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�M�>�D������������ 
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�;�h�g�q-�;�j�m�_�\�b�q�Z�� �[�Z�a�h�\�Z�y�� �d�Z�n�_�^�j�Z�� �\�u�k�h�d�h�k�d�h�j�h�k�l�g�u�o�� �f�Z�]�b�k�l�j�Z�e�v�g�u�o�� �l�j�Z�g�k�i�h�j�l�g�u�o��
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�G�Z�� �[�Z�a�h�\�h�c�� �d�Z�n�_�^�j�_�� �j�_�Z�e�b�a�m�x�l�k�y�� �g�_�k�d�h�e�v�d�h�� �i�j�h�]�j�Z�f�f�� �h�[�m�q�_�g�b�y��- 
�h�k�g�h�\�g�Z�y�� �]�h�^�h�\�Z�y�� �i�j�h�]�j�Z�f�f�Z�� ���������� �Z�d�Z�^�_�f�b�q�_�k�d�b�o�� �q�Z�k�Z���� �^�e�y�� �k�l�m�^�_�g�l�h�\��
�k�l�Z�j�r�b�o���d�m�j�k�h�\���[�Z�d�Z�e�Z�\�j�b�Z�l�Z���b���k�i�_�p�b�Z�e�b�l�_�l�Z�����m�k�d�h�j�_�g�g�u�c���d�m�j�k���h�[�m�q�_�g�b�y����������
�q�Z�k�Z���� �^�e�y�� �f�Z�]�b�k�l�j�h�\�� �b�� �\�u�i�m�k�d�g�u�o�� �d�m�j�k�h�\�� �[�Z�d�Z�e�Z�\�j�b�Z�l�Z�� �b�� �k�i�_�p�b�Z�e�b�l�_�l�Z���� �Z��
�l�Z�d�`�_���i�j�h�]�j�Z�f�f�Z���i�h�\�u�r�_�g�b�y���d�\�Z�e�b�n�b�d�Z�p�b�b���k�i�_�p�b�Z�e�b�k�l�h�\�����d�m�j�k�u���i�h�\�u�r�_�g�b�y��
�d�\�Z�e�b�n�b�d�Z�p�b�b������ �W�l�h�l�� �i�h�^�o�h�^�� �k�n�h�j�f�b�j�h�\�Z�e�k�y�� �i�h�� �b�l�h�]�Z�f�� �i�_�j�\�h�]�h�� �]�h�^�Z��
�Z�d�l�b�\�g�h�c�� �h�[�j�Z�a�h�\�Z�l�_�e�v�g�h�c�� �^�_�y�l�_�e�v�g�h�k�l�b�� �[�Z�a�h�\�h�c�� �d�Z�n�_�^�j�u���� �;�u�e�b�� �m�q�l�_�g�u��
�l�j�m�^�g�h�k�l�b�� �b�� �g�_�k�h�\�_�j�r�_�g�k�l�\�Z���� �k�\�y�a�Z�g�g�u�_�� �k�� �h�l�k�m�l�k�l�\�b�_�f�� �k�l�j�h�]�h��
�j�_�]�e�Z�f�_�g�l�b�j�h�\�Z�g�g�u�o�� �i�j�Z�\�b�e�� �g�Z�[�h�j�Z�� �k�e�m�r�Z�l�_�e�_�c�� ���\�� �i�_�j�\�h�f�� �i�h�l�h�d�_��
�a�Z�g�b�f�Z�e�b�k�v�� �k�l�m�^�_�g�l�u�� �j�Z�a�g�u�o���d�m�j�k�h�\�� �h�[�m�q�_�g�b�y�� �[�Z�d�Z�e�Z�\�j�b�Z�l�Z���� �k�i�_�p�b�Z�e�b�l�_�l�Z���b��
�f�Z�]�b�k�l�j�Z�l�m�j�u������ �<�� �i�_�j�\�h�f�� �i�h�e�m�]�h�^�b�b�� ���������� �]�h�^�Z�� �\�� �h�i�u�l�g�h�f�� �n�h�j�f�Z�l�_��
�j�_�Z�e�b�a�h�\�Z�e�b�� �³�m�k�d�h�j�_�g�g�u�c�� �d�m�j�k�´�� �i�h�� �h�[�m�q�_�g�b�x�� �k�l�m�^�_�g�l�h�\���� �a�Z�\�_�j�r�Z�\�r�b�o�� �k�\�h�_��
�h�[�m�q�_�g�b�_���\���m�g�b�\�_�j�k�b�l�_�l�_�����;�Z�a�h�\�Z�y���d�Z�n�_�^�j�Z���^�Z�e�Z���\�h�a�f�h�`�g�h�k�l�v���[�_�a���i�y�l�b-�f�b�g�m�l��
�\�u�i�m�k�d�g�b�d�Z�f�� �[�Z�d�Z�e�Z�\�j�b�Z�l�Z�� �b�� �f�Z�]�b�k�l�j�Z�l�m�j�u���� �`�_�e�Z�x�s�b�f�� �i�h�e�m�q�b�l�v�� �a�g�Z�g�b�y�� �i�h��
DWDM-�l�_�o�g�h�e�h�]�b�b���� �b�k�i�h�e�v�a�h�\�Z�l�v�� �k�\�h�c�� �r�Z�g�k�� �h�[�m�q�_�g�b�y�� �g�Z�� �[�Z�a�h�\�h�c�� �d�Z�n�_�^�j�_����
�D�m�j�k�� �[�u�e�� �f�b�g�b�f�b�a�b�j�h�\�Z�g�� �\�� �h�[�t�_�f�_�� �l�_�h�j�b�b�� �b�� �i�j�Z�d�l�b�d�b���� �g�h�� �h�[�_�k�i�_�q�b�\�Z�e��
�i�h�e�m�q�_�g�b�_�� �i�_�j�\�b�q�g�u�o���� �k�Z�f�u�o�� �g�_�h�[�o�h�^�b�f�u�o���� �i�j�_�^�k�l�Z�\�e�_�g�b�c�� �b�� �a�g�Z�g�b�c�� �h�[��
�Z�d�l�m�Z�e�v�g�h�c�� �b�� �\�h�k�l�j�_�[�h�\�Z�g�g�h�c�� �l�_�o�g�h�e�h�]�b�b���� �I�j�_�^�e�Z�]�Z�y�� �i�j�h�]�j�Z�f�f�m�� �i�h��
�i�h�\�u�r�_�g�b�x�� �d�\�Z�e�b�n�b�d�Z�p�b�b�� �k�i�_�p�b�Z�e�b�k�l�h�\���� �[�Z�a�h�\�Z�y�� �d�Z�n�_�^�j�Z��
�j�m�d�h�\�h�^�k�l�\�h�\�Z�e�Z�k�v�� �\�u�k�h�d�h�c�� �\�h�k�l�j�_�[�h�\�Z�g�g�h�k�l�v�x�� �d�m�j�k�Z�� �b�g�`�_�g�_�j�Z�f�b�� �b��
�i�j�h�_�d�l�b�j�h�\�s�b�d�Z�f�b�� �b�� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�f�b�� �h�[�j�Z�s�_�g�b�y�f�b�� �h�l�� �k�i�_�p�b�Z�e�b�k�l�h�\��
�h�l�j�Z�k�e�b���a�Z���d�h�g�d�j�_�l�g�u�f�b���d�h�g�k�m�e�v�l�Z�p�b�y�f�b�� 

�K�l�j�_�f�y�k�v�� �d�� �\�u�k�h�d�h�f�m�� �d�Z�q�_�k�l�\�m�� �h�[�m�q�_�g�b�y�� �k�e�m�r�Z�l�_�e�_�c���� �[�Z�a�h�\�Z�y�� �d�Z�n�_�^�j�Z��
�g�_�� �l�h�e�v�d�h�� �h�[�_�k�i�_�q�b�\�Z�_�l�� �\�u�k�h�d�b�c�� �m�j�h�\�_�g�v�� �i�h�^�Z�q�b�� �f�Z�l�_�j�b�Z�e�Z�� �k�\�h�_�c��
�h�[�j�Z�a�h�\�Z�l�_�e�v�g�h�c�� �i�j�h�]�j�Z�f�f�u���� �g�h�� �b�� �f�h�l�b�\�b�j�m�_�l�� �k�l�m�^�_�g�l�h�\�� �³�i�h�^�l�y�g�m�l�v�k�y�´�� �i�h��
�h�k�g�h�\�g�h�f�m�� �d�m�j�k�m�� �h�[�m�q�_�g�b�y���� �H�^�g�h�� �b�a�� �h�k�g�h�\�g�u�o�� �l�j�_�[�h�\�Z�g�b�c�� �i�j�b�� �i�h�k�l�m�i�e�_�g�b�b��
�g�Z�� �[�Z�a�h�\�m�x�� �d�Z�n�_�^�j�m��- �h�l�k�m�l�k�l�\�b�_�� �a�Z�^�h�e�`�_�g�g�h�k�l�_�c���� �B�f�_�g�g�h�� �i�j�b�g�p�b�i��
�k�h�[�e�x�^�_�g�b�y�� �[�Z�e�Z�g�k�Z�� �\�u�k�h�d�h�c�� �a�Z�b�g�l�_�j�_�k�h�\�Z�g�g�h�k�l�b�� �k�l�m�^�_�g�l�h�\�� �i�j�b��
�i�h�k�l�m�i�e�_�g�b�b�� �g�Z�� �[�Z�a�h�\�m�x�� �d�Z�n�_�^�j�m�� �b�� �h�l�\�_�l�k�l�\�_�g�g�h�]�h�� �h�l�g�h�r�_�g�b�y�� �d�� �h�[�m�q�_�g�b�x��
�i�h�� �h�k�g�h�\�g�h�c�� �i�j�h�]�j�Z�f�f�_�� �[�u�e�� �i�j�b�g�y�l�� �b�� �i�j�h�l�_�k�l�b�j�h�\�Z�g�� �\�� �d�Z�q�_�k�l�\�_�� �n�h�j�f�Z�l�Z��
�h�l�[�h�j�Z���\���w�l�h�f���]�h�^�m�����H�l�[�h�j�h�q�g�Z�y���d�h�f�b�k�k�b�y���\�u�g�m�`�^�_�g�Z���[�u�e�Z���h�l�d�Z�a�Z�l�v���\���i�j�b�_�f�_��
�k�l�m�^�_�g�l�Z�f���� �b�f�_�x�s�b�f�� �a�g�Z�q�b�l�_�e�v�g�h�_�� �q�b�k�e�h�� �a�Z�^�h�e�`�_�g�g�h�k�l�_�c���� �K�l�m�^�_�g�l�u����
�b�f�_�x�s�b�_�� �j�y�^�� �a�Z�^�h�e�`�_�g�g�h�k�l�_�c���� �g�h�� �m�[�_�^�b�\�r�b�_�� �d�h�f�b�k�k�b�x�� �k�\�h�_�c�� �\�u�k�h�d�h�c��
�f�h�l�b�\�b�j�h�\�Z�g�g�h�k�l�v�x�� �\�� �h�[�m�q�_�g�b�b���� �[�u�e�b�� �a�Z�q�b�k�e�_�g�u�� �m�k�e�h�\�g�h���� �k�� �h�[�y�a�Z�l�_�e�v�k�l�\�h�f��
�b�k�i�j�Z�\�e�_�g�b�y���k�\�h�_�c���Z�d�Z�^�_�f�b�q�_�k�d�h�c���m�k�i�_�\�Z�_�f�h�k�l�b���������;�h�e�v�r�Z�y���q�Z�k�l�v���b�a���l�_�o�����d�l�h��
�i�j�b�r�_�e���a�Z���g�h�\�u�f�b���a�g�Z�g�b�y�f�b���k���a�Z�^�h�e�`�_�g�g�h�k�l�v�x���i�h���h�k�g�h�\�g�h�f�m���d�m�j�k�m�����k�_�]�h�^�g�y��
�m�`�_���a�Z�d�j�u�e�b���k�\�h�b���^�h�e�]�b���b���l�_�i�_�j�v���\�k�_���k�\�h�[�h�^�g�h�_���\�j�_�f�y���i�h�k�\�y�s�Z�x�l���'�:�'�0���� 

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

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

�k�i�_�p�b�Z�e�b�l�_�l�Z�����>�e�y���i�h�k�e�_�^�g�b�o���k�^�_�e�Z�g�h���b�k�d�e�x�q�_�g�b�_���± �a�Z�q�b�k�e�_�g�u���k�l�m�^�_�g�l�u���d�Z�d��
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5-�]�h�� ���\�u�i�m�k�d�g�h�]�h���� �l�Z�d�� �b�� ��-�]�h�� �d�m�j�k�Z���� �K�e�m�r�Z�l�_�e�b�� �i�j�_�^�k�l�Z�\�e�y�x�l�� �j�Z�a�g�u�_��
�g�Z�i�j�Z�\�e�_�g�b�y�� �i�h�^�]�h�l�h�\�d�b�� �b�� �j�Z�a�g�u�_�� �n�Z�d�m�e�v�l�_�l�u���� �K�_�]�h�^�g�y�� �g�Z�� �[�Z�a�h�\�h�c�� �d�Z�n�_�^�j�_��
�i�h�e�m�q�Z�x�l���^�h�i�h�e�g�b�l�_�e�v�g�h�_���h�[�j�Z�a�h�\�Z�g�b�_���k�l�m�^�_�g�l�u���B�D�K�K�����J�L�K�����B�K�b�L�� 

- �i�Z�j�Z�e�e�_�e�v�g�h�� �k�h�^�_�j�`�Z�l�_�e�v�g�h�f�m�� �[�e�h�d�m�� �l�_�h�j�b�b���� �h�k�\�_�s�Z�_�f�h�c��
�\�u�k�h�d�h�d�\�Z�e�b�n�b�p�b�j�h�\�Z�g�g�u�f�b�� �b�� �h�i�u�l�g�u�f�b�� �i�j�_�i�h�^�Z�\�Z�l�_�e�y�f�b�� �d�Z�n�_�^�j�u�� �N�b�E�K����
�d�e�Z�k�k�g�u�f�b�� �i�j�h�n�_�k�k�b�h�g�Z�e�Z�f�b��- �k�i�_�p�b�Z�e�b�k�l�Z�f�b�� �d�h�f�i�Z�g�b�b�� �L������ �k�e�m�r�Z�l�_�e�b��
�i�h�]�j�m�`�Z�x�l�k�y�� �\�� �f�b�j�� �i�j�Z�d�l�b�d�b���� �Z�d�l�b�\�g�h�� �b�a�m�q�Z�x�l�� �h�[�h�j�m�^�h�\�Z�g�b�_�� �L������
�h�l�j�Z�[�Z�l�u�\�Z�x�l�� �i�j�Z�d�l�b�q�_�k�d�b�_�� �g�Z�\�u�d�b�� �j�Z�[�h�l�u�� �k�� �'�:�'�0-�d�h�f�i�e�_�d�k�h�f�� �³�<�h�e�]�Z�´����
�d�h�l�h�j�u�f���h�k�g�Z�s�_�g�Z���e�Z�[�h�j�Z�l�h�j�b�y���[�Z�a�h�\�h�c���d�Z�n�_�^�j�u�� 

�I�h�� �b�l�h�]�Z�f�� �i�h�e�m�l�h�j�Z�� �e�_�l�� �k�m�s�_�k�l�\�h�\�Z�g�b�y�� �[�Z�a�h�\�Z�y�� �d�Z�n�_�^�j�Z�� �^�h�[�b�e�Z�k�v��
�j�Z�a�\�b�l�b�y�� �k�\�h�_�c���i�j�Z�d�l�b�q�_�k�d�h�c�� �[�Z�a�u���� �<�� �e�Z�[�h�j�Z�l�h�j�b�b�� �d�Z�n�_�^�j�u�� �m�k�l�Z�g�h�\�e�_�g�u��
�l�_�e�_�d�h�f�f�m�g�b�d�Z�p�b�h�g�g�Z�y�� �k�l�h�c�d�Z���� �m�d�h�f�i�e�_�d�l�h�\�Z�g�g�Z�y�� �^�\�m�f�y�� �r�Z�k�k�b�� �9������
�i�j�b�h�[�j�_�l�_�g�h�� �b�a�f�_�j�b�l�_�e�v�g�h�_�� �b�� �l�_�k�l�b�j�m�x�s�_�_�� �h�[�h�j�m�^�h�\�Z�g�b�_���� �g�_�h�[�o�h�^�b�f�u�c��
�d�h�f�i�e�_�d�l�� �h�i�l�b�q�_�k�d�b�o�� �i�j�b�_�f�h-�i�_�j�_�^�Z�x�s�b�o�� �f�h�^�m�e�_�c���� �Z�i�i�Z�j�Z�l�u�� �^�e�y�� �k�\�Z�j�d�b��
�h�i�l�b�q�_�k�d�h�]�h�� �\�h�e�h�d�g�Z���� �g�Z�[�h�j�u�� �f�h�g�l�Z�`�g�u�o�� �b�g�k�l�j�m�f�_�g�l�h�\�� �b�� �j�Z�k�o�h�^�g�u�_��
�f�Z�l�_�j�b�Z�e�u���� �H�k�g�Z�s�_�g�b�_�� �l�_�o�g�h�e�h�]�b�q�_�k�d�h�c�� �i�e�h�s�Z�^�d�b�� �^�h�i�h�e�g�_�g�h��
�^�h�j�h�]�h�k�l�h�y�s�b�f�� �h�[�h�j�m�^�h�\�Z�g�b�_�f���� �i�j�_�^�h�k�l�Z�\�e�_�g�g�u�f�� �d�Z�n�_�^�j�h�c�� �n�h�l�h�g�b�d�b�� �b��
�e�b�g�b�c�� �k�\�y�a�b�� ���Z�g�Z�e�b�a�Z�l�h�j�� �k�i�_�d�l�j�Z������ �Z�� �l�Z�d�`�_���� �\�� �j�_�`�b�f�_�� �\�j�_�f�_�g�g�h�]�h��
�i�h�e�v�a�h�\�Z�g�b�y���� �\�� �i�_�j�b�h�^�� �i�j�h�\�_�^�_�g�b�y�� �g�Z�b�[�h�e�_�_�� �\�Z�`�g�u�o�� �b�k�k�e�_�^�h�\�Z�g�b�c����
�h�i�l�b�q�_�k�d�b�f�� �h�k�p�b�e�e�h�]�j�Z�n�h�f���� �Z�d�l�b�\�g�h�� �a�Z�^�_�c�k�l�\�h�\�Z�g�g�u�f�� �\�� �b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�b�o��
�j�Z�[�h�l�Z�o�� �\�� �g�Z�m�q�g�h�f�� �p�_�g�l�j�_�� �d�h�f�i�Z�g�b�b�� �L������ �� �B�f�_�x�s�Z�y�k�y�� �[�Z�a�Z�� �h�[�_�k�i�_�q�b�\�Z�_�l��
�\�h�a�f�h�`�g�h�k�l�v�� �i�j�h�\�_�^�_�g�b�y�� �d�h�f�i�e�_�d�k�Z�� �e�Z�[�h�j�Z�l�h�j�g�u�o�� �j�Z�[�h�l���� �k�� �i�j�h�\�_�^�_�g�b�_�f��
�j�Z�a�e�b�q�g�u�o�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �b�� �Z�g�Z�e�b�a�Z�� �n�m�g�d�p�b�h�g�b�j�h�\�Z�g�b�y�� �h�[�h�j�m�^�h�\�Z�g�b�y�� �b��
�h�i�l�b�q�_�k�d�b�o�� �d�h�f�i�h�g�_�g�l�h�\���� �f�h�^�_�e�b�j�h�\�Z�g�b�y�� �p�_�e�h�]�h�� �k�i�_�d�l�j�Z�� �Z�\�Z�j�b�c�g�u�o��
�k�b�l�m�Z�p�b�c�� �g�Z�� �l�j�Z�g�k�i�h�j�l�g�h�c�� �k�_�l�b���� �<�u�i�h�e�g�_�g�b�_�� �i�j�Z�d�l�b�q�_�k�d�b�o�� �a�Z�^�Z�g�b�c�� �\��
�e�Z�[�h�j�Z�l�h�j�b�b�� �[�Z�a�h�\�h�c�� �d�Z�n�_�^�j�u�� �i�h�a�\�h�e�y�_�l�� �k�l�m�^�_�g�l�m�� �i�j�b�d�h�k�g�m�l�v�k�y�� �d��
�j�_�Z�e�v�g�h�k�l�b�����i�h�q�m�\�k�l�\�h�\�Z�l�v���k�_�[�y���q�_�f-�l�h���[�h�e�v�r�b�f�����q�_�f���³�i�j�h�k�l�h���k�l�m�^�_�g�l�´��- �m�`�_��
�k�_�c�q�Z�k�� �b�a�� �g�b�o�� �j�Z�k�l�m�l�� �b�� �h�n�h�j�f�e�y�x�l�k�y�� �b�g�`�_�g�_�j�u���� �E�Z�[�h�j�Z�l�h�j�g�u�_�� �j�Z�[�h�l�u��
�k�e�m�r�Z�l�_�e�b�� �d�Z�n�_�^�j�u�� �\�u�i�h�e�g�y�x�l�� �[�j�b�]�Z�^�Z�f�b��- �]�j�m�i�i�Z�f�b�� �i�h�� ��-���� �q�_�e�h�\�_�d�Z���� �W�l�h��
�i�j�h�^�b�d�l�h�\�Z�g�h�� �^�\�m�f�y�� �n�Z�d�l�h�j�Z�f�b���� �=�e�Z�\�g�u�c���± �k�l�j�_�f�e�_�g�b�_���� �q�l�h�[�u�� �d�Z�`�^�u�c��
�k�e�m�r�Z�l�_�e�v���k�l�Z�e���Z�d�l�b�\�g�u�f���m�q�Z�k�l�g�b�d�h�f���i�j�h�p�_�k�k�Z�����<�l�h�j�h�c�����d�h�l�h�j�u�c���i�j�b�o�h�^�b�l�k�y��
�m�q�b�l�u�\�Z�l�v���� �h�j�]�Z�g�b�a�h�\�u�\�Z�y�� �i�j�Z�d�l�b�q�_�k�d�b�_�� �a�Z�g�y�l�b�y����-�h�]�j�Z�g�b�q�_�g�g�h�k�l�v��
�i�j�h�i�m�k�d�g�h�c���k�i�h�k�h�[�g�h�k�l�b���e�Z�[�h�j�Z�l�h�j�b�b�����H�[�Z���n�Z�d�l�h�j�Z���y�\�e�y�x�l�k�y���k�m�s�_�k�l�\�_�g�g�u�f��
�h�k�g�h�\�Z�g�b�_�f�� �^�e�y�� �i�h�k�l�Z�g�h�\�d�b�� �b�� �j�_�r�_�g�b�y�� �a�Z�^�Z�q�b�� �^�Z�e�v�g�_�c�r�_�]�h�� �j�Z�k�r�b�j�_�g�b�y��
�i�e�h�s�Z�^�d�b���b���f�Z�l�_�j�b�Z�e�v�g�h�c���[�Z�a�u���[�Z�a�h�\�h�c���d�Z�n�_�^�j�u�� 

�<�Z�`�g�h���h�l�f�_�l�b�l�v���f�_�l�h�^�b�q�_�k�d�m�x���j�h�e�v���%�7�&���'�:�'�0���\���h�[�m�q�_�g�b�_���k�l�m�^�_�g�l�h�\����
�F�g�h�]�b�_���k�l�m�^�_�g�l�u�� �d�Z�n�_�^�j�u�� �N�b�E�K���m�`�_���i�h�i�j�h�[�h�\�Z�e�b�� �k�\�h�b���k�b�e�u���\���i�j�h�\�_�^�_�g�b�b��
�g�Z�k�l�h�y�s�_�]�h�� �g�Z�m�q�g�h�]�h�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �b�� �h�p�_�g�b�e�b�� �m�\�e�_�d�Z�l�_�e�v�g�h�k�l�v�� �i�j�h�p�_�k�k�Z����
�<�u�i�m�k�d�g�b�d�b�� �[�Z�d�Z�e�Z�\�j�b�Z�l�Z�� �\�� ���������� �]�h�^�m�� �b�k�i�h�e�v�a�h�\�Z�e�b�� �j�_�a�m�e�v�l�Z�l�u�� �k�\�h�_�c��
�g�Z�m�q�g�h�c�� �j�Z�[�h�l�u�� �g�Z�� �[�Z�a�h�\�h�c�� �d�Z�n�_�^�j�_�� �i�j�b�� �i�h�^�]�h�l�h�\�d�_�� �\�u�i�m�k�d�g�u�o��
�d�\�Z�e�b�n�b�d�Z�p�b�h�g�g�u�o���j�Z�[�h�l�����K���h�i�h�j�h�c���g�Z���h�i�u�l���i�j�Z�d�l�b�q�_�k�d�b�o���a�Z�g�y�l�b�c���\�h���\�j�_�f�y��
�i�_�j�\�h�]�h�� �]�h�^�Z�� �j�Z�[�h�l�u�� �d�Z�n�_�^�j�u���� �Z�� �l�Z�d�`�_�� �j�_�a�m�e�v�l�Z�l�u�� �i�j�h�\�_�^�_�g�b�y��
�i�j�h�b�a�\�h�^�k�l�\�_�g�g�h�c�� �i�j�Z�d�l�b�d�b�� �b�� �G�B�J�� �i�h�� �a�Z�\�_�j�r�_�g�b�b�� �h�[�m�q�_�g�b�y�� �i�h�^�]�h�l�h�\�e�_�g�u��
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�f�_�l�h�^�b�q�_�k�d�b�_�� �m�d�Z�a�Z�g�b�y�� �i�h�� �d�h�f�i�e�_�d�k�m�� �e�Z�[�h�j�Z�l�h�j�g�u�o�� �j�Z�[�h�l�� �g�Z�� �h�[�h�j�m�^�h�\�Z�g�b�b��
�©�<�h�e�]�Z�ª���� �N�h�j�f�b�j�h�\�Z�g�b�_�� �f�_�l�h�^�b�q�_�k�d�b�o�� �f�Z�l�_�j�b�Z�e�h�\�� �^�e�y�� �\�u�i�h�e�g�_�g�b�y��
�j�Z�k�r�b�j�y�x�s�_�]�h�k�y�� �i�_�j�_�q�g�y�� �i�j�Z�d�l�b�q�_�k�d�b�o�� �a�Z�^�Z�g�b�c�� �b�� �g�h�\�u�o�� �b�g�`�_�g�_�j�g�u�o�� �a�Z�^�Z�q��
�i�j�h�^�h�e�`�Z�_�l�k�y�� �i�h�k�l�h�y�g�g�h���� �K�l�m�^�_�g�l�u���� �a�Z�g�b�f�Z�x�s�b�_�k�y�� �g�Z�� �[�Z�a�h�\�h�c�� �d�Z�n�_�^�j�_���� �d�Z�d��
�_�_���g�_�^�Z�\�g�b�_���\�u�i�m�k�d�g�b�d�b���\���w�l�m���j�Z�[�h�l�m���\�h�\�e�_�q�_�g�u�������I�h�`�Z�e�m�c�����h�k�g�h�\�g�h�c���i�h�k�u�e��
�h�[�m�q�_�g�b�y�� �g�Z�� �d�Z�n�_�^�j�_��- �g�_�� �k�l�h�y�l�v�� �g�Z�� �f�_�k�l�_���� �K�� �l�Z�d�b�f�� �e�h�a�m�g�]�h�f�� �f�h�`�g�h�� �g�_��
�i�_�j�_�`�b�\�Z�l�v���h���i�h�l�_�j�b���Z�d�l�m�Z�e�v�g�h�k�l�b���>���@���� 

�<�� �a�Z�d�e�x�q�_�g�b�_���� �i�h�^�q�_�j�d�b�\�Z�y���� �q�l�h�� �n�h�j�f�Z�l�� �^�h�i�h�e�g�b�l�_�e�v�g�h�]�h�� �h�[�j�Z�a�h�\�Z�g�b�y��
�g�Z���[�Z�a�h�\�h�c���d�Z�n�_�^�j�_�����g�_���k�l�h�e�v���`�_�k�l�d�h���i�h�^�q�b�g�_�g�g�u�c���j�_�]�e�Z�f�_�g�l�Z�f�����i�j�Z�\�b�e�Z�f���b��
�g�h�j�f�Z�l�b�\�Z�f�����i�h�j�h�c���\���g�_�d�h�l�h�j�u�o���f�h�f�_�g�l�Z�o���n�h�j�f�Z�e�b�a�m�x�s�b�c���b���©�h�k�l�m�`�Z�x�s�b�c�ª��
�h�[�j�Z�a�h�\�Z�l�_�e�v�g�m�x�� �n�m�g�d�p�b�x���� �[�e�Z�]�h�i�j�b�y�l�_�g�� �^�e�y�� �b�a�[�b�j�Z�l�_�e�v�g�h�]�h�� �\�d�m�k�Z��
�k�h�\�j�_�f�_�g�g�h�]�h���k�l�m�^�_�g�l�Z�����%�7�&���'�:�'�0���\�u�k�l�m�i�Z�_�l���i�e�h�s�Z�^�d�h�c�����k�h�[�b�j�Z�x�s�_�c���i�h�^��
�k�\�h�_�� �g�Z�k�l�Z�\�g�b�q�_�k�l�\�h�� �k�l�m�^�_�g�l�h�\���� �h�l�e�b�q�Z�x�s�b�o�k�y�� �\�u�k�h�d�h�c�� �f�h�l�b�\�Z�p�b�_�c�� �\��
�i�h�e�m�q�_�g�b�b���a�g�Z�g�b�c�� �L�Z�d�h�c���h�l�d�e�b�d���h�l���k�l�m�^�_�g�l�h�\���i�h�a�b�l�b�\�g�h���\�e�b�y�_�l���g�Z���d�Z�q�_�k�l�\�h��
�h�[�j�Z�a�h�\�Z�g�b�y���� �Z�� �i�j�Z�d�l�b�q�_�k�d�Z�y�� �h�j�b�_�g�l�Z�p�b�y�� �^�b�k�p�b�i�e�b�g�u�� �n�h�j�f�b�j�m�_�l��
�g�_�h�[�o�h�^�b�f�h�_�� �k�h�h�l�\�_�l�k�l�\�b�_�� �i�h�^�]�h�l�h�\�d�b�� �g�Z�r�b�o�� �\�u�i�m�k�d�g�b�d�h�\�� �l�j�_�[�h�\�Z�g�b�y�f�� �d��
�k�i�_�p�b�Z�e�b�k�l�Z�f���g�Z���j�u�g�d�_���l�j�m�^�Z�� 

 
�K�i�b�k�h�d���b�k�i�h�e�v�a�m�_�f�u�o���b�k�l�h�q�g�b�d�h�\���� 
1. �L�j�_�s�b�d�h�\���<���G�������E�b�k�l�\�b�g���<���G�������'�:�'�0-�k�b�k�l�_�f�u���,�9�����F�����L�_�o�g�h�k�n�_�j�Z���������������������k�� 
2. �<�Z�k�b�e�v�_�\�Z���L���B�������K�h�h�l�\�_�l�k�l�\�h�\�Z�l�v���k�h�\�j�_�f�_�g�g�u�f���\�u�a�h�\�Z�f���������N�h�l�h�g-�W�d�k�i�j�_�k�k��������������

�]�����‹�������K��������-15. 
3. �;�_�k�k�h�g�h�\�Z�� �?���>������ �?�j�f�h�e�Z�_�\�� �:���:������ �A�h�a�m�e�y�� �=���K������ �B�k�k�e�_�^�h�\�Z�g�b�_�� �j�Z�[�h�l�u�� �w�j�[�b�_�\�h�]�h��

�m�k�b�e�b�l�_�e�y�� ���(�'�)�$���� ������ �<�k�_�j�h�k�k�b�c�k�d�Z�y�� �g�Z�m�q�g�h-�l�_�o�g�b�q�_�k�d�Z�y�� �b�� �g�Z�m�q�g�h-�f�_�l�h�^�b�q�_�k�d�Z�y��
�d�h�g�n�_�j�_�g�p�b�y�� �f�Z�]�b�k�l�j�Z�g�l�h�\�� �b�� �b�o�� �j�m�d�h�\�h�^�b�l�_�e�_�c���� �K�[�h�j�g�b�d�� �e�m�q�r�b�o�� �^�h�d�e�Z�^�h�\�� �d�h�g�n������
�f�Z�l�_�j�b�Z�e�u���\�k�_�j�h�k�����g�Z�m�q�����f�_�l�h�^�����d�h�g�n�������K�Z�g�d�l-�I�_�l�_�j�[�m�j�]���������������]�����K�I�[�������������������K�����������±297. 

 
Bessonova E.D., Antontsev M. V. 

 
The Bonch-Bruevich Saint-Petersburg State University of Telecommunication   

 
About the participation of the btc DWDM basic department in the training of specialists 

for the modern labor market. 
Rapid technological progress in the communications industry dictates the need to increase the 
requirements for training specialists in the telecommunications industry. The basic Department 
of high-speed trunk transport DWDM systems created at the St. Petersburg University of 
Telecommunications named after Prof. M.A. Bonch-Bruevich is designed to solve this problem. 
The programs of additional education and the established system of work of the department with 
students allows for effective training of specialists in demand today. 

 
Key words: Basic Department, DWDM, BTC DWDM, Transport networks. 
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�M�>�D������������ 
�=�J�G�L�B������������������ 
 

�J�?�C�L�B�G�=�H�<�:�Y���K�B�K�L�?�F�:���H�P�?�G�D�B���F�:�=�B�K�L�J�:�G�L�H�<�� 

�:�����G�����;�m�q�Z�l�k�d�b�c�����G�����G�����B�\�Z�g�h�\�����:�����;�����K�l�_�i�Z�g�h�\ 

�K�Z�g�d�l-�I�_�l�_�j�[�m�j�]�k�d�b�c���]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���m�g�b�\�_�j�k�b�l�_�l���l�_�e�_�d�h�f�f�m�g�b�d�Z�p�b�c���b�f�����i�j�h�n�����F�����:�����;�h�g�q-�;�j�m�_�\�b�q�Z 
 

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

�f�Z�]�b�k�l�j�Z�l�m�j�Z�����j�_�c�l�b�g�]�h�\�Z�y���k�b�k�l�_�f�Z�����f�h�l�b�\�Z�p�b�y���k�l�m�^�_�g�l�h�\ 
 

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

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

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

�A�Z�^�Z�q�Z�f�b�� �n�h�j�f�b�j�h�\�Z�g�b�y�� �J�_�c�l�b�g�]�Z�� �y�\�e�y�x�l�k�y���� �i�h�\�u�r�_�g�b�_�� �m�q�_�[�g�h�c��
�^�b�k�p�b�i�e�b�g�u�� �k�l�m�^�_�g�l�h�\���� �Z�d�l�b�\�b�a�Z�p�b�y�� �m�q�Z�k�l�b�y�� �k�l�m�^�_�g�l�h�\�� �\�� �]�j�Z�g�l�Z�o���� �\��
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�h�n�h�j�f�e�_�g�b�b���j�_�a�m�e�v�l�Z�l�h�\�� �b�g�l�_�e�e�_�d�l�m�Z�e�v�g�h�c�� �^�_�y�l�_�e�v�g�h�k�l�b���� �\�� �i�h�^�]�h�l�h�\�d�_��
�i�m�[�e�b�d�Z�p�b�c�� �b�� �i�j������ �Z�d�l�b�\�b�a�Z�p�b�y�� �m�q�Z�k�l�b�y�� �k�l�m�^�_�g�l�h�\�� �\�� �f�_�j�h�i�j�b�y�l�b�y�o����
�g�Z�i�j�Z�\�e�_�g�g�u�o���g�Z���]�j�Z�`�^�Z�g�k�d�h-�i�Z�l�j�b�h�l�b�q�_�k�d�h�_���\�h�k�i�b�l�Z�g�b�_���f�h�e�h�^�_�`�b [3]. 

 
�F�_�l�h�^�b�d�Z���n�h�j�f�b�j�h�\�Z�g�b�y���J�_�c�l�b�g�]�Z 

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

�N�h�j�f�b�j�m�x�l�k�y�� ���� �l�b�i�Z�� �J�_�c�l�b�g�]�Z�����l�_�d�m�s�b�c ���i�h�� �j�_�a�m�e�v�l�Z�l�Z�f�� �l�_�d�m�s�_�]�h��
�k�_�f�_�k�l�j�Z�����b���h�[�s�b�c ���i�h���b�l�h�]�Z�f���\�k�_�]�h���k�j�h�d�Z���h�[�m�q�_�g�b�y���� 

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

�I�j�b�� �n�h�j�f�b�j�h�\�Z�g�b�b�� �l�_�d�m�s�_�]�h�� �J�_�c�l�b�g�]�Z�� �m�q�b�l�u�\�Z�x�l�k�y�� �k�e�_�^�m�x�s�b�_��
�d�j�b�l�_�j�b�b�� 

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

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

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

- �a�Z�� �g�Z�e�b�q�b�_�� �Z�d�Z�^�_�f�b�q�_�k�d�b�o�� �a�Z�^�h�e�`�_�g�g�h�k�l�_�c���± ������ �[�Z�e�e�h�\�� �a�Z�� �d�Z�`�^�m�x��
�a�Z�^�h�e�`�_�g�g�h�k�l�v�� 

- �i�j�b���i�h�k�_�s�Z�_�f�h�k�l�b���a�Z�g�y�l�b�c���\���l�_�q�_�g�b�_���k�_�f�_�k�l�j�Z���f�_�g�_�_�����������± �������[�Z�e�e�h�\���� 
- �^�b�k�p�b�i�e�b�g�Z�j�g�h�_�� �\�a�u�k�d�Z�g�b�_�� �i�j�b�g�h�k�b�l��-������ �[�Z�e�e�h�\�� ���a�Z�f�_�q�Z�g�b�_���� �b�e�b��-50 

�[�Z�e�e�h�\�����\�u�]�h�\�h�j���� 
�I�j�b�� �n�h�j�f�b�j�h�\�Z�g�b�b�� �h�[�s�_�]�h�� �J�_�c�l�b�g�]�Z�� �m�q�b�l�u�\�Z�x�l�k�y�� �k�e�_�^�m�x�s�b�_��

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

�p�_�e�h�]�h�� 
- �k�m�f�f�Z�� �[�Z�e�e�h�\�� �a�Z�� �b�g�^�b�\�b�^�m�Z�e�v�g�u�_�� �^�h�k�l�b�`�_�g�b�y�� ���m�q�b�l�u�\�Z�x�l�k�y�� �\�k�_��

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

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

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

�i�j�b�g�y�l�u�� �q�b�k�e�_�g�g�u�_�� �i�h�d�Z�a�Z�l�_�e�b�� �\�� �[�Z�e�e�Z�o�� �^�e�y�� �h�l�^�_�e�v�g�u�o�� �^�h�k�l�b�`�_�g�b�c��
���L�Z�[�e�b�p�Z 1). 

 
�L�:�;�E�B�P�: 1�����M�q�b�l�u�\�Z�_�f�u�_���b�g�^�b�\�b�^�m�Z�e�v�g�u�_���^�h�k�l�b�`�_�g�b�y���k���[�Z�e�e�Z�f�b 

�‹  �<�b�^���^�h�k�l�b�`�_�g�b�y 
�D�h�e-�\�h��
�[�Z�e�e�h�\ 

�G�Z�m�q�g�u�_���^�h�k�l�b�`�_�g�b�y 

1 �i�m�[�e�b�d�Z�p�b�b�����\���a�Z�\�b�k�b�f�h�k�l�b���h�l���\�b�^�Z���b�a�^�Z�g�b�y���� �h�l�������^�h������ 

2 �]�j�Z�g�l�u�����j�m�d�h�\�h�^�b�l�_�e�v���i�j�h�_�d�l�Z�����m�q�Z�k�l�g�b�d�� 5; 2  

3 �g�Z�m�q�g�u�_���^�b�i�e�h�f�u���b���g�Z�]�j�Z�^�u�����k�l�Z�l�m�k���i�h�[�_�^�b�l�_�e�y���b�e�b���i�j�b�a�z�j�Z�� 5 

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

15; 10 

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

5; 3 

6 �m�q�Z�k�l�b�_���\���b�g�l�_�g�k�b�\�Z�o 3 

7 �m�q�Z�k�l�b�_���\���\�u�k�l�Z�\�d�Z�o���^�h�k�l�b�`�_�g�b�c�����O�Z�d�Z�l�h�g�_�� 3 

8 �m�q�Z�k�l�b�_�� �\�� �d�h�g�d�m�j�k�Z�o�� �g�Z�m�q�g�u�o�� �^�h�d�e�Z�^�h�\�� �k�l�m�^�_�g�l�h�\�� �[�Z�d�Z�e�Z�\�j�b�Z�l�Z����
�h�j�]�Z�g�b�a�h�\�Z�g�g�u�o���K�I�[�=�M�L ���g�_�� �m�q�b�l�u�\�Z�x�l�k�y�� �k�h�� �\�l�h�j�h�]�h�� �k�_�f�_�k�l�j�Z��
�h�[�m�q�_�g�b�y�� 

10 

9 �m�q�Z�k�l�b�_���\���Z�d�k�_�e�_�j�Z�l�h�j�Z�o�����k�l�Z�j�l�Z�i�Z�o�� 5 

�M�q�_�[�g�u�_���^�h�k�l�b�`�_�g�b�y 

10 �^�b�i�e�h�f���k���h�l�e�b�q�b�_�f�����i�h�e�m�q�_�g�g�u�c���g�Z���i�j�_�^�u�^�m�s�_�f���m�j�h�\�g�_���h�[�j�Z�a�h�\�Z�g�b�y 10 

11 �i�h�e�m�q�_�g�b�_�� �k�l�b�i�_�g�^�b�b�� ������ �I�j�_�a�b�^�_�g�l�Z�� �J�N���� ������ �I�j�Z�\�b�l�_�e�v�k�l�\�Z�� �J�N���� ������
�k�m�[�t�_�d�l�Z���J�N�����������h�[�s�_�k�l�\�_�g�g�u�o���n�h�g�^�h�\���b�e�b���b�g�u�o���h�j�]�Z�g�b�a�Z�p�b�c 

5; 4; 3; 2  

12 �h�[�m�q�_�g�b�_���\���a�Z�j�m�[�_�`�g�u�o���\�m�a�Z�o���g�_���f�_�g�_�_�������k�_�f�_�k�l�j�Z 5 

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

�h�l���������^�h���� 

14 �m�q�Z�k�l�b�_�� �\�� �k�l�m�^�_�g�q�_�k�d�b�o�� �i�j�h�n�b�e�v�g�u�o�� �h�e�b�f�i�b�Z�^�Z�o�� ���g�_�� �m�q�b�l�u�\�Z�_�l�k�y�� �k�h��
�\�l�h�j�h�]�h�� �k�_�f�_�k�l�j�Z�� �h�[�m�q�_�g�b�y������ ������ �h�[�e�Z�^�Z�l�_�e�b�� �^�b�i�e�h�f�Z�� �,����II  �b�e�b�� �,�,�,��
�k�l�_�i�_�g�b�� �H�e�b�f�i�b�Z�^�u�� �©�B�g�n�h�l�_�e�_�d�h�f-���������ª���� ������ �k�l�Z�l�m�k�� �i�j�b�a�_�j�Z�� �b�e�b��
�f�_�^�Z�e�b�k�l�Z���h�e�b�f�i�b�Z�^�u���©�Y���± �i�j�h�n�_�k�k�b�h�g�Z�e�ª����������-�������������k�l�Z�l�m�k���i�j�b�a�_�j�Z��
�h�e�b�f�i�b�Z�^�u�� �©�B�g�n�h�l�_�e�_�d�h�f-���������ª�� �b�� �^�j���� �i�j�h�n�b�e�v�g�u�o�� �h�e�b�f�i�b�Z�^�� ������
�k�l�Z�l�m�k���m�q�Z�k�l�g�b�d�Z���h�e�b�f�i�b�Z�^�u 

20; 15; 5 

15 �h�d�h�g�q�Z�g�b�_���n�Z�d�m�e�v�l�Z�l�b�\�Z�����d�m�j�k�h�\�����k�l�Z�`�b�j�h�\�d�b���b���l���i�� 2 

16 �h�d�h�g�q�Z�g�b�_���[�Z�a�h�\�h�c���d�Z�n�_�^�j�u 3 

17 �h�d�h�g�q�Z�g�b�_�� �R�d�h�e�u�� �[�m�^�m�s�_�]�h�� �f�Z�]�b�k�l�j�Z�g�l�Z���K�I�[�=�M�L ���g�_�� �m�q�b�l�u�\�Z�_�l�k�y��
�k�h���\�l�h�j�h�]�h���k�_�f�_�k�l�j�Z���h�[�m�q�_�g�b�y�� 

3 
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18 �m�q�Z�k�l�b�_�� �\�� �h�l�d�j�u�l�h�f�� �q�_�f�i�b�h�g�Z�l�_�� �i�h�� �k�l�Z�g�^�Z�j�l�Z�f�� �:�R�U�O�G�6�N�L�O�O�V���� ������
�i�h�[�_�^�b�l�_�e�v���b�e�b���i�j�b�a�z�j�����������m�q�Z�k�l�g�b�d 

3; 2 

19 �j�_�d�h�f�_�g�^�Z�p�b�y���=�W�D���h���i�h�k�l�m�i�e�_�g�b�b���\���f�Z�]�b�k�l�j�Z�l�m�j�m�����g�_���m�q�b�l�u�\�Z�_�l�k�y���k�h��
�\�l�h�j�h�]�h���k�_�f�_�k�l�j�Z���h�[�m�q�_�g�b�y�� 

20 

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

�k�Z�f�h�m�i�j�Z�\�e�_�g�b�_�� 
2 

21 �m�q�Z�k�l�b�_�� �\�� �f�_�j�h�i�j�b�y�l�b�y�o���K�I�[�=�M�L �]�j�Z�`�^�Z�g�k�d�h-�i�Z�l�j�b�h�l�b�q�_�k�d�h�]�h��
�g�Z�i�j�Z�\�e�_�g�b�y 

2 

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

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

5; 4; 3; 2 

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

5; 4; 3; 2 

�I�j�h�n�_�k�k�b�h�g�Z�e�v�g�Z�y���^�_�y�l�_�e�v�g�h�k�l�v 

24 �m�q�Z�k�l�b�_���\���n�b�g�Z�g�k�b�j�m�_�f�u�o���G�B�J���b���H�D�J 15 

25 �i�j�h�o�h�`�^�_�g�b�_���i�j�Z�d�l�b�d�b���g�Z���i�j�_�^�i�j�b�y�l�b�b 2 

26 �\�u�i�h�e�g�_�g�b�_���<�D�J���i�h���a�Z�y�\�d�Z�f���i�j�_�^�i�j�b�y�l�b�c�����h�j�]�Z�g�b�a�Z�p�b�c�� 10 

27 �m�q�Z�k�l�b�_���f�Z�]�b�k�l�j�Z�g�l�Z���\���i�j�h�_�d�l�g�h�c���^�_�y�l�_�e�v�g�h�k�l�b 10 

�I�j�h�n�h�j�b�_�g�l�Z�p�b�h�g�g�Z�y���^�_�y�l�_�e�v�g�h�k�l�v 
28 �i�j�b�\�e�_�q�_�g�b�_���Z�[�b�l�m�j�b�_�g�l�h�\���^�e�y���i�h�k�l�m�i�e�_�g�b�y���\���f�Z�]�b�k�l�j�Z�l�m�j�m���K�I�[�=�M�L, 

�m�q�Z�k�l�b�_���\���Z�d�p�b�b���©�I�j�b�\�_�^�b���^�j�m�]�Z�ª 
10 

 

�L�_�d�m�s�b�c���j�_�c�l�b�g�]���f�Z�]�b�k�l�j�Z�g�l�h�\���m�q�b�l�u�\�Z�_�l�k�y���i�j�b���g�Z�a�g�Z�q�_�g�b�b���k�l�b�i�_�g�^�b�c��
�k�l�m�^�_�g�l�h�\�� �b�g�k�l�b�l�m�l�Z�� �f�Z�]�b�k�l�j�Z�l�m�j�u���K�I�[�=�M�L���� �H�[�s�b�c�� �j�_�c�l�b�g�]�� �f�Z�]�b�k�l�j�Z�g�l�h�\��
�i�j�b�f�_�g�y�_�l�k�y�� �^�e�y�� �i�h�\�u�r�_�g�b�y�� �h�[�t�_�d�l�b�\�g�h�k�l�b�� �i�j�b�� �h�l�[�h�j�_�� �k�l�m�^�_�g�l�h�\�� �^�e�y��
�m�q�Z�k�l�b�y�� �\�� �j�Z�a�e�b�q�g�u�o�� �f�_�j�h�i�j�b�y�l�b�y�o���� �]�^�_�� �l�j�_�[�m�_�l�k�y�� �h�i�j�_�^�_�e�_�g�b�_��
�i�j�b�h�j�b�l�_�l�g�h�k�l�b���� �\�� �q�Z�k�l�g�h�k�l�b���� �h�l�[�h�j�� �\�� �w�d�k�i�_�^�b�p�b�x���� �k�l�Z�`�b�j�h�\�d�m�� �g�Z��
�i�j�_�^�i�j�b�y�l�b�_���b���i�j�������Z���l�Z�d�`�_���i�j�b���n�h�j�f�b�j�h�\�Z�g�b�b���k�i�b�k�d�Z���L�H�I-�������k�l�m�^�_�g�l�h�\���^�e�y��
�j�Z�a�f�_�s�_�g�b�y���b�o���n�h�l�h�]�j�Z�n�b�c���\���=�Z�e�_�j�_�_���i�h�q�_�l�Z���b�g�k�l�b�l�m�l�Z���f�Z�]�b�k�l�j�Z�l�m�j�u�����D�j�h�f�_��
�l�h�]�h���� �h�[�s�b�c�� �j�_�c�l�b�g�]�� �f�Z�]�b�k�l�j�Z�g�l�Z�� �f�h�`�_�l�� �m�q�b�l�u�\�Z�l�v�k�y�� �i�j�b�� �i�h�k�l�m�i�e�_�g�b�b�� �\��
�Z�k�i�b�j�Z�g�l�m�j�m���K�I�[�=�M�L [3]. 

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



�Á�
�(�,�&���!���#�1�8�9���5�����(�!�#�����(��  �!�(�&�4���,���&�6�������¿�¶�º-2023 
 
 

20 
 

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

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

 
�K�i�b�k�h�d���b�k�i�h�e�v�a�m�_�f�u�o���b�k�l�h�q�g�b�d�h�\: 
1. �I�h�k�l�Z�g�h�\�e�_�g�b�_�� �I�j�Z�\�b�l�_�e�v�k�l�\�Z�� �J�h�k�b�b�c�k�d�h�c�� �N�_�^�_�j�Z�p�b�b�� �h�l�� ���������������������]���� �‹���������� ���H��

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

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

3. �;�m�q�Z�l�k�d�b�c���:���G��, �?�g�b�d�_�_�\�Z���?���F��, �B�\�Z�g�h�\���G���G���� �K�l�_�i�Z�g�h�\���:���;�� �J�_�c�l�b�g�]�h�\�Z�y���k�b�k�l�_�f�Z��
�d�Z�d�� �b�g�k�l�j�m�f�_�g�l�� �f�h�l�b�\�Z�p�b�b�� �f�Z�]�b�k�l�j�Z�g�l�h�\�� �d�� �m�q�_�[�g�h�c�� �b�� �g�Z�m�q�g�h�c�� �^�_�y�l�_�e�v�g�h�k�l�b / �K�Z�g�d�l-
�I�_�l�_�j�[�m�j�]�k�d�b�c���d�h�g�]�j�_�k�k���©�I�j�h�n�_�k�k�b�h�g�Z�e�v�g�h�_���h�[�j�Z�a�h�\�Z�g�b�_�����g�Z�m�d�Z���b���b�g�g�h�\�Z�p�b�b���\��XXI  �\�_�d�_�ª��
(28-������ �g�h�y�[�j�y�� ���������� �]������ ������ �K�[�h�j�g�b�d�� �l�j�m�^�h�\�� ���� �H�H�H�� �©�w�d�k�i�h�n�h�j�m�f-�B�g�l�_�j�g�_�r�g�e�e�ª�� �K�I�[���� ������������
�K��������-47. 
 
Buchatsky A., Ivanov N., Stepanov A. 
 

The Bonch-Bruevich Saint-Petersburg State University of Telecommunications 
 

Rating system for evaluating master's students. 
The system of forming the rating of master's degree students is shown, aimed at improving the 
quality of the educational process and encouraging undergraduates to scientific activity, self-
development and personal growth. The methodology and criteria for rating formation are 
presented. 
 
Key word: master's degree, rating system, motivation of students. 
 



�Á�
�(�,�&���!���#�1�8�9���5�����(�!�#�����(��  �!�(�&�4���,���&�6�������¿�¶�º-2023 
 
 

21 
 

�M�>�D�������������� 
�=�J�G�L�B������������������ 

 
�N�H�J�F�:�E�B�A�:�P�B�Y�����B�G�<�:�J�B�:�G�L�G�:�Y���G�?�H�I�J�?�>�?�E�?�G�G�H�K�L�V���B��

�G�:�M�Q�G�H�?���L�<�H�J�Q�?�K�L�<�H 
 

�>�����<�����<�h�e�h�r�b�g�h�\ 
�K�Z�g�d�l-�I�_�l�_�j�[�m�j�]�k�d�b�c���]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���m�g�b�\�_�j�k�b�l�_�l���l�_�e�_�d�h�f�f�m�g�b�d�Z�p�b�c���b�f�����i�j�h�n�����F�����:�����;�h�g�q-�;�j�m�_�\�b�q�Z 

 
�<�h�a�f�h�`�g�h�k�l�b�� �b�� �^�h�k�l�b�`�_�g�b�y�� �k�h�\�j�_�f�_�g�g�u�o�� �b�g�n�h�j�f�Z�p�b�h�g�g�u�o�� �l�_�o�g�h�e�h�]�b�c�� �^�e�y�� �g�Z�r�b�o��

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

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

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

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

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

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

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

�B�� �\�k�_�� �`�_���� �i�h�q�_�f�m�� �f�u�� �k�q�b�l�Z�e�b�� �b�� �k�q�b�l�Z�_�f�� �k�_�c�q�Z�k���� �q�l�h�� �^�\�_�� �i�j�y�f�u�_�� �e�b�g�b�b��
�i�_�j�_�k�_�d�Z�x�l�k�y�� �\�� �l�h�q�d�_�"�� �<�_�^�v�� �l�Z�d�h�_�� �i�h�g�b�f�Z�g�b�_�� �g�_�� �i�h�f�_�r�Z�e�h�� �q�_�e�h�\�_�q�_�k�l�\�m��
�i�j�b�c�l�b���d���l�_�f���l�_�o�g�b�q�_�k�d�b�f�����d�m�e�v�l�m�j�g�u�f�����k�h�p�b�Z�e�v�g�u�f���b���i�j�h�q�b�f���^�h�k�l�b�`�_�g�b�y�f����
�k�\�b�^�_�l�_�e�y�f�b���d�h�l�h�j�u�o���f�u���y�\�e�y�_�f�k�y���d�Z�`�^�u�c���^�_�g�v���� 

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

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

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

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

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

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

�J�Z�k�k�f�h�l�j�b�f�� �k�e�_�^�m�x�s�m�x�� �k�b�k�l�_�f�m�� �\�a�Z�b�f�h�k�\�y�a�Z�g�g�u�o�� �]�_�h�f�_�l�j�b�q�_�k�d�b�o��
�h�[�j�Z�a�h�\���� �I�m�k�l�v�� �g�Z�� �i�e�h�k�d�h�k�l�b�� �k�i�_�p�b�Z�e�v�g�h�� �\�u�^�_�e�_�g�Z�� �g�_�d�h�l�h�j�Z�y�� �©�\�u�d�h�e�h�l�Z�y�ª��
�l�h�q�d�Z���� �\�� �l�h�� �\�j�_�f�y�� �d�Z�d�� �\�k�_�� �h�k�l�Z�e�v�g�u�_�� �l�h�q�d�b���i�e�h�k�d�h�k�l�b�� �g�_�h�l�e�b�q�b�f�u�� �h�l��
�h�[�u�q�g�u�o���l�h�q�_�d�����;�m�^�_�f���i�j�h�\�h�^�b�l�v���q�_�j�_�a���e�x�[�m�x���i�Z�j�m���g�_�k�h�\�i�Z�^�Z�x�s�b�o���l�h�q�_�d���b��
�h�[�y�a�Z�l�_�e�v�g�h�� �\�u�d�h�e�h�l�m�x�� �l�h�q�d�m�� �h�d�j�m�`�g�h�k�l�b���� �D�Z�d�� �b�a�\�_�k�l�g�h���� �l�j�b��
�g�_�k�h�\�i�Z�^�Z�x�s�b�_���l�h�q�d�b���h�^�g�h�a�g�Z�q�g�h���h�i�j�_�^�_�e�y�x�l���h�d�j�m�`�g�h�k�l�v�����<���i�j�_�^�e�h�`�_�g�g�h�c��
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Formalization, Invariant Uncertainty and Scientific Creativity. 

The possibilities and achievements of modern information technologies are becoming 
commonplace and familiar to our contemporaries. The widespread use of electronic computing 
devices has qualitatively changed the nature of the production of goods and services, and has 
influenced the traditional everyday life of a person and the nature of his social relations. 
Changes in the quality of life leave no doubt that further improvement of such technologies is an 
indispensable condition for the successful technological and information development of 
humanity. That is why digitalization is one of the most important areas of economic policy of the 
leading countries of the world, and therefore the issues of representing and interpreting the 
experience and knowledge of mankind in the form of formalized models are relevant. An 
important role in such interpretations is played by the principle of invariant uncertainty, the 
importance of which is currently underestimated by the scientific community. 
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�:�J�O�:�G�=�?�E�V�K�D�H�C���H�;�E�:�K�L�B�� 

 
�J�� �K�� �J�h�s�b�g�k�d�b�c 

�K�Z�g�d�l-�I�_�l�_�j�[�m�j�]�k�d�b�c���]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���m�g�b�\�_�j�k�b�l�_�l���l�_�e�_�d�h�f�f�m�g�b�d�Z�p�b�c���b�f�����i�j�h�n�����F�����:�����;�h�g�q-�;�j�m�_�\�b�q�Z 
 

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

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

 
�J�Z�k�i�h�j�y�`�_�g�b�_�f�� �I�j�Z�\�b�l�_�e�v�k�l�\�Z�� �J�N�� �h�l�� ������ �f�Z�j�l�Z�� ���������� �]�h�^�Z�� �‹�� ������-�j��

�h�[�y�a�Z�g�g�h�k�l�b�� �i�h�� �h�d�Z�a�Z�g�b�x�� �m�g�b�\�_�j�k�Z�e�v�g�u�o�� �m�k�e�m�]�� �k�\�y�a�b�� �\�h�a�e�h�`�_�g�u�� �g�Z�� �I�:�H��
�©�J�h�k�l�_�e�_�d�h�f�ª�� �>���@���� �F�h�k�d�\�Z���� ������ �Z�i�j�_�e�y�� ���������� �]�h�^�Z���± �F�b�g�p�b�n�j�u �J�h�k�k�b�b��
�k�h�h�[�s�Z�_�l�� �h�� �g�Z�q�Z�e�_�� �\�l�h�j�h�]�h�� �w�l�Z�i�Z�� �i�j�h�]�j�Z�f�f�u�� �i�h�� �m�k�l�j�Z�g�_�g�b�x�� �p�b�n�j�h�\�h�]�h��
�g�_�j�Z�\�_�g�k�l�\�Z�� ���^�Z�e�_�_���± �M�P�G���� �k�j�_�^�b�� �j�h�k�k�b�c�k�d�h�]�h�� �g�Z�k�_�e�_�g�b�y���� �K�h�h�l�\�_�l�k�l�\�m�x�s�_�_��
�k�h�]�e�Z�r�_�g�b�_�� �i�h�^�i�b�k�Z�e�b�� �F�b�g�p�b�n�j�u�� �J�h�k�k�b�b�� �b�� �©�J�h�k�l�_�e�_�d�h�f�ª���� �<�� ���������� �]�h�^�m��
�f�h�[�b�e�v�g�Z�y�� �k�\�y�a�v�� �i�h�y�\�b�l�k�y�� �\�� ���������� �k�_�e�Z�o���� �i�h�k�z�e�d�Z�o�� �b�� �^�_�j�_�\�g�y�o�� �q�b�k�e�_�g�g�h�k�l�v�x��
�h�l�� �������� �^�h�� �������� �q�_�e�h�\�_�d���� �@�b�l�_�e�y�f�� �w�l�b�o�� �g�Z�k�_�e�_�g�g�u�o�� �i�m�g�d�l�h�\�� �k�l�Z�g�_�l�� �^�h�k�l�m�i�g�Z��
�f�h�[�b�e�v�g�Z�y�� �k�\�y�a�v�� �k�l�Z�g�^�Z�j�l�Z�� ���*���/�7�(���� �d�h�l�h�j�Z�y�� �l�Z�d�`�_�� �h�[�_�k�i�_�q�b�l�� �m�k�l�h�c�q�b�\�u�c��
�^�h�k�l�m�i���d���b�g�l�_�j�g�_�l�m���>���@��  �<���^�Z�g�g�m�x���i�j�h�]�j�Z�f�f�m���^�e�y���g�Z�k�_�e�_�g�g�u�o���i�m�g�d�l�h�\���l�Z�d�`�_��
�\�o�h�^�b�l�� �i�h�^�d�e�x�q�_�g�b�_�� �l�h�q�_�d�� �^�h�k�l�m�i�Z�� �l�_�o�g�h�e�h�]�b�b��Wi-Fi �b�� �m�k�l�Z�g�h�\�d�Z��
�l�Z�d�k�h�n�h�g�h�\���>��-5]. 

�I�h�f�b�f�h�� �k�i�b�k�d�Z�� �g�Z�k�_�e�_�g�g�u�o�� �i�m�g�d�l�h�\���� �]�^�_�� �[�u�e�b�� �i�j�h�\�_�^�_�g�u�� �j�Z�[�h�l�u�� �i�h��
�M�P�G���� �I�:�H�� �©�J�h�k�l�_�e�_�d�h�f�ª�� �i�j�_�^�h�k�l�Z�\�e�y�_�l�� �d�Z�j�l�m�� �f�_�k�l�g�h�k�l�b���� �^�e�y�� �h�i�j�_�^�_�e�_�g�b�y��
�d�h�h�j�^�b�g�Z�l���m�k�l�Z�g�h�\�e�_�g�g�u�o���[�Z�a�h�\�u�o���k�l�Z�g�p�b�c�����^�Z�e�_�_���± �;�K�����>���@�� 

�<�� �o�h�^�_�� �\�l�h�j�h�c�� �:�j�d�l�b�q�_�k�d�h�c�� �w�d�k�i�_�^�b�p�b�b�� �K�Z�g�d�l-�I�_�l�_�j�[�m�j�]�k�d�h�]�h��
�]�h�k�m�^�Z�j�k�l�\�_�g�g�h�]�h�� �m�g�b�\�_�j�k�b�l�_�l�Z�� �l�_�e�_�d�h�f�f�m�g�b�d�Z�p�b�c�� �b�f���� �i�j�h�n���� �F���� �:���� �;�h�g�q-
�;�j�m�_�\�b�q�Z�� �[�u�e�h�� �i�j�b�g�y�l�h�� �j�_�r�_�g�b�_�� �i�j�h�\�_�k�l�b�� �b�a�f�_�j�_�g�b�y�� �b�� �h�p�_�g�b�l�v�� �d�Z�q�_�k�l�\�h��
�i�h�d�j�u�l�b�y�� �f�h�[�b�e�v�g�h�c�� �k�_�l�b�� �\�� �g�Z�k�_�e�_�g�g�u�o�� �i�m�g�d�l�Z�o�� �Z�j�o�Z�g�]�_�e�v�k�d�h�c�� �h�[�e�Z�k�l�b�� �k��
�i�h�f�h�s�v�x�� �j�Z�a�j�Z�[�h�l�Z�g�g�h�]�h�� �g�Z�m�q�g�h-�h�[�j�Z�a�h�\�Z�l�_�e�v�g�u�f�� �p�_�g�l�j�h�f�� �©�;�_�k�i�j�h�\�h�^�g�u�_��
�b�g�n�h�l�_�e�_�d�h�f�f�m�g�b�d�Z�p�b�h�g�g�u�_�� �k�_�l�b�ª�� ���^�Z�e�_�_���± �G�H�P�� �³�;�B�K�´���� �i�j�h�]�j�Z�f�f�g�h�]�h��
�h�[�_�k�i�_�q�_�g�b�y��- �i�j�h�]�j�Z�f�f�Z���^�e�y���b�a�f�_�j�_�g�b�y���j�Z�^�b�h�k�b�]�g�Z�e�Z �k�_�l�_�c���k�h�l�h�\�h�c���k�\�y�a�b���b��
�i�j�h�]�j�Z�f�f�Z���^�e�y���i�j�h�\�_�^�_�g�b�y���i�h�k�l-�Z�g�Z�e�b�a�Z�� 

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

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

 

 
      �Z��       �[�� 

�J�b�k. 1. �D�Z�j�l�Z���i�h�d�j�u�l�b�y���]�h�j�h�^�Z���:�j�o�Z�g�]�_�e�v�k�d���b���H�g�_�]�Z 
 

�G�Z���l�_�j�j�b�l�h�j�b�y�o���^�_�j�_�\�_�g�v���F�Z�e�u�_���D�Z�j�_�e�u���b���^�_�j�_�\�g�b���D�j�Z�k�g�h�_�����j�b�k�������Z�������[������
�m�j�h�\�g�b�� �k�b�]�g�Z�e�Z�� �^�e�y�� �k�l�Z�g�^�Z�j�l�Z��LTE �k�h�k�l�Z�\�e�y�e�b�� �g�_�� �f�_�g�_�_��-������ �^�;�f���� �<�� �o�h�^�_��
�b�a�f�_�j�_�g�b�c���l�Z�d�`�_���[�u�e�h���a�Z�n�b�d�k�b�j�h�\�Z�g�h���i�h�k�l�_�i�_�g�g�h�_���h�l�d�e�x�q�_�g�b�_���h�i�_�j�Z�l�h�j�Z�f�b��
�l�_�o�g�h�e�h�]�b�b��UMTS. 

 

   
    �Z��      �[�� 

�J�b�k. 2. �D�Z�j�l�Z���i�h�d�j�u�l�b�y���^�_�j�_�\�g�b���F�Z�e�u�_���D�Z�j�_�e�u���b���^�_�j�_�\�g�b���D�j�Z�k�g�h�_ 
 

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

�J�b�k. 3. �D�Z�j�l�Z���i�h�d�j�u�l�b�y���^�_�j�_�\�g�b�������Z�����M�g�Z�����[�����E�m�^�Z 
 

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

�I�h�� �i�j�h�]�j�Z�f�f�_�� �M�P�G�� �m�k�l�Z�g�h�\�e�_�g�Z�� �[�Z�a�h�\�Z�y�� �k�l�Z�g�p�b�y�� �I�:�H�� �©�J�h�k�l�_�e�_�d�h�f�ª����
�d�h�l�h�j�Z�y�� �i�j�_�^�h�k�l�Z�\�e�y�_�l�� �g�_�� �l�h�e�v�d�h�� �i�h�e�g�h�_�� �i�h�d�j�u�l�b�_�� �k�h�l�h�\�h�c�� �k�\�y�a�v�x�� �\�k�x��
�^�_�j�_�\�g�x���� �G�Z�� �j�b�k�m�g�d�_�� ���Z�� �b�� ���[�� �i�j�_�^�k�l�Z�\�e�_�g�u�� �d�Z�j�l�u�� �i�h�d�j�u�l�b�y�� �b�� �d�Z�q�_�k�l�\�Z��
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Assessment of mobile network coverage quality in the Arkhangelsk region. 

This paper considers the assessment of the quality of cellular coverage in the territory of the 
Arkhangelsk region within the framework of the second Arctic expedition, taking into account 
the program to eliminate the digital divide among the Russian population. Coverage maps in this 
paper, built on the measured power of the pilot signal. 
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