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Backward acoustic waves are characterized by anomalous dispersion and opposite directions of phase 

and group velocities. This report presents the results of a study on the propagation of backward waves 

in piezoelectric plates and structures based on them. Issues related to broadening the frequency range 

of their existence and the possibility of controlling the frequency of the zero-group-velocity point are 

discussed. The influence of various mechanical and electrical boundary conditions on their properties 

is investigated. The effects of temperature and external electric fields on their phase velocity are 

examined. The potential of using such waves for the realization of highly efficient chemical sensors is 

demonstrated.  
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Abstract �²  The analysis of the possibility of estimating the bearing on a moving low-noise source in 

the deep sea using antennas oriented horizontally and vertically has been performed. The direction 

finding of the source is modeled in the near-field and far-field zones of acoustic illumination (NFZAI 

and FFZAI), as well as in the shadow zone (SZ). It has been established that in the NFZAI and FFZAI, 

to obtain unbiased estimates of the bearing, it is sufficient to use the average value of the measured 
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speed of sound in water. However, in summer conditions, effective phase or group velocities (EPV 

or EGV) must be used for bearing, which differ markedly from the speed of sound in water and 

depend on the distance to the source. It is shown that the use of a vertically oriented antenna in SZ 

makes it possible to calculate the values of the EPV and EGV, which are necessary for bearing the 

source, as well as for continuous estimating the distance. Therefore, in the SZ, it is necessary to use 

horizontal and vertical antennas together to estimate the bearing, whereas in the NFZAI and FFZAI, 

sufficiently accurate bearing can be performed using a horizontal antenna. In winter conditions, there 

is no shadow zone, and the average speed of sound in water can be used for phasing a horizontal 

antenna at all distances.  

Keywords: deep sea, direction finding, horizontal and vertical antennas, effective phase and group 

velocities, acoustic illumination zones, shadow zone, distance to the source. 
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�?�k�e�b���\���\�h�e�g�h�\�h�^�_���i�j�b �n�Z�a�b�j�h�\�Z�g�b�b �]�h�j�b�a�h�g�l�Z�e�v�g�h�c���Z�g�l�_�g�g�u���i�j�_�g�_�[�j�_�]�Z�l�v���h�l�d�e�h�g�_�g�b�_�f 

�\�_�d�l�h�j�Z �]�j�Z�^�b�_�g�l�Z�� �n�Z�a�u���3 �d�h�f�i�e�_�d�k�g�h�c�� �h�]�b�[�Z�x�s�_�c�����D�H�� �a�\�m�d�h�\�h�]�h�� �^�Z�\�e�_�g�b�y�� ���A�>�����h�l 

�]�h�j�b�a�h�g�l�Z�e�v�g�h�]�h�� �g�Z�i�j�Z�\�e�_�g�b�y, �l�h���\�h�a�g�b�d�Z�_�l���k�b�k�l�_�f�Z�l�b�q�_�k�d�Z�y�� �k�h�k�l�Z�\�e�y�x�s�Z�y�� �i�h�]�j�_�r�g�h�k�l�b 

0�Ö��s�'  �h�p�_�g�d�b���i�_�e�_�g�]�Z���g�Z���b�k�l�h�q�g�b�d���a�\�m�d�Z�����H�g�Z �a�Z�\�b�k�b�l��[1] �h�l���b�k�l�b�g�g�h�]�h���i�_�e�_�g�]�Z���g�Z���b�k�l�h�q�g�b�d����s  

�b �m�]�e�Z����  �k�d�h�e�v�`�_�g�b�y���]�j�Z�^�b�_�g�l�Z���n�Z�a�u �3 �D�H �A�>���\���\�_�j�l�b�d�Z�e�v�g�h�c���i�e�h�k�d�h�k�l�b,  
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�]�^�_���Ö��s  �k�h�h�l�\�_�l�k�l�\�m�_�l���f�Z�d�k�b�f�Z�e�v�g�h�f�m���a�g�Z�q�_�g�b�x���h�l�d�e�b�d�Z��max(���� ��U r  �i�h�k�e�_���k�d�Z�g�b�j�h�\�Z�g�b�y���i�h���m�]�e�m��

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

�i�h�]�j�_�r�g�h�k�l�b��0�Ö��s�'  �h�p�_�g�d�b�� �i�_�e�_�g�]�Z �h�i�j�_�^�_�e�y�_�l�k�y�� �\�� �������� �i�Z�j�Z�f�_�l�j�h�f��c  �± �k�d�h�j�h�k�l�v�x�� �a�\�m�d�Z����

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

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

�k�b�]�g�Z�e�Z����nA  �b���3n  �± �Z�f�i�e�b�l�m�^�Z���b���n�Z�a�Z���D�H���A�>���g�Z n �±�f���i�j�b�_�f�g�b�d�_���Z�g�l�_�g�g�u, L�'  �± �b�g�l�_�j�\�Z�e���f�_�`�^�m��

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

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

�\���[�e�b�`�g�_�c���b���^�Z�e�v�g�_�c���a�h�g�Z�o���Z�d�m�k�l�b�q�_�k�d�h�c���h�k�\�_�s�_�g�g�h�k�l�b�����;�A�:�H���b���>�A�:�H�������Z���l�Z�d�`�_���\���a�h�g�_���l�_�g�b��
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0c c�  �± �k�j�_�^�g�_�_���a�g�Z�q�_�g�b�_�� �b�a�f�_�j�_�g�g�h�c�� �k�d�h�j�h�k�l�b�� �a�\�m�d�Z�� �\�� �\�h�^�_. �G�h�� �\�� �A�L�� �^�e�y�� �i�_�e�_�g�]�h�\�Z�g�b�y���\��

�d�Z�q�_�k�l�\�_��c  �g�m�`�g�h�� �i�j�b�f�_�g�y�l�v�� �w�n�n�_�d�l�b�\�g�m�x�� �n�Z�a�h�\�m�x�� �b�e�b�� �]�j�m�i�i�h�\�m�x�� �k�d�h�j�h�k�l�b�� �� ���W�N�K�� �b�e�b��
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�W�=�K���������d�h�l�h�j�u�_���a�Z�f�_�l�g�h���h�l�e�b�q�Z�x�l�k�y���h�l���k�d�h�j�h�k�l�b���a�\�m�d�Z���\���\�h�^�_, �h�k�h�[�_�g�g�h���\���g�Z�q�Z�e�_���A�L�� �b���a�Z�\�b�k�y�l��

�h�l�� �j�Z�k�k�l�h�y�g�b�y�� �^�h�� �b�k�l�h�q�g�b�d�Z�� �W�N�K���3efc  �b�k�i�h�e�v�a�m�_�l�k�y���^�e�y �k�d�Z�g�b�j�h�\�Z�g�b�y �\ �]�h�j�b�a�h�g�l�Z�e�v�g�h�c 

�i�e�h�k�d�h�k�l�b �i�h���n�Z�a�h�\�u�f���a�Z�^�_�j�`�d�Z�f [1]�����W�=�K gefc  �± �i�j�b���i�_�e�_�g�]�h�\�Z�g�b�b���r�b�j�h�d�h�i�h�e�h�k�g�u�o���k�b�]�g�Z�e�h�\��

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

 �3 2 / ( �3 �� ��efc f r�S� �w �w, g 2 / ( �3 �� ��efc r f�S� �w �w, (3) 

�\ �A�L���\���a�h�g�_ �b�g�l�_�j�n�_�j�_�g�p�b�h�g�g�u�o���f�Z�d�k�b�f�m�f�h�\ ���B�F�:�� �h�g�b���b�f�_�x�l���e�m�q�_�\�m�x���Z�k�b�f�i�l�h�l�b�d�m [1]  

 *
� 3 � �/ cos��efc c� , *

g 0 cos��efc c�  � ,̃  2cos�� ���� �� �� �� ��a r� | � �, ( ) / 2 /10sz z h� � � �. (4) 

�A�^�_�k�v��sz  �± �]�e�m�[�b�g�Z���b�k�l�h�q�g�b�d�Z����z  �± �]�e�m�[�b�g�Z���i�j�b�_�f�g�b�d�Z����h  �± �]�e�m�[�b�g�Z���f�h�j�y����2a h� �����_�k�e�b���g�Z���i�m�l�b��

�h�l���b�k�l�h�q�g�b�d�Z���d���i�j�b�_�f�g�b�d�m���e�m�q���i�j�_�l�_�j�i�_�e���h�^�g�h���h�l�j�Z�`�_�g�b�_���h�l���^�g�Z�����b��4a h� �����_�k�e�b���g�Z���w�l�h�f���i�m�l�b��

�e�m�q�� �h�l�j�Z�a�b�e�k�y�� �h�l�� �^�g�Z�� �^�\�Z�� �j�Z�a�Z�����<�� ��4) �g�_�j�Z�\�_�g�k�l�\�h��( ) / 2 /10sz z h� � � � �i�j�b�f�_�g�y�_�l�k�y�� �k�� �m�q�_�l�h�f 

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

 �< �g�Z�q�Z�e�_�� �A�L�� �^�h�f�b�g�b�j�m�x�l�� �\�u�l�_�d�Z�x�s�b�_�� �f�h�^�u�� �b�� �d�j�m�l�u�_�� �e�m�q�b. �A�^�_�k�v �h�l�d�e�h�g�_�g�b�_����  

�\�_�d�l�h�j�Z�� �]�j�Z�^�b�_�g�l�Z�� �n�Z�a�u �D�H�� �A�>�� �h�l�� �]�h�j�b�a�h�g�l�Z�e�v�g�h�]�h�� �g�Z�i�j�Z�\�e�_�g�b�y�� �h�i�j�_�^�_�e�y�_�l�k�y�� �\�� �B�F�:��

�\�u�j�Z�`�_�g�b�_�f�� 2�� �D�U�F�F�R�V�>�� �� �� ���� �� �� �@h r�| �r ��  �b���i�j�b�� 2 / 3r h�  �k�h�k�l�Z�\�e�y�_�l���� �����h� | � r . �A�^�_�k�v���g�m�`�g�Z �b 

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

�d�Z�q�_�k�l�\�_�� �i�Z�j�Z�f�_�l�j�Z��c  �a�g�Z�q�_�g�b�_�� *
� 3 � �/ cos��efc c c�  �   (�^�e�y�� �m�k�l�j�Z�g�_�g�b�y�� �k�b�k�l�_�f�Z�l�b�q�_�k�d�h�c��

�k�h�k�l�Z�\�e�y�x�s�_�c�� �i�h�]�j�_�r�g�h�k�l�b�� �h�p�_�g�d�b���i�_�e�_�g�]�Z���� �b���i�j�b�� �[�h�e�v�r�b�o����  �h�i�j�_�^�_�e�b�l�v�� �j�Z�k�k�l�h�y�g�b�_��r  �^�h��

�b�k�l�h�q�g�b�d�Z. �<�u�j�Z�`�_�g�b�_ �^�e�y�� �h�l�d�e�b�d�Z�� �\�_�j�l�b�d�Z�e�v�g�h�c�� �Z�g�l�_�g�g�u���Z�g�Z�e�h�]�b�q�g�h (2)���� �g�h �i�j�b��

�k�d�Z�g�b�j�h�\�Z�g�b�b �m�]�h�e ��  �a�Z�f�_�g�y�_�f���g�Z���m�]�h�e���� , �Z���i�Z�j�Z�f�_�l�j��c  �\�����������i�j�b�g�b�f�Z�_�l �a�g�Z�q�_�g�b�_��0c c� . 

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

�G�Z���j�b�k����1 �i�h�d�Z�a�Z�g�h���\�_�j�l�b�d�Z�e�v�g�h�_���j�Z�k�i�j�_�^�_�e�_�g�b�_���k�d�h�j�h�k�l�b���a�\�m�d�Z ���<�J�K�A��, �k�i�Z�^�Z�g�b�_�� 

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

�i�e�h�l�g�h�k�l�v�� �������� �]���k�f
3

���� �i�h�l�_�j�b�� �������� �^�;���O)���� ���[�����± �Z�f�i�e�b�l�m�^�Z�� �a�\�m�d�h�\�h�]�h�� �^�Z�\�e�_�g�b�y�� ���������� �\�h�^�g�u�_�� �f�h�^�u�� ���������� �a�Z�o�\�Z�q�_�g�g�u�_�� �f�h�^�u�� ����������

�\�u�l�_�d�Z�x�s�b�_���f�h�^�u�������������p�b�e�b�g�^�j�b�q�_�k�d�h�_���k�i�Z�^�Z�g�b�_������������f =23�������=�p����sz =15�����f����z =10�����f���� 

�Z�f�i�e�b�l�m�^�u �A�>�� �g�Z�� �]�e�m�[�h�d�h�\�h�^�g�h�f��( h=3.048 �d�f�����m�q�Z�k�l�d�_�� �G�h�j�\�_�`�k�d�h�]�h�� �f�h�j�y���k�� �j�Z�k�k�l�h�y�g�b�_�f �b 

�\�d�e�Z�^�u �l�j�_�o���l�b�i�h�\ �f�h�^���\���Z�f�i�e�b�l�m�^�m�� �<���;�A�:�H ( r �� 4 �d�f�� �b���>�A�:�H (44 r� � � ��������d�f�� �^�h�f�b�g�b�j�m�x�l��
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�\�h�^�g�u�_���f�h�^�u�� �\���A�L���± �\�u�l�_�d�Z�x�s�b�_������r� � � ��������d�f�� �b �a�Z�o�\�Z�q�_�g�g�u�_��(10 r� � � ��������d�f�� �f�h�^�u.�G�Z���j�b�k����2 

�i�h�d�Z�a�Z�g�u���Z�f�i�e�b�l�m�^�Z �f�Z�d�k�b�f�Z�e�v�g�h�]�h���h�l�d�e�b�d�Z�� �]�h�j�b�a�h�g�l�Z�e�v�g�h�c�� �Z�g�l�_�g�g�u,  �p�b�e�b�g�^�j�b�q�_�k�d�h�_ 

�k�i�Z�^�Z�g�b�_���m�j�h�\�g�y���k�b�]�g�Z�e�Z, �b�k�l�b�g�g�u�c���i�_�e�_�g�]���g�Z���b�k�l�h�q�g�b�d �b���i�h�]�j�_�r�g�h�k�l�v �_�]�h���h�p�_�g�d�b�����D�j�b�\�Z�y��(4) 

�± �i�h�]�j�_�r�g�h�k�l�v�� �h�p�_�g�d�b �i�_�e�_�g�]�Z �i�j�b�� 0c c� , �������� �b�� ���������±  �k�b�k�l�_�f�Z�l�b�q�_�k�d�Z�y�� �k�h�k�l�Z�\�e�y�x�s�Z�y�� �w�l�h�c��

�i�h�]�j�_�r�g�h�k�l�b �^�e�y���e�m�q�Z�����h�l�j�Z�`�_�g�g�h�]�h���h�l���^�g�Z�������b�e�b�������j�Z�a�Z, (7) �± �i�h�]�j�_�r�g�h�k�l�v �h�p�_�g�d�b���i�_�e�_�g�]�Z���i�j�b��
*
�3 ( )effc c r� . �I�Z�j�Z�f�_�l�j�u���]�h�j�b�a�h�g�l�Z�e�v�g�h�c���Z�g�l�_�g�g�u�� �Z�i�_�j�l�m�j�Z��L � �������f����N =101, L�' � ���������f�����<�Z�j�b�Z�g�l��

*
�3 ( )efc c r�  �i�h�e�m�q�_�g���k���i�h�f�h�s�v�x �\�_�j�l�b�d�Z�e�v�g�h�c���Z�g�l�_�g�g�u���k���i�Z�j�Z�f�_�l�j�Z�f�b��L � �������f����N =34, L�' =0.3 

�f���b���^�Z�_�l���g�Z�b�f�_�g�v�r�m�x���i�h�]�j�_�r�g�h�k�l�v���h�p�_�g�d�b���i�_�e�_�g�]�Z�� 

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

�k�b�]�g�Z�e�Z���� ��������- �b�k�l�b�g�g�u�c�� �i�_�e�_�g�]����s  �g�Z���b�k�l�h�q�g�b�d���� ��������- �i�h�]�j�_�r�g�h�k�l�v���Ö� � � �s s�� �h�p�_�g�d�b�� �i�_�e�_�g�]�Z�� �i�j�b��0c c� ; (5, 6) - 

�k�b�k�l�_�f�Z�l�b�q�_�k�d�Z�y���k�h�k�l�Z�\�e�y�x�s�Z�y���i�h�]�j�_�r�g�h�k�l�b��0�Ö��s�'  �i�j�b�� 0c c�  �^�e�y���e�m�q�Z�����i�j�_�l�_�j�i�_�\�r�_�]�h �h�^�g�h���b�e�b���^�\�Z �h�l�j�Z�`�_�g�b�y �h�l���^�g�Z������������

- �i�h�]�j�_�r�g�h�k�l�v���h�p�_�g�d�b���i�_�e�_�g�]�Z���i�j�b��
*
�3 ( )efc c r� �����G�h�j�\�_�`�k�d�h�_���f�h�j�_�����Z�\�]�m�k�l����f � � �����������=�p����sz � ���������f�� z � ���������f����L � �������f����N

=101, L�' � ���������f�������������O). 

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

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

�]�h�j�b�a�h�g�l�Z�e�v�g�h���b���\�_�j�l�b�d�Z�e�v�g�h. 

2. �:�f�i�e�b�l�m�^�g�h-�n�Z�a�h�\�u�_���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���A�>���\���]�e�m�[�h�d�h�f���f�h�j�_���i�j�b���e�_�l�g�b�o���m�k�e�h�\�b�y�o. 

 �G�b�`�_ �i�h�d�Z�a�Z�g�u���n�j�Z�]�f�_�g�l�u���j�Z�k�i�j�_�^�_�e�_�g�b�y���Z�f�i�e�b�l�m�^�u���b���n�Z�a�u���D�H�� �A�>�� �\�� �\�_�j�l�b�d�Z�e�v�g�h�f��

�k�_�q�_�g�b�b���a�\�m�d�h�\�h�]�h���i�h�e�y �g�Z���q�Z�k�l�h�l�_�����������=�p�����\���;�A�:�H�����j�b�k�������������\���>�A�:�H�����j�b�k�����������b���\���A�L�����j�b�k����������  

�<�� �;�A�:�H �h�k�g�h�\�g�h�c�� �\�d�e�Z�^�� �\�� �A�>�� �\�g�h�k�y�l���\�h�^�g�u�_���f�h�^�u���� �w�d�\�b�\�Z�e�_�g�l�g�u�_�� �^�\�m�f�� �e�m�q�Z�f���� �i�j�y�f�h�f�m�� �b��

�h�l�j�Z�`�_�g�g�h�f�m���h�l���k�\�h�[�h�^�g�h�c���i�h�\�_�j�o�g�h�k�l�b���f�h�j�y�����W�l�h���± �a�h�g�Z���e�e�h�c�^�h�\�k�d�h�c���b�g�l�_�j�n�_�j�_�g�p�b�b [3]�����]�^�_��

�j�Z�k�i�j�_�^�_�e�_�g�b�_���Z�f�i�e�b�l�m�^�u���\���\�_�j�l�b�d�Z�e�v�g�h�c���i�e�h�k�d�h�k�l�b��r ~ z �����d�Z�d���\�b�^�g�h���g�Z���j�b�k����3�����b�f�_�_�l���\�_�_�j�g�u�c��

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

�<���>�A�:�H���h�k�g�h�\�g�h�c�� �\�d�e�Z�^�� �\�� �A�>�� �\�g�h�k�y�l�� �\�h�^�g�u�_�� �f�h�^�u���� �b�o�� �[�j�b�e�e�x�w�g�h�\�k�d�b�_�� �e�m�q�b���b�f�_�x�l 

�f�Z�e�u�_ �m�]�e�u �k�d�h�e�v�`�_�g�b�y. �=�j�_�[�_�g�v�� �Z�f�i�e�b�l�m�^�u �\ �>�A�:�H (�j�b�k���� ���Z�� �i�h�q�l�b�� �]�h�j�b�a�h�g�l�Z�e�_�g�����e�b�g�b�b��

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

�g�Z���]�j�_�[�g�_���Z�f�i�e�b�l�m�^�u �g�Z�i�j�Z�\�e�_�g���\�^�h�e�v���]�j�_�[�g�y�����l�h���_�k�l�v���i�h�q�l�b���]�h�j�b�a�h�g�l�Z�e�v�g�h. 
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�J�b�k���� �������J�Z�k�i�j�_�^�_�e�_�g�b�_�� �Z�f�i�e�b�l�m�^�u�� ���Z���� �b�� �n�Z�a�u�� ���[���� �A�>�� �g�Z�� �i�e�h�k�d�h�k�l�b��~  �\�� �;�A�:�H���� �]�^�_�� �^�h�f�b�g�b�j�m�x�l�� �^�\�Z�� �e�m�q�Z���� �i�j�y�f�h�c�� �b��
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