�h�f�� �g�Z�i�j�Z�\�e�_�g�b�b��
�i�j�h�l�y�`�_�g�g�h�k�l�v�x�� ���������� �f���� �r�b�j�b�g�Z�� �_�]�h��
�k�h�k�l�Z�\�e�y�_�l�� �h�l�� ������-�������� �^�h�� �������� �f���� �I�e�h�s�Z�^�v��
�r�e�Z�d�h�h�l�\�Z�e�Z���� �a�Z�g�y�l�Z�y�� �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h��
�r�e�Z�d�Z�f�b�����k�h�k�l�Z�\�e�y�_�l���������������l�u�k���f2 �������������]�Z���� 
�\���l�h�f���q�b�k�e�_���g�Z���i�e�h�s�Z�^�b�������������f2 �f�h�s�g�h�k�l�v��
�r�e�Z�d�h�\�� �k�h�k�l�Z�\�e�y�_�l�� ���� �b�� �[�h�e�_�_�� �f2���� �g�Z��
�h�k�l�Z�e�v�g�h�c���i�e�h�s�Z�^�b�����������l�u�k���f2) - �f�_�g�_�_�����f2. 

�L�Z�d�b�f���h�[�j�Z�a�h�f�����i�h�e�m�q�_�g�g�u�_���^�Z�g�g�u�_��
�i�h�a�\�h�e�y�x�l�� �k�^�_�e�Z�l�v�� �\�u�\�h�^�� �h�� �l�h�f���� �q�l�h��
�\�e�b�y�g�b�_�� �i�j�h�b�a�\�h�^�k�l�\�_�g�g�u�o�� �h�[�t�_�d�l�h�\�� �:�A�N��
�g�Z�� �]�j�m�g�l�h�\�u�_�� �\�h�^�u�� �\�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �g�_��
�f�h�`�_�l���[�u�l�v���h�p�_�g�_�g�h���h�^�g�h�a�g�Z�q�g�h����  

 
�L�Z�[�e�b�p�Z������- �K�h�^�_�j�`�Z�g�b�_���f�b�d�j�h�w�e�_�f�_�g�l�h�\���\���i�h�^�a�_�f�g�u�o���\�h�^�Z�o���j�Z�c�h�g�Z���:�A�N 
Table 5 - Content of trace elements in underground water of the AFP area 

 

�H�i�j�_�^�_�e�y�_�f�u�c 
�b�g�]�j�_�^�b�_�g�l���j�G 

�K�h�^�_�j�`�Z�g�b�_���f�b�d�j�h�d�h�r�x�g�_�g�l�h�\���\���k�d�\�Z�`�b�g�Z�o�����f�]���^�f3 
�K-1576 �K-1367 �K-941 �K-17776 �K-���������\ �K-1357  �K-���������Z 

7,2 7,4 7,6 8,0 7,9 8,0  8,2 
�K�m�o�h�c���h�k�l�Z�l�h�d 2301,0  2883,5 2948,5 1764,0 1274,5 1436,5  1416,0 
�<�a�\�_�r�_�g�g�u�_���\-�\�Z 13,7  1,24 3.44 39,4 35,8 1,02  17,3 
�:�f�f�h�g�b�c�g�u�c���Z�a�h�l 0,88  1,23  2,64 1,76 0.176 1,12  0.529 
�G�b�l�j�b�l�u 0,04  0,003  0,12 0,02 0.018 0,113  0.043 
�G�b�l�j�Z�l�u 21  1,6  0,4 0,145 0.174 1,65  0,261 
�K�m�e�v�n�Z�l�u 795,2  878,9  853,0 497,39 408,6 470,34  458,6 
�O�e�h�j�b�^�u 192.51  318,5  283,5 606,82 368,21 12,3  270.2 
�@�_�k�l�d�h�k�l�v 10,6  16,8  25,0 10,8 6,8 10,4  8.4 
�D�Z�e�v�p�b�c 120.0  180.0  288,0 120,0 64,0 120,0  100.0 
�F�Z�]�g�b�c 55,2  93,6  127,2 57,6 43,2 52,8  40,8 
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�S�_�e�h�q�g�h�k�l�v 3,6  4,0  6,2 1,4 1.88 3,4  2,4 
�N�l�h�j 1,63  1,43  1,59 1,33 1,71 2,05  1,35 
�:�e�x�f�b�g�b�c 0,15  0.14  0,1 0,11 0.11 0.14  0,18 
�D�Z�^�f�b�c 0.0  0.0  0.0 0,0 0,0 0,0  0.0 
�O�j�h�f+6 8,0  10,0  5,8 0,02 0,0012 10,2  0,004 
�F�_�^�v 0,01  0.0078  0.008 0,011 0,007 0,0076  0,008 
�@�_�e�_�a�h���h�[�s�� 0,18  0.105  0,268 0,089 0,114 0,28  0,16 
�F�Z�j�]�Z�g�_�p 0,2  0,2  0,07 0,050 ^ 0,085 0,055  0,115 
�G�b�d�_�e�v 0,0023  0.004  0,0032 0,0034 0,0015 0.002 ^  �������������q 
�K�\�b�g�_�p 0.002  0,0015  0,002 0,0015 0.002 0,0011  0.001 
�<�Z�g�Z�^�b�c 0,001  0.0  0.0 0,0 0,0 0.002  0,0012 
�P�b�g�d 0,131  0.196  0.327 0,784 0.229 0,103  0,138 
�F�u�r�v�y�d 0,0  0.001  0,001 0,001 0,0 0.001  0.0 
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Figure 1 - Layout of production facilities 
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DETERMINATION OF HARMFUL FACTORS AFFECTING THE WORKING 

ENVIRONMENT IN THE OIL AND GAS INDUSTRY 
Tanzharikov Panabek Absatovich, Cand.Sci.(Eng.), Professor, The Korkyt Ata Kyzylorda State 

University, Kyzylorda, Kazakhstan pan_19600214@mail.ru 
Tolegen Aiym Erzhankyzy, Master student, The Korkyt Ata Kyzylorda State University, 

Kyzylorda, Kazakhstan aiym-tolegen@mail.ru 
Abstract. The article discusses issues related to factors affecting working conditions in the oil 

and gas industry. Hazardous and harmful production factors affecting the oil and gas industry were 
identified, and a methodology was developed to assess the level of risk in the environment. The 
methodology is based on the guidelines used in the regulatory literature and on the basis of labor 
protection and safety guidelines. In order to optimize working conditions in the oil and gas industry and 
raise the level of labor protection at the global level, we need to use more stringent standards of general 
safety. 

All oil and gas production equipment-automobile, tractor, lake and sea vessels, internal 
combustion engines of drilling rigs pollute the environment.  

According to the level of the natural negative environment, oil and gas production ranks first 
among the sectors of the national economy. It pollutes the environment, the atmosphere, hydrofera and 
geological environment.  

The safety of the production process in the oil and gas industry remains relevant for all 
enterprises. The work environment that makes up the employer and employees performing their duties 
must be reliable. Analysis of the causes of industrial injuries, the human factor is the main causes of 
accidents, as it ensures the safety of employees or their employees, is engaged in the prevention of these 
negative factors of labor protection. In addition, there is an attitude of the company's financial reporting 
management to ensuring safe working conditions for subordinates and a strong correlation among people 
with a safe work culture (motivation) of the company's financial reporting employees. 

Keywords: oil and gas industry, occupational risk, Elmery index, occupational diseases. 
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Figure 1 - Types of hazardous and harmful production factors 
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�d�%�k�•�[�b�� �Z�m�j�m���Z�� �r�Z�e�^�u���l�u�j�Z�^�u���� �D�%�k�•�i�l�•�d��
�Z�m�j�m�� �^�_�i�� �h�l�u�j���Z�g�u�f�u�a�� �± �`���f�u�k�d�_�j�^�•����
�'�a�•�g�•���� ���u�a�f�_�l�l�•�d�� �f�•�g�^�_�l�l�_�j�•�g�� �h�j�u�g�^�Z�m��
�[�Z�j�u�k�u�g�^�Z�� �h���Z�g�� �a�b�y�g�^�u�� �g�_�f�_�k�_�� ���Z�m�•�i�l�•��
�'�g�^�•�j�•�k�l�•�d�� �n�Z�d�l�h�j�e�Z�j�^�u���� �%�k�_�j�� �_�l�m�•�g�_�g��
�l�m�u�g�^�Z���Z�g�� �k�h�a�u�e�f�Z�e�u�� �g�_�f�_�k�_�� ���Z�l�l�u�� �Z�m�j�m����
�@�Z�e�i�u�� �d�%�k�•�i�l�•�d�� �Z�m�j�m�� �`���f�u�k�d�_�j�^�•���� �`���f�u�k��
�'�l�•�e�•�g�_���� �`���f�u�k�� �Z�c�f�Z���u�g�u���� ���Z�m�•�i�l�•�e�•�d��
�^�%�j�_�`�_�k�•�g�_�� ���Z�j�Z�c���� �k�h�g�^�Z�c-�Z���� �_���[�_�d��
�Z�m�u�j�e�u���u�g�Z���k�Z�c���i�Z�c�^�Z���[�h�e�Z�^�u�����K�h�e���k�_�[�_�i�l�•��
�f���g�Z�c�� �'���^�_�m�� �d�_�r�_�g�^�_�j�•�g�^�_�� �f���g�Z�c��
�'�g�•�f�^�_�j�•�g�•���� �a�b�y�g�^�u�� �n�Z�d�l�h�j�e�Z�j�u�� �%�k�_�j�•�g�_�g��
�[�h�e�Z�l�u�g�� ���Z�m�•�i�l�_�g�� �_���[�_�d�� �`�Z���^�Z�c�e�Z�j�u�� �f�_�g��
�_���[�_�d�l�•�� ���h�j���Z�m�� �`�%�g�_�� �'�g�^�•�j�•�k�l�•�d��
�`�Z�j�Z���Z�l�l�Z�g�m�^�u�� �l�'�f�_�g�^�_�l�m�� �f�_�g�� �d�%�k�•�[�b��
�Z�m�j�m�^�u���� �[�h�e�m�� �u���l�b�f�Z�e�^�u���u�� �Z�e�^�u�g�� �Z�e�m�u��
���Z�`�_�l�� 

�@���f�u�k�� �h�j�l�Z�k�u�g�^�Z�� ���u�a�f�_�l�d�_�j�e�_�j�^�•����
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�[�_�j�•�e�_�^�•��������-�d�_�k�l�_���� 

 
�����d�_�k�l�_ - ���u�a�f�_�l�d�_�j�e�_�j�^�•�����`�Z�k�u���`�%�g�_���_���[�_�d���'�l�•�e�•���[�h�c�u�g�r�Z���l�h�i�l�Z�j�u 
Table 1 - Groups of employees by age and work experience 
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�F���g�Z�c-�]�Z�a�� �d�_�g�� �h�j�u�g�^�Z�j�u�g�^�Z��
�r�b�d�•�a�Z�l�l�u�� �'�g�^�•�j�m���� �i�Z�c�^�Z�e�Z�g�m�� �`�%�g�_��
�l�Z�k�u�f�Z�e�^�Z�m�� �d�_�a�•�g�^�_�� �[�h�e�Z�l�u�g�� �Z�i�Z�l�l�Z�j�^�u����
�a�b�y�g�^�u�� �n�Z�d�l�h�j�e�Z�j�u�g�� �k�Z�j�Z�e�Z�m�� �`�%�g�_��
���Z�a�Z���k�l�Z�g�� �J�_�k�i�m�[�e�b�d�Z�k�u�� �k�l�Z�g�^�Z�j�l�l�Z�j�u��
�l�Z�e�Z�i�l�Z�j�u�g�Z�� �k�%�c�d�_�k�l�•�]�•�g�� �[�Z���Z�e�Z�m��
�`���f�u�k�l�Z�j�u�� �`���j�]�•�a�•�e�•�i�� �h�l�u�j�Z�^�u����
���u�a�f�_�l�d�_�j�e�_�j�^�•���� ���Z�m�•�i�k�•�a�� �_���[�_�d�� ���u�a�f�_�l�•�g��
�����j�m���� �k�h�g�^�Z�c-�Z���� �i�_�j�k�h�g�Z�e�^�u���� �Z�m�j�m�e�Z�j�u�g��
�[�h�e�^�u�j�f�Z�m��- �_���[�_�d�l�•�� ���h�j���Z�m�^�u���� �[�Z�k�l�u��
�f�Z���k�Z�l�u���[�h�e�u�i���l�Z�[�u�e�Z�^�u���>���@�� 

�&�g�^�•�j�•�k�l�_�� �`���f�u�k�� �`�Z�k�Z�c�l�u�g�^�Z�j��
�`���f�u�k�� �m�Z���u�l�u�g�u���� ���e�d�_�g�� �[�•�j�� �[�'�e�•�]�•�g��
�'�g�^�•�j�•�k�l�•�d�� �h�j�l�Z�f�_�g�� �l�•�d�_�e�_�c�� �[�Z�c�e�Z�g�u�k�l�Z��
�'�l�d�•�a�_�l�•�g�^�•�]�•�� �[�_�e�]�•�e�•�� �:�^�Z�f�� �^�_�g�k�Z�m�e�u���u�g�Z��

���h�j�r�Z���Z�g�� �h�j�l�Z�� �l�_�f�i�_�j�Z�l�m�j�Z�k�u���� �h�g�u����
�u�e���Z�e�^�u�e�u���u���� ���h�a���Z�e�m�� �`�u�e�^�Z�f�^�u���u�� �`�%�g�_��
�f�b�d�j�h�d�e�b�f�Z�l�l�u���� �`�Z���^�Z�c�e�Z�j�� �_�^�%�m�•�j�� �%�k�_�j��
�_�l�_�^�•���� �G�h�j�f�Z�e�Z�j���Z�� �k�%�c�d�_�k�� �'�g�^�•�j�•�k�l�•�d��
�k�b�i�Z�l�l�Z�f�Z�e�Z�j�� �•�r�•�g�^�_�]�•�� �l�b�•�f�^�•�� �l�_�f�i�_�j�Z�l�m�j�Z��
�k�m�u�����`�%�g�_���Z�m�u�k�i�Z�e�u���f�_�a�]�•�e�^�_����������- +190�K����
�Z�m�Z�� �u�e���Z�e�^�u�e�u���u�� ����-���������� �h�g�u����
�`�u�e�^�Z�f�^�u���u�� ������-�������� �f���k������ �`�u�e�u�� �f�_�a�]�•�e�^�_��
�l�_�f�i�_�j�Z�l�m�j�Z�� ��������- +220�K�� �[�h�e�m�u�� �d�_�j�_�d����
�@�Z�[�u���� ���b�f�Z�j�Z�l�l�Z�j�� �f�_�g�� �h�[�t�_�d�l�•�e�_�j�^�_��
�m�Z���u�l�r�Z�� �`���f�u�k�� ���r�•�g�� �f�Z�d�k�b�f�Z�e�^�u�� �j�����k�Z�l��
�_�l�•�e�_�l�•�g���� ���h�j�r�Z���Z�g�� �h�j�l�Z�� �l�_�f�i�_�j�Z�l�m�j�Z�k�u��
+330�K���� �'�c�l�d�_�g�•�� �[���e�� �`�Z���^�Z�c�^�Z�� �h�j�]�Z�g�b�a�f�g�•����
�l�_�j�f�h�j�_�l�l�_�m�•�g�� ���u�k���Z�� �f�_�j�a�•�f�^�_�� ���Z�f�l�Z�f�Z�k�u�a��
�_�l�m�]�_���[�h�e�Z�^�u��������-�d�_�k�l�_��  

 
�����d�_�k�l�_ - �L�_�f�i�_�j�Z�l�m�j�Z���d�'�j�k�_�l�d�•�r�•�g�•�����l�b�•�f�^�•���f�%�g�• 
Table 2 - Effective value of the temperature indicator 

 
�@���f�u�k���d�Z�l�_�]�h�j�b�y�k�u �@�u�e���i�_�j�b�h�^�u 

�@�u�e�u �K�m�u�� 
�@�_���•�e 23-250�K -22-240�K 
�:�m�u�j 18-200�K -16-180�K 

 
�:�m�u�j�� �`���f�u�k�l�Z�j�� ���r�•�g���� �Z�m�Z��

���h�a���Z�e�u�k�u�g�u�����`�u�e�^�Z�f�^�u���u���`�u�e�u���d�_�a�_���^�_��
�± �������� �f���k�_�d�� �l�_���� �[�h�e�k�Z���� �`�_���•�e�� �`���f�u�k�l�Z�j��
���r�•�g���± ���������f���k�_�d���l�_�������;�Z�j�e�u�����`���f�u�k�l�Z�j�^�u����
�l���j�•�� �`�%�g�_�� �d�_�a-�d�_�e�]�_�g�� �`�u�e�� �i�_�j�b�h�^�u�� ���r�•�g����
�l�b�•�f�^�•���k�Z�e�u�k�l�u�j�f�Z�e�u���u�e���Z�e�^�u�e�u��������-60%-
���Z���k�Z�c���[�h�e�m���d�_�j�_�d�� 

�@���f�u�k�� �h�j�l�Z�k�u�� �`���f�u�k�� �`�Z�k�Z�m���Z��
�u�����Z�c�e�u�� �[�h�e�m�u�� ���r�•�g�� �`�Z�j�u���l�Z�g�^�u�j�m��
�`�h���Z�j���u�� �^�%�j�_�`�_�^�_�� �[�h�e�m�u�� �l�b�•�k���� �&�g�^�•�j�•�k�l�_�]�•��
�`�Z�j�u���l�Z�g�^�u�j�m �_�d�• �l���j�e�•�� �`�h�e�f�_�g���� �y���g�b��
�l�Z�[�b���b�� �`�%�g�_ �`�Z�k�Z�g�^�u �`�Z�j�u���l�Z�j�f�_�g 
�Z�l���Z�j�u�e�Z�^�u���� �L�Z�[�b���b�� �`�Z�j�u���l�u�e�u�� 
�d�h�w�n�n�b�p�b�_�g�l�• �[�'�e�f�_�g�•�� �•�r�•�g�^�_�]�• 
�`�Z�j�u���l�u�e�u�� �k�u�j�l�l�Z���u �`�Z�j�u���l�u�e�u���l�u����
���Z�l�u�g�Z�k�u�g�Z �l�_������ �H�g�u�� �f�u�g�Z�^�Z�c�� �'�j�g�_�d��
�Z�j���u�e�u���_�k�_�i�l�_�c�f�•�a�� 
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�F���g�^�Z���� 
�?�`�Z�j�u����- �l�Z�[�b���b�� �`�Z�j�u���l�u�e�u����

�d�h�w�n�n�b�p�b�_�g�l�•���� 
�?�•�r�d�• - �[�'�e�f�_ �•�r�•�g�^�_�]�• �`�Z�j�u���l�u�e�u����  
�?�k�u�j�l���u�� - �[�'�e�f�_�� �k�u�j�l�u�g�^�Z���u 

�`�Z�j�u���l�u�e�u���� 

�@���f�u�k���h�j�l�Z�k�u�g�^�Z���u���Z�m�Z�������j�Z�f�u�g�^�Z��
������ �]���f3 �[�_�g�a�b�g�g�•���� �[�m�u�� �[�h�e�k�Z���� �Z�^�Z�f�� ����-12 
�j�_�l�� �^�_�f�� �Z�e���Z�g�^�Z�� �_�k�•�g�_�g�� �Z�c�u�j�u�e�Z�^�u���� �?�]�_�j��
�Z�m�Z�^�Z�� �[�_�g�a�b�g�g�•���� �[�m�u�� ���� ��-�^�Z�g�� �Z�k�k�Z�� �������]���f3) 
�[�•�j�^�_�g�� �m�e�Z�c�^�u���� �l�•�i�l�• �'�e�•�i�� �d�_�l�m�•�� �f���f�d�•�g����
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�Z�g�l�b�n�j�b�a�^�_�j�� �^�_�� �m�e�u�� �a�Z�l�l�Z�j�^�u���� ���Z�l�Z�j�u�g�Z��
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�h�j�u�g�^�Z�e�m�u���l�b�•�k���>���@�� 

�@�Z�e�i�u�� �Z�c�l���Z�g�^�Z���� �f���g�Z�c�� �`�%�g�_�� �]�Z�a��
�'�g�^�•�j�•�k�•�g�^�_�� �`���f�u�k�� �`�Z�k�Z�m�r�u�e�Z�j�� �[�Z�k�l�u����
�^�_�g�_�g�•���� ���h�e�^�u���� �Z�y���l�u�� ���h�j���Z�c�l�u�g�� �Z�j�g�Z�c�u��
�d�b�•�f�^�_�j�f�_�g�� ���Z�f�l�Z�f�Z�k�u�a�� �_�l�•�e�m�•�� �l�b�•�k����
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�f�_�g�� ���h�j���Z�g�m �����j�Z�e�^�Z�j�u���� �_�f�^�_�m-�k�Z�m�u���l�u�j�m��
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�h�g�u���� �^�_�g�k�Z�m�e�u���u���� �[�•�e�•�f�•���� �`���d�l�_�e�]�_�g��
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���Z�m�•�i�k�•�a�^�•�d�� �l�Z�e�Z�i�l�Z�j�u�� �f�_�g�� �_���[�_�d��
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�i�j�h�p�_�k�•�g�^�_�]�•�� �`�_�d�_�� �l�%�j�l�•�i�l�•�� �h�j�u�g�^�Z�m���Z��
�[�Z�c�e�Z�g�u�k�l�u�� �Z�g�u���l�Z�e�Z�^�u���� �&�g�^�•�j�•�k�l�•�d��
�i�j�h�p�_�k�l�_���[���e���r�Z�j�Z�e�Z�j���Z���`�Z�m�Z�i�l�u���l���e���Z�g�u����
�j�h�e�•�� �l�_�d�� �'�g�^�•�j�•�k�l�•�d�� �l�Z�i�k�u�j�f�Z�g�u�� �h�j�u�g�^�Z�m��
���Z�g�Z�� �_�f�_�k���� �f�•�g�^�_�l�l�•�� �l���j�^�_�� �_���[�_�d�l�•��
���h�j���Z�m�^�u���� �[�Z�j�e�u���� �l�Z�e�Z�i�l�Z�j�u�g�� �k�Z���l�Z�m��
���_���[�_�d�l�•�� ���h�j���Z�m�^�u���� �a�Z���^�u�e�u���l�Z�j�u����
�f�_�f�e�_�d�_�l�l�•�d�� �Z�d�l�•�e�_�j�•�� �`�%�g�_ �l���[������ �[�h�e�u�i��
�l�Z�[�u�e�Z�^�u�� 

�F���g�Z�c-�]�Z�a�� �k�Z�e�Z�k�u�g�u����
�l�_�o�g�h�e�h�]�b�y�e�u���� �i�j�h�p�_�k�l�_�j�•�g�� �l�Z�e�^�Z�m�� �`�%�g�_��
�a�_�j�l�l�_�m���� �l�%�m�_�d�_�e�^�_�j�^�•�� �[�Z���Z�e�Z�m�^�u���� �h���l�Z�c�e�u��
�%�^�•�k�l�_�j�•�g�� �l�Z���^�Z�m���� �_���[�_�d�� �`�Z���^�Z�c�e�Z�j�u�g��
�h���l�Z�c�e�Z�g�^�u�j�m�� �`�%�g�_�� �l�%�m�_�d�_�e�^�•�� �l�'�f�_�g�^�_�l�m��

�[�h�c�u�g�r�Z�� �Z�e�^�u�g�� �Z�e�m�� �•�k-�r�Z�j�Z�e�Z�j�u�g�u����
�[�Z���^�Z�j�e�Z�f�Z�k�u�g�� �%�a�•�j�e�_�m�� �a�_�j�l�l�_�m�^�•���� �g�_�]�•�a�]�•��
�f�Z���k�Z�l�u���[�h�e�u�i���l�Z�[�u�e�Z�^�u�� 

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

 
�����d�_�k�l�_ - �@���f�u�k���Z�m�f�Z���u�g�^�Z���u���f���f�d�•�g���r�_�d�l�•�d���d�e�Z�k�u�g�u�����g�h�j�f�Z�l�b�\�l�_�j�• 
Table 3 - Standards for the maximum permissible class in the work area 
 

�D�'�j�k�_�l�d�•�r ���Z�m�•�i�l�•�e�•�d���d�e�Z�k�u�g�u�����g�h�j�f�Z�l�b�\�l�_�j�• 
1 2 3 4 

�&�g�^�•�j�•�k�l�•�d�� ���b�f�Z�j�Z�l�l�Z�j�^�u���� �`���f�u�k��
�Z�c�f�Z���u�g�^�Z���u�� �a�b�y�g�^�u�� �a�Z�l�l�Z�j�^�u����
�r�_�d�l�•�d�� �f���f�d�•�g�� �d�h�g�p�_�g�l�j�Z�p�b�y�k�u��
���f�]���f3)  

 
0,1 

 
0,1-1,0 

 
1,0-10,0 

 
10,1 

 
�@�Z�e�i�u���� �f���g�Z�c�� �'���^�_�m�� �a�Z�m�u�l�u�g�^�Z��

�'�g�^�•�j�•�e�_�l�•�g�� �a�Z�l�l�Z�j�^�u���� �a�b�y�g�^�u�� �%�k�_�j�•�g�_�g��
�`�h���Z�j�u�� �l�u�g�u�k�� �Z�m�j�m�e�Z�j�u���� �l�u�g�u�k�� �Z�e�m��
�f���r�_�e�_�j�•���Z�m�j�m�e�Z�j�u�����[�j�h�g�o�b�l�����'�d�i�_�����Z�[�u�g�m����
�Z�g�]�b�g�Z���� �l���f�Z�m���� �Z�k���Z�a�Z�g�� �`�Z�j�Z�k�u���� �`���c�d�_��
�Z�m�j�m�e�Z�j�u�����i�Z�c�^�Z���[�h�e�Z�^�u�� 

�:�^�Z�f�� �Z���a�Z�k�u�g�Z�� �m�e�u�� �a�Z�l�l�Z�j�f�_�g�� ���Z�l�Z�j��
�r�m���� �^�•�j�•�e���� �l�_�f�i�_�j�Z�l�m�j�Z�g�u���� �'�a�]�_�j�m�•�� �^�_��
�`�Z���u�f�k�u�a�� �%�k�_�j�� �_�l�_�^�•���� �F���g�Z�c��
�d�'�f�•�j�k�m�l�_�d�l�_�j�•�� �����j�Z�f�u�g�u���� �`�h���Z�j�u�� �[�h�e�m�u��
���Z�g�^�Z���u�� �'�a�]�_�j�•�k�l�_�j�f�_�g�� �[�•�j�]�_�� �l�u�g�u�k�� �Z�e�m����
�`���c�d�_���� �Z�k�����h�j�u�l�m���`�%�g�_���b�f�f�m�g�^�u���`���c�d�_�g�•����
�[���a�u�e�m�����Z�m�•�i�•�g���l�m���u�a�Z�^�u���� 

�@���f�u�k���Z�c�f�Z���u���Z�m�Z�k�u�g�u���������������f�]�»�f3 
�d�h�g�p�_�g�l�j�Z�p�b�y�k�u�g�u���� �������� �e�Z�k�l�Z�g�m�u�� �l�u�g�u�k��
�Z�e�m�� �n�m�g�d�p�b�y�k�u�g�� �d���j�l�� �g�Z�r�Z�j�e�Z�l�Z�^�u���� �Z�e��

2800-�����������f�]�»�f3 �d�h�g�p�_�g�l�j�Z�p�b�y�^�Z���Z�^�Z�f�^�Z�j�^�Z��
�'�d�i�_�� �•�k�•�g�m�� �g�%�l�b�`�_�k�•�g�^�_�� �]�Z�a�� �Z�e�f�Z�k�m�� �i�j�h�p�_�k�•��
�[���a�u�e�Z�^�u���� �d�'�a�^�•���� �d�•�e�_�]�_�c�� ���Z�[�u���r�Z�k�u�g��
�l�•�l�•�j�d�_�g�^�•�j�_�^�•���� �M�e�Z�g���Z�g�� �d�_�a�^�_�� �`�h���Z�j�u�^�Z��
�d�'�j�k�_�l�•�e�]�_�g���[�_�e�]�•�e�_�j���Z�c���u�g���[�Z�c���Z�e�Z�^�u�� 

�?�]�_�j�� ���Z�m�•�i-���Z�l�_�j�� �©���h�e�Z�c�e�u�ª�� �[�h�e�k�Z����
�h�g�^�Z�� �`���f�u�k�l�u�� �[�Z�k�l�Z�m�� �f���f�d�•�g�� �_�f�_�k���� �k�_�[�_�[�•��
�Z�m�u�j�� �h���b���Z�� �[�h�e�m�u�� �f���f�d�•�g�� �?�]�_�j�� �l�%�m�_�d�_�e��
�©�`�h���Z�j�u�ª�� �[�h�e�k�Z���� �h�g�^�Z�� �[�Z�k�r�u�g�u���� �`�Z�a�[�Z�r�Z��
�l���j�^�_�]�•�� �j�%�k�•�f�^�_�e�]�_�g�� �j�����k�Z�l�u�g�Z�g�� �d�_�c�•�g��
�`���f�u�k���Z�� �d�•�j�•�k�m�]�_�� �j�����k�Z�l�� �_�l�•�e�_�^�•���� �?�]�_�j��
�l�%�m�_�d�_�e�� �©���h�e�Z�c�e�u�ª�� �[�h�e�k�Z���� �`���f�u�k�l�u��
�Z���u�f�^�Z���u�� �l���a�_�l�m�� �r�Z�j�Z�e�Z�j�u�f�_�g�� �[�Z�k�l�Z�m���Z��
�[�h�e�Z�^�u���� �L�%�m�_�d�_�e�^�•�� �k�Z�g�^�u���� �[�Z���Z�e�Z�m�^�u����
�`�Z�g�Z�f�Z���%�^�•�k�•���W�e�f�_�j�b���%�^�•�k�•���[�h�e�u�i���l�Z�[�u�e�Z�^�u��
[4]. 

 

 
(2) 

 

�B�g�^�_�d�k�� �f�%�g�•�� ��-�^�_�g�� ������-�]�_�� �^�_�c�•�g��
�'�a�]�_�j�_�^�•���� �F�u�k�Z�e�u���� �������� �i�m�g�d�l�l�_�g�� ������
�i�m�g�d�l�l�u����50%-�u�� �l�Z�e�Z�i�l�Z�j���Z�� �k�%�c�d�_�k�� �d�_�e�_�^�•����
�D�_�a���d�_�e�]�_�g���[�Z���Z�e�Z�m���%�^�•�k�l�_�j�•���k�_�d�•�e�^�•���W�e�f�_�j�b��
�`���c�_�k�•�g�^�_�� �^�_�� �d�_�f�r�•�e�•�d�l�_�j�� �d�_�a�^�_�k�_�^�•. 

�F���g�^�Z���u�� �f�Z���u�a�^�u�� �d�_�f�r�•�e�•�d���� ���u�a�f�_�l�d�_�j�]�_ 
�%�k�_�j�� �_�l�_�l�•�g�� �'�g�^�•�j�•�k�� �n�Z�d�l�h�j�e�Z�j�u�g�u����
�[�•�j�^�_�c�e�•�]�•���� �Y���g�b���� �[�b�•�d�l�•�d�l�_�� ���h�j�r�Z�m�e�Z�j��
�[�h�e�f�Z���Z�g�� �d�_�a�^�_�� �`�%�g�_�� �©�K�l�h�i�ª��
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�[�Z�l�u�j�f�Z�k�u�g�^�Z���u�� �k�b�]�g�Z�e�� �l���k�•�� �[���a�u�e���Z�g��
�d�_�a�^�_���[�•�j�^�_�c���[�Z���Z�e�Z�m���[�h�e�Z�^�u�� 

�D�%�k�•�i�l�•�d�� �l�%�m�_�d�_�e�^�_�j�^�•�� �[�Z���Z�e�Z�m�^�Z��
�k�m�[�t�_�d�l�b�\�l�•�e�•�d�d�_�� �`�h�e�� �[�_�j�f�_�m�� ���r�•�g�� �_���[�_�d��
�`�Z���^�Z�c�u�g�� �Z�j�g�Z�c�u�� �[�Z���Z�e�Z�m�� �d�_�a�•�g�^�_��
�Z�g�u���l�Z�e���Z�g�� �a�b�y�g�^�u�� �`�%�g�_�� ���Z�m�•�i�l�•��
�n�Z�d�l�h�j�e�Z�j�^�u�� �'�e�r�_�m�� �g�%�l�b�`�_�e�_�j�•�g�_��
�g�_�]�•�a�^�_�e�]�_�g���%�^�•�k�����k�u�g�u�e�Z�^�u�� 

�;���e�� �%�^�•�k�l�_�� ���u�a�f�_�l�d�_�j�^�•���� �^�_�g�_�k�•�g�•����
�k�Z�m�� �d���c�•�g�^�_�� �[�_�e�]�•�e�_�g�]�_�g�� �f�%�g�^�_�j�^�_�g��
�Z�m�u�l���m�^�u���� �%�k�_�j�� �_�l�m�� �^�_���]�_�c�•�g�� �d�'�j�k�_�l�_�l�•�g��
�Z�j�g�Z�c�u�� �g���d�l�_�e�_�j�� �`���c�_�k�•�� ���h�e�^�Z�g�u�e�Z�^�u����
���i�Z�c�e�Z�j�^�u���� �f�%�g�•�g�_�� �[�Z�c�e�Z�g�u�k�l�u�� �_���[�_�d��
�`�Z���^�Z�c�u�g�u���� �`�Z���^�Z�c�u�� �`�%�g�_�� ���u�a�f�_�l�d�_�j�]�_��
�%�k�_�j���_�l�m���^�_���]�_�c�•���Z�g�u���l�Z�e�Z�^�u��������-�d�_�k�l�_�� 

 
�D�_�k�l�_������- ���h�j�r�Z���Z�g���h�j�l�Z���n�Z�d�l�h�j�e�Z�j�u�g�u�����[�Z�e�e�^�u�����d�'�j�k�_�l�d�•�r�• 
Table 4 - Score indicators of environmental factors 

 
���e�d�_�g���a�Z�e�Z�e����0,1) 0,3 0,7 1 

�H�j�l�Z�r�Z���a�Z�e�Z�e��(0,7) 0,2 0,5 0,7 
�D�•�r�•���a�Z�e�Z�e��(0,3) 0,1 0,2 0,3 

�U���l�b�f�Z�e�^�u���l�Z�j��(1) �L�'�f�_�g��
�u���l�b�f�Z�e�^�u����

(0,3) 

�H�j�l�Z�r�Z��
�u���l�b�f�Z�e�^�u����

(0,7) 

�@�h���Z�j�u 
�u���l�b�f�Z�e�^�u�� 

 (1,0) 
 

�;���e�� �%�^�•�k�� �d�%�k�•�[�b�� �l�%�m�_�d�_�e�^�•�d�l�•��
�l���l�Z�k�l�Z�c�� �d�%�k�•�i�h�j�u�g�g�u���� �g�Z���l�u�� �[�•�j�e�•�]�•��
�g�_�f�_�k�_�� �[�_�e�]�•�e�•�� �[�•�j�� �[�'�e�•�f�•�� �j�_�l�•�g�^�_��
���Z�j�Z�k�l�u�j�m���Z���f���f�d�•�g�^�•�d���[�_�j�_�^�•�� 

�?�k�_�i�l�_�m���n�h�j�f�m�e�Z�e�Z�j�u�� 
 

 (3) 

 

 (4) 

 

�F���g�^�Z���u����S �^�_�i�� �h�l�u�j���Z�g�u�f�u�a�� �¤��
�B�;�`���� �A���� �D�•���� �@�d���� �@�l �i�Z�j�Z�f�_�l�j�e�_�j�•�g�•���� �'�a�Z�j�Z��
�f�%�g�^�_�j�•�g�•�������h�k�u�g�^�u�k�u�� 

�L�`�d���± �l�%�m�_�d�_�e�^�•�����`�_�d�_���d�'�j�k�_�l�d�•�r�•�� 
�B�;�` - �`���f�u�k�� �h�j�g�u�g�^�Z���u�� �_���[�_�d��

�r�Z�j�l�u�g���b�g�l�_�]�j�Z�e�^�u���[�Z���Z�e�Z�m�� 
�;�_�  ̀ - �`���f�u�k�� �h�j�g�u�g�^�Z���u�� �_���[�_�d��

�`�Z���^�Z�c�u�g���d�_�r�_�g�^�•���[�Z���Z�e�Z�m�� 
�>�� - ���u�a�f�_�l�d�_�j�^�•���� �^�_�g�k�Z�m�e�u����

�`�Z���^�Z�c�u�g�u�����b�g�l�_�]�j�Z�e�^�u���d�'�j�k�_�l�d�•�r�•�� 
�@�d - ���u�a�f�_�l�d�_�j�^�•�����`�Z�k���d�'�j�k�_�l�d�•�r�•�� 
�@�l - ���u�a�f�_�l�d�_�j�^�•���� �a�b�y�g�^�u�� �`�%�g�_��

���Z�m�•�i�l�•�� �_���[�_�d�� �`�Z���^�Z�c�u�g�^�Z���u�� �`���f�u�k��
�l�%�`�•�j�b�[�_�k�•�g�•�����d�'�j�k�_�l�d�•�r�•�� 

�@�` - �`���f�u�k�� �h�j�g�u�g�^�Z���u��
�`�Z�j�Z���Z�l�l�Z�g�m���d�'�j�k�_�l�d�•�r�•�� 

�@�k - �`���f�u�k�� �h�j�g�u�g�^�Z���u�� �d�%�k�•�i�l�•�d��
�k�u�j���Z�l�l�Z�g�m�r�u�e�u�����^�_���]�_�c�•�� 

�D�L��- �i�Z�j�Z�f�_�l�j�e�_�j�^�•���� �f�Z���u�a�^�u�e�u���u�g��
�_�k�d�_�j�_�l�•�g�� �`�%�g�_�� �i�Z�j�Z�f�_�l�j�e�_�j�^�•����
�k�Z�e�u�k�l�u�j�f�Z�e�u�� �f�%�g�^�_�j�]�_�� �Z�m�^�Z�j�u�e�m�u�g��
���Z�f�l�Z�f�Z�k�u�a���_�l�_�l�•�g���d�h�w�n�n�b�p�b�_�g�l�l�_�j���� 

�;�_�  ̀ �f�%�g�•�g�� �_�k�_�i�l�_�m�� ���r�•�g�� �[�•�j�g�_�r�_��
�Z���i�Z�j�Z�l���d�'�a�^�_�j�•�g���[�•�j�•�d�l�•�j�m���d�_�j�_�d�����f�u�k�Z�e�u�� 

- �Z�j�g�Z�c�u�� �[�Z���Z�e�Z�m�� �g�%�l�b�`�_�e�_�j�•��
�[�h�c�u�g�r�Z�� �_���[�_�d�� �`�Z���^�Z�c�e�Z�j�u�g�� �d�_�r�_�g�^�•��
�[�Z���Z�e�Z�m���l�m�j�Z�e�u���Z���i�Z�j�Z�l�� 

- �f�_�^�b�p�b�g�Z�e�u���� �l�_�d�k�_�j�m�e�_�j�]�_��
�[�Z�c�e�Z�g�u�k�l�u�� ���u�a�f�_�l�d�_�j�e�_�j�^�•���� �^�_�g�k�Z�m�e�u���u��
�l�m�j�Z�e�u���f�%�e�•�f�_�l�l�_�j�� 

- ���u�a�f�_�l�d�_�j�e�_�j�^�•���� �`�_�d�_��
�k�b�i�Z�l�l�Z�f�Z�e�Z�j�u�g�u���� �d�'�f�_�d�r�•�� �`���c�_�k�•���� �h�e��
�_���[�_�d�� �'�l�•�e�•�g�_�� �`�%�g�_�� ���u�a�f�_�l�d�_�j�^�•���� �`�Z�k�u�g�Z��
�[�Z�c�e�Z�g�u�k�l�u�� �Z�g�u���l�Z�e�Z�l�u�g�� �l���a�_�l�m��
�d�h�w�n�n�b�p�b�_�g�l�l�_�j�•�g�� �;�_�  ̀ �f�%�g�•�g�� �_�k�_�i�l�_�m�_��
�d�'�f�_�d�l�_�k�_�^�•�� 
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SELECTION OF SOIL DECONTAMINATION TECHNOLOGIES 

Panabek Tanzharikov, Cand.Sci.(Eng.), Professor, Korkyt Ata Kyzylorda State University, 
Kyzylorda, Kazakhstan; pan_19600214@mail.ru  

Nurzhamal Yermukhanova, Master (Eng.), doctor student, M.Auezov South Kazakhstan State 
University, Shymkent, Kazakhstan; nurzhamal77@mail.ru 

Zaurekul Kerimbekova, Cand.Sci.(Eng.), associate Professor, M.Auezov South Kazakhstan 
State University, Shymkent, Kazakhstan; zaure.kerimbekova@mail.ru.  

 Abstract. This article discusses soil contamination under the influence of radioactive waste in oil 
production zones and methods of decontamination. The presence of radionuclides makes waste a source 
of long-term environmental hazard. They can be neutralized by separation, concentration (with a 
significant reduction in volume) or immobilization. Most often, curing/stabilization technology is used 
���L�Q�F�O�X�G�L�Q�J���D�Q���©�L�Q���V�L�W�X�ª���Y�H�U�V�L�R�Q���R�I���W�K�H���J�O�D�]�L�Q�J���P�H�W�K�R�G�������D�Q�G���H�[�F�D�Y�D�W�L�R�Q���R�I���F�R�Q�W�D�P�L�Q�D�W�H�G���V�R�L�O�����$�V���D���U�H�V�X�O�W���R�I��
treatment of the soil by the curing method, high-strength monolithic blocks are formed, including waste. 
Radionuclides are part of a homogeneous and stable matrix formed when curing agents are added. The 
method for cleaning soils from oil and radioactive contamination is based on the use of a selective solvent 
(H2SO4, HCI) after thermal exposure to it, which contributes to the dissolution of radioactive components 
represented by radium sulfates and its isotopes. 

In the process of applying biological methods, the biogenicity of soils increases, which 
contributes to the activation of natural resources of the ecosystem, the growth of microflora and plant 
reproduction, which leads to the purification of soils from petroleum hydrocarbons. 

However, if it is necessary to immediately treat soil contaminated simultaneously with petroleum 
products, heavy metals and radionuclides, additional methods are carried out in conjunction with the 
method of phytodesactivation 

When cleaning from radionuclides, heavy metals, and inorganic acids, rinsing is a cheap way to 
remediate the soil. However, the use of chelating agents, depending on the ability to create stable 
complexes in a wide pH range, is a promising method for cleaning soil from radionuclides with heavy 
metals. 

Keywords: oil and gas production, radionuclides, �©in situ�ª, �©ex situ�ª, excavation, soil 
decontamination. 
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�f�_�j�a�•�f�^�•�� ���Z�m�•�i �d�'�a�•�g�_�� �Z�c�g�Z�e�^�u�j�Z�^�u���� �H�e�Z�j�^�u�� �k�_�i�Z�j�Z�p�b�y�e�Z�m���� �d�h�g�p�_�g�l�j�Z�p�b�y�e�Z�m�� ���d�'�e�_�f�g�•����
�_�e�_�m�e�•�� �Z�a�Z�x�u�f�_�g���� �g�_�f�_�k�_�� �b�f�f�h�[�b�e�b�a�Z�p�b�y�e�Z�m���Z�� �[�h�e�Z�^�u�� �D�'�[�•�g�_�k�_�� ���Z�l�Z�c�l�m���l���j�Z���l�Z�g�^�u�j�m��
���r�u�g�u�e�Z�g�^�u�j�m�� �%�^�•�k�•�g�•���� �©�L�Q�� �V�L�W�X�ª�� �g���k���Z�k�u�g�� ���h�k�Z�� �Z�e���Z�g�^�Z���� �`�%�g�_�� �e�Z�k�l�Z�g���Z�g�� �l�h�i�u�j�Z���l�u�� �Z�e�m��
���w�d�k�d�Z�\�Z�p�b�y�����l�_�o�g�h�e�h�]�b�y�k�u�����h�e�^�Z�g�u�e�Z�^�u�����L�h�i�u�j�Z���l�u�����Z�l�Z�c�l�m���%�^�•�k�•�f�_�g���'���^�_�m���g�%�l�b�`�_�k�•�g�^�_��
���Z�e�^�u���l�Z�j�^�u�� ���Z�f�l�b�l�u�g�� �[�_�j�•�d�l�•�]�•�� �`�h���Z�j�u�� �f�h�g�h�e�b�l�l�•�� �[�e�h�d�l�Z�j�� �l���a�•�e�_�^�•���� �J�Z�^�b�h�g�m�d�e�b�^�l�_�j��
���Z�l�Z�c�l�m�� �j�_�Z�]�_�g�l�l�_�j�•�g�� ���h�k�m�� �d�_�a�•�g�^�_�� �l���a�•�e�_�l�•�g�� �[�•�j�l�_�d�l�•�� �`�%�g�_���l���j�Z���l�u�� �f�Z�l�j�b�p�Z�g�u���� �����j�Z�f�u�g�Z��
�d�•�j�_�^�•���� �L�h�i�u�j�Z���l�u�� �f���g�Z�c �`�%�g�_�� �j�Z�^�b�h�Z�d�l�b�\�l�•�� �e�Z�k�l�Z�g�m�^�Z�g�� �l�Z�a�Z�j�l�m�� �l�%�k�•�e�•�� �h���Z�g�� �l�_�j�f�b�y�e�u����
�%�k�_�j�^�_�g�� �d�_�c�•�g�� �k�_�e�_�d�l�b�\�l�•�� �_�j�•�l�d�•�r�l�•�� ���G2�0�H4���� �+�&�,���� ���h�e�^�Z�g�m���Z�� �g�_�]�•�a�^�_�e�]�_�g���� �[���e�� �j�Z�^�b�h�Z�d�l�b�\�l�•��
�d�h�f�i�h�g�_�g�l�l�_�j���j�Z�^�b�c���k�m�e�v�n�Z�l�l�Z�j�u���f�_�g���h�g�u�����b�a�h�l�h�i�l�Z�j�u�g�u�����_�j�m�•�g�_���u���i�Z�e���_�l�_�^�•�� 
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�L���c�•�g�^�• �k�'�a�^�_�j�� �f���g�Z�c-�]�Z�a���'�g�^�•�j�m�� �j�Z�^�b�h�g�m�d�e�b�^�l�_�j�� �©�L�Q���V�L�W�X�ª���� �©�_�o���V�L�W�X�ª�����w�d�k�d�Z�e�Z�p�b�y����
�l�h�i�u�j�Z���l�u���^�_�a�Z�d�l�b�\�Z�p�b�y�e�Z�m 

 

�F���g�Z�c-�]�Z�a�� �'�g�^�•�j�m���� �f���g�Z�c�� �'���^�_�m��
�'�g�_�j�d�%�k�•�[�•�� �d�%�k�•�i�h�j�u�g�^�Z�j�u�g�u���� �`�_�l�d�•�e�•�d�l�•��
�`�h���Z�j�u�� �r�h���u�j�e�Z�g�m�u�g�u���� �k�Z�e�^�Z�j�u�g�Z�g��
�h�[�e�u�k�l�Z�� ���h�j�r�Z���Z�g�� �h�j�l�Z�g�u���� �e�Z�k�l�Z�g�m��
���Z�m�i�•�g�•���� �`�h���Z�j�u�� �^�%�j�_�`�_�k�•�� �k�Z���l�Z�e�m�^�Z����
�G�_�����j�e�u�f �f�Z���u�a�^�u�� �w�d�h�e�h�]�b�y�e�u����
�i�j�h�[�e�_�f�Z�e�Z�j�� �f�u�g�Z�e�Z�j�� �[�h�e�u�i�� �l�Z�[�u�e�Z�^�u����
�`�_�j�^�•���� �r�'�e�_�c�l�l�_�g�m�•�� �f�_�g�� �l�h�a�m�u��
���^�_�j�•�k�l�_�j�•�g�•���� ���Z�j���u�g�^�u�� �^�Z�f�m�u���� �Z�m�u�a��
�k�m�^�u���� �l�'�f�_�g�� �k�Z�i�Z�k�u�� �f�_�g�� �l�Z�i�r�u�e�u���u����
�K�u�j�^�Z�j�b�y�� �'�a�_�g�•�g�•���� �f�b�g�_�j�Z�e�^�Z�g�m�u�� �f�_�g��
�e�Z�k�l�Z�g�m�u���� �1�k�� �`���a�•�g�^�_�� �[�Z�j�e�u���� �f���g�Z�c-�]�Z�a��
�'�g�^�•�j�m�r�•�� �d�_�r�_�g�^�_�j�^�•���� �Z�m�f�Z���l�Z�j�u�g�^�Z��
�f���g�Z�c�� �'�g�•�f�^�_�j�•�f�_�g���e�Z�k�l�Z�g�m�� �`�%�g�_ �`�_�j�� �Z�k�l�u��
�k�m�e�Z�j�u�g�u���� �f���g�Z�c�� �'�g�•�f�^�_�j�•�f�_�g�� �Z�e�Z���^�u����
�e�Z�k�l�Z�g�m�u���[�Z�c���Z�e�Z�^�u���� 

�F���g�Z�c�� �f�_�g�� �]�Z�a�^�u���� �`�_�j�^�_�]�•��
�j�Z�^�b�h�g�m�d�e�b�^�l�_�j�f�_�g�� �e�Z�k�l�Z�g�m�u�� �_�d�•�� �`�h�e�f�_�g��
�`���j�_�^�•���� �;�•�j�•�g�r�•�� �`�h�e�� �f���g�Z�c�� ���h�j�e�Z�j�u�f�_�g��
�m�j�Z�g���Z�� �[�Z�c�� �k�Z�a�^�u�� �l�Z���l�Z �l�Z�k�l�Z�j�� �`�b�•�� �[�•�j�]�_��
�`���j�_�^�•���� �L�Z���l�Z �l�Z�k�l�Z�� �m�j�Z�g�� �d�h�g�p�_�g�l�j�Z�p�b�y�k�u��
���������� �]���l�� �`�%�g�_�� �h�^�Z�g�� �`�h���Z�j�u�� �[�h�e�m�u�� �f���f�d�•�g����
�L�'�f�_�g�^�_�� �`�Z�l���Z�g�� �d�_�m�_�d�l�•�� �����f�l�Z�k�l�Z�j��
�����j�Z�f�u�g�^�Z�� �l���a�^�u �_�j�l�•�g�^�• �[�h�e�Z�^�u���� �h�g�^�Z��
�[�•�j�l�•�g�^�_�i��226�5�D�� �`�%�g�_�� �h�g�u���� �_�g�r�•�e�_�k��
�'�g�•�f�^�_�j�•�� �_�j�b�^�•���� �K�h�^�Z�g�� �d�_�c�•�g�� �[���e�� �'�g�•�f�^�_�j��
�`�h���Z�j�u�� �h�j�g�Z�e�Z�k���Z�g�� �f���g�Z�c�� �`�%�g�_�� �]�Z�a�� �d�_�g��
�h�j�u�g�^�Z�j�u�g�Z�� �l���k�_�^�•�� �`�%�g�_�� �h�e�Z�j�^�u��
�j�Z�^�b�h�g�m�d�e�b�^�l�_�j�f�_�g���e�Z�k�l�Z�c�^�u 

�?�d�•�g�r�•�� �`�h�e�� �f���g�Z�c�� ���Z�[�Z�l�l�Z�j�u�g�Z��
222�5�Q�� �_�g�m�� �^�b�n�n�m�a�b�y�f�_�g�� �[�Z�c�e�Z�g�u�k�l�u����222Rn 
�u�^�u�j�Z�m�� �'�g�•�f�^�_�j�•�g�•���� �k�_�d�m�g�^�l�Z�j�f�_�g�� �`�%�g�_��
�f�b�g�m�l�i�_�g�� �'�e�r�_�g�•�i, �h�e��210�3�E�� ������������ �]������ �h�^�Z�g��
�d�_�c�•�g��210�J�h�� ���������� �l�%�m�e�•�d���� �^�_�c�•�g�� �u�^�u�j�Z�c�^�u����

�J�Z�^�b�c�� �k�b�y���l�u���� �[���e �g�m�d�e�b�^�l�_�j�� �f���g�Z�c�� �f�_�g��
�]�Z�a�^�u���� �[�Z�k�l�u�� �e�Z�k�l�Z�m�r�u�k�u�� �[�h�e�u�i��
�l�Z�[�u�e�Z�^�u���� �D�'�f�•�j�k�m�l�_�]�•�� �d�_�g�� �h�j�u�g�^�Z�j�u�g��
�b�]�_�j�m�� �f���g�Z�c�� �'�g�•�f�^�_�j�•�g�•���� �l�'�]�•�e�m�•�g�•���� �d�_����
�l�Z�j�Z�e���Z�g�� �����[�u�e�u�k�l�Z�j�u�f�_�g�� ���Z�g�Z�� �_�f�_�k����
�k�h�g�u�f�_�g�� ���Z�l�Z�j�� �l�Z�[�b���b�� �j�Z�^�b�h�g�m�d�e�b�^�l�_�j�^�•��
���Z�[�Z�l�l�u���� �k�m�e�Z�j�^�u���� �`�_�j�� �[�_�l�•�g�_��
�r�u���Z�j�m�u�f�_�g�� ���Z�l�Z�j�� �`���j�_�^�•���� �F���g�Z�c��
�'�g�•�f�^�_�j�•�g�•���� �f���g�Z�c-�]�Z�a�� �d�%�k�•�i�r�•�e�•�]�•�g�^�_�]�•��
�Z�i�Z�l�l�Z�j�� �k�Z�e�^�Z�j�u�g�Z�g�� �`�_�j�� �[�_�l�•�g�_�� �l�'�]�•�e�m�•��
�d�_�a�•�g�^�_�� �h�e�Z�j�^�u���� �h�^�Z�g�� �%�j�•�� �l�h�i�u�j�Z����
�l�_�j�_���^�•�]�•�g�_�� �k���a�•�e�m�•�� �`���j�_�^�•���� �[���e�� �l�h�i�u�j�Z���l�Z��
�j�Z�^�b�h�g�m�d�e�b�^�l�_�j�^�•���� �`�b�g�Z�e�m�u�g�Z�� �%�d�_�i��
�k�h���Z�^�u���� �K�h�^�Z�g�� �d�_�c�•�g�� �l�Z�[�b���b��
�j�Z�^�b�h�g�m�d�e�b�^�l�_�j�� �'�k�•�f�^�•�d�l�_�j�]�_���� �h�^�Z�g�� �%�j�•��
���Z�j�Z�c�� �l�j�h�n�b�d�Z�e�u���� �l�•�a�[�_�d�l�_�j�� �[�h�c�u�g�r�Z��
���h�g�u�k�� �Z�m�^�Z�j�Z�^�u�>���@���� �:�c�f�Z���l�Z���u�� �]�Z�f�f�Z�� �n�h�g��
�h�j�l�Z�r�Z�� �Z�e���Z�g�^�Z��0,11 �± 0,20 �f�d�A�\���k�Z�� 
�Z�j�Z�e�u���u�g�^�Z�� ���u�a�u�e�h�j�^�Z�� �h�[�e�u�k�u�� �[�h�c�u�g�r�Z��
�j�Z�^�b�h�g�m�d�e�b�^�l�_�j�� �[�h�e�m�� �u���l�b�f�Z�e�^�u���u�� �[�Z�j 
���Z�l�_�j�e�• ���Z�e�^�u���l�Z�j���Z�� �f���g�Z�c�� ���Z�e�^�u���l�Z�j�u����
�h�g�u���� �•�r�•�g�^�_�� �[���j���u�e�Z�m�� �r�e�Z�f�^�Z�j�u�� �f�_�g��
�i�Z�c�^�Z�e�Z�g�u�e���Z�g�� �b�g�]�j�_�^�b�_�g�l�l�_�j�� �`�Z�l�Z�^�u�� 
�����f�d�'�e�� �d�_�g�� �h�j�g�u�g�� �b�]�_�j�m�� �h�k�u�^�Z�g�� ������
�`�u�e�^�Z�g�� �Z�k�l�Z�f�� �m�Z���u�l�� �[���j�u�g�� �[�Z�k�l�Z�e���Z�g����
�H�g�`�u�e�^�u���l�Z�j�� �[�h�c�u�� �f���g�Z�c-�]�Z�a�� �'�g�^�•�j�m��
�Z�c�f�Z���l�Z�j�u�g�u���� ���e�d�_�g�� �Z�e�Z���^�u�� �[�'�e�•�]�•��
�'���^�_�e�f�_�]�_�g�� �`�%�g�_�� ���Z�e�^�u���l�Z�j�^�Z�g�� �l���]�_�e��
�l�Z�a�Z�j�l�u�e�f�Z���Z�g�� �`�Z���^�Z�c�^�Z���� �[���e�� �Z�^�Z�f�^�Z�j�� �f�_�g��
�[�b�h�k�n�_�j�Z���Z�� �l���j�Z���l�u�� �l�_�j�•�k�� �j�Z�^�b�Z�p�b�y�e�u����
�%�k�_�j�•�g���l�b�]�•�a�_�^�•�����K�u�j�l���u�������k�%�m�e�_�e�_�g�m�]�_�����e�_�k��
���h�k�Z�l�u�g�� �l�Z�[�b���b�� �j�Z�^�b�h�g�m�d�e�b�^�l�_�j�� �l�Z�[�b���b��
�d�'�a�^�_�j�]�_���± �Z�m�Z���Z�����k�m���Z�����l�h�i�u�j�Z�����Z���l���k�_�^�•�� 

 
1 - �d�_�k�l�_ �D�_�c�[�•�j���l�Z�[�b���b���j�Z�^�b�h�g�m�d�e�b�^�l�_�j�^�•�����l�h�i�u�j�Z���l�Z���u���[�_�e�k�_�g�^�•�e�•�d���d�'�j�k�_�l�d�•�r�l�_�j�• 
Table 1 �± Indicators of activity of some natural radionuclides in the soil 
 

�J�Z�^�b�h�g�m�d�e�b�^�� �D�'�e�_�f�^�•�d���`�%�g�_���f�_�g�r�•�d�l�•���[�_�e�k�_�g�^�•�e�•�]�•�� 
�>�b�Z�i�Z�a�h�g���d�'�j�k�_�l�d�•�r�•�� �H�j�l�Z�r�Z��

�d�'�j�k�_�l�d�•�r�•�� 
40

K  100-���������;�d���d�]�� ���������;�d���d�]�� 
87

Rb  ���������;�d���d�] 
226

Ra  3,7-�������;�d���d�] �������;�d���d�]  
238

U  10-�������;�d���d�]�� �������;�d���d�]�� 
232

Th  7-�������;�d���d�]�� �������;�d���d�]  
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1-�d�_�k�l�_�^�_�� �d�_�c�[�•�j�� �l�Z�[�b���b��
�j�Z�^�b�h�g�m�d�e�b�^�l�_�j�^�•���� �l�h�i�u�j�Z���l�Z���u��
�[�_�e�k�_�g�^�•�e�•�d���d�'�j�k�_�l�d�•�r�l�_�j�•���[�_�j�•�e�]�_�g�� �G�_�]�•�a�]�•��
�k�u�j�l���u�� �k�%�m�e�_�e�_�g�m�^�•���� �^�h�a�Z�k�u�g�Z�� ���e�_�k��
���h�k�Z�l�u�g�� �j�Z�^�b�h�g�m�d�e�b�^�l�_�j�]�_�� �m�j�Z�g-�j�Z�^�b�c��
�l�h�j�b�c�� ���Z�l�Z�j�u�g�^�Z���u�e�Z�j�� �f�_�g�� �d�Z�e�b�c�� �± 40 
�`�Z�l�Z�^�u�>���@���� �F���g�Z�c�� �d�_�g�� �h�j�u�g�^�Z�j�u�g�u����
�j�Z�^�b�h�Z�d�l�b�\�l�•�� �e�Z�k�l�Z�g�m�u�g�u���� �g�Z���l�u�� �d�'�a�•��- 
�k�m�e�u�� �f���g�Z�c�� �Z�c�f�Z���u�g�u���� ���Z�[�Z�l�l�u���� �k�m�e�Z�j�u��
�[�h�e�u�i�� �l�Z�[�u�e�Z�^�u���� �@�_�j�� �[�_�l�•�g�_�� �l���k�d�_�g�� �d�_�a�^�_��
�`�_�j�Z�k�l�u�� �k�m�e�Z�j�u�g�u���� �n�b�a�b�d�Z�e�u��-�o�b�f�b�y�e�u����
�`�Z�c-�d���c�•�g�•���� �d���j�l�� �'�a�]�_�j�m�•��
�j�Z�^�b�h�g�m�d�e�b�^�l�_�j�^�•���� �_�j�•�l�•�e�]�_�g�� �d���c�^�_�g�� ���Z�l�l�u��
�n�Z�a�Z���Z�� �'�l�m�•�� ���r�•�g�� �Z�e���u�r�Z�j�l�l�Z�j�� �`�Z�k�Z�c�^�u����
�;���e�� �j�_�l�l�_�� �l�_�o�g�h�e�h�]�b�y�e�u���� �`�Z�[�^�u���� �i�_�g��
�l�h�i�u�j�Z���� �e�Z�k�l�Z�g�Z�^�u���� �L�_�o�g�h�e�h�]�b�y�e�u����
�`�Z�[�^�u���l�Z�j�f�_�g���� �l�h�i�u�j�Z���l�u�� ���Z�[�Z�l�l�u�� 
�k�m�e�Z�j�f�_�g�� �[�•�j�g�_�r�_�� �j�_�l�� �l���c�•�k�m�•�� �`�Z�[�^�u���l�Z�j��
�f�_�g�� �l�h�i�u�j�Z���l�u���� �[�_�l�•�g�^�_�� �r�'�]�•�e�]�_�g��
�j�Z�^�b�h�g�m�d�e�b�^�l�_�j�^�•���� �`�b�g�Z�e�m�u�g�Z�� �`�%�g�_��
�l�b�•�k�•�g�r�_���� �h�e�Z�j�^�u���� �f�_�g�r�•�d�l�•��
�[�_�e�k�_�g�^�•�e�•�]�•�g�•�� �'�k�m�•�g�_�� �%�d�_�e�_�^�•���� �E�Z�k�l�Z�g���Z�g��
�l�_�o�g�h�e�h�]�b�y�e�u���� �`�Z�[�^�u���l�Z�j�� �f�_�g��
�l�h�i�u�j�Z���l�u���� �f�_�g�r�•�d�l�•�� �[�_�e�k�_�g�^�•�e�•�]�•��
���Z�[�Z�l�l�u���� �k�m�e�Z�j�^�u���� �f�_�g�r�•�d�l�•��
�[�_�e�k�_�g�^�•�e�•�]�•�g�_�g�� �[�•�j�g�_�r�_�� �j�_�l�� �Z�k�u�i�� �l���k�_�^�•����
�K�h�g�^�u���l�Z�g�� ���Z�c�l�Z�e�Z�f�Z�� �d�'�a�^�_�j�� �g�_�]�•�a�]�•��
�j�Z�^�b�Z�p�b�y�e�u���� ���Z�m�•�i�� �l�'�g�^�•�j�_�^�•�� �;���j���u�e�Z�m��
���Z�e�^�u���l�Z�j�u�g�� �`�%�g�_�� �����j�Z�f�u�g�^�Z �f���g�Z�c�� �[�Z�j��
���Z�e�^�u���l�Z�j�^�u�� �d�%�^�_�]�_�� �`�Z�j�Z�l�m���Z�� ���Z�[�u�e�^�Z�m��
�j�Z�^�b�Z�p�b�y�e�u���� ���Z�m�•�i�k�•�a�^�•�d�� �j�Z�k�l�Z�e���Z�g�� �d�_�a�^�_��
�`���a�_�]�_�� �Z�k�u�j�u�e�Z�^�u���� �J�Z�^�b�Z�p�b�y�e�u���� �^�_���]�_�c�^�•��
�'�e�r�_�]�_�g�^�_�� �j�Z�^�b�h�g�m�d�e�b�^�l�_�j�^�•���� �f�_�g�r�•�d�l�•��
�[�_�e�k�_�g�^�•�e�•�]�•�� �������� �;�d���d�]�� �Z�k�i�Z�m�u�� �l�b�•�k����
���Z�e�^�u���l�Z�j�^�Z�g �l�h�i�u�j�Z�����Z�� �l�Z�j�Z���Z�g�� �e�Z�k�l�Z�g�m��
�'�k�•�f�^�•�d�l�_�j�f�_�g�� �`�_�j �Z�k�l�u�� �k�m�e�Z�j�u�g�Z�� ���Z�c�l�Z��
�d�'�r�_�^�•���� �H�k�u���Z�g�� �k�%�c�d�_�k���� �j�Z�^�b�h�[�_�e�k�_�g�^�•��
�d�'�a�^�_�j�^�•���� �[�_�e�k�_�g�^�•�e�•�]�•�g�� �l�'�f�_�g�^�_�l�m�� 
�j�Z�^�b�h�[�_�e�k�_�g�^�•�� ���Z�e�^�u���l�Z�j�f�_�g�� �l�h�i�u�j�Z���l�u��
�^�_�a�Z�d�l�b�\�Z�p�b�y�e�Z�m�� �[�h�c�u�g�r�Z�� �•�k-�r�Z�j�Z�e�Z�j��
�`�Z�k�Z�m�����Z�`�_�l�l�•�e�•�]�•���l�m�u�g�^�Z�c�^�u���>�������@�� 

�E�Z�k�l�Z�m�r�u�� �a�Z�l�l�Z�j�^�u���� ���h�j�r�Z���Z�g��
�h�j�l�Z���Z���`�%�g�_���Z�^�Z�f���Z���l�b�]�•�a�_�l�•�g �a�b�y�g�^�u���%�k�_�j�•�g��
�h���l�Z�c�e�u�� �'�l�_�c�l�•�g�� �l�Z�a�Z�j�l�m�� �l�_�o�g�h�e�h�]�b�y�k�u�g��
�l�Z���^�Z�m���� �%�j�� �l���j�e�•�� �n�Z�d�l�h�j�e�Z�j�^�u���� ���c�e�_�k�•�f�•�g��
�`�Z�g-�`�Z���l�u�� ���Z�j�Z�k�l�u�j�m�^�u�� ���Z�`�_�l�� �_�l�_�^�•���� �H�k�u��
�n�Z�d�l�h�j�e�Z�j�^�u�����g�_�]�•�a�]�•�k�•�� 

- �[�Z�k�l�u�� �f�•�g�^�_�l�l�•�� �r�_�r�m�� ���r�•�g��
�l�_�o�g�h�e�h�]�b�y�g�u�����%�e�_�m�_�l�l�•���f���f�d�•�g�^�•�d�l�_�j�•�� 

 - �Z�^�Z�f�� �^�_�g�k�Z�m�e�u���u�� �f�_�g�� ���Z�m�•�i�k�•�a�^�•�]�• 
�f�_�g�����h�j�r�Z���Z�g���h�j�l�Z���Z�����Z�l�_�j�^�•���Z�a�Z�c�l�m���g�_�f�_�k�_��
�Z�e�^�u�g-�Z�e�m�����l�_�o�g�h�e�h�]�b�y�g�u�������h�e�^�Z�g�u�e�m�u���� 

- �k�_�g�•�f�^�•�e�•�d�� �i�_�g�� �l�_�o�g�b�d�Z�e�u���� ���u�a�f�_�l��
�d�'�j�k�_�l�m���l�Z�e�Z�i�l�Z�j�u�g�u�����k�Z���l�Z�e�m�u�� 

- �l�_�o�g�h�e�h�]�b�y�e�u���� �i�j�h�p�_�k�l�•����
�r�u���u�g�^�Z�j�u�� 

- �b�g�n�j�Z�����j�u�e�u�f�� 
- ���h�e�� �`�_�l�•�f�^�•�e�•�d�� �`�%�g�_�� �i�Z�c�^�Z�e�Z�g�m���Z��

�^�Z�c�u�g�^�u���� 
- ���u�a�f�_�l�d�_�j�e�_�j�� �f�_�g�� ���h���Z�f�� ���r�•�g��

���Z�m�•�i�l�_�j�� 
- ���h�j�r�Z���Z�g���h�j�l�Z���Z���%�k�_�j���_�l�m�•�� 
- �g�h�j�f�Z�l�b�\�l�•�d�� �k�l�Z�g�^�Z�j�l�l�Z�j�^�u����

�k�Z���l�Z�e�m�u�� 
- ���h���Z�f�^�u�����i�•�d�•�j�� 
�A�_�j�l�l�_�m�� �%�^�•�k�l�_�j�•�������Z�a�•�j�]�• �d�_�a�^�_��

�l�h�i�u�j�Z���l�u�� �^�_�a�Z�d�l�b�\�Z�p�b�y�e�Z�m��
�l�_�o�g�h�e�h�]�b�y�k�u�g�u�����l�h�[�u�g�Z�����l�h�i�u�j�Z���l�u���r�Z�x 
���`�m�m������ �w�e�_�d�l�j�h�o�b�f�b�y�e�u���� �'���^�_�m����
�n�b�l�h�^�_�a�Z�d�l�b�\�Z�p�b�y �`�%�g�_���k�_�i�Z�j�Z�p�b�y���`�Z�l�Z�^�u����
�L�h�i�u�j�Z���l�u�� �'�a�� �h�j�g�u�g�^�Z�� �r�Z�x���� �`�m�m��(in situ) 
�F�m�f�_�g�� �g�_�f�_�k�_�� �k�m�e�u�� �_�j�l�•�g�^�•�e�_�j�f�_�g��
�`���j�]�•�a�•�e�_�^�•���� �:�e�� �e�Z�k�l�Z�g���Z�g�� �l�h�i�u�j�Z���l�u�� �Z�e�u�i��
�d�_�l�•�i�� �l�Z�a�Z�j�l�m�^�Z ���_�o�� �V�L�W�X���� �h�e�� �Z�j�g�Z�c�u��
�Z�i�i�Z�j�Z�l���Z�� �k�Z�e�u�g�u�i���� �k���c�u���� �_�j�l�•�g�^�•�f�_�g��
�Z�j�Z�e�Z�k�l�u�j�u�e�Z�^�u���� �;���e�� �d�_�a�^�_�� �d���r�l�•��
�j�_�Z�]�_�g�l�l�_�j�� ���h�k�m���Z �f���f�d�•�g�^�•�d�� �[�h�e�Z�^�u�� 
�E�Z�k�l�Z�g�m�e�Z�j�� �_�j�•�l�•�g�^�•�^�_�� �_�j�b�^�•�� �g�_�f�_�k�_��
�k�m�k�i�_�g�a�b�y�e�Z�g�Z�^�u���� �h�^�Z�g�� �d�_�c�•�g��
�j�Z�^�b�h�g�m�d�e�b�^�l�_�j�� �Z�e�u�g�Z�^�u���� �R�Z�x�� �%�^�•�k�l�_�j�•��
�e�Z�c�� �f�_�g�� �k�Z�a�^�u���� �`�h���Z�j�u�� �[�h�e�m�u�� �d�_�a�•�g�^�_��
�l�b�•�f�k�•�a���� �[���e�� �r�Z�c�u�g�^�u�� �k�m�e�Z�j�^�Z�g�� ���k�Z����
�^�b�k�i�_�j�k�l�•�� �[�'�e�r�_�d�l�_�j�^�•�� �Z�e�u�i�� �l�Z�k�l�Z�m�^�u����
���b�u�g�^�u���l�Z�j�u�g�Z�� �[�Z�c�e�Z�g�u�k�l�u���� �K�h�g�u�f�_�g��
���Z�l�Z�j���� �e�Z�c�� �`�%�g�_�� �k�Z�a�^�u�� �n�j�Z�d�p�b�y�k�u��
�j�Z�^�b�h�g�m�d�e�b�^�l�_�j�^�•���l���j�Z���l�u�����k�l�Z�i���l���j�Z�^�u�� 

�W�e�_�d�l�j�h�o�b�f�b�y�e�u�™�� �«�•�^�_�m�� �©�^�•�k�•��
�b�h�g�^�Z�j�^�u���� �w�e�_�d�l�j�h�^�l�Z�j�� �[�Z���u�l�u�� �[�h�c�u�g�r�Z��
�[�Z�k���Z�� �^�Z�� �a�Z�j�y�^�l�Z�e���Z�g�� �[�'�e�r�_�d�l�_�j�^�•����
���h�a���Z�e�u�k�u�g�� �l�m�^�u�j�Z�l�u�g�� �l���j�Z���l�u�� �w�e�_�d�l�j��
�'�j�•�k�•�g�� �k�m���Z�� ���Z�g�u�����Z�g�� �l�h�i�u�j�Z�����Z�� �k�Z�e�m�^�u��
���Z�f�l�b�^�u���� �H�k�u�e�Z�c�r�Z���� �e�Z�k�l�Z�g�m�� �w�e�_�d�l�j�� �f�Z���u��
�Z�c�f�Z���l�Z�j�u�g�^�Z�� �r�h���u�j�e�Z�g�Z�^�u���� �h�g�u��
�w�e�_�d�l�j�h�^�i�_�g���� �l�h�i�u�j�Z���i�_�g�� �g�_�f�_�k�_��
�k�h�j�[�_�g�l�i�_�g���[�•�j�]�_�����h�e�^�Z�g�m���Z���[�h�e�Z�^�u���� 

�H�k�u�e�Z�c�r�Z���� �e�Z�k�l�Z�g�m�� �w�e�_�d�l�j�h�^�l�u����
�`�Z���u�g�� �Z�c�f�Z���l�Z�j�u�g�^�Z�� �r�h���u�j�e�Z�g�Z�^�u���� �h�e��
�`�_�j�^�_�g�� �w�e�_�d�l�j�h�^�l�u���� �'�a�•�f�_�g���� �l�h�i�u�j�Z���i�_�g��
�g�_�f�_�k�_�� �[���j�u�g�� �w�e�_�d�l�j�h�^�l�u�� ���h�j�r�Z�i�� �l���j���Z�g��
�k�h�j�[�_�g�l�i�_�g�� �[�•�j�]�_�� �g�_�f�_�k�_�� �w�e�_�d�l�j�h�^�l�u����
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�`�Z���u�g�� �Z�c�f�Z���u�g�Z�g�� �k�m�^�u�� �k�h�j�u�i�� �Z�e�m���Z��
�[�h�e�Z�^�u���� �L���i�d�•�e�•�d�l�•�� �e�Z�k�l�Z�g�m�^�u�� �`�Z�[�m�� ���r�•�g��
�w�e�_�d�l�j���w�g�_�j�]�b�y�k�u�g�����h�e�^�Z�g�Z���h�l�u�j�u�i�����Z�a���d�_�f��
���h�e�^�Z�g�Z�l�u�g�� �%�^�•�k���� �r�u�g�u�e�Z�m�� �± �h�e��
�f�_�l�Z�e�^�Z�j�f�_�g���� �j�Z�^�b�h�g�m�d�e�b�^�l�_�j�f�_�g��
�e�Z�k�l�Z�g���Z�g�� �l�h�i�u�j�Z���� ���Z�e�^�u���l�Z�j�u�g�� �`�h�x�^�u����
�k�h�����u�� �%�^�•�k�•�� �[�h�e�u�i�� �l�Z�[�u�e�Z�^�u���� �;�•�j�Z���� �[���e��
�%�^�•�k�l�•�� �f���g�Z�c�� �d�_�g�� �h�j�g�u�� �l�h�i�u�j�Z���u�g�^�Z���u��
�l�Z�[�b���b���`�%�g�_���l�_�o�g�h�]�_�g�^�•�d���j�Z�^�b�h�g�m�d�e�b�^�l�_�j�^�•��
�a�Z�e�Z�e�k�u�a�^�Z�g�m�� �%�^�•�k�•�g�_�� ���h�e�^�Z�g�m�� �l�b�•�f�k�•�a��
�[�h�e�u�i�� �l�Z�[�u�e�Z�^�u���� �K�_�[�_�[�•�� �e�Z�k�l�Z�g�m�� �d�'�[�•�g�_��
�[�_�e�k�_�g�^�•�e�•�]�•�� �l�'�f�_�g�� �j�Z�^�b�h�g�m�d�e�b�^�l�_�j�^�_�g��
�[�h�e���Z�g�^�u���l�Z�g���� �[���e�� �l�h�i�u�j�Z���l�u�� �l���]�_�e�^�_�c��
�i�Z�c�^�Z�e�Z�g�m�^�Z�g���r�u���Z�j�m���[�h�e�u�i���l�Z�[�u�e�Z�^�u���>���@�� 

�N�b�l�h�^�_�a�Z�d�l�b�\�Z�p�b�y�� - 
�j�Z�^�b�h�g�m�d�e�b�^�l�_�j�^�•���� �l�h�i�u�j�Z���l�Z�g�� �l�b�•�k�l�•��
�Z�m�f�Z���l�Z�� �'�k�•�j�•�e�_�l�•�g�� �'�k�•�f�^�•�d�l�_�j�� �d�'�f�_�]�•�f�_�g��
�Z�e�u�g�m�u���� �H�e�Z�j���Z�� �f�%�^�_�g�b�� �'�k�•�f�^�•�d�l�_�j�^�_��
�`�Z�l�m�u�� �f���f�d�•�g�� �E�Z�k�l�Z�g���Z�g�� �l�h�i�u�j�Z���l�Z�g��
�j�Z�^�b�h�g�m�d�e�b�^�l�_�j�^�•�� �Z�e�m�� ���r�•�g��
�i�Z�c�^�Z�e�Z�g�u�e�Z�l�u�g�� �'�k�•�f�^�•�d�l�_�j�� �[�•�j���Z�l�Z�j��
�l�Z�e�Z�i�l�Z�j���Z�� �`�Z�m�Z�i�� �[�_�j�m�•�� �l�b�•�k����
�j�Z�^�b�h�g�m�d�e�b�^�l�_�j�^�•���� �`�h���Z�j�u��
�d�h�g�p�_�g�l�j�Z�p�b�y�k�u�g�Z�� �l�'�a�•�f�^�•����
�j�Z�^�b�h�g�m�d�e�b�^�l�_�j�^�•���� �_���� �d�'�i�� �k�Z�g�u�g�� �k�•���•�j�m�]�_��
�`�%�g�_�� �`�b�g�Z���l�Z�m���Z�� ���Z�[�•�e�_�l�l�•���� �h�e�Z�j�^�u�� �l�Z�f�u�j��
�`���c�_�k�•�g�_�g�� �`�_�j�� �[�_�l�•�g�^�_�]�•�� ���u�k�u�e�Z�l�u�g��
�f�Z�k�k�Z���Z�� �l�b�•�f�^�•�� �l�Z�k�u�f�Z�e�^�Z�m���Z���� �l�_�j�_���� �'�k�_�l�•�g��
�l�Z�f�u�j�� �`���c�_�k�•���� �`�b�g�Z�m���Z�� �u�����Z�c�e�u���� �`�h���Z�j�u��
�l�'�a�•�f�^�•�e�•�]�•�� �[�h�e�m�u�� �l�b�•�k�� �N�b�l�h�^�_�a�Z�d�l�b�\�Z�p�b�y��
�l���k�•�g�•�d�l�•�� �k�_�[�_�i�l�_�j�� �[�h�c�u�g�r�Z�� �l�h�i�u�j�Z���l�u����
���k�l�•���]�•�� ���Z�[�Z�l�l�Z�j�u�g�� �l�Z�a�Z�e�Z�m�� ���r�•�g�� ���Z�g�Z��
���h�e�^�Z�g�u�e�Z�^�u�� 

�N�b�l�h�w�d�k�l�j�Z�d�p�b�y �f�_�l�Z�e�^�Z�j�� �f�_�g��
�j�Z�^�b�h�g�m�d�e�b�^�l�_�j�^�•���� �'�k�•�f�^�•�d�� �l�Z�f�u�j�e�Z�j�u�g�Z��
�k�•���m�•�g�� �`�%�g�_�� �h�e�Z�j�^�u�� �'�k�•�f�^�•�d�l�•���� �`�_�j�� ���k�l�•��
�[�'�e�•�d�l�_�j�•�g�^�_�� �`�b�g�Z�e�m�u�g�� ���Z�f�l�b�^�u����
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�d�_�r�_�g�•�g�•���� �[�Z�k�l�u�� �Z�j�l�u���r�u�e�u���u��- �����g�Z�j�e�u��
���Z�[�Z�l�l�u���� �`�h�c�u�e�f�Z�m�u���� �Z�j�g�Z�c�u�� �����j�Z�e�^�Z�j�^�u��
���h�e�^�Z�g�m �l�Z�e�Z�i�� �_�l�•�e�f�_�c�^�•���� ���h�j�r�Z���Z�g�� �h�j�l�Z��
�d�h�f�i�h�g�_�g�l�l�_�j�•�g�_�� �`�%�g�_�� �l�Z�[�b���b�� �l�h�i�u�j�Z����
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���h�j�e�Z�j�u�g�u�� �[�_�e�k�_�g�^�•�e�_�g�m�•�g�_����
�f�b�d�j�h�n�e�h�j�Z�g�u���� �'�k�m�•�g�_�� �`�%�g�_�� �'�k�•�f�^�•�d�l�_�j�^�•����
�d�'�[�_�x�•�g�_�� �u���i�Z�e�� �_�l�_�^�•���� �[���e�� �l�h�i�u�j�Z���l�u����
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�e�Z�k�l�Z�g���Z�g�� �n�j�Z�d�p�b�y�e�Z�j�u�g�u���� �o�b�f�b�y�e�u����
�g�_�f�_�k�_�� �n�b�a�b�d�Z�e�u���� �[�'�e�•�g�m�•�g�� �[�•�e�^�•�j�_�^�•����
�J�Z�^�b�h�Z�d�l�b�\�l�•�d�� �e�Z�k�l�Z�g�m�� �l�m�j�Z�e�u�� �_���� �d�'�i�� ���e�_�k��
�%�^�_�l�l�_�� ���k�Z���� �^�b�k�i�_�j�k�l�•�� �n�j�Z�d�p�b�y�e�Z�j�f�_�g��
�[�Z�c�e�Z�g�u�k�l�u���_�d�_�g�•���[�_�e�]�•�e�•�����Z�e���•�j�•���[�'�e�r�_�d�l�_�j��
�j�Z�^�b�h�g�m�d�e�b�^�l�_�j�� �•�k�� �`���a�•�g�^�_�� �d�'�l�_�j�•�e�f�_�c�l�•�g�•��
�[�_�e�]�•�e�•���� �=�j�Z�\�b�l�Z�p�b�y�e�u���� �k�_�i�Z�j�Z�p�b�y����
�f�_�o�Z�g�b�d�Z�e�u���� �k�_�[�m�� �g�_�f�_�k�_�� �f�Z�]�g�b�l�l�•��
�k�_�i�Z�j�Z�p�b�y�� �`�h�e�u�f�_�g�� �n�j�Z�d�p�b�y�e�Z�j�^�u�� �[�'�e�_��
�h�l�u�j�u�i���� �g�_�����j�e�u�f�� �e�Z�k�l�Z�g���Z�g�� �[�'�e�r�_�d�l�_�j�^�•��
�[�'�e�•�i���� �h�e�Z�j�^�u�� �`�h���Z�j�u�^�Z�� �k�b�i�Z�l�l�Z�e���Z�g��
�l�%�k�•�e�^�_�j�^�•���� �[�•�j�•�f�_�g�� �^�_�a�Z�d�l�b�\�Z�p�b�y�e�Z�m�^�u��
�`���a�_�]�_�� �Z�k�u�j�m���Z�� �[�h�e�Z�^�u���� �J�Z�^�b�h�Z�d�l�b�\�l�•�d��
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�k�_�i�Z�j�Z�p�b�y�g�u���� �k�h�g�^�Z�c-�Z�����©�H�[�� �V�L�W�X�ª �`�h�e�u�f�_�g��
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���h�e�^�Z�g�m���l�%�`�•�j�b�[�_�k�•���d�'�i���_�f�_�k�� 
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1-�k�m�j�_�l��- �L�h�i�u�j�Z���l�u�����l���g�[�Z�e�Z�j�^�u�����r�e�Z�f�^�Z�j�^�u���j�Z�^�b�h�g�m�d�e�b�^�l�_�j�^�_�g���l�Z�a�Z�j�l�m�^�u�����d�_�r�_�g�^�•��
�l�_�o�g�h�e�h�]�b�y�k�u 

Figure 1 �± Integrated technology for cleaning soil, sediments, and sludge from radionuclides 
 

�J�Z�^�b�h�g�m�d�e�b�^�l�_�j�� ���h�k�u�e�u�k�l�Z�j�u�f�_�g��
�e�Z�k�l�Z�g���Z�g�� �l�h�i�u�j�Z���l�u�� �l�Z�a�Z�e�Z�m�� ���r�•�g��
�l�h�i�u�j�Z���l�u�� ���Z�a�u�i�� �Z�e�m�� �`�%�g�_��
�\�b�l�j�b�n�b�d�Z�p�b�y�^�Z�g�� ���r�u�g�u�e�Z�m�^�Z�g���� �l���j�Z�l�u�g��
�����j�Z�f�^�Z�k�l�u�j�u�e���Z�g �l�_�o�g�h�e�h�]�b�y�g�u�����K�m�j�_�l��������
�i�Z�c�^�Z�e�Z�g�m���Z�� �[�h�e�Z�^�u�� �D�'�[�•�g�_�k�_�� �e�Z�k�l�Z�g���Z�g��
�l�h�i�u�j�Z���l�u�� ���Z�l�Z�c�l�m�� �`�%�g�_�� ���Z�a�u�i�� �Z�e�m��
���w�d�k�d�Z�\�Z�p�b�y���� �l�_�o�g�h�e�h�]�b�y�k�u�� ���h�e�^�Z�g�u�e�Z�^�u�� 
�L�h�i�u�j�Z���l�u�� ���Z�l�Z�c�l�m�� �%�^�•�k�•�f�_�g�� �'���^�_�m��
�g�%�l�b�`�_�k�•�g�^�_�� ���Z�e�^�u���l�Z�j�^�u�� ���Z�f�l�b�l�u�g��
�[�_�j�•�d�l�•�]�•�� �`�h���Z�j�u�� �f�h�e�h�e�b�l�l�•�� �[�e�h�d�l�Z�j��
�l���a�•�e�_�^�•���� �J�Z�^�b�h�g�m�d�e�b�^�l�_�j�� ���Z�l�Z�c�l�m��
�j�_�Z�]�_�g�l�l�_�j�•�g�����h�k�m���d�_�a�•�g�^�_���l���a�•�e�_�l�•�g���[�•�j�l�_�d�l�•��
�`�%�g�_�� �l���j�Z���l�u�� �f�Z�l�j�b�p�Z�g�u���� �����j�Z�f�u�g�Z��
�d�•�j�_�^�•���� �L�h�i�u�j�Z���l�u�� �l�Z�k�u�f�Z�e�^�Z�m�k�u�a�� �`�m�m���Z��
(in s�L�W�X�����_�^�%�m�•�j���r�_�d�l�_�m�e�_�j�����h�c�u�e�Z�^�u�����L�'�f�_�g��
�'�l�d�•�a�]�•�r�� �l�h�i�u�j�Z���l�Z�j�^�Z�� �`�h���Z�j�u�^�Z��
�k�b�i�Z�l�l�Z�e���Z�g�� ���b�u�g�^�u���l�Z�j�^�Z�g�� �[�Z�k���Z����
�Z�]�j�_�k�k�b�\�l�•�� �j�_�Z�]�_�g�l�l�_�j�^�•�� ���h�e�^�Z�g�m�� �f���f�d�•�g��
�_�f�_�k�l�•�]�•���� �e�Z�k�l�Z�g�m�� �Z�c�f�Z���u�g�Z�g�� �l�u�k��
�j�Z�^�b�h�Z�d�l�b�\�l�•�� �k�m�^�u�� �Z�e�m�� ���Z�m�i�•�� �`�%�g�_�� �`�m�m��
�_�j�•�l�•�g�^�•�e�_�j�•�g�� ���Z�e�i�u�g�Z�� �d�_�e�l�•�j�m�^�•����
���u�f�[�Z�l�l�u���u �^�Z �i�j�h�[�e�_�f�Z���[�h�e�u�i���l�Z�[�u�e�Z�^�u����
�?�]�_�j�� �[�_�l�l�•�d�� �[�_�e�k�_�g�^�•�� �a�Z�l�l�Z�j�� ���h�e�^�Z�g�u�e�k�Z����
�h�e�Z�j�� �l�h�i�u�j�Z���l�u���� �d�_�m�_�d�l�•�e�•�]�•�� �f�_�g��
�'�l�d�•�a�]�•�r�l�•�]�•�g �l�'�f�_�g�^�_�l�_�^�•���� �[���e�� �'���^�_�m��
�l�b�•�f�^�•�e�•�]�•�g���l�'�f�_�g�^�_�l�_�^�•���� �@�h���Z�j�u�^�Z���Z�l�Z�e���Z�g��
�k�_�[�_�i�l�_�j�]�_���[�Z�c�e�Z�g�u�k�l�u���'�a���h�j�g�u�g�^�Z���`�m�m�����L�Q��
situ) �l�_�o�g�h�e�h�]�b�y�k�u�g�u���� ���h�e�^�Z�g�u�e�m�u�� �'�l�_��
�r�_�d�l�_�m�e�•���� �•�k�� �`���a�•�g�^�_�� �h�g�u�� �`�b�•�� �Z�m�u�k�l�u�j�Z�^�u��

�g�_�f�_�k�_�� �e�Z�k�l�Z�g�m�^�u�� �h���r�Z�m�e�Z�c�^�u�� ���m�Z���u�l�r�Z��
�`�Z�[�m���� �l�h�i�u�j�Z�����Z�� �l�h�k���Z�m�u�e�^�Z�j�^�u�� ���h�x����
�g�_�f�_�k�_�� �l�h�i�u�j�Z���l�u�� ���Z�a���Z�g�g�Z�g�� �d�_�c�•�g�� �`�%�g�_��
�Z�j�g�Z�c�u�� �`�_�j�]�_�� ���H�[�� �V�L�W�X���� �r�u���Z�j���Z�g�g�Z�g�� �d�_�c�•�g��
�`�m�m��(1-�k�m�j�_�l�l�_����  

�;���e�� �j�_�l�l�_�� �l�h�i�u�j�Z���l�u��
�^�_�a�Z�d�l�b�\�Z�p�b�y�e�Z�m�� �d�'�[�•�g�_�k�_�� �Z�e�^�u�g-�Z�e�Z��
�k�_�i�Z�j�Z�p�b�y�e�Z�m�^�Z�g�� �d�_�c�•�g���� �j�Z�^�b�h�Z�d�l�b�\�l�•�� �_�f�_�k��
�± �%�^�_�l�l�_�� �•�j�•�� �n�j�Z�d�p�b�y�e�Z�j�^�u�� �Z�e�u�i�� �l�Z�k�l�Z�c��
�h�l�u�j�u�i���h�j�u�g�^�Z�e�Z�^�u���� 

�L�%�`�•�j�b�[�_�� �d�'�j�k�_�l�d�_�g�^�_�c���� �l�h�i�u�j�Z���l�u��
�l�Z�a�Z�j�l�m�^�u���� �l�b�•�f�^�•�� �l�%�k�•�e�^�_�j�•�g�•���� �[�•�j�•��- 
�i�j�h�p�_�k�l�•���� �l�b�•�f�^�•�e�•�]�•�g�� �Z�j�l�l�u�j�Z�l�u�g��
���h�k�i�Z�e�Z�j�^�u�� �_�g�]�•�a�m�]�_�� �`�h�e�� �[�_�j�_�l�•�g��
�k���c�u���l�u���i�_�g�� �^�_�a�Z�d�l�b�\�Z�p�b�y�e�Z�m�� ���`�m�m����
�[�h�e�u�i�� �l�Z�[�u�e�Z�^�u���� �H�g�u�� �k�m�e�u�� �`�%�g�_�� �k�m�k�u�a��
�`�h�e�^�Z�j�u���[�Z�j�����[�•�j�•�g�r�•�����Z�f�l�b�^�u���� 

�K�m�k�u�a�� �l�_�o�g�h�e�h�]�b�y - �[���e�� �l�h�i�u�j�Z���l�u��
�k���c�u���� �Z�f�f�b�Z�d�i�_�g�� �g�_�f�_�k�_�� �l���j�e�•�� ���h�k�i�Z�e�Z�j�u��
�[�Z�j�� �Z�k�Z�� �k�u�g�b�� �d�'�f�•�j�l�_�]�•�� �^�b�h�d�k�b�^�•�f�_�g��
�a�Z�j�Z�j�k�u�a�^�Z�g�^�u�j�m�� 

�K�m�f�_�g�� �«�•�^�_�m �j�Z�^�b�h�g�m�d�e�b�^�l�_�j�^�•����
�k�m�^�Z�� �_�j�b�l�•�g�� �g�u�k�Z�g�^�Z�j�u�g�� �l�h�i�u�j�Z���l�Z�g�� �`�m�m��
���r�•�g�� �h�e�Z�j�^�u���� �'�k�•�f�^�•�d�l�_�j�� �l�Z�f�u�j�e�Z�j�u�� �f�_�g��
�`�_�j�� �Z�k�l�u�� �k�m�e�Z�j�u�g�u���� �'�l�m�•�g�� �Z�a�Z�c�l�m��
�f�Z���k�Z�l�u�g�^�Z�� ���h�e�^�Z�g�u�e�m�u�� �f���f�d�•�g���� �[�•�j�Z����
�l�%�`�•�j�b�[�_�� �d�'�j�k�_�l�d�_�g�^�_�c���� �[���e�� �l�%�k�•�e�� �`�h���Z�j�u��
�_�f�_�k�� �l�b�•�f�^�•�e�•�d�i�_�g�� �k�b�i�Z�l�l�Z�e�Z�^�u���� �'�c�l�d�_�g�•��
�j�Z�^�b�h�g�m�d�e�b�^�l�•�d�� �e�Z�k�l�Z�g�m�^�u���� �[�Z�k�u�f�� �[�'�e�•�]�•��
�`�_�l�d�•�e�•�d�l�•���l���j�^�_���[�_�j�•�d���k�h�j�[�p�b�y�e�Z�g���Z�g�� 
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Figure 2 �± Basic technological scheme for decontamination of radioactive soil 
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�j�Z�^�b�h�[�Z�j�b�l�l�•�� �_�j�•�l�•�i���� �l�h�i�u�j�Z���l�u��
�j�Z�^�b�h�Z�d�l�b�\�l�•�� �e�Z�k�l�Z�g�m�^�Z�g�� ���h�k�u�f�r�Z�� �l�Z�a�Z�j�l�m��
�_�k�_�[�•�g�_�g�� �[���e�� �l�%�k�•�e�^�•���� �n�m�g�d�p�b�h�g�Z�e�^�u����
�f���f�d�•�g�^�•�d�l�_�j�•�g���d�_���_�c�l�m�]�_���[�h�e�Z�^�u�>���@�� 

���h�c�u�e���Z�g�� �f�•�g�^�_�l�� �e�Z�k�l�Z�g���Z�g��
�l�h�i�u�j�Z���l�u�� �l�_�j�f�b�y�e�u���� �'���^�_�m�^�•�� ���Z�f�l�b�l�u�g��
�l�%�k�•�e�f�_�g�� ���h�e�� �`�_�l�d�•�a�•�e�_�^�•���� �L�_�j�f�b�y�e�u����
�'���^�_�m�^�_�g�� �d�_�c�•�g�� �l�h�i�u�j�Z���� ����-85�h�K��
�l�_�f�i�_�j�Z�l�m�j�Z�^�Z�� ��-���� �k�Z���Z�l�� �[�h�c�u�� �Z�c�g�Z�e�u�f��
�j�_�`�b�f�•�g�^�_�� ���h�c�u�e�l�u�e���Z�g�� �d���d�•�j�l��
���u�r���u�e�u�f�_�g���'���^�_�e�_�^�•�� 
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3 - �F�m�j�_�l�����F���g�Z�c���'�g�•�f�^�_�j�•�f�_�g���`�%�g�_���j�Z�^�b�h�[�_�e�k�_�g�^�•���a�Z�l�l�Z�j�f�_�g���e�Z�k�l�Z�g���Z�g���l�h�i�u�j�Z���l�u���l�Z�a�Z�e�Z�m�����e�]�•�e�_�j�• 
Figure 3 - Samples of cleaning of soils contaminated with oil products and radioactive substances 
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�u�k�l�u���� �[�m�f�_�g�� �'���^�_�m�� �'�l�_�� �l�b�•�f�^�•�� �[�h�e�m�u��
�f���f�d�•�g���� �K�h�g�u�f�_�g�� ���Z�l�Z�j���� �a�Z�e�Z�e�k�u�a�^�Z�g�^�u�j�m��
�'�g�•�f�•�g�^�_�� �[���^�Z�g�� �%�j�•�� �f���g�Z�c�� �'�g�•�f�^�_�j�•�� �`�%�g�_��
�_�j�b�l�•�g�� �l���a�^�Z�j�� �[�h�e�f�Z�c�^�u�� ���f�u�k�Z�e�u���� �1�D�&�O������
�U�k�l�u���� �l���a�� ���u�r���u�e�u�g�u���� �_�j�•�l�•�g�^�•�k�•�f�_�g��
�a�Z�j�Z�j�k�u�a�^�Z�g�^�u�j�m���� �%�^�_�l�l�_���� �l�_�j�f�h�o�b�f�b�y�e�u����
�'���^�_�m�]�_�� ���r�u�j�Z���Z�g�� �l�h�i�u�j�Z���� �[�'�e�•�d�l�_�j�•�g�_��
���Z�g�Z�� ���h�e�^�Z�g�u�e�Z�^�u���� �U�k�l�u���� �l���a��
���u�r���u�e�u�g�u���� �_�j�•�l�•�g�^�•�k�•�f�_�g��
�a�Z�j�Z�j�k�u�a�^�Z�g�^�u�j�m���� �%�^�_�l�l�_���� �l�_�j�f�h�o�b�f�b�y�e�u����
�'���^�_�m�]�_�� ���r�u�j�Z���Z�g�� �l�h�i�u�j�Z���� �[�'�e�•�d�l�_�j�•�g�_��
���Z�g�Z�� ���h�e�^�Z�g�u�e�Z�^�u���� ���u�r���u�e�f�_�g�� �r�Z�c�f�Z�e�Z�m��
�k�m���Z�� �%�j�� �l���j�e�•�� �_�j�l�•�g�^�•�e�_�j�� ���h�k�u�i�� �r�Z�x���Z��
���Z�j�Z���Z�g�^�Z�� �j�Z�^�b�h�g�m�d�e�b�^�l�_�j�^�•�� �l�h�i�u�j�Z���l�Z�g��
�r�u���Z�j�m�^�Z���l�b�•�f�^�•���[�h�e�u�i���l�Z�[�u�e�Z�^�u���>���@�� 

���h�j�u�l�u�g�^�u. �L�h�i�u�j�Z���l�Z���u����
�r�e�Z�f�^�Z�j�^�Z���u�� ���Z�e�^�u���l�Z�j�^�Z���u�� �e�Z�k�l�Z�m�r�u��
�j�Z�^�b�h�g�m�d�e�b�^�l�_�j�� �Z�m�u�j�� �f�_�l�Z�e�^�Z�j�^�u����
�Z�g�Z�e�h�]�l�Z�j�u�� �[�h�e�u�i�� �l�Z�[�u�e�Z�^�u���� �H�e�Z�j�^�u��
�`�h�x���Z�� �g�_�f�_�k�_�� �m�e�u�� �_�f�_�k�� �`�Z���^�Z�c���Z��
�Z�m�u�k�l�u�j�m���Z�� �[�h�e�f�Z�c�^�u���� �J�Z�^�b�h�g�m�d�e�b�^�l�_�j�^�•����
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�©�J�Z�^�b�Z�p�b�y�e�u���� ���Z�m�•�i�k�•�a�^�•�d�� �g�h�j�f�Z�e�Z�j�u�ª 
���G�J�;-�������� �>���@���� �©�J�Z�^�b�h�Z�d�l�b�\�l�•�� ���Z�e�^�u���l�Z�j�^�u��
�[�Z�k���Z�j�m�^�u���� �k�Z�g�b�l�Z�j�e�u���� �_�j�_�`�_�e�_�j�•�ª��
���K�I�H�J�H-�������������� �©�J�Z�^�b�Z�p�b�y�e�u����
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�J�_�k�_�c�^�_�� �`�%�g�_�� ���Z�a�Z���k�l�Z�g�^�Z�� �[�_�e�]�•�e�•�� �[�•�j��
�[�_�e�k�_�g�^�•�� �i�Z�j�Z�f�_�l�j�e�_�j�� �[�h�c�u�g�r�Z��
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���[���j���u�e�Z�m�� �d�_�a�•�g�^�_�]�•�� �r�u�����Z�g�� ���Z�l�l�u��
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�����[�u�j�e�Z�j���Z���� �[���j���u�e�Z�m�� �����j�Z�e-�`�Z�[�^�u���l�Z�j�u����
�k�m�� �����[�u�j�u�g�Z���� �l�h�i�u�j�Z�����Z���� �`���f�u�k��
�Z�c�f�Z���u�g�u���� �Z�m�Z�k�u�g�Z�� �^�h�a�b�f�_�l�j�e�•�d�� �'�e�r�_�m��
�`���j�]�•�a�•�e�_�^�•���� �h�g�u���� �g�%�l�b�`�_�k�•�g�^�_�� �[���j���u�e�Z�m��

�[�j�b�]�Z�^�Z�k�u�� �f���r�_�e�_�j�•�� ���Z�[�u�e�^�Z���Z�g�� �k�%�m�e�_�g�•��
�Z�a�Z�c�l�m���Z�� �Z�j�g�Z�e���Z�g�� �k�Z�g�b�l�Z�j�e�u����- 
�]�b�]�b�_�g�Z�e�u�����•�k-�r�Z�j�Z�e�Z�j�����Z�j�Z�k�l�u�j�u�e�Z�^�u�� 
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STRUCTURAL STEELS IN ORDER TO IMPROVE SAFE WORK CONDITIONS 
 

Abstract: In our century, in the conditions of scientific and technological progress, 
design idea is aimed at creating new high-performance and high-speed equipment, at increasing 
the capacity of machines and mechanisms to achieve a certain technological effect. However, it 
is not always possible to achieve that the noise arising from the interaction of parts does not 
exceed standard values. OSHA's requirements state that when workers are exposed to noise 
above 90 A-weighted decibels (dB) at an 8-hour average time (TWA). The development of 
measures to reduce noise requires an integrated approach, consisting in the use of noise reduction 
tools at the source of occurrence, as well as tools and methods to combat noise in the path of its 
propagation.The article discusses the study of the acoustic characteristics of samples after 
casting, hot forging, normalization, annealing and hardening. New structural steels alloyed with 
chromium, silicon, manganese and nickel were smelted and their acoustic properties were 
compared with standard low-alloy steels after heat treatment - forging, normalization, annealing 
and hardening. An experimental sample of steel 2 showed the best damping characteristics in 
comparison with standard steels of grades 20L, 30L, 45L, 55L after all four types of heat 
treatment. This steel is recommended for drill pipe parts, drill transmission. 

Keywords: drill pipe; damping; sound emission; heat treatment. 
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In our century in conditions of 
scientific and technical progress, the design 
idea is directed on creation of new high-
efficiency and high-speed technics, on 
escalating of capacities of machines and 
mechanisms for achievement of the certain 
technological effect. Thus not always it is 
possible to reach, that the noise arising at 
interaction of details, did not exceed 
normative values. Noise of tooth gearings 
voice-frequency components studied by them 
are perceived as sharp enough though can 
exceed a background level of broadband noise 
only slightly. The raised negativity of 
subjective perception of voice-frequency 
components sometimes is considered by 
�L�Q�W�U�R�G�X�F�W�L�R�Q�� �R�I�� �©�W�K�H�� �Y�R�L�F�H-frequency 
�D�P�H�Q�G�P�H�Q�W�ª���W�R��the measured level [1-2]. 

In this connection an actual problem 
there is a creation of alloys with raised 
damping properties with the low maintenance 
of alloying elements, that positively affects 
their cost. Such materials are, alloys of iron 
with carbon. Steel - the most widespread 
constructional materials of which the majority 
of constructive elements of machines and the 
mechanisms working in a mode of impacts 
[2,3] is made. 

As object of research have chosen as 
standard constructional low-alloy steel 20L, 
30L, 45L, 55l beds are made of them, the 
case, muff, braking disks, pinions. Details of 
boring pipes, chisel transmission, the plug, a 
�G�H�W�D�L�O�� �R�I�� �Z�L�Q�F�K�¶�V�� cases of tricone chisels, 
ratchets, and other responsible details, to 
which are made demands of the raised 
durability. And new sucelted low-allow steel 
FK-1, FK-2, FK-3, FK-4 alloyed by chrome, 
silicon, manganese and nickel. 

Principles of doping alloys in work are 
based on studying of diagrams of condition 
Fe-C, Fe-Cr, Fe-Mn, Fe-Si and Ni metal. 
Chrome, silicon and manganese concern to 
number of most often used special alloying 
elements. Additives of alloying elements 
changed in following limits: chrome from 0,6 
up to 1, 2 %, manganese from 0,9 % up to 1,4 

%, silicon of 0,8 % up to 1 %, nickel from 
0,75 up to 1,5 %. Hydrocarbons as the 
additive synthetic pig-iron with the 
maintenance of carbon of 3,9 % served. 
Chrome promotes reception of high and 
uniform hardness of steels. The steel, alloyed 
by chrome have higher hardenability. It being 
dissolved in ferrite and in cement renders 
beneficial effect on mechanical properties of 
steel that has predetermined its wide 
application in constructional steels [2,3]. 

Manganese raises durability of steel in 
hot-rolled products, and reduces red-
brittleness of steel. Nickel noticeably raises, a 
limit of fluidity of steel. Additives of 
manganese of 1-1,4 % influence on low-alloy 
properties of alloys. Silicon - a chemical 
element which is constantly present in steels, 
thus it renders significant influence on 
structure and character nonmetallic inclusion. 
Silicon is the most effective graphitosis in 
steel, and presence of graphite raises 
propensity of steels to irreversible dispersion 
of energy of fluctuations.  

Characteristics of sound generation of 
alloys investigated after hot smithery, 
normalization, curing, trainings. After 
moulding, samples were exposed to smithery 
at t=12000�K. 

At research of acoustic characteristics 
of samples after smithery noise emission at 
the standard and developed alloys has not 
changed almost. Except for FK-2 and FK-3 at 
which level of a sound has gone down on 4 
and 2 dBA, and a level of sound pressure on 
the average on 3 dB in compound frequencies. 

For the further research of influence of 
heat treatment on acoustic characteristics 
alloys were exposed to normalization. 
Normalization causes full phase 
recrystallization structures of steel and 
eliminates coarse-grained, received at 
moulding or smithery. Cooling on air leads to 
disintegration austenite at lower temperatures 
that raises dispersiveness ferrite-cement 
structures and increases quantity perlite. 
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Table 1 �± acoustic characteristics of foundry constructional samples of steels after 
smithery  

�L�Z�[�e�b�p�Z��1 �± �:�d�m�k�l�b�q�_�k�d�b�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �e�b�l�_�c�g�u�o�� �d�h�g�k�l�j�m�d�p�b�h�g�g�u�o�� �h�[�j�Z�a�p�h�\��
�k�l�Z�e�_�c���i�h�k�e�_���d�h�\�d�b�� 
 
Mark of 

the 
sample 

Levels of sound pressure, dB, in octava strips with compound frequencies, 
Hz 

Level of 
a sound, 

dBA 63 125 250 500 1000 2000 4000 8000 16000 
20L 49,9 88,9 91,7 93,5 105,8 105,5 102,3 107,3 101,6 107 
30L 53 65,9 91,2 91,3 107,2 107,4 104,1 106,8 103,4 106 
45L 48 87 92 92 107 108 104 106 102 109 
55L 52,3 63 90,2 90 106 107 108 108 106 110 
FK-1 48 87 90 92 104 105 105 106 106 107 
FK-2 39 74 79 80 92 93 95 94 95 97 
FK-3 45 78 80 85 97 98 97 97 98 100 
FK-4 47 86 88 91 103 104 105 105 104 106 

 

 
 

Fig. 1 �± Characteristics foundry constructional of steel after smithery 
�J�b�k���������± �O�Z�j�Z�d�l�_�j�b�k�l�b�d�b���e�b�l�_�c�g�u�o���d�h�g�k�l�j�m�d�p�b�h�g�g�u�o���k�l�Z�e�_�c���i�h�k�e�_ �d�h�\�d�b 

 
The microstructural analysis is lead by 

means of microscope MIM-7 and the big 
microscope of reflected light NEOPHOT-32. 
The structure of a metal basis is certain at 
etching ream by a solution of nitric acid of 5 
%. The microstructure of alloy FK-2 is given 
in figure 2. The microstructural analysis 
shows about formation of fine-grained 
structure and increase perlite which in turn 
has not affected acoustic properties of 
investigated samples. 

At carrying out curing in structure of 
an alloy of steel there are such processes as 
homogenization, recrystallization and removal 
of residual pressure, which course does not 
depend on phase transformations into 
structure of an alloy.  

The temperature of heating at curing 
was equaled 1100-12000�K which is necessary 
for full course of the diffusion process, 
leveling structure in separate volumes of steel. 
The general duration curing (heating, 
endurance and slow cooling 8 h.) 
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As a result of diffusion curing the 
coarse-grained microstructure turns out. 

The increase in steel of the 
maintenance of carbon and alloying elements 

raises temperature recrystallization (7300�K, 
0,5 h.), after which grain of ferrite accepts 
oval or �h�d�j�m�]�e�m�x a farm with the sizes 5-8 
points (figure 2 ). 

 

 
     �Z                b 

 
                                c                d 

   
 e 

 
Fig. 2 �± the Microstructure of alloy FK-2 after moulding (a), hot smithery (b), normalization (c), curing 

(d), trainings (e) 
�J�b�k���������± �F�b�d�j�h�k�l�j�m�d�l�m�j�Z���k�i�e�Z�\�Z���N�D-�����i�h�k�e�_���e�b�l�v�y�����Z�������]�h�j�y�q�_�c���d�h�\�d�b�����[�������g�h�j�f�Z�e�b�a�Z�p�b�b�����\�������h�l�`�b�]�Z��

���]�������a�Z�d�Z�e�d�b ���^�� 
 

At carrying out curing in structure of 
an alloy of steel there are such processes as 
homogenization, recrystallization and removal 

of residual pressure, which course does not 
depend on phase transformations into 
structure of an alloy.  

 
Table 2 �± Acoustical characteristics foundry constructional steels after normalization 
�L�Z�[�e�b�p�Z��2 �± �:�d�m�k�l�b�q�_�k�d�b�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �e�b�l�_�c�g�u�o�� �d�h�g�k�l�j�m�d�p�b�h�g�g�u�o�� �k�l�Z�e�_�c��

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

Mark of 
the 

sample 

Levels of sound pressure, dB, in octava strips with compound 
frequencies, Hz 

Level of a 
sound, 
dBA 63 125 250 500 1000 2000 4000 8000 16000 

20L 51 90 93 94 106 106 104 107 102 107 
30L 53 91 95 96 106 106 104 108 109 110 
45L 50 90 97 97 107 110 106 109 104 112 
55L 57 64 91 92 107 111 111 110 107 113 
FK-1 52 89 92 94 103 104 105 104 105 107 
FK-2 41 75 80 82 94 94 95 95 94 97 
FK-3 45 79 82 87 98 95 96 97 97 100 
FK-4 48 87 89 92 103 104 104 105 106 107 
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Fig. 3 �± Characteristics foundry constructional steels after normalization 
�J�b�k���������± �O�Z�j�Z�d�l�_�j�b�k�l�b�d�b���e�b�l�_�c�g�u�o���d�h�g�k�l�j�m�d�p�b�h�g�g�u�o���k�l�Z�e�_�c���i�h�k�e�_���g�h�j�f�Z�e�b�a�Z�p�b�b 

 
The temperature of heating at curing 

was equaled 1100-12000�K which is necessary 
for full course of diffusion the process, 
leveling structure in separate volumes of steel. 
The general duration of curing (heating, 
endurance and slow cooling 8 hours.) 

As a result of curing diffusion the 
coarse-grained microstructure turns out. 

The increase in steel of the 
maintenance of carbon and alloying elements 
raises temperature recrystallization (7300�K, 
0,5 h.), after which grain of ferrite accepts 

oval or rounded a farm with the sizes 5-8 
points (figure 2 ). 

At full curing (
3CA +500�K) occurs full 

phase recrystallization steel, forming 
austenite, described fine grain, therefore at 
cooling there is the fine-grained structure 
providing high viscosity and plasticity. 

Thus, excessive rise in temperature of 
heating above a point 

3CA  causes growth of 

grain austenite. 

 
Table 3 �± acoustic characteristics foundry constructional �k�l�Z�e�_�c after curing 
�L�Z�[�e�b�p�Z��3 �± �:�d�m�k�l�b�q�_�k�d�b�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �e�b�l�_�c�g�u�o�� �d�h�g�k�l�j�m�d�p�b�h�g�g�u�o�� �k�l�Z�e�_�c��

�i�h�k�e�_���h�l�`�b�]�Z 
 
Mark of 

the 
sample 

Levels of sound pressure, dB, in octava strips with compound 
frequencies, Hz 

Level of 
a sound, 

dBA 63 125 250 500 1000 2000 4000 8000 16000 
20L 48 86 90 90 105 104 103 104 102 105 
30L 50 62 79 89 105 105 104 106 107 108 

45L 49 86 90 91 105 110 105 107 104 112 
55L 53 64 89 90 107 110 109 109 107 110 
FK-1 46 85 87 89 103 102 103 104 103 105 
FK-2 39 73 77 79 93 93 94 93 94 95 
FK-3 43 77 79 83 97 94 98 99 96 100 
FK-4 46 85 87 89 102 104 103 103 104 105 
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Fig. 4 �± Characteristics foundry constructional steels after curing 
�J�b�k���������± �O�Z�j�Z�d�l�_�j�b�k�l�b�d�b���e�b�l�_�c�g�u�o���d�h�g�k�l�j�m�d�p�b�h�g�g�u�o���k�l�Z�e�_�c���i�h�k�e�_���h�l�`�b�]�Z 

 

Acoustic characteristics foundry 
constructional steels after curing at impact are 
given in table 3 and figure 4. A level of sound 
pressure at the developed alloys depending on 
compound octava frequencies basically are 
lowered in comparison with known 
constructional samples on the average on 10 
dB, and a level of a sound on the average on 7 
dBA. Among the developed samples the best 
acoustic characteristics alloy FK-2 possesses.  

The level of sound pressure at low 
frequencies changes from 39 up to 79 dB at 
1000, 2000 and 8000 Hz-93 dB, at 4000 and 
16000 Hz-94 dB. Whereas at these 

frequencies these values at standard samples 
much more above (on the average on 6-10 
dB). The reason of it is formation martensite 
structure the structure providing raised 
dissipation of sound energy.  

On high frequencies at investigated 
alloys FK-1 and FK-4 (from 2000 and 16000 
Hz) values of a level of sound pressure are 
practically identical (LSP200=104dBA; 
LSP4000� �������·�������G�%�$����LSP8000� �������·�������G�%�$�� 
LSP16000� �������·�������G�%�$������ �F�X�U�L�Q�J�� �K�D�V�� �Q�R�W��
provided significant integration of grains and 
a thickening of borders of grains. 

 
Table 4 �± Acoustic characteristics foundry constructional steels after training 
�L�Z�[�e�b�p�Z��4 �± �:�d�m�k�l�b�q�_�k�d�b�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �e�b�l�_�c�g�u�o�� �d�h�g�k�l�j�m�d�p�b�h�g�g�u�o�� �k�l�Z�e�_�c��

�i�h�k�e�_���a�Z�d�Z�e�d�b 
 

Mark of 
the 
sample 
 

Levels of sound pressure, dB, in octava strips with compound 
frequencies, Hz 

 

Level of a 
sound, 
dBA 

63 125 250 500 1000 2000 4000 8000 16000  
�����E 47 85 88 89 101 102 102 98 100 102 
�����E 49 60 87 85 102 102 104 104 102 105 
�����E 47 84 88 89 104 108 105 107 103 109 
�����E 50 62 87 87 103 104 108 108 103 107 
�N�D-1 45 83 86 88 102 105 100 103 100 104 
�N�D-2 36 71 75 77 92 91 92 92 90 91 
�N�D-3 40 74 77 79 79 92 96 94 95 98 
�N�D-4 44 83 85 87 100 101 103 102 100 102 
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Fig. 5 �± Characteristics foundry constructional steels after training 
�J�b�k���������± �O�Z�j�Z�d�l�_�j�b�k�l�b�d�b���e�b�l�_�c�g�u�o���d�h�g�k�l�j�m�d�p�b�h�g�g�u�o���k�l�Z�e�_�c���i�h�k�e�_���a�Z�d�Z�e�d�b 

 
For details of the equipment which are 

used in annealed a condition expediently to 
use alloys FK-2 and FK-3. 

Acoustic characteristics foundry 
constructional �k�l�Z�e�_�c after training at impact 
are presented in table 4 and figure 5. 

Training consists in heating without 
access of air of steel on 30-500�K above 

3CA  

with endurance of 30-40 minutes for end of 
phase transformations and the subsequent 
cooling with a speed above critical. Cooling 
spent in oil. At heating steel on 30-500�K 
above point 

3CA , became with initial structure 

perlite + ferrite, gets austenite structure which 
at the subsequent cooling with a speed above 
critical turns in �f�Z�j�l�_�g�k�b�l.  

Rise in temperature of heating under 
training (or increase in duration of heating) 
leads to dissolution of carbide, to integration 
of grain and homogenization of austenite. 

The microstructure of alloy FK-2 
(figure 2 (and,) is characterized by sharply 
expressed heterogeneous structure at the 
tempered condition (95 dBA) with the 
increased sizes of grains, and after training the 
structure undergoes homogenization, due to it 
goes decrease in noise level on 4 dBA (LS�N�D-2 

(quench)=91 dBA). As stabilization of structure 

due to full dissolution of cements in austenite 
here is observed. 

Analyzing tabulated data (table 4) and 
figure 5 it is necessary to specify that 
investigated alloy FK-2 has the least value of 
a level of a sound (91 dBA) at which sound 
generation on 11-17 dBA is less than at 
known foundry constructional steels. (LS20�E= 
102 dBA, LS30�E=105 dBA, LS45�E =109 dBA, 
LS55�E=107 dBA). 

Also some lowered value of a level of 
a sound at sample FK-3 (LS=98 dBA) which 
on 4-11 dBA is less than at standard �k�l�Z�e�_�c is 
observed. The analysis of a level of sound 
pressure on frequencies shows, that on all 
frequencies (63-16000 Hz) there is a 
significant downturn of a level of sound 
pressure at samples FK-2 and FK-3. That also 
confirms about increase damping abilities of 
investigated samples FK-2 and FK-3 after 
training. Besides the level of sound pressure 
on the average decreases on 4 dB though the 
level of a sound has on the average increased 
on 3 dBA after training at samples FK-1, and 
FK-4 where damping properties wish the best. 

Thus, by results of heat treatment it is 
necessary to tell, that at all four kinds of 
thermal processing (smithery, normalization, 
curing, training), the best parameters on 
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improvement of acoustic characteristics and 
increase damping properties at sample FK-2 
at which as a whole of BRIDLES has 

decreased by all kinds of heat treatment on 8-
10 dB, and noise level on 10-12 dBA. 

 
REFERENCES 

[1] �)�D�Y�V�W�R�Y���<���.�������6�K�X�O�J�D���<���1�������5�D�K�V�K�W�D�G�W���$���*�����³�0�H�W�D�O�O�X�U�J�L�F�D�O���V�F�L�H�Q�F�H���K�L�Jh damping alloys., "Metallurgy", 
1980, 272 p.   

[2] Suleev D.K., Utepov I.E., Batesova �)���.���´�$�F�R�X�V�W�L�F�D�O���S�U�R�S�H�U�W�L�H�V���R�I���P�H�W�D�O���P�D�W�H�U�L�D�O�V�´�����������6�D�I�H�W�\���R�I���D�E�L�O�L�W�\���W�R��
live (a labour safety, protection in extreme situations, ecology, valueology, toxicology, economy and the 
organization of manufacture). The collection of publications. Release 2, 2005- Almaty, KazNTU, p.33-35. 

[3] Utepov E.B., Pototsky E.P., Shevtsova V.S. Damping steels for sheet metal parts during sheet rolling // 
Metallurg. No. 3, 2019 S. 61-66. 

 
�E�B�L�?�J�:�L�M�J�: 

[1] �N�Z�\�k�l�h�\�� �X���D������ �R�m�e�v�]�Z�� �X���G������ �J�Z�o�r�l�Z�^�l�� �:���=���� �F�_�l�Z�e�e�h�\�_�^�_�g�b�_�� �\�u�k�h�d�h�^�_�f�i�n�b�j�m�x�s�b�o�� �k�i�e�Z�\�h�\���� �F������
�©�F�_�l�Z�e�e�m�j�]�b�y�ª�������������������������k��  

[2] �K�m�e�_�_�\�� �>���D������ �M�l�_�i�h�\�� �L���?������ �;�Z�l�_�k�h�\�Z�� �N���D���� �:�d�m�k�l�b�q�_�k�d�b�_�� �k�\�h�c�k�l�\�Z�� �f�_�l�Z�e�e�b�q�_�k�d�b�o�� �f�Z�l�_�j�b�Z�e�h�\����
�����;�_�a�h�i�Z�k�g�h�k�l�v�� �`�b�a�g�_�^�_�y�l�_�e�v�g�h�k�l�b�� ���h�o�j�Z�g�Z�� �l�j�m�^�Z���� �a�Z�s�b�l�Z�� �\�� �q�j�_�a�\�u�q�Z�c�g�u�o�� �k�b�l�m�Z�p�b�y�o���� �w�d�h�e�h�]�b�y����
�\�Z�e�_�h�e�h�]�b�y�����l�h�d�k�b�d�h�e�h�]�b�y�����w�d�h�g�h�f�b�d�Z���b���h�j�]�Z�g�b�a�Z�p�b�y���i�j�h�b�a�\�h�^�k�l�\�Z�������K�[�h�j�g�b�d���i�m�[�e�b�d�Z�p�b�c�����<�u�i�m�k�d��������
�����������]����-�:�e�f�Z�l�u�����D�Z�a�G�L�M�����k������-35.  

[3] �M�l�_�i�h�\���?���;�������I�h�l�h�p�d�b�c���?���I�������R�_�\�p�h�\�Z���<���K�����>�_�f�i�n�b�j�h�\�Z�g�b�_���k�l�Z�e�_�c���^�e�y���^�_�l�Z�e�_�c���b�a���e�b�k�l�h�\�h�]�h���f�_�l�Z�e�e�Z��
�i�j�b���e�b�k�l�h�\�h�c���i�j�h�d�Z�l�d�_���������F�_�l�Z�e�e�m�j�]�����‹�������������������k��������-66. 

 
�B�K�K�E�?�>�H�<�:�G�B�?���F�B�D�J�H�K�L�J�M�D�L�M�J�U���B���:�D�M�K�L�B�Q�?�K�D�B�O���K�<�H�C�K�L�<��

�D�H�G�K�L�J�M�D�P�B�H�G�G�U�O���K�L�:�E�?�C���K���P�?�E�V�X���I�H�<�U�R�?�G�B�Y�� 
�;�?�A�H�I�:�K�G�U�O���M�K�E�H�<�B�C���L�J�M�>�: 

�&�f�•�j�[�Z�c�� �J�h�a�Z�� �K�m�e�_�c�f�_�g���u�a�u�����^���l���g������ �i�j�h�n�_�k�k�h�j���� �:�e�f�Z�l�b�g�k�d�b�c�� �l�_�o�g�h�e�h�]�b�q�_�k�d�b�c��
�m�g�b�\�_�j�k�b�l�_�l, �]�����:�e�f�Z�l�u�����D�Z�a�Z�o�k�l�Z�g�� koki_92@bk.ru. 

�;�Z�l�_�k�h�\�Z�� �N�b�j�m�a�Z�� �D�Z�c�k�Z�j�[�_�d�h�\�g�Z�����d���l���g������ �Z�k�k�b�k�l�_�g�l-�i�j�h�n�_�k�k�h�j����Satbayev University���� �]����
�:�e�f�Z�l�u�����D�Z�a�Z�o�k�l�Z�g����batessova@inbox.ru. 

�:�g�g�h�l�Z�p�b�y�����<���g�Z�r���\�_�d���\���m�k�e�h�\�b�y�o���g�Z�m�q�g�h-�l�_�o�g�b�q�_�k�d�h�]�h���i�j�h�]�j�_�k�k�Z�����d�h�g�k�l�j�m�d�l�h�j�k�d�Z�y���f�u�k�e�v��
�g�Z�i�j�Z�\�e�_�g�Z�� �g�Z�� �k�h�a�^�Z�g�b�_�� �g�h�\�h�c�� �\�u�k�h�d�h�i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�c�� �b�� �k�d�h�j�h�k�l�g�h�c�� �l�_�o�g�b�d�b���� �g�Z�� �g�Z�j�Z�s�b�\�Z�g�b�_��
�f�h�s�g�h�k�l�_�c�� �f�Z�r�b�g�� �b�� �f�_�o�Z�g�b�a�f�h�\�� �^�e�y�� �^�h�k�l�b�`�_�g�b�y���h�i�j�_�^�_�e�_�g�g�h�]�h�� �l�_�o�g�h�e�h�]�b�q�_�k�d�h�]�h�� �w�n�n�_�d�l�Z���� �I�j�b��
�w�l�h�f, �g�_�� �\�k�_�]�^�Z�� �m�^�Z�_�l�k�y�� �^�h�k�l�b�]�g�m�l�v���� �q�l�h�[�u�� �r�m�f���� �\�h�a�g�b�d�Z�x�s�b�c�� �i�j�b�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�b�� �^�_�l�Z�e�_�c���� �g�_��
�i�j�_�\�u�r�Z�e�� �g�h�j�f�Z�l�b�\�g�u�o�� �a�g�Z�q�_�g�b�c���� �L�j�_�[�h�\�Z�g�b�y�� �2�6�+�$�� �m�l�\�_�j�`�^�Z�x�l���� �q�l�h�� �j�Z�[�h�q�b�_�� �i�h�^�\�_�j�]�Z�x�l�k�y��
�\�h�a�^�_�c�k�l�\�b�x�� �r�m�f�Z�� �\�u�r�_�� ������ �$-�\�a�\�_�r�_�g�g�u�o�� �^�_�p�b�[�_�e�� ���^�;���� �\�� ��-�q�Z�k�h�\�h�_�� �\�j�_�f�y�� �k�j�_�^�g�_�\�a�\�_�r�_�g�g�u�o��
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�d�j�_�f�g�b�_�f���� �f�Z�j�]�Z�g�p�_�f�� �b�� �g�b�d�_�e�_�f�� �b�� �k�j�Z�\�g�_�g�u�� �b�o�� �Z�d�m�k�l�b�q�_�k�d�b�_�� �k�\�h�c�k�l�\�Z�� �k�h�� �k�l�Z�g�^�Z�j�l�g�u�f�b��
�g�b�a�d�h�e�_�]�b�j�h�\�Z�g�g�u�f�b�� �k�l�Z�e�y�f�b�� �i�h�k�e�_�� �l�_�j�f�b�q�_�k�d�h�c�� �h�[�j�Z�[�h�l�d�b�� �± �d�h�\�d�b���� �g�h�j�f�Z�e�b�a�Z�p�b�b���� �h�l�`�b�]�Z�� �b��
�a�Z�d�Z�e�d�b�����W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�c���h�[�j�Z�a�_�p���k�l�Z�e�b�������i�h�d�Z�a�Z�e���g�Z�b�e�m�q�r�b�_���^�_�f�i�n�b�j�m�x�s�b�_���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b��
�i�h�� �k�j�Z�\�g�_�g�b�x�� �k�h�� �k�l�Z�g�^�Z�j�l�g�u�f�b�� �k�l�Z�e�y�f�b�� �f�Z�j�h�d�� �����E���� �����E���� �����E���� �����E�� �i�h�k�e�_�� �\�k�_�o�� �q�_�l�u�j�_�o�� �\�b�^�h�\��
�l�_�j�f�b�q�_�k�d�h�c�� �h�[�j�Z�[�h�l�d�b���� �W�l�Z�� �k�l�Z�e�v�� �j�_�d�h�f�_�g�^�h�\�Z�g�Z�� �^�e�y�� �^�_�l�Z�e�_�c�� �[�m�j�b�e�v�g�u�o�� �l�j�m�[���� �[�m�j�h�\�h�c��
�l�j�Z�g�k�f�b�k�k�b�b�� 

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

���: �M�1�I�K�1�A���?���;�?�D���@�:���>�:�C�E�:�J�U�G���@�:���K�:�J�L�M�����R�1�G 
�����J�U�E�U�F�>�U�����;�H�E�:�L�L�:�J�>�U�����F�B�D�J�H�����J�U�E�U�F�U���F�?�G �:�D�M�K�L�B�D�:�E�U����

���:�K�B�?�L�L�?�J�1�G���A�?�J�L�L�?�M 
�&�f�•�j�[�Z�c �J�h�a�Z�� �K�m�e�_�c�f�_�g���u�a�u�����l�������^������ �i�j�h�n�_�k�k�h�j���� �:�e�f�Z�l�u�� �L�_�o�g�h�e�h�]�b�y�e�u���� �M�g�b�\�_�j�k�b�l�_�l�•�� 

�:�e�f�Z�l�u�����������Z�a�Z���k�l�Z�g�� koki_92@bk.ru. 
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�;�Z�l�_�k�h�\�Z�� �N�b�j�m�a�Z�� �D�Z�c�k�Z�j�[�_�d�h�\�g�Z�����l�������d������ �Z�k�k�b�k�l�_�g�l�� �i�j�h�n�_�k�k�h�j����Satbayev University, 
�:�e�f�Z�l�u�����������Z�a�Z���k�l�Z�g����batessova@inbox.ru. 

�:�g�^�Z�l�i�Z�� �F�Z���Z�e�Z�^�Z�������c�f�Z�����u�k�l�u�����d���c�^�•�j�m�������Z�e�u�i���Z���d�_�e�l�•�j�m�����d���c�^�•�j�m���`�%�g�_�����Z�l�Z�m�^�Z�g���d�_�c�•�g�]�•��
���e�]�•�e�_�j�^�•�����Z�d�m�k�l�b�d�Z�e�u�����k�b�i�Z�l�l�Z�f�Z�e�Z�j�u�g���a�_�j�l�l�_�m���l�m�j�Z�e�u���Z�c�l�u�e�Z�^�u�����O�j�h�f�����d�j�_�f�g�b�c�����f�Z�j�]�Z�g�_�p���`�%�g�_��
�g�b�d�_�e�v�����h�k�u�e���Z�g���`�Z���Z�� �����j�u�e�u�f�^�u���� �[�h�e�Z�l�l�Z�j�� �[�Z�e���u�l�u�e�^�u���`�%�g�_�� �h�e�Z�j�^�u���� �Z�d�m�k�l�b�d�Z�e�u���� ���Z�k�b�_�l�l�_�j�•��
�l�_�j�f�b�y�e�u���� �'���^�_�m�^�_�g�� �d�_�c�•�g�� �k�l�Z�g�^�Z�j�l�l�u�� �l�'�f�_�g�� �e�_�]�•�j�e�_�g�]�_�g�� �[�h�e�Z�l�l�Z�j�f�_�g�� �k�Z�e�u�k�l�u�j�u�e�^�u��- �k�h���m����
���Z�e�u�i���Z���d�_�e�l�•�j�m�����d���c�^�•�j�m���`�%�g�_�����Z�l�Z�x�����L�%�`�•�j�b�[�_�e�•�d���[�h�e�Z�l���������e�]�•�k�•���l�_�j�f�b�y�e�u�����'���^�_�m�^�•�����[�Z�j�e�u�����l�'�j�l��
�l���j�•�g�_�g���d�_�c�•�g�������/���������/���������/���������/���k�l�Z�g�^�Z�j�l�l�u���[�h�e�Z�l�l�Z�j�u�f�_�g���k�Z�e�u�k�l�u�j���Z�g�^�Z���_�����`�Z���k�u���^�_�f�i�n�b�j�e�_�m��
�k�b�i�Z�l�l�Z�f�Z�e�Z�j�u�g���d�'�j�k�_�l�l�•�����;���e���[�h�e�Z�l���[���j���u�e�Z�m�������[�u�j�e�Z�j�u�g�u�����[�'�e�r�_�d�l�_�j�•�����[���j���u�e�Z�m���[�_�j�•�e�•�k�•�����r�•�g��
���k�u�g�u�e�Z�^�u�� 

�L���c�•�g�^�•���k�'�a�^�_�j�� �[���j���u�e�Z�m�������[�u�j�u�����^�_�f���r�u���Z�j�m�����^�u�[�u�k���r�u���Z�j�m�����l�_�j�f�b�y�e�u�����'���^�_�m�� 
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INNOVATIVE USE OF ELECTRODYNAMIC BRAKING 
Yelshibekov Amandyk Mahambetovich Master (Eng.), doctoral student, Kazakh Academy of 

transport and communication M. Tynyshpaeva, Almaty, Kazakhstan, �Z�B.kz@mail.ru 
Musabekov Murat Omarbekovich Cand.Sci.(Eng.), associate Professor, Kazakh Academy of 

transport and communication M. Tynyshpaeva, Almaty, Kazakhstan murat-shar@mail.ru 
Anikbaev Bekzat Yeszhiyarovich Master (Eng.), doctoral student, Kazakh Academy of 

transport and communication M. Tynyshpaeva, Almaty, Kazakhstan, anykbaiev@mail.ru 
Abstract. Currently, on the railways of Kazakhstan, the kinetic energy of moving masses stored 

during traction rolling stock during braking is not recovered into the network, but is released in the form 
of heat in the braking resistors. These losses can make up to 50% of all electric energy consumed from 
the contact network. Consequently, the saving of electric energy on electromotive stock is possible due to 
the beneficial use of braking energy. The solution to this problem is possible both by using the recovery 
mode, and by utilizing the braking energy. 

The main difficulty in using the regenerative braking mode is not the conversion of kinetic energy 
into electrical energy and its return to the contact network, but the ability of the network to receive this 
additional energy. This is possible when energy is consumed from the network by another electric rolling 
stock in traction mode or by transferring it to a three-phase AC network. To do this, it is necessary to 
convert the voltage into a three-phase variable, synchronized with the network in frequency and 
amplitude. 

The calculations for a given section show the possibility of fully providing energy for the own 
needs of EPS, from the recovery of dynamic braking energy through an energy storage device. 

Research institutes and many authors have researched various options for using electricity derived 
from electric brakes and electric train recovery braking, but this has not yet been successfully resolved. 
Electric traction systems are not yet equipped with modern energy-recirculating equipment. 

With the advent of powerful capacitors (capacitors and batteries), the recovery of the brake power 
has become even more intense. Modern energy-saving devices are widely used in electric vehicles, to a 
lesser extent by rail and subway. 

Currently, several types of energy storage elements are known - electrochemical, supercapacitors 
and kinetic - which can be considered in traction network energy. 

Key words: Traction power supply systems (STE), energy elements (NE), traction motor (TED). 
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�:���^�Z�l�i�Z�����W�e�_�d�l�j�e�•�d�� �`�u�e�`�u�f�Z�e�u�� �����j�Z�f�^�Z�� �w�e�_�d�l�j�� �w�g�_�j�]�b�y�k�u�g�� ���g�_�f�^�_�m�� �l�_�`�_�m��

�w�g�_�j�]�b�y�k�u�g�� �l�b�•�f�^�•�� �i�Z�c�^�Z�e�Z�g�m�� �Z�j���Z�k�u�g�^�Z�� �f���f�d�•�g�� �[�h�e�Z�^�u���� �J�_�d�m�i�_�j�Z�l�b�\�l�•�� �l�_�`�_�m�� �j�_�`�b�f�•�g��
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�`�%�g�_�� �h�g�u�� �d�h�g�l�Z�d�l�•�e�•�d�� �`�_�e�•�]�_�� ���Z�c�l�Z�j�m�� �_�f�_�k���� �`�_�e�•�g�•���� �h�k�u�� ���h�k�u�f�r�Z�� �w�g�_�j�]�b�y�g�u�� �Z�e�m��
�f���f�d�•�g�^�•�]�•�g�•���� �`�h���l�u���u�� �[�h�e�u�i�� �l�Z�[�u�e�Z�^�u���� �W�e�_�d�l�j�h�^�b�g�Z�f�b�d�Z�e�u���� �l�_�`�_�m�� �w�g�_�j�]�b�y�k�u�g��
�g�_�����j�e�u�f�� �l�b�•�f�^�•�� �i�Z�c�^�Z�e�Z�g�m���Z�� �w�g�_�j�]�b�y�� �`�b�g�Z���l�Z���u�r�l�Z�j�� �[�e�h�]�u�g�� ���h�e�^�Z�g�m�� �Z�j���u�e�u�� ���h�e��
�`�_�l�d�•�a�m�]�_���[�h�e�Z�^�u�� 
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�D�•�j�•�k�i�_���� ���Z�a�•�j�]�• �m�Z���u�l�l�Z��
���Z�a�Z���k�l�Z�g�g�u�� �l�_�f�•�j�� �`�h�e�^�Z�j�u�g�^�Z�� �l�_�`�_�m��
�d�_�a�•�g�^�_�� �l�Z�j�l�u�f �`�u�e�`�u�f�Z�e�u�� �����j�Z�f�u�g�u�� 
���h�a���Z�e�u�k�l�Z���u �d�b�g�_�l�b�d�Z�e�u���� �w�g�_�j�]�b�y�k�u����
�j�_�d�m�i�_�j�Z�p�b�y�e�Z�g�u�i�� �`�_�e�•�]�_�� ���Z�c�l�Z�j�u�e�f�Z�c�^�u����
�l�_�d�� �Z�e�u�g���Z�g�� �w�g�_�j�]�b�y�� �l�_�`�_�m��
�j�_�a�b�k�l�h�j�e�Z�j�u�g�^�Z�� �`�u�e�m�� �l���j�•�g�^�_��
�r�u���Z�j�u�e�Z�^�u���� �;���e�� �r�u���u�g�� �d�h�g�l�Z�d�l�•�e�•�d��
�`�_�e�•�k�•�g�_�g�� �l���l�u�g�u�e�Z�l�u�g�� �[�Z�j�e�u���� �w�e�_�d�l�j��
�w�g�_�j�]�b�y�k�u�g�u���� �r�Z�f�Z�f�_�g�� �������� �����j�Z�c�^�u�� �>1]. 
�>�_�f�_�d���� �w�e�_�d�l�j�`�u�e�`�u�f�Z�e�u�� �����j�Z�f�u�g�^�Z��
�w�e�_�d�l�j�� �w�g�_�j�]�b�y�k�u�g�� ���g�_�f�^�_�m�^�•���� �[�•�j�^�_�g�� �[�•�j��
�f���f�d�•�g���`�h�e�u���l�_�`�_�m�� �w�g�_�j�]�b�y�k�u�g���i�Z�c�^�Z�e�Z�g�m��
�[�h�e�u�i�� �l�Z�[�u�e�Z�^�u���� �;���e�� �f�%�k�_�e�_�g�•��
�j�_�d�m�i�_�j�Z�p�b�y�e�u���� �j�_�`�b�f�^�•�� ���h�e�^�Z�g�m�� �Z�j���u�e�u��
�l�_�`�_�m�����m�Z�l�u�g �i�Z�c�^�Z�e�Z�g�u�i���r�_�r�m�]�_���[�h�e�Z�^�u�� 

�J�_�d�m�i�_�j�Z�l�b�\�l�•�� �l�_�`�_�m�� �j�_�`�b�f�•�g��
���h�e�^�Z�g�m�^�Z���u�� �g�_�]�•�a�]�•�� ���b�u�g�^�u���u��- 
�d�b�g�_�l�b�d�Z�e�u���� �w�g�_�j�]�b�y�g�u�� �w�e�_�d�l�j��
�w�g�_�j�]�b�y�k�u�g�Z�� �l���j�e�_�g�^�•�j�m�� �`�%�g�_�� �h�g�u��
�d�h�g�l�Z�d�l�•�e�•�d�� �`�_�e�•�]�_�� ���Z�c�l�Z�j�m�� �_�f�_�k���� �`�_�e�•�g�•����
�h�k�u�����h�k�u�f�r�Z���w�g�_�j�]�b�y�g�u���Z�e�m���f���f�d�•�g�^�•�]�•�g�•����
�`�h���l�u���u�g�^�Z�� �[�h�e�u�i�� �l���j���� �;���e�� �w�g�_�j�]�b�y�g�u��
�l�Z�j�l�u�f�� �j�_�`�b�f�•�g�^�_�]�•�� �[�Z�k���Z�� �w�e�_�d�l�j��
�`�u�e�`�u�f�Z�e�u�� �����j�Z�f�^�Z�j�u�f�_�g�� �g�_�f�_�k�_�� �h�g�u��
���r�� �n�Z�a�Z�e�u�� �Z�c�g�u�f�Z�e�u�� �`�_�e�•�]�_�� �[�_�j�m�� �Z�j���u�e�u��
�`�_�e�•�^�_�g�� �l���l�u�g���Z�g�^�Z�� �f���f�d�•�g�� �[�h�e�Z�^�u���� �H�e��
���r�•�g �r�u���Z�j�u�e���Z�g�� �d�_�j�g�_�m�� �`�b�•�e�•�]�•�� �f�_�g��
�Z�f�i�e�b�l�m�^�Z�k�u�g�� �[�_�j�_�l�•�g�� �`�_�e�•�]�_��

�k�%�c�d�_�k�l�_�g�^�•�j�•�i�� �k�b�g�o�j�h�g�^�Z�e���Z�g�� ���r�� �n�Z�a�Z���Z��
�Z�c�g�Z�e�^�u�j�m���d�_�j�_�d�� 

�A�_�j�l�l�_�m�� �b�g�k�l�b�l�m�l�l�Z�j�u�� �`�%�g�_��
�d�'�i�l�_�]�_�g�� �Z�\�l�h�j�e�Z�j�^�u���� �w�e�_�d�l�j�h�\�h�a�^�Z�j�� �f�_�g��
�w�e�_�d�l�j�� �i�h�c�u�a�^�Z�j�u�g�u�� �j�_�d�m�i�_�j�Z�p�b�y�e�u����
�l�_�`�_�m�� �d�_�a�•�g�^�_�� �Z�e�u�g�Z�l�u�g�� �w�e�_�d�l�j�� ���m�Z�l�u�g��
�i�Z�c�^�Z�e�Z�g�m�^�u���� �%�j�l���j�e�•�� �g���k���Z�e�Z�j�u�g�Z��
�Z�j�g�Z�e���Z�g�� �a�_�j�l�l�_�m�e�_�j�� �`�Z�k�Z�^�u���� �[�•�j�Z���� �[���e��
�f�%�k�_�e�_�� �%�e�•�� �^�_�� �k�%�l�l�•�� �r�_�r�•�e�]�_�g�� �`�h������ �L�Z�j�l�u�f 
�w�e�_�d�l�j�f�_�g�� �`�Z�[�^�u���l�Z�m�� �`���c�_�e�_�j�•�� �%�e�•��
�j�_�d�m�i�_�j�Z�p�b�y�e�u���� �w�g�_�j�]�b�y�g�u�� ���Z�[�u�e�^�Z�c�l�u�g��
�a�Z�f�Z�g�m�b�������j�u�e���u�e�Z�j�f�_�g���`�Z�[�^�u���l�Z�e�f�Z���Z�g�� 

���m�Z�l�l�u�� �k�u�c�u�f�^�u�e�u���l�u��
�`�b�g�Z���l�Z���u�r�l�Z�j�^�u���� �i�Z�c�^�Z�� �[�h�e�m�u�f�_�g��
���d�h�g�^�_�g�k�Z�l�h�j�e�Z�j�� �f�_�g�� �[�Z�l�Z�j�_�y�e�Z�j���� �l�_�`�_�m��
���m�Z�l�u�g�� ���Z�e�i�u�g�Z�� �d�_�e�l�•�j�m�� �`���f�u�k�l�Z�j�u��
�d���r�_�c�_�� �l���k�l�•���� �W�g�_�j�]�b�y�g�u�� �k�Z���l�Z�m�^�u����
�a�Z�f�Z�g�Z�m�b�� �����j�u�e���u�e�Z�j�u��
�w�e�_�d�l�j�h�f�h�[�b�e�v�^�_�j�^�_���� �Z�a�� ���Z�g�Z�� �^�_���]�_�c�^�_��
�l�_�f�•�j�`�h�e�� �d�'�e�•�]�•�g�^�_�� �`�%�g�_�� �f�_�l�j�h�^�Z�� �d�_���•�g�_�g��
���h�e�^�Z�g�u�e�Z�^�u�� 

���Z�a�•�j�]�• �m�Z���u�l�l�Z�� �w�g�_�j�]�b�y�g�u����
�`�b�g�Z���l�Z���u�r�� �w�e�_�f�_�g�l�l�_�j�•�g�•���� �[�•�j�g�_�r�_�� �l���j�•��
�[�_�e�]�•�e�•��- �w�e�_�d�l�j�h�o�b�f�b�y�e�u������ �k�m�i�_�j 
�d�Z�i�Z�d�Z�l�h�j�e�Z�j�� �`�%�g�_�� �d�b�g�_�l�b�d�Z�e�u������ �h�e�Z�j�^�u��
�l�Z�j�l�u�f�� �`�_�e�•�k�•�� �w�g�_�j�]�_�l�b�d�Z�k�u�g�^�Z��
���Z�j�Z�k�l�u�j�m���Z�� �[�h�e�Z�^�u���� �W�g�_�j�]�b�y�g�u�� �k�Z���l�Z�m���Z��
�Z�j�g�Z�e���Z�g���h�j�u�g�^�Z�j����-�d�_�k�l�_�^�_���d�_�e�l�•�j�•�e�]�_�g�� 

 
1 �± �d�_�k�l�_�����W�g�_�j�]�b�y���`�b�g�Z���l�Z���u�r�l�Z�j�^�u�����h�j�g�Z�e�Z�k�m�u�� 
Table 1 - The location of the energy storage 

 
�W�g�_�j�]�b�y�� �`�b�g�Z���l�Z���u�r�l�Z�j�^�u����
�l�b�i�• 

�W�g�_�j�]�b�y���`�b�g�Z���l�Z���u�r�l�Z�j�^�u�����h�j�g�Z�e�Z�k�m���h�j�g�u�^�Z�j�u�� 

�:�m�^�Z�g�^�u�� 

�i�h�^�k�l�Z�g�p�b�y�k�u 

�L�Z�j�l�u�f 

�i�h�^�k�l�Z�g�p�b�y�k�u 

�L�Z�j�l�u�f��
�`�_�e�•�k�• 

�L�Z�j�l�u�f��
�`�u�e�`�u�f�Z�e�u��
�����j�Z�f�u 

�:�k���u�g �'�l�d�•�a�]�•�r�l�• 
�b�g�^�m�d�p�b�h�g�^�u���`�b�g�Z���l�Z���u�r�l�Z�j 

+ - - - 

�B�g�_�j�p�b�h�g�^�u���`�b�g�Z���l�Z���u�r�l�Z�j - + - + 

�K�m�i�_�j�d�h�g�^�_�k�Z�l�h�j�e�u��
�`�b�g�Z���l�Z���u�r�l�Z�j 

- + + + 

�D�h�f�[�b�g�b�j�e�_�g�]�_�g��
���w�e�_�d�l�j�h�o�b�f�b�y�e�u����
���k�m�i�_�j�d�h�g�^�_�g�k�Z�l�h�j�e�u) 
�`�b�g�Z���l�Z���u�r�l�Z�j 

- - - + 
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�$�^�•�k�l�_�f�_�����K�m�i�_�j�d�h�g�^�_�g�k�Z�l�h�j�e�Z�j��
�f�_�g�� �b�g�_�j�p�b�h�g�^�u�� �`�b�g�Z���l�Z���u�r�l�Z�j�� �`�h���Z�j�u��
���m�Z�l�l�u �[�h�e�Z�^�u���� �h�e�Z�j�^�u�� �i�b�d�l�•�� �`�%�g�_��
�d���r�l�_�e�]�_�g�� �j�_�`�b�f�^�_�j�^�_�� �l�_�f�i�_�j�Z�l�m�j�Z�g�u����
�d�_���� �^�b�Z�i�h�a�h�g�u�g�^�Z��- �����ƒ�K-�l�Z�g�� �������ƒ�&-���Z��
�^�_�c�•�g�� �`���f�u�k�� �`�Z�k�Z�c�^�u���� �[�•�j�Z���� �h�e�Z�j�^�u����
�f�_�g�r�•�d�l�•�� �w�g�_�j�]�b�y�� �k�b�u�f�^�u�e�u���u��
�w�e�_�d�l�j�h�o�b�f�b�y�e�u���� �[�Z�l�Z�j�_�y�e�Z�j���Z�� ���Z�j�Z���Z�g�^�Z��
�l�'�f�_�g���[�h�e�u�i���d�_�e�_�^�•�� 

���a�Z�� �j�Z�a�j�y�^�l�Z�e�m�� �j�_�`�b�f�^�_�j�•�g�^�_��
�w�e�_�d�l�j�h�o�b�f�b�y�e�u���� �`�b�g�Z���l�Z���u�r�l�Z�j�� �`�h���Z�j�u��
�f�_�g�r�•�d�l�•�� �w�g�_�j�]�b�y�� �k�u�c�u�f�^�u�e�u���u�g�Z �`�%�g�_��
�l�b�•�f�^�•�e�•�d�l�•���� �`�h���Z�j�u�� �d�h�w�n�n�b�p�b�_�g�l�•�g�_�� �b�_��

�[�h�e�Z�^�u���� �[�•�j�Z���� �i�b�d�l�•�d�� �`�%�g�_�� �d���r�l�_�e�]�_�g��
�j�_�`�b�f�^�_�j�^�_���� �k�h�g�^�Z�c-�Z����-�����ƒ�&-�l�Z�g�� �������ƒ�&-
�l�Z�g�� �`�h���Z�j�u�� �l�_�f�i�_�j�Z�l�m�j�Z�^�Z�� �h�e�Z�j�^�u����
�l�b�•�f�^�•�e�•�]�•���l�'�f�_�g�^�_�c�^�•�� 

1 �± �k�m�j�_�l�l�_�� �w�g�_�j�]�b�y��
�`�b�g�Z���l�Z���u�r�l�Z�j�^�u���� �l�Z���^�Z�e���Z�g�� �l�b�i�l�_�j�•����
�f�_�g�r�•�d�l�•�� �w�g�_�j�]�b�y�� �k�Z���l�Z�m�� �k�b�u�f�^�u�e�u���u��
���`�b�g�Z���l�Z�e�Z�l�u�g�� �w�g�_�j�]�b�y�g�u����
�`�b�g�Z���l�Z���u�r�l�u���� �k�Z�e�f�Z���u�g�Z�� ���Z�l�u�g�Z�k�u����
�`�%�g�_�� �f�_�g�r�•�d�l�•�� ���m�Z�l�u�� ���a�Z�j�y�^�l�Z�m���j�Z�a�j�y�^�l�Z�e�m��
���m�Z�l�u�g�u�� �`�b�g�Z���l�Z���u�r�l�u���� �f�Z�k�k�Z�k�u�g�Z��
���Z�l�u�g�Z�k�u�����[�_�j�•�e�]�_�g. 

 

 
 

1-�k�m�j�_�l��- �W�g�_�j�]�b�y���`�b�g�Z���l�Z���u�r�l�Z�j�^�u�����k�b�i�Z�l�l�u�����d�'�j�k�_�l�d�•�r�l�_�j�• 
Fig.1 �± Characteristics of energy storage 

 
�<�:�>�±�Z�m�Z�� ���u�k�u�f�^�u��

�Z�d�d�m�f�m�e�y�l�h�j�e�Z�j�u���� �?�F�G�±�k�b�u�f�^�u�e�u���l�u 
�f�h�e�_�d�m�e�y�j�e�u�� �Z�d�d�m�f�m�e�y�l�h�j�e�Z�j���� �F�G�±
�f�Z�o�h�\�b�d�l�•�� �`�b�g�Z���l�Z���u�r�l�Z�j�� ���l�b�i�l�•�d������ �W�O�=�±
�w�e�_�d�l�j�h�o�b�f�b�y�e�u���� �]�_�g�_�j�Z�l�h�j�e�Z�j���� �J�E��- 
���h�j���Z�k�u�g�^�u�� �Z�d�d�m�f�m�e�y�l�h�j���� �1�L���)�H��- �g�b�d�_�e�v-
�l�_�f�•�j�e�•�� �Z�d�d�m�f�m�e�y�l�h�j�� Ni/Cd - �g�b�d�_�e�v-
�d�Z�^�f�b�e�•�� �Z�d�d�m�f�m�e�y�l�h�j���� �1�L���F�_�G�� �± �g�b�d�_�e�v�±
�]�b�^�j�b�^�l�•�� �f�_�l�Z�e�^�u�� �Z�d�d�m�f�m�e�y�l�h�j�� Na/S - 
�k�_�j�g�h-�g�Z�l�j�b�e�•�� �Z�d�d�m�f�m�e�y�l�h�j���� ���±
�k�l�_�d�e�h�i�e�Z�k�l�Z�g���^�'���]�_�e�_�d���l�b�i�l�_�k �f�Z�o�h�\�b�d�������±
�d�h�f�[�b�g�b�j�e�_�g�]�_�g�� �f�Z�o�h�\�b�d�� ���k�l�_�j�`�_�g�g�•����
�f�Z�l�_�j�b�Z�e�u�±�h�j�]�Z�g�h�i�e�Z�k�l���� �^�'���]�_�e�_�d�l�•����
�f�Z�l�_�j�b�Z�e�u�± �k�l�_�d�e�h�\�h�e�h�d�g�h���� 

���Z�a�•�j�]�• �m�Z���u�l�l�Z�� �l�Z�j�l�u�f�� �`�_�e�•�e�•�d��
�k�l�Z�g�p�b�y�e�Z�j�u�g�^�Z�� �_�d�•�� �l�b�i�l�•�� �`�b�g�Z���l�Z���u�r�l�u��
���h�e�^�Z�g�m �'�l�_�� ���h�e�Z�c�e�u�� �[�h�e�u�i�� �k�Z�g�Z�e�Z�^�u����
�;�•�j���Z�l�Z�j�� �k�b�i�Z�l�l�Z�f�Z�e�Z�j�u�g�Z�� �[�Z�c�e�Z�g�u�k�l�u��
�k�u�c�u�f�^�u�� ���k�m�i�_�j�d�h�g�^�_�g�k�Z�l�h�j���� �`�%�g�_��
�w�e�_�d�l�j�h�o�b�f�b�y�e�u���� ���Z�d�d�m�f�m�e�y�l�h�j�e�u����
�[�Z�l�Z�j�_�y���� �g�_�f�_�k�_�� �h�e�Z�j�^�u���� �g�_�]�•�a�•�g�^�_��
�`�Z�k�Z�e���Z�g���]�b�[�j�b�^�l�•���`�b�g�Z���l�Z���u�r�� 

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

�:�c�g�u�f�Z�e�u�� �l�h���l�Z���u�� �w�e�_�d�l�j�e�_�g�]�_�g��
�[�'�e�•�f�r�_�e�_�j�^�•���� �l�Z�j�l�u�f�� �i�h�^�k�l�Z�g�p�b�y�e�Z�j�u�g��
�k�b�u�f�^�u�e�u���l�u�� �w�g�_�j�]�b�y�� �`�b�g�Z���l�Z���u�r�l�Z�j�f�_�g��
�`�Z�[�^�u���l�Z�m�� ���e�d�_�g�� �r�u���u�g�^�Z�j�� �f�_�g�� �a�Z�f�Z�g�Z�m�b��
�l�_�o�g�h�e�h�]�b�y�e�u�����r�_�r�•�f�^�_�j�^�•���l�Z�e�Z�i���_�l�_�^�•. 

���Z�a�Z���k�l�Z�g�^�Z�� �[�Z�j�e�u����
�w�e�_�d�l�j�e�_�g�^�•�j�•�e�]�_�g�� �l�_�f�•�j�`�h�e�^�Z�j�� �Z�c�g�u�f�Z�e�u��
�l�h�d�i�_�g�� ���Z�f�l�Z�f�Z�k�u�a�� �_�l�•�e�]�_�g���� �:�c�g�u�f�Z�e�u��
�l�h�d�l�Z���u�� ���h�e�^�Z�g�u�k�l�Z���u�� �w�e�_�d�l�j�h�\�h�a�^�Z�j�u�g�u����
�i�Z�j�d�•�� �j�_�h�k�l�Z�l�b�d�Z�e�u���� �l�_�`�_�]�•�r��
�����j�u�e���u�e�Z�j�u�f�_�g�� �`�Z�[�^�u���l�Z�e���Z�g���� �L�_�d��
�w�e�_�d�l�j�h�\�h�a�^�Z�j�� �i�Z�j�d�•�g�_�� �`�Z���Z��
�l�h�e�u���l�u�j�u�e�u�i�� �`�Z�l���Z�g�� �.�=���$�� �k�_�j�b�y�e�u��
�w�e�_�d�l�j�h�\�h�a�^�Z�j�� �j�_�d�m�i�_�j�Z�l�b�\�l�•�d�� �l�_�`�_�]�•�r��
�`���c�_�k�•�f�_�g���`�Z�[�^�u���l�Z�e���Z�g�� 

�&�a�� �d�_�a�_�]�•�g�^�_�� �e�h�d�h�f�h�l�b�\�l�_�j�^�_��
�w�e�_�d�l�j�h�^�b�g�Z�f�b�d�Z�e�u�����l�_�`�_�m���`���c�_�k�•�g���l�b�•�f�^�•��

�i�Z�c�^�Z�e�Z�g�m���w�g�_�j�]�b�y�g�u�����g�_�f�^�_�m�^�•�����f�Z���u�a�^�u��
�r�Z�j�Z�e�Z�j�u�g�u�����[�•�j�•���[�h�e�u�i���l�Z�[�u�e�Z�^�u�����;���e���•�k-
�r�Z�j�Z�� �[�h�e�Z�r�Z���l�Z�� �•�k-�%�j�_�d�_�l�l�•���� �i�j�Z�d�l�b�d�Z�e�u����
�f�Z���u�a�^�u�e�u���u�f�_�g�� �l�m�u�g�^�Z���Z�g�� �Z�m���u�f�^�u��
���u�e�u�f�b-�a�_�j�l�l�_�m���`���f�u�k�l�Z�j�u�g�����Z�`�_�l���_�l�_�^�•�� 

�A�_�j�l�l�_�m�����;���e�� �f�Z���Z�e�Z�^�Z���u�� �a�_�j�l�l�_�m��
�h�[�t�_�d�l�•�k�•�� �j�_�l�•�g�^�_�� ���h�e�^�Z�g�u�k�l�Z���u�� �Z�c�g�u�f�Z�e�u��
�l�h���l�Z���u�� �<�E�����K�� �w�e�_�d�l�j�h�\�h�a�u�g�� �Z�e�m���Z��
�[�h�e�Z�^�u���� �K�_�[�_�[�•�� �[���e�� �w�e�_�d�l�j�h�\�h�a�^�u���� �[�Z�j�e�u����
�i�Z�j�Z�f�_�l�j�e�_�j�•�� �Z�g�u���l�Z�e���Z�g�� �`�%�g�_�� �a�_�j�l�l�_�m����
�'�e�r�_�m�� �`���f�u�k�l�Z�j�u�g�Z�� ���h�e�� �`�_�l�•�f�^�•�� �[�h�e�u�i��
�k�Z�g�Z�e�Z�^�u���� �W�e�_�d�l�j�h�\�h�a�� �j�_�h�k�l�Z�l�l�u�� �l�_�`�_�m��
�`���c�_�k�•�f�_�g�� �`�Z�[�^�u���l�Z�e���Z�g���� �[�•�j�Z���� ���Z�a�•�j�]�•��
�l�h�a�m�� �`�Z���^�Z�c�u�g�Z�� �k�%�c�d�_�k�� �[���e�� �`���c�_�� �d�'�i��
�w�e�_�d�l�j�h�\�h�a�^�Z�j�^�u���•�k�l�_�g���r�u�����Z�g���� 

������ �[�� �k�m�j�_�l�l�_�� �d�'�j�k�_�l�•�e�]�_�g�� �k���e�[�Z�^�Z��
�j�_�h�k�l�Z�l�b�d�Z�e�u���� �l�_�`�_�m�� �`���c�_�k�•�� �[�Z�j�� �W�@�� 
�w�e�_�d�l�j�h�^�b�g�Z�f�b�d�Z�e�u���� �l�_�`�_�m�� �w�g�_�j�]�b�y�k�u�g��
���h�e�^�Z�g�m�� ���r�•�g�� �w�e�_�d�l�j�� �`�b�g�Z���u�r�l�u����
�d�'�f�_�]�•�f�_�g�� �`���a�_�]�_�� �Z�k�Z�l�u�g�� �b�g�g�h�\�Z�p�b�y�e�u����
�i�Z�c�^�Z�e�Z�g�m���%�^�•�k�•���[�_�j�•�e�]�_�g���� 

 

 
�:��                                             �;�� 

 

2 �± �k�m�j�_�l�����L���j�Z���l�u���l�h���l�Z���u���l�Z�j�l�u�f�����h�a���Z�e�l���u�r�l�u���W�@�����`�_���•�e�^�_�l�•�e�]�_�g���d���r�l�•�d���`�%�g�_�����h�k�u�f�r�Z��
�l�•�a�[�_�]�• 

Fig.2 �± Simplified power and auxiliary circuits of DC traction motors 
 

�:���� ���h�e�^�Z�g�u�k�l�Z���u�� �k���e�[�Z�� �%�� 
���k�u�g�u�e���Z�g�� �%�^�•�k�� �`�%�g�_�� �w�e�_�d�l�j�h�\�h�a�^�u����
�'�a�•�g�^�•�d�� ���Z�`�_�l�•�e�•�]�•�g�_ �j�_�d�m�i�_�j�Z�p�b�y�e�u����
�w�g�_�j�]�b�y�g�u�� ���h�e�^�Z�g�m�� ���r�•�g�� �w�g�_�j�]�b�y��
�`�b�g�Z���l�Z���u�r�l�u�����h�e�^�Z�g�m���k���e�[�Z�k�u 

�L��- �Z���u�f�^�u�����d�h�e�e�_�d�l�h�j�����L�J��- �l�Z�j�l�u�f��
�l�j�Z�g�k�n�h�j�f�Z�l�h�j�u���� �>��- �l���a�_�l�d�•�r���� �K�J��- 
�l�_�]�•�k�l�_�]�•�r�� �j�_�Z�d�l�h�j���� �F��- �l�Z�j�l�u�f��
���h�a���Z�e�l���u�r�u���� �5��- �l�_�`�_�m�� �j�_�a�b�k�l�h�j�u���� �G�W�� �± 
�w�g�_�j�]�b�y�� �`�b�g�Z���l�Z���u�r�u���� �B- �b�g�\�_�j�l�h�j���� �I�j��- 

�Z�m�u�k�l�u�j���u�r���� �7�3�0��- �Z�a�� ���m�Z�l�l�u��
�l�j�Z�g�k�n�h�j�f�Z�l�h�j�����N�J���± �n�Z�a�Z���[�'�e�]�•�r���j�_�Z�d�l�h�j�� 

���k�u�g�u�e���Z�g�� �%�^�•�k�i�_�g��
�w�e�_�d�l�j�h�^�b�g�Z�f�b�d�Z�e�u���� �w�g�_�j�]�b�y�g�u�� �`�b�g�Z���l�Z�i�� 
�h�g�u�� �Z�j�u�� ���Z�j�Z�c �w�e�_�d�l�j�h�\�h�a�^�u���� �'�a�•�g�_��
���Z�`�_�l�l�•�� ���h�g�^�u�j���u�e�Z�j�u�g�u���� ���Z�m�Z��
�d�h�f�i�j�_�k�k�h�j�u�g�u������ �`�_�e�^�_�l�d�•�r�l�•������ �f�Z�c�^�u��
�k�h�j�Z�l�u�g�� �w�e�_�d�l�j�� ���h�a���Z�e�l���u�r�u�� �`�%�g�_�� �l���[������
�l���l�u�g�m�u�����r�•�g���i�Z�c�^�Z�e�Z�g�u�e�Z�^�u�� 

�@�Z�e�i�u�� �W�@���� �l���j�e�_�j�•�g�_�� ���Z�j�Z�c��
�l���l�u�g�Z�l�u�g�� �l�h�e�u���� �w�g�_�j�]�b�y���Z�� �r�Z�����Z�g�^�Z�� �'�a��
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���Z�`�_�l�l�•�e�•�d�l�_�j�•�� ���r�•�g�� �l���l�u�g�u�e�Z�l�u�g�� �w�g�_�j�]�b�y����
�w�e�_�d�l�j�h�\�h�a�^�Z�j�� ���r�•�g�� ����-�������� �`�%�g�_�� �w�e�_�d�l�j��
�i�h�c�u�a�^�Z�j�u�� ���r�•�g�� �����±�������� �����u�k�l�Z�� �����±60% -
���Z���^�_�c�•�g�����`�_�l�_�^�•�� 

�������Z��-�k�m�j�_�l�l�_���j�_�h�k�l�Z�l�l�u���l�_�`�_�m���`���c�_�k�•��
�[�Z�j�� �w�e�_�d�l�j�h�\�h�a�^�u���� �w�g�_�j�]�_�l�b�d�Z�e�u����
�`���c�_�k�•�g�•�����k���e�[�Z�k�u���[�_�j�•�e�]�_�g�����K���[�Z�^�Z���d���r�l�•�d��
�l�•�a�[�_�d�� �i�_�g�� ���h�k�u�f�r�Z�� �l�•�a�[�_�]�•�� �d�_�e�l�•�j�•�e�]�_�g����
�l�Z�j�l�u�f�� �j�_�`�b�f�•�g�^�_�� �l�Z�j�l�u�f�� �w�e�_�d�l�j��
���h�a���Z�e�l���u�r�u�� ���L�W������ �0�� �l�j�Z�g�k�n�h�j�f�Z�l�h�j�^�Z�g��
�L�J�� �l���a�_�l�d�•�r�� �>�� �Z�j���u�e�u�� �w�e�_�d�l�j�� �w�g�_�j�]�b�y�k�u�g��
�Z�e�Z�^�u���� �l�_�`�_�m�� �j�_�`�b�f�•�g�^�_�� �L�W����
�]�_�g�_�j�Z�l�h�j�e�u���� �j�_�`�b�f�]�_�� �Z�m�u�k�u�i���� �i�h�_�a�^�u����
�i�h�l�_�g�p�b�Z�e�^�u���� �w�g�_�j�]�b�y�k�u�g�� �w�e�_�d�l�j��
�w�g�_�j�]�b�y�k�u�g�Z�� �Z�c�g�Z�e�^�u�j�Z�^�u���� �;���e�� �j�_�`�b�f�^�_��
�L�W�����0�����h�k���u�r���5���Z�j���u�e�u���l�_�`�_�m���d�_�^�_�j�]�•�k�•�g 
���h�k�u�i���� �g�%�l�b�`�_�k�•�g�^�_�� �i�Z�c�^�Z�� �[�h�e�Z�l�u�g�� �w�e�_�d�l�j��
�w�g�_�j�]�b�y�k�u�� �`�u�e�m���Z�� �Z�c�g�Z�e�Z�^�u���� ���h�k�u�f�r�Z��
�l�•�a�[�_�d�l�_�]�•�� ���h�g�^�u�j���u�e�Z�j�� �g�_�]�•�a�]�•��
�l�j�Z�g�k�n�h�j�f�Z�l�h�j�^�Z�g�����h�j�_�d�l�_�g�^�•�j�•�e�_�^�•�� 

������ �[��- �k�m�j�_�l�l�_�� �w�g�_�j�]�b�y�� �w�g�_�j�]�b�y 
�`�b�g�Z���l�Z���u�r�l�u�� �i�Z�c�^�Z�e�Z�g�m�� �Z�j���u�e�u�� �l�_�`�_�m��
�j�_�`�b�f�•�g�^�_�� �W�@�� �'�a�•�g�^�•�d�� ���Z�`�_�l�l�•�e�•�]�•�g��
�w�e�_�d�l�j�h�^�b�g�Z�f�b�d�Z�e�u���� �w�g�_�j�]�b�y�f�_�g��
���Z�f�l�Z�f�Z�k�u�a�� �_�l�m�� �l�%�k�•�e�•�� �d�'�j�k�_�l�•�e�]�_�g����
�W�e�_�d�l�j�h�^�b�g�Z�f�b�d�Z�e�u���� �l�_�`�_�m�^�_�g�� �Z�e�u�g���Z�g��
�w�g�_�j�]�b�y �l�_�`�_�m�� �j�_�a�b�k�l�h�j�u�g�Z�� �i�Z�j�Z�e�_�e�v��
���h�k�u�e���Z�g �w�g�_�j�]�b�y���`�b�g�Z���l�Z���u�r���Z���`�b�g�Z�e�u�i����
�h�e�� �w�g�_�j�]�b�y�� �b�g�\�_�d�l�h�j�^�u���� �d�'�f�_�]�•�f�_�g��
�w�e�_�d�l�j�h�\�h�a�^�u���� �'�a�•�g�^�•�d�� ���Z�`�_�l�l�•�e�•�]�•�g�_��
�[�_�j�•�e�_�^�•���� �&�a�•�g�^�•�d�� ���Z�`�_�l�l�•�e�•�d�l�_�]�•��
���h�g�^�u�j���u�e�Z�j�^�u�� �l���j�Z���l�u�� �w�e�_�d�l�j��
�w�g�_�j�]�b�y�k�u�f�_�g�� ���Z�f�l�Z�f�Z�k�u�a�� �_�l�m�� ���r�•�g�� �[���e��
�`�_�j�^�_�� �l���j�e�_�g�^�•�j�]�•�r�� �`�b�g�Z���l�Z�e���Z�g�� �w�g�_�j�]�b�y��
�f�'�e�r�_�j�•�� �l���l�u�g�m�r�u�e�Z�j�^�u�� �'�a��
���Z�`�_�l�l�•�e�•�d�l�_�j�•�g�� ���Z�f�l�Z�f�Z�k�u�a�� �_�l�m�� ���r�•�g��
�`�_�l�d�•�e�•�d�k�•�a�� �[�h�e���Z�g�� �`�Z���^�Z�c�^�Z���� �l�•�a�[�_�d�l�•��
�l�Z�j�l�u�f�� �l�j�Z�g�k�n�h�j�f�Z�l�h�j�u�g�u���� �h�j�Z�f�Z�e�Z�j�u�g�Z��
�Z�m�u�k�l�u�j�Z�^�u�� 

���k�u�g�u�e���Z�g �%�^�•�k�l�_�]�•�� �w�g�_�j�]�b�y��
�`�b�g�Z���l�Z���u�r�l�u�� �w�g�_�j�]�b�y�� �k�u�c�u�f�^�u�e�u���u�g����
�k�u�c�u�f�^�u�e�u���� �i�_�g�� �d�_�j�g�_�m�^�•����
�d�'�[�_�c�l�•�g�^�•�k�•�f�_�g�� �Z�g�u���l�Z�c�^�u���� �D�_�j�g�_�m�^�•����
�`�h���Z�j�u�e�Z�m�u�f�_�g�� ���Z�l�Z�j�� �l�•�a�[�_�d�l�_�e�]�_�g��
�w�e�_�f�_�g�l�l�_�j�^�•���� �k�Z�g�u�� �Z�j�l�u�i���� �i�Z�j�Z�e�e�_�e�v��
�l�Z�j�f�Z���l�Z�j�^�u���� �k�Z�g�u�� �Z�a�Z�y�^�u���� �[���e��
�[�Z�l�Z�j�_�y�g�u���� �`���f�u�k�u�g�Z�� �`�Z���u�f�^�u�� �%�k�_�j��
�_�l�_�^�•�� 

�W�g�_�j�]�b�y�� �`�b�g�Z���l�Z���u�r�l�u���� �w�g�_�j�]�b�y��
�k�u�c�u�f�^�u�e�u���u�� �[�_�j�•�e�]�_�g�� ���m�Z�l�l�u���� �<�E�����K 
�w�e�_�d�l�j�h�\�h�a�u�g�u���� �'�a�•�g�^�•�d�� ���Z�`�_�l�l�•�e�•�d�l�_�j�•��

���r�•�g ���Z�`�_�l�l�•�� �`���f�u�k�� �m�Z���u�l�u�g�^�Z��
���Z�f�l�Z�f�Z�k�u�a���_�l�m�]�_���`�_�l�d�•�e�•�d�l�•���[�h�e�m�u���d�_�j�_�d�� 

�W�g�_�j�]�b�y�� �`�b�g�Z���l�Z���u�r�l�u����
���m�Z�l�l�u�e�u���u �k�Z�g�^�u���� �l���j�^�_�� �u�����Z�c�e�u��
�_�k�_�i�l�_�e�_�^�•���� �W�e�_�d�l�j�h�\�h�a�^�u���� �'�a�•�g�_�� ���Z�`�_�l�l�•��
�l���l�u�g�m�� �w�g�_�j�]�b�y�k�u�g�u���� �f�'�e�r�_�j�•��
�Z�g�u���l�Z�e�Z�^�u�� 

�<�E�����K�� �w�e�_�d�l�j�h�\�h�a�^�Z�j�u�g�^�Z��- 
�J�'�a�����Z�`�_�l� �� �������� �d�<�l���k�Z���� �>���@���� �.�=��
�w�e�_�d�l�j�h�\�h�a�^�Z�j�u�g�^�Z - ���������������d�<�l���k�Z����  

���h�k�u�f�r�Z �l�•�a�[�_�d�l�•���� �d�_�j�g�_�m�•�� �8ab = 
�������<���� 

�@�b�g�Z���l�Z���u�r�l�Z���u�� �j�Z�a�j�y�^�l�Z�e�m�^�u����
�j�����k�Z�l���_�l�•�e�_�l�•�g���l�_�j�_���^�•�]�•���G��� ���������� 

�A�Z�j�y�^�l�Z�m�� �`�%�g�_�� �j�Z�a�j�y�^�� �l�h�]�u�� �������&��
�Z�k�i�Z�c�^�u���� �f���g�^�Z���u C �± �`�b�g�Z���l�Z���u�r�l�u����
�k�b�u�f�^�u�e�u���u���� �:���k�Z������ �B�g�\�_�j�l�h�j�^�u����
�l�b�•�f�^�•�e�•�]�•���K�b =0,9; 

�K�h�g�u�f�_�g�� �w�g�_�j�]�b�y�� �`�b�g�Z���l�Z���u�r�u��
���Z�f�l�Z�f�Z�k�u�a �_�l�_�l�•�g���w�g�_�j�]�b�y�k�u�� 
 

 
(1) 

 

�<�E�����K���w�e�_�d�l�j�h�\�h�a�u�����r�•�g���� 
 

 
 
�D�=���$���w�e�_�d�l�j�h�\�h�a�u�����r�•�g���� 
 

 
 
�@�b�g�Z���l�Z���u�r�l�u���� �w�g�_�j�]�b�y��

�k�b�u�f�^�u�e�u���u���d�_�e�_�k�•���'�j�g�_�d�i�_�g���Z�g�u���l�Z�e�Z�^�u���� 
 

 
(2) 

 

�<�E�����K���w�e�_�d�l�j�h�\�h�a�u�����r�•�g�� 
 

 
 
�D�=���$���w�e�_�d�l�j�h�\�h�a�u�����r�•�g 
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���h�j�u�l�u�g�^�u. �&�a�� �d�_�a�_�]�•�g�^�_��
�e�h�d�h�f�h�l�b�\�l�_�j�^�_�� �w�e�_�d�l�j�h�^�b�g�Z�f�b�d�Z�e�u����
�l�_�`�_�m���`���c�_�k�•�g���l�b�•�f�^�•���i�Z�c�^�Z�e�Z�g�m���w�g�_�j�]�b�y�g�u��
���g�_�f�^�_�m�^�•���� �f�Z���u�a�^�u�� �r�Z�j�Z�e�Z�j�u�g�u���� �[�•�j�•��
�[�h�e�u�i�� �l�Z�[�u�e�Z�^�u���� �;���e�� �•�k-�r�Z�j�Z�� �[�h�e�Z�r�Z���l�Z��
�•�k-�%�j�_�d�_�l�l�•���� �i�j�Z�d�l�b�d�Z�e�u����
�f�Z���u�a�^�u�e�u���u�f�_�g�� �l�m�u�g�^�Z���Z�g�� �Z�m���u�f�^�u��
���u�e�u�f�b-�a�_�j�l�l�_�m�� �`���f�u�k�l�Z�j�u�g�� ���Z�`�_�l�� �_�l�_�^�•�� 
�W�e�_�d�l�j�h�^�b�g�Z�f�b�d�Z�e�u���� �l�_�`�_�m�� �w�g�_�j�]�b�y�k�u�g��

�g�_�����j�e�u�f�� �l�b�•�f�^�•�� �i�Z�c�^�Z�e�Z�g�m���Z�� �w�g�_�j�]�b�y��
�`�b�g�Z���l�Z���u�r�l�Z�j�� �[�e�h�]�u�g�� ���h�e�^�Z�g�m�� �Z�j���u�e�u��
���h�e �`�_�l�d�•�a�m�]�_�� �[�h�e�Z�^�u���� �F�Z���Z�e�Z�^�Z��
�`�b�g�Z���l�Z���u�r�l�Z�j�u�� ���h�e�^�Z�g�m�� �Z�j���u�e�u��
�w�e�_�d�l�j�h�^�b�g�Z�f�b�d�Z�e�u���� �l�_�`�_�m�� �w�g�_�j�]�b�y�k�u�g��
���h�e�^�Z�g�m�^�u���� ���h�e�Z�c�e�u�� �`�h�e�u�� �Z�g�u���l�Z�e�u�i��
�[�_�j�•�e�]�_�g���� �:�e�u�g���Z�g�� �w�g�_�j�]�b�y�g�u���� �i�Z�c�^�Z�e�Z�g�m��
�`�h�e�^�Z�j�u�g���� �h�e�Z�j�^�u���� �w�e�_�d�l�j�e�•�d�� �i�Z�j�Z�f�_�l�j�e�•��
�_�k�_�i�l�_�e�•�i���r�u���Z�j�u�e���Z�g���� 
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Abstract. Currently, the railway network of Kazakhstan is replacing and updating electric rolling 

stock (EPS) with the new generation KZ8A electric locomotives with improved energy efficiency and 
improved traction. To increase the efficiency of the planned directions and volumes of updating the 
locomotive fleet, it will be necessary to solve important and complex scientific, organizational and 
economic problems of managing the quality, reliability and efficiency of this fleet of locomotives at the 
stage of their operation, as well as their maintenance and repair. 

The renewal of the locomotive fleet and the improvement of the service of locomotives made it 
possible to significantly increase the speed and weight of trains, increase traffic safety, increase the 
throughput and carrying capacity of roads and increase the workload of the country's railway transport. 

New electric locomotives are serviced in four cases [4]: 
- Preventive maintenance (during the next reception and equipping of the driver's crew, the 

preventive maintenance of electric locomotives will be shown) 
- Unscheduled Maintenance (Troubleshooting service identified during use or preventive 

inspection) 
- Scheduled maintenance (Scheduled maintenance) 
- Repair Service Condition (Preventive and on-board computer signal checkup) 
Experience shows that when determining the reliability of locomotives it is advisable to 

distinguish: factory reliability, found by testing the equipment of electric locomotives in factory 
conditions under standard conditions, technical conditions for setting up this equipment; operational 
reliability, which refers to the reliability determined in the conditions of operation of an electric 
locomotive on the line, taking into account its real load modes and service system. 

Key words: Reliability, electric locomotive, failure, reliability indicators, locomotive malfunction 
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�k�h�g�u���� �•�r�•�g�^�_�� ���� �f�u���� �r�Z���u�j�u�f�u�� �± 
�w�e�_�d�l�j�e�_�g�^�•�j�•�e�]�_�g������-�k�m�j�_�l����[1]. 

 

 
�w�e�_�d�l�j�h�\�h�a���l�Z�j�l�u�f�u 

                                                       �l�_�i�e�h�\�h�a���l�Z�j�l�u�f�u 
 

1- �k�m�j�_�l��- ���Z�a�Z���k�l�Z�g���l�_�f�•�j���`�h�e�u�g�u�����k���e�[�Z�k�u 
Fig.1 �± Scheme of Kazakhstan railways 

 
�L�_�f�•�j�`�h�e�^�Z���u�� �l�Z�k�u�f�Z�e�^�u����

�h�j�u�g�^�Z�e�m�u�g�� �[�•�j�g�_�r�_�� �'�a�Z�j�Z�� ���u�a�f�_�l��
�d�'�j�k�_�l�m�e�_�j�•�g�_�� �[�Z�c�e�Z�g�u�k�l�u�� �[�'�e�•�g�]�_�g��
�l�_�f�•�j�`�h�e�� �r�Z�j�m�Z�r�u�e�u���l�Z�j�u�� �`���a�_�]�_��
�Z�k�u�j�Z�^�u�� �K�h�e�Z�j�^�u���� �•�r�•�g�^�_�� �g�_�]�•�a�]�•��
�f�Z���u�a�^�u�� �h�j�u�g�^�u�� �e�h�d�h�f�h�l�b�\��
�r�Z�j�m�Z�r�u�e�u���u�� �Z�e�Z�^�u���� ���Z�a�•�j�]�•�� �l�Z���^�Z��
�_�e�•�f�•�a�^�_�� �e�h�d�h�f�h�l�b�\�� �r�Z�j�m�r�u�e�u�g�u����
�`���f�u�k�u�g�� �[�Z�k���Z�j�Z�l�u�g���� ���c�u�f�^�Z�k�l�u�j�Z�l�u�g��
�:���� �©���D�ª�����L�@�ª �_�g�r�•�e�_�k�����c�u�f�u���± �©���L�@��- 
�@���d�� �`�Z�k�u�f�Z�e�u�ª�� �:���� �[�h�e�u�i�� �l�Z�[�u�e�Z�^�u����
�����j�Z�f�u�� �`�Z���u�g�Z�g�� �'�l�_�� �•�j�•�� �g�Z�j�u���l�Z���u��
�f�h�g�h�i�h�e�b�k�l�� �d�h�f�i�Z�g�b�y�� �[�h�e�u�i�� �k�Z�g�Z�e�Z�^�u����

�G�_�]�•�a�]�•�� ���u�a�f�_�l�•�� �l�_�f�•�j�� �`�h�e�^�Z�� �`���d��
�l�Z�k�u�f�Z�e�u�g���k�_�g�•�f�^�•���`�%�g�_�����Z�m�•�i�k�•�a���`���j�]�•�a�m�^�•��
���c�u�f�^�Z�k�l�u�j�m�� 

�©���L�@��- �@���d�� �`�Z�k�u�f�Z�e�u�ª�� �:����
�����j�Z�f�u�g�^�Z�� ������ �g�_�]�•�a�]�•�� �^�_�i�h���� ������ �Z�c�g�Z�e�u�f��
�^�_�i�h�e�Z�j�u�� �`�%�g�_�� ���� �e�h�d�h�f�h�l�b�\�� �[�j�b�]�Z�^�Z�e�Z�j�u�g��
�Z�m�u�k�l�u�j�m�� �i�m�g�d�l�l�_�j�•�� �[�Z�j���� �L�Z�j�l�u�f��
�`�u�e�`�u�f�Z�e�u�� �����j�Z�f�g�u���� �`�Z�e�i�u�� �i�Z�j�d�•�g�^�_��
���������� �`�m�u���� �e�h�d�h�f�h�l�b�\�� �[�Z�j���� �h�g�u���� �•�r�•�g�^�_��
�f�Z�]�b�k�l�j�Z�e�v�^�u���� �l�_�i�e�h�\�h�a�^�Z�j�� �± 41%, 
�f�Z�]�b�k�l�j�Z�e�v�^�u���� �w�e�_�d�l�j�h�\�h�a�^�Z�j�� �± �������� �`�%�g�_��
�f�Z�g�_�\�j�e�•�d���l�_�i�e�h�\�h�a�^�Z�j���������������j�Z�c�^�u���� 

 



�Æ�Ã�Ê�™�™�•���¤�Ã�Ä�Ã�Ó�Û�Þ�Ô�Þ���R��2 (113), 2020          ISSN 1609-1817              The Bulletin of KazATC 
�‘�È�Ô�Õ�Ð�Ë�Í���™�Ã�Ê�•�¡�™���R���t (113), 2020                  www.kazatk.kz                2020, Vol. 113, No. 2 

90 

 
 

2 �± �k�m�j�_�l��- �@�Z�e�i�u���e�h�d�h�f�h�l�b�\���i�Z�j�d�•�g�^�_�]�•���w�e�_�d�l�j�h�\�h�a�^�Z�j�^�u�����i�Z�c�u�a�^�u�������e�_�k�• 
Fig.2 �± Percentage of electric locomotives in the locomotive fleet 

 
���Z�a�Z���k�l�Z�g �b�g�^�m�k�l�j�b�y�e�Z�g�^�u�j�m���Z��

�`�%�g�_�� �f�Z�r�b�g�Z�� �`�Z�k�Z�m�� �k�Z�e�Z�k�u�g�^�Z���u�� �%�e�_�f�^�•�d��
�d�'�r�[�Z�k�r�u�e�Z�j��- Talgo, General Electric 
�d�h�f�i�Z�g�b�y�e�Z�j�u�f�_�g�� ���Z�j�u�f�� ���Z�l�u�g�Z�k���Z��
�[�_�e�k�_�g�^�•�� �g�Z�a�Z�j�� �Z�m�^�Z�j�^�u���� ���������� �`�u�e�^�u����
�[�Z�k�l�Z�i�� �l�_�f�•�j�`�h�e�� �f�Z�r�b�g�Z�� �`�Z�k�Z�m�^�Z�g��
�n�j�Z�g�p�m�a�^�u���� �Z�e�i�Z�m�u�l�� �©�$�O�V�W�R�P�ª��
�d�h�f�Z�g�b�y�k�u�f�_�g�� �d�_�e�•�k�•�f�� �r�Z�j�l���Z�� �h�l�u�j�u�i�� �_�d�•��
�e�h�d�h�f�h�l�b�\��- �.�=���$�� �`���d�� �`�%�g�_�� �.�=���$�7��
�`�h�e�Z�m�r�u�e�Z�j�u�g�u���� �'�g�^�•�j�•�k�•�g��
�e�h�d�Z�e�b�a�Z�p�b�y�e�Z�^�u���� ���������� �`�u�e�^�Z�g�� �[�Z�k�l�Z�i��
�d�h�f�i�Z�g�b�y�� �l�h�e�u���� ���m�Z�l�u�g�Z�� �r�u���u�i�� �.�=���$����
�.�=���$�7�� �k�_�j�b�y�e�u�� �w�e�_�d�l�j�h�\�h�a�^�Z�j�^�u��
���Z�a�Z���k�l�Z�g�g�Z�g�������j�Z�k�l�u�j�u�i���r�u���Z�j�^�u�� 

���Z�a�•�j�]�• �m�Z���u�l�l�Z�� �w�e�_�d�l�j�h�\�h�a�� �i�Z�j�d�•�g��
�`�Z���Z�j�l�m�� �[�h�c�u�g�r�Z�� �`�h�k�i�Z�j�e�u�� �`���f�u�k�l�Z�j��
�`���j�]�•�a�•�e�m�^�_���� �K�h�����u�� �`�u�e�^�Z�j�^�u����
�f�%�e�•�f�_�l�l�_�j�•�� �[�h�c�u�g�r�Z�� �w�e�_�d�l�j�h�\�h�a�� �i�Z�j�d�•�g�^�_��
�������� �`�m�u���� �w�e�_�d�l�j�h�\�h�a���[�h�e�k�Z���k�h�e�Z�j�^�u���� ������- 
�.�=���$���� �.�=���$�&���� �.�=���$�7�� �k�_�j�b�y�e�u��
�`�h�e�Z�m�r�u�e�Z�j�� �w�e�_�d�l�j�h�\�h�a�u���� ������- KZ8A 
�k�_�j�b�y�e�u�� �`���d�� �w�e�_�d�l�j�h�\�h�a�^�Z�j�u�� ���`�u�e�� �k�Z�c�u�g��
�k�Z�g�u�� �Z�j�l�u�i�� �d�_�e�_�^�•������ �Z�e�� ���Z�e���Z�g�� ��������- �_�k�d�•��
�f�Z�]�b�k�l�j�Z�e�v�^�u�� �<�E�����K���L�� ���`�u�e�� �k�Z�c�u�g�� �•�k�l�_�g��
�r�u�����Z�g�^�Z�j�u�� �_�k�_�i�l�_�g�� �r�u���Z�j�u�e�u�i�� �k�Z�g�u��
�Z�a�Z�c�u�i�� �d�_�e�_�^�•���� �w�e�_�d�l�j�h�\�h�a�u�� �[�h�e�u�i��
�k�Z�g�Z�e�Z�^�u���� �@�Z�e�i�u�� �w�e�_�d�l�j�h�\�h�a�� �i�Z�j�d�•�g�•����
���Z�a�•�j�]�_�� �l�Z���^�Z���u�� �l�h�a�m�� �^�_���]�_�c�• 57 �± 60 % 
�����j�Z�c�^�u�� 

�L�Z�j�l�u�f�� �`�u�e�`�u�f�Z�e�u�� �����j�Z�f�g�u����
�l�_�o�g�b�d�Z�e�u���� �`�Z���^�Z�c�u�g�� �`�Z���k�Z�j�l�m��
�f�Z���k�Z�l�u�g�^�Z�� �[�Z�j�e�u���� �`�Z���Z�� �w�e�_�d�l�j�h�\�h�a�^�Z�j��
�k�_�j�\�b�k�l�•�d�� ���u�a�f�_�l�� �d�'�j�k�_�l�m�� �`���c�_�k�•�g�_��
�Z�m�u�k�l�u�j�u�e���Z�g���� �@�Z���Z�� �w�e�_�d�l�j�h�\�h�a�^�Z�j���Z��
�k�_�j�\�b�k�l�•�d�� ���u�a�f�_�l�� �d�'�j�k�_�l�m�]�_�� �Z�j�g�Z�c�u��
�`�Z�[�^�u���l�Z�e���Z�g�� �k�_�j�\�b�k�l�•�d�� �h�j�l�Z�e�u���l�Z�j��
�����j�u�e���Z�g�� �`�%�g�_�� �h���Z�g�� �`�'�g�^�_�m 
�d�%�k�•�i�h�j�u�g�^�Z�j�u�g�u���� ���u�a�f�_�l�d�_�j�e�_�j�•�g�� �h���u�l�m��
�`�%�g�_�� �[�•�e�•�d�l�•�e�•�]�•�g�� �Z�j�l�l�u�j�m�� �l���j�Z���l�u�� �g�_�]�•�a�^�_��
�`���a�_�]�_���Z�k�u�j�u�e�Z�^�u 

���m�Z�l�l�u�e�u���u ���������� �d�<�l�� �_�d�•�� �k�_�d�p�b�y�e�u��
�`�Z���Z�� �.�=���$�� �w�e�_�d�l�j�h�\�h�a�u -������ �������� �ƒ�� �K��
�l�_�f�i�_�j�Z�l�m�j�Z�e�u���� �^�b�Z�i�Z�a�h�g�u�f�_�g�� �'�a�]�_�j�_�l�•�g��
���Z�a�Z���k�l�Z�g�g�u���� �d�e�b�f�Z�l�l�u���� �`�Z���^�Z�c�u�g�Z��
�[�_�c�•�f�^�_�e�•�i�� �`�Z�k�Z�e���Z�g���� �;�Z�j�e�u����
���h�g�^�u�j���u�e�Z�j�u�� �Z�\�l�h�f�Z�l�l�Z�g�^�u�j�u�e���Z�g����
�[�h�j�l�l�u���� �[�Z�k���Z�j�m�� �`���c�_�k�•�f�_�g�� �`�Z�[�^�u���l�Z�e���Z�g��
�`�%�g�_���d���r�l�•���Z�c�g�u�f�Z�e�u���l�h�d�l�Z���u���Z�k�b�g�o�j�h�g�^�u��
���h�a���Z�e�l���u�r�l�Z�j�� �l�Z�j�l�u�f�� ���h�g�^�u�j���u�k�u��
�j�_�l�•�g�^�_�� ���h�e�^�Z�g�u�e�Z�^�u���� �;���e�� �w�e�_�d�l�j�h�\�h�a�^�u����
�[�Z�k�l�u�� �Z�j�l�u���r�u�e�u���u��- �w�e�_�d�l�j�h�\�h�a��
�j�_�d�m�i�_�j�Z�l�b�\�l�•�� �l�_�`�_�]�•�r�� �`���c�_�k�•�f�_�g��
�`�Z�[�^�u���l�Z�e���Z�g���� �J�_�d�m�i�_�j�Z�l�b�\�l�•�� �l�_�`�_�]�•�r��
�`���c�_�k�•�g�� ���h�e�^�Z�g�m�� �i�h�c�u�a�^�Z�j�^�u�� �l�Z�j�l�m���Z��
�`���f�k�Z�e�Z�l�u�g�� �w�g�_�j�]�b�y�g�u�� ���g�_�f�^�_�m�^�•���� �g�_�]�•�a�]�•��
�[�•�j�� �%�^�•�k�•�� �[�h�e�u�i�� �l�Z�[�u�e�Z�^�u�� �`�%�g�_�� �[���e��
�w�e�_�d�l�j�h�\�h�a�^�u���� �w�g�_�j�]�b�y�� ���g�_�f�^�_�m�^�_�]�•��
�d�'�j�k�_�l�d�•�r�l�_�j�•�g���`�Z���k�Z�j�l�Z�^�u�� 
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�D�'�j�k�_�l�d�•�r�l�_�j�• KZ8A 

�R�u���Z�j�u�e�u�i���[�Z�k�l�Z�e���Z�g���`�u�e�u 2015 

�H�k�v�l�•�d���k�b�i�Z�l�l�Z�f�Z�k�u �������h���± ���h�� 

�K�Z�e�f�Z���u�����l���d 200 

�>�h�����Z�e�Z���� �`���[�u�g�Z�g�� �j�_�e�v�k�d�_��
�l���k�_�l�•�g���d���r�����d�G�����l���d�� 

258 (25, 26) 

�L�Z�j�l�u�f���d�_�a�•�g�^�_�]�•�����m�Z�l�u�����d�<�l 8800 

�K�Z���Z�l�l�u���� �j�_�`�b�f�^�_�]�•�� �l�Z�j�l�m��
�d���r�•�����d�G 

736 

�����j�u�e�u�f�^�u�� �`�u�e�^�Z�f�^�u���u����
�d�f���k�Z�� 

120 

�I�W�D��% 87,5 

�W�e�_�d�l�j�e�•�d���l�_�`�_�m���`���c�_�k�• �J�_�d�m�i�_�j�Z�l�b
�\�l�• 

�>�h�����Z�e�Z���� �`���[�u�g�u���� �Z�c�g�Z�e�m��
�[�_�l�•�g�•���� �g�h�f�b�g�Z�e�v�^�u�� �^�b�Z�f�_�l�j�•����
�f�f  

1250 

�L�•�k�l�•���[�_�j�•�e�•�k �;�•�j���`�Z���l�u����
�l���a�m���l�•�k�l�• 

�;�_�j�•�e�•�k���k�Z�g�u 120/23 

�G�h�f�b�g�Z�e�v�^�u���d�_�j�g�_�m�•�����d�< 25 

�G�h�f�b�g�Z�e�v�^�u���`�b�•�e�•�]�•�����=�p 50 

�D�h�e�_�y�g�u�����Z�j�Z���Z�r�u���l�u���u 1520 

 
3 �± �k�m�j�_�l��- KZ-8�$���w�e�_�d�l�j�h�\�h�a�u�g�u�����l�_�o�g�b�d�Z�e�u�����`�%�g�_���w�g�_�j�]�_�l�b�d�Z�e�u�����k�b�i�Z�l�l�Z�f�Z�k�u 

Fig.3 �± Technical and power specifications of the KZ-8A electric locomotive 
 
�@�Z���Z�� �w�e�_�d�l�j�h�\�h�a�^�Z�j���Z�� �k�_�j�\�b�k�l�•�d��

���u�a�f�_�l �d�'�j�k�_�l�m�� �l�'�j�l�� �`�Z���^�Z�c�^�Z��
�`���j�]�•�a�•�e�_�^�•[4]: 

- �I�j�h�n�b�e�Z�d�l�b�d�Z�e�u���� ���u�a�f�_�l��
�d�'�j�k�_�l�•�e�m�� ���f�Z�r�b�g�b�k�l�� �[�j�b�]�Z�^�Z�e�Z�j�u�g�u����
�d�_�a�_�d�l�•�� ���Z�[�u�e�^�Z�m�� �`�%�g�_�� �w�d�b�i�b�j�h�\�d�Z�� �d�_�a�^�_��
�w�e�_�d�l�j�h�\�h�a���Z�� �i�j�h�n�b�e�Z�d�l�b�d�Z�e�u���� �L����
�d�'�j�k�_�l�•�e�_�^�•�� 

- �@�h�k�i�Z�j�^�Z�g�� �l�u�k�� �l�_�o�g�b�d�Z�e�u����
���u�a�f�_�l �d�'�j�k�_�l�•�e�m�� ���I�Z�c�^�Z�e�Z�g�m�� �d�_�a�•�g�^�_��
�g�_�f�_�k�_�� �i�j�h�n�b�e�Z�d�l�b�d�Z�e�u���� �l�_�d�k�_�j�m�� �d�_�a�•�g�^�_��
�Z�g�u���l�Z�e���Z�g���Z���Z�m�e�Z�j�^�u���`�h�x�����u�a�f�_�l�•���� 

- �@�h�k�i�Z�j�e�u�� �l�_�o�g�b�d�Z�e�u����
���u�a�f�_�l���d�'�j�k�_�l�•�e�m�����@�h�k�i�Z�j�e�u���L�����d�'�j�k�_�l�m�� 

- �R�Z�j�l�l�u�� ���u�a�f�_�l�� �d�'�j�k�_�l�m��
�Z�j�g�Z�e���Z�g�� �`�'�g�^�_�m�� �[�'�e�•�f�•��
���I�j�h�n�b�e�Z�d�l�b�d�Z�e�u���� �`�%�g�_�� �[�h�j�l�l�u��
�d�h�f�i�v�x�l�_�j�^�•���� �k�b�]�g�Z�e�u�� �[�h�c�u�g�r�Z��
�`���j�]�•�a�•�e�]�_�g���l�_�k�d�k�_�j�m�� 

�$�^�•�k�l�_�f�_. �W�e�_�d�l�j�h�\�h�a�^�Z�j�^�u����
�i�Z�c�^�Z�e�Z�g�m�� �k�_�g�•�f�^�•�e�•�]�•�� �d�_�e�_�k�•��
�d�'�j�k�_�l�•�r�l�_�j�f�_�g���Z�g�u���l�Z�e�Z�^�u��[5]:  

�± �Z���Z�m�^�u���� �h�j�l�Z�r�Z�� �`�b�•�e�•�]�•�� �± �[���e��
�`���c�_�^�_�]�•�� �Z���Z�m�^�u���� �[�h�e���Z�g�� �m�Z���u�l�u�g�u���� �k�h�e��
�`���c�_�g�•���� �i�Z�c�^�Z�e�Z�g�m�� �m�Z���u�l�u�g�Z�� ���Z�l�u�g�Z�k�u��
�`�%�g�_�� �`���c�_�g�•���� ���Z�c�l�Z�� ���Z�e�i�u�g�Z�� �d�_�e�l�•�j�]�_�g��
�`�Z���^�Z�c�^�Z���Z�g�u���l�Z�e�Z�^�u�� 
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  (1) 

 

�± �[�•�j�•�g�r�•�� �•�k�l�_�g�� �r�u���m���Z�� �^�_�c�•�g�]�•��
�`���f�u�k�� �•�k�l�_�m�^�•���� �h�j�l�Z�r�Z�� �m�Z���u�l�u�� �'�j�g�_�d�i�_�g��
�Z�g�u���l�Z�e�Z�^�u�� 

 
 

   (2) 

 

�f���g�^�Z����
 

 �± �w�e�_�d�l�j�h�\�h�a�^�Z�j�^�u����
�Z���Z�m�k�u�a���`���f�u�k���•�k�l�_�m���m�Z���u�l�u 

  
           N(0) �± �k�u�g�Z���l�Z���u��

�w�e�_�d�l�j�h�\�h�a�^�Z�j�^�u�����k�Z�g�u���� 
�±  �Z���Z�m�^�Z�g�� �d�_�c�•�g�]�•�� �`���c�_�g�•�� ���Z�c�l�Z��

���Z�e�i�u�g�Z�� �d�_�e�l�•�j�m�^�•���� �h�j�l�Z�r�Z�� �m�Z���u�l�u��
�l�_���^�_�m�f�_�g���Z�g�u���l�Z�e�Z�^�u:  

 

 
(3) 

 

�f���g�^�Z��t
Bi

�± i-�l�•�� �Z���Z�m�^�Z�g�� �d�_�c�•�g�]�•��

�`���c�_�g�•�����Z�e�i�u�g�Z���d�_�e�l�•�j�m���m�Z���u�l�u���� 
n �± �_�k�_�i�l�•�d�� �m�Z���u�l�l�Z���u��

�`���c�_�g�•�����•�k�l�_�g���r�u���m���k�Z�g�u���� 
�± �^�Z�c�u�g�� �[�h�e�m�� �d�h�w�n�n�b�p�b�_�g�l�•�� �± �[���e��

�u���l�b�f�Z�e�^�u���� �`���c�_�g�•���� �`���f�u�k���Z�� ���Z�[�•�e�_�l�l�•��
�[�h�e�m���`�Z���^�Z�c�u�g���d�'�j�k�_�l�_�^�•�� 

 
  (4) 

 

�f���g�^�Z�� �± �_�k�_�i�l�_�]�•�� �m�Z���u�l�� �d�_�a�•�g�^�_�]�•��
�`���c�_�g�•�����`���f�u�k���Z�����Z�[�•�e�_�l�l�•���[�h�e�m���m�Z���u�l�u 

             �± �_�k�_�i�l�_�]�•�� �m�Z���u�l�� �d�_�a�•�g�^�_�]�•��
�`���c�_�g�•�����Z���Z�m�^�Z�g���d�_�c�•�g�]�•�����Z�e�i�u�g�Z���d�_�e�l�•�j�m�]�_��
�d�_�l�_�l�•�g���m�Z���u�l�� 

- �_�j�•�d�k�•�a�� �l���j�Z���l�Z�m��
�d�h�w�n�n�b�p�b�_�g�l�•�� �± �[���e�� �u���l�b�f�Z�e�^�u���� �`���c�_�g�•����
�`���f�u�k���Z�����Z�[�•�e�_�l�k�•�a���`�Z���^�Z�c�u�g���d�'�j�k�_�l�_�^�• 
 

  (5) 

 

�D
�=��
�`�%�g�_ �D

�<��
���Z�l�u�g�Z�k�i�_�g �[�Z�c�e�Z�g�u�k�l�u:  

 

 (6) 
 

�± �l�_�o�g�b�d�Z�e�u���� �i�Z�c�^�Z�e�Z�g�m��
�d�h�w�n�n�b�p�b�_�g�l�•�����Z�l�u�g�Z�k�i�_�g���[�Z�c�e�Z�g�u�k�l�u:  

 

 
(7) 

 

�f���g�^�Z  -  �_�k�_�i�l�_�]�•�� �m�Z���u�l��
�Z�j�Z�e�u���u�g�^�Z���u���`���c�_�g�•�����l�_�o�g�b�d�Z�e�u�������u�a�f�_�l��
�d�'�j�k�_�l�m�^�_���l���j���Z�g���m�Z���u�l�u 

�A�_�j�l�l�_�m�����I�Z�c�^�Z�e�Z�g�m�� �^�_�i�h�k�u��
�[�h�c�u�g�r�Z�� ���������� �`�u�e�^�u���� ���� �Z�c�� �[�h�c�u�g�r�Z��
�`�h�k�i�Z�j�^�Z�g�� �l�u�k�� �`�'�g�^�_�m�]�_�� �d�•�j�]�_�g�� �.�=���$����
�.�=���$�&�� �w�e�_�d�l�j�h�\�h�a�^�Z�j�u�g�u���� �f�%�e�•�f�_�l�l�_�j�•��
�`�b�g�Z���l�Z�e�u�i���� �Z���Z�m�e�Z�j�^�u���� �l�Z�j�Z�e�m�u�g�u����
�^�b�Z�]�j�Z�f�f�Z�k�u���`�Z�k�Z�e�^�u���������± �k�m�j�_�l���� 

 

4 �± �k�m�j�_�l��- �.�=���$�����.�=���$�&���w�e�_�d�l�j�h�\�h�a�u�g�u�����Z���Z�m�e�Z�j�u�g�u�����l�Z�j�Z�e�m�u�� 
Fig.4 �± Distribution of faults of electric locomotives KZ4A, KZ4AC 

 
�I�Z�c�^�Z�e�Z�g�m�^�Z���u�� �.�=���$���� �.�=���$�&��

�w�e�_�d�l�j�h�\�h�a�u�� ������ �[�•�j�e�•�]�• �:�k�l�Z�g�Z�� �e�h�d�h�f�h�l�b�\��
�i�Z�c�^�Z�e�Z�g�m�� �^�_�i�h�k�u�g�Z�� �l�•�j�d�_�e�]�_�g���� �I�Z�c�^�Z�e�Z�g�m��

�`�Z���^�Z�c�u�g�^�Z�� �h�k�u�� �w�e�_�d�l�j�h�\�h�a�^�Z�j�^�u���� ����������
�`�u�e�^�Z���u ���� �Z�c�^�Z���u�� �`�h�k�i�Z�j�^�Z�g�� �l�u�k��
�`�'�g�^�_�m�]�_�� �d�•�j�]�_�g�� �f�%�e�•�f�_�l�l�_�j�•�� �k�Z�g�Z�e�^�u��
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���`�'�g�^�_�m�]�_�� �d�•�j�m�� �k�Z�g�u���� �m�Z���u�l�u������ �H�k�u��
�f�%�e�•�f�_�l�l�_�j�^�•�� �`�h���Z�j�u�^�Z�� �d�_�e�l�•�j�•�e�]�_�g�� ��-4 
�l�_���^�_�m�e�_�j�^�•�� ���h�e�^�Z�g�Z�� �h�l�u�j�u�i��

�w�e�_�d�l�j�h�\�h�a�^�Z�j�^�u���� �i�Z�c�^�Z�e�Z�g�m��
�k�_�g�•�f�^�•�e�•�]�•�g�•���� �d�'�j�k�_�l�d�•�r�l�_�j�•�� �Z�g�u���l�Z�e�^�u�� ������
�± �k�m�j�_�l���� 

 

 
 

5 �± �k�m�j�_�l��- �.�=���$�����.�=���$�&���w�e�_�d�l�j�h�\�h�a�^�Z�j�u�g�u�����_�k�_�i�d�_���Z�e�m���m�Z���u�l�u�g�^�Z���u���^�Z�c�u�g���[�h�e�m���d�h�w�n�n�b�p�_�g�l�•��
�d�'�j�k�_�l�d�•�r�l�_�j�•�� 

Fig.5 �± Indicators of readiness coefficient of electric locomotives KZ4A, KZ4AC at accounting time 
 

�@�h���Z�j�u�^�Z�� �Z�e�u�g���Z�g�� �g�%�l�b�`�_�e�_�j�]�_�� ����-
�k�m�j�_�l���� �k�%�c�d�_�k�� �w�e�_�d�l�j�h�\�h�a�^�Z�j�^�u���� �%�j�� �Z�c�^�Z���u��
�^�Z�c�u�g�� �[�h�e�m�� �d�h�w�n�n�b�p�b�_�g�l�•�� ���Z�e�u�i�l�u��
�`�Z���^�Z�c�^�Z�g�� ������-���������� �d�_�c�[�•�j�� �Z�c�e�Z�j�^�Z�� �l�'�f�_�g��
�_�d�_�g�^�•�]�•�� �[�Z�c���Z�e�Z�^�u���� �A�_�j�l�l�_�c�� �d�_�e�_�� �[���e��
�`�Z���^�Z�c�^�Z�c�^�u���� �h�j�u�g�� �Z�e�m�u�� �_�k�_�i�l�_�]�•�� �m�Z���u�l��
�d�_�a�•�g�^�_�]�•�� �`���c�_�g�•���� �Z���Z�m�^�Z�g�� �d�_�c�•�g�]�•�� ���Z�e�i�u�g�Z��
�d�_�e�l�•�j�m�]�_�� �d�_�l�_�l�•�g�� �m�Z���u�l �d�'�[�_�x�•�g�_�g��
�[�h�e���Z�g�u���Z�g�u���l�Z�e�^�u�����Z�e���h�g�u�����[�Z�k�l�u���k�_�[�_�[�•����
�l�m�u�g�^�Z���Z�g�� �Z���Z�m�e�Z�j�u�� �[�Z�j�� �[�'�e�r�_�d�l�_�j�^�•����
�f�Z�l�_�j�b�Z�e�^�u���� ���h�c�f�Z�e�Z�j�^�Z�� �[�h�e�f�Z�m�u�g�Z�g��
�Z�m�u�k�l�u�j�m�� �m�Z���u�l�u�g�u���� �d�'�[�_�c�•�i�� �d�_�l�m�•�g�_��
�%�d�_�e�•�i���k�h���Z�^�u�� 

���h�j�u�l�u�g�^�u�� �W�e�_�d�l�j�h�\�h�a�^�Z�j���i�Z�j�d�•�g��
�`�Z���Z�j�l�m�� �`�%�g�_�� �h�e�Z�j���Z�� ���u�a�f�_�l�� �d�'�j�k�_�l�m�^�•��
�`�Z���k�Z�j�l�m�� �i�h�c�u�a�^�Z�j�^�u���� �`�u�e�^�Z�f�^�u���u�� �f�_�g��
�k�Z�e�f�Z���u�g�� �_�^�%�m�•�j�� �Z�j�l�l�u�j�m���Z���� ���h�a���Z�e�u�k��
���Z�m�•�i�k�•�a�^�•�]�•�g�� �Z�j�l�l�u�j�m���Z���� �`�h�e�^�Z�j�^�u���� �'�l�d�•�a�m��
���Z�[�•�e�_�l�l�•�e�•�]�•�g�� �`�%�g�_�� �_�e�^�•���� �l�_�f�•�j�`�h�e��
�d�'�e�•�]�•�g�•���� �`���d�l�_�f�_�k�•�g�� �_�^�%�m�•�j�� �Z�j�l�l�u�j�m���Z��
�f���f�d�•�g�^�•�d�� �[�_�j�^�•���� �I�Z�c�^�Z�e�Z�g�m�� �`�Z���^�Z�c�u�g�^�Z��
���Z�a�Z���k�l�Z�g�g�u�� �d�e�b�f�Z�l�l�u���� �`�Z���^�Z�c�u�g�Z��
�[�_�c�•�f�^�_�e�•�i�� �`�Z�k�Z�e���Z�g �`�Z���Z��
�w�e�_�d�l�j�h�\�h�^�Z�j�^�u���� �_�k�d�•�� �w�e�_�d�l�j�h�\�h�a�^�Z�j�f�_�g��
�k�Z�e�u�k�l�u�j���Z�g���i�Z�c�^�Z�e�Z�g�m���k�_�g�•�f�^�•�e�•�]�•���`�h���Z�j�u��
�_�d�_�g�^�•�]�•���Z�g�u���l�Z�e�^�u��  
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Abstract. The article discusses the use of oil analysis to monitor the condition of locomotive 

equipment. The use of oil analysis has three main objectives: to monitor the condition of the oil, to 
monitor the condition of equipment lubricated with this oil, and to measure the level of pollution. An oil 
analysis can help make an informed decision based on the condition of the oil. It makes sense to perform 
as many non-destructive and "bloodless" tests as needed, then make a repair decision based on the data 
received. If all the received parameters correspond to the required ones, then there is no need to carry out 
repairs. 
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Operation of locomotives is impossible without lubricants. Any mechanism that has rubbing parts 
requires lubrication. The quality of lubricating oils on the wear resistance of working mechanisms is very 
important. The article substantiates the need for a comprehensive approach to solving problems of 
diagnostic control in order to determine the current state and residual life of machines. The principles of 
diagnostic control and basic analytical indicators are discussed. 

Keywords: exploitation, lubricants, analysis, oils, service, diagnostics. 
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�w�l�h�f�� �k�e�m�q�Z�_�� �]�Z�j�Z�g�l�b�y�� �g�Z�^�_�`�g�h�k�l�b�� �m�a�e�h�\�� �b��
�h�[�h�j�m�^�h�\�Z�g�b�y�� �e�h�d�h�f�h�l�b�\�h�\�� �\�u�r�_���� �q�_�f�� �m��
�e�x�[�h�]�h���^�j�m�]�h�]�h���\�b�^�Z���j�_�f�h�g�l�Z�����F�h�g�b�l�h�j�b�g�]��
�i�Z�j�Z�f�_�l�j�h�\�� �k�f�Z�a�h�q�g�u�o�� �f�Z�k�_�e�� �e�h�d�h�f�h�l�b�\�Z��
�i�h�a�\�h�e�y�_�l�� �k�e�_�^�b�l�v�� �a�Z�� �^�b�g�Z�f�b�d�h�c�� �b�o��
�b�a�f�_�g�_�g�b�c���� �<�� �k�\�y�a�b�� �k�� �w�l�b�f, �i�h�y�\�e�y�_�l�k�y��
�\�h�a�f�h�`�g�h�k�l�v���i�j�h�]�g�h�a�b�j�h�\�Z�l�v���\�j�_�f�y���\�u�o�h�^�Z��
�i�Z�j�Z�f�_�l�j�h�\�� �a�Z�� �i�j�_�^�_�e�v�g�u�_�� �a�g�Z�q�_�g�b�y���� �W�l�h��
�i�h�a�\�h�e�y�_�l�� �i�j�h�b�a�\�h�^�b�l�v�� �k�\�h�_�\�j�_�f�_�g�g�u�c��
�j�_�f�h�g�l���� �g�_�� �^�h�i�m�k�d�Z�y�� �h�l�d�Z�a�h�\�� �\��
�w�d�k�i�e�m�Z�l�Z�p�b�b���� �A�Z�l�j�Z�l�u�� �g�Z�� �m�k�l�j�Z�g�_�g�b�_��
�h�l�d�Z�a�h�\���a�g�Z�q�b�l�_�e�v�g�h���\�u�r�_���k�\�h�_�\�j�_�f�_�g�g�h�]�h��
�j�_�f�h�g�l�Z�� �<�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �k�m�s�_�k�l�\�m�_�l��
�a�g�Z�q�b�l�_�e�v�g�h�_�� �d�h�e�b�q�_�k�l�\�h�� �j�Z�a�j�Z�[�h�l�Z�g�g�u�o��
�k�h�\�j�_�f�_�g�g�u�o�� �k�j�_�^�k�l�\�� �l�_�o�g�b�q�_�k�d�h�]�h��
�d�h�g�l�j�h�e�y�� �b�� �^�b�Z�]�g�h�k�l�b�j�h�\�Z�g�b�y����
�h�o�\�Z�l�u�\�Z�x�s�b�o�� �������� �m�a�e�h�\�� �b�� �h�[�h�j�m�^�h�\�Z�g�b�y��
�e�h�d�h�f�h�l�b�\�h�\���� 

�B�k�k�e�_�^�h�\�Z�g�b�_ 
 �<�� �D�Z�a�Z�o�k�l�Z�g�_�� �w�d�k�i�e�m�Z�l�b�j�m�x�l�k�y��

�l�_�i�e�h�\�h�a�u�� �L�W�����:, �d�h�l�h�j�u�_�� �i�j�h�o�h�^�y�l��
�k�_�j�\�b�k�g�h�_�� �h�[�k�e�m�`�b�\�Z�g�b�_�� �I�_�j�b�h�^�b�q�g�h�k�l�v 
�k�_�j�\�b�k�g�h�]�h�� �h�[�k�e�m�`�b�\�Z�g�b�y �K�H-���l�_�i�e�h�\�h�a�h�\��
�L�W�����:�� �\�� �D�Z�a�Z�o�k�l�Z�g�_�� �������� ��������- ���������� �k�m�l�h�d����
�W�l�h�� �y�\�e�y�_�l�k�y�� �^�h�\�h�e�v�g�h�� �[�h�e�v�r�b�f�� �k�j�h�d�h�f���� �\��
�l�_�q�_�g�b�_�� �d�h�l�h�j�h�]�h�� �g�_�h�[�o�h�^�b�f�h�� �\�_�k�l�b��
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�g�Z�[�e�x�^�_�g�b�_�� �a�Z�� �k�h�k�l�h�y�g�b�_�f�� �h�[�h�j�m�^�h�\�Z�g�b�y����
�H�^�g�b�f�� �b�a�� �w�n�n�_�d�l�b�\�g�u�o�� �k�i�h�k�h�[�h�\�� �y�\�e�y�_�l�k�y��
�i�j�b�f�_�g�_�g�b�_���k�i�_�d�l�j�Z�e�v�g�h�]�h���Z�g�Z�e�b�a�Z���f�Z�k�_�e�� 

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

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

�a�Z�f�_�g�u�� �f�h�l�h�j�g�h�]�h�� �f�Z�k�e�Z���� �>�e�y�� �^�b�a�_�e�v�g�u�o��
�^�\�b�]�Z�l�_�e�_�c�� �l�_�i�e�h�\�h�a�h�\�� �L�W�����:�� �b�� �L�W�����F�D 
GeneralElectric (GE) �j�_�d�h�f�_�g�^�m�_�l�� �h�l�[�b�j�Z�l�v��
�i�j�h�[�u�� �f�h�l�h�j�g�h�]�h�� �f�Z�k�e�Z�� �g�Z�� �Z�g�Z�e�b�a�� �k��
�i�_�j�b�h�^�b�q�g�h�k�l�v�x�� ������ �^�g�_�c���� �D�Z�q�_�k�l�\�h 
�f�h�l�h�j�g�u�o�� �f�Z�k�_�e�� �l�_�i�e�h�\�h�a�h�\�� �L�W�����:�� �b��
�L�W�����F�D �^�h�e�`�g�h�� �k�h�h�l�\�_�l�k�l�\�h�\�Z�l�v��
�i�Z�j�Z�f�_�l�j�Z�f���� �i�j�b�g�y�l�u�f�� �:�k�k�h�p�b�Z�p�b�_�c��
�k�i�_�p�b�Z�e�b�k�l�h�\�� �i�h�� �l�_�o�g�b�q�_�k�d�h�f�m��
�h�[�k�e�m�`�b�\�Z�g�b�x�� �l�_�i�e�h�\�h�a�h�\�� ��LMOA) 
�:�f�_�j�b�d�Z�g�k�d�h�]�h �h�[�s�_�k�l�\�Z�� �b�k�i�u�l�Z�g�b�c�� �b��
�f�Z�l�_�j�b�Z�e�h�\�� ��ASTM). �B�k�i�h�e�v�a�h�\�Z�g�b�_��
�Z�g�Z�e�b�a�Z�� �f�Z�k�e�Z�� �b�f�_�_�l�� �l�j�b�� �]�e�Z�\�g�u�o�� �p�_�e�b����
�g�Z�[�e�x�^�Z�l�v���a�Z���k�h�k�l�h�y�g�b�_�f���f�Z�k�e�Z�����g�Z�[�e�x�^�Z�l�v��
�a�Z���k�h�k�l�h�y�g�b�_�f���h�[�h�j�m�^�h�\�Z�g�b�y���k�f�Z�a�u�\�Z�_�f�h�]�h��
�w�l�b�f�� �f�Z�k�e�h�f�� �b�� �b�a�f�_�j�y�l�v�� �m�j�h�\�_�g�v��
�a�Z�]�j�y�a�g�_�g�b�c���� �W�l�h�� �i�j�h�]�g�h�a�b�j�m�_�f�u�c�� �b��
�i�j�_�\�_�g�l�b�\�g�u�c�� �k�i�h�k�h�[�u�� �l�_�o�g�b�q�_�k�d�h�]�h��
�h�[�k�e�m�`�b�\�Z�g�b�y�� �I�j�h�]�g�h�a�b�j�m�_�f�u�c���� �i�h�l�h�f�m��
�q�l�h�� �f�h�`�_�l�� �k�g�b�a�b�l�v�� �k�_�j�v�z�a�g�h�k�l�v�� �i�h�e�h�f�h�d�� �b��
�i�j�_�^�h�k�l�Z�\�b�l�v�� �\�h�a�f�h�`�g�h�k�l�v�� �i�e�Z�g�b�j�h�\�Z�g�b�y����
�I�j�_�\�_�g�l�b�\�g�u�c���� �i�h�l�h�f�m�� �q�l�h�� �i�h�a�\�h�e�y�_�l��
�k�g�b�a�b�l�v�� �q�Z�k�l�h�l�m�� �h�l�d�Z�a�h�\�� �b�� �k�l�h�b�f�h�k�l�v��
�j�Z�[�h�l�u�� 

�P�_�e�v���Z�g�Z�e�b�a�Z���f�Z�k�e�Z�� 
�x �H�i�j�_�^�_�e�_�g�b�_�� �i�h�\�u�r�_�g�g�h�]�h��

�b�a�g�h�k�Z�� 
�x �H�i�j�_�^�_�e�_�g�b�_���^�_�]�j�Z�^�Z�p�b�b���f�Z�k�e�Z�� 
�x �H�i�j�_�^�_�e�_�g�b�_���a�Z�]�j�y�a�g�_�g�b�y���f�Z�k�e�Z�� 
�x �H�i�j�_�^�_�e�_�g�b�_�� �\�h�a�f�h�`�g�u�o��

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

�b�g�l�_�j�\�Z�e�h�\�� 
�x �<�h�a�f�h�`�g�h�k�l�v�� �b�a�[�_�`�Z�l�v�� �g�_�g�m�`�g�u�o��

�j�_�f�h�g�l�h�\�� 
�H�i�j�_�^�_�e�_�g�b�_�� �i�h�\�u�r�_�g�g�h�]�h��

�b�a�g�h�k�Z 
 �K�h�k�l�Z�\�� �h�l�^�_�e�v�g�h�]�h �d�h�f�i�h�g�_�g�l�Z��

�b�a�\�_�k�l�_�g���� �b�e�b�� �f�h�`�_�l�� �[�u�l�v�� �\�u�y�k�g�_�g�� �m��
�i�j�h�b�a�\�h�^�b�l�_�e�y���� �I�h�j�r�g�b�� �k�^�_�e�Z�g�u�� �b�a��
�Z�e�x�f�b�g�b�y���� �i�h�^�r�b�i�g�b�d�b�� �k�d�h�e�v�`�_�g�b�y��
�k�h�^�_�j�`�Z�l���k�\�b�g�_�p�����m�i�h�j�g�u�_���r�Z�c�[�u���b���\�l�m�e�d�b��
�k�h�^�_�j�`�Z�l�� �f�_�^�v���� �\�Z�e�u���� �a�m�[�q�Z�l�u�_�� �d�h�e�z�k�Z�� �b��
�r�Z�j�b�d�h�\�u�_�� �i�h�^�r�b�i�g�b�d�b�� �k�h�k�l�h�y�l�� �b�a��
�k�i�e�Z�\�h�\�� �`�_�e�_�a�Z���� �:�g�Z�e�b�a�� �f�Z�k�e�Z��
�b�k�i�h�e�v�a�h�\�Z�e�k�y�� �k�� ��������-�o�� �b�� �j�Z�a�\�b�\�Z�e�k�y�� �g�Z��
�`�_�e�_�a�g�h�c�� �^�h�j�h�]�_�� �K�h�_�^�b�g�_�g�g�u�o�� �R�l�Z�l�h�\����
�H�k�h�[�u�c�� �b�g�l�_�j�_�k�� �i�j�_�^�k�l�Z�\�e�y�e�Z�� �k�h�[�h�c��
�i�j�_�`�^�_�\�j�_�f�_�g�g�Z�y�� �i�h�e�h�f�d�Z�� �i�h�^�r�b�i�g�b�d�h�\��
�k�d�h�e�v�`�_�g�b�y�� �\�� �^�\�b�]�Z�l�_�e�y�o�� �e�h�d�h�f�h�l�b�\�h�\����
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�d�h�l�h�j�u�_�� �h�[�u�q�g�h�� �b�f�_�x�l�� �i�h�d�j�u�l�b�_�� �b�a��
�k�\�b�g�p�Z�� �b�e�b�� �h�e�h�\�Z���� �H�j�b�]�b�g�Z�e�v�g�Z�y�� �b�^�_�y��
�a�Z�d�e�x�q�Z�e�Z�k�v�� �\�� �l�h�f���� �q�l�h�[�u�� �Z�g�Z�e�b�a�b�j�h�\�Z�l�v��
�b�k�i�h�e�v�a�m�_�f�h�_�� �f�h�l�h�j�g�h�_�� �f�Z�k�e�h���� �q�l�h�[�u��
�m�\�b�^�_�l�v�� �k�h�^�_�j�`�b�l�� �e�b�� �h�g�h�� �k�\�b�g�_�p����
�;�h�e�v�r�b�g�k�l�\�h���b�a�m�q�_�g�g�u�o���i�j�h�[���k�h�^�_�j�`�Z�e�b���\��
�k�_�[�_�� �k�\�b�g�_�p���� �Q�l�h���� �\�� �d�h�g�_�q�g�h�f�� �k�q�z�l�_���� �[�u�e�h��
�h�l�d�j�u�l�h���� �l�Z�d�� �w�l�h�� �l�h���� �q�l�h�� �j�h�k�l�� �m�j�h�\�g�y��
�k�\�b�g�p�Z�� �k�b�]�g�Z�e�b�a�b�j�h�\�Z�e�� �h�� �g�Z�^�\�b�]�Z�x�s�_�c�k�y��
�i�h�e�h�f�d�_���i�h�^�r�b�i�g�b�d�Z�� 

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

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

�\�j�_�f�_�g�b���� �G�b�`�_�� �f�h�l�h�j�g�h�_�� �f�Z�k�e�h���� �d�h�l�h�j�h�_��
�[�u�e�h���i�h�^�\�_�j�]�g�m�l�h���k�_�j�v�z�a�g�h�f�m���i�_�j�_�]�j�_�\�m�� 

�G�Z�[�e�x�^�_�g�b�_�� �a�Z�� �m�j�h�\�g�_�f��
�a�Z�]�j�y�a�g�_�g�b�y 

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

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

�H�i�j�_�^�_�e�_�g�b�_���\�h�a�f�h�`�g�u�o���i�h�e�h�f�h�d 
�K�\�y�a�Z�g�g�u�c�� �k�� �g�Z�[�e�x�^�_�g�b�_�f�� �a�Z��

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

�I�j�h�\�_�j�d�Z���b�k�i�h�e�v�a�m�_�f�h�]�h���f�Z�k�e�Z 
�I�j�h�\�_�j�d�Z�� �b�k�i�h�e�v�a�m�_�f�h�]�h�� �f�Z�k�e�Z�� �± 

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

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

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

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

�H�i�l�b�f�b�a�Z�p�b�y�� �f�_�`�k�_�j�\�b�k�g�u�o��
�b�g�l�_�j�\�Z�e�h�\ 

�:�g�Z�e�b�a���f�Z�k�e�Z���f�h�`�_�l���b�k�i�h�e�v�a�h�\�Z�l�v�k�y��
�^�e�y�� �h�i�l�b�f�b�a�Z�p�b�b�� �f�_�`�k�_�j�\�b�k�g�u�o��
�b�g�l�_�j�\�Z�e�h�\���� �E�_�l�� �^�\�Z�^�p�Z�l�v�� �g�Z�a�Z�^�� �[�u�e�� �l�Z�d�h�c��
�\�h�e�r�_�[�g�u�c�� �i�_�j�b�h�^ �a�Z�f�_�g�u�� �f�Z�k�e�Z��- 250 
�q�Z�k�h�\���� �I�h�q�l�b�� �\�k�_�� �i�j�h�b�a�\�h�^�b�l�_�e�b��
�h�[�h�j�m�^�h�\�Z�g�b�y�� �i�j�_�^�i�b�k�u�\�Z�e�b�� �_�]�h���� �b�� �[�u�e�h��
�g�_�\�Z�`�g�h, �d�l�h���k�^�_�e�Z�e���^�\�b�]�Z�l�_�e�v�����_�]�h���f�h�^�_�e�v����
�g�Z�� �d�Z�d�h�f�� �h�[�h�j�m�^�h�\�Z�g�b�b�� �m�k�l�Z�g�h�\�e�_�g��
�^�\�b�]�Z�l�_�e�v���� �d�Z�d�h�_�� �g�Z�a�g�Z�q�_�g�b�_�� �m�� �w�l�h�]�h��
�h�[�h�j�m�^�h�\�Z�g�b�y�� �b�e�b�� �]�^�_�� �w�l�h�� �[�m�^�_�l�� �j�Z�[�h�l�Z�l�v����
�G�_�d�h�l�h�j�u�_�� �^�\�b�]�Z�l�_�e�b�� �[�u�e�b�� �m�k�l�Z�g�h�\�e�_�g�u��
�g�Z���[�m�e�v�^�h�a�_�j�u�����d�Z�d�b�_-�l�h���g�Z���i�h�]�j�m�a�q�b�d�b���b�e�b��
�]�j�_�c�^�_�j�u���� �;�m�e�v�^�h�a�_�j���� �g�Z�i�j�b�f�_�j���� �f�h�`�_�l��
�j�Z�[�h�l�Z�l�v�� �©�f�_�^�e�_�g�g�h�ª���� �f�h�`�_�l�� �©�[�u�k�l�j�h�ª����
�f�h�`�_�l�� �k�d�j�_�[�h�d�� �l�h�e�d�Z�l�v���� �W�l�Z�� �_�^�b�g�b�p�Z��
�l�_�o�g�b�d�b�� �f�h�]�e�Z�� �j�h�\�g�y�l�v�� �a�_�f�e�x�� �b�e�b�� �k�l�j�h�b�l�v��
�^�Z�f�[�m���� �j�Z�[�h�l�Z�l�v�� �\�� �D�\�Z�� �A�m�e�m�� �±�G�Z�l�Z�e���� �\��
�=�Z�m�l�_�g�]�_�� �b�e�b�� �\�� �k�_�j�_�^�b�g�_�� �i�m�k�l�u�g�b��
�D�Z�e�Z�o�Z�j�b���� �W�l�h�� �[�u�e�� �k�e�m�q�Z�c�� �©�i�h�q�b�g�b�l�v�� �\�k�z��
�h�^�g�b�f���d�e�x�q�h�f�ª�����i�_�j�b�h�^���k�f�_�g�u���f�Z�k�e�Z���\����������
�q�Z�k�h�\���^�e�y���^�\�b�]�Z�l�_�e�y�� 

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

�<�h�a�f�h�`�g�h�k�l�v�� �b�a�[�_�`�Z�l�v�� �g�_�g�m�`�g�u�o��
�j�_�f�h�g�l�h�\ 

�J�_�f�h�g�l�� �h�[�h�j�m�^�h�\�Z�g�b�y�� �q�Z�k�l�h��
�i�j�h�^�b�d�l�h�\�Z�g�� �w�f�i�b�j�b�q�_�k�d�b�f�b�� �\�j�_�f�_�g�g�u�f�b��
�b�g�l�_�j�\�Z�e�Z�f�b�����[�m�^�v���l�h���d�b�e�h�f�_�l�j�u�����q�Z�k�u���b�e�b��
�d�Z�e�_�g�^�Z�j�g�u�_�� �b�g�l�_�j�\�Z�e�u���� �W�l�b�� �i�j�h�f�_�`�m�l�d�b��
�\�j�_�f�_�g�b �h�[�u�q�g�h�� �[�_�j�m�l�k�y�� �h�l�� �k�j�_�^�g�_�c�� �b��
�b�k�l�h�j�b�q�_�k�d�h�c���^�Z�l�u�����?�k�e�b���k�j�_�^�g�_�_���\�j�_�f�y���^�h��
�h�l�d�Z�a�Z���l�j�Z�g�k�f�b�k�k�b�b�����������������q�Z�k�h�\�����l�h���b�f�_�_�l��
�k�f�u�k�e�� �i�e�Z�g�b�j�h�\�Z�l�v�� �a�Z�f�_�g�m�� �f�Z�k�e�Z�� �q�_�j�_�a��
�w�l�h�l�� �i�j�h�f�_�`�m�l�h�d�� �\�j�_�f�_�g�b���� �?�^�b�g�k�l�\�_�g�g�Z�y��
�i�j�h�[�e�_�f�Z�� �\�� �l�h�f���� �q�l�h�� �k�j�_�^�g�_�_�� �\�j�_�f�y�� �± �w�l�h��
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�h�[�h�k�g�h�\�Z�g�g�h�]�h�� �j�_�r�_�g�b�y�� �b�k�o�h�^�y�� �b�a��
�k�h�k�l�h�y�g�b�y�� �f�Z�k�e�Z���� �B�f�_�_�l�� �k�f�u�k�e�� �\�u�i�h�e�g�y�l�v��
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 �<�u�\�h�^�� �I�j�b�f�_�g�_�g�b�_���k�i�_�d�l�j�Z�e�v�g�h�]�h��
�Z�g�Z�e�b�a�Z�� �f�Z�k�e�Z�� �i�h�a�\�h�e�b�l�� �m�e�m�q�r�b�l�v 
�g�Z�^�_�`�g�h�k�l�v�� �w�d�k�i�e�m�Z�l�Z�p�b�b�� �e�h�d�h�f�h�l�b�\�h�\�� �b��
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Abstract. The article deals with the conditions and results of running, dynamic and impact on the 

track tests of passenger cars "Tulpar-Talgo". Shows the effect of the actual status, plan and profile of road 
for experimental research of dynamic qualities of passenger cars in operating conditions, as well as the 
structural differences between the new modifications of passenger cars with tilting "Tulpar-Talgo". 

A brief overview of the roller stands, allowing to carry out a full cycle of tests of rolling stock, its 
individual components and systems in stationary conditions. It is shown that existing models of roller 
stands does not allow to simulate the creation and change of the outstanding centrifugal forces in curves 
on a train with a lack of cant, which is especially important for tests of passenger cars equipped with body 
tilt. 

Completion of the existing stands in this direction can be based on the simulation of centrifugal 
forces with the help of a special mechanism that creates a force effect in a certain direction and at a given 
point of the crew part of the tested car. Recommendations for modernization of the test bench for railway 
crew with a body tilt in the curve are given. 

The article presents the results of determining the dependence of the angle of inclination of the 
car body and centrifugal force on the speed of the train and the radius of the curve. It is shown that with 
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an increase in the speed of the crew and a simultaneous decrease in the radius of the curve, the centrifugal 
force will increase, and the centrifugal force acting on the body creates a moment that tends to reduce the 
angle of inclination of the body due to the deformation of the spring suspension. 

Keywords: passenger car, body tilt system, tests, roller stand, modernization. 
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�I�h�_�a�^�Z�� �k�� �g�Z�d�e�h�g�y�_�f�u�f�b��

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

�j�Z�\�g�h�\�_�k�b�_���� �q�l�h�� �f�h�`�_�l�� �i�j�b�\�_�k�l�b�� �d��
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�g�_�i�j�b�y�l�g�u�_�� �h�s�m�s�_�g�b�y�� �m�� �i�Z�k�k�Z�`�b�j�h�\�� �b��
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�m�q�Z�k�l�d�_���k�h�k�l�Z�\�e�y�_�l�����������f�f�� 
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�h�s�m�s�Z�_�l���g�_�m�^�h�[�k�l�\�� 

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

�L�Z�d���� �k�h�]�e�Z�k�g�h�� �i�e�Z�g�h�\�� �j�Z�k�r�b�j�_�g�b�y��
�l�_�o�g�b�q�_�k�d�b�o�� �\�h�a�f�h�`�g�h�k�l�_�c�� �g�Z�p�b�h�g�Z�e�v�g�h�c��
�`�_�e�_�a�g�h�c�� �^�h�j�h�]�b���� �G�Z�m�q�g�h-
�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�b�f�� �p�_�g�l�j�h�f�� �:�H�� �©�G�D��
�©�D�L�@�ª�� ���G�B�P���� �i�j�b�� �\�g�_�^�j�_�g�b�b�� �\��
�w�d�k�i�e�m�Z�l�Z�p�b�x�� �g�Z�� �`�_�e�_�a�g�u�o�� �^�h�j�h�]�Z�o��
�D�Z�a�Z�o�k�l�Z�g�Z�� �\�u�i�h�e�g�y�e�b�k�v�� �k�d�h�j�h�k�l�g�u�_��
�b�k�i�u�l�Z�g�b�y�� �\�Z�]�h�g�h�\�� �b�k�i�Z�g�k�d�h�c�� �n�b�j�f�u��
�©�3�D�W�H�Q�W�H�V�� �7�D�O�J�R�ª�� �k�� �w�e�_�d�l�j�h�\�h�a�h�f�� �.�=���$�� �g�Z��
�m�q�Z�k�l�d�_�� �:�e�f�Z�l�u-�:�k�l�Z�g�Z����
�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�c�� �k�h�k�l�Z�\�� �k�h�k�l�h�y�e�� �b�a�� ������
�\�Z�]�h�g�h�\�� �b�� �w�e�_�d�l�j�h�\�h�a�Z�� �.�=���$�� ���������� �I�h�_�a�^��
�k�h�\�_�j�r�b�e�� �i�h�� �h�^�g�h�c�� �i�h�_�a�^�d�_�� �i�h�� �f�Z�j�r�j�m�l�m��
�:�e�f�Z�l�u-�:�k�l�Z�g�Z-�:�e�f�Z�l�u���b���:�k�l�Z�g�Z-�:�e�f�Z�l�u-
�:�k�l�Z�g�Z�� �k�h �k�d�h�j�h�k�l�v�x�� �������d�f���q�� �g�Z�� �������� �d�f�� �b��
�k�h�� �k�d�h�j�h�k�l�v�x�� �������� �g�Z�� �������� �d�f���� �<�j�_�f�y��
�^�\�b�`�_�g�b�y�� �b�a�� �:�e�f�Z�l�u�� �\�� �:�k�l�Z�g�m�� �k�h�k�l�Z�\�b�e�h��
������ �q�� ������ �f�b�g�� �b�� ������ �q�� ������ �f�b�g�� �b�a�� �:�k�l�Z�g�u�� �\��
�:�e�f�Z�l�u���[�_�a���m�q�_�l�Z���b�f�_�\�r�b�o�k�y���a�Z�^�_�j�`�_�d���� 

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

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

�D�h�e�e�_�d�l�b�\�� �b�k�i�u�l�Z�l�_�e�_�c�� �i�j�b�r�_�e �d��
�a�Z�d�e�x�q�_�g�b�x���� �q�l�h�� �d�h�g�k�l�j�m�d�p�b�y��
�`�_�e�_�a�g�h�^�h�j�h�`�g�h�]�h�� �i�m�l�b�� �d�h�g�l�Z�d�l�g�h�c�� �k�_�l�b��
�Z�\�l�h�f�Z�l�b�q�_�k�d�h�c�� �e�h�d�h�f�h�l�b�\�g�h�c��
�k�b�]�g�Z�e�b�a�Z�p�b�b�� ���:�E�K�G���� �i�h�a�\�h�e�y�_�l�� �k�h�k�l�Z�\�m�� �k��
�\�Z�]�h�g�Z�f�b�� �b�k�i�Z�g�k�d�h�c�� �n�b�j�f�u�� �©�3�D�W�H�Q�W�H�V��
�7�D�O�J�R�ª���b���w�e�_�d�l�j�h�\�h�a�h�f���.�=���$���h�k�m�s�_�k�l�\�e�y�l�v��
�^�\�b�`�_�g�b�_�� �g�Z�� �h�l�^�_�e�v�g�u�o�� �m�q�Z�k�l�d�Z�o��
�g�Z�i�j�Z�\�e�_�g�b�y�� �:�k�l�Z�g�Z��- �:�e�f�Z�l�u�� �k�h��
�k�d�h�j�h�k�l�y�f�b�� �^�h�� �������� �d�f���q�� �b�� �j�_�Z�e�b�a�h�\�u�\�Z�l�v��
�i�j�b�� �^�\�b�`�_�g�b�b�� �\�� �d�j�b�\�u�o�� �[�_�a�� �g�Z�j�m�r�_�g�b�y��
�d�h�f�n�h�j�l�Z�� �i�Z�k�k�Z�`�b�j�h�\�� �g�_�i�h�]�Z�r�_�g�g�h�_��
�m�k�d�h�j�_�g�b�_�������������f���k�_�d2 [1].  

�<�� �b�k�i�Z�g�k�d�b�o�� �\�Z�]�h�g�Z�o�� �[�u�e��
�m�k�l�Z�g�h�\�e�_�g�� �b�a�f�_�j�b�l�_�e�v�g�u�c�� �d�h�f�i�e�_�d�k�� �^�e�y��
�a�Z�f�_�j�Z�� �]�h�j�b�a�h�g�l�Z�e�v�g�u�o�� �b�� �\�_�j�l�b�d�Z�e�v�g�u�o��
�m�k�d�h�j�_�g�b�c�� �m�a�e�h�\�� �\�Z�]�h�g�Z�� �b�� �w�e�_�d�l�j�h�\�h�a�Z���� �Z�� �\��
�b�k�i�u�l�Z�l�_�e�v�g�u�o�� �i�h�_�a�^�d�Z�o�� �k�� �b�a�f�_�j�b�l�_�e�v�g�u�f��
�d�h�f�i�e�_�d�k�h�f�� �j�Z�[�h�l�Z�e�b�� �k�i�_�p�b�Z�e�b�k�l�u��
�d�h�f�i�Z�g�b�b���©�3�D�W�H�Q�W�H�V���7�D�O�J�R�ª��  

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

�I�h�� �j�_�a�m�e�v�l�Z�l�Z�f �b�k�i�u�l�Z�g�b�c��
�k�i�_�p�b�Z�e�b�k�l�u�� �:�H�� �©�G�D�� �©���L�@�ª�� �j�Z�a�j�Z�[�h�l�Z�e�b��
�d�h�f�i�e�_�d�k�g�u�_�� �f�_�j�h�i�j�b�y�l�b�y�� �i�h�� �j�_�r�_�g�b�x��
�a�Z�^�Z�q�� �i�h�\�u�r�_�g�b�y�� �k�d�h�j�h�k�l�_�c�� �^�\�b�`�_�g�b�y��
�i�h�_�a�^�h�\�� �i�j�b�� �]�Z�j�Z�g�l�b�j�h�\�Z�g�g�h�c��
�[�_�a�h�i�Z�k�g�h�k�l�b���i�Z�k�k�Z�`�b�j�h�\���� 

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

�>�e�y�� �w�l�b�o�� �p�_�e�_�c�� �[�u�e�� �a�Z�d�e�x�q�_�g��
�^�h�]�h�\�h�j�� �g�Z�� �k�_�j�l�b�n�b�d�Z�p�b�x�� �\�h�k�v�f�b�� �l�b�i�h�\��
�\�Z�]�h�g�h�\�� �g�Z�� �k�h�h�l�\�_�l�k�l�\�b�_�� �l�j�_�[�h�\�Z�g�b�y�f��
�L�_�o�g�b�q�_�k�d�h�]�h�� �j�_�]�e�Z�f�_�g�l�Z�� �L�Z�f�h�`�_�g�g�h�]�h��
�k�h�x�a�Z�� ���H�� �[�_�a�h�i�Z�k�g�h�k�l�b�� �`�_�e�_�a�g�h�^�h�j�h�`�g�h�]�h��
�i�h�^�\�b�`�g�h�]�h�� �k�h�k�l�Z�\�Z������ �B�k�i�u�l�Z�l�_�e�v�g�u�f��
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https://ru.wikipedia.org/wiki/%D0%98%D0%BD%D0%B5%D1%80%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D1%8C%D1%8E%D1%82%D0%B5%D1%80


�Æ�Ã�Ê�™�™�•���¤�Ã�Ä�Ã�Ó�Û�Þ�Ô�Þ���R��2 (113), 2020          ISSN 1609-1817              The Bulletin of KazATC 
�‘�È�Ô�Õ�Ð�Ë�Í���™�Ã�Ê�•�¡�™���R���t (113), 2020                  www.kazatk.kz                2020, Vol. 113, No. 2 

103 

�k�_�j�l�b�n�b�d�Z�p�b�b�� �g�Z�� �`�_�e�_�a�g�h�^�h�j�h�`�g�h�f��
�l�j�Z�g�k�i�h�j�l�_���� �I�j�_�^�\�Z�j�b�l�_�e�v�g�h �[�u�e�b��
�i�j�h�\�_�^�_�g�u�� �b�k�i�u�l�Z�g�b�y�� �d�m�a�h�\�h�\�� �\�Z�]�h�g�h�\�� �\��
�g�_�f�_�p�d�h�f�� �E�_�c�i�p�b�]�_�� �b�� �<�_�g�_�� �J�_�a�m�e�v�l�Z�l�u��
�b�k�i�u�l�Z�g�b�c �\�� �p�_�g�l�j�_��
�,�)�)�(�Q�J�L�Q�H�H�U�L�Q�J�	�&�R�Q�V�X�O�W�L�Q�J�� �\�� �=�_�j�f�Z�g�b�b��
�y�\�e�y�x�l�k�y�� �i�h�e�h�`�b�l�_�e�v�g�u�f�b���� �\�Z�]�h�g�u��
�k�h�h�l�\�_�l�k�l�\�m�x�l �\�k�_�f�� �g�h�j�f�Z�l�b�\�Z�f�� �\�� �h�[�e�Z�k�l�b��
�[�_�a�h�i�Z�k�g�h�k�l�b�� �`�_�e�_�a�g�h�^�h�j�h�`�g�h�]�h��
�l�j�Z�g�k�i�h�j�l�Z���� �<���p�_�g�l�j�_���5�7�$�5�D�L�O�7�H�F�$�U�V�H�Q�D�O���\��
�<�_�g�_�� �i�j�h�\�h�^�b�e�b�k�v�� �b�k�i�u�l�Z�g�b�y�� �\�Z�]�h�g�h�\�� �g�Z��
�k�h�h�l�\�_�l�k�l�\�b�_�� �i�Z�j�Z�f�_�l�j�h�\�� �k�b�k�l�_�f��

�h�l�h�i�e�_�g�b�y���� �\�_�g�l�b�e�y�p�b�b�� �b��
�d�h�g�^�b�p�b�h�g�b�j�h�\�Z�g�b�y�� 

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

�f�h�^�b�n�b�d�Z�p�b�b�� ���L���e�i�Z�j-�L�Z�e�v�]�h���� �m�\�_�e�b�q�_�g�Z��
�r�b�j�b�g�Z���\�Z�]�h�g�Z���g�Z���������k�Z�g�l�b�f�_�l�j�h�\���b���\�u�k�h�l�Z��
�g�Z�� ���������� �k�Z�g�l�b�f�_�l�j�Z���� �K�Z�g�m�a�e�u�� �k�l�Z�e�b��
�i�j�h�k�l�h�j�g�_�_�� �\�� �������� �j�Z�a�Z���� �K�i�Z�e�v�g�u�_�� �i�h�e�d�b��
�l�Z�d�`�_���m�\�_�e�b�q�_�g�u�����D�h�j�b�^�h�j���k�l�Z�e���r�b�j�_���g�Z��������
�k�Z�g�l�b�f�_�l�j�h�\�� 

�B�a�f�_�g�_�g�� �^�b�a�Z�c�g�� �b�g�l�_�j�v�_�j�Z�� �\�k�_�o��
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�J�b�k���������± �>�\�b�`�_�g�b�_���w�d�b�i�Z�`�Z���k���g�Z�d�e�h�g�h�f���d�m�a�h�\�Z���\���d�j�b�\�h�c 
Fig.2 �± Movement of the crew with the tilt of the body in the curve 
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�i�h�_�a�^�Z���b���j�Z�^�b�m�k�Z���d�j�b�\�h�c 

Fig.3 �± Dependence of the angle of inclination of the car body and centrifugal force on the speed of the 
train and the radius of the curve 
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Abstract. The development of society is impossible without transport, for this reason, with all its 
shortcomings, it is not possible to abandon it. However, it is possible, using modern scientific discoveries 
and technological developments, to significantly reduce the negative effects that motor transport has on 
the environment. Therefore, along with the development of new directions for reducing harmful 
emissions from internal combustion engines, it is first necessary to influence the factors that allow 
reducing harmful emissions from vehicles with modern engines when performing transport work. 

The current unfavorable environmental situation in most megacities and large cities is due to the 
fact that most often the criteria for the efficiency of transport systems are profit and business expansion, 
rather than the balance and sustainability of the urban environment based on the priorities of resource 
conservation, environmental friendliness and safety.  

At the same time, the common view that the transition to a market model of economic 
development and the concept of delegated self-regulation will automatically solve all environmental 
problems proved to be untenable.  

The city of Almaty is facing a high and constant increase in car travel, which has negative 
economic and environmental impacts, such as increased traffic congestion, increased travel time, and 
pollution. 170,000 tons (92%) of the city's pollution is generated by motor transport, according to the 
Department of natural resources and environmental management of the city of Almaty. The number of 
registered cars in the city exceeds 800 thousand units. Emissions to the atmosphere of 80% of cars (those 
older than 7 years) are much higher than the permissible standards. 

Monitoring of greenhouse gas (GHG) emissions from vehicles suggests that this work will be 
carried out regularly and it is likely that it will soon be mandatory for most cities in the Republic. This is 
a great part of the practical need for our Republic to successfully fulfill its international obligations to the 
world community. This will not only improve the transport situation in a particular city, which already 
entails a certain benefit for the city, but will also contribute to improving the annual mandatory National 
reporting of the Republic. 

Thus, reducing harmful emissions from car engines is a major national economic and social 
problem. Therefore, it is necessary to determine as accurately as possible the amount of harmful 
emissions on the car, which will allow you to more accurately predict the remaining resource of the car. 

Keyword: Transport, environment, emissions, greenhouse gas, alternative fuels. 
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�i�h�f�_�g�y�_�l�k�y�� �b�� �n�h�j�f�Z�� �h�l�q�_�l�g�h�k�l�b���� �Z�� �l�Z�d�`�_����
�g�_�d�h�l�h�j�u�_�� �[�Z�a�h�\�u�_�� �d�h�f�i�h�g�_�g�l�u���� �\��
�h�l�g�h�r�_�g�b�b�� �\�a�y�l�u�o�� �k�l�j�Z�g�h�c�� �g�Z�� �k�_�[�y��
�h�[�y�a�Z�l�_�e�v�k�l�\���� �I�j�_�^�i�h�e�Z�]�Z�_�f�u�_�� �b�a�f�_�g�_�g�b�y��
�^�h�e�`�g�u�� �d�h�k�g�m�l�v�k�y���� �d�Z�d�� �m�`�_�� �[�u�e�h�� �k�d�Z�a�Z�g�h����
�f�g�h�]�b�o�� �h�l�j�Z�k�e�_�c���� �\�� �l�h�f�� �q�b�k�e�_�� �b��
�Z�\�l�h�l�j�Z�g�k�i�h�j�l�Z���� �d�Z�d�� �h�^�g�h�]�h�� �b�a�� �]�e�Z�\�g�u�o��
�b�k�l�h�q�g�b�d�h�\�� �w�f�b�k�k�b�b�� �i�Z�j�g�b�d�h�\�u�o�� �]�Z�a�h�\��
���I�=�� �\���J�_�k�i�m�[�e�b�d�_���� 

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

�K�q�b�l�Z�_�l�k�y���� �q�l�h�� �Z�g�l�j�h�i�h�]�_�g�g�u�c�� �j�h�k�l��
�d�h�g�p�_�g�l�j�Z�p�b�b�� �\�� �Z�l�f�h�k�n�_�j�_�� �i�Z�j�g�b�d�h�\�u�o��
�]�Z�a�h�\���i�j�b�\�h�^�b�l���d���i�h�\�u�r�_�g�b�x���l�_�f�i�_�j�Z�l�m�j�u��
�b�� �b�a�f�_�g�_�g�b�x�� �d�e�b�f�Z�l�Z���� �D�j�h�f�_�� �l�h�]�h���� �_�k�l�v��
�\�_�j�h�y�l�g�h�k�l�v�����q�l�h���i�j�b���^�Z�e�v�g�_�c�r�_�f���j�Z�a�\�b�l�b�b��
�M�]�e�_�j�h�^�g�h�]�h�� �j�u�g�d�Z�� �J�_�k�i�m�[�e�b�d�b���� �[�m�^�m�l��
�j�_�Z�e�b�a�h�\�Z�g�u�� �h�i�j�_�^�_�e�_�g�g�u�_�� �f�_�o�Z�g�b�a�f�u��
�l�h�j�]�h�\�e�b�� �b�� �k�h�d�j�Z�s�_�g�b�y�� �I�=�� �\�� �j�Z�f�d�Z�o��
�]�h�j�h�^�k�d�b�o�� �d�h�g�]�e�h�f�_�j�Z�l�h�\���� �<�� �w�l�h�f�� �k�e�m�q�Z�_����
�m�q�_�l�� �b�� �j�Z�k�q�_�l�u�� �[�m�^�m�l�� �i�j�h�b�a�\�h�^�b�l�v�k�y�� �i�h��
�k�h�h�l�\�_�l�k�l�\�m�x�s�_�c�� �f�_�l�h�^�h�e�h�]�b�b���� �d�h�l�h�j�Z�y��
�^�h�e�`�g�Z���[�m�^�_�l���h�l�\�_�q�Z�l�v���f�g�h�]�b�f���\�g�m�l�j�_�g�g�b�f��
�d�j�b�l�_�j�b�y�f���b���l�j�_�[�h�\�Z�g�b�y�f�����K�h�h�l�\�_�l�k�l�\�_�g�g�h����
�l�Z�d�h�c�� �i�h�^�o�h�^�� �k�m�s�_�k�l�\�_�g�g�h�� �h�]�j�Z�g�b�q�b�\�Z�_�l��
�f�_�l�h�^�h�e�h�]�b�q�_�k�d�b�_�� �\�h�a�f�h�`�g�h�k�l�b�� �d�� �h�p�_�g�d�_��
�w�f�b�k�k�b�c�� �I�=�� �h�l�� �^�_�y�l�_�e�v�g�h�k�l�b��
�Z�\�l�h�l�j�Z�g�k�i�h�j�l�Z���� �W�l�h�� �k�\�y�a�Z�g�h, �\�� �i�_�j�\�m�x��
�h�q�_�j�_�^�v, �k���l�_�f�����q�l�h���i�h�e�m�q�_�g�g�u�_���h�p�_�g�d�b���i�j�b��
�j�Z�k�q�_�l�_�� �\�u�[�j�h�k�h�\�� �I�= �h�l�� �]�h�j�h�^�h�\�� �b��
�i�j�_�^�k�l�Z�\�e�_�g�g�u�_�� �\�� �©�G�Z�p�b�h�g�Z�e�v�g�h�f�� �^�h�d�e�Z�^�_��
�h�� �d�Z�^�Z�k�l�j�_�� �Z�g�l�j�h�i�h�]�_�g�g�u�o�� �\�u�[�j�h�k�h�\�� �b�a��
�b�k�l�h�q�g�b�d�h�\�� �b�� �Z�[�k�h�j�[�p�b�b�� �i�h�]�e�h�l�b�l�_�e�y�f�b��
�i�Z�j�g�b�d�h�\�u�o�� �]�Z�a�h�\���� �g�_�� �j�_�]�m�e�b�j�m�_�f�u�o��
�F�h�g�j�_�Z�e�v�k�d�b�f�� �i�j�h�l�h�d�h�e�h�f�� �J�D�ª�� �^�h�e�`�g�u��
�[�u�l�v�� �k�h�i�h�k�l�Z�\�b�f�u�� �b�� �k�j�Z�\�g�b�f�u�� �f�_�`�^�m��

�k�h�[�h�c���� �Z�� �w�l�h�� �^�h�k�l�b�]�Z�_�l�k�y�� �g�_�k�d�h�e�v�d�b�f��
�i�m�l�y�f�b���>���@���� 

�‡�� �k�h�[�e�x�^�_�g�b�_�� �h�^�b�g�Z�d�h�\�h�c��
�j�Z�a�f�_�j�g�h�k�l�b���� 

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

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

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

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

�‡�� �i�j�b�f�_�g�_�g�b�_�� �h�^�b�g�Z�d�h�\�h�c��
�d�e�Z�k�k�b�n�b�d�Z�p�b�b�� �b�f�_�x�s�_�]�h�k�y�� �i�Z�j�d�Z��
�Z�\�l�h�f�h�[�b�e�_�c���� 

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

�‡�� �k�h�[�e�x�^�_�g�b�_�� �\�k�_�o�� �g�_�h�[�o�h�^�b�f�u�o��
�i�j�h�p�_�^�m�j���b���i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b���r�Z�]�h�\���� 

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

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

�<�� �j�_�k�i�m�[�e�b�d�_�� �k�� ���������� �]�h�^�Z�� �g�Z�q�Z�e�k�y��
�i�j�Z�d�l�b�q�_�k�d�b�c�� �w�l�Z�i�� �j�_�Z�e�b�a�Z�p�b�b�� �i�h�e�b�l�b�d�b��
�w�g�_�j�]�h�k�[�_�j�_�`�_�g�b�y�� �\�� �j�Z�f�d�Z�o��
�=�h�k�m�^�Z�j�k�l�\�_�g�g�h�c�� �i�j�h�]�j�Z�f�f�u��
�©�W�g�_�j�]�h�k�[�_�j�_�`�_�g�b�_�� ���������ª���� �g�Z�i�j�Z�\�e�_�g�g�h�c��
�g�Z�� �k�g�b�`�_�g�b�_�� �w�g�_�j�]�h�_�f�d�h�k�l�b�� �<�Z�e�h�\�h�]�h��
�\�g�m�l�j�_�g�g�_�]�h�� �i�j�h�^�m�d�l�Z�� ���^�Z�e�_�_�� �<�<�I���� �g�_��
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�f�_�g�_�_�� �q�_�f�� �g�Z�� ������ ���� �h�l�� �m�j�h�\�g�y�� ���������� �]�h�^�Z����
�K�h�]�e�Z�k�g�h�� �^�Z�g�g�u�f���� �i�h�q�l�b�� ������ ����
�w�g�_�j�]�h�j�_�k�m�j�k�h�\�� �k�l�j�Z�g�u�� �b�k�i�h�e�v�a�m�_�l�k�y�� �a�Z��
�k�q�_�l�� �i�h�l�j�_�[�e�_�g�b�y�� �[�_�g�a�b�g�Z�� �Z�\�l�h�f�h�[�b�e�y�f�b��
[4].  

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

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

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

�<�� �p�_�e�y�o�� �k�g�b�`�_�g�b�y�� �w�g�_�j�]�h�_�f�d�h�k�l�b��
�w�d�h�g�h�f�b�d�b�� �j�Z�a�j�Z�[�h�l�Z�g�u�� �k�\�u�r�_�� ����������
�g�h�j�f�Z�l�b�\�h�\�� �w�g�_�j�]�h�i�h�l�j�_�[�e�_�g�b�y����
�m�l�\�_�j�`�^�_�g�u�� �l�j�_�[�h�\�Z�g�b�y�� �i�h��
�w�g�_�j�]�h�w�n�n�_�d�l�b�\�g�h�k�l�b�� �^�e�y�� �a�^�Z�g�b�c����
�l�j�Z�g�k�i�h�j�l�Z�� �b�� �w�e�_�d�l�j�h�^�\�b�]�Z�l�_�e�_�c���� �i�j�b�g�y�l�h��
�k�\�u�r�_�� �������� �l�_�o�g�b�q�_�k�d�b�o�� �k�l�Z�g�^�Z�j�l�h�\�� �i�h��
�w�g�_�j�]�h�w�n�n�_�d�l�b�\�g�h�k�l�b���� �G�Z�i�j�Z�\�e�_�g�b�_��
�©�W�g�_�j�]�h�w�n�n�_�d�l�b�\�g�u�c�� �l�j�Z�g�k�i�h�j�l�ª�� �p�_�e�b�� �^�h��
���������� �]�h�^�Z�� �k�g�b�`�_�g�b�_�� �i�h�l�j�_�[�e�_�g�b�y�� �l�h�i�e�b�\�Z��
�Z�\�l�h�f�h�[�b�e�v�g�u�f���� �`�_�e�_�a�g�h�^�h�j�h�`�g�u�f�� �b��
�Z�\�b�Z�p�b�h�g�g�u�f�� �l�j�Z�g�k�i�h�j�l�h�f�� �g�Z�� ����������
�H�[�g�h�\�e�_�g�b�_�� �Z�\�l�h�i�Z�j�d�Z�� �j�_�k�i�m�[�e�b�d�b�� �^�h�� ��������
[3]. 

�L�Z�d�� �d�Z�d�� �\ �D�Z�a�Z�o�k�l�Z�g�_�� �^�h�e�y��
�Z�\�l�h�f�h�[�b�e�_�c�� �k�l�Z�j�r�_�� ������ �e�_�l�� �\�u�j�h�k�e�Z�� �^�h 
63%���� �d�h�e�b�q�_�k�l�\�h�� �e�_�]�d�h�\�u�o�� �Z�\�l�h�f�h�[�b�e�_�c��
�\ �J�D�� �a�Z �]�h�^�� �k�h�d�j�Z�l�b�e�h�k�v�� �g�Z 0,6% 
�b �k�h�k�l�Z�\�b�e�h���g�Z �d�h�g�_�p���f�Z�y�������������]�h�^�Z�������� �f�e�g��
�_�^�b�g�b�p���� �M�f�_�g�v�r�b�e�h�k�v�� �d�h�e�b�q�_�k�l�\�h��
�Z�\�l�h�f�h�[�b�e�_�c�� �\�h�a�j�Z�k�l�h�f�� �h�l ���� �^�h ������ �e�_�l �²  
�g�Z �������������� �^�h �������� �l�u�k�y�q�� �_�^�b�g�b�p����
�b �\�h�a�j�Z�k�l�h�f�� �^�h ���� �e�_�l �²  �g�Z �������������� �^�h 520,9 
�l�u�k�y�q�b�� �_�^�b�g�b�p���� �A�Z�f�_�l�g�h�� �m�\�_�e�b�q�b�e�h�k�v��
�d�h�e�b�q�_�k�l�\�h�� �e�_�]�d�h�\�u�o�� �Z�\�l�h�f�h�[�b�e�_�c��
�\�h�a�j�Z�k�l�h�f�� �h�l ���� �^�h ���� �e�_�l �²  �g�Z 12,2%, 
�^�h ������������ �l�u�k�y�q�b�� �_�^�b�g�b�p���� �L�Z�d�`�_�� �\�u�j�h�k�e�h��
�d�h�e�b�q�_�k�l�\�h�� �Z�\�l�h�f�h�[�b�e�_�c�� �k�l�Z�j�r�_�� ������ �e�_�l �²  
�g�Z ������������ �^�h 2,4 �f�e�g�� �_�^�b�g�b�p���� �W�l�h�� ��������
�h�l �h�[�s�_�]�h���q�b�k�e�Z���Z�\�l�h�f�h�[�b�e�_�c���\ �D�Z�a�Z�o�k�l�Z�g�_ 
���\ �f�Z�_�������������]�h�^�Z �²  60%). 

�K�� �^�j�m�]�h�c�� �k�l�h�j�h�g�u, �i�j�h�[�e�_�f�Z��
�h�k�e�h�`�g�y�_�l�k�y�� �l�_�f���� �q�l�h�� �\�� �D�Z�a�Z�o�k�l�Z�g�_��
�Z�\�l�h�f�h�[�b�e�v�g�u�f�� �l�j�Z�g�k�i�h�j�l�h�f�� �i�h�l�j�_�[�e�y�_�l�k�y��
�\�� �h�k�g�h�\�g�h�f�� �^�_�r�_�\�u�c���� �g�h�� �w�d�h�e�h�]�b�q�_�k�d�b��
�]�j�y�a�g�u�c�� �w�l�b�e�b�j�h�\�Z�g�g�u�c�� �[�_�g�a�b�g����
�K�h�^�_�j�`�Z�g�b�_�� �k�\�b�g�p�Z�� �\�� �[�_�g�a�b�g�_�� �:-80 
�k�h�k�l�Z�\�e�y�_�l�� ���������� �]���e���� �\�� �:�B-92 �± ���������� �]���e����
�J�Z�a�\�b�l�u�_�� �k�l�j�Z�g�u�� �[�h�e�v�r�_�� �i�j�h�b�a�\�h�^�y�l��
�\�u�k�h�d�h�h�d�l�Z�g�h�\�u�c�� �g�_�w�l�b�e�b�j�h�\�Z�g�g�u�c��
�[�_�g�a�b�g�� ���\�� �Y�i�h�g�b�b�� �± ���������� �\�� �K�R�:�� �± ���������� �\��
�D�Z�g�Z�^�_�� �± ���������� �\ �J�h�k�k�b�b�� �b�� �^�j�m�]�b�o�� �k�l�j�Z�g�Z�o��
�K�G�=���± �h�d�h�e�h������������ 

 

 
 

�J�b�k������- �B�k�i�h�e�v�a�h�\�Z�g�b�_���l�h�i�e�b�\�Z���i�h���\�b�^�Z�f�����l�u�k���l�h�g�����\���]���:�e�f�Z�l�u 
Fig. 1- Fuel usage by type (thousand tons) in Almaty 
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