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PIV investigation of flow around the Ahmed body with different 
slant angle 

Ivan Dobrev1,*, Fawaz Massouh1, Amélie Danlos1, and Michael Todorov2  

1ENSAM Dynfluid, 151 bd de L’Hôpital, 75013 Paris, France 
2Technical University of Sofia, dept. of Air Transport, 8 blvd Kliment Ohridski, Sofia 1000, Bulgaria 

Abstract. The experimental study is carried out in wind tunnel by means of particles image velocimetry 
(PIV). The experimental model is equipped with slant angles of 10°, 20°, 25°, 27°, 29°,30°, 45° and 90°. 
For each angle, the velocity fields are obtained along the slant surface and perpendicularly to the flow 
immediately behind the model. The obtained results show that the increasing slant angle from 10° to 29° 
accelerates the flow on the slant surface. This acceleration decreases the pressure on this surface and thus 
increases the aerodynamic lift. As consequence, the intensity of the C-pillar vortices increases 
simultaneously with the drag. However, for slant angles greater than 29°, the flow separation appears, the 
pressure on the slant surface rises and thus the aerodynamic lift becomes much smaller. The results of this 
investigation permit to study the intensity of C-pillar vortices for different slant angles and to highlight the 
direct relation between the lift and the drag in the case of Ahmed body. 

1 �<�t�\�_�^�_�g�b�_ 

�?�^�b�g �h�l �\�Z�`�g�b�l�_ �i�Z�j�Z�f�_�l�j�b �a�Z �i�h�\�b�r�Z�\�Z�g�_ �g�Z �_�n�_�d-
�l�b�\�g�h�k�l�l�Z �g�Z �l�j�Z�g�k�i�h�j�l�g�b�l�_ �k�j�_�^�k�l�\�Z �_ �g�Z�f�Z�e�y�\�Z�g�_�l�h 
�g�Z �l�y�o�g�h�l�h �Z�_�j�h�^�b�g�Z�f�b�q�g�h �k�t�i�j�h�l�b�\�e�_�g�b�_. �K �i�h�\�b-
�r�Z�\�Z�g�_ �g�Z �k�d�h�j�h�k�l�l�Z �\�t�a�^�m�r�g�h�l�h �k�t�i�j�h�l�b�\�e�_�g�b�_ 
�k�l�Z�\�Z �\�k�_ �i�h-�]�h�e�y�f�h, �l�Z�d�Z �k �m�\�_�e�b�q�Z�\�Z�g�_ �g�Z �k�d�h�j�h�k�l�l�Z 
�h�l 40 km/h �g�Z 120 km/h �g�_�]�h�\�b�y�l �^�y�e �h�l �h�[�s�h�l�h 
�k�t�i�j�h�l�b�\�e�_�g�b�_ �g�Z�j�Z�k�l�\�Z �h�l 35% �g�Z 65%. �H�k�\�_�g �l�h�\�Z, 
�i�j�b �m�\�_�e�b�q�Z�\�Z�g�_ �g�Z �k�d�h�j�h�k�l�l�Z, �a�Z �m�i�j�Z�\�e�y�_�f�h�k�l�l�Z �g�Z 
�Z�\�l�h�f�h�[�b�e�Z �k�l�Z�\�Z�l �\�k�_ �i�h-�\�Z�`�g�b �b �^�j�m�]�b�l�_ �Z�_�j�h�^�b�g�Z-
�f�b�q�g�b �i�Z�j�Z�f�_�l�j�b �g�Z �Z�\�l�h�f�h�[�b�e�Z, �d�Z�l�h �i�h�^�_�f�g�Z �k�b�e�Z, 
�k�l�j�Z�g�b�q�g�b �b �g�Z�^�e�t�`�g�b �f�h�f�_�g�l�b [1]. 

�B�a�k�e�_�^�\�Z�g�b�y�l�Z �\ �h�[�e�Z�k�l�l�Z �g�Z �Z�_�j�h�^�b�g�Z�f�b�d�Z�l�Z �g�Z 
�Z�\�l�h�f�h�[�b�e�Z �k�_ �i�j�Z�\�y�l, �d�Z�d�l�h �k �d�h�f�i�x�l�t�j�g�b �k�b�f�m�e�Z-
�p�b�b, �l�Z�d�Z �b �k �_�d�k�i�_�j�b�f�_�g�l�Z�e�g�b �k�j�_�^�k�l�\�Z. �B�a�k�e�_�^�h�\�Z-
�l�_�e�b�l�_ �q�_�k�l�h �b�a�i�h�e�a�\�Z�l �Z�\�l�h�f�h�[�b�e�b �k �]�_�g�_�j�b�q�g�Z 
�n�h�j�f�Z �o�Z�j�Z�d�l�_�j�g�Z �a�Z �^�Z�^�_�g �d�e�Z�k �Z�\�l�h�f�h�[�b�e�b, �k �p�_�e �^�Z 
�[�t�^�Z�l �b�a�m�q�Z�\�Z�g�b �l�_�o�g�b�l�_ �n�m�g�^�Z�f�_�g�l�Z�e�g�b �Z�_�j�h�^�b�g�Z-
�f�b�q�g�b �d�Z�q�_�k�l�\�Z, �Z �k�t�s�h �b �^�Z �[�t�^�Z�l �k�j�Z�\�g�y�\�Z�g�b �j�_�a�m�e-
�l�Z�l�b�l�_ �h�l �q�b�k�e�_�g�b �i�j�_�k�f�y�l�Z�g�b�y �k �l�_�a�b, �i�h�e�m�q�_�g�b �i�h 
�_�d�k�i�_�j�b�f�_�g�l�Z�e�_�g �i�t�l. �I�j�_�^�b�f�k�l�\�Z�l�Z �g�Z �l�_�a�b 
�]�_�g�_�j�b�q�g�b �n�h�j�f�b �_, �q�_ �l�_ �e�_�k�g�h �f�h�]�Z�l �^�Z �[�t�^�Z�l 
�\�t�a�i�j�h�b�a�\�_�^�_�g�b �b �b�a�k�e�_�^�\�Z�g�b �h�l �j�Z�a�e�b�q�g�b �b�a�k�e�_�^�h�\�Z-
�l�_�e�k�d�b �p�_�g�l�j�h�\�_. �?�^�g�Z �h�l �g�Z�c-�b�a�\�_�k�l�g�b�l�_ �]�_�g�_�j�b�q�g�b 
�n�h�j�f�b �g�Z �Z�\�l�h�f�h�[�b�e �l�b�i �n�Z�k�l�[�_�d �_ �l�Z�a�b �i�j�_�^�e�h�`�_�g�Z �\ 
[2], �b�a�\�_�k�l�g�Z �d�Z�l�h �l�y�e�h�l�h �g�Z �:�o�f�_�.̂ �L�y�e�h�l�h �_ 
�k�t�k�l�Z�\�_�g�h �h�l �l�j�b �q�Z�k�l�b, �a�Z�h�[�e�_�g�Z �i�j�_�^�g�Z �q�Z�k�l, �k�j�_�^�g�Z 
�k �n�h�j�f�Z �g�Z �i�Z�j�Z�e�_�e�_�i�b�i�_�^ �b �k�d�h�k�_�g�Z �a�Z�^�g�Z �q�Z�k�l. �A�Z �^�Z 
�h�i�j�_�^�_�e�b �i�j�b�g�h�k�t�l �g�Z �h�l�^�_�e�g�b�l�_ �_�e�_�f�_�g�l�b �\ �h�[�s�h�l�h 
�k�t�i�j�h�l�b�\�e�_�g�b�_, �Z�\�l�h�j�b�l�_ �k�Z �i�h�k�l�Z�\�b�e�b �^�Z�l�q�b�p�b 
�b�a�f�_�j�\�Z�s�b �Z�_�j�h�^�b�g�Z�f�b�q�g�b�l�_ �k�b�e�b �g�Z �^�_�c�k�l�\�Z�s�b 
�\�t�j�o�m �i�j�_�^�g�Z�l�Z �q�Z�k�l, �a�Z�^�g�Z�l�Z �g�Z�d�e�h�g�_�g�Z �i�h�\�t�j�o�g�h�k�l, 

�a�Z�^�g�Z�l�Z �\�_�j�l�b�d�Z�e�g�Z �i�h�\�t�j�o�g�h�k�l, �d�Z�d�l�h �b �g�Z �h�[�s�h�l�h 
�k�t�i�j�h�l�b�\�e�_�g�b�_. 

 

�N�b�]. 1. �B�a�f�_�g�_�g�b�_ �g�Z �d�h�_�n�b�p�b�_�g�l�Z �g�Z �i�h�^�_�f�g�Z�l�Z �k�b�e�Z CL �b 
�d�h�_�n�b�p�b�_�g�l�Z �k�t�i�j�h�l�b�\�e�_�g�b�_�l�h CD  �\ �a�Z�\�b�k�b�f�h�k�l �h�l �t�]�t�e�Z 
�g�Z �a�Z�^�g�b�y �i�j�h�a�h�j�_�p [3]. 

�G�Z�i�j�Z�\�_�g�b�l�_ �\ [2] �b�a�k�e�_�^�\�Z�g�b�y �i�h�d�Z�a�\�Z�l �i�j�_�h�[�e�Z-
�^�Z�\�Z�s�h�l�h �\�e�b�y�g�b�_ �g�Z �g�Z�d�e�h�g�Z �g�Z �a�Z�^�g�Z�l�Z �q�Z�k�l �\�t�j�o�m 
�h�[�s�h�l�h �k�t�i�j�h�l�b�\�e�_�g�b�_. �K �m�\�_�e�b�q�Z�\�Z�g�_ �g�Z �g�Z�d�e�h�g�Z �^�h 
12,5° �k�_ �^�h�k�l�b�]�Z �^�h �f�b�g�b�f�m�f�Z �g�Z �Z�_�j�h�^�b�g�Z�f�b�q�g�h�l�h 
�k�t�i�j�h�l�b�\�e�_�g�b�_. �I�h-�g�Z�l�Z�l�t�r�g�h�l�h �m�\�_�e�b�q�Z�\�Z�g�_ �g�Z 
�a�Z�^�g�b�y �t�]�t�e �\�h�^�b �^�h �\�k�_ �i�h-�]�h�e�y�f�h �b �i�h-�]�h�e�y�f�h 
�k�t�i�j�h�l�b�\�e�_�g�b�_, �d�Z�l�h �i�j�b �t�]�t�e �f�Z�e�d�h �i�h-�f�Z�e�t�d �h�l 30° 
�l�h �g�Z�j�Z�k�l�\�Z �k �h�d�h�e�h 60% �b �^�h�k�l�b�]�Z �k�\�h�y �f�Z�d�k�b�f�m�f. 
�I�j�b �i�h-�g�Z�l�Z�l�t�r�g�h�l�h �m�\�_�e�b�q�Z�\�Z�g�_ �g�Z �g�Z�d�e�h�g�Z �g�Z 
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�a�Z�^�g�b�y �i�j�h�a�h�j�_�p, �l�_�q�_�g�b�_�l�h �k�_ �h�l�d�t�k�\�Z �h�l �a�Z�^�g�Z�l�Z �q�Z�k�l 
�b �k�t�i�j�h�l�b�\�e�_�g�b�_�l�h �j�y�a�d�h �g�Z�f�Z�e�y�\�Z. �T�]�t�e�Z �i�j�b �d�h�c�l�h 
�k�l�Z�\�Z �l�Z�a�b �j�y�a�d�Z �i�j�h�f�y�g�Z �g�Z �Z�_�j�h�^�b�g�Z�f�b�q�g�b �k�b�e�b �k�_ 
�g�Z�j�b�q�Z �d�j�b�l�b�q�_�g �b �_ �f�g�h�]�h �[�e�b�a�t�d �^�h 30°. 
�I�h�k�e�_�^�\�Z�s�Z�l�Z �i�j�h�f�y�g�Z �g�Z �t�]�t�e�Z �g�Z �a�Z�^�g�b�y�l �i�j�h�a�h�j�_�p 
�^�h 90°, �\�e�b�y�_ �k�t�\�k�_�f �k�e�Z�[�h �\�t�j�o�m �Z�_�j�h�^�b�g�Z�f�b�q�g�h�l�h 
�k�t�i�j�h�l�b�\�e�_�g�b�_ �b �l�h �h�k�l�Z�\�Z �i�h�k�l�h�y�g�g�h. �I�j�_�^�b�r�g�h 
�b�a�k�e�_�^�\�Z�g�_�l�h �g�Z �Z�\�l�h�j�b�l�_ [3] �i�h�d�Z�a�\�Z, �q�_ �i�j�h�f�y�g�Z�l�Z �g�Z 
�d�h�_�n�b�p�b�_�g�l�Z �k�t�i�j�h�l�b�\�e�_�g�b�_�l�h CL �\ �k�\�t�j�a�Z�g�h �k 
�g�_�i�h�k�j�_�^�k�l�\�_�g�Z �i�j�h�f�y�g�Z �g�Z �d�h�_�n�b�p�b�_�g�l�Z  �i�h�^�_�f�g�Z�l�Z 
�k�b�e�Z CD, �N�b�]. 1. 

�B�a�f�_�j�\�Z�g�_�l�h �g�Z �i�h�e�_�l�h �g�Z �k�d�h�j�h�k�l�l�Z �\ �k�e�_�^�Z�l�Z �g�Z 
�l�y�e�h�l�h �i�h�a�\�h�e�y�\�Z �^�Z �k�_ �h�i�j�_�^�_�e�y�l �q�_�l�b�j�b �\�b�o�t�j�Z [1, 2], 
�N�b�]. 2. �<�b�o�t�j C �_ �k�\�t�j�a�Z�g �k �g�b�k�d�h�l�h �g�Z�e�y�]�Z�g�_ �i�h 
�i�h�\�t�j�o�g�h�k�l�l�Z �g�Z �a�Z�^�g�b�y �i�j�h�a�h�j�_�p, �i�j�b�e�b�q�Z �g�Z �d�j�Z�b�s-
�g�b�l�_ �\�b�o�j�b �g�Z �d�j�b�e�h �k �f�Z�e�d�h �m�^�t�e�`�_�g�b�_ �b �b�g�l�_�g�a�b�l�_-
�l�t�l �f�m �k�_ �m�\�_�e�b�q�Z�\�Z �k �g�Z�j�Z�k�l�\�Z�g�_ �g�Z �t�]�t�e�Z �a�Z�^�g�b�y 
�i�j�h�a�h�j�_�p. �<�b�o�j�b�l�_ �: �b B �k�Z �g�_�k�l�Z�p�b�h�g�Z�j�g�b �b �f�h�]�Z�l �^�Z 
�[�t�^�Z�l �h�l�d�j�b�l�b �k�Z�f�h �g�Z �d�Z�j�l�b�g�Z�l�Z �g�Z �h�k�j�_�^�g�_�g�h�l�h 
�l�_�q�_�g�b�_. �J�_�p�b�j�d�m�e�Z�p�b�h�g�b�y�l �\�b�o�t�j �? �k�_ �i�h�y�\�y�\�Z �i�h 
�i�h�\�t�j�o�g�h�k�l�l�Z �g�Z �a�Z�^�g�b�y �i�j�h�a�h�j�_�p�Z �i�j�b �t�]�e�b �g�Z �[�e�b�a�d�b 
�^�h 30°. �L�Z�a�b �d�Z�j�l�b�g�Z �g�Z �l�_�q�_�g�b�_�l�h �b �l�Z�d�Z �h�i�b�k�Z�g�Z�l�Z 
�\�b�o�j�h�\�Z �k�b�k�l�_�f�Z, �k �f�Z�e�d�b �m�l�h�q�g�_�g�b�y �k�_ �i�h�l�\�t�j�`�^�Z�\�Z�l 
�h�l �i�h�k�e�_�^�\�Z�s�b�l�_ �b�a�k�e�_�^�\�Z�g�b�y, �i�j�h�\�_�`�^�Z�g�b �k LDA �b 
PIV, �g�Z�i�j�b�f�_�j [4]. 

�A�g�Z�q�b�l�_�e�g�Z �q�Z�k�l �h�l �b�a�k�e�_�^�\�Z�g�b�y�l�Z �g�Z �l�y�e�h�l�h �g�Z 
�:�o�f�_� ̂�k�Z �k�\�t�j�a�Z�g�b �k �Z�d�l�b�\�g�b�y �b�e�b �i�Z�k�b�\�g�b�y �d�h�g�l�j�h�e 
�g�Z �l�_�q�_�g�b�_�l�h �k �p�_�e �g�Z�f�Z�e�y�\�Z�g�_ �g�Z �Z�_�j�h�^�b�g�Z�f�b�q�g�h�l�h 
�k�t�i�j�h�l�b�\�e�_�g�b�_. �A�Z �^�Z �[�t�^�Z�l �g�Z�b�k�l�b�g�Z �_�n�_�d�l�b�\�g�b �l�_�a�b 
�f�_�j�d�b �g�Z �d�h�g�l�j�h�e, �h�l �k�t�s�_�k�l�\�_�g�h �a�g�Z�q�_�g�b�_ �_ �^�Z �k�_ 
�b�a�k�e�_�^�\�Z �f�_�o�Z�g�b�a�f�Z �g�Z �m�\�_�e�b�q�Z�\�Z�g�_ �g�Z �k�t�i�j�h�l�b�\�e�_-
�g�b�_�l�h �b �i�j�_�^�b �\�k�b�q�d�h �\�b�o�j�h�\�Z�l�Z �k�b�k�l�_�f�Z�l�Z �i�j�b �t�]�e�b 
�g�Z �a�Z�^�g�b�y �i�j�h�a�h�j�_�p �[�e�b�a�d�b �^�h �d�j�b�l�b�q�g�b�y.  

 

�N�b�]. 2. �<�b�o�j�h�\�Z �k�b�k�l�_�f�Z �\ �k�e�_�^�Z�l�Z �g�Z �l�y�e�h�l�h. 

�I�j�_�^�k�l�Z�\�_�g�h�l�h �\ �l�Z�a�b �j�Z�[�h�l�Z �b�a�k�e�_�^�\�Z�g�_ �_ 
�i�j�h�^�t�e�`�_�g�b�_ �g�Z �i�j�_�^�b�r�g�Z �j�Z�[�h�l�Z �g�Z �Z�\�l�h�j�b�l�_ [3] 
�k�\�t�j�a�Z�g�Z �k �h�i�j�_�^�_�e�y�g�_ �g�Z �\�j�t�a�d�Z�l�Z �f�_�`�^�m �i�h�^�_�f�g�Z�l�Z 
�k�b�e�Z �b �k�t�i�j�h�l�b�\�e�_�g�b�_�l�h �g�Z �l�y�e�h�l�h. �D�Z�d�l�h �b �\ �j�Z�[�h�l�b�l�_ 
�g�Z �^�j�m�]�b �Z�\�l�h�j�b [5] �b �l�m�d �_ �m�k�l�Z�g�h�\�_�g�Z �i�j�y�d�Z �\�j�t�a�d�Z 
�f�_�`�^�m �j�y�a�d�h�l�h �m�\�_�e�b�q�Z�\�Z�g�_ �g�Z �Z�_�j�h�^�b�g�Z�f�b�q�g�h�l�h 
�k�t�i�j�h�l�b�\�e�_�g�b�_ �b �g�Z�j�Z�k�l�\�Z�g�_�l�h �g�Z �i�h�^�_�f�g�Z�l�Z �k�b�e�Z, 
�d�Z�d�l�h �b �j�y�a�d�h�l�h �f�m �g�Z�f�Z�e�y�\�Z�g�_�l�h, �k�\�t�j�a�Z�g�h �k 
�h�l�d�t�k�\�Z�g�_�l�h �g�Z �l�_�q�_�g�b�_�l�h �h�l �a�Z�^�g�b�y �i�j�h�a�h�j�_�p. �A�Z �^�Z �k�_ 
�h�i�j�_�^�_�e�b �\ �^�_�l�Z�c�e�b �i�h�e�_�l�h �g�Z �l�_�q�_�g�b�_�l�h �h�d�h�e�h �l�y�e�h�l�h 
�g�Z �:�o�f�_�,̂ �\ �l�Z�a�b �j�Z�[�h�l�Z �k�_ �i�j�_�^�k�l�Z�\�y�l PIV ( particles 
image velocimetry ) �b�a�f�_�j�\�Z�g�b�y �\ �j�Z�\�g�b�g�Z�l�Z �g�Z 
�p�_�g�l�j�Z�e�g�Z�l�Z �k�b�f�_�l�j�b�y �g�Z �l�y�e�h�l�h �b �\ �j�Z�\�g�b�g�Z 
�i�_�j�i�_�g�^�b�d�m�e�y�j�g�Z �g�Z �l�_�q�_�g�b�_�l�h �\ �k�e�_�^�Z�l�Z �g�Z �l�y�e�h�l�h. 
�P�_�e�l�Z �_ �^�Z �k�_ �h�i�j�_�^�_�e�b �p�b�j�d�m�e�Z�p�b�y�l�Z �g�Z �\�_�d�l�h�j�Z �g�Z 

�k�d�h�j�h�k�l�l�Z �b �^�Z �k�_ �k�\�t�j�`�_ �b�g�l�_�g�a�b�l�_�l�Z �g�Z �K-�\�b�o�j�b�l�_ �k 
�i�h�^�_�f�g�Z�l�Z �k�b�e�Z. �I�h�e�m�q�_�g�b�l�_ �h�l �b�a�f�_�j�\�Z�g�_�l�h 
�j�_�a�m�e�l�Z�l�b �i�h�d�Z�a�\�Z�l, �q�_ �i�j�b �t�]�e�b �f�Z�e�d�h �i�h-�f�Z�e�d�b �h�l 
�d�j�b�l�b�q�g�b�y, C-�\�b�o�j�b�l�_ �b�g�^�m�p�b�j�Z�l �k�d�h�j�h�k�l�b, �d�h�b�l�h 
�i�h�^�h�[�g�h �g�Z �\�b�o�j�b�l�_ �i�j�b �^�_�e�l�Z �d�j�b�e�h �k �f�Z�e�d�h 
�m�^�t�e�`�_�g�b�_ �h�]�j�Z�g�b�q�Z�\�Z�l �h�l�d�t�k�\�Z�g�_�l�h �g�Z �l�_�q�_�g�b�_�l�h �h�l 
�a�Z�^�g�b�y �i�j�h�a�h�j�_�p. �K�e�_�^�h�\�Z�l�_�e�g�h, �d�Z�d�\�b�l�h �b �^�Z �k�_ 
�Z�d�l�b�\�g�b �b�e�b �i�Z�k�b�\�g�b �f�_�j�d�b, �d�h�b�l�h �\�h�^�y�l �^�h �i�h-�[�t�j�a�h 
�j�Z�a�i�Z�^�Z�g�_ �g�Z C-�\�b�o�j�b�l�_ �[�b�o�Z �i�h�a�\�h�e�b�e�b �^�_ �k�_ �g�Z�f�Z�e�b 
�Z�_�j�h�^�b�g�Z�f�b�q�g�h�l�h �k�t�i�j�h�l�b�\�e�_�g�b�_ �g�Z �l�y�e�h�l�h �g�Z �:�o�f�_�.̂ 

2 �?�d�k�i�_�j�b�f�_�g�l�Z�e�g�h �b�a�k�e�_�^�\�Z�g�_ 

2.1. �H�i�b�l�g�Z �m�j�_�^�[�Z 

�?�d�k�i�_�j�b�f�_�g�l�Z�e�g�h�l�h �b�a�k�e�_�^�\�Z�g�_ �g�Z �l�_�q�_�g�b�_�l�h �h�d�h�e�h 
�l�y�e�h�l�h �g�Z �:�o�f�_� ̂�_ �i�j�h�\�_�^�_�g�h �\ �Z�_�j�h�^�b�g�Z�f�b�q�g�b�y �l�m�g�_�e 
�g�Z ENSAM, �I�Z�j�b�.̀ �:�_�j�h�^�b�g�Z�f�b�q�g�b�y�l �l�m�g�_�e e �h�l �l�b�i 
�I�j�Z�g�^�l�e �k �i�h�e�m�h�]�j�Z�g�b�q�_�g�Z �j�Z�[�h�l�g�Z �q�Z�k�l �k�t�k �k�_�q�_�g�b�_ 
1,65×1,34 m �b �^�t�e�`�b�g�Z�l�Z �h�l 2 m. �J�Z�[�h�l�g�Z �q�Z�k�l �_ 
�h�l�\�h�j�_�g�Z �h�l �^�\�_�l�_ �k�b �k�l�j�Z�g�b �b �_ �k�\�t�j�a�Z�g�Z �k 
�Z�l�f�h�k�n�_�j�Z�l�Z, �d�h�_�l�h �i�h�a�\�h�e�y�\�Z �b�a�f�_�j�\�Z�s�Z�l�Z �Z�i�Z�j�Z�l�m�j�Z 
�^�Z �[�t�^�_ �b�a�g�_�k�_�g�Z �b�a�\�t�g �j�Z�[�h�l�g�Z�l�Z �a�h�g�Z �a�Z �^�Z �g�_ 
�k�f�m�s�Z�\�Z �l�_�q�_�g�b�_�l�h. �A�Z �b�a�f�_�j�\�Z�g�_ �g�Z �Z�_�j�h�^�b�g�Z�f�b�q�g�b 
�k�b�e�b �k�_ �b�a�i�h�e�a�\�Z�l �^�\�_ �\�_�a�g�b, 4-�d�h�f�i�h�g�_�g�l�Z �a�Z �f�Z�e�d�b�l�_ 
�k�b�e�b �b 6-�d�h�f�i�h�g�_�g�l�Z �a�Z �]�h�e�_�f�b�l�_ �k�b�e�b. �Q�_�k�l�h�l�g�h 
�m�i�j�Z�\�e�y�\�Z�g�b�y �_�e�_�d�l�j�h�^�\�b�]�Z�l�_�e �k �f�h�s�g�h�k�l �h�l 120 kW 
�i�h�a�\�h�e�y�\�Z �b�a�f�_�g�_�g�b�_ �g�Z �k�d�h�j�h�k�l�l�Z �h�l 1,5 m/s �^�h 40 
m/s. �;�e�Z�]�h�^�Z�j�_�g�b�_ �g�Z �m�k�i�h�d�h�b�l�_�e�g�Z�l�Z �d�Z�f�_�j�Z, �d�h�y�l�h �_ 
�k�t�k �k�_�q�_�g�b�_�l�h 12,5 �i�t�l�b �i�h-�]�h�e�y�f�h �h�l �l�h�\�Z �g�Z 
�j�Z�[�h�l�g�Z�l�Z �q�Z�k�l, �l�m�j�[�m�e�_�g�l�g�h�k�l�l�Z �_ �i�h-�g�b�k�d�Z �h�l 0,5%. 
�< �g�Z�k�l�h�y�s�_�l�h �b�a�k�e�_�^�\�Z�g�_ �k�_ �b�a�i�h�e�a�\�Z �f�h�^�_�e �g�Z �l�y�e�h�l�h 
�g�Z �:�o�f�_� ̂ �\ �f�Z�s�Z�[ 0,75 �h�l �l�h�\�Z �g�Z �h�j�b�]�b�g�Z�ea. �L�Z�d�Z 
�^�t�e�`�b�g�Z�l�Z �g�Z �l�y�e�h�l�h �_ Lb=783 mm, �\�b�k�h�q�b�g�Z 
H=216 mm, a �r�b�j�b�g�Z�l�Z W=296 mm. �K �p�_�e �^�Z �k�_ 
�b�a�[�_�]�g�_ �\�e�b�y�g�b�_�l�h �g�Z �]�j�Z�g�b�q�g�b�y �k�e�h�c �i�h �k�l�_�g�b�l�_ �g�Z 
�l�j�t�[�Z�l�Z, �f�h�^�_�e�t�l �_ �i�h�k�l�Z�\�_�g �\ �k�j�_�^�Z �g�Z �j�Z�[�h�l�g�Z�l�Z �q�Z�k�l 
�g�Z �l�j�t�[�Z�l�Z �\�t�j�o�m �l�t�g�t�d �^�b�k�d �k �^�_�[�_�e�b�g�Z 4 mm �b 
�^�b�Z�f�_�l�t�j �h�l 1,5  m.  

 

�N�b�]. 3. �J�Z�\�g�b�g�b �g�Z �b�a�f�_�j�\�Z�g�_ �g�Z �i�h�e�_�l�h �g�Z �k�d�h�j�h�k�l�l�Z. 

�B�a�k�e�_�^�\�Z�g�b �k�Z �h�[�s�h 9 �j�Z�a�e�b�q�g�b �g�Z�d�e�h�g�Z �g�Z �a�Z�^�g�Z�l�Z 
�q�Z�k�l 10°, 15°, 20°, 25°, 27°, 29°, 30°, 45° �b 90°. �A�Z 
�b�a�f�_�j�\�Z�g�_�l�h �g�Z �k�d�h�j�h�k�l�b�l�_ �h�d�h�e�h �l�y�e�h�l�h �_ �b�a�i�h�e�a�\�Z�g�Z 
PIV �k�b�k�l�_�f�Z �g�Z Dantec Dynamics. �B�a�i�h�e�a�\�Z�g�b�l�_ 
�d�Z�f�_�j�b FlowSense 4M II �k�Z �k �j�Z�a�j�_�r�Z�\�Z�s�Z �k�i�h�k�h�[�g�h�k�l 
�h�l 2048×2048 px �b �k�Z �k�g�Z�[�^�_�g�b �k �h�[�_�d�l�b�\�b Nikon AF 
60mm f/2.8D, �Z �b�a�i�h�e�a�\�Z�g�b�y Nd-Yag �e�Z�a�_�j Litron Nano 
�_ �k �f�h�s�g�h�k�l �h�l 2×200 mJ. �B�a�f�_�j�\�Z�g�b�y�l�Z �\ �j�Z�\�g�b�g�Z�l�Z 
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�g�Z �g�Z�^�e�t�`�g�Z�l�Z �k�b�f�_�l�j�b�y �g�Z �l�y�e�h�l�h, �k�Z �h�l �l�b�i 2D2C 
(�i�e�h�k�d�Z �i�h�\�t�j�o�g�h�k�l �g�Z �b�a�f�_�j�\�Z�g�_�l�h, �^�\�_ �d�h�f�i�h�g�_�g�l�b 
�g�Z �k�d�h�j�h�k�l�l�Z) �k�Z �g�Z�i�j�Z�\�_�g�Z �k �i�h�f�h�s�l�Z �g�Z �^�\�_ �d�Z�f�_�j�b, 
�N�b�]. 3. �I�h�j�Z�^�b �i�j�_�h�[�e�Z�^�Z�\�Z�s�Z �]�h�e�_�f�b�g�Z �g�Z �g�Z�^�e�t�`-
�g�Z�l�Z �k�d�h�j�h�k�l, �b�a�f�_�j�\�Z�g�_�l�h �\ �i�e�h�k�d�Z�l�Z �i�h�\�t�j�o�g�h�k�l, 
�i�_�j�i�_�g�^�b�d�m�e�y�j�g�Z �g�Z �l�_�q�_�g�b�_�l�h, �_ �g�Z�i�j�Z�\�_�g�h �k �^�\�_ 
�d�Z�f�_�j�b �\ �j�_�`�b�f �k�l�_�j�_�h (2D3C). �K�d�h�j�h�k�l�l�Z �i�j�b �d�h�y�l�h 
�k�Z �g�Z�i�j�Z�\�_�g�b �\�k�b�q�d�b �b�a�f�_�j�\�Z�g�b�y�l�Z �_ U�’ = 14 m/s, �d�h�_�l�h 
�h�l�]�h�\�Z�j�y �g�Z �q�b�k�e�h �g�Z �J�_�c�g�h�e�^�k �j�Z�\�g�h �g�Z 0,75×106. 

2.2 �H�[�j�Z�[�h�l�d�Z �g�Z �j�_�a�m�e�l�Z�l�b�l�_ 

�H�[�j�Z�[�h�l�d�Z�l�Z �g�Z �i�h�e�m�q�_�g�b�l�_ �j�_�a�m�e�l�Z�l�b �_ �g�Z�i�j�Z�\�_�g�h �k 
�i�h�f�h�s�l�Z �g�Z Dynamic Studio 2015. �K �p�_�e �^�Z �k�_ �i�h�^�h�[�j�b 
�k�o�h�^�b�f�h�k�l�l�Z �g�Z �j�_�a�m�e�l�Z�l�b�l�_ �i�j�b �h�i�j�_�^�_�e�y�g�_ �g�Z 
�k�j�_�^�g�Z�l�Z �k�d�h�j�h�k�l, �a�Z �\�k�y�d�Z �k�_�j�b�y �h�l �b�a�f�_�j�\�Z�g�_ �k�Z 
�g�Z�i�j�Z�\�_�g�b 500 �^�\�h�c�g�b �k�g�b�f�d�b. �A�Z �^�Z �k�_ �i�h�^�h�[�j�b 
�i�j�_�p�b�a�g�h�k�l�l�Z �i�j�b �h�[�j�Z�[�h�l�d�Z �g�Z �j�_�a�m�e�l�Z�l�b�l�_ �_ �b�a-
�i�h�e�a�\�Z�g �f�_�l�h�^�t�l Adaptive PIV [6], �d�Z�l�h �g�Z�q�Z�e�g�b�y�l 
�j�Z�a�f�_�j �g�Z �i�j�h�a�h�j�_�p�Z �g�Z �d�h�j�_�e�Z�p�b�y �_ 24 px �b �i�j�b�i�h-
�d�j�b�\�Z�g�_�l�h �_ 50%. �B�a�i�h�e�a�\�Z�g�b�y�l �f�_�l�h�^ �i�h�f�Z�]�Z �^�Z �k�_ 
�i�h�^�h�[�j�b �j�Z�a�j�_�r�Z�\�Z�s�Z�l�Z �k�i�h�k�h�[�g�h�k�l �i�j�b �f�Z�e�d�b�l�_ 
�\�b�o�j�h�\�b �k�l�j�m�d�l�m�j�b, �[�_�a �^�Z �k�_ �a�Z�]�m�[�b �l�h�q�g�h�k�l �\ �k�e�m�q�Z�c 
�g�Z �g�_�^�h�l�Z�f �^�h�[�j�Z �d�h�j�_�e�Z�p�b�y. �B�a�f�_�j�\�Z�g�_�l�h �i�h�e�_ �i�h 
�^�t�e�`�b�g�Z�l�Z �g�Z �l�y�e�h�l�h, �\ �h�[�e�Z�k�l�l�Z �g�Z �k�e�_�^�Z�l�Z �_ �k 
�j�Z�a�f�_�j�b 290×570 mm �i�j�b �j�Z�a�j�_�r�Z�\�Z�s�Z �k�i�h�k�h�[�g�h�k�l �h�l 
1,77 mm/�\�_�d�l�h�j. �I�j�b �b�a�f�_�j�\�Z�g�_�l�h �\ �j�Z�\�g�b�g�Z�l�Z 
�i�_�j�i�_�g�^�b�d�m�e�y�j�g�Z �g�Z �l�_�q�_�g�b�_�l�h, �i�j�b �h�i�j�_�^�_�e�y�g�_ �g�Z 
�l�j�b�l�_ �d�h�f�i�h�g�_�g�l�b �g�Z �k�d�h�j�h�k�l�l�Z, �i�h�e�_�l�h �g�Z �b�a�f�_�j�\�Z�g�_ 
�_ �g�Z�f�Z�e�_�g�h �^�h 190×180 mm �b �j�Z�a�j�_�r�Z�\�Z�s�Z�l�Z �k�i�h�k�h�[-
�g�h�k�l �_ 1,1 mm/�\�_�d�l�h�j. �L�h�\�Z �g�Z�f�Z�e�_�g�b�_ �k�_ �g�Z�e�Z�]�Z �i�j�b 
�k�l�_�je�h-PIV �a�Z �^�Z �k�_ �b�a�[�_�]�g�_ �m�\�_�e�b�q�Z�\�Z�g�_ �g�Z 
�g�_�l�h�q�g�h�k�l�b�l�_ �i�j�b �d�h�f�[�b�g�b�j�Z�g�_�l�h �g�Z �k�g�b�f�d�b�l�_ �h�l 
�^�\�_�l�_ �d�Z�f�_�j�b. �A�Z �k�t�`�Z�e�_�g�b�_, �g�Z�f�Z�e�_�g�h�l�h �i�h�e�_ �g�_ 
�i�h�a�\�h�e�y�\�Z �^�Z �k�_ �b�a�k�e�_�^�\�Z �i�h-�i�t�e�g�h �l�_�q�_�g�b�_�l�h �b �^�Z �k�_ 
�h�[�o�\�Z�g�Z�l �_�^�g�h�\�j�_�f�_�g�g�h �^�\�Z�l�Z C-�\�b�o�t�j�Z. �H�k�\�_�g �l�h�\�Z 
�g�_ �f�h�`�_ �^�Z �[�t�^�_ �b�a�f�_�j�_�g�Z �k�d�h�j�h�k�l�l�Z �g�Z �l�_�q�_�g�b�_�l�h 
�[�e�b�a�h �^�h �i�h�\�t�j�o�g�b�g�Z�l�Z �f�h�^�_�e�b�j�Z�s�Z �i�t�l�y. 
�J�Z�a�k�l�h�y�g�b�_�l�h �g�Z �j�Z�\�g�b�g�Z�l�Z �g�Z �b�a�f�_�j�\�Z�g�_ �^�h �d�j�Z�y �g�Z 
�l�y�e�h�l�h �_ 60 mm �d�h�_�l�h �h�l�]�h�\�Z�j�y �g�Z 0,077 �h�l �^�t�e�`�b�g�Z�l�Z 
�g�Z �l�y�e�h�l�h. �Lo�\�Z �j�Z�a�k�l�h�y�g�b�_ �i�h�f�Z�]�Z �^�Z �[�t�^�Z�l �k�j�Z�\�g�_�g�b 
�j�_�a�m�e�l�Z�l�b�l�_ �h�l �l�h�\�Z �b�a�k�e�_�^�\�Z�g�_ �k �b�a�f�_�j�\�Z�g�b�y�l�Z 
�g�Z�i�j�Z�\�_�g�b �h�l �^�j�m�]�b �Z�\�l�h�j�b. �H�k�\�_�g �l�h�\�Z, �d�Z�d�l�h �i�h�d�Z�a�\�Z 
�b�a�k�e�_�^�\�Z�g�_�l�h �\ [4], �^�b�k�b�i�Z�p�b�y�l�Z �g�Z C-�\�b�o�j�b�l�_ �\ �l�Z�a�b 
�j�Z�\�g�b�g�Z �_ �\�k�_ �h�s�_ �g�_�a�g�Z�q�b�l�_�e�g�Z, �\�b�o�j�b�l�_ �a�Z�i�Z�a�\�Z�l 
�i�t�j�\�h�g�Z�q�Z�e�g�Z�l�Z �k�b �p�b�j�d�m�e�Z�p�b�y�l�Z, �Z �d�h�f�[�b�g�b�j�Z�g�_�l�h 
�b�f �k �^�j�m�]�b�l�_ �\�b�o�j�b �: �b B �h�s�_ �g�_ �_ �a�Z�i�h�q�g�Z�e�h. 

3 �:�g�Z�e�b�a �g�Z �i�h�e�m�q�_�g�b�l�_ �j�_�a�m�e�l�Z�l�b  

�I�h�e�_�l�h �g�Z �k�d�h�j�h�k�l�l�Z �[�_�a�j�Z�a�f�_�j�g�Z�l�Z �k�d�h�j�h�k�l � 7 � 7�¶�¤  �\ 
�g�Z�^�e�t�`�g�Z�l�Z �j�Z�\�g�b�g�Z �g�Z �k�b�f�_�l�j�b�y �_ �i�h�d�Z�a�Z�g�Z �g�Z �N�b�]. 4. 
�I�j�b �t�]�e�b �h�l 10° �^�h 29° �k�_ �g�Z�[�e�x�^�Z�\�Z �a�g�Z�q�b�l�_�e�g�h 
�m�\�_�e�b�q�Z�\�Z�g�_ �g�Z �k�d�h�j�h�k�l�l�Z �g�Z �l�_�q�_�g�b�_�l�h �k�i�j�y�f�h 
�g�_�k�f�m�l�_�g�h�l�h �l�_�q�_�g�b�_ �\ �h�[�e�Z�k�l�l�Z �g�Z �j�t�[�Z, �h�[�j�Z�a�m�\�Z�g �h�l 
�l�Z�\�Z�g�Z �g�Z �l�y�e�h�l�h �b �a�Z�^�g�b�y �i�j�h�a�h�j�_�p. �L�h�\�Z �m�\�_�e�b�q�_�g�b�_ 
�g�Z �k�d�h�j�h�k�l�l�Z �g�Z�f�Z�e�y�\�Z �b �k�_ �b�a�g�Z�k�y �g�Z�a�Z�^ �k�e�_�^ 
�h�l�d�t�k�\�Z�g�_�l�h �g�Z �l�_�q�_�g�b�_�l�h �i�j�b �t�]�e�b �i�h-�]�h�e�_�f�b �b �j�Z�\�g�b 
�g�Z �d�j�b�l�b�q�g�b�y. �L�j�y�[�\�Z �^�Z �k�_ �h�l�[�_�e�_�`�b, �q�_ �i�j�b �f�Z�e�d�b 
�t�]�e�b �h�l 10° �b 15°, �: -�\�b�o�t�j�t�l �_ �^�h�k�l�Z �i�e�h�k�t�d �b 
�p�_�g�l�t�j�t�l �f�m �_ �h�l�^�Z�e�_�q�_�g �h�l �a�Z�^�g�Z�l�Z �i�h�\�t�j�o�g�h�k�l �g�Z 

�l�y�e�h. �I�h�k�l�_�i�_�g�g�h, �k �m�\�_�e�b�q�Z�\�Z�g�_ �g�Z �t�]�t�e�Z �g�Z �a�Z�^�g�b�y 
�i�j�h�a�h�j�_�p �h�l 25° �d�t�f �d�j�b�l�b�q�g�b�y, �\�b�o�t�j�t�l �k�_ �^�h�[�e�b�`�Z�\�Z 
�b �i�j�b �t�]�t�e �h�l 29°, �j�Z�a�k�l�h�y�g�b�_�l�h �h�l �p�_�g�l�t�j�Z �^�h �a�Z�^�g�Z�l�Z 
�i�h�\�t�j�o�g�h�k�l �k�l�Z�\�Z �g�_�a�g�Z�q�b�l�_�e�g�h. �I�h�^�h�[�g�h �g�Z �: -
�\�b�o�t�j�Z, �k �m�\�_�e�b�q�Z�\�Z�g�_ �g�Z �t�]�t�e�Z �g�Z �a�Z�^�g�b�y �i�j�h�a�h�j�_�p, 
�p�_�g�l�t�j�t�l �g�Z B-�\�b�o�t�j�Z �k�t�s�h �k�_ �^�h�[�e�b�`�Z�\�Z �^�h �l�y�e�h�l�h, 
�d�Z�l�h �i�j�b �l�h�\�Z �j�Z�a�f�_�j�t�l �f�m �k�_ �g�Z�f�Z�e�y�\�Z �a�g�Z�q�b�l�_�e�g�h, 
�h�k�h�[�_�g�h �i�j�b �t�]�t�e 29°. �<�b�o�t�j �? �k�_ �a�Z�[�_�e�y�a�\�Z �a�Z �i�j�t�\ 
�i�t�l �i�j�b �t�]�t�e 25°, �Z �i�j�b �t�]�t�e �h�l 29° �l�h�c �b�f�Z �^�h�[�j�_ 
�b�a�j�Z�a�_�g�Z �h�[�j�Z�l�g�Z �k�d�h�j�h�k�l �i�h �i�h�\�t�j�o�g�h�k�l�l�Z �g�Z �a�Z�^�g�b�y 
�i�j�h�a�h�j�_�p. �I�j�b �i�j�h�f�y�g�Z �g�Z �t�]�e�b�l�_ �h�l 10° �^�h 29° �k�_ 
�g�Z�[�e�x�^�Z�\�Z �k�b�e�g�h �k�d�t�k�y�\�Z�g�_ �g�Z �k�e�_�^�Z �g�Z �l�y�e�h�l�h. �L�h�\�Z 
�k�d�t�k�y�\�Z�g�_ �_ �k�\�t�j�a�Z�g�h �^�h�g�y�d�t�^�_ �k �g�Z�f�Z�e�_�g�Z�l�Z �i�e�h�s �g�Z 
�a�Z�^�g�Z�l�Z �i�_�j�i�_�g�^�b�d�m�e�y�j�g�Z �i�h�\�t�j�o�g�h�k�l, �g�h �d�Z�l�h �p�y�e�h �l�h 
�_ �k�\�t�j�a�Z�g�h �k �a�g�Z�q�b�l�_�e�g�h�l�h �m�\�_�e�b�q�Z�\�Z�g�_ �g�Z �b�g�^�m�p�b�j�Z�g�Z 
�k�d�h�j�h�k�l �h�l �K-�\�b�o�j�b�l�_. �G�_�h�[�o�h�^�b�f�h �_ �^�Z �k�_ �h�l�[�_�e�_�`�b, 
�q�_ �\�b�o�j�b�l�_ C �g�_ �k�Z �m�k�i�h�j�_�^�g�b �g�Z �i�t�l�y, �Z �k�Z �g�Z�d�e�h�g�_�g�b 
�g�Z�a�Z�^ �i�h �l�_�q�_�g�b�_�l�h [4]. �< �j�_�a�m�e�l�Z�l �g�Z �l�h�a�b �g�Z�d�e�h�g, �l�_ 
�b�g�^�m�p�b�j�Z�l �k�d�h�j�h�k�l�b �h�[�j�Z�l�g�b �g�Z �g�_�k�f�m�l�_�g�Z�l�Z �k�d�h�j�h�k�l 
�b �k�d�t�k�y�\�Z�l �a�g�Z�q�b�l�_�e�g�h �^�t�e�`�b�g�Z�l�Z �g�Z �k�e�_�^�Z�l�Z. �A�Z �^�Z �k�_ 
�h�p�_�g�b �l�h�a�b �_�n�_�d�l �_ �g�_�h�[�o�h�^�b�f�h �^�Z �k�_ �k�j�Z�\�g�y�l �k�e�_�^�b�l�_ 
�i�j�b 29° �b 90°. �K�e�_�^�Z�l�Z �i�j�b 29° �_ �f�b�g�b�f�Z�e�g�Z, �^�h�d�Z�l�h 
�i�j�b 90° �l�y �_ �k�t�b�a�f�_�j�b�f�Z �k �^�t�e�`�b�g�Z�l�Z �g�Z �l�y�e�h�l�h. 
�?�n�_�d�l�t�l �g�Z �b�g�^�m�p�b�j�Z�g�b�l�_ �h�l �K-�\�b�o�j�b�l�_ �k�d�h�j�h�k�l�b �_ 
�a�g�Z�q�b�l�_�e�_�g �b �\�t�j�o�m �l�_�q�_�g�b�_�l�h �i�h �^�h�e�g�Z�l�Z �i�h�\�t�j�o�g�h�k�l 
�g�Z �l�y�e�h�l�h.  

 

�N�b�]. 4. �I�h�e�_ �g�Z �[�_�a�j�Z�a�f�_�j�g�Z�l�Z �k�d�h�j�h�k�l � 7 � 7�»�¤  �\ �j�Z�\�g�b�g�Z�l�Z 
�g�Z �k�b�f�_�l�j�b�y. 

�I�j�b �t�]�t�e �h�l 29°, �l�_�q�_�g�b�_ �i�h� ̂ �l�y�e�h�l�h �b�a�q�_�a�\�Z 
�g�_�i�h�k�j�_�^�k�l�\�_�g�h �k�e�_�^ �a�Z�^�g�Z�l�Z �i�_�j�i�_�g�^�b�d�m�e�y�j�g�Z 
�i�h�\�t�j�o�g�h�k�l, �^�h�d�Z�l�h �i�j�b 90° �l�h �i�j�h�g�b�d�\�Z �^�h�k�l�Z �g�Z�a�Z�^ �\ 
�k�e�_�^�Z�l�Z �b �b�]�j�Z�_ �\�Z�`�g�Z �j�h�e�y �a�Z �m�\�_�e�b�q�Z�\�Z�g�_ �g�Z �j�Z�a�f�_�j�Z 
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�g�Z �i�e�h�s�l�Z �g�Z A-�\�b�o�t�j�Z. �K�e�_�^ �h�l�d�t�k�\�Z�g�_�l�h �g�Z 
�l�_�q�_�g�b�_�l�h �i�j�b �d�j�b�l�b�q�g�b�y �t�]�t�e �h�l 30° �b �b�a�q�_�a�\�Z�g�_�l�h �g�Z 
�K-�\�b�o�j�b�l�_, �l�_�q�_�g�b�_�l�h �i�j�b�^�h�[�b�\�Z �o�Z�j�Z�d�l�_�j�Z �g�Z 
�d�e�Z�k�b�q�_�k�d�h �l�_�q�_�g�b�_ �k�e�_�^ �e�h�r�h �h�[�l�_�d�Z�_�f�h �l�y�e�h, �d�Z�l�h 
�j�Z�a�f�_�j�t�l �g�Z �k�e�_�^�Z�l�Z �k�_ �\�e�b�y�_ �i�h-�k�e�Z�[�h �h�l �t�]�t�e�Z �g�Z 
�a�Z�^�g�Z�l�Z �i�h�\�t�j�o�g�h�k�l �g�Z �l�y�e�h�l�h. 

 

Fig. 5. �I�h�e�_ �g�Z �[�_�a�j�Z�a�f�_�j�g�Z�l�Z �k�d�h�j�h�k�l � 7 � 7�»�¤  �\ �j�Z�\�g�b�g�Z, 
�i�_�j�i�_�g�^�b�d�m�e�y�j�g�Z �g�Z �l�_�q�_�g�b�_�l�h, �g�Z �j�Z�a�k�l�h�y�g�b�_ 60mm �h�l 
�d�j�Z�y �g�Z �l�y�e�h�l�h. 

�B�a�f�_�j�\�Z�g�b�y�l�Z �\ �j�Z�\�g�b�g�Z �i�_�j�i�_�g�^�b�d�m�e�y�j�g�Z �g�Z 
�l�_�q�_�g�b�_�l�h �k�Z �g�Z�i�j�Z�\�_�g�b �g�Z �j�Z�a�k�l�h�y�g�b�_ 0.077Lb �b�e�b 
60mm �h�l �a�Z�^�g�b�y �d�j�Z�c �g�Z �l�y�e�h�l�h. �L�_ �i�h�f�Z�]�Z�l �^�Z �k�_ 
�i�j�b�^�h�[�b�_ �h�s�_ �i�h-�i�t�e�g�Z �i�j�_�^�k�l�Z�\�Z �a�Z �k�e�_�^�Z�l�Z �g�Z 
�l�y�e�h�l�h, �d�Z�d�l�h �b �^�Z �k�_ �i�j�_�k�f�_�l�g�_ �b�g�l�_�a�b�l�_�l�Z �g�Z �K-
�\�b�o�j�b�l�_, �N�b�]. 5. �G�Z �n�b�]�m�j�Z�l�Z �_ �i�h�d�Z�a�Z�g�Z �[�_�a�j�Z�a�f�_�j�g�Z-
�l�Z �k�d�h�j�h�k�l � 7 � 7�¶�¤  �j�Z�a�e�b�q�g�b �t�]�e�b �g�Z �a�Z�^�g�b�y �i�j�h�a�h�j�_�p. 

�B�a�h�[�j�Z�`�_�g�b�y�l�Z �g�Z �N�b�]. 5 �i�h�d�Z�a�\�Z�l, �q�_ �i�j�b �m�\�_�e�b-
�q�Z�\�Z�g�_ �g�Z �t�]�t�e�Z �g�Z �a�Z�^�g�Z�l�Z �i�h�\�t�j�o�g�h�k�l �h�l 10° �^�h 29° 
�k�_ �a�Z�[�_�e�y�a�\�Z �a�g�Z�q�b�l�_�e�g�h �m�\�_�e�b�q�Z�\�Z�g�_ �g�Z �b�g�l�_�g�a�b�l�_�l�Z 
�g�Z �K-�\�b�o�t�j�Z, �k �d�h�_�l�h �b �g�Z�j�Z�k�l�\�Z �\�e�b�y�g�b�_�l�h �f�m �\�t�j�o�m 
�i�h�e�_�l�h �g�Z �k�d�h�j�h�k�l�l�Z. �I�h�k�h�d�Z�l�Z �g�Z �\�t�j�l�_�g�_ �g�Z �\�b�o�t�j�Z �_ 
�h�[�j�Z�l�g�h �g�Z �\�t�j�l�_�g�_�l�h �g�Z �q�Z�k�h�\�g�b�d�h�\�Z�l�Z �k�l�j�_�e�d�Z. �L�Z�d�Z 

�\�t�\ �\�k�b�q�d�b �l�h�q�d�b �h�l �i�h�\�t�j�o�g�h�k�l�l�Z �k �h�j�^�b�g�Z�l�b �i�h-
�g�b�k�d�b �h�l �p�_�g�l�t�j�Z �g�Z �\�b�o�t�j�Z �b�g�^�m�p�b�j�Z�g�Z�l�Z �k�d�h�j�h�k�l �_ 
�g�Z�^�h�e�m. 

�F�h�`�_ �^�Z �k�_ �h�l�[�_�e�_�`�b, �q�_ �b�g�^�m�p�b�j�Z�g�Z�l�Z �h�l �K-
�\�b�o�t�j�Z �g�Z�^�h�e�m �k�d�h�j�h�k�l �g�_ �i�h�a�\�h�e�y�\�Z �g�Z �l�_�q�_�g�b�_�l�h �^�Z 
�k�_ �h�l�d�t�k�g�_ �h�l �a�Z�^�g�b�y �i�j�h�a�h�j�_�p. �Y�k�g�h �_ �b�a�j�Z�a�_�g�h �k�t�s�h 
�a�Z�[�Z�\�y�g�_�l�h �g�Z �l�_�q�_�g�b�_�l�h �\ �h�[�e�Z�k�l�l�Z �g�Z �a�Z�^�g�b�y 
�i�j�h�a�h�j�_�p, �d�h�_�l�h �g�Z�j�Z�k�l�\�Z �k �m�\�_�e�b�q�Z�\�Z�g�_ �g�Z �t�]�t�e�Z.  

�K�e�_�^�Z�l�Z �g�Z �]�j�Z�g�b�q�g�b�y �k�e�h�c �i�h �k�l�j�Z�g�b�q�g�b�l�_ �k�l�_�g�b 
�g�Z �l�y�e�h�l�h �i�j�b �i�h-�f�Z�e�d�b�l�_ �t�]�e�b �h�l 10° �^�h 20° �_ �i�h�^�h�[�g�Z 
�g�Z �l�Z�a�b, �i�j�b �t�]�e�b �j�Z�\�g�b �b�e�b �i�h-�]�h�e�_�f�b �h�l �d�j�b�l�b�q�g�b�y 
30°, 45° �b 90°. �< �k�t�s�h�l�h �\�j�_�f�_ �i�j�b �t�]�e�b �h�l 25°, 27° �b 
29° �k�_ �a�Z�[�_�e�y�a�\�Z �g�Z�i�j�_�q�g�h �k�l�_�k�g�y�\�Z�g�_ �g�Z �k�e�_�^�Z�l�Z �g�Z 
�k�l�j�Z�g�b�q�g�b�l�_ �k�l�_�g�b. �L�h�\�Z �k�l�_�k�g�_�g�b�_ �_ �\ �j�_�a�m�e�l�Z�l �g�Z 
�a�g�Z�q�b�l�_�e�g�Z �g�Z�i�j�_�q�g�Z �d�h�f�i�h�g�_�g�l�Z �g�Z �k�d�h�j�h�k�l�l�Z 
�g�Z�k�h�q�_�g�Z �g�Z�\�t�l�j�_ �b �d�h�y�l�h �_ �b�g�^�m�p�b�j�Z�g�Z �h�l �K-�\�b�o�j�b�l�_. 
�B�g�l�_�j�_�k�g�h �_ �k�t�s�h �^�Z �k�_ �h�l�[�_�e�_�`�b �f�Z�e�d�Z�l�Z �g�Z�^�e�t�`�g�Z 
�d�h�f�i�h�g�_�g�l�Z �g�Z �k�d�h�j�h�k�l �\ �y�^�j�h�l�h �g�Z �K-�\�b�o�t�j�Z. 
�H�i�j�_�^�_�e�y�g�_�l�h �g�Z �]�h�e�_�f�b�g�Z�l�Z �p�b�j�d�m�e�Z�p�b�y�l�Z �g�Z C-�\�b�o-
�j�b�l�_ �_ �g�Z�i�j�Z�\�_�g�h �k �Z�g�Z�e�b�a �g�Z �i�h�e�_�l�h �g�Z �g�_�m�k�l�Z�g�h�\�_-
�g�Z�l�Z �k�d�h�j�h�k�l. �L�h�\�Z �k�_ �g�Z�e�Z�]�Z �a�Z�j�Z�^�b �g�_�i�j�_�d�t�k�g�Z�l�Z 
�i�j�h�f�y�g�Z �g�Z �p�_�g�l�t�j�Z �g�Z �\�b�o�t�j�Z �\�t�\ �\�j�_�f�_�l�h, �l.�g�Z�j. 
vortex wandering [7], �d�h�_�l�h �a�Z�l�j�m�^�g�y�\�Z �i�j�_�k�f�y�l�Z�g�_�l�h 
�g�Z �p�b�j�d�m�e�Z�p�b�y�l�Z �h�l �h�k�j�_�^�g�_�g�h�l�h �l�_�q�_�g�b�_. �A�Z �\�k�y�d�h 
�f�b�]�g�h�\�_�g�h �k�d�h�j�h�k�l�g�h �i�h�e�_ �k�_ �h�i�j�_�^�_�e�y �p�_�g�l�t�j�t�l �g�Z C-
�\�b�o�t�j�Z. �G�_�h�[�o�h�^�b�f�h �_ �^�Z �k�_ �h�l�[�_�e�_�`�b, �q�_ �f�b�]�g�h�\�_�g�h�l�h 
�k�d�h�j�h�k�l�g�h �i�h�e�_ �_ �k�t�k �a�g�Z�q�b�l�_�e�g�b �]�j�Z�^�b�_�g�l�b, �\ 
�j�_�a�m�e�l�Z�l �g�Z �d�h�_�l�h �h�i�j�_�^�_�e�y�g�_�l�h �g�Z �p�_�g�l�t�j�Z �g�Z �\�b�o�t�j�Z 
�q�j�_�a �f�_�l�h�^�b �b�a�b�k�d�\�Z�s�b �i�j�_�k�f�y�l�Z�g�_�l�h �g�Z �i�j�h�b�a�\�h�^�g�b 
�g�Z �k�d�h�j�h�k�l�l�Z �\�h�^�b �^�h �a�g�Z�q�b�l�_�e�g�b �]�j�_�r�d�b. �I�h�j�Z�^�b 
�l�h�\�Z, �\ �g�Z�k�l�h�y�s�Z�l�Z �j�Z�[�h�l�Z �k�_ �b�a�i�h�e�a�\�Z �Z�e�]�h�j�b�l�t�f 
�i�j�_�^�e�h�`�_�g �h�l [8], �d�h�c�l�h �g�_ �b�a�b�k�d�\�Z �i�j�_�k�f�y�l�Z�g�_�l�h �g�Z 
�i�j�h�b�a�\�h�^�g�b. �A�Z �p�_�e�l�Z �k�_ �i�j�_�k�f�y�l�Z �b�g�l�_�]�j�Z�e�t�l: 
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�L�m�d S �_ �i�h�\�t�j�o�g�h�k�l�l�Z �h�d�h�e�h �l�h�q�d�Z�l�Z �g�Z �g�Z�[�e�x�^�_�g�b�_ P 
�\ �d�h�y�l�h �k�l�Z�\�Z �i�j�_�k�f�y�l�Z�g�_�l�h. UM �_ �\�_�d�l�h�j�t�l �g�Z 
�k�d�h�j�h�k�l�l�Z �\ �l�h�q�d�Z M, z �_ �_�^�b�g�b�q�_�g �\�_�d�l�h�j �i�_�j�i�_�g�^�b-
�d�m�e�y�j�_�g �g�Z �i�h�\�t�j�o�g�h�k�l�l�Z, �Z M �_ �d�h�y�l�h �b �^�Z �_ �\�t�l�j�_�r�g�Z 
�l�h�q�d�Z. �J�Z�a�k�l�h�y�g�b�_�l�h �f�_�`�^�m �l�h�q�d�Z P �b �l�h�q�d�Z M �_ 
�h�a�g�Z�q�_�g�h �k PM. �K�j�_�^�g�Z�l�Z �k�d�h�j�h�k�l ��
é�T �\ �l�h�q�d�Z P �k�_ 
�b�a�q�b�k�e�y�\�Z �i�h �n�h�j�f�m�e�Z�l�Z: 
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�d�t�^�_�l�h U �_ �\�_�d�l�h�ja �g�Z �k�d�h�j�h�k�l�l�Z. 
�G�Z �i�j�Z�d�l�b�d�Z �i�j�b �b�a�q�b�k�e�_�g�b�y, �a�Z �p�_�g�l�t�j�Z �g�Z �\�k�y�d�Z 

�d�e�_�l�d�Z i, j �h�l �f�Z�l�j�b�p�Z�l�Z �g�Z �d�h�f�i�h�g�_�g�l�b�l�_ �g�Z �i�h�e�_�l�h �g�Z 
�l�_�q�_�g�b�_ �k�_ �i�j�_�k�f�y�l�Z �k�m�f�Z�l�Z: 
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�< �k�e�m�q�Z�y S �_ �d�\�Z�^�j�Z�l �k�l�j�Z�g�Z �k�t�k �j�Z�a�f�_�j �¾�� �¿, �Z �'  �_ 
�j�Z�a�k�l�h�y�g�b�_�l�h �f�_�`�^�m �^�\�Z �k�t�k�_�^�g�b �\�t�a�_�e�Z �g�Z �f�Z�l�j�b�p�Z�l�Z, 
�d�Z�l�h �l�m�d N = 3. �< �l�h�q�d�Z�l�Z �g�Z �g�Z�[�e�x�^�_�g�b�_ P �f�h�`�_ �^�Z 
�b�f�Z �p�_�g�l�t�j �g�Z �\�b�o�t�j, �Z�d�h �i�j�_�k�f�_�l�g�Z�l�Z �k�l�h�c�g�h�k�l 
|�+2| > 2/�Œ. �A�Z �p�_�g�l�t�j �g�Z �\�b�o�t�j�Z �k�_ �h�i�j�_�^�_�e�y �l�h�q�d�Z�l�Z �h�l 
�l�_�q�_�g�b�_�l�h �\ �d�h�y�l�h |�+2| �b�f�Z �g�Z�c-�]�h�e�y�f�Z �k�l�h�c�g�h�k�l. �G�Z 
�N�b�]. 6 �_ �i�h�d�Z�a�Z�g�h �i�h�e�_�l�h �g�Z �=2 �n�m�g�d�p�b�y�l�Z �i�j�b �t�]�t�e �h�l 
20°. 
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�N�b�]. 6. �I�h�e�_ �g�Z �n�m�g�d�p�b�y�l�Z �=2 �\ �h�[�e�Z�k�l�l�Z �g�Z �\�b�o�t�j�Z, �i�j�b 
�t�]�t�e �g�Z �a�Z�^�g�b�y �i�j�h�a�h�j�_�p �h�l 20°. 

�K�e�_�^ �h�i�j�_�^�_�e�y�g�_ �g�Z �p�_�g�l�t�j�Z �g�Z �\�b�o�t�j�Z, �k�_ �i�j�Z�\�b 
�i�j�_�k�f�y�l�Z�g�_ �]�h�e�_�f�b�g�Z�l�Z �g�Z �p�b�j�d�m�e�Z�p�b�y�l�Z �g�Z �k�d�h�j�h�k�l�l�Z 
�’ �i�h �h�d�j�t�`�g�h�k�l �k �p�_�g�l�t�j �k�t�\�i�Z�^�Z�s �k �p�_�g�l�t�j�Z �g�Z 
�\�b�o�t�j�Z: 

 � ’ 
 L�ï �7���†�•. (4) 

 

�N�b�]. 7. �B�a�f�_�g�_�g�b�_ �g�Z �p�b�j�d�m�e�Z�p�b�y �\ �a�Z�\�b�k�b�f�h�k�l �h�l 
�[�_�a�j�Z�a�f�_�j�g�b�y �j�Z�^�b�m�k r/H. 

�G�Z �N�b�]. 7 �_ �i�h�d�Z�a�Z�g�h �b�a�f�_�g�_�g�b�_�l�h �g�Z �p�b�j�d�m�e�Z�p�b�y-
�l�Z �’ �\ �a�Z�\�b�k�b�f�h�k�l �h�l �j�Z�^�b�m�k�Z �g�Z �b�g�l�_�]�j�b�j�Z�g�_, �a�Z �t�]�t�e 
�g�Z �a�Z�^�g�b�y �i�j�h�a�h�j�_�p �h�l 27°. �G�Z �n�b�]�m�j�Z�l�Z �j�Z�^�b�m�k�t�l r �_ 
�h�[�_�a�j�Z�a�f�_�j�_�g �k �\�b�k�h�q�b�g�Z �g�Z �l�y�e�h�l�h H. �<�b�`�^�Z �k�_, �q�_ 
�k�e�_�^ �h�i�j�_�^�_�e�_�g�h �m�\�_�e�b�q�Z�\�Z�g�_ �g�Z �j�Z�^�b�m�k�Z �g�Z �b�g�l�_�]�j�b-
�j�Z�g�_ �]�h�e�_�f�b�g�Z�l�Z �g�Z �p�b�j�d�m�e�Z�p�b�y�l�Z �h�k�l�Z�\�Z �i�h�k�l�h�y�g�g�Z, �\ 
�l�h�a�b �k�e�m�q�Z�c �\�b�o�j�h�\�Z�l�Z �l�j�t�[�Z �g�Z �K-�\�b�o�t�j�Z �k�_ �g�Z�f�b�j�Z 
�b�a�p�y�e�h �\�d�e�x�q�_�g�Z �\ �d�j�t�] �k �l�h�a�b �j�Z�^�b�m�k. �K�l�h�c�g�h�k�l�l�Z �g�Z 
�p�b�j�d�m�e�Z�p�b�y�l�Z �i�j�b �d�h�y�l�h �p�b�j�d�m�e�Z�p�b�y�l�Z �k�i�b�j�Z �^�Z �j�Z�k�l�_ 
�b�e�b �g�Z�j�Z�k�l�\�Z �k�e�Z�[�h �k�_ �i�j�b�_�f�Z �a�Z �p�b�j�d�m�e�Z�p�b�y �g�Z 
�\�b�o�t�j�Z. �H�d�h�g�q�Z�l�_�e�g�Z�l�Z �k�l�h�c�g�h�k�l �g�Z �p�b�j�d�m�e�Z�p�b�y �a�Z 
�^�Z�^�_�g �t�]�t�e �k�_ �i�h�e�m�q�Z�\�Z �k�e�_�^ �h�k�j�_�^�g�y�\�Z�g�_ �g�Z �\�k�b�q�d�b 
�b�a�f�_�j�_�g�b �k�l�h�c�g�h�k�l�b �h�l �k�_�j�b�y�l�Z �a�Z �^�Z�^�_�g�b�y �t�]�t�e. 

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

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

�l�_�h�j�_�f�Z�l�Z �g�Z �D�m�l�Z-�@�m�d�h�\�k�d�b �f�h�`�_ �^�Z �k�_ �i�j�_�k�f�_�l�g�_ 
�i�h�^�_�f�g�Z�l�Z �k�b�e�Z Lg �i�j�_�^�b�a�\�b�d�Z�g�Z �h�l �l�y�o. 
�H�i�j�_�^�_�e�y�g�_�l�h �k�l�Z�\�Z �i�h�^�h�[�g�h �g�Z �l�h�\�Z �g�Z �d�j�b�e�h �k 
�j�Z�a�i�_�j�_�g�h�k�l b �b �k�d�h�j�h�k�l �g�Z �g�_�k�f�m�l�_�g�h�l�h �l�_�q�_�g�b�_ �7�¶ : 

 �.�Ú 
 L � é� 7�¶ ���>. (5) 

�L�m�d �! �_ �f�Z�k�h�\�Z�l�Z �i�e�t�l�g�h�k�l �g�Z �\�t�a�^�m�o�Z, �Z b �_ 
�j�Z�a�k�l�h�y�g�b�_�l�h �f�_�`�^�m �K-�\�b�o�j�b�l�_. �< �k�e�m�q�Z�y 
�i�j�_�k�f�y�l�Z�g�_�l�h �_ �g�Z�i�j�Z�\�_�g�h �a�Z �k�d�h�j�h�k�l �h�l 17 m/s. 
�I�h�e�m�q�_�g�b�l�_ �i�h �l�Z�a�b �n�h�j�f�m�e�Z �j�_�a�m�e�l�Z�l�b �k�_ �k�j�Z�\�g�_�g�b �k 
�i�h�^�_�f�g�Z�l�Z �k�b�e�Z L �i�h�e�m�q�_�g�Z �h�l �i�j�_�k�f�y�l�Z�g�_�l�h �k 
�d�h�_�n�b�p�b�_�g�l�b�l�_ �g�Z �i�h�^�_�f�g�Z�l�Z �k�b�e�Z: 

 � . 
 L � é
�Î �®

�.

�6
���P�� . (6) 

�L�m�d �d�h�_�n�b�p�b�_�g�l �g�Z �i�h�^�_�f�g�Z�l�Z �k�b�e�Z CL e �i�h�e�m�q�_�g �i�j�b 
�b�a�k�e�_�^�\�Z�g�_�l�h �g�Z �Z�\�l�h�j�b�l�_ �i�j�_�^�k�l�Z�\�_�g�b �\ [3], A �_ 
�g�Z�i�j�_�q�g�h�l�h �k�_�q�_�g�b�_ �g�Z �l�y�e�h�l�h, A = WH. �J�_�a�m�e�l�Z�l�b�l�_ 
�h�l �l�h�\�Z �k�j�Z�\�g�_�g�b�_ �k�Z �i�h�d�Z�a�Z�g�b �g�Z �N�b�]. 8. �<�b�`�^�Z �k�_, �q�_ 
�i�h�^�h�[�g�h �g�Z �j�_�a�m�e�l�Z�l�b�l�_ �\ [1-2] �i�h�^�_�f�g�Z�l�Z �k�b�e�Z 
�i�j�_�k�f�_�l�g�Z�l�Z �h�l �p�b�j�d�m�e�Z�p�b�y�l�Z �g�Z �\�b�o�j�b�l�_ �_ �i�h-�]�h�e�y�f�Z 
�h�l �i�h�^�_�f�g�Z �k�b�e�Z �b�a�f�_�j�_�g�Z �h�l �\�_�a�g�Z�l�Z. �K�e�_�^�h�\�Z�l�_�e�g�h �a�Z 
�l�h�q�g�h�l�h �h�i�j�_�^�_�e�y�g�_ �g�Z �i�h�^�_�f�g�Z�l�Z �k�b�e�Z �g�Z �l�y�e�h�l�h 
�l�j�y�[�\�Z �^�Z �[�t�^�Z�l �g�Z�i�j�Z�\�_�g�b �^�h�i�t�e�g�b�l�_�e�g�b �b�a�f�_�j�\�Z�g�b�y 
�\ �h�[�e�Z�k�l�l�Z �g�Z �k�e�_�^�Z�l�Z �\ �[�e�b�a�h�k�l �^�h �i�h�\�t�j�o�g�h�k�l�l�Z 
�f�h�^�_�e�b�j�Z�s�Z �i�t�l�y �k �p�_�e �h�i�j�_�^�_�e�y�g�_ �g�Z �p�b�j�d�m�e�Z�p�b�y�l�Z 
�g�Z �<-�\�b�o�j�b�l�_. 

 

�N�b�]. 8. �K�j�Z�\�g�_�g�b�_ �g�Z �i�h�^�_�f�g�Z �k�b�e�Z �i�j�_�k�f�_�l�g�Z�la �h�l 
�p�b�j�d�m�e�Z�p�b�y�l�Z �\�b�o�j�b�l�_ �k �i�h�^�_�f�g�Z�l�Z �k�b�e�Z �b�a�f�_�j�_�g�Z �h�l 
�\�_�a�g�Z�l�Z. 

4 �A�Z�d�e�x�q�_�g�b�_ 

�J�Z�[�h�l�Z �_ �i�j�h�^�t�e�`�_�g�b�_ �g�Z �b�a�k�e�_�^�\�Z�g�_ �g�Z �Z�\�l�h�j�b�l�_ �\ 
�d�h�_�l�h �k�_ �m�k�l�Z�g�h�\�y�\�Z �\�j�t�a�d�Z�l�Z �f�_�`�^�m �i�h�^�_�f�g�Z�l�Z �k�b�e�Z �b 
�k�t�i�j�h�l�b�\�e�_�g�b�_�l�h �g�Z �l�y�e�h�l�h �g�Z �:�o�f�_�.̂ �K �i�h�f�h�s�l�Z �g�Z 
PIV �l�m�d �_ �b�a�k�e�_�^�\�Z�g�h �l�_�q�_�g�b�_�l�h �h�d�h�e�h �l�y�e�h�l�h �i�j�b 9 
�j�Z�a�e�b�q�g�b �t�]�t�e�Z �g�Z �g�Z�d�e�h�g�Z �g�Z �a�Z�^�g�b�y�l �i�j�h�a�h�j�_�p.  
�P�_�e�l�Z �_ �^�Z �k�_ �m�k�l�Z�g�h�\�b �\�j�t�a�d�Z�l�Z �f�_�`�^�m �b�g�l�_�g�a�b�l�_�l�Z �g�Z 
�K-�\�b�o�j�b�l�_ �b �i�h�^�_�f�g�Z�l�Z �k�b�e�Z. �A�Z �j�Z�a�e�b�d�Z �h�l �^�j�m�]�b 
�b�a�k�e�_�^�\�Z�g�b�y �\ �g�Z�k�l�h�y�s�Z�l�Z �j�Z�[�h�l�Z �k�Z �g�Z�i�j�Z�\�_�g�b 
�b�a�f�_�j�\�Z�g�b�y �g�Z �l�_�q�_�g�b�_�l�h �h�d�h�e�h �i�j�b �t�]�e�b �g�Z �a�Z�^�g�b�y 
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�i�j�h�a�h�j�_�p, �f�g�h�]�h �[�e�b�a�d�b �^�h �d�j�b�l�b�q�g�b�y 27° �b 29°. �L�h�\�Z 
�i�h�a�\�h�e�y�\�Z �^�Z �k�_ �g�Z�[�e�x�^�Z�\�Z �k�b�e�g�h�l�h �k�d�t�k�y�\�Z�g�_ �g�Z 
�k�e�_�^�Z�l�Z �g�Z �l�y�e�h�l�h �i�j�_�^�b�a�\�b�d�Z�g�h �h�l �K-�\�b�o�j�b�l�_ 
�k�d�h�j�h�k�l, �d�h�y�l�h �b�g�^�m�p�b�j�Z �g�Z�^�e�t�`�g�Z �d�h�f�i�h�g�_�g�l�Z 
�g�Z�k�h�q�_�g�Z �k�j�_�s�m �g�_�k�f�m�l�_�g�h�l�h �l�_�q�_�g�b�_. �?�n�_�d�l�t�l �g�Z �K-
�\�b�o�j�b�l�_ �_ �i�h�^�h�[�_�g �g�Z �_�n�_�d�l�Z �g�Z �d�j�Z�b�s�g�b�l�_ �\�b�o�j�b �g�Z 
�d�j�b�e�h �k �f�Z�e�d�Z �j�Z�a�i�_�j�_�g�h�k�l. �I�h�^�h�[�g�h �g�Z �l�y�o, �l�_ 
�b�g�^�m�p�b�j�Z�l �g�Z�k�h�q�_�g�Z �g�Z�^�h�e�m �k�d�h�j�h�k�l, �d�h�y�l�h �h�]�j�Z�g�b�q�Z-
�\�Z �a�h�g�Z�l�Z �g�Z �j�_�p�b�j�d�m�e�Z�p�b�y�l�Z, �a�Z�^�t�j�`�Z �h�l�d�t�k�\�Z�g�_�l�h �b 
�k�g�b�`�Z�\�Z �g�Z�e�y�]�Z�g�_�l�h �i�h �a�Z�^�g�b�y �i�j�h�a�h�j�_�p. �K�e�_�^�h�\�Z-
�l�_�e�g�h, �\�k�y�d�Z�d�\�b �f�_�j�d�b �d�h�b�l�h �f�h�]�Z�l �^�Z �^�h�\�_�^�Z�l �^�h �i�h-
�j�Z�g�g�h�l�h �j�Z�a�i�Z�^�Z�g�_ �g�Z �K-�\�b�o�j�b�l�_ �[�b�o�Z �i�h�f�h�]�g�Z�e�b �^�Z �k�_ 
�g�Z�f�Z�e�b �Z�_�j�h�^�b�g�Z�f�b�q�g�h�l�h �k�t�i�j�h�l�b�\�e�_�g�b�_. �< �j�Z�[�h�l�Z�l�Z 
�k�Z �h�i�j�_�^�_�e�_�g�b �p�_�g�l�j�h�\�_�l�_ �g�Z �K-�\�b�o�j�b�l�_ �\ �j�Z�\�g�b�g�Z 
�g�_�i�h�k�j�_�^�k�l�\�_�g�Z �[�e�b�a�h�k�l �^�h �l�y�e�h�l�h �b �_ �i�j�_�k�f�_�l�g�Z�l�Z 
�k�l�h�c�g�h�k�l�l�Z �g�Z �p�b�j�d�m�e�Z�p�b�y�l�Z �b�f. �K �i�h�f�h�s�l�Z �g�Z 
�h�[�h�[�s�_�g�Z�l�Z �l�_�h�j�_�f�Z �g�Z �D�m�l�Z-�@�m�d�h�\�k�d�b �_ �b�a�q�b�k�e�_�g�Z 
�i�h�^�_�f�g�Z�l�Z �k�b�e�Z �d�h�y�l�h �l�_ �i�j�_�^�b�a�\�b�d�\�Z�l �b �_ �k�j�Z�\�g�_�g�Z 
�i�h�^�_�f�g�Z�l�Z �k�b�e�Z �b�a�f�_�j�_�g�Z�l�Z �k �i�h�f�h�s�l�Z �g�Z �\�_�a�g�b �g�Z 
�Z�_�j�h�^�b�g�Z�f�b�q�g�b�y �l�m�g�_�e. �I�h�e�m�q�_�g�Z�l�Z �j�Z�a�e�b�d�Z �_ �i�h�q�l�b 
�i�h�k�l�h�y�g�g�Z �\�_�e�b�q�b�g�Z, �k�e�h�[�h �a�Z�\�b�k�b �h�l �t�]�t�e�Z �g�Z �a�Z�^�g�b�y 
�i�j�h�a�h�j�_�p �b �k�_ �^�t�e�`�b �g�Z �i�h�^�_�f�g�Z�l�Z �k�b�e�Z �g�Z �: �b �< 
�\�b�o�j�b�l�_. 
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Abstract.  Transonic flow is characterized by a mixed sub- and supersonic local flow in the same flow field. 
The supersonic region normally terminated by a shock wave across which the flow slows down to subsonic 
speed together with a severe increase in the airfoil drag. This mixed sub- and supersonic local flow 
complicate computations of transonic flow condition. The aim of this research is to numerically investigate 
transonic flow around high-subsonic and supercritical airfoils and to evaluate the effectiveness of body 
shaping as a shock wave drag reduction tool. Obtained results reveal that, for NACA 64-A215 high-subsonic 
speed airfoil (HssA) a pocket of supersonic flow is noticed at M = 0,72 terminating by a nearly normal shock 
wave. While for NASA AN11% thick supercritical airfoil (ScA) the same pocket appears on the lower airfoil 
surface at M = 0,86. The drag variation result depicts that the critical Mach number (Mcr) for ScA can be 
increased to 0,76, compared to 0,72 for HssA. In addition, the drag divergence Mach number (MDD), can be 
increased to 0,82 for ScA compared to 0,76 for HssA. Beyond the MDD, the drag coefficient increases by a 
factor of 20. Supercritical airfoil shows favourable flow-field characteristics with lower local Mach number, 
weaker terminating shock wave hence, a smaller shock-wave drag value.  

1 Introduction 

If Mach number remains subsonic, but is sufficiently near 
one, the flow expansion over the top surface of the airfoil 
may result in locally supersonic region, such a mixed 
region flow is defined as transonic flow [1]. This region 
terminates with a shock wave across which there is a 
discontinuous and severe increase in the airfoil drag. This 
rapid increase is due to appearance of shock-wave drag 
along with the pressure growth through the shock wave 
which will thickens the boundary layer to increase viscous 
drag. 

In the late 1960’s Richard Whitcomb developed 
supercritical airfoils that has significantly improved 
transonic performance compared to other existing airfoils 
[2]. Supercritical airfoil shape is design to insure local 
supersonic flow with isentropic recompression, hence it 
has a relatively large leading-edge radius, mild curvature 
over the middle section of upper surface and considerably 
large aft camber [3]. Aerodynamicists in industry have 
also contributed to transonic aerodynamic design. Lynch 
[4], recognized the aerodynamic issues related with 
leading-edge radius and camber. Further development in 
airfoil performance was proposed by Henne and Gregg 
[5], they proposed to make the upper and lower surfaces 
parallel at trailing-edge where the upper and lower 
surfaces are diverging at trailing-edge. 

The theoretical/computational transonic flow problem 
was a real challenging. The transonic problem is hard 
because it is inherently nonlinear, and the steady solution 
changes math types, being elliptic in the subsonic portion 
of the flow and hyperbolic in the supersonic part of the 

flow. E. Murman and J. Cole made the key revolution [6]. 
Using transonic small disturbance theory, they came up 
with a scheme that could be used to develop a practical 
computational method. In their scheme the nonlinear term 
in the equation permits for the equation to change type, 
and provides a way for the type to be defined locally in a 
computational scheme. The code known as TSFOIL was 
the final development of small disturbance theory 
methods for 2D, [7]. A. Jameson extend the method to 
solve the full potential equation in body fitted coordinates. 
This required some further key modifications to the 
theory. The code he developed was known as FLO6, [8] 
and, after further developments, resulted in the very 
efficient full potential flow code known as FLO36. [9]. 
The next solving approach was to add viscous effects to 
the inviscid calculations, and to switch to the Euler 
equations for the outer inviscid flow. M. Drela developed 
a code known as MSES using Euler solution method [10]. 
In this research work a numerical simulation of transonic 
flow around a high subsonic and supercritical airfoils 
were conducted and compared. Full Navier-Stokes 
equation was used to predict the shock wave in terms of 
capturing positioning and strength as well as the 
evaluation of a wave drag reduction. 

2 Mathematical model  

Fluent solves conservation equations for mass, 
momentum and energy. The Spalart-Allmaras model was 
selected to account for turbulence.  

The equations for conservation of mass, momentum 
and energy can be written as follows: 
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where �L is the static pressure, �ì�Ö is the stress tensor and �é�C�& 
and �(�& are the gravitational body force and external body 
forces, respectively. 

The stress tensor���ì�Ö is given by:  

 �ì�Ö
 L � �� ä� � � B�:�Ï�R� & 
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where �ä is the molecular viscosity, I is the unit tensor, and 
the second term on the right hand side is the effect of 
volume dilation. 

Energy transport equation: 
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where �G�Ø�Ù�Ù�Ï���6 is the conduction term and �ì�Ö�Ø�Ù�Ù���8�,�& is the 
viscous dissipation term. 
Energy E per unit mass is defined as: 
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where h is enthalpy. 
Transport variable in Spalart-Allmaras model,���R
ä is 

identical to the turbulent kinematic viscosity except in the 
near wall region. The transport equation for �R
ä is: 
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where �)�é is the production of turbulent viscosity, and �;�é is 
the destruction of turbulent viscosity that occurs in the 
near-wall region due to wall blocking and viscous 
damping, �ê�é
ä and �%�Õ�6 are the constants and �R is the 
molecular kinematic viscosity. �5�é
ä is a user-defined source 
term. The turbulence kinetic energy, �G, is not calculated 
in the Spalart-Allmaras model. 

3 Numerical Setup 

A shock wave is an extremely thin region, typically on the 
order of 10�í5 cm across which the flow properties can 
change drastically [11]. In this simulation the pressure-
based solver is used to capture shockwaves in the flow. 
The turbulence is the most challenging area in fluid 
dynamics and the most limiting factor in accurate 
computer simulation of the flow. An overview of 
turbulence modelling is done in [12]. To account for 
turbulence, Spalart-Allmaras turbulence model was 
selected. It embodies a relatively new class of one-
equation models in which it is not necessary to calculate 
a length scale related to the local shear layer thickness. 
Density and viscosity have been made a temperature-
dependent, where density is calculated from ideal gas 
equation and Sutherland law was selected for viscosity 
calculation. ANSYS Fluent: Release: 17.2, used for the 
analysis. 

3.1 Grids and boundary conditions 

A 2D C-type structured quadrilateral cell meshes were 
generated around both HssA and ScA as shown in Fig. 1 
a and b. The grids consisted of 12405 cells for both airfoil 
cases. The grids were clustered near the airfoil in the 
boundary layer vicinity to enhance flow resolution. Proper 
boundary conditions were selected for the flow domain. 

a)  

b)  

Fig. 1. C-type structure grid generated around  
a) HssA and b) ScA. 

4 Results and discussions 

4.1 Pressure distribution 

The effects of increasing free-stream Mach number on the 
pressure contours and pressure coefficient distribution 
over HssA and ScA were shown in Fig. 2 a, b, c. 

Results for HssA at a free stream Mach number of 0,82 
re-emphasizes that, the transonic flow is characterized by 
mixed regions of locally subsonic and supersonic flow 
which occurs over a body moving at Mach numbers near 
unity.  

The magnitude of the measured pressure coefficient 
along the top surface substantially exceeds the critical 
pressure coefficient, (Cpcr = –1,373 for Mcr = 0,72) at 45% 
of the chord length downstream of the leading edge. This 
is further confirming the existence of locally supersonic 
flow as evidenced at Fig. 2 a. The predicted Cp 
discontinuously drops to a value below Cpcr behind the 
shock, resulting in a region of locally subsonic flow 
downstream of the shock. 

The pressure coefficient distribution, along the bottom 
surface does exceed Cpcr, for M = 0,82 indicating a local 
supersonic flow region resulted in the onset of shockwave 
at 65% of the chord length. In contrast the flow remains 
subsonic everywhere over ScA for the value of free 
stream Mach number up to 0,82. In Fig. 2 a, pressure 
contours and pressure coefficient distribution for ScA 
indicates supersonic flow region over the lower surface 
resulting on the onset of a normal shockwave at 55% of 
the chord length. While the flow over the upper surface 
approaches the supersonic but it is still subsonic for  
M = 0,82.  
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The free stream Mach number is increased to 0,86, see 
Fig. 2 b. The pressure contours and pressure coefficient 
distribution for HssA shows an extension of the 
supersonic flow region further downstream to 62% and 
72% of the chord length on the upper and lower surfaces 
respectively.  

In Fig. 2 c, the flow is supersonic over the entire top

and bottom surfaces for Mach number of 0,92. The shock 
waves have moved to the trailing edge, and the 
mechanism for forming the leading-edge bow shock wave 
is beginning to appear for HssA. Similar flow behavior 
can be seen over ScA flow, except that a substantial 
portion of the bottom surface only is covered by a 
supersonic flow. 

  

  
a) M = 0,82 and �. = 0°. 

  

  
 b) M = 0,86 and �. = 0°. 
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c) M = 0,92 and �. = 0°. 

Fig. 2. A series of results for HssA and ScA, illustrating the effects of increasing free-stream Mach number on the pressure and 
pressure coefficient distribution over airfoils. 

 

4.2 Mach number distribution 

Local Mach number distribution over HssA and ScA as a 
function of free stream Mach number were investigated. 
At free stream Mach number of 0,82, a pocket of 
supersonic flow appears and terminated by a nearly 
normal shock wave at 65% of the chord length on ScA 
airfoil lower surface, as shown in Fig. 3 a. Although the 
local Mach number approaches the value of 0,92 on ScA 
upper surface, the flow remains subsonic for the free 
stream Mach number values up to 0,82.  

In Fig. 3 b, the free stream Mach number values is 
increased to 0,86. A greatly enlarged region of supersonic 
flow over the top and bottom surfaces of HssA were 
observed. The shock wave has moved downstream to 60% 
and 70% chord length on the top and bottom airfoil 
surfaces respectively. The shock is now stronger, and this 
causes the viscous boundary layer to separate from the 
surface in the region where the shock impinges on the 
surface. The separated boundary layer can be seen as a 
region of intense vorticity trailing downstream of the 
shock impingement point.  

For ScA, a pocket of supersonic flow extending from 
downstream of the leading edge terminated by a nearly 
normal shock wave at about 55% of the chord length on 
the lower airfoil surface. While the Mach number reaches 
the value of 0,95 at 78% of the chord length at the upper 
surface.  

The free stream Mach number was increased further 
to 0,92 as shown in Fig. 3 c. For HssA the local Mach 
numbers inside the supersonic regions become larger, this 
in turn causes the terminating shock waves to be stronger. 
Both the upper and lower shocks are now at the trailing 
edge, and for this case the region of separated flow are 
greatly diminished. The same can be said for ScA, except 
that the shockwave at the bottom surface is formed at 70% 
of the chord length. 

4.3 Drag Divergence Phenomenon 

The drag coefficient at low subsonic speed, e.g. at M = 0,6 
found to be, cd0 = 0,015 for both airfoils. Further as the 
freestream Mach number is gradually increase, we 
observe that cd remains relatively constant all the way to 
the critical Mach number, which found to be Mcr-HssA = 
0,72 and Mcr-ScA = 0,76. However, as M continues to 
increase higher, we encounter a point where the drag 
coefficient suddenly starts to increase. This sudden 
increase in drag starts at drag divergence Mach number, 
Mdd-HssA = 0,76 and Mdd-ScA = 0,82. The drag coefficient 
increases sharply beyond the drag-divergence Mach 
number beyond, typically increases by a factor of 20.  

This large increase in drag is due to an extensive 
supersonic flow region over airfoil, terminating in a 
shockwave. As M is increased beyond drag-divergence 
Mach number, (M = 0,92) the local Mach number can 
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reach 1,15 or higher for both high subsonic speed and 
supercritical airfoils. This leads to a relatively strong 
shock wave. These shocks generally cause severe flow 
separation downstream of the shocks, with an attendant 
large increase in drag.  

As M approaches unity, a mild drag increase starts to 

take place as evidenced at Fig. 4. As evidence from results 
the supercritical airfoil shows more favorable flow-field 
characteristics, hence, the supersonic flow is closer to the 
surface, the local supersonic Mach numbers are lower, 
and the terminating shock wave is weaker. As a result, the 
value of Mdd is higher for the supercritical airfoil. 

  

  
a) M = 0,82 and �. = 0°. 

  

  
b) M = 0,86 and �. = 0°. 
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c) M = 0,92 and �. = 0°. 

Fig. 3. A series of results for HssA and ScA, illustrating the effects of increasing free-stream Mach number on the Mach number 
distribution over airfoils. 

 

Fig. 4. Variation of the drag coefficient with Mach number for 
an HssA and ScA, illustrating the drag divergence phenomenon 
as Mach 1 is approached. 

5 Conclusion 

Effectiveness of the airfoil body shaping as a shock wave 
control tool is numerically evaluated for a high subsonic 
airfoil (HssA) and supercritical (ScA) airfoil. For the case 
of ScA, a 20 % higher free stream Mach number can be 
reached before the shock wave appear. The drag variation 
result shows that after reaching the critical Mach number 
for ScA can be increased to M = 0,76, compared to  
M = 0,72 for the case of HssA. Also, the drag-divergence 
Mach number can be increased by 8% for the case of ScA 

compared to that of HSSA. Beyond the Mdd, drag 
coefficient for the both cases HssA and ScA increased by 
a factor of 20. As a conclusion, the supercritical airfoil 
shows a favourable flow-field characteristic, evidenced 
by the a near surface supersonic flow region, lower Mach 
numbers and the relatively weaker shock wave. 
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Sensitivity study of the maximum lift coefficient of blown box-
wing for V/STOL aircraft 
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Abstract.  The box-wing aircraft configuration is promising aerodynamic and structural advantages. In the 
paper the application of an externally blown box-wing for vertical or short takeoff and landing (V/STOL) 
airplanes for short haul transportation is studied. A screening by the Morris method of the relative 
importance of the major box-wing design parameters regarding the maximum lift coefficient is performed. 
The results can be applied in the preliminary design and optimization of such aircraft. 

1 Introduction 

The box-wing configuration belongs to the group of 
nonplanar wing systems forming closed loops that also 
includes ring wings and joined wings. 

The box-wing is a tandem wing configuration in 
which the front and rear wings are joined at their tips with 
vertical planes. An illustration from the patent of Luis 
Miranda [1] is shown on Fig.1. 

Many studies have found that the box-wing aircraft 
configuration is promising  aerodynamic, structural and 
aeroelastic improvements compared to the conventional 
monoplane. Because of that it is proposed to be used in 
future commercial aircraft. An example from [2] is shown 
on Fig. 2. 

 

Fig. 1. Illustration from L. Miranda’s patent for a box-wing 
aircraft. 

 

Fig. 2. Illustration from [2] for an optimized box-wing 
passenger aircraft. 

The proposed designs exploit mainly the improved 
cruise performance, compared to that of conventional 
monoplanes. The improved L/D ratio is expected to come 
from a reduction of aerodynamic induced drag.  

As potential for new growth markets of air transport 
in the smaller capacity sectors is foreseen, transport 
aircraft that will be able to operate from airports that are 
closely integrated in the urbanized environment will be 
needed. These aircraft should be vertical or very short 
takeoff and landing (V/STOL) as they would need to 
operate from very small airfields. They also must be safe, 
quiet and have low operating costs. 

The high lift systems generally applied on passenger 
aircraft are not able to provide V/STOL characteristics 
together with the required cruise performance. A powered 
lift system needs to be applied. Powered lift is a concept 
of utilizing airflows, usually provided by the aircraft 
propulsion system, to augment lift through an increase in 
wing circulation and by turning thrust downward. A lot of 
concepts have been developed and explored [3]. Powered 
lift is able to provide performance, environmental and 
safety benefits -reduced terminal area noise footprints, 
increased payload and range capability, decreased landing 
speeds. However this comes with an increase in 
complexity and mass of aircraft, resulting in increased 
acquisition and operating costs. With the reduction of the 
operating airspeed a loss of effectiveness of conventional 
control surfaces occurs, so jet reaction control may be 
required. The reliance on powered lift makes it very 
difficult to achieve a design that can tolerate failures of 
the engines. 

A subset of the powered lift technology is the external 
blowing of the wings and flaps. In this design, the 
deflection of the slipstream from the propellers or ducted 
fans used to create an upward thrust for V/STOL is 
achieved with a system of wing flaps. In the years after 
World War II, NACA and later NASA carried out 
research on a lot of approaches to vertical flight. The 
deflected slipstream was one that was extensively studied. 
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It was investigated with the help of models, wind tunnel 
tests and even the construction of real aircraft – Fig. 3. 
The tests revealed problems with pitch instability and 
inability to descend in true vertical fashion. Unresolved 
issues as the craft approach the ground, known as 
“adverse ground effect”, eliminated the consideration of 
this craft as a real VTOL contender [4]. However this 
technology allows the creation of real STOL airplanes. 
The advantages of this approach include lower design 
complexity and the possibility to be certified under the 
requirements of the existing EASA or FAA regulations. 

 

Fig. 3. NASA Ryan VZ-3RY Vertiplane in flight. 

Most of the studies of deflected slipstream V/STOL 
characteristics carried out at NACA were aimed at 
conventional monoplanes [5]. But in [6] biplane wings 
with large-chord double slotted flaps used to deflect a 
propeller slipstream downward were explored. The test 
set up is shown on Fig. 4. This early work documented 
great potential for the deflected slipstream approach to 
V/STOL. To quote the author of the study: “The 
investigation showed that it was possible to turn the 
propeller slipstream 90° so that the resultant-force vector 
of the wing-propeller combination was normal to the 
propeller shaft and was 80 percent of the magnitude of the 
propeller thrust. When the model was near the ground, the 
slipstream was turned only about 75°, but the resultant 
force increased to about 88 percent of the thrust. The 
resultant force was reduced about 10 percent when a 
fuselage was added to the wing system.”. He added: “End 
plates were essential for obtaining high turning angles and 
efficiency.” 

 The model in the study – a biplane with endplates 
actually very closely resembles the box-wing configu-
ration. Flaps on a box-wing can convert at least 80% of 
propeller thrust into vertical lift, and they can do so 
without pitching up the nose of the aircraft. This would 
provide the necessary comfort for the passengers and 
lower pilot workload at takeoff or landing. 

A possible advantage of the box-wing configuration is 
the fact that both surfaces produce lift, while on 
conventional one the tail has to provide a down force to 
balance the aircraft, which has to be compensated by the 
wing. The box-wing configuration also is expected to 
reduce to some extent the problem with the large diving 
moment created by the flaps deflection. In this way, the 
application of a box-wing instead of a monoplane is 
expected to overcome some of the problems identified 
during the tests. 

 

Fig. 4. Biplane wing configuration from [6]. 

The box-wing configuration needs additional 
parameters that determine the relative positioning of the 
wings apart from the geometric parameters characteristic 
to all aircraft wings (reference area, chord length, sweep, 
dihedral, taper etc.) (Fig. 5). 

 

Fig. 5. Gap h and stagger d of the joined-wing configuration. 

Gap (or height) h is the vertical distance between the 
front and rear wings. It is specified usually at their roots 
and tips. It is positive when the front wing is positioned 
higher than the rear wing. The gap-to-span ratio: 

 ,/ mainbhGp �  (1) 

where bmain = max(bf ; br) – the span of the larger wing, is 
an important parameter, influencing the aerodynamic 
efficiency of the box-wing configuration. The subscripts f 
and r are used to designate the parameters of the front and 
rear wing respectively. 

Stagger d is the longitudinal distance between the 
leading edges of the wings, also specified as usual at their 
roots and tips. It is made non-dimensional by division to 
the equivalent mean chord Ce: 

 ,
eC

d
St �   (2) 

where: 
 Ce = Sw/bmain;  (3) 

Sw is the sum of the reference surfaces of the rear and front 
wings.  

The equivalent aspect ratio Aeq is defined as: 

 .
2

w

main
eq S

b
A �  (4) 

The span ratio B is defined as:  

 B = br/bf. (5) 

The large number of parameters naturally restricts the 
ability to achieve an optimal design. To enable the 



Sozopol, 15-17 September 2018 BulTrans-2018 Conference Proceedings 

 27  

efficient optimization in such cases it is therefore normal 
to employ some method of screening to identify those 
variables which influence the objective function most. But 
since screening belongs to the larger class of sensitivity 
analysis methods it can achieve more than just filtering of 
the variables and dimensionality reduction. In the 
conceptual design of unconventional aircraft screening 
can be useful for a range of purposes, including: 
• Increased understanding of the relationships between 

input and output variables; 
• Uncertainty reduction by identifying model inputs that 

contribute significantly to the uncertainty in the output 
and should therefore be further investigated if the 
robustness is to be increased; 

• Searching for errors in the model by finding unexpected 
relationships between inputs and outputs. 

• Model simplification – removing model inputs that have 
little or no effect on the output; 

• Selection of a base model for optimization. 
Since the maximum lift coefficient is the aerodynamic 

characteristic that influences most the STOL perfor-
mance, in this work we will apply a screening method in 
order to study its sensitivity to the variation of design 
parameters of a box-wing aircraft.  

2 Method of the investigation 

A semi empirical procedure for estimating the lift and 
drag characteristics of propeller-wing-flap configurations 
that could be applied in the preliminary design before 
wind-tunnel tests of a specific configuration is presented 
in [7]. The proposed analysis method makes use of the 
momentum theory. It applies in the unstalled flight regime 
only. Despite that it is useful in estimating the best 
performance that can be obtained. The method utilizes the 
large body of experimental information gathered about 
the slipstream deflection.  

The lift coefficient based on the free stream dynamic 
pressure is calculated as: 
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where the first term CL0 represents the power-off lift 
contribution, the second term represents the direct thrust 
contribution, and the third term represents the lift 
augmentation on the wing due to the propeller slipstream. 
The thrust recovery factor F/T and turning angle ��, are 
estimated from experimental data from [6]. CT is the thrust 
coefficient based on the free stream dynamic pressure and 
NSP is the total propeller disc area.  

For the estimation of the power-off lift and drag 
characteristics of the wing the XFLR5 program was used, 
which is a panel/VLM code with embedded XFOIL code 
(Fig. 6), [8]. 

One of the most commonly used screening methods 
[9] is the elementary effects method known also as the 
Morris method. It is a so-called one step at a time method 
(OAT) meaning that in each run only one input parameter 
is given a new value and its effect is evaluated. The 

elementary effects di(x) of an input variable xi 

(i = 1, 2 … k) is defined as [10]: 
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where p is the number of levels (even number). 

 

Fig. 6. The box-wing as modelled in XFRL5. 

The original method of Morris uses two sensitivity 
measures for each input factor. The two measures are 
defined as the mean µ and the standard deviation �1 of the 
distribution of the elementary effects of each input. These 
two measures are obtained through a sampling based on 
the construction of a series of trajectories in the space of 
the inputs: 
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In an improvement to the Morris method a new measure 
µ* is added in order to detect input factors with an 
important overall relation to the output. The use of µ* 
solves the problem of the effects of opposite signs which  
can cancel each other out. That  occurs when the model is 
non-monotonic and in this way results in a low value for 
µ. �1 is used to point parameters that have high interaction 
with other inputs or whose effect on the outputs is non-
linear [11]: 
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Each trajectory is composed of k + 1 points. The 
number of required experiments is: 

 n = r(k + 1). (12) 

For the experimental design of a Morris method 
screening the SAFE Toolbox for MatLab/Octave [12] was 
used. Four trajectories of totally 52 models were 
generated. The intervals of variation of the design 
variables are presented in Table 1. 
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Table 1. Intervals of variation of the design variables.  

Design variables 
Minimum 

value 
Maximum 

value 
Equivalent aspect ratio Aeq 6 10 
Span ratio B =br/bf 0,7 1,4 
Area ratio S =Sr/Sf 0,7 1,4 
Root gap Gp0 –0,4 0,4 
Tip gap Gpe 0 0,4 
Root stagger St0 0,12 0,24 
Tip stagger St�_ 0 0,12 
Front wing dihedral �+f, deg 0 6 
Front wing sweep �� f, deg 0 30 
Front wingtaper ��f 0,5 1 
Rear wing taper ��r 0,5 1 

3 Results of the investigation and 
conclusions 

The results of the screening for maximum lift coefficient 
are presented on Fig. 7. The values are given as a 
percentage of the variation of the characteristic. 

 

Fig. 7. Elementary effects of the design parameters on CLmax. 

The most influential design parameters for blown box-
wing are the tip stagger, tip gap, the front wing sweep and 
the span ratio of the front and rear wings. These parame-
ters should be further investigated and the mechanism of 
their role in providing high maximum lift coefficients 
clarified. 

The results of the study might be applied in the 
conceptual design of ESTOL box-wing aircraft. 
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Theoretical maximum of turbine inlet temperature with regard 
to the thermal efficiency improvement of gas turbine engines 
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Abstract.  It is well known, that increasing the Turbine Inlet Temperature highly improves the Thermal 
Efficiency of Gas Turbine Engines. Of course, this fact has been taken into consideration by the Gas Turbine 
Engine designers, so one of the most important improvements, the Gas Turbine Engines have experimented 
is the increase of the Turbine Inlet Temperature. In the last 80 years the Turbine Inlet Temperature has been 
practically doubled, which resulted, even presuming unchanged component efficiencies, plus 15-20% 
absolute increment of Thermal Efficiency. In this paper, using our in-house developed thermal mathematical 
model, we examined the effect of Turbine Inlet Temperature on Thermal Efficiency without considering the 
problem of turbine blade cooling, particularly the extent of its positive effect if the Turbine Inlet 
Temperature can be improved further. 

1 Introduction 

The modern trends of gas turbine engines focus on 
increased Turbine Inlet Temperature (TIT) in order to 
increase the Thermal Efficiency (TE) and the Specific Net 
Work Output (SNWO) of the Gas Turbine Engine (GTE). 
However, operation at very high temperatures reduces the 
life time of turbine vanes and blades while the allowable 
temperature level of the cycle is limited by the melting 
point of the materials. Therefore, turbine blade cooling is 
necessary to reduce the blade metal temperature to 
acceptable level for the materials increasing the thermal 
capability of the engine. Due to the development of 
turbine cooling systems, the TIT has been doubled over 
the last 80 years [1]. Using the in-house developed 
thermal mathematical model, we can represent the 
relations among the TIT, Compressor Pressure Ratio 
(CPR) and TE and SNWO as shown in Figures 1 and 2. 
The definition of TE and SNWO can be shown below. 

SNWO wnet(�Œ) is the desired output of the thermo-
dynamic cycle. In accordance with the second law of 
thermodynamics the mechanical work is always less than 
the input heat and in addition the friction in the real gas 
turbine components causes some more heat loss. This heat 
is dissipated as waste heat into the environment: 

 � � � � � � � � � � � ��S�S�S cenet www ��� . (1) 

TE ��th(�Œ), in general, energy conversion efficiency is 
the ratio between the useful output of a device wnet(�Œ) and 
the input, in energy terms. For thermal efficiency, the 
input qin(�Œ) to the device is heat, or the heat content of a 
fuel that is consumed: 

 � � � � � � � � � � � ��S�S�S�K innetth qw /� , (2) 

here: wc(�Œ) – specific compression work, J/kg; we(�Œ) – 
specific expansion work, J/kg; qin(�Œ) – specific input heat, 
J/kg; �Œ – CPR. 

Fixing the temperature range of the cycle, we can 
consider that the minimum temperature is equivalent of 
the International Standard Atmosphere temperature at 
Mean See Level (288 K), while the maximum temperature 
is the TIT itself. At given engine component efficiencies 
and losses only one variable remains in (1) and (2), 
namely the CPR. Practically the TE and SNWO are 
functions of CPR. 

In accordance with functions (1) and (2) the real GTE 
cycles, at given temperature range and component 
efficiencies, have two optimums, namely the maximum of 
the SNWO and TE, but the related CPRs are significantly 
different from each other. In accordance with it, it is 
impossible to produce the maximum SNWO and the 
maximum TE in the same time. Using our thermal 
mathematical model programme, the user can determine 
the CPRs of the maximum SNWO and the maximum TE 
and their actual value. To determine these special CPRs 
related to the above mentioned engine properties, (1) and 
(2) needs to be analysed as functions, looking for their 
local extreme. In this case it is the local maximum we are 
looking for and can be found by using the first derivative 
test. SNWO and TE maximums are, where their first 
derivative is zero 

The best TE can be achieved at the higher CPR (the 
right red curve in Fig. 1 and 2) and the best SNWO at the 
lower CPR (the left green curve) at a given TIT. Sure the 
operational point should be somewhere between these two 
optimums and anyone of them can be improved at the 
expense of the other. For the further examination we 
chose as operational point (CPR) where the multiplication 
of SNWO and TE is maximum (middle blue curve). It was 
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preferred for two reasons. First, although, the operational 
point (CPR) can be anywhere between the two 
distinguished operational points, but we expected this as 
the best approximation for the operational point of a real 
GTE. Otherwise it always gives a standard comparable 
operational point (CPR) for all TITs, practically two 
coherent pairs of CPR and TIT at given component 
efficiencies. 

 
Fig. 1. TE curves in TIT versus CPR diagram [2]. 

 
Fig. 2. SNWO curves in TIT versus CPR diagram [2]. 

In Fig. 1 the TE curves can be shown from ~18% 
(1100 K) to ~36% (1800), while in Fig. 2 the SNWO 
curves from 150 kJ/kg (1100 K) to 450 kJ/kg (1800 K). 
The component efficiencies are unchanged and shown in 
the bottom left corner. Where: ��polc – compression 
polytrophic efficiency, -; ��pole – expansion polytrophic 
efficiency, -; ��b – combustor efficiency, -; �1 – engine 
pressure loss, -; ��m – mechanical efficiency, -. 

The higher TIT results higher TE and SNWO. Increas-
ing the TIT and CPR without higher or even sometimes 
with lower engine component efficiencies, higher SNWO 
and TE can be achieved. Without being precise, about 100 
K TIT and 2.5-3 CPR raise results (absolute) 2% TE and 
50 kJ/kg SNWO raise with unchanged component 
efficiencies [2, 3]. The question is whether we can expect 
more improvement of TE with further increase of TIT or 
there is a limit when it has no more positive effect on TE. 

To process the above mentioned theories our in-house 
developed model was used which is based on Microsoft 
Excel with Visual Basic programming. Microsoft Excel 
Worksheet provides the communication platform (input 
and output data) of the created Visual Basic programme. 
The model produces: 
• The above mentioned characteristic curves in turbine 

entry temperature versus compressor pressure ratio 

diagram for any kind of combination of engine 
component efficiencies;  

• Calculates the distinguished compressor pressure ratio 
values; 

• Creates SNWO and TE web in compressor polytrophic 
efficiency versus CPR diagram; 

• It provides the analyses and evaluation of existed gas 
turbine engines.  

However, the model was originally designed for the 
operating range shown in Figures 1 and 2, which is now 
considered to be a realistic operating range for gas turbine 
engines. In view of the task, we made it possible to 
calculate the range over that till we reach the TIT where 
there is no more TE improvement. These results are 
shown in Tables (2 and 3) only at the end of paper. 

2 Relationship between the combustor 
fuel to air ratio and TIT 

In the combustion chamber the TIT implicitly depends on 
the fuel to air ratio. Considering stoichiometric 
combustion at about 15 kg air is necessary to burn 1 kg 
kerosene while the fuel to air ratio is 0,066. We can define 
an adiabatic temperature which is the maximum 
temperature if there is no cooling of the flame and the 
combustion has enough time to achieve thermodynamic 
equilibrium. The stoichiometric ratio is the ratio of the 
actual oxygen supplied to the fuel, which is needed for the 
complete combustion. At first it seems surprising that the 
highest adiabatic flame temperature does not occur if 
there is sufficient oxygen supplied to obtain complete 
combustion, but at these high flame temperatures not only 
oxidation reactions occur, but also dissociation reactions, 
thus, e.g., if a hydrocarbon fuel is burnt stoichiometrically 
at these high temperatures CO and H2 will be present as 
well as free atomic and molecular oxygen. In these cases, 
a slightly rich combustion (under-stoichiometric) is 
advantageous since the lack in heat from combustion to 
only CO instead of CO2 is overcompensated initially by 
the decrease in a ballast gas, here oxygen. In this case the 
flame temperature can be 2600-2800 K. It is far too hot, 
so it is necessary to cool the hot gas in combustor saving 
the turbine blades from harmful over temperature. In 
normal operation, the overall air to fuel ratio of a 
combustion chamber can vary between 45:1 and 60:1, 
consequently the fuel to air ratio is 0,0166 to 0,0222.  

The heat addition in gas turbine combustion chamber 
is nearly isobaric, so applying the usual thermal equation 
for isobaric heat addition the final temperature, practically 
the TIT, can be determined relatively easily with Equation 
(3) and (4). The main structural elements of combustor 
can be seen in Fig. 3. 

 �ß�Õ���I�6�Ù�è�Ø�ß���(�*�8 
L �I�6�Ô�Ü�å���?�ã���:�6�6 
 F � 6�7�;�â (3) 

 �6�7 
 L � 6�6 
 E � ß�Õ
�à�6�Ñ�à�Ð�×

�à�6�Ñ�à�Ð�×

�¿�Á�Ï

�Ö�Û�:�Í�â�Ù�;

 L � 6�6 
 E � ß�Õ���B��

�¿�Á�Ï

�Ö�Û
, (4) 

where: �I�6�Ù�è�Ø�ß – fuel flow rate, kg/s; FHV – Fuel Heating 
Value, J/kg; �I�6�Ô�Ü�å – air mass flow rate, kg/s; �?�ã�:�6�á �B�; – 
isobaric specific heat constant; �6�6 – combustor inlet 
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temperature, K; �6�7 – Turbine Inlet Temperature (TIT), K; 
f – fuel to air ratio, -; �ß�Õ – combustion efficiency, -.  

 

Fig. 3. Gas turbine engine combustion schematics [4]. 

The gas properties, including isobaric specific heat 
(cp) are in reality not constant but change significantly 
with temperature, so it is highly recommended using 
temperature dependent gas properties. Moreover, the 
magnitude of the gas properties depends also from the 
composition of the combustion gases, i.e. the fuel to air 
ratio. 

Creating the temperature dependent gas properties, we 
used a polynomial approximation which can be expressed 
by the Equation (5) and (6) while the polynomial 
coefficients (xi; yi) can be seen in Table 1. Here the R(f) is 
the specific gas constant, currently not used, but to 
determine the adiabatic exponent (��) it is necessary, 
however its composition dependence is almost negligible 
and its value is approximately 287 J/kgK [2]. 
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Table 1. Polynomial coefficients of (6). 

i xi yi 

0 1043,7970 614,786 
1 –330,6087 6787,993 
2 666,7593 –10128,910 
3 233,4525 9375,566 
4 –1055,3950 –4010,937 
5 819,7499 257,610 
6 –270,5400 310,530 
7 33,6067 –67,426 

We created the temperature dependent isobaric 
specific heat �>�?�ã�:�6�á �B�;�? considering 800 K (at about CPR 
27:1, which is reasonable CPR for today used low bypass 
ratio gas turbine engines) as combustor inlet temperature 
with the polynomial approximation, expressed in (5). The 
result is the red line in the diagram shown on Fig. 4. The 
exit temperature (vertical axe) in this case is the TIT itself. 
Comparing the result to the diagram created by Technical 
Team of the NATO on the topic of Performance 
Prediction and Simulation of Gas Turbine Engine 
Operation for Aircraft, Marine, Vehicular, and Power 
Generation [5], there is a considerable alignment with 

their kerosene temperature curve while the fuel to air ratio 
is between 0 and 0,03. This range of fuel to air ratio surely 
covers the most expected TIT, which is in this case from 
0,02 to 0,03. 

 

Fig. 4. Turbine inlet temperature versus fuel to air ratio [5]. 

However, over 2000 K there is significant difference 
between the theoretical and real temperature curves even 
taking into consideration the high pressure in the 
combustor. Considering that, in this range of operation the 
TE improvement per 100 K TIT raise is less and less. We 
can presume that over 2000 K the ratio of TE 
improvement to TIT raise will be even worse, which 
practically questions the worthiness of turbine blade 
cooling. Under this temperature almost sure the turbine 
blade cooling despite the negative effect of compressor air 
bleed, improves the TE of the given GTE. In the next part 
of paper, we examine this problem.  

3 Relationship between the TIT the 
combustor inlet temperature and 
pressure 

The TIT depends on not only the fuel to air ratio, but the 
initial temperature and pressure of the combustion 
process, namely in this case the combustor inlet 
temperature and pressure. It is clearly visible that at higher 
initial temperature we need higher fuel to air ratio (more 
fuel) to reach the same temperature raise, see Fig. 5 and 
6. Fig. 5 was created by the polynomial approximation 
which was expressed earlier by the (5). In Fig. 6 the real 
temperature curves can be seen [5]. Even in Fig 5. the 
temperature curves lean rightward from the linear, but in 
Fig 6. that rightward leaning is more significant, 
especially at higher fuel to air ratio.  

If the combustion pressure (depends on CPR) is 
higher, the adiabatic flame temperature will increase at a 
given fuel to air ratio, but it has significant effect when 
the fuel to air ratio is higher than 0,04. In this case the 
higher pressure a little bit compensates the ever increasing 
flattening of temperature raise curves.  

We can conclude the fact that for achieving high 
temperatures at higher fuel to air ratio one needs over-
proportional amount of fuel to reach a given flame 
temperature. What is sure that it has significant negative 
effect on TE and consequently on specific fuel 
consumption. 
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Fig. 5. Theoretical adiabatic temperature raise for kerosene. 

 

Fig. 6. Real adiabatic temperature raise curves for kerosene [5]. 

4 Real versus theoretical TE of GTE 
cycles 

The combustor inlet temperature is mostly function of the 
CPR (less the compressor polytrophic efficiency) 
assuming International Standard Atmosphere temperature 
(288 K) as initial temperature. Considering the today used 
old and new generation gas turbines the combustor inlet 
(compressor exit) temperature can range from ~500 K 
(CPR ~6:1) to ~900-1000 K (CPR ~45:1) by our 
calculations. Consequently, there is relatively large 
difference between the combustor inlet temperature and 
pressure in different gas turbine engines at their maximum 
rate of power. Nowadays these data are realistic, but of 
course the model can handle higher CPRs to examine the 
region of higher fuel to air ratios. At given component 
efficiencies, to keep a certain comparable operational 
points, actually a compromise between the best SNWO 
and TE as the most probable operational points (in Figure 
1, middle blue curve) we always can match a CPR with a 
TIT. Since the CPR and the compressor polytrophic 
efficiency define combustor inlet (compressor exit) 
temperature so we have two coherent pairs of temperature 
(combustor inlet temperature and TIT) plus a combustor 
inlet pressure. 

In accordance with it, a temperature raise vs fuel to air 
ratio diagram can be created, see Fig. 7. The left curve by 
the polynomial approximation applying (5) and the right 
by the approximation using Fig. 6. 

 

Fig. 7. Temperature raise for kerosene considering the real 
combustor inlet temperature and pressure. 

Table 2. Results of the thermal mathematical model for the 
lower component efficiencies. 

 

The summarised results of the modelling considering 
those component efficiencies and losses, which can be 
seen in Figure 1 bottom left corner, are collected in Table 
2, where: 
CIT, K: Compressor Inlet Temperature; 
Wc, kJ/kg: ���S�Ö�:�è�; – specific compression work; 
We, kJ/kg: �S�Ø�:�è�; – specific expansion work;  
Qi, kJ/kg:���M�Ü�á�:�è�; – specific input heat (ideal); 
SNWO, kJ/kg: �S�á�Ø�ç�:�è�; – Specific Net Work Output; 
TEi, -: ��th(�Œ) – thermal efficiency (ideal); 
Qac, kJ/kg:���M�Ü�á�:�è�; – specific input heat (actual); 
TEac, -: ��th(�Œ) – thermal efficiency (actual). 

In this case Ideal does not refer to the ideal cycle, but 
the input heat and TE which is calculated using the 
isobaric specific heat (cp) with polynomial approximation 
applying (5), while the Actual is based on the real isobaric 
specific heat (cp). Furthermore, please note that for 
technical reasons (due to the excel number forms), the 
decimal points are indicated by comma. 

At these component efficiencies and losses, the TIT 
when the TE achieves its peak is 2363 K. Of course, we 
cannot vindicate that it is the exactly precise value, but we 
can accept as a good approximation.  

The examination can be repeated for any other 
variation of component efficiencies. We chose an another 
example with much higher compression and expansion 
polytrophic efficiency (0,83�: 0,88 and 0,85�: 0,9 
respectively).  

T IT 
[K]

CPR  
[-]

CIT     
[K]

Wc 
[kJ/kg]

We 
[kJ/kg]

Qi 
[kJ/kg]

SNWO 
[kJ/kg]

TEi    
[-]

Qac 
[kJ/kg]

TEac  
[-]

1100 7,25 564,78 290,27 423,46 624,15 133,19 21,34 624,91 21,31
1200 8,91 604,39 332,83 503,38 706,91 170,55 24,13 705,09 24,19
1300 10,83 644,00 375,77 586,31 791,74 210,54 26,59 797,00 26,42
1400 13,04 683,60 418,99 672,33 878,39 253,33 28,84 895,92 28,28
1500 15,57 723,15 462,57 761,42 966,74 298,84 30,91 998,27 29,94
1600 18,47 762,84 506,71 853,27 1056,45 346,56 32,80 1101,59 31,46
1700 21,75 802,38 551,04 947,85 1147,64 396,81 34,58 1204,58 32,94
1800 25,46 842,09 596,03 1044,71 1239,97 448,68 36,18 1307,09 34,33
1900 29,63 880,92 640,42 1143,96 1334,65 503,55 37,73 1410,11 35,71
2000 34,29 920,05 685,52 1245,29 1430,44 559,77 39,13 1515,75 36,93
2100 39,47 959,10 730,97 1348,81 1527,55 617,85 40,45 1627,30 37,97
2200 45,21 997,82 776,44 1454,34 1626,43 677,89 41,68 1749,16 38,76
2300 51,54 1034,82 820,16 1561,70 1728,97 741,54 42,89 1886,90 39,30
2400 58,50 1072,29 864,93 1670,21 1832,14 805,28 43,95 2047,22 39,34
2500 66,12 1109,51 909,69 1781,28 1936,84 871,59 45,00 2237,96 38,95
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At these component efficiencies and losses, the TIT 
when the TE achieves its peak is 2270 K. Comparing it 
with the previous example, it is clearly visible, that higher 
component efficiencies decrease the TIT of maximum TE.  

Table 3. Results of the thermal mathematical model for the 
higher component efficiencies. 

 

To avoid the misunderstanding these TEs in the right 
column are not the highest ones because as we mentioned 
earlier at a given TIT, CPR, defined by the intersection of 
TIT line and red curve, would give 1.5-2% higher TE. 

5 Conclusion 

Of course, the TIT depends on the fuel to air ratio, namely 
how much excess air is supplied from the compressor 
comparing to the stoichiometric combustion. Less excess 
air results higher TIT, while, of course, the combustor 
cooling with this excess air is also important. The question 
was how close the fuel to air ratio can approach the 
stoichiometric condition (without taken into consideration 
the question of turbine blade cooling) getting still higher 
TE. Cycle calculations of uncooled gas turbines show that 
when gas properties are modelled accurately, the variation 
of TE with TIT exhibits a maximum at temperatures well 
below the stoichiometric limit. Furthermore, the TIT at 
the maximum TE decreases with increasing compressor 
and turbine polytrophic efficiency. Limiting scenario 
concerns the effect on cycle performance of real gas 
properties at high temperatures. However, we presumed 
uncooled conditions, the performance of gas turbines may 
be limited further by the deterioration caused by the 
increased compressor bleed air used to turbine blade 
cooling. We can expect (however it is just intuition and 
not proved by any calculation) that increasing the TIT 
over 2000 K is not reasonable (due to extra turbine blade 
cooling) regarding the engine TE 

We can conclude that only rough approximation can 
be given about the temperature limit above which it is not 
worth increasing the TIT any further. 
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[-]
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An air traffic conflict resolution under wind conditions study 
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Abstract. A geometrical air traffic conflicts detection and resolution method is studied. Algorithm for level 
flight under wind conditions is presented. An analytical resolution by heading or velocity changing is 
obtained which may be used in algorithms and automation software tools. Additions to the method and 
recommendations for practical implementations are made. 

1 Introduction 

Air Traffic Control (ATC) provides safety basically by air 
traffic conflict detection and resolution. These problems 
are solved at [1-4]. At this study wind conditions are 
added. Any vector a(a,�.) is presented in polar coordinates 
with magnitude a and polar angle �.. Basic formulas (1-3) 
are used: 

 a (�Z, �.) ± b (b, ��) = c (c, ��), (1) 

 )cos(2222 �E�D�#abbac �r��� , (2) 

 
�E�D
�E�D

�J
coscos
sinsin

ba
ba

tg
�r
�r

� . (3) 

2 Problem 

Two Aircraft (AC1 and AC2) encounter in strait level 
flight with constant speeds (Fig. 1 and Fig. 2). They 
trajectories are crossing at point O. AC2 flies along to the 
polar axis and x-axis of Cartesian coordinate system with 
a common point of origin, O. The potential conflict is 
detected (predicted) when AC1 is at point A, and AC2 is 
at point B. 

By the surveillance information system could be 
defined: 
• Aircrafts ground speeds W1 and W2; 
• Aircrafts track angles �� 1 and �� 2; 
• the distances �H�: = x10 �b �H�< = x20; 
• angle �. – the trajectories crossing angle. 

The meteorology service system gives: 
• wind speed U; 
• meteorology wind direction, �/�f. 

Predicted time to minimum distance, �2d is defined 
during the conflict detection. 

For conflict resolution some needs to define: 
• how the Aircraft’ speed W1 or W2 to be changed; 
• what is the change needed of one of the Aircrafts’ 

heading angle, �%. 
 

3 Encounter geometry 

Conflict resolution is presented and analyzed in details 
into [3, 4]. All around AC1 a safety circle zone of radius 
D is provided. 

 D = s + �2d,  (4) 

where s is a horizontal separation zone required. 
The solution consists of one of the Aircraft’s ground 

speed vector change so as to the direction (directress) of 
the AC2 relative speed about AC1 vector  

 �¨W = W2 – W1 (5) 

to touch the circle, (Fig. 1). 
 

 

Fig. 1. Conflict resolution by airspeed change 

Let �:(xA,yA),and B(xB,yB) are the rectangular 
coordinates of points A and B respectively. Then the 
angular coefficient k of the tangent through point B(xB,yB) 
to a circle with center �:(xA,yA) and radius D could be 
defined [7]: 

 .)1()]()[( 222 kDkxyykx BBAA ��� ������  (6) 
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The point’s coordinates are as follows: 

 xA = –x10 cos�.; yA = x10 sin�.; xB = –x20; yB = 0. (7) 

Substitution of (6) into (7) gives: 

 .)1()]sin)cos[( 222
101020 kDxkxx ��� ���� �D�D  (8) 

If denote: 

 ,sin,cos 101020 �D�D xnxxe � ���  (9) 

substitution of (9) into (8) gives: 

 .02)( 22222 � �������� DnknekDe  (10) 

Quadratic equation (10) with unknown k gives two 
solutions because through the point B could pass two 
tangents to the circle. It is proved [4] that for conflict 
resolution the tangent has to touch the circle at point C. 
Thus the tangent gives bigger angle �-  and bigger k 
respectively: 

 .
))(()(

22

22222

�)� 
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��������
� tg

De

DnDenene
k  (11) 

Finally: 

 �-  = arctg k. (12) 

4 Conflict resolution by AC1 airspeed 
change 

For any Aircraft the airspeed vector V, groundspeed 
vector W, and wind speed vector U constitute navigation 
speed triangle. 

 W = V + U. (13) 

Let’s introduce the designations: 
V�j1 – The new asking AC1 airspeed for conflict resolution 
(conflict resolution airspeed); 
W�j1 – AC1 groundspeed needed for conflict resolution, 
(conflict resolution groundspeed); 
�¨WV1 – relative approach speed between AC2 and AC1, 
for conflict resolution. 

At the new airspeed V�j1 AC1 have to maintain the 
same flightpath. It means that groundspeed vectors W1 
and W�j1 have to be collinear, to have the same polar angle 
2�Œ – �.. 

What is the wind speed vector polar angle? Wind 
direction, meteorological �/�f, or navigational �/�g 
(�/�g = �/�f ± 180°), is the angle that wind speed vector 
directress concludes with the Nord direction [5]. The x 
axis positive direction is rotated at angle �� 2 = ��  about the 
Nord direction. Then, the wind speed vector polar angle 
is: 

 
.180)(

;180

�q�r���<���<� 

�q�r�!�<���<���r� 

�f�f

�f�f

if

if

�G�G�S�V

�G�G�S�V

�#
 (14) 

The upper sign in (14) is related to �/�f < 180°. 

According to (5), the two aircraft relative approach 
speed is: 

 �¨WV1 = W2 – W�j1 . (15) 

According to the velocity vector triangle, (Fig. 1) and 
sinus theorem: 

 
)sin(sin

21

�D�S ���)��
� 

�)
WW�j  (16) 

The known here are �- , �., (�Œ – �-  – �.) and W2. Then: 

 .
)sin(

sin
21 WW�j �D���)

�)
�  (17) 

Vector equation (13) could be rewritten as: 

 V�j1 = W�j1 – U.  

Or in polar coordinates 

 V�j1(V�j1, �3�j1) = W�j1(W�j1, 2�Œ – �.) – U(U, �1). (18) 

Applying formulas (1) and (2) at (18) gives conflict 
resolution airspeed: 

 .)cos(.2 2
1

22
11 �V�D������� UWUWV �j�j�j  (19) 

So, the AC1 velocity change conflict resolution 
algorithm is the formula consequence: (4), (9), (11), (12), 
(17) and (19). 

5 Conflict resolution by AC2 air speed 
change 

The same approach and denotations are used. 
The relative approach speed (5) could be written as: 

 �¨WV2 = W�j2 – W1. (20) 

For the triangle defined by vector equation (20), (Fig. 
1) is valid: 

 ,
sin)sin(

12

�)
� 

���)��
WW�j

�D�S
 (21) 

from where 

 .
sin

)sin(
12 WW�j �)

���)
� 

�D
 (22) 

AC2 has to stay at the same flightpath, that’s why the 
polar angle of the conflict resolution ground speed vector 
W�j2 (W�j2, 0) has to be the same as W2 (W2, 0), i.e. null, 
because both W2 and W�j2 coincide with polar axis x. 

The velocity triangle is V�j2 = W�j2 – U. 

 V�j2(V�j2, �3�j2) = W�j2(W�j2, 0) – U(U, �1). (23) 

and after applying (2) 

 .cos.2 2
2

22
22 �VUWUWV �j�j�j �����  (24) 
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6 Conflict resolution by AC2 heading 
change ��

Aircraft heading change is an effective way for conflict 
resolution. It is already approved that for smaller initial 
heading change, the turn has to be against the other 
aircraft [4].  

At the considered horizontal flight, where the angle of 
attack and sleeping angle are neglected, the heading angle 
is between the Airspeed Vector V and The Nord direction. 
The angle between positive direction of Airspeed V and 
Groundspeed W vectors is so called in navigation Drift 
angle [5].  

Let  
W2 = W – AC2 ground speed vector, before the heading 
change; 
W�j – AC2 ground speed vector, after the heading change 
(conflict resolution speed); 
V, V�j – AC2 airspeed vectors before and after the heading 
change respectively. 

AC2 Airspeed could be found using the navigation 
velocities triangle, (Fig.2): 

 V(V, �3) = W(W, 0) – U(U, �1), (25) 

 ,cos2 222 �VUWUWV �����  (26) 

 .
cos
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WU

U
arctg
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� 

�V
�V

�M  (27) 

Then, the Drift angle is 

 �� = 2�Œ – �3. (28) 

 

Fig. 2. Conflict resolution by AC2 heading change 

For the conflict resolution, the groundspeed vector W 
has to become W�j, so that the relative speed vector  

 �¨W�% = W�j – W1 (29) 

to be inclined at angle �-  about the axis x. For that 
purpose, airspeed vector V has to be rotated at angle �% 
without magnitude change and to transform to vector V�j. 
So the angle �% is the heading change needed, (Fig. 2). 

The Vector equation (29) could be written as: 

 W�j(W�j, �3�j) = �¨W�%(�¨W�%, �- ) + W1(W1, 2�Œ – �.).  

And after applying formulas (2) and (3), 
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1
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The vector W�j could be expressed using the navigation 
velocities triangle after the heading change: 

 W�j(W�j, �3�j) = Vp(V, �3 + �%) + U(U, �1);  

 )cos(2222 �V�\�M ��������� VUUVWp , (32) 
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After (30) and (32) as well as (31) and (33) wright 
parts equalization it is obtained: 
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 (34) 

The record (34) is a two equation system with two 
unknowns, �% and �¨W�%. The system analytical solution is 
difficult. 

There are merits to accept that after heading change 
for conflict resolution the Aircraft groundspeed remains 
approximately the same: 
• wind speed is much less than the aircraft speed; 
• heading changes for conflict resolution are usually small 

(less than 20° for the case [4]); 
• under the ATM rolls, the heading changes for conflict 

resolution are rounded and discredited in 5° (they could 
be 5° 10° 15°…); 

• the error accepted could be compensated by bigger 
safety zone radius D around the Aircraft. 

These arguments give reason to assume W�j �§ W. It 
means that for conflict resolution the groundspeed vector 
W should rotate on angle ��  without magnitude change up 
to W�j, so that the relative speed vector 

 �¨W�% = W�j – W1 (35) 

to be inclined at angle �-  about the axis x. It could be 
written as: 

 �¨W�%(�¨W�%, �- ) = W�j(W, �� ) – W1(W1, 2�Œ – �.).  (36) 

And after applying (3) into (36) 
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The solution of (37) is given at [3]: 
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where 
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 .
)sincos(

, 1

W
cW

Ktgk
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��� �)�  (39) 

The angle ��  is the track angle change but the question 
is what is the heading change �%. 

According (Fig. 2) 

 �% = �3p + �� , (40) 

where �3p is the polar angle of the airspeed vector after the 
maneuver V�j. That angle could be defined using velocity 
triangle after the maneuver: 

 V�j(V�j, �3p) = W�j(W, �� ) – U(U, �1). (41) 

Using formula (3): 

 .
coscos
sinsin

�V
�V

�M
UW
UW

arctgp ���<
���<

�  (42) 

So, the conflict resolution by heading change 
algorithm is the sequence of the formulas: (9), (11), (27), 
(28), (39), (38), (42), (42) �b (40). 

7 Conclusion 

Air traffic conflicts detection and resolution under wind 
conditions makes the problem closer to the real flight.  

The obtained algorithm for conflict resolution by 
heading or velocity changing may be used in algorithms 
and automation software tools, available at the state-
owned enterprise “Bulgarian Air Traffic Services 
Authority” (BULATSA). 

The presented model could be improved by 
developing dynamics of aircraft’s motion and obtaining 
their flightpath. 
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�H�p�_�g�d�Z �g�Z �\�e�b�y�g�b�_�l�h �g�Z �k�f�m�s�Z�\�Z�s�b �n�Z�d�l�h�j�b �\�t�j�o�m 
�n�m�g�d�p�b�h�g�b�j�Z�g�_�l�h �g�Z �d�h�k�f�b�q�_�k�d�b�y �b �g�Z�a�_�f�g�b�y �k�_�]�f�_�g�l �g�Z 
GPS 

�P�\�_�l�_�e�b�g�Z �@�_�e�y�a�d�h�\�Z1,* �b �<�_�k�_�e�b�g �J�Z�^�d�h�\2 

1CAMO Partner Ltd., �[�m�e. „�;�j�x�d�k�_�e“ �‹  1, �k�]�j�Z�^�Z �g�Z �B�<�L, �K�h�n�b�y, �;�t�e�]�Z�j�b�y 
2�L�_�o�g�b�q�_�k�d�b �m�g�b�\�_�j�k�b�l�_�l – �K�h�n�b�y, �d�Z�l�_�^�j�Z „�<�t�a�^�m�r�_�g �l�j�Z�g�k�i�h�j�l“, �;�t�e�]�Z�j�b�y 

Abstract.  Present work is given to viewing the influence of respective Navstar/GPS embarrass impacts to 
the running of the global navigation system as of synthesizing an computer program for their impact 
judgment as well. Two major groups of perturbations factors are addressed: perturbations prove impact on 
the orbital segment and perturbations prove impact to the running of the user's piston ring (non-orbital 
disturbances). It is being synthesized in the theoretical productions on the ground, plan code that yes on is 
modeled. The influence of those who embarrass the invoices on the accuracy of specifying the location. 

1 �M�\�h� ̂

�K�b�k�l�_�f�Z�l�Z �a�Z �]�e�h�[�Z�e�g�Z �k�i�t�l�g�b�d�h�\�Z �g�Z�\�b�]�Z�p�b�y Navstar 
�r�b�j�h�d�h �b�a�\�_�k�l�g�Z �d�Z�l�h Global Position System (GPS) 
�h�k�b�]�m�j�y�\�Z �l�j�b�b�a�f�_�j�g�h �h�i�j�_�^�_�e�y�g�_ �g�Z �f�_�k�l�h�i�h�e�h�`�_-
�g�b�_�l�h �g�Z �\�k�_�d�b �i�h�l�j�_�[�b�l�_�e, �g�Z�f�b�j�Z�s �k�_ �g�Z �i�h�\�t�j�o-
�g�h�k�l�l�Z �g�Z �A�_�f�y�l�Z, �\�t�\ �\�t�a�^�m�o�Z �b�e�b �g�Z�^ �\�h�^�Z. �K�t�s�h 
�l�Z�d�Z, �l�y �h�k�b�]�m�j�y�\�Z �b�g�n�h�j�f�Z�p�b�y �a�Z �b�a�q�b�k�e�y�\�Z�g�_ �g�Z 
�k�d�h�j�h�k�l�l�Z �g�Z �h�[�_�d�l�Z, �d�Z�d�l�h �b �l�h�q�g�h �\�j�_�f�_. �L�h�\�Z �g�Z�e�Z�]�Z 
�i�h�l�j�_�[�b�l�_�e�y�l �^�Z �k�_ �h�k�b�]�m�j�y�\�Z �k �g�Z�\�b�]�Z�p�b�h�g�g�Z �b�g�n�h�j-
�f�Z�p�b�y �i�h�k�l�t�i�\�Z�s�Z �g�_�i�j�_�d�t�k�g�Z�l�h �\ �l�_�q�_�g�b�_ �g�Z 
�\�j�_�f�_�l�h, �b �h�k�b�]�m�j�y�\�Z�s�Z �^�h�k�l�Z�l�t�q�g�h �\�b�k�h�d�Z �l�h�q�g�h�k�l 
�i�j�b �h�i�j�_�^�_�e�y�g�_ �g�Z �i�j�h�k�l�j�Z�g�k�l�\�_�g�b�l�_ �d�h�h�j�^�b�g�Z�l�b �g�Z 
GPS �i�j�b�_�f�g�b�d�Z, �g�_�a�Z�\�b�k�b�f�h �h�l �\�t�a�^�_�c�k�l�\�b�_�l�h �g�Z 
�j�Z�a�g�h�h�[�j�Z�a�g�b �n�Z�d�l�h�j�b, �k�f�m�s�Z�\�Z�s�b �j�Z�[�h�l�Z�l�Z �g�Z 
�k�b�k�l�_�f�Z�l�Z �d�Z�l�h �p�y�e�h. 

�P�_�e�l�Z �g�Z �g�Z�k�l�h�y�s�Z�l�Z �j�Z�[�h�l�Z �_ �g�Z �h�k�g�h�\�Z�l�Z �g�Z 
�k�b�g�l�_�a�b�j�Z�g �g�Z �Z�e�]�h�j�b�l�t�f [1] �b �i�j�h�\�_�^�_�g �q�b�k�e�_�g �_�d�k�i�_-
�j�b�f�_�g�l �^�Z �k�_ �b�a�\�t�j�r�b �h�p�_�g�d�Z �g�Z �k�l�_�i�_�g�l�Z �g�Z �\�t�a�^�_�c-
�k�l�\�b�_�l�h �b �]�j�_�r�d�b�l�_ �i�j�b �h�i�j�_�^�_�e�y�g�_ �g�Z �f�_�k�l�h�i�h�e�h�`�_-
�g�b�_�l�h �q�j�_�a GPS �i�j�b�_�f�g�b�d, �\ �k�e�_�^�k�l�\�b�_ �g�Z �j�Z�a�g�h-
�h�[�j�Z�a�g�b �k�f�m�s�Z�\�Z�s�b �n�Z�d�l�h�j�b, �d�Z�d�l�h �b �Z�g�Z�e�b�a �g�Z 
�i�h�e�m�q�_�g�b�l�_ �j�_�a�m�e�l�Z�l�b. 

2 �K�f�m�s�_�g�b�y �\�t�a�^�_�c�k�l�\�Z�s�b �\�t�j�o�m 
�h�j�[�b�l�Z�l�Z �g�Z �g�Z�\�b�]�Z�p�b�h�g�_�g �k�Z�l�_�e�b�l 

�K�f�m�s�Z�\�Z�s�b�l�_ �n�Z�d�l�h�j�b, �\�e�b�y�_�s�b �\�t�j�o�m �i�h�a�b�p�b�y�l�Z �g�Z 
�g�Z�\�b�]�Z�p�b�h�g�_�g �k�Z�l�_�e�b�l (�G�K) �g�Z �h�j�[�b�l�Z, �d�h�b�l�h �k�Z 
�b�a�[�j�Z�g�b �^�Z �[�t�^�Z�l �b�a�k�e�_�^�\�Z�g�b �k�Z �h�[�h�k�h�[�_�g�b �\ �^�\�_ �]�j�m�i�b 
[1]: 

�=�j�Z�\�b�l�Z�p�b�h�g�g�b: 
• �=�j�Z�\�b�l�Z�p�b�h�g�g�h �i�j�b�\�e�b�q�Z�g�_ (�h�l �K�e�t�g�p�_�l�h �b �E�m�g�Z�l�Z); 
• �B�a�i�m�k�d�Z�g�_ �g�Z �]�Z�a/�]�h�j�b�\�h (�l�_�q�h�\�_ �h�l �G�K). 
 

�G�_�]�j�Z�\�b�l�Z�p�b�h�g�g�b: 
• �G�_�k�n�_�j�b�q�g�h�k�l (�G�_�k�b�f�_�l�j�b�q�g�h�k�l) �g�Z �A�_�f�y�l�Z; 
• �L�j�b�_�g�_ �i�j�_�^�b�a�\�b�d�Z�g�h �h�l �i�j�b�e�b�\�g�h�l�h �m�k�d�h�j�_�g�b�_; 
• �L�j�b�_�g�_ �\ �k�j�_�^�Z�l�Z �g�Z �^�\�b�`�_�g�b�_ (�l. �_. �\ �Z�l�f�h�k�n�_�j�Z�l�Z); 
• �?�e�_�d�l�j�h�f�Z�]�g�b�l�g�h �g�Z�e�y�]�Z�g�_ (�k�e�t�g�q�_�\�Z �j�Z�^�b�Z�p�b�y). 

2.1.�K�f�m�s�_�g�b�y, �i�j�_�^�b�a�\�b�d�Z�g�b �h�l �k�b�e�b�l�_ �g�Z 
�]�j�Z�\�b�l�Z�p�b�h�g�g�h�l�h �i�j�b�\�e�b�q�Z�g�_ 

�<�k�_�d�b �k�i�t�l�g�b�d �g�Z �h�d�h�e�h�a�_�f�g�Z �h�j�[�b�l�Z �s�_ �b�a�i�b�l�\�Z 
�]�j�Z�\�b�l�Z�p�b�h�g�g�b �\�t�a�^�_�c�k�l�\�b�y �h�l �k�l�j�Z�g�Z �g�Z �l�j�b �l�_�e�Z - 
�A�_�f�y�l�Z, �E�m�g�Z�l�Z �b �K�e�t�g�p�_�l�h. �< [1] �f�Z�l�_�f�Z�l�b�q�_�k�d�b �_ 
�h�i�b�k�Z�g�h �^�\�b�`�_�g�b�_ �g�Z �G�K �h�d�h�e�h �A�_�f�y�l�Z �q�j�_�a �l�j�b 
�D�_�i�e�_�j�h�\�b �k�d�Z�e�Z�j�g�b �^�b�n�_�j�_�g�p�b�Z�e�g�b �m�j�Z�\�g�_�g�b�y �h�l 
�\�l�h�j�b �j�_�,̂ �h�l �d�h�b�l�h �k�Z �i�h�e�m�q�_�g�b �r�_�k�l �h�j�[�b�l�Z�e�g�b 
�i�Z�j�Z�f�_�l�j�b. �J�Z�a�]�e�_�^�Z�g �_ �i�j�h�[�e�_�f�t�l, �k�\�t�j�a�Z�g �k �h�i�j�_�^�_-
�e�y�g�_ �k�t�k�l�h�y�g�b�_�l�h (�i�h�a�b�p�b�y �b �k�d�h�j�h�k�l) �g�Z �h�[�_�d�l �g�Z 
�h�j�[�b�l�Z �\ �h�i�j�_�^�_�e�_�g�h �\�j�_�f�_ t, �k�t�h�l�g�_�k�_�g�h �d�t�f �^�Z�^�_�g�h 
�h�l�i�j�Z�\�g�h �\�j�_�f�_ t0. 

2.2. �G�_�]�j�Z�\�b�l�Z�p�b�h�g�g�b �k�f�m�s�_�g�b�y 

2.2.1. �K�f�m�s�_�g�b�y, �i�h�j�h�^�_�g�b �h�l  
�g�_�k�b�f�_�l�j�b�q�g�Z�l�Z �n�h�j�f�Z �g�Z �A�_�f�y�l�Z 

�A�Z �k�t�a�^�Z�\�Z�g�_ �g�Z �i�h-�y�k�g�Z �i�j�_�^�k�l�Z�\�Z �a�Z �]�j�Z�\�b�l�Z�p�b�h�g�g�b-
�l�_ �o�Z�j�f�h�g�b�q�g�b �g�Z �A�_�f�y�l�Z �\ �e�b�l�_�j�Z�l�m�j�g�b�l�_ �b�a�l�h�q�g�b�p�b 
�h�[�b�d�g�h�\�_�g�h �k�_ �b�a�i�h�e�a�\�Z �d�h�g�p�_�i�p�b�y�l�Z �a�Z �]�j�Z�\�b�l�Z�p�b�h�g-
�g�b�l�_ �i�h�l�_�g�p�b�Z�e�b, �d�h�y�l�h �_ �b�a�i�h�e�a�\�Z�g�Z �b �\ �j�Z�[�h�l�Z [1]. 
�=�j�Z�\�b�l�Z�p�b�h�g�g�h�l�h �i�h�e�_ �g�Z �l�y�e�h �k �h�i�j�_�^�_�e�_�g�Z �f�Z�k�Z 
�f�h�`�_ �^�Z �[�t�^�_ �i�j�_�^�k�l�Z�\�_�g�h �q�j�_�a �i�h�l�_�g�p�b�Z�e�g�Z �n�m�g�d�p�b�y. 

�=�j�Z�\�b�l�Z�p�b�h�g�g�b�l�_ �k�n�_�j�b�q�g�b �n�m�g�d�p�b�b �g�Z �A�_�f�y�l�Z �k�_ 
�i�h�e�m�q�Z�\�Z�l �h�l �]�j�Z�\�b�l�Z�p�b�h�g�g�b�y �i�h�l�_�g�p�b�Z�e �d�Z�l�h �k�_ 
�b�a�i�h�e�a�\�Z �l�_�h�j�b�y�l�Z �g�Z �i�h�l�_�g�p�b�Z�e�g�b�l�_ �n�m�g�d�p�b�b. �L�_�a�b 
�k�n�_�j�b�q�g�b �n�m�g�d�p�b�b �k�Z �h�g�_�a�b �q�e�_�g�h�\�_ �h�l �j�Z�a�\�b�l�b�_�l�h �\ 

�Q. �A�`�f�z�b�e�i�]�[ �c �=. �K�[�_�e�i�], �H�p�_�g�d�Z �g�Z �\�e�b�y�g�b�_�l�h �g�Z �k�f�m�s�Z�\�Z�s�b �n�Z�d�l�h�j�b �\�t�j�o�m �n�m�g�d�p�b�h�g�b�j�Z�g�_�l�h �g�Z �d�h�k�f�b�q�_�k�d�b�y �b �g�Z�a�_�f�g�b�y �k�_�]�f�_�g�l �g�Z GPS 
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�j�_�,̂ �q�j�_�a �d�h�b�l�h �f�h�]�Z�l �^�Z �[�t�^�Z�l �i�j�_�^�k�l�Z�\�_�g�b �h�l�d�e�h�g�_-
�g�b�y�l�Z �h�l �k�n�_�j�b�q�g�Z�l�Z �n�h�j�f�Z. �A�Z �g�Z�c-�q�_�k�l�h �i�j�b�e�Z�]�Z�g�b�y 
�f�h�^�_�e �g�Z �A�_�f�y�l�Z WGS 84 �h�[�b�d�g�h�\�_�g�h �k�_ �b�a�i�h�e�a�\�Z�l 
�o�Z�j�f�h�g�b�q�g�b�l�_ �h�l �g�Z�c-�g�b�k�t�d �i�h�j�y�^�t�d. �G�Z�i�j�b�f�_�j �a�Z 
�a�h�g�Z�e�g�b�l�_ �o�Z�j�f�h�g�b�q�g�b, �g�Z�c-�q�_�k�l�h �b�a�i�h�e�a�\�Z�g�b�l�_ 
�k�n�_�j�b�q�g�b �n�m�g�d�p�b�b �k�Z J2, J3 �b J4, �i�h�d�Z�a�Z�g�b �\ [1, 2]. 

�<�l�h�j�b�y�l �o�Z�j�f�h�g�b�d J2 �_ �k�\�t�j�a�Z�g �k �_�d�\�Z�l�h�j�b�Z�e�g�Z�l�Z 
�k�i�e�_�k�g�Z�l�h�k�l, �i�h�e�m�q�_�g�Z �\�k�e�_�^�k�l�\�b�_ �g�Z �\�t�j�l�_�g�_�l�h �g�Z 
�A�_�f�y�l�Z �b �h�l�q�b�l�Z �n�Z�d�l�Z, �q�_ �j�Z�a�e�b�d�Z�l�Z �f�_�`�^�m �i�h�e�y�j�g�b�y 
�j�Z�^�b�m�k �b �_�d�\�Z�l�h�j�b�Z�e�g�b�y �j�Z�^�b�m�k �_ 22 km. �H�k�g�h�\�g�h�l�h 
�\�e�b�y�g�b�_ �g�Z �o�Z�j�f�h�g�b�d�Z J2 �_ �\�t�j�o�m �j�_�d�k�l�Z�k�p�_�g�a�b�y�l�Z �g�Z 
�\�t�a�o�h�^�y�s�Z�l�Z �\�t�a�e�h�\�Z �l�h�q�d�Z �b �i�Z�j�Z�f�_�l�t�j�Z �g�Z �i�_�j�b-
�o�_�e�b�y �& �g�Z �h�j�[�b�l�Z�l�Z. 

�< �j�Z�[�h�l�Z [1] �_ �j�Z�a�]�e�_�^�Z�g�h �_ �\�e�b�y�g�b�_�l�h �g�Z J2 �b �k�Z 
�h�i�j�_�^�_�e�_�g�b �d�h�h�j�^�b�g�Z�l�b�l�_ �\ �k�n�_�j�b�q�g�Z �d�h�h�j�^�b�g�Z�l�g�Z 
�k�b�k�l�_�f�Z. �B�a�\�_�^�_�g�h �_ �m�j�Z�\�g�_�g�b�_�l�h �a�Z �m�k�d�h�j�_�g�b�y�l�Z, �i�j�_-
�^�b�a�\�b�d�Z�g�b �h�l �k�b�e�b�l�_ �g�Z �l�j�b�_�g�_ �\ �A�_�f�g�Z�l�Z �Z�l�f�h�k�n�_�j�Z, 
�b �k�Z �h�i�b�k�Z�g�b �n�Z�d�l�h�j�b�l�_, �\�e�b�y�_�s�b �\�t�j�o�m �m�k�d�h�j�_�g�b�y�l�Z. 
�H�i�b�k�Z�g�h �_ �d�h�f�[�b�g�b�j�Z�g�h�l�h �k�e�t�g�q�_�\�h-�e�m�g�g�h �k�f�m�s�_�g�b�_ 
�b �^�t�e�]�h�k�j�h�q�g�b�y �f�m �_�n�_�d�l �\�t�j�o�m �h�j�[�b�l�b�l�_ �k �]�h�e�y�f�Z 
�\�b�k�h�q�b�g�Z, �b �_ �b�a�\�_�^�_�g�h �m�j�Z�\�g�_�g�b�_�l�h �a�Z �i�j�_�k�f�y�l�Z�g�_ �g�Z 
�k�f�m�s�Z�\�Z�s�h�l�h �m�k�d�h�j�_�g�b�_ �\�t�j�o�m �g�Z�\�b�]�Z�p�b�h�g�_�g �k�Z�l�_-
�e�b�l, �i�h�j�h�^�_�g�h �h�l �g�Z�e�y�]�Z�g�_�l�h �g�Z �k�e�t�g�q�_�\�Z�l�Z �j�Z�^�b�Z�p�b�y. 
�J�Z�a�]�e�_�^�Z�g�b �k�Z �i�_�j�b�h�^�b�q�g�b �\�Z�j�b�Z�p�b�b �g�Z �h�j�[�b�l�Z�e�g�b�l�_ 
�_�e�_�f�_�g�l�b �b�g�^�m�p�b�j�Z�g�b �h�l �k�e�t�g�q�_�\�Z�l�Z �j�Z�^�b�Z�p�b�y. 

2.2.2. �K�f�m�s�_�g�b�y, �i�h�j�h�^�_�g�b �h�l  �l�j�b�_�g�_�l�h �\ 
�a�_�f�g�Z�l�Z �Z�l�f�h�k�n�_�j�Z 

�?�n�_�d�l�t�l �g�Z �l�j�b�_�g�_�l�h �\�t�j�o�m �h�j�[�b�l�Z�l�Z �g�Z �G�K �k�_ 
�b�a�j�Z�a�y�\�Z �\ �j�Z�a�k�_�c�\�Z�g�_ �g�Z �_�g�_�j�]�b�y�l�Z �g�Z �i�h�k�e�_�^�g�b�y. 
�D�h�]�Z�l�h �k�Z�l�_�e�b�l�t�l �]�m�[�b �_�g�_�j�]�b�y, �]�h�e�y�f�Z�l�Z �i�h�e�m�h�k �g�Z 
�h�j�[�b�l�Z �f�m �g�Z�f�Z�e�y�\�Z. �A�Z �h�j�[�b�l�b �k �]�h�e�y�f �_�d�k�p�_�g�l�j�b-
�p�b�l�_�l, �l�j�b�_�g�_�l�h �i�t�j�\�h �s�_ �^�h�\�_�^�_ �^�h �g�_�c�g�h�l�h �a�Z�d�j�t�]-
�e�y�g�_ �q�j�_�a �i�h�k�l�_�i�_�g�g�h �g�Z�f�Z�e�y�\�Z�g�_ �g�Z �g�_�c�g�b�y �Z�i�h�]�_�c, 
�k�e�_�^ �d�h�_�l�h �j�Z�^�b�m�k�t�l �g�Z �h�j�[�b�l�Z�l�Z �s�_ �i�j�h�^�t�e�`�b �^�Z 
�g�Z�f�Z�e�y�\�Z, �^�h�d�Z�l�h �k�Z�l�_�e�b�l�t�l �g�_ �k�_ �j�Z�a�[�b�_ �\ �i�h�\�t�j�o-
�g�h�k�l�l�Z �g�Z �A�_�f�y�l�Z. 

�D�h�]�Z�l�h �\�b�k�h�q�b�g�Z�l�Z �g�Z �h�j�[�b�l�Z�l�Z �_ �i�h-�f�Z�e�d�Z �h�l  
1000 km, �_�n�_�d�l�t�l �h�l �l�j�b�_�g�_�l�h �\ �Z�l�f�h�k�n�_�j�Z�l�Z �l�j�y�[�\�Z �^�Z 
�k�_ �j�Z�a�]�e�_�`�^�Z �\ �^�t�e�]�h�k�j�h�q�_�g �i�e�Z�g. �G�Z�c-�l�j�m�^�g�Z�l�Z �q�Z�k�l 
�i�j�b �h�i�j�_�^�_�e�y�g�_ �g�Z �k�l�h�c�g�h�k�l�l�Z �g�Z �l�j�b�_�g�_�l�h �_ �k�\�t�j�a�Z�g�Z 
�k �f�h�^�_�e�b�j�Z�g�_�l�h �g�Z �i�e�t�l�g�h�k�l�l�Z �g�Z �Z�l�f�h�k�n�_�j�Z�l�Z, �d�h�y�l�h 
�h�l �k�\�h�y �k�l�j�Z�g�Z �_ �n�m�g�d�p�b�y �g�Z �\�b�k�h�q�b�g�Z�l�Z �b �g�Z �l�_�d�m�s�h�l�h 
�\�j�_�f�_ �\ �^�_�g�h�g�h�s�b�_�l�h. 

2.2.3. �K�f�m�s�_�g�b�y, �i�j�_�^�b�a�\�b�d�Z�g�b �h�l  �k�e�t�g�q�_�\�Z�l�Z 
�j�Z�^�b�Z�p�b�y 

�G�Z�e�y�]�Z�g�_�l�h �i�j�b�q�b�g�_�g�h �h�l �k�e�t�g�q�_�\�Z�l�Z �j�Z�^�b�Z�p�b�y �_ 
�k�e�_�^�k�l�\�b�_ �g�Z �b�a�e�t�q�_�g�b�y �i�h�l�h�d �n�h�l�h�g�b. �A�Z �p�_�e�b�l�_ �g�Z 
�b�a�k�e�_�^�\�Z�g�_�l�h �k�e�t�g�q�_�\�Z�l�Z �j�Z�^�b�Z�p�b�y �\�t�\ �\�k�y�d�Z �l�h�q�d�Z �h�l 
�h�j�[�b�l�Z�l�Z �_ �i�j�b�_�l�h �^�Z �[�t�^�_ �d�h�g�k�l�Z�g�l�Z. �K�Z�l�_�e�b�l �g�Z 
�h�j�[�b�l�Z �i�h�e�m�q�Z�\�Z �k�f�m�s�Z�\�Z�s�h �m�k�d�h�j�_�g�b�_ ap �i�j�_�^�b�a�\�b-
�d�Z�g�h �h�l �j�Z�^�b�Z�p�b�y�l�Z �g�Z �K�e�t�g�p�_�l�h, �d�h�_�l�h �k�_ �h�i�j�_�^�_�e�y �i�h 
�n�h�j�f�m�e�Z �i�h�d�Z�a�Z�g�Z �\ �j�Z�[�h�l�Z [1]. 

3 �K�f�m�s�Z�\�Z�s�b �n�Z�d�l�h�j�b, �d�h�b�l�h �g�_ �k�Z 
�k�\�t�j�a�Z�g�b �k �h�j�[�b�l�Z�l�Z �g�Z �k�Z�l�_�e�b�l�Z 

3.1 �=�j�_�r�d�b, �i�h�j�h�^�_�g�b �h�l �g�_�l�h�q�g�h�k�l �g�Z �[�h�j�^�h-
�\�b�y �_�l�Z�e�h�g �a�Z �q�_�k�l�h�l�Z (�k�Z�l�_�e�b�l�g�b�y �q�Z�k�h�\�g�b�d) 

�G�Z�\�b�]�Z�p�b�h�g�g�b�l�_ �k�Z�l�_�e�b�l�b �h�l �k�b�k�l�_�f�Z GPS �b�f�Z�l �g�Z 
�[�h�j�^�Z �k�b �_�l�Z�e�h�g �a�Z �q�_�k�l�h�l�Z (�Z�l�h�f�_�g �q�Z�k�h�\�g�b�d) �d�h�c�l�h 
�k�b�g�o�j�h�g�b�a�b�j�Z �j�Z�[�h�l�Z�l�Z �g�Z �p�y�e�Z�l�Z �Z�i�Z�j�Z�l�m�j�Z, �\�d�e�x�q�b-
�l�_�e�g�h �b �]�_�g�_�j�b�j�Z�g�_�l�h �g�Z �b�a�e�t�q�\�Z�g�b�y �g�Z�\�b�]�Z�p�b�h�g�_�g 
�k�b�]�g�Z�e. �>�h�i�m�k�l�b�f�Z�l�Z �j�Z�a�e�b�d�Z �f�_�`�^�m �\�j�_�f�_�l�h �g�Z �[�h�j�^�Z 
�g�Z �k�Z�l�_�e�b�l�Z �b �_�^�b�g�g�h�l�h �\�j�_�f�_ �a�Z �p�y�e�Z�l�Z �k�b�k�l�_�f�Z GPS 
�/t e 1 ms (�l. �g. �h�k�l�Z�l�t�q�g�Z �]�j�_�r�d�Z). �H�l �j�_�^�b�p�Z �b�a�k�e�_�^�\�Z-
�g�b�y �_ �m�k�l�Z�g�h�\�_�g�h, �q�_ �g�Z�e�b�q�b�_�l�h �g�Z �/t �\�h�^�b �^�h �b�a�f�_�j-
�\�Z�l�_�e�g�b �]�j�_�r�d�b �h�[�b�d�g�h�\�_�g�h �h�l �i�h�j�y�^�t�d�Z �g�Z 0,3-4 m. 

3.2 �J�_�e�Z�l�b�\�b�k�l�b�q�g�b �]�j�_�r�d�b 

�G�_�h�[�o�h�^�b�f�h�k�l�l�Z �h�l �j�_�e�Z�l�b�\�b�k�l�b�q�g�b �d�h�j�_�d�p�b�b �i�j�h�b�a-
�l�b�q�Z �h�l �k�i�_�p�b�Z�e�g�Z�l�Z �l�_�h�j�b�y �g�Z �h�l�g�h�k�b�l�_�e�g�h�k�l�l�Z �b 
�\�t�a�g�b�d�\�Z �\�b�g�Z�]�b, �d�h�]�Z�l�h: 
• �b�a�l�h�q�g�b�d�t�l �g�Z �k�b�]�g�Z�e �b �i�j�b�_�f�g�b�d�t�l �g�Z �k�b�]�g�Z�e�Z �k�_ 

�^�\�b�`�Z�l �i�h �h�l�g�h�r�_�g�b�_ �g�Z �b�a�[�j�Z�g�Z�l�Z �b�a�h�l�j�h�i�g�Z 
�d�h�h�j�^�b�g�Z�l�g�Z �k�b�k�l�_�f�Z (�\ �k�e�m�q�Z�y �g�Z GPS �_ �d�h�h�j�^�b�g�Z�l-
�g�Z�l�Z �k�b�k�l�_�f�Z ECI); 

• �b�a�l�h�q�g�b�d�t�l �g�Z �k�b�]�g�Z�e �b �i�j�b�_�f�g�b�d�t�l �g�Z �k�b�]�g�Z�e�Z �b�f�Z�l 
�j�Z�a�e�b�q�g�b �]�j�Z�\�b�l�Z�p�b�h�g�g�b �i�h�l�_�g�p�b�Z�e�b. 

�A�Z �^�Z �k�_ �d�h�f�i�_�g�k�b�j�Z�l �_�n�_�d�l�b�l�_ �b �h�l �^�\�Z�l�Z �]�h�j�g�b 
�k�e�m�q�Z�y, �[�h�j�^�h�\�b�y�l �_�l�Z�e�h�g �a�Z �q�_�k�l�h�l�Z �_ �g�Z�k�l�j�h�_�g �g�Z 
�q�_�k�l�h�l�Z 10,22999999543 MHz, �i�j�_�^�b �G�K �^�Z �[�t�^�_ 
�b�a�k�l�j�_�e�y�g �g�Z �h�j�[�b�l�Z. �Q�_�k�l�h�l�Z�l�Z �i�j�b�_�f�Z�g�Z �h�l �g�Z�\�b�]�Z-
�p�b�h�g�g�b�y �i�j�b�_�f�g�b�d �s�_ �[�t�^�_ 10,23 MHz, �k�e�_�^�h�\�Z�l�_�e�g�h 
�g�y�f�Z �^�Z �_ �g�m�`�g�h �\�g�Z�k�y�g�_ �g�Z �^�j�m�]�b �d�h�j�_�d�p�b�b. 

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

3.3 �C�h�g�h�k�n�_�j�g�b �]�j�_�r�d�b 

�C�h�g�b�a�b�j�Z�g�b�y�l �k�e�h�c �g�Z �Z�l�f�h�k�n�_�j�Z�l�Z �i�j�_�^�b�a�\�b�d�\�Z 
�a�Z�[�Z�\�y�g�_ �g�Z �]�j�m�i�h�\�Z�l�Z �k�d�h�j�h�k�l �g�Z �?�F�<, �d�h�_�l�h �_ �k�t�i�j�h-
�\�h�^�_�g�h �k �b�a�[�t�j�a�\�Z�g�_ �g�Z �g�h�k�_�s�Z�l�Z �n�Z�a�Z (�c�h�g�h�k�n�_�j�g�h 
�h�l�d�e�h�g�_�g�b�_). �N�h�j�f�m�e�b�l�_ �a�Z �h�p�_�g�d�Z �\�e�b�y�g�b�_�l�h �g�Z 
�c�h�g�h�k�n�_�j�g�h�l�h �b�a�d�j�b�\�y�\�Z�g�_ �\�t�j�o�m �]�j�_�r�d�Z�l�Z �\ �b�a�f�_�j�_-
�g�h�l�h �i�k�_�\�^�h-�j�Z�a�k�l�h�y�g�b�_ �g�Z �j�Z�[�h�l�g�Z �q�_�k�l�h�l�Z fL1 �b fL2 
�k�t�h�l�\�_�l�g�h �k�Z �i�h�d�Z�a�Z�g�b �\ [1, 2]. �L�_�a�b �b�a�q�b�k�e�_�g�b �d�h�j�_�d-
�p�b�b �k�_ �b�a�\�Z�`�^�Z�l �h�l �b�a�f�_�j�_�g�h�l�h �i�k�_�\�^�h �j�Z�a�k�l�h�y�g�b�_, 
�g�Z�i�j�Z�\�_�g�b �a�Z �\�k�y�d�Z �q�_�k�l�h�l�Z. 

3.4 �L�j�h�i�h�k�n�_�j�g�h �a�Z�d�t�k�g�_�g�b�_ 

�A�Z �h�p�_�g�d�Z �\�e�b�y�g�b�_�l�h �g�Z �j�_�n�j�Z�d�p�b�y�l�Z �i�j�b �j�Z�a�i�j�h�k�l�j�Z-
�g�_�g�b�_�l�h �g�Z �?�F�< �\ [1] �_ �b�a�i�h�e�a�\�Z�g �i�h�^�o�h�^�Z �k �h�l�q�b�l�Z�g�_ 
�g�Z �l. �g. „�k�m�o�Z” (�o�b�^�j�h�k�l�Z�l�b�q�g�Z) �b „�f�h�d�j�Z” (�g�_�o�b�^�j�h-
�k�l�Z�l�b�q�g�Z) �d�h�f�i�h�g�_�g�l�Z, �k �b�a�i�h�e�a�\�Z�g�_ �g�Z �b�a�\�_�k�l�g�b�y�l 
UNB3 �f�h�^�_�e [3] �g�Z �m�g�b�\�_�j�k�b�l�_�l�Z �g�Z New Brunswick. 
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3.5 �F�g�h�]�h�e�t�q�_�\�h �j�Z�a�i�j�h�k�l�j�Z�g�_�g�b�_ �g�Z �?�F�< 

�F�g�h�]�h�e�t�q�_�\�h�l�h �j�Z�a�i�j�h�k�l�j�Z�g�_�g�b�_ �g�Z �?�F�< �_ �i�j�b�_�l�h �a�Z 
�d�h�g�k�l�Z�g�l�Z, �b�a�q�b�k�e�_�g�Z �d�Z�l�h [1]: 

 Multipath = tg[0,25 (c/fL1)]. (1) 

�B�a�q�b�k�e�_�g�b�y�l�Z �k�Z �g�Z�i�j�Z�\�_�g�b �i�j�b �b�a�[�j�Z�g�b �t�]�e�b �g�Z 
�a�Z�k�_�g�q�\�Z�g�_ �\ �^�b�Z�i�Z�a�h�g�Z �h�l 5°-45°, �k�t�k �k�l�t�i�d�Z �h�l 5°. 

4 �J�_�a�m�e�l�Z�l�b 

�:�e�]�h�j�b�l�t�f�t�l �a�Z �f�h�^�_�e�b�j�Z�g�_ �g�Z �k�f�m�s�_�g�b�y�l�Z �q�j�_�a 
�b�a�i�h�e�a�\�Z�g�_ �g�Z �q�b�k�e�_�g�h �b�g�l�_�]�j�b�j�Z�g�_ �\ �k�j�_�^�Z �g�Z 
MATLAB �_ �i�h�d�Z�a�Z�g �\ �j�Z�[�h�l�Z [1], �d�t�^�_�l�h �g�Z �h�k�g�h�\�Z�l�Z 
�g�Z �j�Z�a�]�e�_�^�Z�g�b�l�_ �i�h-�]�h�j�_ �h�k�g�h�\�g�b �k�f�m�s�Z�\�Z�s�b �n�Z�d�l�h�j�b 
�\ �j�Z�[�h�l�Z�l�Z �g�Z �k�b�k�l�_�f�Z GPS �\ e �k�b�g�l�_�a�b�j�Z�g �Z�e�]�h�j�b�l�t�f 
�b e �k�t�a�^�Z�^�_�g �i�j�h�]�j�Z�f�_�g �d�h�^ �a�Z �h�i�j�_�^�_�e�y�g�_ �g�Z �k�l�h�c�g�h-
�k�l�b�l�_ �g�Z �]�j�_�r�d�b�l�_ �i�j�b �h�i�j�_�^�_�e�y�g�_ �g�Z �f�_�k�l�h�i�h�e�h�`�_-
�g�b�_�l�h �g�Z GPS �i�j�b�_�f�g�b�d �\ �i�j�h�k�l�j�Z�g�k�l�\�h�l�h. �K�l�j�m�d�l�m-
�j�Z�l�Z �g�Z �Z�e�]�h�j�b�l�t�f�Z �_ �i�h�d�Z�a�Z�g�Z [1]. �K�b�g�l�_�a�b�j�Z�g�b�y�l 
�i�j�h�]�j�Z�f�_�g �d�h�^ �_ �b�a�]�j�Z�^�_�g �h�l 3 �i�j�h�]�j�Z�f�g�b �[�e�h�d�Z, 
�h�[�h�k�h�[�_�g�b �h�l �]�e�_�^�g�Z �l�h�q�d�Z �g�Z �j�_�r�Z�\�Z�g�b�l�_ �n�m�g�d�p�b�h-
�g�Z�e�g�b �a�Z�^�Z�q�b, �Z �b�f�_�g�g�h: �d�h�f�Z�g�^�_�g �[�e�h�d; �i�j�h�]�j�Z�f�_�g 
�[�e�h�d �a�Z �h�i�j�_�^�_�e�y�g�_ �g�Z �h�j�[�b�l�Z�l�Z �b �d�h�h�j�^�b�g�Z�l�b�l�_ �g�Z �G�K 
�k �h�l�q�b�l�Z�g�_ �g�Z �h�j�[�b�l�Z�e�g�b�l�_ �k�f�m�s�Z�\�Z�s�b �n�Z�d�l�h�j�b; 
�i�j�h�]�j�Z�f�_�g �[�e�h�d �a�Z �h�i�j�_�^�_�e�y�g�_ �g�Z �f�_�k�l�h�i�h�e�h�`�_�g�b�_�l�h 
�g�Z �i�h�l�j�_�[�b�l�_�e�y �k �h�l�q�b�l�Z�g�_ �g�Z �g�_�h�j�[�b�l�Z�e�g�b�l�_ �k�f�m�s�Z-
�\�Z�s�b �n�Z�d�l�h�j�b. 

�<�k�_�d�b �[�e�h�d �\�d�e�x�q�\�Z �j�_�^�b�p�Z �f�h�^�m�e�b (�i�j�h�]�j�Z�f�b) �b 
�i�h�^�f�h�^�m�e�b (�i�h�^�i�j�h�]�j�Z�f�b) �a�Z �j�_�r�Z�\�Z�g�_ �g�Z �d�h�g�d�j�_�l�g�b 
�b�a�q�b�k�e�b�l�_�e�g�b �a�Z�^�Z�q�b. 

�A�Z �h�i�j�_�^�_�e�y�g�_ �g�Z �]�j�_�r�d�b�l�_ �i�j�b �h�i�j�_�^�_�e�y�g�_ �g�Z 
�f�_�k�l�h�i�h�e�h�`�_�g�b�_�l�h �g�Z GPS �i�j�b�_�f�g�b�d �k�Z �b�a�[�j�Z�g�b 4 
�g�Z�k�_�e�_�g�b �i�m�g�d�l�Z (2 �\ �k�_�\�_�j�g�h�l�h �b 2 �\ �x�`�g�h�l�h �i�h�e�m-
�d�t�e�[�h) �k�t�k �k�e�_�^�g�b�l�_ �d�h�h�j�^�b�g�Z�l�b:  
• �]�j. �K�h�n�b�y (�;�t�e�]�Z�j�b�y): 42,7000° �k. �r . / 23,3333° �b.� ;̂ 
• �]�j. �G�b�`�g�_�\�Z�j�l�h�\�k�d (�J�m�k�d�Z �n�_�^�_�j�Z�p�b�y): 60,9344° �k.�r . 

/ 76,5531° �b.� .̂; 
• �]�j. �K�b�^�g�b (�:�\�k�l�j�Z�e�b�y): –33,8694° �k. �r . / 151,2083° �b. 

� .̂ 
• �]�j. �I�m�g�l�Z �:�j�_�g�Z�k (�D�h�k�l�Z �J�b�d�Z): –53,1500° �k. �r . / 

70,9170° �b. � .̂ 

4.1. �<�e�b�y�g�b�_ �g�Z �k�f�m�s�_�g�b�y�l�Z, �i�h�j�h�^�_�g�b �h�l 
�g�_�k�b�f�_�l�j�b�q�g�h�k�l�l�Z �g�Z �n�h�j�f�Z�l�Z �g�Z �A�_�f�y�l�Z 
(�\�e�b�y�g�b�_ �g�Z J2) 

�I�h�e�m�q�_�g�b�l�_ �j�_�a�m�e�l�Z�l�b �i�h�d�Z�a�\�Z�l, �q�_ �i�h� ̂ �\�e�b�y�g�b�_ �g�Z 
�l�h�\�Z �k�f�m�s�Z�\�Z�s�h �\�t�a�^�_�c�k�l�\�b�_ �q�_ �]�h�e�y�f�Z�l�Z �i�h�e�m�h�k �g�Z 
�h�j�[�b�l�Z�l�Z �k�_ �b�a�f�_�g�y �\ �]�j�Z�g�b�p�b �h�l 26028,8-27094,2 km. 

4.2. �<�e�b�y�g�b�_ �g�Z �k�f�m�s�_�g�b�y�l�Z, �i�j�_�^�b�a�\�b�d�Z�g�b 
�h�l �l�j�b�_�g�_ �k�t�k �a�_�f�g�Z�l�Z �Z�l�f�h�k�n�_�j�Z 

�I�h�e�m�q�_�g�b�l�_ �j�_�a�m�e�l�Z�l�b �i�h�d�Z�a�\�Z�l, �q�_ �i�h� ̂ �\�e�b�y�g�b�_ �g�Z 
�l�h�\�Z �k�f�m�s�_�g�b�_ �q�_ �]�h�e�y�f�Z�l�Z �i�h�e�m�h�k �g�Z �h�j�[�b�l�Z�l�Z �k�_ 
�b�a�f�_�g�y �\ �]�j�Z�g�b�p�b �h�l 26028,8 �^�h 27091,2 km. 

4.3. �<�e�b�y�g�b�_ �g�Z �k�f�m�s�_�g�b�y�l�Z, �i�j�_�^�b�a�\�b�d�Z�g�b 
�h�l �]�j�Z�\�b�l�Z�p�b�h�g�g�h�l�h �i�j�b�\�e�b�q�Z�g�_ �g�Z �K�e�t�g�p�_�l�h 
�b �E�m�g�Z�l�Z 

�J�_�a�m�e�l�Z�l�b�l�_ �h�l �q�b�k�e�_�g�b�y �_�d�k�i�_�j�b�f�_�g�l �i�h�d�Z�a�\�Z�l �]�j�Z�g�b-
�p�b �g�Z �b�a�f�_�g�_�g�b�_ �g�Z �]�h�e�y�f�Z �i�h�e�m�h�k �h�l 26028,8 �^�h 
27129,9 km. 

4.4. �<�e�b�y�g�b�_ �g�Z �k�f�m�s�_�g�b�y�l�Z, �i�h�j�h�^�_�g�b �h�l 
�k�e�t�g�q�_�\�Z�l�Z �j�Z�^�b�Z�p�b�y 

�I�j�h�\�_�^�_�g�h�l�h �b�a�k�e�_�^�\�Z�g�_ �i�h�d�Z�a�Z, �q�_ �i�h� ̂ �\�e�b�y�g�b�_ �g�Z 
�k�e�t�g�q�_�\�Z�l�Z �j�Z�^�b�Z�p�b�y �]�h�e�y�f�Z�l�Z �i�h�e�m�h�k �g�Z �h�j�[�b�l�Z�l�Z �k�_ 
�b�a�f�_�g�y �\ �]�j�Z�g�b�p�b �h�l 26028,8 �^�h 27091,2 km. 

4.5. �H�p�_�g�d�Z �g�Z �\�e�b�y�g�b�_�l�h �g�Z �k�f�m�s�Z�\�Z�s�b�l�_ 
�n�Z�d�l�h�j�b �g�_�k�\�t�j�a�Z�g�b �k �h�j�[�b�l�Z�l�Z �g�Z �k�Z�l�_�e�b�l�Z 

4.5.1. �A�Z�\�b�k�b�f�h�k�l �g�Z �]�j�_�r�d�Z�l�Z �h�l  �[�j�h�y�l �g�Z 
�\�b�^�b�f�b�l�_ �k�Z�l�_�e�b�l�b 

�I�h�e�m�q�_�g�b�l�_ �j�_�a�m�e�l�Z�l�b �h�l �i�j�h�\�_�^�_�g�h�l�h �b�a�k�e�_�^�\�Z�g�_ �k�Z 
�i�h�d�Z�a�Z�g�b �g�Z �N�b�]�m�j�b �h�l 1 �^�h 4, �d�Z�l�h �i�h �h�j�^�b�g�Z�l�g�Z�l�Z �h�k 
�_ �g�Z�g�_�k�_�g �[�j�h�y�l �g�Z �\�b�^�b�f�b�l�_ �g�Z�\�b�]�Z�p�b�h�g�g�b �k�Z�l�_�e�b�l�b 
�a�Z �l�h�q�d�Z�l�Z �g�Z �b�a�f�_�j�\�Z�g�_, �Z �i�h �Z�[�p�b�k�g�Z�l�Z – �b�a�q�b�k�e�_�g�Z�l�Z 
�]�j�_�r�d�Z �\ �f�_�l�j�b. 

�J�_�a�m�e�l�Z�l�b�l�_ �i�h�d�Z�a�\�Z�l, �q�_ �[�j�h�y�l �g�Z �\�b�^�b�f�b�l�_ �G�K �_ 
�h�l �k�t�s�_�k�l�\�_�g�h �a�g�Z�q�_�g�b�_ �a�Z �l�h�q�g�h �h�i�j�_�^�_�e�y�g�_ �g�Z 
�f�_�k�l�h�i�h�e�h�`�_�g�b�_�l�h �g�Z �i�h�l�j�_�[�b�l�_�e�y, �g�h �\ �k�t�s�h�l�h �\�j�_�f�_ 
�g�_ �_ �_�^�b�g�k�l�\�_�g �h�i�j�_�^�_�e�y�s �n�Z�d�l�h�j. �L�h�\�Z �k�_ �i�h�l�\�t�j� -̀
�^�Z�\�Z �h�l �k�e�_�^�g�b�l�_ �i�h�e�m�q�_�g�b �j�_�a�m�e�l�Z�l�b: 
• �i�j�b 5 �\�b�^�b�f�b �k�Z�l�_�e�b�l�b �\ �I�m�g�l�Z �:�j�_�g�Z�k �_ �b�a�q�b�k�e�_�g�Z 

�]�j�_�r�d�Z �k 3 �k�l�h�c�g�h�k�l�b – 0,2706m; 0,7910 m; 1,4701 m; 
• �i�j�b 9 �\�b�^�b�f�b �k�Z�l�_�e�b�l�b �\ �G�b�`�g�_�\�Z�j�l�h�\�k�d �_ �h�i�j�_�^�_-

�e�_�g�Z �g�Z�c-�f�Z�e�d�Z�l�Z �b �g�Z�c-�]�h�e�y�f�Z�l�Z �]�j�_�r�d�Z – 0,0096 m 
�b 0,8089 m; 

• �i�j�b 10 �\�b�^�b�f�b �k�Z�l�_�e�b�l�b �\ �K�b�^�g�b �_ �b�a�q�b�k�e�_�g�Z �]�j�_�r�d�Z 
�k 2 �k�l�h�c�g�h�k�l�b – 0,0768 m �b 1,7350 m; 

• �i�j�b 11 �\�b�^�b�f�b �k�Z�l�_�e�b�l�b �\ �K�b�^�g�b �_ �b�a�q�b�k�e�_�g�Z �]�j�_�r�d�Z 
�k 2 �k�l�h�c�g�h�k�l�b – 1,9676 m �b 2,2547 m; 

• �i�j�b 11 �\�b�^�b�f�b �k�Z�l�_�e�b�l�b �\ �G�b�`�g�_�\�Z�j�l�h�\�k�d �_ �b�a�q�b�k-
�e�_�g�Z �]�j�_�r�d�Z �k 2 �k�l�h�c�g�h�k�l�b – 0,1187 m �b 0,1964 m; 

• �i�j�b 15 �\�b�^�b�f�b �k�Z�l�_�e�b�l�b �\ �K�h�n�b�y �_ �b�a�q�b�k�e�_�g�Z �]�j�_�r�d�Z 
�k 2 �k�l�h�c�g�h�k�l�b – 0,5476 m �b 1,1376 m. 

�I�h�e�m�q�_�g�b�l�_ �j�Z�a�e�b�q�b�y �k�_ �^�t�e�`�Z�l �g�Z �j�Z�a�e�b�q�g�Z�l�Z 
�]�_�h�f�_�l�j�b�y �g�Z �j�Z�a�i�h�e�h�`�_�g�b�_�l�h �g�Z �k�Z�l�_�e�b�l�b�l�_ �k�i�j�y�f�h 
�i�h�l�j�_�[�b�l�_�e�y. 

 

�N�b�]. 1. �J�_�a�m�e�l�Z�l �a�Z �]�j�Z�^ �K�h�n�b�y. 
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�N�b�]. 2. �J�_�a�m�e�l�Z�l �a�Z �]�j�Z�^ �K�b�^�g�b. 

 

�N�b�]. 3. �J�_�a�m�e�l�Z�l �a�Z �]�j�Z�^ �I�m�g�l�Z �:�j�_�g�Z�k. 

 

�N�b�]. 4. �J�_�a�m�e�l�Z�l �a�Z �G�b�`�g�_�\�Z�j�l�h�\�k�d. 

4.5.2. �A�Z�\�b�k�b�f�h�k�l �g�Z �[�j�h�y�l �g�Z �\�b�^�b�f�b�l�_ 
�k�Z�l�_�e�b�l�b �h�l �t�]�t�e�Z �g�Z �a�Z�k�_�g�q�\�Z�g�_ 

�J�_�a�m�e�l�Z�l�b�l�_ �k�Z �i�h�d�Z�a�Z�g�b �g�Z �N�b�]�m�j�b �h�l 5 �^�h 8, �d�Z�l�h �i�h 
�h�j�^�b�g�Z�l�g�Z�l�Z �h�k �_ �g�Z�g�_�k�_�g �[�j�h�y�l �g�Z �\�b�^�b�f�b�l�_ �g�Z�\�b�]�Z-
�p�b�h�g�g�b �k�Z�l�_�e�b�l�b �a�Z �l�h�q�d�Z�l�Z �g�Z �b�a�f�_�j�\�Z�g�_, �Z �i�h �Z�[�p�b�k-
�g�Z�l�Z – �t�]�t�e�t�l �g�Z �a�Z�k�_�g�q�\�Z�g�_ (�\ �]�j�Z�^�m�k�b). 

 

�N�b�]. 5. �J�_�a�m�e�l�Z�l �a�Z �]�j�Z�^ �K�h�n�b�y. 

 

�N�b�]. 6. �J�_�a�m�e�l�Z�l �a�Z �]�j�Z�^ �K�b�^�g�b. 

 

�N�b�]. 7. �J�_�a�m�e�l�Z�l �a�Z �]�j�Z�^ �I�m�g�l�Z �:�j�_�g�Z�k. 

 

�N�b�]. 8. �J�_�a�m�e�l�Z�l �a�Z �]�j�Z�^ �G�b�`�g�_�\�Z�j�l�h�\�k�d. 

�Y�k�g�h �k�_ �\�b�`�^�Z, �q�_ �i�j�b �m�\�_�e�b�q�Z�\�Z�g�_ �g�Z �t�]�t�e�Z �g�Z 
�a�Z�k�_�g�q�\�Z�g�_ �g�Z�f�Z�e�y�\�Z �[�j�h�y�l �g�Z �\�b�^�b�f�b�l�_ �k�Z�l�_�e�b�l�b. 
�B�a�d�e�x�q�_�g�b�_ �i�j�Z�\�b �k�e�m�q�Z�y �a�Z �i�h�l�j�_�[�b�l�_�e �j�Z�a�i�h�e�h�`�_�g 
�\ �I�m�g�l�Z �:�j�_�g�Z�k, �d�t�^�_�l�h �[�j�h�y�l �g�Z �\�b�^�b�f�b�l�_ �k�Z�l�_�e�b�l�b 
�g�_ �k�_ �i�j�h�f�_�g�y �k �i�j�h�f�y�g�Z �t�]�t�e�Z �g�Z �a�Z�k�_�g�q�\�Z�g�_. �L�h�\�Z �_ 
�h�[�m�k�e�h�\�_�g�h �h�l �d�Z�d�l�h �h�l �]�_�h�]�j�Z�n�k�d�h�l�h �f�_�k�l�h�i�h�e�h�`�_-
�g�b�_, �l�Z�d�Z �b �h�l �]�_�h�f�_�l�j�b�y�l�Z �g�Z �j�Z�a�i�h�e�h�`�_�g�b�_ �g�Z 
�k�Z�l�_�e�b�l�b�l�_ �g�Z �k�t�h�l�\�_�l�g�b�l�_ �h�j�[�b�l�Z�e�g�b �j�Z�\�g�b�g�b. 

4.5.3. �H�p�_�g�d�Z �g�Z �\�e�b�y�g�b�_�l�h �g�Z �\�t�j�l�_�g�_�l�h �g�Z 
�A�_�f�y�l�Z �\�t�j�o�m �l�h�q�g�h�k�l�l�Z �g�Z �b�a�q�b�k�e�_�g�b�_ �g�Z 
�f�_�k�l�h�i�h�e�h�`�_�g�b�_�l�h �g�Z �i�h�l�j�_�[�b�l�_�e�y 

�I�h�e�m�q�_�g�b�l�_ �j�_�a�m�e�l�Z�l�b �k�Z �i�h�d�Z�a�Z�g�b �\ �L�Z�[�e�b�p�Z 1. �<�t�\ 
�\�j�t�a�d�Z �k �i�h�e�m�q�_�g�b�l�_ �j�_�a�m�e�l�Z�l�b �h�l �l. 4.5.2 �y�k�g�h �k�_ 
�\�b�`�^�Z, �q�_ �\�e�b�y�g�b�_�l�h �g�Z �\�t�j�l�_�g�_�l�h �g�Z �A�_�f�y�l�Z �k�_ �m�\�_�e�b-
�q�Z�\�Z �i�j�h�i�h�j�p�b�h�g�Z�e�g�h �k �g�Z�f�Z�e�y�\�Z�g�_ �[�j�h�y �\�b�^�b�f�b�l�_ 
�G�K. �<�e�b�y�g�b�_ �h�d�Z�a�\�Z �k�t�s�h �l�Z�d�Z �b �]�_�h�f�_�l�j�b�y�l�Z �g�Z 
�j�Z�a�i�h�e�h�`�_�g�b�_ �g�Z �k�Z�l�_�e�b�l�b�l�_. �G�_�d�h�j�b�]�b�j�Z�g�Z, �]�j�_�r�d�Z�l�Z 
�^�h�k�l�b�]�Z 30 m, �g�h �i�j�b 5 �\�b�^�b�f�b �G�K �h�l �G�b�`�g�_�\�Z�j�l�h�\�k�d 
�_ �^�h�k�l�b�]�g�Z�l�Z �]�j�_�r�d�Z 23,41 m. 

�L�Z�[�e�b�p�Z 1. �B�a�q�b�k�e�_�g�b �]�j�_�r�d�b, �i�j�b�q�b�g�_�g�b �h�l  
�\�t�j�l�_�g�_�l�h �g�Z �A�_�f�y�l�Z. 

�F�y�k�l�h �g�Z 
�b�a�f�_�j�\�Z�g�_ 

�K�l�Z�g�^�Z�j�l�g�Z 
�]�j�_�r�d�Z, m 

�B�a�q�b�k�e�_�g�Z �]�j�_�r�d�Z, m 
�g�Z�c-�g�b�k�d�Z �g�Z�c-�\�b�k�h�d�Z 

�K�h�n�b�y 

1,1 

0,36 3,06 
�K�b�^�g�b 0,65 13,15 

�I�m�g�l�Z �:�j�_�g�Z�k 0,73 5,58 
�G�b�`�g�_�\�Z�j�l�h�\�k�d 0,02 23,41 

4.5.4. �H�p�_�g�d�Z �g�Z �\�e�b�y�g�b�_ �g�Z �\�t�j�l�_�g�_�l�h �g�Z 
�A�_�f�y�l�Z, �g�Z �\�j�_�f�_�\�b�l�_ �]�j�_�r�d�b �b �g�Z 
�C�h�g�h�k�n�_�j�Z�l�Z 

�J�_�a�m�e�l�Z�l�b�l�_ �h�l �k�t�\�d�m�i�g�h�l�h �\�e�b�y�g�b�_ �g�Z �]�h�j�g�b�l�_ �k�f�m-
�s�_�g�b�y �k�Z �i�h�d�Z�a�Z�g�b �\ �L�Z�[�e�b�p�Z 2. 

�B�a�q�b�k�e�_�g�b�l�_ �]�h�e�_�f�b �k�l�h�c�g�h�k�l�b �g�Z �]�j�_�r�d�Z�l�Z �k�Z 
�i�h�e�m�q�_�g�b �h�k�g�h�\�g�h �\ �k�e�_�^�k�l�\�b�_ �g�Z �j�Z�a�i�j�h�k�l�j�Z�g�_�g�b�_�l�h 
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�g�Z �?�F�< �\ �c�h�g�h�k�n�_�j�Z�l�Z (�l. �g. „�c�h�g�h�k�n�_�j�_�g�l �_�n�_�d�l“), �g�h 
�a�Z�\�b�k�y�l �b �h�l �[�j�h�y �g�Z �\�b�^�b�f�b�l�_ �k�Z�l�_�e�b�l�b. �C�h�g�h�k�n�_�j-
�g�b�y�l �_�n�_�d�l �f�h�`�_ �^�Z �^�h�\�_�^�_ �^�h �]�j�_�r�d�Z �h�l 45 m �i�j�_�a 
�^�_�g�y, �^�h�d�Z�l�h �\ �b�a�i�h�e�a�\�Z�g�b�y �h�l �Z�\�l�h�j�b�l�_ �f�h�^�_�e �g�Z�c-
�]�h�e�_�f�b�l�_ �]�j�_�r�d�b �k�Z �i�h�e�m�q�_�g�b �\ �i�h�e�m�g�h�s. �A�Z �^�Z �[�t�^�Z�l 
�g�Z�i�j�Z�\�_�g�b �i�h-�l�h�q�g�b �b�a�q�b�k�e�_�g�b�y, �b�a�i�h�e�a�\�Z�g�b�y�l �f�h�^�_�e 
�l�j�y�[�\�Z �^�Z �[�t�^�_ �Z�d�l�m�Z�e�b�a�b�j�Z�g. 

�L�Z�[�e�b�p�Z 2. �B�a�q�b�k�e�_�g�b �]�j�_�r�d�b �i�j�b�q�b�g�_�g�b �h�l �k�m�f�Z�j�g�h�l�h �b 
�_�^�g�h�\�j�_�f�_�g�g�h �\�t�a�^�_�c�k�l�\�b�_ �g�Z �l�j�b�l�_ �k�f�m�s�_�g�b�y. 

�F�y�k�l�h �g�Z 
�b�a�f�_�j�\�Z�g�_ 

�K�l�Z�g�^�Z�j�l�g�Z 
�]�j�_�r�d�Z, m 

�B�a�q�b�k�e�_�g�Z �]�j�_�r�d�Z, m 
�g�Z�c-�g�b�k�d�Z �g�Z�c-�\�b�k�h�d�Z 

�K�h�n�b�y 

0,1 

0,55 3,02 
�K�b�^�g�b 0,39 12,45 

�I�m�g�l�Z �:�j�_�g�Z�k 1,28 5,21 
�G�b�`�g�_�\�Z�j�l�h�\�k�d 0,16 28,93 

4.5.5. �H�p�_�g�d�Z �g�Z �\�e�b�y�g�b�_ �g�Z �\�t�j�l�_�g�_�l�h �g�Z 
�A�_�f�y�l�Z, �g�Z �\�j�_�f�_�\�b�l�_ �]�j�_�r�d�b �b �g�Z 
�L�j�h�i�h�k�n�_�j�Z�l�Z 

�H�k�g�h�\�g�Z�l�Z �i�j�b�q�b�g�Z �a�Z �b�a�f�_�j�_�g�b�l�_ �]�h�e�_�f�b �]�j�_�r�d�b �_ 
�f�Z�e�d�b�y�l �g�Z�[�h�j �h�l �^�Z�g�g�b – �f�Z�e�d�b�y �[�j�h�c �\�b�^�b�f�b �k�Z�l�_�e�b-
�l�b. �G�_�d�h�f�i�_�g�k�b�j�Z�g�Z�l�Z �]�j�_�r�d�Z �[�b �f�h�]�e�Z �^�Z �^�h�k�l�b�]�g�_ 
�^�h 45 m, �\ �g�Z�i�j�Z�\�_�g�b�l�_ �h�i�b�l�b, �g�Z�c-�]�h�e�y�f�Z�l�Z �^�h�k�l�b�]-
�g�Z�l�Z �]�j�_�r�d�Z �_ 33,45 m. �A�Z�^�Z�^�_�g�b�y�l �f�h�^�_�e �g�Z �l�j�h�i�h�k�n�_-
�j�Z�l�Z �h�k�b�]�m�j�y�\�Z �^�Z�g�g�b �k �^�h�k�l�Z�l�t�q�g�Z �l�h�q�g�h�k�l. 

5 �A�Z�d�e�x�q�_�g�b�_ 

�G�Z �h�k�g�h�\�Z�l�Z �g�Z �k�b�g�l�_�a�b�j�Z�g �Z�e�]�h�j�b�l�t�f �b �i�j�h�]�j�Z�f�_�g 
�d�h�^ �\ �k�j�_�^�Z �g�Z MATLAB �_ �f�h�^�_�e�b�j�Z�g�h �\�e�b�y�g�b�_�l�h �g�Z 
�j�Z�a�g�h�h�[�j�Z�a�g�b �k�f�m�s�Z�\�Z�s�b �n�Z�d�l�h�j�b �\ �j�Z�[�h�l�Z�l�Z �g�Z 
�k�b�k�l�_�f�Z GPS �d�Z�l�h �p�y�e�h �b �_ �b�a�k�e�_�^�\�Z�g�h �l�y�o�g�h�l�h �\�e�b�y-
�g�b�_ �\�t�j�o�m �l�h�q�g�h�k�l�l�Z �g�Z �h�i�j�_�^�_�e�y�g�_ �g�Z �f�_�k�l�h�i�h�e�h�`�_-
�g�b�_�l�h �q�j�_�a �q�b�k�e�_�g �_�d�k�i�_�j�b�f�_�g�l. 

�<�e�b�y�g�b�_�l�h �g�Z �k�f�m�s�Z�\�Z�s�b�l�_ �n�Z�d�l�h�j�b �\�t�j�o�m �n�m�g�d-
�p�b�h�g�b�j�Z�g�_�l�h �g�Z �d�h�k�f�b�q�_�k�d�b�y �k�_�]�f�_�g�l �k�_ �b�a�j�Z�a�y�\�Z 
�h�k�g�h�\�g�h �\ �i�j�h�f�y�g�Z �j�Z�a�f�_�j�Z (�^�t�e�`�b�g�Z�l�Z) �g�Z �]�h�e�y�f�Z�l�Z 
�i�h�e�m�h�k �g�Z �h�j�[�b�l�Z�l�Z, �d�Z�l�h �]�j�_�r�d�Z�l�Z �\�Z�j�b�j�Z �h�l  
1062,4 km �^�h 1101,1 km. �L�Z�a�b �g�_�k�l�Z�[�b�e�g�h�k�l �\�h�^�b �^�h 
�g�_�h�i�j�_�^�_�e�_�g�h�k�l �\ �b�k�l�b�g�k�d�h�l�h �f�_�k�l�h�i�h�e�h�`�_�g�b�_�l�h �g�Z 
�G�K �g�Z �h�j�[�b�l�Z, �d�h�_�l�h �h�l �k�\�h�y �k�l�j�Z�g�Z �\�g�Z�k�y �]�j�_�r�d�Z �i�j�b 
�h�i�j�_�^�_�e�y�g�_ �d�h�h�j�^�b�g�Z�l�b�l�_ �g�Z �i�h�l�j�_�[�b�l�_�e�y.  

�G�Z�k�l�h�y�s�h�l�h �b�a�k�e�_�^�\�Z�g�_ �i�h�d�Z�a�Z, �q�_ �k�f�m�s�_�g�b�y�l�Z �h�l 
�]�j�Z�\�b�l�Z�p�b�h�g�g�h�l�h �i�j�b�\�e�b�q�Z�g�_ �g�Z �K�e�t�g�p�_�l�h �b �E�m�g�Z�l�Z 
�h�d�Z�a�\�Z�l �g�Z�c-�]�h�e�y�f�h �\�t�a�^�_�c�k�l�\�b�_ �i�j�b �d�h�_�l�h �]�h�e�y�f�Z�l�Z 
�i�h�e�m�h�k �g�Z �h�j�[�b�l�Z�l�Z �k�_ �b�a�f�_�g�y �\ �]�j�Z�g�b�p�b �h�l 26028,8 km 
�^�h 27129,9 km. 

�L�j�b�_�g�_�l�h �k�t�k �a�_�f�g�Z�l�Z �Z�l�f�h�k�n�_�j�Z �b �k�f�m�s�_�g�b�y�l�Z �h�l 
�K�e�t�g�q�_�\�Z�l�Z �j�Z�^�b�Z�p�b�y �h�d�Z�a�\�Z�l �_�^�g�Z�d�\�h �i�h �k�l�_�i�_�g 
�\�t�a�^�_�c�k�l�\�b�_ �i�j�b �d�h�_�l�h �]�h�e�y�f�Z�l�Z �i�h�e�m�h�k �g�Z �h�j�[�b�l�Z�l�Z �k�_ 
�b�a�f�_�g�y �\ �]�j�Z�g�b�p�b �h�l 26028,8 km �^�h 27091,2 km. �F�g�h�]�h 
�[�e�b�a�h �^�h �l�h�a�b �j�_�a�m�e�l�Z�l (�\ �i�j�_�^�_�e�b�l�_ �g�Z �k�l�Z�l�b�k�l�b�q�_�k-
�d�Z�l�Z �]�j�_�r�d�Z) �i�h �k�l�_�i�_�g �g�Z �\�e�b�y�g�b�_ �k�Z �k�f�m�s�_�g�b�y�l�Z 
�i�h�j�h�^�_�g�b �h�l �g�_�i�j�Z�\�b�e�g�Z�l�Z �n�h�j�f�Z �g�Z �A�_�f�y�l�Z – �]�h�e�y-
�f�Z�l�Z �i�h�e�m�h�k �g�Z �h�j�[�b�l�Z�l�Z �k�_ �b�a�f�_�g�y �\ �]�j�Z�g�b�p�b �h�l 
26028,8 km �^�h 27094,2 km. �=�j�_�r�d�Z�l�Z �i�h�e�m�q�_�g�Z �\ �o�h�^�Z 
�g�Z �q�b�k�e�_�g�b�y �_�d�k�i�_�j�b�f�_�g�l �_ �^�h 4%. 

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

�j�Z�a�e�b�q�_�g �g�Z�q�b�g �b �\ �j�Z�a�e�b�q�g�Z �k�l�_�i�_�g �g�Z �l�h�q�g�h�k�l�l�Z �g�Z 
�j�Z�[�h�l�Z�l�Z �g�Z �k�b�k�l�_�f�Z GPS. �<�t�a�^�_�c�k�l�\�b�_�l�h �g�Z �g�y�d�h�b �h�l 
�l�_�a�b �k�f�m�s�Z�\�Z�s�b �n�Z�d�l�h�j�b �f�h�`�_ �^�Z �[�t�^�_ �\ �]�h�e�y�f�Z 
�k�l�_�i�_�g �d�h�f�i�_�g�k�b�j�Z�g�h, �^�h�d�Z�l�h �a�Z �^�j�m�]�b �n�Z�d�l�h�j�b 
�\�g�Z�k�y�g�Z�l�Z �]�j�_�r�d�Z �a�Z�\�b�k�b �h�l �f�_�k�l�h�i�h�e�h�`�_�g�b�_�l�h �g�Z 
�i�h�l�j�_�[�b�l�_�e�y, �l�_�d�m�s�Z�l�Z �]�_�h�f�_�l�j�b�y �g�Z �g�Z�\�b�]�Z�p�b�h�g�g�b-�l�_ 
�k�Z�l�_�e�b�l�b, �\�j�_�f�_�l�h �\ �^�_�g�h�g�h�s�b�_�l�h �^�j�m�]�b. �B�a�i�h�e�a�\�Z-
�g�b�y�l �f�h�^�_�e �g�Z �l�j�h�i�h�k�n�_�j�Z�l�Z �h�k�b�]�m�j�y�\�Z �^�h�k�l�Z�l�t�q�g�Z 
�l�h�q�g�h�k�l, �m�^�h�\�e�_�l�\�h�j�y�\�Z�s�Z �g�m�`�^�b�l�_ �g�Z �g�Z�k�l�h�y�s�h�l�h 
�b�a�k�e�_�^�\�Z�g�_. 

�H�k�g�h�\�g�Z�l�Z �i�j�b�q�b�g�Z �a�Z �i�h�e�m�q�_�g�b�l�_ �i�h-�]�h�e�_�f�b 
�]�j�_�r�d�b �\ �g�Z�k�l�h�y�s�h�l�h �b�a�k�e�_�^�\�Z�g�_ �d�Z�l�h �p�y�e�h �_ 
�h�[�j�Z�[�h�l�d�Z�l�Z �g�Z �f�Z�e�t�d �g�Z�[�h�j �h�l �^�Z�g�g�b. 
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Abstract.  Present work is given to viewing the influence 
of respective Navstar/GPS embarrass impacts to the 
running of the global navigation system as of synthesizing 
an computer program for their impact judgment as well. 
Two major groups of perturbations factors are addressed: 
perturbations prove impact on the orbital segment and 
perturbations prove impact to the running of the user's 
piston ring (non-orbital disturbances). It is being 
synthesized in the theoretical productions on the ground, 
plan code that yes on is modeled. The influence of those 
who embarrass the invoices on the accuracy of specifying 
the location. 
 



Sozopol, 15-17 September 2018 BulTrans-2018 Conference Proceedings 

* Corresponding author: likarpet@fd.cvut.cz  43 

Airplane terminal servicing – influence of aircraft stand width 
on turnaround time 
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Abstract.  This article discusses the influence of an aircraft stand width on turnaround time of a typical 
short-to-mid haul airplane. The first part of the paper describes a typical arrangement of ground vehicles 
during the process of airplane terminal servicing. This is followed by an identification of possible difficulties 
that can occur when those services are performed on the aircraft with maximal wingspan for its class, parked 
on the NOSE-IN stand designed precisely to the minimum requirements of the regulation that is not equipped 
with a hydrant system. The second part compares turnaround times for the same aircraft type being serviced 
with or without those collisions that has been identified. The comparison is done both for a base station and 
an en-route station, where some ground vehicles are not involved. The final part of the paper is dedicated to 
the discussion of the influence of the aircraft stand width on the minimal turnaround time. 

1 Introduction  

An airplane generates profit only when flying. That 
generally known fact pushes all airlines to utilize their 
aircrafts to the maximum. Technically, with today’s 
maintenance airplanes can be deployed in operation 
almost continuously, but every air line has its origin and 
its destination. And it is the time the plane spends on 
ground between its flights that is now being monitored by 
airline operators in an attempt to reduce. 

There have already been done several researches in the 
problematics of the aircraft turnaround time reduction. 
Mr. Schultz describes in his article [1] what are critical 
processes of the aircraft ground handling and derives the 
reasons why every process times are varying. Another 
research, done by Mr. Wu [2], investigates a relationship 
between flight schedule punctuality and aircraft 
turnaround efficiency. Main factors affecting turnaround 
delays has been also described in general by A. Kolukisa 
[3]. And the airport apron capacity planning and 
management has been discussed in an article of B. 
Mirkovic [4]. All of those researches demonstrates the 
turnaround process is influenced by ground handling 
processes and that there is also some role of the airport 
infrastructure. This article goes more to the detail and 
deals with the most common part of the airport 
infrastructure: the aircraft stand.  

As it is described in other publications and is also 
mentioned later in this article, some processes of airplane 
terminal servicing could be accelerated and some of them 
do not have to be performed at each turnaround. But every 
time it is essential to ensure that one process would not be 
blocked by another one. And that can be ensured only by 
airport infrastructure, primarily by appropriate aircraft 
stand dimensions. 

The objective of this article is to discover an influence 
of the aircraft stand width on turnaround time of a typical 
short-to-mid haul airplane used by both the low-cost and 
traditional airlines. For that purpose a typical arrangement 
of ground vehicles during the ground handling will be 
described and possible collisions will be identified. Next 
section will compare turnaround times of terminal 
servicing with and without those collisions and the final 
part will discuss the influence of the aircraft stand width 
on the minimal turnaround time. 

2 Airplane terminal servicing 

Depending on the aircraft type, a wide range of special 
ground vehicles is used for the airplane terminal 
servicing. Those vehicles can be generally divided by 
their purpose into following categories: passenger stairs, 
cargo/baggage loaders, bulk trains, fuel tankers, catering 
trucks, potable-water service, toilet service, electric 
power suppliers, air-condition suppliers, jet-starters and 
push-back tugs. 

Obviously not all of those vehicles are used during 
every turnaround at every airport. Some of them could be 
replaced by built-in systems of the aircraft itself or by the 
airport infrastructure. For example jet-starters are present 
only as a standby units for the case when an aircraft 
auxiliary power unit (APU) is inoperative, and the air-
condition and electric power source is often a part of the 
passenger bridge [1].  

2.1 Typical arrangement of ground vehicles 

Vehicles used for the terminal servicing can differ accord-
ing to specific aircraft type. Therefore it is necessary to 
determine particular conditions that would be examined. 
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For the purpose of this article would be considered the 
typical short-to-mid haul airplane of code letter C with 
wingspan close to 36 m. Typical representatives of this 
class are Airbus 320 family and Boeing 737 family. To 
describe the worse scenario, a B737 MAX 9 would be 
used because of its low undercarriage and split scimitar 
winglets that don’t allow any vehicles to pass under the 
wing. 

The typical arrangement of ground vehicles for the 
MAX 9 could be found in Boeing’s manual for airport 
planning [5] and is shown in Fig. 1. The figure shows that 
the major part of the ground handling vehicles is allocated 
on the right-hand side of the aircraft. While the left-hand 
side is reserved almost only for passenger boarding and 
disembarking, the right-hand side is dedicated to the most 
crucial processes of ground handling: baggage 
unloading/loading and fuelling. And that amount of 
vehicles concentrated to very limited area is a potential 
source of conflicts. 

 

Fig. 1. Typical servicing arrangement for B737 MAX 9 [5]. 

2.2 Possible collisions   

The arrangement of ground vehicles, as it is presented in 
the aircraft manual, is only a schematic representation of 
their optimal static positions. But it doesn’t take into 
account a fact that some vehicles are changing their 
position during the servicing process and some of them 
arrive to the aircraft later than others. 

All of that would be even more complicated when an 
aircraft stand boundaries are considered. The ICAO 
Annex 14 regulation requires a minimum distance of 
4,5 m from code letter C aircraft wingtip to the nearest 
object on the aircraft stand [6]. Considering the aircraft 
wingspan of almost 36 m, the aircraft stand should be at 
least 45 m wide. For the purpose of this paper, this stand 
is a NOSE-IN type, it is equipped with a passenger bridge 
with integrated air-condition and electric power source, 
but it is not equipped with a hydrant fuelling system.  

Figure 2 shows two adjoining 45 m wide model stands 
with aircrafts being serviced at the same time. Both 

aircrafts are serviced by the passenger bridge, stairs at the 
rear door, two bulk loaders, two bulk trains, two catering 
trucks, one fuel tanker, one potable-water truck and one 
toilet service truck at the same time.  

Apparently, some of those vehicles are not able to 
move from their position because of the other trucks. First 
collision is presented by the catering truck that is blocked 
by bulk trains in both the front and rear position. In such 
situation it is unable to depart from the aircraft and in case 
the bulk train arrives first, it is not even possible to arrive.  

Second collision is presented by the fuel tanker that 
blocks the passage by the right-hand wing of the aircraft. 
In that case there are only two possible ways to serve the 
rear part of the aircraft. First possibility is to bypass the 
fuel truck over the adjacent stand (in Fig.2 shown by 
dotted line). This way is shorter, but is not applicable 
when the aircraft on the adjacent stand is moving because 
its safety zone 4,5 m from the wingtip would be disrupted. 

 

Fig. 2. Terminal servicing on adjoining stands. 

Another way, longer but safer, is to overtake the 
passenger bridge, pass by the left-hand wing and around 
the aircraft’s tail (in Fig.2 shown by dashed line). This 
possibility is independent on processes on the adjacent 
stand. 

Both ways could be inapplicable if a fuel tanker safety 
zone is taken into account. Dimensions of that zone are 
set by the airport operator on the basis of a national 
regulation and could be modified following an airline or 
JIG recommendation [7]. Considering this zone is at least 
1,5 m from the fuel tanker, there may not be enough space 
from that zone to the wingtip of the aircraft on the adjacent 
stand and so the bypass shouldn’t be used. 
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3 Turnaround times 

Terminal servicing times varies depending on a whole 
range of inputs. The most important ones are the aircraft 
type, airport infrastructure, airline requirements and 
personnel and ground vehicles availability. In this article, 
personnel and vehicles resources are unlimited and the 
only variable is the aircraft stand width as a part of the 
airport infrastructure. Since the aircraft type and its 
ground vehicles arrangement are set, it is now necessary 
to define the airline requirements. 

Generally, the airline orders the services that would be 
performed on the airplane during its turnaround. By those 
services, two basic types of ground handling could be 
distinguished: a base station and an en-route station 
servicing.  

3.1 Base station 

The base station servicing is not only performed on 
airports where the airline has its base, but it is a synonym 
of a full service ground handling. This type of servicing 
usually contains all processes mentioned in chapter 2 and 
is applied by classic national airlines at almost every 
airport. Typical durations and timing of ground handling 
processes for the 737 MAX 9 are shown in Fig. 3. 

Under optimal conditions the base station turnaround, 
as is shown in the Fig. 3, lasts around 50 minutes. The 
crucial process is the baggage handling that takes over 35 
minutes even if both the front and rear compartments are 
unloaded and loaded at the same time. Passengers are 
deplaned and boarded in 30 minutes and the plane is 
refuelled in 20 minutes. 15 minutes are dedicated to the 
galley servicing (by one truck) and the cabin cleaning [5]. 

Taking into account collisions described in chapter 2, 
it would not be possible to service the airplane in those 50 
minutes. Based on Fig. 3, the process of baggage loading 
to the rear compartment should start right after the 
catering truck leaves its rear position. That is 

approximately in the 22nd minute of servicing, 3 minutes 
later than it is shown in Fig. 3. At that time, baggage is 
being loaded into the front compartment, so the catering 
truck can’t reach the front door to serve the galley and 
have to wait till the 26th minute when the front baggage 
train leaves its position. The galley service and hence the 
passengers boarding would be delayed for at least 
4 minutes. The turnaround time would then be 55 minutes. 

Unexpectedly, even in the worst possible case of two 
aircraft being serviced at the same time on adjoining 
stands, fuel tankers blocking the access to the rear part of 
the aircraft would not affect the turnaround time. If 
tankers arrive right after the baggage loader, train and the 
catering truck, those vehicles would just have to wait till 
the refuelling is done to leave their position, but it 
wouldn’t delay the whole terminal servicing. 

3.2 En-route station 

In Europe, flights with an en-route station are not 
common. But especially in case of low-cost airlines 
almost every airport where the aircraft is not based could 
be perceived as an en-route station. Short or mid-haul 
flights don’t require as many ground handling processes 
as at the base station and airlines require the shortest time 
possible. And so some processes are accelerated and some 
aren’t performed at all. 

Passengers could be deplaned and boarded not only 
via the air bridge but also via mobile stairs by the rear door 
of the aircraft. This procedure called Walk In – Walk Out 
(WI-WO) can save up to 10 minutes. Then, on low-cost 
flights people generally don’t have any checked baggage 
because it is extra paid, so the baggage handling is also 
shortened. On short flights, there is no catering so any 
galley service is not necessary. Sometimes the aircraft 
even doesn’t need to be refuelled and if so, it takes only 
several tons. Finally the turnaround can be completed in 
25 minutes [8]. 

 

Fig.3. 737 MAX 9 typical base station servicing times [5]. 
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Since there is no galley servicing, the only possible 
collision could be caused by the fuel truck. But if there is 
not much baggage on the flight, it could be loaded into the 
front compartment and hence no vehicles need to overtake 
the fuel tanker.  

4 Influence of stand width to 
turnaround time 

In previous chapter it was said that possible collisions in 
ground vehicles’  paths have only little impact to the 
turnaround time. This statement is conditioned by 
unlimited resources of personnel and vehicles so all of 
them could be present on the aircraft stand from the 
beginning to the end of the ground servicing. 

In reality, this condition can’ t be fulfilled in many 
cases, because especially at busy airports ground handling 
vehicles are fully utilized and only baggage loaders and 
trains are on the place just when the aircraft stops on the 
stand. It is not possible to generalize in what times during 
the turnaround the rest of the vehicles enter the stand. But 
in general it can be said that there is a need to solve the 
blocked access to the rear part of the aircraft. 

A solution could be an enlarged stand that would 
ensure a safe corridor around the fuel tanker and its safety 
zone. There are no guidelines how this modification 
should be done, but the required enlargement could be 
calculated quite simply: at least 1 m is needed between the 
aircraft wingtip and the fuel tanker, then approx. 3 m are 
taken by the tanker itself, plus its considered safety zone 
1,5 m and finally 3 m for the desirable corridor. All 
together it makes 8,5 m from the wingtip to the outer edge 
of the corridor. Of course all this numbers should be 
modified to meet specific requirements and regulations of 
particular airport, but for that model case the safety 
margin should be 8,5 m instead of 4,5 m from the wingtip 
required by the ICAO regulation [6, 9]. 

Whereas the corridor is need only by the right-hand 
wing of the aircraft, the stand could be enlarged 
asymmetrically to the final width of 49 m. The corridor 
could be designed in various ways depending on 
particular airport decision, for example as a part of the 
stand or as an independent road between two adjoining 
stands applicable to both of them. In every case it means 
4 extra meters for every aircraft stand, and that could be a 
problem for the airport operator. 

When a completely new apron is planned, enlarged 
stands should be considered, but enlarging current 
infrastructure would in most cases result in a reduction in 
the number of stands. It is therefore a question for the 
airport operator, whether is better to have less stands with 
low probability of a turnaround delay or to have more 
stands with a risk of longer turnaround times. 

5 Conclusion 

The article has briefly presented how the airplane terminal 
servicing could be influenced by the aircraft stand width. 
The influence has been shown on the model case 
describing the handling process of the Boeing 737 MAX 
9 aircraft on the 45 m wide stand. 

Based on the aircraft manual for airport planning, two 
crucial collisions have been identified in processes of the 
ground handling. First of them is the catering truck being 
blocked by the baggage train in both the front and rear 
position. The second is the fuel tanker blocking the 
passage between the front and the rear part of the plane 
without any possibility of overtaking. 

The second part of the article has described how those 
collisions would affect the turnaround time. It was found 
that in optimal conditions the blocked catering truck 
would prolong the base terminal servicing by 
approximately 4 minutes to a total of 55 minutes, and the 
fuel tanker would not cause any delay. In case of the en-
route station servicing it was found that any of those 
collisions would not happen because only some of the 
vehicles are used. 

The final chapter has described how those collisions 
could be solved by enlarging the aircraft stand. The final 
stand width, necessary to ensure safe and independent 
access to the rear part of the airplane, depends on the fuel 
tanker safety zone established by the airport operator. 
Therefore there is no general number or general design of 
the corridor.  

It is always on the airport operator’s discretion 
whether and how stands would be modified, because 
enlarging current stands would probably reduce the 
overall capacity of the airport. It is about the choice 
between having more stands with a risk of longer 
turnaround times and having comfortable stands where 
aircrafts could be handled without delays. 

References  

1. H. Fricke, M. Schultz, Improving aircraft turn around 
reliability, Third International Conference on 
Research in Air Transportation, 335-343 (2008) 

2. C. Wu, R. Caves, Aircraft operational costs and 
turnaround efficiency at airports, Journal of Air 
Transport Management, 6(4), 201-208 (2000) 

3. Kolukõsa, Ayça. Evaluating Aircraft Turnaround 
Process in the Framework of Airport Design and 
Airline Behaviour. (2011) 

4. B. Mirkovic, V. Tosic, Airport apron capacity: 
estimation, representation, and flexibility, Journal of 
Advanced Transportation, 48(2), 97-118 (2014) 

5. Boeing Commercial Airplanes, 737 MAX Airplane 
characteristics for airport planning, Rev. B, (June 
2018) 

6. ICAO, Annex 14 - Aerodromes 
7. http://www.jigonline.com/publications/jig-aircraft-

fuelling-data-sheets/ (10.8.2018) 
8. https://www.telegraph.co.uk/travel/travel-

truths/plane-turnaround-procedures/ (15.8.2018) 
9. ICAO, Aerodrome Design Manual 
 



Sozopol, 15-17 September 2018 BulTrans-2018 Conference Proceedings 

* Corresponding author: hospojak@fd.cvut.cz  47 

Problem of the GNSS jamming detector positioning 

Jakub Hospodka1,*, Jakub Kraus1, and Stanislav Pleninger1  

1Czech Technical University in Prague, Department of Air Transport, Horská 3, 12803 Prague 2, Czech Republic 

Abstract.  This article dissertates about problems which shall be taken into account during the placement 
of the GNSS jamming detector. Our article is part of the work on the project to develop detector of GNSS 
jamming usable for securing of an aerodrome area. The main ability of the detector is to identify and found 
source or either jamming or spoofing of GNSS signal. The planned usage is mainly on airports which use 
GNSS either for ground operations or PBN approaches. The need to protect the large area with one detector 
represents the problem in terms of detector positioning. To ensure the best possible probability to capture 
the jamming signal is the position of the detector essential. Several aspects which may strongly influence 
the ideal position of the detector were identified and best practice is discussed. 

1 Introduction  

The protection of GNSS from radio frequency 
interference is becoming an increasingly important issue, 
which needs to be given constantly increasing attention. 
With the wide-spreading use of GNSS in all human 
activities, more and more processes depend on the correct 
position or time. Wrong information from GNSS receiver, 
or lack of information, can cause very serious problems. 
Let's take a typical example in aviation when the GBAS 
system was jammed at Newark Airport and therefore 
could not be used for landing [1]. More situations like 
these will probably occur with the widening of GNSS use 
into other areas of aviation, which were not using GNSS 
in past and starting now [2, 3]. Such situations can also be 
identified in other areas such as energy and its 
synchronization of power nodes with GNSS time [4] or 
transport and a road toll system based on GNSS [5]. 

Therefore, a great deal of research attention is devoted 
to GNSS interference. The research focuses on three 
areas: signal analysis for interference determination [6, 7, 
8], the creation of detectors for interference determination 
and integration of other auxiliary information sources for 
the elimination of interference [9, 10]. 

However, it can be seen that the area addressing the 
suitability of the detector location relative to the 
environment to maximize detection potential is addressed 
only marginally. The project named Strategic 
infrastructure protective system detecting illegal acts 
intentionally affecting GNSS signals funded by Czech 
Ministry of Interior is focused on this area. One of the 
objectives of the project is to find the best detector 
placement in the defined area for maximization of 
jamming/spoofing detection. 

The objective is to be capable to reveal both jamming 
and spoofing, but due to similar impact of these two 
scenarios on the detector placement jamming scenario 
will be used even though the same would work for 
spoofing too. 

2 Detector placement  

Placement of GNSS jamming detector is important to 
ensure the best possible performance of the system. When 
deciding about the best position for the detector, both 
intentional and unintentional jamming has to be taken into 
account. The system itself is designed to have typically 
three detection points (each with four antennas). Because 
of the dimensions of an airport, it is nearly impossible to 
ensure that even 3 detection points would cover the whole 
area. Because of the unknown nature and position of 
jamming signal source, it is necessary to cover all areas 
around aerodrome from which it is possible to transmit a 
jamming signal which would influence GNSS.  

Issues of the positioning are visible in Fig. 1. Even for 
jammers of the same intensity, there will be for a specific 
combination of jammer power and position, a situation 
where jammer can influence protected area and not be 
detected. The positioning of detectors on the frontier of 
the protected area can lead to blind spots in the center of 
the area. The simplified situation, from Fig.1, don’t take 
into account the orography of the protected area.  

 

Fig. 1. Example of detector placement. 

J. Hospodka, J. Kraus, and S. Pleninger, Problem of the GNSS jamming detector positioning 
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For better understanding, here are terms used in 
further text: 
• Grid: is a position component. The Grid represents the 

division of the area in the grid of square segments. The 
dimension and shape of the grid unit are adjustable. 
Square grid with dimension derived from the precision 
of the map background is used. 

• Map background: an altimetry data set, the altimetry 
resolution of map background is essential because the 
ability to detect jammer is based on direct visibility 
between detector and jammer. Typically, altimetry with 
vertical resolution less than 1 meter is used. 

• Protected area: a grid, or grids which should be 
protected against jamming. 

• The weight of the protected grid: relative value added to 
the grid which takes into account how critical is the 
safety of that area. 

• Hazard level of the area: relative value added to the grid 
which depicts the level of danger of that grid. The 
typical reason for the increased hazard of the grid is a 
passing road which increases the probability of jammer, 
because there are documented cases of GPS jammers 
used by car drivers [11].  

• Detection point: antenna field capable of revealing a 
jammer presence, for coverage of larger areas (such as 
airports) it is necessary to use more detection points to 
achieve acceptable coverage. 

• Possible detection point positions: selection of grids, 
where can be a detection point placed, it is necessary to 
avoid areas near RWY and areas where all obstacles are 
prohibited. 

3 Best practice in finding the optimal 
detector positioning  

To be able to compute the best possible position of 
detectors at a given airport it is necessary to set several 
input parameters. This procedure takes into account the 
altimetry of the area and direct visibility. Bends and 
refractions of a jamming signal are not taken into account 
in this article. 

The necessary inputs are: grid dimensions, the 
definition of the protected area, defined weights of the 
protected area, hazard level of the area for all areas where 
is a higher risk of jammer presence and definition of 
possible detector positions. 

3.1 Procedure to determine positioning 

The procedure is divided into six general steps, which 
contain the whole process of determining the best 
positioning. These are depicted in Fig. 2 below. 

3.1.1 Step 1 – Inputs  

Import map background and define the needed inputs of 
grid dimensions, the definition of the protected area, 
defined weights of the protected area, hazard level of the 
area for all areas where is a higher risk of jammer presence 
and definition of possible detector positions. 

 

Fig. 2. Six general steps of the procedure to determine the 
positioning of detection points. 

3.1.2 Step 2 – Direct visibility computation 

For all grids in analysed area compute value A which is 
equal to the sum of all weights of protected grids which 
are in direct visibility, (the function viewshed within the 
Mapping toolbox of MATLAB [12]). Grids from the area 
which is not protected have weight 0. 

3.1.3 Step 3 – Hazzard levels addition 

Value A is increased by multiplying base value (1 for the 
protected area, 0 for the unprotected area) by weight of 
protected area for all directly visible area – this the value 
B, which is assigned to each grid. 

3.1.4 Step 4 – Importance of detection points 
assessment 

From the set of grids which are in possible detection point 
positions is done a the sum of all B on directly visible 
grids (function viewshed within the Mapping toolbox of 
MATLAB) this sum is C. 

3.1.5 Step 5 – Dealing with the number of detection 
points 

a) If the number of detector points = 1 – continue to step 
6. 

b) Based on the number of detectors (2, 3, n) choose i,ii 
or iii: 
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i. For each couple of the possible positioning of 
detectors, the sum of all B from all directly visible 
grids is computed. Important is that to the sum is 
counted each visible grid only once, even if it is 
visible from more detector points. Remark: this sub 
step can be the most demanding for computation 
power. This sum = C2; 

ii.  For n=3 for each trinity of possible positions of 
detectors is computed the sum of all B from directly 
visibly grids. Important is that to the sum is counted 
each visible grid only once, even if it is visible from 
more detector points. Computation demands of this 
sub step can reach unreachable values if the number 
of grids is too high. This sum = C3; 

iii.  This substep can be repeated for even more detector 
points but because of exponentially increasing 
computation demands it is necessary to select 
appropriate grid dimension. This sum = Cn. 

3.1.6 Step 6 – Calculation of result 

The optimal solution is the best value within C to Cn. 
When the equal values of C are obtained, the optimal 
solution is the solution with a lower number of detectors. 

3.2 Economical assessment 

For economical assessment, it is important to compare 
different values of C to see, if increased costs of the 
variant with more detectors is justified by an appropriate 
increase in the value of C. 

4 Discussion  

During the verification of the procedure, few limitations 
were identified. These are connected mainly with 
exponentially increase in necessary computing power. For 
example, if grid with dimensions 15×15 m is used, which 
are lower than best available map resolution (for example 
in the Czech Republic there are available map 
backgrounds with better resolution than 5×5 m, with 
vertical resolution less than 0.3 m) to cover only the 
closest area of airport, the computation works with more 
than 500 000 grids. That means that the MATLAB 
function viewshed has to run 2500 billion times. For a 
typical personal computer it represents at least several 
months of computing time. 

The issues with computing power demands arise again 
in step 5 of the procedure. In this step, it is necessary to 
compare coverage of every couple, trinity or even n 
detector points coverage to exclude multiple counting. 
This again demands high computing power and 
subsequently increase computational time. 

To lower the number of necessary operations several 
improvements are suggested which may be added to the 
procedure to lower demands for computation power. 
These four optimization improvements are as follows: 
a) From the set of possible position of detectors can be 

subtracted every grid which altitude is lower than the 
lowest altitude of protected area – it is not probable 

that detection point positioned any lower could be 
significantly beneficial for higher protected area. 

b) From the set of possible detector positions can be 
subtracted each grid which value C is the local 
minimum of C. There is always at least one grid with 
higher C – therefore better for position of the detector, 
this is based on the definition of a local minimum. 

c) For every couple or trinity of possible detection points, 
any groups which have the sum of total C lower than 
best value C obtained from the system with only one 
detector could not be taken into account– for all these 
positions is optimal solution C1. 

d) Grid dimensions’ reduction – this is the easiest option 
in case of lack of computation power. However, with 
each increase in the grid dimension, part of an 
important information is lost and the situation depicted 
in the lower resolution map might be missing some 
important orthographical details which could 
influence detector placing. 

5 Example results 

The Fig. 3 depicts outputs of the algorithm. Because the 
project is not finished yet this is only partial output. The 
figure depicts ideal positions for detectors computed by 
the algorithm for vicinity of the LKPR airport. The red 
rectangle is protected area, circle is best position for one 
detector, crosses are best solution for two detectors and 
squares are best solution for three detectors.  

 

 

Fig.3. Example of a result. 

To verify that the algorithm leads to the best results 
we compared our estimated best solution with set of 100 
random positions of the detectors. This test was done on 
smaller area, approximately 3×3 km (22500 grid squares), 
because computation on larger area would be unduly time 
demanding. The protected area was cca 10% of map, and 
we did not specify any additional hazard levels. 

We computed the solution for 3 detectors. Our 
computed value is C3= 47562231. It represents 
approximately 93% percent of all possible jammer to 
protected area combinations. 
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For set of 100 random detector position we didn’t get 
any result with higher C than 35000000, which is about 
70%.  

It may be predicted that the difference between 
optimal and random solution will rise with larger covered 
area and additional hazard levels.  

6  Conclusion  

The aforementioned procedure is usable for optimal 
detectors positioning wherever it is necessary to protect 
larger areas, against radio frequency interference. The 
finding of the optimal solution is very demanding for 
computation power, but when implementing suggested 
optimization points, it becomes acceptable for quite a 
large area. Despite the improvements in the logic of best 
detection points calculations, the lowering of computation 
needs, especially for constellation with three or more 
detectors is needed, because these are on the edge of 
reasonable computation power of today. 

This paper was supported by the Ministry of the Interior of the 
Czech Republic, grant No. VI20172019090. 
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�D�h�g�p�_�i�p�b�y �a�Z �b�a�i�h�e�a�\�Z�g�_ �g�Z �b�a�d�m�k�l�\�_�g �b�g�l�_�e�_�d�l �i�j�b 
�h�p�_�g�y�\�Z�g�_ �b �i�j�h�]�g�h�a�b�j�Z�g�_ �g�Z �i�k�b�o�h-�n�b�a�b�h�e�h�]�b�q�g�h�l�h 
�k�t�k�l�h�y�g�b�_ �g�Z �Z�\�b�Z�p�b�h�g�_�g �i�_�j�k�h�g�Z�e 

�=�_�g�g�Z�^�b�c �F�Z�d�e�Z�d�h�\1,*  

1�B�g�k�l�b�l�m�l �a�Z �d�h�k�f�b�q�_�k�d�b �b�a�k�e�_�^�\�Z�g�b�y �b �l�_�o�g�h�e�h�]�b�b �;�:�G, �K�h�n�b�y, �;�t�e�]�Z�j�b�y  

�J�_�a�x�f�_. �J�Z�a�]�e�_�^�Z�g�b �k�Z �i�j�b�g�p�b�i�b�l�_ �a�Z �k�t�a�^�Z�\�Z�g�_ �g�Z �Z�i�Z�j�Z�l�g�h-�i�j�h�]�j�Z�f�_�g (�o�Z�j�^�m�_�j�g�h-�k�h�n�l�m�_�j�_�g) 
�d�h�f�i�e�_�d�k �a�Z �i�h�^�^�j�t�`�d�Z �i�j�b�_�f�Z�g�_�l�h �g�Z �j�_�r�_�g�b�y. �A�g�Z�g�b�y�l�Z �\ �_�d�k�i�_�j�l�g�Z �k�b�k�l�_�f�Z (�?�K) �_ �i�j�_�^�k�l�Z�\�_�g�Z 
�\�t�\ �\�b� ̂ �g�Z �i�j�h�^�m�d�p�b�h�g�g�b �k�b�k�l�_�f�b. �G�_�h�i�j�_�^�_�e�_�g�h�k�l�l�Z �g�Z �b�g�n�h�j�f�Z�p�b�y�l�Z �k�_ �h�l�q�b�l�Z �k �i�h�f�h�s�l�Z �g�Z 
�d�h�_�n�b�p�b�_�g�l �g�Z �^�h�\�_�j�b�_. �I�j�h�p�_�k�t�l �g�Z �k�Z�f�h�h�[�m�q�_�g�b�_ �g�Z �k�b�k�l�_�f�Z�l�Z �k�_ �h�k�t�s�_�k�l�\�y�\�Z �i�h �f�_�l�h�^�Z �>. �F�b�e. 
�I�h�d�Z�a�Z�g �_ �i�j�b�f�_�j �a�Z �^�b�Z�e�h�] �f�_�`�^�m �i�h�l�j�_�[�b�l�_�e�y �b �j�Z�a�j�Z�[�h�l�_�g�Z�l�Z �?�K �a�Z �h�p�_�g�y�\�Z�g�_ �b �i�j�_�^�k�d�Z�a�\�Z�g�_ �g�Z 
�i�k�b�o�h-�n�b�a�b�h�e�h�]�b�q�g�h�l�h �k�t�k�l�h�y�g�b�_ �g�Z �Z�\�b�Z�p�b�h�g�_�g �i�_�j�k�h�g�Z�e.  

1 �M�\�h� ̂

�H�l�e�b�q�b�l�_�e�g�Z �q�_�j�l�Z �\ �i�j�h�n�_�k�b�h�g�Z�e�g�Z�l�Z �^�_�c�g�h�k�l �g�Z 
�Z�\�b�Z�p�b�h�g�g�b�y �i�_�j�k�h�g�Z�e �_ �\�b�k�h�d�b�y�l �j�b�k�d �h�l �\�t�a�g�b�d�\�Z�g�_ 
�g�Z �h�i�Z�k�g�b �a�Z �`�b�\�h�l�Z �k�b�l�m�Z�p�b�b. �?�d�k�l�j�_�f�g�Z�l�Z �k�b�l�m�Z�p�b�y 
�k�_ �h�l�e�b�q�Z�\�Z �h�l �g�h�j�f�Z�e�g�Z�l�Z �i�h �g�_�i�e�Z�g�b�j�Z�g�Z�l�Z �k�b 
�i�j�b�j�h�^�Z �b �\�d�e�x�q�\�Z�g�_�l�h �g�Z �k�b�e�_�g �k�l�j�_�k�h�\ �n�Z�d�l�h�j �\ 
�b�g�n�h�j�f�Z�p�b�h�g�g�b�y �i�h�l�h�d – �g�_�k�b�]�m�j�g�h�k�l �g�Z �b�g�n�h�j�f�Z-
�p�b�y�l�Z. �L�h�\�Z �\�h�^�b �^�h �^�\�_ �g�_�]�Z�l�b�\�g�b �i�h�k�e�_�^�b�p�b: �a�Z�l�j�m�^-
�g�y�\�Z �k�_ �i�j�h�p�_�k�t�l �g�Z �i�j�_�^�\�b�`�^�Z�g�_ �b �m�i�j�Z�\�e�_�g�b�_ �g�Z 
�i�j�h�b�a�l�b�q�Z�s�b�l�_ �k�t�[�b�l�b�y; �a�Z�m�q�_�g�b�l�_ �h�i�_�j�Z�p�b�b, �d�h�b�l�h 
�b�^�_�Z�e�g�h �j�Z�[�h�l�y�l �\ �k�l�_�j�_�h�l�b�i�g�Z �k�b�l�m�Z�p�b�y, �a�Z�i�h�q�\�Z�l �^�Z 
�i�j�_�q�Z�l �\ �i�j�b�_�f�Z�g�_�l�h �g�Z �b�a�\�t�g�j�_�^�g�b (�g�h�\�b) �j�_�r�_�g�b�y �a�Z 
�i�j�_�^�h�l�\�j�Z�l�y�\�Z�g�_ �g�Z �b�a�\�t�g�j�_�^�g�b �k�b�l�m�Z�p�b�b.  

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

�B �\ �^�\�Z�l�Z �k�e�m�q�Z�y �k�_ �b�a�b�k�d�\�Z�l �k�i�_�p�b�Z�e�g�b �i�h�a�g�Z�g�b�y, 
�i�j�b�l�_�`�Z�g�b�_ �g�Z �i�h�^�o�h�^�y�s�b �m�f�_�g�b�y �h�l �k�i�_�p�b�Z�e�b�k�l�b�l�_ 
(�i�k�b�o�h�e�h�a�b �b �i�j�Z�d�l�b�d�m�\�Z�s�b �e�_�d�Z�j�b), �d�h�b�l�h �h�k�b�]�m�j�y-
�\�Z�l �d�h�g�l�j�h�e�Z �b �j�_�o�Z�[�b�e�b�l�Z�p�b�y�l�Z �g�Z �e�_�l�Z�l�_�e�g�b�y �i�_�j�k�h-
�g�Z�e. �>�h�[�j�b �a�g�Z�g�b�y �k�Z �g�_�h�[�o�h�^�b�f�b �\ �h�[�e�Z�k�l�l�Z �g�Z 
�d�h�]�g�b�l�b�\�g�Z�l�Z �i�k�b�o�h�e�h�]�b�y, �i�k�b�o�b�Z�l�j�b�y�l�Z, �Z�\�b�Z�p�b�h�g-
�g�Z�l�Z �f�_�^�b�p�b�g�Z, �[�b�h�n�b�a�b�d�Z�l�Z, �d�\�Z�g�l�h�\�Z�l�Z �n�b�a�b�d�Z �b �l.�g. 
�Y�k�g�h �_, �q�_ �^�Z �k�_ �g�Z�f�_�j�b �q�h�\�_�d, �\ �d�h�c�l�h �k�_ �h�[�_�^�b�g�y�\�Z�l 
�l�_�a�b �j�Z�a�g�h�k�l�j�Z�g�g�b �a�g�Z�g�b�y, �_ �f�g�h�]�h �k�e�h�`�g�h. �H�[�m�q�_�g�b�_-
�l�h �g�Z �l�Z�d�b�\�Z �k�i�_�p�b�Z�e�b�k�l�b – �k�t�s�h, �b �\ �f�h�f�_�g�l�Z �l�_ 
�i�j�Z�d�l�b�q�_�k�d�b �e�b�i�k�\�Z�l. �G�_�h�[�o�h�^�b�f�h�k�l�l�Z �h�l �l�y�o �h�[�Z�q�_ �_ 
�b�a�d�e�x�q�b�l�_�e�g�h �\�b�k�h�d�Z. �L�_ �[�b�o�Z �f�h�]�e�b �a�g�Z�q�b�l�_�e�g�h �^�Z 
�g�Z�f�Z�e�y�l �\�t�a�^�_�c�k�l�\�b�_�l�h �g�Z �q�h�\�_�r�d�b�y �n�Z�d�l�h�j �b �\ �f�g�h�]�h 
�h�l�g�h�r�_�g�b�y �^�Z �i�j�_�^�h�l�\�j�Z�l�y�l �\�t�a�g�b�d�\�Z�g�_�l�h �g�Z �_�d�k�l�j�_�f-
�g�b �k�b�l�m�Z�p�b�b �\ �i�j�h�n�_�k�b�h�g�Z�e�g�Z�l�Z �j�Z�[�h�l�Z �g�Z �Z�\�b�Z�p�b�h�g-
�g�b�y �i�_�j�k�h�g�Z�e. 

�P�_�e �g�Z �i�j�h�m�q�\�Z�g�_�l�h, �q�b�b�l�h �j�_�a�m�e�l�Z�l�b�l�_ �k�Z �i�m�[�e�b-
�d�m�\�Z�g�b �l�m�d, �_ �k�t�a�^�Z�\�Z�g�_�l�h �g�Z �Z�i�Z�j�Z�l�g�h-�i�j�h�]�j�Z�f�_�g 
�d�h�f�i�e�_�d�k �a�Z �i�h�^�^�t�j�`�Z�g�_ �i�j�b�_�f�Z�g�_�l�h �g�Z �j�_�r�_�g�b�y �a�Z 
�i�j�h�]�g�h�a�b�j�Z�g�_ �g�Z �i�k�b�o�h-�n�b�a�b�h�e�h�]�b�q�g�h�l�h �k�t�k�l�h�y�g�b�_ �g�Z 
�Z�\�b�Z�p�b�h�g�g�b �k�i�_�p�b�Z�e�b�k�l�b �g�Z �[�Z�a�Z�l�Z �g�Z �k�b�k�l�_�f�b �a�Z 
�b�a�d�m�k�l�\�_�g �b�g�l�_�e�_�d�l (�K�B�B). �<�t�\ �\�j�t�a�d�Z �k �p�_�e�l�Z �[�y�o�Z 
�j�_�r�_�g�b �k�e�_�^�g�b�l�_ �a�Z�^�Z�q�b: �j�Z�a�j�Z�[�h�l�\�Z�g�_ �g�Z �Z�j�o�b�l�_�d�l�m�j�Z 
�g�Z �K�B�B, �^�_�n�b�g�b�j�Z�g�_ �g�Z �k�l�j�m�d�l�m�j�Z�l�Z �g�Z �[�Z�a�Z�l�Z �h�l 
�a�g�Z�g�b�y (�;�A) �b �[�Z�a�Z�l�Z �^�Z�g�g�b (�;�>), �b�a�[�h�j �g�Z �Z�i�Z�j�Z�l�g�b 
�k�j�_�^�k�l�\�Z (�o�Z�j�^�m�_�j) �a�Z �^�b�Z�]�g�h�k�l�b�p�b�j�Z�g�_ �k�t�k�l�h�y�g�b�y�l�Z 
�g�Z �q�h�\�_�r�d�h�l�h �k�t�a�g�Z�g�b�_. 

2 �I�j�Z�d�l�b�q�_�k�d�b �Z�k�i�_�d�l�b �\  �k�t�a�^�Z�\�Z�g�_�l�h 
�K�B�B �a�Z �i�j�h�]�g�h�a�b�j�Z�g�_ �g�Z �i�k�b�o�h-
�n�b�a�b�h�e�h�]�b�q�g�h�l�h �k�t�k�l�h�y�g�b�_ �g�Z 
�Z�\�b�Z�p�b�h�g�_�g �i�_�j�k�h�g�Z�e  

2.1 �F�_�l�h�^�h�e�h�]�b�q�g�b �i�j�b�g�p�b�i�b �a�Z �b�a�]�j�Z�`�^�Z�g�_ 
�g�Z �^�b�Z�]�g�h�k�l�b�q�g�Z �l�_�o�g�h�e�h�]�b�y �g�Z �[�Z�a�Z�l�Z �g�Z 
�K�B�B 

�I�h�  ̂ �K�B�B �l�m�d �k�_ �j�Z�a�[�b�j�Z �Z�i�Z�j�Z�l�g�h-�i�j�h�]�j�Z�f�_�g �d�h�f-
�i�e�_�d�k, �d�h�c�l�h �\ �l�y�k�g�Z �i�j�_�^�f�_�l�g�Z �h�[�e�Z�k�l �\�a�_�f�Z �j�_�r�_�g�b�y 
�g�_ �i�h-�e�h�r�h �h�l �i�j�h�n�_�k�b�h�g�Z�e�_�g �k�i�_�p�b�Z�e�b�k�l. �A�Z �j�_�Z�e�b-
�a�b�j�Z�g�_ �g�Z �\�k�b�q�d�b �n�m�g�d�p�b�b �K�B�B �l�j�y�[�\�Z �^�Z �k�_ �k�t�k�l�h�b 
�h�l �k�e�_�^�g�b�l�_ �[�e�h�d�h�\�_ [1]: �g�Z�e�b�q�b�_ �g�Z �;�A (�K�B�B �j�Z�[�h�l�b 
�k�Z�f�h �k�t�k �a�g�Z�g�b�y); �k�b�k�l�_�f�Z�l�Z �l�j�y�[�\�Z �^�Z �m�f�_�_ �^�Z �]�_�g�_�j�b-
�j�Z �g�h�\�Z �b�g�n�h�j�f�Z�p�b�y �g�Z �h�k�g�h�\�Z�l�Z �g�Z �\�_�q�_ �i�h�e�m�q�_�g�Z�l�Z; 
�k�b�k�l�_�f�Z�l�Z �l�j�y�[�\�Z �^�Z �m�f�_�_ �^�Z �h�l�]�h�\�Z�j�y �g�Z �\�t�i�j�h�k�b �g�Z 
�i�h�e�a�\�Z�l�_�e�y �h�l �l�b�i�Z: �d�Z�d, �i�h �d�Z�d�\�Z �i�j�b�q�b�g�Z, �a�Z�s�h �b �^�j.  

�L�_�a�b �[�e�h�d�h�\�_ �k�Z �a�Z�^�t�e�`�b�l�_�e�g�b. �;�_�a �l�y�o �Z�i�Z�j�Z�l�g�h-
�i�j�h�]�j�Z�f�g�b�y�l �d�h�f�i�e�_�d�k �g�_ �f�h�`�_ �^�Z �[�t�^�_ �g�Z�j�_�q�_�g �K�B�B. 
�H�k�\�_�g �l�y�o �_ �`�_�e�Z�l�_�e�g�h �^�Z �b�f�Z �^�h�i�t�e�g�b�l�_�e�g�h �k�e�_�^�g�b�l�_ 
�[�e�h�d�h�\�_ (�l�_ �s�_ �m�\�_�e�b�q�Z�l �n�m�g�d�p�b�h�g�Z�e�g�b�l�_ �\�t�a�f�h�`�g�h-
�k�l�b �g�Z �k�b�k�l�_�f�Z�l�Z): �;�> (�^�Z�g�g�b, �n�Z�d�l�b, �d�h�g�k�l�Z�g�l�b, �g�y�d�h�b 

�>. �G�[�e�f�[�e�i�], �D�h�g�p�_�i�p�b�y �a�Z �b�a�i�h�e�a�\�Z�g�_ �g�Z �b�a�d�m�k�l�\�_�g �b�g�l�_�e�_�d�l �i�j�b �h�p�_�g�y�\�Z�g�_ �b �i�j�h�]�g�h�a�b�j�Z�g�_ �g�Z �i�k�b�o�h-�n�b�a�b�h�e�h�]�b�q�g�h�l�h �k�t�k�l�h�y�g�b�_ �g�Z �Z�\�b�Z�p�b�h�g�_�g �i�_�j�k�h�g�Z�e 
G. Maklakov, Concept of using artificial intelligence to assess and predict the psycho-physiological state of aviation personnel 
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�i�j�Z�\�b�e�Z �b �^�j.); �[�e�h�d �a�Z �b�a�[�h�j �g�Z �h�i�l�b�f�Z�e�g�Z �k�o�_�f�Z, �a�Z 
�^�Z �^�h�d�Z�`�_ �k�\�h�b�l�_ �k�t�`�^�_�g�b�y �g�Z �q�h�\�_�d�Z (�b�a�[�b�j�Z �k�_ �k�l�j�Z-
�l�_�]�b�y �d�Z�d �h�l�]�h�\�h�j�t�l �^�Z �[�t�^�_ �m�[�_�^�b�l�_�e�_�g); �e�b�g�]�\�b�k�l�b-
�q�_�g �i�j�h�p�_�k�h�j �b �Z�g�Z�e�b�a�Z�l�h�j, �d�h�c�l�h �i�h�a�\�h�e�y�\�Z �^�Z �k�_ 
�h�k�t�s�_�k�l�\�b �h�[�s�m�\�Z�g�_�l�h �g�Z �k�b�k�l�_�f�Z�l�Z �k �q�h�\�_�r�d�b �]�h�\�h�j 
�b �l.�g.  

�A�Z �^�Z �k�_ �m�\�_�e�b�q�b �d�Z�i�Z�p�b�l�_�l�t�l �g�Z �^�b�Z�]�g�h�k�l�b�q�g�Z�l�Z 
�K�B�B, �k�_ �i�j�_�^�e�Z�]�Z �^�Z �k�_ �\�d�e�x�q�b �k�t�\�j�_�f�_�g�g�h �f�_�^�b-
�p�b�g�k�d�h �b �l�_�o�g�b�q�_�k�d�h �h�[�h�j�m�^�\�Z�g�_ �\ �g�_�c�g�Z�l�Z �k�l�j�m�d�l�m�j�Z, 
�\ �q�Z�k�l�g�h�k�l, �a�Z �h�p�_�g�y�\�Z�g�_ �g�Z �i�k�b�o�b�q�_�k�d�b�y �k�l�Z�l�m�k. 

�B�a�k�e�_�^�\�Z�g�b�y�l�Z, �i�j�h�\�_�^�_�g�b �\ �B�g�k�l�b�l�m�l�Z �a�Z �d�h�k�f�b-
�q�_�k�d�b �b�a�k�e�_�^�\�Z�g�b�y �b �l�_�o�g�h�e�h�]�b�b �g�Z �;�t�e�]�Z�j�k�d�Z�l�Z 
�Z�d�Z�^�_�f�b�y �g�Z �g�Z�m�d�b�l�_ (�B�D�B�L �;�:�G), �i�h�d�Z�a�Z�o�Z �]�h�e�y�f�Z 
�_�n�_�d�l�b�\�g�h�k�l �h�l �b�a�i�h�e�a�\�Z�g�_ �g�Z �=�J�< �[�b�h�_�e�_�d�l�j�h�]�j�Z-
�n�b�y�l�Z �\ �i�k�b�o�h�e�h�]�b�q�_�k�d�b�l�_ �b�a�k�e�_�^�\�Z�g�b�y �g�Z �k�b�]�m�j-
�g�h�k�l�l�Z �b �i�h�\�_�^�_�g�b�_�l�h �g�Z �q�h�\�_�d�Z �\ �_�d�k�l�j�_�f�g�b �k�b�l�m�Z�p�b�b 
[2]. �< �q�Z�k�l�g�h�k�l, �\ �e�Z�[�h�j�Z�l�h�j�b�y�l�Z �a�Z �b�a�k�e�_�^�\�Z�g�_ �g�Z �[�b�h-
�_�d�l�j�h�]�j�Z�n�k�d�b �l�_�o�g�h�e�h�]�b�b �\ �Z�_�j�h�d�h�k�f�b�q�_�d�b�_ �i�j�h�m�q-
�\�Z�g�b�y �[�_�r�_ �^�h�d�Z�a�Z�g�Z �p�_�e�_�k�t�h�[�j�Z�a�g�h�k�l�l�Z �h�l �b�a�i�h�e�a�\�Z-
�g�_�l�h �g�Z �=�J�< �l�_�o�g�h�e�h�]�b�y�l�Z �a�Z �b�a�k�e�_�^�\�Z�g�_ �g�Z �b�a�f�_�g�_�g�b 
�k�t�k�l�h�y�g�b�y �g�Z �k�t�a�g�Z�g�b�_�l�h (�B�K�K) �i�j�b �i�j�h�n�_�k�b�h�g�Z�e�g�Z�l�Z 
�^�_�c�g�h�k�l �g�Z �Z�\�b�Z�p�b�h�g�_�g �i�_�j�k�h�g�Z�e [3]. �< �l�Z�a�b �\�j�t�a�d�Z 
�[�_�r�_ �j�_�r�_�g�h �^�Z �k�_ �b�a�i�h�e�a�\�Z �l�_�o�g�h�e�h�]�b�y�l�Z �=�J�< �\ 
�^�b�Z�]�g�h�k�l�b�q�g�Z�l�Z �k�b�k�l�_�f�Z �k �b�a�d�m�k�l�\�_�g �b�g�l�_�e�_�d�l. 

�I�j�h�m�q�\�Z�g�b�y�l�Z �g�b �i�h�d�Z�a�Z�o�Z, �q�_ �g�Z�c-�i�_�j�k�i�_�d�l�b�\�g�h 
�g�Z�i�j�Z�\�e�_�g�b�_ �\ �j�_�r�Z�\�Z�g�_�l�h �g�Z �a�Z�^�Z�q�b, �k�\�t�j�a�Z�g�b �k 
�h�p�_�g�y�\�Z�g�_ �b �i�j�h�]�g�h�a�b�j�Z�g�_ �g�Z �i�k�b�o�h-�n�b�a�b�h�e�h�]�b�q�g�h�l�h 
�k�t�k�l�h�y�g�b�_ �g�Z �Z�\�b�Z�p�b�h�g�_�g �i�_�j�k�h�g�Z�e, �k�Z �_�d�k�i�_�j�l�g�b�l�_ 
�k�b�k�l�_�f�b (�?�K). �H�i�j�_�^�_�e�y�f�_ �?�K �d�Z�l�h �K�B�B, �\ �[�Z�a�Z�l�Z �a�g�Z-
�g�b�y �g�Z �d�h�y�l�h �k�Z �\�t�\�_�^�_�g�b �a�g�Z�g�b�y�l�Z �g�Z �q�h�\�_�d-�_�d�k�i�_�j�l. 

2.2 �H�k�h�[�_�g�h�k�l�b �g�Z �k�t�a�^�Z�\�Z�g�_�l�h �g�Z 
�^�b�Z�]�g�h�k�l�b�q�g�b �?�K �a�Z �i�j�h�]�g�h�a�b�j�Z�g�_ �g�Z �i�k�b�o�h-
�n�b�a�b�h�e�h�]�b�q�g�h�l�h �k�t�k�l�h�y�g�b�_ �g�Z �Z�\�b�Z�p�b�h�g�_�g 
�i�_�j�k�h�g�Z�e  

�B�a�i�h�e�a�\�Z�g�_�l�h �g�Z �?�K �d�Z�l�h �k�j�_�^�k�l�\�h �a�Z �i�j�h�]�g�h�a�b�j�Z�g�_ �g�Z 
�i�k�b�o�h-�n�b�a�b�h�e�h�]�b�q�g�h�l�h �k�t�k�l�h�y�g�b�_ �b �j�Z�g�g�Z �^�b�Z�]�g�h�k�l�b-
�d�Z �g�Z �k�t�^�h�\�b�l�_ (�f�h�a�t�q�g�h�k�t�^�h�\�b) �a�Z�[�h�e�y�\�Z�g�b�y �a�Z �i�t�j�\�b 
�i�t�l �_ �i�j�_�^�e�h�`�_�g�Z �h�l �_�^�b�g �h�l �Z�\�l�h�j�b�l�_ �g�Z �l�Z�a�b �k�l�Z�l�b�y 
�h�s�_ �i�j�_�a 1990 �]. [4]. �K�b�k�l�_�f�Z�l�Z �_ �g�Z�i�t�e�g�h �l�_�k�l�\�Z�g�Z, 
�m�k�i�_�r�g�h �_ �\�t�\�_�^�_�g�Z �\ �j�_�^�b�p�Z �e�_�q�_�[�g�b �a�Z�\�_�^�_�g�b�y �\ 
�K�t�\�_�l�k�d�b�y �k�t�x�a �b �_ �i�j�_�i�h�j�t�q�Z�g�Z �a�Z �\�g�_�^�j�y�\�Z�g�_ �h�l 
�F�b�g�b�k�l�_�j�k�l�\�h�l�h �g�Z �a�^�j�Z�\�_�h�i�Z�a�\�Z�g�_�l�h �g�Z �K�K�K�J. 

�M�k�i�_�r�g�b�y�l �h�i�b�l �\ �_�d�k�i�e�h�Z�l�Z�p�b�y�l�Z �c �i�h�a�\�h�e�y�\�Z �^�Z 
�k�_ �b�a�i�h�e�a�\�Z�l �l�_�h�j�_�l�b�q�g�b�l�_ �i�j�b�g�p�b�i�b �g�Z �g�_�c�g�h�l�h 
�b�a�]�j�Z�`�^�Z�g�_ �a�Z �k�t�a�^�Z�\�Z�g�_ �g�Z �Z�i�Z�j�Z�l�g�h-�i�j�h�]�j�Z�f�_�g 
�d�h�f�i�e�_�d�k �a�Z �i�j�h�]�g�h�a�b�j�Z�g�_ �g�Z �i�k�b�o�h-�n�b�a�b�h�e�h�]�b�q�g�h�l�h 
�k�t�k�l�h�y�g�b�_ �b �a�Z �b�a�[�h�j �g�Z �h�i�l�b�f�Z�e�_�g �i�e�Z�g �a�Z �i�j�h�\�_�-̀
�^�Z�g�_ �g�Z �\�t�a�k�l�Z�g�h�\�b�l�_�e�g�b �i�j�h�p�_�^�m�j�b �a�Z �Z�\�b�Z�p�b�h�g�_�g 
�i�_�j�k�h�g�Z�e. �J�Z�a�[�b�j�Z �k�_, �g�_�h�[�o�h�^�b�f�h �_ �^�Z �k�_ �i�j�h�f�_�g�b 
�[�Z�a�Z�l�Z �h�l �a�g�Z�g�b�y �b �^�Z�g�g�b�l�_ �g�Z E�K, �d�Z�l�h �k�_ �\�a�_�f�_ �i�j�_�-̂
�\�b� ̂�k�i�_�p�b�n�b�d�Z�l�Z �g�Z �Z�\�b�Z�p�b�h�g�g�Z�l�Z �f�_�^�b�p�b�g�Z �b �i�k�b�o�h-
�e�h�]�b�y �b �d�Z�l�h �k�_ �\�g�_�^�j�y�l �g�h�\�b�l�_ �^�b�Z�]�g�h�k�l�b�q�g�b �f�_�l�h�^�b 
�a�Z �i�k�b�o�h-�n�b�a�b�h�e�h�]�b�q�g�h�l�h �k�t�k�l�h�y�g�b�_ �g�Z �q�h�\�_�d�Z.  

�A�Z �b�a�]�j�Z�`�^�Z�g�_�l�h �g�Z �?�K �k�_ �h�i�j�_�^�_�e�y �h�[�s�Z �k�o�_�f�Z �a�Z 
�d�h�f�i�x�l�t�j�b�a�b�j�Z�g�Z �f�_�^�b�d�h-�i�k�b�o�h�e�h�]�b�q�g�Z �^�b�Z�]�g�h�k�l�b-
�d�Z. �K�o�_�f�Z�l�Z �k�_ �h�k�g�h�\�Z�\�Z �g�Z �i�j�b�g�p�b�i�Z �g�Z �f�b�g�b�f�Z�e�g�Z�l�Z 
�^�h�k�l�Z�l�t�q�g�h�k�l, �d�h�_�l�h �h�a�g�Z�q�Z�\�Z, �q�_ �b�k�d�Z�g�_�l�h �a�Z �^�h�i�t�e-
�g�b�l�_�e�g�Z �b�g�n�h�j�f�Z�p�b�y �k�_ �i�j�Z�\�b �k�Z�f�h �i�j�b �g�_�h�[�o�h�^�b-
�f�h�k�l. �K �^�j�m�]�b �^�m�f�b, E�K �k�_ �h�i�b�l�\�Z �^�Z �i�h�k�l�Z�\�b �^�b�Z�]�g�h�a�Z 

�i�h �f�b�g�b�f�Z�e�g�Z �b�g�n�h�j�f�Z�p�b�y �a�Z �i�Z�p�b�_�g�l�Z �b, �k�Z�f�h �Z�d�h 
�b�f�Z �g�_�k�b�]�m�j�g�h�k�l �i�j�b �b�a�[�h�j�Z �g�Z �^�b�Z�]�g�h�a�Z, �b�a�b�k�d�\�Z 
�^�h�i�t�e�g�b�l�_�e�g�Z �b�g�n�h�j�f�Z�p�b�y. �<�l�h�j�b�y�l �i�j�b�g�p�b�i, �d�h�c�l�h �_ 
�a�Z�e�h�`�_�g �\ �k�b�k�l�_�f�Z�l�Z, �_ �k�Z�f�h�h�[�m�q�_�g�b�_ (�d�h�j�b�]�b�j�Z�g�_ 
�d�h�_�n�b�p�b�_�g�l�Z �g�Z �k�b�]�m�j�g�h�k�l �g�Z �i�j�Z�\�b�e�Z�l�Z �\ �;�A �i�h 
�j�_�a�m�e�l�Z�l�b�l�_ �h�l �i�j�_�^�b�r�g�b �b�a�k�e�_�^�\�Z�g�b�y). 

�I�j�b �d�h�g�k�l�j�m�b�j�Z�g�_�l�h �g�Z �^�b�Z�]�g�h�k�l�b�q�g�Z E�K �k�_ �b�a�i�h�e-
�a�\�Z �d�h�g�\�_�g�p�b�h�g�Z�e�g�Z �k�o�_�f�Z, �d�h�y�l�h �_ �h�i�b�k�Z�g�Z �^�h�k�l�Z 
�^�h�[�j�_ �\ �e�b�l�_�j�Z�l�m�j�Z�l�Z [1]. �A�Z �l�h�\�Z �k�l�j�m�d�l�m�j�g�Z �k�o�_�f�Z �g�Z 
E�K �\ �l�Z�a�b �k�l�Z�l�b�y �g�_ �_ �^�Z�^�_�g�Z. �S�_ �h�l�[�_�e�_�`�b�f, �q�_ 
�_�n�_�d�l�b�\�g�h�k�l�l�Z �g�Z �\�k�y�d�Z E�K �k�_ �h�i�j�_�^�_�e�y �g�Z �i�t�j�\�h 
�f�y�k�l�h �h�l �k�l�j�m�d�l�m�j�Z�l�Z �g�Z �;�A �b �;�>, �f�_�o�Z�g�b�a�f�Z �a�Z 
�b�a�\�e�b�q�Z�g�_ (�b�g�l�_�j�i�j�_�l�Z�l�h�j �g�Z �a�g�Z�g�b�y�l�Z) �b �i�h�^�k�b�k�l�_-
�f�b�l�_ �a�Z �i�j�b�^�h�[�b�\�Z�g�_ �g�Z �a�g�Z�g�b�y (�i�h�^�k�b�k�l�_�f�Z �a�Z 
�h�[�m�q�_�g�b�_). �I�h-�g�Z�l�Z�l�t�d �s�_ �j�Z�a�]�e�_�^�Z�f�_ �o�Z�j�Z�d�l�_�j�b�k�l�b-
�d�b�l�_ �g�Z �b�a�]�j�Z�`�^�Z�g�_�l�h �g�Z �l�_�a�b �[�e�h�d�h�\�_, �d�h�b�l�h �k�_ 
�i�j�b�e�Z�]�Z�l �i�j�b �^�b�Z�]�g�h�k�l�b�d�Z �g�Z �i�k�b�o�h-�n�b�a�b�h�e�h�]�b�q�g�h�l�h 
�k�t�k�l�h�y�g�b�_ �g�Z �^�Z�^�_�g�h �e�b�p�_.  

�A�g�Z�g�b�y�l�Z �\ �;�A �k�Z �i�j�_�^�k�l�Z�\�_�g�b �\�t�\ �\�b� ̂ �i�j�h�^�m�d�p�b-
�h�g�g�b �k�b�k�l�_�f�b �h�l �l�b�i�Z: „�:�D�H �m�k�e�h�\�b�_ �L�H�=�:�<�: 
�^�_�c�k�l�\�b�_“.  

�I�j�b �b�a�i�h�e�a�\�Z�g�_ �g�Z �i�j�Z�\�b�e�Z�l�Z �a�Z �i�j�h�^�m�d�l�b�l�_ �k �p�_�e 
�j�Z�a�r�b�j�y�\�Z�g�_ �\�t�a�f�h�`�g�h�k�l�b�l�_ �g�Z �?�K �_ �i�j�_�^�\�b�^�_�g�Z 
�k�i�h�k�h�[�g�h�k�l �\ �m�k�e�h�\�g�Z�l�Z �q�Z�k�l �^�Z �k�_ �b�a�i�h�e�a�\�Z�l �\�j�t�a�d�b�l�_ 
„ �B“ �b „�B�E�B“. �;�A �g�Z E�K �k�_ �k�t�k�l�h�y�l �h�l �h�]�j�Z�g�b�q�_�g �g�Z�[�h�j 
�h�l �i�j�Z�\�b�e�Z: �I ={ �J1, �J2, ... �Jm}  �b �h�]�j�Z�g�b�q�_�g �g�Z�[�h�j �h�l 
�n�Z�d�l�b: �:={a1, a2, ... an}, �l�Z�d�Z �q�_ �m�k�e�h�\�b�_�l�h �a�Z �i�j�b�e�h-
�`�b�f�h�k�l �g�Z �\�k�y�d�h �i�j�Z�\�b�e�h Pi �h�l �I  �b�f�Z �\�b�^�Z:  

 Pi : (ai1 & ai2 & ... & ais) – am, (1) 

�d�t�^�_�l�h: am �_ �g�h�\�b�y�l m �n�Z�d�l, �b�a�\�e�_�q�_�g �h�l �n�Z�d�l�b�l�_ �g�Z 
�m�k�e�h�\�b�y�l�Z ai1 – ais. 

�D�h�g�d�j�_�l�g�b�l�_ �n�Z�d�l�b �\ �[�Z�a�Z�l�Z �^�Z�g�g�b �k�Z �i�j�_�^�k�l�Z�\�_�g�b 
�q�j�_�a �l�j�h�c�d�b: „�h�[�_�d�l-�Z�l�j�b�[�m�l-�k�l�h�c�g�h�k�l“. �K �^�j�m�]�b 
�^�m�f�b, �n�Z�d�l�b�l�_ �k�Z �i�j�_�^�k�l�Z�\�_�g�b, �h�i�j�_�^�_�e�y�c�d�b �h�[�_�d�l�b�l�_, 
�h�i�b�k�\�Z�c�d�b �l�_�o�g�b�l�_ �Z�l�j�b�[�m�l�b �b �^�Z�\�Z�c�d�b �b�f �_�d�\�b�\�Z-
�e�_�g�l�b (�a�g�Z�q�_�g�b�y). �L�_�j�f�b�g�t�l „�h�[�_�d�l“ �k�_ �h�l�g�Z�k�y �d�Z�d�l�h �a�Z 
�n�b�a�b�q�_�k�d�b �h�[�_�d�l�b (�g�Z�i�j�b�f�_�j „�i�j�b�[�h�j �a�Z �=�J�<“, 
„ �d�Z�j�^�b�h�]�j�Z�n“ �b �l.�g.), �l�Z�d�Z �b �a�Z �h�[�s�b �i�j�_�^�k�l�Z�\�b (�d�Z�l�h 
„ �d�j�t�\�g�h �g�Z�e�y�]�Z�g�_“, " �]�e�Z�\�h�[�h�e�b�_“ �b �^�j.�i.). �A�Z �^�Z �k�_ 
�h�j�]�Z�g�b�a�b�j�Z�l �n�Z�d�l�b�l�_, �b�f�_�l�h �g�Z �h�[�_�d�l�Z �_ �k�\�t�j�a�Z�g�h �k 
�b�f�_�l�h �g�Z �Z�l�j�b�[�m�l�Z, �l.�_. �n�Z�d�l�b�l�_ �k�Z �d�h�f�[�b�g�b�j�Z�g�b �\ 
�^�\�h�c�d�b „�h�[�_�d�l-�a�g�Z�q�_�g�b�_“. 

�A�Z �^�Z �k�_ �h�i�b�r�Z�l �n�Z�d�l�b�l�_, �\�d�e�x�q�\�Z�s�b �b�g�^�_�d�k�Z �g�Z 
�j�Z�a�f�b�\�Z�g�_ (�g�b�\�h �g�Z �g�_�h�i�j�_�^�_�e�_�g�h�k�l �g�Z �b�g�n�h�j�f�Z�p�b�y-
�l�Z), �[�_�r�_ �b�a�i�h�e�a�\�Z�g�Z �Z�k�h�p�b�Z�l�b�\�g�Z �l�j�h�c�d�Z: „�h�[�_�d�l-�a�g�Z-
�q�_�g�b�_-�d�h�_�n�b�p�b�_�g�l �g�Z �^�h�\�_�j�b�_“. �D�h�_�n�b�p�b�_�g�l�t�l �g�Z �^�h-
�\�_�j�b�_ (�D�>) �_ �h�i�b�k�Z�g �i�h� ̂�n�h�j�f�Z�l�Z �g�Z �k�d�Z�e�Z �h�l 0 �^�h 100. 
�I�j�b �D�> = 0 �\�_�j�h�y�l�g�h�k�l�l�Z �g�Z �n�Z�d�l�Z �_ �g�m�e�Z, �Z �a�Z �D�> = 
100 �\�_�j�h�y�l�g�h�k�l�l�Z �_ �_�^�b�g�b�p�Z. �A�Z �^�Z �k�_ �h�l�j�Z�a�b �k�m�[�_�d-
�l�b�\�g�Z�l�Z �h�p�_�g�d�Z �g�Z �^�h�k�l�h�\�_�j�g�h�k�l �g�Z �n�Z�d�l�Z, �[�y�o�Z �i�j�b�_�l�b 
�k�e�_�^�g�b�l�_ �k�t�h�l�\�_�l�k�l�\�b�y, �i�j�_�^�k�l�Z�\�_�g�b �\ �L�Z�[�e�b�p�Z 1: 

�L�Z�[�e�b�p�Z 1. �H�p�_�g�d�Z �a�Z �^�h�k�l�h�\�_�j�g�h�k�l �g�Z �n�Z�d�l�Z. 

�>�h�k�l�h�\�_�j�g�h�k�l 
�g�Z �n�Z�d�l�Z 

�A�g�Z�q�_�g�b�_ 
�g�Z �D�> 

�E�h�r�Z 0…25 
�I�h�k�j�_�^�k�l�\�_�g�Z 26…50 

�>�h�[�j�Z 51…75 
�H�l�e�b�q�g�Z 76…100 
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2.3 �I�j�b�g�p�b�i�b �a�Z �k�Z�f�h�h�[�m�q�_�g�b�_ �g�Z �?�K 

�K�t�s�g�h�k�l�l�Z �g�Z �i�j�h�p�_�k�Z �g�Z �k�Z�f�h�h�[�m�q�_�g�b�_ �g�Z �?�K �k�_ 
�k�t�k�l�h�b �\ �l�h�\�Z, �q�_ �i�t�j�\�h�g�Z�q�Z�e�g�h �\ �j�Z�[�h�l�Z�l�Z �g�Z E�K �\ �;�>, 
�k�Z �i�j�_�^�\�b�^�_�g�b �^�Z�g�g�b, �d�h�b�l�h �f�h�]�Z�l �^�Z �b�f�Z�l �g�_ �f�g�h�]�h 
�\�b�k�h�d �d�h�_�n�b�p�b�_�g�l �g�Z �^�h�\�_�j�b�_ (�i�h�j�Z�^�b �e�b�i�k�Z �g�Z 
�^�h�k�l�Z�l�t�q�g�h �]�h�e�y�f �h�[�_�f �h�l �d�e�b�g�b�q�g�b �g�Z�[�e�x�^�_�g�b�y �g�Z 
�q�h�\�_�r�d�Z�l�Z �i�k�b�o�b�d�Z �\ �_�d�k�l�j�_�f�g�b �m�k�e�h�\�b�y). �I�h �\�j�_�f�_ �g�Z 
�_�d�k�i�e�h�Z�l�Z�p�b�y, �h�k�h�[�_�g�h �\ �g�Z�q�Z�e�g�b�y �i�_�j�b�h�^, �k�_ �b�a�i�h�e�a�\�Z 
�l�Z�d�Z �g�Z�j�_�q�_�g�b�y�l �j�_�`�b�f �g�Z �i�j�h�\�_�j�d�Z, �\ �d�h�c�l�h �i�h�l�j�_�[�b-
�l�_�e�y�l (�h�[�b�d�g�h�\�_�g�h �d�\�Z�e�b�n�b�p�b�j�Z�g�b �e�_�d�Z�j �b �i�k�b�o�h�e�h�]) 
�^�Z �\�a�_�f�_ �j�_�r�_�g�b�_ �h�l�g�h�k�g�h �\�Z�e�b�^�g�h�k�l�l�Z �g�Z �a�Z�d�e�x�q�_-
�g�b�_�l�h, �d�h�_�l�h �i�j�Z�\�b �?�K. �:�d�h �l�h�c �k�f�y�l�Z, �q�_ �a�Z�d�e�x�q�_-
�g�b�_�l�h (�^�b�Z�]�g�h�a�Z�l�Z) �_ �i�j�Z�\�b�e�g�h �b �k�b�f�i�l�h�f�b�l�_, �d�h�b�l�h �]�h 
�h�i�j�_�^�_�e�y�l, �k�Z �^�h�k�l�Z�l�t�q�g�h �b�a�j�Z�a�_�g�b, �l�h�c �^�Z�\�Z �m�d�Z�a�Z�g�b�_ 
�g�Z �?�K, �q�j�_�a �d�h�_�l�h �^�Z�g�g�b�l�_ �h�l �;�> �k�_ �d�h�j�b�]�b�j�Z�l �k�i�h�j�_�^ 
�q�_�k�l�h�l�Z�l�Z �g�Z �i�j�h�y�\�Z�l�Z �g�Z �h�l�^�_�e�g�b�l�_ �k�b�f�i�l�h�f�b. 

�I�j�h�p�_�k�t�l �g�Z �k�Z�f�h�h�[�m�q�_�g�b�_ �g�Z �k�b�k�l�_�f�Z�l�Z �k�_ �h�k�t�s�_-
�k�l�\�y�\�Z �k �i�h�f�h�s�l�Z �g�Z �f�_�l�h�^�Z �>�`�h�g �F�b�e [5]. �L�m�d �k�_ 
�i�h�k�h�q�\�Z�l �g�Z�c-�d�j�Z�l�d�h �h�k�g�h�\�g�b�l�_ �i�h�e�h�`�_�g�b�y �g�Z �f�_�l�h�^�Z. 
�< �k�t�h�l�\�_�l�k�l�\�b�_ �k �f�_�l�h�^�Z �k�_ �n�h�j�f�b�j�Z�l �f�Z�l�j�b�p�b 
�k�t�h�l�\�_�l�g�h �a�Z �i�h�e�h�`�b�l�_�e�g�b (�F+) �b �h�l�j�b�p�Z�l�_�e�g�b (�F–) 
�o�b�i�h�l�_�a�b �k�t�h�l�\�_�l�g�h, �d�Z�d�l�h �k�e�_�^�\�Z: �e�b�g�b�b-�i�j�b�a�g�Z�p�b 
(�k�b�f�i�l�h�f�b), �d�h�b�l�h �^�_�c�k�l�\�Z�l �\ �j�h�e�y�l�Z �g�Z �d�Z�g�^�b�^�Z�l�b �a�Z 
�^�h�k�l�h�\�_�j�g�Z �o�b�i�h�l�_�a�Z, �d�h�e�h�g�b �g�Z �i�h�k�e�_�^�k�l�\�b�y�l�Z, �d�h�b�l�h 
�g�b �b�g�l�_�j�_�k�m�\�Z�l (�^�b�Z�]�g�h�a�Z �k�i�h�j�_�^ �k�t�h�l�\�_�l�g�Z�l�Z �g�h�a�h�e�h-
�]�b�q�g�Z �n�h�j�f�Z). �D�Z�l�h �_�e�_�f�_�g�l Mij �g�Z �f�Z�l�j�b�p�b�l�_ �k�_ �i�j�h�y-
�\�y�\�Z �d�h�_�n�b�p�b�_�g�l�t�l �g�Z �^�h�\�_�j�b�_. �?�e�_�f�_�g�l�t�l Mij  �f�h�`�_ �^�Z 
�i�j�b�_�f�_ �k�l�h�c�g�h�k�l�b�l�_: Mij = 0 – �o�b�i�h�l�_�a�Z�l�Z �\�b�g�Z�]�b �_ 
�g�_�\�y�j�g�Z; Mij = 1 – �o�b�i�h�l�_�a�Z�l�Z �\�b�g�Z�]�b �_ �\�y�j�g�Z; Mij = 1/N 
– �^�h�k�l�h�\�_�j�g�h�k�l�l�Z �g�Z �o�b�i�h�l�_�a�Z�l�Z �g�_ �_ �b�a�\�_�k�l�g�Z (N �_ 
�[�j�h�y�l �g�Z �n�Z�d�l�b�l�_, �g�Z�e�b�q�g�b �\ �f�h�f�_�g�l�Z �\ �f�Z�l�j�b�p�Z�l�Z);  
Mij  = K/N �_ �d�h�g�d�j�_�l�g�Z�l�Z �k�l�h�c�g�h�k�l �g�Z �d�h�_�n�b�p�b�_�g�l�Z �g�Z 
�^�h�\�_�j�b�_ (0 < K/N <1). �< �i�j�h�p�_�k�Z �g�Z �g�Z�l�j�m�i�\�Z�g�_ �g�Z �g�h�\�Z 
�b�g�n�h�j�f�Z�p�b�y, �k�l�h�c�g�h�k�l�l�Z �g�Z �_�e�_�f�_�g�l�Z Mij  �k�_ �^�h�[�e�b�`�Z�\�Z 
�^�h 0 �b�e�b 1 �b�e�b �k�_ �^�t�j�`�b �d�Z�l�h �h�k�p�b�e�Z�p�b�h�g�_�g (�d�h�e�_�[�Z-
�l�_�e�_�g) �i�j�h�p�_�k. �<�t�\ �\�l�h�j�b�y �k�e�m�q�Z�c �k�e�_�^ 5 �i�_�j�b�h�^�Z �k�_ 
�i�j�b�_�f�Z �k�j�_�^�g�Z�l�Z �k�l�h�c�g�h�k�l �g�Z �d�h�_�n�b�p�b�_�g�l�Z �g�Z 
�^�h�\�_�j�b�_. 

2.4 �N�h�j�f�b�j�Z�g�_ �g�Z �;�> �b �;�A  

�B�g�n�h�j�f�Z�p�b�y�l�Z �\ �;�> �b �;�A �l�j�y�[�\�Z �^�Z �h�l�j�Z�a�y�\�Z �g�Z�c-
�g�h�\�b�l�_ �i�h�k�l�b�`�_�g�b�y �a�Z �h�p�_�g�y�\�Z�g�_ �g�Z �i�k�b�o�h-�n�b�a�b�h�e�h�]�b-
�q�_�k�d�h�l�h �k�t�k�l�h�y�g�b�_, �\ �q�Z�k�l�g�h�k�l �f�_�l�h�^�b�l�_ �a�Z �h�p�_�g�y�\�Z�g�_ 
�g�b�\�h�l�h �g�Z �b�a�f�_�g�_�g�b�l�_ �k�t�k�l�h�y�g�b�y �g�Z �k�t�a�g�Z�g�b�_�l�h. �G�Z�c-
�^�h�k�l�h�\�_�j�g�Z �b�g�n �\ �l�Z�a�b �h�[�e�Z�k�l �i�j�b�l�_�`�Z�\�Z�l �i�j�Z�d�l�b�q�_�k-
�d�b�l�_ �k�i�_�p�b�Z�e�b�k�l�b (�_�d�k�i�_�j�l�b) – �e�_�d�Z�j�b �b �i�k�b�o�h�e�h�a�b. 
�I�j�b �k�t�[�b�j�Z�g�_�l�h �g�Z �b�g�n�h�j�f�Z�p�b�y �_�d�k�i�_�j�l�b�l�_ �b�a�i�h�e�a�\�Z�l 
�f�_�l�h�^�Z Delphi [6]. 

�F�_�l�h�^�t�l �g�Z �d�h�e�_�d�l�b�\�g�h�l�h �b�a�k�e�_�^�\�Z�g�_ �_ �b�a�i�h�e�a�\�Z�g 
�a�Z �h�[�h�[�s�Z�\�Z�g�_ �g�Z �f�g�_�g�b�y�l�Z �g�Z �_�d�k�i�_�j�l�b�l�_ �i�h �j�Z�a�j�Z-
�[�h�l�\�Z�g�_ �g�Z �^�b�Z�]�g�h�k�l�b�q�g�Z �?�K �a�Z �i�j�h�]�g�h�a�b�j�Z�g�_ �g�Z 
�f�h�a�t�q�g�h�k�t�^�h�\�b �a�Z�[�h�e�y�\�Z�g�b�y. �J�Z�[�h�l�Z�l�Z �\ �l�h�\�Z �g�Z�i�j�Z�\-
�e�_�g�b�_ �_ �a�Z�i�h�q�g�Z�l�Z �h�s�_ �i�j�_�a 90-�l�_ �]�h�^�b�g�b �g�Z �f�b�g�Z�e�b�y 
�\�_�d �\ �F�_�^�b�p�b�g�k�d�b�y �b�g�k�l�b�l�m�l �\ �>�g�_�i�j�h�i�_�l�j�h�\�k�d. 
�?�d�k�i�_�j�l�g�Z�l�Z �]�j�m�i�Z �k�_ �h�]�e�Z�\�y�\�Z �h�l �^�h�d�l�h�j�Z �g�Z �f�_�^�b-
�p�b�g�k�d�b�l�_ �g�Z�m�d�b �i�j�h�n. �<�b�d�l�h�j�b�y �F�b�j�l�h�\�k�d�Z. �D�h�e�b�q�_-
�k�l�\�_�g�b�l�_ �h�p�_�g�d�b �k�Z �h�[�j�Z�[�h�l�_�g�b, �d�Z�l�h �k�Z �b�a�i�h�e�a�\�Z�g�b 
�i�Z�j�Z�f�_�l�j�b�q�g�b �k�l�Z�l�b�k�l�b�q�_�k�d�b �f�_�l�h�^�b. �K�l�_�i�_�g�l�Z �g�Z 
�k�t�]�e�Z�k�m�\�Z�g�h�k�l �g�Z �_�d�k�i�_�j�l�b�l�_ �_ �h�p�_�g�_�g�Z �k �i�h�f�h�s�l�Z �g�Z 
�d�h�_�n�b�p�b�_�g�l�Z �g�Z �k�t�]�e�Z�k�m�\�Z�g�h�k�l (�d�h�g�d�h�j�^�Z�p�b�y) [6]. 

�<�i�h�k�e�_�^�k�l�\�b�_ �j�Z�[�h�l�Z�l�Z �i�h �k�t�[�b�j�Z�g�_ �g�Z �b�g�n�h�j�f�Z�p�b�y 
�h�l �_�d�k�i�_�j�l�b �_ �i�j�h�^�t�e�`�_�g�Z �\ �h�[�e�Z�k�l�l�Z �g�Z �i�k�b�o�h�n�b�a�b�h-
�e�h�]�b�y�l�Z �\�t�\ �<�h�_�g�g�h�f�_�^�b�p�b�g�k�d�Z�l�Z �Z�d�Z�^�_�f�b�y �\ �K�Z�g�d�l 
�I�_�l�_�j�[�m�j�] �b �\ �^�j�m�]�b �e�_�q�_�[�g�b �a�Z�\�_�^�_�g�b�y �\ �J�m�k�b�y �b 
�M�d�j�Z�c�g�Z.  

2.5 �:�i�j�h�[�Z�p�b�y �g�Z �?�K �a�Z �^�b�Z�]�g�h�k�l�b�d�Z 

�<�t�a �h�k�g�h�\�Z �g�Z �i�j�b�g�p�b�i�b�l�_, �b�a�e�h�`�_�g�b �i�h-�]�h�j�_, �_ �k�t�a�^�Z-
�^�_�g �^�_�f�h�g�k�l�j�Z�p�b�h�g�_�g �i�j�h�l�h�l�b�i �g�Z �?�K �a�Z �h�p�_�g�y�\�Z�g�_ �b 
�i�j�_�^�k�d�Z�a�\�Z�g�_ �g�Z �i�k�b�o�h-�n�b�a�b�h�e�h�]�b�q�g�h�l�h �k�t�k�l�h�y�g�b�_ �g�Z 
�Z�\�b�Z�p�b�h�g�g�b�y �i�_�j�k�h�g�Z�e. �I�j�b �l�h�\�Z �_ �b�a�i�h�e�a�\�Z�g�Z �i�j�_-
�^�b�r�g�Z�l�Z �k�j�_�^�Z �g�Z �^�b�Z�]�g�h�k�l�b�q�g�Z �?�K �a�Z �i�j�h�]�g�h�a�b�j�Z�g�_ 
�g�Z �f�h�a�t�q�g�h�k�t�^�h�\�b �a�Z�[�h�e�y�\�Z�g�b�y [4,7], �i�j�b �d�h�y�l�h �k�t�^�t�j-
�`�Z�g�b�_�l�h �g�Z �;�A �b �;�> �k�_ �a�Z�f�_�g�y, �d�Z�l�h �k�_ �\�a�_�f�Z �i�j�_�^�\�b�^ 
�j�Z�[�h�l�g�b�y�l �i�j�h�n�b�e (�^�b�Z�]�g�h�k�l�b�d�Z �g�Z �i�k�b�o�h�k�h�f�Z�l�b�q�g�h�l�h 
�k�t�k�l�h�y�g�b�_ �g�Z �Z�\�b�Z�p�b�h�g�_�g �i�_�j�k�h�g�Z�e). 

�< �f�h�f�_�g�l�Z E�K �k�_ �l�_�k�l�\�Z �\ �j�m�k�d�b �f�_�^�b�p�b�g�k�d�b 
�b�g�k�l�b�l�m�p�b�b.  

�I�h-�g�Z�^�h�e�m �_ �i�j�_�^�k�l�Z�\�_�g �n�j�Z�]�f�_�g�l �h�l �^�b�Z�e�h�]�Z 
�f�_�`�^�m E�K �b �i�h�l�j�_�[�b�l�_�e�y. �J�_�`�b�f �g�Z �j�Z�[�h�l�Z: „�>�b�Z�]�g�h�k-
�l�b�d�Z“. �I�j�b�_�l�b �h�a�g�Z�q�_�g�b�y: �I  – �b�k�d�Z�g�_ �g�Z �i�h�l�j�_�[�b�l�_�e�y 
(�e�_�d�Z�j �i�h �Z�\�b�Z�p�b�h�g�g�Z �f�_�^�b�p�b�g�Z �b�e�b �i�k�b�o�h�e�h�] �k �i�h�-̂
�o�h�^�y�s�Z �d�\�Z�e�b�n�b�d�Z�p�b�y); �?�K – �h�l�]�h�\�h�j �g�Z �_�d�k�i�_�j�l�g�Z�l�Z 
�k�b�k�l�_�f�Z �g�Z �i�h�k�l�Z�\�_�g�b�y �\�t�i�j�h�k. 
 
�I : �B�a�\�t�g�j�_�^�g�b �k�b�l�m�Z�p�b�b: �f�b�g�b�f�Z�e�g�b. �A�Z�d�e�x�q�_�g�b�_? 
�?�K: �I�Z�p�b�_�g�l�t�l �_ �]�h�l�h�\ �^�Z �b�a�i�t�e�g�y�\�Z �i�j�h�n�_�k�b�h�g�Z�e-
�g�b�l�_ �k�b �a�Z�^�t�e�`�_�g�b�y. �D�> = 0,8 
�I : �A�Z�s�h? 
�?�K: �I�k�b�o�h-�n�b�a�b�h�e�h�]�b�q�g�h �k�t�k�l�h�y�g�b�_: �g�h�j�f�Z. �D�> = 0,8 
�I : �A�Z�s�h? 
�?�K: �O�h�f�_�h�k�l�Z�a�Z�l�Z �j�Z�[�h�l�b �k�l�Z�[�b�e�g�h 0,75. �D�> = 0,7 
�I : �H�[�h�k�g�h�\�d�Z? 
�?�K: �H�p�_�g�d�Z �a�Z �j�Z�[�h�l�Z�l�Z �g�Z �o�h�f�_�h�k�l�Z�a�Z�l�Z �i�h �_�g�l�j�h�i�b�c-
�g�h-�b�g�n�h�j�f�Z�p�b�h�g�_�g �f�_�l�h�^. 
�I : �H�[�h�k�g�h�\�d�Z? 
�?�K: �I�m�[�e�b�d�Z�p�b�y: �F�Z�d�e�Z�d�h�\ �=. �W�g�l�j�h�i�b�c�g�h-�b�g�n�h�j�f�Z-
�p�b�h�g�g�u�c �f�_�l�h�^ �h�[�t�_�d�l�b�\�b�a�Z�p�b�b �\�g�_�r�g�_�]�h �\�h�a�^�_�c-
�k�l�\�b�y �g�Z �h�j�]�Z�g�b�a�f �q�_�e�h�\�_�d�Z.  �L�j�m�^�u IV �F�_�`�^�m�g�Z�j�h�^-
�g�h�c �d�h�g�n�_�j�_�g�p�b�b “�G�h�\�u�_ �b�g�n�h�j�f�Z�p�b�h�g�g�u�_ �l�_�o�g�h�e�h-
�]�b�b �\ �f�_�^�b�p�b�g�_ �b �w�d�h�e�h�]�b�b“. �Q�Z�k�l�v 2. �J�:�G, �F�=�M. 
�D�j�u�f, �Y�e�l�Z, �=�m�j�a�m�n, 1998, 507-510. 
�I : �G�b�\�h �g�Z �B�K�K? 
�?�K: �F�b�g�b�f�Z�e�g�h. �D�>=0,9. 
�I : �H�[�h�k�g�h�\�d�Z? 
�?�K: �E�b�i�k�Z �g�Z �k�t�h�l�\�_�l�g�b �b�a�h�[�j�Z�`�_�g�b�y �g�Z �=�J�<- 
�]�j�Z�f�b�l�_ �g�Z �i�j�t�k�l�b�l�_ �g�Z �j�t�d�Z�l�Z. 
�I : �H�[�h�k�g�h�\�d�Z? 
�?�K: �I�m�[�e�b�d�Z�p�b�y: �F�Z�d�e�Z�d�h�\ �=., �=�_�p�h�\ �I . �=�J�< �l�_�o�g�h-
�e�h�]�b�y�l�Z �d�Z�l�h �i�j�b�g�p�b�i �a�Z �b�a�k�e�_�^�\�Z�g�_ �g�Z �b�a�f�_�g�_�g�b 
�k�t�k�l�h�y�g�b�y �g�Z �k�t�a�g�Z�g�b�_�l�h �i�j�b �i�j�h�n�_�k�b�h�g�Z�e�g�Z�l�Z 
�^�_�c�g�h�k�l �g�Z �Z�\�b�Z�p�b�h�g�g�b�y �i�_�j�k�h�g�Z�e. �D�h�g�n�_�j�_�g�p�b�y �k 
�f�_�`�^�m�g�Z�j�h�^�g�h �m�q�Z�k�l�b�_ �i�h �Z�\�b�Z�p�b�h�g�g�Z, �Z�\�l�h�f�h�[�b�e�g�Z �b 
�`�_�e�_�a�h�i�t�l�g�Z �l�_�o�g�b�d�Z �b �l�_�o�g�h�e�h�]�b�b „�;�m�e�L�j�Z�g�k-2016“. 
�K�[�h�j�g�b�d �^�h�d�e�Z�^�b. �L�M-�K�h�n�b�y, �K�h�a�h�i�h�e, 2016, 24-27. 
 

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

 
3 �B�a�\�h� ̂

�B�a�i�h�e�\�Z�g�_�l�h �g�Z �k�b�l�_�f�b �g�Z �b�a�d�m�k�l�\�_�g �b�g�l�_�e�_�d�l (�K�B�B) 
�a�Z �h�p�_�g�y�\�Z�g�_ �b �i�j�h�]�g�h�a�b�j�Z�g�_ �g�Z �i�k�b�o�h-�n�b�a�b�h�e�h-
�]�b�q�g�h�l�h �k�t�k�l�h�y�g�b�_ �g�Z �Z�\�b�Z�p�b�h�g�_�g �i�_�j�k�h�g�Z�e �^�Z�\�Z 
�\�t�a�f�h�`�g�h�k�l �i�h-�_�n�_�d�l�b�\�g�h �^�Z �k�_ �j�_�r�Z�\�Z�l �i�j�h�[�e�_�f�b�l�_ 
�g�Z �q�h�\�_�r�d�b�y �n�Z�d�l�h�j. �L�Z�d�b�\�Z �k�b�k�l�_�f�b �f�h�]�Z�l �k �]�h�e�y�f 
�m�k�i�_�o �^�Z �[�t�^�Z�l �b�a�i�h�e�a�\�Z�g�b �h�l �e�_�d�Z�j�b �b �i�k�b�o�h�e�h�a�b �a�Z 
�i�h�^�^�t�j�`�Z�g�_ �\�a�_�f�Z�g�_�l�h �g�Z �j�_�r�_�g�b�y �a�Z �^�h�i�m�k�d �^�h 
�b�a�i�t�e�g�_�g�b�_ �g�Z �i�j�h�n�_�k�b�h�g�Z�e�g�b�l�_ �a�Z�^�t�e�`�_�g�b�y. �K�B�B �k�Z 
�_�n�_�d�l�b�\�g�b �k�t�s�h �i�j�b �i�j�h�\�_�`�^�Z�g�_ �g�Z �i�j�_�\�Z�g�l�b�\�g�Z 
�j�_�o�Z�[�b�e�b�l�Z�p�b�y, �a�Z �b�a�[�h�j �g�Z �h�i�l�b�f�Z�e�_�g �i�e�Z�g �a�Z �\�t�a�k�l�Z-
�g�h�\�b�l�_�e�g�b �i�j�h�p�_�^�m�j�b �g�Z �Z�\�b�Z�p�b�h�g�g�b�y �i�_�j�k�h�g�Z�e.  

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

�K�t�s�h �l�Z�d�Z �_ �\�Z�`�g�h, �q�_ �K�B�B �k �\�b�k�h�d�Z �_�n�_�d�l�b�\�g�h�k�l 
�f�h�`�_ �^�Z �[�t�^�_ �b�a�i�h�e�a�\�Z�g�Z �a�Z �i�j�h�]�g�h�a�b�j�Z�g�_ �i�h�\�_�^�_-
�g�b�_�l�h �g�Z �h�i�_�j�Z�l�h�j�b�l�_ �\ �d�j�b�l�b�q�g�b �k�n�_�j�b �g�Z �^�_�c�g�h�k�l �k 
�p�_�e �i�j�_�^�h�l�\�j�Z�l�y�\�Z�g�_ �g�Z �Z�\�Z�j�b�c�g�b �k�b�l�m�Z�p�b�b.  

�E�b�l�_�j�Z�l�m�j�Z 

1. �B�k�d�m�k�k�l�\�_�g�g�u�c �b�g�l�_�e�e�_�d�l: �< 3 �d�g./�D�g.1. �K�b�k�l�_�f�u 
�h�[�s�_�g�b�y �b �w�d�k�i�_�j�l�g�u�_ �k�b�k�l�_�f�u, �K�i�j�Z�\�h�q�g�b�d/ 
�I�h� .̂ �j�_�.̂ �W.�<.�I�h�i�h�\�Z, �F.: �J�Z�^�b�h �b �k�\�y�a�v, 464 
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�I�_�j�k�h�g�Z�e�b�a�b�j�Z�g�Z�l�Z �i�j�_�\�_�g�l�b�\�g�Z �o�j�h�g�h�f�_�^�b�p�b�g�Z �d�Z�l�h 
�_�n�_�d�l�b�\�g�h �k�j�_�^�k�l�\�h �a�Z �j�_�o�Z�[�b�e�b�l�Z�p�b�y �b �i�j�h�n�b�e�Z�d�l�b�d�Z �g�Z 
�g�Z�j�m�r�_�g�b�y�l�Z �\ �i�k�b�o�h�k�h�f�Z�l�b�q�g�h�l�h �k�t�k�l�h�y�g�b�_ �g�Z 
�h�i�_�j�Z�l�h�j�b�l�_ �g�Z �_�j�]�Z�l�b�q�g�b �d�h�f�i�e�_�d�k�b 

�=�_�g�g�Z�^�b�c �F�Z�d�e�Z�d�h�\1,* �b �G�Z�^�_�`�^�Z �=�_�h�j�]�b�_�\�Z 

1�B�g�k�l�b�l�m�l �a�Z �d�h�k�f�b�q�_�k�d�b �b�a�k�e�_�^�\�Z�g�b�y �b �l�_�o�g�h�e�h�]�b�b �;�:�G, �K�h�n�b�y, �;�t�e�]�Z�j�b�y  

�J�_�a�x�f�_. �< �k�l�Z�l�b�y�l�Z �k�_ �j�Z�a�]�e�_�`�^�Z�l �f�_�l�h�^�b �a�Z �i�j�b�e�Z�]�Z�g�_ �g�Z �o�j�h�g�h�f�_�^�b�p�b�g�Z �k �p�_�e �j�_�o�Z�[�b�e�b�l�Z�p�b�y �b 
�i�j�h�n�b�e�Z�d�l�b�d�Z �g�Z �i�k�b�o�h-�n�b�a�b�h�e�h�]�b�q�g�h�l�h �k�t�k�l�h�y�g�b�_ �g�Z �j�Z�[�h�l�_�s�b�l�_ �\ �l�j�Z�g�k�i�h�j�l�Z. �:�g�Z�e�b�a�b�j�Z�l �k�_ 
�\�t�a�f�h�`�g�h�k�l�b�l�_ �g�Z �y�\�e�_�g�b�_�l�h �[�b�h�j�_�a�h�g�Z�g�k �a�Z �\�t�a�k�l�Z�g�h�\�b�l�_�e�g�Z �d�h�j�_�d�p�b�y. �I�h�d�Z�a�Z�g�Z �_ �\�t�f�h�`�g�h�k�l�l�Z �g�Z 
�l�_�o�g�h�e�h�]�b�y�l�Z �=�J�< �[�b�h�_�e�_�d�l�j�h�]�j�Z�n�b�y �a�Z �b�a�[�h�j �g�Z �h�i�l�b�f�Z�e�g�Z �k�l�j�Z�l�_�]�b�y �i�j�b �i�j�h�\�_�`�^�Z�g�_ �g�Z 
�j�_�o�Z�[�b�e�b�l�Z�p�b�y �g�Z �[�Z�a�Z�l�Z �g�Z �o�j�h�g�h�f�_�^�b�p�b�g�Z. 

1 �M�\�h� ̂

�G�_�h�l�e�h�`�g�h�k�l�l�Z �g�Z �i�j�_�\�_�g�p�b�y�l�Z �b �g�_�h�[�o�h�^�b�f�h�k�l�l�Z �h�l 
�_�n�_�d�l�b�\�g�b �f�_�l�h�^�b �a�Z �j�_�o�Z�[�b�e�b�l�Z�p�b�y �g�Z �j�Z�[�h�l�g�b�p�b�l�_ �\ 
�l�j�Z�g�k�i�h�j�l�g�b�y �[�j�Z�g�r �k�_ �i�h�^�q�_�j�l�Z�\�Z�l �\ �j�_�^�b�p�Z �i�m�[�e�b-
�d�Z�p�b�b, �Z�g�Z�e�b�a�b�j�Z�s�b �j�h�e�y�l�Z �g�Z �q�h�\�_�r�d�b�y �n�Z�d�l�h�j. �<�t�\ 
�\�j�t�a�d�Z �k �l�h�\�Z �g�y�f�Z �g�m�`�^�Z �^�Z �k�_ �i�h�^�q�_�j�l�Z�\�Z �h�s�_ 
�\�_�^�g�t�` �a�g�Z�q�_�g�b�_�l�h �g�Z �g�Z�m�q�g�b�l�_ �b�a�k�e�_�^�\�Z�g�b�y �\ �l�Z�a�b 
�h�[�e�Z�k�l. 

�F�g�h�]�h �i�t�l�b �l�h�a�b �\�t�i�j�h�k �_ �j�Z�a�]�e�_�`�^�Z�g �b �g�Z �d�h�g�n�_-
�j�_�g�p�b�b�l�_ �;�m�e�L�j�Z�g�k, �d�Z�l�h �i�j�b �l�h�\�Z �k�_ �h�l�[�_�e�y�a�\�Z�r�_, �q�_ 
�_ �\�Z�`�g�h �^�Z �k�_ �b�a�i�h�e�a�\�Z�l �g�Z�c-�g�h�\�b�l�_ �i�h�k�l�b�`�_�g�b�y �\ 
�h�[�e�Z�k�l�l�Z �g�Z �f�_�^�b�p�b�g�Z�l�Z, �[�b�h�d�b�[�_�j�g�_�l�b�d�Z�l�Z, �[�b�h�n�b�a�b-
�d�Z�l�Z, �b�g�n�h�j�f�Z�p�b�h�g�g�b�l�_ �l�_�o�g�h�e�h�]�b�b. �G�b�_ �i�j�_�^�e�Z�]�Z�f�_ 
�b�f�_�g�g�h �l�Z�d�t�\ �i�h�^�o�h�^. 

2 �I�_�j�k�h�g�Z�e�b�a�b�j�Z�g�Z�l�Z �i�j�_�\�Z�g�l�b�\�g�Z 
�o�j�h�g�h�f�_�^�b�p�b�g�Z �b �g�_�c�g�b�l�_ 
�\�t�a�f�h�`�g�h�k�l�b �a�Z �j�_�o�Z�[�b�e�b�l�Z�p�b�y �g�Z 
�h�i�_�j�Z�l�h�j�b�l�_ �g�Z �_�j�]�Z�l�b�q�g�b �d�h�f�i�e�_�d�k�b 

2.1. �H�k�g�h�\�g�b �i�j�b�g�p�b�i�b �g�Z �o�j�h�g�h�f�_�^�b�p�b�g�Z�l�Z 

�O�j�h�g�h�f�_�^�b�p�b�g�Z�l�Z �_ �h�[�e�Z�k�l �g�Z �f�_�^�b�p�b�g�Z�l�Z, �\ �d�h�y�l�h �k�_ 
�b�a�i�h�e�a�\�Z �b�^�_�y�l�Z �a�Z �j�b�l�f�b�q�g�b�l�_ �i�j�h�y�\�b �g�Z �k�l�j�m�d�l�m�j�Z�l�Z 
�g�Z �l�y�e�h�l�h �\�t�\ �\�j�_�f�_�l�h, �j�Z�a�]�e�_�`�^�Z�l �k�_ �\�k�b�q�d�b "�\�j�_�f�_�\�b 
�k�l�j�m�d�l�m�j�b �g�Z �h�j�]�Z�g�b�a�f�Z" �d�Z�l�h �p�y�e�h.  

�K�t�]�e�Z�k�g�h �h�k�g�h�\�g�b�y �i�h�k�l�m�e�Z�l �g�Z �o�j�h�f�h�f�_�^�b�p�b�g�Z�l�Z, 
�a�^�j�Z�\�_�l�h �g�Z �q�h�\�_�r�d�h�l�h �l�y�e�h �_ �\�t�a�f�h�`�g�h �d�Z�l�h �k�l�_�i�_�g 
�g�Z �d�h�h�j�^�b�g�Z�p�b�y �g�Z �[�b�h�j�b�l�f�b�l�_ �g�Z �d�e�_�l�d�b�l�_, �h�j�]�Z�g�b�l�_ 
�b �k�b�k�l�_�f�b�l�_ �g�Z �h�j�]�Z�g�b�a�f�Z �i�h�f�_�`�^�m �b�f �b �k �\�j�_�f�_�\�Z�l�Z 
�h�j�]�Z�g�b�a�Z�p�b�y �g�Z �\�t�g�r�g�Z�l�Z �k�j�_�^�Z. 

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

�\�_�d. �F�_�`�^�m�g�Z�j�h�^�g�h�l�h �^�j�m�`�_�k�l�\�h �g�Z �[�b�h�j�b�l�f�h�e�h�a�b�l�_ 
�_ �k�t�a�^�Z�^�_�g�h �i�j�_�a 1937 �]. �b �i�j�_�b�f�_�g�m�\�Z�g�h �i�j�_�a 1971 �]. 
�\ �F�_�`�^�m�g�Z�j�h�^�g�h �^�j�m�`�_�k�l�\�h �i�h �o�j�h�g�h�[�b�h�e�h�]�b�y. �< 
�J�m�k�b�y �l�_�a�b �i�j�h�[�e�_�f�b �k�_ �d�h�h�j�^�b�g�b�j�Z�l �h�l �I�j�h�[�e�_�f�g�Z 
�d�h�f�b�k�b�y �g�Z �J�:�G "�O�j�h�g�h�[�b�h�e�h�]�b�y �b �o�j�h�g�h�f�_�^�b�p�b�g�Z". 

�>�Z �k�_ �h�[�t�j�g�_�f �d�t�f �h�k�g�h�\�g�b�l�_ �i�j�b�g�p�b�i�b �g�Z �o�j�h�g�h-
�f�_�^�b�p�b�g�Z�l�Z �b �^�Z �h�i�j�_�^�_�e�b�f �a�Z�s�h �_ �l�h�e�d�h�\�Z �_�n�_�d�l�b�\�g�Z 
�a�Z �b�a�]�j�Z�`�^�Z�g�_�l�h �g�Z �k�b�k�l�_�f�b �a�Z �j�_�o�Z�[�b�e�b�l�Z�p�b�y �b 
�i�j�h�n�b�e�Z�d�l�b�d�Z. �S�_ �a�Z�i�h�q�g�_�f �k �\�t�i�j�h�k.  

�A�Z�s�h �d�e�Z�k�b�q�_�k�d�b�l�_ �f�_�l�h�^�b �a�Z �n�b�a�b�h�l�_�j�Z�i�b�y �f�g�h�]�h 
�j�y�^�d�h �k�Z �_�n�_�d�l�b�\�g�b? �K�i�h�j�_�^ �i�j�b�a�g�Z�g�b�_�l�h �g�Z �h�i�b�l�g�b 
�n�b�a�b�h�l�_�j�Z�i�_�\�l�b, �h�d�h�e�h �i�h�e�h�\�b�g�Z�l�Z �h�l �n�b�a�b�h�l�_�j�Z�i�_�\-
�l�b�q�g�b�l�_ �i�j�h�p�_�^�m�j�b �g�_ �^�Z�\�Z�l �_�n�_�d�l, �Z �g�Z 10% �h�l �i�Z�p�b-
�_�g�l�b�l�_ �g�_ �k�Z�f�h �g�_ �i�h�f�Z�]�Z�l, �Z �^�h�j�b �\�j�_�^�y�l, �i�j�b�q�b�g�y-
�\�Z�c�d�b �k�l�j�Z�g�b�q�g�b �j�_�Z�d�p�b�b �\ �^�j�m�]�b �h�j�]�Z�g�b �b �k�b�k�l�_�f�b. 
�L�h�\�Z �g�_ �k�_ �Z�n�b�r�b�j�Z, �h�[�y�k�g�y�\�Z �k�_ �k�t�k �k�t�i�t�l�k�l�\�Z�s�b 
�a�Z�[�h�e�y�\�Z�g�b�y �b�e�b �i�j�_�^�i�h�e�Z�]�Z�_�f�Z �b�g�^�b�\�b�^�m�Z�e�g�Z �g�_�i�h-
�g�h�k�b�f�h�k�l �d�t�f �^�Z�^�_�g �l�b�i �n�b�a�b�h�l�_�j�Z�i�b�y [1].  

�O�j�h�g�h�[�b�h�e�h�]�b�y�l�Z �^�Z�\�Z �f�g�h�]�h �i�j�h�k�l, �g�h �e�h�]�b�q�_�g 
�h�l�]�h�\�h�j �g�Z �l�h�\�Z „�A�Z�s�h?“. �Q�h�\�_�r�d�h�l�h �l�y�e�h �_ �k�e�h�`�g�Z 
�[�b�h�_�g�_�j�]�_�l�b�q�g�Z �k�b�k�l�_�f�Z, �\�k�b�q�d�b �d�h�f�i�h�g�_�g�l�b �g�Z �d�h�y�l�h 
�n�m�g�d�p�b�h�g�b�j�Z�l �k �h�i�j�_�^�_�e�_�g�b �j�b�l�f�b. �H�[�b�q�Z�c�g�b�l�_ 
�f�_�l�h�^�b �g�Z �n�b�a�b�h�l�_�j�Z�i�b�y �k�_ �g�Z�a�g�Z�q�Z�\�Z�l, �[�_�a �^�Z �k�_ 
�\�a�_�f�Z�l �i�j�_�^�\�b�^ �b�g�^�b�\�b�^�m�Z�e�g�b�l�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �g�Z 
�i�Z�p�b�_�g�l�Z – �_�^�g�Z�d�\�h �i�j�b �j�Z�a�e�b�q�g�b �i�Z�p�b�_�g�l�b, �_�^�g�Z�d�\�h 
�i�j�b �j�Z�a�e�b�q�g�b �g�Z�q�Z�e�g�b �k�t�k�l�h�y�g�b�y �g�Z �_�^�b�g �b �k�t�s 
�i�Z�p�b�_�g�l, �_�^�g�Z�d�\�h �i�h �j�Z�a�e�b�q�g�h �\�j�_�f�_ �g�Z �^�_�g�y, �k�_�a�h�g�Z, 
�n�Z�a�b�l�_ �g�Z �c�_�j�Z�j�o�b�y�l�Z �g�Z �j�b�l�f�b�l�_ �g�Z �q�m�\�k�l�\�b�l�_�e�g�h�k�l. 

�G�Z �i�j�Z�d�l�b�d�Z �f�Z�e�d�h �n�b�a�b�h�l�_�j�Z�i�_�\�l�b �h�[�j�t�s�Z�l �\�g�b-
�f�Z�g�b�_ �g�Z �l�h�\�Z �i�h �d�h�_ �\�j�_�f�_ �g�Z �]�h�^�b�g�Z�l�Z, �g�Z �e�m�g�g�b�y �b�e�b 
�k�_�^�f�b�q�g�b�y �p�b�d�t�e �b �^�h�j�b �\ �d�h�y �q�Z�k�l �g�Z �^�_�g�h�g�h�s�b�_�l�h �k�_ 
�b�a�\�t�j�r�\�Z �e�Z�[�h�j�Z�l�h�j�_�g �b�e�b �b�g�k�l�j�m�f�_�g�l�Z�e�_�g �^�b�Z�]�g�h-
�k�l�b�q�_�g �Z�g�Z�e�b�a.  

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

�>. �G�[�e�f�[�e�i�] �c �H. �>�`�i�k�^�c�`�]�[, �I�_�j�k�h�g�Z�e�b�a�b�j�Z�g�Z�l�Z �i�j�_�\�_�g�l�b�\�g�Z �o�j�h�g�h�f�_�^�b�p�b�g�Z �d�Z�l�h �_�n�_�d�l�b�\�g�h �k�j�_�^�k�l�\�h �a�Z �j�_�o�Z�[�b�e�b�l�Z�p�b�y �b �i�j�h�n�b�e�Z�d�l�b�d�Z �g�Z 
�g�Z�j�m�r�_�g�b�y�l�Z �\ �i�k�b�o�h�k�h�f�Z�l�b�q�g�h�l�h �k�t�k�l�h�y�g�b�_ �g�Z �h�i�_�j�Z�l�h�j�b�l�_ �g�Z �_�j�]�Z�l�b�q�g�b �d�h�f�i�e�_�d�k�b 
G. Maklakov, and N. Georgieva, Personalized preventive chronomedicine as an effective tool for rehabilitation and prophylaxis of disorders in the psychosomatic 
condition of the operators of ergatic systems 
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�\�t�a�g�b�d�g�Z�e�b �b �g�_ �i�h�a�\�h�e�y�\�Z�l �i�_�j�k�h�g�Z�e�b�a�b�j�Z�g�_ �g�Z 
�h�i�l�b�f�Z�e�_�g �f�_�l�h�^ �g�Z �e�_�q�_�g�b�_. �< �j�_�a�m�e�l�Z�l �k�_ �_�e�b�f�b�g�b-
�j�Z�l �k�b�f�i�l�h�f�b�l�_, �Z �g�_ �i�j�b�q�b�g�Z�l�Z �a�Z �a�Z�[�h�e�y�\�Z�g�_�l�h, 
�\�d�e�x�q�b�l�_�e�g�h �i�k�b�o�b�q�_�k�d�b�l�_ �j�Z�a�k�l�j�h�c�k�l�\�Z.  

2.2. �F�_�l�h�^�b �a�Z �^�b�Z�]�g�h�k�l�b�p�b�j�Z�g�_ �g�Z 
�^�_�k�b�g�o�j�h�g�h�a�Z 

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

�:�e�l�_�j�g�Z�l�b�\�Z �i�j�_�^�e�Z�]�Z �B�g�k�l�b�l�m�l�t�l �i�h �d�h�k�f�b�q�_�k�d�b 
�b�a�k�e�_�^�\�Z�g�b�y �b �l�_�o�g�h�e�h�]�b�b �i�j�b �;�:�G �g�Z �[�Z�a�Z�l�Z �g�Z �k�\�h�b 
�b�a�k�e�_�^�\�Z�g�b�y �a�Z �^�b�Z�]�g�h�k�l�b�q�g�b�l�_ �\�t�a�f�h�`�g�h�k�l�b �i�h 
�f�_�l�h�^�Z �]�Z�a�h�j�Z�a�j�y�^�g�Z �\�b�a�m�Z�e�b�a�Z�p�b�y (�=�J�<) [2].  

�I�j�b�g�p�b�i�t�l �g�Z �=�J�< �[�b�h�_�e�_�d�l�j�h�]�j�Z�n�b�y�l�Z �b �h�k�h�[�_-
�g�h�k�l�b�l�_ �\ �b�a�i�h�e�a�\�Z�g�_�l�h �g�Z �=�J�< �^�b�Z�]�g�h�k�l�b�d�Z�l�Z �[�y�o�Z 
�h�i�b�k�Z�g�b �^�h�k�l�Z�l�t�q�g�h �i�h�^�j�h�[�g�h �\ �g�Z�r�b �i�m�[�e�b�d�Z�p�b�b, 
�\�d�e�x�q�b�l�_�e�g�h �\ �j�Z�f�d�b�l�_ �g�Z �d�h�g�n�_�j�_�g�p�b�y�l�Z �;�m�e�L�j�Z�g�k, 
�b �g�y�f�Z �^�Z �[�t�^�Z�l �p�b�l�b�j�Z�g�b �l�m�d. �K �g�y�d�h�e�d�h �^�m�f�b 
�k�t�s�g�h�k�l�l�Z �g�Z �l�h�a�b �i�j�b�g�p�b�i �_: �d�h�f�i�x�l�t�j�_�g �Z�g�Z�e�b�a �g�Z 
�b�a�h�[�j�Z�`�_�g�b�_�l�h �g�Z �i�j�t�k�l�b�l�_ �g�Z �j�t�p�_�l�_, �a�Z�k�g�_�l�h �\�t�\ 
�\�b�k�h�d�h�q�_�k�l�h�l�g�h �i�h�e�_. �H�k�t�s�_�k�l�\�y�\�Z �k�_ �^�b�Z�]�g�h�k�l�b�p�b-
�j�Z�g�_ �g�Z �^�_�k�b�g�o�j�h�g�h�a�Z�l�Z �q�j�_�a �h�p�_�g�y�\�Z�g�_ �g�b�\�h�l�h �g�Z 
�o�h�f�_�h�k�l�Z�a�Z�l�Z �g�Z �q�h�\�_�r�d�h�l�h �l�y�e�h (�h�p�_�g�d�Z �g�Z 
�Z�^�Z�i�l�b�\�g�b�l�_ �k�i�h�k�h�[�g�h�k�l�b). 

�I�j�h�\�_�^�_�g�b �i�h-�j�Z�g�h �b�a�k�e�_�^�\�Z�g�b�y �i�h�a�\�h�e�y�\�Z�l �^�Z �k�_ 
�h�i�j�_�^�_�e�y�l �d�Z�l�h �g�Z�c-�b�g�n�h�j�f�Z�l�b�\�g�b �a�Z �b�a�k�e�_�^�\�Z�g�_ �g�Z 
�Z�^�Z�i�l�Z�p�b�h�g�g�b�l�_ �j�_�a�_�j�\�b �k�e�_�^�g�b�l�_ �i�h�d�Z�a�Z�l�_�e�b: �h�[�s�Z 
�i�e�h�s �g�Z �b�a�h�[�j�Z�`�_�g�b�_�l�h, �\�Z�j�b�Z�[�_�e�g�h�k�l �g�Z �h�[�s�Z�l�Z 
�i�e�h�s �g�Z �k�\�_�l�_�g�_, �k�j�_�^�g�Z �y�j�d�h�k�l �g�Z �b�a�h�[�j�Z�`�_�g�b�_�l�h, 
�d�h�_�n�b�p�b�_�g�l �g�Z �n�h�j�f�Z�l�Z, �d�h�_�n�b�p�b�_�g�l �g�Z �n�j�Z�d�l�Z�e-
�g�h�k�l�l�Z, �d�h�_�n�b�p�b�_�g�l �g�Z �_�g�l�j�h�i�b�y�l�Z.  

�A�Z �d�h�e�b�q�_�k�l�\�_�g�h �h�p�_�g�y�\�Z�g�_ �g�Z �i�Z�j�Z�f�_�l�j�b�l�_ �g�Z 
�o�h�f�_�h�k�l�Z�a�Z�l�Z �i�h �p�_�e�_�k�t�h�[�j�Z�a�g�h�k�l �_ �b�a�i�h�e�a�\�Z�g �f�g�h�]�h-
�n�m�g�d�p�b�h�g�Z�e�g�b�y�l �Z�i�Z�j�Z�l�g�h-�i�j�h�]�j�Z�f�_�g �d�h�f�i�e�_�d�k „�=�J�< 
�d�h�f�i�Z�d�l �?�D�H“, �j�Z�a�j�Z�[�h�l�_�g �h�l �n�b�j�f�Z „Kirlioniks 
Technologies International“, �m�k�t�\�t�j�r�_�g�k�l�\�Z�g �\ �L�_�o�g�b-
�q�_�k�d�b �m�g�b�\�_�j�k�b�l�_�l – �<�Z�j�g�Z, �\ �j�Z�f�d�b�l�_ �g�Z �i�j�h�_�d�l�Z 
�K�G�I-2, �h�l 12.05.2018 �].  

3 �K�b�k�l�_�f�Z �a�Z �j�_�o�Z�[�b�e�b�l�Z�p�b�y �b 
�i�j�h�n�b�e�Z�d�l�b�d�Z �g�Z �i�k�b�o�h�k�h�f�Z�l�b�q�g�h�l�h 
�k�t�k�l�h�y�g�b�_ �g�Z �h�k�g�h�\�Z�l�Z �g�Z 
�o�j�h�g�h�f�_�^�b�p�b�g�Z�l�Z  

 3.1 �H�k�g�h�\�g�b �i�j�b�g�p�b�i�b �a�Z �k�t�a�^�Z�\�Z�g�_ �g�Z 
�k�b�k�l�_�f�Z �a�Z �j�_�o�Z�[�b�e�b�l�Z�p�b�y  

�B�a�i�h�e�a�\�Z�g�_�l�h �g�Z �n�b�a�b�q�_�k�d�b �n�Z�d�l�h�j�b �a�Z �j�_�o�Z�[�b�e�b�l�Z�p�b�y – 
�h�l �]�e�_�^�g�Z �l�h�q�d�Z �g�Z �h�k�g�h�\�g�b�l�_ �i�j�b�g�p�b�i�b �g�Z �o�j�h�g�h�f�_�^�b-
�p�b�g�Z�l�Z – �b�a�b�k�d�\�Z �j�_�r�Z�\�Z�g�_ �g�Z �i�j�h�[�e�_�f�Z �a�Z �h�i�l�b�f�b�a�b�j�Z�g�_ 
�g�Z �n�b�a�b�h�l�_�j�Z�i�_�\�l�b�q�g�h�l�h �\�t�a�^�_�c�k�l�\�b�_. �I�h �g�Z�r�_ �f�g�_�g�b�_ 
�l�h�\�Z �k�_ �i�h�k�l�b�]�Z, �d�Z�l�h �k�b�k�l�_�f�Z�l�Z �a�Z �j�_�o�Z�[�b�e�b�l�Z�p�b�y �b 
�i�j�h�n�b�e�Z�d�l�b�d�Z, �k�_ �[�Z�a�b�j�Z �g�Z �f�_�l�h�^�b�l�_ �g�Z �f�m�a�b�d�Z�e�g�Z�l�Z 
�i�k�b�o�h�l�_�j�Z�i�b�y (�i�k�b�o�h�d�h�j�_�d�p�b�y �k �i�h�f�h�s�l�Z �g�Z �Z�d�m�k�l�b�q-
�g�h �i�h�e�_).  

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

�i�j�h�n�b�e�Z�d�l�b�d�Z �g�Z �g�Z�j�m�r�_�g�h �i�k�b�o�h�k�h�f�Z�l�b�q�g�h �k�t�k�l�h�y-
�g�b�_ �i�h�^�j�h�[�g�h �j�Z�a�]�e�_�^�Z�o�f�_ �g�Z �d�h�g�n�_�j�_�g�p�b�y�l�Z 
BulTrans-2017 �b �^�h�d�e�Z�^�t�l �_ �i�m�[�e�b�d�m�\�Z�g �\ �g�_�c�g�b�y 
�k�[�h�j�g�b�d [3]. �G�Z�d�j�Z�l�d�h �k�t�s�g�h�k�l�l�Z �g�Z �f�_�l�h�^�Z. �I�k�b�o�b-
�q�_�k�d�b�l�_ �b �k�h�f�Z�l�b�q�g�b�l�_ �_�n�_�d�l�b �g�Z �f�m�a�b�d�Z�e�g�b�l�_ �\�e�b�y-
�g�b�y �f�h�]�Z�l �^�Z �[�t�^�Z�l �h�[�m�k�e�h�\�_�g�b �g�_ �k�Z�f�h �h�l �_�f�h�p�b�h�g�Z�e-
�g�h�l�h �\�t�a�i�j�b�y�l�b�_ (�q�j�_�a �k�e�m�o�h�\�b �Z�g�Z�e�b�a�Z�l�h�j�b), �g�h �b �h�l 
�^�b�j�_�d�l�g�b �Z�d�m�k�l�b�q�g�h�j�_�a�h�g�Z�g�k�g�b �h�l�d�e�b�p�b �h�l �k�l�j�Z�g�Z �g�Z 
�d�e�_�l�d�b�l�_, �h�j�]�Z�g�b�l�_ �b �k�b�k�l�_�f�b�l�_. �B�f�Z �k�_ �i�j�_�^�\�b�^ 
�_�^�g�h�\�j�_�f�_�g�g�h�l�h �\�e�b�y�g�b�_ �g�Z �Z�d�m�k�l�b�q�g�b�l�_ �\�t�e�g�b, �h�j�]�Z-
�g�b�a�b�j�Z�g�b �\ �f�m�a�b�d�Z�e�g�Z �k�l�j�m�d�l�m�j�Z, �\�t�j�o�m �i�k�b�o�h�_�f�h�p�b�h-
�g�Z�e�g�Z�l�Z, �^�m�o�h�\�g�Z�l�Z �k�n�_�j�Z �g�Z �q�h�\�_�d�Z �b �^�b�j�_�d�l�g�h �\�t�j�o�m 
�i�h�\�t�j�o�g�h�k�l�l�Z �g�Z �l�y�e�h�l�h �b �\�t�l�j�_�r�g�b�l�_ �h�j�]�Z�g�b. 

�I�j�Z�\�b�e�g�h �b�a�[�j�Z�g�Z�l�Z �f�m�a�b�d�Z�e�g�Z �d�h�f�i�h�a�b�p�b�y �_ �\ 
�k�t�k�l�h�y�g�b�_ �^�Z �h�k�b�]�m�j�b �\�b�k�h�d�h�_�n�_�d�l�b�\�g�h �\�t�a�k�l�Z�g�h-
�\�y�\�Z�g�_ �g�Z �i�k�b�o�h�k�h�f�Z�l�b�q�g�h�l�h �k�t�k�l�h�y�g�b�_ �g�Z �q�h�\�_�d�Z. �K 
�i�h�f�h�s�l�Z �g�Z �k�t�h�l�\�_�l�g�h�l�h �Z�d�m�k�l�b�q�g�h �\�e�b�y�g�b�_ (�f�m�a�b-
�d�Z�e�_�g �d�\�Z�a�b�j�_�^) �f�h�`�_ �^�Z �k�_ �i�h�k�l�b�]�g�_ �b�a�f�_�g�_�g�h 
�k�t�k�l�h�y�g�b�_ �g�Z �k�t�a�g�Z�g�b�_�l�h (�B�K�K). 

�:  �d�Z�d�l�h �_ �b�a�\�_�k�l�g�h, �B�K�K �f�h�`�_ �^�Z �k�i�h�k�h�[�k�l�\�Z �a�Z 
�k�\�j�t�o�[�t�j�a�h �i�j�b�_�f�Z�g�_ �g�Z �Z�^�_�d�\�Z�l�g�h �j�_�r�_�g�b�_ �a�Z �b�a�o�h�^ 
�h�l �b�a�\�t�g�j�_�^�g�Z �k�b�l�m�Z�p�b�y �b�e�b �^�Z �a�Z�l�h�j�f�h�a�b (�Z �i�h�g�y�d�h�]�Z 
�b �\�t�h�[�s�_ �^�Z �[�e�h�d�b�j�Z) �i�j�h�p�_�k�Z �g�Z �\�a�_�f�Z�g�_ �g�Z �i�j�Z�\�b�e�g�h 
�j�_�r�_�g�b�_ [4]. 

3.2 �B�a�i�h�e�a�\�Z�g�_ �g�Z �i�j�b�j�h�^�g�b �e�_�q�_�[�g�b 
�n�Z�d�l�h�j�b �a�Z �j�_�o�Z�[�b�e�b�l�Z�p�b�y �b �i�j�h�n�b�e�Z�d�l�b�d�Z 
�g�Z �g�Z�j�m�r�_�g�b�y�l�Z �\  �i�k�b�o�h�k�h�f�Z�l�b�q�g�h�l�h 
�k�t�k�l�h�y�g�b�_ 

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

�;�t�e�]�Z�j�b�y �_ �[�h�]�Z�l�Z �g�Z �[�Z�e�g�_�h�l�_�j�Z�i�_�\�l�b�q�g�b �p�_�g�l�j�h�\�_ �b 
�k�Z�g�Z�l�h�j�b�m�f�b (�<�_�e�b�g�]�j�Z�^, �O�b�k�Z�j�y, �>�_�\�b�g, �;�Z�g�d�y �b �^�j.), 
�b�a�\�_�k�l�g�b �b �a�Z�^ �]�j�Z�g�b�p�Z. �< �j�Z�f�d�b�l�_ �g�Z �b�a�k�e�_�^�\�Z�g�b�y �g�Z 
�h�d�h�e�g�Z�l�Z �k�j�_�^�Z �\ �;�t�e�]�Z�j�b�y, �i�j�h�\�_�^�_�g�b �h�l �g�Z�k �i�j�_�a 
2016-2017 �]., �[�y�o�Z �g�Z�[�_�e�y�a�Z�g�b �g�Z�c-�i�_�j�k�i�_�d�l�b�\�g�b 
�j�_�d�j�_�Z�p�b�h�g�g�b�l�_ �a�h�g�b �a�Z �j�_�o�Z�[�b�e�b�l�Z�p�b�y �g�Z �g�Z�j�m�r�_-
�g�b�y�l�Z �\ �i�k�b�o�h�k�h�f�Z�l�b�q�g�h�l�h �k�t�k�l�h�y�g�b�_ �g�Z �h�i�_�j�Z�l�h�j�b�l�_ 
�g�Z �_�j�]�Z�l�b�q�g�b �d�h�f�i�e�_�d�k�b. �I�h �g�Z�r�_ �f�g�_�g�b�_, �a�Z �i�j�Z�d-
�l�b�q�_�k�d�h�l�h �i�j�b�e�Z�]�Z�g�_ �g�Z �f�_�l�h�^�b�l�_ �a�Z �j�_�o�Z�[�b�e�b�l�Z�p�b�y, 
�h�q�_�j�l�Z�g�b �\ �l�Z�a�b �k�l�Z�l�b�y, �h�k�h�[�_�g�h �i�h�^�o�h�^�y�s�b �k�Z 
�j�_�d�j�_�Z�p�b�h�g�g�b�l�_ �a�h�g�b �\ �D�j�m�r�m�g�k�d�b�y �d�j�Z�c.  

�I�j�h�m�q�\�Z�g�b�y�l�Z �k�b �g�Z�i�j�Z�\�b�o�f�_ �\ �h�d�h�e�g�h�k�l�b�l�_ �g�Z 
�k�_�e�h �D�j�m�r�m�g�Z (�h�[�s�b�g�Z �E�_�l�g�b�p�Z, �E�h�\�_�r�d�Z �h�[�e�Z�k�l). 
�P�_�g�l�j�Z�e�g�h �f�y�k�l�h �\ �j�_�d�j�_�Z�p�b�h�g�g�Z�l�Z �a�h�g�Z �a�Z�_�f�Z�l 
�D�j�m�r�m�g�k�d�b�l�_ �\�h�^�h�i�Z�^�b, �d�h�b�l�h �k�_ �g�Z�f�b�j�Z�l �\ �f�_�k�l�g�h�k�l-
�l�Z �F�Z�Z�j�Z�l�Z. �M�g�b�d�Z�e�g�h�k�l�l�Z �g�Z �f�y�k�l�h�l�h �k�_ �i�h�^�k�b�e�\�Z �h�l 
�f�g�h�`�_�k�l�\�h �i�h�^�a�_�f�g�b �j�_�d�b �b �_�a�_�j�Z. �L�_ �h�[�j�Z�a�m�\�Z�l �k�b�e�_�g 
�n�h�g, �d�h�c�l�h �\�t�a�^�_�c�k�l�\�Z �b�a�d�e�x�q�b�l�_�e�g�h �[�e�Z�]�h�l�\�h�j�g�h 
�\�t�j�o�m �i�k�b�o�h�_�f�h�p�b�h�g�Z�e�g�h�l�h �k�t�k�l�h�y�g�b�_ �g�Z �o�h�j�Z�l�Z. �:  
�d�t�f �\�k�b�q�d�h �l�h�\�Z �k�_ �i�j�b�[�Z�\�y �b �g�Z�e�b�q�b�_�l�h �g�Z �e�_�q�_�[�g�b 
�f�b�g�_�j�Z�e�g�b �b�a�\�h�j�b �k �l�h�i�e�Z �\�h�^�Z. 

3.2.2 �E�_�q�_�[�g�b �n�Z�d�l�h�j�b �g�Z �D�j�m�r�m�g�k�d�b�l�_ 
�\�h�^�h�i�Z�^�b 

�:�g�Z�e�b�a �g�Z �i�m�[�e�b�d�Z�p�b�b�l�_ �i�h �b�a�k�e�_�^�Z�g�_ �g�Z �e�_�q�_�[�g�b�l�_ 
�k�\�h�c�k�l�\�Z �g�Z �\�h�^�h�i�Z�^�b�l�_ �i�h�a�\�h�e�y�\�Z �^�Z �k�_ �h�i�j�_�^�_�e�y�l 
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�n�Z�d�l�h�j�b�l�_, �h�k�h�[�_�g�h �k�i�h�k�h�[�k�l�\�Z�s�b �g�h�j�f�Z�e�b�a�b�j�Z�g�_�l�h 
�g�Z �i�k�b�o�h-�n�b�a�b�h�e�h�]�b�q�g�h�l�h �k�t�k�l�h�y�g�b�_ �g�Z �q�h�\�_�r�d�b�y 
�h�j�]�Z�g�b�a�t�f. �L�h�\�Z �k�Z: �c�h�g�b�a�Z�p�b�y �g�Z �\�t�a�^�m�o�Z, �[�y�e �r�m�f 
(white noise) �h�l �i�Z�^�Z�s�Z�l�Z �\�h�^�Z.  

�G�Z�r�b�l�_ �i�j�h�m�q�\�Z�g�b�y�l�Z �h�l�q�b�l�Z�l, �q�_ �\ �k�i�_�d�l�t�j�Z �g�Z 
�a�\�m�d�Z �h�l �\�h�^�Z�l�Z �\ �D�j�m�r�m�g�k�d�b�l�_ �\�h�^�h�i�Z�^�b �i�j�_�h�[�e�Z-
�^�Z�\�Z�l �g�b�k�d�h�q�_�k�l�h�l�g�b�l�_ �d�h�f�i�h�g�_�g�l�b, �[�e�b�a�d�b �^�h �q�_�k�l�h-
�l�b�l�_ �g�Z �f�h�a�t�d�Z. �B�f�_�g�g�h �l�_ �\�h�^�y�l �^�h �k�l�Z�[�b�e�b�a�Z�p�b�y �g�Z 
�i�k�b�o�h�_�f�h�p�b�h�g�Z�e�g�h�l�h �k�t�k�l�h�y�g�b�_ �b �Z�d�l�b�\�b�a�Z�p�b�y �g�Z 
�\�t�l�j�_�r�g�b�l�_ �i�k�b�o�b�q�_�k�d�b �j�_�k�m�j�k�b, �k�i�h�k�h�[�k�l�\�Z�l �a�Z 
�g�Z�f�Z�e�y�\�Z�g�_ �g�Z �k�l�j�_�k�Z.  

�G�Z�[�e�x�^�_�g�b�_ �\�t�j�o�m �i�k�b�o�h�k�h�f�Z�l�b�q�g�h�l�h �k�t�k�l�h�y�g�b�_ 
�g�Z �o�h�j�Z, �i�j�_�[�b�\�Z�\�Z�s�b �\ �i�Z�j�d�Z �F�Z�Z�j�Z�l�Z, �i�h�d�Z�a�\�Z, �q�_ �k�_ 
�m�\�_�e�b�q�Z�\�Z �m�k�l�h�c�q�b�\�h�k�l�l�Z �g�Z �h�j�]�Z�g�b�a�f�Z �k�j�_�s�m �g�_�[�e�Z-
�]�h�i�j�b�y�l�g�b �\�t�a�^�_�c�k�l�\�b�y, �a�Z�k�b�e�\�Z �k�_ �k�i�h�k�h�[�g�h�k�l�l�Z �a�Z 
�d�h�g�p�_�g�l�j�b�j�Z�g�_ �g�Z �\�g�b�f�Z�g�b�_�l�h, �m�\�_�e�b�q�Z�\�Z�l �k�_ �n�b�a�b-
�q�_�k�d�Z�l�Z �b �m�f�k�l�\�_�g�Z�l�Z �j�Z�[�h�l�h�k�i�h�k�h�[�g�h�k�l. �L�h�\�Z �k�Z �\�k�_ 
�g�_�s�Z, �b�a�d�e�x�q�b�l�_�e�g�h �\�Z�`�g�b �a�Z �o�h�j�Z, �d�h�b�l�h �j�_�Z�e�b�a�b�j�Z�l 
�k�_�[�_ �k�b �\ �l�j�Z�g�k�i�h�j�l�g�Z�l�Z �h�[�e�Z�k�l, �\ �d�h�y�l�h �k�i�_�p�b�n�b�d�Z�l�Z 
�g�Z �i�j�h�n�_�k�b�y�l�Z �\�h�^�b �^�h �i�h�^�q�_�j�l�Z�g�h �\�b�k�h�d�h �g�Z�l�h�\�Z�j-
�\�Z�g�_ �\�t�j�o�m �n�b�a�b�d�Z�l�Z �b �i�k�b�o�b�d�Z�l�Z. 

4 �B�a�k�e�_�^�\�Z�g�_ �g�Z �_�n�_�d�l�Z �h�l �o�j�h�g�h-
�n�b�a�b�h�l�_�j�Z�i�b�y �\  �D�j�m�r�m�g�k�d�b�y �d�j�Z�c  

�A�Z �b�a�k�e�_�^�\�Z�g�_ �_�n�_�d�l�b�\�g�h�k�l�l�Z �g�Z �o�j�h�g�h�n�b�a�b�h�l�_�j�Z�i�b�y-
�l�Z �k�_ �\�a�_�f�Z �d�Z�l�h �i�h�d�Z�a�Z�l�_�e �g�b�\�h�l�h �g�Z �k�l�Z�[�b�e�g�h�k�l �\ 
�j�Z�[�h�l�Z�l�Z �g�Z �o�h�f�_�h�k�l�Z�a�Z�l�Z �g�Z �h�j�]�Z�g�b�a�f�Z. �>�_�k�b�g�o�j�h�g�h-
�a�b�l�_ �k�_ �^�b�Z�]�g�h�k�l�b�p�b�j�Z�l �k �i�h�f�h�s�l�Z �g�Z �=�J�< �f�_�l�h�^�Z. 
�B�a�k�e�_�^�\�Z�g�b�y�l�Z �k�Z �h�k�g�h�\�Z�g�b �g�Z �k�e�_�^�g�b�l�_ �i�j�b�g�p�b�i�b: 1) 
�H�p�_�g�y�\�Z�g�_ �\�e�b�y�g�b�_�l�h �g�Z �e�_�q�_�[�g�b �\�t�a�^�_�c�k�l�\�b�y �q�j�_�a 
�j�_�]�b�k�l�j�b�j�Z�g�_ �g�Z �i�Z�j�Z�f�_�l�j�b�l�_ �g�Z �o�h�f�_�h�k�l�Z�a�Z�l�Z. 2) �H�p�_-
�g�y�\�Z�g�_ �i�Z�j�Z�f�_�l�j�b�l�_ �g�Z �e�_�q�_�[�g�b �n�Z�d�l�h�j�b �g�Z �h�d�h�e�g�Z�l�Z 
�k�j�_�^�Z �q�j�_�a �j�_�]�b�k�l�j�b�j�Z�g�_�l�h �b�f �k �=�J�< �]�j�Z�f�b, �i�h�e�m�q�_�g�b 
�k �h�i�l�h�_�e�_�d�l�j�h�g�_�g �k�_�g�a�h�j (�d�e�Z�k�b�q�_�k�d�b �i�h�^�o�h�^). 3) 
�H�p�_�g�y�\�Z�g�_ �\�e�b�y�g�b�_�l�h �g�Z �e�_�q�_�[�g�b �n�Z�d�l�h�j�b�b �g�Z 
�h�d�h�e�g�Z�l�Z �k�j�_�^�Z �q�j�_�a �j�_�]�b�k�l�j�b�j�Z�g�_ �g�Z �=�J�< �]�j�Z�f�b �g�Z 
�i�j�t�k�l�b�l�_ �g�Z �j�t�d�Z�l�Z (�d�e�Z�k�b�q�_�k�d�b �i�h�^�o�h�^). 

�B�a�k�e�_�^�\�Z�g�b �k�Z �a�h�g�b�l�_ �g�Z: �A�_�e�_�g �\�h�^�h�i�Z�^, �D�Z�k�d�Z�^�_�g 
�\�h�^�h�i�Z�^, �i�_�s�_�j�Z �<�h�^�h�i�Z�^�Z. 

�G�Z �N�b�]. 1 �_ �i�j�_�^�k�l�Z�\�_�g�Z �^�b�Z�]�j�Z�f�Z, �d�h�y�l�h �i�h�d�Z�a�\�Z 
�d�Z�d �k�_ �b�a�f�_�g�y�l �i�Z�j�Z�f�_�l�j�b�l�_ �g�Z �k�\�_�l�_�g�_ �\ �=�J�< �b�a�h�[�j�Z-
�`�_�g�b�y�l�Z �g�Z �\�h�^�Z�l�Z �\ �j�Z�a�e�b�q�g�b�l�_ �\�h�^�h�i�Z�^�b (�a�Z 
�m�^�h�[�k�l�\�h �g�Z �k�j�Z�\�g�_�g�b�_�l�h �l�_ �\�k�b�q�d�b �k�Z �i�j�b�j�Z�\�g�_�g�b �d�t�f 
�_�^�b�g�b�p�Z). �L�m�d �b �i�h-�g�Z�l�Z�l�t�d �\ �k�l�Z�l�b�y�l�Z �k�Z �i�j�b�_�l�b 
�k�e�_�^�g�b�l�_ �h�[�h�a�g�Z�q�_�g�b�y: �k�l�t�e�[�q�_�l�h �k �\�_�j�l�b�d�Z�e�g�b �e�b�g�b�b 
�i�h�d�Z�a�\�Z �i�e�h�s�l�Z �g�Z �k�\�_�l�_�g�_, �k �o�h�j�b�a�h�g�l�Z�e�g�b – �k�j�_�^�g�Z�l�Z 
�b�g�l�_�g�a�b�\�g�h�k�l �g�Z �k�\�_�l�_�g�_, �k �g�Z�d�e�h�g�_�g�b – �_�g�l�j�h�i�b�y�l�Z �i�h 
�b�a�h�e�b�g�b�b, �k �l�h�q�d�b – �n�j�Z�d�l�Z�e�g�h�k�l�l�Z �i�h �b�a�h�e�b�g�b�b�l�_. 

�A�Z�k�e�m�`�Z�\�Z �^�Z �k�_ �h�[�t�j�g�_ �\�g�b�f�Z�g�b�_ �g�Z �i�h�d�Z�a�Z�l�_�e�b�l�_ 
�i�e�h�s �g�Z �k�\�_�l�_�g�_�l�h �b �_�g�l�j�h�i�b�y �k�i�h�j�_�^ �=�J�< �b�a�h�[�j�Z-
�`�_�g�b�y�l�Z. 

�I�e�h�s�l�Z �g�Z �k�\�_�l�_�g�_�l�h �f�g�h�]�h �^�h�[�j�_ �d�h�j�_�e�b�j�Z �k 
�i�h�d�Z�a�Z�l�_�e�b�l�_ �a�Z �h�[�s�h �i�k�b�o�h-�n�b�a�b�h�e�h�]�b�q�g�h �k�t�k�l�h�y�g�b�_ 
�g�Z �q�h�\�_�d�Z �b �f�h�`�_ �^�Z �[�t�^�_ �b�g�l�_�]�j�Z�e�_�g �i�h�d�Z�a�Z�l�_�e �a�Z 
�k�t�k�l�h�y�g�b�_�l�h �f�m. �H�l �^�j�m�]�Z �k�l�j�Z�g�Z �l�h�a�b �i�h�d�Z�a�Z�l�_�e �^�h�[�j�_ 
�h�l�j�Z�a�y�\�Z �k�t�k�l�h�y�g�b�_�l�h �g�Z �o�h�f�_�h�k�l�Z�a�Z�l�Z �g�Z �h�j�]�Z�g�b�a�f�Z �b 
�k�_ �y�\�y�\�Z �d�h�f�i�e�_�d�k�g�Z �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z �g�Z �g�_�]�h�\�b�l�_ 
�Z�^�Z�i�l�Z�p�b�h�g�g�b �j�_�k�m�j�k�b. �D�Z�d�l�h �_ �b�a�\�_�k�l�g�h, �\ �r�b�j�h�d 
�k�f�b�k�t�e �_�g�l�j�h�i�b�y�l�Z �i�h�d�Z�a�\�Z �o�Z�h�l�b�q�g�h�k�l�l�Z 
(�^�_�a�h�j�]�Z�g�b�a�b�j�Z�g�h�k�l�l�Z) �g�Z �k�b�k�l�_�f�Z�l�Z. �A�Z �[�b�h�e�h�]�b�q�g�b�l�_ 

�k�b�k�l�_�f�b �l�h�\�Z �_ �k�t�k�l�h�y�g�b�_�l�h �g�Z �n�m�g�d�p�b�h�g�b�j�Z�g�_ �g�Z 
�d�e�_�l�d�b�l�_, �h�j�]�Z�g�b�l�_ �b �p�_�e�b�y �h�j�]�Z�g�b�a�t�f; �o�Z�j�Z�d�l�_�j�b�a�b�j�Z 
�k�l�_�i�_�g�l�Z �g�Z �Z�d�l�b�\�g�h�k�l �i�j�b �i�j�h�l�b�q�Z�g�_�l�h �g�Z �\�k�b�q�d�b 
�j�_�Z�d�p�b�b �b �i�j�h�p�_�k�b �g�Z �`�b�a�g�_�g�Z�l�Z �^�_�c�g�h�k�l. �I�h�\�b�r�Z-
�\�Z�g�_�l�h �g�Z �_�g�l�j�h�i�b�y�l�Z �k�\�b�^�_�l�_�e�k�l�\�Z �a�Z �\�t�a�g�b�d�\�Z�g�_ �g�Z 
�g�h�\�b �i�j�h�p�_�k�b, �\�h�^�_�s�b �d�t�f �a�Z�k�b�e�\�Z�g�_ �g�Z �Z�d�l�b�\�g�h�k�l�l�Z 
�g�Z �d�e�_�l�d�b�l�_ �b�e�b �h�j�]�Z�g�b�l�_ [2]. �F�Z�d�Z�j �i�e�h�s�l�Z �g�Z 
�k�\�_�l�_�g�_ �b �_�g�l�j�h�i�b�y�l�Z �^�Z �k�Z �^�h�k�l�Z�l�t�q�g�h �b�g�n�h�j�f�Z�l�b�\�g�b 
�i�Z�j�Z�f�_�l�j�b, �o�Z�j�Z�d�l�_�j�b�a�b�j�Z�s�b �i�k�b�o�h-�n�b�a�b�h�e�h�]�b�q�g�h�l�h 
�k�t�k�l�h�y�g�b�_, �a�Z �i�t�e�g�h�l�Z �g�Z �d�Z�j�l�b�g�Z�l�Z �g�Z �N�b�]. 2 �_ 
�i�h�d�Z�a�Z�g�h �b�a�f�_�g�_�g�b�_ �g�Z �Z�^�Z�i�l�Z�p�b�h�g�g�b�l�_ �j�_�k�m�j�k�b �[�e�b�a�h 
�^�h �\�h�^�h�i�Z�^�b�l�_.  

 

�N�b�]. 1. �J�Z�a�i�j�_�^�_�e�_�g�b�_ �g�Z �i�Z�j�Z�f�_�l�j�b�l�_ �g�Z �_�g�_�j�]�b�y�l�Z �g�Z 
�\�h�^�Z�l�Z �g�Z �\�h�^�h�i�Z�^�b�l�_ �\ �F�Z�Z�j�Z�l�Z, �d�t�^�_�l�h: 1 – �A�_�e�_�g 
�\�h�^�h�i�Z�^, 2 – �D�Z�k�d�Z�^�_�g �\�h�^�h�i�Z�^, 3 – �i�_�s�_�j�Z �<�h�^�h�i�Z�^�Z. 

 

�N�b�]. 2. �J�Z�a�i�j�_�^�_�e�_�g�b�_ �g�Z. �Z�^�Z�i�l�Z�p�b�h�g�g�b�l�_ �j�_�k�m�j�k�b �g�Z 
�q�h�\�_�d�Z �g�Z �\�h�^�h�i�Z�^�b�l�_ �\ �F�Z�Z�j�Z�l�Z, �d�t�^�_�l�h: 1 – �A�_�e�_�g 
�\�h�^�h�i�Z�^, 2 – �D�Z�k�d�Z�^�_�g �\�h�^�h�i�Z�^, 3 – �i�_�s�_�j�Z �<�h�^�h�i�Z�^�Z. 

�:�d�h �j�Z�a�]�e�_�^�Z�f�_ �d�h�f�i�e�_�d�k�g�h �i�Z�j�Z�f�_�l�j�b�l�_ �g�Z �=�J�< 
�b�a�h�[�j�Z�`�_�g�b�y�l�Z, �f�h�`�_�f �^�Z �g�Z�i�j�Z�\�b�f �b�a�\�h�^, �q�_ �\�k�b�q�d�b 
�\�h�^�h�i�Z�^�b �h�d�Z�a�\�Z�l �i�h�q�l�b �_�^�g�Z�d�\�h �k�b�e�g�h �[�e�Z�]�h�l�\�h�j�g�h 
�\�e�b�y�g�b�_ �\�t�j�o�m �q�h�\�_�d�Z. �A�Z �l�h�\�Z �k�\�b�^�_�l�_�e�k�l�\�Z �b 
�Z�g�Z�e�b�a�t�l �g�Z �Z�^�Z�i�l�Z�p�b�h�g�g�b�l�_ �j�_�k�m�j�k�b �g�Z �b�a�k�e�_�^�\�Z�g�b�l�_. 
�K�l�h�c�g�h�k�l�b�l�_ �g�Z �l�h�a�b �i�h�d�Z�a�Z�l�_�e �k�Z �f�Z�d�k�b�f�Z�e�g�b �i�j�b 
�A�_�e�_�g�b�y �\�h�^�h�i�Z�^, �Z �h�d�h�e�h �^�j�m�]�b�l�_ �g�Z�f�Z�e�y�\�Z�l �k�t�\�k�_�f 
�g�_�a�g�Z�q�b�l�_�e�g�h (�i�h-�f�Z�e�d�h �h�l 1%).  

�A�Z �h�p�_�g�y�\�Z�g�_ �g�Z �_�d�h�e�h�]�b�q�g�Z�l�Z �h�[�k�l�Z�g�h�\�d�Z �d�Z�l�h 
�p�y�e�h �\ �i�Z�j�d�Z �F�Z�Z�j�Z�l�Z �b �\ �k. �D�j�m�r�m�g�Z �k�Z �i�j�h�\�_�^�_�g�b 
�b�a�f�_�j�\�Z�g�b�y �g�Z �i�h�d�Z�a�Z�l�_�e�b�l�_ �g�Z �i�k�b�o�h�k�h�f�Z�l�b�q�g�h�l�h 
�k�t�k�l�h�y�g�b�_, �i�h-�l�h�q�g�h �b�a�k�e�_�^�\�Z�g�b �k�Z �g�b�\�h�l�h �g�Z �k�l�Z�[�b�e-
�g�h�k�l �\ �j�Z�[�h�l�Z�l�Z �g�Z �o�h�f�_�h�k�l�Z�a�Z�l�Z �g�Z �h�j�]�Z�g�b�a�f�Z. �J�_�a�m�e-
�l�Z�l�b�l�_ �h�l �b�a�k�e�_�^�\�Z�g�b�y�l�Z �k�Z �i�j�_�^�k�l�Z�\�_�g�b �g�Z �N�b�]. 3. 

�A�Z �i�h-�i�t�e�g�Z �d�Z�j�l�b�g�Z �g�Z �e�_�q�_�[�g�b�l�_ �n�Z�d�l�h�j�b, �\�t�a-
�^�_�c�k�l�\�Z�s�b �\�t�j�o�m �q�h�\�_�d�Z, �_ �i�j�h�m�q�_�g�h �b �\�e�b�y�g�b�_�l�h �g�Z 
�l�h�i�e�Z�l�Z �f�b�g�_�j�Z�e�g�Z �\�h�^�Z �\ �[�Z�k�k�_�c�g�Z. �O�b�f�b�q�_�k�d�b�y�l 
�k�t�k�l�Z�\ �g�Z �\�h�^�Z�l�Z, �g�_�c�g�Z�l�Z �l�_�f�i�_�j�Z�l�m�j�Z �[�e�Z�]�h�i�j�b�y�l-
�k�l�\�Z�l �\�t�a�k�l�Z�g�h�\�y�\�Z�g�_�l�h �g�Z �i�k�b�o�h�_�f�h�p�b�h�g�Z�e�g�h�l�h 
�k�t�k�l�h�y�g�b�_. �H�[�_�f�t�l �g�Z �k�l�Z�l�b�y�l�Z �g�_ �i�h�a�\�h�e�y�\�Z �^�Z �k�_ 
�k�i�j�_�f �i�h�^�j�h�[�g�h �g�Z �=�J�< �i�Z�j�Z�f�_�l�j�b�l�_, �i�h�l�\�t�j�`�^�Z�\�Z�s�b 
�p�_�e�_�[�g�b�l�_ �k�\�h�c�k�l�\�Z �g�Z �l�h�\�Z �i�j�b�j�h�^�g�h �[�h�]�Z�l�k�l�\�h. �K�Z�f�h 

0,6

0,7

0,8

0,9

1

1 2 3

�B�a�k�e�_�^�\�Z�g�b �h�[�_�d�l�b
�I

�Z
�j�

Z
�f�

_�
l�j

�b, 
�h

�l�
g.�

_�
.̂

0,7

0,8

0,9

1

1,1

1 2 3

�B�a�k�e�_�^�\�Z�g�b �h�[�_�d�l�b

�:�
^�

Z
�i�

l�Z
�p

�b
�h

�g
�g

�b
 �j

�_
�k

�m
�j�

k�
b �g

�Z 
�q

�h
�\�

_�
d�

Z, �
m

�k
�e.�_

�.̂
 



BulTrans-2018 Conference Proceedings  Sozopol, 15-17 September 2018 

 58  

�s�_ �h�l�[�_�e�_�`�b�f, �q�_ �^�Z�`�_ �k�e�_�^ �_�^�g�h�d�j�Z�l�g�Z �i�j�h�p�_�^�m�j�Z 
(�i�e�m�\�Z�g�_ �\ �[�Z�k�_�c�g�Z 10 �f�b�g�m�l�b), �k�_ �m�\�_�e�b�q�Z�\�Z�l �Z�^�Z�i�l�Z-
�p�b�h�g�g�b�l�_ �j�_�k�m�j�k�b �g�Z �h�j�]�Z�g�b�a�f�Z �k 20-35% �\ �a�Z�\�b�k�b-
�f�h�k�l �h�l �\�t�a�j�Z�k�l�l�Z �b �i�h�e�Z �g�Z �q�h�\�_�d�Z. 

 

�N�b�]. 3. �B�a�f�_�g�_�g�b�_ �g�Z �Z�^�Z�i�l�Z�p�b�h�g�g�b�l�_ �j�_�k�m�j�k�b (�e�b�g�b�y�l�Z �k 
�l�h�q�d�b) �b �_�g�l�j�h�i�b�y�l�Z �g�Z �[�b�h�k�b�k�l�_�f�Z�l�Z �\ �h�[�_�d�l�b�l�_: �D�Z�k�d�Z�^�_�g 
�\�h�^�h�i�Z�^ – 1; �\�o�h�^�Z �\ �i�Z�j�d�h�\�Z�l�Z �a�h�g�Z �F�Z�Z�j�Z�l�Z – 2; �i�e�h�s�Z�^�Z 
�g�Z �k�_�e�h�l�h – 3; �^�\�h�j�Z �g�Z �m�e. „�D. �K�l�h�c�d�h�\” 22 – 4; �k�]�j�Z�^�Z�l�Z �g�Z 
�d�f�_�l�k�l�\�h�l�h – 5; �d�t�s�Z�l�Z �g�Z �m�e. „�D. �K�l�h�c�d�h�\” 22 – 6. 

5 �B�a�\�h�^�b 

�G�Z �h�k�g�h�\�Z�l�Z �g�Z �i�h�k�l�b�]�Z�g�Z�l�h�l�h �h�l �o�j�h�f�h�f�_�^�b�p�b�g�Z�l�Z 
�k�l�Z�\�Z �\�t�a�f�h�`�g�h �g�Z�i�t�e�g�h �^�Z �k�_ �h�k�t�s�_�k�l�\�b �i�j�b�g�p�b�i�t�l 
�g�Z �i�_�j�k�h�g�Z�e�b�a�Z�p�b�y �\ �i�j�_�\�_�g�p�b�y�l�Z �b �\�t�a�k�l�Z�g�h�\�y�\�Z�g�_�l�h 
�g�Z �i�k�b�o�h�k�h�f�Z�l�b�q�g�b�l�_ �k�b�k�l�_�f�b.  

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

�D�j�m�r�m�g�k�d�b�y�l �d�j�Z�c �_ �b�a�d�e�x�q�b�l�_�e�g�h �i�h�^�o�h�^�y�s �a�Z 
�\�t�a�k�l�Z�g�h�\�y�\�Z�g�_ �g�Z �i�k�b�o�h�k�h�f�Z�l�b�q�g�h�l�h �k�t�k�l�h�y�g�b�_ �g�Z 
�[�Z�a�Z�l�Z �g�Z �o�j�h�g�h�n�b�a�b�h�l�_�j�Z�i�b�y �g�Z �o�h�j�Z, �a�Z�_�l�b �\ �d�j�b�l�b�q-
�g�b �i�j�h�b�a�\�h�^�k�l�\�Z, �b�a�b�k�d�\�Z�s�b �h�k�h�[�_�g�h �\�g�b�f�Z�g�b�_ �b 
�k�l�Z�[�b�e�g�Z �i�k�b�o�b�d�Z (�Z�\�b�Z�p�b�y, �d�h�k�f�h�g�Z�\�l�b�d�Z, �h�i�_�j�Z�l�h�j�b 
�\ �:�?�P �b �l.�g.). 

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

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

�B�a�k�e�_�^�\�Z�g�_�l�h �_ �n�b�g�Z�k�b�j�Z�g�h �i�h �i�j�h�_�d�l „ �B�a�k�e�_�^�\�Z�g�_ �g�Z �]�Z�a�h-
�j�Z�a�j�y�^�g�Z�l�Z �\�b�a�m�Z�e�b�a�Z�p�b�y �b �g�_�c�g�Z�l�Z �i�j�b�e�h�`�g�h�k�l �\ �f�Z�l�_�j�b�Z-
�e�h�a�g�Z�g�b�_�l�h, �f�_�^�b�p�b�g�Z�l�Z, �_�d�h�e�h�]�b�y�l�Z �b �j�Z�k�l�_�g�b�_�\�t�^�k�l�\�h�l�h“. 
�I�j�h�_�d�l �G�K�I-2, �h�l 12.05.2018 �].  
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Personalized preventive 
chronomedicine as an effective tool for 
rehabilitation and prophylaxis of 
disorders in the psychosomatic 
condition of the operators of ergatic 
systems 

Gennadii Maklakov1, and Nadegda Georgieva 

1Space Research and Technology Institute of Bulgarian 
Academy of Sciences, Sofia, Bulgaria 
 
Abstract.  The article discusses methods for the 
application of chronomedicine for the purpose of 
rehabilitation and prophylaxis of the psycho-
physiological state of the transport workers. The ability 
the method gas-discharge visualization can be applied to 
select an optimal strategy for the rehabilitation based on 
chronomedicine is demonstrated. 
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Abstract.  The frequent charging is needed for the extension of the range of the electric and hybrid electric 
vehicles. This paper proposes to robotize the charging process to insure additional comfort for the customers. 
This article links the technologies and the methods of the robotics to the recharging of the high voltage 
batteries of the vehicles. Different levels of automated driving and technologies are introduced. This article 
develops a method for tracking of objects using video camera as a sensor, Raspberry PI as computing 
hardware and algorithm for data processing. The camera detects the obstacles in the robot environment. The 
images are processed and analysed by an especially developed algorithm. The data treatment algorithm is 
introduced and explained. The algorithm is coded under Python. The computation power is delivered by the 
Raspberry PI component. The performances of the tracking technology are evaluated. The article concludes 
that they are sufficient for the robot environment. 

1 Introduction  

According to the ERTRAC report [1] the automated 
driving is determined as one of the main technologies and 
key technological advancements for the future mobility 
services. The expectations related to the automated 
driving are safety, efficiency and emission reduction 
through a smoother traffic, comfort enable users to have 
other activities when the automated systems have the 
control of the driving. The automated driving is 
considered as a process taking place in parallel with other 
important evolutions such as the electrification of the 
powertrains, the multiplication of the mobility offers. 
According to the ERTRAC report in 2050, vehicles 
should have bigger proportion of electrification of the 
drive train, automated and shared. SAE J3016 defines the 
levels of automated driving. The systems for automated 
passenger cars are defined in two principal categories: 
automated parking assistance and automated driving 
assistance. Fig. 1 introduces the repartition of different 
levels. The sensors of automated and connected vehicles 
are source of data. The road infrastructure sensors provide 
as well information. This big amount of real-life traffic 
data can be analysed to enhance the rapid growth and 
development of smart road technologies and automated 
driving systems, enable much wider applications such as 
taxi services, car sharing, or find a parking spots service. 
In combination with big traffic Data Artificial Intelligence 
(AI) techniques, such as machine learning, including deep 
learning, have a key role in both data and development of 
Artificial Intelligence automated driving functions 
applications. Artificial Intelligence techniques are needed 
for analysing and annotating the collected Big Data and 
convert it to useful information. 

 

Fig. 1. The automated driving development path for passenger 
cars [1]. 

The sensors are used for different automated driving 
functions. One can distinguish the following types of 
sensors: ultrasonic sensors, video camera, lidars, radars. 
The applications of the sensors differ according to the 
function adaptivity. The ultrasonic sensors and video 
camera are largely used. Their range of action is small- 
from some centimetres to some meters. Lidars and radars 
are technologies that are more sophisticated. They have 
longer range for detection. 

According to [2] autonomous driving technology 
pledges safety, convenience, and energy efficiency. The 
authors introduce a control and planning architecture for 
Connected and automated vehicles, and surveys the state 
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of the art on each functional block therein; the main focus 
is on techniques to improve energy efficiency. The 
reference [2] provides an overview of existing algorithms 
and their mutual interactions.  

The research and development on highly autonomous 
driving is done to replace the driver's actions with robotic 
functions [3]. The first levels were dedicated to  assistance 
systems: as speed regulation, obstacle collision avoidance 
or mitigation (Automatic Emergency Braking), vehicle 
stability control, lane keeping or lane departure 
avoidance. Partially automated driving requires co-pilot 
applications (which replace the driver on his all driving 
tasks) involving a combination of the above methods, 
algorithms and architectures The reference [3] provides 
an overview on reliability and robustness issues related to 
the sensors.  

The authors provide in [4] an overview of necessary 
technologies for automated driving in future cities. They 
are related to in-car computing and data management, 
road side infrastructure, and cloud solutions. The high 
definition maps are one of the challenges and are core 
technologies for automated driving [4]. 

The automated vehicles are also electrified. Around 
2030 electric vehicles are expected to increase their 
market penetration and to bring evolution concerning the 
main technologies for energy storage and conversion, the 
drive train components and the energy management [5]. 
The industrialisation of those components on high scale 
and volume reduce the cost of the electrification and to its 
democratisation on all vehicles segments. Hybrid electric 
vehicles with different level of hybridisation are adapted 
for the different vehicles segments. They are designed for 
urban and peri-urban drives, and allow zero emissions 
drives from thank-to-wheels perspective for 25 km or 50 
km. Hybrid electric vehicles with ZEV modes are 
supported by incentives for circulation in the big cities 
centres. They will maximize the range in the 
performances offering at least 600 km on a single charge. 
The cost of these vehicles is high because of the high 
battery capacity on board. The significant battery capacity 
needs to be recharged with high power chargers. These 
cars are designed for long distances use, on the highways 
and their deployment is related to the deployment of the 
high speed chargers infrastructure all along the highways.  
Purely electric vehicles are pushed to compete with 
internal combustion engine vehicles one-on-one, where 
refilling takes place around once every week. Daily e-
charging would mean that drivers never have to stop at 
filling stations, except the rapid charging stations for the 
long way drives. Information and connectivity solutions 
that inform in real time the drivers for the availability and 
the location of the charging infrastructure, including the 
possibility to book and pay for charge points in different 
places is an important part of the solution.  

The novelty of the present study is the application of 
sensors and algorithms used in automated driving for the 
robotization of the charging systems. The vision function 
of the robot is selected for presentation in this article. The 
camera coming from the automated driving functions is 
selected and used for the vision and the localisation of the 
charging system of the vehicle. A simple video camera is 
used for the detection of the obstacles for a robotized 

charging system. The data treatment algorithm is present 
as well. The performances of the sensors and the data 
treatment algorithm are discussed. 

2 Methodology 

The charging of the vehicle is automated. A charging 
robot is sent to the vehicles to execute the operation. This 
means that the robot has to manage the environment, to 
detect the reference and to move until the charging target. 
The charging target is considered to be fixed. The robot 
has to execute the following operations: guidance to the 
vehicle’s target, detection of reference, detection of 
obstacles, proceeding and precise positioning of the robot. 
In this article the localisation and the distance 
measurement method is presented. Sensors coming from 
the automating driving technologies are used for the 
additional function of automated charging.  

2.1. Sensors and data processing  

Raspberry Pi is a computer which integer the hardware in 
one carte. This presents an excellent alternative for 
applications that need a computational power for the data 
processing. The environment of Raspberry Pi has been 
developed to be easy to use and for the development of 
softwares for the control of electronics, servers and others. 
An additional advantage is the capacity to communicate 
with the external environment, using the connection of 
sensors as cameras, for example. 

The overall objective of the research presented in [6] 
is to utilize Raspberry Pi as a key component of Building 
Monitoring System to Monitor the environmental 
parameters: Temperature, Barometric Pressure, humidity, 
Light etc; Raspberry Pi is also assessed in [7] as a low-
cost alternative for acquisition of near infrared 
hemispherical digital imagery.  

A novel approach in real-time vehicle detection and 
tracking using Raspberry Pi in presented in [8]. The paper 
proposes a video image processing algorithm to detect, 
track and find the vehicles on a road. The authors convert 
RGB video frame to HSV colour domain, to differentiate 
the colours of the vehicles. The algorithms are done under 
OpenCV and C++ and allow determining the number of 
vehicles running in a video or in a particular lane.  

In our research, the Raspberry Pi 3 model B is used as 
the brain of the robotized charging system. It is 
responsible to the sensors for robot movement and for the 
major part of the communication between the robot and 
its base. 

For programming the Raspberry Pi, the Python 
language was chosen because this language allows the 
programmer to express his ideas in some lines of code and 
is an excellent language for rapid prototyping. Another 
important advantage is that it offers all the features that 
make it possible to use third-party libraries written in 
other languages as well as external programs. This gives 
us two advantages: first, the code is as fast as the original 
C/C++ code, and also the ease of programming in Python. 
This is how OpenCV-Python works. 
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OpenCV is an open-source computer vision library. In 
addition to being very popular, it is an excellent library, 
allowing the development of good performance and 
professional solutions, even in real-time applications. 
The functional architecture diagram proposed for the 
robot is shown in Fig. 2. The Raspberry Pi, that is the main 
controller, will make a "master-slave" communication 
with a second controller. This controller will be 
responsible for controlling the drivers, motors and sensors 
linked to the recharging device. 

 

Fig. 2. Robot functional diagram. 

Distance sensing is extremely important in mobile 
robotics because it provides a basic entry to manage 
movement and to avoid obstacles. There are a number of 
sensors are popular for their ability to recover depth 
estimates: ultrasound, radar, lidar and camera. 

The basic principle of an ultrasonic sensor is to emit a 
packet of pressure waves and to measure the time required 
for this wave packet to reflect and return to the receiver. 
The sensor will detect objects directly in front of it. It can 
also detect objects diagonally with the transmitter [8]. A 
problem that should be taken into account is that the 
disturbances of the air can affect the propagation of the 
waves, by providing erroneous indications. Like all types 
of sensors, the ultrasonic sensor has a detection range. The 
difference is that it has a minimal distance for detection, 
because there is an area of uncertainty in which the reverb 
effects can disrupt the sensor's operation. Ultrasonic 
sensors used in automobiles have a detection range of  
30 cm to 5 m. 

The technique used in the Lidar sensor is similar to 
radar. Radar is based on the emission of radio waves and 
the detection of waves coming back from an object. 
Depending on the length and intensity of the reflected 
waves received, one can calculate the distance of an 
object, its size, its speed, and other variables. In the lidar, 
a similar process is done, but with the emission of pulses 
of light by a laser. The radar and lidar sensors used in the 
automotive applications have a detection range of up to 
150 m and a resolution of 10 cm. 

The camera is a high-level sensor that, if used 
properly, can be used to interpret the environment where 
the robot is located. A fundamental constraint with the use 
of camera for movement is that its use makes telemetry 
relatively difficult. The vision device reduces the 3D 
world to a 2D image plane, thereby losing depth 
information. If one can make strong assumptions about 
the size of objects in the world, or their colour and their 
particular reflectivity, then one can directly interpret the 
appearance of the 2D image to retrieve the depth [8]. This 
strategy is used in this study.  
 

3 Strategy and reference of movement 

The proposed strategy is to use a known reference to guide 
the robot to the vehicle. This reference may be a line in 
the ground or an object in the environment (Fig. 3). An 
important detail concerns the colours chosen for reference 
and brightness. Regarding the ambient brightness, no 
guess can be made about it, so it will be necessary, a 
calibration step of the camera before starting the 
movement. 

 

 

Fig. 3. Reference system options. 

 
Different camera models are available on the market, 

and some are fully targeted for depth measurement, as in 
the case of the stereo camera. However, this study aims to 
create a cheap but potent vision system. So, it is used a 
camera that is a simple 5-megapixel adjustable focus 
sensor. For this reason, research has been done on motion 
detection and tracking techniques and algorithms that use 
simple cameras. The camera will be responsible to detect 
the reference that will guide the robot. It is then necessary 
that the image-processing algorithm can recognize the 
reference and detect any obstacles. In addition, it is 
necessary to link the information from the image 
processing with the navigation of the robot. The image 
processing has simple techniques such as the detection of 
shapes and colours, and as complex as the recognition of 
objects and their trajectories. For the robot the technique 
of identification of shapes, colours, measurement of 
distance and detection of objects, will be used. 

Fig. 4 shows the robot usage scenario. The red dots in 
the figure are "blocks" that are used as a reference for the 
movement of the robot. Then in this scenario the reference 
blocks have the colour and known positions, as well the 
position of the parking spaces. 
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Fig. 4. Scenario of use. 

The flowchart in Fig. 5 shows the logic of the system. 
The customer requests the recharge. The necessary 
information is sent to the robot, such as: the position that 
the vehicle is parked, the charging time, etc. After the 
calibration stage of the camera, the robot begins its 
movement to the target vehicle. When the vehicle-
recharging device is detected, recharging begins. Once the 
recharge is completed, the robot returns back. 

 

Fig. 5. Flowchart. 

4 Application and Results 

In this study, algorithms have been developed for the 
Raspberry Pi camera module with the aim of making a 
simple, efficient guiding system. The camera module is 5 
megapixels with a focus of 6mm, with the possibility of 
adjustment. The optimal resolution of this module is at a 
resolution of 1080p. The first step in using computer 
vision is to use the OpenCV library. For this, it is 
necessary to install and configure OpenCV and Python on 
the operating system of the Raspberrry Pi. In this project, 
the Python3 and OpenCV3 versions were used. First, 
simple detection algorithms for testing camera and 
Raspberry Pi parameters have been tested. For this, the 
detection of lines, circles and basic geometric shapes have 
been implemented. 

4.1 Tracking and distance measurement  

As the available sensor is a single-eye camera, it is 
necessary to make assumptions in the robot's working 
environment. As well as an initial calibration step before 
starting the movement. The format and colour of the 
blocks are already known, it is possible to use them for 
calibration and as a reference for the movement.  

In order to build a good algorithm, one has to 
understand what characteristics can be used to make the 
tracking robust and accurate. The use of colour, or more 
precisely the "colour space" of the object, is a good 
strategy for detection [9]. A colour histogram is a 
representation of the colour distribution of an image. On 
the X axis are represented colour values, and on the Y axis 
we have the number of pixels corresponding to the colour 
values. 

To analyse the histogram of the original image in RGB 
format, it is necessary to switch to HSV format. This 
makes it possible to find the desired colour in the image 
by using the "threshold" function, which takes the value 
of the pixel 255, that is to say white, if the pixel has the 
chosen colour, and 0 otherwise. 

As the position and shape of the reference are known, 
for the calibration phase of the camera, it is necessary to 
guarantee the value of the reference color in terms of 
HSV, as this value can change depending on the 
brightness. Then, the first step is to detect the outline of 
the reference, then define that the current value of the 
color is equal to the reference value. With the updated 
color value, the detection function is also updated and the 
robot can start the movement. Thus, the reference 
detection function essentially consists of detecting the 
contours present in the frame, then the shape, and 
detecting the color present in the desired shape. 

To perform the shape detection, the contour 
approximation was used. It is an algorithm to reduce the 
number of points on a curve with a reduced set of points. 
The contour approximation is based on the assumption 
that a curve can be approximated by a series of short line 
segments. This algorithm is implemented in OpenCV 
through the cv2.approxPolyDP method. The contour of 
the element consists of a list of vertices. Then according 
to the number of vertices present in the contour, it is 
possible to determine the shape of the object. Then to 
identify that the contour is a rectangle or a square, it must 
have four vertices.  

The function of measuring the distance between the 
robot and the reference uses the expression 1, which uses 
the concept of triangle similarity. This relationship links 
the focus of the camera to the reference measurement and 
the reference measurement in the current frame. 

 
pixelsin idth Apparent w
distance Focal widthActual

Distance
�u

�  (1) 

The actual width is the actual size of the reference. The 
apparent size is its size in pixels in the current frame. The 
focal length is a camera parameter. In this project a red 
block was used, that has a section of 25 cm of width and 
40 of height. Therefore, the actual width of the reference 
is 25 cm. Fig. 6 shows the distance between the object and 
the camera. The principal limitation of this method is that 
is necessary to have a straight-on view of the object to be 
detected. As the viewpoint becomes angled, it distorts the 
calculation of the bounding shape and thus the overall 
returned distance. However, in the case of the robot, it will 
always have a front and perpendicular view of the 
reference. 
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Fig. 6. Tracking the reference. 

In the robot use strategy shown in Fig. 4, the distance 
between the references blocks is about 2,5 m. The Table 1 
shows some of the distance measurements taken between 
the reference and the camera. 

Table 1. Distance measures. 

Actual distance  
(cm) 

Measured distance  
with camera (cm) 

Error  
(cm) 

50 50,23  0,23  
100 101,40 1,40 
150 151,87 1,87 
200 203,54 3,54 
250 254,96 4,96 

As the distance increases, the measurement error 
increases. The farther the reference is from the camera, 
and the lower its resolution, the less accurate the 
measurement will be. This is because the larger the 
distance, the smaller the amount of pixels used to 
represent the reference. This is why there is a fluctuation 
in the number of pixels of the reference width. The robot 
shell be used in an operating parameter of one or two 
meters.  

4.2 Obstacle detection 

The obstacle detection function monitors the region of the 
reference, which is the area where the robot moves. If 
something is detected in that region, the robot stops its 
movement and waits a few seconds. That way, if it is a 
dynamic obstacle, it will leave the monitoring area of the 
camera, and after that the robot will continue its 
movement. If it is a static obstacle, the obstacle handling 
function is launched. It consists of the extent of the 
obstacle and the determination of its position according to 
the reference. With this information, the robot can 
maneuver to get around the obstacle. The Figure 7a shows 
the detection of the reference and the nearby object. In the 
configuration of this function, it is necessary to establish 
the obstacle detection area, and this area depends on the 
size of the robot. The obstacle handling function uses the 
reference to measure the size of the obstacle detected. In 
this way, the function returns the size and location of the 
obstacle. Measuring the size of objects in an image is 
similar to calculating the distance between the camera and 
the reference. To determine the size of an object in an 
image, is needed to perform a "calibration". A reference 
object is used for that. Our reference object must have two 
important properties: the dimensions of this object (in 
terms of width or height) have to be known in a 
measurable unit; and, the reference object must be easily 
identified in the frame. 

The set of images in Fig. 7 shows the obstacle 
detection and measurement. The obstacle contour is made 
according to the size of the obstacle. In the case of the 
robot, the important dimension to make the obstacle 
contour maneuver is the width. Figure 7b and Figure 7c 
shows the identification of the obstacle and the 
measurement of its width. 

a)  

b)  

c)  

Fig. 7. Obstacle detection and measurement. 

5 Conclusion 

The development of electric mobility is a reality of today's 
society. The development process is complex and 
dependent on many factors. The acceptance of the electric 
vehicle will be achieved with the improvement of its 
autonomy, speed and ease of recharging. Robotic 
charging offers many advantages over conventional 
recharging. In particular, because of the ease of use. The 
solution using a mobile robot gives this charging system 
the freedom of installation in several different scenarios 
of use. However, it is necessary that the system is 
intelligent enough that the position of the robot is always 
known. The use of a simple camera in this project involves 
the installation of references in the robot's workspace, to 
carry out the navigation of the robot. The use of the 
camera and the development of the code using this device, 
besides the advantages related to the use of the camera 
with the treatment of obstacles and recognition of the 
reference. The results obtained with the camera for 
distance measurement show that estimation errors 
increase with increasing distance. However, for the 
operating distance of the robot, the measurements made 
are acceptable for the guiding system.  
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This study presented a possibility to control the 
movement of the robot using a physical reference. The 
tests carried out have shown that this strategy is effective. 
For the rest of this project, it will be interesting to create 
and implement a classifier to recognize the reference in 
different environments, which will bring more reliability 
to image processing. 
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�b�a�k�e�_�^�\�Z�g�_. �< �j�Z�[�h�l�b�l�_ �k�_ �i�j�_�^�k�l�Z�\�y�l �i�Z�j�Z�f�_�l�j�b�l�_, �h�l �d�h�b�l�h �a�Z�\�b�k�y�l �k�h�[�k�l�\�_�g�b�l�_ �q�_�k�l�h�l�b �b �n�h�j�f�b 
�g�Z �l�j�_�i�l�_�g�_ �g�Z �i�g�_�\�f�Z�l�b�q�g�Z�l�Z �]�m�f�Z. �I�h�d�Z�a�Z�g �_ �g�Z�q�b�g�t�l �g�Z �\�t�a�^�_�c�k�l�\�b�_ �g�Z �l�j�_�i�l�_�g�b�y�l�Z �\ �e�_�d 
�Z�\�l�h�f�h�[�b�e �\�t�j�o�m �q�h�\�_�r�d�h�l�h �l�y�e�h. �P�_�e�l�Z �g�Z �j�Z�[�h�l�Z�l�Z �_ �^�Z �k�_ �h�[�h�[�s�y�l �b�a�\�_�k�l�g�b�l�_ �a�g�Z�g�b�y, �h�i�j�_�^�_�e�y�s�b 
�i�Z�j�Z�f�_�l�j�b�l�_ �k�\�t�j�a�Z�g�b �k �l�j�_�i�l�_�g�b�y �g�Z �i�g�_�\�f�Z�l�b�q�g�Z�l�Z �]�m�f�Z �h�l �j�Z�^�b�Z�e�_�g �l�b�i �b �l�y�o�g�h�l�h �i�j�_�^�Z�\�Z�g�_ �d�t�f 
�h�d�Z�q�\�Z�g�_�l�h �b �d�Z�j�h�k�_�j�b�y�l�Z �g�Z �Z�\�l�h�f�h�[�b�e�Z.�<�t�\�_�^�_�g�b�_ 

1 �<�t�\�_�^�_�g�b�_ 

�I�j�b �k�\�h�_�l�h �^�\�b�`�_�g�b�_ �Z�\�l�h�f�h�[�b�e�t�l �\�t�a�i�j�b�_�f�Z �i�t�l�g�b-
�l�_ �f�b�d�j�h�g�_�j�Z�\�g�h�k�l�b �b �]�j�Z�i�Z�\�b�g�b �q�j�_�a �i�g�_�\�f�Z�l�b�q�g�Z�l�Z 
�]�m�f�Z (�I�=) �b �k�t�a�^�Z�e�b�l�_ �k�_ �l�j�_�i�l�_�g�b�y �k�_ �i�j�_�^�Z�\�Z�l �d�t�f 
�_�e�_�f�_�g�l�b�l�_ �g�Z �h�d�Z�q�\�Z�g�_�l�h. �Q�j�_�a �\�j�t�a�d�b�l�_ �k �d�Z�j�h�k�_-
�j�b�y�l�Z �g�Z �Z�\�l�h�f�h�[�b�e�Z, �l�_ �^�h�k�l�b�]�Z�l �^�h �`�b�a�g�_�g�h�l�h �f�m 
�i�j�h�k�l�j�Z�g�k�l�\�h (�i�j�h�k�l�j�Z�g�k�l�\�h �h�[�b�l�Z�\�Z�g�h �h�l �q�h�\�_�d�Z). 
�<�h�^�Z�q�t�l �b �i�t�l�g�b�p�b�l�_ �\�t�a�i�j�b�_�f�Z�l �k�m�[�_�d�l�b�\�g�h �l�j�_�i�l�_-
�g�b�y�l�Z �b �r�m�f�Z. �I�j�Z�\�b�e�g�b�y�l �b�a�[�h�j �g�Z: �_�e�Z�k�l�b�q�g�b �b 
�^�_�f�i�n�b�j�Z�s�b �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �g�Z �_�e�_�f�_�g�l�b�l�_ �h�l 
�h�d�Z�q�\�Z�g�_�l�h (�Z�f�h�j�l�b�k�v�h�j, �i�j�m�`�b�g�Z), �f�_�l�Z�e�g�b �_�e�_�f�_�g�l�b 
(�i�j�t�l�b, �q�_�j�m�i�d�b, �i�e�h�q�b) �b �i�g�_�\�f�Z�l�b�q�g�b �]�m�f�b, �f�h�`�_ �^�Z 
�i�h�^�h�[�j�b �d�h�f�n�h�j�l�Z �g�Z �Z�\�l�h�f�h�[�b�e�Z �b�a�j�Z�a�_�g �\ �r�m�f �b 
�\�b�[�j�Z�p�b�b. �L�h�\�Z �\�h�^�b �^�h �g�Z�f�Z�e�y�\�Z�g�_ �m�f�h�j�Z�l�Z �g�Z �\�h�^�Z�q�Z 
�b �i�t�l�g�b�p�b�l�_. �< �a�Z�\�b�k�b�f�h�k�l �h�l �d�e�Z�k�Z �g�Z �Z�\�l�h�f�h�[�b�e�Z 
�\�b�[�j�h-�Z�d�m�k�l�b�q�g�b�l�_ �i�h�d�Z�a�Z�l�_�e�b �\ �g�_�]�h�\�h�l�h �`�b�a�g�_�g�h 
�i�j�h�k�l�j�Z�g�k�l�\�h �k�Z �j�Z�a�e�b�q�g�b. 

�< �a�Z�\�b�k�b�f�h�k�l �h�l �q�_�k�l�h�l�Z�l�Z �g�Z �l�j�_�i�l�_�g�b�y�l�Z �j�Z�a�e�b�q�Z-
�\�Z�f�_ �k�e�_�^�g�b�l�_ �q�_�k�l�h�l�g�b �a�h�g�b: 
• �k�h�[�k�l�\�_�g�b �q�_�k�l�h�l�b �g�Z �l�j�_�i�l�_�g�_ �g�Z �i�h�^�j�_�k�h�j�_�g�b�l�_ 

�f�Z�k�b – �h�l 0,5 �^�h 5 Hz; 
• �k�h�[�k�l�\�_�g�b �q�_�k�l�h�l�b �g�Z �l�j�_�i�l�_�g�_ �g�Z �g�_�i�h�^�j�_�k�h�j�_�g�b�l�_ 

�f�Z�k�b – �h�l 5 �^�h 25 Hz; 
• �k�h�[�k�l�\�_�g�b �q�_�k�l�h�l�b �g�Z �l�j�_�i�l�_�g�_ �^�t�e�`�Z�s�b �k�_ �g�Z 

�j�Z�[�h�l�Z�l�Z �g�Z �>�<�= – �h�l 25 �^�h 60 Hz; 
• �k�h�[�k�l�\�_�g�b �q�_�k�l�h�l�b �g�Z �l�j�_�i�l�_�g�_ �g�Z �i�g�_�\�f�Z�l�b�q�g�Z�l�Z 

�]�m�f�Z, �i�j�b �\�a�Z�b�f�h�^�_�c�k�l�\�b�_�l�h �c �k �i�t�l�y – �g�Z�^ 50 Hz. 
�B�f�Z �^�\�Z �g�Z�q�b�g�Z, �i�h �d�h�b�l�h �r�m�f �^�h�k�l�b�]�Z �^�h �`�b�a�g�_-

�g�h�l�h �i�j�h�k�l�j�Z�g�k�l�\�h �g�Z �Z�\�l�h�f�h�[�b�e�Z (�N�b�]. 1). �I�t�j�\�h, 

�\�b�[�j�Z�p�b�b�l�_ �g�Z �i�Z�g�_�e�b�l�_ �g�Z �d�Z�j�h�k�_�j�b�y�l�Z �i�j�_�^�b�a�\�b�d�\�Z�l 
�Z�d�m�k�l�b�q�_�g �r�m�f �\ �`�b�a�g�_�g�h�l�h �i�j�h�k�l�j�Z�g�k�l�\�h (�f�_�f�[�j�Z-
�g�_�g �_�n�_�d�l). �L�h�a�b �r�m�f �k�_ �g�Z�j�b�q�Z �k�l�j�m�d�l�m�j�_�g �b�e�b 
�\�t�l�j�_�r�_�g �r�m�f �b �h�k�g�h�\�g�b�l�_ �f�m �b�a�l�h�q�g�b�p�b �k�Z 
�^�\�b�]�Z�l�_�e�y �b �\�a�Z�b�f�h�^�_�c�k�l�\�b�_�l�h �f�_�`�^�m �]�m�f�Z�l�Z �b �i�t�l�y 
[1]. �K �g�Z�\�e�b�a�Z�g�_�l�h �g�Z �_�e�_�d�l�j�h�f�h�[�b�e�b�l�_, �\�a�Z�b�f�h�^�_�c-
�k�l�\�b�_�l�h �f�_�`�^�m �]�m�f�Z�l�Z �b �i�t�l�y �h�k�l�Z�\�Z �h�k�g�h�\�_�g �b�a�l�h�q�g�b�d 
�g�Z �\�t�l�j�_�r�_�g �r�m�f. �<�l�h�j�h, �r�m�f �f�h�`�_ �^�Z �\�e�_�a�_ �\ 
�`�b�a�g�_�g�h�l�h �i�j�h�k�l�j�Z�g�k�l�\�h �i�j�_�a �f�_�k�l�Z �k �e�h�r�Z �b�a�h�e�Z�p�b�y 
�f�_�`�^�m �d�Z�j�h�k�_�j�b�y�l�Z �b �\�t�g�r�g�Z�l�Z �k�j�_�^�Z (�g�Z�i�j�b�f�_�j, �i�j�b 
�m�i�e�t�l�g�_�g�b�y�l�Z �g�Z �\�j�Z�l�b�l�_ �b �i�j�h�a�h�j�p�b�l�_). �L�h�a�b �r�m�f �k�_ 
�j�Z�a�i�j�h�k�l�j�Z�g�y�\�Z �\�t�\ �\�t�a�^�m�r�g�Z�l�Z �k�j�_�^�Z �b �k�_ �g�Z�j�b�q�Z 
�\�t�g�r�_�g �r�m�f. 

�< �?�\�j�h�i�_�c�k�d�b�y �k�t�x�a �_ �i�j�b�_�l�Z �g�Z�j�_�^�[�Z �a�Z �\�t�g�r�g�b�y 
�r�m�f �g�Z �i�j�_�\�h�a�g�b�l�_ �k�j�_�^�k�l�\�Z [2], �d�h�y�l�h �k�_ �k�t�k�l�h�b �\ �g�h�\ 
�f�_�l�h�^ �a�Z �b�a�f�_�j�\�Z�g�_ �g�Z �r�m�f�Z �b �g�Z�f�Z�e�y�\�Z�g�_�l�h �g�Z 
�g�_�]�h�\�b�l�_ �]�j�Z�g�b�q�g�b �k�l�h�c�g�h�k�l�b. �A�Z �i�j�_�\�h�a�g�b �k�j�_�^�k�l�\�Z 
�d�Z�l�_�]�h�j�b�y �F1�Z, �d�h�y�l�h �i�j�_�^�k�l�Z�\�e�y�\�Z �i�h�\�_�q�_�l�h �e�_�d�b 
�Z�\�l�h�f�h�[�b�e�b �\ �_�d�k�i�e�h�Z�l�Z�p�b�y, �]�j�Z�g�b�p�b�l�_ �k�Z �g�Z�f�Z�e�_�g�b 
�g�Z 72 dB �i�j�_�a 2016, �b �l�j�y�[�\�Z �^�Z �i�Z�^�g�Z�l �^�h 68 dB �i�j�_�a 
2024. �I�h�\�_�q�_ �h�l �i�h�e�h�\�b�g�Z�l�Z �Z�\�l�h�f�h�[�b�e�b �\ �_�d�k�i�e�h�Z-
�l�Z�p�b�y �g�_ �h�l�]�h�\�Z�j�y�l �g�Z �[�t�^�_�s�b�l�_ �b�a�b�k�d�\�Z�g�b�y. 

�< �^�h�i�t�e�g�_�g�b�_ �d�t�f �r�m�f�Z, �\�h�^�Z�q�t�l �m�k�_�s�Z �\�b�[�j�Z�p�b�b 
�\ �k�_�^�Z�e�d�Z�l�Z, �i�h�^�h�\�b�l�_ �i�Z�g�_�e�b �b �\�h�e�Z�g�Z. �< �a�Z�\�b�k�b�f�h�k�l 
�h�l �Z�f�i�e�b�l�m�^�Z�l�Z �b �q�_�k�l�h�l�Z�l�Z, �l�_�a�b �l�j�_�i�l�_�g�b�y �f�h�]�Z�l �^�Z 
�k�g�b�`�Z�l �d�h�f�n�h�j�l�Z �g�Z �\�h�^�Z�q�Z �b �i�t�l�g�b�p�b�l�_. �L�j�_�i�l�_�g�b�y�l�Z 
�k�_ �\�t�a�i�j�b�_�f�Z�l �d�Z�l�h �g�Z�c-�g�_�d�h�f�n�h�j�l�g�b �\ �q�_�k�l�h�l�g�Z�l�Z 
�h�[�e�Z�k�l 4-8 Hz �b�e�b �i�j�b �q�_�k�l�h�l�Z �i�h� ̂ 1 Hz, �d�t�^�_�l�h �k�_ 
�i�h�y�\�y�\�Z �k�\�_�l�h�\�t�j�l�_�` �b �l.�g�Z�j. �f�h�j�k�d�Z �[�h�e�_�k�l. �G�_�]�Z�l�b�\-
�g�h �\�e�b�y�g�b�_ �\�t�j�o�m �\�t�a�i�j�b�y�l�b�y�l�Z �g�Z �\�h�^�Z�q�Z �b�f�Z 

�B. �>�`�i�k�^�c�`�], �I�j�_�]�e�_�^ �g�Z �l�_�h�j�_�l�b�q�g�b �b �_�d�k�i�_�j�b�f�_�g�l�Z�e�g�b �b�a�k�e�_�^�\�Z�g�b�y, �k�\�t�j�a�Z�g�b �k �l�j�_�i�l�_�g�b�y�l�Z �g�Z �i�g�_�\�f�Z�l�b�q�g�Z�l�Z �]�m�f�Z �b �l�y�o�g�h�l�h �\�e�b�y�g�b�_ �\�t�j�o�m �h�d�Z�q�\�Z�g�_�l�h 
�g�Z �e�_�d �Z�\�l�h�f�h�[�b�e 
Z. Georgiev, Overview of theoretical and experimental studies related to tire vibrational behaviour and its effect on the suspension of a passenger car 
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�i�j�_�f�_�k�l�\�Z�g�_�l�h �g�Z �h�[�j�Z�a�Z �\ �j�_�l�b�g�Z�l�Z �g�Z �h�d�h�l�h, �d�Z�l�h 
�j�_�a�m�e�l�Z�l �h�l �l�j�_�i�l�_�g�b�y�l�Z. �D�h�]�Z�l�h �h�[�_�d�l�Z �b�e�b �h�d�h�l�h 
�l�j�_�i�l�b �k �q�_�k�l�h�l�Z �i�h-�f�Z�e�d�h �h�l 1 Hz, �h�d�h�l�h �f�h�`�_ �^�Z 
�k�e�_�^�\�Z �^�\�b�`�_�g�b�_�l�h �b �d�Z�j�l�b�g�Z�l�Z �_ �y�k�g�Z. �I�j�h�[�e�_�f�b 
�\�t�a�g�b�d�\�Z�l �i�j�b �q�_�k�l�h�l�b �g�Z�^ 3Hz, �d�h�]�Z�l�h �k�e�_�^�\�Z�g�_�l�h �g�Z 
�h�[�_�d�l�Z �k�l�Z�\�Z �l�j�m�^�g�h �b �d�Z�j�l�b�g�Z�l�Z �\ �h�d�h�l�h �k�l�Z�\�Z �g�_�y�k�g�Z. 
�K�\�t�j�a�Z�g�b �k �q�h�\�_�r�d�h�l�h �a�^�j�Z�\�_ �g�Z�c-�h�i�Z�k�g�b �k�Z �l�j�_�i�l�_-
�g�b�y�l�Z �k �q�_�k�l�h�l�b 45-100 Hz [3], �k �Z�f�i�e�b�l�m�^�b �g�Z�^ 100 µm 
(�N�b�]. 2). 

 

�N�b�]. 1. �>�b�Z�]�j�Z�f�Z �g�Z �j�Z�a�i�j�h�k�l�j�Z�g�_�g�b�_ �g�Z �r�m�f�Z, �i�j�_�^�b�a�\�b-
�d�Z�g �h�l �\�a�Z�b�f�h�^�_�c�k�l�\�b�_�l�h �f�_�`�^�m �i�g�_�\�f�Z�l�b�q�g�Z�l�Z �]�m�f�Z �b 
�i�t�l�y [1]. 

 

�N�b�]. 2. �=�j�Z�g�b�q�g�b �k�l�h�c�g�h�k�l�b �g�Z �\�_�j�l�b�d�Z�e�g�b�l�_ �m�k�d�h�j�_�g�b�y �g�Z 
�i�h�^�j�_�k�h�j�_�g�Z �f�Z�k�Z �a�Z �h�i�j�_�^�_�e�y�g�_ �d�h�f�n�h�j�l�Z �\ �Z�\�l�h�f�h�[�b�e [4]. 

�I�h�^�h�[�j�y�\�Z�g�_�l�h �g�Z �\�b�[�j�h-�Z�d�m�k�l�b�q�g�b�l�_ �i�h�d�Z�a�Z�l�_�e�b 
�g�Z �Z�\�l�h�f�h�[�b�e�Z �b �g�_�]�h�\�b�l�_ �d�h�f�i�h�g�_�g�l�b �b�a�b�k�d�\�Z 
�a�Z�^�t�e�[�h�q�_�g�h �i�h�a�g�Z�g�b�_ �g�Z �j�Z�a�e�b�q�g�b�l�_ �b�a�l�h�q�g�b�p�b �g�Z 
�r�m�f �b �l�j�_�i�l�_�g�b�y, �b �f�_�l�h�^�t�l �g�Z �i�j�_�^�Z�\�Z�g�_ �g�Z 
�d�h�g�k�l�j�m�d�l�b�\�g�Z�l�Z �b �Z�d�m�k�l�b�q�g�Z �_�g�_�j�]�b�y �\ �d�Z�j�h�k�_�j�b�y�l�Z. 

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

2 M�h�^�_�e�g�h �b�a�k�e�_�^�\�Z�g�_ �g�Z 
�l�j�_�i�l�_�g�b�y�l�Z �g�Z �i�g�_�\�f�Z�l�b�q�g�b�l�_ �]�m�f�b 

�I�t�j�\�Z�l�Z �k�l�t�i�d�Z �d�t�f �h�i�b�k�Z�g�b�_�l�h �g�Z �k�l�j�m�d�l�m�j�g�b�l�_ 
�\�b�[�j�Z�p�b�b, �i�h�j�h�^�_�g�b �h�l �d�h�g�l�Z�d�l�Z �f�_�`�^�m �]�m�f�Z�l�Z �b �i�t�l�y, 
�_ �f�h�^�_�e�b�j�Z�g�_ �g�Z �k�b�k�l�_�f�Z�l�Z �]�m�f�Z-�d�h�e�_�e�h. �F�h�^�_�e�b�l�_ 
�a�Z�i�h�q�\�Z�l �h�l �i�j�h�k�l�b �^�b�k�d�j�_�l�g�b �f�h�^�_�e�b, �i�j�_�a �l�Z�d�b�\�Z �k 
�j�Z�a�i�j�_�^�_�e�_�g�b �i�Z�j�Z�f�_�l�j�b, �^�h �i�h�^�j�h�[�g�b, �h�[�_�^�b�g�y�\�Z�s�b 
�\ �k�_�[�_ �k�b �f�_�o�Z�g�b�q�g�b �b �Z�d�m�k�l�b�q�g�b �f�h�^�_�e�b, �b�a�i�h�e�a�\�Z�s�b 
�d�j�Z�c�g�b �_�e�_�f�_�g�l�b.  

�B�a�i�h�e�a�\�Z�g�b�y�l �f�h�^�_�e �a�Z�\�b�k�b �h�l �i�j�_�^�f�_�l�Z �g�Z �b�a�k�e�_�^-
�\�Z�g�b�y�l�Z. �F�h�^�_�e�b�l�_ „�l�\�t�j�  ̂ �i�j�t�k�l�_�g“ �h�i�b�k�\�Z�l �i�h�\�_�^�_-
�g�b�_�l�h �g�Z �]�m�f�Z�l�Z �^�h �q�_�k�l�h�l�Z �h�d�h�e�h 300 Hz �b �k�_ �b�a�i�h�e�a-
�\�Z�l �a�Z �h�p�_�g�d�Z �g�Z �d�h�f�n�h�j�l�Z. �F�h�^�_�e�b�l�_ �k �d�j�Z�c�g�b �_�e�_-
�f�_�g�l�b �f�h�]�Z�l �^�Z �h�i�b�r�Z�l �i�h�\�_�^�_�g�b�_�l�h �g�Z �]�m�f�Z�l�Z �\ �g�_�c-
�g�Z�l�Z �i�t�e�g�Z �q�_�k�l�h�l�g�Z �h�[�e�Z�k�l �b �k�_ �b�a�i�h�e�a�\�Z�l �a�Z �h�p�_�g�d�Z 
�g�Z �^�t�e�]�h�l�j�Z�c�g�h�k�l�l�Z �b �\�b�[�j�Z�p�b�h�g�g�b�l�_ �c �i�Z�j�Z�f�_�l�j�b. 

 

�N�b�]. 3. �>�b�k�d�j�_�l�_�g �f�h�^�_�e �g�Z �i�g�_�\�f�Z�l�b�q�g�Z �]�m�f�Z [5]. 

�< �j�Z�[�h�l�Z [5] �k�_ �i�j�_�^�k�l�Z�\�y �^�b�k�d�j�_�l�_�g �f�h�^�_�e �g�Z �i�g�_�\-
�f�Z�l�b�q�g�Z �]�m�f�Z. �I�Z�j�Z�f�_�l�j�b�l�_ �g�Z �f�h�^�_�e�Z �d�Z�l�h �f�Z�k�Z �b 
�d�h�_�n�b�p�b�_�g�l �g�Z �_�e�Z�k�l�b�q�g�h�k�l �k�Z �i�h�^�j�h�[�g�h �b�a�k�e�_�^�\�Z�g�b. 
�I�t�j�\�h, �f�Z�k�b�l�_ �g�Z �i�j�h�l�_�d�l�h�j�Z �b �[�j�_�d�_�j�Z �k�Z �^�b�j�_�d�l�g�h 
�b�a�\�e�_�q�_�g�b �h�l �d�h�g�k�l�j�m�d�l�b�\�g�b�l�_ �k�i�_�p�b�n�b�d�Z�p�b�b. �<�l�h�j�h, 
�d�h�_�n�b�p�b�_�g�l�Z �g�Z �_�e�Z�k�l�b�q�g�h�k�l �k�_ �d�e�Z�k�b�n�b�p�b�j�Z �g�Z 
�\�_�j�l�b�d�Z�e�_�g, �h�[�]�j�t�s�Z�s �b �l�Z�d�t�\ �g�Z �k�l�j�Z�g�b�p�Z�l�Z. �< 
�^�h�i�t�e�g�_�g�b�_, �h�[�]�j�t�s�Z�s�Z�l�Z �_�e�Z�k�l�b�q�g�h�k�l �f�h�`�_ �^�Z �k�_ 
�j�Z�a�^�_�e�b �g�Z �^�\�_ �q�Z�k�l�b: ke1 – �_�e�Z�k�l�b�q�g�h�k�l �f�_�`�^�m �i�j�h�l�_�d-
�l�h�j�Z �b �i�t�l�y �b ke2 – �_�e�Z�k�l�b�q�g�h�k�l �f�_�`�^�m �i�j�h�l�_�d�l�h�j�Z �b 
�[�j�_�d�_�j�Z (�N�b�]. 3). �H�l �m�j�Z�\�g�_�g�b�y�l�Z �a�Z �^�\�b�`�_�g�b�_ �b 
�b�a�i�h�e�a�\�Z�c�d�b �d�h�g�k�l�j�m�d�l�b�\�g�b�l�_ �i�Z�j�Z�f�_�l�j�b �g�Z �]�m�f�b�l�_ �k�_ 
�i�j�_�k�f�y�l�Z�l �k�h�[�k�l�\�_�g�b�l�_ �q�_�k�l�h�l�b, �d�h�b�l�h �a�Z�\�b�k�y�l �h�l 
�d�h�_�n�b�p�b�_�g�l�Z �g�Z �_�e�Z�k�l�b�q�g�h�k�l. �F�h�^�_�e�t�l �k�t�^�t�j�`�Z 
�f�Z�k�b�l�_ �b �_�e�Z�k�l�b�q�g�h�k�l�b�l�_ �g�Z �j�Z�a�e�b�q�g�b�l�_ �d�h�f�i�h�g�_�g�l�b 
�g�Z �i�g�_�\�f�Z�l�b�q�g�Z�l�Z �]�m�f�Z �b �^�Z�\�Z �\�t�a�f�h�`�g�h�k�l �^�Z �k�_ 
�h�l�d�j�b�_ �\�e�b�y�g�b�_�l�h �g�Z �\�k�_�d�b �h�l �l�y�o �\�t�j�o�m �k�h�[�k�l�\�_�g�Z�l�Z 
�q�_�k�l�h�l�Z. �M�k�l�Z�g�h�\�y�\�Z �k�_, �q�_ �_�e�Z�k�l�b�q�g�h�k�l�l�Z �g�Z �k�l�j�Z�g�b-
�p�Z�l�Z �h�d�Z�a�\�Z �g�Z�c-�]�h�e�y�f�h �\�e�b�y�g�b�_ �\�t�j�o�m �k�h�[�k�l�\�_�g�Z�l�Z 
�q�_�k�l�h�l�Z �g�Z �l�j�_�i�l�_�g�_ �g�Z �i�g�_�\�f�Z�l�b�q�g�Z�l�Z �]�m�f�Z. 
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�?�^�b�g �h�l �g�Z�c-�i�h�i�m�e�y�j�g�b�l�_ �f�_�o�Z�g�h-�f�Z�l�_�f�Z�l�b�q�g�b 
�f�h�^�_�e�b �k �j�Z�a�i�j�_�^�_�e�_�g�b �i�Z�j�Z�f�_�l�j�b �_ �l.�g�Z�j. „�i�j�t�k�l�_�g �g�Z 
�_�e�Z�k�l�b�q�g�Z �h�k�g�h�\�Z“ (�N�b�]. 4). �I�j�b �g�_�]�h �o�h�^�b�e�h�l�h �g�Z 
�i�g�_�\�f�Z�l�b�q�g�Z�l�Z �]�m�f�Z (�[�j�_�d�_�j �b �i�j�h�l�_�d�l�h�j) �_ �i�j�_�^�k�l�Z-
�\�_�g�h �q�j�_�a �_�e�Z�k�l�b�q�_�g �d�j�t�]�h�\ �f�_�f�[�j�Z�g�_�g �i�j�t�k�l�_�g, 
�j�Z�a�i�h�e�h�`�_�g �\ �j�Z�\�g�b�g�Z�l�Z �g�Z �d�h�e�_�e�h�l�h, �Z �h�k�g�h�\�Z�l�Z 
(�k�l�j�Z�g�b�p�Z�l�Z �g�Z �I�=) – �q�j�_�a �j�Z�\�g�h�f�_�j�g�h �j�Z�a�i�j�_�^�_�e�_�g�b 
�i�j�m�`�b�g�b, �j�Z�a�i�h�e�h�`�_�g�b �\ �j�Z�^�b�Z�e�g�h �b �l�Z�g�]�_�g�p�b�Z�e�g�h 
�g�Z�i�j�Z�\�e�_�g�b�_. �B�a�i�h�e�a�\�Z�c�d�b �l�h�a�b �f�h�^�_�e �\ [6] �k�_ �b�a�k�e�_�^-
�\�Z �q�_�k�l�h�l�g�Z�l�Z �j�_�Z�d�p�b�y �\ �h�k�l�Z �g�Z �d�h�e�_�e�h�l�h, �d�h�y�l�h �_ 
�g�_�i�h�k�j�_�^�k�l�\�_�g�h �k�\�t�j�a�Z�g�Z �k �\�b�[�j�h�i�j�_�^�Z�\�Z�g�_�l�h �d�t�f 
�h�d�Z�q�\�Z�g�_�l�h �b �d�Z�j�h�k�_�j�b�y�l�Z �g�Z �Z�\�l�h�f�h�[�b�e�Z. �J�_�a�m�e�l�Z�l�b�l�_ 
�h�l �q�b�k�e�_�g�b�y �_�d�k�i�_�j�b�f�_�g�l �i�h�d�Z�a�\�Z�l, �q�_ �k�h�[�k�l�\�_�g�b�l�_ 
�q�_�k�l�h�l�b �b �n�h�j�f�b �g�Z �l�j�_�i�l�_�g�_ �g�Z �i�j�t�k�l�_�g�Z �k�Z �g�Z�i�t�e�g�h 
�_�^�g�Z�d�\�b �a�Z �i�h�^�\�b�`�_�g �b �n�b�d�k�b�j�Z�g �f�Z�k�h�\ �p�_�g�l�t�j �g�Z 
�d�h�e�_�e�h�l�h. �K�t�s�h �l�Z�d�Z �i�t�j�\�Z�l�Z �k�h�[�k�l�\�_�g�Z �q�_�k�l�h�l�Z �_ 
�_�^�g�Z�d�\�Z, �d�Z�d�l�h �a�Z �g�_�g�Z�l�h�\�Z�j�_�g�Z �b �g�_�\�t�j�l�y�s�Z �k�_ �i�g�_�\-
�f�Z�l�b�q�g�Z �]�m�f�Z, �l�Z�d�Z �b �a�Z �g�Z�l�h�\�Z�j�_�g�Z �\�t�j�l�y�s�Z �k�_ �]�m�f�Z. 
�I�j�b �i�h-�\�b�k�h�d�b �q�_�k�l�h�l�b �k�_ �g�Z�[�e�x�^�Z�\�Z �j�Z�a�^�_�e�y�g�_ �g�Z 
�k�h�[�k�l�\�_�g�b�l�_ �q�_�k�l�h�l�b �g�Z �l�j�_�i�l�_�g�_ [7], �d�Z�l�h �\ �k�e�m�q�Z�c �g�Z 
�g�Z�l�h�\�Z�j�_�g�Z �\�t�j�l�y�s�Z �k�_ �i�g�_�\�f�Z�l�b�q�g�Z �]�m�f�Z, �k�h�[�k�l�\�_-
�g�b�l�_ �q�_�k�l�h�l�b �g�Z�f�Z�e�y�\�Z�l �k �m�\�_�e�b�q�Z�\�Z�g�_ �g�Z �t�]�e�h�\�Z�l�Z 
�k�d�h�j�h�k�l [8]. �K�l�h�c�g�h�k�l�b�l�_ �g�Z �k�h�[�k�l�\�_�g�b�l�_ �q�_�k�l�h�l�b �g�Z 
�j�Z�^�b�Z�e�g�b�l�_ �n�h�j�f�b �g�Z �l�j�_�i�l�_�g�_ �k�_ �g�Z�f�b�j�Z�l �\ �Z�d�l�b�\�g�Z�l�Z 
�\�b�[�j�Z�p�b�h�g�g�Z �h�[�e�Z�k�l (50-250 Hz) �g�Z �i�g�_�\�f�Z�l�b�q�g�Z�l�Z 
�]�m�f�Z. 

 

�N�b�]. 4. �F�_�o�Z�g�h-�f�Z�l�_�f�Z�l�b�q�_�g �f�h�^�_�e �k �j�Z�a�i�j�_�^�_�e�_�g�b 
�i�Z�j�Z�f�_�l�j�b �g�Z �i�g�_�\�f�Z�l�b�q�g�Z �]�m�f�Z [6]. 

�< �j�Z�[�h�l�Z [9] �k�_ �h�i�b�k�\�Z �d�h�g�k�l�j�m�d�l�b�\�_�g �f�h�^�_�e (3D-
�i�j�t�k�l�_�g) �g�Z �g�_�g�Z�l�h�\�Z�j�_�g�Z �i�g�_�\�f�Z�l�b�q�g�Z �]�m�f�Z �b �d�h�e�_�e�h, 
�a�Z�d�j�_�i�_�g�b �g�_�i�h�^�\�b�`�g�h �\ �h�k�l�Z �g�Z �d�h�e�_�e�h�l�h. �L�h�a�b �f�h�^�_�e 
�k�e�m�`�b �a�Z �Z�g�Z�e�b�a �g�Z �^�b�g�Z�f�b�q�g�h�l�h �i�h�\�_�^�_�g�b�_ �g�Z �]�m�f�Z�l�Z 
�i�h� ̂300 Hz. �H�i�b�k�\�Z�l �k�_ �\�k�b�q�d�b �k�h�[�k�l�\�_�g�b �q�_�k�l�h�l�b �b 
�n�h�j�f�b �g�Z �l�j�_�i�l�_�g�_, �d�h�b�l�h �k�_ �i�j�h�y�\�y�\�Z�l �\ �l�Z�a�b �q�_�k�l�h�l-
�g�Z �h�[�e�Z�k�l, �a�Z �j�Z�a�e�b�d�Z �h�l �i�h�\�_�q�_�l�h �f�h�^�_�e�b, �d�h�b�l�h �k�Z 
�e�b�f�b�l�b�j�Z�g�b �^�h �i�h�e�m�q�Z�\�Z�g�_�l�h �g�Z �j�Z�\�g�b�g�g�b �n�h�j�f�b. 
�=�e�Z�\�g�h�l�h �^�h�i�m�k�d�Z�g�_ �_, �q�_ �^�b�g�Z�f�b�q�g�h�l�h �i�h�\�_�^�_�g�b�_ �g�Z 
�]�m�f�Z�l�Z �\ �l�Z�a�b �q�_�k�l�h�l�g�Z �h�[�e�Z�k�l �f�h�`�_ �^�Z �k�_ �i�j�_�^�k�l�Z�\�b 
�q�j�_�a �_�e�Z�k�l�b�q�_�g �i�j�h�k�l�j�Z�g�k�l�\�_�g �i�j�t�k�l�_�g �g�Z �_�e�Z�k�l�b�q�g�Z 
�h�k�g�h�\�Z. �F�h�^�_�e�t�l �\�d�e�x�q�\�Z �h�k�\�_�g �k�l�h�f�Z�g�_�g�h �d�h�e�_�e�h �b 
�b�a�h�l�j�h�i�_�g �i�h�y�k (�Z�i�j�h�d�k�b�f�b�j�Z�s �[�j�_�d�_�j�Z �b �i�j�h�l�_�d-
�l�h�j�Z), �l�Z�d�Z �b �f�h�^�_�e �g�Z �\�t�l�j�_�r�g�h�l�h �\�t�a�^�m�r�g�h �i�j�h-
�k�l�j�Z�g�k�l�\�h �g�Z �]�m�f�Z�l�Z, �b�a�]�j�Z�^�_�g�b �q�j�_�a �d�j�Z�c�g�b �_�e�_�f�_�g�l�b. 
�K�l�j�Z�g�b�p�b�l�_ �k�Z �i�j�_�^�k�l�Z�\�_�g�b �d�Z�l�h �e�b�g�_�c�g�b �i�j�m�`�b�g�g�h-
�^�_�f�i�n�_�j�g�b �k�b�k�l�_�f�b �\ �j�Z�^�b�Z�e�g�h, �l�Z�g�]�_�g�p�b�Z�e�g�h �b 
�Z�d�k�b�Z�e�g�h �g�Z�i�j�Z�\�e�_�g�b�_. �I�h�j�Z�^�b �l�h�\�Z �h�i�j�h�k�l�y�\�Z�g�_ �k�_ 
�g�Z�e�Z�]�Z �i�h�e�h�\�b�g�Z�l�Z �h�l �f�Z�k�Z�l�Z �g�Z �k�l�j�Z�g�b�p�b�l�_ �^�Z �k�_ 
�^�h�[�Z�\�b �d�t�f �i�h�y�k�Z �b �d�h�e�_�e�h�l�h. �D�h�e�_�e�h�lo �_ �k�l�h�f�Z�g�_�g�h 

(�\ �l�h�a�b �k�e�m�q�Z�c �_ 16") �b �b�a�i�Z�^�Z �\ �j�_�a�h�g�Z�g�k �\ �h�[�e�Z�k�l�l�Z 
150-200 Hz, �b �h�d�Z�a�\�Z �\�e�b�y�g�b�_ �\ �j�Z�a�]�e�_�`�^�Z�g�b�y �q�_�k�l�h�l�_�g 
�^�b�Z�i�Z�a�h�g, �^�h�d�Z�l�h �Z�e�m�f�b�g�b�_�\�h �d�h�e�_�e�h �k�t�k �k�t�s�b�l�_ 
�j�Z�a�f�_�j�b �b�a�i�Z�^�Z �\ �j�_�a�h�g�Z�g�k �\ �h�[�e�Z�k�l�l�Z 300-350 Hz. 
�K�t�s�h �l�Z�d�Z �]�_�h�f�_�l�j�b�y�l�Z �g�Z �d�h�e�_�e�h�l�h �_ �f�h�^�_�e�b�j�Z�g�Z �\ 
�i�h�^�j�h�[�g�h�k�l�b, �a�Z�s�h�l�h �_�e�Z�k�l�b�q�g�h�k�l�l�Z �c �a�Z�\�b�k�b �\ �]�h�e�y�f�Z 
�k�l�_�i�_�g �h�l �g�_�c�g�Z�l�Z �n�h�j�f�Z. �I�h�\�_�^�_�g�b�_�l�h �g�Z �]�m�f�Z�l�Z �_ 
�a�g�Z�q�b�l�_�e�g�h �i�h�\�e�b�y�g�h �b �h�l �\�t�l�j�_�r�g�h�l�h �c �\�t�a�^�m�r�g�h 
�i�j�h�k�l�j�Z�g�k�l�\�h[10, 11]. �I�t�j�\�b�y�l �j�_�a�h�g�Z�g�k �g�Z �\�t�a�^�m�r�g�h-
�l�h �i�j�h�k�l�j�Z�g�k�l�\�h, �a�Z �g�_�g�Z�l�h�\�Z�j�_�g�Z �]�m�f�Z, �k�_ �g�Z�[�e�x�^�Z�\�Z 
�\ �q�_�k�l�h�l�Z�l�Z �f�_�`�^�m 200 �b 250 Hz. �L�Z�d�Z �i�j�_�^�k�l�Z�\�_�g�b�y�l 
�f�h�^�_�e �h�i�b�k�\�Z �\�k�b�q�d�b �n�b�a�b�q�g�b �y�\�e�_�g�b�y �i�h� ̂ 300 Hz. 
�F�h�^�_�e�t�l �^�Z�\�Z �\�t�a�f�h�`�g�h�k�l �^�Z �k�_ �b�a�k�e�_�^�\�Z �^�b�g�Z�f�b�q�g�b�y 
�d�h�_�n�b�p�b�_�g�l �g�Z �_�e�Z�k�l�b�q�g�h�k�l, �d�h�c�l�h �h�i�b�k�\�Z �d�Z�d 
�i�j�_�f�_�k�l�\�Z�g�_, �g�Z�e�h�`�_�g�h �\ �d�h�g�l�Z�d�l�g�h�l�h �i�_�l�g�h, �\�h�^�b �^�h 
�i�h�y�\�Z�l�Z �g�Z �k�b�e�Z �\ �h�k�l�Z �g�Z �d�h�e�_�e�h�l�h. �>�b�g�Z�f�b�q�g�b�y�l 
�d�h�_�n�b�p�b�_�g�l �g�Z �_�e�Z�k�l�b�q�g�h�k�l �_ �n�m�g�d�p�b�y �g�Z �q�_�k�l�h�l�Z�l�Z �b 
�^�Z�\�Z �b�g�n�h�j�f�Z�p�b�y �a�Z �k�l�j�m�d�l�m�j�g�b�l�_ �\�b�[�j�Z�p�b�b, �^�t�e�`�Z-
�s�b �k�_ �g�Z �\�a�Z�b�f�h�^�_�c�k�l�\�b�_�l�h �f�_�`�^�m �]�m�f�Z�l�Z �b �i�t�l�y. 

�F�h�^�_�e�b�l�_ �k �d�j�Z�c�g�b �_�e�_�f�_�g�l�b (�N�b�]. 5) �k�Z �i�h�^�o�h�^�y-
�s�b �a�Z �b�a�k�e�_�^�\�Z�g�_ �i�Z�j�Z�f�_�l�j�b�l�_ �g�Z �k�Z�f�Z�l�Z �i�g�_�\�f�Z�l�b�q�g�Z 
�]�m�f�Z �b �\�e�b�y�g�b�_�l�h �b�f �\�t�j�o�m �\�b�[�j�Z�p�b�h�g�g�h�l�h �c �i�h�\�_-
�^�_�g�b�_. �< [12-14] �k�_ �b�a�k�e�_�^�\�Z �\�e�b�y�g�b�_�l�h �g�Z: �g�Z�e�y�]�Z�g�_�l�h 
�g�Z �\�t�a�^�m�o�Z �\ �]�m�f�Z�l�Z, �l�_�f�i�_�j�Z�l�m�j�Z�l�Z, �g�Z�e�b�q�b�_�l�h �g�Z 
�r�Z�j�d�Z �\ �i�j�h�l�_�d�l�h�j�Z, �t�]�t�e�Z �g�Z �f�_�l�Z�e�g�b�l�_ �d�h�j�^�b �\ 
�[�j�_�d�_�j�Z, �^�_�[�_�e�b�g�Z�l�Z �g�Z �j�Z�a�e�b�q�g�b�l�_ �k�t�k�l�Z�\�y�s�b �k�e�h�_�\�_ 
(�i�h�y�k�b), �\�t�j�o�m �k�h�[�k�l�\�_�g�Z�l�Z �q�_�k�l�h�l�Z �g�Z �l�j�_�i�l�_�g�_ �g�Z 
�i�g�_�\�f�Z�l�b�q�g�Z�l�Z �]�m�f�Z. �I�j�b �^�b�g�Z�f�b�q�_�g �Z�g�Z�e�b�a �g�Z �Z�\�l�h-
�f�h�[�b�e�Z �_ �i�h-�j�Z�p�b�h�g�Z�e�g�h �b�a�i�h�e�a�\�Z�g�_�l�h �g�Z �h�i�j�h�k�l�_�g�b 
�f�h�^�_�e�b �g�Z �i�g�_�\�f�Z�l�b�q�g�b �]�m�f�b, �d�h�b�l�h �b�a�b�k�d�\�Z�l �i�h-
�f�Z�e�t�d �b�a�q�b�k�e�b�l�_�e�_�g �j�_�k�m�j�k. 

 

�N�b�]. 5. �K�o�_�f�Z �g�Z 3D �f�h�^�_�e �k �d�j�Z�c�g�b �_�e�_�f�_�g�l�b �g�Z 
�i�g�_�\�f�Z�l�b�q�g�Z �]�m�f�Z [12]. 

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

�?�d�k�i�_�j�b�f�_�g�l�Z�e�g�h�l�h �b�a�k�e�_�^�\�Z�g�_ �_ �g�_�a�Z�f�_�g�b�f �b�a�l�h�q-
�g�b�d �g�Z �b�g�n�h�j�f�Z�p�b�y �d�Z�d�l�h �a�Z �i�h�l�\�t�j�`�^�Z�\�Z�g�_ �g�Z �f�Z�l�_-
�f�Z�l�b�q�g�b�l�_ �f�h�^�_�e�b, �l�Z�d�Z �b �a�Z �b�a�\�e�b�q�Z�g�_ �g�Z �g�m�`�g�b�l�_ 
�q�b�k�e�_�g�b �k�l�h�c�g�h�k�l�b �g�Z �i�Z�j�Z�f�_�l�j�b�l�_, �m�q�Z�k�l�\�Z�s�b �\ 
�k�Z�f�b�l�_ �f�h�^�_�e�b. 

�?�d�k�i�_�j�b�f�_�g�l�Z�e�g�b�l�_ �b�a�k�e�_�^�\�Z�g�b�y �a�Z �h�i�j�_�^�_�e�y�g�_ 
�\�b�[�j�Z�p�b�h�g�g�h�l�h �i�h�\�_�^�_�g�b�_ �g�Z �i�g�_�\�f�Z�l�b�q�g�Z�l�Z �]�m�f�Z �k�_ 
�i�j�h�\�_�`�^�Z�l �d�Z�d�l�h �k �l�t�j�d�Z�e�y�s�Z �k�_ �i�h �[�Z�j�Z�[�Z�g �]�m�f�Z, �l�Z�d�Z 
�b �k �g�_�i�h�^�\�b�`�g�h �d�h�e�_�e�h �i�j�b �b�a�i�h�e�a�\�Z�g�_�l�h �g�Z �\�b�[�j�Z�p�b-
�h�g�g�b �k�l�_�g�^�h�\�_ (�N�b�]. 6.), �d�t�^�_�l�h �k�f�m�s�Z�\�Z�s�h�l�h �\�t�a�^�_�c-
�k�l�\�b�_ �k�_ �i�j�b�e�Z�]�Z �g�Z �h�l�^�_�e�g�Z �i�g�_�\�f�Z�l�b�q�g�Z �]�m�f�Z �b�e�b �g�Z 
�p�_�e�b�y �Z�\�l�h�f�h�[�b�e. 
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�N�b�]. 6. �I�j�b�f�_�j �a�Z �\�b�[�j�Z�p�b�h�g�_�g �k�l�_�g�^ �a�Z �b�a�i�b�l�\�Z�g�_ �g�Z 
�i�g�_�\�f�Z�l�b�q�g�Z �]�m�f�Z �g�Z �g�Z�^�e�t�`�g�h �\�t�a�^�_�c�k�l�\�b�_ (�i�h �h�k X) [15]. 

�B�a�k�e�_�^�\�Z�g�_�l�h �g�Z �\�b�[�j�Z�p�b�h�g�g�b�l�_ �k�\�h�c�k�l�\�Z �b �i�Z�j�Z-
�f�_�l�j�b �g�Z �i�g�_�\�f�Z�l�b�q�g�Z�l�Z �]�m�f�Z �h�[�b�d�g�h�\�_�g�h �k�_ �k�t�k�l�h�b �\ 
�i�h�e�m�q�Z�\�Z�g�_�l�h �g�Z �k�h�[�k�l�\�_�g�b�l�_ �q�_�k�l�h�l�b �b �n�h�j�f�b �g�Z 
�l�j�_�i�l�_�g�_ �g�Z �]�m�f�Z�l�Z, �d�Z�d�l�h �b �g�Z�f�b�j�Z�g�_�l�h �g�Z �i�j�_�^�Z�\�Z-
�l�_�e�g�h�l�h �h�l�g�h�r�_�g�b�_ (�n�m�g�d�p�b�y) �f�_�`�^�m �j�_�Z�d�p�b�y�l�Z �\ �h�k�l�Z 
�g�Z �d�h�e�_�e�h�l�h �b �\�t�a�^�_�c�k�l�\�b�_�l�h �h�l �i�t�l�y. �A�Z �_�d�k�i�_�j�b�f�_�g-
�l�Z�e�g�h �h�i�j�_�^�_�e�y�g�_ �g�Z �k�h�[�k�l�\�_�g�b�l�_ �q�_�k�l�h�l�b �b �n�h�j�f�b �g�Z 
�l�j�_�i�l�_�g�_ �\ [15] �k�_ �b�a�i�h�e�a�\�Z �k�e�_�^�g�Z�l�Z �i�h�k�l�Z�g�h�\�d�Z�l�Z. 
�=�m�f�Z�l�Z �a�Z�_�^�g�h �k �d�h�e�_�e�h�l�h �k�_ �i�j�b�l�b�k�d�Z�l �d�t�f �\�b�[�j�b-
�j�Z�s�Z �i�e�Z�l�n�h�j�f�Z. �H�k�l�Z �g�Z �d�h�e�_�e�h�l�h �_ �a�Z�d�j�_�i�_�g�Z �g�_�i�h-
�^�\�b�`�g�h. �:�d�k�_�e�_�j�h�f�_�l�j�b �k�_ �j�Z�a�i�h�e�Z�]�Z�l �i�h �i�h�\�t�j�o�g�h�k�l-
�l�Z �g�Z �]�m�f�Z�l�Z �g�Z �j�Z�\�g�b �j�Z�a�k�l�h�y�g�b�y �_�^�b�g �h�l �^�j�m�]. �<�k�_�d�b 
�Z�d�k�_�e�_�j�h�f�_�l�t�j �b�f�Z �\�t�a�f�h�`�g�h�k�l �a�Z �a�Z�i�b�k �g�Z �m�k�d�h�j�_-
�g�b�y�l�Z �i�h 3 �h�k�b. �I�e�Z�l�n�h�j�f�Z�l�Z �i�j�_�^�h�k�l�Z�\�y �\�t�a�f�h�`�g�h�k�l 
�a�Z �k�f�m�s�Z�\�Z�g�_ �g�Z �]�m�f�Z�l�Z �\ �b�a�[�j�Z�g�h �g�Z�i�j�Z�\�e�_�g�b�_: 
�o�h�j�b�a�h�g�l�Z�e�g�h (X), �g�Z�i�j�_�q�g�h (Y), �\�_�j�l�b�d�Z�e�g�h (Z) �b�e�b 
�h�d�h�e�h �\�_�j�l�b�d�Z�e�g�Z �h�k (OZ). �K�f�m�s�_�g�b�_�l�h �_ �o�Z�j�f�h�g�b�q�g�h 
�\ �q�_�k�l�h�l�g�Z �h�[�e�Z�k�l 0-500 Hz. �K�e�_�^ �i�j�_�h�[�j�Z�a�m�\�Z�g�_ �g�Z 
�i�h�e�m�q�_�g�b�l�_ �m�k�d�h�j�_�g�b�y �\ �i�j�_�f�_�k�l�\�Z�g�b�y �k�_ �i�h�e�m�q�Z�\�Z�l 
�k�h�[�k�l�\�_�g�b�l�_ �n�h�j�f�b �g�Z �l�j�_�i�l�_�g�_ �g�Z �]�m�f�Z�l�Z (�N�b�]. 7). 
�K�h�[�k�l�\�_�g�Z�l�Z �n�h�j�f�Z �g�Z �l�j�_�i�l�_�g�_ �g�Z �]�m�f�Z�l�Z, �[�b�e�Z �l�y 
�j�Z�^�b�Z�e�g�Z �b�e�b �g�Z�i�j�_�q�g�Z, �k�_ �h�a�g�Z�q�Z�\�Z �k �p�y�e�h �i�h�e�h�`�b-
�l�_�e�g�h �q�b�k�e�h, �Z�d�h �^�_�n�h�j�f�Z�p�b�y�l�Z �k�t�^�t�j�`�Z �q�_�l�_�g �[�j�h�c 
�\�t�a�e�b (integer mode) �b �i�h�e�m�p�y�e�h �i�h�e�h�`�b�l�_�e�g�h �q�b�k�e�h, 
�Z�d�h �^�_�n�h�j�f�Z�p�b�y�l�Z �k�t�^�t�j�`�Z �g�_�q�_�l�_�g �[�j�h�c �\�t�a�e�b (�N�b�]. 
8). �<�t�a�_�e �k�_ �g�Z�j�b�q�Z �l�h�q�d�Z�l�Z �h�l �d�h�g�k�l�j�m�d�p�b�y�l�Z (�]�m�f�Z-
�l�Z), �\ �d�h�y�l�h �g�y�f�Z �^�_�n�h�j�f�Z�p�b�y. �D�h�g�l�Z�d�l�g�h�l�h �i�_�l�g�h �g�_ 
�k�_ �[�j�h�b �a�Z �\�t�a�_�e �a�Z �j�Z�^�b�Z�e�g�b�l�_ �n�h�j�f�b, �g�h �a�Z �g�Z�i�j�_�q-
�g�b�l�_ �l�h �k�_ �h�l�q�b�l�Z. �< �L�Z�[�e�b�p�Z 1 �_ �i�j�_�^�k�l�Z�\�_�g�Z �\�j�t�a�d�Z�l�Z 
�f�_�`�^�m �g�Z�i�j�Z�\�e�_�g�b�_�l�h �g�Z �k�f�m�s�Z�\�Z�s�Z�l�Z �k�b�e�Z �b 
�i�h�e�m�q�_�g�b�l�_ �k�h�[�k�l�\�_�g�b �n�h�j�f�b �g�Z �l�j�_�i�l�_�g�_. 

 

�N�b�]. 7. �K�h�[�k�l�\�_�g�b �q�_�k�l�h�l�b �b �n�h�j�f�b �g�Z �l�j�_�i�l�_�g�_ �g�Z 
�j�Z�^�b�Z�e�g�Z �]�m�f�Z [15]. 

 

�N�b�]. 8. �H�a�g�Z�q�_�g�b�_ �g�Z �k�h�[�k�l�\�_�g�b�l�_ �n�h�j�f�b �g�Z �l�j�_�i�l�_�g�_ 
(�f�h�^�b) �g�Z �j�Z�^�b�Z�e�g�Z �]�m�f�Z, �i�j�b�_�l�h �\ �?�\�j�h�i�Z [15]. 

�L�Z�[�e�b�p�Z 1. �<�j�t�a�d�Z �f�_�`�^�m �k�h�[�k�l�\�_�g�b�l�_ �n�h�j�f�b �g�Z �l�j�_�i�l�_�g�_ 
�b �g�Z�i�j�Z�\�e�_�g�b�_�l�h �g�Z �k�f�m�s�_�g�b�_ [15]. 

  �;�j�h�c �g�Z �\�t�a�e�b�l�_ 
�j�Z�a�^�_�e�_�g �g�Z 2 

�H�a�g�Z-
�q�_�g�b�_ �K�f�m�s�_�g�b�_ 

�J�Z�^�b�Z�e�g�Z 
�n�h�j�f�Z 

�I�h�e�m-�p�y�e�h �q�b�k�e�h R n.5 �L�j�Z�g�k�e�Z�p�b�y �i�h o�k X 
�P�y�e�h �q�b�k�e�h R n.0 �L�j�Z�g�k�e�Z�p�b�y �i�h �h�k Z 

�G�Z�i�j�_�q�g�Z 
�n�h�j�f�Z 

�I�h�e�m-�p�y�e�h �q�b�k�e�h T n.5 �L�j�Z�g�k�e�Z�p�b�y �i�h �h�k Y 
�P�y�e�h �q�b�k�e�h T n.0 �J�h�l�Z�p�b�y �h�d�h�e�h �h�k Z 

�K�l�_�g�^�h�\�b�l�_ �_�d�k�i�_�j�b�f�_�g�l�b �k�_ �k�l�j�_�f�y�l �^�Z �i�j�_�k�t�a�^�Z-
�^�Z�l �_�d�k�i�e�h�Z�l�Z�p�b�h�g�g�b�l�_ �m�k�e�h�\�b�y, �\ �d�h�b�l�h �j�Z�[�h�l�b �d�h�g-
�k�l�j�m�d�p�b�y�l�Z. �K�e�_�^�h�\�Z�l�_�e�g�h, �k�l�_�i�_�g�l�Z �g�Z �\�t�a�^�_�c�k�l�\�b�_, 
�i�h �\�j�_�f�_ �g�Z �_�d�k�i�_�j�b�f�_�g�l�Z�e�g�h�l�h �b�a�k�e�_�^�\�Z�g�_ �g�Z �^�b�g�Z-
�f�b�q�g�b�l�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �g�Z �i�g�_�\�f�Z�l�b�q�g�Z �]�m�f�Z, �l�j�y�[�\�Z 
�^�Z �_ �[�e�b�a�d�Z �^�h �k�l�_�i�_�g�l�Z �g�Z �\�t�a�^�_�c�k�l�\�b�_ �\ �_�d�k�i�e�h�Z�l�Z-
�p�b�h�g�g�b �m�k�e�h�\�b�y. �< [16] �k�_ �i�j�_�^�k�l�Z�\�y �f�_�l�h�^�b�d�Z �a�Z 
�b�a�f�_�j�\�Z�g�_ �g�Z �^�b�g�Z�f�b�q�g�Z�l�Z �_�e�Z�k�l�b�q�g�h�k�l �g�Z �g�_�\�t�j�l�y�s�Z 
�k�_ �i�g�_�\�f�Z�l�b�q�g�Z �]�m�f�Z, �d�h�y�l�h �_ �i�h�^�e�h�`�_�g�Z �g�Z �[�e�b�a�d�b �^�h 
�_�d�k�i�e�h�Z�l�Z�p�b�h�g�g�b�l�_ �m�k�e�h�\�b�y. �A�Z �p�_�e�l�Z �k�_ �b�a�i�h�e�a�\�Z 
�\�b�k�h�d�h�q�_�k�l�h�l�g�Z �o�b�^�j�Z�\�e�b�q�g�Z �\�b�[�j�b�j�Z�s�Z �f�Z�k�Z �k �r�_�k�l 
�k�l�_�i�_�g�b �g�Z �k�\�h�[�h�^�Z. �F�Z�k�Z�l�Z �h�k�b�]�m�j�y�\�Z �i�j�_�^�\�Z�j�b�l�_�e�g�h 
�g�Z�l�h�\�Z�j�\�Z�g�_ �b �\�t�a�^�_�c�k�l�\�Z �g�Z �i�g�_�\�f�Z�l�b�q�g�Z�l�Z �]�m�f�Z �i�j�b 
�d�h�g�l�Z�d�l�g�h�l�h �i�_�l�g�h �\ �q�_�k�l�h�l�g�Z�l�Z �h�[�e�Z�k�l 20-235 Hz. 
�<�_�j�l�b�d�Z�e�g�h�l�h �i�j�_�^�Z�\�Z�l�_�e�g�h�l�h �h�l�g�h�r�_�g�b�_ (�^�b�g�Z�f�b�q�_�g 
�d�h�_�n�b�p�b�_�g�l �g�Z �_�e�Z�k�l�b�q�g�h�k�l ) �b�f�Z �i�b�d�h�\�_ �i�j�b 98, 127, 
156, 190 Hz, �d�h�b�l�h �h�l�]�h�\�Z�j�y�l �g�Z �k�h�[�k�l�\�_�g�b�l�_ �q�_�k�l�h�l�b 
�g�Z �l�j�_�i�l�_�g�_ �g�Z �i�g�_�\�f�Z�l�b�q�g�Z�l�Z �]�m�f�Z (�N�b�]. 9). �I�j�_�^�Z�\�Z-
�l�_�e�g�h�l�h �h�l�g�h�r�_�g�b�_ �i�j�_�^�k�l�Z�\�e�y�\�Z �j�_�Z�d�p�b�y�l�Z �\ �h�k�l�Z �g�Z 
�d�h�e�_�e�h�l�h �h�l�g�_�k�_�g�Z �d�t�f �k�f�m�s�Z�\�Z�s�h�l�h �\�t�a�^�_�c�k�l�\�b�_ �\ 
�d�h�g�l�Z�d�l�g�h�l�h �i�_�l�g�h, �a�Z �b�a�k�e�_�^�\�Z�g�Z�l�Z �q�_�k�l�h�l�g�Z �h�[�e�Z�k�l. 

 

�N�b�]. 9. �B�a�f�_�j�_�g�Z �^�b�g�Z�f�b�q�g�Z �_�e�Z�k�l�b�q�g�h�k�l �g�Z �i�g�_�\�f�Z�l�b�q�g�Z 
�]�m�f�Z �\�t�\ �\�_�j�l�b�d�Z�e�g�h �g�Z�i�j�Z�\�e�_�g�b�_ [16]. 

�< �j�Z�[�h�l�b [17, 18], �h�k�\�_�g �a�Z �g�_�\�t�j�l�y�s�Z �k�_ �g�_�g�Z�l�h-
�\�Z�j�_�g�Z �]�m�f�Z, �k�_ �i�j�h�\�_�`�^�Z�l �b�a�f�_�j�\�Z�g�b�y �b �a�Z �\�t�j�l�y�s�Z �k�_ 
�g�Z�l�h�\�Z�j�_�g�Z �i�g�_�\�f�Z�l�b�q�g�Z �]�m�f�Z. �B�a�k�e�_�^�\�Z�l �k�_ �k�h�[�k�l�\�_-
�g�b�l�_ �q�_�k�l�h�l�b �g�Z �i�g�_�\�f�Z�l�b�q�g�Z�l�Z �]�m�f�Z �b �k�_ �h�g�Z�]�e�_�^�y�\�Z�l 
�j�Z�a�e�b�d�b�l�_ �f�_�`�^�m �^�\�_�l�_ �k�t�k�l�h�y�g�b�y. �H�i�b�l�g�Z�l�Z �m�k�l�Z�g�h�\-
�d�Z, �a�Z �b�a�i�b�l�\�Z�g�_ �g�Z �g�Z�l�h�\�Z�j�_�g�Z �\�t�j�l�y�s�Z �k�_ �]�m�f�Z, �k�_ 
�k�t�k�l�h�b �\ �k�e�_�^�g�h�l�h: �]�e�Z�^�d�Z�l�Z �]�m�f�Z (�k�e�b�d), �k �g�Z�e�y�]�Z�g�_ 
2,2 bar �b �g�Z�l�h�\�Z�j�\�Z�g�_ 4000 N, �k�_ �l�t�j�d�Z�e�y �i�h �k�l�h�f�Z�g�_�g 
�[�Z�j�Z�[�Z�g �k �^�b�Z�f�_�l�t�j 2 m. �F�_�l�Z�e�g�Z �r�b�g�Z 3×25 mm �b�e�b 
10×25 mm, �_ �a�Z�d�j�_�i�_�g�Z �d�t�f �i�h�\�t�j�o�g�h�k�l�l�Z �g�Z �[�Z�j�Z�[�Z�g�Z 
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�b �\�t�a�[�m�`�^�Z �i�g�_�\�f�Z�l�b�q�g�Z�l�Z �]�m�f�Z. �K�d�h�j�h�k�l�l�Z �g�Z 
�l�j�_�i�l�_�g�b�y�l�Z, �i�j�b �i�h�\�t�j�o�g�h�k�l�l�Z �g�Z �i�g�_�\�f�Z�l�b�q�g�Z�l�Z 
�]�m�f�Z, �k�_ �b�a�f�_�j�\�Z �q�j�_�a �e�Z�a�_�j�_�g �^�h�i�e�_�j�h�\ �\�b�[�j�h�f�_�l�t�j. 
�< �j�Z�[�h�l�b [19-22] �k�_ �b�a�i�h�e�a�\�Z �a�Z �h�i�b�l�g�Z�l�Z �m�k�l�Z�g�h�\�d�Z 
�\�l�h�j�Z �]�m�f�Z �\�f�_�k�l�h �[�Z�j�Z�[�Z�g. �I�j�h�\�_�`�^�Z �k�_ �_�d�k�i�_�j�b�f�_�g-
�l�Z�e�_�g �Z�g�Z�e�b�a �g�Z �k�l�j�m�d�l�m�j�g�b�l�_ �\�b�[�j�Z�p�b�b, �i�h�j�h�^�_�g�b �h�l 
�\�a�Z�b�f�h�^�_�c�k�l�\�b�_�l�h �g�Z �i�g�_�\�f�Z�l�b�q�g�Z�l�Z �]�m�f�Z �k �i�t�l�g�Z�l�Z 
�i�h�\�t�j�o�g�h�k�l. �L�h�\�Z �_ �^�h�k�l�Z �i�h-�d�h�f�i�Z�d�l�_�g �b �_�\�l�b�g �\�Z�j�b-
�Z�g�l �b �i�h�a�\�h�e�y�\�Z �h�[�k�l�h�c�g�h �b�a�k�e�_�^�\�Z�g�_ �g�Z �i�Z�j�Z�f�_�l�j�b�l�_ 
�g�Z �i�g�_�\�f�Z�l�b�q�g�Z �]�m�f�Z, �k �b�a�d�e�x�q�_�g�b�_ �g�Z �\�b�k�h�d�b �k�d�h�j�h�k-
�l�b, �i�h�j�Z�^�b �f�Z�e�d�b�y�l �^�b�Z�f�_�l�t�j �g�Z �a�Z�^�\�b�`�\�Z�s�Z�l�Z �]�m�f�Z. 

�<�b�[�j�Z�p�b�h�g�g�b�l�_ �k�\�h�c�k�l�\�Z �g�Z �]�m�f�b�l�_ �k�Z �h�[�_�d�l �g�Z 
�b�a�k�e�_�^�\�Z�g�_ �g�_ �k�Z�f�h �h�l �]�e�_�^�g�Z �l�h�q�d�Z �g�Z �d�h�f�n�h�j�l�Z. �< 
�j�Z�[�h�l�Z [23] �k�_ �i�j�h�\�_�`�^�Z �b�a�k�e�_�^�\�Z�g�_ �k �p�_�e �^�Z �k�_ �m�k�l�Z-
�g�h�\�b �^�Z�e�b �i�h�e�m�q�_�g�b�l�_ �k�b�]�g�Z�e�b �h�l �f�h�g�l�b�j�Z�g�b�l�_ �Z�d�k�_-
�e�_�j�h�f�_�l�j�b �g�Z �Z�\�l�h�f�h�[�b�e�Z, �f�h�]�Z�l �^�Z �k�_ �b�a�i�h�e�a�\�Z�l �a�Z 
�g�Z�^�_�`�^�g�Z �k�b�k�l�_�f�Z �a�Z �j�Z�a�i�h�a�g�Z�\�Z�g�_ �g�Z �d�h�g�l�Z�d�l�Z �f�_�`�^�m 
�i�g�_�\�f�Z�l�b�q�g�Z�l�Z �]�m�f�Z �k �l.�g�Z�j. „�r�m�f�g�Z �g�Z�k�l�b�e�d�Z“. 
�:�d�k�_�e�_�j�h�f�_�l�j�b�l�_ �k�Z �f�h�g�l�b�j�Z�g�b �g�Z �g�_�i�h�^�j�_�k�h�j�_�g�b�l�_ �b 
�i�h�^�j�_�k�h�j�_�g�b �f�Z�k�b (�a�Z �\�k�y�d�h �d�h�e�_�e�h), �d�Z�d�l�h �b �\ 
�d�j�Z�b�s�Z�l�Z �g�Z �d�h�j�f�b�e�g�b�l�_ �g�Z�d�j�Z�c�g�b�p�b. �M�k�l�Z�g�h�\�y�\�Z �k�_, 
�q�_ �h�l �l�_�a�b �k�b�]�g�Z�e�b �k�Z�f�h �m�k�d�h�j�_�g�b�y�l�Z �\ �g�Z�^�e�t�`�g�Z �i�h�k�h-
�d�Z �g�Z �g�_�i�h�^�j�_�k�h�j�_�g�b�l�_ �f�Z�k�b �h�k�b�]�m�j�y�\�Z�l �g�Z�^�_�`�^�g�h 
�b�a�f�_�j�\�Z�g�_ �g�Z �k�f�m�s�_�g�b�y�l�Z �h�l �i�t�l�g�Z�l�Z �i�h�\�t�j�o�g�h�k�l. 
�L�_�a�b �k�b�]�g�Z�e�b �h�k�b�]�m�j�y�\�Z�l �^�h�k�l�Z�l�t�q�g�h �b�g�n�h�j�f�Z�p�b�y, �a�Z 
�^�Z �k�_ �j�Z�a�i�h�a�g�Z�_ �g�Z�e�b�q�b�_�l�h �g�Z „�r�m�f�g�Z �g�Z�k�l�b�e�d�Z“ �b �^�Z 
�k�_ �h�l�o�\�t�j�e�y�l �^�j�m�]�b�l�_ �b�a�l�h�q�g�b�p�b �g�Z �l�j�_�i�l�_�g�_ �i�j�b 
�^�\�b�`�_�g�b�_ �i�h �f�Z�]�b�k�l�j�Z�e�b, �q�_�j�g�b �i�t�l�b�s�Z �b �^�j�m�]�b �i�t�l�g�b 
�i�h�\�t�j�o�g�h�k�l�b. 

�<�b�[�j�Z�p�b�h�g�g�b�l�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �g�Z �]�m�f�Z�l�Z �k�_ 
�b�a�i�h�e�a�\�Z�l �b �i�j�b �k�b�k�l�_�f�b�l�_ �a�Z �b�g�^�b�j�_�d�l�_�g �f�h�g�b�l�h�j�b�g�] 
�g�Z �g�Z�e�y�]�Z�g�_�l�h �g�Z �\�t�a�^�m�o�Z �\ �i�g�_�\�f�Z�l�b�q�g�b�l�_ �]�m�f�b 
(iTPMS). �< �j�Z�[�h�l�Z [24] �k�_ �i�j�h�\�_�`�^�Z �_�d�k�i�_�j�b�f�_�g�l�Z�e�g�h 
�b�a�k�e�_�^�\�Z�g�_ �a�Z �i�_�l �j�Z�a�e�b�q�g�b �]�m�f�b. �L�h �b�f�Z �a�Z �p�_�e �^�Z 
�i�h�d�Z�`�_ �\�j�t�a�d�Z�l�Z �f�_�`�^�m �t�]�e�h�\�Z�l�Z �k�d�h�j�h�k�l �g�Z �d�h�e�_�e�h�l�h 
�b �o�h�j�b�a�h�g�l�Z�e�g�Z�l�Z �k�b�e�Z, �^�_�c�k�l�\�Z�s�Z �g�Z �]�m�f�Z�l�Z. �B �^�\�Z�l�Z 
�k�b�]�g�Z�e�Z �^�Z�\�Z�l �i�h�^�h�[�g�Z �b�g�n�h�j�f�Z�p�b�y �a�Z �m�\�_�e�b�q�Z�\�Z�g�_ �g�Z 
�Z�f�i�e�b�l�m�^�b�l�_ �b �g�Z�f�Z�e�y�\�Z�g�_ �g�Z �k�h�[�k�l�\�_�g�b�l�_ �q�_�k�l�h�l�b �g�Z 
�l�j�_�i�l�_�g�_ �i�j�b �k�i�Z�^�Z�g�_ �g�Z �g�Z�e�y�]�Z�g�_�l�h �\ �i�g�_�\�f�Z�l�b�q�g�b�l�_ 
�]�m�f�b. 

4  M�h�^�_�e�g�h �b�a�k�e�_�^�\�Z�g�_ �g�Z 
�l�j�_�i�l�_�g�b�y�l�Z �\  �h�d�Z�q�\�Z�g�_�l�h 

�G�_�a�Z�\�b�k�b�f�h �h�l �f�Z�e�d�Z�l�Z �Z�f�i�e�b�l�m�^�Z �g�Z �\�b�k�h�d�h�q�_�k�l�h�l-
�g�b�l�_ �l�j�_�i�l�_�g�b�y, �\�b�[�j�Z�p�b�b�l�_ �i�h�j�h�^�_�g�b �h�l �d�h�g�l�Z�d�l�Z �g�Z 
�i�g�_�\�f�Z�l�b�q�g�Z�l�Z �]�m�f�Z �k �i�t�l�y �g�_ �k�_ �i�h�]�e�t�s�Z�l �h�l �_�e�Z�k�l�b�q-
�g�b�l�_ �_�e�_�f�_�g�l�b �b �Z�f�h�j�l�b�k�v�h�j�b�l�_, �Z �q�j�_�a �d�h�g�l�Z�d�l�g�b�l�_ 
�l�h�q�d�b �g�Z �h�d�Z�q�\�Z�g�_�l�h �k�_ �i�j�_�^�Z�\�Z�l �d�t�f �d�Z�j�h�k�_�j�b�y�l�Z �g�Z 
�Z�\�l�h�f�h�[�b�e�Z �[�_�a �a�Z�[�_�e�_�`�b�f�h �g�Z�f�Z�e�y�\�Z�g�_ �g�Z �g�b�\�Z�l�Z �b�f. 
�K�t�s�_�k�l�\�m�\�Z�l �f�g�h�]�h �b �j�Z�a�g�h�h�[�j�Z�a�g�b �\�b�^�h�\�_ �h�d�Z�q�\�Z-
�g�b�y. �?�l�h �a�Z�s�h �\�b�[�j�Z�p�b�h�g�g�b�l�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �k�Z 
�k�l�j�h�]�h �k�i�_�p�b�n�b�q�g�b �a�Z �\�k�_�d�b �h�l�^�_�e�_�g �\�b�.̂ �K�t�s�h �l�Z�d�Z 
�b�f�Z �a�g�Z�q�_�g�b�_ �]�m�f�b�l�_, �k �d�h�b�l�h �_ �h�d�h�f�i�e�_�d�l�h�\�Z�g�h 
�h�d�Z�q�\�Z�g�_�l�h. 

�<�t�i�j�_�d�b �j�Z�a�g�h�h�[�j�Z�a�b�_�l�h �h�l �d�h�g�k�l�j�m�d�p�b�b, �f�_�l�h�^�t�l 
�g�Z �i�j�_�^�Z�\�Z�l�_�e�g�b�l�_ �h�l�g�h�r�_�g�b�y (�n�m�g�d�p�b�b) �f�h�`�_ �^�Z 
�h�i�b�r�_ �\�b�[�j�Z�p�b�h�g�g�h�l�h �i�h�\�_�^�_�g�b�_ �g�Z �h�d�Z�q�\�Z�g�_�l�h. 
�F�_�l�h�^�t�l �g�Z �i�j�_�^�Z�\�Z�l�_�e�g�b�l�_ �h�l�g�h�r�_�g�b�y �k�_ �b�a�i�h�e�a�\�Z �a�Z 
�Z�g�Z�e�b�a �g�Z �b�g�^�b�\�b�^�m�Z�e�g�b�l�_ �i�h�^�k�b�k�l�_�f�b (�_�e�_�f�_�g�l�b) �h�l 
�h�d�Z�q�\�Z�g�_�l�h, �l�Z�d�Z �b �g�Z �k�[�h�j�g�Z�l�Z �_�^�b�g�b�p�Z [25]. 

�J�Z�a�e�b�q�Z�\�Z�l �k�_ �k�e�_�^�g�b�l�_ �i�h�^�o�h�^�b �i�j�b �l�h�a�b �\�b� ̂�\�b�[�j�h-
�Z�d�m�k�l�b�q�_�g �Z�g�Z�e�b�a: 
• �H�l�]�h�j�_ �g�Z�^�h�e�m (top-down): �a�Z�i�h�q�\�Z �k�_ �h�l �i�h�\�_�^�_-

�g�b�_�l�h �g�Z �Z�\�l�h�f�h�[�b�e�Z, �h�l�d�t�^�_�l�h �i�j�h�b�a�e�b�a�Z�l �g�_�h�[�o�h-
�^�b�f�b�l�_ �i�Z�j�Z�f�_�l�j�b �g�Z �i�h�^�k�b�k�l�_�f�b�l�_. 

• �H�l�^�h�e�m �g�Z�]�h�j�_ (bottom up): �^�Z�\�Z �k�_ �h�p�_�g�d�Z �g�Z �\�b�[�j�h-
�Z�d�m�k�l�b�q�g�h�l�h �i�h�\�_�^�_�g�b�_ �g�Z �Z�\�l�h�f�h�[�b�e�Z, �i�j�h�b�a�o�h�`-
�^�Z�c�d�b �h�l �l�_�k�l�h�\�_ �g�Z �i�h�^�k�b�k�l�_�f�b �b �q�b�k�e�_�g�b �f�h�^�_�e�b. 
�F�h�^�Z�e�g�b�y�l �k�b�g�l�_�a �b �Z�g�Z�e�b�a�t�l �g�Z �i�j�_�^�Z�\�Z�l�_�e�g�h 
�h�l�g�h�r�_�g�b�_ (�n�m�g�d�p�b�y) �f�h�]�Z�l �^�Z �k�_ �b�a�i�h�e�a�\�Z�l �a�Z 
�b�a�]�j�Z�`�^�Z�g�_ �g�Z �k�]�e�h�[�d�b �h�l �i�h�^�k�b�k�l�_�f�b�l�_. �I�j�h�p�_�k�t�l 
�g�Z �k�]�e�h�[�y�\�Z�g�_ �k�_ �b�a�\�t�j�r�\�Z �g�Z �k�l�t�i�d�b, �^�h�[�Z�\�y�c�d�b 
�_�^�g�Z �i�h �_�^�g�Z �i�h�^�k�b�k�l�_�f�b, �a�Z �^�Z �k�_ �b�a�]�j�Z�^�b �\�_�j�b�]�Z, 
�d�h�y�l�h �i�j�h�k�e�_�^�y�\�Z �i�j�h�f�y�g�Z�l�Z �g�Z �i�t�j�\�h�g�Z�q�Z�e�g�h�l�h 
�\�t�a�[�m�`�^�Z�g�_ �^�h �b�a�o�h�^�g�Z�l�Z �j�_�Z�d�p�b�y (�N�b�]. 10). 

 

�N�b�]. 10. �K�o�_�f�Z �g�Z �\�a�Z�b�f�h�^�_�c�k�l�\�b�_ �f�_�`�^�m �^�\�Z �_�e�_�f�_�g�l�Z, 
�d�Z�l�h �\�o�h�^�g�b�y �_�e�_�f�_�g�l �_ �i�h�^�e�h�`�_�g �g�Z �k�b�e�h�\�h �k�f�m�s�_�g�b�_ �b 
�k�f�m�s�_�g�b�_ �h�l �g�Z�e�y�]�Z�g�_�l�h �g�Z �\�t�a�^�m�r�g�Z�l�Z �k�j�_�^�Z [25]. 

�>�j�m�]�Z �\�t�a�f�h�`�g�h�k�l �a�Z �h�i�j�_�^�_�e�y�g�_ �g�Z �i�Z�j�Z�f�_�l�j�b�l�_ 
�g�Z �\�b�k�h�d�h�q�_�k�l�h�l�g�b�l�_ �l�j�_�i�l�_�g�b�y �\ �o�Z�j�Z�d�l�_�j�g�b �l�h�q�d�b �g�Z 
�k�\�t�j�a�\�Z�g�_ �g�Z �_�e�_�f�_�g�l�b �h�l �h�d�Z�q�\�Z�g�_�l�h �k �d�Z�j�h�k�_�j�b�y�l�Z �g�Z 
�Z�\�l�h�f�h�[�b�e�Z �_ �q�j�_�a �b�a�i�h�e�a�\�Z�g�_ �g�Z �_�d�\�b�\�Z�e�_�g�l�_�g �f�h�^�_�e 
�b �b�a�q�b�k�e�b�l�_�e�g�Z �k�o�_�f�Z �g�Z �f�_�o�Z�g�b�q�g�Z�l�Z �k�b�k�l�_�f�Z 
„ �i�g�_�\�f�Z�l�b�q�g�Z �]�m�f�Z – �h�d�Z�q�\�Z�g�_“ (�n�b�]. 11) �b �i�j�b�e�Z�]�Z�g�_ 
�g�Z �f�_�l�h�^�Z �g�Z �^�b�g�Z�f�b�q�g�b�l�_ �_�e�Z�k�l�b�q�g�h�k�l�b [26]. �A�Z �p�_�e�l�Z 
�d�Z�j�h�k�_�j�b�y�l�Z �k�_ �j�Z�a�]�e�_�`�^�Z �d�Z�l�h �f�Z�k�Z �k �[�_�a�d�j�Z�c�g�h 
�]�h�e�y�f�Z �d�h�j�Z�\�b�g�Z, �Z �\�t�a�^�_�c�k�l�\�b�_�l�h �g�Z �k�b�k�l�_�f�Z�l�Z �k�_ 
�h�p�_�g�y�\�Z �q�j�_�a �k�b�e�b�l�_, �d�h�b�l�h �^�_�c�k�l�\�Z�l �\ �f�_�k�l�Z�l�Z �g�Z 
�k�\�t�j�a�\�Z�g�_ �g�Z �_�e�_�f�_�g�l�b�l�_ �g�Z �h�d�Z�q�\�Z�g�_�l�h �d�t�f �j�Z�f�Z�l�Z �g�Z 
�Z�\�l�h�f�h�[�b�e�Z. �D�Z�l�h �d�j�b�l�_�j�b�c �a�Z �h�p�_�g�d�Z �g�Z �\�t�a�^�_�c�k�l�\�b-
�_�l�h �g�Z �h�d�Z�q�\�Z�g�_�l�h �\�t�j�o�m �j�Z�f�Z�l�Z �\ �j�Z�a�e�b�q�g�b�l�_ �l�h�q�d�b �g�Z 
�k�\�t�j�a�\�Z�g�_ �k�Z �i�j�b�_�l�b �q�_�k�l�h�l�Z�l�Z �b �Z�f�i�e�b�l�m�^�Z�l�Z �g�Z 
�\�b�[�j�Z�p�b�b�l�_. 

 

�N�b�]. 11. �B�a�q�b�k�e�b�l�_�e�g�Z �k�o�_�f�Z �g�Z �k�b�k�l�_�f�Z�l�Z „�i�g�_�\�f�Z�l�b�q�g�Z 
�]�m�f�Z – �i�j�_�^�g�h �h�d�Z�q�\�Z�g�_“ [26]. 

�A�Z �d�h�g�k�l�j�m�b�j�Z�g�_�l�h �g�Z �h�d�Z�q�\�Z�g�_�l�h �_ �g�m�`�g�Z �k�b�f�m�e�Z-
�p�b�y �k �\�k�b�q�d�b �d�h�f�i�h�g�_�g�l�b – �f�h�^�_�e�b �g�Z �f�_�l�Z�e�g�b�l�_ 
�_�e�_�f�_�g�l�b, �Z�f�h�j�l�b�k�v�h�j�Z, �i�j�m�`�b�g�Z�l�Z, �]�m�f�_�g�h�f�_�l�Z�e�g�b�l�_ 
�\�b�[�j�h�b�a�h�e�Z�l�h�j�b �b �_�k�l�_�k�l�\�_�g�h �f�h�^�_�e �g�Z �i�g�_�\�f�Z�l�b�q�g�Z�l�Z 
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�]�m�f�Z [27]. �G�y�d�h�b �h�l �l�_�a�b �d�h�f�i�h�g�_�g�l�b �f�h�]�Z�l �^�Z �k�_ 
�i�j�_�^�k�l�Z�\�y�l �i�h �i�j�h�k�l �g�Z�q�b�g, �^�h�d�Z�l�h �k�e�h�`�g�b�l�_ �l�Z�d�b�\�Z 
(�Z�f�h�j�l�b�k�v�h�j, �]�m�f�Z) �k�Z �b�g�l�_�]�j�b�j�Z�g�b �d�Z�l�h �i�h�^�k�b�k�l�_�f�b. 
�H�[�b�d�g�h�\�_�g�h �l�_�a�b �f�h�^�_�e�b �k�_ �b�a�j�Z�[�h�l�\�Z�l �h�l �i�Z�j�l�g�v�h�j�b 
�g�Z �i�j�h�b�a�\�h�^�b�l�_�e�y �b �l�_ �f�h�]�Z�l �^�Z �k�_ �\�]�j�Z�`�^�Z�l �\ 
�p�y�e�h�k�l�g�b�y �f�h�^�_�e �g�Z �Z�\�l�h�f�h�[�b�e�Z (�N�b�]. 12). 

 

�N�b�]. 12. �F�h�^�_�e �g�Z �r�Z�k�b �g�Z �e�_�d �Z�\�l�h�f�h�[�b�e, �b�a�]�j�Z�^�_�g �h�l 
�i�h�-̂�f�h�^�_�e�b �g�Z �h�l�^�_�e�g�b�l�_ �_�e�_�f�_�g�l�b [27]. 

5  �?�d�k�i�_�j�b�f�_�g�l�Z�e�g�h �b�a�k�e�_�^�\�Z�g�_ �g�Z 
�l�j�_�i�l�_�g�b�y�l�Z �\  �h�d�Z�q�\�Z�g�_�l�h 

�K �p�_�e �^�Z �k�_ �i�h�k�h�q�Z�l �b�a�l�h�q�g�b�p�b�l�_ �g�Z �r�m�f �\ �d�Z�j�h�k�_�j�b�y-
�l�Z �i�j�b �_�d�k�i�e�h�Z�l�Z�p�b�h�g�g�b �m�k�e�h�\�b�y, �\ �j�Z�[�h�l�Z [28] �k�_ 
�b�a�\�t�j�r�\�Z �i�t�e�g�h �\�b�[�j�h-�Z�d�m�k�l�b�q�g�h �h�i�b�k�Z�g�b�_ �g�Z �Z�\�l�h-
�f�h�[�b�e�Z �i�j�b �^�\�b�`�_�g�b�_ �k �i�h�k�l�h�y�g�g�Z �k�d�h�j�h�k�l �k �\�d�e�x�q�_�g�Z 
�i�j�_�^�Z�\�d�Z �b �i�j�b �b�g�_�j�p�b�h�g�g�h �^�\�b�`�_�g�b�_. �B�a�\�t�j�r�_�g�b �k�Z 
�a�Z�i�b�k�b �g�Z �r�m�f�Z, �q�j�_�a �q�_�l�b�j�b �f�b�d�j�h�n�h�g�Z �j�Z�a�i�h�e�h�`�_�g�b 
�\ �`�b�a�g�_�g�h�l�h �i�j�h�k�l�j�Z�g�k�l�\�h (�i�h �_�^�b�g �p�_�g�l�j�Z�e�g�h �j�Z�a�i�h-
�e�h�`�_�g �f�b�d�j�h�n�h�g – �h�l�i�j�_�^ �b �h�l�a�Z�^; �l�j�_�l�b – �i�j�b �e�y�\�h�l�h 
�m�o�h �g�Z �\�h�^�Z�q�Z; �q�_�l�\�t�j�l�b – �i�j�b �^�y�k�g�h�l�h �m�o�h �g�Z �i�t�l�g�b�d�Z 
�h�l�a�Z�^), �a�Z�_�^�g�h �k�t�k �a�Z�i�b�k�b �g�Z �l�j�_�i�l�_�g�b�y�l�Z �\�t�\ �\�_�j�l�b-
�d�Z�e�g�Z�l�Z �k�l�h�c�d�Z �g�Z �h�d�Z�q�\�Z�g�_�l�h. �L�_�a�b �a�Z�i�b�k�b �k�Z �b�a�\�t�j-
�r�_�g�b �a�Z �k�d�h�j�h�k�l�b �h�l 60 �^�h 120 km/h �k�t�k �k�l�t�i�d�Z 20 
km/h. �B�a�f�_�j�\�Z�g�b�y�l�Z �k�_ �i�j�h�\�_�`�^�Z�l �\�t�j�o�m �j�Z�a�e�b�q�g�b 
�i�t�l�g�b �i�h�\�t�j�o�g�h�k�l�b, �h�l �g�h�\ �^�h �j�Z�a�[�b�l �i�t�l, �a�Z �^�Z �k�_ 
�h�i�j�_�^�_�e�b �\�e�b�y�g�b�_�l�h �g�Z �\�t�l�j�_�r�g�b�y �r�m�f, �i�h�j�h�^�_�g �h�l 
�l�t�j�d�Z�e�y�g�_�l�h �g�Z �i�g�_�\�f�Z�l�b�q�g�Z�l�Z �]�m�f�Z. �K�j�Z�\�g�y�\�Z�l �k�_ 
�k�i�_�d�l�j�b�l�_ �g�Z �r�m�f, �i�j�b �_�^�g�Z�d�\�Z �k�d�h�j�h�k�l, �g�h �j�Z�a�e�b�q�g�b 
�i�t�l�g�b �g�Z�k�l�b�e�d�b (�g�h�\�Z �b �j�Z�a�[�b�l�Z). �L�t�c �d�Z�l�h �l�t�j�d�Z�e�y�g�_-
�l�h �i�j�_�^�b�a�\�b�d�\�Z �]�e�Z�\�g�h �f�_�o�Z�g�b�q�g�b �\�t�e�g�b �\ �d�h�g�k�l�j�m�d-
�p�b�h�g�g�b�l�_ �_�e�_�f�_�g�l�b, �Z�g�Z�e�b�a�t�l �_ �b�a�\�t�j�r�_�g �a�Z �q�_�k�l�h�l�b 
�^�h 400 Hz. 

 

�N�b�]. 13. �K�i�_�d�l�t�j �g�Z �r�m�f�Z, �i�j�b �j�Z�a�e�b�q�g�b �i�t�l�g�b �g�Z�k�l�b�e�d�b, 
�a�Z �^�\�b�`�_�g�b�_ �k 60 km/h �b 120 km/h [28]. 

�I�j�b 60 km/h �l�t�j�d�Z�e�y�g�_�l�h �g�Z �]�m�f�Z�l�Z �_ �]�e�Z�\�g�b�y 
�b�a�l�h�q�g�b�d �g�Z �\�t�l�j�_�r�_�g �r�m�f (�n�b�]. 13), �d�Z�l�h �k�f�y�g�Z�l�Z �h�l 
�]�e�Z�^�t�d �g�Z �e�h�r �i�t�l �i�h�\�b�r�Z�\�Z �Z�f�i�e�b�l�m�^�Z�l�Z �k �[�e�b�a�h 10 
dB �a�Z �q�_�k�l�h�l�b �i�h-�\�b�k�h�d�b �h�l 80 Hz. �K �m�\�_�e�b�q�Z�\�Z�g�_ �g�Z 
�k�d�h�j�h�k�l�l�Z, �j�Z�a�e�b�d�Z�l�Z �f�_�`�^�m �k�i�_�d�l�j�b�l�_ �i�j�b �j�Z�a�[�b�l �b 
�g�h�\ �i�t�l �i�j�h�]�j�_�k�b�\�g�h �g�Z�f�Z�e�y�\�Z, �i�h�j�Z�^�b �i�j�b�g�h�k�Z �g�Z 
�^�j�m�]�b �b�a�l�h�q�g�b�p�b (�g�Z�i�j�b�f�_�j �r�m�f�Z �h�l �\�t�a�^�m�r�g�Z�l�Z 
�k�j�_�^�Z). 

�< �j�Z�[�h�l�Z [29] �k�t�s�h �k�_ �b�a�k�e�_�^�\�Z �r�m�f�Z �\ �d�Z�j�h�k�_�j�b�y-
�l�Z, �i�j�b�q�b�g�_�g �h�l �d�h�g�l�Z�d�l�Z �f�_�`�^�m �i�g�_�\�f�Z�l�b�q�g�Z�l�Z �]�m�f�Z 
�b �i�t�l�y �b �k�_ �i�h�d�Z�a�\�Z, �q�_ �q�j�_�a �Z�g�Z�e�b�a�Z �g�Z �_�d�k�i�_�j�b�f�_�g-
�l�Z�e�g�h �i�h�e�m�q�_�g�b�l�_ �i�j�_�^�Z�\�Z�l�_�e�g�b�l�_ �h�l�g�h�r�_�g�b�y �f�h�`�_ �^�Z 
�k�_ �j�Z�a�]�j�Z�g�b�q�b �i�j�b�g�h�k�Z �g�Z �\�t�l�j�_�r�g�b�y (�k�l�j�m�d�l�m�j�_�g) �b 
�\�t�g�r�g�b�y (�Z�d�m�k�l�b�q�_�g) �r�m�f �\ �`�b�a�g�_�g�h�l�h �i�j�h�k�l�j�Z�g�k�l�\�h. 
�:�g�Z�e�b�a�t�l �i�h�d�Z�a�\�Z, �q�_ �^�h 650 Hz �k�l�j�m�d�l�m�j�g�b�y �r�m�f �b�f�Z 
�^�h�f�b�g�b�j�Z�s�h �a�g�Z�q�_�g�b�_ �a�Z �\�b�[�j�h-�Z�d�m�k�l�b�q�g�b�y �d�h�f�n�h�j�l. 
�K�t�s�h �l�Z�d�Z �i�j�_�^�Z�\�Z�l�_�e�g�b�l�_ �h�l�g�h�r�_�g�b�y �g�Z �k�l�j�m�d�l�m�j-
�g�b�l�_ �\�b�[�j�Z�p�b�b �g�_ �k�_ �\�e�b�y�y�l �f�g�h�]�h �h�l �l�b�i�Z �]�m�f�Z �b�e�b 
�i�t�l�g�b�l�_ �m�k�e�h�\�b�y �l.�_. �i�j�_�^�Z�\�Z�l�_�e�g�b�l�_ �h�l�g�h�r�_�g�b�y �g�_ 
�a�Z�\�b�k�y�l �h�l �j�Z�[�h�l�g�b�l�_ �m�k�e�h�\�b�y, �Z �h�l �d�h�g�k�l�j�m�d�p�b�y�l�Z �g�Z 
�h�d�Z�q�\�Z�g�_�l�h �b �d�Z�j�h�k�_�j�b�y�l�Z. 

�< �j�Z�[�h�l�Z [30] �k�_ �b�a�k�e�_�^�\�Z �i�h�]�e�t�s�Z�g�_�l�h �g�Z �\�b�[�j�Z-
�p�b�b�l�_ �h�l �i�g�_�\�f�Z�l�b�q�g�Z�l�Z �]�m�f�Z, �_�e�Z�k�l�b�q�g�b�y �_�e�_�f�_�g�l �b 
�Z�f�h�j�l�b�k�v�h�j�Z �\ �h�d�Z�q�\�Z�g�_�l�h �b �k�_ �i�j�_�^�k�l�Z�\�y �i�j�_�^�Z�\�Z�l�_�e-
�g�h�l�h �h�l�g�h�r�_�g�b�_ �\�t�\ �\�_�j�l�b�d�Z�e�g�h �g�Z�i�j�Z�\�e�_�g�b�_. �G�Z �N�b�]. 
14 �_ �i�h�d�Z�a�Z�g�h �_�d�k�i�_�j�b�f�_�g�l�Z�e�g�h �i�h�e�m�q�_�g�h �\�_�j�l�b�d�Z�e�g�h 
�i�j�_�^�Z�\�Z�l�_�e�g�h �h�l�g�h�r�_�g�b�_ �g�Z �k�\�_�s�g�h �h�d�Z�q�\�Z�g�_ �a�Z 
�q�_�k�l�h�l�g�Z �h�[�e�Z�k�l 10-400 Hz. �<�b�`�^�Z �k�_, �q�_ �\ �a�h�g�Z�l�Z �^�h 
25 Hz �i�h�]�e�t�s�Z�g�_�l�h �g�Z �l�j�_�i�l�_�g�b�y�l�Z �f�_�`�^�m �i�t�l�y �b 
�d�Z�j�h�k�_�j�b�y�l�Z �k�_ �b�a�\�t�j�r�\�Z �h�l �_�e�Z�k�l�b�q�g�b�y �_�e�_�f�_�g�l �b 
�Z�f�h�j�l�b�k�v�h�j�Z �\ �h�d�Z�q�\�Z�g�_�l�h. �<�b�[�j�Z�p�b�b �k �q�_�k�l�h�l�b �g�Z�^  
25 Hz �k�_ �Z�[�k�h�j�[�b�j�Z�l �k�Z�f�h �h�l �i�g�_�\�f�Z�l�b�q�g�Z�l�Z �]�m�f�Z �b 
�f�Z�k�b�\�g�Z�l�Z �d�Z�m�q�m�d�h�\�Z �\�l�m�e�d�Z, �f�h�g�l�b�j�Z�g�Z �f�_�`�^�m 
�k�l�h�c�d�Z�l�Z �g�Z �h�d�Z�q�\�Z�g�_�l�h �b �d�Z�j�h�k�_�j�b�y�l�Z. 

 

�N�b�]. 14. �<�_�j�l�b�d�Z�e�g�h �i�j�_�^�Z�\�Z�l�_�e�g�h �h�l�g�h�r�_�g�b�_ �g�Z �h�d�Z�q�\�Z�g�_ 
�l�b�i �F�Z�d�n�_�j�k�h�g (1 – �i�h�]�e�t�s�Z�g�_ �g�Z �l�j�_�i�l�_�g�b�y�l�Z �\ �i�j�m�`�b-
�g�Z�l�Z �b �Z�f�h�j�l�b�k�v�h�j�Z; 2 – �i�h�]�e�t�s�Z�g�_ �\ �i�g�_�\�f�Z�l�b�q�g�Z�l�Z �]�m�f�Z; 
3 – �i�h�]�e�t�s�Z�g�_ �\�t�\ �\�b�[�j�h�b�a�h�e�Z�l�h�j�Z) [30]. 

�K�e�_�^�h�\�Z�l�_�e�g�h �a�Z �l�j�_�i�l�_�g�b�y �k �q�_�k�l�h�l�b, �i�h-�\�b�k�h�d�b �h�l 
25 Hz �_�e�Z�k�l�b�q�g�b�y�l �_�e�_�f�_�g�l �b �Z�f�h�j�l�b�k�v�h�j�t�l �f�h�]�Z�l �^�Z 
�k�_ �i�j�b�_�f�Z�l �a�Z �l�\�t�j�^�b �l�_�e�Z (�[�e�h�d�b�j�Z�g�b) �k �j�Z�a�i�j�_�^�_�e�_�g�Z 
�f�Z�k�Z. �< �a�h�g�Z�l�Z 25-70 Hz �i�j�b�g�h�k�t�l �\ �i�h�]�e�t�s�Z�g�_�l�h �g�Z 
�\�b�[�j�Z�p�b�b�l�_ �h�l �i�g�_�\�f�Z�l�b�q�g�Z�l�Z �]�m�f�Z �b �\�b�[�j�h�b�a�h�e�Z�l�h�j�Z 
�_ �i�j�b�[�e�b�a�b�l�_�e�g�h �_�^�g�Z�d�\�h. �G�Z�c-�]�h�e�y�f�h �h�[�s�h �i�h�]�e�t-
�s�Z�g�_ �h�l �i�g�_�\�f�Z�l�b�q�g�Z�l�Z �]�m�f�Z �b �]�m�f�_�g�Z�l�Z �\�l�m�e�d�Z �_ 
�i�h�e�m�q�_�g�h �\ �h�[�o�\�Z�l�Z 80-250 Hz. 

�K�t�s�_�k�l�\�m�\�Z�l �b �j�Z�a�j�Z�[�h�l�d�b �a�Z �Z�d�l�b�\�g�h �]�Z�k�_�g�_ �g�Z 
�k�l�j�m�d�l�m�j�g�b�l�_ �\�b�[�j�Z�p�b�b �i�j�_�^�b�a�\�b�d�Z�g�b �h�l �d�h�g�l�Z�d�l�Z 
�f�_�`�^�m �i�g�_�\�f�Z�l�b�q�g�Z�l�Z �]�m�f�Z �b �i�t�l�g�Z�l�Z �g�Z�k�l�b�e�d�Z. �< 
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�j�Z�[�h�l�Z [31] �k�_ �m�k�l�Z�g�h�\�y�\�Z, �q�_ �\ �h�[�e�Z�k�l�l�Z 20-160 Hz, 
�j�_�a�h�g�Z�g�k�g�b�l�_ �i�b�d�h�\�_ �g�Z �l�j�_�i�l�_�g�b�y�l�Z �\ �d�Z�j�h�k�_�j�b�y�l�Z �k�_ 
�^�t�e�`�Z�l �g�Z �^�b�g�Z�f�b�q�g�b�l�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �g�Z �h�d�Z�q�\�Z�g�_-
�l�h. �A�Z �b�a�k�e�_�^�\�Z�g�_�l�h �k�Z �f�h�g�l�b�j�Z�g�b �l�j�b�h�k�g�b �Z�d�k�_�e�_�j�h-
�f�_�l�j�b �\�t�\ �\�k�y�d�Z �d�j�_�i�_�`�g�Z �l�h�q�d�Z �g�Z �^�h�e�g�h�l�h �j�Z�f�h �g�Z 
�h�d�Z�q�\�Z�g�_�l�h (�l�b�i �F�Z�d�n�_�j�k�h�g) �b �l�j�b �\�t�a�i�j�b�_�f�Z�l�_�e�b �a�Z 
�k�b�e�Z (�a�Z �\�k�y�d�Z �i�h�k�h�d�Z �i�h �_�^�b�g) �\ �]�h�j�g�Z�l�Z �d�j�_�i�_�`�g�Z 
�l�h�q�d�Z �g�Z �Z�f�h�j�l�b�k�v�h�j�Z. �L�_�a�b �k�b�]�g�Z�e�b �k�_ �b�a�i�h�e�a�\�Z�l �d�Z�l�h 
�\�o�h�^�g�b �^�Z�g�g�b �a�Z �b�a�j�Z�[�h�l�\�Z�g�_ �g�Z �Z�e�]�h�j�b�l�t�f, �d�h�c�l�h �s�_ 
�k�_ �b�a�i�h�e�a�\�Z �a�Z �m�i�j�Z�\�e�_�g�b�_ �g�Z �\�b�[�j�h�]�e�Z�\�Z, �d�h�y�l�h �s�_ 
�i�j�h�l�b�\�h�^�_�c�k�l�\�Z �g�Z �l�j�_�i�l�_�g�b�y�l�Z �\ �h�k�l�Z �g�Z �d�h�e�_�e�h�l�h. �< 
[32] �k�_ �i�j�h�\�_�`�^�Z �_�d�k�i�_�j�b�f�_�g�l�Z�e�g�h �b�a�k�e�_�^�\�Z�g�_ �k �p�_�e 
�Z�d�l�b�\�g�h �g�Z�f�Z�e�y�\�Z�g�_ �k�l�j�m�d�l�m�j�g�b�l�_ �\�b�[�j�Z�p�b�b �\ �d�Z�j�h�k�_-
�j�b�y�l�Z �g�Z �e�_�d �Z�\�l�h�f�h�[�b�e. �F�h�g�l�b�j�Z�g�b �k�Z �i�b�_�a�h�_�e�_�d-
�l�j�b�q�g�b �e�_�g�l�b (PVDF �n�h�e�b�h), �d�h�b�l�h �f�h�]�Z�l �^�Z �k�_ �b�a�i�h�e-
�a�\�Z�l �d�Z�d�l�h �a�Z �\�t�a�i�j�b�_�f�Z�l�_�e�b, �l�Z�d�Z �b �a�Z �\�t�a�[�m�^�b�l�_�e�b 
(�f�h�]�Z�l �^�Z �[�t�^�Z�l �m�i�j�Z�\�e�y�\�Z�g�b), �\ �p�_�g�l�j�Z�e�g�b�y�l �b �i�h�^�h-
�\�b�y�l �i�Z�g�_�e (�^�h �l�h�a�b �g�Z �\�h�^�Z�q�Z). �B�a�j�Z�[�h�l�_�g �_ �Z�e�]�h�j�b�l�t�f 
�a�Z �m�i�j�Z�\�e�_�g�b�_, �k �d�h�c�l�h �a�g�Z�q�b�l�_�e�g�h �k�_ �g�Z�f�Z�e�y�\�Z�l 
�Z�f�i�e�b�l�m�^�b�l�_ �g�Z �\�b�[�j�Z�p�b�b�l�_ �i�j�b �k�h�[�k�l�\�_�g�b�l�_ �q�_�k�l�h�l�b 
�g�Z �l�j�_�i�l�_�g�_ �g�Z �d�Z�j�h�k�_�j�b�y�l�Z �\ �q�_�k�l�h�l�g�Z�l�Z �h�[�e�Z�k�l  
195-505 Hz. 

6 �A�Z�d�e�x�q�_�g�b�_ 

�G�Z�i�j�Z�\�_�g �_ �i�j�_�]�e�_�^ �g�Z �i�j�_�^�e�Z�]�Z�g�b �\ �g�Z�m�q�g�h�l�h �i�j�h-
�k�l�j�Z�g�k�l�\�h �l�_�h�j�_�l�b�q�g�b �b �_�d�k�i�_�j�b�f�_�g�l�Z�e�g�b �b�a�k�e�_�^�\�Z-
�g�b�y �a�Z �\�e�b�y�g�b�_�l�h �g�Z �\�b�[�j�Z�p�b�h�g�g�h�l�h �i�h�\�_�^�_�g�b�_ �g�Z 
�i�g�_�\�f�Z�l�b�q�g�b�l�_ �]�m�f�b �\�t�j�o�m �h�d�Z�q�\�Z�g�_�l�h �b �d�Z�j�h�k�_�j�b�y�l�Z 
�g�Z �e�_�d �Z�\�l�h�f�h�[�b�e. �L�h�\�Z �^�Z�\�Z �\�t�a�f�h�`�g�h�k�l �^�Z �k�_ �i�h�l�t�j-
�k�y�l �g�h�\�b �l�_�h�j�_�l�b�q�g�b �b �_�d�k�i�_�j�b�f�_�g�l�Z�e�g�b �a�Z�\�b�k�b�f�h�k�l�b 
�a�Z �h�i�b�k�Z�g�b�_ �g�Z �\�b�[�j�Z�p�b�h�g�g�h�l�h �i�h�\�_�^�_�g�b�_ �g�Z �k�b�k�l�_-
�f�Z�l�Z „�]�m�f�Z – �h�d�Z�q�\�Z�g�_ – �d�Z�j�h�k�_�j�b�y“. 

�G�Z�m�q�g�b�l�_ �b�a�k�e�_�^�\�Z�g�b�y, �j�_�a�m�e�l�Z�l�b�l�_ �h�l �d�h�b�l�h �k�Z �i�j�_�^�k�l�Z�\�_�g�b 
�\ �g�Z�k�l�h�y�s�Z�l�Z �i�m�[�e�b�d�Z�p�b�y �k�Z �n�b�g�Z�g�k�b�j�Z�g�b �i�h �^�h�]�h�\�h�j �‹  
182�I�>0009-04 �h�l �<�t�l�j�_�r�g�b�y �d�h�g�d�m�j�k �g�Z �L�M-�K�h�n�b�y-2018 �]. 
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Overview of theoretical and 
experimental studies related to tire 
vibrational behaviour and its effect on 
the suspension of a passenger car 

Zlatin Georgiev1 

1Technical University – Sofia, Faculty of Transport, Bulgaria 
 
Abstract.  In th�_ paper are reviewed the developments 
connected to noise and high-frequency oscillations in 
passenger cars. Theoretical and experimental studies 
related to the structure-borne noise and vibrations, caused 
by the interaction of the pneumatic tire with the road 
surface, are reviewed. In the paper are investigated the 
impact of the radial tire and its vibrational characteristics 
on the behaviour of the suspension and body elements. 
Various mechanical and mathematical models of the 
pneumatic tire are presented as well as the numerical 
methods for investigation of the high frequency 
oscillations in the suspension. Measurement techniques 
and experimental analyses are presented. In the paper are 
explored the parameters on which the natural frequencies 
and mode shapes of the pneumatic tire depend. The way 
of vibrations affecting the human body in a passenger car 
is shown. The aim of the paper is to present the common 
knowledge defining the parameters related to the 
vibrations of the radial tire and their transmission to the 
suspension and the body of the vehicle. 
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�<�t�a�f�h�`�g�h�k�l�b �a�Z �j�_�]�_�g�_�j�Z�l�b�\�g�h �k�i�b�j�Z�g�_ �g�Z �_�e�_�d�l�j�b�q�_�k�d�b 
�f�h�l�h�p�b�d�e�_�l 

�=�_�h�j�]�b �Y�g�Z�q�d�h�\1,* �b �K�b�f�h�g�Z �O�_�k�Z�i�q�b�_�\�Z1 

1�L�_�o�g�b�q�_�k�d�b �m�g�b�\�_�j�k�b�l�_�l – �K�h�n�b�y, �d�Z�l�_�^�j�Z „�>�\�b�]�Z�l�_�e�b, �Z�\�l�h�f�h�[�b�e�g�Z �l�_�o�g�b�d�Z �b �l�j�Z�g�k�i�h�j�l“, �;�t�e�]�Z�j�b�y 

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

1 �<�t�\�_�^�_�g�b�_ 

�?�e�_�d�l�j�b�q�_�k�d�b�l�_ �i�j�_�\�h�a�g�b �k�j�_�^�k�l�\�Z �g�Z�f�b�j�Z�l �\�k�_ �i�h-
�]�h�e�y�f�h �j�Z�a�i�j�h�k�l�j�Z�g�_�g�b�_. �I�j�_�^�b�f�k�l�\�Z�l�Z �b�f �\ �k�j�Z�\�g�_-
�g�b�_ �k �l�_�a�b �k �>�<�= �_, �q�_ �g�_ �a�Z�f�t�j�k�y�\�Z�l �h�d�h�e�g�Z�l�Z �k�j�_�^�Z, 
�_�e�_�d�l�j�h�^�\�b�]�Z�l�_�e�y�l �b�f�Z �i�h-�\�b�k�h�d �D�I�>, �b�f�Z 
�\�t�a�f�h�`�g�h�k�l �a�Z �j�_�\�_�j�k �b �j�Z�[�h�l�Z �\ �k�l�h�i-�j�_�`�b�f, �i�h-
�]�h�e�y�f�h �m�k�d�h�j�_�g�b�_, �[�_�a�r�m�f�g�h�k�l, �i�h-�g�b�k�t�d �j�Z�a�o�h�^ �g�Z 
�d�b�e�h�f�_�l�t�j �b�a�f�b�g�Z�l �i�t�l. �G�_�^�h�k�l�Z�l�t�d �k�_ �y�\�y�\�Z �g�b�k�d�b�y�l 
�d�Z�i�Z�p�b�l�_�l �g�Z �[�Z�l�_�j�b�b�l�_ �b �[�Z�\�g�h�l�h �b�f �i�j�_�a�Z�j�_�`�^�Z�g�_. 
�I�h�j�Z�^�b �l�Z�a�b �i�j�b�q�b�g�Z �k�Z �j�Z�a�j�Z�[�h�l�_�g�b �k�b�k�l�_�f�b �a�Z 
�j�_�]�_�g�_�j�Z�p�b�y �g�Z �_�g�_�j�]�b�y�l�Z �i�j�b �k�i�b�j�Z�g�_, �i�j�b �d�h�b�l�h 
�_�e�_�d�l�j�h�^�\�b�]�Z�l�_�e�y�l �j�Z�[�h�l�b �\ �j�_�`�b�f �g�Z �]�_�g�_�j�Z�l�h�j �b 
�i�h�e�m�q�_�g�Z�l�Z �_�e�_�d�l�j�h�_�g�_�j�]�b�y �k�_ �b�a�i�h�e�a�\�Z �a�Z �a�Z�o�j�Z�g�\�Z�g�_ 
�g�Z �[�h�j�^�h�\�b�l�_ �k�b�k�l�_�f�b �b �a�Z�j�_�`�^�Z�g�_ �g�Z �[�Z�l�_�j�b�y�l�Z. �I�h 
�l�h�a�b �g�Z�q�b�g �k�_ �m�^�t�e�`�Z�\�Z �i�j�h�[�_�]�Z �b �_�n�_�d�l�b�\�g�h�k�l�l�Z �g�Z 
�i�j�_�\�h�a�g�h�l�h �k�j�_�^�k�l�\�h. 

�F�h�l�h�p�b�d�e�_�l�b�l�_ �k�_ �o�Z�j�Z�d�l�_�j�b�a�b�j�Z�l �k�t�k �k�j�Z�\�g�b�l�_�e-
�g�h �\�b�k�h�d�h �j�Z�a�i�h�e�h�`�_�g �f�Z�k�h�\ �p�_�g�l�t�j �b �d�t�k�Z �[�Z�a�Z, �d�h�_�l�h 
�\�h�^�b �^�h �i�h-�]�h�e�y�f�h �i�j�_�j�Z�a�i�j�_�^�_�e�_�g�b�_ �g�Z �k�b�e�b�l�_ �i�j�b 
�k�i�b�j�Z�g�_. �D�Z�d�l�h �_ �b�a�\�_�k�l�g�h �h�l �l�_�h�j�b�y�l�Z �g�Z �Z�\�l�h�f�h�[�b�e�Z, 
�\ �j�_�`�b�f �g�Z �k�i�b�j�Z�g�_ �k�_ �i�h�e�m�q�Z�\�Z �i�j�_�h�[�j�t�s�Z�s �f�h�f�_�g�l, 
�d�h�c�l�h �j�Z�a�l�h�\�Z�j�\�Z �a�Z�^�g�h�l�h �d�h�e�_�e�h. �D�h�e�d�h�l�h �_ �i�h-�d�t�k�Z 
�[�Z�a�Z�l�Z �b �i�h-�\�b�k�h�d�h �j�Z�a�i�h�e�h�`�_�g �f�Z�k�h�\�b�y �p�_�g�l�t�j, 
�l�h�e�d�h�\�Z �l�h�a�b �f�h�f�_�g�l �_ �i�h-�]�h�e�y�f. �I�j�b �i�h�\�_�q�_�l�h �f�h�l�h-
�p�b�d�e�_�l�b �b�f�Z �j�_�Z�e�g�Z �h�i�Z�k�g�h�k�l �i�j�b �b�g�l�_�g�a�b�\�g�h �k�i�b�j�Z�g�_ 
�i�j�_�h�[�j�t�s�Z�s�b�y�l �f�h�f�_�g�l �^�Z �g�Z�j�Z�k�g�_ �^�h�l�h�e�d�h�\�Z, �q�_ 
�a�Z�^�g�h�l�h �d�h�e�_�e�h �^�Z �a�Z�]�m�[�b �d�h�g�l�Z�d�l �k �i�t�l�y �i�j�_�^�b �^�Z �k�_ 
�^�h�k�l�b�]�g�_ �^�h �]�j�Z�g�b�p�Z�l�Z �g�Z �k�p�_�i�e�_�g�b�_. �B�a�d�e�x�q�_�g�b�_ �k�Z 
�l�_�`�d�b�l�_ �l�m�j�b�k�l�b�q�_�k�d�b �f�h�l�h�p�b�d�e�_�l�b �k �^�t�e�]�Z �[�Z�a�Z.  

�>�j�m�]�Z �h�k�h�[�_�g�h�k�l �g�Z �f�h�l�h�p�b�d�e�_�l�b�l�_ �_, �q�_ �l�_ �\�b�g�Z�]�b 
�k�Z �k�t�k �a�Z�^�g�h �a�Z�^�\�b�`�\�Z�s�h �d�h�e�_�e�h �b �k�Z�f�h �k�i�b�j�Z�q�g�Z�l�Z 
�k�b�e�Z �\ �g�_�]�h �f�h�`�_ �^�Z �k�_ �b�a�i�h�e�a�\�Z �a�Z �a�Z�^�\�b�`�\�Z�g�_ �g�Z 
�_�e�_�d�l�j�h�^�\�b�]�Z�l�_�e�y �\ �]�_�g�_�j�Z�l�h�j�_�g �j�_�`�b�f �a�Z �j�_�d�m�i�_-
�j�Z�p�b�y �g�Z �_�g�_�j�]�b�y�l�Z. �<�Z�j�b�Z�g�l�b �a�Z �j�Z�a�i�h�e�Z�]�Z�g�_ �g�Z 
�]�_�g�_�j�Z�l�h�j �\ �i�j�_�^�g�h�l�h �d�h�e�_�e�h �g�_ �k�_ �j�Z�a�]�e�_�`�^�Z�l, �l�h�\�Z �[�b 
�m�l�_�`�g�b�e�h �d�h�g�k�l�j�m�d�p�b�y�l�Z �b �[�b �^�h�\�_�e�h �^�h �g�Z�j�Z�k�l�\�Z�g�_ �g�Z 

�g�_�i�h�^�j�_�k�h�j�_�g�b�l�_ �f�Z�k�b. �< �g�Z�k�l�h�y�s�Z�l�Z �i�m�[�e�b�d�Z�p�b�y �s�_ 
�[�t�^�_ �j�Z�a�]�e�_�^�Z�g�Z �d�Z�d�\�Z �q�Z�k�l �h�l �h�[�s�Z�l�Z �k�i�b�j�Z�q�g�Z �k�b�e�Z 
�f�h�`�_ �^�Z �[�t�^�_ �h�k�t�s�_�k�l�\�_�g�Z �k�Z�f�h �k�t�k �a�Z�^�g�h�l�h �d�h�e�_�e�h �b 
�j�_�k�i�_�d�l�b�\�g�h �d�Z�d�\�Z �q�Z�k�l �h�l �_�g�_�j�]�b�y�l�Z �g�Z �k�i�b�j�Z�g�_ �f�h�`�_ 
�^�Z �k�_ �j�_�]�_�g�_�j�b�j�Z.  

2 �K�b�e�b, �^�_�c�k�l�\�Z�s�b �g�Z �f�h�l�h�p�b�d�e�_�l�Z �\  
�j�_�`�b�f �g�Z �k�i�b�j�Z�g�_ �b �h�k�g�h�\�g�b 
�]�_�h�f�_�l�j�b�q�g�b �i�Z�j�Z�f�_�l�j�b 

�G�Z �N�b�]. 1 �k�Z �i�h�d�Z�a�Z�g�b �h�k�g�h�\�g�b�l�_ �]�_�h�f�_�l�j�b�q�g�b 
�j�Z�a�f�_�j�b �b �k�b�e�b�l�_, �d�h�b�l�h �^�_�c�k�l�\�Z�l �g�Z �f�h�l�h�p�b�d�e�_�l�Z �\ 
�j�_�`�b�f �g�Z �k�i�b�j�Z�g�_.  

 

�N�b�]. 1. �K�b�e�b, �^�_�c�k�l�\�Z�s�b �g�Z �f�h�l�h�p�b�d�e�_�l�Z �\ �k�i�b�j�Z�q�_�g 
�j�_�`�b�f. 

• �<�5 – �g�h�j�f�Z�e�g�Z �j�_�Z�d�p�b�y �\ �i�j�_�^�g�h�l�h �d�h�e�_�e�h, N; 
• �<�6 – �g�h�j�f�Z�e�g�Z �j�_�Z�d�p�b�y �\ �a�Z�^�g�h�l�h �d�h�e�_�e�h, N; 
• �(�ê – �k�t�i�j�h�l�b�\�b�l�_�e�g�Z �k�b�e�Z �h�l �\�t�a�^�m�r�g�Z�l�Z �k�j�_�^�Z, N; 
• �(�Ô�Ò�5 – �k�i�b�j�Z�q�g�Z �k�b�e�Z �\ �i�j�_�^�g�h�l�h �d�h�e�_�e�h, N; 
• �(�Ô�Ò�6 – �k�i�b�j�Z�q�g�Z �k�b�e�Z �\ �a�Z�^�g�h�l�h �d�h�e�_�e�h, N; 
• �(�Ã – �b�g�_�j�p�b�h�g�g�Z �k�b�e�Z, N; 
• L – �[�Z�a�Z �g�Z �f�h�l�h�p�b�d�e�_�l�Z, mm; 

�>. �Z�h�[�r�e�i�] �c �L. �P�`�l�[�j�r�c�`�]�[, �<�t�a�f�h�`�g�h�k�l�b �a�Z �j�_�]�_�g�_�j�Z�l�b�\�g�h �k�i�b�j�Z�g�_ �g�Z �_�e�_�d�l�j�b�q�_�k�d�b �f�h�l�h�p�b�d�e�_�l 
G. Yanachkov, and S. Hesapchieva, Regenerative braking possibilities of an electric motorcycle 
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• h – �\�b�k�h�q�b�g�Z �g�Z �f�Z�k�h�\�b�y �p�_�g�l�t�j, mm; 
• l1, l2 – �d�h�h�j�^�b�g�Z�l�b �g�Z �f�Z�k�h�\�b�y �p�_�g�l�t�j �k�t�h�l�\�_�l�g�h �h�l 

�i�j�_�^�g�Z�l�Z �b �a�Z�^�g�Z�l�Z �h�k, m; 
• G – �f�Z�k�Z �g�Z �f�h�l�h�p�b�d�e�_�l�Z. 

�< �L�Z�[�e�b�p�Z 1 �k�Z �i�h�k�h�q�_�g�b �h�j�b�_�g�l�b�j�h�\�t�q�g�b �]�_�h�f�_-
�l�j�b�q�g�b �b �f�Z�k�h�\�b �i�Z�j�Z�f�_�l�j�b �g�Z �f�h�l�h�p�b�d�e�_�l, �\ �k�e�m�q�Z�y 
Honda CBR 1100 XX. 

�L�Z�[�e�b�p�Z 1. �=�_�h�f�_�l�j�b�q�g�b �i�Z�j�Z�f�_�l�j�b �g�Z  
�f�h�l�h�p�b�d�e�_�l Honda CBR 1100 XX. 

�I�Z�j�Z�f�_�l�t�j �K�l�h�c�g�h�k�l 
L 1450 mm 

l1 = l2 725 mm 
h 800 mm 
G 330 kg 

3 �K�i�b�j�Z�q�g�b �k�b�e�b �\  �a�Z�^�g�h�l�h �d�h�e�_�e�h 

�A�Z �^�Z �k�_ �i�h�e�m�q�b �]�h�e�_�f�b�g�Z�l�Z �g�Z �k�i�b�j�Z�q�g�Z�l�Z �k�b�e�Z, �d�h�y�l�h 
�f�h�`�_ �^�Z �k�_ �b�a�i�h�e�a�\�Z �a�Z �j�_�d�m�i�_�j�Z�p�b�y �g�Z �_�g�_�j�]�b�y�l�Z �h�l 
�k�i�b�j�Z�g�_, �k�_ �j�Z�a�]�e�_�`�^�Z �k�Z�f�h �k�i�b�j�Z�q�g�Z�l�Z �k�b�e�Z, �i�j�b�e�h-
�`�_�g�Z �g�Z �a�Z�^�g�h�l�h �d�h�e�_�e�h �g�Z �f�h�l�h�p�b�d�e�_�l�Z, �a�Z�s�h�l�h �l�h �_ 
�k�\�t�j�a�Z�g�h �k �_�e�_�d�l�j�h�^�\�b�]�Z�l�_�e�y (�]�_�g�_�j�Z�l�h�j�Z). 

 �G�h�j�f�Z�e�g�Z�l�Z �j�_�Z�d�p�b�y �\ �a�Z�^�g�h�l�h �d�h�e�_�e�h �k�_ �h�i�j�_�^�_�e�y 
�h�l �b�a�j�Z�a�Z: 

 �<�6 
L
�À���ß�-

�Å

F

�¿�Ì ���Û

�Å
.  (1) 

�B�g�_�j�p�b�h�g�g�Z�l�Z �k�b�e�Z �(�Ô, �i�j�b�e�h�`�_�g�Z �\ �f�Z�k�h�\�b�y 
�p�_�g�l�t�j �g�Z �f�h�l�h�p�b�d�e�_�l�Z �_: 

 �(�Ô
 L � I�Ï ���Ü���Ã�Ô�Ò,  (2) 

�d�t�^�_�l�h �/ �_ �d�h�_�n�b�p�b�_�g�l, �h�l�q�b�l�Z�s �\�e�b�y�g�b�_�l�h �g�Z �\�t�j�l�y-
�s�b�l�_ �k�_ �f�Z�k�b. 

�F�Z�d�k�b�f�Z�e�g�Z�l�Z �k�b�e�Z �g�Z �k�p�_�i�e�_�g�b�_, �d�h�y�l�h �f�h�`�_ �^�Z 
�k�_ �i�h�k�l�b�]�g�_, �_ �j�Z�\�g�Z �g�Z �i�j�h�b�a�\�_�^�_�g�b�_�l�h �g�Z �d�h�_�n�b�p�b-
�_�g�l�Z �g�Z �k�p�_�i�e�_�g�b�_ µ �b �f�Z�k�Z�l�Z �g�Z �f�h�l�h�p�b�d�e�_�l�Z, �h�l �d�h�_�l�h 
�k�e�_�^�\�Z: 

 F�k�p.max = G µ, (3) 

�Z �f�Z�d�k�b�f�Z�e�g�h�l�h �k�i�b�j�Z�q�g�h �a�Z�d�t�k�g�_�g�b�_ �_: 

 a�k�i.max = g µ. (4) 

�I�j�_�h�[�j�t�s�Z�g�_ �g�Z �f�h�l�h�p�b�d�e�_�l�Z �s�_ �g�Z�k�l�t�i�b, �d�h�]�Z�l�h  
Z2 = 0. 

�I�j�b �i�j�_�h�[�j�Z�a�m�\�Z�g�_ �g�Z �n�h�j�f�m�e�Z (2) �k�_ �i�h�e�m�q�Z�\�Z 
�k�t�h�l�\�_�l�g�h�l�h �k�i�b�j�Z�q�g�h �a�Z�d�t�k�g�_�g�b�_: 

 �Ã�Ô�Ò�ä�Ò�Ó�È�Ñ�Ä�Ó�Ý�Ü�Ã�Ð�È
L
�Ú���ß�-

�����Û
. (5) 

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

 � J 
 P
�ß�-

�����Û
. (6) 

�I�j�_�h�[�j�t�s�Z�g�_ �g�Z �f�h�l�h�p�b�d�e�_�l�Z �g�Z�k�l�t�i�\�Z �i�j�_�^�b �^�Z 
�k�_ �^�h�k�l�b�]�g�_ �f�Z�d�k�b�f�Z�e�g�h�l�h �k�i�b�j�Z�q�g�h �a�Z�d�t�k�g�_�g�b�_ �i�h 
�k�p�_�i�g�Z �f�Z�k�Z. 

�H�l �m�j�Z�\�g�_�g�b�_ 1 �a�Z �k�i�b�j�Z�q�g�Z�l�Z �k�b�e�Z �\ �a�Z�^�g�h�l�h 
�d�h�e�_�e�h �k�_ �i�h�e�m�q�Z�\�Z: 

 �(�Ô�Ò�6
 L � J� :
�À���ß�-

�Å

F

�¿�Ì ���Û

�Å
). (7) 

�H�l �j�Z�\�g�h�\�_�k�b�_�l�h �g�Z �k�b�e�b�l�_ �\ �g�Z�^�e�t�`�g�h �g�Z�i�j�Z�\�e�_-
�g�b�_ �k�i�b�j�Z�q�g�Z�l�Z �k�b�e�Z �_ �j�Z�\�g�Z �b �i�j�h�l�b�\�h�i�h�e�h�`�g�h 
�g�Z�k�h�q�_�g�Z �k�i�j�y�f�h �b�g�_�j�p�b�h�g�g�Z�l�Z �k�b�e�Z: 

 �(�Ô�Ò�6
 L � (�Ô. (8) 

�K�e�_�^ �i�j�b�j�Z�\�g�y�\�Z�g�_ �g�Z �m�j�Z�\�g�_�g�b�y (1) �b (2) �k�_ �i�h�e�m�q�Z�\�Z: 

 � J � @
�à �Ï ���Ú���ß�-

�Å

F

�à �Ï �������Ã�Ô�Ò���Û

�Å
� A 
 L � I�Ï ���Ü���Ã�Ô�Ò. (9) 

�K�e�_�^ �h�i�j�h�k�l�y�\�Z�g�_ �g�Z �m�j�Z�\�g�_�g�b�_ (9) �a�Z �f�Z�d�k�b�f�Z�e-
�g�h�l�h �k�i�b�j�Z�q�g�h �a�Z�d�t�k�g�_�g�b�_ �i�h�k�l�b�]�g�Z�l�h �k�Z�f�h �b �_�^�b�g-
�k�l�\�_�g�h �k�t�k �a�Z�^�g�Z �k�i�b�j�Z�q�d�Z �k�_ �i�h�e�m�q�Z�\�Z: 

 �Ã�Ô�Ò�ä�Ñ�Ò�Õ
L
�œ���Ú���ß�-

���:�Å�>�œ���Û�;
. (10) 

�I�j�b �i�h-�]�h�e�_�f�b �k�i�b�j�Z�q�g�b �a�Z�d�t�k�g�_�g�b�y �_ �g�_�h�[�o�h�^�b�f�h 
�^�Z �k�_ �a�Z�^�_�c�k�l�\�Z �b �i�j�_�^�g�Z�l�Z �k�i�b�j�Z�q�d�Z. �L�h�\�Z �\�h�^�b �^�h 
�^�h�i�t�e�g�b�l�_�e�g�h �j�Z�a�l�h�\�Z�j�\�Z�g�_ �g�Z �a�Z�^�g�h�l�h �d�h�e�_�e�h �b 
�k�i�b�j�Z�q�g�Z�l�Z �k�b�e�Z �\ �g�_�]�h. �L�h�\�Z �\�h�^�b �^�h �g�Z�f�Z�e�y�\�Z�g�_ �g�Z 
�i�j�h�p�_�g�l�Z �g�Z �j�_�]�_�g�_�j�b�j�Z�g�Z�l�Z �_�g�_�j�]�b�y �k�i�j�y�f�h �h�[�s�Z�l�Z 
�_�g�_�j�]�b�y �g�Z �k�i�b�j�Z�g�_�l�h.  

�K�t�i�j�h�l�b�\�b�l�_�e�g�Z�l�Z �k�b�e�Z �h�l �\�t�a�^�m�o�Z �b �k�t�i�j�h�l�b�\�e�_-
�g�b�_�l�h �i�j�b �l�t�j�d�Z�e�y�g�_ �g�_ �m�q�Z�k�l�\�Z�l �\ �b�a�q�b�k�e�_�g�b�_�l�h. 
�K�t�i�j�h�l�b�\�e�_�g�b�_�l�h �h�l �l�t�j�d�Z�e�y�g�_ �g�_ �k�t�a�^�Z�\�Z �i�j�_�h�[�j�t-
�s�Z�s �f�h�f�_�g�l �b �a�Z�l�h�\�Z �g�y�f�Z �\�e�b�y�g�b�_ �\�t�j�o�m �i�j�h�i�h�j�p�b�h-
�g�Z�e�g�h�l�h �j�Z�a�i�j�_�^�_�e�_�g�b�_ �g�Z �h�i�h�j�g�b�l�_ �j�_�Z�d�p�b�b Z1 �b Z2. 
�K�b�e�Z�l�Z �h�l �\�t�a�^�m�r�g�h �k�t�i�j�h�l�b�\�e�_�g�b�_ �k�t�a�^�Z�\�Z �f�h�f�_�g�l 
�h�[�j�Z�l�_�g �g�Z �i�j�_�h�[�j�t�s�Z�s�b�y. �D�h�e�d�h�l�h �_ �i�h-�\�b�k�h�d�Z �k�d�h-
�j�h�k�l�l�Z, �l�h�e�d�h�\�Z �l�h�a�b �f�h�f�_�g�l �_ �i�h-�]�h�e�y�f �b �^�h�i�t�e�g�b�l�_�e-
�g�h �g�Z�l�h�\�Z�j�\�Z �a�Z�^�g�h�l�h �d�h�e�_�e�h. �L�h�\�Z �i�h�a�\�h�e�y�\�Z �l�h �^�Z 
�[�t�^�_ �g�Z�l�h�\�Z�j�_�g�h �k �i�h-�]�h�e�y�f�Z �k�i�b�j�Z�q�g�Z �k�b�e�Z �h�l 
�b�a�q�b�k�e�_�g�Z�l�Z �i�h-�]�h�j�_. 

4 �<�t�a�f�h�`�g�h�k�l�b �a�Z �j�_�d�m�i�_�j�Z�p�b�y �g�Z 
�_�g�_�j�]�b�y�l�Z, �b�a�j�Z�a�o�h�^�\�Z�g�Z �i�j�b �k�i�b�j�Z�g�_ 
�g�Z �a�Z�^�g�h�l�h �d�h�e�_�e�h. �B�g�l�_�]�j�Z�e�g�Z 
�k�i�b�j�Z�q�g�Z �k�b�k�l�_�f�Z 

�H�l �i�h�d�Z�a�Z�g�b�l�_ �\ �l�h�q�d�Z 3 �m�j�Z�\�g�_�g�b�y �k�e�_�^�\�Z, �q�_: 
• �I�j�b �k�i�b�j�Z�g�_ �k �g�b�k�d�Z �b�g�l�_�g�a�b�\�g�h�k�l �_ �\�t�a�f�h�`�g�h 

�k�i�b�j�Z�g�_�l�h �^�Z �k�_ �h�k�t�s�_�k�l�\�b �_�^�b�g�k�l�\�_�g�h �k�t�k �a�Z�^�g�h�l�h 
�d�h�e�_�e�h, �d�h�_�l�h �h�a�g�Z�q�Z�\�Z, �q�_ �p�y�e�Z�l�Z �_�g�_�j�]�b�y �g�Z 
�k�i�b�j�Z�g�_�l�h �f�h�`�_ �[�t�^�_ �j�_�]�_�g�_�j�b�j�Z�g�Z. 

• �I�j�b �i�h-�\�b�k�h�d�b �k�i�b�j�Z�q�g�b �a�Z�d�t�k�g�_�g�b�y �_ �g�_�h�[�o�h�^�b�f�h 
�^�Z �k�_ �a�Z�^�_�c�k�l�\�Z �b �i�j�_�^�g�Z�l�Z �k�i�b�j�Z�q�d�Z. �I�h�j�Z�^�b �i�j�h�]�j�_-
�k�b�j�Z�s�h�l�h �j�Z�a�l�h�\�Z�j�\�Z�g�_�l�h �g�Z �a�Z�^�g�Z�l�Z �h�k, �k�i�b�j�Z�q�g�h�l�h 
�m�k�b�e�b�_ �\�t�j�o�m �a�Z�^�g�h�l�h �d�h�e�_�e�h �_ �g�_�h�[�o�h�^�b�f�h �^�Z �g�Z�f�Z-
�e�y�\�Z, �\ �i�j�h�l�b�\�_�g �k�e�m�q�Z�c, �a�Z�^�g�h�l�h �d�h�e�_�e�h �s�_ �a�Z�]�m�[�b 
�k�p�_�i�e�_�g�b�_ �k �i�t�l�y, �s�_ �i�j�b�i�e�t�a�g�_ �b �f�h�l�h�p�b�d�e�_�l�t�l �s�_ 
�a�Z�]�m�[�b �m�k�l�h�c�q�b�\�h�k�l. 

• �L�h�q�g�b�y�l �a�Z�d�h�g �a�Z �j�Z�a�i�j�_�^�_�e�_�g�b�_ �g�Z �k�i�b�j�Z�q�g�b�l�_ �k�b�e�b 
�a�Z�\�b�k�b �h�l �]�_�h�f�_�l�j�b�q�g�b�l�_ �b �f�Z�k�h�\�b �i�Z�j�Z�f�_�l�j�b �g�Z 
�d�h�g�d�j�_�l�g�b�y �f�h�l�h�p�b�d�e�_�l. �A�Z �i�j�b�f�_�j�g�b�l�_ �^�Z�g�g�b, 
�i�h�k�h�q�_�g�b �\ �L�Z�[�e�b�p�Z 1, �k�_ �i�h�e�m�q�Z�\�Z �a�Z�d�h�g �a�Z 
�j�Z�a�i�j�_�^�_�e�_�g�b�_, �i�h�d�Z�a�Z�g �g�Z �N�b�]. 2. 



Sozopol, 15-17 September 2018 BulTrans-2018 Conference Proceedings 

 75  

 

�N�b�]. 2. �I�j�h�i�h�j�p�b�h�g�Z�e�g�h �j�Z�a�i�j�_�^�_�e�_�g�b�_ �g�Z �k�i�b�j�Z�q�g�b�l�_ 
�k�b�e�b �f�_�`�^�m �i�j�_�^�g�h�l�h �b �a�Z�^�g�h�l�h �d�h�e�_�e�h �\ �a�Z�\�b�k�b�f�h�k�l �h�l 
�k�i�b�j�Z�q�g�h�l�h �a�Z�d�t�k�g�_�g�b�_. 

a�k�i.max e �f�Z�d�k�b�f�Z�e�g�h�l�h �k�i�b�j�Z�q�g�h �a�Z�d�t�k�g�_�g�b�_ �d�h�_�l�h 
�f�h�`�_ �^�Z �k�_ �i�h�k�l�b�]�g�_ �i�j�_�^�b �f�h�l�h�p�b�d�e�_�l�Z �^�Z �k�_ �i�j�_�h-
�[�t�j�g�_ (5). �A�Z �d�h�g�d�j�_�l�g�b�y �f�h�l�h�p�b�d�e�_�l �l�h�\�Z �k�_ �i�h�k�l�b�]�Z 
�i�j�b �d�h�_�n�b�p�b�_�g�l �g�Z �k�p�_�i�e�_�g�b�_ µ = 0,88 Z2. µ �_ �f�Z�d�k�b-
�f�Z�e�g�h �\�t�a�f�h�`�g�Z�l�Z �k�i�b�j�Z�q�g�Z �k�b�e�Z, �d�h�y�l�h �f�h�`�_ �^�Z �[�t�^�_ 
�j�_�Z�e�b�a�b�j�Z�g�Z �k�Z�f�h �k�t�k �a�Z�^�g�h�l�h �d�h�e�_�e�h. �<�b�`�^�Z �k�_, �q�_ 
�i�j�b �f�Z�e�d�b �k�i�b�j�Z�q�g�b �a�Z�d�t�k�g�_�g�b�y �k�i�b�j�Z�q�g�Z�l�Z �k�b�e�Z 
�d�h�y�l�h �f�h�`�_ �^�Z �k�_ �i�h�k�l�b�]�g�_ �k�t�k �a�Z�^�g�h�l�h �d�h�e�_�e�h �_ �i�h-
�f�Z�e�d�Z �h�l �g�_�h�[�o�h�^�b�f�Z�l�Z �a�Z �i�h�k�l�b�]�Z�g�_ �g�Z �k�i�b�j�Z�q�g�h�l�h 
�a�Z�d�t�k�g�_�g�b�_. a�k�i.�h�i�l �_ �f�Z�d�k�b�f�Z�e�g�h�l�h �k�i�b�j�Z�q�g�h �a�Z�d�t�k�g�_-
�g�b�_, �d�h�_�l�h �f�h�`�_ �^�Z �k�_ �i�h�k�l�b�]�g�_ �k�Z�f�h �k�t�k �a�Z�^�g�h�l�h 
�d�h�e�_�e�h. �< �a�h�g�Z�l�Z �f�_�`�^�m a�k�i.�h�i�l �b a�k�i.max �\�t�a�f�h�`�g�Z�l�Z �k�i�b-
�j�Z�q�g�Z �k�b�e�Z �\ �a�Z�^�g�h�l�h �d�h�e�_�e�h �i�h�k�l�_�i�_�g�g�h �g�Z�f�Z�e�y�\�Z �b �_ 
�g�_�^�h�k�l�Z�l�t�q�g�Z �a�Z �i�h�k�l�b�]�Z�g�_ �g�Z �g�_�h�[�o�h�^�b�f�h�l�h �k�i�b�j�Z�q�g�h 
�a�Z�d�t�k�g�_�g�b�_, �d�Z�l�h �\ �l�h�q�d�Z a�k�i.max �a�Z�^�g�Z�l�Z �]�m�f�Z �]�m�[�b 
�k�p�_�i�e�_�g�b�_ �k �i�t�l�y. �L�h�]�Z�\�Z �^�h�i�t�e�g�b�l�_�e�g�Z �k�i�b�j�Z�q�g�Z �k�b�e�Z 
�k�_ �h�k�t�s�_�k�l�\�y�\�Z �k �i�j�_�^�g�h�l�h �d�h�e�_�e�h. a�k�i.�d�j�b�l �_ �k�i�b�j�Z�q-
�g�h�l�h �a�Z�d�t�k�g�_�g�b�_, �d�h�_�l�h �f�h�`�_ �^�Z �[�t�^�_ �h�k�t�s�_�k�l�\�_�g�h 
�i�j�b �h�i�j�_�^�_�e�_�g�h �k�p�_�i�e�_�g�b�_ �g�Z �]�m�f�Z�l�Z �k �i�t�l�y µ < 0,88. 
�H�l �]�j�Z�n�b�d�Z�l�Z �k�_ �\�b�`�^�Z �i�j�h�p�_�g�l�g�h�l�h �j�Z�a�i�j�_�^�_�e�_�g�b�_ �g�Z 
�k�i�b�j�Z�q�g�b�l�_ �k�b�e�b �\ �^�b�Z�i�Z�a�h�g�Z. 

�I�j�b�g�p�b�i�g�Z �k�o�_�f�Z �g�Z �b�g�l�_�]�j�Z�e�g�Z �k�i�b�j�Z�q�g�Z �k�b�k�l�_�f�Z 
�a�Z �f�h�l�h�p�b�d�e�_�l �k �h�i�l�b�f�b�a�b�j�Z�g�Z �j�_�d�m�i�_�j�Z�p�b�y �g�Z �_�g�_�j-
�]�b�y�l�Z (�f�Z�d�k�b�f�Z�e�g�h �b�a�i�h�e�a�\�Z�g�_ �g�Z �k�i�b�j�Z�q�g�b�y �f�h�f�_�g�l �\ 
�a�Z�^�g�h�l�h �d�h�e�_�e�h) �_ �i�h�d�Z�a�Z�g�Z �g�Z �N�b�]. 3. 

 

�N�b�]. 3. �I�j�b�g�p�b�i�g�Z �k�o�_�f�Z �g�Z �b�g�l�_�]�j�Z�e�g�Z �k�i�b�j�Z�q�g�Z �k�b�k�l�_�f�Z, 
�b�a�i�h�e�a�\�Z�s�Z �f�Z�d�k�b�f�Z�e�g�h �k�i�b�j�Z�g�_�l�h �k�Z�f�h �k�t�k �a�Z�^�g�h �d�h�e�_�e�h. 

�A�Z �a�Z�^�\�b�`�\�Z�g�_ �\ �_�e�_�d�l�j�b�q�_�k�d�b�l�_ �i�j�_�\�h�a�g�b �k�j�_�^-
�k�l�\�Z �k�_ �b�a�i�h�e�a�\�Z�l �i�j�h�f�_�g�e�b�\�b �b �i�h�k�l�h�y�g�g�h�l�h�d�h�\�b 
�_�e�_�d�l�j�h�^�\�b�]�Z�l�_�e�b.  

�:�k�b�g�o�j�h�g�g�b�y�l �^�\�b�]�Z�l�_�e �_ �i�j�h�k�l, �g�Z�^�_�`�^�_�g, �_�\�l�b�g 
�b �k �f�g�h�]�h �^�h�[�j�b �j�_�]�m�e�b�j�h�\�t�q�g�b �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b 
�[�e�Z�]�h�^�Z�j�_�g�b�_ �g�Z �k�b�e�h�\�b�l�_ �_�e�_�d�l�j�h�g�g�b �i�j�b�[�h�j�b �b 
�p�b�n�j�h�\�Z�l�Z �l�_�o�g�b�d�Z. �L�h�c �k�_ �o�Z�j�Z�d�l�_�j�b�a�b�j�Z �k �\�b�k�h�d 
�D�I�> �d�Z�d�l�h �\ �^�\�b�]�Z�l�_�e�_�g, �l�Z�d�Z �b �\ �]�_�g�_�j�Z�l�h�j�_�g �j�_�`�b�f.  

�G�Z�c-�j�Z�a�i�j�h�k�l�j�Z�g�_�g�b�l�_ �i�j�_�^�Z�\�d�b, �b�a�i�h�e�a�\�Z�g�b �a�Z 
�i�j�_�^�Z�\�Z�g�_ �g�Z �\�t�j�l�y�s �f�h�f�_�g�l �d�t�f �a�Z�^�\�b�`�\�Z�s�h�l�h 
�d�h�e�_�e�h �g�Z �f�h�l�h�p�b�d�e�_�l�Z �k�Z �j�_�f�t�q�g�Z�l�Z, �\�_�j�b�`�g�Z�l�Z �b 
�d�Z�j�^�Z�g�g�Z�l�Z �i�j�_�^�Z�\�d�Z, �k�t�k �k�t�h�l�\�_�l�g�h �D�I�>: 
• 0,90-0,92 – �j�_�f�t�q�g�Z �i�j�_�^�Z�\�d�Z; 
• 0,92-0,95 – �\�_�j�b�`�g�Z �i�j�_�^�Z�d�\�Z; 
• 0,95-0,98 – �d�Z�j�^�Z�g�g�Z �i�j�_�^�Z�\�d�Z. 

�K�b�k�l�_�f�Z�l�Z �a�Z �m�i�j�Z�\�e�_�g�b�_ �g�Z �[�Z�l�_�j�b�y�l�Z (�K�M�;) �_ 
�\�k�y�d�Z �_�e�_�d�l�j�h�g�g�Z �k�b�k�l�_�f�Z, �m�i�j�Z�\�e�y�\�Z�s�Z �Z�d�m�f�m�e�Z�l�h�j-
�g�Z �[�Z�l�_�j�b�y �q�j�_�a �a�Z�s�b�l�Z �h�l �j�Z�[�h�l�Z �c �b�a�\�t�g �g�_�c�g�Z�l�Z 
�[�_�a�h�i�Z�k�g�Z �a�h�g�Z, �g�Z�[�e�x�^�_�g�b�_ �g�Z �g�_�c�g�h�l�h �k�t�k�l�h�y�g�b�_, 
�b�a�q�b�k�e�y�\�Z�g�_ �g�Z �\�l�h�j�b�q�g�b �^�Z�g�g�b, �h�l�q�b�l�Z�g�_ �g�Z �^�Z�g�g�b �b 
�^�j. �K�M�; �f�h�`�_ �^�Z �k�e�_�^�b �k�t�k�l�h�y�g�b�_�l�h �g�Z �[�Z�l�_�j�b�y�l�Z �q�j�_�a 
�j�Z�a�e�b�q�g�b �\�_�e�b�q�b�g�b �d�Z�l�h �b�a�f�_�j�_�g�h �g�Z�i�j�_�`�_�g�b�_, �l�_�f-
�i�_�j�Z�l�m�j�Z, �]�h�e�_�f�b�g�Z �g�Z �l�h�d�Z �g�Z �j�Z�a�j�_�`�^�Z�g�_ �a�Z �h�i�j�_�^�_-
�e�_�g �b�g�l�_�j�\�Z�e �h�l �\�j�_�f�_ �b �^�j�m�]�b. �K�M�; �k�t�s�h �s�_ �d�h�g�l�j�h-
�e�b�j�Z �a�Z�j�_�`�^�Z�g�_�l�h �g�Z �[�Z�l�_�j�b�y�l�Z �i�j�b �j�_�]�_�g�_�j�Z�l�b�\�g�h 
�k�i�b�j�Z�g�_.  

�B�a�i�h�e�a�\�Z�g�b�l�_ �[�Z�l�_�j�b�b �k�Z �e�b�l�b�_�\�h-�c�h�g�g�b.  �L�_ �b�f�Z�l 
�\�t�a�f�h�`�g�h�k�l �a�Z �a�Z�j�_�`�^�Z�g�_ �k �l�h�d �g�y�d�h�e�d�h �i�t�l�b �i�h-�]�h�e�y�f 
(2-3 �i�t�l�b) �h�l �g�h�f�b�g�Z�e�g�b�y.  

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

5 �B�a�\�h�^�b 

�>�h �h�i�j�_�^�_�e�_�g�h �k�i�b�j�Z�q�g�h �a�Z�d�t�k�g�_�g�b�_ �Z�k�i�j �_ �\�t�a�f�h�`�g�h 
�^�Z �k�_ �b�a�i�h�e�a�\�Z �_�^�b�g�k�l�\�_�g�h �a�Z�^�g�Z�l�Z �k�i�b�j�Z�q�d�Z �b �p�y�e�Z�l�Z 
�_�g�_�j�]�b�y, �b�a�j�Z�a�o�h�^�\�Z�g�Z �i�j�b �k�i�b�j�Z�g�_, �^�Z �k�_ �j�_�]�_�g�_�j�b�j�Z. 
�I�j�b �i�h-�g�l�_�g�a�b�\�g�h �k�i�b�j�Z�g�_ �b �i�h-�]�h�e�y�f�h �k�i�b�j�Z�q�g�h�l�h 
�a�Z�d�t�k�g�_�g�b�_, �i�j�h�p�_�g�l�t�l �g�Z �j�_�d�m�i�_�j�b�j�Z�g�Z �_�g�_�j�]�b�y 
�g�Z�f�Z�e�y�\�Z. 

�I�h-�]�h�e�y�f�Z �\�t�a�f�h�`�g�h�k�l �a�Z �j�_�]�_�g�_�j�b�j�Z�g�_ �g�Z �_�g�_�j�]�b�y 
�b�f�Z �i�j�b �f�h�l�h�p�b�d�e�_�l�b�l�_ �k �i�h-�^�t�e�]�Z �[�Z�a�Z �b �i�h-�g�b�k�d�h 
�j�Z�a�i�h�e�h�`�_�g �p�_�g�l�t�j �g�Z �l�_�`�_�k�l�l�Z. 

�=�h�j�g�b�l�_ �a�Z�\�b�k�b�f�h�k�l�b �f�h�]�Z�l �^�Z �k�_ �b�a�i�h�e�a�\�Z�l �a�Z 
�i�j�h�]�j�Z�f�b�j�Z�g�_ �g�Z �b�g�l�_�]�j�Z�e�g�Z �k�i�b�j�Z�q�g�Z �k�b�k�l�_�f�Z �k 
�f�Z�d�k�b�f�Z�e�g�h �b�a�i�h�e�a�\�Z�g�_ �g�Z �_�g�_�j�]�b�y�l�Z �a�Z �k�i�b�j�Z�g�_ �a�Z 
�a�Z�j�_�`�^�Z�g�_ �g�Z �[�Z�l�_�j�b�y�l�Z �g�Z �_�e�_�d�l�j�b�q�_�k�d�b �f�h�l�h�p�b�d�e�_�l.  
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Regenerative braking possibilities of an 
electric motorcycle 

Georgi Yanachkov1, and Simona Hesapchieva1 

1Technical University – Sofia, Faculty of Transport, Bulgaria 
 
Abstract.  This publication discusses the possibilities of 
regenerative braking of an electric motorcycle. The 
peculiarities of the construction of the motorcycle and the 
braking forces acting on it are discussed. The braking 
performance of the rear wheel has been examined and the 
brake delay range in which the maximum energy recovery 
rate is found. It is explained why in certain braking modes 
the efficiency of regeneration decreases. An integrated 
braking system model has been proposed to allow 
maximum energy recovery during braking.
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�: n experimental study of the cylinder pressure at work of 
diesel engine with generator 

Valyo Nikolov1,* and Krasimir Ambarev1 

1Technical University – Sofia, Plovdiv Branch, Department of Transport and Aircraft Equipment and Technologies, Bulgaria 

Abstract.  In the article are presented and analyzed the obtained results of the experimental study of the 
cylinder pressure of a diesel engine with a generator at various external electrical loads. The system for 
indicating the diesel engine by measuring the cylinder pressure in its operation with an electric AC generator 
and the computer processing of the obtained results with the created software in MATLAB are described. 
The basic technical data of the diesel engine, the electric AC generator, the load system, the system for 
measuring the cylinder pressure at its operation are presented. The cylinder pressure measurements have 
been made in the operation of the diesel engine with the generator at established regimes with different 
electrical loads. After the computer processing of the obtained results for the cylinder pressure with the 
created software in MATLAB the indicator diagrams at different electrical loads were constructed and are 
presented in this paper. The deviations of the maximum pressure and the derivative of the cylinder pressure 
at established regimes with different electrical loads are calculated, presented and analyzed. 

1 Introduction 

Based on the measurement of the cylinder pressure during 
operation of internal combustion engines (ICE), a so-
called indicator diagram is built. With the cylinder 
pressure data obtained, it is possible to calculate the main 
engine performance of the engine under different 
operating regimes and fuels [1-3], to analyze the 
combustion process in the engine [3, 4], to study the 
influence of various factors and parameters on the 
operation cycle of the ICE [3, 4], to check the adequacy 
of the created mathematical models of the processes in the 
ICE [4-6] and others. 

2 System for Indication of diesel engine 

The cylinder pressure measurement system consists of 
AVL QC43D pressure sensor, single channel amplifier 
and AVL FI PIEZO converter, NI 6343 multi-channel 
analogue-to-digital converter (ADC), inductive sensor for 
top dead centre (TDC) and MATLAB software for 
recording, calculations and visualization of the obtained 
results. 

2.1 Pressure sensor AVL QC43D 

The QC43D pressure sensor is manufactured by AVL and 
is a category of sensors for engine development. The 
connection of the QC43D to the cylinder head of the 
tested diesel engine is done in a specially designed 
threaded hole M14×1,25. 

The AVL QC43D pressure sensor is mounted on the 
cylinder head of the diesel engine in a specially designed 
opening (Fig. 1). 

The protection of the quartz element of the QC43D 
from overheating occurs by forced circulating coolant 
through the sensor. This ensures long service life and high 
reliability of the results. Basic data from the QC43D 
pressure sensor technical specification is available at [7]. 

 

Fig. 1. Location of the AVL QC43D pressure sensor. 

2.2 Single channel amplifier and converter AVL 
FI PIEZO 2P2E 

The other element of the system – AVL FI PIEZO in the 
specific version 2P2E includes a single channel amplifier 
and an electric signal converter. 

The AVL FI PIEZO 2P2E is equipped with a 120×80 
LCD display showing the cylinder pressure as a function 
of the crankshaft rotation angle for one operating cycle or 
shorter interval previously defined. 

V. Nikolov, and K. Ambarev, �:n experimental study of the cylinder pressure at work of diesel engine with generator 
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The functional diagram of AVL FI PIEZO 2P2E 
includes two parts, respectively, for digital and analog 
signal processing. To protect the measured interference 
signal, the analogue part is galvanically separated from 
the digital one. 

AVL FI PIEZO 2P2E is equipped with a 16 bit 
analogue-to-digital and digital-to-analogue converter 
with a 1 MHz operating frequency. The electrical charge 
range is from 0 to 14000 pC, and the analog output ranges 
from -10 V to +10 V. 

The possibility of dynamic drift compensation allows 
trouble-free operation of cable length from sensor to 
device up to 20 m. On the other hand, the robust 
construction of the device allows its mounting in the 
immediate vicinity of the engine under consideration. The 
device can be used for both bench measurements and road 
conditions. 

Determination of the gain factor is done according to 
the formula 

 ,
8000

npS
A�d   (1) 

where S is the sensitivity of the sensor, pC/bar; pn – 
maximum value of the measured signal, bar. 

Formula (1) is in effect at 0V offset. When selecting 
8V offset, the 8000 constant in formula (1) is replaced by 
16000. 

The conversion factor from the electric charge to 
voltage is calculated according to the formula 

 .
V
bar

 ,
800

AS
SCF�d   (2) 

Main data from the technical specification of AVL FI 
PIEZO 2P2E is available at [7]. To control the signal 
output of the AVL FI PIEZO 2P2E, with a digital 
oscilloscope, a real-time visualization is performed during 
the measurements. 

AVL FI PIEZO 2P2E settings are made by a computer 
connected via a USB interface and an installed application 
IndiSignal or via the buttons and the display on the front 
panel of the device. 

2.3 Multi-channel AD and DA converter NI 6343 

The analog output signal from the AVL FI PIEZO 2P2E 
is fed to one of the sixteen differential analogue inputs of 
the ADC of the NI 6343 multi-functional device 
manufactured by National Instruments. 

The connection between the NI 6343 and the computer 
is via a USB interface. 

2.4 Inductive sensor for TDC 

An element of the system is also the fixed to the end of 
the crankshaft of the diesel engine disk with a tooth, which 
during the operation of the engine generates impulses in 
the nearby to the disk inductive sensor.  

These synchronizing pulses are fed to the other of the 
analogue inputs of the NI 6343 and serve to synchronize 
the measurements relative to TDC. 

Inductive sensor Autopribor 191.3847 is connected to 
the NI 6343 via a high-frequency shielded conductor - 
type RG58U (with 50 �
  impedance), which guarantees 
minimal loss of HF signal transmission as well as minimal 
interference in the measured signal. The technical data for 
the inductive sensor is available at [7]. 

2.5 Program in MATLAB with Simulink 

The built-in program in the Simulink application in the 
MATLAB environment allows real-time visualization 
and storage of measurement data in files with a “mat” 
extension. Through the created script in MATLAB it is 
possible to process and visualize the measurement results 
at a later stage. 

3 Object of research and methods 

The indicating system is mounted on an experimental 
system, consisting of a diesel engine and a AC generator. 
The experimental system was developed on the basis of 
an diesel generator, manufactured by KIPOR, model KDE 
6500T. 

3.1 Object of research 

The object of research is a single-cylinder, air cooled diesel 
engine KIPOR KM 186F, having the following parameters 
and indicators: cylinder diameter D = 86 mm; stroke of the 
piston S = 72 mm; displacement volume Vh = 0,418 dm3; 
compression ratio �0 = 19; rated power Ne = 5,7 kW at a 
rotational speed n = 3000 min-1 [7]. 

An external electrical load is used for loading the 
electric generator and the diesel engine connected to it. 
The electric load consists of seven heaters, connected in 
parallel to two power controllers in two circuits. 

3.2 Research method 

The diesel engine operating pressure is measured at a 
stabilized rotation speed of n = 3000 min-1 as the motor 
drives an AC generator with a generator frequency  
f = 50 Hz. 

The programs created in MATLAB allow the selection 
of the number of operating cycles during the operation of 
the engine in the established mode for which the pressure 
values in the working space are measured and recorded, 
and the indicator diagrams are constructed. 

To ensure the comparability of the results obtained at 
the different value of electrical load is necessary to obtain 
indicator diagrams at: 
• equal adjustment (according to the manufacturer's 

prescriptions) of: the gas distribution mechanism 
(kinematic circuit loop) and the engine fuel system 
(starting angle of injection and injection pressure); 

• the same thermal state (engine oil temperature in the 
crankcase Tm) of the engine; 
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• identical atmospheric conditions (measuring and 
recording the pressure values at the different external 
loads sequentially in one day). 

4 Test results 

The test consist of a measurements of the cylinder 
pressure during operation of the diesel engine, building its 
indicator diagrams in different load and idle regimes at 
3000 min-1 as the motor drives an �:�K generator with 
frequency f = 50 Hz and U = 230 V. 

4.1 Indicator diagrams 

The engine load is achieved by plugging resistors into the 
generator's electrical circuit. A series of indicator 
diagrams are produced for established operating modes 
where the magnitude of the electric current I = 0, 5, 10, 
15, 20 �: . 

The results of the cylinder pressure measurements are 
visualized for forty consecutive working cycles at a 
selected power of the electric current and the obtained 40 
indicator diagrams are presented, one over another in 
green colour in Figures from 2 to 6, the crankshaft angle 
range being from 180 to 540 degrees. 

Calculations were made of the current average 
pressure values with which the indicator diagrams were 
constructed at the corresponding external loads presented 
in black color in Figures form 2 to 6. 

Fig. 2. Indicator diagrams with magnitude of current I = 0 A 
when idling. 

 

Fig. 3. Indicator diagrams with magnitude of current I = 5 A. 

 

Fig. 4. Indicator diagrams with magnitude of current I = 10 A. 

 

Fig. 5. Indicator diagrams with magnitude of current I = 15 A. 

 

Fig. 6. Indicator diagrams with magnitude of current I = 20 A. 

Fig. 7. Indicator diagrams with the mean cylinder pressure 
values at magnitude of current I = 0, 5, 10, 15, 20 A. 
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The indicator diagrams constructed with the 
calculated mean cylinder pressure values at magnitude of 
current I = 0, 5, 10, 15, 20 A are shown in Fig. 7. 

4.2 Deviations of the maximum pressure 

In Fig. 8 are presented the maximum, minimum and mean 
values of pmax at different external electrical loads and 
idling with magnitude of current I = 0, 5, 10, 15, 20 A. 

 

Fig. 8. �Faximum, minimum and mean values of pmax at 
magnitude of current I = 0, 5, 10, 15, 20 A. 

In Table 1 are presented deviations of the maximum 
and minimum values from means values of pmax at 
different external electrical loads and idling. 

Table 1. Deviations of pmax at magnitude of current  
I = 0, 5, 10, 15, 20 �: . 

I, A min �ûpmax, % max �ûpmax, % mean pmax, bar 
0 8,2 8,6 46,896 
5 5,7 6,0 50,409 
10 3,5 3,7 57,822 
15 4,0 5,5 63,030 
20 2,5 2,8 63,910 

4.3 Derivative of the cylinder pressure 

The indicator diagrams in Figures from 9 to 13 are 
graphically presented with the derivatives of the cylinder 
pressure dp/d�., [bar/deg] at different external electrical 
loads with magnitude of current I = 0, 5, 10, 15, 20 A. 
 

 
 

Fig. 9. Derivative of the cylinder pressure dp/d�. at magnitude 
of current I = 0 A. 
 

 
 

Fig. 10. Derivative of the cylinder pressure dp/d�. at magnitude 
of current I = 5 A. 
 

 
 

Fig. 11. Derivative of the cylinder pressure dp/d�. at magnitude 
of current I = 10 A. 
 

 
 

Fig. 12. Derivative of the cylinder pressure dp/d�. at magnitude 
of current I = 15 A. 
 

 
 

Fig. 13. Derivative of the cylinder pressure dp/d�. at magnitude 
of current I = 20 A. 
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In Table 2 are presented the maximum and minimum 
calculated values of the derivative of the cylinder pressure 
dp/d�. at different external electrical loads and idling. 

 

Table 2. Maximum and minimum values of the derivative of 
the cylinder pressure dp/d�. at magnitude of current  

I = 0, 5, 10, 15, 20 �: . 

I, 
A 

(dp/d�.)max, 
bar/deg 

(dp/d�.)min, 
bar/deg 

0 1,97 –1,85 
5 2,87 –2,09 
10 5,23 –2,53 
15 5,38 –2,67 
20 5,38 –2,67 

 

The research was conducted in the laboratory of the 
Department of Transport and Aircraft Equipment and 
Technologies at the Technical University – Sofia, Plovdiv 
Branch. 

5 Conclusion 

From the results, obtained with measurements of the 
cylinder pressure and its calculated derivatives at work of 
diesel engine with generator at established regimes with 
various external electrical loads the following conclusions 
can be drawn: 
1. The highest average value of pmax = 63,91 bar is 

obtained at value of the current through the electrical 
load with I = 20 A. 

2. By reducing the electrical load respectively is reduced 
the average value of pmax of the operating cycle and the 
lowest value of pmax = 46,90 bar is at idle mode of the 
engine. 

3. The biggest deviations of the maximum and minimum 
values of pmax from its mean value are obtained at idle 
regime. 

4. The relative deviations of pmax are the smallest when the 
diesel engine works at an external load with magnitude 
of current I = 20 A. 

5. The maximum and minimum values of the pressure 
derivative in the cylinder increase as the current 
increases. 

6. The maximum value of the derivative of the pressure in 
the cylinder is obtained with a smaller angle of rotation 
of the crankshaft with the rise of the external electrical 
load. 
On the basis of the experimental and calculated values 

of the cylinder pressure and its derivative on the operation 
of the diesel engine with an AC generator at established 
regimes with different electrical loads, the following 
general conclusion can be made: 

To increase the performance of the diesel engine when 
operating with an electric generator when changing the 
external electric load it is necessary to apply an automatic 
control of the start of the injection process to achieve the 
optimum flow and location of the combustion heat 
process. 
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An experimental study of the fuel consumption and opacity of 
the exhaust gas at work of diesel generator 

Krasimir Ambarev1,* and Valyo Nikolov  

Technical University – Sofia, Plovdiv Branch, Department of Transport and Aircraft Equipment and Technologies, Bulgaria 

Abstract.  In the article are presented and analysed the obtained results of the experimental study of the 
fuel consumption and opacity of the exhaust gas of a diesel engine with a generator at various external 
electrical loads. The systems for measuring of the fuel consumption and opacity of the exhaust gas of the 
diesel engine driving an electric AC generator are described. The weight of fuel is measured in its operation 
and the computer processing the obtained results with the created software in MATLAB. The basic technical 
data of the diesel engine, the electric AC generator, the load system, the system for measuring of the fuel 
consumption, the system for measuring of the opacity of the exhaust gas, and the computer processing of 
the obtained results for the fuel consumption with the created software in MATLAB and the opacity of the 
exhaust gas are presented. Measurements of the fuel consumption and opacity of the exhaust gas have been 
made on the combined operation of the diesel engine with the generator of established regimes with different 
electrical loads. The presented experimental graphical diagrams for the fuel consumption and opacity of the 
exhaust gas at different electrical loads were analysed. 

1 Introduction  

The economical indicators of internal combustion engines 
(ICE) is essential for the formation of the operating costs 
of different machines, aggregates and equipment. By 
measuring the hourly fuel consumption rate of the engine 
and its effective power, it is possible to calculate the 
effective specific fuel consumption of the tested engine 
under different modes of operation and to determine its 
consumption efficiency. [1-4] 

Increased environmental pollution worldwide is 
linked to the adoption of ever stricter rules on harmful 
components in exhaust gases emitted from newly 
produced ICEs. In the case of diesel engines, of 
importance is the release of carbon particles in the exhaust 
gases in their operation as they are proven to be 
carcinogenic.  

2 System for measuring the fuel 
consumption and the opacity 

2.1 Fuel consumption  

There are two methods for determining the hourly fuel 
consumption of an internal combustion engine – weight 
method and volume method. In this case, the weight 
method is used. By means of a load cell the total power of 
the weight of the tank, the frame and the fuel in the tank 
are measured. 

The used load cell has a built-in amplifier and is 
produced by the company “ZEMIC Transducers” Model 

“H3-C3-25kg-3B”, S-type, C3 precision class (Fig. 1). Its 
operating range is 0-25 kg. For its operation, a nominal 
supply voltage of 10 VDC (15 VDC maximum) is 
required. 

 

Fig. 1. Load Cell ZEMIC H3-C3-25kg-3B. 

The output voltage for the load cell at full load (25 kg) 
specified in the documentation is 2,002 mV/V. The load 
cell is hung on a console and stand with rubber vibro-
insulators (Fig. 2). Based on the difference in measured 
weight for a predetermined period of time, the hourly fuel 
consumption rate is calculated. 

The power supply of the load cell is DC and is from a 
Laboratory Stabilized Power Supply Unit “Mastech 
HY3005D-2”. 

The transformation of the analogue signal from the 
load cell into digital is done by the 16-bit analogue-to-
digital converter (ADC) of the company National 
Instruments – USB-6343. 
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Fig. 2 General appearance of the experimental setting [3]: 
1 – diesel engine; 2 – generator; 3 – control panel; 4 – fuel 
tank; 5 – dynamometer. 

For automatic calculation of weight fuel consumption, 
software was created in the MATLAB. The Data 
Acquisition Toolbox is used. The algorithm for 
calculating the mass fuel consumption at a predetermined 
duration of operation includes measuring the voltage at 
the output of the load cell, calculating the voltage 
difference in V at the beginning – Ub and at the end – Ue 
of the measurement period t, s, conversion of the resulting 
voltage difference into weight of fuel consumed and 
calculation of the hourly fuel consumption rate - Gh. For 
this purpose the following dependencies are used: 

 Gh = 3600/t [1000 (Ub – Ue) /precisionLoad Cell], kg/h; (1) 

 Ge = Gh /U I, kg/kVAh, (2) 

where Ge is a brake specific fuel consumption, U=230 V, 
I - size of current through the electrical load, A.  

The measurements use one of the analogue inputs of 
the ADC to which the load cell outputs are differentially 
connected. The used analog input has a working range of 
± 0,2 V. The real-time measurement data is recorded and 
stored in a file with a “mat” extension allowing for further 
use and processing. 

For the accuracy of the 16-bit ADC measurement, 
with a voltage range of ± 0,2 V and the voltage of the load 
cell of the flowmeter – 12 VDC, the following is obtained: 

precisionA/D converter = voltage range/2 number of bits= (3) 

 =0,4 V / 216 = 0,006104 mV. 

 

The precision of the load cell is as follows: 

precisionLoad Cell = Output sensitivity×Voltage/Capacity = (4) 

 = 24 mV / 25 kg = 0,96 mV/kg. 

Then the precision of the measurement results is: 

 Precision = 0,006104 mV / 0,96 mV/kg = 6,36 g. (5) 

Software for recording and visualization of the results 
obtained from the measurement, is developed in the 
MATLAB. 

The connection between the NI 6343 and the computer 
is via a USB interface. 

2.2 Opacity of the exhaust gas  

Two methods are used for measurement of the opacity in 
the operation of diesel ICE – direct and indirect. The 
direct method involves the use of special filters, and for 
indirect measurement of the content of visible carbon 
black particles in the processed gasses, legislation was 
introduced absorption photometry method (Hartridge 
Method). 

The opacimeter functioning principle rests on the fact 
that, depending on concentration, emission exhaust allows 
less light to penetrate than air would. This principle is put 
into practice in the opacimeter, called absorption 
photometry. The emission exhaust is collected in an 
elongated chamber with a transmitter and receiver located 
at the respective ends. 

The transmitter consists of a LED which transmits a 
wave length of 567 nm. This wave length is coordinated 
with the absorption capacity of the emission exhaust. A 
photo electric cell receives the impinging light on the 
opposite side of the chamber (Fig. 3). 

 

Fig. 3. The measuring principle 

The indicator is the opacity in % - R�g (Hardtridge). The 
measurement is in percentage, where the percentage 
darkening of the optical environment is indicated by the 
absorption coefficient k or by percentage. 

 

Fig. 4. Emission Tester MAHA MDO2-LON 
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For a smoke measurement is used opacimeter MAHA 
MDO2-LON (Fig. 4). Measurement principle is absorp-
tionsphotometrie. Wavelength of the spotlight is 567 nm, 
measurement chamber length is 430 mm, External/ 
Internal diameter of test chamber is 28 mm/25 mm, warm-
up time of the measurement chamber is approximately 
180 s, on-board voltage is 12 V/24 V. 

2.3 Experimental system   

The fuel consumption measurement system is mounted on 
an experimental system [3] consisting of a diesel engine, 
a loading device – AC generator (Fig. 2). 

The experimental system was developed on the basis 
of an AC generator manufactured by KIPOR (China), 
model “KDE 6500T”, which is a single-cylinder, air 
cooled diesel engine – KIPOR KM 186F, having the 
following technical parameters and indicators: cylinder 
diameter D = 86 mm; stroke of the piston S = 72 mm; 
displacement volume Vh = 0,418 dm3; compression ratio  
�0 = 19; rated power Ne = 5,7 kW at speed n = 3000 min-1. 
The KIPOR KM 186F engine mounted on the KIPOR 
KDE 6500T alternating current unit and for the purpose 
the study, it has been supplied with additional systems and 
sensors as described in [5]. 

For loading of the electric generator and the connected 
to it diesel engine an external electrical load is used, which 
consists of seven heaters connected in parallel in two 
electrical circuits. The adjustment of the electrical current 
through the electric load is achieved by two power 
regulators. 

Fuel consumption measurements are performed at a 
stabilized rotation speed n = 3000 min-1, as the motor 
drives an AC generator with a frequency of the generated 
voltage f = 50 Hz. 

To ensure comparability of the results obtained at a 
different value of the electric load, it is necessary to 
measure the fuel consumption at: 
• equal adjustment (according to the manufacturer's 

prescriptions) of: the gas distribution mechanism 
(kinetic circuit loops) and the engine fuel system (initial 
angle of injection and injecting pressure p�\�i ); 

• the same thermal state (engine oil temperature in the 
crankcase of the engine); 

• �_qual atmospheric conditions (capture of indicator 
diagrams in one day). 

 

Fig. 5. Measured output voltage of load cell depending on the 
time. 

A visualization of the results of the voltage measure-
ments at the output of the load cell at a value 20 A of the 
electrical load is shown in Fig. 5. As the engine operating 
mode is constant for each measurement, the fuel 
consumption is constant and the change in weight of the 
fuel recorded by the load cell can be represented with 
straight lines. In Fig. 5 is represented also the line, which 
is the averaged value of the measured voltage. The voltage 
measurement period of the load cell output for the 
different currents through the electric load is such that the 
measurement error is up to 5%. 

The program allow you to choose the time during 
which fuel consumption is recorded, the recording and 
averaging of the weight values in function of time and the 
calculation of the fuel consumption. 

3 Experimental study 

3.1 Fuel consumption  

The research consists of the measurement of the fuel 
consumption during operation of the diesel engine at 
established electric current modes with I = 0, 5, 10, 15, 20 
A at 3000 min-1. The obtained results are graphically 
presented in Figures 6 and 7. The lowest hourly fuel 
consumption is 0,310 kg/h at idling. 

 

Fig. 6. Measured fuel consumption Gh, kg/h. 

 

Fig. 7. Specific fuel consumption of the diesel aggregate ge
DA, 

kg/kVAh. 

The results show that the lowest value of the effective 
specific fuel consumption of the diesel aggregate  
ge

DA = 0,297 kg/kVAh is obtained in the mode of current 
through the electric load I = 15A. The highest value of 
ge

DA = 0,471 kg/kVAh is at I = 5 A.  
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3.2 Opacity of the exhaust gas   

The research of the opacity consists of measuring the light 
absorption coefficient k and opacity in % during diesel 
engine operation at established electrical current modes  
I = 0, 5, 10, 15, 20 A at 3000 min-1.  

Figures 8 and 9 shows the average opacity values in % 
and the light absorption coefficient k for t = 20 s from 
three consecutive measurements and various values of the 
electric current. 

 

Fig. 8. Measured opacity of the exhaust gas in % for 20 s. 

 

Fig. 9. Measured opacity of the exhaust gas in k, m-1 for 20 s. 

The research was conducted in a laboratory of the 
Department of Transport and Aircraft Equipment and 
Technologies at the Technical University – Sofia, branch 
Plovdiv. 

4 Conclusion 

With the created fuel consumption measurement system, 
the hourly fuel consumption of the diesel engine has been 
measured at different electric load values, and the effect 
of the electric load on the economy of the diesel engine 
has been investigated. Also the light absorption 
coefficient k and the opacity in % at different values of 
the electric load were measured. 
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�K�t�a�^�Z�\�Z�g�_ �g�Z �k�i�_�p�b�Z�e�b�a�b�j�Z�g �k�h�n�l�m�_�j �a�Z �h�i�j�_�^�_�e�y�g�_ �g�Z 
�y�d�h�k�l�l�Z �g�Z �[�t�j�a�h �\�t�j�l�y�s�b  �k�_ �^�b�k�d�h�\�_ 

�;�b�e�y�g�Z �>�b�f�h�\�Z1,* �b �L�_�h�^�h�j�Z �F�Z�j�b�g�h�\�Z2 

1�L�_�o�g�b�q�_�k�d�b �m�g�b�\�_�j�k�b�l�_�l – �K�h�n�b�y, �d�Z�l�_�^�j�Z „�K�t�i�j�h�l�b�\�e�_�g�b�_ �g�Z �f�Z�l�_�j�b�Z�e�b�l�_“, �;�t�e�]�Z�j�b�y 
2�L�_�o�g�b�q�_�k�d�b �m�g�b�\�_�j�k�b�l�_�l – �K�h�n�b�y, �k�l�m�^�_�g�l�d�Z �h�l �N�Z�=�B�H�I�F, �;�t�e�]�Z�j�b�y 

�J�_�a�x�f�_. �K �i�h�f�h�s�l�Z �g�Z �i�j�_�^�k�l�Z�\�_�g�b�y �k�h�n�l�m�_�j �b�f�Z �\�t�a�f�h�`�g�h�k�l �^�Z �[�t�^�Z�l �j�_�r�Z�\�Z�g�b �j�Z�a�e�b�q�g�b �l�b�i�h�\�_ 
�a�Z�^�Z�q�b, �h�l�g�Z�k�y�s�b �k�_ �^�h �h�i�j�_�^�_�e�y�g�_ �g�Z �j�Z�a�i�j�_�^�_�e�_�g�b�_�l�h �g�Z �g�Z�i�j�_�`�_�g�b�y�l�Z �b �i�j�_�f�_�k�l�\�Z�g�b�y�l�Z �\ �[�t�j�a�h 
�\�t�j�l�y�s�b �k�_ �^�b�k�d�h�\�_. �I�j�h�]�j�Z�f�Z�l�Z �_ �k�t�a�^�Z�^�_�g�Z �k �p�_�e �m�e�_�k�g�y�\�Z�g�_ �b �i�h�^�h�[�j�y�\�Z�g�_ �g�Z �m�q�_�[�g�b�y �i�j�h�p�_�k. 
�H�[�m�q�Z�\�Z�s�b�l�_ �k�_ �b�f�Z�l �\�t�a�f�h�`�g�h�k�l �^�Z �\�Z�j�b�j�Z�l �k �]�h�e�y�f �g�Z�[�h�j �h�l �i�Z�j�Z�f�_�l�j�b, �k �d�h�b�l�h �^�Z �b�a�k�e�_�^�\�Z�l 
�j�Z�a�e�b�q�g�b �a�Z�\�b�k�b�f�h�k�l�b, �i�j�b �[�t�j�a�h �\�t�j�l�y�s�b�l�_ �k�_ �^�b�k�d�h�\�_, �k �i�h�k�e�_�^�\�Z�s �y�d�h�k�l�_�g �Z�g�Z�e�b�a. �I�j�_�^�b�f�k�l�\�h �a�Z 
�k�l�m�^�_�g�l�b�l�_ �_ �g�Z�]�e�_�^�g�h�l�h �i�j�_�^�k�l�Z�\�y�g�_ �g�Z �j�_�a�m�e�l�Z�l�b�l�_ �g�Z �b�g�Z�q�_ �k�e�h�`�g�Z�l�Z �l�_�h�j�b�y �g�Z �_�e�Z�k�l�b�q�g�h�k�l�l�Z. 
�B�a�i�h�e�a�\�Z�g�b�l�_ �j�_�r�_�g�b�y �g�Z �^�b�n�_�j�_�g�p�b�Z�e�g�b�l�_ �m�j�Z�\�g�_�g�b�y �a�Z �[�t�j�a�h �\�t�j�l�y�s�b �k�_ �^�b�k�d�h�\�_ �\ �k�h�n�l�m�_�j�Z 
�]�Z�j�Z�g�l�b�j�Z�l �g�Z�^�_�`�^�g�h�k�l�l�Z �g�Z �j�_�a�m�e�l�Z�l�b�l�_. 

1 �<�t�\�_�^�_�g�b�_ 

�H�i�j�_�^�_�e�y�g�_�l�h �g�Z �y�d�h�k�l�l�Z �g�Z �[�t�j�a�h �\�t�j�l�y�s�b �k�_ �^�b�k�d�h�\�_ 
�_ �h�l �h�k�h�[�_�g�h �a�g�Z�q�_�g�b�_ �\ �b�g�`�_�g�_�j�g�Z�l�Z �i�j�Z�d�l�b�d�Z. �>�h�[�j�_ 
�_ �b�a�\�_�k�l�g�h, �q�_ �i�j�b �]�h�e�y�f �[�j�h�c �h�[�h�j�h�l�b, �^�_�l�Z�c�e�b �d�Z�l�h 
�^�b�k�d�h�\�_ �g�Z �]�Z�a�h�\�b �b �i�Z�j�g�b �l�m�j�[�b�g�b, �r�e�Z�c�n�_�j�g�b 
�f�Z�r�b�g�b, �f�_�l�Z�e�h�j�_�`�_�s�b �f�Z�r�b�g�b �b �^�j. �f�h�]�Z�l �^�Z 
�i�h�e�m�q�Z�l �a�g�Z�q�b�l�_�e�g�b �h�k�l�Z�l�t�q�g�b �^�_�n�h�j�f�Z�p�b�b �b�e�b �^�Z �k�_ 
�j�Z�a�j�m�r�Z�l �g�Z�i�t�e�g�h. �L�h�\�Z �f�h�`�_ �^�Z �^�h�\�_�^�_ �^�h �k�_�j�b�h�a�g�b 
�Z�\�Z�j�b�b. �?�l�h �a�Z�s�h �k�_ �i�h�k�l�Z�\�y�l �\�b�k�h�d�b �b�a�b�k�d�\�Z�g�b�y �a�Z 
�y�d�h�k�l �g�Z �[�t�j�a�h �\�t�j�l�y�s�b�l�_ �k�_ �^�b�k�d�h�\�_. 

�A�Z�^�Z�q�Z�l�Z �a�Z �h�i�j�_�^�_�e�y�g�_ �g�Z �g�Z�i�j�_�`�_�g�b�y�l�Z �\ �[�t�j�a�h 
�\�t�j�l�y�s�b �k�_ �^�b�k�d�h�\�_ �b �^�j�m�]�b �^�_�l�Z�c�e�b �h�l �l�h�a�b �l�b�i �k�_ 
�k�\�_�`�^�Z �d�t�f �h�[�s�Z�l�Z �b�a�q�b�k�e�b�l�_�e�g�Z �k�o�_�f�Z �g�Z �j�h�l�Z�p�b�h�g-
�g�h �l�y�e�h [1-3]. �>�b�n�_�j�_�g�p�b�Z�e�g�h�l�h �m�j�Z�\�g�_�g�b�_ �a�Z �^�b�k�d (1) 
�a�Z �h�i�j�_�^�_�e�y�g�_ �g�Z �i�j�_�f�_�k�l�\�Z�g�b�y�l�Z, �Z �h�l �l�Z�f �b �g�Z �g�Z�i�j�_-
�`�_�g�b�y�l�Z, �k�_ �j�Z�a�]�e�_�`�^�Z �k �l�Z�d�Z �g�Z�j�_�q�_�g�Z�l�Z �j�Z�\�g�b�g�g�Z 
�a�Z�^�Z�q�Z, �d�h�y�l�h �f�h�`�_ �^�Z �[�t�^�_ �k�\�_�^�_�g�Z �^�h �f�Z�l�_�f�Z�l�b�q�_�k�d�h 
�h�i�b�k�Z�g�b�_, �b�a�b�k�d�\�Z�s�h �k�Z�f�h �^�\�_ �g�_�a�Z�\�b�k�b�f�b �d�h�h�j�^�b-
�g�Z�l�b �b �h�k�g�h�\�g�b�l�_ �g�Z�[�e�x�^�Z�\�Z�g�b �i�Z�j�Z�f�_�l�j�b �g�y�f�Z�l 
�d�h�f�i�h�g�_�g�l�b �i�h �g�Z�i�j�Z�\�e�_�g�b�_ �g�Z �l�j�_�l�Z�l�Z �d�h�h�j�^�b�g�Z�l�Z.  
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�>�b�j�_�d�l�j�b�k�b�l�_ �g�Z �k�b�e�b�l�_, �d�h�b�l�h �^�_�c�k�l�\�Z�l �\�t�j�o�m 
�d�h�g�k�l�j�m�d�p�b�y�l�Z, �e�_�`�Z�l �\ �_�^�g�Z �j�Z�\�g�b�g�Z (�k�b�k�l�_�f�Z �k�t�j�Z�\-
�g�b�g�g�b �k�b�e�b). �G�Z �i�j�Z�d�l�b�d�Z �\ �q�b�k�l �\�b� ̂�l�Z�d�b�\�Z �a�Z�^�Z�q�b �g�_ 
�k�t�s�_�k�l�\�m�\�Z�l, �g�h �\ �f�g�h�]�h �k�e�m�q�Z�b �\�e�b�y�g�b�_�l�h �g�Z �l�j�_�l�Z�l�Z 
�d�h�h�j�^�b�g�Z�l�Z �_ �g�_�a�g�Z�q�b�l�_�e�g�h �b �f�h�`�_ �^�Z �k�_ �i�j�_�g�_�[�j�_�]�g�_.  

�I�j�b �j�Z�\�g�b�g�g�h�l�h �g�Z�i�j�_�]�g�Z�l�h �k�t�k�l�h�y�g�b�_ (�J�G�K) �k�_ 
�i�j�_�^�i�h�e�Z�]�Z, �q�_ �l�y�e�h�l�h �i�j�_�^�k�l�Z�\�e�y�\�Z �i�e�Z�k�l�b�g�Z �k 
�i�h�k�l�h�y�g�g�Z �^�_�[�_�e�b�g�Z (�N�b�]. 1). �I�j�b�_�f�Z �k�_ �k�t�s�h �l�Z�d�Z, �q�_ 
�k�b�e�b�l�_, �^�_�c�k�l�\�Z�s�b �\�t�j�o�m �i�e�Z�k�l�b�g�Z�l�Z �b�f�Z�l �^�b�j�_�d-
�l�j�b�k�b, �e�_�`�Z�s�b �\ �j�Z�\�g�b�g�Z�l�Z �g�Z �i�e�Z�k�l�b�g�Z�l�Z, �l�h�]�Z�\�Z 
�g�Z�i�j�_�`�_�g�b�y�l�Z �Vz = �Wyz = �Wzx = 0. 

 

�N�b�]. 1. �I�e�Z�k�l�b�g�Z �k �i�h�k�l�h�y�g�g�Z �^�_�[�_�e�b�g�Z �h�g�Z�]�e�_�^�y�\�Z�s�Z 
�a�Z�^�Z�q�Z�l�Z �a�Z �j�Z�\�g�b�g�g�h �g�Z�i�j�_�]�g�Z�l�h �k�t�k�l�h�y�g�b�_ (�J�G�K). 

�A�Z �J�G�K �k�_ �i�j�b�_�f�Z, �q�_ �g�Z�i�j�_�`�_�g�b�y�l�Z �k�Z �i�h�k�l�h�y�g�g�b 
�i�h �^�_�[�_�e�b�g�Z�l�Z h. �H�l�l�m�d �k�e�_�^�\�Z, �q�_ �b �^�_�n�h�j�f�Z�p�b�b�l�_ �b 
�i�j�_�f�_�k�l�\�Z�g�b�y�l�Z �k�t�s�h �k�Z �d�h�g�k�l�Z�g�l�b �i�h h, �l.�_. �\�k�b�q�d�b 
�\�_�e�b�q�b�g�b �k�Z �n�m�g�d�p�b�y �k�Z�f�h �g�Z x �b y. �I�h�j�Z�^�b �l�h�\�Z, �q�_ 
�j�Z�a�]�e�_�`�^�Z�g�b�l�_ �_�e�_�f�_�g�l�b �k�Z �l�_�e�Z �k �h�k�h�k�b�f�_�l�j�b�q�g�Z 
�n�h�j�f�Z, �a�Z�\�b�k�b�f�h�k�l�b�l�_ �a�Z �g�Z�i�j�_�`�_�g�b�y�l�Z, �^�_�n�h�j�f�Z�p�b�b-
�l�_ �b �i�j�_�f�_�k�l�\�Z�g�b�y�l�Z �k�_ �i�j�_�^�k�l�Z�\�y�l �\ �i�h�e�y�j�g�b �d�h�h�j�^�b-
�g�Z�l�b, �d�Z�l�h �\�k�b�q�d�b �\�_�e�b�q�b�g�b �k�Z �n�m�g�d�p�b�b �g�Z r �b���M.  

�>�b�n�_�j�_�g�p�b�Z�e�g�h�l�h �m�j�Z�\�g�_�g�b�_ (1) �i�j�b�_�f�Z �h�i�j�h�k�l�_-
�g�b�y �\�b� ̂(2) �i�j�b h = const: 
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�K�e�_�^ �j�_�r�Z�\�Z�g�_ �g�Z (2) �k�_ �i�h�e�m�q�Z�\�Z�l �j�_�r�_�g�b�y�l�Z �a�Z 
�j�Z�^�b�Z�e�g�h�l�h �g�Z�i�j�_�`�_�g�b�_ �Vr(r), �l�Z�g�]�_�g�p�b�Z�e�g�h�l�h �g�Z�i�j�_-
�`�_�g�b�_ �V�3(r) �b �j�Z�^�b�Z�e�g�h�l�h �i�j�_�f�_�k�l�\�Z�g�_ ur(r), �d�Z�l�h 
�\�k�b�q�d�b �\�_�e�b�q�b�g�b �k�_ �b�a�f�_�g�y�l �i�h �o�b�i�_�j�[�h�e�b�q�_�g �a�Z�d�h�g �\ 
�j�Z�^�b�Z�e�g�h �g�Z�i�j�Z�\�e�_�g�b�_: 
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�<. �?�c�g�i�]�[ �c �M. �G�[�k�c�h�i�]�[, �K�t�a�^�Z�\�Z�g�_ �g�Z �k�i�_�p�b�Z�e�b�a�b�j�Z�g �k�h�n�l�m�_�j �a�Z �h�i�j�_�^�_�e�y�g�_ �g�Z �y�d�h�k�l�l�Z �g�Z �[�t�j�a�h �\�t�j�l�y�s�b �k�_ �^�b�k�d�h�\�_ 
B. Dimova, and T. Marinova, Development of specialized software for determining the strength of high-speed rotating disks 



Sozopol, 15-17 September 2018 BulTrans-2018 Conference Proceedings 

 87  

 22
2

)3(
8

1

11
)( r

r

BE
A

E
rr �P�Z�U

�P�P
�V ����

��
��

��
� ; (4) 

 222
2

)31(
8

1

11
)( rr

r

BE
A

E
r �P�Z�U

�P�P
�V�M ����

��
��

��
� . (5) 

�I�h�k�l�Z�\�y �k�_ �a�Z�^�Z�q�Z �^�Z �k�_ �k�t�a�^�Z�^�_ �k�h�n�l�m�_�j �a�Z �h�i�j�_�^�_-
�e�y�g�_ �g�Z �j�Z�a�i�j�_�^�_�e�_�g�b�_�l�h �g�Z �Vr(r), �V�3(r) �b ur(r) �b 
�i�h�k�e�_�^�\�Z�s�h �b�a�\�t�j�r�\�Z�g�_ �g�Z �y�d�h�k�l�g�Z �i�j�h�\�_�j�d�Z �\ 
�a�Z�k�l�j�Z�r�_�g�b�l�_ �l�h�q�d�b.  

�P�_�e�l�Z �g�Z �l�h�a�b �k�h�n�l�m�_�j �_ �i�h�l�j�_�[�b�l�_�e�b�l�_ �^�Z �b�f�Z�l 
�\�t�a�f�h�`�g�h�k�l �^�Z �\�Z�j�b�j�Z�l �k �]�h�e�y�f �g�Z�[�h�j �h�l �i�Z�j�Z�f�_�l�j�b, �k 
�d�h�b�l�h �^�Z �b�a�k�e�_�^�\�Z�l �j�Z�a�e�b�q�g�b �a�Z�\�b�k�b�f�h�k�l�b, �i�j�b �[�t�j�a�h 
�\�t�j�l�y�s�b �k�_ �^�b�k�d�h�\�_. �I�h�k�e�_�^�\�Z�s�b�y�l �y�d�h�k�l�_�g �Z�g�Z�e�b�a 
�^�Z�\�Z �\�t�a�f�h�`�g�h�k�l �a�Z �j�_�r�Z�\�Z�g�_ �g�Z �j�_�Z�e�g�b �a�Z�^�Z�q�b �b �\�t�a-
�f�h�`�g�h�k�l �a�Z �d�Z�q�_�k�l�\�_�g�Z �b �d�h�e�b�q�_�k�l�\�_�g�Z �h�p�_�g�d�Z �b �k�j�Z�\-
�g�b�f�h�k�l �g�Z �\�Z�j�b�Z�g�l�b�l�_ �b �b�a�[�h�j �g�Z �h�i�l�b�f�Z�e�g�Z �n�h�j�f�Z, 
�]�_�h�f�_�l�j�b�y �b �g�Z�l�h�\�Z�j�\�Z�g�_. �I�j�_�^�b�f�k�l�\�h �a�Z �j�Z�[�h�l�_�s�b�l�_ 
�k �i�j�h�]�j�Z�f�Z�l�Z �_ �g�Z�]�e�_�^�g�h�l�h �i�j�_�^�k�l�Z�\�y�g�_ �g�Z �j�_�a�m�e�l�Z�l�b�l�_ 
�g�Z �b�g�Z�q�_ �k�e�h�`�g�Z�l�Z �l�_�h�j�b�y �g�Z �_�e�Z�k�l�b�q�g�h�k�l�l�Z. 

2 �F�_�l�h�^�b�d�Z �g�Z �b�a�q�b�k�e�_�g�b�y�l�Z 

�A�Z �^�Z �k�_ �i�h�e�m�q�Z�l �j�Z�a�i�j�_�^�_�e�_�g�b�y�l�Z �g�Z �g�Z�i�j�_�`�_�g�b�y�l�Z 
�i�j�b �[�t�j�a�h �\�t�j�l�y�s�b �k�_ �^�b�k�d�h�\�_ �_ �g�_�h�[�o�h�^�b�f�h �i�h�a�g�Z-
�\�Z�g�_ �g�Z �h�[�s�b�l�_ �j�_�r�_�g�b�y �a�Z �g�Z�i�j�_�`�_�g�b�y�l�Z �b �i�j�_�f�_�k�l-
�\�Z�g�b�y�l�Z �\ �j�Z�^�b�Z�e�g�h �b �l�Z�g�]�_�g�p�b�Z�e�g�h �g�Z�i�j�Z�\�e�_�g�b�_. 
�L�j�y�[�\�Z �^�h�[�j�_ �^�Z �k�_ �i�h�a�g�Z�\�Z �b �k�i�_�p�b�n�b�d�Z�l�Z �g�Z �a�Z�^�Z�q�Z�l�Z 
– �g�Z�q�b�g �g�Z �a�Z�d�j�_�i�\�Z�g�_ �b �\�b�^�h�\�_ �g�Z�l�h�\�Z�j�\�Z�g�_, �a�Z �^�Z 
�f�h�]�Z�l �i�j�Z�\�b�e�g�h �^�Z �k�_ �n�h�j�f�m�e�b�j�Z�l �]�j�Z�g�b�q�g�b�l�_ 
�m�k�e�h�\�b�y. 

�I�j�b �j�_�r�Z�\�Z�g�_ �g�Z �h�k�g�h�\�g�Z�l�Z �a�Z�^�Z�q�Z �k�_ �k�e�_�^�\�Z�l 
�h�i�b�k�Z�g�b�l�_ �i�h-�^�h�e�m �k�l�t�i�d�b. 

2.1. �A�Z�^�Z�\�Z�g�_ �g�Z �\�o�h�^�g�b�l�_ �^�Z�g�g�b 

�A�Z �^�Z �f�h�`�_ �^�Z �[�t�^�_ �j�_�r�_�g�Z �i�j�Z�\�b�e�g�h �a�Z�^�Z�^�_�g�Z�l�Z 
�a�Z�^�Z�q�Z, �h�k�h�[�_�g�h �\�Z�`�g�b �k�Z �\�o�h�^�g�b�l�_ �^�Z�g�g�b. �G�_�h�[�o�h�^�b-
�f�b�l�_ �\�o�h�^�g�b �i�Z�j�Z�f�_�l�j�b, �d�h�b�l�h �l�j�y�[�\�Z �^�Z �a�Z�^�Z�^�_ �i�h�l�j�_-
�[�b�l�_�e�y�l �k�Z: �g�Z�l�h�\�Z�j�\�Z�g�_ (�\�t�l�j�_�r�g�h �Vi/pi �b �\�t�g�r�g�h 
�Va/pa, MPa); �f�Z�l�_�j�b�Z�e�g�b �d�h�g�k�l�Z�g�l�b (�f�h�^�m�e �g�Z �_�e�Z�k�l�b�q-
�g�h�k�l – �?, MPa, �d�h�_�n�b�p�b�_�g�l �g�Z �I�h�Z�k�h�g ��, �i�e�t�l�g�h�k�l �U, 
kg/m3 �b �]�j�Z�g�b�p�Z �g�Z �i�j�h�\�e�Z�q�Z�g�_ �Vs, MPa); �]�_�h�f�_�l�j�b�q�g�b 
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �g�Z �^�b�k�d�Z (�\�t�l�j�_�r�_�g ri �b �\�t�g�r�_�g ra 
�j�Z�^�b�m�k�b, mm); �q�_�k�l�h�l�Z �g�Z �\�t�j�l�_�g�_ n, rpm; �t�]�e�h�\�Z 
�k�d�h�j�h�k�l �Z, s-1; �k�l�_�]�g�Z�l�h�k�l �f�_�`�^�m �\�Z�e�Z �b �^�b�k�d�Z �G, mm; 
�j�Z�a�k�l�h�y�g�b�_ �f�_�`�^�m �^�b�k�d�Z �b �d�h�j�i�m�k�Z s, mm; �d�h�_�n�b�p�b�_�g�l 
�g�Z �k�b�]�m�j�g�h�k�l ��. �F�_�j�g�b�l�_ �_�^�b�g�b�p�b �g�Z �\�o�h�^�g�b�l�_ 
�i�Z�j�Z�f�_�l�j�b �k�Z �m�d�Z�a�Z�g�b �b �\ �^�b�Z�e�h�]�h�\�b�y �i�j�h�a�h�j�_�p �g�Z 
�i�j�h�]�j�Z�f�Z�l�Z. �F�Z�l�_�j�b�Z�e�g�b�l�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �k�_ �\�a�b�f�Z�l 
�h�l �k�i�_�p�b�Z�e�b�a�b�j�Z�g�b �l�Z�[�e�b�p�b, �g�h�j�f�Z�l�b�\�g�b �^�h�d�m�f�_�g�l�b 
�b�e�b �k�_ �i�h�e�m�q�Z�\�Z�l �_�d�k�i�_�j�b�f�_�g�l�Z�e�g�h. �D�h�_�n�b�p�b�_�g�l�t�l �g�Z 
�k�b�]�m�j�g�h�k�l �k�_ �b�a�[�b�j�Z �i�h �d�h�g�k�l�j�m�d�l�b�\�g�b �k�t�h�[�j�Z�`�_�g�b�y. 

2.2. �H�i�j�_�^�_�e�y�g�_ �g�Z �]�j�Z�g�b�q�g�b�l�_ �m�k�e�h�\�b�y �i�j�b 
�j�Z�a�e�b�q�g�b �k�e�m�q�Z�b �g�Z �g�Z�l�h�\�Z�j�\�Z�g�_ �b 
�a�Z�d�j�_�i�\�Z�g�_ 

�G�Z�c-�\�Z�`�g�h �_ �i�j�Z�\�b�e�g�h�l�h �h�i�j�_�^�_�e�y�g�_ �g�Z �]�j�Z�g�b�q�g�b�l�_ 
�m�k�e�h�\�b�y, �d�h�b�l�h �a�Z�\�b�k�y�l �h�l �g�Z�q�b�g�Z �g�Z �a�Z�d�j�_�i�\�Z�g�_ �b 

�g�Z�l�h�\�Z�j�\�Z�g�_�l�h �g�Z �^�b�k�d�Z. �G�Z �N�b�]. 2 �k�Z �i�j�_�^�k�l�Z�\�_�g�b 
�\�k�b�q�d�b �\�t�a�f�h�`�g�b �]�j�Z�g�b�q�g�b �k�t�k�l�h�y�g�b�y, �d�h�b�l�h �f�h�]�Z�l �^�Z 
�k�_ �d�h�f�[�b�g�b�j�Z�l �\ �a�Z�\�b�k�b�f�h�k�l �h�l �i�h�k�l�Z�\�_�g�Z�l�Z �a�Z�^�Z�q�Z. 

 

�N�b�]. 2. �<�t�a�f�h�`�g�b �]�j�Z�g�b�q�g�b �k�t�k�l�h�y�g�b�y. 

�H�k�g�h�\�g�b�l�_ �\�Z�j�b�Z�p�b�b �f�h�]�Z�l �^�Z �[�t�^�Z�l �d�Z�d�l�h �k�e�_�^�\�Z: 
�Z) �G�Z�e�y�]�Z�g�_/�g�Z�i�j�_�`�_�g�b�_ �i�h �^�\�_�l�_ �]�j�Z�g�b�p�b �g�Z �^�b�k�d�Z: 

 
� � � � � � � �
� � � � � � � �

� � � �
� � � �.

;
   �b�e�b   

,;0

;;0

aar

iir

aarar

iirir

pr�1

pr�1

r�1r�1

r�1r�1
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� 

� �z

� �z

�V
�V

 (6) 

�[) �G�Z�e�y�]�Z�g�_/�g�Z�i�j�_�`�_�g�b�_ �i�h �\�t�l�j�_�r�g�b�y �j�Z�^�b�m�k �b 
�i�j�_�f�_�k�l�\�Z�g�_ �i�h �\�t�g�r�g�b�y �j�Z�^�b�m�k: 

 
� � � � � � � �
� � � � � � � �

� � � �
� � � �.

;
   �b�e�b   

,;0

;;0

sru

pr�1

srur�1

r�1r�1

ar

iir

arar

iirir

� 

� 

� �z

� �z �V
 (7) 

�\) �G�Z�e�y�]�Z�g�_/�g�Z�i�j�_�`�_�g�b�_ �i�h �\�t�g�r�g�b�y �j�Z�^�b�m�k �b 
�i�j�_�f�_�k�l�\�Z�g�_ �i�h �\�t�l�j�_�r�g�b�y �j�Z�^�b�m�k: 

 
� � � � � � � �
� � � � � � � �

� � � �
� � � �.

;
   �b�e�b   

,;0

;;0

�G�G
�V

� 

� 

� �z

� �z

ir

aar

irir

aarar

ru

pr�1

rur�1

r�1r�1
 (8) 

�]) �I�j�_�f�_�k�l�\�Z�g�b�y �i�h �^�\�_�l�_ �]�j�Z�g�b�p�b �g�Z �^�b�k�d�Z: 

 
� � � � � � � �
� � � � � � � �.;0

;;0

sruru

ruru

arar

irir

� �z

� �z �G
 (9) 

�<�Z�`�g�h �_ �^�Z �k�_ �a�g�Z�_, �q�_ �i�j�b �a�Z�^�Z�\�Z�g�_ �g�Z �]�j�Z�g�b�q�g�b�l�_ 
�m�k�e�h�\�b�y, �\ �i�j�h�]�j�Z�f�Z�l�Z �f�h�]�Z�l �^�Z �[�t�^�Z�l �\�t�\�_�^�_�g�b �k�Z�f�h 
�^�\�_ �]�j�Z�g�b�q�g�b �m�k�e�h�\�b�y, �l�t�c �d�Z�l�h �i�j�b �j�_�r�Z�\�Z�g�_�l�h �g�Z 
�^�b�n�_�j�_�g�p�b�Z�e�g�b�l�_ �m�j�Z�\�g�_�g�b�y �k�_ �i�h�e�m�q�Z�\�Z�l �k�Z�f�h �^�\�_ 
�b�g�l�_�]�j�Z�p�b�h�g�g�b �d�h�g�k�l�Z�g�l�b. �K�l�h�c�g�h�k�l�b�l�_ �g�Z �g�Z�l�h�\�Z�j�\�Z-
�g�_�l�h �f�h�]�Z�l �^�Z �k�Z �j�Z�a�e�b�q�g�b �h�l �g�m�e�Z (�i�h�e�h�`�b�l�_�e�g�b �b�e�b 
�h�l�j�b�p�Z�l�_�e�g�b) �b�e�b �j�Z�\�g�b �g�Z �g�m�e�Z, �Z �i�j�_�f�_�k�l�\�Z�g�b�y�l�Z 
�f�h�]�Z�l �^�Z �i�j�b�_�f�Z�l �i�h�e�h�`�b�l�_�e�g�b �k�l�h�c�g�h�k�l�b �b�e�b 
�k�l�h�c�g�h�k�l�b �j�Z�\�g�b �g�Z �g�m�e�Z. 

 
2.3. �I�j�_�k�f�y�l�Z�g�_ �g�Z �b�g�l�_�]�j�Z�p�b�h�g�g�b�l�_ 
�d�h�g�k�l�Z�g�l�b 

�K�e�_�^ �h�i�j�_�^�_�e�y�g�_ �g�Z �]�j�Z�g�b�q�g�b�l�_ �m�k�e�h�\�b�y �k�_ �j�_�r�Z�\�Z�l 
�m�j�Z�\�g�_�g�b�y �h�l (3) �^�h (5),  �a�Z �^�Z �k�_ �i�j�_�k�f�_�l�g�Z�l �^�\�_�l�_ 
�b�g�l�_�]�j�Z�p�b�h�g�g�b �d�h�g�k�l�Z�g�l�b �: �b �< . �G�Z�i�j�b�f�_�j �k�e�_�^ �a�Z�^�Z-
�\�Z�g�_ �g�Z �]�j�Z�g�b�q�g�b �m�k�e�h�\�b�y �h�l �l�b�i (6) �a�Z �b�g�l�_�]�j�Z�p�b�h�g-
�g�b�l�_ �d�h�g�k�l�Z�g�l�b �k�_ �i�h�e�m�q�Z�\�Z:  
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 (10) 

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

2.4. �B�a�\�t�j�r�\�Z�g�_ �g�Z �y�d�h�k�l�g�Z �i�j�h�\�_�j�d�Z 

�K�e�_�^ �i�h�e�m�q�Z�\�Z�g�_ �g�Z �b�g�l�_�]�j�Z�p�b�h�g�g�b�l�_ �d�h�g�k�l�Z�g�l�b, �l�_ �k�_ 
�a�Z�f�_�k�l�\�Z�l �\ �m�j�Z�\�g�_�g�b�y �h�l (3) �^�h (5) �a�Z �^�Z �k�_ �i�h�e�m�q�Z�l 
�j�Z�a�i�j�_�^�_�e�_�g�b�y�l�Z �g�Z �Vr(r), �V�3(r) �b ur(r). 

�A�Z�k�l�j�Z�r�_�g�b �k�Z �l�h�q�d�b�l�_ �i�h �\�t�g�r�g�b�y �b �\�t�l�j�_�r�g�b�y 
�^�b�Z�f�_�l�t�j �g�Z �^�b�k�d�Z. 

�< �i�j�_�^�e�h�`�_�g�b�y�l �k�h�n�l�m�_�j �y�d�h�k�l�g�b�y �Z�g�Z�e�b�a �k�_ 
�b�a�\�t�j�r�\�Z �i�h IV �y�d�h�k�l�g�Z �l�_�h�j�b�y – �m�j�Z�\�g�_�g�b�_ (11). �I�j�b 
�a�Z�^�Z�q�Z�l�Z �a�Z �[�t�j�a�h �\�t�j�l�y�s�b �k�_ �^�b�k�d�h�\�_, �j�Z�^�b�Z�e�g�h�l�h 
�g�Z�i�j�_�`�_�g�b�_ �Vr(r) �b �l�Z�g�]�_�g�p�b�Z�e�g�h�l�h �g�Z�i�j�_�`�_�g�b�_ �V�3(r) 
�k�Z �]�e�Z�\�g�b �g�Z�i�j�_�`�_�g�b�y.  

 �M�M �V�V�V�V�V rr
IV

�_�d�\ r ����� 22)( )(  (11) 

�I�j�_�k�f�_�l�g�Z�l�h�l�h �_�d�\�b�\�Z�e�_�g�l�g�h �g�Z�i�j�_�`�_�g�b�_ �k�_ 
�k�j�Z�\�g�y�\�Z �k �^�h�i�m�k�l�b�f�h�l�h �g�Z�i�j�_�`�_�g�b�_ �1�^�h�i (�h�l�g�h�r�_�g�b�_ 
�g�Z �]�j�Z�g�b�p�Z�l�Z �g�Z �i�j�h�\�e�Z�q�\�Z�g�_ �1s �b �d�h�_�n�b�p�b�_�g�l�Z �g�Z 
�k�b�]�m�j�g�h�k�l ��). 

2.5. �B�a�q�_�j�l�Z�\�Z�g�_ �g�Z �j�Z�a�i�j�_�^�_�e�_�g�b�_�l�h �g�Z 
�g�Z�i�j�_�`�_�g�b�y�l�Z �b �i�j�_�f�_�k�l�\�Z�g�_�l�h �i�h �j�Z�^�b�m�k�Z 
�g�Z �^�b�k�d�Z �b�e�b �l�j�t�[�Z�l�Z 

�=�j�Z�n�b�q�g�h�l�h �i�j�_�^�k�l�Z�\�y�g�_ �g�Z �j�_�a�m�e�l�Z�l�b�l�_ �a�Z �j�Z�a�i�j�_�^�_-
�e�_�g�b�_�l�h �g�Z �j�Z�^�b�Z�e�g�h�l�h �i�j�_�f�_�k�l�\�Z�g�_ u(r), �j�Z�^�b�Z�e�g�h�l�h 
�g�Z�i�j�_�`�_�g�b�_ �1r(r) �b �l�Z�g�]�_�g�p�b�Z�e�g�h�l�h �g�Z�i�j�_�`�_�g�b�_ �1�3(r) 
�g�Z �j�_�r�Z�\�Z�g�Z�l�Z �a�Z�^�Z�q�Z, �^�Z�\�Z �\�t�a�f�h�`�g�h�k�l �a�Z �d�Z�q�_�k�l�\�_�g�Z 
�b �d�h�e�b�q�_�k�l�\�_�g�Z �h�p�_�g�d�Z �b �l�y�o�g�Z�l�Z �^�h�[�j�Z �k�j�Z�\�g�b�f�h�k�l.  

3 �K�h�n�l�m�_�j �a�Z �h�i�j�_�^�_�e�y�g�_ �g�Z �y�d�h�k�l�l�Z 
�\  �[�t�j�a�h �\�t�j�l�y�s�b  �k�_ �^�b�k�d�h�\�_ 

�I�j�_�^�k�l�Z�\�_�g�b�y�l �k�h�n�l�m�_�j �a�Z �h�i�j�_�^�_�e�y�g�_ �g�Z �j�Z�a�i�j�_�^�_�e�_-
�g�b�_�l�h �g�Z �g�Z�i�j�_�`�_�g�b�y�l�Z �i�j�b �[�t�j�a�h �\�t�j�l�y�s�b �k�_ 
�^�b�k�d�h�\�_, �f�h�`�_ �^�Z �k�_ �b�a�i�h�e�a�\�Z �g�Z �\�k�y�d�Z�d�\�b �i�_�j�k�h�g�Z�e�g�b 
�d�h�f�i�x�l�j�b. �B�g�l�_�j�n�_�c�k�t�l �g�Z �i�j�h�]�j�Z�f�Z�l�Z �k�e�_�^ �k�l�Z�j�l�b-
�j�Z�g�_ �_ �i�h�d�Z�a�Z�g �g�Z �N�b�]. 3.  

�G�Z �[�Z�a�Z�l�Z �g�Z �j�_�Z�e�_�g �i�j�b�f�_�j �_ �i�j�_�^�k�l�Z�\�_�g�Z �i�h�k�e�_-
�^�h�\�Z�l�_�e�g�h�k�l�l�Z �a�Z �j�Z�[�h�l�Z�l�Z �i�j�b �b�a�i�h�e�a�\�Z�g�_ �g�Z �i�j�h�]�j�Z-
�f�Z�l�Z: 

1. �< �^�b�Z�e�h�]�h�\�b�y �i�j�h�a�h�j�_�p „�<�o�h�^�g�b �i�Z�j�Z�f�_�l�j�b” �k�_ 
�a�Z�^�Z�\�Z�l �g�Z�l�h�\�Z�j�\�Z�g�_�l�h, �f�Z�l�_�j�b�Z�e�g�b�l�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b 
�a�Z �^�b�k�d �h�l �Z�e�m�f�b�g�b�_�\�Z �k�i�e�Z�\ AlSi11Cu [4], �]�_�h�f�_�l�j�b�q-
�g�b�l�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �g�Z �^�b�k�d�Z �b �^�j�m�]�b �g�_�h�[�o�h�^�b�f�b 
�\�_�e�b�q�b�g�b (�N�b�]. 4). 

2. �< �^�b�Z�e�h�]�h�\�b�y �i�j�h�a�h�j�_�p „�=�j�Z�g�b�q�g�b �m�k�e�h�\�b�y” �k�_ 
�f�Z�j�d�b�j�Z�l �]�j�Z�g�b�q�g�b�l�_ �m�k�e�h�\�b�y, �q�b�b�l�h �k�l�h�c�g�h�k�l�b �\�_�q�_ 
�k�Z �\�t�\�_�^�_�g�b �\ �^�b�Z�e�h�]�h�\�b�y �i�j�h�a�h�j�_�p �a�Z �\�o�h�^�g�b�l�_ 
�i�Z�j�Z�f�_�l�j�b. �D�Z�l�h �^�\�_ �]�j�Z�g�b�q�g�b �m�k�e�h�\�b�y �k�Z �b�a�[�j�Z�g�b 
�g�Z�i�j�_�`�_�g�b�y�l�Z �1r(ri) = –20 �F�J�Z �b �1r(r�Z) = 10 �F�J�Z �i�h 
�]�j�Z�g�b�p�b�l�_ �g�Z �^�b�k�d�Z (�N�b�]. 5). 

 
�N�b�]. 3. �B�g�l�_�j�n�_�c�k �g�Z �i�j�h�]�j�Z�f�Z�l�Z �a�Z �h�i�j�_�^�_�e�y�g�_ �y�d�h�k�l�l�Z �\ 
�[�t�j�a�h �\�t�j�l�y�s�b �k�_ �^�b�k�d�h�\�_. 

 

�N�b�]. 4. �<�o�h�^�g�b �i�Z�j�Z�f�_�l�j�b �a�Z �^�b�k�d �h�l AlSi11Cu �k�i�e�Z�\ �b 
�j�Z�a�f�_�j�b  ri = 100 mm �b ra = 300 mm. 

 
�N�b�]. 5. �B�a�[�h�j �g�Z �]�j�Z�g�b�q�g�b�l�_ �m�k�e�h�\�b�y.  

1) �< �^�b�Z�e�h�]�h�\�b�y �i�j�h�a�h�j�_�p „�B�g�l�_�]�j�Z�p�b�h�g�g�b 
�d�h�g�k�l�Z�g�l�b” �k�e�_�^ �g�Z�l�b�k�d�Z�g�_ �g�Z �[�m�l�h�g�Z „�B�a�q�b�k�e�y�\�Z�g�_”, 
�q�b�k�e�_�g�h �k�_ �i�j�_�^�k�l�Z�\�y�l �i�h�e�m�q�_�g�b�l�_ �a�Z �d�h�g�d�j�_�l�g�Z�l�Z 
�a�Z�^�Z�q�Z �d�h�g�k�l�Z�g�l�b �: �b �< (�N�b�]. 6). 

 
�N�b�]. 6. �Q�b�k�e�_�g �j�_�a�m�e�l�Z�l �g�Z �b�g�l�_�]�j�Z�p�b�h�g�g�b �d�h�g�k�l�Z�g�l�b.  

���;�/�,���9�&�(���&���/�(�����,�����&����pi��[MPa]: �r20
���;�&�9�&�(���&���/�(�����,�����&����pa��[MPa]: 10

�%���/���,�����# Al
�%�(���1�#���&�������#���-�/���8�&�(�-�/��E��[MPa]: 72500

�!�(���4���6�����&�/���&�����¿�(���-�(�&���� : 0,32
�*�#�;�/�&�(�-�/���! [x 10^3 kg.m-3]: 2,65

���,.���&�����*�,�(���#���8���&�����1s��[MPa]: 90

���;�/�,���9���&���,�������1�-��ri��[mm]: 100
���;�&�9���&���,�������1�-��ra��[mm]: 300

�(�
�(�,�(�/����n��[rpm]: 0
�;���#�(�������-�!�(�,�(�-�/���& [s-1]: 0

�!�(���4���6�����&�/���&�����-�����1�,�&�(�-�/���� 1,5
�,�����-�/�(�A�&������s��[mm]

�-�/�����&���/�(�-�/���w��[mm]

�ª�,�1�������&���(�
�5�(�����%���������#���8���&��

1.���¦�5�(���&�����*���,���%���/�,��
�»���/�(�����,�����&��

�º���/���,�����#�&�����5���,���!�/���,���-�/���!��

�§���(�%���/�,���8�&�����5���,���!�/���,���-�/���!�����&���������-�!��

Al

��

�¤����=�� 1,290E�r04

B����=�� 6,145E+00

3.���°�&�/�����,���6���(�&�&�����!�(�&�-�/���&�/��

�°���8���-�#�A�����&��

���,.���&�����*�,�(���#���8���&�����1s��[MPa]:
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3. �< �^�b�Z�e�h�]�h�\�b�y �i�j�h�a�h�j�_�p „�Y�d�h�k�l�g�Z �i�j�h�\�_�j�d�Z”, 
�k�e�_�^ �g�Z�l�b�k�d�Z�g�_ �g�Z �[�m�l�h�g�Z „�B�a�q�b�k�e�y�\�Z�g�_”,  �i�j�h�]�j�Z�f�Z�l�Z 
�b�a�q�b�k�e�y�\�Z �b �i�h�d�Z�a�\�Z �^�h�i�m�k�l�b�f�h�l�h �g�Z�i�j�_�`�_�g�b�_ �1�^�h�i �b 
�_�d�\�b�\�Z�e�_�g�l�g�h�l�h �g�Z�i�j�_�`�_�g�b�_ �1IV�_�d�\(ri/r�Z) �\ �a�Z�k�l�j�Z�r�_�g�b-
�l�_ �l�h�q�d�b (�N�b�]. 7). �K�j�Z�\�g�y�\�Z�l �k�_ �k�l�h�c�g�h�k�l�b�l�_ �g�Z �_�d�\�b-
�\�Z�e�_�g�l�g�h�l�h �g�Z�i�j�_�`�_�g�b�_ �k �^�h�i�m�k�l�b�f�h�l�h �1IV�_�d�\(ri) �” �1�^�h�i 
�b �1IV�_�d�\(r�Z) �” �1�^�h�i. 

 
�N�b�]. 7. �Y�d�h�k�l�g�Z �i�j�h�\�_�j�d�Z.  

4. �I�j�b �g�Z�l�b�k�d�Z�g�_ �g�Z �[�m�l�h�g�Z „�B�a�q�b�k�e�y�\�Z�g�_ �g�Z 
�j�Z�a�i�j�_�^�_�e�_�g�b�_�l�h �g�Z �g�Z�i�j�_�`�_�g�b�y�l�Z �b �b�a�q�_�j�l�Z�\�Z�g�_ �g�Z 
�^�b�Z�]�j�Z�f�b�l�_” �i�j�h�]�j�Z�f�Z�l�Z �i�j�_�^�k�l�Z�\�y �]�j�Z�n�b�q�g�h �j�_�a�m�e�l�Z-
�l�b�l�_ �h�l �j�_�r�Z�\�Z�g�Z�l�Z �a�Z�^�Z�q�Z. �G�Z �N�b�]. 8 �k�Z �i�h�d�Z�a�Z�g�b 
�j�Z�a�i�j�_�^�_�e�_�g�b�y�l�Z �g�Z �j�Z�^�b�Z�e�g�h�l�h �g�Z�i�j�_�`�_�g�b�_ �1r(r), 
�l�Z�g�]�_�g�p�b�Z�e�g�h�l�h �g�Z�i�j�_�`�_�g�b�_ �1�3(r) �b �_�d�\�b�\�Z�e�_�g�l�g�h�l�h 
�g�Z�i�j�_�`�_�g�b�_ �1IV�_�d�\(r), �Z �g�Z �N�b�]. 9 �j�Z�a�i�j�_�^�_�e�_�g�b�_�l�h �g�Z 
�j�Z�^�b�Z�e�g�h�l�h �i�j�_�f�_�k�l�\�Z�g�_ u(r) �a�Z �j�Z�a�]�e�_�`�^�Z�g�b�y �i�j�b�f�_�j. 
�H�l �l�y�o �f�h�]�Z�l �^�Z �[�t�^�Z�l �h�l�q�_�l�_�g�b �\�k�b�q�d�b �k�l�h�c�g�h�k�l�b �g�Z 
�g�Z�i�j�_�`�_�g�b�y�l�Z �b �i�j�_�f�_�k�l�\�Z�g�b�y�l�Z �i�h �j�Z�^�b�m�k�Z. 

 
�N�b�]. 8. �=�j�Z�n�b�q�g�h �i�j�_�^�k�l�Z�\�y�g�_ �g�Z �j�Z�a�i�j�_�^�_�e�_�g�b�y�l�Z �g�Z 
�j�Z�^�b�Z�e�g�h�l�h �g�Z�i�j�_�`�_�g�b�_ �1r(r), �l�Z�g�]�_�g�p�b�Z�e�g�h�l�h �g�Z�i�j�_�`�_�g�b�_ 
�1�3(r) �b �_�d�\�b�\�Z�e�_�g�l�g�h�l�h �g�Z�i�j�_�`�_�g�b�_ �1IV�_�d�\(r). 

 
�N�b�]. 9. �=�j�Z�n�b�q�g�h �i�j�_�^�k�l�Z�\�y�g�_ �g�Z �j�Z�a�i�j�_�^�_�e�_�g�b�_�l�h �g�Z 
�j�Z�^�b�Z�e�g�h�l�h �i�j�_�f�_�k�l�\�Z�g�_ u(r). 

4 �A�Z�d�e�x�q�_�g�b�_ 

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

�K �i�j�_�^�k�l�Z�\�_�g�b�y �k�h�n�l�m�_�j �k�_ �i�j�h�\�_�`�^�Z�l �e�Z�[�h�j�Z�l�h�j-
�g�b �m�i�j�Z�`�g�_�g�b�y �\ �f�Z�]�b�k�l�t�j�k�d�b�l�_ �d�m�j�k�h�\�_ �i�h �^�b�k�p�b�i�e�b-
�g�b�l�_ „�D�h�g�k�l�j�m�d�p�b�h�g�g�Z �y�d�h�k�l”, �a�Z �k�l�m�^�_�g�l�b�l�_ �h�l 
�N�Z�d�m�e�l�_�l �i�h �l�j�Z�g�k�i�h�j�l�Z – �k�i�_�p�b�Z�e�g�h�k�l „�L�j�Z�g�k�i�h�j�l�g�Z 
�l�_�o�g�b�d�Z �b �l�_�o�g�h�e�h�]�b�b” �b „�F�_�l�h�^�b �a�Z �j�Z�a�j�Z�[�h�l�\�Z�g�_ �g�Z 
�b�a�^�_�e�b�y�l�Z”, �a�Z �k�l�m�^�_�g�b�l�_ �h�l �N�Z�d�m�e�l�_�l �a�Z �]�_�j�f�Z�g�k�d�h 
�b�g�`�_�g�_�j�k�l�\�h �b �i�j�h�f�b�r�e�_�g �f�_�g�b�^�`�f�t�g�l – �k�i�_�p�b�Z�e-
�g�h�k�l „�H�[�s�h �f�Z�r�b�g�h�k�l�j�h�_�g�_” �g�Z �L�M-�K�h�n�b�y. 

�H�[�m�q�Z�_�f�b�l�_ �f�h�]�Z�l �^�Z �\�Z�j�b�j�Z�l �k �]�j�Z�g�b�q�g�b�l�_ �m�k�e�h-
�\�b�y, �]�_�h�f�_�l�j�b�y�l�Z �g�Z �^�b�k�d�Z, �t�]�e�h�\�Z�l�Z �k�d�h�j�h�k�l �g�Z �^�b�k�d�Z, 
�g�Z�l�h�\�Z�j�\�Z�g�b�y�l�Z, �\�b�^�Z �f�Z�l�_�j�b�Z�e �b �^�Z �i�j�Z�\�y�l �k�j�Z�\�g�_�g�b�y. 
�K�e�_�^ �k�j�Z�\�g�y�\�Z�g�_ �g�Z �i�h�e�m�q�_�g�b�l�_ �j�_�a�m�e�l�Z�l�b �f�h�]�Z�l �^�Z 
�[�t�^�Z�l �b�a�[�j�Z�g�b: �h�i�l�b�f�Z�e�g�Z �]�_�h�f�_�l�j�b�y, �i�h�^�o�h�^�y�s 
�f�Z�l�_�j�b�Z�e, �^�h�i�m�k�l�b�f�h �g�Z�l�h�\�Z�j�\�Z�g�_, �]�j�Z�g�b�q�g�b �h�[�h�j�h�l�b. 

�E�b�l�_�j�Z�l�m�j�Z 
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�K�h�n�b�y (�L�_�o�g�b�d�Z, 1980) 
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Development of specialized software for 
determining the strength of high-speed 
rotating disks 

Biliana Dimova1,* and Teodora Marinova2 

1Technical University – Sofia, “Strength of materials” 
Department, Bulgaria 
2Technical University – Sofia, FAGIOPM, Bulgaria 
 
Abstract.  The provided software will allow for the 
solution of different types of problems, concerning the 
calculation of the stress distribution and the displacements 
in high-speed rotating disks. The program was developed 
with the goal of facilitating and improving the learning 
process. Students will be able to plug in a wide range of 
parameters so as to study a variety of dependencies in 
high-speed rotating disks. This task will then lead to the 
strength analysis. Students will benefit from clear 
representation of the results of the otherwise complicated 
theory of elasticity. The solutions of differential equations 
for high-speed rotating disks used in the software 
guarantee the reliability of the results. 
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�F�h�^�_�e�b�j�Z�g�_ �g�Z �i�j�t�l�h�\  �_�e�_�f�_�g�l �a�Z �b�a�k�e�_�^�\�Z�g�_ �g�Z �m�^�Z�j�g�b 
�i�j�h�p�_�k�b �\  �_�e�Z�k�l�h-�i�e�Z�k�l�b�q�g�b �f�_�o�Z�g�b�q�g�b �k�b�k�l�_�f�b 

�I�_�l�d�h �K�b�g�Z�i�h�\1,* 

�L�_�o�g�b�q�_�k�d�b �m�g�b�\�_�j�k�b�l�_�l - �K�h�n�b�y, �d�Z�l�_�^�j�Z „�F�_�o�Z�g�b�d�Z“, �;�t�e�]�Z�j�b�y 

�J�_�a�x�f�_. �J�Z�[�h�l�Z�l�Z �_ �g�Z�k�h�q�_�g�Z �d�t�f �f�_�o�Z�g�h-�f�Z�l�_�f�Z�l�b�q�g�h �f�h�^�_�e�b�j�Z�g�_ �g�Z �g�_�e�b�g�_�_�g �i�j�t�l�h�\ �_�e�_�f�_�g�l. 
�P�_�e�l�Z �g�Z �j�Z�a�j�Z�[�h�l�d�Z�l�Z �_ �^�Z �k�_ �b�a�k�e�_�^�\�Z�l �_�e�Z�k�l�b�q�g�b �b �i�e�Z�k�l�b�q�g�b �^�_�n�h�j�f�Z�p�b�b �\ �f�_�o�Z�g�b�q�g�b �k�b�k�l�_�f�b, 
�d�h�b�l�h �k�Z �i�h�j�h�^�_�g�b �h�l �\�t�a�^�_�c�k�l�\�b�_�l�h �g�Z �m�^�Z�j�g�b �k�b�e�b. �G�Z �[�Z�a�Z�l�Z �g�Z �q�b�k�e�_�g �i�j�b�f�_�j �_ �j�Z�a�]�e�_�^�Z�g�h 
�j�Z�a�i�j�h�k�l�j�Z�g�_�g�b�_�l�h �g�Z �m�^�Z�j�g�Z �\�t�e�g�Z �\ �_�e�Z�k�l�h - �i�e�Z�k�l�b�q�g�Z �f�_�o�Z�g�b�q�g�Z �k�b�k�l�_�f�Z. �A�Z�^�Z�q�Z�l�Z �_ �j�_�r�_�g�Z �k 
�i�j�h�]�j�Z�f�g�b�y �i�j�h�^�m�d�l Matlab �\ �k�j�_�^�Z�l�Z Simulink. �A�Z �j�_�r�Z�\�Z�g�_�l�h �g�Z �^�b�n�_�j�_�g�p�b�Z�e�g�b�l�_ �m�j�Z�\�g�_�g�b�y �g�Z 
�^�\�b�`�_�g�b�_�l�h �_ �b�a�i�h�e�a�\�Z�g �f�_�l�h�^�t�l Dormand–Prince (RKDP).  

1 �M�\�h� ̂

�D�e�Z�k�b�q�_�k�d�Z�l�Z �l�_�h�j�b�y �g�Z �G�x�l�h�g �a�Z �m�^�Z�j�g�b �i�j�h�p�_�k�b �\ 
�f�_�o�Z�g�b�q�g�b �k�b�k�l�_�f�b �k�_ �[�Z�a�b�j�Z �g�Z �g�y�d�h�e�d�h �i�j�_�^�i�h-
�k�l�Z�\�d�b, �d�Z�l�h �l�h�q�g�h�l�h �b�a�f�_�g�_�g�b�_ �g�Z �m�^�Z�j�g�Z�l�Z �k�b�e�Z �_ 
�g�_�b�a�\�_�k�l�g�h. �A�Z �j�_�Z�e�_�g �m�^�Z�j �k�_ �i�j�b�_�f�Z, �q�_ �l�_�e�Z�l�Z �k�_ 
�^�_�n�h�j�f�b�j�Z�l �q�Z�k�l�b�q�g�h �i�h �\�j�_�f�_ �g�Z �m�^�Z�j�Z [1]. �< 
�l�_�h�j�b�y�l�Z �g�Z �O�_�j�p �a�Z �m�^�Z�j, �k�_ �i�j�b�_�f�Z, �q�_ �m�^�Z�j�g�Z�l�Z �k�b�e�Z 
�f�_�`�^�m �^�\�_ �l�_�e�Z �a�Z�\�b�k�b �h�l �f�Z�l�_�j�b�Z�e�g�b�l�_ �o�Z�j�Z�d�l�_-
�j�b�k�l�b�d�b �g�Z �l�_�e�Z�l�Z, �l�_�o�g�b�l�_ �j�Z�a�f�_�j�b �b �h�l �^�_�n�h�j�f�Z-
�p�b�y�l�Z �f�_�`�^�m �l�y�o �i�h �\�j�_�f�_ �g�Z �m�^�Z�j�Z [2]. �L�Z�f �g�_ �k�_ 
�\�a�_�f�Z�l �i�j�_�^�\�b�^ �\�e�b�y�g�b�_�l�h �g�Z �i�e�Z�k�l�b�q�g�b�l�_ �^�_�n�h�j�f�Z-
�p�b�b �\ �d�h�g�l�Z�d�l�g�h�l�h �i�_�l�g�h �b �\�e�b�y�g�b�_�l�h �g�Z �\�t�l�j�_�r�g�h�l�h 
�k�t�i�j�h�l�b�\�e�_�g�b�_ �g�Z �f�_�o�Z�g�b�q�g�b�l�_ �k�b�k�l�_�f�b. �G�_�a�Z�\�b�k�b�f�h 
�h�l �l�h�\�Z, �l�y �_ �g�Z�f�_�j�b�e�Z �i�j�b�e�h�`�_�g�b�_ �\ �g�y�d�h�b �b�a�k�e�_�^-
�\�Z�g�b�y �a�Z�k�y�]�Z�s�b �b�a�f�_�g�_�g�b�_�l�h �g�Z �m�^�Z�j�g�Z �k�b�e�Z �b �g�_�c�g�h�l�h 
�j�Z�a�i�j�h�k�l�j�Z�g�_�g�b�_ [3,4].  
�I�j�b �h�l�q�b�l�Z�g�_ �g�Z �i�e�Z�k�l�b�q�g�Z�l�Z �^�_�n�h�j�f�Z�p�b�b �g�Z �l�y�e�h, 
�a�Z�\�b�k�b�f�h�k�l�l�Z �f�_�`�^�m �g�Z�i�j�_�`�_�g�b�y�l�Z �b �^�_�n�h�j�f�Z�p�b�b�l�_ 
�f�h�`�_ �^�Z �k�_ �i�j�_�^�k�l�Z�\�b �k�t�k �k�_�j�b�y �h�l �i�j�Z�\�b, �d�Z�l�h �k�_ 
�i�j�b�e�h�`�b �f�_�l�h�^�t�l �g�Z �G�x�l�h�g-�J�Z�n�k�h�g [5, 6]. 

�>�h�k�l�Z �q�_�k�l�h �i�j�b �j�_�r�Z�\�Z�g�_ �g�Z �a�Z�^�Z�q�b �\ �^�b�g�Z�f�b�d�Z�l�Z, 
�i�e�Z�k�l�b�q�g�Z�l�Z �^�_�n�h�j�f�Z�p�b�y �g�Z �l�y�e�h �f�h�`�_ �^�Z �k�_ 
�i�j�_�^�k�l�Z�\�b �k �_�^�b�g �h�l �b�^�_�Z�e�b�a�b�j�Z�g�b�l�_ �f�h�^�_�e�b, �i�h�d�Z�a�Z�g 
�g�Z �N�b�]. 1 [7]. �A�Z �i�j�Z�d�l�b�q�g�b �i�j�b�e�h�`�_�g�b�y �_ �m�^�Z�q�g�h �^�Z �k�_ 
�b�a�i�h�e�a�\�Z �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�l�Z �h�l �N�b�]. 1 �Z. 

  

�N�b�]. 1. �H�i�j�h�k�l�_�g�b �f�h�^�_�e�b �g�Z �^�b�Z�]�j�Z�f�b. 

 �A�Z �^�Z �k�_ �f�h�^�_�e�b�j�Z �m�^�Z�j �f�_�`�^�m �l�_�e�Z �\ [4, 8] �k�_ 
�j�_�r�Z�\�Z �d�h�g�l�Z�d�l�g�Z �a�Z�^�Z�q�Z, �k �i�j�b�e�Z�]�Z�g�_ �g�Z �F�D�?.  

�P�_�e�l�Z �g�Z �g�Z�k�l�h�y�s�Z�l�Z �j�Z�[�h�l�Z �_ �^�Z �k�_ �f�h�^�_�e�b�j�Z 
�i�j�t�l�h�\ �_�e�_�f�_�g�l, �k �d�h�c�l�h �^�Z �f�h�`�_ �^�Z �k�_ �k�b�f�m�e�b�j�Z 
�j�Z�a�i�j�h�k�l�j�Z�g�_�g�b�_�l�h �g�Z �^�_�n�h�j�f�Z�p�b�y�l�Z �\ �f�_�o�Z�g�b�q�g�Z 
�k�b�k�l�_�f�Z, �i�h� ̂�^�_�c�k�l�\�b�_�l�h �g�Z �m�^�Z�j�g�Z �k�b�e�Z.  

2 �>�b�g�Z�f�b�q�_�g �f�h�^�_�e  

�J�Z�a�]�e�_�`�^�Z �k�_ �i�j�t�l �k �^�t�e�`�b�g�Z L, �\ �e�_�\�b�y �d�j�Z�c �_ 
�i�j�b�e�h�`�_�g�Z �k�b�e�Z F(t) (F<F�d�j�b�l). �>�_�k�g�b�y�l �d�j�Z�c �g�Z �i�j�t�l�Z 
�_ �a�Z�d�j�_�i�_�g �g�_�i�h�^�\�b�`�g�h. �I�j�t�l�t�l  �b�f�Z �i�h�k�l�h�y�g�g�h 
�g�Z�i�j�_�q�g�h �k�_�q�_�g�b�_ �: �b �i�e�t�l�g�h�k�l �!. �F�h�^�m�e�t�l �g�Z �_�e�Z�k-
�l�b�q�g�h�k�l E=E(�0) �_ �n�m�g�d�p�b�y �g�Z �h�l�g�h�k�b�l�_�e�g�Z�l�Z �^�_�n�h�j�f�Z-
�p�b�y. �K �d�h�h�j�^�b�g�Z�l�Z�l�Z u(��, t) �k�_ �h�i�j�_�^�_�e�y �i�j�_�f�_�k�l�\�Z�g�_�l�h 
�g�Z �i�j�h�b�a�\�h�e�g�h �k�_�q�_�g�b�_. 

 

 �N�b�]. 2. �>�b�g�Z�f�b�q�_�g �f�h�^�_�e. 

�Q�Z�k�l�g�h�l�h �^�b�n�_�j�_�g�p�b�Z�e�g�h�l�h �m�j�Z�\�g�_�g�b�_, �k �d�h�_�l�h �k�_ 
�h�i�b�k�\�Z �^�\�b�`�_�g�b�_�l�h �g�Z �i�h�d�Z�a�Z�g�Z�l�Z �k�b�k�l�_�f�Z �_ �h�l �\�l�h�j�b 
�j�_� ̂�k�i�j�y�f�h �d�h�h�j�^�b�g�Z�l�Z�l�Z �� �b �\�j�_�f�_�l�h t �_ [9] 

 .0
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2
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�w
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�w

�w

t

uuE

�[�U
   (1) 

3 �>�b�k�d�j�_�l�b�a�b�j�Z�g�_ �k �f�_�l�h�  ̂�g�Z 
�d�j�Z�c�g�b�l�_ �_�e�_�f�_�g�l�b 

�A�Z �^�Z �k�_ �j�_�r�b �m�j�Z�\�g�_�g�b�_ (1), �^�b�g�Z�f�b�q�g�b�y�l �f�h�^�_�e �k�_ 
�^�b�k�d�j�_�l�b�a�b�j�Z �k n (n=10) �g�Z �[�j�h�c �_�e�_�f�_�g�l�b (�N�b�]. 3) 
[5,9,10]. �G�Z �N�b�]. 3 �k ui �k�Z �h�a�g�Z�q�_�g�b �]�e�h�[�Z�e�g�b �d�h�h�j�^�b-
�g�Z�l�b. 

�J. �L�c�h�[�j�i�], �F�h�^�_�e�b�j�Z�g�_ �g�Z �i�j�t�l�h�\ �_�e�_�f�_�g�l �a�Z �b�a�k�e�_�^�\�Z�g�_ �g�Z �m�^�Z�j�g�b �i�j�h�p�_�k�b �\ �_�e�Z�k�l�h-�i�e�Z�k�l�b�q�g�b �f�_�o�Z�g�b�q�g�b �k�b�k�l�_�f�b 
P. Sinapov, Modeling a bar element to study impact processes in elasto-plastic mechanical systems 



Sozopol, 15-17 September 2018 BulTrans-2018 Conference Proceedings 

 91  

 

�N�b�]. 3. �>�b�k�d�j�_�l�b�a�b�j�Z�g �^�b�g�Z�f�b�q�_�g �f�h�^�_�e. 

�<�b�^�t�l �g�Z �\�k�_�d�b �_�e�_�f�_�g�l �_ �i�h�d�Z�a�Z�g �g�Z �n�b�].4. �L�h�c 
�b�f�Z �^�\�Z �\�t�a�_�e�Z, �^�\�b�`�_�g�b�_�l�h �g�Z �d�h�b�l�h �k�_ �h�i�b�k�\�Z �k 
�e�h�d�Z�e�g�b�l�_ �d�h�h�j�^�b�g�Z�l�b u1

(i) �b u2
(i). f1 �b f2 �k�Z �k�b�e�b�l�_, 

�d�h�b�l�h �k�Z �i�j�b�e�h�`�_�g�b �\�t�\ �\�t�a�e�b�l�_. 

 

�N�b�]. 4. �I�j�t�l�h�\ �_�e�_�f�_�g�l. 

�<�k�b�q�d�b �d�b�g�_�f�Z�l�b�q�g�b �a�Z�\�b�k�b�f�h�k�l�b �a�Z �i�h�d�Z�a�Z�g�b�y 
�_�e�_�f�_�g�l �f�h�]�Z�l �^�Z �[�t�^�Z�l �^�_�n�b�g�b�j�Z�g�b �k �m�j�Z�\�g�_�g�b�y�l�Z [5] 

  
� > � @� ^ � ` � ^ � `� > � @� ^ � `� ^ � �̀ > � @� ^ � `
� > � @� ^ � ` � ^ � `� > � @� ^ � `,,),(

,,,),(

dBdBtx

dNudNudNtxu
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 (2) 
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1 – �\�_�d�l�h�j �g�Z �i�j�_�f�_�k�l�\�Z�g�b�y�l�Z �g�Z �i�j�h�b�a�\�h�e�_�g 

�_�e�_�f�_�g�l. 
�K�t�]�e�Z�k�g�h �i�j�b�g�p�b�i�Z �g�Z �>�Z�e�Z�f�[�_�j-�E�Z�]�j�Z�g�` �a�Z 

�k�m�f�Z�l�Z �h�l �\�t�a�f�h�`�g�b�l�_ �j�Z�[�h�l�b �a�Z �^�Z�^�_�g�b�y �d�j�Z�_�g 
�_�e�_�f�_�g�l �k�e�_�^�\�Z: 

� ^ � ` � ^ � ` � ^ � ` � ^ � ` � ^ � ` � ^ � `� � � �� ^ � ` � ^ � `.fddvukuuu T

V
d

TTT �G�G�U�G�V�G�H � �³ ���� ������   (3) 

�K�e�_�^ �a�Z�f�_�k�l�\�Z�g�_ �g�Z (2) �\ (3) �b �b�a�\�_�k�l�g�b �i�j�_�h�[�j�Z�a�m-
�\�Z�g�b�y �k�e�_�^�\�Z: 

� > � @ � > � @� ^ � ` � > � @ � > � @� ^ � ` � > � @� ^ � `� � � �� ^ � `fdvBdvdNNkdvdNN
V

T

V

T
d

V

T � �³���³���³ �V�U ������  (4) 

�H�l (4) �k�_ �h�i�j�_�^�_�e�y �^�b�n�_�j�_�g�p�b�Z�e�g�h�l�h �m�j�Z�\�g�_�g�b�_ �g�Z 
�^�\�b�`�_�g�b�_�l�h �g�Z �b�a�[�j�Z�g�b�y �d�j�Z�_�g �_�e�_�f�_�g�l: 

 � > � @� ^ � �̀ > � @� ^ � �̀ ^ � ` � ^ � `frdcdm ik � ���� ������ ,  (5) 
�d�t�^�_�l�h 
 � > � @ � > � @ � > � @�³� 

V

T dvNNm �U    (6) 

�_ �f�Z�l�j�b�p�Z �g�Z �f�Z�k�b�l�_, 
 � > � @ � > � @ � > � @�³� 

V

T
d dvNNkc   (7) 

�_ �f�Z�l�j�b�p�Z �g�Z �^�_�f�i�n�b�j�Z�g�_, 

 � ^ � �̀ > � @� ^ � `dvBr
V

T
ik �³� �V  (8)  

e �\�t�l�j�_�r�g�b�l�_ �h�[�h�[�s�_�g�b �\�t�a�e�h�\�b �k�b�e�b, 

� ^ � `f  e �\�_�d�l�h�j �g�Z �\�t�a�e�h�\�b�l�_ �k�b�e�b.  

3.1 �H�i�j�_�^�_�e�y�g�_ �g�Z �\�_�d�l�h�j�Z �g�Z �\�t�l�j�_�r�g�b�l�_ 
�h�[�h�[�s�_�g�b �\�t�a�e�h�\�b �k�b�e�b 

�A�Z �e�b�g�_�c�g�h �_�e�Z�k�l�b�q�g�h-�i�e�Z�k�l�b�q�g�h �i�h�\�_�^�_�g�b�_ �g�Z �f�Z�l�_-
�j�b�Z�e�Z �^�b�Z�]�j�Z�f�Z�l�Z �g�Z �g�Z�i�j�_�`�_�g�b�y �b �^�_�n�h�j�f�Z�p�b�b �_ 
�i�h�d�Z�a�Z�g�Z �g�Z �N�b�]. 5.  

 

�N�b�]. 5. �>�b�Z�]�j�Z�f�Z �g�Z �g�Z�i�j�_�`�_�g�b�y �b �^�_�n�h�j�f�Z�p�b�b. 

�< �m�q�Z�k�l�t�d 1 (–�0y �” �0 �” �0y) �a�Z�\�b�k�b�f�h�k�l�l�Z �f�_�`�^�m 
�g�Z�i�j�_�`�_�g�b�y �b �^�_�n�h�j�f�Z�p�b�b �k�_ �h�i�j�_�^�_�e�y �k �m�j�Z�\�g�_�g�b�_�l�h 

 .1 �H�V�V E� �  (9) 

�< �m�q�Z�k�l�t�d 2 (�i�j�b �h�i�t�g y�H�H�! ( 0�!�H�� ), �Z �i�j�b �g�Z�l�b�k�d 

y�H�H ���� ( 0���H�� )) �a�Z�\�b�k�b�f�h�k�l�l�Z �f�_�`�^�m �g�Z�i�j�_�`�_�g�b�y �b 

�^�_�n�h�j�f�Z�p�b�b �k�_ �h�i�j�_�^�_�e�y �k �m�j�Z�\�g�_�g�b�_�l�h 

 � � � � ,sgn 202 �H�V�H�V�V tE��� �  (10) 

�d�t�^�_�l�h �120 = �1y – Et �0y �_ �d�h�g�k�l�Z�g�l�Z. 

�< �m�q�Z�k�l�t�d 3 ( �i�j�b �h�i�t�g y�H�H�! ( 0���H�� ), �Z �i�j�b �g�Z�l�b�k�d 

y�H�H ���� ( 0�!�H�� )) �a�Z�\�b�k�b�f�h�k�l�l�Z �f�_�`�^�m �g�Z�i�j�_�`�_�g�b�y �b 

�^�_�n�h�j�f�Z�p�b�b �k�_ �h�i�j�_�^�_�e�y �k �m�j�Z�\�g�_�g�b�_�l�h 

 � � � �,sgn 303 �V�H�H�V�V ��� � E  (11) 

�d�t�^�_�l�h �130 = (E – Et)(�0max – �0y) e �d�h�g�k�l�Z�g�l�Z. 

3.1.1 �H�i�j�_�^�_�e�y�g�_ �g�Z �\�_�d�l�h�j�Z �g�Z �\�t�l�j�_�r�g�b�l�_ 
�k�b�e�b �\  �m�q�Z�k�l�t�d 1 

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

 � ^ � ` � ^ � `� > � @� ^ � `� > � @� > � @� ^ � `.1 dBEE x � � � �H�V�V   (12) 
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3.1.2 �H�i�j�_�^�_�e�y�g�_ �g�Z �\�_�d�l�h�j�Z �g�Z �\�t�l�j�_�r�g�b�l�_ 
�k�b�e�b �\  �m�q�Z�k�l�t�d 2 �\  �k�e�m�q�Z�c �g�Z �g�Z�l�h�\�Z�j�\�Z�g�_ 

�< �l�h�a�b �m�q�Z�k�l�t�d �g�Z�i�j�_�`�_�g�b�_�l�h �k�_ �h�i�j�_�^�_�e�y �k �m�j�Z�\�g�_�g�b�_ 
(10) �b �k�e�_�^ �a�Z�f�_�k�l�\�Z�g�_ �g�Z (2) �k�e�_�^�\�Z 

 � ^ � ` � ^ � ` � ^ � `� > � @� > � @� ^ � `.)sgn( 202 dBEt��� � �V�H�V�V    (15) 

�A�Z �\�_�d�l�h�j�Z �g�Z �\�t�l�j�_�r�g�b�l�_ �k�b�e�b �k�e�_�^�\�Z 

� ^ � �̀ > � @� ^ � `
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3.1.3 �H�i�j�_�^�_�e�y�g�_ �g�Z �\�_�d�l�h�j�Z �g�Z �\�t�l�j�_�r�g�b�l�_ 
�k�b�e�b �\  �m�q�Z�k�l�t�d 3 �\  �k�e�m�q�Z�c �g�Z �j�Z�a�l�h�\�Z�j�\�Z�g�_ 

�< �l�h�a�b �m�q�Z�k�l�t�d �g�Z�i�j�_�`�_�g�b�_�l�h �k�_ �h�i�j�_�^�_�e�y �k �m�j�Z�\�g�_�g�b�_ 
(11) �b �k�e�_�^ �a�Z�f�_�k�l�\�Z�g�_ �g�Z (2) �k�e�_�^�\�Z 

 �^ �` �^ �` �> �@� > � @�^ �` �^ � .̀)sgn( 303 �V�H�V�V ��� � dBE  (19) 

�A�Z �\�_�d�l�h�j�Z �g�Z �\�t�l�j�_�r�g�b�l�_ �k�b�e�b �k�e�_�^�\�Z 

  �^ �` � > � @�^ �` � > � @�^ �` �^ � ,̀03kdkdvBr
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ik ��� �³� �V   (20) 
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3.2 �H�i�j�_�^�_�e�y�g�_ �g�Z �f�Z�l�j�b�p�Z�l�Z �g�Z �f�Z�k�b�l�_ 

 � > � @ � > � @ � > � @.
 2    1

1     2

6 �»
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dvNNm
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�< �m�j�Z�\�g�_�g�b�_ (23) [m] �_ �l�Z�d�Z �g�Z�j�_�q�_�g�Z�l�Z �d�h�g�k�b-
�k�l�_�g�l�g�Z �f�Z�l�j�b�p�Z �g�Z �f�Z�k�b�l�_.  

4 �>�b�n�_�j�_�g�p�b�Z�e�g�h �m�j�Z�\�g�_�g�b�_ �g�Z �^�\�b-
�`�_�g�b�_�l�h �g�Z �f�_�o�Z�g�b�q�g�Z�l�Z �k�b�k�l�_�f�Z�l�Z 

�>�b�n�_�j�_�g�p�b�Z�e�g�h�l�h �m�j�Z�\�g�_�g�b�_ �g�Z �^�\�b�`�_�g�b�_�l�h �g�Z �f�_�o�Z-
�g�b�q�g�Z�l�Z �k�b�k�l�_�f�Z �h�l �N�b�]. 3 �k�t�]�e�Z�k�g�h �m�j�Z�\�g�_�g�b�_ (8) �b 
�b�a�\�h�^�b�l�_ �g�Z�i�j�Z�\�_�g�b �i�h-�]�h�j�_ �_ �h�l �\�b�^�Z 

 � > � @� ^ � �̀ > � @� ^ � ` � ^ � `� > � @� ^ � ` � ^ � `,0 FqKKqCqM � ������ ������  (24) 
�d�t�^�_�l�h 
[M ] �_ �]�e�h�[�Z�e�g�Z �f�Z�l�j�b�p�Z �g�Z �f�Z�k�b�l�_, 
{ K0}, [ K] – �d�h�f�i�h�g�_�g�l�b �g�Z �\�_�d�l�h�j�Z { rik} ( �q�e�_�g�h�\�_�l�_ �k�_ 
�b�a�q�b�k�e�y�\�Z�l �k �m�j�Z�\�g�_�g�b�y (13), (16) �b (20)), 

� ^ � ` � � � �� > � @TtFF 0,0,0,0,0,0,0,0,0,0,�  �_ �\�_�d�l�h�j �g�Z �\�t�g�r�g�b�l�_ 
�l�h�\�Z�j�b, 

� ^ � �̀ > � @Tuuuuuq 109321 ,,...,,,�  �_ �\�_�d�l�h�j �g�Z �]�e�h�[�Z�e�g�b�l�_ 

�d�h�h�j�^�b�g�Z�l�b. 

�A�Z �f�Z�l�j�b�p�Z�l�Z �g�Z �^�_�f�i�n�b�j�Z�g�_ [C] �k�_ �i�j�be�f�Z �a�Z�d�h�g�t�l 
�g�Z Rayleigh [10] 

  � > � @ � > � @ � > � @,1KMC �E�D ���  (25) 

�d�t�^�_�l�h �. �b �� �k�Z �d�h�_�n�b�p�b�_�g�l�b, �d�h�b�l�h �i�h�^�e�_�`�Z�l �g�Z �h�i�j�_-
�^�_�e�y�g�_. �G�Z �l�h�a�b �_�l�Z�i �^�_�f�i�n�b�j�Z�g�_�l�h �k�_ �i�j�b�_�f�Z �a�Z 
�e�b�g�_�c�g�h, �l.�_. �f�Z�l�j�b�p�Z�l�Z [K1] �k�_ �h�i�j�_�^�_�e�y �g�Z �[�Z�a�Z �g�Z 
�m�j�Z�\�g�_�g�b�y (14). 

5 �Q�b�k�e�_�g�h �j�_�r�_�g�b�_ 

�>�b�n�_�j�_�g�p�b�Z�e�g�b�l�_ �m�j�Z�\�g�_�g�b�y �g�Z �^�\�b�`�_�g�b�_�l�h �k�Z �j�_�r�_-
�g�b �q�b�k�e�_�g�h �k �i�h�f�h�s�l�Z �g�Z Matlab-Simulink. �Q�b�k�e�_�g�b�y�l 
�f�_�l�h�^ �a�Z �j�_�r�_�g�b�_ �g�Z �a�Z�^�Z�q�Z�l�Z �_ Dormand-Prince. 

�Q�b�k�e�_�g�b�l�_ �k�l�h�c�g�h�k�l�b, �d�h�b�l�h �k�Z �i�j�b�_�l�b �a�Z �i�Z�j�Z�f�_-
�l�j�b�l�_, �h�i�b�k�\�Z�s�b �k�b�k�l�_�f�Z�l�Z (24) �k�Z �a�Z �f�Z�l�_�j�b�Z�e 
�Z�e�m�f�b�g�b�c �b �k�Z: E=7,1.1010 Pa, Et=5.108 Pa, �1y=2,8.108 Pa, 
L=0,4 m, �!=2770 kg/m3, A=0,0038 m2, �&1=19000 rad/s, 
�&2=6000 rad/s. 

�D�h�_�n�b�p�b�_�g�l�t�l �g�Z �\�t�l�j�_�r�g�h �k�t�i�j�h�l�b�\�e�_�g�b�_ �k�_ �i�j�b-
�_�f�Z �k �i�h-�]�h�e�y�f�Z �k�l�h�c�g�h�k�l, �l�t�c �d�Z�l�h �i�j�b �i�e�Z�k�l�b�q�g�b �^�_-
�n�h�j�f�Z�p�b�b �k�_ �m�\�_�e�b�q�Z�\�Z �\�t�l�j�_�r�g�h�l�h �l�j�b�_�g�_ (�� = 0,46). 

 
�N�b�]. 6. �Q�b�k�e�_�g�h �j�_�r�_�g�b�_ �i�j�b F1(t). 

5.1 �;�Z�\�g�h �b�a�f�_�g�y�s�Z �k�_ �k�b�e�Z F1(t) 

�A�Z�d�h�g�t�l �a�Z �b�a�f�_�g�_�g�b�_ �g�Z �k�b�e�Z�l�Z F1(t) �_ �i�h�d�Z�a�Z�g �g�Z  
�N�b�]. 6 �Z. �I�j�_�f�_�k�l�\�Z�g�b�y�l�Z �g�Z �\�k�_�d�b �\�t�a�_�e ui �k�Z �i�h�d�Z�a�Z-
�g�b �g�Z �N�b�]. 6 �[. �G�Z�c-�]�h�e�y�f�h�l�h �i�j�_�f�_�k�l�\�Z�g�_ �_ �g�Z �\�t�a�_�e 
1, �Z �g�Z�c-�f�Z�e�d�h�l�h �g�Z �\�t�a�_�e 10.  

F1(t) 
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 �0i 
 

 �Z) 

 �[) 

 �\) 

u1 

u10 

�0y 



Sozopol, 15-17 September 2018 BulTrans-2018 Conference Proceedings 

 93  

�B�a�f�_�g�_�g�b�_�l�h �g�Z �h�l�g�h�k�b�l�_�e�g�b�l�_ �^�_�n�h�j�f�Z�p�b�b �0i �_ 
�i�h�d�Z�a�Z�g�h �g�Z �N�b�]. 6 �\. �K �o�h�j�b�a�h�g�l�Z�e�g�Z �e�b�g�b�y �_ 
�h�a�g�Z�q�_�g�Z �h�l�g�h�k�b�l�_�e�g�Z�l�Z �^�_�n�h�j�f�Z�p�b�y �i�j�b �]�j�Z�g�b�p�Z�l�Z 
�g�Z �_�e�Z�k�l�b�q�g�h�k�l �1y. �H�l �n�b�]�m�j�Z�l�Z �k�_ �a�Z�[�_�e�y�a�\�Z �i�h�q�l�b 
�_�^�g�h�\�j�_�f�_�g�g�h �g�Z�j�Z�k�l�\�Z�g�_ �g�Z �h�l�g�h�k�b�l�_�e�g�Z�l�Z �^�_�n�h�j�f�Z-
�p�b�y. �I�j�b �^�h�k�l�b�]�Z�g�_ �g�Z �0y �\�k�b�q�d�b �_�e�_�f�_�g�l�b �a�Z�i�h�q�\�Z�l �^�Z 
�k�_ �^�_�n�h�j�f�b�j�Z�l �i�e�Z�k�l�b�q�g�h. �K�e�_�^ �j�Z�a�l�h�\�Z�j�\�Z�g�_ �h�k�l�Z�\�Z 
�i�e�Z�k�l�b�q�g�Z�l�Z �^�_�n�h�j�f�Z�p�b�y. 

5.2 �M�^�Z�j�g�Z �k�b�e�Z F2(t) 

 
�N�b�]. 7. �Q�b�k�e�_�g�h �j�_�r�_�g�b�_ �i�j�b F2(t). 

�A�Z�d�h�g�t�l �a�Z �b�a�f�_�g�_�g�b�_ �g�Z �k�b�e�Z�l�Z F2(t) �_ �i�h�d�Z�a�Z�g �g�Z  
�N�b�]. 7 �Z �b �\ �l�h�a�b �k�e�m�q�Z�c �l�y �k�_ �b�a�f�_�g�y �a�Z �d�j�Z�l�t�d �b�g�l�_�j-
�\�Z�e �h�l �\�j�_�f�_, �d�Z�l�h �^�h�k�l�b�]�Z �k�t�s�Z�l�Z �k�l�h�c�g�h�k�l �d�Z�l�h �\ 
�l�h�q�d�Z 5.1. �I�j�_�f�_�k�l�\�Z�g�b�y�l�Z �g�Z �\�k�_�d�b �\�t�a�_�e ui �k�Z �i�h�d�Z�a�Z-
�g�b �g�Z �N�b�]. 7 �[, �d�Z�l�h �l�_ �g�Z�k�l�t�i�\�Z�l �i�h�k�e�_�^�h�\�Z�l�_�e�g�h �k�t�k 

�k�d�h�j�h�k�l �U/Ev � . �B�a�f�_�g�_�g�b�_�l�h �g�Z �h�l�g�h�k�b�l�_�e�g�b�l�_ 

�^�_�n�h�j�f�Z�p�b�b �0i �_ �i�h�d�Z�a�Z�g�h �g�Z �N�b�]. 7 �\. �G�Z �n�b�]�m�j�Z�l�Z �k�_ 
�a�Z�[�_�e�y�a�\�Z �i�h�k�e�_�^�h�\�Z�l�_�e�g�h�l�h �^�_�n�h�j�f�b�j�Z�g�_ �g�Z �\�k�_�d�b 
�_�e�_�f�_�g�l, �d�Z�l�h �]�j�Z�g�b�p�Z�l�Z �g�Z �_�e�Z�k�l�b�q�g�h�k�l �k�_ �i�j�_�f�b�g�Z�\�Z 
�\ �_�e�_�f�_�g�l�b 1, 9 �b 10. �G�Z �N�b�]. 7 �] �_ �^�Z�^�_�g�h �b�a�f�_�g�_�g�b�_�l�h 
�g�Z �g�Z�i�j�_�`�_�g�b�_�l�h �\ �_�e�_�f�_�g�l�b 1, 4, 7, 9 �b 10. �G�Z  
�N�b�]. 7 �  ̂�_ �f�Z�s�Z�[�g�h �m�\�_�e�b�q�_�g�b�_ �g�Z �N�b�]. 7 �], �d�t�^�_�l�h �k�_ 
�g�Z�[�e�x�^�Z�\�Z �i�j�_�f�b�g�Z�\�Z�g�_�l�h �g�Z �]�j�Z�g�b�p�Z�l�Z �g�Z 
�_�e�Z�k�l�b�q�g�h�k�l �1y �a�Z �_�e�_�f�_�g�l�b 1, 9 �b 10. 

5.3 �M�^�Z�j�g�Z �k�b�e�Z F3(t)  

 

�N�b�]. 8. �Q�b�k�e�_�g�h �j�_�r�_�g�b�_ �i�j�b F3(t). 

�A�Z�d�h�g�t�l �a�Z �b�a�f�_�g�_�g�b�_ �g�Z �k�b�e�Z�l�Z F3(t) �_ �i�h�d�Z�a�Z�g �g�Z  
�N�b�]. 8 �Z �b �\ �l�h�a�b �k�e�m�q�Z�c �l�y �k�_ �b�a�f�_�g�y �a�Z �i�h-�d�j�Z�l�t�d 
�b�g�l�_�j�\�Z�e �h�l �\�j�_�f�_ �\ �k�j�Z�\�g�_�g�b�_ �k F2(t) �b �^�h�k�l�b�]�Z �k�t�s�Z-
�l�Z �k�l�h�c�g�h�k�l. �I�j�_�f�_�k�l�\�Z�g�b�y�l�Z �g�Z �\�k�_�d�b �\�t�a�_�e ui �k�Z 
�i�h�d�Z�a�Z�g�b �g�Z �N�b�]. 8 �[, �d�Z�l�h �l�_ �g�Z�k�l�t�i�\�Z�l �i�h�k�e�_�^�h�\�Z�l�_�e-

�g�h �k�t�k �k�d�h�j�h�k�l �U/Ev � . �B�a�f�_�g�_�g�b�_�l�h �g�Z �h�l�g�h�k�b-

�l�_�e�g�b�l�_ �^�_�n�h�j�f�Z�p�b�b �0i �_ �i�h�d�Z�a�Z�g�h �g�Z �N�b�]. 8 �\. �<�j�_�f�_-
�l�j�Z�_�g�_�l�h �g�Z �m�^�Z�j�g�Z�l�Z �k�b�e�Z �_ �f�Z�e�d�h, �d�Z�l�h �l�y �g�_ �f�h�`�_ �^�Z 
�i�j�_�h�^�h�e�_�_ �b�g�_�j�l�g�h�k�l�l�Z �g�Z �k�b�k�l�_�f�Z�l�Z �b �g�Z�i�j�_�`�_�g�b�y�l�Z 
�g�_ �^�h�k�l�b�]�Z�l �]�j�Z�g�b�p�Z�l�Z �g�Z �_�e�Z�k�l�b�q�g�h�k�l. �< �l�h�a�b �k�e�m�q�Z�c 
�g�_ �g�Z�k�l�t�i�\�Z�l �i�e�Z�k�l�b�q�g�b �^�_�n�h�j�f�Z�p�b�b. 
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6 �A�Z�d�e�x�q�_�g�b�_  

�< �j�Z�[�h�l�Z�l�Z �k�_ �j�Z�a�]�e�_�^�Z �^�b�k�d�j�_�l�b�a�b�j�Z�g �f�h�^�_�e �g�Z �k�b�k�l�_-
�f�Z �k �j�Z�a�i�j�_�^�_�e�_�g�b �i�Z�j�Z�f�_�l�j�b. �;�y�o�Z �Z�g�Z�e�b�a�b�j�Z�g�b �i�j�_-
�f�_�k�l�\�Z�g�b�y�l�Z �b �^�_�n�h�j�f�Z�p�b�b �i�j�b �j�Z�a�e�b�q�g�b �k�e�m�q�Z�b �g�Z 
�b�a�f�_�g�_�g�b�_ �g�Z �\�t�g�r�g�Z�l�Z �k�b�e�Z F(t). �D�Z�l�h �j�_�a�m�e�l�Z�l �h�l 
�q�b�k�e�_�g�b�l�_ �b�a�k�e�_�^�\�Z�g�b�y �f�h�]�Z�l �^�Z �k�_ �g�Z�i�j�Z�\�y�l �k�e�_�^�g�b�l�_ 
�b�a�\�h�^�b: 
• �m�^�Z�j�g�Z�l�Z �k�b�e�Z �k�_ �j�Z�a�i�j�h�k�l�j�Z�g�y�\�Z �d�Z�l�h �\�t�e�g�Z �k�t�k �k�d�h-

�j�h�k�l �U/Ev �  , �d�Z�l�h �_�e�_�f�_�g�l�b�l�_ �k�_ �^�_�n�h�j�f�b�j�Z�l 

�i�h�k�e�_�^�h�\�Z�l�_�e�g�h; 
• �g�Z�j�Z�k�l�\�Z�g�_�l�h �g�Z �^�_�n�h�j�f�Z�p�b�b�l�_ �\ �f�_�o�Z�g�b�q�g�Z�l�Z 

�k�b�k�l�_�f�Z �a�Z�\�b�k�b �h�l �]�h�e�_�f�b�g�Z�l�Z �g�Z �m�^�Z�j�g�Z�l�Z �k�b�e�Z �b �h�l 
�g�_�c�g�h�l�h �\�j�_�f�_�l�j�Z�_�g�_. 

• �g�Z�c-�]�h�e�_�f�b�l�_ �h�l�g�h�k�b�l�_�e�g�b �^�_�n�h�j�f�Z�p�b�b (�g�Z�i�j�_�`�_-
�g�b�y) �\�t�a�g�b�d�\�Z�l �\ �d�h�g�l�Z�d�l�g�b�l�_ �b �h�i�h�j�g�b�l�_ �l�h�q�d�b. 

�< �[�t�^�_�s�b �j�Z�a�j�Z�[�h�l�d�b �s�_ �k�_ �b�a�k�e�_�^�\�Z �m�^�Z�j �f�_�`�^�m 
�^�\�_ �l�_�e�Z �b �s�_ �k�_ �l�t�j�k�y�l �\�t�a�f�h�`�g�h�k�l�b �a�Z �l�h�q�g�h�l�h �h�i�j�_-
�^�_�e�y�g�_ �g�Z �b�a�f�_�g�_�g�b�_�l�h �g�Z �\�t�l�j�_�r�g�h�l�h �k�t�i�j�h�l�b�\-
�e�_�g�b�_. 

�G�Z�m�q�g�b�l�_ �b�a�k�e�_�^�\�Z�g�b�y, �d�h�b�l�h �k�Z �i�j�_�^�k�l�Z�\�_�g�b �\ �g�Z�k�l�h�y�s�Z�l�Z 
�i�m�[�e�b�d�Z�p�b�y, �k�Z �n�b�g�Z�g�k�b�j�Z�g�b �h�l �N�Z�=�B�H�I�F, �i�h �^�h�]�h�\�h�j 
6286-21 �k �G�B�K �g�Z �L�M-�K�h�n�b�y. 

�:�\�l�h�j�t�l �b�a�d�Z�a�\�Z �[�e�Z�]�h�^�Z�j�g�h�k�l�b �b �g�Z �^�h�p. �= �K�l�h�c�q�_�\ �a�Z 
�h�d�Z�a�Z�g�Z�l�Z �i�h�f�h�s.  
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Modeling a bar element to study impact 
processes in elasto-plastic mechanical 
systems 

Petko Sinapov1 

1Technical University – Sofia, Department of Mechanics, 
Bulgaria 

 
Abstract . The current paper is focused on modelling a 
nonlinear bar element. The purpose is to study the elastic 
and plastic deformations of mechanical systems, caused 
by impact forces. The distribution of an impact wave in 
an elasto-plastic mechanical system is considered, based 
on a numerical example. The problem is solved using 
Matlab Simulink. Dormand-Prince (RKDP) method is 
applied for solving the differential equations. 
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�B�a�k�e�_�^�\�Z�g�_ �g�Z �\�t�a�f�h�`�g�h�k�l�b�l�_ �a�Z �_�n�_�d�l�b�\�g�h �b�a�i�h�e�a�\�Z�g�_ �g�Z 
�j�_�d�m�i�_�j�b�j�Z�g�Z�l�Z �_�e�_�d�l�j�b�q�_�k�d�Z �_�g�_�j�]�b�y �\  �l�y�]�h�\�Z �f�j�_�`�Z �a�Z 
�i�h�k�l�h�y�g�_�g �l�h�d 

�L�h�^�h�j �E�Z�e�_�\1,*  

1�K�b�f�_�g�k �F�h�[�b�e�b�l�b �?�H�H�>, 1309 �K�h�n�b�y, �m�e. „�D�m�d�m�r“ �‹ 2, �;�t�e�]�Z�j�b�y 

�J�_�a�x�f�_: �<�k�b�q�d�b �k�t�\�j�_�f�_�g�g�b �_�e�_�d�l�j�b�q�_�k�d�b �l�j�Z�g�k�i�h�j�l�g�b �k�j�_�^�k�l�\�Z (�?�L�K) �k�_ �i�j�h�b�a�\�_�`�^�Z�l �k 
�\�t�a�f�h�`�g�h�k�l �a�Z �\�j�t�s�Z�g�_ �g�Z �_�g�_�j�]�b�y �\ �f�j�_�`�Z�l�Z �\ �k�i�b�j�Z�q�_�g �j�_�d�m�i�_�j�Z�l�b�\�_�g �j�_�`�b�f. �D�t�f �g�Z�k�l�h�y�s�b�y 
�f�h�f�_�g�l �g�_ �_ �Z�d�l�m�Z�e�_�g �\�t�i�j�h�k�Z �d�Z�d �^�Z �k�_ �h�k�t�s�_�k�l�\�b �j�_�d�m�i�_�j�Z�l�b�\�g�h �k�i�b�j�Z�g�_, �Z �d�Z�d �^�Z �k�_ �i�h�\�b�r�b 
�g�_�]�h�\�Z�l�Z �_�n�_�d�l�b�\�g�h�k�l. �A�Z�l�h�\�Z �\ �g�Z�k�l�h�y�s�b�y �^�h�d�e�Z�^ �_ �j�Z�a�]�e�_�^�Z�g�Z �\�t�a�f�h�`�g�h�k�l�l�Z �a�Z �i�h�\�b�r�Z�\�Z�g�_ �g�Z 
�_�n�_�d�l�b�\�g�h�k�l�l�Z �g�Z �h�i�h�e�a�h�l�\�h�j�y�\�Z�g�_ �g�Z �_�e�_�d�l�j�h�_�g�_�j�]�b�y�l�Z, �i�h�e�m�q�_�g�Z �i�j�b �j�_�d�m�i�_�j�Z�l�b�\�g�h�l�h �k�i�b�j�Z�g�_ �\ 
�l�y�]�h�\�b�l�_ �_�e�_�d�l�j�h�a�Z�o�j�Z�g�\�Z�s�b �k�b�k�l�_�f�b (�L�?�K) �a�Z �i�h�k�l�h�y�g�_�g �l�h�d. 

1 �<�t�\�_�^�_�g�b�_ 

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

�?�^�b�g �h�l �g�Z�q�b�g�b�l�_ �a�Z �g�Z�f�Z�e�y�\�Z�g�_ �g�Z �j�Z�a�o�h�^�Z �a�Z 
�_�e�_�d�l�j�h�_�g�_�j�]�b�y �_ �d�Z�l�h �k�_ �i�h�\�b�r�b �_�n�_�d�l�b�\�g�h�k�l�l�Z �g�Z 
�j�_�d�m�i�_�j�Z�l�b�\�g�h�l�h �k�i�b�j�Z�g�_ �g�Z �?�L�K. �H�[�b�d�g�h�\�_�g�h �j�_�d�m-
�i�_�j�Z�l�b�\�g�h �k�i�b�j�Z�g�_, �l.�_. �\�j�t�s�Z�g�_ �g�Z �_�e�_�d�l�j�h�_�g�_�j�]�b�y, 
�k�_ �h�k�t�s�_�k�l�\�y�\�Z �d�Z�l�h �g�Z�i�j�_�`�_�g�b�_�l�h �]�_�g�_�j�b�j�Z�g�h �h�l 
�?�L�K U�LM�J�_�d �^�h�k�l�b�]�g�_ �k�l�h�c�g�h�k�l, �d�h�y�l�h �_ �i�h-�\�b�k�h�d�Z �h�l 
�g�h�f�b�g�Z�e�g�h�l�h �g�Z�i�j�_�`�_�g�b�_ �g�Z �l�y�]�h�\�Z�l�Z �f�j�_�`�Z U�g�LM. �< 
�h�[�s�b�y �k�e�m�q�Z�c �g�Z �j�_�d�m�i�_�j�Z�l�b�\�_�g �i�j�h�p�_�k, �i�j�b �e�b�i�k�Z �g�Z 
�d�h�g�k�m�f�Z�l�h�j�b (�?�L�K) �\ �m�q�Z�k�l�t�d�Z, �g�Z�i�j�_�`�_�g�b�_�l�h �k�_ 
�i�h�\�b�r�Z�\�Z �b �i�j�b �^�h�k�l�b�]�Z�g�_ �g�Z �^�h max U�LM�J�_�d, �_�e�_�d�l�j�b-
�q�_�k�d�h�l�h �k�i�b�j�Z�g�_ �i�j�_�f�b�g�Z�\�Z �\ �_�e�_�d�l�j�h�^�b�g�Z�f�b�q�g�h 
(�j�_�h�k�l�Z�l�g�h). �I�j�b �l�h�a�b �j�_�`�b�f �g�Z �_�e�_�d�l�j�b�q�_�k�d�h 
�k�i�b�j�Z�g�_, �]�_�g�_�j�b�j�Z�g�Z�l�Z �_�e�_�d�l�j�b�q�_�k�d�Z �_�g�_�j�]�b�y �k�_ �i�j�_�h-
�[�j�Z�a�m�\�Z �\ �l�h�i�e�b�g�Z, �i�h�k�j�_�^�k�l�\�h�f �k�t�i�j�h�l�b�\�e�_�g�b�_�l�h �g�Z 
�k�i�b�j�Z�q�g�b�l�_ �j�_�a�b�k�l�h�j�b, �b �\ �i�h�k�e�_�^�k�l�\�b�_ �k�_ �h�l�^�Z�\�Z �\ 
�h�d�h�e�g�Z�l�Z �k�j�_�^�Z, �[�_�a �^�Z �k�_ �b�a�i�h�e�a�\�Z �a�Z �a�Z�^�h�\�h�e�y�\�Z�g�_ �g�Z 
�_�e�_�d�l�j�h�_�g�_�j�]�b�c�g�b �g�m�`�^�b.  

�B�a�\�h�^�t�l, �d�h�c�l�h �f�h�`�_ �^�Z �[�t�^�_ �g�Z�i�j�Z�\�_�g �_, �q�_ �^�h�j�b 
�i�j�b �b�^�_�Z�e�g�b �m�k�e�h�\�b�y �a�Z �j�_�d�m�i�_�j�Z�p�b�y (�]�h�e�y�f�Z �f�h�s�g�h�k�l 
�g�Z �?�L�K, �i�j�h�^�t�e�`�b�l�_�e�_�g �g�Z�d�e�h�g �g�Z �k�i�m�k�d�Z�g�_, �h�i�l�b�f�Z�e-
�g�h �k�_�d�p�b�h�g�b�j�Z�g�_ �g�Z �l�y�]�h�\�Z�l�Z �f�j�_�`�Z �L�F), �_�n�_�d�l�b�\-
�g�h�k�l�l�Z �g�Z �j�_�d�m�i�_�j�Z�l�b�\�g�b�y �k�i�b�j�Z�q�_�g �j�_�`�b�f �f�h�`�_ �^�Z 
�[�t�^�_ �g�_�a�g�Z�q�b�l�_�e�g�Z, �i�h�j�Z�^�b �e�b�i�k�Z �g�Z �i�h�^�o�h�^�y�s�b 
�d�h�g�k�m�f�Z�l�h�j�b �\ �l�h�a�b �f�h�f�_�g�l. �L�h�a�b �i�j�h�[�e�_�f �^�h�g�y�d�t�^�_ 
�f�h�`�_ �^�Z �[�t�^�_ �j�_�r�_�g �k �h�i�l�b�f�b�a�b�j�Z�g�_ �g�Z �]�j�Z�n�b�d�Z �g�Z 
�^�\�b�`�_�g�b�_, �g�h �l�h�\�Z �g�y�f�Z �^�Z �[�t�^�_ �^�h�k�l�Z�l�t�q�g�h.  

�< �^�h�d�e�Z�^�Z �k�Z �i�j�_�^�k�l�Z�\�_�g�b �j�_�a�m�e�l�Z�l�b�l�_ �h�l �g�Z�i�j�Z-
�\�_�g�h �i�j�h�m�q�\�Z�g�_ �g�Z �\�t�a�f�h�`�g�h�k�l�b�l�_ �a�Z �i�j�b�e�Z�]�Z�g�_ �g�Z 
�g�h�\�b �l�_�o�g�h�e�h�]�b�b, �a�Z �i�h�\�b�r�Z�\�Z�g�_ �_�n�_�d�l�b�\�g�h�k�l�l�Z �g�Z 

�h�i�h�e�a�h�l�\�h�j�y�\�Z�g�_ �g�Z �j�_�d�m�i�_�j�b�j�Z�g�Z�l�Z �_�e�_�d�l�j�b�q�_�k�d�Z 
�_�g�_�j�]�b�y �h�l �?�L�K �\ �L�F �a�Z �i�h�k�l�h�y�g�_�g �l�h�d. �H�[�_�d�l�t�l �g�Z 
�b�a�k�e�_�^�\�Z�g�_ �_ �L�F �g�Z „�F�_�l�j�h�i�h�e�b�l�_�g” �?�:�> �b �_�d�k�i�e�h�Z-
�l�b�j�Z�g�b�l�_ �f�_�l�j�h�k�t�k�l�Z�\�b �g�Z �i�t�j�\�b �b �\�l�h�j�b �f�_�l�j�h�^�b�Z-
�f�_�l�t�j.  

2 �?�g�_�j�]�b�c�g�Z�l�Z �_�n�_�d�l�b�\�g�h�k�l �g�Z 
�f�_�l�j�h�k�t�k�l�Z�\�b�l�_ �i�j�b �j�_�d�m�i�_�j�Z�l�b�\�g�h 
�k�i�b�j�Z�g�_. �<�t�a�f�h�`�g�h�k�l�b �a�Z �g�_�c�g�h�l�h 
�i�h�\�b�r�Z�\�Z�g�_ 

�G�Z �l�h�a�b �_�l�Z�i �\ �K�h�n�b�c�k�d�b�y �f�_�l�j�h�i�h�e�b�l�_�g �k�Z �b�a�]�j�Z�^�_�g�b 
�^�\�Z �f�_�l�j�h�^�b�Z�f�_�l�t�j�Z, �Z �l�j�_�l�b�y�l �_ �\ �i�j�h�p�_�k �g�Z �k�l�j�h�b�l�_�e-
�k�l�\�h. �< �_�d�k�i�e�h�Z�l�Z�p�b�y �k�Z �i�m�k�g�Z�l�b �h�[�s�h 26 �l�y�]�h�\�h 
�i�h�g�b�`�Z�\�Z�s�b �k�l�Z�g�p�b�b (�L�I�K) �b 8 �i�h�g�b�`�Z�\�Z�s�b �k�l�Z�g�p�b�b 
(�I�K). �H�[�s�Z�l�Z �^�t�e�`�b�g�Z �g�Z �e�b�g�b�b�l�_ �h�l �i�t�j�\�b �b �\�l�h�j�b 
�f�_�l�j�h�^�b�Z�f�_�l�t�j �_ 40 �d�f �k �h�[�s�h 35 �f�_�l�j�h�k�l�Z�g�p�b�b (�F�K). 
�I�j�h�m�q�\�Z�g�_�l�h �_ �g�Z�i�j�Z�\�_�g�h �g�Z �[�Z�a�Z �b�a�f�_�j�\�Z�g�b�y 
�b�a�\�t�j�r�_�g�b �\ �j�_�Z�e�g�b �_�d�k�i�e�h�Z�l�Z�p�b�h�g�g�b �m�k�e�h�\�b�y �g�Z 
�_�e�_�d�l�j�b�q�_�k�d�Z�l�Z �_�g�_�j�]�b�y �a�Z �k�h�[�k�l�\�_�g�b �g�m�`�^�b �\ �L�I�K, 
�l�y�]�h�\�Z�l�Z �b �j�_�d�m�i�_�j�Z�l�b�\�g�Z�l�Z �_�g�_�j�]�b�b �g�Z �?�L�K �b �]�j�Z�n�b�d�Z 
�a�Z �^�\�b�`�_�g�b�_ �g�Z �\�e�Z�d�h�\�_�l�_ �\ �i�h�^�o�h�^�y�s�h �b�a�[�j�Z�g�b 
�f�_�l�j�h�m�q�Z�k�l�t�p�b.  

2.1. �O�Z�j�Z�d�l�_�j�b�k�l�b�d�b �g�Z �f�_�l�j�h�m�q�Z�k�l�t�p�b�l�_  

�< �K�l�h�e�b�q�g�b�y �f�_�l�j�h�i�h�e�b�l�_�g �^�\�b�`�_�g�b�_�l�h �g�Z �\�e�Z�d�h�\�_�l�_ 
�k�_ �h�k�t�s�_�k�l�\�y�\�Z �k�t�h�[�j�Z�a�g�h �^�_�c�k�l�\�Z�s �]�j�Z�n�b�d. �< �a�Z�\�b-
�k�b�f�h�k�l �h�l �i�t�l�g�b�d�h�i�h�l�h�d�Z, �]�j�Z�n�b�p�b�l�_ �a�Z �^�\�b�`�_�g�b�_ �g�Z 
�\�e�Z�d�h�\�_�l�_ �k�Z �j�Z�a�j�Z�[�h�l�_�g�b �k �j�Z�a�e�b�q�g�Z �b�g�l�_�g�a�b�\�g�h�k�l �\ 
�j�Z�a�e�b�q�g�b�l�_ �q�Z�k�h�\�b �b�g�l�_�j�\�Z�e�b, �d�Z�d�l�h �b �\ �^�_�e�g�b�q�g�b �b 
�i�j�Z�a�g�b�q�g�b �j�Z�a�i�b�k�Z�g�b�y (�\�b�  ̀�L�Z�[�e�b�p�b 1 �b 2). 

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

 

�M. �F�[�f�`�], �B�a�k�e�_�^�\�Z�g�_ �g�Z �\�t�a�f�h�`�g�h�k�l�b�l�_ �a�Z �_�n�_�d�l�b�\�g�h �b�a�i�h�e�a�\�Z�g�_ �g�Z �j�_�d�m�i�_�j�b�j�Z�g�Z�l�Z �_�e�_�d�l�j�b�q�_�k�d�Z �_�g�_�j�]�b�y �\ �l�y�]�h�\�Z �f�j�_�`�Z �a�Z �i�h�k�l�h�y�g�_�g �l�h�d 
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• �M�q�Z�k�l�t�d 1 – �f�_�l�j�h�k�l�Z�g�p�b�y �F�K10 „�@�h�e�b�h �D�x�j�b“ – 
�f�_�l�j�h�k�l�Z�g�p�b�y �F�K9 „�K�l�Z�^�b�h�g �<�Z�k�b�e �E�_�\�k�d�b“ – �k 
�h�[�s�Z �^�t�e�`�b�g�Z 2185 m, �i�j�_�h�[�e�Z�^�Z�\�Z�s�b�y�l �g�Z�d�e�h�g �g�Z 
�j�Z�a�k�l�h�y�g�b�_ �h�l 1600 m �_ 24‰, �Z 227 m �k�Z �k �g�Z�d�e�h�g 
38‰. �I�j�b �l�Z�d�Z �a�Z�^�Z�^�_�g�b�l�_ �\ �L�Z�[�e�b�p�Z 1 �b�g�l�_�j�\�Z�e�b 
�f�_�`�^�m �\�e�Z�d�h�\�_�l�_ �\ �b�a�k�e�_�^�\�Z�g�b�y �m�q�Z�k�l�t�d, �\ �^�_�e�g�b�q�_�g 
�^�_�g �f�_�`�^�m �F�K10 �b �F�K9 �k�_ �^�\�b�`�Z�l 220 �\�e�Z�d�Z, �Z �\ 
�i�j�Z�a�g�b�q�_�g �^�_�g 190 �\�e�Z�d�Z �b�e�b 77164 �\�e�Z�d�Z �]�h�^�b�r�g�h. 

• �M�q�Z�k�l�t�d 2 – �f�_�l�j�h�k�l�Z�g�p�b�y �F�K211 „�>�`�_�c�f�k �;�Z�m-
�q�_�j“ – �f�_�l�j�h�k�l�Z�g�p�b�y �F�K210 „�?�\�j�h�i�_�c�k�d�b �k�t�x�a“ – �k 
�h�[�s�Z �^�t�e�`�b�g�Z 1071 m, �d�Z�l�h �i�j�_�h�[�e�Z�^�Z�\�Z�s�b�y �g�Z�d�e�h�g 
�_ 39,9‰ �k �^�t�e�`�b�g�Z 847,5 m �b 200 m �k�Z �k �g�Z�d�e�h�g 3‰. 
�I�j�b �l�Z�d�Z �a�Z�^�Z�^�_�g�b�l�_ �\ �L�Z�[�e�b�p�Z 2 �b�g�l�_�j�\�Z�e�b �f�_�`�^�m 
�\�e�Z�d�h�\�_�l�_ �\ �b�a�k�e�_�^�\�Z�g�b�y �m�q�Z�k�l�t�d, �\ �^�_�e�g�b�q�_�g �^�_�g 
�f�_�`�^�m �F�K211 �b �F�K210 �k�_ �^�\�b�`�Z�l 133 �\�e�Z�d�Z, �Z �\ 
�i�j�Z�a�g�b�q�_�g �^�_�g 93 �\�e�Z�d�Z �b�e�b 37900 �\�e�Z�d�Z �]�h�^�b�r�g�h. 
�D�Z�l�h �k�_ �b�f�Z �i�j�_�^�\�b�^, �q�_ �[�j�h�y�l �g�Z �\�e�Z�d�h�\�_�l�_ �k �\�t�a-
�f�h�`�g�h�k�l �a�Z �j�_�d�m�i�_�j�Z�p�b�y �_ 77% �h�l �h�[�s�b�y �[�j�h�c �i�j�_-
�f�b�g�Z�\�Z�s�b �\�e�Z�d�h�\�_, �l�h �a�Z �m�q�Z�k�l�t�d�Z �F�K10-�F�K9 �k�_ 
�i�h�e�m�q�Z�\�Z, �q�_ �i�j�b�[�e�b�a�b�l�_�e�g�h �a�Z �_�^�g�Z �]�h�^�b�g�Z �i�j�_�f�b-
�g�Z�\�Z�l 59 416 �\�e�Z�d�Z �k �\�t�a�f�h�`�g�h�k�l �a�Z �j�_�d�m�i�_�j�Z�p�b�y, 
�Z�g�Z�e�h�]�b�q�_�g �_ �k�e�m�q�Z�y�l �a�Z �m�q�Z�k�l�t�d�Z �F�K211-�F�K210, 
�d�t�^�_�l�h �[�j�h�y�l �g�Z �\�e�Z�d�h�\�_�l�_ �k �\�t�a�f�h�`�g�h�k�l �a�Z �j�_�d�m�i�_-
�j�Z�p�b�y �_ 29183. 

�L�Z�[�e�b�p�Z 1. �B�g�l�_�j�\�Z�e�b �a�Z �^�\�b�`�_�g�b�_ �g�Z �\�e�Z�d�h�\�_�l�_ �a�Z 
�^�_�e�g�b�q�_�g �b �i�j�Z�a�g�b�q�_�g �^�_�g �a�Z �m�q�Z�k�l�t�d �F�K10-�F�K09. 

�Q�Z�k�h�\�b 
�b�g�l�_�j�\�Z�e 

�B�g�l�_�j�\�Z�e �f�_�`�^�m 
�\�e�Z�d�h�\�_�l�_ �\  

�^�_�e�g�b�q�_�g �^�_�g, min 

�B�g�l�_�j�\�Z�e �f�_�`�^�m 
�\�e�Z�d�h�\�_�l�_ �\  

�i�j�Z�a�g�b�q�_�g �^�_�g, min 
05:00-7:30 6 7,5 
7:30-10:30 3 6,5 
10:30-16:00 4,5 6 
16:00-20:30 4 6 
20:30-22:00 5 6,5 
22:00-23:00 6 7,5 
23:00-24:00 7 7,5 

�L�Z�[�e�b�p�Z 2. �B�g�l�_�j�\�Z�e�b �a�Z �^�\�b�`�_�g�b�_ �g�Z �\�e�Z�d�h�\�_�l�_ �a�Z 
�^�_�e�g�b�q�_�g �i�j�Z�a�g�b�q�_�g �^�_�g �m�q�Z�k�l�t�d �a�Z �m�q�Z�k�l�t�d  

�F�K211-�F�K210. 

�Q�Z�k�h�\�b 
�b�g�l�_�j�\�Z�e 

�B�g�l�_�j�\�Z�e �f�_�`�^�m 
�\�e�Z�d�h�\�_�l�_ �\  

�^�_�e�g�b�q�_�g �^�_�g, min 

�B�g�l�_�j�\�Z�e �f�_�`�^�m 
�\�e�Z�d�h�\�_�l�_ �\  

�i�j�Z�a�g�b�q�_�g �^�_�g, min 
05:00-7:30 12 15 
7:30-10:30 6 13 
10:30-16:00 9 12 
16:00-20:30 8 12 
20:30-22:00 10 13 
22:00-23:00 12 15 
23:00-24:00 14 15 

2.2. �B�a�f�_�j�\�Z�g�_ �g�Z �l�y�]�h�\�Z�l�Z �b �j�_�d�m�i�_�j�b�j�Z�g�Z�l�Z 
�h�l �f�_�l�j�h�k�t�k�l�Z�\�b�l�_ �_�e�_�d�l�j�b�q�_�k�d�Z �_�g�_�j�]�b�y �b 
�_�g�_�j�]�b�y�l�Z �d�h�g�k�m�f�b�j�Z�g�Z �a�Z �k�h�[�k�l�\�_�g�b �g�m�`�^�b 

�D�t�f �g�Z�k�l�h�y�s�b�y �f�h�f�_�g�l �\ �f�_�l�j�h�l�h �g�Z �]�j. �K�h�n�b�y �k�_ 
�_�d�k�i�e�h�Z�l�b�j�Z�l �^�\�_ �k�_�j�b�b �f�_�l�j�h�\�e�Z�d�h�\�_, �\�k�y�d�Z �_�^�g�Z �h�l 
�l�y�o �k�t�k�l�Z�\�_�g�Z �h�l �^�\�Z �f�h�^�_�e�Z �f�_�l�j�h�\�Z�]�h�g�b. �<�e�Z�d�h�\�_�l�_, 
�k�t�k�l�Z�\�_�g�b �h�l �\�Z�]�h�g�b �f�h�^�_�e 81-717.4/81-714.4 �k�Z �k �i�h�k-
�l�h�y�g�g�h�l�h�d�h�\�h �a�Z�^�\�b�`�\�Z�g�_ �b �j�_�a�b�k�l�h�j�g�h-�d�h�g�l�Z�d�l�h�j�g�h 
�m�i�j�Z�\�e�_�g�b�_ �g�Z �j�_�`�b�f�b�l�_ �g�Z �j�Z�[�h�l�Z �[�_�a �j�_�`�b�f �a�Z 
�j�_�d�m�i�_�j�Z�l�b�\�g�h �k�i�b�j�Z�g�_. �<�e�Z�d�h�\�_�l�_, �k�t�k�l�Z�\�_�g�b �h�l 
�\�Z�]�h�g�b �f�h�^�_�e 81-740.2/81-741.2 �k�Z �k �Z�k�b�g�o�j�h�g�g�h �l�y�]�h-
�\�h �_�e�_�d�l�j�h�a�Z�^�\�b�`�\�Z�g�_, �a�Z�o�j�Z�g�\�Z�g�h �q�j�_�a �b�g�\�_�j�l�h�j�b, 
�b�a�]�j�Z�^�_�g�b �k IGB �l�j�Z�g�a�b�k�l�h�j�b, �d�h�b�l�h �j�_�Z�e�b�a�b�j�Z�l 
�\�_�d�l�h�j�g�h �m�i�j�Z�\�e�_�g�b�_ �g�Z �^�\�b�]�Z�l�_�e�b�l�_ �b �j�_�`�b�f �g�Z 
�j�_�d�m�i�_�j�Z�l�b�\�g�h �k�i�b�j�Z�g�_ [1].  

�I�j�b �g�Z�i�j�Z�\�_�g�h�l�h �b�a�k�e�_�^�\�Z�g�_ �_ �h�p�_�g�_�g�Z �_�n�_�d�l�b�\-
�g�h�k�l�l�Z �g�Z �j�_�d�m�i�_�j�Z�l�b�\�g�h�l�h �k�i�b�j�Z�g�_, �d�Z�l�h �a�Z �p�_�e�l�Z �k�Z 
�b�a�i�h�e�a�\�Z�g�b �^�Z�g�g�b�l�_ �h�l �_�e�_�d�l�j�h�f�_�j�b�l�_ �b�g�k�l�Z�e�b�j�Z�g�b �\ 
�_�^�b�g �f�_�l�j�h�\�e�Z�d �h�l �\�k�y�d�Z �k�_�j�b�y. �B�a�f�_�j�_�g�b�l�_ �h�l 
�_�e�_�d�l�j�h�f�_�j�b�l�_ �^�Z�g�g�b �a�Z �d�h�e�b�q�_�k�l�\�Z�l�Z �g�Z �_�e�_�d�l�j�b�q�_�k�d�Z 
�_�g�_�j�]�b�y �i�j�b �l�y�]�Z �b �j�_�d�m�i�_�j�Z�p�b�y �k�Z �h�[�j�Z�[�h�l�_�g�b 
�k�t�]�e�Z�k�g�h �f�_�l�h�^�b�d�Z �i�h�^�j�h�[�g�h �h�i�b�k�Z�g�Z �\ [2]. 

�J�_�a�m�e�l�Z�l�b�l�_ �h�l �b�a�f�_�j�\�Z�g�b�y�l�Z �a�Z �j�Z�a�o�h�^�Z �g�Z 
�_�e�_�d�l�j�b�q�_�k�d�Z �_�g�_�j�]�b�y �b �i�j�h�[�_�]�Z �g�Z �\�e�Z�d�h�\�_�l�_, �d�Z�d�l�h �b 
�k�l�h�c�g�h�k�l�b�l�_ �g�Z �h�l�g�h�k�b�l�_�e�g�b�l�_ �_�g�_�j�]�b�b eT* �b eR* �k�Z 
�i�h�d�Z�a�Z�g�b �\ �l�Z�[�e�b�p�Z 3 �b �i�h�^�j�h�[�g�h �Z�g�Z�e�b�a�b�j�Z�g�b �\ 
�i�j�_�^�o�h�^�g�Z �i�m�[�e�b�d�Z�p�b�y [1] �g�Z �d�h�e�_�d�l�b�\�Z.  

�<�b�^�g�h �h�l �l�Z�[�e�b�p�Z 3 �\ �j�_�Z�e�g�b �_�d�k�i�e�h�Z�l�Z�p�b�h�g�g�b 
�m�k�e�h�\�b�y, �\ �K�l�h�e�b�q�g�b�y �f�_�l�j�h�i�h�e�b�l�_�g �\�t�j�g�Z�l�Z�l�Z �_�e�_�d-
�l�j�b�q�_�k�d�Z �_�g�_�j�]�b�y, �\ �l�y�]�h�\�Z�l�Z �f�j�_�`�Z �k�_ �^�\�b�`�b �\ �]�j�Z�g�b-
�p�b�l�_ �h�l 20% �^�h 25% �h�l �d�h�g�k�m�f�b�j�Z�g�Z�l�Z �h�l �f�_�l�j�h-
�k�t�k�l�Z�\�b�l�_. �K�i�h�j�_�^ [3, 4] �j�Z�a�f�_�j�t�l �g�Z �j�_�d�m�i�_�j�b�j�Z�g�Z�l�Z 
�_�e�_�d�l�j�b�q�_�k�d�Z �_�g�_�j�]�b�y �f�h�`�_ �^�Z �^�h�k�l�b�]�g�_ �^�h 40 % �h�l 
�d�h�g�k�m�f�b�j�Z�g�Z�l�Z �h�l �f�_�l�j�h�k�t�k�l�Z�\�b�l�_. 

�D�Z�l�h �k�j�Z�\�g�b�f �g�Z�r�b�y�l �k�e�m�q�Z�c �k�t�k �k�e�m�q�Z�b�l�_ 
�i�h�k�h�q�_�g�b �\ [3, 4] �b �i�j�b�_�f�_�f, �q�_ �i�j�b [3, 4] �_ �i�h�k�l�b�]�g�Z�l�Z 
100% �h�i�h�e�a�h�l�\�h�j�y�\�Z�g�_ �g�Z �_�g�_�j�]�b�y�l�Z �i�h�e�m�q�_�g�Z �i�j�b 
�j�_�d�m�i�_�j�Z�l�b�\�g�h�l�h �k�i�b�j�Z�g�_, �l�h �a�Z „�F�_�l�j�h�i�h�e�b�l�_�g“ �?�:�> 
�h�i�h�e�a�h�l�\�h�j�_�g�Z�l�Z �i�j�b �j�_�d�m�i�_�j�Z�l�b�\�g�h�l�h �k�i�b�j�Z�g�_ �_�e�_�d-
�l�j�h�_�g�_�j�]�b�y �\�Z�j�b�j�Z �\ �]�j�Z�g�b�p�b�l�_ �h�l 50% �^�h 62,5%. �L�h�\�Z 
�h�a�g�Z�q�Z�\�Z, �q�_ �f�_�`�^�m 40% – 50% �h�l �_�g�_�j�]�b�y�l�Z �i�h�e�m�q�_�g�Z 
�i�j�b �k�i�b�j�Z�g�_ �k�_ �d�h�g�k�m�f�b�j�Z �h�l �k�i�b�j�Z�q�g�b�l�_ �j�_�a�b�k�l�h�j�b, 
�d�Z�l�h �k�_ �i�j�_�\�j�t�s�Z �\ �l�h�i�e�b�g�Z �b �k�_ �h�l�^�Z�\�Z �\ �h�d�h�e�g�Z�l�Z 
�k�j�_�^�Z. �H�l �d�Z�a�Z�g�h�l�h �^�h �l�m�d �b �g�Z �[�Z�a�Z �g�Z �i�h�e�m�q�_�g�Z�l�Z �h�l 
�k�l�h�c�g�h�k�l�b�l�_ �\ �l�Z�[�e�b�p�Z 3 �K�j�_�^�g�Z �h�l�g�h�k�b�l�_�e�g�Z �j�_�d�m�i�_-
�j�b�j�Z�g�Z �_�g�_�j�]�b�y �a�Z �p�_�e�b�y �\�e�Z�d, er�k�j* = 2,21 kWh/km �k�_ 
�\�b�`�^�Z, �q�_ �k�t�s�Z�l�Z �f�h�`�_ �^�Z �[�t�^�_ �i�h�\�b�r�_�g�Z �k  
�¨er�k�j = 0,884 – 1,105 kWh/km. �L�h�\�Z �f�h�`�_ �^�Z �[�t�^�_ �i�h�k-
�l�b�]�g�Z�l�h �k �d�h�g�d�j�_�l�_�g �Z�g�Z�e�b�a �a�Z �\�t�a�f�h�`�g�h�k�l�b�l�_ �a�Z 
�g�_�c�g�h�l�h �m�k�\�h�y�\�Z�g�_ �b �q�j�_�a �\�g�_�^�j�y�\�Z�g�_ �\ �L�I�K �g�Z 
�i�h�^�o�h�^�y�s�b �a�Z �l�h�\�Z �l�_�o�g�b�q�_�k�d�b �k�j�_�^�k�l�\�Z. 

�L�Z�[�e�b�p�Z 3. �J�Z�a�o�h�^ �g�Z �_�e�_�d�l�j�b�q�_�k�d�Z �_�g�_�j�]�b�y �g�Z �\�e�Z�d �k�_�j�b�y 81-740.2/81-741.2. 

�>�Z�l�Z �g�Z 
�h�l�q�b�l�Z�g�_ 

�I�h�d�Z�a�Z�g�b�_ �g�Z 
�d�b�e�h�f�_�l�j�Z�`�Z 

�I�h�d�Z�a�Z�g�b�_ �g�Z �_�e�_�d�l�j�h�f�_�j�Z  �H�l�g�h�k�b�l�_�e�_�g 
�j�Z�a�o�h�^ �g�Z �_�g�_�j�]�b�y 
�a�Z �p�_�e�b�y �\�e�Z�d, e* 

�H�l�g�h�k�b�l�_�e�g�Z 
�j�_�d�m�i�_�j�b�j�Z�g�Z �_�g�_�j�]�b�y 

�a�Z �p�_�e�b�y �\�e�Z�d, er*  

�H�l�g�h�k�b�l�_�e�_�g �^�y�e 
�g�Z �\�t�j�g�Z�l�Z�l�Z 

�_�g�_�j�]�b�y 
�J�_�]�b�k�l�t�j 1.08 
�I�h�l�j�_�[�e�_�g�b�_ 

�J�_�]�b�k�l�t�j 2.08 
�J�_�d�m�i�_�j�Z�p�b�y 

- km MWh MWh kWh/km kWh/km % 
22.06.2012 �]. 517540 984,044 136,112 - - - 
23.05.2013 �]. 596843 1233,664 199,307 9,44 2,39 25,3 
08.05.2014 �]. 606406 1263,038 205,642 9,21 1,99 21,6 
03.07.2014 �]. 620263 1305,294 215,940 9,15 2,23 24,4 
29.10.2015 �]. 688631 1515,617 266,781 9,23 2,23 24,2 
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2.3. �B�a�f�_�j�\�Z�g�_ �g�Z �_�e�_�d�l�j�b�q�_�k�d�Z�l�Z �_�g�_�j�]�b�y �a�Z 
�k�h�[�k�l�\�_�g�b �g�m�`�^�b �\  �L�I�K  

�?�e�_�d�l�j�h�k�g�Z�[�^�y�\�Z�g�_�l�h �g�Z �f�_�l�j�h�l�h �k�_ �b�a�\�t�j�r�\�Z �q�j�_�a 
�k�i�_�p�b�Z�e�g�h �b�a�]�j�Z�^�_�g�b �l�y�]�h�\�h �i�h�g�b�`�Z�\�Z�s�b �k�l�Z�g�p�b�b 
(�L�I�K) �b �i�h�g�b�`�Z�\�Z�s�b �k�l�Z�g�p�b�b (�I�K). �K �h�]�e�_�^ �i�t�e�g�h 
�j�_�a�_�j�\�b�j�Z�g�_ �g�Z �_�e�_�d�l�j�h�a�Z�o�j�Z�g�\�Z�g�_�l�h, �L�I�K �b �I�K �k�Z 
�k�\�t�j�a�Z�g�b �_�^�g�Z �k �^�j�m�]�Z �\ �k�b�k�l�_�f�Z (�i�j�t�k�l�_�g), �Z �\�t�g�r�g�h-
�l�h �b�f �a�Z�o�j�Z�g�\�Z�g�_ �_ �k�t�k �k�j�_�^�g�h �g�Z�i�j�_�`�_�g�b�_ 10 kV �h�l 
�j�Z�a�e�b�q�g�b �]�j�Z�^�k�d�b �i�h�^�k�l�Z�g�p�b�b. 

�P�_�e�l�Z �g�Z �L�I�K �_ �^�Z �i�j�_�h�[�j�Z�a�m�\�Z�l �i�j�h�f�_�g�e�b�\�h�l�h 
�g�Z�i�j�_�`�_�g�b�_ 10 kV �\ �i�h�k�l�h�y�g�g�h �k �]�h�e�_�f�b�g�Z 825 V, 
�g�_�h�[�o�h�^�b�f�h �a�Z �^�\�b�`�_�g�b�_ �g�Z �\�e�Z�d�h�\�_�l�_ �b �^�Z �h�k�b�]�m�j�y�l 
�a�Z�o�j�Z�g�\�Z�g�_ 380/220 V �g�Z �k�t�h�j�t�`�_�g�b�y�l�Z �a�Z �k�h�[�k�l�\�_�g�b 
�g�m�`�^�b. 

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

�A�Z �i�j�h�m�q�\�Z�g�_�l�h �g�Z �l�Z�a�b �\�t�a�f�h�`�g�h�k�l �\ �i�_�j�b�h�^�Z �h�l 
00:00 �q. �g�Z 17.10.16 �]. �^�h 24:00 �q. �g�Z 23.10.16 �]. �[�y�o�Z 
�k�g�_�l�b �l�h�\�Z�j�h�\�b�l�_ �]�j�Z�n�b�p�b �h�l �_�e�_�d�l�j�h�f�_�j�b�l�_ �b�g�k�l�Z�e�b-
�j�Z�g�b �\ �L�I�K23 – �F�K „�@�h�e�b�h �D�x�j�b“, �L�I�K22 – �F�K 
„ �K�l�Z�^�b�h�g �<�Z�k�b�e �E�_�\�k�d�b“, �L�I�K43 – �F�K „�>�`�_�c�f�k 
�;�Z�m�q�_�j“ �b �I�K42 – �F�K „�?�\�j�h�i�_�c�k�d�b �k�t�x�a“.  

�< �l�Z�[�e�b�p�Z 4 �k�Z �i�h�d�Z�a�Z�g�b �h�[�j�Z�[�h�l�_�g�b�l�_ �k�l�h�c�g�h�k�l�b 
�g�Z �d�h�g�k�m�f�b�j�Z�g�Z�l�Z �_�e�_�d�l�j�h�_�g�_�j�]�b�y �a�Z �k�h�[�k�l�\�_�g�b �g�m�`�^�b 
�g�Z �l�j�Z�g�k�n�h�j�f�Z�l�h�j�b 31 �b 32 �g�Z �k�t�h�l�\�_�l�g�b�l�_ �L�I�K. 

�<�b�^�g�h �_, �q�_ �h�q�Z�d�\�Z�g�Z�l�Z �]�h�^�b�r�g�Z �d�h�g�k�m�f�Z�p�b�y �g�Z 
�F�K10 „�@�h�e�b�h �D�x�j�b“ �L�I�K23 �k�Z�f�h �g�Z �l�j�Z�g�k�n�h�j�f�Z�l�h�j 
�L�j-32 �k�h�[�k�l�\�_�g�b �g�m�`�^�b, �\ �q�Z�k�h�\�b�y �b�g�l�_�j�\�Z�e �h�l 05:00 
�q. �^�h 24:00 �q. (�d�h�]�Z�l�h �b�f�Z �^�\�b�`�_�g�b�_ �g�Z �\�e�Z�d�h�\�_) �_ 736 
679 kWh. �:�g�Z�e�h�]�b�q�g�h �a�Z �F�K211 „�>�`�_�c�f�k �;�Z�m�q�_�j“, 
�L�I�K43 �a�Z �L�j-31 �k�h�[�k�l�\�_�g�b �g�m�`�^�b �]�h�^�b�r�g�Z�l�Z 
�d�h�g�k�m�f�Z�p�b�y �_ 328463 kWh. 

�D�Z�l�h �k�_ �\�a�_�f�Z�l �i�j�_�^�\�b�^ �h�q�Z�d�\�Z�g�Z�l�Z �]�h�^�b�r�g�Z 
�d�h�g�k�m�f�Z�p�b�y �a�Z �k�h�[�k�l�\�_�g�b �g�m�`�^�b �a�Z �]�h�j�_�p�b�l�b�j�Z�g�b�l�_ 
�L�I�K, �]�j�Z�n�b�d�Z �a�Z �^�\�b�`�_�g�b�_ �g�Z �\�e�Z�d�h�\�_�l�_ �\ �j�Z�a�]�e�_�`�^�Z-
�g�b�l�_ �m�q�Z�k�l�t�p�b, �n�Z�d�l �_, �q�_ �h�i�h�e�a�h�l�\�h�j�y�\�Z�g�_�l�h �g�Z 
�_�e�_�d�l�j�h�_�g�_�j�]�b�y �i�h�e�m�q�_�g�Z �g�Z �j�_�d�m�i�_�j�Z�l�b�\�g�h �k�i�b�j�Z�g�_ 
�f�h�`�_ �^�Z �[�t�^�_ �i�h�\�b�r�_�g�h �k �¨er�k�j �§ 1 kWh/km �l�h: 
• �A�Z �m�q�Z�k�l�t�d�Z �F�K 10 „�@�h�e�b�h �D�x�j�b“ –�F�K 9 „�K�l�Z�^�b�h�g 

�<�Z�k�b�e �E�_�\�k�d�b“ �d�h�e�b�q�_�k�l�\�h�l�h �_�e�_�d�l�j�h�_�g�_�j�]�b�y �i�h�e�m-
�q�_�g�Z �i�j�b �j�_�d�m�i�_�j�Z�p�b�y �d�h�y�l�h �f�h�`�_ �^�Z �k�_ �h�i�h�e�a�h�l�\�h�j�b 
�h�l �d�h�g�k�m�f�Z�l�h�j�b�l�_ �k�j�_�^�g�h �g�Z�i�j�_�`�_�g�b�_ �a�Z �_�^�g�Z �]�h�^�b�g�Z 
�f�h�`�_ �^�Z �^�h�k�l�b�]�g�_ �^�h 194736 kWh. 

• �:�g�Z�e�h�]�b�q�g�h �a�Z �m�q�Z�k�l�t�d�Z �f�_�l�j�h�k�l�Z�g�p�b�y „�>�`�_�c�f�k 
�;�Z�m�q�_�j“ – �f�_�l�j�h�k�l�Z�g�p�b�y „�?�\�j�h�i�_�c�k�d�b �k�t�x�a“ �k�_ �i�h�e�m-
�q�Z�\�Z 46882,49 kWh.  

�L�_�a�b �d�h�e�b�q�_�k�l�\�Z �_�e�_�d�l�j�h�_�g�_�j�]�b�y �g�y�f�Z �^�Z �[�t�^�Z�l 
�a�Z�i�e�Z�l�_�g�b �g�Z �^�h�k�l�Z�\�q�b�d�Z �g�Z �_�e�_�d�l�j�h�_�g�_�j�]�b�y �b �s�_ 
�[�t�^�Z�l �k�i�_�k�l�_�g�b �h�l �k�f�_�l�d�b�l�_ �g�Z „�F�_�l�j�h�i�h�e�b�l�_�g“ �?�:�>. 
�A�Z �p�_�e�l�Z �_ �g�_�h�[�o�h�^�b�f�h �^�Z �[�t�^�_ �g�Z�f�_�j�_�g�h �i�h�^�o�h�^�y�s�h 
�l�_�o�g�b�q�_�k�d�h �j�_�r�_�g�b�_. 

3 �I�j�_�^�e�h�`�_�g�b�_ �a�Z �l�_�o�g�b�q�_�k�d�h �j�_�r�_-
�g�b�_ �a�Z �i�h�\�b�r�Z�\�Z�g�_ �_�n�_�d�l�b�\�g�h�k�l�l�Z �g�Z 
�j�_�d�m�i�_�j�Z�l�b�\�g�h�l�h �k�i�b�j�Z�g�_  

�G�Z�c-�j�Z�a�i�j�h�k�l�j�Z�g�_�g�b�l�_ �b �i�j�_�^�i�h�q�b�l�Z�g�b �l�_�o�g�b�q�_�k�d�b 
�j�_�r�_�g�b�y �d�t�f �f�h�f�_�g�l�Z �k�Z �i�h�d�Z�a�Z�g�b �g�Z �N�b�]. 1. �L�_ �f�h�]�Z�l 
�^�Z �[�t�^�Z�l �j�Z�a�^�_�e�_�g�b �g�Z �^�\�_ �]�j�m�i�b. �I�t�j�\�Z�l�Z �]�j�m�i�Z �k�Z 
�l�_�o�g�b�q�_�k�d�b �j�_�r�_�g�b�y �b�a�i�h�e�a�\�Z�s�b �Z�d�m�f�m�e�b�j�Z�s�b 
�m�k�l�j�h�c�k�l�\�Z (�\ �k�e�m�q�Z�b�l�_ �g�Z �N�b�]. 1 �k�m�i�_�j�d�h�g�^�_�g�a�Z�l�h�j�b) 
�b �\�l�h�j�Z�l�Z �]�j�m�i�Z �l�_�o�g�b�q�_�k�d�b �j�_�r�_�g�b�y, �d�h�b�l�h �i�h�a�\�h-
�e�y�\�Z�l �_�g�_�j�]�b�y�l�Z �i�h�e�m�q�_�g�Z �i�j�b �j�_�d�m�i�_�j�Z�p�b�y �^�Z �[�t�^�_ 
�\�t�j�g�Z�l�Z �\ �f�j�_�`�Z�l�Z �k�j�_�^�g�h �g�Z�i�j�_�`�_�g�b�_ �b �^�Z �[�t�^�_ 
�b�a�i�h�e�a�\�Z�g�Z �a�Z �g�_�l�y�]�h�\�b �g�m�`�^�b [5, 6].  

�M�k�l�j�h�c�k�l�\�Z�l�Z �a�Z �k�t�o�j�Z�g�_�g�b�_ �g�Z �_�g�_�j�]�b�y �b�a�i�h�e-
�a�\�Z�s�b �k�m�i�_�j�d�h�g�^�_�g�a�Z�l�h�j�b �b�f�Z�l �\�b�k�h�d�Z �p�_�g�Z �b �d�j�Z�l�t�d 
�`�b�\�h�l. �L�h�a�b �l�b�i �l�_�o�g�b�q�_�k�d�b �j�_�r�_�g�b�y �k�Z �i�j�_�^�i�h�q�b-
�l�Z�g�b �a�Z �l�y�]�h�\�b �_�e�_�d�l�j�h�a�Z�o�j�Z�g�\�Z�s�b �k�b�k�l�_�f�b, �i�j�b �d�h�b�l�h 
�e�b�i�k�\�Z �k�h�[�k�l�\�_�g�Z �f�j�_�`�Z �a�Z �a�Z�o�j�Z�g�\�Z�g�_ �b �j�_�a�_�j�\�b�j�Z�g�_ 
�g�Z �k�l�j�Z�g�Z �k�j�_�^�g�h �g�Z�i�j�_�`�_�g�b�_.  

�<�l�h�j�Z�l�Z �]�j�m�i�Z �l�_�o�g�b�q�_�k�d�b �j�_�r�_�g�b�y �k�Z �i�j�_�^�i�h�q�b-
�l�Z�g�b �i�j�b �l�y�]�h�\�b �_�e�_�d�l�j�h�a�Z�o�j�Z�g�\�Z�s�b �k�b�k�l�_�f�b �k �b�a�]�j�Z-
�^�_�g�Z �k�h�[�k�l�\�_�g�Z �f�j�_�`�Z �a�Z �a�Z�o�j�Z�g�\�Z�g�_ �b �j�_�a�_�j�\�b�j�Z�g�_ �g�Z 
�k�b�k�l�_�f�Z�l�Z �g�Z �k�l�j�Z�g�Z �k�j�_�^�g�h �g�Z�i�j�_�`�_�g�b�_, �d�Z�l�h �l�m�d 
�j�_�d�m�i�_�j�b�j�Z�g�Z�l�Z �h�l �?�L�K �_�e�_�d�l�j�b�q�_�k�d�Z �_�g�_�j�]�b�y �f�h�`�_ �^�Z 
�[�t�^�_ �\�t�j�g�Z�l�Z �g�Z �k�l�j�Z�g�Z �k�j�_�^�g�h �g�Z�i�j�_�`�_�g�b�_ �b �k�t�h�l�\�_�l-
�g�h �b�a�i�h�e�a�\�Z�g�Z �d�Z�d�l�h �a�Z �l�y�]�h�\�b, �l�Z�d�Z �b �a�Z �^�j�m�] �\�b� ̂�d�h�g-
�k�m�f�Z�l�h�j�b (�i�j . �_�k�d�Z�e�Z�l�h�j�b, �h�k�\�_�l�e�_�g�b�_, �H�<�b�D �b �^�j.).  

�H�l �]�h�j�_�b�a�e�h�`�_�g�h�l�h �k�l�Z�\�Z �y�k�g�h, �q�_ �m�k�l�j�h�c�k�l�\�Z�l�Z �a�Z 
�k�t�o�j�Z�g�_�g�b�_ �g�Z �_�g�_�j�]�b�y �g�_ �k�Z �h�i�l�b�f�Z�e�g�h�l�h �l�_�o�g�b�q�_�k�d�h 
�j�_�r�_�g�b�_ �a�Z �L�?�K �g�Z „�F�_�l�j�h�i�h�e�b�l�_�g“ �?�:�>.  

�A�Z �^�Z �k�_ �i�h�\�b�r�b �_�n�_�d�l�b�\�g�h�l�h �h�i�h�e�a�h�l�\�h�j�y�\�Z�g�_ �g�Z 
�_�e�_�d�l�j�b�q�_�k�d�Z�l�Z �_�g�_�j�]�b�y�l�Z �i�h�e�m�q�_�g�Z �i�j�b �j�_�d�m�i�_�j�Z�l�b�\-
�g�h�l�h �k�i�b�j�Z�g�_ �_ �g�_�h�[�o�h�^�b�f�h �\ �L�I�K �^�Z �k�_ �b�g�k�l�Z�e�b�j�Z�l 
�k�t�\�j�_�f�_�g�g�b �k�b�e�h�\�b �b�g�\�_�j�l�h�j�b, �b�a�]�j�Z�^�_�g�b �g�Z �[�Z�a�Z�l�Z �g�Z 
IGB �l�_�o�g�h�e�h�]�b�y�l�Z, �d�h�b�l�h �^�Z �g�Z�i�j�Z�\�y�l �\�t�a�f�h�`�_�g 
�i�j�_�g�h�k�Z �g�Z �j�_�d�m�i�_�j�b�j�Z�g�Z�l�Z �_�e�_�d�l�j�h�_�g�_�j�]�b�y �h�l �i�h�k�l�h-
�y�g�g�h�l�h�d�h�\�Z�l�Z �k�l�j�Z�g�Z �g�Z �L�?�K �d�t�f �i�j�h�f�_�g�e�b�\�h�l�h�d�h�\�Z�l�Z 
�_�e�_�d�l�j�h�a�Z�o�j�Z�g�\�Z�s�Z �f�j�_�`�Z �k�j�_�^�g�h �g�Z�i�j�_�`�_�g�b�_ (�\�b�  ̀
�N�b�]�m�j�b 1 �b 2). �G�Z �N�b�]. 2 �_ �i�h�d�Z�a�Z�g�Z �[�e�h�d �k�o�_�f�Z �g�Z 
Sitras®PCI (4), �d�h�c�l�h �k�_ �k�\�t�j�a�\�Z �m�k�i�h�j�_�^�g�h �g�Z �a�Z�o�j�Z�g-
�\�Z�s�b�y �l�y�]�h�\�Z�l�Z �f�j�_�`�Z �^�b�h�^�_�g �l�y�]�h�\ �b�a�i�j�Z�\�b�l�_�e (3). 
�K�i�h�j�_�^ �g�Z�q�b�g�Z �g�Z �i�j�b�k�t�_�^�b�g�y�\�Z�g�_ �\ �k�b�e�h�\�Z�l�Z �\�_�j�b�]�Z 

�L�Z�[�e�b�p�Z 4. �H�[�h�[�s�_�g�b �k�l�h�c�g�h�k�l�b �g�Z �j�Z�a�o�h�^ �g�Z �_�e�_�d�l�j�h�_�g�_�j�]�b�y �a�Z �k�h�[�k�l�\�_�g�b �g�m�`�^�b.

  

�I�t�j�\�b �f�_�l�j�h�^�b�Z�f�_�l�t�j �<�l�h�j�b �f�_�l�j�h�^�b�Z�f�_�l�t�j 
�F�K 10 „�@�h�e�b�h �D�x�j�b“ 

�L�I�K 23 
�F�K 09 „�K�l�Z�^�b�h�g �X�g�Z�d“ 

�L�I�K22 
�F�K 211 „�>�`�_�c�f�k �;�Z�m�q�_�j“ 

�L�I�K43 
�F�K 210 „�?�\�j�h�i�_�c�k�d�b �k�t�x�a“ 

�I�K 42 
�D�h�g�k�m�f�Z�l�h�j  �L�j-31 �L�j-32 �L�j-31 �L�j-32 �L�j-31 �L�j-32 �L�j-31 �L�j-32 
P sum, kWh 9380 17846 4575 6922 7957 2448 9339 4160 
P aver, kWh 56 106 27 41 47 15 56 25 
P max, kWh 104 116 68 160 118 47 71 61 
P min, kWh 36 100 13 14 24 6 29 9 

P sum, kWh – �h�[�s �j�Z�a�o�h�^ �a�Z �i�_�j�b�h�^�Z �h�l 00:00 �q. �g�Z 17.10.16 �]. �^�h 24:00 �q. �g�Z 23.10.16 �].; P aver, kWh – �k�j�_�^�_�g �i�h�q�Z�k�h�\ �j�Z�a�o�h�^ 
�g�Z �_�g�_�j�]�b�y �a�Z �k�h�[�k�l�\�_�g�b �g�m�`�^�b; P max, kWh – �f�Z�d�k�b�f�Z�e�_�g �j�Z�a�o�h�^ �g�Z �_�g�_�j�]�b�y �a�Z �k�h�[�k�l�\�_�g�b �g�m�`�^�b; P min, kWh – �f�b�g�b�f�Z�e�_�g 

�j�Z�a�o�h�^ �g�Z �_�g�_�j�]�b�y �a�Z �k�h�[�k�l�\�_�g�b �g�m�`�^�b; 
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�N�b�]. 1. �<�t�a�f�h�`�g�h�k�l�b �a�Z �k�t�o�j�Z�g�_�g�b�_ �b �\�j�t�s�Z�g�_ �\ �f�j�_�`�Z�l�Z 
�g�Z �j�_�d�m�i�_�j�b�j�Z�g�Z�l�Z �h�l �F�_�l�j�h�k�t�k�l�Z�\�b�l�_ �_�g�_�j�]�b�y. 

 
�N�b�]. 2. �B�g�\�_�j�l�h�j Sitras®PCI, �\�b�^�h�\�_ �\�d�e�x�q�\�Z�g�_ �\ �L�I�K 
�k�j�_�^�g�h �g�Z�i�j�_�`�_�g�b�_.  

�g�Z �L�I�K Sitras®PCI �f�h�`�_ �^�Z �[�t�^�_ �b�a�i�h�e�a�\�Z�g �d�Z�l�h 
�Z�\�l�h�g�h�f�_�g �b�e�b �k�i�h�f�Z�]�Z�l�_�e�_�g �b�g�\�_�j�l�h�j. �:�\�l�h�g�h�f�_�g 
�b�g�\�_�j�l�h�j �_ �d�h�]�Z�l�h Sitras®PCI �_ �k�\�t�j�a�Z�g �f�_�`�^�m �k�[�h�j�g�Z 
�r�b�g�Z �g�Z �J�M 825V DC (5) �b �D�J�M 10 kV �k�t�k �k�i�h�f�Z-
�]�Z�l�_�e�_�g �l�j�Z�g�k�n�h�j�f�Z�l�h�j (2). �L�h�a�b �\�Z�j�b�Z�g�l �_ �i�j�_�-̂
�i�h�q�b�l�Z�g �i�j�b �g�h�\�h�k�l�j�h�y�s�b �k�_ �L�I�K �b�e�b �i�j�b �p�y�e�h�k�l�g�Z 
�j�_�d�h�g�k�l�j�m�d�p�b�y �g�Z �k�t�s�_�k�l�\�m�\�Z�s�b �L�I�K [7]. �< �k�e�m�q�Z�c, 
�q�_ �l�h�q�d�b�l�_ �g�Z �k�\�t�j�a�\�Z�g�_ �g�Z Sitras®PCI �\ �L�I�K �k�Z �\�l�h-
�j�b�q�g�Z�l�Z �k�l�j�Z�g�Z �g�Z �l�y�]�h�\�b�y �l�j�Z�g�k�n�h�j�f�Z�l�h�j (2) �b �k�[�h�j�g�Z 
�r�b�g�Z �g�Z �J�M 825V DC (5) �l�h �l�h�c �k�_ �b�a�i�h�e�a�\�Z �d�Z�l�h 
�k�i�h�f�Z�]�Z�l�_�e�_�g �b�g�\�_�j�l�h�j. �L�h�a�b �\�Z�j�b�Z�g�l �_ �m�^�h�[�_�g, �d�h�]�Z�l�h 
�k�_ �b�a�\�t�j�r�\�Z �j�_�l�j�h�n�b�l �\ �g�y�d�h�y �h�l �k�t�s�_�k�l�\�m�\�Z�s�b�l�_ 
�L�I�K. �I�j�_�^�b�f�k�l�\�h�l�h �_, �q�_ �k �f�Z�e�d�h �i�h �h�[�_�f �k�l�j�h�b�l�_�e�g�h 
�f�h�g�l�Z�`�g�b �j�Z�[�h�l�b �b �[�_�a �^�h�i�t�e�g�b�l�_�e�g�b �k�t�h�j�t�`�_�g�b�y 
�b�g�\�_�j�l�h�j�t�l �k�_ �i�j�b�k�t�_�^�b�g�y�\�Z �d�t�f �k�t�s�_�k�l�\�m�\�Z�s�h�l�h 
�h�[�h�j�m�^�\�Z�g�_ [5].  

4 �A�Z�d�e�x�q�_�g�b�_  

�I�h�e�m�q�_�g�b�l�_ �j�_�a�m�e�l�Z�l�b �h�l �i�j�h�\�_�^�_�g�h�l�h �b�a�k�e�_�^�\�Z�g�_ �b 
�g�Z�i�j�Z�\�_�g�b�y�l �Z�g�Z�e�b�a �^�Z�\�Z�l �h�k�g�h�\�Z�g�b�y �^�Z �k�Z �g�Z�i�j�Z�\�y�l 
�k�e�_�^�g�b�l�_ �b�a�\�h�^�b: 
• �I�j�b �f�_�l�j�h�\�Z�]�h�g�b �f�h�^�_�e 81-740.2/81-741.2 �k�j�_�^�g�b�y�l 

�h�l�g�h�k�b�l�_�e�_�g �^�y�e �g�Z �\�t�j�g�Z�l�Z�l�Z �\ �l�y�]�h�\�Z�l�Z �f�j�_�`�Z 
�_�e�_�d�l�j�b�q�_�k�d�Z �_�g�_�j�]�b�y �i�j�b �j�_�`�b�f �g�Z �j�_�d�m�i�_�j�Z�l�b�\�g�h 
�k�i�b�j�Z�g�_ �_ �h�d�h�e�h 24%; 

• �;�e�Z�]�h�^�Z�j�_�g�b�_ �g�Z �g�h�\�b�l�_ �l�_�o�g�h�e�h�]�b�b �i�j�b �b�g�k�l�Z�e�b�j�Z-
�g�_ �g�Z Sitras®PCI, �\ �g�Z�^ 50% �h�l �_�d�k�i�e�h�Z�l�b�j�Z�g�b�l�_ 

�L�I�K �_�n�_�d�l�b�\�g�h�l�h �h�i�h�e�a�h�l�\�h�j�y�\�Z�g�_ �g�Z �_�e�_�d�l�j�h�_�g�_�j-
�]�b�y�l�Z �i�h�e�m�q�_�g�Z �i�j�b �j�_�d�m�i�_�j�Z�l�b�\�g�h�l�h �k�i�b�j�Z�g�_ �h�l 
�f�_�l�j�h�k�t�k�l�Z�\�b�l�_ �f�h�`�_ �^�Z �[�t�^�_ �i�h�\�b�r�_�g�Z �k 40%-50%; 

• �?�g�_�j�]�b�c�g�b�l�_ �j�Z�a�q�_�l�b �a�Z �d�h�g�k�m�f�Z�l�h�j�b �k�h�[�k�l�\�_�g�b 
�g�m�`�^�b �g�Z �L�I�K �i�h�d�Z�a�\�Z�l �_�^�g�b �^�h�[�j�b �m�k�e�h�\�b�y �a�Z 
�h�i�h�e�a�h�l�\�h�j�y�\�Z�g�_ �g�Z �_�e�_�d�l�j�h�_�g�_�j�]�b�y�l�Z �i�h�e�m�q�_�g�Z �i�j�b 
�j�_�d�m�i�_�j�Z�l�b�\�g�h�l�h �k�i�b�j�Z�g�_ �b �h�i�j�Z�\�^�Z�\�Z�l �b�g�k�l�Z�e�b�j�Z�g�_ 
�g�Z �m�i�j�Z�\�e�y�_�f�b �b�g�\�_�j�l�h�j�b �h�l �l�b�i�Z Sitras®PCI; 

• A�g�Z�e�b�l�b�q�g�b�l�_ �j�Z�a�q�_�l�b �i�h�d�Z�a�\�Z�l, �q�_ �a�Z �j�Z�a�]�e�_�`�^�Z-
�g�b�l�_ �\ �^�h�d�e�Z�^�Z �m�q�Z�k�l�t�p�b (�f�_�l�j�h�k�l�Z�g�p�b�y „�@�h�e�b�h 
�D�x�j�b“ – �f�_�l�j�h�k�l�Z�g�p�b�y „�K�l�Z�^�b�h�g �<�Z�k�b�e �E�_�\�k�d�b“ �b 
�f�_�l�j�h�k�l�Z�g�p�b�y „�>�`�_�c�f�k �;�Z�m�q�_�j“ – �f�_�l�j�h�k�l�Z�g�p�b�y 
„ �?�\�j�h�i�_�c�k�d�b �k�t�x�a“) �i�h�l�_�g�p�b�Z�e�t�l �a�Z �i�h�\�b�r�Z�\�Z�g�_ �g�Z 
�h�i�h�e�a�h�l�\�h�j�y�\�Z�g�_�l�h �g�Z �_�e�_�d�l�j�h�_�g�_�j�]�b�y�l�Z �i�h�e�m�q�_�g�Z 
�i�j�b �j�_�d�m�i�_�j�Z�l�b�\�g�h�l�h �k�i�b�j�Z�g�_ �_ �\�b�k�h�d, �d�Z�l�h �h�[�s�h �a�Z 
�^�\�_�l�_ �k�l�Z�g�p�b�b �l�h�c �f�h�`�_ �[�t�^�_ �i�h�\�b�r�_�g �k �^�h 241 618,4 
kWh �]�h�^�b�r�g�h. 
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Studies of possibilities for efficient use 
of regenerative braking in dc traction 
power supply 

Todor Lalev1 
1Siemens Mobility EOOD, 2 “Kukush” Str., Sofia, Bulgaria  

Abstract:  All modern electrical vehicles are design and 
manufacture with the possibility to return energy in the 
traction network in brake recuperation mode. Nowadays 
the question how to realize the recuperative breaking is 
not relevant. The relevant question is how to increase the 
efficient of the recuperative braking. Therefore at this 
paper are presented the possibilities for increasing of 
efficient of the regenerative breaking at DC traction 
power supply.
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�L�_�o�g�b�q�_�k�d�b �b �k�o�_�f�g�b �j�_�r�_�g�b�y �a�Z �b�a�]�j�Z�`�^�Z�g�_ �g�Z �l�y�]�h�\�b 
�i�h�^�k�l�Z�g�p�b�b �\  �`�_�e�_�a�h�i�t�l�g�Z�l�Z �b�g�n�j�Z�k�l�j�m�d�l�m�j�Z �g�Z �J�_�i�m�[�e�b�d�Z 
�;�t�e�]�Z�j�b�y. �D�h�g�k�l�j�m�d�l�b�\�g�b �b �n�m�g�d�p�b�h�g�Z�e�g�b �h�k�h�[�_�g�h�k�l�b 

�L�h�^�h�j �E�Z�e�_�\1,* 

1�<�L�M „�L�h�^�h�j �D�Z�[�e�_�r�d�h�\“, 1574 �K�h�n�b�y, �m�e. „�=�_�h �F�b�e�_�\“ 158, �;�t�e�]�Z�j�b�y 

�J�_�a�x�f�_ �G�Z�q�Z�e�h�l�h �g�Z �?�e�_�d�l�j�b�n�b�d�Z�p�b�y�l�Z �g�Z �`�_�e�_�a�h�i�t�l�g�Z�l�Z �b�g�n�j�Z�k�l�j�m�d�l�m�j�Z (�@�B) �\ �J�_�i�m�[�e�b�d�Z 
�;�t�e�]�Z�j�b�y �_ �i�h�e�h�`�_�g�h �i�j�_�^�b �i�h�\�_�q�_ �h�l 55 �]�h�^�b�g�b, �d�Z�l�h �i�t�j�\�Z�l�Z �_�e�_�d�l�j�b�n�b�p�b�j�Z�g�Z �e�b�g�b�y �K�h�n�b�y-
�I�e�h�\�^�b�\ �_ �h�l�d�j�b�l�Z �i�j�_�a 1963 �]. �D�t�f �f�h�f�_�g�l�Z �_ �_�e�_�d�l�j�b�n�b�p�b�j�Z�g�Z �i�h�\�_�q�_ �h�l 70% �h�l �h�[�s�Z�l�Z �^�t�e�`�b�g�Z 
�g�Z �@�B �f�j�_�`�Z�l�Z �m �g�Z�k, �d�Z�l�h �g�Z �l�_�j�b�l�h�j�b�y�l�Z �Ê �k�Z �j�Z�a�i�h�e�h�`�_�g�b 53 �[�j�h�y �l�y�]�h�\�b �i�h�^�k�l�Z�g�p�b�b (�L�I�K). 
�A�g�Z�q�b�l�_�e�g�Z �q�Z�k�l �h�l �k�b�k�l�_�f�b�l�_ �a�Z �_�e�_�d�l�j�b�n�b�d�Z�p�b�y �k�Z �k�l�j�h�_�g�b �i�j�_�^�b �i�h�\�_�q�_ �h�l 50 �]�h�^�b�g�b �b �k�Z 
�g�Z�^�o�\�t�j�e�b�e�b �i�h�d�Z�a�Z�l�_�e�y „�_�d�k�i�e�h�Z�l�Z�p�b�h�g�_�g �k�j�h�d”, �a�Z�l�h�\�Z �k�_ �g�Z�e�Z�]�Z �k�t�s�b�l�_ �^�Z �[�t�^�Z�l �f�h�^�_�j�g�b�a�b�j�Z�g�b. 
�< �l�Z�a�b �\�j�t�a�d�Z �i�j�_�a 2001 �]. �h�i�_�j�Z�l�h�j�t�l �g�Z �@�B �k�l�Z�j�l�b�j�Z �i�h�_�l�Z�i�g�Z �f�h�^�_�j�g�b�a�Z�p�b�y �b �b�a�]�j�Z�`�^�Z�g�_ �g�Z �g�h�\�b 
�L�I�K. �G�Z�q�Z�e�h�l�h �_ �[�_�e�y�a�Z�g�h �k �b�a�]�j�Z�`�^�Z�g�_�l�h �g�Z �L�I�K �K�b�f�b�l�e�b �b �=�_�g�_�j�Z�e �L�h�^�h�j�h�\ �b �h�l�l�h�]�Z�\�Z �^�h�k�_�]�Z �k�Z 
�b�a�]�j�Z�^�_�g�b �b �f�h�^�_�j�g�b�a�b�j�Z�g�b �h�[�s�h 21 �L�I�K. �< �g�Z�k�l�h�y�s�b�y �^�h�d�e�Z�^ �_ �g�Z�i�j�Z�\�_�g�h �k�j�Z�\�g�_�g�b�_ �b �Z�g�Z�e�b�a �g�Z 
�h�k�g�h�\�g�b�l�_ �l�_�o�g�h�e�h�]�b�q�g�b �b �k�o�_�f�g�b �j�_�r�_�g�b�y, �b�a�i�h�e�a�\�Z�g�b �i�j�b �f�h�^�_�j�g�b�a�b�j�Z�g�_ �b �b�a�]�j�Z�`�^�Z�g�_ �g�Z �L�I�K �\ 
�@�B. �J�Z�a�]�e�_�^�Z�g�b �k�Z �l�_�o�g�b�l�_ �n�m�g�d�p�b�h�g�Z�e�g�b �\�t�a�f�h�`�g�h�k�l�b �b �d�h�g�k�l�j�m�d�l�b�\�g�b �h�k�h�[�_�g�h�k�l�b. 

1 �<�t�\�_�^�_�g�b�_  

�J�_�d�h�g�k�l�j�m�d�p�b�y�l�Z �b �f�h�^�_�j�g�b�a�Z�p�b�y�l�Z �g�Z �k�b�k�l�_�f�b�l�_ �a�Z 
�_�e�_�d�l�j�b�n�b�d�Z�p�b�y �b �\ �q�Z�k�l�g�h�k�l �g�Z �L�I�K �_ �k�\�t�j�a�Z�g�Z �k 
�b�g�\�_�k�l�b�p�b�h�g�g�b �j�Z�a�o�h�^�b. �L�_�a�b �j�Z�a�o�h�^�b �k�Z �i�h�^�e�Z�]�Z�g�b 
�g�Z �h�k�h�[�_�g�h �d�j�b�l�b�q�g�Z �h�p�_�g�d�Z, �d�Z�d�l�h �h�l �k�i�_�p�b�Z�e�b�k�l�b�l�_ 
�\�a�_�f�Z�s�b �j�_�r�_�g�b�y, �l�Z�d�Z �b �h�l �h�[�s�_�k�l�\�h�l�h, �\�t�i�j�_�d�b �q�_ 
�_�d�k�i�e�h�Z�l�Z�p�b�h�g�g�b�y �k�j�h�d �g�Z �k�b�k�l�_�f�b�l�_ �^�h�k�l�b�]�Z 40 �]�h�^�b-
�g�b [1]. �K�i�h�j�_�^ [2] �l�j�y�[�\�Z �^�Z �k�_ �h�l�q�_�l�Z�l �\�k�b�q�d�b �j�Z�a�o�h�^-
�g�b �_�^�b�g�b�p�b �g�Z �d�h�f�i�h�g�_�g�l, �]�_�g�_�j�b�j�Z�g�b �i�j�_�a �g�_�]�h�\�b�y 
�`�b�\�h�l. �L�_�a�b �j�Z�a�o�h�^�b �k�Z �y�k�g�h �^�_�n�b�g�b�j�Z�g�b �b �d�e�Z�k�b�n�b-
�p�b�j�Z�g�b �\ �q�_�l�b�j�b �p�_�g�h�h�[�j�Z�a�m�\�Z�s�b �n�Z�a�b (�N�b�]. 1).  

 

�N�b�]. 1. �I�j�h�p�_�g�l�g�h �k�t�h�l�g�h�r�_�g�b�_ �g�Z �j�Z�a�o�h�^�b �a�Z �`�b�a�g�_�g 
�p�b�d�t�e �g�Z �@�B �a�Z �i�_�j�b�h�^ 30-50 �]�h�^�b�g�b [1,3]. 

�G�Z �N�b�].1 �_ �i�h�d�Z�a�Z�g�h, �q�_ �h�k�\�_�g �b�g�\�_�k�l�b�p�b�h�g�g�b�l�_ 
�j�Z�a�o�h�^�b, �l�j�y�[�\�Z �^�Z �k�_ �\�a�_�f�Z�l �i�j�_�^�\�b�^ �b �j�Z�a�o�h�^�b�l�_ 
�]�_�g�_�j�b�j�Z�g�b �i�h �\�j�_�f�_ �g�Z �_�d�k�i�e�h�Z�l�Z�p�b�y, �i�h�^�^�j�t�`�d�Z �b 
�b�a�\�_�`�^�Z�g�_ �h�l �_�d�k�i�e�h�Z�l�Z�p�b�y (�j�_�p�b�d�e�b�j�Z�g�_) �g�Z �k�b�k�l�_-
�f�b�l�_ �a�Z �p�_�e�b�y �b�f �_�d�k�i�e�h�Z�l�Z�p�b�h�g�_�g �k�j�h�d �h�l 40 �]�h�^�b�g�b. 
�<�b�`�^�Z �k�_, �q�_ 65% �h�l �j�Z�a�o�h�^�b�l�_ �a�Z �`�b�a�g�_�g �p�b�d�t�e �g�Z 
�k�b�k�l�_�f�b�l�_ �a�Z �_�e�_�d�l�j�b�n�b�d�Z�p�b�y �k�_ �]�_�g�_�j�b�j�Z�l �h�l �j�Z�a�o�h�^�b 

�a�Z �_�d�k�i�e�h�Z�l�Z�p�b�y �b �i�h�^�^�j�t�`�d�Z [1]. �< �l�Z�a�b �\�j�t�a�d�Z, �i�e�Z-
�g�b�j�Z�g�_�l�h, �h�p�_�g�d�Z�l�Z �b �i�j�h�_�d�l�b�j�Z�g�_�l�h �g�Z �k�b�k�l�_�f�Z�l�Z �a�Z 
�_�e�_�d�l�j�h�a�Z�o�j�Z�g�\�Z�g�_ �g�Z �@�B �h�d�Z�a�\�Z�l �j�_�r�Z�\�Z�s�h �\�e�b�y�g�b�_ 
�\�t�j�o�m �i�h�k�e�_�^�\�Z�s�b�l�_ �j�Z�a�o�h�^�b �a�Z �_�d�k�i�e�h�Z�l�Z�p�b�y, �i�h�-̂
�^�j�t�`�d�Z �b RAMS �d�Z�q�_�k�l�\�Z�l�Z �g�Z �k�b�k�l�_�f�Z�l�Z (�g�Z�^�_�`�^-
�g�h�k�l, �j�Z�[�h�l�h�k�i�h�k�h�[�g�h�k�l, �j�_�f�h�g�l�h�i�j�b�]�h�^�g�h�k�l �b �[�_�a�h-
�i�Z�k�g�h�k�l) [3].  

�H�i�_�j�Z�l�h�j�b�l�_ �g�Z �@�B �k�Z �a�Z�b�g�l�_�j�_�k�h�\�Z�g�b �h�l �g�b�k�d�b 
�_�d�k�i�e�h�Z�l�Z�p�b�h�g�g�b �j�Z�a�o�h�^�b, �g�b�k�d�b �j�Z�a�o�h�^�b �a�Z �i�h�-̂
�^�j�t�`�d�Z �b �h�l �i�_�j�k�i�_�d�l�b�\�Z�l�Z, �g�h�\�b�l�_ �k�b�k�l�_�f�b �a�Z 
�_�e�_�d�l�j�b�n�b�d�Z�p�b�y �L�I�K �b �d�h�f�i�h�g�_�g�l�b, �^�Z �[�t�^�Z�l 
�k�t�\�f�_�k�l�b�f�b �k�t�k �k�t�s�_�k�l�\�m�\�Z�s�h�l�h �b�g�n�j�Z�k�l�j�m�d�l�m�j�g�h 
�h�[�h�j�m�^�\�Z�g�_. �A�Z�l�h�\�Z �_�n�_�d�l�b�\�g�h�k�l�l�Z �g�Z �k�b�k�l�_�f�b�l�_ �a�Z 
�l�y�]�h�\�h �_�e�_�d�l�j�h�a�Z�o�j�Z�g�\�Z�g�_ �b �j�Z�a�o�h�^�b�l�_ �k�\�t�j�a�Z�g�b �k 
�l�y�o�g�Z�l�Z �i�h�^�^�j�t�`�d�Z �b �_�d�k�i�e�h�Z�l�Z�p�b�y �k�Z �h�l �h�k�g�h�\�g�h 
�a�g�Z�q�_�g�b�_ �a�Z �h�i�_�j�Z�l�h�j�b�l�_ �g�Z �b�g�n�j�Z�k�l�j�m�d�l�m�j�Z�l�Z �i�j�b 
�k�t�k�l�Z�\�y�g�_ �g�Z �k�l�j�Z�l�_�]�b�q�_�k�d�b �b�g�\�_�k�l�b�p�b�b. �K�e�_�^�h�\�Z-
�l�_�e�g�h, �a�Z �^�Z �g�Z�f�Z�e�y�l �k�\�h�b�l�_ �j�Z�a�o�h�^�b �a�Z �_�d�k�i�e�h�Z�l�Z�p�b�y 
�b �i�h�^�^�j�t�`�d�Z �h�i�_�j�Z�l�h�j�b�l�_ �g�Z �@�B �l�j�y�[�\�Z �^�Z �b�a�[�b�j�Z�l 
�f�_�`�^�m �j�Z�a�e�b�q�g�b �l�_�o�g�h�e�h�]�b�b �a�Z �b�a�]�j�Z�`�^�Z�g�_ �g�Z �l�_�o�g�b�l�_ 
�k�b�k�l�_�f�b �a�Z �_�e�_�d�l�j�b�n�b�d�Z�p�b�y �b �L�I�K. 

�I�j�_�^�\�b�^ �d�Z�a�Z�g�h�l�h �^�h�l�m�d �b �n�Z�d�l�Z, �q�_ 65 % �h�l �j�Z�a�o�h-
�^�b�l�_ �a�Z �`�b�a�g�_�g �p�b�d�t�e �k�_ �]�_�g�_�j�b�j�Z�l �i�h �\�j�_�f�_ �g�Z 
�_�d�k�i�e�h�Z�l�Z�p�b�y �b �i�h�^�^�j�t�`�d�Z �g�Z �L�I�K, �\ �g�Z�k�l�h�y�s�b�y 
�^�h�d�e�Z�^ �_ �g�Z�i�j�Z�\�_�g�h �k�j�Z�\�g�_�g�b�_ �b �Z�g�Z�e�b�a �g�Z �h�k�g�h�\�g�b�l�_ 
�l�_�o�g�h�e�h�]�b�q�g�b �b �k�o�_�f�g�b �j�_�r�_�g�b�y, �b�a�i�h�e�a�\�Z�g�b �i�j�b 
�f�h�^�_�j�g�b�a�b�j�Z�g�_ �b �b�a�]�j�Z�`�^�Z�g�_ �g�Z �L�I�K �\ �@�B.  

�J�Z�a�]�e�_�^�Z�g�b �k�Z �d�h�g�k�l�j�m�d�l�b�\�g�b�l�_ �h�k�h�[�_�g�h�k�l�b �b 
�l�_�o�g�b�q�_�k�d�b �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �g�Z �_�e�_�d�l�j�h�h�[�h�j�m�^�\�Z�g�_�l�h 
(�d�h�f�i�h�g�_�g�l�b�l�_) �b�a�]�j�Z�`�^�Z�s�h �L�I�K. �:�g�Z�e�b�a�b�j�Z�g�b �k�Z 
�n�m�g�d�p�b�h�g�Z�e�g�b�l�_ �\�t�a�f�h�`�g�h�k�l�b �g�Z �k�o�_�f�g�b�l�_ �j�_�r�_�g�b�y 

5%

28%

65%

2%

�J�Z�a�o�h�^�b �a�Z �`�b�a�g�_�g �p�b�d�t�e �g�Z �@�B

�J�Z�a�o�h�^�b �a�Z �i�j�h�_�d�l�b�j�Z�g�_

�J�Z�a�o�h�^�b �a�Z �f�h�g�l�Z�` �b 
�\�t�\�_�`�^�Z�g�_ �\ �_�d�k�i�e�h�Z�l�Z�p�b�y
�J�Z�a�o�h�^�b �a�Z �i�h�^�^�j�t�`�d�Z �b 
�_�d�k�i�e�h�Z�l�Z�p�b�y
�J�Z�a�o�h�^�b �a�Z �j�_�p�b�d�e�b�j�Z�g�_

�M. �F�[�f�`�], �L�_�o�g�b�q�_�k�d�b �b �k�o�_�f�g�b �j�_�r�_�g�b�y �a�Z �b�a�]�j�Z�`�^�Z�g�_ �g�Z �l�y�]�h�\�b �i�h�^�k�l�Z�g�p�b�b �\ �`�_�e�_�a�h�i�t�l�g�Z�l�Z �b�g�n�j�Z�k�l�j�m�d�l�m�j�Z �g�Z �J�_�i�m�[�e�b�d�Z �;�t�e�]�Z�j�b�y. �D�h�g�k�l�j�m�d�l�b�\�g�b �b 
�n�m�g�d�p�b�h�g�Z�e�g�b �h�k�h�[�_�g�h�k�l�b 
T. Lalev, Technical and scheme solutions for the construction of traction substations in the railway infrastructure of the Republic of Bulgaria. Structural and functional 
features 
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�g�Z �j�Z�a�e�b�q�g�b�l�_ �l�b�i�h�\�_ �h�[�h�j�m�^�\�Z�g�_. �>�Z�^�_�g�b �k�Z �i�j�_�^�b�f-
�k�l�\�Z�l�Z �b �g�_�^�h�k�l�Z�l�t�p�b�l�_ �g�Z �j�Z�a�e�b�q�g�b�l�_ �L�I�K �h�l �]�e�_�^-
�g�Z�l�Z �l�h�q�d�Z �g�Z �_�d�k�i�e�h�Z�l�Z�p�b�y�l�Z �b �i�h�^�^�j�t�`�d�Z�l�Z.  

2 �I�j�b�g�p�b�i�g�b �k�o�_�f�b �g�Z �l�y�]�h�\�b 
�i�h�^�k�l�Z�g�p�b�b �_�d�k�i�e�h�Z�l�b�j�Z�g�b �\  
�`�_�e�_�a�h�i�t�l�g�Z�l�Z �b�g�n�j�Z�k�l�j�m�d�l�m�j�Z 

�@�_�e�_�a�h�i�t�l�g�Z�l�Z �b�g�n�j�Z�k�l�j�m�d�l�m�j�Z �g�Z �J�_�i�m�[�e�b�d�Z �;�t�e�]�Z-
�j�b�y �k�_ �i�h�^�^�t�j�`�Z �b �m�i�j�Z�\�e�y�\�Z �h�l �>�t�j�`�Z�\�g�h �i�j�_�^�i�j�b�y-
�l�b�_ „�G�Z�p�b�h�g�Z�e�g�Z �d�h�f�i�Z�g�b�y �`�_�e�_�a�h�i�t�l�g�Z �b�g�n�j�Z�k�l�j�m�d-
�l�m�j�Z“ (�>�I „�G�D�@�B“). �D�Z�l�h �q�Z�k�l �h�l �_�\�j�h�i�_�c�k�d�Z�l�Z �@�B, 
�k�_ �g�Z�e�Z�]�Z �^�Z �k�_ �\�g�_�^�j�y�\�Z�l �k�b�k�l�_�f�b, �d�h�b�l�h �^�Z �h�k�b�]�m�j�y-
�\�Z�l �h�i�_�j�Z�l�b�\�g�Z �k�t�\�f�_�k�l�b�f�h�k�l �k �`�_�e�_�a�g�b�p�b�l�_ �g�Z 
�k�l�j�Z�g�b�l�_ �h�l �?�\�j�h�i�_�c�k�d�b�y �k�t�x�a. �< �l�Z�a�b �\�j�t�a�d�Z �b�a�]�j�Z�`-
�^�Z�g�_�l�h �g�Z �k�t�\�j�_�f�_�g�g�b �L�I�K �\ �k�t�h�l�\�_�l�k�l�\�b�_ �k 
�L�_�o�g�b�q�_�k�d�Z �k�i�_�p�b�n�b�d�Z�p�b�y �h�i�_�j�Z�l�b�\�g�Z �k�t�\�f�_�k�l�b�f�h�k�l 
/�L�K�H/ „�?�g�_�j�]�b�y“ �b �_�\�j�h�i�_�c�k�d�b�l�_ �g�h�j�f�b �b �k�l�Z�g�^�Z�j�l�b, 
�_ �_�^�g�Z �h�l �h�k�g�h�\�g�b�l�_ �p�_�e�b �g�Z �d�h�f�i�Z�g�b�y�l�Z. 

 

�N�b�]. 2. �I�j�b�g�p�b�i�g�Z �_�^�g�h�e�b�g�_�c�g�Z �k�o�_�f�Z �g�Z �h�l�d�j�b�l�Z 
�j�Z�a�i�j�_�^�_�e�b�l�_�e�g�Z �m�j�_�^�[�Z /�H�J�M/ 110 kV �g�Z �k�l�Z�g�^�Z�j�l�g�Z (�Z) �b 
�h�i�h�j�g�Z (�[) �L�I�K.  

�L�I�K �_�d�k�i�e�h�Z�l�b�j�Z�g�b �\ �@�B �g�Z �J�_�i�m�[�e�b�d�Z �;�t�e�]�Z�j�b�y 
�k�Z �i�h�g�b�`�Z�\�Z�s�b �i�h�^�k�l�Z�g�p�b�b, �d�h�b�l�h �k�_ �a�Z�o�j�Z�g�\�Z�l �k 
�g�Z�i�j�_�`�_�g�b�_ 110 kV �h�l �_�e�_�d�l�j�h�_�g�_�j�]�b�c�g�Z�l�Z �k�b�k�l�_�f�Z 
(�?�?�K) �g�Z �k�l�j�Z�g�Z�l�Z [4]. �L�y�o�g�Z�l�Z �a�Z�^�Z�q�Z �_ �^�Z �i�j�_�h�[�j�Z�a�m-
�\�Z�l �i�j�h�f�_�g�e�b�\�h�l�h �^�\�m�n�Z�a�g�h �g�Z�i�j�_�`�_�g�b�_ 110 kV, 50Hz 
�\ �f�h�g�h�n�Z�a�g�h �i�j�h�f�_�g�e�b�\�h �k �]�h�e�_�f�b�g�Z 25 kV, 50Hz �i�h�-̂
�o�h�^�y�s�h �a�Z �a�Z�o�j�Z�g�\�Z�g�_ �g�Z �_�e�_�d�l�j�b�q�_�k�d�b�l�_ �i�h�^�\�b�`�g�b 
�k�t�k�l�Z�\�b (�?�I�K).  

�K�i�h�j�_�^ �g�Z�q�b�g�Z �b�f �g�Z �i�j�b�k�t�_�^�b�g�y�\�Z�g�_ �\ �?�?�K, �L�I�K 
�k�_ �b�a�]�j�Z�`�^�Z�l �d�Z�l�h �h�i�h�j�g�b �b�e�b �k�l�Z�g�^�Z�j�l�g�b �i�h�^�k�l�Z�g-
�p�b�b. �I�j�b �h�i�h�j�g�Z�l�Z, �L�I�K �H�J�M 110 kV �k�_ �b�a�i�t�e�g�y�\�Z �k 
�^�\�h�c�g�Z �r�b�g�g�Z �k�b�k�l�_�f�Z. �I�j�b�g�p�b�i�g�Z �k�o�_�f�Z �g�Z �h�i�h�j�g�Z 
�L�I�K �_ �i�h�d�Z�a�Z�g�Z �g�Z �N�b�]. 2 �Z. �I�j�b �b�a�]�j�Z�`�^�Z�g�_ �g�Z �k�l�Z�g-
�^�Z�j�l�g�Z�l�Z �L�I�K, �H�J�M 110 kV �k�_ �b�a�]�j�Z�`�^�Z �i�h �l�Z�d�Z �g�Z�j�_-
�q�_�g�Z�l�Z �h�i�j�h�k�l�_�g�Z �G-�k�o�_�f�Z. �G�Z �N�b�]. 2 �[ �_ �i�h�d�Z�a�Z�g�Z 
�i�j�b�g�p�b�i�g�Z �G-�k�o�_�f�Z �g�Z �k�l�Z�g�^�Z�j�l�g�Z �L�I�K.  

�A�Z�o�j�Z�g�\�Z�g�_�l�h �g�Z �d�h�g�l�Z�d�l�g�Z�l�Z �f�j�_�`�Z (�D�F) �k�_ �b�a-
�\�t�j�r�\�Z �h�l �f�h�g�h�n�Z�a�g�Z �J�M 25 kV �b�a�i�t�e�g�_�g�Z �d�Z�l�h 
�_�^�b�g�b�q�g�Z �k�_�d�p�b�h�g�b�j�Z�g�Z �j�Z�[�h�l�g�Z �r�b�g�g�Z �k�b�k�l�_�f�Z 
�N�b�]. 3 [4]. �J�Z�[�h�l�g�Z�l�Z �r�b�g�Z �_ �k�_�d�p�b�h�g�b�j�Z�g�Z �k �^�\�Z �j�Z�a�_-
�^�b�g�b�l�_�e�y �k�t�k �a�Z�a�_�f�b�l�_�e�g�b �g�h�`�h�\�_ (�J�K) �d�t�f �j�Z�[�h�l�g�b�l�_ 
�k�_�d�p�b�y 1 �b �k�_�d�p�b�y 2, �d�t�f �d�h�b�l�h �k�_ �i�j�b�k�t�_�^�b�g�y�\�Z�l 
�l�y�]�h�\�b�l�_ �l�j�Z�g�k�n�h�j�f�Z�l�h�j�b (�I�J �L-�L�J) �b �b�a�\�h�^�b�l�_ �a�Z 
KM. �D�t�f �k�j�_�^�g�Z�l�Z �k�_�d�p�b�y �k�Z �i�j�b�k�t�_�^�b�g�_�g�b �m�k�l�j�h�c-
�k�l�\�h �d�h�f�i�_�g�k�b�j�Z�s�h �j�_�Z�d�l�b�\�g�Z �_�g�_�j�]�b�y (�>�D) �b �l�j�Z�g�k-
�n�h�j�f�Z�l�h�j �k�h�[�k�l�\�_�g�b �g�m�`�^�b (�K�G). 

 

�N�b�]. 3. �I�j�b�g�p�b�i�g�Z �_�^�g�h�e�b�g�_�c�g�Z �k�o�_�f�Z �g�Z �J�M25 kV �L�I�K.  

�L�j�y�[�\�Z �^�Z �k�_ �h�l�[�_�e�_�`�b, �q�_ �i�h�d�Z�a�Z�g�b�l�_ �k�o�_�f�b �k�Z 
�i�j�b�g�p�b�i�g�b �b �l�_ �f�h�]�Z�l �^�Z �[�t�^�Z�l �j�_�Z�e�b�a�b�j�Z�g�b �i�h 
�j�Z�a�e�b�q�g�b �g�Z�q�b�g�b �b �k �j�Z�a�e�b�q�g�b �l�b�i�h�\�_ �h�[�h�j�m�^�\�Z�g�_. 

3 �L�_�o�g�b�q�_�k�d�b �b �k�o�_�f�g�b �j�_�r�_�g�b�y 
�b�a�i�h�e�a�\�Z�g�b �a�Z �f�h�^�_�j�g�b�a�Z�p�b�y �g�Z �L�I�K 

�D�t�f �g�Z�k�l�h�y�s�b�y �f�h�f�_�g�l �i�j�b �b�a�]�j�Z�`�^�Z�g�_ �g�Z �g�h�\�b �b 
�j�_�o�Z�[�b�e�b�l�Z�p�b�y �g�Z �k�l�Z�j�b �L�I�K, �a�Z �j�_�Z�e�b�a�b�j�Z�g�_�l�h �g�Z 
�i�j�b�g�p�b�i�g�b�l�_ �k�o�_�f�b �g�Z �>�I „�G�D�@�B“, �h�l �l�_�o�g�b�q�_�k�d�Z 
�]�e�_�^�g�Z �l�h�q�d�Z �k�_ �b�a�i�h�e�a�\�Z�l �^�Z�\�Z �i�h�^�o�h�^�Z. �A�Z �d�h�g�d�j�_�l-
�g�b�y �k�e�m�q�Z�c, �s�_ �]�b �g�Z�j�_�q�_�f �i�h�^�o�h�^ �L�I�K �L�b�i 1 �b 
�i�h�^�o�h�^ �L�I�K �L�b�i 2. 

�L�I�K �L�b�i 1 – �H�J�M 110 kV �_ �\�t�a�^�m�r�g�h �b�a�h�e�b�j�Z�g�h �b 
�_ �b�a�]�j�Z�^�_�g�h �h�l �d�h�g�\�_�g�p�b�h�g�Z�e�g�h �_�e�_�d�l�j�b�q�_�k�d�h �h�[�h�j�m�^-
�\�Z�g�_. �J�M 25 kV �_ �j�_�Z�e�b�a�b�j�Z�g�h �k �d�h�f�i�Z�d�l�g�Z �D�J�M �k 
�_�e�_�]�Z�a�h�\�Z SF6 �b�a�h�e�Z�p�b�y �k�t�k �k�l�Z�p�b�h�g�Z�j�g�h �f�h�g�l�b�j�Z�g�b 
�\�Z�d�m�m�f�g�b �i�j�_�d�t�k�\�Z�q�b. 

�L�I�K �L�b�i 2 – �H�J�M 110 kV �_ �b�a�]�j�Z�^�_�g�h �h�l �l�Z�d�Z �g�Z�j�_-
�q�_�g�b�l�_ „�d�h�f�i�Z�d�l�g�b, �\�b�k�h�d�h �b�g�l�_�]�j�b�j�Z�g�b �f�h�^�m�e�b �a�Z 
�<�G �k �_�e�_�]�Z�a�h�\�Z �b�a�h�e�Z�p�b�y (SF6)“ �b �J�M 25 kV, �j�_�Z�e�b�a�b-
�j�Z�g�Z �k �D�J�M �k �\�t�a�^�m�r�g�Z �b�a�h�e�Z�p�b�y �b �b�a�\�Z�`�^�Z�_�f�b 
�\�Z�d�m�m�f�g�b �i�j�_�d�t�k�\�Z�q�b. 

3.1. �L�_�o�g�b�q�_�k�d�b �b �k�o�_�f�g�b �j�_�r�_�g�b�y �i�j�b 
�b�a�]�j�Z�`�^�Z�g�_ �g�Z �H�J�M 110 kV. �D�h�g�k�l�j�m�d�l�b�\�g�b 
�h�k�h�[�_�g�h�k�l�b �b �l�_�o�g�b�q�_�k�d�b �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b 

�H�J�M 110 kV �g�Z �j�Z�a�]�e�_�`�^�Z�g�b�l�_ �\ �^�h�d�e�Z�^�Z �L�I�K �k�Z 
�b�a�i�t�e�g�_�g�b �d�Z�l�h �k�l�Z�g�^�Z�j�l�g�Z H-�k�o�_�f�Z �h�l �N�b�]. 2 �[. �L�Z�a�b 
�k�o�_�f�Z �_ �i�j�_�^�i�h�q�b�l�Z�g�Z �i�j�b �b�a�]�j�Z�`�^�Z�g�_ �g�Z �H�J�M 110 kV 
�g�Z �L�I�K, �a�Z�s�h�l�h �k�t�k �k�j�Z�\�g�b�l�_�e�g�h �f�Z�e�d�h �g�Z �[�j�h�c �d�h�f�m-
�l�Z�p�b�h�g�g�b �Z�i�Z�j�Z�l�b �b �h�i�l�b�f�Z�e�g�b �d�Z�i�b�l�Z�e�h-�\�e�h�`�_�g�b�y �k�_ 
�h�k�b�]�m�j�y�\�Z �k�j�Z�\�g�b�l�_�e�g�h �\�b�k�h�d�Z �k�l�_�i�_�g �g�Z �g�Z�^�_�`�^�g�h�k�l 
�b �j�_�a�_�j�\�b�j�Z�g�_ �g�Z �_�e�_�d�l�j�h�a�Z�o�j�Z�g�\�Z�g�_�l�h �g�Z �L�I�K.  

3.1.1. �D�h�g�k�l�j�m�d�l�b�\�g�b �h�k�h�[�_�g�h�k�l�b �b �k�o�_�f�g�b 
�j�_�r�_�g�b�y �g�Z �H�J�M 110kV 

�H�J�M 110 kV �L�I�K �L�b�i 1 �_ �b�a�]�j�Z�^�_�g�Z �h�l �d�h�g�\�_�g�p�b�h-
�g�Z�e�g�b �_�e�_�d�l�j�b�q�_�k�d�b �Z�i�Z�j�Z�l�b �b �_ �b�a�i�t�e�g�_�g�Z �d�Z�l�h 
�h�i�j�h�k�l�_�g�Z H-�k�o�_�f�Z, �i�h�d�Z�a�Z�g�Z �g�Z �N�b�]. 4. �K�o�_�f�Z�l�Z �_ 
�k�t�k�l�Z�\�_�g�Z �h�l �^�\�_ �a�Z�o�j�Z�g�\�Z�s�b �e�b�g�b�b, �d�Z�l�h �\�t�\�h�^�b�l�_ �g�Z 
�k�l�j�Z�g�Z 110 kV �k�Z �i�j�b�k�t�_�^�b�g�_�g�b �k �^�\�Z �f�h�l�h�j�g�b �e�b�g�_�c-
�g�b �j�Z�a�_�^�b�g�b�l�_�e�b (�J�E-Q9). �A�Z �^�Z �k�_ �h�k�b�]�m�j�b �i�t�e�g�Z 
�n�m�g�d�p�b�h�g�Z�e�g�Z �\�t�a�f�h�`�g�h�k�l �a�Z �a�Z�a�_�f�y�\�Z�g�_ 
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(�h�[�_�a�h�i�Z�k�y�\�Z�g�_ �g�Z �k�o�_�f�Z�l�Z), �i�j�_�^�b �b �k�e�_�^ �J�E-Q9, �k�Z 
�b�g�k�l�Z�e�b�j�Z�g�b �i�h �^�\�Z �f�h�l�h�j�g�b �a�Z�a�_�f�b�l�_�e�g�b �j�Z�a�_�^�b�g�b-
�l�_�e�b (�J�A-Q8 �b Q15). �L�_ �i�h�a�\�h�e�y�\�Z�l �[�_�a�h�i�Z�k�g�h �^�Z �[�t�^�Z�l 
�a�Z�a�_�f�_�g�b, �d�Z�d�l�h �a�Z�o�j�Z�g�\�Z�s�b�l�_ �k�o�_�f�Z�l�Z �\�t�\�h�^�b, �l�Z�d�Z �b 
�r�b�g�g�Z�l�Z �k�b�k�l�_�f�Z 110 kV. �K�_�d�p�b�h�g�b�j�Z�g�_�l�h �f�_�`�^�m 
�^�\�Z�l�Z �a�Z�o�j�Z�g�\�Z�s�b �\�t�\�h�^�Z �k�_ �h�k�t�s�_�k�l�\�y�\�Z �i�h�k�j�_�^�k�l�\�h�f 
�_�^�b�g �f�h�k�l�h�\ �j�Z�a�_�^�b�g�b�l�_�e (�J�F-Q11). �L�y�]�h�\�b�l�_ �l�j�Z�g�k-
�n�h�j�f�Z�l�h�j�b �k�Z �i�j�b�k�t�_�^�b�g�_�g�b �d�t�f �r�b�g�g�Z�l�Z �k�b�k�l�_�f�Z 
�i�h�k�j�_�^�k�l�\�h�f �j�Z�a�_�^�b�g�b�l�_�e (Q1) �b �a�Z�a�_�f�b�l�_�e�_�g �j�Z�a�_�^�b-
�g�b�l�_�e (Q5) �b �i�j�_�d�t�k�\�Z�q (Q0), �d�Z�l�h �l�h�\�Z �i�h�a�\�h�e�y�\�Z �i�j�b 
�j�Z�[�h�l�Z �i�h �i�j�_�d�t�k�\�Z�q�Z �b�e�b �i�h �r�b�g�g�Z�l�Z �k�b�k�l�_�f�Z 
�m�q�Z�k�l�t�d�t�l �^�Z �[�t�^�_ �h�[�_�a�h�i�Z�k�_�g.  

�K�o�_�f�Z�l�Z �g�Z�i�t�e�g�h �h�l�]�h�\�Z�j�y �g�Z �i�j�b�g�p�b�i�g�Z�l�Z �k�o�_�f�Z 
�g�Z �>�I “�G�D�@�B“, �N�b�]. 2 �Z. �M�j�_�^�[�Z�l�Z �_ �b�a�]�j�Z�^�_�g�Z �h�l 
�k�e�_�^�g�b�l�_ �_�e�_�f�_�g�l�b: 
• Q8/Q9/Q15-�J�E – �j�Z�a�_�^�b�g�b�l�_�e �k �^�\�Z �a�Z�a�_�f�b�l�_�e�g�b 

�g�h�`�Z �k 3 �g�_�a�Z�\�b�k�b�f�b �f�h�l�h�j�g�b �a�Z�^�\�b�`�\�Z�g�b�y; 
• Q11-�J�F – �j�Z�a�_�^�b�g�b�l�_�e �k �f�h�l�h�j�g�h �a�Z�^�\�b�`�\�Z�g�_; 
• Q0 – �_�e�_�]�Z�a�h�\ �i�j�_�d�t�k�\�Z�q; 
• Q1/Q5-�J�R – �j�Z�a�_�^�b�g�b�l�_�e �k�t�k �a�Z�a�_�f�b�l�_�e�_�g �g�h� ̀�k �^�\�_ 

�g�_�a�Z�\�b�k�b�f�b �f�h�l�h�j�g�b �a�Z�^�\�b�`�\�Z�g�b�y; 
• CT – �L�h�d�h�\ �l�j�Z�g�k�n�h�j�f�Z�l�h�j; 
• VT – �G�Z�i�j�_�`�_�g�h�\ �l�j�Z�g�k�n�h�j�f�Z�l�h�j. 

�D�h�e�b�q�_�k�l�\�h�l�h �_�e�_�]�Z�a SF6 �\ �m�j�_�^�[�Z�l�Z �_ 9,6 kg. 

 

�N�b�]. 4. �?�^�g�h�e�b�g�_�c�g�Z �k�o�_�f�Z �g�Z �H�J�M 110 kV �g�Z �L�I�K �L�b�i 1. 

�H�[�s �\�b� ̂�g�Z �m�j�_�^�[�Z�l�Z, �b�a�]�j�Z�^�_�g�Z �k �d�h�g�\�_�g�p�b�h�g�Z�e�g�h 
�h�[�h�j�m�^�\�Z�g�_ 110 kV, �_ �^�Z�^�_�g�Z �g�Z �N�b�]. 5. 

  

�N�b�]. 5. �H�J�M 110 kV �b�a�]�j�Z�^�_�g�Z �h�l �b�g�^�b�\�b�^�m�Z�e�g�b 
�d�h�f�m�l�Z�p�b�h�g�g�b �b �b�a�f�_�j�\�Z�l�_�e�g�b �Z�i�Z�j�Z�l�b. 

�H�J�M 110 kV �L�I�K �L�b�i 2 �_ �b�a�]�j�Z�^�_�g�Z �h�l �^�\�Z �k�\�t�j-
�a�Z�g�b �i�h�f�_�`�^�m �k�b „�d�h�f�i�Z�d�l�g�b �\�b�k�h�d�h �b�g�l�_�]�j�b�j�Z�g�b 
�f�h�^�m�e�b �a�Z �<�G �k �_�e�_�]�Z�a�h�\�Z �b�a�h�e�Z�p�b�y (SF6)“, �d�h�b�l�h 
�j�_�Z�e�b�a�b�j�Z�l �h�i�j�h�k�l�_�g�Z �G-�k�o�_�f�Z, �N�b�]. 6. 

 

�N�b�]. 6. �?�^�g�h�e�b�g�_�c�g�Z �k�o�_�f�Z �g�Z �H�J�M 110 kV �g�Z �L�I�K �L�b�i 2. 

�A�Z �g�m�`�^�b�l�_ �g�Z �>�I „�G�D�@�B” �f�h�^�m�e�b�l�_ �k�Z �b�a�i�t�e-
�g�_�g�b �^�\�m�n�Z�a�g�h �g�Z �k�l�j�Z�g�Z�l�Z �g�Z �i�j�b�k�t�_�^�b�g�y�\�Z�g�_ �g�Z 
�l�y�]�h�\�b�y �l�j�Z�g�k�n�h�j�f�Z�l�h�j �b �l�j�b�n�Z�a�g�h �a�Z �h�k�l�Z�g�Z�e�b�l�_ 
�k�l�j�Z�g�b �g�Z �i�j�b�k�t�_�^�b�g�y�\�Z�g�_. 

H-�k�o�_�f�Z�l�Z �g�Z �N�b�]. 6 �L�I�K �L�b�i 2 �_ �j�_�Z�e�b�a�b�j�Z�g�Z 
�i�h�k�j�_�^�k�l�\�h�f �k�\�t�j�a�\�Z�g�_�l�h �g�Z �^�\�Z �_�^�g�h�l�b�i�g�b �f�h�^�m�e�Z �a�Z 
�<�G. �L�m�d, �d�Z�d�l�h �i�j�b �i�t�j�\�b�y �k�e�m�q�Z�c, �b�f�Z�f�_ �^�\�_ �a�Z�o�j�Z�g-
�\�Z�s�b �e�b�g�b�b, �d�Z�l�h �\�t�\�h�^�b�l�_ �g�Z �k�l�j�Z�g�Z 110 kV �k�Z �i�j�b-
�k�t�_�^�b�g�_�g�b �q�j�_�a �^�\�Z �d�h�f�[�b�g�b�j�Z�g�b �j�Z�a�_�^�b�g�b-�l�_�e/�a�_�f�_�g 
�g�h� ̀�Z�i�Z�j�Z�l�Z Q8/Q9. �<�k�t�s�g�h�k�l Q8/Q9 �k�Z �_�^�b�g �j�Z�a�_�^�b-
�g�b�l�_�e �k �_�^�g�h �f�h�l�h�j�g�h �a�Z�^�\�b�`�\�Z�g�_, �d�h�c�l�h �a�Z�_�f�Z �l�j�b 
�i�h�e�h�`�_�g�b�y (�\�d�e., �b�a�d�e., �a�Z�a�_�f�_�g�h). �H�l �k�o�_�f�Z�l�Z �k�_ 
�\�b�`�^�Z, �q�_ �\�t�l�j�_�r�g�Z�l�Z �r�b�g�g�Z �k�b�k�l�_�f�Z �\ �f�h�^�m�e�Z (Q9, 
Q0 �b Q11Q12) �g�_ �f�h�`�_ �^�Z �[�t�^�_ �a�Z�a�_�f�_�g�Z. 

�I�j�b �l�Z�a�b �k�o�_�f�Z, �a�Z �^�Z �k�_ �h�k�b�]�m�j�b �k�_�d�p�b�h�g�b�j�Z�g�_ �b 
�f�h�k�l�h�\�Z�l�Z �\�j�t�a�d�Z �d�Z�d�l�h �b �g�_�h�[�o�h�^�b�f�Z�l�Z �n�m�g�d�p�b�h�g�Z�e-
�g�h�k�l, �k�_ �b�a�i�h�e�a�\�Z�l �^�\�Z �i�h�k�e�_�^�h�\�Z�l�_�e�g�h �k�\�t�j�a�Z�g�b 
�Z�i�Z�j�Z�l�Z (�j�Z�a�_�^�b�g�b�l�_�e/�a�Z�a�_�f�b�l�_�e�_�g �g�h� ̀ Q11 �b Q12). 
�J�_�a�m�e�l�Z�l�t�l �_, �q�_ �k�_ �g�Z�f�Z�e�y�\�Z �g�Z�^�_�`�^�g�h�k�l�l�Z �g�Z �k�o�_�f�Z�l�Z 
[5,6], �l�t�c �d�Z�l�h �b�f�Z�f�_ �^�\�Z �i�h�k�e�_�^�h�\�Z�l�_�e�g�h �k�\�t�j�a�Z�g�b 
�Z�i�Z�j�Z�l�Z �\�t�\ �\�_�j�b�]�Z�l�Z. 

 �<�j�t�a�d�Z�l�Z �f�_�`�^�m �i�j�_�d�t�k�\�Z�q�b �a�Z �\�b�k�h�d�h �g�Z�i�j�_�`�_-
�g�b�_ Q0 �b �l�y�]�h�\�b�l�_ �l�j�Z�g�k�n�h�j�f�Z�l�h�j�b �k�_ �h�k�t�s�_�k�l�\�y�\�Z 
�k�t�s�h �q�j�_�a �d�h�f�[�b�g�b�j�Z�g �j�Z�a�_�^�b�g�b�l�_�e/�a�_�f�_�g �g�h� ̀(Q1 �b 
Q5), �d�Z�l�h �j�Z�a�_�^�b�g�b�l�_�e�b�l�_ �k�Z �^�b�j�_�d�l�g�h �i�j�b�k�t�_�^�b�g�_�g�b 
�d�t�f �l�y�]�h�\�b�l�_ �l�j�Z�g�k�n�h�j�f�Z�l�h�j�b. 

�H�l �d�h�g�k�l�j�m�d�l�b�\�g�Z �]�e�_�^�g�Z �l�h�q�d�Z �\ �f�h�^�m�e�b�l�_ �a�Z �<�G 
�_ �b�g�l�_�]�j�b�j�Z�g�h �k�e�_�^�g�h�l�h �_�e�_�d�l�j�b�q�_�k�d�h �h�[�h�j�m�^�\�Z�g�_: 
• Q8/Q9-�J�E – �d�h�f�[�b�g�b�j�Z�g �j�Z�a�_�^�b�g�b�l�_�e �k�t�k �a�Z�a�_�f�b�l�_-

�e�_�g �d�h�g�l�Z�d�l, �a�Z�^�\�b�`�\�Z�g �h�l �_�^�b�g �_�e�_�d�l�j�h�^�\�b�]�Z�l�_�e.  
• Q11/Q1-�J�F – �d�h�f�[�b�g�b�j�Z�g �j�Z�a�_�^�b�g�b�l�_�e �k�t�k �a�Z�a�_�f�b-

�l�_�e�_�g �d�h�g�l�Z�d�l, �a�Z�^�\�b�`�\�Z�g �h�l �_�^�b�g �_�e�_�d�l�j�h�^�\�b�]�Z�l�_�e; 
• Q0 – �_�e�_�]�Z�a�h�\ �i�j�_�d�t�k�\�Z�q; 
• Q1/Q5-�J�R – �d�h�f�[�b�g�b�j�Z�g �j�Z�a�_�^�b�g�b�l�_�e �k�t�k �a�Z�a�_�f�b-

�l�_�e�_�g �d�h�g�l�Z�d�l, �a�Z�^�\�b�`�\�Z�g �h�l �_�^�b�g �_�e�_�d�l�j�h�^�\�b�]�Z�l�_�e; 
• BLK222 – �f�h�l�h�j�g�h �a�Z�^�\�b�`�\�Z�g�_; 
• CT – �l�h�d�h�\ �l�j�Z�g�k�n�h�j�f�Z�l�h�j, �f�h�g�l�b�j�Z�g �\�t�j�o�m �b�a�h�e�Z-

�l�h�j�Z. 
• VT – �g�Z�i�j�_�`�_�g�h�\ �l�j�Z�g�k�n�h�j�f�Z�l�h�j, �b�g�^�m�d�l�b�\�_�g, �k �_�e-

�_�]�Z�a�h�\�Z �b�a�h�e�Z�p�b�y; 
�D�h�e�b�q�_�k�l�\�h�l�h �_�e�_�]�Z�a SF6 �\ �m�j�_�^�[�Z�l�Z �_ �§190 kg. 
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„ �D�h�f�i�Z�d�l�g�b�l�_ �\�b�k�h�d�h �b�g�l�_�]�j�b�j�Z�g�b �f�h�^�m�e�b �a�Z �<�G �k 
�_�e�_�]�Z�a�h�\�Z �b�a�h�e�Z�p�b�y (SF6)“ �i�h�a�\�h�e�y�\�Z�l �]�Z�[�Z�j�b�l�Z �g�Z 
�H�J�M 110 kV �^�Z �k�_ �g�Z�f�Z�e�b �k �^�h 60%. �I�j�b �l�Z�a�b �l�_�o�g�h-
�e�h�]�b�y �a�g�Z�q�b�l�_�e�g�h �k�_ �g�Z�f�Z�e�y�\�Z �\�j�_�f�_�l�h �a�Z �b�g�k�l�Z�e�Z�p�b�y 
�g�Z �h�[�h�j�m�^�\�Z�g�_�l�h �g�Z �H�J�M 110kV �b �k�_ �k�i�_�k�l�y�\�Z�l �b�g�\�_-
�k�l�b�p�b�h�g�g�b �j�Z�a�o�h�^�b. �I�h�j�Z�^�b �o�_�j�f�_�l�b�a�b�j�Z�g�b�y �^�b�a�Z�c�g, 
�l�_�h�j�_�l�b�q�g�h �l�_�a�b �m�j�_�^�[�b �g�_ �k�_ �g�m�`�^�Z�y�l �h�l �i�h�^�^�j�t�`�d�Z, 
�g�h �b�a�i�h�e�a�\�Z�g�_�l�h �g�Z �l�Z�a�b �l�_�o�g�h�e�h�]�b�y�l�Z �g�_ �i�h�a�\�h�e�y�\�Z 
�i�j�y�d �^�h�k�l�t�i �^�h �i�j�_�d�t�k�\�Z�q �b�e�b �j�Z�a�_�^�b�g�b�l�_�e �h�l 
�m�j�_�^�[�Z�l�Z, �l.�_. �Z�i�Z�j�Z�l�b�l�_ �g�_ �k�Z �i�j�y�d�h �^�h�k�l�t�i�g�b �\ �k�e�m�q�Z�c 
�g�Z �i�h�\�j�_�^�Z (�g�_ �k�Z �j�_�f�h�g�l�h�i�j�b�]�h�^�g�b). �;�t�j�a�Z �b �i�j�h�k�l�Z 
�h�p�_�g�d�Z �g�Z �i�h�\�j�_�^�Z�l�Z �h�l�\�t�g, �d�Z�d�l�h �i�j�b �d�h�g�\�_�g�p�b�h�g�Z�e-
�g�Z�l�Z �m�j�_�^�[�Z, �_ �g�_�\�t�a�f�h�`�g�Z, �k�e�_�^�h�\�Z�l�_�e�g�h �b �j�Z�a�o�h�^�b�l�_ 
�]�_�g�_�j�b�j�Z�g�b �a�Z �j�_�f�h�g�l �g�Z �Z�i�Z�j�Z�l �h�l �m�j�_�^�[�Z�l�Z �k�Z �i�h-
�\�b�k�h�d�b �\ �k�j�Z�\�g�_�g�b�_ �k �d�h�g�\�_�g�p�b�h�g�Z�e�g�Z�l�Z �m�j�_�^�[�Z [7].  

�< �k�t�h�l�\�_�l�k�l�\�b�_ �k [5,6], RAMS �i�h�d�Z�a�Z�l�_�e�y�l „�j�Z�a�i�h-
�e�Z�]�Z�_�f�h�k�l“ �g�Z �^�\�Z�l�Z �\�b�^�Z �h�[�h�j�m�^�\�Z�g�_ –  �d�h�g�\�_�g�p�b�h-
�g�Z�e�g�h (�\�t�a�^�m�r�g�h�b�a�h�e�b�j�Z�g�h �H�J�M) �b �f�h�^�m�e�g�h (�]�Z�a�h�\�h-
�b�a�h�e�b�j�Z�g�h �H�J�M) �_ �i�h�q�l�b �_�^�b�g �b �k�t�s. �L�h�\�Z �_ �l�Z�d�Z, 
�a�Z�s�h�l�h �i�h-�f�Z�e�d�Z�l�Z �\�_�j�h�y�l�g�h�k�l �a�Z �i�h�\�j�_�^�Z �i�j�b �]�Z�a�h�\�h-
�b�a�h�e�b�j�Z�g�Z�l�Z �l�_�o�g�h�e�h�]�b�y �k�_ �d�h�f�i�_�g�k�b�j�Z �k �i�h-�^�t�e�]�b�y 
�b�g�l�_�j�\�Z�e �h�l �\�j�_�f�_ �a�Z �h�l�k�l�j�Z�g�y�\�Z�g�_ �g�Z �i�h�\�j�_�^�Z�l�Z. 
�G�Z�i�j�b�f�_�j: �\�_�j�h�y�l�g�h�k�l�l�Z �a�Z �h�l�d�Z�a �i�j�b �d�h�g�\�_�g�p�b�h�g�Z�e-
�g�b�y �j�Z�a�_�^�b�g�b�l�_�e �k�Z fk = 0,0014 1/�]�h�.̂, �Z �\�j�_�f�_�l�h �a�Z 
�h�l�k�l�j�Z�g�y�\�Z�g�_ �g�Z �i�h�\�j�_�^�Z�l�Z �_ rk = 24 h [5]. �K�t�s�b�l�_ 
�i�h�d�Z�a�Z�l�_�e�b �i�j�b �]�Z�a�h�\�h�b�a�h�e�b�j�Z�g�Z�l�Z �l�_�o�g�h�e�h�]�b�y �k�Z  
fk = 0,001149 1/�]�h�.̂ �b rk = 35 h [5].  

3.1.2. �L�_�o�g�b�q�_�k�d�b �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �H�J�M 110kV 

�< �l�Z�[�e�b�p�Z 1 �k�Z �^�Z�^�_�g�b �l�_�o�g�b�q�_�k�d�b�l�_ �b�a�b�k�d�\�Z�g�b�y �g�Z �>�I 
„ �G�D�@�B“ �b �l�_�o�g�b�q�_�k�d�b�l�_ �^�Z�g�g�b �g�Z �b�a�i�h�e�a�\�Z�g�b�l�_ 
�i�j�_�d�t�k�\�Z�q�b �a�Z �<�G �a�Z �j�Z�a�e�b�q�g�b�l�_ �l�b�i�h�\�_ �L�I�K. �D�Z�l�h 
�k�j�Z�\�g�b�f �l�_�o�g�b�q�_�k�d�b�l�_ �i�Z�j�Z�f�_�l�j�b �g�Z �^�\�Z�l�Z �l�b�i�Z 
�i�j�_�d�t�k�\�Z�q�b �k�_ �\�b�`�^�Z, �q�_ �l�_ �k�Z �k�t�k �k�o�h�^�g�b �l�_�o�g�b�q�_�k�d�b 
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �b �i�h�d�j�b�\�Z�l �b�a�b�k�d�\�Z�g�b�y�l�Z �g�Z �>�I 
„ �G�D�@�B“. 

�L�Z�[�e�b�p�Z 1. �L�_�o�g�b�q�_�k�d�b �b�a�b�k�d�\�Z�g�b�y �b �i�Z�j�Z�f�_�l�j�b �g�Z 
�k�t�h�j�t�`�_�g�b�y�l�Z �\ �L�I�K �i�j�_�d�t�k�\�Z�q �H�J�M 110 kV [4,8,9]. 

�L�_�o�g�b�q�_�k�d�b �^�Z�g�g�b 
�i�j�_�d�t�k�\�Z�q 110 kV  

�B�a�b�k�d-
�\�Z�g�b�y 

�G�D�@�B 

�L�I�K �L�b�i1 �L�I�K �L�b�i2 
3AP1FB-

123 
Pass-MO 

DBB-LTB-D 
�B�a�h�e�Z�p�b�h�g�g�h /�g�h�f�b�g�Z�e�g�h 
�g�Z�i�j�_�`�_�g�b�_, kV 123/110 123 145 

�G�h�f�b�g�Z�e�_�g �l�h�d, A �•1250 1600 1600 
�G�h�f�b�g�Z�e�_�g �l�h�d �g�Z 
�b�a�d�e�x�q�\�Z�g�_, kA �•31,5 31,5 31,5 

�G�h�f�b�g�Z�e�_�g �l�h�d �g�Z 
�\�d�e�x�q�\�Z�g�_, kA �•85 85 80 

�<�j�_�f�_ �g�Z �\�d�e�x�q�\�Z�g�_ 
/�b�a�d�e�x�q�\�Z�g�_, ms �” 60/ 30 59/31±3 �” 42/ 25 

�B�a�i�b�l�Z�l�_�e�g�h �i�j�h�f�_�g�e�b�\�h 
�g�Z�i�j�_�`�_�g�b�_, kV �a�Z 1 min 230 kV 230 275 

�B�a�i�b�l�Z�l�_�e�g�h �b�f�i�m�e�k�g�h 
�g�Z�i�j�_�`�_�g�b�_, kV�a�Z 
1,2/50��s 

550 kV 550 650 

�:�g�Z�e�h�]�b�q�g�h, �a�Z �b�a�i�h�e�a�\�Z�g�b�l�_ �j�Z�a�_�^�b�g�b�l�_�e�b �<�G, �\ 
�L�Z�[�e�b�p�Z 2 �k�Z �^�Z�^�_�g�b �l�_�o�g�b�q�_�k�d�b �^�Z�g�g�b. �B �l�m�d, �d�Z�d�l�h 
�i�j�b �i�j�_�d�t�k�\�Z�q�b�l�_ �a�Z �<�G, �k�_ �\�b�`�^�Z, �q�_ �b �^�\�Z�l�Z �l�b�i�Z 
�j�Z�a�_�^�b�g�b�l�_�e�b �k�Z �k�t�k �k�o�h�^�g�b �l�_�o�g�b�q�_�k�d�b �o�Z�j�Z�d�l�_�j�b�k-
�l�b�d�b �b �i�h�d�j�b�\�Z�l �b�a�b�k�d�\�Z�g�b�y�l�Z �g�Z �>�I „�G�D�@�B“. 

�L�Z�[�e�b�p�Z 2. �L�_�o�g�b�q�_�k�d�b �b�a�b�k�d�\�Z�g�b�y �b �i�Z�j�Z�f�_�l�j�b 
�k�t�h�j�t�`�_�g�b�y�l�Z �\ �L�I�K �j�Z�a�_�^�b�g�b�l�_�e �H�J�M 110 kV [4,8,9]. 

�L�_�o�g�b�q�_�k�d�b �^�Z�g�g�b 
�j�Z�a�_�^�b�g�b�l�_�e 110 kV  

�B�a�b�k�d�\�Z�g�b�y 
�G�D�@�B 

�L�I�K �L�b�i1 �L�I�K �L�b�i2 
3DN1CB 
123 EB  

Pass-MO 
DBB 

�B�a�h�e�Z�p�b�h�g�g�h /�g�h�f�b�g�Z�e�g�h 
�g�Z�i�j�_�`�_�g�b�_, kV 123/110 123 145/110 

�G�h�f�b�g�Z�e�_�g �l�h�d, A �•1250 1600 1600 
�L�h�d �g�Z �l�_�j�f�b�q�g�Z 
�m�k�l�h�c�q�b�\�h�k�l, �d�: �•3 s, 31,5 �•3 s, 31,5 31,5 

�L�h�d �g�Z �^�b�g�Z�f�b�q�g�Z 
�m�k�l�h�c�q�b�\�h�k�l, �d�: 80 80 80 

�B�a�i�b�l�Z�l�_�e�g�h �g�Z�i�j�_�`�_�g�b�_ 
�a�Z f – 50Hz (1 min �k�i�j�y�f�h 
�a�_�f�y) �f�_�`�^�m �h�l�\�h�j�_�g�b 
�d�h�g�l�Z�d�l�b, kV 

230/265 230/265 230/275 

�B�a�i�b�l�\�Z�l�_�e�g�h �b�f�i�m�e�k�g�h 
�g�Z�i�j�_�`�_�g�b�_ �a�Z 1,2 (50 ��s 
�k�i�j�y�f�h �a�_�f�y) �f�_�`�^�m 
�h�l�\�h�j�_�g�b �d�h�g�l�Z�d�l�b, kV 

550/630 550/630 550/650 

�I�t�l  �g�Z �m�l�_�q�d�Z �g�Z 
�b�a�h�e�Z�l�h�j�b�l�_, mm 3100 3080 N/A 

�L�j�y�[�\�Z �^�Z �h�l�[�_�e�_�`�b�f, �q�_ �d�t�f �f�h�f�_�g�l�Z, �\�a�_�f�Z�s�b�l�_ 
�j�_�r�_�g�b�y �k�i�_�p�b�Z�e�b�k�l�b �h�l �>�I „�G�D�@�B“ �i�j�_�^�i�h�q�b�l�Z�l �^�Z 
�k�_ �b�a�]�j�Z�`�^�Z �H�J�M 110 kV �g�Z �L�I�K �k „�d�h�f�i�Z�d�l�g�b, �\�b�k�h�d�h 
�b�g�l�_�]�j�b�j�Z�g�b �f�h�^�m�e�b �a�Z �<�G �k �_�e�_�]�Z�a�h�\�Z �b�a�h�e�Z�p�b�y 
(SF6)“. �G�_�s�h �i�h�\�_�q�_, �l�Z�a�b �l�_�o�g�h�e�h�]�b�y �k�_ �h�p�_�g�y�\�Z �g�Z�c-
�\�b�k�h�d�h �i�h �a�Z�e�h�`�_�g�Z�l�Z �f�_�l�h�^�b�d�Z �a�Z �l�_�o�g�b�q�_�k�d�Z �h�p�_�g�d�Z 
�i�j�b �i�j�h�\�_�`�^�Z�g�_ �g�Z �h�[�s�_�k�l�\�_�g�b �i�h�j�t�q�d�b �a�Z �i�j�h�_�d�l�b-
�j�Z�g�_ �b �k�l�j�h�b�l�_�e�k�l�\�h �g�Z �L�I�K [4]. 

3.1.3. �B�a�\�h�^�b �h�l  �Z�g�Z�e�b�a�Z �a�Z �H�J�M 110 KV 

�L�_�o�g�b�q�_�k�d�b �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b 
• �D�h�f�m�l�Z�p�b�h�g�g�Z�l�Z �Z�i�Z�j�Z�l�m�j�Z �\ �L�I�K �L�b�i 1 �b �L�I�K �L�b�i 

2 �i�h�d�j�b�\�Z �b�a�b�k�d�\�Z�g�b�y�l�Z �g�Z �>�I “�G�D�@�B“ �b �_ �k�t�k 
�k�o�h�^�g�b �l�_�o�g�b�q�_�k�d�b �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b; 

• �H�l �d�j�b�l�_�j�b�b�l�_ �a�Z �h�p�_�g�d�Z �_ �\�b�^�g�h, �q�_ �i�j�_�^�i�h�q�b�l�Z�g�h 
�l�_�o�g�b�q�_�k�d�h �j�_�r�_�g�b�_ �a�Z �b�a�]�j�Z�`�^�Z�g�_ �g�Z �H�J�M �_ 
„ �d�h�f�i�Z�d�l�g�b, �\�b�k�h�d�h �b�g�l�_�]�j�b�j�Z�g�b �f�h�^�m�e�b �a�Z �<�G �k 
�_�e�_�]�Z�a�h�\�Z �b�a�h�e�Z�p�b�y (SF6)“ [4]. 

�D�h�g�k�l�j�m�d�l�b�\�g�b �h�k�h�[�_�g�h�k�l�b 
• �H�J�M 110 kV �g�Z �L�I�K �L�b�i 2 �_ �k �h�e�_�d�h�l�_�g�Z �b �i�h-

�d�h�f�i�Z�d�l�g�Z �d�h�g�k�l�j�m�d�p�b�y – �g�_�l�g�Z�l�Z �i�e�h�s �g�Z �m�j�_�^�[�Z�l�Z 
110 kV �k�_ �g�Z�f�Z�e�y�\�Z �k �h�d�h�e�h 60%; 

• �H�l �]�e�_�^�g�Z �l�h�q�d�Z �g�Z �h�i�Z�a�\�Z�g�_ �g�Z �h�d�h�e�g�Z�l�Z �k�j�_�^�Z, �d�Z�l�h 
�k�j�Z�\�g�b�f �d�h�e�b�q�_�k�l�\�h�l�h �_�e�_�]�Z�a SF6 �a�Z �\�k�y�d�Z �]�j�m�i�Z 
�L�I�K, �k�_ �\�b�`�^�Z, �q�_ �i�j�b �L�I�K �L�b�i 1 (�d�h�g�\�_�g�p�b�h�g�Z�e�_�g 
�l�b�i) �d�h�e�b�q�_�k�l�\�h�l�h �_�e�_�]�Z�a �_ �g�Z�^ �^�\�Z�^�_�k�_�l �i�t�l�b �i�h-
�f�Z�e�d�h �\ �k�j�Z�\�g�_�g�b�_ �k �L�I�K �L�b�i 2 (�f�h�^�m�e�_�g �l�b�i); 

• �I�h�j�Z�^�b �b�g�l�_�]�j�b�j�Z�g�Z�l�Z �k�b �d�h�g�k�l�j�m�d�p�b�y, „�D�h�f�i�Z�d�l-
�g�b, �\�b�k�h�d�h �b�g�l�_�]�j�b�j�Z�g�b �f�h�^�m�e�b �a�Z �<�G �k �_�e�_�]�Z�a�h�\�Z 
�b�a�h�e�Z�p�b�y (SF6)“ �l�j�y�[�\�Z �^�Z �k�_ �j�Z�a�]�e�_�`�^�Z�l �d�Z�l�h �_�^�b�g 
�Z�i�Z�j�Z�l, �k�e�_�^�h�\�Z�l�_�e�g�h �i�j�b �h�l�d�Z�a, �g�Z �d�h�c�l�h �b �^�Z �_ �_�e�_-
�f�_�g�l �g�Z �f�h�^�m�e�Z (�H�J�M 110 kV �g�Z �L�I�K �L�b�i 2), �p�y�e�h�l�h 
�i�j�b�k�t�_�^�b�g�_�g�b�_ �a�Z�]�m�[�\�Z �j�Z�[�h�l�h�k�i�h�k�h�[�g�h�k�l – �g�Z�f�Z�e�y-
�\�Z �k�_ �d�Z�l�_�]�h�j�b�y�l�Z �g�Z �h�k�b�]�m�j�_�g�h�k�l �g�Z �_�e�_�d�l�j�h�a�Z�o�j�Z�g-
�\�Z�g�_�l�h (�G�Z�j�_�^�[�Z 3 - �M�?�M�?�E), �l.�_. �k�e�_�^�k�l�\�b�_ �g�Z �h�l�d�Z�a 
�g�Z �_�e�_�f�_�g�l �h�l �f�h�^�m�e�Z �k�_ �]�m�[�y�l 50% �h�l �a�Z�o�j�Z�g�\�Z�s�Z�l�Z 
�k�o�_�f�Z �g�Z �H�J�M 110 kV. �F�h�^�m�e�t�l �l�j�y�[�\�Z �^�Z �[�t�^�_ 
�^�_�f�h�g�l�b�j�Z�g �b �h�l�d�Z�j�Z�g �\ �a�Z�\�h�^�Z �i�j�h�b�a�\�h�^�b�l�_�e, 
�d�t�^�_�l�h �^�Z �[�t�^�_ �j�_�f�h�g�l�b�j�Z�g; 
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• �I�j�b �d�h�g�\�_�g�p�b�h�g�Z�e�g�h�l�h �h�[�h�j�m�^�\�Z�g�_ (�H�J�M 110 kV 
�L�I�K �L�b�i 1), �h�[�k�e�m�`�\�Z�s�b�y�l �i�_�j�k�h�g�Z�e �b�f�Z �^�h�k�l�t�i �^�h 
�\�k�y�d�h �_�^�g�h �h�l �k�t�h�j�t�`�_�g�b�y�l�Z, �i�j�b �i�h�\�j�_�^�Z �l�_ �f�h�]�Z�l 
�e�_�k�g�h �b �g�Z �f�y�k�l�h �^�Z �[�t�^�Z�l �j�_�f�h�g�l�b�j�Z�g�b; 

• �I�j�b �H�J�M 110 kV �g�Z �L�I�K �L�b�i 2 �f�h�^�m�e�_�g �l�b�i �_ 
�k�i�_�k�l�_�g�Z �d�h�f�m�l�Z�p�b�h�g�g�Z �Z�i�Z�j�Z�l�m�j�Z �b �f�h�l�h�j�g�b 
�a�Z�^�\�b�`�\�Z�g�b�y �\ �k�j�Z�\�g�_�g�b�_ �k �H�J�M 110 kV �L�I�K �L�b�i 1. 
�L�h�\�Z �\�h�^�b �^�h �g�Z�f�Z�e�_�g�Z �n�m�g�d�p�b�h�g�Z�e�g�h�k�l �g�Z �k�o�_�f�Z�l�Z. 

3.2. �L�_�o�g�b�q�_�k�d�b �j�_�r�_�g�b�y �i�j�b �b�a�]�j�Z�`�^�Z�g�_ �g�Z 
�J�M 25 kV. �D�h�g�k�l�j�m�d�l�b�\�g�b �h�k�h�[�_�g�h�k�l�b �b 
�l�_�o�g�b�q�_�k�d�b �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b 

�L�m�d, �d�Z�d�l�h �i�j�b �H�J�M 110 kV, �k�_ �b�a�i�h�e�a�\�Z�l �^�\�Z �i�h�^�o�h�^�Z 
�i�j�b �b�a�i�t�e�g�_�g�b�_ �g�Z �k�o�_�f�g�h�l�h �j�_�r�_�g�b�_. �J�Z�a�e�b�d�Z�l�Z �b�^�\�Z 
�h�l �n�Z�d�l�Z, �q�_ �i�j�b �L�I�K �L�b�i 2, �J�M 25 kV e �j�_�Z�e�b�a�b�j�Z�g�h �k 
�\�t�a�^�m�r�g�h �b�a�h�e�b�j�Z�g�h �D�J�M 25 kV, �Z �i�j�b �L�I�K �L�b�i 1 �_ 
�b�a�i�h�e�a�\�Z�g�h �]�Z�a�h�\�h �b�a�h�e�b�j�Z�g�h �D�J�M 25 kV. 

3.2.1. �D�h�g�k�l�j�m�d�l�b�\�g�b �h�k�h�[�_�g�h�k�l�b �b �k�o�_�f�b 
�j�_�r�_�g�b�y �g�Z �J�M 25 kV 

�J�M 25 kV �L�I�K �L�b�i 1  
�G�Z �N�b�]. 7 �_ �i�h�d�Z�a�Z�g �h�[�s �\�b� ̂�g�Z �J�M 25 kV, �b�a�]�j�Z�^�_-

�g�Z �h�l �d�h�f�i�Z�d�l�g�h �]�Z�a�h�\�h �b�a�h�e�b�j�Z�g�h �D�J�M 25 kV �k�t�k �k�l�Z-
�p�b�h�g�Z�j�g�h �f�h�g�l�b�j�Z�g�b �\�Z�d�m�m�f�g�b �i�j�_�d�t�k�\�Z�q�b. �I�j�b �l�_�a�b 
�l�b�i�h�\�_ �D�J�M �_�e�_�]�Z�a�Z (SF6) �k�_ �b�a�i�h�e�a�\�Z �k�Z�f�h �d�Z�l�h �b�a�h-
�e�Z�l�h�j, �l�h�\�Z �i�h�a�\�h�e�y�\�Z �k�b�e�g�h �g�Z�f�Z�e�y�\�Z�g�_ �g�Z �]�Z�[�Z�j�b�l�Z 
�g�Z �m�j�_�^�[�Z�l�Z, �k�t�h�l�\�_�l�g�h �i�h-�f�Z�e�d�b �k�]�j�Z�^�b �a�Z �b�g�k�l�Z-
�e�Z�p�b�y. �I�j�_�d�t�k�\�Z�g�_�l�h �g�Z �k�b�e�h�\�Z�l�Z �\�_�j�b�]�Z �k�_ �b�a�\�t�j�r�\�Z 
�q�j�_�a �k�l�Z�p�b�h�g�Z�j�g�h �f�h�g�l�b�j�Z�g �\�Z�d�m�m�f�_�g �i�j�_�d�t�k�\�Z�q 
3AH47, �d�Z�l�h �i�h �l�h�a�b �g�Z�q�b�g �k�_ �b�a�[�y�]�\�Z �i�h�e�m�q�Z�\�Z�g�_ �g�Z 
�Z�]�j�_�k�b�\�g�b�l�_ �k�t�_�^�b�g�_�g�b�y �\ �k�e�_�^�k�l�\�b�_ �g�Z �]�Z�k�_�g�_�l�h �g�Z 
�^�t�]�Z�l�Z �\ �_�e�_�]�Z�a�h�\�Z �k�j�_�^�Z [10]. �D�h�e�b�q�_�k�l�\�h�l�h �_�e�_�]�Z�a �\ 
�l�h�a�b �l�b�i �D�J�M �_ 9,6 kg. 

 

�N�b�]. 7. �H�[�s �\�b� ̂�g�Z �]�Z�a�h�\�h�b�a�h�e�b�j�Z�g�h �D�J�M 25 kV �l�b�i 
8DA11. 

�G�Z �N�b�]. 8 �_ �i�h�d�Z�a�Z�g�Z �_�^�g�h�e�b�g�_�c�g�Z �k�o�_�f�Z �J�M 25 kV 
�j�_�Z�e�b�a�b�j�Z�g�Z �k �D�J�M �h�l �l�b�i�Z 8DA11 (�L�I�K �L�b�i 1). 
�K�o�_�f�Z�l�Z �_ �_�^�b�g�b�q�g�Z �k�_�d�p�b�h�g�b�j�Z�g�Z �r�b�g�g�Z �k�b�k�l�_�f�Z. 
�D�Z�l�h �k�_ �g�Z�i�j�Z�\�b �k�j�Z�\�g�_�g�b�_, �k�_ �\�b�`�^�Z, �q�_ �l�Z�a�b �k�o�_�f�Z 
�g�Z�i�t�e�g�h �h�l�]�h�\�Z�j�y �g�Z �i�j�b�g�p�b�i�g�Z�l�Z �k�o�_�f�Z �h�l �N�b�]. 2 �g�Z 
�>�I „�G�D�@�B“. 

�G�Z �N�b�]. 9 �_ �i�h�d�Z�a�Z�g�Z �d�h�g�k�l�j�m�d�p�b�y�l�Z �g�Z �D�J�M 25 kV 
�h�l �l�b�i�Z 8DA11. �I�j�b �l�_�a�b �l�b�i�h�\�_ �D�J�M �i�t�j�\�b�q�g�Z�l�Z 
�d�h�f�m�l�Z�p�b�y �b �r�b�g�g�Z�l�Z �k�b�k�l�_�f�Z�l�Z �k�Z �\ �_�e�_�]�Z�a�h�\�Z �k�j�_�^�Z, 
�d�Z�l�h �i�h-�l�h�a�b �g�Z�q�b�g �D�J�M �g�_ �k�_ �g�m�`�^�Z�_ �h�l �i�h�^�^�j�t�`�d�Z �b 

�k�_ �h�k�b�]�m�j�y�\�Z �^�h�i�t�e�g�b�l�_�e�g�Z �[�_�a�h�i�Z�k�g�h�k�l �g�Z �i�_�j�k�h�g�Z�e�Z 
�i�j�b �j�Z�[�h�l�Z. �L�m�d �i�j�_�d�t�k�\�Z�g�_�l�h �g�Z �k�b�e�h�\�Z�l�Z �\�_�j�b�]�Z�l�Z �k�_ 
�b�a�\�t�j�r�\�Z �q�j�_�a �\�Z�d�m�m�f�_�g �i�j�_�d�t�k�\�Z�q 4(Q0) �b �n�b�a�b�q�_�k�d�b 
�h�l�^�_�e�_�g �l�j�b�i�h�a�b�p�b�h�g�_�g �j�Z�a�_�^�b�g�b�l�_�e 5(Q1), �d�h�b�l�h �k�Z 
�j�Z�a�i�h�e�h�`�_�g�b �\ �h�l�^�_�e�g�b �h�l�k�_�p�b �b �k�Z �h�[�h�j�m�^�\�Z�g�b �k �h�l-
�^�_�e�g�b �f�h�l�h�j�g�b �a�Z�^�\�b�`�\�Z�g�b�y. �L�h�a�b �l�b�i �d�h�g�k�l�j�m�d�l�b�\�g�h 
�j�_�r�_�g�b�_ �i�h�a�\�h�e�y�\�Z �b�a�\�h�^�Z �h�l �d�h�g�l�Z�d�l�g�Z�l�Z �f�j�_�`�Z �^�Z �k�_ 
�a�Z�a�_�f�b �\ �D�J�M 25 kV �i�j�_�a �i�j�_�d�t�k�\�Z�q /4(Q0)/ �k �l�j�b�i�h�a�b-
�p�b�h�g�g�_�g �g�h�`�h�\ �j�Z�a�_�^�b�g�b�l�_�e /5(Q1)/. �L�Z�d�Z �b�g�^�m�d�l�b�j�Z-
�g�b�l�_ �g�Z�i�j�_�`�_�g�b�y �\ �d�h�g�l�Z�d�l�g�Z�l�Z �f�j�_�`�Z �k�_ �]�Z�k�y�l �i�j�_�a 
�d�h�g�l�Z�d�l�g�Z�l�Z �k�b�k�l�_�f�Z �g�Z �i�j�_�d�t�k�\�Z�q�Z /4(Q0)/, �Z �g�_ �i�j�_�a 
�a�Z�a�_�f�b�l�_�e�g�b�y �j�Z�a�_�^�b�g�b�l�_�e, �i�h �l�h�a�b �g�Z�q�b�g �k�_ �s�Z�^�b 
�d�h�g�l�Z�d�l�g�Z�l�Z �k�b�k�l�_�f�Z �g�Z �j�Z�a�_�^�b�g�b�l�_�e�b�l�_ �b �k�_ �m�\�_�e�b-
�q�Z�\�Z �l�_�o�g�b�y �d�h�f�m�l�Z�p�b�h�g�_�g �j�_�k�m�j�k. �A�Z �^�Z �k�_ �m�e�_�k�g�b 
�i�h�^�^�j�t�`�d�Z�l�Z �b �i�h�^�f�y�g�Z�l�Z, �d�h�g�k�l�j�m�d�l�h�j�b�l�_ �k�Z 
�b�a�\�Z�^�b�e�b �f�h�l�h�j�g�b�l�_ �a�Z�^�\�b�`�\�Z�g�b�y, �l�h�d�h�\�b�l�_ �b 
�g�Z�i�j�_�`�_�g�h�\�b�l�_ �l�j�Z�g�k�n�h�j�f�Z�l�h�j�b �b�a�\�t�g �o�_�j�f�_�l�b�a�b�j�Z-
�g�b�l�_ �h�l�k�_�p�b. 

 

�N�b�]. 8. �?�^�g�h�e�b�g�_�c�g�Z �k�o�_�f�Z �g�Z �]�Z�a�h�b�a�h�e�b�j�Z�g�h �D�J�M 25 kV 
�l�b�i 8DA11. 

2350

�H�L�K�?�P�B:
�:  – �J�Z�[�h�l�g�Z�l�Z �r�b�g�Z;
B – �D�Z�[�_�e�g�h �i�j�b�k�t�_�^�b�g�y�\�Z�g�_;
C – �I�j�_�d�t�k�\�Z�q �b 
�l�j�b�i�h�a�b�p�b�h�g�_�g �j�Z�a�_�^�b�g�b�l�_�e;
D – �G�b�k�d�h �g�Z�i�j�_�`�_�g�b�_. 

�:

B

D

C1

2

3

4

5

�H�k�g�h�\�g�h �_�e�_�d�l�j�b�q�_�k�d�h 
�h�[�h�j�m�^�\�Z�g�_:
1 – �F�h�l�h�j�g�h �a�Z�^�\�b�`�\�Z�g�_ 
�l�j�b�i�h�a�b�p�b�h�g�_�g �j�Z�a�_�^�b�g�b�l�_�e;
2 – �F�h�l�h�j�g�h �a�Z�^�\�b�`�\�Z�g�_ �i�j�_�d�t�k�\�Z�q;
3 – �<�j�t�a�d�Z �d�Z�[�_�e�g�b �]�e�Z�\�b;
4 – �<�Z�d�m�m�f�_�g �i�j�_�d�t�k�\�Z�q;
5 – �L�j�b�i�h�a�b�p�b�h�g�_�g �j�Z�a�_�^�b�g�b�l�_�e;
6 – �B�a�f�_�j�\�Z�l�_�e�g�b �l�j�Z�g�k�n�h�j�f�Z�l�h�j�b;
7 – �>�Z�l�q�b�d �a�Z �f�h�g�b�l�h�j�b�g�] �g�Z �_�e�_�]�Z�a�Z;

6

6

 

�N�b�]. 9 �D�h�g�k�l�j�m�d�p�b�y �g�Z �]�Z�a�h�\�h�b�a�h�e�b�j�Z�g�h �D�J�M 25 kV �l�b�i 
8DA11 [9]. 

�J�M 25 kV �L�I�K �L�b�i 2  
�J�M 25 kV �g�Z �L�I�K �L�b�i 2 �_ �b�a�]�j�Z�^�_�g�Z �h�l �D�J�M 25 kV 

�k �b�a�\�Z�`�^�Z�_�f�b �\�Z�d�m�m�f�g�b �i�j�_�d�t�k�\�Z�q�b �b�g�k�l�Z�e�b�j�Z�g�b 
�\�t�j�o�m �d�h�e�b�q�d�b.  

�G�Z �N�b�]. 10 �_ �i�h�d�Z�a�Z�g�Z �_�^�g�h�e�b�g�_�c�g�Z �k�o�_�f�Z �J�M 25 
kV �j�_�Z�e�b�a�b�j�Z�g�Z �k �D�J�M �h�l �l�b�i�Z UniGear R 40 (�L�I�K �L�b�i 
2). �K�o�_�f�Z�l�Z �_ �_�^�b�g�b�q�g�Z �k�_�d�p�b�h�g�b�j�Z�g�Z �r�b�g�g�Z �k�b�k�l�_�f�Z. 
�<�b�`�^�Z �k�_, �q�_ �e�b�i�k�\�Z �r�b�g�_�g �j�Z�a�_�^�b�g�b�l�_�e Q1. �A�Z �j�Z�a�e�b-
�d�Z �h�l �D�J�M �g�Z �L�I�K �L�b�i 1, �l�m�d �i�j�_�d�t�k�\�Z�g�_�l�h �g�Z �k�b�e�h�\�Z�l�Z 
�\�_�j�b�]�Z �k�_ �b�a�\�t�j�r�\�Z �k �\�Z�d�m�m�f�_�g �i�j�_�d�t�k�\�Z�q �b�g�k�l�Z�e�b�j�Z�g 
�g�Z �d�h�e�b�q�d�Z (1/Q0) - �\�b�  ̀�N�b�]. 11. �D�h�e�b�q�d�Z�l�Z �a�Z�_�^�g�h �k 
�i�j�_�d�t�k�\�Z�q�Z �b�a�i�t�e�g�y�\�Z �j�h�e�y�l�Z �g�Z �j�Z�a�_�^�b�g�b�l�_�e �d�Z�l�h 
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�a�Z�_�f�Z �^�\�_ �i�h�e�h�`�_�g�b�y �\ �D�J�M (�j�Z�[�h�l�g�h "�\�d�e." �b �l�_�k�l�h�\�h 
"�b�a�d�e."), �l.�_. �q�j�_�a �b�a�\�Z�`�^�Z�g�_�l�h �d�h�e�b�q�d�b�l�_ �k �\�Z�d�m�m�f�g�b-
�l�_ �i�j�_�d�t�k�\�Z�q�b (1/Q0) �k�_ �h�k�t�s�_�k�l�\�y�\�Z �j�Z�a�^�_�e�y�g�_�l�h �g�Z 
�\�_�j�b�]�Z�l�Z �g�Z �j�Z�[�h�l�g�Z �r�b�g�Z �h�l �h�k�l�Z�g�Z�e�b�l�_ �k�t�h�j�t�`�_�g�b�y. 
�E�b�i�k�\�Z �j�_�Z�e�_�g �j�Z�a�_�^�b�g�b�l�_�e �f�_�`�^�m �i�j�_�d�t�k�\�Z�q�Z �b 
�r�b�g�g�Z�l�Z �k�b�k�l�_�f�Z - �b�a�\�Z�^�_�g�b�y�l �i�j�_�d�t�k�\�Z�q (1/Q0) �b�]�j�Z�_ 
�j�h�e�y�l�Z �g�Z �r�b�g�_�g �j�Z�a�_�^�b�g�b�l�_�e. �A�Z �^�Z �k�_ �b�a�\�t�j�r�b �n�b�a�b-
�q�_�k�d�h�l�h �j�Z�a�d�t�k�\�Z�g�_ �g�Z �\�_�j�b�]�Z�l�Z, �d�h�e�b�q�d�Z�l�Z (�a�Z�_�^�g�h �k 
�i�j�_�d�t�k�\�Z�q�Z) �_ �k�g�Z�[�^�_�g�Z �k �_�e�_�d�l�j�h�f�_�o�Z�g�b�q�g�h �a�Z�^�\�b�`-
�\�Z�g�_, �d�h�_�l�h �_ �k �h�]�j�Z�g�b�q�_�g �_�d�k�i�e�h�Z�l�Z�p�b�h�g�_�g �j�_�k�m�j�k. 
�L�j�y�[�\�Z �^�Z �k�_ �h�l�[�_�e�_�`�b, �q�_ �i�j�_�\�d�e�x�q�\�Z�g�_�l�h �g�Z �d�h�e�b�q-
�d�Z�l�Z (�j�Z�[�h�l�g�h "�\�d�e." �b �l�_�k�l�h�\�h "�b�a�d�e.") �h�l�g�_�f�Z �h�d�h�e�h 
60 s. 

 

�N�b�]. 10. �?�^�g�h�e�b�g�_�c�g�Z �k�o�_�f�Z �g�Z �\�t�a�^�m�r�g�h�b�a�h�e�b�j�Z�g�h �D�J�M 
25 kV �l�b�i Unigear R40. 

2400

�H�L�K�?�P�B:
�:  – �J�Z�[�h�l�g�Z�l�Z �r�b�g�Z;
B – �D�Z�[�_�e�g�h �i�j�b�k�t�_�^�b�g�y�\�Z�g�_;
C – �I�j�_�d�t�k�\�Z�q;
D – �G�b�k�d�h �g�Z�i�j�_�`�_�g�b�_. 

�H�k�g�h�\�g�h �_�e�_�d�l�j�b�q�_�k�d�h �h�[�h�j�m�^�\�Z�g�_:
1 – �<�Z�d�m�m�f�_�g �i�j�_�d�t�k�\�Z�q/�J�Z�a�_�^�b�g�b�l�_�e;
2 – �K�b�k�l�_�f�Z �a�Z �[�e�h�d�b�j�Z�g�_ �g�Z �i�Z�^�Z�s�b 
�i�j�_�]�j�Z�^�b;
3 – �<�j�t�a�d�Z �d�Z�[�_�e�g�b �]�e�Z�\�b;
4 – �A�_�f�_�g �g�h� ̀�k �j�t�q�g�h �a�Z�^�\�b�`�\�Z�g�_;
5 – �B�a�f�_�j�\�Z�l�_�e�g�b �l�j�Z�g�k�n�h�j�f�Z�l�h�j�b;
6 – �H�l�\�h�j�b �k�j�_�s�m �k�\�j�t�o �g�Z�e�y�]�Z�g�_ 

 

�N�b�]. 11. �D�h�g�k�l�j�m�d�p�b�y �g�Z �\�t�a�^�m�r�g�h�b�a�h�e�b�j�Z�g�h �D�J�M 25 kV 
�l�b�i UniGear R 40 [8]. 

�A�Z �a�Z�a�_�f�y�\�Z�g�_ �b �h�[�_�a�h�i�Z�k�y�\�Z�g�_ �g�Z �k�b�e�h�\�Z�l�Z �\�_�j�b�]�Z 
�D�J�M �_ �h�[�h�j�m�^�\�Z�g�h �k�t�k �k�l�Z�p�b�h�g�Z�j�_�g �a�_�f�_�g �g�h� ̀�k �j�t�q�g�h 
�a�Z�^�\�b�`�\�Z�g�_ Q1. �A�Z�a�_�f�y�\�Z�g�_�l�h �g�Z �k�[�h�j�g�Z �r�b�g�Z �k�_ 
�b�a�\�t�j�r�\�Z �J�T�Q�G�H �q�j�_�a �a�Z�a�_�f�b�l�_�e�_�g �j�Z�a�_�^�b�g�b�l�_�e Q1. 
�L�h�\�Z �_ �_�^�g�h �b�d�h�g�h�f�b�q�g�h �b �_�\�l�b�g�h �j�_�r�_�g�b�_, �q�j�_�a �d�h�_�l�h 
�k�_ �k�i�_�k�l�y�\�Z �d�h�f�m�l�Z�p�b�h�g�g�Z �Z�i�Z�j�Z�l�m�j�Z. �I�j�b �l�h�a�b �l�b�i 
�D�J�M �_ �g�_�\�t�a�f�h�`�g�h �a�Z�a�_�f�y�\�Z�g�_ �i�j�b �g�Z�e�b�q�b�_ �g�Z 
�b�g�^�m�d�l�b�j�Z�g�h �h�l �k�t�k�_�^�_�g �b�a�\�h�^ �g�Z �D�F �g�Z�i�j�_�`�_�g�b�_. 

3.2.2. �L�_�o�g�b�q�_�k�d�b �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b K�J�M 25 kV 

�< �L�Z�[�e�b�p�Z 3 �k�Z �^�Z�^�_�g�b �l�_�o�g�b�q�_�k�d�b�l�_ �^�Z�g�g�b �g�Z 
�b�a�i�h�e�a�\�Z�g�b�l�_ �D�J�M �a�Z �j�Z�a�e�b�q�g�b�l�_ �l�b�i�h�\�_ �L�I�K.  

�D�Z�l�h �k�j�Z�\�g�b�f �l�_�o�g�b�q�_�k�d�b�l�_ �i�Z�j�Z�f�_�l�j�b �g�Z �^�\�Z�l�Z 
�l�b�i�Z �D�J�M �k�_ �\�b�`�^�Z, �q�_ �l�_ �k�Z �k�t�k �k�o�h�^�g�b �l�_�o�g�b�q�_�k�d�b 
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b. �B �l�m�d, �d�Z�d�l�h �i�j�b �H�J�M 110 kV, 
�h�k�g�h�\�g�Z�l�Z �j�Z�a�e�b�d�Z �f�_�`�^�m �j�Z�a�e�b�q�g�b�l�_ �l�b�i�h�\�_ 
�h�[�h�j�m�^�\�Z�g�_ �_ �\ �d�h�g�k�l�j�m�d�p�b�y�l�Z �g�Z �k�t�h�j�t�`�_�g�b�y�l�Z. 
 

�L�Z�[�e�b�p�Z 3. T�_�o�g�b�q�_�k�d�b �b�a�b�k�d�\�Z�g�b�y �b �i�Z�j�Z�f�_�l�j�b �g�Z �D�J�M 25 
kV [4],[8],[9].  

�L�_�o�g�b�q�_�k�d�b �^�Z�g�g�b �a�Z �D�J�M 
�B�a�b�k�d�\�Z

�g�b�y 
�G�D�@�B 

�L�I�K 
�L�b�i1 �L�I�K �L�b�i2 

8DA11 UniGear R40 
�G�h�f�b�g�Z�e�g�h �b�a�h�e�Z�p�b�h�g�g�h 
�g�Z�i�j�_�`�_�g�b�_, kV 25 27,5 27,5 

�I�j�h�^�t�e�`�b�l�_�e�g�h �^�h�i�m�k�l�b�f�h 
�j�Z�[�h�l�g�h �g�Z�i�j�_�`�_�g�b�_, kV 27,5 27,5 27,5 

�B�a�h�e�Z�p�b�h�g�g�h �g�Z�i�j�_�`�_�g�b�_ �g�Z 
�d�h�f�i�e�_�d�k�g�h�l�h �m�k�l�j�h�c�k�l�\�h, kV 40,5 40,5 40,5 

�Q�_�k�l�h�l�Z, Hz 50 50 16,7/50 
�G�h�f�b�g�Z�e�_�g �l�h�d �g�Z �l�_�j�f�b�q�g�Z 
�m�k�l�h�c�q�b�\�h�k�l, A/s 

25kA / 
3s 

25kA / 
3s 25 kA / 1s 

�G�h�f�b�g�Z�e�_�g �l�h�d �g�Z 
�k�t�[�b�j�Z�l�_�e�g�b�l�_ �r�b�g�b, A 2000 2000 2000 

�G�h�f�b�g�Z�e�_�g �l�h�d �g�Z �n�b�^�_�j�b�l�_, 
A 1600 2000 2000 

�B�a�i�b�l�Z�l�_�e�g�h �i�j�h�f�_�g�e�b�\�h �g�Z-
�i�j�_�`�_�g�b�_ �k f –50 Hz/1min, kV �• 95 95 95 

�B�a�i�b�l�Z�l�_�e�g�h �b�f�i�m�e�k�g�h 
�g�Z�i�j�_�`�_�g�b�_ – 1,2/50 ��s, kV �• 200 200 200 

�L�_�f�i�_�j�Z�l�m�j�_�g �^�b�Z�i�Z�a�h�g 
�h�l - 5 �^�h 
+40,°C 

�h�l -5 �^�h 
+40, °C 

�h�l - 5 �^�h 
+40, °C 

3.2.3. �B�A�<�H�>�B �H�L �:�G�:�E�B�A�: �A�: �J�M 25 kV 

�L�_�o�g�b�q�_�k�d�b �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b 
• �D�h�f�m�l�Z�p�b�h�g�g�Z�l�Z �Z�i�Z�j�Z�l�m�j�Z �\ �L�I�K �L�b�i 1 �b �L�I�K �L�b�i 

2 �i�h�d�j�b�\�Z �b�a�b�k�d�\�Z�g�b�y�l�Z �g�Z �>�I “�G�D�@�B“ �b �_ �k�t�k 
�k�o�h�^�g�b �l�_�o�g�b�q�_�k�d�b �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b; 

• �H�l �d�j�b�l�_�j�b�b�l�_ �a�Z �h�p�_�g�d�Z �_ �\�b�^�g�h, �q�_ �i�j�_�^�i�h�q�b�l�Z�g�h 
�l�_�o�g�b�q�_�k�d�h �j�_�r�_�g�b�_ �a�Z �b�a�]�j�Z�`�^�Z�g�_ �g�Z �J�M 25kV �_ 
�<�t�a�^�m�r�g�h�b�a�h�e�b�j�Z�g�h �D�J�M �k �b�a�\�Z�`�^�Z�_�f�b �i�j�_�d�t�k�\�Z�q�b 
[4]. 

�D�h�g�k�l�j�m�d�l�b�\�g�b �h�k�h�[�_�g�h�k�l�b 
• �I�j�b �L�I�K �L�b�i 1 �g�_ �_ �g�_�h�[�o�h�^�b�f�Z �i�h�^�^�j�t�`�d�Z �g�Z �d�h�f�m-

�l�Z�p�b�h�g�g�b�l�_ �Z�i�Z�j�Z�l�b, �l�t�c �d�Z�l�h �_�e�_�f�_�g�l�b�l�_ �g�Z �m�j�_�^�[�Z-
�l�Z �k�Z �\ �]�Z�a�h�b�a�h�e�b�j�Z�g�Z �k�j�_�^�Z. �I�t�j�\�Z �i�j�h�\�_�j�d�Z (�\�b�a�m-
�Z�e�g�Z �i�j�h�\�_�j�d�Z) �k�_ �b�a�\�t�j�r�\�Z �k�e�_�^ 6 �]�h�^�b�g�b, �Z �i�t�j�\�Z 
�i�j�h�n�b�e�Z�d�l�b�d�Z - �k�e�_�^ �_�d�k�i�e�h�Z�l�Z�p�b�y �h�l 12 �]�h�^�b�g�b [9]; 

• �I�j�b �\�t�a�^�m�r�g�h �b�a�h�e�b�j�Z�g�h �D�J�M 25 kV �L�I�K �L�b�i 2 
�h�[�k�e�m�`�\�Z�s�b�y�l �i�_�j�k�h�g�Z�e �b�f�Z �^�h�k�l�t�i �^�h �\�k�y�d�h �_�^�g�h 
�h�l �k�t�h�j�t�`�_�g�b�y�l�Z; 

• �=�Z�a�h�\�h �b�a�h�e�b�j�Z�g�h �D�J�M 25 kV �g�Z �L�I�K �L�b�i 1 �_ �k �h�e�_�d�h-
�l�_�g�Z �b �i�h-�d�h�f�i�Z�d�l�g�Z �d�h�g�k�l�j�m�d�p�b�y – �g�_�h�[�o�h�^�b�f�Z �_ 
�a�g�Z�q�b�l�_�e�g�h �i�h-�f�Z�e�d�Z �k�]�j�Z�^�Z �b�e�b �i�h�f�_�s�_�g�b�_ �\ 
�k�j�Z�\�g�_�g�b�_ �k �L�I�K �L�b�i 2; 

• �I�j�b �D�J�M 25 kV �g�Z �L�I�K �L�b�i 2 �_ �k�i�_�k�l�_�g�Z �d�h�f�m�l�Z�p�b-
�h�g�g�Z �Z�i�Z�j�Z�l�m�j�Z �b �f�h�l�h�j�g�b �a�Z�^�\�b�`�\�Z�g�b�y �\ �k�j�Z�\�g�_�g�b�_ 
�k �D�J�M 25 kV �L�I�K �L�b�i 1. �N�m�g�d�p�b�y�l�Z �g�Z �j�Z�a�_�^�b�g�b�l�_�e�y 
Q1 �k�_ �h�k�t�s�_�k�l�\�y�\�Z �q�j�_�a �b�a�\�Z�`�^�Z�g�_ �g�Z �i�j�_�d�t�k�\�Z�q�Z �b 
�d�h�e�b�q�d�Z�l�Z. 

4 �A�Z�d�e�x�q�_�g�b�_ 

�A�Z �i�_�j�b�h�^�Z �h�l 1999-2018 �]. �\ �@�B �g�Z �k�l�j�Z�g�Z�l�Z, �>�I 
“ �G�D�@�B“ �_ �j�_�d�h�g�k�l�j�m�b�j�Z�e�h �b �b�a�]�j�Z�^�b�e�h �h�[�s�h 22 �[�j�h�y 
�L�I�K. �I�t�j�\�b�l�_ 10 �[�j�h�y �L�I�K �k�Z �b�a�]�j�Z�^�_�g�b �i�h �i�h�^�o�h�^�Z 
�L�I�K �L�b�i 1, �d�Z�l�h �k�Z �\�g�_�^�j�_�g�b �b �i�m�k�g�Z�l�b �\ �_�d�k�i�e�h�Z�l�Z�p�b�y 
�i�j�_�a �i�_�j�b�h�^�Z 1999-2013 �].. �K�e�_�^ 2013 �]. �>�I “�G�D�@�B“ 
�\�g�_�^�j�y�\�Z �L�I�K �L�b�i 2 (�h�[�s�h 12 �[�j�h�y).  
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�J�_�a�m�e�l�Z�l�t�l �h�l �g�Z�i�j�Z�\�_�g�h�l�h �k�j�Z�\�g�_�g�b�_ �b �Z�g�Z�e�b�a �k�_ 
�h�[�h�[�s�Z�\�Z �\ �k�e�_�^�g�h�l�h: 
• �N�m�g�d�p�b�h�g�Z�e�g�h�k�l. �H�[�h�j�m�^�\�Z�g�_�l�h �g�Z �L�I�K �h�l �L�b�i 2 �_ 

�k �h�]�j�Z�g�b�q�_�g�b �n�m�g�d�p�b�h�g�Z�e�g�b �\�t�a�f�h�`�g�h�k�l�b, �k�i�_�k�l�_�g�Z 
�_ �d�h�f�m�l�Z�p�b�h�g�g�Z �Z�i�Z�j�Z�l�m�j�Z (�i�j . �I�j�b �D�J�M 25 kV �g�Z 
�L�I�K �L�b�i 2 �n�m�g�d�p�b�y�l�Z �g�Z �r�b�g�g�b�y �j�Z�a�_�^�b�g�b�l�_�e �k�_ 
�b�a�i�t�e�g�y�\�Z �h�l �d�h�e�b�q�d�Z �h�[�h�j�m�^�\�Z �k �_�e�_�d�l�j�h�f�_�o�Z�g�b�q�g�h 
�a�Z�^�\�b�`�\�Z�g�_. �E�b�i�k�Z�l�Z �g�Z �j�_�^�b�p�Z �n�m�g�d�p�b�b �a�Z�l�j�m�^�g�y�\�Z 
�_�d�k�i�e�h�Z�l�Z�p�b�y�l�Z �b �i�h�^�^�j�t�`�d�Z�l�Z �g�Z �k�t�h�j�t�`�_�g�b�y�l�Z. 

• �L�_�o�g�b�q�_�k�d�Z �j�Z�a�i�h�e�Z�]�Z�_�f�h�k�l. �L�_�o�g�b�q�_�k�d�Z �j�Z�a�i�h�e�Z�]�Z-
�_�f�h�k�l �g�Z �H�J�M 110 kV �g�Z �L�I�K �h�l �L�b�i 2 �_ �a�g�Z�q�b�l�_�e�g�h 
�i�h-�g�b�k�d�Z, �l�t�c �d�Z�l�h �i�j�b �h�l�d�Z�a, �g�Z �d�h�c�l�h �b �^�Z �_ �_�e�_�f�_�g�l 
�g�Z �f�h�^�m�e�Z �g�Z �H�J�M 110 kV �i�j�b �L�I�K �L�b�i 2 �p�y�e�h�l�h 
�i�j�b�k�t�_�^�b�g�_�g�b�_ �a�Z�]�m�[�\�Z �j�Z�[�h�l�h�k�i�h�k�h�[�g�h�k�l. �< �j�_�a�m�e-
�l�Z�l �k�_ �g�Z�f�Z�e�y�\�Z �d�Z�l�_�]�h�j�b�y�l�Z �g�Z �h�k�b�]�m�j�_�g�h�k�l �g�Z �_�e�_�d-
�l�j�h�a�Z�o�j�Z�g�\�Z�g�_�l�h (�G�Z�j�_�^�[�Z 3 – �M�?�M�?�E). �<�k�e�_�^�k�l�\�b�_ 
�g�Z �h�l�d�Z�a �g�Z �_�e�_�f�_�g�l �h�l �f�h�^�m�e�Z �k�_ �]�m�[�y�l 50% �h�l 
�a�Z�o�j�Z�g�\�Z�s�Z�l�Z �k�o�_�f�Z �g�Z �H�J�M 110 kV. �F�h�^�m�e�t�l �l�j�y�[�\�Z 
�^�Z �[�t�^�_ �^�_�f�h�g�l�b�j�Z�g �b �h�l�d�Z�j�Z�g �\ �a�Z�\�h�^�Z �i�j�h�b�a�\�h�^�b-
�l�_�e, �d�t�^�_�l�h �^�Z �[�t�^�_ �j�_�f�h�g�l�b�j�Z�g. 

• �J�_�f�h�g�l�h�i�j�b�]�h�^�g�h�k�l. �D�Z�l�h �p�y�e�h �L�I�K �L�b�i 1 �_ �a�g�Z�q�b-
�l�_�e�g�h �i�h-�j�_�f�h�g�l�h�i�j�b�]�h�^�g�h �\ �k�j�Z�\�g�_�g�b�_ �k �L�I�K �h�l 
�L�b�i 2. �I�j�b �H�J�M 110 kV �g�Z �L�I�K �L�b�i 1, �h�[�k�e�m�`�\�Z-
�s�b�y�l �i�_�j�k�h�g�Z�e �b�f�Z �^�h�k�l�t�i �^�h �\�k�y�d�h �_�^�g�h �h�l �k�t�h�j�t-
�`�_�g�b�y�l�Z, �i�j�b �i�h�\�j�_�^�Z �l�_ �f�h�]�Z�l �e�_�k�g�h �b �g�Z �f�y�k�l�h �^�Z 
�[�t�^�Z�l �j�_�f�h�g�l�b�j�Z�g�b. 

• �?�d�h�e�h�]�b�q�g�h�k�l. �D�h�e�b�q�_�k�l�\�h�l�h �_�e�_�]�Z�a �\ �L�I�K �h�l �L�b�i 2 
�_ �i�j�b�[�e�b�a�b�l�_�e�g�h 10 �i�t�l�b �i�h�\�_�q�_ �\ �k�j�Z�\�g�_�g�b�_ �k �h�l 
�L�I�K �h�l �L�b�i 1. 

�< �h�[�h�[�s�_�g�b�_ �f�h�`�_�f �^�Z �d�Z�`�_�f, �q�_ �h�l �l�_�o�g�h�e�h�]�b�q�g�Z 
�b �_�d�k�i�e�h�Z�l�Z�p�b�h�g�g�Z �]�e�_�^�g�Z �l�h�q�d�Z �[�b �k�e�_�^�\�Z�e�h �\�k�y�d�h 
�g�h�\�h �j�_�r�_�g�b�_ �^�Z �g�Z�^�]�j�Z�`�^�Z �i�j�_�^�b�r�g�h�l�h �b �^�Z �g�h�k�b 
�g�h�\�b �^�h�i�t�e�g�b�l�_�e�g�b �i�h�e�a�b. �H�q�_�\�b�^�g�h �_ �g�_�h�[�o�h�^�b�f�h �^�Z 
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Technical and scheme solutions for the 
construction of traction substations in 
the railway infrastructure of the 
Republic of Bulgaria. Structural and 
functional features 

Todor Lalev1 

1“Todor Kableshkov” University of transport, 158 Geo Milev 
Str., 1574 Sofia, Bulgaria 
 
Abstract. The electrification of the railway network 
(RN) in the Republic of Bulgaria began more than 55 
years ago, and the first electrified line, Sofia-Plovdiv, was 
opened in 1963. At present, over 70% of the overall length 
of the railway network in our country has been electrified, 
and the railway infrastructure deploys 53 traction power 
substations (TPSS). A significant portion of the 
electrification systems were built more than 50 years ago, 
and they have exceeded the indicator “operation term”, 
and the same have to be modernised. In this respect, in 
2001, the railway infrastructure operator began an 
incremental modernization and construction of new 
TPSS. The beginning was given with the construction of 
traction substations Simitli and General Todorov, and 
since then 21 TPSS were constructed and modernised. 
The present report includes a retrospective comparison 
and analysis of the main technological and scheme 
solutions, used for the modernization and construction of 
TPSS in the RI. It reviews their functional capabilities and 
structural features. 
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Strength analysis of hopper freight wagon with regard to 
lightweight design 

Svetoslav Slavchev1,*, Vladislav Maznichki1, Valeri Stoilov1, and Sanel Purgic1 

1Technical University – Sofia, Department of Railway Engineering, Bulgaria 

Abstract.  The paper presents the optimization of wagon Falns 278 with a goal of weight reduction in order 
to increase the wagon maximal payload. Initial construction strength was calculated in Department of 
Railway Engineering at Technical University Sofia. Strength calculations are done using finite elements 
method. All prescribed load cases were applied to the wagon construction. The results of carried out strength 
calculations show, that the wagon’s initial construction has very high strength. This motivated the research 
team to conduct optimization of initial design in order to reduce wagon’s own weight and in that way to 
increase maximal payload capacity of the wagon by keeping the wagon body strength in prescribed limits. 
After applying some of lightweight techniques, the strength analysis of optimized design was conducted. 
The results of the strength analysis were satisfactory and the wagon's own mass was reduced.  

1 Introduction 

In this paper an approach for reducing the own weight of 
body of wagon series Falns 278 is presented. One of the 
stages for commissioning of new wagon constructions is 
to perform the stress-strain analysis, which has to be done 
according to the international requirements presented in 
normative documents [1-4].  

Technical documentation of the specialized four-axle 
freight wagon for bulk goods was developed by Bulgarian 
wagon manufacturer TRANSVAGON Plc., city of 
Bourgas. The FEM-calculations were conducted in the 
Department of Railway Engineering at the Faculty of 
transport at the Technical University of Sofia.  

The general appearance as a 3D-model is shown in 
Fig. 1. 

 

Fig. 1. CAD 3D-model of wagon series Falns 278. 

The object of the study is a wagon with axle load 22,5 
t/axle and 65 t maximum payload. It is designed for the 
transport of heavy bulk goods and meets all international 
railway shipping requirements.  

The results of carried out preliminary strength 
calculations show, that the wagon’s initial construction 
has very high strength. This motivated the research team 
to conduct optimization of initial design in order to reduce 
wagon’s own weight and in that way to increase maximal 
payload capacity of the wagon by keeping the wagon 
body strength in prescribed limits. 

2 Loading methodology  

All load cases applied in static stress-strain analysis 
(Table 1) were defined after analysis of normative 
documents: European standard EN 12663-2:2010 [1], 
Technical specifications for Interoperability TSI – Freight 
wagons [4] and Leaflet 577 of International union of 
railways (UIC) [2, 3].  

Applied load cases are classified in following groups: 
horizontal (HLC), vertical (VLC), exceptional (LLC), 
combined (CHLC), static load cases for study of fatigue 
strength, load cases for determining of wagon body Eigen 
frequencies [5].  

In Table 1 the mass m1 equals to underframe own 
mass, mass m2 = 4,5 t equals to bogie mass and mass  
m3 = 65 t equals to mass of maximal vertical payload. 

3 Calculation models  

The following sequence is used in the development of the 
calculation model [6-8]: 
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Table 1. Applied load cases. 

Load 
case Description 

 Longitudinal (horizontal) static loads 

HLC1 Compressive force at buffer axis height 2000 kN 
(Table 2 of [1]) 

HLC2 Compressive force 50 mm below buffer centre line 
1500 kN (Table 3 of [1]) 

HLC3 Compressive force applied diagonally at buffer level 
400 kN (Table 4 of [1]) 

HLC4 Tensile force at coupler axis level 1500 
 kN (Table 5 of [1]) 

 Vertical static loads (Table 6 of [1]) 
VLC1 Vertical load 65 t  

 Exceptional static loads (lifting and jacking) 

LLC1 
Lifting at one end of the vehicle 1,0×g×(m1+m2+m3) 

(Table 7 of [1]) 

LLC2 Lifting the whole vehicle at 4 lifting positions 
1,0×g×(m1+2m2+m3) (Table 8 of [1]) 

LLC3 
Lifting the whole vehicle at 4 lifting positions 

with one lifting point displaced 10 mm 
vertically 1,0×g×(m1+2m2+m3) (Table 8 of [1])  

 Superposition of static loads (Table 9 of [1]) 

CHLC1 
Compressive force at buffer axis height  

2000 kN and vertical load 1,0×g×(m1+m3)  

CHLC2 
Compressive force 50 mm below buffer centre 
line 1500 kN and vertical load 1,0×g×(m1+m3)  

CHLC3 
Compressive force at buffer axis height  

2000 kN and minimum vertical load 1,0×g×m1 

CHLC4 
Tensile force at coupler axis level 1500 kN and 

vertical load 1,0×g×(m1+m3)  

CHLC5 
Tensile force at coupler axis level 1500 kN and 

minimum vertical load 1,0×g×m1  

3.1. Geometry 

The real object is modeled as a complex mechanical 
system, which takes into account the influence of all the 
supporting elements: beams, reinforcing profiles, ribs, 
consoles, cladding, etc. 

3.2. Boundary conditions 

An important part in the building of an adequate 
calculation model is to define the boundary conditions, 
divided in the displacements constraints and external and 
internal loads. 

3.3. Displacement constraints  

In all load cases (without exceptional ones), along vertical 
and transverse axes displacement constraints are modeled 
in area of pivot bearing. On the longitudinal axis of the 
frame the displacements are limited to the symmetrical 
force applied to the wagon structure.  

In exceptional load cases, the displacement limitations 
are modeled in the areas provided for wagon lifting with 
hoists in the following manner [5]: On the longitudinal 
axis of the frame the displacements are limited to two 
supports at one end of the wagon. Along vertical axis 
displacements are limited in all four constructively 

provided lifting positions. On the transverse axis, the 
constraints of the displacements are introduced into two 
supports located on one side of the wagon. The solutions 
adopted correspond most closely to the actual operation 
of the wagon and to the test schemes [5, 9, 10].  

3.4. External and internal loads 

In all load cases, the force of the wagon's own mass is 
applied as an evenly distributed load over the area of the 
beams that make up the floor and the wagon underframe. 
The payload force is applied as a uniformly distributed 
load on the floor area of the wagon. Concentrated forces 
are applied with the help of additional structural elements 
– plates, blocks, etc., as close as possible to the real way 
of transmitting the forces to the wagon frame. The 
advantage of this solution is that it allows modeling 
control. With a properly constructed geometry model and 
accurate load input, the reaction forces in the horizontal 
plane must be equal to the load forces. If this is not met, 
there is a modeling error. 

3.5. Finite elements mesh 

Figure 2 shows the final calculation model for testing the 
strength of the wagon body with the load cases from 
chapter 2.  

In this model the solid finite elements mesh is 
compressed (803764 nodes and 413301 elements), 
maximum size of finite elements is 75 mm (Fig. 2), which 
shows a very good density of the mesh.  

 

Fig. 2. Finite elements mesh of calculation model. 

3.6. Material properties 

The wagon body is made of steel S355J2 according to  
EN 10025 with following mechanical properties:  
Rp=355 N/mm2, Rm=520 N/mm2 and A>10%. 

The side wall flaps have a non-standard design and are 
subject to additional calculation. For their calculation, 
independent models shown in Fig. 3 were developed. 
These models correspond to the actual loading state and 
simplify the calculation model of the wagon body.  

In order to verify the calculation model, i.e. to assess 
the extent to which the number of nodes and elements has 
to be increased in order to obtain the most accurate results 
for stresses and deformations of the structure, the 
relevance of the decision was examined [6-8]. 
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Fig. 3. FE-mesh of side wall flaps calculation model. 

After the calculations were done, it was found that the 
stress difference in the identical nodes was negligible. 
This gives reason to conclude that the solution is 
conceivable and that both models are suitable for robust 
analysis of the specialized wagon underframe.  

Based on the above conclusion, it was decided to use 
the more sophisticated model as it allows to obtain more 
complete and accurate information on the distribution of 
stresses, displacements and deformations as well as to 
study the impact of stress concentrators; established using 
the simpler model. 

4 Results analysis 

The wagon body strength calculations are performed with 
the SolidWorks Simulation software [8, 11]. The 
measured quantities are: equivalent stresses in the finite 
elements; stresses in the nodes; deformations and 
displacements.  

The assessment of the wagon body strength is made 
by permissible displacements �˜max (equation 1) and 
permissible stresses �Vlim in accordance with equation (2)  
[1, 3, 12]: 

 �˜max = 3‰×2l, (1) 

where 2l is distance between pivots; 

 �1c �” �1lim . (2) 

Permissible stresses �Vlim depend on material S355J2, 
which is used and they are:  
• 355 MPa for parent metal outside of welded areas; 
• 323 MPa in the immediate vicinity of welds. 

Table 2 gives some of the stress results in the initial 
original design. They cover only the maximum values for 
the different load cases in the two main objects: wagon 
underframe and wagon body. The aim is to localize the 
possibilities of reducing weight in the structure of the 
vehicle as a whole. 

Analysis of stress data from the Table 2 shows that 
there are prerequisites for reducing the thicknesses of 
certain structural elements. This will result in a reduced 
wagon’s own mass and in increasing its payload capacity 
(equation 3): 

 P = Q – T = p0 n – T, (3) 

where: Q is wagons gross weight; �L – own mass;  
�J – payload capacity; n – number of axles; p0 – axle load. 

Table 2. Maximum stresses in the underframe and wagon body 
of initial wagon design. 

 Nr,  Load case 
Stress [�F�J�Z] 

Underframe Body 
1 HLC1 315,3 210,8 
2 HLC2 247,2 96,3 
3 HLC3 332,8 240,7 
4 HLC4 281,1 88,8 
5 VLC 1 304,9 62,3 
6 LLC1  213,2 152,9 
7 LLC2  203,8 197,4 
8 LLC3  313,2 245,4 
9 CHLC1 330,8 195,0 
10 CHLC2 323,4 142,9 
11 CHLC3 317,4 208,5 
12 CHLC4 345,8 130,2 
13 CHLC5 291,4 93,9 

The weight reducing of wagons leads to a significant 
increase in the productivity of rail transport. This is 
achieved not only at the expense of the reduced amount of 
metal used in the wagon, but also at the expense of the 
reduced operating costs. For example, if a lighter 
construction is used, the set volume of work can be 
performed with a smaller number of wagons, hence with 
a smaller number of locomotives and train crews. Under 
these conditions, the cost of fuel and lubricants, electric 
energy, the number of repairs, the number of spare parts 
used, etc. are lower [13]. 

Particularly analyzed are the stress distributions in the 
frame, the basket and the closing side wall flaps of the 
wagon. The overall appearance of the stress distribution 
can be seen in Fig. 4.  

 

Fig. 4. Stress distribution in wagon construction. 

The modifications made to the wagon structure are 
directed to certain structural elements and zones which 
have sufficient structural strength: 
• Wagon underframe. It is not appropriate to take 

measures for reducing weight. A particular feature of the 
underframe construction is the absence of center sill 
beams. The weakening of the profiles in the underframe 
may result in insufficient strength. An exception is the 
closing (reinforcing) rail of the side sill beam. 

• Floor supporting frame. The floor supporting frame 
located in the middle of the underframe used to build a 
saddle floor hardens the underframe and compensates 
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for the absence of center sill beam. When building it, the 
lightest standard profiles are selected, making it 
impossible to replace them with lighter ones. 

• Floor sheet. is made of S355J steel. It is subjected to 
impact loads and wear during loading and unloading of 
the wagon. This makes it inappropriate to reduce its 
thickness even though the stresses in it are significantly 
lower than the permissible.  

• Wagon body. The distribution of stresses in the wagon 
body is fairly even across all the walls. Their values are 
considerably lower than those allowed for the material 
used. This makes it possible to reduce the thickness of 
the wagon walls by 20%. 

• Side wall flaps. In the flaps, similar to the wagon body, 
the thickness of the base sheets are reduced due to 
established low stresses. Some ribs were removed 
because their presence worsens the behavior of the flap. 

After the constructive changes in wagon body and side 
flaps, the strength calculations were repeated. The 
calculation models for examining the two varieties of the 
Falns 278 are closely related to mesh parameters, design 
principles and boundary condition modeling. The results 
of the two construction studies are presented in Table 3. 
Only the maximum stresses in each of the load cases are 
given, since those in the wagon body and flaps are again 
significantly lower than the permissible stresses. 

Table 3. Comparative analysis of maximum stresses  
in initial and optimized constructions. 

 Nr,  Load 
case 

Initial 
construction 

Optimized 
construction 

1 HLC1 315,3 352,2 
2 HLC2 247,2 262 
3 HLC3 332,8 339,4 
4 HLC4 281,1 311,8 
5 VLC 1 304,9 310,3 
6 LLC1  213,2 317,7 
7 LLC2  203,8 197,7 
8 LLC3  313,2 248,6 
9 CHLC1 330,8 341,8 
10 CHLC2 323,4 337,1 
11 CHLC3 317,4 324,4 
12 CHLC4 345,8 354,2 
13 CHLC5 291,4 312,5 

The analysis of the results in Table 3 shows that the 
measures taken to reduce the own weight of the wagon 
lead to a slight increase in the maximum stresses that 
remain below the permissible values for the materials 
used. 

The fatigue test of the material of the two wagon 
structure modifications was done according to the 
methodology proposed in [14]. The results are similar to 
the static load cases analyzed above. 

The final overall results of the study give grounds for 
commissioning of the wagon.  

5 Conclusions and recommendations 

Summing up the overall work on this study, the following 
main conclusions can be drawn: 

• We have developed calculation models for strength 
analysis and optimization of the metal structure of a 
specialized freight wagon, series Falns 278. 

• The convergence of the solution has been studied, and it 
was theoretically determined that the proposed models 
are suitable for optimizing the wagon body of this series. 

• The bearing elements of the wagon structure are 
analyzed. The dimensions of some structural elements 
with sufficient construction strength resource have been 
reduced. As a result, the wagon's own mass was reduced 
by 452 kg. 

Finally, it should be noted that the research and 
optimization carried out led to a lower own mass of the 
Falns 278 series compared to those of other 
manufacturers. An prototype wagon was produced and it 
passed functional tests in Germany. The results are very 
good and have been transformed into series production of 
the optimized design.  
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1 �M�\�h� ̂ 

�E�h�d�h�f�h�l�b�\�b�l�_ �k�_�j�b�y 06 �k�_ �_�d�k�i�e�h�Z�l�b�j�Z�l �m �g�Z�k �h�l 70-�l�_ 
�]�h�^�b�g�b �g�Z �f�b�g�Z�e�b�y �\�_�d, �Z �k�_�j�b�y 46 �k�Z �\�g�_�k�_�g�b �i�j�_�a 
1986 �]. �B �i�j�b �^�\�_�l�_ �k�_�j�b�b �\ �i�g�_�\�f�Z�l�b�q�g�Z�l�Z �k�b�k�l�_�f�Z �_ 
�\�d�e�x�q�_�g �i�j�_�\�h�^�Z�q �g�Z �g�Z�e�y�]�Z�g�_ �h�l �l�b�i�Z DÜ 15, �i�j�h�b�a-
�\�_�^�_�g �h�l KNORR BREMSE – MÜNICH [1, 2]. �L�_�a�b 
�i�j�_�\�h�^�Z�q�b �k�Z �k�l�Z�j�Z �d�h�g�k�l�j�m�d�p�b�y �b �^�h�j�b �i�j�b 
�b�a�\�t�j�r�_�g�Z�l�Z �f�h�^�_�j�g�b�a�Z�p�b�y �g�Z �k�_�j�b�y 46 �l�_ �g�_ �k�Z 
�a�Z�f�_�g�_�g�b �k �i�h-�k�t�\�j�_�f�_�g�g�h �j�_�r�_�g�b�_ [3]. 

2 �H�[�h�k�g�h�\�d�Z �g�Z �g�_�h�[�o�h�^�b�f�h�k�l �h�l 
�f�h�^�_�j�g�b�a�Z�p�b�y 

�>�\�_�l�_ �k�_�j�b�b �e�h�d�h�f�h�l�b�\�b �i�j�b�l�_�`�Z�\�Z�l �d�Z�e�h�^�d�h�\�b �n�j�b�d-
�p�b�h�g�g�b �\�t�a�e�b, �k�g�Z�[�^�_�g�b �k �q�m�]�m�g�_�g�b �d�Z�e�h�^�d�b, �d�Z�l�h 
�k�i�b�j�Z�q�g�b�l�_ �b�f �k�b�k�l�_�f�b �j�_�Z�e�b�a�b�j�Z�l �j�_�`�b�f�b G, P �b R. 
�L�_�a�b �j�_�`�b�f�b �k�_ �o�Z�j�Z�d�l�_�j�b�a�b�j�Z�l �k �j�Z�a�e�b�q�g�b �\�j�_�f�_�g�Z 
�g�Z �i�t�e�g�_�g�_ �b �b�a�i�j�Z�a�\�Z�g�_ �g�Z �k�i�b�j�Z�q�g�b�l�_ �p�b�e�b�g�^�j�b:  
• �a�Z �j�_�`�b�f P - 3÷5 s �a�Z �g�Z�i�t�e�\�Z�g�_ �b 15÷20 s �a�Z 

�j�Z�a�o�e�Z�[�\�Z�g�_; 
• �a�Z �j�_�`�b�f G �k�t�h�l�\�_�l�g�h 18÷30 s �b 45÷60 s; 
• �i�j�b �j�_�`�b�f R �\�j�_�f�_�g�Z�l�Z �k�Z �d�Z�d�l�h �i�j�b P, �g�h �k 

�i�h�\�b�r�_�g�b �k�l�h�c�g�h�k�l�b �g�Z �k�i�b�j�Z�q�g�Z�l�Z �k�b�e�Z. 
�O�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�l�Z �g�Z �d�h�_�n�b�p�b�_�g�l�Z �g�Z �l�j�b�_�g�_ �i�j�b 

�l�h�a�b �l�b�i �n�j�b�d�p�b�h�g�g�b �\�t�a�e�b, �i�h�d�Z�a�\�Z �k�b�e�g�h �b�a�j�Z�a�_�g�h 
�g�Z�f�Z�e�y�\�Z�g�_ �g�Z �k�l�h�c�g�h�k�l�b�l�_ �f�m �i�j�b �m�\�_�e�b�q�_�g�b�_ �g�Z 
�k�d�h�j�h�k�l�l�Z, �N�b�]. 1 [4, 5].  

�K�l�h�c�g�h�k�l�l�Z �g�Z �l�j�b�_�s�Z�l�Z �k�b�e�Z F�L�J, �i�h�e�m�q�_�g�Z �\�t�\ 
�n�j�b�d�p�b�h�g�g�b�l�_ �\�t�a�e�b �k�Z �b�a�q�b�k�e�y�\�Z �d�Z�l�h [6, 7]: 

 F�L�J = K ��k n, kN,  (1) 

�d�t�^�_�l�h K �_ �k�m�f�Z�j�g�Z�l�Z �k�b�e�Z �g�Z �i�j�b�l�b�k�d�Z�g�_ �g�Z �d�Z�e�h�^-
�d�b�l�_ �d�t�f �d�h�e�_�e�h�l�h, kN; µk – �d�h�_�n�b�p�b�_�g�l �g�Z �l�j�b�_�g�_ �\�t�\ 
�n�j�b�d�p�b�h�g�g�b�y�l �\�t�a�_�e; n – �[�j�h�c �g�Z �n�j�b�d�p�b�h�g�g�b�l�_ �\�t�a�e�b 
�\ �e�h�d�h�f�h�l�b�\�Z. �I�j�b �l�_�a�b �k�_�j�b�b �e�h�d�h�f�h�l�b�\�b n = 24. 

 

�N�b�]. 1. �O�Z�j�Z�d�l�_�j�b�k�l�b�d�Z �g�Z �d�h�_�n�b�p�b�_�g�l�Z �g�Z �l�j�b�_�g�_ �\�t�\ 
�n�j�b�d�p�b�h�g�g�b�l�_ �\�t�a�e�b.  

�A�Z �^�Z �f�h�`�_ �^�Z �k�_ �h�k�b�]�m�j�b �g�_�h�[�o�h�^�b�f�Z�l�Z �k�i�b�j�Z�q�g�Z 
�f�Z�k�Z (�L�Z�[�e�b�p�Z 1) �b �a�Z �j�_�`�b�f R �_ �g�Z�e�h�`�b�l�_�e�g�h, 
�g�Z�f�Z�e�y�\�Z�g�_�l�h �g�Z �k�l�h�c�g�h�k�l�b�l�_ �g�Z µk �b �h�l �l�Z�f �g�Z�f�Z�e�y�\�Z-
�g�_�l�h �g�Z FTP �k�\�t�j�a�Z�g�h �k �m�\�_�e�b�q�_�g�b�_�l�h �g�Z �k�d�h�j�h�k�l�l�Z �^�Z 
�[�t�^�_ �d�h�f�i�_�g�k�b�j�Z�g�h. �L�h�\�Z �b�a�b�k�d�\�Z�g�_ �^�_ �b�a�i�t�e�g�y�\�Z �k 
�m�\�_�e�b�q�Z�\�Z�g�_ �g�Z �k�l�h�c�g�h�k�l�b�l�_ �g�Z �k�b�e�Z�l�Z �g�Z �i�j�b�l�b�k�d�Z�g�_ 
�g�Z �d�Z�e�h�^�d�Z�l�Z K �i�j�b �k�d�h�j�h�k�l�b �i�h-�\�b�k�h�d�b �h�l 50 km/h. 

�L�Z�[�e�b�p�Z 1. �K�l�h�c�g�h�k�l�b �g�Z �k�i�b�j�Z�q�g�Z�l�Z �f�Z�k�Z  
�a�Z �j�Z�a�e�b�q�g�b�l�_ �j�_�`�b�f�b. 

�E�h�d�h-
�f�h�l�b�\ 
�k�_�j�b�y 

�L�b�i 
�k�i�b�j�Z�q�g�Z 
�k�b�k�l�_�f�Z 

�K�i�b�j�Z�q�g�Z 
�f�Z�k�Z �j�_�`�b�f 

G, t 

�K�i�b�j�Z�q�g�Z 
�f�Z�k�Z �j�_�`�b�f 

P, t 

�K�i�b�j�Z�q�g�Z 
�f�Z�k�Z �j�_�`�b�f 

R, t 
06 GPR 72 76 97 
46 GPR+E 66 73 123 

�H�l �k�\�h�y �k�l�j�Z�g�Z �k�m�f�Z�j�g�Z�l�Z �k�b�e�Z �g�Z �i�j�b�l�b�k�d�Z�g�_ �g�Z 
�d�Z�e�h�^�d�b�l�_ �d�t�f �d�h�e�_�e�Z�l�Z �a�Z �p�_�e�b�y �e�h�d�h�f�h�l�b�\ �k�_ 
�b�a�j�Z�a�y�\�Z �d�Z�l�h: 

 K = z F�?�N i�E�I�K , kN,  (2) 

�E. �=�`�f�e�i�], �I . �E�k�u�l�m�`�] �c �=. �G�[�b�h�c�r�e�c, �A�Z�f�y�g�Z �g�Z �i�j�_�\�h�^�Z�q�b�l�_ �g�Z �g�Z�e�y�]�Z�g�_ �l�b�i DÜ15 �\ �k�i�b�j�Z�q�g�Z�l�Z �k�b�k�l�_�f�Z �g�Z �e�h�d�h�f�h�l�b�\�b �k�_�j�b�b 06 �b 46 
K. Velkov, O. Krastev, and V. Maznichki, Replacement of the pressure converter DÜ15 in the brake equipment of the locomotives series 06 and 46. 
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�d�t�^�_�l�h z �_ �[�j�h�y�l �g�Z �k�i�b�j�Z�q�g�b�l�_ �p�b�e�b�g�^�j�b �\ �k�b�k�l�_�f�Z�l�Z 
�g�Z �e�h�d�h�f�h�l�b�\�Z. �A�Z �k�_�j�b�y 06 z = 4, �Z �a�Z �k�_�j�b�y 46 z = 6; 
F�?�N – �_�n�_�d�l�b�\�g�Z�l�Z �k�b�e�Z �g�Z �[�m�l�Z�e�h�l�h �g�Z �k�i�b�j�Z�q�g�b�y 
�p�b�e�b�g�^�t�j, kN; i�E�I�K – �i�j�_�^�Z�\�Z�l�_�e�g�h�l�h �h�l�g�h�r�_�g�b�_ �g�Z 
�e�h�k�l�h�\�Z�l�Z �i�j�_�^�Z�\�Z�l�_�e�g�Z �k�b�k�l�_�f�Z �g�Z �k�i�b�j�Z�q�d�b�l�_, 
�k�\�t�j�a�Z�g�Z �k �_�^�b�g �k�i�b�j�Z�q�_�g �p�b�e�b�g�^�t�j. 

�M�\�_�e�b�q�Z�\�Z�g�_�l�h �g�Z �k�l�h�c�g�h�k�l�b�l�_ �g�Z �k�b�e�Z�l�Z �g�Z 
�i�j�b�l�b�k�d�Z�g�_ �g�Z �d�Z�e�h�^�d�b�l�_ �d�t�f �d�h�e�_�e�Z�l�Z K �k�_ �i�h�k�l�b�]�Z 
�q�j�_�a �i�h�\�b�r�Z�\�Z�g�_ �g�Z �_�n�_�d�l�b�\�g�Z�l�Z �k�b�e�Z �g�Z �[�m�l�Z�e�h�l�h �g�Z 
�k�i�b�j�Z�q�g�b�y �p�b�e�b�g�^�t�j FEF (2). �L�_�o�g�b�q�_�k�d�b �g�Z�c-�e�_�k�g�h 
�l�h�\�Z �k�_ �h�k�t�s�_�k�l�\�y�\�Z �q�j�_�a �m�\�_�e�b�q�Z�\�Z�g�_ �k�l�h�c�g�h�k�l�b�l�_ �g�Z 
�f�Z�d�k�b�f�Z�e�g�h�l�h �g�Z�e�y�]�Z�g�_ �\ �p�b�e�b�g�^�t�j�Z PCMAX �i�j�b 
�k�d�h�j�h�k�l�b �g�Z �^�\�b�`�_�g�b�_ �i�h-�\�b�k�h�d�b �h�l 50 km/h �b �j�_�`�b�f 
�g�Z �d�h�c�l�h �j�Z�[�h�l�b �k�i�b�j�Z�q�g�Z�l�Z �k�b�k�l�_�f�Z R. �< �j�Z�a�]�e�_�`-
�^�Z�g�b�l�_ �k�_�j�b�b �e�h�d�h�f�h�l�b�\�b �l�Z�a�b �n�m�g�d�p�b�y �k�_ �b�a�i�t�e�g�y�\�Z 
�h�l �^�\�m�k�l�_�i�_�g�g�b�y �i�j�_�\�h�^�Z�q �g�Z �g�Z�e�y�]�Z�g�_ DÜ 15, �q�b�b�l�h 
�\�t�g�r�_�g �\�b� ̂�b �j�Z�a�i�h�e�h�`�_�g�b�_ �\ �e�h�d�h�f�h�l�b�\�Z �_ �i�h�d�Z�a�Z�g 
�g�Z �N�b�]. 2. 

 

�N�b�]. 2. �<�t�g�r�_�g �\�b� ̂�g�Z �i�j�_�\�h�^�Z�q DÜ 15. 

�G�Z �N�b�]. 3 �_ �i�h�d�Z�a�Z�g�Z �i�j�b�g�p�b�i�g�Z�l�Z �k�o�_�f�Z �g�Z 
�i�j�_�\�h�^�Z�q DÜ 15. 

 

�N�b�]. 3. �I�j�b�g�p�b�i�g�Z �k�o�_�f�Z �g�Z �i�j�_�\�h�^�Z�q DÜ 15. 
1, 2 – �f�_�f�[�j�Z�g�b; 3, 4 – �e�h�k�l�h�\�_; 5 – �j�h�e�d�Z. 

�< �j�_�a�m�e�l�Z�l �g�Z �f�g�h�]�h�]�h�^�b�r�g�Z�l�Z �_�d�k�i�e�h�Z�l�Z�p�b�y, �i�j�b 
�l�_�a�b �i�j�_�\�h�^�Z�q�b �k�_ �a�Z�[�_�e�y�a�\�Z �k�j�Z�\�g�b�l�_�e�g�h �q�_�k�l�Z �i�h�\�l�h-
�j�y�_�f�h�k�l �g�Z �k�e�_�^�g�b�l�_ �i�h�\�j�_�^�b: 
• �>�_�n�_�d�l�b�j�Z�g�_ �g�Z �f�_�f�[�j�Z�g�Z – �i�h�a�b�p�b�b 1 �b�e�b 2 �g�Z 

�N�b�]. 3. �I�j�b �l�Z�a�b �q�_�k�l�h �k�j�_�s�Z�g�Z �i�h�\�j�_�^�Z �i�j�_�\�h�^�Z�q�Z 
�g�_ �j�Z�[�h�l�b �b �_ �g�_�h�[�o�h�^�b�f�Z �i�h�^�f�y�g�Z �g�Z �i�h�\�j�_�^�_�g�b�l�_ 

�^�_�l�Z�c�e�b. �L�_�a�b �f�_�f�[�j�Z�g�b �k�Z �d�h�`�_�g�b, �N�b�]. 4 �b �h�i�b�l�b�l�_ 
�^�Z �[�t�^�Z�l �a�Z�f�_�g�_�g�b �k �]�m�f�_�g�b, �k �j�Z�a�e�b�q�g�b �d�h�g�k�l�j�m�d-
�p�b�b �a�Z �f�h�f�_�g�l�Z �k�Z �g�_�m�k�i�_�r�g�b. �I�t�j�\�b�y�l �h�l �Z�\�l�h�j�b�l�_ 
�g�Z �l�h�a�b �^�h�d�e�Z�^ �_ �j�Z�a�j�Z�[�h�l�b�e �j�Z�a�e�b�q�g�b �i�h �^�_�[�_�e�b�g�Z 
�b�a�p�y�e�h �]�m�f�_�g�b �f�_�f�[�j�Z�g�b �k �l�\�t�j�^�h�k�l 600 �i�h �R�h�j, 
�Z�j�f�b�j�Z�g�b �k �l�_�d�k�l�b�e�g�h �i�e�Z�l�g�h �]�m�f�_�g�b �f�_�f�[�j�Z�g�b, �g�h 
�j�_�a�m�e�l�Z�l�b�l�_ �h�l �l�y�o�g�h�l�h �i�j�b�e�h�`�_�g�b�_ �k�Z �g�_�]�Z�l�b�\�g�b. 
�L�_ �g�_ �b�a�^�t�j�`�Z�l �g�Z �g�Z�l�h�\�Z�j�\�Z�g�b�y�l�Z �\ �i�j�_�\�h�^�Z�q�Z �b 
�^�_�n�_�d�l�b�j�Z�l. �A�Z �k�t�`�Z�e�_�g�b�_ �i�h�j�Z�^�b �n�Z�d�l�Z, �q�_ �l�_�a�b 
�i�j�_�\�h�^�Z�q�b �k�Z �h�s�_ �h�l �_�j�Z�l�Z �g�Z �i�Z�j�g�b�l�_ �e�h�d�h�f�h�l�b�\�b, 
�h�j�b�]�b�g�Z�e�g�b �j�_�a�_�j�\�g�b �q�Z�k�l�b �a�Z �l�y�o �g�_ �k�_ �i�j�h�b�a�\�_�`-
�^�Z�l. 

  

 �N�b�]. 4. �F�_�f�[�j�Z�g�Z �g�Z �i�j�_�\�h�^�Z�q DÜ 15. 

• �>�_�n�_�d�l�b�j�Z�g�_ �g�Z �e�h�k�l�h�\�_�l�_ �b �j�h�e�d�Z�l�Z – �i�h�a�b�p�b�b 3, 
4, �b 5 �g�Z �N�b�]. 3. �>�_�n�_�d�l�b�j�Z�g�_�l�h �k�_ �b�a�j�Z�a�y�\�Z �\ �b�a�g�h�k-
�\�Z�g�_ �g�Z �i�h�\�t�j�o�g�h�k�l�g�b�y �k�e�h�c �b �q�Z�k�l�b�q�g�h �h�l�q�m�i�\�Z�g�_, 
�d�h�_�l�h �\�h�^�b �^�h �l�j�m�^�g�h �i�j�b�^�\�b�`�\�Z�g�_ �\ �i�j�h�p�_�k�Z �g�Z 
�j�_�]�m�e�b�j�Z�g�_ �b �g�_�\�t�a�f�h�`�g�h�k�l �a�Z �j�_�Z�e�b�a�b�j�Z�g�_ �g�Z �g�_�h�[-
�o�h�^�b�f�b�l�_ �k�l�h�c�g�h�k�l�b �g�Z �g�Z�e�y�]�Z�g�_�l�h �\ �k�i�b�j�Z�q�g�b�l�_ 
�p�b�e�b�g�^�j�b. �J�_�f�h�g�l�g�b�l�_ �h�i�_�j�Z�p�b�b �\ �l�h�a�b �k�e�m�q�Z�c 
�b�a�b�k�d�\�Z�l �k�f�y�g�Z �g�Z �^�_�n�_�d�l�b�j�Z�e�b�l�_ �^�_�l�Z�c�e�b �k �g�h�\�b. �B 
�a�Z �l�y�o, �d�Z�d�l�h �b �a�Z �f�_�f�[�j�Z�g�b�l�_ �\�Z�`�b �d�Z�a�Z�g�h�l�h �a�Z �e�b�i�k�Z 
�g�Z �h�j�b�]�b�g�Z�e�g�b �j�_�a�_�j�\�g�b �q�Z�k�l�b, �Z �m�k�\�h�y�\�Z�g�_�l�h �g�Z 
�g�h�\�h �i�j�h�b�a�\�h�^�k�l�\�h �g�_ �_ �j�_�g�l�Z�[�b�e�g�h, �i�h�j�Z�^�b �f�Z�e�d�Z�l�Z 
�[�j�h�c�d�Z. 

3 �I�j�_�^�e�h�`�_�g�b�_ �a�Z �f�h�^�_�j�g�b�a�Z�p�b�y �g�Z 
�i�j�_�\�h�^�Z�q�Z �g�Z �g�Z�e�y�]�Z�g�_ DÜ 15  

�I�h�j�Z�^�b �]�h�j�g�b�l�_ �i�j�b�q�b�g�b �_ �j�_�g�l�Z�[�b�e�g�h �a�Z�f�y�g�Z�l�Z �g�Z 
�i�j�_�\�h�^�Z�q �g�Z �g�Z�e�y�]�Z�g�_ DÜ 15 �k �^�j�m�]�h �m�k�l�j�h�c�k�l�\�h, �k�j�Z�\-
�g�b�l�_�e�g�h �_�\�l�b�g�h, �h�^�h�[�j�_�g�h �a�Z �b�a�i�h�e�a�\�Z�g�_ �\ �k�i�b�j�Z�q�g�b�l�_ 
�k�b�k�l�_�f�b �b �i�h�a�\�h�e�y�\�Z�s�h �j�_�Z�e�b�a�b�j�Z�g�_�l�h �g�Z �j�_�`�b�f R 
�i�j�b �l�_�a�b �e�h�d�h�f�h�l�b�\�b. �L�Z�a�b �a�Z�f�y�g�Z �_ �\�t�a�f�h�`�g�h �^�Z �k�_ 
�h�k�t�s�_�k�l�\�b �k �j�_�]�m�e�b�j�m�_�f �j�_�e�_-�\�_�g�l�b�e RLV-11d. 
�I�j�b�g�p�b�i�g�Z�l�Z �f�m �k�o�_�f�Z �g�Z �d�h�_�l�h �_ �i�h�d�Z�a�Z�g�Z �g�Z �N�b�]. 5. 

�G�Z�e�y�]�Z�g�_�l�h �\ �k�i�b�j�Z�q�g�b�l�_ �p�b�e�b�g�^�j�b �k �d�h�b�l�h �_ �k�\�t�j-
�a�Z�g�h �j�_�e�_�l�h �_ �j�Z�\�g�h �g�Z �g�Z�e�y�]�Z�g�_�l�h �\ C �d�Z�f�_�j�Z�l�Z. �G�_�]�h-
�\�Z�l�Z �k�l�h�c�g�h�k�l �a�Z�\�b�k�b �h�l �i�j�_�^�Z�\�Z�l�_�e�g�h�l�h �h�l�g�h�r�_�g�b�_ �g�Z 
�l.�g�Z�j. „�d�Z�g�l�Z�j�g�Z“ �k�b�k�l�_�f�Z. �G�Z�e�y�]�Z�g�_�l�h �\ Cv �d�Z�f�_�j�Z�l�Z 
�k�_ �a�Z�^�Z�\�Z �h�l �n�m�g�d�p�b�h�g�g�b�y �\�_�g�l�b�e �b �l�y �\ �^�_�c�k�l�\�b-
�l�_�e�g�h�k�l �b�a�i�t�e�g�y�\�Z �n�m�g�d�p�b�y�l�Z �g�Z �n�b�d�l�b�\�_�g �k�i�b�j�Z�q�_�g 
�p�b�e�b�g�^�t�j. �A�Z �j�_�`�b�f�b �g�Z �k�i�b�j�Z�q�g�Z�l�Z �k�b�k�l�_�f�Z G �b P �g�Z�^ 
�[�m�l�Z�e�h�l�h 4 �g�_ �k�_ �i�h�^�Z�\�Z �k�]�t�k�l�_�g �\�t�a�^�m�o �b �g�Z�e�y�]�Z�g�_�l�h �\ 
C �s�_ �a�Z�\�b�k�b �h�l �i�j�_�^�\�Z�j�b�l�_�e�g�h�l�h �j�_�]�m�e�b�j�Z�g�_ �g�Z 
�i�h�e�h�`�_�g�b�_�l�h �g�Z �h�i�h�j�Z�l�Z �g�Z �d�Z�g�l�Z�j�g�Z�l�Z �k�b�k�l�_�f�Z. �L�h �k�_ 
�b�a�\�t�j�r�\�Z �q�j�_�a �\�b�g�l�Z �\ �d�j�Z�y �g�Z �[�m�l�Z�e�g�b�y �i�j�t�l. �I�j�b 
�i�j�_�\�d�e�x�q�\�Z�g�_ �g�Z �l�h�\�Z�j�h-�i�t�l�g�b�q�_�k�d�b�y �h�[�j�t�s�Z�l�_�e �h�l 
�i�g�_�\�f�Z�l�b�q�g�Z�l�Z �k�b�k�l�_�f�Z �g�Z �e�h�d�h�f�h�l�b�\�Z �g�Z �j�_�`�b�f R �b 
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�i�j�b �^�h�k�l�b�]�Z�g�_ �g�Z �k�d�h�j�h�k�l �h�l 60 km/h �k�t�s�_�k�l�\�m�\�Z�s�b�y�l 
�b �\ �f�h�f�_�g�l�Z �_�e�_�d�l�j�h�i�g�_�\�f�Z�l�b�q�_�g �\�_�g�l�b�e �s�_ �i�h�^�Z�^�_ 
�k�]�t�k�l�_�g �\�t�a�^�m�o �\ �d�Z�f�_�j�Z�l�Z �g�Z�^ �[�m�l�Z�e�h�l�h 4. �L�h�a�b �\�_�g�l�b�e 
�i�h�e�m�q�Z�\�Z �a�Z�o�j�Z�g�\�Z�g�_ �h�l �k�d�h�j�h�k�l�h�f�_�j�Z �i�j�b �l�Z�a�b 
�k�d�h�j�h�k�l. �I�j�b �l�h�\�Z �[�m�l�Z�e�h�l�h �s�_ �k�_ �i�j�_�f�_�k�l�b �a�Z�_�^�g�h �k 
�h�i�h�j�g�Z�l�Z �l�h�q�d�Z �g�Z �d�Z�g�l�Z�j�g�Z�l�Z �k�b�k�l�_�f�Z, �i�j�h�f�_�g�y�c�d�b 
�i�j�_�^�Z�\�Z�l�_�e�g�h�l�h �b �h�l�g�h�r�_�g�b�_. �I�h �l�h�a�b �g�Z�q�b�g �s�_ �k�_ 
�j�_�Z�e�b�a�b�j�Z�l �i�h-�\�b�k�h�d�b �k�l�h�c�g�h�k�l�b �g�Z �g�Z�e�y�]�Z�g�_�l�h �\ 
�k�i�b�j�Z�q�g�b�l�_ �p�b�e�b�g�^�j�b �i�j�b �j�_�`�b�f R �b �k�d�h�j�h�k�l�b �g�Z�^ 50 
km/h. �I�j�_�^�b �f�h�g�l�b�j�Z�g�_�l�h �g�Z �e�h�d�h�f�h�l�b�\�Z �j�_�e�_�l�h RLV-
11d �k�_ �j�_�]�m�e�b�j�Z �g�Z �j�Z�a�j�Z�[�h�l�_�g �a�Z �p�_�e�l�Z �k�l�_�g�^. �G�Z �_�^�g�Z 
�l�Z�e�b�]�Z �s�_ �k�_ �f�h�g�l�b�j�Z�l �i�h �^�\�Z �[�j�h�y �j�_�e�_-�\�_�g�l�b�e�b RLV-
11d. 

 

�N�b�]. 5. �I�j�b�g�p�b�i�g�Z �k�o�_�f�Z �g�Z �j�_�e�_-�\�_�g�l�b�e RLV-11d. 
1, 2 – �f�_�f�[�j�Z�g�g�b �[�m�l�Z�e�Z; 3 – �d�Z�g�l�Z�j�g�Z �k�b�k�l�_�f�Z; 4 – �[�m�l�Z�e�h. 

�A�Z �m�k�l�Z�g�h�\�y�\�Z�g�_ �g�Z �i�j�Z�\�b�e�g�h�l�h �n�m�g�d�p�b�h�g�b�j�Z�g�_ �g�Z 
�k�b�k�l�_�f�Z�l�Z �_ �g�_�h�[�o�h�^�b�f�h �^�Z �[�t�^�Z�l �b�a�\�t�j�r�_�g�b �k�e�_�^�g�b�l�_ 
�i�j�h�\�_�j�d�b: 
• �b�a�\�t�j�r�\�Z�g�_ �g�Z �k�l�Z�p�b�h�g�Z�j�g�b �i�j�h�[�b, �a�Z �m�k�l�Z�g�h�\�y�\�Z�g�_ 

�g�Z �\�j�_�f�_�g�Z�l�Z �g�Z �i�t�e�g�_�g�_ �b �b�a�i�j�Z�a�\�Z�g�_ �g�Z �k�i�b�j�Z�q-
�g�b�l�_ �p�b�e�b�g�^�j�b �a�Z �l�j�b�l�_ �j�_�`�b�f�Z – G, P �b R]. �I�j�b 
�b�a�\�t�j�r�\�Z�g�_�l�h �b�f �_ �\�Z�`�g�h �^�Z �k�_ �b�a�i�t�e�g�b �b�a�k�d�\�Z�g�_�l�h 
[4, 5, 6] �q�_ �l�_�a�b �\�j�_�f�_�g�Z �k�Z �j�_�]�e�Z�f�_�g�l�b�j�Z�g�b �^�h 
�k�l�h�c�g�h�k�l�b 0,9 PCMAX �a�Z �i�t�e�g�_�g�_ �b �g�Z�e�y�]�Z�g�_ �\ 
�p�b�e�b�g�^�j�b�l�_ 0,4 bar �a�Z �b�a�i�j�Z�a�\�Z�g�_. 

• �b�a�\�t�j�r�\�Z�g�_ �g�Z �k�d�h�j�h�k�l�g�h-�k�i�b�j�Z�q�g�b �i�j�h�[�b, �a�Z 
�m�k�l�Z�g�h�\�y�\�Z�g�_ �g�Z �k�i�b�j�Z�q�g�Z�l�Z �f�Z�k�Z �a�Z �l�j�b�l�_ �j�_�`�b�f�Z.  

4 �A�Z�d�e�x�q�_�g�b�_  

�I�j�_�^�e�h�`�_�g�Z�l�Z �a�Z�f�y�g�Z �s�_ �j�_�r�b �i�j�h�[�e�_�f�Z �k �i�h�\�j�_�^�b�l�_ 
�g�Z �i�j�_�\�h�^�Z�q�b�l�_ DÜ 15 �b �g�_�h�[�o�h�^�b�f�b�l�_ �j�_�f�h�g�l�g�b 
�h�i�_�j�Z�p�b�b �b �j�_�a�_�j�\�g�b �q�Z�k�l�b �a�Z �h�l�k�l�j�Z�g�y�\�Z�g�_�l�h �b�f. 
�H�k�\�_�g �l�h�\�Z �_ �\�Z�`�g�h �^�Z �k�_ �b�a�y�k�g�b, �q�_ �j�_�e�_-�\�_�g�l�b�e�b�l�_ 
RLV-11d �k�_ �b�a�i�h�e�a�\�Z�l �f�Z�k�h�\�h �\ �k�i�b�j�Z�q�g�b�l�_ �k�b�k�l�_�f�b �b 
�a�Z �l�y�o �j�_�a�_�j�\�g�b�l�_ �q�Z�k�l�b �g�_ �k�Z �^�_�n�b�p�b�l�g�b. �H�k�\�_�g �l�h�\�Z 
�l�_ �k�Z �b�a�]�j�Z�^�_�g�b �h�k�g�h�\�g�h �h�l �f�_�f�[�j�Z�g�g�b �]�m�f�_�g�b �[�m�l�Z�e�Z, 
�d�h�b�l�h �k�Z �e�_�k�g�b �a�Z �i�h�^�f�y�g�Z �b �k�Z�f�b�l�_ �j�_�e�_-�\�_�g�l�b�e�b �k�Z �k 
�f�Z�e�d�h �l�j�b�_�s�b �k�_ �q�Z�k�l�b. �I�j�_�i�h�j�t�q�b�l�_�e�g�h �_ �i�h�^�f�y�g�Z�l�Z 
�^�Z �k�_ �b�a�\�t�j�r�\�Z �i�j�b �i�j�h�\�_�`�^�Z�g�_ �g�Z �k�i�b�j�Z�q�g�Z �j�_�\�b�a�b�y 
�b �^�Z �a�Z�\�t�j�r�b �k�t�k �k�d�h�j�h�k�l�g�h-�k�i�b�j�Z�q�g�Z �i�j�h�[�Z, �a�Z 
�m�k�l�Z�g�h�\�y�\�Z�g�_ �g�Z �j�_�Z�e�g�b�l�_ �k�l�h�c�g�h�k�l�b �g�Z �k�i�b�j�Z�q�g�Z�l�Z 
�f�Z�k�Z.  
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Abstract. The locomotive pressure converter DÜ15 are 
quite important elements in the brake equipment of the 
locomotives series 06 and 46 which are in service in 
Bulgarian railway transport. These pressure converters 
produce two-stage braking, depending on the brake 
position and speed, unfortunately they are too old as a 
design and there are problems with them in the service. 
The main are: damaged leader membrane, wearing on the 
levers and wearing on the roller. This report is dedicated 
to the replacement these relays with modern in order to 
realized brake type “R”. In fact this is modernization of 
the locomotive brake equipment. 
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Abstract.  In connection with the railways electromagnetic compatibility deterioration the purpose of the 
research is finding the means to increase the noise immunity of an audio frequency track circuit. The authors 
propose a new engineering solution, which enables reducing the effect of noises on the input of the track 
receiver in the intervals between signal current pulses. The proposed noise-immune audio frequency track 
circuit is based on inserting a delay line, an adjustable single-pulse generator and a controlled electronic 
switch into existing audio frequency track circuit equipment. To analyze its efficiency, the operation of the 
audio frequency track circuit was simulated under conditions of electromagnetic interference with the known 
parameters. The results show that proposed device allows to increase a signal-to-noise ratio on the track 
receiver input from 10% to 30%, depending on the interference parameters and the level of the useful signal.  

1 Introduction 

Track circuits are the main track sensors at the Ukrainian 
railways, and the correct operation of the automatic 
blocking, dispatching centralization and automatic 
locomotive signalling systems, and, consequently, the 
safety of train traffic depends on their functioning. 

Audio frequency track circuits are a perspective type 
of the track circuits due to a number of advantages: 
absence of block joints, which are one of the most 
unreliable elements of the track circuits; elimination of the 
need to install impedance bonds; the possibility of power 
supply to two adjacent track circuits from one common 
source, etc. Railways of Ukraine are equipped with audio 
frequency (or also called tonal) track circuits of the 
following modifications: TRC 3 and TRC 4. TRC 3 has 
the following signal carrier frequencies: 420, 480, 580, 
720 and 780 Hz. In the TRC 4 carrier frequencies are 
4500, 5000 and 5500 Hz. The power to audio frequency 
track circuits is supplied by an AM tone signal. The 
principle of operation of audio frequency track circuits is 
described in [1-8]. However, the operating conditions of 
audio frequency track circuits are characterized by the 
impact of a variety of different interference. 

Materials [9, 10] show that the most industrial and 
atmospheric disturbances are characterized by a rapid 
change in the electric current causing occurrence of 
electric and magnetic fields that interfere with the 
reception of a useful signal in the track circuits. The 
highest levels of impulse noise occur during switching, 
accompanied by a short circuit or a circuit interruption. 
When the alternating current passes the circuit with a 

nonlinear resistance, interferences from harmonic and 
combinational components of the fundamental frequency 
appear.  

Papers [11, 12] consider the methods of protection of 
railway automation systems against over-voltage, 
describe the effect of traction current on jointless track 
circuits and ways of protecting against it. In work [12], a 
study of increasing the noise immunity of a track receiver 
(TR) by using various methods of modulation and 
demodulation of the rail control signal was performed. 

The conducted analysis shows that the effect of 
interference on the receiving equipment of the track 
circuits cannot be completely excluded with the existing 
methods of increasing noise immunity which require 
further improvement. Therefore, the task of this research 
was developing a new engineering solution to improve 
noise immunity, which will reduce the time of 
interference effects on the track receiver of audio 
frequency track circuits. To study its efficiency, the 
operation of audio frequency track circuits when exposed 
to the known interference from the traction current was 
simulated.  

2 Solutions to improve the noise 
immunity of the track circuits  

An engineering solution to improve the noise immunity 
of audio frequency track circuits has been developed to 
reduce the effect of interference at the input of the track 
receiver in the intervals between the status monitoring 
signal pulses of the audio frequency track circuits, 
confirmed with the patent for invention [13]. To 
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construct the proposed noise-immune audio frequency 
track circuit the following new elements have been 
further introduced into the established audio frequency 
track circuit equipment: an adjustable delay line (DL), 
single pulse generator (SPG) and managed electronic 
switch (ES) (marked with yellow color on Fig. 1).  
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DL 1 DL 2

TGTR 1

ES 1 SPG 1 SPG 2

TT

Track circuit 1 Track circuit 2

1
2

1

TR 2

ES 2

TT

2

 

Fig. 1. Block diagram of noise-immune audio frequency track 
circuit. 

The principle of operation involved opening the 
controlled electronic switch at the input of the track 
receiver in the absence of a useful signal. The effect 
of interference is reduced due to the implementation 
of guard intervals in the pauses between the useful 
signal pulses, during which the interference from the 
transmission channel of audio frequency track circuits 
cannot reach the input of the track receiver. Moreover, 
the length of the pulse generated by the single-pulse 
generator and thus the length of the guard interval can 
be adjusted. 

This device is intended for use in systems with 
centralized equipment arrangement. The block 
diagram (Figure 1) shows the feeding end of the track 
circuit, which includes a track generator (TG), a track 
filter (TF), a track transformer (TT) and two relay 
ends of adjacent rail circuits consisting of a track 
relay (TR) and a track transformer (TT). The model of 
the device was developed in SIMULINK® software 
(Fig. 2) 

The generator block consists of three functional 
blocks: a carrier frequency generator, a pulse generator 

and a modulator. The carrier frequency generator 
produces a sinusoidal signal of a specified frequency and 
amplitude, which is fed to the first input of the 
modulator. The second input of the modulator is 
supplied with a pulse signal with a modulation 
frequency. The modulator performs the operation of 
multiplying a sinusoidal signal of the carrier frequency 
with a pulse signal, which has a modulation frequency. 
The form of the signal on the output of the track 
generator block is shown on Figure 3a. The track filter 
block is modelled on the basis of capacitive, active and 
reactive resistance elements. The cable link line, as well 
as the rail line, is made in the model using the Simulink 
'Transmission Line' block. The model type in the block 
options is chosen as 'Line with distributed parameters', 
its primary parameters and length are specified. The 
track transformer block consists of a transformer with a 
transform coefficient of 38, which is connected through 
a protective resistor. The input resistance of the adjacent 
sections of the rail line from both the supply and the 
relay end is taken into account by the inclusion of the 
corresponding complex resistances shown in Fig. 2 as 
'Adjacent rail line' blocks. 

The experimental setup for the modelling is the 
following: frequency from the carrier frequency 
generator – from 420 to 780 Hz; modulation frequency 
of the pulse generator – 8 or 12 Hz; signal voltage on the 
output of the track generator block – from 1 to 8 V; 
specific active resistance of the rail line – from 0,935 to 
1,24 �
 /km; specific inductance of the rail line – from 
1,59 to 1,82 mH; insulation resistance of the rail line – 
from 0,5 to 50 �
 ·km; length of the cable link line – from 
0 to 6 km; length of the rail line – from 50 to 1100 m. 

To check the adequacy of the model, the sampling of 
voltage values on track circuit’s elements in the model 
was compared to the voltage values on the real track 
circuit using the following criteria of mathematical 
statistics: the Mann-Whitney criterion, the Fisher 
criterion, the Student's test. The results confirmed the 
adequacy of the model with the confidence probability 
of 95 %. 

Since one generator encodes the track circuit and the 
delay line (Figure 2), the generated signal (Figure 3a) 
simultaneously arrives at 2 inputs: the track filter input 
and the delay line. 

 

 

Fig. 2. Simulink model of the proposed device. 
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From the track filter through the track transformer, 
the signal enters the track circuit. If it is free, the signal 
altogether with the track circuit's interference (Fig. 3b) 
passes through the track transformer to the input 2 
(Fig.1) or input, matched ‘b’ (Fig. 2), of the electronic 
switch. 

The delay line is designed for the time of passage of 
the useful signal from track generator to the input 2 of 
the electronic switch in the audio frequency track 
circuits. As the signal from the delay line arrives at the 
input of a single pulse generator, it generates a single 
pulse (Fig. 3c). When the pulse appears on the control 
input 1, the electronic switch interrupts the circuit; as a 
result, interference from input 2 of the electronic switch 
cannot reach the input of the track receiver during the 
pulse signal (Fig. 2d). Thus, the possibility of interference to 
the track receiver within the guard interval between the status 
monitoring signal pulses of the audio frequency track circuits 
is excluded. 

 Fig. 3. Signal forms on the elements of the proposed device in 
the Simulink model. 

3 The results  

3.1 Efficiency analysis of the proposed method 

To analyze the efficiency of the proposed engineering 
solution, the effect of the interference from traction 
current on the operation of the audio frequency track 
circuit was simulated using SIMULINK® model (Fig. 2).  

For this purpose, the noise generator block of the 
model synthesizes interference, which includes a 
harmonic signal from traction current disturbances: 
interference from a direct traction current, interference from 
alternating traction current and interference from direct 
traction current and thyristor engine control. The nature of the 
effect of interference from the traction current depends on 
their harmonic composition, which is determined by the 
harmonic coefficient. The effect of electromagnetic 
interference on the track circuit and its parameters is 
described in [14].  

The interference from a direct traction current according 
to [3, 4] consists of three main harmonics: the one with the 
frequency of 50 Hz has harmonic content factor 0,072; the 
one with the frequency of 200 Hz has harmonic content 
factor 0,013 and the one with the frequency of 300 Hz has 
harmonic content factor 0,017. 

The interference from an alternating traction current 
according to [5] consists of odd harmonics, shown in 
Table  1. 

Table 1. Harmonic components of  
alternating traction current in the rail line. 

The har-
monic 
order 

Fre-
quen-
cy, Hz 

The 
percentage 
of harmonic 
content, % 

The 
har-

monic 
order 

Fre-
quen-
cy, Hz 

The 
percentage of 

harmonic 
content, % 

3 150 30 19 950 0,11 
4 200 0,3 21 1050 0,07 
5 250 15 23 1150 0,10 
6 300 0,1 25 1250 0,09 
7 350 5 27 1350 0,09 
8 400 0,05 29 1450 0,2 
9 450 2 31 1550 0,04 
11 550 1,5 33 1650 0,2 
13 650 1,2 35 1750 0,2 
15 750 0,8 37 1850 0,1 
17 850 0,5 39 1950 0,1 

The interference from direct traction current and 
thyristor engine control according to [6] consists of 
currents with certain frequencies and peak amplitudes, 
shown in Table 2. 

Table 2. Maximum currents of interference  
in the rail line during operation of thyristor converters. 

To estimate the increase in noise immunity with the 
proposed engineering solution, the signal-to-noise ratio 
(SNR) (1) at the input of the track receiver has been 
calculated using the device when exposed to the described 
interference on the transmission path, and without using 
it. The voltage signals Usignal and Uinterference on the input of 
the track receiver (point ‘d’ on Fig. 2) were measured 
using the SIMULINK® model. Expressions (2) and (3) 
allow to determine signal and interference power.  
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where SNRdB is a signal-to-noise ratio, calculated in 
dB; Psignal is the average power dissipated by the signal 
during  the  time  interval; �L is a signal period; Usignal(t) is 

Frequency, Hz 25 50 75 125 175 225 275 325 375 
Amplitude, �:  4,7 1,1 6,2 3,8 2,6 2,0 3,4 2,6 2,2 
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Table 3. Signal/noise ratio when exposed to interference from traction current. 

 SNR when the device for 
increasing noise immunity 

is not used, dB 

SNR when the device for 
increasing noise immunity 

is used, dB 

% increase in SNR due to 
the use of device for 

increasing noise immunity 
Us1=1,2V Us2=1,5V Us1=1,2V Us2=1,5V Us1=1,2V Us2=1,5V 

When exposed to interference from 
a direct traction current 5,269 6,852 5,982 7,566 13,5 % 10,4 % 

When exposed to interference from 
alternating traction current 2,117 3,701 2,788 4,372 30,6 % 18,1 % 

When exposed to interference from 
direct traction current and thyristor 

engine control  
5,084 6,668 5,965 7,549 17,3 % 13,2 % 

the useful signal; Pinterference is the average power 
dissipated by the interference signal; �2 is a time interval; 
Uinterference is a voltage of an interference signal.  

Based on expressions (1-3) using Mathcad® software, 
comparative signal-to-noise ratios have been obtained 
when exposed to interference from traction current in the 
sections with DC and AC electrification, as well as 
interference from thyristor control of the traction motor. 
The simulation results are shown in Table 3.  

The SNR increase percentage at the input of the track 
receiver is the ratio of SNR obtained when using the 
device for improving noise immunity to SNR obtained 
without using it, and is expressed as a percentage, at the 
corresponding useful signal voltage Us on the input of the 
track receiver. 

4 Conclusions 

This article proposes a device for improving noise 
immunity of an audio frequency track circuit with the 
centralized equipment arrangement, which contributes to 
reduction of the effect of interference on the input of the 
track receiver in the intervals between the signal current 
pulses. Noise immunity of the audio frequency track 
circuit is improved due to the introduction of a delay line, 
an adjustable single pulse generator and a controlled 
electronic switch. The device work is based on cutting the 
interference in the interval between the useful signal 
pulses when exposed to the known interference from the 
traction current. The analysis of SNR at the input of the 
track receiver using the proposed device shows that it 
helps to increase SNR at the input of the track receiver by 
10 % to 30 %, depending on the useful signal level. 
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Abstract.  The paper is about a system for automation the processes for reporting the execution of incoming 
and outgoing requests in a production company. It is described the basic structure of the system and the 
principal logic of the processes through which it functions. The system allows to be automated the processes 
connected to organizing, reporting and controlling the logistic activities for supply, storing and 
transportation of raw and ready materials. The system management is done automatically in real time 
through constant monitoring of the location of the transport vehicles and network of control points situated 
throughout the factory. The system is intelligent and allows resetting when the conditions of the processes 
are changed. It is applicable for processes for supply and transportation of different in type, quantity and 
state raw and ready materials with different modes of transport in factories with variable and dynamic 
activities. The system allows data exchange with other systems and can be used in remote production 
facilities or subsidiaries. 

1 Introduction  

The System for automated management of the logistic 
process through a network of control points and real-time 
positional tracking of road vehicles in the zone of a 
logistics’ enterprise yard comprises of three main 
interconnected subsystems: “Logistics – Road Trans-
portation”, “Logistics – Loading/Unloading Services and 
Warehousing” and “Personal Navigation Devices”. The 
System can be integrated in enterprises which specialize 
in supply, manufacturing and expedition by rail or by road 
of production that could vary in type, physical state and 
quantity. The System functionally interconnects 
contemporary hardware and software technologies. It is 
suitable for application when uninterrupted automated 
control of the logistic process is necessary, and when the 
latter is organized according to the principal logic of 
movement of the means of transport shown in Fig. 1. The 
logistics process is organized in the following stages: 
entry of the truck (or freight car) into the enterprise; 
control measurement of the mass (tare or gross) of the 
vehicle by means of a car or a freight car scale; loading 
and unloading activities; control measurement of the mass 
(gross or tare) of the vehicle; leaving the enterprise. Each 
of those stages is simultaneously accompanied by 
preparing the corresponding documentation. The latter is 
not covered in this paper. 

The main subsystems (“Logistics – Road Trans-
portation”, “Logistics – Loading/Unloading Services and 
Warehousing” and “Personal Navigation Devices”) are 
designed to automate the processes of organizing, 

reporting and controlling logistics activities related to 
delivery, loading, unloading, storing and removing 
materials in and from the enterprise. The system is based 
on the use of information and communication 
technologies and is in line with the guidelines of the EU 
Directive 2010/40 [1] related to the development of 
Intelligent Transportation Systems. Process modelling 
and the description of system logic are based on the use 
of integrated information systems (ARIS - Architecture of 
Integrated Information Systems). 

 

Fig. 1. Stages of movement of the truck or freight car. 

Continuous control over the process is necessary in 
order to provide automated management of the logistics 
process. Monitoring the locations where inaccuracies are 
likely to occur is advisable for any logistical system in 
which processes related to the physical processing of 
products and/or goods are carried out. For logistic systems 
operating according to the principal logic of Fig. 1, 
inaccuracies are most commonly emerging on the 
executed request. Those may be inaccuracies related to 
the type of product being loaded or unloaded, its quantity 
or size, or the place where it is handled. They are most 
often caused by: inadvertent handling, related to the type 
and/or quantity of the order being executed; lack of up-to-
date and systematic information on the state of stock 
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availability and the free capacity of the warehouses in the 
enterprise; or errors made when manually entering data. 

2 Logical consecution of the process  

The operation of the system is based on the continuous 
automated control of the logistics process when executing 
requests in the yard of the enterprise. Any activity of 
supplying and/or repositioning products and/or goods 
inside the enterprise is regarded as a request. The control 
of the logistic process when processing a request is carried 
out in two main directions: 
• monitoring the loading and unloading activities at the 

control points when supplying or repositioning raw 
materials, products and commodities by rail and or by 
road transport; 

• continuous control of truck traffic in the enterprise from 
the entrance to the exit. The control covers the 
movement of trucks, supplying or transporting materials 
and/or products from the moment they enter the 
enterprise until they leave. 

 

Fig. 2. Logical consecution of the process. 

Control points (Fig. 2) are the places where physical 
handling or control of the cargo and/or vehicle is 
performed. Often, control points are places where there 
are prerequisites for inaccuracies in the processing of 
executed requests. In the automated management system 
of the logistics process control points are the areas for 
carrying out loading and unloading activities, the 
weighbridges for controlling the mass of the trucks or the 
freight cars, etc. The number of control points can vary 
depending on the type of requests and processes. A basic 
principle for the proposed system is that the physical 
handling of the load and the controlling are displayed in 
real time after request execution at each control point. The 
registration in the system is done by identifying the truck 
drivers and the operators of the loading and unloading 
machines (LUM) with their personal identification cards 
(PIC) and readers (validators) located at the control 
points, the entrance and exit of the enterprise. The LUMs 
are equipped with identification cards (ICs) through 
which they are been registered in the system at the control 
points. 

The chain of events for automated management of the 
logistics process (Fig. 2) when executing orders with a 
truck is: when the truck arrives in the company to execute 
a request, the driver of the vehicle registers in the system 
and is assigned a truck driver’s personal identification 
card (PIC) and a personal navigation device (PND). All 
data related to the respective request (type of cargo, 
quantity, cut, etc.), as well as truck and driver data are 
entered in the system. The truck driver's PIC serves to 
identify the request and the driver at the control points 
through which the truck has passed through. Through the 
PIC, a check is made on the execution of the order (type, 
quantity and cut of the load or product, place of execution 
of the order, loading/unloading machine, etc.) as well as a 
record of the activities carried out. The identification of 
the PIC and the registration of the activities performed is 
done by means of a reader. The system automatically 
analyses data about the availability of materials and the 
capacity of the loading and unloading machines and 
determines a location for the current request. The analysis 
is achieved through data exchange between the system 
and a database in which information about available 
quantities on products/cargoes, warehouses, spare 
capacity, pending execution orders, etc. is stored. The 
database may be external or internal to the system. The 
system generates a route for the truck in the enterprise 
(Fig. 3). The route of the truck and a sequence of required 
control points to pass through are visualized on the PND.  

 

Fig. 3. Route of the truck. 

The principal sequence of activities, the place of 
execution, the means used and the result from handling a 
request with a road vehicle are described in Table 1. The 
stages in their sequence (Table 1) are: 
• Truck entry, weighing: After passing through the 
enterprise’s entrance, the truck is directed to the vehicle 
scale (Control point 1 – Truck weighbridge) for weighing 
(tare or gross) and logging the data in the system. The 
identification of the truck and the registration in the 
system is performed by means of the truck driver‘s PIC 
and a reader located at control point 1; 
• Loading or unloading: the truck is directed to the 
loading or unloading point (Control point 2 – Warehouse). 
At control point 2, the truck is identified by the truck 
driver’s PIC, the LUM is identified by LUM’s IC and the 
LUM operator is identified by his PIC. Identification in 
the system controls the execution of the request at the 
correct location of the respective LUM and registers that 
the LUM and the LUM operator are busy; 
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Table 1. The principal sequence of the activities (for trucks). 

 

• Registering a completed request: the registration is 
carried out at loading/unloading location (Control point 2 
– Warehouse) by the PIC “Truck driver”, the IC “LUM” 
and the PIC “Operator of LUM”. The system registers that 
the current request is executed at the appropriate location 
and the LUM and the LUM operator are released from the 
current request; 
• Truck weighing: the truck moves to a vehicle scale 
(Control point 3 – Truck weighbridge) where it is 
identified by the PIC “Truck driver”. Control mass 
measurement of the truck (tare or gross) is carried out, the 
measurement data is compared to the collected data from 
the request so far. When a match is registered (loaded or 
unloaded quantity matches the requested value), the 
system finalizes the execution of the request, inputs real-
time data into the system, and directs the truck to the 
enterprise’s exit. The route to the exit is visualized on the 
driver’s PND. Upon difference between measurement 
data and control data, the system determines a location 
and a LUM and redirects the truck for reloading or 
unloading. The corresponding route is visualized on the 
driver’s PND. The system reports that the execution of the 
request is not completed and that the truck cannot leave 
the enterprise. After reloading or unloading to adjust the 
difference, the truck is redirected to a vehicle scale 
(Control point 3 – Truck weighbridge) for weighing. 
When the measurement data matches the control data, the 
system finalizes the execution of the request and directs 
the truck to the exit of the enterprise. 

The above described sequence is similar when the 
process is carried out with freight cars. The difference 
consists in the fact that upon entry freight cars are not 
identified by a driver’s PIC. The identification and 
registration of the freight car is carried out by a dispatcher. 
The sequence of activities for processing freight cars is 
shown in Table 2.  

Table 2. The principal sequence of the activities  
(for freight cars). 

 

3 Structure of the system and 
functional capabilities 

Transportation and logistics systems are a multitude of 
interrelated elements and the relations between them, 
subject to a guiding principle defining the purpose of the 
system [2]. The structure of the system is an essential 
component that characterizes it. The structure of the 
system is defined as the set of elements and the 
relationships between them that are necessary and 
sufficient to achieve its objective [3]. The system analysis 
allows complex systems to be decomposed into 
subsystems viewed as elements of the higher-end system 
[4, 5]. Applying the principles of the system approach [5], 
we will look at the three main logistics systems: 
“Logistics – Road Transportation”, “Logistics – Loading/ 
Unloading Services and Warehousing” and “Personal 
Navigation Devices”, as functionally linked subsystems 
of the automated logistics management system in an 
enterprise through control points (Fig. 4). Besides the 
functional connectivity between the three subsystems, the 
system also allows connectivity with other systems used 
in the enterprise, such as: warehouse software; software 
for control of truck scales (or railroad scales); data base; 
systems for the control and/or management of production 
processes; security systems, safety and video surveillance, 
etc. 

Each of the subsystems consists of different modes, 
ensuring its functional capabilities and the capabilities of 
the system as a whole. The main functionalities provided 
by the subsystems are listed in Table 3. The system is 
flexible and allows for re-tuning, with the specified basic 
functionalities being exemplary and subject to change 
and/or addition, according to the specific conditions and 
processes in the enterprise. 
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Fig. 4. Structure of the System. 

Table 3. Main functionalities of the subsystems. 

Subsystem Functionality 
Mode of 
transport 

Logistics – 
Road 

Transportation 

Route planning 

Road 

Rerouting 
Order of entry of the trucks into 

the enterprise 
Data correction 

Mass measurement of the truck 
Truck drivers 

Control 
Administrative tools 

References 
Logistics – 
Loading/ 

Unloading 
Services and 
Warehousing 

Identifying the LUMs 

Road and/or 
rail 

Operator identification of a 
LUM 

Warehousing 

Personal 
Navigation 

Devices 
(PND) 

Process of providing of the 
PND and subsequently 

returning of the mobile devices 
Road 

The operation of the automated logistics management 
system is provided by a basic software package and 
software modules for the three basic subsystems, as well 
as hardware elements and devices providing: real-time 
data transmission; memory for data storage; visualization 
and management of logistics processes in the enterprise; 
route visualization as well as vehicle and driver data; 
registering the location of a road vehicle in the enterprise; 
visualization of information for LUM operators; 
identification of truck and LUM operators; identification 
and registration of LUM at control points, etc. 

3.1 Subsystem “Logistics – Road 
Transportation” 

The subsystem “Logistics – Road Transportation” 
automates the following processes: route preparation of 
the trucks delivering and transporting raw materials 
and/or finished products to and from the enterprise; 
organizing and managing the order of entry of the trucks 
into the enterprise; tracking and controlling the vehicles 
when moving in the yard of the enterprise; rerouting. 

“Route Planning” functionality allows manual (by 
dispatcher) or automated route planning for trucks in the 
enterprise. The system of roads, loading and unloading 
sites and warehouses where the loading and unloading 

activities are carried out is stored in a digital map of the 
enterprise. The digital map contains information about: 
the areas in the enterprise; the enumeration of entry and 
exit points, roads and junctions in the enterprise; separate 
traffic routes in line with existing or new restrictions; the 
enumeration of the warehouses; the location of the 
entrances to the warehouses and storage spaces, etc. 

The subsystem “Logistics – Road Transportation” 
allows for uninterrupted real-time truck monitoring when 
in the enterprise. This is achieved through comparing the 
assigned route to the actual location of the vehicle. The 
truck’s route is visualized on the PND in the driver's cab. 
The PND is based on the use of the satellite positioning 
and navigation system – GPS (Global Positioning 
System) [6, 7]. The system “Logistics – Road Transporta-
tion” checks for deviations from the intended route of the 
vehicle and/or stopping in unauthorized locations in the 
yard of the enterprise. If there is a deviation from the set 
route or a need for rerouting, the system indicates and 
defines a new route, according to the road network 
limitations in the company. In the event of unforeseen 
situations, the system can restrict the movement of trucks 
on selected routes in the enterprise. The truck’s route is 
organized and visualized on the PND at stages from the 
entrances of the enterprise to the exit, indicating the 
sequence of pass-through the control points. With the 
developed algorithm and mathematical model, the system 
automatically evaluates the expected time of start of 
servicing requests and the order of entry of the trucks into 
the enterprise [8, 9]. With a notification via the PND, the 
driver is informed of the time of entry into the enterprise, 
the type and quantity of the request, the request’s 
loading/unloading area, etc. 

3.2 Subsystem “Logistics – Loading/Unloading 
Services and Warehousing” 

The subsystem “Logistics – Loading/Unloading Services 
and Warehousing” automates the processes related to the 
work of LUMs which service requests. The subsystem is 
primarily intended for use in enterprises with mobile 
loading/unloading machines with cyclic action for 
handling single loads or unit loads of bulk cargo [10]. 
Modification allows the system to be used in factories 
with rail and non-rail cranes to handle single or compound 
bulk cargoes as well as bulk loaders with a load weight 
measurement system. 

The subsystem is capable of: identifying the LUMs 
and their operators; displaying current request 
information on the screen in the LUM; validating the 
accuracy of the current request; registering loaded or 
unloaded quantities, thus measuring progress of request 
completion; verifying completion of a request at the 
checkpoint. 

By means of the “Loading and unloading 
identification” functionality, the LUMs are recognized 
and checked when approaching and passing through 
control points. The functionality ensures timely control 
and automatic registration of a processed request at a 
control point. 
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Through the “Operator Identification of a Loading 
Machine” functionality, the LUM operator is recognized 
and is provided access to the request information, the 
means of transportation, the type and quantity of the 
cargo. 

The “Warehousing” functionality provides access to 
up-to-date information about warehouses, availabilities 
per product or cargo, free space, loading/unloading areas 
status information, and more. The functionality allows 
for: creating, removing or changing virtual warehouses in 
the system; to enter and change the number of 
loading/unloading sites; to allocate LUMs to workplaces 
and warehouses. 

According to the specificities of the loading and 
unloading activities and the servicing of railway 
transportation requests, the functioning of the system is 
ensured by the subsystem “Logistics – Loading/ 
Unloading Services and Warehousing”. 

3.3 Subsystem “Personal Navigation Devices” 

The “Personal Navigation Devices” subsystem covers the 
process of providing drivers with and subsequently 
returning mobile devices which are to inform the drivers 
while executing a queries. PNDs are allocated to the 
drivers upon entry for execution of a query in the 
enterprise. After the correct execution of the request the 
PND is returned at the exit. The assignment and return of 
PNDs is verified in the system via an electronic protocol. 
The “Personal Navigation Devices” subsystem allows for 
organizing and managing the process of: registering the 
PNDs with a unique identification (ID) number in the 
automated logistics management system; assignment and 
activation of the PND upon entry in the enterprise; 
monitoring for repair necessity; cancelling a PND – when 
a PND’s operating life has expired, it will be removed 
from the system; return of PND by the driver after 
execution of the request; reporting on the status and 
condition of a PND. 

4 Conclusion 

The proposed system allows for continuous automated 
control of the logistics process in the yard of enterprises 
serviced by road and/or rail transport, which need to 
weigh vehicles at the entrance and exit of the logistic 
chain. 

The principles of design and operation of the 
automated logistics management system through a 
network of control points allow for: integration with 
paperless (e-Freight) logistics systems and development 
of Electronic Data Interchange (EDI) systems in 
transport; dynamic real-time traffic management of road 
vehicles in the yard of the enterprise; use of satellite 
navigation to direct the road vehicles in the yard of the 
enterprise; real-time control of logistics processes in the 
yard of the enterprise and limiting the possibilities for 
errors and abuses; enhancing safety and security in the 
yard of the enterprise. 
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�B�a�k�e�_�^�\�Z�g�_ �^�_�c�g�h�k�l�l�Z �g�Z �m�g�b�\�_�j�k�Z�e�_�g �Z�\�l�h�f�h�[�b�e�_�g 
�k�_�j�\�b�a 

�F�b�o�Z�b�e �F�b�e�q�_�\1,* �b �>�b�f�b�l�t�j �=�j�h�a�_�\1 

1�J�m�k�_�g�k�d�b �m�g�b�\�_�j�k�b�l�_�l „ �:�g�]�_�e �D�t�g�q�_�\“, �J�m�k�_, �m�e. �K�l�m�^�_�g�l�k�d�Z �‹ 8, �;�t�e�]�Z�j�b�y 

�J�_�a�x�f�_: �< �^�h�d�e�Z�^�Z �_ �g�Z�i�j�Z�\�_�g �Z�g�Z�e�b�a �g�Z �^�_�c�g�h�k�l�l�Z �g�Z �m�g�b�\�_�j�k�Z�e�_�g �Z�\�l�h�f�h�[�b�e�_�g �k�_�j�\�b�a, �j�Z�[�h�l�_�s 
�g�Z �l�_�j�b�l�h�j�b�y�l�Z �g�Z �]�j�Z�^ �J�m�k�_. �K�t�[�j�Z�g�Z �_ �b�g�n�h�j�f�Z�p�b�y �a�Z �j�Z�[�h�l�Z�l�Z �g�Z �k�_�j�\�b�a�Z �b �_ �k�t�a�^�Z�^�_�g�Z �[�Z�a�Z �^�Z�g�g�b 
– �[�j�h�c, �\�b�^�h�\�_ �b �\�t�a�j�Z�k�l �g�Z �Z�\�l�h�f�h�[�b�e�b�l�_, �d�h�e�b�q�_�k�l�\�h �b �\�b�^�h�\�_ �g�Z �b�a�\�t�j�r�_�g�b�l�_ �h�i�_�j�Z�p�b�b. �K�t�[�j�Z�g�Z�l�Z 
�b�g�n�h�j�f�Z�p�b�y �_ �Z�g�Z�e�b�a�b�j�Z�g�Z, �d�Z�l�h �k�Z �^�_�n�b�g�b�j�Z�g�b �h�k�g�h�\�g�b�l�_ �i�j�h�[�e�_�f�b. �M�k�l�Z�g�h�\�_�g �_ �]�h�e�y�f �[�j�h�c �f�Z�j�d�b 
�b �\�b�^�h�\�_ �i�j�_�\�h�a�g�b �k�j�_�^�k�l�\�Z, �i�h�e�a�\�Z�s�b �m�k�e�m�]�b�l�_ �g�Z �k�_�j�\�b�a�Z, �b �]�h�e�y�f �[�j�h�c �b �j�Z�a�e�b�q�g�b �i�h �\�b� ̂
�h�i�_�j�Z�p�b�b. �< �j�_�a�m�e�l�Z�l �g�Z �Z�g�Z�e�b�a�Z �k�Z �b�a�]�h�l�\�_�g�b �i�j�_�^�e�h�`�_�g�b�y �a�Z �i�h�^�h�[�j�y�\�Z�g�_ �g�Z �j�Z�[�h�l�Z�l�Z �\ �k�_�j�\�b�a�Z. 

1 �<�t�\�_�^�_�g�b�_ 

�H�k�g�h�\�g�b�l�_ �i�_�j�b�h�^�b �h�l �\�j�_�f�_ �\ �_�l�Z�i�Z �i�j�_�^�b �_�d�k�i�e�h�Z-
�l�Z�p�b�y �g�Z �f�Z�r�b�g�Z�l�Z �k�Z (�N�b�]. 1): �\�j�_�f�_ �g�Z �i�j�h�_�d�l�b�j�Z�g�_, 
�b�a�i�b�l�\�Z�g�_ �b �\�g�_�^�j�y�\�Z�g�_ �\ �i�j�h�b�a�\�h�^�k�l�\�h t1, �\�j�_�f�_ �g�Z 
�b�a�[�h�j �h�l �n�b�j�f�Z�l�Z �_�d�k�i�e�h�Z�l�Z�l�h�j [1]. �I�j�_�a �\�j�_�f�_�l�h �k1 �k�_ 
�i�j�h�\�_�`�^�Z�l �j�_�^�b�p�Z �b�a�k�e�_�^�\�Z�g�b�y �a�Z �h�i�j�_�^�_�e�y�g�_ �g�Z 
�i�h�^�o�h�^�y�s�Z �d�h�g�k�l�j�m�d�p�b�y �g�Z �b�a�^�_�e�b�_�l�h (�Z�\�l�h�f�h�[�b�e�Z), 
�i�j�h�_�d�l�g�Z�l�Z �f�m �g�Z�^�_�`�^�g�h�k�l �b �b�a�k�e�_�^�\�Z�g�b�y �k�\�t�j�a�Z�g�b �k 
�i�h�^�^�t�j�`�Z�g�_�l�h �\ �]�Z�j�Z�g�p�b�h�g�g�b�y �k�j�h�d �g�Z �Z�\�l�h�f�h�[�b�e�Z, 
�b�a�k�e�_�^�\�Z�g�b�y �k�\�t�j�a�Z�g�b �k �i�h�d�Z�a�Z�l�_�e�b�l�_ �g�Z �d�Z�q�_�k�l�\�h �g�Z 
�i�j�h�b�a�\�h�^�k�l�\�h�l�h �g�Z �Z�\�l�h�f�h�[�b�e�Z. 

 

�N�b�]. 1. �I�_�j�b�h�^�b �h�l �\�j�_�f�_ �g�Z �`�b�a�g�_�g�b�y �p�b�d�t�e �g�Z 
�Z�\�l�h�f�h�[�b�e�Z. 

�I�j�_�a �i�_�j�b�h�^�Z t2 �n�b�j�f�Z�l�Z �_�d�k�i�e�h�Z�l�b�j�Z�s�Z �Z�\�l�h�f�h-
�[�b�e�b�l�_ �i�j�Z�\�b �k�\�h�y �b�a�[�h�j �h�l �i�j�_�^�e�h�`�_�g�b�y�l�Z �g�Z �i�Z�a�Z�j�Z. 
�L�h�a�b �b�a�[�h�j �k�_ �i�j�Z�\�b �g�Z �[�Z�a�Z �g�y�d�Z�d�\�b �_�d�k�i�e�h�Z�l�Z�p�b�h�g-
�g�b, �k�m�[�_�d�l�b�\�g�b, �g�Z�^�_�`�^�g�h�k�l�g�b �b �b�d�h�g�h�f�b�q�_�k�d�b �b�a�b�k�d-
�\�Z�g�b�y. �< �_�l�Z�i�Z �g�Z �_�d�k�i�e�h�Z�l�Z�p�b�y �i�h �\�Z�`�g�b�l�_ �i�_�j�b�h�^�b 
�h�l �\�j�_�f�_ �k�Z �\�j�_�f�_ �g�Z �g�h�j�f�Z�e�g�Z �j�Z�[�h�l�Z �[�_�a �g�Z�k�l�t�i�\�Z�g�_ 
�g�Z �h�l�d�Z�a t3, �b �\�j�_�f�_�l�h �a�Z �j�_�f�h�g�l �g�Z �k�e�m�q�Z�c�g�h �\�t�a�g�b�d-
�g�Z�e �h�l�d�Z�a t4. 

�I�j�b �i�h�^�^�t�j�`�Z�g�_�l�h �g�Z �l�j�Z�g�k�i�h�j�l�g�Z �l�_�o�g�b�d�Z �h�k�g�h�\-
�g�Z�l�Z �p�_�e �_ �l�_�o�g�b�q�_�k�d�h�l�h �k�t�k�l�h�y�g�b�_ �g�Z �Z�\�l�h�i�Z�j�d�Z �^�Z �_ 
�\�b�g�Z�]�b �b�a�i�j�Z�\�g�h, �d�Z�l�h �a�Z �p�_�e�l�Z �k�_ �b�a�i�h�e�a�\�Z�l �f�b�g�b�f�Z�e-
�g�b �j�_�k�m�j�k�b. �L�h�\�Z �f�h�`�_ �^�Z �k�_ �i�h�k�l�b�]�g�_ �k �j�Z�a�e�b�q�g�b 
�k�l�j�Z�l�_�]�b�b �b �f�_�l�h�^�b�d�b. �G�Z�c-�k�t�\�j�_�f�_�g�g�b�l�_ �l�_�g�^�_�g�p�b�b 
�i�j�b �i�h�^�^�t�j�`�Z�g�_�l�h �g�Z �l�j�Z�g�k�i�h�j�l�g�Z �l�_�o�g�b�d�Z �_ �j�Z�a�j�Z-
�[�h�l�\�Z�g�_�l�h �b �b�a�i�h�e�a�\�Z�g�_�l�h �g�Z �j�Z�a�e�b�q�g�b �f�_�l�h�^�b �b 
�f�_�l�h�^�b�d�b �a�Z �i�j�h�]�g�h�a�b�j�Z�g�_ �g�Z �b�a�f�_�g�_�g�b�_�l�h �g�Z �l�_�o�g�b-
�q�_�k�d�h�l�h �k�t�k�l�h�y�g�b�_ [2].  

�G�Z�c-�j�Z�a�i�j�h�k�l�j�Z�g�_�g�Z�l�Z �k�l�j�Z�l�_�]�b�y �_ �b�a�i�h�e�a�\�Z�g�_�l�h 
�g�Z �m�k�e�m�]�b�l�_ �g�Z �Z�\�l�h�f�h�[�b�e�_�g �k�_�j�\�b�a, �\�t�g�r�_�g �a�Z �l�j�Z�g-
�k�i�h�j�l�g�Z�l�Z �n�b�j�f�Z (�l.�g. Outsourcing). �G�Z�c-�q�_�k�l�h �b�a�i�h�e-
�a�\�Z�g�b�l�_ �i�j�b�q�b�g�b �a�Z �b�a�i�h�e�a�\�Z�g�_�l�h �g�Z �l�h�a�b �f�_�l�h�^ �k�Z: 
• �H�k�\�h�[�h�`�^�Z�\�Z�g�_ �g�Z �j�_�k�m�j�k�b �a�Z �h�k�g�h�\�g�b�l�_ �^�_�c�g�h�k�l�b 

�g�Z �n�b�j�f�Z�l�Z; 
• �I�h�\�b�r�Z�\�Z�g�_ �g�Z �i�j�h�b�a�\�h�^�b�l�_�e�g�h�k�l�l�Z �b �d�Z�q�_�k�l�\�h�l�h; 
• �K�i�_�k�l�y�\�Z�g�_ �g�Z �n�b�g�Z�g�k�h�\�b �k�j�_�^�k�l�\�Z; 
• �B�a�i�h�e�a�\�Z�g�_ �g�Z �\�t�g�r�g�b �d�h�f�i�_�l�_�g�p�b�b; 
• �I�j�_�o�\�t�j�e�y�g�_ �g�Z �j�b�k�d�h�\�_ [3].  

�:�\�l�h�f�h�[�b�e�g�b�l�_ �k�_�j�\�b�a�b �k�_ �^�_�e�y�l �h�k�g�h�\�g�h �g�Z 
�k�i�_�p�b�Z�e�b�a�b�j�Z�g�b �b �m�g�b�\�_�j�k�Z�e�g�b. �<�k�_�d�b �h�l �^�\�Z�l�Z �\�b�^�Z 
�k�_�j�\�b�a�b �b�f�Z �k�\�h�b�l�_ �i�j�_�^�b�f�k�l�\�Z �b �g�_�^�h�k�l�Z�l�t�p�b. 
�M�g�b�\�_�j�k�Z�e�g�b�l�_ �k�_�j�\�b�a�b �g�Z�c-�q�_�k�l�h �i�h�^�^�t�j�`�Z�l �j�Z�a�e�b�q-
�g�b �\�b�^�h�\�_ �Z�\�l�h�f�h�[�b�e�b �h�l �j�Z�a�e�b�q�g�b �f�Z�j�d�b, �b �b�a�\�t�j�r-
�\�Z�l �j�Z�a�e�b�q�g�b �i�h �\�b� ̂�j�_�f�h�g�l�b. �L�h�\�Z �b�f �^�Z�\�Z �i�h-�r�b�j�h�d 
�d�j�t�] �h�l �i�h�l�_�g�p�b�Z�e�g�b �d�e�b�_�g�l�b. 

�P�_�e�l�Z �g�Z �g�Z�k�l�h�y�s�b�y�l �^�h�d�e�Z�^ �_ �^�Z �k�_ �i�j�_�^�e�h�`�b 
�i�h�k�h�d�Z �a�Z �i�h-�g�Z�l�Z�l�t�r�g�h�l�h �j�Z�a�\�b�l�b�_ �g�Z �_�^�b�g �m�g�b�\�_�j-
�k�Z�e�_�g �k�_�j�\�b�a, �d�Z�l�h �a�Z �i�h�k�l�b�]�Z�g�_�l�h �b �_ �i�j�b�e�h�`�_�g �f�_�l�h�^ 
�a�Z �j�Z�a�j�Z�[�h�l�\�Z�g�_ �g�Z �k�l�j�Z�l�_�]�b�y �a�Z �j�Z�a�\�b�l�b�_ �[�Z�a�b�j�Z�g �g�Z 
�f�_�l�h�^�Z �a�Z �Z�g�Z�e�b�l�b�q�g�h �\�a�_�f�Z�g�_ �g�Z �j�_�r�_�g�b�_. �F�_�l�h�^�t�l 
�\�d�e�x�q�\�Z �k�e�_�^�g�b�l�_ �_�e�_�f�_�g�l�b (�N�b�]. 2). 

�G. �G�c�f�r�`�] �c �?�c�g�c�m�u�k �>�k�i�b�`�], �B�a�k�e�_�^�\�Z�g�_ �^�_�c�g�h�k�l�l�Z �g�Z �m�g�b�\�_�j�k�Z�e�_�g �Z�\�l�h�f�h�[�b�e�_�g �k�_�j�\�b�a 
M. Milchev, and D. Grozev, Studying the work of universal automotive service 
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�N�b�]. 2 �:�g�Z�e�b�l�b�q�_�g �f�_�l�h�^ �a�Z �\�a�_�f�Z�g�_ �g�Z �j�_�r�_�g�b�_ �a�Z 
�k�i�_�p�b�Z�e�b�a�Z�p�b�y �g�Z �k�_�j�\�b�a�Z. 

2 �B�a�e�h�`�_�g�b�_ 

2.1. �:�g�Z�e�b�a �g�Z �k�b�l�m�Z�p�b�y�l�Z 

�< �i�j�Z�d�l�b�d�Z�l�Z �k�e�m�q�Z�c�g�h �\�t�a�g�b�d�g�Z�e�b�y �h�l�d�Z�a �q�_�k�l�h �k�_ 
�h�l�k�l�j�Z�g�y�\�Z �\ �m�g�b�\�_�j�k�Z�e�g�b �k�_�j�\�b�a�b, �\�t�g�r�g�b �a�Z �l�j�Z�g-
�k�i�h�j�l�g�Z�l�Z �n�b�j�f�Z.  

�F�g�h�]�h �q�_�k�l�h �i�j�b �k�t�a�^�Z�\�Z�g�_�l�h �g�Z �_�^�b�g �k�_�j�\�b�a, �\ 
�i�t�j�\�h�g�Z�q�Z�e�g�b�y�l �k�b �\�Z�j�b�Z�g�l �l�h�c �_ �m�g�b�\�_�j�k�Z�e�_�g, �d�Z�l�h �k 
�l�_�q�_�g�b�_ �g�Z �\�j�_�f�_�l�h �f�g�h�]�h �q�_�k�l�h �k�_ �k�i�_�p�b�Z�e�b�a�b�j�Z �i�h 
�^�Z�^�_�g �i�j�b�a�g�Z�d. �G�Z�c-�q�_�k�l�b�l�_ �i�j�b�q�b�g�b �a�Z �l�Z�a�b �l�_�g�^�_�g-
�p�b�y �k�Z: 
• �E�b�i�k�Z�l�Z �g�Z �^�h�k�l�Z�l�t�q�g�h �d�\�Z�e�b�n�b�p�b�j�Z�g �i�_�j�k�h�g�Z�e, �a�Z 

�b�a�\�t�j�r�\�Z�g�_ �g�Z �j�Z�a�e�b�q�g�b �i�h �\�b� ̂�j�_�f�h�g�l�b; 
• �E�b�i�k�Z�l�Z �g�Z �^�h�k�l�Z�l�t�q�g�h �d�\�Z�e�b�n�b�p�b�j�Z�g �i�_�j�k�h�g�Z�e, �a�Z 

�b�a�\�t�j�r�\�Z�g�_ �g�Z �j�_�f�h�g�l�b �g�Z �j�Z�a�e�b�q�g�b �i�h �\�b� ̂�b �f�Z�j�d�Z 
�l�j�Z�g�k�i�h�j�l�g�b �k�j�_�^�k�l�\�Z; 

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

�B�a�k�e�_�^�\�Z�g�b�y�l �k�_�j�\�b�a �k�_ �g�Z�f�b�j�Z �g�Z �l�_�j�b�l�h�j�b�y�l�Z �g�Z 
�]�j. �J�m�k�_ �b �i�j�_�^�k�l�Z�\�e�y�\�Z �F�b�d�j�h �i�j�_�^�i�j�b�y�l�b�_ �k 8 
�k�e�m�`�b�l�_�e�y. �K�l�j�m�d�l�m�j�Z�l�Z �g�Z �m�i�j�Z�\�e�_�g�b�_�l�h �g�Z �n�b�j�f�Z�l�Z 
�b�f�Z �k�e�_�^�g�b�y �\�b� ̂(�n�b�].2): 

 

�N�b�]. 2. �M�i�j�Z�\�e�_�g�k�d�Z �k�l�j�m�d�l�m�j�Z �g�Z �Z�\�l�h�k�_�j�\�b�a�Z. 

�K�h�[�k�l�\�_�g�b�d�t�l/�m�i�j�Z�\�b�l�_�e�y�l �g�Z �k�_�j�\�b�a�Z �h�k�b�]�m�j�y�\�Z 
�Z�^�f�b�g�b�k�l�j�Z�l�b�\�g�h�l�h �m�i�j�Z�\�e�_�g�b�_ �g�Z �^�_�c�g�h�k�l�l�Z, �i�h�_�f�Z 
�h�l�]�h�\�h�j�g�h�k�l�l�Z �d�t�f �d�e�b�_�g�l�b�l�_ �b �h�k�b�]�m�j�y�\�Z �a�^�j�Z�\�h�k�e�h�\-
�g�Z �b �[�_�a�h�i�Z�k�g�Z �j�Z�[�h�l�g�Z �k�j�_�^�Z. �< �a�Z�^�t�e�`�_�g�b�y�l�Z �g�Z 
�g�Z�q�Z�e�g�b�d �k�_�j�\�b�a�Z �k�_ �\�d�e�x�q�\�Z�l �i�j�b�_�f�Z�g�_�l�h �g�Z �Z�\�l�h�f�h-
�[�b�e�b�l�_, �j�Z�a�i�j�_�^�_�e�y�g�_�l�h �g�Z �j�Z�[�h�l�Z�l�Z, �h�k�b�]�m�j�y�\�Z�g�_�l�h �g�Z 
�j�_�a�_�j�\�g�b �q�Z�k�l�b �b �d�h�g�k�m�f�Z�l�b�\�b �b �d�h�g�l�j�h�e�b�j�Z �d�Z�q�_�k�l-
�\�h�l�h �g�Z �b�a�\�t�j�r�\�Z�g�b�l�_ �j�_�f�h�g�l�b. �I�_�l�b�f�Z�l�Z �f�_�o�Z�g�b�p�b 
�b�a�\�t�j�r�\�Z�l �j�_�f�h�g�l�b�l�_ �b �h�[�k�e�m�`�\�Z�g�b�y�l�Z. 

�I�h�d�Z�a�Z�g�Z�l�Z �k�l�j�m�d�l�m�j�Z �g�Z �k�_�j�\�b�a�Z �_ �d�h�f�i�Z�d�l�g�Z, �d�h�_-
�l�h �i�j�_�^�i�h�e�Z�]�Z �e�_�k�g�h �m�i�j�Z�\�e�_�g�b�_ �b �[�t�j�a�h �\�a�Z�b�f�h�^�_�c-
�k�l�\�b�_ �f�_�`�^�m �h�l�^�_�e�g�b�l�_ �a�\�_�g�Z, �i�j�Z�\�_�c�d�b �k�_�j�\�b�a�Z �e�_�k�g�h 
�i�j�b�k�i�h�k�h�[�y�\�Z�s �k�_ �d�t�f �i�Z�a�Z�j�Z �g�Z �k�_�j�\�b�a�g�b �m�k�e�m�]�b. 

�K�_�j�\�b�a�t�l �k�_ �a�Z�g�b�f�Z�\�Z �k �j�_�f�h�g�l�g�Z �e�_�d�b �b �l�h�\�Z�j�g�b 
�Z�\�l�h�f�h�[�b�e�b �h�l �j�Z�a�e�b�q�g�b �f�Z�j�d�b, �d�Z�l�h �i�j�_�^�e�Z�]�Z�g�b�l�_ 
�m�k�e�m�]�b �\�d�e�x�q�\�Z�l �h�[�k�e�m�`�\�Z�g�_�l�h �b �j�_�f�h�g�l�Z �g�Z �\�k�b�q�d�b 
�k�b�k�l�_�f�b �g�Z �Z�\�l�h�f�h�[�b�e�Z. �I�j�h�b�a�\�h�^�k�l�\�_�g�Z�l�Z �i�j�h�]�j�Z�f�Z 
�k�_ �b�a�i�t�e�g�y�\�Z �\ �k�h�[�k�l�\�_�g�Z �k�]�j�Z�^�Z, �d�h�y�l�h �j�Z�a�i�h�e�Z�]�Z �k 5 
�j�Z�[�h�l�g�b �i�h�k�l�Z. 

�G�Z�i�j�Z�\�_�g�h �_ �b�a�k�e�_�^�\�Z�g�_ �g�Z �j�Z�[�h�l�Z�l�Z �g�Z �k�_�j�\�b�a�Z �a�Z 
�i�_�j�b�h�^ �h�l �_�^�g�Z �]�h�^�b�g�Z. �B�a�k�e�_�^�\�Z�g�b�l�_ �i�h�d�Z�a�Z�l�_�e�b �k�Z 
�[�j�h�c �g�Z �i�h�k�l�t�i�\�Z�s�b�l�_ �Z�\�l�h�f�h�[�b�e�b, �j�Z�a�i�j�_�^�_�e�_�g�b�_�l�h 
�b�f �i�h �\�b� ̂ �b �f�Z�j�d�Z, �\�t�a�j�Z�k�l�l�Z �g�Z �Z�\�l�h�f�h�[�b�e�b�l�_ �b 
�\�b�^�h�\�_�l�_ �b�a�\�t�j�r�_�g�b �j�_�f�h�g�l�b.  

�K�j�_�^�g�b�y �[�j�h�c �a�Z �f�_�k�_�p �g�Z �i�h�k�l�t�i�\�Z�s�b�l�_ �Z�\�l�h�f�h-
�[�b�e�b �a�Z �b�a�k�e�_�^�\�Z�g�b�y �i�_�j�b�h�^ �_ 147 (�N�b�]. 3). �H�l �n�b�]�m-
�j�Z�l�Z �k�_ �\�b�`�^�Z, �q�_ �h�k�g�h�\�g�h�l�h �g�Z�l�h�\�Z�j�\�Z�g�_ �g�Z �k�_�j�\�b�a�Z �_ 
�\ �i�_�j�b�h�^�Z �f�_�`�^�m �f�Z�j�l �b �k�_�i�l�_�f�\�j�b. �K�j�_�^�g�b�y �[�j�h�c �\ 
�l�h�a�b �i�_�j�b�h�^ �_ 167 �[�j�h�y. �G�Z�c-�g�Z�l�h�\�Z�j�_�g�b �k�Z �f�_�k�_�p�b�l�_ 
�x�e�b �b �Z�\�]�m�k�l, �d�Z�l�h �[�j�h�y �g�Z �i�h�k�l�t�i�b�e�b�l�_ �Z�\�l�h�f�h�[�b�e 
�^�h�k�l�b�]�Z 184 (25% �g�Z�^ �k�j�_�^�g�b�y �[�j�h�c �a�Z �i�_�j�b�h�^�Z). �L�h�a�b 
�i�b�d �k�_ �^�t�j�`�b �g�Z �l�h�\�Z, �q�_ �i�j�_�a �l�_�a�b �f�_�k�_�p�b �Z�\�l�h�f�h�[�b-
�e�b�l�_ �k�_ �b�a�i�h�e�a�\�Z�l �b�g�l�_�g�a�b�\�g�h �i�j�b �\�b�k�h�d�b �l�_�f�i�_�j�Z-
�l�m�j�b, �d�h�_�l�h �^�h�\�_�`�^�Z �^�h �i�h�\�_�q�_ �h�l�d�Z�a�b. �>�j�m�]�Z �i�j�b�q�b�g�Z 
�_ �i�h�^�]�h�l�h�\�d�Z�l�Z �g�Z �Z�\�l�h�f�h�[�b�e�b�l�_ �a�Z �i�t�l�m�\�Z�g�b�y�l�Z 
�k�\�t�j�a�Z�g�b �k �e�_�l�g�b�l�_ �h�l�i�m�k�d�b.  

�G�Z�c-�f�Z�e�d�h �j�_�f�h�g�l�b �k�_ �b�a�\�t�j�r�\�Z�l �i�j�_�a �f�_�k�_�p 
�n�_�\�j�m�Z�j�b (108 �[�j�h�y). �I�j�b�q�b�g�Z �a�Z �l�h�\�Z, �_ �q�_ �i�j�_�a �l�h�a�b 
�f�_�k�_�p �i�h�j�Z�^�b �m�k�e�h�`�g�_�g�Z�l�Z �i�t�l�g�Z �h�[�k�l�Z�g�h�\�d�Z, �b 
�e�b�i�k�Z�l�Z �g�Z �j�_�f�h�g�l�b �\ �d�e�b�f�Z�l�b�q�g�Z�l�Z �k�b�k�l�_�f�Z �g�Z 
�Z�\�l�h�f�h�[�b�e�b�l�_ (�n�b�]. 3). 

 

�N�b�]. 3. �J�Z�a�i�j�_�^�_�e�_�g�b�_ �g�Z �[�j�h�y �i�h�k�l�t�i�b�e�b �Z�\�l�h�f�h�[�b�e�b �a�Z 
�b�a�k�e�_�^�\�Z�g�b�y �i�_�j�b�h�^. 

�G�Z �N�b�]. 4 �_ �i�h�d�Z�a�Z�g�h �j�Z�a�i�j�_�^�_�e�_�g�b�_�l�h �g�Z �\�b�^�h�\�_�l�_ 
�j�_�f�h�g�l�b �b�a�\�t�j�r�_�g�b �\ �k�_�j�\�b�a�Z �a�Z �b�a�k�e�_�^�\�Z�g�b�y �i�_�j�b�h�^.  

�B�a�k�e�_�^�\�Z�g�_�l�h �i�h�d�Z�a�\�Z, �q�_ �g�Z�c-�]�h�e�y�f �^�y�e �h�l �b�a�\�t�j-
�r�_�g�b�l�_ �j�_�f�h�g�l�b �b�f�Z �d�e�b�f�Z�l�b�q�g�Z�l�Z �k�b�k�l�_�f�Z (35%). 
�I�j�b�q�b�g�Z �a�Z �l�h�\�Z �_, �q�_ �q�Z�k�l �h�l �k�i�_�p�b�Z�e�b�k�l�b�l�_ �j�Z�[�h�l�_�s�b 
�\ �k�_�j�\�b�a�Z �k�Z �k �\�b�k�h�d�Z �d�\�Z�e�b�n�b�d�Z�p�b�y �\ �h�[�e�Z�k�l�l�Z �g�Z 
�d�e�b�f�Z�l�b�q�g�Z�l�Z �b �o�e�Z�^�b�e�g�Z�l�Z �l�_�o�g�b�d�Z. �L�h�\�Z �\�h�^�b �^�h 
�\�b�k�h�d�h �d�Z�q�_�k�l�\�h �g�Z �j�_�f�h�g�l�b �g�Z �l�Z�a�b �k�b�k�l�_�f�Z �\ 
�Z�\�l�h�f�h�[�b�e�b�l�_. �L�h�a�b �n�Z�d�l �_ �g�Z�i�j�Z�\�b�e �k�_�j�\�b�a�Z �i�h�i�m�e�y-
�j�_�g �\ �h�[�e�Z�k�l�l�Z �g�Z �l�h�a�b �\�b� ̂�j�_�f�h�g�l�b. 

�O�h�^�h�\�Z�l�Z �b �k�i�b�j�Z�q�g�Z�l�Z �k�b�k�l�_�f�b �k�Z �k�t�s�h �k �\�b�k�h�d 
�^�y�e �i�j�b �b�a�\�t�j�r�_�g�b�l�_ �j�_�f�h�g�l�b �\ �k�_�j�\�b�a�Z (10% �a�Z 
�k�i�b�j�Z�q�g�Z�l�Z �k�b�k�l�_�f�Z �b 16% �a�Z �o�h�^�h�\�Z �k�b�k�l�_�f�Z). �L�h�\�Z �k�_ 
�h�[�m�k�e�Z�\�y �h�l �k�t�k�l�h�y�g�b�_�l�h �g�Z �b�g�n�j�Z�k�l�j�m�d�l�m�j�Z�l�Z �\ 
�;�t�e�]�Z�j�b�y, �\�h�^�_�s�Z �^�h �q�_�k�l�b�l�_ �h�l�d�Z�a�b �g�Z �l�_�a�b �k�b�k�l�_�f�b.  
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�N�b�]. 4. �<�b�^�h�\�_ �j�_�f�h�g�l�b �b�a�\�t�j�r�_�g�b �\ �k�_�j�\�b�a�Z �a�Z 
�b�a�k�e�_�^�\�Z�g�b�y �i�_�j�b�h�^. 

�I�j�Z�\�b �\�i�_�q�Z�l�e�_�g�b�_ �f�Z�e�d�b�y �^�y�e �g�Z �b�a�\�t�j�r�_�g�b�l�_ 
�l�_�o�g�b�q�_�k�d�b �h�[�k�e�m�`�\�Z�g�b�y. �L�h�\�Z �i�h�d�Z�a�\�Z, �q�_ �k�_�j�\�b�a�Z �_ 
�l�t�j�k�_�g �i�j�_�^�b�f�g�h �a�Z �b�a�\�t�j�r�\�Z�g�_ �g�Z �j�_�f�h�g�l�b. �H�k�g�h�\-
�g�Z�l�Z �i�j�b�q�b�g�Z �_, �q�_ �]�h�e�y�f�Z �q�Z�k�l �h�l �\�h�^�Z�q�b�l�_ �g�_ �k�i�Z�a�\�Z�l 
�i�j�_�i�h�j�t�q�Z�g�b�l�_ �h�l �i�j�h�b�a�\�h�^�b�l�_�e�y �j�_�`�b�f�b �g�Z �l�_�o�g�b-
�q�_�k�d�h �h�[�k�e�m�`�\�Z�g�_ �b/�b�e�b �i�j�_�^�i�h�q�b�l�Z�l �^�Z �]�h �b�a�\�t�j�r�\�Z�l 
�\ �^�j�m�]�b �k�_�j�\�b�a�b. 

�I�h�e�h�\�b�g�Z�l�Z �h�l �Z�\�l�h�f�h�[�b�e�b�l�_ �i�h�e�a�\�Z�s�b �m�k�e�m�]�b�l�_ 
�g�Z �k�_�j�\�b�a�Z �k�Z �g�Z �\�t�a�j�Z�k�l �h�l 16 �^�h 20 �]�h�^�b�g�b – �N�b�]. 5. 
�L�h�\�Z �k�_ �h�[�m�k�e�Z�\�y �h�l �\�b�k�h�d�Z�l�Z �k�j�_�^�g�Z �\�t�a�j�Z�k�l �g�Z 
�Z�\�l�h�i�Z�j�d�Z �\ �;�t�e�]�Z�j�b�y �b �g�b�k�d�Z�l�Z �i�h�d�m�i�Z�l�_�e�g�Z 
�k�i�h�k�h�[�g�h�k�l �g�Z �[�t�e�]�Z�j�b�g�Z. �K�j�_�^�g�Z�l�Z �\�t�a�j�Z�k�l �g�Z 
�Z�\�l�h�i�Z�j�d�Z �\ �;�t�e�]�Z�j�b�y �_ 20 �]�h�^�b�g�b, �Z �\�k�y�d�Z �]�h�^�b�g�Z �k�_ 
�j�_�]�b�k�l�j�b�j�Z�l �g�Z�^ 260 000 �d�h�e�b �\�l�h�j�Z �j�t�d�Z, �\�g�h�k �h�l 
�?�\�j�h�i�Z. [4]. �B�a�k�e�_�^�\�Z�g�_�l�h �i�h�d�Z�a�\�Z, �q�_ �g�Z �i�j�Z�d�l�b�d�Z 
�d�e�b�_�g�l�b�l�_ �g�Z �k�_�j�\�b�a�Z �g�_ �_�d�k�i�e�h�Z�l�b�j�Z�l �Z�\�l�h�f�h�[�b�e�b �g�Z 
�\�t�a�j�Z�k�l �g�Z�^ 25 �]�h�^�b�g�b. �:�\�l�h�f�h�[�b�e�b�l�_ �g�Z �\�t�a�j�Z�k�l �^�h 5 
�]�h�^�b�g�b �b�f�Z�l �f�Z�e�t�d �^�y�e, �d�h�_�l�h �k�e�_�^�\�Z �h�l �n�Z�d�l�Z, �q�_ �l�Z�a�b 
�]�j�m�i�Z �Z�\�l�h�f�h�[�b�e�b �k�_ �i�h�^�^�t�j�`�Z�l �b �j�_�f�h�g�l�b�j�Z�l �h�l 
�k�i�_�p�b�Z�e�b�a�b�j�Z�g�b �]�Z�j�Z�g�p�b�h�g�g�b �k�_�j�\�b�a�b. �:�\�l�h�f�h�[�b�e�b�l�_ 
�g�Z �\�t�a�j�Z�k�l �h�l 6 �^�h 15 �]�h�^�b�g�b �k�t�s�h �b�f�Z�l �f�Z�e�t�d �^�y�e 
�i�h�j�Z�^�b �g�b�k�d�Z�l�Z �b�g�l�_�g�a�b�\�g�h�k�l �g�Z �h�l�d�Z�a�b�l�_.  

 

�N�b�]. 5. �J�Z�a�i�j�_�^�_�e�_�g�b�_ �g�Z �i�h�k�l�t�i�b�e�b�l�_ �Z�\�l�h�f�h�[�b�e�b �i�h 
�\�t�a�j�Z�k�l �a�Z �b�a�k�e�_�^�\�Z�g�b�y �i�_�j�b�h�^. 

�< �b�a�k�e�_�^�\�Z�g�b�y�l �k�_�j�\�b�a �k�_ �i�h�^�t�j�`�Z�l �d�Z�d�l�h �e�_�d�b 
�l�Z�d�Z �b �l�h�\�Z�j�g�b �Z�\�l�h�f�h�[�b�e�b. �G�Z�c-�]�h�e�y�f �^�y�e �b�f�Z�l 
�e�_�d�b�l�_ �Z�\�l�h�f�h�[�b�e�b (86% �h�l �h�[�s�b�y �[�j�h�c). �G�Z�c-�q�_�k�l�h 
�k�_�j�\�b�a�Z �k�_ �i�h�k�_�s�Z�\�Z �h�l �Z�\�l�h�f�h�[�b�e�b �h�l �f�Z�j�d�Z�l�Z VW 
(16%) (�N�b�]. 6), �l�t�c �d�Z�l�h �l�h�\�Z �_ �_�^�g�Z �h�l �i�j�_�^�i�h�q�b�l�Z�g�b-
�l�_ �f�Z�j�d�b �g�Z �[�t�e�]�Z�j�b�g�Z [5]. �K�t�s�Z�l�Z �_ �b �i�j�b�q�b�g�Z�l�Z 
�\�l�h�j�b�l�_ �g�Z�c-�q�_�k�l�h �i�h�k�_�s�Z�\�Z�s�b �Z�\�l�h�f�h�[�b�e�b �^�Z �k�Z �h�l 
�f�Z�j�d�Z�l�Z �F�_�j�p�_�^�_�k (14%). �H�k�l�Z�g�Z�e�b�l�_ �f�Z�j�d�b �Z�\�l�h�f�h-
�[�b�e�b �k�Z �j�Z�a�i�j�_�^�_�e�_�g�b �f�_�`�^�m 2 �b 9 %, �k�e�_�^�h�\�Z�l�_�e�g�h 

�d�e�b�_�g�l�b�l�_ �g�Z �k�_�j�\�b�a�Z �i�j�_�^�i�h�q�b�l�Z�l �g�_�f�k�d�b�l�_ 
�Z�\�l�h�f�h�[�b�e�b. �K�t�s�_�k�l�\�_�g �^�y�e �b�f�Z�l �b �Z�\�l�h�f�h�[�b�e�b�l�_ �h�l 
�f�Z�j�d�b�l�_ Renault (6%) �b Peugeot (9%), �d�h�_�l�h �i�h�d�Z�a�\�Z, 
�q�_ �k�_�j�\�b�a�Z �f�h�`�_ �^�Z �k�i�_�p�b�Z�e�b�a�b�j�Z �\ �i�h�^�^�t�j�`�Z�g�_�l�h �b �g�Z 
�l�Z�a�b �]�j�m�i�Z. �L�h�\�Z �h�[�m�k�e�Z�\�y �b�g�\�_�k�l�b�p�b�b �\ �h�[�e�Z�k�l�l�Z �g�Z 
�k�i�_�p�b�Z�e�b�a�b�j�Z�g�b �b�g�k�l�j�m�f�_�g�l �b �^�b�Z�]�g�h�k�l�b�q�g�Z �Z�i�j�_�l�m�j�Z 
�a�Z �i�h�k�h�q�_�g�b�l�_ �f�Z�j�d�b �Z�\�l�h�f�h�[�b�e�b.  

�=�j�m�i�Z�l�Z �^�j�m�]�b �\�d�e�x�q�\�Z �Z�\�l�h�f�h�[�b�e�b, �d�h�b�l�h �i�h�k�_-
�s�Z�\�Z�l �k�_�j�\�b�a�Z �f�g�h�]�h �j�y�^�d�h (�_�^�b�g – �^�\�Z �[�j�h�y �]�h�^�b�r�g�h). 

 

�N�b�]. 6. �J�Z�a�i�j�_�^�_�e�_�g�b�_ �g�Z �i�h�k�l�t�i�b�e�b�l�_ �e�_�d�b �Z�\�l�h�f�h�[�b�e�b �i�h 
�f�Z�j�d�b. 

�D�e�b�_�g�l�b�l�_, �k�h�[�k�l�\�_�g�b�p�b �g�Z �l�h�\�Z�j�g�b �Z�\�l�h�f�h�[�b�e�b, 
�i�h�k�_�s�Z�\�Z�s�b �h�k�g�h�\�g�h �k�_�j�\�b�a�Z �k�Z �H�[�s�b�g�Z �J�m�k�_ �b �l�_�a�b 
�i�j�_�f�b�g�Z�\�Z�s�b �i�j�_�a �=�D�I�I �J�m�k�_-�>�m�g�Z�\ �f�h�k�l.  

�J�Z�a�i�j�_�^�_�e�_�g�b�_�l�h �g�Z �l�h�\�Z�j�g�b�l�_ �Z�\�l�h�f�h�[�b�e�b �i�h 
�f�Z�j�d�b �_ �i�h�d�Z�a�Z�g�h �g�Z �N�b�]. 7. �G�Z�[�e�x�^�Z�\�Z �k�_ �i�h�^�h�[�g�Z 
�l�_�g�^�_�g�p�b�y �g�Z �b�a�\�t�j�r�\�Z�g�_ �j�_�f�h�g�l�b �g�Z �i�j�_�^�b�f�g�h 
�g�_�f�k�d�b �l�h�\�Z�j�g�b �Z�\�l�h�f�h�[�b�e�b (�F�_�j�p�_�^�_�k, �>�Z�n �b �F�Z�g). 
�Y�k�g�h �k�_ �\�b�`�^�Z, �q�_ �d�e�b�_�g�l�b�l�_ �g�Z �k�_�j�\�b�a�Z �i�j�_�^�i�h�q�b�l�Z�l 
�l�h�\�Z�j�g�b �Z�\�l�h�f�h�[�b�e�b �i�j�h�b�a�\�_�^�_�g�b �\ �=�_�j�f�Z�g�b�y.  

�G�Z�c-�\�b�k�h�d �^�y�e �b�f�Z�l �l�h�\�Z�j�g�b�l�_ �Z�\�l�h�f�h�[�b�e�b, �h�l 
�f�Z�j�d�Z�l�Z IVECO (32%), �l�h�\�Z �k�_ �h�[�m�k�e�Z�\�y �h�l �]�h�e�_�f�b�y�l 
�[�j�h�c �_�d�k�i�e�h�Z�l�b�j�Z�g�b �Z�\�l�h�f�h�[�b�e�b �h�l �l�j�Z�g�k�i�h�j�l�g�b�l�_ 
�n�b�j�f�b, �d�e�b�_�g�l�b �g�Z �k�_�j�\�b�a�Z. �I�j�b�q�b�g�Z �a�Z �l�h�a�b �n�Z�d�l �_ 
�k�d�e�x�q�_�g�b�l�_ �^�h�]�h�\�h�j�b �k �l�j�Z�g�k�i�h�j�l�g�b�l�_ �n�b�j�f�b �a�Z 
�Z�[�h�g�Z�f�_�g�l�g�Z �i�h�^�^�j�t�`�d�Z �b �g�b�k�d�Z�l�Z �g�Z�^�_�`�^�g�h�k�l �g�Z 
�d�e�b�f�Z�l�b�q�g�Z�l�Z �k�b�k�l�_�f�Z �g�Z �Z�\�l�h�f�h�[�b�e�b�l�_ �h�l �f�Z�j�d�Z�l�Z 
IVECO. 

�<�l�h�j�b�l�_ �g�Z�c-�q�_�k�l�h �j�_�f�h�g�l�b�j�Z�g�b �l�h�\�Z�j�g�b �Z�\�l�h�f�h-
�[�b�e�b �k�Z �h�l �f�Z�j�d�Z�l�Z MERCEDES (23%). �I�h-�f�Z�e�d�b�y�l �b�f 
�^�y�e �k�_ �^�t�e�`�b �h�k�g�h�\�g�h �g�Z �i�h-�\�b�k�h�d�Z�l�Z �b�f �i�j�h�^�Z�`�g�Z 
�k�l�h�c�g�h�k�l �h�l �l�Z�a�b �g�Z IVECO. 

 

�N�b�]. 7. �J�Z�a�i�j�_�^�_�e�_�g�b�_ �g�Z �[�j�h�y �i�h�k�l�t�i�b�e�b �l�h�\�Z�j�g�b 
�Z�\�l�h�f�h�[�b�e�b �i�h �f�Z�j�d�b. 
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�I�j�b �b�a�k�e�_�^�\�Z�g�_�l�h �g�Z �^�_�c�g�h�k�l�l�Z �i�h �b�a�\�t�j�r�\�Z�g�_ �g�Z 
�j�_�f�h�g�l�b �g�Z �l�h�\�Z�j�g�b �Z�\�l�h�f�h�[�b�e�b �\ �k�_�j�\�b�a�Z �k�_ �m�k�l�Z�g�h�\�b 
(�N�b�]. 8), �q�_ �g�Z�c-�]�h�e�y�f �^�y�e �h�l �j�_�f�h�g�l�b�l�_ �k�_ �i�Z�^�Z �g�Z 
�d�e�b�f�Z�l�b�q�g�Z�l�Z �k�b�k�l�_�f�Z (50%). �L�h�a�b �j�_�f�h�g�l �k�_ �b�a�\�t�j�r-
�\�Z �g�Z �l�h�\�Z�j�g�b�l�_ �Z�\�l�h�f�h�[�b�e�b �i�j�_�f�b�g�Z�\�Z�s�b �i�j�_�a �=�D�I�I 
�J�m�k�_-�>�m�g�Z�\ �f�h�k�l, �l�h�_�k�l �l�h�\�Z �k�Z �k�e�m�q�Z�c�g�b �d�e�b�_�g�l�b.  

 

�N�b�]. 8. �J�Z�a�i�j�_�^�_�e�_�g�b�_ �g�Z �\�b�^�h�\�_�l�_ �j�_�f�h�g�l�b �g�Z �l�h�\�Z�j�g�b�l�_ 
�Z�\�l�h�f�h�[�b�e�b �i�h�k�l�t�i�b�e�b �\ �k�_�j�\�b�a�Z. 

�G�Z�c-�j�_�^�h�\�g�b�y�l �d�e�b�_�g�l �g�Z �k�_�j�\�b�a�Z �_ �H�[�s�b�g�Z �J�m�k�_. 
�L�y �j�Z�a�i�h�e�Z�]�Z �k �l�h�\�Z�j�g�b �Z�\�l�h�f�[�b�e�b �[�_�a �d�e�b�f�Z�l�b�q�g�Z 
�k�_�k�l�_�f�Z �b �h�k�l�Z�g�Z�e�b�l�_ �\�b�^�h�\�_ �j�_�f�h�g�l�b �k�_ �b�a�\�t�j�r�\�Z�l �g�Z 
�l�_�a�b �i�j�_�\�h�a�g�b �k�j�_�^�k�l�\�Z.  

2.2. �N�Z�d�l�h�j�b �h�k�b�]�m�j�y�\�Z�s�b 
�d�h�g�d�m�j�_�g�l�h�k�i�h�k�h�[�g�h�k�l 

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

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

�l�t�q�g�Z �p�_�g�Z, �l�Z�d�Z �q�_ �^�Z �i�h�d�j�b�y�l �\�e�h�`�_�g�b�l�_ �\�j�_�f�_, 
�l�j�m�^ �b �n�b�g�Z�g�k�h�\�b �k�j�_�^�k�l�\�Z. 

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

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

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

�j�_�f�h�g�l �g�Z �d�e�b�f�Z�l�b�q�g�Z �k�b�k�l�_�f�Z �\ �Z�f�l�h�f�h�[�b�e�b�l�_. 

2.3. �O�Z�j�Z�d�l�_�j�b�k�l�b�d�Z �g�Z �k�m�[�_�d�l�b�l�_ �g�Z �i�Z�a�Z�j�Z 

�K�i�h�j�_�^ �h�g�e�Z�c�g �[�b�a�g�_�k �d�Z�l�Z�e�h�]�Z „bussines.bg“ �\ 
�]�j�Z� ̂�J�m�k�_ �k�t�s�_�k�l�\�m�\�Z�l 30 �k�_�j�\�b�a�Z [6]. �K�i�h�j�_�^ �k�t�[�j�Z-
�g�Z�l�Z �b�g�n�h�j�f�Z�p�b�y �a�Z �^�_�c�g�h�k�l�l�Z �g�Z �l�_�a�b �k�_�j�\�b�a�b, �k 
�j�_�f�h�g�l�b �g�Z �d�e�b�f�Z�l�b�q�g�Z �k�b�k�l�_�f�Z �\ �e�_�d�b�y �Z�\�l�h�f�h�[�b�e, 
�b�a�\�t�j�r�\�Z�l �k�Z�f�h �^�\�Z, �_�^�b�g�b�y�l �h�l �d�h�b�l�h �_ �b�a�k�e�_�^�\�Z�g�b�y. 
�J�_�f�h�g�l�b �g�Z �o�e�Z�^�b�e�g�b �Z�]�j�_�]�Z�l�b, �\�]�j�Z�`�^�Z�g�b �\ �l�h�\�Z�j�g�b-
�l�_ �Z�\�l�h�f�h�[�b�e�b, �b�a�\�t�j�r�\�Z �k�Z�f�h �_�^�b�g �k�_�j�\�b�a – �b�a�k�e�_�^-
�\�Z�g�b�y, �k�e�_�^�h�\�Z�l�_�e�g�h �i�j�b �j�_�f�h�g�l�b�l�_ �g�Z �d�e�b�f�Z�l�b�q�g�Z �b 
�o�e�Z�^�b�e�g�Z �k�b�k�l�_�f�b �\ �l�h�\�Z�j�g�b�l�_ �Z�\�l�h�f�h�[�b�e�b �b�f�Z �k�e�Z�[�Z 
�d�h�g�d�m�j�_�g�p�b�y, �d�h�_�l�h �h�i�j�Z�\�^�Z�\�Z �k�i�_�p�b�Z�e�b�a�b�j�Z�g�_�l�h �g�Z 
�b�a�k�e�_�^�\�Z�g�b�y �k�_�j�\�b�a �\ �l�h�a�b �\�b� ̂�j�_�f�h�g�l�b. 

3 �A�Z�d�e�x�q�_�g�b�_ 

�I�h�d�Z�a�Z�g�Z�l�Z �k�l�j�m�d�l�m�j�Z �g�Z �k�_�j�\�b�a�Z �_ �d�h�f�i�Z�d�l�g�Z, �d�h�_�l�h 
�i�j�_�^�i�h�e�Z�]�Z �e�_�k�g�h �m�i�j�Z�\�e�_�g�b�_ �b �[�t�j�a�h �\�a�Z�b�f�h�^�_�c�k�l�\�b�_ 
�f�_�`�^�m �h�l�^�_�e�g�b�l�_ �a�\�_�g�Z, �i�j�Z�\�_�c�d�b �k�_�j�\�b�a�Z �e�_�k�g�h �i�j�b-
�k�i�h�k�h�[�y�\�Z�s �k�_ �d�t�f �i�Z�a�Z�j�Z �g�Z �k�_�j�\�b�a�g�b �m�k�e�m�]�b. 

�J�_�a�m�e�l�Z�l�b�l�_ �h�l �j�Z�[�h�l�Z�l�Z �g�Z �k�_�j�\�b�a�Z �i�h�d�Z�a�\�Z�l, �q�_ 
�k�j�_�^�g�b�y �[�j�h�c �g�Z �i�h�k�l�t�i�\�Z�s�b�l�_ �Z�\�l�h�f�h�[�b�e�b �a�Z �b�a�k�e�_�^-
�\�Z�g�b�y �i�_�j�b�h�^ �_ 147 �[�j�h�y. �G�Z�c-�f�g�h�]�h �j�_�f�h�g�l�b �k�_ 
�b�a�\�t�j�r�\�Z�l �i�j�_�a �f�_�k�_�p �x�e�b-�Z�\�]�m�k�l (184 �[�j.), �d�Z�l�h �l�h�\�Z 
�g�Z�j�Z�k�l�\�Z�g�_ �\�t�a�e�b�a�Z �g�Z 25% �k�j�_�^�g�b�y �[�j�h�c. 

�B�a�k�e�_�^�\�Z�g�_�l�h �i�h�d�Z�a�\�Z, �q�_ �g�Z�c-�]�h�e�y�f �^�y�e �h�l �b�a�\�t�j-
�r�_�g�b�l�_ �j�_�f�h�g�l�b �b�f�Z�l �j�_�f�h�g�l�b�l�_ �g�Z �d�e�b�f�Z�l�b�q�g�Z�l�Z 
�k�b�k�l�_�f�Z (35%). �I�j�b�q�b�g�Z �a�Z �l�h�\�Z �_, �q�_ �q�Z�k�l �h�l �k�i�_�p�b�Z-
�e�b�k�l�b�l�_ �j�Z�[�h�l�_�s�b �\ �k�_�j�\�b�a�Z �k�Z �k �\�b�k�h�d�Z �d�\�Z�e�b�n�b�d�Z�p�b�y 
�\ �h�[�e�Z�k�l�l�Z �g�Z �d�e�b�f�Z�l�b�q�g�Z�l�Z �b �o�e�Z�^�b�e�g�Z�l�Z �l�_�o�g�b�d�Z. 

�I�h�e�h�\�b�g�Z�l�Z �h�l �Z�\�l�h�f�h�[�b�e�b�l�_ �i�h�e�a�\�Z�s�b �m�k�e�m�]�b�l�_ 
�g�Z �k�_�j�\�b�a�Z �k�Z �g�Z �\�t�a�j�Z�k�l �h�l 16 �^�h 20 �]�h�^�b�g�b. �L�h�\�Z �k�_ 
�h�[�m�k�e�Z�\�y �h�l �\�b�k�h�d�Z�l�Z �k�j�_�^�g�Z �\�t�a�j�Z�k�l �g�Z �Z�\�l�h�i�Z�j�d�Z �\ 
�;�t�e�]�Z�j�b�y �b �g�b�k�d�Z�l�Z �i�h�d�m�i�Z�l�_�e�g�Z �k�i�h�k�h�[�g�h�k�l �g�Z �[�t�e�]�Z-
�j�b�g�Z. �B�a�k�e�_�^�\�Z�g�_�l�h �i�h�d�Z�a�\�Z, �q�_ �g�Z �i�j�Z�d�l�b�d�Z �d�e�b�_�g�l�b�l�_ 
�g�Z �k�_�j�\�b�a�Z �g�_ �_�d�k�i�e�h�Z�l�b�j�Z�l �Z�\�l�h�f�h�[�b�e�b �g�Z �\�t�a�j�Z�k�l �g�Z�^ 
25 �]�h�^�b�g�b. 

�G�Z�c-�]�h�e�y�f �^�y�e �h�l �j�_�f�h�g�l�b�l�_ �b�f�Z�l �e�_�d�b�l�_ �Z�\�l�h�f�h-
�[�b�e�b (86% �h�l �h�[�s�b�y �[�j�h�c). �G�Z�c-�q�_�k�l�h �k�_�j�\�b�a�Z �k�_ 
�i�h�k�_�s�Z�\�Z �h�l �Z�\�l�h�f�h�[�b�e�b �h�l �f�Z�j�d�Z�l�Z VW (16%), �\�l�h�j�b-
�l�_ �g�Z�c-�q�_�k�l�h �i�h�k�_�s�Z�\�Z�s�b �k�_�j�\�b�a�Z �Z�\�l�h�f�h�[�b�e�b �^�Z �k�Z �h�l 
�f�Z�j�d�Z�l�Z �F�_�j�p�_�^�_�k (14%). �H�k�l�Z�g�Z�e�b�l�_ �f�Z�j�d�b �Z�\�l�h�f�h-
�[�b�e�b �k�Z �j�Z�a�i�j�_�^�_�e�_�g�b �f�_�`�^�m 2 �b 9 %, �k�e�_�^�h�\�Z�l�_�e�g�h 
�d�e�b�_�g�l�b�l�_ �g�Z �k�_�j�\�b�a�Z �i�j�_�^�i�h�q�b�l�Z�l �g�_�f�k�d�b�l�_ �Z�\�l�h�f�h-
�[�b�e�b. 

�K�t�s�_�k�l�\�_�g �^�y�e �b�f�Z�l �b �Z�\�l�h�f�h�[�b�e�b�l�_ �h�l �f�Z�j�d�b�l�_ 
Renault (6%) �b Peugeot (9%), �d�h�_�l�h �i�h�d�Z�a�\�Z, �q�_ �k�_�j�\�b�a�Z 
�f�h�`�_ �^�Z �k�i�_�p�b�Z�e�b�a�b�j�Z �\ �i�h�^�^�t�j�`�Z�g�_�l�h �b �g�Z �l�Z�a�b 
�]�j�m�i�Z. �L�h�\�Z �h�[�m�k�e�Z�\�y �b�g�\�_�k�l�b�p�b�b �\ �h�[�e�Z�k�l�l�Z �g�Z �k�i�_�p�b-
�Z�e�b�a�b�j�Z�g�b �b�g�k�l�j�m�f�_�g�l �b �^�b�Z�]�g�h�k�l�b�q�g�Z �Z�i�Z�j�Z�l�m�j�Z �a�Z 
�i�h�k�h�q�_�g�b�l�_ �f�Z�j�d�b �Z�\�l�h�f�h�[�b�e�b.  

�I�h-�f�Z�e�t�d �^�y�e �b�f�Z�l �l�h�\�Z�j�g�b�l�_ �Z�\�l�h�f�h�[�b�e�b (14%), 
�d�Z�l�h �g�Z�c-�j�_�f�h�g�l�b�j�Z�g�b �k�Z �h�l �f�Z�j�d�Z�l�Z IVECO (32%), 
�k�e�_�^�\�Z�g�b �h�l MERCEDES (23%), DAF (17%) �b VOLVO 
(11%). �H�k�l�Z�g�Z�e�b�l�_ �f�Z�j�d�b �b�f�Z�l �^�y�e �i�j�b �j�_�f�h�g�l�b�l�_ 
�f�_�`�^�m 3 �b 6%. 

�J�_�a�m�e�l�Z�l�b�l�_ �h�l �b�a�\�t�j�r�_�g�h�l�h �b�a�k�e�_�^�\�Z�g�_ �i�h�d�Z�a�\�Z�l 
�g�_�h�[�o�h�^�b�f�h�k�l�l�Z �k�_�j�\�b�a�Z �^�Z �k�_ �k�i�_�p�b�Z�e�b�a�b�j�Z, �d�Z�l�h 
�k�i�_�p�b�Z�e�b�a�Z�p�b�y�l�Z �^�Z �k�_ �b�a�\�t�j�r�b �i�h �i�j�b�a�g�Z�d�Z �b�a�\�t�j�r-
�\�Z�g�b �j�_�f�h�g�l�b �\ �k�_�j�\�b�a�Z. �H�l �g�Z�i�j�Z�\�_�g�b�y �Z�g�Z�e�b�a �g�Z 
�h�k�l�Z�g�Z�e�b�l�_ �k�m�[�_�d�l�b �g�Z �i�Z�a�Z�j�Z �g�Z �k�_�j�\�b�a�g�b �m�k�e�m�]�b, �k�_ 
�m�k�l�Z�g�h�\�y�\�Z, �q�_ �k�_�j�\�b�a�Z �l�j�y�[�\�Z �^�Z �k�i�_�p�b�Z�e�b�a�b�j�Z �\ 
�j�_�f�h�g�l�b�l�_ �g�Z �d�e�b�f�Z�l�b�q�g�Z �l�_�o�g�b�d�Z �b �o�h�^�h�\�Z �k�b�k�l�_�f�Z. 

�I�h �i�j�b�a�g�Z�p�b�l�_ �\�b� ̂ �b �\�t�a�j�Z�k�l �g�Z �i�j�_�\�h�a�g�b�l�_ 
�k�j�_�^�k�l�\�Z �k�_�j�\�b�a�Z �\�_�q�_ �k�_ �_ �k�i�_�p�b�Z�e�b�a�b�j�Z�e �a�Z �e�_�d�b 
�Z�\�l�h�f�h�[�b�e�b. �L�h�\�Z �i�h�l�\�t�j�`�^�Z�\�Z, �q�_ �i�j�h�p�_�k�Z �g�Z 
�k�i�_�p�b�Z�e�b�a�Z�p�b�y �f�h�`�_ �^�Z �i�j�h�l�_�q�_ �_�k�l�_�k�l�\�_�g�h, �h�l �k�Z�f�h 
�k�_�[�_ �k�b.  

�K�_�j�\�b�a�t�l �g�_ �_ �i�j�_�i�h�j�t�q�b�l�_�e�g�h �^�Z �k�i�_�p�b�Z�e�b�a�b�j�Z �i�h 
�i�j�b�a�g�Z�d�Z �f�Z�j�d�b �i�j�_�\�h�a�g�b �k�j�_�^�k�l�\�Z, �a�Z�s�h�l�h �l�h�\�Z �i�j�b 
�h�]�j�Z�g�b�q�b�e�h �[�j�h�y �g�Z �i�h�l�_�g�p�b�Z�e�g�b�l�_ �d�e�b�_�g�l�b. 

�J�_�a�m�e�l�Z�l�b�l�_ �h�l �b�a�k�e�_�^�\�Z�g�_�l�h �k�e�m�`�Z�l �a�Z �b�a�]�h�l�\�y�g�_ 
�g�Z �i�j�_�^�e�h�`�_�g�b�y �a�Z �i�h�^�h�[�j�y�\�Z�g�_ �g�Z �j�Z�[�h�l�Z�l�Z �\ 
�d�h�g�d�j�_�l�g�b�y �Z�\�l�h�k�_�j�\�b�a. 
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�B�a�k�e�_�^�\�Z�g�b�y�l�Z �k�Z �i�h�^�d�j�_�i�_�g�b �i�h �^�h�]�h�\�h�j �g�Z �J�m�k�_�g�k�d�b 
�m�g�b�\�_�j�k�b�l�_�l „�:�g�]�_�e �D�t�g�q�_�\“ �k �‹  BG05M2OP001-2.009-
0011-�K01, „�I�h�^�d�j�_�i�Z �a�Z �j�Z�a�\�b�l�b�_�l�h �g�Z �q�h�\�_�r�d�b�l�_ �j�_�k�m�j�k�b �\ 
�h�[�e�Z�k�l�l�Z �g�Z �g�Z�m�q�g�b�l�_ �b�a�k�e�_�^�\�Z�g�b�y �b �b�g�h�\�Z�p�b�b �\ �J�m�k�_�g�k�d�b 
�m�g�b�\�_�j�k�b�l�_�l „ �:�g�]�_�e �D�t�g�q�_�\““, �n�b�g�Z�g�k�b�j�Z�g �i�h �H�i�_�j�Z�l�b�\�g�Z 
�i�j�h�]�j�Z�f�Z „�G�Z�m�d�Z �b �h�[�j�Z�a�h�\�Z�g�b�_ �a�Z �b�g�l�_�e�b�]�_�g�l�_�g �j�Z�k�l�_�` 
2014-2020“, �k�t�n�b�g�Z�g�k�b�j�Z�g�Z �h�l �?�\�j�h�i�_�c�k�d�b�y �k�h�p�b�Z�e�_�g �n�h�g�^ 
�g�Z �?�\�j�h�i�_�c�k�d�b�y �k�t�x�a. 
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Studying the work of universal 
automotive service 
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str., Bulgaria 
 
Abstract.  The report analyses the activity of a universal 
service station working on the territory of city of Rousse. 
Information was collected about the work of the 
automotive service and a database was created - number, 
types and age of the vehicles, quantity and types of the 
operations performed. The collected information is 
analysed and are defined the main issues. There are a 
number of brands and types of vehicles using the services 
of the workshop and a large number of different 
operations. As a result of the analysis, proposals have 
been made to improve the work of the automotive service. 
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�:�g�Z�e�b�a �g�Z �g�y�d�h�b �n�Z�d�l�h�j�b, �\�e�b�y�_�s�b �\�t�j�o�m 
�i�j�h�^�t�e�`�b�l�_�e�g�h�k�l�l�Z �b �k�_�[�_�k�l�h�c�g�h�k�l�l�Z �g�Z �_�d�k�i�e�h�Z�l�Z�p�b�y �g�Z 
�l�j�Z�g�k�i�h�j�l�g�b�l�_ �k�j�_�^�k�l�\�Z 

�;�h�j�b�k �;�h�j�b�k�h�\1,* 

1�L�_�o�g�b�q�_�k�d�b �m�g�b�\�_�j�k�b�l�_�l – �K�h�n�b�y, �d�Z�l�_�^�j�Z „�K�t�i�j�h�l�b�\�e�_�g�b�_ �g�Z �f�Z�l�_�j�b�Z�e�b�l�_“, �;�t�e�]�Z�j�b�y 

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

1 �<�t�\�_�^�_�g�b�_ 

�B�d�h�g�h�f�b�q�_�k�d�Z�l�Z �_�n�_�d�l�b�\�g�h�k�l �h�l �b�a�i�h�e�a�\�Z�g�_�l�h �g�Z 
�\�k�y�d�h �l�j�Z�g�k�i�h�j�l�g�h �k�j�_�^�k�l�\�h �k�_ �h�i�j�_�^�_�e�y �h�l �i�j�h�^�t�e�`�b-
�l�_�e�g�h�k�l�l�Z �g�Z �_�d�k�i�e�h�Z�l�Z�p�b�y �g�Z �f�Z�r�b�g�Z�l�Z, �k�_�[�_�k�l�h�c-
�g�h�k�l�l�Z �g�Z �h�[�k�e�m�`�\�Z�g�b�y�l�Z �b �j�_�f�h�g�l�b�l�_ �a�Z �l�h�\�Z �\�j�_�f�_ �b 
�^�j. �I�j�Z�\�b�e�g�Z�l�Z �_�d�k�i�e�h�Z�l�Z�p�b�y �f�h�`�_ �^�Z �m�\�_�e�b�q�b 
�a�g�Z�q�b�l�_�e�g�h �\�j�_�f�_�l�h �a�Z �j�Z�[�h�l�Z �g�Z �l�j�Z�g�k�i�h�j�l�g�h�l�h �k�j�_�^-
�k�l�\�h �a�Z �k�f�_�l�d�Z �g�Z �g�Z�f�Z�e�y�\�Z�g�_ �g�Z �\�j�_�f�_�l�h �a�Z �i�j�_�k�l�h�c �b 
�k�j�_�^�k�l�\�Z�l�Z �a�Z �j�_�f�h�g�l. 

�G�Z�^�_�`�^�g�h�k�l�l�Z �_ �h�k�g�h�\�_�g �i�h�d�Z�a�Z�l�_�e �a�Z �d�Z�q�_�k�l�\�h�l�h 
�g�Z �Z�\�l�h�l�j�Z�g�k�i�h�j�l�g�b�l�_ �k�j�_�^�k�l�\�Z �b �k�_ �\�e�b�y�_ �h�l 
�f�g�h�`�_�k�l�\�h �n�Z�d�l�h�j�b, �d�h�b�l�h �f�h�]�Z�l �^�Z �k�_ �h�[�h�[�s�y�l �\ �l�j�b 
�]�j�m�i�b: �d�h�g�k�l�j�m�d�l�b�\�g�b (�d�h�j�Z�\�b�g�Z �g�Z �d�h�g�k�l�j�m�d�p�b�y�l�Z, 
�j�Z�p�b�h�g�Z�e�g�Z �n�h�j�f�Z �b �j�Z�a�f�_�j�b �g�Z �^�_�l�Z�c�e�b�l�_, �h�i�l�b�f�Z�e�g�h 
�d�h�e�b�q�_�k�l�\�h �d�b�g�_�f�Z�l�b�q�g�b �\�_�j�b�]�b, �f�b�g�b�f�Z�e�g�h �d�h�e�b-
�q�_�k�l�\�h �\�t�a�e�b �b �k�t�h�l�\�_�l�g�h �^�_�l�Z�c�e�b �\ �l�y�o, �l�h�q�g�h�k�l �g�Z 
�\�a�Z�b�f�g�h�l�h �j�Z�a�i�h�e�h�`�_�g�b�_ �g�Z �i�h�\�t�j�o�g�h�k�l�b�l�_ �b �h�k�b�l�_ �g�Z 
�k�t�\�f�_�k�l�g�h �j�Z�[�h�l�_�s�b�l�_ �^�_�l�Z�c�e�b, �d�Z�q�_�k�l�\�_�g�h �n�b�e�l�j�b-
�j�Z�g�_ �g�Z �b�a�i�h�e�a�\�Z�g�b�l�_ �l�_�q�g�h�k�l�b, �k�l�_�i�_�g �g�Z �Z�\�l�h�f�Z�l�b-
�a�Z�p�b�y �g�Z �k�f�Z�a�\�Z�g�_ �g�Z �l�j�b�_�s�b�l�_ �k�_ �i�h�\�t�j�o�g�h�k�l�b �b �^�j.), 
�l�_�o�g�h�e�h�]�b�q�g�b (�d�Z�q�_�k�l�\�h �g�Z �b�a�i�h�e�a�\�Z�g�b�l�_ �f�Z�l�_�j�b�Z�e�b, 
�b�g�k�l�j�m�f�_�g�l�b �b �f�Z�r�b�g�b, �k�l�_�i�_�g �g�Z �[�Z�e�Z�g�k�b�j�Z�g�_ �g�Z 
�\�t�j�l�y�s�b�l�_ �k�_ �q�Z�k�l�b, �h�i�l�b�f�Z�e�g�Z �]�j�Z�i�Z�\�h�k�l �g�Z �h�[�j�Z�[�h�l-
�\�Z�g�b�l�_ �i�h�\�t�j�o�g�h�k�l�b, �k�b�k�l�_�f�Z �a�Z �g�_�^�h�i�m�k�d�Z�g�_ �g�Z 
�h�l�d�e�h�g�_�g�b�y �h�l �l�_�o�g�h�e�h�]�b�q�g�Z�l�Z �d�Z�j�l�Z �i�j�b �f�h�g�l�Z�`�Z, 
�g�Z�^�_�`�^�g�h�k�l �g�Z �a�Z�d�j�_�i�\�Z�g�_ �g�Z �^�_�l�Z�c�e�b�l�_ �b �\�t�a�e�b�l�_ �b 
�^�j.) �b �_�d�k�i�e�h�Z�l�Z�p�b�h�g�g�b (�h�j�]�Z�g�b�a�Z�p�b�y �g�Z �l�_�o�g�b�q�_�k�d�h�l�h 
�h�[�k�e�m�`�\�Z�g�_ �b �j�_�f�h�g�l�Z, �Z�\�l�h�f�Z�l�b�a�Z�p�b�y �g�Z �k�e�_�^�y�s�b�y 
�d�h�g�l�j�h�e �g�Z �i�j�h�p�_�k�b�l�_ �\ �^�\�b�]�Z�l�_�e�y, �m�^�h�[�k�l�\�h �b 
�[�_�a�h�i�Z�k�g�h�k�l �i�j�b �_�d�k�i�e�h�Z�l�Z�p�b�y, �i�t�l�g�b, �d�e�b�f�Z�l�b�q�g�b �b 
�l�j�Z�g�k�i�h�j�l�g�b �m�k�e�h�\�b�y �b �^�j.) [1, 2], �h�[�_�d�l �g�Z �b�a�k�e�_�^�\�Z�g�_ 
�\ �j�_�^�b�p�Z �i�m�[�e�b�d�Z�p�b�b. 

�K�t�s�_�k�l�\�_�g�h �\�e�b�y�g�b�_ �\�t�j�o�m �g�Z�^�_�`�^�g�h�k�l�l�Z �h�d�Z�a�\�Z �b 
�k�m�[�_�d�l�b�\�g�b�y�l �n�Z�d�l�h�j, �d�Z�l�h �g�_�]�h�\�h�l�h �\�e�b�y�g�b�_ �b�f�Z �\ 
�]�h�e�y�f�Z �k�l�_�i�_�g �k�e�m�q�Z�_�g �o�Z�j�Z�d�l�_�j �b �g�_ �k�_ �i�h�^�^�Z�\�Z �g�Z 
�g�Z�m�q�_�g �Z�g�Z�e�b�a, �g�h �\�t�i�j�_�d�b �l�h�\�Z, �g�_ �f�h�`�_ �^�Z �[�t�^�_ 
�i�j�_�g�_�[�j�_�]�\�Z�g�h. �< [1] �k�_ �h�l�[�_�e�y�a�\�Z �\�e�b�y�g�b�_�l�h �g�Z 
�g�Z�q�b�g�Z �g�Z �m�i�j�Z�\�e�_�g�b�_ �g�Z �Z�\�l�h�f�h�[�b�e�Z �h�l �k�l�j�Z�g�Z �g�Z 
�\�h�^�Z�q�Z, �a�Z �g�_�]�h�\�h�l�h �l�_�o�g�b�q�_�k�d�h �k�t�k�l�h�y�g�b�_. 

�< �j�_�^�b�p�Z �i�m�[�e�b�d�Z�p�b�b �k�Z �k�b�k�l�_�f�Z�l�b�a�b�j�Z�g�b �^�Z�g�g�b �a�Z 
�h�l�d�Z�a�b�l�_ �\ �h�l�^�_�e�g�b�l�_ �k�b�k�l�_�f�b �g�Z �j�Z�a�e�b�q�g�b �l�b�i�h�\�_ 
�l�j�Z�g�k�i�h�j�l�g�b �k�j�_�^�k�l�\�Z – �e�b�q�g�b, �e�_�d�h�l�h�\�Z�j�g�b �b �l�h�\�Z�j�g�b 
�Z�\�l�h�f�h�[�b�e�b, �\ �j�Z�a�e�b�q�g�b �i�t�l�g�b �b �l�j�Z�g�k�i�h�j�l�g�b �m�k�e�h-
�\�b�y, �a�Z �h�i�j�_�^�_�e�_�g �i�_�j�b�h�^ �h�l �\�j�_�f�_,  [4-6, 8], �d�Z�d�l�h �b �g�Z 
�g�y�d�h�b �f�_�l�h�^�b �a�Z �Z�g�Z�e�b�a �g�Z �g�Z�^�_�`�^�g�h�k�l�l�Z [4, 9].  

�< [5] �_ �g�Z�i�j�Z�\�_�g �b�a�\�h�^�t�l, �q�_ �j�_�k�m�j�k�t�l �g�Z �Z�\�l�h�f�h�[�b-
�e�b�l�_ �k�_ �g�Z�f�Z�e�y�\�Z �\�k�e�_�^�k�l�\�b�_ �g�Z �b�a�i�h�e�a�\�Z�g�_ �g�Z 
�j�_�a�_�j�\�g�b �q�Z�k�l�b �k �g�_�^�h�k�l�Z�l�t�q�g�h �d�Z�q�_�k�l�\�h �b �h�l �m�k�e�h�\�b�y-
�l�Z �g�Z �l�y�o�g�Z�l�Z �_�d�k�i�e�h�Z�l�Z�p�b�y. �< [5, 6] �k�_ �i�j�_�i�h�j�t�q�\�Z�l 
�f�_�j�d�b �a�Z �i�h�^�h�[�j�y�\�Z�g�_ �g�Z �g�Z�^�_�`�^�g�h�k�l�l�Z �g�Z �l�j�Z�g�k�i�h�j�l-
�g�b�l�_ �k�j�_�^�k�l�\�Z, �\�d�e�x�q�\�Z�s�b �i�h�\�b�r�Z�\�Z�g�_ �g�Z �d�\�Z�e�b�n�b�d�Z-
�p�b�y�l�Z �g�Z �h�[�k�e�m�`�\�Z�s�b�y �i�_�j�k�h�g�Z�e �b �i�h�^�h�[�j�y�\�Z�g�_ �g�Z 
�d�Z�q�_�k�l�\�h�l�h �g�Z �l�_�o�g�b�q�_�k�d�b�l�_ �h�[�k�e�m�`�\�Z�g�b�y �b �j�_�f�h�g�l�b.  

�P�_�e �g�Z �g�Z�k�l�h�y�s�Z�l�Z �j�Z�[�h�l�Z �_ �d�h�f�i�e�_�d�k�g�h �j�Z�a�]�e�_�`-
�^�Z�g�_ �g�Z �n�Z�d�l�h�j�b�l�_ �g�Z �g�Z�^�_�`�^�g�h�k�l�l�Z �b �\�e�b�y�g�b�_�l�h �g�Z 
�k�m�[�_�d�l�Z.  �B�a�i�h�e�a�\�Z�g�b �k�Z �k�e�m�q�Z�b �h�l �[�e�b�a�h �^�\�Z�^�_�k�_�l �]�h-
�^�b�r�g�Z�l�Z �i�j�Z�d�l�b�d�Z �g�Z �Z�\�l�h�j�Z �\ �Z�\�l�h�j�_�f�h�g�l�g�Z�l�Z 
�^�_�c�g�h�k�l.  

2 �B�a�e�h�`�_�g�b�_  

�J�Z�a�]�e�_�`�^�Z �k�_ �k�b�k�l�_�f�Z�l�Z „�L�j�Z�g�k�i�h�j�l�g�h �k�j�_�^�k�l�\�h – 
�<�h�^�Z�q – �K�_�j�\�b�a”. 

�<. �<�i�k�c�l�i�], �:�g�Z�e�b�a �g�Z �g�y�d�h�b �n�Z�d�l�h�j�b, �\�e�b�y�_�s�b �\�t�j�o�m �i�j�h�^�t�e�`�b�l�_�e�g�h�k�l�l�Z �b �k�_�[�_�k�l�h�c�g�h�k�l�l�Z �g�Z �_�d�k�i�e�h�Z�l�Z�p�b�y �g�Z �l�j�Z�g�k�i�h�j�l�g�b�l�_ �k�j�_�^�k�l�\�Z 
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2.1 �<�e�b�y�g�b�_ �g�Z �l�j�Z�g�k�i�h�j�l�g�h�l�h �k�j�_�^�k�l�\�h 
�\�t�j�o�m �g�Z�^�_�`�^�g�h�k�l�l�Z 

�D�h�g�k�l�j�m�d�l�b�\�g�b�l�_ �b �l�_�o�g�h�e�h�]�b�q�g�b �j�_�r�_�g�b�y, �b�a�i�h�e�a�\�Z-
�g�b �i�j�b �i�j�h�b�a�\�h�^�k�l�\�h�l�h �g�Z �l�j�Z�g�k�i�h�j�l�g�b�l�_ �k�j�_�^�k�l�\�Z, 
�d�Z�d�l�h �b �b�a�i�h�e�a�\�Z�g�b�l�_ �f�Z�l�_�j�b�Z�e�b �b �l�_�o�g�h�e�h�]�b�b �a�Z 
�i�j�h�b�a�\�h�^�k�l�\�h, �f�h�]�Z�l �k�t�s�_�k�l�\�_�g�h �^�Z �i�h�\�e�b�y�y�l �\�t�j�o�m 
�g�Z�^�_�`�^�g�h�k�l�l�Z �b�f, �Z �h�l �l�Z�f �b �\�t�j�o�m �i�j�h�^�t�e�`�b�l�_�e-
�g�h�k�l�l�Z �g�Z �_�d�k�i�e�h�Z�l�Z�p�b�h�g�g�b�y �b�f �j�_�k�m�j�k. �J�_�^�b�p�Z 
�i�j�h�b�a�\�h�^�b�l�_�e�b �h�]�j�Z�g�b�q�Z�\�Z�l �i�h�l�_�g�p�b�Z�e�g�b�y �i�j�h�[�_�] 
(�h�l�j�Z�[�h�l�d�Z) �g�Z �i�j�h�b�a�\�_�`�^�Z�g�b�l�_ �h�l �l�y�o  �l�j�Z�g�k�i�h�j�l�g�b 
�k�j�_�^�k�l�\�Z, �d�h�_�l�h �b�f �i�h�a�\�h�e�y�\�Z �^�Z �b�a�i�h�e�a�\�Z�l �i�h-
�g�b�k�d�h�d�Z�q�_�k�l�\�_�g�b �f�Z�l�_�j�b�Z�e�b, �Z �k �l�h�\�Z �b �^�Z �i�h�k�l�b�]�g�Z�l 
�i�h-�d�h�g�d�m�j�_�g�l�g�Z �p�_�g�Z. �G�y�d�h�b �Z�\�Z�g�]�Z�j�^�g�b �a�Z �\�j�_�f�_�l�h �k�b 
�j�_�r�_�g�b�y �k�_ �h�d�Z�a�\�Z�l �g�_�m�^�Z�q�g�b �b�e�b �h�k�l�Z�j�_�e�b �b �[�b�\�Z�l 
�a�Z�f�_�g�_�g�b �h�l �i�h-�i�j�h�]�j�_�k�b�\�g�b �l�Z�d�b�\�Z. 

�I�j�b�f�_�j 1: �< �l�h�\�Z�j�g�b�l�_ �Z�\�l�h�f�h�[�b�e�b MAN TGA �k�_ 
�b�a�i�h�e�a�\�Z �o�b�^�j�Z�\�e�b�q�_�g �i�j�b�\�h�^ �g�Z �k�d�h�j�h�k�l�g�b�y �e�h�k�l, 
�d�h�c�l�h �_ �k�e�h�`�_�g, �k�d�t�i�h�k�l�j�m�\�Z�s  �b �l�j�m�^�h�_�f�t�d �a�Z �j�_�f�h�g�l 
�b �i�h�^�^�j�t�`�d�Z (�b�a�b�k�d�\�Z �k�i�_�p�b�Z�e�g�Z �o�b�^�j�Z�\�e�b�q�g�Z �l�_�q-
�g�h�k�l �b �k�i�_�p�b�Z�e�_�g �b�g�k�l�j�m�f�_�g�l �a�Z �h�[�_�a�\�t�a�^�m�r�Z�\�Z�g�_ �g�Z 
�k�b�k�l�_�f�Z�l�Z). �I�j�b �k�e�_�^�\�Z�s�b�y �f�h�^�_�e  �_ �a�Z�f�_�g�_�g �h�l �i�h-
�i�j�h�k�l�b�y�l �b �g�Z�^�_�`�^�_�g �i�j�b�\�h�^ �q�j�_�a �`�b�e�Z. 

�I�j�b�f�_�j 2: �I�j�_�a 90-�l�_ �]�h�^�b�g�b �g�Z 20 �\�_�d �f�Z�k�h�\�h �k�_ 
�b�a�i�h�e�a�\�Z�o�Z �l�_�]�e�b�q�b �a�Z �j�_�f�Z�j�d�_�l�Z �k �i�j�h�f�_�g�y�s�Z �k�_ 
�^�t�e�`�b�g�Z, �d�h�b�l�h �[�y�o�Z �k�e�h�`�g�b �b �k�d�t�i�b �a�Z �h�[�k�e�m�`�\�Z�g�_ �b 
�j�_�f�h�g�l. �K �i�j�h�f�_�g�b�l�_ �\ �d�h�g�k�l�j�m�d�p�b�y�l�Z �g�Z �j�_�f�Z�j�d�_�l�Z�l�Z, 
�Z �b�f�_�g�g�h, �q�j�_�a �k�^�\�h�y�\�Z�g�_ �g�Z �h�k�b�l�_ (�^�\�_ �b�e�b �l�j�b �h�k�b �g�Z 
�f�Z�e�d�h �j�Z�a�k�l�h�y�g�b�_ �_�^�g�Z �h�l �^�j�m�]�Z �\ �k�j�_�^�Z�l�Z �g�Z �j�_�f�Z�j-
�d�_�l�h), �l.�g. �\�t�j�l�y�s �d�j�t�] �\�_�q�_ �g�_ �k�_ �b�a�i�h�e�a�\�Z,  �Z �k �g�_�]�h �b  
�l�_�]�e�b�q�b�l�_ �k �i�j�h�f�_�g�e�b�\�Z �^�t�e�`�b�g�Z. 

 �I�j�b�f�_�j 3: �I�j�b �i�h�e�m�j�_�f�Z�j�d�_�l�Z�l�Z �k �p�_�e �m�\�_�e�b�q�Z�\�Z-
�g�_ �g�Z �h�[�_�f�Z �g�Z �l�h�\�Z�j�g�h�l�h �i�j�h�k�l�j�Z�g�k�l�\�h, �f�Z�k�h�\�h �k�_ 
�b�a�i�h�e�a�\�Z�o�Z �l�Z�d�b�\�Z �k �g�_�j�Z�\�g�Z �i�e�Z�l�n�h�j�f�Z (�h�l�^�_�e�g�b�l�_ 
�q�Z�k�l�b �[�y�o�Z �k �j�Z�a�e�b�q�g�b �\�b�k�h�q�b�g�b (�l.�g. „�>�`�t�f�[�h”),  �d�h�_-
�l�h �b�a�d�e�x�q�b�l�_�e�g�h �a�Z�l�j�m�^�g�y�\�Z�r�_ �f�_�o�Z�g�b�a�b�j�Z�g�Z�l�Z �h�[�j�Z-
�[�h�l�d�Z �g�Z �l�h�\�Z�j�b�l�_.   �B�a�i�h�e�a�\�Z�g�_�l�h �g�Z �g�b�k�d�h�i�j�h�n�b�e�g�b 
�]�m�f�b �k �]�h�e�y�f�Z �l�h�\�Z�j�h�g�h�k�b�f�h�k�l, �h�[�_�a�k�f�b�k�e�b �l�h�a�b �l�b�i 
�i�j�b�d�Z�q�g�b �l�j�Z�g�k�i�h�j�l�g�b �k�j�_�^�k�l�\�Z. 

2.2 �<�e�b�y�g�b�_ �g�Z �\�h�^�Z�q�Z �\�t�j�o�m �g�Z�^�_�`�^�g�h�k�l�l�Z 

�L�h �_ �k�t�s�_�k�l�\�_�g�h �b �f�g�h�]�h�k�l�j�Z�g�g�h. �H�l �_�^�g�Z �k�l�j�Z�g�Z, 
�k�l�b�e�t�l �g�Z �m�i�j�Z�\�e�_�g�b�_ �g�Z �i�h�\�_�j�_�g�h�l�h �f�m �l�j�Z�g�k�i�h�j�l�g�h 
�k�j�_�^�k�l�\�h �f�h�`�_ �^�Z �^�h�\�_�^�_ �^�h �m�k�d�h�j�_�g�h �b�a�g�h�k�\�Z�g�_ �g�Z 
�_�e�_�f�_�g�l�b�l�_ �h�l �k�i�b�j�Z�q�g�Z�l�Z �k�b�k�l�_�f�Z, �h�d�Z�q�\�Z�g�_�l�h �b �k�t�_-
�^�b�g�b�l�_�e�y, �g�_�i�j�Z�\�b�e�g�h �b�a�g�h�k�\�Z�g�_ �g�Z �]�m�f�b�l�_ (�i�j�_�\�t�j-
�l�Z�g�_ �g�Z �a�Z�^�\�b�`�\�Z�s�b�l�_ �d�h�e�_�e�Z �i�j�b �i�h�l�_�]�e�y�g�_, �j�Z�a�e�b�q-
�g�h �g�Z�e�y�]�Z�g�_ �g�Z �\�t�a�^�m�o�Z �\ �]�m�f�b�l�_ �k�i�j�y�f�h �i�j�_�^�i�b�k�Z�g�h�l�h 
�h�l �i�j�h�b�a�\�h�^�b�l�_�e�y), �d�Z�d�l�h �b �^�h �i�h�\�b�r�_�g �j�Z�a�o�h�^ �g�Z 
�]�h�j�b�\�h. �H�l �^�j�m�]�Z �k�l�j�Z�g�Z �\�h�^�Z�q�t�l �g�_�i�h�k�j�_�^�k�l�\�_�g�h 
�k�e�_�^�b �a�Z �b�a�i�j�Z�\�g�Z�l�Z �j�Z�[�h�l�Z �g�Z �f�Z�r�b�g�Z�l�Z �b �f�h�`�_ �^�Z 
�m�k�l�Z�g�h�\�b �h�s�_ �i�t�j�\�b�l�_ �i�j�b�a�g�Z�p�b �g�Z �a�Z�^�Z�\�Z�s �k�_ �i�j�h-
�[�e�_�f (�i�j�h�f�_�g�_�g �j�Z�a�o�h�^ �g�Z �]�h�j�b�\�h, �f�Z�k�e�Z �b �l�_�q�g�h�k�l�b, 
�r�m�f �b �\�b�[�j�Z�p�b�b, �p�\�y�l �b �f�b�j�b�k �g�Z �b�a�]�h�j�_�e�b�l�_ �]�Z�a�h�\�_ �b 
�^�j.), �k �d�h�_�l�h �a�g�Z�q�b�l�_�e�g�h �^�Z �g�Z�f�Z�e�b �i�j�_�k�l�h�y �b �p�_�g�Z�l�Z �a�Z 
�h�l�k�l�j�Z�g�y�\�Z�g�_�l�h �f�m. 

�I�j�b�f�_�j 4: �>�\�_ �_�^�g�Z�d�\�b �d�h�f�i�h�a�b�p�b�b, �k�t�k�l�h�y�s�b �k�_ 
�h�l �k�_�^�e�h�\�b �\�e�_�d�Z�q �b �i�h�e�m�j�_�f�Z�j�d�_, �d�m�i�m�\�Z�g�b �g�h�\�b �h�l 
�_�^�g�b �b �k�t�s�b �f�Z�j�d�Z, �f�h�^�_�e �b �k�_�j�b�y, �g�Z �_�^�b�g �b �k�t�s�b 
�i�j�h�[�_�] �b �b�a�i�h�e�a�\�Z�g�b �i�h �_�^�g�b �b �k�t�s�b �^�_�k�l�b�g�Z�p�b�b �b �k 
�_�^�g�Z�d�\�b �l�h�\�Z�j�b. �K�t�_�^�b�g�b�l�_�e�y�l �g�Z �_�^�b�g�b�y �\�e�_�d�Z�q �_ 

�f�Z�d�k�b�f�Z�e�g�h �b�a�g�h�k�_�g �b �g�Z�e�Z�]�Z �k�f�y�g�Z  �g�Z 200 000 �d�f. 
�K�h�[�k�l�\�_�g�b�d�t�l �g�Z �d�h�f�i�h�a�b�p�b�b�l�_ �b�a�b�k�d�\�Z �b�g�k�i�_�d�p�b�y �b 
�g�Z �\�l�h�j�b�y �\�e�_�d�Z�q. �K�e�_�^ �^�_�f�h�g�l�Z�`, �k�_ �m�k�l�Z�g�h�\�b, �q�_ 
�b�a�g�h�k�\�Z�g�_�l�h �g�Z �k�t�_�^�b�g�b�l�_�e�y �f�m �_ �f�b�g�b�f�Z�e�g�h �b �f�h�`�_ 
�^�Z �k�_ �_�d�k�i�e�h�Z�l�b�j�Z �h�s�_ �f�g�h�]�h. 

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

�I�j�b�f�_�j 5: �K�h�[�k�l�\�_�g�b�d �g�Z �d�Z�j�b�_�j�g�b �k�Z�f�h�k�\�Z�e�b 
�d�m�i�m�\�Z �g�Z �_�^�j�h �\�t�a�^�m�r�g�b �n�b�e�l�j�b �h�l �i�h�^�^�h�k�l�Z�\�q�b�d �b 
�\�t�a�e�Z�]�Z �a�Z�^�Z�q�Z�l�Z �i�h �k�f�y�g�Z�l�Z �b�f �g�Z �\�h�^�Z�q�b�l�_. �G�h�\�b�l�_ 
�n�b�e�l�j�b �k�_ �h�d�Z�a�\�Z�l �i�h-�d�t�k�b �k 15 mm, �\ �j�_�a�m�e�l�Z�l �g�Z 
�d�h�_�l�h �i�j�_�a �^�\�b�]�Z�l�_�e�b�l�_ �f�b�g�Z�\�Z �]�h�e�y�f�h �d�h�e�b�q�_�k�l�\�h 
�g�_�n�b�e�l�j�b�j�Z�g �\�t�a�^�m�o, �k�t�^�t�j�`�Z�s �Z�[�j�Z�a�b�\�g�b �q�Z�k�l�b�p�b 
�i�j�Z�o. �>�\�b�]�Z�l�_�e�b�l�_ �k�_ �b�a�g�h�k�\�Z�l �m�k�d�h�j�_�g�h. 

�G�_�d�Z�q�_�k�l�\�_�g�h �]�h�j�b�\�h �f�h�`�_ �^�Z �^�h�\�_�^�_ �^�h �i�h�\�j�_�^�Z �\ 
�]�h�j�b�\�g�Z�l�Z �Z�i�Z�j�Z�l�m�j�Z, �i�h�\�b�r�_�g �j�Z�a�o�h�^ �b �\�e�h�r�_�g�b 
�l�_�]�e�b�l�_�e�g�h-�k�d�h�j�h�k�l�g�b �k�\�h�c�k�l�\�Z �g�Z �l�j�Z�g�k�i�h�j�l�g�h�l�h 
�k�j�_�^�k�l�\�h. �H�k�h�[�_�g�h �h�i�Z�k�g�h �_ �k�f�_�k�\�Z�g�_�l�h �g�Z �j�Z�a�e�b�q�g�b 
�\�b�^�h�\�_ �]�h�j�b�\�Z (�^�b�a�_�e�h�\�h �b �[�_�g�a�b�g), �d�h�_�l�h �\�h�^�b �^�h 
�h�l�d�Z�a �g�Z �^�\�b�]�Z�l�_�e�y. 

�I�j�b�f�_�j 6: �D�e�b�_�g�l �k �^�b�a�_�e�h�\ �Z�\�l�h�f�h�[�b�e �g�_ �a�Z�[�_�e�y�a-
�\�Z, �q�_ �g�Z �[�_�g�a�b�g�h�k�l�Z�g�p�b�y�l�Z �f�m �g�Z�e�b�\�Z�l �[�_�g�a�b�g, �g�y�d�Z�d 
�k�_ �i�j�b�[�b�j�Z �^�h �K�h�n�b�y, �g�h �g�Z �k�e�_�^�\�Z�s�b�y �^�_�g �g�_ �f�h�`�_ �^�Z 
�k�l�Z�j�l�b�j�Z �^�\�b�]�Z�l�_�e�y. �G�Z�e�h�`�b �k�_ �b�a�l�_�]�e�y�g�_ �^�h �k�_�j�\�b�a�Z, 
�b�a�l�h�q�\�Z�g�_ �b �i�j�h�^�m�o�\�Z�g�_ �g�Z �]�h�j�b�\�g�Z�l�Z �k�b�k�l�_�f�Z. 

�< �l�j�Z�g�k�i�h�j�l�g�b�l�_ �k�j�_�^�k�l�\�Z �k�_ �b�a�i�h�e�a�\�Z�l �j�Z�a�e�b�q�g�b 
�\�b�^�h�\�_ �f�Z�k�e�Z �b �l�_�q�g�h�k�l�b, �q�b�_�l�h �k�f�_�k�\�Z�g�_ �_ �g�_�^�i�m�k�l�b-
�f�h �b �\�h�^�b �^�h �h�l�d�Z�a�b. �F�Z�k�e�Z�l�Z �a�Z �^�\�b�]�Z�l�_�e�b �k �\�t�l�j�_�r�g�h 
�]�h�j�_�g�_ �k�_ �j�Z�a�e�b�q�Z�\�Z�l �i�h �\�b�k�d�h�a�b�l�_�l �b �i�j�_�^�g�Z�a�g�Z�q�_�g�b�_ 
(�a�Z �[�_�g�a�b�g�h�\�b �b �^�b�a�_�e�h�\�b �^�\�b�]�Z�l�_�e�b �b�e�b �l�Z�d�b�\�Z 
�b�a�i�h�e�a�\�Z�s�b �]�Z�a – �f�_�l�Z�g �b�e�b �i�j�h�i�Z�g-�[�m�l�Z�g), �d�Z�d�l�h �b �i�h 
�k�i�_�p�b�n�b�d�Z�p�b�b�l�_, �g�Z �d�h�b�l�h �k�t�h�l�\�_�l�k�l�\�Z�l. �G�Z�i�j�b�f�_�j, �\ 
�i�j�b�\�h�^�Z �g�Z �k�d�h�j�h�k�l�g�b�y �e�h�k�l �g�Z MAN TGA �k�_ �b�a�i�h�e�a�\�Z 
�k�i�_�p�b�Z�e�g�Z �o�b�^�j�Z�\�e�b�q�g�Z �l�_�q�g�h�k�l, �k �l�t�j�]�h�\�k�d�h �g�Z�b�f�_-
�g�h�\�Z�g�b�_ �I�_�g�l�h�k�b�g, �Z �i�j�b �F�_�j�p�_�^�_�k �:�d�l�j�h�k – �k�i�b�j�Z�q�g�Z 
�l�_�q�g�h�k�l. �K�f�_�k�\�Z�g�_�l�h �g�Z �l�_�a�b �^�\�_ �l�_�q�g�h�k�l�b �\�h�^�b �^�h 
�h�l�d�Z�a �g�Z �i�j�b�\�h�^�Z. 

�I�j�b�f�_�j 7: �D�e�b�_�g�l �[�_�r�_ �^�h�e�b�\�Z�e �k�i�b�j�Z�q�g�Z �l�_�q�g�h�k�l 
�\ �i�j�b�\�h�^ �g�Z MAN. �G�Z�e�h�`�b �k�_ �k�f�y�g�Z �g�Z �]�m�f�_�g�b�l�_ 
�m�i�e�t�l�g�_�g�b�y �b �i�j�h�f�b�\�d�Z �b �i�j�h�^�m�o�\�Z�g�_ �g�Z �k�b�k�l�_�f�Z�l�Z. 

�I�j�b�f�_�j 8: �D�e�b�_�g�l �b�a�l�h�q�\�Z �q�Z�k�l �h�l �h�o�e�Z�^�b�l�_�e�g�Z�l�Z 
�l�_�q�g�h�k�l �b �^�h�e�b�\�Z �Z�g�l�b�n�j�b�a �a�Z �^�Z �m�\�_�e�b�q�b �d�h�g�p�_�g�l�j�Z-
�p�b�y�l�Z �f�m, �k�e�_�^ �d�h�_�l�h �k�b�k�l�_�f�Z�l�Z �g�_ �f�h�`�_ �^�Z �k�_ �h�[�_�a�\�t�a-
�^�m�r�b. �H�d�Z�a�Z �k�_, �q�_ �k�b �_ �d�m�i�b�e �l�_�q�g�h�k�l �a�Z �q�b�k�l�Z�q�d�b 
�\�f�_�k�l�h �Z�g�l�b�n�j�b�a, �d�h�y�l�h �d�b�i�b �i�j�b �i�h-�g�b�k�d�Z �l�_�f�i�_�j�Z-
�l�m�j�Z �h�l �j�Z�[�h�l�g�Z�l�Z �\ �^�\�b�]�Z�l�_�e�y. 

2.3 �<�e�b�y�g�b�_ �g�Z �k�_�j�\�b�a�Z �\�t�j�o�m �g�Z�^�_�`�^�g�h�k�l�l�Z 

�<�e�b�y�g�b�_�l�h �g�Z �k�_�j�\�b�a�Z �\�t�j�o�m �g�Z�^�_�`�^�g�h�k�l�l�Z �_ 
�d�h�f�i�e�_�d�k�g�h (�n�b�]. 1). 

2.3.1 �K�]�j�Z�^�Z 

�D�Z�d�\�b �m�k�e�h�\�b�y �k�Z �h�k�b�]�m�j�_�g�b �g�Z �j�Z�[�h�l�_�s�b�l�_ – �i�j�h�k�l�h�j, 
�q�b�k�l�h�l�Z �g�Z �\�t�a�^�m�o�Z, �h�l�h�i�e�_�g�b�_ �b �h�k�\�_�l�e�_�g�b�_; �d�Z�d�\�b �k�Z 
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�i�h�^�o�h�^�b�l�_ �d�t�f �k�]�j�Z�^�Z�l�Z �b �j�Z�[�h�l�g�b�l�_ �f�_�k�l�Z – �d�Z�g�Z�e�b �b 
�i�h�^�_�f�g�b�p�b; �^�h�d�h�e�d�h �_ �a�Z�^�j�t�k�l�_�g�h �k �^�_�f�h�g�l�b�j�Z�g�b 
�^�\�b�]�Z�l�_�e�b, �k�d�h�j�h�k�l�g�b �d�m�l�b�b �b �i�Z�e�_�l�b �k �q�Z�k�l�b �h�l �^�j�m�]�b 
�j�_�f�h�g�l�b; �[�e�b�a�h�k�l �g�Z �i�h�f�h�s�g�b�l�_ �k�e�m�`�[�b (�b�g�k�l�j�m�f�_�g-
�l�Z�e�g�Z, �k�d�e�Z�^ �a�Z �d�h�g�k�m�f�Z�l�b�\�b �b �j�_�a�_�j�\�g�b �q�Z�k�l�b, 
�f�Z�k�e�Z�j�g�h �h�l�^�_�e�_�g�b�_, �Z�d�m�f�m�e�Z�l�h�j�g�h �h�l�^�_�e�_�g�b�_ �b �^�j.) 
�^�h �j�Z�[�h�l�g�b�l�_ �f�_�k�l�Z �b �^�j.   

 

�N�b�]. 1. �N�Z�d�l�h�j�b, �\�e�b�y�_�s�b �\�t�j�o�m �d�Z�q�_�k�l�\�h�l�h �g�Z �j�Z�[�h�l�Z �\ 
�Z�\�l�h�k�_�j�\�b�a�Z. 

2.3.2 �>�b�Z�]�g�h�k�l�b�d�Z 

�I�j�Z�\�b�e�g�h �^�b�Z�]�g�h�k�l�b�j�Z�g�b�y�l �i�j�h�[�e�_�f �_ �]�Z�j�Z�g�p�b�y �a�Z 
�^�h�[�j�_ �b�a�\�t�j�r�_�g �j�_�f�h�g�l. �H�[�j�Z�l�g�h, �e�h�r�Z�l�Z �^�b�Z�]�g�h�k�l�b-
�d�Z �\�h�^�b �^�h �i�j�_�j�Z�a�o�h�^ �g�Z �j�_�a�_�j�\�g�b �q�Z�k�l�b, �d�h�g�k�m�f�Z�l�b�\�b 
�b �f�Z�l�_�j�b�Z�e�b �b �g�_ �^�h�i�j�b�g�Z�k�y �a�Z �d�Z�q�_�k�l�\�_�g�h �h�l�k�l�j�Z-
�g�y�\�Z�g�_ �g�Z �i�j�h�[�e�_�f�Z, �d�h�c�l�h �k�_ �f�m�e�l�b�i�e�b�p�b�j�Z �b �\�h�^�b �^�h 
�g�_�i�j�_�d�t�k�g�Z�l�b �h�l�d�Z�a�b.  

�I�j�b�f�_�j 9: �< �k�_�j�\�b�a�Z �i�h�k�l�t�i�\�Z �Z�\�l�h�f�h�[�b�e �k �i�h�\�b-
�r�_�g�h �g�Z�e�y�]�Z�g�_ �g�Z �d�Z�j�l�_�j�g�b�l�_ �]�Z�a�h�\�_. �K�e�_�^ �g�Z�i�j�Z�\�_�g�Z 
�^�b�Z�]�g�h�k�l�b�d�Z �k�Z �k�f�_�g�_�g�b �[�m�l�Z�e�g�b�l�_ �i�j�t�k�l�_�g�b �g�Z �[�m�l�Z-
�e�Z�l�Z. �I�j�h�[�e�_�f�t�l �h�k�l�Z�\�Z. �H�d�Z�a�\�Z �k�_, �q�_ �_ �a�Z�i�m�r�_�g�Z 
�\�_�g�l�b�e�Z�p�b�y�l�Z �g�Z �d�Z�j�l�_�j�g�b�l�_ �]�Z�a�h�\�_ �b �_ �[�b�e�h �g�_�h�[�o�h-
�^�b�f�h �k�Z�f�h �i�j�h�^�m�o�\�Z�g�_ �b �b�a�f�b�\�Z�g�_ �g�Z �k�t�h�l�\�_�l�g�b�y 
�_�e�_�f�_�g�l.  

�I�j�b�f�_�j 10: �J�_�f�h�g�l�b�j�Z�g�Z �_ �k�d�h�j�h�k�l�g�Z �d�m�l�b�y �g�Z 
�l�h�\�Z�j�_�g �[�m�k, �i�h�j�Z�^�b �a�Z�^�b�j�Z�g�_ �g�Z �\�l�m�e�d�b�l�_ �f�_�`�^�m 
�a�t�[�g�b�l�_ �d�h�e�_�e�Z �b �k�t�h�l�\�_�l�g�b�y �\�Z�e. �<�k�b�q�d�b �i�h�\�j�_�^�_�g�b 
�q�Z�k�l�b �k�Z �i�h�^�f�_�g�_�g�b �k �g�h�\�b. �G�y�d�h�e�d�h �f�_�k�_�p�Z �i�h-�d�t�k�g�h 
�i�j�h�[�e�_�f�t�l �h�l�g�h�\�h �k�_ �i�j�h�y�\�y�\�Z. �H�d�Z�a�Z �k�_, �q�_ �\�Z�e�t�l, 
�\�t�j�o�m �d�h�c�l�h �k�Z �^�_�n�_�d�l�b�j�Z�e�b�l�_ �\�l�m�e�d�b, �_ �d�m�o �b �b�a�i�t�e-
�g�y�\�Z �n�m�g�d�p�b�y�l�Z �g�Z �m�l�Z�c�g�b�d �a�Z �q�Z�k�l�b�p�b�l�_ �h�l �b�a�g�h�k�\�Z�g�_. 
�D�m�o�b�g�Z�l�Z �[�_�r�_ �l�Z�d�Z �a�Z�i�t�e�g�_�g�Z, �q�_ �f�Z�k�e�h�l�h �g�_ �f�h�`�_�r�_ 
�^�Z �i�j�_�f�b�g�_ �i�j�_�a �\�Z�e�Z �b �^�Z �f�Z�`�_ �]�h�j�_�k�i�h�f�_�g�Z�l�b�l�_ 
�\�l�m�e�d�b.  

�>�j�m�] �Z�k�i�_�d�l �g�Z �^�b�Z�]�g�h�k�l�b�d�Z�l�Z �_ �b�a�i�h�e�a�\�Z�g�_�l�h �g�Z 
�k�_�j�\�b�a�_�g �d�h�f�i�x�l�t�j. �G�_�i�j�Z�\�b�e�g�h �_ �k�o�\�Z�s�Z�g�_�l�h, �q�_ 
�^�b�Z�]�g�h�k�l�b�q�g�b�y�l �k�h�n�l�m�_�j �b�e�b �d�h�f�i�x�l�t�j �f�h�]�Z�l �^�Z 
�^�Z�^�Z�l �h�l�]�h�\�h�j �g�Z �\�k�b�q�d�b �\�t�i�j�h�k�b. �>�h�[�j�b�y�l �^�b�Z�]�g�h�k�l�b�d 
�l�j�y�[�\�Z �^�Z �f�h�`�_ �^�Z �h�p�_�g�b, �d�h�b �]�j�_�r�d�b �k�Z �Z�d�l�b�\�g�b �b 
�k�\�t�j�a�Z�g�b �k �i�j�h�[�e�_�f�b �\ �Z�\�l�h�f�h�[�b�e�Z, �d�h�b �k�Z �k�e�m�q�Z�c�g�b 
(�k�i�h�j�Z�^�b�q�g�b) �b �d�h�b �k�Z �k�l�Z�j�b �b �g�_�b�a�q�b�k�l�_�g�b �]�j�_�r�d�b �a�Z 
�h�l�^�Z�\�g�Z �h�l�k�l�j�Z�g�_�g�b �g�_�b�a�i�j�Z�\�g�h�k�l�b. �H�l �k�\�h�y �k�l�j�Z�g�Z 
�Z�d�l�b�\�g�b�l�_ �]�j�_�r�d�b �f�h�]�Z�l �^�Z �k�_ �i�j�h�y�\�y�l �\ �j�_�a�m�e�l�Z�l �g�Z 

�g�y�d�h�e�d�h �j�Z�a�e�b�q�g�b �i�j�b�q�b�g�b, �d�h�_�l�h �g�Z�e�Z�]�Z �a�Z�^�t�e�[�h�q�_�g 
�Z�g�Z�e�b�a.  

�I�j�b�f�_�j 11: �D�e�b�_�g�l �k�_ �h�i�e�Z�d�\�Z, �q�_ �i�j�b �g�Z�l�h�\�Z�j�_�g�Z 
�d�h�f�i�h�a�b�p�b�y �b �^�\�b�`�_�g�b�_ �i�h �g�Z�d�e�h�g �g�Z�]�h�j�_, �k�_�^�e�h�\�b�y�l 
�\�e�_�d�Z�q �g�y�f�Z �f�h�s�g�h�k�l. �A�Z�i�b�k�Z�g�Z�l�Z �]�j�_�r�d�Z �h�l �[�h�j�^�h�\�b�y 
�d�h�f�i�x�l�t�j  �_ „�g�b�k�d�h �g�Z�e�y�]�Z�g�_ �g�Z �]�h�j�b�\�h�l�h”. �K�_�j�\�b�a-
�g�b�y�l �b�g�`�_�g�_�j �g�Z�a�g�Z�q�Z�\�Z �k�f�y�g�Z �g�Z �]�h�j�b�\�g�b�l�_ �n�b�e�l�j�b. 
�D�e�b�_�g�l�t�l �h�[�y�k�g�y�\�Z, �q�_ �a�Z �l�j�_�l�b �i�t�l �f�m �k�f�_�g�y�l �n�b�e�l�j�b-
�l�_ �b �g�y�f�Z �i�h�^�h�[�j�_�g�b�_. �M�k�l�Z�g�h�\�y�\�Z �k�_, �q�_ �g�Z �l�h�a�b �Z�\�l�h-
�f�h�[�b�e �_ �f�h�g�l�b�j�Z�g �^�h�i�t�e�g�b�l�_�e�_�g �n�b�e�l�t�j-�m�l�Z�c�g�b�d, 
�b�a�\�t�g �l.�g. „�]�h�j�b�\�_�g �p�_�g�l�t�j”, �\ �d�h�c�l�h �i�e�m�\�Z�l �g�_�q�b�k�l�h-
�l�b�b. �I�j�b �g�h�j�f�Z�e�g�h �^�\�b�`�_�g�b�_ �]�h�j�b�\�h�l�h �f�b�g�Z�\�Z �[�_�a 
�a�Z�l�j�m�^�g�_�g�b�y �i�j�_�a �n�b�e�l�t�j-�m�l�Z�c�g�b�d�Z. �D�h�]�Z�l�h �h�[�Z�q�_ �_ 
�g�_�h�[�o�h�^�b�f �i�h-�]�h�e�y�f �^�_�[�b�l �]�h�j�b�\�h, �l�h �m�\�e�b�q�Z �g�_�q�b�k�l�h-
�l�b�b�l�_ �b �l�_ �a�Z�i�m�r�\�Z�l �p�_�^�d�Z�l�Z. 

2.3.3 �F�_�o�Z�g�b�p�b (�f�h�g�l�v�h�j�b) 

�H�l �l�y�o �a�Z�\�b�k�b �d�Z�q�_�k�l�\�h�l�h �g�Z �j�_�f�h�g�l�Z, �\�j�_�f�_�l�j�Z�_�g�_�l�h, 
�d�Z�d�l�h �b �d�h�e�b�q�_�k�l�\�h�l�h �g�Z �\�e�h�`�_�g�b�l�_ �q�Z�k�l�b �b �f�Z�l�_�j�b�Z-
�e�b. �I�h�j�Z�^�b �l�h�\�Z, �k �l�y�o �k�_ �i�j�h�\�_�`�^�Z�l �i�_�j�b�h�^�b�q�g�b 
�h�[�m�q�_�g�b�y, �h�[�o�\�Z�s�Z�s�b �d�Z�d�l�h �h�i�j�_�k�g�y�\�Z�g�_ �g�Z �a�g�Z�g�b�y�l�Z, 
�l�Z�d�Z �b �a�Z�i�h�a�g�Z�\�Z�g�_ �k �h�k�h�[�_�g�h�k�l�b�l�_ �g�Z �g�h�\�b�l�_ �f�h�^�_�e�b. 
�M�k�e�h�\�b�y�l�Z �g�Z �j�Z�[�h�l�Z, �h�l�g�h�r�_�g�b�y�l�Z �\ �d�h�e�_�d�l�b�\�Z, �d�Z�d�l�h 
�b �k�h�p�b�Z�e�g�Z�l�Z �k�j�_�^�Z �g�Z �f�h�g�l�v�h�j�b�l�_ �h�d�Z�a�\�Z�l �k�b�e�g�h 
�\�e�b�y�g�b�_ �\�t�j�o�m �d�Z�q�_�k�l�\�h�l�h �g�Z �j�Z�[�h�l�Z�l�Z �b�f. �L�Z�d�Z �g�Z�i�j�b-
�f�_�j, �h�l �[�t�j�a�Z�g�_ �b �g�_�\�g�b�f�Z�g�b�_,  �^�\�Z �i�t�l�b �j�Z�[�h�l�g�b�p�b �k�Z 
�f�h�g�l�b�j�Z�e�b �^�b�k�d�h�\�b �g�Z�d�e�Z�^�d�b �k �f�_�l�Z�e�g�Z�l�Z �h�k�g�h�\�Z �d�t�f 
�^�b�k�d�Z – �_�^�b�g �i�t�l �g�Z �e�_�d �Z�\�l�h�f�h�[�b�e �b �\�_�^�g�Z�` �g�Z �l�j�b-
�h�k�g�h �i�h�e�m�j�_�f�Z�j�d�_, �^�\�Z �i�t�l�b �k�Z �h�[�j�t�s�Z�e�b �n�_�j�h�^�h�\�b�y 
�^�b�k�d �g�Z �k�t�_�^�b�g�b�l�_�e�y – �i�h �\�_�^�g�t�` �g�Z �e�_�d �b �g�Z �l�h�\�Z�j�_�g 
�Z�\�l�h�f�h�[�b�e. �L�Z�d�b�\�Z �]�j�m�[�b �]�j�_�r�d�b �d�h�f�i�j�h�f�_�l�b�j�Z�l 
�k�_�j�\�b�a�Z.  

�I�j�b�f�_�j 12: �R�Z�j�g�b�j�t�l �g�Z �e�_�d �Z�\�l�h�f�h�[�b�e �k�_ �k�Z�f�h-
�j�Z�a�\�b�\�Z �h�d�h�e�h �f�_�k�_�p �k�e�_�^ �k�f�y�g�Z�l�Z, �i�j�b �d�h�_�l�h �i�h�e�m�h�k-
�d�Z�l�Z �k�_ �i�h�\�j�_�`�^�Z �[�_�a�\�t�a�\�j�Z�l�g�h (�d�t�k�f�_�l �_, �q�_ �Z�\�Z�j�b�y�l�Z 
�g�Z�k�l�t�i�\�Z �i�j�b �f�Z�g�_�\�j�b�j�Z�g�_ �k �g�b�k�d�Z �k�d�h�j�h�k�l, �Z �g�_ �g�Z �f�Z-
�]�b�k�l�j�Z�e�Z, �i�j�b�f�_�j�g�h). �K�_�j�\�b�a�t�l �i�h�^�f�_�g�y �i�h �]�Z�j�Z�g�p�b�y 
�m�\�j�_�^�_�g�b�l�_ �q�Z�k�l�b �b �h�l�g�h�\�h �g�_ �a�Z�d�h�g�l�j�y �r�Z�j�g�b�j�Z, �\�t-
�i�j�_�d�b �g�Z�k�l�h�y�l�_�e�g�h�l�h �i�h�^�k�_�s�Z�g�_ �h�l �k�l�j�Z�g�Z �g�Z �d�e�b�_�g�l�Z. 

�I�j�b�f�_�j 13: �G�Z�d�e�Z�^�d�b �g�Z �I�_�`�h 405 (�^�\�_ �i�h �^�\�_ – 
�_�^�g�Z�d�\�b) – �f�h�g�l�b�j�Z�g�b �k�Z �k�b�f�_�l�j�b�q�g�h �k�i�j�y�f�h �^�b�k�d�h-
�\�_�l�_, �i�j�b �d�h�_�l�h �\ �_�^�g�Z�l�Z �i�h�k�h�d�Z �g�Z �^�\�b�`�_�g�b�_ �b �^�\�_�l�_ 
�g�Z�d�e�Z�^�d�b �k�Z �h�k�b�]�m�j�_�g�b �k�i�j�y�f�h �b�a�i�Z�^�Z�g�_, �Z �\ �^�j�m�]�Z�l�Z – 
�g�_. �< �d�h�f�i�e�_�d�l�Z �g�Z�d�e�Z�^�d�b �b�f�Z �k�o�_�f�Z �a�Z �f�h�g�l�Z�`�Z �b�f. 

�I�j�b�f�_�j 14: �F�h�g�l�v�h�j �b�a�[�b�\�Z �\�t�l�j�_�r�g�Z�l�Z �]�j�b�\�g�Z �g�Z 
�i�h�\�j�_�^�_�g�b�y �d�h�e�_�k�_�g �e�Z�]�_�j �k �^�e�_�l�h (�k�_�d�Z�q) �b �q�m�d, �i�j�b 
�d�h�_�l�h �i�h�\�j�_�`�^�Z �i�h�\�t�j�o�g�h�k�l�l�Z �g�Z �h�k�l�Z. �K�e�_�^ �\�j�_�f�_, 
�h�k�l�Z �k�_ �d�t�k�Z �\ �i�h�\�j�_�^�_�g�h�l�h �f�y�k�l�h �\�k�e�_�^�k�l�\�b�_ �h�l �m�f�h�j�Z 
�g�Z �f�Z�l�_�j�b�Z�e�Z. �K�t�s�b�y�l �k�e�m�q�Z�c, �g�h �k �b�a�i�h�e�a�\�Z�g�_ �g�Z 
�t�]�e�h�r�e�Z�c�n �a�Z �i�j�_�j�y�a�\�Z�g�_ �g�Z �]�j�b�\�g�Z�l�Z – �h�l�g�h�\�h �i�h�\�j�_-
�^�_�g�Z �h�k. �< �b�g�k�l�j�m�f�_�g�l�Z�e�g�Z�l�Z �b�f�Z �\�k�y�d�Z�d�\�b �j�Z�a�f�_�j�b 
�k�d�h�[�b.  

�I�j�b�f�_�j 15: �F�h�g�l�v�h�j �k�f�_�g�y �^�b�k�d�h�\�b �g�Z�d�e�Z�^�d�b, �g�h 
�g�_ �i�j�h�\�_�j�y�\�Z �p�_�e�h�k�l�l�Z �g�Z �f�Z�g�r�h�g�q�_�l�Z �g�Z �[�m�l�Z�e�p�Z�l�Z �b 
�\�h�^�Z�q�b�l�_ �g�Z �k�i�b�j�Z�q�g�b�y �Z�i�Z�j�Z�l, �d�Z�d�l�h �b �^�\�b�`�_�g�b�_�l�h 
�b�f. �< �j�_�a�m�e�l�Z�l �_�^�g�Z�l�Z �g�Z�d�e�Z�^�d�Z �k�_ �b�a�g�h�k�\�Z �m�k�d�h�j�_�g�h. 

�F�g�h�]�h �q�_�k�l�h, �f�h�g�l�v�h�j�b�l�_ �k�f�_�g�y�l �q�Z�k�l�b, �q�b�c�l�h 
�j�_�k�m�j�k �g�_ �_ �b�a�i�h�e�a�\�Z�g �^�h�d�j�Z�c, �b�e�b �b�a�i�h�e�a�\�Z�l �i�h-�_�\�l�b-
�g�b �b �k�t�h�l�\�_�l�g�h �i�h-�g�_�d�Z�q�_�k�l�\�_�g�b �q�Z�k�l�b (�\ �i�h-�f�Z�e�d�b�l�_ 
�k�_�j�\�b�a�b). �L�h�\�Z  �\�Z�`�b �g�Z�c-�\�_�q�_ �a�Z �l�t�j�d�Z�e�y�s�b �k�_ �e�Z�]�_�j�b, 
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�]�m�f�_�g�b �l�Z�f�i�h�g�b, �q�Z�k�l�b �i�h �h�d�Z�q�\�Z�g�_�l�h, �d�h�j�f�b�e�g�Z�l�Z �b 
�k�i�b�j�Z�q�g�Z�l�Z �k�b�k�l�_�f�b. �I�j�b�q�b�g�Z �a�Z �l�h�\�Z �_, �h�l �_�^�g�Z �k�l�j�Z-
�g�Z, �g�_�`�_�e�Z�g�b�_�l�h �^�Z �k�_ �i�h�_�f�_ �h�l�]�h�\�h�j�g�h�k�l, �g�_�a�g�Z�g�b�_�l�h 
�b�e�b �g�_�b�a�i�h�e�a�\�Z�g�_�l�h �g�Z �b�a�f�_�j�b�l�_�e�g�b �m�j�_�^�b �a�Z 
�m�k�l�Z�g�h�\�y�\�Z�g�_ �g�Z �d�h�g�d�j�_�l�g�Z�l�Z �k�l�_�i�_�g �g�Z �b�a�g�h�k�\�Z�g�_ �g�Z 
�q�Z�k�l�l�Z, �Z �h�l �^�j�m�]�Z �n�Z�d�l�t�l, �q�_ �i�j�b �i�h-�q�_�k�l�Z �k�f�y�g�Z 
�^�_�f�h�g�l�Z�`�t�l �g�Z �b�a�g�h�k�_�g�b�l�_ �q�Z�k�l�b �_ �i�h-�e�_�k�_�g (�q�Z�k�l�b�l�_ 
�g�_ �k�Z �d�e�_�y�k�Z�e�b �b�e�b �d�h�j�h�a�b�j�Z�e�b). �L�m�d, �h�[�Z�q�_, �b�f�Z �h�s�_ 
�_�^�b�g �Z�k�i�_�d�l – �q�_�k�l�Z�l�Z �k�f�y�g�Z (�^�_�f�h�g�l�Z�`-�f�h�g�l�Z�`) �g�Z 
�q�Z�k�l�b, �d�h�b�l�h �m�q�Z�k�l�\�Z�l �\ �k�]�e�h�[�d�b �k�t�k �k�l�_�]�g�Z�l�h�k�l �\�h�^�b 
�^�h �g�Z�f�Z�e�y�\�Z�g�_�l�h �c �b �f�h�`�_ �^�Z �g�Z�e�h�`�b �k�f�y�g�Z �g�Z �i�h-
�_�^�j�h�]�Z�[�Z�j�b�l�g�Z �q�Z�k�l. �L�Z�d�b�\�Z �k�Z �d�h�e�_�k�g�b�l�_ �e�Z�]�_�j�b, 
�d�h�g�m�k�g�b�l�_ �k�]�e�h�[�d�b �g�Z �r�Z�j�g�b�j�g�b�l�_ �b �d�h�j�f�b�e�g�b�l�_ 
�g�Z�d�j�Z�c�g�b�p�b �b �^�j�m�]�b �_�e�_�f�_�g�l�b. 

�I�j�b�f�_�j16: �K�e�_�^ �l�j�_�l�Z�l�Z �k�f�y�g�Z �g�Z �p�b�e�b�g�^�j�h�\�b 
�\�l�m�e�d�b �b �[�m�l�Z�e�Z �g�Z �[�_�g�a�b�g�h�\ �[�m�k �J�_�g�h, �[�m�l�Z�e�g�b�l�_ 
�[�h�e�l�h�\�_ �^�h�l�h�e�d�h�\�Z �k�_ �h�o�e�Z�[�b�o�Z �\ �f�h�l�h�\�b�e�d�b�l�_, �q�_ 
�g�Z�i�j�Z�\�b�o�Z �d�Z�g�Z�e�b �\ �p�b�e�b�g�^�j�h�\�b�l�_ �\�l�m�e�d�b. 

�< �j�_�^�b�p�Z �k�e�m�q�Z�b, �k�f�y�g�Z�l�Z �g�Z �_�^�g�Z �q�Z�k�l, �b�a�b�k�d�\�Z 
�i�h�^�f�y�g�Z �b �g�Z �^�j�m�]�Z – �l�Z�d�Z �i�j�b �g�y�d�h�b �f�h�^�_�e�b �Z�\�l�h�f�h-
�[�b�e�b �k�f�y�g�Z�l�Z �g�Z �]�Z�j�g�b�l�m�j�Z�l�Z �g�Z �]�e�Z�\�Z�l�Z �_ �k�t�i�t�l�k�l�\�Z�g�Z 
�k�t�k �k�f�y�g�Z �g�Z �[�h�e�l�h�\�_�l�_ �g�Z �]�e�Z�\�Z�l�Z (�]�e�Z�\�b�l�_), �[�_�a-
�m�k�e�h�\�g�h �b�e�b �k�e�_�^ �m�k�l�Z�g�h�\�y�\�Z�g�_ �g�Z �m�^�t�e�`�Z�\�Z�g�_�l�h �b�f 
�g�Z�^ �^�Z�^�_�g �j�Z�a�f�_�j; �h�i�h�j�g�b�l�_ �e�Z�]�_�j�b �g�Z �g�y�d�h�b �i�h�e�m-
�\�Z�e�h�\�_ (�i�h�e�m�h�k�b) �k�_ �h�k�b�]�m�j�y�\�Z�l �k �i�h�f�h�s�l�Z �g�Z �]�j�b�\�g�Z, 
�g�Z�[�b�l�Z �k �i�j�_�k�h�\�Z �k�]�e�h�[�d�Z; �g�y�d�h�b �i�h�e�m�\�Z�e�h�\�_ (�i�h�e�m�h�k�b) 
�k�_ �f�h�g�l�b�j�Z�l �k �[�h�e�l�h�\�_, �d�h�b�l�h �a�Z�^�t�e�`�b�l�_�e�g�h �k�_ �k�f�_�g�y�l 
�i�j�b �\�k�_�d�b �^�_�f�h�g�l�Z�`/�f�h�g�l�Z�` �g�Z �i�h�e�m�\�Z�e�Z �b �l.�g. �L�h�\�Z 
�g�Z�e�Z�]�Z �k�t�h�l�\�_�l�g�b�y �f�h�g�l�v�h�j �^�Z �[�t�^�_ �a�Z�i�h�a�g�Z�l �k�t�k 
�k�i�_�p�b�n�b�d�Z�l�Z �g�Z �j�_�f�h�g�l�Z, �d�h�c�l�h �f�m �_ �\�t�a�e�h�`�_�g. 

2.3.4 �:�\�l�h�f�h�[�b�e�g�b �q�Z�k�l�b 

�:�\�l�h�f�h�[�b�e�g�b�l�_ �q�Z�k�l�b �f�h�]�Z�l �^�Z �[�t�^�Z�l �a�Z �i�t�j�\�h 
�\�]�j�Z�`�^�Z�g�_ �b�e�b �a�Z �j�_�a�_�j�\�g�b �q�Z�k�l�b (�l.�g. �Z�n�l�t�j�f�Z�j�d�_�l); 
�j�Z�a�e�b�q�Z�\�Z�l �k�_ �i�h �d�Z�q�_�k�l�\�h�l�h, �b�a�i�h�e�a�\�Z�g�b�l�_ �f�Z�l�_�j�b�Z�e�b, 
�^�t�e�]�h�l�j�Z�c�g�h�k�l�l�Z �b �_�k�l�_�k�l�\�_�g�h – �p�_�g�Z�l�Z (�l�Z�a�b �g�Z �q�Z�k�l�b-
�l�_ �a�Z �i�t�j�\�h �\�]�j�Z�`�^�Z�g�_ �g�Z�^�\�b�r�Z�\�Z 3-5 �i�t�l�b �k�t�h�l-
�\�_�l�g�Z�l�Z �p�_�g�Z �g�Z �j�_�a�_�j�\�g�b�l�_ �q�Z�k�l�b). �Q�Z�k�l�b�l�_ �a�Z �i�t�j�\�h 
�\�]�j�Z�`�^�Z�g�_ �f�h�]�Z�l �^�Z �[�t�^�Z�l �\�t�a�e�h�`�_�g�b �a�Z �b�a�j�Z�[�h�l�\�Z�g�_ 
�g�Z �^�j�m�] �i�j�h�b�a�\�h�^�b�l�_�e, �k�i�_�p�b�Z�e�b�a�b�j�Z�g �a�Z �k�t�h�l�\�_�l�g�b�l�_ 
�b�a�^�_�e�b�y, �d�Z�l�h �a�Z�^�t�e�`�b�l�_�e�g�h �f�b�g�Z�\�Z�l �i�j�_�a �k�l�j�h�] 
�d�h�g�l�j�h�e �i�j�_�^�b �\�]�j�Z�`�^�Z�g�_. �H�l �k�\�h�y �k�l�j�Z�g�Z, �j�_�a�_�j�\�g�b�l�_ 
�q�Z�k�l�b �f�h�]�Z�l �^�Z �[�t�^�Z�l „�h�j�b�]�b�g�Z�e�g�b” (�\ �h�i�Z�d�h�\�d�Z �k 
�e�h�]�h�l�h �g�Z �i�j�h�b�a�\�h�^�b�l�_�e�y �g�Z �l�j�Z�g�k�i�h�j�l�g�h�l�h �k�j�_�^�k�l�\�h) 
�b�e�b �h�l �i�h�^�^�h�k�l�Z�\�q�b�d (�\ �h�i�Z�d�h�\�d�Z �k �e�h�]�h�l�h �g�Z �k�Z�f�b�y 
�i�j�h�b�a�\�h�^�b�l�_�e �g�Z �j�_�a�_�j�\�g�Z�l�Z �q�Z�k�l). �Q�Z�k�l�b�l�_ �h�l �i�h�^�^�h�k-
�l�Z�\�q�b�d �k�t�s�h �k�_ �j�Z�a�e�b�q�Z�\�Z�l �i�h �p�_�g�Z (�i�j�b�f�_�j�g�h �i�h 
�g�Z�q�b�g�Z �g�Z �h�i�Z�d�h�\�Z�g�_ – �h�l�^�_�e�g�Z �h�i�Z�d�h�\�d�Z �a�Z �\�k�y�d�Z 
�j�_�a�_�j�\�g�Z �q�Z�k�l �b�e�b �h�[�s�Z �a�Z �g�y�d�h�e�d�h) �b �d�Z�q�_�k�l�\�h, �d�h�b�l�h 
�\ �j�_�^�b�p�Z �k�e�m�q�Z�b �f�h�]�Z�l �^�Z �a�Z�\�b�k�y�l �b �h�l �j�_�]�b�h�g�Z,  �a�Z 
�d�h�c�l�h �k�Z �i�j�_�^�g�Z�a�g�Z�q�_�g�b. �F�g�h�]�h �q�_�k�l�h �i�j�h�b�a�\�h�^�b�l�_�e�y�l 
�g�Z �l�j�Z�g�k�i�h�j�l�g�h�l�h �k�j�_�^�k�l�\�h �i�j�_�^�e�Z�]�Z �d�Z�l�h �h�j�b�]�b�g�Z�e�g�b 
�j�_�a�_�j�\�g�b �q�Z�k�l�b, �l�Z�d�b�\�Z,  �i�j�h�b�a�\�_�^�_�g�b �h�l �g�y�d�h�e�d�h �j�Z�a-
�e�b�q�g�b �d�h�f�i�Z�g�b�b. �G�Z �i�Z�a�Z�j�Z �k�_ �i�j�_�^�e�Z�]�Z�l �b �j�_�a�_�j�\�g�b 
�q�Z�k�l�b �h�l �^�j�m�]�b �i�j�h�b�a�\�h�^�b�l�_�e�b, �d�h�b�l�h �g�b�d�h�]�Z �g�_ �k�Z 
�h�k�b�]�m�j�y�\�Z�e�b �q�Z�k�l�b �a�Z �i�t�j�\�h �\�]�j�Z�`�^�Z�g�_ �b�e�b �d�Z�l�h 
„ �h�j�b�]�b�g�Z�e�g�b”. �< �j�_�^�b�p�Z �k�_�j�\�b�a�b �k�_ �i�j�_�^�e�Z�]�Z �b �r�b�j�h�d�Z 
�]�Z�f�Z �j�_�a�_�j�\�g�b �q�Z�k�l�b „�\�l�h�j�Z �m�i�h�l�j�_�[�Z”. �L�h�\�Z �k�Z �g�Z�c-
�q�_�k�l�h �q�Z�k�l�b �a�Z �i�t�j�\�h �\�]�j�Z�`�^�Z�g�_ �b�e�b „�h�j�b�]�b�g�Z�e�g�b”, 
�q�b�c�l�h �j�_�k�m�j�k �g�_ �_ �g�Z�i�t�e�g�h �b�a�q�_�j�i�Z�g.  

�G�_�a�Z�\�b�k�b�f�h, �d�Z�d�t�\ �l�b�i �k�Z �q�Z�k�l�b�l�_, �f�g�h�]�h �\�Z�`�g�h �_, 
�^�Z �k�_ �b�a�i�h�e�a�\�Z �f�Z�d�k�b�f�Z�e�g�h �j�_�k�m�j�k�t�l �b�f, �Z �g�_ �^�Z �k�_ 
�[�t�j�a�Z �k �i�h�^�f�y�g�Z�l�Z �b�f. �B�a�d�e�x�q�_�g�b�_ �k�Z �q�Z�k�l�b�l�_ �b 
�d�h�g�k�m�f�Z�l�b�\�b�l�_, �q�b�y�l�h �i�h�^�f�y�g�Z �_ �j�_�]�e�Z�f�_�g�l�b�j�Z�g�Z �i�h 
�i�j�h�[�_�] �b�e�b �i�h �\�j�_�f�_. 

2.3.5 �B�g�k�l�j�m�f�_�g�l�b �b �k�i�_�p�b�Z�e�g�b 
�i�j�b�k�i�h�k�h�[�e�_�g�b�y 

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

�I�j�b�f�_�j 17:  �G�_�j�Z�[�h�l�_�s �\�_�g�l�b�e�Z�l�h�j �a�Z �i�Z�j�g�h �g�Z 
�J�_�g�h. �?�e�_�d�l�j�h�l�_�o�g�b�d �m�k�l�Z�g�h�\�y�\�Z �i�h�\�j�_�^�Z �\ �d�h�e�_�d�l�h�j�Z 
�b�e�b �q�_�l�d�b�l�_, �g�h �g�_ �f�h�`�_ �^�Z �^�_�f�h�g�l�b�j�Z �\�_�g�l�b�e�Z�l�h�j�Z 
�[�_�a �^�_�f�h�g�l�Z�` �g�Z �p�y�e�h�l�h �l�Z�[�e�h. �;�t�j�a�Z�l�Z �k�i�j�Z�\�d�Z �\ 
�B�g�l�_�j�g�_�l �i�h�l�\�t�j�`�^�Z�\�Z �g�_�h�[�o�h�^�b�f�h�k�l�l�Z �h�l �j�Z�a�]�e�h�[�y-
�\�Z�g�_ �g�Z �l�Z�[�e�h�l�h �b �d�h�g�d�j�_�l�b�a�b�j�Z �p�_�g�Z�l�Z – �h�d�h�e�h 1000 
�e�\. �H�d�Z�a�\�Z �k�_ �h�[�Z�q�_, �q�_ �b�f�Z �k�i�_�p�b�Z�e�b�a�b�j�Z�g �b�g�k�l�j�m-
�f�_�g�l �a�Z �^�_�f�h�g�l�b�j�Z�g�_ �g�Z �\�t�i�j�h�k�g�b�y �\�_�g�l�b�e�Z�l�h�j, �k 
�q�b�y�l�h �i�h�f�h�s �p�y�e�Z�l�Z �i�j�h�p�_�^�m�j�Z �i�h �^�_�f�h�g�l�Z�`-�f�h�g�l�Z�`�Z 
�k�_ �\�f�_�k�l�\�Z �\ �j�Z�f�d�b�l�_ �g�Z �_�^�b�g �g�h�j�f�h�q�Z�k �b �j�_�f�h�g�l�Z 
�k�l�j�m�\�Z 42 �e�\., �i�j�b �l�h�\�Z �[�_�a �j�b�k�d�h�\�_�l�_ �h�l �g�Z�j�m�r�_�g�b 
�n�m�g�d�p�b�b, �k�t�i�t�l�k�l�\�Z�s�b �j�Z�a�]�e�h�[�y�\�Z�g�_ �g�Z �l�Z�[�e�h�l�h.  

�I�j�b�f�_�j 18: �< �g�Z�q�Z�e�h�l�h �g�Z �j�Z�[�h�l�Z�l�Z �g�Z �k�_�j�\�b�a�Z 
�b�a�i�h�e�a�\�Z�o�f�_ �h�[�b�d�g�h�\�_�g�Z �k�d�h�[�Z �k�t�k �a�t�[�_�g �f�_�o�Z�g�b�a�t�f 
�a�Z �f�h�g�l�b�j�Z�g�_ �g�Z �[�m�l�Z�e�Z�l�Z �k �[�m�l�Z�e�g�b�l�_ �i�j�t�k�l�_�g�b �\ 
�p�b�e�b�g�^�j�h�\�b�y �[�e�h�d �b�e�b �p�b�e�b�g�^�j�h�\�b�l�_ �\�l�m�e�d�b. �I�j�b 
�l�Z�a�b �i�j�h�p�_�^�m�j�Z �h�l�g�h�k�b�l�_�e�g�h �q�_�k�l�h �k�_ �q�m�i�_�r�_ �g�y�d�h�c �h�l 
�i�j�t�k�l�_�g�b�l�_. �K�e�_�^ �i�j�h�m�q�\�Z�g�_, �a�Z�d�m�i�b�o�f�_ �[�_�a�k�l�_�i�_�g�g�Z 
�k�d�h�[�Z „Stahlwille”, ( �g�Z �p�_�g�Z �h�d�h�e�h 80 �_�\�j�h) �k �q�b�y�l�h 
�i�h�f�h�s �q�m�i�_�g�_�l�h �g�Z �[�m�l�Z�e�g�b�l�_  �i�j�t�k�l�_�g�b �i�h �\�j�_�f�_ �g�Z 
�f�h�g�l�Z�`�Z  �[�_�r�_ �i�j�_�m�k�l�Z�g�h�\�_�g�h.  

2.3.6 �L�_�o�g�b�q�_�k�d�Z �b�g�n�h�j�f�Z�p�b�y 

�F�g�h�]�h�h�[�j�Z�a�b�_�l�h �g�Z �f�Z�j�d�b �b �f�h�^�_�e�b �g�Z �l�j�Z�g�k�i�h�j�l�g�b�l�_ 
�k�j�_�^�k�l�\�Z �g�Z�e�Z�]�Z �i�h�^�^�t�j�`�Z�g�_ �g�Z �]�h�e�y�f�Z �b �g�_�i�j�_�d�t�k-
�g�Z�l�h �h�[�g�h�\�y�\�Z�g�Z �[�Z�a�Z �^�Z�g�g�b, �d�Z�d�l�h �b �d�\�Z�e�b�n�b�p�b�j�Z�g�b 
�d�Z�^�j�b, �a�Z �j�Z�[�h�l�Z �k �g�_�y. �L�h�\�Z �h�[�m�k�e�Z�\�y �k�i�_�p�b�Z�e�b�a�b�j�Z-
�g�_�l�h �g�Z �j�_�^�b�p�Z �k�_�j�\�b�a�b �k�Z�f�h �a�Z �h�i�j�_�^�_�e�_�g�b �f�Z�j�d�b 
�b/�b�e�b �f�h�^�_�e�b �Z�\�l�h�f�h�[�b�e�b �b/�b�e�b �\�t�a�e�b �b �k�b�k�l�_�f�b �g�Z 
�l�j�Z�g�k�i�h�j�l�g�b�l�_ �k�j�_�^�k�l�\�Z (�i�j�b�f�_�j�g�h �a�Z �Z�\�l�h�f�Z�l�b�q�g�b 
�i�j�_�^�Z�\�Z�l�_�e�g�b �d�m�l�b�b, �^�\�b�]�Z�l�_�e�b, �]�h�j�b�\�g�Z �Z�i�Z�j�Z�l�m�j�Z, 
�o�h�^�h�\�Z �q�Z�k�l �b �^�j.) 

�I�j�b�f�_�j 19: �:�d�k�b�Z�e�g�Z�l�Z �o�e�Z�[�b�g�Z �g�Z �r�_�g�d�_�e�g�b�y 
�[�h�e�l �g�Z �F�:�G �b �F�_�j�p�_�^�_�k �_ 0.1 mm, �Z �g�Z �B�\�_�d�h – 0,2-
0,4 mm. �D�h�e�_�]�b�l�_, �a�Z�g�b�f�Z�\�Z�s�b �k�_ �k �j�_�]�m�e�b�j�Z�g�_ �g�Z 
�]�_�h�f�_�l�j�b�y�l�Z �g�Z �o�h�^�h�\�Z�l�Z �q�Z�k�l �g�Z �l�j�Z�g�k�i�h�j�l�g�b�l�_ �k�j�_�^-
�k�l�\�Z �g�_ �[�y�o�Z �a�Z�i�h�a�g�Z�l�b �k �l�Z�a�b �h�k�h�[�_�g�h�k�l �b �i�j�_�^�b�a�\�b-
�d�Z�o�Z �g�y�d�h�e�d�h �k�_�j�b�h�a�g�b �j�Z�a�i�j�Z�\�b�b �k �d�e�b�_�g�l�b �g�Z 
�k�_�j�\�b�a�Z. 

2.3.7 �<�t�g�r�g�b �m�k�e�m�]�b 

�K�j�Z�\�g�b�l�_�e�g�h �q�_�k�l�h �k�_�j�\�b�a�b�l�_ �i�h�e�a�\�Z�l �m�k�e�m�]�b�l�_ �g�Z 
�k�i�_�p�b�Z�e�b�a�b�j�Z�g�b �p�_�g�l�j�h�\�_ �a�Z �j�_�f�h�g�l �g�Z �]�h�j�b�\�g�Z �Z�i�Z�j�Z-
�l�m�j�Z; �r�e�Z�c�n�Z�g�_ �g�Z �d�h�e�y�g�h�\�b �\�Z�e�h�\�_, �p�b�e�b�g�^�j�h�\�b 
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�]�e�Z�\�b �b �[�e�h�d�h�\�_, �h�k�b �g�Z �j�_�f�Z�j�d�_�l�Z; �j�_�f�h�g�l �g�Z �\�b�k�d�h-
�k�t�_�^�b�g�b�l�_�e�b �a�Z �\�_�g�l�b�e�Z�l�h�j�g�b �i�_�j�d�b; �j�_�f�h�g�l �g�Z �d�Z�j-
�^�Z�g�b �b �i�h�e�m�\�Z�e�h�\�_ (�i�h�e�m�h�k�b) �b �f�g�h�]�h �^�j�m�]�b. �=�j�_�r�d�b�l�_ 
�i�j�b �b�a�\�t�j�r�\�Z�g�_ �g�Z �l�h�a�b �\�b� ̂ �m�k�e�m�]�b �i�j�y�d�h �\�e�b�y�y�l 
�\�t�j�o�m �d�Z�q�_�k�l�\�h�l�h �g�Z �b�a�\�t�j�r�\�Z�g�b�y �j�_�f�h�g�l. 

�I�j�b�f�_�j 20: �J�_�f�h�g�l �g�Z �^�\�Z �[�j�h�y �]�h�j�b�\�h-�g�Z�]�g�_�l�Z�l�_�e-
�g�b �i�h�f�i�b Bosch, �\�d�e�x�q�\�Z�s �k�f�y�g�Z �g�Z �\�l�m�e�d�Z�l�Z �g�Z �\�Z�e�Z 
�b �j�_�]�m�e�b�j�Z�g�_. �G�y�d�h�e�d�h �^�g�b, �k�e�_�^ �i�j�b�\�_�`�^�Z�g�_ �g�Z �Z�\�l�h-
�f�h�[�b�e�b�l�_ �\ �^�\�b�`�_�g�b�_, �\�l�m�e�d�b�l�_ �a�Z�^�b�j�Z�l, �Z�g�]�j�_�g�Z�`-
�g�b�l�_ �j�_�f�t�p�b �k�_ �d�t�k�Z�l, �j�Z�a�i�j�_�^�_�e�b�l�_�e�g�b�l�_ �\�Z�e�h�\�_ �b 
�i�h�g�_ �^�\�_ �h�l �h�i�h�j�b�l�_ �b�f �k�_ �q�m�i�y�l, �d�e�Z�i�Z�g�b �k�_ �d�j�b�\�y�l �b 
�l.�g. �H�d�Z�a�Z �k�_, �q�_ �\�f�_�k�l�h �h�j�b�]�b�g�Z�e�g�Z �\�l�m�e�d�Z �g�Z Bosch 
�g�Z �p�_�g�Z �h�d�h�e�h 15 �e�\., �k�Z �f�h�g�l�b�j�Z�g�b �l�Z�d�b�\�Z, �i�j�Z�\�_�g�b �g�Z 
�k�l�j�m�]. �< �j�_�a�m�e�l�Z�l, �j�_�f�h�g�l�Z �g�Z �\�k�_�d�b �_�^�b�g �h�l 
�i�h�\�j�_�^�_�g�b�l�_ �^�\�b�]�Z�l�_�e�b �b�a�e�_�a�_ �f�_�`�^�m 400 �b 500 �e�\. 

�I�j�b�f�_�j 21: �< �j�Z�f�d�b�l�_ �g�Z �q�_�l�b�j�b �f�_�k�_�p�Z �k�_ �k�d�t�k�Z�o�Z 
�i�j�_�a �f�h�l�h�\�b�e�d�h�\�Z �r�b�c�d�Z �l�j�b �d�h�e�y�g�h�\�b �\�Z�e�Z, �r�e�Z�c�n�Z-
�g�b �g�Z �j�_�f�h�g�l�_�g �j�Z�a�f�_�j, �g�Z �h�d�h�e�h 7-8000 km �k�e�_�^ 
�h�k�g�h�\�g�b�y �j�_�f�h�g�l �g�Z �^�\�b�]�Z�l�_�e�b�l�_. �<�k�b�q�d�b�l�_ �k�Z �r�e�Z�c-
�n�Z�g�b �h�l �_�^�b�g �f�Z�c�k�l�h�j, �g�Z �_�^�g�Z �b �k�t�s�Z  �f�Z�r�b�g�Z �b �i�h 
�_�^�g�Z �b �k�t�s�Z �l�_�o�g�h�e�h�]�b�y �b �k �b�a�d�e�x�q�_�g�b�_ �g�Z �k�i�h�f�_�g�Z-
�l�b�y �i�_�j�b�h�^, �g�_ �_ �b�f�Z�e�h  �i�j�h�[�e�_�f�b. �I�j�_�^�b �a�Z�i�h�q�\�Z�g�_ �g�Z 
�k�t�h�l�\�_�l�g�Z�l�Z �h�[�j�Z�[�h�l�d�Z, �r�e�Z�c�n�b�k�l�t�l �_ �i�j�h�\�_�j�b�e �\�Z�e�h-
�\�_�l�_ �a�Z �i�m�d�g�Z�l�b�g�b �h�l �m�f�h�j�Z �g�Z �f�Z�l�_�j�b�Z�e�Z. �H�d�Z�a�Z �k�_, �q�_ 
�f�_�`�^�m�\�j�_�f�_�g�g�h �_ �[�b�e �i�h�^�f�_�g�_�g, �k �g�h�\, �j�_�`�_�s�b�y�l 
�b�g�k�l�j�m�f�_�g�l �g�Z �r�e�Z�c�n-�f�Z�r�b�g�Z�l�Z. �G�h�\�b�y�l �g�_ �_ �h�k�b�]�m-
�j�y�\�Z�e �g�_�h�[�o�h�^�b�f�b�y �j�Z�^�b�m�k �g�Z �a�Z�d�j�t�]�e�_�g�b�_ �i�j�b �f�h�l�h-
�\�b�e�d�h�\�b�l�_ �r�b�c�d�b, �b�a�b�k�d�\�Z�s �k�_ �i�h �^�h�d�m�f�_�g�l�Z�p�b�y �a�Z 
�l�h�a�b �l�b�i �^�\�b�]�Z�l�_�e�b, �\�k�e�_�^�k�l�\�b�_ �g�Z �d�h�_�l�h �_ �\�t�a�g�b�d�g�Z�e�Z 
�d�h�g�p�_�g�l�j�Z�p�b�y �g�Z �g�Z�i�j�_�`�_�g�b�y�l�Z. �K�e�_�^ �q�Z�k�l�b�q�g�h �b�a�g�h�k-
�\�Z�g�_ �g�Z �j�_�`�_�r�b�y �j�t�[, �a�Z�d�j�t�]�e�_�g�b�_�l�h �_ �\�e�y�a�e�h �\ �g�h�j�f�Z 
�b �i�j�h�[�e�_�f�t�l �_ �b�a�q�_�a�g�Z�e.  

3 �B�a�\�h�^�b  

�B�a�[�h�j�t�l �g�Z �k�_�j�\�b�a �\�e�b�y�_ �k�t�s�_�k�l�\�_�g�h �\�t�j�o�m �i�j�h�^�t�e-
�`�b�l�_�e�g�h�k�l�l�Z �b �k�_�[�_�k�l�h�c�g�h�k�l�l�Z �g�Z �_�d�k�i�e�h�Z�l�Z�p�b�y�l�Z �g�Z 
�l�j�Z�g�k�i�h�j�l�g�b�l�_ �k�j�_�^�k�l�\�Z. �< �l�Z�a�b �\�j�t�a�d�Z, �i�j�Z�\�b�e�_�g 
�f�h�`�_ �^�Z �k�_ �h�d�Z�`�_ �b�a�[�h�j�t�l �g�Z �i�h-�h�l�^�Z�e�_�q�_�g �b/�b�e�b �j�Z�[�h-
�l�_�s �g�Z �i�h-�\�b�k�h�d�Z �p�_�g�h�\�Z �k�l�Z�\�d�Z �k�_�j�\�b�a �h�l �g�Z�e�b�q�g�b�l�_ �\ 
�j�_�]�b�h�g�Z �b�e�b �b�a�i�h�e�a�\�Z�g�_ �g�Z �j�Z�a�e�b�q�g�b �k�_�j�\�b�a�b, 
�k�i�_�p�b�Z�e�b�a�b�j�Z�g�b �a�Z �h�l�^�_�e�g�b�l�_ �j�_�f�h�g�l�g�b �^�_�c�g�h�k�l�b. 

�I�j�b �n�b�j�f�b�l�_, �b�a�\�t�j�r�\�Z�s�b �l�j�Z�g�k�i�h�j�l�g�Z �^�_�c�g�h�k�l, 
�b�a�[�h�j�t�l �g�Z �i�_�j�k�h�g�Z�e (�\�h�^�Z�q�b �g�Z �l�j�Z�g�k�i�h�j�l�g�b�l�_ �k�j�_�^-
�k�l�\�Z) �l�j�y�[�\�Z �^�Z �k�_ �h�k�t�s�_�k�l�\�y�\�Z �f�g�h�]�h �\�g�b�f�Z�l�_�e�g�h, 
�k�e�_�^ �k�l�j�h�] �i�h�^�[�h�j, �d�Z�d�l�h �b �^�Z �k�_ �h�k�b�]�m�j�b �i�_�j�b�h�^�b�q�g�h 
�h�[�m�q�_�g�b�_. �<�t�a�g�Z�]�j�Z�`�^�_�g�b�_�l�h �g�Z �\�h�^�Z�q�b�l�_, �[�b �[�b�e�h 
�^�h�[�j�_ �^�Z �k�_ �h�[�\�t�j�`�_, �h�k�\�_�g �k �b�d�h�g�h�f�b�y�l�Z �g�Z �]�h�j�b�\�h, �b 
�k �i�t�e�g�h�l�h �b�a�i�h�e�a�\�Z�g�_ �g�Z �j�_�k�m�j�k�Z �g�Z �g�y�d�h�b �\�t�a�e�b �b 
�k�b�k�l�_�f�b – �k�t�_�^�b�g�b�l�_�e, �h�d�Z�q�\�Z�g�_, �k�i�b�j�Z�q�g�Z �k�b�k�l�_�f�Z, 
�]�m�f�b �b �^�j. 

�I�j�b �f�Z�e�d�b �n�b�j�f�b �k�h�[�k�l�\�_�g�b�d�t�l-�\�h�^�Z�q �[�b �l�j�y�[�\�Z�e�h 
�^�Z �h�[�t�j�g�_ �\�g�b�f�Z�g�b�_ �g�Z �g�Z�q�b�g�Z �k�b �g�Z �m�i�j�Z�\�e�_�g�b�_ �b 
�_�\�_�g�l�m�Z�e�g�h �^�Z �i�h�e�h�`�b �m�k�b�e�b�y �a�Z �h�i�l�b�f�b�a�b�j�Z�g�_�l�h �f�m. 

�K�_�j�\�b�a�b�l�_ �l�j�y�[�\�Z �^�Z �h�k�b�]�m�j�y�\�Z�l �h�i�l�b�f�Z�e�g�b �m�k�e�h-
�\�b�y �g�Z �j�Z�[�h�l�Z �g�Z �f�h�g�l�v�h�j�b�l�_, �i�_�j�b�h�^�b�q�g�b �h�[�m�q�_�g�b�y �a�Z 
�i�_�j�k�h�g�Z�e�Z, �g�_�i�j�_�d�t�k�g�Z�l�h �h�[�g�h�\�y�\�Z�g�_ �g�Z �[�Z�a�Z�l�Z �k  
�^�Z�g�g�b, �d�Z�d�l�h �b �g�Z �b�g�k�l�j�m�f�_�g�l�b�l�_ �b �k�i�_�p�b�Z�e�g�b�l�_ 
�i�j�b�k�i�h�k�h�[�e�_�g�b�y. �H�l �]�h�e�y�f�h �a�g�Z�q�_�g�b�_ �_ �b�a�]�j�Z�`�^�Z�g�_�l�h 
�g�Z �_�n�_�d�l�b�\�g�Z �k�b�k�l�_�f�Z �a�Z �d�h�g�l�j�h�e �g�Z �b�a�\�t�j�r�_�g�b�l�_ �\ 

�k�_�j�\�b�a�Z �j�_�f�h�g�l�g�b �\�t�a�^�_�c�k�l�\�b�y �b �k�l�j�b�d�l�g�h �k�i�Z�a�\�Z�g�_ �g�Z 
�l�_�o�g�h�e�h�]�b�y�l�Z �g�Z �j�_�f�h�g�l�Z. 

�>�h�[�j�Z �i�j�Z�d�l�b�d�Z �_ �a�Z�k�l�j�Z�o�h�\�Z�g�_ �g�Z �k�_�j�\�b�a�g�Z�l�Z 
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Abstract:  A number of factors affecting reliability res-
pectively life cycle of motor vehicles are investigated in 
specialized literature. Those factors may be mechanical, 
technological and operational. The affect of subjective 
factor i.e. drivers of motor vehicles, mechanics, auxiliary 
personnel and engineers is investigated in this paper. 
Spatial attention is paid to the spare parts used during 
maintenance and the repairs, and to the specialized tools. 
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�H�p�_�g�d�Z �g�Z �[�_�a�h�i�Z�k�g�h�k�l�l�Z �g�Z �]�j�Z�^�k�d�b�y �i�t�l�g�b�q�_�k�d�b 
�l�j�Z�g�k�i�h�j�l 

�<�_�e�b�a�Z�j�Z �I�_�g�q�_�\�Z1,*, �J�h�k�b�p�Z �:�g�]�_�e�h�\�Z1, �I�Z�\�_�e �K�l�h�y�g�h�\1 �b �>�b�f�b�l�t�j �=�j�h�a�_�\1  

1�J�m�k�_�g�k�d�b �m�g�b�\�_�j�k�b�l�_�l „ �:�g�]�_�e �D�t�g�q�_�\“, �J�m�k�_, �m�e. „�K�l�m�^�_�g�l�k�d�Z“ �‹ 8, �;�t�e�]�Z�j�b�y 

Abstract.  �J�Z�a�]�e�_�^�Z�g�Z �_ �[�_�a�h�i�Z�k�g�h�k�l�l�Z �g�Z �]�j�Z�^�k�d�b�y �i�t�l�g�b�q�_�k�d�b �l�j�Z�g�k�i�h�j�l, �d�h�_�l�h �\�d�e�x�q�\�Z �a�Z�s�b�l�_�g�h�k�l 
�g�Z �i�t�l�g�b�p�b�l�_ �h�l �i�t�l�g�h �l�j�Z�g�k�i�h�j�l�g�b �i�j�h�b�a�r�_�k�l�\�b�y �b �h�i�Z�a�\�Z�g�_ �g�Z �h�d�h�e�g�Z�l�Z �k�j�_�^�Z, �k�t�o�j�Z�g�y�\�Z�g�_ �g�Z 
�l�j�Z�g�k�i�h�j�l�g�b�l�_ �k�j�_�^�k�l�\�Z �b �b�g�n�j�Z�k�l�j�m�d�l�m�j�Z�l�Z. �B�a�k�e�_�^�\�Z�g�Z �_ �k�b�k�l�_�f�Z�l�Z �h�l �n�Z�d�l�h�j�b, �d�h�b�l�h �h�d�Z�a�\�Z�l �g�Z�c-
�k�b�e�g�h �\�e�b�y�g�b�_ �\�t�j�o�m �[�_�a�h�i�Z�k�g�h�k�l�l�Z. �G�Z �i�j�b�f�_�j�Z �g�Z �]�j�Z�^ �J�m�k�_ �k�Z �g�Z�i�j�Z�\�_�g�b �i�j�_�^�e�h�`�_�g�b�y �a�Z 
�i�h�^�h�[�j�y�\�Z�g�_ �g�Z �[�_�a�h�i�Z�k�g�h�k�l�l�Z, �q�j�_�a �i�h�^�h�[�j�y�\�Z�g�_ �h�j�]�Z�g�b�a�Z�p�b�y�l�Z �g�Z �]�j�Z�^�k�d�b�y �i�t�l�g�b�q�_�k�d�b �l�j�Z�g�k�i�h�j�l, 
�b�a�i�h�e�a�\�Z�g�_ �g�Z �b�g�l�_�e�b�]�_�g�l�g�b �l�j�Z�g�k�i�h�j�l�g�b �k�b�k�l�_�f�b, �\�g�_�^�j�y�\�Z�g�_ �g�Z �_�g�_�j�]�b�c�g�h �_�n�_�d�l�b�\�g�b �l�_�o�g�h�e�h�]�b�b, 
�b�a�i�h�e�a�\�Z�g�_ �g�Z �Z�e�l�_�j�g�Z�l�b�\�g�b �]�h�j�b�\�Z �b �g�Z �i�h-�_�d�h�e�h�]�h�k�t�h�[�j�Z�a�g�b �b �[�_�a�h�i�Z�k�g�b �l�j�Z�g�k�i�h�j�l�g�b �k�j�_�^�k�l�\�Z. 

1 �<�t�\�_�^�_�g�b�_ 

�=�j�Z�^�k�d�b�y�l �i�t�l�g�b�q�_�k�d�b �l�j�Z�g�k�i�h�j�l (�=�I�L) �k�_ �h�l�g�Z�k�y �d�t�f 
�h�l�j�Z�k�e�b�l�_, �d�h�b�l�h �h�k�b�]�m�j�y�\�Z�l �`�b�a�g�_�k�i�h�k�h�[�g�h�k�l�l�Z �g�Z 
�]�j�Z�^�Z. �H�l �g�_�]�h�\�h�l�h �n�m�g�d�p�b�h�g�b�j�Z�g�_ �a�Z�\�b�k�b: 
• �d�Z�q�_�k�l�\�h�l�h �g�Z �`�b�\�h�l �g�Z �g�Z�k�_�e�_�g�b�_�l�h; 
• �_�n�_�d�l�b�\�g�Z�l�Z �j�Z�[�h�l�Z �g�Z �b�d�h�g�h�f�b�d�Z�l�Z �g�Z �]�j�Z�^�Z; 
• �\�t�a�f�h�`�g�h�k�l�l�Z �^�Z �k�_ �b�a�i�h�e�a�\�Z �k�h�p�b�Z�e�g�h-�b�d�h�g�h�f�b-

�q�_�k�d�b�y �b �i�j�h�k�l�j�Z�g�k�l�\�_�g �i�h�l�_�g�p�b�Z�e �g�Z �]�j�Z�^�Z. 
�I�j�_�a �i�h�k�e�_�^�g�b�l�_ 20-30 �]�h�^�b�g�b �\ �;�t�e�]�Z�j�b�y �a�g�Z�q�b-

�l�_�e�g�h �k�_ �b�a�f�_�g�b �k�l�j�m�d�l�m�j�Z�l�Z �g�Z �i�t�l�g�b�q�_�k�d�b�l�_ �i�j�_�\�h�a�b 
�\ �=�I�L. �L�h�\�Z �_ �h�[�m�k�e�h�\�_�g�h �h�l �^�b�g�Z�f�b�d�Z�l�Z �g�Z �k�h�p�b�Z�e�g�h-
�b�d�h�g�h�f�b�q�_�k�d�h�l�h �j�Z�a�\�b�l�b�_ �g�Z �]�j�Z�^�h�\�_�l�_, �d�h�_�l�h �_ 
�k�\�t�j�a�Z�g�h �k �g�_�i�j�_�d�t�k�g�Z�l�Z�l�Z �i�h�y�\�Z �g�Z �g�h�\�b �h�[�_�d�l�b 
�]�_�g�_�j�b�j�Z�s�b �b/�b�e�b �i�h�]�Z�k�y�\�Z�s�b �i�t�l�g�b�d�h�i�h�l�h�p�b. �< 
�k�t�s�h�l�h �\�j�_�f�_ �k�_ �m�\�_�e�b�q�Z�\�Z �[�j�h�y �g�Z �Z�\�l�h�f�h�[�b�e�b�l�_, 
�d�h�_�l�h �i�j�_�^�b�a�\�b�d�\�Z �g�Z�l�h�\�Z�j�\�Z�g�_ �g�Z �i�t�l�b�s�Z�l�Z, �i�j�b�q�b�g�Z 
�a�Z �g�Z�f�Z�e�y�\�Z�g�_ �g�Z �k�d�h�j�h�k�l�l�Z, �i�j�h�[�e�_�f�b �k �i�Z�j�d�b�j�Z�g�_�l�h, 
�d�Z�d�l�h �b �j�b�k�d �h�l �i�t�l�g�h�l�j�Z�g�k�i�h�j�l�g�b �i�j�h�b�a�r�_�k�l�\�b�y 
(�I�L�I ). �?�^�g�h �h�l �j�_�r�_�g�b�y�l�Z, �d�h�_�l�h �s�_ �^�h�i�j�b�g�_�k�_ 
�a�g�Z�q�b�l�_�e�g�h �a�Z �m�k�l�h�c�q�b�\�h �j�Z�a�\�b�l�b�_ �g�Z �]�j�Z�^�h�\�_�l�_ �_ 
�h�k�b�]�m�j�y�\�Z�g�_�l�h �g�Z �^�h�[�j�b �m�k�e�h�\�b�y �a�Z �f�h�[�b�e�g�h�k�l �g�Z 
�g�Z�k�_�e�_�g�b�_�l�h �q�j�_�a �=�I�L [1]. 

�K�b�k�l�_�f�Z�l�Z �g�Z �=�I�L �_ �k�b�k�l�_�f�Z �h�l �l�j�b �\�a�Z�b�f�g�h 
�k�\�t�j�a�Z�g�b �i�h�^�k�b�k�l�_�f�b (�N�b�]. 1) [2]. 

 

�N�b�]. 1. �H�i�j�h�k�l�_�g�Z �k�o�_�f�Z �g�Z �k�b�k�l�_�f�Z�l�Z �g�Z �=�I�L. 

�I�h�^�k�b�k�l�_�f�Z�l�Z „�]�j�Z�^�k�d�Z �k�j�_�^�Z“ �\�d�e�x�q�\�Z �j�_�^�b�p�Z 
�\�Z�`�g�b �_�e�_�f�_�g�l�b: �b�g�^�m�k�l�j�b�y �\ �]�j�Z�^�Z; �a�Z�k�l�j�h�y�\�Z�g�_; 
�b�g�n�j�Z�k�l�j�m�d�l�m�j�Z, �d�Z�d�l�h �b �m�i�j�Z�\�e�_�g�b�_ �b �h�[�k�e�m�`�\�Z�g�_ �g�Z 
�l�_�a�b �_�e�_�f�_�g�l�b. �< �k�t�s�h�l�h �\�j�_�f�_ �k�l�j�_�f�_�`�t�l �g�Z �l�Z�a�b 
�i�h�^�k�b�k�l�_�f�Z �_ �h�k�b�]�m�j�y�\�Z�g�_ �g�Z �m�k�l�h�c�q�b�\�h �j�Z�a�\�b�l�b�_, 
�d�Z�l�h �j�_�r�Z�\�Z �i�j�h�[�e�_�f�b�l�_ �k �h�]�j�Z�g�b�q�Z�\�Z�g�_ �g�Z �\�j�_�^�g�h�l�h 
�\�t�a�^�_�c�k�l�\�b�_ �g�Z �l�j�Z�g�k�i�h�j�l�Z �\�t�j�o�m �h�d�h�e�g�Z�l�Z �k�j�_�^�Z, 
�i�h�^�h�[�j�y�\�Z�g�_ �g�Z �_�g�_�j�]�b�c�g�Z �_�n�_�d�l�b�\�g�h�k�l �g�Z �l�j�Z�g�k�i�h�j-
�l�Z, �k�b�]�m�j�g�h�k�l �a�Z �g�Z�k�_�e�_�g�b�_�l�h �b �^�j., �h�k�b�]�m�j�y�\�Z�s�b 
�[�_�a�i�j�h�[�e�_�f�g�h �i�j�b�^�\�b�`�\�Z�g�_ �g�Z �]�j�Z�^�k�d�h�l�h �g�Z�k�_�e�_�g�b�_ �b 
�\ �k�t�s�h�l�h �\�j�_�f�_ �a�Z�i�Z�a�\�Z�g�_ �g�Z �]�j�Z�^�Z �a�Z �k�e�_�^�\�Z�s�b�l�_ 
�i�h�d�h�e�_�g�b�y. 

�I�h�^�k�b�k�l�_�f�Z�l�Z „�l�j�Z�g�k�i�h�j�l�g�b �k�j�_�^�k�l�\�Z“ �\�d�e�x�q�\�Z 
�h�j�]�Z�g�b�a�Z�p�b�y�l�Z �b �m�i�j�Z�\�e�_�g�b�_�l�h �f�m, �l�Z�d�Z, �q�_ �^�Z �k�_ 
�h�k�b�]�m�j�y�l �i�t�l�g�b�q�_�k�d�b�l�_ �i�j�_�\�h�a�b �\ �]�j�Z�^�Z. 

�I�h�^�k�b�k�l�_�f�Z�l�Z „�i�t�l�g�b�p�b“ �k�_ �h�p�_�g�y�\�Z �g�Z �[�Z�a�Z �m�^�h-
�\�e�_�l�\�h�j�_�g�h�k�l�l�Z �g�Z �i�t�l�g�b�d�Z �h�l �l�j�Z�g�k�i�h�j�l�g�Z�l�Z �m�k�e�m�]�Z 
�g�Z �=�I�L, �k�i�h�j�_�^ �d�Z�q�_�k�l�\�h�l�h �c. �<�t�i�j�h�k�b�l�_ �k�\�t�j�a�Z�g�b �k 
�d�Z�q�_�k�l�\�h�l�h �g�Z �l�j�Z�g�k�i�h�j�l�g�Z�l�Z �m�k�e�m�]�Z �\ �=�I�L �k�Z �f�g�h�]�h 
�q�_�k�l�h �j�Z�a�]�e�_�`�^�Z�g�b �b �\�t�i�j�_�d�b �l�h�\�Z �g�y�f�Z �i�j�b�_�l�Z �_�^�b�g�g�Z 
�k�b�k�l�_�f�Z. �L�h�\�Z �_ �k�\�t�j�a�Z�g�h �k �b�a�d�e�x�q�b�l�_�e�g�h �j�Z�a�g�h�h�[�j�Z�a-
�g�b�l�_ �m�k�e�h�\�b�y, �\ �d�h�b�l�h �^�_�c�k�l�\�Z�l �i�j�_�\�h�a�\�Z�q�b�l�_ �b �i�h�l�j�_-
�[�b�l�_�e�b�l�_ �g�Z �l�_�o�g�b�l�_ �m�k�e�m�]�b. �=�j�m�i�Z�l�Z �h�l �i�h�d�Z�a�Z�l�_�e�b �a�Z 
�d�Z�q�_�k�l�\�h �b �l�y�o�g�h�l�h �h�l�g�h�k�b�l�_�e�g�h �l�_�]�e�h �f�h�`�_ �^�Z �k�_ 
�b�a�f�_�g�b �^�h�j�b �a�Z �_�^�b�g �b �k�t�s�b �i�t�l�g�b�d, �\ �a�Z�\�b�k�b�f�h�k�l �h�l 
�d�h�g�d�j�_�l�g�b�l�_ �m�k�e�h�\�b�y. 

�G�_�a�Z�\�b�k�b�f�h �h�l �d�h�g�d�j�_�l�g�b�l�_ �m�k�e�h�\�b�y �i�h�d�Z�a�Z�l�_�e�y 
�[�_�a�h�i�Z�k�g�h�k�l �_ �\�b�g�Z�]�b �\ �]�j�m�i�Z�l�Z �n�Z�d�l�h�j�b, �d�h�b�l�h �i�t�l�g�b-
�d�t�l �a�Z�^�t�e�`�b�l�_�e�g�h �\�d�e�x�q�\�Z �\ �h�p�_�g�y�\�Z�g�_ �d�Z�q�_�k�l�\�h�l�h �g�Z 
�l�j�Z�g�k�i�h�j�l�g�Z�l�Z �m�k�e�m�]�Z �g�Z �=�I�L. �L�h�\�Z �_ �n�Z�d�l�h�j, �d�h�c�l�h 
�k�t�s�h �_ �\�Z�`�_�g �b �a�Z �h�[�s�_�k�l�\�h�l�h �d�Z�l�h �p�y�e�h �b �\ �q�Z�k�l�g�h�k�l 
�a�Z �]�j�Z�^�Z. �F�g�h�]�h �q�_�k�l�h �l�h�a�b �n�Z�d�l�h�j �k�_ �j�Z�a�]�e�_�`�^�Z �k�Z�f�h 
�\ �d�h�g�l�_�d�k�l�Z �g�Z �h�k�b�]�m�j�y�\�Z�g�_ �[�_�a�h�i�Z�k�g�h�k�l�l�Z �g�Z �^�\�b�`�_-
�g�b�_�l�h, �d�h�_�l�h �_ �k�t�s�_�k�l�\�_�g �_�e�_�f�_�g�l, �g�h �g�_ �_ �^�h�k�l�Z�l�t�q�_�g. 
�H�k�\�_�g �[�_�a�h�i�Z�k�g�h�k�l�l�Z �g�Z �^�\�b�`�_�g�b�_�l�h �k�e�_�^�\�Z �^�Z �[�t�^�_ 
�h�p�_�g�_�g�Z �h�[�s�Z�l�Z �[�_�a�h�i�Z�k�g�h�k�l �b �k�b�]�m�j�g�h�k�l �g�Z �i�t�l�g�b�d�Z. 

�=�j�Z�^�k�d�Z �k�j�_�^�Z 

�L�j�Z�g�k�i�h�j�l�g�b 
�k�j�_�^�k�l�\�Z �I�t�l�g�b�p�b 

�=. �J�`�h�r�`�]�[, �K. �;�h�^�`�f�i�]�[, �J. �L�m�i�z�h�i�] �c �?. �>�k�i�b�`�], �H�p�_�g�d�Z �g�Z �[�_�a�h�i�Z�k�g�h�k�l�l�Z �g�Z �]�j�Z�^�k�d�b�y �i�t�l�g�b�q�_�k�d�b �l�j�Z�g�k�i�h�j�l 
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2 �B�a�e�h�`�_�g�b�_ 

�H�k�g�h�\�g�b�l�_ �d�j�b�l�_�j�b�b �a�Z �h�p�_�g�d�Z �g�Z �[�_�a�h�i�Z�k�g�h�k�l�l�Z �b 
�k�b�]�m�j�g�h�k�l�l�Z �g�Z �]�j�Z�^�k�d�b�y �i�t�l�g�b�q�_�k�d�b �l�j�Z�g�k�i�h�j�l �f�h�]�Z�l 
�^�Z �[�t�^�Z�l �h�[�_�^�b�g�_�g�b �\ �k�e�_�^�g�b�l�_ �]�j�m�i�b: 
• �I�t�l�g�Z�l�Z �[�_�a�h�i�Z�k�g�h�k�l; 
• �D�j�b�f�b�g�Z�e�g�Z �[�_�a�h�i�Z�k�g�h�k�l; 
• �H�k�b�]�m�j�_�g�Z �\�t�a�f�h�`�g�h�k�l �a�Z �i�j�_�^�m�i�j�_�`�^�_�g�b�_ �i�j�b 

�I�L�I , �g�_�i�j�_�^�\�b�^�_�g�b �k�b�l�m�Z�p�b�b �b�e�b �n�h�j�k�f�Z�`�h�j�g�b 
�h�[�k�l�h�y�l�_�e�k�l�\�Z; 

• �M�i�j�Z�\�e�_�g�b�_ �g�Z �j�b�k�d�Z �\ �k�e�m�q�Z�c �g�Z �i�j�h�b�a�r�_�k�l�\�b�_; 
• �A�Z�f�t�j�k�y�\�Z�g�_ �g�Z �\�t�a�^�m�o�Z �b �\�b�k�h�d�h �g�b�\�h �g�Z �r�m�f�Z; 
• �?�g�_�j�]�b�c�g�Z �_�n�_�d�l�b�\�g�h�k�l; 
• �K�t�k�l�h�y�g�b�_ �g�Z �b�g�n�j�Z�k�l�j�m�d�l�m�j�Z�l�Z; 
• �K�t�k�l�h�y�g�b�_ �g�Z �h�d�h�e�g�Z�l�Z �k�j�_�^�Z. 

�I�h�k�e�_�^�h�\�Z�l�_�e�g�h �s�_ �k�_ �j�Z�a�]�e�_�^�Z�l �l�_�a�b �d�j�b�l�_�j�b�b�l�_ 
�b �b�g�h�\�Z�l�b�\�g�b�l�_ �j�_�r�_�g�b�y �\ �m�k�e�h�\�b�y�l�Z �g�Z �g�Z�r�Z�l�Z 
�k�l�j�Z�g�Z. 

2.1. �;�_�a�h�i�Z�k�g�h�k�l �g�Z �^�\�b�`�_�g�b�_�l�h 

�;�t�e�]�Z�j�b�y �k�_ �g�Z�f�b�j�Z �g�Z �_�^�g�h �h�l �q�_�e�g�b�l�_ �f�_�k�l�Z �i�h 
�a�Z�]�b�g�Z�e�b �g�Z 1 �f�e�g. �`�b�l�_�e�b �k�i�j�y�f�h �j�_�^�b�p�Z �^�t�j�`�Z�\�b �h�l 
�?�\�j�h�i�Z �b �k�\�_�l�Z. �?�l�h �a�Z�s�h �a�Z�^�Z�q�Z�l�Z �g�Z �p�y�e�h�l�h �h�[�s�_�k�l�\�h 
�b �b�g�k�l�b�l�m�p�b�b�l�_, �a�Z�g�b�f�Z�\�Z�s�b �k�_ �k �^�\�b�`�_�g�b�_�l�h �i�h 
�i�t�l�b�s�Z�l�Z, �_ �^�Z �k�_ �h�k�b�]�m�j�b �i�h-�]�h�e�y�f�Z �[�_�a�h�i�Z�k�g�h�k�l �i�h 
�i�t�l�b�s�Z�l�Z. �I�h �^�Z�g�g�b �g�Z �?�\�j�h�i�_�c�k�d�Z�l�Z �D�h�f�b�k�b�y �k�l�Z�\�Z 
�y�k�g�h, �q�_ �j�b�k�d�t�l �h�l �a�Z�]�m�[�Z �g�Z �`�b�\�h�l �\ �;�t�e�]�Z�j�b�y �_ �_�^�b�g 
�h�l �g�Z�c-�\�b�k�h�d�b�l�_ �\ �?�\�j�h�i�_�c�k�d�b�y �K�t�x�a �b �_ �g�y�d�h�e�d�h �i�t�l�b 
�i�h-�\�b�k�h�d �h�l�d�h�e�d�h�l�h �\ �=�_�j�f�Z�g�b�y, �B�l�Z�e�b�y, �<�_�e�b�d�h�[�j�b-
�l�Z�g�b�y �b �N�j�Z�g�p�b�y [3]. 

�K�i�h�j�_�^ �f�y�k�l�h�l�h �g�Z �g�Z�k�l�t�i�\�Z�g�_ �g�Z �i�t�l�g�h�l�j�Z�g�k�i�h�j�l-
�g�b�l�_ �i�j�h�b�a�r�_�k�l�\�b�y �i�j�_�a 2017�]. �\ �;�t�e�]�Z�j�b�y �l�_�g�^�_�g�p�b�y-
�l�Z �k�_ �a�Z�i�Z�a�\�Z �l�_ �^�Z �k�_ �k�e�m�q�\�Z�l �\ �g�Z�k�_�e�_�g�b�l�_ �f�_�k�l�Z, �Z �\ 
�b�a�\�t�g �g�Z�k�_�e�_�g�b�l�_ �i�t�l�g�b�l�_ �l�_ �k�Z �i�h�q�l�b �^�\�Z �i�t�l�b �i�h-
�f�Z�e�d�h.[4] 

 �< �L�Z�[�e�b�p�Z 1 �y�k�g�h �k�_ �\�b�`�^�Z, �q�_ �g�Z�c-�]�h�e�y�f �[�j�h�c 
�a�Z�]�b�g�Z�e�b �b �j�Z�g�_�g�b �b�f�Z �g�Z �f�_�k�l�Z�l�Z �k �i�_�r�_�o�h�^�g�b 
�i�t�l�_�d�b, �d�Z�d�l�h �b �g�Z �k�i�b�j�d�b �b �Z�\�l�h�[�m�k�g�b �e�_�g�l�b, �d�h�_�l�h 
�i�h�\�b�r�Z�\�Z �g�_�h�[�o�h�^�b�f�h�k�l�l�Z �h�l �i�h-�^�h�[�j�Z �h�j�]�Z�g�b�a�Z�p�b�y 
�g�Z �^�\�b�`�_�g�b�_�l�h �\ �]�j�Z�^�k�d�Z �k�j�_�^�Z �b �i�h-�d�h�g�d�j�_�l�g�h �g�Z 
�]�j�Z�^�k�d�b�y �i�t�l�g�b�q�_�k�d�b �l�j�Z�g�k�i�h�j�l. 

�F�g�h�]�h �k�t�\�j�_�f�_�g�g�b �k�b�k�l�_�f�b �[�b�o�Z �[�b�e�b �i�h�e�_�a�g�b �b 
�\�t�\�_�`�^�Z�g�_�l�h �b�f �[�b �f�h�]�e�h �^�Z �i�j�_�^�h�l�\�j�Z�l�b �I�L�I . �A�Z 
�i�j�b�f�_�j �f�h�]�Z�l �^�Z �[�t�^�Z�l �i�h�k�h�q�_�g�b – „�:�k�b�k�l�_�g�l �a�Z 
�Z�\�Z�j�b�c�g�h �k�i�b�j�Z�g�_” �b „�?�e�_�d�l�j�h�g�g�Z �i�j�h�]�j�Z�f�Z �a�Z 
�k�l�Z�[�b�e�g�h�k�l”. 

�G�h�\�h�l�h �i�h�d�h�e�_�g�b�_ �g�Z �Z�k�b�k�l�_�g�l�Z �a�Z �Z�\�Z�j�b�c�g�h 
�k�i�b�j�Z�g�_ EBA (Emergency Brake Assist) �i�j�Z�\�b �i�j�_�\�h�a-
�g�b�l�_ �k�j�_�^�k�l�\�Z �h�s�_ �i�h-�k�b�]�m�j�g�b �b �a�g�Z�q�b�l�_�e�g�h �g�Z�f�Z�e�y�\�Z 
�h�i�Z�k�g�h�k�l�l�Z �h�l �i�t�l�g�h �l�j�Z�g�k�i�h�j�l�g�b �i�j�h�b�a�r�_�k�l�\�b�y. 
�K�h�n�l�m�_�j �h�[�j�Z�[�h�l�\�Z �^�Z�g�g�b�l�_ �h�l �j�Z�^�Z�j�g�b�y �k�_�g�a�h�j �\ 
�i�j�_�^�g�Z�l�Z �q�Z�k�l �g�Z �i�j�_�\�h�a�g�h�l�h �k�j�_�^�k�l�\�h �b �h�l �d�Z�f�_�j�Z�l�Z 
�g�Z �i�j�_�^�g�h�l�h �k�l�t�d�e�h. �Q�j�_�a �l�Z�a�b �k�_�g�a�h�j�g�Z �d�h�f�[�b�g�Z�p�b�y 
�k�b�k�l�_�f�Z�l�Z �j�Z�a�i�h�a�g�Z �k �]�h�e�y�f�Z �k�b�]�m�j�g�h�k�l �h�i�Z�k�g�b�l�_ 
�k�b�l�m�Z�p�b�b �b �i�j�b �k�e�m�q�Z�c �g�Z �i�j�h�[�e�_�f �a�Z�^�_�c�k�l�\�Z 
�k�\�h�_�\�j�_�f�_�g�g�h �Z�\�Z�j�b�c�g�h�l�h �k�i�b�j�Z�g�_. �I�j�b �Z�\�Z�j�b�c�g�h�l�h 
�k�i�b�j�Z�g�_ �d�t�f �k�i�b�j�Z�q�g�b�l�_ �k�\�_�l�e�b�g�b �^�h�i�t�e�g�b�l�_�e�g�h �k�_ 
�Z�d�l�b�\�b�j�Z �k�b�]�g�Z�e �a�Z �Z�\�Z�j�b�c�g�h �k�i�b�j�Z�g�_ ESS (Emergency 
Stopping Signal) - �Z�\�Z�j�b�c�g�b�l�_ �i�j�_�^�m�i�j�_�^�b�l�_�e�g�b 
�k�\�_�l�e�b�g�b �k�b�]�g�Z�e�b�a�b�j�Z�l �k �i�h-�\�b�k�h�d�Z �q�_�k�l�h�l�Z.  

�L�Z�[�e�b�p�Z 1. �J�Z�a�i�j�_�^�_�e�_�g�b�_ �g�Z �I�L�I   
�i�h �f�y�k�l�h �g�Z �g�Z�k�l�t�i�\�Z�g�_ �a�Z 2017 �]. 

�F�y�k�l�h �g�Z �g�Z�k�l�t�i�\�Z�g�_ 

�G�Z�k�_�e�_�g�b �f�_�k�l�Z 
�B�a�\�t�g 

�g�_�g�Z�k�_�e�_�g�b 
�f�_�k�l�Z 

�I�
L�

I 

�A
�Z

�]�
b�

g�
Z

�e
�b

 

�J
�Z

�g
�_

�g
�b

 

�I�
L�

I 

�A
�Z

�]�
b�

g�
Z

�e
�b

 

�J
�Z

�g
�_

�g
�b

 

�I�_�r�_�o�h�^�g�Z �i�t�l�_�d�Z, �h�q�_�j-
�l�Z�g�Z �k �i�t�l�g�Z �f�Z�j�d�b�j�h�\�d�Z 585 19 641 5 3 5 

�:�\�l�h�[�m�k�g�Z �k�i�b�j�d�Z 132 4 139 14 0 21 
�:�\�l�h�[�m�k�g�Z �e�_�g�l�Z 111 4 134 44 7 83 
�K�l�_�k�g�_�g �m�q�Z�k�l�t�d �h�l �i�t�l�y 121 3 153 32 3 45 
�I�_�r�_�o�h�^�g�Z �i�t�l�_�d�Z – 
�g�_�h�q�_�j�l�Z�g�Z 

116 3 123 4 1 11 

�M�q�b�e�b�s�_/�^�_�l�k�d�h 
�a�Z�\�_�^�_�g�b�_ 22 2 20 0 0 0 

�M�q�Z�k�l�t�d �h�l �i�t�l�y �\ �j�_�f�h�g�l 10 1 9 14 3 17 
�<�_�e�h�k�b�i�_�^�g�Z �Z�e�_�y 35 0 36 0 0 0 
�E�_�g�l�Z �a�Z �i�j�b�g�m�^�b�l�_�e�g�h 
�k�i�b�j�Z�g�_ 16 0 19 16 1 27 

�I�_�r�_�o�h�^�_�g �i�j�_�e�_�a/ �g�Z�^�e�_�a 10 0 11 0 0 0 
�H�;�S�H: 1158 36 1285 129 18 189 

�?�e�_�d�l�j�h�g�g�Z�l�Z �i�j�h�]�j�Z�f�Z �a�Z �k�l�Z�[�b�e�g�h�k�l ESP 
(Electronic Stability Program) �i�h�^�i�h�f�Z�]�Z �\�h�^�Z�q�Z �\ 
�d�j�b�l�b�q�g�b �k�b�l�m�Z�p�b�b �g�Z �i�t�l�y �i�j�b �i�h�^�g�Z�k�y�g�_, �i�j�b 
�h�i�Z�k�g�h�k�l �h�l �i�j�_�h�[�j�t�s�Z�g�_ �b�e�b �i�j�b �^�\�b�`�_�g�b�_ �\ �a�Z�\�h�b. 
�I�j�_�\�h�a�g�h�l�h �k�j�_�^�k�l�\�h �k ESP �k�_ �h�[�h�j�m�^�\�Z �^�h�i�t�e�g�b�l�_�e�g�h 
�k�t�k �k�_�g�a�h�j �a�Z �t�]�t�e�Z �g�Z �\�h�e�Z�g�Z, �k�_�g�a�h�j �a�Z �k�l�h�c�g�h�k�l �g�Z 
�j�b�k�d�Z �b �k�_�g�a�h�j �a�Z �m�k�d�h�j�_�g�b�_. �< �_�e�_�d�l�j�h�g�g�b�l�_ �k�b�k�l�_�f�b 
�g�Z �i�j�_�\�h�a�g�b�l�_ �k�j�_�^�k�l�\�Z �_ �b�g�l�_�]�j�b�j�Z�g �b ESP �d�h�g�l�j�h�e�_�j 
�k�t�k �k�e�_�^�g�b�l�_ �^�\�_ �n�m�g�d�p�b�b – �m�i�j�Z�\�e�_�g�b�_ �g�Z �k�i�b�j�Z�q�g�h 
�\�t�a�^�_�c�k�l�\�b�_ �b �a�Z�s�b�l�Z �h�l �i�j�_�h�[�j�t�s�Z�g�_. �K�t�s�g�h�k�l�l�Z �g�Z 
�l�Z�a�b �k�b�k�l�_�f�Z �_ �i�j�_�\�Z�g�l�b�\�g�h�l�h �g�Z�f�Z�e�y�\�Z�g�_ �g�Z �k�d�h�j�h�k�l-
�l�Z �i�j�b �d�j�b�l�b�q�g�h �g�Z�i�j�_�q�g�h �m�k�d�h�j�_�g�b�_ �b �j�y�a�d�h �k�i�b�j�Z�g�_ 
�g�Z �i�j�_�\�h�a�g�h�l�h �k�j�_�^�k�l�\�h �i�j�b �i�h�\�^�b�]�Z�g�_ �g�Z �\�t�l�j�_�r�g�h �a�Z 
�a�Z�\�h�y �d�h�e�_�e�h. �L�_�a�b �b�a�j�Z�\�g�b�l�_�e�g�b�l�_ �k�i�b�j�Z�g�b�y �i�h�^�i�h-
�f�Z�]�Z�l �\�h�^�Z�q�Z �\ �d�j�b�l�b�q�g�b �k�b�l�m�Z�p�b�b. 

2.2. �D�j�b�f�b�g�Z�e�g�Z �[�_�a�h�i�Z�k�g�h�k�l 

�D�j�b�f�b�g�Z�e�g�Z�l�Z �[�_�a�h�i�Z�k�g�h�k�l �k�_ �j�_�]�m�e�b�j�Z �k�t�k �k�e�_�^�g�b�l�_ 
�^�_�c�k�l�\�b�y: �h�k�b�]�m�j�y�\�Z�g�_ �g�Z �[�_�a�h�i�Z�k�g�h�k�l �g�Z �k�i�b�j�d�b�l�_ �g�Z 
�=�I�L; �h�k�b�]�m�j�y�\�Z�g�_ �[�_�a�h�i�Z�k�g�h�k�l �\ �i�j�_�\�h�a�g�h�l�h �k�j�_�^�k�l�\�h; 
�b�a�i�h�e�a�\�Z�g�_ �g�Z �i�h�^�o�h�^�y�s �^�b�a�Z�c�g �g�Z �k�i�b�j�d�b�l�_ �b �g�Z 
�i�j�_�\�h�a�g�b�l�_ �k�j�_�^�k�l�\�Z; �h�k�b�]�m�j�y�\�Z�g�_ �g�Z �i�h�^�o�h�^�y�s�h 
�h�k�\�_�l�e�_�g�b�_ �g�Z �k�i�b�j�d�b�l�_ �b �\ �i�j�_�\�h�a�g�h�l�h �k�j�_�^�k�l�\�h; 
�h�k�b�]�m�j�y�\�Z�g�_ �g�Z �f�h�g�b�l�h�j�b�g�] �q�j�_�a �\�b�^�_�h�g�Z�[�e�x�^�_�g�b�_; 
�h�[�m�q�_�g�b�_ �g�Z �i�_�j�k�h�g�Z�e �a�Z �^�_�c�k�l�\�b�_ �i�j�b �g�_�h�[�o�h�^�b�f�h�k�l; 
�a�Z�k�b�e�_�g �d�h�g�l�j�h�e �g�Z �j�Z�c�h�g�b�l�_ �h�l �i�h�e�b�p�_�c�k�d�b �\�e�Z�k�l�b; 
�b�a�]�j�Z�`�^�Z�g�_ �g�Z �h�[�h�a�g�Z�q�_�g�b �f�_�k�l�Z �a�Z �k�b�]�g�Z�e�b�a�b�j�Z�g�_ 
�b/�b�e�b �b�a�\�b�d�\�Z�g�_ �g�Z �i�h�f�h�s.  

�A�Z �^�Z �[�t�^�_ �=�I�L �i�h-�_�n�_�d�l�b�\�_�g �b �^�h�k�l�t�i�_�g �a�Z �\�k�b�q�d�b 
�i�t�l�g�b�p�b, �d�Z�d�l�h �b �a�Z �\�t�a�j�Z�k�l�g�b, �^�_�p�Z �b �l�j�m�^�g�h �i�h�^�\�b�-̀
�g�b �o�h�j�Z �l�j�y�[�\�Z �^�Z �k�_ �h�k�b�]�m�j�b �e�_�k�_�g �^�h�k�l�t�i �^�h �b �h�l 
�k�i�b�j�d�b�l�_. �G�_�h�[�o�h�^�b�f�h �^�Z �k�_ �i�h�^�h�[�j�b �^�b�a�Z�c�g�Z �b�f, �q�j�_�a 
�h�[�h�j�m�^�\�Z�g�_ �k �g�Z�\�_�k�b �a�Z �a�Z�s�b�l�Z �h�l �f�_�l�_�h�j�h�e�h�]�b�q�g�b�l�_ 
�m�k�e�h�\�b�y �b �k�_�^�Z�e�d�b, �[�_�a �^�Z �k�_ �d�h�g�d�m�j�b�j�Z�l �a�Z �f�y�k�l�h �k 
�i�_�r�_�o�h�^�p�b�l�_. 
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�D�h�g�k�l�j�m�d�p�b�y�l�Z �g�Z �Z�\�l�h�[�m�k�b�l�_ �b �k�b�k�l�_�f�b�l�_ �b�f �a�Z 
�[�_�a�h�i�Z�k�g�h�k�l �k�e�_�^�\�Z �^�Z �h�l�]�h�\�Z�j�y�l �g�Z �\�b�k�h�d�b �b�a�b�k�d�\�Z-
�g�b�y �a�Z �[�_�a�h�i�Z�k�g�h�k�l, �d�Z�l�h �g�y�d�h�b �h�l �l�y�o �k�Z: 
• �[�_�a�h�i�Z�k�g�b �b �m�^�h�[�g�b �k�b�k�l�_�f�b �i�j�b �\�j�Z�l�b�l�_; 
• �Z�\�Z�j�b�_�g �b�a�o�h�^; 
• �k�\�_�l�h�^�b�h�^�g�b �n�Z�j�h�\�_; 
• �g�b�k�d�b �i�j�Z�]�h�\�_ �b �j�Z�f�i�Z; 
• �_�j�]�h�g�h�f�b�q�_�g �^�b�a�Z�c�g �g�Z �k�_�^�Z�e�d�b�l�_ �a�Z �i�h-�]�h�e�y�f 

�d�h�f�n�h�j�l �i�j�b �i�t�l�m�\�Z�g�_; 
• �a�Z�s�b�l�g�b �i�h�^�k�b�e�_�g�b �k�l�t�d�e�Z. 

�G�_�h�[�o�h�^�b�f�h �_ �^�Z �[�t�^�_ �b�a�]�j�Z�^�_�g�Z �k�b�k�l�_�f�Z �h�l �d�Z�f�_-
�j�b �a�Z �\�b�^�_�h�g�Z�[�e�x�^�_�g�b�_, �d�h�b�l�h �^�Z �[�t�^�Z�l �f�h�g�l�b�j�Z�g�b �g�Z 
�Z�\�l�h�[�m�k�g�b�l�_ �k�i�b�j�d�b, �\�t�\ �\�k�b�q�d�b �i�j�_�\�h�a�g�b �k�j�_�^�k�l�\�Z �h�l 
�]�j�Z�^�k�d�b�y �l�j�Z�g�k�i�h�j�l, �d�Z�d�l�h �b �g�Z �h�i�j�_�^�_�e�_�g�b �h�k�g�h�\�g�b 
�d�j�t�k�l�h�\�b�s�Z. �K�b�]�g�Z�e�t�l �h�l �\�k�b�q�d�b �d�Z�f�_�j�b �^�Z �k�_ �b�a�i�j�Z-
�s�Z �\ �d�h�g�l�j�h�e�_�g �p�_�g�l�t�j, �d�h�c�l�h �^�Z �h�j�]�Z�g�b�a�b�j�Z �Z�^�_�d�\�Z�l-
�g�b �^�_�c�k�l�\�b�y �\ �d�j�b�l�b�q�g�b �k�b�l�m�Z�p�b�b�l�_. 

�G�Z �N�b�]. 2 �_ �i�h�d�Z�a�Z�g �i�j�b�f�_�j �a�Z �h�[�h�j�m�^�\�Z�g�Z �k �d�Z�f�_�j�Z 
�Z�\�l�h�[�m�k�g�Z �k�i�b�j�d�Z. 

 

�N�b�]. 2. �:�\�l�h�[�m�k�g�Z �k�i�b�j�d�Z �k �\�b�^�_�h�g�Z�[�e�x�^�_�g�b�_. 

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

�G�_�h�[�o�h�^�b�f�h �_ �\�k�y�d�h �h�l �i�j�_�\�h�a�g�b�l�_ �k�j�_�^�k�l�\�Z �^�Z 
�[�t�^�_ �h�[�h�j�m�^�\�Z�g�h �k �f�b�g�b�f�m�f �q�_�l�b�j�b �d�Z�f�_�j�b �a�Z �\�b�^�_�h-
�g�Z�[�e�x�^�_�g�b�_ (�N�b�]. 3). �?�^�g�Z �h�l �d�Z�f�_�j�b�l�_ �s�_ �[�t�^�_ 
�g�Z�k�h�q�_�g�Z �\ �i�h�k�h�d�Z �g�Z �^�\�b�`�_�g�b�_�l�h, �Z �^�j�m�]�Z�l�Z �s�_ �[�t�^�_ 
�g�Z�k�h�q�_�g�Z �d�t�f �\�h�^�Z�q�Z. �H�k�l�Z�g�Z�e�b�l�_ �^�\�_ �d�Z�f�_�j�b �l�j�y�[�\�Z 
�^�Z �h�k�b�]�m�j�y�\�Z�l �i�t�e�g�h �\�b�^�_�h�g�Z�[�e�x�^�_�g�b�_ �g�Z �i�t�l�g�b�q�_�k-
�d�b�y �k�Z�e�h�g �g�Z �Z�\�l�h�[�m�k�Z. �Q�j�_�a �d�Z�f�_�j�Z�l�Z �b�a�\�t�g �i�j�_�\�h�a-
�g�h�l�h �k�j�_�^�k�l�\�h �f�h�`�_ �^�Z �[�t�^�_ �i�j�h�k�e�_�^�_�g �f�Z�j�r�j�m�l�Z �g�Z 
�i�j�_�\�h�a�g�h�l�h �k�j�_�^�k�l�\�h. �K �d�Z�f�_�j�b�l�_ �\ �i�j�_�\�h�a�g�h�l�h �k�j�_�^-
�k�l�\�h �s�_ �f�h�`�_ �^�Z �k�_ �d�h�g�l�j�h�e�b�j�Z �\�h�^�Z�q�Z, �g�_�]�h�\�h�l�h �i�h�\�_-
�^�_�g�b�_ �i�h �\�j�_�f�_ �g�Z �i�t�l�m�\�Z�g�_, �k�e�_�^�_�g�_�l�h �g�Z �d�h�j�_�d�l�g�h�l�h 
�l�Z�d�k�m�\�Z�g�_ �g�Z �i�t�l�g�b�p�b, �Z �k�t�s�h �b �k�_ �g�Z�[�e�x�^�Z�\�Z �i�h�\�_�^�_-
�g�b�_�l�h �g�Z �k�Z�f�b�l�_ �i�t�l�g�b�p�b.  

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

 

�N�b�]. 3. �J�Z�a�i�h�e�h�`�_�g�b�_ �g�Z �\�b�^�_�h�g�Z�[�e�x�^�_�g�b�_ �\ �Z�\�l�h�[�m�k. 

�B�a�\�_�k�l�g�h �_, �q�_ �l�j�Z�g�k�i�h�j�l�Z �_ �m�y�a�\�b�f �k�_�d�l�h�j �a�Z �l�_�j�h-
�j�b�k�l�b�q�g�b �^�_�c�k�l�\�b�y, �d�h�_�l�h �i�j�_�^�h�i�j�_�^�_�e�y �i�j�b�e�Z�]�Z�g�_�l�h 
�g�Z �d�h�g�d�j�_�l�g�b �f�_�j�d�b �a�Z �i�j�_�^�h�l�\�j�Z�l�y�\�Z�g�_ �g�Z �l�Z�d�b�\�Z 
�^�_�c�k�l�\�b�y �b�e�b �h�]�j�Z�g�b�q�Z�\�Z�g�_ �g�Z �g�_�[�e�Z�]�h�i�j�b�y�l�g�b�l�_ 
�i�h�k�e�_�^�b�p�b �h�l �l�y�o [3]. �G�_�h�[�o�h�^�b�f�h �_ �\ �G�Z�p�b�h�g�Z�e�g�b�y 
�i�e�Z�g �a�Z �i�j�h�l�b�\�h�^�_�c�k�l�\�b�_ �g�Z �l�_�j�h�j�b�a�f�Z �^�Z �k�_ �j�_�]�e�Z-
�f�_�g�l�b�j�Z�l �i�j�Z�\�b�e�Z �k�\�t�j�a�Z�g�b �k �=�I�L, �d�h�b�l�h �s�_ �h�k�b�]�m�j�y�l 
�k�b�]�m�j�g�h�k�l�l�Z �\ �l�j�Z�g�k�i�h�j�l�Z. 

2.3. �H�k�b�]�m�j�_�g�Z �\�t�a�f�h�`�g�h�k�l �a�Z �i�j�_�^�m�i�j�_�`�^�_-
�g�b�_ �i�j�b �I�L�I , �g�_�i�j�_�^�\�b�^�_�g�b �k�b�l�m�Z�p�b�b, �d�h�b�l�h 
�a�Z�k�l�j�Z�r�Z�\�Z�l �k�b�]�m�j�g�h�k�l�l�Z �b �g�_�s�Z�k�l�g�b �k�e�m�q�Z�b 

�>�h�[�t�j �i�j�b�f�_�j �\ �l�Z�a�b �h�[�e�Z�k�l �_ �k�b�k�l�_�f�Z�l�Z “E-call”. �I�j�b 
�g�Z�[�b�j�Z�g�_ �g�Z �l�_�e�_�n�h�g 112, �[�Z�a�b�j�Z�g GPS �f�h�^�m�e �\ 
�i�j�_�\�h�a�g�h�l�h �k�j�_�^�k�l�\�h, �i�j�_�^�Z�\�Z �a�Z �f�_�k�l�h�i�h�e�h�`�_�g�b�_�l�h 
�f�m, �d�Z�l�h �b �b�g�n�h�j�f�Z�p�b�y �a�Z �m�^�Z�j �\ �Z�\�l�h�[�m�k�Z. �K�_�g�a�h�j�b�l�_ 
�a�Z�k�b�q�Z�l �h�l�j�b�p�Z�l�_�e�g�h�l�h �m�k�d�h�j�_�g�b�_ �b �b�g�n�h�j�f�Z�p�b�y�l�Z �k�_ 
�i�j�_�^�Z�\�Z �i�j�_�a GSM �f�j�_�`�Z�l�Z �d�t�f �p�_�g�l�t�j�Z. �K�t�h�l�\�_�l�g�h, 
�b�g�n�h�j�f�Z�p�b�y�l�Z, �d�h�y�l�h �k�_ �i�h�^�Z�\�Z �d�t�f �p�_�g�l�t�j�Z �_ �a�Z 
�g�_�]�h�\�b�y �d�e�Z�k, �[�j�h�y �f�_�k�l�Z, �Z �k�t�s�h �b �^�Z�g�g�b �^�Z�e�b �k�_ 
�i�j�_�g�Z�k�y�l �h�i�Z�k�g�b �l�h�\�Z�j�b. �L�Z�d�Z �k�_ �h�k�b�]�m�j�y�\�Z �i�h-�[�t�j�a�Z 
�j�_�Z�d�p�b�y �h�l �k�l�j�Z�g�Z �g�Z �_�d�b�i�b�l�_ �a�Z �k�i�_�r�g�Z �i�h�f�h�s. 

�G�_�h�[�o�h�^�b�f�h �_ �^�Z �k�_ �i�j�_�^�k�l�Z�\�y �b �k�\�h�_�\�j�_�f�_�g�g�Z 
�b�g�n�h�j�f�Z�p�b�y �i�j�b �g�Z�e�b�q�b�_ �g�Z �h�i�Z�k�g�b �m�q�Z�k�l�t�p�b �i�h 
�f�Z�j�r�j�m�l�Z, �d�Z�d�l�h �b �^�Z �k�_ �j�_�]�m�e�b�j�Z �^�\�b�`�_�g�b�_�l�h �a�Z 
�[�_�a�h�i�Z�k�g�Z �k�d�h�j�h�k�l. 

�< �j�Z�f�d�b�l�_ �g�Z �]�j�Z�^�Z �l�j�Z�n�b�d�t�l �k�_ �h�i�j�_�^�_�e�y �]�e�Z�\�g�h 
�h�l �b�g�l�_�g�a�b�\�g�h�k�l�l�Z �g�Z �^�\�b�`�_�g�b�_ �g�Z �]�j�Z�^�k�d�b�y �l�j�Z�g�k-
�i�h�j�l, �Z�\�l�h�f�h�[�b�e�b�l�_, �\�_�e�h�k�b�i�_�^�b�k�l�b�l�_ �b �i�_�r�_�o�h�^�p�b�l�_. 
�I�j�b �l�Z�d�h�\�Z �j�Z�a�^�_�e�_�g�b�_ �g�Z �m�q�Z�k�l�g�b�p�b�l�_ �\ �^�\�b�`�_�g�b�_�l�h 
�_ �h�l �]�h�e�y�f�h �a�g�Z�q�_�g�b�_ �d�Z�d �g�Z�c-�i�h�^�j�h�[�g�h �b �l�h�q�g�h �^�Z �k�_ 
�k�t�[�b�j�Z�l �^�Z�g�g�b �a�Z �j�Z�a�\�b�l�b�_�l�h �g�Z �]�j�Z�^�k�d�Z�l�Z �f�h�[�b�e�g�h�k�l. 
�K�t�[�b�j�Z�g�_�l�h �g�Z �^�Z�g�g�b �k�_ �h�k�t�s�_�k�l�\�y�\�Z �]�e�Z�\�g�h �q�j�_�a 
�d�Z�f�_�j�b �b �k�_�g�a�h�j�b �i�h�k�l�Z�\�_�g�b �d�j�Z�c �i�t�l�y. �>�Z�g�g�b�l�_ �k�_ 
�h�[�j�Z�[�h�l�\�Z�l �\ �p�_�g�l�t�j �a�Z �m�i�j�Z�\�e�_�g�b�_ (�N�b�]. 4) �G�Z �[�Z�a�Z 
�Z�g�Z�e�b�a �g�Z �^�Z�g�g�b�l�_ �k�_ �m�k�l�Z�g�h�\�y�\�Z �b�g�n�h�j�f�Z�p�b�y �a�Z �k�j�_�^-
�g�Z�l�Z �k�d�h�j�h�k�l �g�Z �^�\�b�`�_�g�b�_, �]�t�k�l�h�l�Z �g�Z �l�j�Z�n�b�d�Z �b �^�j. 
�L�Z�a�b �b�g�n�h�j�f�Z�p�b�y �k�e�m�`�b �a�Z �h�k�g�h�\�Z �i�j�b �h�i�l�b�f�b�a�b�j�Z�g�_ 
�g�Z �l�j�Z�n�b�d�Z �b �m�k�t�\�t�j�r�_�g�k�l�\�Z�g�_ �g�Z �l�j�Z�g�k�i�h�j�l�g�Z�l�Z 
�b�g�n�j�Z�k�l�j�m�d�l�m�j�Z. �?�^�b�g �h�l �g�Z�q�b�g�b�l�_ �a�Z �k�t�[�b�j�Z�g�_ �g�Z 
�^�Z�g�g�b �_ �q�j�_�a GPS �k�b�k�l�_�f�b �b �h�[�h�j�m�^�\�Z�g�_. �< �j�Z�f�d�b�l�_ �g�Z 
�h�i�j�_�^�_�e�_�g �i�_�j�b�h�^ �h�l �\�j�_�f�_, �g�Z�i�j�b�f�_�j �g�y�d�h�e�d�h 
�f�_�k�_�p�Z, �f�h�`�_ �^�Z �k�_ �k�t�a�^�Z�^�_ �[�Z�a�Z �^�Z�g�g�b �g�Z �i�Z�j�Z�f�_�l�j�b�l�_ 
�g�Z �f�_�k�l�Z�l�Z, �d�t�^�_�l�h �k�_ �h�[�j�Z�a�m�\�Z�l �a�Z�^�j�t�k�l�\�Z�g�b�y, �\ �d�h�b 
�^�g�b �b�e�b �q�Z�k�h�\�_. �G�Z �[�Z�a�Z �g�Z �l�_�a�b �^�Z�g�g�b �k�b�k�l�_�f�Z�l�Z 
�i�j�_�^�e�Z�]�Z �Z�e�l�_�j�g�Z�l�b�\�g�b �f�Z�j�r�j�m�l�b, �d�Z�l�h �i�h �l�h�a�b �g�Z�q�b�g 
�a�Z�^�j�t�k�l�\�Z�g�b�y�l�Z �f�h�]�Z�l �^�Z �k�_ �g�Z�f�Z�e�y�l.  
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�N�b�]. 4. �K�b�k�l�_�f�Z �a�Z �m�i�j�Z�\�e�_�g�b�_ �g�Z �]�j�Z�^�k�d�h�l�h �^�\�b�`�_�g�b�_. 

�F�h�[�b�e�g�b �m�k�l�j�h�c�k�l�\�Z �k�_ �j�Z�a�i�h�e�Z�]�Z�l �g�Z �h�i�j�_�^�_�e�_�g�b 
�f�_�k�l�Z �\ �]�j�Z�^�Z, �d�Z�l�h �h�l�q�b�l�Z�l �i�j�_�f�b�g�Z�\�Z�s�b�l�_ �f�h�[�b�e�g�b 
�l�_�e�_�n�h�g�b, �l�Z�[�e�_�l�b �b �\�]�j�Z�^�_�g�b �\ �Z�\�l�h�f�h�[�b�e�b�l�_ �k�b�k�l�_-
�f�b �a�Z hands free �g�Z �[�Z�a�Z �g�Z �m�g�b�d�Z�e�g�b�y �b�f �Z�^�j�_�k. �L�Z�d�Z 
�k�_ �h�i�j�_�^�_�e�y �\�j�_�f�_�l�h �a�Z �i�t�l�m�\�Z�g�_ �f�_�`�^�m �^�\�_ �l�h�q�d�b, 
�k�j�_�^�g�Z�l�Z �k�d�h�j�h�k�l �g�Z �^�\�b�`�_�g�b�_ �g�Z �i�h�l�h�d�Z, �Z �h�l�l�Z�f �b �^�Z 
�k�_ �g�Z�i�j�Z�\�y�l �b�a�\�h�^�b �a�Z �l�j�Z�n�b�d�Z [5].  

2.4. �M�i�j�Z�\�e�_�g�b�_ �\  �k�e�m�q�Z�c �g�Z �i�j�h�b�a�r�_�k�l�\�b�_ 

�G�_�h�[�o�h�^�b�f�h �^�Z �k�_ �k�t�a�^�Z�^�Z�l �i�e�Z�g�h�\�_ �a�Z �^�_�c�k�l�\�b�_ �\ 
�k�e�m�Z�c �g�Z �I�L�I  �b�e�b �a�Z�k�l�j�Z�r�Z�\�Z�g�_ �k�b�]�m�j�g�h�k�l�l�Z �g�Z 
�\�h�^�Z�q�Z, �i�t�l�g�b�p�b�l�_ �b�e�b �i�j�_�\�h�a�g�h�l�h �k�j�_�^�k�l�\�h. 

2.5. �A�Z�f�t�j�k�y�\�Z�g�_ �g�Z �\�t�a�^�m�o�Z �b �r�m�f�h�\�h 
�a�Z�f�t�j�k�y�\�Z�g�_ 

�A�Z�f�t�j�k�y�\�Z�g�_�l�h �g�Z �\�t�a�^�m�o�Z �b �r�m�f�h�\�h�l�h �a�Z�f�t�j�k�y�\�Z�g�_ �h�l 
�l�j�Z�g�k�i�h�j�l�Z �i�j�b�q�b�g�y�\�Z�l �f�g�h�`�_�k�l�\�h �j�Z�a�e�b�q�g�b �a�^�j�Z�\�h-
�k�e�h�\�g�b �i�j�h�[�e�_�f�b, �d�Z�l�h �g�Z�c-�k�t�s�_�k�l�\�_�g �n�Z�d�l�h�j �k�Z 
�Z�\�l�h�l�j�Z�g�k�i�h�j�l�t�l �b �i�h-�k�i�_�p�b�Z�e�g�h �^�b�a�_�e�h�\�b�l�_ �i�j�_�\�h�a�g�b 
�k�j�_�^�k�l�\�Z. �>�t�j�`�Z�\�b�l�_-�q�e�_�g�d�b �g�Z �?�K �k�t�h�[�j�Z�a�g�h �k�l�j�Z�l�_-
�]�b�y�l�Z �i�j�b�e�Z�]�Z�l �j�_�^�b�p�Z �f�_�j�d�b �a�Z �g�Z�f�Z�e�y�\�Z�g�_ �\�t�a�^�_�c-
�k�l�\�b�_�l�h �g�Z �l�j�Z�g�k�i�h�j�l�Z �\�t�j�o�m �a�^�j�Z�\�_�l�h �g�Z �g�Z�k�_�e�_�g�b�_�l�h. 
�;�e�Z�]�h�^�Z�j�_�g�b�_ �g�Z �\�t�\�_�^�_�g�b�l�_ �k�l�Z�g�^�Z�j�l�b �a�Z �_�f�b�k�b�b�l�_, 
�n�b�g�Z�g�k�h�\�b �k�l�b�f�m�e�b, �Z �\ �i�h�k�e�_�^�g�b�l�_ �]�h�^�b�g�b �\�t�\�_�-̀
�^�Z�g�_ �g�Z �Z�e�l�_�j�g�Z�l�b�\�g�b �]�h�j�b�\�Z �_ �i�h�k�l�b�]�g�Z�l�h �f�g�h�]�h, �g�h 
�k�Z �g�_�h�[�o�h�^�b�f�b �h�s�_ �f�g�h�]�h �m�k�b�e�b�y �a�Z �i�h�k�l�b�]�Z�g�_ �p�_�e�b�l�_ 
�g�Z �?�K.  

�:�d�h �i�h�l�j�_�[�b�l�_�e�b�l�_ �i�e�Z�s�Z�l �\�t�g�r�g�b�l�_ �j�Z�a�o�h�^�b 
(�k�\�t�j�a�Z�g�b �k �_�d�h�e�h�]�b�y�l�Z, �a�Z�^�j�t�k�l�\�Z�g�b�y�l�Z �b �^�j�m�]�b) 
�k�t�]�e�Z�k�g�h �i�j�b�g�p�b�i�Z „�a�Z�f�t�j�k�b�l�_�e�y�l �i�e�Z�s�Z“, �s�_ �]�b 
�g�Z�k�t�j�q�b �^�Z �i�j�_�f�b�g�Z�l �k�e�_�^ �\�j�_�f�_ �d�t�f �i�h-�_�d�h�e�h�]�b�q�g�h 
�q�b�k�l�b �i�j�_�\�h�a�g�b �k�j�_�^�k�l�\�Z �b�e�b �\�b�^�h�\�_ �l�j�Z�g�k�i�h�j�l, �^�Z 
�b�a�i�h�e�a�\�Z�l �i�h-�k�e�Z�[�h �g�Z�l�h�\�Z�j�_�g�Z �b�g�n�j�Z�k�l�j�m�d�l�m�j�Z �b�e�b 
�^�Z �i�t�l�m�\�Z�l �i�h �j�Z�a�e�b�q�g�h �\�j�_�f�_. 

�Q�j�_�a �b�g�b�p�b�Z�l�b�\�Z�l�Z CIVITAS, �d�Z�d�l�h �b �q�j�_�a �i�j�h�_�d�l�b 
�a�Z �b�a�i�h�e�a�\�Z�g�_�l�h �g�Z �\�h�^�h�j�h�^, �[�b�h�]�h�j�b�\�Z �b �o�b�[�j�b�^�g�b 
�i�j�_�\�h�a�g�b �k�j�_�^�k�l�\�Z �\ �]�j�Z�^�k�d�b�y �l�j�Z�g�k�i�h�j�l �k�_ �k�l�b�f�m�e�b�j�Z 
�h�]�j�Z�g�b�q�Z�\�Z�g�_ �g�Z �\�j�_�^�g�h�l�h �\�t�a�^�_�c�k�l�\�b�_ �g�Z �l�j�Z�g�k�i�h�j�l�Z 
�\ �]�j�Z�^�h�\�_�l�_. 

�F�g�h�]�h �h�l �]�j�Z�^�h�\�_�l�_ �\ �i�h�k�e�_�^�g�b�l�_ 1-2 �]�h�^�b�g�b 
�j�Z�a�j�Z�[�h�l�\�Z�l �b �i�j�b�_�f�Z�l �I�e�Z�g�h�\�_ �a�Z �m�k�l�h�c�q�b�\�Z �]�j�Z�^�k�d�Z 
�f�h�[�b�e�g�h�k�l. �I�j�b �Z�g�Z�e�b�a�Z �g�Z �I�e�Z�g�Z �a�Z �m�k�l�h�c�q�b�\�Z 
�]�j�Z�^�k�d�Z �f�h�[�b�e�g�h�k�l �g�Z �]�j�Z�^ �J�m�k�_ 2016-2026 �k�_ 
�h�l�d�j�h�y�\�Z�l �d�h�g�d�j�_�l�g�b �f�h�f�_�g�l�b �k�\�t�j�a�Z�g�b �k �_�d�h�e�h�]�b�q�g�b 
�j�_�r�_�g�b�y �b �h�]�j�Z�g�b�q�Z�\�Z�g�_ �g�Z �r�m�f�Z: �\�t�\�_�`�^�Z�g�_ �g�Z 
�g�h�s�g�Z �e�b�g�b�y �g�Z �=�I�L �h�l �p�_�g�l�t�j�Z �^�h �h�l�^�Z�e�_�q�_�g 
�d�\�Z�j�l�Z�e; �b�a�]�j�Z�`�^�Z�g�_ �g�Z �k�b�]�m�j�g�b �d�j�t�k�l�h�\�b�s�Z; �f�_�k�l�Z �a�Z 
�i�j�_�k�b�q�Z�g�_; �h�i�l�b�f�b�a�b�j�Z�g�_ �g�Z �Z�\�l�h�f�Z�l�b�a�b�j�Z�g�Z�l�Z 
�k�b�k�l�_�f�Z �a�Z �j�_�]�m�e�b�j�Z�g�_ �g�Z �l�j�Z�g�k�i�h�j�l�g�b�l�_ �i�h�l�h�p�b; 

�b�g�k�l�Z�e�b�j�Z�g�_ �g�Z �l�Z�[�e�Z �a�Z �h�l�d�e�h�g�_�g�b�_ �g�Z �l�j�Z�n�b�d�Z; 
�b�a�]�j�Z�`�^�Z�g�_ �g�Z „�a�_�e�_�g�Z“ �i�b�e�h�l�g�Z �e�b�g�b�y �q�j�_�a 
�b�a�i�h�e�a�\�Z�g�_�l�h �g�Z �_�e�_�d�l�j�b�q�_�k�d�b �Z�\�l�h�[�m�k �b �a�Z�j�y�^�g�b 
�k�l�Z�g�p�b�b �\ �^�\�Z�l�Z �d�j�Z�y �g�Z �e�b�g�b�y�l�Z [6]. 

2.6. �?�g�_�j�]�b�c�g�Z �_�n�_�d�l�b�\�g�h�k�l 

�?�g�_�j�]�b�c�g�Z�l�Z �_�n�_�d�l�b�\�g�h�k�l �_ �k�t�s�_�k�l�\�_�g �_�e�_�f�_�g�l, �d�h�c�l�h 
�l�j�y�[�\�Z �^�Z �[�t�^�_ �k�e�_�^�_�g �b �g�_�i�j�_�d�t�k�g�Z�l�h �^�Z �k�_ �i�h�^�h-
�[�j�y�\�Z. �G�_�h�[�o�h�^�b�f�h �_ �^�Z �k�_ �i�j�b�e�h�`�Z�l �j�_�^�b�p�Z �f�_�j�d�b: 
�h�[�g�h�\�y�\�Z�g�_ �g�Z �i�j�_�\�h�a�g�b�l�_ �k�j�_�^�k�l�\�Z �b �i�h�^�^�t�j�`�Z�g�_�l�h 
�b�f �\ �^�h�[�j�h �l�_�o�g�b�q�_�k�d�h �k�t�k�l�h�y�g�b�_; �i�h�^�^�t�j�`�Z�g�_ �g�Z 
�l�j�Z�g�k�i�h�j�l�g�Z�l�Z �b�g�n�j�Z�k�l�j�m�d�l�m�j�Z; �i�j�_�k�l�j�m�d�l�m�j�b�j�Z�g�_ �g�Z 
�Z�\�l�h�[�m�k�g�b�y �l�j�Z�g�k�i�h�j�l �d�t�f �i�h-�_�g�_�j�]�b�c�g�h �_�n�_�d�l�b�\�_�g 
�\�b� ̂ �l�j�Z�g�k�i�h�j�l (�`�_�e�_�a�h�i�t�l�_�g, �l�j�h�e�_�c�[�m�k�_�g �b �^�j.); 
�h�[�h�k�h�[�y�\�Z�g�_ �g�Z �h�l�^�_�e�g�b �e�_�g�l�b �a�Z �^�\�b�`�_�g�b�_ �g�Z �=�I�L; 
�k�l�b�f�m�e�b�j�Z�g�_ �g�Z �i�j�b�^�\�b�`�\�Z�g�_�l�h �k �\�_�e�h�k�b�i�_�^. �I�j�b 
�b�a�]�j�Z�`�^�Z�g�_ �g�Z �g�h�\�Z �b�e�b �j�_�d�h�g�k�l�j�m�d�p�b�y �g�Z �k�l�Z�j�Z �i�t�l�g�Z 
�b�g�n�j�Z�k�l�j�m�d�l�m�j�Z �^�y�e �h�l �k�j�_�^�k�l�\�Z�l�Z �l�j�y�[�\�Z �^�Z �k�_ 
�b�a�i�h�e�a�\�Z�l �a�Z �k�t�a�^�Z�\�Z�g�_ �g�Z �i�_�r�_�o�h�^�g�b �b �\�_�e�h�k�b�i�_�^�g�b 
�Z�e�_�b; �\�t�\�_�`�^�Z�g�_ �g�Z �a�h�g�b, �^�h�k�l�t�i�g�b �k�Z�f�h �a�Z �_�d�h�e�h-
�]�b�q�g�b �F�I�K; �h�[�m�q�_�g�b�_ �g�Z �\�h�^�Z�q�b�l�_ �a�Z �_�d�h�e�h�]�b�q�g�h 
�m�i�j�Z�\�e�_�g�b�_; �i�j�_�^�i�j�b�_�f�Z�g�_ �g�Z �f�_�j�d�b �a�Z �h�]�j�Z�g�b�q�Z�\�Z�g�_ 
�a�Z�^�j�t�k�l�\�Z�g�b�y�l�Z; �b�a�i�h�e�a�\�Z�g�_ �g�Z �i�j�_�\�h�a�g�b �k�j�_�^�k�l�\�Z 
�a�Z�^�\�b�`�\�Z�g�b �k �Z�e�l�_�j�g�Z�l�b�\�g�b �]�h�j�b�\�Z (�i�j�b�j�h�^�_�g �]�Z�a; 
�_�e�_�d�l�j�h�_�g�_�j�]�b�y; �[�b�h�]�h�j�b�\�Z; �\�h�^�h�j�h�^) �b �^�j. 

�B�a�i�h�e�a�\�Z�g�_�l�h �g�Z �b�g�l�_�e�b�]�_�g�l�g�b �k�b�k�l�_�f�b �_ �k�t�s�h 
�q�Z�k�l �h�l �f�_�l�h�^�b�l�_ �a�Z �i�h�\�b�r�Z�\�Z�g�_ �g�Z �_�g�_�j�]�b�c�g�Z�l�Z 
�_�n�_�d�l�b�\�g�h�k�l [5]. �L�Z�d�t�\ �i�j�b�f�_�j �_ “�K�l�Z�j�l-�k�l�h�i �Z�\�l�h�f�Z-
�l�b�d�Z” (�n�b�].5). �L�h�\�Z �_ �b�g�l�_�e�b�]�_�g�l�g�Z �k�b�k�l�_�f�Z �a�Z �m�i�j�Z�\-
�e�_�g�b�_ �g�Z �_�g�_�j�]�b�y�l�Z, �i�j�b �d�h�y�l�h �]�e�Z�\�g�b�l�_ �d�h�f�i�h�g�_�g�l�b 
�k�Z �a�^�j�Z�\ �b �g�_�b�a�g�h�k�\�Z�s �k�_ �_�e�_�d�l�j�h�^�\�b�]�Z�l�_�e, �d�h�c�l�h �_ 
�f�h�g�l�b�j�Z�g �\ �i�j�_�^�Z�\�Z�l�_�e�g�b�y �d�h�f�i�e�_�d�k �f�_�`�^�m �^�\�b�]�Z�l�_�e�y 
�b �k�d�h�j�h�k�l�g�Z�l�Z �d�m�l�b�y.  

 

�N�b�]. 5. �K�b�k�l�_�f�Z �a�Z �m�i�j�Z�\�e�_�g�b�_ �g�Z �_�g�_�j�]�b�y�l�Z. 

2.7. �K�t�k�l�h�y�g�b�_ �g�Z �b�g�n�j�Z�k�l�j�m�d�l�m�j�Z�l�Z 

�B�g�n�j�Z�k�l�j�m�d�l�m�j�Z�l�Z �\ �]�j�Z�^�h�\�_�l�_ �g�Z �k�l�j�Z�g�Z�l�Z �_ �\ �e�h�r�h 
�k�t�k�l�h�y�g�b�_, �d�h�_�l�h �i�j�_�^�i�h�e�Z�]�Z �Z�d�l�b�\�g�Z �^�_�c�g�h�k�l �a�Z �i�h�^�h-
�[�j�y�\�Z�g�_�l�h �c �\ �j�Z�a�e�b�q�g�b �g�Z�k�h�d�b. �H�l�g�h�\�h �l�m�d �k�Z �\�Z�`�g�b 
�f�_�k�l�g�b�l�_ �i�h�e�b�l�b�d�b, �l�y�o�g�h�l�h �i�j�Z�\�b�e�g�h �i�e�Z�g�b�j�Z�g�_, 
�h�k�b�]�m�j�y�\�Z�g�_ �g�Z �k�j�_�^�k�l�\�Z �b �b�a�i�t�e�g�_�g�b�_. �< �I�e�Z�g�Z �a�Z 
�m�k�l�h�c�q�b�\�Z �]�j�Z�^�k�d�Z �f�h�[�b�e�g�h�k�l �g�Z �]�j�Z� ̂�J�m�k�_ 2016-2026 
�k�Z �i�j�_�^�\�b�^�_�g�b �^�\�_ �k�t�s�_�k�l�\�_�g�b �f�_�j�d�b �\ �l�Z�a�b �g�Z�k�h�d�Z – 
�b�a�]�j�Z�`�^�Z�g�_ �g�Z �k�b�]�m�j�g�b �l�j�h�l�h�Z�j�b �b �g�Z �\�_�e�h�k�b�i�_�^�g�b 
�Z�e�_�b. �F�g�h�`�_�k�l�\�h �Z�\�l�h�f�h�[�b�e�b �]�b �b�a�i�h�e�a�\�Z�l �a�Z �f�y�k�l�h �a�Z 
�i�Z�j�d�b�j�Z�g�_, �a�Z�s�h�l�h �g�y�f�Z �b�a�]�j�Z�^�_�g�b �k�t�h�j�t�`�_�g�b�y, �d�h�b�l�h 
�^�Z �h�]�j�Z�g�b�q�Z�\�Z�l �\�h�^�Z�q�b�l�_ �g�Z �F�I�K. �H�k�\�_�g �l�h�\�Z, 
�g�_�h�[�_�a�h�i�Z�k�_�g�b�l�_ �l�j�h�l�h�Z�j�b �k�Z �i�j�_�^�i�h�k�l�Z�\�d�Z �a�Z �b�g�p�b-
�^�_�g�l�b �k �i�_�r�_�o�h�^�p�b. �H�q�Z�d�\�Z �k�_, �q�_ �k�e�_�^ �b�a�i�t�e�g�_�g�b�_ �g�Z 
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�i�e�Z�g�b�j�Z�g�h�l�h �b�g�p�b�^�_�g�l�b�l�_ �k �i�_�r�_�o�h�^�p�b �s�_ �k�i�Z�^�g�Z�l �k 
10% �b �g�y�f�Z �^�Z �k�_ �^�h�i�m�k�d�Z �i�Z�j�d�b�j�Z�g�_ �g�Z �Z�\�l�h�f�h�[�b�e�b 
�\�t�j�o�m �a�h�g�b�l�_ �a�Z �i�_�r�_�o�h�^�p�b. �I�j�_�a 2015 �]. �\ �J�m�k�_ �[�y�o�Z 
�b�a�]�j�Z�^�_�g�b 14 km �\�_�e�h�k�b�i�_�^�g�b �Z�e�_�b. �L�_ �g�_ �k�Z �^�h�k�l�Z�l�t�q-
�g�b �a�Z �^�Z �k�_ �i�h�d�j�b�_ �p�y�e�Z�l�Z �l�_�j�b�l�h�j�b�y �g�Z �]�j�Z�^�Z �b �^�Z �k�_ 
�h�k�b�]�m�j�b �^�h�k�l�t�i �g�Z �\�_�e�h�k�b�i�_�^�b �^�h �a�h�g�b�l�_ �\ �p�_�e�b�y �]�j�Z�.̂ 
�< �f�h�f�_�g�l�Z �i�j�b�^�\�b�`�\�Z�g�_�l�h �k �\�_�e�h�k�b�i�_�^ �_ �h�i�Z�k�g�h, 
�a�Z�s�h�l�h �k�_ �g�Z�e�Z�]�Z �i�j�b�^�\�b�`�\�Z�g�_ �i�h �g�Z�l�h�\�Z�j�_�g�b �k 
�f�h�l�h�j�g�b �i�j�_�\�h�a�g�b �k�j�_�^�k�l�\�Z �b �=�I�L �h�l�k�_�q�d�b, �d�Z�d�l�h �b 
�i�j�_�k�b�q�Z�g�_ �g�Z �h�i�Z�k�g�b �f�_�k�l�Z. 

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

�B�a�]�j�Z�`�^�Z�g�_�l�h �g�Z �[�_�a�h�i�Z�k�g�Z �b�g�n�j�Z�k�l�j�m�d�l�m�j�Z, 
�k�t�k�l�h�y�g�b�_�l�h �g�Z �i�t�l�g�Z�l�Z �f�j�_�`�Z, �a�g�Z�d�h�\�h�l�h �k�l�h�i�Z�g�k�l�\�h, 
�_�e�Z�k�l�b�q�g�b�l�_ �h�]�j�Z�^�b, �f�Z�j�d�b�j�h�\�d�Z�l�Z �b �^�_�c�k�l�\�b�_�l�h �g�Z 
�^�j�m�]�b �n�Z�d�l�h�j�b, �\�e�b�y�_�s�b �\�t�j�o�m �i�t�l�g�Z�l�Z �[�_�a�h�i�Z�k�g�h�k�l, 
�k�_ �g�m�`�^�Z�y�l �h�l �d�h�j�b�]�b�j�Z�s�b �^�_�c�k�l�\�b�y �h�l �k�l�j�Z�g�Z �g�Z 
�\�k�b�q�d�b �h�l�]�h�\�h�j�g�b �b�g�k�l�b�l�m�p�b�b [7]. 

2.8. �K�t�k�l�h�y�g�b�_ �g�Z �h�[�d�j�t�`�Z�\�Z�s�Z�l�Z �k�j�_�^�Z 

�D�t�f �i�Z�j�Z�f�_�l�j�b�l�_ �g�Z �h�[�d�j�t�`�Z�\�Z�s�Z�l�Z �k�j�_�^�Z �h�l�g�Z�k�y�f�_: 
�Z�l�f�h�k�n�_�j�Z; �q�b�k�l�h�l�Z; �l�_�f�i�_�j�Z�l�m�j�Z �g�Z �\�t�a�^�m�o�Z; �^�j�m�]�b 
�g�_�`�_�e�Z�l�_�e�g�b �k�t�[�b�l�b�y. �H�d�h�e�g�Z�l�Z �k�j�_�^�Z �k�_ �o�Z�j�Z�d�l�_�j�b-
�a�b�j�Z �h�s�_ �k �h�k�\�_�l�e�_�g�b�_, �\�e�Z�`�g�h�k�l, �l�_�f�i�_�j�Z�l�m�j�Z, 
�k�d�h�j�h�k�l �g�Z �\�y�l�t�j�Z, �i�j�Z�o, �\�b�^�b�f�h�k�l. �H�l �h�l�j�b�p�Z�l�_�e�g�h�l�h 
�\�t�a�^�_�c�k�l�\�b�_ �g�Z �h�d�h�e�g�Z�l�Z �k�j�_�^�Z, �\�h�^�Z�q�t�l �l�j�y�[�\�Z �^�Z 
�[�t�^�_ �a�Z�s�b�l�_�g �k �i�h�^�o�h�^�y�s�h �l�_�o�g�b�q�_�k�d�h �h�[�h�j�m�^�\�Z�g�_ �g�Z 
�Z�\�l�h�f�h�[�b�e�Z. �?�n�_�d�l�b�\�g�h�k�l�l�Z �g�Z �\�h�^�Z�q�b�l�_ �b �k�e�_�^�h�\�Z-
�l�_�e�g�h �k�l�_�i�_�g�l�Z �g�Z �a�e�h�i�h�e�m�d�b �a�Z�\�b�k�b �h�l �\�j�_�f�_�l�h �g�Z 
�^�_�g�y, �Z�d�l�b�\�g�h�k�l�l�Z �g�Z �k�e�t�g�q�_�\�Z�l�Z �_�g�_�j�]�b�y �b �j�Z�a�e�b�d�b�l�_ 
�\ �Z�l�f�h�k�n�_�j�g�h�l�h �g�Z�e�y�]�Z�g�_. 

3 �A�Z�d�e�x�q�_�g�b�_ 

�K�b�k�l�_�f�Z�l�Z �g�Z �=�I�L �_ �j�Z�a�]�e�_�^�Z�g�Z �d�Z�l�h �l�j�b �\�a�Z�b�f�g�h 
�k�\�t�j�a�Z�g�b �i�h�^�k�b�k�l�_�f�b: �]�j�Z�^�k�d�Z �k�j�_�^�Z, �l�j�Z�g�k�i�h�j�l�g�b 
�k�j�_�^�k�l�\�Z �b �i�t�l�g�b�p�b. 

�;�_�a�h�i�Z�k�g�h�k�l�l�Z �b �k�b�]�m�j�g�h�k�l�l�Z �\ �=�I�L �_ �_�^�b�g �h�l 
�k�t�s�_�k�l�\�_�g�b�l�_ �i�h�d�Z�a�Z�l�_�e�b �a�Z �d�Z�q�_�k�l�\�h�l�h �g�Z �l�j�Z�g�k�i�h�j�l-
�g�Z�l�Z �m�k�e�m�]�Z. 

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

�<�k�_�d�b �h�l �h�k�g�h�\�g�b�l�_ �d�j�b�l�_�j�b�b �a�Z �h�p�_�g�d�Z �g�Z �[�_�a�h-
�i�Z�k�g�h�k�l�l�Z �b �k�b�]�m�j�g�h�k�l�l�Z �g�Z �]�j�Z�^�k�d�b�y �i�t�l�g�b�q�_�k�d�b 
�l�j�Z�g�k�i�h�j�l �k�e�_�^�\�Z �^�Z �[�t�^�_ �h�p�_�g�y�\�Z�g �a�Z �\�k�y�d�h �g�Z�k�_�e�_�g�h 
�f�y�k�l�h, �l�t�c �d�Z�l�h �f�g�h�]�h �q�_�k�l�h �a�Z�\�b�k�b �h�l �d�h�g�d�j�_�l�g�b�l�_ 
�m�k�e�h�\�b�y. 

�B�a�i�t�e�g�_�g�b�_�l�h �g�Z �f�_�j�d�b�l�_ �\ �I�e�Z�g�Z �a�Z �m�k�l�h�c�q�b�\�Z 
�]�j�Z�^�k�d�Z �f�h�[�b�e�g�h�k�l �g�Z �]�j�Z�^ �J�m�k�_ 2016-2026 �s�_ 
�^�h�i�j�b�g�_�k�_ �a�g�Z�q�b�l�_�e�g�h �a�Z �i�h�^�h�[�j�y�\�Z�g�_ �[�_�a�h�i�Z�k�g�h�k�l�l�Z 
�b �k�b�]�m�j�g�h�k�l�l�Z �\ �]�j�Z�^�k�d�b�y �i�t�l�g�b�q�_�k�d�b �l�j�Z�g�k�i�h�j�l. 

�<�g�_�^�j�y�\�Z�g�_�l�h �g�Z �b�g�l�_�e�b�]�_�g�l�g�b�l�_ �l�j�Z�g�k�i�h�j�l�g�b 
�k�b�k�l�_�f�b �h�k�b�]�m�j�y�\�Z�l �a�g�Z�q�b�l�_�e�g�Z �k�l�_�i�_�g �g�Z �[�_�a�h�i�Z�k�g�h�k�l 
�b �k�b�]�m�j�g�h�k�l �\ �]�j�Z�^�k�d�b�y �i�t�l�g�b�q�_�k�d�b �l�j�Z�g�k�i�h�j�l. 

�L�Z�d�Z �i�j�_�^�e�h�`�_�g�b�l�_ �d�j�b�l�_�j�b�b �f�h�]�Z�l �^�Z �i�h�k�e�m�`�Z�l 
�d�Z�l�h �[�Z�a�Z �a�Z �b�a�]�j�Z�`�^�Z�g�_ �g�Z �k�b�k�l�_�f�Z �a�Z �h�p�_�g�d�Z �g�Z 
�[�_�a�h�i�Z�k�g�h�k�l�l�Z �g�Z �]�j�Z�^�k�d�b�y �i�t�l�g�b�q�_�k�d�b �l�j�Z�g�k�i�h�j�l. 

�B�a�k�e�_�^�\�Z�g�b�y�l�Z �k�Z �i�h�^�d�j�_�i�_�g�b �i�h �^�h�]�h�\�h�j �g�Z �J�m�k�_�g�k�d�b 
�m�g�b�\�_�j�k�b�l�_�l "�:�g�]�_�e �D�t�g�q�_�\" �k �‹  BG05M2OP001-2.009-
0011-�K01, „�I�h�^�d�j�_�i�Z �a�Z �j�Z�a�\�b�l�b�_�l�h �g�Z �q�h�\�_�r�d�b�l�_ �j�_�k�m�j�k�b �\ 
�h�[�e�Z�k�l�l�Z �g�Z �g�Z�m�q�g�b�l�_ �b�a�k�e�_�^�\�Z�g�b�y �b �b�g�h�\�Z�p�b�b �\ �J�m�k�_�g�k�d�b 
�m�g�b�\�_�j�k�b�l�_�l "�:�g�]�_�e �D�t�g�q�_�\", �n�b�g�Z�g�k�b�j�Z�g �i�h �H�i�_�j�Z�l�b�\�g�Z 
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Assessment of the safety of urban 
passenger transport 

V. Pencheva, R. Angelova, P. Stoyanov, D. Grozev 

Abstract.  Consideration is given to the safety of urban 
passenger transport on a broad scale, which includes the 
protection of passengers from road traffic accidents and 
the preservation of material values, environment, means 
of transport and communications. There is a system of 
factors that have the greatest impact on safety. On the 
example of the city of Rousse, proposals have been made 
to improve safety through better organization of mass 
urban passenger transport, the use of intelligent transport 
systems, the introduction of energy efficient technologies, 
the use of alternative fuels and green and safer means of 
transport. 
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Bulgarian policy for regional development and its implications 
on air transport system: The case for Shtraklevo airport 

Daniela Yordanova1,*, and Miglena Pencheva1 

1Department of Business and Management, University of Ruse, Bulgaria 

Abstract.  Research paper aims to investigate what are the implications of Bulgarian policy for regional 
development on air transport system. The critical analysis of strategic documents and funded projects up to 
date and comparison with strategic priorities provide the question which will be the best approach for airport 
transport system management, if there are planed enough financial sources for that and what is done during 
the first programming period from Bulgarian membership in European Union. The possible strategies for 
development of airport network are proposed, based in the case of Shtraklevo airport.  

1 Introduction 

Transport infrastructure projects play the main role in 
European cohesion policy focused to boost regional 
development. Traditionally, investment in the road 
network has been the largest component of this kind of 
expenditure [1]. The financial instruments providing 
funding for infrastructural projects are Cohesion fund 
(CF) and European Fund for Regional Development 
(ERDF). CF provides funding for investment in the 
environment, including areas related to sustainable devel-
opment and energy which present environmental benefits 
and TEN-T [2], while ERDF support investment in large 
enterprises and SMEs; investment in infrastructure 
providing basic services to citizens in the areas of energy, 
environment, transport and ICT; investment in social, 
health, research, innovation, business and educational 
infrastructure; investment in equipment and small-scale 
infrastructure, including small-scale cultural and 
sustainable tourism infrastructure, services to enterprises, 
support to research and innovation bodies and investment 
in technology and applied research in enterprises; 
networking, cooperation and exchange of experience 
between competent regional, local, urban and other public 
authorities, economic and social partners and relevant 
bodies representing civil society [3]. Economic and social 
cohesion – as defined in the 1986 Single European Act – 
is about ‘reducing disparities between the various regions 
and the backwardness of the least-favoured regions’. 
Cohesion policy should also promote more balanced, 
more sustainable ‘territorial development’. 

But is that balance achieved in Bulgaria and what is 
national vision for regional development and where is the 
place of infrastructure and what is the importance attached 
of air transport infrastructure in these national priorities?  

The goal of the paper is to provide an analysis of 
implications of Bulgarian policy for regional development 
on air transport system. For achievement of this goal the 

following tasks are accomplished: (1) Analysis of 
Strategic framework for transport network development 
and funds allocation during 2007-2013 in Bulgaria; (2) 
Analysis of Transport network development policy and its 
fulfilment during 2014-2020; (3) Analysis of Further 
priorities for transport network development 2020-2030; 
(4) Presentation of Ruse airport case; (4) Identification of 
scenarios for further airport development. 

The main question that we pose with this paper is 
“What is the place of air transport infrastructure as 
national priority evaluated through the funds allocated for 
projects related to its development?” The first reason 
which we shall provide to our reader is if this is a valuable 
question, i.e. does the air transport infrastructure relates to 
regional development and what are the possible 
implications of investments in such type of infrastructure. 

Many authors investigate the relationships between air 
transport and regional development. Allrogen and Malina 
summarize some previous researches showing that air 
transport does have positive impact on local economy [4] 
and concludes that the impact of air transport to regional 
economic development depend on traffic characteristics. 
Byltokach [5] proves the existence of strong influence of 
political factors on the process of allocation of infra-
structure investment funds in USA (There is an impact of 
political factors behind allocation of airport infrastructure 
grants). Halpern and Brathen [6] evaluate the airport 
importance according location and prove that airport is 
significantly more important for resident location and 
retention in the remoter region. According Tloczynski [7] 
air transport is one of the most important activity of the 
European and global economy which is essential both for 
economic development and progress of the integration 
processes. Sotirovski [8] proposes summarized 
conclusion that air transportation plays a crucial role 
especially in remote regions by giving a boost to regional 
development; a well-developed transport infrastructure is 
a facilitator that allows the economic potential of a region 
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to be realized; regional growth causes airport activity, air 
activity also gives a boost to regional development. The 
airline transportation can alter the economic linkages a 
region has with other regions that lead to differences in 
regional competitiveness and easy accessibility attracts 
firms, investments and other economic activity to the 
region and stimulates employment and production at 
established firms. 

Following the conclusions stated above the question if 
Bulgarian airports could contribute to regional develop-
ment and if this is a national priority becomes the topic of 
the day. 

The objective of the paper to provide analysis of 
transport network development in Bulgaria with respect 
to policy making strategic priorities, along with a 
illustrative case – Shtraclevo airport case. 

2. Analysis of transport network 
development in Bulgaria 

2.1. Strategic framework for transport network 
development and funds allocation during 2007-
2013 in Bulgaria 

After the accession in European Union Bulgaria 
developed National Strategic Reference Framework 
agreed with European Commission, setting out the 
investment priorities for the 7 sectoral programmes to be 
supported by the European Union over the seven-year 
period 2007-13. Operational program Transport 2007-
2013 (OPT), funded by both CF and ERDF set the goals 
for development of transport infrastructure. The total 
budget of the program for the period was 3737,89  million 
BGN [9]. The overall goal of the Programme is develop-
ment of sustainable transport system. Two specific goals 
– (1)Integration of the national transport system into the 
European Union transport network and (2) Achievement 
of balance between the transport modes [10] clarify the 
path for achievement of the overall one. The funds were 
allocated in 5 priority axes (Table 1). None of them 
includes investments in air transport infrastructure.  

Table 1. Number of project funded by priority axis of OPT 
2007-2013. 

Priority Axis Number of 
projects 

1. Development of railway infrastructure along 
the Trans-European and major national transport 
axes 

9 

2. Development of road infrastructure along the 
Trans-European and major national transport 
axes 

17 

3. Improvement of intermodality for passengers 
and freight  7 

4. Improvement of the maritime and inland-
waterway navigation – ERDF 

5 

5. Technical assistance – ERDF 82 

Implementation of the program is considered as very 
successful with total 3743,67 million BGN spent, 120 
project implemented and 8 beneficiaries funded. Main 

beneficiaries of financial aid are Agency Road Infrastruc-
ture with 46,2% from the actually paid budget, “Metro-
politen” JSC – 27,9% and National Railway Infrastructure 
Company, which gets 22,8% of the budget of OPT.  

The main project contributing to better functioning of 
airports is the project for building a connection of metro 
in capital Sofia between central railway station and Sofia 
airport, Terminal 2, which started in 2012. For the period 
2010-2020 the priorities for air transport set in Transport 
strategy 2020 define Sofia as main international airport, 
followed by Burgas and Varna. The vision for Plovdiv 
airport is as airport servicing mainly the tourist arrivals, 
related with local tourism, while Gorna Oryahovitsa is 
envisaged as airport for freight transport or as a training 
flight base [11]. 

The main critic for implementation of OPT during that 
period can be the spreading of funds among territory of 
the country. In table 2 the provided funds for projects are 
spread by NUTS II regions [12] (Table 2).  

Table 2. Grans, provided by OPT 2007-2013  
by NUTS II regions. 

Region 
Grant  NW NC NE SE SC SW 

BGN (million) 70,62 31,30 0 825,43 595,23 1771,26 

% 2,14 0,95 0,00 25,06 18,07 53,77 

BGN per citizen 80,30 35,10 0,00 751,00 395,10 835,00 

Southern part of the country receives approximately 
97% of funds, allocated in OPT, which is a serious 
precondition for encouragement of regional dispropor-
tions and decline in regional development process. It 
could be concluded that during the first programming 
period there are not investments facilitating the access to 
airport infrastructure in north Bulgaria. Until 2013 the air 
transport infrastructure stays public. During 2006 a 35 
year concession is signed for two of major airports – 
Burgas and Varna. 

2.2. Bulgarian transport network strategic 
framework for period 2014-2020 

Second programming period is characterized with start of 
Operational program Transport and Transport Infrastruc-
ture 2014-2020 (OPTTI). The total budget of the program 
is 3691,80 million BGN, spread among 5 priorities [13] 
(Table 3). 

Until the august 2018 21 projects are contracted and 
implementation is started. Beneficiaries are Road 
infrastructure Agency, National railway infrastructure 
company, Bulgarian Ports Infrastructure Company, 
“Metropoliten” JSC and Ministry of Transport, 
Information Technology and Communications. Total 
amount of contracted projects is 4369,67 million BGN, 
from which 3041,07 million BGN are grant [14]. 43% of 
contracted grants are provided to National Railway 
Infrastructure Company, 29% – to Road Infrastructure 
Agency and 26% – to “Metropoliten” JSC.  

All projects are implemented in South Bulgaria and 
Sofia, which means that 82,4% of OPTTI until year 2020 
funding is already allocated again in South Bulgaria. 
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There are no funds allocated for funding in air transport 
sector. The fact stated above could lead to the conclusion 
that 1) the investment are spread on unequable way 
between NUTS II regions and 2) that supporting 
infrastructure to the main north airports of the country is 
not in development yet. This will deepen the dispropor-
tions between regions in the country and will lead to lower 
speed of regional development of the northern part of the 
country.  

Table 3. Funds allocation according priority axes of OTTTI. 

Priority Axis % 
1. Development of railway infrastructure along the 
“core” TEN-T 35,67 

2. Development of road infrastructure along the 
“core” and “comprehensive” TEN-T 35,67 

3. Improvement of intermodal transport services for 
passengers and freights and development of 
sustainable urban transport 

22,21 

4. Innovations in management and services - 
establishment of modern infrastructure for traffic 
management and transport safety improvement 

3,92 

5. Technical assistance 2,53 

2.3. Current state of air transport in Bulgaria 

In Republic of Bulgaria there are 10 civil airports, 5 of 
which have the status of international airports (Sofia, 
Varna, Burgas, Plovdiv, Gorna Oryahovitsa), 6 airports 
serve the agricultural aviation and there are 150 aircraft 
movement areas (Fig. 1) to be used by airline operators 
with scope of business performing specialized aviation 
flights and other type of aviation activity [15]. 

 

Fig. 1. Map of Bulgarian Airports and Certified Airfields [16]. 

According to Integrated transport strategy for the 
period until 2030 of Bulgaria (ITS 2030), prepared by the 
Ministry of Transport, Information Technology and 
Communications air transport has increasingly growing 
importance for travels to and from Bulgaria. The total 
number of passengers carried to and from the country 
varies between 2200 thousand and 2700 thousand 
during the period 2007-2015. The relative share of air 
transport in the total number of passengers transported 
on  the  national  transport  market  remains  low  (about 

0,3% average per year) due to the limited airport capacity 
and the fact that this mode of transport is applicable 
mainly in the segments of tourist and business travels, 
which are not characterized by a high frequency 
compared to car, bus and urban transport (Fig.2) 

 

Fig. 2. Change in the number of passengers transported, the 
transport operations carried and the average distance travelled 
per one passenger by air transport compared to 2007 (Source: 
ITS 2030). 

During 2018 three of main airports – Gorna Oryaho-
vitsa, Varna and Burgas are managed under 35 years 
concessions, signed in 2016, concession for Plovdiv 
airport had a winner, but the company did not signed the 
contract last 2 years and the concession for biggest 
international airport – Sofia is under preparation and 
requires building of third terminal. 

2.4. Strategic goals for the period 2020-2030 

White Paper “Roadmap to a Single European Transport 
Area – Towards a competitive and efficient transport 
system resource use” from 2011 is the main European 
strategic document outlining the guidelines for the deve-
lopment of transport. It sets priorities for the construction 
of EU transport system by 2050, characterized by a single 
European transport area, open markets, greener infrastruc-
ture and innovative technologies with low carbon 
emissions. 

One of the goals of White Paper requires by 2050, all 
central network airports to be connected to the railway 
network, preferably the high-speed one. To ensure 
adequate connection of all central network ports to the 
railway freight network and, where possible, the inland 
waterways system [17].  

Main document for planning of transport development 
for the period up to 2030 in Bulgaria is ITS 2030, issued 
in May 2017. The document analyses current state of air 
transport and main priorities, related with it aim at 
improvement of city-airport connectivity. It can be 
concluded that during the next programming period 
airports will not benefit directly form EU funding and 
investments in them will be done by concessioners.  

Therefore there are two questions arising:  
(1) if the government consider regional airports 

important enough for regional development? and  
(2) what will be further policy for construction of 

connecting infrastructure in regions as highways and first 
and second class roads? 
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3. Policy for development of air 
transport. The case of Shtarklevo 
airport  

3.1. Current state 

Shtraklevo airport is located 15 km away of Ruse, near the 
village of Shtraklevo. Ruse is the largest city in northern 
Bulgaria with 150000 residents. It gives the city the 5th 
largest city in the country, and the largest Danube port in 
Bulgaria (Fig. 3). Shtraklevo airport is surrounded by Pan-
European Transport corridors 7&9, Danube river, Danube 
bridge connecting Bulgaria and Romania, cross-border 
agglomeration: Ruse-Giurgiu-Bucharest metropolitan 
area (3 million residents). 

 

Fig.3. Location and surroundings of Shtraklevo airport [18]. 

Nowadays the airport covers area of 183 hectares. It is 
100% property of Ruse municipality since 2015. Ruse 
Municipality has a certificate for airfield operational 
suitability which grants the right for performing aviation 
services with aircrafts of maximum take-off weight under 
5700 kg.  

Shtraklevo airport was designed as military airfield –
opened in 1967 as military training site for the Bulgarian 
air force – operational until 1998. Used both for military 
and civil flights. The airport is equipped with concrete 
runway for take-off and landing with size of 5 km long, 
50 m wide, with 11 taxiways and taxiways, and 3 aprons. 

There is a Passenger terminal (2,5 levels = 2500 m2), 
which has been constructed in 1976 and used for domestic 
flights to Sofia and for international charter flights. There 
is a traffic control tower, as well as Maintenance/storage 
building (900 m2). 

Nowadays the airport is used for landing of private 
charters. 

3.2. Shtraklevo airport poten tial for development  

Municipality of Ruse envisages the airport as opportunity 
for development of multimodality because of the location 
and regional assets. There is a short SWOT analysis of the 
airport presented, partially based on information, obtained 
from municipal administration.  

Strengths of the airport includes proximity to main 
infrastructure – 20 km to Danube bridge (Bulgarian-
Romanian border), 15 km to Ruse city center, 11 km to 

Ruse port and 6 km to Ruse-Varna railway (connection to 
Black sea). 

Threats (not only for this airport) include: lack of clear 
vision either on national level, or on municipal one; 
National Regional Development Strategy touches to the 
shortage of infrastructure maintenance and funding of the 
international airports. Other problems of the sector are 
lagging behind, i.e. lack of investments, market access 
and qualified labour force, both operational and 
managerial;  

As weaknesses might be considered that Municipal 
Development Strategy is focused on tourism, i.e. culture, 
weekend tourism and cruise tourism on the Danube River 
and business development and airport are lugging behind; 
there is a lack of capacity and experience either in running 
a municipal airport, or in strategic development. 

Opportunities for development of the airport, 
according local authorities includes autonomously 
servicing of zones for passengers (apron 1) and cargo 
(aprons 2+3), extension possibilities: 3 adjacent plots = 
150 hectares available, high property potential – both for 
aeronautical purposes (flight school, maintenance) and for 
commercial use (office parks, logistics hub, warehouses). 
According local authorities estimated investment costs are 
60 million EUR.  

In addition of analysis stated above we are proposing 
four scenarios for development of the airport and what 
shall be first steps in choosing each of them: 
1. Development of international airport for passengers; 
2. Cargo airport; 
3. Airport for charter flights; 
4. Development of infrastructure for non-aviation 

purposes. 
Scenario 1 – if there is an intend for development of 

international airport the following issues must be 
considered – type of operators – traditional airlines or low 
cost carriers (LCC), restrictions of national legislation 
concerning contracting LCCs, analysis of the competitors 
and intraregional choice which of existing airports have 
better capacity and shall be developed further.  

The main issues here can arise form the following: 1) 
Bulgarian legislation does not provide opportunity that an 
airline operates without payment of airport taxes. Ryanair 
practice is that the company does not pay taxes to airports 
where it operates and this is possible conflict if the 
municipality decides to attract them. 2) Development of 
idea for international airport requires serious preliminary 
analysis of market potential considering number of 
inhabitants of catchment area, travel frequency by plane, 
level of incomes, preferences to different airports and 
road infrastructure state. If the high-speed roads Ruse- 
Veliko Tarnovo and Shumen-Ruse are built in future the 
connectivity of the region will improve and this might be 
considered as first main precondition for further airport 
development. 3) Even if the road network is developed 
and extended it is still an issue to consider if it is not better 
to invest in the airport of Gorna Oryahovitsa than in 
airport of Ruse, because the catchment area might differ 
in size considerable, the accessibility of the region might 
be better and the size of investments could be lower. 4) 
An evaluation toward main existing competitors must be 



Sozopol, 15-17 September 2018 BulTrans-2018 Conference Proceedings 

 141  

done. They are airports of Varna, Sofia and Bucharest, 
which is the nearest airport – 100 km away and is well 
connected. The only obstacle using that airport for now is 
the operation of existing bridge Ruse-Giurgiu, which 
suffers from traffic jam, caused by trucks and leads to 
extension of traveling period from 1,5 up to 3 or even 4 
hours, sometimes more. The travel to Sofia airport is 5,5 
– 6 hours with public transport and to Varna – 4-5 hours 
(depending of schedule of public transport). Therefore 
besides delays in bridge crossing Bucharest airport 
Otopeni is still the most preferred choice of customers. So 
there must be done a decision if a new airport can be a 
competitor to Otopeni or can be a complementary one. 

Scenario 2 – Cargo airport – this solution stress on 
cargo as main source of incomes. In this case few analyses 
shall be done including – size of the companies in the 
catchment area and existing demand for cargo transport, 
investment analysis based on existing demand and 
competitiveness assessment compared to the closest cargo 
airports, i.e. Gorna Oryahovitsa, Bucharest. If the evalua-
tion shows potential for development of cargo airport the 
municipality shall define the key sectors – potential 
customers of the service and apply focused measures for 
encouragement of this type of industries in the region. 

There is an option for combining the two scenarios if 
the analysis show potential of demand. 

Scenario 3 – Airport for charter flights (and operation 
of private planes owners) – this option requires less 
investments than the previous 2 options. The scale of the 
landing planes will be small and customers profile must 
be applied first. Landing purposes might be – private 
plane operation, transport for medical purposes, and 
charters with tourists for local short tourist visits (last 
complies with municipality vision for transformation of 
Ruse as major touristic attraction.) The number of plane 
owners in Bulgaria increases last years, and this 
opportunity is partially in operation for the moment.  
Municipality shall consider what type of tourism shall be 
developed for attraction of tourists, who would pay for a 
charter flight to visit Ruse and to pay attention in 
development of such attraction, which shall differ than 
occasional tourism, promoted in the moment. 
Scenario 4 – Development of infrastructure for non-
aviation purposes – nowadays one of the existing ideas is 
establishment of testing racing track. Potential demand in 
the region comes from one private companies, developing 
racing cars – “Sincars” and owners of cars, who would 
like to taste their power without braking the legislation on 
roads. 

4. Conclusions 

It could be concluded that Bulgarian policy for regional 
development is treating airports as infrastructure, which 
shall be developed by totally private funds and the 
investments provided by EU structural and investment 
funds are focused on road infrastructure, bringing 
passengers to the airport. Funds allocation for contracted 
infrastructure projects are prevailingly for projects 
implemented in South Bulgaria for both programming 
periods which caused and will continue to cause huge 

discrepancies in northern part of the country. In this sense 
the regional development policy in Bulgaria in its part for 
infrastructure development fails to achieve the goals of 
EU cohesion policy. 

Air transport can boost regional development and 
investments in small regional airports could be solution 
for faster economic development. 

Based on regional strengths coming from location, 
economy and proximity to other regions local authorities 
shall evaluate the potential for development of existing air 
transport infrastructure and shall choose in partnership the 
best investment variant, which will boost regional and 
interregional development with most economic and 
effective investments. 
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�m�g�b�\�_�j�k�b�l�_�l „ �:�g�]�_�e �D�t�g�q�_�\““, �n�b�g�Z�g�k�b�j�Z�g �i�h �H�i�_�j�Z�l�b�\�g�Z 
�i�j�h�]�j�Z�f�Z „�G�Z�m�d�Z �b �h�[�j�Z�a�h�\�Z�g�b�_ �a�Z �b�g�l�_�e�b�]�_�g�l�_�g �j�Z�k�l�_�` 
2014-2020“, �k�t�n�b�g�Z�g�k�b�j�Z�g�Z �h�l �?�\�j�h�i�_�c�k�d�b�y �k�h�p�b�Z�e�_�g �n�h�g�^ 
�g�Z �?�\�j�h�i�_�c�k�d�b�y �k�t�x�a. 
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