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Abstract. In this paper, a mathematical model of the polymerization process at the stage of 
heating composite materials during their manufacture in automatic process control units (AVTP) is 
compiled. A numerical and analytical method for solving the problem of mass transfer at the first 
stage of the production of composite materials in AVTP installations describing the work at the first 
stage of polymerization for the manufacture of multilayer composite materials is presented, the 
results of studying heat transfer in multilayer products at the first stage of the production of 
composite materials are considered. Multilayer composite materials are manufactured in AVTP 
installations by polymerization. During polymerization, the heat of the phase transition is released. 
Therefore, when developing a management system for the production of composite materials, 
various factors have to be taken into account. From the general model partial models corresponding 
to each polymerization interval of composites will be made up and solved by numerical methods. 

Keywords: isothermal surface method, numerical methods, analytical methods, composite 
materials, AVTP installation, polymerization, press form, thermoelastic stresses and deformation. 
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�]�����i�h���k�h�]�e�Z�r�_�g�b�x���‹ 020-03-2023-004 �h�l 03.02.2023 �]. 
 

ESTIMATION OF MOTION SIMULATION FIDELITY FOR THE LARGE-
AMPLITUDE PILOTING TASKS  

 

Arkhangelsky Y. A.  
Desyatnik P. A., Candidate of Technical Sciences 
Zaichik L. E., Candidate of Technical Sciences 

Sorokin S. A. 
 

The Central AeroHydrodynamic Institute named after Prof. N.E. Zhukovsky 
(Zhukovsky) 

 
Abstract. The paper analyzes effects of acceleration reproduction distortions on ground-

based motion simulation fidelity for the piloting tasks requiring maneuvers with large amplitudes 
and large motion parameters changing as in trajectory control. Existing motion cueing fidelity 
criteria are analyzed, and the novel theoretical approach is validated which is based on different 
approaches to motion fidelity assessment depending on the type of piloting task and acceleration 
role in piloting. It is shown that the criteria developed allow estimation of the effects of false motion 
cues, such as motion cues of opposite sign and false lateral accelerations due to cockpit tilting in 
roll, for various aircraft characteristics and various motion system algorithms.  

Keywords: flight simulator, full flight simulation, motion cueing fidelity criteria. 
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�J�b�k�m�g�h�d�������± �K�j�Z�\�g�_�g�b�_���e�h�`�g�u�o���[�h�d�h�\�u�o���i�_�j�_�]�j�m�a�h�d���^�e�y���^�\�b�`�_�g�b�y���i�h���d�j�_�g�m���k��
�q�Z�k�l�h�l�h�c�������� �j�Z�^���k���^�e�y���j�Z�a�e�b�q�g�u�o���q�Z�k�l�h�l���<�Q���n�b�e�v�l�j�h�\ 

 
�>�j�m�]�b�f�b�� �k�e�h�\�Z�f�b���� �m�f�_�g�v�r�_�g�b�_�� �q�Z�k�l�h�l�u�� �\�u�k�h�d�h�q�Z�k�l�h�l�g�h�]�h�� �n�b�e�v�l�j�Z��

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

�F�b�g�b�f�b�a�b�j�h�\�Z�l�v�� �\�h�a�g�b�d�Z�x�s�b�_�� �e�h�`�g�u�_�� �i�_�j�_�]�j�m�a�d�b�� �i�j�b�� �\�u�i�h�e�g�_�g�b�b��
�a�Z�^�Z�q�b�� �;�:�I�� �f�h�`�g�h�� �a�Z�� �k�q�_�l�� �k�g�b�`�_�g�b�y�� �d�h�w�n�n�b�p�b�_�g�l�Z�� �m�k�b�e�_�g�b�y��
�\�u�k�h�d�h�q�Z�k�l�h�l�g�h�]�h�� �n�b�e�v�l�j�Z���� �G�Z�i�j�b�f�_�j���� �^�e�y�� �m�^�h�\�e�_�l�\�h�j�b�l�_�e�v�g�h�]�h��
�\�h�k�i�j�h�b�a�\�_�^�_�g�b�y�� �\�o�h�^�g�h�]�h�� �k�b�]�g�Z�e�Z�� �i�h�� �d�j�_�g�m�� �k�� �q�Z�k�l�h�l�h�c�� ��.1 �j�Z�^���k�� ���j�b�k�m�g�h�d�� ������
�g�_�h�[�o�h�^�b�f�h�� �m�f�_�g�v�r�_�g�b�_�� �d�h�w�n�n�b�p�b�_�g�l�Z�� �m�k�b�e�_�g�b�y�� �\�� �n�b�e�v�l�j�_�� �k���Z�<�Q =0.3 �j�Z�^���k�� �\��
�������� �j�Z�a���� �H�^�g�Z�d�h�� �l�Z�d�h�_�� �m�f�_�g�v�r�_�g�b�_�� �d�h�w�n�n�b�p�b�_�g�l�Z�� �m�k�b�e�_�g�b�y�� �f�h�`�_�l�� �i�j�b�\�_�k�l�b�� �d��
�a�g�Z�q�b�l�_�e�v�g�h�f�m�� �m�o�m�^�r�_�g�b�x�� �d�Z�q�_�k�l�\�Z�� �f�h�^�_�e�b�j�h�\�Z�g�b�y�� �\�u�k�h�d�b�o�� �q�Z�k�l�h�l�� �\�o�h�^�g�h�]�h��
�k�b�]�g�Z�e�Z�� 

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

�I�j�b�\�_�^�_�g�g�u�c�� �i�j�b�f�_�j�� �i�h�d�Z�a�u�\�Z�_�l���� �q�l�h�� �^�e�y�� �l�Z�d�h�]�h�� �r�b�j�h�d�h�]�h�� �^�b�Z�i�Z�a�h�g�Z��
�q�Z�k�l�h�l���� �d�Z�d�� �m�d�Z�a�Z�g�h�� �\�� �^�h�d�m�f�_�g�l�_��ICAO ���������� �>���@���� �i�j�h�\�_�k�l�b�� �]�j�Z�g�b�p�m��
�m�^�h�\�e�_�l�\�h�j�b�l�_�e�v�g�h�]�h���d�Z�q�_�k�l�\�Z���h�q�_�g�v���k�e�h�`�g�h�����_�k�e�b���\�h�h�[�s�_���\�h�a�f�h�`�g�h���� 
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2. �H�p�_�g�d�Z���d�Z�q�_�k�l�\�Z���f�h�^�_�e�b�j�h�\�Z�g�b�y���g�Z���[�Z�a�_���i�h�^�o�h�^�Z���P�:�=�B 
�K�h�]�e�Z�k�g�h�� �i�h�^�o�h�^�m�� �P�:�=�B���� �d�Z�q�_�k�l�\�h�� �f�h�^�_�e�b�j�h�\�Z�g�b�y�� �m�k�d�h�j�_�g�b�c��

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

 
���������E�h�`�g�u�_���[�h�d�h�\�u�_���i�_�j�_�]�j�m�a�d�b 
�I�j�b�q�b�g�u���i�h�y�\�e�_�g�b�y���e�h�`�g�u�o���i�_�j�_�]�j�m�a�h�d���b�a-�a�Z���g�Z�d�e�h�g�h�\���d�Z�[�b�g�u���i�h���d�j�_�g�m��

�^�h�k�l�Z�l�h�q�g�h�� �h�q�_�\�b�^�g�u���� �I�j�b�� �h�l�k�m�l�k�l�\�b�b�� �[�h�d�h�\�u�o�� �i�_�j�_�f�_�s�_�g�b�c�� �d�Z�[�b�g�u�� �k�l�_�g�^�Z��
�k�m�f�f�Z�j�g�u�c�� �\�_�d�l�h�j�� �k�b�e��n �g�_�� �i�h�\�h�j�Z�q�b�\�Z�_�l�k�y�� �\�f�_�k�l�_�� �k�� �g�Z�d�e�h�g�h�f�� �d�Z�[�b�g�u���� �Z��
�h�k�l�Z�_�l�k�y�� �\�� �\�_�j�l�b�d�Z�e�v�g�h�c�� �i�e�h�k�d�h�k�l�b�� �a�_�f�e�b���� �I�h�w�l�h�f�m���� �i�j�b�� �f�h�^�_�e�b�j�h�\�Z�g�b�b��
�b�a�h�e�b�j�h�\�Z�g�g�h�]�h�� �^�\�b�`�_�g�b�y�� �d�j�_�g�Z�� �\�k�e�_�^�k�l�\�b�_�� �g�Z�d�e�h�g�h�\�� �d�Z�[�b�g�u�� �k�l�_�g�^�Z�� �i�h�� �d�j�_�g�m��
�\�h�a�g�b�d�Z�x�l���e�h�`�g�u�_���[�h�d�h�\�u�_���i�_�j�_�]�j�m�a�d�b��nz �e�h�=̀���I�C �•�‹�• �@ ���j�b�k�m�g�h�d�������� 

 

 
 

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

 
�G�Z�� �j�b�k�m�g�d�_�� ���� �i�j�b�\�_�^�_�g�� �]�j�Z�n�b�q�_�k�d�b�c�� �d�j�b�l�_�j�b�c���� �d�h�l�h�j�u�c�� �i�h�a�\�h�e�y�_�l��

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

�<�� �w�d�k�i�_�j�b�f�_�g�l�Z�o�� �e�_�l�q�b�d�b�� �h�p�_�g�b�\�Z�e�b�� �\�_�e�b�q�b�g�m�� �e�h�`�g�u�o�� �h�s�m�s�_�g�b�c�� �i�h��
�k�i�_�p�b�Z�e�v�g�h�c���r�d�Z�e�_��MR [6]: MR=1 �± �e�h�`�g�u�_���i�_�j�_�]�j�m�a�d�b���g�_���h�s�m�s�Z�x�l�k�y����MR=4 
�± �^�\�b�`�_�g�b�_�� �k�Z�f�h�e�_�l�Z�� �g�_�j�Z�a�e�b�q�b�f�h�� �g�Z�� �n�h�g�_�� �e�h�`�g�u�o�� �i�_�j�_�]�j�m�a�h�d���� �B�a�� �j�b�k�m�g�d�Z�� ����
�\�b�^�g�h�����q�l�h���e�h�`�g�u�_���[�h�d�h�\�u�_���i�_�j�_�]�j�m�a�d�b�����d�h�l�h�j�u�_���i�h�y�\�e�y�x�l�k�y���i�j�b���m�]�e�Z�o���g�Z�d�e�h�g�Z��
�d�Z�[�b�g�u�� �^�h�� �� �]�j�Z�^���� �i�j�Z�d�l�b�q�_�k�d�b�� �g�_�� �\�e�b�y�x�l�� �g�Z�� �d�Z�q�_�k�l�\�h�� �f�h�^�_�e�b�j�h�\�Z�g�b�y���� �K��
�m�\�_�e�b�q�_�g�b�_�f�� �m�]�e�h�\�� �g�Z�d�e�h�g�Z�� �d�Z�[�b�g�u���� �b�a-�a�Z�� �e�h�`�g�u�o�� �[�h�d�h�\�u�o�� �i�_�j�_�]�j�m�a�h�d��
�i�h�y�\�e�y�_�l�k�y���q�m�\�k�l�\�h���^�b�k�d�h�f�n�h�j�l�Z�����I�j�b���m�]�e�Z�o���g�Z�d�e�h�g�Z���i�h�j�y�^�d�Z������ �]�j�Z�^���b���[�h�e�v�r�_��
�i�h�y�\�e�y�_�l�k�y���q�m�\�k�l�\�h���[�h�y�a�g�b���i�h�l�_�j�y�l�v���j�Z�\�g�h�\�_�k�b�_���� 

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

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

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

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

�D�Z�g�Z�e�� �d�j�_�g�Z�� �>�e�y�� �k�e�m�q�Z�y���� �d�h�]�^�Z�� �e�h�`�g�u�_�� �[�h�d�h�\�u�_�� �i�_�j�_�]�j�m�a�d�b�� �i�h�e�g�h�k�l�v�x��
�d�h�f�i�_�g�k�b�j�m�x�l�k�y�� �k�� �i�h�f�h�s�v�x�� �[�h�d�h�\�u�o�� �i�_�j�_�f�_�s�_�g�b�c�� �d�Z�[�b�g�u���� �h�p�_�g�b�l�v�� �m�j�h�\�_�g�v��
�k�b�]�g�Z�e�h�\�� �h�[�j�Z�l�g�h�]�h�� �a�g�Z�d�Z�� ���J�� �h�a���� �f�h�`�g�h�� �i�h�� �j�b�k�m�g�d�m�� ���� �^�e�y�� �j�Z�a�g�u�o�� �q�Z�k�l�h�l��
�\�u�k�h�d�h�q�Z�k�l�h�l�g�u�o���n�b�e�v�l�j�h�\����-�]�h���b����-�]�h���i�h�j�y�^�d�h�\���� 
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�K�h�\�f�_�k�l�g�h�_�� �\�e�b�y�g�b�_�� �e�h�`�g�u�o�� �i�_�j�_�]�j�m�a�h�d�� �b�� �k�b�]�g�Z�e�h�\�� �h�[�j�Z�l�g�h�]�h�� �a�g�Z�d�Z��
�f�h�`�g�h�� �h�p�_�g�b�l�v�� �k�� �i�h�f�h�s�v�x�� �^�Z�g�g�u�o���� �i�j�b�\�_�^�_�g�g�u�o�� �g�Z�� �j�b�k�m�g�d�_�� ������ �H�g�b��
�i�h�d�Z�a�u�\�Z�x�l���b�a�f�_�g�_�g�b�_���h�p�_�g�h�d���d�Z�q�_�k�l�\�Z���f�h�^�_�e�b�j�h�\�Z�g�b�y���i�h�\�h�j�h�l�h�\���k�Z�f�h�e�_�l�Z���i�h��
�d�j�_�g�m���g�Z���j�Z�a�e�b�q�g�u�_���m�]�e�u���������������������� �]�j�Z�^�����\���a�Z�\�b�k�b�f�h�k�l�b���h�l �q�Z�k�l�h�l�u���n�b�e�v�l�j�h�\����-
�]�h���b����-�]�h���i�h�j�y�^�d�h�\���i�j�b���_�^�b�g�b�q�g�h�f���d�h�w�n�n�b�p�b�_�g�l�_���m�k�b�e�_�g�b�y��k=1 �<�Q �n�b�e�v�l�j�Z�� 

 

 
 

�J�b�k�m�g�h�d�������± �E�h�`�g�u�_���k�b�]�g�Z�e�u���h�[�j�Z�l�g�h�]�h���a�g�Z�d�Z���i�j�b���^�\�b�`�_�g�b�b���i�h���d�j�_�g�m���\��
�a�Z�\�b�k�b�f�h�k�l�b���h�l���q�Z�k�l�h�l�u���n�b�e�v�l�j�Z 

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

�f�Z�g�_�\�j�h�\�� �i�h�� �d�j�_�g�m�� �i�j�h�b�k�o�h�^�b�l�� �]�e�Z�\�g�u�f�� �h�[�j�Z�a�h�f�� �b�a-�a�Z�� �e�h�`�g�u�o�� �[�h�d�h�\�u�o��
�i�_�j�_�]�j�m�a�h�d���� �K�� �m�\�_�e�b�q�_�g�b�_�f�� �q�Z�k�l�h�l�u�� �n�b�e�v�l�j�Z�� �m�]�e�u�� �g�Z�d�e�h�g�Z�� �d�Z�[�b�g�u�� �b����
�k�e�_�^�h�\�Z�l�_�e�v�g�h���� �e�h�`�g�u�_�� �[�h�d�h�\�u�_�� �i�_�j�_�]�j�m�a�d�b���� �m�f�_�g�v�r�Z�x�l�k�y���� �l�h�]�^�Z�� �d�Z�d�� �e�h�`�g�u�_��
�m�]�e�h�\�u�_�� �k�d�h�j�h�k�l�b�� �h�[�j�Z�l�g�h�]�h�� �a�g�Z�d�Z�� �m�\�_�e�b�q�b�\�Z�x�l�k�y���� �I�j�b�� �q�Z�k�l�h�l�Z�o�� �n�b�e�v�l�j�Z��
�i�h�j�y�^�d�Z���Z�<�Q ~ 1-2 �j�Z�^���k���� �e�h�`�g�u�_�� �m�]�e�h�\�u�_�� �k�d�h�j�h�k�l�b�� �^�h�k�l�b�]�Z�x�l�� �f�Z�d�k�b�f�m�f�Z���� �b��
�d�Z�q�_�k�l�\�h���f�h�^�_�e�b�j�h�\�Z�g�b�y���i�_�j�_�f�_�s�_�g�b�c���i�h���d�j�_�g�m���\���w�l�h�f���k�e�m�q�Z�_���g�Z�b�o�m�^�r�_�_�� 

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

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

 

 
 

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

 
�<�_�e�b�q�b�g�Z�� �e�h�`�g�u�o�� �k�b�]�g�Z�e�h�\�� �i�j�b�� �f�h�^�_�e�b�j�h�\�Z�g�b�b�� �k�[�j�h�k�Z�� �i�_�j�_�]�j�m�a�d�b�� ���' ny 

�H�A���� �a�Z�\�b�k�b�l�� �h�l�� �h�l�g�h�r�_�g�b�y�� �^�e�b�l�_�e�v�g�h�k�l�b�� �i�_�j�_�]�j�m�a�d�b���L �d�� �\�j�_�f�_�g�b�� �a�Z�l�m�o�Z�g�b�y��
�i�_�j�_�o�h�^�g�h�]�h���i�j�h�p�_�k�k�Z���<�Q���n�b�e�v�l�j�Z��t�a�Z�l�����D�Z�d���\�b�^�g�h���b�a���j�b�k�m�g�d�Z�����������k���m�\�_�e�b�q�_�g�b�_�f��
�^�e�b�l�_�e�v�g�h�k�l�b�� �i�_�j�_�]�j�m�a�d�b���L���� �b�g�l�_�g�k�b�\�g�h�k�l�v�� �e�h�`�g�u�o�� �k�b�]�g�Z�e�h�\�� �k�g�Z�q�Z�e�Z��
�m�\�_�e�b�q�b�\�Z�_�l�k�y���� �b�� �i�j�b�� �a�g�Z�q�_�g�b�y�o���L�� �§��0.4t�a�Z�l �^�e�y�� �n�b�e�v�l�j�Z�� ��-�]�h�� �i�h�j�y�^�d�Z�� �b���L�� �§��
0.17t�a�Z�l �^�e�y�� �n�b�e�v�l�j�Z�� ��-�]�h�� �i�h�j�y�^�d�Z�� �^�h�k�l�b�]�Z�_�l�� �f�Z�d�k�b�f�Z�e�v�g�u�o�� �a�g�Z�q�_�g�b�c���� �a�Z�l�_�f��
�g�_�a�g�Z�q�b�l�_�e�v�g�h�� �k�g�b�`�Z�_�l�k�y���� �b�� �i�j�b��T �•��t�a�Z�l  �b�g�l�_�g�k�b�\�g�h�k�l�v�� �e�h�`�g�u�o�� �k�b�]�g�Z�e�h�\��
�\�u�o�h�^�b�l���g�Z���m�k�l�Z�g�h�\�b�\�r�b�c�k�y���\�u�k�h�d�b�c���m�j�h�\�_�g�v�� 

 

 
 

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

 
�G�Z�� �j�b�k�m�g�d�_�� ������ �]�j�Z�n�b�q�_�k�d�b�� �i�j�_�^�k�l�Z�\�e�_�g�� �d�j�b�l�_�j�b�c�� �^�e�y�� �h�p�_�g�d�b�� �d�Z�q�_�k�l�\�Z��

�f�h�^�_�e�b�j�h�\�Z�g�b�y���f�Z�g�_�\�j�h�\���^�e�b�l�_�e�v�g�h�k�l�v�x��T > 5 �k���b���\�u�k�h�d�h�q�Z�k�l�h�l�g�h�]�h���n�b�e�v�l�j�Z����-
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Abstracts. The relevance of this study is determined by the current political and economic 
situation, which requires the replacement of foreign-made aircraft with domestic aircraft. Tu-214 
aircraft is proposed as an option to replace foreign-made aircraft. The object of study in the article is 
the characteristics of Tu-214. The subject of the study is the competitiveness of the Tu-214 
compared to foreign aircraft of the same class. The article discusses the operational and technical 
characteristics of aircraft - Tu-214, A-320neo and B-737NG, and their comparison. The problems 
and prospects for using the Tu-214 were identified using the method of expert assessments. An 
approximate calculation of the cost of a flight hour for these aircraft was performed. Conclusions 
were drawn about the readiness of the Russian aircraft industry for mass production of the Tu-214. 
Measures were proposed to ensure prospects for the use of the Tu-214 aircraft in Russian airlines. 

Keywords: aircraft, leasing, aviation industry competitiveness, domestic aviation equipment 
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�j�h�k�k�b�c�k�d�h�f�� �j�_�_�k�l�j�_�� �i�h�a�\�h�e�b�e�� �w�d�k�i�e�m�Z�l�b�j�h�\�Z�l�v�� �b�o�� �\�g�m�l�j�b�� �k�l�j�Z�g�u���� �g�h�� �a�Z�d�j�u�e��
�i�m�l�v���\�h���\�g�_�r�g�b�c���f�b�j�� 

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

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

 



28 

�>�e�y�� �]�j�Z�`�^�Z�g�k�d�h�c�� �Z�\�b�Z�p�b�b�� �J�h�k�k�b�b�� ���������� �]�h�^�� �k�l�Z�e�� �[�_�k�i�j�_�p�_�^�_�g�l�g�u�f�� �i�h��
�f�Z�k�r�l�Z�[�m���k�Z�g�d�p�b�c�����I�j�b�h�j�b�l�_�l�g�h�c���a�Z�^�Z�q�_�c���h�l�j�Z�k�e�b���k�l�Z�e���m�k�d�h�j�_�g�g�u�c���i�_�j�_�o�h�^���g�Z��
�h�l�_�q�_�k�l�\�_�g�g�m�x�� �Z�\�b�Z�p�b�h�g�g�m�x�� �l�_�o�g�b�d�m���� �<�� �q�b�k�e�_�� �h�k�g�h�\�g�u�o�� �i�j�_�l�_�g�^�_�g�l�h�\��
�j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y���<�K���L�m-214.  

�<�� �l�Z�[�e�b�p�_�� ���� �i�j�_�^�k�l�Z�\�e�_�g�u�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �d�h�g�d�m�j�b�j�m�x�s�b�o�� �^�e�y�� �L�m-214 
�l�b�i�h�\�� �<�K���� �H�k�h�[�h�� �k�e�_�^�m�_�l�� �h�[�j�Z�l�b�l�v�� �\�g�b�f�Z�g�b�_�� �g�Z�� �g�Z�b�[�h�e�v�r�b�c�� �k�j�_�^�g�_�q�Z�k�h�\�h�c��
�j�Z�k�o�h�^���l�h�i�e�b�\�Z���m���L�m-214 �± �����������d�]���q���>���@�� 
 

�L�Z�[�e�b�p�Z�������± �O�Z�j�Z�d�l�_�j�b�k�l�b�d�b���k�j�_�^�g�_�f�Z�]�b�k�l�j�Z�e�v�g�u�o���k�Z�f�h�e�_�l�h�\ 
 

�O�Z�j�Z�d�l�_�j�b�k�l�b�d�Z���<�K A320 neo B737-800 NG �L�m-214 
�I�Z�k�k�Z�`�b�j�h�\�f�_�k�l�b�f�h�k�l�v 164 176 210 

�W�d�b�i�Z�` 2 2 3 
�F�Z�k�k�Z���i�m�k�l�h�]�h���<�K�����d�] ~42 100 41 413 59 000 
�F�Z�d�k�����\�a�e�_�l�g�Z�y���f�Z�k�k�Z�����d�] 78 000 79 010 110 750 
�F�Z�d�k�����d�h�f�f�_�j�q�_�k�d�b�c���\�_�k�����d�] 16 600 20 540 25 200 
�>�Z�e�v�g�h�k�l�v�� �i�j�b�� �f�Z�d�k���� �d�h�f�f���� �a�Z�]�j�m�a�d�_����
�d�f 

6 850 5 400 6200 

�F�Z�d�k�����k�d�h�j�h�k�l�v�����d�f/�q 890 876 850 
�>�\�b�]�Z�l�_�e�b PW1100G-JM CFM 56-7B27 �I�K-�����:  
�J�Z�k�o�h�^�� �l�h�i�e�b�\�Z�� �i�j�b�� �f�Z�d�k�b�f�Z�e�v�g�h�c��
�d�j�_�c�k�_�j�k�d�h�c���a�Z�]�j�m�a�d�_�����d�]���q 

2 100 2 480 3 700 

�L�j�_�[�m�_�f�Z�y���^�e�b�g�Z���<�I�I�����f 2 090 2 400 2 500 
�P�_�g�Z���g�h�\�h�]�h���<�K�����f�e�g������ 110,6 106,1 ~47 

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

�b�k�k�e�_�^�h�\�Z�g�b�_�� �f�g�_�g�b�c�� �k�i�_�p�b�Z�e�b�k�l�h�\�� �h�l�j�Z�k�e�b�� �>���@���� �<�� �d�Z�q�_�k�l�\�_�� �w�d�k�i�_�j�l�h�\��
�\�u�k�l�m�i�b�e�b�� �j�Z�[�h�l�g�b�d�b�� �d�h�f�i�Z�g�b�c�� �©�K�� ���� �B�G�@�B�G�B�J�B�G�=�ª�� �b�� �©�N�=�;�M�� �K�E�H��
�J�h�k�k�b�y�ª�����d�h�l�h�j�u�_���b�f�_�x�l���^�h�k�l�Z�l�h�q�g�u�c���h�i�u�l���j�Z�[�h�l�u���k���h�l�_�q�_�k�l�\�_�g�g�u�f�b���<�K���� 

�>�e�y�� �\�u�i�h�e�g�_�g�b�y�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �[�u�e�b�� �k�h�k�l�Z�\�e�_�g�u�� �\�h�i�j�h�k�u���� �l�Z�d�b�f��
�h�[�j�Z�a�h�f�����q�l�h�[�u���w�d�k�i�_�j�l���f�h�]���^�Z�l�v���h�^�g�h�a�g�Z�q�g�u�c���h�l�\�_�l���©�^�Z�ª�����©�g�_�l�ª�� 

1. �K�q�b�l�Z�_�l�_�� �e�b�� �<�u���� �q�l�h�� �<�K�� �h�l�_�q�_�k�l�\�_�g�g�h�]�h�� �i�j�h�b�a�\�h�^�k�l�\�Z�� �L�m-214 
�y�\�e�y�_�l�k�y���d�h�g�d�m�j�_�g�l�h�k�i�h�k�h�[�g�u�f���g�Z���j�u�g�d�_���Z�\�b�Z�i�_�j�_�\�h�a�h�d�" 

2. �K�q�b�l�Z�_�l�_�� �e�b�� �<�u���� �q�l�h�� �<�K���L�m-�������� �b�f�_�_�l�� �i�_�j�k�i�_�d�l�b�\�u�� �f�Z�k�k�h�\�h�]�h��
�b�k�i�h�e�v�a�h�\�Z�g�b�y���\���Z�\�b�Z�d�h�f�i�Z�g�b�y�o���J�h�k�k�b�b�" 

3. �K�q�b�l�Z�_�l�_�� �e�b�� �<�u���� �q�l�h�� �k�m�s�_�k�l�\�m�_�l�� �d�Z�d�h�_-�e�b�[�h�� �^�j�m�]�h�_��
�k�j�_�^�g�_�f�Z�]�b�k�l�j�Z�e�v�g�h�_���<�K���j�h�k�k�b�c�k�d�h�]�h���i�j�h�b�a�\�h�^�k�l�\�Z���g�Z�b�[�h�e�_�_���i�_�j�k�i�_�d�l�b�\�g�h�_���b��
�]�h�l�h�\�h�_���d���w�d�k�i�e�m�Z�l�Z�p�b�b�����d�Z�d���Z�e�v�l�_�j�g�Z�l�b�\�Z���b�g�h�k�l�j�Z�g�g�u�f���<�K�" 

4. �D�Z�d�� �<�u�� �k�q�b�l�Z�_�l�_���� �\�h�a�f�h�`�_�g�� �e�b�� �f�Z�k�k�h�\�u�c�� �i�_�j�_�o�h�^�� �Z�\�b�Z�d�h�f�i�Z�g�b�c�� �g�Z��
�w�d�k�i�e�m�Z�l�Z�p�b�x���<�K���L�m-���������g�Z���\�g�m�l�j�_�g�g�_�f���j�u�g�d�_�" 

5. �D�Z�d�� �<�u�� �k�q�b�l�Z�_�l�_���� �f�h�`�_�l�� �e�b�� �k�_�[�_�k�l�h�b�f�h�k�l�v�� �l�_�o�g�b�q�_�k�d�h�]�h��
�h�[�k�e�m�`�b�\�Z�g�b�y���<�K���L�m-���������[�u�l�v���g�b�`�_���i�h���k�j�Z�\�g�_�g�b�x���k���L�H���b�g�h�k�l�j�Z�g�g�u�o���<�K�" 

6. �D�Z�d�� �<�u�� �k�q�b�l�Z�_�l�_���� �k�m�s�_�k�l�\�m�_�l�� �e�b�� �\�h�a�f�h�`�g�h�k�l�v�� �j�_�r�_�g�b�y�� �\�k�_�o��
�e�h�]�b�k�l�b�q�_�k�d�b�o�� �\�h�i�j�h�k�h�\���� �Z�� �l�Z�d�`�_�� �\�h�i�j�h�k�h�\�� �b�f�i�h�j�l�h�a�Z�f�_�s�_�g�b�y���� �q�l�h�[�u��
�i�j�h�^�h�e�`�Z�l�v�� �^�e�b�l�_�e�v�g�m�x�� �w�d�k�i�e�m�Z�l�Z�p�b�x�� �l�Z�d�b�o�� �<�K���� �d�Z�d�� �$-320Neo, B-�������1�*�� �\��
�k�h�\�j�_�f�_�g�g�u�o���m�k�e�h�\�b�y�o�" 

7. �K�q�b�l�Z�_�l�_�� �e�b�� �<�u�� �<�K�� �L�m-�������� �^�h�k�l�Z�l�h�q�g�h�� �j�_�f�h�g�l�h�i�j�b�]�h�^�g�u�f�� �\��
�k�j�Z�\�g�_�g�b�b���k���b�g�h�k�l�j�Z�g�g�u�f�b���<�K���w�l�h�]�h���`�_���d�e�Z�k�k�Z�" 
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8. �K�q�b�l�Z�_�l�_�� �e�b�� �<�u���� �q�l�h�� �k�m�s�_�k�l�\�m�x�s�b�_�� �p�_�g�l�j�u�� �i�h�� �L�H�b�J�� �\�� �J�N���� �b�f�_�x�l��
�^�h�k�l�Z�l�h�q�g�m�x���k�l�_�i�_�g�v���]�h�l�h�\�g�h�k�l�b���b���g�_�h�[�o�h�^�b�f�h�_���h�[�h�j�m�^�h�\�Z�g�b�_���^�e�y���i�j�h�\�_�^�_�g�b�y��
�L�H�b�J���<�K���L�m-214? 

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

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

������������ �w�d�k�i�_�j�l�h�\���� �h�l�\�_�q�Z�y�� �g�Z�� �l�j�_�l�b�c�� �\�h�i�j�h�k���� �k�q�b�l�Z�x�l���� �q�l�h��
�Z�e�v�l�_�j�g�Z�l�b�\�g�h�]�h�� �k�j�_�^�g�_�f�Z�]�b�k�l�j�Z�e�v�g�h�]�h�� �<�K���� �]�h�l�h�\�h�]�h�� �d�� �w�d�k�i�e�m�Z�l�Z�p�b�b���� �d�j�h�f�_��
�L�m-�����������g�Z���^�Z�g�g�u�c���f�h�f�_�g�l���\���J�h�k�k�b�b���g�_�l�����H�k�l�Z�e�v�g�u�_���m�i�h�f�y�g�m�e�b���F�K-21. 

�;�h�e�_�_�� �i�h�e�h�\�b�g�u�� �w�d�k�i�_�j�l�h�\�� �k�q�b�l�Z�_�l���� �q�l�h�� �g�Z�� �\�g�m�l�j�_�g�g�_�f�� �j�u�g�d�_�� �\�h�a�f�h�`�_�g��
�f�Z�k�k�h�\�u�c���i�_�j�_�o�h�^���g�Z���w�d�k�i�e�m�Z�l�Z�p�b�x���<�K���L�m-214. 

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

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

�H�l�f�_�l�b�f���� �q�l�h�� ���������� ���� �w�d�k�i�_�j�l�h�\�� �k�q�b�l�Z�x�l�� �k�Z�f�h�e�_�l�� �L�m-�������� �^�h�k�l�Z�l�h�q�g�h��
�j�_�f�h�g�l�h�i�j�b�]�h�^�g�u�f���\���k�j�Z�\�g�_�g�b�b���k���b�g�h�k�l�j�Z�g�g�u�f�b���<�K���l�h�]�h���`�_���d�e�Z�k�k�Z�� 

�G�Z�� �\�h�k�v�f�h�c�� �\�h�i�j�h�k���� �h�� �k�l�_�i�_�g�b�� �]�h�l�h�\�g�h�k�l�b�� �p�_�g�l�j�h�\�� �i�h�� �L�H�� �b�� �j�_�f�h�g�l�m��
���L�H�b�J���� �\�� �J�h�k�k�b�b�� �^�e�y�� �i�j�b�g�y�l�b�y�� �b�� �h�k�m�s�_�k�l�\�e�_�g�b�y�� �j�Z�[�h�l�� �k�� �<�K���L�m-���������� �l�h�e�v�d�h�� ����
�w�d�k�i�_�j�l�� �\�u�k�d�Z�a�Z�e�k�y�� �i�h�e�h�`�b�l�_�e�v�g�h���� �k�l�h�b�l�� �h�l�f�_�l�b�l�v���� �q�l�h�� �h�g�� �_�^�b�g�k�l�\�_�g�g�u�c��
�k�_�]�h�^�g�y���a�Z�g�b�f�Z�_�l�k�y���l�_�o�g�b�q�_�k�d�b�f���h�[�k�e�m�`�b�\�Z�g�b�_�f���^�Z�g�g�h�]�h���l�b�i�Z���<�K�����H�k�l�Z�e�v�g�u�_��
�w�d�k�i�_�j�l�u���� �j�Z�[�h�l�Z�y�� �\�� �p�_�g�l�j�_�� �L�H�b�J���� �k�i�_�p�b�Z�e�b�a�b�j�m�x�s�_�f�k�y�� �g�Z�� �h�[�k�e�m�`�b�\�Z�g�b�b��
�l�h�e�v�d�h�� �a�Z�j�m�[�_�`�g�h�c�� �l�_�o�g�b�d�b���� �_�^�b�g�h�]�e�Z�k�g�h�� �^�Z�e�b�� �h�l�\�_�l�� �©�g�_�l�ª�����H�g�b�� �h�[�h�k�g�h�\�Z�e�b��
�w�l�h�� �l�_�f���� �q�l�h�� �i�j�h�p�_�k�k�� �\�h�k�k�l�Z�g�h�\�e�_�g�b�y�� �h�j�]�Z�g�b�a�Z�p�b�c�� �i�h�� �L�H�b�J�����b�o��
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�i�_�j�_�h�[�h�j�m�^�h�\�Z�g�b�_���� �i�_�j�_�h�[�m�q�_�g�b�_�� �i�_�j�k�h�g�Z�e�Z���� �k�_�j�l�b�n�b�p�b�j�h�\�Z�g�b�_�� �h�j�]�Z�g�b�a�Z�p�b�b��
�g�Z�� �h�[�k�e�m�`�b�\�Z�g�b�_�� �^�Z�g�g�h�]�h�� �l�b�i�Z�� �<�K���� �k�h�a�^�Z�g�b�_�� �b�k�i�u�l�Z�l�_�e�v�g�u�o���e�Z�[�h�j�Z�l�h�j�b�c�� �b��
�\�h�k�k�l�Z�g�h�\�e�_�g�b�_�� ���\�� �l���q���� �k�h�a�^�Z�g�b�_���� �l�_�o�g�b�q�_�k�d�h�c�� �^�h�d�m�f�_�g�l�Z�p�b�b���� �^�h�k�l�Z�l�h�q�g�h��
�k�e�h�`�g�u�c���b���l�j�m�^�h�_�f�d�b�c���i�j�h�p�_�k�k�����q�l�h���]�h�\�h�j�b�l���h���l�h�f�����q�l�h���g�Z�r�b���p�_�g�l�j�u���i�h���L�H�b�J��
�g�_���]�h�l�h�\�u���h�[�k�e�m�`�b�\�Z�l�v���L�m-214.  

�?�^�b�g�h�]�e�Z�k�g�u�c�� �h�l�j�b�p�Z�l�_�e�v�g�u�c�� �h�l�\�_�l�� �g�Z�� �i�h�k�e�_�^�g�b�c�� �\�h�i�j�h�k�� �h�� �]�h�l�h�\�g�h�k�l�b��
�Z�\�b�Z�p�b�h�g�g�h�c�� �i�j�h�f�u�r�e�_�g�g�h�k�l�b�� �\�u�i�m�k�d�Z�l�v�� �^�h�k�l�Z�l�h�q�g�h�_�� �d�h�e�b�q�_�k�l�\�h�� �<�K�� �L�m-214 
�^�Z�_�l�� �i�h�g�y�l�v���� �q�l�h�� �g�_�h�[�o�h�^�b�f�h�� �\�h�e�_�\�h�_�� �j�_�r�_�g�b�_�� �g�Z�� �]�h�k�m�^�Z�j�k�l�\�_�g�g�h�f�� �m�j�h�\�g�_����
�L�j�_�[�m�x�l�k�y���n�b�g�Z�g�k�h�\�u�_���\�e�h�`�_�g�b�y���\���j�Z�a�\�b�l�b�_���h�l�_�q�_�k�l�\�_�g�g�h�]�h���Z�\�b�Z�k�l�j�h�_�g�b�y�� 

�>�Z�e�_�_���� �^�e�y�� �i�j�h�\�_�^�_�g�b�y�� �k�j�Z�\�g�_�g�b�y�� �\�u�i�h�e�g�_�g�� �h�j�b�_�g�l�b�j�h�\�h�q�g�u�c�� �j�Z�k�q�_�l��
�k�_�[�_�k�l�h�b�f�h�k�l�b�� �e�_�l�g�h�]�h�� �q�Z�k�Z�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o�� �<�K�� ���k�h�]�e�Z�k�g�h�� �m�q�_�[�g�b�d�m���:���<����
�=�m�[�_�g�d�h���b���^�j�����W�d�h�g�h�f�b�d�Z���\�h�a�^�m�r�g�h�]�h���l�j�Z�g�k�i�h�j�l�Z�� �i�h���\�u�j�Z�`�_�g�b�y�f���� 

�K�_�[�_�k�l�h�b�f�h�k�l�v���e�_�l�g�h�]�h���q�Z�k�Z���K�e�q���h�i�j�_�^�_�e�y�e�Z�k�v���i�h���n�h�j�f�m�e�_�� 
 

�K�e�q� �J�Z�k�o�i�j�������J�Z�k�o�d�h�k (1) 
 

�]�^�_���J�Z�k�o�i�j �± �i�j�y�f�u�_���j�Z�k�o�h�^�u�����J�Z�k�o�d�h�k �± �d�h�k�\�_�g�g�u�_���j�Z�k�o�h�^�u�� 
�<�� �i�j�y�f�u�_�� �J�Z�k�o�i�j �\�d�e�x�q�_�g�u �j�Z�k�o�h�^�u�� �g�Z�� �]�h�j�x�q�_-�k�f�Z�a�h�q�g�u�_�� �f�Z�l�_�j�b�Z�e�u��

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

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

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

 

�L�Z�[�e�b�p�Z�������± �J�Z�k�q�_�l���k�_�[�_�k�l�h�b�f�h�k�l�b���e�_�l�g�h�]�h���q�Z�k�Z���^�e�y���k�j�Z�\�g�b�\�Z�_�f�u�o���l�b�i�h�\���<�K 
 

�O�Z�j�Z�d�l�_�j�b�k�l�b�d�Z 
�H�j�b�_�g�l�b�j�h�\�h�q�g�Z�y���k�l�h�b�f�h�k�l�v���e�_�l�g�h�]�h���q�Z�k�Z�����j�m�[�� 
B737-800 A320neo �L�m-214 

�J�Z�k�o�]�k�f 178 684 151 305  266 585 
�J�Z�k�o�Z�f 139 624 150 190 60 662 
�J�Z�k�o�l�h 639 669 657 
�J�Z�k�o�a�i 1395 1395 1860 
�J�Z�k�o�k�k  363 363 484 
�J�Z�k�o�Z�k�[ 71 166 67 793 90 458 
�J�Z�k�o�Z�g�k�[ 7 890 9 258 9 725 
�J�Z�k�o�i�i 435 740 415 261 469 170 
�J�Z�k�o�d�h�k  174 296 166 104 187 668 

�K�e�q 610 036 581 365 656 838 
�K�l�h�b�f�h�k�l�v���g�Z���h�^�g�h�]�h��

�i�Z�k�k�Z�`�b�j�Z���I�K�E�Q 
3466 3545 3128 
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�D�Z�d�� �\�b�^�g�h�� �b�a�� �j�_�a�m�e�v�l�Z�l�h�\�� �j�Z�k�q�_�l�Z���� �k�Z�f�m�x�� �[�h�e�v�r�m�x�� �k�_�[�_�k�l�h�b�f�h�k�l�v��
�e�_�l�g�h�]�h���q�Z�k�Z���b�f�_�_�l���<�K���L�m-�����������a�Z�l�_�f��B-737-���������b���g�b�`�_���\�k�_�o���m��A-320neo. 

�K�Z�f�h�e�_�l�� �L�m-�������� �b�f�_�_�l�� �g�Z�b�[�h�e�v�r�m�x�� �k�_�[�_�k�l�h�b�f�h�k�l�v�� �e�_�l�g�h�]�h�� �q�Z�k�Z�� �i�h��
�k�j�Z�\�g�_�g�b�x�� �k�� �a�Z�j�m�[�_�`�g�u�f�b�� �d�h�g�d�m�j�_�g�l�Z�f�b�� �\�� �i�_�j�\�m�x�� �h�q�_�j�_�^�v�� �b�a-�a�Z�� �l�h�]�h���� �q�l�h�� �h�g��
�b�f�_�_�l�� �[�h�e�v�r�b�c�� �j�Z�k�o�h�^�� �l�h�i�e�b�\�Z���� �H�l�_�q�_�k�l�\�_�g�g�u�_�� �^�\�b�]�Z�l�_�e�b���� �j�Z�a�j�Z�[�h�l�Z�g�g�u�_�� �\��
�\�h�k�v�f�b�^�_�k�y�l�u�o���]�h�^�Z�o���i�j�h�r�e�h�]�h���\�_�d�Z���I�K-�����:�����k�b�e�v�g�h���m�k�l�m�i�Z�x�l���3�:���������*-�-�0���b��
CFM-56-���%������ �\�� �k�\�h�b�o�� �j�Z�[�h�q�b�o�� �i�h�d�Z�a�Z�l�_�e�y�o���� �L�Z�d�`�_�� �m�� �L�m-�������� �[�h�e�v�r�_�� �\�a�e�_�l�g�Z�y��
�f�Z�k�k�Z���� �g�h�� �f�_�g�v�r�_�� �k�l�h�b�f�h�k�l�v���� �b�� �d�� �l�h�f�m�� �`�_�� �h�g�� �b�f�_�_�l�� �\�h�a�f�h�`�g�h�k�l�v�� �i�_�j�_�\�h�a�b�l�v��
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Abstract. Most of the aircraft fleet of the military transport aviation of the Russian 

Aerospace Forces is obsolete and needs to be updated. The article considers the issue of strength 
design of an aircraft wing by the criterion of creating an equally stressed loading of structural 
elements of the wing. 
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1  
2

�N� D � JL d

N

��
�' � �  ̃ (2) 

 
 
�L�h�]�^�Z���i�h�i�_�j�_�q�g�Z�y�� �k�b�e�Z��n

qQ  �b�� �b�a�]�b�[�Z�x�s�b�c���f�h�f�_�g�l��n
qM �\�� �l�_�d�m�s�_�f�� �k�_�q�_�g�b�b��

n  �h�i�j�_�^�_�e�y�x�l�k�y���l�Z�d������������ 
 

0
0 1 2( . . . )     

2 2
n

n
n
q

q q
Q q q q q

� ª � º
� « � »
� ¬ � ¼

� �' �˜ �� �� �� �� �� �� ; (3) 

 

0
0 1 2( . . . )     

2 2
n

n
n
q

Q Q
M Q Q Q Q

� ª � º
� « � »
� ¬ � ¼

� �' �˜ �� �� �� �� �� ��  (4) 

 

�G�Z�� �m�q�Z�k�l�d�Z�o�� �d�j�u�e�Z�� 2    
2

�N� D � J
n

L d
Z Z

��
� t � t �i�j�b�� �i�h�k�l�j�h�_�g�b�b�� �w�i�x�j��Q  �b��M  

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

�j�Z�k�q�_�l�g�h�]�h���k�_�q�_�g�b�y���j �_ �^F �����>�e�y���d�j�u�e�Z���j�_�^�m�p�b�j�h�\�Z�g�b�_���i�j�h�\�h�^�b�l�k�y���i�h���h�l�g�h�r�_�g�b�x��

�d���i�h�y�k�Z�f���e�h�g�`�_�j�h�g�h�\�� 
 

.

 
 �j �_ �^

�i �e �j �Z �a �j

NF
�D�V

�  (5) 

 
�]�^�_�� . .  �i �e �j �Z �a �j �i �e �\� V � V� ; 
�D� �������\���h�[�e�Z�k�l�b���k�`�Z�l�b�y�� 
�D� �������� �\�� �h�[�e�Z�k�l�b�� �j�Z�k�l�y�`�_�g�b�y�� ���m�q�b�l�u�\�Z�_�l�k�y�� �h�k�e�Z�[�e�_�g�b�_�� �h�l�\�_�j�k�l�b�y�f�b�� �i�h�^��

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

�L�Z�[�e�b�p�Z�������± �A�g�Z�q�_�g�b�_���f�h�f�_�g�l�h�\���\���k�_�q�_�g�b�y�o���d�j�u�e�Z 
 

�K�_�q�_�g�b�_ 0 1 2 3 4 5 6 7 8 9 
M�����d�G���f 0 5,4 15,6 32,1 56,5 90,5 135,7 193,9 212,4 267,1 

 
�I�j�b�� �i�h�k�l�j�h�_�g�b�b�� �w�i�x�j�u�� �0�� �g�_�h�[�o�h�^�b�f�h�� �m�q�_�k�l�v�� �g�Z�e�b�q�b�_�� �k�h�k�j�_�^�h�l�h�q�_�g�g�h�c��

�k�b�e�u���l�y�`�_�k�l�b���h�l���^�\�b�]�Z�l�_�e�y���\���k�_�q�_�g�b�b���]1 � ���������������f�����J�Z�k�i�j�_�^�_�e�_�g�b�_���b�a�]�b�[�Z�x�s�_�]�h��
�f�h�f�_�g�l�Z���i�h���d�h�g�k�h�e�b���d�j�u�e�Z���i�j�b�\�_�^�_�g�h���g�Z���j�b�k�m�g�d�_������ 

 

 
 

�J�b�k�m�g�h�d�������± �;�e�h�d-�k�o�_�f�Z���i�j�h�_�d�l�b�j�h�\�Z�g�b�y���d�j�u�e�Z 
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�J�b�k�m�g�h�d�������± �W�i�x�j�Z��M �^�e�y���d�j�u�e�Z 
 

�H�i�j�_�^�_�e�y�_�f�� �i�e�h�s�Z�^�v�� �i�h�y�k�h�\�� �e�h�g�`�_�j�h�g�h�\��� i � eF  �b�� �j�_�^�m�p�b�j�h�\�Z�g�g�m�x��

�i�e�h�s�Z�^�v���k�l�j�b�g�]�_�j�h�\���b���h�[�r�b�\�d�b���j �_ �^f �����d�Z�d�� 
 

� i � e �j �_ �^ �j �_ �^ �j �_ �^F F f F� [ � [� �˜ � �� �˜;  (1 )  (6) 
 

c �j �F �j �F �j �F �j
�k �l �j �k �l �j �h �[ �r �h �[ �rf f n �<� M � G� �˜ �� �˜ �˜ ,

( ) ( ) ( ) ( )  (7) 
 

�]�^�_����( )c �j
� h � [ � r�G  �± �l�h�e�s�b�g�Z���h�[�r�b�\�d�b�� �<  �± �r�b�j�b�g�Z���j�Z�k�q�_�l�g�h�]�h���k�_�q�_�g�b�y�� 

( )
,

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

 

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

c �j �F �j �F �j �F �j
�h �[ �r �h �[ �rf � < � I� G � ]� �˜ � �˜

( ) ( ) ( ) ( )
,  (8) 

 

�]�^�_�� c�] �  0 , 5  ... 0 , 5 5  �± �\�� �h�[�e�Z�k�l�b�� �k�`�Z�l�b�y��  � j
� ] �   0 , 6  . . .   �± �\�� �h�[�e�Z�k�l�b��

�j�Z�k�l�y�`�_�g�b�y���� 
 

�A�g�Z�y��� h � [ � r�G  �b���r�Z�]���k�l�j�b�g�]�_�j�h�\��b �����g�Z�o�h�^�b�f�� 
 

( ) ( ) ( )
( )

 

c �j �F �j �F �j
c �j �h �[ �r �h �[ �r

�k �l �j
�k �l �j

f �<
f

n

� G � M�˜�� �˜
� ; (9) 

 

�]�^�_�� ( )c �j
� h � [ � r�M �± �j�_�^�m�d�p�b�h�g�g�u�c�� �d�h�w�n�n�b�p�b�_�g�l�� �h�[�r�b�\�d�b�� �i�h�� �h�l�g�h�r�_�g�b�x�� �d��

�k�l�j�b�g�]�_�j�m�� 
( 0 , 7 ...1)

�j
� h � [ � r�M �  �± �\���h�[�e�Z�k�l�b���j�Z�k�l�y�`�_�g�b�y�� 

1, 9
  

�k �l �j
� d � j

c
�k �l �jc � h � [ � r

� h � [ � r

E

b

�G
�M

�V
� �± �\���h�[�e�Z�k�l�b���k�`�Z�l�b�y�����k�h�]�e�Z�k�g�h���f�h�^�_�e�b���D�Z�j�f�Z�g�Z���� 

�H�i�l�b�f�b�a�Z�p�b�y���\�u�i�h�e�g�y�_�l�k�y���i�h���k�e�_�^�m�x�s�b�f���g�Z�i�j�Z�\�e�_�g�b�y�f�����l�Z�[�e�b�p�Z�������� 
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1. �B�a�f�_�g�_�g�b�x���q�b�k�e�Z���d�h�g�k�l�j�m�d�l�b�\�g�u�o���w�e�_�f�_�g�l�h�\�� 
2. �B�a�f�_�g�_�g�b�x���]�_�h�f�_�l�j�b�q�_�k�d�b�o���j�Z�a�f�_�j�h�\���d�h�g�k�l�j�m�d�l�b�\�g�u�o���w�e�_�f�_�g�l�h�\�� 
3. �A�Z�f�_�g�_���f�Z�l�_�j�b�Z�e�Z���d�h�g�k�l�j�m�d�l�b�\�g�u�o���w�e�_�f�_�g�l�h�\���d�j�u�e�Z���� 

 
�L�Z�[�e�b�p�Z�������± �J�Z�k�q�_�l�g�u�_���a�g�Z�q�_�g�b�y���]�_�h�f�_�l�j�b�q�_�k�d�b�o���i�Z�j�Z�f�_�l�j�h�\���w�e�_�f�_�g�l�h�\���d�j�u�e�Z 

 

�E�h�g�`�_�j�h�g�u �K�l�j�b�g�]�_�j�u���b���h�[�r�b�\�d�Z 
�K�l�Z�e�v���² �����O�=�K�G���:�� 

 �1�\ = 1750 �F�I�Z����E = 1,9 ��������11 �I�Z 
�>�x�j�Z�e�v���² �>�����L�� 

�1�\ � �����������F�I�Z����E = 0,69 ��������11 �I�Z����n = 9 
�1�i�e �����������F�I�Z �1�k�l�j���d�j�� ���������������F�I�Z 

F�i�e���k�� 1,8 �� 10-3 �f2 f�h�[�r���j�� 3 �� 10-4 �f2 
F�i�e���j�� 2 �� 10-3 �f2 f�h�[�r���k�� 1,8 �� 10-4 �f2 
�/���j 4,3 �� 10-3 �f  �/�h�[�r���j�� 1,5 �� 10-4 �f  
b���j 87,4 �� 10-3 �f  �/�h�[�r���k�� 9,7 �� 10-5 �f  
�/���j 3,7 �� 10-3 �f  f�k�l�j���j�� 2,9 �� 10-5 �f2 
b���j 75,7 �� 10-3 �f  f�k�l�j���k�� 4,1 �� 10-5 �f2 
�/���k 4,2 �� 10-3 �f  �/�k�l�j 7,75 �� 10-3 �f  
b���k 84 �� 10-3 �f  b�k�l�j 6 �� 10-2 �f  

�M�f�_�g�v�r�Z�_�f���]�_�h�f�_�l�j�b�x���e�h�g�`�_�j�h�g�h�\���b���k�l�j�b�g�]�_�j�h�\ 
�1�i�e �����������F�I�Z �1�k�l�j���d�j�� ���������������F�I�Z 

F�i�e���k�� 1,4 ��10-3 �f2 �f2 f�h�[�r���j�� 2,4 �� 10-4 �f2 
F�i�e���j�� 1,87 �� 10-3 �f2 f�h�[�r���k�� 1,5 �� 10-4 �f2 
�/���j 3,8 �� 10-3 �f  �/�h�[�r���j�� 2,1 �� 10-4 �f  
b���j 77,6 �� 10-3 �f  �/�h�[�r���k�� 1,3 �� 10-5 �f  
�/���j 3,47 �� 10-3 �f  f�k�l�j���j�� 4,2 �� 10-5 �f2 
b���j 69,4 �� 10-3 �f  f�k�l�j���k�� 5,9 �� 10-5 �f2 
�/���k 3,72 �� 10-3 �f  �/�k�l�j 7,75 �� 10-3 �f  
b���k 74,4 �� 10-3 �f  b�k�l�j 6 �� 10^-�����f 

�A�Z�f�_�g�Z���f�Z�l�_�j�b�Z�e�Z���e�h�g�`�_�j�h�g�h�\�����k�l�j�b�g�]�_�j�h�\���b���h�[�r�b�\�d�b 
�K�l�Z�e�v���² �<�G�K���� 

 �1�\ = 1400 �F�I�Z����E = 1,9 ��������11 �I�Z 
�>�x�j�Z�e�v���² �>���L�� 

�1�\ � �����������F�I�Z����E = 0,72 ��������11 �I�Z�����Q��� ���� 
�1�i�e �����������������F�I�Z �1�k�l�j���d�j�� ���������������F�I�Z 

F�i�e���k�� 2,3 �� 10-3 �f2 f�h�[�r���j�� 3,76 �� 10-4 �f2 
F�i�e���j�� 2,5 �� 10-3 �f2 f�h�[�r���k�� 2,3 �� 10-4 �f2 
�/���j 4,6 �� 10-3 �f  �/�h�[�r���j�� 3,3 �� 10-4 �f  
b���j 103,3 �� 10-3 �f  �/�h�[�r���k�� 2 �� 10-4 �f  
�/���j 4 �� 10-3 �f  f�k�l�j���j�� 6,52 �� 10-5 �f2 
b���j 89,5 �� 10-3 �f  f�k�l�j���k�� 9,12 �� 10-5 �f2 
�/���k 4,4 �� 10-3 �f  �/�k�l�j 3 �� 10-2 �f  
b���k 99,2 �� 10-3 �f  b�k�l�j 3,5 �� 10-3 �f  

�M�f�_�g�v�r�Z�_�f���d�h�e�b�q�_�k�l�\�h���k�l�j�b�g�]�_�j�h�\���^�h��n = 5 
�1�i�e �����������F�I�Z �1�k�l�j���d�j�� ���������������F�I�Z 

F�i�e���k�� 1,8 �� 10-3 �f2 f�h�[�r���j�� 3 �� 10-4 �f2 
F�i�e���j�� 2 �� 10-3 �f2 f�h�[�r���k�� 1,8 �� 10-4 �f2 
�/���j 4,3 �� 10-3 �f  �/�h�[�r���j�� 2,6 �� 10-4 �f  
b���j 87,4 �� 10-3 �f  �/�h�[�r���k�� 1,6 �� 10-5 �f  
�/���j 3,7 �� 10-3 �f  f�k�l�j���j�� 5,2 �� 10-5 �f2 
b���j 75,7 �� 10-3 �f  f�k�l�j���k�� 7,3 �� 10-5 �f2 
�/���k 4,2 �� 10-3 �f  �/�k�l�j 7,75 �� 10-3 �f  
b���k 84 �� 10-3 �f  b�k�l�j 6 �� 10-2 �f  
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�:�g�Z�e�b�a�� �l�Z�[�e�b�p�u�� �i�h�a�\�h�e�y�_�l�� �h�i�j�_�^�_�e�b�l�v�� �h�i�l�b�f�Z�e�v�g�u�c�� �\�Z�j�b�Z�g�l�� �\��
�i�j�h�q�g�h�k�l�g�h�f�� �b�� �w�d�h�g�h�f�b�q�_�k�d�h�f�� �i�e�Z�g�_�� �^�e�y�� �i�h�^�[�h�j�Z�� �d�h�g�k�l�j�m�d�l�b�\�g�u�o�� �w�e�_�f�_�g�l�h�\��
�d�j�u�e�Z�� �>���@�� �I�h�e�m�q�_�g�g�u�_�� �^�Z�g�g�u�_�� �h�� �j�Z�a�f�_�j�Z�o�� �b�� �f�Z�l�_�j�b�Z�e�_�� �d�h�g�k�l�j�m�d�l�b�\�g�u�o��
�w�e�_�f�_�g�l�h�\���d�j�u�e�Z���i�h�a�\�h�e�y�x�l���h�k�m�s�_�k�l�\�b�l�v���h�i�j�_�^�_�e�_�g�b�_���g�Z�i�j�y�`�_�g�b�c���b�e�b���j�_�r�b�l�v��
�h�[�j�Z�l�g�m�x�� �a�Z�^�Z�q�m�� �i�h�� �h�i�j�_�^�_�e�_�g�b�x�� �g�_�k�m�s�_�c�� �k�i�h�k�h�[�g�h�k�l�b�� �d�j�u�e�Z�� �i�j�b �a�Z�^�Z�g�g�h�c��
�]�_�h�f�_�l�j�b�b���� �<�u�i�h�e�g�_�g�g�u�_�� �j�Z�k�q�_�l�u�� �i�h�a�\�h�e�b�e�b�� �h�[�h�k�g�h�\�Z�g�g�h�� �g�Z�a�g�Z�q�b�l�v��
�i�j�h�_�d�l�g�u�_���i�Z�j�Z�f�_�l�j�u���d�j�u�e�Z�� 

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

�i�j�h�]�j�Z�f�f�g�Z�y�� �j�_�Z�e�b�a�Z�p�b�y�� �^�e�y�� �\�u�i�h�e�g�_�g�b�y�� �i�j�h�q�g�h�k�l�g�h�]�h�� �b�� �`�_�k�l�d�h�k�l�g�h�]�h��
�j�Z�k�q�_�l�h�\�� �h�^�g�h�c�� �b�a�� �d�h�g�k�l�j�m�d�l�b�\�g�h-�k�b�e�h�\�u�o�� �k�o�_�f�� �d�j�u�e�Z���� �i�h�a�\�h�e�y�x�s�b�_�� �g�Z�� �w�l�Z�i�_��
�w�k�d�b�a�g�h�]�h�� �i�j�h�_�d�l�b�j�h�\�Z�g�b�y�� �\�u�i�h�e�g�b�l�v�� �h�i�l�b�f�b�a�Z�p�b�h�g�g�u�c�� �i�h�b�k�d�� �f�Z�l�_�j�b�Z�e�Z�� �b��
�]�_�h�f�_�l�j�b�q�_�k�d�b�o�� �i�Z�j�Z�f�_�l�j�h�\�� �d�h�g�k�l�j�m�d�l�b�\�g�u�o�� �w�e�_�f�_�g�l�h�\�� �d�j�u�e�Z���� �I�h�e�m�q�_�g�g�u�_��
�i�j�h�]�j�Z�f�f�g�u�_���k�j�_�^�k�l�\�Z���i�h�e�_�a�g�u���h�[�m�q�Z�x�s�b�f�k�y���i�j�b���\�u�i�h�e�g�_�g�b�b���d�m�j�k�h�\�u�o���j�Z�[�h�l��
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Abstract. The article discusses various types of repair of aircraft wing panels. The paper 

provides a brief overview of the optimal methods of repairing aircraft wing panels. The advantages 
of the combined method of repairing aircraft wing panels are considered. 
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�i�h�k�l�Z�g�h�\�d�Z�� �a�Z�d�e�_�i�h�d�� �k�� �g�_�[�h�e�v�r�b�f�� �r�Z�]�h�f���� �Z�� �l�Z�d�`�_�� �i�j�b�f�_�g�_�g�b�_�� �f�g�h�]�h�j�y�^�g�u�o��
�r�\�h�\��[2]�����W�l�h���\�u�a�u�\�Z�_�l���[�h�e�v�r�h�c���j�Z�k�o�h�^���a�Z�d�e�_�i�h�d�����k�g�b�`�Z�_�l���i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�v��
�i�j�h�p�_�k�k�Z���� �m�l�y�`�_�e�y�_�l�� �d�h�g�k�l�j�m�d�p�b�x�� �b�� �h�k�e�Z�[�e�y�_�l�� �k�_�q�_�g�b�_�� �k�d�e�_�i�u�\�Z�_�f�u�o��
�w�e�_�f�_�g�l�h�\���[�h�e�v�r�b�f���d�h�e�b�q�_�k�l�\�h�f���h�l�\�_�j�k�l�b�c��  

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

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

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

�I�Z�c�d�Z�� �Z�e�x�f�b�g�b�_�\�u�o�� �k�i�e�Z�\�h�\�� �f�y�]�d�b�f�b�� �i�j�b�i�h�y�f�b�� �i�j�h�b�k�o�h�^�b�l�� �i�j�b��
�k�j�Z�\�g�b�l�_�e�v�g�h�� �g�b�a�d�b�o�� �l�_�f�i�_�j�Z�l�m�j�Z�o�� �b�� �i�h�w�l�h�f�m�� �[�h�e�_�_�� �i�_�j�k�i�_�d�l�b�\�g�Z�� �\ �k�f�u�k�e�_��
�i�j�b�f�_�g�_�g�b�y���_�_���i�j�b���j�_�f�h�g�l�_���\�h�a�^�m�r�g�h�]�h���k�m�^�g�Z��[3]�����H�^�g�Z�d�h���k�Z�f�b���f�y�]�d�b�_���i�j�b�i�h�b����
�d�Z�d�� �i�j�Z�\�b�e�h���� �h�[�e�Z�^�Z�x�l�� �g�b�a�d�h�c�� �d�h�j�j�h�a�b�h�g�g�h�c�� �k�l�h�c�d�h�k�l�v�x���� �b�� �h�[�j�Z�a�m�_�f�u�c�� �k�� �b�o��
�i�h�f�h�s�v�x�� �i�Z�y�g�u�c�� �r�h�\�� �k�� �l�_�q�_�g�b�_�f�� �\�j�_�f�_�g�b�� �[�u�k�l�j�h�� �l�_�j�y�_�l�� �i�j�h�q�g�h�k�l�v���� �I�h�w�l�h�f�m��
�j�_�r�_�g�b�_�� �\�h�i�j�h�k�Z�� �h�� �\�h�a�f�h�`�g�h�k�l�b�� �i�j�b�f�_�g�_�g�b�y�� �f�y�]�d�b�o�� �i�j�b�i�h�_�\�� �l�j�_�[�m�_�l��
�b�a�u�k�d�Z�g�b�y�� �d�h�j�j�h�a�b�h�g�g�h-�m�k�l�h�c�q�b�\�u�o�� �i�j�b�i�h�_�\�� �b�� �l�s�Z�l�_�e�v�g�h�]�h�� �b�k�k�e�_�^�h�\�Z�g�b�y��
�i�Z�y�g�g�u�o���b�f�b���k�h�_�^�b�g�_�g�b�c�� 

�I�j�b�� �i�j�b�f�_�g�_�g�b�b�� �a�Z�d�e�z�i�h�q�g�h�]�h�� �k�h�_�^�b�g�_�g�b�y�� �\�h�a�g�b�d�Z�_�l�� �k�e�h�`�g�h�k�l�v�� �\��
�]�_�j�f�_�l�b�a�Z�p�b�b��[4]. �K�� �g�Z�^�e�_�`�Z�s�b�f�� �m�q�_�l�h�f�� �\�u�k�h�d�h�l�_�o�g�h�e�h�]�b�q�_�k�d�h�]�h�� �i�j�h�\�_�^�_�g�b�y��
�a�Z�d�e�_�i�h�q�g�h�]�h�� �k�h�_�^�b�g�_�g�b�y�� �g�_�� �b�k�d�e�x�q�_�g�h�� �g�Z�j�m�r�_�g�b�y�� �]�_�j�f�_�l�b�q�g�h�k�l�b���� �q�l�h��
�k�i�h�k�h�[�k�l�\�m�_�l�� �m�l�_�q�d�_�� �\�h�a�^�m�o�Z�� �b�� �`�b�^�d�h�k�l�b���� �G�Z�j�m�r�_�g�b�_�� �]�_�j�f�_�l�b�q�g�h�k�l�b�� �\��
�a�Z�d�e�_�i�h�q�g�h�f�� �r�\�_�� �q�Z�s�_�� �\�k�_�]�h�� �i�j�h�b�k�o�h�^�b�l�� �b�a-�a�Z�� �i�j�b�k�m�s�_�c�� �d�e�_�i�Z�g�u�f��
�k�h�_�^�b�g�_�g�b�y�f�� �k�d�e�h�g�g�h�k�l�b�� �d�� �\�u�i�m�q�b�\�Z�g�b�x�� �k�d�e�_�i�Z�g�g�u�o�� �e�b�k�l�h�\�� �i�h�^�� �g�Z�]�j�m�a�d�h�c����
�A�Z�d�e�_�i�h�q�g�u�_���r�\�u���\���d�h�g�k�l�j�m�d�p�b�b���i�h���j�Z�[�h�l�h�k�i�h�k�h�[�g�h�k�l�b���i�j�b���j�Z�a�g�u�o���g�Z�]�j�m�a�d�Z�o����
�Z���l�Z�d�`�_���i�h���w�d�h�g�h�f�b�q�g�h�k�l�b���m�k�l�m�i�Z�x�l���d�e�_�_�\�u�f���b���k�\�Z�j�g�u�f�����l�Z�[�e�b�p�Z��������[5, 6]. 

 
�L�Z�[�e�b�p�Z�� ���� �± �D�h�g�k�l�j�m�d�l�b�\�g�h�� �h�^�g�h�l�b�i�g�u�_�� �k�l�Z�e�v�g�u�_�� �^�\�m�l�Z�\�j�h�\�u�_�� �[�Z�e�d�b�� �i�j�b��
�g�Z�]�j�m�a�d�Z�o 
 

�W�e�_�f�_�g�l�u���[�Z�e�h�d �D�e�_�i�Z�g�Z�y �K�\�Z�j�g�Z�y �D�e�_�_�\�Z�y 

�J�Z�a�f�_�j�u���\���f�f�� 
�� �k�l�_�g�d�b 
�� �]�h�j�b�a�h�g�l�Z�e�v�g�u�o���e�b�k�l�h�\�����i�h�e�h�d�� 
�� �m�]�h�e�d�h�\ 

 
���î������ 
4,5�î50 

25�î25�î1,5 

 
���î������ 
5�î50 

- 

 
2�î100 
3�î50 

25�î25�î1,5 

�F�h�f�_�g�l���k�h�i�j�h�l�b�\�e�_�g�b�y���\���k�f3 30 30 30 

�K�_�q�_�g�b�_���\���k�f2 9,5 8 8 

�I�j�h�]�b�[���\���f�f  ���i�j�b���k�l�Z�l�b�q�_�k�d�h�c���g�Z�]�j�m�a�d�_�� 
1500 �d�=�� �^�e�b�g�Z���i�j�h�e�_�l�Z���[�Z�e�d�b��800 �f�f�� 

2,24 1,85 1,98 

�I�j�_�^�_�e���\�u�g�h�k�e�b�\�h�k�l�b���i�j�b���b�a�]�b�[�_���\���d�=���f�f2  

���g�Z���[�Z�a�_��106 �p�b�d�e�h�\�� 4,5 5,5 10 

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

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

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

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

 
�L�Z�[�e�b�p�Z�� ���� �± �J�Z�a�j�m�r�Z�x�s�Z�y�� �g�Z�]�j�m�a�d�Z�� �\���d�= �i�j�b�� �k�j�_�a�_-�k�^�\�b�]�_�� �g�Z�o�e�_�k�l�h�q�g�u�o��
�k�h�_�^�b�g�_�g�b�c���k�i�e�Z�\�Z���:�F�]��* 
 

�K�h�q�_�l�Z�g�b�_��
�l�h�e�s�b�g���\��

�f�f  

�K�h�_�^�b�g�_�g�b�_ 

�D�e�_�i�Z�g�u�_ �<�b�g�l�h�\�u�_ �D�e�_�_�a�Z�d�e�_�i�h�q�g�u�_ �D�e�_�_�\�b�g�l�h�\�u�_ �D�e�_�_�k�\�Z�j�g�u�_ 

�D�e�_�c���W�I�P 

1+1 
1,5+1,5 

2+2 
1+2 

255 
330 
510 
260 

335 
500 
675 
335 

475 
650 
700 
480 

560 
725 
875 
560 

530 
850 
1040 
560 

�D�Z�m�q�m�d�h�\�u�c���d�e�_�c 

1+1 
1,5+1,5 

2+2 
1+2 

255 
380 
510 
260 

335 
500 
675 
335 

490 
660 
765 
500 

570 
740 
880 
565 

- 
- 
- 
- 

�
�<�_�e�b�q�b�g�Z���g�Z�o�e�_�k�l�d�b�������o�������f�f�����>�b�Z�f�_�l�j���a�Z�d�e�_�i�h�d���b�a���k�i�e�Z�\�Z���>�����L���b���\�b�g�l�h�\���b�a���k�l�Z�e�b��������-
���f�f�� 

 
�L�Z�[�e�b�p�Z�� ���� �± �J�Z�a�j�m�r�Z�x�s�Z�y�� �g�Z�]�j�m�a�d�Z�� �J�� �i�j�b�� �k�j�_�a�_-�k�^�\�b�]�_�� �h�[�j�Z�a�p�h�\�� �b�a��
�k�l�_�d�e�h�l�_�d�k�l�h�e�b�l�Z����������-1-���������f�f�������\�u�i�h�e�g�_�g�g�u�o���\�g�Z�o�e�_�k�l�d�m���g�Z���d�e�_�_���<�D-9 
 

�K�h�_�^�b�g�_�g�b�_ �J�_�`�b�f���k�d�e�_�b�\�Z�g�b�y �J���\���d�= 
�D�e�_�_�a�Z�d�e�_�i�h�q�g�h�_ �<�u�^�_�j�`�d�Z���k�h�_�^�b�g�_�g�b�y���^�h���d�e�_�i�d�b���\���l�_�q�_�g�b�_�������q���[�_�a��

�^�Z�\�e�_�g�b�y 
�����������“���� 

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

���������“������ 

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

�����������“������ 

 
�<�� �i�j�h�p�_�k�k�_�� �w�d�k�i�e�m�Z�l�Z�p�b�b�� �g�Z�� �d�e�_�_�a�Z�d�e�_�i�h�q�g�u�_�� �k�h�_�^�b�g�_�g�b�y�� �^�_�c�k�l�\�m�x�l��

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

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

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

 
 

1 �± �h�[�r�b�\�d�Z���b�a���Z�e�x�f�b�g�b�_�\�h�]�h���k�i�e�Z�\�Z���������± �d�e�_�_�a�Z�d�e�_�i�h�q�g�h�_���k�h�_�^�b�g�_�g�b�_���� 
3 �± �a�Z�d�e�_�i�h�q�g�h�_���k�h�_�^�b�g�_�g�b�_���k���l�j�_�f�y���b�e�b���[�h�e�_�_���j�y�^�Z�f�b���a�Z�d�e�_�i�h�d 

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

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

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

�I�j�b�� �i�j�h�\�_�^�_�g�b�b�� �w�d�k�i�_�j�b�f�_�g�l�h�\�� �\�_�k�v�f�Z�� �k�e�h�`�g�h�� �h�[�_�k�i�_�q�b�l�v�� �o�h�j�h�r�_�_��
�k�h�_�^�b�g�_�g�b�_�� �^�_�l�Z�e�_�c���� �k�h�k�l�h�y�s�b�o�� �b�a�� �g�_�f�_�l�Z�e�e�b�q�_�k�d�b�o�� �f�Z�l�_�j�b�Z�e�h�\�� �k��
�b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �l�h�e�v�d�h�� �d�e�_�i�d�b���� �k�e�h�`�g�h�k�l�v�� �a�Z�d�e�x�q�Z�_�l�k�y�� �\�� �[�h�e�v�r�h�c�� �j�Z�a�g�b�p�_��
�f�h�^�m�e�_�c�� �m�i�j�m�]�h�k�l�b�� �f�Z�l�_�j�b�Z�e�Z���� �b�a�� �d�h�l�h�j�h�]�h�� �b�a�]�h�l�h�\�e�_�g�u�� �a�Z�d�e�_�i�d�b���� �b��
�k�h�i�j�y�]�Z�_�f�h�]�h�� �f�Z�l�_�j�b�Z�e�Z���� �G�_�f�_�l�Z�e�e�b�q�_�k�d�b�_�� �f�Z�l�_�j�b�Z�e�u�� �k�f�b�g�Z�x�l�k�y�� �\�g�m�l�j�b��
�h�l�\�_�j�k�l�b�c���b���i�h�^���]�h�e�h�\�d�Z�f�b���a�Z�d�e�_�i�d�b�����i�h�w�l�h�f�m���f�h�`�_�l���[�u�l�v���^�_�n�_�d�l���a�Z�d�e�_�i�h�q�g�h�]�h��
�k�h�_�^�b�g�_�g�b�y���� �>�e�y �k�h�_�^�b�g�_�g�b�y�� �^�_�l�Z�e�_�c�� �b�a�� �g�_�f�_�l�Z�e�e�b�q�_�k�d�b�o�� �f�Z�l�_�j�b�Z�e�h�\��
�i�j�_�^�e�Z�]�Z�_�l�k�y�� �b�k�i�h�e�v�a�h�\�Z�l�v�� �d�e�_�c�� �i�_�j�_�^�� �d�e�_�i�d�h�c���� �h�k�h�[�_�g�g�h�� �i�j�b�� �i�h�k�l�Z�g�h�\�d�_��
�a�Z�d�e�_�i�h�d���\���d�j�Z�_�\�u�o���a�h�g�Z�o���g�Z�o�e�_�k�l�d�b���d�e�_�_�\�u�o���k�h�_�^�b�g�_�g�b�c���� 
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�j�_�]�m�e�y�l�h�j�� 
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Abstract. The article considers one of the possible approaches to solving the problem of 

simulation modeling of aircraft flight dynamics when solving various piloting objectives that 
require a balanced initial state in terms of forces and moments. The problem is relevant for the case 
of using computer models created in the software modeling complex Matlab &Simulink. Such 
models require the determination and "freezing" of the values of all their internal variables at the 
initial stage of modeling corresponding to the studied piloting task. The proposed approach is based 
on the use of PID controllers known in control theory. 

Keywords: airplane, simulation, aerobatic stand, balancing, regulator. 
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�i�b�e�h�l�Z�`�g�h�f���k�l�_�g�^�_���b�e�b���i�m�l�_�f���f�h�^�_�e�b�j�h�\�Z�g�b�y���g�Z���W�<�F���>���@�� 

�I�j�b�� �g�Z�e�b�q�b�b�� �i�b�e�h�l�Z�`�g�h�]�h�� �k�l�_�g�^�Z�� �k�� �b�f�b�l�Z�l�h�j�Z�f�b�� �d�h�f�Z�g�^�g�u�o�� �j�u�q�Z�]�h�\��
�m�i�j�Z�\�e�_�g�b�y�� �\�� �w�d�k�i�_�j�b�f�_�g�l�_�� �m�q�Z�k�l�\�m�_�l�� �e�_�l�q�b�d�� ���h�i�_�j�Z�l�h�j������ �j�_�Z�e�b�a�m�x�s�b�c��
�k�h�h�l�\�_�l�k�l�\�m�x�s�b�_�� �m�i�j�Z�\�e�y�x�s�b�_�� �\�h�a�^�_�c�k�l�\�b�y���� �I�j�_�b�f�m�s�_�k�l�\�h�f�� �l�Z�d�h�]�h�� �\�Z�j�b�Z�g�l�Z��
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�� �� �� ���³ ��������� dtxxk
dt

dx
kxxky �a�Z�^�a�Z�^ 321 . (1) 

 

�<���i�j�b�\�_�^�_�g�g�h�f���\�u�j�Z�`�_�g�b�b�� 
1k , 2k , 3k  �± �d�h�w�n�n�b�p�b�_�g�l�u���m�k�b�e�_�g�b�y�� 

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

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

�� ���a�Z�^xxk ��1  �± �i�j�h�i�h�j�p�b�h�g�Z�e�v�g�u�c�� �q�e�_�g�� �j�_�]�m�e�y�l�h�j�Z�� ���h�[�_�k�i�_�q�b�\�Z�_�l�� �j�Z�k�q�_�l��
�a�g�Z�q�_�g�b�y�� �j�_�]�m�e�b�j�m�x�s�_�]�h�� �i�Z�j�Z�f�_�l�j�Z��y ���� �i�j�b�\�h�^�y�s�_�]�h�� �k�b�k�l�_�f�m�� �d�� �k�h�k�l�h�y�g�b�x��

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

dt

dx
k 2  �± �^�b�n�n�_�j�_�g�p�b�Z�e�v�g�u�c�� �q�e�_�g�� �j�_�]�m�e�y�l�h�j�Z�� ���m�e�m�q�r�Z�_�l�� �d�Z�q�_�k�l�\�h��

�j�_�]�m�e�b�j�h�\�Z�g�b�y�����^�_�f�i�n�b�j�m�y���d�h�e�_�[�Z�g�b�y���a�g�Z�q�_�g�b�y���m�i�j�Z�\�e�y�_�f�h�]�h���i�Z�j�Z�f�_�l�j�Z��x ); 
�� ���³ �� dtxxk �a�Z�^3  �± �b�g�l�_�]�j�Z�e�v�g�u�c�� �q�e�_�g�� �j�_�]�m�e�y�l�h�j�Z�� ���m�k�l�j�Z�g�y�_�l�� �k�l�Z�l�b�q�_�k�d�m�x��

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

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

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

�� �� �� ���³ ��������� �³ dt�G�Gk�Gk�G�Gk �a�Z�^
�G�G

�a�Z�^
�G

�< �G�G�G�G ����
, (2) 
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�i�h�d�Z�a�u�\�Z�x�s�b�c�� �g�Z�� �d�Z�d�h�c�� �m�]�h�e�� �^�h�e�`�_�g�� �[�u�l�v�� �h�l�d�e�h�g�_�g�� �j�m�e�v�� �\�u�k�h�l�u�� �\�� �]�j�Z�^�m�k�Z�o��
�^�e�y�� �l�h�]�h���� �q�l�h�[�u�� �m�k�l�j�Z�g�b�l�v�� �j�Z�k�k�h�]�e�Z�k�h�\�Z�g�b�_�� �f�_�`�^�m�� �l�_�d�m�s�_�c�� �b�� �a�Z�^�Z�g�g�h�c��
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� �̃k�f

�]�j�Z�^
 �± �d�h�w�n�n�b�p�b�_�g�l�� �m�k�b�e�_�g�b�y�� �b�g�l�_�]�j�Z�e�v�g�h�]�h�� �[�e�h�d�Z����

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

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

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

�Z  �± �d�h�w�n�n�b�p�b�_�g�l���m�k�b�e�_�g�b�y���^�_�f�i�n�_�j�Z���l�Z�g�]�Z�`�Z�� 
�I�j�b�� �f�h�^�_�e�b�j�h�\�Z�g�b�b�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f��PID-�j�_�]�m�e�y�l�h�j�Z�� �k�e�_�^�m�_�l�� �a�Z�^�Z�\�Z�l�v��

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

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

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

�<�� �d�Z�q�_�k�l�\�_�� �i�j�b�f�_�j�Z�� �m�k�i�_�r�g�h�]�h�� �i�j�b�f�_�g�_�g�b�y�� �i�j�_�^�e�Z�]�Z�_�f�h�]�h�� �i�h�^�o�h�^�Z�� �g�Z��
�j�b�k�m�g�d�_���� �i�j�_�^�k�l�Z�\�e�_�g�u���j�_�a�m�e�v�l�Z�l�u���f�h�^�_�e�b�j�h�\�Z�g�b�y���^�b�g�Z�f�b�d�b���i�h�e�_�l�Z���k�Z�f�h�e�_�l�Z����
�b�f�_�x�s�_�]�h�� �f�Z�k�k�m�� ������������ �d�]���� �i�e�h�s�Z�^�v�� �d�j�u�e�Z�� ������ �d�\���� �f���� �k�j�_�^�g�x�x��
�Z�w�j�h�^�b�g�Z�f�b�q�_�k�d�m�x�� �o�h�j�^�m�� �������� �f���� �K�Z�f�h�e�_�l�� �y�\�e�y�_�l�k�y�� �k�l�Z�l�b�q�_�k�d�b�� �m�k�l�h�c�q�b�\�u�f����
�H�j�]�Z�g�h�f�� �i�j�h�^�h�e�v�g�h�]�h�� �m�i�j�Z�\�e�_�g�b�y�� �y�\�e�y�_�l�k�y�� �p�_�e�v�g�h�i�h�\�h�j�h�l�g�u�c�� �k�l�Z�[�b�e�b�a�Z�l�h�j����
�K�b�k�l�_�f�Z�� �m�i�j�Z�\�e�_�g�b�y�� �k�Z�f�h�e�_�l�h�f�� �\�� �i�j�h�^�h�e�v�g�h�f�� �d�Z�g�Z�e�_�� �\�d�e�x�q�Z�_�l�� �^�_�f�i�n�_�j��
�l�Z�g�]�Z�`�Z�� �k�� �a�Z�d�h�g�h�f�� �j�Z�[�h�l�u�� z�^�_�f�i�n �Z�M 12� ���� �;�Z�e�Z�g�k�b�j�h�\�d�Z�� �\�� �i�j�y�f�h�e�b�g�_�c�g�h�f��

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

5�� ���� �I�j�b�� �w�l�h�f�� �m�]�h�e�� �Z�l�Z�d�b�� �k�Z�f�h�e�_�l�Z�� �k�h�k�l�Z�\�e�y�_�l�� �h�d�h�e�h���$
6 ���� �Z��

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

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

 
�L�Z�d�b�f���h�[�j�Z�a�h�f�����i�j�b�f�_�g�_�g�b�_��PID-�j�_�]�m�e�y�l�h�j�Z���^�e�y���j�_�Z�e�b�a�Z�p�b�b���b�f�b�l�Z�p�b�h�g�g�h�]�h��

�f�h�^�_�e�b�j�h�\�Z�g�b�y���j�Z�a�e�b�q�g�u�o���p�_�e�_�\�u�o���a�Z�^�Z�q���i�b�e�h�l�b�j�h�\�Z�g�b�y���b�a���k�[�Z�e�Z�g�k�b�j�h�\�Z�g�g�u�o���i�h��
�k�b�e�Z�f�� �b�� �f�h�f�_�g�l�Z�f�� �k�h�k�l�h�y�g�b�c�� �i�h�a�\�h�e�y�_�l�� �i�h�e�m�q�Z�l�v�� �Z�^�_�d�\�Z�l�g�u�_�� �j�_�a�m�e�v�l�Z�l�u�� �\�� �q�Z�k�l�b��
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it, the error of signals indicating the presence of complex particles in an oil sample, where they are 
absent, is assessed. 
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�i�j�_�\�j�Z�s�Z�_�l�k�y���\���f�_�e�d�h���^�b�k�i�_�j�k�b�h�g�g�u�_���q�Z�k�l�b�p�u���j�Z�a�f�_�j�h�f���f�_�g�_�_����-5 �f�d�f���� 

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

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

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

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

�H�^�g�Z�d�h�� �^�Z�`�_�� �i�j�b�� �g�_�[�e�Z�]�h�i�j�b�y�l�g�u�o�� �m�k�e�h�\�b�y�o�� ���j�Z�a�f�_�j�� �q�Z�k�l�b�p�� �b�a�g�h�k�Z�� ����
�f�d�f�����d�h�g�p�_�g�l�j�Z�p�b�y��CFe � ���������]���l�����d�h�e�b�q�_�k�l�\�h���j�_�]�b�k�l�j�b�j�m�_�f�u�o���q�Z�k�l�b�p��NCu = 7150 
�_�^������ �k�f-3, NFe � �� ���������� �_�^������ �k�f-3), �i�j�h�p�_�g�l�g�h�_�� �h�l�g�h�r�_�g�b�_�� �q�b�k�e�Z�� �k�e�m�q�Z�c�g�h��
�k�h�\�i�Z�\�r�b�o���b�f�i�m�e�v�k�h�\���d���b�o���h�[�s�_�f�m���q�b�k�e�m���k�h�k�l�Z�\�e�y�_�l������������ 
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�L�Z�[�e�b�p�Z�� ������ �A�Z�\�b�k�b�f�h�k�l�v�� �d�h�e�b�q�_�k�l�\�Z�� �k�e�m�q�Z�c�g�h�� �k�h�\�i�Z�\�r�b�o�� �b�f�i�m�e�v�k�h�\�� �h�l�� �b�o��
�h�[�s�_�]�h���q�b�k�e�Z���\���i�j�h�[�_���f�Z�k�e�Z���i�j�b���h�l�k�m�l�k�l�\�b�b���k�e�h�`�g�u�o���b�a�g�h�k�g�u�o���q�Z�k�l�b�p. 
 

�D�j�m�i�g�h�k�l�v 
�f�_�^�g�u�o��

�q�Z�k�l�b�p�����f�d�f 

 
CFe, 
 �]���l 

 
CCu, 
�]���l 

 
NCu,  
�k�f-3 

 
NFe, 
�k�f-3 

�D�h�e�b�q�_�k�l�\�h���k�e�m�q�Z�c�g�h��
�k�h�\�i�Z�\�r�b�o��

�b�f�i�m�e�v�k�h�\���h�l���b�o��
�h�[�s�_�]�h���q�b�k�e�Z������ 

20 2 1 403 189 0,8 
 4 2 737 414 1,2 
 6 3 1082 560 1,9 
 8 4 1344 664 2,3 

10 2 1 520 186 0,8 
 4 2 1329 357 1,3 
 6 3 1954 577 2,2 
 8 4 2816 719 2,8 
 10 5 3729 1009 4,4 
5 2 1 1562 279 1,2 
 4 2 3344 537 2,4 
 6 3 4214 586 2,9 
 8 4 5213 795 4,7 
 10 5 7150 1058 5,5 

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

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

 
�;�B�;�E�B�H�=�J�:�N�B�Q�?�K�D�B�C���K�I�B�K�H�D 

 
1. �>�b�Z�]�g�h�k�l�b�d�Z�� �m�a�e�h�\�� �Z�\�b�Z�p�b�h�g�g�u�o �]�Z�a�h�l�m�j�[�b�g�g�u�o�� �^�\�b�]�Z�l�_�e�_�c���� �h�f�u�\�Z�_�f�u�o��

�k�f�Z�a�h�q�g�u�f�� �f�Z�k�e�h�f���� �i�h�� �j�_�a�m�e�v�l�Z�l�Z�f�� �Z�g�Z�e�b�a�Z�� �i�j�h�[�u�� �k�f�u�\�Z�� �k�� �^�b�Z�]�g�h�k�l�b�q�_�k�d�h�]�h�� �k�e�h�y��
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�M�>�D������������������ 
 

�L�?�H�J�?�F�:���H���I�H�=�H�G�G�H�C���I�E�H�L�G�H�K�L�B���P�B�J�D�M�E�Y�P�B�B 
 

�>�Z�g�b�e�_�g�d�h���G�����<�������d�Z�g�^�����l�_�o�g�����g�Z�m�d 
�D�b�j�_�g�q�_�\���:�����=�������d�Z�g�^�����l�_�o�g�����g�Z�m�d 

 
�B�j�d�m�l�k�d�b�c���n�b�e�b�Z�e���F�=�L�M���=�:�� 

���]�����B�j�d�m�l�k�d�� 
 

�:�g�g�h�l�Z�p�b�y. �<�u�[�j�Z�g�� �h�[�t�_�d�l�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �± �\�b�o�j�_�h�[�j�Z�a�h�\�Z�g�b�y�� ���<�H���� �]�Z�a�h�\�u�o��
���`�b�^�d�b�o���� �_�k�l�_�k�l�\�_�g�g�u�o�� �b�� �l�_�o�g�h�]�_�g�g�u�o�� �k�j�_�^���� �>�Z�g�Z�� �h�p�_�g�d�Z�� �k�h�k�l�h�y�g�b�y�� �b�� �i�j�h�[�e�_�f�� �\�b�o�j�_�\�h�]�h��
�i�j�h�^�m�d�l�Z�� �b�k�k�e�_�^�m�_�f�h�]�h�� �\�b�o�j�_�h�[�j�Z�a�h�\�Z�g�b�y���� �>�Z�g�h �h�i�j�_�^�_�e�_�g�b�_�� �i�h�]�h�g�g�h�c�� �i�e�h�l�g�h�k�l�b��
�p�b�j�d�m�e�y�p�b�b���� �H�i�j�_�^�_�e�_�g�Z�� �\�a�Z�b�f�h�k�\�y�a�v�� �i�h�]�h�g�g�h�c�� �i�e�h�l�g�h�k�l�b�� �p�b�j�d�m�e�y�p�b�b�� �\�b�o�j�_�\�h�c�� �l�j�m�[�d�b�� �b��
�l�Z�g�]�_�g�p�b�Z�e�v�g�h�c�� �k�d�h�j�h�k�l�b�� �k�j�_�^�u�� �g�Z�� �_�z�� �\�g�_�r�g�_�c�� �i�h�\�_�j�o�g�h�k�l�b���� �I�j�_�^�e�h�`�_�g�u�� �l�_�h�j�_�f�Z�� �b��
�f�Z�l�_�f�Z�l�b�q�_�k�d�Z�y�� �\�a�Z�b�f�h�k�\�y�a�v�� �i�h�]�h�g�g�h�c�� �i�e�h�l�g�h�k�l�b�� �p�b�j�d�m�e�y�p�b�b�� �\�b�o�j�_�\�h�c�� �l�j�m�[�d�b�� �k�j�_�^�u�� �b��
�l�Z�g�]�_�g�p�b�Z�e�v�g�h�c�� �k�d�h�j�h�k�l�b�� �g�Z�� �_�z�� �\�g�_�r�g�_�c�� �i�h�\�_�j�o�g�h�k�l�b���� �I�j�_�^�k�l�Z�\�e�_�g�u�� �k�e�_�^�k�l�\�b�y�� �l�_�h�j�_�f�u�� �b��
�h�[�e�Z�k�l�b���b�o���i�j�b�f�_�g�_�g�b�y�� 

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

 
CIRCULATION DENSITY THEOREM 

 
Danilenko N. V., Candidate of Technical Sciences 
Kirenchev A. G., Candidate of Technical Sciences 

 
Moscow State Technical University of Civil Aviation, Irkutsk Branch 

(Irkutsk) 
 
Abstract. The object of research is vortex formation (VE) of gas (liquid) natural and 

anthropogenic media. An assessment of the state and problems of the vortex product of the 
investigated vortex formation is given. The definition of the linear density of circulation is given. 
The interrelation of the linear density of circulation of the vortex tube and tangential velocity of the 
medium on its external surface is determined. The theorem and mathematical interrelation of the 
linear density of circulation of a vortex tube of the medium and tangential velocity of the medium 
on its outer surface are proposed. Corollaries of the theorem and their applications are presented. 
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Abstract. An overview of the Russian experimental base on unsteady experiments in wind 

tunnels, as well as a classification of dynamic rigs is provided. The present patent activity results in 
Russia and the USSR in the field of conducting an unsteady experiment in wind tunnels are 
presented. An analysis of the flight modes of modern and promising aircraft was carried out and the 
required range of kinematic parameters was determined that must be provided in the wind tunnel to 
conduct studies of their unsteady aerodynamic characteristics. Conclusions about further directions 
for the development of the Russian experimental base for the study of unsteady aerodynamic 
characteristics of aircraft are drawn. 
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�M�k�l�Z�g�h�\�d�Z�� �\�u�g�m�`�^�_�g�g�u�o�� �^�\�b�`�_�g�b�c�� �f�h�^�_�e�_�c�� �k�� �g�_�k�d�h�e�v�d�b�f�b�� �k�l�_�i�_�g�y�f�b��
�k�\�h�[�h�^�u�� �H�<�I-�������� �P�:�=�B ���j�b�k�m�g�h�d�� �����]) �k�h�k�l�h�b�l�� �b�a �h�k�g�h�\�Z�g�b�y���� �i�h�^�\�b�`�g�h�c��
�i�e�Z�l�n�h�j�f�u�� �k�� �w�e�_�d�l�j�h�f�_�o�Z�g�b�q�_�k�d�b�f�� �i�j�b�\�h�^�h�f�� �k�� �r�_�k�l�v�x�� �k�l�_�i�_�g�y�f�b�� �k�\�h�[�h�^�u�� �b��
�k�b�k�l�_�f�u���l�_�g�a�h�f�_�l�j�b�j�h�\�Z�g�g�u�o���k�l�h�_�d�����g�Z���d�h�l�h�j�u�o���a�Z�d�j�_�i�e�y�_�l�k�y���f�h�^�_�e�v�� 

�M�k�l�Z�g�h�\�d�Z�� �H�<�I-�������� �P�:�=�B�� ���j�b�k�m�g�h�d�� �����^���� �k�e�m�`�b�l�� �^�e�y�� �b�k�k�e�_�^�h�\�Z�g�b�y��
�f�h�^�_�e�_�c���i�j�b���F� ������-���������b���k�h�k�l�h�b�l���b�a���i�h�^�^�_�j�`�b�\�Z�x�s�_�]�h���m�k�l�j�h�c�k�l�\�Z�����b�a�f�_�j�b�l�_�e�y��
�B�D�F-�����k���^�Z�l�q�b�d�Z�f�b���h�[�h�j�h�l�h�\���b���d�j�m�l�y�s�_�]�h���f�h�f�_�g�l�Z�� 

�M�k�l�Z�g�h�\�d�Z�� �\�u�g�m�`�^�_�g�g�u�o�� �d�h�e�_�[�Z�l�_�e�v�g�u�o�� �^�\�b�`�_�g�b�c�� �H�<�I-�������� �P�:�=�B�� �i�j�b��
�^�h�a�\�m�d�h�\�u�o�� �k�d�h�j�h�k�l�y�o�� �i�h�l�h�d�Z�� �b�k�i�h�e�v�a�m�_�l�k�y�� �^�e�y�� �i�j�h�\�_�^�_�g�b�y�� �b�k�i�u�l�Z�g�b�c�� �i�j�b��
�k�l�Z�p�b�h�g�Z�j�g�u�o�� �m�k�e�h�\�b�y�o�� �b�� �d�h�e�_�[�Z�g�b�y�o�� �f�h�^�_�e�b�� �l�b�i�Z�� �©�e�_�l�Z�x�s�_�_�� �d�j�u�e�h�ª�� �i�h��
�l�Z�g�]�Z�`�m�� �i�j�b�� �d�j�m�]�h�\�h�f�� �h�[�^�m�\�_�� �k�� �Z�f�i�e�b�l�m�^�h�c�� ��-�����ƒ�� �b�� �q�Z�k�l�h�l�h�c�� ������-�������� �=�p�� �\��
�^�b�Z�i�Z�a�h�g�_���m�]�e�h�\���Z�l�Z�d�b���“�����ƒ���>�����@�� 

�<�� �K�b�[�G�B�:�� �k�m�s�_�k�l�\�m�x�l�� �^�\�Z�� �k�l�_�g�^�Z�� �\�u�g�m�`�^�_�g�g�u�o�� �]�Z�j�f�h�g�b�q�_�k�d�b�o��
�h�^�g�h�k�l�_�i�_�g�g�u�o���d�h�e�_�[�Z�g�b�c���i�j�b���^�h�a�\�m�d�h�\�u�o���k�d�h�j�h�k�l�y�o���i�h�l�h�d�Z���>�M-�����������j�b�k�m�g�h�d�������Z����
�b���<�I-�����������h�k�g�h�\�Z�g�Z���g�Z���w�g�_�j�]�_�l�b�q�_�k�d�h�f���f�_�l�h�^�_���a�Z�f�_�j�Z���^�_�f�i�n�b�j�h�\�Z�g�b�y���f�h�f�_�g�l�h�\�� 
�>�����@���� �K�l�_�g�^�� �>�M-�������� �k�h�k�l�h�b�l�� �b�a�� �\�g�_�r�g�_�]�h�� �i�j�b�\�h�^�Z���� �l�_�g�a�h�\�_�k�h�\���� �]�_�g�_�j�Z�l�h�j�Z��
�b�f�i�m�e�v�k�h�\�� �b�� �k�i�_�p�b�Z�e�v�g�h�]�h�� �f�_�o�Z�g�b�a�f�Z-�i�j�_�h�[�j�Z�a�h�\�Z�l�_�e�y�� �b�� �k�e�m�`�b�l�� �^�e�y��
�b�k�k�e�_�^�h�\�Z�g�b�y�� �f�h�^�_�e�_�c�� �k�� �q�Z�k�l�h�l�h�c�� �m�]�e�h�\�u�o���d�h�e�_�[�Z�g�b�c�� ������-�����=�p���\�� �^�b�Z�i�Z�a�h�g�_���m�]�e�h�\��
�Z�l�Z�d�b���h�l��-�������^�h�������ƒ���b���m�]�e�h�\���k�d�h�e�v�`�_�g�b�y���“�����ƒ�����L�Z�d���`�_���\���K�b�[�G�B�:���k�m�s�_�k�l�\�m�_�l���k�l�_�g�^��
�Z�i�_�j�b�h�^�b�q�_�k�d�h�]�h�� �a�Z�d�h�g�Z�� �b�a�f�_�g�_�g�b�y�� �m�]�e�Z�� �l�Z�g�]�Z�`�Z���� �k�h�k�l�h�y�s�b�c�� �b�a�� �i�h�\�h�j�h�l�g�h�c��
�i�e�Z�l�n�h�j�f�u�����i�h�^�^�_�j�`�b�\�Z�x�s�_�]�h���m�k�l�j�h�c�k�l�\�Z�����\�a�\�h�^�g�h�]�h���i�j�b�\�h�^�Z�����`�_�k�l�d�h�]�h���m�i�h�j�Z��
�n�b�d�k�Z�p�b�b���f�h�^�_�e�b���k���^�_�f�i�n�_�j�h�f���d�h�e�_�[�Z�g�b�c�����w�e�_�d�l�j�h�f�Z�]�g�b�l�Z���b���i�j�m�`�b�g�u���>�����@�� 
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�<�� �P�G�B�B�f�Z�r�� �k�m�s�_�k�l�\�m�_�l�� �k�l�_�g�^�� �^�e�y�� �h�i�j�_�^�_�e�_�g�b�y�� �^�_�f�i�n�b�j�h�\�Z�g�b�y�� �f�h�f�_�g�l�Z��
�d�j�_�g�Z�� ���j�b�k�m�g�h�d�� �����[������ �k�h�k�l�h�y�s�b�c�� �b�a�� �w�e�_�d�l�j�h�^�\�b�]�Z�l�_�e�y���� �\�� �d�h�`�m�o�_�� �d�h�l�h�j�h�]�h��
�m�k�l�Z�g�Z�\�e�b�\�Z�_�l�k�y�� �h�k�v�� �k�� �m�a�e�h�f�� �d�j�_�i�e�_�g�b�y�� �f�h�^�_�e�b���� �k�h�k�l�Z�\�g�h�]�h�� �d�h�j�i�m�k�Z�� �k��
�i�h�^�r�b�i�g�b�d�h�\�u�f�b�� �m�a�e�Z�f�b�� �d�j�_�i�e�_�g�b�y�� �h�k�b�� �k�� �h�^�g�h�c�� �k�l�h�j�h�g�u���� �k�� �^�j�m�]�h�c�� �± �k��
�i�h�k�Z�^�h�q�g�u�f���f�_�k�l�h�f���d�j�_�i�e�_�g�b�y���d���i�h�^�\�_�k�d�_���:�>�L���>���@. 

�F�_�l�h�^���k�\�h�[�h�^�g�u�o���h�^�g�h�k�l�_�i�_�g�g�u�o���d�h�e�_�[�Z�g�b�c���Z�d�l�b�\�g�h���i�j�b�f�_�g�y�_�l�k�y���\���P�:�=�B����
�P�G�B�B�f�Z�r���� �B�L�I�F�� �K�H�� �J�:�G�� �b�� �K�I�[�=�M�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �k�e�_�^�m�x�s�b�o��
�^�b�g�Z�f�b�q�_�k�d�b�o�� �k�l�_�g�^�h�\�� �>��, 4, 6-8, 21-�����@���� �M�D-���������� �K�D-���������� �K�D�F-���������� �m�k�l�Z�g�h�\�d�b��
�k�\�h�[�h�^�g�u�o�� �d�h�e�_�[�Z�g�b�c�� �i�j�b�� �l�j�Z�g�k- �b�� �k�\�_�j�o�a�\�m�d�h�\�u�o�� �k�d�h�j�h�k�l�y�o���� �m�k�l�Z�g�h�\�d�b��
�k�\�h�[�h�^�g�u�o�� �d�h�e�_�[�Z�g�b�c�� �k�� �i�h�^�r�b�i�g�b�d�Z�f�b�� �d�Z�q�_�g�b�y�� �i�j�b�� �k�\�_�j�o�a�\�m�d�h�\�u�o�� �k�d�h�j�h�k�l�y�o�� �b��
�m�k�l�Z�g�h�\�d�b�� �k�\�h�[�h�^�g�u�o�� �d�h�e�_�[�Z�g�b�c�� �g�Z�� �i�j�h�\�h�e�h�q�g�h�c�� �i�h�^�\�_�k�d�_�� �i�j�b�� �^�h�a�\�m�d�h�\�u�o��
�k�d�h�j�h�k�l�y�o���� �L�Z�d�`�_�� �\�� �P�:�=�B�� �k�m�s�_�k�l�\�m�_�l�� �m�k�l�Z�g�h�\�d�Z�� �k�� �l�j�_�o�k�l�_�i�_�g�g�u�f�� �r�Z�j�g�b�j�h�f����
�k�h�a�^�Z�g�g�Z�y�� �g�Z�� �[�Z�a�_�� �j�Z�g�_�_�� �j�Z�a�j�Z�[�h�l�Z�g�g�u�o�� �m�k�l�Z�g�h�\�h�d�� �k�\�h�[�h�^�g�u�o�� �h�^�g�h�k�l�_�i�_�g�g�u�o��
�d�h�e�_�[�Z�g�b�c���i�h���l�Z�g�]�Z�`�m���M�D-103 [1, �����@���b���i�h���d�j�_�g�m���K�D-103 [1].  

�M�k�l�Z�g�h�\�d�Z�� �k�\�h�[�h�^�g�u�o�� �m�]�e�h�\�u�o�� �^�\�b�`�_�g�b�c�� �k�� �l�j�_�o�k�l�_�i�_�g�g�u�f�� �r�Z�j�g�b�j�h�f��
���j�b�k�m�g�h�d�� �����Z����[1, �����@�� �k�h�k�l�h�b�l�� �b�a�� �i�h�^�^�_�j�`�b�\�Z�x�s�_�]�h�� �m�k�l�j�h�c�k�l�\�Z���� �^�_�j�`�Z�\�d�b�� �b��
�d�Z�j�^�Z�g�g�h�]�h�� �l�j�_�o�k�l�_�i�_�g�g�h�]�h�� �r�Z�j�g�b�j�Z�� �k�� �i�h�^�r�b�i�g�b�d�h�\�u�f�b�� �m�a�e�Z�f�b�� �d�j�_�i�e�_�g�b�y��
�f�h�^�_�e�b�����I�j�b���i�j�h�\�_�^�_�g�b�b���w�d�k�i�_�j�b�f�_�g�l�Z���f�h�^�_�e�v���j�Z�k�i�h�e�Z�]�Z�_�l�k�y���\���i�h�e�_�l�g�h�f�����M�]�e�u��
�i�h�\�h�j�h�l�Z���r�Z�j�g�b�j�Z�����i�h���d�j�_�g�m���“����� �����i�h �l�Z�g�]�Z�`�m������-120� �����i�h���j�u�k�d�Z�g�b�x���“������� . 

�M�k�l�Z�g�h�\�d�Z�� �k�\�h�[�h�^�g�u�o�� �h�^�g�h�k�l�_�i�_�g�g�u�o�� �d�h�e�_�[�Z�g�b�c�� �g�Z�� �m�i�j�m�]�h�f�� �r�Z�j�g�b�j�_��
�K�D�F-�������� �P�:�=�B�� ���j�b�k�m�g�h�d�� �����[���� �i�h�a�\�h�e�y�_�l�� �i�j�h�\�h�^�b�l�v�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �i�j�b�� �F� ������-
�������� �k�� �Z�f�i�e�b�l�m�^�h�c�� �d�h�e�_�[�Z�g�b�c�� �^�h�� ���ƒ�� �b�� �q�Z�k�l�h�l�h�c�� �^�h�� ������ �=�p���� �M�k�l�Z�g�h�\�d�Z�� �k�h�k�l�h�b�l�� �b�a��
�i�h�^�^�_�j�`�b�\�Z�x�s�_�]�h�� �m�k�l�j�h�c�k�l�\�Z���� �\�a�\�h�^�g�h�]�h�� �f�_�o�Z�g�b�a�f�Z���� �^�_�j�`�Z�\�d�b�� �b�� �m�i�j�m�]�b�o��
�r�Z�j�g�b�j�h�\�� �j�Z�a�e�b�q�g�h�c�� �`�_�k�l�d�h�k�l�b���� �q�l�h�� �i�h�a�\�h�e�y�_�l�� �\�Z�j�v�b�j�h�\�Z�l�v�� �q�Z�k�l�h�l�m�� �d�h�e�_�[�Z�g�b�c��
�f�h�^�_�e�b���>����, 24].  

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

�M�k�l�Z�g�h�\�d�Z�� �k�\�h�[�h�^�g�u�o�� �h�^�g�h�k�l�_�i�_�g�g�u�o�� �d�h�e�_�[�Z�g�b�c�� �g�Z�� �^�h�g�g�h�c�� �^�_�j�`�Z�\�d�_��
�P�G�B�B�f�Z�r�� �i�j�b�f�_�g�y�e�Z�k�v�� �^�e�y�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �^�_�f�i�n�b�j�m�x�s�b�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d��
�\�h�a�\�j�Z�s�Z�_�f�u�o�� �d�h�k�f�b�q�_�k�d�b�o�� �Z�i�i�Z�j�Z�l�h�\�� �i�j�b�� �l�j�Z�g�k- �b���k�\�_�j�o�a�\�m�d�h�\�u�o�� �k�d�h�j�h�k�l�y�o��
�>���@���� �L�Z�d�`�_�� �\�� �P�G�B�B�f�Z�r�� �i�j�b�f�_�g�y�_�l�k�y�� �_�s�z�� �h�^�b�g�� �\�b�^�� �b�k�i�u�l�Z�g�b�c�� �f�h�^�_�e�_�c�� �i�j�b��
�l�j�Z�g�k�a�\�m�d�h�\�u�o���k�d�h�j�h�k�l�y�o���i�h�l�h�d�Z���± �k�\�h�[�h�^�g�u�c���i�h�e�_�l���>���@���� 

�K�\�h�^�g�Z�y�� �l�Z�[�e�b�p�Z�� �k�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b�� �^�_�c�k�l�\�m�x�s�b�o�� �^�b�g�Z�f�b�q�_�k�d�b�o��
�m�k�l�Z�g�h�\�h�d�����k�l�_�g�^�h�\�����J�h�k�k�b�b���i�j�_�^�k�l�Z�\�e�_�g�Z���g�b�`�_�� 
 
�L�Z�[�e�b�p�Z�� ���� �± �O�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �^�_�c�k�l�\�m�x�s�b�o�� �^�b�g�Z�f�b�q�_�k�d�b�o�� �m�k�l�Z�g�h�\�h�d�� ���k�l�_�g�^�h�\����
�J�h�k�k�b�b���^�e�y���b�k�k�e�_�^�h�\�Z�g�b�y���g�_�k�l�Z�p�b�h�g�Z�j�g�u�o���:�>�O���f�h�^�_�e�_�c���E�: 
 

�H
�j�

]�Z
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�a

�Z
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�y

 

�G�Z�a�\�Z�g�b�_����
�k�l�_�g�^�Z 

�L�b�i���^�\�b�`�_�g�b�y����
�q�b�k�e�h���k�l�_�i�����k�\�� 

�F�Z�d�k���j-�j����
�f�h�^�_�e�b�����f 

�>�b�Z�i�Z�a�h�g��
�.�����]�j�Z�^�� 

�>�b�Z�i�Z�a�h�g��
�q�b�k�_�e���F 

�>�b�Z�i�Z�a�h�g��
�q�b�k�_�e��Sh 

�<�u�g�m�`�^�_�g�g�u�_���d�h�e�_�[�Z�g�b�y���f�h�^�_�e�b���E�:���\���i�h�l�h�d�_���:�>�L 

�P
�:�

=�
B 

�H�<�I-�������;���;�:�� �M�]�e�h�\�u�_���d�h�e��-�b�y 1,2 �“������ �^�h�������� �^�h���������� 
�I�I�D-103 �E�b�g�_�c�g�u�_���d�h�e��-�b�y 1,2 -�����«������  �^�h�������� �^�h���������� 
�H�<�I-103 �K�h�\�f�_�k�l�g�u�_���d�h�e��-�b�y 2,5 -�����«������  �^�h�������� �^�h���������� 
�M�M�<-103 �M�k�l�Z�g�h�\��-�k�y���\�j�Z�s�� 1,2 �“������ �^�h�������� �^�h���������� 

�K
�b

�[�
��G

�B
�:

 

�>�M-203 �M�]�e�h�\�u�_���d�h�e��-�b�y 1,15 -���«������  ���������«�������� ���������«������ 

�± 
�D�\�Z�a�b�k�l�m�i�����b�a�f��-
�b�_���m�]�e�Z���l�Z�g�]�Z�`�Z 1,17 -�����«������  ���������«�������� ���������«�������� 

�P
�G

�B
�B
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�f�

Z
�r �F�_�o���b�a�f����

�f�h�f�_�g�l�Z��
�^�_�f�i�n���d�j�_�g�Z 

�<�j�Z�s�_�g�b�_ 0,1 �����«������  ���������«�������� ���������«�������� 

�K�\�h�[�h�^�g�u�_���d�h�e�_�[�Z�g�b�y���f�h�^�_�e�b���E�: �\���i�h�l�h�d�_���:�>�L 

�P
�:�

=�
B �K�D�F-128 �����k�l�����k�\�� 1 -�����«������  �������«������ ���������«������ 

�± �����k�l�����k�\���� 1 �“���� �^�h�������� �^�h���������� 

�B
�L

�I�
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�± �����k�l�����k�\�� 0,12 -���«������  �������«�������� �����������«�������� 
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�± �����k�l�����k�\�� 1 -�����«������  �������«�� �± 

�K
�I�
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�=

�M �± �����k�l�����k�\�� 1,15 -�����«������  �^�h���������� �^�h������������ 

 
�K�l�_�i�_�g�v�� �\�Z�`�g�h�k�l�b�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �g�_�k�l�Z�p�b�h�g�Z�j�g�u�o��

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

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

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

�b�k�k�e�_�^�h�\�Z�g�b�y���g�_�k�l�Z�p�b�h�g�Z�j�g�u�o���:�>�O���k�h�\�j�_�f�_�g�g�u�o���E�:���\���:�>�L 
�>�e�y�� �h�p�_�g�d�b�� �b�f�_�x�s�b�o�k�y�� �\�h�a�f�h�`�g�h�k�l�_�c�� �\�� �h�[�e�Z�k�l�b�� �i�j�h�\�_�^�_�g�b�y��

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

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

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

�D�e�Z�k�k���b���\�b�^���E�: �J�_�`�b�f�u��
�i�h�e�_�l�Z 

�M�]�h�e���Z�l�Z�d�b����
�]�j�Z�^�� 

�Q�b�k�e�Z���F�Z�o�Z���� 
M �Q�b�k�e�Z���K�l�j�m�o�Z�e�y����Sh 

�K
�Z

�f�
h�

e�
_�

l�u
 

�I�Z�k�k�Z�`�b�j�k�d�b�_ 
�\�a�e�_�l�g�u�c�� 0-22 0-0,2 0,065-0,212 
�d�j�_�c�k�_�j�k�d�b�c 1-3,6 0,2-0,92 (max 2,1) 0,29-0,149 
�d�j�b�l�b�q�_�k�d�b�c �^�h������ 0-0,1 0,133-0,437 

�=�j�m�a�h�\�u�_ 
�\�a�e�_�l�g�u�c�� 0-23 0-0,2 0,127-0,201 
�d�j�_�c�k�_�j�k�d�b�c 1-4 0,2-0,8 0,33-0,106 
�d�j�b�l�b�q�_�k�d�b�c �^�h������ 0-0,1 0,262-0,413 

�F�g�h�]�h�p�_�e�_�\�Z�y��
�Z�\�b�Z�p�b�y 

�\�a�e�_�l�g�u�c�� 0-20 0-0,2 0,052-0,148 
�d�j�_�c�k�_�j�k�d�b�c 1-3 0,15-0,3 0,07-0,135 
�d�j�b�l�b�q�_�k�d�b�c �^�h������ 0-0,1 0,107-0,305 

�M�q�_�[�g�h-
�l�j�_�g�b�j�h�\�h�q�g�u�_ 

�\�a�e�_�l�g�u�c�� 0-22 0-0,1 0,071-0,094 
�d�j�_�c�k�_�j�k�d�b�c 1-2 0,2-0,43 0,031-0,045 
�d�j�b�l�b�q�_�k�d�b�c �^�h�������� 0-0,1 0,147-0,193 
�d�j�b�l�b�q�_�k�d�b�c �^�h�������� 0-0,1 0,051-0,165 

�;�I�E�:  �± 0-15 0-0,21 0,002-0,017 

�D
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�k
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b�
q�

_�
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d�
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�

�Z
�i�

i�Z
�j�

Z
�l�

u
 �J�Z�d�_�l�u-

�g�h�k�b�l�_�e�b �± 0-90 0-1,6 0,014-0,12 
(0,584) 

�<�h�a�\�j�Z�s�Z�_�f�u�_��
�d�h�k�f�b�q�_�k�d�b�_��

�Z�i�i�Z�j�Z�l�u 
�± 0-25 0-1,7 0,077-0,079 (0,648) 

 

�I�h�� �j�_�a�m�e�v�l�Z�l�Z�f�� �Z�g�Z�e�b�a�Z�� �j�_�`�b�f�h�\�� �i�h�e�_�l�Z�� �k�h�\�j�_�f�_�g�g�u�o�� �b�� �i�_�j�k�i�_�d�l�b�\�g�u�o��
�E�:�� �b �i�j�h�\�_�^�_�g�g�h�f�m�� �h�[�a�h�j�m�� �k�m�s�_�k�l�\�m�x�s�b�o�� �^�b�g�Z�f�b�q�_�k�d�b�o�� �m�k�l�Z�g�h�\�h�d�� �[�u�e�b��
�i�h�k�l�j�h�_�g�u���k�\�h�^�g�u�_���^�b�Z�]�j�Z�f�f�u�����j�b�k�m�g�h�d���������\���d�h�h�j�^�b�g�Z�l�Z�o�����.�����F�����b�����.�����6�K���� 

 

   
 

�J�b�k�m�g�h�d�������± �H�[�e�Z�k�l�b���j�_�`�b�f�h�\���i�h�e�_�l�Z���k�h�\�j�_�f�_�g�g�u�o���b���i�_�j�k�i�_�d�l�b�\�g�u�o���E�:���b��
�h�[�e�Z�k�l�b���\�h�a�f�h�`�g�u�o���j�_�`�b�f�h�\���i�j�h�\�_�^�_�g�b�y���^�b�g�Z�f�b�q�_�k�d�h�]�h���w�d�k�i�_�j�b�f�_�g�l�Z���\���:�>�L��

�^�e�y���j�_�r�_�g�b�y���a�Z�^�Z�q���g�_�k�l�Z�p�b�h�g�Z�j�g�h�c���Z�w�j�h�^�b�g�Z�f�b�d�b 
 
�B�a�� �j�b�k�m�g�d�Z�� ���� �\�b�^�g�h���� �q�l�h�� �\�h�a�f�h�`�g�h�k�l�b�� �k�m�s�_�k�l�\�m�x�s�_�c�� �\���J�h�k�k�b�b��

�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c�� �[�Z�a�u�� �\�h�� �f�g�h�]�h�f�� �i�h�d�j�u�\�Z�x�l�� �h�[�e�Z�k�l�b���j�_�`�b�f�h�\�� �i�h�e�_�l�Z��
�k�h�\�j�_�f�_�g�g�u�o�� �b�� �i�_�j�k�i�_�d�l�b�\�g�u�o�� �E�:���� �l�j�Z�g�k�i�h�j�l�g�u�o�� �b�� �i�Z�k�k�Z�`�b�j�k�d�b�o�� �k�Z�f�h�e�_�l�h�\�� �g�Z��
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�j�_�`�b�f�Z�o�� �d�j�_�c�k�_�j�k�d�h�]�h�� �i�h�e�_�l�Z���� �j�_�`�b�f�Z�o�� �\�a�e�_�l�Z�� �b�� �i�h�k�Z�^�d�b���� �j�Z�d�_�l�h�g�h�k�b�l�_�e�_�c�� �b��
�f�g�h�]�h�j�Z�a�h�\�u�o�� �d�h�k�f�b�q�_�k�d�b�o�� �k�b�k�l�_�f���� �H�l�k�m�l�k�l�\�b�_�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o�� �m�k�l�Z�g�h�\�h�d����
�i�h�a�\�h�e�y�x�s�b�o�� �i�j�h�\�h�^�b�l�v�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �i�j�b�� �q�b�k�e�Z�o��M�!�������� �b�� �q�b�k�e�Z�o��Sh�!������������ �g�_��
�i�h�a�\�h�e�y�_�l�� �i�j�h�\�h�^�b�l�v�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �g�_�k�l�Z�p�b�h�g�Z�j�g�u�o�� �Z�w�j�h�^�b�g�Z�f�b�q�_�k�d�b�o��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �i�_�j�k�i�_�d�l�b�\�g�u�o�� �k�\�_�j�o�a�\�m�d�h�\�u�o�� �]�j�Z�`�^�Z�g�k�d�b�o�� �k�Z�f�h�e�_�l�h�\���� �L�Z�d�`�_��
�f�h�`�g�h���h�l�f�_�l�b�l�v���k�e�Z�[�h�_���i�_�j�_�d�j�u�l�b�_���h�[�e�Z�k�l�_�c���k�l�Z�j�l�h�\�u�o���j�_�`�b�f�h�\���j�Z�d�_�l�h�g�h�k�b�l�_�e�_�c��
�b�� �\�h�a�\�j�Z�s�Z�_�f�u�o�� �d�h�k�f�b�q�_�k�d�b�o�� �Z�i�i�Z�j�Z�l�h�\�� �i�j�b�� �k�i�m�k�d�_�� �\�� �Z�l�f�h�k�n�_�j�_�� �A�_�f�e�b�� �b�a-�a�Z��
�[�h�e�v�r�b�o���l�j�_�[�m�_�f�u�o���m�]�e�h�\���.���i�j�b���[�h�e�v�r�b�o���^�h�a�\�m�d�h�\�u�o���q�b�k�e�Z�o���F���b���[�h�e�v�r�b�o���q�b�k�e�Z�o��
Sh�����;�h�e�v�r�b�g�k�l�\�h���^�b�g�Z�f�b�q�_�k�d�b�o���m�k�l�Z�g�h�\�h�d���j�Z�[�h�l�Z�x�l���i�j�b���f�Z�e�u�o���q�b�k�e�Z�o���K�l�j�m�o�Z�e�y����
�d�h�l�h�j�u�_�� �k�h�h�l�\�_�l�k�l�\�m�x�l�� �d�j�_�c�k�_�j�k�d�b�f�� �j�_�`�b�f�Z�f�� �i�h�e�_�l�Z�� �l�j�Z�g�k�i�h�j�l�g�u�o�� �k�Z�f�h�e�_�l�h�\�� �b��
�j�_�`�b�f�Z�f���\�u�o�h�^�Z���b�a���Z�l�f�h�k�n�_�j�u���A�_�f�e�b���j�Z�d�_�l-�g�h�k�b�l�_�e�_�c�� 

 
�A�Z�d�e�x�q�_�g�b�_�� 
�J�Z�a�\�b�\�Z�_�f�u�_�� �\�� �J�h�k�k�b�b�� �g�Z�� �i�j�h�l�y�`�_�g�b�b�� �k�_�f�b�^�_�k�y�l�b�� �e�_�l�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_��

�b�k�k�e�_�^�h�\�Z�g�b�y�� �g�_�k�l�Z�p�b�h�g�Z�j�g�u�o�� �:�>�O�� �\�� �:�>�L���� �h�k�l�Z�x�l�k�y�� �\�h�k�l�j�_�[�h�\�Z�g�g�u�f�b�� �b��
�Z�d�l�m�Z�e�v�g�u�f�b���f�_�l�h�^�Z�f�b���i�h�e�m�q�_�g�b�y���g�_�k�l�Z�p�b�h�g�Z�j�g�u�o���:�>�O���E�:���^�e�y���a�Z�^�Z�q���^�b�g�Z�f�b�d�b��
�i�h�e�_�l�Z�� �b�� �j�Z�a�j�Z�[�h�l�d�b�� �k�b�k�l�_�f�� �m�i�j�Z�\�e�_�g�b�y���� �d�h�l�h�j�u�_���� �d�� �l�h�f�m�� �`�_���� �m�k�i�_�r�g�h��
�d�h�g�d�m�j�b�j�m�x�l���k���j�Z�k�q�_�l�g�u�f�b���f�_�l�h�^�Z�f�b���b���e�_�l�g�u�f���w�d�k�i�_�j�b�f�_�g�l�h�f�� 

�B�f�_�x�s�b�_�k�y���\���J�h�k�k�b�b���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_���m�k�l�Z�g�h�\�d�b���i�h�a�\�h�e�y�x�l���i�j�h�\�h�^�b�l�v��
�b�k�i�u�l�Z�g�b�y�� �\�� �h�[�e�Z�k�l�b�� �d�b�g�_�f�Z�l�b�q�_�k�d�b�o�� �i�Z�j�Z�f�_�l�j�h�\�� ���.���� �������F����Sh������ �\�� �p�_�e�h�f����
�i�h�d�j�u�\�Z�y�� �i�h�l�j�_�[�g�h�k�l�b���� �\�h�a�g�b�d�Z�x�s�b�_�� �i�j�b�� �w�d�k�i�e�m�Z�l�Z�p�b�b�� �k�h�\�j�_�f�_�g�g�u�o�� �b��
�j�Z�a�j�Z�[�h�l�d�_�� �i�_�j�k�i�_�d�l�b�\�g�u�o�� �h�l�_�q�_�k�l�\�_�g�g�u�o�� �E�:�� �j�Z�a�e�b�q�g�u�o�� �d�e�Z�k�k�h�\���� �h�l��
�]�j�Z�`�^�Z�g�k�d�b�o�� �l�j�Z�g�k�i�h�j�l�g�u�o�� �k�Z�f�h�e�_�l�h�\�� �^�h�� �e�_�]�d�b�o�� �l�j�_�g�b�j�h�\�h�q�g�u�o�� �k�Z�f�h�e�_�l�h�\�� �b��
�;�I�E�:�����j�Z�d�_�l-�g�h�k�b�l�_�e�_�c���b���d�h�k�f�b�q�_�k�d�b�o���k�i�m�k�d�Z�_�f�u�o���Z�i�i�Z�j�Z�l�h�\�� 

�D�� �g�_�^�h�k�l�Z�l�d�Z�f�� �b�f�_�x�s�_�c�k�y�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c�� �[�Z�a�u�� �f�h�`�g�h�� �h�l�g�_�k�l�b�� �l�h����
�q�l�h�� �i�j�b�� �b�k�i�u�l�Z�g�b�y�o�� �f�_�l�h�^�h�f�� �\�u�g�m�`�^�_�g�g�u�o�� �d�h�e�_�[�Z�g�b�c���� �g�Z�b�[�h�e�_�_��
�j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�h�f���\���J�h�k�k�b�b�����b�k�k�e�_�^�h�\�Z�g�b�y���i�j�h�\�h�^�y�l���\���r�b�j�h�d�h�f���^�b�Z�i�Z�a�h�g�_���.���b��������
�g�h�� �i�j�b�� �a�g�Z�q�_�g�b�y�o�� �q�b�k�_�e��M �f�_�g�v�r�_�� ���������� �I�j�b�� �b�k�i�u�l�Z�g�b�y�o�� �f�_�l�h�^�h�f�� �k�\�h�[�h�^�g�u�o��
�d�h�e�_�[�Z�g�b�c�����d�h�l�h�j�u�c���i�h�a�\�h�e�y�_�l���\�_�k�l�b���b�k�i�u�l�Z�g�b�y���i�j�b��M�!�������b�a-�a�Z���g�_�h�[�o�h�^�b�f�h�k�l�b��
�b�k�d�Z�`�_�g�b�y�� �o�\�h�k�l�h�\�h�c�� �q�Z�k�l�b�� �f�h�^�_�e�b���� �b�k�k�e�_�^�m�x�l�k�y�� �d�h�f�i�h�g�h�\�d�b�� �h�]�j�Z�g�b�q�_�g�g�h�]�h��
�d�e�Z�k�k�Z�� �E�:�� �b�� �\�� �h�[�e�Z�k�l�b�� �m�]�e�h�\�� �.�� �b�� ���� �[�e�b�a�d�b�f�� �d�� �[�Z�e�Z�g�k�b�j�h�\�h�q�g�u�f���� �L�Z�d�`�_�� �f�h�`�g�h��
�h�l�f�_�l�b�l�v���� �q�l�h�� �i�j�b�� �k�\�_�j�o�a�\�m�d�h�\�u�o�� �j�_�`�b�f�Z�o�� �b�k�i�u�l�Z�g�b�c�� �^�h�k�l�b�q�v�� �g�_�h�[�o�h�^�b�f�u�_��
�a�g�Z�q�_�g�b�y���q�b�k�e�Z��Sh �i�h�a�\�h�e�y�_�l���_�^�b�g�k�l�\�_�g�g�Z�y���^�b�g�Z�f�b�q�_�k�d�Z�y���m�k�l�Z�g�h�\�d�Z���k�\�h�[�h�^�g�u�o��
�d�h�e�_�[�Z�g�b�c�� �k�� �m�i�j�m�]�b�f�� �r�Z�j�g�b�j�h�f�� �P�:�=�B���� �l�j�_�[�m�x�s�Z�y�� �a�g�Z�q�b�l�_�e�v�g�h�]�h�� �b�k�d�Z�`�_�g�b�y��
�o�\�h�k�l�h�\�h�c�� �q�Z�k�l�b�� �f�h�^�_�e�_�c�� �^�e�y�� �\�h�a�f�h�`�g�h�k�l�b�� �d�h�e�_�[�Z�g�b�c�� �h�l�g�h�k�b�l�_�e�v�g�h�� �^�_�j�`�Z�\�d�b����
�M�d�Z�a�Z�g�g�h�_�� �g�_�� �i�h�a�\�h�e�y�_�l�� �i�j�h�\�h�^�b�l�v�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �k�\�_�j�o�a�\�m�d�h�\�u�o�� �k�Z�f�h�e�_�l�h�\�� �g�Z��
�j�_�`�b�f�Z�o�� �d�j�_�c�k�_�j�k�d�h�]�h�� �i�h�e�_�l�Z���� �Z�� �l�Z�d�`�_�� �k�i�m�k�d�Z�_�f�u�o�� �d�h�k�f�b�q�_�k�d�b�o�� �Z�i�i�Z�j�Z�l�h�\���g�Z��
�j�_�`�b�f�Z�o���\�o�h�^�Z���\���Z�l�f�h�k�n�_�j�m�� 

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

�< �k�h�a�^�Z�g�b�_�� �m�k�l�Z�g�h�\�h�d�� �\�u�g�m�`�^�_�g�g�u�o�� �d�h�e�_�[�Z�g�b�c�� �f�h�^�_�e�_�c�� �E�:���^�e�y��M�!������ �\��
�l�h�f���q�b�k�e�_���k���[�h�d�h�\�h�c���^�_�j�`�Z�\�d�h�c�� 

�< �k�h�a�^�Z�g�b�_�� �m�k�l�Z�g�h�\�h�d�� �k�\�h�[�h�^�g�u�o�� �d�h�e�_�[�Z�g�b�c�� �f�h�^�_�e�_�c�� �E�:�� �g�Z���m�i�j�m�]�h�f��
�r�Z�j�g�b�j�_���^�e�y��M�!�����k���[�h�d�h�\�h�c���^�_�j�`�Z�\�d�h�c�� 
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�< �k�h�a�^�Z�g�b�_�� �m�k�l�Z�g�h�\�h�d�� �k�\�h�[�h�^�g�u�o�� �d�h�e�_�[�Z�g�b�c�� �f�h�^�_�e�_�c�� �^�e�y��M>1 �k��
�^�b�k�l�Z�g�p�b�h�g�g�h���h�l�d�e�h�g�y�_�f�u�f�b���j�m�e�_�\�u�f�b���i�h�\�_�j�o�g�h�k�l�y�f�b�� 
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Abstract. The purpose of the research is to build an accurate 3D model of the Supercam 

C350 unmanned aerial vehicle in SolidWorks, as well as to calculate the aerodynamic 
characteristics of the airframe in the Ansys environment. Using the CFX module, the values of lift 
force (Ya) and drag force (Xa) were obtained, which were used to calculate the aerodynamic 
coefficients (�Kya, �Kxa). Aerodynamic coefficients characterize the quality of the wing profile, 
which makes it possible to achieve the required flight properties of the airframe at the modeling 
stage.  

The proposed method makes it possible to determine the aerodynamic parameters of the 
airframe based on its technical characteristics without the use of a wind tunnel through modeling. 

Keywords: aerodynamic coefficients, lift, drag, unmanned aerial vehicle, modeling in 
SolidWorks, modeling in ANSYS. 
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�F�Z�d�k�����^�Z�e�v�g�h�k�l�v���i�h�e�_�l�Z�����d�f �g�_���f�_�g�_�_�������� 
�F�Z�d�k�����\�a�e�_�l�g�u�c���\�_�k�����d�] 11,5 
�J�Z�[�h�q�Z�y���\�u�k�h�l�Z���i�h�e�_�l�Z�����f 1500-5000 

 

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

�>�e�y�� �k�h�a�^�Z�g�b�y�� �l�h�q�g�h�c�� ���'-�f�h�^�_�e�b�� �K�m�i�_�j�d�Z�f�� �K�������� �b�k�i�h�e�v�a�h�\�Z�e�h�k�v��
�k�h�q�_�l�Z�g�b�_�� �i�j�h�]�j�Z�f�f�� �6�R�O�L�G�:�R�U�N�V�� �b��AutoCad���� �G�_�h�[�o�h�^�b�f�h�� �h�l�f�_�l�b�l�v���� �q�l�h�� �^�Z�g�g�u�_��
�i�j�h�]�j�Z�f�f�g�u�_�� �i�j�h�^�m�d�l�u�� �k�Z�f�h�^�h�k�l�Z�l�h�q�g�u�� �\�� �h�l�g�h�r�_�g�b�b�� �j�_�r�_�g�b�y�� �a�Z�^�Z�q�� �l�Z�d�h�]�h��
�j�h�^�Z�����h�^�g�Z�d�h���^�e�y���^�h�k�l�b�`�_�g�b�y���m�^�h�[�k�l�\�Z���j�Z�[�h�l�u�����Z�\�l�h�j�u���b�k�i�h�e�v�a�h�\�Z�e�b���m�d�Z�a�Z�g�g�h�_��
�k�h�q�_�l�Z�g�b�_���i�j�h�]�j�Z�f�f�g�u�o���i�j�h�^�m�d�l�h�\�� 

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

�>�e�y�� �k�h�a�^�Z�g�b�y�� �l�h�q�g�h�c�� �l�j�_�o�f�_�j�g�h�c�� �f�h�^�_�e�b�� �i�e�Z�g�_�j�Z�� �[�u�e�Z�� �b�k�i�h�e�v�a�h�\�Z�g�Z��
�j�_�Z�e�v�g�Z�y�� �f�h�^�_�e�v�� �\�� �d�Z�q�_�k�l�\�_�� �h�k�g�h�\�u���� �Z�� �l�Z�d�`�_�� �q�_�j�l�_�`�b. �I�j�b �k�h�a�^�Z�g�b�b�� �i�j�h�n�b�e�y��
�e�_�l�Z�l�_�e�v�g�h�]�h���Z�i�i�Z�j�Z�l�Z���l�j�_�[�m�_�l�k�y���b�f�i�h�j�l�b�j�h�\�Z�l�v���q�_�j�l�_�`���\���i�j�h�]�j�Z�f�f�m���$�X�W�R�&�D�G���b��
�d�h�j�j�_�d�l�g�h�� �h�l�f�Z�k�r�l�Z�[�b�j�h�\�Z�l�v�� �_�]�h�� �k�h�]�e�Z�k�g�h�� �j�_�Z�e�v�g�u�f�� �j�Z�a�f�_�j�Z�f�� �e�_�l�Z�l�_�e�v�g�h�]�h��
�Z�i�i�Z�j�Z�l�Z (�l�Z�[�e�b�p�Z 1). 
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�>�Z�e�_�_�� �\�u�i�h�e�g�_�g�h�� �i�h�k�l�j�h�_�g�b�_�� �g�_�j�\�x�j���� �d�h�l�h�j�u�_�� �k�h�h�l�\�_�l�k�l�\�m�x�l��
�]�h�j�b�a�h�g�l�Z�e�v�g�h�c�� �i�j�h�_�d�p�b�b�� �e�_�l�Z�l�_�e�v�g�h�]�h�� �Z�i�i�Z�j�Z�l�Z���� �b�� �k�h�_�^�b�g�_�g�b�_�� �b�o�� �d�h�f�Z�g�^�h�c��
�©�E�h�n�l�ª�����j�b�k�m�g�h�d�������� 

�B�a�g�Z�q�Z�e�v�g�h�� �l�j�_�o�f�_�j�g�Z�y�� �f�h�^�_�e�v�� �k�h�a�^�Z�g�Z�� �\�� �i�j�h�]�j�Z�f�f�_�� �$�X�W�R�F�D�G�� �k�� �p�_�e�v�x��
�i�h�e�m�q�_�g�b�y�� �g�_�h�[�o�h�^�b�f�u�o�� �j�Z�a�f�_�j�h�\ �^�e�y�� �i�h�k�l�j�h�_�g�b�y�� �Z�g�Z�e�h�]�b�q�g�h�c�� �f�h�^�_�e�b�� �\��
�6�R�O�L�G�Z�R�U�N�V���� �i�h�k�d�h�e�v�d�m�� �i�j�h�]�j�Z�f�f�Z�� �$�X�W�R�F�D�G�� �j�Z�k�i�h�e�Z�]�Z�_�l�� �[�h�e�_�_�� �m�^�h�[�g�u�f��
�b�g�k�l�j�m�f�_�g�l�Z�j�b�_�f���^�e�y���\�u�i�h�e�g�_�g�b�y���^�Z�g�g�h�c���i�j�h�p�_�^�m�j�u���i�h�k�l�j�h�_�g�b�y�� 

 

  

�Z��                                                                 �[�� 
 

�J�b�k�m�g�h�d�������± �I�j�h�p�_�k�k���i�h�k�l�j�h�_�g�b�y���b���d�h�f�i�h�g�h�\�d�b���g�_�j�\�x�j���d�j�u�e�Z���;�E�:���©�K�m�i�_�j�d�Z�f��
�K�������ª���\��AutoCad, �B�k�l�h�q�g�b�d����https://www.parkflyer.ru/ru/blogs/view_entry/15404/: 

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

 
�>�Z�e�_�_�� �\�u�i�h�e�g�_�g�h �b�f�i�h�j�l�b�j�h�\�Z�g�b�_�� �i�h�e�g�h�j�Z�a�f�_�j�g�h�c�� �f�h�^�_�e�b�� �;�E�:�� �b��

�Z�g�Z�e�h�]�b�q�g�h�_ �i�h�k�l�j�h�_�g�b�_�� �g�_�j�\�x�j�� �\�� �i�j�h�]�j�Z�f�f�g�h�f�� �h�[�_�k�i�_�q�_�g�b�b�� �6�R�O�L�G�:�R�U�Ns, �l�Z�d��
�d�Z�d �h�k�g�h�\�g�u�_�� �\�u�q�b�k�e�_�g�b�y�� �[�m�^�m�l�� �h�k�m�s�_�k�l�\�e�y�l�v�k�y�� �\�� �j�Z�f�d�Z�o�� �i�j�h�]�j�Z�f�f�u�� �$�Q�V�\�V�� �k��
�k�h�o�j�Z�g�_�g�b�_�f���j�Z�a�f�_�j�h�\���;�E�: ���j�b�k�m�g�h�d������. 

 

 
 

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

https://www.parkflyer.ru/ru/blogs/view_entry/15404/
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�H�[�t�_�^�b�g�_�g�b�_�� �\�k�_�o�� �j�Z�g�_�_�� �k�h�a�^�Z�g�g�u�o�� �d�h�f�i�h�g�_�g�l�h�\�� �\�u�i�h�e�g�_�g�h �i�m�l�_�f��
�i�j�b�f�_�g�_�g�b�y���d�h�f�Z�g�^�u���©�;�h�[�u�r�d�Z���h�k�g�h�\�Z�g�b�_���i�h���k�_�q�_�g�b�y�f�ª�����j�b�k�m�g�h�d������. 

 

 
 

�J�b�k�m�g�h�d��3 �± �I�j�h�p�_�k�k���i�h�k�l�j�h�_�g�b�y���e�_�\�h�c���d�h�g�k�h�e�b���\���i�j�b�e�h�`�_�g�b�b��SolidWorks 
 
�>�Z�e�_�_�� �\�� �i�j�b�e�h�`�_�g�b�b AutoCad �i�j�h�b�a�\�_�^�_�g�h �i�h�k�l�j�h�_�g�b�_���i�h�e�g�h�j�Z�a�f�_�j�g�h�]�h 

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

 

 
 

�J�b�k�m�g�h�d�������± �I�h�k�l�j�h�_�g�b�_���d�b�e�y���\��
�i�j�b�e�h�`�_�g�b�b��AutoCad 

 
 

�J�b�k�m�g�h�d�������± �I�h�k�l�j�h�_�g�b�_���d�b�e�y���\��
�i�j�b�e�h�`�_�g�b�b��SolidWorks 

 

 
 

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

�J�Z�k�q�_�l���Z�w�j�h�^�b�g�Z�f�b�q�_�k�d�h�c �d�h�g�k�l�j�m�d�p�b�b. 
�>�e�y�� �j�Z�k�q�_�l�Z�� �Z�w�j�h�^�b�g�Z�f�b�q�_�k�d�b�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �K�m�i�_�j�d�Z�f�� �K350 

�b�k�i�h�e�v�a�h�\�Z�g�h �i�j�h�]�j�Z�f�f�g�h�_�� �h�[�_�k�i�_�q�_�g�b�_�� �$�Q�V�\�V��(�f�h�^�m�e�v�� �&�)�;)���� �I�j�h�p�_�k�k�� �j�Z�k�q�_�l�Z��
�\�d�e�x�q�Z�_�l�� �\�� �k�_�[�y�� �k�h�a�^�Z�g�b�_�� ���'-�f�h�^�_�e�b�� �Z�i�i�Z�j�Z�l�Z���� �g�Z�k�l�j�h�c�d�m�� �i�Z�j�Z�f�_�l�j�h�\��
�f�h�^�_�e�b�j�h�\�Z�g�b�y���b���a�Z�i�m�k�d���j�Z�k�q�_�l�Z�� 

�>�e�y�� �b�g�b�p�b�Z�p�b�b�� �j�Z�k�q�_�l�h�\�� �\�� �i�j�h�]�j�Z�f�f�_�� �$�Q�V�\�V�� �\�u�i�h�e�g�y�_�l�k�y�� �h�i�_�j�Z�p�b�y��
�b�f�i�h�j�l�Z���]�_�h�f�_�l�j�b�b���b�a���6�R�O�L�G�Z�R�U�N�V���\���k�j�_�^�m���f�h�^�_�e�b�j�h�\�Z�g�b�y���'�L�V�L�Q�H�U�����j�b�k�m�g�h�d�������� 

�A�Z�l�_�f���� �\�� �[�e�h�d�_�� �0�H�V�K�� �\�u�i�h�e�g�y�_�l�k�y�� �i�h�k�l�j�h�_�g�b�_�� �g�_�k�l�j�m�d�l�m�j�b�j�h�\�Z�g�g�h�c��
�l�_�l�j�Z�w�^�j�b�q�_�k�d�h�c���d�h�g�_�q�g�h-�w�e�_�f�_�g�l�g�h�c �k�_�l�d�b�����§�������f�e�����w�e�_�f�_�g�l�h�\�� �k���a�Z�f�_�e�v�q�_�g�b�_�f��
�\�[�e�b�a�b�� �k�l�_�g�h�d, �b�� �^�_�k�y�l�v�x�� �k�l�j�m�d�l�m�j�b�j�h�\�Z�g�g�u�f�b�� �i�j�b�a�f�Z�l�b�q�_�k�d�b�f�b�� �k�e�h�y�f�b�� �k��
�h�[�s�_�c���l�h�e�s�b�g�h�c������ �f�f  ���j�b�k�m�g�h�d�������� 

�I�j�b���w�l�h�f�����j�Z�a�f�_�j���i�_�j�\�h�]�h���k�e�h�y���w�e�_�f�_�g�l�h�\���i�j�b�g�y�l���k�h�]�e�Z�k�g�h���b�k�l�h�q�g�b�d�m���>���@����
�<�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �^�Z�g�g�u�f�� �b�k�l�h�q�g�b�d�h�f���� �^�e�y�� �m�q�_�l�Z�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �\�y�a�d�h�]�h��
�i�h�]�j�Z�g�b�q�g�h�]�h�� �k�e�h�y�� �i�j�b�� �j�_�r�_�g�b�b�� �a�Z�^�Z�q�� �\�g�_�r�g�_�c�� �^�h�a�\�m�d�h�\�h�c�� �Z�w�j�h�^�b�g�Z�f�b�d�b��
�e�_�l�Z�l�_�e�v�g�u�o���Z�i�i�Z�j�Z�l�h�\�����j�Z�a�f�_�j�g�h�k�l�v���w�e�_�f�_�g�l�h�\���i�_�j�\�h�]�h���k�e�h�y���^�h�e�`�g�Z���k�h�k�l�Z�\�e�y�l�v��
h = 10-4�Üb ���]�^�_��b �± �^�e�b�g�Z�� �o�h�j�^�u�� �d�j�u�e�Z������ �I�h�k�e�_�^�m�x�s�b�_�� �k�e�h�b�� �i�h�k�l�j�h�_�g�u�� �k��
�i�j�b�j�Z�s�_�g�b�_�f���b�o���\�u�k�h�l�u���g�Z�������������h�l���\�u�k�h�l�u���i�j�_�^�u�^�m�s�_�]�h���k�e�h�y�����j�b�k�m�g�h�d���������[).  

 

 
 

�J�b�k�m�g�h�d�������± �B�f�i�h�j�l�b�j�h�\�Z�g�g�Z�y���f�h�^�_�e�v���K�m�i�_�j�d�Z�f���K350 
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�[�� 
 

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

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

 
1 �± �\�o�h�^�g�Z�y���]�j�Z�g�b�p�Z���������± �h�[�l�_�d�Z�_�f�h�_���l�_�e�h���������± �]�j�Z�g�b�p�u���k���g�m�e�_�\�u�f���^�Z�\�e�_�g�b�_�f���� 

4 �± �\�u�o�h�^�g�Z�y���]�j�Z�g�b�p�Z 
 

�J�b�k�m�g�h�d���������± �J�Z�k�q�_�l�g�Z�y���h�[�e�Z�k�l�v���k���a�Z�^�Z�g�g�u�f�b���]�j�Z�g�b�q�g�u�f�b���m�k�e�h�\�b�y�f�b 
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�>�e�y���j�_�r�_�g�b�y���j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�c���a�Z�^�Z�q�b���f�h�^�_�e�v���i�h�f�_�k�l�b�e�b���\���h�[�t�_�f���]�Z�a�Z�����k�f����
�j�b�k�m�g�h�d�� ���������� �G�Z�� �i�h�\�_�j�o�g�h�k�l�b�� �f�h�^�_�e�b��2 �a�Z�^�Z�\�Z�e�b�k�v�� �m�k�e�h�\�b�y�� �g�_�i�j�h�l�_�d�Z�g�b�y�� �b��
�i�j�b�e�b�i�Z�g�b�y�� �± �k�h�k�l�Z�\�e�y�x�s�b�_�� �\�_�d�l�h�j�Z�� �k�d�h�j�h�k�l�b�� �]�Z�a�Z�� �j�Z�\�g�u�� �g�m�e�x�� ��V� �������� �G�Z��
�\�o�h�^�g�h�c���]�j�Z�g�b�p�_ 1 �a�Z�^�Z�\�Z�e�b�k�v���a�g�Z�q�_�g�b�y �k�d�h�j�h�k�l�b���\���^�b�Z�i�Z�a�h�g�_���h�l���������^�h�����������d�f���q��
�k�h�� �k�l�Z�l�b�q�_�k�d�h�c�� �l�_�f�i�_�j�Z�l�m�j�h�c�� �������� �D�� �b�� �g�h�j�f�Z�e�v�g�u�f�� �Z�l�f�h�k�n�_�j�g�u�f�� �^�Z�\�e�_�g�b�_�f��
���������������I�Z�����Z���g�Z���\�u�o�h�^�g�h�c���]�j�Z�g�b�p�_��4 �a�Z�^�Z�\�Z�e�b�k�v���m�k�e�h�\�b�y���\�u�o�h�^�Z���k���i�Z�j�Z�f�_�l�j�Z�f�b��
�\�o�h�^�g�h�c���]�j�Z�g�b�p�u�� 

�G�Z�� �]�j�Z�g�b�p�Z�o��3 �a�Z�^�Z�\�Z�e�b�k�v�� �]�j�Z�g�b�q�g�u�_�� �m�k�e�h�\�b�y�� �± �j�Z�\�_�g�k�l�\�h�� �g�m�e�x��
�b�a�[�u�l�h�q�g�h�]�h�� �^�Z�\�e�_�g�b�y���� �i�j�b�� �w�l�h�f�� �q�_�j�_�a�� �w�l�b�� �]�j�Z�g�b�p�u�� �i�j�h�b�k�o�h�^�b�l�� �k�\�h�[�h�^�g�u�c��
�\�o�h�^���± �\�u�o�h�^���\�h�a�^�m�o�Z���\���j�Z�k�q�_�l�g�m�x���h�[�e�Z�k�l�v�� 

�F�h�^�_�e�v�� �l�m�j�[�m�e�_�g�l�g�h�k�l�b�� �\�h�� �\�k�_�o�� �j�Z�k�q�_�l�Z�o�� �± k�±�0�� ���^�e�y�� �m�k�l�Z�g�h�\�b�\�r�_�c�k�y��
�l�m�j�[�m�e�_�g�l�g�h�k�l�b���� �m�q�b�l�u�\�Z�x�s�Z�y�� �k�`�b�f�Z�_�f�h�k�l�v�� �b�� �d�h�g�\�_�d�p�b�x���� �k�h�� �k�j�_�^�g�_�c��
�b�g�l�_�g�k�b�\�g�h�k�l�v�x������������ 

�I�h�k�e�_���w�l�h�]�h���[�u�e���a�Z�i�m�s�_�g���i�j�h�p�_�k�k���j�Z�k�q�_�l�Z�����<���i�j�h�p�_�k�k�_���j�Z�k�q�_�l�Z���i�j�h�]�j�Z�f�f�Z��
�j�_�r�Z�_�l�� �m�j�Z�\�g�_�g�b�y���� �h�i�b�k�u�\�Z�x�s�b�_�� �n�b�a�b�q�_�k�d�b�_�� �y�\�e�_�g�b�y���� �b�� �\�u�q�b�k�e�y�_�l�� �g�m�`�g�u�_��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�����l�Z�d�b�_���d�Z�d���l�_�f�i�_�j�Z�l�m�j�Z�����^�Z�\�e�_�g�b�_�����k�d�h�j�h�k�l�v���b���l���^�����I�h���h�d�h�g�q�Z�g�b�b��
�j�Z�k�q�_�l�Z�� �j�_�a�m�e�v�l�Z�l�u�� �f�h�`�g�h�� �\�b�a�m�Z�e�b�a�b�j�h�\�Z�l�v�� �\�� �[�e�h�d�_�� �3�R�V�W�S�U�R�F�H�V�V�L�Q�J����
�<�b�a�m�Z�e�b�a�Z�p�b�y�� �f�h�`�_�l�� �[�u�l�v�� �\�u�i�h�e�g�_�g�Z�� �\�� �\�b�^�_�� �]�j�Z�n�b�d�h�\���� �^�b�Z�]�j�Z�f�f���� �Z�� �l�Z�d�`�_��
�l�j�_�o�f�_�j�g�u�o���f�h�^�_�e�_�c�����q�l�h���i�h�a�\�h�e�y�_�l���i�h�e�m�q�b�l�v���[�h�e�_�_���g�Z�]�e�y�^�g�h�_���i�j�_�^�k�l�Z�\�e�_�g�b�_���h��
�i�j�h�b�k�o�h�^�y�s�b�o���i�j�h�p�_�k�k�Z�o ���j�b�k�m�g�h�d��������.  

 

 
 

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

 
�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �i�j�h�p�_�k�k�� �j�Z�k�q�_�l�Z�� �\�� �$�Q�V�\�V�� �\�d�e�x�q�Z�_�l�� �\�� �k�_�[�y�� �g�_�k�d�h�e�v�d�h��

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

�J�_�a�m�e�v�l�Z�l�u�� �b�� �b�o�� �h�[�k�m�`�^�_�g�b�_�� �J�Z�k�q�_�l�� �Z�w�j�h�^�b�g�Z�f�b�q�_�k�d�b�o��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d���;�E�:�� 

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

 

 
 

�J�b�k�m�g�h�d���������± �<�h�a�g�b�d�g�h�\�_�g�b�_���Z�w�j�h�^�b�g�Z�f�b�q�_�k�d�b�o���k�b�e���g�Z���d�j�u�e�_ 
 
�>�e�y�� �j�Z�k�q�_�l�Z�� �e�_�l�g�u�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �i�e�Z�g�_�j�Z�� �m�^�h�[�g�h�� �j�Z�a�e�h�`�b�l�v�� �k�b�e�m��Ra �g�Z��

�^�\�_�� �k�h�k�l�Z�\�e�y�x�s�b�_���� �i�h�^�t�_�f�g�m�x�� �k�b�e�m��Ya���� �d�h�l�h�j�Z�y�� �i�_�j�i�_�g�^�b�d�m�e�y�j�g�Z�� �\�_�d�l�h�j�m��
�\�h�a�^�m�r�g�h�c���k�d�h�j�h�k�l�b��V�’ �����b���k�b�e�m���e�h�[�h�\�h�]�h���k�h�i�j�h�l�b�\�e�_�g�b�y���O�Z�����d�h�l�h�j�Z�y���g�Z�i�j�Z�\�e�_�g�Z��
�i�h�� �\�_�d�l�h�j�m�� �k�d�h�j�h�k�l�b�� �g�_�\�h�a�f�m�s�_�g�g�h�]�h�� �i�h�l�h�d�Z��V�’�� ���i�j�h�l�b�\�� �g�Z�i�j�Z�\�e�_�g�b�y�� �i�h�e�_�l�Z�� 
(�k�h�]�e�Z�k�g�h�� �K�l�Z�j�b�d�h�\�m�� �X���G���� �M�q�_�[�g�h�_�� �i�h�k�h�[�b�_���� �H�k�g�h�\�u�� �Z�w�j�h�^�b�g�Z�f�b�d�b 
�e�_�l�Z�l�_�e�v�g�h�]�h���Z�i�i�Z�j�Z�l�Z����  

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

�>�e�y���j�Z�k�q�_�l�Z��Ya �b���O�Z �b�k�i�h�e�v�a�m�x�l�k�y �m�j�Z�\�g�_�g�b�y���b�a���n�h�j�f�m�e������������������: 
 

Ya = S
V

c
ay

2

2

�f�U
; (1) 

 

Xa = S
V

axc
2

2

�f�U
, (2) 
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�]�^�_ �!�� �± �i�e�h�l�g�h�k�l�v�� �\�h�a�^�m�o�Z���� �d�h�l�h�j�Z�y�� �i�j�b�� �f�Z�e�u�o�� �k�d�h�j�h�k�l�y�o�� �i�j�b�g�b�f�Z�_�l�k�y��
�i�h�k�l�h�y�g�g�h�c�����d�]���f3; 

V�’�� �± �\�h�a�^�m�r�g�Z�y���k�d�h�j�h�k�l�v���g�_�\�h�a�f�m�s�_�g�g�h�]�h���i�h�l�h�d�Z�����\�h�a�^�m�r�g�Z�y�������d�f���q; 
S �± �i�e�h�s�Z�^�v���d�j�u�e�Z�����f2; 
�Kya �± �d�h�w�n�n�b�p�b�_�g�l���i�h�^�t�_�f�g�h�c���k�b�e�u�� 
�Kxa �± �d�h�w�n�n�b�p�b�_�g�l���k�b�e�u���e�h�[�h�\�h�]�h���k�h�i�j�h�l�b�\�e�_�g�b�y�� 
�B�a�� �n�h�j�f�m�e�� �������� �b�� �������� �f�h�`�g�h�� �k�^�_�e�Z�l�v�� �\�u�\�h�^���� �q�l�h�� �i�h�^�t�_�f�g�Z�y�� �k�b�e�Z�� �b�� �k�b�e�Z��

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

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

�<�� �j�_�a�m�e�v�l�Z�l�_ �f�h�^�_�e�b�j�h�\�Z�g�b�y�� �]�h�j�b�a�h�g�l�Z�e�v�g�h�]�h�� �i�h�e�_�l�Z�� �\��Ansys 
�m�k�l�Z�g�h�\�e�_�g�u�� �a�g�Z�q�_�g�b�y�� �i�h�^�t�_�f�g�h�c�� �k�b�e�u Ya  ���j�b�k�m�g�h�d�� �������� �b�� �k�b�e�u�� �e�h�[�h�\�h�]�h��
�k�h�i�j�h�l�b�\�e�_�g�b�y���O�Z���i�j�b���j�Z�a�g�u�o���k�d�h�j�h�k�l�y�o���i�h�e�_�l�Z��V [5, 6].  

 

 

�J�b�k�m�g�h�d���������± �A�Z�\�b�k�b�f�h�k�l�v���i�h�^�t�_�f�g�h�c���k�b�e�u���h�l���k�d�h�j�h�k�l�b���i�h�e�_�l�Z���;�E�: 
 
�I�h�� �b�a�\�_�k�l�g�u�f�� �\�_�e�b�q�b�g�Z�f�� �!����S �g�Z�� �h�k�g�h�\�Z�g�b�b�� �n�h�j�f�m�e�� ���������� �������� �i�j�h�b�a�\�_�^�_�g��

�j�Z�k�q�_�l���Z�w�j�h�^�b�g�Z�f�b�q�_�k�d�b�o���d�h�w�n�n�b�p�b�_�g�l�h�\��(�Kya, �Kxa�������l�Z�[�e�b�p�Z�������� 
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�L�Z�[�e�b�p�Z�������± �J�_�a�m�e�v�l�Z�l���j�Z�k�q�_�l�Z���Z�w�j�h�^�b�g�Z�f�b�q�_�k�d�b�o���d�h�w�n�n�b�p�b�_�g�l�h�\ 
 

�I�Z�j�Z�f�_�l�j Y�Z X�Z V 
Cy Cx �?�^�����b�a�f�_�j�_�g�b�y �G �G �d�f���q �f���k 

�A�g�Z�q�_�g�b�_ 

97,04 6,86 65 18,06 0,1825 0,0129 
129,85 9,02 75 20,83 0,1834 0,0127 
188,16 12,79 90 25,00 0,1846 0,0125 
257,49 17,20 105 29,17 0,1856 0,0124 
337,76 22,24 120 33,33 0,1864 0,0123 

 
   

�K�j�_�^�g�b�_ 0,1845 0,0126 
 

�A�Z�d�e�x�q�_�g�b�_ 
3D-�f�h�^�_�e�b�j�h�\�Z�g�b�_�� �b�� �j�Z�k�q�_�l�� �Z�w�j�h�^�b�g�Z�f�b�q�_�k�d�h�c�� �d�h�g�k�l�j�m�d�p�b�b�� �y�\�e�y�x�l�k�y��

�\�Z�`�g�u�f�b�� �b�g�k�l�j�m�f�_�g�l�Z�f�b�� �\�� �j�Z�a�j�Z�[�h�l�d�_�� �[�_�k�i�b�e�h�l�g�u�o�� �e�_�l�Z�l�_�e�v�g�u�o���Z�i�i�Z�j�Z�l�h�\����
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Abstract. The paper presents experimental studies aimed at reducing noise intensity. The 
research was carried out on a gas-jet radiator (based on the Hartmann effect) with different 
diameters of the radiator nozzles. The geometric parameters of the gas-jet emitter were calculated 
for the most favourable sound frequencies for a person. According to the results of the study sound 
audiograms (sound spectrum, frequency characteristics) are presented according to the calculated 
geometrical parameters of the gas-jet emitter.  
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�=�_�h�f�_�l�j�b�q�_�k�d�b�_�� �i�Z�j�Z�f�_�l�j�u�� �]�Z�a�h�k�l�j�m�c�g�h�]�h�� �b�a�e�m�q�Z�l�_�e�y�� �j�Z�k�k�q�b�l�u�\�Z�e�b�k�v��

�^�e�y���q�Z�k�l�h�l��f� �����������=�p����f� �����������=�p����f� �������������=�p�� 
 

 



82 

 

 
 

�J�b�k�m�g�h�d�������± �=�Z�a�h�k�l�j�m�c�g�u�c���b�a�e�m�q�Z�l�_�e�v���Z�d�m�k�l�b�q�_�k�d�b�o���d�h�e�_�[�Z�g�b�c�����=�_�g�_�j�Z�l�h�j��
�=�Z�j�l�f�Z�g�Z�� 

 
�>�b�Z�f�_�l�j�� �k�h�i�e�Z�� �]�_�g�_�j�Z�l�h�j�Z��dc �^�e�y�� �]�j�Z�g�b�q�g�u�o�� �m�k�e�h�\�b�c�� �j�Z�k�k�q�b�l�u�\�Z�e�k�y�� �k��

�b�k�i�h�e�v�a�h�\�Z�g�b�_�f���n�h�j�f�m�e�u�����k�h�]�e�Z�k�g�h���W�g�p�b�d�e�h�i�_�^�b�b���i�h���f�Z�r�b�g�h�k�l�j�h�_�g�b�x���;�;�/): 
 

�B�à�Ô�ë
L
�w�z�x�r

�@�Ö
�������������������������������������������������������������������������������������������������������������������������������� �:�s�; 

 
�^�e�y��f=5000 �=�p 

�@�Ö
L
�w�z�x�r
�B�à�Ô�ë


L
�w�z�x�r
�w�r�r�r


L �s�á�s�y�t���Ô�Ï
N�s�s�Ï�Ï�� 

�^�e�y��f=8000 �=�p 

�@�Ö
L
�w�z�x�r
�B�à�Ô�ë


L
�w�z�x�r
�z�r�r�r


L �r�á�y�u�t�w���Ô�Ï
N�y�Ï�Ï �� 

�^�e�y��f=20000 �=�p 

�@�Ö
L
�w�z�x�r
�B�à�Ô�ë


L
�w�z�x�r
�t�r�r�r�r


L �r�á�t�{�u���Ô�Ï
N�u�Ï�Ï�� 

�I�h�l�j�_�[�g�u�c�� �j�Z�k�o�h�^�� �\�h�a�^�m�o�Z��Q �g�Z�� �k�j�_�a�_�� �k�h�i�e�Z��dc �h�i�j�_�^�_�e�y�e�k�y�� �b�a��
�k�h�h�l�g�h�r�_�g�b�y�����k�h�]�e�Z�k�g�h���W�g�p�b�d�e�h�i�_�^�b�b���i�h���f�Z�r�b�g�h�k�l�j�h�_�g�b�x���;�;�/���� 

 
�3
�@�Ö

�6 
L
�r�á�z�w�t�:�2�Ö
E �s�á�r�t�u�;�Ï �7

�Ï�Ë�Ð
�ä�Ô�Ï�6�������������������������������������������������������������������������������:�t�; 

 
�B�k�o�h�^�y���b�a���i�j�b�\�_�^�_�g�g�h�]�h���\�u�j�Z�`�_�g�b�y���j�Z�k�o�h�^���\�h�a�^�m�o�Z��Q: 

�3 
L �@�Ö�6�r�á�z�w�t�:�2�Ö
E �s�á�r�t�u�;���������������������������������������������������������������������������������� 

�:�����I�j�b���J�k��� �������������F�I�Z� �������������d�]�k���k�f2 

�� �i�j�b��dc� �����f�f�� 
�3 
L �:�s�á�s�;�6�r�á�z�w�t�:�s�á�z�v�x 
E �s�á�r�t�u�; 
L �t�á�{�x�Ï �7���Ï�Ë�Ð 
L�s�y�z���Ï�7���Ú�Ã�Ô 

�� �i�j�b��dc� ���f�f�� 
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�3 
L �:�r�á�y�;�6�r�á�z�w�t�:�s�á�z�v�x 
E �s�á�r�t�u�; 
L �s�á�t�Ï�7���Ï�Ë�Ð 
L�y�t���Ï�7���Ú�Ã�Ô 
�� �i�j�b��dc� ���f�f�� 

�3 
L �:�r�á�u�;�6�r�á�z�w�t�:�s�á�z�v�x 
E �s�á�r�t�u�; 
L �r�á�t�t�Ï �7���Ï�Ë�Ð 
L�s�u�á�t���Ï�7���Ú�Ã�Ô 
�;�����I�j�b���J�k��� �������������F�I�Z� �����������d�]�k���k�f2 

�� �i�j�b��dc� �����f�f�� 
�3 
L �:�s�á�s�;�6�r�á�z�w�t�:�v�á�x�x
E �s�á�r�t�u�; 
L �w�á�{�Ï�7���Ï�Ë�Ð 
L�u�w�v���Ï�7���Ú�Ã�Ô 

�� �i�j�b��dc� ���f�f�� 
�3 
L �:�r�á�y�;�6�r�á�z�w�t�:�v�á�x�x
E �s�á�r�t�u�; 
L �t�á�v�Ï�7���Ï�Ë�Ð 
L�s�v�v���Ï�7���Ú�Ã�Ô 

�� �i�j�b��dc� ���f�f�� 
�3 
L �:�r�á�u�;�6�r�á�z�w�t�:�v�á�x�x
E �s�á�r�t�u�; 
L �r�á�v�v�Ï �7���Ï�Ë�Ð 
L�t�x�á�v�Ï�7���Ú�Ã�Ô 

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

 
�4 
L �z�á�z�w�:�2�è 
F �r�á�{�u�;�����������������������������������������������������������������������������������������������������������:�u�; 

 
�]�^�_���Ju� �J�k-�J�Z �± �b�a�[�u�l�h�q�g�h�_���^�Z�\�e�_�g�b�_ 
�� �^�e�y���J�k��� �������������d�]�k���k�f3 
R=8,85(1,845-0,93) = 8% 
�� �^�e�y���J�k��=4.66 �d�]�k���k�f3 
R=8,85(4,66-0,93) = 24% 
�J�Z�k�k�l�h�y�g�b�_���Z1 �h�l�� �k�h�i�e�Z�� �^�h�� �g�Z�q�Z�e�Z�� �i�_�j�\�h�c�� �h�[�e�Z�k�l�b�� �g�_�m�k�l�h�c�q�b�\�h�k�l�b��

�j�Z�k�k�q�b�l�u�\�Z�e�h�k�v�� �i�h�� �n�h�j�f�m�e�_�� ���k�h�]�e�Z�k�g�h�� �W�g�p�b�d�e�h�i�_�^�b�b�� �i�h�� �f�Z�r�b�g�h�k�l�j�h�_�g�b�x��
XXL): 

 
�=�5 
L �@�Ö�>�s 
E �r�á�r�v�s�:�2�è 
F �r�á�{�u�;�6�?�����������������������������������������������������������������������������������:�v�; 

 
�� �^�e�y���J�k��� �������������d�]�k���k�f3; dc� �������f�f 
�Ã�5 
L �s�á�s�:�s 
E �r�á�r�v�s�:�s�r�á�t 
I �r�á�s�z�s
F �r�á�{�u�;�6�; 
L �s�á�s�v���Ô�Ï
L �s�s�á�v���Ï�Ï  
�� �^�e�y���J�k��� �������������d�]�k���k�f3; dc� �����f�f 
�Ã�5 
L �r�á�y�:�s 
E �r�á�r�v�s�:�s�r�á�t 
I �r�á�s�z�s
F �r�á�{�u�;�6�; 
L �r�á�y�t���Ô�Ï
L �y�á�t���Ï�Ï  
�� �^�e�y���J�k��� �������������d�]�k���k�f3; dc� �����f�f 
�Ã�5 
L �r�á�u�:�s 
E �r�á�r�v�s�:�s�r�á�t 
I �r�á�s�z�s
F �r�á�{�u�;�6�; 
L �r�á�u�s���Ô�Ï
L �u�á�s���Ï�Ï  
�� �^�e�y���J�k��� �����������d�]�k���k�f3; dc� �������f�f 
�Ã�5 
L �s�á�s�:�s 
E �r�á�r�v�s�:�s�r�á�t 
I �r�á�v�w�y
F �r�á�{�u�;�6�; 
L �s�á�y�u���Ô�Ï
L �s�y�á�u���Ï�Ï  
�� �^�e�y���J�k��� �����������d�]�k���k�f3; dc� �����f�f 
�Ã�5 
L �r�á�y�:�s 
E �r�á�r�v�s�:�s�r�á�t 
I �r�á�v�w�y
F �r�á�{�u�;�6�; 
L �s�á�s���Ô�Ï
L �s�s���Ï�Ï  
�� �^�e�y���J�k��� �����������d�]�k���k�f3; dc� �����f�f 
�Ã�5 
L �r�á�u�:�s 
E �r�á�r�v�s�:�s�r�á�t 
I �r�á�v�w�y
F �r�á�{�u�;�6�; 
L �r�á�v�y���Ô�Ï
L �v�á�y���Ï�Ï  
�>�e�b�g�Z�� �i�_�j�\�h�c�� �y�q�_�c�d�b���û�����h�i�j�_�^�_�e�y�x�s�Z�y�� �^�b�Z�i�Z�a�h�g�� �q�Z�k�l�h�l�� �]�_�g�_�j�Z�p�b�b�� 

�h�i�j�_�^�_�e�y�e�Z�k�v�� �i�h�� �w�f�i�b�j�b�q�_�k�d�h�c�� �n�h�j�f�m�e�_�� ���k�h�]�e�Z�k�g�h�� �W�g�p�b�d�e�h�i�_�^�b�b�� �i�h��
�f�Z�r�b�g�h�k�l�j�h�_�g�b�x���;�;�/���� 
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�Â 
L �s�á�s�t�@�Ö
¥�s�r�á�t 
I �2�Ö
F �r�á�{�u�������������������������������������������������������������������������������������:�w�; 

 
�� �^�e�y���J�k��� �������������F�I�Z����dc� �������f�f 
�Â 
L �s�á�s�t
I �s�á�s
¥�s�r�á�t 
I �r�á�s�z�s
F �r�á�{�u
L �s�á�s�z�Ô�Ï 
L�s�s�á�z���Ï�Ï  
�� �^�e�y���J�k��� �������������F�I�Z����dc� �����f�f 
�Â 
L �s�á�s�t
I �r�á�y
¥�s�r�á�t 
I �r�á�s�z�s
F �r�á�{�u
L �s�á�s�z�Ô�Ï 
L �y�á�w���Ï�Ï  
�� �^�e�y���J�k��� �������������F�I�Z����dc� �����f�f 
�Â 
L �s�á�s�t
I �r�á�u
¥�s�r�á�t 
I �r�á�s�z�s
F �r�á�{�u
L �r�á�u�t�Ô�Ï 
L �u�á�t���Ï�Ï  
�� �^�e�y���J�k��� �������������F�I�Z����dc� �������f�f 
�Â 
L �s�á�s�t
I �s�á�s
¥�s�r�á�t 
I �r�á�v�w�y
F �r�á�{�u
L �t�á�v�Ô�Ï 
L�t�v���Ï�Ï  
�� �^�e�y���J�k��� �������������F�I�Z����dc� �����f�f 
�Â 
L �s�á�s�t
I �r�á�y
¥�s�r�á�t 
I �r�á�v�w�y
F �r�á�{�u
L �s�á�w�Ô�Ï 
L�s�w���Ï�Ï  
�� �^�e�y���J�k��� �������������F�I�Z����dc� �����f�f 
�Â 
L �s�á�s�t
I �r�á�u
¥�s�r�á�t 
I �r�á�v�w�y
F �r�á�{�u
L �r�á�x�w�Ô�Ï 
L �x�á�w���Ï�Ï  
�J�Z�k�k�l�h�y�g�b�_���f�_�`�^�m���k�h�i�e�h�f���b���j�_�a�h�g�Z�l�h�j�h�f��l �^�h�e�`�g�h���g�Z�o�h�^�b�l�v�k�y���\���i�j�_�^�_�e�Z�o��

(�k�h�]�e�Z�k�g�h���W�g�p�b�d�e�h�i�_�^�b�b���i�h���f�Z�r�b�g�h�k�l�j�h�_�g�b�x���;�;�/���� 
 

�Â 
P �H 
P �r�á�x�x�:�Â 
F �=�5�;���������������������������������������������������������������������������������������������������������:�x�; 
 
�� �^�e�y���J�k��� �������������d�]�k���k�f2, dc� �������f�f 
11,8 > l > 0,66 (11,8 �± 11,4)= 11,8 > l > 0,2 �f�f  
�� �^�e�y���J�k��� �������������d�]�k���k�f2, dc� �����f�f 
7,5 > l > 0,66 (7,5 �± 7,2)= 7,5 > l > 0,2 �f�f  
�� �^�e�y���J�k��� �������������d�]�k���k�f2, dc� �����f�f 
3,2 > l > 0,66 (3,2 �± 3,1)= 3,2 > l > 0,1 �f�f  
�� �^�e�y���J�k��� �����������d�]�k���k�f2, dc� �������f�f 
24 > l > 0,66 (24 �± 17,3)= 24 > l > 6,7 �f�f  
�� �^�e�y���J�k��� �����������d�]�k���k�f2, dc� �����f�f 
15 > l > 0,66 (15 �± 11)= 15 > l >2,64 �f�f  
�� �^�e�y���J�k��� �����������d�]�k���k�f2, dc� �����f�f 
6,5 > l > 0,66 (6,5 �± 4,7)= 6,5 > l >�������f�f 
�F�h�s�g�h�k�l�v���� �h�l�^�Z�\�Z�_�f�Z�y�� �b�a�e�m�q�Z�l�_�e�_�f���� �h�i�j�_�^�_�e�y�e�Z�k�v�� �i�h�� �n�h�j�f�m�e�_�� ���k�h�]�e�Z�k�g�h��

�W�g�p�b�d�e�h�i�_�^�b�b���i�h���f�Z�r�b�g�h�k�l�j�h�_�g�b�x���;�;�/���� 
 

�9�Ô
L �t�{�w�@�Ö
�6
¥�s�r�á�t 
I �2�Ö
F �r�á�{�u���������������������������������������������������������������������������:�y�; 

 
�� �^�e�y���J�k��� �������������F�I�Z����dc� ���������k�f 
�9�Ô
L �t�{�w
I�:�s�á�s�;�6
¥�s�r�á�t 
I �r�á�s�z�s
F �r�á�{�u
L �u�v�v�‘�Õ 
�� �^�e�y���J�k��� �������������F�I�Z����dc� ���������k�f 
�9�Ô
L �t�{�w
I�:�r�á�y�;�6
¥�s�r�á�t 
I �r�á�s�z�s
F �r�á�{�u
L �s�u�z�‘�Õ 
�� �^�e�y���J�k��� �������������F�I�Z����dc� ���������k�f 
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�9�Ô
L �t�{�w
I�:�r�á�u�;�6
¥�s�r�á�t 
I �r�á�s�z�s
F �r�á�{�u
L �t�x�w�‘�Õ 
�� �^�e�y���J�k��� �������������F�I�Z����dc� ���������k�f 
�9�Ô
L �t�{�w
I�:�s�á�s�;�6
¥�s�r�á�t 
I �r�á�v�w�y
F �r�á�{�u
L �x�z�z�‘�Õ 
�� �^�e�y���J�k��� �������������F�I�Z����dc� ���������k�f 
�9�Ô
L �t�{�w
I�:�r�á�y�;�6
¥�s�r�á�t 
I �r�á�v�w�y
F �r�á�{�u
L �t�y�{�‘�Õ 
�� �^�e�y���J�k��� �������������F�I�Z����dc� ���������k�f 
�9�Ô
L �u�t�{�w
I�:�r�á�u�;�6
¥�s�r�á�t 
I �r�á�s�z�s
F �r�á�{�u
L �w�s�‘�Õ 
�J�Z�k�q�_�l�� �f�h�s�g�h�k�l�b��We���� �g�_�h�[�o�h�^�b�f�h�c�� �^�e�y�� �i�h�^�^�_�j�`�Z�g�b�y�� �\�h�a�^�m�r�g�h�]�h�� �i�h�l�h�d�Z��

�i�j�h�\�h�^�b�e�k�y���i�h���n�h�j�f�m�e�_�����k�h�]�e�Z�k�g�h���W�g�p�b�d�e�h�i�_�^�b�b���i�h���f�Z�r�b�g�h�k�l�j�h�_�g�b�x���;�;�/������ 
 

�9�Ø
L �@�Ö�6�>�w�t�w�r�:�s�r�á�t 
I �2�Ö
E �s�á�r�u�u�; 
I�:�s�r�á�t 
I �2�Ö
E �s�á�r�u�u�;�4�ä�6�=�5
F �s�á�r�s�;�?�����������:�z�; 
 
�� �^�e�y���J�k��� �������������F�I�Z����dc� ���������k�f 
�9�Ø
L �s�á�s�6�>�w�t�w�r�:�s�r�á�t 
I �r�á�s�z�s 
E �s�á�r�u�u�; 
I�:�s�r�á�t 
I �r�á�s�z�s 
E �s�á�r�u�u�;�4�ä�6�=�5
F �s�á�r�s�;�?


L �x�v�r�u���‘�Õ 
�� �^�e�y���J�k��� �������������F�I�Z����dc� ���������k�f 
�9�Ø
L �r�á�y�6�>�w�t�w�r�:�s�r�á�t 
I �r�á�s�z�s 
E �s�á�r�u�u�; 
I�:�s�r�á�t 
I �r�á�s�z�s 
E �s�á�r�u�u�;�4�ä�6�=�5
F �s�á�r�s�;�?


L �t�w�{�u���‘�Õ 
�� �^�e�y���J�k��� �������������F�I�Z����dc� ���������k�f 
�9�Ø
L �r�á�u�6�>�w�t�w�r�:�s�r�á�t 
I �r�á�s�z�s 
E �s�á�r�u�u�; 
I�:�s�r�á�t 
I �r�á�s�z�s 
E �s�á�r�u�u�;�4�ä�6�=�5
F �s�á�r�s�;�?


L �v�y�x���‘�Õ 
�� �^�e�y���J�k��� �������������F�I�Z����dc� ���������k�f 
�9�Ø
L �s�á�s�6�>�w�t�w�r�:�s�r�á�t 
I �r�á�v�w�y 
E �s�á�r�u�u�; 
I�:�s�r�á�t 
I �r�á�v�w�y 
E �s�á�r�u�u�;�4�ä�6�=�5
F �s�á�r�s�;�?


L �t�u�w�u�x�‘�Õ 
�� �^�e�y���J�k��� �������������F�I�Z����dc� ���������k�f 
�9�Ø
L �r�á�y�6�>�w�t�w�r�:�s�r�á�t 
I �r�á�v�w�y 
E �s�á�r�u�u�; 
I�:�s�r�á�t 
I �r�á�v�w�y 
E �s�á�r�u�u�;�4�ä�6�=�5
F �s�á�r�s�;�?


L �{�w�u�r�‘�Õ 
�� �^�e�y���J�k��� �������������F�I�Z����dc� ���������k�f 
�9�Ø
L �r�á�u�6�>�w�t�w�r�:�s�r�á�t 
I �r�á�v�w�y 
E �s�á�r�u�u�; 
I�:�s�r�á�t 
I �r�á�v�w�y 
E �s�á�r�u�u�;�4�ä�6�=�5
F �s�á�r�s�;�?


L �s�y�w�s�‘�Õ 
�D�h�w�n�n�b�p�b�_�g�l�� �i�h�e�_�a�g�h�]�h�� �^�_�c�k�l�\�b�y�� �]�Z�a�h�k�l�j�m�c�g�h�]�h�� �b�a�e�m�q�Z�l�_�e�y���� 

�j�Z�k�k�q�b�l�u�\�Z�e�k�y���i�h���n�h�j�f�m�e�_���>���@�� 
 

�ß 
L �w�á�v�x

¥�s�r�á�t 
I �Ÿ�Ô
F �r�á�{�u

�:�s 
E�s�r�á�t�Ÿ�Ô�;�>�:�s 
E�s�r�á�t 
I �Ÿ�Ô�;�4�á�6�=�5
F �s�á�r�s�?
�������������������� �:�{�; 

 
�� �^�e�y���J�k��� �������������F�I�Z 

�ß 
L �w�á�v�x
�¾�s�r�á�t 
I �r�á�s�z�s
F �r�á�{�u

�:�s 
E�s�r�á�t 
I �r�á�s�z�s�;�>�:�s 
E �r�á�s�z�s
I�s�r�á�t�;�4�á�6�=�5
F �s�á�r�s�?

L �w�á�u�w�¨�� 

�� �^�e�y���J�k��� �������������F�I�Z 

�ß 
L �w�á�v�x

¥�s�r�á�t 
I �r�á�v�w�y
F �r�á�{�u

�:�s 
E�s�r�á�t 
I �r�á�v�w�y�;�>�:�s 
E �r�á�v�w�y
I�s�r�á�t�;�4�á�6�=�5
F �s�á�r�s�?

L �t�á�z�¨ �� 
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�J�Z�k�q�_�l�g�u�_���a�g�Z�q�_�g�b�y���k�\�_�^�_�g�u���\���l�Z�[�e�b�p�m������ 
 

�L�Z�[�e�b�p�Z�������± �I�Z�j�Z�f�_�l�j�u���]�Z�a�h�k�l�j�m�c�g�h�]�h���b�a�e�m�q�Z�l�_�e�y 
 

�‹  dc=
h l i���f�f 

Pc, 
�d�]�k�� 
�k�f2 

Pc, 
�F�I�Z 

P�Z, 
�d�]�k�� 
�k�f2 

P�Z, 
�F�I�Z f,  �=�p 

Q, 
�f3/ 
�q�Z�k 

R, 
% 

��1, 
�f�f  

�û, 
�f�f  

Wa, 
�<�l 

W�_, 
�<�l 

��, 
% 

1 
 

11 0,2-
11,8 

1,846 0,181 0,97
9 

0,096 5000 178 8 11,4 11,
8 

344 6403 5,3
5 

7 0,2-
7,5 

1,846 0,181 0,97
9 

0,096 8000 72 8 7,2 7,5 138 2593 5,3
5 

3 0,1-
3,2 

1,846 0,181 0,97
9 

0,096 20000 13,2 8 3,1 3,2 25 476 5,3
5 

2 11 6,7-
24 

4,66 0,457 0,97
9 

0,096 5000 354 24 17,3 24 688 2353
6 

2,8 

7 2,6-
15 

4,66 0,457 0,97
9 

0,096 8000 144 24 11 15 279 9530 2,8 

3 1,2-
6,5 

4,66 0,457 0,97
9 

0,096 20000 26,4 24 4,7 6,5 51 1751 2,8 

 
�K���p�_�e�v�x�� �i�j�h�\�_�^�_�g�b�y�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�]�h�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �g�Z�� �h�k�g�h�\�Z�g�b�b��

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

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

 

 
 

�J�b�k�m�g�h�d�������± �W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y���m�k�l�Z�g�h�\�d�Z 
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�>�e�y�� �h�i�j�_�^�_�e�_�g�b�y�� �j�Z�k�o�h�^�Z�� �\�h�a�^�m�o�Z�� �q�_�j�_�a�� �m�k�l�Z�g�h�\�d�m�� �b�k�i�h�e�v�a�h�\�Z�e�k�y��
�i�j�h�f�u�r�e�_�g�g�u�c�� �j�Z�k�o�h�^�h�f�_�j���W�<-200V�������� �I�j�b�� �^�b�Z�f�_�l�j�_�� �l�j�m�[�h�i�j�h�\�h�^�Z�� �\�� ������ �f�f����
�f�]�g�h�\�_�g�g�u�c�� �f�Z�d�k�b�f�Z�e�v�g�u�c���j�Z�k�o�h�^�� �\�h�a�^�m�o�Z���k�h�k�l�Z�\�e�y�e�����������f3���q�Z�k���� �Q�_�j�_�a���d�h�j�i�m�k��
�b�a�e�m�q�Z�l�_�e�y�� �^�b�Z�f�_�l�j�h�f�� ������ �f�f�� �j�Z�k�o�h�^�� �k�h�k�l�Z�\�b�e�� �������� �f3���q�Z�k�� ���[�_�a�� �k�h�i�e�Z������ �>�e�y��
�n�b�d�k�Z�p�b�b�� �j�_�a�m�e�v�l�Z�l�h�\�� �b�k�i�h�e�v�a�h�\�Z�e�Z�k�v�� �i�j�h�]�j�Z�f�f�Z�� �©�W�F�B�K-�B�g�l�_�]�j�Z�l�h�j�ª����
�d�h�l�h�j�Z�y�� �i�h�� �p�b�n�j�h�\�h�f�m�� �b�g�l�_�j�n�_�c�k�m�� �h�i�j�Z�r�b�\�Z�_�l�� �j�Z�k�o�h�^�h�f�_�j�� �b�� �i�_�j�_�^�Z�_�l��
�b�g�n�h�j�f�Z�p�b�x���g�Z���i�_�j�k�h�g�Z�e�v�g�u�c���d�h�f�i�v�x�l�_�j�� 

�<�� �i�j�h�p�_�k�k�_�� �w�d�k�i�_�j�b�f�_�g�l�Z�� �n�b�d�k�b�j�h�\�Z�e�b�k�v�� �a�g�Z�q�_�g�b�y�� �j�Z�k�o�h�^�Z�� �\�h�a�^�m�o�Z�� �^�e�y��
�j�Z�a�g�u�o�� �^�b�Z�f�_�l�j�h�\�� �k�_�q�_�g�b�c�� �k�h�i�_�e�� �b�� �i�j�h�\�h�^�b�e�Z�k�v�� �a�\�m�d�h�a�Z�i�b�k�v�� �k�� �b�a�f�_�g�_�g�b�_�f��
�\�_�e�b�q�b�g��h �b��l �i�j�b���^�b�Z�f�_�l�j�_���j�_�a�h�g�Z�l�h�j�Z��d�j� �������f�f�����i�j�b���w�l�h�f�� �m�q�b�l�u�\�Z�e�h�k�v�����q�l�h���\��
�k�h�\�j�_�f�_�g�g�u�o���]�Z�a�h�]�_�g�_�j�Z�l�h�j�Z�o���k���p�_�e�v�x���i�h�\�u�r�_�g�b�y���b�o���f�h�s�g�h�k�l�b���b���D�I�>���i�j�b�g�y�l�h��
�k�h�h�l�g�h�r�_�g�b�_��d�j
R 1,6 d�k��[6]. 

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

�^�e�y���k�h�i�e�Z��d�k� �������f�f����d�j��/ d�k� �������������l���_���!���������� 
�^�e�y���k�h�i�e�Z��d�k� �����f�f����d�j��/ d�k� ���������l���_�������!���������� 
�^�e�y�� �k�h�i�e�Z��d�k� ���� �f�f����d�j��/ d�k� �� ������ �l���_���� �� �!�� ���������� �q�l�h�� �k�h�h�l�\�_�l�k�l�\�m�_�l�� �i�j�b�g�y�l�h�f�m��

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

�L�Z�[�e�b�p�Z�������± �>�Z�g�g�u�_���w�d�k�i�_�j�b�f�_�g�l�Z 
 

dc, �f�f  h, �f�f  l, �f�f  dp, �f�f  Q, �f 3/�q�Z�k 

11 

11 11 21 140 

11 0 21 140 

0 11 21 140 

3 8 21 140 

7 

7 7 21 138 

7 2 21 138 

0 7 21 138 

3 

3 3 21 137 

3 1 21 137 

0 3 21 137 

 
�:�g�Z�e�b�a�� �a�\�m�d�h�a�Z�i�b�k�b�� �i�j�b��dc� ������ �f�f�� ���^�e�y��f� ���������� �=�p���� �b�� �j�Z�a�e�b�q�g�u�o��

�j�Z�k�k�l�h�y�g�b�y�o��h �b��l ���l�Z�[�e�b�p�Z���������i�h�d�Z�a�Z�e���i�j�Z�d�l�b�q�_�k�d�b���h�l�k�m�l�k�l�\�b�_���k�g�b�`�_�g�b�y���r�m�f�Z����
�w�l�h�� �k�\�y�a�Z�g�h�� �k�� �g�b�a�d�b�f�� �j�Z�k�o�h�^�h�f�� �\�h�a�^�m�o�Z��Q� �������� �f3���q�Z�k���� �\�u�^�Z�\�Z�_�f�u�f��
�e�Z�[�h�j�Z�l�h�j�g�h�c�� �m�k�l�Z�g�h�\�d�h�c���� �i�j�b�� �j�Z�k�q�_�l�g�h�f�� �a�g�Z�q�_�g�b�b��Q� �������� �f3���q�Z�k���� �H�^�g�Z�d�h��
�j�_�]�m�e�b�j�h�\�d�h�c�� �r�l�h�d�Z�� �j�_�a�h�g�Z�l�h�j�Z (h) �b�� �j�Z�k�k�l�h�y�g�b�_�f�� ��l���� �i�j�b�� �a�g�Z�q�_�g�b�y�o��h� ���� �f�f�� �b��
l� �����f�f���i�j�h�b�a�h�r�e�h���k�g�b�`�_�g�b�_���r�m�f�Z���i�j�b�[�e�b�a�b�l�_�e�v�g�h���g�Z����-�����>�[�����j�b�k�m�g�h�d�����������I�j�b��
�w�l�h�f���k�g�b�`�_�g�b�_���m�j�h�\�g�y���a�\�m�d�Z���i�j�h�b�k�o�h�^�b�e�h���g�Z���q�Z�k�l�h�l�Z�o���h�l�������������=�p���^�h�������������=�p�� 
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�Z�� 
 

 
 

�[�� 
 

1 �± �k�i�_�d�l�j���a�\�m�d�Z���i�h���^�b�Z�f�_�l�j�m���������f�f���i�j�b���j�Z�k�o�h�^�_���\�h�a�^�m�o�Z��Q� �������f 3���q�Z�k���������± �k�i�_�d�l�j���a�\�m�d�Z���k��
�i�j�b�f�_�g�_�g�b�_�f���k�h�i�e�Z���^�b�Z�f�_�l�j�h�f��dc� ���������f�f���b l � �����f�f�����j�Z�k�o�h�^���\�h�a�^�m�o�Z��Q� ���������f3���q�Z�k 

 
�J�b�k�m�g�h�d�������± �:�m�^�b�h�]�j�Z�f�f�Z���r�m�f�Z���k���k�h�i�e�h�f��dc� ���������f�f�����Z���± �k�i�_�d�l�j���a�\�m�d�Z���� 

�[���± �q�Z�k�l�h�l�g�Z�y���o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�� 
 
�:�g�Z�e�b�a�� �a�\�m�d�h�a�Z�i�b�k�b�� �i�j�b��dc� ���� �f�f�� ���^�e�y��f� ���������� �=�p���� �b�� �j�Z�a�e�b�q�g�u�o��

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

 

 
 

�Z�� 
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�[�� 
 

1 �± �k�i�_�d�l�j���a�\�m�d�Z���i�h���^�b�Z�f�_�l�j�m���������f�f���i�j�b���j�Z�k�o�h�^�_���\�h�a�^�m�o�Z��Q� ���������f3���q�Z�k���������± �k�i�_�d�l�j����
�a�\�m�d�Z���k���k�h�i�e�h�f��dc� �������f�f���b���j�Z�k�k�l�h�y�g�b�_�f��h� ���f�f�� l � �����f�f�����i�j�b���j�Z�k�o�h�^�_���\�h�a�^�m�o�Z��Q� ���������f3���q�Z�k��������
�± �k�i�_�d�l�j�����a�\�m�d�Z���k���k�h�i�e�h�f��dc� �������f�f���b���j�Z�k�k�l�h�y�g�b�_�f��h� �����f�f�� l � �����f�f�����i�j�b���j�Z�k�o�h�^�_���\�h�a�^�m�o�Z��Q=138 

�f3���q�Z�k���������± �k�i�_�d�l�j�����a�\�m�d�Z���k���k�h�i�e�h�f��dc� �������f�f���b���j�Z�k�k�l�h�y�g�b�_�f��h� �����f�f�� l � �����f�f�����i�j�b���j�Z�k�o�h�^�_��
�\�h�a�^�m�o�Z��Q� ���������f3���q�Z�k 

 
�J�b�k�m�g�h�d�������± �:�m�^�b�h�]�j�Z�f�f�Z���r�m�f�Z���k���k�h�i�e�h�f��dc� �������f�f�����Z���± �k�i�_�d�l�j���a�\�m�d�Z���� 

�[���± �q�Z�k�l�h�l�g�Z�y���o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�� 
 

�:�g�Z�e�b�a�� �a�\�m�d�h�a�Z�i�b�k�b�� �i�j�b��dc� ���� �f�f�� ���^�e�y��f� ������������ �=�p���� �b�� �j�Z�a�e�b�q�g�u�o��
�j�Z�k�k�l�h�y�g�b�y�o��h �b l ���l�Z�[�e�b�p�Z�� ������ �i�h�d�Z�a�u�\�Z�_�l���� �q�l�h�� �g�Z�b�[�h�e�v�r�_�_�� �k�g�b�`�_�g�b�_�� �r�m�f�Z��
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1 �± �k�i�_�d�l�j���a�\�m�d�Z���i�h���^�b�Z�f�_�l�j�m���������f�f���i�j�b���j�Z�k�o�h�^�_���\�h�a�^�m�o�Z��Q� ���������f3���q�Z�k���������± �k�i�_�d�l�j���a�\�m�d�Z���k��
�k�h�i�e�h�f��dc� �������f�f���b���j�Z�k�k�l�h�y�g�b�_�f��h� ���f�f�� l � �����f�f�����i�j�b���j�Z�k�o�h�^�_���\�h�a�^�m�o�Z��Q� ���������f3���q�Z�k���������± �k�i�_�d�l�j��
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�± �k�i�_�d�l�j�����a�\�m�d�Z���k���k�h�i�e�h�f��dc� �������f�f���b���j�Z�k�k�l�h�y�g�b�_�f��h� �����f�f�� l � �����f�f�����i�j�b���j�Z�k�o�h�^�_���\�h�a�^�m�o�Z��Q=137 

�f3���q�Z�k 
 

�J�b�k�m�g�h�d�������± �:�m�^�b�h�]�j�Z�f�f�Z���r�m�f�Z���k���k�h�i�e�h�f��dc� �������f�f�����Z���± �k�i�_�d�l�j���a�\�m�d�Z�� 
�[���± �q�Z�k�l�h�l�g�Z�y���o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�� 
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1 �± �k�i�_�d�l�j���a�\�m�d�Z���i�h���^�b�Z�f�_�l�j�m���������f�f���i�j�b���j�Z�k�o�h�^�_���\�h�a�^�m�o�Z��Q� ���������f3���q�Z�k���������± �k�i�_�d�l�j���a�\�m�d�Z���k��
�k�h�i�e�h�f��dc� ���������f�f���b���j�Z�k�k�l�h�y�g�b�_�f��h� �����f�f�� l� �����f�f�����i�j�b���j�Z�k�o�h�^�_���\�h�a�^�m�o�Z��Q� ���������f3���q�Z�k�� 

3 �± �k�i�_�d�l�j���a�\�m�d�Z���k���k�h�i�e�h�f��dc� �����f�f���b���j�Z�k�k�l�h�y�g�b�_�f��h� �����f�f�� l � �����f�f�����i�j�b���j�Z�k�o�h�^�_���\�h�a�^�m�o�Z��
Q� ���������f3���q�Z�k���������± �k�i�_�d�l�j���a�\�m�d�Z���k���k�h�i�e�h�f��dc� �������f�f���b���j�Z�k�k�l�h�y�g�b�_�f��h� �����f�f�� l� �����f�f�����i�j�b���j�Z�k�o�h�^�_��

�\�h�a�^�m�o�Z��Q� ���������f3���q�Z�k 
 

�J�b�k�m�g�h�d�������± �:�m�^�b�h�]�j�Z�f�f�Z���r�m�f�Z���k���j�Z�a�e�b�q�g�u�f�b���^�b�Z�f�_�l�j�Z�f�b���k�h�i�_�e����dc� ���������f�f�� 
dc� �������f�f�� dc� �������f�f�����i�h���e�m�q�r�_�f�m���j�_�a�m�e�v�l�Z�l�m���w�d�k�i�_�j�b�f�_�g�l�Z�����Z���± �k�i�_�d�l�j���a�\�m�d�Z���� 

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

�r�m�f�Z���� �i�h�� �]�_�h�f�_�l�j�b�q�_�k�d�b�f���i�Z�j�Z�f�_�l�j�Z�f���]�Z�a�h�k�l�j�m�c�g�h�]�h�� �b�a�e�m�q�Z�l�_�e�y�� �j�Z�k�k�q�b�l�Z�g�g�u�o��
�^�e�y�� �q�Z�k�l�h�l��f� ���������� �=�p����f� ���������� �=�p����f� ������������ �=�p���� �i�j�h�b�k�o�h�^�b�l�� �i�j�Z�d�l�b�q�_�k�d�b�� �\�h�� �\�k�_�f��
�^�b�Z�i�Z�a�h�g�_�� �q�Z�k�l�h�l���� �I�j�b�� �w�l�h�f�� �g�Z�b�e�m�q�r�b�c�� �j�_�a�m�e�v�l�Z�l�� �i�h�d�Z�a�Z�e�� �]�Z�a�h�k�l�j�m�c�g�u�c��
�]�_�g�_�j�Z�l�h�j�� �k�� �^�b�Z�f�_�l�j�h�f�� �k�h�i�e�Z��dc� ���� �f�f�� �b�� �g�Z�k�l�j�h�c�d�Z�f�b��h� ���� �f�f����l� ���� �f�f�� �i�j�b��
�j�Z�k�o�h�^�_��Q� ���������f3���q�Z�k�� 
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Abstract. The article deals with the analysis of experimental data and express calculation of 
solid-state models in determining the stress-strain state (SSS) of the structure, the influence of the 
wing type (straight or swept) on its SSS, as well as the identification and accounting of additional 
stresses affecting the reliability of the structure. The model example shows the refinement of the 
experimental pattern of distribution and accounting for additional stresses in the cross sections of 
the straight and swept wings during transverse bending. 
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�k�[�h�j�h�d�� �d�� �j�Z�k�q�z�l�m���� �a�Z�^�Z�g�b�y�� �]�j�Z�g�b�q�g�u�o�� �m�k�e�h�\�b�c�� �b�� �g�Z�]�j�m�a�h�d���� �Z�� �l�Z�d� �̀_�� �\�k�l�j�h�_�g�g�u�_��
�]�_�g�_�j�Z�l�h�j�u�� �d�h�g�_�q�g�h-�w�e�_�f�_�g�l�g�h�c�� �k�_�l�d�b�� ���d�Z�d�� �k�� �i�h�k�l�h�y�g�g�u�f���� �l�Z�d�� �b�� �k�� �i�_�j�_�f�_�g�g�u�f��
�r�Z�]�h�f�����b���i�h�k�l�i�j�h�p�_�k�k�h�j���>���@�� 

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

�<�� �i�j�h�]�j�Z�f�f�_�� �D�h�f�i�Z�k-3D �[�u�e�b�� �k�h�a�^�Z�g�u�� �l�\�_�j�^�h�l�_�e�v�g�u�_�� �f�h�^�_�e�b�� �d�_�k�k�h�g�h�\��
�i�j�y�f�h�]�h�� �b�� �k�l�j�_�e�h�\�b�^�g�h�]�h�� �d�j�u�e�Z���� �J�Z�a�f�_�j�u�� �b�� �n�h�j�f�Z�� �i�h�i�_�j�_�q�g�h�]�h�� �k�_�q�_�g�b�y�� �w�e�_�f�_�g�l�h�\��
�d�_�k�k�h�g�h�\�� �k�h�h�l�\�_�l�k�l�\�h�\�Z�e�b�� �j�Z�a�f�_�j�Z�f�� �b�� �n�h�j�f�_�� �i�h�i�_�j�_�q�g�h�]�h�� �k�_�q�_�g�b�y�� �w�e�_�f�_�g�l�h�\��
�d�_�k�k�h�g�h�\���\���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c���m�k�l�Z�g�h�\�d�_�����>�e�y���j�Z�k�q�_�l�Z���f�h�^�_�e�b���d�_�k�k�h�g�h�\���a�Z�]�j�m�a�b�e�b���\��
�i�j�b�d�e�Z�^�g�m�x���[�b�[�e�b�h�l�_�d�m���:�J�F��FEM �i�j�h�]�j�Z�f�f�u���D�h�f�i�Z�k-3D �b���i�j�b�f�_�g�b�e�b���k�e�_�^�m�x�s�b�_��
�i�Z�j�Z�f�_�l�j�u���j�Z�a�[�b�_�g�b�y�� 

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

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

�G�Z���h�k�g�h�\�_���a�g�Z�q�_�g�b�c���d�h�f�i�h�g�_�g�l�h�\���g�Z�i�j�y� �̀_�g�g�h-�^�_�n�h�j�f�b�j�h�\�Z�g�g�h�]�h���k�h�k�l�h�y�g�b�y���b��
�i�Z�j�Z�f�_�l�j�h�\�� �i�j�h�q�g�h�k�l�b�� �f�Z�l�_�j�b�Z�e�Z�� �i�j�h�b�a�\�h�^�b�l�k�y�� �\�u�q�b�k�e�_�g�b�_�� �w�d�\�b�\�Z�e�_�g�l�g�u�o��
�g�Z�i�j�y� �̀_�g�b�c�� �i�h�� �d�j�b�l�_�j�b�x�� �i�j�h�q�g�h�k�l�b���� �F�_�l�h�^�� �d�h�g�_�q�g�u�o�� �w�e�_�f�_�g�l�h�\�� �± �f�_�l�h�^��
�l�j�_�o�f�_�j�g�h�]�h�� �j�Z�k�q�_�l�Z���� �i�h�w�l�h�f�m�� �i�j�h�k�l�u�_�� �d�j�b�l�_�j�b�b���� �h�k�g�h�\�Z�g�g�u�_�� �g�Z�� �k�j�Z�\�g�_�g�b�b��
�h�l�^�_�e�v�g�u�o�� �d�h�f�i�h�g�_�g�l�� �l�_�g�a�h�j�h�\�� �g�Z�i�j�y� �̀_�g�b�c���^�_�n�h�j�f�Z�p�b�c���� �b�f�_�x�l�� �h�]�j�Z�g�b�q�_�g�g�h�_��
�i�j�b�f�_�g�_�g�b�_���� �B�k�o�h�^�y�� �b�a�� �w�l�h�]�h���� �\�� �d�Z�q�_�k�l�\�_�� �d�j�b�l�_�j�b�y�� �i�j�h�q�g�h�k�l�b�� �\�� �f�_�l�h�^�b�d�_�� �i�j�b�g�y�l��
�d�j�b�l�_�j�b�c�� �F�b�a�_�k�Z���� �D�j�b�l�_�j�b�c�� �F�b�a�_�k�Z�� ���Y�R�Q�� �0�L�V�H�V�� �± �d�j�b�l�_�j�b�c�� �w�g�_�j�]�b�b��
�n�h�j�f�h�b�a�f�_�g�_�g�b�y�����h�i�j�_�^�_�e�y�_�l���f�h�f�_�g�l���b�k�q�_�j�i�Z�g�b�y���g�_�k�m�s�_�c���k�i�h�k�h�[�g�h�k�l�b���k�j�Z�\�g�_�g�b�_�f��
�\�_�e�b�q�b�g�u�� �w�d�\�b�\�Z�e�_�g�l�g�h�]�h�� �g�Z�i�j�y� �̀_�g�b�y�� �k�� �i�j�_�^�_�e�h�f�� �l�_�d�m�q�_�k�l�b�� �f�Z�l�_�j�b�Z�e�Z����
�W�d�\�b�\�Z�e�_�g�l�g�h�_�� �g�Z�i�j�y� �̀_�g�b�_�� �1von Mises �\�� �g�_�d�h�l�h�j�h�c�� �l�h�q�d�_�� �l�_�e�Z�� �j�Z�k�k�q�b�l�u�\�Z�x�l�� �i�h��
�n�h�j�f�m�e�_�� 
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�G�Z���j�b�k�m�g�d�Z�o�������b�������i�j�_�^�k�l�Z�\�e�_�g�h���j�Z�k�i�j�_�^�_�e�_�g�b�_���g�Z�i�j�y�`�_�g�b�c���\���i�h�i�_�j�_�q�g�u�o��
�k�_�q�_�g�b�y�o�� �l�\�_�j�^�h�l�_�e�v�g�h�c�� �f�h�^�_�e�b�� �d�_�k�k�h�g�h�\�� �k�h�h�l�\�_�l�k�l�\�_�g�g�h�� �i�j�y�f�h�]�h�� �b��
�k�l�j�_�e�h�\�b�^�g�h�]�h���d�j�u�e�Z�����i�h�e�m�q�_�g�g�h�_���\���[�b�[�e�b�h�l�_�d�_��APM FEM �D�h�f�i�Z�k-3D. 

 

 
 

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

 
�:�g�Z�e�b�a�� �j�_�a�m�e�v�l�Z�l�h�\�� �j�Z�k�q�_�l�h�\�� �\�� �[�b�[�e�b�h�l�_�d�_�� �:�J�F�� �)�(�0�� �D�h�f�i�Z�k-3D 

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

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

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

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

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

�:�g�Z�e�b�a�� �j�_�a�m�e�v�l�Z�l�h�\�� �j�Z�k�q�_�l�Z�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o�� �^�Z�g�g�u�o�� �b�� �w�d�k�i�j�_�k�k-
�j�Z�k�q�_�l�Z�� �l�\�_�j�^�h�l�_�e�v�g�u�o�� �f�h�^�_�e�_�c�� �\�� �i�j�b�d�e�Z�^�g�h�c�� �[�b�[�e�b�h�l�_�d�_��APMREM �i�j�b��
�k�l�m�i�_�g�q�Z�l�h�f���g�Z�]�j�m�`�_�g�b�b���d�h�g�k�h�e�_�c���k�h�k�j�_�^�h�l�h�q�_�g�g�h�c���k�b�e�h�c���i�h�a�\�h�e�y�_�l���k�^�_�e�Z�l�v��
�\�u�\�h�^�� �h�� �l�h�f���� �q�l�h�� �^�Z�g�g�u�_�� �f�_�l�h�^�u�� �k�j�Z�\�g�b�\�Z�l�v�� �g�_�e�v�a�y���� �l�Z�d�� �d�Z�d�� �w�d�k�i�j�_�k�k-�j�Z�k�q�_�l��
�l�\�_�j�^�h�l�_�e�v�g�u�o�� �f�h�^�_�e�_�c�� �i�h�a�\�h�e�y�_�l�� �h�i�j�_�^�_�e�y�l�v�� �l�h�e�v�d�h�� �\�_�e�b�q�b�g�m���]�e�Z�\�g�u�o�� �b��
�w�d�\�b�\�Z�e�_�g�l�g�u�o�� �g�Z�i�j�y�`�_�g�b�c���� �Z�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �± �\�_�e�b�q�b�g�m��
�g�h�j�f�Z�e�v�g�u�o�� �b�� �d�Z�k�Z�l�_�e�v�g�u�o�� �g�Z�i�j�y�`�_�g�b�c���� �H�^�g�Z�d�h�� �^�\�Z�� �w�l�b�o�� �f�_�l�h�^�Z���^�h�i�h�e�g�y�x�l��
�^�j�m�]�� �^�j�m�]�Z���� �K�� �i�h�f�h�s�v�x�� �j�Z�k�q�_�l�Z�� �f�h�^�_�e�b�� �\�� �[�b�[�e�b�h�l�_�d�_��APMFEM �f�h�`�g�h��
�i�j�h�b�a�\�_�k�l�b�� �j�Z�k�q�_�l�� �w�e�_�f�_�g�l�h�\�� �d�_�k�k�h�g�h�\�� �g�Z�� �i�j�h�q�g�h�k�l�v���� �Z�� �k�� �i�h�f�h�s�v�x��
�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �[�h�e�_�_�� �]�e�m�[�h�d�h�� �i�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�l�v�� �G�>�K��
�w�e�_�f�_�g�l�h�\�� �d�j�u�e�Z�� �j�Z�a�e�b�q�g�h�c�� �k�l�j�_�e�h�\�b�^�g�h�k�l�b���� �h�i�j�_�^�_�e�y�l�v�� �\�_�e�b�q�b�g�m�� �b��
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Abstract. The article discusses various types of transport used in the Arctic zone. The paper 

provides a brief overview of the maximum and average monthly wind speed in the Eastern part of 
the Russian Arctic. The advantages of titanium alloys are considered and the results of experimental 
studies in the welding of titanium alloys obtained in open areas are presented. 

Keywords: aircraft, titanium alloy, argon arc welding, Russian Arctic. 
 
�P�_�e�v���j�Z�[�h�l�u���± �i�h�\�u�r�_�g�b�_���w�n�n�_�d�l�b�\�g�h�k�l�b���b���d�Z�q�_�k�l�\�Z���k�\�Z�j�g�u�o���k�h�_�^�b�g�_�g�b�c��

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



101 

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

�k�h�_�^�b�g�_�g�b�c�����i�h�e�m�q�_�g�g�u�o���\���:�j�d�l�b�q�_�k�d�b�o���i�h�e�_�\�u�o���m�k�e�h�\�b�y�o�� 
3. �K�n�h�j�f�b�j�h�\�Z�l�v�� �l�_�h�j�_�l�b�q�_�k�d�b�_���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���w�n�n�_�d�l�b�\�g�h�k�l�b�� �k�\�Z�j�d�b���b��

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

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

�g�_�]�h�� �j�Z�k�i�h�e�Z�]�Z�x�l�k�y�� �l�_�j�j�b�l�h�j�b�b�� �f�Z�l�_�j�b�d�h�\�� �K�_�\�_�j�g�h�c�� �:�f�_�j�b�d�b�� �b�� �?�\�j�Z�a�b�b����
�L�_�j�j�b�l�h�j�b�y�� �:�j�d�l�b�d�b�� �i�j�b�g�Z�^�e�_�`�b�l�� �g�_�k�d�h�e�v�d�b�f�� �]�h�k�m�^�Z�j�k�l�\�Z�f���� �J�h�k�k�b�b���� �K�R�:����
�D�Z�g�Z�^�_���� �G�h�j�\�_�]�b�b���� �>�Z�g�b�b���� �R�\�_�p�b�b���� �N�b�g�e�y�g�^�b�b�� �b�� �B�k�e�Z�g�^�b�b �>���@���� �L�_�j�j�b�l�h�j�b�y��
�]�j�Z�g�b�p�u�� �J�h�k�k�b�b�� �y�\�e�y�_�l�k�y�� �k�Z�f�h�c�� �i�j�h�l�y�`�z�g�g�h�c�� �b�� �k�h�k�l�Z�\�e�y�_�l�� �i�h�q�l�b�� ���� ���� �:�j�d�l�b�d�b����
�I�e�h�s�Z�^�v�� �k�m�o�h�i�m�l�g�h�c�� �q�Z�k�l�b�� �J�h�k�k�b�c�k�d�h�c�� �:�j�d�l�b�d�b �± 4 774,02 �l�u�k�� �d�f2���� �G�Z��
�k�_�]�h�^�g�y�r�g�b�c�� �^�_�g�v�� �d�� �k�m�o�h�i�m�l�g�h�c�� �l�_�j�j�b�l�h�j�b�b�� �:�j�d�l�b�q�_�k�d�h�c�� �a�h�g�u�� �J�h�k�k�b�c�k�d�h�c��
�N�_�^�_�j�Z�p�b�b���k�h�]�e�Z�k�g�h���M�d�Z�a�m���I�j�_�a�b�^�_�g�l�Z���J�h�k�k�b�c�k�d�h�c���N�_�^�_�j�Z�p�b�b �h�l 13.05.2019 �‹  220 
�h�l�g�h�k�y�l�k�y�� �l�_�j�j�b�l�h�j�b�b�� �F�m�j�f�Z�g�k�d�h�c�� �h�[�e�Z�k�l�b���� �Z�\�l�h�g�h�f�g�u�o�� �h�d�j�m�]�h�\���� �f�m�g�b�p�b�i�Z�e�v�g�u�o��
�h�[�j�Z�a�h�\�Z�g�b�c�����m�e�m�k�h�\���b���]�h�j�h�^�k�d�b�o���h�d�j�m�]�h�\�����j�b�k�m�g�h�d���������>���@���� 

 

 
 

�J�b�k�m�g�h�d�������± �K�o�_�f�Z���Z�^�f�b�g�b�k�l�j�Z�l�b�\�g�h�]�h���^�_�e�_�g�b�y���k�m�o�h�i�m�l�g�h�c���q�Z�k�l�b���:�j�d�l�b�q�_�k�d�h�c��
�a�h�g�u���J�N�����B�k�l�h�q�g�b�d�� 

https://www.rosnedra.gov.ru/data/Fast/Files/202104/45bb8bcc7b844220954744c014
9a86f4.pdf  

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

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



102 

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

 

 
 

�J�b�k�m�g�h�d�������± �J�Z�a�\�b�l�b�_���`�_�e�_�a�g�h�^�h�j�h�`�g�h�c���b���f�h�j�k�d�h�c���b�g�n�j�Z�k�l�j�m�d�l�m�j���:�j�d�l�b�d�b���b��
�K�b�[�b�j�b�����B�k�l�h�q�g�b�d�����K�W�W�S�V�������H�O�L�E�U�D�U�\���U�X���L�W�H�P���D�V�S�"�L�G�  

 
�G�Z�� �l�_�j�j�b�l�h�j�b�b�� �a�Z�i�Z�^�g�h�c�� �b�� �p�_�g�l�j�Z�e�v�g�h�c�� �q�Z�k�l�_�c�� �:�j�d�l�b�d�b�� �i�j�h�e�h�`�_�g�Z��

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

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



103 

 �5 
L�:�s 
F �r�á�r�v�P�; 
H�:�s 
E �r�á�t�y�t�8�;�á  (1) 
 

�]�^�_��t �± �l�_�f�i�_�j�Z�l�m�j�Z���\�h�a�^�m�o�Z���ƒ�K����V �± �k�d�h�j�h�k�l�v���\�_�l�j�Z�����f���k���� 
�B�a�� �n�h�j�f�m�e�u�� �������� �\�b�^�g�h���� �q�l�h�� �k�d�h�j�h�k�l�v�� �\�_�l�j�Z�� �a�Z�f�_�l�g�h�� �\�e�b�y�_�l�� �g�Z�� �b�g�^�_�d�k��

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

�D�h�w�n�n�b�p�b�_�g�l���`�_�k�l�d�h�k�l�b���i�h�]�h�^�u���i�h���:�j�g�h�e�v�^�b �h�i�j�_�^�_�e�y�_�l�k�y���i�h���n�h�j�f�m�e�_ 
 

 �6 
L �� �6�‘�� 
F �t�8�á (2) 
 
�]�^�_���6�‘�� �± �l�_�f�i�_�j�Z�l�m�j�Z���\�h�a�^�m�o�Z���ƒ�K����V �± �k�d�h�j�h�k�l�v���\�_�l�j�Z�����f���k���� 
�D�Z�d���\�b�^�g�h���b�a���n�h�j�f�m�e�u�����������m�\�_�e�b�q�_�g�b�_���k�d�h�j�h�k�l�b���\�_�l�j�Z���\�_�^�_�l���d���i�h�g�b�`�_�g�b�x��

�l�_�f�i�_�j�Z�l�m�j�u�� �>���@���� �I�j�_�[�u�\�Z�g�b�_�� �b�� �i�j�h�b�a�\�h�^�k�l�\�h�� �j�Z�[�h�l�� �g�Z�� �h�l�d�j�u�l�h�f�� �\�h�a�^�m�o�_��
�m�f�_�g�v�r�Z�x�l�� �d�h�f�n�h�j�l�g�u�_�� �m�k�e�h�\�b�y�� �k�� �m�\�_�e�b�q�_�g�b�_�f�� �\�_�l�j�Z���� �G�Z�� �j�b�k�m�g�d�_ 3 
�i�j�_�^�k�l�Z�\�e�_�g�Z���k�j�_�^�g�y�y���f�_�k�y�q�g�Z�y���b���f�Z�d�k�b�f�Z�e�v�g�Z�y���k�d�h�j�h�k�l�v���\�_�l�j�Z�� 

 

 
 

�J�b�k�m�g�h�d�������± �F�Z�d�k�b�f�Z�e�v�g�Z�y���b���k�j�_�^�g�y�y���f�_�k�y�q�g�Z�y���k�d�h�j�h�k�l�v���\�_�l�j�Z 
 
�B�a���k�l�Z�l�b�k�l�b�q�_�k�d�b�o���^�Z�g�g�u�o���\�b�^�g�h�����q�l�h���f�Z�d�k�b�f�Z�e�v�g�Z�y �k�d�h�j�h�k�l�v���\�_�l�j�Z���^�Z�`�_��

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

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

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

�i�e�h�l�g�h�k�l�v���� 

I II III IV V VI VII VIII VIX X XI XII

�%���!�-���%���#�=�&���A 28 25 28 27 22 20 20 23 25 25 27 25

�-�,�����&�A�A 5,5 5,2 4,4 4,2 8,5 5,3 5,6 5,8 5,7 6 5,5 6,1

0

5

10

15

20

25

30

�-
�!�

(�
,�(

�-
�/�

=
���

���
�/�

,��
�U

���
%

�l�
-

 



104 

2. �<�u�k�h�d�Z�y�� �g�b�a�d�h�l�_�f�i�_�j�Z�l�m�j�g�Z�y�� �k�l�h�c�d�h�k�l�v�� ���f�_�o�Z�g�b�q�_�k�d�b�_�� �k�\�h�c�k�l�\�Z��
�k�h�o�j�Z�g�y�x�l�k�y�� �\�� �m�k�e�h�\�b�y�o�� �g�b�a�d�b�o�� ���h�l�� �� �ƒ�K �^�h�� �f�b�g�m�k�� ���� �ƒ�K���� �b�� �k�\�_�j�o�g�b�a�d�b�o��
���h�l �f�b�g�m�k������ �ƒ�K�����l�_�f�i�_�j�Z�l�m�j������ 

3. �D�h�j�j�h�a�b�h�g�g�Z�y���k�l�h�c�d�h�k�l�v�� 
4. �K�h�\�f�_�k�l�b�f�h�k�l�v�� �k�h�� �f�g�h�]�b�f�b�� �f�_�l�Z�e�e�b�q�_�k�d�b�f�b�� �w�e�_�f�_�g�l�Z�f�b�� ���i�j�b��

�i�h�f�h�s�b���o�b�f�b�q�_�k�d�b�o���j�_�Z�d�p�b�c���� 
5. �G�b�a�d�Z�y���l�_�i�e�h�i�j�h�\�h�^�g�h�k�l�v�� 
6. �F�Z�e�u�c���f�h�^�m�e�v���m�i�j�m�]�h�k�l�b�� 
�G�_�k�f�h�l�j�y�� �g�Z�� �j�y�^�� �i�j�_�b�f�m�s�_�k�l�\�� �l�b�l�Z�g�h�\�u�o�� �k�i�e�Z�\�h�\�� �i�j�b�� �w�d�k�i�e�m�Z�l�Z�p�b�b 

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

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

2. �H�l�k�m�l�k�l�\�b�_�� �m�k�l�Z�e�h�k�l�g�h�]�h�� �j�Z�a�j�m�r�_�g�b�y�� ���f�Z�d�j�h�i�j�b�a�g�Z�d�h�\���� �g�Z�� �b�a�e�h�f�Z�o��
�^�_�l�Z�e�_�c���� 

3. �F�g�h�`�_�k�l�\�h�� �l�b�i�h�\�� �k�l�j�m�d�l�m�j�� �l�b�l�Z�g�h�\�u�o�� �k�i�e�Z�\�h�\���� �<�� �\�u�k�h�d�h�i�j�h�q�g�h�f��
�d�h�g�k�l�j�m�d�p�b�h�g�g�h�f�� �l�b�l�Z�g�h�\�h�f�� �k�i�e�Z�\�_�� �l�b�i�Z�� �<�L������ �j�Z�a�j�m�r�_�g�b�_�� �i�j�h�o�h�^�b�l�� �b�� �i�h��
�l�_�e�m�����b���i�h���]�j�Z�g�b�p�Z�f���a�_�j�_�g���>���@�� 

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

 

 
 

�J�b�k�m�g�h�d 4 �± �<�e�b�y�g�b�_���\�_�l�j�Z���g�Z���]�Z�a�h�\�m�x���a�Z�s�b�l�m 



105 

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

 

 
 

�J�b�k�m�g�h�d�������± �F�_�l�h�^�b�d�Z���i�j�h�\�_�^�_�g�b�y���b�k�k�e�_�^�h�\�Z�g�b�y 
 
�>�e�y�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c�� �q�Z�k�l�b�� �[�u�e�Z�� �j�Z�a�j�Z�[�h�l�Z�g�Z�� �m�k�l�Z�g�h�\�d�Z���� �<�� �m�k�l�Z�g�h�\�d�m��

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



106 

 
 
 

�J�b�k�m�g�h�d�������± �B�a�f�_�g�_�g�b�_���k�d�h�j�h�k�l�b���a�Z�s�b�l�g�h�c���k�l�j�m�b���Z�j�]�h�g�Z 
 
�I�j�b�� �f�h�^�_�e�b�j�h�\�Z�g�b�b�� �[�u�e�Z�� �m�k�l�Z�g�h�\�e�_�g�Z�� �a�Z�\�b�k�b�f�h�k�l�v�� �k�d�h�j�h�k�l�b�� �a�Z�s�b�l�g�h�c��

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

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

 
�;�B�;�E�B�H�=�J�:�N�B�Q�?�K�D�B�C���K�I�B�K�H�D 

 
1. �:�j�d�l�b�d�Z�����k�l�j�Z�l�_�]�b�y���j�Z�a�\�b�l�b�y�������K�����:�����E�b�i�b�g�Z�����H�����H�����K�f�b�j�g�h�\�Z�����?�����<�����D�m�^�j�y�r�h�\�Z���>�b��

�^�j���@���� �:�j�o�Z�g�]�_�e�v�k�d�� ���� �K�_�\�_�j�g�u�c�� ���:�j�d�l�b�q�_�k�d�b�c���� �n�_�^�_�j�Z�e�v�g�u�c�� �m�g�b�\�_�j�k�b�l�_�l�� �b�f�_�g�b�� �F���<����
�E�h�f�h�g�h�k�h�\�Z�������������������������k�����± ISBN 978-5-261-01405-8. �± EDN LDULFI.  

2. �G�h�f�_�g�d�e�Z�l�m�j�g�u�c�� �i�_�j�_�q�_�g�v�� �b�a�^�_�e�b�c�� ������ �>�W�e�_�d�l�j�h�g�g�u�c�� �j�_�k�m�j�k�@���� �± 2023. 
URL: https://www.rosnedra.gov.ru/data/Fast/Files/202104/45bb8bcc7b844220954744c0149a86f4.pdf 
���^�Z�l�Z���h�[�j�Z�s�_�g�b�y�������������������������� 

3. �R�b�j�h�d�h�j�Z�^ �:�����;�� �:�j�d�l�b�d�Z���b���K�_�\�_�j�g�u�c���f�h�j�k�d�h�c���i�m�l�v�����;�_�a�h�i�Z�k�g�h�k�l�v���b���[�h�]�Z�l�k�l�\�h��
�J�h�k�k�b�b�� �F�������<�_�q�_�������������������������k�� 

4. �@�m�d�h�\�� �F���� �:�� �H�i�j�_�^�_�e�_�g�b�_�� �k�h�k�l�Z�\�Z�� �:�j�d�l�b�q�_�k�d�h�c�� �a�h�g�u�� �J�h�k�k�b�c�k�d�h�c�� �N�_�^�_�j�Z�p�b�b�� ����
�F�����:�����@�m�d�h�\�����<�����G�����D�j�Z�c�g�h�\�������D�h�f�b���j�_�k�i�m�[�e�b�d�Z�g�k�d�Z�y���Z�d�Z�^�_�f�b�y���]�h�k�m�^�Z�j�k�l�\�_�g�g�h�c���k�e�m�` �[�u���b��
�m�i�j�Z�\�e�_�g�b�y���� �K�u�d�l�u�\�d�Z�j�� ���� �D�h�f�b�� �j�_�k�i�m�[�e�b�d�Z�g�k�d�Z�y�� �Z�d�Z�^�_�f�b�y�� �]�h�k�m�^�Z�j�k�l�\�_�g�g�h�c�� �k�e�m�`�[�u�� �b��
�m�i�j�Z�\�e�_�g�b�y���� ������������ �������� �k���� �± ���:�j�d�l�b�q�_�k�d�Z�y�� �a�h�g�Z�� �J�h�k�k�b�c�k�d�h�c�� �N�_�^�_�j�Z�p�b�b�� �d�Z�d�� �h�[�t�_�d�l��
�]�h�k�m�^�Z�j�k�l�\�_�g�g�h�]�h���m�i�j�Z�\�e�_�g�b�y�������± ISBN 978-5-93206-378-1. �± EDN QBBHEI. 

5. �:�j�d�l�b�q�_�k�d�b�_�� �l�j�Z�g�k�i�h�j�l�g�u�_�� �f�Z�]�b�k�l�j�Z�e�b�� �g�Z�� �k�m�r�_���� �Z�d�\�Z�l�h�j�b�y�o�� �b�� �\�� �\�h�a�^�m�r�g�h�f��
�i�j�h�k�l�j�Z�g�k�l�\�_������ �<���� �F���� �=�j�m�a�b�g�h�\���� �X���� �<���� �A�\�h�j�u�d�b�g�Z���� �=���� �<���� �B�\�Z�g�h�\�� �>�b���^�j���@�������� �:�j�d�l�b�d�Z���� �w�d�h�e�h�]�b�y���b��
�w�d�h�g�h�f�b�d�Z�����������������‹�����������������K������-20. �± DOI 10.25283/2223-4594-2019-1-6-20. �± EDN GKYZOW.  

6. �K�_�f�_�g�h�\�Z�� �G���� �<�� �H�k�g�h�\�g�u�_�� �f�_�l�h�^�u�� �h�p�_�g�d�b�� �[�b�h�d�e�b�f�Z�l�b�q�_�k�d�b�o�� �m�k�e�h�\�b�c�� �l�_�j�j�b�l�h�j�b�b��
���g�Z�� �i�j�b�f�_�j�_�� �=���� �K�Z�j�Z�l�h�\�Z���� ���� �G���� �<���� �K�_�f�_�g�h�\�Z���� �G���� �<���� �D�h�j�h�l�d�h�\�Z���� �?���� �I���� �K�h�j�h�d�b�g�Z�� ������
�N�m�g�^�Z�f�_�g�l�Z�e�v�g�u�_�� �b�� �i�j�b�d�e�Z�^�g�u�_�� �Z�k�i�_�d�l�u�� �m�k�l�h�c�q�b�\�h�]�h�� �j�Z�a�\�b�l�b�y�� �j�_�k�m�j�k�g�u�o�� �j�_�]�b�h�g�h�\�� ����
�f�Z�l�_�j�b�Z�e�u�� �,�9�� ���;�;�,���� �<�k�_�j�h�k�k�b�c�k�d�h�c�� �g�Z�m�q�g�h�c�� �d�h�g�n�_�j�_�g�p�b�b�� �k�� �f�_�`�^�m�g�Z�j�h�^�g�u�f�� �m�q�Z�k�l�b�_�f����
�G�h�\�h�d�m�a�g�_�p�d���������±�������^�_�d�Z�[�j�y�������������]�h�^�Z�������I�h�^���h�[�s�_�c���j�_�^�Z�d�p�b�_�c���H���K�����:�g�^�j�_�_�\�h�c�����± �G�h�\�h�d�m�a�g�_�p�d����
�D�m�a�[�Z�k�k�d�b�c�� �]�m�f�Z�g�b�l�Z�j�g�h-�i�_�^�Z�]�h�]�b�q�_�k�d�b�c�� �b�g�k�l�b�l�m�l�� �n�_�^�_�j�Z�e�v�g�h�]�h�� �]�h�k�m�^�Z�j�k�l�\�_�g�g�h�]�h��
�[�x�^�`�_�l�g�h�]�h�� �h�[�j�Z�a�h�\�Z�l�_�e�v�g�h�]�h�� �m�q�j�_�`�^�_�g�b�y�� �\�u�k�r�_�]�h�� �h�[�j�Z�a�h�\�Z�g�b�y�� ���D�_�f�_�j�h�\�k�d�b�c��
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7. �=�Z�e�b�f�h�\�Z�� �J���� �=�� �K�m�j�h�\�h�k�l�v�� �I�h�]�h�^�g�u�o�� �m�k�e�h�\�b�c�� �a�b�f�g�_�]�h�� �i�_�j�b�h�^�Z�� ���g�Z�� �i�j�b�f�_�j�_��

�l�_�j�j�b�l�h�j�b�b�� �J�_�k�i�m�[�e�b�d�b�� �;�Z�r�d�h�j�l�h�k�l�Z�g���� ���� �J���� �=���� �=�Z�e�b�f�h�\�Z���� �>���� �A���� �;�Z�^�Z�f�r�b�g�� ������ �P�_�g�l�j�Z�e�v�g�u�c��
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�<�\�_�^�_�g�b�_ 
�I�j�h�b�a�\�h�^�k�l�\�h�� �h�k�l�_�d�e�_�g�b�y�� �d�Z�[�b�g�� �k�h�\�j�_�f�_�g�g�u�o�� �<�K�� �h�k�m�s�_�k�l�\�e�y�_�l�k�y�� �\��

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

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

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

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

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

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

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

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

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

�H�j�]�k�l�_�d�e�h�� �± �i�j�h�^�m�d�l�� �i�h�e�b�f�_�j�b�a�Z�p�b�b�� �k�e�h�`�g�u�o�� �w�n�b�j�h�\�� �Z�d�j�b�e�h�\�h�c�� �b��
�f�_�l�Z�d�j�b�e�h�\�h�c�� �d�b�k�e�h�l�� �k�� �^�h�[�Z�\�d�h�c�� �i�e�Z�k�l�b�n�b�d�Z�l�h�j�h�\���� �B�k�o�h�^�g�u�f�� �f�Z�l�_�j�b�Z�e�h�f�� �^�e�y��
�_�]�h���i�h�e�m�q�_�g�b�y���y�\�e�y�x�l�k�y���g�_�n�l�v���b���]�Z�a�h�g�_�n�l�_�i�j�h�^�m�d�l�u [1]. 
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�<�� �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y �h�k�g�h�\�g�u�f �f�Z�l�_�j�b�Z�e�h�f�� �^�e�y�� �h�k�l�_�d�e�_�g�b�y�� �\�k�_�o��
�h�l�_�q�_�k�l�\�_�g�g�u�o �<�K �y�\�e�y�_�l�k�y �h�j�b�_�g�l�b�j�h�\�Z�g�g�h�_�� �h�j�]�k�l�_�d�e�h�� �:�H-120�K �g�Z�� �h�k�g�h�\�_��
�i�h�e�b�f�_�l�b�e�f�_�l�Z�d�j�b�e�Z�l�g�h�]�h���k�l�_�d�e�Z���K�H-120�K���k �j�Z�[�h�q�_�c���l�_�f�i�_�j�Z�l�m�j�h�c���^�h�����������ƒ�K.  
�D�j�h�f�_�� �l�h�]�h���� �^�e�y�� �h�k�l�_�d�e�_�g�b�y�� �k�h�\�j�_�f�_�g�g�u�o�� �<�K�� �f�h�]�m�l�� �i�j�b�f�_�g�y�l�v�k�y�� �k�e�_�^�m�x�s�b�_��
�f�Z�j�d�b�� �h�j�]�Z�g�b�q�_�k�d�b�o�� �k�l�_�d�h�e ���k�h�]�e�Z�k�g�h���� �H�j�b�_�g�l�b�j�h�\�Z�g�g�h�_�� �h�j�]�Z�g�b�q�_�k�d�h�_�� �k�l�_�d�e�h����
�L�K�D���B�f�i�_�j�b�y���� 

�± �K�H�E�� ���e�b�g�_�c�g�h�]�h�� �k�l�j�h�_�g�b�y���� �± �h�[�_�k�i�_�q�b�\�Z�_�l�� �g�Z�^�_�`�g�m�x�� �j�Z�[�h�l�m�� �\��
�b�g�l�_�j�\�Z�e�_���l�_�f�i�_�j�Z�l�m�j���h�l��-�������^�h�������� �ƒ�K; 

�± �K�L-���� �g�_�� �k�h�^�_�j�`�b�l�� �i�e�Z�k�l�b�n�b�d�Z�l�h�j�Z�� �b�� �h�[�_�k�i�_�q�b�\�Z�_�l�� �g�Z�^�_�`�g�m�x�� �j�Z�[�h�l�m�� �\��
�b�g�l�_�j�\�Z�e�_���h�l��-�������^�h�����������ƒ�K���� 

�± �h�j�b�_�g�l�b�j�h�\�Z�g�g�h�_�� �k�l�_�d�e�h �>�H�J-16 �± �h�[�e�Z�^�Z�_�l�� �i�h�\�u�r�_�g�g�u�f�b�� �n�b�a�b�d�h-
�f�_�o�Z�g�b�q�_�k�d�b�f�b�� �k�\�h�c�k�l�\�Z�f�b���� �i�h�g�b�`�_�g�g�h�c�� �o�j�m�i�d�h�k�l�v�x�� �b�� �i�h�\�u�r�_�g�g�h�c�� �m�^�_�e�v�g�h�c��
�\�y�a�d�h�k�l�v�x;  

�± 2-������ �b�� �L��-55 �± �b�f�_�x�l�� �e�b�g�_�c�g�h�_�� �k�l�j�h�_�g�b�_�� �b�� �i�h�\�u�r�_�g�g�m�x��
�l�_�i�e�h�k�l�h�c�d�h�k�l�v�����f�h�]�m�l �j�Z�[�h�l�Z�l�v���\���b�g�l�_�j�\�Z�e�_���l�_�f�i�_�j�Z�l�m�j���h�l��-�������^�h���������� �ƒ�K�����Z���L��-
55 �± �^�h���������«300 �ƒ�K; 

�± �K�H�E���b�� �K�L-���� �i�j�b�f�_�g�y�_�l�k�y�� �^�e�y�� �b�a�]�h�l�h�\�e�_�g�b�y�� �b�e�e�x�f�b�g�Z�l�h�j�h�\��
�g�_�]�_�j�f�_�l�b�q�_�k�d�b�o���b���]�_�j�f�_�l�b�q�_�k�d�b�o���d�Z�[�b�g���<�K;  

�± �>�H�J-�������i�j�b�f�_�g�y�_�l�k�y���^�e�y���h�k�l�_�d�e�_�g�b�y���]�_�j�f�_�l�b�q�_�k�d�b�o���d�Z�[�b�g���\�u�k�h�l�g�u�o���<�K 
���i�j�b���l�_�f�i�_�j�Z�l�m�j�_���h�l��-�������^�h�������� �ƒ�K���� 

�H�j�]�k�l�_�d�e�h�� �± �w�l�h�� �f�Z�l�_�j�b�Z�e���� �d�h�l�h�j�u�c�� �o�h�j�h�r�h�� �i�h�^�^�Z�_�l�k�y�� �h�[�j�Z�[�h�l�d�_�� �± 
�j�Z�k�i�b�e�b�\�Z�g�b�x���� �r�e�b�n�h�\�Z�g�b�x���� �k�\�_�j�e�_�g�b�x���� �j�_�a�d�_, �Z �l�Z�d�`�_�� �i�j�b�� �g�Z�]�j�_�\�Z�g�b�b�� �_�f�m��
�f�h�`�g�h�� �i�j�b�^�Z�\�Z�l�v�� �j�Z�a�e�b�q�g�u�_�� �n�h�j�f�u���� �i�j�b�� �w�l�h�f���� �i�j�Z�d�l�b�q�_�k�d�b�� �g�_�� �b�a�f�_�g�y�y�� �_�]�h��
�h�i�l�b�q�_�k�d�b�_���k�\�h�c�k�l�\�Z�����j�b�k����1). 

 

 
 

�J�b�k�m�g�h�d��1 �± �B�a�]�h�l�h�\�e�_�g�b�_���e�b�l�h�]�h���h�j�]�Z�g�b�q�_�k�d�h�]�h���h�k�l�_�d�e�_�g�b�y���<�K 
 
�H�j�]�Z�g�b�q�_�k�d�h�_���k�l�_�d�e�h���b�f�_�_�l���k�e�_�^�m�x�s�b�_���l�_�o�g�b�q�_�k�d�b�_���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� 
�± �d�h�w�n�n�b�p�b�_�g�l���i�j�h�i�m�k�d�Z�g�b�y���k�\�_�l�Z���± �^�h������ %; 
�± �i�e�h�l�g�h�k�l�v���± �����������]���k�f���� 
�± �m�j�h�\�_�g�v���l�_�i�e�h�m�k�l�h�c�q�b�\�h�k�l�b���± 110 �ƒ�K�� 
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�± �l�_�f�i�_�j�Z�l�m�j�Z���w�d�k�i�e�m�Z�l�Z�p�b�b���± �h�l��-�������^�h���������� �ƒ�K�� 
�± �l�_�f�i�_�j�Z�l�m�j�Z���\�h�k�i�e�Z�f�_�g�_�g�b�y���± �������« 635 �ƒ�K�� 
�H�^�g�Z�d�h�� �h�j�]�Z�g�b�q�_�k�d�b�_�� �k�l�_�d�e�Z�� �b�f�_�x�l�� �g�_�d�h�l�h�j�u�_�� �g�_�^�h�k�l�Z�l�d�b���� �l�Z�d�b�_�� �d�Z�d�� �± 

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

�K�b�e�b�d�Z�l�g�h�_�� �k�l�_�d�e�h�� �\�� �Z�\�b�Z�k�l�j�h�_�g�b�b�� �i�j�b�f�_�g�y�_�l�k�y �^�e�y�� �b�a�]�h�l�h�\�e�_�g�b�y 
�f�g�h�]�h�k�e�h�c�g�h�]�h �h�k�l�_�d�e�_�g�b�y�� �d�h�l�h�j�h�_ �b�a�]�h�l�h�\�e�y�_�l�k�y�� �i�m�l�_�f�� �k�d�e�_�b�\�Z�g�b�y�� �f�_�`�^�m��
�k�h�[�h�c�� �i�e�Z�k�l�b�g�� �b�a�� �k�b�e�b�d�Z�l�g�h�]�h�� �k�l�_�d�e�Z ���k�h�]�e�Z�k�g�h���� �L�j�b�i�e�_�d�k���� �&�O�H�0�D�U�(�Q�J�L�Q�H�H�U�L�Q�J����
2008).  

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

�^�\�m�o�� �e�b�k�l�h�\�� �h�j�]�Z�g�b�q�_�k�d�h�]�h�� �k�l�_�d�e�Z�� �k�� �i�h�f�h�s�v�x�� �w�e�Z�k�l�b�q�g�h�c���� �i�j�h�a�j�Z�q�g�h�c��
�i�h�e�b�\�b�g�b�e�[�m�l�b�j�Z�e�v�g�h�c�� �i�e�_�g�d�b���� �I�j�b�f�_�g�y�x�l�� �l�j�b�i�e�_�d�k�� �l�h�e�s�b�g�h�c�� �h�l�� ������ �f�f�� �b��
�\�u�r�_���k���i�j�h�a�j�Z�q�g�h�c���i�j�h�k�e�h�c�d�h�c���\�����«�����f�f �^�e�y���h�k�l�_�d�e�_�g�b�y���]�_�j�f�_�l�b�q�_�k�d�b�o���d�Z�[�b�g��
�<�K���� �L�j�b�i�e�_�d�k�� �f�h�`�_�l�� �[�u�l�v�� �b�a�]�h�l�h�\�e�_�g �k�� �w�e�_�d�l�j�h�i�h�^�h�]�j�_�\�h�f�� �h�l�� �a�Z�f�_�j�a�Z�g�b�y�� �b��
�h�l�i�h�l�_�\�Z�g�b�y���� �H�j�]�Z�g�b�q�_�k�d�b�c�� �l�j�b�i�e�_�d�k�� �\�u�i�m�k�d�Z�_�l�k�y�� �k�e�_�^�m�x�s�b�o�� �f�Z�j�h�d�� �± �H�L-16, 
�H�L-�K�L-�������H�L-2-���������H�L-200 [2]. 

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

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

 

     
 

�J�b�k�m�g�h�d��2 �± �I�h�\�j�_�`�^�_�g�b�y���e�h�[�h�\�u�o���k�l�_�d�h�e���<�K 
 
�F�g�h�]�h�k�e�h�c�g�u�_�� �k�b�e�b�d�Z�l�g�u�_�� �k�l�_�d�e�Z�� �h�[�e�Z�^�Z�x�l�� �k�e�_�^�m�x�s�b�f�b��

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

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

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

�D�� �k�h�\�j�_�f�_�g�g�h�f�m�� �h�k�l�_�d�e�_�g�b�x�� �d�Z�[�b�g�� �]�j�Z�`�^�Z�g�k�d�b�o�� �b�� �\�h�_�g�g�u�o�� �<�K��
�i�j�_�^�t�y�\�e�y�x�l�k�y���k�e�_�^�m�x�s�b�_���h�k�g�h�\�g�u�_���l�j�_�[�h�\�Z�g�b�y���� 

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

�w�e�_�d�l�j�h�h�[�h�]�j�_�\���� 
�W�l�b�� �l�j�_�[�h�\�Z�g�b�y�� �i�h�d�Z�a�u�\�Z�x�l���� �q�l�h�� �h�k�l�_�d�e�_�g�b�_�� �<�K�� �y�\�e�y�_�l�k�y�� �k�e�h�`�g�h�c��

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

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

�<�k�_�j�h�k�k�b�c�k�d�b�c���b�g�k�l�b�l�m�l���Z�\�b�Z�p�b�h�g�g�u�o���f�Z�l�_�j�b�Z�e�h�\�����<�B�:�F�����k�h�\�f�_�k�l�g�h���k��
�B�g�k�l�b�l�m�l�h�f�� �i�e�Z�k�l�f�Z�k�k�� �j�Z�a�j�Z�[�h�l�Z�e�� �g�h�\�u�c�� �h�i�l�b�q�_�k�d�b�� �i�j�h�a�j�Z�q�g�u�c�� �f�h�g�h�e�b�l�g�u�c��
�i�h�e�b�d�Z�j�[�h�g�Z�l���f�Z�j�d�b���<�L�I-�����I�D�W�:-7,0 [4].  

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

�;�e�Z�]�h�^�Z�j�y�� �k�i�_�p�b�Z�e�v�g�h�f�m�� �i�h�d�j�u�l�b�x���� �Z�d�j�b�e�h�\�h�_�� �k�l�_�d�e�h�� �g�_�� �a�Z�i�h�l�_�\�Z�_�l���� �g�_��
�f�m�l�g�_�_�l���� �g�_�� �h�[�e�_�^�_�g�_�\�Z�_�l�� �b�� �h�[�_�k�i�_�q�b�\�Z�_�l�� �o�h�j�h�r�m�x�� �\�b�^�b�f�h�k�l�v�� �i�j�b�� �e�x�[�u�o��
�i�h�]�h�^�g�u�o�� �m�k�e�h�\�b�y�o���� �:�g�l�b�[�e�b�d�h�\�h�_�� �i�h�d�j�u�l�b�_�� �i�h�\�u�r�Z�_�l�� �w�n�n�_�d�l�b�\�g�h�k�l�v�� �b��
�[�_�a�h�i�Z�k�g�h�k�l�v�� �j�Z�[�h�l�u�� �i�b�e�h�l�Z���� �D�j�h�f�_�� �l�h�]�h���� �Z�d�j�b�e�h�\�h�_�� �k�l�_�d�e�h�� �h�[�_�k�i�_�q�b�\�Z�_�l��
�h�l�k�m�l�k�l�\�b�_�� �\�b�a�m�Z�e�v�g�u�o�� �b�k�d�Z�`�_�g�b�c�� �b�� �\�� �e�x�[�h�c�� �k�b�l�m�Z�p�b�b�� �b�a�h�[�j�Z�`�_�g�b�_�� �h�k�l�Z�_�l�k�y��
�^�h�k�l�Z�l�h�q�g�h���q�_�l�d�b�f�����j�b�k���������� 
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�J�b�k�m�g�h�d��3 �± �D�h�f�i�e�_�d�l���h�k�l�_�d�e�_�g�b�y���k�Z�f�h�e�_�l�Z���K�m-57�± �e�h�[�h�\�h�c���d�h�a�u�j�_�d 
�b���h�l�d�b�^�g�Z�y���q�Z�k�l�v���n�h�g�Z�j�y�����\�u�i�h�e�g�_�g�g�u�_���b�a���f�h�g�h�e�b�l�g�h�]�h���i�h�e�b�d�Z�j�[�h�g�Z�l�Z 
 
�>�e�y�� �i�h�^�l�\�_�j�`�^�_�g�b�y�� �l�Z�d�b�o�� �\�u�k�h�d�b�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �\�� �:�H�� �©�H�G�I�I��

�©�L�_�o�g�h�e�h�]�b�y�ª���b���I�:�H���©�D�h�f�i�Z�g�b�y���©�K�m�o�h�c�ª���[�u�e�b���i�j�h�\�_�^�_�g�u �b�k�i�u�l�Z�g�b�y�����d�h�l�h�j�u�_��
�i�h�d�Z�a�Z�e�b�� �a�g�Z�q�b�l�_�e�v�g�u�_�� �i�j�_�b�f�m�s�_�k�l�\�Z�� �h�k�l�_�d�e�_�g�b�y���<�K���g�Z�� �h�k�g�h�\�_�� �f�h�g�h�e�b�l�g�h�]�h��
�i�h�e�b�d�Z�j�[�h�g�Z�l�Z���\ �k�j�Z�\�g�_�g�b�b���k���k�b�e�b�d�Z�l�g�u�f���h�k�l�_�d�e�_�g�b�_�f��[4]: 

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

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

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

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

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

�L�h�e�s�b�g�Z�� �d�Z�`�^�h�]�h�� �k�e�h�y�� �b�k�q�b�k�e�y�_�l�k�y�� �^�_�k�y�l�u�f�b�� �b�� �k�h�l�u�f�b�� �^�h�e�y�f�b��
�g�Z�g�h�f�_�l�j�Z�����W�l�h���i�h�a�\�h�e�y�x�l���k�h�a�^�Z�\�Z�l�v���^�e�y���k�\�_�l�h�n�b�e�v�l�j�h�\���j�Z�a�e�b�q�g�h�]�h���g�Z�a�g�Z�q�_�g�b�y��
�f�_�l�Z�e�e�h�h�i�l�b�q�_�k�d�b�_�� �d�h�g�k�l�j�m�d�p�b�b�� �k�� �q�b�k�e�h�f�� �k�e�h�_�\�� �[�h�e�_�_�� ���������� �i�j�b�� �l�h�e�s�b�g�_��
�d�Z�`�^�h�]�h�� �k�e�h�y�� ���������«�������� �g�Z�g�h�f�_�l�j�Z���� �>�\�_�� �k�h�l�g�b�� �k�e�h�_�\�� �l�Z�d�h�c�� �l�h�e�s�b�g�u���� �\�� �h�[�s�_�f����
�^�Z�x�l���i�h�d�j�u�l�b�_���g�Z���i�h�\�_�j�o�g�h�k�l�b���h�k�l�_�d�e�_�g�b�y�������«�������g�Z�g�h�f�_�l�j�h�\ [4]. 

�<�u�k�h�d�Z�y���m�^�Z�j�g�Z�y���i�j�h�q�g�h�k�l�v���b���f�_�g�v�r�b�c���\�_�k���i�h���k�j�Z�\�g�_�g�b�x���k���h�k�l�_�d�e�_�g�b�_�f��
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Abstract. The article discusses the method of probabilistic calculation of geometric 
parameters of aircraft design elements. As an example, a calculation was made of the connection 
between the engine mount and the fuselage. The use of probabilistic calculation makes it possible to 
optimize the parameters of aircraft design elements and ensure the required reliability. 
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�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �g�Z�^�_�`�g�h�k�l�b�� �f�h�]�m�l�� �[�u�l�v�� �i�h�e�m�q�_�g�u�� �b�a�� �k�e�_�^�m�x�s�_�]�h�� �\�u�j�Z�`�_�g�b�y����
�g�Z�a�u�\�Z�_�f�h�]�h���m�j�Z�\�g�_�g�b�_�f���k�\�y�a�b���>��; 2]: 
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 0

2 2

0

m m
z

S S

� V � V

� V � V

��
� 

��
, (1) 

 
�]�^�_��z �± �d�\�Z�g�l�b�e�v�� �g�h�j�f�Z�e�v�g�h�]�h�� �j�Z�k�i�j�_�^�_�e�_�g�b�y�� �i�j�b�� �a�Z�^�Z�g�g�h�f�� �a�g�Z�q�_�g�b�b��
�\�_�j�h�y�l�g�h�k�l�b�� �[�_�a�h�l�d�Z�a�g�h�c�� �j�Z�[�h�l�u��H; m�V 0 �± �f�Z�l�_�f�Z�l�b�q�_�k�d�h�_ �h�`�b�^�Z�g�b�_��
�i�j�_�^�_�e�v�g�h�]�h�� �g�Z�i�j�y�`�_�g�b�y����m�V �± �f�Z�l�_�f�Z�l�b�q�_�k�d�h�_ �h�`�b�^�Z�g�b�_�� �^�_�c�k�l�\�m�x�s�_�]�h��
�g�Z�i�j�y�`�_�g�b�y����S�V 0 �± �k�j�_�^�g�_�d�\�Z�^�j�Z�l�b�q�_�k�d�h�_���h�l�d�e�h�g�_�g�b�_���i�j�_�^�_�e�v�g�h�]�h���g�Z�i�j�y�`�_�g�b�y����
S�V �± �k�j�_�^�g�_�d�\�Z�^�j�Z�l�b�q�_�k�d�h�_���h�l�d�e�h�g�_�g�b�_���^�_�c�k�l�\�m�x�s�_�]�h���g�Z�i�j�y�`�_�g�b�y�� 

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

�\�_�j�h�y�l�g�h�k�l�b �[�_�a�h�l�d�Z�a�g�h�c���j�Z�[�h�l�u�� 
�± �\�l�h�j�Z�y�� �± �g�Z�o�h�`�^�_�g�b�_ �d�h�w�n�n�b�p�b�_�g�l�Z�� �a�Z�i�Z�k�Z�� �i�j�h�q�g�h�k�l�b�� �i�j�b�� �a�Z�^�Z�g�g�h�c��

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

�j�Z�k�q�_�l�Z�� �l�h�e�s�b�g�u�� �i�j�h�m�r�b�g�u���G �m�a�e�Z�� �k�h�_�^�b�g�_�g�b�y�� �k�l�_�j�`�g�_�c�� �f�h�l�h�j�g�h�c�� �j�Z�f�u�� �k��
�n�x�a�_�e�y�`�_�f�����j�b�k�� 1). 

�<�g�_�r�g�y�y�� �k�b�e�Z��P �m�j�Z�\�g�h�\�_�r�b�\�Z�_�l�k�y�� �i�j�h�^�h�e�v�g�h�c�� �\�g�m�l�j�_�g�g�_�c�� �k�b�e�h�c��N. 
�>�_�c�k�l�\�m�x�s�b�_���\���w�l�h�f���k�_�q�_�g�b�b���i�h�i�_�j�_�q�g�u�_���k�b�e�u��Q �b���b�a�]�b�[�Z�x�s�b�_���f�h�f�_�g�l�u��M �i�h��
�m�k�e�h�\�b�x���j�Z�\�g�h�\�_�k�b�y���y�\�e�y�x�l�k�y���e�b�r�g�b�f�b�����F�g�h�]�h�q�b�k�e�_�g�g�u�_���b�k�i�u�l�Z�g�b�y���i�h�d�Z�a�Z�e�b����
�q�l�h�� �j�Z�k�q�_�l�� �f�h�`�g�h�� �i�j�h�\�h�^�b�l�v�� �l�h�e�v�d�h�� �g�Z�� �j�Z�a�j�u�\�� �i�h�� �k�_�q�_�g�b�x��m-m �i�h�� �k�j�_�^�g�b�f��
�g�Z�i�j�y�`�_�g�b�y�f���>���@ 

 

 
2

�k �j �\

P

x k
� V � V

�G
�  � d,  (2) 

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

 

 
 

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

 0 , 5 6 5 0 , 4 6 0 ,1 1
y b

k
x d

� �� �� �d , (3) 

 
�]�^�_��y, b, d �± �d�h�g�k�l�j�m�d�l�b�\�g�u�_���i�Z�j�Z�f�_�l�j�u���i�j�h�m�r�b�g�u�����j�b�k���������� 

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

 
S�G = �E�G, 

 
�]�^�_���E �í���d�h�w�n�n�b�p�b�_�g�l�����m�q�b�l�u�\�Z�x�s�b�c���j�Z�a�[�j�h�k���a�g�Z�q�_�g�b�c���G. 

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

 
 x = �D�G,  (4) 

 
�]�^�_���D �í���d�h�w�n�n�b�p�b�_�g�l�����h�i�j�_�^�_�e�y�_�f�u�c���j�Z�a�j�Z�[�h�l�q�b�d�h�f�� 

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

 
 1 2

P P P�  � �.  (5) 
 

�<���k�h�h�l�\�_�l�k�l�\�b�b���k�h���k�\�h�c�k�l�\�Z�f�b���f�Z�l�_�f�Z�l�b�q�_�k�d�h�]�h���h�`�b�^�Z�g�b�y���i�_�j�_�i�b�r�_�f����5) 
�k�e�_�^�m�x�s�b�f���h�[�j�Z�a�h�f�� 

 
 1 2P P P

m m m�  � �. (6) 
 

�>�e�y���g�Z�o�h�`�^�_�g�b�y���k�j�_�^�g�_�d�\�Z�^�j�Z�l�b�q�_�k�d�h�]�h���h�l�d�e�h�g�_�g�b�y��Sy �n�m�g�d�p�b�b���k�e�m�q�Z�c�g�u�o��
�\�_�e�b�q�b�g��y = f (x1, x2�����«����xn) = f(x�����b�k�i�h�e�v�a�m�_�l�k�y���f�_�l�h�^���e�b�g�_�Z�j�b�a�Z�p�b�b���>���@�� 

 

 
�� ��

2

2 2

1

n
i

y i

i i m i

f x
S S

x� 

� ª � º�w
� � « � »

�w� « � »� ¬ � ¼
�¦ , (7) 

 
�]�^�_��Si �± �k�j�_�^�g�_�d�\�Z�^�j�Z�l�b�q�_�k�d�h�_�� �h�l�d�e�h�g�_�g�b�_�� �k�e�m�q�Z�c�g�h�c�� �\�_�e�b�q�b�g�u��xi; mi �± 
�f�Z�l�_�f�Z�l�b�q�_�k�d�h�_���h�`�b�^�Z�g�b�_���\�_�e�b�q�b�g�u��xi. 

�<���g�Z�r�_�f���k�e�m�q�Z�_��f(x) �w�l�h�������������l�h�]�^�Z�����������i�j�b�g�b�f�Z�_�l���\�b�^�� 
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2 2

2 2 2 2 2

1 2 1 2

1 21 2

,
P P P P P

m P m P

f f
S S S S S

P P

�ª �º �ª �º� w � w
� �� � ���« �» �« �»

� w � w�« �» �« �»�¬ �¼ �¬ �¼

 (8) 

 
�I�j�b���a�Z�^�Z�g�g�h�f���k�h�h�l�g�h�r�_�g�b�b���j�Z�a�f�_�j�h�\���i�j�h�m�r�b�g�u���a�g�Z�f�_�g�Z�l�_�e�v�����������j�Z�\�_�g�� 

2
2 .F k� D � G�  

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

�� ��2

2
.

F
m m f

�G
� K � G�  �  

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

�\�_�e�b�q�b�g�u��y = f(xn) �i�j�b�� n � �� ���� �f�h�`�g�h�� �\�h�k�i�h�e�v�a�h�\�Z�l�v�k�y�� �k�\�h�c�k�l�\�h�f��
�f�Z�l�_�f�Z�l�b�q�_�k�d�h�]�h���h�`�b�^�Z�g�b�y���>���@�� 

 

 �� �� �� ��
22 2

.
x

m x m x S�  � �� ª � º� ¬ � ¼ (9) 

 
�<���g�Z�r�_�f���k�e�m�q�Z�_�������������^�Z�_�l���k�e�_�^�m�x�s�b�c���j�_�a�m�e�v�l�Z�l�� 
 

 �� ��2 2
2 1 .

F
m k�D �E �G�  � � (10) 

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

 �� ��

2

22 2 2 2
4 ,

F

m

f
S S k S� G � G

�G

� D � G
�G

� ª � º�w
�  �  � « � »

�w� ¬ � ¼
 (11) 

 
�<�h�� �\�\�_�^�_�g�g�u�o �h�[�h�a�g�Z�q�_�g�b�y�o�� �\�u�j�Z�`�_�g�b�_�� �^�e�y�� �k�j�_�^�g�_�]�h�� �g�Z�i�j�y�`�_�g�b�y �\��

�i�j�h�m�r�b�g�_�����������i�j�b�g�b�f�Z�_�l���i�j�h�k�l�h�c���\�b�^�� 
 

 .
� k � j

P

F
�V �  (12) 

 
�?�]�h���f�Z�l�_�f�Z�l�b�q�_�k�d�h�_���h�`�b�^�Z�g�b�_�� 
 

 .P

F

m
m

m
�V �  (13) 

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

 
2 2 2 2

2 2 2 2 2

2

1
.

P F P F

m P m F

f f P
S S S S S

P F F F
�V

�ª �º �ª �º� w � w�§ �· �§ �·
� �� � �� ���¨ �¸ �¨ �¸�« �» �« �»

� w � w�© �¹ �© �¹�¬ �¼ �¬ �¼
 (14) 
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�I�h�^�k�l�Z�\�b�\�� �\�� ���������� ���������� ����0), (11), (12���� �b�� ����4���� �b�k�o�h�^�g�u�_�� �i�Z�j�Z�f�_�l�j�u���� �f�h�`�g�h��
�i�h�e�m�q�b�l�v�� �q�b�k�e�_�g�g�u�_�� �a�g�Z�q�_�g�b�y�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �j�Z�k�i�j�_�^�_�e�_�g�b�y���� �>�Z�e�_�_��
�a�Z�i�b�k�u�\�Z�_�l�k�y���m�j�Z�\�g�_�g�b�_���k�\�y�a�b�����������b���j�_�r�Z�_�l�k�y���h�l�g�h�k�b�l�_�e�v�g�h���b�k�d�h�f�h�c���\�_�e�b�q�b�g�u�� 

 
�J�_�Z�e�b�a�Z�p�b�y���f�_�l�h�^�Z 
�Q�b�k�e�_�g�g�u�c�� �j�Z�k�q�_�l�� �b�� �k�j�Z�\�g�_�g�b�_�� �^�_�l�_�j�f�b�g�b�j�h�\�Z�g�g�u�o�� �b�� �\�_�j�h�y�l�g�h�k�l�g�u�o��

�i�Z�j�Z�f�_�l�j�h�\���i�j�h�m�r�b�g�u���\�u�i�h�e�g�_�g�u �\���j�Z�f�d�Z�o���w�k�d�b�a�g�h�]�h���i�j�h�_�d�l�Z���e�_�]�d�h�f�h�l�h�j�g�h�]�h��
�M�L�K���� �<�� �d�Z�q�_�k�l�\�_�� �i�j�h�l�h�l�b�i�Z�� �i�j�b�g�y�l�� �m�q�_�[�g�h-�l�j�_�g�b�j�h�\�h�q�g�u�c �k�Z�f�h�e�_�l�� �Y�D-�������� �k��
�g�_�f�_�p�d�b�f�� �i�h�j�r�g�_�\�u�f�� �^�\�b�]�Z�l�_�e�_�f�� �5�(�'�� �$�������� �:�e�v�l�_�j�g�Z�l�b�\�h�c�� �_�f�m�� �f�h�`�_�l��
�k�e�m�`�b�l�v�� �h�l�_�q�_�k�l�\�_�g�g�u�c�� �l�m�j�[�h�\�b�g�l�h�\�h�c�� �^�\�b�]�Z�l�_�e�v�� �<�D-�������K���� �H�^�g�Z�d�h���� �a�Z�f�_�g�Z��
�^�\�b�]�Z�l�_�e�y�� �h�[�m�k�e�Z�\�e�b�\�Z�_�l�� �g�_�h�[�o�h�^�b�f�h�k�l�v�� �\�g�_�k�_�g�b�y�� �\�� �d�h�g�k�l�j�m�d�p�b�x�� �k�Z�f�h�e�_�l�Z��
�j�y�^�Z���b�a�f�_�g�_�g�b�c�� �\���l�h�f���q�b�k�e�_�����i�j�h�_�d�l�b�j�h�\�Z�g�b�y���g�h�\�h�c���d�h�g�k�l�j�m�d�p�b�b���m�a�e�Z���g�Z�\�_�k�d�b�� 

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

 

 
 

�J�b�k�m�g�h�d�������í���H�[�s�b�c���\�b�^���n�_�j�f�u���g�Z�\�_�k�d�b���^�\�b�]�Z�l�_�e�y���<�D-�������K 
 
�N�_�j�f�Z���y�\�e�y�_�l�k�y���^�\�Z�`�^�u���k�l�Z�l�b�q�_�k�d�b���g�_�h�i�j�_�^�_�e�b�f�h�c�����^�e�y���j�Z�k�q�_�l�Z���m�k�b�e�b�c���\��

�_�_�� �k�l�_�j�`�g�y�o�� �b�a�� �k�m�s�_�k�l�\�m�x�s�b�o�� �f�_�l�h�^�b�d�� �j�Z�k�q�_�l�Z��[4] �\�u�[�j�Z�g�� �©�f�_�l�h�^�� �k�b�e�ª���� �<��
�d�Z�q�_�k�l�\�_�� �b�k�o�h�^�g�u�o�� �^�Z�g�g�u�o�� �b�k�i�h�e�v�a�m�x�l�k�y�� �]�_�h�f�_�l�j�b�q�_�k�d�b�_�� �i�Z�j�Z�f�_�l�j�u�� �n�_�j�f�u��
���l�Z�[�e�b�p�Z�����������a�g�Z�q�_�g�b�y �j�Z�k�q�_�l�g�u�o���g�Z�]�j�m�a�h�d�� 

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

�<�� �j�Z�[�h�l�_�� �i�j�b�g�y�l�u�� �k�e�_�^�m�x�s�b�_�� �j�Z�k�q�_�l�g�u�_�� �k�e�m�q�Z�b���� �\�a�e�_�l�g�u�c�� �j�_�`�b�f����
�\�u�i�h�e�g�_�g�b�_���f�Z�g�_�\�j�Z���©�]�h�j�d�Z�ª�����i�j�y�f�h�e�b�g�_�c�g�u�c���]�h�j�b�a�h�g�l�Z�e�v�g�u�c���i�h�e�_�l���b���k�l�h�y�g�d�Z����
�D�� �^�\�b�]�Z�l�_�e�x�� �i�j�b�e�h�`�_�g�u�� �k�b�e�u�� �b�� �f�h�f�_�g�l�u���� �k�b�e�Z�� �l�y�]�b��Px���� �j�Z�\�g�h�^�_�c�k�l�\�m�x�s�Z�y��
�f�Z�k�k�h�\�u�o���k�b�e��Py�����j�_�Z�d�l�b�\�g�u�c���f�h�f�_�g�l���h�l���\�b�g�l�Z��Mx. 
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�L�Z�[�e�b�p�Z�������í�>�e�b�g�u���k�l�_�j�`�g�_�c���b���g�Z�i�j�Z�\�e�y�x�s�b�_���d�h�k�b�g�m�k�u 

�K�l�_�j�`�_�g�v �I�j�h�_�d�p�b�b���g�Z���h�k�b �>�e�b�g�Z��l�����f �G�Z�i�j�Z�\�e�y�x�s�b�_���d�h�k�b�g�m�k�u 

x y z x y z 

�������b������ 0,60416 0 0,321 0,684142 0,883 0 0,469 

�������b������ 0,60416 0,321 0 0,684142 0,883 0,469 0 

�������b������ 0,36263 0,321 0 0,484294 0,748 0,662 0 

�������b������ 0,36263 0 0,321 0,484294 0,748 0 0,662 
 
�J�_�a�m�e�v�l�Z�l�u���j�Z�k�q�_�l�Z���m�k�b�e�b�c���\���k�l�_�j�`�g�y�o���n�_�j�f�u���i�j�b�\�_�^�_�g�u���\���l�Z�[�e�b�p�_�������� 

 
�L�Z�[�e�b�p�Z�������í���B�k�o�h�^�g�u�_���^�Z�g�g�u�_���^�e�y���i�j�h�\�_�^�_�g�b�y���\�_�j�h�y�l�g�h�k�l�g�h�]�h���j�Z�k�q�_�l�Z 

�I�Z�j�Z�f�_�l�j �A�g�Z�q�_�g�b�_ �I�j�b�f�_�q�Z�g�b�_ 

�I�j�_�^�_�e�v�g�h�_�� �g�Z�i�j�y�`�_�g�b�_��m�V0, 
�F�I�Z 

1400 �K�j�_�^�g�_�_�� �a�g�Z�q�_�g�b�_�� �i�j�_�^�_�e�Z�� �i�j�h�q�g�h�k�l�b�� �^�e�y�� �k�l�Z�e�b��
�����O�=�K�:�� (�K�i�j�Z�\�h�q�g�b�d�� �i�h�� �k�h�i�j�h�l�b�\�e�_�g�b�x��
�f�Z�l�_�j�b�Z�e�h�\���� �=���K���� �I�b�k�Z�j�_�g�d�h���� �:���I���� �Y�d�h�\�e�_�\���� �<���<����
�F�Z�l�\�_�_�\���� �H�l�\���� �j�_�^���� �=���K���� �I�b�k�Z�j�_�g�d�h���� �± 2-�_�� �b�a�^������
�i�_�j�_�j�Z�[���� �b�� �^�h�i���� �± �D�b�_�\���� �G�Z�m�d���� �^�m�f�d�Z���� ������������ �± 
736 �k��) 

�K�j�_�^�g�_�d�\�Z�^�j�Z�l�b�q�_�k�d�h�_��
�h�l�d�e�h�g�_�g�b�_�� �i�j�_�^�_�e�v�g�h�]�h��
�g�Z�i�j�y�`�_�g�b�y S�V 0�����F�I�Z 

60 �D�h�w�n�n�b�p�b�_�g�l�� �\�Z�j�b�Z�p�b�b�� �^�e�y�� �i�j�h�q�g�h�k�l�g�u�o��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d���k�l�Z�e�_�c���b���k�i�e�Z�\�h�\���k�h�k�l�Z�\�e�y�_�l���J = 5-
10 % (�F�_�l�h�^�h�e�h�]�b�y�� �\�u�[�h�j�Z�� �f�Z�l�_�j�b�Z�e�h�\�� �b��
�m�i�j�h�q�g�y�x�s�b�o�� �l�_�o�g�h�e�h�]�b�c�� �\�� �f�Z�r�b�g�h�k�l�j�h�_�g�b�b����
�m�q�_�[�g�b�d �����<���?�����A�h�l�d�b�g�����± 4-�_���b�a�^�������i�_�j�_�j�Z�[�����b���^�h�i�����± 
�F������ �B�>�� �©�N�H�J�M�F�ª���� �B�G�N�J�:-�F���� ������������ �± 320 �k��). �<��
�j�Z�k�q�_�l�Z�o���i�j�b�g�y�l���J�V 0 = 7 %. 

�M�k�b�e�b�_��P1�����G -33239 �I�j�b�g�y�l�u���^�e�y���g�Z�b�[�h�e�_�_���g�Z�]�j�m�`�_�g�g�h�c���i�j�h�m�r�b�g�u���\��
�m�a�e�_�� ���� �\�� �j�_�`�b�f�_�� �©�]�h�j�d�Z�ª���� �\�� �d�h�l�h�j�m�x�� �i�j�b�o�h�^�y�l��
�k�l�_�j�`�g�b���������b�������� 

�M�k�b�e�b�_��P2�����G 2646 

�K�j�_�^�g�_�d�\�Z�^�j�Z�l�b�q�_�k�d�h�_��
�h�l�d�e�h�g�_�g�b�_��S�J1�����G 

3323 �I�j�b�� �h�l�k�m�l�k�l�\�b�b�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o�� �b��
�k�l�Z�l�b�k�l�b�q�_�k�d�b�o�� �^�Z�g�g�u�o�� �d�h�w�n�n�b�p�b�_�g�l�� �\�Z�j�b�Z�p�b�b��
�i�j�b�g�b�f�Z�_�l�k�y�� �d�Z�d�� �^�e�y�� �i�j�_�^�_�e�v�g�u�o�� �g�Z�i�j�y�`�_�g�b�c��
�J = 10 % (�D�m�a�g�_�p�h�\���:���:���� �:�e�b�n�Z�g�h�\���H���F�������<�_�l�j�h�\��
�<���B���� �<�_�j�h�y�l�g�h�k�l�g�u�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �i�j�h�q�g�h�k�l�b��
�Z�\�b�Z�p�b�h�g�g�u�o���f�Z�l�_�j�b�Z�e�h�\���b���j�Z�a�f�_�j�h�\���k�h�j�l�Z�f�_�g�l�Z�� 
�K�i�j�Z�\�h�q�g�b�d���� �I�h�^�� �j�_�^���� �K���H���� �H�o�Z�i�d�b�g�Z���� �± �F������
�F�Z�r�b�g�h�k�l�j�h�_�g�b�_�����������������± ���������k��) 

�K�j�_�^�g�_�d�\�Z�^�j�Z�l�b�q�_�k�d�h�_��
�h�l�d�e�h�g�_�g�b�_��S�J2�����G 

265 

�>�h�i�m�k�d���E �g�Z�� �b�k�d�h�f�u�c�� �j�Z�a�f�_�j��
�G �i�j�h�m�r�b�g�u�� 

0,02 �I�j�b�g�b�f�Z�_�l�k�y�� �k�j�_�^�g�_�_�� �a�g�Z�q�_�g�b�_�� �^�h�i�m�k�d�Z�� �g�Z��
�j�Z�a�f�_�j�u�� �i�j�_�k�k�h�\�Z�g�g�u�o�� �i�j�h�n�b�e�_�c���� �b�k�i�h�e�v�a�m�_�f�u�o��
�\���Z�\�b�Z�k�l�j�h�_�g�b�b 

�D�h�w�n�n�b�p�b�_�g�l�� �k�h�h�l�g�h�r�_�g�b�y��
�j�Z�a�f�_�j�h�\���i�j�h�m�r�b�g�u���D 

1  

�D�h�w�n�n�b�p�b�_�g�l�� �d�h�g�p�_�g�l�j�Z�p�b�b��
�g�Z�i�j�y�`�_�g�b�c��k 

0,8 �I�j�b��y/x = 1 �b��b/a = 2  [4]. 
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�>�_�l�_�j�f�b�g�b�j�h�\�Z�g�g�h�_���a�g�Z�q�_�g�b�_���l�h�e�s�b�g�u���i�j�h�m�r�b�g�u���b�a������2): 

31 2

6

3 3 2 3 9 2 6 4 6
3, 6 9 6 1 0

2 2 1 1 4 0 0 1 0 0 , 8
�^

�\

P P

k
�G

� D � V

��
� � � ���

� � � �˜
�˜ �˜ �˜ �˜

 �f�� 

 
�J�_�a�m�e�v�l�Z�l�u�� �\�u�q�b�k�e�_�g�b�c�� �l�h�e�s�b�g�u�� �^�e�y�� �j�Z�a�e�b�q�g�u�o�� �a�g�Z�q�_�g�b�c�� �\�_�j�h�y�l�g�h�k�l�b��

�[�_�a�h�l�d�Z�a�g�h�c�� �j�Z�[�h�l�u�� �i�h�� ������-(14���� �i�j�_�^�k�l�Z�\�e�_�g�u�� �\�� �l�Z�[�e�b�p�_�� �� �^�e�y�� �d�h�w�n�n�b�p�b�_�g�l�Z��k 
�i�h�� �n�h�j�f�m�e�_�� �������� �b�� �i�j�b��k � �� ������ �l���_���� �\�� �i�j�_�^�i�h�e�h�`�_�g�b�b���� �q�l�h�� �a�Z�i�Z�k�� �i�j�h�q�g�h�k�l�b�� �i�h��
�d�h�g�p�_�g�l�j�Z�p�b�y�f���g�Z�i�j�y�`�_�g�b�c���h�l�k�m�l�k�l�\�m�_�l�� 

 
�L�Z�[�e�b�p�Z�� ���� �í�� �A�Z�\�b�k�b�f�h�k�l�v�� �l�h�e�s�b�g�u�� �i�j�h�m�r�b�g�u�� �h�l�� �\�_�j�h�y�l�g�h�k�l�b�� �[�_�a�h�l�d�Z�a�g�h�c 
�j�Z�[�h�l�u 

H 0,5 0,99 0,995 0,999 0,9999 0,99999 
z(H) 0 2,326 2,575 3,09 3,719 4,265 
�G�\�����f�f�����i�j�b��k = 0,8) 3,695 4,29 4,36 4,5 4,67 4,83 
�G�\�����f�f�����i�j�b��k = 1) 3,31 3,84 3,9 4,02 4,18 4,32 

 
�<�u�\�h�^�u 
1. �>�_�l�_�j�f�b�g�b�j�h�\�Z�g�g�u�_�� �j�Z�k�q�_�l�u�� �^�Z�x�l�� �j�_�a�m�e�v�l�Z�l�u���� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_��

�\�_�j�h�y�l�g�h�k�l�b���[�_�a�h�l�d�Z�a�g�h�c���j�Z�[�h�l�u��H = 0,5. 
2. �I�j�b�f�_�g�_�g�b�_�� �\�_�j�h�y�l�g�h�k�l�g�h�]�h�� �j�Z�k�q�_�l�Z�� �b�f�_�_�l�� �p�_�e�v�x�� �h�i�j�_�^�_�e�_�g�b�_��

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

3. �<�_�j�h�y�l�g�h�k�l�g�u�c�� �j�Z�k�q�_�l�� �f�h�`�_�l�� �[�u�l�v�� �b�k�i�h�e�v�a�h�\�Z�g�� �^�e�y�� �m�k�l�Z�g�h�\�e�_�g�b�y��
�d�h�w�n�n�b�p�b�_�g�l�h�\���a�Z�i�Z�k�Z���i�j�h�q�g�h�k�l�b���i�h���a�Z�^�Z�g�g�h�c���\�_�j�h�y�l�g�h�k�l�b���[�_�a�h�l�d�Z�a�g�h�c���j�Z�[�h�l�u����
�W�l�h�� �h�k�h�[�_�g�g�h�� �Z�d�l�m�Z�e�v�g�h�� �i�j�b�� �h�l�k�m�l�k�l�\�b�b�� �^�h�k�l�Z�l�h�q�g�h�]�h�� �d�h�e�b�q�_�k�l�\�Z��
�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o�� �^�Z�g�g�u�o���� �L�Z�d�h�c�� �\�u�\�h�^�� �k�e�_�^�m�_�l�� �b�a�� �k�j�Z�\�g�_�g�b�y �j�_�a�m�e�v�l�Z�l�h�\����
�i�h�e�m�q�_�g�g�u�o���i�j�b��k = �����������j�Z�k�k�q�b�l�Z�g�g�h�]�h���i�h�������������b��k = 1. 

4. �I�h�� �k�l�_�i�_�g�b�� �\�e�b�y�g�b�y�� �g�Z���G�\ �i�j�h�m�r�b�g�u�� �i�Z�j�Z�f�_�l�j�u�� �j�Z�k�i�j�_�^�_�e�_�g�b�y��
�k�e�m�q�Z�c�g�u�o���\�_�e�b�q�b�g���j�Z�k�i�h�e�Z�]�Z�x�l�k�y���\���i�h�j�y�^�d�_���m�[�u�\�Z�g�b�y���a�g�Z�q�b�f�h�k�l�b���k�e�_�^�m�x�s�b�f��
�h�[�j�Z�a�h�f���± SP, S�V 0, �E. 
 

�;�B�;�E�B�H�=�J�:�N�B�Q�?�K�D�B�C���K�I�B�K�H�D 
 

1. �D�Z�i�m�j���D�� �G�Z�^�_�`�g�h�k�l�v�� �b�� �i�j�h�_�d�l�b�j�h�\�Z�g�b�_�� �k�b�k�l�_�f�� ���� �D���� �D�Z�i�m�j���� �E���� �E�Z�f�[�_�j�k�h�g���� �F������
�F�b�j�������������� 

2. �G�Z�^�_�`�g�h�k�l�v�� �f�_�o�Z�g�b�q�_�k�d�b�o�� �q�Z�k�l�_�c�� �d�h�g�k�l�j�m�d�p�b�b�� �e�_�l�Z�l�_�e�v�g�u�o�� �Z�i�i�Z�j�Z�l�h�\���� �:�� �:����
�D�m�a�g�_�p�h�\�����:�� �:�����A�h�e�h�l�h�\�����<�� �:�����D�h�e�y�]�b�g�����F�� �B�����L�b�l�h�\�����F�������F�Z�r�b�g�h�k�l�j�h�_�g�b�_�������������������������k�� 

3. �D�Z�g���K�� �G�� �J�Z�k�q�_�l���k�Z�f�h�e�_�l�Z���g�Z���i�j�h�q�g�h�k�l�v�����± 6-�_���b�a�^�����i�_�j�_�j�Z�[�����b���^�h�i����/ �K�����G�����D�Z�g�� �B����
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�I�j�b���Z�g�Z�e�b�a�_���K�:�J���^�e�y���m�i�j�h�s�_�g�b�y���j�Z�k�q�z�l�h�\���k�l�Z�j�Z�x�l�k�y���i�j�_�g�_�[�j�_�q�v���f�Z�e�u�f�b��

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

�>�b�n�n�_�j�_�g�p�b�Z�e�v�g�h�_�� �m�j�Z�\�g�_�g�b�_���� �\�� �d�h�l�h�j�h�f�� �i�j�_�g�_�[�j�_�]�e�b�� �f�Z�e�u�f��
�i�Z�j�Z�f�_�l�j�h�f�����h�[�j�Z�s�Z�_�l�k�y���\���Z�e�]�_�[�j�Z�b�q�_�k�d�h�_���l�Z�d�����q�l�h���k�b�k�l�_�f�Z���h�[�u�q�g�h���h�i�b�k�u�\�Z�_�l�k�y��
�k�h�\�h�d�m�i�g�h�k�l�v�x�� �^�b�n�n�_�j�_�g�p�b�Z�e�v�g�u�o�� �b�� �Z�e�]�_�[�j�Z�b�q�_�k�d�b�o�� �m�j�Z�\�g�_�g�b�c���� �D�� �g�b�f�� �f�h�]�m�l��
�^�h�[�Z�\�e�y�l�v�k�y�� �Z�e�]�_�[�j�Z�b�q�_�k�d�b�_�� �\�u�j�Z�`�_�g�b�y�� �b�e�b�� �m�j�Z�\�g�_�g�b�y���� �h�[�m�k�e�h�\�e�_�g�g�u�_��
�j�Z�a�e�b�q�g�u�f�b�� �i�j�b�q�b�g�Z�f�b���� �g�Z�i�j�b�f�_�j���� �b�a�f�_�g�_�g�b�_�f�� �i�h�\�_�^�_�g�b�y�� ���k�b�k�l�_�f�u�� �k��
�]�b�[�j�b�^�g�u�f�� �i�h�\�_�^�_�g�b�_�f���� �>���@���� �?�k�e�b�� �^�e�y�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�c�� �a�Z�^�Z�q�b�� �k�h�k�l�Z�\�e�y�_�l�k�y��
�b�g�^�b�\�b�^�m�Z�e�v�g�Z�y�� �i�j�h�]�j�Z�f�f�Z�� �f�_�l�h�^�h�f�� �d�h�g�_�q�g�u�o�� �j�Z�a�g�h�k�l�_�c���� �l�h�� �w�l�h�� �g�_�� �y�\�e�y�_�l�k�y��
�i�j�_�i�y�l�k�l�\�b�_�f���� �l�Z�d�� �d�Z�d�� �\�� �^�Z�g�g�h�f�� �k�e�m�q�Z�_�� �\�k�_�� �^�b�n�n�_�j�_�g�p�b�Z�e�v�g�u�_�� �m�j�Z�\�g�_�g�b�y��
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�q�l�h���_�k�e�b���^�Z�`�_���l�Z�f�����]�^�_���i�j�_�g�_�[�j�_�`�_�g�b�_���f�Z�e�u�f���i�Z�j�Z�f�_�l�j�h�f���\�i�h�e�g�_���^�h�i�m�k�l�b�f�h�����g�_��
�h�l�d�Z�a�u�\�Z�l�v�k�y�� �h�l�� �^�b�n�n�_�j�_�g�p�b�Z�e�v�g�h�]�h�� �h�i�b�k�Z�g�b�y�"�� �H�d�Z�a�u�\�Z�_�l�k�y���� �q�l�h�� �\�� �j�y�^�_��
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�<�h�h�[�s�_�� �]�h�\�h�j�y���� �w�l�h�� �l�b�i�b�q�g�Z�y�� �^�\�m�o�� �f�Z�k�k�h�\�Z�y�� �k�b�k�l�_�f�Z���� �f�Z�k�k�u�� �i�h�j�r�g�y�� �b��
�j�u�q�Z�]�Z�����k���m�i�j�m�]�b�f���k�h�_�^�b�g�_�g�b�_�f���i�h�k�j�_�^�k�l�\�h�f���i�j�m�`�b�g�u���K1�����i�h�^�j�h�[�g�h���h�i�b�k�Z�g�g�Z�y����
�g�Z�i�j�b�f�_�j���� �\�� �>���@���� �G�h�� �_�k�e�b�� �f�Z�k�k�h�c�� �j�u�q�Z�]�Z�� �i�j�_�g�_�[�j�_�q�v���� �l�h�� �_�]�h�� �^�b�g�Z�f�b�d�m�� �f�h�`�g�h��
�h�i�b�k�Z�l�v�� �Z�e�]�_�[�j�Z�b�q�_�k�d�b�f�� �m�j�Z�\�g�_�g�b�_�f���� �J�Z�k�q�z�l�g�m�x�� �k�o�_�f�m�� �m�^�h�[�g�h�� �b�a�h�[�j�Z�a�b�l�v�� �\��
�\�b�^�_�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�u�o�� �i�h�e�h�`�_�g�b�c�� �\�u�q�b�k�e�b�l�_�e�v�g�h�]�h�� �j�u�q�Z�]�Z���� �i�h�d�Z�a�Z�g�g�u�o�� �g�Z��
�j�b�k�m�g�d�_������ 

�<�� �b�k�o�h�^�g�h�f�� �i�h�e�h�`�_�g�b�b�� �j�u�q�Z�]�� �g�Z�o�h�^�b�l�k�y�� �\�� �k�h�k�l�h�y�g�b�b�� �j�Z�\�g�h�\�_�k�b�y�� �i�h�^��
�^�_�c�k�l�\�b�_�f�� �k�b�e�� �g�Z�q�Z�e�v�g�h�c�� �a�Z�l�y�`�d�b�� �i�j�m�`�b�g���K1 �b�� �K2. �I�h�j�r�_�g�v�� �]�b�^�j�h�p�b�e�b�g�^�j�Z��
�l�Z�d�`�_�� �g�Z�o�h�^�b�l�k�y�� �\�� �j�Z�\�g�h�\�_�k�b�b�� �i�h�^�� �^�_�c�k�l�\�b�_�f�� �k�b�e�� �^�Z�\�e�_�g�b�y�� �`�b�^�d�h�k�l�b�� �b��
�i�j�m�`�b�g�u���K1.  �I�h�k�e�_�� �i�j�b�e�h�`�_�g�b�y�� �\�h�a�^�_�c�k�l�\�b�y�� �û�O�. �j�u�q�Z�]�� �f�]�g�h�\�_�g�g�h�� ���\�� �k�b�e�m��
�h�l�k�m�l�k�l�\�b�y�� �b�g�_�j�p�b�b���� �i�h�\�h�j�Z�q�b�\�Z�_�l�k�y�� �i�h�� �q�Z�k�h�\�h�c�� �k�l�j�_�e�d�_�� �b�� �a�Z�g�b�f�Z�_�l��
�f�Z�d�k�b�f�Z�e�v�g�h�� �k�f�_�s�z�g�g�h�_�� �i�h�e�h�`�_�g�b�_���� �I�j�b�� �i�h�\�h�j�h�l�_�� �j�u�q�Z�]�Z�� �m�\�_�e�b�q�b�\�Z�_�l�k�y��
�r�b�j�b�g�Z�� �s�_�e�b�� �i�e�h�k�d�h�]�h�� �d�e�Z�i�Z�g�Z�� �b���� �d�Z�d�� �k�e�_�^�k�l�\�b�_���� �m�f�_�g�v�r�Z�_�l�k�y�� �^�Z�\�e�_�g�b�_�� �\��
�\�_�j�o�g�_�c�� �m�i�j�Z�\�e�y�_�f�h�c�� �i�h�e�h�k�l�b�� �]�b�^�j�h�p�b�e�b�g�^�j�Z���� �I�h�j�r�_�g�v�� �g�Z�q�b�g�Z�_�l�� �^�\�b�]�Z�l�v�k�y��
�\�\�_�j�o�����i�h�\�h�j�Z�q�b�\�Z�y���i�j�b���w�l�h�f���\�u�q�b�k�e�b�l�_�e�v�g�u�c���j�u�q�Z�]���i�j�h�l�b�\���q�Z�k�h�\�h�c���k�l�j�_�e�d�b�����<��
�g�_�d�h�l�h�j�u�c�� �f�h�f�_�g�l�� �\�j�_�f�_�g�b�� �j�u�q�Z�]�� �i�j�b�g�b�f�Z�_�l�� �i�j�h�f�_�`�m�l�h�q�g�h�_�� �i�h�e�h�`�_�g�b�_���� �^�e�y��
�d�h�l�h�j�h�]�h���k�h�k�l�Z�\�e�y�_�l�k�y���l�_�d�m�s�b�c���[�Z�e�Z�g�k���f�h�f�_�g�l�h�\�� 

 

 
 

�J�b�k�m�g�h�d�������± �O�Z�j�Z�d�l�_�j�g�u�_���i�h�e�h�`�_�g�b�y���\�u�q�b�k�e�b�l�_�e�v�g�h�]�h���j�u�q�Z�]�Z 
 
�I�h�e�Z�]�Z�y�� �i�j�b�� �h�[�u�q�g�u�o�� �^�h�i�m�s�_�g�b�y�o�� �\�u�q�b�k�e�b�l�_�e�v�g�u�c�� �j�u�q�Z�]��

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

�B�k�o�h�^�g�h�_�� �k�h�k�l�h�y�g�b�_�� �^�h�� �i�j�b�e�h�`�_�g�b�y�� �\�h�a�^�_�c�k�l�\�b�y���� �I�j�m�`�b�g�u�� �g�Z�]�j�m�`�_�g�u��
�g�Z�q�Z�e�v�g�h�c���a�Z�l�y�`�d�h�c�� 
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c x L c x L�                                              (1) 
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�I�h�k�e�_�� �i�j�b�e�h�`�_�g�b�y�� �k�l�m�i�_�g�q�Z�l�h�]�h�� �\�o�h�^�g�h�]�h�� �\�h�a�^�_�c�k�l�\�b�y���' �&�D �j�u�q�Z�]��
�f�]�g�h�\�_�g�g�h�� �a�Z�g�b�f�Z�_�l�� �f�Z�d�k�b�f�Z�e�v�g�h�� �k�f�_�s�z�g�g�h�_�� �i�h�e�h�`�_�g�b�_���� �l�Z�d�� �q�l�h�� �e�_�\�u�c�� �_�]�h��
�d�h�g�_�p�� �i�_�j�_�f�_�s�Z�_�l�k�y�� �g�Z�� �\�_�e�b�q�b�g�m�� �� ���' �&2m���� �Z�� �i�j�Z�\�u�c�� �g�Z�� �± �' �&1m���� �;�Z�e�Z�g�k�� �k�b�e�� �i�j�b��
�w�l�h�f���b�f�_�_�l���\�b�^�� 
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m m
c x X X L c x X L

�D
�� �' �� �' � �� �'                                 (2) 

 
�L�Z�d�� �d�Z�d�� �i�j�b�� �k�f�_�s�_�g�b�b�� �j�u�q�Z�]�Z�� �r�b�j�b�g�Z�� �s�_�e�b�� �i�e�h�k�d�h�]�h�� �d�e�Z�i�Z�g�Z��

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

 

2 2 0 2 2 2 1 1 0 1 1 1
( ) ( )

m m
c x X X X L c x X X Z L

�D
�� �' �� �' �� �' � �� �' �� �' �� �' ,                (3) 

 
�]�^�_���' �&1, �' �&2 �± �l�_�d�m�s�_�_���k�f�_�s�_�g�b�_���d�j�Z�c�g�b�o���l�h�q�_�d���j�u�q�Z�]�Z�� 
�D�h�g�_�q�g�h�_���i�h�e�h�`�_�g�b�_���l�_�h�j�_�l�b�q�_�k�d�b���^�h�e�`�g�h���k�h�\�i�Z�^�Z�l�v���k���b�k�o�h�^�g�u�f�����<���w�l�h�f��

�k�e�m�q�Z�_���[�Z�e�Z�g�k���f�h�f�_�g�l�h�\���k�b�e���b�f�_�e���[�u���\�b�^�� 
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m
c x X L c x Z L

�D
�� �' � �� �'                                        (4) 

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

�i�h�e�_�a�g�u�o�� �\�u�j�Z�`�_�g�b�c�� �^�e�y�� �f�Z�d�k�b�f�Z�e�v�g�u�o�� �i�_�j�_�f�_�s�_�g�b�c�� �b�� �l�_�d�m�s�_�]�h�� �a�g�Z�q�_�g�b�y��
�r�b�j�b�g�u���s�_�e�b�� 
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�<�u�j�Z�`�_�g�b�_���^�e�y���r�b�j�b�g�u���s�_�e�b���f�h�`�g�h���a�Z�i�b�k�Z�l�v���\���^�j�m�]�h�f���\�b�^�_�� 
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� �� �' �� �' ,                                (6) 
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�  �   �± �k�h�h�l�\�_�l�k�l�\�_�g�g�h���� �d�h�w�n�n�b�p�b�_�g�l�u�� �m�k�b�e�_�g�b�y��

�j�u�q�Z�]�Z���b���h�[�j�Z�l�g�h�c���k�\�y�a�b�� 
�>�b�g�Z�f�b�q�_�k�d�Z�y���f�h�^�_�e�v�����h�i�b�k�u�\�Z�x�s�Z�y���j�Z�[�h�l�m���f�_�o�Z�g�b�a�f�Z�����b�f�_�_�l���\�b�^�� 
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,                    (7) 

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

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

 
 

�J�b�k�m�g�h�d�������± �I�_�j�_�o�h�^�g�u�_���i�j�h�p�_�k�k�u���]�b�^�j�h�m�k�b�e�b�l�_�e�y���k���m�i�j�m�]�h�c���h�[�j�Z�l�g�h�c���k�\�y�a�v�x 
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�:�� �l�_�i�_�j�v�� �j�Z�k�k�f�h�l�j�b�f�� �^�b�g�Z�f�b�d�m�� �]�b�^�j�h�m�k�b�e�b�l�_�e�y���� �g�_�� �i�j�_�g�_�[�j�_�]�Z�y�� �f�Z�k�k�h�c��
�j�u�q�Z�]�Z���� �I�j�b�� �w�l�h�f�� �i�h�e�h�`�b�f���� �q�l�h�� �\�k�y�� �f�Z�k�k�Z��m2 �k�h�k�j�_�^�h�l�h�q�_�g�Z�� �g�Z�� �e�_�\�h�f�� �d�h�g�p�_��
�j�u�q�Z�]�Z���b���^�\�b�]�Z�_�l�k�y���\�^�h�e�v���h�k�b���i�j�m�`�b�g�u���K2 �i�h���h�k�b���o2.  
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      (8) 

 
�A�^�_�k�v�� �f�h�`�g�h�� �h�l�f�_�l�b�l�v, �q�l�h���� �h�l�^�Z�\�Z�y�� �d�Z�q�_�k�l�\�h�� ���\�\�h�^�y�� �^�b�n�n�_�j�_�g�p�b�Z�e�v�g�h�_��

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

�G�Z�� �j�b�k�m�g�d�_�� ���� �i�h�d�Z�a�Z�g�h�� �b�a�f�_�g�_�g�b�_�� �r�b�j�b�g�u�� �s�_�e�b�� �^�e�y�� �j�Z�a�e�b�q�g�u�o�� �f�Z�k�k��
�j�u�q�Z�]�Z���� �<�b�^�g�h���� �q�l�h�� �^�e�y�� �f�Z�k�k��0 ���j�Z�k�q�z�l�� �i�h�� �k�b�k�l�_�f�_�� �������� �b 0.02 �d�] ���j�Z�k�q�z�l�� �i�h��
�k�b�k�l�_�f�_�� ���������� �i�_�j�_�o�h�^�g�u�_�� �i�j�h�p�_�k�k�u�� �i�j�Z�d�l�b�q�_�k�d�b�� �k�h�\�i�Z�^�Z�x�l���� �i�j�b�� �[�h�e�v�r�b�o��
�f�Z�k�k�Z�o���i�h�y�\�e�y�x�l�k�y���d�h�e�_�[�Z�g�b�y�� 

 

 
 

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

 
�>�j�m�]�h�c�� �i�j�b�f�_�j�� �i�h�^�h�[�g�h�c�� �l�Z�d�l�b�d�b�� �i�h�d�Z�`�_�f�� �g�Z�� �i�j�b�f�_�j�_��

�i�j�h�i�h�j�p�b�h�g�Z�e�v�g�h�]�h���]�b�^�j�h�m�k�b�e�b�l�_�e�y�����b�a�h�[�j�Z�`�_�g�g�h�]�h���g�Z���j�b�k�m�g�d�_������ 
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�J�b�k�m�g�h�d�������± �K�o�_�f�Z���i�j�h�i�h�j�p�b�h�g�Z�e�v�g�h�]�h���]�b�^�j�h�m�k�b�e�b�l�_�e�y 
 
�B�a�[�u�l�h�q�g�h�_���� �g�Z�� �i�_�j�\�u�c�� �\�a�]�e�y�^���� �d�h�e�b�q�_�k�l�\�h�� �^�j�h�k�k�_�e�_�c�� �h�[�m�k�e�h�\�e�_�g�h��
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Abstract. The electrohydraulic steering drive provides more precise and smooth control of 

the aircraft. The principle of operation of the electrohydraulic steering drive is considered. The 
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obtained graphs of the position of the spool, the position of the piston, typical transients and 
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Abstract. The paper provides a brief overview of the share of the use of composite material in 

the aircraft industry. The advantages and disadvantages of the composite material used in the aircraft 
industry are considered. The article considers the dependence of the strength of the adhesive joint on 
the roughness of the glued surfaces and determines the dependence of the influence of temperature 
and duration of curing on the strength of the adhesive joint. 
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�I�_�l�_�j�[�m�j�]�_�� �[�u�e�Z�� �m�k�l�j�h�_�g�Z�� �i�_�j�\�Z�y�� �Z�\�b�Z�p�b�h�g�g�Z�y�� �g�_�^�_�e�y���� �i�j�b�� �m�q�Z�k�l�b�b�� �h�d�h�e�h�� ������
�j�m�k�k�d�b�o���i�b�e�h�l�h�\-�Z�\�b�Z�l�h�j�h�\�����<���w�l�h�f���`�_���]�h�^�m���[�u�e�h���h�l�d�j�u�l�h���F�h�k�d�h�\�k�d�h�_���h�[�s�_�k�l�\�h��
�\�h�a�^�m�o�h�i�e�Z�\�Z�g�b�y���� �_�]�h�� �h�k�g�h�\�Z�l�_�e�_�f�� �[�u�e�� �i�j�h�n�_�k�k�h�j�� �G���?�� �@�m�d�h�\�k�d�b�c���� �I�h�k�e�_��
�H�d�l�y�[�j�v�k�d�h�c�� �j�_�\�h�e�x�p�b�b�� �h�[�s�_�k�l�\�h�� �[�u�e�h�� �i�_�j�_�b�f�_�g�h�\�Z�g�h�� �\�� ��-�x�� �F�h�k�d�h�\�k�d�m�x��
�Z�\�b�Z�p�b�h�g�g�m�x�� �r�d�h�e�m���� �<�� �i�_�j�b�h�^�� �]�j�Z�`�^�Z�g�k�d�h�c�� �\�h�c�g�u�� �h�g�Z�� �k�l�Z�e�Z�� �k�Z�f�h�c�� �d�j�m�i�g�h�c��
�[�Z�a�h�c���i�h�^�]�h�l�h�\�d�b���Z�\�b�Z�l�h�j�h�\���� 

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

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

�í �d�h�f�i�h�a�b�p�b�y�� �k�h�k�l�h�b�l�� �b�a�� �i�j�h�q�g�h�]�h�� ���Z�j�f�Z�l�m�j�Z���� �b�� �i�e�Z�k�l�b�q�g�h�]�h��
���k�\�y�a�m�x�s�_�]�h�����d�h�f�i�h�g�_�g�l�h�\�� 

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

�í �h�^�b�g�� �b�a�� �d�h�f�i�h�g�_�g�l�h�\�� �^�h�e�`�_�g�� �[�u�l�v�� �i�h�� �k�h�k�l�Z�\�m�� �g�_�� �g�b�`�_���� ���� �h�l��
�d�h�f�i�h�a�b�p�b�b�� 

�í �k�h�a�^�Z�g�g�Z�y���d�h�f�i�h�a�b�p�b�y���g�_���\�k�l�j�_�q�Z�_�l�k�y���\���i�j�b�j�h�^�_�� 
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�B�k�i�h�e�v�a�h�\�Z�g�b�_�� �w�l�b�o�� �f�Z�l�_�j�b�Z�e�h�\�� �\�� �Z�\�b�Z�p�b�h�g�g�u�o�� �d�h�g�k�l�j�m�d�p�b�y�o�� �i�j�b�\�h�^�b�l�� �d��
�k�e�_�^�m�x�s�b�f���k�\�h�c�k�l�\�Z�f�>��-3]: 

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

�f�Z�l�_�j�b�Z�e�Z; 
�í �g�b�a�d�Z�y���h�k�l�Z�l�h�q�g�Z�y���i�j�h�q�g�h�k�l�v���i�h�k�e�_���m�^�Z�j�Z���b���g�_�h�i�l�b�f�Z�e�v�g�u�_���f�_�l�h�^�b�d�b��

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

�j�_�a�m�e�v�l�Z�l�h�f���l�_�o�g�b�q�_�k�d�h�]�h���i�j�h�]�j�_�k�k�Z�����K�h�\�j�_�f�_�g�g�u�_���d�h�f�i�h�a�b�p�b�h�g�g�u�_���f�Z�l�_�j�b�Z�e�u 
�h�[�e�Z�^�Z�x�l�� �r�b�j�h�d�b�f�� �k�i�_�d�l�j�h�f�� �o�b�f�b�q�_�k�d�b�o�� �b�� �n�b�a�b�q�_�k�d�b�o�� �k�\�h�c�k�l�\���� �b�� �h�g�b�� �k��
�d�Z�`�^�u�f�� �]�h�^�h�f�� �k�h�\�_�j�r�_�g�k�l�\�m�x�l�k�y���� �:�g�Z�e�b�a�� �d�j�Z�l�d�h�]�h�� �b�k�l�h�j�b�q�_�k�d�h�]�h�� �h�[�a�h�j�Z��
�i�h�d�Z�a�Z�e���� �q�l�h�� �a�Z�� �k�j�Z�\�g�b�l�_�e�v�g�h�� �d�h�j�h�l�d�h�_�� �\�j�_�f�y�� �\�� �f�b�j�h�\�h�f�� �Z�\�b�Z�k�l�j�h�_�g�b�b��
�i�j�b�f�_�g�_�g�b�_���d�h�f�i�h�a�b�p�b�h�g�g�h�]�h�� �f�Z�l�_�j�b�Z�e�Z �^�h�k�l�b�]�e�h�� �[�h�e�v�r�h�c�� �i�h�i�m�e�y�j�g�h�k�l�b���� �>�e�y��
�w�l�h�]�h�� �[�u�e�b�� �b�g�\�_�k�l�b�j�h�\�Z�g�u�� �]�j�h�f�Z�^�g�u�_�� �k�j�_�^�k�l�\�Z�� �g�Z�� �i�j�h�_�d�l�b�j�h�\�Z�g�b�_����
�j�Z�a�j�Z�[�h�l�d�m�� �b�� �k�h�a�^�Z�g�b�_�� �g�h�\�h�]�h�� �h�[�h�j�m�^�h�\�Z�g�b�y���� �Z�� �l�Z�d�`�_�� �^�e�y�� �i�h�^�]�h�l�h�\�d�b�� �\�u�k�h�d�h��
�d�e�Z�k�k�b�n�b�p�b�j�h�\�Z�g�g�u�o�� �d�Z�^�j�h�\���� �G�Z�� �j�b�k�m�g�d�_ ���� �i�j�_�^�k�l�Z�\�e�_�g�Z�� �^�h�e�y�� �i�j�b�f�_�g�_�g�b�y��
�d�h�f�i�h�a�b�p�b�h�g�g�h�]�h���f�Z�l�_�j�b�Z�e�Z �\���k�Z�f�h�e�_�l�h�k�l�j�h�_�g�b�b���>���� 5]. 
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�<�g�_�^�j�_�g�b�_���d�h�f�i�h�a�b�p�b�h�g�g�h�]�h�� �f�Z�l�_�j�b�Z�e�Z ���k�l�_�d�e�h- �b�� �m�]�e�_�i�e�Z�k�l�b�d�h�\���� �\��
�d�h�g�k�l�j�m�d�p�b�x�� �k�Z�f�h�e�_�l�h�\�� �g�Z�q�Z�e�h�k�v�� �\�� ��������-�o�� �]�]������ �q�l�h�� �a�Z�f�_�l�g�h�� �i�h�� �i�j�h�p�_�g�l�g�h�f�m��
�m�\�_�e�b�q�_�g�b�x�� �f�Z�k�k�u�� �\ �h�k�g�h�\�g�h�f�� �f�Z�e�h�g�Z�]�j�m�`�_�g�g�u�o�� �^�_�l�Z�e�_�c���� �I�j�b�� �w�l�h�f��
�d�h�f�i�h�a�b�p�b�h�g�g�u�c�� �f�Z�l�_�j�b�Z�e �b�k�i�h�e�v�a�m�_�l�k�y�� �g�_�� �l�h�e�v�d�h�� �\�� �k�Z�f�h�e�_�l�h�k�l�j�h�_�g�b�b���� �g�h�� �b��
�Z�d�l�b�\�g�h���i�j�b�f�_�g�y�_�l�k�y���\ �\�_�j�l�h�e�_�l�h�k�l�j�h�_�g�b�b�����j�b�k�m�g�h�d���������>���������@�����W�l�h���\���h�q�_�j�_�^�g�h�c���j�Z�a��
�g�Z�]�e�y�^�g�h�� �i�h�^�l�\�_�j�`�^�Z�_�l�k�y�� �l�_�f���� �q�l�h�� �k�� �d�Z�`�^�u�f�� �k�h�a�^�Z�g�g�u�f�� �g�h�\�u�f�� �\�h�a�^�m�r�g�u�f��
�k�m�^�g�h�f�� �m�\�_�e�b�q�b�\�Z�_�l�k�y�� �i�j�b�f�_�g�_�g�b�_�� �g�h�\�h�]�h�� �b�e�b�� �m�k�h�\�_�j�r�_�g�k�l�\�h�\�Z�g�g�h�]�h��
�d�h�f�i�h�a�b�p�b�h�g�g�h�]�h���f�Z�l�_�j�b�Z�e�Z.   
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�\�_�j�l�h�e�_�l�h�k�l�j�h�_�g�b�b 

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

�f�_�^�e�_�g�g�h�� �b�� �g�_�m�d�e�h�g�g�h�� �m�\�_�e�b�q�b�\�Z�_�l�k�y�� �i�h�� �f�_�j�_�� �j�Z�a�\�b�l�b�y���l�_�o�g�h�e�h�]�b�c�� �b��
�k�h�\�_�j�r�_�g�k�l�\�h�\�Z�g�b�y���b�o���k�\�h�c�k�l�\�����H�^�g�b�f���b�a���i�j�_�b�f�m�s�_�k�l�\���w�l�h�]�h���f�Z�l�_�j�b�Z�e�Z���y�\�e�y�_�l�k�y��
�m�f�_�g�v�r�_�g�b�_�� �f�Z�k�k�u�� �d�h�g�k�l�j�m�d�p�b�b�� �\�h�a�^�m�r�g�h�]�h�� �k�m�^�g�Z���� �I�j�b���w�d�k�i�e�m�Z�l�Z�p�b�b�� �w�e�_�f�_�g�l�u��
�d�h�g�k�l�j�m�d�p�b�b�� �\�h�a�^�m�r�g�h�]�h�� �k�m�^�g�Z�� �i�h�e�m�q�Z�x�l�� �m�^�Z�j�g�u�_�� �i�h�\�j�_�`�^�_�g�b�y�� �>���@����
�H�[�g�Z�j�m�`�_�g�g�u�c�� �^�_�n�_�d�l�� �i�j�_�^�k�l�Z�\�e�y�_�l�� �m�]�j�h�a�m�� �^�e�y�� �^�Z�e�v�g�_�c�r�_�c�� �w�d�k�i�e�m�Z�l�Z�p�b�b��
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Abstract. The article shows the possibility of using artificial neural networks capable of 

predicting the stress-strain state of aircraft structures, including in the presence of operational 
damage. Calculations of the maximum stresses arising in the structure with the presence of damage 
have been made. An artificial neural network has been developed and trained to perform the task. 
The results of modeling on the example of a cantilever beam are presented. 

Keywords: stress-strain state, aviation construction, artificial neural network, forecasting, 
cantilever beam. 
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�i�j�h�q�g�h�k�l�v��  



145 

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

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

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

1. �K�h�a�^�Z�l�v�� �m�i�j�h�s�_�g�g�m�x�� �f�h�^�_�e�v�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �^�e�y �i�h�e�m�q�_�g�b�y�� �j�Z�k�q�_�l�g�u�o��
�a�g�Z�q�_�g�b�c���\���d�Z�q�_�k�l�\�_���h�[�m�q�Z�x�s�_�c���\�u�[�h�j�d�b���i�_�j�k�i�_�d�l�b�\�g�h�c���B�G�K�� 

2. �H�i�j�_�^�_�e�b�l�v���g�_�h�[�o�h�^�b�f�m�x���k�l�j�m�d�l�m�j�m���B�G�K�� 
3. �H�[�m�q�b�l�v���i�h�e�m�q�_�g�g�m�x���B�G�K���k���i�h�k�e�_�^�m�x�s�_�c���h�p�_�g�d�h�c���d�Z�q�_�k�l�\�Z���h�[�m�q�_�g�b�y�� 
4. �I�j�h�\�_�k�l�b�� �Z�g�Z�e�b�a�� �j�Z�[�h�l�u�� �B�G�K�� �b�� �k�j�Z�\�g�b�l�v�� �k�� �j�_�a�m�e�v�l�Z�l�Z�f�b�� �q�b�k�e�_�g�g�h�]�h��

�j�Z�k�q�_�l�Z���m�i�j�h�s�_�g�g�h�c���f�h�^�_�e�b�� 
�<�� �d�Z�q�_�k�l�\�_�� �h�[�t�_�d�l�Z�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �j�Z�k�k�f�h�l�j�_�g�Z�� �d�h�g�k�h�e�v�g�Z�y�� �[�Z�e�d�Z�� �>���@����

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

 

( 2 5 0 )
i �i �p �i �p �F �I �Z�V �V �V� � �  , 

 

�]�^�_��i�V  �± �^�_�c�k�l�\�m�x�s�b�_�� �g�Z�i�j�y�`�_�g�b�y�� �\�� �[�Z�e�d�_����� i � p�V  �± �i�j�_�^�_�e�� �i�j�h�i�h�j�p�b�h�g�Z�e�v�g�h�k�l�b��

�f�Z�l�_�j�b�Z�e�Z�� 
�J�Z�k�k�f�h�l�j�_�g�Z���\�h�a�f�h�`�g�h�k�l�v���i�j�h�]�g�h�a�b�j�h�\�Z�g�b�y���G�>�K���[�Z�e�d�b���[�_�a���d�h�g�p�_�g�l�j�Z�l�h�j�Z��

�b���k���d�h�g�p�_�g�l�j�Z�l�h�j�h�f���g�Z�i�j�y�`�_�g�b�c���\���\�b�^�_���h�l�\�_�j�k�l�b�c���i�h���^�e�b�g�_���[�Z�e�d�b�� 
 

  
  

�Z�� �[�� 
  
(a �± �j�Z�k�q�_�l�g�Z�y���k�o�_�f�Z�����[���± �f�h�^�_�e�v���\���$�Q�V�\�V�� 

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

�L�Z�[�e�b�p�Z 1 �± �H�[�m�q�Z�x�s�Z�y�� �\�u�[�h�j�d�Z�� ���d�h�g�p�_�g�l�j�Z�l�h�j�� �g�Z�i�j�y�`�_�g�b�c�� �g�Z�� �m�^�Z�e�_�g�b�b��
0,35 �f���h�l���a�Z�^�_�e�d�b�� 

P , �G 
a n s�V , �F�I�Z P , �G 

a n s
�V , �F�I�Z 

5 40,23 30 207,84 
10 73,75 35 241,36 
15 107,27 40 261,48 
20 140,79 45 299,58 
25 174,31 50 325,25 

 
�L�Z�d�`�_�� �i�h�e�m�q�_�g�u�� �h�[�m�q�Z�x�s�b�_�� �\�u�[�h�j�d�b�� �^�e�y�� �j�y�^�Z�� �^�j�m�]�b�o�� �]�j�Z�g�b�q�g�u�o��

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

�K�l�j�m�d�l�m�j�g�Z�y���k�o�_�f�Z���j�Z�a�j�Z�[�h�l�Z�g�g�h�c���\���j�Z�[�h�l�_���B�G�K���i�h�d�Z�a�Z�g�Z���g�Z���j�b�k�m�g�d�_������ 
 

 
 

�J�b�k�m�g�h�d�������± �K�l�j�m�d�l�m�j�g�Z�y���k�o�_�f�Z���B�G�K 
 
�<�o�h�^�g�h�c�� �k�e�h�c�� �k�_�l�b�� �\�d�e�x�q�Z�_�l�� �l�j�b�� �g�_�a�Z�\�b�k�b�f�u�o�� �i�Z�j�Z�f�_�l�j�Z���� �\�_�e�b�q�b�g�Z��

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

�H�[�m�q�_�g�b�_�� �g�_�c�j�h�g�g�h�c�� �k�_�l�b�� �i�j�h�\�h�^�b�e�h�k�v�� �\�� �k�j�_�^�_�� �1�H�X�U�D�O�� �1�H�W�Z�R�U�N�� �7�R�R�O�E�R�[��
�i�Z�d�_�l�Z�� �0�$�7�/�$�%���� �<�� �d�Z�q�_�k�l�\�_�� �n�m�g�d�p�b�b�� �h�[�m�q�_�g�b�y�� �\�a�y�l�� �Z�e�]�h�j�b�l�f�� �;�Z�c�_�k�Z��
���;�Z�c�_�k�h�\�k�d�Z�y�� �j�_�]�m�e�y�j�b�a�Z�p�b�y������ �d�h�l�h�j�u�c�� �i�j�_�^�h�l�\�j�Z�s�Z�_�l�� �i�_�j�_�h�[�m�q�_�g�b�_�� �k�_�l�b�� �b��
�h�[�u�q�g�h���l�j�_�[�m�_�l���[�h�e�v�r�_���\�j�_�f�_�g�b�����h�^�g�Z�d�h���i�j�b�\�h�^�b�l���d���j�Z�p�b�h�g�Z�e�v�g�h�f�m���j�_�a�m�e�v�l�Z�l�m��
�^�e�y���k�e�h�`�g�u�o���b�e�b���g�_�[�h�e�v�r�b�o���g�Z�[�h�j�h�\���^�Z�g�g�u�o���>���@�� 

�J�_�a�m�e�v�l�Z�l�� �h�[�m�q�_�g�b�y�� �B�G�K�� �i�h�d�Z�a�Z�g�� �g�Z�� �j�b�k�m�g�d�_ ������ �]�^�_�� �d�Z�`�^�h�c�� �i�Z�j�_��
�j�Z�k�q�_�l�g�h�]�h�� �b�� �i�j�h�]�g�h�a�b�j�m�_�f�h�]�h�� �B�G�K�� �a�g�Z�q�_�g�b�y�� �g�Z�i�j�y�`�_�g�b�y�� �k�h�h�l�\�_�l�k�l�\�m�_�l�� �h�^�g�Z��
�l�h�q�d�Z�� �k�� �d�h�h�j�^�b�g�Z�l�h�c�� �i�h�� �h�k�b�� �Z�[�k�p�b�k�k���� �j�Z�\�g�h�c�� �j�Z�k�q�_�l�g�h�f�m���� �Z�� �i�h�� �h�k�b�� �h�j�^�b�g�Z�l�� �Å��
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�i�j�h�]�g�h�a�b�j�m�_�f�h�f�m���� �I�j�b�� �\�u�k�h�d�h�f�� �d�Z�q�_�k�l�\�_�� �h�[�m�q�_�g�b�y�� �B�G�K�� �\�u�o�h�^�g�u�_�� �a�g�Z�q�_�g�b�y��
�g�Z�i�j�y�`�_�g�b�c�� �B�G�K�� �b�� �j�Z�k�q�_�l�g�u�_�� �b�a�� �l�_�k�l�h�\�h�]�h�� �g�Z�[�h�j�Z�� �^�h�e�`�g�u�� �k�h�\�i�Z�^�Z�l�v���� �Z��
�k�h�h�l�\�_�l�k�l�\�m�x�s�b�_���b�f�� �l�h�q�d�b���j�Z�k�i�h�e�Z�]�Z�l�v�k�y�� �\�^�h�e�v�� �i�j�y�f�h�c���� �\�u�o�h�^�y�s�_�c�� �b�a���g�Z�q�Z�e�Z��
�d�h�h�j�^�b�g�Z�l���i�h�^���m�]�e�h�f�������ƒ���>��-5]. 

 

 
�Z�� �[�� �\�� 

 
���Z���± �i�h�k�e�_�����������b�l�_�j�Z�p�b�c�����[���± �i�h�k�e�_�����������b�l�_�j�Z�p�b�c�����\���± �i�h�k�e�_�����������b�l�_�j�Z�p�b�c�� 

 
�J�b�k�m�g�h�d�������± �J�_�a�m�e�v�l�Z�l���h�[�m�q�_�g�b�y���B�G�K 

 
�H�p�_�g�d�Z�� �d�Z�q�_�k�l�\�Z�� �h�[�m�q�_�g�b�y�� �B�G�K�� �i�j�h�b�a�\�_�^�_�g�Z�� �i�m�l�_�f�� �i�h�k�l�j�h�_�g�b�y��

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

Y  �± �\�u�o�h�^�g�h�_�� �a�g�Z�q�_�g�b�_�� �B�G�K����Y �± �j�Z�k�q�_�l�g�h�_�� �a�g�Z�q�_�g�b�_��
�g�Z�i�j�y�`�_�g�b�y�� 

 
 

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

 

 
 

�J�b�k�m�g�h�d�������± �O�Z�j�Z�d�l�_�j���G�>�K���\���a�Z�\�b�k�b�f�h�k�l�b���h�l���j�Z�k�i�h�e�h�`�_�g�b�y��
�d�h�g�p�_�g�l�j�Z�l�h�j�Z �g�Z�i�j�y�`�_�g�b�c�����\�_�e�b�q�b�g�Z���g�Z�]�j�m�`�_�g�b�y���������G���� 

�^�b�Z�f�_�l�j �h�l�\�_�j�k�l�b�y�����������f�f�� 
 

 
 �Z�� �[�� 

 
(a �± �e�b�g�_�c�g�u�c���j�Z�a�f�_�j���d�h�g�p�_�g�l�j�Z�l�h�j�Z���g�Z�i�j�y�`�_�g�b�c�����������f�f�����[���± �e�b�g�_�c�g�u�c���j�Z�a�f�_�j��

�d�h�g�p�_�g�l�j�Z�l�h�j�Z���g�Z�i�j�y�`�_�g�b�c�����������f�f�����m�^�Z�e�_�g�b�_���h�l���a�Z�^�_�e�d�b�������������f�� 
 

�J�b�k�m�g�h�d�������± �O�Z�j�Z�d�l�_�j���G�>�K���\���a�Z�\�b�k�b�f�h�k�l�b���h�l���i�j�b�e�h�`�_�g�g�h�c���g�Z�]�j�m�a�d�b 
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�:�g�Z�e�b�a���a�Z�\�b�k�b�f�h�k�l�_�c�����i�h�k�l�j�h�_�g�g�u�o���g�Z���h�k�g�h�\�Z�g�b�b���j�Z�[�h�l�u���B�G�K�����i�h�d�Z�a�u�\�Z�_�l��
�m�^�h�\�e�_�l�\�h�j�b�l�_�e�v�g�m�x�� �k�o�h�^�b�f�h�k�l�v�� �k�� �j�_�a�m�e�v�l�Z�l�Z�f�b�� �q�b�k�e�_�g�g�h�]�h�� �w�d�k�i�_�j�b�f�_�g�l�Z�� �i�h��
�h�i�j�_�^�_�e�_�g�b�x�� �G�>�K�� �\�� �k�_�q�_�g�b�y�o�� �d�h�g�k�h�e�v�g�h�c�� �[�Z�e�d�b���� �g�_�� �i�j�_�\�u�r�Z�x�s�_�c�� �� ���� �\��
�m�k�e�h�\�b�y�o���g�Z�e�b�q�b�y���d�h�g�p�_�g�l�j�Z�l�h�j�h�\���g�Z�i�j�y�`�_�g�b�c�����l�Z�[�e�b�p�Z 2). 
 
�L�Z�[�e�b�p�Z 2 �± �K�j�Z�\�g�b�l�_�e�v�g�u�c�� �Z�g�Z�e�b�a�� �j�_�a�m�e�v�l�Z�l�h�\�� ���d�h�g�p�_�g�l�j�Z�l�h�j�� �g�Z�i�j�y�`�_�g�b�y��
�^�b�Z�f�_�l�j�h�f�������� �f�f���k���m�^�Z�e�_�g�b�_�f���_�]�h���h�l���a�Z�^�_�e�d�b���g�Z���������� �f�� 

P , �G 
a n sy s�V �����F�I�Z 

� G � K
�V �����F�I�Z �G, % 

�[�_�a���i�h�\�j�� �k���i�h�\�j�� �[�_�a���i�h�\�j�� �k���i�h�\�j�� �[�_�a���i�h�\�j�� �k���i�h�\�j�� 

10 63,70 65,83 63,37 68,81 0,52 4,52 

15 95,56 98,74 96,31 101,30 0,31 2,59 

20 127,41 131,65 127,21 137,99 0,16 4,59 

25 159,26 164,56 159,38 171,24 0,08 3,90 

30 191,11 197,48 191,19 207,98 0,04 5,05 

35 222,96 230,39 222,70 239,12 0,12 3,65 

40 254,82 265,93 254,44 253,14 0,15 5,05 

45 286,67 286,92 286,86 275,36 0,07 4,20 

50 318,52 318,80 317,69 311,52 0,26 2,34 

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

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

 
�;�B�;�E�B�H�=�J�:�N�B�Q�?�K�D�B�C���K�I�B�K�H�D 

 
1. �G�b�d�b�l�b�g�� �B���� �K�� �M�k�l�Z�e�h�k�l�g�h�_�� �j�Z�a�j�m�r�_�g�b�_�� �b�� �h�p�_�g�d�Z�� �^�h�e�]�h�\�_�q�g�h�k�l�b�� �w�e�_�f�_�g�l�h�\��

�Z�\�b�Z�p�b�h�g�g�u�o���d�h�g�k�l�j�m�d�p�b�c���i�j�b���d�h�f�[�b�g�b�j�h�\�Z�g�g�h�f���p�b�d�e�b�q�_�k�d�h�f���g�Z�]�j�m�`�_�g�b�b�������B�����K�����G�b�d�b�l�b�g����
�:���� �>���� �G�b�d�b�l�b�g���� �;���� �:���� �K�l�j�Z�l�m�e�Z�� ������ �F�Z�l�_�j�b�Z�e�u�� �;�,�9�� �F�_�`�^�m�g�Z�j�h�^�g�h�c�� �d�h�g�n�_�j�_�g�p�b�b�� �i�h��
�i�j�b�d�e�Z�^�g�h�c���f�Z�l�_�f�Z�l�b�d�_���b���f�_�o�Z�g�b�d�_���\���Z�w�j�h�d�h�k�f�b�q�_�k�d�h�c���h�l�j�Z�k�e�b�����$�0�0�$�,�
�����������������F�Z�l�_�j�b�Z�e�u��
�d�h�g�n�_�j�_�g�p�b�b���� �:�e�m�r�l�Z���� �����±������ �k�_�g�l�y�[�j�y�� ���������� �]�h�^�Z���� �F�h�k�d�\�Z���� �F�h�k�d�h�\�k�d�b�c�� �Z�\�b�Z�p�b�h�g�g�u�c��
�b�g�k�l�b�l�m�l�����g�Z�p�b�h�g�Z�e�v�g�u�c���b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�b�c���m�g�b�\�_�j�k�b�l�_�l�������������������K����������-217. �± EDN BLPIKF. 

2. �E�Z�i�d�h�� �H���� �:�� �K�l�Z�l�b�q�_�k�d�b�c�� �j�Z�k�q�_�l�� �d�h�g�k�h�e�v�g�h�c�� �[�Z�e�d�b���� �\�u�i�h�e�g�_�g�g�u�c�� �\��
�6�2�/�,�'�:�2�5�.�6�� ���� �H���� �:���� �E�Z�i�d�h���� �M���� �<���� �D�e�h�q�d�h�� ������ �K�h�\�j�_�f�_�g�g�u�_�� �i�j�h�[�e�_�f�u�� �f�Z�r�b�g�h�\�_�^�_�g�b�y�� ����
�K�[�h�j�g�b�d�� �g�Z�m�q�g�u�o�� �l�j�m�^�h�\���� �<�� ���� �q�Z�k�l�y�o�� ���� �I�h�^�� �h�[�s�_�c�� �j�_�^�Z�d�p�b�_�c�� �:���� �:���� �;�h�c�d�h���� �L�h�f�� �Q�Z�k�l�v�� �������± 
�=�h�f�_�e�v�� ���� �=�h�f�_�e�v�k�d�b�c�� �]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c�� �l�_�o�g�b�q�_�k�d�b�c�� �m�g�b�\�_�j�k�b�l�_�l�� �b�f�_�g�b�� �I���� �H���� �K�m�o�h�]�h���� ������������
�K����������-246. �± EDN FMCOUM.  
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3. �J�m�f�y�g�p�_�\�� �X���� �%�� �J�Z�a�j�Z�[�h�l�d�Z�� �\�� �0�$�7�/�$�%-�6�L�P�X�O�L�Q�N�� �b�k�d�m�k�k�l�\�_�g�g�h�c�� �g�_�c�j�h�g�g�h�c�� �k�_�l�b��
�^�e�y�� �\�h�k�k�l�Z�g�h�\�e�_�g�b�y�� �b�k�d�Z�`�_�g�g�h�c�� �n�h�j�f�u�� �\�l�h�j�b�q�g�h�]�h�� �l�h�d�Z���� �Q�Z�k�l�v�� ���� ���� �X���� �%���� �J�m�f�y�g�p�_�\����
�N���:�� �J�h�f�Z�g�x�d�� ������ �W�g�_�j�]�_�l�b�d�Z���� �B�a�\�_�k�l�b�y�� �\�u�k�r�b�o�� �m�q�_�[�g�u�o�� �a�Z�\�_�^�_�g�b�c�� �b�� �w�g�_�j�]�_�l�b�q�_�k�d�b�o��
�h�[�t�_�^�b�g�_�g�b�c�� �K�G�=���� ������������ �L���� �������� �‹�� ������ �K���� ��-21. �± DOI 10.21122/1029-7448-2022-65-1-5-21. �± 
EDN IIGUSX. 

4. �D�e�y�q�d�b�g�� �<���� �G�� �J�Z�a�j�Z�[�h�l�d�Z�� �g�_�c�j�h�g�g�h�c�� �k�_�l�b�� �^�e�y���h�p�_�g�d�b�� �b�k�i�j�Z�\�g�h�k�l�b�� �]�b�^�j�h�Z�]�j�_�]�Z�l�Z��
�i�h���j�_�a�m�e�v�l�Z�l�Z�f���\�b�[�j�h�f�h�g�b�l�h�j�b�g�]�Z�������<�����G�����D�e�y�q�d�b�g�����:�����:�����K�Z�g�l�Z�e�h�\���������I�j�h�]�j�Z�f�f�g�u�_���i�j�h�^�m�d�l�u��
�b���k�b�k�l�_�f�u�����������������‹���������K����������-634. �± DOI 10.15827/0236-235X.132.629-634. �± EDN GHYQRO. 

5. �;�Z�m�l�b�g�� �:���� �:�� �F�h�g�b�l�h�j�b�g�]�� �k�h�k�l�h�y�g�b�y�� �d�h�g�k�l�j�m�d�p�b�b�� �k�� �i�h�f�h�s�v�x�� �Z�g�Z�e�b�a�Z�� �d�b�g�_�l�b�d�b��
�f�_�k�l�g�h�]�h�� �g�Z�i�j�y�`�_�g�g�h-�^�_�n�h�j�f�b�j�h�\�Z�g�g�h�]�h�� �k�h�k�l�h�y�g�b�y�� ���� �:���� �:���� �;�Z�m�l�b�g���� �X���� �:���� �K�\�b�j�k�d�b�c���� �:���� �<����
�I�Z�g�d�h�\���������A�Z�\�h�^�k�d�Z�y���e�Z�[�h�j�Z�l�h�j�b�y�����>�b�Z�]�g�h�k�l�b�d�Z���f�Z�l�_�j�b�Z�e�h�\�����������������L�������������‹���������K�����������± 47. DOI: 
10.26896/1028-6861-2019-85-2-42-47. 
 
 
�M�>�D���������������� 
 

�I�J�H�?�D�L���=�B�;�J�B�>�G�H�C���K�B�E�H�<�H�C���M�K�L�:�G�H�<�D�B���>�E�Y 
�;�?�K�I�B�E�H�L�G�H�=�H���E�?�L�:�L�?�E�V�G�H�=�H���:�I�I�:�J�:�L�: 

 
�K�Z�n�Z�j�[�Z�d�h�\���:�����F�������d�Z�g�^�����l�_�o�g�� �g�Z�m�d 

�K�Z�j�Z�g�b�g�Z���?�����<���� 
 

�B�j�d�m�l�k�d�b�c���n�b�e�b�Z�e���F�=�L�M���=�: 
���]�����B�j�d�m�l�k�d�� 

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

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

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

 
PROJECT OF A HYBRID PROPULSION SYSTEM FOR 

UNMANNED AERIAL VEHICLE 
 

Safarbakov A. M., Candidate of Technical Sciences 
Saranina E. V. 

 
Moscow State Technical University of Civil Aviation, Irkutsk Branch 

(Irkutsk) 
 
Abstract. In the article schemes of perspective hybrid propulsion systems are considered. 

The design of a hybrid propulsion system including a pulse combustion chamber with a gas turbine, 
a generator, a battery and an electric motor with an air propeller is proposed. It is assumed that 
hybrid propulsion systems can have very low fuel consumption. Accordingly, the emission of 
harmful substances in exhaust gases will be reduced, and the noise level during the operation of the 
propulsion system will be lowered. 
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�<�� �k�\�h�x�� �h�q�_�j�_�^�v�� �i�b�l�Z�g�b�_�� �h�l�� �Z�d�d�m�f�m�e�y�l�h�j�h�\�� �i�h�a�\�h�e�y�_�l�� �w�n�n�_�d�l�b�\�g�h��

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

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

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

�í �i�h�e�g�h�k�l�v�x���w�e�_�d�l�j�b�q�_�k�d�b�_�� 
�í �]�b�[�j�b�^�g�u�_�� ���i�Z�j�Z�e�e�_�e�v�g�u�c�� �]�b�[�j�b�^���� �k�_�j�b�c�g�u�c�� �]�b�[�j�b�^���� �i�Z�j�Z�e�e�_�e�v�g�u�c��

�q�Z�k�l�b�q�g�u�c���]�b�[�j�b�^���� 
�í �l�m�j�[�h�w�e�_�d�l�j�b�q�_�k�d�b�_�� ���i�h�e�g�h�k�l�v�x�� �l�m�j�[�h�w�e�_�d�l�j�b�q�_�k�d�b�c���� �q�Z�k�l�b�q�g�h��

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

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

 

 
 

�J�b�k�m�g�h�d�������± �I�h�k�e�_�^�h�\�Z�l�_�e�v�g�Z�y���]�b�[�j�b�^�g�Z�y���k�b�k�l�_�f�Z 
 
�D�h�f�[�b�g�Z�p�b�_�c�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�c�� �b�� �i�Z�j�Z�e�e�_�e�v�g�h�c�� �]�b�[�j�b�^�g�h�c�� �k�b�k�l�_�f�u��

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

 

 
 

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

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

 
�<�� �l�Z�d�h�c�� �k�b�e�h�\�h�c�� �m�k�l�Z�g�h�\�d�_�� �w�g�_�j�]�b�y�� �i�j�h�^�m�d�l�h�\�� �]�h�j�_�g�b�y�� �\�� �b�f�i�m�e�v�k�g�h�c��

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

 
�<�u�\�h�^�u 
�=�b�[�j�b�^�g�u�f�� �k�b�e�h�\�u�f�� �m�k�l�Z�g�h�\�d�Z�f�� �i�j�b�k�m�s�b�� �d�Z�d�� �i�j�_�b�f�m�s�_�k�l�\�Z���� �l�Z�d�� �b��

�g�_�^�h�k�l�Z�l�d�b�� 
�I�j�_�b�f�m�s�_�k�l�\�Z�f�b���y�\�e�y�_�l�k�y�� 
�í �\�� �i�j�_�^�e�Z�]�Z�_�f�h�c�� �k�o�_�f�_�� �=�K�M�� �Z�d�d�m�f�m�e�y�l�h�j�� �g�_�� �g�m�`�^�Z�_�l�k�y�� �\�� �`�_�k�l�d�h�c��

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

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

�í �j�_�a�d�h���k�g�b�`�Z�_�l�k�y���w�f�b�k�k�b�y���\�j�_�^�g�u�o���\�_�s�_�k�l�\���\���Z�l�f�h�k�n�_�j�m�� 
�G�_�^�h�k�l�Z�l�d�Z�f�b���y�\�e�y�x�l�k�y�� 
�í �m�\�_�e�b�q�_�g�g�u�c���k�m�f�f�Z�j�g�u�c���h�[�t�_�f���b���f�Z�k�k�Z���\�k�_�c���=�K�M�� 
�í �i�h�\�u�r�_�g�g�Z�y���k�l�h�b�f�h�k�l�v���b���k�e�h�`�g�h�k�l�v���d�h�g�k�l�j�m�d�p�b�b�� 
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Abstract. As the experience of operating aircraft for various purposes shows, ensuring 

timely emergency departure of an aircraft is an important task. Modern ejection seats, which are 
equipped with most combat aircraft, as well as some types of attack helicopters, allow you to leave 
the aircraft in almost all operating modes and at zero speed on the ground. However, the availability 
of means of rescue on the plane does not always help the crew members to save their lives, since the 
person himself activates the emergency escape system of the aircraft. Increased neuropsychiatric 
state, lack of necessary experience in emergency situations, incorrect assessment of the emergency 
situation as well as poor information support are concomitant factors leading to the death of flight 
personnel. In this regard, there is a need to increase the information support of the aircraft crew in 
order for them to make timely and correct decisions in an emergency situation. 

This article discusses a way to implement a decision-making assistance system by the crew 
commander in emergency situations, the principle of operation of which is based on the theory of 
fuzzy sets. The article also presents a variant of the layout of this system for placement on board an 
aircraft. 

Keywords: assistance system, emergency abandonment, decision-making, fuzzy logic. 
 
�< �k�h�\�j�_�f�_�g�g�u�o�� �m�k�e�h�\�b�y�o�� �\�_�^�_�g�b�y�� �[�h�_�\�u�o�� �^�_�c�k�l�\�b�c�� �j�_�r�Z�x�s�m�x�� �j�h�e�v�� �\��

�^�h�k�l�b�`�_�g�b�b���p�_�e�_�c���\�h�h�j�m�`�_�g�g�h�]�h���i�j�h�l�b�\�h�k�l�h�y�g�b�y���b�]�j�Z�_�l���Z�\�b�Z�p�b�y�����=�h�k�i�h�^�k�l�\�h��
�\���\�h�a�^�m�o�_���^�Z�_�l���\�h�a�f�h�`�g�h�k�l�v���h�k�m�s�_�k�l�\�e�y�l�v���i�h�^�^�_�j�`�d�m���d�Z�d���g�Z�k�l�m�i�Z�x�s�b�o�����l�Z�d���b��
�h�[�h�j�h�g�y�x�s�b�o�k�y�� �\�h�c�k�d���� �Z�� �l�Z�d�`�_�� �i�h�j�Z�`�Z�l�v�� �k�l�j�Z�l�_�]�b�q�_�k�d�b���\�Z�`�g�u�_�� �h�[�t�_�d�l�u��
�i�j�h�l�b�\�g�b�d�Z���� �D�Z�d�� �i�j�Z�\�b�e�h���� �d�e�x�q�_�\�u�_�� �a�Z�^�Z�q�b�� �i�h�� �a�Z�\�h�_�\�Z�g�b�x�� �]�h�k�i�h�^�k�l�\�Z�� �\��
�\�h�a�^�m�o�_�� �j�_�r�Z�_�l�� �h�i�_�j�Z�l�b�\�g�h-�l�Z�d�l�b�q�_�k�d�Z�y�� �Z�\�b�Z�p�b�y���� �g�Z�� �\�h�h�j�m�`�_�g�b�b�� �d�h�l�h�j�h�c��
�b�f�_�x�l�k�y�� �b�k�l�j�_�[�b�l�_�e�b-�i�_�j�_�o�\�Z�l�q�b�d�b���� �r�l�m�j�f�h�\�b�d�b���� �[�h�f�[�Z�j�^�b�j�h�\�s�b�d�b����
�j�Z�a�\�_�^�q�b�d�b���� �i�j�_�^�k�l�Z�\�e�_�g�g�u�_�� �l�Z�d�b�f�b�� �k�Z�f�h�e�_�l�Z�f�b�� �d�Z�d�� �K�m-�������� �K�m-�������� �K�m-30, 
�F�b�=-�������� �K�m-�������� �K�m-�������� �K�m-�������� �K�m-�������� �<�� �o�h�^�_�� �\�u�i�h�e�g�_�g�b�y�� �d�Z�d�� �[�h�_�\�u�o�� �a�Z�^�Z�q����
�l�Z�d�� �b�� �a�Z�^�Z�q�� �i�h�\�k�_�^�g�_�\�g�h�c�� �^�_�y�l�_�e�v�g�h�k�l�b�� �w�d�b�i�Z�`�� �i�h�^�\�_�j�]�Z�_�l�� �[�h�e�v�r�h�f�m�� �j�b�k�d�m��
�k�\�h�x�� �`�b�a�g�v���� �K�� �p�_�e�v�x�� �k�h�o�j�Z�g�_�g�b�y�� �`�b�a�g�b�� �w�d�b�i�Z�`�Z�� �\�� �k�h�\�j�_�f�_�g�g�u�o�� �\�h�a�^�m�r�g�u�o��
�k�m�^�Z�o 
���^�Z�e�_�_ �± �<�K���� �b�f�_�_�l�k�y�� �d�h�f�i�e�_�d�k�� �k�j�_�^�k�l�\�� �Z�\�Z�j�b�c�g�h�]�h�� �i�h�d�b�^�Z�g�b�y�� �k�Z�f�h�e�_�l�Z����
�k�h�k�l�h�y�s�b�c���� �d�Z�d�� �i�j�Z�\�b�e�h���� �b�a�� �d�Z�l�Z�i�m�e�v�l�g�h�]�h�� �d�j�_�k�e�Z���� �k�b�k�l�_�f�u�� �j�Z�a�[�e�h�d�b�j�h�\�d�b��
�k�l�j�_�e�y�x�s�_�]�h���f�_�o�Z�g�b�a�f�Z���d�j�_�k�e�Z���b���k�b�k�l�_�f�u���Z�\�Z�j�b�c�g�h�]�h���k�[�j�h�k�Z���h�l�d�b�^�g�h�c���q�Z�k�l�b��
�n�h�g�Z�j�y�� 

�I�j�b���g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�c���h�i�Z�k�g�h�k�l�b���^�e�y���`�b�a�g�b���w�d�b�i�Z�`�Z���f�h�`�_�l���\�h�a�g�b�d�g�m�l�v��
�g�_�h�[�o�h�^�b�f�h�k�l�v���\���Z�\�Z�j�b�c�g�h�f���i�h�d�b�^�Z�g�b�b���e�_�l�Z�l�_�e�v�g�h�]�h���Z�i�i�Z�j�Z�l�Z�����K�b�]�g�Z�e�h�f���^�e�y��
�i�h�d�b�^�Z�g�b�y�� �k�Z�f�h�e�_�l�Z�� �h�[�u�q�g�h�� �y�\�e�y�x�l�k�y�� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_�� �d�h�f�Z�g�^�u�� �d�h�f�Z�g�^�b�j�Z��
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�w�d�b�i�Z�`�Z���� �L�h�e�v�d�h�� �\�� �k�e�m�q�Z�_�� �y�\�g�u�o�� �h�i�Z�k�g�h�k�l�_�c�� �^�e�y�� �`�b�a�g�b���� �l�j�_�[�m�x�s�b�o��
�g�_�f�_�^�e�_�g�g�h�]�h�� �j�_�r�_�g�b�y���� �q�e�_�g�u�� �w�d�b�i�Z�`�Z�� �f�h�]�m�l�� �^�_�c�k�l�\�h�\�Z�l�v�� �k�Z�f�h�k�l�h�y�l�_�e�v�g�h��
[1]. 

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

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

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

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

�G�Z�� �K�<�<�I�� �Y�d-�������M���� �F���� �k�b�k�l�_�f�Z�� �Z�\�l�h�f�Z�l�b�q�_�k�d�h�]�h�� �d�Z�l�Z�i�m�e�v�l�b�j�h�\�Z�g�b�y��
�\�d�e�x�q�Z�e�Z�� �\�� �k�_�[�y�� �d�Z�l�Z�i�m�e�v�l�g�h�_�� �d�j�_�k�e�h�� �D-�����<�F���� �w�e�_�d�l�j�b�q�_�k�d�m�x�� �k�b�k�l�_�f�m��
�Z�\�l�h�f�Z�l�b�q�_�k�d�h�]�h�� �d�Z�l�Z�i�m�e�v�l�b�j�h�\�Z�g�b�y�� �K�D-�W�F���� �:�\�l�h�f�Z�l�b�q�_�k�d�h�_��
�d�Z�l�Z�i�m�e�v�l�b�j�h�\�Z�g�b�_�� �g�Z�� �\�_�j�l�b�d�Z�e�v�g�u�o�� �b�� �i�_�j�_�o�h�^�g�u�o�� �j�_�`�b�f�Z�o�� �h�[�_�k�i�_�q�b�\�Z�e�Z��
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�k�b�k�l�_�f�Z�� �K�D-�W�F���� �<�� �k�e�m�q�Z�_�� �^�h�k�l�b�`�_�g�b�y�� �d�j�b�l�b�q�_�k�d�b�o�� �a�g�Z�q�_�g�b�c�� �i�Z�j�Z�f�_�l�j�h�\��
�i�h�e�_�l�Z���� �Z�� �l�Z�d�`�_�� �i�j�b�� �k�h�q�_�l�Z�g�b�b�� �i�h�� �a�g�Z�d�m�� �h�i�j�_�^�_�e�_�g�g�u�o���\�_�e�b�q�b�g�� �m�]�e�h�\�� �b��
�m�]�e�h�\�u�o�� �k�d�h�j�h�k�l�_�c�� �d�j�_�g�Z���� �i�b�d�b�j�h�\�Z�g�b�y�� �b�� �d�Z�[�j�b�j�h�\�Z�g�b�y���k�Z�f�h�e�_�l�Z�� �K�D-�W�F��
�\�u�^�Z�\�Z�e�Z���k�b�]�g�Z�e���g�Z���Z�\�l�h�f�Z�l�b�q�_�k�d�h�_���d�Z�l�Z�i�m�e�v�l�b�j�h�\�Z�g�b�_���>���@. 

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

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

 

 
 

�J�b�k�m�g�h�d�������± �>�b�g�Z�f�b�d�Z���b�a�f�_�g�_�g�b�y���Z�\�Z�j�b�c�g�h�k�l�b���\���]�h�k�m�^�Z�j�k�l�\�_�g�g�h�c�� 
�Z�\�b�Z�p�b�b���a�Z���������e�_�l�� 

 
�L�Z�d�h�_���d�h�e�b�q�_�k�l�\�h���i�h�]�b�[�r�_�]�h���e�_�l�g�h�]�h���k�h�k�l�Z�\�Z���b�a���q�b�k�e�Z���q�e�_�g�h�\�� �w�d�b�i�Z�`�Z��

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

�í �k�e�Z�[�u�c���m�j�h�\�_�g�v���i�h�^�]�h�l�h�\�d�b���e�_�l�g�h�]�h���k�h�k�l�Z�\�Z���i�h���i�h�j�y�^�d�m���Z�\�Z�j�b�c�g�h�]�h��
�i�h�d�b�^�Z�g�b�y���<�K�� 

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

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

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

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

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

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

 

 
 

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

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

�w�d�b�i�Z�`�_�f���g�Z���Z�\�Z�j�b�c�g�h�_���i�h�d�b�^�Z�g�b�_���\�h�a�^�m�r�g�h�]�h���k�m�^�g�Z 
 

�J�b�k�m�g�h�d�������± �D�h�f�i�h�g�_�g�l�u���k�b�k�l�_�f�u���i�h�f�h�s�b���i�j�b�g�y�l�b�y���j�_�r�_�g�b�y���d�h�f�Z�g�^�b�j�h�f��
�w�d�b�i�Z�`�Z 

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

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

�F�h�^�m�e�v�� �g�_�q�_�l�d�h�c�� �e�h�]�b�d�b�� �[�m�^�_�l�� �b�k�i�h�e�v�a�h�\�Z�l�v�k�y�� �^�e�y�� �h�p�_�g�d�b�� �k�b�l�m�Z�p�b�b�� �b��
�\�u�[�h�j�Z�� �h�i�l�b�f�Z�e�v�g�h�]�h�� �j�_�r�_�g�b�y���� �H�g�� �[�m�^�_�l�� �Z�g�Z�e�b�a�b�j�h�\�Z�l�v�� �i�Z�j�Z�f�_�l�j�u�� �k��
�j�Z�a�e�b�q�g�u�o�� �^�Z�l�q�b�d�h�\�� �b�� �k�b�k�l�_�f�� �\�h�a�^�m�r�g�h�]�h�� �k�m�^�g�Z���� �l�Z�d�b�o�� �d�Z�d�� �\�u�k�h�l�Z���� �k�d�h�j�h�k�l�v����
�l�_�f�i�_�j�Z�l�m�j�Z�� �^�\�b�]�Z�l�_�e�y���� �^�Z�\�e�_�g�b�_�� �\�� �d�Z�[�b�g�_�� �b�� �l���^���� �b�� �\�u�^�Z�\�Z�l�v�� �j�_�d�h�f�_�g�^�Z�p�b�b��
�d�h�f�Z�g�^�b�j�m���w�d�b�i�Z�`�Z���g�Z���h�k�g�h�\�_���[�Z�a�u���a�g�Z�g�b�c���� 
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�J�_�Z�e�b�a�Z�p�b�y���j�Z�[�h�l�u���f�h�^�m�e�y���g�_�q�_�l�d�h�c���e�h�]�b�d�b���h�k�m�s�_�k�l�\�e�y�_�l�k�y���k���i�h�f�h�s�v�x��
�i�j�h�]�j�Z�f�f�g�h�]�h�� �h�[�_�k�i�_�q�_�g�b�y�� �i�j�h�]�j�Z�f�f�g�h�c�� �k�j�_�^�u�� �0�$�7�/�$�%�� �b�� �i�Z�d�_�l�Z�� �i�j�h�]�j�Z�f�f��
�i�h�� �n�Z�a�a�b-�e�h�]�b�d�_�� ���)�X�]�]�\�� �/�R�J�L�F�� �7�R�R�O�E�R�[������ �d�h�l�h�j�u�c�� �i�h�a�\�h�e�y�_�l�� �k�h�a�^�Z�\�Z�l�v�� �b��
�j�_�^�Z�d�l�b�j�h�\�Z�l�v�� �n�Z�a�a�b-�k�b�k�l�_�f�u�� �m�i�j�Z�\�e�_�g�b�y�� ���d�h�g�l�j�h�e�y���� �k�� �g�_�q�_�l�d�h�c�� �e�h�]�b�d�h�c����
�g�Z�a�u�\�Z�_�f�u�_�� �\�� �l�_�j�f�b�g�Z�o�� �i�j�h�]�j�Z�f�f�g�h�c�� �k�b�k�l�_�f�u�� �0�$�7�/�$�%�� �± Fuzzy Inference 
�6�\�V�W�H�P�� �b�e�b�� �)�,�6�� �>���@���� �<�� �[�e�h�d�_�� �f�h�^�m�e�y�� �g�_�q�_�l�d�h�c�� �e�h�]�b�d�b�� �k�b�k�l�_�f�u�� �i�h�f�h�s�b��
�i�j�b�g�y�l�b�y���j�_�r�_�g�b�y���w�d�b�i�Z�`�_�f���Z�\�Z�j�b�c�g�h�]�h���i�h�d�b�^�Z�g�b�y���k�Z�f�h�e�_�l�Z���m�k�l�Z�g�Z�\�e�b�\�Z�_�l�k�y��
�i�j�h�]�j�Z�f�f�g�h�_���h�[�_�k�i�_�q�_�g�b�_�����j�Z�a�j�Z�[�h�l�Z�g�g�h�_���g�Z���[�Z�a�_���k�b�k�l�_�f�u���0�$�7�/�$�%�����I�j�b�g�p�b�i��
�j�Z�[�h�l�u�� �i�j�h�]�j�Z�f�f�u�� �a�Z�d�e�x�q�Z�_�l�k�y�� �\�� �i�h�e�m�q�_�g�b�b�� �b�k�o�h�^�g�h�]�h�� �k�b�]�g�Z�e�Z�� �h�l�� �^�Z�l�q�b�d�h�\����
�k�g�b�f�Z�x�s�b�o�� �a�g�Z�q�_�g�b�y�� �i�Z�j�Z�f�_�l�j�h�\�� �j�Z�[�h�l�u�� �k�b�k�l�_�f�� �b�� �Z�]�j�_�]�Z�l�h�\�� �<�K���� �_�]�h��
�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h�� �i�h�e�h�`�_�g�b�y���� �\�g�_�r�g�b�o�� �m�k�e�h�\�b�c�� �i�h�e�_�l�Z���� �h�[�j�Z�[�h�l�d�_��
�i�h�e�m�q�_�g�g�h�]�h���k�b�]�g�Z�e�Z���b���i�h���b�f�_�x�s�_�c�k�y���[�Z�a�_���a�g�Z�g�b�c���b���n�m�g�d�p�b�b���i�j�b�g�Z�^�e�_�`�g�h�k�l�b��
�n�h�j�f�b�j�h�\�Z�g�b�b���j�_�d�h�f�_�g�^�Z�p�b�c���w�d�b�i�Z�`�m���h���^�Z�e�v�g�_�c�r�b�o���^�_�c�k�l�\�b�y�o�� 

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

�<�� �a�Z�d�e�x�q�_�g�b�_�� �o�h�l�_�e�h�k�v�� �[�u�� �h�l�f�_�l�b�l�v���� �q�l�h�� �k�b�k�l�_�f�Z�� �i�h�f�h�s�b�� �i�j�b�g�y�l�b�y��
�j�_�r�_�g�b�y�� �i�j�b�� �Z�\�Z�j�b�c�g�h�f�� �i�h�d�b�^�Z�g�b�b�� �<�K�� �g�Z�� �h�k�g�h�\�_�� �g�_�q�_�l�d�h�c�� �e�h�]�b�d�b���k�h�a�^�Z�k�l��
�h�i�l�b�f�Z�e�v�g�u�c���Z�e�]�h�j�b�l�f���^�_�c�k�l�\�b�c���e�_�l�g�h�]�h���w�d�b�i�Z�`�Z���\���k�h�h�l�\�_�l�k�l�\�b�b���k���\�h�a�g�b�d�r�_�c��
�k�b�l�m�Z�p�b�_�c�� �g�Z�� �[�h�j�l�m�� �k�Z�f�h�e�_�l�Z���� �H�g�Z �i�h�a�\�h�e�b�l�� �d�h�f�Z�g�^�b�j�m�� �w�d�b�i�Z�`�Z�� �[�u�k�l�j�h�� �b��
�i�j�Z�\�b�e�v�g�h�� �j�_�Z�]�b�j�h�\�Z�l�v�� �g�Z�� �Z�\�Z�j�b�c�g�u�_�� �k�b�l�m�Z�p�b�b�� �^�e�y�� �b�o�� �i�Z�j�b�j�h�\�Z�g�b�y�� �b�e�b��
�i�j�b�g�b�f�Z�l�v�� �k�\�h�_�\�j�_�f�_�g�g�h�_�� �j�_�r�_�g�b�_�� �g�Z�� �i�h�d�b�^�Z�g�b�_�� �<�K�� �\�� �d�Z�l�Z�k�l�j�h�n�b�q�_�k�d�h�c��
�k�b�l�m�Z�p�b�b���� �D�j�h�f�_�� �l�h�]�h���� �i�j�b�f�_�g�_�g�b�_�� �^�Z�g�g�h�c�� �k�b�k�l�_�f�u�� �i�h�a�\�h�e�b�l�� �a�g�Z�q�b�l�_�e�v�g�h��
�i�h�\�u�k�b�l�v�� �h�[�s�b�c�� �m�j�h�\�_�g�v�� �[�_�a�h�i�Z�k�g�h�k�l�b�� �i�h�e�_�l�h�\�� �b�� �m�f�_�g�v�r�b�l�v�� �d�h�e�b�q�_�k�l�\�h��
�h�r�b�[�h�d�� �^�h�i�m�k�d�Z�_�f�u�o�� �e�_�l�g�u�f�� �k�h�k�l�Z�\�h�f�� �\�� �k�e�h�`�g�u�o�� �k�b�l�m�Z�p�b�y�o���� �Z���]�e�Z�\�g�u�f��
�h�[�j�Z�a�h�f���k�h�o�j�Z�g�b�l���[�_�k�p�_�g�g�u�_���q�_�e�h�\�_�q�_�k�d�b�_���`�b�a�g�b�� 
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Abstract. The modern period of technical development is characterized by the massive use 

of complex systems, devices and complexes, which technical characteristics (speed, accuracy, 
strength, pressure, etc.) are very high. Aviation equipment also belongs to such systems. Being both 
a complex and high-tech object, it also refers to high-risk objects, which requires a lot of attention 
to its technical condition to maintain a high level of flight safety. 

This article discusses the issue of monitoring the technical condition of an aircraft based on the 
theory of fuzzy sets. A study was conducted on the possibility of determining its technical condition 
using fuzzy logic algorithms on the example of the operation of the fuel system of an aircraft. 

Keywords: technical condition, aircraft systems, fuel system, fuzzy sets, fuzzy logic. 
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�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �w�d�k�i�e�m�Z�l�Z�p�b�h�g�g�u�c�� �d�h�g�l�j�h�e�v�� �b�a�^�_�e�b�c�� �i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c��
�d�h�g�l�j�h�e�v���� �h�k�m�s�_�k�l�\�e�y�_�f�u�c�� �g�Z�� �\�k�_�o�� �w�l�Z�i�Z�o�� �w�d�k�i�e�m�Z�l�Z�p�b�b�� �b�a�^�_�e�b�y�� �k�� �p�_�e�v�x��
�m�k�l�Z�g�h�\�b�l�v���_�]�h���l�_�o�g�b�q�_�k�d�h�_���k�h�k�l�h�y�g�b�_���\���g�Z�k�l�h�y�s�_�f���b���[�m�^�m�s�_�f�� 

�D�Z�d�� �h�l�f�_�q�Z�e�h�k�v�� �j�Z�g�_�_���� �\�Z�`�g�u�f�b�� �a�Z�^�Z�q�Z�f�b�� �d�h�g�l�j�h�e�y�� �k�h�k�l�h�y�g�b�y�� �:�L��
�y�\�e�y�x�l�k�y�� 

�í �i�h�b�k�d���f�_�k�l�Z���h�l�d�Z�a�Z�� 
�í �^�b�Z�]�g�h�k�l�b�j�h�\�Z�g�b�_���b���i�j�h�]�g�h�a�b�j�h�\�Z�g�b�_���l�_�o�g�b�q�_�k�d�h�]�h���k�h�k�l�h�y�g�b�y���:�L�� 
�I�j�b�� �j�_�r�_�g�b�b�� �^�Z�g�g�u�o�� �a�Z�^�Z�q�� �\�h�a�g�b�d�Z�x�l�� �h�i�j�_�^�_�e�_�g�g�u�_�� �i�j�h�[�e�_�f�u���� �L�Z�d����

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

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

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

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

1) �n�Z�a�a�b-�e�h�]�b�d�Z�����g�_�q�_�l�d�Z�y���e�h�]�b�d�Z���� 
2) �w�d�k�i�_�j�l�g�u�_���k�b�k�l�_�f�u�� 
3) �g�_�c�j�h�k�_�l�b�� 
4) �w�\�h�e�x�p�b�h�g�g�h�_���f�h�^�_�e�b�j�h�\�Z�g�b�_�� 
�J�Z�k�k�f�h�l�j�b�f�� �\�h�a�f�h�`�g�h�k�l�v�� �i�j�b�f�_�g�_�g�b�y�� �l�_�h�j�b�b�� �h�� �g�_�q�_�l�d�b�o�� �f�g�h�`�_�k�l�\�Z�o��

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

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

 

 
 

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

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

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

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

�L�Z�[�e�b�p�Z���� �± �I�Z�j�Z�f�_�l�j�u���l�h�i�e�b�\�g�h�c���k�b�k�l�_�f�u 

�‹  
�i�Z�j�Z�f�_�l�j�Z �I�j�b�a�g�Z�d�b 

�K�h�k�l�h�y�g�b�y 

�K0 
�K�b�k�l�_�f�Z 
�b�k�i�j�Z�\�g�Z 

�K1 
�G�_�l��

�g�Z�^�^�m�\�Z 

�K2 
�H�l�d�Z�a 
�I�G 

�K3 
�A�Z�k�h�j�� 

�n�b�e�v�l�j�Z 

�K4 
�A�Z�d�j�u�l�b

�_���I�D 

�K5 
�H�l�d�Z�a 
�>�I�G 

X1 �J�[�����I�Z�
���� 0,1�±0,3 0 0,19 0,19 0,19 0,19 

X2 V�����< 24�±28 26 7 26 26 26 

X3 I�����: 48�±55 50 44 50 50 50 

X4 �J�g���i�����I�Z�
���� 0,8�±1,2 0,7 0,2 0,95 1,35 1,35 

X5 �J�n�����I�Z�
���� 0,1�±0,3 0,05 0 0 0 1 

X6 �J�^���i���g�����I�Z�
���� 2,1�±2,5 2,25 2 2,3 0,2 1 

X7 W�����f3���q 3900 4250 3750 4000 0 2400 

X8 �I�h�e�h�`�����I�D �H�l�d�j�u�l �H�l�d�j�u�l �H�l�d�j�u�l �H�l�d�j�u�l �A�Z�d�j�u�l �H�l�d�j�u�l 

 
�D�Z�`�^�u�c�� �i�Z�j�Z�f�_�l�j���� �m�d�Z�a�Z�g�g�u�c�� �\�� �l�Z�[�e�b�p�_�� ������ �o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�c�� �j�Z�[�h�l�m��

�l�h�i�e�b�\�g�h�c�� �k�b�k�l�_�f�u���� �h�[�h�a�g�Z�q�b�f�� �\�o�h�^�g�h�c�� �i�_�j�_�f�_�g�g�h�c�� �©�;�Q�ª���� �]�^�_�� �Q�� �± �g�h�f�_�j��
�j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�]�h���i�Z�j�Z�f�_�l�j�Z�� 

�<�\�_�^�_�f�� �^�e�y�� �d�Z�`�^�h�]�h�� �i�Z�j�Z�f�_�l�j�Z�� �l�h�i�e�b�\�g�h�c�� �k�b�k�l�_�f�u�� �e�b�g�]�\�b�k�l�b�q�_�k�d�b�_��
�i�_�j�_�f�_�g�g�u�_���� �d�h�l�h�j�u�_�� �[�m�^�m�l�� �o�Z�j�Z�d�l�_�j�b�a�h�\�Z�l�v �b�o�� �g�Z�o�h�`�^�_�g�b�_�� �\�� �a�Z�^�Z�g�g�u�o��
���j�Z�[�h�l�h�k�i�h�k�h�[�g�u�o�� �b�� �g�_�j�Z�[�h�l�h�k�i�h�k�h�[�g�u�o���� �i�j�_�^�_�e�Z�o�� �>���@���� �L�Z�d�b�f�b�� �i�_�j�_�f�_�g�g�u�f�b��
�[�m�^�m�l�����©�H�L�D�:�A�ª���b���©�J�:�;�H�L�:�ª�����>�h�i�m�k�l�b�f�u�_���a�g�Z�q�_�g�b�y�����b�g�l�_�j�\�Z�e���a�g�Z�q�_�g�b�c�����w�l�b�o��
�i�Z�j�Z�f�_�l�j�h�\�� �f�h�]�m�l�� �[�u�l�v�� �h�i�j�_�^�_�e�_�g�u�� �w�d�k�i�_�j�l�h�f�� �b�e�b�� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�f�b��
�^�h�d�m�f�_�g�l�Z�f�b�� �i�h�� �w�d�k�i�e�m�Z�l�Z�p�b�b�� �h�[�t�_�d�l�Z���� �=�j�Z�n�b�q�_�k�d�b���� �^�Z�g�g�u�_�� �a�Z�\�b�k�b�f�h�k�l�b������
�k�n�h�j�f�b�j�h�\�Z�g�g�u�_�� �\�� �i�j�h�]�j�Z�f�f�g�h�c�� �k�b�k�l�_�f�_ �0�$�7�/�$�%�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �i�Z�d�_�l�Z��
�)�X�]�]�\���/�R�J�L�F���7�R�R�O�E�R�[�����i�j�_�^�k�l�Z�\�e�_�g�u���g�Z���j�b�k�m�g�d�_������  
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�J�b�k�m�g�h�d�������± �=�j�Z�n�b�q�_�k�d�h�_���h�l�h�[�j�Z�`�_�g�b�_���\�a�Z�b�f�h�k�\�y�a�b���e�b�g�]�\�b�k�l�b�q�_�k�d�b�o��
�i�_�j�_�f�_�g�g�u�o���b���a�Z�^�Z�g�g�u�o���i�j�_�^�_�e�h�\���i�Z�j�Z�f�_�l�j�h�\�����o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�o��

�j�Z�[�h�l�h�k�i�h�k�h�[�g�h�k�l�v���l�h�i�e�b�\�g�h�c���k�b�k�l�_�f�u���\�h�a�^�m�r�g�h�]�h���k�m�^�g�Z�� �k�n�h�j�f�b�j�h�\�Z�g�g�h�_���\��
�i�j�h�]�j�Z�f�f�g�h�c���k�b�k�l�_�f�_���0�$�7�/�$�%���k���b�k�i�h�e�v�a�h�\�Z�g�b�_�f���i�Z�d�_�l�Z���)�X�]�]�\���/�R�J�L�F���7�R�R�O�E�R�[ 

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

�i�Z�j�Z�f�_�l�j�h�\���h�[�t�_�d�l�Z���\�\�h�^�y�l�k�y���n�m�g�d�p�b�b���i�j�b�g�Z�^�e�_�`�g�h�k�l�b�����>�e�y���l�_�j�f�Z���©�J�:�;�H�L�:�ª��
�i�j�b�f�_�g�y�_�l�k�y���]-�i�h�^�h�[�g�Z�y���n�m�g�d�p�b�y���i�j�b�g�Z�^�e�_�`�g�h�k�l�b�� 
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�I�_�j�_�f�_�g�g�Z�y�� �\�u�o�h�^�Z���� �h�i�b�k�u�\�Z�x�s�Z�y�� �l�_�o�g�b�q�_�k�d�h�_�� �k�h�k�l�h�y�g�b�_�� �h�[�t�_�d�l�Z����
�a�Z�^�Z�_�l�k�y�� �g�_�q�_�l�d�b�f�b�� �l�_�j�f�Z�f�b���� �©�K�b�k�l�_�f�Z�� �b�k�i�j�Z�\�g�Z�ª�� �©�G�_�l�� �g�Z�^�^�m�\�Z�ª���� �©�H�l�d�Z�a�� �I�G�ª�� 

�©�A�Z�k�h�j�_�g�b�_�� �n�b�e�v�l�j�Z�ª���� �©�A�Z�d�j�u�l�b�_�� �I�D�ª�� �b�� �©�H�l�d�Z�a�� �>�I�G�ª���� �G�Z�� �k�e�_�^�m�x�s�_�f�� �w�l�Z�i�_��
�n�h�j�f�b�j�m�_�l�k�y�� �[�Z�a�Z�� �a�g�Z�g�b�c�� ���i�j�Z�\�b�e���� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �g�_�q�_�l�d�b�o�� �\�u�k�d�Z�a�u�\�Z�g�b�c��
�\�b�^�Z���©�E���_�k�l�v���D�ª���b���k�\�y�a�h�d���©�B�ª�����©�?�k�e�b�«�����l�h�«�ª���>���@�� 

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

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

�I�j�Z�\�b�e�h���������?�k�e�b���;1 , X2 , X3 , X4 , X5 , X6 , X7 , X8 �©�J�Z�[�h�l�Z�ª�����l�h���<���©�K�b�k�l�_�f�Z��
�b�k�i�j�Z�\�g�Z�ª�� 

�I�j�Z�\�b�e�h���������?�k�e�b���;2 , X3 , X6 , X7 , X8 �©�J�Z�[�h�l�Z�ª�����Z���;1 , X4 , X5 �©�H�l�d�Z�a�ª�����l�h���<��
�©�G�_�l���g�Z�^�^�m�\�Z�ª�� 

�I�j�Z�\�b�e�h���������?�k�e�b���;1 , X7 , X8 �©�J�Z�[�h�l�Z�ª�����Z���;2 , X3 , X4 , X5 , X6 �©�H�l�d�Z�a�ª�����l�h���<��
�©�H�l�d�Z�a���I�G�ª�� 

�I�j�Z�\�b�e�h���������?�k�e�b���;1 , X2 , X3 , X4 , X6 , X7 , X8 �©�J�Z�[�h�l�Z�ª�����Z�� ���;5 �h�l�d�Z�a���� �l�h���<��
�©�A�Z�k�h�j�_�g�b�_���n�b�e�v�l�j�Z�ª�� 

�I�j�Z�\�b�e�h���������?�k�e�b���;1 , X2 , X3 �©�J�Z�[�h�l�Z�ª�����Z���;4 , X5 , X6 , X7 , X8 �©�H�l�d�Z�a�ª�����l�h���<��
�©�A�Z�d�j�u�l�b�_���I�D�ª�� 

�I�j�Z�\�b�e�h���������?�k�e�b���;1 , X2 , X3 , X8 �©�J�Z�[�h�l�Z�ª�����Z���;4 , X5 , X6 , X7 �©�H�l�d�Z�a�ª�����l�h���<��
�©�H�l�d�Z�a���>�I�G�ª�� 

�<�� �h�[�s�_�f�� �\�b�^�_�� �[�Z�a�Z�� �a�g�Z�g�b�c���� �k�n�h�j�f�b�j�h�\�Z�g�g�Z�y�� �\�� �i�j�h�]�j�Z�f�f�g�h�c�� �k�b�k�l�_�f�_��
�0�$�7�/�$�%�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �i�Z�d�_�l�Z�� �)�X�]�]�\�� �/�R�J�L�F�� �7�R�R�O�E�R�[�����i�j�_�^�k�l�Z�\�e�_�g�Z�� �g�Z��
�j�b�k�m�g�d�_ 3. 

 

 
 
�J�b�k�m�g�h�d�������± �H�[�s�b�c���\�b�^���[�Z�a�u���a�g�Z�g�b�c�����k�n�h�j�f�b�j�h�\�Z�g�g�h�c���\���i�j�h�]�j�Z�f�f�g�h�c���k�b�k�l�_�f�_��

�0�$�7�/�$�%���k���b�k�i�h�e�v�a�h�\�Z�g�b�_�f���i�Z�d�_�l�Z Fuzzy Logic Toolbox 
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�>�e�y�� �l�j�Z�g�k�n�h�j�f�Z�p�b�b�� �q�_�l�d�b�o�� �\�o�h�^�g�u�o�� �a�g�Z�q�_�g�b�c�� �\�� �g�_�q�_�l�d�b�_�� �\�u�o�h�^�g�u�_��
�b�k�i�h�e�v�a�m�_�l�k�y���Z�e�]�h�j�b�l�f���g�_�q�_�l�d�h�]�h���e�h�]�b�q�_�k�d�h�]�h���\�u�\�h�^�Z���F�Z�f�^�Z�g�b�����d�h�l�h�j�u�c���b�f�_�_�l��
�k�e�_�^�m�x�s�b�_���r�Z�]�b�� 

�í �^�e�y�� �\�o�h�^�g�u�o�� �i�_�j�_�f�_�g�g�u�o���� �i�j�b�g�y�\�r�b�o�� �d�h�g�d�j�_�l�g�u�_�� ���q�_�l�d�b�_���� �a�g�Z�q�_�g�b�y��
�O1���� �O2���� �O3���«���� �On �b�a�� �[�Z�a�u�� �i�j�Z�\�b�e���� �k�� �i�h�f�h�s�v�x�� �n�m�g�d�p�b�c�� �i�j�b�g�Z�^�e�_�`�g�h�k�l�b��
�\�u�q�b�k�e�y�x�l�k�y���k�l�_�i�_�g�b���b�k�l�b�g�g�h�k�l�b�� 

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

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

�í �b�a�� �i�h�e�m�q�_�g�g�h�]�h�� �g�_�q�_�l�d�h�]�h�� �f�g�h�`�_�k�l�\�Z�� �a�g�Z�q�_�g�b�c�� �i�_�j�_�f�_�g�g�h�c�� �\�u�o�h�^�Z��
�f�_�l�h�^�h�f�� �e�_�\�h�]�h�� ���i�j�Z�\�h�]�h���� �f�Z�d�k�b�f�m�f�Z�� �h�i�j�_�^�_�e�y�_�l�k�y�� �d�h�g�_�q�g�h�_�� �^�b�Z�]�g�h�k�l�b�j�m�_�f�h�_��
�l�_�o�g�b�q�_�k�d�h�_���k�h�k�l�h�y�g�b�_���h�[�t�_�d�l�Z���\���\�b�^�_���g�_�q�_�l�d�b�o���l�_�j�f�h�\�����©�K�b�k�l�_�f�Z���b�k�i�j�Z�\�g�Z�ª�����©�G�_�l��
�g�Z�^�^�m�\�Z�ª�����©�H�l�d�Z�a���I�G�ª�����©�A�Z�k�h�j�_�g�b�_���n�b�e�v�l�j�Z�ª�����©�A�Z�d�j�u�l�b�_���I�D�ª���b���©�H�l�d�Z�a���>�I�G�ª�� 

�I�j�Z�d�l�b�q�_�k�d�h�_���i�j�b�f�_�g�_�g�b�_���j�Z�k�k�f�h�l�j�_�g�g�h�]�h���Z�e�]�h�j�b�l�f�Z���h�k�m�s�_�k�l�\�e�y�_�l�k�y���i�j�b��
�i�h�f�h�s�b�� �i�j�h�]�j�Z�f�f�g�h�c�� �k�b�k�l�_�f�u�� �0�$�7�/�$�%�� �b�� �i�Z�d�_�l�Z�� �i�j�h�]�j�Z�f�f�� �i�h�� �n�Z�a�a�b-�e�h�]�b�d�_��
���)�X�]�]�\�� �/�R�J�L�F�� �7�R�R�O�E�R�[������ �d�h�l�h�j�u�c�� �i�h�a�\�h�e�y�_�l�� �k�h�a�^�Z�\�Z�l�v�� �b�� �j�_�^�Z�d�l�b�j�h�\�Z�l�v�� �n�Z�a�a�b-
�k�b�k�l�_�f�u�� �m�i�j�Z�\�e�_�g�b�y�� ���d�h�g�l�j�h�e�y���� �k�� �g�_�q�_�l�d�h�c�� �e�h�]�b�d�h�c���� �g�Z�a�u�\�Z�_�f�u�_�� �\�� �l�_�j�f�b�g�Z�o��
�i�j�h�]�j�Z�f�f�g�h�c���k�b�k�l�_�f�u���0�$�7�/�$�%���± �)�X�]�]�\���,�Q�I�H�U�H�Q�F�H���6�\�V�W�H�P���b�e�b���)�,�6���>���@���� 

�<�� �[�e�h�d�_�� �m�i�j�Z�\�e�_�g�b�y�� �k�b�k�l�_�f�u�� �d�h�g�l�j�h�e�y�� �l�_�o�g�b�q�_�k�d�h�]�h�� �k�h�k�l�h�y�g�b�y��
�m�k�l�Z�g�Z�\�e�b�\�Z�_�l�k�y�� �i�j�h�]�j�Z�f�f�g�h�_�� �h�[�_�k�i�_�q�_�g�b�_���� �j�Z�a�j�Z�[�h�l�Z�g�g�h�_�� �g�Z�� �[�Z�a�_�� �k�b�k�l�_�f�u��
�0�$�7�/�$�%���� �I�j�b�g�p�b�i�� �j�Z�[�h�l�u�� �i�j�h�]�j�Z�f�f�u�� �a�Z�d�e�x�q�Z�_�l�k�y�� �\�� �i�h�e�m�q�_�g�b�b�� �b�k�o�h�^�g�h�]�h��
�k�b�]�g�Z�e�Z���h�l���^�Z�l�q�b�d�Z�����k�g�b�f�Z�x�s�_�]�h���i�Z�j�Z�f�_�l�j�u���j�Z�[�h�l�u���Z�]�j�_�]�Z�l�Z�����_�]�h���h�[�j�Z�[�h�l�d�_���b���i�h��
�b�f�_�x�s�_�c�k�y���[�Z�a�_���a�g�Z�g�b�c���b���n�m�g�d�p�b�b���i�j�b�g�Z�^�e�_�`�g�h�k�l�b���n�h�j�f�b�j�h�\�Z�g�b�b���a�Z�d�e�x�q�_�g�b�y��
�h���k�h�k�l�h�y�g�b�b���h�[�t�_�d�l�Z�����l�h���_�k�l�v���b�k�i�j�Z�\�_�g���h�g���b�e�b���g�_�l���>���@�� 

�<�� �a�Z�d�e�x�q�_�g�b�_�� �o�h�l�_�e�h�k�v�� �[�u�� �h�l�f�_�l�b�l�v���� �q�l�h�� �\�h�a�f�h�`�g�h�k�l�v�� �^�b�Z�]�g�h�k�l�b�d�b�� �b��
�i�j�h�]�g�h�a�b�j�h�\�Z�g�b�y�� �l�_�o�g�b�q�_�k�d�h�]�h�� �k�h�k�l�h�y�g�b�y�� �h�[�t�_�d�l�h�\�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �l�_�h�j�b�b�� �h��
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Abstract. Aviation equipment, being both a complex and expensive system, requires 

increased attention from the maintenance personnel. When servicing an aircraft, a large 
amount of time is devoted to monitoring its technical condition. The main task of monitoring 
the technical condition of aviation equipment is to identify, prevent and predict failures. Early 
detection of malfunctions and failures contributes to improving flight safety and reducing 
maintenance costs. The most common methods of predicting the technical condition of 
aviation equipment consisted in probabilistic approaches for determining possible failures. 
Currently, the capabilities of machine tools are so wide that they allow us to calculate the 
number and nature of possible malfunctions at the stage of the entire life cycle of the aircraft 
model under study. Such a tool can be considered a "digital twin" technology, which allows 
you to determine and predict the technical condition of an object in digital form, thereby 
reducing the cost of both financial resources for testing and time to accumulate statistical 
information about the operation of the object. 

The article considers the possibility of using digital twin technology for monitoring 
and forecasting the technical condition of aviation equipment, as well as a variant of its 
functioning. 

Keywords: technical condition, digital technologies, "digital twin", forecasting. 
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�g�Z�g�_�k�_�g�b�_�� �m�^�Z�j�h�\�� �i�h�� �g�Z�a�_�f�g�u�f�� �b�� �\�h�a�^�m�r�g�u�f�� �p�_�e�y�f�� �\�� �m�k�e�h�\�b�y�o��
�\�h�h�j�m�`�_�g�g�u�o�� �d�h�g�n�e�b�d�l�h�\���� �l�j�Z�g�k�i�h�j�l�b�j�h�\�d�Z�� �j�Z�a�e�b�q�g�u�o�� �]�j�m�a�h�\, 
�^�_�k�Z�g�l�b�j�h�\�Z�g�b�_�� �i�h�^�j�Z�a�^�_�e�_�g�b�c�� �b�� �f�g�h�]�b�_�� �^�j�m�]�b�_���� �A�g�Z�q�b�f�h�k�l�v�� �Z�\�b�Z�p�b�b��
�g�_�\�h�a�f�h�`�g�h���i�_�j�_�h�p�_�g�b�l�v�� 

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

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

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

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

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

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

�j�_�f�h�g�l���b���g�Z���j�_�]�e�Z�f�_�g�l�g�u�_���j�Z�[�h�l�u�� 
�í �k�\�h�_�\�j�_�f�_�g�g�Z�y���h�l�j�Z�[�h�l�d�Z���a�Z�y�\�h�d���g�Z���a�Z�i�Z�k�g�u�_���q�Z�k�l�b���b���f�Z�l�_�j�b�Z�e�u�� 

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

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

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

�J�_�r�b�l�v�� �^�Z�g�g�m�x�� �i�j�h�[�e�_�f�m�� �\�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �\�h�a�f�h�`�g�h�� �a�Z���k�q�_�l��
�i�_�j�_�g�h�k�Z�� �b�k�i�u�l�Z�g�b�c�� �\�� �\�b�j�l�m�Z�e�v�g�h�_�� �i�j�h�k�l�j�Z�g�k�l�\�h���� �P�b�n�j�h�\�b�a�Z�p�b�y�� �i�h�a�\�h�e�y�_�l��
�k�h�d�j�Z�l�b�l�v���� �m�^�_�r�_�\�b�l�v�� �b�� �m�i�j�h�k�l�b�l�v�� �w�l�h�l�� �i�j�h�p�_�k�k���� �[�e�Z�]�h�^�Z�j�y�� �j�Z�k�q�z�l�g�u�f��
�f�h�^�_�e�y�f�� �f�h�`�g�h�� �g�_�� �l�j�Z�l�b�l�v�� �d�h�e�h�k�k�Z�e�v�g�u�_�� �q�_�e�h�\�_�q�_�k�d�b�_�� �j�_�k�m�j�k�u�� �b�� �g�_��
�b�a�]�h�l�Z�\�e�b�\�Z�l�v �e�b�r�g�b�_�� �^�h�j�h�]�b�_�� �h�[�j�Z�a�p�u���� �b�a�[�_�`�Z�l�v�� �j�Z�k�o�h�^�Z�� �Z�\�b�Z�p�b�h�g�g�h�]�h��
�l�h�i�e�b�\�Z�� �b�� �k�g�b�a�b�l�v�� �d�h�e�b�q�_�k�l�\�h�� �\�u�[�j�h�k�h�\�� �\�� �Z�l�f�h�k�n�_�j�m�� �>���@���� �I�h�^��
�p�b�n�j�h�\�b�a�Z�p�b�_�c�� �\�� �^�Z�g�g�h�f�� �k�e�m�q�Z�_�� �i�h�g�b�f�Z�_�l�k�y�� �l�_�o�g�h�e�h�]�b�y���©�p�b�n�j�h�\�h�]�h��
�^�\�h�c�g�b�d�Z�ª�����^�Z�e�_�_���± �P�>�� (Digital Twin). 

�<�i�_�j�\�u�_�� �h�� �d�h�g�p�_�i�p�b�b�� �P�>�� �\�� ���������� �]�h�^�m�� �a�Z�]�h�\�h�j�b�e�� �F���� �=�j�b�\�k���� �k�h�]�e�Z�k�g�h��
�d�h�l�h�j�h�c�� �f�Z�l�_�f�Z�l�b�q�_�k�d�b�_�� �f�h�^�_�e�b�� �b�k�k�e�_�^�m�_�f�u�o�� �h�[�t�_�d�l�h�\�� �b�� �j�Z�a�e�b�q�g�u�_�� �\�b�^�u��
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Abstract. The article considers the emergency system of a civil aircraft operating from a 
power transfer unit. Based on the study of scientific and technical literature, a mathematical 
model of the emergency hydraulic drive of a passenger aircraft was formed. The dynamic 
characteristics of the power transfer unit and hydraulic cylinders for releasing/retracting the 
landing gear were presented. 
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�l�j�z�o�e�b�g�_�c�g�u�c�� �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�u�c�� �]�b�^�j�h�j�Z�k�i�j�_�^�_�e�b�l�_�e�v�� �k�� �i�j�m�`�b�g�g�u�f��
�\�h�a�\�j�Z�l�h�f�� ���� �b�� �q�_�j�_�a�� �^�j�h�k�k�_�e�v�� ������ �=�b�^�j�h�f�h�l�h�j�� ���� �i�j�b�\�h�^�b�l�� �\�� �^�_�c�k�l�\�b�_�� �g�Z�k�h�k�� ������
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�h�k�g�h�\�g�h�c�� �k�b�k�l�_�f�u�� �\�u�i�m�k�d�Z���m�[�h�j�d�b�� �r�Z�k�k�b���� �Z�� �l�Z�d�`�_�� �h�[�_�k�i�_�q�b�\�Z�x�l�� �d�h�g�l�j�h�e�v��
�j�Z�[�h�q�b�o�� �h�j�]�Z�g�h�\�� �\�� �f�h�f�_�g�l�� �Z�\�Z�j�b�b���� �=�b�^�j�h�a�Z�f�d�b�� �^�\�m�k�l�h�j�h�g�g�_�]�h�� �^�_�c�k�l�\�b�y�� ����
�i�j�_�^�h�l�\�j�Z�s�Z�x�l���k�Z�f�h�i�j�h�b�a�\�h�e�v�g�h�_���^�\�b�`�_�g�b�_���r�l�h�d�Z���=�P���� [2]. 
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�F�Z�l�_�f�Z�l�b�q�_�k�d�Z�y�� �f�h�^�_�e�v, �h�i�b�k�u�\�Z�x�s�Z�y�� �k�l�Z�l�b�q�_�k�d�b�c�� �j�_�`�b�f�� �j�Z�[�h�l��
�Z�\�Z�j�b�c�g�h�c�� �k�b�k�l�_�f�u�� �k�Z�f�h�e�_�l�Z���� �i�j�_�^�k�l�Z�\�e�_�g�Z�� �\�� �\�b�^�_�� �k�b�k�l�_�f�u�� �Z�e�]�_�[�j�Z�b�q�_�k�d�b�o��
�m�j�Z�\�g�_�g�b�c, �\���d�h�l�h�j�m�x���\�o�h�^�y�l�� 
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3. �M�j�Z�\�g�_�g�b�_���g�_�j�Z�a�j�u�\�g�h�k�l�b���j�Z�k�o�h�^�Z���q�_�j�_�a���g�Z�k�h�k���b���^�_�e�b�l�_�e�v���i�h�l�h�d�Z: 
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�e�h�]�b�d�m���[�Z�e�Z�g�k�Z���f�h�f�_�g�l�h�\�����i�j�b���_�]�h���i�_�j�_�^�Z�q�_���k���\�Z�e�Z���f�h�l�h�j�Z���g�Z���\�Z�e���g�Z�k�h�k�Z�� 
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organizational structure, production and the actual state of serial and advanced product programs 
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�>�\�b�]�Z�l�_�e�b���� �k�i�j�h�_�d�l�b�j�h�\�Z�g�g�u�_�� �i�h�^�� �j�m�d�h�\�h�^�k�l�\�h�f�� �I���:���� �K�h�e�h�\�v�_�\�Z�� �± �w�l�h��
�>-�����I���� �>-�����<���� �k�_�f�_�c�k�l�\�Z�� �>-������ �b�� �>-�����D�M���D�I���� �>-�����N������ �I�K-�����:�� �± 
�m�k�l�Z�g�Z�\�e�b�\�Z�e�b�k�v�� �g�Z�� �\�k�_�f�b�j�g�h�� �b�a�\�_�k�l�g�u�_�� �k�Z�f�h�e�_�l�u�� �± �E�Z-������ �E�Z-������ �L�m-������ �L�m-4, 
�E�b-������ �:�g-������ �B�e-�������� �B�e-�������� �L�m-1�������� �L�m-���������� �B�e-�����F���� �B�e-�������� �L�m-�������F���� �F�b�=-31, 
�K�m-�������� �F-�������� �B�e-�������� �L�m-���������� �L�m-�������� �b�� �\�_�j�l�h�e�_�l�u�� �F�b-������ �F�b-������ �F�b-10. 
�I�h�k�e�_�^�g�b�c�� �^�\�b�]�Z�l�_�e�v�� �i�h�e�m�q�b�e�� �g�Z�a�\�Z�g�b�_�� �©�I�K�ª�� �\�� �q�_�k�l�v�� �k�\�h�_�]�h�� �k�h�a�^�Z�l�_�e�y�� �>���@���� �K��
50-�o�� �]�h�^�h�\�� �;�;�� �\�_�d�Z�� �i�h�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �g�Z�� �i�j�_�^�i�j�b�y�l�b�b�� �\�u�i�m�s�_�g�h�� �[�h�e�_�_�� ������
�l�u�k���� �]�Z�a�h�l�m�j�[�b�g�g�u�o�� �^�\�b�]�Z�l�_�e�_�c���� �j�Z�a�j�Z�[�h�l�Z�g�g�u�o�� �i�h�^�� �j�m�d�h�\�h�^�k�l�\�h�f�� �I���:����
�K�h�e�h�\�v�_�\�Z�����k�m�f�f�Z�j�g�Z�y���g�Z�j�Z�[�h�l�d�Z���d�h�l�h�j�u�o���k�h�k�l�Z�\�b�e�Z���[�h�e�_�_���������f�e�g���q�Z�k�� 

�K�_�]�h�^�g�y�� �i�h�^�� �j�m�d�h�\�h�^�k�l�\�h�f�� �m�i�j�Z�\�e�y�x�s�_�]�h�� �^�b�j�_�d�l�h�j�Z-�]�_�g�_�j�Z�e�v�g�h�]�h��
�d�h�g�k�l�j�m�d�l�h�j�Z�� �:�H�� �©�H�>�D-�:�\�b�Z�^�\�b�]�Z�l�_�e�v�ª���� �Z�d�Z�^�_�f�b�d�Z�� �J�:�G�� �:�e�_�d�k�Z�g�^�j�Z��
�:�e�_�d�k�Z�g�^�j�h�\�b�q�Z�� �B�g�h�a�_�f�p�_�\�Z�� �d�h�g�k�l�j�m�d�l�h�j�k�d�h�_�� �[�x�j�h�� �h�k�m�s�_�k�l�\�e�y�_�l�� �g�h�\�u�_��
�i�j�h�j�u�\�g�u�_���i�j�h�_�d�l�u���\���b�g�l�_�j�_�k�Z�o���J�h�k�k�b�b�� 

�I�_�j�f�k�d�b�f�b�� �^�\�b�]�Z�l�_�e�y�f�b�� �h�k�g�Z�s�_�g�u�� �k�h�\�j�_�f�_�g�g�u�_�� �h�l�_�q�_�k�l�\�_�g�g�u�_��
�f�Z�]�b�k�l�j�Z�e�v�g�u�_�� �i�Z�k�k�Z�`�b�j�k�d�b�_�� �b�� �]�j�m�a�h�\�u�_�� �k�Z�f�h�e�_�l�u���� �W�l�b�� �Z�\�b�Z�e�Z�c�g�_�j�u��
�g�Z�^�_�`�g�u���� �[�_�a�h�i�Z�k�g�u���� �k�h�h�l�\�_�l�k�l�\�m�x�l�� �\�k�_�f�� �k�h�\�j�_�f�_�g�g�u�f�� �b�� �i�_�j�k�i�_�d�l�b�\�g�u�f��
�w�d�h�e�h�]�b�q�_�k�d�b�f�� �g�h�j�f�Z�f�� �b�� �f�h�]�m�l�� �[�_�a�� �h�]�j�Z�g�b�q�_�g�b�c�� �e�_�l�Z�l�v�� �\�h�� �\�k�_���k�l�j�Z�g�u�� �f�b�j�Z����
�K�Z�f�h�e�_�l�u�� �k�� �i�_�j�f�k�d�b�f�b�� �^�\�b�]�Z�l�_�e�y�f�b�� �g�Z�o�h�^�y�l�k�y�� �g�Z�� �\�h�h�j�m�`�_�g�b�b�� �Z�\�b�Z�d�h�f�i�Z�g�b�c��
�©�<�h�e�]�Z-�>�g�_�i�j�ª���� �©�:�\�b�Z�k�l�Z�j-�L�m�ª���� �6�L�O�N�� �:�D�\�� �$�L�U�O�L�Q�H�V���� �&�X�E�D�Q�D���� �$�L�U�� �.�R�U�\�R�� �b�� �^�j����
�I�_�j�f�k�d�b�_�� �^�\�b�]�Z�l�_�e�b�� �k�_�f�_�c�k�l�\�Z�� �I�K-�����:�� �i�h�^�g�b�f�Z�x�l�� �\�� �g�_�[�h�� �k�Z�f�h�e�_�l�u��
�©�K�i�_�p�b�Z�e�v�g�h�]�h�� �e�_�l�g�h�]�h�� �h�l�j�y�^�Z�� �©�J�h�k�k�b�y�ª�� �:�^�f�b�g�b�k�l�j�Z�p�b�b�� �I�j�_�a�b�^�_�g�l�Z�� �b��
�i�j�_�f�v�_�j-�f�b�g�b�k�l�j�Z���J�N�� 
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�G�Z���k�_�]�h�^�g�y�r�g�b�c���^�_�g�v���g�Z���i�j�_�^�i�j�b�y�l�b�b���h�k�g�h�\�g�u�f�b���i�j�h�]�j�Z�f�f�Z�f�b���j�Z�a�\�b�l�b�y��
�^�\�b�]�Z�l�_�e�_�c�� �g�h�\�h�]�h�� �i�h�d�h�e�_�g�b�y�� �^�e�y�� �]�j�Z�`�^�Z�g�k�d�h�c�� �b�� �l�j�Z�g�k�i�h�j�l�g�h�c�� �Z�\�b�Z�p�b�b��
�y�\�e�y�x�l�k�y���i�j�h�]�j�Z�f�f�u���I�>-���������I�>-�������b���I�>-8.  

�I�j�h�]�j�Z�f�f�Z�� �I�>-������ �g�Z�i�j�Z�\�e�_�g�Z�� �g�Z�� �k�h�a�^�Z�g�b�_�� �m�g�b�n�b�p�b�j�h�\�Z�g�g�h�]�h��
�]�Z�a�h�]�_�g�_�j�Z�l�h�j�Z���^�e�y���k�_�f�_�c�k�l�\�Z���i�_�j�k�i�_�d�l�b�\�g�u�o���^�\�b�]�Z�l�_�e�_�c���F���l�y�]�h�c���h�l���������^�h���������l�k��
�^�e�y�� �g�h�\�u�o�� �[�e�b�`�g�_-�k�j�_�^�g�_�f�Z�]�b�k�l�j�Z�e�v�g�u�o�� �k�Z�f�h�e�z�l�h�\�� �b�� �i�j�h�f�u�r�e�_�g�g�u�o��
�]�Z�a�h�l�m�j�[�b�g�g�u�o�� �m�k�l�Z�g�h�\�h�d���� �;�Z�a�h�\�u�f�� �h�[�t�_�d�l�h�f�� �i�j�h�]�j�Z�f�f�u�� �y�\�e�y�_�l�k�y��
�Z�\�b�Z�p�b�h�g�g�u�c�� �^�\�b�]�Z�l�_�e�v�� �I�>-�������� �i�j�_�^�g�Z�a�g�Z�q�_�g�g�u�c�� �^�e�y�� �k�_�f�_�c�k�l�\�Z�� �k�Z�f�h�e�_�l�h�\��
�F�K-21. 

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

�I�>-14 �± �w�l�h�� �i�h�e�g�h�k�l�v�x�� �h�l�_�q�_�k�l�\�_�g�g�u�c�� �^�\�b�]�Z�l�_�e�v���� �k�_�j�l�b�n�b�p�b�j�h�\�Z�g�g�u�c��
�J�h�k�Z�\�b�Z�p�b�_�c�� �\�� ���������� �]�h�^�m���� �Z�� �\�� �^�_�d�Z�[�j�_�� ���������� �]�h�^�Z�� �k�h�\�_�j�r�b�\�r�b�c�� �k�\�h�c�� �i�_�j�\�u�c��
�i�h�e�_�l���g�Z���d�j�u�e�_���k�Z�f�h�e�_�l�Z���F�K-21-�����������<���b�x�e�_�������������]�h�^�Z���k�h�k�l�h�y�e�k�y���k�h�l�u�c���i�h�e�_�l��
�I�>-�������\���j�Z�f�d�Z�o���e�_�l�g�u�o���k�_�j�l�b�n�b�d�Z�p�b�h�g�g�u�o���b�k�i�u�l�Z�g�b�c���k�Z�f�h�e�_�l�Z���F�K-21-�����������<��
�^�_�d�Z�[�j�_�� ���������� �]�h�^�Z�� �J�h�k�Z�\�b�Z�p�b�y�� �h�^�h�[�j�b�e�Z�� �]�e�Z�\�g�h�_�� �b�a�f�_�g�_�g�b�_�� �\�� �l�b�i�h�\�m�x��
�d�h�g�k�l�j�m�d�p�b�x���k�Z�f�h�e�_�l�Z���F�K-���������k�\�y�a�Z�g�g�h�_���k���m�k�l�Z�g�h�\�d�h�c���^�\�b�]�Z�l�_�e�y���I�>-14. 

�K�i�_�p�b�Z�e�b�k�l�u�� �d�h�g�k�l�j�m�d�l�h�j�k�d�h�]�h�� �[�x�j�h�� �i�j�h�^�h�e�`�Z�x�l�� �j�Z�[�h�l�m�� �i�h�� �k�g�y�l�b�x��
�w�d�k�i�e�m�Z�l�Z�p�b�h�g�g�u�o���h�]�j�Z�g�b�q�_�g�b�c���I�>-���������>�e�y���w�l�h�]�h���[�u�e�b���i�j�h�\�_�^�_�g�u���j�Z�a�e�b�q�g�u�_��
�b�k�i�u�l�Z�g�b�y���� �\�� �l�h�f�� �q�b�k�e�_�� �i�h�� �a�Z�[�j�h�k�m�� �©�r�d�\�Z�e�v�g�h�]�h�ª�� �]�j�Z�^�Z�� �i�h�\�u�r�_�g�g�h�c��
�d�h�g�p�_�g�l�j�Z�p�b�b�� �^�e�y�� �i�h�^�l�\�_�j�`�^�_�g�b�y�� �k�h�h�l�\�_�l�k�l�\�b�y�� �^�\�b�]�Z�l�_�e�y�� �l�j�_�[�h�\�Z�g�b�y�f�� �&�6-E 
�������� �\�� �q�Z�k�l�b�� �j�Z�[�h�l�h�k�i�h�k�h�[�g�h�k�l�b�� �\�� �m�k�e�h�\�b�y�o�� �h�[�e�Z�d�h�\���� �k�h�^�_�j�`�Z�s�b�o�� �e�_�^�y�g�u�_��
�d�j�b�k�l�Z�e�e�u���� �<�� ���������� �]�h�^�m�� �i�h�e�m�q�_�g�u�� �h�^�h�[�j�_�g�b�y�� �]�e�Z�\�g�u�o�� �b�a�f�_�g�_�g�b�c����
�©�M�\�_�e�b�q�_�g�b�_�� �j�_�k�m�j�k�h�\�� �h�k�g�h�\�g�u�o�� �^�_�l�Z�e�_�c�� �^�\�b�]�Z�l�_�e�_�c�� �I�>-�����ª���� �©�M�k�l�Z�g�h�\�e�_�g�b�_��
�k�h�h�l�\�_�l�k�l�\�b�y�� �l�b�i�h�\�h�c�� �d�h�g�k�l�j�m�d�p�b�b�� �^�\�b�]�Z�l�_�e�y�� �I�>-������ �\�g�h�\�v�� �\�\�_�^�_�g�g�u�f��
�l�j�_�[�h�\�Z�g�b�y�f�� �d�� �i�Z�j�Z�f�_�l�j�Z�f�� �w�f�b�k�k�b�b�� �g�_�e�_�l�m�q�b�o�� �l�\�_�j�^�u�o�� �q�Z�k�l�b�p�� �i�h�� �f�Z�k�k�_ �b��
�d�h�e�b�q�_�k�l�\�m�ª���b���^�j�� 

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

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

�>�\�b�]�Z�l�_�e�b�� �[�h�e�v�r�h�c�� �l�y�]�b�� �y�\�e�y�x�l�k�y�� �e�b�^�_�j�Z�f�b�� �j�Z�a�\�b�l�b�y�� �i�Z�j�Z�f�_�l�j�h�\�� �b��
�l�_�o�g�h�e�h�]�b�c�� �\�� �f�b�j�h�\�h�f�� �Z�\�b�Z�^�\�b�]�Z�l�_�e�_�k�l�j�h�_�g�b�b�� �b�� �\�k�_�]�^�Z�� �o�Z�j�Z�d�l�_�j�b�a�h�\�Z�e�b�k�v��
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Abstract. Vibrations of aircraft engine rotors are caused by unbalanced forces arising due to 

the entry of foreign objects into the air path of the engine, errors in the manufacture of parts, 
assembly of rotors, destruction of blades, wearing of tread ways of support bearings, etc. [3].  

Structural reasons can include, for example, the peculiarities of the ways of connecting rotor 
sections (detachability or non-detachability of these connections), which can cause an increase in 
vibrations due to resonance). 

Errors in the manufacture of parts, inaccurate assembly of motor units are among the 
technological causes of vibrations. It can cause significant imbalances and, as a consequence, high 
vibration levels.  

In the process of engine operation, especially in non-stationary modes, the loads on the rotor 
elements increase, the loads are alternating in nature, leading to an increase in vibration. 

High level of vibration can cause a number of dangerous malfunctions. It is caused by the 
failure of performance of individual units and assemblies of the engine and its systems due to 
changes in the clearances in the elements of the structure, deterioration of operating conditions. 

Therefore, the assessment of the rotors vibration state is an important factor in the issue of 
ensuring the reliability of the engine. 

Keywords: aircraft engine, vibration, stresses, rotor, experimental setup, vibration overload 
coefficient. 
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1,5 �f�_�l�j�Z���� �f�Z�e�_�c�r�_�_�� �i�j�b�j�Z�s�_�g�b�_�� �f�Z�k�k�u�� �g�Z�� �d�h�g�p�_�� �e�h�i�Z�l�d�b�� �i�j�b�\�h�^�b�l�� �d��
�a�g�Z�q�b�l�_�e�v�g�u�f���g�Z�]�j�m�a�d�Z�f���g�Z���h�i�h�j�m���\�k�e�_�^�k�l�\�b�_���m�\�_�e�b�q�_�g�b�y���p�_�g�l�j�h�[�_�`�g�h�c���k�b�e�u�� 

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

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

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

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

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

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

 

 
 

1 �± �^�b�k�[�Z�e�Z�g�k�����������]���k�f���������± �^�b�k�[�Z�e�Z�g�k�����������]���k�f���������± �^�b�k�[�Z�e�Z�g�k�����������]���k�f�� 
 

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

�G�Z���j�b�k�m�g�d�_�������i�j�b�\�_�^�_�g���m�j�h�\�_�g�v���\�b�[�j�Z�p�b�b �^�e�y���b�k�i�j�Z�\�g�h�]�h���b���g�_�b�k�i�j�Z�\�g�h�]�h��
�i�h�^�r�b�i�g�b�d�Z���j�h�l�h�j�Z���^�\�b�]�Z�l�_�e�y�� 

 

 
 

�Z �t �b�k�i�j�Z�\�g�u�c�����[ �t �g�_�b�k�i�j�Z�\�g�u�c 
 

�J�b�k�m�g�h�d���� �t �<�b�[�j�Z�p�b�y���i�h�^�r�b�i�g�b�d�Z 
 

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

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

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

�M�j�Z�\�g�_�g�b�_���d�h�e�_�[�Z�l�_�e�v�g�h�]�h���^�\�b�`�_�g�b�y���b�f�_�_�l���\�b�^�����k�h�]�e�Z�k�g�h�����E�h�a�b�p�d�b�c���E���I����
�>�b���^�j���@�����D�h�g�k�l�j�m�d�p�b�y �b���i�j�h�q�g�h�k�l�v���Z�\�b�Z�p�b�h�g�g�u�o���]�Z�a�h�l�m�j�[�b�g�g�u�o���^�\�b�]�Z�l�_�e�_�c�����F������
�<�h�a�^�m�r�g�u�c���l�j�Z�g�k�i�h�j�l�������������������������k.): 

         �j4 m J�w �'  - �j2 ( ma11 + J�w�Z22) + 1 = 0  ,                               
�]�^�_���'  � ���Z11�Z22 - �Z212 �± �k�h�h�l�g�h�r�_�g�b�_���d�h�w�n�n�b�p�b�_�g�l�h�\���i�h�^�Z�l�e�b�\�h�k�l�b��������������������������������������������������������������������������������������������������������������������������������������������������������������������������
�Q�Z�k�l�h�l�g�h�_�� �m�j�Z�\�g�_�g�b�_�� �y�\�e�y�_�l�k�y�� �[�b�d�\�Z�^�j�Z�l�g�u�f�� �m�j�Z�\�g�_�g�b�_�f�� �h�l�g�h�k�b�l�_�e�v�g�h��

�q�Z�k�l�h�l�u��p�����b�f�_�x�s�_�_���^�\�Z���^�_�c�k�l�\�b�l�_�e�v�g�u�o���b���^�\�Z���f�g�b�f�u�o���d�h�j�g�y�����>�_�c�k�l�\�b�l�_�e�v�g�u�_��
�d�h�j�g�b���k�h�h�l�\�_�l�k�l�\�m�x�l���^�\�m�f���q�Z�k�l�h�l�Z�f���k�h�[�k�l�\�_�g�g�u�o���d�h�e�_�[�Z�g�b�c�� 
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�]�^�_��p1 �� �q�Z�k�l�h�l�Z���k�h�[�k�l�\�_�g�g�u�o���d�h�e�_�[�Z�g�b�c�������j�h�l�h�j�Z���i�h���i�_�j�\�h�c�����g�b�a�r�_�c�� 
�n�h�j�f�_�����m�h���! 0 , �D�h �! 0 ); 
p2 �� �q�Z�k�l�h�l�Z���k�h�[�k�l�\�_�g�g�u�o���d�h�e�_�[�Z�g�b�c���j�h�l�h�j�Z���i�h���\�l�h�j�h�c���n�h�j�f�_ 
(�m�h���! 0 , �D�h �� 0). 
�G�Z�� �d�Z�n�_�^�j�_�� �E�_�l�Z�l�_�e�v�g�u�o�� �Z�i�i�Z�j�Z�l�h�\�� �b�� �^�\�b�]�Z�l�_�e�_�c�� �B�j�d�m�l�k�d�h�]�h�� �n�b�e�b�Z�e�Z��

�F�=�L�M�� �=�:�� �[�u�e�b�� �k�h�a�^�Z�g�u�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_�� �m�k�l�Z�g�h�\�d�b�� �^�e�y�� �b�k�k�e�_�^�h�\�Z�g�b�y��
�\�b�[�j�Z�p�b�h�g�g�h�]�h���k�h�k�l�h�y�g�b�y���j�h�l�h�j�Z���^�\�b�]�Z�l�_�e�y��  

 
�J�b�k�m�g�h�d 4 �± �W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y���m�k�l�Z�g�h�\�d�Z 

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

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

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

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

�;�u�e�h�� �i�j�h�\�_�^�_�g�h�� �j�Z�k�q�_�l�g�h�_�� �b�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�_�� �b�k�k�e�_�^�h�\�Z�g�b�y��
�\�b�[�j�Z�p�b�h�g�g�h�]�h���k�h�k�l�h�y�g�b�y���j�h�l�h�j�Z�� 

�B�k�o�h�^�g�u�f�b���^�Z�g�g�u�f�b���^�e�y���j�Z�k�q�_�l�Z���[�u�e�b�����f�h�^�m�e�v���m�i�j�m�]�h�k�l�b���?��� �������1̃011 �I�Z����
�i�e�h�l�g�h�k�l�v���U = 8,1 �1̃03 �d�]���f3; �^�e�b�g�Z���\�Z�e�Z�������\�"  � �������������f�����f�Z�k�k�Z���^�b�k�d�Z��m�  ̂� �������������d�]����
�^�b�Z�f�_�l�j���\�Z�e�Z��d�\ = 22 �1̃0-3 �f�� 

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

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

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

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

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

 
 

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

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

�D�h�g�k�l�j�m�d�l�b�\�g�Z�y�� �k�o�_�f�Z�� �i�v�_�a�h�w�e�_�d�l�j�b�q�_�k�d�h�]�h�� �^�Z�l�q�b�d�Z�� �i�h�d�Z�a�Z�g�Z�� �g�Z��
�j�b�k�m�g�d�_ 6. 

 
 

1 �± �h�k�g�h�\�Z�g�b�_���������± �i�v�_�a�h�w�e�_�f�_�g�l���������± �b�g�_�j�p�b�h�g�g�u�c���w�e�_�f�_�g�l�� 
4 �± �d�Z�[�_�e�v���k���b�a�h�e�y�p�b�_�c 

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

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

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

�D�h�e�_�[�Z�g�b�y�� �k�� �j�h�l�h�j�Z�� �i�_�j�_�^�Z�x�l�k�y�� �g�Z�� �i�h�^�r�b�i�g�b�d�� �b�� �^�Z�e�_�_���� �g�Z�� �w�e�_�f�_�g�l�u��
�k�l�Z�l�h�j�Z�����L�Z�d�b�_���d�h�e�_�[�Z�g�b�y���g�Z�a�u�\�Z�x�l�k�y���k�\�y�a�Z�g�g�u�f�b�� 

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

 

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

4 �± �w�e�_�d�l�j�h�^�\�b�]�Z�l�_�e�v������ �± 5, 9, 14 �± �h�i�h�j�u������ �± �m�k�l�j�h�c�k�l�\�h���b�a�f�_�g�_�g�b�y��
�^�b�k�[�Z�e�Z�g�k�Z����7, 12 �± �^�b�k�d�b�������������� �± �^�Z�l�q�b�d�b���i�_�j�_�f�_�s�_�g�b�c���������������� �± 

�w�e�_�d�l�j�h�^�\�b�]�Z�l�_�e�v 
 

�J�b�k�m�g�h�d���� �± �K�o�_�f�Z���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c���m�k�l�Z�g�h�\�d�b 
 

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

�F�h�^�_�j�g�b�a�Z�p�b�y���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c���m�k�l�Z�g�h�\�d�b���i�j�h�\�_�^�_�g�Z���i�m�l�_�f���m�k�l�Z�g�h�\�d�b��
�k�b�k�l�_�f�u���b�a�f�_�g�_�g�b�y���`�_�k�l�d�h�k�l�b���h�i�h�j���b���k�b�k�l�_�f�u���b�a�f�_�j�_�g�b�y���\�b�[�j�Z�p�b�b���L�B�D-�<�L�� 
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�K�b�]�g�Z�e�b�a�Z�l�h�j�� �7�,�D-�9�7�� ���\�� �^�Z�e�v�g�_�c�r�_�f�� �± �k�b�]�g�Z�e�b�a�Z�l�h�j�� �b�e�b�� �i�j�b�[�h�j����
�i�j�_�^�g�Z�a�g�Z�q�_�g�� �^�e�y�� �g�_�i�j�_�j�u�\�g�h�]�h�� �d�h�g�l�j�h�e�y�� �\�� �Z�\�l�h�f�Z�l�b�q�_�k�d�h�f�� �j�_�`�b�f�_��
�l�_�o�g�b�q�_�k�d�b�o�� �i�Z�j�Z�f�_�l�j�h�\�� �l�_�o�g�h�e�h�]�b�q�_�k�d�h�]�h�� �h�[�h�j�m�^�h�\�Z�g�b�y�� ���k�h�]�e�Z�k�g�h��
�J�m�d�h�\�h�^�k�l�\�m�� �i�h�� �w�d�k�i�e�m�Z�l�Z�p�b�b�� �©�K�b�]�g�Z�e�b�a�Z�l�h�j-�b�a�f�_�j�b�l�_�e�v�� �L�B�D-VT���� �j�Z�a�^�_�e�� ������
�I�_�j�f�v�����H�H�H�G�I�I���©�L�B�D�ª���������������������k�������� 

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

 

 
 
�J�b�k�m�g�h�d�������± �W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y���m�k�l�Z�g�h�\�d�Z���k�h���k�j�_�^�k�l�\�Z�f�b���b�a�f�_�j�_�g�b�y 
 
�<�� �d�Z�q�_�k�l�\�_�� �b�g�^�b�d�Z�l�h�j�h�\�� �[�e�h�d�Z�� �k�b�]�g�Z�e�b�a�Z�p�b�b�� �b�k�i�h�e�v�a�m�x�l�k�y��

�k�_�f�b�k�_�]�f�_�g�l�g�u�_���k�\�_�l�h�^�b�h�^�g�u�_���b�g�^�b�d�Z�l�h�j�u���b���k�\�_�l�h�\�u�_���b�g�^�b�d�Z�l�h�j�u���i�h���d�Z�`�^�h�f�m��
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Abstract. Emergency hydraulic systems contain power transfer units used for 
retracting/releasing the landing gear of passenger aircraft. The development of various devices for 
correcting static and dynamic characteristics of the power transfer unit is needed because of 
complex nature of external influences on the operation of the hydraulic motors of the 
retracting/releasing landing gear system in an emergency situation and the ambiguous 
characteristics of two independent circuits of the aircraft hydraulic system connected by a power 
transfer unit. Models and simulation results of options for correcting the characteristics of the 
emergency landing gear release drive by a combined feedback device are presented. A speed 
increase of the retracting/releasing landing gear drive and the influence on the controller operation 
of the drive devices design parameters are shown. 

Keywords: emergency hydraulic drive, power transfer unit, correction devices, 
mathematical models. 
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�i�_�j�_�^�Z�q�b�� �f�h�s�g�h�k�l�b�� �k�h�� �k�l�h�j�h�g�u�� �]�b�^�j�h�^�\�b�]�Z�l�_�e�_�c�� �g�Z�]�j�m�a�d�b�� �i�j�h�]�g�h�a�b�j�m�_�f�h�]�h��
�b�e�b�� �k�e�m�q�Z�c�g�h�]�h�� �o�Z�j�Z�d�l�_�j�Z���� �g�_�� �i�h�a�\�h�e�y�_�l�� �m�^�h�\�e�_�l�\�h�j�b�l�v�� �l�j�_�[�h�\�Z�g�b�y�� �d��
�^�b�g�Z�f�b�q�_�k�d�b�f�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f���� �W�l�h�� �\�u�g�m�`�^�Z�_�l�� �b�k�i�h�e�v�a�h�\�Z�l�v�� �\�� �d�Z�q�_�k�l�\�_��
�d�h�j�j�_�d�l�b�j�m�x�s�_�]�h���k�b�]�g�Z�e�Z���i�j�h�b�a�\�h�^�g�m�x���h�l���i�_�j�_�i�Z�^�Z���^�Z�\�e�_�g�b�y��[5]. 

�>�e�y�� �m�k�l�j�Z�g�_�g�b�y�� �w�l�h�]�h�� �g�_�^�h�k�l�Z�l�d�Z�� �\�\�_�^�_�g�h�� �m�k�l�j�h�c�k�l�\�h�� �^�h�i�h�e�g�b�l�_�e�v�g�h�c��
�h�[�j�Z�l�g�h�c�� �k�\�y�a�b�� �i�h�� �i�j�h�b�a�\�h�^�g�h�c�� �h�l�� �i�_�j�_�i�Z�^�Z�� �^�Z�\�e�_�g�b�c ���j�b�k�m�g�h�d�� �������� �d�h�l�h�j�h�_��
�k�h�^�_�j�`�b�l�� �]�b�^�j�Z�\�e�b�q�_�k�d�b�c�� �d�h�g�^�_�g�k�Z�l�h�j 7���� �\�u�i�h�e�g�_�g�g�u�c�� �\�� �\�b�^�_��
�i�h�^�i�j�m�`�b�g�_�g�g�h�]�h���i�h�j�r�g�y�����i�h�^�d�e�x�q�_�g�g�h�]�h���d���b�k�i�h�e�g�b�l�_�e�v�g�u�f���]�b�^�j�h�^�\�b�]�Z�l�_�e�y�f��
�b���� �q�_�j�_�a�� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�c�� �^�j�h�k�k�_�e�v���� �d�� �m�i�j�Z�\�e�y�x�s�b�f�� �i�h�e�h�k�l�y�f��
�^�h�i�h�e�g�b�l�_�e�v�g�h�]�h�� �i�h�^�i�j�m�`�b�g�_�g�g�h�]�h�� �f�g�h�]�h�i�h�a�b�p�b�h�g�g�h�]�h�� �^�\�m�o�e�b�g�_�c�g�h�]�h��
�]�b�^�j�h�j�Z�k�i�j�_�^�_�e�b�l�_�e�y 8�����k�h�_�^�b�g�y�x�s�_�]�h���e�b�g�b�x���i�b�l�Z�g�b�y���]�b�^�j�h�f�h�l�h�j�Z���k���i�h�e�h�k�l�v�x��
�m�i�j�Z�\�e�_�g�b�y�� �h�k�g�h�\�g�h�]�h�� �f�g�h�]�h�i�h�a�b�p�b�h�g�g�h�]�h�� �^�j�h�k�k�_�e�b�j�m�x�s�_�]�h��
�]�b�^�j�h�j�Z�k�i�j�_�^�_�e�b�l�_�e�y 6�����h�[�_�k�i�_�q�b�\�Z�y���g�_�h�[�o�h�^�b�f�u�_���d�j�m�l�y�s�b�c���f�h�f�_�g�l���b���q�Z�k�l�h�l�m 
�\�j�Z�s�_�g�b�y���]�b�^�j�h�f�h�l�h�j�Z�����h�k�m�s�_�k�l�\�e�y�x�s�_�]�h���i�j�b�\�h�^���g�Z�k�h�k�Z�� 

 
 

�J�b�k�m�g�h�d 4 �± �J�Z�k�q�_�l�g�Z�y���k�o�_�f�Z���;�I�F���k���j�_�]�m�e�y�l�h�j�Z�f�b���i�h���^�Z�\�e�_�g�b�x���b���i�j�h�b�a�\�h�^�g�h�c��
�^�Z�\�e�_�g�b�y 

�>�e�y�� �h�p�_�g�d�b�� �\�e�b�y�g�b�y�� �i�j�_�^�e�h�`�_�g�g�u�o�� �Z�\�l�h�j�Z�f�b�� �\�� �i�Z�l�_�g�l�Z�o�� �j�_�r�_�g�b�c��[3, 4] 
�j�Z�a�j�Z�[�h�l�Z�g�u�� �f�Z�l�_�f�Z�l�b�q�_�k�d�b�_�� �f�h�^�_�e�b�� ���j�b�k�m�g�h�d�� ������ �g�Z�� �h�k�g�h�\�_�� �m�j�Z�\�g�_�g�b�c��
�g�_�j�Z�a�j�u�\�g�h�k�l�b���i�h�l�h�d�Z�����i�_�j�_�f�_�s�_�g�b�y���i�h�^�\�b�`�g�u�o���q�Z�k�l�_�c���w�e�_�f�_�g�l�h�\���]�b�^�j�h�f�Z�r�b�g��
�b�� �m�j�Z�\�g�_�g�b�c�� �j�Z�k�o�h�^�Z�� �q�_�j�_�a�� �]�b�^�j�Z�\�e�b�q�_�k�d�m�x�� �Z�i�i�Z�j�Z�l�m�j�m �k�� �i�j�b�f�_�g�_�g�b�_�f��
�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o�� �a�g�Z�q�_�g�b�c�� �d�h�w�n�n�b�p�b�_�g�l�h�\�� �]�b�^�j�Z�\�e�b�q�_�k�d�b�o�� �k�h�i�j�h�l�b�\�e�_�g�b�c����
�j�Z�k�o�h�^�h�\�����]�b�^�j�h�^�b�g�Z�f�b�q�_�k�d�b�o���k�b�e. 

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

);( 21 �>�>�j�M�g�M�g�I�g�G

�>

�>
QQQQQQ

V

E

dt

d�J
�����������  

�K�d�h�j�h�k�l�v�� �g�Z�j�Z�k�l�Z�g�b�y�� �^�Z�\�e�_�g�b�y�� �i�_�j�_�^�� �]�b�^�j�h�f�h�l�h�j�h�f�� �h�i�j�_�^�_�e�y�_�l�k�y�� �j�Z�[�h�l�h�c��
�m�k�l�j�h�c�k�l�\�Z�� �h�[�j�Z�l�g�h�c�� �k�\�y�a�b�� �i�h�� �g�Z�]�j�m�a�d�_���� �m�l�_�q�d�Z�f�b�� �b�� �i�_�j�_�l�_�q�d�Z�f�b�� �\�� �k�Z�f�h�f��
�]�b�^�j�h�f�h�l�h�j�_�� 
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)( 21 �M�f�M�f�I�f�=

�=

�= QQQQ
V

E

dt

d�J
������� . 

�A�^�_�k�v���� �\�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �h�[�h�a�g�Z�q�_�g�b�y�f�b�� �b�� �l�_�j�f�b�g�h�e�h�]�b�_�c��[6], �J�> �± 
�^�Z�\�e�_�g�b�_���g�Z�k�h�k�Z�����h�i�j�_�^�_�e�y�_�f�h�_���^�Z�\�e�_�g�b�_�f���g�Z�]�j�m�a�d�b���J�>�����I�Z�����J�= �± �^�Z�\�e�_�g�b�_���i�_�j�_�^��
�]�b�^�j�h�f�h�l�h�j�h�f���� �h�i�j�_�^�_�e�y�_�f�h�_�� �j�Z�[�h�l�h�c�� �m�k�l�j�h�c�k�l�\�Z�� �h�[�j�Z�l�g�h�c�� �k�\�y�a�b���� �I�Z�����? �± 
�f�h�^�m�e�v���m�i�j�m�]�h�k�l�b���`�b�^�d�h�k�l�b�����I�Z����V�> �± �h�[�t�_�f���`�b�^�d�h�k�l�b���\���i�h�e�h�k�l�y�o���h�l���g�Z�k�h�k�Z���^�h��
�]�b�^�j�h�^�\�b�]�Z�l�_�e�_�c�� �\�f�_�k�l�_�� �k�� �i�j�b�k�h�_�^�b�g�_�g�g�u�f�b�� �l�j�m�[�h�i�j�h�\�h�^�Z�f�b���� �f3; V�= �± �h�[�t�_�f��
�`�b�^�d�h�k�l�b�� �\�� �i�h�e�h�k�l�b�� �]�b�^�j�h�f�h�l�h�j�Z�� �\�f�_�k�l�_�� �k�� �i�j�b�k�h�_�^�b�g�_�g�g�u�f�b�� �l�j�m�[�h�i�j�h�\�h�^�Z�f�b����
�f3; Q�G  �± �i�h�^�Z�q�Z�� �g�Z�k�h�k�Z���� �f3���k����Q�F �± �j�Z�k�o�h�^�� �`�b�^�d�h�k�l�b�� �\�� �]�b�^�j�h�f�h�l�h�j���� �f3���k����Q�> �± 
�j�Z�k�o�h�^�� �`�b�^�d�h�k�l�b�� �d�� �]�b�^�j�h�^�\�b�]�Z�l�_�e�y�f���� �f3���k����Q�>�j �± �j�Z�k�o�h�^�� �`�b�^�d�h�k�l�b�� �q�_�j�_�a��
�^�j�h�k�k�_�e�v���� �f3���k�� 
Q�I�g �b��Q�I�f  �± �i�_�j�_�l�_�q�d�b���j�Z�[�h�q�_�c���`�b�^�d�h�k�l�b���\���g�Z�k�h�k�_���b���]�b�^�j�h�f�h�l�h�j�_�����f3���k������Q�M�f�� �b��
Q�M�g���±  �m�l�_�q�d�b�� �j�Z�[�h�q�_�c�� �`�b�^�d�h�k�l�b�� �\�� �]�b�^�j�h�f�h�l�h�j�_�� �b�� �g�Z�k�h�k�_�� �b�a�� �e�b�g�b�b�� �\�u�k�h�d�h�]�h��
�^�Z�\�e�_�g�b�y�� �k�h�h�l�\�_�l�k�l�\�_�g�g�h���� �f3���k���� ��Q�M�f�� �b��Q�M�g�� �± �m�l�_�q�d�b�� �j�Z�[�h�q�_�c�� �`�b�^�d�h�k�l�b�� �\��
�]�b�^�j�h�f�h�l�h�j�_���b���g�Z�k�h�k�_���b�a���e�b�g�b�b���g�b�a�d�h�]�h���^�Z�\�e�_�g�b�y���k�h�h�l�\�_�l�k�l�\�_�g�g�h�����f3���k�� 

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

�Z
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0 �G�G

�G

V
Q , �Z
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� 

2

0 �F�=

�F

V
Q , 

�]�^�_��V���G  �b��V���=�� �± �o�Z�j�Z�d�l�_�j�g�u�_���j�Z�[�h�q�b�_���h�[�t�_�f�u���g�Z�k�h�k�Z���b���]�b�^�j�h�f�h�l�h�j�Z�����f3���h�[�����Z  �± 
�k�d�h�j�h�k�l�v�� �\�j�Z�s�_�g�b�y�� �\�Z�e�Z�� �]�b�^�j�h�f�Z�r�b�g���� �h�[���k�����F�G �J�J ,  �± �[�_�a�j�Z�a�f�_�j�g�u�_�� �i�Z�j�Z�f�_�l�j�u��
�b�a�f�_�g�_�g�b�y���o�Z�j�Z�d�l�_�j�g�h�]�h���j�Z�[�h�q�_�]�h���h�[�t�_�f�Z���]�b�^�j�h�f�Z�r�b�g�� 
 �M�j�Z�\�g�_�g�b�_���^�\�b�`�_�g�b�y���j�h�l�h�j�Z���]�b�^�j�h�f�h�l�h�j�Z���\�f�_�k�l�_���k���i�j�b�\�_�^�_�g�g�h�c���b�g�_�j�p�b�_�c��
�\�j�Z�s�Z�x�s�b�o�k�y���q�Z�k�l�_�c���g�Z�k�h�k�Z���b���k�h�_�^�b�g�b�l�_�e�v�g�h�c���f�m�n�l�u 

)(
1

2

2

�L�j�GM

HM

MM
JJdt

d
���˜

��
� 

�M
, 

�]�^�_��JM �b��JH �± �f�h�f�_�g�l�� �b�g�_�j�p�b�b�� �j�h�l�h�j�Z�� �]�b�^�j�h�f�h�l�h�j�Z�� �b�� �j�Z�a�\�b�\�Z�_�f�u�c�� �b�f��
�f�h�f�_�g�l�� �b�g�_�j�p�b�b�� �j�h�l�h�j�Z�� �g�Z�k�h�k�Z�� �k�h�h�l�\�_�l�k�l�\�_�g�g�h���� �d�]�
�f2; �M �± �m�]�h�e�� �i�h�\�h�j�h�l�Z�� �\�Z�e�Z��
�]�b�^�j�h�f�h�l�h�j�Z���� �j�Z�^�����F�F �± �f�h�f�_�g�l���� �j�Z�a�\�b�\�Z�_�f�u�c�� �]�b�^�j�h�f�h�l�h�j�h�f���� �G�
�f���� �j�Z�\�_�g���F�G �± 
�f�h�f�_�g�l�m���g�Z���\�Z�e�m���g�Z�k�h�k�Z�����F�L�j�G �± �f�h�f�_�g�l���h�l���k�b�e���l�j�_�g�b�y���\���g�Z�k�h�k�_�����G�
�f�� 

�<�h�a�f�m�s�Z�x�s�b�f�� �k�b�]�g�Z�e�h�f�� �g�Z�q�Z�e�Z�� �j�Z�[�h�l�u�� �m�k�l�j�h�c�k�l�\�Z�� �h�[�j�Z�l�g�h�c�� �k�\�y�a�b��
�y�\�e�y�_�l�k�y�� �b�a�f�_�g�_�g�b�_�� �\�_�e�b�q�b�g�u�� �g�Z�]�j�m�a�d�b�� �g�Z�� �b�k�i�h�e�g�b�l�_�e�v�g�u�o�� �]�b�^�j�h�^�\�b�]�Z�l�_�e�y�o����
�W�l�h�� �f�h�`�_�l�� �[�u�l�v�� �\�u�a�\�Z�g�h�� �\�g�_�r�g�b�f�b�� �b�� �\�g�m�l�j�_�g�g�b�f�b�� �\�h�a�^�_�c�k�l�\�b�y�f�b��
�]�Z�a�h�^�b�g�Z�f�b�q�_�k�d�h�]�h�� �b�e�b�� �]�b�^�j�h�f�_�o�Z�g�b�q�_�k�d�h�]�h�� �o�Z�j�Z�d�l�_�j�Z�� �g�Z�� �k�l�h�c�d�b�� �k��
�]�b�^�j�h�p�b�e�b�g�^�j�Z�f�b�� �i�j�b�� �\�u�^�\�b�`�_�g�b�b���m�[�h�j�d�_�� �r�Z�k�k�b�� �k�Z�f�h�e�_�l�Z���� �B�a�f�_�g�_�g�b�_��
�\�_�e�b�q�b�g�u�� �^�Z�\�e�_�g�b�y���J�>  ���b�e�b���J�I ) �i�j�b�\�_�^�_�l�� �d�� �b�a�f�_�g�_�g�b�x�� �j�Z�k�o�h�^�Z���q�_�j�_�a�� �^�j�h�k�_�e�b 
���j�b�k�� 3): 

)(
2

�>�j�>�>�j�>�j �jpFQ ���˜� 
�U

�P , 

�]�^�_��F�>�j �± �i�e�h�s�Z�^�v���^�j�h�k�k�_�e�y�����J�>�j �±�^�Z�\�e�_�g�b�_���i�h�k�e�_���^�j�h�k�k�_�e�y�� 
�M�j�Z�\�g�_�g�b�_���[�Z�e�Z�g�k�Z���k�b�e���g�Z���a�h�e�h�l�g�b�d�_���f�g�h�]�h�i�h�a�b�p�b�h�g�g�h�]�h���j�Z�k�i�j�_�^�_�e�b�l�_�e�y��

�������j�b�k�m�g�h�d���������[�_�a���m�q�_�l�Z���_�]�h���f�Z�k�k�u���b���k�b�e���l�j�_�g�b�y: 
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1111 �O�K�:�j �I�A�>�j �˜� �˜ . 

�A�^�_�k�v���: �A1 �± �i�e�h�s�Z�^�v���l�h�j�p�_�\�h�c���d�Z�f�_�j�u���a�h�e�h�l�g�b�d�Z�����K�I�� , �O1�± �`�_�k�l�d�h�k�l�v���i�j�m�`�b�g�u���b��
�o�h�^���a�h�e�h�l�g�b�d�Z�� 

�M�j�Z�\�g�_�g�b�_�� �j�Z�k�o�h�^�Z�� �`�b�^�d�h�k�l�b�� �q�_�j�_�a�� �^�j�h�k�k�_�e�b�j�m�x�s�b�c��
�]�b�^�j�h�j�Z�k�i�j�_�^�_�e�b�l�_�e�v 6: 

)(
2

1 �=�I�= �jp�<�OQ ���˜�˜� 
�U

�P , 

�]�^�_���< �± �r�b�j�b�g�Z���h�d�g�Z���a�h�e�h�l�g�b�d�Z�����J�= �± �^�Z�\�e�_�g�b�_���i�_�j�_�^���]�b�^�j�h�f�h�l�h�j�h�f. 
�J�_�]�m�e�y�l�h�j�� �i�h�� �i�j�h�b�a�\�h�^�g�h�c�� �^�Z�\�e�_�g�b�y �j�Z�[�h�l�Z�_�l�� �i�j�b�� �m�q�Z�k�l�b�b��

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

22�j �O�KF �I�D�D � , 

�]�^�_���J�D �± �i�_�j�_�i�Z�^�� �^�Z�\�e�_�g�b�c�� �g�Z�� �i�h�j�r�g�_�� �]�b�^�j�h�d�h�g�^�_�g�k�Z�l�h�j�Z����FK �± �i�e�h�s�Z�^�v��
�]�b�^�j�h�d�h�g�^�_�g�k�Z�l�h�j�Z. 

�M�j�Z�\�g�_�g�b�_�� �[�Z�e�Z�g�k�Z�� �k�b�e�� �g�Z�� �a�h�e�h�l�g�b�d�_�� �f�g�h�]�h�i�h�a�b�p�b�h�g�g�h�]�h��
�j�Z�k�i�j�_�^�_�e�b�l�_�e�y 8 ���j�b�k�m�g�h�d�� ������ �[�_�a�� �m�q�_�l�Z�� �_�]�h�� �f�Z�k�k�u�� �b�� �k�b�e�� �l�j�_�g�b�y �b�� �[�Z�e�Z�g�k�Z��
�j�Z�k�o�h�^�h�\���\���]�b�^�j�h�d�h�g�^�_�g�k�Z�l�h�j�_���a�Z�i�b�r�m�l�k�y���\���\�b�^�_ 

222 �AK�A�>�j �:p�:�j �˜� �˜ , 
dt

Xd
�:QQ �A�>�j�D

3

11 ���                                     . 

 

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



207 

�J�_�a�m�e�v�l�Z�l�u�� �f�h�^�_�e�b�j�h�\�Z�g�b�y�� �i�j�b�� �j�Z�[�h�l�_�� �;�I�F�� �k�� �j�_�]�m�e�y�l�h�j�h�f�� �i�h�� �^�Z�\�e�_�g�b�x��
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�i�h�e�g�h�k�l�v�x�� �h�l�d�j�u�l�v�� �j�_�]�m�e�y�l�h�j���� �I�h�^�Z�q�Z�� �j�Z�[�h�q�_�c�� �`�b�^�d�h�k�l�b�� �d�� �]�b�^�j�h�f�h�l�h�j�m��
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Abstract. In the last few years, the world has been undergoing constant changes. These 

changes are inextricably linked with the invention and introduction of information technologies into 
the daily life of society. Neural networks and artificial intelligence represent a breakthrough in the 
development of science and technology. Their use in aviation systems will make flights safer, more 
reliable and more economically efficient. The use of AI in the hydraulic system of the aircraft will 
help to reduce the number of occurrence of various malfunctions, their prevention or elimination. 

Keywords: artificial intelligence, hydraulic system, aviation, automation. 



209 

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

�<�� �k�h�\�j�_�f�_�g�g�h�f�� �f�b�j�_�� �bc�d�mcc�l�\e�g�g�u�c�� �b�g�le�e�ee�d�l�� ���B�B���� �g�Z�oo�^�b�l�� �k�\oe 
�i�j�b�fe�g�_�g�b�_�� �i�ja�d�l�b�q�_�k�d�b�� �\�h�� �\�k�_�o�� �k�n�_�j�Z�o�� �`�b�a�g�b�� �h�[�s�_�k�l�\�Z���� �G�_�k�h�f�g�_�g�g�h����
�[�h�e�v�r�h�c�� �i�h�l�_�g�p�b�Z�e�� �h�g�� �b�f�_�_�l�� �b�� �\�� �Z�\�b�Z�p�b�b�� �:�d�l�m�Z�e�v�g�h�k�l�v�� �\�g�_�^�j�_�g�b�y�� �b��
�b�k�i�h�e�v�a�h�\�Z�g�b�y�� �b�k�d�m�k�k�l�\�_�g�g�h�]�h�� �b�g�l�_�e�e�_�d�l�Z�� �aa�d�e�x�qae�l�k�y�� �\�� �\�h�a�g�b�d�g�h�\�_�g�b�b��
�g�_�h�[�o�h�^�b�f�h�k�l�b�� �k�g�b�`�_�g�b�y�� �\�h�a�^�_�c�k�l�\�b�y�� �q�_�e�h�\�_�q�_�k�d�h�]�h�� �n�Z�d�l�h�j�Z�� �g�Z�� �h�[�t�_�d�l�u��
�m�i�j�Z�\�e�_�g�b�y�� �i�j�b�� �i�h�^�^�_�j�`�Z�g�b�b�� �k�h�o�j�Z�g�g�h�k�l�b�� �b�� �g�Z�^�_�`�g�h�k�l�b�� �\�� �\�u�k�h�d�h�c�� �k�l�_�i�_�g�b�� �\��
�o�h�^�_�� �w�d�k�i�e�m�Z�l�Z�p�b�b�� �b�� �h�[�t�_�d�l�h�\���� �D�j�h�f�_�� �l�h�]�h���� �h�g�� �i�h�a�\�h�e�y�_�l�� �m�e�m�q�r�Z�l�v��
�w�d�h�g�h�f�b�q�_�k�d�m�x�� �w�n�n�_�d�l�b�\�g�h�k�l�v�� �Z�\�b�Z�i�_�j�_�\�h�a�h�d���� �>�e�y�� �jea�e�b�a�Z�p�b�b�� �\�\�_�^�_�g�b�y��
�g�_�c�j�h�k�_�l�b�� �\�� �w�d�k�i�e�m�Z�l�Z�p�b�x�� �f�h�`�g�h�� �b�k�i�h�e�v�a�h�\�Z�l�v�� �b�g�l�_�]�j�Z�p�b�x�� �\�k�_�\�h�a�f�h�`�g�u�o��
�d�h�f�i�h�g�_�g�l�h�\���� �l�Z�d�b�o�� �d�Z�d�� �b�a�f�_�j�b�l�_�e�v�g�u�_�� �m�k�l�j�h�c�k�l�\�Z���� �m�k�l�Z�g�h�\�d�b�� �^�e�y�� �k�j�Z�\�g�_�g�b�y����
�\�u�q�b�k�e�b�l�_�e�v�g�Z�y�� �l�_�o�g�b�d�Z���� �P�_�e�v�x�� �b�� �b�l�h�]�h�f�� �w�l�h�]�h�� �[�m�^�_�l�� �k�h�a�^�Z�g�b�_�� �b�g�g�h�\�Z�l�h�j�k�d�b�o��
�©�j�Z�a�m�f�g�u�o�ª���k�b�k�l�_�f�� 

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

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

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

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



210 

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

�>�e�y�� �k�Z�fo�e�_�l�h�\���� �i�j�_�^�g�Z�a�g�Z�q�_�g�g�u�o�� �g�Z�� �[�h�e�v�r�m�x�� �g�Z�]�j�m�a�d�m���� �k�\�h�c�k�l�\�_�g�g�h��
�i�j�b�f�_�g�_�g�b�_�� �]�b�^�j�Z�\�e�b�q�_�k�d�b�o�� �k�b�k�le�f���� �\�d�e�x�q�Z�x�s�b�o�� �g�_�k�d�h�e�v�d�h�� �k�b�g�o�j�h�g�g�u�o��
�i�h�^�k�b�k�l�_�f�� �]�b�^�j�h�i�b�l�Z�g�b�y���� �G�Z�i�j�b�f�_�j���� �]�b�^�j�h�k�b�k�l�_�f�Z�� �k�Z�f�h�e�_�l�Z�� �B�e-76 
�i�h�^�j�Z�a�^�_�e�y�_�l�k�y�� �g�Z�� �]�b�^�j�h�k�b�k�l�_�f�u�� �‹�� ���� �b�� �‹�� ������ �=�b�^�j�h�k�b�k�l�_�f�Z�� �‹�� ���� �h�[�_�k�i�_�q�b�\�Z�_�l��
�m�[�h�j�d�m�� �b�� �\�u�i�m�k�d�� �i�_�j�_�^�g�b�o�� �]�e�Z�\�g�u�o�� �g�h�]�� �r�Z�k�k�b���� �Z�\�Z�j�b�c�g�u�c�� �\�u�i�m�k�d�� �a�Z�^�g�b�o��
�]�e�Z�\�g�u�o�� �g�h�]�� �r�Z�k�k�b�� �b�� �Z�\�Z�j�b�c�g�h�_�� �a�Z�d�j�u�l�b�_�� �b�o�� �k�l�\�h�j�h�d���� �l�h�j�f�h�`�_�g�b�_�� �d�h�e�_�k��
�i�_�j�_�^�g�b�o�� �]�e�Z�\�g�u�o�� �g�h�]�� �r�Z�k�k�b���� �i�h�\�h�j�h�l�� �d�h�e�_�k�� �g�h�k�h�\�h�c�� �g�h�]�b�� �r�Z�k�k�b���� �m�[�h�j�d�m�� �b��
�\�u�i�m�k�d�� �i�j�_�^�d�j�u�e�d�h�\�� �b�� �a�Z�d�j�u�e�d�h�\���� �m�i�j�Z�\�e�_�g�b�_�� �\�g�_�r�g�b�f�b�� �k�i�h�c�e�_�j�Z�f�b�� �b��
�\�g�_�r�g�b�f�b�� �l�h�j�f�h�a�g�u�f�b�� �s�b�l�d�Z�f�b���� �m�i�j�Z�\�e�_�g�b�_�� �j�Z�f�i�h�c���� �]�_�j�f�h�k�l�\�h�j�d�h�c�� �b��
�k�l�\�h�j�d�Z�f�b�� �]�j�m�a�h�\�h�]�h�� �e�x�d�Z���� �h�l�d�j�u�l�b�_�� �b�� �a�Z�d�j�u�l�b�_�� �\�o�h�^�g�u�o�� �^�\�_�j�_�c���� �m�i�j�Z�\�e�_�g�b�_��
�o�\�h�k�l�h�\�h�c�� �h�i�h�j�h�c���� �h�k�g�h�\�g�h�_�� �m�i�j�Z�\�e�_�g�b�_�� �Z�\�Z�j�b�c�g�u�f�� �e�x�d�h�f�� �w�d�b�i�Z�`�Z�� �b��
�Z�\�Z�j�b�c�g�h�_�� �h�l�d�j�u�l�b�_�� �Z�\�Z�j�b�c�g�h�c�� �^�\�_�j�b�� �d�h�j�f�h�\�h�c�� �d�Z�[�b�g�u���� �m�i�j�Z�\�e�_�g�b�_��
�k�l�_�d�e�h�h�q�b�k�l�b�l�_�e�y�f�b���D�D�����m�i�j�Z�\�e�_�g�b�_���k�l�\�h�j�d�Z�f�b���n�h�l�h�e�x�d�Z���>���@�� 

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

�G�Z�� �k�Z�f�h�e�_�l�_�� �B�e-7���� �b�k�i�h�e�v�a�me�l�k�y�� �]�b�^�ja�\�e�b�q�_�k�d�Z�y�� �k�b�k�l�_�f�Z�� �k�� �g�Z�k�h�k�Z�f�b��
�i�_�j�_�f�_�g�g�h�c�� �i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�b���� �\�� �d�h�l�h�j�h�c�� �^�Z�\�e�_�g�b�_�� �k�h�a�^�Z�_�l�k�y�� �Z�d�k�b�Z�e�v�g�u�f�b��
�j�h�l�h�j�g�h-�i�e�m�g�`�_�j�g�u�f�b�� �g�Z�k�h�k�Z�f�b���� �<�� �g�b�o�� �q�m�\�k�l�\�b�l�_�e�v�g�u�c�� �d�h�f�i�h�g�_�g�l��
�Z�\�l�h�f�Z�l�b�q�_�k�d�h�]�h�� �g�Z�k�h�k�Z�� �j�_�Z�]�b�j�m�_�l�� �g�Z�� �b�a�f�_�g�_�g�b�_�� �^�Z�\�e�_�g�b�y�� �b�� �b�a�f�_�g�y�_�l��
�i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�v�� �g�Z�k�h�k�Z���� �^�\�b�`�_�g�b�_�� �i�e�m�g�`�_�j�h�\���� �i�h�e�h�`�_�g�b�_�� �g�Z�d�e�h�g�g�h�c��
�r�Z�c�[�u�� 



211 

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

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

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

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

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



212 

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

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

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

�<�h�a�f�h�`�g�u�_���g�_�b�k�i�j�Z�\�g�h�k�l�b���]�b�^�j�h�k�b�k�l�_�f�u��  
������ �G�Z�j�m�r�_�g�b�_�� �]�_�j�f�_�l�b�q�g�h�k�l�b�� �k�b�k�l�_�f�� �‹�� ���� �b�� �‹�� ������ �g�_�j�Z�[�h�l�h�k�i�h�k�h�[�g�h�k�l�v��

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

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

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



213 

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

�G�h�� �g�Z�b�[�h�e�_�_�� �^�_�c�k�l�\�_�g�g�h�c�� �y�\�e�y�_�l�k�y�� �i�j�h�\�_�j�d�Z�� �w�d�k�i�e�m�Z�l�Z�p�b�b����
�\�b�^�_�h�f�h�g�b�l�h�j�b�g�]���b�a�f�_�g�_�g�b�y���j�Z�[�h�q�_�]�h���^�Z�\�e�_�g�b�y�����i�j�h�\�_�^�_�g�b�_���d�h�g�l�j�h�e�y���h�k�g�Z�k�l�d�b����
�d�h�l�h�j�u�_�� �f�h�`�_�l�� �k�\�h�_�\�j�_�f�_�g�g�h�� �h�k�m�s�_�k�l�\�b�l�v�� �b�k�d�m�k�k�l�\�_�g�g�u�c�� �b�g�l�_�e�e�_�d�l�� �i�j�b��
�i�j�h�\�_�j�d�_���_�]�h���^�_�c�k�l�\�b�c���g�_�i�h�k�j�_�^�k�l�\�_�g�g�h���k�i�_�p�b�Z�e�b�k�l�h�f��  
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Abstract. The article deals with the technology of using MathCad software for modeling 
aircraft dynamics in the study of longitudinal and lateral motion loops in the discipline of automatic 
flight control systems. The choice of a mathematical model of the object corresponding to the 
control process under study is the basis for obtaining research results close to the theoretical 
provisions of the discipline of automatic flight control system. The variety of mathematical models 
of aircraft and controllers allows performing motion studies at all stages of aircraft flight, including 
takeoff, trajectory motion, descent and landing, considered in other disciplines. 
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�H�i�u�l�� �f�h�^�_�e�b�j�h�\�Z�g�b�y�� �k�b�k�l�_�f�� �I�j�h�]�j�Z�f�f�Z��MathCad �y�\�e�y�_�l�k�y�� �k�b�k�l�_�f�h�c����
�i�h�a�\�h�e�y�x�s�_�c�� �\�u�i�h�e�g�y�l�v�� �j�_�r�_�g�b�_�� �e�b�g�_�c�g�u�o�� �^�b�n�n�_�j�_�g�p�b�Z�e�v�g�u�o�� �m�j�Z�\�g�_�g�b�c����
�y�\�e�y�x�s�b�o�k�y�� �[�Z�a�h�\�h�c�� �h�k�g�h�\�h�c�� �^�b�k�p�b�i�e�b�g�u�� �k�b�k�l�_�f�u�� �Z�\�l�h�f�Z�l�b�q�_�k�d�h�]�h��
�m�i�j�Z�\�e�_�g�b�y�� �i�h�e�_�l�h�f���� �J�_�r�_�g�b�_�� �m�j�Z�\�g�_�g�b�c�� �[�Z�a�b�j�m�_�l�k�y�� �g�Z�� �i�j�b�f�_�g�_�g�b�b�� �i�j�Z�\�b�e�Z��
�D�j�Z�f�_�j�Z�� �d�� �k�b�k�l�_�f�Z�f�� �e�b�g�_�c�g�u�o�� �m�j�Z�\�g�_�g�b�c�� �\�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�b�� �E�Z�i�e�Z�k�Z��
�g�_�m�i�j�Z�\�e�y�_�f�h�]�h���b���m�i�j�Z�\�e�y�_�f�h�]�h���^�\�b�`�_�g�b�y���<�K���� 

1. �<�u�[�h�j�� �f�Z�l�_�f�Z�l�b�q�_�k�d�h�c�� �f�h�^�_�e�b �k�Z�f�h�e�_�l�Z�� �h�i�j�_�^�_�e�y�_�l�k�y�� �a�Z�^�Z�q�_�c 
�b�k�k�e�_�^�h�\�Z�g�b�y���� �;�Z�a�h�\�u�f�b�� �y�\�e�y�x�l�k�y�� �g�_�e�b�g�_�c�g�u�_�� �m�j�Z�\�g�_�g�b�y�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h��
�^�\�b�`�_�g�b�y���k�Z�f�h�e�_�l�Z���>�����������@�����e�_�`�Z�s�b�_���\���h�k�g�h�\�_���e�b�g�_�Z�j�b�a�Z�p�b�b���b���j�Z�a�^�_�e�_�g�b�y���w�l�h�]�h��
�^�\�b�`�_�g�b�y�� �g�Z�� �i�h�e�g�u�_�� �i�j�h�^�h�e�v�g�h�_�� �������� �b�� �[�h�d�h�\�h�_�� �������� �^�\�b�`�_�g�b�y�� �\�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�b��
�E�Z�i�e�Z�k�Z�����>��; 4; 5]: 
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�B�a�h�e�b�j�h�\�Z�g�g�u�_ �^�\�b�`�_�g�b�y�� �d�j�_�g�Z���� �j�u�k�d�Z�g�b�y-�k�d�h�e�v�`�_�g�b�y�� ���������� �i�h�e�m�q�_�g�u�� �b�a��
�i�h�e�g�u�o���m�j�Z�\�g�_�g�b�c�����������i�m�l�_�f���b�k�d�e�x�q�_�g�b�y���\�a�Z�b�f�g�h�]�h���\�e�b�y�g�b�y���i�Z�j�Z�f�_�l�j�h�\���d�j�_�g�Z��
�k�� �j�u�k�d�Z�g�b�_�f�� �b�� �k�d�h�e�v�`�_�g�b�_�f�� �\�� �[�h�d�h�\�h�f�� �^�\�b�`�_�g�b�b���� �I�m�l�_�f�� �b�k�d�e�x�q�_�g�b�y�� �k�e�Z�[�u�o��
�k�\�y�a�_�c�� �i�h�� �\�u�k�h�l�_�� �b�� �k�d�h�j�h�k�l�b���� �i�h�e�g�h�_�� �i�j�h�^�h�e�v�g�h�_�� �^�\�b�`�_�g�b�_�� ������ �j�Z�a�^�_�e�_�g�h�� �g�Z��
�d�h�j�h�l�d�h�i�_�j�b�h�^�b�q�_�k�d�h�_���b���^�e�b�g�g�h�i�_�j�b�h�^�b�q�_�k�d�h�_���^�\�b�`�_�g�b�y���������������� 
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�Ù�Å �± �i�j�b�j�Z�s�_�g�b�_�� �m�]�e�Z�� �f�_�`�^�m�� �\�_�d�l�h�j�h�f�� �\�h�a�^�m�r�g�h�c�� �k�d�h�j�h�k�l�b�� �b�� �\�_�d�l�h�j�h�f��
�i�m�l�_�\�h�c���k�d�h�j�h�k�l�b�����h�[�m�k�e�h�\�e�_�g�g�h�_���^�_�c�k�l�\�b�_�f���\�_�j�l�b�d�Z�e�v�g�h�c���k�h�k�l�Z�\�e�y�x�s�_�c��
�\�_�l�j�Z��- �]�j�Z�^�� 
�Ú�Å�� �± �i�j�b�j�Z�s�_�g�b�_�� �m�]�e�Z�� �f�_�`�^�m�� �\�_�d�l�h�j�h�f�� �\�h�a�^�m�r�g�h�c�� �k�d�h�j�h�k�l�b�� �b�� �\�_�d�l�h�j�h�f��
�i�m�l�_�\�h�c���k�d�h�j�h�k�l�b�����h�[�m�k�e�h�\�e�_�g�g�h�_���^�_�c�k�l�\�b�_�f���[�h�d�h�\�h�c���k�h�k�l�Z�\�e�y�x�s�_�c���\�_�l�j�Z��
- �]�j�Z�^�� 
�8�Å �± �i�j�b�j�Z�s�_�g�b�_�� �m�]�e�Z�� �f�_�`�^�m�� �\�_�d�l�h�j�h�f�� �\�h�a�^�m�r�g�h�c�� �k�d�h�j�h�k�l�b�� �b�� �\�_�d�l�h�j�h�f��
�i�m�l�_�\�h�c�� �k�d�h�j�h�k�l�b���� �h�[�m�k�e�h�\�e�_�g�g�h�_�� �^�_�c�k�l�\�b�_�f�� �]�h�j�b�a�h�g�l�Z�e�v�g�h�c��
�k�h�k�l�Z�\�e�y�x�s�_�c���\�_�l�j�Z���± �]�j�Z�^�� 
�F�ë�á�F�ì �á�F�í �± �i�j�b�j�Z�s�_�g�b�_�� �\�h�a�f�m�s�Z�x�s�b�o�� �f�h�f�_�g�l�h�\�� �k�h�h�l�\�_�l�k�l�\�_�g�g�h��
�h�l�g�h�k�b�l�_�e�v�g�h���h�k�_�c���H�O�����H�M�����HZ �k�\�y�a�Z�g�g�h�c���k�b�k�l�_�f�u���d�h�h�j�^�b�g�Z�l��- �d�=���f�� 
�=�à �å

� �å�á �=�à �å
�� �á �å �± �d�h�w�n�n�b�p�b�_�g�l�u���e�b�g�_�Z�j�b�a�h�\�Z�g�g�u�o���m�j�Z�\�g�_�g�b�c���k�b�k�l�_�f������-5). 

�Q�b�k�e�_�g�g�h�_�� �a�g�Z�q�_�g�b�_�� �d�h�w�n�n�b�p�b�_�g�l�h�\���=�à �å

� �å�á �=�à �å
��  �\�u�q�b�k�e�y�_�l�k�y�� �\�� �i�j�h�]�j�Z�f�f�_��

MathCad �g�Z���h�k�g�h�\�_���]�j�Z�n�b�q�_�k�d�b�o���a�Z�\�b�k�b�f�h�k�l�_�c���d�h�w�n�n�b�p�b�_�g�l�h�\���]�b�i�h�l�_�l�b�q�_�k�d�h�]�h��
�k�j�_�^�g�_�f�Z�]�b�k�l�j�Z�e�v�g�h�]�h�� �k�Z�f�h�e�_�l�Z���� �i�j�_�^�k�l�Z�\�e�_�g�g�h�]�h�� �\�� �m�q�_�[�g�h-�f�_�l�h�^�b�q�_�k�d�h�f��
�i�h�k�h�[�b�b�� ���=�m�k�_�\�� �:���:������ �D�m�a�g�_�p�h�\�� �K���<���� �F�_�l�h�^�b�q�_�k�d�b�_�� �m�d�Z�a�Z�g�b�y���� �d�h�g�l�j�h�e�v�g�u�_��
�a�Z�^�Z�g�b�y���i�h���^�b�k�p�b�i�e�b�g�_���©�K�:�M�I�ª�����F�������J�B�H���F�=�L�M���=�:�����������������������k���������<�g�_�r�g�b�c���\�b�^��
�g�_�d�h�l�h�j�u�o���]�j�Z�n�b�d�h�\���i�j�_�^�k�l�Z�\�e�_�g���g�Z���j�b�k�m�g�d�_������ 
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�i�j�_�^�k�l�Z�\�e�_�g���\�����=�m�k�_�\���:���:�������D�m�a�g�_�p�h�\���K���<�����F�_�l�h�^�b�q�_�k�d�b�_���m�d�Z�a�Z�g�b�y�����d�h�g�l�j�h�e�v�g�u�_��
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�N�j�Z�]�f�_�g�l���\�u�q�b�k�e�_�g�b�y���d�h�w�n�n�b�p�b�_�g�l�h�\���\���i�j�h�]�j�Z�f�f�_��MathCad �i�j�_�^�k�l�Z�\�e�_�g��
�g�Z���j�b�k�m�g�d�_������ 

2. �<�u�q�b�k�e�_�g�b�_���h�[�s�b�o���i�Z�j�Z�f�_�l�j�h�\���k�Z�f�h�e�_�l�Z 
�<�u�q�b�k�e�_�g�b�_���f�h�f�_�g�l�h�\���b�g�_�j�p�b�b���k�Z�f�h�e�_�l�Z�� 

 ,  

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

 

 

,.  

�<�u�q�b�k�e�_�g�b�_���d�h�w�n�n�b�p�b�_�g�l�h�\���f�h�^�_�e�b���^�\�b�`�_�g�b�y��
 
 

.,  ,  ; 

,  , ; 
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 , ,   

 

 
�J�b�k�m�g�h�d�������± �N�j�Z�]�f�_�g�l���\�u�q�b�k�e�_�g�b�y���d�h�w�n�n�b�p�b�_�g�l�h�\���f�h�^�_�e�_�c���<�K���\��MathCad 

 

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �\�u�q�b�k�e�y�x�l�k�y�� �d�h�w�n�n�b�p�b�_�g�l�u�� �f�Z�l�_�f�Z�l�b�q�_�k�d�h�c�� �f�h�^�_�e�b����
�i�h�^�e�_�`�Z�s�_�c�� �b�k�k�e�_�^�h�\�Z�g�b�x���� �I�j�b�� �\�u�q�b�k�e�_�g�b�b�� �d�h�w�n�n�b�p�b�_�g�l�h�\�� �b�k�k�e�_�^�h�\�Z�l�_�e�v��
�b�f�_�_�l�� �\�h�a�f�h�`�g�h�k�l�v �\�\�h�^�b�l�v�� �i�Z�j�Z�f�_�l�j�u�� �k�j�_�^�u�� ���\�u�k�h�l�m���� �q�b�k�e�h�� �F������ �f�Z�k�k�Z-
�]�Z�[�Z�j�b�l�g�u�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �k�Z�f�h�e�_�l�Z�� ��G, G�I , GT �b��S,ba,l������ �h�i�h�j�g�u�_�� �i�Z�j�Z�f�_�l�j�u��
(�.�h���E�h�������o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���m�i�j�Z�\�e�y�_�f�h�k�l�b���b���m�k�l�h�c�q�b�\�h�k�l�b�����: �.�����:�E, �H�.�����H�E�����O�i�����Ony) 
�k�Z�f�h�e�_�l�Z���� �W�l�h�� �i�h�a�\�h�e�y�_�l�� �b�k�k�e�_�^�h�\�Z�l�v�� �\�e�b�y�g�b�_�� �m�d�Z�a�Z�g�g�u�o�� �\�_�e�b�q�b�g�� �g�Z�� �i�j�h�p�_�k�k��
�m�i�j�Z�\�e�_�g�b�y���k�Z�f�h�e�_�l�h�f�� 
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2.6 10
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�˜ Gò 20000�!if

��� Jy 10.5 Gò�˜ 6.3 10
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��� 

a H( ) 0.004233�� H 342��( ) 0 H�d 10770��if

296 H 10770�!if

��� �U H( ) 1�� 10
5��

�˜ H�˜ 0.1245���� �� 0 H�d 3330�dif
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5��
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5��
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��� 

amz �D
mz �D M( )��
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q2 H( )�˜ ba�˜��� mz �D M( ) 1.62��( ) 0 M�d 0.7�dif
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S�˜��� 
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q1 H( )�˜ ba

2
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19 M�˜ 33��( ) 0.9 M�� 1.0�dif
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S�˜��� 

ay �D
Cy �D M( ) Cx Cy( )��
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2
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3��

�˜ Cy�˜ 2 10
2��
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4.092 10
2��

�˜ Cy�˜ 1.249 10
2��
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��� q H( )
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�˜
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Cy �D M( ) 4.8( ) 0 M�d 0.3�dif
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5.125 0.8 M��if
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3. �I�j�h�p�_�^�m�j�Z���b�k�k�e�_�^�h�\�Z�g�b�c  
�<�� �i�_�j�\�u�o�� �^�\�m�o�� �e�Z�[�h�j�Z�l�h�j�g�u�o�� �j�Z�[�h�l�Z�o�� �^�b�k�p�b�i�e�b�g�u�� �K�:�M�I�� �\�u�i�h�e�g�y�x�l�k�y��

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

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

�\ �&
�/ � �N �& �N �� ��

z �a

�-

�- � - � -� � � �; 

x

� : � I ��

�w �& �[ �� �a �Z �^
�/ � �N �& �� �N �� �� ���� ��;  

�d0�d�dy

�:�I

�g
    ,kk

�dy
�\�\�\�'�\�Z�G

�\�Z

�\
��� ��� ; 

�d�a�Z�^�a�Z�^x

�:�I

�w
�d

x
k    ),(kk �\�'�J�J�J�Z�G

�\

�J�J�Z

�\�J
� ����� ;

 

 

(6) 

 
�J�b�k�m�g�h�d�������± �A�Z�d�h�g�u���m�i�j�Z�\�e�_�g�b�y���j�_�]�m�e�y�l�h�j�h�\���b�k�k�e�_�^�m�_�f�u�o���d�h�g�l�m�j�h�\ 
 
�<�h�a�f�m�s�Z�x�s�b�f�b�� �\�h�a�^�_�c�k�l�\�b�y�f�b�� �b�k�k�e�_�^�m�_�f�u�o�� �d�h�g�l�m�j�h�\�� �m�i�j�Z�\�e�_�g�b�y��

�y�\�e�y�x�l�k�y���\�g�_�r�g�b�_���f�h�f�_�g�l�g�u�_���\�h�a�^�_�c�k�l�\�b�y��M �\x , M�\y, M�\z�����\�_�l�j�h�\�u�_���\�h�a�^�_�c�k�l�\�b�y��
�i�h�k�l�h�y�g�g�h�c�� �g�Z�i�j�Z�\�e�_�g�g�h�k�l�b��� \ � \

�. �� ��  �b�� �a�Z�^�Z�\�Z�_�f�u�_�� �i�Z�j�Z�f�_�l�j�u�� �p�_�e�_�\�u�o�� �k�b�]�g�Z�e�h�\��
,

�a �a �a
,�J �- �I ���� �<�u�o�h�^�g�u�f�b�� �i�Z�j�Z�f�_�l�j�Z�f�b�� �y�\�e�y�x�l�k�y�� �l�_�d�m�s�b�_�� �i�Z�j�Z�f�_�l�j�u�� �<�K���� �<�k�_��

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

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

�k�_�j�\�h�i�j�b�\�h�^�Z���� �e�_�\�Z�y�� �q�Z�k�l�v�� �A�M�� �\�u�]�e�y�^�b�l�� �l�Z�d����� : � I

�\
p�/ � ������������

�- �b�e�b�� �� �� � : � I

�\

p
�/ � �� �� �� �� �� ��

1T p

�-

��
. 

�P�_�e�_�\�u�_�� �k�h�k�l�Z�\�e�y�x�s�b�_�� �a�Z�d�h�g�Z�� �m�i�j�Z�\�e�_�g�b�y�� �\�\�h�^�y�l�k�y�� �i�m�l�_�f�� �k�m�f�f�b�j�h�\�Z�g�b�y�� �\��
�i�j�h�]�j�Z�f�f�_��MathCad �h�k�g�h�\�g�h�]�h�� ���i�h�a�b�p�b�h�g�g�h�]�h���� �p�_�e�_�\�h�]�h�� �k�b�]�g�Z�e�Z�� �k�� �k�b�]�g�Z�e�Z�f�b��
�b�g�l�_�]�j�Z�e�Z�� �b�� ���b�e�b���� �^�b�n�n�_�j�_�g�p�b�Z�e�Z�� �h�l�� �p�_�e�_�\�h�]�h�� �k�b�]�g�Z�e�Z���� �L�Z�d�b�f�� �h�[�j�Z�a�h�f����
�j�_�Z�e�b�a�m�_�l�k�y�� �\�h�a�f�h�`�g�h�k�l�v�� �\�u�i�h�e�g�y�l�v�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �\�e�b�y�g�b�y�� �k�l�j�m�d�l�m�j�u�� �A�M�� �g�Z��
�d�Z�q�_�k�l�\�h�� �m�i�j�Z�\�e�_�g�b�y���� �G�Z�i�j�b�f�_�j���� �A�M�� �k�� �I�B�>�� �j�_�]�m�e�y�l�h�j�h�f�� �\�� �d�Z�g�Z�e�_�� �Z�\�l�h�i�b�e�h�l�Z��

�l�Z�g�]�Z�`�Z���b�f�_�_�l���\�b�^����
z

� : � I

�\ �&

1
�/ � �N �S �N �� �� �� �N �� ��

� a � a
p

�-

� - � -�- �- �- �- �-�³�� �� �� . 

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

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

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

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

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

�i�j�b���A�M���k���b�a�h�^�j�h�f�g�h�c���H�K���\���k�_�j�\�h�i�j�b�\�h�^�_����
3

( )
1 z

�b

B z

�b

T p
k k

T p
� - � Z�G �- �- �Z� �� ��

��
.  

 

 
 

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

 
 

�J�b�k�m�g�h�d�������± �I�_�j�_�o�h�^�g�u�_���i�j�h�p�_�k�k�u���d�h�g�l�m�j�Z���l�Z�g�]�Z�`�Z���i�j�b���b�a�f�_�g�_�g�b�b���a�Z�^�Z�g�g�h�]�h��
�l�Z�g�]�Z�`�Z 

�<�h�a�f�m�s�Z�x�s�b�f�b�� �\�h�a�^�_�c�k�l�\�b�y�f�b�� �y�\�e�y�_�l�k�y�� �\�_�j�l�b�d�Z�e�v�g�u�c�� �\�_�l�_�j���\
(t)=const�D

���j�b�k�m�g�h�d�� �������� �f�h�f�_�g�l��z�\
(t)=M const���j�b�k�m�g�h�d�� ������ �b�� �b�a�f�_�g�_�g�b�_�� �a�Z�^�Z�g�g�h�]�h�� �l�Z�g�]�Z�`�Z��

(t)=
�a

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

�f�_�l�h�^�b�q�_�k�d�b�o�� �i�h�k�h�[�b�y�o�� ���>�b�e�v�� �<���N���� �K�b�k�l�_�f�u�� �Z�\�l�h�f�Z�l�b�q�_�k�d�h�]�h�� �m�i�j�Z�\�e�_�g�b�y��
�i�h�e�_�l�h�f���� �F�_�l�h�^�b�q�_�k�d�h�_�� �i�h�k�h�[�b�_�� �i�h�� �\�u�i�h�e�g�_�g�b�x�� �e�Z�[�h�j�Z�l�h�j�g�u�o�� �j�Z�[�h�l�� �i�h��
�K�:�M�I���� �q�Z�k�l�v�� ������ �B�j�d�m�l�k�d���� �B�N�� �F�=�L�M�� �=�:���� ������������ �������� �k������ �>�b�e�v�� �<���N���� �I�b�e�h�l�Z�`�g�h-
�g�Z�\�b�]�Z�p�b�h�g�g�u�_�� �d�h�f�i�e�_�d�k�u���� �F�_�l�h�^�b�q�_�k�d�h�_�� �i�h�k�h�[�b�_�� �i�h�� �\�u�i�h�e�g�_�g�b�x��
�e�Z�[�h�j�Z�l�h�j�g�u�o���j�Z�[�h�l���i�h���I�G�D�����q�Z�k�l�v���������B�j�d�m�l�k�d�����B�N���F�=�L�M���=�:�����������������± �������k�������� 

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

�Z�^�_�d�\�Z�l�g�u�_�� �j�_�a�m�e�v�l�Z�l�u�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �^�b�g�Z�f�b�d�b�� �g�_�m�i�j�Z�\�e�y�_�f�h�]�h�� �b��
�m�i�j�Z�\�e�y�_�f�h�]�h�� �^�\�b�`�_�g�b�y�� �<�K�� �g�Z�� �j�Z�a�e�b�q�g�u�o�� �w�l�Z�i�Z�o�� �^�\�b�`�_�g�b�y���� �j�Z�a�e�b�q�g�u�o�� �<�K�� �i�h��
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Abstract. The article analyzes sanctions against the air transport industry of the Russian Federation. 
The features of the construction of various principles of avionics of civil aviation aircraft are given: 
autonomous systems, decentralized avionics and integrated modular avionics, possible problems of their 
import substitution. A brief overview of the regulatory framework for the development, production, 
operation support and import substitution of avionics in Russia is presented. Particular attention in the article 
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�)�H�G�H�U�D�W�L�R�Q�´�����Z�L�W�K�L�Q���W�K�H���I�U�D�P�H�Z�R�U�N���R�I���W�K�L�V���S�U�R�J�U�D�P�����V�H�F�W�L�R�Q�V���D�U�H���F�R�Q�V�L�G�H�U�H�G�����I�R�U�H�F�D�V�W�L�Q�J���W�K�H���G�H�Y�H�O�R�S�P�H�Q�W���R�I��
the aviation industry, problems of aircraft maintenance and repair, as well as the state and directions of 
development of digital services for civil aviation. Examples of production and import substitution of avionics 
in Russia are presented. During the period of sanctions restrictions, it is recommended to provide support for 
the operation of existing avionics through the production of analogue systems and the provision of spare 
parts by Russian manufacturers and aircraft repair plants. 

Keywords: import substitution, sanctions restrictions, avionics, integration of on-board 
equipment, technical operation support, maintenance organizations, higher education institution. 
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�^�j�m�]�b�o���b�a�^�_�e�b�c���� �m�k�l�Z�g�h�\�e�_�g�g�u�o�� �g�Z���[�h�j�l�m�� �<�K���� �d�h�l�h�j�u�_���h�[�_�k�i�_�q�b�\�Z�x�l�� �j�_�r�_�g�b�_��
�i�b�e�h�l�Z�`�g�h-�g�Z�\�b�]�Z�p�b�h�g�g�u�o���b���^�j�m�]�b�o���k�i�_�p�b�Z�e�v�g�u�o���a�Z�^�Z�q�� 

�<�� �J�h�k�k�b�b�� �b�^�_�b�� �b�g�l�_�]�j�Z�p�b�b�� �i�h�e�m�q�b�e�b�� �k�\�h�_�� �j�Z�a�\�b�l�b�_���� �<�� ����-80-�_�� �]�h�^�u�� �O�O��
�\�_�d�Z���\���g�Z�r�_�c���k�l�j�Z�g�_���k�h�a�^�Z�g�u���[�h�j�l�h�\�u�_���d�h�f�i�e�_�d�k�u���\�h�_�g�g�u�o���b���]�j�Z�`�^�Z�g�k�d�b�o���E�:����
�<�� �d�h�g�p�_�� ����-�o�� �]�h�^�h�\�� �g�Z�m�q�g�u�f�� �d�h�e�e�_�d�l�b�\�h�f�� �\�� �<�h�_�g�g�h-�\�h�a�^�m�r�g�h�c�� �b�g�`�_�g�_�j�g�h�c��
�Z�d�Z�^�_�f�b�b�� �b�f�_�g�b�� �G���?���� �@�m�d�h�\�k�d�h�]�h�� �i�h�^�� �j�m�d�h�\�h�^�k�l�\�h�f�� �Z�d�Z�^�_�f�b�d�Z���J�:�G�� �:���:����
�D�j�Z�k�h�\�k�d�h�]�h�� �b�� �\�i�h�k�e�_�^�k�l�\�b�b�� �_�]�h�� �m�q�_�g�b�d�Z�f�b�� �j�Z�a�j�Z�[�h�l�Z�g�Z�� �l�_�h�j�b�y�� �k�h�a�^�Z�g�b�y�� �b��
�j�Z�a�\�b�l�b�y���b�g�l�_�]�j�b�j�h�\�Z�g�g�u�o���[�h�j�l�h�\�u�o���d�h�f�i�e�_�d�k�h�\�����<���k�_�j�_�^�b�g�_������-�o���]�h�^�h�\���G�B�B��
�:�H���� �G�B�B�� �:�K���� �j�y�^�� �^�j�m�]�b�o�� �g�Z�m�q�g�u�o�� �h�j�]�Z�g�b�a�Z�p�b�c���� �d�h�g�k�l�j�m�d�l�h�j�k�d�b�o�� �[�x�j�h�� �\��
�k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �]�h�k�m�^�Z�j�k�l�\�_�g�g�h�c�� �i�j�h�]�j�Z�f�f�h�c�� �a�Z�g�b�f�Z�e�b�k�v�� �j�Z�a�j�Z�[�h�l�d�h�c��
�©�;�Z�a�h�\�h�]�h���d�h�f�i�e�_�d�k�Z���[�h�j�l�h�\�h�]�h���h�[�h�j�m�^�h�\�Z�g�b�y�ª�������K�h�]�e�Z�k�g�h�����;�m�d�h�\���<�����G�����H�k�g�h�\�u��
�b�g�l�_�]�j�Z�p�b�b�� �k�b�k�l�_�f�� �Z�\�b�Z�p�b�h�g�g�h�]�h�� �h�[�h�j�m�^�h�\�Z�g�b�y���� �F�Z�l�_�j�b�Z�e�u�� �e�_�d�p�b�c���� ���� �<���� �G�� 
�;�m�d�h�\���� �K���� �<���� �=�h�j�x�g�h�\���� �<���� �<���� �D�h�k�v�y�g�q�m�d���� �%���� �&���� �D�m�e�Z�[�m�o�h�\���� �:���� �B���� �G�Z�m�f�h�\���� �<���� �G����
�J�y�[�q�_�g�d�h�����F�������<�:�L�M���b�f�����G�����?�����@�m�d�h�\�k�d�h�]�h�������������������������k���� 

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

�< �Z�\�b�h�g�b�d�m�� 
�< �p�_�e�_�\�h�_���h�[�h�j�m�^�h�\�Z�g�b�_�� 
�< �h�[�s�_�k�Z�f�h�e�_�l�g�h�_���h�[�h�j�m�^�h�\�Z�g�b�_���� 
�:�\�b�h�g�b�d�Z�� �g�Z�� �[�h�j�l�m�� �<�K�� �\�u�i�h�e�g�y�_�l�� �n�m�g�d�p�b�b���� �g�Z�\�b�]�Z�p�b�b���� �g�Z�[�e�x�^�_�g�b�y��

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

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

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

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

 

 
 

�J�b�k�m�g�h�d�������± �I�_�j�\�h�_���i�h�d�h�e�_�g�b�_���Z�\�b�h�g�b�d�b���± �Z�\�l�h�g�h�f�g�u�_���k�b�k�l�_�f�u 
 
�D�Z�`�^�h�c���k�b�k�l�_�f�_���i�j�b�k�m�s�_���\�u�i�h�e�g�_�g�b�_���h�i�j�_�^�_�e�_�g�g�u�o���n�m�g�d�p�b�c�����<���k�h�k�l�Z�\�_��

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

�<�� �d�Z�q�_�k�l�\�_�� �i�j�b�f�_�j�h�\�� �i�_�j�\�h�]�h�� �i�h�d�h�e�_�g�b�y�� �j�h�k�k�b�c�k�d�h�c�� �Z�\�b�h�g�b�d�b�� �f�h�`�g�h��
�i�j�_�^�k�l�Z�\�b�l�v�� �[�h�j�l�h�\�h�_�� �h�[�h�j�m�^�h�\�Z�g�b�_�� �k�Z�f�h�e�_�l�h�\�� �:�g-�������� �L�m-���������� �Y�d-42, 
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�h�[�h�j�m�^�h�\�Z�g�b�_�� �b�a�]�h�l�h�\�e�_�g�h�� �g�Z�� �h�l�_�q�_�k�l�\�_�g�g�h�c�� �w�e�_�f�_�g�l�g�h�c�� �[�Z�a�_����
�b�f�i�h�j�l�h�a�Z�f�_�s�_�g�b�_���g�_���l�j�_�[�m�_�l�k�y�� 

�>�e�y�� �h�[�t�_�^�b�g�_�g�b�y�� �[�h�e�v�r�h�]�h�� �d�h�e�b�q�_�k�l�\�Z�� �h�[�h�j�m�^�h�\�Z�g�b�y�� �g�Z�� �[�h�j�l�m�� �\�� �g�Z�q�Z�e�_��
1980-�o�� �i�h�y�\�b�e�h�k�v�� �\�l�h�j�h�_�� �i�h�d�h�e�_�g�b�_�� �± �n�_�^�_�j�Z�l�b�\�g�Z�y�� ���n�_�^�_�j�Z�l�b�\�g�h-
�p�_�g�l�j�Z�e�b�a�h�\�Z�g�g�Z�y���� �Z�\�b�h�g�b�d�Z���� �<�� �g�Z�q�Z�e�_�� �h�^�g�Z�� �n�m�g�d�p�b�y�� �[�h�j�l�h�\�u�o�� �k�b�k�l�_�f�� �[�u�e�Z��
�j�_�Z�e�b�a�h�\�Z�g�Z�� �\�� �g�_�k�d�h�e�v�d�b�o�� �d�h�g�k�l�j�m�d�l�b�\�g�h-�n�m�g�d�p�b�h�g�Z�e�v�g�u�o�� �[�e�h�d�Z�o���� �d�� �d�h�g�p�m��
1980-�o�� �a�Z�� �k�q�_�l�� �b�g�l�_�]�j�Z�p�b�b�� �h�^�g�Z�� �n�m�g�d�p�b�y�� �[�u�e�Z�� �j�_�Z�e�b�a�h�\�Z�g�Z�� �\�� �h�^�g�h�f��
�d�h�g�k�l�j�m�d�l�b�\�g�h-�n�m�g�d�p�b�h�g�Z�e�v�g�h�f�� �[�e�h�d�_���� �G�Z�� �j�b�k�m�g�d�_�� ���� �i�j�_�^�k�l�Z�\�e�_�g�h�� �\�l�h�j�h�_��
�i�h�d�h�e�_�g�b�_�� �Z�\�b�h�g�b�d�b���� �I�j�b�f�_�j�h�f�� �_�]�h�� �j�_�Z�e�b�a�Z�p�b�b�� �k�l�Z�e�h�� �k�h�a�^�Z�g�b�_�� �i�_�j�\�h�]�h��
�h�l�_�q�_�k�l�\�_�g�g�h�]�h�� �d�h�f�i�e�_�d�k�Z�� �k�l�Z�g�^�Z�j�l�g�h�]�h�� �p�b�n�j�h�\�h�]�h�� �i�b�e�h�l�Z�`�g�h-
�g�Z�\�b�]�Z�p�b�h�g�g�h�]�h�� �h�[�h�j�m�^�h�\�Z�g�b�y�� ���D�K�P�I�G�H-���������������� �^�e�y�� �k�j�_�^�g�_�f�Z�]�b�k�l�j�Z�e�v�g�u�o��
�k�Z�f�h�e�_�l�h�\�� �L�m-�������� �b�� �^�Z�e�v�g�_�f�Z�]�b�k�l�j�Z�e�v�g�u�o�� �k�Z�f�h�e�_�l�h�\�� �B�e-�������� �I�h�a�^�g�_�_��
�m�i�j�h�s�_�g�g�u�c�� �\�Z�j�b�Z�g�l�� �D�K�P�I�G�H�� �k�l�Z�e�� �h�k�g�h�\�h�c�� �^�e�y�� �k�h�a�^�Z�g�b�y�� �p�b�n�j�h�\�h�]�h��
�i�b�e�h�l�Z�`�g�h-�g�Z�\�b�]�Z�p�b�h�g�g�h�]�h�� �d�h�f�i�e�_�d�k�Z�� ���P�I�G�D-���������� �[�e�b�`�g�_�f�Z�]�b�k�l�j�Z�e�v�g�h�]�h��
�k�Z�f�h�e�_�l�Z�� �B�e-���������� �>�Z�g�g�u�_�� �d�h�f�i�e�_�d�k�u�� �n�_�^�_�j�Z�l�b�\�g�h�c�� �Z�\�b�h�g�b�d�b�� �y�\�e�y�e�b�k�v��
�n�Z�d�l�b�q�_�k�d�b�� �b�g�l�_�]�j�b�j�h�\�Z�g�g�u�f�b�� �d�h�f�i�e�_�d�k�Z�f�b�� �[�h�j�l�h�\�h�]�h�� �h�[�h�j�m�^�h�\�Z�g�b�y�� �i�_�j�\�h�]�h��
�i�h�d�h�e�_�g�b�y��[2]. 

 

 
 

�J�b�k�m�g�h�d 2 �± �<�l�h�j�h�_���i�h�d�h�e�_�g�b�_���Z�\�b�h�g�b�d�b���± �n�_�^�_�j�Z�l�b�\�g�Z�y���Z�\�b�h�g�b�d�Z 
 

�H�k�h�[�_�g�g�h�k�l�v�x�� �\�l�h�j�h�]�h�� �i�h�d�h�e�_�g�b�y�� �Z�\�b�h�g�b�d�b�� �y�\�e�y�_�l�k�y�� �j�Z�a�^�_�e�_�g�b�_�� �_�z�� �g�Z��
�b�_�j�Z�j�o�b�q�_�k�d�b�_�� �m�j�h�\�g�b�� �h�[�j�Z�[�h�l�d�b�� �b�g�n�h�j�f�Z�p�b�b���� �G�b�`�g�b�c�� �m�j�h�\�_�g�v�� �± 
�n�m�g�d�p�b�h�g�Z�e�v�g�u�o�� �i�h�^�k�b�k�l�_�f���� �\�_�j�o�g�b�c�� �m�j�h�\�_�g�v�� �± �d�h�f�i�e�_�d�k�g�h�c�� �h�[�j�Z�[�h�l�d�b��
�b�g�n�h�j�f�Z�p�b�b���� �b�g�^�b�d�Z�p�b�b���� �d�h�g�l�j�h�e�y�� �b�� �m�i�j�Z�\�e�_�g�b�y���� �G�Z�� �j�b�k�m�g�d�_�� ���� �m�j�h�\�g�_�f��
�n�m�g�d�p�b�h�g�Z�e�v�g�u�o�� �i�h�^�k�b�k�l�_�f�� �y�\�e�y�x�l�k�y�� �n�m�g�d�p�b�h�g�Z�e�v�g�u�_�� �k�b�k�l�_�f�u�����N�K������
�b�f�_�x�s�b�_�� �\�� �k�\�h�_�f�� �k�h�k�l�Z�\�_�� �^�Z�l�q�b�d�b�� �i�_�j�\�b�q�g�h�c�� �b�g�n�h�j�f�Z�p�b�b�� ���Z�g�l�_�g�g�u������ �[�e�h�d�b��
�p�b�n�j�h�\�h�c�� �h�[�j�Z�[�h�l�d�b�� �b�g�n�h�j�f�Z�p�b�b�� ���[�h�j�l�h�\�u�_�� �p�b�n�j�h�\�u�_�� �\�u�q�b�k�e�b�l�_�e�v�g�u�_��
�f�Z�r�b�g�u�� �b�e�b�� �k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�u�_�� �\�u�q�b�k�e�b�l�_�e�b������ �Z�� �l�Z�d�`�_�� �k�j�_�^�k�l�\�Z�� �b�a�f�_�j�_�g�b�y��
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�b�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y�� �k�b�]�g�Z�e�h�\�� �^�Z�l�q�b�d�h�\�� ���d�h�g�p�_�g�l�j�Z�l�h�j�u�� �k�b�]�g�Z�e�h�\�����Z�g�Z�e�h�]�h-
�p�b�n�j�h�\�u�_�� �i�j�_�h�[�j�Z�a�h�\�Z�l�_�e�b�� �b�g�n�h�j�f�Z�p�b�b�� �b�� �^�j�m�]�b�_�� �m�k�l�j�h�c�k�l�\�Z������ �K�j�_�^�b�� �k�b�k�l�_�f��
�^�Z�g�g�h�]�h�� �m�j�h�\�g�y�� �f�h�`�g�h�� �\�u�^�_�e�b�l�v�� �[�_�k�i�e�Z�l�n�h�j�f�_�g�g�u�_ �b�g�_�j�p�b�Z�e�v�g�u�_��
�g�Z�\�b�]�Z�p�b�h�g�g�u�_���k�b�k�l�_�f�u�����k�b�k�l�_�f�u���\�h�a�^�m�r�g�u�o���k�b�]�g�Z�e�h�\�����j�Z�^�b�h�g�Z�\�b�]�Z�p�b�h�g�g�u�_����
�j�Z�^�b�h�e�h�d�Z�p�b�h�g�g�u�_���� �j�Z�^�b�h�k�\�y�a�g�u�_�� �b�� �^�j�m�]�b�_�� �k�b�k�l�_�f�u���� �Q�_�j�_�a�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�u�_��
�b�� �f�m�e�v�l�b�i�e�_�d�k�g�u�_�� �d�Z�g�Z�e�u�� �b�g�n�h�j�f�Z�p�b�h�g�g�h�]�h�� �h�[�f�_�g�Z�� �\�k�_�� �[�h�j�l�h�\�u�_�� �k�b�k�l�_�f�u��
�D�K�P�I�G�H���k�\�y�a�Z�g�u���k���\�_�j�o�g�b�f���m�j�h�\�g�_�f���b�_�j�Z�j�o�b�b������ 

�D�� �k�b�k�l�_�f�Z�f�� �\�_�j�o�g�_�]�h�� �m�j�h�\�g�y�� �f�h�`�g�h�� �h�l�g�_�k�l�b�� �\�u�q�b�k�e�b�l�_�e�v�g�m�x�� �k�b�k�l�_�f�m��
�k�Z�f�h�e�_�l�h�\�h�`�^�_�g�b�y���� �d�h�f�i�e�_�d�k�g�m�x�� �\�u�q�b�k�e�b�l�_�e�v�g�m�x�� �k�b�k�l�_�f�m�� �m�i�j�Z�\�e�_�g�b�y��
�i�h�e�_�l�h�f�� �b�� �l�y�]�h�c���� �d�h�f�i�e�_�d�k�g�m�x�� �k�b�k�l�_�f�m�� �w�e�_�d�l�j�h�g�g�h�c�� �b�g�^�b�d�Z�p�b�b�� �b��
�k�b�]�g�Z�e�b�a�Z�p�b�b�� �k�� ��-���� �f�g�h�]�h�n�m�g�d�p�b�h�g�Z�e�v�g�u�f�b�� �b�g�^�b�d�Z�l�h�j�Z�f�b�� �k�b�k�l�_�f�m�� �k�[�h�j�Z�� �b��
�e�h�d�Z�e�b�a�Z�p�b�b�� �h�l�d�Z�a�h�\���� �d�h�f�i�e�_�d�k�g�u�_�� �i�m�e�v�l�u�� �m�i�j�Z�\�e�_�g�b�y�����>�Z�g�g�u�c�� �m�j�h�\�_�g�v��
�b�_�j�Z�j�o�b�b���y�\�e�y�_�l�k�y���y�^�j�h�f���[�h�j�l�h�\�h�]�h���d�h�f�i�e�_�d�k�Z�����h�[�_�k�i�_�q�b�\�Z�_�l���b�g�l�_�]�j�Z�p�b�x���\�k�_�o��
�k�b�k�l�_�f���� �d�h�f�i�e�_�d�k�g�m�x�� �h�[�j�Z�[�h�l�d�m�� �b�g�n�h�j�f�Z�p�b�b���� �m�i�j�Z�\�e�_�g�b�_���� �d�h�g�l�j�h�e�v�� �b��
�b�g�^�b�d�Z�p�b�x�� �i�b�e�h�l�Z�`�g�h-�g�Z�\�b�]�Z�p�b�h�g�g�u�o �i�Z�j�Z�f�_�l�j�h�\�� �k�Z�f�h�e�_�l�Z���� �i�Z�j�Z�f�_�l�j�h�\��
�j�Z�[�h�l�u�� �^�\�b�]�Z�l�_�e�_�c���� �[�h�j�l�h�\�u�o�� �k�b�k�l�_�f���� �Z�\�Z�j�b�c�g�h-�i�j�_�^�m�i�j�_�`�^�Z�x�s�_�c��
�k�b�]�g�Z�e�b�a�Z�p�b�b���� �>�e�y�� �h�[�_�k�i�_�q�_�g�b�y�� �h�l�d�Z�a�h�m�k�l�h�c�q�b�\�h�k�l�b�� �f�g�h�]�b�_�� �k�b�k�l�_�f�u��
�D�K�P�I�G�H���b�f�_�x�l����-�����d�j�Z�l�g�h�_���Z�i�i�Z�j�Z�l�g�h-�i�j�h�]�j�Z�f�f�g�h�_���j�_�a�_�j�\�b�j�h�\�Z�g�b�_��[2, 3].  

�H�[�h�j�m�^�h�\�Z�g�b�_�� �n�_�^�_�j�Z�l�b�\�g�h�c�� �Z�\�b�h�g�b�d�b�� �j�h�k�k�b�c�k�d�b�o�� �k�Z�f�h�e�_�l�h�\�� �L�m-204, 
�B�e-������ �b�a�]�h�l�h�\�e�_�g�h�� �g�Z�� �h�l�_�q�_�k�l�\�_�g�g�h�c�� �w�e�_�f�_�g�l�g�h�c�� �[�Z�a�_���� �b�f�i�h�j�l�h�a�Z�f�_�s�_�g�b�_�� �g�_��
�l�j�_�[�m�_�l�k�y���� �A�Z�j�m�[�_�`�g�u�f�b�� �Z�g�Z�e�h�]�Z�f�b�� �k�Z�f�h�e�_�l�h�\�� �k�� �n�_�^�_�j�Z�l�b�\�g�h�c�� �Z�\�b�h�g�b�d�h�c��
�y�\�e�y�x�l�k�y�� �k�Z�f�h�e�_�l�u�� �k�_�f�_�c�k�l�\�Z�� �:-���������� �:-���������� �<-���������� �<-���������� �<-���������� �<-���������� �i�j�b��
�k�Z�g�d�p�b�h�g�g�h�c���i�h�e�b�l�b�d�_���b�f�_�x�l�k�y���[�h�e�v�r�b�_���i�j�h�[�e�_�f�u���w�d�k�i�e�m�Z�l�Z�p�b�b�� 

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

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

�<�� �g�Z�q�Z�e�_�� ��������-�o�� �d�j�_�c�l�u�� ���f�h�^�m�e�b���� �B�F�:�� �[�u�e�b�� �h�l�^�_�e�v�g�u�f�b��
�e�z�]�d�h�k�t�z�f�g�u�f�b�� �d�h�g�k�l�j�m�d�l�b�\�g�h-�n�m�g�d�p�b�h�g�Z�e�v�g�u�f�b�� �f�h�^�m�e�y�f�b���� �j�_�Z�e�b�a�m�x�s�b�f�b��
�h�^�g�m���n�m�g�d�p�b�x���[�h�j�l�h�\�u�o���k�b�k�l�_�f�����D����������-�����������]�h�^�Z�f���\���h�^�g�h�f���f�h�^�m�e�_���B�F�:���m�`�_��
�j�_�Z�e�b�a�h�\�Z�g�h�� �f�g�h�`�_�k�l�\�h�� �n�m�g�d�p�b�c���� �D�� ���������� �]�h�^�m�� �d�j�_�c�l�u�� �B�F�:�� �[�m�^�m�l�� �i�h�k�l�j�h�_�g�u��
�g�Z�� �h�k�g�h�\�_�� �f�g�h�`�_�k�l�\�Z�� �k�_�j�\�_�j�h�\���� �\�� �d�Z�`�^�h�f�� �b�a�� �g�b�o�� �j�_�Z�e�b�a�m�_�l�k�y�� �f�g�h�`�_�k�l�\�h��
�n�m�g�d�p�b�c���[�h�j�l�h�\�u�o �k�b�k�l�_�f��[3, 4]. 

�H�[�h�j�m�^�h�\�Z�g�b�_�� �b�g�l�_�]�j�Z�e�v�g�h�c�� �f�h�^�m�e�v�g�h�c�� �Z�\�b�h�g�b�d�b�� �h�l�_�q�_�k�l�\�_�g�g�u�o��
�k�Z�f�h�e�_�l�h�\��RRJ-�������� �F�K-������ �b�a�]�h�l�h�\�e�_�g�h�� �g�Z�� �a�Z�j�m�[�_�`�g�h�c�� �w�e�_�f�_�g�l�g�h�c�� �[�Z�a�_����
�l�j�_�[�m�_�l�k�y�� �b�f�i�h�j�l�h�a�Z�f�_�s�_�g�b�_���� �A�Z�j�m�[�_�`�g�u�f�b�� �Z�g�Z�e�h�]�Z�f�b�� �k�Z�f�h�e�_�l�h�\�� �k�� �B�F�:��
�y�\�e�y�x�l�k�y���k�Z�f�h�e�_�l�u���k�_�f�_�c�k�l�\�Z���:-�����������:-�����������<-787 �i�j�b���k�Z�g�d�p�b�h�g�g�h�c���i�h�e�b�l�b�d�_��
�b�f�_�x�l�k�y���[�h�e�v�r�b�_���i�j�h�[�e�_�f�u���w�d�k�i�e�m�Z�l�Z�p�b�b�� 

 
2 �G�h�j�f�Z�l�b�\�g�Z�y�� �[�Z�a�Z�� �j�Z�a�j�Z�[�h�l�d�b���� �i�j�h�b�a�\�h�^�k�l�\�Z���� �i�h�^�^�_�j�`�d�b��

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

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

�j�_�Z�e�b�a�h�\�Z�g���b�g�g�h�\�Z�p�b�h�g�g�u�c���i�j�h�_�d�l�� 
�< �J�Z�a�j�Z�[�h�l�Z�g�h�� �m�g�b�n�b�p�b�j�h�\�Z�g�g�h�_�� �©�y�^�j�h�ª�� �Z�\�b�Z�p�b�h�g�g�h�]�h�� �[�h�j�l�h�\�h�]�h��

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

�<���j�Z�f�d�Z�o���=�h�k�m�^�Z�j�k�l�\�_�g�g�h�c���i�j�h�]�j�Z�f�f�u���J�h�k�k�b�c�k�d�h�c���N�_�^�_�j�Z�p�b�b���©�J�Z�a�\�b�l�b�_��
�Z�\�b�Z�p�b�h�g�g�h�c���i�j�h�f�u�r�e�_�g�g�h�k�l�b���g�Z����������-20�������]�h�^�u�ª�����K�h�]�e�Z�k�g�h���I�h�k�l�Z�g�h�\�e�_�g�b�x��
�I�j�Z�\�b�l�_�e�v�k�l�\�Z���J�N���h�l���������Z�i�j�_�e�y�������������]�h�^�Z���‹�����������M�l�\�_�j�`�^�_�g�Z���]�h�k�m�^�Z�j�k�l�\�_�g�g�Z�y��
�i�j�h�]�j�Z�f�f�Z�� �J�h�k�k�b�c�k�d�h�c�� �N�_�^�_�j�Z�p�b�b�� �©�J�Z�a�\�b�l�b�_�� �Z�\�b�Z�p�b�h�g�g�h�c�� �i�j�h�f�u�r�e�_�g�g�h�k�l�b��
�g�Z������������- �����������]�h�^�u�ª���� 

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

�< �I�h�^�i�j�h�]�j�Z�f�f�Z�� ���� �K�Z�f�h�e�_�l�h�k�l�j�h�_�g�b�_���� �P�_�e�v�� �w�l�h�c�� �i�h�^�i�j�h�]�j�Z�f�f�u���± 
�n�h�j�f�b�j�h�\�Z�g�b�_�� �]�e�h�[�Z�e�v�g�h�c�� �d�h�g�d�m�j�_�g�l�h�k�i�h�k�h�[�g�h�c�� �k�Z�f�h�e�_�l�h�k�l�j�h�b�l�_�e�v�g�h�c��
�h�l�j�Z�k�e�b�� �f�b�j�h�\�h�]�h�� �m�j�h�\�g�y���� �H�^�g�Z�� �b�a�� �a�Z�^�Z�q���� �j�_�r�_�g�b�_�� �d�h�l�h�j�h�c�� �g�Z�i�j�Z�\�e�_�g�h�� �g�Z��
�^�h�k�l�b�`�_�g�b�_���w�l�h�c���p�_�e�b���± �w�l�h���h�[�_�k�i�_�q�_�g�b�_���i�h�l�j�_�[�g�h�k�l�_�c���J�h�k�k�b�c�k�d�h�c���N�_�^�_�j�Z�p�b�b��
�\�� �]�j�Z�`�^�Z�g�k�d�h�c�� �Z�\�b�Z�l�_�o�g�b�d�_�� �\�� �a�g�Z�q�b�l�_�e�v�g�h�c�� �k�l�_�i�_�g�b�� �a�Z�� �k�q�_�l�� �h�l�_�q�_�k�l�\�_�g�g�h�c��
�i�j�h�^�m�d�p�b�b�����G�_���f�_�g�_�_���\�Z�`�g�h�c���a�Z�^�Z�q�_�c���y�\�e�y�_�l�k�y���j�Z�a�\�b�l�b�_���]�e�h�[�Z�e�v�g�h�c���k�_�j�\�b�k�g�h�c��
�k�_�l�b���b���k�b�k�l�_�f�u���i�h�k�e�_�i�j�h�^�Z�`�g�h�]�h���h�[�k�e�m�`�b�\�Z�g�b�y�� 

�<�� �©�d�h�f�i�e�_�d�k�g�h�c�� �i�j�h�]�j�Z�f�f�_�� �j�Z�a�\�b�l�b�y�� �Z�\�b�Z�l�j�Z�g�k�i�h�j�l�g�h�c�� �h�l�j�Z�k�e�b��
�J�h�k�k�b�c�k�d�h�c�� �N�_�^�_�j�Z�p�b�b�� �^�h�� ���������ª ���K�h�]�e�Z�k�g�h�� �J�Z�k�i�h�j�y�`�_�g�b�x�� �I�j�Z�\�b�l�_�e�v�k�l�\�Z�� �J�N��
�h�l���������b�x�g�y�������������]�h�^�Z���‹����������-�j�����M�l�\�_�j�`�^�_�g�Z���d�h�f�i�e�_�d�k�g�Z�y���i�j�h�]�j�Z�f�f�Z���j�Z�a�\�b�l�b�y��
�Z�\�b�Z�l�j�Z�g�k�i�h�j�l�g�h�c���h�l�j�Z�k�e�b���J�h�k�k�b�c�k�d�h�c���N�_�^�_�j�Z�p�b�b���^�h�������������]�h�^�Z���� 

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

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

�B�a�� �i�j�_�^�k�l�Z�\�e�_�g�g�u�o�� �^�Z�g�g�u�o�� �f�h�`�g�h�� �k�^�_�e�Z�l�v�� �\�u�\�h�^���� �q�l�h�� �^�h�� ���������� �]�h�^�Z�� �i�j�b��
�m�k�i�_�r�g�h�f�� �\�u�i�h�e�g�_�g�b�b�� �i�j�h�]�j�Z�f�f�u�� �b�f�i�h�j�l�h�a�Z�f�_�s�_�g�b�y�� �\�h�a�f�h�`�g�Z�� �i�h�k�l�_�i�_�g�g�Z�y��
�a�Z�f�_�g�Z�� �b�g�h�k�l�j�Z�g�g�u�o�� �<�K�� �b�� �h�l�_�q�_�k�l�\�_�g�g�u�o�� �<�K�� �k�� �i�j�_�^�_�e�v�g�u�f�� �k�j�h�d�h�f��
�w�d�k�i�e�m�Z�l�Z�p�b�b���± �g�h�\�u�f�b���j�h�k�k�b�c�k�d�b�f�b���<�K�����K�j�_�^�b���g�b�o�����������± �k�Z�f�h�e�_�l�Z���6�6�--NEW, 
270 �± �k�Z�f�h�e�_�l�h�\���F�K-21-310, 70 �± �k�Z�f�h�e�_�l�h�\���B�E-114, 70 �± �k�Z�f�h�e�_�l�h�\���L�m-214, 12 
�± �k�Z�f�h�e�_�l�h�\���B�e-96-300, 140 �± �k�Z�f�h�e�_�l�h�\���L�<�J�K-���������E�Z�^�h�]�Z���������������± �k�Z�f�h�e�_�l�h�\���E-
���������b�����������± �k�Z�f�h�e�_�l�Z�����;�Z�c�d�Z�e�������E�F�K-901). 

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

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

�:�g�Z�e�b�a�� �l�j�m�^�g�h�k�l�_�c�� �\�� �k�g�Z�[�`�_�g�b�b�� �a�Z�j�m�[�_�`�g�u�f�b�� �a�Z�i�q�Z�k�l�y�f�b�� �b�g�h�k�l�j�Z�g�g�u�o��
�b�� �j�h�k�k�b�c�k�d�b�o�� �<�K�� �i�h�a�\�h�e�y�_�l�� �k�^�_�e�Z�l�v�� �\�u�\�h�^�� �h�� �g�_�h�[�o�h�^�b�f�h�k�l�b�� �Z�e�v�l�_�j�g�Z�l�b�\�g�u�o��
�d�Z�g�Z�e�h�\�� �i�h�k�l�Z�\�d�b�� �d�h�f�i�e�_�d�l�m�x�s�b�o���� �Z�� �l�Z�d�`�_�� �k�h�a�^�Z�g�b�y�� �\�� �J�h�k�k�b�b�� �h�l�_�q�_�k�l�\�_�g�g�u�o��
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�h�l�d�Z�a�h�m�k�l�h�c�q�b�\�u�_�� �b�g�_�j�p�b�Z�e�v�g�h-�\�h�a�^�m�r�g�u�_�� �k�b�k�l�_�f�u�� �$�'�,�5�6���� �i�j�h�b�a�\�h�^�k�l�\�Z��
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Abstract. In the article experience of developing and application at flight stands of 

simulation model of the multipurpose digital indicator is presented by which computing kernel 
microcontroller Arduino Nano is, and for information field developing the program of vector 
drawing Macromedia Flash Professional is used.  

Keywords: flight stands, microcontroller Arduino, the multipurpose digital indicator, 
Macromedia Flash. 
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�M�q�_�[�g�h-�f�_�l�h�^�b�q�_�k�d�h�_���i�h�k�h�[�b�_���i�h���i�j�h�\�_�^�_�g�b�x���i�j�Z�d�l�b�q�_�k�d�b�o���a�Z�g�y�l�b�c�����F������������������
26���� �k������[1, ���@���� �A�Z�g�y�l�b�y�� �g�Z�� �l�_�o�g�b�d�_�� �h�j�]�Z�g�b�a�h�\�Z�l�v�� �i�h�e�m�q�Z�_�l�k�y�� �g�_�� �\�k�_�]�^�Z���� �l�Z�d�� �d�Z�d��
�d�h�e�b�q�_�k�l�\�h�� �e�_�l�Z�l�_�e�v�g�u�o�� �Z�i�i�Z�j�Z�l�h�\�� �d�h�g�d�j�_�l�g�h�]�h�� �l�b�i�Z�� �h�]�j�Z�g�b�q�_�g�h���� �Z�� �m�q�_�[�g�u�o��
�]�j�m�i�i�����\���d�h�l�h�j�u�o���b�a�m�q�Z�_�l�k�y���^�Z�g�g�u�c���e�_�l�Z�l�_�e�v�g�u�c���Z�i�i�Z�j�Z�l�����f�h�`�_�l���[�u�l�v���g�_�k�d�h�e�v�d�h����
�D�j�h�f�_�� �l�h�]�h���� �g�_�� �\�_�k�v�� �e�b�q�g�u�c�� �k�h�k�l�Z�\�� �b�a�� �q�b�k�e�Z�� �h�[�m�q�Z�_�f�u�o�� �b�f�_�_�l�� �\�h�a�f�h�`�g�h�k�l�v��
�i�h�k�_�l�b�l�v�� �i�j�Z�d�l�b�q�_�k�d�h�_�� �a�Z�g�y�l�b�_���� �m�q�b�l�u�\�Z�y�� �k�i�_�p�b�n�b�d�m�� �\�h�_�g�g�h�]�h�� �h�[�j�Z�a�h�\�Z�g�b�y���� �<��
�d�Z�q�_�k�l�\�_�� �k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�u�o�� �k�l�_�g�^�h�\�� �f�h�]�m�l�� �i�j�b�f�_�g�y�l�v�k�y�� �i�b�e�h�l�Z�`�g�u�_�� �k�l�_�g�^�u����
�g�Z�i�j�b�f�_�j���� �^�e�y�� �j�Z�a�j�Z�[�h�l�d�b�� �b�� �l�_�k�l�b�j�h�\�Z�g�b�y�� �k�b�k�l�_�f�u�� �m�i�j�Z�\�e�_�g�b�y�� �e�_�l�Z�l�_�e�v�g�u�f��
�Z�i�i�Z�j�Z�l�h�f�����b�e�b���Z�\�b�Z�p�b�h�g�g�u�_���l�j�_�g�Z�`�_�j�u�����i�j�b�a�\�Z�g�g�u�_���i�j�b�\�b�\�Z�l�v���e�_�l�g�h�f�m���k�h�k�l�Z�\�m��
�g�Z�\�u�d�b���i�b�e�h�l�b�j�h�\�Z�g�b�y���� 

�I�h�e�m�q�_�g�g�u�_�� �i�j�b�� �b�k�i�h�e�v�a�h�\�Z�g�b�b�� �i�_�j�_�q�b�k�e�_�g�g�u�o�� �k�l�_�g�^�h�\���i�j�Z�d�l�b�q�_�k�d�b�_��
�g�Z�\�u�d�b���g�Z�i�j�y�f�m�x���a�Z�\�b�k�y�l���h�l���k�l�_�i�_�g�b���k�h�h�l�\�_�l�k�l�\�b�y���i�j�b�f�_�g�y�_�f�h�]�h���h�[�h�j�m�^�h�\�Z�g�b�y��
�j�_�Z�e�v�g�h�f�m�� �h�[�t�_�d�l�m�� �B�g�Z�q�_�� �]�h�\�h�j�y���� �b�g�n�h�j�f�Z�p�b�h�g�g�h-�m�i�j�Z�\�e�y�x�s�_�_�� �i�h�e�_�� �d�Z�[�b�g�u��
�k�l�_�g�^�Z���^�h�e�`�g�h���k�h�^�_�j�`�Z�l�v���l�_���`�_���w�e�_�f�_�g�l�u�����q�l�h���b���i�j�h�l�h�l�b�i��[3, 4, 5].   

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

�f�Z�g�_�\�j�_�g�g�h�c���Z�\�b�Z�p�b�b�����\�����k�l�Z�p�b�h�g�Z�j�g�u�c���\�_�j�l�h�e�_�l�g�u�c���k�l�_�g�^�����]�����f�h�[�b�e�v�g�u�c��
�\�_�j�l�h�e�_�l�g�u�c���k�l�_�g�^ 

 
�H�[�s�b�f�� �^�e�y�� �i�j�_�^�k�l�Z�\�e�_�g�g�u�o�� �k�l�_�g�^�h�\�� �g�_�^�h�k�l�Z�l�d�h�f�� �y�\�e�y�_�l�k�y��

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

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

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

�<�� �j�Z�f�d�Z�o�� �k�n�h�j�f�m�e�b�j�h�\�Z�g�g�h�c�� �p�_�e�b���� �k�b�e�Z�f�b�� �k�h�l�j�m�^�g�b�d�h�\�� �d�Z�n�_�^�j�u��
�j�Z�a�j�Z�[�h�l�Z�g�Z�� �l�j�_�o�f�_�j�g�Z�y�� �&�$�'-�f�h�^�_�e�v�� �j�Z�a�j�Z�[�Z�l�u�\�Z�_�f�h�]�h�� �F�N�P�B���� �g�Z�� �j�b�k�m�g�d�_�� ����
�i�j�_�^�k�l�Z�\�e�_�g�u���_�z���k�h�k�l�Z�\�g�u�_���q�Z�k�l�b���b���k�[�h�j�d�Z������ 

�<���d�Z�q�_�k�l�\�_���\�u�q�b�k�e�b�l�_�e�v�g�h�]�h���y�^�j�Z���\�u�[�j�Z�g���f�b�d�j�h�d�h�g�l�j�h�e�e�_�j���$�U�G�X�L�Q�R���1�D�Q�R��
�h�[�e�Z�^�Z�x�s�b�c�� �j�y�^�h�f�� �i�j�_�b�f�m�s�_�k�l�\���� �d�h�f�i�Z�d�l�g�u�c�� �j�Z�a�f�_�j���� �[�h�e�v�r�h�_�� �d�h�e�b�q�_�k�l�\�h��
�Z�g�Z�e�h�]�h�\�u�o�� �b�� �p�b�n�j�h�\�u�o�� �i�h�j�l�h�\�� �������� �p�b�n�j�h�\�u�o�� �\�o�h�^�h�\���\�u�o�h�^�h�\���� ���� �b�a�� �d�h�l�h�j�u�o��
�f�h�]�m�l�� �b�k�i�h�e�v�a�h�\�Z�l�v�k�y�� �d�Z�d�� �R�B�F�� �± �\�u�o�h�^�u���� ���� �Z�g�Z�e�h�]�h�\�u�o�� �\�o�h�^�h�\������ �g�b�a�d�Z�y��
�k�l�h�b�f�h�k�l�v�����\�u�k�h�d�Z�y���i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�v�� 
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�B�a�]�h�l�h�\�e�_�g�b�_�� �d�h�j�i�m�k�Z�� �b�f�b�l�Z�p�b�h�g�g�h�c�� �g�Z�l�m�j�g�h�c�� �f�h�^�_�e�b�� �F�N�P�B��
�h�k�m�s�_�k�l�\�e�y�e�h�k�v�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �Z�^�^�b�l�b�\�g�u�o�� �l�_�o�g�h�e�h�]�b�c�� �g�Z�� �i�j�b�g�l�_�j�_�� �7�H�Y�R��
�7�R�U�Q�D�G�R�����<���d�Z�q�_�k�l�\�_���f�Z�l�_�j�b�Z�e�Z���^�e�y���i�_�q�Z�l�b���[�u�e���\�u�[�j�Z�g���3�(�7�*���i�e�Z�k�l�b�d�����d�h�l�h�j�u�c��
�i�j�_�d�j�Z�k�g�h�� �i�j�h�l�b�\�h�k�l�h�b�l�� �j�Z�a�e�b�q�g�h�f�m�� �\�h�a�^�_�c�k�l�\�b�x�� �k�h�� �k�l�h�j�h�g�u �h�d�j�m�`�Z�x�s�_�c��
�k�j�_�^�u���� �H�g�� �b�f�_�_�l�� �o�h�j�h�r�m�x�� �]�b�[�d�h�k�l�v���� �g�b�a�d�b�c�� �d�h�w�n�n�b�p�b�_�g�l�� �m�k�Z�^�d�b���� �i�j�_�d�j�Z�k�g�u�_��
�Z�^�]�_�a�b�h�g�g�u�_���k�\�h�c�k�l�\�Z�����i�j�b���i�_�q�Z�l�b���h�l�k�m�l�k�l�\�m�_�l���g�_�i�j�b�y�l�g�u�c���a�Z�i�Z�o���� 
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�>�e�y���j�_�Z�e�b�a�Z�p�b�b���k�g�y�l�b�y���e�h�]�b�q�_�k�d�h�]�h���k�b�]�g�Z�e�Z���k���������d�g�h�i�h�d���j�Z�a�j�Z�[�Z�l�u�\�Z�_�f�h�c��
�F�N�P�B���� �h�g�b�� �[�u�e�b�� �i�h�^�d�e�x�q�_�g�u�� �i�m�l�_�f�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�]�h�� �k�h�_�^�b�g�_�g�b�y�� �d��
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Abstract. Materials summarizing the experience of using microprocessor technology in the 

performance of graduation qualification work in order to modernize analog units of aircraft 
equipment are presented. The possibility has been confirmed, and an algorithm for such a 
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[1; 2]. 
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�Z�\�b�Z�p�b�h�g�g�h�]�h���^�\�b�]�Z�l�_�e�y���:�b-24 [3]. 
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�i�h�^�d�e�x�q�_�g�b�y�� �Z�w�j�h�^�j�h�f�g�u�o�� �b�k�l�h�q�g�b�d�h�\�� �w�e�_�d�l�j�h�w�g�_�j�]�b�b�� �d�� �r�b�g�_�� �a�Z�i�m�k�d�Z���� ������ �± �d�h�g�l�Z�d�l�h�j�u��
�\�d�e�x�q�_�g�b�y���]�_�g�_�j�Z�l�h�j�Z���=�K-�����:���\���j�_�`�b�f���i�b�l�Z�g�b�y���r�b�g�u���a�Z�i�m�k�d�Z�����������± �]�_�g�_�j�Z�l�h�j���=�K-�����:  
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�i�j�h�_�d�l�b�j�h�\�Z�g�b�y�� �b�� �l�j�Z�k�k�b�j�h�\�d�b�� �i�_�q�Z�l�g�u�o�� �i�e�Z�l���� �i�j�h�\�_�j�d�m�� �d�h�j�j�_�d�l�g�h�k�l�b��
�j�_�a�m�e�v�l�Z�l�h�\���� �I�j�h�]�j�Z�f�f�Z�� �o�Z�j�Z�d�l�_�j�b�a�m�_�l�k�y�� �^�h�k�l�m�i�g�u�f�� �b�g�l�_�j�n�_�c�k�h�f����
�\�h�a�f�h�`�g�h�k�l�v�x�� �j�Z�[�h�l�u�� �k�� �h�[�_�b�f�b�� �k�l�h�j�h�g�Z�f�b�� �i�e�Z�l�u���� �I�j�h�]�j�Z�f�f�Z�� �g�Z�o�h�^�b�l�k�y�� �\��
�k�\�h�[�h�^�g�h�f���^�h�k�l�m�i�_���k���k�h�o�j�Z�g�_�g�b�_�f���\�k�_�o���n�m�g�d�p�b�c���i�j�h�_�d�l�b�j�h�\�Z�g�b�y���>���@�� 

�I�h�k�e�_�� �w�l�Z�i�Z�� �l�j�Z�k�k�b�j�h�\�d�b�� �\�u�i�h�e�g�y�x�l�k�y�� �l�_�o�g�h�e�h�]�b�q�_�k�d�b�_�� �i�j�h�p�_�k�k�u�� �i�h��
�b�a�]�h�l�h�\�e�_�g�b�x���i�_�q�Z�l�g�h�c���i�e�Z�l�u�� 

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

 
 

�J�b�k�m�g�h�d�������± �L�j�Z�k�k�b�j�h�\�d�Z���i�_�q�Z�l�g�h�c���i�e�Z�l�u���\���i�j�h�]�j�Z�f�f�_��Sprint Layout 
 
�<�g�_�r�g�b�c�� �\�b�^�� �j�Z�a�j�Z�[�h�l�Z�g�g�h�c�� �b�� �b�a�]�h�l�h�\�e�_�g�g�h�c�� �i�_�q�Z�l�g�h�c�� �i�e�Z�l�u��

�i�j�_�^�k�l�Z�\�e�_�g���g�Z���j�b�k�m�g�d�_������ 
 

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

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

�j�Z�a�j�Z�[�h�l�Z�g�g�h�c�� �k�b�k�l�_�f�u���� �K�h�]�e�Z�k�g�h�� �i�j�b�g�p�b�i�b�Z�e�v�g�h�c�� �w�e�_�d�l�j�b�q�_�k�d�h�c�� �k�o�_�f�_��
�i�j�h�b�a�\�h�^�b�f�� �f�h�g�l�Z�`�� �b�� �w�e�_�d�l�j�b�q�_�k�d�b�_�� �k�h�_�^�b�g�_�g�b�y�� �d�Z�d�� �w�e�_�f�_�g�l�h�\�� �k�Z�f�h�]�h��
�p�b�n�j�h�\�h�]�h�� �[�e�h�d�Z�� �m�i�j�Z�\�e�_�g�b�y���� �l�Z�d�� �b�� �[�e�h�d�Z�� �k�h�� �r�l�Z�l�g�u�f�b�� �[�h�j�l�h�\�u�f�b��
�m�k�l�j�h�c�k�l�\�Z�f�b���b���w�e�_�f�_�g�l�Z�f�b�����d�h�l�h�j�u�_���h�k�l�Z�x�l�k�y���g�_���a�Z�l�j�h�g�m�l�u�f�b���f�h�^�_�j�g�b�a�Z�p�b�_�c����
�G�Z�� �j�b�k�m�g�d�_�� ���� �\�� �d�Z�q�_�k�l�\�_�� �i�j�b�f�_�j�Z�� �i�j�_�^�k�l�Z�\�e�_�g�� �j�Z�a�j�Z�[�h�l�Z�g�g�u�c�� �p�b�n�j�h�\�h�c�� �[�e�h�d��
�m�i�j�Z�\�e�_�g�b�y���a�Z�i�m�k�d�h�f���Z�\�b�Z�p�b�h�g�g�h�]�h���^�\�b�]�Z�l�_�e�y���:�b-���������<���_�]�h���i�j�Z�\�h�c���q�Z�k�l�b���\�b�^�_�g��
�j�Z�a�t�_�f���� �k�� �i�h�f�h�s�v�x�� �d�h�l�h�j�h�]�h�� �i�j�h�b�a�\�h�^�b�l�k�y�� �b�g�l�_�]�j�b�j�h�\�Z�g�b�_�� �[�e�h�d�Z�� �\�� �d�h�f�i�e�_�d�k��
�j�_�Z�e�v�g�h�c���[�h�j�l�h�\�h�c���k�b�k�l�_�f�u�� 
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�A�Z�d�e�x�q�b�l�_�e�v�g�u�f�b�� �w�l�Z�i�Z�f�b�� �j�Z�[�h�l�u�� �y�\�e�y�x�l�k�y�� �j�Z�a�j�Z�[�h�l�d�Z�� �i�j�h�]�j�Z�f�f�g�h�]�h��
�h�[�_�k�i�_�q�_�g�b�y�� �m�k�l�j�h�c�k�l�\�Z�� �b�� �i�j�h�\�_�j�d�Z�� �_�]�h�� �j�Z�[�h�l�h�k�i�h�k�h�[�g�h�k�l�b���� �>�e�y�� �j�Z�a�j�Z�[�h�l�d�b��
�i�j�h�]�j�Z�f�f�g�h�]�h�� �h�[�_�k�i�_�q�_�g�b�y�� �\�� �\�u�i�m�k�d�g�u�o�� �j�Z�[�h�l�Z�o�� �b�k�i�h�e�v�a�h�\�Z�e�Z�k�v�� �r�l�Z�l�g�Z�y��
�i�j�h�]�j�Z�f�f�g�Z�y���k�j�_�^�Z���©Arduino IDE�ª���>���@�����I�j�h�\�_�j�d�Z���j�Z�[�h�l�h�k�i�h�k�h�[�g�h�k�l�b���m�k�l�j�h�c�k�l�\�Z��
�\�h�a�f�h�`�g�Z���g�Z���_�]�h���^�_�c�k�l�\�m�x�s�_�c���f�h�^�_�e�b�����e�b�[�h���\���k�b�f�m�e�y�l�h�j�_���3�U�R�W�H�X�V�������>���@�� 

 

 
 

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

�g�Z�i�j�Z�\�e�_�g�b�y�� �\�u�i�h�e�g�_�g�Z�� �i�m�l�z�f�� �k�e�h�`�_�g�b�y�� �b�a�^�_�j�`�_�d�� �g�Z�� �h�i�e�Z�l�m�� �i�_�j�k�h�g�Z�e�Z����
�f�Z�l�_�j�b�Z�e�v�g�u�o�� �b�� �d�Z�e�v�d�m�e�y�p�b�h�g�g�u�o�� �b�a�^�_�j�`�_�d���� �L�Z�d�� �g�Z�� �k�h�a�^�Z�g�b�_�� �p�b�n�j�h�\�h�c��
�Z�\�l�h�f�Z�l�b�q�_�k�d�h�c�� �i�Z�g�_�e�b�� �a�Z�i�m�k�d�Z�� �Z�\�b�Z�p�b�h�g�g�h�]�h�� �^�\�b�]�Z�l�_�e�y�� �a�Z�l�j�Z�l�u�� �k�h�k�l�Z�\�b�e�b��
25414 �j�m�[���� �I�j�b�� �k�l�h�b�f�h�k�l�b�� �r�l�Z�l�g�h�c�� �:�I�>-������ �\�� �������������� �j�m�[�e�y�� �i�h�e�h�`�b�l�_�e�v�g�u�c��
�w�d�h�g�h�f�b�q�_�k�d�b�c���w�n�n�_�d�l���^�h�k�l�b�]�Z�_�l���������� 

�F�Z�k�k�Z�� �j�Z�a�j�Z�[�h�l�Z�g�g�h�]�h�� �m�k�l�j�h�c�k�l�\�Z�� �k�h�k�l�Z�\�e�y�_�l�� �������� �]���� �i�j�h�l�b�\�� �f�Z�k�k�u��
�k�_�j�b�c�g�h�]�h�����������d�]�����L�h���_�k�l�v���k�g�b�`�_�g�b�_���f�Z�k�k�u���k�h�k�l�Z�\�b�e�h���i�h�q�l�b�����������>���@���� 

 
�<�u�\�h�^�u 
1. �<�u�i�h�e�g�_�g�g�u�_�� �i�j�h�_�d�l�u�� �i�h�e�g�h�k�l�v�x�� �i�h�^�l�\�_�j�`�^�Z�x�l�� �\�h�a�f�h�`�g�h�k�l�v��

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

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

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

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

�i�j�h�_�d�l�h�\�� �i�h�^�l�\�_�j�^�b�e�b�� �\�u�k�h�d�m�x�� �l�_�o�g�b�d�h-�w�d�h�g�h�f�b�q�_�k�d�m�x�� �w�n�n�_�d�l�b�\�g�h�k�l�v��
�i�j�h�^�_�e�Z�g�g�h�c���j�Z�[�h�l�u�� 
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�;�B�;�E�B�H�=�J�:�N�B�Q�?�K�D�B�C���K�I�B�K�H�D 
 

1. Arduino�����:�i�i�Z�j�Z�l�g�Z�y���q�Z�k�l�v���i�e�Z�l�n�h�j�f�u��Arduino �>�W�e�_�d�l�j�h�g�g�u�c���j�_�k�m�j�k�@������Arduino. �± 
�W�e�_�d�l�j�h�g�g�u�_�� �^�Z�g�g�u�_���� �J�_�`�b�f�� �^�h�k�l�m�i�Z����URL: http://arduino.ru/Hardware/ ���^�Z�l�Z�� �h�[�j�Z�s�_�g�b�y��
5.11.2023) 

2. �F�b�d�j�h�d�h�g�l�j�h�e�e�_�j�� �:tmega�������J�±�JU �>�W�e�_�d�l�j�h�g�g�u�c�� �j�_�k�m�j�k�@�� ������ �J�_�`�b�f�� �^�h�k�l�m�i�Z����
https://www.chipdip.ru/product/atmega328p�±pu ���^�Z�l�Z���h�[�j�Z�s�_�g�b�y������������������������ 

3. �K�Z�f�h�e�_�l�� �:�g-�������� �L�_�o�g�b�q�_�k�d�h�_�� �h�i�b�k�Z�g�b�_���� �D�g�b�]�Z�� ������ �K�b�e�h�\�Z�y�� �m�k�l�Z�g�h�\�d�Z�� ���� �D���� �<����
�;�h�j�h�^�b�g���� �Y���� �B���� �J�u�`�b�d���� �<���� �:�� �N�_�^�h�j�h�\���� �K���� �I���� �P�m�j�Z�i�Z�� �± �F�h�k�d�\�Z���� �B�a�^�Z�l�_�e�v�k�l�\�h��
�F�Z�r�b�g�h�k�l�j�h�_�g�b�_�������������������������k�����± �L�_�d�k�l�����w�e�_�d�l�j�h�g�g�u�c�����± URL: https://www.studmed.ru/samolet-
an-24-tehnicheskoe-opisanie-kniga-3_4b25ab6ee4c.html/ ���^�Z�l�Z���h�[�j�Z�s�_�g�b�y���������������������� 

4. �I�j�h�]�j�Z�f�f�Z�� �^�e�y�� �j�b�k�h�\�Z�g�b�y�� �i�_�q�Z�l�g�u�o�� �i�e�Z�l��Sprint Layout �>�W�e�_�d�l�j�h�g�g�u�c�� �j�_�k�m�j�k�@�� ����
�W�e�_�d�l�j�h�g�g�u�_�� �^�Z�g�g�u�_���� �J�_�`�b�f�� �^�h�k�l�m�i�Z����URL: http://arduino.ru/Arduino_environment/ ���^�Z�l�Z��
�h�[�j�Z�s�_�g�b�y���������������������� 

5. �G�Z�p�b�h�g�Z�e�v�g�u�c�� �k�l�Z�g�^�Z�j�l�� �=�H�K�L�� �J�� ����������-������������ �I�Z�c�d�Z�� �w�e�_�d�l�j�h�g�g�u�o�� �f�h�^�m�e�_�c��
�j�Z�^�b�h�w�e�_�d�l�j�h�g�g�u�o���k�j�_�^�k�l�\�����F�h�k�d�\�Z�����B�a�^-�\�h���k�l�Z�g�^�Z�j�l�h�\�����������������������k�� 

6. Arduino���� �K�j�_�^�Z�� �j�Z�a�j�Z�[�h�l�d�b��Arduino �>�W�e�_�d�l�j�h�g�g�u�c�� �j�_�k�m�j�k�@�� ����Arduino. �± 
�W�e�_�d�l�j�h�g�g�u�_�� �^�Z�g�g�u�_���� �J�_�`�b�f�� �^�h�k�l�m�i�Z����URL: 
http://vprl.ru/load/programmy_dlja_raboty/sprint_layout _5_0_s_bolshoj_bibliotekoj_makrosov/3-
1-0-7 ���^�Z�l�Z���h�[�j�Z�s�_�g�b�y���������������������� 

7. �I�j�h�_�d�l�b�j�h�\�Z�g�b�_�� �w�e�_�d�l�j�h�g�g�u�o�� �m�k�l�j�h�c�k�l�\�� �\��Proteus ���������� �>�W�e�_�d�l�j�h�g�g�u�c�� �j�_�k�m�j�k�@�� ����
�J�_�`�b�f���^�h�k�l�m�i�Z����URL: https://cxem.net/comp/comp203.php ���^�Z�l�Z���h�[�j�Z�s�_�g�b�y���������������������� 

8. �Q�_�j�g�u�o�� �L���� �K�� �B�k�k�e�_�^�h�\�Z�g�b�_�� �\�h�a�f�h�`�g�h�k�l�b�� �q�Z�k�l�b�q�g�h�c�� �p�b�n�j�h�\�h�c�� �f�h�^�_�j�g�b�a�Z�p�b�b��
�k�b�k�l�_�f�� �Z�\�b�Z�p�b�h�g�g�h�]�h�� �h�[�h�j�m�^�h�\�Z�g�b�y�� �g�Z�� �i�j�b�f�_�j�_�� �k�b�k�l�_�f�u�� �a�Z�i�m�k�d�Z�� �Z�\�b�Z�p�b�h�g�g�h�]�h�� �^�\�b�]�Z�l�_�e�y��
�:�B-24 ���� �L���K���� �Q�_�j�g�u�o�� ������ �:�d�l�m�Z�e�v�g�u�_�� �i�j�h�[�e�_�f�u�� �j�Z�a�\�b�l�b�y�� �Z�\�b�Z�p�b�h�g�g�h�c�� �l�_�o�g�b�d�b�� �b�� �f�_�l�h�^�h�\�� �_�_��
�w�d�k�i�e�m�Z�l�Z�p�b�b���� �k�[���� �l�j�m�^�h�\��XIV �<�k�_�j�h�k�k�b�c�k�d�h�c�� �g�Z�m�q�g�h-�i�j�Z�d�l�b�q�_�k�d�h�c�� �d�h�g�n�_�j�_�g�p�b�b�� �k�l�m�^�_�g�l�h�\��
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Abstract. The purpose of the work is to formulate a mathematical model of the converter built 

according to the SEPIC topology, in order to further describe the method of its design, including the 
calculation of element ratings and current and voltage limits.  The main objective of the study is the 
analytical derivation of formulas for calculating the ripple swells of a DC/DC converter built by 
SEPIC topology.  
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�g�Z�i�j�y�`�_�g�b�c�� 
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�I�h�^�k�l�Z�\�b�\�� �b�a�� �������� �f�]�g�h�\�_�g�g�u�_�� �l�h�d�b�� �b�� �g�Z�i�j�y�`�_�g�b�y�� �\�� �k�b�k�l�_�f�u�� �m�j�Z�\�g�_�g�b�c����
�h�i�b�k�u�\�Z�x�s�b�_���h�[�_���n�Z�a�u���j�Z�[�h�l�u���i�j�_�h�[�j�Z�a�h�\�Z�l�_�e�y�����i�h�e�m�q�Z�x�l�� 
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�B�k�i�h�e�v�a�m�y�� �\�u�j�Z�`�_�g�b�y�� ���������� �i�h�e�m�q�Z�x�l�� �n�h�j�f�m�e�u�� �^�e�y�� �h�i�j�_�^�_�e�_�g�b�y�� �j�Z�a�f�Z�o�Z��
�i�m�e�v�k�Z�p�b�c��

1 2,L Li i� ' � ', 
1Cu�'  �b�� 2Cu�'  �a�Z���\�j�_�f�y���i�_�j�\�h�c�����n�Z�a�u�����L�Z�d���d�Z�d���n�Z�a�u���w�d�\�b�\�Z�e�_�g�l�g�u����

�f�h�`�g�h���\�a�y�l�v���e�x�[�m�x���b�a���n�Z�a 

 �� ���� ��
�� �� �� ���� ��

2 2

�\ �o ��
� \ � o

L 1 L 1 L 1 2 2 2

2 1

2 2 R 4 R 2 R
( ) (0 )

L1L1 2 1 2 R R R

U D D D r �g �' �g �' �g U D
i i T D i

ff D D r D r �g �' �g �' �g
� G � G

�� �� �� ��
�' � �� � ��

�� �� �� �� �� ��
, (8) 

 
�� �� �� ���� ��

3

�\ �o �� �\ �o

L 2 L 2 L 2 2 2 2

2 1

( ) (0 )
L 2L 2 2 1 2 R R R

U r D U D
i i T D i

ff D D r D r �g �' �g �' �g
� G � G�' � �� � ��

�� �� �� �� �� ��
, (9) 

 �� ��

�� �� �� ���� ���� ��

2

� \ � o

C 1 C 1 C 1
2 2 2

2 1

1
( ) (0 )

C1 2 1 2 R R R

U D D
u u T D u

f D D r D r �g �' �g �' �g
� G � G

��
�' � �� � 

�� �� �� �� �� ��
, (10) 

 �� ��

�� �� �� ���� ���� ��
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� \ � o

C 2 C 2 C 2
2 2 2

2 1

1
( ) (0 )

C 2 2 1 2 R R R

U D D
u u T D u

f D D r D r �g �' �g �' �g
� G � G

��
�' � �� � 

�� �� �� �� �� ��
. (11) 

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

�d�h�e�_�[�Z�g�b�c���l�h�d�h�\��1
,

L
i  2L

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

u , � K � �
u  �g�Z���d�h�g�^�_�g�k�Z�l�h�j�Z�o���K�����b���K�����i�j�b���a�Z�^�Z�g�g�u�o���g�h�f�b�g�Z�e�Z�o��

�\�u�[�j�Z�g�g�u�o�� �w�e�_�d�l�j�h�g�g�u�o�� �d�h�f�i�h�g�_�g�l�h�\�� �b�� �i�Z�j�Z�f�_�l�j�Z�o�� �j�Z�[�h�l�u�� �i�j�_�h�[�j�Z�a�h�\�Z�l�_�e�y��
���l�Z�d�b�_�� �d�Z�d�� �d�h�w�n�n�b�p�b�_�g�l�� �a�Z�i�h�e�g�_�g�b�y��D �b�� �i�_�j�b�h�^��T������ �>�e�y�� �Z�g�Z�e�b�a�Z�� �b��
�i�h�^�l�\�_�j�`�^�_�g�b�y�� �^�h�k�l�h�\�_�j�g�h�k�l�b�� �i�h�e�m�q�_�g�g�u�o�� �m�j�Z�\�g�_�g�b�c�� �'�&���'�&�� �i�j�_�h�[�j�Z�a�h�\�Z�l�_�e�y��
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�g�Z�� �h�k�g�h�\�_�� �l�h�i�h�e�h�]�b�b�� �6�(�3�,�&�� �[�u�e�h�� �i�j�h�\�_�^�_�g�h�� �f�h�^�_�e�b�j�h�\�Z�g�b�_�� �g�Z��
�k�o�_�f�h�l�_�o�g�b�q�_�k�d�h�f���m�j�h�\�g�_���\���i�j�h�]�j�Z�f�f�_���0�X�O�W�L�V�L�P�� 

�K�o�_�f�Z�� �f�h�^�_�e�b�j�h�\�Z�g�b�y�� �i�j�_�^�k�l�Z�\�e�_�g�Z�� �g�Z�� �j�b�k�m�g�d�_�� ������MOSFET VT1 
�b�k�i�h�e�v�a�m�_�l�k�y�� �^�e�y�� �d�h�f�f�m�l�Z�p�b�b�� �l�h�d�Z�� �h�l�� �\�o�h�^�g�h�]�h�� �b�k�l�h�q�g�b�d�Z�� �i�b�l�Z�g�b�y��V���� �k��
�a�Z�^�Z�g�g�h�c�� �q�Z�k�l�h�l�h�c�� �l�Z�d�l�h�\�u�o�� �b�f�i�m�e�v�k�h�\���� �k�h�a�^�Z�\�Z�_�f�u�o�� �]�_�g�_�j�Z�l�h�j�h�f��V������ �<�k�_��
�d�h�f�i�h�g�_�g�l�u���k�o�_�f�u���\�u�[�j�Z�g�u���b�a���[�Z�a�u���^�Z�g�g�u�o���0�X�O�W�L�V�L�P�� 

 

 
�J�b�k�m�g�h�d�������± �K�o�_�f�Z���f�h�^�_�e�b�j�h�\�Z�g�b�y��SEPIC �i�j�_�h�[�j�Z�a�h�\�Z�l�_�e�y 

 
�>�e�y�� �Z�g�Z�e�b�a�Z�� �l�h�]�h���� �d�Z�d�� �d�h�w�n�n�b�p�b�_�g�l�� �a�Z�i�h�e�g�_�g�b�y�� �'�� �\�e�b�y�_�l�� �g�Z�� �Z�f�i�e�b�l�m�^�u��

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

 

�J�b�k�m�g�h�d�������± �<�e�b�y�g�b�_���d�h�w�n�n�b�p�b�_�g�l�Z���a�Z�i�h�e�g�_�g�b�y���g�Z���i�m�e�v�k�Z�p�b�b���l�h�d�h�\����
�i�j�h�l�_�d�Z�x�s�b�o���q�_�j�_�a���h�[�f�h�l�d�b���^�j�h�k�k�_�e�_�c���/�����b���/��������L1 �± �j�Z�k�q�_�l�g�u�_���a�g�Z�q�_�g�b�y��1Li�' ; 

1L2 �± �j�Z�k�q�_�l�g�u�_���a�g�Z�q�_�g�b�y��2Li�' ; 2 �± �j�_�a�m�e�v�l�Z�l�u���f�h�^�_�e�b�j�h�\�Z�g�b�y1L �fi�' �b�� 2L �fi�'  
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�J�b�k�m�g�h�d�������± �<�e�b�y�g�b�_���d�h�w�n�n�b�p�b�_�g�l�Z���a�Z�i�h�e�g�_�g�b�y���g�Z���i�m�e�v�k�Z�p�b�b���g�Z�i�j�y�`�_�g�b�y���g�Z��
�d�h�g�^�_�g�k�Z�l�h�j�Z�o���K�����b���K���������K�� �± �j�Z�k�q�z�l�g�h�_���a�g�Z�q�_�g�b�_��1Cu�' ; 2�K���± �j�_�a�m�e�v�l�Z�l��
�f�h�^�_�e�b�j�h�\�Z�g�b�y��1C �fu�' ; 1�K�� �± �j�Z�k�q�z�l�g�h�_���a�g�Z�q�_�g�b�_ 2 ;Cu�'  2�K�� �± �j�_�a�m�e�v�l�Z�l��

�f�h�^�_�e�b�j�h�\�Z�g�b�y��2C �fu�'  
 
�G�Z�� �j�b�k�m�g�d�Z�o�� ���� �b�� ���� �\�b�^�g�Z�� �i�j�_�^�_�e�v�g�h�k�l�v�� �g�_�i�j�_�j�u�\�g�h�c�� �f�Z�l�_�f�Z�l�b�q�_�k�d�h�c��

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

 

 

�J�b�k�m�g�h�d�������± �<�e�b�y�g�b�_���q�Z�k�l�h�l�u���d�h�f�f�m�l�Z�p�b�b���g�Z���i�m�e�v�k�Z�p�b�b���l�h�d�h�\�����i�j�h�l�_�d�Z�x�s�b�o��
�q�_�j�_�a���h�[�f�h�l�d�m���^�j�h�k�k�_�e�_�c���/�����b���/�����i�j�b���d�h�w�n�n�b�p�b�_�g�l�_���a�Z�i�h�e�g�_�g�b�y���j�Z�\�g�h�f��0,5:1 �± 

�j�Z�k�q�_�l�g�h�_���a�g�Z�q�_�g�b�_��Li�' ; 2L1 �± �j�_�a�m�e�v�l�Z�l���f�h�^�_�e�b�j�h�\�Z�g�b�y��1L �fi�' ;  
2L2 �± �j�_�a�m�e�v�l�Z�l���f�h�^�_�e�b�j�h�\�Z�g�b�y��2L �fi�'  
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�J�b�k�m�g�h�d�������± �<�e�b�y�g�b�_���q�Z�k�l�h�l�u���d�h�f�f�m�l�Z�p�b�b���g�Z���g�Z�i�j�y�`�_�g�b�_���g�Z���d�h�g�^�_�g�k�Z�l�h�j�Z�o���K������
�K�����i�j�b���d�h�w�n�n�b�p�b�_�g�l�_���a�Z�i�h�e�g�_�g�b�y���j�Z�\�g�h�f���������� 

1�K�� �± �j�Z�k�q�z�l�g�h�_���a�g�Z�q�_�g�b�_��1Cu�' ; 2�K�� �± �j�_�a�m�e�v�l�Z�l���f�h�^�_�e�b�j�h�\�Z�g�b�y��1C �fu�' ; 
1�K�� �± �j�Z�k�q�z�l�g�h�_���a�g�Z�q�_�g�b�_ 2 ;Cu�'  2�K�� �± �j�_�a�m�e�v�l�Z�l���f�h�^�_�e�b�j�h�\�Z�g�b�y��2C �fu�'  
 
�A�Z�d�e�x�q�_�g�b�_ 
�D�Z�d�� �\�b�^�g�h�� �b�a�� �n�h�j�f�m�e�� �^�e�y�� �j�Z�k�q�_�l�Z�� �j�Z�a�f�Z�o�h�\�� �i�m�e�v�k�Z�p�b�c���l�h�d�h�\��

1 2,L Li i� ' � ' �b��
�g�Z�i�j�y� �̀_�g�b�c��

1Cu�' , 2Cu�' ���� �Z�� �l�Z�d� �̀_�� �k�j�_�^�g�b�o�� �a�g�Z�q�_�g�b�c��1 2 1
, ,

L L C
I I U  �b�� 2C

U ���� �h�l�� �g�h�f�b�g�Z�e�h�\��
�^�j�h�k�k�_�e�_�c��L1, L���� �b�� �d�h�g�^�_�g�k�Z�l�h�j�h�\��C1, C���� �a�Z�\�b�k�y�l�� �l�h�e�v�d�h�� �i�m�e�v�k�Z�p�b�b���� �B�a�� �w�l�h�]�h��
�k�e�_�^�m�_�l���� �q�l�h�� �i�j�b�� �i�j�h�_�d�l�b�j�h�\�Z�g�b�b�� �i�j�_�h�[�j�Z�a�h�\�Z�l�_�e�y���� �i�h�k�l�j�h�_�g�g�h�]�h�� �i�h�� �l�h�i�h�e�h�]�b�b��
SEPIC���� �k�e�_�^�m�_�l�� �i�h�^�[�b�j�Z�l�v�� �^�j�Z�c�\�_�j���� �m�i�j�Z�\�e�y�x�s�b�c�� �k�b�e�h�\�u�f�� �d�e�x�q�h�f��VT���� �l�Z�d�b�f��
�h�[�j�Z�a�h�f�����q�l�h�[�u���h�g���g�_���l�h�e�v�d�h���\�u�^�_�j�`�b�\�Z�e���f�Z�d�k�b�f�Z�e�v�g�u�_���l�h�d�b���b���g�Z�i�j�y� �̀_�g�b�y���k�o�_�f�u����
�Z�� �l�Z�d� �̀_�� �f�h�]�� �k�n�h�j�f�b�j�h�\�Z�l�v�� �g�_�h�[�o�h�^�b�f�u�c�� �d�h�w�n�n�b�p�b�_�g�l�� �a�Z�i�h�e�g�_�g�b�y�� �R�B�F�� �k�b�]�g�Z�e�Z����
�G�h�f�b�g�Z�e�u�� � �̀_�� �^�j�h�k�k�_�e�_�c�� �b�� �d�h�g�^�_�g�k�Z�l�h�j�h�\�� �k�e�_�^�m�_�l�� �\�u�[�b�j�Z�l�v�� �b�a�� �m�k�e�h�\�b�y���� �q�l�h�[�u��
�i�m�e�v�k�Z�p�b�b�� �l�h�d�h�\�� �b�� �g�Z�i�j�y� �̀_�g�b�c�� �g�_�� �i�j�_�\�u�r�Z�e�b�� �a�Z�^�Z�g�g�u�o���\�� �l�_�o�g�b�q�_�k�d�h�f�� �a�Z�^�Z�g�b�b��
�a�g�Z�q�_�g�b�c�����B�k�k�e�_�^�h�\�Z�g�b�_�����i�j�h�\�_�^�_�g�g�h�_���f�_�l�h�^�h�f���k�o�_�f�h�l�_�o�g�b�q�_�k�d�h�]�h���f�h�^�_�e�b�j�h�\�Z�g�b�y���\��
�k�b�k�l�_�f�_�� �Z�\�l�h�f�Z�l�b�q�_�k�d�h�]�h�� �i�j�h�_�d�l�b�j�h�\�Z�g�b�y��Multisim���� �b�� �k�j�Z�\�g�_�g�b�_�� �j�_�a�m�e�v�l�Z�l�h�\��
�j�Z�k�q�_�l�h�\�� �k�h�� �a�g�Z�q�_�g�b�y�f�b���� �i�h�e�m�q�_�g�g�u�f�b�� �i�j�b�� �i�h�f�h�s�b�� �f�h�^�_�e�b�j�h�\�Z�g�b�y���� �i�h�d�Z�a�Z�e�h��
�\�u�k�h�d�m�x���d�h�j�j�_�e�y�p�b�x���b�����i�j�b���w�l�h�f�����\�b�^�g�Z���i�j�_�^�_�e�v�g�h�k�l�v���f�Z�l�_�f�Z�l�b�q�_�k�d�h�c���f�h�^�_�e�b�� 
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Abstract. The article presents the results of field and theoretical studies on the analysis of 

typical algorithms for filtering the pitch angle by the criterion of the minimum of the mean square 
of the error, taking into account the type of flight trajectory and the thrust-weight ratio of the UAV. 
A Mavic quadcopter-type UAV and an FPV drone with an outboard module based on the MPU-
6050 navigation board were used as the object of the study. Conclusions based on the results of the 
conducted research are presented and tasks for further research are set. 
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�� �� �W:  

 

 �ô�� �W� �P�=�J�D
m�0�ë�r�� 
l
§�0�ì�r
�6 
E �0�í�r

�6
p
q, 
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�]�^�_ �0�ë, �0�ì  �b���0�í�� �± �a�g�Z�q�_�g�b�_���i�_�j�_�]�j�m�a�d�b���i�h���k�h�h�l�\�_�l�k�l�\�m�x�s�b�f���h�k�y�f�� 
�B�k�k�e�_�^�h�\�Z�g�b�_�� �w�n�n�_�d�l�b�\�g�h�k�l�b�� �n�b�e�v�l�j�Z�p�b�b�� �m�]�e�Z�� �l�Z�g�]�Z�`�Z��

�d�h�f�i�e�_�f�_�g�l�Z�j�g�u�f���n�b�e�v�l�j�h�f���i�j�h�\�h�^�b�e�h�k�v���i�j�b���q�_�l�u�j�_�o���a�g�Z�q�_�g�b�y�o���)�Þ: 0,05; 0,15; 
���������b���������� 

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

 

���ô�š��� �@�Ã �ô�š-�s��
�á
�ç�@�5 �A���J; �ô�W� ���ô�W
E ���ô�W. 

 
3. �W�d�k�i�h�g�_�g�p�b�Z�e�v�g�h�_���[�_�]�m�s�_�_���k�j�_�^�g�_�_����RA): 

 
�Â�ô�W� 
k�ô�W
F 
k�Ã �ô�W-��

�l
�r�@�5 
o���J
o
I �G�Ë�º; �ô�W� ���ô�W
E ���ô�W, 

 
�]�^�_���G�Ë�º �í�� �d�h�w�n�n�b�p�b�_�g�l�� �n�b�e�v�l�j�Z�p�b�b�� ���^�e�y�� �i�j�h�\�_�^�_�g�b�y�� �b�k�k�e�_�^�h�\�Z�g�b�c���G�Ë�º: 

�����������������������������b��������). 
4. �B�k�o�h�^�g�u�_�� �^�Z�g�g�u�_�� �^�e�y�� �n�b�e�v�l�j�Z�� �D�Z�e�f�Z�g�Z��(�N�D)���� �h�`�b�^�Z�_�f�u�c�� �r�m�f��

�b�a�f�_�j�_�g�b�c���P�Û�Ö�Ï: ���������������������b�������]�j�Z�^���b���j�Z�a�[�j�h�k���h�p�_�g�d�b���P�¬
�Í � �����������]�j�Z�^���� 

 

�D�h�w�n�n�b�p�b�_�g�l���m�k�b�e�_�g�b�y���n�b�e�v�l�j�Z�����D�r��� ��
�É�W-��

�É�W-���>�¢�Û�Ö�Ï
. 

 

�H�[�g�h�\�e�_�g�b�_���h�r�b�[�d�b���d�h�\�Z�j�b�Z�p�b�b�����3�r��� ��
k�s 
F�D�W-��
o�2�r-�5 
E
k�ô���W-�� 
F �D�W-��
o�P�¬
�Í �ä 

 

�H�[�g�h�\�e�_�g�b�_���h�p�_�g�d�b�����ô���W��� ���ô
á
�W-�� 
E�D�r
k�ô�W
F �ô���W-��
o. 

 

5. �N�b�e�v�l�j�� �F�Z�^�`�\�b�d�Z�� ���N�F������ �>�Z�g�g�u�c�� �n�b�e�v�l�j�� �\�u�q�b�k�e�y�_�l�� �d�\�Z�l�_�j�g�b�h�g��
�h�j�b�_�g�l�Z�p�b�b�� �i�m�l�_�f�� �b�g�l�_�]�j�b�j�h�\�Z�g�b�y�� �j�Z�k�q�_�l�g�h�c�� �k�d�h�j�h�k�l�b�� �b�a�f�_�g�_�g�b�y�� �h�j�b�_�g�l�Z�p�b�b��
�^�e�y �i�h�e�m�q�_�g�b�y�� �i�h�]�j�_�r�g�h�k�l�b�� �g�Z�i�j�Z�\�e�_�g�b�y�� �]�b�j�h�k�d�h�i�Z�� �\�� �\�b�^�_�� �i�j�h�b�a�\�h�^�g�h�]�h��
�d�\�Z�l�_�j�g�b�h�g�Z. �I�h�^�j�h�[�g�h�� �n�b�e�v�l�j�� �F�Z�^�`�\�b�d�Z�� �h�i�b�k�Z�g�� �\�� �j�Z�[�h�l�_ �>���@���� �H�g�� �\�u�q�b�k�e�y�_�l��
�d�\�Z�l�_�j�g�b�h�g�� �h�j�b�_�g�l�Z�p�b�b���M�4 �i�m�l�_�f�� �q�b�k�e�_�g�g�h�]�h�� �b�g�l�_�]�j�b�j�h�\�Z�g�b�y�� �j�Z�k�q�_�l�g�h�c��
�k�d�h�j�h�k�l�b���b�a�f�_�g�_�g�b�y���h�j�b�_�g�l�Z�p�b�b���M�6�4�á �M�6�4�á���h�i�j�_�^�_�e�y�_�l�k�y���k�e�_�^�m�x�s�b�f���h�[�j�Z�a�h�f�� 

 
�M�6�4�:�–�;=���M�6�©�:�–�;�� �M�6�Ô�:�–�;�Ú,  

 
�]�^�_���M�6�Ô�:�–�; �± �k�d�h�j�h�k�l�v�� �b�a�f�_�g�_�g�b�y�� �h�j�b�_�g�l�Z�p�b�b���� �\�u�q�b�k�e�y�_�f�Z�y�� �g�Z�� �h�k�g�h�\�Z�g�b�b��

�b�a�f�_�j�_�g�b�c�� �Z�d�k�_�e�_�j�h�f�_�l�j�Z�����M�6�©�:�–�; �± �k�d�h�j�h�k�l�v�� �b�a�f�_�g�_�g�b�y�� �h�j�b�_�g�l�Z�p�b�b����
�\�u�q�b�k�e�y�_�f�Z�y���g�Z���h�k�g�h�\�Z�g�b�b���b�a�f�_�j�_�g�b�c���]�b�j�h�k�d�h�i�Z�� 
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�M�6�©�:�–�; 
L �r�ä�w�M�4�:�– 
F �s�; �¾ �O�©�:�–�;, �]�^�_���O�©�:�–�; 
L 
c�r�á �X�ë�:�–�;�á �X�ì �:�–�;�á �X�í�:�–�;
g, 
 

�]�^�_���X�ë�á �X�ì �á �X�í �± �d�h�f�i�h�g�_�g�l�u���\�_�d�l�h�j�Z���m�]�e�h�\�h�c���k�d�h�j�h�k�l�b�����b�a�f�_�j�_�g�g�u�_���>�M�K����
�� �± �d�h�f�i�_�g�k�Z�p�b�y���h�r�b�[�d�b���b�a�f�_�j�_�g�b�y:  

 

�Ú����� ��
§
�7

�8
�@

�¢�Ç�Ö�Ô
�Í

� 
�A,  

 
�]�^�_���P�Ç�Ö�Ô

�Í �� �± �h�r�b�[�d�b�� �b�a�f�_�j�_�g�b�c�� �g�m�e�y�� �>�M�K�� ���b�k�l�h�q�g�b�d�b�� �h�r�b�[�d�b���� �r�m�f��
�^�Z�l�q�b�d�Z���� �k�]�e�Z�`�b�\�Z�x�s�b�c�� �n�b�e�v�l�j���� �h�r�b�[�d�b�� �d�\�Z�g�l�h�\�Z�g�b�y���� �h�r�b�[�d�b�� �d�Z�e�b�[�j�h�\�d�b����
�h�r�b�[�d�b�� �m�k�l�Z�g�h�\�d�b�� �b�� �\�u�j�Z�\�g�b�\�Z�g�b�y�� �^�Z�l�q�b�d�Z���� �g�_�� �h�j�l�h�]�h�g�Z�e�v�g�h�k�l�v�� �h�k�_�c�� �^�Z�l�q�b�d�Z��
[5]).  

�B�k�o�h�^�g�u�_�� �^�Z�g�g�u�_�� �^�e�y�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �n�b�e�v�l�j�Z���P�Ç�Ö�Ô
�Í ���� ������ ���������� ���� �b�� ���� �]�j�Z�^���k. 

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

�O�Z�j�Z�d�l�_�j�b�k�l�b�d�b���b�k�i�h�e�v�a�m�_�f�u�o���;�E�:���‹�����b���‹�����i�j�_�^�k�l�Z�\�e�_�g�u���\���l�Z�[�e�b�p�_�������� 
�>�e�y�� �\�u�q�b�k�e�_�g�b�y�� �m�]�e�Z�� �l�Z�g�]�Z�`�Z�� �b�k�i�h�e�v�a�h�\�Z�e�k�y�� �j�Z�a�j�Z�[�h�l�Z�g�g�u�c�� �Z�\�l�h�j�Z�f�b��

�g�Z�\�b�]�Z�p�b�h�g�g�u�c�� �f�h�^�m�e�v�� ���G�F������ �d�h�l�h�j�u�c�� �d�j�_�i�b�e�k�y�� �\�� �j�Z�c�h�g�_�� �p�_�g�l�j�Z�� �f�Z�k�k�� �;�E�:��
���j�b�k������-2). 

 
�L�Z�[�e�b�p�Z���� 

�I�Z�j�Z�f�_�l�j�u �F�Z�k�k�Z����
�]�j�Z�f�f 

�L�y�]�Z��
�\�b�g�l�Z�����d�] 

�L�y�]�h- 
�\�h�h�j�m�`�_�g�g�h�k�l�v����T�\ 

�;�E�:���‹��  560 6 �§������������ 
�;�E�:���‹��  800 3 �§������������ 

�G�F�� 250 - - 
 

�O�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �G�F���� �f�b�d�j�h�d�h�g�l�j�h�e�e�_�j��Arduino Nano c �l�Z�d�l�h�\�h�c��
�q�Z�k�l�h�l�h�c�� ���� �F�=�p���� �g�Z�\�b�]�Z�p�b�h�g�g�u�c�� �f�h�^�m�e�v��MPU-6050���� �^�b�Z�i�Z�a�h�g�� �b�a�f�_�j�_�g�b�c�� �k��
�Z�d�k�_�e�_�j�h�f�_�l�j�Z�� �“ ���� �J���� �^�b�Z�i�Z�a�h�g�� �b�a�f�_�j�_�g�b�c�� �k�� �]�b�j�h�k�d�h�i�Z�� �“�� ��������0���k����
�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_�� �h�p�_�g�d�b�� �d�h�w�n�n�b�p�b�_�g�l�h�\�� �^�e�y�� �\�Z�j�b�Z�p�b�b�� �:�e�e�Z�g�Z�� �^�e�y��MPU-
�����������i�j�_�^�k�l�Z�\�e�_�g�u���\���l�Z�[�e�b�p�_�������>���@������ 

 

  
 

�J�b�k�m�g�h�d�������� �;�E�:���‹��  
 

�J�b�k�m�g�h�d�������� �;�E�:���‹��  

�»�º 

�»�º 
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�L�Z�[�e�b�p�Z�� ���� �± �H�p�_�g�d�b�� �d�h�w�n�n�b�p�b�_�g�l�h�\�� �^�e�y�� �\�Z�j�b�Z�p�b�b�� �:�e�e�Z�g�Z�� �^�e�y��MPU-������������ �i�j�b��
�q�Z�k�l�h�l�_���h�i�j�h�k�Z���^�Z�l�q�b�d�h�\���������=�p 

�D�h�w�n�n�b�p�b�_�g�l�u���i�h�e�b�g�h�f�Z���P�6�:�ì�; �^�e�y���f�b�d�j�h�f�_�o�Z�g�b�q�_�k�d�b�o���]�b�j�h�k�d�h�i�h�\��MPU-6050 

�R�m�f���m�o�h�^�Z��  ��
�Ë�. ���.

�6
 

 

�K�e�m�q�Z�c�g�h�_ 
�[�e�m�`�^�Z�g�b�_���m�]�e�h�\�h�c��

�k�d�h�j�h�k�l�b����
�Ä�. ��

�7
 

�N�e�b�d�_�j-�r�m�f���b�e�b�� 
�g�_�k�l�Z�[�b�e�v�g�h�k�l�v�� 

�k�f�_�s�_�g�b�y���g�m�e�y����
�6�»�.

��
�Ž�•�t 

�I�h�]�j�_�r�g�h�k�l�v�� 
�f�Z�k�r�l�Z�[�g�h�]�h�� 

�d�h�w�n�n�b�p�b�_�g�l�Z����
�Ç�.

��
 

R =��������������-6, �B
�Ü

�Ö�.
�C K = 1,9��������-4,���B

�Ü

�Ö
�C
¥�’�Ù   B = 0,005, �B

�Ü

�Ö
�C �0 = 0,0038, �B

�Ü

�¾�Ö
�C  

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

 
�0 = 0,06, �B

�Ú

�¾�Ú
�C B = 0,008, [g] 

 

�L�j�Z�_�d�l�h�j�b�y �;�E�:���� �k�h�k�l�h�y�e�Z�� �b�a�� ��-�o�� �q�Z�k�l�_�c���� ������ �©�\�a�e�_�l�ª���� �l�j�Z�_�d�l�h�j�b�y���� �‹������
2) �©�i�h�e�_�l�ª�� ���e�_�l�b�l�� �i�h�� �w�e�e�b�i�k�h�b�^�g�h�c�� �l�j�Z�_�d�l�h�j�b�b�� ���\�^�h�e�v�� �^�h�j�h�`�_�d�� �������� �f�_�l�j�h�\�h�]�h��
�k�i�h�j�l�b�\�g�h�]�h�� �k�l�Z�^�b�h�g�Z������ �‹�������J�_�a�m�e�v�l�Z�l�u�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �j�Z�a�e�b�q�g�u�o�� �n�b�e�v�l�j�h�\����
�i�j�_�^�k�l�Z�\�e�_�g�u���g�Z���j�b�k������-8. 

 

  

�J�b�k�m�g�h�d�������� �=�j�Z�n�b�d���b�a�f�_�g�_�g�b�y���m�]�e�Z���ô �^�e�y��
�;�E�:���‹��  

�J�b�k�m�g�h�d�������� �=�j�Z�n�b�d�b���h�l�n�b�e�v�l�j�h�\�Z�g�g�u�o��
�a�g�Z�q�_�g�b�c���m�]�e�Z���ô �g�Z���m�q�Z�k�l�d�_���l�j�Z�_�d�l�h�j�b�b���‹��������
�^�e�y���;�E�:���‹������EE1 �± �[�_�a���n�b�e�v�l�j�Z�p�b�b����EE2 �± �D�N����

EE3 �± CA; EE4 �± RA; EE�����í���N�D����EE6 �± �N�F 
 

 

�J�b�k�m�g�h�d�������� �A�g�Z�q�_�g�b�_���K�D�H���m�]�e�Z���ô �g�Z���m�q�Z�k�l�d�Z�o���‹��-�������^�e�y���;�E�:���‹�������i�j�b���j�Z�a�e�b�q�g�u�o��
�i�Z�j�Z�f�_�l�j�Z�o���n�b�e�v�l�j�h�\������ �± �D�N���������± �N�D���������± �N�F���������± RA; 5 �± CA; 6 �± �[�_�a���n�b�e�v�l�j�Z�p�b�b 
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�I�h�� �j�_�a�m�e�v�l�Z�l�Z�f�� �i�j�h�\�_�^�_�g�g�u�o�� �w�d�k�i�_�j�b�f�_�g�l�h�\�� �f�h�`�g�h�� �k�^�_�e�Z�l�v�� �k�e�_�^�m�x�s�b�_��
�\�u�\�h�^�u���� 

�< �a�g�Z�q�_�g�b�_���K�D�H �m�]�e�Z���ô ���[�_�a���n�b�e�v�l�j�Z�p�b�b�����g�Z���m�q�Z�k�l�d�_���©�\�a�e�_�l�ª �i�j�b�f�_�j�g�h���\��
�����j�Z�a�Z���[�h�e�v�r�_�������������i�j�h�l�b�\���������������q�_�f���g�Z���m�q�Z�k�l�d�_���©�i�h�e�_�l�ª�����q�l�h���i�j�b�\�h�^�b�l���d���o�m�^�r�_�f�m��
�d�Z�q�_�k�l�\�m�� �n�b�e�v�l�j�Z�p�b�b�� �k�b�]�g�Z�e�Z�� �g�Z�� �\�a�e�_�l�_�� �;�E�:���� �g�_�a�Z�\�b�k�b�f�h�� �h�l�� �l�b�i�Z�� �n�b�e�v�l�j�Z��
���j�b�k�� 5); 

�< �d�e�Z�k�k�b�q�_�k�d�b�c�� �n�b�e�v�l�j���N�D���i�h�d�Z�a�Z�e�� �k�Z�f�h�_�� �\�u�k�h�d�h�_�� �d�Z�q�_�k�l�\�h�� �j�Z�[�h�l�u��
�g�_�a�Z�\�b�k�b�f�h���h�l���j�_�`�b�f�Z���i�h�e�_�l�Z�����k�f�����j�b�k�������������i�j�b���a�Z�^�Z�g�g�h�f�� �r�m�f�_���b�a�f�_�j�_�g�b�c���P�Û�Ö�Ï 
� �� ���� �]�j�Z�^���� �G�Z�� �\�l�h�j�h�c�� �i�h�a�b�p�b�b�� �n�b�e�v�l�j�� �F�Z�^�`�\�b�d�Z���� �i�j�b�� �h�`�b�^�Z�_�f�h�c�� �h�r�b�[�d�_��
�b�a�f�_�j�_�g�b�c���g�m�e�y���>�M�K���P�Ç�Ö�Ô

�Í = 10 �]�j�Z�^���k; 
�<  �n�b�e�v�l�j���D�Z�e�f�Z�g�Z���g�_���l�Z�d���q�m�\�k�l�\�b�l�_�e�_�g�����g�Z������-�������������j�_�`�b�f���‹�������b���g�Z����-

10 ���� ���j�_�`�b�f�� �‹�������� �d�� �i�h�^�[�h�j�m�� �\�o�h�^�g�u�o�� �i�Z�j�Z�f�_�l�j�h�\���� �P�Û�Ö�Ï �b���P�¬
�Í���� �q�_�f�� �n�b�e�v�l�j 

�F�Z�^�`�\�b�d�Z�� �¤���P�Ç�Ö�Ô
�Í  ���k�f���� �j�b�k���� ��-7). �H�l�g�h�k�b�l�_�e�v�g�u�c�� �g�_�^�h�k�l�Z�l�h�d�� �n�b�e�v�l�j�Z�� �D�Z�e�f�Z�g�Z: 

�Z�e�]�h�j�b�l�f�� �\�_�k�v�f�Z�� �³�l�y�`�z�e�u�c�´���� �\�u�q�b�k�e�_�g�b�_�� �^�e�b�l�k�y�� �a�� ������ �f�d�k�� �i�j�b�� �k�b�k�l�_�f�g�h�c��
�q�Z�k�l�h�l�_�� ������ �F�=�p���� �g�h�� �i�j�b�� �k�b�k�l�_�f�g�h�c�� �q�Z�k�l�h�l�_�� ������ �F�=�p�� ���g�Z�i�j�b�f�_�j���� �q�b�i��STM32), 
�\�u�q�b�k�e�_�g�b�_�� �^�e�b�l�k�y�� �a�� ������ �f�d�k���� �q�l�h�� �\�_�k�v�f�Z�� �i�j�b�_�f�e�_�f�h�� �^�e�y�� �d�\�Z�^�j�h�d�h�i�l�_�j�h�\�� �g�_��
�\�u�k�h�d�h�]�h���d�e�Z�k�k�Z��  

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

 
 

�J�b�k�m�g�h�d�������± �=�j�Z�n�b�d���b�a�f�_�g�_�g�b�y���m�]�e�Z���¡���i�j�b���b�k�i�h�e�v�a�h�\�Z�g�b�b���n�b�e�v�l�j�h�\���N�D���b���N�F 
 

�<�e�b�y�g�b�_�� �b�a�f�_�g�_�g�b�y�� �a�g�Z�q�_�g�b�y�� �l�y�]�h�\�h�h�j�m�`�_�g�g�h�k�l�b�� �;�E�: �g�Z�� �w�n�n�_�d�l�b�\�g�h�k�l�v��
�Z�e�]�h�j�b�l�f�Z�� �n�b�e�v�l�j�Z�p�b�b�� �i�h�� �d�j�b�l�_�j�b�x�� �f�b�g�b�f�m�f�Z�� �K�D�H���� �[�m�^�_�f�� �j�Z�k�k�f�Z�l�j�b�\�Z�l�v��
�l�h�e�v�d�h�� �^�e�y�� �n�b�e�v�l�j�Z�� �D�Z�e�f�Z�g�Z�� �k�� �j�Z�a�e�b�q�g�u�f�b�� �g�Z�k�l�j�Z�b�\�Z�_�f�u�f�b�� �i�Z�j�Z�f�_�l�j�Z�f�b����
�h�`�b�^�Z�_�f�u�c�� �r�m�f�� �b�a�f�_�j�_�g�b�c���P�Û�Ö�Ï: ������ ���������� ���� �b�� ���� �]�j�Z�^�� �b�� �j�Z�a�[�j�h�k�� �h�p�_�g�d�b���P�¬

�Í = 0,2 
�]�j�Z�^ ���j�b�k������������ 
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�J�b�k�m�g�h�d���� �� �=�j�Z�n�b�d�b���a�g�Z�q�_�g�b�c���m�]�e�Z���ô, �^�e�y��
�;�E�:���‹�������i�j�b���P�Û�Ö�Ï: 1 �� �[�_�a���n�b�e�v�l�j�Z���������� 1 

�]�j�Z�^���������� ���������]�j�Z�^���������� �����]�j�Z�^���������������]�j�Z�^ 

�J�b�k�m�g�h�d��8 �� �=�b�k�l�h�]�j�Z�f�f�Z���b�a�f�_�g�_�g�b�y���K�D�H���m�]�e�Z��
�ô�����i�j�b���j�Z�a�e�b�q�g�u�o���a�g�Z�q�_�g�b�y�o���P�Û�Ö�Ï 

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

�l�y�]�h�\�h�h�j�m�`�_�g�g�h�k�l�b�� �;�E�:�� �g�Z�� �a�g�Z�q�_�g�b�_���G �f�h�`�g�h�� �k�^�_�e�Z�l�v�� �k�e�_�^�m�x�s�b�c�� �\�u�\�h�^���� �k��
�m�\�_�e�b�q�_�g�b�_�f�� �l�y�]�h�\�h�h�j�m�`�_�g�g�h�k�l�b�� �;�E�:�� �\�� ���� �j�Z�a�Z�� �a�g�Z�q�_�g�b�_���G ���g�Z�� �j�_�`�b�f�_�� �©�\�a�e�_�l�ª��
�i�j�b�f�_�j�g�h���\�������j�Z�a�Z�����Z���g�Z���j�_�`�b�f�_���©�i�h�e�_�l�ª���\���i�j�b�f�_�j�g�h���\���������j�Z�a�����[�h�e�v�r�_�����q�_�f���^�e�y��
�;�E�: �k���f�_�g�v�r�_�c���l�y�]�h�\�h�h�j�m�`�_�g�g�h�k�l�v�x�����j�b�k����8). 

 
�A�Z�d�e�x�q�_�g�b�_ 
�I�h�� �j�_�a�m�e�v�l�Z�l�Z�f�� �i�j�h�\�_�^�_�g�g�u�o�� �w�d�k�i�_�j�b�f�_�g�l�h�\�� �f�h�`�g�h�� �k�^�_�e�Z�l�v�� �k�e�_�^�m�x�s�b�_��

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

�K�D�H�� �k�� �m�q�_�l�h�f�� �l�b�i�Z�� �l�j�Z�_�d�l�h�j�b�b�� �i�h�e�_�l�Z�� �b�� �a�g�Z�q�_�g�b�y�� �l�y�]�h�\�h�h�j�m�`�_�g�g�h�k�l�b�� �;�E�:��
�y�\�e�y�_�l�k�y���n�b�e�v�l�j���D�Z�e�f�Z�g�Z���� 

�� c �m�\�_�e�b�q�_�g�b�_�f�� �l�y�]�h�\�h�h�j�m�`�_�g�g�h�k�l�b�� �;�E�:, �K�D�H���h�l�n�b�e�v�l�j�h�\�Z�g�g�h�]�h 
�i�Z�j�Z�f�_�l�j�Z���m�f�_�g�v�r�Z�_�l�k�y���� 

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

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

�;�B�;�E�B�H�=�J�:�N�B�Q�?�K�D�B�C���K�I�B�K�H�D 
 
1. �A�b�g�h�\�Z�� �<���� �<�� �K�b�g�l�_�a�� �b�� �b�k�k�e�_�^�h�\�Z�g�b�_�� �Z�e�]�h�j�b�l�f�h�\�� �n�b�e�v�l�j�Z�p�b�b���� �i�j�b�f�_�g�y�_�f�u�o�� �g�Z��

�w�l�Z�i�_�� �\�l�h�j�b�q�g�h�c�� �h�[�j�Z�[�h�l�d�b�� �j�Z�^�b�h�e�h�d�Z�p�b�h�g�g�h�c�� �b�g�n�h�j�f�Z�p�b�b�� ���� �<���� �<���� �A�b�g�h�\�Z�� ������
�I�h�e�b�l�_�o�g�b�q�_�k�d�b�c���f�h�e�h�^�_�`�g�u�c���`�m�j�g�Z�e�����������������‹�����������������K�����������± DOI 10.18698/2541-8009-2018-
8-361. �± EDN XYMOWD. 

2. �D�m�a�v�f�b�g���K�����A�����P�b�n�j�h�\�Z�y���j�Z�^�b�h�e�h�d�Z�p�b�y�����<�\�_�^�_�g�b�_���\���l�_�h�j�b�x�����D�b�_�\�����D�\�L�p������������������������
�k������ 

3. �@�b�j�h�g�d�b�g�� �K���� �;., �Q�_�j�\�Z�d�h�\�� �<���� �H���� �I�j�b�f�_�g�_�g�b�_�� �k�l�Z�l�b�k�l�b�q�_�k�d�b�o�� �f�_�l�h�^�h�\�� �\��
�Z�\�b�Z�p�b�h�g�g�u�o���j�Z�^�b�h�e�h�d�Z�p�b�h�g�g�u�o���d�h�f�i�e�_�d�k�Z�o�����/�$�3���/�D�P�E�H�U�W�������������������������F���� 



271 

4. �D�h�g�h�\�Z�e�h�\�� �:���� �:�� �H�k�g�h�\�u�� �l�j�Z�_�d�l�h�j�g�h�c�� �h�[�j�Z�[�h�l�d�b�� �j�Z�^�b�h�e�h�d�Z�p�b�h�g�g�h�c���b�g�n�h�j�f�Z�p�b�b����

�\�������q�����K�I�[�������B�a�^-�\�h���K�I�[�=�W�L�M���©�E�W�L�B�ª�����������������Q. 2. 180 �k. �� ISBN 978-5-7629-1544-1. 
5. Madgwick S. An e�¥cient orientation �¿lter for inertial and inertial/magnetic sensor 

arrays // Bristol (UK), 2010. 
6. �F�h�j�h�a���:�����G�����F�h�^�_�e�v���k�e�m�q�Z�c�g�u�o���i�h�]�j�_�r�g�h�k�l�_�c���f�b�d�j�h�f�_�o�Z�g�b�q�_�k�d�h�]�h���]�b�j�h�k�d�h�i�Z�������:����

�G�����F�h�j�h�a�����K�����:�����R�Z�[�Z�g�����H�����<�����K�b�^�h�j�h�\�b�q �������<�_�k�l�g�b�d���<�h�_�g�g�h�c���Z�d�Z�^�_�f�b�b���J�_�k�i�m�[�e�b�d�b���;�_�e�Z�j�m�k�v����
�������������‹���������K��������-98. 
 
 
�M�>�D�������������������������� 
 

�D���<�H�I�J�H�K�M���H���K�H�A�>�:�G�B�B���F�G�H�=�H�N�M�G�D�P�B�H�G�:�E�V�G�U�O�� 
�P�B�N�J�H�<�U�O���B�G�>�B�D�:�L�H�J�H�<���K���B�K�I�H�E�V�A�H�<�:�G�B�?�F�� 

FLASH-�L�?�O�G�H�E�H�=�B�C 
 

�N�_�^�h�j�d�_�\�b�q���B�� �:���� 
�:�\�_�j�b�g���:�� �:�� 

 
�<�M�G�P���<�<�K���©�<�h�_�g�g�h-�\�h�a�^�m�r�g�Z�y���Z�d�Z�^�_�f�b�y���b�f�����i�j�h�n�_�k�k�h�j�Z���G���?�� �@�m�d�h�\�k�d�h�]�h���b��

�X���:�����=�Z�]�Z�j�b�g�Z�ª 
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�:�g�g�h�l�Z�p�b�y�����<�� �k�l�Z�l�v�_�� �i�j�b�\�h�^�b�l�k�y�� �f�_�l�h�^�b�d�Z�� �k�h�a�^�Z�g�b�y�� �f�g�h�]�h�n�m�g�d�p�b�h�g�Z�e�v�g�u�o��

�p�b�n�j�h�\�u�o�� �b�g�^�b�d�Z�l�h�j�h�\�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �i�j�h�]�j�Z�f�f�g�h�]�h�� �h�[�_�k�i�_�q�_�g�b�y�� �$�G�R�E�H�� �)�O�D�V�K��
�3�U�R�I�H�V�V�L�R�Q�D�O���� �<�� �^�Z�e�v�g�_�c�r�_�f�� �j�Z�a�j�Z�[�h�l�Z�g�g�u�_�� �f�g�h�]�h�n�m�g�d�p�b�h�g�Z�e�v�g�u�_�� �b�g�^�b�d�Z�l�h�j�u�� �k�h�\�f�_�k�l�g�h�� �k��
�i�j�h�]�j�Z�f�f�g�u�f���h�[�_�k�i�_�q�_�g�b�_�f��matlab&simulink �b�k�i�h�e�v�a�m�x�l�k�y���\���i�b�e�h�l�Z�`�g�u�o���k�l�_�g�^�Z�o�� 
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ON THE ISSUE OF CREATING MULTIFUNCTIONAL  

DIGITAL INDICATORS USING  
FLASH TECHNOLOGIES 

 
Fedorkevich I. A.  

Averin A. A. 
 

�0�L�O�L�W�D�U�\���7�U�D�L�Q�L�Q�J���D�Q�G���5�H�V�H�D�U�F�K���&�H�Q�W�H�U���R�I���W�K�H���$�L�U���)�R�U�F�H���©�$�L�U���)�R�U�F�H���$�F�D�G�H�P�\���D�I�W�H�U��
�3�U�R�I�H�V�V�R�U���1���(�����=�K�X�N�R�Y�V�N�\���D�Q�G���<���$�����*�D�J�D�U�L�Q�ª 

(Voronezh) 
 

Abstract. The article presents a methodology for creating multifunctional digital indicators 
using Adobe Flash Professional software. In the future, the developed multifunctional indicators 
together with the matlab&simulink software are used in flight stands. 

Keywords: Adobe@Flash, simulation model, multifunctional digital indicator, 
dashboard, aircraft horizon, complex. 
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�I�j�b�� �k�h�a�^�Z�g�b�b�� �i�b�e�h�l�Z�`�g�h-�g�Z�\�b�]�Z�p�b�h�g�g�h�c�� �b�g�^�b�d�Z�p�b�b�� �b�k�i�h�e�v�a�m�_�l�k�y��
�i�j�h�]�j�Z�f�f�g�u�c�� �d�h�f�i�e�_�d�k��Adobe@Flash ���K�h�]�e�Z�k�g�h���� �<�Z�g�^�_�j�� �?���� �:���� �K�i�j�Z�\�h�q�g�b�d�� �i�h��
Abobe@Flash@Professional CC. M�h�k�d�\�Z�����������������± 695 c.). 

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

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

�<�� �d�Z�q�_�k�l�\�_�� �y�a�u�d�Z�� �i�j�h�]�j�Z�f�f�b�j�h�\�Z�g�b�y�� �b�k�i�h�e�v�a�m�_�l�k�y�� �\�g�m�l�j�_�g�g�b�c�� �y�a�u�d��
Adobe@Flash �± ActionScript ���������� �>�Z�g�g�u�c�� �y�a�u�d�� �y�\�e�y�_�l�k�y�� �h�[�t�_�d�l�g�h-
�h�j�b�_�g�l�b�j�m�_�f�u�f�� �y�a�u�d�h�f�� �i�j�h�]�j�Z�f�f�b�j�h�\�Z�g�b�y���� �h�^�b�g�� �b�a�� �^�b�Z�e�_�d�l�h�\��ECMAScript, 
�d�h�l�h�j�u�c�� �^�h�[�Z�\�e�y�_�l�� �b�g�l�_�j�Z�d�l�b�\�g�h�k�l�v���� �h�[�j�Z�[�h�l�d�m�� �^�Z�g�g�u�o�� �b�� �f�g�h�]�b�_�� �^�j�m�]�b�_��
�\�h�a�f�h�`�g�h�k�l�b�����j�_�Z�e�b�a�m�_�f�u�_���\��Flash-�i�j�b�e�h�`�_�g�b�y�o�� 

�K�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �i�j�h�]�j�Z�f�f�g�h�]�h�� �d�h�f�i�e�_�d�k�Z��Adobe@Flash �k�h�a�^�Z�x�l�k�y��
�b�f�b�l�Z�p�b�h�g�g�u�_�� �f�h�^�_�e�b�� �i�b�e�h�l�Z�`�g�h-�g�Z�\�b�]�Z�p�b�h�g�g�h�c�� �b�g�^�b�d�Z�p�b�b���� �d�h�l�h�j�u�_��
�i�h�e�g�h�k�l�v�x���k�h�h�l�\�_�l�k�l�\�m�x�l���j�_�Z�e�v�g�h�c���b�g�^�b�d�Z�p�b�b�����Z���b�f�_�g�g�h�� 

�< �i�j�b�[�h�j�g�u�o�� �i�Z�g�_�e�_�c�� �k�Z�f�h�e�z�l�h�\�� ���j�b�k�m�g�h�d�� ���� ���K�h�]�e�Z�k�g�h���� �J�Z�a�m�\�Z�_�\�� �>���<����
�K�Z�f�h�e�_�l�� �B�e-�����F�>���� �M�q�_�[�g�h�_�� �i�h�k�h�[�b�_�� ������ �<�h�j�h�g�_�`���� �<�M�G�P�� �<�<�K�� �©�<�<�:�� �b�f���� �i�j�h�n����
�G���?�����@�m�d�h�\�k�d�h�]�h���b���X���:�����=�Z�]�Z�j�b�g�Z�ª�����������������± ���������k��); 

 

 
 

�J�b�k�m�g�h�d�������± �B�f�b�l�Z�p�b�h�g�g�Z�y���f�h�^�_�e�v���i�j�b�[�h�j�g�h�c���^�h�k�d�b���k�Z�f�h�e�z�l�Z���B�e-76 
 

�< �f�g�h�]�h�n�m�g�d�p�b�h�g�Z�e�v�g�u�o�� �p�b�n�j�h�\�u�o�� �b�g�^�b�d�Z�l�h�j�h�\�� �k�Z�f�h�e�z�l�h�\�� 
���j�b�k�m�g�h�d������ [1]; 
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�J�b�k�m�g�h�d�������± �B�f�b�l�Z�p�b�h�g�g�Z�y���f�h�^�_�e�v���f�g�h�]�h�n�m�g�d�p�b�h�g�Z�e�v�g�u�o���p�b�n�j�h�\�u�o�� 
�b�g�^�b�d�Z�l�h�j�h�\���k�Z�f�h�e�z�l�Z���B�e-�����F�>-�����:  

 
�< �i�j�b�[�h�j�g�u�o �i�Z�g�_�e�_�c �\�_�j�l�h�e�z�l�h�\ (�j�b�k�m�g�h�d����); 

 

 
 

�J�b�k�m�g�h�d�������± �B�f�b�l�Z�p�b�h�g�g�Z�y���f�h�^�_�e�v���i�j�b�[�h�j�g�u�o �i�Z�g�_�e�_�c���\�_�j�l�h�e�z�l�Z���F�b-���F�L�<-2 
 

�< �f�g�h�]�h�n�m�g�d�p�b�h�g�Z�e�v�g�u�o�� �p�b�n�j�h�\�u�o�� �b�g�^�b�d�Z�l�h�j�h�\�� �\�_�j�l�h�e�z�l�h�\ 
���j�b�k�m�g�h�d 4) ���K�h�]�e�Z�k�g�h���� �F�Z�d�Z�j�_�g�d�h���<���G���� �D�h�g�k�l�j�m�d�p�b�y�� �b�� �i�j�h�q�g�h�k�l�v�� �e�_�l�Z�l�_�e�v�g�u�o��
�Z�i�i�Z�j�Z�l�h�\���� �<�_�j�l�h�e�_�l�� �F�b-���:�F�L�R���� �M�q�_�[�g�h�_�� �i�h�k�h�[�b�_�� ������ �<�h�j�h�g�_�`���� �<�M�G�P�� �<�<�K��
�©�<�<�:���b�f�����i�j�h�n�����G���?�����@�m�d�h�\�k�d�h�]�h���b���X���:�����=�Z�]�Z�j�b�g�Z�ª�����������������± 180 �k��). 

 

 
 

�J�b�k�m�g�h�d�������± �B�f�b�l�Z�p�b�h�g�g�Z�y���f�h�^�_�e�v���f�g�h�]�h�n�m�g�d�p�b�h�g�Z�e�v�g�u�o���p�b�n�j�h�\�u�o�� 
�b�g�^�b�d�Z�l�h�j�h�\���\�_�j�l�h�e�z�l�Z���F�b-���:�F�L�R 
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�I�j�_�^�k�l�Z�\�e�_�g�g�u�_�� �f�h�^�_�e�b���� �k�h�a�^�Z�g�u�� �\�� �i�j�h�]�j�Z�f�f�g�h�f�� �d�h�f�i�e�_�d�k�_��
Adobe@Flash���� �K�� �i�h�f�h�s�v�x�� �w�l�h�]�h�� �d�h�f�i�e�_�d�k�Z�� �f�h�`�g�h�� �k�h�a�^�Z�\�Z�l�v�� �i�j�b�[�h�j�g�u�_��
�i�Z�g�_�e�b���� �f�g�h�]�h�n�m�g�d�p�b�h�g�Z�e�v�g�u�_�� �p�b�n�j�h�\�u�_�� �b�g�^�b�d�Z�l�h�j�u�� �b�� �b�g�^�b�d�Z�l�h�j�u�� �g�Z��
�e�h�[�h�\�h�f�� �k�l�_�d�e�_�� �e�x�[�u�o�� �k�e�h�`�g�h�k�l�_�c�� �b�� �^�e�y�� �e�x�[�u�o�� �\�b�^�h�\�� �k�Z�f�h�e�z�l�h�\���b��
�\�_�j�l�h�e�z�l�h�\�� 

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

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

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

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

 

 
 

�J�b�k�m�g�h�d�������± �B�f�i�h�j�l�b�j�h�\�Z�g�g�Z�y���d�Z�j�l�b�g�d�Z���f�g�h�]�h�n�m�g�d�p�b�h�g�Z�e�v�g�h�]�h���p�b�n�j�h�\�h�]�h��
�b�g�^�b�d�Z�l�h�j�Z���\���$�G�R�E�H�#�)�O�D�V�K 
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�I�h�k�e�_�� �b�f�i�h�j�l�b�j�h�\�Z�g�b�y�� �]�j�Z�n�b�q�_�k�d�h�]�h�� �b�a�h�[�j�Z�`�_�g�b�y�� �g�Z�� �j�Z�[�h�q�b�c�� �k�e�h�c��
�h�k�m�s�_�k�l�\�e�y�_�l�k�y�� �[�e�h�d�b�j�h�\�d�Z�� �j�Z�[�h�q�_�]�h�� �k�e�h�y���� �>�Z�e�_�_���� �k�h�a�^�Z�\�Z�y�� �^�h�i�h�e�g�b�l�_�e�v�g�u�_��
�k�e�h�b���� �g�Z�q�b�g�Z�_�l�k�y�� �i�j�h�j�b�k�h�\�d�Z�� �d�Z�`�^�h�]�h�� �w�e�_�f�_�g�l�Z�� �i�b�e�h�l�Z�`�g�h-�g�Z�\�b�]�Z�p�b�h�g�g�h�c��
�b�g�^�b�d�Z�p�b�b���� �G�_�h�[�o�h�^�b�f�h�� �j�Z�k�i�h�e�Z�]�Z�l�v�� �d�Z�`�^�u�c�� �i�j�b�[�h�j�� �g�Z�� �k�\�h�z�f�� �k�e�h�_���� �>�Z�g�g�u�c��
�i�h�^�o�h�^�� �h�[�e�_�]�q�Z�_�l�� �j�Z�[�h�l�m�� �j�Z�a�j�Z�[�h�l�q�b�d�Z�� �b�g�^�b�d�Z�p�b�b�� �b�� �e�b�p�Z���� �d�h�l�h�j�h�_�� �[�m�^�_�l��
�j�Z�[�h�l�Z�l�v���k���w�l�h�c���b�g�^�b�d�Z�p�b�_�c���^�Z�e�v�r�_���� 

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

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

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

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

 

 
 

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

�J�Z�[�h�l�Z�����g�Z�i�j�b�f�_�j�����Z�\�b�Z�]�h�j�b�a�h�g�l�Z�����h�[�_�k�i�_�q�b�\�Z�_�l�k�y���i�j�h�]�j�Z�f�f�g�u�f���d�h�^�h�f�� 
{ 
Shkala.y = 300 + f [i]; 
Metka_sam.rotation = f [j];  
}, 
 
�]�^�_��i �± �g�h�f�_�j���k�b�]�g�Z�e�Z�����h�l�\�_�q�Z�x�s�b�c���a�Z���b�a�f�_�g�_�g�b�_���d�j�_�g�Z����j �± �g�h�f�_�j���k�b�]�g�Z�e�Z����

�h�l�\�_�q�Z�x�s�b�c�� �a�Z�� �b�a�f�_�g�_�g�b�_�� �m�]�e�Z�� �l�Z�g�]�Z�`�Z�� �k�Z�f�h�e�_�l�Z���� �Q�b�k�e�h�\�h�_�� �a�g�Z�q�_�g�b�_�� �©300�ª��
�k�h�h�l�\�_�l�k�l�\�m�_�l���g�m�e�_�\�h�f�m���i�h�e�h�`�_�g�b�x���i�h���h�k�b��Y �k�b�f�\�h�e�Z���©Shkala�ª[2]. 

�<�� �^�Z�e�v�g�_�c�r�_�f���� �j�Z�a�j�Z�[�h�l�Z�g�g�u�_�� �f�h�^�_�e�b�� �b�g�l�_�]�j�b�j�m�x�l�k�y�� �k�� �f�h�^�_�e�v�x��
�^�b�g�Z�f�b�d�b�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h�� �^�\�b�`�_�g�b�y�� �k�Z�f�h�e�_�l�Z���� �j�Z�a�j�Z�[�h�l�Z�g�g�m�x�� �\�� �k�j�_�^�_��
Matlab@Simulink [3]. 

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �j�Z�a�j�Z�[�h�l�Z�g�g�u�_�� �f�h�^�_�e�b�� �f�g�h�]�h�n�m�g�d�p�b�h�g�Z�e�v�g�u�o�� �p�b�n�j�h�\�u�o��
�b�g�^�b�d�Z�l�h�j�h�\�� �b�k�i�h�e�v�a�m�x�l�k�y�� �i�j�b�� �i�j�h�\�_�^�_�g�b�b�� �i�h�e�m�g�Z�l�m�j�g�u�o�� �w�d�k�i�_�j�b�f�_�g�l�h�\�� �g�Z��
�i�b�e�h�l�Z�`�g�u�o���k�l�_�g�^�Z�o�� 
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�k�b�k�l�_�f�u�����Q�Z�k�l�v���������B�g�n�h�j�f�Z�p�b�h�g�g�h-�b�a�f�_�j�b�l�_�e�v�g�u�_���k�b�k�l�_�f�u�����F�������<�M�G�P���<�<�K���©�<�<�:���b�f�����i�j�h�n����
�G���?�����@�m�d�h�\�k�d�h�]�h���b���X���:�����=�Z�]�Z�j�b�g�Z�ª�������������������������k�� 

2. �F�_�l�h�^�b�d�Z�� �k�h�a�^�Z�g�b�y�� �b�f�b�l�Z�p�b�h�g�g�u�o�� �f�h�^�_�e�_�c�� �d�Z�[�b�g�g�h�c�� �b�g�^�b�d�Z�p�b�b�� �e�_�l�Z�l�_�e�v�g�u�o��
�Z�i�i�Z�j�Z�l�h�\�����h�l�q�_�l���h���G�B�J���©�B�g�^�b�d�Z�p�b�y-���������ª�������>���<�����<�_�j�_�s�b�d�h�\�����B���:�����N�_�^�h�j�d�_�\�b�q�����I���K�����D�h�k�l�b�g��
�b���^�j�����± �<�M�G�P���<�<�K���©�<�<�:�ª�����������������± ���������k�� 

3. �N�_�^�h�j�d�_�\�b�q�� �B�� �:�� �B�g�l�_�]�j�Z�p�b�y�� �6�L�P�X�O�L�Q�N�� �± �f�h�^�_�e�b�� �^�b�g�Z�f�b�d�b�� �i�h�e�z�l�Z�� �k�Z�f�h�e�z�l�Z�� �b��
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Abstract. The article discusses an approach to modeling the flight dynamics of unmanned 

rotorcraft based on matrix models of the main and tail rotors 
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�<�� �i�h�k�e�_�^�g�b�_�� �^�_�k�y�l�b�e�_�l�b�y�� �g�Z�[�e�x�^�Z�_�l�k�y�� �k�l�j�_�f�b�l�_�e�v�g�h�_�� �j�Z�a�\�b�l�b�_��

�[�_�k�i�b�e�h�l�g�u�o�� �e�_�l�Z�l�_�e�v�g�u�o�� �Z�i�i�Z�j�Z�l�h�\�� ���;�I�E�:���� �i�h�� �\�k�_�f�m�� �f�b�j�m���� �B�o�� �r�b�j�h�d�b�c��
�k�i�_�d�l�j�� �i�j�b�f�_�g�_�g�b�c���� �\�� �l�h�f�� �q�b�k�e�_�� �b�� �\�� �\�h�_�g�g�h�f�� �k�_�d�l�h�j�_���� �^�_�e�Z�_�l�� �b�o�� �\�k�_�� �[�h�e�_�_��
�\�h�k�l�j�_�[�h�\�Z�g�g�u�f�b���� 

�H�i�u�l�� �i�j�b�f�_�g�_�g�b�y�� �;�I�E�:�� �\�� �d�h�f�f�_�j�q�_�k�d�b�o�� �p�_�e�y�o�� �i�h�d�Z�a�u�\�Z�_�l���� �q�l�h��
�g�Z�b�[�h�e�v�r�b�f���k�i�j�h�k�h�f���i�h�e�v�a�m�x�l�k�y���\�b�g�l�h�d�j�u�e�u�_���e�_�l�Z�l�_�e�v�g�u�_���Z�i�i�Z�j�Z�l�u�����d�h�l�h�j�u�_��
�h�[�m�k�e�h�\�e�_�g�u���m�^�h�[�k�l�\�h�f���b�o���b�k�i�h�e�v�a�h�\�Z�g�b�y�����\���k�h�q�_�l�Z�g�b�b���k���g�_�h�[�o�h�^�b�f�u�f���m�j�h�\�g�_�f��
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�[�_�a�h�i�Z�k�g�h�k�l�b�� �i�h�e�_�l�h�\�� �b�� �h�[�_�k�i�_�q�_�g�b�_�f�� �i�j�b�_�f�e�_�f�u�o�� �e�_�l�g�h-�l�_�o�g�b�q�_�k�d�b�o��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d���� 

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

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

�H�^�g�Z�d�h�� �g�Z�� �w�l�h�f�� �w�l�Z�i�_�� �\�h�a�g�b�d�Z�_�l�� �g�_�h�[�o�h�^�b�f�h�k�l�v�� �j�Z�a�j�Z�[�h�l�d�b�� �Z�^�_�d�\�Z�l�g�h�c��
�f�h�^�_�e�b�� �^�b�g�Z�f�b�d�b�� �i�h�e�_�l�Z�� �;�I�E�:���� �<�h�i�j�h�k�u�� �f�h�^�_�e�b�j�h�\�Z�g�b�y�� �^�b�g�Z�f�b�d�b�� �i�h�e�_�l�Z��
�e�_�l�Z�l�_�e�v�g�u�o�� �Z�i�i�Z�j�Z�l�h�\�� �k�Z�f�h�e�_�l�g�h�]�h�� �l�b�i�Z�� �^�Z�\�g�h�� �b�a�m�q�_�g�u�� �f�g�h�]�b�f�b�� �Z�\�l�h�j�Z�f�b�� �b��
�b�a�e�h�`�_�g�u�� �\�� �j�Z�a�e�b�q�g�u�o�� �j�Z�[�h�l�Z�o�� �>��, ���@���� �>�b�g�Z�f�b�d�Z�� �i�h�e�_�l�Z�� �\�b�g�l�h�d�j�u�e�h�]�h��
�e�_�l�Z�l�_�e�v�g�h�]�h�� �Z�i�i�Z�j�Z�l�Z�� �k�m�s�_�k�l�\�_�g�g�h�� �h�l�e�b�q�Z�_�l�k�y�� �h�l�� �k�Z�f�h�e�_�l�g�h�c�� �^�b�g�Z�f�b�d�b���� �q�l�h 
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Abstract. The article considers modelling of the task of searching and tracking an object by 
a formation of three UAVs on the basis of the multi-agent deep deterministic policy gradient 
method (MADDPG). The problem of joint control of a group of UAVs in three-dimensional space 
considering dynamically changing environment is solved. 
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�^�\�b�`�_�g�b�y�� �g�_�k�d�h�e�v�d�b�o�� �[�_�k�i�b�e�h�l�g�u�o�� �e�_�l�Z�l�_�e�v�g�u�o�� �Z�i�i�Z�j�Z�l�h�\�� �k�\�y�a�Z�g�h�� �k��
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�H�^�g�h�c�� �b�a�� �a�Z�^�Z�q�� �y�\�e�y�_�l�k�y�� �i�e�Z�g�b�j�h�\�Z�g�b�_�� �h�i�l�b�f�Z�e�v�g�h�]�h�� �f�Z�j�r�j�m�l�Z�� �f�_�`�^�m��
�g�Z�q�Z�e�v�g�h�c�� �l�h�q�d�h�c�� �b�� �f�_�k�l�h�f�� �\�u�i�h�e�g�_�g�b�y�� �f�b�k�k�b�b���� �I�j�b�� �w�l�h�f�� �g�_�h�[�o�h�^�b�f�h�� �w�l�h��
�h�k�m�s�_�k�l�\�b�l�v���l�Z�d�b�f���h�[�j�Z�a�h�f�����q�l�h�[�u���g�_�k�d�h�e�v�d�h���;�E�:���f�h�]�e�b���[�u�k�l�j�h���^�h�k�l�b�q�v���f�_�k�l�Z��
�\�u�i�h�e�g�_�g�b�y���f�b�k�k�b�b�����b�a�[�_�`�Z�l�v���g�_�b�a�\�_�k�l�g�u�o���i�j�_�i�y�l�k�l�\�b�c���\���h�d�j�m�`�Z�x�s�_�c���k�j�_�^�_���b��
�m�f�_�g�v�r�b�l�v���i�h�l�_�j�b���;�E�:�� 

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

�H�k�g�h�\�u�\�Z�y�k�v�� �g�Z�� �\�u�r�_�b�a�e�h�`�_�g�g�h�f���� �\�� �^�Z�g�g�h�c�� �k�l�Z�l�v�_�� �i�j�h�\�h�^�b�l�k�y��
�b�k�k�e�_�^�h�\�Z�g�b�_�� �a�Z�^�Z�q�b�� �]�j�m�i�i�h�\�h�]�h�� �i�h�b�k�d�Z�� �b�� �k�h�i�j�h�\�h�`�^�_�g�b�y�� �k�� �m�q�Z�k�l�b�_�f��
�g�_�k�d�h�e�v�d�b�o�� �[�_�k�i�b�e�h�l�g�u�o�� �e�_�l�Z�l�_�e�v�g�u�o�� �Z�i�i�Z�j�Z�l�h�\���� �A�Z�^�Z�q�Z�� �]�j�m�i�i�h�\�h�]�h��
�k�h�i�j�h�\�h�`�^�_�g�b�y���\���h�k�g�h�\�g�h�f���b�a�m�q�Z�_�l�����d�Z�d���m�i�j�Z�\�e�y�l�v���n�h�j�f�b�j�h�\�Z�g�b�_�f���;�E�:�����q�l�h�[�u��
�Z�\�l�h�g�h�f�g�h���b���k�d�h�h�j�^�b�g�b�j�h�\�Z�g�h���b�k�i�h�e�v�a�h�\�Z�l�v���n�h�j�f�Z�p�b�x���^�e�y���h�d�j�m�`�_�g�b�y���b���a�Z�o�\�Z�l�Z��
�h�l�^�_�e�v�g�u�o�� �b�e�b�� �]�j�m�i�i�h�\�u�o�� �h�[�t�_�d�l�h�\���� �G�Z�� �j�b�k���� ���� �i�j�_�^�k�l�Z�\�e�_�g�h�� �k�o�_�f�Z�l�b�q�_�k�d�h�_��
�b�a�h�[�j�Z�`�_�g�b�_�� �a�Z�^�Z�q�b���� �j�Z�k�k�f�h�l�j�_�g�g�h�c�� �\�� �^�Z�g�g�h�c�� �k�l�Z�l�v�_���� �]�^�_�� �]�j�m�i�i�Z�� �b�a�� �l�j�_�o��
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�i�h�b�k�d�Z�� �\�u�k�l�m�i�Z�_�l�� �^�j�m�]�h�c�� �;�E�:���� �P�_�e�y�f�b�� �k�h�x�a�g�h�c�� �]�j�m�i�i�u�� �;�E�:�� �y�\�e�y�x�l�k�y��
�^�h�k�l�b�`�_�g�b�_�� �f�b�g�b�f�Z�e�v�g�h�]�h�� �\�j�_�f�_�g�b�� �h�[�g�Z�j�m�`�_�g�b�y�� �h�[�t�_�d�l�Z���� �Z�� �l�Z�d�`�_�� �k�l�j�_�f�e�_�g�b�y��
�]�j�m�i�i�u�� �d�� �f�Z�d�k�b�f�Z�e�v�g�h�f�m�� �\�j�_�f�_�g�b�� �m�^�_�j�`�Z�g�b�y�� �h�[�t�_�d�l�Z�� �\�� �a�h�g�_�� �a�Z�o�\�Z�l�Z��
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�<�� �p�_�e�y�o�� �k�h�\�f�_�k�l�g�h�]�h�� �m�i�j�Z�\�e�_�g�b�y�� �n�h�j�f�b�j�h�\�Z�g�b�_�f�� �;�E�:�� �i�j�_�^�e�Z�]�Z�_�l�k�y��
�b�k�i�h�e�v�a�h�\�Z�l�v�� �f�g�h�]�h�Z�]�_�g�l�g�h�_�� �]�e�m�[�h�d�h�_�� �h�[�m�q�_�g�b�_�� �k�� �i�h�^�d�j�_�i�e�_�g�b�_�f���� �d�h�l�h�j�h�_��
�a�Z�f�_�g�y�_�l�� �l�j�Z�^�b�p�b�h�g�g�u�_�� �]�_�g�_�l�b�q�_�k�d�b�_�� �Z�e�]�h�j�b�l�f�u���� �l�_�h�j�b�x�� �b�]�j�� �b�� �^�j�m�]�b�_��
�Z�e�]�h�j�b�l�f�u�� �i�e�Z�g�b�j�h�\�Z�g�b�y�� �l�j�Z�_�d�l�h�j�b�b�� �b�� �m�i�j�Z�\�e�_�g�b�y�� �n�h�j�f�b�j�h�\�Z�g�b�_�f����
�I�Z�j�Z�f�_�l�j�u���� �b�k�i�h�e�v�a�m�_�f�u�_�� �Z�e�]�h�j�b�l�f�h�f�� �h�[�m�q�_�g�b�y�� �k�� �i�h�^�d�j�_�i�e�_�g�b�_�f��
�i�j�_�^�k�l�Z�\�e�_�g�u���g�Z���j�b�k�������� 

�=�e�m�[�h�d�h�_�� �h�[�m�q�_�g�b�_�� �k�� �i�h�^�d�j�_�i�e�_�g�b�_�f�� �± �w�l�h�� �d�h�f�[�b�g�Z�p�b�y�� �]�e�m�[�h�d�h�]�h��
�h�[�m�q�_�g�b�y�� �b�� �h�[�m�q�_�g�b�y�� �k�� �i�h�^�d�j�_�i�e�_�g�b�_�f���� �H�[�m�q�_�g�b�_�� �k�� �i�h�^�d�j�_�i�e�_�g�b�_�f��
(Reinforcement Learning���� �y�\�e�y�_�l�k�y�� �\�Z�`�g�u�f�� �f�_�l�h�^�h�f�� �j�_�r�_�g�b�y�� �a�Z�^�Z�q�� �i�j�b�g�y�l�b�y��
�j�_�r�_�g�b�c���� �g�Z�^�_�e�y�y�� �Z�]�_�g�l�Z�� �k�i�h�k�h�[�g�h�k�l�v�x�� �d�� �k�Z�f�h�k�l�h�y�l�_�e�v�g�h�f�m�� �h�[�m�q�_�g�b�x�>���@����
�<�a�Z�b�f�h�^�_�c�k�l�\�m�y�� �k�� �h�d�j�m�`�Z�x�s�_�c�� �k�j�_�^�h�c�� ��environment������ �Z�]�_�g�l�� �i�h�k�l�h�y�g�g�h��
�i�_�j�_�k�f�Z�l�j�b�\�Z�_�l�� �k�\�h�x�� �i�h�e�b�l�b�d�m�� �^�_�c�k�l�\�b�c�� ��policy���� �k�� �i�h�f�h�s�v�x�� �n�m�g�d�p�b�b��
�\�h�a�g�Z�]�j�Z�`�^�_�g�b�y�� ��reward function������ �P�_�e�v�x�� �Z�]�_�g�l�Z�� �y�\�e�y�_�l�k�y�� �f�Z�d�k�b�f�b�a�b�j�h�\�Z�g�b�_��
�g�Z�]�j�Z�^�u���� �d�h�l�h�j�Z�y�� �\�u�^�Z�_�l�k�y�� �d�Z�`�^�u�c�� �j�Z�a���� �d�h�]�^�Z�� �Z�]�_�g�l�� �k�h�\�_�j�r�Z�_�l�� �d�Z�d�h�_-�e�b�[�h��
�^�_�c�k�l�\�b�_��(action���� �\�� �h�d�j�m�`�Z�x�s�_�c�� �k�j�_�^�_���� �<�� �k�\�h�x�� �h�q�_�j�_�^�v���� �^�Z�g�g�u�_�� �h�� �k�h�k�l�h�y�g�b�b��
�Z�]�_�g�l�Z���\���k�j�_�^�_���i�_�j�_�^�Z�x�l�k�y���q�_�j�_�a���k�h�k�l�h�y�g�b�_����state�������i�h�a�\�h�e�y�y���Z�]�_�g�l�m���j�_�Z�]�b�j�h�\�Z�l�v��
�g�Z���b�a�f�_�g�_�g�b�y�� 

 

 
 

�J�b�k�m�g�h�d�������± �>�b�Z�]�j�Z�f�f�Z���\�a�Z�b�f�h�^�_�c�k�l�\�b�y���h�d�j�m�`�Z�x�s�_�c���k�j�_�^�u���b���Z�]�_�g�l�Z 
 

�=�e�m�[�h�d�h�_�� �h�[�m�q�_�g�b�_�� ��Deep Learning) �± �w�l�h�� �Z�e�]�h�j�b�l�f���� �b�k�i�h�e�v�a�m�x�s�b�c��
�g�_�c�j�h�g�g�u�_�� �k�_�l�b�� �^�e�y�� �b�a�m�q�_�g�b�y�� �b�e�b�� �k�h�a�^�Z�g�b�y�� �k�e�h�`�g�u�o�� �b�� �f�g�h�]�h�f�_�j�g�u�o��
�g�_�e�b�g�_�c�g�u�o�� �k�\�y�a�_�c�� �f�_�`�^�m�� �\�o�h�^�g�u�f�b�� �b�� �\�u�o�h�^�g�u�f�b�� �^�Z�g�g�u�f�b�� �>���@���� �L�Z�d�h�_��
�i�h�k�l�j�h�_�g�b�_�� �k�\�y�a�_�c�� �^�Z�_�l�� �k�i�h�k�h�[�g�h�k�l�v�� �]�e�m�[�h�d�h�c�� �g�_�c�j�h�g�g�h�c�� �k�_�l�b�� �[�h�e�_�_�� �]�b�[�d�h��
�j�_�r�Z�l�v���a�Z�^�Z�q�b���g�Z���j�Z�a�e�b�q�g�u�o���i�j�h�k�l�j�Z�g�k�l�\�Z�o���k�h�k�l�h�y�g�b�c���b���^�_�c�k�l�\�b�c���>���@�� 
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�D�e�Z�k�k�b�q�_�k�d�b�_�� �Z�e�]�h�j�b�l�f�u�� �h�[�m�q�_�g�b�y�� �k�� �i�h�^�d�j�_�i�e�_�g�b�_�f�� �l�Z�d�`�_�� �\�d�e�x�q�Z�x�l�� �\��
�k�_�[�y�� �n�m�g�d�p�b�x�� �h�p�_�g�d�b�� �i�h�e�b�l�b�d�b��( )v s�S  �d�h�l�h�j�Z�y�� �h�i�j�_�^�_�e�y�_�l�k�y�� �d�Z�d�� �h�`�b�^�Z�_�f�Z�y��
�b�l�h�]�h�\�Z�y�� �g�Z�]�j�Z�^�Z�� �i�h�e�b�l�b�d�b���Œ �\�� �l�_�d�m�s�_�f�� �k�h�k�l�h�y�g�b�b��s���� �<�� �i�j�h�p�_�k�k�_�� �j�Z�a�\�b�l�b�y��
�i�h�y�\�b�e�Z�k�v�� �^�j�m�]�Z�y�� �h�p�_�g�d�Z�� �i�h�e�b�l�b�d�b�� �Z�]�_�g�l�Z���� �h�[�h�a�g�Z�q�Z�_�f�Z�y�� �d�Z�d��Q-value���� �>�Z�g�g�Z�y��
�h�p�_�g�d�Z�� �\�u�j�Z�`�Z�_�l�k�y�� �d�Z�d��( , )q s a�S  �b���� �\�� �h�l�e�b�q�b�_�� �h�l�� �n�m�g�d�p�b�b�� �\�u�r�_���� �i�j�b�g�b�f�Z�_�l��
�^�h�i�h�e�g�b�l�_�e�v�g�u�c���i�Z�j�Z�f�_�l�j��a ���l�_�d�m�s�_�_���^�_�c�k�l�\�b�_��. �B�a-�a�Z���h�]�j�Z�g�b�q�_�g�b�c�����\�u�a�\�Z�g�g�u�o��
�d�e�Z�k�k�b�q�_�k�d�h�c�� �h�p�_�g�d�h�c�� �i�h�e�b�l�b�d�b���� �f�_�l�h�^��Q-value �h�[�j�Z�a�h�\�Z�e�� �h�l�^�_�e�v�g�u�c�� �Z�e�]�h�j�b�l�f��
Q-learning���� �m�k�l�j�Z�g�y�x�s�b�c�� �g�_�d�h�l�h�j�u�_�� �i�j�h�[�e�_�f�u���� �k�\�y�a�Z�g�g�u�_�� �k�� �g�_�k�l�Z�[�b�e�v�g�u�f��
�i�j�b�g�y�l�b�_�f���j�_�r�_�g�b�c���b���g�_�\�h�a�f�h�`�g�h�k�l�b���h�[�m�q�_�g�b�y���>���@�� 

�>�e�y�� �j�_�r�_�g�b�y�� �a�Z�^�Z�q���� �i�h�k�l�Z�\�e�_�g�g�u�o�� �\�� �j�Z�[�h�l�_���� �\�u�[�j�Z�g�� �Z�e�]�h�j�b�l�f��
�f�m�e�v�l�b�Z�]�_�g�l�g�h�]�h�� �]�e�m�[�h�d�h�]�h�� �^�_�l�_�j�f�b�g�b�j�h�\�Z�g�g�h�]�h�� �]�j�Z�^�b�_�g�l�Z�� �i�h�e�b�l�b�d�b��
(MADDPG�����>���@�����W�l�h���Z�e�]�h�j�b�l�f�����b�k�i�h�e�v�a�m�x�s�b�c���g�_�c�j�h�g�g�u�_���k�_�l�b���Z�d�l�_�j�Z���b���d�j�b�l�b�d�Z����
�k�e�_�^�m�x�s�b�c�� �i�j�b�g�p�b�i�m�� �p�_�g�l�j�Z�e�b�a�h�\�Z�g�g�h�]�h�� �h�[�m�q�_�g�b�y�� �b�� �^�_�p�_�g�l�j�Z�e�b�a�h�\�Z�g�g�h�]�h��
�b�k�i�h�e�g�_�g�b�y�����F�h�^�_�e�b�j�m�y���i�j�h�p�_�k�k���n�m�g�d�p�b�b��Q-value, MADDPG �\�\�h�^�b�l���\�u�[�j�Z�g�g�u�_��
�^�_�c�k�l�\�b�y�� �b�a�� �l�_�d�m�s�_�c�� �k�l�j�Z�l�_�]�b�b�� �^�j�m�]�b�o�� �Z�]�_�g�l�h�\�� �\�� �d�Z�q�_�k�l�\�_�� �^�h�i�h�e�g�b�l�_�e�v�g�h�c��
�b�g�n�h�j�f�Z�p�b�b�� �^�e�y�� �j�_�r�_�g�b�y�� �i�j�h�[�e�_�f�u�� �g�_�� �k�l�Z�p�b�h�g�Z�j�g�h�k�l�b�� �h�d�j�m�`�Z�x�s�_�c�� �k�j�_�^�u����
MADDPG �a�g�Z�_�l���\�k�_���k�l�j�Z�l�_�]�b�b���Z�]�_�g�l�h�\�����Z���k�l�Z�[�b�e�v�g�h�k�l�v���k�j�_�^�u���g�_���[�m�^�_�l���g�Z�j�m�r�_�g�Z��
�i�j�b���b�a�f�_�g�_�g�b�b���k�l�j�Z�l�_�]�b�b���h�l�^�_�e�v�g�h�]�h���Z�]�_�g�l�Z�� 

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

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

 
�G�Z�]�j�Z�^�Z���[�u�e�Z���i�j�_�^�k�l�Z�\�e�_�g�Z���k�d�h�j�h�k�l�v�x���;�I�E�:���b���h�l�g�h�k�b�l�_�e�v�g�u�f���Z�a�b�f�m�l�h�f��

�h�l�� �;�I�E�:�� �^�h�� �p�_�e�b���� �D�h�]�^�Z�� �[�_�k�i�b�e�h�l�g�b�d�� �i�h�e�_�l�b�l�� �d�� �p�_�e�b�� �k�� �[�h�e�_�_�� �\�u�k�h�d�h�c��
�k�d�h�j�h�k�l�v�x���� �h�g�� �i�h�e�m�q�b�l�� �[�h�e�v�r�_�_�� �\�h�a�g�Z�]�j�Z�`�^�_�g�b�_���� �D�j�h�f�_�� �l�h�]�h���� �^�e�y�� �l�h�]�h�� �q�l�h�[�u��
�[�_�k�i�b�e�h�l�g�b�d�� �f�h�]�� �Z�\�l�h�g�h�f�g�h�� �i�_�j�_�f�_�s�Z�l�v�k�y�� �b�� �b�a�[�_�]�Z�l�v�� �i�j�_�i�y�l�k�l�\�b�y����
�\�h�a�g�Z�]�j�Z�`�^�_�g�b�_�� �a�Z�� �[�_�a�h�i�Z�k�g�u�c�� �i�h�e�_�l�� �;�E�:�� �m�k�l�Z�g�Z�\�e�b�\�Z�_�l�k�y�� �k�e�_�^�m�x�s�b�f��
�h�[�j�Z�a�h�f�� 
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�L�h�� �_�k�l�v���� �d�h�]�^�Z�� �;�E�:�� �k�l�Z�e�d�b�\�Z�_�l�k�y�� �b�e�b�� �i�_�j�_�k�_�d�Z�_�l�� �]�j�Z�g�b�p�m���� �h�g�� �i�h�e�m�q�Z�_�l��
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Abstract. The article discusses the issues of integration of unmanned aircraft systems into 

the unified airspace of Russia. Based on the latest global trends, technological gaps have been 
identified that slowly down the process of introducing unmanned aircraft into the traditional 
aviation system. Particular attention is paid to the C2 monitoring and control link and the radio 
frequency spectrum, which at the ICAO level is proposed to be allocated specifically for the C2 
link. L-DACS1 digital aviation communications technology is a potential communications 
technology for both manned and unmanned aircraft. The coverage areas of the L-DACS system 
are assessed and the optimal composition and placement of ground stations is determined using 
the example of the Kaliningrad region to provide communications, navigation and identification 
of unmanned aircraft systems when flying in the common airspace of Russia. 
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�Z�\�b�Z�p�b�h�g�g�u�o�� �k�b�k�l�_�f�� �\�� �_�^�b�g�h�_�� �\�h�a�^�m�r�g�h�_�� �i�j�h�k�l�j�Z�g�k�l�\�h�� �J�h�k�k�b�c�k�d�h�c��
�N�_�^�_�j�Z�p�b�b���� 

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

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

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

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

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

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

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

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

1) �Z�w�j�h�i�h�j�l�h�\�u�_���h�i�_�j�Z�p�b�b���± �j�Z�a�j�Z�[�h�l�d�Z���g�Z�a�_�f�g�h�c���k�b�k�l�_�f�u���E�I�>���\�u�k�h�d�h�c��
�i�j�h�i�m�k�d�g�h�c�� �k�i�h�k�h�[�g�h�k�l�b�� �^�e�y�� �h�[�_�k�i�_�q�_�g�b�y�� �Z�w�j�h�i�h�j�l�h�\�u�o�� �h�i�_�j�Z�p�b�c���� �K�x�^�Z��
�h�l�g�h�k�b�l�k�y���Z�\�b�Z�p�b�h�g�g�Z�y���i�h�^�\�b�`�g�Z�y���Z�w�j�h�i�h�j�l�h�\�Z�y���k�b�k�l�_�f�Z���k�\�y�a�b�����$�H�U�R�0�$�&�6���� 

2) SATCOM �± �g�h�\�Z�y�� �k�i�m�l�g�b�d�h�\�Z�y�� �k�b�k�l�_�f�Z�� �E�I�>���� �i�j�_�^�g�Z�a�g�Z�q�_�g�g�Z�y�� �^�e�y��
�h�d�_�Z�g�b�q�_�k�d�b�o�� �b�� �m�^�Z�e�_�g�g�u�o�� �j�Z�c�h�g�h�\���� �d�h�l�h�j�Z�y�� �f�h�`�_�l�� �b�k�i�h�e�v�a�h�\�Z�l�v�k�y�� �\��
�d�h�g�l�b�g�_�g�l�Z�e�v�g�u�o���j�Z�c�h�g�Z�o���\���d�Z�q�_�k�l�\�_���^�h�i�h�e�g�_�g�b�y���d���g�Z�a�_�f�g�u�f���k�b�k�l�_�f�Z�f���� 

3) �g�Z�a�_�f�g�Z�y�� �k�b�k�l�_�f�Z�� �E�I�>�� �^�e�y�� �d�h�g�l�b�g�_�g�l�Z�e�v�g�u�o�� �i�h�e�_�l�h�\�� ���j�Z�c�h�g��
�Z�w�j�h�^�j�h�f�Z�� �b�� �i�h�e�_�l�u�� �i�h�� �f�Z�j�r�j�m�l�m������ �=�:�G�I�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�l�� �^�e�y�� �w�l�b�o�� �p�_�e�_�c��
�p�b�n�j�h�\�m�x���Z�\�b�Z�p�b�h�g�g�m�x���k�b�k�l�_�f�m���k�\�y�a�b���Z�\�b�Z�p�b�h�g�g�h�]�h���/-�^�b�Z�i�Z�a�h�g�Z�����/-DACS). 

�<�� �d�h�g�p�_�i�p�b�b�� �&�1�6�� ���&�R�P�P�X�Q�L�F�D�W�L�R�Q���� �1�D�Y�L�J�D�W�L�R�Q���� �6�X�U�Y�H�L�O�O�D�Q�F�H�� �± �k�\�y�a�v����
�g�Z�\�b�]�Z�p�b�y���� �g�Z�[�e�x�^�_�g�b�_���� �B�D�:�H�� �i�h�y�\�b�e�Z�k�v�� �g�h�\�Z�y�� �k�m�s�g�h�k�l�v�� �± �j�Z�^�b�h�e�b�g�b�y��
�d�h�g�l�j�h�e�y�� �b�� �m�i�j�Z�\�e�_�g�b�y�� �;�:�K�� ���&�R�P�P�D�Q�G�� �	�� �&�R�Q�W�U�R�O�� �± �K�������� �W�l�h�� �e�b�g�b�y�� �i�_�j�_�^�Z�q�b��
�^�Z�g�g�u�o�� ���g�_�� �\�d�e�x�q�Z�y�� �i�h�e�_�a�g�m�x�� �g�Z�]�j�m�a�d�m������ �h�[�_�k�i�_�q�b�\�Z�x�s�Z�y�� �d�h�g�l�j�h�e�v�� �b��
�m�i�j�Z�\�e�_�g�b�_�� �;�<�K�� �\�g�_�r�g�b�f�� �i�b�e�h�l�h�f�� �k�� �a�_�f�e�b���� �<�� �i�j�_�^�e�Z�]�Z�_�f�h�f�� �g�h�\�h�f�� �l�h�f�_��
�f�_�`�^�m�g�Z�j�h�^�g�u�o�� �k�l�Z�g�^�Z�j�l�h�\�� �b�� �j�_�d�h�f�_�g�^�m�_�f�h�c�� �i�j�Z�d�l�b�d�b�� �B�D�:�H�� �d�� �I�j�b�e�h�`�_�g�b�x��
������ �©�:�\�b�Z�p�b�h�g�g�Z�y�� �w�e�_�d�l�j�h�k�\�y�a�v�ª�� �d�� �D�h�g�\�_�g�p�b�b�� �h�� �f�_�`�^�m�g�Z�j�h�^�g�h�c�� �]�j�Z�`�^�Z�g�k�d�h�c��
�Z�\�b�Z�p�b�b���� �l�h�f�� �9�,�� �©�K�b�k�l�_�f�u�� �b�� �i�j�Z�\�b�e�Z�� �k�\�y�a�b���� �h�l�g�h�k�y�s�b�_�k�y�� �d�� �e�b�g�b�b�� �K����
�^�b�k�l�Z�g�p�b�h�g�g�h���i�b�e�h�l�b�j�m�_�f�u�o���Z�\�b�Z�p�b�h�g�g�u�o���k�b�k�l�_�f�ª�����e�b�g�b�y���&�����h�i�j�_�^�_�e�y�_�l�k�y���d�Z�d��
�e�h�]�b�q�_�k�d�Z�y���� �g�h�� �n�b�a�b�q�_�k�d�b�� �j�_�Z�e�b�a�h�\�Z�g�g�Z�y�� �k�\�y�a�v���� �b�k�i�h�e�v�a�m�_�f�Z�y�� �^�e�y�� �h�[�f�_�g�Z��
�b�g�n�h�j�f�Z�p�b�_�c�� �f�_�`�^�m�� �i�m�g�d�l�h�f�� �^�b�k�l�Z�g�p�b�h�g�g�h�]�h�� �i�b�e�h�l�b�j�h�\�Z�g�b�y�� �b�� �^�b�k�l�Z�g�p�b�h�g�g�h��
�i�b�e�h�l�b�j�m�_�f�u�f�� �\�h�a�^�m�r�g�u�f�� �k�m�^�g�h�f���� �H�g�Z�� �i�h�a�\�h�e�y�_�l�� �i�_�j�_�^�Z�\�Z�l�v�� �d�h�f�Z�g�^�u��
�\�g�_�r�g�_�]�h���i�b�e�h�l�Z�����Z���h�l���;�<�K���i�h�e�m�q�Z�l�v���b�g�n�h�j�f�Z�p�b�x���h���_�]�h���k�h�k�l�h�y�g�b�b���>���@���� 

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

�<�� �k�_�g�l�y�[�j�_�� ���������� �]�h�^�Z�� �K�i�_�p�b�Z�e�v�g�u�c�� �d�h�f�b�l�_�l�� �6�&-�������� �5�7�&�$�� �\�u�i�m�k�l�b�e��
�i�_�j�\�u�c���k�l�Z�g�^�Z�j�l���g�Z���e�b�g�b�x���K�����± �©�F�b�g�b�f�Z�e�v�g�u�_���h�i�_�j�Z�p�b�h�g�g�u�_���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b��
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���0�2�3�6�����e�b�g�b�b���d�h�g�l�j�h�e�y���b���m�i�j�Z�\�e�_�g�b�y���K�������g�Z�a�_�f�g�h�]�h���[�Z�a�b�j�h�\�Z�g�b�y���ª���'�2-�����������<��
�^�_�d�Z�[�j�_�������������]�h�^�Z���\�u�r�_�e���h�[�g�h�\�e�_�g�g�u�c���k�l�Z�g�^�Z�j�l���'�2-362A. 

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

�I�e�Z�g�u�� �(�8�5�2�&�$�(�� ���j�Z�[�h�q�Z�y�� �]�j�m�i�i�Z�� �:�*�� ���������� �i�h�� �k�l�Z�g�^�Z�j�l�b�a�Z�p�b�b�� �k�b�k�l�_�f�u��
�K���� �\�d�e�x�q�Z�x�l�� �j�Z�[�h�l�u�� �\�� �l�j�_�o�� �g�Z�i�j�Z�\�e�_�g�b�y�o���� �j�Z�^�b�h�e�b�g�b�y�� �K������ �k�i�_�d�l�j�� �b��
�b�g�n�h�j�f�Z�p�b�h�g�g�Z�y���[�_�a�h�i�Z�k�g�h�k�l�v���^�e�y���k�_�j�l�b�n�b�p�b�j�m�_�f�u�o���;�:�K�� 

�I�j�b�� �k�h�a�^�Z�g�b�b�� �d�Z�g�Z�e�Z�� �i�_�j�_�^�Z�q�b�� �^�Z�g�g�u�o�� �\�h�a�^�m�o���a�_�f�e�y�� �\�� �j�Z�f�d�Z�o��
�b�g�n�j�Z�k�l�j�m�d�l�m�j�u�� �k�\�y�a�b�� �[�m�^�m�s�_�]�h�� ���)�&�,�� �± future communication infrastructure) 
�B�D�:�H���j�_�d�h�f�_�g�^�m�_�l���b�k�i�h�e�v�a�h�\�Z�l�v���^�b�Z�i�Z�a�h�g��������-�����������F�=�p���^�e�y���k�h�\�f�_�k�l�b�f�h�k�l�b���k��
�k�m�s�_�k�l�\�m�x�s�b�f�b�� �k�b�k�l�_�f�Z�f�b�� �k�\�y�a�b���� �B�D�:�H�� �k�l�Z�g�^�Z�j�l�b�a�b�j�m�_�l�� �l�_�o�g�h�e�h�]�b�x��
�g�Z�a�_�f�g�h�c�� �r�b�j�h�d�h�i�h�e�h�k�g�h�c�� �i�_�j�_�^�Z�q�b�� �^�Z�g�g�u�o�� �/-�'�$�&�6���� �d�h�l�h�j�Z�y��
�i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�e�Z���k�\�h�x���a�j�_�e�h�k�l�v���\���o�h�^�_���e�_�l�g�u�o���b�k�i�u�l�Z�g�b�c���>���@�� 

L-DACS �± �k�h�\�j�_�f�_�g�g�u�c�� �d�Z�g�Z�e�� �i�_�j�_�^�Z�q�b�� �^�Z�g�g�u�o�� �^�e�y�� �Z�w�j�h�g�Z�\�b�]�Z�p�b�b����
�J�Z�a�\�b�l�b�_�� �/-�'�$�&�6�� �[�u�e�h�� �b�g�b�p�b�b�j�h�\�Z�g�h�� �m�`�_�� �\�u�y�\�e�_�g�g�u�f�b�� �h�]�j�Z�g�b�q�_�g�b�y�f�b��
�i�h�e�h�k�u���i�j�h�i�m�k�d�Z�g�b�y�� �\�� �k�b�k�l�_�f�Z�o���i�_�j�_�^�Z�q�b���^�Z�g�g�u�o���^�e�y�� �Z�\�b�Z�p�b�b���� �b�k�i�h�e�v�a�m�x�s�b�o��
�d�Z�g�Z�e�u�� �k�\�y�a�b�� �H�<�Q���� �>�e�y�� �i�h�^�^�_�j�`�d�b�� �[�m�^�m�s�b�o�� �m�k�e�m�]�� �/-�'�$�&�6�� �f�h�`�_�l��
�h�[�_�k�i�_�q�b�\�Z�l�v�� �i�j�h�i�m�k�d�g�m�x�� �k�i�h�k�h�[�g�h�k�l�v�� �^�Z�g�g�u�o�� �h�l�� �������� �D�[�b�l���k�� �^�h�� �������� �F�[�b�l���k�� �\��
�a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �\�u�[�j�Z�g�g�h�c�� �k�o�_�f�u�� �Z�^�Z�i�l�b�\�g�h�]�h�� �d�h�^�b�j�h�\�Z�g�b�y�� �b�� �f�h�^�m�e�y�p�b�b���� �/-
D�$�&�6�� �l�Z�d�`�_�� �m�i�j�Z�\�e�y�_�l�� �i�j�b�h�j�b�l�_�l�Z�f�b�� �h�[�k�e�m�`�b�\�Z�g�b�y�� �b���� �l�Z�d�b�f�� �h�[�j�Z�a�h�f����
�]�Z�j�Z�g�l�b�j�m�_�l�� �i�j�h�i�m�k�d�g�m�x�� �k�i�h�k�h�[�g�h�k�l�v���� �g�b�a�d�m�x�� �a�Z�^�_�j�`�d�m�� �b�� �\�u�k�h�d�m�x��
�g�_�i�j�_�j�u�\�g�h�k�l�v�� �h�[�k�e�m�`�b�\�Z�g�b�y�� �^�e�y�� �d�j�b�l�b�q�_�k�d�b�� �\�Z�`�g�u�o�� �k�� �l�h�q�d�b�� �a�j�_�g�b�y��
�[�_�a�h�i�Z�k�g�h�k�l�b���i�j�b�e�h�`�_�g�b�c���� 

�J�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y�� �\�Z�j�b�Z�g�l�� �^�h�j�Z�[�h�l�d�b�� �^�\�m�o�� �\�_�j�k�b�c�� �k�b�k�l�_�f�u�� �/-�'�$�&�6���� �Z��
�b�f�_�g�g�h���/-�'�$�&�6�����b���/-DACS2 [5]. 

L-�'�$�&�6���� �b�k�i�h�e�v�a�m�_�l�� �n�b�a�b�q�_�k�d�b�c�� �m�j�h�\�_�g�v�� �*�6�0���� �/-�'�$�&�6���� �b�k�i�h�e�v�a�m�_�l��
�f�h�^�m�e�y�p�b�x�� �*�0�6�.�� ���]�Z�m�k�k�h�\�k�d�m�x�� �f�Z�g�b�i�m�e�y�p�b�x�� �k�� �f�b�g�b�f�Z�e�v�g�u�f�� �q�Z�k�l�h�l�g�u�f��
�k�^�\�b�]�h�f�������b�k�i�h�e�v�a�m�_�f�m�x���\���h�j�b�]�b�g�Z�e�v�g�h�f���*�6�0�����*�6�0���j�Z�[�h�l�Z�_�l���\���^�b�Z�i�Z�a�h�g�Z�o����������
�F�=�p���������������F�=�p���b�������������F�=�p�����/-�'�$�&�6�����i�j�_�^�g�Z�a�g�Z�q�_�g���^�e�y���b�k�i�h�e�v�a�h�\�Z�g�b�y���h�^�g�h�]�h��
�d�Z�g�Z�e�Z�� �������� �d�=�p�� �\�� �^�b�Z�i�Z�a�h�g�_�� ������-�������� �F�=�p���� �W�l�h�� �h�q�_�g�v�� �[�e�b�a�d�h���d�� �^�b�Z�i�Z�a�h�g�m�� �*�6�0��
�����������b���i�h�w�l�h�f�m���[�h�e�v�r�b�g�k�l�\�h���i�j�h�_�d�l�g�u�o���i�Z�j�Z�f�_�l�j�h�\���*�6�0���f�h�]�m�l���[�u�l�v���i�h�\�l�h�j�g�h��
�b�k�i�h�e�v�a�h�\�Z�g�u�� �\�� �/-�'�$�&�6������ �W�l�Z�� �d�h�g�k�l�j�m�d�p�b�y�� �l�Z�d�`�_�� �i�h�a�\�h�e�y�_�l�� �i�h�\�l�h�j�g�h��
�b�k�i�h�e�v�a�h�\�Z�l�v�� �h�[�t�_�f�g�u�_�� �*�6�0-�d�h�f�i�h�g�_�g�l�u���� �q�l�h�� �i�j�b�\�h�^�b�l�� �d�� �g�_�^�h�j�h�]�b�f��
�j�_�Z�e�b�a�Z�p�b�y�f�� 

L-�'�$�&�6���� �^�e�y�� �p�_�e�_�c�� �Z�w�j�h�g�Z�\�b�]�Z�p�b�b�� �b�� �h�[�_�k�i�_�q�_�g�b�y�� �k�\�y�a�b�� �;�:�K�� �b��
�i�b�e�h�l�b�j�m�_�f�u�o�� �<�K�� �k�� �g�Z�a�_�f�g�u�f�b�� �k�l�Z�g�p�b�y�f�b�� �y�\�e�y�_�l�k�y�� �[�h�e�_�_�� �w�n�n�_�d�l�b�\�g�h�c��
�k�b�k�l�_�f�h�c�����q�_�f���/-DACS2 

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

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

�H�p�_�g�b�f�� �h�i�l�b�f�Z�e�v�g�u�c�� �k�h�k�l�Z�\�� �b�� �j�Z�a�f�_�s�_�g�b�_�� �g�Z�a�_�f�g�u�o�� �k�l�Z�g�p�b�c�� �/-DACS1 
�g�Z���i�j�b�f�_�j�_���D�Z�e�b�g�b�g�]�j�Z�^�k�d�h�c���h�[�e�Z�k�l�b�����D�Z�e�b�g�b�g�]�j�Z�^�k�d�Z�y���h�[�e�Z�k�l�v���[�u�e�Z���\�u�[�j�Z�g�Z��
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�d�Z�d�� �k�m�[�t�_�d�l�� �J�N���� �d�h�l�h�j�u�c�� �m�^�h�[�g�h�� �b�k�i�h�e�v�a�h�\�Z�l�v�� �^�e�y�� �f�h�^�_�e�b�j�h�\�Z�g�b�y���� �H�[�s�Z�y��
�i�e�h�s�Z�^�v���k�h�k�l�Z�\�e�y�_�l�����������������d�f�������F�Z�d�k�b�f�Z�e�v�g�Z�y���i�j�h�l�y�`�z�g�g�h�k�l�v���h�[�e�Z�k�l�b���k���a�Z�i�Z�^�Z��
�g�Z���\�h�k�l�h�d���± ���������d�f�����k���k�_�\�_�j�Z���g�Z���x�]���± ���������d�f�����<�k�o�h�e�f�e�z�g�g�Z�y���j�Z�\�g�b�g�Z�����h�l�^�_�e�v�g�u�_��
�m�q�Z�k�l�d�b�� �d�h�l�h�j�h�c�� �g�Z�o�h�^�y�l�k�y�� �g�b�`�_�� �m�j�h�\�g�y�� �f�h�j�y���� �k�h�k�l�Z�\�e�y�_�l�� �^�h�k�l�Z�l�h�q�g�h��
�j�Z�a�g�h�h�[�j�Z�a�g�u�c�� �j�_�e�v�_�n���� �g�h�� �g�_�� �h�l�g�h�k�b�l�k�y�� �d�� �k�e�h�`�g�h�f�m���� �q�l�h�� �l�Z�d�`�_�� �m�^�h�[�g�h�� �i�j�b��
�f�h�^�_�e�b�j�h�\�Z�g�b�b�� 

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

 

 
 

�J�b�k�m�g�h�d�������± �A�h�g�Z���i�h�d�j�u�l�b�y���i�j�b�����i�h�^�t�_�f�_���Z�g�l�_�g�g�u���������f���g�Z�^���a�_�f�e�_�c�����\�u�k�h�l�_��
�i�h�e�_�l�Z���;�<�K��������-���������f 

 
�>�e�y�� �h�[�_�k�i�_�q�_�g�b�y�� �m�k�l�h�c�q�b�\�h�c�� �k�\�y�a�b�� �g�Z�^�� �\�k�_�c�� �D�Z�e�b�g�b�g�]�j�Z�^�k�d�h�c�� �h�[�e�Z�k�l�v�x��

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

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

�I�j�b�f�_�g�_�g�b�_���^�\�m�o���k�l�Z�g�p�b�c���y�\�e�y�_�l�k�y���h�i�l�b�f�Z�e�v�g�u�f���\�Z�j�b�Z�g�l�h�f�����l�Z�d���d�Z�d���i�j�b��
�h�l�d�Z�a�_�� �h�^�g�h�c�� �b�a�� �g�b�o�� �\�� �[�h�e�v�r�_�c�� �q�Z�k�l�b�� �d�h�g�l�j�h�e�b�j�m�_�f�h�]�h�� �\�h�a�^�m�r�g�h�]�h��
�i�j�h�k�l�j�Z�g�k�l�\�Z�� �[�m�^�_�l�� �h�[�_�k�i�_�q�b�\�Z�l�v�k�y�� �l�j�_�[�m�_�f�Z�y�� �j�Z�^�b�h�k�\�y�a�v���� �>�e�y�� �h�[�_�k�i�_�q�_�g�b�y��
�k�\�y�a�b�� �k�� �;�<�K���� �d�h�l�h�j�u�_�� �k�h�\�_�j�r�Z�x�l�� �i�h�e�_�l�u�� �g�Z�� �\�u�k�h�l�Z�o�� �h�l�� �������� �^�h�� �������� �f���� �k��
�i�j�b�f�_�g�_�g�b�_�f�� �k�b�k�l�_�f�u�� �/-�'�$�&�6������ �l�j�_�[�m�_�l�k�y�� �h�[�h�j�m�^�h�\�Z�g�b�_�� �k�h�� �k�e�_�^�m�x�s�b�f�b��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b�� 

�í �f�h�s�g�h�k�l�v���i�_�j�_�^�Z�l�q�b�d�Z��� ���������^�;�f�� 
�í �m�k�b�e�_�g�b�_���Z�g�l�_�g�g�u���i�_�j�_�^�Z�l�q�b�d�Z��� ���������^�;�� 
�í �k�_�d�l�h�j�g�Z�y�� �Z�g�l�_�g�g�Z�� �k�� �m�]�e�Z�f�b�� �^�b�Z�]�j�Z�f�f�u�� �g�Z�i�j�Z�\�e�_�g�g�h�k�l�b���� �����ƒ�� �\��

�\�_�j�l�b�d�Z�e�v�g�h�f���k�_�d�l�h�j�_���b�������ƒ���\���]�h�j�b�a�h�g�l�Z�e�v�g�h�f�� 
�í �m�k�b�e�_�g�b�_���Z�g�l�_�g�g�u���i�j�b�_�f�g�b�d�Z��� �������^�;�� 
�í �q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v���i�j�b�_�f�g�b�d�Z��� ���±���������^�;�f�� 
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Abstract. The relevance of the issue of the formation of the personnel potential of the UAS 

industry is due to the active use of unmanned aircraft in various spheres of human activity. The 
article examines the approaches of different countries, including Russia, to the formation of 
qualification requirements for training personnel in the management of unmanned vehicles. It is 
concluded that the regulatory framework for the training of UAS specialists in Russia is imperfect 
and does not meet the conditions of the risk-based approach used in the member states of the 
International Civil Aviation Organization ICAO. Recommendations for improving the professional 
standard of a specialist in the operation of unmanned aircraft systems operating in Russia are 
proposed. 

Keywords: unmanned aviation, risk-oriented approach, personnel training for UAS, 
qualification requirements, risk assessment, professional standard. 

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

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

�B�k�k�e�_�^�h�\�Z�l�_�e�y�f�b �h�l�f�_�q�Z�_�l�k�y �w�n�n�_�d�l�b�\�g�h�_ �i�j�b�f�_�g�_�g�b�_ �;�:�K �\ 
�Z�]�j�h�i�j�h�f�u�r�e�_�g�g�h�f �d�h�f�i�e�_�d�k�_ [1], �i�j�b �i�j�h�\�_�^�_�g�b�b �i�j�h�\�_�j�h�d �k�h�k�l�h�y�g�b�y 
�w�g�_�j�]�h�k�_�l�_�c [2], �i�j�b �\�u�i�h�e�g�_�g�b�b �d�h�f�i�e�_�d�k�g�u�o �j�Z�[�h�l �\ �d�Z�j�l�h�]�j�Z�n�b�b [3], �i�j�b 
�h�k�m�s�_�k�l�\�e�_�g�b�b �w�d�h�e�h�]�b�q�_�k�d�h�]�h �d�h�g�l�j�h�e�y [4], �^�e�y �l�m�r�_�g�b�y �e�_�k�g�u�o �i�h�`�Z�j�h�\ [5] 
�b �^�j��  

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

�I�h �i�h�j�m�q�_�g�b�x �I�j�_�a�b�^�_�g�l�Z �J�h�k�k�b�c�k�d�h�c �N�_�^�_�j�Z�p�b�b �<���<�� �I�m�l�b�g�Z 
�j�Z�a�j�Z�[�h�l�Z�g�Z �K�l�j�Z�l�_�]�b�y �j�Z�a�\�b�l�b�y �[�_�k�i�b�e�h�l�g�h�c �Z�\�b�Z�p�b�b �J�h�k�k�b�c�k�d�h�c �N�_�^�_�j�Z�p�b�b 
�g�Z �i�_�j�b�h�^ �^�h 2030 �]�h�^�Z �b �g�Z �i�_�j�k�i�_�d�l�b�\�m �^�h 2035 �]�h�^�Z �b �i�e�Z�g�Z �f�_�j�h�i�j�b�y�l�b�c �i�h 
�_�_ �j�_�Z�e�b�a�Z�p�b�b ���J�Z�k�i�h�j�y�`�_�g�b�_ �I�j�Z�\�b�l�_�e�v�k�l�\�Z �J�h�k�k�b�c�k�d�h�c �N�_�^�_�j�Z�p�b�b �h�l 21 
�b�x�g�y 2021 �]�h�^�Z �‹  1630-�j �©�H�[ �m�l�\�_�j�`�^�_�g�b�b �K�l�j�Z�l�_�]�b�b �j�Z�a�\�b�l�b�y �[�_�k�i�b�e�h�l�g�h�c 
�Z�\�b�Z�p�b�b �J�h�k�k�b�c�k�d�h�c �N�_�^�_�j�Z�p�b�b �g�Z �i�_�j�b�h�^ �^�h 2030 �]�h�^�Z �b �g�Z �i�_�j�k�i�_�d�l�b�\�m �^�h 
2035 �]�h�^�Z �b �i�e�Z�g�Z �f�_�j�h�i�j�b�y�l�b�c �i�h �_�_ �j�_�Z�e�b�a�Z�p�b�b�ª // �>�W�e�_�d�l�j�h�g�g�u�c �j�_�k�m�j�k�@�� �± 
2023. URL: 
http://static.government.ru/media/files/3m4AHa9s3PrYTDr316ibUtyEVUpnRT2x.p
df ���^�Z�l�Z �h�[�j�Z�s�_�g�b�y�� 17 �k�_�g�l�y�[�j�y 2023 �]�h�^�Z������ �\ �j�Z�f�d�Z�o �d�h�l�h�j�h�c �h�[�h�a�g�Z�q�_�g�Z 
�a�Z�^�Z�q�Z �k�h�a�^�Z�g�b�y �k�b�k�l�_�f�u �g�_�i�j�_�j�u�\�g�h�]�h �h�[�j�Z�a�h�\�Z�g�b�y�� �i�h�^�]�h�l�h�\�d�b �d�Z�^�j�h�\ �b 



307 

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

�G�_�d�h�l�h�j�u�_ �b�k�k�e�_�^�h�\�Z�l�_�e�b �k�q�b�l�Z�x�l�� �q�l�h �^�_�y�l�_�e�v�g�h�k�l�v �i�h �m�i�j�Z�\�e�_�g�b�x 
�;�:�K �g�_ �^�h�e�`�g�Z �h�]�j�Z�g�b�q�b�\�Z�l�v�k�y �i�h�^�]�h�l�h�\�d�h�c �\�g�_�r�g�b�o �i�b�e�h�l�h�\ �^�e�y 
�d�h�g�d�j�_�l�g�u�o �\�b�^�h�\ �;�:�K�� �b�g�Z�q�_ �w�l�h �k�\�_�^�_�l�k�y �d �i�j�b�h�[�j�_�l�_�g�b�x �h�i�j�_�^�_�e�_�g�g�u�o 
�g�Z�\�u�d�h�\ �m�i�j�Z�\�e�_�g�b�y�� �h�k�\�h�_�g�b�_ �d�h�l�h�j�u�o �g�_ �l�j�_�[�m�_�l �k�_�j�v�_�a�g�u�o �a�g�Z�g�b�c [6]. 
�>�Z�g�g�u�_ �Z�\�l�h�j�u �h�l�k�l�Z�b�\�Z�x�l �l�_�a�b�k �h �l�h�f�� �q�l�h �i�h�^�]�h�l�h�\�d�m �k�i�_�p�b�Z�e�b�k�l�h�\ �g�m�`�g�h 
�h�k�m�s�_�k�l�\�e�y�l�v �\ �j�Z�f�d�Z�o UXV (Unmanned Generic Vehicle �± �]�_�l�_�j�h�]�_�g�g�u�c �;�:�K 
�h�[�h�[�s�_�g�g�h�]�h ���e�x�[�h�]�h�� �d�e�Z�k�k�Z���� �k�h�]�e�Z�k�h�\�Z�g�g�h �^�_�c�k�l�\�m�x�s�b�o �\ �j�Z�a�e�b�q�g�u�o 
�k�j�_�^�Z�o�� �I�h�^�h�[�g�h�_ �f�g�_�g�b�_ �f�h�`�_�l �b�f�_�l�v �f�_�k�l�h �i�j�b �g�Z�e�b�q�b�b �h�^�b�g�Z�d�h�\�u�o �j�b�k�d�h�\ 
�i�j�b �m�i�j�Z�\�e�_�g�b�b �i�h�e�_�l�Z�f�b �\ �j�Z�a�e�b�q�g�u�o �k�j�_�^�Z�o�� �< �j�Z�f�d�Z�o �i�j�b�f�_�g�_�g�b�y �j�b�k�d-
�h�j�b�_�g�l�b�j�h�\�Z�g�g�h�]�h �i�h�^�o�h�^�Z �m�d�Z�a�Z�g�g�u�_ �^�h�\�h�^�u �y�\�e�y�x�l�k�y �k�i�h�j�g�u�f�b�� 

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

�k�\�y�a�Z�g�g�u�o �k �j�b�k�d�Z�f�b �b �b�o �d�h�g�l�j�h�e�_�f�� �\ �d�h�l�h�j�h�c �h�k�h�[�m�x �g�b�r�m �a�Z�g�b�f�Z�_�l 
�h�[�e�Z�k�l�v �[�_�a�h�i�Z�k�g�h�k�l�b �i�h�e�_�l�h�\�� �y�\�e�y�y�k�v �©�m�g�b�\�_�j�k�Z�e�v�g�u�f �d�h�f�f�m�g�b�d�Z�l�h�j�h�f�� �b 
�b�g�l�_�]�j�Z�l�h�j�h�f �J�h�k�k�b�b�� �^�j�m�]�b�o �k�l�j�Z�g�� �\�k�_�]�h �f�b�j�h�\�h�]�h �k�h�h�[�s�_�k�l�\�Z �\ �k�n�_�j�_ 
�\�u�k�h�d�b�o �l�_�o�g�h�e�h�]�b�c�ª [7]. �G�_ �k�e�m�q�Z�c�g�h �l�_�f�Z �[�_�a�h�i�Z�k�g�h�k�l�b �i�h�e�_�l�h�\ �y�\�e�y�_�l�k�y 
�Z�d�l�m�Z�e�v�g�h�c �^�e�y �h�l�_�q�_�k�l�\�_�g�g�u�o �b �a�Z�j�m�[�_�`�g�u�o �b�k�k�e�_�^�h�\�Z�l�_�e�_�c [8-11].  

�K�h�\�j�_�f�_�g�g�u�_ �[�_�k�i�b�e�h�l�g�u�_ �\�h�a�^�m�r�g�u�_ �k�m�^�Z ���;�<�K�� �i�j�_�^�k�l�Z�\�e�y�x�l 
�h�i�Z�k�g�h�k�l�v �g�_ �l�h�e�v�d�h �^�e�y �e�x�^�_�c �b �h�[�t�_�d�l�h�\ �g�Z �a�_�f�e�_�� �g�h �b �^�e�y �i�b�e�h�l�b�j�m�_�f�u�o 
�\�h�a�^�m�r�g�u�o �k�m�^�h�\�� �\�u�i�h�e�g�y�y �i�h�e�_�l�u �g�Z �a�g�Z�q�b�l�_�e�v�g�u�_ �j�Z�k�k�l�h�y�g�b�y �i�j�b 
�g�_�\�h�a�f�h�`�g�h�k�l�b �b�o �\�b�a�m�Z�e�v�g�h�]�h �g�Z�[�e�x�^�_�g�b�y�� �< �k�\�y�a�b �k �w�l�b�f �Z�\�l�h�j�u 
�D�h�g�p�_�i�p�b�b �b�g�l�_�]�j�Z�p�b�b �[�_�k�i�b�e�h�l�g�u�o �\�h�a�^�m�r�g�u�o �k�m�^�h�\ �\ �_�^�b�g�h�_ �\�h�a�^�m�r�g�h�_ 
�i�j�h�k�l�j�Z�g�k�l�\�h �J�h�k�k�b�c�k�d�h�c �N�_�^�_�j�Z�p�b�b ���J�Z�k�i�h�j�y�`�_�g�b�_ �I�j�Z�\�b�l�_�e�v�k�l�\�Z 
�J�h�k�k�b�c�k�d�h�c �N�_�^�_�j�Z�p�b�b �h�l 5 �h�d�l�y�[�j�y 2021 �]�h�^�Z �‹  2806-�j �©�H�[ �m�l�\�_�j�`�^�_�g�b�b 
�D�h�g�p�_�i�p�b�b �b�g�l�_�]�j�Z�p�b�b �[�_�k�i�b�e�h�l�g�u�o �\�h�a�^�m�r�g�u�o �k�m�^�h�\�� �\ �_�^�b�g�h�_ �\�h�a�^�m�r�g�h�_ 
�i�j�h�k�l�j�Z�g�k�l�\�h �J�h�k�k�b�c�k�d�h�c �N�_�^�_�j�Z�p�b�b�ª // �>�W�e�_�d�l�j�h�g�g�u�c �j�_�k�m�j�k�@�� �± 2023. URL: 
http://government.ru/docs/43502/ ���^�Z�l�Z �h�[�j�Z�s�_�g�b�y�� 17 �k�_�g�l�y�[�j�y 2023 �]�h�^�Z���� 
�h�l�d�j�u�\�Z�x�l �g�h�\�u�_ �\�h�a�f�h�`�g�h�k�l�b �i�j�b�f�_�g�_�g�b�y �[�_�k�i�b�e�h�l�g�h�c �Z�\�b�Z�p�b�b �^�e�y 
�j�_�r�_�g�b�y �a�Z�^�Z�q �]�h�k�m�^�Z�j�k�l�\�Z �\ �j�Z�f�d�Z�o �j�b�k�d-�h�j�b�_�g�l�b�j�h�\�Z�g�g�h�]�h �i�h�^�o�h�^�Z�� 
�h�k�g�h�\�g�Z�y �a�Z�^�Z�q�Z �d�h�l�h�j�h�]�h �\�g�_ �a�Z�\�b�k�b�f�h�k�l�b �h�l �h�[�e�Z�k�l�b �_�]�h �i�j�b�f�_�g�_�g�b�y �k�h�k�l�h�b�l 
�\ �^�h�k�l�b�`�_�g�b�b �i�h�k�l�Z�\�e�_�g�g�u�o �p�_�e�_�c �a�Z �k�q�_�l �k�g�b�`�_�g�b�y �j�b�k�d�h�\ [12].  

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

�< �_�\�j�h�i�_�c�k�d�h�f �\�h�a�^�m�r�g�h�f �i�j�h�k�l�j�Z�g�k�l�\�_ �^�_�c�k�l�\�m�x�l �i�j�Z�\�b�e�Z �?�K 
2019/947 �b 2019/945, �h�k�g�h�\�Z�g�g�u�_ �g�Z �h�p�_�g�d�_ �j�b�k�d�h�\�� �\ �d�h�l�h�j�u�o �d�e�Z�k�k�b�n�b�d�Z�p�b�y 
�i�h �d�Z�l�_�]�h�j�b�y�f �;�:�K �i�j�_�^�m�k�f�Z�l�j�b�\�Z�_�l �_�]�h �l�_�o�g�b�q�_�k�d�b�_ �b �\�_�k�h�\�u�_ 
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �Z �l�Z�d�`�_ �\�b� ̂ �\�u�i�h�e�g�y�_�f�h�c �h�i�_�j�Z�p�b�b�� �K�h�]�e�Z�k�g�h �i�j�Z�\�b�e�Z�f�� 
�h�i�j�_�^�_�e�_�g�u �©�h�l�d�j�u�l�u�_�ª�� �©�k�i�_�p�b�n�b�q�_�k�d�b�_�ª �b �©�k�_�j�l�b�n�b�p�b�j�h�\�Z�g�g�u�_�ª �d�Z�l�_�]�h�j�b�b 
�;�:�K�� 
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�©�H�l�d�j�u�l�Z�y�ª �d�Z�l�_�]�h�j�b�y �b�f�_�_�l �k�Z�f�u�_ �g�b�a�d�b�_ �h�i�_�j�Z�p�b�h�g�g�u�_ �j�b�k�d�b �b �g�_ 
�l�j�_�[�m�_�l �j�Z�a�j�_�r�_�g�b�y �g�Z �w�d�k�i�e�m�Z�l�Z�p�b�x �i�_�j�_�^ �\�a�e�_�l�h�f�� �Z �l�Z�d�`�_ �k�i�_�p�b�Z�e�v�g�h�c 
�i�h�^�]�h�l�h�\�d�b �\�g�_�r�g�_�]�h �i�b�e�h�l�Z�� �K�Z�f�u�_ �\�u�k�h�d�b�_ �j�b�k�d�b �k�m�s�_�k�l�\�m�x�l �i�j�b 
�b�k�i�h�e�v�a�h�\�Z�g�b�b �;�:�K �©�k�_�j�l�b�n�b�p�b�j�h�\�Z�g�g�h�c�ª �d�Z�l�_�]�h�j�b�b�� �\ �k�\�y�a�b �k �q�_�f �\ �^�Z�g�g�h�c 
�d�Z�l�_�]�h�j�b�b �i�j�_�^�m�k�f�h�l�j�_�g�Z �i�j�h�p�_�^�m�j�Z �e�b�p�_�g�a�b�j�h�\�Z�g�b�y �b �k�_�j�l�b�n�b�d�Z�p�b�y 
�h�i�_�j�Z�l�h�j�Z �;�<�K �b �;�:�K�� 

�H�k�g�h�\�g�u�_ �]�j�Z�`�^�Z�g�k�d�b�_ �Z�\�b�Z�p�b�h�g�g�u�_ �j�Z�[�h�l�u �\ �_�\�j�h�i�_�c�k�d�b�o �k�l�j�Z�g�Z�o 
�\�u�i�h�e�g�y�x�l�k�y �;�:�K�� �d�h�l�h�j�u�_ �h�l�g�h�k�y�l�k�y �d �©�k�i�_�p�b�n�b�q�_�k�d�h�c�ª �d�Z�l�_�]�h�j�b�b �b �b�f�_�x�l 
�\�_�k �;�<�K �k�\�u�r�_ 25 �d�]�� �i�j�b �w�l�h�f �h�i�_�j�Z�p�b�y �i�j�h�\�h�^�b�l�k�y �g�Z �\�u�k�h�l�_ �[�h�e�_�_ 120 �f  �g�Z�^ 
�m�j�h�\�g�_�f �f�h�j�y �b�e�b �\ �k�i�_�p�b�Z�e�v�g�u�o �\�h�a�^�m�r�g�u�o �i�j�h�k�l�j�Z�g�k�l�\�Z�o�� 

�< �k�h�h�l�\�_�l�k�l�\�b�b �k �j�h�k�k�b�c�k�d�h�c �d�e�Z�k�k�b�n�b�d�Z�p�b�c�� �m�k�l�Z�g�h�\�e�_�g�g�h�c �=�H�K�L �J 
59517-20215 ���=�H�K�L �J 59517-2021. �;�_�k�i�b�e�h�l�g�u�_ �Z�\�b�Z�p�b�h�g�g�u�_ �k�b�k�l�_�f�u�� 
�D�e�Z�k�k�b�n�b�d�Z�p�b�y �b �d�Z�l�_�]�h�j�b�a�Z�p�b�y�� �F���� �K�l�Z�g�^�Z�j�l�b�g�n�h�j�f�� 2021. 5 �k������ �k�m�s�_�k�l�\�m�_�l 
�l�j�b �d�Z�l�_�]�h�j�b�b �;�:�K: �©�h�l�d�j�u�l�Z�y�ª �d�Z�l�_�]�h�j�b�y ���:���� �©�k�i�_�p�b�Z�e�v�g�Z�y�ª �d�Z�l�_�]�h�j�b�y ���<���� 
�©�k�_�j�l�b�n�b�p�b�j�m�_�f�Z�y�ª �d�Z�l�_�]�h�j�b�y ���K���� 

�I�h �Z�g�Z�e�h�]�b�b �k �_�\�j�h�i�_�c�k�d�h�c �d�e�Z�k�k�b�n�b�d�Z�p�b�_�c �f�b�g�b�f�Z�e�v�g�u�c �j�b�k�d �b�f�_�_�l 
�d�Z�l�_�]�h�j�b�y �:�� �\ �k�\�y�a�b �k �h�l�k�m�l�k�l�\�b�_�f �\ �k�h�k�l�Z�\�_ �;�:�K �\�j�Z�s�Z�x�s�b�o�k�y �^�_�l�Z�e�_�c�� 
�d�h�l�h�j�u�_ �f�h�]�m�l �g�Z�g�_�k�l�b �l�y�`�d�b�_ �l�_�e�_�k�g�u�_ �i�h�\�j�_�`�^�_�g�b�y �q�_�e�h�\�_�d�m�� �<�_�k �;�<�K 
�^�h�e�`�_�g �[�u�l�v �g�_ �f�_�g�_�_ 0,25 �d�] �b �g�_ �[�h�e�_�_ 30 �d�]�� �B�k�i�h�e�v�a�h�\�Z�g�b�_ �;�:�K 
�h�k�m�s�_�k�l�\�e�y�_�l�k�y �l�h�e�v�d�h �\ �e�b�q�g�u�o �p�_�e�y�o �\ �k�\�_�l�e�h�_ �\�j�_�f�y �k�m�l�h�d �k �h�]�j�Z�g�b�q�_�g�b�_�f 
�\�u�k�h�l�u �i�h�e�_�l�h�\ �^�h 150 �f  �b�e�b �k�i�_�p�b�Z�e�v�g�h �\�u�^�_�e�_�g�g�h�f �\�h�a�^�m�r�g�h�f 
�i�j�h�k�l�j�Z�g�k�l�\�_��  

�F�Z�d�k�b�f�Z�e�v�g�u�c �j�b�k�d �\�h�a�f�h�`�_�g �i�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b �;�:�K �d�Z�l�_�]�h�j�b�b �K �\ 
�a�Z�y�\�e�_�g�g�h�f �d�e�Z�k�k�_ �g�_�k�_�]�j�_�]�b�j�h�\�Z�g�g�h�]�h �\�h�a�^�m�r�g�h�]�h �i�j�h�k�l�j�Z�g�k�l�\�Z �i�h �i�j�Z�\�b�e�Z�f 
�\�b�a�m�Z�e�v�g�h�]�h �i�h�e�_�l�Z �b �i�h �i�j�Z�\�b�e�Z�f �i�h�e�_�l�h�\ �i�h �i�j�b�[�h�j�Z�f�� �W�d�k�i�e�m�Z�l�Z�p�b�y �;�:�K 
�^�Z�g�g�h�c �d�Z�l�_�]�h�j�b�b �^�h�e�`�g�Z �\�u�i�h�e�g�y�l�v�k�y �\ �k�h�h�l�\�_�l�k�l�\�b�b �k �N�_�^�_�j�Z�e�v�g�u�f�b 
�Z�\�b�Z�p�b�h�g�g�u�f�b �i�j�Z�\�b�e�Z�f�b �©�K�_�j�l�b�n�b�d�Z�p�b�y �Z�\�b�Z�p�b�h�g�g�h�c �l�_�o�g�b�d�b�� �h�j�]�Z�g�b�a�Z�p�b�c 
�j�Z�a�j�Z�[�h�l�q�b�d�h�\ �b �b�a�]�h�l�h�\�b�l�_�e�_�c�� �Q�Z�k�l�v �����ª (2019). 

�I�j�b �\�u�i�h�e�g�_�g�b�b �]�j�Z�`�^�Z�g�k�d�b�o �Z�\�b�Z�p�b�h�g�g�u�o �j�Z�[�h�l �\ �J�h�k�k�b�b�� �d�Z�d �b �\ 
�_�\�j�h�i�_�c�k�d�b�o �k�l�j�Z�g�Z�o�� �r�b�j�h�d�h �b�k�i�h�e�v�a�m�x�l�k�y �;�<�K �\�_�k�h�f �^�h 30 �d�] �\�d�e�x�q�b�l�_�e�v�g�h�� 
�d�h�l�h�j�u�_ �\�u�i�h�e�g�y�x�l �i�h�e�_�l�u �\ �k�h�k�l�Z�\�_ �;�:�K�� �h�l�g�_�k�_�g�g�u�o �d �d�Z�l�_�]�h�j�b�b B, 
�b�f�_�x�s�_�c �k�j�_�^�g�b�_ �j�b�k�d�b�� �\ �h�^�h�[�j�_�g�g�h�f �^�e�y �w�l�h�]�h �w�d�k�i�e�m�Z�l�Z�p�b�h�g�g�h�f �h�[�t�_�f�_ 
�\�u�^�_�e�_�g�g�h�]�h �\�h�a�^�m�r�g�h�]�h �i�j�h�k�l�j�Z�g�k�l�\�Z��  

�>�b�n�n�_�j�_�g�p�b�j�h�\�Z�g�g�u�c �i�h�^�o�h�^ �d �k�l�_�i�_�g�b �i�j�_�^�i�h�e�Z�]�Z�_�f�h�]�h �j�b�k�d�Z �;�:�K �^�e�y 
�h�[�s�_�k�l�\�_�g�g�h�c �[�_�a�h�i�Z�k�g�h�k�l�b �k�h�a�^�Z�_�l �i�j�_�^�i�h�k�u�e�d�b �^�e�y �b�k�i�h�e�v�a�h�\�Z�g�b�y �l�Z�d�h�]�h �`�_ 
�^�b�n�n�_�j�_�g�p�b�j�h�\�Z�g�g�h�]�h �i�h�^�o�h�^�Z �d �i�h�^�]�h�l�h�\�d�_ �d�Z�^�j�h�\ �^�e�y �[�_�k�i�b�e�h�l�g�h�c �Z�\�b�Z�p�b�b�� 
�G�_�k�e�m�q�Z�c�g�h �Z�\�l�h�j�u �D�h�g�p�_�i�p�b�b �b�g�l�_�]�j�Z�p�b�b �[�_�k�i�b�e�h�l�g�u�o �\�h�a�^�m�r�g�u�o �k�m�^�h�\ �\ 
�_�^�b�g�h�_ �\�h�a�^�m�r�g�h�_ �i�j�h�k�l�j�Z�g�k�l�\�h �J�h�k�k�b�c�k�d�h�c �N�_�^�_�j�Z�p�b�b �m�d�Z�a�u�\�Z�x�l �\ �d�Z�q�_�k�l�\�_ 
�h�^�g�h�]�h �b�a �[�Z�a�h�\�u�o �i�j�b�g�p�b�i�h�\ �b�g�l�_�]�j�Z�p�b�b �;�:�K �\ �_�^�b�g�h�_ �\�h�a�^�m�r�g�h�_ 
�i�j�h�k�l�j�Z�g�k�l�\�h �J�h�k�k�b�b �g�Z�e�b�q�b�_ �m�j�h�\�g�y �l�j�_�[�h�\�Z�g�b�c �\ �h�[�e�Z�k�l�b �i�h�^�]�h�l�h�\�d�b�� 
�\�u�i�h�e�g�_�g�b�y �b �h�[�_�k�i�_�q�_�g�b�y �i�h�e�_�l�h�\ �[�_�k�i�b�e�h�l�g�u�o �;�<�K�� �i�j�h�i�h�j�p�b�h�g�Z�e�v�g�h�]�h 
�i�h�l�_�g�p�b�Z�e�v�g�u�f �j�b�k�d�Z�f�� �± �q�_�f �\�u�r�_ �j�b�k�d�� �l�_�f �\�u�r�_ �l�j�_�[�h�\�Z�g�b�y�� 
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�I�j�b �l�Z�d�b�o �h�[�k�l�h�y�l�_�e�v�k�l�\�Z�o �k�l�h�b�l �k�h�]�e�Z�k�b�l�v�k�y �k �g�_�d�h�l�h�j�u�f�b 
�b�k�k�e�_�^�h�\�Z�l�_�e�y�f�b�� �k�h�\�_�l�m�x�s�b�f�b �b�k�i�h�e�v�a�h�\�Z�l�v �a�Z�j�m�[�_�`�g�u�c �h�i�u�l 
�^�b�n�n�_�j�_�g�p�b�j�h�\�Z�g�g�h�]�h �i�h�^�o�h�^�Z �d �h�[�m�q�_�g�b�x �i�_�j�k�h�g�Z�e�Z �;�:�K [13]. 

 
�I�h�^�]�h�l�h�\�d�Z �d�Z�^�j�h�\ �^�e�y �;�:�K  �\ �?�\�j�h�i�_ 
�F�_�`�^�m�g�Z�j�h�^�g�Z�y �h�j�]�Z�g�b�a�Z�p�b�y �]�j�Z�`�^�Z�g�k�d�h�c �Z�\�b�Z�p�b�b �B�D�:�H�� 

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

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

�< �g�b�a�d�b�c �b �k�j�_�^�g�b�c �j�b�k�d ���\�d�e�x�q�Z�_�l �i�h�e�m�q�_�g�b�_ �l�_�h�j�_�l�b�q�_�k�d�h�]�h 
�k�_�j�l�b�n�b�d�Z�l�Z �b �i�j�h�o�h�`�^�_�g�b�_ �i�j�Z�d�l�b�q�_�k�d�h�c �i�h�^�]�h�l�h�\�d�b ���i�j�Z�d�l�b�q�_�k�d�h�]�h �l�_�k�l�Z���� 

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

�H�k�g�h�\�g�u�f �i�j�Z�\�b�e�h�f �\ �i�h�^�]�h�l�h�\�d�_ �m�^�Z�e�_�g�g�u�o �i�b�e�h�l�h�\ �i�h �f�g�_�g�b�x �B�D�:�H 
�y�\�e�y�_�l�k�y �i�j�Z�\�b�e�h�� �\ �k�h�h�l�\�_�l�k�l�\�b�b �k �d�h�l�h�j�u�f �l�j�_�[�h�\�Z�g�b�y�� �i�j�_�^�t�y�\�e�y�_�f�u�_ �d 
�i�b�e�h�l�b�j�m�_�f�h�c �Z�\�b�Z�p�b�b�� �g�_ �^�h�e�`�g�u �i�_�j�_�g�h�k�b�l�v�k�y �g�Z �l�j�_�[�h�\�Z�g�b�y�� 
�i�j�_�^�t�y�\�e�y�_�f�u�_ �d �\�g�_�r�g�b�f �i�b�e�h�l�Z�f�� �m�i�j�Z�\�e�y�x�s�b�f �;�:�K�� �K�e�_�^�m�_�l �g�Z�c�l�b �[�Z�e�Z�g�k 
�f�_�`�^�m �g�_�h�[�o�h�^�b�f�u�f�b �a�g�Z�g�b�y�f�b �^�e�y �i�j�h�\�_�^�_�g�b�y �h�i�_�j�Z�p�b�c �k �g�b�a�d�b�f �m�j�h�\�g�_�f 
�j�b�k�d�Z �b �[�h�e�_�_ �`�_�k�l�d�b�f�b �l�j�_�[�h�\�Z�g�b�y�f�b �d �[�h�e�_�_ �l�y�`�_�e�u�f �<�K�M�� �b�k�i�h�e�v�a�m�_�f�u�f 
�^�e�y �k�e�h�`�g�u�o �h�i�_�j�Z�p�b�c�� 

�>�e�y �d�e�Z�k�k�b�n�b�d�Z�p�b�b �;�:�K �\ �=�_�j�f�Z�g�b�b �i�j�b�f�_�g�y�_�l�k�y �J�_�]�e�Z�f�_�g�l 
�?�\�j�h�i�_�c�k�d�h�]�h �k�h�x�a�Z 2019/947 �h �[�_�k�i�b�e�h�l�g�u�o �e�_�l�Z�l�_�e�v�g�u�o �Z�i�i�Z�j�Z�l�Z�o�� �d�h�l�h�j�u�c 
�[�u�e �\�\�_�^�_�g �\ �^�_�c�k�l�\�b�_ 31 �^�_�d�Z�[�j�y 2020 �]�h�^�Z ���?�K DVO (EU) 2019/947), �k�h�]�e�Z�k�g�h 
�d�h�l�h�j�h�f�m �k�m�s�_�k�l�\�m�_�l �l�j�b �d�Z�l�_�]�h�j�b�b �;�:�K�� 

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

(B) �i�h �j�h�k�k�b�c�k�d�h�c �d�e�Z�k�k�b�n�b�d�Z�p�b�b�� 
�D �d�\�Z�e�b�n�b�d�Z�p�b�b �\�g�_�r�g�_�]�h �i�b�e�h�l�Z �± �w�d�k�i�e�m�Z�l�Z�g�l�Z �;�:�K �h�k�h�[�h�c �d�Z�l�_�]�h�j�b�b 

�\ �=�_�j�f�Z�g�b�b �i�j�_�^�t�y�\�e�y�_�l�k�y �l�h�e�v�d�h �l�j�_�[�h�\�Z�g�b�_ �h �g�Z�e�b�q�b�b �K�_�j�l�b�n�b�d�Z�l�Z 
�d�h�f�i�_�l�_�g�l�g�h�k�l�b �?�K�� 

�< �k�l�j�Z�g�Z�o �?�K�� �k�h�[�e�x�^�_�g�b�_ �a�Z�d�h�g�h�^�Z�l�_�e�v�k�l�\�Z �g�Z�q�b�g�Z�_�l�k�y �k �h�a�g�Z�d�h�f�e�_�g�b�y �k 
�g�h�j�f�Z�f�b �b �i�j�Z�\�b�e�Z�f�b �b�k�i�h�e�v�a�h�\�Z�g�b�y �;�I�E�:�� �l�_�k�l�b�j�h�\�Z�g�b�y�� �\ �d�h�l�h�j�h�f 
�m�k�i�_�r�g�u�f �i�j�h�o�h�`�^�_�g�b�_�f �k�q�b�l�Z�_�l�k�y �g�_ �f�_�g�_�_ 75% �i�j�Z�\�b�e�v�g�u�o �h�l�\�_�l�h�\ �g�Z 
�i�h�k�l�Z�\�e�_�g�g�u�_ �\�h�i�j�h�k�u�� �Z �l�Z�d�`�_ �i�h�e�m�q�_�g�b�_�f �\ �b�l�h�]�_ �k�_�j�l�b�n�b�d�Z�l�Z�� 

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

�I�h�e�m�q�_�g�b�_ �j�_�]�b�k�l�j�Z�p�b�b �b �e�b�p�_�g�a�b�b �g�Z �;�<�K �h�k�m�s�_�k�l�\�e�y�_�l�k�y �\ �h�g�e�Z�c�g-
�j�_�`�b�f�_ �i�h�k�j�_�^�k�l�\�h�f �i�e�Z�l�n�h�j�f�u dronespace.at. �H�[�m�q�_�g�b�_ �^�e�y �i�h�e�m�q�_�g�b�y 
�e�b�p�_�g�a�b�b �g�Z �^�Z�g�g�h�c �i�e�Z�l�n�h�j�f�_ �\�d�e�x�q�Z�_�l �\ �k�_�[�y �d�h�g�l�_�g�l �b�a �h�[�e�Z�k�l�_�c 
�Z�\�b�Z�p�b�h�g�g�h�]�h �i�j�Z�\�Z�� �h�i�_�j�Z�p�b�h�g�g�u�o �i�j�h�p�_�^�m�j �b �h�[�s�b�o �a�g�Z�g�b�c �h �[�_�k�i�b�e�h�l�g�u�o 
�e�_�l�Z�l�_�e�v�g�u�o �Z�i�i�Z�j�Z�l�Z�o�� �\ �l�h�f �q�b�k�e�_ �h �[�_�a�h�i�Z�k�g�h�k�l�b �i�h�e�_�l�h�\�� �I�h �b�l�h�]�Z�f 
�h�[�m�q�_�g�b�y �\�g�_�r�g�b�_ �i�b�e�h�l�u �^�h�e�`�g�u �^�h�d�Z�a�Z�l�v �k�\�h�x �d�h�f�i�_�l�_�g�l�g�h�k�l�v �\ �\�b�^�_ 
�h�g�e�Z�c�g-�l�_�k�l�Z�� �k�h�k�l�h�y�s�_�]�h �b�a 40 �\�h�i�j�h�k�h�\�� �I�h�k�e�_ �i�j�h�o�h�`�^�_�g�b�y �l�_�k�l�Z �e�b�p�_�g�a�b�x 
�f�h�`�g�h �k�j�Z�a�m �j�Z�k�i�_�q�Z�l�Z�l�v �b�e�b �g�h�k�b�l�v �k �k�h�[�h�c �\ �n�h�j�f�Z�l�_ PDF. �H�g�Z 
�^�_�c�k�l�\�b�l�_�e�v�g�Z �\ �l�_�q�_�g�b�_ �i�y�l�b �e�_�l�� �H�g�e�Z�c�g-�d�m�j�k �i�h�^�]�h�l�h�\�d�b �b �h�g�e�Z�c�g-�l�_�k�l 
�y�\�e�y�x�l�k�y �[�_�k�i�e�Z�l�g�u�f�b�� 

 
�I�h�^�]�h�l�h�\�d�Z �d�Z�^�j�h�\ �^�e�y �;�:�K  �\ �J�h�k�k�b�b 
�< �k�h�h�l�\�_�l�k�l�\�b�b �k�h �k�l�Z�l�v�_�c 195.3 �L�j�m�^�h�\�h�]�h �d�h�^�_�d�k�Z �J�h�k�k�b�c�k�d�h�c 

�N�_�^�_�j�Z�p�b�b ���L�j�m�^�h�\�h�c �d�h�^�_�d�k �J�h�k�k�b�c�k�d�h�c �N�_�^�_�j�Z�p�b�b�� �L�_�d�k�l �k �b�a�f�_�g�_�g�b�y�f�b �b 
�^�h�i�h�e�g�_�g�b�y�f�b �g�Z 23 �f�Z�j�l�Z 2022 �]�h�^�Z (+ �i�m�l�_�\�h�^�b�l�_�e�v �i�h �k�m�^�_�[�g�h�c �i�j�Z�d�l�b�d�_�� / 
�<���:�� �=�j�Z�g�h�\�b�g�k�d�b�c�� �± �F���� �W�k�f�h�� 2022. �± 869 �k���� �h�k�g�h�\�g�u�f �^�h�d�m�f�_�g�l�h�f�� 
�m�k�l�Z�g�Z�\�e�b�\�Z�x�s�b�f �l�j�_�[�h�\�Z�g�b�y �d �d�\�Z�e�b�n�b�d�Z�p�b�b�� �g�_�h�[�o�h�^�b�f�h�c �j�Z�[�h�l�g�b�d�m �^�e�y 
�\�u�i�h�e�g�_�g�b�y �h�i�j�_�^�_�e�_�g�g�h�c �l�j�m�^�h�\�h�c �n�m�g�d�p�b�b�� �y�\�e�y�_�l�k�y �i�j�h�n�_�k�k�b�h�g�Z�e�v�g�u�c 
�k�l�Z�g�^�Z�j�l�� �j�Z�a�j�Z�[�Z�l�u�\�Z�_�f�u�c �n�_�^�_�j�Z�e�v�g�u�f �h�j�]�Z�g�h�f �b�k�i�h�e�g�b�l�_�e�v�g�h�c �\�e�Z�k�l�b�� 
�h�k�m�s�_�k�l�\�e�y�x�s�b�f �n�m�g�d�p�b�b �i�h �\�u�j�Z�[�h�l�d�_ �]�h�k�m�^�Z�j�k�l�\�_�g�g�h�c �i�h�e�b�l�b�d�b �b 
�g�h�j�f�Z�l�b�\�g�h-�i�j�Z�\�h�\�h�f�m �j�_�]�m�e�b�j�h�\�Z�g�b�x �\ �k�n�_�j�_ �l�j�m�^�Z�� 

�< �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y �^�_�c�k�l�\�m�_�l �i�j�h�n�_�k�k�b�h�g�Z�e�v�g�u�c �k�l�Z�g�^�Z�j�l�� 
�j�Z�a�j�Z�[�h�l�Z�g�g�u�c �Z�k�k�h�p�b�Z�p�b�_�c �j�Z�[�h�l�h�^�Z�l�_�e�_�c �b �i�j�_�^�i�j�b�y�l�b�c �b�g�^�m�k�l�j�b�b 
�[�_�k�i�b�e�h�l�g�u�o �Z�\�b�Z�p�b�h�g�g�u�o �k�b�k�l�_�f �©�:�W�J�H�G�?�D�K�L�ª�� �h�[�s�_�k�l�\�h�f �k �h�]�j�Z�g�b�q�_�g�g�h�c 
�h�l�\�_�l�k�l�\�_�g�g�h�k�l�v�x �©�D�h�g�k�Z�e�l�b�g�]�h�\�Z�y �d�h�f�i�Z�g�b�y �:�\�b�Z�i�_�j�k�h�g�Z�e�ª �b �K�h�\�_�l�h�f �i�h 
�i�j�h�n�_�k�k�b�h�g�Z�e�v�g�u�f �d�\�Z�e�b�n�b�d�Z�p�b�y�f �\�h�a�^�m�r�g�h�]�h �l�j�Z�g�k�i�h�j�l�Z �i�h� ̂ �d�h�g�l�j�h�e�_�f 
�F�b�g�b�k�l�_�j�k�l�\�Z �l�j�m�^�Z �b �k�h�p�b�Z�e�v�g�h�c �a�Z�s�b�l�u �J�h�k�k�b�c�k�d�h�c �N�_�^�_�j�Z�p�b�b �i�h �\�b�^�m 
�i�j�h�n�_�k�k�b�h�g�Z�e�v�g�h�c �^�_�y�l�_�e�v�g�h�k�l�b �©�K�i�_�p�b�Z�e�b�k�l �i�h �w�d�k�i�e�m�Z�l�Z�p�b�b �[�_�k�i�b�e�h�l�g�u�o 
�Z�\�b�Z�p�b�h�g�g�u�o �k�b�k�l�_�f�� �\�d�e�x�q�Z�x�s�b�o �\ �k�_�[�y �h�^�g�h �b�e�b �g�_�k�d�h�e�v�d�h �[�_�k�i�b�e�h�l�g�u�o 
�\�h�a�^�m�r�g�u�o �k�m�^�h�\ �k �f�Z�d�k�b�f�Z�e�v�g�h�c �\�a�e�_�l�g�h�c �f�Z�k�k�h�c 30 �d�] �b �f�_�g�_�_�ª�� 
�m�l�\�_�j�`�^�_�g�g�u�c �I�j�b�d�Z�a�h�f �F�b�g�l�j�m�^�Z �J�h�k�k�b�b �h�l 14 �k�_�g�l�y�[�j�y 2022 �]�h�^�Z �‹  �������g 
���I�j�b�d�Z�a �F�b�g�b�k�l�_�j�k�l�\�Z �l�j�m�^�Z �b �k�h�p�b�Z�e�v�g�h�c �a�Z�s�b�l�u �J�h�k�k�b�c�k�d�h�c �N�_�^�_�j�Z�p�b�b �h�l 
14.09.2022 �‹  �������g �©�H�[ �m�l�\�_�j�`�^�_�g�b�b �i�j�h�n�_�k�k�b�h�g�Z�e�v�g�h�]�h �k�l�Z�g�^�Z�j�l�Z 
�©�K�i�_�p�b�Z�e�b�k�l �i�h �w�d�k�i�e�m�Z�l�Z�p�b�b �[�_�k�i�b�e�h�l�g�u�o �Z�\�b�Z�p�b�h�g�g�u�o �k�b�k�l�_�f�� �\�d�e�x�q�Z�x�s�b�o 
�\ �k�_�[�y �h�^�g�h �b�e�b �g�_�k�d�h�e�v�d�h �[�_�k�i�b�e�h�l�g�u�o �\�h�a�^�m�r�g�u�o �k�m�^�h�\ �k �f�Z�d�k�b�f�Z�e�v�g�h�c 
�\�a�e�_�l�g�h�c �f�Z�k�k�h�c 30 �d�] �b �f�_�g�_�_�ª // �>�W�e�_�d�l�j�h�g�g�u�c �j�_�k�m�j�k�@�� �± 2023. URL: 
https://docs.cntd.ru/document/352000920?ysclid=lmx1b6z9ur476913170 ���^�Z�l�Z 
�h�[�j�Z�s�_�g�b�y�� 17 �k�_�g�l�y�[�j�y 2023 �]�h�^�Z����. �>�Z�g�g�u�f �^�h�d�m�f�_�g�l�h�f �i�j�_�^�m�k�f�Z�l�j�b�\�Z�_�l�k�y 
�k�j�Z�a�m �g�_�k�d�h�e�v�d�h �\�h�a�f�h�`�g�u�o �g�Z�b�f�_�g�h�\�Z�g�b�c �^�h�e�`�g�h�k�l�_�c�� �i�j�h�n�_�k�k�b�c�� �d �d�h�l�h�j�u�f 
�m�k�l�Z�g�h�\�e�_�g�u �h�^�g�b �b �l�_ �`�_ �l�j�_�[�h�\�Z�g�b�y �d �h�[�j�Z�a�h�\�Z�g�b�x �b �h�[�m�q�_�g�b�x�� �d�Z�d �w�l�h �\�b�^�g�h 
�b�a �l�Z�[�e�b�p�u 1. 
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�L�Z�[�e�b�p�Z 1 �± �D�\�Z�e�b�n�b�d�Z�p�b�h�g�g�u�_ �l�j�_�[�h�\�Z�g�b�y �d �k�i�_�p�b�Z�e�b�k�l�Z�f �;�:�K �\ �J�h�k�k�b�b 

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

�L�j�_�[�h�\�Z�g�b�y �d �h�i�u�l�m 
�i�j�Z�d�l�b�q�_�k�d�h�c �j�Z�[�h�l�u 

�L�j�_�[�h�\�Z�g�b�y �d 
�h�[�j�Z�a�h�\�Z�g�b�x �b �h�[�m�q�_�g�b�x 

�K�i�_�p�b�Z�e�b�k�l �i�h �w�d�k�i�e�m�Z�l�Z�p�b�b 
�[�_�k�i�b�e�h�l�g�u�o �Z�\�b�Z�p�b�h�g�g�u�o 
�k�b�k�l�_�f�� �\�d�e�x�q�Z�x�s�b�o �\ �k�_�[�y 
�h�^�g�h �b�e�b �g�_�k�d�h�e�v�d�h 
�[�_�k�i�b�e�h�l�g�u�o �\�h�a�^�m�r�g�u�o �k�m�^�h�\ 
�k �f�Z�d�k�b�f�Z�e�v�g�h�c �\�a�e�_�l�g�h�c 
�f�Z�k�k�h�c 10 �d�] �b �f�_�g�_�_ 

 
 
 
 
 
 
 

�G�_ �i�j�_�^�t�y�\�e�y�_�l�k�y 

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

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

�H�i�_�j�Z�l�h�j �[�_�k�i�b�e�h�l�g�u�o 
�Z�\�b�Z�p�b�h�g�g�u�o �k�b�k�l�_�f ���k 
�f�Z�d�k�b�f�Z�e�v�g�h�c �\�a�e�_�l�g�h�c �f�Z�k�k�h�c 
10 �d�b�e�h�]�j�Z�f�f�h�\ �b �f�_�g�_�_�� 

�K�i�_�p�b�Z�e�b�k�l �i�h �w�d�k�i�e�m�Z�l�Z�p�b�b 
�[�_�k�i�b�e�h�l�g�u�o �Z�\�b�Z�p�b�h�g�g�u�o 
�k�b�k�l�_�f�� �\�d�e�x�q�Z�x�s�b�o �\ �k�_�[�y 
�h�^�g�h �b�e�b �g�_�k�d�h�e�v�d�h 
�[�_�k�i�b�e�h�l�g�u�o �\�h�a�^�m�r�g�u�o �k�m�^�h�\ 
�k �f�Z�d�k�b�f�Z�e�v�g�h�c �\�a�e�_�l�g�h�c 
�f�Z�k�k�h�c 30 �d�] �b �f�_�g�_�_ 

�G�_ �f�_�g�_�_ 1 �]�h�^�Z �g�Z 
�Z�\�b�Z�p�b�h�g�g�h�f �l�j�Z�g�k�i�h�j�l�_ �\ 
�^�h�e�`�g�h�k�l�y�o�� �k�\�y�a�Z�g�g�u�o �k 
�e�_�l�g�h�c �w�d�k�i�e�m�Z�l�Z�p�b�_�c 
�\�h�a�^�m�r�g�u�o �k�m�^�h�\ �b�e�b 
�[�_�k�i�b�e�h�l�g�u�o �\�h�a�^�m�r�g�u�o 
�k�b�k�l�_�f�� �b�e�b �k 
�^�b�k�i�_�l�q�_�j�k�d�b�f 
�h�[�k�e�m�`�b�\�Z�g�b�_�f �^�e�y 
�^�h�i�m�k�d�Z �d �\�u�i�h�e�g�_�g�b�x 
�n�m�g�d�p�b�c �d�h�f�Z�g�^�b�j�Z 
�[�_�k�i�b�e�h�l�g�h�c �Z�\�b�Z�p�b�h�g�g�h�c 
�k�b�k�l�_�f�u  

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

�H�i�_�j�Z�l�h�j �[�_�k�i�b�e�h�l�g�u�o 
�Z�\�b�Z�p�b�h�g�g�u�o �k�b�k�l�_�f ���k 
�f�Z�d�k�b�f�Z�e�v�g�h�c �\�a�e�_�l�g�h�c �f�Z�k�k�h�c 
30 �d�b�e�h�]�j�Z�f�f�h�\ �b �f�_�g�_�_�� 

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

�j�h�k�k�b�c�k�d�h�]�h �d�e�Z�k�k�b�n�b�d�Z�l�h�j�Z�� �m�k�l�Z�g�h�\�e�_�g�g�h�]�h �=�H�K�L �J 59517-20215, �h�i�b�k�Z�g�g�h�]�h 
�\�u�r�_�� �f�h�`�g�h �i�h�g�y�l�v�� �q�l�h �k�h�h�l�g�_�k�l�b �;�<�K �\ �k�h�k�l�Z�\�_ �;�:�K�� �w�d�k�i�e�m�Z�l�b�j�m�_�f�h�_ �i�j�b 
�i�j�b�_�f�_ �g�Z �j�Z�[�h�l�m�� �i�h �m�d�Z�a�Z�g�g�u�f �\ �i�j�h�n�_�k�k�b�h�g�Z�e�v�g�h�f �k�l�Z�g�^�Z�j�l�_ �^�h�e�`�g�h�k�l�y�f 
���i�j�h�n�_�k�k�b�y�f�� �k �d�Z�l�_�]�h�j�b�_�c �;�:�K �i�h �d�e�Z�k�k�b�n�b�d�Z�l�h�j�m �g�_ �i�j�_�^�k�l�Z�\�e�y�_�l�k�y 
�\�h�a�f�h�`�g�u�f�� 

�G�Z�i�j�b�f�_�j�� �\ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�o �g�Z �^�h�e�`�g�h�k�l�v �\�g�_�r�g�_�]�h �i�b�e�h�l�Z 
���k�i�_�p�b�Z�e�b�k�l�Z�� �h�i�_�j�Z�l�h�j�Z�� �[�_�k�i�b�e�h�l�g�h�]�h �\�h�a�^�m�r�g�h�]�h �k�m�^�g�Z ���k �f�Z�d�k�b�f�Z�e�v�g�h�c 
�\�a�e�_�l�g�h�c �f�Z�k�k�h�c 10 �d�b�e�h�]�j�Z�f�f�h�\ �b �f�_�g�_�_�� �g�_ �m�d�Z�a�Z�g�h�� �i�j�b�k�m�l�k�l�\�m�x�l �e�b �\ �;�<�K �\ 
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�k�h�k�l�Z�\�_ �;�:�K �\�j�Z�s�Z�x�s�b�_�k�y �^�_�l�Z�e�b�� �d�h�l�h�j�u�_ �f�h�]�m�l �g�Z�g�_�k�l�b �l�y�`�d�b�_ �l�_�e�_�k�g�u�_ 
�i�h�\�j�_�`�^�_�g�b�y �q�_�e�h�\�_�d�m�� �< �k�e�m�q�Z�_ �h�l�k�m�l�k�l�\�b�y �l�Z�d�b�o �^�_�l�Z�e�_�c �f�h�`�g�h �[�u�e�h �[�u 
�h�l�g�_�k�l�b �;�:�K�� �d�h�l�h�j�u�f �^�h�e�`�_�g �m�i�j�Z�\�e�y�l�v �\�g�_�r�g�b�c �i�b�e�h�l ���k�i�_�p�b�Z�e�b�k�l�� 
�h�i�_�j�Z�l�h�j���� �i�j�b�g�b�f�Z�_�f�u�c �g�Z �j�Z�[�h�l�m�� �d �d�Z�l�_�]�h�j�b�b �k�Z�f�h�]�h �g�b�a�d�h�]�h �j�b�k�d�Z �©�:�ª�� 
�F�_�`�^�m �l�_�f�� �^�Z�`�_ �\ �w�l�h�f �k�e�m�q�Z�_ �h�g �g�_ �f�h�`�_�l �[�u�l�v �h�l�g�_�k�_�g �d �^�Z�g�g�h�c �d�Z�l�_�]�h�j�b�b�� �\ 
�k�\�y�a�b �k �l�_�f�� �q�l�h �h�g�Z �i�j�_�^�m�k�f�Z�l�j�b�\�Z�_�l �w�d�k�i�e�m�Z�l�Z�p�b�x �;�:�K �l�h�e�v�d�h �\ �e�b�q�g�u�o 
�p�_�e�y�o�� 

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

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

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

�\�e�_�q�_�l �\�h�a�g�b�d�g�h�\�_�g�b�_ �\ �i�j�Z�\�h�\�h�f �i�j�h�k�l�j�Z�g�k�l�\�_ �f�g�h�`�_�k�l�\�_�g�g�u�o 
�g�_�h�i�j�_�^�_�e�_�g�g�h�k�l�_�c�� �k�e�h�`�g�h�k�l�_�c �b �i�j�h�[�e�_�f [14]. �B�k�k�e�_�^�h�\�Z�g�b�_ �i�h�d�Z�a�Z�e�h�� �q�l�h 
�i�h�^�]�h�l�h�\�d�Z �d�Z�^�j�h�\ �^�e�y �;�:�K �\ �J�h�k�k�b�b �g�_ �b�f�_�_�l �g�Z �k�_�]�h�^�g�y�r�g�b�c �^�_�g�v �_�^�b�g�h�c 
�i�j�Z�\�h�\�h�c �i�h�e�b�l�b�d�b�� �k�i�h�k�h�[�g�h�c �b�k�i�h�e�g�b�l�v �a�Z�^�Z�q�b�� �a�Z�y�\�e�_�g�g�u�_ �\ �K�l�j�Z�l�_�]�b�b 
�j�Z�a�\�b�l�b�y �[�_�k�i�b�e�h�l�g�h�c �Z�\�b�Z�p�b�b �J�h�k�k�b�c�k�d�h�c �N�_�^�_�j�Z�p�b�b �g�Z �i�_�j�b�h�^ �^�h 2030 �]�h�^�Z �b 
�g�Z �i�_�j�k�i�_�d�l�b�\�m �^�h 2035 �]�h�^�Z�� �G�h�j�f�Z�l�b�\�g�Z�y �i�j�Z�\�h�\�Z�y �[�Z�a�Z �\ �k�n�_�j�_ �i�h�^�]�h�l�h�\�d�b 
�k�i�_�p�b�Z�e�b�k�l�h�\ �[�_�k�i�b�e�h�l�g�h�c �Z�\�b�Z�p�b�b �l�j�_�[�m�_�l �i�j�h�\�_�^�_�g�b�y �l�s�Z�l�_�e�v�g�h�]�h �Z�g�Z�e�b�a�Z �b 
�^�Z�e�v�g�_�c�r�_�c �d�h�j�j�_�d�l�b�j�h�\�d�b �\ �k�h�h�l�\�_�l�k�l�\�b�b �k �_�^�b�g�u�f�b �k�l�Z�g�^�Z�j�l�Z�f�b 
�f�_�`�^�m�g�Z�j�h�^�g�h�c �h�j�]�Z�g�b�a�Z�p�b�b �]�j�Z�`�^�Z�g�k�d�h�c �Z�\�b�Z�p�b�b �B�D�:�H�� 

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

�B�k�i�h�e�v�a�h�\�Z�g�b�_ �j�b�k�d-�h�j�b�_�g�l�b�j�h�\�Z�g�g�h�]�h �i�h�^�o�h�^�Z �^�h�e�`�g�h �k�l�Z�l�v �]�e�Z�\�g�u�f 
�l�j�_�[�h�\�Z�g�b�_�f �i�j�b �n�h�j�f�b�j�h�\�Z�g�b�b �g�h�j�f�Z�l�b�\�g�h�c �i�j�Z�\�h�\�h�c �[�Z�a�u �\ �j�Z�f�d�Z�o �g�h�\�h�]�h 
�n�_�^�_�j�Z�e�v�g�h�]�h �i�j�h�_�d�l�Z �©�D�Z�^�j�u �^�e�y �;�:�K�ª �g�Z�p�b�h�g�Z�e�v�g�h�]�h �i�j�h�_�d�l�Z 
�©�;�_�k�i�b�e�h�l�g�u�_ �Z�\�b�Z�p�b�h�g�g�u�_ �k�b�k�l�_�f�u�ª�� �k�l�Z�j�l�m�x�s�_�]�h �k 1 �y�g�\�Z�j�y 2024 �]�h�^�Z�� �< 
�k�\�y�a�b �k �w�l�b�f �i�j�_�^�k�l�Z�\�e�y�_�l�k�y �g�_�h�[�o�h�^�b�f�u�f�� 

�j�Z�a�j�Z�[�h�l�Z�l�v �b �m�l�\�_�j�^�b�l�v �g�h�j�f�Z�l�b�\�g�u�f �i�j�Z�\�h�\�u�f �Z�d�l�h�f �I�j�Z�\�b�l�_�e�v�k�l�\�Z 
�J�h�k�k�b�c�k�d�h�c �N�_�^�_�j�Z�p�b�b �I�j�Z�\�b�e�Z �h�l�g�_�k�_�g�b�y �l�j�m�^�h�\�u�o �n�m�g�d�p�b�c �^�h�e�`�g�h�k�l�_�c 
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���i�j�h�n�_�k�k�b�c�� �i�h �\�b�^�m �i�j�h�n�_�k�k�b�h�g�Z�e�v�g�h�c �^�_�y�l�_�e�v�g�h�k�l�b �©�K�i�_�p�b�Z�e�b�k�l �i�h 
�w�d�k�i�e�m�Z�l�Z�p�b�b �[�_�k�i�b�e�h�l�g�u�o �Z�\�b�Z�p�b�h�g�g�u�o �k�b�k�l�_�f�� �\�d�e�x�q�Z�x�s�b�o �\ �k�_�[�y �h�^�g�h �b�e�b 
�g�_�k�d�h�e�v�d�h �[�_�k�i�b�e�h�l�g�u�o �\�h�a�^�m�r�g�u�o �k�m�^�h�\ �k �f�Z�d�k�b�f�Z�e�v�g�h�c �\�a�e�_�l�g�h�c �f�Z�k�k�h�c 30 
�d�] �b �f�_�g�_�_�ª �d �h�i�j�_�^�_�e�z�g�g�h�c �d�Z�l�_�]�h�j�b�b �j�b�k�d�Z �b�e�b �h�i�j�_�^�_�e�z�g�g�h�f�m �d�e�Z�k�k�m 
���d�Z�l�_�]�h�j�b�b�� �h�i�Z�k�g�h�k�l�b �\ �p�_�e�y�o �i�_�j�_�o�h�^�Z �g�Z �j�b�k�d-�h�j�b�_�g�l�b�j�h�\�Z�g�g�m�x �f�h�^�_�e�v 
�i�j�b �i�j�h�\�_�^�_�g�b�b �j�Z�[�h�l �k �i�j�b�f�_�g�_�g�b�_�f �;�:�K�� 

�k �m�q�_�l�h�f �m�d�Z�a�Z�g�g�u�o �I�j�Z�\�b�e �j�Z�a�j�Z�[�h�l�Z�l�v �b �m�l�\�_�j�^�b�l�v �i�j�b�d�Z�a�h�f 
�F�b�g�b�k�l�_�j�k�l�\�Z �l�j�m�^�Z �b �k�h�p�b�Z�e�v�g�h�c �a�Z�s�b�l�u �J�h�k�k�b�c�k�d�h�c �N�_�^�_�j�Z�p�b�b 
�i�j�h�n�_�k�k�b�h�g�Z�e�v�g�u�c �k�l�Z�g�^�Z�j�l �©�K�i�_�p�b�Z�e�b�k�l �i�h �w�d�k�i�e�m�Z�l�Z�p�b�b �[�_�k�i�b�e�h�l�g�u�o 
�Z�\�b�Z�p�b�h�g�g�u�o �k�b�k�l�_�f�� �\�d�e�x�q�Z�x�s�b�o �\ �k�_�[�y �h�^�g�h �b�e�b �g�_�k�d�h�e�v�d�h �[�_�k�i�b�e�h�l�g�u�o 
�\�h�a�^�m�r�g�u�o �k�m�^�h�\ �k �f�Z�d�k�b�f�Z�e�v�g�h�c �\�a�e�_�l�g�h�c �f�Z�k�k�h�c 30 �d�] �b �f�_�g�_�_�ª �b �i�j�b�a�g�Z�l�v 
�m�l�j�Z�l�b�\�r�b�f �k�b�e�m �I�j�b�d�Z�a �F�b�g�b�k�l�_�j�k�l�\�Z �l�j�m�^�Z �b �k�h�p�b�Z�e�v�g�h�c �a�Z�s�b�l�u 
�J�h�k�k�b�c�k�d�h�c �N�_�^�_�j�Z�p�b�b �h�l 14 �k�_�g�l�y�[�j�y 2022 �]�h�^�Z �‹  �������g�� 

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

�n�h�j�f�m �\�g�h�\�v �j�Z�a�j�Z�[�h�l�Z�g�g�h�]�h �i�j�h�n�_�k�k�b�h�g�Z�e�v�g�h�]�h �k�l�Z�g�^�Z�j�l�Z �^�h�i�h�e�g�b�l�v 
�j�Z�a�^�_�e�Z�f�b�� �k�h�^�_�j�`�Z�s�b�f�b �l�b�i�h�\�u�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �;�<�K �\ �k�h�k�l�Z�\�_ �;�:�K�� �Z �l�Z�d�`�_ 
�m�k�e�h�\�b�y �w�d�k�i�e�m�Z�l�Z�p�b�b �;�:�K �i�j�b �h�k�m�s�_�k�l�\�e�_�g�b�b �d�Z�`�^�h�c �l�j�m�^�h�\�h�c �n�m�g�d�p�b�b �\ 
�k�h�h�l�\�_�l�k�l�\�b�b �k �l�j�_�[�h�\�Z�g�b�y�f�b �=�H�K�L �J 59517-2021. �;�_�k�i�b�e�h�l�g�u�_ �Z�\�b�Z�p�b�h�g�g�u�_ 
�k�b�k�l�_�f�u�� �D�e�Z�k�k�b�n�b�d�Z�p�b�y �b �d�Z�l�_�]�h�j�b�a�Z�p�b�y�� 

 
�;�B�;�E�B�H�=�J�:�N�B�Q�?�K�D�B�C �K�I�B�K�H�D 

 
1. �D�h�j�h�l�Z�_�\ �:�� �:�� �I�j�b�f�_�g�_�g�b�_ �[�_�k�i�b�e�h�l�g�u�o �e�_�l�Z�l�_�e�v�g�u�o �Z�i�i�Z�j�Z�l�h�\ �^�e�y 

�f�h�g�b�l�h�j�b�j�h�\�Z�g�b�y �k�_�e�v�k�d�h�o�h�a�y�c�k�l�\�_�g�g�u�o �m�]�h�^�b�c �b �i�h�k�_�\�g�u�o �i�e�h�s�Z�^�_�c �\ �Z�]�j�Z�j�g�h�f �k�_�d�l�h�j�_ / 
�:�� �:�� �D�h�j�h�l�Z�_�\�� �E�� �:�� �G�h�\�h�i�Z�r�b�g // �:�]�j�Z�j�g�u�c �\�_�k�l�g�b�d �M�j�Z�e�Z�� 2015. �‹  12(142). �K�� 38-42. �± 
EDN VCMEKZ. 

2. �;�_�e�y�_�\ �I�� �<�� �I�_�j�k�i�_�d�l�b�\�u �i�j�b�f�_�g�_�g�b�y �[�_�k�i�b�e�h�l�g�u�o �e�_�l�Z�l�_�e�v�g�u�o �Z�i�i�Z�j�Z�l�h�\ �i�j�b 
�d�h�g�l�j�h�e�_ �b �^�b�Z�]�g�h�k�l�b�d�_ �h�[�t�_�d�l�h�\ �w�g�_�j�]�_�l�b�d�b / �I�� �<�� �;�_�e�y�_�\�� �:�� �I�� �=�h�e�h�\�k�d�b�c�� �>�� �K�� �K�Z�^�Z�_�\ // 
�>�b�g�Z�f�b�d�Z �k�b�k�l�_�f�� �f�_�o�Z�g�b�a�f�h�\ �b �f�Z�r�b�g�� 2019. �L�� 7, �‹  2. �K�� 18-24. �± DOI 10.25206/2310-9793-
7-2-18-24. �± EDN CROTHX. 

3. �F�Z�d�Z�j�_�g�d�h �>�� �<�� �:�g�Z�e�b�a �i�_�j�k�i�_�d�l�b�\�g�u�o �l�_�o�g�h�e�h�]�b�c �d�Z�j�l�h�]�j�Z�n�b�j�h�\�Z�g�b�y �f�_�k�l�g�h�k�l�b 
�k �i�j�b�f�_�g�_�g�b�_�f �[�_�k�i�b�e�h�l�g�u�o �\�h�a�^�m�r�g�u�o �k�m�^�h�\ / �>�� �<�� �F�Z�d�Z�j�_�g�d�h�� �K�� �E�� �I�Z�j�r�b�g�Z�� �B�� �H�� 
�D�g�y�a�_�\�Z // �:�d�l�m�Z�e�v�g�u�_ �i�j�h�[�e�_�f�u �Z�\�b�Z�p�b�b �b �d�h�k�f�h�g�Z�\�l�b�d�b�� 2017. �L�� 3, �‹  13. �K�� 61-62. �± EDN 
YQVYJW. 

4. Xia J., Wang K., Wang S. Drone scheduling to monitor vessels in emission control areas 
// Transportation Research Part B: Methodological. 2019. Vol. 119. Pp. 174-196. DOI: 
10.1016/j.trb.2018.10.011 

5. �L�Z�j�Z�g�p�_�\ �:�� �:�� �F�h�^�_�e�v �i�j�b�f�_�g�_�g�b�y �[�_�k�i�b�e�h�l�g�u�o �e�_�l�Z�l�_�e�v�g�u�o �Z�i�i�Z�j�Z�l�h�\ �\ �p�_�e�y�o 
�l�m�r�_�g�b�y �d�j�m�i�g�u�o �e�_�k�g�u�o �i�h�`�Z�j�h�\ �\ �a�h�g�_ �i�j�b�f�_�g�_�g�b�y �g�Z�a�_�f�g�u�o �k�b�e �b �k�j�_�^�k�l�\ / �:�� �:�� 
�L�Z�j�Z�g�p�_�\�� �X�� �B�� �Q�b�d�b�l�h�\ // �G�Z�m�q�g�h-�Z�g�Z�e�b�l�b�q�_�k�d�b�c �`�m�j�g�Z�e ���<�_�k�l�g�b�d �K�Z�g�d�l-�I�_�l�_�j�[�m�j�]�k�d�h�]�h 
�m�g�b�\�_�j�k�b�l�_�l�Z �=�h�k�m�^�Z�j�k�l�\�_�g�g�h�c �i�j�h�l�b�\�h�i�h�`�Z�j�g�h�c �k�e�m�`�[�u �F�Q�K �J�h�k�k�b�b���� 2016. �‹  2. �K�� 21-27. 
�± EDN WAZOYJ. 

6. �:�g�p�_�\ �=�� �<�� �;�_�k�i�b�e�h�l�g�u�_ �Z�i�i�Z�j�Z�l�u �b �i�h�^�]�h�l�h�\�d�Z �d�Z�^�j�h�\ / �=�� �<�� �:�g�p�_�\�� �;�� �I�� �?�e�b�k�_�_�\�� 
�<�� �:�� �K�Z�j�u�q�_�\ // �G�Z�m�q�g�u�c �\�_�k�l�g�b�d �F�h�k�d�h�\�k�d�h�]�h �]�h�k�m�^�Z�j�k�l�\�_�g�g�h�]�h �l�_�o�g�b�q�_�k�d�h�]�h 
�m�g�b�\�_�j�k�b�l�_�l�Z �]�j�Z�`�^�Z�g�k�d�h�c �Z�\�b�Z�p�b�b�� 2016. �L�� 19, �‹  5. �K�� 27-33. �± EDN XDZRVP. 



314 

7. �D�j�b�q�_�\�k�d�b�c �K�� �<�� �B�k�l�h�j�b�y �[�_�a�h�i�Z�k�g�h�k�l�b �i�h�e�_�l�h�\�� �f�_�l�h�^�h�e�h�]�b�y�� �h�i�u�l�� �i�_�j�k�i�_�d�l�b�\�u / 
�K�� �<�� �D�j�b�q�_�\�k�d�b�c // �G�Z�m�q�g�u�c �\�_�k�l�g�b�d �F�h�k�d�h�\�k�d�h�]�h �]�h�k�m�^�Z�j�k�l�\�_�g�g�h�]�h �l�_�o�g�b�q�_�k�d�h�]�h 
�m�g�b�\�_�j�k�b�l�_�l�Z �]�j�Z�`�^�Z�g�k�d�h�c �Z�\�b�Z�p�b�b�� 2023. �L�� 26, �‹  2. �K�� 8-17. �± DOI 10.26467/2079-0619-
2023-26-2-8-17. �± EDN WTJYCE. 

8. �R�Z�j�h�\ �<�� �>�� �D �f�_�l�h�^�b�d�_ �m�i�j�Z�\�e�_�g�b�y �j�b�k�d�Z�f�b �w�d�k�i�e�m�Z�l�Z�g�l�h�\ �[�_�k�i�b�e�h�l�g�u�o 
�Z�\�b�Z�p�b�h�g�g�u�o �k�b�k�l�_�f / �<�� �>�� �R�Z�j�h�\�� �<�� �E�� �D�m�a�g�_�p�h�\�� �I�� �F�� �I�h�e�y�d�h�\ // �G�Z�m�q�g�u�c �\�_�k�l�g�b�d 
�F�h�k�d�h�\�k�d�h�]�h �]�h�k�m�^�Z�j�k�l�\�_�g�g�h�]�h �l�_�o�g�b�q�_�k�d�h�]�h �m�g�b�\�_�j�k�b�l�_�l�Z �]�j�Z�`�^�Z�g�k�d�h�c �Z�\�b�Z�p�b�b�� 2022. �L�� 
25, �‹  6. �K�� 62-76. �± DOI 10.26467/2079-0619-2022-25-6-62-76. �± EDN QUDXZM. 

9. �R�Z�j�h�\ �<�� �>�� �H�[ �m�i�j�Z�\�e�_�g�b�b �[�_�a�h�i�Z�k�g�h�k�l�v�x �i�h�e�_�l�h�\ �i�j�b �w�d�k�i�e�m�Z�l�Z�p�b�b �[�_�k�i�b�e�h�l�g�u�o 
�Z�\�b�Z�p�b�h�g�g�u�o �k�b�k�l�_�f / �<�� �>�� �R�Z�j�h�\�� �;�� �I�� �?�e�b�k�_�_�\�� �I�� �F�� �I�h�e�y�d�h�\ // �G�Z�m�q�g�u�c �\�_�k�l�g�b�d 
�F�h�k�d�h�\�k�d�h�]�h �]�h�k�m�^�Z�j�k�l�\�_�g�g�h�]�h �l�_�o�g�b�q�_�k�d�h�]�h �m�g�b�\�_�j�k�b�l�_�l�Z �]�j�Z�`�^�Z�g�k�d�h�c �Z�\�b�Z�p�b�b�� 2021. �L�� 
24, �‹  3. �K�� 42-56. �± DOI 10.26467/2079-0619-2021-24-3-42-56. �± EDN KDWHWY. 

10. Perez-Casten J. A. RPAS conflict-risk assessment in non-segregated airspace / J.A. 
�3�p�U�H�]-�&�D�V�W�i�Q�D�� F.G. Comendadora, A. �5�R�G�U�t�J�X�H�]�6�D�Q�]�D�,�� I.A. Cabreraa, J. Torrecilla // Safety 
Science. 2019. Vol. 111. Pp. 7�±16. DOI: 10.1016/j.ssci.2018.08.018 

11.  �:�e�_�r�b�g �;�� �K�� �H�[�_�k�i�_�q�_�g�b�_ �[�_�a�h�i�Z�k�g�h�k�l�b �i�h�e�_�l�h�\ �[�_�k�i�b�e�h�l�g�u�o �Z�\�b�Z�p�b�h�g�g�u�o 
�k�b�k�l�_�f �\ �_�^�b�g�h�f �\�h�a�^�m�r�g�h�f �i�j�h�k�l�j�Z�g�k�l�\�_ / �;�� �K�� �:�e�_�r�b�g�� �<�� �E�� �K�m�o�Z�g�h�\�� �<�� �F�� �R�b�[�Z�_�\ // 
�M�q�_�g�u�_ �a�Z�i�b�k�d�b �P�:�=�B�� 2011. �L�� 42, �‹  6. �K�� 73-83. �± EDN ONQTON. 

12. �H�j�e�h�\�Z �H�� �?�� �J�b�k�d-�h�j�b�_�g�l�b�j�h�\�Z�g�g�u�c �i�h�^�o�h�^ �b �h�[�e�Z�k�l�b �_�]�h �i�j�b�f�_�g�_�g�b�y // 
�J�m�d�h�\�h�^�b�l�_�e�v �Z�\�l�h�g�h�f�g�h�]�h �m�q�j�_�`�^�_�g�b�y�� 2017. �‹  10. �K�� 1-2. 

13. �:�d�l�m�Z�e�v�g�u�_ �\�h�i�j�h�k�u �i�h�^�]�h�l�h�\�d�b �d�Z�^�j�h�\ �\ �h�[�e�Z�k�l�b �[�_�k�i�b�e�h�l�g�u�o �Z�\�b�Z�p�b�h�g�g�u�o 
�k�b�k�l�_�f / �B�� �<�� �;�e�Z�]�h�^�Z�j�y�s�_�\�� �F�� �:�� �D�b�k�_�e�_�\�� �J�� �K�� �G�Z�m�f�h�\�� �<�� �K�� �R�Z�i�d�b�g // �G�Z�m�q�g�u�c �\�_�k�l�g�b�d 
�F�=�L�M �=�:�� 2022. 25(4). �K�� 8-19. doi.org/10.26467/2079-0619-2022-25-4-8-19. 

14. �;�e�Z�]�h�^�b�j �:�� �E�� �;�_�k�i�b�e�h�l�g�u�_ �l�j�Z�g�k�i�h�j�l�g�u�_ �k�j�_�^�k�l�\�Z�� �i�j�h�[�e�_�f�u �l�j�m�^�Z �b �a�Z�g�y�l�h�k�l�b 
/ �:�� �E�� �;�e�Z�]�h�^�b�j // �L�j�m�^�h�\�h�_ �i�j�Z�\�h �\ �J�h�k�k�b�b �b �a�Z �j�m�[�_�`�h�f�� 2023. �‹  1. �K�� 19-22. �± DOI 
10.18572/2221-3295-2023-1-19-22. �± EDN CVTNJN. 
 



315 

�B�F�?�G�G�H�C���M�D�:�A�:�L�?�E�V 

 

�:  

�:�\�_�j�b�g���:�����:�� ................................. 271 

�:�d�b�f�h�\���:�����B�� ..................................... 8 

�:�d�b�f�h�\���B�����:�� ..................................... 8 

�:�e�_�d�k�_�_�\���<�����:�� ............................... 121 

�:�e�b�_�\���A�����:�� ..................................... 155 

�:�e�b�k�h�\���:�����=�� .................................. 144 

�:�e�o�Z�g�h�\���D�����>�� ......................................  

�:�j�l�_�f�h�\���:�����:�� ............................... 163 

�:�j�o�Z�g�]�_�e�v�k�d�b�c���X�����:�� ..................... 15 

�:�n�Z�g�Z�k�v�_�\�Z���:�����<�� ............................ 26 

�:�q�d�Z�k�h�\�Z���?�����:�� ................................. 26 

 
�;  

�;�Z�j�Z�g�p�_�\���K�����F�� ................................ 32 

�;�b�l�x�d�h�\���<�����D�� ................................ 253 

�;�h�c�d�h���H�����=�� ....................................... 26 

�;�h�c�d�h���J�����K�� ....................................... 26 

�;�h�d�h�j�_�\���X�����X�� ................................ 40 

�;�h�j�b�^�v�d�h���K�����:�� .............................. 113 

 
�< 

�<�_�j�_�s�Z�]�b�g���F�����:�� ............................. 40 

�<�_�j�_�s�b�d�h�\���>�����<�� ............................. 46 

�<�h�a�g�y�d���<�����:�� .................................. 241 

 
�= 

�=�Z�e�d�h�\���:�����<�� ..................................... 51 

�=�h�e�h�\�b�g���>�����:�� ................................ 282 

�=�j�Z�q�_�\���:�����H�� ................................... 129 

�> 

�>�Z�g�b�e�_�g�d�h���G�����<�� .............................. 55 

�>�\�h�j�g�b�d�h�\���<�����<�� ...................... 46, 241 

�>�_�k�y�l�g�b�d���I�����:�� ................................ 15 

�>�b�e�v���<�����N�� ..................................... 215 

 

�? 

�?�e�b�k�_�_�\���<�����G�� .................................... 8 

 

�A 

�A�Z�c�p�_�\���G�����B�� .................................. 155 

�A�Z�c�q�b�d���E�����?�� ..................................... 15 

�A�Z�f�Z�e�^�b�g�h�\���>�����J�� .......................... 208 

 

�B 

�B�\�Z�g�h�\�k�d�Z�y���?�����E�� ........................... 264 

 

�D 

�D�Z�i�m�k�l�b�g���:�����<�� .............................. 170 

�D�b�\�h�d�m�j�p�_�\���:�����E�� .......................... 224 

�D�b�j�_�g�q�_�\���:�����=�� ................................ 55 

�D�e�h�d�h�\���B�����B�� ................................. 236 

�D�h�\�Z�e�v�q�m�d���>�����<�� ............................. 277 

�D�h�e�b�g�v�d�h���D�����:�� ............................... 59 

�D�h�e�h�^�_�g�_�p���G�����:�� ............................. 70 

�D�h�g�^�j�Z�l�v�_�\�Z���F�����:�� .......................... 80 

�D�h�j�g�b�e�h�\���:�����<�� ............................. 236 

�D�j�u�e�h�\�Z���Y�����:�� ................................. 59 

�D�m�^�_�j�d�h���>�����:�� ........ 121, 129, 176, 199 

�D�m�^�j�y�d�h�\���K�����:�� .............................. 291 

�D�m�a�g�_�p�h�\���K�����G�� ................................ 80 



316 

�E 

�E�Z�\�j�_�g�h�\���:�����B�� .............................. 253 

�E�_�s�_�g�d�h���:�����<�� ................................. 92 

�E�m�d�h�`�_�\���A�����:�� ................................ 100 

 

�F 

�F�Z�d�Z�j�_�g�d�h���<�����:�� ............................ 144 

�F�Z�d�Z�j�h�\���B�����D�� ................................ 241 

�F�Z�e�_�j�h�g�h�d���<�����<�� .............................. 70 

�F�Z�k�e�b�_�\���:�����B�� ............................... 163 

�F�Z�k�e�h�\���B�����K�� .................................. 236 

�F�b�r�b�g���K�����<�� .................................. 247 

�F�h�b�k�_�_�\�Z���B�����K�� ................................ 92 

�F�m�d�k�b�f�h�\�Z���J�����J�� ............................ 291 

 

�G 

�G�Z�p�m�[�b�^�a�_���K�����:�� ............................ 107 

�G�_�d�j�Z�k�h�\���:�����<�� .............................. 113 

�G�_�j�_�l�b�g���?�����K��................................. 282 

 

�I  

�I�_�l�j�h�\���>�����J�� ................................... 253 

�I�_�l�j�h�\���I�����<�� .................. 121, 129, 176 

�I�h�e�y�d�h�\���G�����:�� ................................ 199 

�I�h�i�h�\���<�����F�� ................................... 260 

�I�j�b�[�u�l�d�h�\���:�����<�� ............................. 92 

 

�J 

�J�Z�a�m�\�Z�_�\���>�����<�� .................................. 46 

�J�h�]�h�\���G�����<�� ............................. 100, 137 

�J�h�f�Z�g�_�g�h�d���K�����G�� .............................. 70 

�J�m�[�p�h�\���?�����:�� .................................. 291 

�J�u�[�v�y�d�h�\���:�����<�� .............................. 300 

�K 

�K�Z�`�b�g���:�����G��................................... 144 

�K�Z�g�v�d�h���:�����:�� .................................. 264 

�K�Z�j�Z�g�b�g�Z���?�����<�� .............................. 150 

�K�Z�n�Z�j�[�Z�d�h�\���:�����F�� ......................... 150 

�K�e�Z�\�b�g�k�d�b�c���:�����K�� .......................... 170 

�K�h�j�h�d�b�g���K�����:�� ................................. 15 

�K�l�h�e�y�j�h�\���<�����>�� .............................. 236 

�K�m�o�h�f�_�c�e�h���G�����Y�� ........................... 282 

�K�u�q�_�\���K�����<�� ................................... 137 

 

�N 

�N�_�^�h�j�d�_�\�b�q���B�����:�� ......................... 271 

�N�_�h�d�l�b�k�l�h�\�Z���H�����=�� ......................... 300 

�N�b�f�m�r�b�g���:�����K�� ............. 155, 163, 170 

�N�j�h�e�h�\���=�����D�� .................................. 176 

 

�O 

�O�Z�c�j�m�e�b�g���L�����G�� ............................. 182 

�O�h�^�Z�p�d�b�c���K�����:�� ............................. 189 

 

�P 

�P�_�e�b�s�_�\���<�����:�� ............................... 199 

 

�R  

�R�Z�c�^�m�j�h�\���<�����K��............................. 305 

�R�Z�c�^�m�j�h�\�Z �B�����<��........................... 305 

�R�_�c�g�b�d�h�\���:�����:�� ............................ 264 

 

�W 

�X�k�m�i�h�\���J�����J. ................................. 208
 



 

�:�D�L�M�:�E�V�G�U�?���I�J�H�;�E�?�F�U���B���I�?�J�K�I�?�D�L�B�<�U���J�:�A�<�B�L�B�Y��
�=�J�:�@�>�:�G�K�D�H�C���:�<�B�:�P�B�B 

�K�;�H�J�G�B�D���L�J�M�>�H�< 

XII �F�_�`�^�m�g�Z�j�h�^�g�h�c���g�Z�m�q�g�h-�i�j�Z�d�l�b�q�_�k�d�h�c���d�h�g�n�_�j�_�g�p�b�b�����i�h�k�\�y�s�_�g�g�h�c��
�i�j�Z�a�^�g�h�\�Z�g�b�x��������-�e�_�l�b�y���h�l�_�q�_�k�l�\�_�g�g�h�c���]�j�Z�`�^�Z�g�k�d�h�c���Z�\�b�Z�p�b�b 

12-13 �h�d�l�y�[�j�y 2023 �]�� 

�L�h�f��1 

 

 �I�h�^�i�b�k�Z�g�h���\���i�_�q�Z�l�v��24.11.2023 �]��  

�I�_�q�Z�l�v���l�j�Z�n�Z�j�_�l�g�Z�y �N�h�j�f�Z�l�������o���������� 17,8 �m�q.-�b�a�^�����e�� 
20,1 �i�_�q�����e�� �A�Z�d�Z�a���‹��956 �L�b�j�Z�`��50 �w�d�a�� 

�B�j�d�m�l�k�d�b�c���n�b�e�b�Z�e���F�=�L�M���=�: 

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

 
�‹���B�j�d�m�l�k�d�b�c���n�b�e�b�Z�e���F�=�L�M���=�:����������3 

 
 
 


