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�B�A�E�H�@�?�G�B�?��
�=�_�g�_�l�b�q�g�b�y�l�� �Z�e�]�h�j�b�l�t�f�� ���=�:���� �_�� �k�l�h��

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

�i�h�d�h�e�_�g�b�_���^�Z���g�_���k�t�^�t�j�`�Z���g�_�h�[�o�h�^�b�f�b�y���]�_�g����
�i�Z�d���^�Z���k�_���^�h�k�l�b�]�g�_���_�d�k�l�j�_�f�m�f�� 

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

�<�� �f�g�h�]�h�� �j�Z�a�j�Z�[�h�l�d�b�� �k�_�� �j�Z�a�]�e�_�`�^�Z�l��
�o�b�[�j�b�^�g�b�� �k�b�k�l�_�f�b���� �d�h�b�l�h�� �d�h�f�[�b�g�b�j�Z�l�� �j�Z�a��
�e�b�q�g�b�� �b�g�l�_�e�b�]�_�g�l�g�b�� �f�_�l�h�^�b���� �Z�� �b�f�_�g�g�h�� �]�_��
�g�_�l�b�q�_�g�� �Z�e�]�h�j�b�l�t�f�� �k�� �j�Z�a�f�b�l�Z�� �e�h�]�b�d�Z�� �>������3����
4����5�@�� 

�J�Z�a�f�b�l�Z�l�Z�� �e�h�]�b�d�Z�� �g�Z�f�b�j�Z�� �\�k�_�� �i�h-
�]�h�e�y�f�h���i�j�b�e�h�`�_�g�b�_���i�j�b���m�i�j�Z�\�e�_�g�b�_���g�Z���j�Z�a��
�e�b�q�g�b�� �l�_�o�g�h�e�h�]�b�q�g�b�� �i�j�h�p�_�k�b���� �I�j�h�_�d�l�b�j�Z��
�g�_�l�h�� �g�Z�� �j�Z�a�f�b�l�b�� �j�_�]�m�e�Z�l�h�j�b���� �\�� �i�h�\�_�q�_�l�h��
�k�e�m�q�Z�b���� �k�_�� �b�a�\�t�j�r�\�Z�� �q�j�_�a�� �d�h�f�i�x�l�t�j�g�Z�� �k�b��
�f�m�e�Z�p�b�y���� �F�g�h�]�h�� �j�Z�a�j�Z�[�h�l�d�b�� �k�_�� �h�l�g�Z�k�y�l�� �^�h��
�j�_�Z�e�b�a�Z�p�b�y�l�Z�� �g�Z�� �j�Z�a�f�b�l�h�� �I�>���� �I�B�� �b �I�B�>��
�m�i�j�Z�\�e�_�g�b�_���� �b�a�[�h�j�� �g�Z�� �k�l�j�m�d�l�m�j�Z�� �b�� �k�j�Z�\�g�_��
�g�b�_�� �g�Z�� �j�Z�a�f�b�l�b�l�_�� �k�� �d�e�Z�k�b�q�_�k�d�b�l�_�� �j�_�]�m�e�Z�l�h��
�j�b�� �>������6�@���� �H�[�h�k�h�[�_�g�b�� �k�Z�� �^�\�_�� �]�j�m�i�b�� �i�Z�j�Z�f�_�l��
�j�b�� �g�Z�� �j�Z�a�f�b�l�b�l�_�� �j�_�]�m�e�Z�l�h�j�b���� �k�l�j�m�d�l�m�j�g�b�� �b��
�i�Z�j�Z�f�_�l�j�b�� �a�Z�� �g�Z�k�l�j�h�c�d�Z�� �>3�@���� �D�t�f�� �k�l�j�m�d�l�m�j��
�g�b�l�_�� �i�Z�j�Z�f�_�l�j�b���� �h�i�j�_�^�_�e�y�g�b�� �R�I�I-�O�L�Q�H���� �k�_�� �h�l��
�g�Z�k�y�l�� �\�o�h�^�g�h-�b�a�o�h�^�g�b�l�_�� �i�j�h�f�_�g�e�b�\�b�� �b��
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�n�m�g�d�p�b�b�l�_���b�f�� �g�Z���i�j�b�g�Z�^�e�_�`�g�h�k�l���� �[�Z�a�Z�l�Z���h�l��
�j�Z�a�f�b�l�b�� �i�j�Z�\�b�e�Z���� �f�_�o�Z�g�b�a�f�t�l�� �a�Z�� �i�h�e�m�q�Z�\�Z��
�g�_�� �g�Z�� �j�Z�a�f�b�l�b�� �b�a�\�h�^�b�� �b�� �f�_�o�Z�g�b�a�f�t�l�� �a�Z�� �^�_��
�j�Z�a�f�b�\�Z�g�_���� �D�t�f�� �i�Z�j�Z�f�_�l�j�b�l�_�� �a�Z�� �g�Z�k�l�j�h�c�d�Z����
�h�i�j�_�^�_�e�y�g�b�� �R�Q-�O�L�Q�H���� �k�_�� �h�l�g�Z�k�y�l�� �d�h�_�n�b�p�b�_�g��
�l�t�l�� �g�Z�� �i�j�h�i�h�j�p�b�h�g�Z�e�g�h�k�l���� �d�h�_�n�b�p�b�_�g�l�b�l�_��
�g�Z�� �b�g�l�_�]�j�Z�e�g�Z�l�Z�� �b�� �^�b�n�_�j�_�g�p�b�Z�e�g�Z�l�Z�� �k�t�k��
�l�Z�\�d�b���� �i�Z�j�Z�f�_�l�j�b�l�_�� �g�Z�� �n�m�g�d�p�b�b�l�_�� �g�Z�� �i�j�b��
�g�Z�^�e�_�`�g�h�k�l�� �b�� �f�Z�s�Z�[�g�b�l�_�� �d�h�_�n�b�p�b�_�g�l�b����
�K�e�_�^�h�\�Z�l�_�e�g�h�� �i�j�h�_�d�l�b�j�Z�g�_�l�h�� �g�Z�� �j�Z�a�f�b�l�b��
�I�B�>���j�_�]�m�e�Z�l�h�j�b���f�h�`�_���^�Z���k�_ �j�Z�a�]�e�_�`�^�Z���d�Z�l�h��
�h�i�l�b�f�b�a�Z�p�b�h�g�g�Z�� �a�Z�^�Z�q�Z���� �j�_�r�_�g�b�_�l�h�� �g�Z�� �d�h�y��
�l�h���^�Z�\�Z���h�i�l�b�f�Z�e�g�b�l�_���k�l�h�c�g�h�k�l�b���g�Z���i�Z�j�Z�f�_�l��
�j�b�l�_���a�Z���g�Z�k�l�j�h�c�d�Z���g�Z���j�_�]�m�e�Z�l�h�j�b�l�_�� 

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

 
�H�;�?�D�L���G�:���B�A�K�E�?�>�<�:�G�?��
�H�[�_�d�l�� �g�Z�� �b�a�k�e�_�^�\�Z�g�_�� �_�� �i�h�k�l�h�y�g�g�h�l�h��

�d�h�\���_�e�_�d�l�j�h�^�\�b�]�Z�l�_�e���� �K�t�]�e�Z�k�g�h�� �l�_�h�j�b�y�l�Z�� �g�Z��
�i�h�k�l�h�y�g�g�h�l�h�d�h�\�b�l�_�� �_�e�_�d�l�j�b�q�_�k�d�b�� �f�Z�r�b�g�b��
�^�\�b�]�Z�l�_�e�y�l���k�_���h�i�b�k�\�Z���k���m�j�Z�\�g�_�g�b�y�l�Z���>���@ 
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�×�ç
+ �$�ñ= �-�Æ�E�ÔF�/ �¼, ������ 
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�×�ç

+ �4�Ô�E�Ô= �Q�ÔF�-�Ø�ñ, ������ 
�d�t�^�_�l�h���, �_���b�g�_�j�p�b�h�g�g�b�y�l���f�h�f�_�g�l���g�Z���j�h�l�h�j�Z����
[�G�C.�I �6]�� 
  �$ – �d�h�_�n�b�p�b�_�g�l�t�l �g�Z���l�j�b�_�g�_����
[�0. �I . �O/�N�=�@]�� 
  �-�Ø- �d�h�g�k�l�Z�g�l�Z�l�Z �\���h�[�j�Z�l�g�Z�l�Z���\�j�t�a�d�Z��

�i�h���_���^���g�������B
�Ï

�å�Ô�×/ �æ
�C�� 

  �-�Æ – �d�h�g�k�l�Z�g�l�Z�l�Z����[�0. �I /�#]�� 
 �4�Ô – �Z�d�l�b�\�g�h�l�h���k�t�i�j�h�l�b�\�e�_�g�b�_���g�Z���d�h�l�\�_�g�Z��
�l�Z���\�_�j�b�]�Z����[�À];  
  �.�Ô – �b�g�^�m�d�l�b�\�g�h�k�l�l�Z���g�Z���d�h�l�\�_�g�Z�l�Z��
�\�_�j�b�]�Z����[�* ]; 
  �E�Ô – �d�h�l�\�_�g�b�y�l���l�h�d����[�•]; 
  �Q�Ô – �g�Z�i�j�_�`�_�g�b�_�l�h�����a�Z�o�j�Z�g�\�Z�s�h��
�d�h�l�\�_�g�Z�l�Z���\�_�j�b�]�Z����[�8]; 
  �/ �¼ – �k�t�i�j�h�l�b�\�b�l�_�e�g�b�y�l���f�h�f�_�g�l����
[�0. �I ]; 
  �ñ – �t�]�e�h�\�Z�l�Z���k�d�h�j�h�k�l����[�N�=�@/�O]. 

�A�Z���i�j�_�^�Z�\�Z�l�_�e�g�Z�l�Z �n�m�g�d�p�b�y���g�Z�� �i�h�k�l�h��
�y�g�g�h�l�h�d�h�\�b�y���^�\�b�]�Z�l�_�e���k�_���i�h�e�m�q�Z�\�Z 
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�I�Z�j�Z�f�_�l�j�b�l�_ �g�Z�� �i�h�k�l�h�y�g�g�h�l�h�d�h�\�b�y��
�^�\�b�]�Z�l�_�e���k�Z���>6]�� �.�Ô= 0,1215�* , �4�Ô= 11,�t�À����
�, = 0,02215�G�C.�I �6���� �$ = 0,002953 �0. �I . �O/
�N�=�@�����-�Æ= 1,28 �0. �I /�#�����-�Ø= 1,28 
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�J�:�A�F�B�L���I�B�>���J�?�=�M�E�:�L�H�J,��
�G�:�K�L�J�H�?�G���Q�J�?�A���=�?�G�?�L�B�Q�?�G����
�:�E�=�H�J�B�L�T�F��
�P�_�e�l�Z�� �i�j�b�� �i�j�h�_�d�l�b�j�Z�g�_�� �g�Z�� �j�Z�a�f�b�l�b��

�I�B�>���j�_�]�m�e�Z�l�h�j�b���_���^�Z���k�_���i�h�k�l�b�]�g�_���`�_�e�Z�g�h�l�h��
�m�i�j�Z�\�e�_�g�b�_���q�j�_�a �j�_�]�m�e�Z�l�h�j���k���\�t�a�f�h�`�g�h���g�Z�c-
�i�j�h�k�l�Z�� �k�l�j�m�d�l�m�j�Z�� �b�� �g�Z�c-�f�Z�e�d�h�� �g�Z�� �[�j�h�c�� �i�Z��
�j�Z�f�_�l�j�b�� �a�Z�� �g�Z�k�l�j�h�c�d�Z���� �G�Z�� �n�b�]�� �� �_�� �i�j�_�^�k�l�Z��
�\�_�g�Z���k�l�j�m�d�l�m�j�Z�l�Z���g�Z���j�Z�a�f�b�l���I�B�>���j�_�]�m�e�Z�l�h�j��
�k�� �_�^�g�Z�� �\�o�h�^�g�Z�� �b�� �_�^�g�Z�� �b�a�o�h�^�g�Z�� �i�j�h�f�_�g�e�b�\�b��
�>3�@���� 

�<�o�h�^�g�Z���i�j�h�f�_�g�e�b�\�Z���a�Z���j�Z�a�f�b�l�b�y���j�_�]�m��
�e�Z�l�h�j�� �_�� �]�j�_�r�d�Z�l�Z �A(�J) = �N(�J) F �U(�J) 
�� �N(�J) �H �a�Z�^�Z�\�Z�s�h�l�h�� �\�t�a�^�_�c�k�l�\�b�_�� �U(�J) �_��
�b�a�o�h�^�g�Z�l�Z�� �i�j�h�f�_�g�e�b�\�Z�� �g�Z�� �k�b�k�l�_�f�Z�l�Z������ �Z�� �b�a��
�o�h�^�g�Z���i�j�h�f�_�g�e�b�\�Z�� �_ �Q(�J)�����G�h�j�f�Z�e�b�a�b�j�Z�g�h��
�l�h���m�i�j�Z�\�e�y�\�Z�s�h���\�t�a�^�_�c�k�l�\�b�_���_  
�QÜ(�J) = �-á�É�QÜ�É(�J) + �-á�Â�Ã �QÜ�É(�E)�á

�Ü�@�4 �¿�P+

�-á�½
�¿�èÝ�Á(�á)

�¿�ç
�� �J= 0,1,2,…, ������ 

�d�t�^�_�l�h���-á�É�����-á�Â �b �-á�½ �k�Z�� �g�h�j�f�Z�e�b�a�b�j�Z�g�b�l�_ �d�h��
�_�n�b�p�b�_�g�l�b�� �a�Z�� �i�j�h�i�h�j�p�b�h�g�Z�e�g�Z�l�Z���� �b�g�l�_�]�j�Z�e��
�g�Z�l�Z���b���^�b�n�_�j�_�g�p�b�Z�e�g�Z�l�Z���k�t�k�l�Z�\�d�b�� 

�G�h�j�f�Z�e�b�a�b�j�Z�g�Z�l�Z�� �]�j�_�r�d�Z�� �k�_�� �h�i�j�_�^�_��
�e�y���d�Z�l�h 

�A�(̧ �J) = �P
1,�O�Ø�A(�J) > 1

�O�Ø�A(�J),| �O�Ø�A(�J)| Q1
 F1, �O�Ø�A(�J) < F1,

 ������ 

�d�t�^�_�l�h���O�Ø= �,
�5

k�å(�4)�?�ì (�4)o
�,�����N(0) �b���U(0) �k�Z�� �g�Z��

�q�Z�e�g�b�l�_���k�l�h�c�g�h�k�l�b���g�Z���a�Z�^�Z�\�Z�s�h�l�h���\�t�a�^�_�c�k�l��
�\�b�_���b���g�Z���m�i�j�Z�\�e�y�_�f�Z�l�Z���\�_�e�b�q�b�g�Z�� 

�>�_�g�h�j�f�Z�e�b�a�Z�p�b�y�l�Z�� �g�Z�� �m�i�j�Z�\�e�y�\�Z�s�h�l�h��
�\�t�a�^�_�c�k�l�\�b�_���QÜ �_���i�h�� 

�Q$(�J) = �O�è�QÜ(�J) �� 
�d�t�^�_�l�h �O�è �_�� �d�h�_�n�b�p�b�_�g�l�t�l�� �g�Z�� �^�_�g�h�j�f�Z�e�b�a�Z��
�p�b�y�� 
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�G�h�j�f�Z�e�b�a�Z�p�b�y �J�Z�a�f�b�\�Z�g�_
�J�Z�a�f�b�l�b

�i�j�Z�\�b�e�Z���b���b�a�\�h�^�b �>�_�j�Z�a�f�b�\�Z�g�_
�H �Ĥ �S�X̂

P�.̂

�6 �W�.̂ I �'

�W�'

�a�Z�d�t�k
�g�_�g�b�_

�S�X̂

�X̂
�>�_�g�h�j�f�Z�e�b�a�Z�p�b�y �H�]�j�Z�g�b�q�Z�\�Z�g�_

�W
�.̂ D

�'

�X �X

-

 
 

�N�b�]�����������K�l�j�m�d�l�m�j�Z���g�Z���j�Z�a�f�b�l���I�B�>���j�_�]�m�e�Z�l�h�j 
 

�A�Z�� �m�i�j�Z�\�e�y�\�Z�s�h�l�h�� �\�t�a�^�_�c�k�l�\�b�_�� �k�_�� �a�Z��
�i�b�k�\�Z 

�Q(�J) = �P
�Q�à�Ô�ë(�J), �Q$ (�J) > �Q�à�Ô�ë

�QÜ(�J),  �Q�à�Ü�á Q�Q$ (�J) Q�Q�à�Ô�ë

�Q�à�Ü�á(�J), �Q$ (�J) Q�Q�à�Ü�á

 ������ 

�d�t�^�_�l�h �Q�à�Ü�á �b �Q�à�Ô�ë �k�Z�� �\�t�a�f�h�`�g�b�l�_�� �f�b�g�b��
�f�Z�e�g�Z���b���f�Z�d�k�b�f�Z�e�g�Z���k�l�h�c�g�h�k�l�b���g�Z���\�o�h�^�g�Z�l�Z��
�i�j�h�f�_�g�e�b�\�Z���g�Z���h�[�_�d�l�Z���a�Z���m�i�j�Z�\�e�_�g�b�_�� 

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

�I �������,�I�����A� ̧�L�V��NL�����W�K�H�Q�����QÜ�É �L�V���1L�� 
�I �������,�I�����A� ̧�L�V���3L�����W�K�H�Q�����QÜ�É �L�V���3L�� 
�I �������,�I�����A� ̧�L�V���$�=�����W�K�H�Q�����QÜ�É �L�V���$�=���� 

�d�Z�l�h�� �j�Z�a�f�b�l�Z�l�Z�� �i�j�h�f�_�g�e�b�\�Z��“NL”  �_�� �a�Z�� �Ä�h�l��
�j�b�p�Z�l�_�e�g�h�� �]�h�e�_�f�b�´����“PL” – �a�Z�� �Ä�i�h�e�h�`�b�l�_�e��
�g�h�� �]�h�e�_�f�b�´�� �b���³�$�=� ́ – �a�Z�� �Ä�i�j�b�[�e�b�a�b�l�_�e�g�h��
�g�m�e�Z�´�� �k�l�h�c�g�h�k�l�b���� �N�m�g�d�p�b�b�l�_�� �g�Z�� �i�j�b�g�Z�^��
�e�_�`�g�h�k�l���a�Z���i�j�h�f�_�g�e�b�\�b�l�_���A Ý �b �QÜ�É �k�Z���b�a�[�j�Z�g�b��
�l�j�b�t�]�t�e�g�b���� �d�Z�l�h�� �a�Z���A Ý �k�Z�� �n�b�d�k�b�j�Z�g�b�� �i�Z�j�Z��
�f�_�l�j�b�l�_���� �Z�� �a�Z���QÜ�É �k�_�� �l�t�j�k�y�l�� �h�i�l�b�f�Z�e�g�b�l�_��
�k�l�h�c�g�h�k�l�b�����n�b�]��������  

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

 0 < �-á�É Q1,0 < �-á�ÂQ1,0 < �-á�½Q1  
 0 < �O�è Q�I�=�T(|�Q�à�Ü�á|, |�Q�à�Ô�ë|), 

0 < �Q�5 Q1,0 < �Q�6 Q1,  
�A�Z���j�_�Z�e�b�a�b�j�Z�g�_���g�Z���j�Z�a�f�b�l�b�y���j�_�]�m�e�Z�l�h�j��

�g�_�� �f�h�`�_�� �^�Z�� �k�_�� �b�a�i�h�e�a�\�Z��FIS �j�_�^�Z�d�l�h�j�Z�� �g�Z��
�)�X�]�]�\ �/�R�J�L�F �7�R�R�O�E�R�[ �g�Z���0�D�W�O�D�E�����a�Z�s�h�l�h�� �l�Z�f��
�i�Z�j�Z�f�_�l�j�b�l�_�� �g�Z�� �n�m�g�d�p�b�b�l�_�� �g�Z�� �i�j�b�g�Z� �̂e�_�`��
�g�h�k�l���k�_���\�t�\�_�`�^�Z�l���k���d�h�g�d�j�_�l�g�b�l�_���k�b���q�b�k�e�_�g�b��
�k�l�h�c�g�h�k�l�b���� �A�Z�l�h�\�Z�� �j�Z�a�f�b�l�b�y�l�� �j�_�]�m�e�Z�l�h�j�� �_��

�f�h�^�_�e�b�j�Z�g���\���0�$�7�/�$�%\�6�,�0�8�/�,�1�.�����n�b�]�� 3����
�G�Z���\�o�h�^�Z��In���� �k�_���i�h�^�Z�\�Z���k�b�]�g�Z�e�t�l���A��̧� �Z���g�Z���b�a��
�o�h�^�Z���2�X�W�����k�_���i�h�e�m�q�Z�\�Z���QÜ�É���� 

�I�Z�j�Z�f�_�l�j�b�l�_���g�Z���l�j�b�t�]�t�e�g�b�l�_���n�m�g�d�p�b�b��
�g�Z�� �i�j�b�g�Z�^�e�_�`�g�h�k�l��FSE������FSE���� �b��FSE���� �g�Z��
�\�o�h�^�g�Z�l�Z���i�j�h�f�_�g�e�b�\�Z���k�Z���>-������-���������@�����>-���������������@��
�b�� �>������ ������ ���@�� ���e�y�\�Z���� �\�j�t�o�� �b�� �^�y�k�g�Z�� �k�l�h�c�g�h�k�l�� �g�Z��
�l�j�b�t�]�t�e�g�Z�l�Z���n�m�g�d�p�b�y���g�Z���i�j�b�g�Z�^�e�_�`�g�h�k�l�����a�Z��
NL�����$�= �b��PL �k�t�h�l�\�_�l�g�h���� �I�Z�j�Z�f�_�l�j�b�l�_�� �g�Z��
�n�m�g�d�p�b�b�l�_�� �g�Z�� �i�j�b�g�Z�^�e�_�`�g�h�k�l�� �g�Z�� �b�a�o�h�^�g�Z�l�Z��
�i�j�h�f�_�g�e�b�\�Z���k�Z 
[F2 + �Q�6, F1,F�Q�6 ]����[F�Q�5,0, �Q�5 ] �b��
[�Q�6,1,2 F�Q�6 ]  

�1�% �1�%�3�% �3�%�$�=�$�=
��

��

��

������ ����
����

�� ���X̂�� ���X̂�� ���X̂ ���X̂

�Ĥ �S�X̂  
�N�b�]���������N�m�g�d�p�b�b���g�Z���i�j�b�g�Z�^�e�_�`�g�h�k�l���g�Z���i�j�h��

�f�_�g�e�b�\�b�l�_���A� ̧�b �QÜ�É  

 �N�b�]�� 3�����6�,�0�8�/�,�1�. �f�h�^�_�e���g�Z���j�Z�a�f�b�l�b�y���j�_��
�]�m�e�Z�l�h�j 
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�a�Z��NL�����$�= �b��PL �k�t�h�l�\�_�l�g�h�����d�Z�l�h���d�h�g�d�j�_�l�g�b��
�l�_�� �k�l�h�c�g�h�k�l�b�� �g�Z��u�� �b��u�� �k�_ �h�i�j�_�^�_�e�y�l�� �q�j�_�a��
�h�i�l�b�f�b�a�Z�p�b�h�g�g�Z�l�Z���i�j�h�p�_�^�m�j�Z���� �L�j�b�l�_�� �i�j�Z��
�\�b�e�Z�� �g�Z�� �j�Z�a�f�b�l�b�y�� �j�_�]�m�e�Z�l�h�j�� �k�Z�� �f�h�^�_�e�b�j�Z�g�b��
�q�j�_�a���[�e�h�d�h�\�_�l�_��R���� R�� �b��R�������K�e�_�^���j�Z�a�^�_�e�y�g�_��
�g�Z�� �k�m�f�Z�l�Z �h�l�� �b�a�o�h�^�b�l�_�� �g�Z�� �[�e�h�d�h�\�_�l�_��R������R����
�b��R� �� � �k� t�k� � �k�m�f�Z� l�Z� � �h� l� � �b�a�o�h�^�b�l�_�� �g�Z�� �n�m�g�d�p�b�b�l�_��

�g�Z�� �i�j�b�g�Z�^�e�_�`�g�h�k�l���)�6�(������ �)�6�(�����b��FSE3 �k�_��

�b�a�\�t�j�r�\�Z���^�_�j�Z�a�f�b�\�Z�g�_���i�h���f�_�l�h�^�Z���g�Z���p�_�g�l�t��
�j�Z���g�Z���l�_�`�_�k�l�l�Z�� 

�G�Z�k�l�j�h�c�d�Z�l�Z�� �g�Z�� �j�Z�a�f�b�l�b�y�� �I�B�>�� �j�_�]�m��
�e�Z�l�h�j�� �k�_�� �k�\�_�`�^�Z�� �^�h�� �j�_�r�Z�\�Z�g�_�� �g�Z�� �h�i�l�b�f�b�a�Z��
�p�b�h�g�g�Z�� �a�Z�^�Z�q�Z�� �i�j�b���a�Z�^�Z�^�_�g�� �d�j�b�l�_�j�b�c �,�Í ����
�B�a�i�h�e�a�\�Z�g�_�l�h�� �g�Z�� �d�j�b�l�_�j�b�b���� �h�k�g�h�\�Z�g�b�� �k�Z�f�h��
�g�Z���k�b�]�g�Z�e�Z���g�Z���]�j�_�r�d�Z�l�Z���\�� �k�b�k�l�_�f�Z�l�Z���l�j�m�^�g�h��
�[�b�o�Z���m�^�h�\�e�_�l�\�h�j�b�e�b���i�j�h�l�b�\�h�j�_�q�b�\�b�l�_���b�a�b�k��
�d�\�Z�g�b�y���f�_�`�^�m���l�h�q�g�h�k�l�l�Z���\���m�k�l�Z�g�h�\�_�g���j�_�`�b�f��
�b�� �^�b�g�Z�f�b�q�g�b�l�_�� �i�h�d�Z�a�Z�l�_�e�b�� �g�Z�� �k�b�k�l�_�f�Z�l�Z��– 
�\�j�_�f�_�l�j�Z�_�g�_�� �b�� �i�j�_�j�_�]�m�e�b�j�Z�g�_���� �A�Z�l�h�\�Z�� �\�k�_��
�i�h-�q�_�k�l�h���k�_ �b�a�i�h�e�a�\�Z�l�� �g�_�� �_�^�b�g���� �Z�� �g�y�d�h�e�d�h��
�d�j�b�l�_�j�b�y���,�Ü�����h�l�q�b�l�Z�s�b���h�k�h�[�_�g�h�k�l�b�l�_���b���b�a�b�k��
�d�\�Z�g�b�y�l�Z �g�Z�� �k�t�h�l�\�_�l�g�Z�l�Z�� �a�Z�^�Z�q�Z���� �J�_�r�Z�\�Z�g�_��
�l�h�� �g�Z�� �i�h�e�m�q�_�g�Z�l�Z�� �a�Z�^�Z�q�Z�� �a�Z�� �\�_�d�l�h�j�g�Z�� �h�i�l�b��
�f �b�a�Z�p�b�y���f�h�`�_���^�Z���k�l�Z�g�_���i�h���j�Z�a�e�b�q�g�b���g�Z�q�b�g�b����
�G�Z�c-�q�_�k�l�h�� �k�_�� �i�j�b�e�Z�]�Z�� �l�_�]�e�h�\�g�b�y�l�� �f�_�l�h�^����
�i�j �b���d�h�c�l�h���a�Z�^�Z�q�Z�l�Z���k�_�� �k�\�_�`�^�Z���^�h���h�i�l�b�f�b�a�Z��
�p�b�y�� �i�j�b�� �_�^�b�g�� �d�j�b�l�_�j�b�c �,�Í = �Ã �ñ�Ü�Ü �,�Ü���� �L�_�]��
�e�h�\�g�b�l�_�� �d�h�_�n�b�p�b�_�g�l�b���ñ�Ü �k�_�� �b�a�i�h�e�a�\�Z�l���� �Z�d�h��
�b�f�Z�� �]�h�e�y�f�Z�� �j�Z�a�e�b�d�Z�� �f�_�`�^�m�� �k�l�h�c�g�h�k�l�b�l�_�� �g�Z��
�h�l�^�_�e�g�b�l�_�� �d�j�b�l�_�j�b�b���,�Ü���� �b�e�b�� �Z�d�h�� �`�_�e�Z�_�f�� �g�y��
�d�h�c�� �^�Z�� �b�f�Z�� �i�h-�]�h�e�y�f�Z�� �l�_�`�_�k�l���� �<�j�t�a�d�Z�l�Z��
�f�_�`�^�m�� �h�[�h�[�s�_�g�b�y�� �d�j�b�l�_�j�b�c �,�Í  �b�� �i�Z�j�Z�f�_�l��
�j�b�l�_���a�Z���g�Z�k�l�j�h�c�d�Z���g�Z���j�Z�a�f�b�l�b�y���I�B�>���j�_�]�m�e�Z��
�l�h�j�� �_�� �g�_�e�b�g�_�c�g�Z���� �d�h�_�l�h�� �h�i�j�_�^�_�e�y�� �p�_�e�_�k�t�h�[��
�j�Z�a�g�h�k�l�l�Z���h�l���i�j�b�e�Z�]�Z�g�_���g�Z���]�_�g�_�l�b�q�g�b�y���Z�e�]�h��
�j�b�l�t�f���a�Z���g�Z�k�l�j�h�c�d�Z�l�Z���f�m�� 

�<���g�Z�k�l�h�y�s�Z�l�Z���j�Z�[�h�l�Z���_���b�a�i�h�e�a�\�Z�g���d�j�b��
�l�_�j�b�y�l���>3] 

�,�Í = �ñ�5
�ì �Ø�. (�ç)�×�ç

�Å
�,

�à�Ô�ëk�Ø(�á)o
+ �ñ�6�ê+ �ñ�7

�ç�Û
�Í

, ������ 

�d�t�^�_�l�h���P�ã�� �_�� �\�j�_�f�_�l�j�Z�_�g�_�l�h�� �g�Z�� �i�j�_�o�h�^�g�b�y��
�i�j�h�p�_�k�����V�� 

 �ê - �i�j�_�j�_�]�m�e�b�j�Z�g�_�l�h�������� 
 �6 - �\�j�_�f�_�l�h���a�Z���k�b�f�m�e�Z�p�b�y�����V��  

�I�j�b�� �_�^�b�g�b�q�g�h�� �k�l�t�i�Z�e�h�\�b�^�g�h�� �\�o�h�^�g�h��
�\�t�a�^�_�c�k�l�\�b�_�� �k�_�� �i�j�_�^�i�h�e�Z�]�Z���� �q�_ 
�I�=�Tk�A(�J)o= 1�� 

�H�i�l�b�f�b�a�Z�p�b�h�g�g�Z�l�Z�� �a�Z�^�Z�q�Z�� �a�Z�� �g�Z�k�l�j�h�c��
�d�Z�� �g�Z�� �j�Z�a�f�b�l�b�y�� �I�B�>�� �j�_�]�m�e�Z�l�h�j�� �_�� �j�_�r�_�g�Z�� �\��
�0�$�7�/�$�% �b���6�,�0�8�/�,�1�.���� �<��SIM�8�/�,�1�. �_��
�g�Z�i�j�Z�\�_�g�� �f�h�^�_�e�� �g�Z�� �a�Z�l�\�h�j�_�g�Z�l�Z�� �k�b�k�l�_�f�Z�� �a�Z��
�Z�\�l�h�f�Z�l�b�q�g�h�� �j�_�]�m�e�b�j�Z�g�_���� �<�t�\�_�^�_�g�b�� �k�Z�� �i�j�h��
�f�_�g�e�b�\�b�l�_���Q�5�����Q�6 �a�Z�� �n�m�g�d�p�b�b�l�_�� �g�Z�� �i�j�b�g�Z�^��
�e�_�`�g�h�k�l�� �g�Z�� �b�a�o�h�^�g�Z�l�Z�� �i�j�h�f�_�g�e�b�\�Z�� �g�Z�� �j�Z�a��
�f�b�l�b�y�� �j�_�]�m�e�Z�l�h�j�����i�j�h�f�_�g�e�b�\�b�l�_���-á�É�����-á�Â �b 
�-á�½���� �h�i�j�_�^�_�e�y�s�b�� �g�h�j�f�Z�e�b�a�b�j�Z�g�b�l�_�� �i�j�h�i�h�j��
�p�b�h�g�Z�e�g�Z���� �b�g�l�_�]�j�Z�e�g�Z�� �b�� �^�b�n�_�j�_�g�p�b�Z�e�g�Z��
�k�t�k�l�Z�\�d�b �b �i�j�h�f�_�g�e�b�\�Z�l�Z���O�����N�m�g�d�p�b�y�l�Z����
�b�a�q�b�k�e�y�\�Z�s�Z�� �d�j�b�l�_�j�b�y�� �a�Z�� �h�i�l�b�f�b�a�Z�p�b�y�� �_��
�a�Z�i�b�k�Z�g�Z�� �\��M-�I�L�O�H���� �<�� �g�_�]�h�� �k�Z�� �h�[�y�\�_�g�b�� �]�e�h��
�[�Z�e�g�b�l�_�� �i�j�h�f�_�g�e�b�\�b���-á�É�����-á�Â�����-á�½�����Q�5�����Q�6, �O, 
�q�j�_�a�� �d�h�f�Z�g�^�Z�l�Z���V�L�P �k�_�� �b�a�\�b�d�\�Z���6�,�0�8�/�,�1�. 
�f�h�^�_�e�Z�� �b�� �k�_�� �b�a�q�b�k�e�y�\�Z�� �p�_�e�_�\�Z�l�Z�� �n�m�g�d�p�b�y����
�=�_�g�_�l�b�q�g�b�y�l���Z�e�]�h�j�b�l�t�f���k�_���k�l�Z�j�l�b�j�Z���q�j�_�a��M-
�I�L�O�H �b�e�b�� �\�� �d�h�f�Z�g�^�_�g�� �j�_�`�b�f�� �g�Z���0�$�7�/�$�% 
�q�j�_�a�� �d�h�f�Z�g�^�Z�l�Z���*�$���� �H�i�l�b�f�b�a�Z�p�b�h�g�g�Z�l�Z��
�i�j�h�p�_�^�m�j�Z�� �k�_�� �i�j�_�d�j�Z�l�y�\�Z�� �i�j�b�� �^�h�k�l�b�]�Z�g�_�� �g�Z��
�a�Z�^�Z�^�_�g�b�y���l�h�e�_�j�Z�g�k�� �i�j�b�� �b�a�q�b�k�e�y�\�Z�g�_�� �g�Z��
�p�_�e�_�\�Z�l�Z���n�m�g�d�p�b�y�� 

�A�Z�� �h�i�l�b�f�Z�e�g�b�l�_�� �i�Z�j�Z�f�_�l�j�b�� �k�Z�� �i�h�e�m�q�_��
�g�b�����-á�É = 1 �����-á�Â= 8.3, �-á�½= 0.008�����Q�5 =
0.990�� �Q�6 = 0.099,�O= 1.2. 

�G�Z�� �n�b�]����4 �_�� �i�h�d�Z�a�Z�g�� �k�b�f�m�e�Z�p�b�h�g�g�b�y�l��
�f�h�^�_�e���g�Z���k�b�k�l�_�f�Z�l�Z �a�Z�� �m�i�j�Z�\�e�_�g�b�_�� �k�� �h�i�l�b��
�f�Z�e�g�b�y���j�Z�a�f�b�l���I�B�>���j�_�]�m�e�Z�l�h�j�� 

�A�Z���k�j�Z�\�g�_�g�b�_���_���k�b�g�l�_�a�b�j�Z�g�Z���b���k�b�k�l�_�f�Z��
�a�Z���Z�\�l�h�f�Z�l�b�q�g�h���m�i�j�Z�\�e�_�g�b�_���g�Z���k�d�h�j�h�k�l�l�Z���g�Z��
�i�h�k�l�h�y�g�g�h�l�h�d�h�\�b�y�� �^�\�b�]�Z�l�_�e�� �k�� �d�e�Z�k�b�q�_�k�d�b��
�I�B�>�� �j�_�]�m�e�Z�l�h�j�� �k���$�X�W�R�W�X�Q�L�Q�J���g�Z���0�D�W�O�D�E����
�I�j�_�o�h�^�g�b�y�l�� �i�j�h�p�_�k�� �g�Z�� �k�b�k�l�_�f�Z�l�Z�� �_�� �i�h�d�Z�a�Z�g��
�g�Z���n�b�]��������– �d�j�b�\�Z���������I�h�e�m�q�_�g�b�l�_���i�h�d�Z�a�Z�l�_�e�b��
�g�Z�� �d�Z�q�_�k�l�\�h�l�h�� �k�Z�� �i�j�_�j�_�]�m�e�b�j�Z�g�_���ê= 8,53% 
�b���\�j�_�f�_�l�j�Z�_�g�_���P�ã = 0,473 �O. 

�I�j�_�o�h�^�g�b�y�l�� �i�j�h�p�_�k���g�Z�� �k�b�k�l�_�f�Z�l�Z�� �a�Z�� �m�i��
�j�Z�\�e�_�g�b�_�� �k�� �h�i�l�b�f�Z�e�g�b�y�� �j�Z�a�f�b�l�� �I�B�>�� �j�_�]�m��
�e�Z�l�h�j�� �_�� �i�h�d�Z�a�Z�g�� �g�Z�� �n�b�]���� ����– �d�j�b�\�Z�� ������ �L�h�c�� �_��
�Z�i�_�j�b�h�^�b�q�_�g�� �b�� �k�t�k�� �a�g�Z�q�b�l�_�e�g�h�� �i�h-�f�Z�e�d�h��
�\�j�_�f�_�l�j�Z�_�g�_���P�ã = 0,22 �O.  

�H�q�_�\�b�^�g�h�����i�j�_�o�h�^�g�b�y�l���i�j�h�p�_�k���\���k�b�k�l�_�f�Z��
�l�Z���a�Z���m�i�j�Z�\�e�_�g�b�_���k���h�i�l�b�f�Z�e�g�b�y���j�Z�a�f�b�l���I�B�>��
�j�_�]�m�e�Z�l�h�j�� �_���[�_�a�� �i�j�_�j�_�]�m�e�b�j�Z�g�_�� �b�� �k�� �i�h-
�\�b�k�h�d�h �[�t�j�a�h�^�_�c�k�l�\�b�_�� 
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�N�b�]�� �������F�h�^�_�e���g�Z���k�b�k�l�_�f�Z�l�Z���a�Z���m�i�j�Z�\�e�_�g�b�_���k���h�i�l�b�f�Z�e�g�b�y���j�Z�a�f�b�l���I�B�>���j�_�]�m�e�Z�l�h�j 

 

 
 

�N�b�]�� �������I�j�_�o�h�^�g�b���i�j�h�p�_�k�b���\���K�:�M������- �k���d�e�Z�k�b�q�_�k�d�b���I�B�>���j�_�]�m�e�Z�l�h�j���� 
����– �k���h�i�l�b�f�Z�e�_�g���j�Z�a�f�b�l���I�B�>���j�_�]�m�e�Z�l�h�j 

 
�A�:�D�E�X�Q�?�G�B�?��
�<�� �i�j�h�p�_�k�Z�� �g�Z�� �b�a�k�e�_�^�\�Z�g�_�� �_�� �k�b�g�l�_�a�b�j�Z��

�g�Z���k�b�k�l�_�f�Z���a�Z���m�i�j�Z�\�e�_�g�b�_���k�d�h�j�h�k�l�l�Z���g�Z���\�t�j��
�l�_�g�_�� �g�Z�� �i�h�k�l�h�y�g�g�h�l�h�d�h�\�� �^�\�b�]�Z�l�_�e�� �k���d�e�Z�k�b��
�q�_�k�d�b�� �I�B�> �j�_�]�m�e�Z�l�h�j�� �K�b�g�l�_�a�b�j�Z�g�� �_�� �b�� �h�i��
�l�b�f�Z�e�_�g���j�Z�a�f�b�l���I�B�>���j�_�]�m�e�Z�l�h�j���k���_�^�b�g���\�o�h�^��
�b�� �_�^�b�g�� �b�a�o�h�^���� �b�� �k�Z�f�h�� �l�j�b�� �i�j�Z�\�b�e�Z�� �b�� �k�� �r�_�k�l��
�i�Z�j�Z�f�_�l�t�j�Z�� �a�Z�� �g�Z�k�l�j�h�c�d�Z���� �H�i�l�b�f�Z�e�g�b�y�l�� �j�_��
�]�m�e�Z�l�h�j�� �_�� �g�Z�k�l�j�h�_�g�� �\���0�D�W�O�D�E���6�L�P�X�O�L�Q�N�����I�j �h��
�\�_�^�_�g�b�l�_���k�b�f�m�e�Z�p�b�b���i�h�d�Z�a�Z�o�Z���� �q�_�� �i�j�_�o�h�^��
�g�b�y�l�� �i�j�h�p�_�k �\���k�b�k�l�_�f�Z�l�Z�� �a�Z�� �m�i�j�Z�\�e�_�g�b�_�� �k 
�h�i�l�b�f�Z�e�g�b�y�� �j�Z�a�f�b�l�� �I�B�>�� �j�_�]�m�e�Z�l�h�j �_�� �Z�i�_��
�j�b�h�^�b�q�_�g���b �[�t�j�a�h�^�_�c�k�l�\�b�_�l�h���g�Z���k�b�k�l�_�f�Z�l�Z���_��
�i�h-�]�h�e�y�f�h �h�l���l�h�\�Z���\���k�b�k�l�_�f�Z�l�Z���k���d�e�Z�k�b�q�_�k�d�b��
�I�B�>�� �j�_�]�m�e�Z�l�h�j�����I�h-�^�h�[�j�b�l�_�� �i�h�d�Z�a�Z�l�_�e�b�� �g�Z��
�d�Z�q�_�k�l�\�h�l�h���\���k�b�k�l�_�f�Z�l�Z���k���j�Z�a�f�b�l���I�B�>���j�_�]�m��
�e�Z�l�h�j���i�h�a�\�h�e�y�\�Z�� �m�i�j�Z�\�e�_�g�b�_���g�Z���k�b�k�l�_�f�Z�l�Z���k��
�j�Z�a�f�b�l �I�B�> �j�_�]�m�e�Z�l�h�j���k���i�j�h�k�l�Z���k�l�j�m�d�l�m�j�Z���b��

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

�E�B�L�?�J�:�L�M�J�: 
������ �$�K�P�H�G���� �+������ �'�U���� �*�D�J�D�Q�� �6�L�Q�J�K���� �9�L�N�D�V�K��
�%�K�D�U�G�Z�D�M���� �6���� �6�D�X�U�D�Y���� �6���� �$�J�D�U�Z�D�O���� �&�R�Q�W�U�R�O�O�L�Q�J��
�R�I�� �'�&�� �0�R�W�R�U�� �X�V�L�Q�J�� �)�X�]�]�\�� �/�R�J�L�F�� �&�R�Q�W�U�R�O�O�H�U����
�&�R�Q�I�H�U�H�Q�F�H���R�Q���$�G�Y�D�Q�F�H�V���L�Q���&�R�P�P�X�Q�L�F�D�W�L�R�Q���	 
�&�R�Q�W�U�R�O���6�\�V�W�H�P�V�����������������S�S����������-�������� 
�������&�K�D�Q�J�O�L�D�Q�J���;�L�D�����3�����*�X�R�����7�L�Q�J�Q�D���6�K�L���D�Q�G���0����
�:�D�Q�J���� �6�S�H�H�G�� �&�R�Q�W�U�R�O�� �R�I�� �%�U�X�V�K�O�H�V�V�� �'�&�� �0�R�W�R�U��
�X�V�L�Q�J�� �*�H�Q�H�W�L�F�� �$�O�J�R�U�L�W�K�P�� �%�D�V�H�G�� �)�X�]�]�\�� �&�Rn-
�W�U�R�O�O�H�U���� �3�U�R�F�H�H�G�L�Q�J�V�� �R�I�� �W�K�H�� ���������� �,�Q�W���� �&�R�Q�I���� �R�Q��
�,�Q�W�H�O�O�L�J�H�Q�W�� �0�H�F�K�D�W�U�R�Q�L�F�V�� �D�Q�G�� �$�X�W�R�P�D�W�L�R�Q����
�&�K�H�J�G�X�����&�K�L�Q�D�����������������S�S����������-�������� 
3�����+�X�����%�D�R�J�D�Q�J�����*�����.�����,�����0�D�Q�Q�����5�����*�����*�R�V�L�Q�H����
�1�H�Z���0�H�W�K�R�G�R�O�R�J�\���I�R�U���$�Q�D�O�\�W�L�F�D�O���D�Q�G���2�S�W�L�P�D�O��
�'�H�V�L�J�Q�� �R�I�� �)�X�]�]�\�� �3�,�'�� �&�R�Q�W�U�R�O�O�H�U�V���� �,�(�(�� �7�U�D�Q�V��
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�D�F�W�L�R�Q�V�� �R�Q�� �)�X�]�]�\�� �6�\�V�W�H�P�V�����9�R�O���������‹  ������ ������������
�S�S������������– ��������  
4���� �1�H�P�D�W�� �&�K�D�Q�J�L�]�L���� �0���� �0�R�J�K�D�G�D�V���� �0����
�'�D�V�W�U�D�Q�M���� �0���� �)�D�U�V�K�D�G���� �'�H�V�L�J�Q�� �D�� �)�X�]�]�\�� �/�R�J�L�F��
�%�D�V�H�G�� �6�S�H�H�G�� �&�R�Q�W�U�R�O�O�H�U�� �I�R�U�� �'�&��M�R�W�R�U�� �Z�L�W�K��
�*�H�Q�H�W�L�F���$�O�J�R�U�L�W�K�P���2�S�W�L�P�L�]�D�W�L�R�Q�����$�S�S�O�L�H�G���0�H��
�F�K�D�Q�L�F�V���D�Q�G���0�D�W�H�U�L�D�O�V�����9�R�O����������-�����������������������S�S����
��������-���������� 
5���� �6�K�H�U�R�]�� �.�K�D�Q���� �6���� �)���� �$�E�G�X�O�D�]�H�H�]���� �/���:�� 
�$�G�H�W�X�Q�M�H���H�W���D�O�O�����'�H�V�L�J�Q���D�Q�G���,�P�S�O�H�P�H�Q�W�D�W�L�R�Q���R�I��

�D�Q���2�S�W�L�P�D�O���)�X�]�]�\�� �/�R�J�L�F���&�R�Q�W�U�R�O�O�H�U���8�V�L�Q�J���*�H��
�Q�H�W�L�F���$�O�J�R�U�L�W�K�P���� �-�R�X�U�Q�D�O���R�I�� �&�R�P�S�X�W�H�U���6�F�L�H�Q�F�H��
���������������������������S�S����������-�������� 
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�$�E�V�W�U�D�F�W����The article presents the steps needed to build the user interface of the computer game "A 
tale of a Knight" using modern drawing techniques and programming technologies. The theme of 
the game is formulated, a choice of development environment is made, the game design features, as 
well as the creation of help views with Unity and Freephototool. A user guide for the developed 
prototype is included, including displaying different views of the game in different modes. 
�.�H�\�Z�R�U�G�V�� Computer game, Unity3D, Freephototool, Audacity. 
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�D�h�f�i�x�l�t�j�g�b�l�_�� �b�]�j�b�� �k�Z�� �b�a�f�b�g�Z�e�b�� �^�t��

�e�t�]�� �i�t�l�� �h�l�� �k�t�a�^�Z�\�Z�g�_�l�h�� �k�b�� �^�h�� �\�b�^�Z���� �d�h�c�l�h��
�i�h�a�g�Z�\�Z�f�_�� �^�g�_�k�� �>���@���� �A�Z�i�h�q�g�Z�e�b�� �d�Z�l�h�� �i�j�h�k�l�b��
�m�i�j�Z�`�g�_�g�b�y���� �d�h�b�l�h�� �[�b�e�b�� �k�t�a�^�Z�\�Z�g�b�� �h�l�� �k�l�m��
�^�_�g�l�b�� �\�� �m�g�b�\�_�j�k�b�l�_�l�b�l�_�� �a�Z�� �i�h�^�i�h�f�Z�]�Z�g�_�� �g�Z��
�g�Z�m�q�g�b�l�_�� �k�b�� �b�a�k�e�_�^�\�Z�g�b�y�� �b�� �i�j�_�j�Z�k�g�Z�e�b�� �\��
�k�Z�f�h�k�l�h�y�l�_�e�g�Z�� �b�g�^�m�k�l�j�b�y���� �B�]�j�Z�l�Z�� �b�f�Z�� �p�_�e����
�d�t�f���d�h�y�l�h���]�_�c�f�t�j�t�l���k�_���k�l�j�_�f�b���b���d�h�y�l�h���f�h�`�_��
�^�Z�� �i�h�k�l�b�]�g�_�� �k�l�b�]�Z�� �^�Z�� �[�t�^�_�� �^�h�k�l�Z�l�t�q�g�h�� �g�Z��
�o�h�^�q�b�\���� �e�h�\�t�d�� �b�e�b�� �k�f�_�e�� �>������ �����@���� �K�j�_�s�Z�l�� �k�_��
�b�]�j�b���\���g�Z�c���j�Z�a�g�h�h�[�j�Z�a�g�b���`�Z�g�j�h�\�_���>����������������������
�����@���� �_�d�r�t�g�� �h�l�� �i�t�j�\�h�� �e�b�p�_���� �_�d�r�t�g�� �h�l�� �l�j�_�l�h��
�e�b�p�_���� �j�h�e�_�\�b�� �b�]�j�b�����i�j�b�d�e�x�q�_�g�k�d�b�� �b�]�j�b����
�k�b�f�m�e�Z�p�b�h�g�g�b�� �b�]�j�b���� �k�i�h�j�l�g�b�� �b�]�j�b���� �k�l�j�Z�l�_��
�]�b�q�_�k�d�b�� �b�]�j�b�� ���i�h�o�h�^�h�\�b�� �k�l�j�Z�l�_�]�b�b�� �b�� �j�_�Z�e��
�g�h���\�j�_�f�_�\�b���k�l�j�Z�l�_�]�b�b�������S�O�D�W�I�R�U�P���b�]�j�b�����F�D�V�X�D�O��
�b�]�j�b���b���^�j�� 

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

�Q�h�\�_�d�h���f�Z�r�b�g�g�b�y�l�� �b�g�l�_�j�n�_�c�k�� ���Q�F�B����
�^�_�n�b�g�b�j�Z�� �g�Z�q�b�g�Z���� �i�h�� �d�h�c�l�h�� �o�h�j�Z�l�Z�� �b�� �d�h�f��
�i�x�l�j�b�l�_�� �k�b�� �\�a�Z�b�f�h�^�_�c�k�l�\�Z�l. �<�b�a�m�Z�e�g�h��
�[�Z�a�b�j�Z�g�Z�l�Z�� �q�h�\�_�d�h���f�Z�r�b�g�g�Z�� �d�h�f�m�g�b�d�Z�p�b�y��
�[�m�^�b���g�Z�c���]�h�e�y�f�� �b�g�l�_�j�_�k���k�j�_�^���b�a�k�e�_�^�h�\�Z�l�_�e��
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�i�j�_�^�k�l�Z�\�b�l�_�e�� �_�� �j�Z�a�i�h�a�g�Z�\�Z�g�_�l�h�� �g�Z�� �`�_�k�l�h�\�_��
�>�������� �������� �����@���� �L�_�� �k�_�� �b�a�i�h�e�a�\�Z�l�� �a�Z�� �i�j�y�d�h�� �\�a�Z�b��

�f �h�^�_�c�k�l�\�b�_�� �q�h�\�_�d–�f�Z�r�b�g�Z�� �\�� �j�_�e�Z�p�b�y�� �g�Z��
�a�Z�^�Z�\�Z�g�_�� �g�Z�� �d�h�f�Z�g�^�Z�� �b�� �i�h�k�e�_�^�\�Z�s�h�� �^�_�c�k�l��
�\�b�_���j�_�Z�d�p�b�y�� 

�K�_�g�a�h�j�g�h���[�Z�a�b�j�Z�g�Z�l�Z���q�h�\�_�d�h���f�Z�r�b�g�g�Z��
�d�h�f�m�g�b�d�Z�p�b�y�� �b�f�Z�� �r�b�j�h�d�Z�� �h�[�e�Z�k�l�� �g�Z�� �i�j�b�e�h��
�`�_�g�b�_�����O�Z�j�Z�d�l�_�j�b�a�b�j�Z���k�_���k���b�a�i�h�e�a�\�Z�g�_�l�h���g�Z��
�i�h�g�_�� �_�^�b�g�� �n�b�a�b�q�_�k�d�b�� �k�_�g�a�h�j�� �a�Z�� �h�k�t�s�_�k�l�\�y��
�\�Z�g�_�l�h���g�Z���d�h�f�m�g�b�d�Z�p�b�y�����d�Z�l�h���k�_�g�a�h�j�b�l�_���f�h��
�]�Z�l�� �^�Z���[�t�^�Z�l�� �d�Z�d�l�h���f�g�h�]�h���i�j�b�f�b�l�b�\�g�b�����l�Z�d�Z��
�b���f�g�h�]�h���k�e�h�`�g�b���>���@�� 

�B�g�l�_�j�n�_�c�k�t�l�� �q�h�\�_�d���d�h�f�i�x�l�t�j�� �q�j�_�a��
�Z�g�Z�e�b�a�� �g�Z�� �Z�d�l�b�\�g�h�k�l�l�Z�� �g�Z�� �f�h�a�t�d�Z�� ���%�U�D�L�Q��
Computer Interaction Interface �� �%�&�,�,���� �_�� �k�t�a��
�^�Z�^�_�g�� �i�j�_�a�� �i�h�k�e�_�^�g�b�l�_�� �]�h�^�b�g�b�� �>������ ������ ���@����
�K�l�Z�\�Z�� �^�m�f�Z�� �a�Z���m�g�b�d�Z�e�g�h�l�h�� �\�a�Z�b�f�h�^�_�c�k�l�\�b�_��
�f�_�`�^�m���q�h�\�_�d���b���d�h�f�i�x�l�t�j�����d�h�_�l�h���k�_���h�k�t�s�_�k��
�l�\�y�\�Z�� �k�e�_�^�� �j�_�]�b�k�l�j�b�j�Z�g�_�� �b�� �h�[�j�Z�[�h�l�d�Z�� �g�Z��
�k�b�]�g�Z�e�b�� �k�� �i�j�h�b�a�o�h�^�� �h�l�� �q�h�\�_�r�d�b�y�� �f�h�a�t�d��
���g�Z�c���q�_�k�l�h�� �l�h�\�Z�� �k�Z�� �_�e�_�d�l�j�h�_�g�p�_�n�Z�e�h�]�j�Z�n�k��
�d�b�l�_�� �k�b�]�g�Z�e�b���� �?�?�=������ �2�F�g�R�\�g�R�l�R�� �b�f��
�i�S�H�^�g�D�a�g�D�q�H�g�b�H���H���a�D���b�a�i�R�e�a�\�D�g�H���\���b�]�S�b�l�H���� 

�P�_�e�l�Z�� �g�Z�� �i�j�_�^�k�l�Z�\�_�g�Z�l�Z�� �j�Z�a�j�Z�[�h�l�d�Z�� �_��
�^�Z�� �k�_�� �i�j�h�_�d�l�b�j�Z�� �i�h�l�j�_�[�b�l�_�e�k�d�b�y�� �b�g�l�_�j�n�_�c�k��
�g�Z�� �b�]�j�Z�l�Z�� �Ä�$�� �W�D�O�H�� �R�I�� �D�� �.�Q�L�J�K�W�³���� �d�Z�l�h�� �k�_�� �i�j�b��
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�h�l�� �l�y�e�h�l�h�� �g�Z�� �]�_�j�h�y�� �k�Z�� �k�t�a�^�Z�^�_�g�b�� �d�Z�^�j�b�l�_��
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�p�b�b�� 

�:�g�b�f�Z�p�b�y���g�Z���Z�l�Z�d�Z�l�Z���g�Z���]�_�j�h�y�� 

 
�N�b�]�����������:�g�b�f�Z�p�b�y���i�j�b���Z�l�Z�d�Z 

 
�A�Z�� �m�i�j�Z�\�e�_�g�b�_�l�h�� �g�Z�� �]�_�j�h�y���� �g�_�]�h�\�b�l�_��

�Z�g�b�f�Z�p�b�b�� �b�� �^�_�c�k�l�\�b�y�� �k�Z�� �b�a�i�h�e�a�\�Z�g�b�� �f�g�h��
�`�_�k�l�\�h���_�e�_�f�_�g�l�b�����A�Z���l�y�e�h���g�Z���]�_�j�h�y���� �^�\�Z���d�h��
�e�Z�c�^�_�j�Z�� ���%�R�[�� �b�� �&�L�U�F�O�H�� �&�R�O�O�L�G�H�U���'������ �d�Z�l�h�� �a�Z��
�h�j�b�_�g�l�Z�p�b�y�l�Z�� �g�Z�� �i�h�k�h�d�Z�l�Z�� �g�Z�� �]�_�j�h�y�� �k�_�� �b�a��
�i�h�e�a�\�Z�� �n�m�g�d�p�b�y�l�Z�� �I�O�L�S������ �\�� �k�d�j�b�i�l�Z�� �g�Z��
�3�O�D�\�H�U�&�R�Q�W�U�R�O�O�H�U���� �q�j�_�a�� �d�h�y�l�h�� �k�_�� �f�Z�g�b�i�m�e�b�j�Z��
�d�h�h�j�^�b�g�Z�l�Z�l�Z���g�Z���;���g�Z���]�_�j�h�y���f�_�`�^�m�������b����1. 

�H�j�Z�g�`�_�\�b�y�l���j�h�f�[���_���J�U�R�X�Q�G�&�K�H�F�N�����d�h�c��
�l�h�� �i�j�_�^�k�l�Z�\�e�y�\�Z�� �i�j�Z�a�_�g�� �b�]�j�h�\�b�� �h�[�_�d�l���� �m�i��
�j�Z�\�e�y�\�Z�g�� �h�l�� �k�d�j�b�i�l�Z�� �3�O�Dy�H�U�&�R�Q�W�U�R�O�O�H�U���� �q�j�_�a��
�d�h�c�l�h���k�_���b�a�q�_�j�l�Z�\�Z���f�Z�e�t�d���d�j�t�]���[�_�a���n�b�a�b�q�_�k��
� d� b� � � Z� l� j� b� [� m� l� b� � � b� � � h� l� q� b� l� Z� � � k� e� h� y� �� � � \� � � d� h� c� l� h� � � k� _� � � g�Z��
�f�b�j�Z�� �l�h�c���� �d�Z�l�h�� �k�e�h�y�l�� �\�t�j�o�m�� �d�h�c�l�h�� �f�h�`�_�� �^�Z��
�k�l�h�b�� �]�_�j�h�y�� �_�� �*�U�R�X�Q�G���� �:�d�h�� �J�U�R�X�Q�G�&�K�H�F�N�� �_�e�_��
�f�_�g�l�Z�� �k�_�� �g�Z�f�b�j�Z�� �\�� �k�e�h�c�� �h�l�� �l�b�i�� �*�U�R�X�Q�G���� �l�h��
�]�Z�\�Z�� �k�_�� �a�Z�^�Z�\�Z�� �k�l�h�c�g�h�k�l�� �W�U�X�H�� �g�Z�� �[�m�e�_�\�Z�l�Z��
�i�j�h�f�_�g�e�b�\�Z�� �J�U�R�X�Q�G�H�G���� �d�h�y�l�h�� �k�_�� �b�a�i�h�e�a�\�Z�� �h�l��
�d�h�g�l�j�h�e�_�j�Z�� �g�Z�� �Z�g�b�f�Z�p�b�b���� �a�Z�� �h�i�j�_�^�_�e�y�g�_�� �g�Z��
�Z�d�l�b�\�g�Z�l�Z���Z�g�b�f�Z�p�b�y�����,�G�O�H������ 

�E�b�e�Z�\�b�y�l�� �j�h�f�[�� �_�� �i�j�Z�a�_�g�� �h�[�_�d�l���� �q�b�c�l�h��
�d�h�h�j�^�b�g�Z�l�b�� �k�_�� �b�a�i�h�e�a�\�Z�l�� �d�Z�l�h�� �l�h�q�d�Z�� �a�Z�� �k�t�a��
�^�Z�\�Z�g�_�� �g�Z�� �h�]�g�_�g�b�l�_�� �d�t�e�[�Z�� �h�l�� �k�d�j�b�i�l�Z��
�3�O�D�\�H�U�&�R�Q�W�U�R�O�O�H�U�����d�Z�l�h���i�j�b���g�Z�l�b�k�d�Z�g�_���g�Z���^�_�k��
�g�b�y�� �[�m�l�h�g�� �g�Z�� �f�b�r�d�Z�l�Z�� �b�e�b�� �D�O�W�� �k�_�� �b�a�\�b�d�\�Z��
�n�m�g�d�p�b�y�l�Z�� �I�L�U�H�%�D�O�O�������� �d�h�y�l�h�� �i�j�h�\�_�j�y�\�Z�� �\�j�_��
�f�_�l�h�� �g�Z�� �i�h�k�e�_�^�g�h� l� h� � � b�a� \� b�d� \�Z�g�_� �� � � b� � �Z�d�h� � � _� � � i� h��
�]�h�e�y�f�h���h�l���a�Z�^�Z�^�_�g�Z�l�Z���k�d�h�j�h�k�l���a�Z���k�l�j�_�e�[�Z�����k�_��
�a�Z�^�Z�\�Z�� �k�l�h�c�g�h�k�l�� �g�Z�� �[�m�e�_�\�Z�l�Z�� �i�j�h�f�_�g�e�b�\�Z��
�V�S�H�O�O���\���W�U�X�H�����q�j�_�a���d�h�y�l�h���Z�g�b�f�Z�l�h�j�Z���b�a�i�t�e�g�y�\�Z��
�h�i�j�_�^�_�e�_�g�Z�l�Z�� �a�Z�� �l�Z�a�b�� �k�l�h�c�g�h�k�l�� �Z�g�b�f�Z�p�b�y����
�k�e�_�^�� �d�h�_�l�h�� �k�_�� �g�Z�f�Z�e�y�� �k�l�h�c�g�h�k�l�l�Z�� �g�Z��
�0�D�Q�D�%�D�U������ �n�m�g�d�p�b�y�l�Z�� �k�� �h�i�j�_�^�_�e�_�g�Z�l�Z�� �a�Z��
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�g�Z�l�Z���l�h�i�d�Z�����:�d�h���b�]�j�Z�q�t�l���g�y�f�Z���f�Z�g�Z�����l�h���n�m�g��
�d�p�b�y�l�Z�� �I�L�Ue�E�D�O�O������ �g�_�� �f�h�`�_�� �^�Z�� �[�t�^�_�� �b�a�\�b�d�Z�g�Z����
�I�j�b�� �k�t�a�^�Z�\�Z�g�_�l�h�� �g�Z�� �h�[�_�d�l�Z�� �k�_�� �b�a�i�t�e�g�y�\�Z�� �b��
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�A�Z�� �k�d�h�d�� �k�� �]�_�j�h�y�� �i�j�b�� �g�Z�l�b�k�d�Z�g�_�� �g�Z��

�6�S�D�F�H�� �[�m�l�h�g�Z�� �k�_�� �i�j�h�\�_�j�y�\�Z�� �k�l�h�c�g�h�k�l�l�Z�� �g�Z��
�[�m�e�_�\�Z�l�Z�� �i�j�h�f�_�g�e�b�\�Z�� �J�U�R�X�Q�G�H�G���� �d�Z�l�h�� �i�j�b��
�W�U�X�H���]�_�j�h�y�l���k�_���b�a�l�e�Z�k�d�\�Z���\���i�h�k�h�d�Z���<���k���^�Z�^�_�g�Z��
�k�l�h�c�g�h�k�l�� �b�� �k�_�� �b�a�i�t�e�g�y�\�Z�� �a�\�m�d�Z�� �a�Z�^�Z�^�_�g�� �a�Z��
�k�d�h�d���� �Z�� �i�j�b�� �I�D�O�V�H�� �a�g�Z�q�b�� �q�_�� �l�h�c�� �\�_�q�_�� �_�� �\�t�\��
�\�t�a�^�m�o�Z�� �b�� �k�e�_�^�h�\�Z�l�_�e�g�h�� �h�l�� �d�h�g�l�j�h�e�_�j�Z�� �g�Z��
�Z�g�b�f�Z�p�b�b�l�_�� �\�_�q�_�� �k�_�� �b�a�i�t�e�g�y�\�Z�� �Z�g�b�f�Z�p�b�y�l�Z��
Jump. 

�0�H�O�H�H�$�W�W�D�F�N�7�U�L�J�J�H�U�� �_�� �]�h�e�_�f�b�y�l�� �d�h�e�Z�c��
�^�_�j�� �i�j�_�^�� �]�_�j�h�y�� �d�h�c�l�h�� �i�h�� �i�h�^�j�Z�a�[�b�j�Z�g�_�� �_��
�b�a�d�e�x�q�_�g�� �b�� �i�j�b�� �g�Z�l�b�k�d�Z�g�_�� �g�Z�� �e�y�\�� �[�m�l�h�g�� �k�_��
�b�a�\�t�j�r�\�Z���i�j�h�\�_�j�d�Z���a�Z���\�j�_�f�_�l�h���g�Z���i�h�k�e�_�^�g�Z��
�l�Z���Z�l�Z�d�Z���b���Z�d�h���_���i�h���]�h�e�y�f�h �h�l���a�Z�^�Z�^�_�g�h�l�h���i�h��
�m�k�e�h�\�b�_�� �\�j�_�f�_�� �k�_�� �b�a�i�t�e�g�y�\�Z�� �n�m�g�d�p�b�y�l�Z��
�P�H�O�H�H�$�W�W�D�F�N�������� �d�h�y�l�h�� �a�Z�^�Z�\�Z�� �k�l�h�c�g�h�k�l�� �g�Z�� �[�m��
�e�_�\�Z�l�Z�� �i�j�h�f�_�g�e�b�\�Z�� �D�W�W�D�F�N�L�Q�J�� �\�� �W�U�X�H���� �Z�g�b�f�Z��
�l�h�j�Z�� �i�j�_�\�d�e�x�q�\�Z�� �Z�g�b�f�Z�p�b�y�l�Z�� �b��
�%�R�[�&�R�O�O�L�G�H�U���G���� �d�h�c�l�h�� �b�f�Z�� �k�l�h�c�g�h�k�l�� �l�j�b�]�_�j��
�k�_���Z�d�l�b�\�b�j�Z���a�Z���_�^�b�g�b�p�Z���\�j�_�f�_���b���k�_���b�a�i�t�e�g�y��
�\�Z�� �k�d�j�b�i�l�Z�� �0�H�O�H�H�$�W�W�D�F�N���� �D�Z�l�h�� �i�j�b�� �k�t�s�_�k�l��
�\�m�\�Z�s�� �h�[�_�d�l�� �k�� �l�Z�]�� �(�Q�H�P�\���� �/�R�R�W�� �b�e�b�� �%�R�V�V�� �\��
�d�h�e�Z�c�^�_�j�Z�� �k�_�� �b�a�i�t�e�g�y�\�Z�l�� �n�m�g�d�p�b�b�l�_��
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�d�h�b�l�h�� �\�a�_�f�Z�l�� �g�Z�k�l�h�y�s�b�y�� �`�b�\�h�l�� �g�Z�� �h�[�_�d�l�Z�� �\��
�d�h�e�Z�c�^�_�j�Z�� �b�� �i�j�b�e�Z�]�Z�l�� �n�m�g�d�p�b�y�l�Z��
�D�G�G�'�D�P�D�J�H���Z�H�D�S�R�Q�'�D�P�D�J�H���� �k�t�k�� �k�l�h�c�g�h�k�l�l�Z 
�a�Z�^�Z�^�_�g�Z�� �� �g�Z�� �h�j�t�`�b�_�l�h�� �b�� �k�_�� �b�a�i�t�e�g�y�\�Z�� �a�\�m�d��
�a�Z���m�^�Z�j�� 
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�y�g�b�_�����d�Z�l�h���i�j�b���i�h�e�h�`�b�l�_�e�g�b���`�b�a�g�_�g�b���l�h�q�d�b��
�]�_�j�h�y�l���_���`�b�\�����I�j�b���\�k�_�d�b���m�^�Z�j���g�Z�g�_�k�_�g���\�t�j�o�m��
�]�_�j�h�y�� �k�_�� �i�j�h�\�_�j�y�\�Z�� �k�l�h�c�g�h�k�l�l�Z�� �g�Z�� �f�h�f�_�g�l��
�g�b�y�l�� �f�m�� �`�b�\�h�l�� �b�� �k�_�� �b�a�i�t�e�g�y�\�Z�� �a�\�m�d�h�\�� �k�b�]��
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�$�E�V�W�U�D�F�W����A photovoltaic system on the roof of a manufacture building, is investigated. The total 
system pick power is 117.24 kWp by poly- and monocrystalline modules. The electrical energy 
production of the modules and solar irradiance are analyzed for 8 years and 9 months. The quantity 
of electric energy is increased such as increasing of the solar irradiance for local climatic condi-
tions. 
�.�H�\�Z�R�U�G�V�� photovoltaic modules, solar irradiance, electrical power generation. 
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�f�h�^�m�e�b���� �B�g�l�_�j�_�k�t�l�� �d�t�f�� �l�h�a�b�� �f�_�l�h�^�� �g�_�i�j�_��
�d�t�k�g�Z�l�h�� �g�Z�j�Z�k�l�\�Z���� �d�h�_�l�h�� �k�_�� �i�h�l�\�t�j�`�^�Z�\�Z�� �h�l��
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�\�_�g�b�� �a�Z�� �\�k�_�d�b�� �f�_�k�_�p�� �g�Z�� �n�b�]�������� �K�l�h�c�g�h�k�l�b�l�_��
�k�_�� �i�j�h�f�_�g�y�l�� �]�h�^�b�r�g�h�� �p�b�d�e�b�q�g�h���� �d�h�_�l�h�� �_��
�o�Z�j�Z�d�l�_�j�g�h�� �a�Z�� �j�Z�a�]�e�_�`�^�Z�g�b�l�_���]�_�h�]�j�Z�n�k�d�b��
�r�b�j�b�g�b�� �b�� �k�_�� �^�t�e�`�b�� �g�Z�� �]�h�^�b�r�g�h�l�h�� �^�\�b�`�_��
�g�b�_�� �g�Z�� �A�_�f�y�l�Z�� �h�d�h�e�h�� �K�e�t�g�p�_�l�h�� �>�������@���� �I�h��
�l�Z�a�b�� �i�j�b�q�b�g�Z�� �\�� �]�j�Z�n�b�d�b�l�_�� �y�k�g�h�� �k�_�� �a�Z�[�_�e�y�a��
�\�Z�l�� �f�Z�d�k�b�f�m�f�b�� �i�j�_�a�� �e�_�l�g�b�l�_�� �f�_�k�_�p�b�� �b�� �f�b��
�g�b�f�m�f�b��– �i�j�_�a���a�b�f�g�b�l�_��  

 
�N�b�]�� �������B�a�f�_�g�_�g�b�y���g�Z���b�g�l�_�g�a�b�l�_�l�Z���g�Z���k�e�t�g��
�q�_�\�Z�l�Z���j�Z�^�b�Z�p�b�y���*�����:��m2�����b �i�j�h�b�a�\�_�^�_�g�Z�l�Z��
�_�e�_�d�l�j�b�q�_�k�d�Z���_�g�_�j�]�b�y���(�����N�:�K�����i�h���f�_�k�_�p�b�� 

 
�A�Z�[�_�e�y�a�\�Z�� �k�_���� �q�_�� �k�l�h�c�g�h�k�l�b�l�_�� �g�Z�� �b�g��

�l�_�g�a�b�l�_�l�Z���g�Z���k�e�t�g�q�_�\�Z�l�Z���j�Z�^�b�Z�p�b�y���*�� �b���i�j�h��
�b�a�\�_�^�_�g�Z�l�Z���_�e�_�d�l�j�b�q�_�k�d�Z���_�g�_�j�]�b�y���?���e�b�i�k�\�Z�l��
�i�j�_�a�� �a�b�f�g�b�l�_�� �i�_�j�b�h�^�b�� �g�Z�� �k�_�^�f�Z�l�Z�� �b�� �h�k�f�Z�l�Z��
�]�h�^�b�g�b�����B�g�l�_�g�a�b�l�_�l�t�l���g�Z���k�e�t�g�q�_�\�Z�l�Z���j�Z�^�b�Z��
�p�b�y �*���a�Z���l�_�a�b���i�_�j�b�h�^�b���_�������b�e�b���g�y�d�h�e�d�h���_�^�b��
�g�b�p�b�� �:��m2���� �Z�� �i�j�h�b�a�\�_�^�_�g�Z�l�Z�� �_�e�_�d�l�j�b�q�_�k�d�Z��
�_�g�_�j�]�b�y���?���_�������N�:�K�����L�h�\�Z���\�_�j�h�y�l�g�h���k�_���^�t�e�`�b��
�g�Z���i�j�_�d�t�k�\�Z�g�_���\���j�Z�[�h�l�Z�l�Z���g�Z���b�a�f�_�j�\�Z�l�_�e�g�b�y��
�i�j�_�h�[�j�Z�a�m�\�Z�l�_�e���a�Z���k�e�t�g�q�_�\�Z�l�Z���j�Z�^�b�Z�p�b�y���b�e�b��
�\���j�Z�[�h�l�Z�l�Z���g�Z���k�t�h�l�\�_�l�g�Z�l�Z���q�Z�k�l���h�l���b�g�n�h�j�f�Z��
�p�b�h�g�g�Z�l�Z���k�b�k�l�_�f�Z���� 

�G�Z�� �n�b�]������ �]�j�Z�n�b�q�g�h�� �_�� �i�j�_�^�k�l�Z�\�_�g�Z�� �a�Z��
�\�b�k�b�f�h�k�l�l�Z�� �g�Z�� �k�j�_�^�g�b�l�_�� �k�l�h�c�g�h�k�l�b�� �g�Z�� �i�j�h��
�b�a�\�_�^�_�g�Z�l�Z�� �_�e�_�d�l�j�b�q�_�k�d�Z�� �_�g�_�j�]�b�y�� �?�� �h�l�� �b�g��
�l�_�g�a�b�l�_�l�Z�� �g�Z�� �k�e�t�g�q�_�\�Z�l�Z�� �j�Z�^�b�Z�p�b�y�� �*���� �a�Z��
�\�k�_�d�b���f�_�k�_�p���� �a�Z���i�_�j�b�h�^���h�l�� ���� �]�h�^�b�g�b���b������ �f�_��
�k�_�p�Z�� �h�l�� �g�Z�q�Z�e�h�l�h�� �g�Z�� �_�d�k�i�e�h�Z�l�Z�p�b�y�� �g�Z�� �n�h�l�h��
�\�h�e�l�Z�b�q�g�Z�l�Z���k�b�k�l�_�f�Z���� 

�K�l�h�c�g�h�k�l�b�l�_�� �g�Z�� �b�g�l�_�g�a�b�l�_�l�Z�� �g�Z�� �k�e�t�g��
�q�_�\�Z�l�Z�� �j�Z�^�b�Z�p�b�y�� �*�� �k�_�� �b�a�f�_�g�y�l�� �\�� �b�g�l�_�j�\�Z�e�Z��
������������������������������ �:��m2���� �Z�� �g�Z�� �i�j�h�b�a�\�_�^�_�g�Z�l�Z��
�_�e�_�d�l�j�b�q�_�k�d�Z�� �_�g�_�j�]�b�y�� �?��– ������������������������������
�N�:�K���� �K�e�_�^�h�\�Z�l�_�e�g�h���� �i�j�b�� �b�a�f�_�g�_�g�b�_�� �g�Z��
�k�e�t�g�q�_�\�Z�l�Z�� �j�Z�^�b�Z�p�b�y�� �*�� �k�� ���� �:��m2 �_�e�_�d�l�j�b��
�q�_�k�d�Z�l�Z�� �_�g�_�j�]�b�y�� �?�� �k�_���b�a�f�_�g�y�� �k�� �������� �N�:�K����
�=�j�Z�n�b�d�Z�l�Z�� �k�_�� �^�h�[�e�b�`�Z�\�Z�� �^�h�� �e�b�g�_�c�g�Z���� �g�h�� �k�_��
�g�Z�[�e�x�^�Z�\�Z�� �j�Z�a�k�_�c�\�Z�g�_�� �g�Z�� �k�l�h�c�g�h�k�l�b�l�_�� �g�Z��
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�i�j�h�b�a�\�_�^�_�g�Z�l�Z�� �_�e�_�d�l�j�b�q�_�k�d�Z�� �_�g�_�j�]�b�y�� �?���� �L�h��
�\�Z�� �k�_�� �^�t�e�`�b�� �g�Z�� �b�a�f�_�g�_�g�b�y�� �\�� �d�e�b�f�Z�l�b�q�g�b�l�_��
�m�k�e�h�\�b�y�����d�h�b�l�h���k�Z���o�Z�j�Z�d�l�_�j�g�b���a�Z���i�j�_�o�h�^�g�b�l�_��
�b�� �a�Z���a�b�f�g�b�l�_�� �f�_�k�_�p�b���� �N�h�l�h�\�h�e�l�Z�b�q�g�b�l�_�� �f�h��
�^�m�e�b���k�_���h�o�e�Z�`�^�Z�l���i�h-�^�h�[�j�_���i�j�_�a���i�j�_�o�h�^�g�b�l�_��
�f�_�k�_�p�b�� �h�l�� �]�h�^�b�g�Z�l�Z��– �i�j�h�e�_�l�g�b�� �b�� �_�k�_�g�g�b����
�I�j�b�q�b�g�Z�l�Z�� �_���� �q�_�� �b�g�l�_�g�a�b�l�_�l�t�l�� �g�Z�� �k�e�t�g�q�_�\�Z��
�l�Z�� �j�Z�^�b�Z�p�b�y�� �*�� �b�� �i�j�h�^�t�e�`�b�l�_�e�g�h�k�l�l�Z�� �g�Z�� �^�_��
�g�y�� �k�Z�� �i�h-�]�h�e�_�f�b���� �\�� �k�j�Z�\�g�_�g�b�_�� �k�t�k�� �a�b�f�g�b�l�_��
�f�_�k�_�p�b���� �Z�� �l�_�f�i�_�j�Z�l�m�j�b�l�_�� �g�Z�� �Z�l�f�h�k�n�_�j�g�b�y��
�\�t�a�^�m�o�� �b�� �g�Z �f�h�^�m�e�b�l�_�� �g�_�� �k�Z�� �\�b�k�h�d�b���� �d�Z�d�l�h��
�i�j�_�a���e�y�l�h�l�h�����>�h�[�j�b�� 

 
�N�b�]�� �������B�a�f�_�g�_�g�b�_���g�Z���i�j�h�b�a�\�_�^�_�g�Z�l�Z���_�e�_�d�l��
�j�b�q�_�k�d�Z���_�g�_�j�]�b�y���(�����N�:�K�����\���a�Z�\�b�k�b�f�h�k�l���h�l��

�k�e�t�g�q�_�\�Z�l�Z���j�Z�^�b�Z�p�b�y���*�����:��m2. 
 

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

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

�k�l�_�i�_�g�g�Z���� �i�h�e�b�g�h�f�b�� �h�l�� ��-� j� Z� � � ^� h� � � �-�l�Z�� �k�l�_�i�_��
�g�b�����\�d�e�x�q�b�l�_�e�g�h�����M�k�l�Z�g�h�\�_�g�h���_�����q�_���a�Z���\�k�y�d�Z��
�h�l�� �b�a�k�e�_�^�\�Z�g�b�l�_�� �n�m�g�d�p�b�b�� �d�h�_�n�b�p�b�_�g�l�t�l�� �g�Z��
�^�_�l�_�j�f�b�g�Z�p�b�y�� �5���� �_�� �i�h-�f�Z�e�t�d�� �h�l�� ������������ �d�h�_�l�h��
�^�h�d�Z�a�\�Z���� �q�_�� �Z�g�Z�e�b�a�b�j�Z�g�b�l�_�� �Z�g�Z�e�b�l�b�q�g�b�� �a�Z��
�\�b�k�b�f�h�k�l�b���g�_���k�Z���i�h�^�o�h�^�y�s�b���a�Z���i�j�_�^�k�l�Z�\�y�g�_��
�g�Z�� �b�a�f�_�j�_�g�b�l�_�� �k�l�h�c�g�h�k�l�b�� �>���@���� �A�Z�� �^�Z�� �k�_�� �Z�g�Z��
�e�b�a�b�j�Z�l�� �i�h-�^�h�[�j�_�� �a�Z�\�b�k�b�f�h�k�l�b�l�_�� �f�_�`�^�m��
�\�_�e�b�q�b�g�b�l�_���� �l�_�o�g�b�l�_�� �k�l�h�c�g�h�k�l�b�� �k�Z�� �i�j�_�^�k�l�Z��
�\�_�g�b�� �i�h�� �]�h�^�b�g�b�� ���n�b�]�������� �n�b�]�������� �n�b�]���������� �A�Z��
�p�_�e�l�Z���k�Z���b�a�d�e�x�q�_�g�b���k�l�h�c�g�h�k�l�b�l�_���i�j�b���b�g�l�_�g��
�a�b�l�_�l���g�Z���k�e�t�g�q�_�\�Z�l�Z���j�Z�^�b�Z�p�b�y���*��� �������:��m2 �b��
�[�e�b�a�d�b���^�h���������d�Z�d�l�h���g�Z���n�b�]���������A�Z�\�b�k�b�f�h�k�l�b�l�_��
�f�_�`�^�m���b�a�k�e�_�^�\�Z�g�b�l�_���\�_�e�b�q�b�g�b���k�Z���h�n�h�j�f�_�g�b��
�f�g�h�]�h�� �^�h�[�j�_�� �\�� �e�b�g�_�c�g�b�� �]�j�Z�n�b�d�b���� �d�h�_�l�h�� �f�h��
�`�_���^�Z���k�_���m�k�l�Z�g�h�\�b���b���Z�g�Z�e�b�l�b�q�g�h���h�l���k�l�h�c�g�h�k��
�l�b�l�_�� �g�Z�� �d�h�_�n�b�p�b�_�g�l�Z�� �g�Z�� �^�_�l�_�j�f�b�g�Z�p�b�y�� �5������
�L�_���k�Z���[�e�b�a�d�b���^�h���������d�h�_�l�h���_���^�h�d�Z�a�Z�l�_�e�k�l�\�h���a�Z��
�f�g�h�]�h�� �^�h�[�j�h�� �k�t�]�e�Z�k�m�\�Z�g�_�� �f�_�`�^�m�� �l�_�h�j�_�l�b�q��
�g�b�l�_�� �� �b�� �b�a�f�_�j�_�g�b�l�_�� �k�l�h�c�g�h�k�l�b�� �>���@���� �D�h�_�n�b��
�p�b�_�g�l�b�l�_�� �g�Z�� �m�j�Z�\�g�_�g�b�y�l�Z���� �k�� �d�h�b�l�h�� �k�_�� �h�i�b�k��
�\�Z�l���^�Z�g�g�b�l�_�����k�Z���[�e�b�a�d�b���i�h���k�l�h�c�g�h�k�l�����=�j�Z�n�b��
�d�Z�l�Z���g�Z���n�b�]�������_���k���i�h-�]�h�e�y�f���g�Z�d�e�h�g���h�l���l�Z�a�b���g�Z��
�n�b�]���������d�h�_�l�h���k�_���i�h�l�\�t�j�`�^�Z�\�Z���h�l���d�h�_�n�b�p�b�_�g��
�l�b�l�_�� �g�Z�� �b�g�l�_�g�a�b�l�_�l�D�� �g�Z�� �k�e�t�g�q�_�\�Z�l�Z�� �j�Z�^�b�Z��
�p�b�y�� �*���� �I�h-�]�h�e�_�f�b�y�l�� �g�Z�d�e�h�g�� �g�Z�� �e�b�g�_�c�g�Z�l�Z��
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�k�b�f�h�k�l�� �g�Z�� �i�j�h�b�a�\�_�^�_�g�Z�l�Z�� �_�e�_�d�l�j�b�q�_�k�d�Z��
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�k�l�h�c�g�h�k�l�b�l�_�� �g�Z�� �_�g�_�j�]�b�y�l�Z�� �_�� �i�h-�]�h�e�y�f�h �a�Z��
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�$�E�V�W�U�D�F�W����The paper indicates the main energy parameters of the induction motors. An analysis of 
normative documents, defining the different energy classes for induction motors, has been made. 
Obtained is the analytical dependence for calculating the power losses which have to be reduced in 
order the engines of class IE2 to reach energy efficiency class IE3. The results of the calculated 
power losses for a specific type of engines are presented in graphical form. 
�.�H�\�Z�R�U�G�V�� energy efficiency, induction motor. 
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�b�a�b�k�d�\�Z�g�b�y�� �a�Z�� �_�g�_�j�]�b�c�g�b�l�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b��
�g�Z�� �j�Z�a�r�b�j�y�\�Z�s�Z�l�Z�� �k�_�� �]�Z�f�Z�� �h�l�� �^�\�b�]�Z�l�_�e�b�� �a�Z��
�g�b�k�d�h�� �g�Z�i�j�_�`�_�g�b�_�� �h�l�� ���������� �]. �>10]. �G�h�\�b�y�l��
�j�_�]�e�Z�f�_�g�l�� �b�f�Z�� �i�h���r�b�j�h�d�� �h�[�o�\�Z�l���� �d�h�c�l�h��
�\�d�e�x�q�\�Z�� �[�_�a�q�_�l�d�h�\�b�� �Z�k�b�g�o�j�h�g�g�b�� �_�e�_�d�l�j�h�^��
�\�b�]�Z�l�_�e�b�����[�_�a���d�h�e�_�d�l�h�j�b�����d�h�g�l�Z�d�l�g�b���i�j�t�k�l�_��
�g�b���b�e�b���_�e�_�d�l�j�b�q�_�k�d�b���\�j�t�a�d�b���k���j�h�l�h�j���� �d�h�b�l�h��
�k�Z�� �i�j�_�^�g�Z�a�g�Z�q�_�g�b�� �^�Z�� �j�Z�[�h�l�y�l�� �k�t�k�� �k�b�g�m�k�h�b��
�^�Z�e�g�h���g�Z�i�j�_�`�_�g�b�_���k���q�_�k�l�h�l�Z�����������+�]�����������+�] �b��
�d�h�b�l�h�� �k�Z�� �k�� �^�\�Z���� �q�_�l�b�j�b���� �r�_�k�l�� �b�e�b�� �h�k�_�f�� �i�h��
�e�x�k�Z��  

�G�b�\�h�l�h�� �g�Z�� �_�g�_�j�]�b�c�g�Z�� �_�n�_�d�l�b�\�g�h�k�l�� �k�_��
�b�a�j�Z�a�y�\�Z���\���f�_�`�^�m�g�Z�j�h�^�_�g���d�e�Z�k���g�Z���_�g�_�j�]�b�c�g�Z��
�_�n�_�d�l�b�\�g�h�k�l�� ���,�(������ �d�Z�l�h�� �,�(���� �_�� �g�Z�c���g�b�k�d�b�y�l��
�d�e�Z�k�����Z���,�(�����_���g�Z�c���\�b�k�h�d�b�y�l�����K�t�]�e�Z�k�g�h���^�_�c�k�l��
�\�Z�s�b�l�_�� �j�_�]�e�Z�f�_�g�l�b���� �^�\�b�]�Z�l�_�e�b�l�_�� �l�j�y�[�\�Z�� �^�Z��
�^�h�k�l�b�]�g�Z�l���g�b�\�h���g�Z���_�n�_�d�l�b�\�g�h�k�l���,�(�������,�(�����b�e�b��
�,�(���� �\�� �a�Z�\�b�k�b�f�h�k�l�� �h�l�� �l�y�o�g�Z�l�Z�� �g�h�f�b�g�Z�e�g�Z��
�f�h�s�g�h�k�l���b���^�j�m�]�b���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�����i�h�^�j�h�[�g�h��
�h�i�b�k�Z�g�b���\���>�����@�����H�l�������x�e�b�����������]�����l�j�b�n�Z�a�g�b�l�_��
�^�\�b�]�Z�l�_�e�b�� �k�� �g�h�f�b�g�Z�e�g�Z�� �f�h�s�g�h�k�l�� �f�_�`�^�m, 
�j�Z�\�g�Z�� �b�e�b�� �i�h���]�h�e�y�f�Z�� �h�l�� ���������� �N�:�� �b�� �j�Z�\�g�Z��
�b�e�b���i�h���f�Z�e�d�Z���h�l�������������N�:�����d�h�b�l�h���k�Z�����k������������������
�b�e�b�� ���� �i�h�e�x�k�Z���� �l�j�y�[�\�Z�� �^�Z�� �^�h�k�l�b�]�g�Z�l�� �d�e�Z�k�� �g�Z��
�_�n�_�d�l�b�\�g�h�k�l���,�(�����^�h���x�e�b�������������]�����?�g�_�j�]�b�c�g�Z��
�l�Z�� �_�n�_�d�l�b�\�g�h�k�l�� �g�Z�� �l�j�b�n�Z�a�g�b�� �^�\�b�]�Z�l�_�e�b�� �k��
�h�[�y�\�_�g�Z�� �b�a�o�h�^�g�Z�� �f�h�s�g�h�k�l���� �i�h���]�h�e�y�f�Z�� �b�e�b��
�j�Z�\�g�Z�� �g�Z�� ���������� �N�:�� �b�� �i�h���f�Z�e�d�Z�� �h�l�� ���������� �N�:���� �k��
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�����������������b�e�b�������i�h�e�x�k�Z�����l�j�y�[�\�Z���^�Z���k�t�h�l�\�_�l�k�l�\�Z��
�g�Z�c���f�Z�e�d�h�l�h���g�Z���g�b�\�h���g�Z���_�n�_�d�l�b�\�g�h�k�l���,�(���� 

�H�l�� ���� �x�e�b�� ���������� �]�����_�g�_�j�]�b�c�g�Z�l�Z�� �_�n�_�d��
�l�b�\�g�h�k�l���g�Z���^�\�b�]�Z�l�_�e�b���k���f�h�s�g�h�k�l�����i�h���]�h�e�y�f�Z��
�b�e�b���j�Z�\�g�Z���g�Z�������������N�:���b �i�h���f�Z�e�d�Z���b�e�b���j�Z�\�g�Z��
�g�Z�� � �� �� �� �� � �N�:� �� � �k� � � �� �� � � �� �� � � �� � �b�e�b�� � �� � � i�h�e�x�k�Z���b� � �_�^�g�h��
�n�Z�a�g�b�� �^�\�b�]�Z�l�_�e�b�� �k�� �h�[�y�\�_�g�Z�� �b�a�o�h�^�g�Z�� �f�h�s��
�g�h�k�l���� �i�h���]�h�e�y�f�Z�� �b�e�b�� �j�Z�\�g�Z�� �g�Z�� ���������� �N�:����
�l�j�y�[�\�Z�� �^�Z�� �k�t�h�l�\�_�l�k�l�\�Z�� �g�Z�c���f�Z�e�d�h�l�h�� �g�Z�� �g�b�\�h��
�g�Z���_�n�_�d�l�b�\�g�h�k�l���,�(�������Z���g�Z���l�j�b�n�Z�a�g�b���^�\�b�]�Z�l�_��
�e�b���� �d�h�b�l�h�� �g�_�� �k�Z�� �^�\�b�]�Z�l�_�e�b�� �k�t�k�� �k�i�b�j�Z�q�d�Z���� �k��
�h�[�y�\�_�g�Z�� �f�h�s�g�h�k�l���� �i�h���]�h�e�y�f�Z�� �b�e�b�� �j�Z�\�g�Z�� �g�Z��
�������N�:���b���i�h���f�Z�e�d�Z���b�e�b���j�Z�\�g�Z���g�Z�����������N�:�����k��������
�����b�e�b�������i�h�e�x�k�Z�����l�j�y�[�\�Z���^�Z���k�t�h�l�\�_�l�k�l�\�Z���g�Z�c��
�f�Z�e�d�h�l�h���g�Z���g�b�\�h���g�Z���_�n�_�d�l�b�\�g�h�k�l���,�(�������K�l�Z�g��
�^�Z�j�l�t�l�� �^�_�n�b�g�b�j�Z�� �b�a�b�k�d�\�Z�g�Z�l�Z�� �i�j�h�^�m�d�l�h�\�Z��
�b�g�n�h�j�f�Z�p�b�y���� �d�h�y�l�h�� �^�Z�� �[�t�^�_�� �i�h�k�h�q�\�Z�g�Z�� �h�l��
�i�j�h�b�a�\�h�^�b�l�_�e�b�l�_���a�Z���d�h�g�d�j�_�l�_�g���^�\�b�]�Z�l�_�e�� �2�l��
�����x�e�b�������������]�����k�_���b�a�b�k�d�\�Z���h�[�y�\�y�\�Z�g�_���g�Z���d���i���^����
�i�j�b���i�t�e�_�g���������������b�������������h�l���h�[�y�\�_�g�b�y���l�h�\�Z�j���b��
�g�h�f�b�g�Z�e�g�h���g�Z�i�j�_�`�_�g�b�_���� �h�i�j�_�^�_�e�_�g���g�Z���[�Z�a�Z��
�l�Z�� �g�Z�� �j�Z�[�h�l�Z�� �i�j�b�� ������ �+�]�� �b�� ������ �ƒ�&�� �k�l�Z�g�^�Z�j�l�g�Z��
�l�_�f�i�_�j�Z�l�m�j�Z���g�Z���a�Z�h�[�b�d�Z�e�y�s�Z�l�Z���k�j�_�^�Z�����d�Z�d�l�h��
�b�� �a�Z�]�m�[�b�l�_ �g�Z�� �f�h�s�g�h�k�l���� �b�a�j�Z�a�_�g�b�� �d�Z�l�h�� �i�j�h��
�p�_�g�l�����������h�l���h�[�y�\�_�g�Z�l�Z���f�h�s�g�h�k�l�����?�g�_�j�]�b�c�g�h��
�_�n�_�d�l�b�\�g�b���Z�k�b�g�o�j�h�g�g�b���^�\�b�]�Z�l�_�e�b���k���g�Z�d�t�k�h��
�k�t�_�^�b�g�_�g�� �j�h�l�h�j�� �k�� �d�e�Z�k�� ���g�b�\�h���� �g�Z�� �_�n�_�d�l�b�\��
�g�h�k�l��IE3 �b�f�Z�l�� �d���i���^���� �k�� ���������������������� �i�h���\�b�k�h�d, 
�h�l�d�h�e�d�h�l�h���_�e�_�d�l�j�h�^�\�b�]�Z�l�_�e�b�l�_���k���d�e�Z�k��IE2. 

�A�Z�� �^�h�k�l�b�]�Z�g�_�� �d�e�Z�k�� �g�Z���_�g�_�j�]�b�c�g�Z�� �_�n�_�d��
�l�b�\�g�h�k�l�� �,�(������ �a�Z�� �Z�k�b�g�o�j�h�g�g�b�l�_�� �^�\�b�]�Z�l�_�e�b�� �k��
�f�h�s�g�h�k�l�� ���������«�������N�:���� �_�� �g�_�h�[�o�h�^�b�f�h�� �^�Z�� �k�_��
�j�_�^�m�p�b�j�Z�l�� �a�Z�]�m�[�b�l�_���� �K�� �d�h�e�d�h�� �l�j�y�[�\�Z�� �^�Z�� �k�_��
�g�Z�f�Z�e�y�l�� �a�Z�]�m�[�b�l�_���a�Z�]P�'  �k�i�j�y�f�h�� �a�Z�]�m�[�b�l�_�� �a�Z��
�^�\�b�]�Z�l�_�e�b�l�_���k���d�e�Z�k���,�(�����f�h�`�_���^�Z���k�_���b�a�q�b�k�e�b, 
�d�Z�l�h���k�_���b�a�i�h�e�a�\�Z���n�h�j�f�m�e�Z�l�Z�� 
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�d�t�^�_�l�h�� 2IE�K  �_�� �d���i���^���� �g�Z�� �Z�k�b�g�o�j�h�g�_�g�� �^�\�b�]�Z��
�l�_�e�� �k�� �h�i�j�_�^�_�e�_�g�Z�� �g�h�f�b��
�g�Z�e�g�Z�� �f�h�s�g�h�k�l�� �b�� �[�j�h�c��
�i�h�e�x�k�b�� �k�� �_�g�_�j�]�b�_�g�� �d�e�Z�k��
�,�(���� �k�t�]�e�Z�k�g�h�� �l�Z�[�e�b�p�Z�� ����
�>��0�@�����\������ 

3IE�K  �� �d���i���^���� �g�Z�� �k�t�s�b�y�� �Z�k�b�g�o�j�h�g�_�g��
�^�\�b�]�Z�l�_�e�� �k �_�g�_�j�]�b�_�g�� �d�e�Z�k��
IE3, �k�t�]�e�Z�k�g�h���>��0�@���\������ 

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

�g�b���g�Z���n�b�]�������� 

 
�N�b�]�����������G�Z�f�Z�e�y�\�Z�g�_���g�Z���a�Z�]�m�[�b�l�_���\���Z�k�b�g�o��

�j�h�g�g�b�l�_���^�\�b�]�Z�l�_�e�b���a�Z���i�j�_�f�b�g�Z�\�Z�g�_���h�l���_�g�_�j��
�]�b�_�g���d�e�Z�k���,�(�����\���d�e�Z�k���,�(�� 

 
�H�l���]�j�Z�n�b�d�Z�l�Z���k�_���\�b�`�^�Z�����q�_���g�_���f�h�`�_���^�Z��

�k�_�� �]�h�\�h�j�b�� �a�Z�� �g�y�d�Z�d�\�Z���k�l�j�h�]�Z�� �a�Z�\�b�k�b�f�h�k�l��
�f�_�`�^�m�� �g�h�f�b�g�Z�e�g�Z�l�Z�� �f�h�s�g�h�k�l�� �b�� �g�Z�f�Z�e�y�\�Z��
�g�_�l�h�� �g�Z�� �h�[�s�b�l�_�� �a�Z�]�m�[�b�� �g�Z�� �:�>�� �a�Z�� �^�h�k�l�b�]�Z�g�_��
�g�Z���_�g�_�j�]�b�_�g���d�e�Z�k���,�(�������K�j�_�^�g�Z�l�Z���k�l�h�c�g�h�k�l���g�Z��
�g�Z�f�Z�e�y�\�Z�g�_�l�h�� �g�Z�� �h�[�s�b�l�_�� �a�Z�]�m�[�b�� �a�Z�� �i�j�_�f�b��
�g�Z�\�Z�g�_�� �h�l�� �d�e�Z�k�� �,�(���� �\�� �d�e�Z�k�� �,�(���� �a�Z�� �Z�k�b�g�o�j�h�g��
�g�b�l�_�� �^�\�b�]�Z�l�_�e�b�� �k�� �[�j�h�c�� �i�h�e�x�k�b�� ���j� ���� �_��
17,�����������a�Z�����j� ����– ���������������b���a�Z�����j� ����– ��������������
�L�h�\�Z���i�h�k�l�Z�\�y���\�t�i�j�h�k�Z���d�Z�d���f�h�`�_���^�Z���i�h�k�l�b�]�g�_��
�l�h�\�Z�� 

�H�[�s�b�l�_�� �a�Z�]�m�[�b���� �i�j�b�� �^�\�m�i�h�e�x�k�g�b�l�_��
�^�\�b�]�Z�l�_�e�b�� �d�e�Z�k�� �,�(��, �k�� �f�h�s�g�h�k�l�� �^�h�� �����N�:, 
�l�j�y�[�\�Z�� �^�Z�� �k�_�� �g�Z�f�Z�e�y�l�� �k�� �g�Z�^�� ������, �k�i�j�y�f�h��
�a�Z�]�m�[�b�l�_�� �g�Z�� �k�t�s�b�l�_�� �^�\�b�]�Z�l�_�e�b�� �k�� �d�e�Z�k�� �,�(������
�K�t�s�h�� �b�� �i�j�b�� �q�_�l�b�j�b�i�h�e�x�k�g�b�l�_�� �^�\�b�]�Z�l�_�e�b�� �k��
�f�h�s�g�h�k�l�� �g�Z�^�� �������N�:, �a�Z�]�m�[�b�l�_�� �l�j�y�[�\�Z�� �^�Z�� �k�_��
�g�Z�f�Z�e�y�l�� �k�� �g�Z�^�� ���������� �I�j�b�� �^�\�b�]�Z�l�_�e�b�l�_�� �k��
�f�h�s�g�h�k�l���\���^�b�Z�i�Z�a�h�g�Z���������«�������N�:���a�Z�]�m�[�b�l�_��
�l�j�y�[�\�Z�� �^�Z�� �k�_�� �g�Z�f�Z�e�y�l�� �k�� �_�^�g�Z�d�t�\�� �i�j�h�p�_�g�l�� �a�Z��
�^�\�m�i�h�e�x�k�g�b�l�_���b���r�_�k�l�i�h�e�x�k�g�b�l�_���^�\�b�]�Z�l�_�e�b�� 

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

 
�A�:�D�E�X�Q�?�G�B�?��
�G�Z�i�j�Z�\�_�g�� �_�� �Z�g�Z�e�b�a�� �g�Z�� �g�h�j�f�Z�l�b�\�g�b�l�_��

�^�h�d�m�f�_�g�l�b���� �^�_�n�b�g�b�j�Z�s�b�� �j�Z�a�e�b�q�g�b�l�_�� �d�e�Z�k�h��
�\�_�� �g�Z�� �_�g�_�j�]�b�c�g�Z�� �_�n�_�d�l�b�\�g�h�k�l�� �i�j�b�� �_�e�_�d�l�j�b��
�q�_�k�d�b�l�_���^�\�b�]�Z�l�_�e�b�����I�h�k�h�q�_�g�b���k�Z���b�a�b�k�d�\�Z�g�b��
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Education Process from the Engineering Education Perspective 
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Abstract:  The different distance learning types are analyzed, based on practical requirements, ad-
vantages, disadvantages and based on our new experience with them, in order to be clarified which 
distance learning type is best for certain education field. The beneficial sides of the different dis-
tance learning variants could add value and improve the regular present face to face education. The 
information aims to save time to teachers and to help them create an efficient and useful distance 
learning education process that could improve even the regular face-to-face one. 
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Introduction 
The Covid-19 pandemics suddenly 

required all schools and universities to make 
transition towards distance learning education 
process. This fast transition process has led to 
many problems and many questions arose 
concerning what type of distance learning is 
the most appropriate option for certain study 
subject, how much time is needed for certain 
transition, do we have everything needed for 
this to happen, how is that distance education 
process going to be reported as work done by 
the teacher as well as work done by each 
student. There are many problems on both 
sides, the teachers’ and the students’ one. 
Different parents faced different types of 
barriers, as personal, technical, logistical, and 
financial, in their endeavors to assist their 
children with distance learning during the 
pandemic, [1]. Another question is if the 
distance education actually could be as good 
as the common face-to-face education process. 
There are studies showing that the students 
who used problem-based distance learning 
tutorials exhibited lower levels of proficiency 
in key areas than students who utilized the 
conventional face-to-face approach, [2].  

From the point of view of students, 
advantages of distance learning are time and 
place independences, repetition opportunity of 
virtual classroom sections, but at the same 
time some students do not prefer distance 
learning, [3-5]. Other studies report that most 
students are positive about their online course 
experiences and found the interaction during 
the course useful, [6, 7]. There are studies 
which concluded that teachers and students do 

not have sufficient knowledge about the 
distance education, [8]. We have noticed this 
to be true at least at the beginning of this 
pandemic, but still there are many colleagues 
that don’t have enough information and are 
wondering which way to take.   

The potentials of the different distance 
learning types to offer a high-quality education 
process and to improve even the regular face-
to-face education processes are analyzed. This 
initial analysis is needed in order the 
appropriate high quality distance education 
form to be chosen from teachers for certain 
education cases. The right distance learning 
education form might be connected with a 
long term strategy for present face-to-face 
education process improvements which 
integrates the newly created distance learning 
materials and education forms. In such a way 
the heavy work done for the development of 
distance learning materials and work 
methodologies won’t be lost after the 
pandemic end.  
    

METHODOLOGY  
The potential of the different distance 

learning types is analyzed through comparison 
with the requirements for the common high 
quality face-to-face education process. The 
practical concerns and aspects of the different 
distance education processes are investigated 
and some solutions of different problems are 
presented, based on our experience with them. 
For greater accuracy and more structured 
approach, the advantages and disadvantages of 
the different distance learning types are 
analyzed separately. The analysis conclusions 
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are drawn in contrast to requirements for high 
quality education process and our vision about 
the correct education process methodology. 
The main aspects of distance learning that 
could add value and improve the quality of the 
regular present face-to-face education process 
are underlined.  
    

DISTANCE LEARNING  TYPES 
The main types of distance learning are 

synchronous, asynchronous and hybrid. In 
order all of them to be successful a special 
training system should be created based on the 
principle of completeness of training, the 
principle of non-delayed feedback, the 
principle of closed control of the educational 
process, the principle of directed information 
flow and the principle of diagnostics of goal 
formation, [9]. The problem is that not all 
components of the traditional educational 
process remain effective when transferred to 
the online environment, [10]. From another 
point of view, not all courses offered by the 
university are suitable for distance learning 
courses, and not all students are adept at 
distance learning, [11]. The teachers need to 
recognize and account for different types of 
learners and adapt their curricula and learning 
environment to them and at the same time they 
should guide the learning process towards 
goals that emphasize the successful acquisition 
of skills and knowledge, [12]. 
 

�$�����6�\�Q�F�K�U�R�Q�R�X�V���'�L�V�W�D�Q�F�H���/�H�D�U�Q�L�Q�J��
Synchronous means that the education 

process happens at the same time for all 
students in certain group. It could be done in 
different ways but the most appropriate ones 
seem to be through virtual classrooms or 
teleconferencing. The synchronous distance 
learning, done with the help of certain 
teleconference systems, seems to have become 
the most popular one nowadays or at least in 
Bulgaria. This is probably due to its easiness, 
versatility and comparatively fast 
implementation, which was required by the 
sudden Covid-19 emergence situation. Other 
reasons for its wide applications are that there 
are already developed professional software 
cloud-based instruments that offer 
immediately most of the needed 
functionalities. It is close to the common face-

to-face education process and the studying 
materials could be comparatively easy 
transformed and applied for this type of 
learning. It requires regular appointments as 
well as good scheduling of the deadlines for 
the different tasks.  Usually a more powerful 
computer, multimedia equipment and good 
internet are required.     

 
�%�����$�V�\�Q�F�K�U�R�Q�R�X�V���'�L�V�W�D�Q�F�H���/�H�D�U�Q�L�Q�J��
Asynchronous means that the education 

process is not done at the same time with all 
students and everyone works when it is 
convenient for him. This type of education 
process does not require regular appointments, 
but it requires good scheduling of tasks and 
pre-designed learning materials which may 
include explanatory video files and freely 
available software, if needed for the students 
work. It requires a strict set of deadlines 
however, it allows learners to learn at their 
own pace. It may require initial and final 
synchronous meetings with all students. It may 
require a more powerful computer if videos 
need to be recorded and directed, cloud-based 
platform for its wide dissemination as well as 
multimedia and good internet.  

 
�&�����+�\�E�U�L�G���'�L�V�W�D�Q�F�H���/�H�D�U�Q�L�Q�J��
The hybrid distance learning is a 

combination of the synchronous and 
asynchronous ones so it has all their 
requirements.  
 

SYNCHRONOUS DISTANCE 

LEARNING  

�$�����$�G�Y�D�Q�W�D�J�H�V���R�I���V�\�Q�F�K�U�R�Q�R�X�V���G�L�V�W�D�Q�F�H��
�O�H�D�U�Q�L�Q�J��
The main advantage of this type of 

distance learning is that the direct contacts 
between teachers and students are not lost. The 
education process, although being conducted 
online, is still face-to-face. The teacher talks 
directly to students and can help them and 
direct them in real time. He could lead courses 
in an interactive manner by involving students 
in the lectures which is important for their 
development because the ones working are the 
ones who learn. A teamwork atmosphere could 
be created which is also important for all 
students’ development. All developed 
education materials could be easily digitized 
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and presented. Students may not need to 
possess special expensive software and 
probably powerful expensive computers in 
order to complete their tasks, because in such a 
case the teacher could make them work in 
team and he could apply and present their 
solutions through the software available on his 
computer, by screen sharing. An online 
reachable powerful server could be setup 
which allows student through its resources to 
use expensive and overwhelming software 
with less powerful computers. In such a case 
they will work on their own which is the best 
case scenario. The teacher could also do 
practical setups with the available equipment 
in front of students eyes, based on their team 
work, so they could test their solutions in real 
time and in such way to learn their lessons on 
the principle of trial and error. In case of 
problems he could see what is not well known 
and to clarify it for students through direct 
example. He could also take notes who of the 
students is working by himself more diligently 
and succeeds on his own with the given tasks. 
In such a way the teacher could better evaluate 
the students work at the end of the semester.  

From the students perspective some of 
them need regular appointments in order to be 
stimulated to study evenly throughout the 
semester, to work diligently and on their own 
on the different tasks they must complete. 
Some of them need support and someone to 
confirm that they are on the right track in order 
they to feel confident in what they are doing. 
Students are acquainted and attached to the 
face-to-face education process and like many 
others they do not like much and don’t expect 
to accept immediately the change.  
 

�%�����'�L�V�D�G�Y�D�Q�W�D�J�H�V���R�I���V�\�Q�F�K�U�R�Q�R�X�V��
�G�L�V�W�D�Q�F�H���O�H�D�U�Q�L�Q�J��
The main disadvantages of this learning 

process is that often it requires comparatively 
powerful computer equipment, good internet 
connection and probably proprietary powerful 
servers. Often computer screen sharing is 
needed for the education process, but it 
overwhelms weaker computers, eats up the 
internet connection resources and overcharges 
the common widely available servers. 

Usually, the different online presentation 
systems allow screen sharing but for this to 
work properly the schools may need to setup 

their own powerful servers and even may need 
more than one. All of them must be connected 
to a strong internet connections. Our 
experience is that different widely available 
cloud-based software solutions get 
comparatively easy overwhelmed, which could 
make the education process a nightmare.   

This education process is prone to 
failures due to technical problems on either 
side, the students or teacher one. This inherent 
weakness raises certain questions.  

What happens if because of a technical 
problems the teacher cannot conduct classes 
with students? Many schools, at least in 
Bulgaria, can’t afford to buy powerful and 
expensive computer equipment, while some of 
them don’t even have access to a strong 
internet connection. The lack of opportunities 
makes the learning process susceptible to 
breakdowns. If such failures are many during 
the semester who is to blame for the poor 
education process and how students could be 
expected to pass the exams? 

What happens if students constantly 
report that they cannot afford powerful 
computer equipment and don’t have access to 
good internet connection? In such a case, do 
they really have a problem or are they just 
looking for the easy way around the 
commitments they have in the education 
process? Luckily, we haven’t noticed many 
such problems, but there are such cases.  How 
are those students going to pass the semester 
and who is to blame for these situations in 
such a case?  

What happens if students are usually 
attending classes, but from time to time 
because of technical problems, as they report, 
they are missing from certain class? Should 
the teacher in this case make a second class 
just for them, because they miss? How are 
those students going to pass the semester and 
who is to blame for these situations in such a 
case? 

The face-to-face education process 
through an online conference system is a 
slower process compared to the standard 
present learning process. Switching the screen 
view mode and displaying different learning 
materials takes time and the specified study 
hours are very likely to be insufficient for full 
transmission of the study material. This 
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problem can force the teacher to teach faster, 
which will further worsen the learning process.  
 

ASYNCHRONOUS DISTANCE 

LEARNING  

�$�����$�G�Y�D�Q�W�D�J�H�V���R�I���D�V�\�Q�F�K�U�R�Q�R�X�V��
�G�L�V�W�D�Q�F�H���O�H�D�U�Q�L�Q�J��
This type of distance learning process 

doesn’t require appointments on a regular 
basis. All studying materials should be passed 
on to the students at the beginning of the 
semester, which we believe is the better 
option, but they may be presented in certain 
time intervals too. In this case everyone works 
in his convenient time, but they must report 
their activities over certain periods of time, 
because the evenly distributed work during the 
semester is very important for students’ 
development. The problem is that the human 
brain has limitations concerning how much 
information it could acquire for certain period 
of time and when they work on a regular basis 
during the semesters they have time to 
understand the studying material and to 
acquire certain level of experience.  

This education process is not prone to 
failures because there aren’t initially scheduled 
appointments for education materials 
presentations that are mandatory for students 
to attend. Weekly distance consultation 
meetings might be helpful but they are usually 
for those students who need to ask something 
in real time, something that requires a longer 
and complicated answer from the teacher. 
Students can always ask questions by e-mail or 
a face-to-face distance virtual meeting could 
be arranged in a convenient time, if needed.  

In this case, the students don’t need very 
powerful computer equipment and strong 
internet connection. No one could be missing 
from classes because there aren’t mandatory 
meetings. Students learn to independently 
allocate their time between different tasks, 
which is important for their growth as 
individuals. 

The teachers may spend less time in 
direct face-to-face work with students, but 
they may need a lot of time to check the work 
of students and to give corrective guidance and 
recommendations. A lot of time is also needed 
for written answers of the many questions 
students ask on a daily basis. In order those 

questions to be minimized the teacher must 
arrange very well the whole education process 
and the creation of explanatory video files help 
a lot in this regard.  The video lectures and 
other explanatory video files could add value 
to all types of education processes. Video 
lectures create order and are good transition 
option between different generations of 
teachers. They save the knowledge and allow 
future improvements in the education process 
over time, concerning its correct, full and 
understandable presentation to students. They 
could always be used in uncommon and 
emergency situations. They are always 
available to answer questions and allow 
teachers to do their scientific work, instead of 
answering the same questions many times.  

One of the main problems of the regular 
present face-to-face education process is that 
the lectures and other verbal explanations 
come and go no matter if the students have or 
have not understood the whole material. Often 
students don’t have enough time to realize all 
aspects of the study material because their 
minds have limitations concerning the quantity 
of information they can acquire for certain 
period of time. Different people have different 
levels of limitations, so the education process 
should move forward with the speed of the 
slowest minds in the group. This problem is 
readily solved with the video lectures because 
with them everyone moves with his own pace. 
The unknown usually shows up during the 
exercises and then students need to hear again 
all related lectures in order to clear up some of 
the misunderstandings and in order to upgrade 
their own skills. They may need to listen to the 
same lecture a couple of times in different time 
periods in order to acquire all aspects of the 
presented knowledge. Students have textbooks 
but not every aspect becomes clear enough 
from the textbook. The learning by example is 
the easiest and more effective way for them to 
acquire new knowledge.   

From the teachers’  point of view, if they 
arrange the education process well with the 
help of video materials, they might have more 
time for other scientific work or additional 
education process development. When the 
teachers present lectures in front of an 
audience, they often make verbal mistakes, 
they miss to explain certain aspects of the 
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presented knowledge clearly and they even 
forget to say something important or say it in a 
completely wrong ways, which is normal 
because they are not machines. They make 
mistakes and if they realize them on time, they 
will correct themselves, but if not, then some 
aspects of the knowledge will remain unclear 
for some students. Everyone is prone to 
mistakes and they are part of a live broadcast.  

When teachers record a video lecture, 
after that they listen to their creation and they 
see all of its shortcomings. Then they improve 
their work and record the same lecture again 
and again until it is close to perfect because 
they are as critical of themselves as they are of 
students. The teachers know that this lecture 
will be listen by many and they will all see its 
shortcomings if they don’t clear them well 
enough, so they will give their best in this 
regard and this improves the whole education 
process and adds value to it.  

The useful applications of video files are 
practically unlimited. When the students solve 
certain given task the teacher could apply their 
solution on available research model and he 
could record the final result and send it to 
students as prove that they have succeeded 
with the task or as reference pointing what 
they need to improve.  
 All study materials the teachers develop for 
this type of education could be supplemental 
and could add value to the regular present and 
synchronous distance education processes.  
 

�%�����'�L�V�D�G�Y�D�Q�W�D�J�H�V���R�I���D�V�\�Q�F�K�U�R�Q�R�X�V��
�G�L�V�W�D�Q�F�H���O�H�D�U�Q�L�Q�J��
The asynchronous distance learning is 

not face-to-face learning process and the 
teachers’ connection with students is somehow 
weaker, although this doesn’t seem to be a big 
problem. The bigger problem is that teachers 
don’t have a direct view of the students' work 
and they cannot correctly evaluate it. The 
problem is that usually they cannot afford to 
prepare different tasks for all of the students. 
Endless number of tasks is equal to infinite 
time for their preparation and a lot more time 
for the students’ work checking afterwards. 
Nowadays technology allows the existence of 
distance learning but at the same time the same 
technology undermines it. Students have very 
good connections between each other and 
often the lazier and weaker ones take the 

solutions from their better classmates. They 
don't understand that this is not good for 
anyone. Besides that, there are online sites 
where other current or past students post 
similar materials, so they have some type of 
close to their task solution available online. 
Many students use those readily available 
solutions because they are like the electrons – 
they move along the path of least resistance. If 
there is such a path, many of them take it and 
this undermines the education process. This 
disadvantage is actually valid for all distance 
learning types. It could be overcome through 
direct communication with all students and 
evaluation based on their own level of 
understanding of the study material and 
presented solutions.   

The teacher still needs a comparatively 
powerful computer and a good multimedia 
equipment.  

Some type of distance learning 
presentation system for the large memory 
consuming study materials is needed. 
Fortunately there are still many freely 
available software products and resources on 
the markets that could handle this issue.  

The development process of high quality 
distance learning materials takes a lot of time 
and effort, [13, 14]. A study reports that the 
provision of high-quality education in higher 
education institutions can be undermined by 
the poor or haphazard use of support 
technologies like podcasts for teaching and 
learning, [15]. Technology is neutral until it 
delivers content and loses its effectiveness if it 
is not applied in a planned and systematic 
manner, [16]. Careful reflection and research 
are needed to find the best ways to leverage 
emerging support technologies like podcasts 
so that they can boost teaching and learning 
productivity, foster better communities of 
practice and support continuous learning, [15].     
 

HYBRID  DISTANCE LEARNING  

�$�����$�G�Y�D�Q�W�D�J�H�V���R�I���K�\�E�U�L�G���G�L�V�W�D�Q�F�H��
�O�H�D�U�Q�L�Q�J��
The hybrid distance learning is a 

combination of the synchronous and 
asynchronous ones and has all of their 
advantages and disadvantages. Not every 
subject is entirely good for one or another type 
of distance learning process. Some of the 
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lectures and exercises might be better for 
synchronous while others for asynchronous 
teaching. Although the synchronous type 
might be the better option, additional 
asynchronous video and other study materials 
might be helpful too, at least in case of failure 
of the synchronous education system or 
missing from class students. Our experience 
points out that the hybrid version is 
appropriate for most of the subjects, it is the 
most versatile and effective one.   
 

�%�����'�L�V�D�G�Y�D�Q�W�D�J�H�V���R�I���K�\�E�U�L�G���G�L�V�W�D�Q�F�H��
�O�H�D�U�Q�L�Q�J��
The hybrid distance learning has most of 

the disadvantages of the other ones. Its biggest 
disadvantage is that often teachers need to 
duplicate their work. They have to prepare 
materials for the synchronous and 
asynchronous distance learnings which is a 
very time consuming work especially if they 
have to lead real time courses in parallel. Most 
likely, at least during the first one-two years, 
they won’t be able to do good work in both 
fields because they will be overwhelmed.  

 
CONCLUSION 
The different distance learning education 

processes have their important role in time of 
emergency, but they could also add value to 
the regular present education processes. Our 
experience points out that the present face-to 
face education process is surely the best option 
but the asynchronous study materials could 
add a lot of value to it , [17]. Those materials 
could help a lot in a case of sudden emergency 
when there is need for distance education, but 
they could also create a solid foundation for 
diligent and organized development of a high 
quality learning process.  

 University of Ruse is already taking 
steps towards digitalization of the study 
materials and this seems to be the future, but it 
is important to underline that the distance 
education is not better than the present face-to-
face one and those digital materials cannot 
replace it entirely at the same quality level. 
Practical based courses under open and 
distance learning system bear inferior status in 
comparison to practical based courses under 
conventional college/institutes, [18, 19]. This 
is especially true for all engineering education 
spheres, but for the others too. The real time 

present face-to-face work of students on 
practical real-life cases with real models and 
machines is the best teaching method because 
who works he learns. The students need 
practical lectures and practices in an ambiance 
as close as possible to real life. Other studies 
report that they have achieved equal results 
comparing distance learning to traditional 
classroom teaching [7, 10, 14, 20-23]. 

During this pandemic we have applied 
the hybrid distance learning method for studies 
in the fields of automation and electronics. For 
the automation field the studying process was 
closer to the synchronous one, while for the 
electronics field a lot closer to the 
asynchronous one. The time was limited and 
the development of the asynchronous study 
materials difficult, but while others had a lot of 
initial problems, we succeeded to avoid them. 
At the end of the semester students stated that 
the education process was well arranged and 
the asynchronous study materials very 
understandable and useful.       
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�$�E�V�W�U�D�F�W����Electric networks are the main unit in the transmission and distribution of electrical ener-
gy along transmission lines. The efficiency of their operation is related to low energy losses and 
high quality of the supplied current and voltage during their operation. 
Modern modelling, monitoring and recording methods are used to control and manage network pa-
rameters. The purpose of modelling is the selection of the most effective option for reducing losses 
and optimizing the operation of the specific network.. 
�.�H�\�Z�R�U�G�V�� power system, efficiency, quality control. 
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�g�h�k�l�� �k�_�� �]�_�g�_�j�b�j�Z�� �h�l �f�Z�]�g�b�l�g�b�y�l�� �i�h�l�h�d�� �\�t�\��
�\�t�a�[�m�^�b�l�_�e�g�Z�l�Z�� �g�Z�f�h�l�d�Z�� �g�Z�� �b�g�^�m�d�l�h�j�Z. 
�K�e�_�^�\�Z�s�b�y�l�� �_�l�Z�i�� �h�l�� �i�j�_�h�[�j�Z�a�m�\�Z�g�_�l�h�� �_�� �i�h��
�\�b�r�Z�\�Z�g�_�� �g�Z�� �g�Z�i�j�_�`�_�g�b�_�l�h�� �q�j�_�a�� �l�j�Z�g�k�n�h�j��
�f�Z�l�h�j�b�l�_���� �a�Z�� �i�j�_�g�Z�k�y�g�_�� �g�Z�� �]�h�e�_�f�b�� �j�Z�a�k�l�h�y��

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

�K�b�g�o�j�h�g�g�Z�l�Z���j�Z�[�h�l�Z���g�Z���_�e�_�d�l�j�b�q�_�k�d�b��
�l�_�� �k�b�k�l�_�f�b�� �\�d�e�x�q�\�Z���^�\�Z�� �\�b�^�Z �_�e�_�d�l�j�b�q�_�k�d�b��
�l�h�\�Z�j�b�����k �i�j�_�h�[�e�Z�^�Z�\�Z�s���Z�d�l�b�\�_�g���b���Z�d�l�b�\�g�h-
�b�g�^�m�d�l�b�\�_�g �o�Z�j�Z�d�l�_�j.  

�I�j�b�� �q�b�k�l�h�� �Z�d�l�b�\�_�g�� �o�Z�j�Z�d�l�_�j�� �g�Z�� �d�h�g��
�k�m�f�Z�l�h�j�b�l�_���� �_�e�_�d�l�j�b�q�_�k�d�b�y�� �l�h�d�Z�� �_ �k�b�g�m�k�h�b��
�^�Z�e�_�g���\�t�\���n�Z�a�Z���k���g�Z�i�j�_�`�_�g�b�_�l�h�����A�Z���_�e�_�d�l�j�b��
�q�_�k�d�Z�l�Z���f�j�_�`�Z���l�h�\�Z���_���_�n�_�d�l�b�\�g�b�y�l�� �\�Z�j�b�Z�g�l����
�a�Z�s�h�l�h �d�h�g�k�m�f�Z�p�b�y�l�Z���g�Z���j�_�Z�d�l�b�\�g�Z���_�g�_�j�]�b�y��
�_���f�b�g�b�f�Z�e�g�Z���b���F�R�V�3���d�e�h�g�b���d�t�f���_�^�b�g�b�p�Z. 

�I�j�b �Z�d�l�b�\�g�h-�b�g�^�m�d�l�b�\�_�g�� �o�Z�j�Z�d�l�_�j�� �g�Z��
�d�h�g�k�m�f�Z�l�h�j�b�l�_�� �\�� �_�e�_�d�l�j�b�q�_�k�d�Z�l�Z�� �f�j�_�`�Z�� �k�_��
�\�d�e�x�q�\�Z�l �_�e�_�d�l�j�h�f�h�l�h�j�b���� �l�j�Z�g�k�n�h�j�f�Z�l�h�j�b��
�b���b�g�^�m�d�p�b�h�g�g�b���i�_�s�b�����<���l�h�a�b���k�e�m�q�Z�c���_�e�_�d�l��
�j�b�q�_�k�d�b�y�l���l�h�d���b�a�h�k�l�Z�\�Z���h�l �g�Z�i�j�_�`�_�g�b�_�l�h���g�Z��
�t�]�t�e���3���� �N�Z�d�l�h�j�t�l �g�Z�� �f�h�s�g�h�k�l �k�_�� �\�e�h�r�Z�\�Z����
�d�h�_�l�h���\�h�^�b���^�h���a�Z�]�m�[�b���g�Z���_�g�_�j�]�b�y���b���g�_�k�b�f�_�l��
�j�b�y���\���l�j�b�n�Z�a�g�b�l�_���e�b�g�b�b�� 

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

 
�I�j�b�q�b�g�b�� �a�Z�� �\�e�h�r�Z�\�Z�g�_�� �g�Z�� �n�Z�d�l�h�j�Z��

�g�Z���f�h�s�g�h�k�l�����F�R�V�3������
�=�h�e�_�f�b�l�_�� �d�h�g�k�m�f�Z�l�h�j�b�� �g�Z�� �j�_�Z�d�l�b�\�g�Z��

�_�g�_�j�]�b�y �\�d�e�x�q�\�Z�l�� �\ �j�Z�[�h�l�g�b�l�_�� �k�b�� �]�j�Z�n�b�p�b��
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�f�Z�k�h�\�h �Z�k�b�g�o�j�h�g�g�b���^�\�b�]�Z�l�_�e�b�����l�j�Z�g�k�n�h�j�f�Z��
�l�h�j�b���� �a�Z�\�Z�j�t�q�g�b�� �Z�]�j�_�]�Z�l�b �b�� �^�j������ �G�Z�� �i�j�Z�a�_�g��
�o�h�^�� �Z�k�b�g�o�j�h�g�g�b�l�_�� �f�Z�r�b�g�b�� �d�h�g�k�m�f�b�j�Z�l 
�f�Z�e�d�h �Z�d�l�b�\�g�Z�� �f�h�s�g�h�k�l���� �d�Z�l�h�� �i�h�e�m�q�Z�\�Z�l��
�h�d�h�e�h�� ������ �^�h�� �������� �h�l�� �j�_�Z�d�l�b�\�g�Z�l�Z�� �f�h�s�g�h�k�l����
�k�t�h�l�\�_�l�k�l�\�Z�s�Z�� �g�Z�� �f�Z�d�k�b�f�Z�e�g�h�� �g�Z�l�h�\�Z�j�\�Z�g�_�� 
�I�j�Z�\�b�e�g�h�l�h �i�j�h�_�d�l�b�j�Z�g�_�� �b�� �_�d�k�i�e�h�Z�l�Z�p�b�y�l�Z��
�g�Z�� �j�Z�[�h�l�g�b�l�_�� �f�Z�r�b�g�b�� �\�� �k�t�\�j�_�f�_�g�g�b�l�_��
�i�j�_�^�i�j�b�y�l�b�y���_���i�j�_�^�i�h�k�l�Z�\�d�Z���a�Z���i�h�^�h�[�j�y�\�Z�g�_  
�g�Z���F�R�V�3�� 

�F�Z�k�h�\�h�� �b�a�i�h�e�a�\�Z�g�b�l�_�� �\�� �[�b�l�Z�� �b�� �i�j�h�b�a��
�\�h�^�k�l�\�h�l�h�� �k�t�\�j�_�f�_�g�g�b�� �m�k�l�j�h�c�k�l�\�Z�� �h�l�� �\�b�^�Z��
�g�Z�� �b�f�i�m�e�k�g�b�l�_�� �i�j�_�h�[�j�Z�a�m�\�Z�l�_�e�b�� �]�_�g�_�j�b�j�Z�l��
�l�h�d �k���g�_�k�b�g�m�k�h�b�^�Z�e�g�Z���n�h�j�f�Z�����d�h�_�l�h���k�_���k�\�t�j��
�a�\�Z�� �k�t�k�� �a�Z�]�m�[�b�� �i�h�j�Z�^�b�� �i�h�y�\�Z�l�Z�� �g�Z���\�b�k�r�b��
�o�Z�j�f�h�g�b�p�b. �;�j�h�y�l�� �g�Z�� �d�h�g�k�m�f�Z�l�h�j�b�l�_�� �j�Z�[�h��
�l�_�s�b�� �k�� �g�b�k�t�d�� �F�R�V�3�� �g�Z�j�Z�k�l�\�Z���� �d�Z�l�h�� �l�m�d�� �k�_��
�\�d�e�x�q�\�Z�l�� �l�h�d�h�b�a�i�j�Z�\�b�l�_�e�b�l�_���� �[�h�[�b�g�b�l�_, 
�Z�i�Z�j�Z�l�b�l�_�� �g�Z�� �j�Z�a�e�b�q�g�b���j�_�e�_�c�g�b�� �a�Z�s�b�l�b����
�i�j�_�d�t�k�\�Z�q�b �k�� �_�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�� �a�Z�^�\�b�`�\�Z�g�_��
�b���\�k�b�q�d�b���m�k�l�j�h�c�k�l�\�Z���b�a�i�h�e�a�\�Z�s�b���_�e�_�d�l�j�h�g�b��
�d�h�f�i�h�g�_�g�l�b���� �d�h�_�l�h�� �_�� �i�j�b�q�b�g�Z�� �a�Z�� �\�e�h�r�_�g�b��
�d�Z�q�_�k�l�\�_�g�b���i�h�d�Z�a�Z�l�_�e�b���g�Z���f�j�_�`�Z�l�Z�� 

 
�A�Z�j�y�^�_�g�� �d�Z�i�Z�p�b�l�_�l�� �d�Z�l�h�� �o�Z�j�Z�d�l�_��

�j�_�g���i�Z�j�Z�f�_�l�t�j���g�Z���_�e�_�d�l�j�h�i�j�h�\�h�^�b�l�_ 
�I�j�b �\�t�a�^�m�r�g�b�l�_���_�e�_�d�l�j�h�i�j�h�\�h�^�b �a�Z 

�g�Z�i�j�_�`�_�g�b�y�� �������N�9�� �b�� �i�h – �\�b�k�h�d�b�� �k�_���\�a�_�f�Z��
�i�h�^�� �\�g�b�f�Z�g�b�_ �d�Z�i�Z�p�b�l�b�\�g�Z�l�Z�� �i�j�h�\�h�^�b�f�h�k�l��
BC���� �=�h�e�_�f�b�g�Z�l�Z�� �Ê�� �a�Z�\�b�k�b�� �h�l���g�h�f�b�g�Z�e�g�h�l�h��
�g�Z�i�j�_�`�_�g�b�_���� �j�Z�a�i�j�_�^�_�e�_�g�b�_�l�h�� �g�Z�� �[�j�h�y�l�� �n�Z��
�a�b���g�Z���d�Z�[�_�e�g�b�l�_���e�b�g�b�b���b���^�t�e�`�b�g�Z�l�Z���b�f���� 

 
�F�_�l�h�^�b�� �a�Z�� �d�h�f�i�_�g�k�Z�p�b�y�� �g�Z�� �j�_�Z�d��

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

�:�����K�l�Z�l�b�q�g�b�l�_�� �d�h�g�^�_�g�a�Z�l�h�j�b�� ���d�h�g��
�^�_�g�a�Z�l�h�j�g�b�� �[�Z�l�_�j�b�b�� �k�Z�� �g�Z�c��- �j�Z�a�i�j�h�k�l�j�Z��
�g�_�g�b�l�_�� �m�k�l�j�h�c�k�l�\�Z�� �a�Z�� �d�h�f�i�_�g�k�Z�p�b�y�� �a�Z�� �k�j�_�^��
�g�h�� �g�Z�i�j�_�`�_�g�b�_�� �\�� �_�g�_�j�]�h�_�f�d�b�l�_�� �i�j�h�f�b�r�e�_��
�g�b���i�j�_�^�i�j�b�y�l�b�y��[1, 2]�����H�k�g�h�\�g�Z�l�Z���a�Z�^�Z�q�Z���g�Z��
�k�l�Z�l�b�q�g�b�l�_�� �d�h�g�^�_�g�a�Z�l�h�j�b�� �_�� �^�Z�� �a�Z�j�_�`�^�Z�l����
�i�j�b���g�_�h�[�o�h�^�b�f�h�k�l�� �_�e�_�d�l�j�b�q�_�k�d�Z�l�Z���f�j�_�`�Z���� �k 
�d�Z�i�Z�p�b�l�b�\�g�Z�� �f�h�s�g�h�k�l�� �d�Z�l�h �d�h�f�i�_�g�k�b�j�Z�l 
�j�_�Z�d�l�b�\�g�Z���b�g�^�m�d�l�b�\�g�Z���f�h�s�g�h�k�l. �L�h�a�b�� �f�_��
�l�h�^�� �g�Z�� �j�_�r�_�g�b�_���k�_�� �y�\�y�\�Z���d�Z�l�h���h�i�j�_�^�_�e�y�s��
�n�Z�d�l�h�j�� �a�Z �h�i�l�b�f�b�a�Z�p�b�y�� �g�Z�� �_�n�_�d�l�b�\�g�h�k�l�l�Z����
�g�_���k�Z�f�h���\���j�Z�a�e�b�q�g�b�l�_���a�\�_�g�Z���g�Z���_�g�_�j�]�_�l�b�d�Z�l�Z��
�b�� �_�e�_�d�l�j�h�h�[�h�j�m�^�\�Z�g�_�l�h���� �g�h�� �b�� �g�Z�� �h�k�g�h�\�g�b��
�l�_�o�g�h�e�h�]�b�q�g�b�� �i�j�h�p�_�k�b���� �b�a�i�h�e�a�\�Z�s�b�� �_�e�_�d�l��
�j�b�q�_�k�d�Z���_�g�_�j�]�b�y�� 

�;���� �K�b�g�o�j�h�g�g�b�l�_�� �d�h�f�i�_�g�k�Z�l�h�j�b �k�Z��
�k�b�g�o�j�h�g�g�b���f�Z�r�b�g�b���j�Z�[�h�l�_�s�b���\���^�\�Z���j�_�`�b�f�Z��
�d�Z�l�h�� �]�_�g�_�j�b�j�Z�l�� �b�e�b �d�h�g�k�m�f�b�j�Z�l �j�_�Z�d�l�b�\�g�Z��
�_�g�_�j�]�b�y���� �q�j�_�a�� �j�_�]�m�e�b�j�Z�g�_�� �]�h�e�_�f�b�g�Z�l�Z�� �g�Z��
�\�t�a�[�m�^�b�l�_�e�g�b�y���l�h�d�� �\�� �b�g�^�m�d�l�h�j�Z�� �b�� �k�l�Z�[�b�e�b��
�a�b�j�Z�l �n�Z�d�l�h�j�Z���g�Z���f�h�s�g�h�k�l�����F�R�V�3��.  

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

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

 
�N�b�]�� 1. �K�o�_�f�Z���g�Z���l�j�b�n�Z�a�g�Z���l�j�Z�g�k�i�h�a�b�p�b�y��

�f�_�`�^�m���_�e�_�d�l�j�h�i�j�h�\�h�^�b�l�_; 
 

�K�t�s�_�k�l�\�m�\�Z�s�Z�l�Z�� �g�_�k�b�f�_�l�j�b�y�� �\�� �j�Z�a�k��
�l�h�y�g�b�y�l�Z���a�Z���\�k�y�d�Z���h�l�^�_�e�g�Z���n�Z�a�Z �h�l���^�Z�e�_�d�h�i��
�j�h�\�h�^�Z�� �i�j�h�f�_�g�y �b�g�^�m�d�l�b�\�g�h�l�h�� �k�t�i�j�h�l�b�\�e�_��
�g�b�_��XL �b���d�Z�i�Z�p�b�l�b�\�g�Z�l�Z���i�j�h�\�h�^�b�f�h�k�l��BC  �b��
�\�h�^�b�� �k�t�s�h�� �^�h �g�_�k�b�f�_�l�j�b�y�� �f�_�`�^�m�� �n�Z�a�h�\�b�l�_��
�l�h�d�h�\�_���b���g�Z�i�j�_�`�_�g�b�y. �I�h���l�h�a�b���g�Z�q�b�g���k�_���g�Z��
�j�m�r�Z�\�Z�� �g�h�j�f�Z�e�g�Z�l�Z�� �j�Z�[�h�l�Z�� �g�Z�� �l�j�b�n�Z�a�g�b�l�_��
�d�h�g�k�m�f�Z�l�h�j�b���� �A�Z���g�_�m�l�j�Z�e�b�a�b�j�Z�g�_�� �g�Z�� �g�_�k�b��
�f�_�l�j�b�y�l�Z���� �_�� �g�_�h�[�o�h�^�b�f�h�� �i�j�h�\�h�^�g�b�p�b�l�_�� �^�Z��
�j�Z�a�f�_�g�y�l�� �f�_�k�l�Z�l�Z�� �k�b �i�j�_�a�� �j�Z�\�g�b�� �b�g�l�_�j�\�Z�e�b��
�h�l�� �^�t�e�`�b�g�Z�l�Z�� �g�Z���^�Z�e�_�d�h�i�j�h�\�h�^�Z. �L�h�\�Z�� �\�h�^�b��
�^�h�� �i�h-�^�h�[�j�Z�� �_�n�_�d�l�b�\�g�h�k�l�� �g�Z�� �j�Z�[�h�l�Z�l�Z�� �g�Z��
�l�j�b�n�Z�a�g�b�l�_���k�b�k�l�_�f�b. 

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

- �k�t�a�^�Z�\�Z�g�_ �f�h�^�_�e�b�� �g�Z�� �^�Z�e�_�d�h�i�j�h�\�h��
�^�b�� �k�� �^�t�e�`�b�g�b�� �������� �������� �b�� �������d�f���b���k�b�f�m�e�b�j�Z��
�g�_�l�h���b�f �\���i�j�h�]�j�Z�f�g�Z���k�j�_�^�Z���g�Z��Simulink.  

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

- �k�j�Z�\�g�y�\�Z�g�_ �j�_�a�m�e�l�Z�l�b�l�_�� �h�l�� �k�b�f�m�e�Z��
�p�b�y�l�Z �[�_�a�� �^�h�[�Z�\�y�g�_�� �b�� �k�� �\�d�e�x�q�\�Z�g�_ �g�Z�� �d�h�f��
�i�_�g�k�b�j�Z�s�b�� �_�e�_�f�_�g�l�b���� �:�g�Z�e�b�a�b�j�Z�g�_�� �g�Z�� �j�_��
�a�m�e�l�Z�l�b�l�_���b���k�t�k�l�Z�\�y�g�_���g�Z���b�a�\�h�^�b���b���a�Z�d�e�x�q�_��
�g�b�y���� 

 
�F�?�L�H�>�B�D�:��
 
�F�h�^�_�e�b�j�Z�g�_�� �g�Z�� �_�e�_�d�l�j�h�_�g�_�j�]�b�c�g�Z��

�k�b�k�l�_�f�Z �k�� �^�t�e�`�b�g�Z�� �g�Z�� �^�Z�e�_�d�h�i�j�h�\�h�^�Z��
�������d�f����

�I�j�b�g�p�b�i�g�Z�l�Z�� �k�o�_�f�Z�� �g�Z�� �_�e�_�d�l�j�h�_�g�_�j��
�]�b�c�g�Z���k�b�k�l�_�f�Z�����?�?�K�����k�\�t�j�a�\�Z�s�Z���]�_�g�_�j�Z�l�h�j���b��
�d�h�g�k�m�f�Z�l�h�j �i�h�� �^�Z�e�_�d�h�i�j�h�\�h�^�� �������d�f��, �_�� �i�h��
�d�Z�a�Z�g�Z�� �g�Z�� �n�b�]�������� �b�� �_���f�h�^�_�e�b�j�Z�g�Z�� �q�j�_�a�� �i�j�h�]��
�j�Z�f�g�b�y���i�j�h�^�m�d�l��Simulink [3, 4, 5].  

 

 
�N�b�]�� �������F�g�_�f�h-�k�o�_�f�Z���f�h�^�_�e�b�j�Z�s�Z��

�^�Z�e�_�d�h�i�j�h�\�h�^���k���^�t�e�`�b�g�Z��150 km �b���k�l�Z�j�l�b��
�j�Z�g�Z���\��Simulink 

 
�?�e�_�f�_�g�l�b�l�_�� �f�h�^�_�e�b�j�Z�s�b�� �i�Z�j�Z�f�_�l�j�b��

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

 

 
�N�b�]�� �������F�g�_�f�h-�k�o�_�f�Z���g�Z���b�a�f�_�j�\�Z�l�_�e�g�Z�l�Z��

�k�b�k�l�_�f�Z���h�l���i�j�b�[�h�j�b���\��Simulink 
 

�;�e�h�d�h�\�_�l�_�� ��RMS���� �h�l�� �n�b�]�������� �i�j�_�^�b��
�^�b�k�i�e�_�b�l�_���b�a�f�_�j�\�Z�l���b���i�j�_�h�[�j�Z�a�m�\�Z�l���\���_�n�_�d��
�l�b�\�g�b���k�l�h�c�g�h�k�l�b �l�h�d�Z���b���g�Z�i�j�_�`�_�g�b�_�l�h�� 

 
�N�b�]�� �������J�_�a�m�e�l�Z�l�b���h�l���b�a�f�_�j�\�Z�g�b�y���k���h�k�p�b�e�h�k��

�d�h�i���g�Z���\�o�h�^�Z���b���b�a�o�h�^�Z���g�Z���^�Z�e�_�d�h�i�j�h�\�h�^�Z 
 

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

�K�b�f�m�e�Z�p�b�y�� �g�Z���^�Z�e�_�d�h�i�j�h�\�h�^�� �k�� �^�t�e��
�`�b�g�Z�������d�f���a�Z �g�Z�i�j�_�`�_�g�b�_��������kV 

�N�m�g�d�p�b�h�g�Z�e�g�Z�l�Z�� �[�e�h�d�� �k�o�_�f�Z�� �h�l��
�n�b�]�������� �_�� �f�h�^�_�e�� �g�Z �b�a�l�h�q�g�b�d�� �g�Z�� �i�j�h�f�_�g�e�b�\�h��
�g�Z�i�j�_�`�_�g�b�_���a�Z�� ����kV, �b�f�b�l�b�j�Z�s�� �k�b�g�o�j�h�g�_�g��
�]�_�g�_�j�Z�l�h�j�� �h�l�� �_�e�_�d�l�j�b�q�_�k�d�Z�� �p�_�g�l�j�Z�e�Z���� �K�e�_�^��
�]�_�g�_�j�Z�l�h�j�Z �_ �\�d�e�x�q�_�g�� �i�h�\�b�r�Z�\�Z�s���k�b�e�h�\��
�l�j�b�n�Z�a�_�g���l�j�Z�g�k�n�h�j�f�Z�l�h�j�� ����kV/110kV���� �q�b�c��
� l� h� � � b� a� o� h� ^� � � _� � � d� t� f� � � ^� Z� e� _� d� h�i�j�h�\�h�^, �f�h�^�_�e�b�j�Z�s��
�^�t�e�`�b�g�Z�� �����d�f���� �F�h�^�_�e�t�l�� �g�Z���i�h�g�b�`�Z�\�Z�s �k�b��
�e�h�\���l�j�b�n�Z�a�_�g���l�j�Z�g�k�n�h�j�f�Z�l�h�j���������N�9�������N�9���_��
�k�\�t�j�a�Z�g�� �k �\�l�h�j�b�q�g�Z�l�Z�� �k�b�� �g�Z�f�h�l�d�Z�� �d�t�f�� �k�b��
�f�_�l�j�b�q�_�g���d�h�f�i�e�_�d�k�_�g���d�h�g�k�m�f�Z�l�h�j��  

 
�N�b�]�� �������F�h�^�_�e�b�j�Z�g�_���g�Z���_�e�_�d�l�j�b�q�_�k�d�Z���f�j�_�`�Z��
�a�Z��������kV �b �^�Z�e�_�d�h�i�j�h�\�h�^�� �k���^�t�e�`�b�g�Z�������d�f��

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

�l�_���h�l���n�b�]���������\���i�j�h�]�j�Z�f�g�Z���k�j�_�^�Z���6�L�P�X�O�L�Q�N����
������ �K�b�g�m�k�h�b�^�Z�e�_�g�� �l�j�b�n�Z�a�_�g�� �b�a�l�h�q�g�b�d�� �g�Z��
�g�Z�i�j�_�`�_�g�b�_; 

 
�N�b�]�� �������F�g�_�f�h���k�o�_�f�Z���g�Z���[�e�h�d���l�j�b�n�Z�a�_�g���]�_��

�g�_�j�Z�l�h�j���k �f�_�g�x���a�Z���a�Z�^�Z�\�Z�g�_���g�Z���i�Z�j�Z�f�_�l�j�b�l�_. 
 
������ �F�h�^�_�e�b�j�Z�g�_ �g�Z�� �l�j�b�n�Z�a�_�g�� �b�a�f�_�j�b�l�_�e�� �g�Z��
�i�j�h�f�_�g�e�b�\�h���g�Z�i�j�_�`�_�g�b�_; 
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�N�b�]���������F�g�_�f�h���k�o�_�f�Z���g�Z���[�e�h�d �l�j�b�n�Z�a�g�h���b�a��
�f�_�j�\�Z�g�_���k���h�i�p�b�y���\���^�b�Z�e�h�]�h�\���i�j�h�a�h�j�_�p�����g�Z��

�k�l�h�c�g�h�k�l�l�Z���g�Z���g�Z�i�j�_�`�_�g�b�_�l�h. 
 

3. �F�h�^�_�e�b�j�Z�g�_ �g�Z�� �l�j�b�n�Z�a�_�g���^�Z�e�_�d�h�i�j�h�\�h�^��
�a�Z�� �� �^�t�e�`�b�g�Z�������d�f �k�� �h�i�p�b�b�� �a�Z�� �a�Z�^�Z�^�_�g�� �d�Z�i�Z��
�p�b�l�_�l���b���b�g�^�m�d�l�b�\�g�h�k�l; 
 

 
�N�b�]���������;�e�h�d���g�Z���^�Z�e�_�d�h�i�j�h�\�h�^���a�Z�������d�f���b � �̂b��
�Z�e�h�]�h�\���i�j�h�a�h�j�_�p���k�t�k���a�Z�^�Z�^�_�g�b���i�Z�j�Z�f�_�l�j�b. 

 
4���� �F�h�^�_�e�b�j�Z�g�_ �g�Z�� �l�j�b�n�Z�a�_�g�� �k�b�e�h�\�� �l�j�Z�g�k��
�n�h�j�f�Z�l�h�j���h�l���i�h�g�b�`�Z�\�Z�s���\�b�^; 
 

 
�N�b�]���������>�b�Z�e�h�]�h�\���i�j�h�a�h�j�_�p���k���i�Z�j�Z�f�_�l�j�b���a�Z 

�l�j�b�n�Z�a�_�g���k�b�e�h�\���l�j�Z�g�k�n�h�j�f�Z�l�h�j. 
 

 
�N�b�]�����������=�j�Z�n�b�d�b���h�l���g�Z�i�j�_�`�_�g�b�_�l�h���a�Z���^�Z�e�_��
�d�h�i�j�h�\�h�^�Z���k���^�t�e�`�b�g�Z�������d�f�� �[�_�a���d�h�f�i�_�g�k�Z��

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

 
�:�g�Z�e�b�a�b�j�Z�c�d�b�� �j�_�a�m�e�l�Z�l�b�l�_�� �h�l�� �^�b�Z�]��

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

��
�K�b�f�m�e�Z�p�b�y�� �g�Z���^�Z�e�_�d�h�i�j�h�\�h�^�� �k�� �^�t�e��

�`�b�g�Z���������d�f�� �a�Z �g�Z�i�j�_�`�_�g�b�_�� ������kV�� �[�_�a��
�d�h�f�i�_�g�k�Z�p�b�y�� �g�Z�� �n�Z�d�l�h�j�Z�� �g�Z�� �f�h�s�g�h�k�l 
(�F�R�V�3�� 

 
�N�b�]�� 11. �K�b�f�m�e�Z�p�b�y���g�Z���^�Z�e�_�d�h�i�j�h�\�h�^���k��

�^�t�e�`�b�g�Z���������d�f���[�_�a���d�h�f�i�_�g�k�Z�p�b�y 
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�N�b�]�� 1�������=�j�Z�n�b�d�Z���g�Z���g�Z�i�j�_�`�_�g�b�y�l�Z���g�Z���\�o�h�^�Z��
�b���b�a�o�h�^�Z���g�Z���^�Z�e�_�d�h�i�j�h�\�h�^���k���^�t�e�`�b�g�Z���������d�f����

�b�a�f�_�j�_�g�h���h�l���h�k�p�b�e�h�k�d�h�i�Z���g�Z���n�b�]�������� 
 

�F�h�^�_�e�b�j�Z�g�_�l�h���g�Z���l�j�b�n�Z�a�g�Z���d�Z�[�_�e�g�Z���e�b�g�b�y���k��
�^�t�e�`�b�g�Z�� �^�h�� �������d�f�� �_�� �i�h�d�Z�a�Z�g�h �g�Z�� �n�b�]��11. 
�d�Z�l�h�� �h�l�q�_�l�_�g�Z�l�Z�� �]�j�Z�n�b�d�Z�� �_ �g�Z �n�b�]���������� �I�j�b��
�^�t�e�`�b�g�Z�� �g�Z�� �i�j�_�g�h�k�g�Z�l�Z�� �f�j�_�`�Z�� �h�l�� �������d�f����
�\�_�q�_���k�_�� �b�a�f�_�j�\�Z�� �j�Z�a�e�b�d�Z �\�� �g�Z�i�j�_�`�_�g�b�y�l�Z �\��
�g�Z�q�Z�e�h�l�h�� �b�� �d�j�Z�y�� �g�Z�� �l�j�b�n�Z�a�g�b�y���^�Z�e�_�d�h�i�j�h��
�\�h� ̂�a�Z�� ������kV �b���k�_���h�l�q�b�l�Z�� �d�Z�l�h�� �i�Z�^�� �g�Z�� �a�Z�]�m��
�[�b�l�_�� 

�”�� �:�g�Z�e�b�a�b�j�Z�g�_�� �j�_�a�m�e�l�Z�l�b�l�_�� �h�l�� �b�a��
�f�_�j�\�Z�g�b�y�l�Z���b���b�a�\�h�^�b��  

�M�\�_�e�b�q�Z�\�Z�g�_�� �^�t�e�`�b�g�Z�l�Z�� �g�Z���^�Z�e�_�d�h�i��
�j�h�\�h�^�Z���i�j�_�^�b�a�\�b�d�\�Z �i�Z�^�Z�� �g�Z�� �g�Z�i�j�_�`�_�g�b�_�� �\��
�d�j�Z�y���g�Z���e�b�g�b�y�l�Z���b���\�e�h�r�Z�\�Z�g�_���d�Z�q�_�k�l�\�h�l�h���g�Z 
�_�g�_�j�]�b�y�l�Z��  

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

�K�b�f�m�e�Z�p�b�y�� �g�Z���^�Z�e�_�d�h�i�j�h�\�h�^�� �k�� �^�t�e��
�`�b�g�Z���������d�f�� �a�Z �g�Z�i�j�_�`�_�g�b�_�� ������kV�� �[�_�a��
�d�h�f�i�_�g�k�Z�p�b�y�� �g�Z�� �n�Z�d�l�h�j�Z�� �g�Z�� �f�h�s�g�h�k�l��
(�F�R�V�3����

�J�_�a�m�e�l�Z�l�b�l�_�� �h�l�� �f�h�^�_�e�b�j�Z�g�_�l�h�� �g�Z��� �̂Z��
�e�_�d�h�i�j�h�\�h�^�� �k�� �^�t�e�`�b�g�Z�� �������d�f�� �k�Z�� �h�l�q�_�l�_�g�b��
�g�Z�� �^�b�Z�]�j�Z�f�Z�l�Z�� �h�l�� �n�b�]���������� �:�g�Z�e�b�a�t�l�� �g�Z�� �k�b��
�f�m�e�Z�p�b�y�l�Z�� �^�h�d�Z�a�\�Z���� �q�_�� �b�f�Z�� �]�h�e�_�f�b�� �h�l�d�e�h��
�g�_�g�b�y�� �g�Z�� �g�Z�i�j�_�`�_�g�b�_�l�h�� �]�_�g�_�j�b�j�Z�� �k�_�� �b�a��
�e�b�r�g�Z �j�_�Z�d�l�b�\�g�Z�� �_�g�_�j�]�b�y���� �d�h�_�l�h �\�e�h�r�Z�\�Z��
�_�n�_�d�l�b�\�g�h�k�l�l�Z�� 

 
�N�b�]��13. �K�b�f�m�e�Z�p�b�y���g�Z���^�Z�e�_�d�h�i�j�h�\�h�^���k���^�t�e��

�`�b�g�Z�����������d�f�����[�_�a���d�h�f�i�_�g�k�Z�p�b�y; 

 
�N�b�]��14. �=�j�Z�n�b�d�Z���g�Z���g�Z�i�j�_�`�_�g�b�y�l�Z���g�Z���^�Z�e�_��
�d�h�i�j�h�\�h�^���k���^�t�e�`�b�g�Z���������d�f���[�_�a���d�h�f�i�_�g�k�Z��
�p�b�y�����<�^�y�k�g�h���_���i�h�d�Z�a�Z�g�Z���m�\�_�e�b�q�_�g�Z���^�b�Z�]�j�Z��
�f�Z�l�Z���k�Z�f�h���g�Z���i�h�e�h�`�b�l�_�e�g�b�l�_���i�h�e�m�i�_�j�b�h�^�b�� 

 
�H�l�q�b�l�Z���k�_���b���a�Z�]�m�[�Z���g�Z���f�h�s�g�h�k�l���b �g�_��

�k�b�f�_�l�j�b�y���f�_�`�^�m���l�h�d�Z���b���g�Z�i�j�_�`�_�g�b�_�l�h���� �d�h�_��
�l�h�� �\�e�h�r�Z�\�Z�� �n�Z�d�l�h�j�Z�� �g�Z�� �f�h�s�g�h�k�l�� ���F�R�V�3��. 
�K�e�_�^�\�Z�� �b�a�\�h�^�� �a�Z�� �g�_�h�[�o�h�^�b�f�h�k�l�� �h�l���i�j�b�k�t�_��
�^�b�g�y�\�Z�g�_�� �g�Z�� �m�k�l�j�h�c�k�l�\�h�l�h�� �a�Z�� �d�h�f�i�_�g�k�Z�p�b�y��
�a�Z���i�h�^�h�[�j�y�\�Z�g�_���g�Z���F�R�V�3. 

 
 �K�b�f�m�e�Z�p�b�y�� �g�Z���^�Z�e�_�d�h�i�j�h�\�h�^�� �k�� �^�t�e��
�`�b�g�Z���������d�f���a�Z �g�Z�i�j�_�`�_�g�b�_�� ������kV���k�� �d�h�f��
�i�_�g�k�Z�p�b�y���g�Z���n�Z�d�l�h�j�Z���g�Z���f�h�s�g�h�k�l��(�F�R�V�3����

��
�N�b�]��15. �K�b�f�m�e�Z�p�b�y���g�Z���^�Z�e�_�d�h�i�j�h�\�h�^���k���^�t�e��
�`�b�g�Z���������d�f�� �k �d�h�f�i�_�g�k�Z�p�b�y���g�Z���n�Z�d�l�h�j�Z���g�Z��

�f�h�s�g�h�k�l�����F�R�V�3��; 

 
�N�b�]�����������=�j�Z�n�b�q�g�h���i�j�_�^�k�l�Z�\�_�g�b���i�h�e�h�`�b�l�_�e��
�g�b�l�_���i�h�e�m�i�_�j�b�h�^�b���h�l �g�Z�i�j�_�`�_�g�b�y�l�Z���g�Z���^�Z��
�e�_�d�h�i�j�h�\�h�^���k���^�t�e�`�b�g�Z���������d�f�����k �d�h�f�i�_�g�k�Z��

�p�b�y���g�Z���n�Z�d�l�h�j�Z���g�Z���f�h�s�g�h�k�l ���F�R�V�3��; 
�>�b�Z�]�j�Z�f�Z�l�Z�� �g�Z�� �Z�f�i�e�b�l�m�^�b�l�_�� �g�Z�� �g�Z�i��

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

�K�b�f�m�e�Z�p�b�y�� �g�Z�� �d�t�k�h�� �k�t�_�^�b�g�_�g�b�_��
���d���k�������\���^�Z�e�_�d�h�i�j�h�\�h�^�b�l�_���a�Z��������kV�� 

�F�h�^�_�e�b�j�Z�g�_�l�h�� �g�Z���^�Z�e�_�d�h�i�j�h�\�h�^�b�l�_ 
�\�d�e�x�q�\�Z���b���d�t�k�b�l�_���k�t�_�^�b�g�_�g�b�y�����d�Z�l�h �i�h�\�_�q�_��
�l�h �h�l���l�y�o���k�_���^�t�e�`�Z�l�����d�Z�d�l�h���g�Z���d�j�Z�l�d�h�l�j�Z�c�g�b��
�g�Z�j�m�r�_�g�b�y�� �g�Z�� �b�a�h�e�Z�p�b�h�g�g�b�l�_�� �j�Z�a�k�l�h�y�g�b�y��
�f�_�`�^�m���i�j�h�\�h�^�g�b�p�b�l�_���� �l�Z�d�Z�� �b�� �k�� �[�e�b�a�d�b�� �a�Z�a�_��
�f�_�g�b���h�[�_�d�l�b. �H�[�b�d�g�h�\�_�g�h���l�h�\�Z���k�Z���e�x�e�_�_�s�b��
�k�_�� �d�e�h�g�b���� �e�_�l�y�s�b�� �i�l�b�p�b���� �e�_�^�_�g�b�� �h�[�j�Z�a�m�\�Z��
�g�b�y�����a�Z�f�t�j�k�y�\�Z�g�b�y���g�Z���b�a�h�e�Z�l�h�j�b�l�_�� 
�<�b�^�b�f�b�y�l�� �_�n�_�d�l�� �h�l�� �d�t�k�h�l�h�� �k�t�_�^�b�g�_�g�b�_ �_��
�f�h�s�g�Z�� �_�e�_�d�l�j�b�q�_�k�d�Z�� �^�t�]�Z���� �d�Z�l�h�� �\�� �i�h�\�_�q�_�l�h��
�k�e�m�q�Z�b�� �l�y�� �k�Z�f�Z�� �h�l�k�l�j�Z�g�y�\�Z�� �i�j�b�q�b�g�Z�l�Z�� �a�Z��
�d�t�k�h�l�h���k�t�_�^�b�g�_�g�b�_ [1, 2].  

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

 
�N�b�]�� �������K�b�f�m�e�Z�p�b�y���g�Z���f�_�`�^�m�n�Z�a�g�h���d�t�k�h 

�k�t�_�^�b�g�_�g�b�_���\���^�Z�e�_�d�h�i�j�h�\�h�^�� �a�Z110kV 

 
�N�b�]�����������=�j�Z�n�b�d�Z���g�Z���f�_�`�^�m�n�Z�a�g�h���d�t�k�h���k�t�_��

�^�b�g�_�g�b�_���\���^�Z�e�_�d�h�i�j�h�\�h�^���������N�9�����h�l�q�_�l�_�g�h���h�l��
�[�e�h�d�Z���a�Z���]�j�_�r�d�b���^�h�[�Z�\�_�g���\���f�g�_�f�h-�k�o�_�f�Z�l�Z��

�g�Z���n�b�]������ 

�B�A�<�H�>�B��
• �A�Z���^�Z�e�_�d�h�i�j�h�\�h�^�b���k���^�t�e�`�b�g�Z���������d�f��

�b�� �g�Z�i�j�_�`�_�g�b�_�� ������kV �j�_�Z�d�l�b�\�g�Z�l�Z�� �_�g�_�j�]�b�y��
�k�_�� �[�Z�e�Z�g�k�b�j�Z�� �i�h�� �_�k�l�_�k�l�\�_�g�� �i�t�l�� �b�� �g�_�� �_�� �g�_�h�[��
�o�h�^�b�f�h�� �d�h�f�i�_�g�k�b�j�Z�g�_ �g�Z�� �j�_�Z�d�l�b�\�g�Z�� �_�g�_�j��
�]�b�y�� 
 • �D�h�f�i�_�g�k�Z�p�b�y�l�Z �_���i�h�� �f�_�l�h�^�b�d�Z�l�Z�� �a�Z��
�^�h�[�Z�\�y�g�_�� �g�Z�� �d�h�g�^�_�g�a�Z�l�h�j�g�Z�� �[�Z�l�_�j�b�y���� �]�j�m�i�h��
�\�h�� �b�e�b�� �b�g�^�b�\�b�^�m�Z�e�g�h�� �d�t�f�� �d�h�g�k�m�f�Z�l�h�j�b�l�_. 
�K�l�Z�j�l�b�j�Z�g�_�l�h�� �g�Z�� �f�h�^�_�e�Z�� �k�e�_�^�� �k�\�t�j�a�\�Z�g�_�l�h��
�g�Z�� �d�h�f�i�_�g�k�b�j�Z�s�Z�l�Z�� �[�Z�l�_�j�b�y�� �b�a�j�Z�\�g�y�\�Z �g�b��
�\�Z�l�Z���g�Z���g�Z�i�j�_�`�_�g�b�_�l�h���\�� �g�Z�q�Z�e�h�l�h���b���d�j�Z�y���g�Z��
�^�Z�e�_�d�h�i�j�h�\�h�^�Z �k�� �^�t�e�`�b�g�Z�� �h�l�� �������d�f. �D�Z�q�_�k��
�l�\�h�l�h�� �g�Z�� �i�j�_�g�_�k�_�g�Z�l�Z�� �_�g�_�j�]�b�y�l�Z���^�h�� �d�h�g�k�m��
�f�Z�l�h�j�b�l�_ �k�_�� �i�h�^�h�[�j�y�\�Z���� �g�h�j�f�Z�e�b�a�b�j�Z�� �k�_��
�]�h�e�_�f�b�g�Z�l�Z���g�Z���j�_�Z�d�l�b�\�g�Z���_�g�_�j�]�b�y�����g�Z�f�Z�e�y�\�Z��
�k�_ �a�Z�]�m�[�Z�l�Z�� �g�Z�� �Z�d�l�b�\�g�Z�� �f�h�s�g�h�k�l���� �d�Z�l�h�� �k�_��
�m�\�_�e�b�q�Z�\�Z �d�Z�i�Z�p�b�l�_�l�Z�� �g�Z�� �f�h�s�g�h�k�l�� �g�Z�� �^�Z�e�_��
�d�h�i�j�h�\�h�^�Z�� �b�� �k�_�� �d�h�f�i�_�g�k�b�j�Z�l�� �^�b�g�Z�f�b�q�g�b�l�_��
�d�h�e�_�[�Z�g�b�y���g�Z���f�h�s�g�h�k�l�l�Z. 
 �‡�� �G�_�^�h�k�l�Z�l�t�d�� �g�Z �l�h�a�b �f�_�l�h�^�� �a�Z�� �d�h�f��
�i�_�g�k�Z�p�b�y�� �_�� �\�t�a�g�b�d�\�Z�g�_�l�h�� �i�h�g�y�d�h�]�Z�� �g�Z �k�m��
�f �Z�j�g�h�� �i�j�_�d�h�f�i�_�g�k�b�j�Z�g�_�� �g�Z�� �f�j�_�`�Z�l�Z�� �L�h�\�Z��
�g�Z�e�Z�]�Z���\�t�\�_�`�^�Z�g�_�l�h���g�Z �Z�\�l�h�f�Z�l�b�q�_�g���j�_�]�m�e�Z��
�l�h�j �g�Z�� �j�_�Z�d�l�b�\�g�Z�l�Z�� �_�g�_�j�]�b�y�� �k�t�h�[�j�Z�a�_�g�h�� �k��
�j�_�`�b�f�Z���g�Z���g�Z�l�h�\�Z�j�\�Z�g�_�����d�h�]�Z�l�h���i�h�l�j�_�[�e�_�g�b��
�_�l�h �g�Z�f�Z�e�y�\�Z���b�� �g�Z�i�j�_�`�_�g�b�_�l�h�� �\���f�j�_�`�Z�l�Z�� �k�_��
�m�\�_�e�b�q�Z�\�Z�� �k�� �g�Z�^�� ������ �h�l �g�h�f�b�g�Z�e�g�h�l�h���� �K�t�a��
�^�Z�\�Z�l�� �k�_�� �i�j�_�^�i�h�k�l�Z�\�d�b�� �a�Z�� �\�t�a�g�b�d�\�Z�g�_�� �g�Z��
�i�j�_�g�Z�i�j�_�`�_�g�b�y �b���k�_�� �g�Z�e�Z�]�Z�� �b�a�d�e�x�q�\�Z�g�_�� �g�Z��
�d�h�g�^�_�g�a�Z�l�h�j�g�b�l�_���[�Z�l�_�j�b�b�� 

�‡�� �I�j�h�_�d�l�b�j�Z�g�_�l�h�� �q�j�_�a�� �f�h�^�_�e�b�j�Z�g�_�� �k 
�d�h�f�i�_�g�k�Z�p�b�y�� �g�Z�� �j�_�Z�d�l�b�\�g�Z�� �_�g�_�j�]�b�y�� �_�� �k�\�t�j��
�a�Z�g�h�� �k�t�k�� �k�i�_�p�b�n�b�q�g�b�� �b�a�q�b�k�e�_�g�b�y �a�Z�� �g�Z�f�b��
�j�Z�g�_���g�Z���h�i�l�b�f�Z�e�g�b�y�l���\�Z�j�b�Z�g�l�����K�t�\�j�_�f�_�g�g�b��
�l�_�� �f�_�l�h�^�b�� �g�Z�� �b�a�q�b�k�e�_�g�b�y�� �\�_�q�_�� �\�d�e�x�q�\�Z�l�� �b��
�i�j�h�]�j�Z�f�g�b�l�_�� �i�j�h�^�m�d�l�b�� �a�Z�� �k�b�f�m�e�Z�p�b�y���� �m�e�_�k��
�g�y�\�Z�s�b�� �i�j�h�_�d�l�b�j�Z�g�_�l�h �>������ ���@. �I�j�_�^�b�f�k�l�\�h��
�g�Z�� �i�j�h�]�j�Z�f�Z�l�Z�� �6�L�P�X�O�L�Q�N �_�� �_�d�k�i�_�j�b�f�_�g�l�b�j�Z��
�g�_�l�h���k���j�Z�a�e�b�q�g�b���\�Z�j�b�Z�g�l�b���g�Z���d�h�f�i�_�g�k�b�j�Z�g�_��
�b�� �d���k������ �d�h�_�l�h�� �g�Z�f�Z�e�y�\�Z�� �n�b�g�Z�g�k�h�\�b�l�_�� �k�j�_�^�k�l��
�\�Z �a�Z�� �i�j�Z�d�l�b�q�_�k�d�Z�� �j�_�Z�e�b�a�Z�p�b�y�� �I�h�j�Z�^�b�� �]�h��
�e�_�f�b�l�_�� �d�Z�i�b�l�Z�e�h�\�e�h�`�_�g�b�y�� �a�Z�� �j�_�Z�e�b�a�b�j�Z�g�_��
�g�Z���_�e�_�d�l�j�b�q�_�k�d�b�l�_���f�j�_�`�b �\�k�_���i�h�\�_�q�_���n�b�j�f�b��
�b�a�]�h�l�\�y�l�� �k�\�h�b�l�_�� �i�j�h�_�d�l�b�� �q�j�_�a�� �k�t�\�j�_�f�_�g�_�g��
�f�_�l�h�^ – �f�h�^�_�e�b�j�Z�g�_�� �k�t�k�� �k�h�n�l�m�_�j�g�b�� �i�j�h�]��
�j�Z�f�g�b���i�j�h�^�m�d�l�b.  
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