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�H�I�L�H�L�?�O�G�B�D�: �B �H�I�L�B�Q�?�K�D�B�? �F�:�L�?�J�B�:�E�U
 
�M�>�D 536:621.37 

 
�<�E�B�Y�G�B�? �F�B�D�J�H�K�L�J�M�D�L�M�J�U �L�H�G�D�B�O �I�E�?�G�H�D �O�J�H�F�: 

�G�: �J�:�A�J�?�R�:�X�S�M�X �K�I�H�K�H�;�G�H�K�L�V �L�?�O�G�H�E�H�=�B�B �E�H�D�:�E�V�G�H�=�H 
�L�?�J�F�H�O�B�F�B�Q�?�K�D�H�=�H �H�D�B�K�E�?�G�B�Y, �K�L�B�F�M�E�B�J�H�<�:�G�G�H�=�H 

�E�:�A�?�J�G�U�F �B�A�E�M�Q�?�G�B�?�F 
�: .�G. �:�]�Z�n�h�g�h�\ 

(�K�Z�f�Z�j�k�d�b�c �]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c �Z�w�j�h�d�h�k�f�b�q�_�k�d�b�c �m�g�b�\�_�j�k�b�l�_�l �b�f. �Z�d�Z�^. �K.�I . �D�h�j�h�e�_�\�Z) 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�l.�g., �i�j�h�n�_�k�k�h�j �: .�<. �<�h�e�d�h�\ 

(�K�Z�f�Z�j�k�d�b�c �]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c �Z�w�j�h�d�h�k�f�b�q�_�k�d�b�c �m�g�b�\�_�j�k�b�l�_�l �b�f. �Z�d�Z�^. �K.�I . �D�h�j�h�e�_�\�Z) 
 

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

�K�m�s�_�k�l�\�m�_�l �j�y� ̂ �i�j�b�e�h�`�_�g�b�c, �k�i�_�p�b�n�b�d�Z �d�h�l�h�j�u�o �g�_ �i�h�a�\�h�e�y�_�l �k�q�b�l�Z�l�v �l�j�Z�^�b�p�b�h�g�g�u�_ 
�l�_�o�g�h�e�h�]�b�b �i�h�e�m�q�_�g�b�y �n�h�l�h�r�Z�[�e�h�g�h�\ �w�d�h�g�h�f�b�q�_�k�d�b �p�_�e�_�k�h�h�[�j�Z�a�g�u�f�b. �L�Z�d�Z�y �k�b�l�m�Z�p�b�y 
�k�d�e�Z�^�u�\�Z�_�l�k�y �\ �k�e�m�q�Z�_, �d�h�]�^�Z �l�j�_�[�m�_�l�k�y �b�a�]�h�l�h�\�b�l�v �r�b�j�h�d�m�x �g�h�f�_�g�d�e�Z�l�m�j�m �w�e�_�f�_�g�l�h�\ �i�j�b 
�r�l�m�q�g�h�f �b�e�b �f�_�e�d�h�k�_�j�b�c�g�h�f �i�j�h�b�a�\�h�^�k�l�\�_, �g�Z�i�j�b�f�_�j �i�j�b �b�a�]�h�l�h�\�e�_�g�b�b �m�g�b�d�Z�e�v�g�u�o 
�^�b�n�j�Z�d�p�b�h�g�g�u�o �h�i�l�b�q�_�k�d�b�o �w�e�_�f�_�g�l�h�\ (�>�H�W). �B�a�\�_�k�l�_�g �j�y� ̂ �f�_�l�h�^�h�\ �n�h�j�f�b�j�h�\�Z�g�b�y 
�l�h�i�h�e�h�]�b�q�_�k�d�h�]�h �b�a�h�[�j�Z�`�_�g�b�y �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h �\ �k�e�h�_ �j�Z�[�h�q�_�]�h �f�Z�l�_�j�b�Z�e�Z, �[�_�a 
�b�k�i�h�e�v�a�h�\�Z�g�b�y �n�h�l�h�j�_�a�b�k�l�h�\. �H�g�b �h�k�g�h�\�Z�g�u �g�Z �e�h�d�Z�e�v�g�h�c �h�[�j�Z�[�h�l�d�_ �f�Z�l�_�j�b�Z�e�Z �e�Z�a�_�j�g�u�f 
�b�a�e�m�q�_�g�b�_�f, �q�l�h �i�h�a�\�h�e�y�_�l �k�g�b�a�b�l�v �k�_�[�_�k�l�h�b�f�h�k�l�v �b�a�]�h�l�h�\�e�_�g�b�y �f�b�d�j�h�k�l�j�m�d�l�m�j 
�i�j�h�b�a�\�h�e�v�g�h�c �d�h�g�n�b�]�m�j�Z�p�b�b. �H�^�g�b�f �b�a �g�Z�b�[�h�e�_�_ �i�_�j�k�i�_�d�l�b�\�g�u�o �f�_�l�h�^�h�\ �i�j�y�f�h�c �a�Z�i�b�k�b 
�y�\�e�y�_�l�k�y �e�h�d�Z�e�v�g�h�_ �l�_�j�f�h�o�b�f�b�q�_�k�d�h�_ �h�d�b�k�e�_�g�b�_ �i�e�_�g�h�d �o�j�h�f�Z �i�h� ̂ �^�_�c�k�l�\�b�_�f �e�Z�a�_�j�g�h�]�h 
�b�a�e�m�q�_�g�b�y. �W�l�h�l �f�_�l�h�^ �n�h�j�f�b�j�h�\�Z�g�b�y �f�b�d�j�h�k�l�j�m�d�l�m�j �h�k�g�h�\�Z�g �g�Z �e�h�d�Z�e�v�g�h�f �h�d�b�k�e�_�g�b�b 
�l�h�g�d�b�o �i�e�_�g�h�d �o�j�h�f�Z �i�h� ̂ �^�_�c�k�l�\�b�_�f �e�Z�a�_�j�g�h�]�h �b�a�e�m�q�_�g�b�y. �I�h�k�e�_�^�m�x�s�_�_ �`�b�^�d�h�k�l�g�h�_ 
�l�j�Z�\�e�_�g�b�_ �h�[�j�Z�a�p�Z �i�j�b�\�h�^�b�l �d �n�h�j�f�b�j�h�\�Z�g�b�x �f�b�d�j�h�j�_�e�v�_�n�Z �a�Z �k�q�_�l �k�m�s�_�k�l�\�_�g�g�h�]�h �j�Z�a�e�b�q�b�y 
�k�d�h�j�h�k�l�_�c �l�j�Z�\�e�_�g�b�y �o�j�h�f�Z �b �_�]�h �h�d�b�k�g�u�o �n�h�j�f. 

�B�a�\�_�k�l�g�u�_ �l�_�h�j�_�l�b�q�_�k�d�b�_ �i�h�^�o�h�^�u �d �Z�g�Z�e�b�a�m �d�b�g�_�l�b�d�b �l�_�j�f�h�o�b�f�b�q�_�k�d�h�]�h �h�d�b�k�e�_�g�b�y, 
�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�]�h �e�Z�a�_�j�g�u�f �b�a�e�m�q�_�g�b�_�f, �o�h�j�h�r�h �h�i�b�k�u�\�Z�x�l �i�j�h�p�_�k�k�u �\ �h�l�g�h�k�b�l�_�e�v�g�h 
�l�h�e�k�l�u�o (>150 �g�f) �i�e�_�g�d�Z�o �b �[�Z�a�b�j�m�x�l�k�y �g�Z �k�e�_�^�m�x�s�b�o �h�[�s�b�o �h�k�g�h�\�g�u�o �i�j�_�^�i�h�e�h�`�_�g�b�y�o: 

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

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

�l�h�g�d�b�o �i�e�_�g�h�d �o�j�h�f�Z (<50 �g�f), �\�u�a�u�\�Z�_�l �g�_�h�[�o�h�^�b�f�h�k�l�v �[�h�e�_�_ �i�h�^�j�h�[�g�h�]�h �b�k�k�e�_�^�h�\�Z�g�b�y 
�i�j�h�p�_�k�k�h�\ �h�d�b�k�e�_�g�b�y, �\ �q�Z�k�l�g�h�k�l�b, �m�q�_�l�Z �\�e�b�y�g�b�y �k�l�j�m�d�l�m�j�u �i�e�_�g�d�b �o�j�h�f�Z �b �j�h�e�b 
�j�Z�k�l�\�h�j�_�g�g�h�]�h �\ �g�_�c �d�b�k�e�h�j�h�^�Z. 

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

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

�G�h�\�b�a�g�Z �i�j�_�^�e�h�`�_�g�g�h�c �f�h�^�_�e�b �a�Z�d�e�x�q�Z�_�l�k�y �\ �k�e�_�^�m�x�s�_�f: 
1. �I�e�_�g�d�Z �k�q�b�l�Z�_�l�k�y �g�_�h�^�g�h�j�h�^�g�h�c, �\�u�^�_�e�y�x�l�k�y �h�l�^�_�e�v�g�u�_ �d�j�b�k�l�Z�e�e�b�l�u. 
2. �K�q�b�l�Z�_�l�k�y, �q�l�h �h�d�b�k�e�_�g�b�_ �b�^�_�l �d�Z�d �Z�l�f�h�k�n�_�j�g�u�f �d�b�k�e�h�j�h�^�h�f, �l�Z�d �b �d�b�k�e�h�j�h�^�h�f, 

�j�Z�k�l�\�h�j�_�g�g�u�f �\ �i�e�_�g�d�_ �o�j�h�f�Z. 
3. �>�e�y �h�i�b�k�Z�g�b�y �n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�o �i�j�h�p�_�k�k�h�\ �i�j�h�o�h�^�y�s�b�o �\ �k�b�k�l�_�f�_, �b�k�i�h�e�v�a�h�\�Z�g 

�f�_�l�h�^ �\�_�j�h�y�l�g�h�k�l�g�h�]�h �d�e�_�l�h�q�g�h�]�h �Z�\�l�h�f�Z�l�Z (�<�D�:). 
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�I�j�b�f�_�g�_�g�b�_ �f�_�l�h�^�Z �<�D�: �^�e�y �f�h�^�_�e�b�j�h�\�Z�g�b�y �n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�o �i�j�h�p�_�k�k�h�\ �\ �i�e�_�g�d�_ 
�o�j�h�f�Z �i�h�a�\�h�e�b�e�h �m�q�_�k�l�v �\�e�b�y�g�b�_ �k�l�j�m�d�l�m�j�u �i�e�_�g�d�b �o�j�h�f�Z �g�Z �i�j�h�p�_�k�k�u �h�d�b�k�e�_�g�b�y �i�h� ̂
�^�_�c�k�l�\�b�_�f �e�Z�a�_�j�g�h�]�h �b�a�e�m�q�_�g�b�y.  

�;�u�e �i�j�h�\�_�^�_�g �j�y� ̂ �q�b�k�e�_�g�g�u�o �w�d�k�i�_�j�b�f�_�g�l�h�\, �g�Z�i�j�Z�\�e�_�g�g�u�o �g�Z �\�u�y�k�g�_�g�b�_ �\�e�b�y�g�b�y 
�k�l�j�m�d�l�m�j�u �i�e�_�g�d�b �o�j�h�f�Z �g�Z �i�j�h�p�_�k�k�u �_�_ �h�d�b�k�e�_�g�b�y, �k�l�b�f�m�e�b�j�h�\�Z�g�g�h�]�h �e�Z�a�_�j�g�u�f 
�b�a�e�m�q�_�g�b�_�f. �>�e�y �w�l�h�]�h �[�u�e�h �i�j�h�\�_�^�_�g�h �l�j�b �k�_�j�b�b �\�u�q�b�k�e�_�g�b�c, �\ �d�h�l�h�j�u�o �f�h�^�_�e�b�j�h�\�Z�e�h�k�v 
�h�d�b�k�e�_�g�b�_ �i�e�_�g�h�d �k �j�Z�a�e�b�q�g�u�f �o�Z�j�Z�d�l�_�j�g�u�f �j�Z�a�f�_�j�h�f �d�j�b�k�l�Z�e�e�b�l�h�\ – 10 �g�f, 15 �g�f �b 25 �g�f. 

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

�>�e�y �b�k�k�e�_�^�h�\�Z�g�b�y �f�b�d�j�h�k�l�j�m�d�l�m�j�u �i�e�_�g�h�d �o�j�h�f�Z �[�u�e�b �b�k�i�h�e�v�a�h�\�Z�g�u �f�_�l�h�^�u 
�j�_�g�l�]�_�g�h�\�k�d�h�c �^�b�n�j�Z�d�l�h�f�_�l�j�b�b, �b�a�f�_�j�_�g�b�y �i�j�h�\�h�^�b�e�b�k�v �g�Z �^�b�n�j�Z�d�l�h�f�_�l�j�_ Buncker D8 
�f�_�l�h�^�Z�f�b �k�d�h�e�v�a�y�s�_�]�h �i�Z�^�Z�x�s�_�]�h �e�m�q�Z �b �g�Z �h�l�j�Z�`�_�g�b�_, �Z �l�Z�d�`�_ �f�_�l�h�^�u �i�j�h�k�\�_�q�b�\�Z�x�s�_�c 
�w�e�_�d�l�j�h�g�g�h�c �f�b�d�j�h�k�d�h�i�b�b �\�u�k�h�d�h�]�h �j�Z�a�j�_�r�_�g�b�y, �g�Z �w�e�_�d�l�j�h�g�g�h�f �f�b�d�j�h�k�d�h�i�_ JEM-2010. 
�I�h�e�m�q�_�g�g�u�_ �j�_�a�m�e�v�l�Z�l�u �i�h�a�\�h�e�b�e�b �h�i�j�_�^�_�e�b�l�v �o�Z�j�Z�d�l�_�j�g�u�c �j�Z�a�f�_�j �d�j�b�k�l�Z�e�e�b�l�Z �\ �i�e�_�g�d�Z�o, 
�b�k�i�h�e�v�a�m�_�f�u�o �^�e�y �a�Z�i�b�k�b, �k �l�h�q�g�h�k�l�v�x �^�h �_�^�b�g�b�p �g�Z�g�h�f�_�l�j�h�\. 

�E�h�d�Z�e�v�g�u�c �Z�g�Z�e�b�a �w�e�_�f�_�g�l�g�h�]�h �k�h�k�l�Z�\�Z �h�[�j�Z�a�p�h�\ �i�j�h�\�h�^�b�e�b �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �w�g�_�j�]�h-
�^�b�k�i�_�j�k�b�h�g�g�h�]�h EDAX �k�i�_�d�l�j�h�f�_�l�j�Z «Phoenix» �k Si(Li) �^�_�l�_�d�l�h�j�h�f �b �j�Z�a�j�_�r�_�g�b�_�f �i�h 
�w�g�_�j�]�b�b �g�_ �[�h�e�_�_ 130 �w�<. �>�e�y �j�Z�a�e�b�q�g�u�o �h�[�j�Z�a�p�h�\ �d�h�e�b�q�_�k�l�\�h �d�b�k�e�h�j�h�^�Z �k�h�k�l�Z�\�b�e�h �\�_�e�b�q�b�g�m 
�h�l 6% �^�h 20%. �H�^�g�Z�d�h, �^�Z�g�g�u�c �w�d�k�i�_�j�b�f�_�g�l �g�_ �i�h�a�\�h�e�b�e �i�h�e�m�q�b�l�v �k�\�_�^�_�g�b�y �h �l�h�f, �d�Z�d�Z�y 
�^�h�e�y �d�b�k�e�h�j�h�^�Z �g�Z�o�h�^�b�l�k�y �\ �k�\�y�a�Z�g�g�h�f �k�h�k�l�h�y�g�b�b (�\ �h�d�k�b�^�Z�o �o�j�h�f�Z). 

�L�_�k�l�h�\�u�_ �k�l�j�m�d�l�m�j�u �[�u�e�b �a�Z�i�b�k�Z�g�u �g�Z �i�e�_�g�d�Z�o �o�j�h�f�Z �k �j�Z�a�e�b�q�g�u�f �o�Z�j�Z�d�l�_�j�g�u�f 
�j�Z�a�f�_�j�h�f �d�j�b�k�l�Z�e�e�b�l�Z (�d�\�Z�a�b�Z�f�h�j�n�g�Z�y �i�e�_�g�d�Z, 15 �g�f, 25 �g�f). �G�Z�i�u�e�_�g�b�_ �i�e�_�g�h�d �o�j�h�f�Z 
�i�j�h�b�a�\�h�^�b�e�h�k�v �l�_�j�f�h�\�Z�d�m�m�f�g�u�f �f�_�l�h�^�h�f �i�j�b �j�Z�a�e�b�q�g�h�c �l�_�f�i�_�j�Z�l�m�j�_ �i�h�^�e�h�`�_�d.  

�>�e�y �b�k�k�e�_�^�h�\�Z�g�b�y �\�e�b�y�g�b�y �k�l�j�m�d�l�m�j�u �i�e�_�g�d�b �o�j�h�f�Z �g�Z �d�b�g�_�l�b�d�m �l�_�j�f�h�o�b�f�b�q�_�k�d�h�]�h 
�h�d�b�k�e�_�g�b�y �g�Z �d�Z�`�^�m�x �i�h�^�e�h�`�d�m �g�Z �k�l�Z�g�p�b�b �e�Z�a�_�j�g�h�c �a�Z�i�b�k�b CLWS 200 �[�u�e�Z �a�Z�i�b�k�Z�g�Z 
�l�_�k�l�h�\�Z�y �k�l�j�m�d�l�m�j�Z, �k�h�k�l�h�y�s�Z�y �b�a 200 �d�h�e�v�p�_�\�u�o �l�j�_�d�h�\ �f�Z�d�k�b�f�Z�e�v�g�u�f �^�b�Z�f�_�l�j�h�f 4 �f�f . 
�F�h�s�g�h�k�l�v �i�j�b �a�Z�i�b�k�b �b�a�f�_�g�y�e�Z�k�v �h�l �f�Z�d�k�b�f�Z�e�v�g�h�c (700 �f�<�l) �g�Z �\�g�_�r�g�_�f �l�j�_�d�_ �^�h 0 �g�Z 
�\�g�m�l�j�_�g�g�_�f �k �r�Z�]�h�f �\ 0,5%, �^�b�Z�f�_�l�j �a�Z�i�b�k�u�\�Z�x�s�_�]�h �i�y�l�g�Z d=0,8 �f�d�f, �i�_�j�b�h�^ �k�l�j�m�d�l�m�j�u 
3 �f�d�f. 

�;�u�e�b �i�j�h�\�_�^�_�g�u �K�A�F �b�k�k�e�_�^�h�\�Z�g�b�y �h�[�j�Z�a�p�h�\ �d�Z�d �i�h�k�e�_ �e�Z�a�_�j�g�h�c �a�Z�i�b�k�b �k�d�j�u�l�h�]�h 
�b�a�h�[�j�Z�`�_�g�b�y �\ �i�e�_�g�d�_ �o�j�h�f�Z, �l�Z�d �b �i�h�k�e�_ �o�b�f�b�q�_�k�d�h�]�h �l�j�Z�\�e�_�g�b�y (�K�A�F Solver Pro, �j�_�`�b�f 
�Z�l�h�f�g�h-�k�b�e�h�\�h�c �f�b�d�j�h�k�d�h�i�b�b).  

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

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

1. �I�j�_�^�e�h�`�_�g�Z �b �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h �i�h�^�l�\�_�j�`�^�_�g�Z �g�h�\�Z�y �f�h�^�_�e�v �l�_�j�f�h�o�b�f�b�q�_�k�d�h�]�h 
�h�d�b�k�e�_�g�b�y �i�e�_�g�h�d �o�j�h�f�Z �l�h�e�s�b�g�h�c 20–150 �g�f �i�h� ̂ �^�_�c�k�l�\�b�_�f �e�Z�a�_�j�g�h�]�h �b�a�e�m�q�_�g�b�y, 
�m�q�b�l�u�\�Z�x�s�Z�y �g�_�h�^�g�h�j�h�^�g�h�k�l�v �i�e�_�g�d�b �o�j�h�f�Z. 

2. �<�i�_�j�\�u�_ �m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �h�k�g�h�\�g�h�_ �\�e�b�y�g�b�_ �g�Z �i�j�h�n�b�e�v �i�h�e�m�q�_�g�g�h�]�h �f�b�d�j�h�j�_�e�v�_�n�Z 
�^�e�y �i�e�_�g�h�d �o�j�h�f�Z �l�h�e�s�b�g�h�c <50 �g�f �h�d�Z�a�u�\�Z�_�l �h�d�b�k�e�_�g�b�_ �]�j�Z�g�b�p �d�j�b�k�l�Z�e�e�b�l�h�\, �Z �g�_ 
�h�[�t�_�f�Z �f�Z�l�_�j�b�Z�e�Z. 

3. �<�i�_�j�\�u�_ �l�_�h�j�_�l�b�q�_�k�d�b �h�[�h�k�g�h�\�Z�g�Z �i�_�j�k�i�_�d�l�b�\�g�h�k�l�v �b�k�i�h�e�v�a�h�\�Z�g�b�y �d�\�Z�a�b�Z�f�h�j�n�g�u�o 
�i�e�_�g�h�d �o�j�h�f�Z �^�e�y �m�\�_�e�b�q�_�g�b�y �j�Z�a�j�_�r�Z�x�s�_�c �k�i�h�k�h�[�g�h�k�l�b, �\ �l.�q. �^�e�y �a�Z�i�b�k�b �k�l�j�m�d�l�m�j �k 
�o�Z�j�Z�d�l�_�j�g�u�f �j�Z�a�f�_�j�h�f �f�_�g�v�r�_ �^�b�Z�f�_�l�j�Z �a�Z�i�b�k�u�\�Z�x�s�_�]�h �e�m�q�Z. 
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�M�K�L�J�H�C�K�L�<�H �>�E�Y �B�A�F�?�J�?�G�B�Y  
�I�J�H�K�L�J�:�G�K�L�<�?�G�G�H-�<�J�?�F�?�G�G�U�O �=�J�:�>�B�?�G�L�H�<  

�L�?�F�I�?�J�:�L�M�J�U �< �<�H�E�H�D�H�G�G�H-�H�I�L�B�Q�?�K�D�H�F �=�B�J�H�K�D�H�I�? 
�: .�K. �:�e�_�c�g�b�d (�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 �b�g�n�h�j�f�Z�p�b�h�g�g�u�o 

�l�_�o�g�h�e�h�]�b�c, �f�_�o�Z�g�b�d�b �b �h�i�l�b�d�b), �<.�?. �K�l�j�b�]�Z�e�_�\ (�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) 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�l.�g., �i�j�h�n�_�k�k�h�j �B.�D. �F�_�r�d�h�\�k�d�b�c 

 
�K�m�s�_�k�l�\�_�g�g�h�_ �\�e�b�y�g�b�_ �g�Z �k�b�]�g�Z�e �\�h�e�h�d�h�g�g�h-�h�i�l�b�q�_�k�d�h�]�h �]�b�j�h�k�d�h�i�Z (�<�H�=) �h�d�Z�a�u�\�Z�x�l 

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

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

�<�H�= �k �q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v�x �[�h�e�_�_ 0.01°�K, �\�u�k�h�d�h�c �e�b�g�_�c�g�h�k�l�v�x �b �\�j�_�f�_�g�g�h�c �k�l�Z�[�b�e�v�g�h�k�l�v�x �\ 
�^�b�Z�i�Z�a�h�g�_ �l�_�f�i�_�j�Z�l�m�j �h�l 0 �^�h 50°�K. 

�I�h �g�Z�r�_�f�m �f�g�_�g�b�x �^�e�y �d�h�f�i�_�g�k�Z�p�b�b �a�Z�\�b�k�b�f�h�k�l�b �k�b�]�g�Z�e�Z �]�b�j�h�k�d�h�i�Z �h�l �Z�[�k�h�e�x�l�g�h�]�h 
�a�g�Z�q�_�g�b�y �l�_�f�i�_�j�Z�l�m�j�u �^�h�k�l�Z�l�h�q�g�h �g�Z�e�b�q�b�y �h�^�g�h�]�h �^�Z�l�q�b�d�Z �k �l�h�q�g�h�k�l�v�x 0.5°�K. �D�h�f�i�_�g�k�Z�p�b�y 
�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h-�\�j�_�f�_�g�g�u�o �]�j�Z�^�b�_�g�l�h�\ �l�j�_�[�m�_�l �b�a�f�_�j�_�g�b�y �l�_�f�i�_�j�Z�l�m�j�u �\ �h�[�t�_�f�_, 
�k�h�^�_�j�`�Z�s�_�f �d�Z�l�m�r�d�m �k �h�i�l�b�q�_�k�d�b�f �\�h�e�h�d�g�h�f, �^�e�y �w�l�h�]�h �g�_�h�[�o�h�^�b�f�h �g�Z�e�b�q�b�_ �f�b�g�b�f�m�f 
�r�_�k�l�b �^�Z�l�q�b�d�h�\. �L�Z�d�`�_ �i�h�\�u�r�Z�x�l�k�y �l�j�_�[�h�\�Z�g�b�y �d �b�o �l�h�q�g�h�k�l�b �b �k�l�Z�[�b�e�v�g�h�k�l�b �i�h�d�Z�a�Z�g�b�c. 

�< �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �h�[�j�Z�a�p�Z�o �<�H�= �i�j�_�^�i�j�b�g�b�f�Z�e�b�k�v �i�h�i�u�l�d�b �i�h �d�h�f�i�_�g�k�Z�p�b�b 
�\�e�b�y�g�b�y �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h-�\�j�_�f�_�g�g�u�o �]�j�Z�^�b�_�g�l�h�\. �G�Z �d�Z�l�m�r�d�m �[�u�e�b �m�k�l�Z�g�h�\�e�_�g�u �p�b�n�j�h�\�u�_ 
�^�Z�l�q�b�d�b �l�_�f�i�_�j�Z�l�m�j�u �k �^�b�k�d�j�_�l�g�h�k�l�v�x �b�a�f�_�j�_�g�b�c 0.03°�K. �G�_�^�h�k�l�Z�l�h�q�g�h �\�u�k�h�d�b�_ �l�h�q�g�h�k�l�v, 
�e�b�g�_�c�g�h�k�l�v �b �k�l�Z�[�b�e�v�g�h�k�l�v �w�l�b�o �^�Z�l�q�b�d�h�\ �g�_ �i�h�a�\�h�e�b�e�b �h�^�g�h�a�g�Z�q�g�h �h�i�j�_�^�_�e�b�l�v �a�Z�\�b�k�b�f�h�k�l�v 
�k�b�]�g�Z�e�Z �]�b�j�h�k�d�h�i�Z �h�l �l�_�f�i�_�j�Z�l�m�j�g�u�o �]�j�Z�^�b�_�g�l�h�\. �I�h�w�l�h�f�m, �d�e�x�q�_�\�u�f �k�l�Z�e �\�h�i�j�h�k �h 
�g�_�h�[�o�h�^�b�f�h�k�l�b �k�h�a�^�Z�g�b�y �k�b�k�l�_�f�u �b�a�f�_�j�_�g�b�y �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h-�\�j�_�f�_�g�g�u�o �]�j�Z�^�b�_�g�l�h�\ �k 
�\�u�k�h�d�h�c �q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v�x, �e�b�g�_�c�g�h�k�l�v�x �b �\�j�_�f�_�g�g�h�c �k�l�Z�[�b�e�v�g�h�k�l�v�x �i�h�d�Z�a�Z�g�b�c. 

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

�]�j�Z�^�b�_�g�l�h�\, �i�h�k�l�j�h�_�g�g�u�c �g�Z �[�Z�a�_ �j�_�a�b�k�l�b�\�g�u�o �i�e�Z�l�b�g�h�\�u�o �^�Z�l�q�b�d�h�\ �l�_�f�i�_�j�Z�l�m�j�u.  
�I�j�h�\�_�^�_�g�u �b�a�f�_�j�_�g�b�y �l�_�i�e�h�\�h�]�h �i�h�e�y �\ �\�h�e�h�d�h�g�g�h-�h�i�l�b�q�_�k�d�h�f �b�g�l�_�j�n�_�j�h�f�_�l�j�_ �\ �j�Z�a�e�b�q�g�u�o 
�m�k�e�h�\�b�y�o �b �i�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�g�u �i�h�e�m�q�_�g�g�u�_ �j�_�a�m�e�v�l�Z�l�u. 
 
 
�M�>�D 535.17 
 

�=�?�H�F�?�L�J�B�Q�?�K�D�B�? �K�<�H�C�K�L�<�: �G�H�J�F�:�E�?�C �D �G�?�K�N�?�J�B�Q�?�K�D�B�F 
�I�H�<�?�J�O�G�H�K�L�Y�F �<�J�:�S�?�G�B�Y �<�L�H�J�H�=�H �I�H�J�Y�>�D�: 

�: .�B. �:�e�_�d�k�Z�g�^�j�h�\, �?.�<. �?�j�f�h�e�Z�_�\�Z 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�l.�g., �i�j�h�n�_�k�k�h�j �<.�: . �A�\�_�j�_�\ 

 
�I�j�b �\�u�[�h�j�_ �h�i�l�b�f�Z�e�v�g�h�c �k�o�_�f�u �d�h�g�l�j�h�e�y �g�_�k�n�_�j�b�q�_�k�d�b�o �i�h�\�_�j�o�g�h�k�l�_�c �g�_�h�[�o�h�^�b�f�h 

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

�K�_�q�_�g�b�_ �i�h�\�_�j�o�g�h�k�l�b �\�l�h�j�h�]�h �i�h�j�y�^�d�Z �f�_�j�b�^�b�h�g�Z�e�v�g�h�c �i�e�h�k�d�h�k�l�v�x �f�h�`�g�h �h�i�j�_�^�_�e�b�l�v 
�m�j�Z�\�g�_�g�b�_�f �\�b�^�Z: 
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�< �j�_�a�m�e�v�l�Z�l�_ �\�u�i�h�e�g�_�g�g�h�]�h �Z�g�Z�e�b�a�Z �i�h�e�m�q�Z�_�f, �q�l�h �j�Z�a�[�j�h�k �l�h�q�_�d �i�_�j�_�k�_�q�_�g�b�y �g�h�j�f�Z�e�_�c 
�d �i�h�\�_�j�o�g�h�k�l�b �\�j�Z�s�_�g�b�y �\�l�h�j�h�]�h �i�h�j�y�^�d�Z �k �h�i�l�b�q�_�k�d�h�c �h�k�v�x, �h�i�j�_�^�_�e�y�_�l�k�y �\�u�j�Z�`�_�g�b�_�f: 
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�H�l�k�x�^�Z �k�e�_�^�m�_�l, �q�l�h �i�j�b 0� e : 0� �c�' s ; �i�j�b 10 ���� e  (�w�e�e�b�i�k�h�b�^ �\�j�Z�s�_�g�b�y) �\�_�e�b�q�b�g�Z 
0�!�\ e . �I�j�b 1� e  �\�_�e�b�q�b�g�Z 1� �\ e , �Z �\�_�e�b�q�b�g�Z  

0

2
2

0 2
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2
1

r
y

tgrs p � � �c�' �J
  

�I�j�b 1�!e  (�]�b�i�_�j�[�h�e�h�b�^ �\�j�Z�s�_�g�b�y) 1���\ e . 
 
�<�u�\�h�^�u. �I�h�e�m�q�_�g�g�u�_ �j�_�a�m�e�v�l�Z�l�u �i�h�a�\�h�e�y�x�l �k�^�_�e�Z�l�v �k�e�_�^�m�x�s�b�_ �\�u�\�h�^�u: 

1. �J�Z�a�[�j�h�k �l�h�q�_�d �i�_�j�_�k�_�q�_�g�b�y �g�h�j�f�Z�e�_�c �d �i�h�\�_�j�o�g�h�k�l�b �\�j�Z�s�_�g�b�y �\�l�h�j�h�]�h �i�h�j�y�^�d�Z �k 
�h�i�l�b�q�_�k�d�h�c �h�k�v�x �i�j�b 00 �!r  �k�h�h�l�\�_�l�k�l�\�m�_�l �i�h�e�h�`�b�l�_�e�v�g�h�c �k�n�_�j�b�q�_�k�d�h�c �Z�[�_�j�j�Z�p�b�b �\ 
�k�o�_�f�_ �_�_ �d�h�g�l�j�h�e�y. 

2. �J�Z�a�[�j�h�k �l�h�q�_�d �i�_�j�_�k�_�q�_�g�b�y �g�h�j�f�Z�e�_�c �d �i�h�\�_�j�o�g�h�k�l�b �i�Z�j�Z�[�h�e�h�b�^�Z �\�j�Z�s�_�g�b�y �k 
�h�i�l�b�q�_�k�d�h�c �h�k�v�x �i�j�b 00 �!r  �k�h�h�l�\�_�l�k�l�\�m�_�l �i�h�e�h�`�b�l�_�e�v�g�h�c �k�n�_�j�b�q�_�k�d�h�c �Z�[�_�j�j�Z�p�b�b 
�l�j�_�l�v�_�]�h �i�h�j�y�^�d�Z �i�j�b �_�_ �d�h�g�l�j�h�e�_. 

3. �J�Z�a�[�j�h�k �l�h�q�_�d �i�_�j�_�k�_�q�_�g�b�y �g�h�j�f�Z�e�_�c �d �i�h�\�_�j�o�g�h�k�l�b �w�e�e�b�i�k�h�b�^�Z �\�j�Z�s�_�g�b�y �k 
�h�i�l�b�q�_�k�d�h�c �h�k�v�x �i�j�b 00 �!r  �k�h�h�l�\�_�l�k�l�\�m�_�l �i�h�e�h�`�b�l�_�e�v�g�h�c �k�n�_�j�b�q�_�k�d�h�c �Z�[�_�j�j�Z�p�b�b 
�i�j�b �i�h�e�h�`�b�l�_�e�v�g�u�o �a�g�Z�q�_�g�b�y�o �Z�[�_�j�j�Z�p�b�c �\�u�k�r�_�]�h �i�h�j�y�^�d�Z �i�j�b �_�_ �d�h�g�l�j�h�e�_. 

4. �J�Z�a�[�j�h�k �l�h�q�_�d �i�_�j�_�k�_�q�_�g�b�y �g�h�j�f�Z�e�_�c �d �i�h�\�_�j�o�g�h�k�l�b �]�b�i�_�j�[�h�e�h�b�^�Z �\�j�Z�s�_�g�b�y �k 
�h�i�l�b�q�_�k�d�h�c �h�k�v�x �i�j�b 00 �!r  �k�h�h�l�\�_�l�k�l�\�m�_�l �i�h�e�h�`�b�l�_�e�v�g�h�c �k�n�_�j�b�q�_�k�d�h�c �Z�[�_�j�j�Z�p�b�b 
�i�j�b �h�l�j�b�p�Z�l�_�e�v�g�u�o �a�g�Z�q�_�g�b�y�o �Z�[�_�j�j�Z�p�b�c �\�u�k�r�_�]�h �i�h�j�y�^�d�Z �i�j�b �_�_ �d�h�g�l�j�h�e�_. 

 
�E�b�l�_�j�Z�l�m�j�Z 

1. �<�u�]�h�^�k�d�b�c �F.�Y. �K�i�j�Z�\�h�q�g�b�d �i�h �\�u�k�r�_�c �f�Z�l�_�f�Z�l�b�d�_. – �F.: �G�Z�m�d�Z. – 1966. – 872 �k. 
2. �I�m�j�y�_�\ �>.�L. �F�_�l�h�^�u �d�h�g�l�j�h�e�y �h�i�l�b�q�_�k�d�b�o �Z�k�n�_�j�b�q�_�k�d�b�o �i�h�\�_�j�o�g�h�k�l�_�c. – �F.: 

�F�Z�r�b�g�h�k�l�j�h�_�g�b�_. – 1976. – 262 �k. 
3. �A�\�_�j�_�\ �<.�: ., �D�j�b�\�h�i�m�k�l�h�\�Z �?.�<.  �H�i�l�h�l�_�o�g�b�d�Z �g�_�k�n�_�j�b�q�_�k�d�b�o �i�h�\�_�j�o�g�h�k�l�_�c. �M�q�_�[�g�h�_ 

�i�h�k�h�[�b�_. – �K�I�[: �K�I�[�=�M �B�L�F�H. – 2006. – 203 �k. 
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�I�J�B�A�F�?�G�G�U�? �K�B�K�L�?�F�U �I�?�J�?�F�?�G�G�H�=�H �H�L�D�E�H�G�?�G�B�Y 
�K �I�H�K�L�H�Y�G�G�U�F �A�G�:�Q�?�G�B�?�F �D�H�W�N�N�B�P�B�?�G�L�: �:�G�:�F�H�J�N�H�A�U 

�X .�K. �:�e�_�d�k�Z�g�^�j�h�\ 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �d.�l.�g., �k�l. �i�j�_�i�h�^�Z�\�Z�l�_�e�v �K.�B. �D�m�q�_�j 

 
�J�Z�k�k�f�h�l�j�b�f �k�b�k�l�_�f�m, �k�h�k�l�h�y�s�m�x �b�a �i�Z�j�u �h�^�b�g�Z�d�h�\�u�o �d�e�b�g�v�_�\ (�i�j�b�a�f), �j�Z�k�i�h�e�h�`�_�g�g�u�o 

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

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

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

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

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

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

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

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

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

�K�m�s�_�k�l�\�m�_�l �f�_�l�h�^ �m�k�l�j�Z�g�_�g�b�y �Z�g�Z�f�h�j�n�h�a�u. �?�k�e�b �\�k�e�_�^ �a�Z �g�_�d�h�l�h�j�h�c �i�j�b�a�f�_�g�g�h�c 
�k�b�k�l�_�f�h�c �k �m�\�_�e�b�q�_�g�b�_�f �: 1 (�\ �i�e�h�k�d�h�k�l�b �]�e�Z�\�g�h�]�h �k�_�q�_�g�b�y) �f�u �i�h�k�l�Z�\�b�f �\�l�h�j�m�x �k�b�k�l�_�f�m �k 
�m�\�_�e�b�q�_�g�b�_�f �: 2 �b �i�h�\�_�j�g�_�f �_�_ �\�h�d�j�m�] �e�m�q�Z, �\�u�o�h�^�y�s�_�]�h �b�a �i�_�j�\�h�c �k�b�k�l�_�f�u, �l�Z�d�b�f �h�[�j�Z�a�h�f, 
�q�l�h�[�u �i�e�h�k�d�h�k�l�b �]�e�Z�\�g�u�o �k�_�q�_�g�b�c �h�[�_�b�o �i�j�b�a�f �h�[�j�Z�a�h�\�u�\�Z�e�b �i�j�y�f�h�c �m�]�h�e, �l�h �f�u �i�h�e�m�q�b�f 
�i�j�b�a�f�_�g�g�m�x �k�b�k�l�_�f�m, �^�Z�x�s�m�x �Z�g�Z�f�h�j�n�h�a�m �k �m�\�_�e�b�q�_�g�b�_�f �: 1 �b �: 2 �\ �^�\�m�o �\�a�Z�b�f�g�h 
�i�_�j�i�_�g�^�b�d�m�e�y�j�g�u�o �g�Z�i�j�Z�\�e�_�g�b�y�o. �?�k�e�b �`�_ �f�u �k�^�_�e�Z�_�f �m�\�_�e�b�q�_�g�b�_ �: 1 �j�Z�\�g�h�_ �: 2, �l�h 
�Z�g�Z�f�h�j�n�h�a�Z �b�k�q�_�a�g�_�l.  

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



 8 

�i�j�_�^�k�l�Z�\�e�y�x�s�Z�y �k�h�[�h�c �l�_�e�_�k�d�h�i�b�q�_�k�d�m�x �i�j�b�a�f�m �;�j�x�k�l�_�j�Z �k �i�_�j�_�f�_�g�g�u�f �\�h�a�^�m�r�g�u�f 
�d�e�b�g�h�f, �j�Z�k�i�h�e�Z�]�Z�_�l�k�y �i�h�k�e�_ �k�d�Z�g�b�j�m�x�s�_�c �i�j�b�a�f�_�g�g�h�c �k�b�k�l�_�f�u �b �a�Z �k�q�_�l �b�a�f�_�g�_�g�b�y 
�\�h�a�^�m�r�g�h�]�h �d�e�b�g�Z �f�_�`�^�m �d�h�f�i�h�g�_�g�l�Z�f�b �l�j�Z�g�k�n�h�j�f�b�j�m�_�l �j�Z�a�f�_�j �i�m�q�d�Z �i�h �a�Z�^�Z�g�g�h�f�m �a�Z�d�h�g�m. 
 
 
�M�>�D 681.786.4 

 
�:�G�:�E�B�A �K�B�K�L�?�F�:�L�B�Q�?�K�D�B�O �I�H�=�J�?�R�G�H�K�L�?�C 
�< �K�L�?�J�?�H�K�D�H�I�B�Q�?�K�D�H�C �K�B�K�L�?�F�? �D�H�G�L�J�H�E�Y 

�I�J�H�K�L�J�:�G�K�L�<�?�G�G�H�=�H �I�H�E�H�@�?�G�B�Y �H�;�T�?�D�L�H�< 
�D.�=. �:�j�Z�d�Z�g�p�_�\, �>.�<. �@�m�d�h�\ 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�l.�g., �i�j�h�n�_�k�k�h�j �B.�: . �D�h�g�y�o�b�g 
 

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

  
�P�_�e�v�x �j�Z�[�h�l�u �y�\�e�y�e�h�k�v �b�k�k�e�_�^�h�\�Z�g�b�_ �f�_�l�h�^�h�\ �q�b�k�e�_�g�g�h�]�h �j�Z�k�q�_�l�Z �i�h�e�h�`�_�g�b�y 

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

 
�;�Z�a�h�\�u�_ �i�h�e�h�`�_�g�b�y �b�k�k�e�_�^�h�\�Z�g�b�y. �B�a�f�_�j�b�l�_�e�v�g�Z�y �k�b�k�l�_�f�Z, �k�h�k�l�h�y�s�Z�y �b�a �^�\�m�o �n�h�l�h- 

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

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

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

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

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

�K�l�h�o�Z�k�l�b�q�_�k�d�h�_ �f�h�^�_�e�b�j�h�\�Z�g�b�_ �i�h�]�j�_�r�g�h�k�l�_�c �i�h�d�Z�a�Z�e�h, �q�l�h �^�e�y �^�b�k�l�Z�g�p�b�c �^�h �h�[�t�_�d�l�Z 
�h�l 2000 �^�h 10000 �f�f  (�j�Z�k�k�l�h�y�g�b�_ �f�_�`�^�m �d�Z�f�_�j�Z�f�b 300 �f�f , �n�h�d�m�k�g�u�_ �j�Z�k�k�l�h�y�g�b�y �h�[�t�_�d�l�b�\�h�\ 
35 �f�f ) �f�_�l�h�^ �k�b�g�]�m�e�y�j�g�h�]�h �j�Z�a�e�h�`�_�g�b�y �f�Z�l�j�b�p�u �d�h�w�n�n�b�p�b�_�g�l�h�\ �k�b�k�l�_�f�u �e�b�g�_�c�g�u�o  
�m�j�Z�\�g�_�g�b�c �i�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b �l�_�h�j�b�b �\�h�a�f�m�s�_�g�b�c �i�h�a�\�h�e�y�_�l �h�p�_�g�b�l�v �i�h�]�j�_�r�g�h�k�l�v 
�b�a�f�_�j�_�g�b�c �k �l�h�c �`�_ �l�h�q�g�h�k�l�v�x, �q�l�h �b �i�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b �f�_�l�h�^�Z �k�d�j�_�s�b�\�Z�x�s�b�o�k�y �i�j�y�f�u�o. 

 
�H�k�g�h�\�g�h�c �j�_�a�m�e�v�l�Z�l. �I�j�_�^�e�h�`�_�g �f�_�l�h�^ �k�b�g�]�m�e�y�j�g�h�]�h �j�Z�a�e�h�`�_�g�b�y �f�Z�l�j�b�p�u 

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

�H�[�h�k�g�h�\�Z�g�h �i�j�b�f�_�g�_�g�b�_ �l�_�h�j�b�b �\�h�a�f�m�s�_�g�b�c �^�e�y �Z�g�Z�e�b�a�Z �k�b�k�l�_�f�Z�l�b�q�_�k�d�b�o �b �k�e�m�q�Z�c�g�u�o 
�i�h�]�j�_�r�g�h�k�l�_�c �b�a�f�_�j�_�g�b�c �\ �k�l�_�j�_�h�k�d�h�i�b�q�_�k�d�h�c �k�b�k�l�_�f�_. �M�^�h�[�k�l�\�h�f �l�Z�d�h�]�h �i�h�^�o�h�^�Z �y�\�e�y�_�l�k�y 
�b�k�i�h�e�v�a�h�\�Z�g�b�_ �f�Z�l�j�b�p�u �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�y �h�r�b�[�h�d, �d�h�l�h�j�Z�y �a�Z�\�b�k�b�l �l�h�e�v�d�h �h�l �d�h�g�n�b�]�m�j�Z�p�b�b 
�k�l�_�j�_�h�k�d�h�i�b�q�_�k�d�h�c �k�b�k�l�_�f�u �b �h�i�b�k�u�\�Z�_�l, �d�Z�d �i�h�]�j�_�r�g�h�k�l�v �l�h�]�h �b�e�b �b�g�h�]�h �i�Z�j�Z�f�_�l�j�Z �\�e�b�y�_�l 
�g�Z �i�h�]�j�_�r�g�h�k�l�v �j�_�a�m�e�v�l�Z�l�Z �b�a�f�_�j�_�g�b�c. 
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�:�G�:�E�B�A �B�K�I�H�E�V�A�H�<�:�G�B�Y �F�B�D�J�H�E�B�G�A �>�E�Y �K�H�?�>�B�G�?�G�B�Y 
�H�I�L�B�Q�?�K�D�B�O �W�E�?�F�?�G�L�H�< �< �<�H�E�H�D�H�G�G�H-�H�I�L�B�Q�?�K�D�B�O 

�K�B�K�L�?�F�:�O �K�<�Y�A�B 
�?.�: . �:�j�_�n�v�_�\�Z 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �d.�l.�g., �^�h�p�_�g�l �H.�I . �L�b�f�h�n�_�_�\ 
 
�<�\�_�^�_�g�b�_. �<�h�i�j�h�k �k�h�]�e�Z�k�h�\�Z�g�b�y �h�i�l�b�q�_�k�d�b�o �d�h�f�i�h�g�_�g�l�h�\ �y�\�e�y�_�l�k�y �h�q�_�g�v �\�Z�`�g�u�f, �l�Z�d 

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

 
�P�_�e�v �j�Z�[�h�l�u. �J�Z�k�k�f�h�l�j�_�l�v �b �i�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�l�v �h�k�g�h�\�g�u�_ �k�i�h�k�h�[�u �k�h�_�^�b�g�_�g�b�y 

�h�i�l�b�q�_�k�d�b�o �w�e�_�f�_�g�l�h�\ �\ �<�H�K�K �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �f�b�d�j�h�e�b�g�a. �B�k�o�h�^�y �b�a �i�h�e�m�q�_�g�g�u�o �^�Z�g�g�u�o, 
�\�u�[�j�Z�l�v �g�Z�b�[�h�e�_�_ �h�i�l�b�f�Z�e�v�g�u�c �^�e�y �j�Z�a�g�u�o �l�b�i�h�\ �k�h�_�^�b�g�_�g�b�c: �b�k�l�h�q�g�b�d (�H�B) – �h�i�l�b�q�_�k�d�h�_ 
�\�h�e�h�d�g�h (�H�<), �H�< – �H�<, �H�< – �n�h�l�h�i�j�b�_�f�g�b�d (�N�I). 
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�H�k�g�h�\�g�u�_ �i�h�e�h�`�_�g�b�y. �G�Z �^�Z�g�g�u�c �f�h�f�_�g�l �k�m�s�_�k�l�\�m�_�l �g�_�k�d�h�e�v�d�h �h�k�g�h�\�g�u�o �k�i�h�k�h�[�h�\, 
�d�h�l�h�j�u�f�b �b�a�e�m�q�_�g�b�_ �k �\�u�o�h�^�Z �e�Z�a�_�j�g�h�]�h �^�b�h�^�Z �f�h�`�_�l �a�Z�i�m�k�d�Z�l�v�k�y �\ �h�i�l�b�q�_�k�d�h�_ �\�h�e�h�d�g�h. �< 
�i�_�j�\�h�f �f�_�l�h�^�_ �b�k�i�h�e�v�a�m�_�l�k�y �k�n�_�j�b�q�_�k�d�Z�y �f�b�d�j�h�e�b�g�a�Z, �j�Z�a�f�_�s�_�g�g�Z�y �f�_�`�^�m �^�b�h�^�h�f �b 
�h�i�l�b�q�_�k�d�b�f �\�h�e�h�d�g�h�f. �<�h �\�l�h�j�h�f �f�_�l�h�^�_ �i�h�e�m�k�n�_�j�b�q�_�k�d�Z�y �e�b�g�a�Z �n�h�j�f�b�j�m�_�l�k�y �g�Z �d�h�g�p�_ 
�\�h�e�h�d�g�Z. �< �l�j�_�l�v�_�f �f�_�l�h�^�_ �b�k�i�h�e�v�a�m�_�l�k�y �]�j�Z�^�b�_�g�l�g�Z�y (�k�l�_�j�`�g�_�\�Z�y) �e�b�g�a�Z, �Z �\ �q�_�l�\�_�j�l�h�f – 
�\�h�e�h�d�g�h �i�j�h�k�l�h �j�Z�k�s�_�i�e�y�_�l�k�y �b �i�h�^�k�h�_�^�b�g�y�_�l�k�y �d �e�Z�a�_�j�m �l�h�j�p�_�\�u�f �w�e�_�f�_�g�l�h�f �k�\�y�a�b, �l�Z�d �q�l�h 
�k�h�\�f�_�s�Z�x�l�k�y �h�i�l�b�q�_�k�d�b�_ �h�k�b �e�Z�a�_�j�Z �b �k�\�_�l�h�\�h�^�Z [1].  

�H�^�g�b�f �b�a �g�Z�b�[�h�e�_�_ �j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�u�o �k�i�h�k�h�[�h�\ �k�h�]�e�Z�k�h�\�Z�g�b�y �b�k�l�h�q�g�b�d�Z (�i�j�b�_�f�g�b�d�Z) 
�k�h �k�\�_�l�h�\�h�^�h�f �k�e�m�`�Z�l �k�n�_�j�b�q�_�k�d�b�_ �e�b�g�a�u. �I�j�b �e�b�g�a�h�\�h�c �k�b�k�l�_�f�_ �g�m�`�g�Z �\�_�k�v�f�Z �l�h�q�g�Z�y 
�n�h�d�m�k�b�j�h�\�d�Z �g�Z �l�h�j�_�p �\�h�e�g�h�\�h�^�Z, �l.�d. �^�Z�`�_ �g�_�a�g�Z�q�b�l�_�e�v�g�h�_ �k�f�_�s�_�g�b�_ �e�m�q�Z �h�l�g�h�k�b�l�_�e�v�g�h 
�\�u�o�h�^�g�h�]�h �l�h�j�p�Z �j�_�a�d�h �m�f�_�g�v�r�Z�_�l �w�n�n�_�d�l�b�\�g�h�k�l�v �\�\�h�^�Z �b�a�e�m�q�_�g�b�y [2]. �L�j�_�[�h�\�Z�g�b�y �d 
�n�h�d�m�k�b�j�h�\�d�_ �g�_�k�d�h�e�v�d�h �g�b�`�_, �d�h�]�^�Z �e�b�g�a�Z �j�Z�k�i�h�e�h�`�_�g�Z �\�i�e�h�l�g�m�x �d �\�h�e�g�h�\�h�^�m �b�e�b �d 
�b�k�l�h�q�g�b�d�m. �I�h�l�_�j�b �g�Z �\�\�h� ̂�i�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b �e�b�g�a�h�\�h�c �k�b�k�l�_�f�u �f�h�]�m�l �[�u�l�v �m�f�_�g�v�r�_�g�u �^�h 
�i�h�l�_�j�v, �k�\�y�a�Z�g�g�u�o �l�h�e�v�d�h �k �g�_�i�h�e�g�u�f �a�Z�i�h�e�g�_�g�b�_�f �`�]�m�l�Z, �_�k�e�b �m�]�e�u �j�Z�k�o�h�^�b�f�h�k�l�b �e�Z�a�_�j�Z 
�[�m�^�m�l �g�_ �[�h�e�v�r�_ �Z�i�_�j�l�m�j�u �\�h�e�h�d�g�Z. �< �p�_�e�h�f �i�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b �k�n�_�j�b�q�_�k�d�b�o �f�b�d�j�h�e�b�g�a 
�i�h�l�_�j�b �k�h�k�l�Z�\�e�y�x�l �i�h�j�y�^�d�Z 1 �^�; �b �[�h�e�_�_.  

�>�e�y �m�f�_�g�v�r�_�g�b�y �h�i�l�b�q�_�k�d�b�o �i�h�l�_�j�v �i�j�b �k�h�_�^�b�g�_�g�b�y�o �b�k�i�h�e�v�a�m�x�l�k�y �p�b�e�b�g�^�j�b�q�_�k�d�b�_, 
�k�n�_�j�b�q�_�k�d�b�_ �b �k�l�_�j�`�g�_�\�u�_ (�]�j�Z�^�b�_�g�l�g�u�_) �e�b�g�a�u (�]�j�Z�^�Z�g�u). �P�b�e�b�g�^�j�b�q�_�k�d�Z�y �e�b�g�a�Z (�j�b�k�m�g�h�d 
3�Z) �i�h�a�\�h�e�y�_�l �i�j�_�h�[�j�Z�a�h�\�Z�l�v �k�b�e�v�g�h �\�u�l�y�g�m�l�u�c �w�e�e�b�i�k �i�m�q�d�Z �e�Z�a�_�j�g�h�]�h �b�a�e�m�q�_�g�b�y �b �i�j�b�^�Z�l�v 
�_�f�m �g�Z �\�o�h�^�_ �\ �\�h�e�h�d�h�g�g�u�c �k�\�_�l�h�\�h�^ �i�h�q�l�b �d�j�m�]�e�h�_ �k�_�q�_�g�b�_. �I�j�b �w�l�h�f �w�n�n�_�d�l�b�\�g�h�k�l�v �\�\�h�^�Z 
�e�Z�a�_�j�g�h�]�h �b�a�e�m�q�_�g�b�y �\ �f�g�h�]�h�f�h�^�h�\�u�c �k�\�_�l�h�\�h�^ �^�h�k�l�b�]�Z�_�l 30%.  

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

�W�n�n�_�d�l�b�\�g�u�f �w�e�_�f�_�g�l�h�f �l�Z�d�h�]�h �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y �b �\�\�h�^�Z �y�\�e�y�_�l�k�y �k�l�_�j�`�g�_�\�Z�y 
(�]�j�Z�^�b�_�g�l�g�Z�y) �e�b�g�a�Z, �d�h�l�h�j�Z�y �n�h�d�m�k�b�j�m�_�l �b�a�e�m�q�_�g�b�_ �\ �i�m�q�h�d, �k�o�h�^�y�s�b�c�k�y �i�h� ̂�g�_�h�[�o�h�^�b�f�u�f 
(�h�l�g�h�k�b�l�_�e�v�g�h �g�_�[�h�e�v�r�b�f) �m�]�e�h�f �k �q�b�k�e�h�\�h�c �Z�i�_�j�l�m�j�h�c �\�h�e�h�d�h�g�g�h�]�h �k�\�_�l�h�\�h�^�Z [2-4]. 
�K�l�_�j�`�g�_�\�u�_ �e�b�g�a�u �b�f�_�x�l �p�b�e�b�g�^�j�b�q�_�k�d�m�x �n�h�j�f�m �k �i�e�h�k�d�b�f�b �l�h�j�p�Z�f�b �^�e�y �\�\�h�^�Z 
�h�i�l�b�q�_�k�d�h�]�h �b�a�e�m�q�_�g�b�y. �K�l�u�d�h�\�d�Z �k �i�h�f�h�s�v�x �f�b�d�j�h�e�b�g�a «�]�j�Z�^�Z�g» �f�h�`�_�l �b�k�i�h�e�v�a�h�\�Z�l�v�k�y �^�e�y 
�j�Z�a�t�_�f�g�u�o �b �g�_�j�Z�a�t�_�f�g�u�o �k�h�_�^�b�g�_�g�b�c: «�<�H�D (�H�<) – �<�H�D (�H�<)», «�<�H�D (�H�<) – �N�I», «�H�B – 
�<�H�D (�H�<)». �I�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b �]�j�Z�^�b�_�g�l�g�u�o �e�b�g�a �\�g�h�k�b�f�u�_ �i�h�l�_�j�b �f�h�]�m�l �k�h�k�l�Z�\�e�y�l�v �f�_�g�_�_ 
1 �^�;. 

�I�_�j�k�i�_�d�l�b�\�g�u�f �j�_�r�_�g�b�_�f �k�h�]�e�Z�k�h�\�Z�g�b�y �h�i�l�b�q�_�k�d�b�o �w�e�_�f�_�g�l�h�\ �k �i�h�f�h�s�v�x �f�b�d�j�h�e�b�g�a 
�y�\�e�y�x�l�k�y �k�h�]�e�Z�k�m�x�s�b�_ �h�i�l�b�q�_�k�d�b�_ �w�e�_�f�_�g�l�u �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h �g�Z �l�h�j�p�_ �h�i�l�b�q�_�k�d�h�]�h �\�h�e�h�d�g�Z 
�\ �j�_�a�m�e�v�l�Z�l�_ �j�Z�k�i�e�Z�\�e�_�g�b�y �d�h�g�q�b�d�Z �\�h�e�h�d�g�Z. �B�g�h�]�^�Z �i�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b �w�l�h�]�h �f�_�l�h�^�Z �d�h�g�q�b�d 
�\�h�e�h�d�g�Z �i�_�j�_�^ �n�h�j�f�b�j�h�\�Z�g�b�_�f �i�h�e�m�k�n�_�j�u �^�h�i�h�e�g�b�l�_�e�v�g�h �k�\�h�^�b�l�k�y �g�Z �d�h�g�m�k. �K�m�`�_�g�b�_ 
�\�h�e�h�d�g�Z �w�n�n�_�d�l�b�\�g�h �m�\�_�e�b�q�b�\�Z�_�l �q�b�k�e�h�\�m�x �Z�i�_�j�l�m�j�m �h�i�l�b�q�_�k�d�h�]�h �\�h�e�h�d�g�Z, �l�Z�d �q�l�h �h�g�Z �\ 
�[�h�e�v�r�_�c �k�l�_�i�_�g�b �k�h�h�l�\�_�l�k�l�\�m�_�l �Z�i�_�j�l�m�j�_ �e�Z�a�_�j�g�h�]�h �^�b�h�^�Z. �>�Z�g�g�u�c �f�_�l�h�^ �k�h�]�e�Z�k�h�\�Z�g�b�y 
�w�n�n�_�d�l�b�\�_�g �^�e�y �h�^�g�h�f�h�^�h�\�u�o �\�h�e�h�d�h�g. �L�b�i�h�\�Z�y �w�n�n�_�d�l�b�\�g�h�k�l�v �k�h�_�^�b�g�_�g�b�y �f�_�`�^�m 
�i�h�e�m�i�j�h�\�h�^�g�b�d�h�\�u�f �e�Z�a�_�j�Z�f �b �d�h�g�m�k�h�h�[�j�Z�a�g�u�f �d�h�g�p�h�f �h�^�g�h�f�h�^�h�\�h�]�h �\�h�e�h�d�g�Z �k�h�k�l�Z�\�e�y�_�l 
�i�j�b�[�e�b�a�b�l�_�e�v�g�h 50%.  

 
�A�Z�d�e�x�q�_�g�b�_. �< �j�_�a�m�e�v�l�Z�l�_ �f�h�`�g�h �k�d�Z�a�Z�l�v, �q�l�h �^�e�y �b�k�i�h�e�v�a�h�\�Z�g�b�y �<�H�K�K �e�m�q�r�_ 

�i�j�b�f�_�g�y�l�v �k�n�_�j�b�q�_�k�d�b�_ �b �]�j�Z�^�b�_�g�l�g�u�_ �f�b�d�j�h�e�b�g�a�u, �i�j�b�q�_�f �g�Z�b�[�h�e�_�_ �w�n�n�_�d�l�b�\�g�u 
�]�j�Z�^�b�_�g�l�g�u�_ �e�b�g�a�u, �l�Z�d �d�Z�d �i�h�l�_�j�b �i�j�b �\�\�h�^�_ �b�f�_�x�l �f�_�g�v�r�b�_ �\�_�e�b�q�b�g�u. �>�e�y �k�h�_�^�b�g�_�g�b�y 
�\�h�e�h�d�h�g �e�m�q�r�_ �i�j�b�f�_�g�y�l�v «�]�j�Z�^�Z�g�u». �I�j�b�f�_�g�_�g�b�_ �f�b�d�j�h�e�b�g�a �g�Z �l�h�j�p�_ �h�i�l�b�q�_�k�d�h�]�h 
�k�\�_�l�h�\�h�^�Z �h�]�j�Z�g�b�q�_�g�h �_�]�h �w�n�n�_�d�l�b�\�g�u�f �i�j�b�f�_�g�_�g�b�_�f �^�e�y �h�^�g�h�f�h�^�h�\�u�o �\�h�e�h�d�h�g. 

 
�E�b�l�_�j�Z�l�m�j�Z 
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�K.�: ., �K�e�_�i�h�\�Z �G.�G. – �F.: �:�H «�<�H�L»/�B�a�^-�\�h Connect. – 2000.  
4. �I�e�_�o�Z�g�h�\ �: .�B., �R�_�e�d�h�\�g�b�d�h�\ �<.�<. �H�i�l�b�q�_�k�d�b�_ �\�h�e�h�d�g�Z �k �d�h�g�p�_�\�u�f�b �n�h�l�h�i�h�e�b�f�_�j�g�u�f�b 

�f�b�d�j�h�e�b�g�a�Z�f�b [�W�e�_�d�l�j�h�g�g�u�c �j�_�k�m�j�k] / �=�e. �j�_�^�Z�d�l�h�j  �F.�<. �:�e�n�b�f�h�\ – �j�_�`�b�f �^�h�k�l�m�i�Z 
http://www.nanoru.ru/article.asp?itemid=9232623, �k�\�h�[�h�^�g�u�c. 
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�I�J�H�=�J�:�F�F�G�U�C �F�H�>�M�E�V �H�;�J�:�;�H�L�D�B �>�:�G�G�U�O �:�L�H�F�G�H-
�K�B�E�H�<�H�=�H �F�B�D�J�H�K�D�H�I�: �>�E�Y �J�:�K�Q�?�L�: �:�F�I�E�B�L�M�>�U 

�B �K�J�?�>�G�?�D�<�:�>�J�:�L�B�Q�?�K�D�H�C �R�?�J�H�O�H�<�:�L�H�K�L�B �B�K�K�E�?�>�M�?�F�H�C 
�I�H�<�?�J�O�G�H�K�L�B �M�K�J�?�>�G�?�G�G�U�O �I�H �;�:�A�H�<�H�C �I�E�H�S�:�>�B 

�X .�<. �:�l�e�u�]�b�g�Z 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�l.�g., �i�j�h�n�_�k�k�h�j �K.�G. �D�h�j�_�r�_�\ 

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

�n�Z�a�h�\�u�o �]�h�e�h�]�j�Z�f�f �y�\�e�y�_�l�k�y �f�_�l�h�^ �Z�l�h�f�g�h-�k�b�e�h�\�h�c �f�b�d�j�h�k�d�h�i�b�b. �K�j�_�^�b �i�j�b�[�h�j�h�\, 
�b�k�i�h�e�v�a�m�x�s�b�o �f�_�l�h�^ �:�K�F, �f�h�`�g�h �\�u�^�_�e�b�l�v �f�b�d�j�h�k�d�h�i Solver P47, �m�g�b�\�_�j�k�Z�e�v�g�u�c 
�k�d�Z�g�b�j�m�x�s�b�c �a�h�g�^�h�\�u�c �f�b�d�j�h�k�d�h�i, �i�j�_�^�g�Z�a�g�Z�q�_�g�g�u�c �^�e�y �b�k�i�h�e�v�a�h�\�Z�g�b�y �\ 
�g�Z�g�h�l�_�o�g�h�e�h�]�b�q�_�k�d�b�o �b�k�k�e�_�^�h�\�Z�g�b�y�o �\ �k�Z�f�u�o �j�Z�a�g�u�o �g�Z�m�q�g�u�o �h�[�e�Z�k�l�y�o. �L�h�q�g�h�k�l�v �b�a�f�_�j�_�g�b�y 
�r�_�j�h�o�h�\�Z�l�h�k�l�b �k �_�]�h �i�h�f�h�s�v�x – 1 �g�f. �W�l�h�l �i�j�b�[�h�j �h�[�_�k�i�_�q�b�\�Z�_�l �i�h�e�m�q�_�g�b�_ �b�a�h�[�j�Z�`�_�g�b�c 
�i�h�\�_�j�o�g�h�k�l�b �f�b�d�j�h- �b �g�Z�g�h- �h�[�t�_�d�l�h�\ �k �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�f �j�Z�a�j�_�r�_�g�b�_�f �\�i�e�h�l�v �^�h 
�Z�l�h�f�Z�j�g�h�]�h. 

�>�e�y �j�Z�[�h�l�u �k �f�b�d�j�h�k�d�h�i�h�f Solver P47 �b�k�i�h�e�v�a�m�x�l �i�j�h�]�j�Z�f�f�g�u�c �d�h�f�i�e�_�d�k Nova. 
�>�Z�g�g�h�_ �i�j�h�]�j�Z�f�f�g�h�_ �h�[�_�k�i�_�q�_�g�b�_ �i�h�a�\�h�e�y�_�l �h�k�m�s�_�k�l�\�e�y�l�v �j�Z�a�e�b�q�g�m�x �h�[�j�Z�[�h�l�d�m 
�b�a�h�[�j�Z�`�_�g�b�c, �k�l�j�h�b�l�v �]�b�k�l�h�]�j�Z�f�f�Z �i�e�h�l�g�h�k�l�b �j�Z�k�i�j�_�^�_�e�_�g�b�y, �\�u�q�b�k�e�y�l�v �j�Z�a�f�Z�o �\�u�k�h�l, 
�k�j�_�^�g�x�x �Z�j�b�n�f�_�l�b�q�_�k�d�m�x �r�_�j�h�o�h�\�Z�l�h�k�l�v, �k�l�j�h�b�l�v �b�a�h�[�j�Z�`�_�g�b�_ �n�m�j�v�_-�h�[�j�Z�a�Z �b �f�g�h�]�h�_ 
�^�j�m�]�h�_.  

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

�I�j�h�]�j�Z�f�f�g�u�c �f�h�^�m�e�v Nova �h�[�e�Z�^�Z�y �^�h�k�l�Z�l�h�q�g�h �k�_�j�v�_�a�g�u�f �g�Z�[�h�j�h�f �k�j�_�^�k�l�\ �^�e�y 
�h�[�j�Z�[�h�l�d�b �b�a�h�[�j�Z�`�_�g�b�c, �b�f�_�_�l �k�_�j�v�_�a�g�u�c �g�_�^�h�k�l�Z�l�h�d – �j�Z�k�q�_�l �m�k�j�_�^�g�_�g�g�u�o �\�u�k�h�l�u �i�j�h�n�b�e�y 
�b �k�j�_�^�g�_�d�\�Z�^�j�Z�l�b�q�_�k�d�h�c �r�_�j�h�o�h�\�Z�l�h�k�l�b �i�h�\�_�j�o�g�h�k�l�b �\ �g�_�f �h�k�m�s�_�k�l�\�e�y�_�l�k�y �k�h�]�e�Z�k�g�h 
�=�H�K�L 2789-73 �e�b�r�v �i�h �[�Z�a�h�\�h�c �e�b�g�b�b (�\�^�h�e�v �k�_�q�_�g�b�y). �K�l�h�e�v �\�Z�`�g�Z�y �^�e�y �h�i�l�b�q�_�k�d�b�o �a�Z�^�Z�q 
�\�h�a�f�h�`�g�h�k�l�v �m�k�j�_�^�g�_�g�b�y �^�Z�g�g�u�o �i�h �[�Z�a�h�\�h�c �i�e�h�s�Z�^�b �h�l�k�m�l�k�l�\�m�_�l. �W�l�h �h�]�j�Z�g�b�q�b�\�Z�_�l 
�\�h�a�f�h�`�g�h�k�l�v �b�k�i�h�e�v�a�h�\�Z�g�b�y �f�b�d�j�h�k�d�h�i�Z �^�e�y �h�p�_�g�d�b �d�Z�q�_�k�l�\�Z �b�a�h�[�j�Z�`�_�g�b�y �k�h�]�e�Z�k�g�h 
�d�j�b�l�_�j�b�x �F�Z�j�_�r�Z�e�y.  

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

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

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

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

�b�k�i�h�e�v�a�h�\�Z�g�b�y �\ �^�h�i�h�e�g�_�g�b�_ �d �i�j�h�]�j�Z�f�f�_ Nova �^�e�y �i�h�\�u�r�_�g�b�y �m�^�h�[�k�l�\�Z �b �l�h�q�g�h�k�l�b 
�j�Z�k�q�_�l�h�\ �\ �h�i�l�h�l�_�o�g�b�d�_. 
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�I�H�E�M�Q�?�G�B�? �I�H�J�B�K�L�U�O �I�J�H�K�<�?�L�E�Y�X�S�B�O �K�E�H�?�< 
�B�H�G�G�H-�O�B�F�B�Q�?�K�D�B�F �L�J�:�<�E�?�G�B�?�F 

�?.�F. �:�o�j�h�f�_�_�\�Z 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �d.�o.�g., �^�h�p�_�g�l �E.�: . �Q�_�j�_�a�h�\�Z 

 
�I�j�h�k�\�_�l�e�_�g�b�_ �h�i�l�b�q�_�k�d�b�o �^�_�l�Z�e�_�c �y�\�e�y�_�l�k�y �h�^�g�h�c �b�a �h�k�g�h�\�g�u�o �a�Z�^�Z�q �h�i�l�b�q�_�k�d�h�c 

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

�B�a�\�_�k�l�g�h, �q�l�h �i�j�b �b�h�g�g�h-�o�b�f�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�_ �b�h�g�Z�f�b �g�b�a�d�b�o �w�g�_�j�]�b�c �g�Z �i�h�\�_�j�o�g�h�k�l�b 
�h�i�l�b�q�_�k�d�b�o �f�g�h�]�h�d�h�f�i�h�g�_�g�l�g�u�o �k�l�_�d�h�e �h�[�j�Z�a�m�_�l�k�y �i�h�j�b�k�l�u�c �k�e�h�c, �k�g�b�`�Z�x�s�b�c �h�l�j�Z�`�_�g�b�_ �\ 
�\�b�^�b�f�h�c �h�[�e�Z�k�l�b �k�i�_�d�l�j�Z �g�Z 20–30%. �H�^�g�Z�d�h, �j�Z�a�j�Z�[�h�l�Z�g�g�u�_ �k�_�]�h�^�g�y �l�_�o�g�h�e�h�]�b�q�_�k�d�b�_ 
�i�j�h�p�_�k�k�u �l�j�Z�\�e�_�g�b�y �\�h �n�l�h�j�k�h�^�_�j�`�Z�s�_�c �i�e�Z�a�f�_  �i�j�b�]�h�^�g�u  �e�b�r�v �^�e�y �k�b�e�b�d�Z�l�g�u�o �k�l�_�d�h�e. 
�I�h�w�l�h�f�m, �a�g�Z�q�b�l�_�e�v�g�u�c �b�g�l�_�j�_�k �i�j�_�^�k�l�Z�\�e�y�_�l �b�h�g�g�h-�o�b�f�b�q�_�k�d�h�_ �l�j�Z�\�e�_�g�b�_ �i�h �d�h�g�l�Z�d�l�g�u�f 
�f�Z�k�d�Z�f, �d�h�l�h�j�u�_ �i�h�a�\�h�e�y�_�l �i�h�e�m�q�b�l�v �i�h�j�b�k�l�u�_ �i�j�h�k�\�_�l�e�y�x�s�b�_ �i�h�d�j�u�l�b�y �g�Z �i�h�\�_�j�o�g�h�k�l�b 
�k�l�_�d�h�e  �e�x�[�u�o �f�Z�j�h�d. 

�P�_�e�v�x �^�Z�g�g�h�c �j�Z�[�h�l�u �y�\�e�y�_�l�k�y �i�h�e�m�q�_�g�b�_ �i�h�j�b�k�l�u�o �i�j�h�k�\�_�l�e�y�x�s�b�o �k�e�h�z�\  �b�h�g�g�h-
�o�b�f�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�h�c �i�h�\�_�j�o�g�h�k�l�b �^�_�l�Z�e�b, �f�Z�k�d�b�j�h�\�Z�g�g�h�c �^�\�m�o�d�h�f�i�h�g�_�g�l�g�h�c �i�e�z�g�d�h�c. 
�=�e�Z�\�g�h�c �i�j�h�[�e�_�f�h�c �y�\�e�y�_�l�k�y �i�h�^�[�h�j �d�h�f�i�h�g�_�g�l�h�\ �f�Z�k�d�b, �j�_�`�b�f�h�\ �b �j�_�Z�]�_�g�l�h�\ �b�h�g�g�h-
�o�b�f�b�q�_�k�d�h�]�h �l�j�Z�\�e�_�g�b�y, �h�[�_�k�i�_�q�b�\�Z�x�s�b�o �^�h�k�l�Z�l�h�q�g�h�_ �j�Z�a�e�b�q�b�_ �\ �k�d�h�j�h�k�l�y�o �l�j�Z�\�e�_�g�b�y 
�f�Z�k�d�b �b �i�h�^�e�h�`�d�b �^�e�y �\�u�o�h�^�Z �g�Z �]�e�m�[�b�g�m �i�j�h�k�\�_�l�e�y�x�s�_�]�h �k�e�h�y, �k�h�h�l�\�_�l�k�l�\�m�x�s�m�x 
�f�Z�d�k�b�f�Z�e�v�g�h�f�m �i�j�h�k�\�_�l�e�_�g�b�x �\ �^�Z�g�g�h�c �h�[�e�Z�k�l�b �k�i�_�d�l�j�Z. 

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

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

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

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

�b�h�g�g�h-�o�b�f�b�q�_�k�d�h�]�h �l�j�Z�\�e�_�g�b�y �i�h �f�Z�k�d�Z�f, �i�h�e�m�q�_�g�g�u�f �w�e�_�d�l�j�h�g�g�h-�e�m�q�_�\�u�f �b�k�i�Z�j�_�g�b�_�f 
�k�h�k�l�Z�\�Z «�f�_�l�Z�e�e-�h�d�k�b�^». �< �g�Z�k�l�h�y�s�_�c �j�Z�[�h�l�_ �f�Z�k�d�Z �g�Z�g�h�k�b�l�k�y  �o�b�f�b�q�_�k�d�b�f �f�_�l�h�^�h�f �b�a 
�i�e�_�g�d�h�h�[�j�Z�a�m�x�s�b�o �j�Z�k�l�\�h�j�h�\. �>�Z�g�g�u�c �f�_�l�h�^ �i�h�a�\�h�e�y�_�l �g�Z�g�h�k�b�l�v �i�h�d�j�u�l�b�y �g�Z �e�x�[�u�_ �f�Z�j�d�b 
�k�l�_�d�h�e, �k�l�j�h�]�h �j�_�]�m�e�b�j�m�y �k�h�k�l�Z�\ �i�h�d�j�u�l�b�y. 

�< �^�Z�g�g�h�c �j�Z�[�h�l�_ �\ �d�Z�q�_�k�l�\�_ �f�Z�k�d�b�j�m�x�s�_�c �i�e�_�g�d�b �[�u�e�h �\�u�[�j�Z�g�h �i�h�d�j�u�l�b�_ �k�h�k�l�Z�\�Z 
Al 2O3–SiO2, �i�h�e�m�q�_�g�g�h�_ �f�_�l�h�^�h�f �a�h�e�v-�]�_�e�v �l�_�o�g�h�e�h�]�b�b. 

�J�Z�a�g�h�k�l�b �k�d�h�j�h�k�l�_�c �l�j�Z�\�e�_�g�b�y �d�h�f�i�h�g�_�g�l�h�\ �f�Z�k�d�b �i�j�b�\�h�^�y�l �d �k�_�e�_�d�l�b�\�g�h�k�l�b 
�l�j�Z�\�e�_�g�b�y. 
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�L�Z�d�b�f �h�[�j�Z�a�h�f, �h�^�b�g �b�a �d�h�f�i�h�g�_�g�l�h�\ (Al2O3) �i�h�k�e�_ �i�h�e�g�h�]�h �k�l�j�Z�\�e�b�\�Z�g�b�y �\�l�h�j�h�]�h 
�d�h�f�i�h�g�_�g�l�Z (SiO2), �k�e�m�`�b�l �f�Z�k�d�h�c �^�e�y �l�j�Z�\�e�_�g�b�y �k�l�_�d�e�y�g�g�h�c �i�h�^�e�h�`�d�b. �< �j�_�a�m�e�v�l�Z�l�_ �i�h�k�e�_ 
�i�h�e�g�h�]�h �k�l�j�Z�\�e�b�\�Z�g�b�y �f�Z�k�d�b�j�m�x�s�_�]�h �k�e�h�y �g�Z �i�h�\�_�j�o�g�h�k�l�b �k�l�_�d�e�Z, �f�u �\�b�^�b�f �i�h�j�b�k�l�m�x 
�i�e�_�g�d�m, �l�h�e�s�b�g�Z �d�h�l�h�j�h�c �h�i�j�_�^�_�e�y�_�l�k�y �l�h�e�s�b�g�h�c �f�Z�k�d�b�j�m�x�s�_�]�h �k�e�h�y �b �k�d�h�j�h�k�l�v�x �_�]�h 
�l�j�Z�\�e�_�g�b�y. 

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

�I�j�h�p�_�k�k �b�h�g�g�h-�o�b�f�b�q�_�k�d�h�]�h �l�j�Z�\�e�_�g�b�y �^�_�l�Z�e�b, �k �i�j�_�^�\�Z�j�b�l�_�e�v�g�h �g�Z�g�_�k�_�g�g�h�c �g�Z �g�_�_ 
�f�Z�k�d�b�j�m�x�s�_�c �i�e�_�g�d�h�c, �h�k�m�s�_�k�l�\�e�y�e�k�y �g�Z �\�Z�d�m�m�f�g�h�c �m�k�l�Z�g�h�\�d�_ �<�M 1�: , �k�g�Z�[�`�_�g�g�h�c 
�Z�\�l�h�g�h�f�g�u�f �b�k�l�h�q�g�b�d�h�f �b�h�g�h�\ «�B�H�G-4». �I�h �j�_�a�m�e�v�l�Z�l�Z�f �i�j�h�\�_�^�_�g�g�u�o �w�d�k�i�_�j�b�f�_�g�l�h�\ 
�\�u�y�\�e�_�g�u �h�i�l�b�f�Z�e�v�g�u�_ �j�_�`�b�f�u �b�h�g�g�h-�o�b�f�b�q�_�k�d�h�]�h �l�j�Z�\�e�_�g�b�y. 

 
�<�u�\�h�^�u 

1. �I�h�d�Z�a�Z�g�Z �\�h�a�f�h�`�g�h�k�l�v �b�k�i�h�e�v�a�h�\�Z�g�b�y �\ �d�Z�q�_�k�l�\�_ �f�Z�k�d�b�j�m�x�s�_�c �i�e�_�g�d�b 
�^�\�m�o�d�h�f�i�h�g�_�g�l�g�h�_ �i�h�d�j�u�l�b�_ �k�h�k�l�Z�\�Z Al2O3–SiO2, �g�Z�g�_�k�_�g�g�h�_ �g�Z �i�h�\�_�j�o�g�h�k�l�v 
�h�i�l�b�q�_�k�d�h�c �^�_�l�Z�e�b �o�b�f�b�q�_�k�d�b�f �f�_�l�h�^�h�f. 

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

3. �B�k�k�e�_�^�h�\�Z�g�u �k�\�h�c�k�l�\�Z �i�h�e�m�q�_�g�g�u�o �i�j�h�k�\�_�l�e�y�x�s�b�o �i�h�j�b�k�l�u�o �k�e�h�_�\. 
4. �I�h�d�Z�a�Z�g�h, �q�l�h �i�h�j�b�k�l�u�_ �i�j�h�k�\�_�l�e�y�x�s�b�_ �i�h�d�j�u�l�b�y �k �h�l�j�Z�`�_�g�b�_�f �\ �\�b�^�b�f�h�c �h�[�e�Z�k�l�b 

�k�i�_�d�l�j�Z 0,01–0,05% �f�h�]�m�l �b�k�i�h�e�v�a�h�\�Z�l�v�k�y �d�Z�d �h�^�b�g�h�q�g�u�_ �k�e�h�b, �l�Z�d �b �i�j�b �k�h�a�^�Z�g�b�b 
�f�g�h�]�h�k�e�h�c�g�u�o �k�b�k�l�_�f. 
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�B�K�K�E�?�>�H�<�:�G�B�? �<�H�A�F�H�@�G�H�K�L�B �M�F�?�G�V�R�?�G�B�Y 
�D�H�W�N�N�B�P�B�?�G�L�: �H�L�J�:�@�?�G�B�Y �F�?�L�:�E�E�B�Q�?�K�D�H�C 

�I�H�<�?�J�O�G�H�K�L�B �I�M�L�?�F �G�:�G�?�K�?�G�B�Y �G�: �G�?�? �K�E�H�?�< 
�D�?�J�F�?�L�H�< �J�:�A�E�B�Q�G�H�=�H �K�H�K�L�:�<�: 

�: .�<. �;�h�]�^�Z�g 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�l.�g., �i�j�h�n�_�k�k�h�j �E.�: . �=�m�[�Z�g�h�\�Z 

 
�< �j�Z�[�h�l�_ �j�Z�k�k�f�h�l�j�_�g�u �\�h�a�f�h�`�g�h�k�l�b �k�g�b�`�_�g�b�y �d�h�w�n�n�b�p�b�_�g�l�Z �h�l�j�Z�`�_�g�b�y �f�_�l�Z�e�e�h�\  

(�l�b�l�Z�g, �Z�e�x�f�b�g�b�c) �i�j�b �g�Z�g�_�k�_�g�b�b �g�Z �g�b�o �k�f�_�k�h�\�u�o (�d�_�j�f�_�l�g�u�o) �i�e�z�g�h�d �b �i�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�g�u 
�n�Z�d�l�h�j�u, �\�e�b�y�x�s�b�_ �g�Z �\�h�k�i�j�h�b�a�\�h�^�b�f�h�k�l�v �k�i�_�d�l�j�Z�e�v�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d �i�h�e�m�q�Z�_�f�h�]�h 
�i�h�d�j�u�l�b�y. �I�h�d�Z�a�Z�g�Z �\�h�a�f�h�`�g�h�k�l�v �k�g�b�`�_�g�b�y �d�h�w�n�n�b�p�b�_�g�l�Z �h�l�j�Z�`�_�g�b�y �\ 10 �b �[�h�e�_�_ �j�Z�a. 

�I�h�e�m�q�_�g�u �j�Z�k�q�z�l�g�u�_ �a�Z�\�b�k�b�f�h�k�l�b �h�i�l�b�q�_�k�d�b�o �i�Z�j�Z�f�_�l�j�h�\ (�i�h�d�Z�a�Z�l�_�e�y �i�j�_�e�h�f�e�_�g�b�y �b 
�d�h�w�n�n�b�p�b�_�g�l�Z �i�h�]�e�h�s�_�g�b�y) �b�a�h�l�j�h�i�g�h�]�h �k�e�h�y �k�f�_�k�b �f�_�l�Z�e�e�Z �b �^�b�w�e�_�d�l�j�b�d�Z, �\ �a�Z�\�b�k�b�f�h�k�l�b 
�h�l �d�h�e�b�q�_�k�l�\�_�g�g�h�]�h �k�h�h�l�g�h�r�_�g�b�y �\�o�h�^�y�s�b�o �\ �g�_�]�h �d�h�f�i�h�g�_�g�l�h�\, �Z �l�Z�d�`�_ �h�l �_�]�h �l�h�e�s�b�g�u. 

�J�Z�k�q�z�l�u �i�j�h�b�a�\�h�^�b�e�b�k�v �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �f�h�^�_�e�b �b�a�h�l�j�h�i�g�h�]�h �k�e�h�y �k�f�_�k�b �f�_�l�Z�e�e�Z �b 
�^�b�w�e�_�d�l�j�b�d�Z. �I�h�e�m�q�_�g�g�u�_ �j�_�a�m�e�v�l�Z�l�u �h�n�h�j�f�e�y�e�b�k�v �\ �\�b�^�_ 3-D �^�b�Z�]�j�Z�f�f�u, �d�h�l�h�j�Z�y �h�l�j�Z�`�Z�_�l 
�j�Z�k�i�j�_�^�_�e�_�g�b�_ �w�g�_�j�]�_�l�b�q�_�k�d�h�]�h �d�h�w�n�n�b�p�b�_�g�l�Z �h�l�j�Z�`�_�g�b�y �f�_�l�Z�e�e�Z �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l 
�i�Z�j�Z�f�_�l�j�h�\ �k�e�h�y �d�_�j�f�_�l�Z �g�Z �n�b�d�k�b�j�h�\�Z�g�g�h�c �^�e�b�g�_ �\�h�e�g�u �i�Z�^�Z�x�s�_�]�h �b�a�e�m�q�_�g�b�y. 

�:�g�Z�e�b�a �i�h�e�m�q�_�g�g�h�c 3-D �^�b�Z�]�j�Z�f�f�u �i�h�a�\�h�e�y�_�l �h�i�j�_�^�_�e�b�l�v �h�i�l�b�f�Z�e�v�g�u�_ �i�Z�j�Z�f�_�l�j�u 
�d�_�j�f�_�l�g�u�o �k�e�h�z�\ �^�e�y �j�Z�a�e�b�q�g�u�o �k�b�k�l�_�f «�f�_�l�Z�e�e-�d�_�j�f�_�l», �h�[�_�k�i�_�q�b�\�Z�x�s�b�_ �f�b�g�b�f�Z�e�v�g�h�_ 
�a�g�Z�q�_�g�b�_ �w�g�_�j�]�_�l�b�q�_�k�d�h�]�h �d�h�w�n�n�b�p�b�_�g�l�Z �h�l�j�Z�`�_�g�b�y. 

�D�Z�d �i�h�d�Z�a�Z�e�b �j�Z�k�q�z�l�u �k�i�_�d�l�j�Z�e�v�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d �k�b�k�l�_�f, �k�h�k�l�h�y�s�b�o �b�a 
�f�_�l�Z�e�e�b�q�_�k�d�h�c �i�h�^�e�h�`�d�b (�l�b�l�Z�g �b�e�b �Z�e�x�f�b�g�b�c) �b �k�e�h�y �f�_�l�Z�e�e�h�^�b�w�e�_�d�l�j�b�q�_�k�d�h�c �k�f�_�k�b, 
�g�Z�g�_�k�_�g�b�_ �f�_�l�Z�e�e�h�^�b�w�e�_�d�l�j�b�q�_�k�d�h�]�h �k�e�h�y �i�h�a�\�h�e�y�_�l �k�g�b�a�b�l�v �d�h�w�n�n�b�p�b�_�g�l �h�l�j�Z�`�_�g�b�y 
�Z�e�x�f�b�g�b�y �\ �\�b�^�b�f�h�c �h�[�e�Z�k�l�b �k�i�_�d�l�j�Z �\ 4 �j�Z�a�Z, �Z �l�b�l�Z�g�Z �\ 8 �j�Z�a. 
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�B�k�i�h�e�v�a�h�\�Z�g�b�_ �f�h�^�_�e�b �k�b�k�l�_�f�u  �b�a�h�l�j�h�i�g�u�o �k�e�h�_�\ �l�Z�d �`�_ �i�h�a�\�h�e�y�_�l �h�p�_�g�b�l�v �\�e�b�y�g�b�_ 
�l�h�e�s�b�g�u �h�d�k�b�^�g�h�]�h �k�e�h�y �g�Z �i�h�\�_�j�o�g�h�k�l�b �f�_�l�Z�e�e�Z �g�Z �d�h�g�_�q�g�m�x �k�i�_�d�l�j�Z�e�v�g�m�x 
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�m. �;�u�e�b �i�h�e�m�q�_�g�u �a�Z�\�b�k�b�f�h�k�l�b �b�a�f�_�g�_�g�b�y �k�i�_�d�l�j�Z�e�v�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d 
�i�h�d�j�u�l�b�c �h�l �g�Z�e�b�q�b�y �f�_�`�^�m �f�Z�l�_�j�b�Z�e�h�f �i�h�^�e�h�`�d�b (�f�_�l�Z�e�e�h�f) �b �d�_�j�f�_�l�g�u�f �k�e�h�_�f 
�h�d�k�b�^�g�h�]�h �k�e�h�y �l�b�l�Z�g�Z, �h�[�j�Z�a�m�x�s�_�]�h�k�y �g�Z �i�h�\�_�j�o�g�h�k�l�b �f�_�l�Z�e�e�Z �\ �j�_�a�m�e�v�l�Z�l�_ �h�d�b�k�e�_�g�b�y. 
�G�Z�e�b�q�b�_ �^�Z�g�g�h�]�h �k�e�h�y �k �l�h�e�s�b�g�h�c �[�h�e�_�_ 5 �g�f �i�j�b�\�h�^�b�l �d �a�g�Z�q�b�l�_�e�v�g�h�f�m �b�a�f�_�g�_�g�b�x 
�k�i�_�d�l�j�Z�e�v�g�h�c �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �g�Z �\�k�_�f �k�i�_�d�l�j�Z�e�v�g�h�f �^�b�Z�i�Z�a�h�g�_. �B�a �^�Z�g�g�h�]�h �n�Z�d�l�Z �k�e�_�^�m�_�l 
�\�u�\�h�^, �q�l�h �i�j�b �g�Z�g�_�k�_�g�b�b �i�h�d�j�u�l�b�y �g�Z �f�_�l�Z�e�e�b�q�_�k�d�m�x �i�h�^�e�h�`�d�m �g�_�h�[�o�h�^�b�f�h �i�j�h�b�a�\�_�k�l�b 
�l�s�Z�l�_�e�v�g�m�x �h�q�b�k�l�d�m �i�h�\�_�j�o�g�h�k�l�b �i�h�^�e�h�`�d�b �\ �\�Z�d�m�m�f�g�h�c �d�Z�f�_�j�_. 

�L�Z�d�`�_ �[�u�e�b �i�j�h�\�_�^�_�g�u �\�u�q�b�k�e�_�g�b�y, �i�h�a�\�h�e�b�\�r�b�_ �h�p�_�g�b�l�v �\�e�b�y�g�b�_ �g�Z �k�i�_�d�l�j�Z�e�v�g�m�x 
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�m �d�h�w�n�n�b�p�b�_�g�l�Z �h�l�j�Z�`�_�g�b�y �k�e�h�y �d�_�j�f�_�l�Z, �g�Z�g�_�k�_�g�g�h�]�h �g�Z �f�_�l�Z�e�e�b�q�_�k�d�m�x 
�i�h�\�_�j�o�g�h�k�l�v, �^�b�w�e�_�d�l�j�b�q�_�k�d�h�]�h �Z�g�l�b�h�l�j�Z�`�Z�x�s�_�]�h �i�h�d�j�u�l�b�y. �J�Z�k�q�_�l�u �i�h�d�Z�a�Z�e�b, �q�l�h 
�g�Z�g�_�k�_�g�b�_ �Z�g�l�b�h�l�j�Z�`�Z�x�s�_�]�h �i�h�d�j�u�l�b�y �g�Z �d�_�j�f�_�l�g�u�c �k�e�h�c, �i�h�a�\�h�e�y�_�l �m�f�_�g�v�r�b�l�v 
�d�h�w�n�n�b�p�b�_�g�l �h�l�j�Z�`�_�g�b�y �l�b�l�Z�g�Z �\ �k�j�_�^�g�_�f �\ 18 �j�Z�a (�k 59% �^�h 3,2%) �\ �r�b�j�h�d�h�f �k�i�_�d�l�j�Z�e�v�g�h�f 
�^�b�Z�i�Z�a�h�g�_ (�h�l 400 �^�h 900 �g�f). 

�B�a �Z�g�Z�e�b�a�Z �k�i�_�d�l�j�Z�e�v�g�u�o �a�Z�\�b�k�b�f�h�k�l�_�c �d�h�w�n�n�b�p�b�_�g�l�Z �h�l�j�Z�`�_�g�b�y �k�b�k�l�_�f (�f�_�l�Z�e�e-
�d�_�j�f�_�l-�^�b�w�e�_�d�l�j�b�d) �\�b�^�g�h, �q�l�h �i�j�b�f�_�g�_�g�b�_ �d�_�j�f�_�l�g�h�]�h �i�h�d�j�u�l�b�y �k �h�i�l�b�f�Z�e�v�g�u�f �k�h�k�l�Z�\�h�f �k 
�b�k�i�h�e�v�a�h�\�Z�g�b�_�f �k�e�h�y �^�b�w�e�_�d�l�j�b�d�Z �\ �d�Z�q�_�k�l�\�_ �Z�g�l�b�h�l�j�Z�`�Z�x�s�_�]�h �i�h�d�j�u�l�b�y �i�h�a�\�h�e�y�_�l �k�g�b�a�b�l�v 
�d�h�w�n�n�b�p�b�_�g�l �h�l�j�Z�`�_�g�b�y �Z�e�x�f�b�g�b�y �\ �\�b�^�b�f�h�c �h�[�e�Z�k�l�b �k�i�_�d�l�j�Z �\ 8 �j�Z�a�Z, �Z �l�b�l�Z�g�Z �\ 18 �j�Z�a. 
 
 
�M�>�D 535.625.15 

 
�:�G�:�E�B�A �<�E�B�Y�G�B�Y �I�H�<�?�J�O�G�H�K�L�G�H �H�D�J�:�R�?�G�G�U�O �I�H�E�B�F�?�J�G�U�O 

�H�Q�D�H�<�U�O �E�B�G�A �B �K�<�?�L�H�N�B�E�V�L�J�H�< 
�G�: �H�K�L�J�H�L�M �A�J�?�G�B�Y 

�F.�B. �;�m�^�Z�j�]�b�g�Z 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�l.�g., �i�j�h�n�_�k�k�h�j �W.�K. �I�m�l�b�e�b�g 

 
�<�\�_�^�_�g�b�_. �<�h�i�j�h�k�h�f �b�k�k�e�_�^�h�\�Z�g�b�y �k�\�_�l�h�n�b�e�v�l�j�h�\ �\ �d�Z�q�_�k�l�\�_ �a�Z�s�b�l�g�u�o �k�l�_�d�h�e �b �b�o 

�\�e�b�y�g�b�y �g�Z �h�k�l�j�h�l�m �a�j�_�g�b�y �a�Z�g�b�f�Z�x�l�k�y �^�Z�\�g�h. �I�_�j�\�u�_ �^�h�k�l�h�\�_�j�g�u�_ �m�i�h�f�b�g�Z�g�b�y �h�[ 
�b�k�i�h�e�v�a�h�\�Z�g�b�b �h�d�j�Z�r�_�g�g�u�o �h�q�d�h�\ �h�l�g�h�k�b�l�k�y �d 17 �\�_�d�m. �< 18 �\�_�d�_ �m�`�_ �m�i�h�f�b�g�Z�x�l�k�y �a�_�e�_�g�u�_, 
�k�b�g�b�_, �`�_�e�l�u�_ �h�q�d�b – «�d�h�g�k�_�j�\�u» �b �j�_�d�h�f�_�g�^�Z�p�b�y �d �i�j�b�f�_�g�_�g�b�x �l�_�o �b�e�b �b�g�u�o �h�q�d�h�\. �< 19 
�\�_�d�_ �r�b�j�h�d�h�_ �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�_ �i�h�e�m�q�b�e�b �^�u�f�q�Z�l�h-�k�_�j�u�_ �b �k�b�g�b�_ «�d�h�g�k�_�j�\�u». �< �j�Z�[�h�l�Z�o 
�K.�K. �I�h�e�y�g�k�d�h�]�h, �: .�I . �D�j�u�e�h�\�Z [1, 2] �i�h�^�j�h�[�g�h �i�j�_�^�k�l�Z�\�e�_�g�u �j�_�d�h�f�_�g�^�Z�p�b�b �\�j�Z�q�_�c – 
�h�d�m�e�b�k�l�h�\ �i�h �i�h�\�h�^�m �i�j�b�f�_�g�_�g�b�y �`�_�e�l�u�o, �a�_�e�_�g�u�o, �k�b�g�b�o �b �^�u�f�q�Z�l�u�o �k�\�_�l�h�n�b�e�v�l�j�h�\. �L�Z�d�`�_ 
�\ �w�l�b�o �j�Z�[�h�l�Z�o �b�k�k�e�_�^�h�\�Z�e�b�k�v �n�b�a�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �w�l�b�o �k�\�_�l�h�n�b�e�v�l�j�h�\ �d�Z�d �a�Z�s�b�l�g�u�o �h�q�d�h�\ 
�b �b�o �\�e�b�y�g�b�_ �g�Z �h�k�l�j�h�l�m �a�j�_�g�b�y. �<�e�b�y�g�b�_ �p�\�_�l�g�u�o �k�\�_�l�h�n�b�e�v�l�j�h�\ �g�Z �h�k�l�j�h�l�m �a�j�_�g�b�y �l�Z�d�`�_ 
�[�u�e�h �b�a�\�_�k�l�g�h �^�h�k�l�Z�l�h�q�g�h �^�Z�\�g�h �b �b�k�k�e�_�^�h�\�Z�e�h�k�v �d�Z�d �k�Z�f�h�k�l�h�y�l�_�e�v�g�Z�y �i�j�h�[�e�_�f�Z. �R�b�j�h�d�h�_ 
�j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�_ �\ 20 �\�_�d�_ �i�h�e�m�q�b�e�b �a�Z�s�b�l�g�u�_ �h�q�d�b �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �k�i�_�p�b�n�b�d�b 
�a�j�b�l�_�e�v�g�h�]�h �l�j�m�^�Z �j�Z�[�h�l�Z�x�s�b�o, �b�k�k�e�_�^�h�\�Z�g�b�y �g�_�d�h�l�h�j�u�o �b�a �g�b�o �i�j�_�^�k�l�Z�\�e�_�g�u �\ �j�Z�[�h�l�_. 

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

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

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

 
�P�_�e�v �b �a�Z�^�Z�q�b �b�k�k�e�_�^�h�\�Z�g�b�y. �P�_�e�v �j�Z�[�h�l�u �a�Z�d�e�x�q�Z�_�l�k�y �\ �i�j�h�\�_�^�_�g�b�b �Z�g�Z�e�b�a�Z �\�e�b�y�g�b�y 

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

�>�e�y �^�h�k�l�b�`�_�g�b�y �i�h�k�l�Z�\�e�_�g�g�h�c �p�_�e�b �[�u�e�b �m�k�l�Z�g�h�\�e�_�g�u �k�e�_�^�m�x�s�b�_ �[�Z�a�h�\�u�_ �i�h�e�h�`�_�g�b�y: 
1. �B�k�k�e�_�^�h�\�Z�l�v �\�e�b�y�g�b�_ �g�Z �h�k�l�j�h�l�m �a�j�_�g�b�y �i�h�\�_�j�o�g�h�k�l�g�h �h�d�j�Z�r�_�g�g�u�o �i�h�e�b�f�_�j�g�u�o 

�h�q�d�h�\�u�o �e�b�g�a �k �k�b�e�h�c 0,0 �^�i�l�j �`�_�e�l�h-�a�_�e�_�g�u�o, �]�h�e�m�[�u�o �b �j�h�a�h�\�u�o, �h�j�Z�g�`�_�\�u�o �p�\�_�l�h�\. 
2. �B�k�k�e�_�^�h�\�Z�l�v �\�e�b�y�g�b�_ �g�Z �h�k�l�j�h�l�m �a�j�_�g�b�y �k�\�_�l�h�n�b�e�v�l�j�h�\ �N�K-1, �K�A�K-20, �D�K-10, �@�K-3, 

�@�K-17, �H�K-6. 
3. �I�j�h�\�_�k�l�b �Z�g�Z�e�b�a �b �k�j�Z�\�g�b�l�v �i�h�e�m�q�_�g�g�u�_ �^�Z�g�g�u�_ �i�h �\�e�b�y�g�b�x �i�h�\�_�j�o�g�h�k�l�g�h 

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

�F�_�l�h�^�b�d�Z �b�k�k�e�_�^�h�\�Z�g�b�y. �B�k�k�e�_�^�h�\�Z�g�b�_ �h�k�l�j�h�l�u �a�j�_�g�b�y �i�j�h�\�h�^�b�e�h�k�v �i�h �k�l�Z�g�^�Z�j�l�g�h�c 
�f�_�l�h�^�b�d�_ �\ �h�n�l�Z�e�v�f�h�e�h�]�b�q�_�k�d�h�f �d�Z�[�b�g�_�l�_. �I�_�j�\�h�g�Z�q�Z�e�v�g�h �h�i�j�_�^�_�e�y�e�Z�k�v �h�k�l�j�h�l�Z �a�j�_�g�b�y 
�d�Z�`�^�h�]�h �]�e�Z�a�Z �b �i�j�b �g�_�h�[�o�h�^�b�f�h�k�l�b �i�h�^�[�b�j�Z�e�Z�k�v �i�h�e�g�Z�y �d�h�j�j�_�d�p�b�y. �A�Z�l�_�f �\ �i�j�h�[�g�m�x �h�i�j�Z�\�m 
�i�h�h�q�_�j�_�^�g�h �m�k�l�Z�g�Z�\�e�b�\�Z�e�b�k�v �i�h�\�_�j�o�g�h�k�l�g�h �h�d�j�Z�r�_�g�g�u�_ �h�q�d�h�\�u�_ �e�b�g�a�u �b�a �b�k�k�e�_�^�m�_�f�h�]�h 
�g�Z�[�h�j�Z �b�e�b �k�\�_�l�h�n�b�e�v�l�j�u. �I�Z�p�b�_�g�l�m �i�h�d�Z�a�u�\�Z�x�l �h�i�l�h�l�b�i�u �b �i�j�h�k�y�l �g�Z�a�\�Z�l�v �[�m�d�\�u, 
�k�h�h�l�\�_�l�k�l�\�m�x�s�b�_ �h�k�l�j�h�l�_ �a�j�_�g�b�y 1,0 (�g�_ �f�_�g�_�_ �q�_�l�u�j�_�o �a�g�Z�d�h�\ �i�h�^�j�y�^). �?�k�e�b �h�g �\�k�_ �b�o 
�g�Z�a�u�\�Z�_�l �\�_�j�g�h, �l�h �i�h�d�Z�a�u�\�Z�x�l �[�h�e�_�_ �f�_�e�d�b�_ �a�g�Z�d�b, �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h �k�e�_�^�m�x�s�b�_ �a�Z 
�j�Z�a�f�_�j�h�f 1,0 �\ �^�Z�g�g�h�c �l�Z�[�e�b�p�_. �L�Z�d �i�j�h�^�h�e�`�Z�x�l �^�h �l�_�o �i�h�j, �i�h�d�Z �i�Z�p�b�_�g�l �g�_ �g�Z�q�g�_�l 
�h�r�b�[�Z�l�v�k�y (�g�_ �[�h�e�_�_ �^�\�m�o �h�r�b�[�h�d �\ �k�l�j�h�d�_). �B�k�k�e�_�^�h�\�Z�g�b�y �h�k�l�j�h�l�u �a�j�_�g�b�y �[�u�e�h �i�j�h�\�_�^�_�g�h 
�^�e�y 20 �i�Z�p�b�_�g�l�h�\ �k �i�h�\�_�j�o�g�h�k�l�g�h �h�d�j�Z�r�_�g�g�u�f�b �h�q�d�h�\�u�f�b �e�b�g�a�Z�f�b �b 24 �i�Z�p�b�_�g�l�h�\ �k�h 
�k�\�_�l�h�n�b�e�v�l�j�Z�f�b. 

 
�H�k�g�h�\�g�u�_ �j�_�a�m�e�v�l�Z�l�u. �I�h �^�Z�g�g�u�f �b�k�k�e�_�^�h�\�Z�g�b�y �h�k�l�j�h�l�u �a�j�_�g�b�y �\�u�y�\�e�_�g�h, �q�l�h 

�g�_�d�h�l�h�j�u�_ �i�h�\�_�j�o�g�h�k�l�g�h �h�d�j�Z�r�_�g�g�u�_ �h�q�d�h�\�u�_ �e�b�g�a�u («�e�b�f�h�g», «�e�Z�c�f», «�Z�g�l�b�n�Z�j�Z», 
«�y�g�l�Z�j�v») �m�e�m�q�r�Z�x�l �h�k�l�j�h�l�m �a�j�_�g�b�y �g�Z 0,1–0,5 �_�^�b�g�b�p, �g�_�d�h�l�h�j�u�_ �e�b�g�a�u («�Z�d�\�Z�f�Z�j�b�g�u», 
«�n�b�Z�e�d�Z») �m�o�m�^�r�Z�x�l �h�k�l�j�h�l�m �a�j�_�g�b�y �g�Z 0,1 �_�^�b�g�b�p�m. �<�k�_ �`�_ �[�h�e�v�r�b�g�k�l�\�h �e�b�g�a �g�_ �b�a�f�_�g�y�x�l 
�h�k�l�j�h�l�u �a�j�_�g�b�y. 

�I�h �^�Z�g�g�u�f �b�k�k�e�_�^�h�\�Z�g�b�y �h�k�l�j�h�l�u �a�j�_�g�b�y �k�h �k�\�_�l�h�n�b�e�v�l�j�Z�f�b �\�u�y�\�e�_�g�h �k�m�s�_�k�l�\�_�g�g�h�_ 
�m�o�m�^�r�_�g�b�_ �i�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b �k�\�_�l�h�n�b�e�v�l�j�Z �N�K-1 �b �m�o�m�^�r�_�g�b�_ �h�k�l�j�h�l�u �a�j�_�g�b�y �g�Z 0,2 
�_�^�b�g�b�p�u �i�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b �K�A�K-20 �b �D�K-10, �^�e�y �^�j�m�]�b�o �k�\�_�l�h�n�b�e�v�l�j�h�\ �h�k�l�j�h�l�Z �a�j�_�g�b�y 
�h�k�l�Z�_�l�k�y �g�_�b�a�f�_�g�g�h�c �b �^�Z�`�_ �m�e�m�q�r�Z�_�l�k�y �g�Z 0,1–0,2 �_�^�b�g�b�p�u. 

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

�E�b�l�_�j�Z�l�m�j�Z 
1. �I�h�e�y�g�k�d�b�c �K.�K. �H �g�_�d�h�l�h�j�u�o �n�b�a�b�q�_�k�d�b�o �k�\�h�c�k�l�\�Z�o �b �\�e�b�y�g�b�b �g�Z �h�k�l�j�h�l�m �a�j�_�g�b�y 

�a�Z�s�b�s�Z�x�s�b�o �h�q�d�h�\ �k�b�g�_�c �b �^�u�f�q�Z�l�h�c �h�d�j�Z�k�d�b, �>�b�k. �g�Z �k�l�_�i�_�g�v � -̂�j�Z �f�_�^�b�p�b�g�u. �K�I�[. –
 1901. 

2. �D�j�u�e�h�\ �: .�I . �@�_�e�l�u�_ �k�\�_�l�h�n�b�e�v�l�j�u, �>�b�k. �g�Z �k�l�_�i�_�g�v � -̂�j�Z �f�_�^�b�p�b�g�u. �K�I�[. – 1911. 
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�J�:�A�J�:�;�H�L�D�: �B �B�K�K�E�?�>�H�<�:�G�B�? �<�H�E�H�D�H�G�G�H-�H�I�L�B�Q�?�K�D�H�=�H 
�N�:�A�H�<�H�=�H �F�H�>�M�E�Y�L�H�J�: 

�K.�<. �<�Z�j�`�_�e�v, �: .�<. �D�m�e�b�d�h�\, �K.�: . �L�Z�j�Z�d�Z�g�h�\ 
�G�Z�m�q�g�u�_ �j�m�d�h�\�h�^�b�l�_�e�b: � .̂�l.�g., �i�j�h�n�_�k�k�h�j �B.�D. �F�_�r�d�h�\�k�d�b�c, 

�d.�n.-�f .�g., �i�j�h�n�_�k�k�h�j �<.�?. �K�l�j�b�]�Z�e�_�\ 
 
�D�j�Z�l�d�h�_ �\�k�l�m�i�e�_�g�b�_, �i�h�k�l�Z�g�h�\�d�Z �i�j�h�[�e�_�f�u. �B�k�i�h�e�v�a�h�\�Z�g�b�_ �\ �k�h�\�j�_�f�_�g�g�u�o 

�\�h�e�h�d�h�g�g�h-�h�i�l�b�q�_�k�d�b�o �]�b�^�j�h�n�h�g�Z�o �j�_�r�_�l�h�d �;�j�w�]�]�Z �\ �k�h�q�_�l�Z�g�b�b �k �f�h�s�g�u�f �b 
�r�b�j�h�d�h�i�h�e�h�k�g�u�f �b�k�l�h�q�g�b�d�h�f �b�f�i�m�e�v�k�g�h�]�h �b�a�e�m�q�_�g�b�y �i�h�a�\�h�e�y�_�l �h�[�t�_�^�b�g�b�l�v �\ �h�^�g�h�f 
�h�i�l�b�q�_�k�d�h�f �\�h�e�h�d�g�_ �^�h�k�l�Z�l�h�q�g�h �[�h�e�v�r�h�_ �d�h�e�b�q�_�k�l�\�h (�k�h�l�g�b) �n�Z�a�h�\�u�o 
�b�g�l�_�j�n�_�j�h�f�_�l�j�b�q�_�k�d�b�o �^�Z�l�q�b�d�h�\. �K�h�h�l�\�_�l�k�l�\�_�g�g�h �f�h�s�g�h�k�l�v �h�i�l�b�q�_�k�d�h�]�h �k�b�]�g�Z�e�Z �h�l �d�Z�`�^�h�]�h 
�^�Z�l�q�b�d�Z �m�f�_�g�v�r�Z�_�l�k�y �i�j�b �m�\�_�e�b�q�_�g�b�b �b�o �d�h�e�b�q�_�k�l�\�Z. �K�e�_�^�h�\�Z�l�_�e�v�g�h, �i�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b 
�f�Z�k�k�b�\�Z �l�Z�d�b�o �^�Z�l�q�b�d�h�\ �\ �k�h�k�l�Z�\�_ �]�b�^�j�h�Z�d�m�k�l�b�q�_�k�d�h�c �Z�g�l�_�g�g�u, �k�b�k�l�_�f�Z �i�j�b�_�f�Z �[�m�^�_�l �b�f�_�l�v 
�^�_�e�h �k�h �k�e�Z�[�u�f�b �h�i�l�b�q�_�k�d�b�f�b �k�b�]�g�Z�e�Z�f�b, �i�h�w�l�h�f�m �^�h�i�h�e�g�b�l�_�e�v�g�u�_ �i�h�l�_�j�b, �\�g�_�k�_�g�g�u�_ 
�n�Z�a�h�\�u�f �f�h�^�m�e�y�l�h�j�h�f, �g�_�h�[�o�h�^�b�f�h �m�f�_�g�v�r�b�l�v. �:  �k�m�s�_�k�l�\�m�x�s�b�_ �n�Z�a�h�\�u�_ �f�h�^�m�e�y�l�h�j�u �g�Z 
�g�b�h�[�Z�l�_ �e�b�l�b�y (LiNbO3) �\�g�h�k�y�l �[�h�e�v�r�b�_ �i�h�l�_�j�b �b �g�_ �f�h�]�m�l �[�u�l�v �b�k�i�h�e�v�a�h�\�Z�g�u �\ �k�o�_�f�Z�o �k�h 
�k�e�Z�[�u�f�b �h�i�l�b�q�_�k�d�b�f�b �k�b�]�g�Z�e�Z�f�b. �K�e�_�^�h�\�Z�l�_�e�v�g�h, �k�l�h�b�l �a�Z�^�Z�q�Z �k�h�a�^�Z�g�b�y �n�Z�a�h�\�h�]�h 
�f�h�^�m�e�y�l�h�j�Z �k �g�b�a�d�b�f�b �i�h�l�_�j�y�f�b �b �k �k�h�o�j�Z�g�_�g�b�_�f �i�h�e�y�j�b�a�Z�p�b�b. 

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

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

�^�\�m�e�m�q�_�i�j�_�e�h�f�e�y�x�s�_�f �\�h�e�h�d�g�_. 
�B�k�k�e�_�^�h�\�Z�g�b�_ �\�j�Z�s�_�g�b�y �i�h�i�_�j�_�q�g�h�c �k�l�j�m�d�l�m�j�u �\�h�e�h�d�g�Z. 
�H�k�m�s�_�k�l�\�e�_�g�b�_ �g�Z�f�h�l�d�b �b �n�b�d�k�Z�p�b�y �\�h�e�h�d�g�Z �g�Z �i�v�_�a�h�d�_�j�Z�f�b�q�_�k�d�h�c �d�Z�l�m�r�d�_, �^�e�y �l�j�_�o 

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

�\�Z�j�b�Z�g�l�Z�o �g�Z�f�h�l�d�b. 
�B�k�k�e�_�^�h�\�Z�g�b�_ �i�_�j�_�d�Z�q�d�b �f�h� ̂ �i�j�b �j�Z�a�e�b�q�g�u�o �\�Z�j�b�Z�g�l�Z�o �g�Z�f�h�l�d�b �b �^�e�y �^�\�m�o �l�b�i�h�\ 

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

�^�\�m�e�m�q�_�i�j�_�e�h�f�e�_�g�b�y �\�g�h�k�y�l �i�h�l�_�j�b �^�h 2 �^�;, �q�l�h �y�\�e�y�_�l�k�y �e�m�q�r�b�f �i�h�d�Z�a�Z�l�_�e�_�f, �q�_�f �m 
�k�m�s�_�k�l�\�m�x�s�b�o �n�Z�a�h�\�u�o �f�h�^�m�e�y�l�h�j�h�\ �g�Z �g�b�h�[�Z�l�_ �e�b�l�b�y. �L�Z�d�`�_ �m �j�Z�a�j�Z�[�h�l�Z�g�g�h�]�h �n�Z�a�h�\�h�]�h 
�f�h�^�m�e�y�l�h�j�Z �g�b�q�l�h�`�g�h �f�Z�e�Z�y �i�_�j�_�d�Z�q�d�Z �f�h� ̂ �g�Z �q�Z�k�l�h�l�Z�o �g�b�`�_ 1,4 �F�=�p. �K�e�_�^�h�\�Z�l�_�e�v�g�h, 
�^�Z�g�g�u�c �f�h�^�m�e�y�l�h�j �i�h�^�o�h�^�b�l �^�e�y �j�Z�[�h�l�u �\ �k�b�k�l�_�f�Z�o �k�h �k�e�Z�[�u�f�b �h�i�l�b�q�_�k�d�b�f�b �k�b�]�g�Z�e�Z�f�b, �b �\ 
�k�e�m�q�Z�y�o, �d�h�]�^�Z �l�j�_�[�m�_�l�k�y �k�h�o�j�Z�g�_�g�b�_ �i�h�e�y�j�b�a�Z�p�b�b. 
 



 17

�M�>�D 681.3: 681.7.023.7 
 

�I�H�E�M�Q�?�G�B�? �H�I�L�B�Q�?�K�D�B�O �I�H�<�?�J�O�G�H�K�L�?�C �W�E�?�F�?�G�L�H�< 
�G�: �H�K�G�H�<�? �K�M�E�V�N�B�>�: �P�B�G�D�: 

�?.�X . �<�b�e�d�h�\�Z (�B�g�k�l�b�l�m�l �o�b�f�b�b �\�u�k�h�d�h�q�b�k�l�u�o �\�_�s�_�k�l�\ �J�:�G) 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �d.�o.�g., �k.�g.�k. �H.�<. �L�b�f�h�n�_�_�\ 

(�B�g�k�l�b�l�m�l �o�b�f�b�b �\�u�k�h�d�h�q�b�k�l�u�o �\�_�s�_�k�l�\ �J�:�G) 
 

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

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

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

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

�d�h�g�p�_�g�l�j�Z�p�b�x �^�_�n�_�d�l�h�\ �i�h�e�b�j�h�\�Z�g�g�h�c �i�h�\�_�j�o�g�h�k�l�b �k�m�e�v�n�b�^�Z �p�b�g�d�Z. 
�� �B�k�k�e�_�^�h�\�Z�g�b�_ �\�e�b�y�g�b�y �k�h�k�l�Z�\�Z �b �k�\�h�c�k�l�\ �i�h�e�b�j�h�\�Z�e�v�g�u�o �k�m�k�i�_�g�a�b�c �b �i�h�e�b�j�h�\�Z�e�v�g�u�o 

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

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

�>�e�y �j�_�r�_�g�b�y �i�h�k�l�Z�\�e�_�g�g�u�o �a�Z�^�Z�q �[�u�e�b �b�a�m�q�_�g�u �a�Z�\�b�k�b�f�h�k�l�b �k�d�h�j�h�k�l�b �k�t�z�f�Z �h�l 
�i�j�b�`�b�f�g�h�]�h �^�Z�\�e�_�g�b�y �\ �i�j�h�p�_�k�k�_ �f�_�o�Z�g�b�q�_�k�d�h�]�h �i�h�e�b�j�h�\�Z�g�b�y �k�m�e�v�n�b�^�Z �p�b�g�d�Z. �I�h�e�m�q�_�g�g�u�_ 
�j�_�a�m�e�v�l�Z�l�u �i�h�d�Z�a�Z�e�b, �q�l�h �q�b�k�l�h�l�Z �b �]�_�h�f�_�l�j�b�y �i�h�\�_�j�o�g�h�k�l�b �k�m�s�_�k�l�\�_�g�g�h �a�Z�\�b�k�y�l �d�Z�d �h�l 
�^�Z�\�e�_�g�b�y �h�d�Z�a�u�\�Z�_�f�h�]�h �g�Z �i�h�\�_�j�o�g�h�k�l�v �\ �i�j�h�p�_�k�k�_ �i�h�e�b�j�h�\�Z�g�b�y, �l�Z�d �b �h�l �\�_�e�b�q�b�g�u �a�_�j�g�Z 
�b�k�i�h�e�v�a�m�_�f�h�]�h �Z�[�j�Z�a�b�\�Z. �K�h�i�h�k�l�Z�\�e�_�g�b�_ �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �^�Z�g�g�u�o �i�h �f�_�o�Z�g�b�q�_�k�d�h�f�m 
�i�h�e�b�j�h�\�Z�g�b�x �k�m�e�v�n�b�^�Z �p�b�g�d�Z �i�h�a�\�h�e�b�e�h �\�u�^�_�e�b�l�v �h�i�l�b�f�Z�e�v�g�u�c �^�b�Z�i�Z�a�h�g �^�Z�\�e�_�g�b�c, �\ 
�d�h�l�h�j�h�f �i�h�e�m�q�_�g�u �g�Z�b�e�m�q�r�b�_ �j�_�a�m�e�v�l�Z�l�u �i�h �k�h�\�h�d�m�i�g�h�k�l�b �l�j�z�o �i�Z�j�Z�f�_�l�j�h�\ (�q�b�k�l�h�l�Z, 
�]�_�h�f�_�l�j�b�y �i�h�\�_�j�o�g�h�k�l�b �b �k�d�h�j�h�k�l�v �k�t�z�f�Z). �>�Z�g�g�u�c �^�b�Z�i�Z�a�h�g �^�e�y �b�k�i�h�e�v�a�m�_�f�u�o �g�Z�f�b �m�k�e�h�\�b�c 
�w�d�k�i�_�j�b�f�_�g�l�Z �g�Z�o�h�^�b�e�k�y �\ �i�j�_�^�_�e�Z�o �h�l 0,16 �^�h 0,3 �d�]�k/�k�f2.  

�>�e�y �w�d�k�i�_�j�b�f�_�g�l�h�\ �[�u�e�Z �b�a�]�h�l�h�\�e�_�g�Z �k�_�j�b�y �h�[�j�Z�a�p�h�\ �i�h�e�b�j�h�\�Z�e�v�g�u�o �k�f�h�e �g�Z �h�k�g�h�\�_ 
�f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�c �`�b�\�b�q�g�h�c �d�Z�g�b�n�h�e�b, �b�f�_�x�s�b�o �h�^�b�g�Z�d�h�\�m�x �l�_�f�i�_�j�Z�l�m�j�m �j�Z�a�f�y�]�q�_�g�b�y, 
�g�h �j�Z�a�e�b�q�g�u�c �k�h�k�l�Z�\. �L�_�f�i�_�j�Z�l�m�j�Z �j�Z�a�f�y�]�q�_�g�b�y �k�f�h�e, �h�i�j�_�^�_�e�_�g�g�Z�y �f�_�l�h�^�h�f �d�h�e�v�p�Z �b �r�Z�j�Z, 
�k�h�k�l�Z�\�e�y�e�Z 64±1�q�K. �< �j�_�a�m�e�v�l�Z�l�_ �w�d�k�i�_�j�b�f�_�g�l�h�\ �[�u�e�h �\�u�y�\�e�_�g�h, �q�l�h �k�d�h�j�h�k�l�b �k�t�_�f�Z 
�k�m�s�_�k�l�\�_�g�g�h �j�Z�a�e�b�q�Z�x�l�k�y, �g�_�k�f�h�l�j�y �g�Z �i�h�k�l�h�y�g�k�l�\�h �l�_�f�i�_�j�Z�l�m�j�u �j�Z�a�f�y�]�q�_�g�b�y. �< �h�[�j�Z�a�p�Z�o 
4«�;11» �‹ 1 �‹ 2 �\ �d�Z�q�_�k�l�\�_ �^�h�[�Z�\�d�b �b�k�i�h�e�v�a�h�\�Z�e�b �I�:�< ,  �b �m�\�_�e�b�q�_�g�b�_ �_�]�h �d�h�g�p�_�g�l�j�Z�p�b�b �g�Z 
0,5% �i�j�b�\�h�^�b�l �d �k�m�s�_�k�l�\�_�g�g�h�f�m �b�a�f�_�g�_�g�b�x �k�d�h�j�h�k�l�b �k�t�_�f�Z �b �m�e�m�q�r�_�g�b�x �d�Z�q�_�k�l�\�Z 
�i�h�\�_�j�o�g�h�k�l�b. �>�h�[�Z�\�e�_�g�b�_ �k�l�_�Z�j�b�g�Z �\ �k�h�k�l�Z�\ �k�f�h�e�u (�h�[�j�Z�a�p�u �I�K-�K1 �b �I�K-�K2) �g�_ �i�j�b�\�h�^�b�l �d 
�l�Z�d�h�f�m �j�_�a�d�h�f�m �m�\�_�e�b�q�_�g�b�x �k�d�h�j�h�k�l�b �k�t�_�f�Z. �H�^�g�Z�d�h �k�m�s�_�k�l�\�_�g�g�h �m�e�m�q�r�Z�_�l �d�Z�q�_�k�l�\�h 
�i�h�\�_�j�o�g�h�k�l�b. �I�h�e�m�q�_�g�g�u�_ �j�_�a�m�e�v�l�Z�l�u �i�h�d�Z�a�Z�e�b, �q�l�h �g�_�a�g�Z�q�b�l�_�e�v�g�u�_ �b�a�f�_�g�_�g�b�y �k�h�k�l�Z�\�Z, �i�j�b 
�k�h�o�j�Z�g�_�g�b�b �l�_�i�e�h�n�b�a�b�q�_�k�d�b�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d �k�f�h�e�u �i�j�b�\�h�^�y�l �d �k�m�s�_�k�l�\�_�g�g�h�f�m �b�a�f�_�g�_�g�b�x, 
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�d�Z�d �k�d�h�j�h�k�l�b �k�t�_�f�Z, �l�Z�d �b �q�b�k�l�h�l�u �i�h�\�_�j�o�g�h�k�l�b. �H�p�_�g�d�Z �q�b�k�l�h�l�u �i�h�d�Z�a�Z�e�Z, �q�l�h �g�Z�b�e�m�q�r�_�_ 
�d�Z�q�_�k�l�\�h �^�e�y �k�m�e�v�n�b�^�Z �p�b�g�d�Z �i�h�e�m�q�_�g�h �g�Z �i�h�e�b�j�h�\�Z�e�v�g�h�c �k�f�h�e�_ �I�K-�K1 �k �l�_�f�i�_�j�Z�l�m�j�h�c 
�j�Z�a�f�y�]�q�_�g�b�y 63�q�K �b  �k�h�h�l�\�_�l�k�l�\�m�_�l 3 �d�e�Z�k�k�m �q�b�k�l�h�l�u �i�h �=�H�K�L 11141-84.  

�L�Z�d�`�_ �[�u�e�b �i�j�h�\�_�^�_�g�u �b�k�k�e�_�^�h�\�Z�g�b�y �\�e�b�y�g�b�y �k�l�j�m�d�l�m�j�u �d�Z�g�b�n�h�e�v�g�u�o �k�f�h�e �g�Z 
�d�Z�q�_�k�l�\�h �i�h�\�_�j�o�g�h�k�l�b �b �\�_�e�b�q�b�g�m �k�t�_�f�Z �f�Z�l�_�j�b�Z�e�Z �\ �i�j�h�p�_�k�k�_ �f�_�o�Z�g�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b. �>�e�y 
�w�d�k�i�_�j�b�f�_�g�l�h�\ �b�k�i�h�e�v�a�h�\�Z�e�b �h�[�j�Z�a�p�u �k�f�h�e�u, �d�h�l�h�j�u�_ �b�f�_�e�b �h�^�b�g�Z�d�h�\�u�c �k�h�k�l�Z�\ �b 
�l�_�f�i�_�j�Z�l�m�j�m �j�Z�a�f�y�]�q�_�g�b�y 64�q�K. �J�Z�a�e�b�q�b�_ �k�h�k�l�h�y�e�h �\ �k�i�h�k�h�[�_ �a�Z�e�b�\�d�b �i�h�e�b�j�h�\�Z�e�v�g�b�d�h�\, �i�j�b 
�w�l�h�f �g�Z�]�j�_�\ �k�f�h�e�u �i�j�h�\�h�^�b�e�b �\ �h�^�b�g�Z�d�h�\�u�o �m�k�e�h�\�b�y�o , �Z �l�_�f�i�_�j�Z�l�m�j�m �h�o�e�Z�`�^�_�g�b�y �b�a�f�_�g�y�e�b 
�\ �b�g�l�_�j�\�Z�e�_ �h�l 20�q�K �^�h –12�q�K. �G�Z �h�k�g�h�\�Z�g�b�b �i�h�e�m�q�_�g�g�u�o �j�_�a�m�e�v�l�Z�l�h�\ �\�b�^�g�h, �q�l�h �i�j�b 
�m�f�_�g�v�r�_�g�b�b �l�_�f�i�_�j�Z�l�m�j�u �h�o�e�Z�`�^�_�g�b�y �i�h�e�b�j�h�\�Z�e�v�g�b�d�Z �m�\�_�e�b�q�b�\�Z�_�l�k�y �k�d�h�j�h�k�l�v �k�t�_�f�Z 
�f�Z�l�_�j�b�Z�e�Z. �W�l�h �f�h�`�g�h �h�[�t�y�k�g�b�l�v �b�a�f�_�g�_�g�b�_�f �k�l�j�m�d�l�m�j�u �f�Z�l�_�j�b�Z�e�Z �i�h�e�b�j�h�\�Z�e�v�g�b�d�Z, �d�h�l�h�j�Z�y 
�\�e�b�y�_�l �g�Z �l�_�i�e�h�n�b�a�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �k�f�h�e�u �b �d�Z�d �k�e�_�^�k�l�\�b�_ �g�Z �k�d�h�j�h�k�l�v �k�t�z�f�Z 
�h�[�j�Z�[�Z�l�u�\�Z�_�f�h�]�h �f�Z�l�_�j�b�Z�e�Z. �I�h�d�Z�a�Z�g�h, �q�l�h �g�Z�b�e�m�q�r�b�_ �j�_�a�m�e�v�l�Z�l�u �i�h �d�Z�q�_�k�l�\�m �i�h�\�_�j�o�g�h�k�l�b 
�i�h�e�m�q�_�g�u �i�j�b �k�i�h�k�h�[�_ �a�Z�e�b�\�d�b, �d�h�]�^�Z �i�h�e�b�j�h�\�Z�e�v�g�b�d �h�o�e�Z�`�^�Z�e�b �\ �o�h�e�h�^�b�e�v�g�b�d�_ �i�j�b 
�l�_�f�i�_�j�Z�l�m�j�_ 5�q�K. 

�;�u�e�b �i�j�h�\�_�^�_�g�u �b�k�k�e�_�^�h�\�Z�g�b�y �i�h �h�p�_�g�d�_ �d�Z�q�_�k�l�\�Z �i�h�\�_�j�o�g�h�k�l�b �h�[�j�Z�a�p�h�\ �k�m�e�v�n�b�^�Z 
�p�b�g�d�Z, �h�[�j�Z�[�h�l�Z�g�g�u�o �j�Z�a�e�b�q�g�u�f�b �k�i�h�k�h�[�Z�f�b. �D�e�Z�k�k �q�b�k�l�h�l�u �i�h�\�_�j�o�g�h�k�l�_�c �h�i�j�_�^�_�e�z�g �i�h 
�f�_�l�h�^�b�d�_, �h�i�b�k�Z�g�g�h�c �\ �=�H�K�L 11141-84 «�>�_�l�Z�e�b �h�i�l�b�q�_�k�d�b�_. �D�e�Z�k�k�u �q�b�k�l�h�l�u �i�h�\�_�j�o�g�h�k�l�_�c. 
�F�_�l�h�^�u �d�h�g�l�j�h�e�y», �b �b�o �d�Z�q�_�k�l�\�h �k�h�h�l�\�_�l�k�l�\�h�\�Z�e�h 7, 5 �b 3 �d�e�Z�k�k�Z�f �q�b�k�l�h�l�u. �I�h�\�_�j�o�g�h�k�l�b 
�[�u�e�b �k�n�h�l�h�]�j�Z�n�b�j�h�\�Z�g�u �b �n�h�l�h�]�j�Z�n�b�b �h�[�j�Z�[�h�l�Z�g�u �i�j�b �i�h�f�h�s�b �f�_�l�h�^�b�d�b «�d�h�f�i�v�x�l�_�j�g�h�]�h 
�a�j�_�g�b�y». �;�u�e�h �i�h�e�m�q�_�g�h �i�h�e�g�h�_ �k�h�h�l�\�_�l�k�l�\�b�_ �j�_�a�m�e�v�l�Z�l�h�\ �d�h�f�i�v�x�l�_�j�g�h�]�h �b �\�b�a�m�Z�e�v�g�h�]�h 
�d�h�g�l�j�h�e�y. �>�e�y �i�h�\�_�j�o�g�h�k�l�b, �k�h�h�l�\�_�l�k�l�\�m�x�s�_�c 3 �d�e�Z�k�k�m �q�b�k�l�h�l�u �i�j�h�\�_�^�_�g�Z �h�p�_�g�d�Z �\�_�e�b�q�b�g�u 
�r�_�j�h�o�h�\�Z�l�h�k�l�b �g�Z �Z�l�h�f�g�h-�k�b�e�h�\�h�f �f�b�d�j�h�k�d�h�i�_ �G�L-206. �<�_�e�b�q�b�g�Z �k�j�_�^�g�_�Z�j�b�n�f�_�l�b�q�_�k�d�h�c 
�r�_�j�h�o�h�\�Z�l�h�k�l�b Ra �k�h�k�l�Z�\�b�e�Z 2.6 �g�f, �Z �k�j�_�^�g�_�d�\�Z�^�j�Z�l�b�q�g�h�c Rq – 3.8 �g�f. 

 
�A�Z�d�e�x�q�_�g�b�_. �L�Z�d�b�f �h�[�j�Z�a�h�f, �g�Z �h�k�g�h�\�Z�g�b�b �i�h�e�m�q�_�g�g�u�o �j�_�a�m�e�v�l�Z�l�h�\ �h�l�j�Z�[�h�l�Z�g�Z 

�f�_�l�h�^�b�d�Z �f�_�o�Z�g�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b �k�m�e�v�n�b�^�Z �p�b�g�d�Z. �B�k�k�e�_�^�h�\�Z�g�u �a�Z�\�b�k�b�f�h�k�l�b �k�d�h�j�h�k�l�b 
�k�t�z�f�Z �h�l �j�Z�a�f�_�j�Z �a�_�j�g�Z �b �k�h�k�l�Z�\�Z �k�m�k�i�_�g�a�b�c �g�Z �h�k�g�h�\�_ �Z�e�f�Z�a�g�u�o �k�b�g�l�_�l�b�q�_�k�d�b�o 
�f�b�d�j�h�i�h�j�h�r�d�h�\. �J�_�d�h�f�_�g�^�h�\�Z�g �h�i�l�b�f�Z�e�v�g�u�c �^�b�Z�i�Z�a�h�g �^�Z�\�e�_�g�b�c �^�e�y �i�j�h�\�_�^�_�g�b�y �i�j�h�p�_�k�k�Z 
�f�_�o�Z�g�b�q�_�k�d�h�]�h �i�h�e�b�j�h�\�Z�g�b�y. �I�j�b�f�_�g�_�g�b�_ �g�Z�b�e�m�q�r�b�o �j�_�a�m�e�v�l�Z�l�h�\ �i�h�a�\�h�e�b�e�h �b�a�]�h�l�h�\�b�l�v 
�h�i�u�l�g�m�x �i�Z�j�l�b�x �h�i�l�b�q�_�k�d�b�o �w�e�_�f�_�g�l�h�\ �k �d�Z�q�_�k�l�\�h�f �i�h�\�_�j�o�g�h�k�l�b �^�e�y ZnS �h�l�\�_�q�Z�x�s�b�f 3 
�d�e�Z�k�k�m  �q�b�k�l�h�l�u, �k�h�]�e�Z�k�g�h �=�H�K�L 11141-84, �k �h�l�d�e�h�g�_�g�b�_�f �i�h �i�e�h�k�d�h�k�l�b �g�_ �[�h�e�_�_ �h�^�g�h�]�h 
�b�g�l�_�j�n�_�j�_�g�p�b�h�g�g�h�]�h �d�h�e�v�p�Z. �>�e�y �k�m�e�v�n�b�^�Z �p�b�g�d�Z �\�_�e�b�q�b�g�Z �k�j�_�^�g�_�Z�j�b�n�f�_�l�b�q�_�k�d�h�c 
�r�_�j�h�o�h�\�Z�l�h�k�l�b Ra �k�h�k�l�Z�\�b�e�Z 2.6 �g�f, �Z �k�j�_�^�g�_�d�\�Z�^�j�Z�l�b�q�g�h�c Rq – 3.8 �g�f. 
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�D�H�F�I�H�A�B�P�B�Y �B �I�:�J�:�F�?�L�J�B�Q�?�K�D�B�C �K�B�G�L�?�A �A�?�J�D�:�E�V�G�H-
�E�B�G�A�H�<�H�=�H �H�;�T�?�D�L�B�<�: �F.�F. �J�M�K�B�G�H�<�: 

�>.�G. �<�h�j�h�g�p�h�\, �K.�: . �=�h�j�^�b�g 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�l.�g., �i�j�h�n�_�k�k�h�j �<.�: . �A�\�_�j�_�\ 

 
�I�j�h�n�_�k�k�h�j �F.�F. �J�m�k�b�g�h�\ �h�[�j�Z�l�b�e �\�g�b�f�Z�g�b�_ �g�Z �l�h, �q�l�h �_�k�e�b �b�a�h�[�j�Z�`�_�g�b�_, �h�[�j�Z�a�h�\�Z�g�g�h�_ 

�h�i�l�b�q�_�k�d�h�c �k�b�k�l�_�f�h�c �h�[�t�_�d�l�b�\�Z �=�j�_�]�h�j�b, �j�Z�k�i�h�e�h�`�_�g�h �\ �i�e�h�k�d�h�k�l�b, �i�j�h�o�h�^�y�s�_�c �q�_�j�_�a 
�\�_�j�r�b�g�m �]�e�Z�\�g�h�]�h (�i�_�j�\�h�]�h) �a�_�j�d�Z�e�Z, �l�h �k�Z�f�h �w�l�h �a�_�j�d�Z�e�h �b�a�h�[�j�Z�`�Z�_�l�k�y �\�l�h�j�u�f �a�_�j�d�Z�e�h�f �\ 
�i�e�h�k�d�h�k�l�b �i�j�h�f�_�`�m�l�h�q�g�h�]�h �b�a�h�[�j�Z�`�_�g�b�y, �h�[�j�Z�a�h�\�Z�g�g�h�]�h �h�l�j�Z�`�Z�x�s�_�c �i�h�\�_�j�o�g�h�k�l�v�x 
�]�e�Z�\�g�h�]�h �a�_�j�d�Z�e�Z. �?�k�e�b �i�j�b �w�l�h�f �p�_�g�l�j �\�o�h�^�g�h�]�h �a�j�Z�q�d�Z �h�i�l�b�q�_�k�d�h�c �k�b�k�l�_�f�u �h�[�t�_�d�l�b�\�Z 
�k�q�b�l�Z�l�v �j�Z�k�i�h�e�h�`�_�g�g�u�f �\ �\�_�j�r�b�g�_ �]�e�Z�\�g�h�]�h �a�_�j�d�Z�e�Z, �l�h �_�]�h �b�a�h�[�j�Z�`�_�g�b�_ �\ �i�e�h�k�d�h�k�l�b 
�i�j�h�f�_�`�m�l�h�q�g�h�]�h �b�a�h�[�j�Z�`�_�g�b�y �[�m�^�_�l �\�u�i�h�e�g�y�l�v �j�h�e�v �\�u�o�h�^�g�h�]�h �a�j�Z�q�d�Z �k�b�k�l�_�f�u. �< �w�l�h�f 
�k�e�m�q�Z�_ �^�e�y �j�Z�a�\�b�l�b�y �d�h�j�j�_�d�p�b�h�g�g�u�o �\�h�a�f�h�`�g�h�k�l�_�c �k�b�k�l�_�f�u �\ �\�u�o�h�^�g�h�f �a�j�Z�q�d�_ �k�b�k�l�_�f�u 
�j�Z�k�i�h�e�Z�]�Z�_�f �^�\�m�o�e�b�g�a�h�\�u�c �Z�n�h�d�Z�e�v�g�u�c �d�h�f�i�_�g�k�Z�l�h�j. �< �h�l�e�b�q�b�_ �h�l �d�h�w�n�n�b�p�b�_�g�l�Z 
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�^�_�n�h�j�f�Z�p�b�b �h�l�j�Z�`�Z�x�s�_�c �i�h�\�_�j�o�g�h�k�l�b �\ �w�l�h�f �d�h�f�i�_�g�k�Z�l�h�j�_ �^�\�Z «�k�l�_�d�e�y�g�g�u�o» �m�]�e�Z, 
�h�i�j�_�^�_�e�y�x�s�b�_ �i�j�h�]�b�[ �i�h�\�_�j�o�g�h�k�l�_�c �e�b�g�a, �f�h�]�m�l �i�j�b�g�b�f�Z�l�v �i�j�h�b�a�\�h�e�v�g�u�_ �a�g�Z�q�_�g�b�y, �Z, 
�k�e�_�^�h�\�Z�l�_�e�v�g�h, �w�l�h�l �d�h�f�i�_�g�k�Z�l�h�j �h�[�e�Z�^�Z�_�l �^�\�m�f�y �d�h�j�j�_�d�p�b�h�g�g�u�f�b �i�Z�j�Z�f�_�l�j�Z�f�b, �q�l�h 
�i�h�a�\�h�e�y�_�l �d�h�f�i�_�g�k�b�j�h�\�Z�l�v �_�s�z �h�^�g�m �Z�[�_�j�j�Z�p�b�x, �d�j�h�f�_ �k�n�_�j�b�q�_�k�d�h�c �b �d�h�f�u. �H�^�g�Z�d�h, �i�j�b 
�l�Z�d�h�f �i�h�k�l�j�h�_�g�b�b �k�b�k�l�_�f�u �Z�i�e�Z�g�Z�l�b�q�_�k�d�h�c �d�h�j�j�_�d�p�b�b �Z�[�_�j�j�Z�p�b�c �b�a�h�[�j�Z�`�_�g�b�y �f�h�`�g�h 
�^�h�k�l�b�q�v �b �i�j�b �k�n�_�j�b�q�_�k�d�h�c �n�h�j�f�_ �]�e�Z�\�g�h�]�h �a�_�j�d�Z�e�Z. �< �j�_�a�m�e�v�l�Z�l�_ �\�u�i�h�e�g�_�g�g�h�]�h 
�b�k�k�e�_�^�h�\�Z�g�b�y �i�h�e�m�q�_�g�u �k�h�h�l�g�h�r�_�g�b�y, �h�i�j�_�^�_�e�y�x�s�b�_ �]�Z�[�Z�j�b�l�g�u�_ �i�Z�j�Z�f�_�l�j�u 
�d�h�g�k�l�j�m�d�l�b�\�g�u�o �w�e�_�f�_�g�l�h�\ �k�b�k�l�_�f�u �b �a�g�Z�q�_�g�b�y �d�h�j�j�_�d�p�b�h�g�g�u�o �i�Z�j�Z�f�_�l�j�h�\ �d�Z�d �i�j�b 
�Z�i�e�Z�g�Z�l�b�q�_�k�d�h�c �d�h�j�j�_�d�p�b�b �Z�[�_�j�j�Z�p�b�c, �l�Z�d �b �i�j�b �d�h�j�j�_�d�p�b�b �Z�[�_�j�j�Z�p�b�c, �i�h�a�\�h�e�y�x�s�_�c �h�l�g�_�k�l�b 
�i�h�e�m�q�_�g�g�m�x �k�b�k�l�_�f�m �d �Z�i�e�Z�g�Z�l�b�q�_�k�d�b�f �Z�g�Z�k�l�b�]�f�Z�l�Z�f. �J�_�a�m�e�v�l�Z�l�u �Z�g�Z�e�b�l�b�q�_�k�d�b�o 
�b�k�k�e�_�^�h�\�Z�g�b�c  �k�h�i�j�h�\�h�`�^�Z�x�l�k�y �i�j�b�f�_�j�Z�f�b �j�Z�k�q�z�l�Z �d�h�g�d�j�_�l�g�u�o �k�b�k�l�_�f. 
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�D�H�F�I�H�A�B�P�B�Y �B �I�:�J�:�F�?�L�J�B�Q�?�K�D�B�C �K�B�G�L�?�A 
�F�H�>�B�N�B�P�B�J�H�<�:�G�G�U�O �<�:�J�B�:�G�L�H�< �A�?�J�D�:�E�V�G�H�C �K�B�K�L�?�F�U 

�H�;�T�?�D�L�B�<�: �=�J�?�=�H�J�B 
�K.�: . �=�h�j�^�b�g, �>.�G. �<�h�j�h�g�p�h�\, �K.�<. �=�Z�c�\�h�j�h�g�k�d�b�c 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�l.�g., �i�j�h�n�_�k�k�h�j �<.�: . �A�\�_�j�_�\ 
 

�?�k�e�b �b�a�h�[�j�Z�`�_�g�b�_, �h�[�j�Z�a�h�\�Z�g�g�h�_ �h�i�l�b�q�_�k�d�h�c �k�b�k�l�_�f�h�c �h�[�t�_�d�l�b�\�Z �=�j�_�]�h�j�b, 
�j�Z�k�i�h�e�h�`�_�g�h �\ �i�e�h�k�d�h�k�l�b, �i�j�h�o�h�^�y�s�_�c �q�_�j�_�a �\�_�j�r�b�g�m �]�e�Z�\�g�h�]�h (�i�_�j�\�h�]�h) �a�_�j�d�Z�e�Z, �Z �p�_�g�l�j 
�\�o�h�^�g�h�]�h �a�j�Z�q�d�Z �h�i�l�b�q�_�k�d�h�c �k�b�k�l�_�f�u �h�[�t�_�d�l�b�\�Z �j�Z�k�i�h�e�h�`�_�g �\ �\�_�j�r�b�g�_ �]�e�Z�\�g�h�]�h �a�_�j�d�Z�e�Z, �l�h 
�_�]�h �b�a�h�[�j�Z�`�_�g�b�_ �\ �i�e�h�k�d�h�k�l�b �i�j�h�f�_�`�m�l�h�q�g�h�]�h �b�a�h�[�j�Z�`�_�g�b�y �[�m�^�_�l �\�u�i�h�e�g�y�l�v �j�h�e�v 
�\�u�o�h�^�g�h�]�h �a�j�Z�q�d�Z �k�b�k�l�_�f�u. �<  �\�u�o�h�^�g�h�f �a�j�Z�q�d�_ �l�Z�d�h�c �k�b�k�l�_�f�u  �f�h�`�g�h �j�Z�k�i�h�e�h�`�b�l�v 
�g�_�k�n�_�j�b�q�_�k�d�m�x �h�l�j�Z�`�Z�x�s�m�x �i�h�\�_�j�o�g�h�k�l�v, �d�h�w�n�n�b�p�b�_�g�l �^�_�n�h�j�f�Z�p�b�b �d�h�l�h�j�h�c �f�h�`�g�h 
�b�k�i�h�e�v�a�h�\�Z�l�v �\ �d�Z�q�_�k�l�\�_ �d�h�j�j�_�d�p�b�h�g�g�h�]�h �i�Z�j�Z�f�_�l�j�Z. �< �i�j�h�p�_�k�k�_ �Z�g�Z�e�b�a�Z �i�h�e�m�q�_�g�g�h�c 
�k�b�k�l�_�f�u �i�h�d�Z�a�Z�g�h, �q�l�h �d�h�j�j�_�d�p�b�h�g�g�u�_ �i�Z�j�Z�f�_�l�j�u �i�_�j�\�h�c �b �l�j�_�l�v�_�c �i�h �o�h�^�m �e�m�q�Z 
�i�h�\�_�j�o�g�h�k�l�b �^�m�[�e�b�j�m�x�l �^�j�m�] �^�j�m�]�Z, �q�l�h �b�k�d�e�x�q�Z�_�l �\�h�a�f�h�`�g�h�k�l�v �d�h�f�i�_�g�k�Z�p�b�b 
�^�h�i�h�e�g�b�l�_�e�v�g�h�c �Z�[�_�j�j�Z�p�b�b. �H�^�g�Z�d�h �i�h�d�Z�a�Z�g�h, �q�l�h �i�j�b �w�l�h�f �Z�i�e�Z�g�Z�l�b�q�_�k�d�h�c �d�h�j�j�_�d�p�b�b 
�Z�[�_�j�j�Z�p�b�c �f�h�`�g�h �^�h�k�l�b�q�v �i�j�b �k�n�_�j�b�q�_�k�d�h�c �n�h�j�f�_ �h�^�g�h�c �b�a �w�l�b�o �i�h�\�_�j�o�g�h�k�l�_�c. 

�?�k�e�b �a�Z�f�_�g�b�l�v �]�e�Z�\�g�h�_ �a�_�j�d�Z�e�h �^�\�m�o�a�_�j�d�Z�e�v�g�h�c �k�b�k�l�_�f�h�c, �g�Z�i�j�b�f�_�j, �l�b�i�Z  �h�i�l�b�q�_�k�d�h�c 
�k�b�k�l�_�f�u �h�[�t�_�d�l�b�\�Z �D�Z�k�k�_�]�j�_�g�Z, �l�h �b �\ �w�l�h�f �k�e�m�q�Z�_ �f�h�`�g�h �i�h�k�l�j�h�b�l�v �k�b�k�l�_�f�m �k �\�u�o�h�^�g�u�f 
�a�j�Z�q�d�h�f �\ �i�e�h�k�d�h�k�l�b �i�j�h�f�_�`�m�l�h�q�g�h�]�h �b�a�h�[�j�Z�`�_�g�b�y, �i�j�b �w�l�h�f �p�_�g�l�j �\�o�h�^�g�h�]�h �a�j�Z�q�d�Z �f�h�`�_�l 
�[�u�l�v �j�Z�k�i�h�e�h�`�_�g �\ �\�_�j�r�b�g�_ �e�x�[�h�c �b�a �i�_�j�\�u�o �^�\�m�o �i�h�\�_�j�o�g�h�k�l�_�c. �I�h�d�Z�a�Z�g�h, �q�l�h �b �i�j�b 
�k�n�_�j�b�q�_�k�d�h�c �n�h�j�f�_ �]�e�Z�\�g�h�]�h �a�_�j�d�Z�e�Z �\ �b�a�h�[�j�Z�`�_�g�b�b, �h�[�j�Z�a�h�\�Z�g�g�h�f �l�Z�d�h�c �k�b�k�l�_�f�h�c �f�h�`�g�h 
�d�h�f�i�_�g�k�b�j�h�\�Z�l�v �g�_ �l�h�e�v�d�h �k�n�_�j�b�q�_�k�d�m�x �Z�[�_�j�j�Z�p�b�x, �d�h�f�m �b �Z�k�l�b�]�f�Z�l�b�a�f, �g�h �b �d�j�b�\�b�a�g�m 
�i�h�\�_�j�o�g�h�k�l�b �b�a�h�[�j�Z�`�_�g�b�y. 
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�B�K�K�E�?�>�H�<�:�G�B�? �H�I�L�B�Q�?�K�D�B�O �B �K�I�?�D�L�J�:�E�V�G�U�O 
�O�:�J�:�D�L�?�J�B�K�L�B�D �W�E�?�F�?�G�L�H�< �H�I�L�H�L�?�O�G�B�D�B �F�?�L�H�>�:�F�B 

�W�E�E�B�I�K�H�F�?�L�J�B�B �B �<�M�N �K�I�?�D�L�J�H�K�D�H�I�B�B 
�L.�F. �>�Z�g�b�e�h�\�Z 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�l.�g., �i�j�h�n�_�k�k�h�j �: . �L�m�j�d�[�h�_�\ 
 

�D�j�b�l�_�j�b�_�f �d�Z�q�_�k�l�\�Z �h�i�l�b�q�_�k�d�b�o �w�e�_�f�_�g�l�h�\ �^�e�y �<�M�N �h�[�e�Z�k�l�b �k�i�_�d�l�j�Z �b�a�e�m�q�_�g�b�c, 
�\�u�i�h�e�g�_�g�g�u�o �b�a �d�j�b�k�l�Z�e�e�b�q�_�k�d�h�]�h �d�\�Z�j�p�Z (SiO2) �b �f�h�g�h�d�j�b�k�l�Z�e�e�h�\ �n�l�h�j�b�^�h�\ 
�s�_�e�h�q�g�h�a�_�f�_�e�v�g�u�o �f�_�l�Z�e�e�h�\ (�S�A�F: MgF2, CaF2, BaF2, SrF2), �y�\�e�y�_�l�k�y �\�_�e�b�q�b�g�Z �i�h�l�_�j�v 
�b�a�e�m�q�_�g�b�y �g�Z �w�l�b�o �w�e�_�f�_�g�l�Z�o. �>�e�y �h�[�t�_�d�l�b�\�g�h�c �h�p�_�g�d�b �d�Z�q�_�k�l�\�Z �w�l�b�o �w�e�_�f�_�g�l�h�\ �g�_�h�[�o�h�^�b�f�h 
�j�Z�a�e�b�q�Z�l�v �i�h�l�_�j�b �h�i�l�b�q�_�k�d�h�]�h �b�a�e�m�q�_�g�b�y, �\�u�a�\�Z�g�g�u�_ �h�[�j�Z�a�h�\�Z�g�b�_�f �\ �i�j�h�p�_�k�k�_ 
�l�_�o�g�h�e�h�]�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�]�h �i�h�\�_�j�o�g�h�k�l�g�h�]�h �k�e�h�y, �h�l �i�h�l�_�j�v �b�a�e�m�q�_�g�b�y 
�k�\�y�a�Z�g�g�u�o �k �h�k�e�Z�[�e�_�g�b�_�f �b�a�e�m�q�_�g�b�y �\ �h�[�t�_�f�_ �f�Z�l�_�j�b�Z�e�Z, �b�a �d�h�l�h�j�h�]�h �\�u�i�h�e�g�_�g�Z �^�_�l�Z�e�v. 

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

�H�k�g�h�\�g�h�c �p�_�e�v�x �^�Z�g�g�h�c �j�Z�[�h�l�u �y�\�e�y�_�l�k�y �j�Z�a�j�Z�[�h�l�d�Z �k�i�_�d�l�j�h�k�d�h�i�b�q�_�k�d�b�o �b 
�w�e�e�b�i�k�h�f�_�l�j�b�q�_�k�d�b�o �f�_�l�h�^�h�\ �l�_�o�g�h�e�h�]�b�q�_�k�d�h�]�h �d�h�g�l�j�h�e�y  �w�e�_�f�_�g�l�h�\ �h�i�l�h�l�_�o�g�b�d�b �^�e�y �<�M�N 
�h�[�e�Z�k�l�b �k�i�_�d�l�j�Z �b �b�k�k�e�_�^�h�\�Z�g�b�b �w�l�b�f�b �f�_�l�h�^�Z�f�b �h�k�g�h�\�g�u�o �a�Z�d�h�g�h�f�_�j�g�h�k�l�_�c �b�a�f�_�g�_�g�b�y 
�h�i�l�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �i�h�\�_�j�o�g�h�k�l�g�u�o �k�e�h�_�\ �f�h�g�h�d�j�b�k�l�Z�e�e�h�\ �n�l�h�j�b�^�h�\ �S�A�F �b �d�\�Z�j�p�Z �i�j�b 
�j�Z�a�e�b�q�g�u�o �\�g�_�r�g�b�o �\�h�a�^�_�c�k�l�\�b�y�o (�f�_�o�Z�g�b�q�_�k�d�b�o, �l�_�j�f�b�q�_�k�d�b�o, �j�Z�^�b�Z�p�b�h�g�g�u�o). 

�>�e�y �w�e�_�f�_�g�l�h�\, �\�u�i�h�e�g�_�g�g�u�o �b�a �d�j�b�k�l�Z�e�e�h�\ �d�\�Z�j�p�Z, �f�_�l�h�^�h�f �B�D �k�i�_�d�l�j�h�k�d�h�i�b�b 
�h�i�j�_�^�_�e�_�g�u �l�_�o�g�b�q�_�k�d�b�_ �m�k�e�h�\�b�y �^�e�y �b�a�f�_�j�_�g�b�y �\�_�e�b�q�b�g�u �d�h�w�n�n�b�p�b�_�g�l�Z �i�h�]�e�h�s�_�g�b�y �.   
(�k�f–1) �i�h �f�_�l�h�^�m �<�_�j�g�_�j�Z �b �k�h�]�e�Z�k�h�\�Z�g�u �d�Z�l�_�]�h�j�b�b �d�Z�q�_�k�l�\�Z �d�\�Z�j�p�Z, �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_ 
�l�j�_�[�h�\�Z�g�b�y�f �H�K�L �b �F�W�D. �G�Z �h�k�g�h�\�_ �w�e�e�b�i�k�h�f�_�l�j�b�q�_�k�d�b�o �b�k�k�e�_�^�h�\�Z�g�b�c �h�i�l�b�q�_�k�d�h�]�h 
�i�j�h�n�b�e�y �I�K �w�e�_�f�_�g�l�h�\ �h�i�l�h�l�_�o�g�b�d�b �m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �i�j�b �f�_�o�Z�g�b�q�_�k�d�h�c �b �b�h�g�g�h�c �h�[�j�Z�[�h�l�d�b 
�d�j�b�k�l�Z�e�e�b�q�_�k�d�h�]�h �d�\�Z�j�p�Z �n�h�j�f�b�j�m�_�l�k�y �^�\�m�o�k�e�h�c�g�Z�y �k�l�j�m�d�l�m�j�Z �I�K. �< �i�j�b�i�h�\�_�j�o�g�h�k�l�g�h�c 
�h�[�e�Z�k�l�b �k�l�j�m�d�l�m�j�Z �I�K �[�e�b�a�d�Z �d �k�l�j�m�d�l�m�j�_ �k�l�_�d�e�h�h�[�j�Z�a�g�h�]�h �d�j�_�f�g�_�a�_�f�Z, �\ �]�e�m�[�b�g�_ �I�K 
�i�_�j�_�k�l�j�h�c�d�Z �k�l�j�m�d�l�m�j�u �i�j�b�\�h�^�b�l �d �i�h�y�\�e�_�g�b�x �h�[�e�Z�k�l�b �k �g�Z�i�j�y�`�_�g�g�h-�^�_�n�h�j�f�b�j�h�\�Z�g�g�u�f 
�k�h�k�l�h�y�g�b�_�f, �\ �j�_�a�m�e�v�l�Z�l�_ �d�h�l�h�j�h�]�h �i�j�h�b�k�o�h�^�b�l �m�\�_�e�b�q�_�g�b�_ �\�_�e�b�q�b�g�u �Z�g�b�a�h�l�j�h�i�b�b 
�/na(z)>�/na,o.= n(�_) – n(o), �]�^�_ n(�_), n(o) – �i�h�d�Z�a�Z�l�_�e�b �i�j�_�e�h�f�e�_�g�b�y �^�e�y �g�_�h�[�u�d�g�h�\�_�g�g�h�]�h �b 
�h�[�u�d�g�h�\�_�g�g�h�]�h �e�m�q�_�c. �R�b�j�b�g�Z �h�[�e�Z�k�l�b �I�K, �\ �d�h�l�h�j�h�c �g�Z-�j�m�r�_�g�Z �m�i�h�j�y�^�h�q�_�g�g�h�k�l�v 
�k�l�j�m�d�l�m�j�u �d�j�b�k�l�Z�e�e�Z �g�b�a�d�h�w�g�_�j�]�_�l�b�q�_�k�d�b�f�b  �i�m�q�d�Z�f�b �b�h�g�h�\ Ar+ �f�_�g�v�r�_, �q�_�f �^�e�y �I�K, 
�h�[�j�Z�a�h�\�Z�\�r�_�]�h�k�y �i�j�b �i�h�e�b�j�h�\�Z�g�b�b �d�j�b�k�l�Z�e�e�Z, �i�j�b �w�l�h�f �b�h�g�g�Z�y �h�[�j�Z�[�h�l�d�Z �i�h�\�_�j�o�g�h�k�l�b 
�w�e�_�f�_�g�l�h�\ �i�j�b�\�h�^�b�l �d �m�f�_�g�v�r�_�g�b�x �i�h�l�_�j�v �b�a�e�m�q�_�g�b�y �\ �<�M�N �h�[�e�Z�k�l�b �k�i�_�d�l�j�Z. 

�D�Z�q�_�k�l�\�h �f�h�g�h�d�j�b�k�l�Z�e�e�h�\ �n�l�h�j�b�^�h�\ �S�A�F �h�i�j�_�^�_�e�y�_�l�k�y �g�Z�e�b�q�b�_�f �d�b�k�e�h�j�h�^�h-
�k�h�^�_�j�`�Z�s�b�o �i�j�b�f�_�k�_�c. �F�_�l�h�^�h�f �k�i�_�d�l�j�h�k�d�h�i�b�b �h�l �<�M�N �^�h �B�D �h�[�e�Z�k�l�b �k�i�_�d�l�j�Z �b�k�k�e�_�^�h�\�Z�g�u 
�h�k�h�[�_�g�g�h�k�l�b �\�e�b�y�g�b�y �d�b�k�e�h�j�h�^�h�k�h�^�_�j�`�Z�s�b�o �i�j�b�f�_�k�_�c �g�Z �k�l�j�m�d�l�m�j�m �f�h�g�h�d�j�b�k�l�Z�e�e�h�\ 
�n�l�h�j�b�^�h�\ �S�A�F. �I�h�d�Z�a�Z�g�h, �q�l�h �^�h�i�h�e�g�b�l�_�e�v�g�h�_ �i�h�]�e�h�s�_�g�b�_ �h�i�l�b�q�_�k�d�h�]�h �b�a�e�m�q�_�g�b�y �\ �<�M�N 
�h�[�e�Z�k�l�b �k�i�_�d�l�j�Z �k�\�y�a�Z�g�h �k �h�[�j�Z�a�h�\�Z�g�b�_�f �I�K �i�j�b �i�h�e�b�j�h�\�Z�g�b�b �f�h�g�h�d�j�b�k�l�Z�e�e�h�\ �n�l�h�j�b�^�h�\ 
�S�A�F. �H�i�j�_�^�_�e�_�g�u �h�i�l�b�f�Z�e�v�g�u�_ �j�_�`�b�f�u �l�_�j�f�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b �j�Z�a�e�b�q�g�u�o 
�f�h�g�h�d�j�b�k�l�Z�e�e�h�\, �i�h�a�\�h�e�y�x�s�b�_ �i�h�\�u�k�b�l�v �d�h�w�n�n�b�p�b�_�g�l �i�j�h�i�m�k�d�Z�g�b�y �w�e�_�f�_�g�l�h�\ �\ �<�M�N 
�h�[�e�Z�k�l�b �k�i�_�d�l�j�Z. �M�k�l�Z�g�h�\�e�_�g�u �d�h�j�j�_�e�y�p�b�h�g�g�u�_ �k�\�y�a�b �f�_�`�^�m �h�i�l�b�q�_�k�d�b�f�b �o�Z�j�Z�d�l�_�j�b�k-
�l�b�d�Z�f�b �I�K �b  �d�h�w�n�n�b�p�b�_�g�l�h�f �i�j�h�i�m�k�d�Z�g�b�y �w�e�_�f�_�g�l�h�\ �\ �<�M�N �h�[�e�Z�k�l�b �k�i�_�d�l�j�Z. �H�k�h�[�_�g�g�h�k�l�v 
�n�h�j�f�b�j�h�\�Z�g�b�y �I�K �n�l�h�j�b�^�h�\ �f�h�g�h�d�j�b�k�l�Z�e�e�h�\ �S�A�F �i�j�b �l�_�j�f�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�_ �w�e�_�f�_�g�l�h�\ 
�a�Z�d�e�x�q�Z�_�l�k�y �\ �l�h�f, �q�l�h �k �m�\�_�e�b�q�_�g�b�_�f �l�_�f�i�_�j�Z�l�m�j�u �h�[�j�Z�[�h�l�d�b �^�h 600°�K �i�j�h�b�k�o�h�^�b�l 
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�m�\�_�e�b�q�_�g�b�_ �d�h�w�n�n�b�p�b�_�g�l�Z �i�j�h�i�m�k�d�Z�g�b�y �\ �<�M�N �h�[�e�Z�k�l�b �k�i�_�d�l�j�Z. �>�Z�e�v�g�_�c�r�_�_ �m�\�_�e�b�q�_�g�b�_ 
�l�_�f�i�_�j�Z�l�m�j�u �i�j�b�\�h�^�b�l �d �m�f�_�g�v�r�_�g�b�x �i�j�h�a�j�Z�q�g�h�k�l�b �w�e�_�f�_�g�l�h�\, �q�l�h �k�\�y�a�Z�g�h �k �n�b�a�b�d�h–
�o�b�f�b�q�_�k�d�b�f�b �i�j�h�p�_�k�k�Z�f�b �i�b�j�h�]�b�^�j�h�e�b�a�Z, �i�j�h�l�_�d�Z�x�s�_�]�h �\ �i�h�\�_�j�o�g�h�k�l�g�h�f �k�e�h�_ �w�e�_�f�_�g�l�Z. 

�L�Z�d�b�f �h�[�j�Z�a�h�f, �g�Z �h�k�g�h�\�_ �i�j�h�\�_�^�_�g�g�u�o �b�k�k�e�_�^�h�\�Z�g�b�c �j�Z�a�j�Z�[�h�l�Z�g�u �w�e�e�b�i�k�h�f�_�l�j�b�q�_�k�d�b�_ 
�b �k�i�_�d�l�j�h�k�d�h�i�b�q�_�k�d�b�_ �f�_�l�h�^�u �l�_�o�g�h�e�h�]�b�q�_�k�d�h�]�h �d�h�g�l�j�h�e�y �d�Z�q�_�k�l�\�Z �w�e�_�f�_�g�l�h�\ �h�i�l�h�l�_�o�g�b�d�b 
�^�e�y �<�M�N �h�[�e�Z�k�l�b �k�i�_�d�l�j�Z. �H�i�j�_�^�_�e�_�g�u �h�i�l�b�f�Z�e�v�g�u�_ �j�_�`�b�f�u �l�_�o�g�h�e�h�]�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b 
�^�e�y �i�h�e�m�q�_�g�b�y �w�e�_�f�_�g�l�h�\ �k �f�b�g�b�f�Z�e�v�g�u�f�b �i�h�l�_�j�y�f�b �h�i�l�b�q�_�k�d�h�]�h �b�a�e�m�q�_�g�b�y. 
 
 
�M�>�D 53.083.98 : 537.9 
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�B.�K. �>�h�j�h�g�b�g (�>�Z�e�v�g�_�\�h�k�l�h�q�g�u�c �]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c �m�g�b�\�_�j�k�b�l�_�l �i�m�l�_�c �k�h�h�[�s�_�g�b�y) 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �d.�n.-�f .�g. �D.�G. �H�d�b�r�_�\ (�>�Z�e�v�g�_�\�h�k�l�h�q�g�u�c �]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c 

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

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

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

�B�a�\�_�k�l�_�g �f�_�l�h�^ �n�h�l�h�g�g�h-�d�h�j�j�_�e�y�p�b�h�g�g�h�c �k�i�_�d�l�j�h�k�d�h�i�b�b (�N�D�K), �d�h�l�h�j�u�c �\�u�]�h�^�g�h 
�h�l�e�b�q�Z�_�l�k�y �h�l �^�j�m�]�b�o �h�i�_�j�Z�l�b�\�g�h�k�l�v�x �i�j�h�\�_�^�_�g�b�y �b�a�f�_�j�_�g�b�c (�h�d�h�e�h 1 �f�b�g. �b �f�_�g�_�_), 
�h�l�k�m�l�k�l�\�b�_�f �g�_�h�[�o�h�^�b�f�h�k�l�b �i�h�^�]�h�l�h�\�d�b �i�j�h�[ �i�j�b �b�k�k�e�_�^�h�\�Z�g�b�b �`�b�^�d�h�n�Z�a�g�u�o �^�b�k�i�_�j�k�g�u�o 
�k�b�k�l�_�f, �\�u�k�h�d�h�c �l�h�q�g�h�k�l�v�x �b�a�f�_�j�_�g�b�y �j�Z�a�f�_�j�h�\ �g�Z�g�h�q�Z�k�l�b�p �^�e�y �f�h�g�h�^�b�k�i�_�j�k�g�u�o 
�j�Z�k�i�j�_�^�_�e�_�g�b�c. �< �j�Z�[�h�l�_ �i�j�h�\�_�^�_�g�Z �Z�i�j�h�[�Z�p�b�y �f�_�l�h�^�Z �N�D�K �^�e�y �b�k�k�e�_�^�h�\�Z�g�b�y �k�m�k�i�_�g�a�b�b 
�g�Z�g�h�q�Z�k�l�b�p �^�b�h�d�k�b�^�Z �d�j�_�f�g�b�y (SiO2). 

�F�_�l�h�^ �N�D�K �h�k�g�h�\�Z�g �g�Z �j�_�]�b�k�l�j�Z�p�b�b �b�g�l�_�g�k�b�\�g�h�k�l�b �j�Z�k�k�_�y�g�g�h�]�h �k�m�k�i�_�g�a�b�_�c 
�h�i�l�b�q�_�k�d�h�]�h �b�a�e�m�q�_�g�b�y, �Z�\�l�h�d�h�j�j�_�e�y�p�b�h�g�g�Z�y �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z �n�e�m�d�l�m�Z�p�b�c �d�h�l�h�j�h�]�h �k�\�y�a�Z�g�Z 
�w�d�k�i�h�g�_�g�p�b�Z�e�v�g�h�c �a�Z�\�b�k�b�f�h�k�l�v�x �k �d�h�w�n�n�b�p�b�_�g�l�h�f �^�b�n�n�m�a�b�b �q�Z�k�l�b�p �\ �k�b�k�l�_�f�_. �< �k�\�h�x 
�h�q�_�j�_�^�v, �d�h�w�n�n�b�p�b�_�g�l �^�b�n�n�m�a�b�b �h�i�j�_�^�_�e�y�_�l�k�y �]�b�^�j�h�^�b�g�Z�f�b�q�_�k�d�b�f �j�Z�^�b�m�k�h�f �q�Z�k�l�b�p. 

�>�e�y �i�j�h�\�_�^�_�g�b�y �b�k�k�e�_�^�h�\�Z�g�b�c �[�u�e�Z �b�a�]�h�l�h�\�e�_�g�Z �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y �m�k�l�Z�g�h�\�d�Z �g�Z 
�h�k�g�h�\�_ �\�h�e�h�d�h�g�g�h-�h�i�l�b�q�_�k�d�h�]�h �b�g�l�_�j�n�_�j�h�f�_�l�j�Z �N�Z�[�j�b-�I�_�j�h. �I�j�b�f�_�g�_�g�b�_ �\�h�e�h�d�h�g�g�h-
�h�i�l�b�q�_�k�d�b�o �d�h�f�i�h�g�_�g�l�h�\ �k�m�s�_�k�l�\�_�g�g�h �m�f�_�g�v�r�b�e�h �j�Z�a�f�_�j�u �b �m�i�j�h�k�l�b�e�h �f�h�g�l�Z�` �m�k�l�Z�g�h�\�d�b, 
�l�Z�d �i�j�b �w�l�h�f �g�_ �l�j�_�[�h�\�Z�e�h�k�v �i�j�h�\�h�^�b�l�v �x�k�l�b�j�h�\�d�m �h�l�^�_�e�v�g�u�o �h�i�l�b�q�_�k�d�b�o �d�h�f�i�h�g�_�g�l�h�\, �b 
�i�h�q�l�b �i�h�e�g�h�k�l�v�x �b�k�d�e�x�q�Z�e�Z�k�v �a�Z�k�\�_�l�d�Z �n�h�l�h�i�j�b�_�f�g�b�d�Z �b�a�e�m�q�_�g�b�_�f �h�d�j�m�`�Z�x�s�_�c �k�j�_�^�u. 
�I�j�b�f�_�g�_�g�b�_ �^�e�y �b�k�k�e�_�^�h�\�Z�g�b�y �d�x�\�_�l �f�Z�e�h�]�h �h�[�t�_�f�Z (�i�h�j�y�^�d�Z 0,03 �f�e), �i�h�a�\�h�e�b�e�h 
�m�f�_�g�v�r�b�l�v �\�e�b�y�g�b�_ �d�h�g�\�_�d�l�b�\�g�u�o �i�j�h�p�_�k�k�h�\ �g�Z �j�_�a�m�e�v�l�Z�l �b�a�f�_�j�_�g�b�c. 

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

�< �d�Z�q�_�k�l�\�_ �b�k�k�e�_�^�m�_�f�u�o �h�[�j�Z�a�p�h�\ �\ �j�Z�[�h�l�_ �b�k�i�h�e�v�a�h�\�Z�e�Z�k�v �i�j�h�[�u �k�m�k�i�_�g�a�b�c 
�g�Z�g�h�q�Z�k�l�b�p SiO2 �k�h �k�j�_�^�g�b�f �^�b�Z�f�_�l�j�h�f �q�Z�k�l�b�p �\ �^�b�Z�i�Z�a�h�g�_ �h�l 90 �^�h 450 �g�f, 
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�k�b�g�l�_�a�b�j�h�\�Z�g�g�u�_ �f�_�l�h�^�h�f �]�b�^�j�h�e�b�a�Z �l�_�l�j�Z�w�l�h�d�k�b�k�b�e�Z�g�Z (�L�W�H�K) �\ �w�l�b�e�h�\�h�f �k�i�b�j�l�_. 
�I�h�e�m�q�_�g�g�u�_ �j�_�a�m�e�v�l�Z�l�u �b�a�f�_�j�_�g�b�c �k�j�Z�\�g�b�\�Z�e�b�k�v �k �^�Z�g�g�u�f�b �w�e�_�d�l�j�h�g�g�h�c �i�j�h�k�\�_�q�b�\�Z�x�s�_�c �b 
�k�d�Z�g�b�j�m�x�s�_�c �f�b�d�j�h�k�d�h�i�b�b. 

�J�_�a�m�e�v�l�Z�l�u �i�j�h�\�_�^�_�g�g�u�o �b�a�f�_�j�_�g�b�c �i�h�d�Z�a�Z�e�b, �q�l�h �f�_�l�h�^ �N�D�K �i�h�a�\�h�e�y�_�l �k �\�u�k�h�d�h�c 
�l�h�q�g�h�k�l�v�x �b�a�f�_�j�y�l�v �k�j�_�^�g�b�c �j�Z�a�f�_�j �q�Z�k�l�b�p �\ �f�h�g�h�^�b�k�i�_�j�k�g�u�o �k�b�k�l�_�f�Z�o, �h�^�g�Z�d�h �r�b�j�b�g�Z 
�j�Z�k�i�j�_�^�_�e�_�g�b�y �q�Z�k�l�b�p �i�h �j�Z�a�f�_�j�Z�f �f�h�`�_�l �k�m�s�_�k�l�\�_�g�g�h �h�l�e�b�q�Z�l�v�k�y �h�l �^�Z�g�g�u�o �w�e�_�d�l�j�h�g�g�h�c 
�f�b�d�j�h�k�d�h�i�b�b. 

�< �^�Z�e�v�g�_�c�r�_�f �i�e�Z�g�b�j�m�_�l�k�y �i�j�h�\�_�^�_�g�b�_ �^�h�j�Z�[�h�l�d�b �^�Z�g�g�h�]�h �f�_�l�h�^�Z, �^�e�y �i�h�\�u�r�_�g�b�y 
�l�h�q�g�h�k�l�b �i�h�e�m�q�_�g�b�y �j�Z�k�i�j�_�^�_�e�_�g�b�y �q�Z�k�l�b�p �i�h �j�Z�a�f�_�j�Z�f �b �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�_ �_�]�h �^�e�y 
�b�k�k�e�_�^�h�\�Z�g�b�y �^�j�m�]�b�o �i�Z�j�Z�f�_�l�j�h�\ �k�m�k�i�_�g�a�b�b (�l�_�f�i�_�j�Z�l�m�j�Z, �\�y�a�d�h�k�l�v, �d�h�w�n�n�b�p�b�_�g�l 
�i�j�_�e�h�f�e�_�g�b�y �b �^�j.), �g�Z �[�Z�a�_ �a�Z�j�Z�g�_�_ �i�h�e�m�q�_�g�g�h�]�h �j�Z�k�i�j�_�^�_�e�_�g�b�y �j�Z�a�f�_�j�h�\ �q�Z�k�l�b�p �k�m�k�i�_�g�a�b�b. 
�L�Z�d �`�_ �g�Z �h�k�g�h�\�_ �i�h�e�m�q�_�g�g�u�o �j�_�a�m�e�v�l�Z�l�h�\ �i�e�Z�g�b�j�m�_�l�k�y �k�h�a�^�Z�g�b�_ �h�i�u�l�g�h�]�h �h�[�j�Z�a�p�Z �i�j�b�[�h�j�Z 
�^�e�y �b�a�f�_�j�_�g�b�y �j�Z�a�f�_�j�h�\ �g�Z�g�h�q�Z�k�l�b�p �\ �k�m�k�i�_�g�a�b�b �f�_�l�h�^�h�f �N�D�K. 
 
 
�M�>�D 666.223.9 

 
�K�L�?�D�E�: �>�E�Y �I�H�E�M�Q�?�G�B�Y �<�H�E�H�D�H�G�G�H-�H�I�L�B�Q�?�K�D�B�O �B�A�>�?�E�B�C 

�>�y�^�_�g�d�h �F.�<. (�;�_�e�h�j�m�k�k�d�b�c �]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c �l�_�o�g�h�e�h�]�b�q�_�k�d�b�c �m�g�b�\�_�j�k�b�l�_�l) 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�l.�g., �i�j�h�n�_�k�k�h�j �B.�: . �E�_�\�b�p�d�b�c  
(�;�_�e�h�j�m�k�k�d�b�c �]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c �l�_�o�g�h�e�h�]�b�q�_�k�d�b�c �m�g�b�\�_�j�k�b�l�_�l) 

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

�^�\�m�o (�k�\�_�l�h�h�l�j�Z�`�Z�x�s�_�c �b �a�Z�s�b�l�g�h�c) �h�[�h�e�h�q�_�d. �H�k�g�h�\�g�u�f�b �b�a�^�_�e�b�y�f�b �b�a �\�h�e�h�d�h�g�g�h�c 
�h�i�l�b�d�b �y�\�e�y�x�l�k�y: �\�h�e�h�d�h�g�g�h-�h�i�l�b�q�_�k�d�b�_ �i�e�Z�k�l�b�g�u, �\�h�e�h�d�h�g�g�h-�h�i�l�b�q�_�k�d�b�_ �`�]�m�l�u, �n�h�d�h�g�u �b 
�l�\�b�k�l�_�j�u (�i�h�\�h�j�h�l�g�b�d�b). 

�< �J�_�k�i�m�[�e�b�d�_ �;�_�e�Z�j�m�k�v �i�j�h�b�a�\�h�^�k�l�\�h �h�i�l�b�q�_�k�d�h�]�h �k�l�_�d�e�h�\�h�e�h�d�g�Z �h�k�m�s�_�k�l�\�e�y�_�l�k�y �g�Z 
�J�M�I «�A�Z�\�h�^ «�H�i�l�b�d», �]. �E�b�^�Z. �>�e�y �k�\�_�l�h�\�_�^�m�s�_�c �`�b�e�u �i�j�_�^�i�j�b�y�l�b�_ �i�j�h�b�a�\�h�^�b�l �k�l�_�d�e�h 
�f�Z�j�d�b �L�;�N-10, �Z �^�e�y  �k�\�_�l�h�h�l�j�Z�`�Z�x�s�_�c �b �a�Z�s�b�l�g�h�c �h�[�h�e�h�q�_�d �b�k�i�h�e�v�a�m�x�l�k�y �k�l�_�d�e�Z �f�Z�j�h�d 
�<�H-50 �b �<�L�H-73 �k�h�h�l�\�_�l�k�l�\�_�g�g�h, �i�j�b�h�[�j�_�l�Z�_�f�u�_ �a�Z �j�m�[�_�`�h�f (�J�h�k�k�b�y).  

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

�� �d�j�b�k�l�Z�e�e�b�a�Z�p�b�y �i�j�h�f�u�r�e�_�g�g�h�]�h �k�l�_�d�e�Z �f�Z�j�d�b �L�;�N-10, �d�h�l�h�j�Z�y �i�j�b�\�h�^�b�l �d 
�a�g�Z�q�b�l�_�e�v�g�u�f �i�h�l�_�j�y�f �b�g�n�h�j�f�Z�p�b�b �i�j�b �i�_�j�_�^�Z�q�_ �_�_ �i�h �h�i�l�h�\�h�e�h�d�h�g�g�u�f �e�b�g�b�y�f 
�k�\�y�a�b;  

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

�� �h�l�k�m�l�k�l�\�b�_ �\�h�a�f�h�`�g�h�k�l�b �m�\�_�e�b�q�_�g�b�y �j�Z�a�f�_�j�h�\ �k�\�_�l�h�h�l�j�Z�`�Z�x�s�_�c �h�[�h�e�h�q�d�b �i�j�b 
�i�h�e�m�q�_�g�b�b �i�h�\�h�j�h�l�g�b�d�h�\ �b�a-�a�Z �i�h�y�\�e�_�g�b�y �f�_�e�d�b�o �l�j�_�s�b�g �m �]�j�Z�g�b�p �k�\�_�l�h�\�_�^�m�s�Z�y 
�`�b�e�Z–�h�[�h�e�h�q�d�Z �\ �j�_�a�m�e�v�l�Z�l�_ �a�g�Z�q�b�l�_�e�v�g�h�]�h �j�Z�k�o�h�`�^�_�g�b�y �i�h�d�Z�a�Z�l�_�e�_�c �L�D�E�J �k�l�_�d�h�e 
�f�Z�j�h�d �L�;�N-10 �b �<�H-50; 

��  �^�_�n�h�j�f�Z�p�b�y �k�\�_�l�h�\�h�^�h�\ �\ �i�j�h�b�a�\�h�^�k�l�\�_ �l�\�b�k�l�_�j�h�\ �i�j�b �i�h�\�h�j�h�l�_ �h�^�g�h�c �i�h�\�_�j�o�g�h�k�l�b 
�a�Z�]�h�l�h�\�d�b �h�l�g�h�k�b�l�_�e�v�g�h �i�j�h�l�b�\�h�i�h�e�h�`�g�h�c �g�Z 180° �\ �b�g�l�_�j�\�Z�e�_ �l�_�f�i�_�j�Z�l�m�j 650–660°�K, 
�q�l�h �h�[�m�k�e�h�\�e�b�\�Z�_�l �h�[�s�_�_ �k�g�b�`�_�g�b�_ �i�_�j�_�^�Z�\�Z�_�f�h�c �b�g�n�h�j�f�Z�p�b�b �b�a�^�_�e�b�_�f. 

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

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

 
�;�Z�a�h�\�u�_ �i�h�e�h�`�_�g�b�y �b�k�k�e�_�^�h�\�Z�g�b�y. �B�k�k�e�_�^�h�\�Z�g�b�y �n�Z�a�h�\�h�]�h �k�h�k�l�Z�\�Z �i�j�h�^�m�d�l�h�\ 

�d�j�b�k�l�Z�e�e�b�a�Z�p�b�b �i�j�h�f�u�r�e�_�g�g�h�]�h �k�l�_�d�e�Z �f�Z�j�d�b �L�;�N-10 �i�h�d�Z�a�Z�e�b, �q�l�h �\ �d�Z�q�_�k�l�\�_ �h�k�g�h�\�g�u�o 
�d�j�b�k�l�Z�e�e�b�q�_�k�d�b�o �h�[�j�Z�a�h�\�Z�g�b�c �m�d�Z�a�Z�g�g�h�]�h �k�l�_�d�e�Z �\�u�k�l�m�i�Z�x�l �n�Z�a�u La2O3·2SiO2, TiO2 (�j�m�l�b�e) 
�b Ba2SiO4.  

�< �d�Z�q�_�k�l�\�_ �h�k�g�h�\�u �^�e�y �b�k�k�e�_�^�h�\�Z�g�b�y �\�u�[�j�Z�g�Z �k�b�k�l�_�f�Z BaO – La2O3 – B2O3 – SiO2 – TiO2 
– ZrO2 – Nb2O5, �\ �d�h�l�h�j�h�c �k�h�^�_�j�`�Z�g�b�_ �h�d�k�b�^�h�\ SiO2, B2O3, ZrO2 �b Nb2O5 �k�h�o�j�Z�g�y�e�h�k�v 
�i�h�k�l�h�y�g�g�u�f �b �k�h�k�l�Z�\�e�y�e�h 60%*. 

�G�Z �h�k�g�h�\�Z�g�b�b �i�j�h�\�_�^�_�g�g�u�o �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �b�k�k�e�_�^�h�\�Z�g�b�c �m�k�l�Z�g�h�\�e�_�g�h, �q�l�h 
�f�Z�d�k�b�f�Z�e�v�g�Z�y �k�l�_�i�_�g�v �d�j�b�k�l�Z�e�e�b�a�Z�p�b�b �h�i�u�l�g�u�o �k�l�_�d�h�e �i�j�h�y�\�e�y�_�l�k�y �\ �h�[�e�Z�k�l�b �\�u�k�h�d�b�o 
�d�h�g�p�_�g�l�j�Z�p�b�c �h�d�k�b�^�Z �l�b�l�Z�g�Z (15–25%), �h�[�m�k�e�h�\�e�_�g�g�Z�y �h�[�j�Z�a�h�\�Z�g�b�_�f �d�j�b�k�l�Z�e�e�h�\ TiO2 (�[�_�e�Z�y 
�w�f�Z�e�_�\�b�^�g�Z�y �h�d�j�Z�k�d�Z) �i�j�b �k�b�g�l�_�a�_ �k�l�_�d�h�e.  

�< �k�\�y�a�b �k �o�h�j�h�r�_�c �m�k�\�Z�b�\�Z�_�f�h�k�l�v�x  La2O3 �[�h�j�h�k�b�e�b�d�Z�l�g�u�f�b �k�l�_�d�e�Z�f�b �_�]�h 
�b�k�i�h�e�v�a�h�\�Z�g�b�_ �\ �k�h�k�l�Z�\�_ �b�k�k�e�_�^�m�_�f�u�o �k�l�_�d�h�e �h�d�Z�a�u�\�Z�_�l �i�h�e�h�`�b�l�_�e�v�g�h�_ �\�e�b�y�g�b�_ �i�j�b 
�^�h�[�Z�\�e�_�g�b�b �h�d�k�b�^�Z �e�Z�g�l�Z�g�Z �^�h 11%. �M�\�_�e�b�q�_�g�b�_ �d�h�e�b�q�_�k�l�\�Z La2O3 �k�l�b�f�m�e�b�j�m�_�l �i�h�y�\�e�_�g�b�_ 
�b�g�l�_�g�k�b�\�g�h�c �h�[�t�_�f�g�h�c �d�j�b�k�l�Z�e�e�b�a�Z�p�b�b �h�i�u�l�g�u�o �k�l�_�d�h�e �k �\�u�^�_�e�_�g�b�_�f �\ �d�Z�q�_�k�l�\�_ �h�k�g�h�\�g�h�]�h 
�i�j�h�^�m�d�l�Z �d�j�b�k�l�Z�e�e�b�a�Z�p�b�b �^�b�k�b�e�b�d�Z�l�Z �e�Z�g�l�Z�g�Z La2O3·2SiO2, �Z �l�Z�d�`�_ �i�j�b�\�h�^�b�l �d �m�\�_�e�b�q�_�g�b�x 
«�^�e�b�g�u» �k�l�_�d�e�Z �b �k�g�b�`�_�g�b�x �l�_�f�i�_�j�Z�l�m�j�u �g�Z�q�Z�e�Z �j�Z�a�f�y�]�q�_�g�b�y, �q�l�h �h�]�j�Z�g�b�q�b�\�Z�_�l 
�\�h�a�f�h�`�g�h�k�l�v �d�Z�q�_�k�l�\�_�g�g�h�]�h �\�u�l�y�]�b�\�Z�g�b�y �k�l�_�d�e�h�\�h�e�h�d�g�Z. �I�h�e�h�`�b�l�_�e�v�g�u�_ �j�_�a�m�e�v�l�Z�l�u 
�i�h�e�m�q�_�g�u �^�e�y �k�h�k�l�Z�\�h�\ �k�l�_�d�h�e, �\ �d�h�l�h�j�u�o �k�h�^�_�j�`�Z�g�b�_ TiO2 �k�h�k�l�Z�\�e�y�_�l 9–11%, �Z La2O3 – 8–
10%. 

�K �p�_�e�v�x �k�g�b�`�_�g�b�y �d�j�b�k�l�Z�e�e�b�a�Z�p�b�b �h�i�u�l�g�u�o �k�l�_�d�h�e �\ �b�o �k�h�k�l�Z�\ �\�\�h�^�b�e�b�k�v �h�d�k�b�^�u-
�f�h�^�b�n�b�d�Z�l�h�j�u PbO, CaO, SrO, Al2O3, WO3, Bi2O3, Y2O3, Gd2O3. �H�i�j�_�^�_�e�_�g�h, �q�l�h �g�Z�b�[�h�e�_�_ 
�w�n�n�_�d�l�b�\�g�u�f�b �^�e�y �h�i�l�b�q�_�k�d�b�o �k�l�_�d�h�e �y�\�e�y�x�l�k�y �h�d�k�b�^�u �b�l�l�j�b�y �b �\�h�e�v�n�j�Z�f�Z �\ �d�h�e�b�q�_�k�l�\�_ 1–
3%, �d�h�l�h�j�u�_ �i�h�a�\�h�e�y�x�l �k�g�b�a�b�l�v �k�d�e�h�g�g�h�k�l�v �h�i�u�l�g�u�o �k�l�_�d�h�e �d �d�j�b�k�l�Z�e�e�b�a�Z�p�b�b �b �k�h�o�j�Z�g�b�l�v 
�l�j�_�[�m�_�f�u�c �m�j�h�\�_�g�v �l�_�o�g�h�e�h�]�b�q�_�k�d�b�o �b �n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d. 

�K�h�\�_�j�r�_�g�k�l�\�h�\�Z�g�b�_ �k�h�k�l�Z�\�Z �k�l�_�d�e�Z �^�e�y �k�\�_�l�h�\�_�^�m�s�_�c �`�b�e�u �i�j�b�\�_�e�h �d �b�a�f�_�g�_�g�b�x �_�]�h 
�l�_�f�i�_�j�Z�l�m�j�g�h�]�h �b�g�l�_�j�\�Z�e�Z �n�h�j�f�h�\�Z�g�b�y, �q�l�h �i�h�\�e�_�d�e�h �g�_�h�[�o�h�^�b�f�h�k�l�v �d�h�j�j�_�d�l�b�j�h�\�d�b 
�i�j�h�f�u�r�e�_�g�g�u�o �k�h�k�l�Z�\�h�\ �k�l�_�d�h�e �f�Z�j�h�d �<�H-50 �b �<�L�H-73 �i�h �j�_�h�e�h�]�b�q�_�k�d�b�f, �h�i�l�b�q�_�k�d�b�f �b 
�l�_�j�f�b�q�_�k�d�b�f �k�\�h�c�k�l�\�Z�f. 

�K�b�g�l�_�a�b�j�h�\�Z�g�Z �k�_�j�b�y �h�i�u�l�g�u�o �k�l�_�d�h�e �^�e�y �k�\�_�l�h�h�l�j�Z�`�Z�x�s�_�c �h�[�h�e�h�q�d�b �g�Z �h�k�g�h�\�_ 
�k�b�k�l�_�f�u �D2O–�<2�H3–SiO2 �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �i�e�Z�g�h�\ �R�_�n�n�_, �h�]�j�Z�g�b�q�_�g�g�h�c �k�h�^�_�j�`�Z�g�b�_�f 
�h�d�k�b�^�h�\, %: SiO2 65–80, B2O3 15–30 �b K2O 5–20. �I�h�e�m�q�_�g�g�u�_ �k�l�_�d�e�Z �o�Z�j�Z�d�l�_�j�b�a�m�x�l�k�y 
�\�u�k�h�d�b�f�b �l�_�f�i�_�j�Z�l�m�j�Z�f�b �\�Z�j�d�b (1550–1600°�K) �b �g�b�a�d�h�c �l�_�f�i�_�j�Z�l�m�j�h�c �k�l�_�d�e�h�\�Z�g�b�y (tg=540–
560°C).  

�H�i�j�_�^�_�e�_�g �h�i�l�b�f�Z�e�v�g�u�c �k�h�k�l�Z�\, �f�Z�d�k�b�f�Z�e�v�g�h �h�l�\�_�q�Z�x�s�b�c �h�k�g�h�\�g�u�f �l�j�_�[�h�\�Z�g�b�y�f �^�e�y 
�k�l�_�d�h�e �k�\�_�l�h�h�l�j�Z�`�Z�x�s�_�c �h�[�h�e�h�q�d�b �h�i�l�b�q�_�k�d�h�]�h �k�l�_�d�e�h�\�h�e�h�d�g�Z. �I�j�h�\�_�^�_�g�h �_�]�h 
�f�h�^�b�n�b�p�b�j�h�\�Z�g�b�_ �h�d�k�b�^�Z�f�b Al2O3, BaO, CaO, MgO �^�e�y �^�h�k�l�b�`�_�g�b�y �l�j�_�[�m�_�f�h�]�h �m�j�h�\�g�y �b�o 
�n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d: �q�b�k�e�h�\�Z�y �Z�i�_�j�l�m�j�Z �k�h�k�l�Z�\�e�y�_�l �g�_ �g�b�`�_ 1,05, �i�h�d�Z�a�Z�l�_�e�v 
�i�j�_�e�h�f�e�_�g�b�y �g�Z�o�h�^�b�l�k�y �\ �b�g�l�_�j�\�Z�e�_ nD=1,45–1,50, �a�g�Z�q�_�g�b�_ �L�D�E�J – �\ �i�j�_�^�_�e�Z�o �.=(65–73)·10-
7�D-1. �B�k�k�e�_�^�m�_�f�u�_ �k�l�_�d�e�Z �h�[�e�Z�^�Z�x�l �r�b�j�h�d�b�f �\�u�j�Z�[�h�l�h�q�g�u�f �b�g�l�_�j�\�Z�e�h�f. �I�h�e�m�q�_�g �k�h�k�l�Z�\ 
�k�l�_�d�e�Z �^�e�y �k�\�_�l�h�h�l�j�Z�`�Z�x�s�_�c �h�[�h�e�h�q�d�b �k �d�h�f�i�e�_�d�k�h�f �g�_�h�[�o�h�^�b�f�u�o �k�\�h�c�k�l�\: �m�k�l�h�c�q�b�\�u�c �d 
�d�j�b�k�l�Z�e�e�b�a�Z�p�b�b �\ �b�g�l�_�j�\�Z�e�_ �l�_�f�i�_�j�Z�l�m�j 800–1000°�K, �o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�c�k�y �r�b�j�h�d�b�f 
�\�u�j�Z�[�h�l�h�q�g�u�f �b�g�l�_�j�\�Z�e�h�f, �h�[�e�Z�^�Z�x�s�b�c �a�g�Z�q�_�g�b�_�f �L�D�E�J �.=68·10-7 �D-1, �i�h�d�Z�a�Z�l�_�e�y 
�i�j�_�e�h�f�e�_�g�b�y – nD=1,49.  

                                                 
* �A�^�_�k�v �b �^�Z�e�_�_ �i�h �l�_�d�k�l�m, �_�k�e�b �g�_ �h�]�h�\�h�j�_�g�h �h�k�h�[�h, �m�d�Z�a�Z�g�h �f�h�e�y�j�g�h�_ �k�h�^�_�j�`�Z�g�b�_, %. 
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�< �k�\�y�a�b �k �g�_�h�[�o�h�^�b�f�h�k�l�v�x �d�h�j�j�_�d�l�b�j�h�\�Z�g�b�y �i�j�h�f�u�r�e�_�g�g�h�]�h �k�h�k�l�Z�\�Z �k�l�_�d�e�Z �^�e�y 
�a�Z�s�b�l�g�h�c �h�[�h�e�h�q�d�b �k�b�g�l�_�a�b�j�h�\�Z�g�Z �k�_�j�b�y �h�i�u�l�g�u�o �k�l�_�d�h�e �g�Z �h�k�g�h�\�_ �k�b�k�l�_�f�u Na2O–�<2�H3–
SiO2, �h�]�j�Z�g�b�q�_�g�g�h�c �k�h�^�_�j�`�Z�g�b�_�f, %: SiO2 60–80, B2O3 5–25 �b Na2O 10–30. �< �d�Z�q�_�k�l�\�_ 
�d�j�Z�k�b�l�_�e�_�c �b�k�i�h�e�v�a�h�\�Z�e�b�k�v �h�d�k�b�^�u CoO, Cr2O3 �b Mn2O3, �d�h�g�p�_�g�l�j�Z�p�b�b �d�h�l�h�j�u�o �k�h�k�l�Z�\�e�y�e�b 
0,4–0,45 �f�Z�k.%, �\�\�_�^�_�g�g�u�o  �k�\�_�j�o 100%. �< �j�_�a�m�e�v�l�Z�l�_ �b�k�k�e�_�^�h�\�Z�g�b�c �i�h�e�m�q�_�g �k�h�k�l�Z�\ �k�l�_�d�e�Z 
�^�e�y �a�Z�s�b�l�g�h�c (�h�d�j�Z�r�_�g�g�h�c) �h�[�h�e�h�q�d�b �h�i�l�b�q�_�k�d�h�]�h �k�l�_�d�e�h�\�h�e�h�d�g�Z �k �l�j�_�[�m�_�f�u�f �m�j�h�\�g�_�f 
�n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d. �B�k�k�e�_�^�h�\�Z�g�b�y�f�b �i�h �h�i�j�_�^�_�e�_�g�b�x �\�e�b�y�g�b�y �d�h�g�p�_�g�l�j�Z�p�b�b 
�b �\�b�^�Z �d�j�Z�k�b�l�_�e�_�c �g�Z �k�l�_�i�_�g�v �b�o �^�b�n�n�m�a�b�b �\�u�y�\�e�_�g�h, �q�l�h �g�Z�b�[�h�e�_�_ �e�_�]�d�h �^�b�n�n�m�g�^�b�j�m�_�f�u�f 
�y�\�e�y�_�l�k�y �h�d�k�b�^ �d�h�[�Z�e�v�l�Z. �M�f�_�g�v�r�_�g�b�_ �d�h�e�b�q�_�k�l�\�Z CoO �h�]�j�Z�g�b�q�_�g�h �g�_�h�[�o�h�^�b�f�h�c �k�l�_�i�_�g�v�x 
�d�h�g�l�j�Z�k�l�g�h�k�l�b �]�h�l�h�\�h�]�h �b�a�^�_�e�b�y, �i�h�w�l�h�f�m �h�i�l�b�f�Z�e�v�g�Z�y �_�]�h �d�h�g�p�_�g�l�j�Z�p�b�y �k�h�k�l�Z�\�e�y�_�l 0,2–
0,25 �f�Z�k. %. 

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

�h�i�l�b�q�_�k�d�h�]�h �k�l�_�d�e�h�\�h�e�h�d�g�Z, �q�l�h �i�h�a�\�h�e�y�_�l �j�_�r�b�l�v �g�_ �l�h�e�v�d�h �j�y� ̂ �g�_�h�[�o�h�^�b�f�u�o 
�l�_�o�g�h�e�h�]�b�q�_�k�d�b�o �i�j�h�[�e�_�f �b �a�Z�^�Z�q, �g�h �b �m�\�_�e�b�q�b�l�v �d�h�e�b�q�_�k�l�\�h �j�Z�[�h�q�b�o �f�_�k�l �a�Z �k�q�_�l 
�b�f�i�h�j�l�h�a�Z�f�_�s�_�g�b�y. �I�h�e�m�q�_�g�g�u�_ �k�h�k�l�Z�\�u �k�l�_�d�h�e �^�e�y �h�i�l�b�q�_�k�d�h�]�h �k�l�_�d�e�h�\�h�e�h�d�g�Z 
�k�h�h�l�\�_�l�k�l�\�m�x�l �g�h�j�f�Z�l�b�\�g�h-�l�_�o�g�b�q�_�k�d�b�f �b �l�_�o�g�h�e�h�]�b�q�_�k�d�b�f �l�j�_�[�h�\�Z�g�b�y�f. 
 
 
�M�>�D 535.317 

 
�>�<�M�O�E�B�G�A�H�<�U�? �K�D�E�?�?�G�G�U�? �H�;�T�?�D�L�B�<�U �G�H�<�H�=�H �I�H�D�H�E�?�G�B�Y 

�<.�<. �?�`�h�\�Z 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�l.�g., �i�j�h�n�_�k�k�h�j �E.�G. �:�g�^�j�_�_�\ 

 
�D�j�Z�l�d�h�_ �\�k�l�m�i�e�_�g�b�_, �i�h�k�l�Z�g�h�\�d�Z �i�j�h�[�e�_�f�u. �>�\�m�o�e�b�g�a�h�\�u�_ �k�d�e�_�_�g�g�u�_ �h�[�t�_�d�l�b�\�u 

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

�< �j�_�a�m�e�v�l�Z�l�_ �i�j�h�\�_�^�_�g�g�u�o �b�k�k�e�_�^�h�\�Z�g�b�c �m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �m �^�\�m�o�e�b�g�a�h�\�u�o �k�d�e�_�_�g�g�u�o 
�h�[�t�_�d�l�b�\�h�\ �k�h �k�n�_�j�b�q�_�k�d�b�f�b �i�h�\�_�j�o�g�h�k�l�y�f�b �i�j�b �\�h�a�f�h�`�g�h�k�l�b �\�u�[�h�j�Z �f�Z�j�h�d �k�l�_�d�e�Z 
�\�h�a�f�h�`�g�Z �d�h�j�j�_�d�p�b�y �^�\�m�o �f�h�g�h�o�j�h�f�Z�l�b�q�_�k�d�b�o �Z�[�_�j�j�Z�p�b�c �b �^�\�m�o �o�j�h�f�Z�l�b�q�_�k�d�b�o. �I�j�b �w�l�h�f 
�h�l�g�h�k�b�l�_�e�v�g�h�_ �h�l�\�_�j�k�l�b�_ �g�_ �i�j�_�\�u�r�Z�_�l 1:5, 1:4 �i�j�b �m�]�e�h�\�h�f �i�h�e�_ 6°÷12°. 

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

 
�P�_�e�v �j�Z�[�h�l�u. �J�Z�k�k�f�h�l�j�_�l�v �f�_�l�h�^�b�d�m �j�Z�k�q�_�l�Z �^�\�m�o�e�b�g�a�h�\�u�o �k�d�e�_�_�g�g�u�o �h�[�t�_�d�l�b�\�h�\ �k�h 

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

�\�u�[�b�j�Z�_�l�k�y �i�e�h�k�d�h-�\�u�i�m�d�e�Z�y �e�b�g�a�Z, �k�d�e�_�_�g�g�Z�y �b�a �^�\�h�y�d�h-�\�u�i�m�d�e�h�c �b �i�e�h�k�d�h-�\�h�]�g�m�l�Z�y �e�b�g�a 
�b�a «�o�j�h�f�Z�l�b�q�_�k�d�h�c» �i�Z�j�u �k�l�_�d�h�e, �g�Z�i�j�b�f�_�j �L�D12-�N1 �b�e�b �K�L�D9-�L�N4. 

�< �^�Z�e�v�g�_�c�r�_�f, �\�\�h�^�y �Z�k�n�_�j�b�a�Z�p�b�x �\�u�i�m�d�e�h�c �k�n�_�j�b�q�_�k�d�h�c �i�h�\�_�j�o�g�h�k�l�b, �^�h�[�b�\�Z�_�f�k�y 
�g�_�h�[�o�h�^�b�f�h�c �d�h�j�j�_�d�p�b�b �k�n�_�j�b�q�_�k�d�h�c �Z�[�_�j�j�Z�p�b�b. �< �k�e�m�q�Z�_ �g�_�h�[�o�h�^�b�f�h�k�l�b �i�m�l�_�f «�i�j�h�]�b�[�Z» 
�d�h�f�i�h�g�_�g�l�Z �^�h�[�b�\�Z�_�f�k�y �b�k�i�j�Z�\�e�_�g�b�y �d�h�f�u. �O�j�h�f�Z�l�b�q�_�k�d�b�_ �Z�[�_�j�j�Z�p�b�b �b�k�i�j�Z�\�e�y�x�l�k�y �a�Z �k�q�_�l 
�\�\�_�^�_�g�b�y «�o�j�h�f�Z�l�b�q�_�k�d�h�c» �i�h�\�_�j�o�g�h�k�l�b �k�d�e�_�c�d�b, �d�h�l�h�j�Z�y �g�_ �\�e�b�y�_�l �g�Z �d�h�j�j�_�d�p�b�x 
�f�h�g�h�o�j�h�f�Z�l�b�q�_�k�d�b�o �Z�[�_�j�j�Z�p�b�c, �\ �l�h�f �q�b�k�e�_ �b �\�u�k�r�_�]�h �i�h�j�y�^�d�Z, �[�e�Z�]�h�^�Z�j�y �q�_�f�m �b �m�^�Z�_�l�k�y 
�k�m�s�_�k�l�\�_�g�g�h �i�h�\�u�k�b�l�v �h�l�g�h�k�b�l�_�e�v�g�h�_ �h�l�\�_�j�k�l�b�_ �h�[�t�_�d�l�b�\�Z. 

 
�I�j�h�f�_�`�m�l�h�q�g�u�_ �j�_�a�m�e�v�l�Z�l�u. �;�u�e�b �j�Z�k�k�q�b�l�Z�g�u �^�\�Z �^�\�m�o�e�b�g�a�h�\�u�o �k�d�e�_�_�g�g�u�o 

�h�[�t�_�d�l�b�\�Z: �i�_�j�\�u�c – �k �n�h�d�m�k�g�u�f �j�Z�k�k�l�h�y�g�b�_�f 100 �f�f  �i�j�b �h�l�g�h�k�b�l�_�e�v�g�h�f �h�l�\�_�j�k�l�b�b 1:2, �Z 
�\�l�h�j�h�c – �k �\�u�g�_�k�_�g�g�u�f �\�o�h�^�g�u�f �a�j�Z�q�d�h�f �b �k �n�h�d�m�k�g�u�f �j�Z�k�k�l�h�y�g�b�_�f 100 �f�f  �i�j�b 
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�h�l�g�h�k�b�l�_�e�v�g�h�f �h�l�\�_�j�k�l�b�b 1:5. �J�Z�k�k�q�b�l�Z�g�g�u�_ �h�[�t�_�d�l�b�\�u �b�f�_�x�l �i�j�Z�d�l�b�q�_�k�d�h�_ �^�b�n�j�Z�d�p�b�h�g�g�h�_ 
�d�Z�q�_�k�l�\�h �b�a�h�[�j�Z�`�_�g�b�y �^�e�y �l�h�q�d�b �g�Z �h�k�b. 

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

1. �^�e�y �e�b�g�a �b�k�i�h�e�v�a�h�\�Z�g�Z «�o�j�h�f�Z�l�b�q�_�k�d�Z�y» �i�Z�j�Z �k�l�_�d�h�e; 
2. �i�_�j�\�Z�y �\�u�i�m�d�e�Z�y �i�h�\�_�j�o�g�h�k�l�v �\�u�i�h�e�g�_�g�Z �Z�k�n�_�j�b�q�_�k�d�h�c. 

 
�H�k�g�h�\�g�h�c �j�_�a�m�e�v�l�Z�l. �< �j�_�a�m�e�v�l�Z�l�_ �j�Z�[�h�l�u �[�u�e�h �i�h�d�Z�a�Z�g�h, �q�l�h �b�k�i�h�e�v�a�h�\�Z�g�b�_ �h�^�g�h�c 

�Z�k�n�_�j�b�q�_�k�d�h�c �i�h�\�_�j�o�g�h�k�l�b �\�l�h�j�h�]�h �i�h�j�y�^�d�Z �b �h�i�l�b�f�Z�e�v�g�h�]�h �\�u�[�h�j�Z �h�i�l�b�q�_�k�d�b�o �k�j�_�^ 
(«�o�j�h�f�Z�l�b�q�_�k�d�b�_» �i�Z�j�u �k�l�_�d�h�e) �i�h�a�\�h�e�b�e�h �k�h�a�^�Z�l�v �^�\�m�o�e�b�g�a�h�\�u�_ �k�d�e�_�_�g�g�u�_ �h�[�t�_�d�l�b�\�u �k 
�k�m�s�_�k�l�\�_�g�g�h �m�\�_�e�b�q�_�g�g�u�f �h�l�g�h�k�b�l�_�e�v�g�u�f �h�l�\�_�j�k�l�b�_�f �b �m�e�m�q�r�_�g�g�u�f �d�Z�q�_�k�l�\�h�f 
�b�a�h�[�j�Z�`�_�g�b�y, �i�h �k�j�Z�\�g�_�g�b�x �k �h�[�u�q�g�u�f �^�\�m�o�e�b�g�a�h�\�u�f�b �k�d�e�_�_�g�g�u�f�b �h�[�t�_�d�l�b�\�Z�f�b. 
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�D�H�F�I�V�X�L�?�J�G�U�C �K�B�G�L�?�A �=�H�E�H�=�J�:�F�F-�I�J�H�?�D�L�H�J�H�< 
�K�N�H�D�M�K�B�J�H�<�:�G�G�H�=�H �B�A�H�;�J�:�@�?�G�B�Y, �I�J�?�>�G�:�A�G�:�Q�:�?�F�U�O 

�>�E�Y �K�H�<�F�?�K�L�G�H�C �J�:�;�H�L�U �K �H�;�T�?�D�L�B�<�H�F 
�G�?�<�U�K�H�D�H�=�H �D�:�Q�?�K�L�<�: 

�D.�F. �?�j�Z�k�l�h�\ 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�l.�g., �i�j�h�n�_�k�k�h�j �K.�G. �D�h�j�_�r�_�\ 

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

�i�j�b�f�_�g�y�_�l�k�y �p�b�n�j�h�\�Z�y  �]�h�e�h�]�j�Z�n�b�y, �\ �d�h�l�h�j�h�c �k�b�g�l�_�a �]�h�e�h�]�j�Z�n�b�q�_�k�d�h�]�h �i�h�e�y �h�k�m�s�_�k�l�\�e�y�_�l�k�y 
�k �i�h�f�h�s�v�x �d�h�f�i�v�x�l�_�j�g�h�]�h �f�h�^�_�e�b�j�h�\�Z�g�b�y. �K�m�l�v �i�j�h�p�_�k�k�Z �k�b�g�l�_�a�Z �]�h�e�h�]�j�Z�f�f�u �a�Z�d�e�x�q�Z�_�l�k�y 
�\ �k�e�_�^�m�x�s�_�f: �\ �d�h�f�i�v�x�l�_�j �\�\�h�^�b�l�k�y �l�h �b�a�h�[�j�Z�`�_�g�b�_, �]�h�e�h�]�j�Z�f�f�m �d�h�l�h�j�h�]�h �f�u �o�h�l�b�f 
�i�h�e�m�q�b�l�v. �I�j�h�p�_�k�k �n�h�j�f�b�j�h�\�Z�g�b�y �]�h�e�h�]�j�Z�n�b�q�_�k�d�h�]�h �i�h�e�y (�b�g�l�_�j�n�_�j�_�g�p�b�b �h�i�h�j�g�h�c �b 
�h�[�t�_�d�l�g�h�c �\�h�e�g�u) �f�Z�l�_�f�Z�l�b�q�_�k�d�b �f�h�^�_�e�b�j�m�_�l�k�y �b �j�Z�k�k�q�b�l�u�\�Z�_�l�k�y �k �i�h�f�h�s�v�x �k�i�_�p�b�Z�e�v�g�h�c 
�i�j�h�]�j�Z�f�f�u. �J�_�a�m�e�v�l�Z�l�h�f �j�Z�k�q�_�l�h�\ �[�m�^�_�l �j�Z�k�i�j�_�^�_�e�_�g�b�_ �b�g�l�_�g�k�b�\�g�h�k�l�b �\ �i�e�h�k�d�h�k�l�b 
�]�h�e�h�]�j�Z�f�f�u. �W�l�b �^�Z�g�g�u�_ �i�h�k�l�m�i�Z�x�l �g�Z �]�_�g�_�j�Z�l�h�j �b�a�h�[�j�Z�`�_�g�b�c. �I�j�b�g�p�b�i �_�]�h �^�_�c�k�l�\�b�y 
�h�k�g�h�\�Z�g �g�Z �n�h�j�f�b�j�h�\�Z�g�b�b �b�a�h�[�j�Z�`�_�g�b�y �\ �j�_�`�b�f�_ �j�Z�k�l�j�h�\�h�]�h �e�b�[�h �\�_�d�l�h�j�g�h�]�h �k�d�Z�g�b�j�h�\�Z�g�b�y 
�a�Z �k�q�_�l �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �k�n�h�d�m�k�b�j�h�\�Z�g�g�h�]�h �_�]�h �h�i�l�b�q�_�k�d�h�c �k�b�k�l�_�f�h�c �i�y�l�g�Z �Z�d�l�b�g�b�q�g�h�]�h 
�b�a�e�m�q�_�g�b�y �k �f�Z�l�_�j�b�Z�e�h�f �g�h�k�b�l�_�e�y �]�h�e�h�]�j�Z�f�f�u �\ �l�h�q�g�h �a�Z�^�Z�g�g�u�o �m�q�Z�k�l�d�Z�o �j�Z�[�h�q�_�]�h �i�h�e�y 
�m�k�l�j�h�c�k�l�\�Z.  

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

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

�< �j�_�a�m�e�v�l�Z�l�_ �j�Z�[�h�l�u �[�u�e �k�h�a�^�Z�g �b �j�_�Z�e�b�a�h�\�Z�g �Z�e�]�h�j�b�l�f �k�b�g�l�_�a�Z �]�h�e�h�]�j�Z�f�f-�i�j�h�_�d�l�h�j�h�\ 
�k�n�h�d�m�k�b�j�h�\�Z�g�g�h�]�h �b�a�h�[�j�Z�`�_�g�b�y �i�j�_�^�g�Z�a�g�Z�q�Z�_�f�u�o �^�e�y �k�h�\�f�_�k�l�g�h�c �j�Z�[�h�l�u �k �h�[�t�_�d�l�b�\�Z�f�b 
�g�_�\�u�k�h�d�h�]�h �d�Z�q�_�k�l�\�Z. 
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�J�:�A�J�:�;�H�L�D�: �I�J�H�=�J�:�F�F�U �I�H�K�L�J�H�?�G�B�Y �A�:�<�B�K�B�F�H�K�L�B 

�J�:�A�F�?�J�: �W�E�?�F�?�G�L�: �N�H�L�H�E�B�L�H�=�J�:�N�B�Q�?�K�D�H�=�H �B�A�H�;�J�:�@�?�G�B�Y 
�H�L �J�:�K�N�H�D�M�K�B�J�H�<�D�B �B �W�D�K�I�H�A�B�P�B�B 

 (�D�J�B�<�U�O �;�H�K�K�M�G�=�:) 
�>.�K. �A�Z�\�]�h�j�h�^�g�b�c 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �d.�l.�g., �^�h�p�_�g�l �L.�<. �B�\�Z�g�h�\�Z 
 
�<�k�l�m�i�e�_�g�b�_. �N�h�l�h�e�b�l�h�]�j�Z�n�b�y �i�h�e�m�q�b�e�Z �[�h�e�v�r�h�_ �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�_ �\ �l�_�o�g�b�d�_, �[�e�Z�]�h�^�Z�j�y 

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

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

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

 
�;�Z�a�h�\�u�_ �i�h�e�h�`�_�g�b�y �b�k�k�e�_�^�h�\�Z�g�b�y. �G�_�h�[�o�h�^�b�f�h �j�_�r�b�l�v �k�e�_�^�m�x�s�b�_ �a�Z�^�Z�q�b: 

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

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

�f�b�g�b�f�Z�e�v�g�u�c �j�Z�a�f�_�j �w�e�_�f�_�g�l�Z. 
�� �I�h�k�l�j�h�_�g�b�_ �]�j�Z�n�b�d�h�\ �a�Z�\�b�k�b�f�h�k�l�_�c �f�b�g�b�f�Z�e�v�g�h�]�h �j�Z�a�f�_�j�Z �w�e�_�f�_�g�l�Z �h�l 

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

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

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

 
�H�k�g�h�\�g�u�_ �j�_�a�m�e�v�l�Z�l�u. �< �j�_�a�m�e�v�l�Z�l�_ �^�Z�g�g�h�c �j�Z�[�h�l�u �[�u�e�Z �j�Z�a�j�Z�[�h�l�Z�g�Z 

�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�Z�y �i�j�h�]�j�Z�f�f�Z, �d�h�l�h�j�Z�y �i�h�a�\�h�e�y�_�l �\�u�q�b�k�e�y�l�v �j�Z�k�i�j�_�^�_�e�_�g�b�_ �b�g�l�_�g�k�b�\�g�h�k�l�b 
�g�Z �b�a�h�[�j�Z�`�_�g�b�b, �b �a�g�Z�q�_�g�b�_ �f�b�g�b�f�Z�e�v�g�h�]�h �j�Z�a�f�_�j�Z �w�e�_�f�_�g�l�Z �i�h�k�e�_ �w�d�k�i�h�a�b�p�b�h�g�g�h�c �^�h�a�u �i�h 
�a�Z�^�Z�g�g�u�f �i�Z�j�Z�f�_�l�j�Z�f �n�h�l�h�r�Z�[�e�h�g�Z, �b�k�l�h�q�g�b�d�Z �b �h�i�l�b�q�_�k�d�h�c �k�b�k�l�_�f�u. �>�e�y �\�u�q�b�k�e�_�g�b�c 
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�a�Z�^�Z�_�l�k�y �g�Z�q�Z�e�v�g�h�_ �b �d�h�g�_�q�g�h�_ �a�g�Z�q�_�g�b�_ �w�d�k�i�h�a�b�p�b�h�g�g�h�c �^�h�a�u, �j�Z�k�n�h�d�m�k�b�j�h�\�d�b �b �r�Z�]. �I�h 
�j�_�a�m�e�v�l�Z�l�Z�f �\�u�q�b�k�e�_�g�b�c �k�l�j�h�b�l�k�y �]�j�Z�n�b�d �a�Z�\�b�k�b�f�h�k�l�b �f�b�g�b�f�Z�e�v�g�h�]�h �j�Z�a�f�_�j�Z �w�e�_�f�_�g�l�Z �h�l 
�j�Z�k�n�h�d�m�k�b�j�h�\�d�b �b �w�d�k�i�h�a�b�p�b�h�g�g�h�c �^�h�a�u. 
 
 
�M�>�D. 681.7.067.27 
 

�K�<�?�L�H�K�B�E�V�G�U�? �D�B�G�H�K�T�?�F�H�Q�G�U�? �H�;�T�?�D�L�B�<�U 
�F.�?. �A�Z�p�_�i�b�g�Z 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�l.�g., �i�j�h�n�_�k�k�h�j �F.�G. �K�h�d�h�e�v�k�d�b�c 
 
�D�j�Z�l�d�h�_ �\�k�l�m�i�e�_�g�b�_, �Z�d�l�m�Z�e�v�g�h�k�l�v �l�_�f�u. �< �k�\�y�a�b �k �i�j�h�^�h�e�`�_�g�b�_�f �j�Z�k�r�b�j�_�g�b�y 

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

�< �a�Z�\�b�k�b�f�h�k�l�b �h�l �m�k�e�h�\�b�c �w�d�k�i�e�m�Z�l�Z�p�b�b, �d�b�g�h�k�t�_�f�h�q�g�u�_ �h�[�t�_�d�l�b�\�u �f�h�]�m�l �[�u�l�v 
�j�Z�a�^�_�e�_�g�u �g�Z �k�e�_�^�m�x�s�b�_ �]�j�m�i�i�u: 1) �h�[�t�_�d�l�b�\�u �^�e�y �k�t�_�f�d�b �h�[�u�q�g�u�o �n�b�e�v�f�h�\ �g�Z 35-�f�f  
�i�e�_�g�d�_; 2) �h�[�t�_�d�l�b�\�u �^�e�y �k�t�_�f�d�b �r�b�j�h�d�h�n�h�j�f�Z�l�g�u�o �n�b�e�v�f�h�\ �g�Z 70-�f�f  �i�e�_�g�d�_; 3) �h�[�t�_�d�l�b�\�u 
�^�e�y �k�t�_�f�d�b �n�b�e�v�f�h�\ �g�Z 16-�f�f  �i�e�_�g�d�_; 4) �k�i�_�p�b�Z�e�v�g�u�_ �h�[�t�_�d�l�b�\�u. 

 
�P�_�e�v �j�Z�[�h�l�u. �J�Z�k�k�f�h�l�j�_�l�v �h�k�g�h�\�g�u�_ �d�h�g�k�l�j�m�d�p�b�b �b �o�Z�j�Z�d�l�_�j�b�k�l�b�d �d�b�g�h�k�t�_�f�h�q�g�u�o 

�h�[�t�_�d�l�b�\�h�\ �^�e�y �k�t�_�f�d�b �g�Z 35-�f�f  �i�e�_�g�d�_. �I�j�h�\�_�k�l�b �Z�g�Z�e�b�a �k�m�s�_�k�l�\�m�x�s�b�o �f�_�l�h�^�h�\ �j�Z�k�q�_�l�Z 
�h�i�l�b�q�_�k�d�b�o �k�b�k�l�_�f. 

 
�H�[�a�h�j, �h�i�b�k�Z�g�b�_ �k�b�l�m�Z�p�b�b 

�K�o�_�f�Z �G�Z�a�\�Z�g�b�_ �I�Z�j�Z�f�_�l�j�u �B�a�f�_�g�_�g�b�y 

 

�H�D�K1-18-1 f'=18 �f�f , 1:2.8 

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

�h�[�e�Z�^�Z�_�l �^�h�k�l�Z�l�h�q�g�h �o�h�j�h�r�b�f 
�b�k�i�j�Z�\�e�_�g�b�_�f �k�n�_�j�b�q�_�k�d�h�c �Z�[�_�j�j�Z�p�b�b, 

�Z�k�l�b�]�f�Z�l�b�a�f�Z �b �\�g�_�f�_�j�b�^�b�h�g�Z�e�v�g�h�c 
�d�h�f�u 

 

�H�D�K1-22-1 f'=22 �f�f , 1:2.8 

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

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

 

�D�b�g�h�j�m�k�k�Z�j 2 f'=28�f�f , 
1:2.8 

�h�[�t�_�d�l�b�\ �k�g�Z�[�`�_�g �a�_�j�d�Z�e�v�g�u�f 
�h�[�l�x�j�Z�l�h�j�h�f, �a�Z�^�g�_�_ �n�h�d�m�k�g�h�_ 

�j�Z�k�k�l�h�y�g�b�_ 31.5 �f�f  

 

�h�[�t�_�d�l�b�\ 
�a�Z�j�m�[�_�`�g�h�c �n�b�j�f�u 
«�L�w�c�e�h�j, �L�w�c�e�h�j �b 

�=�h�[�k�h�g» 

f'= 18�f�f , 1:1.7, �m�^�e�b�g�_�g�g�h�_ �\�_�j�r�b�g�g�h�_ �n�h�d�m�k�g�h�_ 
�j�Z�k�k�l�h�y�g�b�_ 21,8 �f�f , 
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�K�m�s�_�k�l�\�m�_�l �g�_�k�d�h�e�v�d�h �h�k�g�h�\�g�u�o �f�_�l�h�^�h�\ �j�Z�k�q�_�l�Z, �g�Z �\�u�[�h�j �d�h�l�h�j�u�o �\�e�b�y�x�l �f�g�h�]�b�_ 
�h�[�k�l�h�y�l�_�e�v�k�l�\�Z – �h�l �e�b�q�g�u�o �i�j�_�^�i�h�q�l�_�g�b�c �d�h�g�k�l�j�m�d�l�h�j�Z �^�h �o�Z�j�Z�d�l�_�j�b�k�l�b�d �h�i�l�b�q�_�k�d�b�o 
�k�b�k�l�_�f.  

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

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

�G�Z�i�j�b�f�_�j, �>.�K. �<�h�e�h�k�h�\ �j�_�r�Z�_�l �a�Z�^�Z�q�m �j�Z�k�q�_�l�Z �k�e�h�`�g�u�o �Z�g�Z�k�l�b�]�f�Z�l�h�\ �k�e�_�^�m�x�s�b�f 
�h�[�j�Z�a�h�f: 1) �j�Z�a�^�_�e�_�g�b�_�f �d�h�w�n�n�b�p�b�_�g�l�h�\ �Z�[�_�j�j�Z�p�b�c �\�k�_�c �k�b�k�l�_�f�u �i�h �_�_ �k�h�k�l�Z�\�e�y�x�s�b�f 
�k�e�h�`�g�u�f �d�h�f�i�h�g�_�g�l�Z�f («�i�h�e�h�\�b�g�d�Z�f»), �l.�_. �\�u�j�Z�`�_�g�b�_�f �d�h�w�n�n�b�p�b�_�g�l�h�\ �Z�[�_�j�j�Z�p�b�c �k�b�k�l�_�f�u 
�q�_�j�_�a �d�h�w�n�n�b�p�b�_�g�l�u �Z�[�_�j�j�Z�p�b�c �d�h�f�[�b�g�Z�p�b�b �O, 2) �j�Z�k�q�_�l�h�f �d�h�f�[�b�g�Z�p�b�b X �k�Z�f�h�k�l�h�y�l�_�e�v�g�h, �k 
�i�h�k�e�_�^�m�x�s�b�f �h�[�j�Z�a�h�\�Z�g�b�_�f �k�e�h�`�g�h�c �k�b�k�l�_�f�u. �D�h�f�[�b�g�Z�p�b�_�c �O �>.�K. �<�h�e�h�k�h�\ �g�Z�a�u�\�Z�_�l 
�d�h�f�[�b�g�Z�p�b�x, �k�h�k�l�h�y�s�m�x �b�a �^�\�m�o �d�h�f�i�h�g�_�g�l�h�\ �[�h�e�v�r�_�c �b�e�b �f�_�g�v�r�_�c �k�e�h�`�g�h�k�l�b, 
�j�Z�a�^�_�e�_�g�g�u�_ �\�h�a�^�m�r�g�u�f �i�j�h�f�_�`�m�l�d�h�f, �\ �d�h�l�h�j�h�f �j�Z�k�i�h�e�h�`�_�g�Z �Z�i�_�j�l�m�j�g�Z�y �^�b�Z�n�j�Z�]�f�Z. 

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

�F.�F. �J�m�k�b�g�h�\ �j�Z�a�^�_�e�y�_�l �j�Z�k�q�_�l �h�i�l�b�q�_�k�d�h�c �k�b�k�l�_�f�u, �h�[�_�k�i�_�q�b�\�Z�x�s�b�c �g�m�`�g�h�_ �d�Z�q�_�k�l�\�h 
�b�a�h�[�j�Z�`�_�g�b�y, �g�Z �^�\�Z �w�l�Z�i�Z: �\�u�[�h�j �l�b�i�Z �h�i�l�b�q�_�k�d�h�c �k�b�k�l�_�f�u �b �k�h�[�k�l�\�_�g�g�h �j�Z�k�q�_�l �\�u�[�j�Z�g�g�h�c 
�h�i�l�b�q�_�k�d�h�c �k�b�k�l�_�f�u. 

 
�B�k�k�e�_�^�h�\�Z�g�b�y. �I�Z�j�Z�f�_�l�j�u �h�[�t�_�d�l�b�\�h�\ �^�h�e�`�g�u �k�h�h�l�\�_�l�k�l�\�h�\�Z�l�v �k�e�_�^�m�x�s�b�f 

�a�g�Z�q�_�g�b�y�f: 

�=�_�h�f�_�l�j�b�q�_�k�d�h�_ 
�H�l�g�h�k�b�l�_�e�v- 

�g�h�_ �h�l�\�_�j�k�l�b�_ 
(max) 

�D�h�w�n�n. 
�K�\�_�l�h- 

�i�j�h�i�m�k�d�Z-
�g�b�y 

�N�h�l�h�]�j�Z�n�b�q�_�k�d�Z�y 
�j�Z�a�j�_�r�Z�x�s�Z�y 

�k�i�h�k�h�[�g�h�k�l�v �g�Z �i�e�_�g�d�_ 
�D�G-1 

�<�b�g�v�_�l�b- 
�j�h�\�Z�g�b�_ �g�Z 
�d�j�Z�x �i�h�e�y 

�a�j�_�g�b�y 

�>�b�k�l�Z�g-
�p�b�y 

�k�t�_�f�d�b 
(min) 

�>�b�Z�f�_�l�j 
�i�_�j�_�^�g�_�c 

�e�b�g�a�u 

�H�i�h�j�g�Z�y 
�i�h�\�_�j�o- 
�g�h�k�l�v 

55 �r�l�j ./�f�f , 
(�m’=0) 1:1.2 �g�_ �f�_�g�_�_ 

89% 
30 �r�l�j ./�f�f , (�m’=12.25) 

�g�_ �[�h�e�_�_ 50% 
(�m=12.25 �f�f ) 1’2” �g�_ �[�h�e�_�_ 

75 �f�f  

52 �f�f  �h�l 
�n�h�d�Z�e�v- 

�g�h�c 
�i�e�h�k�d�h�k�l�b 

�D�Z�q�_�k�l�\�h �b�a�h�[�j�Z�`�_�g�b�y 
 �L�h�q�d�Z �g�Z �h�k�b �<�g�_�h�k�_�\�h�c �i�m�q�h�d 
�J�Z�a�j�_�r�_�g�b�_ 50 �e�b�g/�f�f  25 �e�b�g/�f�f  
�D�h�g�l�j�Z�k�l �g�_ �f�_�g�_�_ 40% �g�_ �f�_�g�_�_ 30% 
�>�b�k�l�h�j�k�b�y �g�_ �[�h�e�_�_ 3% 
 
�<�u�\�h�^, �d�Z�d�Z�y �a�Z�^�Z�q�Z �k�l�Z�\�b�l�k�y �^�e�y �i�h�k�e�_�^�m�x�s�_�]�h �j�_�r�_�g�b�y 

�K�o�_�f�Z �N�b�j�f�Z �I�Z�j�Z�f�_�l�j�u 

 

«Carl Zeiss» 
f'=35 �f�f , 1:1.2, �^�\�_ �Z�k�n�_�j�b�q�_�k�d�b�_ 

�i�h�\�_�j�o�g�h�k�l�b 
8 �e�b�g�a 

 

�H�:�H «�E�H�F�H» 
f'=35 �f�f , 1:1.2, �[�_�a �Z�k�n�_�j�b�q�_�k�d�b�o 

�i�h�\�_�j�o�g�h�k�l�_�c, 
11 �e�b�g�a 
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�A�Z�^�Z�q�Z �j�Z�[�h�l�u �k�h�k�l�h�b�l �\ �l�h�f, �q�l�h�[�u �m�f�_�g�v�r�b�l�v �]�Z�[�Z�j�b�l�u �b �\�_�k �h�[�t�_�d�l�b�\�h�\ �a�Z �k�q�_�l 
�\�\�_�^�_�g�b�y �Z�k�n�_�j�b�q�_�k�d�b�o �i�h�\�_�j�o�g�h�k�l�_�c, �l�h �_�k�l�v �\�u�i�m�k�l�b�l�v �h�[�t�_�d�l�b�\, �k�h�^�_�j�`�Z�s�b�c �\�f�_�k�l�h 11 
�e�b�g�a �\�h�k�_�f�v �e�b�g�a. 
 
 
�M�>�D 535.317.1 
 

�W�C�D�H�G�:�E �G�?�P�?�G�L�J�B�J�H�<�:�G�G�U�O �H�I�L�B�Q�?�K�D�B�O �K�B�K�L�?�F 
�<.�<. �A�x�a�b�g, �F.�=. �K�_�j�b�d�h�\�Z 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�l.�g., �i�j�h�n�_�k�k�h�j �: .�I . �K�f�b�j�g�h�\ 
 

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

�<�u�[�j�Z�g�g�u�_ �d�j�b�l�_�j�b�b �d�Z�q�_�k�l�\�Z �b�a�h�[�j�Z�`�_�g�b�y �y�\�e�y�x�l�k�y �p�_�e�_�\�u�f�b �n�m�g�d�p�b�y�f�b, 
�h�i�l�b�f�b�a�Z�p�b�y �d�h�l�h�j�u�o �h�k�m�s�_�k�l�\�e�y�_�l�k�y, �Z�\�l�h�f�Z�l�b�a�b�j�h�\�Z�g�h �\ �j�Z�f�d�Z�o �\�u�[�j�Z�g�g�h�c �i�j�h�]�j�Z�f�f�u 
�j�Z�k�q�z�l�Z. �D�j�h�f�_ �l�h�]�h, �a�Z�^�Z�q�Z �h�i�l�b�f�b�a�Z�p�b�b �h�[�u�q�g�h �l�j�_�[�m�_�l �f�g�h�]�h�d�j�Z�l�g�h�]�h �j�Z�k�q�z�l�Z �o�h�^�Z �e�m�q�_�c 
�k �\�h�a�\�j�Z�l�h�f �d �i�_�j�\�h�f�m �w�l�Z�i�m �j�Z�k�q�z�l�Z. �W�l�h �h�[�u�q�g�h �^�e�b�l�_�e�v�g�u�c �i�j�h�p�_�k�k, �a�Z�g�b�f�Z�x�s�b�c �^�h 90% 
�\�k�_�]�h �\�j�_�f�_�g�b �j�Z�k�q�z�l�Z �h�i�l�b�q�_�k�d�h�c �k�b�k�l�_�f�u. �I�j�_�^�e�Z�]�Z�_�f�Z�y �f�_�l�h�^�b�d�Z �i�j�b�a�\�Z�g�Z 
�m�k�h�\�_�j�r�_�g�k�l�\�h�\�Z�l�v �i�j�h�p�_�k�k �j�Z�k�q�z�l�Z �b �h�i�l�b�f�b�a�Z�p�b�b �h�i�l�b�q�_�k�d�b�o �k�b�k�l�_�f. 

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

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

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

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

�i�h�\�_�j�o�g�h�k�l�_�c �k�h�]�e�Z�k�g�h �j�Z�k�q�_�l�Z�f �i�h �m�j�Z�\�g�_�g�b�x �w�c�d�h�g�Z�e�Z. 
4. �:�i�j�h�[�Z�p�b�y �^�Z�g�g�h�c �f�_�l�h�^�b�d�b �j�Z�k�q�_�l�Z �h�i�l�b�d�_ �g�Z �d�h�g�d�j�_�l�g�h�f �i�j�b�f�_�j�_. 

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

�< �o�h�^�_ �j�Z�[�h�l�u �\ �k�j�_�^�_ �Fathcad �k�h�a�^�Z�g�Z �i�j�h�]�j�Z�f�f�Z �^�e�y �j�Z�k�q�_�l�Z �h�i�l�b�d�b �k�h�]�e�Z�k�g�h 
�i�j�_�^�e�Z�]�Z�_�f�h�c �f�_�l�h�^�b�d�_ �b �i�j�b�\�_�^�_�g�u �j�_�a�m�e�v�l�Z�l�u �j�Z�k�q�_�l�Z �g�Z �i�j�b�f�_�j�_ �d�h�g�d�j�_�l�g�h�c �h�i�l�b�q�_�k�d�h�c 
�k�b�k�l�_�f�u. 
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�I�H�E�Y�J�B�A�:�P�B�H�G�G�H-�H�I�L�B�Q�?�K�D�B�? �K�<�H�C�K�L�<�: �G�?�H�>�G�H�J�H�>�G�U�O 
�:�G�B�A�H�L�J�H�I�G�U�O �K�E�H�?�< 

�<.�X . �B�\�Z�g�h�\ 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�l.�g., �i�j�h�n�_�k�k�h�j �<.�L. �I�j�h�d�h�i�_�g�d�h 

 
�< �g�Z�k�l�h�y�s�_�c �j�Z�[�h�l�_  �j�Z�k�k�f�Z�l�j�b�\�Z�x�l�k�y �l�_�h�j�_�l�b�q�_�k�d�b�_ �Z�k�i�_�d�l�u �f�Z�d�j�h- �b 

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

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

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

�I�j�b �f�h�^�b�n�b�d�Z�p�b�b �k�l�j�m�d�l�m�j�u �i�h�\�_�j�o�g�h�k�l�b �i�h�e�m�i�j�h�\�h�^�g�b�d�h�\ �b �^�b�w�e�_�d�l�j�b�d�h�\, 
�g�Z�i�j�b�f�_�j, �b�h�g�g�u�f�b (�w�e�_�d�l�j�h�g�g�u�f�b) �i�m�q�d�Z�f�b, �\�h�a�f�h�`�g�h �h�[�j�Z�a�h�\�Z�g�b�_ �e�_�]�d�h�i�h�e�y�j�b�a�m�_�f�u�o 
�b�e�b �\�u�k�h�d�h�i�j�h�\�h�^�y�s�b�o �l�h�g�d�b�o �I�K �k �^�_�n�h�j�f�Z�p�b�_�c �w�g�_�j�]�_�l�b�q�_�k�d�b�o �a�h�g, �b�f�_�x�s�b�o �d�Z�d �i�m�k�l�u�_ 
�l�Z�d �b �a�Z�i�h�e�g�_�g�g�u�_ �w�g�_�j�]�_�l�b�q�_�k�d�b�_ �m�j�h�\�g�b �i�h�\�_�j�o�g�h�k�l�g�u�o �w�e�_�d�l�j�h�g�g�u�o �k�h�k�l�h�y�g�b�c �b 
�h�l�e�b�q�Z�x�s�b�o�k�y �h�l �w�g�_�j�]�_�l�b�q�_�k�d�b�o �m�j�h�\�g�_�c �\ �]�e�m�[�b�g�_ �I�K. �>�e�y �h�i�b�k�Z�g�b�y �h�i�l�b�q�_�k�d�b�o �k�\�h�c�k�l�\ 
�l�Z�d�b�o �k�e�h�_�\ �b�k�i�h�e�v�a�m�x�l�k�y �d�h�f�i�e�_�d�k�g�u�_ �d�\�Z�a�b�f�b�d�j�h�k�d�h�i�b�q�_�k�d�b�_ �i�Z�j�Z�f�_�l�j�u: �i�h�e�y�j�b�a�m�_�f�h�k�l�v 
�k�e�h�y �\ �\�_�j�l�b�d�Z�e�v�g�h�f �g�Z�i�j�Z�\�e�_�g�b�b �.�h,�� (�j�Z�a�f�_�j�g�h�k�l�v �^�e�b�g�u) �b �\�u�k�h�d�h�q�Z�k�l�h�l�g�Z�y 
�i�h�\�_�j�o�g�h�k�l�g�Z�y �i�j�h�\�h�^�b�f�h�k�l�v ���h,�� (�j�Z�a�f�_�j�g�h�k�l�v �k�d�h�j�h�k�l�b), �d�h�l�h�j�u�_ �k�\�y�a�Z�g�u �k �g�h�j�f�Z�e�v�g�u�f�b 
�k�h�k�l�Z�\�e�y�x�s�b�f�b �\�_�d�l�h�j�h�\ �i�h�e�y�j�b�a�Z�p�b�b Pn  �b  �g�Z�i�j�y�`�_�g�g�h�k�l�b �w�e�_�d�l�j�b�q�_�k�d�h�]�h �i�h�e�y En, �Z �l�Z�d�`�_ 
�k �l�Z�g�]�_�g�p�b�Z�e�v�g�u�f�b �k�h�k�l�Z�\�e�y�x�s�b�f�b �g�Z�i�j�y�`�_�g�g�h�k�l�b �w�e�_�d�l�j�b�q�_�k�d�h�]�h �i�h�e�y Ex,y �b 
�i�h�\�_�j�o�g�h�k�l�g�u�f�b �l�h�d�Z�f�b jx,y=dP/dt.  

 �M�q�b�l�u�\�Z�y �h�k�h�[�_�g�g�h�k�l�b �b�k�i�h�e�v�a�m�_�f�u�o �f�h�^�_�e�v�g�u�o �i�j�_�^�k�l�Z�\�e�_�g�b�c �h �k�l�j�m�d�l�m�j�_ �I�K �\ 
�j�Z�f�d�Z�o �f�Z�d�j�h- �b �f�b�d�j�h�k�d�h�i�b�q�_�k�d�h�]�h �j�Z�k�k�f�h�l�j�_�g�b�y �a�Z�^�Z�q�b �h�l�j�Z�`�_�g�b�y �i�h�e�y�j�b�a�h�\�Z�g�g�h�]�h �k�\�_�l�Z, 
�k�e�_�^�m�_�l �b�f�_�l�v �\�\�b�^�m, �q�l�h �d�Z�`�^�u�c �b�a �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o �f�_�l�h�^�h�e�h�]�b�q�_�k�d�b�o �i�h�^�o�h�^�h�\ �[�m�^�_�l 
�h�l�j�Z�`�Z�l�v �k�h�\�h�d�m�i�g�h�k�l�v �h�i�l�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �I�K �o�Z�j�Z�d�l�_�j�g�m�x �l�h�e�v�d�h �\�u�[�j�Z�g�g�h�c  �f�h�^�_�e�b 
�g�_�h�^�g�h�j�h�^�g�h�c �k�l�j�m�d�l�m�j�u �I�K. �I�j�b �w�l�h�f �f�b�d�j�h�k�d�h�i�b�q�_�k�d�b�_ �i�Z�j�Z�f�_�l�j�u �h�i�b�k�u�\�Z�x�l �\ �[�h�e�v�r�_�c 
�k�l�_�i�_�g�b �b�a�f�_�g�_�g�b�_ �h�i�l�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �\ �i�j�b�i�h�\�_�j�o�g�h�k�l�g�h�c �h�[�e�Z�k�l�b �k�e�h�y �]�e�m�[�b�g�h�c �i�h�j�y�^�d�Z 
5–50 �w�e�_�f�_�g�l�Z�j�g�u�o �y�q�_�_�d �k�l�j�m�d�l�m�j�u �b�k�o�h�^�g�h�]�h �\�_�s�_�k�l�\�Z, �Z �w�n�n�_�d�l�b�\�g�u�_ �i�Z�j�Z�f�_�l�j�u �k�e�h�y – 
�i�h�d�Z�a�Z�l�_�e�v �i�j�_�e�h�f�e�_�g�b�y n* �b �l�h�e�s�b�g�Z �k�e�h�y d* – �\ �i�j�_�^�_�e�Z�o �\�k�_�]�h �I�K. �< �w�l�h�f �k�e�m�q�Z�_ 
�g�_�h�[�o�h�^�b�f�h �m�k�l�Z�g�h�\�b�l�v �]�j�Z�g�b�p�u �i�j�b�f�_�g�b�f�h�k�l�b �d�Z�`�^�h�]�h �b�a �f�_�l�h�^�h�e�h�]�b�q�_�k�d�b�o �i�h�^�o�h�^�h�\ �d 
�h�i�b�k�Z�g�b�x �h�i�l�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �i�h�\�_�j�o�g�h�k�l�g�h�]�h �k�e�h�y. �W�l�h �f�h�`�g�h �\�u�i�h�e�g�b�l�v �g�Z �h�k�g�h�\�_  
�m�j�Z�\�g�_�g�b�y �w�e�e�b�i�k�h�f�_�l�j�b�b, �i�h�e�m�q�_�g�g�h�]�h �\ �j�Z�f�d�Z�o �h�[�h�[�s�_�g�b�c �l�_�h�j�b�c �h�l�j�Z�`�_�g�b�y 
�i�h�e�y�j�b�a�h�\�Z�g�g�h�]�h �k�\�_�l�Z  �>�j�m�^�_–�;�h�j�g�Z �b �K�b�\�m�o�b�g�Z–�I�b�d�m�k�Z �h�l �g�_�h�^�g�h�j�h�^�g�h�]�h �Z�g�b�a�h�l�j�h�i�g�h�]�h 
�k�e�h�y. 

�L�Z�d�b�f �h�[�j�Z�a�h�f, �g�Z �h�k�g�h�\�Z�g�b�b �i�h�e�m�q�_�g�g�u�o �l�_�h�j�_�l�b�q�_�k�d�b�o �b �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o 
�b�k�k�e�_�^�h�\�Z�g�b�c �[�u�e�h �i�h�d�Z�a�Z�g�h, �q�l�h �i�j�b�f�_�g�_�g�b�_ �f�_�l�h�^�Z �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�]�h �d�h�j�j�_�e�y�p�b�h�g�g�h�]�h 
�Z�g�Z�e�b�a�Z �i�h�a�\�h�e�y�_�l �m�k�l�Z�g�h�\�b�l�v �b�k�l�b�g�g�m�x �\�a�Z�b�f�h�k�\�y�a�v �f�_�`�^�m �h�i�l�b�q�_�k�d�b�f�b �b 
�d�h�g�p�_�g�l�j�Z�p�b�h�g�g�u�f�b �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b �w�e�_�f�_�g�l�g�h�]�h �k�h�k�l�Z�\�Z �i�h�\�_�j�o�g�h�k�l�g�h�]�h �k�e�h�y. 
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�:�<�L�H�F�:�L�B�A�:�P�B�Y �<�U�I�M�K�D�: �Q�?�J�L�?�@�: 
�K�D�E�?�?�G�G�H�=�H �D�H�F�I�H�G�?�G�L�: 

�>.�<. �D�Z�r�b�g 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �d.�l.�g., �^�h�p�_�g�l �G.�>. �L�h�e�k�l�h�[�Z 

 
�D�j�Z�l�d�h�_ �\�k�l�m�i�e�_�g�b�_, �i�h�k�l�Z�g�h�\�d�Z �i�j�h�[�e�_�f�u. �;�h�e�v�r�h�_ �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�_ �\ �h�i�l�b�d�_ 

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

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

 
�P�_�e�v �j�Z�[�h�l�u. �K�h�a�^�Z�g�b�_ �i�Z�d�_�l�Z �i�j�h�]�j�Z�f�f, �i�h�a�\�h�e�y�x�s�_�]�h �Z�\�l�h�f�Z�l�b�a�b�j�h�\�Z�l�v �\�u�i�m�k�d 

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

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

 
�I�j�h�f�_�`�m�l�h�q�g�u�_ �j�_�a�m�e�v�l�Z�l�u. �>�e�y �^�h�k�l�b�`�_�g�b�y �^�Z�g�g�h�c �p�_�e�b �[�u�e�b �i�h�k�l�Z�\�e�_�g�u �a�Z�^�Z�q�b: 

1. �G�Z�i�b�k�Z�g�b�_ �i�j�h�]�j�Z�f�f�u �g�Z �h�k�g�h�\�_ �k�m�s�_�k�l�\�m�x�s�b�o �K�:�I�J. 
2. �H�i�j�h�k �i�h�e�v�a�h�\�Z�l�_�e�y �i�j�h�b�a�\�h�^�b�l�v �b�a �^�b�Z�e�h�]�h�\�u�o �h�d�h�g, �^�e�y �m�^�h�[�k�l�\�Z �\�h�k�i�j�b�y�l�b�y 

�b�g�n�h�j�f�Z�p�b�b. 
3. �K�h�a�^�Z�g�b�_ �q�_�j�l�_�`�_�c �m�^�h�\�e�_�l�\�h�j�y�x�s�b�o �l�j�_�[�h�\�Z�g�b�y�f �=�H�K�L 2.414-81. 
4. �I�h�k�e�_ �h�i�j�h�k�Z �i�h�e�v�a�h�\�Z�l�_�e�y, �a�Z�i�h�e�g�y�l�v �r�l�Z�f�i �b �l�Z�[�e�b�p�m �q�_�j�l�_�`�Z. 
5. �A�Z�]�j�m�a�d�Z �h�i�l�b�q�_�k�d�h�c �k�b�k�l�_�f�u �b�a �n�Z�c�e�Z, �k�h�o�j�Z�g�_�g�g�h�]�h �\ �k�j�_�^�_ OPAL. 
6. �I�h�^�d�e�x�q�_�g�b�_ �^�h�i�h�e�g�b�l�_�e�v�g�u�o �n�m�g�d�p�b�c, �l�Z�d�b�o �d�Z�d: �i�h�\�h�j�h�l �^�_�l�Z�e�b, �a�_�j�d�Z�e�v�g�h�_ 

�h�l�j�Z�`�_�g�b�_, �f�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�_, �j�b�k�h�\�Z�g�b�_ �^�_�l�Z�e�b �[�_�a �j�Z�f�d�b. �>�e�y �\�d�e�x�q�_�g�b�y �^�_�l�Z�e�b �\ 
�[�h�e�_�_ �k�e�h�`�g�u�_ �k�[�h�j�h�q�g�u�_ �q�_�j�l�_�`�b. 

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

�< �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y �g�Z �j�u�g�d�_ �k�b�k�l�_�f �Z�\�l�h�f�Z�l�b�a�b�j�h�\�Z�g�g�h�]�h �i�j�h�_�d�l�b�j�h�\�Z�g�b�y (�K�:�I�J) 
�k�m�s�_�k�l�\�m�x�l �i�j�_�^�e�h�`�_�g�b�y �k�b�k�l�_�f �g�b�a�d�h�]�h, �k�j�_�^�g�_�]�h �b �\�_�j�o�g�_�]�h �m�j�h�\�g�y. �D �i�_�j�\�u�f �h�l�g�h�k�y�l�k�y, 
AutoCAD , �D�h�f�i�Z�k �b �b�f �i�h�^�h�[�g�u�_. �<�l�h�j�u�_ – SolidWorks , Inventor , PowerSHAPE ,  Tflex �b 
�l.�i. �L�j�_�l�v�b – Pro | Engineer , CATIA , NX ( Unigraphics ). �D�Z�`�^�Z�y �b�a �]�j�m�i�i �h�l�e�b�q�Z�x�l�k�y �h�l 
�h�k�l�Z�e�v�g�u�o �k�l�_�i�_�g�v�x �i�Z�j�Z�f�_�l�j�b�a�Z�p�b�b, �n�m�g�d�p�b�h�g�Z�e�h�f �b �h�o�\�Z�l�h�f �k�n�_�j �i�j�h�_�d�l�g�h-
�d�h�g�k�l�j�m�d�l�h�j�k�d�h�c �b �l�_�o�g�h�e�h�]�b�q�_�k�d�h�c �^�_�y�l�_�e�v�g�h�k�l�b �i�j�_�^�i�j�b�y�l�b�c �Z�\�b�Z, �f�Z�r�b�g�h �b 
�i�j�b�[�h�j�h�k�l�j�h�_�g�b�y.  

�B�a �\�u�r�_�i�_�j�_�q�b�k�e�_�g�g�u�o �k�b�k�l�_�f �\�u�[�j�Z�g �i�j�h�]�j�Z�f�f�g�u�c �i�j�h�^�m�d�l �n�b�j�f�u Autodesk 
(AutoCAD 2009). �L�Z�d �d�Z�d �^�Z�g�g�u�c �i�j�h�]�j�Z�f�f�g�u�c �i�j�h�^�m�d�l �k�h�^�_�j�`�b�l �\�k�l�j�h�_�g�g�u�c �y�a�u�d 
�i�j�h�]�j�Z�f�f�b�j�h�\�Z�g�b�y �k�\�y�a�Z�g�g�u�c �k �j�Z�[�h�q�_�c �k�j�_�^�h�c AutoCAD. 

 
�H�k�g�h�\�g�h�c �j�_�a�m�e�v�l�Z�l. �L�Z�d�b�f �h�[�j�Z�a�h�f, �\ �i�j�h�p�_�k�k�_ �j�Z�[�h�l�u �[�u�e �k�h�a�^�Z�g �i�Z�d�_�l �i�j�h�]�j�Z�f�f, 

�i�h�a�\�h�e�y�x�s�b�c �k�h�a�^�Z�\�Z�l�v �q�_�j�l�_�`, �m�^�h�\�e�_�l�\�h�j�y�x�s�b�c �\�k�_�f �l�j�_�[�h�\�Z�g�b�y �d �h�n�h�j�f�e�_�g�b�x 
�d�h�g�k�l�j�m�d�l�h�j�k�d�h�c �^�h�d�m�f�_�g�l�Z�p�b�b. 
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�>�Z�g�g�m�x �j�Z�a�j�Z�[�h�l�d�m �f�h�`�g�h �b�k�i�h�e�v�a�h�\�Z�l�v �\ �d�Z�q�_�k�l�\�_ �k�Z�f�h�k�l�h�y�l�_�e�v�g�h�]�h �i�Z�d�_�l�Z �i�j�h�]�j�Z�f�f 
�b�e�b �\ �d�Z�q�_�k�l�\�_ �^�h�i�h�e�g�_�g�b�y �d �i�j�h�]�j�Z�f�f�_ CADoptix, �k�h�a�^�Z�g�g�h�c �g�Z �d�Z�n�_�^�j�_ �I�b�D�H �\ 
�K�I�[�=�M �B�L�F�H, �Z �l�Z�d�`�_ �i�j�b�f�_�g�y�l�v �d�Z�d �h�l�^�_�e�v�g�u�c �f�h�^�m�e�v �^�e�y �\�u�i�h�e�g�_�g�b�y �e�Z�[�h�j�Z�l�h�j�g�u�o 
�j�Z�[�h�l �k�l�m�^�_�g�l�h�\. 
 
 
�M�>�D 535.513.1 
 

�B�K�K�E�?�>�H�<�:�G�B�? �I�H�E�Y�J�B�A�:�P�B�B �K�<�?�L�:, �H�L�J�:�@�?�G�G�H�=�H 
�I�H�E�B�F�?�J�G�U�F�B �I�H�D�J�U�L�B�Y�F�B 

�<.�<. �D�h�a�e�h�\, �B.�<. �K�Z�c�]�b�g, �F.�: . �K�f�m�j�h�\ 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �d.�l.�g., �^�h�p�_�g�l �<.�: . �L�j�h�n�b�f�h�\ 

 
�K�h�\�_�j�r�_�g�k�l�\�h�\�Z�g�b�_ �a�Z�s�b�l�g�u�o �i�h�d�j�u�l�b�c �i�j�b�\�_�e�h �d �j�Z�a�j�Z�[�h�l�d�_ �\ 50-�o �]�h�^�Z�o �i�j�h�r�e�h�]�h   

�\�_�d�Z �l�_�o�g�h�e�h�]�b�b �i�h�j�h�r�d�h�\�u�o �i�h�d�j�u�l�b�c �h�[�e�Z�^�Z�x�s�b�o �\�u�k�h�d�b�f �d�h�f�i�e�_�d�k�h�f �n�b�a�b�d�h-
�f�_�o�Z�g�b�q�_�k�d�b�o �b �^�_�d�h�j�Z�l�b�\�g�u�o �k�\�h�c�k�l�\.  

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

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

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

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

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

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

�M�k�l�Z�g�h�\�e�_�g�g�h�_ �j�Z�a�e�b�q�b�_ �i�h�a�\�h�e�y�_�l �b�k�i�h�e�v�a�h�\�Z�l�v �_�]�h �\ �d�Z�q�_�k�l�\�_ �b�g�n�h�j�f�Z�p�b�h�g�g�h�]�h 
�n�Z�d�l�h�j�Z �i�j�b �j�Z�a�j�Z�[�h�l�d�_ �m�k�l�j�h�c�k�l�\�Z �d�h�g�l�j�h�e�y �i�j�b�k�m�l�k�l�\�b�y �g�Z �h�d�j�Z�r�b�\�Z�_�f�h�c �i�h�\�_�j�o�g�h�k�l�b 
�k�b�e�b�d�h�g�Z, �j�_�a�d�h �k�g�b�`�Z�x�s�_�]�h �d�Z�q�_�k�l�\�h �a�Z�s�b�l�g�h�]�h �i�h�d�j�u�l�b�y. 
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�M�>�D 528.08; 528.021.4 
 

�R�L�J�B�O�H�<�H�? �D�H�>�B�J�H�<�:�G�B�? �G�B�<�?�E�B�J�G�H�C �J�?�C�D�B 
�=.�<. �D�h�e�_�k�g�b�d�h�\ (�G�h�\�h�k�b�[�b�j�k�d�b�c �]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c �l�_�o�g�b�q�_�k�d�b�c �m�g�b�\�_�j�k�b�l�_�l) 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�l.�g., �i�j�h�n�_�k�k�h�j �B.�K. �=�b�[�b�g 
(�G�h�\�h�k�b�[�b�j�k�d�b�c �]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c �l�_�o�g�b�q�_�k�d�b�c �m�g�b�\�_�j�k�b�l�_�l) 

 
�<�\�_�^�_�g�b�_. �K �d�h�g�p�Z 80-�o �]�h�^�h�\ �a�Z �j�m�[�_�`�h�f �Z�d�l�b�\�g�h �j�Z�a�j�Z�[�Z�l�u�\�Z�x�l�k�y �f�_�l�h�^�u 

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

 
�P�_�e�v �j�Z�[�h�l�u. �P�_�e�v�x �^�Z�g�g�h�c �j�Z�[�h�l�u �y�\�e�y�_�l�k�y �j�Z�a�j�Z�[�h�l�d�Z �f�_�l�h�^�Z �r�l�j�b�o�h�\�h�]�h 

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

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

�g�b�\�_�e�b�j�h�\ �b�k�i�h�e�v�a�m�x�l �j�Z�a�e�b�q�g�u�_ �k�i�h�k�h�[�u �i�h�k�l�j�h�_�g�b�y �d�h�^�Z �j�_�c�d�b. �L�Z�d �d�h�^�u Leica �b Sokkia 
�h�k�g�h�\�Z�g�u �g�Z �i�k�_�\�^�h�k�e�m�q�Z�c�g�h�c �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b; �j�_�c�d�Z Topcon �k�h�^�_�j�`�b�l �h�i�h�j�g�u�c �k�b�]�g�Z�e 
�b �r�l�j�b�o�h�\�u�_ �w�e�_�f�_�g�l�u, �i�j�h�i�h�j�p�b�h�g�Z�e�v�g�u�_ �^�\�m�f �n�m�g�d�p�b�y�f �k�b�g�m�k�Z [1, 2].  

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

 
�R�l�j�b�o�h�\�h�_ �d�h�^�b�j�h�\�Z�g�b�_ �g�b�\�_�e�b�j�g�h�c �j�_�c�d�b. �>�e�y �r�l�j�b�o�h�\�h�]�h �d�h�^�b�j�h�\�Z�g�b�y �j�_�c�d�b 

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

�=�_�h�f�_�l�j�b�q�_�k�d�b�_ �i�Z�j�Z�f�_�l�j�u �]�j�Z�n�b�q�_�k�d�h�]�h �i�j�_�^�k�l�Z�\�e�_�g�b�y �w�e�_�f�_�g�l�h�\ �d�h�^�Z �\�u�[�b�j�Z�x�l�k�y 
�^�e�y �m�\�_�j�_�g�g�h�]�h �k�q�b�l�u�\�Z�g�b�y �\�g�m�l�j�b �[�h�e�v�r�_�c �q�Z�k�l�b �j�Z�[�h�q�_�]�h �^�b�Z�i�Z�a�h�g�Z �^�Z�e�v�g�h�k�l�_�c �i�j�b�[�h�j�Z. 
�>�e�y �j�Z�[�h�l�u �\ «�[�e�b�`�g�_�c» �a�h�g�_ (�^�h 6–8 �f�_�l�j�h�\), �d�h�]�^�Z �i�h�e�_ �a�j�_�g�b�y �i�j�b�[�h�j�Z �f�_�g�_�_ �h�^�g�h�c 
�d�h�^�h�\�h�c �d�h�f�[�b�g�Z�p�b�b, �r�l�j�b�o�d�h�^ �j�_�c�d�b �f�h�^�m�e�b�j�m�_�l�k�y �^�h�i�h�e�g�b�l�_�e�v�g�u�f �d�h�^�h�f. �R�l�j�b�o�h�\�u�_ 
�k�b�f�\�h�e�u �^�h�i�h�e�g�b�l�_�e�v�g�h�]�h �d�h�^�Z �b�f�_�x�l �a�g�Z�q�b�l�_�e�v�g�h �f�_�g�v�r�b�_ �j�Z�a�f�_�j�u, �q�_�f �w�e�_�f�_�g�l�u 
�h�k�g�h�\�g�h�c �d�h�^�h�\�h�c �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b, �b �g�_ �j�Z�a�j�_�r�Z�x�l�k�y �i�j�b�[�h�j�h�f �\�g�_ «�[�e�b�`�g�_�c» �a�h�g�u.  

�;�u�e�h �j�Z�a�j�Z�[�h�l�Z�g�h �^�\�Z �\�Z�j�b�Z�g�l�Z �r�l�j�b�o�d�h�^�h�\�h�c �j�_�c�d�b: �g�Z �h�k�g�h�\�_ �^�\�h�b�q�g�h�]�h 
�p�b�d�e�b�q�_�k�d�h�]�h �d�h�^�Z �P�D(7,4) �b �g�Z �h�k�g�h�\�_ �d�h�^�Z �J�b�^�Z-�K�h�e�h�f�h�g�Z �J�K(7,3). �N�j�Z�]�f�_�g�l �r�l�j�b�o�d�h�^�Z, 
�h�k�g�h�\�Z�g�g�h�]�h �g�Z �^�\�h�b�q�g�h�f �p�b�d�e�b�q�_�k�d�h�f �d�h�^�_, �i�j�_�^�k�l�Z�\�e�_�g �g�Z �j�b�k�m�g�d�_ 1. �A�^�_�k�v �: 1, �: 2, �: 3…  
– �d�h�^�h�\�u�_ �d�h�f�[�b�g�Z�p�b�b, �b �h�^�g�h�\�j�_�f�_�g�g�h, �f�_�l�d�b �\�u�k�h�l�u.  

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

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

�j�_�c�d�b. �J�Z�a�j�Z�[�h�l�Z�g�u �^�\�Z �\�Z�j�b�Z�g�l�Z �r�l�j�b�o�d�h�^�h�\�h�c �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b, �h�k�g�h�\�Z�g�g�u�_ �g�Z �d�h�^�_ 
�J�b�^�Z-�K�h�e�h�f�h�g�Z �b �^�\�h�b�q�g�h�f �p�b�d�e�b�q�_�k�d�h�f �d�h�^�_. �I�j�_�^�e�h�`�_�g�Z �k�l�j�m�d�l�m�j�Z �Z�e�]�h�j�b�l�f�Z �h�[�j�Z�[�h�l�d�b 
�i�j�b�y�l�h�]�h �b�a�h�[�j�Z�`�_�g�b�y �r�l�j�b�o�d�h�^�Z, �Z �l�Z�d�`�_ �k�i�h�k�h�[�u �\�u�q�b�k�e�_�g�b�y �i�h�e�h�`�_�g�b�y �l�_�d�m�s�_�]�h �h�l�k�q�_�l�Z 
�l�h�q�g�_�_ �w�e�_�f�_�g�l�Z �F�N�I�M �j�_�]�b�k�l�j�b�j�m�x�s�_�]�h �i�j�b�[�h�j�Z. �I�j�h�\�_�^�_�g �i�j�Z�d�l�b�q�_�k�d�b�c �w�d�k�i�_�j�b�f�_�g�l [3], 
�j�_�a�m�e�v�l�Z�l�u �d�h�l�h�j�h�]�h �i�h�^�l�\�_�j�^�b�e�b, �q�l�h �i�j�_�^�e�h�`�_�g�g�u�c �f�_�l�h�^ �r�l�j�b�o�h�\�h�]�h �d�h�^�b�j�h�\�Z�g�b�y 
�g�b�\�_�e�b�j�g�h�c �j�_�c�d�b �j�Z�[�h�l�h�k�i�h�k�h�[�_�g �b �f�h�`�_�l �[�u�l�v �b�k�i�h�e�v�a�h�\�Z�g �\ �w�e�_�d�l�j�h�g�g�h�f �g�b�\�_�e�b�j�h�\�Z�g�b�b 
�e�b�[�h �\  �h�i�l�b�d�h-�w�e�_�d�l�j�h�g�g�u�o �e�b�g�_�c�g�u�o �^�Z�l�q�b�d�Z�o.  
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�B�K�K�E�?�>�H�<�:�G�B�? �<�H�A�F�H�@�G�H�K�L�?�C �<�A�:�B�F�H�>�?�C�K�L�<�B�Y �K�B�K�L�?�F 

�J�:�K�Q�?�L�:  �H�I�L�B�D�B �K �K�B�K�L�?�F�:�F�B �:�<�L�H�F�:�L�B�A�B�J�H�<�:�G�G�H�=�H 
�I�J�H�?�D�L�B�J�H�<�:�G�B�Y 

�: .�D. �D�h�e�i�Z�d�h�\ 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �d.�l.�g., �^�h�p�_�g�l �G.�>. �L�h�e�k�l�h�[�Z 

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

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

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

�;�Z�a�h�\�u�_ �i�h�e�h�`�_�g�b�y �b�k�k�e�_�^�h�\�Z�g�b�y. �D�Z�`�^�Z�y �b�a �b�k�k�e�_�^�m�_�f�u�o �i�j�h�]�j�Z�f�f �^�e�y �j�Z�k�q�_�l�Z 
�h�i�l�b�q�_�k�d�b�o �k�b�k�l�_�f �i�j�_�^�i�h�e�Z�]�Z�_�l �\�h�a�f�h�`�g�h�k�l�v �a�Z�i�b�k�b �j�_�a�m�e�v�l�Z�l�Z �j�Z�k�q�_�l�Z �\ �g�_�d�h�l�h�j�u�c 
�j�_�a�m�e�v�l�b�j�m�x�s�b�c �n�Z�c�e. �K�b�k�l�_�f�u �Z�\�l�h�f�Z�l�b�a�b�j�h�\�Z�g�g�h�]�h �i�j�h�_�d�l�b�j�h�\�Z�g�b�y �i�j�_�^�h�k�l�Z�\�e�y�x�l 
�b�g�k�l�j�m�f�_�g�l�u �^�e�y �\�h�a�f�h�`�g�h�k�l�b �k�h�a�^�Z�g�b�y �i�j�b�d�e�Z�^�g�u�o �i�j�h�]�j�Z�f�f �g�Z �b�o �h�k�g�h�\�_ �k�l�h�j�h�g�g�b�f 
�j�Z�a�j�Z�[�h�l�q�b�d�Z�f. 
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�I�j�h�f�_�`�m�l�h�q�g�u�_ �j�_�a�m�e�v�l�Z�l�u. �I�j�h�\�_�^�_�g �h�[�a�h�j �n�h�j�f�Z�l�Z �\�u�o�h�^�g�u�o �^�Z�g�g�u�o �g�_�k�d�h�e�v�d�b�o 
�k�b�k�l�_�f (�H�I�:�E, �K�:�J�H, CODE V, ZEMAX). �<�u�y�k�g�b�e�h�k�v, �q�l�h �j�Z�k�k�q�b�l�Z�g�g�u�_ �^�Z�g�g�u�_ �\ 
�\�u�o�h�^�g�h�f �n�Z�c�e�_ �b�f�_�x�l �m�i�h�j�y�^�h�q�_�g�g�m�x �k�l�j�m�d�l�m�j�m �e�h�]�b�q�_�k�d�h�_ �^�_�e�_�g�b�_ �i�h �]�j�m�i�i�Z�f: 

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

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

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

  
�H�k�g�h�\�g�h�c �j�_�a�m�e�v�l�Z�l. �< �j�_�a�m�e�v�l�Z�l�_ �i�j�h�^�_�e�Z�g�g�h�c �j�Z�[�h�l�u �[�u�e �k�h�a�^�Z�g �i�j�h�]�j�Z�f�f�g�u�c 

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

�K�l�Z�e�h �y�k�g�u�f, �q�l�h �l�_�o�g�h�e�h�]�b�q�_�k�d�b�o �i�j�_�i�y�l�k�l�\�b�c �^�e�y �j�_�Z�e�b�a�Z�p�b�b �i�j�h�]�j�Z�f�f�g�h�]�h �f�h�^�m�e�y, 
�b�f�_�x�s�_�]�h �k�\�h�_�c �p�_�e�v�x �k�\�y�a�u�\�Z�l�v �d�h�g�_�q�g�u�_ �^�Z�g�g�u�_ �j�Z�k�q�_�l�Z �h�i�l�b�q�_�k�d�h�c �k�b�k�l�_�f�u �k �K�:�I�J, �g�_ 
�k�m�s�_�k�l�\�m�_�l. 
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�B�A �>�<�M�O �H�L�J�:�@�:�X�S�B�O �I�H�<�?�J�O�G�H�K�L�?�C �I�J�B 

�B�A�H�I�E�:�G�:�L�B�Q�?�K�D�H�C �B �:�G�:�K�L�B�=�F�:�L�B�Q�?�K�D�H�C 
�D�H�J�J�?�D�P�B�B �I�?�J�<�B�Q�G�U�O �:�;�?�J�J�:�P�B�C 

�K.�K. �D�h�f�h�\ 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�l.�g., �i�j�h�n�_�k�k�h�j �<.�: . �A�\�_�j�_�\ 

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

�h�l�j�Z�`�Z�x�s�b�o �i�h�\�_�j�o�g�h�k�l�_�c �k�n�_�j�b�q�_�k�d�h�c �n�h�j�f�u �h�l �i�h�e�h�`�_�g�b�y �\�o�h�^�g�h�]�h �a�j�Z�q�d�Z �b 
�d�h�w�n�n�b�p�b�_�g�l�Z �p�_�g�l�j�Z�e�v�g�h�]�h �w�d�j�Z�g�b�j�h�\�Z�g�b�y �a�j�Z�q�d�Z �i�h �^�b�Z�f�_�l�j�m �i�h�d�Z�a�Z�g�h, �q�l�h �k�m�s�_�k�l�\�m�_�l 
�l�Z�d�h�_ �i�h�e�h�`�_�g�b�_ �a�j�Z�q�d�Z, �i�j�b �d�h�l�h�j�h�f �h�l�k�m�l�k�l�\�m�_�l �\ �b�a�h�[�j�Z�`�_�g�b�b �d�h�f�Z, �b �^�\�Z �i�h�e�h�`�_�g�b�y 
�a�j�Z�q�d�Z, �i�j�b �d�h�l�h�j�u�o �h�l�k�m�l�k�l�\�m�_�l �Z�k�l�b�]�f�Z�l�b�a�f �b�a�h�[�j�Z�`�_�g�b�y. �I�j�b �i�_�j�\�h�f �i�h�e�h�`�_�g�b�b �a�j�Z�q�d�Z 
�i�h�e�m�q�Z�_�f �b�a�h�i�e�Z�g�Z�l�b�q�_�k�d�m�x �d�h�j�j�_�d�p�b�x �Z�[�_�j�j�Z�p�b�c. �< �w�l�h�f �k�e�m�q�Z�_, �i�h�f�_�k�l�b�\ �\�h �\�o�h�^�g�h�f 
�a�j�Z�q�d�_ �^�\�m�o�a�_�j�d�Z�e�v�g�h�c �k�b�k�l�_�f�u, �g�Z�i�j�b�f�_�j, �i�e�Z�k�l�b�g�d�m �k �g�_�k�n�_�j�b�q�_�k�d�h�c �i�h�\�_�j�o�g�h�k�l�v�x, 
�i�h�a�\�h�e�y�x�s�_�c �d�h�f�i�_�g�k�b�j�h�\�Z�l�v �h�k�l�Z�l�h�q�g�m�x �k�n�_�j�b�q�_�k�d�m�x �Z�[�_�j�j�Z�p�b�x, �i�h�e�m�q�Z�_�f �h�i�l�b�q�_�k�d�m�x 
�k�b�k�l�_�f�m �k �Z�i�e�Z�g�Z�l�b�q�_�k�d�h�c �d�h�j�j�_�d�p�b�_�c �Z�[�_�j�j�Z�p�b�c �h�[�j�Z�a�h�\�Z�g�g�h�]�h �_�x �b�a�h�[�j�Z�`�_�g�b�y. �I�h�d�Z�a�Z�g�h, 
�q�l�h �_�k�e�b �^�\�m�o�e�b�g�a�h�\�u�c �Z�n�h�d�Z�e�v�g�u�c �d�h�f�i�_�g�k�Z�l�h�j �h�k�l�Z�l�h�q�g�u�o �k�n�_�j�b�q�_�k�d�h�c �Z�[�_�j�j�Z�p�b�b �b �d�h�f�u 
�j�Z�k�i�h�e�h�`�b�l�v �\ �h�^�g�h�f �b�a �^�\�m�o �g�Z�a�\�Z�g�g�u�o �a�j�Z�q�d�h�\, �l�h �\ �w�l�h�f �k�e�m�q�Z�_ �i�h�e�m�q�Z�_�f �h�i�l�b�q�_�k�d�m�x 
�k�b�k�l�_�f�m, �n�h�j�f�b�j�m�x�s�m�x �b�a�h�[�j�Z�`�_�g�b�_, �k�\�h�[�h�^�g�h�_ �g�_ �l�h�e�v�d�h �h�l �k�n�_�j�b�q�_�k�d�h�c �Z�[�_�j�j�Z�p�b�b �b 
�d�h�f�u, �g�h �b �h�l �Z�k�l�b�]�f�Z�l�b�a�f�Z. �I�h�d�Z�a�Z�g�h �l�Z�d�`�_, �q�l�h �_�k�e�b �i�j�b�g�y�l�v �d�h�w�n�n�b�p�b�_�g�l �p�_�g�l�j�Z�e�v�g�h�]�h 
�w�d�j�Z�g�b�j�h�\�Z�g�b�y �j�Z�\�g�u�f 0,382, �l�h �i�h�k�l�j�h�_�g�g�m�x �j�Z�k�k�f�h�l�j�_�g�g�u�f �k�i�h�k�h�[�h�f �k�b�k�l�_�f�m �i�h 
�d�h�j�j�_�d�p�b�b �Z�[�_�j�j�Z�p�b�c �f�h�`�g�h �h�l�g�_�k�l�b �d �Z�i�e�Z�g�Z�l�b�q�_�d�b�f �i�e�Z�g�Z�g�Z�k�l�b�]�f�Z�l�Z�f. �H�^�g�Z�d�h, �^�e�b�g�Z 
�l�Z�d�h�c �k�b�k�l�_�f�u �a�Z�f�_�l�g�h �[�h�e�v�r�_, �q�_�f �m �Z�i�e�Z�g�Z�l�b�q�_�k�d�h�]�h �Z�g�Z�k�l�b�]�f�Z�l�Z.  
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�D�H�H�I�?�J�:�L�B�<�G�U�? �I�J�H�P�?�K�K�U �< �B�L�L�?�J�;�B�C-�W�J�;�B�?�<�H�C 
�K�<�B�G�P�H�<�H�N�L�H�J�H�K�B�E�B�D�:�L�G�H�C �G�:�G�H�K�L�?�D�E�H�D�?�J�:�F�B�D�? 

�: .�<. �D�e�_�f�_�g�l�v�_�\�Z, �?.�<. �D�h�j�q�Z�]�b�g 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �k.�g.�k. �<.�: . �:�k�_�_�\ 

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

�\�g�b�f�Z�g�b�_ �k�l�_�d�e�h�d�_�j�Z�f�b�q�_�k�d�b�f �f�Z�l�_�j�b�Z�e�Z�f. �I�h �k�\�h�b�f �k�\�h�c�k�l�\�Z�f �h�g�b �a�Z�g�b�f�Z�x�l 
�i�j�h�f�_�`�m�l�h�q�g�h�_ �i�h�e�h�`�_�g�b�_ �f�_�`�^�m �d�j�b�k�l�Z�e�e�b�q�_�k�d�b�f�b �b �k�l�_�d�e�h�h�[�j�Z�a�g�u�f�b �f�Z�l�_�j�b�Z�e�Z�f�b. 
�G�Z�g�h�k�l�_�d�e�h�d�_�j�Z�f�b�q�_�k�d�b�_ �f�Z�l�_�j�b�Z�e�u, �Z�d�l�b�\�b�j�h�\�Z�g�g�u�_ �b�h�g�Z�f�b �j�_�^�d�h�a�_�f�_�e�v�g�u�o �w�e�_�f�_�g�l�h�\ 
�i�j�_�^�k�l�Z�\�e�y�x�l �[�h�e�v�r�h�c �b�g�l�_�j�_�k �\ �d�Z�q�_�k�l�\�_ �k�j�_�^ �^�e�y �e�Z�a�_�j�h�\ �b �h�i�l�b�q�_�k�d�b�o �m�k�b�e�b�l�_�e�_�c. 
�H�k�h�[�u�c �b�g�l�_�j�_�k �i�j�_�^�k�l�Z�\�e�y�x�l �k�h�[�h�c �f�Z�l�_�j�b�Z�e�u, �Z�d�l�b�\�b�j�h�\�Z�g�g�u�_ �b�h�g�Z�f�b �w�j�[�b�y, �i�h�k�d�h�e�v�d�m 
�h�k�g�h�\�g�h�c �e�Z�a�_�j�g�u�c �i�_�j�_�o�h�^ �e�_�`�b�l �\ �[�_�a�h�i�Z�k�g�h�f �^�e�y �]�e�Z�a �^�b�Z�i�Z�a�h�g�_, �Z �l�Z�d�`�_ �\ �l�j�_�l�v�_�f �h�d�g�_ 
�i�j�h�a�j�Z�q�g�h�k�l�b �h�i�l�b�q�_�k�d�h�]�h �d�\�Z�j�p�_�\�h�]�h �\�h�e�h�d�g�Z. �H�^�g�b�f �b�a �h�k�g�h�\�g�u�o �g�_�^�h�k�l�Z�l�d�h�\ �h�i�l�b�q�_�k�d�b�o 
�f�Z�l�_�j�b�Z�e�h�\, �Z�d�l�b�\�b�j�h�\�Z�g�g�u�o �w�j�[�b�_�f, �y�\�e�y�_�l�k�y �d�j�Z�c�g�_ �g�b�a�d�Z�y �w�n�n�_�d�l�b�\�g�h�k�l�v �\�h�a�[�m�`�^�_�g�b�y  
�b�h�g�h�\ Er3+ �b�a-�a�Z �h�l�g�h�k�b�l�_�e�v�g�h �k�e�Z�[�u�o  �i�h�e�h�k �i�h�]�e�h�s�_�g�b�y. �>�e�y �j�_�r�_�g�b�y �w�l�h�c �i�j�h�[�e�_�f�u �\ 
�d�Z�q�_�k�l�\�_ �k�_�g�k�b�[�b�e�b�a�Z�l�h�j�Z �^�h�[�Z�\�e�y�x�l �b�h�g�u Yb3+, �d�h�l�h�j�u�_ �b�f�_�x�l �k�b�e�v�g�m�x �i�h�e�h�k�m 
�i�h�]�e�h�s�_�g�b�y �\ �h�[�e�Z�k�l�b 0,9–1,02 �f�d�f. �>�e�y �k�l�_�d�e�h�d�_�j�Z�f�b�q�_�k�d�b�o �f�Z�l�_�j�b�Z�e�h�\ �w�n�n�_�d�l�b�\�g�h�k�l�v 
�i�_�j�_�g�h�k�Z �w�g�_�j�]�b�b �\�h�a�[�m�`�^�_�g�b�y �k �b�h�g�h�\ �b�l�l�_�j�[�b�y �g�Z �b�h�g�u �w�j�[�b�y, �d�Z�d �b �b�o �k�i�_�d�l�j�Z�e�v�g�h-
�e�x�f�b�g�_�k�p�_�g�l�g�u�_ �k�\�h�c�k�l�\�Z, �k�b�e�v�g�h �a�Z�\�b�k�b�l �h�l �i�Z�j�Z�f�_�l�j�h�\ �\�l�h�j�b�q�g�h�c �l�_�j�f�h�h�[�j�Z�[�h�l�d�b.   

 
�P�_�e�v �j�Z�[�h�l�u. �P�_�e�v�x �j�Z�[�h�l�u �y�\�b�e�h�k�v �b�k�k�e�_�^�h�\�Z�g�b�_ �\�e�b�y�g�b�y �^�e�b�l�_�e�v�g�h�k�l�b 

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

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

�k�\�b�g�p�h�\�h�n�l�h�j�h�k�b�e�b�d�Z�l�g�h�c �k�b�k�l�_�f�u 30SiO2-18PbF2-15Al2O3-5ZnF2-29CdF2-3YF3 (�f�h�e %), 
�Z�d�l�b�\�b�j�h�\�Z�g�g�h�c ErF3 �b YbF3. �K�h�^�_�j�`�Z�g�b�_ ErF3 �k�h�k�l�Z�\�e�y�e�h 0.05 �f�h�e.%, 0.1 �f�h�e.%, 0.2 �f�h�e.% �b 
0.5 �f�h�e.%,  YbF3 �k�h�k�l�Z�\�e�y�e�h 5 �f�h�e.%. �H�[�j�Z�a�h�\�Z�g�b�_ �g�Z�g�h�d�j�b�k�l�Z�e�e�h�\ �b�l�l�j�b�_�\�h�]�h �h�d�k�b�n�l�h�j�b�^�Z 
�k�\�b�g�p�Z �b �i�_�j�_�o�h�^ �j�_�^�d�h�a�_�f�_�e�v�g�u�o �b�h�g�h�\ �\ �d�j�b�k�l�Z�e�e�b�q�_�k�d�m�x �n�Z�a�m �^�h�k�l�b�]�Z�e�b�k�v �i�j�b �i�h�f�h�s�b 
�\�l�h�j�b�q�g�h�c �l�_�j�f�h�h�[�j�Z�[�h�l�d�b �k�l�_�d�e�Z. �=�e�Z�\�g�Z�y �a�Z�^�Z�q�Z �l�Z�d�h�c �h�[�j�Z�[�h�l�d�b – �k�h�a�^�Z�l�v �h�l�g�h�k�b�l�_�e�v�g�h 
�[�h�e�v�r�m�x �h�[�t�_�f�g�m�x �^�h�e�x �g�Z�g�h�j�Z�a�f�_�j�g�u�o �d�j�b�k�l�Z�e�e�h�\. 

�O�Z�j�Z�d�l�_�j�b�k�l�b�q�_�k�d�b�_ �l�_�f�i�_�j�Z�l�m�j�u �[�u�e�b �h�i�j�_�^�_�e�_�g�u �g�Z �h�k�g�h�\�Z�g�b�b �^�Z�g�g�u�o 
�^�b�n�n�_�j�_�g�p�b�Z�e�v�g�h�]�h �l�_�j�f�b�q�_�k�d�h�]�h �Z�g�Z�e�b�a�Z (�>�L�:). �L�_�f�i�_�j�Z�l�m�j�Z �l�_�j�f�h�h�[�j�Z�[�h�l�d�b (�L=515�h�K) 
�[�u�e�Z �\�u�[�j�Z�g�Z �\ �g�Z�q�Z�e�_ �i�_�j�\�h�]�h �i�b�d�Z �d�j�b�k�l�Z�e�e�b�a�Z�p�b�b, �d�h�l�h�j�u�c �k�h�h�l�\�_�l�k�l�\�h�\�Z�e �\�u�^�_�e�_�g�b�x 
�i�_�j�\�h�c �d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c �n�Z�a�u �n�l�h�j�b�^�h�\ �k�\�b�g�p�Z �\ �k�l�_�d�e�Z�o, �Z�d�l�b�\�b�j�h�\�Z�g�g�u�o �b�h�g�Z�f�b  Er3+ �b Yb3+. 

 
�I�j�h�f�_�`�m�l�h�q�g�u�_ �j�_�a�m�e�v�l�Z�l�u. �I�j�b �m�\�_�e�b�q�_�g�b�b �d�h�g�p�_�g�l�j�Z�p�b�b �b�h�g�h�\ �Z�d�l�b�\�Z�l�h�j�h�\ 

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

�<�l�h�j�b�q�g�Z�y �l�_�j�f�h�h�[�j�Z�[�h�l�d�Z �i�j�b�\�h�^�b�l �d �m�f�_�g�v�r�_�g�b�x �\�_�j�h�y�l�g�h�k�l�b �i�_�j�_�^�Z�q�b 
�\�h�a�[�m�`�^�_�g�b�b.  

 
�H�k�g�h�\�g�h�c �j�_�a�m�e�v�l�Z�l. �< �o�h�^�_ �j�Z�[�h�l�u �[�u�e�h �i�h�d�Z�a�Z�g�h, �q�l�h  �\ �j�_�a�m�e�v�l�Z�l�_ �l�_�j�f�h�h�[�j�Z�[�h�l�d�b 

�\ �h�[�t�_�f�_ �k�l�_�d�e�Z �\�u�^�_�e�y�_�l�k�y �g�Z�g�h�d�j�b�k�l�Z�e�e�b�q�_�k�d�Z�y �n�Z�a�Z �k�h�k�l�Z�\�Z PbYOF3. �J�Z�a�f�_�j 
�d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c �n�Z�a�u �f�_�g�y�_�l�k�y �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �j�_�`�b�f�Z �l�_�j�f�h�h�[�j�Z�[�h�l�d�b �h�l 16 �^�h 40 �g�f. 
�H�^�g�Z�d�h �[�u�e�h �\�u�y�k�g�_�g�h, �q�l�h �\�l�h�j�b�q�g�Z�y �l�_�j�f�h�h�[�j�Z�[�h�l�d�Z �i�j�b�\�h�^�b�l �d �m�f�_�g�v�r�_�g�b�x �\�_�j�h�y�l�g�h�k�l�b 
�[�_�a�u�a�e�m�q�Z�l�_�e�v�g�h�]�h �i�_�j�_�g�h�k�Z �w�g�_�j�]�b�b �k �m�j�h�\�g�y 4F5/2 �b�l�l�_�j�[�b�y �g�Z �f�_�l�Z�k�l�Z�[�b�e�v�g�u�c �m�j�h�\�_�g�v 4I11/2  
�w�j�[�b�y. �B�k�o�h�^�y �b�a �w�l�h�]�h, �f�h�`�g�h �a�Z�d�e�x�q�b�l�v, �q�l�h �w�j�[�b�c �b �b�l�l�_�j�[�b�c �\ �i�j�h�p�_�k�k�_ �\�l�h�j�b�q�g�h�c 
�l�_�j�f�h�h�[�j�Z�[�h�l�d�b �\�o�h�^�y�l �\ �j�Z�a�e�b�q�g�u�_ �g�Z�g�h�d�j�b�k�l�Z�e�e�b�q�_�k�d�b�_ �n�Z�a�u.  
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�F�?�L�H�>�U �I�H�<�U�R�?�G�B�Y �Q�M�<�K�L�<�B�L�?�E�V�G�H�K�L�B �I�J�B�,�F�G�U�O 
�D�:�G�:�E�H�< �E�:�A�?�J�G�U�O �E�H�D�:�P�B�H�G�G�U�O �K�B�K�L�?�F 

�X .�<. �D�h�q�_�g�v�d�h�\  
(�D�Z�a�Z�g�k�d�b�c �]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c �l�_�o�g�b�q�_�k�d�b�c �m�g�b�\�_�j�k�b�l�_�l �b�f. �: .�G. �L�m�i�h�e�_�\�Z) 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �d.�l.�g., �^�h�p�_�g�l �X .�: . �E�_�c�q�_�g�d�h  
(�D�Z�a�Z�g�k�d�b�c �]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c �l�_�o�g�b�q�_�k�d�b�c �m�g�b�\�_�j�k�b�l�_�l �b�f. �: .�G. �L�m�i�h�e�_�\�Z) 

 
�E�Z�a�_�j�g�Z�y �e�h�d�Z�p�b�y �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �Z�d�l�b�\�g�h �j�Z�a�\�b�\�Z�x�s�m�x�k�y �h�[�e�Z�k�l�v �h�i�l�b�d�h-

�w�e�_�d�l�j�h�g�g�h�]�h �i�j�b�[�h�j�h�k�l�j�h�_�g�b�y. �E�Z�a�_�j�g�u�_ �e�h�d�Z�p�b�h�g�g�u�_ �k�b�k�l�_�f�u (�E�E�K) �i�h�a�\�h�e�y�x�l 
�h�i�j�_�^�_�e�y�l�v �k �\�u�k�h�d�h�c �l�h�q�g�h�k�l�v�x �^�Z�e�v�g�h�k�l�v �^�h �h�[�t�_�d�l�Z, �_�]�h �k�d�h�j�h�k�l�v �b �d�h�h�j�^�b�g�Z�l�u, �i�j�h�n�b�e�v 
�i�j�h�a�j�Z�q�g�h�k�l�b �Z�l�f�h�k�n�_�j�u, �b �j�_�r�Z�l�v �j�y� ̂ �^�j�m�]�b�o �a�Z�^�Z�q. �<�Z�`�g�h�c �o�Z�j�Z�d�l�_�j�b�k�l�b�d�h�c �w�l�b�o 
�i�j�b�[�h�j�h�\ �y�\�e�y�_�l�k�y �b�o �^�Z�e�v�g�h�k�l�v �^�_�c�k�l�\�b�y. �K�h�\�j�_�f�_�g�g�u�_ �l�_�g�^�_�g�p�b�b �j�Z�a�\�b�l�b�y �E�E�K, 
�k�\�y�a�Z�g�g�u�_ �k �m�\�_�e�b�q�_�g�b�_�f �^�Z�e�v�g�h�k�l�b �^�_�c�k�l�\�b�y �b �l�h�q�g�h�k�l�b �b�a�f�_�j�_�g�b�c �i�j�b �h�]�j�Z�g�b�q�_�g�b�y�o �i�h 
�f�Z�k�k�h�]�Z�[�Z�j�b�l�g�u�f �i�Z�j�Z�f�_�l�j�Z�f �b �w�g�_�j�]�h�i�h�l�j�_�[�e�_�g�b�x �l�j�_�[�m�_�l �f�_�j �i�h �i�h�\�u�r�_�g�b�x 
�q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�b �i�j�b�z�f�g�u�o �d�Z�g�Z�e�h�\. �< �j�Z�[�h�l�_ �j�Z�k�k�f�h�l�j�_�g�u �\�h�i�j�h�k�u �j�_�Z�e�b�a�Z�p�b�b �g�Z�b�e�m�q�r�_�c 
�\ �a�Z�^�Z�g�g�u�o �m�k�e�h�\�b�y�o �w�d�k�i�e�m�Z�l�Z�p�b�b (�l�_�f�i�_�j�Z�l�m�j�Z �b �n�h�g�h�\�Z�y �h�[�k�l�Z�g�h�\�d�Z) �i�h�j�h�]�h�\�h�c 
�q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�b �n�h�l�h�i�j�b�z�f�g�u�o �m�k�l�j�h�c�k�l�\ (�N�I�M) �k �e�Z�\�b�g�g�u�f�b �n�h�l�h�^�b�h�^�Z�f�b (�E�N�>) �i�j�b 
�a�Z�^�Z�g�g�u�o �^�h�i�m�k�l�b�f�u�o �b�k�d�Z�`�_�g�b�y�o �k�b�]�g�Z�e�Z �g�Z �\�u�o�h�^�_, �Z �l�Z�d�`�_ �\�h�i�j�h�k�u �i�h�k�l�j�h�_�g�b�y �N�I�M �k 
�E�N�>, �h�[�_�k�i�_�q�b�\�Z�x�s�b�o �l�j�_�[�m�_�f�m�x �\�_�j�h�y�l�g�h�k�l�v �e�h�`�g�h�c �l�j�_�\�h�]�b �\ �a�Z�^�Z�g�g�u�o �m�k�e�h�\�b�y�o 
�w�d�k�i�e�m�Z�l�Z�p�b�b. 
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�G�:�G�H�D�J�B�K�L�:�E�E�U CuCL �< �K�L�,�D�E�:�O �K�B�K�L�?�F�U K2�H-AL 2O3-B2O3. 

�H�I�L�B�Q�?�K�D�B�? �K�<�H�C�K�L�<�: 
�>.�: . �D�h�q�_�l�d�h�\ 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�o.�g., �i�j�h�n�_�k�k�h�j �<.�: . �P�_�o�h�f�k�d�b�c 
 
�I�h�e�m�q�_�g�u �k�l�z�d�e�Z �k�b�k�l�_�f�u K2�H-Al2O3-B2O3, �h�i�j�_�^�_�e�_�g�h �\�e�b�y�g�b�_ �n�h�k�n�h�j�Z �b 

�l�_�j�f�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b �g�Z �f�_�o�Z�g�b�a�f �\�u�^�_�e�_�g�b�y �d�j�b�k�l�Z�e�e�h�\ CuCl. 
�F�_�l�h�^�h�f �h�i�l�b�q�_�k�d�h�c �k�i�_�d�l�j�h�k�d�h�i�b�b �i�h�d�Z�a�Z�g�h �\�u�^�_�e�_�g�b�_ �d�j�b�k�l�Z�e�e�h�\ CuCl �b�a 

�f�Z�l�j�b�q�g�h�]�h �k�l�_�d�e�Z �i�m�l�z�f �h�[�g�Z�j�m�`�_�g�b�y �w�d�k�b�l�h�g�h�\ �d�j�b�k�l�Z�e�e�h�\ �\ �h�[�e�Z�k�l�b 370�g�f. 
�H�i�j�_�^�_�e�_�g�h �\�e�b�y�g�b�_ �n�h�k�n�h�j�Z �b �l�_�j�f�h�h�[�j�Z�[�h�l�d�b �g�Z �j�Z�a�f�_�j �d�j�b�k�l�Z�e�e�h�\ CuCl. 
�K�l�z�d�e�Z �y�\�e�y�x�l�k�y �i�_�j�k�i�_�d�l�b�\�g�u�f�b �^�e�y �b�a�]�h�l�h�\�e�_�g�b�y �n�b�e�v�l�j�h�\ �k �d�j�m�l�h�c �]�j�Z�g�b�p�_�c 

�i�h�]�e�h�s�_�g�b�y, �i�j�_�^�k�l�Z�\�e�y�x�l �b�g�l�_�j�_�k �[�e�Z�]�h�^�Z�j�y �g�_�e�b�g�_�c�g�u�f �k�\�h�c�k�l�\�Z�f. 
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�:�<�L�H�F�:�L�B�A�:�P�B�Y �J�:�K�Q�?�L�: �J�:�A�E�B�Q�G�U�O �I�:�J�:�F�?�L�J�H�< 
�B �O�:�J�:�D�L�?�J�B�K�L�B�D �<�K�?�<�H�A�F�H�@�G�U�O �H�I�L�B�Q�?�K�D�B�O �K�B�K�L�?�F 

�K.�: . �D�j�Z�k�b�e�v�g�b�d�h�\ 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�l.�g. �i�j�h�n�_�k�k�h�j �: .�<. �>�_�f�b�g 

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

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

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

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

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

�P�_�e�v�x �j�Z�[�h�l�u �y�\�e�y�_�l�k�y �k�b�k�l�_�f�Z�l�b�a�Z�p�b�y �b�f�_�x�s�b�o�k�y �f�_�l�h�^�h�\ �i�h�k�l�j�h�_�g�b�y �b �j�Z�k�q�_�l�Z 
�k�e�h�`�g�u�o �h�i�l�b�q�_�k�d�b�o �k�b�k�l�_�f �k �i�h�f�h�s�v�x �f�_�l�h�^�h�\ �f�Z�l�j�b�q�g�h�c �h�i�l�b�d�b �b �k�h�a�^�Z�g�b�_ �i�j�h�]�j�Z�f�f�g�h�c 
�f�h�^�_�e�b �h�[�h�[�s�_�g�g�h�c �k�b�k�l�_�f�u, �\ �d�h�l�h�j�h�c �[�u �m�q�b�l�u�\�Z�e�b�k�v �\�k�_ �i�Z�j�Z�f�_�l�j�u, �h�i�j�_�^�_�e�y�x�s�b�_ 
�h�k�g�h�\�g�u�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �h�i�l�b�q�_�k�d�h�c �k�b�k�l�_�f�u, �Z �l�Z�d�`�_ �i�h�i�u�l�d�Z �h�i�j�_�^�_�e�_�g�b�y �d�j�b�l�_�j�b�_�\ 
�h�i�l�b�f�Z�e�v�g�h�k�l�b �^�e�y �i�j�h�_�d�l�b�j�h�\�Z�g�b�y �l�Z�d�h�c �k�b�k�l�_�f�u. 
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�A�:�<�B�K�B�F�H�K�L�B �I�H�K�L�H�Y�G�G�H�C �<�?�J�>�? 
�D.�X . �D�m�a�g�_�p�h�\, �: .�: . �=�h�j�[�_�g�d�h, �<.�X . �H�k�b�i�_�g�d�h�\�Z 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �d.�l.�g., �^�h�p�_�g�l �<.�: . �L�j�h�n�b�f�h�\ 
 
�K�l�Z�[�b�e�v�g�h�k�l�v �j�Z�[�h�l�u, �r�b�j�h�d�h �b�k�i�h�e�v�a�m�_�f�u�o �\ �e�Z�a�_�j�g�h�c �l�_�o�g�b�d�_ �f�h�^�m�e�y�l�h�j�h�\ �N�Z�j�Z�^�_�y,  

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

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

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

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

�I�j�_�^�\�Z�j�b�l�_�e�v�g�h�_ �f�Z�d�_�l�b�j�h�\�Z�g�b�_ �k�o�_�f�u �b�a�f�_�j�_�g�b�c �i�h�d�Z�a�Z�e�h �_�_ �j�Z�[�h�l�h�k�i�h�k�h�[�g�h�k�l�v �b 
�\�u�y�\�b�e�h �j�y� ̂ �i�h�e�h�`�b�l�_�e�v�g�u�o �d�Z�q�_�k�l�\, �d �d�h�l�h�j�u�f �f�h�`�g�h �h�l�g�_�k�l�b  �i�j�h�k�l�h�l�m �h�j�]�Z�g�b�a�Z�p�b�b 
�b�a�f�_�j�_�g�b�c, �\�u�k�h�d�m�x �i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�v �b �g�b�a�d�m�x �b�o �k�_�[�_�k�l�h�b�f�h�k�l�v. �:�f�i�e�b�l�m�^�g�h-�n�Z�a�h�\�u�_  
�b�a�f�_�g�_�g�b�y �i�h�e�y�j�b�a�Z�p�b�b �k�\�_�l�Z �i�j�h�r�_�^�r�_�]�h �Z�d�l�b�\�g�u�c �w�e�_�f�_�g�l �y�q�_�c�d�b �N�Z�j�Z�^�_�y �\�u�a�\�Z�g�g�u�_ 
�b�a�f�_�g�_�g�b�_�f �_�]�h �l�_�f�i�_�j�Z�l�m�j�u �f�h�]�m�l �[�u�l�v �a�Z�j�_�]�b�k�l�j�b�j�h�\�Z�g�u �\ �^�b�g�Z�f�b�d�_. 
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�F.�: . �E�_�k�b�d, �: .�<. �I�h�\�h�e�h�p�d�Z�y (�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) 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �d.�n.-�f .�g. �: .�: . �F�Z�g�v�r�b�g�Z 

(�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) 
 
�E�Z�a�_�j�g�Z�y �a�Z�i�b�k�v �b�g�n�h�j�f�Z�p�b�b �h�k�m�s�_�k�l�\�e�y�_�l�k�y �a�Z �k�q�_�l �k�l�j�m�d�l�m�j�g�u�o �b�a�f�_�g�_�g�b�c 

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

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

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

�<�k�_�]�h �\�u�^�_�e�y�x�l 2 �h�k�g�h�\�g�u�o �f�_�o�Z�g�b�a�f�Z �k�l�j�m�d�l�m�j�g�u�o �b�a�f�_�g�_�g�b�c: �n�h�l�h�e�b�l�b�q�_�k�d�b�c �b 
�l�_�j�f�b�q�_�k�d�b�c. �N�h�l�h�e�b�l�b�q�_�k�d�b�c �f�_�o�Z�g�b�a�f – �w�l�h �g�_�l�_�j�f�b�q�_�k�d�b�c �i�j�h�p�_�k�k �j�_�h�j�]�Z�g�b�a�Z�p�b�b 
�k�l�j�m�d�l�m�j�u, �l�h �_�k�l�v, �\ �j�_�a�m�e�v�l�Z�l�_ �i�h�]�e�h�s�_�g�b�y �w�g�_�j�]�b�b �e�Z�a�_�j�g�h�]�h �b�a�e�m�q�_�g�b�y �f�Z�l�_�j�b�Z�e�h�f, 
�i�j�h�b�k�o�h�^�b�l �g�Z�j�m�r�_�g�b�_ �b�k�o�h�^�g�h�c �o�b�f�b�q�_�k�d�h�c �k�l�j�m�d�l�m�j�u �k�l�_�d�e�Z �b �h�[�j�Z�a�h�\�Z�g�b�_ �g�h�\�u�o �k�\�y�a�_�c. 
�L�_�j�f�b�q�_�k�d�b�c �f�_�o�Z�g�b�a�f �k�\�y�a�Z�g �k �e�h�d�Z�e�v�g�u�f �i�e�Z�\�e�_�g�b�_�f �\�_�s�_�k�l�\�Z �b �i�h�k�e�_�^�m�x�s�b�f 
�a�Z�l�\�_�j�^�_�\�Z�g�b�_�f. �D�Z�d �i�j�Z�\�b�e�h, �^�Z�g�g�u�c �f�_�o�Z�g�b�a�f �o�Z�j�Z�d�l�_�j�b�a�m�_�l�k�y �[�h�e�v�r�b�f �j�Z�a�f�_�j�h�f �h�[�e�Z�k�l�b 
�f�h�^�b�n�b�d�Z�p�b�b (�w�l�h �i�j�h�b�k�o�h�^�b�l �\�k�e�_�^�k�l�\�b�_ �l�_�j�f�b�q�_�k�d�h�c �^�b�n�n�m�a�b�b). �A�Z�q�Z�k�l�m�x �l�b�i �f�_�o�Z�g�b�a�f�Z 
�k�l�j�m�d�l�m�j�g�u�o �b�a�f�_�g�_�g�b�c �g�_ �a�Z�\�b�k�b�l �h�l �f�_�l�h�^�Z �a�Z�i�b�k�b, �[�m�^�v �l�h �f�g�h�]�h�n�h�l�h�g�g�h�_ �i�h�]�e�h�s�_�g�b�_ 
(�g�_�e�b�g�_�c�g�Z�y �a�Z�i�b�k�v) �b�e�b �h�^�g�h�n�h�l�h�g�g�h�_ (�e�b�g�_�c�g�Z�y �a�Z�i�b�k�v). �< �^�_�c�k�l�\�b�l�_�e�v�g�h�k�l�b, �i�h� ̂
�\�h�a�^�_�c�k�l�\�b�_�f �e�Z�a�_�j�g�h�]�h �b�a�e�m�q�_�g�b�y �f�h�]�m�l �j�_�Z�e�b�a�h�\�u�\�Z�l�v�k�y �h�[�Z �f�_�o�Z�g�b�a�f�Z. �>�e�y �l�h�]�h �q�l�h�[�u 
�k�^�_�e�Z�l�v �a�Z�d�e�x�q�_�g�b�_ �\ �i�h�e�v�a�m �h�^�g�h�]�h �b�a �f�_�o�Z�g�b�a�f�h�\, �g�_�h�[�o�h�^�b�f�h �i�j�h�b�a�\�_�k�l�b 
�^�h�i�h�e�g�b�l�_�e�v�g�u�_ �b�k�k�e�_�^�h�\�Z�g�b�y �^�e�y �h�i�j�_�^�_�e�_�g�g�h�]�h �h�i�l�b�q�_�k�d�h�]�h �f�Z�l�_�j�b�Z�e�Z �b �i�Z�j�Z�f�_�l�j�h�\ 
�e�Z�a�_�j�g�h�]�h �b�a�e�m�q�_�g�b�y.  

�P�_�e�v�x �j�Z�[�h�l�u �y�\�e�y�e�h�k�v �k�h�a�^�Z�g�b�_ �k�l�j�m�d�l�m�j�g�u�o �f�h�^�b�n�b�d�Z�p�b�c �\ �h�[�t�_�f�_ 
�o�Z�e�v�d�h�]�_�g�b�^�g�h�]�h �k�l�_�d�e�Z As2S3 �i�h� ̂ �\�h�a�^�_�c�k�l�\�b�_�f �e�Z�a�_�j�g�h�]�h �b�a�e�m�q�_�g�b�y �b �b�k�k�e�_�^�h�\�Z�g�b�_ 
�\�e�b�y�g�b�y �i�Z�j�Z�f�_�l�j�h�\ �e�Z�a�_�j�g�h�]�h �b�a�e�m�q�_�g�b�y (�^�e�b�g�Z �\�h�e�g�u, �f�h�s�g�h�k�l�v �e�Z�a�_�j�g�h�]�h �b�a�e�m�q�_�g�b�y), �Z 
�l�Z�d�`�_ �\�j�_�f�_�g�b �h�i�l�b�q�_�k�d�h�]�h �\�h�a�^�_�c�k�l�\�b�y �g�Z �w�n�n�_�d�l�b�\�g�h�k�l�v �e�Z�a�_�j�g�h�c �a�Z�i�b�k�b �b�g�n�h�j�f�Z�p�b�b.  

�< �d�Z�q�_�k�l�\�_ �b�k�l�h�q�g�b�d�h�\ �e�Z�a�_�j�g�h�]�h �b�a�e�m�q�_�g�b�y �^�e�y �j�_�Z�e�b�a�Z�p�b�b �e�b�g�_�c�g�h�c �a�Z�i�b�k�b 
�b�k�i�h�e�v�a�h�\�Z�e�k�y: �i�h�e�m�i�j�h�\�h�^�g�b�d�h�\�u�c �e�Z�a�_�j (660 �g�f) �b �e�Z�a�_�j �g�Z �d�j�b�k�l�Z�e�e�_ �:�B�=:Nd (�]�_�g�_�j�Z�p�b�y 
�\�l�h�j�h�c �]�Z�j�f�h�g�b�d�b, 532 �g�f); �^�e�y �g�_�e�b�g�_�c�g�h�c – �n�_�f�l�h�k�_�d�m�g�^�g�u�c �l�\�_�j�^�h�l�_�e�v�g�u�c �e�Z�a�_�j �g�Z Ti-
�k�Z�i�n�b�j�_ (800 �g�f, �q�Z�k�l�h�l�Z �k�e�_�^�h�\�Z�g�b�y �b�f�i�m�e�v�k�h�\ 80 �F�=�p).  

�I�j�b �e�b�g�_�c�g�h�c �a�Z�i�b�k�b �g�Z �h�[�_�b�o �^�e�b�g�Z�o �\�h�e�g �[�u�e�b �k�h�a�^�Z�g�u �k�l�j�m�d�l�m�j�g�u�_ �b�a�f�_�g�_�g�b�y �i�j�b 
�n�b�d�k�b�j�h�\�Z�g�g�u�o �b �h�^�b�g�Z�d�h�\�u�o �m�k�e�h�\�b�y�o (�f�h�s�g�h�k�l�v �e�Z�a�_�j�g�h�]�h �b�a�e�m�q�_�g�b�y �b �\�j�_�f�y 
�\�h�a�^�_�c�k�l�\�b�y). �I�j�b �g�_�e�b�g�_�c�g�h�c �a�Z�i�b�k�b �[�u�e�b �a�Z�i�b�k�Z�g�u �k�l�j�m�d�l�m�j�u �i�j�b �j�Z�a�e�b�q�g�u�o �m�k�e�h�\�b�y�o: 1) 
�i�j�b �j�Z�a�g�h�f �\�j�_�f�_�g�b �h�[�e�m�q�_�g�b�y [2] �b 2) �i�j�b �j�Z�a�g�u�o �f�h�s�g�h�k�l�y�o �e�Z�a�_�j�g�h�]�h �b�a�e�m�q�_�g�b�y. �B�a 
�i�h�e�m�q�_�g�g�u�o �f�b�d�j�h�n�h�l�h�]�j�Z�n�b�c  �f�h�`�g�h �k�^�_�e�Z�l�v �\�u�\�h�^, �q�l�h �i�j�b �m�f�_�g�v�r�_�g�b�b �^�h�a�u �h�[�e�m�q�_�g�b�y 
�j�Z�a�f�_�j �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�u�o �h�[�e�Z�k�l�_�c �m�^�Z�_�l�k�y �f�b�g�b�f�b�a�b�j�h�\�Z�l�v.  

�Q�l�h�[�u �k�^�_�e�Z�l�v �\�u�\�h�^�u �h �\�h�a�f�h�`�g�u�o �f�_�o�Z�g�b�a�f�Z�o (�l�_�j�f�b�q�_�k�d�b�o �b�e�b �g�_�l�_�j�f�b�q�_�k�d�b�o) �b 
�h�p�_�g�b�l�v �l�_�f�i�_�j�Z�l�m�j�m �\ �h�[�e�Z�k�l�b �e�Z�a�_�j�g�h�]�h �\�h�a�^�_�c�k�l�\�b�y, �j�Z�a�\�b�\�Z�x�s�b�o�k�y �i�j�b �a�Z�i�b�k�b 
�k�l�j�m�d�l�m�j�g�u�o �w�e�_�f�_�g�l�h�\, �[�u�e�h �j�_�r�_�g�h �m�j�Z�\�g�_�g�b�_ �l�_�i�e�h�i�j�h�\�h�^�g�h�k�l�b. �L�Z�d�`�_ �\ �o�h�^�_ �j�Z�[�h�l�u 
�[�u�e�h �i�j�h�b�a�\�_�^�_�g�h �f�h�^�_�e�b�j�h�\�Z�g�b�_ �l�_�f�i�_�j�Z�l�m�j�g�h�]�h �i�j�h�n�b�e�y �\ �h�[�e�Z�k�l�b �e�Z�a�_�j�g�h�]�h �\�h�a�^�_�c�k�l�\�b�y 
�^�e�y �j�Z�a�e�b�q�g�u�o �i�Z�j�Z�f�_�l�j�h�\ �e�Z�a�_�j�g�h�]�h �b�a�e�m�q�_�g�b�y �b �\�j�_�f�_�g�b �\�h�a�^�_�c�k�l�\�b�y. �?�k�e�b �i�j�_�^�i�h�e�h�`�b�l�v, 
�q�l�h �g�Z�[�e�x�^�Z�_�f�u�_ �k�l�j�m�d�l�m�j�g�u�_ �b�a�f�_�g�_�g�b�y �\�u�a�\�Z�g�u �l�_�j�f�b�q�_�k�d�b�f�b �w�n�n�_�d�l�Z�f�b, �l�h �g�Z �m�j�h�\�g�_ 
�l�_�f�i�_�j�Z�l�m�j�u �i�e�Z�\�e�_�g�b�y As2S3, �f�h�`�g�h �i�j�h�b�a�\�_�k�l�b �l�_�h�j�_�l�b�q�_�k�d�m�x �h�p�_�g�d�m �r�b�j�b�g�u 
�a�Z�i�b�k�Z�g�g�u�o �k�l�j�m�d�l�m�j. �I�j�b �k�j�Z�\�g�_�g�b�b «�l�_�h�j�_�l�b�q�_�k�d�h�c �r�b�j�b�g�u» �k �r�b�j�b�g�h�c 
�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h �a�Z�i�b�k�Z�g�g�h�c �k�l�j�m�d�l�m�j�u, �f�h�]�m�l �[�u�l�v �k�^�_�e�Z�g�u �\�u�\�h�^�u �h �^�h�f�b�g�b�j�m�x�s�b�o 
�f�_�o�Z�g�b�a�f�Z�o �a�Z�i�b�k�b. 

�H�[�g�Z�j�m�`�_�g�h, �q�l�h �i�j�b �e�b�g�_�c�g�h�c �a�Z�i�b�k�b �g�Z �^�e�b�g�_ �\�h�e�g�u 532 �g�f �j�_�Z�e�b�a�m�x�l�k�y 
�l�_�j�f�b�q�_�k�d�b�_ �f�_�o�Z�g�b�a�f�u, �Z �i�j�b �a�Z�i�b�k�b �g�Z �^�e�b�g�_ �\�h�e�g�u 660 �g�f �g�_�l�_�j�f�b�q�_�k�d�b�_ �i�j�h�p�_�k�k�u. �W�l�h 
�f�h�`�_�l �[�u�l�v �h�[�t�y�k�g�_�g�h �l�_�f, �q�l�h �i�h�]�e�h�s�_�g�b�_  As2S3 �g�Z �^�e�b�g�_ �\�h�e�g�u 532 �g�f �\�h �f�g�h�]�h �j�Z�a 
�i�j�_�\�u�r�Z�_�l �i�h�]�e�h�s�_�g�b�_ �g�Z �^�e�b�g�_ �\�h�e�g�u 660 �g�f. 

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

�W�l�h �f�h�`�_�l �[�u�l�v �\�u�a�\�Z�g�h �\�u�k�h�d�h�c �q�Z�k�l�h�l�h�c �k�e�_�^�h�\�Z�g�b�y �b�f�i�m�e�v�k�h�\ (80 �F�=�p), �\ 
�j�_�a�m�e�v�l�Z�l�_ �q�_�]�h, �i�h-�\�b�^�b�f�h�f�m,  �i�j�h�b�k�o�h�^�b�l �Z�d�d�m�f�m�e�y�p�b�y �w�g�_�j�]�b�b �\ �e�h�d�Z�e�v�g�h�c �h�[�e�Z�k�l�b, �_�k�e�b 
�k�d�h�j�h�k�l�v «�i�h�e�m�q�_�g�b�y �w�g�_�j�]�b�b» �i�j�_�\�h�k�o�h�^�b�l �k�d�h�j�h�k�l�v �l�_�j�f�b�q�_�k�d�h�c �^�b�n�n�m�a�b�b. �L�h�]�^�Z �\ 
�h�[�e�Z�k�l�b �e�Z�a�_�j�g�h�]�h �\�h�a�^�_�c�k�l�\�b�y �f�h�`�_�l �^�h�k�l�b�]�Z�l�v�k�y �l�_�f�i�_�j�Z�l�m�j�Z �i�e�Z�\�e�_�g�b�y �\�_�s�_�k�l�\�Z �b, 
�k�h�h�l�\�_�l�k�l�\�_�g�g�h, �m�\�_�e�b�q�_�g�b�_ �h�[�e�Z�k�l�b �k�l�j�m�d�l�m�j�g�u�o �b�a�f�_�g�_�g�b�c.  

�J�Z�[�h�l�Z �\�u�i�h�e�g�_�g�Z �i�j�b �i�h�^�^�_�j�`�d�_ �]�j�Z�g�l�Z �J�N�N�B 08-03-92001-�G�G�K_�Z. 
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�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�l.�g., �i�j�h�n�_�k�k�h�j �K.�F. �E�Z�l�u�_�\ 
 

�D�j�Z�l�d�h�_ �\�k�l�m�i�e�_�g�b�_, �i�h�k�l�Z�g�h�\�d�Z �i�j�h�[�e�_�f�u. �< �j�Z�[�h�l�_ �h�i�b�k�u�\�Z�_�l�k�y �f�_�l�h�^, 
�i�h�a�\�h�e�y�x�s�b�c �h�i�j�_�^�_�e�b�l�v �j�Z�a�f�_�j�u �b�a�h�i�e�Z�g�Z�l�b�q�_�k�d�b�o �a�h�g �\ �i�h�e�_ �a�j�_�g�b�y �h�i�l�b�q�_�k�d�h�c �k�b�k�l�_�f�u, 
�i�h �p�b�n�j�h�\�h�f�m �b�a�h�[�j�Z�`�_�g�b�x, �^�Z�\�Z�_�f�h�f�m �f�b�d�j�h�h�[�t�_�d�l�b�\�Z�f�b. �< �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y �g�Z �H�:�H 
«�E�H�F�H» �\�_�^�_�l�k�y �j�Z�a�j�Z�[�h�l�d�Z �g�h�\�h�]�h �k�_�j�b�c�g�h�]�h �b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�h�]�h �[�b�h�e�h�]�b�q�_�k�d�h�]�h 
�f�b�d�j�h�k�d�h�i�Z «�;�B�H�E�:�F-�B1», �\ �j�Z�f�d�Z�o �d�h�l�h�j�h�c �h�k�l�j�h �k�l�Z�e �\�h�i�j�h�k, �h �\�h�a�f�h�`�g�h�k�l�b 
�b�k�i�h�e�v�a�h�\�Z�g�b�y �f�b�d�j�h�h�[�t�_�d�l�b�\�h�\ �k�_�j�b�c�g�h�]�h �f�b�d�j�h�k�d�h�i�Z «�F�?�L�:�F-�E�<» �^�e�y �j�Z�[�h�l�u �k 
�h�d�m�e�y�j�g�u�f �i�h�e�_�f �a�j�_�g�b�y �^�h 25 �f�f  �b �m�\�_�e�b�q�_�g�b�_�f �f�b�d�j�h�h�[�t�_�d�l�b�\�h�\ �h�l 5 �^�h 100 �d�j�Z�l. 

 
�P�_�e�v �j�Z�[�h�l�u. �>�e�y �i�h�^�l�\�_�j�`�^�_�g�b�y �\�h�a�f�h�`�g�h�k�l�b �b�k�i�h�e�v�a�h�\�Z�g�b�y �f�b�d�j�h�h�[�t�_�d�l�b�\�h�\ 

«�F�?�L�:�F-�E�<» �g�_�h�[�o�h�^�b�f�h �i�j�h�\�_�k�l�b �h�p�_�g�d�m �b�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d �g�Z �k�h�h�l�\�_�l�k�l�\�b�_ �d�h�j�j�_�d�p�b�b 
�l�b�i�Z �i�e�Z�g �i�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b �^�\�m�o �\�b�^�h�\ �h�k�\�_�s�_�g�b�y �i�h�e�b�o�j�h�f�Z�l�b�q�_�k�d�h�f �b 
�d�\�Z�a�b�f�h�g�h�o�j�h�f�Z�l�b�q�_�k�d�h�f. 

 
�;�Z�a�h�\�u�_ �i�h�e�h�`�_�g�b�y �b�k�k�e�_�^�h�\�Z�g�b�y. �< �h�k�g�h�\�_ �f�_�l�h�^�Z �e�_�`�b�l �h�p�_�g�d�Z �d�Z�q�_�k�l�\�Z 

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

 
�I�j�h�f�_�`�m�l�h�q�g�u�_ �j�_�a�m�e�v�l�Z�l�u. �K�n�h�j�f�m�e�b�j�h�\�Z�g�u �k�e�_�^�m�x�s�b�_ �l�j�_�[�h�\�Z�g�b�y �d �g�Z�[�h�j�m 

�h�[�t�_�d�l�b�\�h�\: 
1. �<�h�a�f�h�`�g�h�k�l�v �j�Z�[�h�l�u �k �h�d�m�e�y�j�g�u�f �i�h�e�_�f �a�j�_�g�b�y �^�h 25 �f�f . 
2. �J�y�̂ �m�\�_�e�b�q�_�g�b�c 5×, 10×, 20×, 50× �b 100×. 
3. �G�Z�e�b�q�b�_ �i�e�Z�g�Z�o�j�h�f�Z�l�b�q�_�k�d�h�c �d�h�j�j�_�d�p�b�b. 

�J�Z�[�h�l�Z �\�_�e�Z�k�v �k �j�_�Z�e�v�g�u�f�b �b�a�h�[�j�Z�`�_�g�b�y�f�b, �j�_�]�b�k�l�j�b�j�m�_�f�u�f�b 14 �f�_�]�Z�i�b�d�k�_�e�v�g�u�f�b 
�f�Z�l�j�b�p�Z�f�b �p�b�n�j�h�\�h�]�h �n�h�l�h�Z�i�i�Z�j�Z�l�Z, �j�Z�a�f�_�j �f�Z�l�j�b�p�u �d�h�l�h�j�h�]�h �k�h�h�l�\�_�l�k�l�\�h�\�Z�e �j�Z�a�f�_�j�m �d�Z�^�j�Z 
24×36 �f�f , �g�Z �r�l�Z�l�b�\�_ �f�b�d�j�h�k�d�h�i�Z «�F�B�D�F�?�>-2». �I�j�h�b�a�\�h�^�b�e�Z�k�v �b�o �f�Z�l�_�f�Z�l�b�q�_�k�d�Z�y 



 42 

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

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

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

�\�h�a�f�h�`�g�h�k�l�v �b�k�i�h�e�v�a�h�\�Z�g�b�y �f�b�d�j�h�h�[�t�_�d�l�b�\�h�\ �f�b�d�j�h�k�d�h�i�Z «�F�?�L�:�F-�E�<» �\ �k�h�k�l�Z�\�_ 
�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�h�]�h �[�b�h�e�h�]�b�q�_�k�d�h�]�h �f�b�d�j�h�k�d�h�i�Z «�;�B�H�E�:�F-�B1» �k �k�h�o�j�Z�g�_�g�b�_�f 
�i�e�Z�g�Z�o�j�h�f�Z�l�b�q�_�k�d�h�c �d�h�j�j�_�d�p�b�b �Z�[�_�j�j�Z�p�b�c. �F�_�l�h�^ �[�u�e �b�k�i�h�e�v�a�h�\�Z�g �g�Z �H�:�H «�E�H�F�H» �b 
�f�h�`�_�l �[�u�l�v �l�Z�d�`�_ �b�k�i�h�e�v�a�h�\�Z�g �d�Z�d �\ �m�k�e�h�\�b�y�o �b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�h�c �e�Z�[�h�j�Z�l�h�j�b�b �b�g�h�]�h 
�i�j�_�^�i�j�b�y�l�b�y, �l�Z�d �b �\ �_�]�h �p�_�o�h�\�u�o �m�k�e�h�\�b�y�o. 
 
 
�M�>�D 537.311.322 

 
�<�U�K�H�D�H�K�D�H�J�H�K�L�G�H�C �E�:�A�?�J�G�U�C �I�J�B�;�H�J �>�E�Y �D�H�G�L�J�H�E�Y  

 �L�H�E�S�B�G�U �L�H�G�D�B�O �I�J�H�A�J�:�Q�G�U�O �I�E�?�G�H�D 
�<.�<. �F�Z�g�m�o�h�\, �B.�<. �=�h�g�q�Z�j 

(�K�_�\�_�j�h-�A�Z�i�Z�^�g�u�c �]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c �a�Z�h�q�g�u�c �l�_�o�g�b�q�_�k�d�b�c �m�g�b�\�_�j�k�b�l�_�l) 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�n.-�f .�g. �: .�; . �N�_�^�h�j�p�h�\ 

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

�i�h�\�_�j�o�g�h�k�l�v �\ �g�_�d�h�l�h�j�u�o �i�j�_�^�_�e�Z�o. �G�Z�i�j�b�f�_�j, �i�j�b �e�Z�a�_�j�g�h�f �b�g�l�_�j�n�_�j�_�g�p�b�h�g�g�h�f �b�a�f�_�j�_�g�b�b 
�l�h�e�s�b�g�u �i�j�h�a�j�Z�q�g�u�o �b �k�e�Z�[�h �i�h�]�e�h�s�Z�x�s�b�o �i�e�_�g�h�d [1–3, 6]. �F�_�l�h�^ �b�a�f�_�j�_�g�b�y �h�k�g�h�\�Z�g �g�Z 
�l�h�f, �q�l�h �\�k�e�_�^�k�l�\�b�_ �b�g�l�_�j�n�_�j�_�g�p�b�b �d�h�w�n�n�b�p�b�_�g�l �h�l�j�Z�`�_�g�b�y �k�\�_�l�Z �i�e�_�g�d�h�c �h�i�b�k�u�\�Z�_�l�k�y 
�n�m�g�d�p�b�_�c, �i�_�j�b�h�^�b�q�_�k�d�h�c �m�]�e�m �_�]�h �i�Z�^�_�g�b�y �g�Z �i�h�\�_�j�o�g�h�k�l�v �i�e�_�g�d�b. �H�[�u�q�g�h �^�e�y �b�a�f�_�j�_�g�b�y 
�l�h�e�s�b�g�u �i�e�_�g�h�d, �k�e�h�_�\ �b�e�b �f�_�f�[�j�Z�g �b�k�i�h�e�v�a�m�_�l�k�y �b�g�l�_�j�n�_�j�_�g�p�b�y �\ �g�b�o �\�b�^�b�f�h�]�h �b�e�b 
�b�g�n�j�Z�d�j�Z�k�g�h�]�h �b�a�e�m�q�_�g�b�y. �I�j�b �w�l�h�f �b�g�l�_�j�n�_�j�b�j�m�x�l �e�m�q�b, �h�^�b�g �b�a �d�h�l�h�j�u�o �h�l�j�Z�`�_�g 
�e�b�p�_�\�h�c, �Z �^�j�m�]�h�c – �l�u�e�v�g�h�c �i�h�\�_�j�o�g�h�k�l�y�f�b �i�e�_�g�d�b. �I�j�b�g�p�b�i �b�a�f�_�j�_�g�b�c �h�k�g�h�\�Z�g �g�Z �l�h�f, 
�q�l�h �h�l�j�Z�`�_�g�b�_ �b �i�j�h�i�m�k�d�Z�g�b�_ �k�\�_�l�Z �i�e�_�g�d�h�c  �\�k�e�_�^�k�l�\�b�_ �b�g�l�_�j�n�_�j�_�g�p�b�b �a�Z�\�b�k�b�l �h�l 
�k�h�h�l�g�h�r�_�g�b�y �f�_�`�^�m �_�_ �h�i�l�b�q�_�k�d�h�c �l�h�e�s�b�g�h�c �b �^�e�b�g�h�c �\�h�e�g�u �a�h�g�^�b�j�m�x�s�_�]�h �b�a�e�m�q�_�g�b�y �O. 
�D�h�w�n�n�b�p�b�_�g�l �h�l�j�Z�`�_�g�b�y �k�\�_�l�Z �i�e�_�g�d�h�c Q �h�i�b�k�u�\�Z�_�l�k�y �^�h�k�l�Z�l�h�q�g�h �]�j�h�f�h�a�^�d�h�c �n�m�g�d�p�b�_�c. 
�W�l�Z �n�m�g�d�p�b�y �y�\�e�y�_�l�k�y �i�_�j�b�h�^�b�q�_�k�d�h�c �i�h �e�x�[�h�f�m �b�a �l�j�_�o �Z�j�]�m�f�_�g�l�h�\: �^�e�b�g�_ �\�h�e�g�u 
�a�h�g�^�b�j�m�x�s�_�]�h �b�a�e�m�q�_�g�b�y �O, �l�h�e�s�b�g�_ �i�e�_�g�d�b t �b �m�]�e�m �i�Z�^�_�g�b�y �a�h�g�^�b�j�m�x�s�_�]�h �e�m�q�Z �g�Z �i�e�_�g�d�m 
�4 , �i�j�b �j�Z�k�k�f�h�l�j�_�g�b�b �^�\�m�o �^�j�m�]�b�o �\ �d�Z�q�_�k�l�\�_ �i�Z�j�Z�f�_�l�j�h�\. �I�j�h�n�_�k�k�h�j�h�f �F�h�j�b (�m�g�b�\�_�j�k�b�l�_�l 
�]. �B�h�d�h�]�Z�f�Z, �Y�i�h�g�b�y) �[�u�e�h �i�j�_�^�e�h�`�_�g�h [1] �k�g�b�f�Z�l�v �a�Z�\�b�k�b�f�h�k�l�v �d�h�w�n�n�b�p�b�_�g�l�Z �h�l�j�Z�`�_�g�b�y 
�e�Z�a�_�j�g�h�]�h �e�m�q�Z �h�l �m�]�e�Z �_�]�h �i�Z�^�_�g�b�y �g�Z �i�e�_�g�d�m Q( �4 ) �\ �r�b�j�h�d�h�f �^�b�Z�i�Z�a�h�g�_ �m�]�e�h�\.  

�J�Z�g�_�_ �[�u�e�b �k�h�a�^�Z�g�u �i�j�b�[�h�j�u [2, 3], �i�h�a�\�h�e�y�x�s�b�_ �[�u�k�l�j�h �b�a�f�_�g�y�l�v �m�]�h�e �i�Z�^�_�g�b�y �e�m�q�Z 
�e�Z�a�_�j�Z �g�Z �g�_�i�h�^�\�b�`�g�u�c �h�[�j�Z�a�_�p �\ �g�_�d�h�l�h�j�h�c �l�h�q�d�_. �H�^�g�Z�d�h �w�l�b �m�k�l�j�h�c�k�l�\�Z �k�h�^�_�j�`�Z�l 
�f�Z�e�h�^�h�k�l�m�i�g�u�_ �w�e�e�b�i�l�b�q�_�k�d�b�_ �a�_�j�d�Z�e�Z, �q�l�h �^�_�e�Z�_�l �i�j�b�[�h�j�u �\�_�k�v�f�Z �^�h�j�h�]�h�k�l�h�y�s�b�f. �G�Z�f�b 
�[�u�e�b �j�Z�a�j�Z�[�h�l�Z�g�u �b �k�h�[�j�Z�g�u �^�\�Z �Z�g�Z�e�h�]�b�q�g�u�o �m�k�l�j�h�c�k�l�\�Z, �\ �d�h�l�h�j�u�o �\�f�_�k�l�h �w�e�e�b�i�l�b�q�_�k�d�b�o 
�a�_�j�d�Z�e �b�k�i�h�e�v�a�m�x�l�k�y �e�b�g�a�u �b �k�n�_�j�b�q�_�k�d�b�_ �a�_�j�d�Z�e�Z, �q�l�h �a�g�Z�q�b�l�_�e�v�g�h �m�f�_�g�v�r�Z�_�l �b�o 
�k�l�h�b�f�h�k�l�v.  

�J�Z�[�h�l�Z �h�^�g�h�]�h �b�a �i�j�_�^�e�Z�]�Z�_�f�u�o �i�j�b�[�h�j�h�\ [4] �h�k�m�s�_�k�l�\�e�y�_�l�k�y �k�e�_�^�m�x�s�b�f �h�[�j�Z�a�h�f: �e�m�q 
�e�Z�a�_�j�Z �i�Z�^�Z�_�l �\ �l�h�q�d�m, �j�Z�k�i�h�e�h�`�_�g�g�m�x �g�Z �h�k�b �i�e�h�k�d�h�]�h �\�j�Z�s�Z�x�s�_�]�h�k�y �a�_�j�d�Z�e�Z �b �e�_�`�Z�s�m�x �g�Z 
�_�]�h �i�h�\�_�j�o�g�h�k�l�b. �H�l�j�Z�a�b�\�r�b�k�v �h�l �a�_�j�d�Z�e�Z, �e�m�q �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h (�\�k�e�_�^�k�l�\�b�_ �g�_�i�j�_�j�u�\�g�h�]�h 
�\�j�Z�s�_�g�b�y �a�_�j�d�Z�e�Z) �k�d�h�e�v�a�b�l �i�h �i�h�\�_�j�o�g�h�k�l�b �h�^�g�h�c �b�a �e�b�g�a, �\�k�_ �\�j�_�f�y �i�j�_�e�h�f�e�y�y�k�v �i�h� ̂
�j�Z�a�g�u�f�b �m�]�e�Z�f�b �\ �h�^�g�m �b �l�m �`�_ �l�h�q�d�m �h�[�j�Z�a�p�Z, �y�\�e�y�x�s�m�x�k�y �h�i�l�b�q�_�k�d�b �k�h�i�j�y�`�_�g�g�h�c �l�h�q�d�_ 
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�i�Z�^�_�g�b�y �e�m�q�Z �e�Z�a�_�j�Z. �H�l�j�Z�`�_�g�g�u�c �h�l �h�[�j�Z�a�p�Z �e�m�q, �i�j�h�c�^�y �q�_�j�_�a �\�l�h�j�m�x �e�b�g�a�m, �i�h�i�Z�^�Z�_�l �g�Z 
�n�h�l�h�i�j�b�_�f�g�b�d, �g�Z�o�h�^�y�s�b�c�k�y �\ �l�h�q�d�_ �h�i�l�b�q�_�k�d�b �k�h�i�j�y�`�_�g�g�h�c �l�h�q�d�_ �i�Z�^�_�g�b�y �e�m�q�Z �g�Z �h�[�j�Z�a�_�p. 
�>�b�Z�i�Z�a�h�g �b�a�f�_�g�_�g�b�y �m�]�e�Z �i�Z�^�_�g�b�y �e�m�q�Z �e�Z�a�_�j�Z �h�i�j�_�^�_�e�y�_�l�k�y �i�h�e�h�`�_�g�b�_�f �d�j�Z�_�\ �e�b�g�a, 
�h�l�g�h�k�b�l�_�e�v�g�h �b�a�f�_�j�y�_�f�h�c �l�h�q�d�b �h�[�j�Z�a�p�Z. �G�Z �i�j�Z�d�l�b�d�_ �b�a-�a�Z �a�g�Z�q�b�l�_�e�v�g�u�o �Z�[�_�j�j�Z�p�b�c 
�i�j�b�o�h�^�b�l�k�y �b�k�i�h�e�v�a�h�\�Z�l�v �e�b�g�a�u �k �h�q�_�g�v �f�Z�e�u�f �n�h�d�m�k�g�u�f �j�Z�k�k�l�h�y�g�b�_�f (�i�h�j�y�^�d�Z 10�f�f ). �F�u 
�^�h�[�b�e�b�k�v �l�h�]�h, �q�l�h �^�b�Z�i�Z�a�h�g �m�]�e�h�\ �h�l�d�e�h�g�_�g�b�y �e�Z�a�_�j�g�h�]�h �e�m�q�Z �k�h�k�l�Z�\�b�e �h�d�h�e�h 36–37º. 

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

�:�[�_�j�j�Z�p�b�b �i�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b �k�n�_�j�b�q�_�k�d�b�o �a�_�j�d�Z�e �i�j�b�f�_�j�g�h �\ 8 �j�Z�a �f�_�g�v�r�_, �q�_�f �i�j�b �b 
�b�k�i�h�e�v�a�h�\�Z�g�b�b �e�b�g�a [5]. �K�e�_�^�h�\�Z�l�_�e�v�g�h, �n�h�d�m�k�g�h�_ �j�Z�k�k�l�h�y�g�b�_ �b �j�Z�a�f�_�j �b�k�i�h�e�v�a�m�_�f�u�o �a�_�j�d�Z�e 
�f�h�]�m�l �[�u�l�v �[�h�e�v�r�_, �q�_�f �Z�g�Z�e�h�]�b�q�g�u�_ �i�Z�j�Z�f�_�l�j�u �^�e�y �e�b�g�a. �< �k�h�[�j�Z�g�g�h�f �g�Z�f�b �i�j�b�[�h�j�_ 
�b�a�f�_�g�_�g�b�_ �m�]�e�Z �h�l�d�e�h�g�_�g�b�y �e�m�q�Z �k�h�k�l�Z�\�b�e�h 40º. 

�G�_�k�f�h�l�j�y �g�Z �l�h, �q�l�h �i�j�_�^�e�h�`�_�g�g�u�_ �i�j�b�[�h�j�u �h�[�e�Z�^�Z�x�l �g�_�d�h�l�h�j�u�f�b �g�_�^�h�k�l�Z�l�d�Z�f�b �i�h 
�k�j�Z�\�g�_�g�b�x �k �i�j�h�l�h�l�b�i�h�f (�f�_�g�v�r�b�c �^�b�Z�i�Z�a�h�g �m�]�e�h�\ �h�l�d�e�h�g�_�g�b�y �e�m�q�Z, �k�f�_�s�_�g�b�_ �l�h�q�d�b 
�i�Z�^�_�g�b�y �e�m�q�Z �\�k�e�_�^�k�l�\�b�_ �Z�[�_�j�j�Z�p�b�c) �b�o �i�j�b�f�_�g�_�g�b�_ �\ �j�y�^�_ �k�e�m�q�Z�_�\ �p�_�e�_�k�h�h�[�j�Z�a�g�h �b�a 
�w�d�h�g�h�f�b�q�_�k�d�b�o �k�h�h�[�j�Z�`�_�g�b�c. 
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�H�I�L�B�Q�?�K�D�:�Y �K�B�K�L�?�F�: �H�;�T�?�D�L�B�<�: �K �:�N�H�D�:�E�V�G�H�C 
�A�?�J�D�:�E�V�G�H-�E�B�G�A�H�<�H�C �G�:�K�:�>�D�H�C 

�H.�B. �F�Z�j�l�u�g�h�\ 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�l.�g., �i�j�h�n�_�k�k�h�j �<.�: . �A�\�_�j�_�\ 

 
�< �j�_�a�m�e�v�l�Z�l�_ �Z�g�Z�e�b�a�Z �i�h�d�Z�a�Z�g�h, �q�l�h �i�j�h�k�l�_�c�r�b�f, �g�h �\�_�k�v�f�Z �w�n�n�_�d�l�b�\�g�u�f 

�d�h�f�i�_�g�k�Z�l�h�j�h�f �k�n�_�j�b�q�_�k�d�h�c �Z�[�_�j�j�Z�p�b�b �b�a�h�[�j�Z�`�_�g�b�y, �h�[�j�Z�a�h�\�Z�g�g�h�]�h �k�n�_�j�b�q�_�k�d�h�c 
�h�l�j�Z�`�Z�x�s�_�c �i�h�\�_�j�o�g�h�k�l�v�x, �f�h�`�_�l �k�e�m�`�b�l�v �i�e�h�k�d�h�i�Z�j�Z�e�e�_�e�v�g�Z�y �i�e�Z�k�l�b�g�d�Z, �j�Z�k�i�h�e�h�`�_�g�g�Z�y 
�\ �k�o�h�^�y�s�_�f�k�y �i�m�q�d�_ �e�m�q�_�c. �I�h�d�Z�a�Z�g�h, �q�l�h �_�k�e�b �h�i�l�b�q�_�k�d�m�x �k�b�k�l�_�f�m, �k�h�k�l�h�y�s�m�x �b�a �\�h�]�g�m�l�h�c 
�h�l�j�Z�`�Z�x�s�_�c �i�h�\�_�j�o�g�h�k�l�b �k�n�_�j�b�q�_�k�d�h�c �n�h�j�f�u �b �i�e�h�k�d�h�i�Z�j�Z�e�e�_�e�v�g�h�c �i�e�Z�k�l�b�g�d�b, �^�h�i�h�e�g�b�l�v 
�\�u�i�m�d�e�h�c �h�l�j�Z�`�Z�x�s�_�c �i�h�\�_�j�o�g�h�k�l�v�x �k�n�_�j�b�q�_�k�d�h�c �n�h�j�f�u, �h�[�j�Z�a�h�\�Z�\ �Z�n�h�d�Z�e�v�g�m�x �k�b�k�l�_�f�m, 
�l�h �i�h�e�m�q�b�f �k�b�k�l�_�f�m, �n�h�j�f�b�j�m�x�s�m�x �b�a�h�[�j�Z�`�_�g�b�_, �k�\�h�[�h�^�g�h�_ �g�_ �l�h�e�v�d�h �h�l �k�n�_�j�b�q�_�k�d�h�c 
�Z�[�_�j�j�Z�p�b�b, �g�h �b �h�l �d�h�f�u. �I�j�b �w�l�h�f �i�j�h�i�h�j�p�b�h�g�Z�e�v�g�h �d�h�w�n�n�b�p�b�_�g�l�m �p�_�g�l�j�Z�e�v�g�h�]�h 
�w�d�j�Z�g�b�j�h�\�Z�g�b�y �m�f�_�g�v�r�Z�_�l�k�y �b �l�j�_�[�m�_�f�Z�y �l�h�e�s�b�g�Z �i�e�Z�k�l�b�g�d�b. �I�h�e�m�q�_�g�g�Z�y �l�Z�d�b�f �h�[�j�Z�a�h�f 
�h�i�l�b�q�_�k�d�Z�y �k�b�k�l�_�f�Z �i�j�b�f�_�g�_�g�Z �\ �d�Z�q�_�k�l�\�_ �Z�n�h�d�Z�e�v�g�h�c �g�Z�k�Z�^�d�b �d �e�b�g�a�h�\�h�f�m �h�[�t�_�d�l�b�\�m �i�j�b 
�i�h�k�l�j�h�_�g�b�b �d�h�f�i�Z�d�l�g�h�]�h �l�_�e�_�h�[�t�_�d�l�b�\�Z. 
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�H�I�J�?�>�?�E�?�G�B�? �F�?�J�D�:�I�L�:�G�H�<  �< �:�L�F�H�K�N�?�J�G�H�F �<�H�A�>�M�O�? �< 
�J�?�@�B�F�? «IN SITU» 

�D.�X . �F�_�^�b�g�k�d�Z�y (�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) 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �d.�o.�g., �^�h�p�_�g�l �: .�<. �;�m�e�Z�l�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) 

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

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

�P�_�e�v �^�Z�g�g�h�c �j�Z�[�h�l�u – �j�Z�a�j�Z�[�h�l�d�Z �\�u�k�h�d�h�q�m�\�k�l�\�b�l�_�e�v�g�h�c �f�_�l�h�^�b�d�b �h�i�j�_�^�_�e�_�g�b�y 
�f�_�j�d�Z�i�l�Z�g�h�\ �\ �Z�l�f�h�k�n�_�j�g�h�f �\�h�a�^�m�o�_ �\ �j�_�`�b�f�_ «in situ» (�\ �i�h�e�_�\�u�o �m�k�e�h�\�b�y�o).  

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

�J�Z�a�j�Z�[�h�l�Z�g�Z �g�_ �b�f�_�x�s�Z�y �Z�g�Z�e�h�]�h�\ �f�_�l�h�^�b�d�Z �n�h�l�h�f�_�l�j�b�q�_�k�d�h�]�h �h�i�j�_�^�_�e�_�g�b�y 
�f�_�j�d�Z�i�l�Z�g�h�\ �\ �Z�l�f�h�k�n�_�j�g�h�f �\�h�a�^�m�o�_ �k �^�b�Z�i�Z�a�h�g�h�f �h�i�j�_�^�_�e�y�_�f�u�o �d�h�g�p�_�g�l�j�Z�p�b�c �h�l 0,5 �^�h 
7,5 �f�d�]S/�f 3. 

�I�j�_�^�e�Z�]�Z�_�f�Z�y �f�_�l�h�^�b�d�Z �i�j�_�^�g�Z�a�g�Z�q�_�g�Z �^�e�y �b�k�i�h�e�v�a�h�\�Z�g�b�y �\ �f�h�[�b�e�v�g�u�o �e�Z�[�h�j�Z�l�h�j�b�y�o, 
�h�k�m�s�_�k�l�\�e�y�x�s�b�o �d�h�g�l�j�h�e�v �d�Z�q�_�k�l�\�Z �Z�l�f�h�k�n�_�j�g�h�]�h �\�h�a�^�m�o�Z �b �\�h�a�^�m�o�Z �j�Z�[�h�q�_�c �a�h�g�u �\ �j�_�`�b�f�_ 
«in situ». �I�j�b �h�i�j�_�^�_�e�_�g�b�b �f�_�j�d�Z�i�l�Z�g�h�\ �i�h �i�j�_�^�e�Z�]�Z�_�f�h�c �f�_�l�h�^�b�d�_ �j�Z�k�o�h�^�g�u�f�b �f�Z�l�_�j�b�Z�e�Z�f�b 
�y�\�e�y�x�l�k�y  �h�^�g�h�j�Z�a�h�\�u�_ �d�h�e�h�g�d�b �^�e�y �\�u�^�_�e�_�g�b�y �f�_�j�d�Z�i�l�Z�g�h�\ �b �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_ �l�_�k�l-
�j�_�Z�]�_�g�l�u, �i�j�h�b�a�\�h�^�k�l�\�h �d�h�l�h�j�u�o �f�h�`�_�l �[�u�l�v �j�Z�k�k�f�h�l�j�_�g�h �\ �d�Z�q�_�k�l�\�_ �\�Z�j�b�Z�g�l�Z 
�d�h�f�f�_�j�p�b�Z�e�b�a�Z�p�b�b �i�j�h�_�d�l�Z. 
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�F�?�L�H�> �H�;�J�:�;�H�L�D�B �>�B�N�J�:�D�P�B�H�G�G�U�O �D�:�J�L�B�G �N�J�:�M�G�=�H�N�?�J�: 
�>�E�Y �M�<�?�E�B�Q�?�G�B�Y �L�H�Q�G�H�K�L�B �B�A�F�?�J�?�G�B�C 

�<.�F. �F�b�o�Z�c�e�h�\ 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �d.�l.�g., �^�h�p�_�g�l �B�\�Z�g�h�\ �: .�G. 

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

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

�H�i�j�_�^�_�e�_�g�b�_ �j�Z�a�f�_�j�Z �h�[�t�_�d�l�Z �i�h �^�b�n�j�Z�d�p�b�h�g�g�h�c �d�Z�j�l�b�g�_ �N�j�Z�m�g�]�h�n�_�j�Z �a�Z�d�e�x�q�Z�_�l�k�y �\ 
�l�h�f, �q�l�h �i�h �n�m�g�d�p�b�b �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h �j�Z�k�i�j�_�^�_�e�_�g�b�y �b�g�l�_�g�k�b�\�g�h�k�l�b I(x) �h�i�j�_�^�_�e�y�x�l�k�y 
�d�h�h�j�^�b�g�Z�l�u �_�z �o�Z�j�Z�d�l�_�j�g�u�o �l�h�q�_�d – �f�b�g�b�f�m�f�h�\, �f�Z�d�k�b�f�m�f�h�\, �l�h�q�_�d �i�_�j�_�]�b�[�Z. �A�Z�l�_�f 
�h�i�j�_�^�_�e�y�_�l�k�y �d�h�w�n�n�b�p�b�_�g�l, �k�\�y�a�u�\�Z�x�s�b�c �w�l�b �d�h�h�j�^�b�g�Z�l�u �k �j�Z�a�f�_�j�h�f �h�[�t�_�d�l�Z. �H�[�u�q�g�h �\ 
�d�Z�q�_�k�l�\�_ �o�Z�j�Z�d�l�_�j�g�u�o �l�h�q�_�d �b�k�i�h�e�v�a�m�x�l �f�b�g�b�f�m�f�u �^�b�n�j�Z�d�p�b�h�g�g�h�c �d�Z�j�l�b�g�u, �g�h �l�Z�d�h�c �f�_�l�h�^ 
�k�b�e�v�g�h �h�]�j�Z�g�b�q�_�g �l�_�f, �q�l�h �l�h�q�g�h �h�i�j�_�^�_�e�b�l�v �d�h�h�j�^�b�g�Z�l�u �w�l�b�o �l�h�q�_�d �h�q�_�g�v �l�j�m�^�g�h – 
�q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v �k�b�]�g�Z�e�Z dI/dx �\ �b�o �h�d�j�_�k�l�g�h�k�l�b �[�e�b�a�d�Z �d 0. �B�f�_�g�g�h �w�l�Z �h�r�b�[�d�Z �\ 
�h�i�j�_�^�_�e�_�g�b�b �d�h�h�j�^�b�g�Z�l �y�\�e�y�_�l�k�y �^�h�f�b�g�b�j�m�x�s�_�c �\ �f�_�l�h�^�Z�o �^�b�n�j�Z�d�p�b�h�g�g�h�]�h �d�h�g�l�j�h�e�y �b 
�k�b�e�v�g�h �h�]�j�Z�g�b�q�b�\�Z�_�l �b�o �l�h�q�g�h�k�l�v, �h�k�h�[�_�g�g�h �d�h�]�^�Z �j�Z�a�f�_�j �h�[�t�_�d�l�Z �f�_�g�v�r�_ 100 �f�d�f. 

�>�e�y �j�_�r�_�g�b�y �m�d�Z�a�Z�g�g�h�c �i�j�h�[�e�_�f�u �f�u �i�j�_�^�e�Z�]�Z�_�f �b�k�i�h�e�v�a�h�\�Z�l�v �^�j�m�]�b�_ �o�Z�j�Z�d�l�_�j�g�u�_ 
�l�h�q�d�b �^�b�n�j�Z�d�p�b�h�g�g�h�c �d�Z�j�l�b�g�u – �l�h�q�d�b �i�_�j�_�]�b�[�Z. �B�k�k�e�_�^�h�\�Z�g�b�_ �^�b�n�j�Z�d�p�b�h�g�g�h�c �d�Z�j�l�b�g�u �h�l 
�s�_�e�b, �d�h�l�h�j�Z�y �h�i�b�k�u�\�Z�_�l�k�y �n�m�g�d�p�b�_�c I(X) = (sin(X)/X)2, �]�^�_ X = k a x/2 f, a – �r�b�j�b�g�Z �s�_�e�b, k – 
�\�h�e�g�h�\�h�_ �q�b�k�e�h,  f – �n�h�d�m�k�g�h�_ �j�Z�k�k�l�h�y�g�b�_ �h�[�t�_�d�l�b�\�Z, �i�h�d�Z�a�Z�e�h, �q�l�h �]�e�Z�\�g�u�c �f�Z�d�k�b�f�m�f �b�f�_�_�l 
�^�\�_ �l�Z�d�b�o �l�h�q�d�b �k �d�h�h�j�^�b�g�Z�l�Z�f�b X2 = 1.303 �b X1 = –1.303. �Q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v �k�b�]�g�Z�e�Z I(X) �\ 
�w�l�b�o �l�h�q�d�Z�o �b�f�_�_�l �f�Z�d�k�b�f�Z�e�v�g�h�_ �a�g�Z�q�_�g�b�_ dI/dx �| 0.54. �Q�l�h�[�u �l�h�q�g�h �h�i�j�_�^�_�e�b�l�v �d�h�h�j�^�b�g�Z�l�u 
�w�l�b�o �l�h�q�_�d, �g�_�h�[�o�h�^�b�f�h �\�u�q�b�k�e�b�l�v �n�m�g�d�p�b�x I2(X) = d2 I(X)/d X2 �b �i�j�b�j�Z�\�g�y�\ �_�z �d 0, �g�Z�c�l�b 
�j�_�r�_�g�b�_ �i�h�e�m�q�b�\�r�_�]�h�k�y �m�j�Z�\�g�_�g�b�y. 

�>�e�y �i�j�h�\�_�j�d�b �i�j�_�^�e�h�`�_�g�g�h�]�h �Z�e�]�h�j�b�l�f�Z �[�u�e�Z �k�h�[�j�Z�g�Z �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y �m�k�l�Z�g�h�\�d�Z, 
�k�h�k�l�h�y�s�Z�y �b�a �e�Z�a�_�j�Z �D�E�F-532, �m�k�l�j�h�c�k�l�\�Z �^�e�y �\�u�^�_�e�_�g�b�y �h�^�g�h�c �b�a �i�h�i�_�j�_�q�g�u�o �f�h� ̂�e�Z�a�_�j�Z,  
�k�i�_�d�l�j�Z�e�v�g�h�c �s�_�e�b �k �r�Z�]�h�f �j�Z�k�d�j�u�l�b�y 1 �f�d�f, �h�[�t�_�d�l�b�\�Z, �\�u�i�h�e�g�y�x�s�_�]�h �i�j�_�h�[�j�Z�a�h�\�Z�g�b�_ 
�n�m�j�v�_ �k f = 25 �f�f  �b �I�A�K-�d�Z�f�_�j�u �k �j�Z�a�j�_�r�_�g�b�_�f 792�u576 �i�b�d�k�_�e�Z. �< �o�h�^�_ �w�d�k�i�_�j�b�f�_�g�l�Z �f�u 
�j�_�]�b�k�l�j�b�j�h�\�Z�e�b �^�b�n�j�Z�d�p�b�h�g�g�u�_ �d�Z�j�l�b�g�u �h�l �s�_�e�b, �r�b�j�b�g�Z �d�h�l�h�j�h�c �b�a�f�_�g�y�e�Z�k�v �\ �^�b�Z�i�Z�a�h�g�_ 
�h�l 80 �^�h 120 �f�d�f �k �r�Z�]�h�f 5 �f�d�f. �A�Z�j�_�]�b�k�l�j�b�j�h�\�Z�g�g�u�_ �f�Z�d�k�b�f�m�f�u �^�b�n�j�Z�d�p�b�h�g�g�u�o �d�Z�j�l�b�g 
�q�b�k�e�_�g�g�h �^�b�n�n�_�j�_�g�p�b�j�h�\�Z�e�b�k�v �^�\�Z �j�Z�a�Z, �q�l�h �i�h�a�\�h�e�y�e�h �g�Z�^�_�`�g�h �h�i�j�_�^�_�e�b�l�v �d�h�h�j�^�b�g�Z�l�u �b�o 
�l�h�q�_�d �i�_�j�_�]�b�[�Z x. �J�Z�a�g�h�k�l�v �d�h�h�j�^�b�g�Z�l �w�l�b�o �l�h�q�_�d �' x = x2 – x1 �k�\�y�a�Z�g�Z �k �b�a�\�_�k�l�g�h�c �b�a �j�Z�k�q�_�l�h�\ 
�j�Z�a�g�h�k�l�v�x �' X = X2 – X1 �i�j�h�k�l�h�c �a�Z�\�b�k�b�f�h�k�l�v�x �' X = k a �' x/2 f, �b�a �d�h�l�h�j�h�c �l�_�i�_�j�v �f�h�`�g�h 
�h�i�j�_�^�_�e�b�l�v �r�b�j�b�g�m �s�_�e�b a. �I�h�e�m�q�_�g�g�u�_ �l�Z�d�b�f �h�[�j�Z�a�h�f �a�g�Z�q�_�g�b�y �k�j�Z�\�g�b�\�Z�e�b�k�v �k �a�Z�^�Z�g�g�u�f�b. 
�H�l�g�h�k�b�l�_�e�v�g�Z�y �i�h�]�j�_�r�g�h�k�l�v �b�a�f�_�j�_�g�b�y �h�d�Z�a�Z�e�Z�k�v �\ �j�Z�c�h�g�_ 1%. �>�h�k�l�Z�l�h�q�g�h �[�h�e�v�r�Z�y 
�i�h�e�m�q�_�g�g�Z�y �i�h�]�j�_�r�g�h�k�l�v  �f�h�`�_�l �[�u�l�v �h�[�t�y�k�g�_�g�Z �g�_�k�h�\�_�j�r�_�g�k�l�\�h�f �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�c 
�m�k�l�Z�g�h�\�d�b, �\ �q�Z�k�l�g�h�k�l�b �l�j�m�^�g�h�k�l�v�x �h�[�_�k�i�_�q�b�l�v �j�Z�[�h�l�m �e�Z�a�_�j�Z �\ �h�^�g�h�f�h�^�h�\�h�f �j�_�`�b�f�_.    

�< �a�Z�d�e�x�q�_�g�b�b �g�_�h�[�o�h�^�b�f�h �h�l�f�_�l�b�l�v, �q�l�h �g�Z�f�b �[�u�e �i�j�_�^�e�h�`�_�g �Z�e�]�h�j�b�l�f �p�b�n�j�h�\�h�c 
�h�[�j�Z�[�h�l�d�b �^�b�n�j�Z�d�p�b�h�g�g�u�o �d�Z�j�l�b�g. �?�]�h �i�j�_�b�f�m�s�_�k�l�\�h�f �g�Z�^ �k�m�s�_�k�l�\�m�x�s�b�f�b �Z�e�]�h�j�b�l�f�Z�f�b  
�y�\�e�y�_�l�k�y �b�k�i�h�e�v�a�h�\�Z�g�b�_ �l�h�q�_�d �i�_�j�_�]�b�[�Z �]�e�Z�\�g�h�]�h �f�Z�d�k�b�f�m�f�Z �^�b�n�j�Z�d�p�b�h�g�g�h�c �d�Z�j�l�b�g�u, 
�h�[�e�Z�^�Z�x�s�b�f�b �\�u�k�h�d�h�c �q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v�x �d �b�a�f�_�g�_�g�b�x �j�Z�a�f�_�j�Z �h�[�t�_�d�l�Z. �G�_�k�e�h�`�g�u�_ 
�i�j�_�h�[�j�Z�a�h�\�Z�g�b�y �b�k�o�h�^�g�h�]�h �b�a�f�_�j�b�l�_�e�v�g�h�]�h �k�b�]�g�Z�e�Z �i�h�a�\�h�e�y�x�l �g�Z�^�_�`�g�h �b �k �o�h�j�h�r�_�c 
�l�h�q�g�h�k�l�v�x �h�i�j�_�^�_�e�b�l�v �b�o �d�h�h�j�^�b�g�Z�l�u. �D�j�h�f�_ �l�h�]�h, �p�_�g�l�j�Z�e�v�g�u�c �f�Z�d�k�b�f�m�f  �f�_�g�_�_ 
�i�h�^�\�_�j�`�_�g �\�e�b�y�g�b�x �\�u�k�h�d�h�q�Z�k�l�h�l�g�h�]�h �r�m�f�Z, �\�h�a�g�b�d�Z�x�s�_�]�h �i�j�b �j�Z�k�k�_�y�g�b�b �b�a�e�m�q�_�g�b�y �g�Z 
�f�b�d�j�h�^�_�n�_�d�l�Z�o �h�i�l�b�q�_�k�d�b�o �w�e�_�f�_�g�l�h�\ �b�a�f�_�j�b�l�_�e�v�g�h�c �k�o�_�f�u. �>�Z�g�g�u�c �Z�e�]�h�j�b�l�f �m�^�h�[�_�g �^�e�y 
�d�h�g�l�j�h�e�y �h�[�t�_�d�l�h�\ �f�Z�e�h�]�h �j�Z�a�f�_�j�Z, �d�h�]�^�Z �g�Z �i�e�h�s�Z�^�d�m �I�A�K �i�j�b�_�f�g�b�d�Z �m�d�e�Z�^�u�\�Z�_�l�k�y �l�h�e�v�d�h 
�]�e�Z�\�g�u�c �f�Z�d�k�b�f�m�f �^�b�n�j�Z�d�p�b�h�g�g�h�c �d�Z�j�l�b�g�u.  
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�M�>�D 535.312.3 
 
�J�:�A�J�:�;�H�L�D�: �I�H�<�H�J�H�L�G�H�=�H �M�K�L�J�H�C�K�L�<�: �I�E�H�K�D�H�=�H �A�?�J�D�:�E�: 

�J.�F. �F�m�k�e�Z�o�h�\�Z 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �^�h�p�_�g�l �=.�<. �?�]�h�j�h�\ 

 
�<�k�l�m�i�e�_�g�b�_. �< �h�i�l�b�q�_�k�d�b�o  �i�j�b�[�h�j�Z�o �i�j�b�f�_�g�y�x�l�k�y �j�Z�a�e�b�q�g�u�_ �a�_�j�d�Z�e�Z: �i�e�h�k�d�b�_, 

�k�n�_�j�b�q�_�k�d�b�_ �b �[�h�e�_�_ �k�e�h�`�g�u�o �n�h�j�f. �>�h�k�l�h�b�g�k�l�\�Z�f�b �a�_�j�d�Z�e �i�h �k�j�Z�\�g�_�g�b�x �k �i�j�b�a�f�Z�f�b �b 
�e�b�g�a�Z�f�b �y�\�e�y�x�l�k�y �h�l�g�h�k�b�l�_�e�v�g�Z�y �i�j�h�k�l�h�l�Z �b�a�]�h�l�h�\�e�_�g�b�y, �q�l�h �i�h�a�\�h�e�y�_�l �i�h�e�m�q�Z�l�v �[�h�e�v�r�b�_ 
�j�Z�a�f�_�j�u �a�_�j�d�Z�e.  �I�e�h�k�d�b�_ �a�_�j�d�Z�e�Z �k �g�Z�j�m�`�g�u�f �i�h�d�j�u�l�b�_�f �\�h�h�[�s�_ �h�d�Z�a�u�\�Z�x�l �g�Z�b�f�_�g�v�r�_�_ 
�\�e�b�y�g�b�_ �g�Z �d�Z�q�_�k�l�\�h �b�a�h�[�j�Z�`�_�g�b�y, �h�l�k�m�l�k�l�\�m�_�l �o�j�h�f�Z�l�b�q�_�k�d�Z�y �Z�[�_�j�j�Z�p�b�y. �< �^�Z�g�g�h�c �j�Z�[�h�l�_ 
�b�k�i�h�e�v�a�m�_�l�k�y �a�_�j�d�Z�e�h �b�a �k�l�_�d�e�Z �D8, �k �g�Z�j�m�`�g�u�f �h�l�j�Z�`�Z�x�s�b�f �i�h�d�j�u�l�b�_�f �b�a Al. 

 �B�g�h�]�^�Z �^�e�y �j�_�r�_�g�b�y �k�e�h�`�g�u�o �a�Z�^�Z�q �l�j�_�[�m�_�l�k�y �d�Z�q�Z�x�s�_�_�k�y �a�_�j�d�Z�e�h. �>�e�y �i�h�\�h�j�h�l�Z 
�a�_�j�d�Z�e�Z �g�_�h�[�o�h�^�b�f�h �g�Z�e�b�q�b�_: �j�u�q�Z�]�Z, �\�b�g�l�h�\�h�]�h �f�_�o�Z�g�b�a�f�Z, �h�k�_�\�h�c �k�b�k�l�_�f�u (�h�i�j�Z�\�Z �g�Z 
�\�Z�e�m). �< �^�Z�g�g�h�c �j�Z�[�h�l�_ �j�Z�a�j�Z�[�h�l�Z�g�h �i�h�\�h�j�h�l�g�h�_ �m�k�l�j�h�c�k�l�\�h �^�e�y �d�Z�q�Z�x�s�_�]�h�k�y �a�_�j�d�Z�e�Z. 

 
�P�_�e�v �j�Z�[�h�l�u. �< �^�Z�g�g�h�c �j�Z�[�h�l�_ �l�j�_�[�h�\�Z�e�h�k�v �i�j�h�b�a�\�_�k�l�b �k�l�j�m�d�l�m�j�g�u�c �b 

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

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

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

�>�b�Z�i�Z�a�h�g �j�Z�[�h�l�u �m�k�l�j�h�c�k�l�\�Z, �]�j�Z�^. �h�l –5 �^�h +5 
�L�h�q�g�h�k�l�v �n�m�g�d�p�b�h�g�b�j�h�\�Z�g�b�y, �m�]�e. �f�b�g. 0,3 
�R�Z�] �r�Z�]�h�\�h�]�h �^�\�b�]�Z�l�_�e�y, �]�j�Z�^. 1,8 
�>�b�Z�f�_�l�j �k�\�_�l�h�\�h�]�h �i�m�q�d�Z, �f�f  60 
�<�u�k�h�l�Z �i�Z�^�_�g�b�y �k�\�_�l�h�\�h�]�h �i�m�k�d�Z, �f�f  165 
�I�h�e�h�`�_�g�b�y �h�k�b �d�Z�q�Z�g�b�y �\�_�j�l�b�d�Z�e�v�g�h�_. 
 
�I�j�b�f�_�g�_�g�g�u�_ �f�_�l�h�^�u. �< �^�Z�g�g�h�c �j�Z�[�h�l�_ �i�j�b�\�_�^�_�g �k�l�j�m�d�l�m�j�g�u�c �b �n�m�g�d�p�b�h�g�Z�e�v�g�u�c 

�Z�g�Z�e�b�a �k�o�_�f�u �b�g�n�h�j�f�Z�p�b�h�g�g�h�c �p�_�i�b �i�h�\�h�j�h�l�g�h�]�h �m�k�l�j�h�c�k�l�\�Z �i�e�h�k�d�h�]�h �a�_�j�d�Z�e�Z (�I�M�A) �b �p�_�i�b 
�_�]�h �i�j�b�\�h�^�Z. �I�h �^�Z�g�g�u�f �k�o�_�f�Z�f �\�u�y�\�e�_�g�u �i�_�j�\�b�q�g�u�_ �i�h�]�j�_�r�g�h�k�l�_�c �b �i�j�h�b�a�\�_�^�_�g�Z 
�k�m�f�f�Z�j�g�Z�y �i�h�]�j�_�r�g�h�k�l�v �b�a�f�_�j�b�l�_�e�v�g�h�c �p�_�i�b �I�M�A.  

 
�H�k�g�h�\�g�u�_ �j�_�a�m�e�v�l�Z�l�u. �< �j�_�a�m�e�v�l�Z�l�_ �j�Z�[�h�l�u �[�u�e�h �j�Z�a�j�Z�[�h�l�Z�g�h �i�h�\�h�j�h�l�g�h�_ �m�k�l�j�h�c�k�l�\�h 

�i�e�h�k�d�h�]�h �a�_�j�d�Z�e�Z. �H�k�h�[�_�g�g�h�k�l�v�x �d�h�g�k�l�j�m�d�p�b�b �f�_�o�Z�g�b�a�f�Z �y�\�e�y�_�l�k�y �_�]�h �f�h�^�m�e�v�g�h�k�l�v, �q�l�h 
�i�h�a�\�h�e�y�_�l �h�k�m�s�_�k�l�\�e�y�l�v �k�[�h�j�d�m �b �x�k�l�b�j�h�\�d�m �h�l�^�_�e�v�g�u�o �w�e�_�f�_�g�l�h�\ �d�h�g�k�l�j�m�d�p�b�b �i�h�w�l�Z�i�g�h. 
�>�Z�g�g�u�c �i�j�b�g�p�b�i �m�k�l�j�h�c�k�l�\�Z �b�k�i�h�e�v�a�m�_�l�k�y �^�e�y �i�h�\�_�j�d�b �Z�\�l�h�d�h�e�e�b�f�Z�p�b�h�g�g�u�o �i�j�b�[�h�j�h�\. 
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�M�>�D 681.785.552.2 
 

�L�?�H�J�?�L�B�Q�?�K�D�H�? �B�K�K�E�?�>�H�<�:�G�B�? �K�<�H�C�K�L�< 
�<�H�=�G�M�L�H�C �I�J�H�I�M�K�D�:�X�S�?�C �=�H�E�H�=�J�:�F�F�G�H�C 

�>�B�N�J�:�D�P�B�H�G�G�H�C �J�?�R�?�L�D�B 
�W.�J. �F�m�k�e�b�f�h�\ (�D�Z�a�Z�g�k�d�b�c �]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c  �l�_�o�g�b�q�_�k�d�b�c  �m�g�b�\�_�j�k�b�l�_�l �b�f. �: .�G. �L�m�i�h�e�_�\�Z) 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�l.�g., �i�j�h�n�_�k�k�h�j �G.�D. �I�Z�\�e�u�q�_�\�Z 
(�D�Z�a�Z�g�k�d�b�c �]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c  �l�_�o�g�b�q�_�k�d�b�c  �m�g�b�\�_�j�k�b�l�_�l �b�f. �: .�G. �L�m�i�h�e�_�\�Z) 

 
�H�i�l�b�q�_�k�d�b�_ �k�o�_�f�u �k�h�\�j�_�f�_�g�g�u�o �k�i�_�d�l�j�Z�e�v�g�u�o �i�j�b�[�h�j�h�\, �d�Z�d �i�j�Z�\�b�e�h, �h�k�g�h�\�Z�g�u �g�Z 

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

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

�G�Z�b�[�h�e�v�r�_�_ �i�j�b�f�_�g�_�g�b�_ �\ �k�h�\�j�_�f�_�g�g�u�o �j�Z�a�j�Z�[�h�l�d�Z�o �g�Z�r�e�b �\�h�]�g�m�l�u�_ �]�h�e�h�]�j�Z�f�f�g�u�_ 
�^�b�n�j�Z�d�p�b�h�g�g�u�_ �j�_�r�_�l�d�b. �=�h�e�h�]�j�Z�f�f�g�Z�y �^�b�n�j�Z�d�p�b�h�g�g�Z�y �j�_�r�_�l�d�Z �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c 
�a�Z�j�_�]�b�k�l�j�b�j�h�\�Z�g�g�m�x �g�Z �k�\�_�l�h�q�m�\�k�l�\�b�l�_�e�v�g�h�f �f�Z�l�_�j�b�Z�e�_ �b�g�l�_�j�n�_�j�_�g�p�b�h�g�g�m�x �d�Z�j�l�b�g�m, 
�h�[�j�Z�a�h�\�Z�g�g�m�x �^�\�m�f�y �d�h�]�_�j�_�g�l�g�u�f�b �i�m�q�d�Z�f�b �k�\�_�l�Z. �A�Z�i�b�k�u�\�Z�x�s�b�_ �d�h�]�_�j�_�g�l�g�u�_ �i�m�q�d�b 
�i�h�e�m�q�Z�x�l, �j�Z�a�^�_�e�y�y �k�\�_�l�h�^�_�e�b�l�_�e�v�g�u�f�b �a�_�j�d�Z�e�Z�f�b �b�a�e�m�q�_�g�b�_ �e�Z�a�_�j�Z. �I�j�b �w�l�h�f �n�h�j�f�Z 
�r�l�j�b�o�h�\ �b �j�Z�k�k�l�h�y�g�b�_ �f�_�`�^�m �g�b�f�b �h�i�j�_�^�_�e�y�x�l�k�y �i�h�e�h�`�_�g�b�_�f �a�Z�i�b�k�u�\�Z�x�s�b�o �b�k�l�h�q�g�b�d�h�\ �b 
�^�e�b�g�h�c �\�h�e�g�u �a�Z�i�b�k�b. �L�Z�d�Z�y �j�_�r�_�l�d�Z �h�[�e�Z�^�Z�_�l �[�h�e�v�r�b�f�b �d�h�j�j�_�d�p�b�h�g�g�u�f�b �\�h�a�f�h�`�g�h�k�l�y�f�b �\ 
�k�b�e�m �g�Z�e�b�q�b�y �i�y�l�b �d�h�j�j�_�d�p�b�h�g�g�u�o �i�Z�j�Z�f�_�l�j�h�\ – �q�_�l�u�j�_�o �d�h�h�j�^�b�g�Z�l �b�k�l�h�q�g�b�d�h�\ �a�Z�i�b�k�b �b 
�^�e�b�g�u �\�h�e�g�u �a�Z�i�b�k�b. �D�j�h�f�_ �l�h�]�h, �]�h�e�h�]�j�Z�f�f�g�u�_ �^�b�n�j�Z�d�p�b�h�g�g�u�_ �j�_�r�_�l�d�b �f�h�]�m�l �b�f�_�l�v 
�[�h�e�v�r�b�_ �j�Z�a�f�_�j�u �b  �[�h�e�v�r�_�_ �q�b�k�e�h �r�l�j�b�o�h�\ �i�h �k�j�Z�\�g�_�g�b�x �k �g�Z�j�_�a�g�u�f�b, �Z �l�Z�d�`�_ 
�o�Z�j�Z�d�l�_�j�b�a�m�x�l�k�y �f�_�g�v�r�b�f �m�j�h�\�g�_�f �j�Z�k�k�_�y�g�g�h�]�h �k�\�_�l�Z. �< �o�h�^�_ �b�k�k�e�_�^�h�\�Z�g�b�y �i�h�e�Z�]�Z�e�h�k�v, �q�l�h 
�l�_�o�g�h�e�h�]�b�y �b�a�]�h�l�h�\�e�_�g�b�y �h�l�j�Z�`�Z�l�_�e�v�g�u�o �b �i�j�h�i�m�k�d�Z�x�s�b�o �j�_�r�_�l�h�d �h�^�b�g�Z�d�h�\�Z. 

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

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

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

�I�j�b �i�h�f�h�s�b �i�h�e�m�q�_�g�g�h�]�h �f�Z�l�_�f�Z�l�b�q�_�k�d�h�]�h �Z�i�i�Z�j�Z�l�Z �j�Z�k�k�q�b�l�Z�g�u �k�o�_�f�u �k�i�_�d�l�j�h�]�j�Z�n�h�\ 
�^�e�y �\�b�^�b�f�h�]�h �^�b�Z�i�Z�a�h�g�Z �b  �[�e�b�`�g�_�]�h �m�e�v�l�j�Z�n�b�h�e�_�l�Z. �I�h�d�Z�a�Z�g�h, �q�l�h �l�Z�d�b�_ �i�j�b�[�h�j�u 
�i�h�a�\�h�e�y�x�l �i�h�e�m�q�b�l�v �^�h�k�l�Z�l�h�q�g�h �\�u�k�h�d�h�_ �d�Z�q�_�k�l�\�h �b�a�h�[�j�Z�`�_�g�b�y, �\ �l�h�f �q�b�k�e�_ �i�j�b �^�h�k�l�Z�l�h�q�g�h 
�[�h�e�v�r�b�o (�^�h 1:3) �a�g�Z�q�_�g�b�y�o �h�l�g�h�k�b�l�_�e�v�g�h�]�h �h�l�\�_�j�k�l�b�y, �q�l�h �k�h�h�l�\�_�l�k�l�\�m�_�l �[�h�e�v�r�h�c �k�\�_�l�h�k�b�e�_ 
�i�j�b�[�h�j�Z. �< �i�h�k�e�_�^�g�_�f �k�e�m�q�Z�_ �h�k�l�Z�l�h�q�g�Z�y �^�_�n�h�d�m�k�b�j�h�\�d�Z �f�h�`�_�l �m�k�l�j�Z�g�y�l�v�k�y �i�j�b �i�h�f�h�s�b 
�d�h�j�j�_�d�l�b�j�m�x�s�_�c �p�b�e�b�g�^�j�b�q�_�k�d�h�c �e�b�g�a�u. �L�Z�d�`�_ �j�Z�k�k�f�h�l�j�_�g �k�e�m�q�Z�c, �d�h�]�^�Z �\�o�h�^�g�h�c �s�_�e�v�x 
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�k�i�_�d�l�j�h�]�j�Z�n�Z �g�Z �h�k�g�h�\�_ �\�h�]�g�m�l�h�c �i�j�h�i�m�k�d�Z�x�s�_�c �]�h�e�h�]�j�Z�f�f�g�h�c �^�b�n�j�Z�d�p�b�h�g�g�h�c �j�_�r�_�l�d�b 
�y�\�e�y�_�l�k�y �b�a�h�[�j�Z�`�_�g�b�_ �s�_�e�b, �i�h�e�m�q�Z�_�f�h�_ �\ �g�m�e�_�\�h�f �i�h�j�y�^�d�_ �h�l�j�Z�`�Z�l�_�e�v�g�h�c �^�b�n�j�Z�d�p�b�h�g�g�h�c 
�j�_�r�_�l�d�b. �I�j�b �w�l�h�f �m�k�e�h�\�b�y �d�h�f�i�_�g�k�Z�p�b�b �Z�[�_�j�j�Z�p�b�c �i�_�j�\�h�c �j�_�r�_�l�d�b �a�Z�i�b�k�u�\�Z�x�l�k�y 
�Z�g�Z�e�h�]�b�q�g�h �g�Z �h�k�g�h�\�_ �Z�[�_�j�j�Z�p�b�h�g�g�h�c �n�m�g�d�p�b�b. 

�< �p�_�e�h�f �\ �o�h�^�_ �b�k�k�e�_�^�h�\�Z�g�b�y �i�h�e�m�q�_�g�u �\�u�j�Z�`�_�g�b�y, �h�i�j�_�^�_�e�y�x�s�b�_ �n�h�d�m�k�b�j�m�x�s�b�_ �b 
�Z�[�_�j�j�Z�p�b�h�g�g�u�_ �k�\�h�c�k�l�\�Z �\�h�]�g�m�l�h�c �i�j�h�i�m�k�d�Z�x�s�_�c �]�h�e�h�]�j�Z�f�f�g�h�c �^�b�n�j�Z�d�p�b�h�g�g�h�c �j�_�r�_�l�d�b, 
�g�Z�c�^�_�g�u �m�k�e�h�\�b�y �d�h�j�j�_�d�p�b�b �Z�[�_�j�j�Z�p�b�c �k�i�_�d�l�j�Z�e�v�g�u�o �i�j�b�[�h�j�h�\ �g�Z �h�k�g�h�\�_ �l�Z�d�h�c �j�_�r�_�l�d�b. �< 
�d�Z�q�_�k�l�\�_ �^�_�f�h�g�k�l�j�Z�p�b�b �f�_�l�h�^�b�d�b �j�Z�k�k�q�b�l�Z�g�h �g�_�k�d�h�e�v�d�h �k�o�_�f �i�h�^�h�[�g�u�o �i�j�b�[�h�j�h�\. �G�Z�i�j�b�f�_�j, 
�j�Z�k�k�q�b�l�Z�g �k�i�_�d�l�j�h�]�j�Z�n �^�e�y �^�b�Z�i�Z�a�h�g�Z 400-800 �g�f �g�Z �h�k�g�h�\�_ �^�b�n�j�Z�d�p�b�h�g�g�h�c �j�_�r�_�l�d�b 
�j�Z�^�b�m�k�h�f 250 �f�f  �k �q�Z�k�l�h�l�h�c �r�l�j�b�o�h�\ �\ �\�_�j�r�b�g�_ 300 �f�f -1, �h�[�e�Z�^�Z�x�s�b�c �k�e�_�^�m�x�s�b�f�b 
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�b: �^�e�b�g�Z �k�i�_�d�l�j�Z 30,05 �f�f , �h�[�j�Z�l�g�Z�y �e�b�g�_�c�g�Z�y �^�b�k�i�_�j�k�b�y 12,953 �g�f/�f�f , 
�j�Z�a�j�_�r�_�g�b�_ 0,015 �f�f , �q�l�h �k�h�h�l�\�_�l�k�l�\�m�_�l �k�i�_�d�l�j�Z�e�v�g�h�f�m �j�Z�a�j�_�r�_�g�b�x 0,194 �g�f. 
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�N�:�A�H-�D�H�F�I�?�G�K�B�J�M�X�S�B�? �I�H�D�J�U�L�B�Y 

�=.�<. �G�b�d�Z�g�^�j�h�\ 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�l.�g., �i�j�h�n�_�k�k�h�j �W.�K. �I�m�l�b�e�b�g 

 
�< �f�h�_�c �j�Z�[�h�l�_  �b�k�k�e�_�^�m�x�l�k�y �n�Z�a�h-�d�h�f�i�_�g�k�b�j�m�x�s�b�_ �i�h�d�j�u�l�b�y. �W�l�h �l�Z�d�b�_ �i�h�d�j�u�l�b�y, �m 

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

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

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

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

�P�_�e�v�x �j�Z�[�h�l�u �y�\�e�y�_�l�k�y �j�Z�a�j�Z�[�h�l�d�Z �l�_�o�g�h�e�h�]�b�q�_�k�d�h�]�h �i�j�h�p�_�k�k�Z �k�h�a�^�Z�g�b�y �n�Z�a�h-
�d�h�f�i�_�g�k�b�j�m�x�s�b�o �i�h�d�j�u�l�b�c. �<�g�Z�q�Z�e�_ �g�_�h�[�o�h�^�b�f�h  �[�u�e�h  �i�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�l�v �i�j�b�f�_�g�b�f�h�k�l�v 
�^�Z�g�g�u�o �i�h�d�j�u�l�b�c �^�e�y �d�Z�`�^�h�c �b�a �\�u�[�j�Z�g�g�u�o �h�[�e�Z�k�l�_�c. �I�h�k�e�_ �q�_�]�h �g�_�h�[�o�h�^�b�f�h �[�u�e�h 
�h�i�j�_�^�_�e�b�l�v �a�Z�d�h�g, �h�i�b�k�u�\�Z�x�s�b�c �i�j�h�p�_�k�k �b�a�]�h�l�h�\�e�_�g�b�y �n�Z�a�h-�d�h�f�i�_�g�k�b�j�m�x�s�b�o �i�h�d�j�u�l�b�c. 
�I�h�g�y�\ �o�Z�j�Z�d�l�_�j �j�Z�k�i�j�_�^�_�e�_�g�b�y, �g�_�h�[�o�h�^�b�f�h �[�u�e�h �i�h�g�y�l�v �\�e�b�y�g�b�_ �l�_�o�g�h�e�h�]�b�q�_�k�d�h�c �h�k�g�Z�k�l�d�b 
�g�Z �n�h�j�f�b�j�h�\�Z�g�b�_ �i�h�d�j�u�l�b�y. �< �j�_�a�m�e�v�l�Z�l�_ �j�Z�[�h�l�u �[�u�e�h �b�a�]�h�l�h�\�e�_�g�h �g�_�k�d�h�e�v�d�h �h�i�u�l�g�u�o 
�h�[�j�Z�a�p�h�\, �j�Z�a�j�Z�[�h�l�Z�g�Z �k�o�_�f�Z �d�h�g�l�j�h�e�y �]�j�Z�^�b�_�g�l�g�u�o �i�h�d�j�u�l�b�c �b  �i�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�g�u 
�i�h�e�m�q�_�g�g�u�_ �j�_�a�m�e�v�l�Z�l�u. 
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�L�Z�d �`�_ �\ �o�h�^�_ �j�Z�[�h�l�u �j�_�r�Z�e�Z�k�v �\�Z�`�g�_�c�r�Z�y �a�Z�^�Z�q�Z �\ �h�[�e�Z�k�l�b �]�j�Z�^�b�_�g�l�g�u�o �i�h�d�j�u�l�b�c: 
�j�Z�a�j�Z�[�h�l�d�Z �Z�g�Z�e�b�l�b�q�_�k�d�h�]�h �f�_�l�h�^�Z �h�i�j�_�^�_�e�_�g�b�y �i�Z�j�Z�f�_�l�j�h�\ �l�_�o�g�h�e�h�]�b�q�_�k�d�h�c �h�k�g�Z�k�l�d�b �^�e�y 
�i�h�e�m�q�_�g�b�y �n�Z�a�h-�d�h�f�i�_�g�k�b�j�m�x�s�b�o �i�h�d�j�u�l�b�c �k �i�Z�j�Z�f�_�l�j�Z�f�b, �f�Z�d�k�b�f�Z�e�v�g�h �i�j�b�[�e�b�`�_�g�g�u�f�b �d 
�a�Z�^�Z�g�g�u�f. �J�Z�g�_�_ �i�h�^�h�[�g�u�_ �a�Z�^�Z�q�b �j�_�r�Z�e�b�k�v �h�i�u�l�g�u�f �i�m�l�_�f. 
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�H�I�L�B�F�B�A�:�P�B�Y �M�K�E�H�<�B�C �<�H�K�K�L�:�G�H�<�E�?�G�B�Y 
�K�B�G�L�?�A�B�J�H�<�:�G�G�U�O �=�H�E�H�=�J�:�F�F-�I�J�H�?�D�L�H�J�H�< 

�H.�<. �G�b�d�Z�g�h�j�h�\ 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�l.�g., �i�j�h�n�_�k�k�h�j �K.�G. �D�h�j�_�r�_�\ 

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

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

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

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

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



 50 

�b�a�e�m�q�_�g�b�b, �\ �o�h�^�_ �j�Z�[�h�l �i�h �i�j�Z�d�l�b�q�_�k�d�h�c �j�_�Z�e�b�a�Z�p�b�b �]�h�e�h�]�j�Z�n�b�q�_�k�d�h�]�h �\�Z�j�b�Z�g�l�Z 
�n�h�l�h�e�b�l�h�]�j�Z�n�b�q�_�k�d�h�]�h �i�j�h�p�_�k�k�Z, �h�k�m�s�_�k�l�\�e�y�_�f�h�]�h �k �i�h�f�h�s�v�x �k�b�g�l�_�a�b�j�h�\�Z�g�g�h�c �]�h�e�h�]�j�Z�f�f�u 
– �i�j�h�_�d�l�h�j�Z, �i�h�d�Z�a�Z�e�b �i�j�b�g�p�b�i�b�Z�e�v�g�m�x �\�h�a�f�h�`�g�h�k�l�v �b �w�n�n�_�d�l�b�\�g�h�k�l�v �i�j�_�^�e�Z�]�Z�_�f�h�]�h 
�f�_�l�h�^�Z �\�h�k�k�l�Z�g�h�\�e�_�g�b�y �k�b�g�l�_�a�b�j�h�\�Z�g�g�u�o �]�h�e�h�]�j�Z�f�f. 
 
 
�M�>�D 681.7.08 
 

�B�K�K�E�?�>�H�<�:�G�B�? �<�E�B�Y�G�B�Y �G�?�E�B�G�?�C�G�H�K�L�B �I�J�B�?�F�G�B�D�: �I�J�B 
�J�?�=�B�K�L�J�:�P�B�B �B�G�L�?�J�N�?�J�H�=�J�:�F�F �G�: �L�H�Q�G�H�K�L�V 

�<�H�K�K�L�:�G�H�<�E�?�G�B�Y �<�H�E�G�H�<�H�=�H �N�J�H�G�L�: 
�?.�: . �G�b�d�m�e�b�g�Z 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�l.�g., �i�j�h�n�_�k�k�h�j �F.�: . �=�Z�g (�G�I�D «�=�H�B �b�f. �K.�B. �<�Z�\�b�e�h�\�Z») 
 

�B�a�\�_�k�l�g�u �j�Z�a�e�b�q�g�u�_ �f�_�l�h�^�u �\�h�k�k�l�Z�g�h�\�e�_�g�b�y �l�h�i�h�]�j�Z�n�b�b �\�h�e�g�h�\�h�]�h �n�j�h�g�l�Z �i�h 
�b�g�l�_�j�n�_�j�h�]�j�Z�f�f�Z�f. �F�_�l�h�^ �h�[�j�Z�l�g�h�]�h �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y �N�m�j�v�_ (�f�_�l�h�^ �p�b�n�j�h�\�h�c �]�h�e�h�]�j�Z�n�b�b) 
�i�h�a�\�h�e�y�_�l �\�h�k�k�l�Z�g�h�\�b�l�v �\�h�e�g�h�\�h�c �n�j�h�g�l �i�h �h�^�g�h�c �b�g�l�_�j�n�_�j�h�]�j�Z�f�f�_. �F�_�l�h�^ �a�Z�d�e�x�q�Z�_�l�k�y �\ 
�\�u�q�b�k�e�_�g�b�b �k�i�_�d�l�j�Z �b�g�l�_�j�n�_�j�h�]�j�Z�f�f �i�j�b �i�h�f�h�s�b �i�j�y�f�h�]�h �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y �N�m�j�v�_, 
�\�u�^�_�e�_�g�b�b �g�_�k�m�s�_�c �q�Z�k�l�h�l�u �b�g�l�_�j�n�_�j�h�]�j�Z�f�f�u, �Z �a�Z�l�_�f �\ �h�[�j�Z�l�g�h�f �i�j�_�h�[�j�Z�a�h�\�Z�g�b�b �N�m�j�v�_. 

�G�Z�b�[�h�e�_�_ �j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�u�f �f�_�l�h�^�h�f �\�h�k�k�l�Z�g�h�\�e�_�g�b�y �\�h�e�g�h�\�h�]�h �n�j�h�g�l�Z �y�\�e�y�_�l�k�y 
�f�_�l�h�^ �n�Z�a�h�\�u�o �r�Z�]�h�\. �A�Z�i�b�k�u�\�Z�_�l�k�y �k�_�j�b�y �b�g�l�_�j�n�_�j�h�]�j�Z�f�f, �\ �d�h�l�h�j�u�o �n�Z�a�Z �h�^�g�h�]�h �b�a 
�b�g�l�_�j�n�_�j�b�j�m�x�s�b�o �i�m�q�d�h�\ �b�a�f�_�g�y�_�l�k�y �g�Z �b�a�\�_�k�l�g�m�x �\�_�e�b�q�b�g�m. �<�h�e�g�h�\�h�c �n�j�h�g�l �f�h�`�g�h 
�\�h�k�k�l�Z�g�h�\�b�l�v �i�h �b�a�f�_�g�_�g�b�x �b�g�l�_�g�k�b�\�g�h�k�l�b �\ �d�Z�`�^�h�f �i�b�d�k�_�e�_ �b�a�h�[�j�Z�`�_�g�b�y �j�Z�a�e�b�q�g�u�f�b 
�k�i�h�k�h�[�Z�f�b. �< �g�Z�r�_�c �j�Z�[�h�l�_ �f�u �b�k�k�e�_�^�h�\�Z�e�b �g�Z�b�[�h�e�_�_ �i�h�i�m�e�y�j�g�u�_ �f�_�l�h�^�u �j�Z�k�q�_�l�Z �k 
�d�h�e�b�q�_�k�l�\�h�f �r�Z�]�h�\ 3, 4, 5, 7 �b �n�Z�a�h�\�u�f �r�Z�]�h�f �Œ/2. 

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

�B�g�l�_�g�k�b�\�g�h�k�l�v �i�j�b �j�_�]�b�k�l�j�Z�p�b�b �b�g�l�_�j�n�_�j�h�]�j�Z�f�f �f�h�`�g�h �h�i�b�k�Z�l�v �n�h�j�f�m�e�h�c: �J� VI , �]�^�_ 
V �j�_�Z�e�v�g�Z�y �b�g�l�_�g�k�b�\�g�h�k�l�v, �Z �� �i�h�d�Z�a�Z�l�_�e�v �e�b�g�_�c�g�h�k�l�b �i�j�b�_�f�g�b�d�Z. �K�e�m�q�Z�c ��=1 �k�h�h�l�\�_�l�k�l�\�m�_�l 
�e�b�g�_�c�g�h�c �w�d�k�i�h�a�b�p�b�b, �l.�_. �w�d�k�i�h�a�b�p�b�y �g�Z�o�h�^�b�l�k�y �\ �i�_�j�_�^�_�e�Z�o �e�b�g�_�c�g�h�]�h �m�q�Z�k�l�d�Z 
�o�Z�j�Z�d�l�_�j�b�k�l�b�q�_�k�d�h�c �d�j�b�\�h�c. 

�B�k�k�e�_�^�h�\�Z�g�b�y �i�h�d�Z�a�Z�e�b, �q�l�h �k �j�h�k�l�h�f �� �h�r�b�[�d�Z �j�Z�k�q�_�l�Z �\ �f�_�l�h�^�_ �N�m�j�v�_ �j�_�a�d�h 
�\�h�a�j�Z�k�l�Z�_�l, �Z �i�j�b �\�u�k�h�d�h�c �d�h�g�p�_�g�l�j�Z�p�b�b �i�h�e�h�k �\�h�a�g�b�d�Z�_�l �h�r�b�[�d�Z �\ �Z�i�i�j�h�d�k�b�f�Z�p�b�b 
�\�h�k�k�l�Z�g�h�\�e�_�g�g�h�c �d�Z�j�l�u �n�Z�a�u. �< �l�Z�d�b�o �k�e�m�q�Z�y�o �^�Z�`�_ �\ �m�k�e�h�\�b�y�o �f�h�^�_�e�b�j�h�\�Z�g�b�y �k�e�h�`�g�h 
�\�u�y�\�b�l�v �h�r�b�[�d�m �j�Z�k�q�_�l�Z, �k�e�_�^�h�\�Z�l�_�e�v�g�h, �j�Z�k�q�_�l �k�l�Z�g�h�\�b�l�k�y �g�_ �\�h�a�f�h�`�_�g. 

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

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

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

�I�h�e�m�q�_�g�g�u�_ �j�_�a�m�e�v�l�Z�l�u �i�h�a�\�h�e�y�l �m�k�l�Z�g�h�\�b�l�v �^�h�i�m�k�d�Z �g�Z �g�_�e�b�g�_�c�g�h�k�l�v �i�j�b�_�f�g�b�d�Z �i�j�b 
�j�_�]�b�k�l�j�Z�p�b�b �b�g�l�_�j�n�_�j�h�]�j�Z�f�f. 
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�M�>�D 535.372 
 

�L�?�F�I�?�J�:�L�M�J�G�:�Y �A�:�<�B�K�B�F�H�K�L�V �:�I -�D�H�G�<�?�J�K�B�H�G�G�H�C 
�E�X�F�B�G�?�K�P�?�G�P�B�B �B�H�G�H�< �W�J�;�B�Y 

�J.�D. �G�m�j�u�_�\ 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �g.�k. �<.�: . �:�k�_�_�\ 

 
�:�d�l�m�Z�e�v�g�h�c �i�j�h�[�e�_�f�h�c, �g�Z �k�_�]�h�^�g�y�r�g�b�c �^�_�g�v, �y�\�e�y�_�l�k�y �b�a�f�_�j�_�g�b�_ �l�_�f�i�_�j�Z�l�m�j�u. 

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

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

�< �j�Z�[�h�l�_ �b�k�k�e�_�^�h�\�Z�e�h�k�v �\�e�b�y�g�b�_ �g�Z�]�j�_�\�Z �g�Z �e�x�f�b�g�_�k�p�_�g�l�g�u�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b 
�b�l�l�_�j�[�b�c-�w�j�[�b�_�\�h�]�h �k�l�_�d�e�Z. �;�u�e�b �k�b�g�l�_�a�b�j�h�\�Z�g�u �l�_�e�e�m�j�b�l�g�u�_ �b �k�b�e�b�d�Z�l�g�u�_ �k�l�_�d�e�Z, 
�Z�d�l�b�\�b�j�h�\�Z�g�g�u�_ �b�h�g�Z�f�b �w�j�[�b�y, �b �i�j�h�\�_�^�_�g�u �b�k�k�e�_�^�h�\�Z�g�b�y �\�e�b�y�g�b�y �g�Z �g�b�o �l�_�f�i�_�j�Z�l�m�j�u �i�j�b 
�j�Z�a�e�b�q�g�u�o �d�h�g�p�_�g�l�j�Z�p�b�y�o �b�h�g�h�\ �Z�d�l�b�\�Z�l�h�j�h�\. �>�e�y �l�_�e�e�m�j�b�l�g�u�o �k�l�_�d�h�e �d�h�g�p�_�g�l�j�Z�p�b�b �b�h�g�h�\ 
�w�j�[�b�y �k�h�k�l�Z�\�e�y�e�b 0,112×1020 �k�f-3, 0,317×1020 �k�f-3, 1,140×1020 �k�f-3, �^�e�y �k�b�e�b�d�Z�l�g�u�o – 
0,26×1020 �k�f-3, 0,56×1020 �k�f-3, 1,12×1020 �k�f-3, 2,26×1020 �k�f-3. �H�[�j�Z�a�p�u �i�j�_�^�k�l�Z�\�e�y�x�l �k�h�[�h�c 
�i�h�e�b�j�h�\�Z�g�g�u�_ �i�e�h�k�d�h�i�Z�j�Z�e�e�_�e�v�g�u�_ �i�e�Z�k�l�b�g�u �l�h�e�s�b�g�h�c 2 �f�f .  

�K�i�_�d�l�j �e�x�f�b�g�_�k�p�_�g�p�b�b �i�h�e�m�q�Z�e�k�y �i�m�l�_�f �h�[�e�m�q�_�g�b�y �h�[�j�Z�a�p�Z, �i�h�f�_�s�_�g�g�h�]�h �\ 
�l�_�j�f�h�y�q�_�c�d�m, �i�h�e�m�i�j�h�\�h�^�g�b�d�h�\�u�f �b�k�l�h�q�g�b�d�h�f �d�h�]�_�j�_�g�l�g�h�]�h �b�a�e�m�q�_�g�b�y �k �^�e�b�g�h�c �\�h�e�g�u 
��pump = 980 �g�f. �K�i�_�d�l�j �e�x�f�b�g�_�k�p�_�g�p�b�b �j�_�]�b�k�l�j�b�j�h�\�Z�e�k�y �\ �^�b�Z�i�Z�a�h�g�_ �h�l 500 �g�f �^�h 580 �g�f �i�j�b 
�b�a�f�_�g�_�g�b�b �l�_�f�i�_�j�Z�l�m�j�u �h�l 25°�K �^�h 200°�K �k �r�Z�]�h�f �\ 10°�K. 

�< �o�h�^�_ �i�j�h�\�_�^�_�g�b�y �j�Z�[�h�l�u �[�u�e�h �i�h�d�Z�a�Z�g�h, �q�l�h �i�j�b �m�\�_�e�b�q�_�g�b�b �l�_�f�i�_�j�Z�l�m�j�u 
�f�Z�d�k�b�f�m�f�u �b�g�l�_�g�k�b�\�g�h�k�l�b �e�x�f�b�g�_�k�p�_�g�p�b�b �g�Z 523 �g�f �b �g�Z 547 �g�f �k�f�_�s�Z�x�l�k�y �^�j�m�] 
�h�l�g�h�k�b�l�_�e�v�g�h �^�j�m�]�Z. �W�l�h �h�[�t�y�k�g�y�_�l�k�y �l�_�f, �q�l�h �g�Z�]�j�_�\�Z�g�b�_ �i�j�b�\�h�^�b�l �d �l�_�j�f�b�q�_�k�d�h�f�m 
�i�_�j�_�j�Z�k�i�j�_�^�_�e�_�g�b�x �\�h�a�[�m�`�^�_�g�b�c �f�_�`�^�m �m�j�h�\�g�y�f�b 4S3/2�:

4I9/2 �b 2H11/2�:
4I9/2. �I�j�b �w�l�h�f 

�h�l�g�h�r�_�g�b�_ �f�Z�d�k�b�f�m�f�h�\ �i�b�d�h�\ �e�x�f�b�g�_�k�p�_�g�p�b�b �\�h�a�j�Z�k�l�Z�_�l �i�j�b �m�\�_�e�b�q�_�g�b�b �l�_�f�i�_�j�Z�l�m�j�u, �q�l�h 
�h�[�t�y�k�g�y�_�l�k�y �m�\�_�e�b�q�_�g�b�_�f �f�b�]�j�Z�p�b�b, �b �d�Z�d �k�e�_�^�k�l�\�b�_ �j�Z�k�l�_�l �d�h�e�b�q�_�k�l�\�h �[�_�a�u�a�e�m�q�Z�l�_�e�v�g�u�o 
�i�_�j�_�o�h�^�h�\. �L�Z�d�`�_ �i�h�\�u�r�_�g�b�_ �l�_�f�i�_�j�Z�l�m�j�u �m�\�_�e�b�q�b�\�Z�_�l �l�m�r�_�g�b�_ �g�Z �i�j�b�f�_�k�y�o, �q�l�h �h�[�t�y�k�g�y�l 
�i�h�k�l�_�i�_�g�g�h�_ �m�f�_�g�v�r�_�g�b�_ �b�g�l�_�g�k�b�\�g�h�k�l�b �e�x�f�b�g�_�k�p�_�g�p�b�b. �A�Z�\�b�k�b�f�h�k�l�v �h�l�g�h�r�_�g�b�y �i�b�d�h�\ 
�e�x�f�b�g�_�k�p�_�g�p�b�b �h�l �l�_�f�i�_�j�Z�l�m�j�u �b�f�_�_�l �e�b�g�_�c�g�u�c �o�Z�j�Z�d�l�_�j �^�e�y �\�k�_�o �d�h�g�p�_�g�l�j�Z�p�b�c �d�Z�d 
�l�_�e�e�m�j�b�l�g�u�o, �l�Z�d �b �k�b�e�b�d�Z�l�g�u�o �k�l�_�d�h�e. �I�h�e�m�q�_�g�g�u�_ �j�_�a�m�e�v�l�Z�l�u �f�h�`�g�h �b�k�i�h�e�v�a�h�\�Z�l�v �^�e�y 
�k�h�a�^�Z�g�b�y �l�_�f�i�_�j�Z�l�m�j�g�u�o �^�Z�l�q�b�d�h�\ �g�Z �h�k�g�h�\�_ �k�l�_�d�h�e, �Z�d�l�b�\�b�j�h�\�Z�g�g�u�o �b�h�g�Z�f�b 
�j�_�^�d�h�a�_�f�_�e�v�g�u�o �w�e�_�f�_�g�l�h�\. 
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�M�>�D 535.376 + 54-116 
 

�<�E�B�Y�G�B�? �H�;�J�:�;�H�L�D�B ZnS �G�: �E�X�F�B�G�?�K�P�?�G�L�G�U�? �K�<�H�C�K�L�<�: 
�K�B�G�L�?�A�B�J�H�<�:�G�G�U�O �G�: �?�=�H �H�K�G�H�<�? ZnS:Cu,CL �E�X�F�B�G�H�N�H�J�H�< 

�D.�: . �H�]�m�j�p�h�\, �: .�<. �D�g�y�a�_�\  
(�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 �l�_�o�g�h�e�h�]�b�q�_�k�d�b�c �b�g�k�l�b�l�m�l 

(�l�_�o�g�b�q�_�k�d�b�c �m�g�b�\�_�j�k�b�l�_�l)) 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �d.�o.�g., �^�h�p�_�g�l �F.�F. �K�u�q�_�\ 

(�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 �l�_�o�g�h�e�h�]�b�q�_�k�d�b�c �b�g�k�l�b�l�m�l  
(�l�_�o�g�b�q�_�k�d�b�c �m�g�b�\�_�j�k�b�l�_�l)) 

 
�<�\�_�^�_�g�b�_. �<�_�s�_�k�l�\�Z, �e�x�f�b�g�_�k�p�b�j�m�x�s�b�_ �i�h� ̂ �^�_�c�k�l�\�b�_�f �j�Z�a�g�h�]�h �j�h�^�Z �\�h�a�[�m�`�^�_�g�b�c, 

�g�Z�a�u�\�Z�x�l �e�x�f�b�g�h�n�h�j�Z�f�b. �<�Z�`�g�_�c�r�b�f�b �e�x�f�b�g�h�n�h�j�Z�f�b �y�\�e�y�x�l�k�y �l�\�_�j�^�u�_ �g�_�h�j�]�Z�g�b�q�_�k�d�b�_ 
�\�_�s�_�k�l�\�Z �k �g�_�f�h�e�_�d�m�e�y�j�g�u�f �k�l�j�h�_�g�b�_�f, �l.�g. �d�j�b�k�l�Z�e�e�h�n�h�k�nó�j�u. �<�h�a�g�b�d�g�h�\�_�g�b�_ �m 
�d�j�b�k�l�Z�e�e�h�n�h�k�n�h�j�h�\ �e�x�f�b�g�_�k�p�_�g�l�g�u�o �k�\�h�c�k�l�\ �k�\�y�a�Z�g�h �k �h�[�j�Z�a�h�\�Z�g�b�_�f �\ �d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c 
�j�_�r�_�l�d�_ �k�h�_�^�b�g�_�g�b�y – �h�k�g�h�\�u �e�x�f�b�g�h�n�h�j�Z – �k�l�j�m�d�l�m�j�g�u�o �b �i�j�b�f�_�k�g�u�o �^�_�n�_�d�l�h�\. 
�K�h�[�k�l�\�_�g�g�u�_ �k�l�j�m�d�l�m�j�g�u�_ �^�_�n�_�d�l�u (�\�Z�d�Z�g�k�b�b, �f�_�`�^�h�m�a�_�e�v�g�u�_ �Z�l�h�f�u) �y�\�e�y�x�l�k�y �k�e�_�^�k�l�\�b�_�f 
�l�_�j�f�b�q�_�k�d�h�]�h �^�_�n�_�d�l�h�h�[�j�Z�a�h�\�Z�g�b�y, �h�l�d�e�h�g�_�g�b�y �h�l �k�l�_�o�b�h�f�_�l�j�b�b �\ �i�j�h�p�_�k�k�_ �i�h�e�m�q�_�g�b�y 
�\�_�s�_�k�l�\�Z. �E�x�f�b�g�_�k�p�_�g�p�b�y, �h�[�m�k�e�h�\�e�_�g�g�Z�y �l�Z�d�b�f�b �g�Z�j�m�r�_�g�b�y�f�b, �g�Z�a�u�\�Z�_�l�k�y 
�k�Z�f�h�Z�d�l�b�\�b�j�h�\�Z�g�g�h�c. �I�j�b�f�_�k�g�u�_ �^�_�n�_�d�l�u �i�h�y�\�e�y�x�l�k�y �i�j�b �e�_�]�b�j�h�\�Z�g�b�b �f�Z�l�j�b�p�u, �k �b�o 
�i�h�y�\�e�_�g�b�_�f �\�h�a�g�b�d�Z�_�l �Z�d�l�b�\�b�j�h�\�Z�g�g�Z�y �e�x�f�b�g�_�k�p�_�g�p�b�y, �Z �k�Z�f�b �i�j�b�f�_�k�b �g�Z�a�u�\�Z�x�l 
�Z�d�l�b�\�Z�l�h�j�Z�f�b [1]. �I�h�\�u�r�_�g�b�_ �y�j�d�h�k�l�b �e�x�f�b�g�h�n�h�j�h�\ �a�Z �k�q�_�l �m�\�_�e�b�q�_�g�b�y �j�Z�k�l�\�h�j�b�f�h�k�l�b 
�Z�d�l�b�\�Z�l�h�j�Z �\ �h�k�g�h�\�_ �e�x�f�b�g�h�n�h�j�Z �y�\�e�y�_�l�k�y �\�Z�`�g�h�c �a�Z�^�Z�q�_�c �\ �w�l�h�c �h�[�e�Z�k�l�b. 

�W�e�_�d�l�j�h�e�x�f�b�g�_�k�p�_�g�l�g�u�_ �b�k�l�h�q�g�b�d�b �k�\�_�l�Z (�W�E�B�K) �\�k�_ �r�b�j�_ �b�k�i�h�e�v�a�m�x�l�k�y �\ 
�i�j�b�[�h�j�h�k�l�j�h�b�l�_�e�v�g�h�c, �f�Z�r�b�g�h�k�l�j�h�b�l�_�e�v�g�h�c, �Z�\�l�h�f�h�[�b�e�v�g�h�c, �Z�\�b�Z�p�b�h�g�g�h�c, �d�h�k�f�b�q�_�k�d�h�c 
�l�_�o�g�b�d�_ �b �\ �[�u�l�m [2]. �W�E�B�K �i�j�_�^�k�l�Z�\�e�y�x�l �k�h�[�h�c �f�g�h�]�h�k�e�h�c�g�u�_ �d�h�g�^�_�g�k�Z�l�h�j�u, �\�d�e�x�q�Z�x�s�b�_ 
�j�Z�a�e�b�q�g�u�_ �n�m�g�d�p�b�h�g�Z�e�v�g�u�_ �k�e�h�b. �L�Z�d�b�_ �m�k�l�j�h�c�k�l�\�Z �f�h�]�m�l �j�Z�[�h�l�Z�l�v �g�Z �i�_�j�_�f�_�g�g�h�f �b 
�i�h�k�l�h�y�g�g�h�f �l�h�d�_. 

 
�I�h�k�l�Z�g�h�\�d�Z �a�Z�^�Z�q�b. �P�_�e�v�x �j�Z�[�h�l�u �y�\�e�y�_�l�k�y �b�k�k�e�_�^�h�\�Z�g�b�_ �y�j�d�h�k�l�g�u�o �b �k�i�_�d�l�j�Z�e�v�g�u�o 

�o�Z�j�Z�d�l�_�j�b�k�l�b�d �w�e�_�d�l�j�h�e�x�f�b�g�h�n�h�j�h�\ ZnS:Cu,Cl �k �j�Z�a�e�b�q�g�h�c �d�h�g�p�_�g�l�j�Z�p�b�_�c �Z�d�l�b�\�Z�l�h�j�Z (Cu), 
�Z �l�Z�d�`�_ �m�k�l�Z�g�h�\�e�_�g�b�_ �\�e�b�y�g�b�y �g�Z �w�l�b �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �i�j�_�^�\�Z�j�b�l�_�e�v�g�h�c �h�[�j�Z�[�h�l�d�b ZnS 
�w�e�_�d�l�j�h�g�Z�f�b �b �m�^�Z�j�g�u�f �\�h�a�^�_�c�k�l�\�b�_�f. 

 
�I�j�b�f�_�g�_�g�g�u�_ �f�_�l�h�^�u. �;�u�e�b �k�b�g�l�_�a�b�j�h�\�Z�g�u 3 �k�_�j�b�b ZnS:Cu,Cl �e�x�f�b�g�h�n�h�j�h�\ �k 

�j�Z�a�e�b�q�g�h�c �d�h�g�p�_�g�l�j�Z�p�b�_�c �\�\�h�^�b�f�h�c �\ �r�b�o�l�m �f�_�^�b. �D�h�g�p�_�g�l�j�Z�p�b�y �f�_�^�b �\�Z�j�v�b�j�h�\�Z�e�Z�k�v �h�l 0.2 
�^�h 0.75% �f�Z�k�k. �K�b�g�l�_�a �i�j�h�\�h�^�b�e�b �\ �d�h�j�m�g�^�h�\�u�o �l�b�]�e�y�o �i�h� ̂�k�e�h�_�f �Z�d�l�b�\�b�j�h�\�Z�g�g�h�]�h �m�]�e�y �;�:�M 
�i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 950°�K �\ �l�_�q�_�g�b�_ 90 �f�b�g�m�l. �I�j�b �w�l�h�f �\ �i�_�j�\�h�c �k�_�j�b�b �h�[�j�Z�a�p�h�\ �b�k�i�h�e�v�a�h�\�Z�e�k�y 
ZnS �[�_�a �d�Z�d�h�c �e�b�[�h �h�[�j�Z�[�h�l�d�b, �\�h �\�l�h�j�h�c �k�_�j�b�b ZnS �[�u�e �f�h�^�b�n�b�p�b�j�h�\�Z�g �i�m�l�_�f �\�h�a�^�_�c�k�l�\�b�y 
�g�Z �g�_�]�h �w�e�_�d�l�j�h�g�g�h�]�h �e�m�q�Z. �>�e�y �f�h�^�b�n�b�p�b�j�h�\�Z�g�b�y �b�k�i�h�e�v�a�h�\�Z�e�Z�k�v �m�k�l�Z�g�h�\�d�Z �g�Z �[�Z�a�_ 
�i�j�h�f�u�r�e�_�g�g�h�]�h �k�j�_�^�g�_�w�g�_�j�]�_�l�b�q�_�k�d�h�]�h �m�k�d�h�j�b�l�_�e�y �w�e�_�d�l�j�h�g�h�\ �j�_�a�h�g�Z�g�k�g�h-
�l�j�Z�g�k�n�h�j�f�Z�l�h�j�g�h�]�h �l�b�i�Z �J�L�W-1�<. �>�e�y �l�j�_�l�v�_�c �k�_�j�b�b �h�[�j�Z�a�p�h�\ ZnS �[�u�e �i�j�_�^�\�Z�j�b�l�_�e�v�g�h 
�i�h�^�\�_�j�`�_�g �m�^�Z�j�g�h�f�m �\�h�a�^�_�c�k�l�\�b�x. 

�N�m�g�d�p�b�h�g�Z�e�v�g�u�_ �k�e�h�b �W�E�B�K �n�h�j�f�b�j�h�\�Z�e�b �g�Z �h�k�g�h�\�_ �k�\�y�a�m�x�s�_�]�h – �d�Z�m�q�m�d�Z – �f�_�l�h�^�h�f 
�r�e�b�d�_�j�g�h�]�h �e�b�l�v�y. �I�j�b �b�a�]�h�l�h�\�e�_�g�b�b �i�Z�k�l–�k�m�k�i�_�g�a�b�c �b�k�i�h�e�v�a�h�\�Z�e�b �j�Z�k�l�\�h�j�u �d�Z�m�q�m�d�Z �\ 
�Z�p�_�l�h�g�_ �b �n�m�g�d�p�b�h�g�Z�e�v�g�u�_ �g�Z�i�h�e�g�b�l�_�e�b. �< �d�Z�q�_�k�l�\�_ �i�h�^�e�h�`�d�b �k �i�j�h�a�j�Z�q�g�u�f �w�e�_�d�l�j�h�^�h�f 
�b�k�i�h�e�v�a�h�\�Z�e�b �k�l�_�d�e�h �k �g�Z�g�_�k�_�g�g�u�f �i�j�h�\�h�^�y�s�b�f �k�e�h�_�f SnO2. �N�m�g�d�p�b�h�g�Z�e�v�g�u�f�b 
�g�Z�i�h�e�g�b�l�_�e�y�f �e�x�f�b�g�_�k�p�_�g�l�g�h�]�h �k�e�h�y �y�\�e�y�e�b�k�v �i�_�j�_�q�b�k�e�_�g�g�u�_ �e�x�f�b�g�h�n�h�j�u, 
�^�b�w�e�_�d�l�j�b�q�_�k�d�h�]�h �k�e�h�y – BaTiO3. �G�_�i�j�h�a�j�Z�q�g�u�c �i�j�h�\�h�^�y�s�b�c �k�e�h�c �i�h�e�m�q�Z�e�b �g�Z�g�_�k�_�g�b�_�f 
�]�j�Z�n�b�l�h�\�h�c �k�m�k�i�_�g�a�b�b (�Z�d�\�Z�^�Z�]�Z). 
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�H�k�g�h�\�g�u�_ �j�_�a�m�e�v�l�Z�l�u. �<�b�^�g�h, �q�l�h �m �e�x�f�b�g�h�n�h�j�Z, �k�b�g�l�_�a�b�j�h�\�Z�g�g�h�]�h �b�a �h�[�e�m�q�_�g�g�h�]�h 
�w�e�_�d�l�j�h�g�Z�f�b ZnS, �k�i�_�d�l�j �k�f�_�s�Z�_�l�k�y �\ �^�e�b�g�g�h�\�h�e�g�h�\�m�x �h�[�e�Z�k�l�v �k �m�f�_�g�v�r�_�g�b�_�f 
�b�g�l�_�g�k�b�\�g�h�k�l�b �i�b�d�Z �i�j�b 450 �g�f. �W�l�h �f�h�`�g�h �h�[�t�y�k�g�b�l�v �l�_�f, �q�l�h �h�[�e�m�q�_�g�b�_ ZnS �w�e�_�d�l�j�h�g�Z�f�b 
�i�j�b�\�h�^�b�l �d �h�[�j�Z�a�h�\�Z�g�b�x �\ �_�]�h �k�l�j�m�d�l�m�j�_ �l�h�q�_�q�g�u�o �^�_�n�_�d�l�h�\ (�\�Z�d�Z�g�k�b�c �p�b�g�d�Z �b �k�_�j�u) �d�m�^�Z 
�i�j�b �k�b�g�l�_�a�_ �e�x�f�b�g�h�n�h�j�Z �e�_�]�q�_ �\�k�l�j�Z�b�\�Z�x�l�k�y �f�_�^�v �b �]�Z�e�h�]�_�g (�o�e�h�j). �:  �i�h �e�b�l�_�j�Z�l�m�j�g�u�f 
�^�Z�g�g�u�f �b�a�\�_�k�l�g�h, �q�l�h �\ �p�b�g�d-�k�m�e�v�n�b�^�g�u�o �e�x�f�b�g�h�n�h�j�Z�o �i�Z�j�Z �f�_�^�v �\ �m�a�e�_ �p�b�g�d�Z – �]�Z�e�h�]�_�g �\ 
�m�a�e�_ �k�_�j�u �^�Z�_�l «�a�_�e�_�g�u�_» �p�_�g�l�j�u �k�\�_�q�_�g�b�y (500…520 �g�f) [3]. 

�L�h�]�^�Z �d�Z�d �\ �k�e�m�q�Z�_ �e�x�f�b�g�h�n�h�j�Z, �k�b�g�l�_�a�b�j�h�\�Z�g�g�h�]�h �b�a ZnS �i�h�^�\�_�j�`�_�g�g�h�]�h �m�^�Z�j�g�h�f�m 
�\�h�a�^�_�c�k�l�\�b�x, �g�Z�h�[�h�j�h�l, �k�i�_�d�l�j �k�f�_�s�Z�_�l�k�y �\ �[�h�e�_�_ �d�h�j�h�l�d�h�\�h�e�g�h�\�m�x �h�[�e�Z�k�l�v �k �m�f�_�g�v�r�_�g�b�_�f 
�b�g�l�_�g�k�b�\�g�h�k�l�b �i�b�d�Z �i�j�b 500 �g�f. �<�_�j�h�y�l�g�h, �w�l�h �i�j�h�b�k�o�h�^�b�l �b�a-�a�Z �l�h�]�h, �q�l�h �m�^�Z�j�g�Z�y �h�[�j�Z�[�h�l�d�Z 
ZnS �i�j�b�\�h�^�b�l �d �b�k�d�Z�`�_�g�b�x �_�]�h �k�l�j�m�d�l�m�j�u �b �h�[�j�Z�a�h�\�Z�g�b�x �[�h�e�v�r�_�]�h �q�b�k�e�Z �f�_�`�i�e�h�k�d�h�k�l�g�u�o 
�^�_�n�_�d�l�h�\, �d�m�^�Z �i�j�b �k�b�g�l�_�a�_ �e�x�f�b�g�h�n�h�j�Z �\�k�l�j�Z�b�\�Z�_�l�k�y �f�_�^�v. �:  �i�Z�j�Z �f�_�^�v �\ �m�a�e�_ �p�b�g�d�Z – �f�_�^�v 
�\ �f�_�`�^�h�m�a�e�b�_ �^�Z�_�l «�k�b�g�b�_» �p�_�g�l�j�u �k�\�_�q�_�g�b�y (450 �g�f) [3]. 

�E�x�f�b�g�h�n�h�j�u, �k�b�g�l�_�a�b�j�h�\�Z�g�g�u�_ �b�a �h�[�e�m�q�_�g�g�h�]�h �w�e�_�d�l�j�h�g�Z�f�b ZnS �b�f�_�_�l �[�h�e�_�_ 
�\�u�k�h�d�m�x �y�j�d�h�k�l�v �i�j�b �[�h�e�v�r�_�c �h�i�l�b�f�Z�e�v�g�h�c �d�h�g�p�_�g�l�j�Z�p�b�b �f�_�^�b �\ �r�b�o�l�_. �D�Z�d �]�h�\�h�j�b�e�h�k�v 
�j�Z�g�_�_, �h�[�j�Z�[�h�l�d�Z ZnS �w�e�_�d�l�j�h�g�Z�f�b �m�e�m�q�r�Z�_�l �\�g�_�^�j�_�g�b�_ �f�_�^�b �\ �m�a�e�u �j�_�r�_�l�d�b ZnS, �l�_�f �k�Z�f�u�f 
�m�\�_�e�b�q�b�\�Z�y �d�h�e�b�q�_�k�l�\�h «�a�_�e�_�g�u�o» �p�_�g�l�j�h�\ �k�\�_�q�_�g�b�y �b �d�Z�d �k�e�_�^�k�l�\�b�_ �i�h�\�u�r�Z�_�l�k�y �y�j�d�h�k�l�v 
�e�x�f�b�g�_�k�p�_�g�p�b�b. 

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

 
�<�u�\�h�.̂ �H�[�j�Z�[�h�l�d�Z ZnS �w�e�_�d�l�j�h�g�Z�f�b �i�h�\�u�r�Z�_�l �y�j�d�h�k�l�v �k�b�g�l�_�a�b�j�h�\�Z�g�g�u�o �b�a �g�_�]�h 

�e�x�f�b�g�h�n�h�j�h�\ �b �k�f�_�s�Z�_�l �k�i�_�d�l�j �e�x�f�b�g�_�k�p�_�g�p�b�b �\ «�a�_�e�_�g�m�x» �h�[�e�Z�k�l�v. �H�[�j�Z�[�h�l�d�Z ZnS 
�m�^�Z�j�g�u�f �\�h�a�^�_�c�k�l�\�b�_�f �\�b�^�b�f�h �m�\�_�e�b�q�b�\�Z�_�l �^�_�n�_�d�l�g�h�k�l�v �d�j�b�k�l�Z�e�e�Z ZnS, �q�l�h �i�j�b�\�h�^�b�l �d 
�k�f�_�s�_�g�b�x �k�i�_�d�l�j�Z �e�x�f�b�g�_�k�p�_�g�p�b�b �\ «�k�b�g�x�x» �h�[�e�Z�k�l�v. �B�a-�a�Z �w�l�h�c �`�_ �i�h�\�u�r�_�g�g�h�c 
�^�_�n�_�d�l�g�h�k�l�b ZnS �\�_�j�h�y�l�g�h �b �g�_ �j�Z�k�l�_�l �y�j�d�h�k�l�v �e�x�f�b�g�_�k�p�_�g�p�b�b �]�h�l�h�\�u�o �e�x�f�b�g�h�n�h�j�h�\. 
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�M�>�D 62-408.62 
 
�M�K�H�<�?�J�R�?�G�K�L�<�H�<�:�G�B�? �L�?�O�G�H�E�H�=�B�B �B�A�=�H�L�H�<�E�?�G�B�Y 
�I�E�H�K�D�H-�I�:�J�:�E�E�?�E�V�G�U�O �I�E�:�K�L�B�G �K �I�J�B�F�?�G�?�G�B�?�F 

�>�<�M�K�L�H�J�H�G�G�?�C �H�;�J�:�;�H�L�D�B 
�X .�<. �I�Z�k�v�d�h 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �; .�G. �H�k�l�j�m�g (�A�:�H «�H�i�l�h-�l�_�o�g�h�e�h�]�b�q�_�k�d�Z�y �e�Z�[�h�j�Z�l�h�j�b�y») 
 
�>�\�m�k�l�h�j�h�g�g�y�y �h�[�j�Z�[�h�l�d�Z, �d�h�l�h�j�m�x �b�g�h�]�^�Z �g�Z�a�u�\�Z�x�l �i�e�Z�g�_�l�Z�j�g�h�c, �m�`�_ �g�_ �y�\�e�y�_�l�k�y 

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

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

�P�_�e�v �j�Z�[�h�l�u –  �m�k�h�\�_�j�r�_�g�k�l�\�h�\�Z�l�v �l�_�o�g�h�e�h�]�b�b �b�a�]�h�l�h�\�e�_�g�b�y �i�e�h�k�d�h-�i�Z�j�Z�e�e�_�e�v�g�u�o 
�i�e�Z�k�l�b�g �k �i�j�b�f�_�g�_�g�b�_�f �^�\�m�k�l�h�j�h�g�g�_�c �h�[�j�Z�[�h�l�d�b. 

�>�e�y �^�h�k�l�b�`�_�g�b�y �^�Z�g�g�h�c �p�_�e�b �[�u�e�Z �i�h�k�l�Z�\�e�_�g�Z �k�e�_�^�m�x�s�Z�y �a�Z�^�Z�q�Z: �i�h�^�h�[�j�Z�l�v �j�_�`�b�f�u 
�b�a�]�h�l�h�\�e�_�g�b�y �i�e�h�k�d�h-�i�Z�j�Z�e�e�_�e�v�g�u�o �i�e�Z�k�l�b�g �b�a �n�l�h�j�b�k�l�h�]�h �d�Z�e�v�p�b�y �l�Z�d�b�f �h�[�j�Z�a�h�f, �q�l�h�[�u 
�i�h�e�m�q�b�l�v �i�e�Z�k�l�b�g�u �k �d�e�b�g�h�\�b�^�g�h�k�l�v�x 2�Ž �b �i�e�h�k�d�h�k�l�g�h�k�l�v 1 �b�g�l�_�j�n�_�j�_�g�p�b�h�g�g�h�_ �d�h�e�v�p�h. 

�H�k�h�[�_�g�g�h�k�l�b �^�\�m�o�k�l�h�j�h�g�g�_�c �h�[�j�Z�[�h�l�d�b �a�Z�d�e�x�q�Z�x�l�k�y �\ �k�e�_�^�m�x�s�_�f: 
1. �B�k�d�e�x�q�_�g�b�_ �^�h�k�l�Z�l�h�q�g�h �l�j�m�^�h�_�f�d�h�c �h�i�_�j�Z�p�b�b �[�e�h�d�b�j�h�\�d�b/�j�Z�a�[�e�h�d�b�j�h�\�d�b. 
2. �B�k�d�e�x�q�_�g�b�_ �h�i�_�j�Z�p�b�b �i�j�h�f�u�\�d�b �h�l �g�Z�d�e�_�_�g�g�u�o �k�f�h�e. 
3. �:�\�l�h�f�Z�l�b�q�_�k�d�b �h�[�_�k�i�_�q�b�\�Z�_�l�k�y �i�j�Z�d�l�b�q�_�k�d�b �g�m�e�_�\�Z�y �d�e�b�g�h�\�b�^�g�h�k�l�v, �b�k�d�e�x�q�Z�y  

�g�_�h�[�o�h�^�b�f�h�k�l�v �i�h�k�Z�^�d�b �g�Z �d�h�g�l�Z�d�l �^�_�l�Z�e�_�c �k �l�h�q�g�h�c �d�e�b�g�h�\�b�^�g�h�k�l�v�x. 
4. �A�Z �k�q�_�l �h�^�b�g�Z�d�h�\�h�]�h �g�Z�]�j�_�\�Z �h�[�_�b�o �i�h�\�_�j�o�g�h�k�l�_�c �h�[�j�Z�[�Z�l�u�\�Z�_�f�u�o �^�_�l�Z�e�_�c, 

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

5. �M�\�_�e�b�q�b�\�Z�_�l�k�y �i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�v �l�j�m�^�Z �i�j�b �b�a�]�h�l�h�\�e�_�g�b�b �i�e�h�k�d�h�i�Z�j�Z�e�e�_�e�v�g�u�o 
�i�e�Z�k�l�b�g. 

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

�\�u�k�h�d�h�c �k�l�_�i�_�g�b �Z�\�l�h�f�Z�l�b�a�Z�p�b�b �b �w�n�n�_�d�l�b�\�g�h�k�l�b �k�_�j�b�c�g�h�]�h �b �d�j�m�i�g�h�k�_�j�b�c�g�h�]�h 
�i�j�h�b�a�\�h�^�k�l�\�Z. 

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

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

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

�G�Z�r�Z �a�Z�^�Z�q�Z – �i�h�^�h�[�j�Z�l�v �f�Z�d�k�b�f�Z�e�v�g�h �\�h�a�f�h�`�g�u�_ �k�d�h�j�h�k�l�v �b �^�Z�\�e�_�g�b�_ �^�h 
�j�Z�k�l�j�_�k�d�b�\�Z�g�b�y �^�_�l�Z�e�_�c. 

�< �j�_�a�m�e�v�l�Z�l�_ �i�j�h�^�_�e�Z�g�g�h�c �j�Z�[�h�l�u �[�u�e�b �i�h�^�h�[�j�Z�g�u �h�i�l�b�f�Z�e�v�g�u�_ �j�_�`�b�f�u �h�[�j�Z�[�h�l�d�b 
�i�e�h�k�d�h�i�Z�j�Z�e�e�_�e�v�g�u�o �i�e�Z�k�l�b�g �b�a �n�l�h�j�b�k�l�h�]�h �d�Z�e�v�p�b�y �g�Z �g�h�\�h�f �m�g�b�\�_�j�k�Z�e�v�g�h�f �h�[�h�j�m�^�h�\�Z�g�b�b, 
�l�Z�d�`�_ �[�u�e�b �i�h�e�m�q�_�g�u �i�e�h�k�d�h�i�Z�j�Z�e�e�_�e�v�g�u�_ �i�e�Z�k�l�b�g�u �k �d�e�b�g�h�\�b�^�g�h�k�l�v�x 2�Ž �b 
�i�e�h�k�d�h�k�l�g�h�k�l�v�x 1 �b�g�l�_�j�n�_�j�_�g�p�b�h�g�g�h�_ �d�h�e�v�p�h. 
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�D�H�G�K�L�J�M�D�P�B�C �< �B�A�F�?�J�B�L�?�E�V�G�U�O �I�J�B�;�H�J�:�O 

�?.�<. �I�h�i�h�\�Z 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �k�l. �i�j�_�i�h�^�Z�\�Z�l�_�e�v �K.�K. �=�\�h�a�^�_�\ 

 
�< �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y �\�k�_ �[�h�e�v�r�_�_ �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�_ �\ �f�b�j�_ �i�h�e�m�q�Z�x�l 

�k�\�_�l�h�^�b�h�^�u �b�e�b �k�\�_�l�h�b�a�e�m�q�Z�x�s�b�_ �^�b�h�^�u (LED – light emitting diodes) [1]. 
�D�j�h�f�_ �\�u�k�h�d�h�c �k�\�_�l�h�\�h�c �h�l�^�Z�q�b (�m �f�h�s�g�u�o �k�\�_�l�h�^�b�h�^�h�\ �^�h 100 �e�f/�<�l 

�\ �^�b�Z�i�Z�a�h�g�_ �o�h�e�h�^�g�h�]�h �[�_�e�h�]�h �p�\�_�l�Z, �Z �\ �_�k�l�_�k�l�\�_�g�g�h�f �b �l�_�i�e�h�f �[�_�e�h�f �^�b�Z�i�Z�a�h�g�Z�o 85 �b�e�b 80 
�e�f/�<�l �k�h�h�l�\�_�l�k�l�\�_�g�g�h), �k�i�h�k�h�[�g�h�k�l�b �j�Z�[�h�l�Z�l�v �i�j�b �h�q�_�g�v �k�e�Z�[�u�o �a�g�Z�q�_�g�b�y�o �l�h�d�Z (�h�l 20 �^�h 30 
mA) �b �g�b�a�d�h�f �g�Z�i�j�y�`�_�g�b�b (12V �b 24V); �q�l�h, �_�k�l�_�k�l�\�_�g�g�h, �i�j�_�^�h�i�j�_�^�_�e�y�_�l �b�o �g�b�a�d�h�_ 
�w�g�_�j�]�h�i�h�l�j�_�[�e�_�g�b�_, �k�h�k�l�Z�\�e�y�x�s�_�_ �g�_ �[�h�e�_�_ 10% �w�e�_�d�l�j�h�w�g�_�j�]�b�b, �g�_�h�[�o�h�^�b�f�h�c �^�e�y �j�Z�[�h�l�u 
�e�x�f�b�g�_�k�p�_�g�l�g�u�o �e�Z�f�i, �b �h�d�h�e�h 5% �h�l �i�h�l�j�_�[�e�_�g�b�y �i�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b �e�Z�f�i �g�Z�d�Z�e�b�\�Z�g�b�y �b 
�\�h�a�f�h�`�g�h�k�l�b �i�h�e�m�q�_�g�b�y �e�x�[�h�]�h �p�\�_�l�Z �b�a�e�m�q�_�g�b�y, �k�\�_�l�h�^�b�h�^�u �h�[�e�Z�^�Z�x�l �j�y�^�h�f �^�j�m�]�b�o 
�k�\�h�c�k�l�\ �b �d�Z�q�_�k�l�\: 

�� �[�h�e�v�r�h�c �k�j�h�d �b�k�i�h�e�v�a�h�\�Z�g�b�y: �h�l�k�m�l�k�l�\�b�_ �g�b�l�b �g�Z�d�Z�e�Z �[�e�Z�]�h�^�Z�j�y �g�_�l�_�i�e�h�\�h�c �i�j�b�j�h�^�_ 
�b�a�e�m�q�_�g�b�y �k�\�_�l�h�^�b�h�^�h�\ �h�[�m�k�e�h�\�e�b�\�Z�_�l �k�j�h�d �k�e�m�`�[�u  �^�h 100 �l�u�k�y�q �q�Z�k�h�\, �b�e�b 11 �e�_�l 
�g�_�i�j�_�j�u�\�g�h�c �j�Z�[�h�l�u, – �k�j�h�d, �k�j�Z�\�g�b�f�u�c �k �`�b�a�g�_�g�g�u�f �p�b�d�e�h�f �f�g�h�]�b�o �h�k�\�_�l�b�l�_�e�v�g�u�o �m�a�e�h�\; 

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

�� �[�_�a�h�i�Z�k�g�h�k�l�v: �f�Z�e�h�_ �l�_�i�e�h�\�u�^�_�e�_�g�b�_ �b �g�b�a�d�h�_ �i�b�l�Z�x�s�_�_ �g�Z�i�j�y�`�_�g�b�_; 
�� �[�u�k�l�j�h�^�_�c�k�l�\�b�_, �[�_�a�u�g�_�j�p�b�h�g�g�h�k�l�v; 
�� �d�h�f�i�Z�d�l�g�h�k�l�v: �[�e�Z�]�h�^�Z�j�y �k�\�_�j�o�f�b�g�b�Z�l�x�j�g�h�k�l�b �b �\�k�l�j�h�_�g�g�h�f�m �k�\�_�l�h�j�Z�k�i�j�_�^�_�e�_�g�b�x [1]. 

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

�G�Z �j�u�g�d�_ �k�m�s�_�k�l�\�m�_�l �[�h�e�v�r�h�_ �d�h�e�b�q�_�k�l�\�h �d�h�f�i�Z�g�b�c-�i�j�h�b�a�\�h�^�b�l�_�e�_�c 
�k�\�_�l�h�^�b�h�^�h�\. �F�b�j�h�\�u�f�b �e�b�^�_�j�Z�f�b �\ �w�l�h�c �h�[�e�Z�k�l�b �k�l�Z�e�b �l�Z�d�b�_ �d�h�f�i�Z�g�b�b-�i�j�h�b�a�\�h�^�b�l�_�e�b, �d�Z�d: 
LumiLeds, Phillips, Osram, Cree, GELcore, Uniroyal �b �^�j. 

�I�j�Z�d�l�b�q�_�k�d�b �d�Z�`�^�Z�y �d�h�f�i�Z�g�b�y �i�j�_�^�k�l�Z�\�e�y�_�l �k�\�h�x �d�e�Z�k�k�b�n�b�d�Z�p�b�x 
�i�j�_�^�k�l�Z�\�e�y�_�f�h�c �i�j�h�^�m�d�p�b�b. �< �d�Z�q�_�k�l�\�_ �o�Z�j�Z�d�l�_�j�g�h�]�h �i�j�b�f�_�j�Z �\�u�[�j�Z�g�Z �d�h�f�i�Z�g�b�y Cree, �\ 
�d�h�l�h�j�h�c �\�k�_ �\�u�i�m�k�d�Z�_�f�u�_ �k�\�_�l�h�^�b�h�^�u, �^�_�e�y�l�k�y �g�Z �^�\�_ �[�h�e�v�r�b�_ �]�j�m�i�i�u – �f�h�s�g�u�_ (�^�h�i�m�k�l�b�f�Z�y 
�\�_�e�b�q�b�g�Z �l�h�d�Z 350 �f�:  �b �\�u�r�_), �i�h� ̂�h�[�s�b�f �g�Z�a�\�Z�g�b�_�f XLamp �b �k�\�_�j�o�t�y�j�d�b�_ (�l�b�i�h�\�h�_ �a�g�Z�q�_�g�b�_ 
�l�h�d�Z �^�e�y �g�b�o �k�h�k�l�Z�\�e�y�_�l 30...50 �f�: ) – (High-Brightness). �J�Z�a�^�_�e�_�g�b�_ �g�Z �]�j�m�i�i�u �h�i�j�_�^�_�e�y�_�l�k�y 
�^�h�i�m�k�l�b�f�h�c �\�_�e�b�q�b�g�h�c �l�h�d�Z �q�_�j�_�a �d�j�b�k�l�Z�e�e �k�\�_�l�h�^�b�h�^�Z. �G�Z �^�Z�g�g�u�c �f�h�f�_�g�l �d�h�f�i�Z�g�b�y CREE 
�k�_�j�b�c�g�h �i�j�h�b�a�\�h�^�b�l �i�y�l�v �k�_�j�b�c �f�h�s�g�u�o �k�\�_�l�h�^�b�h�^�h�\, �j�Z�a�e�b�q�Z�x�s�b�o�k�y �\�Z�j�b�Z�g�l�h�f �b�k�i�h�e�g�_�g�b�y 
�b �l�b�i�h�f �b�k�i�h�e�v�a�m�_�f�h�]�h �d�j�b�k�l�Z�e�e�Z: XR-C, XR-E, XP-C, XP-E �b MC-E. �K�\�_�j�o�t�y�j�d�b�_ �k�\�_�l�h�^�b�h�^�u 
�^�_�e�y�l�k�y �g�Z �l�j�b �[�h�e�v�r�b�_ �]�j�m�i�i�u, �j�Z�a�e�b�q�Z�x�s�b�_�k�y �\�Z�j�b�Z�g�l�Z�f�b �b�k�i�h�e�g�_�g�b�y. �:  �b�f�_�g�g�h: 
�k�\�_�l�h�^�b�h�^�u �\ �k�l�Z�g�^�Z�j�l�g�u�o �\�u�\�h�^�g�u�o �d�h�j�i�m�k�Z�o �d�j�m�]�e�h�]�h �b�e�b �h�\�Z�e�v�g�h�]�h �k�_�q�_�g�b�y, �k�\�_�l�h�^�b�h�^�u �\ 
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�d�h�j�i�m�k�_ �d�\�Z�^�j�Z�l�g�h�]�h �k�_�q�_�g�b�y �k �q�_�l�u�j�v�f�y �\�u�\�h�^�Z�f�b �^�e�y �f�h�g�l�Z�`�Z �\ �h�l�\�_�j�k�l�b�y (�J4) �b 
�k�\�_�l�h�^�b�h�^�u �^�e�y �i�h�\�_�j�o�g�h�k�l�g�h�]�h �f�h�g�l�Z�`�Z �\ �d�h�j�i�m�k�Z�o �l�b�i�Z PLCC [2]. 

�D�j�h�f�_ �k�Z�f�b�o �k�\�_�l�h�^�b�h�^�h�\ �g�Z �j�u�g�d�_ �l�Z�d�`�_ �i�j�_�^�k�l�Z�\�e�_�g�h �[�h�e�v�r�h�_ 
�d�h�e�b�q�_�k�l�\�h �n�b�j�f, �d�h�l�h�j�u�_ �\�u�i�m�k�d�Z�x�l �j�Z�a�e�b�q�g�u�_ �k�\�_�l�h�^�b�h�^�g�u�_ �k�[�h�j�d�b, �k�\�_�l�h�^�b�h�^�g�u�_ 
�e�Z�f�i�u, �k�\�_�l�h�^�b�h�^�g�u�_ �f�h�^�m�e�b, �k�\�_�l�b�e�v�g�b�d�b, �Z �l�Z�d �`�_ �k�\�_�l�h�^�b�h�^�g�u�_ �e�b�g�_�c�d�b.  

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

�N�b�j�f�h�c SOLOMON �k�\�_�l�h�^�b�h�^�g�u�_ �b�g�^�b�d�Z�l�h�j�u �r�d�Z�e�v�g�h�]�h �l�b�i�Z 
�b�k�i�h�e�v�a�m�x�l�k�y �\ �i�Z�y�e�v�g�h�c �k�l�Z�g�p�b�b �^�e�y �i�Z�c�d�b �b �j�Z�k�i�Z�c�d�b �w�e�_�d�l�j�h�g�g�u�o �d�h�f�i�h�g�_�g�l�h�\ «SL – 
916Solomon» , �]�^�_ �h�g�b �y�\�e�y�x�l�k�y �b�g�^�b�d�Z�l�h�j�Z�f�b �l�_�f�i�_�j�Z�l�m�j�u �`�Z�e�Z �i�Z�y�e�v�g�b�d�Z [3]. 

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

�L�Z�d �`�_, �k�\�_�l�h�^�b�h�^�g�u�_ �e�Z�f�i�u �b�k�i�h�e�v�a�m�x�l�k�y �\ �e�Z�[�h�j�Z�l�h�j�g�u�o 
�k�\�_�l�h�^�b�h�^�g�u�o �f�b�d�j�h�k�d�h�i�Z�o �n�b�j�f�u Olympus  �\ �d�Z�q�_�k�l�\�_ �h�k�\�_�l�b�l�_�e�_�c. �K�\�_�l�h�^�b�h�^�g�u�_ �e�Z�f�i�u �\ 
�f�h�^�_�e�b �f�b�d�j�h�k�d�h�i�Z EVOSfl �g�Z�j�Z�[�Z�l�u�\�Z�x�l �[�h�e�_�_ �q�_�f 50000 �q�Z�k�h�\ [4].  

�N�b�j�f�Z Vision Engineering �\�u�i�m�k�d�Z�_�l �[�_�a�h�d�m�e�y�j�g�u�c �k�l�_�j�_�h�f�b�d�j�h�k�d�h�i 
�f�h�^�_�e�b Mantis Elite, �\ �d�h�l�h�j�h�f �b�k�i�h�e�v�a�m�_�l�k�y �[�_�k�l�_�g�_�\�h�_ �o�h�e�h�^�g�h�_ �k�\�_�l�h�^�b�h�^�g�h�_ �h�k�\�_�s�_�g�b�_ �\ 
�i�j�h�o�h�^�y�s�_�f �b �h�l�j�Z�`�_�g�g�h�f �k�\�_�l�_ [5]. 

�L�Z�d�b�_ �n�b�j�f�u �d�Z�d Mahr �b Werh �^�e�y �h�k�\�_�s�_�g�b�y �\ �h�l�j�Z�`�_�g�g�h�f �k�\�_�l�_ 
�b�k�k�e�_�^�m�_�f�h�]�h �b�a�f�_�j�y�_�f�h�]�h �h�[�t�_�d�l�Z �g�Z �i�j�h�b�a�\�h�^�b�f�u�o �b�f�b �d�h�h�j�^�b�g�Z�l�g�h-�b�a�f�_�j�b�l�_�e�v�g�u�o 
�f�Z�r�b�g�Z�o �l�Z�d �`�_ �b�k�i�h�e�v�a�m�x�l �k�\�_�l�h�^�b�h�^�g�h�_ �h�k�\�_�s�_�g�b�_ [6]. 

�< �K�Z�g�d�l-�I�_�l�_�j�[�m�j�]�_ �i�j�_�^�i�j�b�y�l�b�_ �A�:�H «�K�\�_�l�e�Z�g�Z-�H�i�l�h�w�e�_�d�l�j�h�g�b�d�Z» 
�i�j�h�b�a�\�h�^�b�l �j�Z�a�e�b�q�g�u�_ �k�\�_�l�h�^�b�h�^�g�u�_ �k�[�h�j�d�b �^�e�y �h�[�s�_�]�h �h�k�\�_�s�_�g�b�y, �d�h�l�h�j�u�_ �b�k�i�h�e�v�a�m�x�l�k�y �\ 
�h�k�g�h�\�g�h�f �\ �[�u�l�h�\�h�f �h�k�\�_�s�_�g�b�b [7]. 

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

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

�L�Z�d�m�x �f�h�^�_�j�g�b�a�Z�p�b�x �f�h�`�g�h �\�u�i�h�e�g�y�l�v �^�e�y �f�b�d�j�h�k�d�h�i�h�\ �l�b�i�Z �M�B�F, 
�>�B�I, �F�;�K �b �^�j. 

 
�E�b�l�_�j�Z�l�m�j�Z 

1. �G�h�\�u�_ �k�\�_�l�h�^�b�h�^�u Sharp: [�W�e�_�d�l�j�h�g�g�u�c �j�_�k�m�j�k]: �K�Z�c�l �`�m�j�g�Z�e�Z «�W�e�_�d�l�j�h�g�b�d�Z». – �F. – 
�J�_�`�b�f �^�h�k�l�m�i�Z: http://www.electronics.ru/issue/2009/2/2 

2. �?�e�b�k�_�_�\ �B. �H�[�a�h�j �k�\�_�l�h�^�b�h�^�g�h�c �i�j�h�^�m�d�p�b�b �d�h�f�i�Z�g�b�b Cree. �B�g�n�h�j�f�Z�p�b�h�g�g�h-�l�_�o�g�b�q�_�k�d�b�c 
�`�m�j�g�Z�e «�G�h�\�h�k�l�b �w�e�_�d�l�j�h�g�b�d�b». – �‹ 9 (73). – 2009. 

3. �@�b�l�g�_�\ �<. �B�a�f�_�j�b�l�_�e�v�g�Z�y �l�_�o�g�b�d�Z �b �h�[�h�j�m�^�h�\�Z�g�b�_. �I�Z�y�e�v�g�u�_ �k�l�Z�g�p�b�b SOLOMON (�q�Z�k�l�v 
2) «�J�_�f�h�g�l & �K�_�j�\�b�k». �‹ 5, �f�Z�c 2007. [�W�e�_�d�l�j�h�g�g�u�c �j�_�k�m�j�k] �J�_�`�b�f �^�h�k�l�m�i�Z: 
http://www.remserv.ru/cgi/download/Solomon_part2.pdf 

4. �B�g�l�_�j�]�_�g �h�n�b�p�b�Z�e�v�g�u�c �^�b�e�_�j Olympus [�W�e�_�d�l�j�h�g�g �u�c �j�_�k�m�j�k] �J�_�`�b�f �^�h�k�l�m�i�Z: 
http://intergen.ru/index.php?id_kat=4&id_tov=110 

5. �W�e�l�_�o [�W�e�_�d�l�j�h�g�g�u�c �j�_�k�m�j�k] �J�_�`�b�f �^�h�k�l�m�i�Z: http://www.eltech-spb.ru/?id=23&tovarid=44 – 
�d�Z�l�Z�e�h�] �i�j�h�^�m�d�p�b�b. 



 57

6. �A�:�H �G�I�N «�M�j�Z�g»: [�W�e�_�d�l�j�h�g�g�u�c �j�_�k�m�j�k]: �K�Z�c�l �n�b�j�f�u. – �K�I�[ – �J�_�`�b�f �^�h�k�l�m�i�Z: 
www.uran-spb.ru 

7. �A�:�H «�K�\�_�l�e�Z�g�Z–�H�i�l�h�w�e�_�d�l�j�h�g�b�d�Z»: [�W�e�_�d�l�j�h�g�g�u�c �j�_�k�m�j�k]: �K�Z�c�l �n�b�j�f�u. – �K�I�[. – �J�_�`�b�f 
�^�h�k�l�m�i�Z: www.soptel.ru 

�M�>�D 535-15 
 

�<�E�B�Y�G�B�? �L�?�J�F�H�H�;�J�:�;�H�L�D�B �G�: �>�B�G�:�F�B�Q�?�K�D�B�C �>�B�:�I�:�A�H�G 
�B�A�F�?�G�?�G�B�Y �I�H�D�:�A�:�L�?�E�Y �I�J�?�E�H�F�E�?�G�B�Y 

�N�H�L�H-�L�?�J�F�H-�J�?�N�J�:�D�L�B�<�G�H�=�H �K�L�?�D�E�: 
�F.�X . �I�j�b�d�Z�a�h�\, �K.�: . �B�\�Z�g�h�\, �: .�K. �A�e�Z�l�h�\ 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�n.-�f .�g., �i�j�h�n�_�k�k�h�j �G.�<. �G�b�d�h�g�h�j�h�\ 
 
�B�k�k�e�_�^�h�\�Z�g�Z �a�Z�\�b�k�b�f�h�k�l�v �Z�f�i�e�b�l�m�^�u �f�h�^�m�e�y�p�b�b �i�_�j�\�h�c �]�Z�j�f�h�g�b�d�b �i�h�d�Z�a�Z�l�_�e�y 

�i�j�_�e�h�f�e�_�g�b�y �h�[�t�_�f�g�u�o �n�Z�a�h�\�u�o �]�h�e�h�]�j�Z�f�f �g�Z �k�b�e�b�d�Z�l�g�h�f �n�h�l�h-�l�_�j�f�h-�j�_�n�j�Z�d�l�b�\�g�h�f (�N�L�J) 
�k�l�_�d�e�_ �h�l �k�d�h�j�h�k�l�b �b �\�j�_�f�_�g�b �h�o�e�Z�`�^�_�g�b�y �h�[�j�Z�a�p�Z �g�Z �a�Z�\�_�j�r�Z�x�s�_�c �k�l�Z�^�b�b �l�_�j�f�h�h�[�j�Z�[�h�l�d�b. 

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

�h�[�t�_�f�g�u�o �w�e�_�f�_�g�l�h�\ �y�\�e�y�x�l�k�y �n�h�l�h-�l�_�j�f�h-�j�_�n�j�Z�d�l�b�\�g�u�_ �k�l�_�d�e�Z [1]. �=�h�e�h�]�j�Z�f�f�u �g�Z �w�l�b�o 
�k�l�_�d�e�Z�o �h�[�e�Z�^�Z�x�l �\�u�k�h�d�h�c �^�b�n�j�Z�d�p�b�h�g�g�h�c �w�n�n�_�d�l�b�\�g�h�k�l�v�x �b �k�i�_�d�l�j�Z�e�v�g�h-�m�]�e�h�\�h�c 
�k�_�e�_�d�l�b�\�g�h�k�l�v�x. �<�u�k�h�d�Z�y �l�_�j�f�b�q�_�k�d�Z�y �b �h�i�l�b�q�_�k�d�Z�y �i�j�h�q�g�h�k�l�v �n�h�l�h-�l�_�j�f�h-�j�_�n�j�Z�d�l�b�\�g�u�o 
�k�l�_�d�h�e �i�h�a�\�h�e�y�_�l �b�k�i�h�e�v�a�h�\�Z�l�v �l�Z�d�b�_ �]�h�e�h�]�j�Z�f�f�g�u�_ �h�i�l�b�q�_�k�d�b�_ �w�e�_�f�_�g�l�u �\ �f�h�s�g�u�o 
�e�Z�a�_�j�g�u�o �k�b�k�l�_�f�Z�o. �D�j�h�f�_ �w�l�h�]�h, �]�h�e�h�]�j�Z�f�f�u, �a�Z�j�_�]�b�k�l�j�b�j�h�\�Z�g�g�u�_ �\ �N�L�J �k�l�_�d�e�_, �h�[�e�Z�^�Z�x�l 
�\�u�k�h�d�h�c �o�b�f�b�q�_�k�d�h�c �m�k�l�h�c�q�b�\�h�k�l�v�x �b �f�_�o�Z�g�b�q�_�k�d�h�c �i�j�h�q�g�h�k�l�v�x �b �\ �w�l�h�f �h�l�g�h�r�_�g�b�b 
�i�j�Z�d�l�b�q�_�k�d�b �g�_ �h�l�e�b�q�Z�x�l�k�y �h�l �d�h�f�f�_�j�q�_�k�d�h�]�h �h�i�l�b�q�_�k�d�h�]�h �k�l�_�d�e�Z �D8.  

�< �j�Z�[�h�l�_ �[�u�e�b �b�k�k�e�_�^�h�\�Z�g�u �p�b�g�d�h�\�h�Z�e�x�f�h�k�b�e�b�d�Z�l�g�u�_ �k�l�_�d�e�Z �k �[�h�e�v�r�b�f �k�h�^�_�j�`�Z�g�b�_�f 
�n�l�h�j�Z, �Z�d�l�b�\�b�j�h�\�Z�g�g�u�_ �b�h�g�Z�f�b �p�_�j�b�y, �k�_�j�_�[�j�Z �b �k�m�j�v�f�u. �K�l�_�d�e�Z �[�u�e�b �k�b�g�l�_�a�b�j�h�\�Z�g�u �\ 
�d�\�Z�j�p�_�\�u�o �l�b�]�e�y�o �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 1500°�K �b�a �j�_�Z�d�l�b�\�h�\ �f�Z�j�d�b �H�K�Q.  

�< �g�Z�k�l�h�y�s�_�c �j�Z�[�h�l�_ �[�u�e�b �b�k�k�e�_�^�h�\�Z�g�u �k�\�h�c�k�l�\�Z �h�[�t�_�f�g�u�o �n�Z�a�h�\�u�o �]�h�e�h�]�j�Z�f�f �g�Z 
�k�b�e�b�d�Z�l�g�h�f �n�h�l�h-�l�_�j�f�h-�j�_�n�j�Z�d�l�b�\�g�h�f �k�l�_�d�e�_, �a�Z�i�b�k�v �]�h�e�h�]�j�Z�f�f �i�j�h�b�a�\�h�^�b�e�Z�k�v He-Cd 
�e�Z�a�_�j�h�f �g�Z �^�e�b�g�_ �\�h�e�g�u 325 �g�f �i�h �k�b�f�f�_�l�j�b�q�g�h�c �^�\�m�e�m�q�_�\�h�c �k�o�_�f�_. 

�B�a�f�_�j�_�g�b�y �m�]�e�h�\�h�c �k�_�e�_�d�l�b�\�g�h�k�l�b �\ �^�Z�g�g�h�c �j�Z�[�h�l�_ �i�j�h�\�h�^�b�e�b�k�v �g�Z �^�\�m�o �^�e�b�g�Z�o �\�h�e�g – 
�\ �\�b�^�b�f�h�c �h�[�e�Z�k�l�b He-Ne �e�Z�a�_�j�h�f (��=633 �g�f) �b �i�h�e�m�i�j�h�\�h�^�g�b�d�h�\�u�f �e�Z�a�_�j�h�f, (��= 850 �g�f) �b�a-
�a�Z �i�h�e�h�k�u �i�h�]�e�h�s�_�g�b�y �d�h�e�e�h�b�^�g�h�]�h �k�_�j�_�[�j�Z �\ �\�b�^�b�f�h�c �h�[�e�Z�k�l�b. �L�Z�d�`�_ �\ �j�Z�[�h�l�_ �b�a�f�_�j�y�e�Z�k�v 
�^�b�n�j�Z�d�p�b�h�g�g�Z�y �w�n�n�_�d�l�b�\�g�h�k�l�v �b�k�k�e�_�^�m�_�f�u�o �]�h�e�h�]�j�Z�f�f. 

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

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

 
�E�b�l�_�j�Z�l�m�j�Z 
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�I�H�>�O�H�> �D �J�:�K�Q�?�L�M �A�G�:�Q�?�G�B�C �>�H�I�M�K�D�H�< �D�H�G�K�L�J�M�D�L�B�<�G�U�O 
�I�:�J�:�F�?�L�J�H�< �H�I�L�B�Q�?�K�D�B�O �K�B�K�L�?�F, �M�Q�B�L�U�<�:�X�S�B�C 

�<�H�A�F�M�S�?�G�B�Y �X�K�L�B�J�M�?�F�U�O �I�:�J�:�F�?�L�J�H�< 
�H.�X . �I�j�h�l�Z�k, �: .�G. �X�^�b�g (�H�:�H «�G�I�D «�K�b�k�l�_�f�u �i�j�_�p�b�a�b�h�g�g�h�]�h �i�j�b�[�h�j�h�k�l�j�h�_�g�b�y») 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �d.�l.�g. �: .�<. �F�Z�d�Z�j�_�g�d�h 
(�H�:�H «�G�I�D «�K�b�k�l�_�f�u �i�j�_�p�b�a�b�h�g�g�h�]�h �i�j�b�[�h�j�h�k�l�j�h�_�g�b�y») 

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

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

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

�< �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y �j�Z�k�q�z�l �^�h�i�m�k�d�h�\ �h�i�l�b�q�_�k�d�h�c �k�b�k�l�_�f�u �\�u�i�h�e�g�y�_�l�k�y, �d�Z�d �i�j�Z�\�b�e�h, 
�^�\�m�f�y �f�_�l�h�^�Z�f�b. �I�_�j�\�u�c �k�h�k�l�h�b�l �\ �\�u�q�b�k�e�_�g�b�b �q�Z�k�l�g�u�o �^�b�n�n�_�j�_�g�p�b�Z�e�h�\ �d�j�b�l�_�j�b�y �d�Z�q�_�k�l�\�Z 
�k�b�k�l�_�f�u �i�h �\�u�[�j�Z�g�g�u�f �d�h�g�k�l�j�m�d�l�b�\�g�u�f �i�Z�j�Z�f�_�l�j�Z�f �k �^�Z�e�v�g�_�c�r�b�f�b �j�Z�k�q�z�l�Z�f�b �e�b�[�h 
�m�o�m�^�r�_�g�b�y �d�Z�q�_�k�l�\�Z �b�a�h�[�j�Z�`�_�g�b�y �i�j�b �h�i�j�_�^�_�e�z�g�g�h�f �b�a�f�_�g�_�g�b�b �\�Z�j�v�b�j�m�_�f�h�]�h �i�Z�j�Z�f�_�l�j�Z, 
�e�b�[�h �j�_�r�_�g�b�_�f �h�[�j�Z�l�g�h�c �a�Z�^�Z�q�b – �\�u�q�b�k�e�_�g�b�y �b�g�l�_�j�\�Z�e�Z �a�g�Z�q�_�g�b�c �i�Z�j�Z�f�_�l�j�Z, �\�g�m�l�j�b 
�d�h�l�h�j�h�]�h �m�o�m�^�r�_�g�b�_ �d�Z�q�_�k�l�\�Z �g�_ �i�j�_�\�h�k�o�h�^�b�l �g�_�d�h�l�h�j�h�c �a�Z�^�Z�g�g�h�c �\�_�e�b�q�b�g�u. �<�l�h�j�h�c �f�_�l�h�^ 
�k�h�k�l�h�b�l �\ �f�h�^�_�e�b�j�h�\�Z�g�b�b �h�^�g�h�\�j�_�f�_�g�g�h�]�h �h�l�d�e�h�g�_�g�b�y �\�k�_�o �Z�g�Z�e�b�a�b�j�m�_�f�u�o �d�h�g�k�l�j�m�d�l�b�\�g�u�o 
�i�Z�j�Z�f�_�l�j�h�\ �h�l �g�h�f�b�g�Z�e�v�g�h�]�h �a�g�Z�q�_�g�b�y �i�m�l�z�f �Z�g�Z�e�b�a�Z �[�h�e�v�r�h�]�h �d�h�e�b�q�_�k�l�\�Z �j�_�Z�e�b�a�Z�p�b�c 
�k�b�k�l�_�f�u �k�h �k�e�m�q�Z�c�g�h �\�g�_�k�z�g�g�u�f�b �h�l�d�e�h�g�_�g�b�y�f�b (�f�_�l�h�^ �F�h�g�l�_-�D�Z�j�e�h). �H�[�Z �f�_�l�h�^�Z 
�^�h�i�m�k�d�Z�x�l �\�\�_�^�_�g�b�_ �x�k�l�b�j�h�\�h�d �\ �f�h�^�_�e�b�j�m�_�f�m�x �k�b�k�l�_�f�m – �\ �w�l�h�f �k�e�m�q�Z�_, �d�Z�d �i�j�b 
�h�l�d�e�h�g�_�g�b�b �h�^�g�h�]�h, �l�Z�d �b �g�_�k�d�h�e�v�d�b�o �i�Z�j�Z�f�_�l�j�h�\ �h�l �g�h�f�b�g�Z�e�v�g�h�]�h �a�g�Z�q�_�g�b�y, �k�b�k�l�_�f�Z 
�i�_�j�_�h�i�l�b�f�b�a�b�j�m�_�l�k�y �i�h �k�\�h�[�h�^�g�u�f �i�Z�j�Z�f�_�l�j�Z�f, �h�i�j�_�^�_�e�y�_�f�u�f �\�\�h�^�b�f�u�f�b �x�k�l�b�j�h�\�d�Z�f�b. 
�H�k�g�h�\�g�u�f �g�_�^�h�k�l�Z�l�d�h�f �w�l�b�o �f�_�l�h�^�h�\ �y�\�e�y�_�l�k�y �l�h, �q�l�h �i�j�b �Z�\�l�h�f�Z�l�b�a�b�j�h�\�Z�g�g�h�c �h�i�l�b�f�b�a�Z�p�b�b 
�x�k�l�b�j�m�_�f�u�c �i�Z�j�Z�f�_�l�j �i�j�b�g�b�f�Z�_�l �k�l�j�h�]�h �h�i�l�b�f�Z�e�v�g�h�_ �a�g�Z�q�_�g�b�_, �q�l�h �g�_ �k�h�h�l�\�_�l�k�l�\�m�_�l 
�^�_�c�k�l�\�b�l�_�e�v�g�h�k�l�b. �<�h-�i�_�j�\�u�o, �e�x�[�Z�y �j�_�Z�e�v�g�Z�y �x�k�l�b�j�h�\�d�Z �\�u�i�h�e�g�y�_�l�k�y �k �g�_�d�h�l�h�j�h�c 
�i�h�]�j�_�r�g�h�k�l�v�x, �h�i�j�_�^�_�e�y�_�f�h�c �i�j�b�f�_�g�y�_�f�u�f�b �k�j�_�^�k�l�\�Z�f�b �d�h�g�l�j�h�e�y. �<�h-�\�l�h�j�u�o, �x�k�l�b�j�m�_�f�u�c 
�i�Z�j�Z�f�_�l�j �\ �o�h�^�_ �w�d�k�i�e�m�Z�l�Z�p�b�b �k�b�k�l�_�f�u �f�h�`�_�l �h�l�d�e�h�g�y�l�v�k�y �h�l �^�h�k�l�b�]�g�m�l�h�]�h �h�i�l�b�f�Z�e�v�g�h�]�h 
�a�g�Z�q�_�g�b�y. �I�h�k�e�_�^�g�_�_ �h�k�h�[�_�g�g�h �\�Z�`�g�h, �l�Z�d �d�Z�d �k�h�\�_�j�r�_�g�k�l�\�h�\�Z�g�b�_ �i�j�h�b�a�\�h�^�k�l�\�_�g�g�h�c 
�d�h�g�l�j�h�e�v�g�h-�b�a�f�_�j�b�l�_�e�v�g�h�c �Z�i�i�Z�j�Z�l�m�j�u �\�e�b�y�_�l �\ �h�k�g�h�\�g�h�f �g�Z �k�l�h�b�f�h�k�l�v �b�a�^�_�e�b�y. �:  
�a�Z�d�e�Z�^�u�\�Z�_�f�u�_ �d�h�g�k�l�j�m�d�l�b�\�g�u�_ �j�_�r�_�g�b�y �i�h �x�k�l�b�j�h�\�h�q�g�u�f �i�h�^�\�b�`�d�Z�f �b �m�a�e�Z�f �h�i�j�Z�\, 
�^�h�i�m�k�d�Z�x�s�b�o �x�k�l�b�j�h�\�d�m �k �i�h�k�e�_�^�m�x�s�b�f �a�Z�d�j�_�i�e�_�g�b�_�f, �i�j�y�f�h �\�e�b�y�x�l �g�Z �f�Z�k�k�h�]�Z�[�Z�j�b�l�g�u�_ 
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �k�b�k�l�_�f�u. �;�h�e�_�_ �l�h�]�h, �\ �j�y�^�_ �k�e�m�q�Z�_�\ �w�l�b �j�_�r�_�g�b�y �g�Z�d�e�Z�^�u�\�Z�x�l 
�^�h�i�h�e�g�b�l�_�e�v�g�u�_ �]�j�Z�g�b�q�g�u�_ �m�k�e�h�\�b�y �g�Z �h�i�l�b�f�b�a�Z�p�b�x �g�h�f�b�g�Z�e�v�g�h�]�h �d�h�g�k�l�j�m�d�l�b�\�Z �b�a�^�_�e�b�y. 

�< �j�Z�[�h�l�_ �i�j�_�^�e�Z�]�Z�_�l�k�y �f�h�^�b�n�b�d�Z�p�b�y �\�l�h�j�h�]�h �f�_�l�h�^�Z, �k�\�h�[�h�^�g�Z�y �h�l �h�a�g�Z�q�_�g�g�u�o �\�u�r�_ 
�g�_�^�h�k�l�Z�l�d�h�\. �I�h�^�o�h�^ �b�k�i�h�e�v�a�m�_�l �\�k�l�j�h�_�g�g�u�_ �k�j�_�^�k�l�\�Z �i�j�h�]�j�Z�f�f�b�j�h�\�Z�g�b�y �K�:�I�J ZEMAX �^�e�y 
�k�h�a�^�Z�g�b�y �k�d�j�b�i�l�h�\ (�i�j�h�]�j�Z�f�f) �b �i�h�a�\�h�e�y�_�l �m�q�b�l�u�\�Z�l�v �\�h�a�f�m�s�_�g�b�y �x�k�l�b�j�m�_�f�h�]�h �i�Z�j�Z�f�_�l�j�Z, 
�\�h�a�g�b�d�Z�x�s�b�_ �i�h�k�e�_ �_�]�h �h�i�l�b�f�b�a�Z�p�b�b. �W�l�h �^�_�e�Z�_�l �\�h�a�f�h�`�g�u�f �f�h�^�_�e�b�j�h�\�Z�l�v �\�e�b�y�g�b�_ �l�Z�d�b�o 
�y�\�e�_�g�b�c, �d�Z�d �k�f�_�s�_�g�b�_ �x�k�l�b�j�h�\�h�q�g�u�o �i�h�^�\�b�`�_�d, �m�i�j�m�]�h�k�l�v �n�b�d�k�b�j�m�x�s�b�o �h�i�l�b�q�_�k�d�b�_ 
�w�e�_�f�_�g�l�u �f�Z�l�_�j�b�Z�e�h�\ �b �l.�i. �K�d�j�b�i�l�h�\�u�_ �g�Z�^�k�l�j�h�c�d�b �i�h�a�\�h�e�y�x�l �i�h�e�m�q�Z�l�v �k�l�Z�l�b�k�l�b�d�m 
�d�Z�q�_�k�l�\�Z �k �m�q�z�l�h�f �\�u�r�_�m�i�h�f�y�g�m�l�u�o �n�Z�d�l�h�j�h�\ �b �i�j�h�]�g�h�a�b�j�h�\�Z�l�v �\�u�o�h�^ �]�h�^�g�u�o �b�a�^�_�e�b�c �b/�b�e�b 
�`�b�\�m�q�_�k�l�v �k�b�k�l�_�f�u �k �l�h�q�g�h�k�l�v�x �b �i�h�e�g�h�l�h�c, �g�_�^�h�k�l�m�i�g�h�c �\�k�l�j�h�_�g�g�u�f �j�_�r�_�g�b�y�f �k�j�_�^�u 
ZEMAX. 

�H�i�b�k�Z�g�g�u�c �i�h�^�o�h�^ �i�j�h�b�e�e�x�k�l�j�b�j�h�\�Z�g �l�j�_�f�y �i�j�b�f�_�j�Z�f�b – �j�Z�a�e�b�q�g�u�f�b �d�e�Z�k�k�Z�f�b 
�h�[�t�_�d�l�b�\�h�\: �e�b�g�a�h�\�h�f �k �i�h�i�_�j�_�q�g�h�c �x�k�l�b�j�h�\�d�h�c �e�b�g�a �k �i�h�k�e�_�^�m�x�s�_�c �n�b�d�k�Z�p�b�_�c 
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�]�_�j�f�_�l�b�d�h�f; �a�_�j�d�Z�e�v�g�h�f �k �g�Z�d�e�h�g�y�_�f�u�f�b �a�_�j�d�Z�e�Z�f�b; �a�_�j�d�Z�e�v�g�h-�e�b�g�a�h�\�h�f, �k �i�j�b�f�_�g�_�g�b�_�f 
�d�Z�d �g�Z�d�e�h�g�h�\ �a�_�j�d�Z�e, �l�Z�d �b �i�h�i�_�j�_�q�g�u�f �k�f�_�s�_�g�b�_�f �e�b�g�a. 

�D�e�x�q�_�\�u�_ �i�j�_�b�f�m�s�_�k�l�\�Z �i�j�_�^�e�Z�]�Z�_�f�h�]�h �i�h�^�o�h�^�Z – �\�u�k�h�d�Z�y �Z�\�l�h�f�Z�l�b�a�Z�p�b�y �i�j�h�p�_�k�k�Z �b 
�i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�v �j�Z�k�q�z�l�h�\, �k�j�Z�\�g�b�l�_�e�v�g�h �i�j�h�k�l�Z�y �Z�^�Z�i�l�b�j�m�_�f�h�k�l�v �d �j�Z�a�e�b�q�g�u�f �d�e�Z�k�k�Z�f 
�h�i�l�b�q�_�k�d�b�o �k�b�k�l�_�f. �B�a�m�q�_�g�b�_ �k�i�_�p�b�n�b�q�_�k�d�h�]�h �k�b�g�l�Z�d�k�b�k�Z �k�d�j�b�i�l�h�\ �[�e�h�d�Z �j�Z�k�q�z�l�Z �^�h�i�m�k�d�h�\ 
�K�:�I�J ZEMAX �i�j�Z�d�l�b�q�_�k�d�b �g�_ �i�j�_�^�k�l�Z�\�e�y�_�l �a�Z�l�j�m�^�g�_�g�b�c �^�e�y �e�x�[�h�]�h �i�h�e�v�a�h�\�Z�l�_�e�y �k�b�k�l�_�f�u, 
�b�k�i�h�e�v�a�m�x�s�_�]�h �\ �k�\�h�_�c �i�h�\�k�_�^�g�_�\�g�h�c �j�Z�[�h�l�_ �y�a�u�d ZPL. 

�I�j�_�^�i�h�e�Z�]�Z�_�l�k�y, �q�l�h �^�h�\�_�^�_�g�b�_ �i�j�_�^�e�h�`�_�g�g�h�]�h �i�h�^�o�h�^�Z �^�h �b�g�`�_�g�_�j�g�h�c �k�l�_�i�_�g�b 
�i�j�b�f�_�g�b�f�h�k�l�b �b �\�g�_�^�j�_�g�b�_ �_�]�h �\ �i�j�Z�d�l�b�d�m �j�Z�k�q�_�l�Z �h�i�l�b�q�_�k�d�b�o �k�b�k�l�_�f �i�h�a�\�h�e�b�l �a�g�Z�q�b�l�_�e�v�g�h 
�m�i�j�h�k�l�b�l�v �b �m�k�d�h�j�b�l�v �j�Z�a�j�Z�[�h�l�d�m �r�b�j�h�d�h�]�h �d�e�Z�k�k�Z �\�u�k�h�d�h�d�Z�q�_�k�l�\�_�g�g�u�o �h�i�l�b�q�_�k�d�b�o 
�i�j�b�[�h�j�h�\ �k �x�k�l�b�j�m�_�f�u�f�b �w�e�_�f�_�g�l�Z�f�b. �;�e�Z�]�h�^�Z�j�y �\�h�a�f�h�`�g�h�k�l�b �k�l�Z�l�b�k�l�b�q�_�k�d�h�c �h�p�_�g�d�b 
�\�e�b�y�g�b�y �j�Z�a�t�x�k�l�b�j�h�\�d�b, �\�h�a�g�b�d�Z�x�s�_�c �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h �\ �i�j�h�p�_�k�k�_ �j�Z�[�h�l�u �b�a�^�_�e�b�y, �k�l�Z�g�_�l 
�\�h�a�f�h�`�g�u�f �_�s�z �g�Z �w�l�Z�i�_ �d�h�g�k�l�j�m�b�j�h�\�Z�g�b�y, �^�h �b�a�]�h�l�h�\�e�_�g�b�y �h�i�u�l�g�u�o �h�[�j�Z�a�p�h�\ �b �k 
�f�b�g�b�f�Z�e�v�g�u�f �i�j�b�\�e�_�q�_�g�b�_�f �w�d�k�i�_�j�l�g�u�o �h�p�_�g�h�d �g�_ �l�h�e�v�d�h �i�j�h�]�g�h�a�b�j�h�\�Z�l�v �h�`�b�^�Z�_�f�h�_ 
�d�Z�q�_�k�l�\�h �b�a�h�[�j�Z�`�_�g�b�y, �j�_�Z�e�b�a�m�_�f�h�_ �\ �i�j�h�p�_�k�k�_ �w�d�k�i�e�m�Z�l�Z�p�b�b �k�b�k�l�_�f�u, �g�h �b �h�i�l�b�f�b�a�b�j�h�\�Z�l�v 
�_�z �f�Z�k�k�h�]�Z�[�Z�j�b�l�g�u�_ �b �w�d�h�g�h�f�b�q�_�k�d�b�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b. 
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�K�J�?�>�K�L�<�: �F�?�L�J�H�E�H�=�B�Q�?�K�D�H�=�H �H�;�?�K�I�?�Q�?�G�B�Y 

�I�J�H�K�L�J�:�G�K�L�<�?�G�G�H�=�H �K�I�?�D�L�J�:�E�V�G�H�=�H �:�G�:�E�B�A�: 
�E�H�D�:�E�V�G�U�O �K�<�?�L�H�<�U�O �I�H�E�?�C 

�<.�<. �J�h�`�_�g�p�h�\ 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�l.�g., �i�j�h�n�_�k�k�h�j �J.�D. �F�Z�f�_�^�h�\ 

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

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

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

�G�Z�e�b�q�b�_ �b�g�n�h�j�f�Z�p�b�b �h �k�i�_�d�l�j�Z�e�v�g�h�f �k�h�k�l�Z�\�_ �e�h�d�Z�e�v�g�u�o �k�\�_�l�h�\�u�o �i�h�e�_�c, �^�Z�_�l, 
�\�h�a�f�h�`�g�h�k�l�v �j�Z�k�q�z�l�Z �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h �j�Z�k�i�j�_�^�_�e�_�g�b�y �l�Z�d�b�o �h�i�l�b�q�_�k�d�b�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d �d�Z�d 
�k�i�_�d�l�j�Z�e�v�g�Z�y �i�e�h�l�g�h�k�l�v �w�g�_�j�]�_�l�b�q�_�k�d�h�c �y�j�d�h�k�l�b (�^�Z�e�_�_ �K�I�?�Y), �k�i�_�d�l�j�Z�e�v�g�Z�y �i�e�h�l�g�h�k�l�v 
�w�g�_�j�]�_�l�b�q�_�k�d�h�c �h�k�\�_�s�_�g�g�h�k�l�b (�^�Z�e�_�_ �K�I�?�H), �d�h�h�j�^�b�g�Z�l�u �p�\�_�l�g�h�k�l�b �\ �k�b�k�l�_�f�_ �e�x�[�h�]�h 
�p�\�_�l�h�\�h�]�h �i�j�h�k�l�j�Z�g�k�l�\�Z, �b �l.� .̂ �L�Z�d �`�_ �\�h�a�f�h�`�g�h�k�l�v �i�_�j�_�o�h�^�Z �d �j�_�^�m�p�b�j�h�\�Z�g�g�u�f 
�n�h�l�h�f�_�l�j�b�q�_�k�d�b�f �\�_�e�b�q�b�g�Z�f, �l.�_. �\�h�a�f�h�`�g�h�k�l�v �j�Z�k�q�z�l�Z �h�i�l�b�q�_�k�d�b�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d �i�j�b�[�h�j�h�\ 
�b �k�b�k�l�_�f, �b�k�i�h�e�v�a�m�y �k�i�_�d�l�j�Z�e�v�g�u�_ �d�j�b�\�u�_ �q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�b �f�h�^�_�e�v�g�u�o �n�h�l�h�i�j�b�z�f�g�b�d�h�\. 
�L�Z�d�h�c �i�h�^�o�h�^ �h�l�d�j�u�\�Z�_�l �i�_�j�k�i�_�d�l�b�\�m �h�p�_�g�d�b �l�h�q�g�h�k�l�b �i�_�j�_�^�Z�q�b �b�a�h�[�j�Z�`�_�g�b�y �b 
�k�h�\�f�_�k�l�b�f�h�k�l�b �i�h�^�h�[�g�u�o �k�b�k�l�_�f �b �i�j�b�[�h�j�h�\. �W�l�h �h�k�h�[�_�g�g�h �\�Z�`�g�h, �_�k�e�b �b�g�l�_�j�_�k�m�x�s�b�_ 
�i�j�b�[�h�j�u �b �k�b�k�l�_�f�u �g�Z�[�e�x�^�Z�x�l�k�y �g�_ �]�e�Z�a�h�f, �Z�^�Z�i�l�b�j�h�\�Z�g�g�u�f �d �^�g�_�\�g�h�f�m �a�j�_�g�b�x, �Z �i�j�b 
�l�_�f�g�h�\�h�c, �p�\�_�l�h�\�h�c �Z�^�Z�i�l�Z�p�b�b �q�_�e�h�\�_�q�_�k�d�h�]�h �]�e�Z�a�Z �b�e�b �q�_�j�_�a �k�i�_�p�b�Z�e�v�g�u�_ �k�b�k�l�_�f�u 
�g�Z�[�e�x�^�_�g�b�y, �g�Z�i�j�b�f�_�j, �k�b�k�l�_�f�u �g�h�q�g�h�]�h �\�b�^�_�g�b�y. 

�H�k�h�[�m�x �Z�d�l�m�Z�e�v�g�h�k�l�v �\�h�i�j�h�k �k�h�\�f�_�k�l�b�f�h�k�l�b �h�i�l�b�q�_�k�d�b�o �b �h�i�l�h�w�e�_�d�l�j�h�g�g�u�o �i�j�b�[�h�j�h�\ 
�b �k�b�k�l�_�f �k �k�b�k�l�_�f�Z�f�b �g�h�q�g�h�]�h �\�b�^�_�g�b�y �b�f�_�_�l �\ �Z�\�b�Z�p�b�b. �H�q�_�\�b�^�g�h, �q�l�h �\ �m�k�e�h�\�b�y�o 
�k�h�\�j�_�f�_�g�g�h�c �l�Z�d�l�b�d�b �i�b�e�h�l�b�j�h�\�Z�g�b�y �i�j�b�f�_�g�_�g�b�_ �e�_�l�Z�l�_�e�v�g�u�o �Z�i�i�Z�j�Z�l�h�\  �g�_ �^�h�e�`�g�h 
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�a�Z�\�b�k�_�l�v �h�l �\�j�_�f�_�g�b �k�m�l�h�d �b �m�k�e�h�\�b�c �\�b�^�b�f�h�k�l�b. �W�l�h �h�a�g�Z�q�Z�_�l �g�_�h�[�o�h�^�b�f�h�k�l�v �i�j�b�f�_�g�_�g�b�y 
�l�_�o�g�b�q�_�k�d�b�o �k�j�_�^�k�l�\, �i�h�a�\�h�e�y�x�s�b�o �\�_�k�l�b �g�Z�[�e�x�^�_�g�b�_ �\ �m�k�e�h�\�b�y�o �i�h�g�b�`�_�g�g�h�c �h�k�\�_�s�z�g�g�h�k�l�b 
�b �h�]�j�Z�g�b�q�_�g�g�h�c �\�b�^�b�f�h�k�l�b. �>�e�y �l�Z�d�b�o �p�_�e�_�c �w�d�b�i�Z�`�b �\�h�a�^�m�r�g�u�o �k�m�^�h�\ �h�k�g�Z�s�Z�x�l 
�g�Z�r�e�_�f�g�u�f�b �i�j�b�[�h�j�Z�f�b �g�h�q�g�h�]�h �\�b�^�_�g�b�y. �H�[�e�Z�k�l�v �q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�b �l�Z�d�b�o �i�j�b�[�h�j�h�\  
�g�Z�o�h�^�b�l�k�y �\ �[�e�b�`�g�_�f �b�g�n�j�Z�d�j�Z�k�g�h�f �k�i�_�d�l�j�Z�e�v�g�h�f �^�b�Z�i�Z�a�h�g�_, �Z �l�Z�d �`�_ �a�Z�o�\�Z�l�u�\�Z�_�l �q�Z�k�l�v 
�\�b�^�b�f�h�]�h �k�i�_�d�l�j�Z�e�v�g�h�]�h �^�b�Z�i�Z�a�h�g�Z. �Q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v �i�j�b�[�h�j�h�\ �g�h�q�g�h�]�h �\�b�^�_�g�b�y �k�l�h�e�v 
�\�u�k�h�d�Z, �q�l�h �b�a�e�m�q�_�g�b�_ �h�l �h�i�l�b�q�_�k�d�b�o �b �h�i�l�h�w�e�_�d�l�j�h�g�g�u�o �i�j�b�[�h�j�h�\ �b �k�b�k�l�_�f, �n�h�j�f�b�j�m�x�s�b�o 
�b �h�l�h�[�j�Z�`�Z�x�s�b�o �\�b�a�m�Z�e�v�g�m�x �b�g�n�h�j�f�Z�p�b�x, �f�h�`�_�l �g�Z�j�m�r�b�l�v �b�o �j�Z�[�h�l�h�k�i�h�k�h�[�g�h�k�l�v. �W�l�h, �\ 
�k�\�h�x �h�q�_�j�_�^�v, �k�l�Z�\�b�l �a�Z�^�Z�q�m �Z�^�Z�i�l�Z�p�b�b �h�i�l�b�q�_�k�d�b�o �b �h�i�l�h�w�e�_�d�l�j�h�g�g�u�o �i�j�b�[�h�j�h�\ �b �k�b�k�l�_�f �d 
�i�j�b�[�h�j�Z�f �g�h�q�g�h�]�h �\�b�^�_�g�b�y.  

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

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

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

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

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

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

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

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

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

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

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

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

�]�h�k�m�^�Z�j�k�l�\�_�g�g�h�c �f�_�l�j�h�e�h�]�b�q�_�k�d�h�c �k�e�m�`�[�u �J�N. 
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�>�Z�g�g�u�c �d�h�f�i�e�_�d�k �j�Z�[�h�l �i�h�f�h�`�_�l �j�_�r�b�l�v �k�m�s�_�k�l�\�m�x�s�b�_ �i�j�h�[�e�_�f�u �g�_ �l�h�e�v�d�h �\ 
�p�_�e�_�\�u�o �a�Z�^�Z�q�Z�o �w�d�k�i�e�m�Z�l�Z�p�b�b �e�_�l�Z�l�_�e�v�g�u�o �Z�i�i�Z�j�Z�l�h�\ �\ �m�k�e�h�\�b�y�o �i�e�h�o�h�c �\�b�^�b�f�h�k�l�b, �g�h �b  
�k�i�h�k�h�[�k�l�\�h�\�Z�l�v �j�_�r�_�g�b�x �Z�g�Z�e�h�]�b�q�g�u�o �a�Z�^�Z�q �\ �j�Z�a�e�b�q�g�u�o �h�[�e�Z�k�l�y�o �g�Z�m�d�b �b �l�_�o�g�b�d�b, �Z �l�Z�d �`�_ 
�i�h�f�h�]�m�l �j�Z�a�\�b�l�b�x �l�_�h�j�b�b �k�\�_�l�h�\�u�o �i�h�e�_�c. 
 
 
�M�>�D 535-15 

 
�<�E�B�Y�G�B�? �W�J�;�B�Y �B �E�:�G�L�:�G�: �G�: �K�<�H�C�K�L�<�: �H�;�T�?�F�G�U�O 

�N�:�A�H�<�U�O �=�H�E�H�=�J�:�F�F, �I�H�E�M�Q�?�G�G�U�O �G�: �H�K�G�H�<�? �N�H�L�H-
�L�?�J�F�H-�J�?�N�J�:�D�L�B�<�G�H�=�H �K�L�?�D�E�: 

�H.�<. �J�m�^�b�d�h�\�Z, �: .�K. �A�e�Z�l�h�\ 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�n.-.�f .�g., �i�j�h�n�_�k�k�h�j �G.�<. �G�b�d�h�g�h�j�h�\ 

 
�I�j�h�\�_�^�_�g�u �b�k�k�e�_�^�h�\�Z�g�b�y �k�\�h�c�k�l�\ �h�[�t�_�f�g�u�o �n�Z�a�h�\�u�o �]�h�e�h�]�j�Z�f�f �g�Z �k�b�e�b�d�Z�l�g�h�f �n�h�l�h-

�l�_�j�f�h-�j�_�n�j�Z�d�l�b�\�g�h�f (�N�L�J) �k�l�_�d�e�_, �e�_�]�b�j�h�\�Z�g�g�h�f �b�h�g�Z�f�b �e�Z�g�l�Z�g�Z �b �w�j�[�b�y. �I�j�h�\�_�^�_�g�h 
�k�j�Z�\�g�_�g�b�_ �b�k�o�h�^�g�h�]�h �N�L�J-�k�l�_�d�e�Z �k �e�Z�g�l�Z�g�h�\�u�f �b �w�j�[�b�_�\�u�f �N�L�J-�k�l�_�d�e�Z�f�b. 

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

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

�D �g�Z�k�l�h�y�s�_�f�m �\�j�_�f�_�g�b �h�[�t�_�f�g�u�_ �n�Z�a�h�\�u�_ �]�h�e�h�]�j�Z�f�f�u �g�Z �h�k�g�h�\�_ �n�h�l�h-�l�_�j�f�h-
�j�_�n�j�Z�d�l�b�\�g�u�o �k�l�_�d�h�e �g�Z�o�h�^�y�l �\�k�_ �[�h�e�_�_ �r�b�j�h�d�h�_ �i�j�b�f�_�g�_�g�b�_ �\ �e�Z�a�_�j�g�h�c �l�_�o�g�b�d�_ [1]. �G�Z �b�o 
�h�k�g�h�\�_ �\�h�a�f�h�`�g�h �k�h�a�^�Z�g�b�_ �[�j�w�]�]�h�\�k�d�b�o �k�\�_�j�o�m�a�d�h�i�h�e�h�k�g�u�o �k�i�_�d�l�j�Z�e�v�g�u�o �k�_�e�_�d�l�h�j�h�\, 
�n�b�e�v�l�j�h�\ �b �\�g�m�l�j�b�j�_�a�h�g�Z�l�h�j�g�u�o �a�_�j�d�Z�e �^�e�y �f�h�s�g�u�o �l�\�_�j�^�h�l�_�e�v�g�u�o �b �i�h�e�m�i�j�h�\�h�^�g�b�d�h�\�u�o 
�e�Z�a�_�j�h�\. �=�h�e�h�]�j�Z�f�f�u �g�Z �N�L�J �k�l�_�d�e�Z�o �h�[�e�Z�^�Z�x�l �\�u�k�h�d�h�c �^�b�n�j�Z�d�p�b�h�g�g�h�c �w�n�n�_�d�l�b�\�g�h�k�l�v�x �b 
�k�i�_�d�l�j�Z�e�v�g�h-�m�]�e�h�\�h�c �k�_�e�_�d�l�b�\�g�h�k�l�v�x, �m �g�b�o �h�l�k�m�l�k�l�\�m�_�l �k�l�b�j�Z�g�b�_ �b�a�h�[�j�Z�`�_�g�b�y �\ �i�j�h�p�_�k�k�_ 
�k�q�b�l�u�\�Z�g�b�y, �b �g�_�l �h�]�j�Z�g�b�q�_�g�b�c �g�Z �\�j�_�f�y �b�o �`�b�a�g�b. �N�L�J-�k�l�_�d�e�Z �h�[�e�Z�^�Z�x�l 
�\�u�k�h�d�h�c�o�b�f�b�q�_�k�d�h�c �m�k�l�h�c�q�b�\�h�k�l�v�x �b �f�_�o�Z�g�b�q�_�k�d�h�c �i�j�h�q�g�h�k�l�v�x, �h�g�b �\�u�^�_�j�`�b�\�Z�x�l 
�\�h�a�^�_�c�k�l�\�b�_ �f�h�s�g�h�]�h �g�_�i�j�_�j�u�\�g�h�]�h �b �b�f�i�m�e�v�k�g�h�]�h �e�Z�a�_�j�g�h�]�h �b�a�e�m�q�_�g�b�y [2].  

�< �g�Z�k�l�h�y�s�_�c �j�Z�[�h�l�_ �i�j�h�\�_�^�_�g�u �b�k�k�e�_�^�h�\�Z�g�b�y �k�\�h�c�k�l�\ �h�[�t�_�f�g�u�o �n�Z�a�h�\�u�o �]�h�e�h�]�j�Z�f�f �g�Z 
�k�b�e�b�d�Z�l�g�h�f �N�L�J-�k�l�_�d�e�_, �e�_�]�b�j�h�\�Z�g�g�h�f �b�h�g�Z�f�b �e�Z�g�l�Z�g�Z �b �w�j�[�b�y. �J�Z�k�k�f�h�l�j�_�g�Z �\�h�a�f�h�`�g�h�k�l�v 
�i�h�e�m�q�_�g�b�y �h�[�t�_�f�g�u�o �n�Z�a�h�\�u�o �]�h�e�h�]�j�Z�f�f �g�Z �k�b�e�b�d�Z�l�g�h�f �n�h�l�h-�l�_�j�f�h-�j�_�n�j�Z�d�l�b�\�g�h�f �k�l�_�d�e�_, 
�Z�d�l�b�\�b�j�h�\�Z�g�g�h�f �j�_�^�d�h�a�_�f�_�e�v�g�u�f�b �b�h�g�Z�f�b.  �B�k�k�e�_�^�h�\�Z�g�h �\�e�b�y�g�b�_ �^�e�b�l�_�e�v�g�h�k�l�b �h�[�e�m�q�_�g�b�y �b 
�l�_�j�f�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b �g�Z �]�h�e�h�]�j�Z�n�b�q�_�k�d�b�_ �b �k�i�_�d�l�j�Z�e�v�g�u�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �j�_�^�d�h�a�_�f�_�e�v�g�h�]�h 
�n�h�l�h-�l�_�j�f�h-�j�_�n�j�Z�d�l�b�\�g�h�]�h �k�l�_�d�e�Z. �W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h �m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �^�b�n�j�Z�d�p�b�h�g�g�Z�y 
�w�n�n�_�d�l�b�\�g�h�k�l�v �]�h�e�h�]�j�Z�f�f �\ �w�j�[�b�_�\�u�o �b �e�Z�g�l�Z�g�h�\�u�o �n�h�l�h-�l�_�j�f�h-�j�_�n�j�Z�d�l�b�\�g�u�o �k�l�_�d�e�Z�o 
�^�h�k�l�b�]�Z�_�l  �[�h�e�_�_ 95%. �W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h �i�h�d�Z�a�Z�g�h, �q�l�h �i�h �k�j�Z�\�g�_�g�b�x �k �g�_ �Z�d�l�b�\�b�j�h�\�Z�g�g�h�f 
�n�h�l�h-�l�_�j�f�h-�j�_�n�j�Z�d�l�b�\�g�h�f �k�l�_�d�e�h�f, �\�\�_�^�_�g�b�_ �e�Z�g�l�Z�g�Z �\ �[�h�e�v�r�b�o �d�h�g�p�_�g�l�j�Z�p�b�y�o �\ �^�\�Z �j�Z�a�Z 
�m�f�_�g�v�r�Z�_�l �f�Z�d�k�b�f�Z�e�v�g�h�_ �a�g�Z�q�_�g�b�_ �Z�f�i�e�b�l�m�^�u �f�h�^�m�e�y�p�b�b �i�_�j�\�h�c �]�Z�j�f�h�g�b�d�b �i�h�d�Z�a�Z�l�_�e�y 
�i�j�_�e�h�f�e�_�g�b�y �b �^�h�k�l�b�]�Z�_�l �a�g�Z�q�_�g�b�c �' n=2,5×10-4. �B �g�Z�h�[�h�j�h�l, �\�\�_�^�_�g�b�_ �w�j�[�b�y �\ �l�b�i�b�q�g�u�o �_�]�h 
�d�h�g�p�_�g�l�j�Z�p�b�y�o �\ �\�h�e�h�d�g�_ �m�\�_�e�b�q�b�\�Z�_�l �f�Z�d�k�b�f�Z�e�v�g�h�_ �a�g�Z�q�_�g�b�_ �Z�f�i�e�b�l�m�^�u �f�h�^�m�e�y�p�b�b �i�_�j�\�h�c 
�]�Z�j�f�h�g�b�d�b �i�h�d�Z�a�Z�l�_�e�y �i�j�_�e�h�f�e�_�g�b�y �^�h �\�_�e�b�q�b�g�u �' n=1,05×10-3. 
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�>�?�D�H�F�I�E�:�G�:�J�G�H�K�L�V �I�H�<�?�J�O�G�H�K�L�?�C �H�I�L�B�Q�?�K�D�H�C �K�B�K�L�?�F�U 
�?.�K.�J�u�l�h�\�Z 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�l.�g., �i�j�h�n�_�k�k�h�j �<.�: . �A�\�_�j�_�\ 
 
�D�j�Z�l�d�h�_ �\�k�l�m�i�e�_�g�b�_, �i�h�k�l�Z�g�h�\�d�Z �i�j�h�[�e�_�f�u. �I�j�b �j�Z�a�j�Z�[�h�l�d�_ �d�h�g�k�l�j�m�d�p�b�b �i�j�b�a�f�u �\ 

�d�Z�q�_�k�l�\�_ �d�h�g�k�l�j�m�d�l�h�j�k�d�h�c �[�Z�a�u �i�j�b�g�b�f�Z�_�l�k�y �i�e�h�k�d�h�k�l�v �]�e�Z�\�g�h�]�h �k�_�q�_�g�b�y, �l.�_.  �i�e�h�k�d�h�k�l�v 
�i�_�j�i�_�g�^�b�d�m�e�y�j�g�Z�y �e�b�g�b�b �i�_�j�_�k�_�q�_�g�b�y �j�Z�[�h�q�b�o �i�h�\�_�j�o�g�h�k�l�_�c (�]�j�Z�g�_�c) �i�j�b�a�f�u. �H�^�g�b�f �b�a 
�g�Z�b�[�h�e�_�_ �j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�u�o �f�_�l�h�^�h�\ �j�Z�k�q�_�l�Z �h�l�j�Z�`�Z�l�_�e�v�g�u�o �i�j�b�f �y�\�e�y�_�l�k�y �j�Z�a�\�_�j�l�d�Z 
�h�l�j�Z�`�_�g�b�c �\ �i�e�h�k�d�h�k�l�b �]�e�Z�\�g�h�]�h �k�_�q�_�g�b�y, �k �i�h�f�h�s�v�x, �d�h�l�h�j�h�c �^�h�k�l�b�]�Z�_�l�k�y �k�i�j�y�f�e�_�g�b�_ �o�h�^�Z 
�e�m�q�_�c �\ �k�b�k�l�_�f�Z�o �i�e�h�k�d�b�o �a�_�j�d�Z�e �b �i�j�b�\�_�^�_�g�b�_ �h�l�j�Z�`�Z�l�_�e�v�g�u�o �i�j�b�a�f �d �w�d�\�b�\�Z�e�_�g�l�g�u�f 
�i�e�h�k�d�h�i�Z�j�Z�e�e�_�e�v�g�u�f �i�e�Z�k�l�b�g�d�Z�f. �I�j�b �b�a�]�h�l�h�\�e�_�g�b�b �i�j�b�a�f �\�k�_�]�^�Z �\�h�a�f�h�`�_�g �k�e�m�q�Z�c, �d�h�]�^�Z 
�h�^�g�Z �b�a �]�j�Z�g�_�c �i�j�b�a�f�u �h�d�Z�a�u�\�Z�_�l�k�y �g�_�i�Z�j�Z�e�e�_�e�v�g�h�c �d �e�b�g�b�b �i�_�j�_�k�_�q�_�g�b�y �f�_�`�^�m �^�j�m�]�b�f�b 
�]�j�Z�g�y�f�b, �g�Z�i�j�b�f�_�j, �\ �i�j�y�f�h�m�]�h�e�v�g�h�c �i�j�b�a�f�_, �i�j�b�a�f�Z �i�j�_�\�j�Z�s�Z�_�l�k�y �\ �m�k�_�q�_�g�g�m�x �i�b�j�Z�f�b�^�m. 
�M�]�h�e �f�_�`�^�m �j�_�[�j�h�f �i�_�j�_�k�_�q�_�g�b�y �^�\�m�o �]�j�Z�g�_�c �b �i�e�h�k�d�h�k�l�v�x �l�j�_�l�v�_�c �]�j�Z�g�b �g�Z�a�u�\�Z�_�l�k�y 
�h�r�b�[�d�h�c �i�b�j�Z�f�b�^�Z�e�v�g�h�k�l�b. �I�j�b �i�h�y�\�e�_�g�b�b �i�b�j�Z�f�b�^�Z�e�v�g�h�k�l�b �m�k�e�h�\�b�_ �j�Z�a�\�_�j�l�u�\�Z�g�b�y �\ 
�i�e�h�k�d�h�i�Z�j�Z�e�e�_�e�v�g�m�x �i�e�Z�k�l�b�g�d�m �g�_�k�d�h�e�v�d�h �g�Z�j�m�r�Z�_�l�k�y, �b �i�j�b�a�f�Z �n�Z�d�l�b�q�_�k�d�b �^�_�c�k�l�\�m�_�l �d�Z�d 
�d�e�b�g �k �h�q�_�g�v �f�Z�e�u�f �i�j�_�e�h�f�e�y�x�s�b�f �m�]�e�h�f. �<�_�e�b�q�b�g�m �m�]�e�Z �i�b�j�Z�f�b�^�Z�e�v�g�h�k�l�b �_�k�l�_�k�l�\�_�g�g�h 
�k�q�b�l�Z�l�v �\�_�e�b�q�b�g�h�c �f�Z�e�h�c. �<�u�[�h�j �m�]�e�Z �^�e�y �h�i�j�_�^�_�e�_�g�b�y �l�j�_�[�h�\�Z�g�b�y �d �i�b�j�Z�f�b�^�Z�e�v�g�h�k�l�b 
�i�j�b�a�f�u �h�i�j�_�^�_�e�y�_�l�k�y �_�_ �[�Z�a�b�j�h�\�Z�g�b�_�f �\ �d�h�g�k�l�j�m�d�p�b�b �h�i�l�b�q�_�k�d�h�]�h �m�k�l�j�h�c�k�l�\�Z. �G�h �d�j�h�f�_ 
�i�j�y�f�h�m�]�h�e�v�g�h�c �i�j�b�a�f�u �:�J-90 �b �_�_ �i�j�h�b�a�\�h�^�g�u�o �d�h�g�k�l�j�m�d�p�b�c �k�\�h�c�k�l�\�Z�f�b �i�b�j�Z�f�b�^�Z�e�v�g�h�k�l�b 
�h�[�e�Z�^�Z�x�l �l�Z�d�b�_ �i�j�b�a�f�u, �d�Z�d �i�h�e�m�i�_�g�l�Z�i�j�b�a�f�Z �;�M-45, �j�Z�\�g�h�[�_�^�j�_�g�g�Z�y �i�j�b�a�f�Z �<�J-180, 
�i�j�b�a�f�Z �R�f�b�^�l�Z �<�J-45, �b �b�o �i�j�h�b�a�\�h�^�g�u�_ �d�h�g�k�l�j�m�d�p�b�b. �I�j�b �g�Z�d�e�h�g�_ �h�^�g�h�c �b�a �]�j�Z�g�_�c �l�Z�d�b�o 
�i�j�b�a�f, �d�Z�d �j�h�f�[�b�q�_�k�d�Z�y �i�j�b�a�f�Z �;�K-0, �i�j�b�a�f�Z �E�_�f�Z�g�Z �<�E-0, �i�_�g�l�Z�i�j�b�a�f�Z �;�I -90 �b �b�o 
�i�j�h�b�a�\�h�^�g�u�_ �d�h�g�k�l�j�m�d�p�b�b, �i�b�j�Z�f�b�^�Z �g�_ �h�[�j�Z�a�m�_�l�k�y, �Z, �k�e�_�^�h�\�Z�l�_�e�v�g�h, �i�h�g�b�f�Z�g�b�_ 
�i�b�j�Z�f�b�^�Z�e�v�g�h�k�l�b �d �g�b�f �g�_ �i�j�b�f�_�g�b�f�h.  

 
�P�_�e�v �j�Z�[�h�l�u. �I�h�b�k�d �f�_�l�h�^�Z �^�e�y �_�^�b�g�h�]�h �h�i�b�k�Z�g�b�y �^�h�i�m�k�d�Z �g�Z �h�r�b�[�d�m 

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

 
�;�Z�a�h�\�u�_ �i�h�e�h�`�_�g�b�y �b�k�k�e�_�^�h�\�Z�g�b�y. �I�j�b �g�h�f�b�g�Z�e�v�g�h�c �d�h�g�k�l�j�m�d�p�b�b �i�j�b�a�f �g�h�j�f�Z�e�b �d 

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

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

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

 
�H�k�g�h�\�g�h�c �j�_�a�m�e�v�l�Z�l. �< �j�_�a�m�e�v�l�Z�l�_ �j�Z�[�h�l�u �[�u�e �i�h�e�m�q�_�g �f�_�l�h�^ �j�Z�k�q�_�l�Z �^�h�i�m�k�d�h�\ �i�j�b�a�f. 

�K�e�_�^�h�\�Z�l�_�e�v�g�h, �l�Z�d�h�c �k�i�h�k�h�[ �i�h�a�\�h�e�y�_�l �h�p�_�g�b�l�v �^�_�d�h�f�i�e�Z�g�Z�j�g�h�k�l�v �g�h�j�f�Z�e�b �d �e�x�[�h�c �]�j�Z�g�b 
�b�e�b �^�_�d�h�f�i�e�Z�g�Z�j�g�h�k�l�v �]�j�Z�g�b �d �[�Z�a�h�\�h�c �i�e�h�k�d�h�k�l�b, �l.�_. �d �i�e�h�k�d�h�k�l�b �]�e�Z�\�g�h�]�h �k�_�q�_�g�b�y �b 
�h�i�b�k�Z�l�v �^�h�i�m�k�d �g�Z �h�r�b�[�d�m �b�a�]�h�l�h�\�e�_�g�b�y �i�j�b�a�f�u. 
 
 
�M�>�D 535.317.1 

 
�K�I�H�K�H�;�U �I�J�?�H�;�J�:�A�H�<�:�G�B�Y �B�A�E�M�Q�?�G�B�Y 

�I�E�H�K�D�H�=�H �B�K�L�H�Q�G�B�D�: �< �K�<�?�L�H�<�M�X �L�J�M�;�D�M 
�J�:�A�G�U�O �J�:�A�F�?�J�H�< �B �N�H�J�F 

�B.�X . �K�Z�g�l�Z�e�b�g�Z 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�l.�g., �i�j�h�n�_�k�k�h�j �<.�: . �A�\�_�j�_�\ 

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

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

�G�Z �j�b�k. 1 �i�j�_�^�k�l�Z�\�e�_�g�Z �i�j�h�k�l�Z�y �k�h�[�b�j�Z�l�_�e�v�g�Z�y �e�b�g�a�Z, �h�[�j�Z�a�m�x�s�Z�y �\�b� ̂
�k�n�_�j�b�q�_�k�d�h�c �Z�[�_�j�j�Z�p�b�b �\ �b�a�h�[�j�Z�`�_�g�b�b �l�h�q�d�b. 

 
�J�b�k. 1. �D�Z�m�k�l�b�d�Z �h�k�_�\�h�]�h �i�m�q�d�Z �e�m�q�_�c �i�j�b �k�n�_�j�b�q�_�k�d�h�c �Z�[�_�j�j�Z�p�b�b �l�j�_�l�v�_�]�h �i�h�j�y�^�d�Z 

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

�G�Z �j�b�k. 1 �i�h�d�Z�a�Z�g�h, �q�l�h �l�h�q�d�b �i�_�j�_�k�_�q�_�g�b�y �e�m�q�_�c �k �h�k�v�x �a�Z�i�h�e�g�y�x�l 
�h�l�j�_�a�h�d �h�l �l�h�q�d�b 0A�c �^�h �l�h�q�d�b kA�c. �W�l�h�l �h�l�j�_�a�h�d �y�\�e�y�_�l�k�y �]�_�h�f�_�l�j�b�q�_�k�d�b�f �f�_�k�l�h�f 
�i�_�j�_�k�_�q�_�g�b�y �[�_�k�d�h�g�_�q�g�h �[�e�b�a�d�b�o �k�Z�]�]�b�l�Z�e�v�g�u�o �e�m�q�_�c. �I�h�w�l�h�f�m, �\�k�z �]�_�h�f�_�l�j�b�q�_�k�d�h�_ �f�_�k�l�h 
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�l�h�q�_�d �i�_�j�_�k�_�q�_�g�b�y �[�e�b�a�d�b�o �e�m�q�_�c �k�h�k�l�h�b�l �b�a �d�h�e�h�d�h�e�h�h�[�j�Z�a�g�h�c �d�Z�m�k�l�b�q�_�k�d�h�c �i�h�\�_�j�o�g�h�k�l�b �b 
�h�l�j�_�a�d�Z �h�i�l�b�q�_�k�d�h�c �h�k�b �\�g�m�l�j�b �w�l�h�c �i�h�\�_�j�o�g�h�k�l�b, �h�[�j�Z�a�m�x�s�_�]�h �d�Z�d �[�u �y�a�u�q�h�d �d�h�e�h�d�h�e�v�q�b�d�Z. 
�A�Z�f�_�l�b�f, �q�l�h �\ �l�Z�d�b�o �l�h�q�d�Z�o �i�j�h�b�k�o�h�^�b�l �k�]�m�s�_�g�b�_ �k�\�_�l�h�\�h�c �w�g�_�j�]�b�b �\�g�m�l�j�b �d�j�m�`�d�h�\ 
�j�Z�k�k�_�y�g�b�y. 

�?�k�e�b �m�e�Z�\�e�b�\�Z�x�s�b�c �b�a�h�[�j�Z�`�_�g�b�_ �w�d�j�Z�g �k�h�\�f�_�s�_�g �k �l�h�q�d�h�c 0A�c, �l�h 
�j�Z�^�b�m�k �U�c �d�j�m�`�d�Z �j�Z�k�k�_�y�g�b�y �i�h�e�m�q�Z�_�l�k�y �^�h�\�h�e�v�g�h �[�h�e�v�r�b�f. �G�h �w�g�_�j�]�b�y �j�Z�k�i�j�_�^�_�e�y�_�l�k�y �\ 
�w�l�h�f �d�j�m�`�d�_ �h�q�_�g�v �g�_�j�Z�\�g�h�f�_�j�g�h. �M �l�h�q�d�b 0A�c, �]�^�_ �d �w�d�j�Z�g�m �i�h�^�o�h�^�b�l �h�k�l�j�b�_ �d�Z�m�k�l�b�d�b, 
�k�h�a�^�Z�_�l�k�y �y�j�d�h�_ �y�^�j�h �k�j�Z�\�g�b�l�_�e�v�g�h �f�Z�e�h�]�h �^�b�Z�f�_�l�j�Z, �Z �m �d�j�Z�y �d�j�m�`�d�Z �j�Z�k�k�_�y�g�b�y �k�\�_�l�h�\�Z�y 
�w�g�_�j�]�b�y �[�u�k�l�j�h �i�Z�^�Z�_�l. 

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

�I�j�b �g�Z�e�b�q�b�b �k�n�_�j�b�q�_�k�d�h�c �Z�[�_�j�j�Z�p�b�b �l�j�_�l�v�_�]�h �b �i�y�l�h�]�h �i�h�j�y�^�d�h�\ 
�d�Z�m�k�l�b�d�Z �i�j�b�g�b�f�Z�_�l �\�b�,̂ �i�j�_�^�k�l�Z�\�e�_�g�g�u�c �g�Z �j�b�k. 2�Z. �I�h�f�_�s�Z�y �w�d�j�Z�g �\ �j�Z�a�g�u�o �f�_�k�l�Z�o, �f�u 
�i�h�e�m�q�Z�_�f �j�Z�a�g�u�_ �]�_�h�f�_�l�j�b�q�_�k�d�b�_ �j�Z�a�f�_�j�u �i�y�l�g�Z �j�Z�k�k�_�y�g�b�y �e�m�q�_�c �k�\�_�l�Z, �b�k�o�h�^�y�s�b�o �b�a �h�^�g�h�c 
�l�h�q�d�b �i�j�_�^�f�_�l�Z. 

 

    
�J�b�k. 2. �Z) �D�Z�m�k�l�b�d�Z �h�k�_�\�h�]�h �i�m�q�d�Z �e�m�q�_�c �i�j�b �k�n�_�j�b�q�_�k�d�h�c �Z�[�_�j�j�Z�p�b�b �l�j�_�l�v�_�]�h �b �i�y�l�h�]�h 

�i�h�j�y�^�d�h�\; �[) �d�Z�m�k�l�b�d�Z �h�k�_�\�h�]�h �i�m�q�d�Z �e�m�q�_�c �i�j�b �k�n�_�j�b�q�_�k�d�h�c �Z�[�_�j�j�Z�p�b�b �l�j�_�l�v�_�]�h, �i�y�l�h�]�h �b 
�k�_�^�v�f�h�]�h �i�h�j�y�^�d�h�\ 

�G�Z �j�b�k. 2�[ �i�j�_�^�k�l�Z�\�e�_�g�Z �d�Z�m�k�l�b�d�Z �h�k�_�\�h�]�h �i�m�q�d�Z �e�m�q�_�c �i�j�b 
�k�n�_�j�b�q�_�k�d�h�c �Z�[�_�j�j�Z�p�b�b �l�j�_�l�v�_�]�h, �i�y�l�h�]�h �b �k�_�^�v�f�h�]�h �i�h�j�y�^�d�h�\. 

�L�Z�d�b�f �h�[�j�Z�a�h�f, �b�f�_�y �i�j�_�^�k�l�Z�\�e�_�g�b�_ �h �d�Z�m�k�l�b�d�_, �f�u �f�h�`�_�f 
�i�j�_�h�[�j�Z�a�h�\�u�\�Z�l�v �e�Z�a�_�j�g�h�_ �b�a�e�m�q�_�g�b�_ �\ �j�Z�a�e�b�q�g�m�x �n�h�j�f�m. 

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

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

000 2 tgWfD �˜�c� , (1) 

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

f
D

AA �c
� �V�c�|�V�c

2
sin 0 . (2) 

�I�j�b�j�Z�\�g�y�\ �\�u�j�Z�`�_�g�b�y (1) �b (2), �i�h�e�m�q�Z�_�f �j�Z�\�_�g�k�l�\�h �i�h�e�_�\�h�]�h �b �Z�i�_�j�l�m�j�g�h�]�h �m�]�e�h�\  
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�V�c� W . (3) 
�I�j�b �f�Z�e�h�c �\�_�e�b�q�b�g�_ �i�h�e�_�\�h�]�h �m�]�e�Z W , �Z, �k�e�_�^�h�\�Z�l�_�e�v�g�h, �b �Z�i�_�j�l�m�j�g�h�]�h �V�c, �b �i�j�b 

�^�h�k�l�Z�l�h�q�g�h �[�h�e�v�r�h�c �\�_�e�b�q�b�g�_ �^�b�Z�f�_�l�j�Z �b�a�e�m�q�Z�l�_�e�y 0D  �l�j�_�[�m�_�f�Z�y �\�_�e�b�q�b�g�Z �n�h�d�m�k�g�h�]�h 
�j�Z�k�k�l�h�y�g�b�y �h�i�l�b�q�_�k�d�h�c �k�b�k�l�_�f�u �f�h�`�_�l �h�d�Z�a�Z�l�v�k�y �\�_�k�v�f�Z �[�h�e�v�r�h�c, �l.�_. �i�j�b�f�_�g�_�g�b�_ 
�h�i�l�b�q�_�k�d�h�c �k�b�k�l�_�f�u �i�h�a�\�h�e�b�l �i�h�e�m�q�b�l�v �k�\�_�l�h�\�m�x �l�j�m�[�d�m �^�b�Z�f�_�l�j�h�f 0D  �b �\�_�k�v�f�Z �[�h�e�v�r�h�c 

�^�e�b�g�u, �j�Z�\�g�h�c WDH 20� . 
�>�e�y �i�h�e�m�q�_�g�b�y �k�\�_�l�h�\�h�c �l�j�m�[�d�b �l�j�_�[�m�_�f�h�]�h �^�b�Z�f�_�l�j�Z D�c �b 

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

�H�l�k�x�^�Z �k�e�_�^�m�_�l �b�a�\�_�k�l�g�h�_ �k�\�h�c�k�l�\�h �k�\�_�l�h�\�h�c �l�j�m�[�d�b: WDWD �c�c� 0 . 
�A�Z�^�Z�q�m �i�h�k�l�j�h�_�g�b�y �l�j�_�[�m�_�f�h�c �k�\�_�l�h�\�h�c �l�j�m�[�d�b �l�Z�d�`�_ �f�h�`�g�h �j�_�r�b�l�v, 

�_�k�e�b �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�m�x �h�i�l�b�q�_�k�d�m�x �k�b�k�l�_�f�m �p�_�e�b�d�h�f �a�Z�f�_�g�b�l�v �h�^�g�b�f �l�_�e�_�h�[�t�_�d�l�b�\�h�f [3]. 
�I�j�b �w�l�h�f, �f�_�g�y�y �a�g�Z�q�_�g�b�_ �^�b�Z�f�_�l�j�h�\, �Z, �k�e�_�^�h�\�Z�l�_�e�v�g�h, �b �m�]�e�h�\, �k�\�_�l�h�\�Z�y �l�j�m�[�d�Z �f�h�`�_�l 
�i�j�b�g�b�f�Z�l�v �n�h�j�f�m �d�h�g�m�k�Z. 

�L�Z�d�b�f �h�[�j�Z�a�h�f, �\ �^�Z�g�g�h�c �j�Z�[�h�l�_ �i�h�d�Z�a�Z�g�u �k�i�h�k�h�[�u �n�h�j�f�b�j�h�\�Z�g�b�y 
�e�Z�a�_�j�g�h�]�h �b�a�e�m�q�_�g�b�y �j�Z�a�g�u�o �j�Z�a�f�_�j�h�\ �b �n�h�j�f. 
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�K�H�A�>�:�G�B�? �I�E�:�G�:�J�G�U�O �<�H�E�G�H�<�H�>�H�< 

�G�: �N�H�L�H-�L�?�J�F�H-�J�?�N�J�:�D�L�B�<�G�H�F �K�L�?�D�E�? 
�F�?�L�H�>�H�F Ag+/Na+-�B�H�G�G�H�=�H �H�;�F�?�G�:  

�?.�F. �K�]�b�[�g�_�\, �K.�K. �D�b�k�_�e�z�\ 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �: .�B. �B�]�g�Z�l�v�_�\  

 
�K�h�a�^�Z�g�u �]�j�Z�^�b�_�g�l�g�u�_ �h�i�l�b�q�_�k�d�b�_ �\�h�e�g�h�\�h�^�u �g�Z �n�h�l�h-�l�_�j�f�h-�j�_�n�j�Z�d�l�b�\�g�h�f �k�l�_�d�e�_ 

�f�_�l�h�^�h�f Ag+/Na+-�b�h�g�g�h�]�h �h�[�f�_�g�Z �i�j�b �j�Z�a�g�h�f �k�h�h�l�g�h�r�_�g�b�b �d�h�g�p�_�g�l�j�Z�p�b�b �d�h�f�i�h�g�_�g�l�h�\ 
�j�Z�k�i�e�Z�\�Z AgNO3/NaNO3. �I�h�k�l�j�h�_�g�u �i�j�h�n�b�e�b �i�h�d�Z�a�Z�l�_�e�_�c �i�j�_�e�h�f�e�_�g�b�y �\�h�e�g�h�\�h�^�h�\ �b 
�h�i�j�_�^�_�e�_�g�Z �a�Z�\�b�k�b�f�h�k�l�v �f�h�^�m�e�y�p�b�b �i�h�d�Z�a�Z�l�_�e�y �i�j�_�e�h�f�e�_�g�b�y �g�Z �i�h�\�_�j�o�g�h�k�l�b �h�[�j�Z�a�p�Z �h�l 
�d�h�g�p�_�g�l�j�Z�p�b�b AgNO3 �\  �j�Z�k�i�e�Z�\�_ �i�j�b �b�h�g�g�h�f �h�[�f�_�g�_.  

�N�h�l�h-�l�_�j�f�h-�j�_�n�j�Z�d�l�b�\�g�u�_ (�N�L�J) �k�l�_�d�e�Z �y�\�e�y�x�l�k�y �g�Z �k�_�]�h�^�g�y�r�g�b�c �^�_�g�v 
�i�_�j�k�i�_�d�l�b�\�g�u�f �f�Z�l�_�j�b�Z�e�h�f �^�e�y �b�g�l�_�]�j�Z�e�v�g�h�c �h�i�l�b�d�b. �B�k�i�h�e�v�a�m�_�f�u�_ �d�Z�d �w�n�n�_�d�l�b�\�g�u�c 
�n�h�l�h�j�_�]�b�k�l�j�b�j�m�x�s�b�c �f�Z�l�_�j�b�Z�e �^�e�y �a�Z�i�b�k�b �h�[�t�z�f�g�u�o �n�Z�a�h�\�u�o �]�h�e�h�]�j�Z�f�f, �N�L�J �k�l�_�d�e�Z �f�h�]�m�l 
�k�h�q�_�l�Z�l�v �\ �k�_�[�_ �h�^�g�h�\�j�_�f�_�g�g�h �e�Z�a�_�j�g�u�_ �b �\�h�e�g�h�\�h�^�g�u�_ �k�\�h�c�k�l�\�Z, �q�l�h �h�l�d�j�u�\�Z�_�l �\�h�a�f�h�`�g�h�k�l�v 
�k�h�a�^�Z�g�b�y �g�Z �b�o �h�k�g�h�\�_ �i�h�e�b�n�m�g�d�p�b�h�g�Z�e�v�g�u�o �m�k�l�j�h�c�k�l�\ �^�e�y �b�g�l�_�]�j�Z�e�v�g�h�c �h�i�l�b�d�b. �>�j�m�]�h�c 
�\�Z�`�g�h�c �h�k�h�[�_�g�g�h�k�l�v�x �N�L�J �k�l�_�d�e�Z �y�\�e�y�_�l�k�y �\�h�a�f�h�`�g�h�k�l�v �i�h�e�m�q�_�g�b�y �i�h�e�h�k �i�h�]�e�h�s�_�g�b�y, 
�k�\�y�a�Z�g�g�u�o �k �i�e�Z�a�f�h�g�g�u�f �j�_�a�h�g�Z�g�k�h�f �d�h�e�e�h�b�^�g�u�o �g�Z�g�h�q�Z�k�l�b�p �k�_�j�_�[�j�Z, �h�[�j�Z�a�m�x�s�b�o�k�y �\ 
�h�[�e�m�q�_�g�g�u�o �M�N �k�\�_�l�h�f �q�Z�k�l�y�o �h�[�j�Z�a�p�Z �i�j�b �l�_�j�f�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�_. �W�l�h �h�l�d�j�u�\�Z�_�l 
�i�_�j�k�i�_�d�l�b�\�u �b�k�i�h�e�v�a�h�\�Z�g�b�y �N�L�J �k�l�_�d�e�Z �^�e�y �k�h�a�^�Z�g�b�y �[�b�h�k�_�g�k�h�j�h�\, �i�e�Z�a�f�h�g�g�u�o �\�h�e�g�h�\�h�^�h�\, 
�Z �l�Z�d�`�_ �^�j�m�]�b�o �j�Z�a�e�b�q�g�u�o �m�k�l�j�h�c�k�l�\ �b�g�l�_�]�j�Z�e�v�g�h�c �h�i�l�b�d�b, �j�Z�[�h�l�Z�x�s�b�o �g�Z �h�k�g�h�\�_ �w�n�n�_�d�l�Z 
�\�h�a�g�b�d�g�h�\�_�g�b�y �i�e�Z�a�f�h�g�h�\. 
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�B�k�k�e�_�^�h�\�Z�g�b�_ �i�e�Z�a�f�h�g�g�u�o �w�n�n�_�d�l�h�\ �\ �N�L�J �k�l�_�d�e�Z�o �m�k�e�h�`�g�y�_�l�k�y �g�_�\�h�a�f�h�`�g�h�k�l�v�x 
�b�a�]�h�l�h�\�e�_�g�b�y �l�Z�d�b�o �k�l�_�d�h�e �k �b�a�g�Z�q�Z�e�v�g�h �\�u�k�h�d�h�c �d�h�g�p�_�g�l�j�Z�p�b�_�c �k�_�j�_�[�j�Z. �< �^�Z�g�g�h�c �j�Z�[�h�l�_ 
�b�k�k�e�_�^�m�_�l�k�y  �\�h�a�f�h�`�g�h�k�l�v �m�\�_�e�b�q�_�g�b�y �d�h�g�p�_�g�l�j�Z�p�b�b �k�_�j�_�[�j�Z �\ �i�h�\�_�j�o�g�h�k�l�g�u�o �k�e�h�y�o �N�L�J 
�k�l�_�d�e�Z �f�_�l�h�^�h�f �b�h�g�g�h�]�h �h�[�f�_�g�Z. 

�P�_�e�v�x �^�Z�g�g�h�c �j�Z�[�h�l�u �y�\�e�y�e�h�k�v �b�k�k�e�_�^�h�\�Z�g�b�_ �\�h�a�f�h�`�g�h�k�l�b �i�j�h�\�_�^�_�g�b�y Ag+-�b�h�g�g�h�]�h 
�h�[�f�_�g�Z �g�Z �N�L�J �k�l�_�d�e�_, �Z �l�Z�d�`�_ �i�h�e�m�q�_�g�b�_ �a�Z�\�b�k�b�f�h�k�l�b �m�\�_�e�b�q�_�g�b�y �i�h�d�Z�a�Z�l�_�e�y �i�j�_�e�h�f�e�_�g�b�y, 
�Z, �k�e�_�^�h�\�Z�l�_�e�v�g�h, �b �d�h�g�p�_�g�l�j�Z�p�b�b �k�_�j�_�[�j�Z �g�Z �i�h�\�_�j�o�g�h�k�l�b �k�l�_�d�e�Z �h�l �k�h�h�l�g�h�r�_�g�b�b 
�d�h�g�p�_�g�l�j�Z�p�b�b �d�h�f�i�h�g�_�g�l�h�\ �j�Z�k�i�e�Z�\�Z AgNO3/NaNO3 �i�j�b �b�h�g�g�h�f �h�[�f�_�g�_. 

�B�h�g�g�u�c �h�[�f�_�g �i�j�h�\�h�^�b�e�k�y  �\ �j�Z�k�i�e�Z�\�_ AgNO3/NaNO3 �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ 350º�K �\ �l�_�q�_�g�b�_ 
1 �q�Z�k�Z. �<�Z�j�v�b�j�m�_�f�u�f �i�Z�j�Z�f�_�l�j�h�f �y�\�e�y�e�h�k�v �k�h�h�l�g�h�r�_�g�b�_ �d�h�g�p�_�g�l�j�Z�p�b�b �d�h�f�i�h�g�_�g�l�h�\ 
�j�Z�k�i�e�Z�\�Z. �;�u�e�b �i�j�h�\�_�^�_�g�u �h�i�u�l�u �k �k�h�^�_�j�`�Z�g�b�_�f AgNO3 �\ �j�Z�k�i�e�Z�\�_ 5, 10, 25, 50, 75 �b 100% 
�f�h�e. �>�Z�e�_�_ �f�_�l�h�^�h�f �j�_�a�h�g�Z�g�k�g�h�]�h �\�h�a�[�m�`�^�_�g�b�y �\�h�e�g�h�\�h�^�g�u�o �f�h�,̂ �[�u�e�b �h�i�j�_�^�_�e�_�g�u 
�h�i�l�b�q�_�k�d�b�_ �i�Z�j�Z�f�_�l�j�u �i�h�e�m�q�_�g�g�u�o �]�j�Z�^�b�_�g�l�g�u�o �\�h�e�g�h�\�h�^�h�\ �b �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �f�_�l�h�^�Z 
�<�D�; �i�h�k�l�j�h�_�g�u �b�o �i�j�h�n�b�e�b �i�h�d�Z�a�Z�l�_�e�y �i�j�_�e�h�f�e�_�g�b�y. 

�I�h�e�m�q�_�g�g�u�_ �^�Z�g�g�u�_ �i�h�a�\�h�e�y�x�l �h�i�l�b�f�b�a�b�j�h�\�Z�l�v �i�h�e�m�q�_�g�b�_ �\ �i�h�\�_�j�o�g�h�k�l�g�u�o �k�e�h�y�o 
�N�L�J �k�l�_�d�e�Z �g�m�`�g�h�c �d�h�g�p�_�g�l�j�Z�p�b�b �k�_�j�_�[�j�Z �^�e�y �b�k�k�e�_�^�h�\�Z�g�b�y �w�n�n�_�d�l�h�\, �k�\�y�a�Z�g�g�u�o �k 
�i�e�Z�a�f�h�g�g�u�f �j�_�a�h�g�Z�g�k�h�f, �Z �l�Z�d�`�_ �h�i�j�_�^�_�e�y�l�v �m�k�e�h�\�b�y �i�h�e�m�q�_�g�b�y �]�j�Z�^�b�_�g�l�g�u�o �h�i�l�b�q�_�k�d�b�o 
�\�h�e�g�h�\�h�^�h�\ �k �a�Z�^�Z�g�g�u�f �i�j�h�n�b�e�_�f �i�h�d�Z�a�Z�l�_�e�y �i�j�_�e�h�f�e�_�g�b�y. 
 
 
�M�>�D 681.7.06; 681.7.068.4 
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�<.�K. �K�_�j�_�[�j�y�d�h�\�Z  
�G�Z�m�q�g�u�_ �j�m�d�h�\�h�^�b�l�_�e�b: � .̂�l.�g., �i�j�h�n�_�k�k�h�j �B.�D. �F�_�r�d�h�\�k�d�b�c, 

�d.�n.-�f .�g., �^�h�p�_�g�l �=.�; . �>�_�c�g�_�d�Z  
 

�D�j�Z�l�d�h�_ �\�k�l�m�i�e�_�g�b�_, �i�h�k�l�Z�g�h�\�d�Z �a�Z�^�Z�q�b. �< �k�\�y�a�b �k �Z�d�l�b�\�g�u�f �j�Z�a�\�b�l�b�_�f �\�h�e�h�d�h�g�g�h-
�h�i�l�b�q�_�k�d�b�o �b �b�g�l�_�]�j�Z�e�v�g�h-�h�i�l�b�q�_�k�d�b�o �l�_�o�g�h�e�h�]�b�c �\ 70 �]�h�^�u XX �\�_�d�Z �g�Z�q�Z�e�b �Z�d�l�b�\�g�h 
�k�h�a�^�Z�\�Z�l�v�k�y �b �b�k�k�e�_�^�h�\�Z�l�v�k�y �b�g�l�_�]�j�Z�e�v�g�h-�h�i�l�b�q�_�k�d�b�_ �w�e�_�f�_�g�l�u (�B�H�W), �d�Z�d �g�Z�b�[�h�e�_�_ 
�i�_�j�k�i�_�d�l�b�\�g�u�_ �n�m�g�d�p�b�h�g�Z�e�v�g�u�_ �m�k�l�j�h�c�k�l�\�Z �^�e�y �j�_�r�_�g�b�y �r�b�j�h�d�h�]�h �d�j�m�]�Z �a�Z�^�Z�q �\�h�e�h�d�h�g�g�h-
�h�i�l�b�q�_�k�d�h�c �k�\�y�a�b (WDM-�k�b�k�l�_�f�u �g�Z �f�Z�k�k�b�\�_ �j�_�r�_�l�h�d �\�h�e�g�h�\�h�^�h�\, �i�_�j�_�d�e�x�q�Z�l�_�e�b, 
�j�Z�a�\�_�l�\�b�l�_�e�b �f�h�s�g�h�k�l�b, �f�h�^�m�e�y�l�h�j�u �b �^�j.), �Z �l�Z�d�`�_ �k�h�a�^�Z�g�b�y �\�h�e�h�d�h�g�g�h-�h�i�l�b�q�_�k�d�b�o 
�^�Z�l�q�b�d�h�\ (�l�_�f�i�_�j�Z�l�m�j�u, �^�Z�\�e�_�g�b�y, �\�b�[�j�Z�p�b�b, �m�]�e�h�\, �l�h�d�Z) �^�e�y �b�a�f�_�j�_�g�b�y, �d�h�g�l�j�h�e�y �b 
�^�b�k�l�Z�g�p�b�h�g�g�h�]�h �m�i�j�Z�\�e�_�g�b�y �j�Z�a�e�b�q�g�u�f�b �i�j�h�p�_�k�k�Z�f�b �b �h�[�t�_�d�l�Z�f�b. �< �k�h�\�j�_�f�_�g�g�u�o 
�b�g�n�h�j�f�Z�p�b�h�g�g�h-�b�a�f�_�j�b�l�_�e�v�g�u�o �d�h�f�i�e�_�d�k�Z�o �B�H�W �\ �[�h�e�v�r�b�g�k�l�\�_ �k�e�m�q�Z�_�\ �i�j�_�^�k�l�Z�\�e�y�_�l 
�k�h�[�h�c �i�h�^�e�h�`�d�m �b�a �w�e�_�d�l�j�h�h�i�l�b�q�_�k�d�h�]�h �d�j�b�k�l�Z�e�e�Z �b �\�u�i�h�e�g�_�g�g�u�o �\ �g�_�c �d�Z�g�Z�e�v�g�u�o 
�k�\�_�l�h�\�h�^�h�\, �d�h�l�h�j�u�_, �\ �k�\�h�x �h�q�_�j�_�^�v, �f�h�]�m�l �k�e�m�`�b�l�v �[�Z�a�h�c �^�e�y �b�a�]�h�l�h�\�e�_�g�b�y �j�Z�a�e�b�q�g�u�o 
�n�m�g�d�p�b�h�g�Z�e�v�g�u�_ �w�e�_�f�_�g�l�h�\  (�i�h�e�y�j�b�a�Z�l�h�j�h�\, �^�_�e�b�l�_�e�_�c, �f�h�^�m�e�y�l�h�j�h�\ �b �^�j.). �H�k�h�[�h�_ 
�a�g�Z�q�_�g�b�_ �b�f�_�_�l �f�b�g�b�Z�l�x�j�g�h�k�l�v �w�l�b�o �w�e�_�f�_�g�l�h�\, �\�h�a�f�h�`�g�h�k�l�v �f�h�g�h�e�b�l�g�h�]�h �b�g�l�_�]�j�Z�e�v�g�h�]�h 
�b�k�i�h�e�g�_�g�b�y �b �m�^�h�[�k�l�\�h �k�l�u�d�h�\�d�b �k �\�h�e�h�d�h�g�g�u�f�b �k�\�_�l�h�\�h�^�Z�f�b.  

�O- �b Y-�h�l�\�_�l�\�b�l�_�e�b �g�Z �i�h�^�e�h�`�d�Z�o �b�a �f�h�g�h�d�j�b�k�l�Z�e�e�Z �g�b�h�[�Z�l�Z �e�b�l�b�y LiNbO3 �y�\�e�y�x�l�k�y 
�d�e�x�q�_�\�u�f�b �n�m�g�d�p�b�h�g�Z�e�v�g�u�f�b �[�e�h�d�Z�f�b �[�h�e�v�r�b�g�k�l�\�Z �B�H�W (�i�_�j�_�d�e�x�q�Z�l�_�e�b, �j�Z�a�\�_�l�\�b�l�_�e�b 
�f�h�s�g�h�k�l�b, �f�h�^�m�e�y�l�h�j�u �b �h�i�l�b�q�_�k�d�b�_ �f�m�e�v�l�b�i�e�_�d�k�h�j�u). �< �B�H�W, �\�u�i�h�e�g�_�g�g�u�o �i�h �l�_�o�g�h�e�h�]�b�b 
�i�j�h�l�h�g�g�h�]�h �h�[�f�_�g�Z �\ �g�b�h�[�Z�l�_ �e�b�l�b�y, �h�[�u�q�g�h �b�k�i�h�e�v�a�m�x�l�k�y �\�_�l�\�b�l�_�e�b Y-�l�b�i�Z. �I�h�l�_�j�b Y-
�\�_�l�\�b�l�_�e�y �b�f�_�x�l �k�b�e�v�g�m�x �a�Z�\�b�k�b�f�h�k�l�v �h�l �m�]�e�Z �j�Z�k�o�h�`�^�_�g�b�y. �K �m�f�_�g�v�r�_�g�b�_�f �m�]�e�Z 
�j�Z�k�o�h�`�^�_�g�b�y �^�\�m�o �i�e�_�q�_�c �\�_�l�\�b�l�_�e�y �j�_�a�d�h �m�f�_�g�v�r�Z�x�l�k�y �\�g�h�k�b�f�u�_ �w�e�_�f�_�g�l�h�f �i�h�l�_�j�b, �g�h �i�j�b 
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�w�l�h�f �a�g�Z�q�b�l�_�e�v�g�h �m�\�_�e�b�q�b�\�Z�_�l�k�y �^�e�b�g�Z �B�H�W. �H�[�_�k�i�_�q�_�g�b�_ �g�Z �i�j�Z�d�l�b�d�_ �l�Z�d�b�o �a�g�Z�q�_�g�b�c �m�]�e�h�\ 
�j�Z�k�o�h�`�^�_�g�b�y �k�\�y�a�Z�g�h �k �l�j�m�^�g�h�k�l�y�f�b �b�a�]�h�l�h�\�e�_�g�b�y �k�h�h�l�\�_�l�k�l�\�m�x�s�_�]�h �n�h�l�h�r�Z�[�e�h�g�Z, �q�l�h 
�h�[�m�k�e�Z�\�e�b�\�Z�_�l�k�y �g�_�k�h�\�_�j�r�_�g�k�l�\�h�f �l�_�o�g�h�e�h�]�b�q�_�k�d�b�o �h�i�_�j�Z�p�b�c �n�h�l�h�e�b�l�h�]�j�Z�n�b�b. �I�h�w�l�h�f�m 
�j�_�r�_�g�b�_ �\�h�i�j�h�k�Z �h�i�l�b�f�b�a�Z�p�b�b �]�_�h�f�_�l�j�b�q�_�k�d�h�c �d�h�g�n�b�]�m�j�Z�p�b�b Y-�\�_�l�\�b�l�_�e�v �g�Z �k�l�Z�^�b�b 
�i�j�h�_�d�l�b�j�h�\�d�b �n�h�l�h�r�Z�[�e�h�g�Z �k �p�_�e�v�x �f�b�g�b�f�b�a�Z�p�b�b �h�[�s�b�o �i�h�l�_�j�v �B�H�W �y�\�e�y�_�l�k�y �d�j�Z�c�g�_ 
�\�h�k�l�j�_�[�h�\�Z�g�g�u�f �g�Z �k�_�]�h�^�g�y�r�g�b�c �^�_�g�v. 

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

 
�P�_�e�v �j�Z�[�h�l�u. �P�_�e�v �j�Z�[�h�l�u �a�Z�d�e�x�q�Z�x�l�k�y �\ �h�i�l�b�f�b�a�Z�p�b�b  �i�Z�j�Z�f�_�l�j�h�\ (�\ �q�Z�k�l�g�h�k�l�b, 

�]�_�h�f�_�l�j�b�q�_�k�d�h�c �d�h�g�n�b�]�m�j�Z�p�b�b) Y-�\�_�l�\�b�l�_�e�_�c �^�e�y �\�h�e�h�d�h�g�g�h-�h�i�l�b�q�_�k�d�b�o �b�g�n�h�j�f�Z�p�b�h�g�g�h-
�b�a�f�_�j�b�l�_�e�v�g�u�o �b �l�_�e�_�d�h�f�f�m�g�b�d�Z�p�b�h�g�g�u�o �k�b�k�l�_�f, �Z �l�Z�d�`�_ �\ �k�h�a�^�Z�g�b�b �m�g�b�\�_�j�k�Z�e�v�g�h�c �n�b�a�b�d�h-
�f�Z�l�_�f�Z�l�b�q�_�k�d�h�c �f�h�^�_�e�b, �i�h�a�\�h�e�y�x�s�_�c �j�Z�k�k�q�b�l�u�\�Z�l�v �i�Z�j�Z�f�_�l�j�u �B�H�W �g�Z �k�l�Z�^�b�b 
�i�j�h�_�d�l�b�j�h�\�d�b �^�e�y �i�h�e�m�q�_�g�b�y �a�Z�^�Z�g�g�u�o �h�i�l�b�q�_�k�d�b�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d �b�g�l�_�]�j�Z�e�v�g�h-�h�i�l�b�q�_�k�d�b�o 
�m�k�l�j�h�c�k�l�\. 

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

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

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

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

 
�I�j�h�f�_�`�m�l�h�q�g�u�_ �j�_�a�m�e�v�l�Z�l�u. �;�u�e�h �\�u�i�h�e�g�_�g�h �q�b�k�e�_�g�g�h�_ �f�h�^�_�e�b�j�h�\�Z�g�b�_ �i�j�h�n�b�e�y 

�i�h�d�Z�a�Z�l�_�e�y �i�j�_�e�h�f�e�_�g�b�y �i�j�h�l�h�g�g�h�h�[�f�_�g�g�h�]�h �d�Z�g�Z�e�v�g�h�]�h �\�h�e�g�h�\�h�^�Z �g�Z �i�h�^�e�h�`�d�_ �b�a LiNbO3. 
�H�k�m�s�_�k�l�\�e�_�g �i�h�^�[�h�j �n�h�j�f�m�e�u, �Z�i�i�j�h�d�k�b�f�b�j�m�x�s�_�c �i�j�h�n�b�e�v �i�h�d�Z�a�Z�l�_�e�y �i�j�_�e�h�f�e�_�g�b�y 
�i�j�h�l�h�g�g�h�h�[�f�_�g�g�h�]�h �d�Z�g�Z�e�v�g�h�]�h �\�h�e�g�h�\�h�^�Z. 

�K�h�a�^�Z�g�u �i�j�h�]�j�Z�f�f�g�u�_ �h�k�g�h�\�u �^�e�y �h�i�l�b�f�b�a�Z�p�b�b �]�_�h�f�_�l�j�b�q�_�k�d�h�c �n�h�j�f�u Y-�h�[�j�Z�a�g�h�]�h 
�j�Z�a�\�_�l�\�b�l�_�e�y �b �i�j�h�\�_�^�_�g�h �k�b�f�m�e�b�j�h�\�Z�g�b�_ �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�y �b�a�e�m�q�_�g�b�y �\ Y-�\�_�l�\�b�l�_�e�_. 
�J�Z�k�q�b�l�Z�g �d�h�w�n�n�b�p�b�_�g�l �^�_�e�_�g�b�y �l�Z�d�h�]�h �\�_�l�\�b�l�_�e�y �^�e�y �j�Z�a�g�u�o �m�k�e�h�\�b�c. �H�i�j�_�^�_�e�_�g�h 
�i�j�_�h�[�j�Z�a�h�\�Z�g�b�_ �f�h�^�h�\�h�]�h �i�h�e�y �i�h�k�e�_ �i�j�h�o�h�`�^�_�g�b�y Y-�\�_�l�\�b�l�_�e�y. 
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�H�k�g�h�\�g�h�c �j�_�a�m�e�v�l�Z�l. �F�_�l�h�^�b�d�Z �<-�k�i�e�Z�c�g�h�\ �i�h�a�\�h�e�y�_�l �j�Z�k�k�q�b�l�u�\�Z�l�v �\�h�e�g�h�\�h�^�u �k 
�i�j�h�b�a�\�h�e�v�g�u�f �i�j�h�n�b�e�_�f �i�h�d�Z�a�Z�l�_�e�y �i�j�_�e�h�f�e�_�g�b�y �b �i�j�h�b�a�\�h�e�v�g�h�c �]�_�h�f�_�l�j�b�_�c �i�h�k�l�j�h�_�g�b�y 
�k�\�_�l�h�\�h�^�g�h�c �k�l�j�m�d�l�m�j�u. �>�Z�g�u �j�_�d�h�f�_�g�^�Z�p�b�b �i�h �h�i�l�b�f�b�a�Z�p�b�b �]�_�h�f�_�l�j�b�q�_�k�d�h�c �n�h�j�f�u �m�]�e�Z 
�j�Z�a�\�_�l�\�e�_�g�b�y (�i�h�e�m�q�_�g�u �a�g�Z�q�_�g�b�y �^�h�i�m�k�d�Z �g�Z �k�d�h�e �i�j�b �n�h�l�h�e�b�l�h�]�j�Z�n�b�q�_�k�d�b�o �h�i�_�j�Z�p�b�y�o) �^�e�y 
�j�Z�a�\�_�l�\�b�l�_�e�y Y-�l�b�i�Z, �i�j�b�f�_�g�y�_�f�h�]�h �\ �h�i�u�l�g�h-�i�j�h�f�u�r�e�_�g�g�h�f �h�[�j�Z�a�p�_ �\�h�e�h�d�h�g�g�h-
�h�i�l�b�q�_�k�d�h�]�h �]�b�j�h�k�d�h�i�Z. �L�h�q�g�h�k�l�v �j�Z�k�q�_�l�h�\ �f�_�l�h�^�h�f �<-�k�i�e�Z�c�g�h�\ �k�h�i�h�k�l�Z�\�b�f�Z �k �l�h�q�g�h�k�l�v�x 
�j�_�a�m�e�v�l�Z�l�h�\ �b�a�\�_�k�l�g�u�o �i�j�h�\�_�j�_�g�g�u�o �f�_�l�h�^�b�d (�f�_�l�h�^ �e�m�q�_�\�h�]�h �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�y, 
�k�d�Z�e�y�j�g�u�c/�\�_�d�l�h�j�g�u�c �^�b�n�n�_�j�_�g�p�b�Z�e�v�g�u�c �f�_�l�h�^ �d�h�g�_�q�g�u�o �w�e�_�f�_�g�l�h�\ �b �^�j.), �Z �\ �g�_�d�h�l�h�j�u�o 
�k�e�m�q�Z�y�o �^�Z�`�_ �i�j�_�\�h�k�o�h�^�b�l �b�o. 
 
 
�M�>�D 29.33.15 
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�D�<�:�A�B�L�J�?�O�M�J�H�<�G�?�<�H�C �K�O�?�F�U �G�:�D�:�Q�D�B 
�H.�I . �K�b�^�h�j�h�\�Z 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�l.�g., �i�j�h�n�_�k�k�h�j �<.�X . �O�j�Z�f�h�\ 
 

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

�< �h�k�g�h�\�g�h�f �\ �^�Z�g�g�u�o �g�Z�i�j�Z�\�e�_�g�b�y�o �b�k�i�h�e�v�a�m�x�l�k�y �[�h�e�v�r�b�_ �]�j�m�i�i�u �l�\�_�j�^�h�l�_�e�v�g�u�o 
�e�Z�a�_�j�h�\, �\ �d�h�l�h�j�u�o �Z�d�l�b�\�g�Z�y �d�j�b�k�l�Z�e�e�b�q�_�k�d�Z�y �b�e�b �Z�f�h�j�n�g�Z�y �k�j�_�^�Z �b�k�i�m�k�d�Z�_�l 
�k�l�b�f�m�e�b�j�h�\�Z�g�g�h�_ �b�a�e�m�q�_�g�b�_. �>�e�y �l�h�]�h �q�l�h�[�u �e�Z�a�_�j�g�Z�y �k�j�_�^�Z �f�h�]�e�Z �b�a�e�m�q�Z�l�v �\ �g�_�_ �\�g�_�^�j�y�x�l 
(�Z�d�l�b�\�b�j�m�x�l) �i�j�b�f�_�k�g�u�_ �b�h�g�u, �d�h�l�h�j�u�_ �\�h�a�[�m�`�^�Z�x�l (�g�Z�d�Z�q�b�\�Z�x�l) �l�_�f �b�e�b �b�g�u�f �k�i�h�k�h�[�h�f. 
�< �a�Z�\�b�k�b�f�h�k�l�b �h�l �l�b�i�Z �Z�d�l�b�\�Z�l�h�j�Z, �_�]�h �d�h�g�p�_�g�l�j�Z�p�b�b �b �b�k�i�h�e�v�a�h�\�Z�g�g�h�c �d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c 
�f�Z�l�j�b�p�u �e�Z�a�_�j�g�h�_ �b�a�e�m�q�_�g�b�_ �]�_�g�_�j�b�j�m�_�l �k �j�Z�a�g�h�c �w�n�n�_�d�l�b�\�g�h�k�l�v�x �b �g�Z �j�Z�a�g�u�o �^�e�b�g�Z�o �\�h�e�g. 
�H�i�l�b�q�_�k�d�b�c �^�b�Z�i�Z�a�h�g �^�h�k�l�Z�l�h�q�g�h �r�b�j�h�d �b �k�m�s�_�k�l�\�m�_�l �f�g�h�`�_�k�l�\�h �k�i�_�d�l�j�h�\ �b�a�e�m�q�_�g�b�y 
�h�l�^�_�e�v�g�u�o �l�b�i�h�\ �e�Z�a�_�j�h�\. �B�a�e�m�q�_�g�b�_ �\ �^�b�Z�i�Z�a�h�g�_ 3 �f�d�f �[�e�b�a�d�h �d �i�h�e�h�k�Z�f �i�h�]�e�h�s�_�g�b�y 
�k�\�y�a�Z�g�g�h�c �\�h�^�u �\ �j�Z�a�e�b�q�g�u�o �f�Z�l�_�j�b�Z�e�Z�o, �\ �l�h�f �q�b�k�e�_ �[�b�h�e�h�]�b�q�_�k�d�b�o �l�d�Z�g�y�o �q�_�e�h�\�_�d�Z, �[�u�e�Z 
�i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�g�Z �\�h�a�f�h�`�g�h�k�l�v �b�o �m�k�i�_�r�g�h�]�h �i�j�b�f�_�g�_�g�b�y �\ �f�_�^�b�p�b�g�_, �\ �q�Z�k�l�g�h�k�l�b �^�e�y 
�m�^�Z�e�_�g�b�y �l�d�Z�g�_�c. �G�Z�j�y�^�m �k �l�j�_�o�f�b�d�j�h�g�g�u�f �b�a�e�m�q�_�g�b�_�f �r�b�j�h�d�h�_ �i�j�b�f�_�g�_�g�b�_ �\ �l�_�o�g�b�d�_ 
�g�Z�r�e�h �b 1.5 �f�d�f �b�a�e�m�q�_�g�b�_. �< �h�l�e�b�q�b�_ �h�l �^�e�b�g�u �\�h�e�g�u �^�b�Z�i�Z�a�h�g �o�Z�j�Z�d�l�_�j�b�k�l�b�d 
�i�j�h�l�y�`�_�g�g�h�k�l�v�x 1.5 �f�d�f – �[�_�a�h�i�Z�k�g�u�c �m�j�h�\�_�g�v �\�u�o�h�^�g�h�c �w�g�_�j�]�b�b �i�h�q�l�b �g�Z 4 �i�h�j�y�^�d�Z �\�u�r�_, 
�q�l�h �i�j�Z�d�l�b�q�_�k�d�b �b�k�d�e�x�q�Z�_�l �\�h�a�f�h�`�g�h�k�l�v �i�h�\�j�_�`�^�_�g�b�y �h�j�]�Z�g�h�\ �a�j�_�g�b�y �k�e�m�q�Z�c�g�u�o 
�g�Z�[�e�x�^�Z�l�_�e�_�c. 

�H�k�g�h�\�g�u�f�b �i�j�b�f�_�g�_�g�b�y�f�b �e�Z�a�_�j�h�\ 1.5 �f�d�f �^�b�Z�i�Z�a�h�g�Z �y�\�e�y�_�l�k�y �e�Z�a�_�j�g�Z�y �^�Z�e�v�g�h�f�_�l�j�b�y, 
�d�h�f�i�h�g�_�g�l�u �e�b�^�Z�j�g�u�o �b �f�_�l�_�h�j�h�e�h�]�b�q�_�k�d�b�o �d�h�f�i�e�_�d�k�h�\, �]�_�h�^�_�a�b�q�_�k�d�h�_ �b �l�h�i�h�]�j�Z�n�b�q�_�k�d�h�_ 
�h�[�h�j�m�^�h�\�Z�g�b�_, �g�Z�\�b�]�Z�p�b�y. �< �^�Z�g�g�h�f �k�i�_�d�l�j�Z�e�v�g�h�f �^�b�Z�i�Z�a�h�g�_ �h�[�u�q�g�h �i�j�b�f�_�g�y�x�l�k�y 
�l�\�_�j�^�h�l�_�e�v�g�u�_ �e�Z�a�_�j�u, �m �d�h�l�h�j�u�o �Z�d�l�b�\�g�Z�y �k�j�_�^�Z �i�j�_�^�k�l�Z�\�e�y�_�l, �d�Z�d �i�j�Z�\�b�e�h, 
�d�j�b�k�l�Z�e�e�b�q�_�k�d�m�x �f�Z�l�j�b�p�m, �Z�d�l�b�\�b�j�h�\�Z�g�g�m�x �b�h�g�Z�f�b �w�j�[�b�y. �D�h�g�p�_�g�l�j�Z�p�b�y �b�h�g�h�\ �w�j�[�b�y �\ 
�f�Z�l�j�b�p�_ �f�h�`�_�l �^�h�k�l�b�]�Z�l�v �i�j�b �w�l�h�f 70%. �I�h�y�\�e�_�g�b�_ �f�h�s�g�u�o �B�D �e�Z�a�_�j�g�u�o �^�b�h�^�h�\ (�E�>) 
�k�l�b�f�m�e�b�j�h�\�Z�e�h �b�g�l�_�j�_�k �d �j�Z�a�j�Z�[�h�l�d�Z�f �l�\�_�j�^�h�l�_�e�v�g�u�o �e�Z�a�_�j�h�\ �k �^�b�h�^�g�h�c �g�Z�d�Z�q�d�h�c.  

�H�k�h�[�_�g�g�h�k�l�v�x �w�j�[�b�_�\�u�o �k�j�_�^ �y�\�e�y�_�l�k�y �[�h�e�v�r�h�_ �\�j�_�f�y �`�b�a�g�b �g�b�`�g�_�]�h �e�Z�a�_�j�g�h�]�h 
�m�j�h�\�g�y, �h�l�k�x�^�Z �\�h�a�g�b�d�Z�_�l �g�_�h�[�o�h�^�b�f�h�k�l�v �g�_�d�h�l�h�j�h�]�h �b�k�k�e�_�^�h�\�Z�g�b�y �i�j�h�p�_�k�k�h�\, 
�h�l�\�_�l�k�l�\�_�g�g�u�o �a�Z �k�h�a�^�Z�g�b�_ �b�g�\�_�j�k�b�b �g�Z �i�h�l�_�g�p�b�Z�e�v�g�u�o �e�Z�a�_�j�g�u�o �i�_�j�_�o�h�^�Z�o, �g�Z�i�j�Z�\�e�_�g�g�h�]�h 
�i�h�b�k�d�Z �g�h�\�u�o �Z�d�l�b�\�g�u�o �k�j�_�^, �i�_�j�k�i�_�d�l�b�\�g�u�o �^�e�y �i�h�e�m�q�_�g�b�y �]�_�g�_�j�Z�p�b�b. �D�j�b�k�l�Z�e�e�b�q�_�k�d�b�_ 
�k�j�_�^�u �o�Z�j�Z�d�l�_�j�b�a�m�x�l�k�y �\�u�k�h�d�h�c �l�_�i�e�h�i�j�h�\�h�^�g�h�k�l�v�x �b �i�h�j�h�]�h�f �l�_�i�e�h�\�h�]�h �j�Z�a�j�m�r�_�g�b�y, 
�i�h�w�l�h�f�m �i�h�b�k�d �i�h�^�o�h�^�y�s�_�c �d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c �f�Z�l�j�b�p�u �^�e�y �b�h�g�h�\ �w�j�[�b�y �y�\�e�y�_�l�k�y �Z�d�l�m�Z�e�v�g�u�f 
�b �\ �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y. �< �^�Z�g�g�h�c �j�Z�[�h�l�_ �[�h�e�v�r�h�_ �a�g�Z�q�_�g�b�_ �i�j�b �b�k�k�e�_�^�h�\�Z�g�b�b �w�n�n�_�d�l�b�\�g�h�k�l�b 
�e�Z�a�_�j�g�h�c �]�_�g�_�j�Z�p�b�b �b�f�_�_�l �m�q�_�l �d�j�h�k�k-�j�_�e�Z�d�k�Z�p�b�h�g�g�u�o �i�j�h�p�_�k�k�h�\. 
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�P�_�e�v�x �^�Z�g�g�h�c �j�Z�[�h�l�u �[�u�e�h �i�j�h�\�_�k�l�b �b�k�k�e�_�^�h�\�Z�g�b�_ �i�j�h�p�_�k�k�h�\ �g�Z�d�Z�q�d�b �\ �k�j�_�^�Z�o 
Er:YAG �b Er:YLF �b �j�Z�k�k�q�b�l�Z�l�v �w�g�_�j�]�_�l�b�q�_�k�d�b�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �]�_�g�_�j�Z�p�b�b �g�Z �^�e�b�g�_ �\�h�e�g�u 
1.6 �f�d�f. �I�j�b �w�l�h�f �g�Z�d�Z�q�d�Z �h�k�m�s�_�k�l�\�e�y�e�Z�k�v �g�Z �m�j�h�\�_�g�v 4I13/2 �b�a�e�m�q�_�g�b�_�f �e�Z�a�_�j�g�u�o �^�b�h�^�h�\ �k 
�^�e�b�g�h�c �\�h�e�g�u �h�d�h�e�h 1.5 �f�d�f. �=�_�g�_�j�Z�p�b�y �j�_�Z�e�b�a�h�\�u�\�Z�e�Z�k�v �g�Z �i�_�j�_�o�h�^�_ �f�_�`�^�m �i�h�^�m�j�h�\�g�y�f�b 
�\�_�j�o�g�_�]�h �e�Z�a�_�j�g�h�]�h �m�j�h�\�g�y 4I13/2 �b �i�h�^�m�j�h�\�g�y�f�b �h�k�g�h�\�g�h�]�h �g�b�`�g�_�]�h �e�Z�a�_�j�g�h�]�h �m�j�h�\�g�y 4I15/2. 
�I�j�b�g�p�b�i�b�Z�e�v�g�u�o �h�l�e�b�q�b�c �\ �k�l�j�m�d�l�m�j�_ �w�g�_�j�]�_�l�b�q�_�k�d�b�o �m�j�h�\�g�_�c �b�h�g�h�\ �w�j�[�b�y �\ �f�Z�l�j�b�p�Z�o 
YAG, YLF �g�_�l, �l�h�e�v�d�h �g�_�[�h�e�v�r�b�_ �d�h�e�b�q�_�k�l�\�_�g�g�u�_ �j�Z�a�e�b�q�b�y �\ �i�h�e�h�`�_�g�b�b �r�l�Z�j�d�h�\�k�d�b�o 
�m�j�h�\�g�_�c. 

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

�J�Z�k�q�_�l �i�_�j�\�h�c �f�h�^�_�e�b �i�h�a�\�h�e�b�e �h�p�_�g�b�l�v �\�e�b�y�g�b�_ �Z�i-�d�h�g�\�_�j�k�b�b �b �g�_�j�_�a�h�g�Z�g�k�g�u�o �i�h�l�_�j�v 
�b�a�e�m�q�_�g�b�y �g�Z�d�Z�q�d�b �g�Z �g�Z�k�_�e�_�g�g�h�k�l�v �\�_�j�o�g�_�]�h �e�Z�a�_�j�g�h�]�h �m�j�h�\�g�y �\ �Z�d�l�b�\�g�u�o �k�j�_�^�Z�o Er: YAG �b 
Er: YLF. �I�h �j�_�a�m�e�v�l�Z�l�Z�f �j�Z�k�q�_�l�Z �[�u�e�b �i�h�k�l�j�h�_�g�u �]�j�Z�n�b�d�b �\�e�b�y�g�b�y �i�h�l�_�j�v �b�a�e�m�q�_�g�b�y 
�g�Z�d�Z�q�d�b �g�Z �\�_�e�b�q�b�g�m �g�Z�k�_�e�_�g�g�h�k�l�b �\�_�j�o�g�_�]�h �e�Z�a�_�j�g�h�]�h �m�j�h�\�g�y �\ �Z�d�l�b�\�g�u�o �k�j�_�^�Z�o Er: YAG �b 
Er: YLF �i�j�b �^�e�b�l�_�e�v�g�h�k�l�b �b�f�i�m�e�v�k�Z 1 �f�k �b �b�g�l�_�g�k�b�\�g�h�k�l�b �g�Z�d�Z�q�d�b 650 �<�l/�f�f 2 �i�j�b 
�d�h�g�p�_�g�l�j�Z�p�b�y�o �Z�d�l�b�\�Z�l�h�j�Z 0.5, 1, 1.5%,  �\�e�b�y�g�b�_ �f�h�^�_�e�v�g�u�o �d�h�w�n�n�b�p�b�_�g�l�h�\ �Z�i-�d�h�g�\�_�j�k�b�b �g�Z 
�g�Z�k�_�e�_�g�g�h�k�l�v �\�_�j�o�g�_�]�h �m�j�h�\�g�y �\ �Z�d�l�b�\�g�u�o �k�j�_�^�Z�o Er: YAG �b Er: YLF �i�j�b �^�e�b�l�_�e�v�g�h�k�l�b 
�b�f�i�m�e�v�k�Z 1 �f�k �b �b�g�l�_�g�k�b�\�g�h�k�l�b �g�Z�d�Z�q�d�b 1300 �<�l/�f�f 2 �i�j�b �d�h�g�p�_�g�l�j�Z�p�b�y�o �Z�d�l�b�\�Z�l�h�j�Z 0.5, 1, 
1.5%. �;�u�e�h �b�a�m�q�_�g�h �\�e�b�y�g�b�_ �b�g�l�_�g�k�b�\�g�h�k�l�b �b �^�e�b�l�_�e�v�g�h�k�l�b �b�f�i�m�e�v�k�Z �g�Z�d�Z�q�d�b �g�Z �m�j�h�\�_�g�v 
�b�g�\�_�j�k�g�h�c �g�Z�k�_�e�_�g�g�h�k�l�b �\ �Z�d�l�b�\�g�u�c �k�j�_�^�Z�o Er: YAG �b Er: YLF �i�j�b �j�Z�a�e�b�q�g�u�o 
�d�h�g�p�_�g�l�j�Z�p�b�y�o �Z�d�l�b�\�Z�l�h�j�Z. �J�Z�a�e�b�q�g�u�_ �d�h�g�p�_�g�l�j�Z�p�b�b �Z�d�l�b�\�Z�l�h�j�Z �h�[�m�k�e�h�\�e�_�g�u �j�Z�a�e�b�q�g�u�f 
�o�Z�j�Z�d�l�_�j�h�f �i�j�h�^�h�e�v�g�h�]�h �j�Z�k�i�j�_�^�_�e�_�g�b�y �g�Z �\�_�j�o�g�_�f �e�Z�a�_�j�g�h�f �m�j�h�\�g�_ �Z�d�l�b�\�g�h�c �k�j�_�^�u. 

�>�e�y �l�h�]�h, �q�l�h�[�u �\�u�y�k�g�b�l�v �\�e�b�y�g�b�_ �d�h�g�p�_�g�l�j�Z�p�b�b �Z�d�l�b�\�Z�l�h�j�Z �g�Z �]�_�g�_�j�Z�p�b�h�g�g�u�_ 
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �[�u�e�Z �b�k�i�h�e�v�a�h�\�Z�g�Z �f�h�^�_�e�v �f�h�g�h�b�f�i�m�e�v�k�g�h�]�h �e�Z�a�_�j�Z. �>�e�y �j�Z�k�q�_�l�Z 
�o�Z�j�Z�d�l�_�j�b�k�l�b�d �]�_�g�_�j�Z�p�b�b �f�h�g�h�b�f�i�m�e�v�k�g�h�]�h �e�Z�a�_�j�Z �b�k�i�h�e�v�a�h�\�Z�e�k�y �i�j�h�^�h�e�v�g�u�c �i�j�h�n�b�e�v 
�j�Z�k�i�j�_�^�_�e�_�g�b�y �g�Z�k�_�e�_�g�g�h�k�l�b �\�_�j�o�g�_�]�h �e�Z�a�_�j�g�h�]�h �m�j�h�\�g�y �i�j�_�^�u�^�m�s�_�c �f�h�^�_�e�b. �I�h 
�j�_�a�m�e�v�l�Z�l�Z�f �i�h�k�l�j�h�_�g�u �]�j�Z�n�b�d�b �a�Z�\�b�k�b�f�h�k�l�b �w�g�_�j�]�b�b  �]�_�g�_�j�Z�p�b�b �h�l �d�h�g�p�_�g�l�j�Z�p�b�b 
�Z�d�l�b�\�Z�l�h�j�Z �^�e�y �^�e�b�l�_�e�v�g�h�k�l�b �b�f�i�m�e�v�k�Z 1 �b 2 �f�k �\ �Z�d�l�b�\�g�u�o �k�j�_�^�Z�o Er: YAG �b Er: YLF �k 
�b�g�l�_�g�k�b�\�g�h�k�l�v�x �g�Z�d�Z�q�d�b 250, 650, 1300 �<�l/�f�f 2. 

�< �o�h�^�_ �i�j�h�^�_�e�Z�g�g�h�c �j�Z�[�h�l�u �[�u�e �\�u�y�\�e�_�g �i�j�b�_�f�e�_�f�u�c �^�b�Z�i�Z�a�h�g �d�h�g�p�_�g�l�j�Z�p�b�b �^�e�y �k�j�_�^ 
Er: YAG �b Er: YLF, �d�h�l�h�j�u�c �h�[�_�k�i�_�q�b�\�Z�_�l �h�i�l�b�f�Z�e�v�g�m�x �i�j�h�d�Z�q�d�m �^�Z�g�g�u�o �k�j�_�^ �b 
�g�Z�b�[�h�e�v�r�m�x �a�Z�k�_�e�_�g�g�h�k�l�v �\�_�j�o�g�_�]�h �m�j�h�\�g�y. �L�Z�d�`�_ �[�u�e�h �\�u�y�k�g�_�g�h, �q�l�h �m�q�_�l �g�_�j�_�a�h�g�Z�g�k�g�u�o 
�i�h�l�_�j�v �b �Z�i-�d�h�g�\�_�j�k�b�b �\�o�h�^�_ �q�b�k�e�_�g�g�h�]�h �f�h�^�_�e�b�j�h�\�Z�g�b�y �h�d�Z�a�u�\�Z�x�l �k�m�s�_�k�l�\�_�g�g�h�_ �\�e�b�y�g�b�_ 
�g�Z �a�g�Z�q�_�g�b�_ �g�Z�k�_�e�_�g�g�h�k�l�b �\�_�j�o�g�_�]�h �m�j�h�\�g�y �Z�d�l�b�\�g�h�c �k�j�_�^�u. �G�Z�k�_�e�_�g�g�h�k�l�v �\�_�j�o�g�_�]�h �m�j�h�\�g�y 
Er: YAG �a�Z�f�_�l�g�h �[�h�e�v�r�_, �q�_�f �g�Z�k�_�e�_�g�g�h�k�l�v Er: YLF, �q�l�h �h�[�t�y�k�g�y�_�l�k�y �j�Z�a�e�b�q�g�u�f �k�_�q�_�g�b�_�f 
�i�h�]�e�h�s�_�g�b�y. �B �i�j�b �h�^�b�g�Z�d�h�\�u�o �m�k�e�h�\�b�y�o �g�Z�d�Z�q�d�b, �w�g�_�j�]�b�y �]�_�g�_�j�Z�p�b�b Er: YAG �k�m�s�_�k�l�\�_�g�g�h 
�\�u�r�_, �q�_�f Er: YLF, �b�a �w�l�h�]�h �k�e�_�^�m�_�l, �q�l�h �Z�d�l�b�\�g�Z�y �k�j�_�^�Z Er: YAG �y�\�e�y�_�l�k�y �[�h�e�_�_ 
�w�n�n�_�d�l�b�\�g�h�c, �q�_�f Er: YLF. 
 
 
�M�>�D 778.38  

 
�B�K�K�E�?�>�H�<�:�G�B�? �I�J�H�P�?�K�K�H�< �I�H�E�M�Q�?�G�B�Y �A�:�S�B�L�G�U�O 

�W�E�?�F�?�G�L�H�< �G�: �H�K�G�H�<�? �H�;�T�?�F�G�H�C �=�H�E�H�=�J�:�F�F�U 
�?.�<. �K�h�d�h�e�h�\�Z 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �d.�l.�g., �^�h�p�_�g�l �G.�>. �<�h�j�a�h�[�h�\�Z 
  

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

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

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

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

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

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

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

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

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

�� �i�h�d�Z�a�Z�g�Z �\�h�a�f�h�`�g�h�k�l�v �a�Z�i�b�k�b �]�h�e�h�]�j�Z�n�b�q�_�k�d�b�o �w�e�_�f�_�g�l�h�\, �k�h�\�f�_�s�Z�x�s�b�o �g�_�k�d�h�e�v�d�h 
�a�Z�s�b�l�g�u�o �i�j�b�a�g�Z�d�h�\, �\ �l�h�f �q�b�k�e�_, �k �\�\�_�^�_�g�b�_�f �k�d�j�u�l�u�o �i�j�b�a�g�Z�d�h�\; 

�� �i�j�h�\�_�^�_�g �Z�g�Z�e�b�a �o�Z�j�Z�d�l�_�j�b�k�l�b�d �n�h�l�h�i�h�e�b�f�_�j�b�a�m�x�s�b�o�k�y �f�Z�l�_�j�b�Z�e�h�\ �^�e�y �\�u�[�h�j�Z 
�h�i�l�b�f�Z�e�v�g�h�c �d�h�f�i�h�a�b�p�b�b �b �i�h�e�m�q�_�g�u �i�_�j�\�u�_ �h�[�j�Z�a�p�u �a�Z�s�b�l�g�u�o �w�e�_�f�_�g�l�h�\. 
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�L�J�?�O�A�?�J�D�:�E�V�G�U�C �H�;�T�?�D�L�B�< �;�?�A �W�D�J�:�G�B�J�H�<�:�G�B�Y �A�J�:�Q�D�: 
�K�H �S�?�E�?�<�U�F �I�H�E�?�F 

�: .�: . �K�u�q�_�\�Z 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�l.�g., �i�j�h�n�_�k�k�h�j �: .�I . �=�j�Z�f�f�Z�l�b�g 

 
�>�e�y �\�k�_�o �d�e�Z�k�k�b�q�_�k�d�b�o �h�k�_�k�b�f�f�_�l�j�b�q�g�u�o �a�_�j�d�Z�e�v�g�u�o �k�b�k�l�_�f �o�Z�j�Z�d�l�_�j�g�h �g�Z�e�b�q�b�_ 

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

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

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

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

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

�>�e�y �b�k�k�e�_�^�h�\�Z�g�b�y �[�u�e�b �j�Z�k�k�q�b�l�Z�g�u �k�b�k�l�_�f�u �k �n�h�d�m�k�g�u�f�b �j�Z�k�k�l�h�y�g�b�y�f�b 250 �f�f , 
500 �f�f , 750 �f�f  �b 1000 �f�f . �>�e�y �d�Z�`�^�h�]�h �n�h�d�m�k�g�h�]�h �j�Z�k�k�l�h�y�g�b�y �[�u�e�b �\�u�[�j�Z�g�u �l�j�b �a�g�Z�q�_�g�b�y 
�^�b�Z�n�j�Z�]�f�_�g�g�h�]�h �q�b�k�e�Z 5, 4 �b 3,5. 

�G�Z �i�_�j�\�h�f �w�l�Z�i�_ �b�k�k�e�_�^�h�\�Z�g�b�y �[�u�e�b �h�i�j�_�^�_�e�_�g�u �a�g�Z�q�_�g�b�y �j�Z�a�f�_�j�Z �s�_�e�_�\�h�]�h �i�h�e�y �\ 
�k�b�k�l�_�f�Z�o, �]�^�_ �i�h�\�_�j�o�g�h�k�l�v �l�j�_�l�v�_�]�h �a�_�j�d�Z�e�Z �b�f�_�_�l �n�h�j�f�m �k�i�e�x�k�g�m�l�h�]�h �k�n�_�j�h�b�^�Z. �<�_�e�b�q�b�g�Z 
�s�_�e�_�\�h�]�h �i�h�e�y �l�j�_�o�a�_�j�d�Z�e�v�g�h�]�h �h�[�t�_�d�l�b�\�Z �[�_�a �w�d�j�Z�g�b�j�h�\�Z�g�b�y �g�Z�o�h�^�b�l�k�y �\ �^�b�Z�i�Z�a�h�g�_ �h�l 8,6° 
�^�h 20°. �I�j�b �w�l�h�f �j�Z�a�f�_�j �s�_�e�_�\�h�]�h �i�h�e�y �m�f�_�g�v�r�Z�e�k�y �i�j�b �m�\�_�e�b�q�_�g�b�b �n�h�d�m�k�g�h�]�h �j�Z�k�k�l�h�y�g�b�y 
�k�b�k�l�_�f�u �b �m�f�_�g�v�r�_�g�b�b �a�g�Z�q�_�g�b�y �^�b�Z�n�j�Z�]�f�_�g�g�h�]�h �q�b�k�e�Z. �L�Z�d�b�f �h�[�j�Z�a�h�f, �g�Z�b�[�h�e�v�r�_�_ 
�a�g�Z�q�_�g�b�_ �s�_�e�_�\�h�]�h �i�h�e�y – 20°, �[�u�e�h �^�h�k�l�b�]�g�m�l�h �\ �k�b�k�l�_�f�_ �k �n�h�d�m�k�g�u�f �j�Z�k�k�l�h�y�g�b�_�f 250 �f�f  �b 
�^�b�Z�n�j�Z�]�f�_�g�g�u�f �q�b�k�e�h�f 5. 

�<�l�h�j�u�f �w�l�Z�i�h�f �b�k�k�e�_�^�h�\�Z�g�b�y �y�\�e�y�e�h�k�v �h�i�j�_�^�_�e�_�g�b�_ �\�_�e�b�q�b�g�u �s�_�e�_�\�h�]�h �i�h�e�y �\ 
�k�b�k�l�_�f�Z�o, �]�^�_ �i�h�\�_�j�o�g�h�k�l�v �l�j�_�l�v�_�]�h �a�_�j�d�Z�e�Z �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �[�b�g�Z�j�g�m�x �Z�k�n�_�j�b�d�m. �< 
�j�_�a�m�e�v�l�Z�l�_ �[�u�e�h �i�h�d�Z�a�Z�g�h, �q�l�h �i�j�b �\�\�_�^�_�g�b�b �l�Z�d�h�]�h �l�b�i�Z �Z�k�n�_�j�b�d�b �i�j�h�b�k�o�h�^�b�l �m�\�_�e�b�q�_�g�b�_ 
�a�g�Z�q�_�g�b�y �j�Z�a�f�_�j�Z �s�_�e�_�\�h�]�h �i�h�e�y. �F�Z�d�k�b�f�Z�e�v�g�h�_ �a�g�Z�q�_�g�b�_ �s�_�e�_�\�h�]�h �i�h�e�y �[�u�e�h �k�g�h�\�Z 
�^�h�k�l�b�]�g�m�l�h �\ �k�b�k�l�_�f�_ �k �n�h�d�m�k�g�u�f �j�Z�k�k�l�h�y�g�b�_�f 250 �f�f  �b �^�b�Z�n�j�Z�]�f�_�g�g�u�f �q�b�k�e�h�f 5. 

�L�Z�d�b�f �h�[�j�Z�a�h�f, �\ �j�Z�[�h�l�_ �[�u�e�h �i�h�d�Z�a�Z�g�h, �q�l�h �i�j�b �\�\�_�^�_�g�b�b �\ �b�k�o�h�^�g�m�x �k�b�k�l�_�f�m 
�i�h�\�_�j�o�g�h�k�l�b, �i�j�_�^�k�l�Z�\�e�y�x�s�_�c �k�h�[�h�c �[�b�g�Z�j�g�m�x �Z�k�n�_�j�b�d�m,  �i�j�h�b�k�o�h�^�b�l �m�\�_�e�b�q�_�g�b�_ �\�_�e�b�q�b�g�u 
�s�_�e�_�\�h�]�h �i�h�e�y �b, �k�h�h�l�\�_�l�k�l�\�_�g�g�h, �m�\�_�e�b�q�b�\�Z�_�l�k�y �d�h�e�b�q�_�k�l�\�h �i�h�e�m�q�Z�_�f�h�c �b�g�n�h�j�f�Z�p�b�b. 
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�B�K�K�E�?�>�H�<�:�G�B�? �>�:�L�Q�B�D�H�< �L�?�F�I�?�J�:�L�M�J�U, �L�?�I�E�H�<�H�=�H 
�I�H�L�H�D�: �B �>�:�<�E�?�G�B�Y, �B�K�I�H�E�V�A�M�?�F�U�O �>�E�Y �H�P�?�G�B�<�:�G�B�Y 

�N�B�A�B�Q�?�K�D�H�=�H �K�H�K�L�H�Y�G�B�Y �J�:�A�E�B�Q�G�U�O �H�;�T�?�D�L�H�<, 
�J�:�;�H�L�:�X�S�B�O �< �W�D�K�L�J�?�F�:�E�V�G�U�O �M�K�E�H�<�B�Y�O 

�D.�K. �L�_�i�i�h, �: .�: . �<�h�j�h�g�b�g 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�l.�g., �i�j�h�n�_�k�k�h�j �=.�G. �E�m�d�v�y�g�h�\ 

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

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

�J�Z�k�k�f�h�l�j�_�g�u �^�Z�l�q�b�d�b �l�_�f�i�_�j�Z�l�m�j�u, �l�_�i�e�h�\�h�]�h �i�h�l�h�d�Z �b �^�Z�\�e�_�g�b�y, �d�h�l�h�j�u�_ 
�i�j�b�f�_�g�y�x�l�k�y �^�e�y �h�p�_�g�b�\�Z�g�b�y �n�b�a�b�q�_�k�d�h�]�h �k�h�k�l�h�y�g�b�y �j�Z�a�e�b�q�g�u�o �h�[�t�_�d�l�h�\, �j�Z�[�h�l�Z�x�s�b�o �\ 
�w�d�k�l�j�_�f�Z�e�v�g�u�o �m�k�e�h�\�b�y�o. 
 
 
�M�>�D 535.323 
 

�H�I�L�B�Q�?�K�D�B�? �K�<�H�C�K�L�<�: �I�E�?�G�H�D �G�?�D�H�L�H�J�U�O �N�L�H�J�B�>�H�< 
�B �O�:�E�V�D�H�=�?�G�B�>�H�< �F�?�L�:�E�E�H�< �< �B�G�N�J�:�D�J�:�K�G�H�C 

�H�;�E�:�K�L�B �K�I�?�D�L�J�: �>�H 200 �F�D�F 
�: .�G. �L�j�h�i�b�g (�H�:�H «�G�B�B «�=�b�j�b�d�h�g�^») 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�n.-�f .�g., �i�j�h�n�_�k�k�h�j �?.�G. �D�h�l�e�b�d�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 �Z�w�j�h�d�h�k�f�b�q�_�k�d�h�]�h �i�j�b�[�h�j�h�k�l�j�h�_�g�b�y) 

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

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

�>�e�y �i�j�h�_�d�l�b�j�h�\�Z�g�b�y �b �b�a�]�h�l�h�\�e�_�g�b�y �b�g�l�_�j�n�_�j�_�g�p�b�h�g�g�u�o �i�h�d�j�u�l�b�c �l�j�_�[�m�x�l�k�y 
�d�h�j�j�_�d�l�g�u�_ �^�Z�g�g�u�_ �i�h �^�b�k�i�_�j�k�b�b �h�i�l�b�q�_�k�d�b�o �d�h�g�k�l�Z�g�l �i�e�_�g�h�d �\ �j�Z�[�h�q�_�f �k�i�_�d�l�j�Z�e�v�g�h�f 
�^�b�Z�i�Z�a�h�g�_. �H�^�g�Z�d�h �b�k�k�e�_�^�h�\�Z�g�b�y, �g�Z�i�j�Z�\�e�_�g�g�u�_ �g�Z �b�a�m�q�_�g�b�_ �h�i�l�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �i�e�_�g�h�d 
�j�Z�a�e�b�q�g�u�o �f�Z�l�_�j�b�Z�e�h�\ �\ �^�Z�e�v�g�_�c �B�D-�h�[�e�Z�k�l�b �k�i�_�d�l�j�Z �i�j�Z�d�l�b�q�_�k�d�b �g�_ �i�j�h�\�h�^�b�e�b�k�v. �G�Z 
�k�_�]�h�^�g�y�r�g�b�c �f�h�f�_�g�l �h�l�k�m�l�k�l�\�m�x�l �^�h�k�l�h�\�_�j�g�u�_ �^�Z�g�g�u�_ �i�h �^�b�k�i�_�j�k�b�b �h�i�l�b�q�_�k�d�b�o �d�h�g�k�l�Z�g�l �b 
�g�Z�e�b�q�b�x �i�h�e�h�k �i�h�]�e�h�s�_�g�b�y �i�e�_�g�h�d �f�Z�l�_�j�b�Z�e�h�\, �g�Z�b�[�h�e�_�_ �i�j�b�]�h�^�g�u�o �^�e�y �k�b�g�l�_�a�Z �b 
�b�a�]�h�l�h�\�e�_�g�b�y �i�h�d�j�u�l�b�c �^�e�y �k�j�_�^�g�_�c �b �^�Z�e�v�g�_�c (�^�h 150–200 �f�d�f) �b�g�n�j�Z�d�j�Z�k�g�h�c �h�[�e�Z�k�l�b 
�k�i�_�d�l�j�Z. 

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

�< �j�Z�[�h�l�_ �b�k�k�e�_�^�h�\�Z�e�b�k�v �i�e�_�g�d�b PbTe, ZnSe, ZnS, BaF2 �b PbF2, �d�h�l�h�j�u�_ �r�b�j�h�d�h 
�b�k�i�h�e�v�a�m�x�l�k�y �^�e�y �k�h�a�^�Z�g�b�y �h�i�l�b�q�_�k�d�b�o �i�h�d�j�u�l�b�c �^�e�y �j�Z�[�h�l�u �\ �[�e�b�`�g�_�c �b �k�j�_�^�g�_�c 
�b�g�n�j�Z�d�j�Z�k�g�h�c �h�[�e�Z�k�l�b �k�i�_�d�l�j�Z.  

�>�b�k�i�_�j�k�b�y �h�i�l�b�q�_�k�d�b�o �d�h�g�k�l�Z�g�l �i�e�_�g�h�d �\ �^�b�Z�i�Z�a�h�g�_ �h�l 1 �^�h 200 �f�d�f �h�i�j�_�^�_�e�y�e�Z�k�v �i�h 
�f�_�l�h�^�b�d�_, �h�k�g�h�\�Z�g�g�h�c �g�Z �Z�g�Z�e�b�a�_ �k�i�_�d�l�j�h�\ �i�j�h�i�m�k�d�Z�g�b�y �b �h�l�j�Z�`�_�g�b�y �i�e�_�g�d�b �g�Z �i�h�^�e�h�`�d�_ �k 
�b�a�\�_�k�l�g�u�f�b �h�i�l�b�q�_�k�d�b�f�b �k�\�h�c�k�l�\�Z�f�b. �I�e�_�g�d�b �m�d�Z�a�Z�g�g�u�o �f�Z�l�_�j�b�Z�e�h�\ �l�h�e�s�b�g�h�c �h�l 3 �^�h 7 
�f�d�f �[�u�e�b �i�h�e�m�q�_�g�u �l�_�j�f�b�q�_�k�d�b�f �b�k�i�Z�j�_�g�b�_�f �\ �\�Z�d�m�m�f�_ �g�Z �i�h�^�e�h�`�d�Z�o �b�a 
�f�h�g�h�d�j�b�k�l�Z�e�e�b�q�_�k�d�h�]�h �d�j�_�f�g�b�y. �K�i�_�d�l�j�Z�e�v�g�u�_ �b�a�f�_�j�_�g�b�y �\ �b�k�k�e�_�^�m�_�f�h�f �^�b�Z�i�Z�a�h�g�_ 
�i�j�h�\�h�^�b�e�b�k�v �i�j�b �d�h�f�g�Z�l�g�h�c �l�_�f�i�_�j�Z�l�m�j�_ �g�Z �N�m�j�v�_-�k�i�_�d�l�j�h�f�_�l�j�Z�o �N�K�F-1201 �b  Bruker 
VERTEX 70. 

�I�e�_�g�d�b �l�_�e�e�m�j�b�^�Z �k�\�b�g�p�Z �g�_ �b�f�_�x�l �\�u�j�Z�`�_�g�g�u�o �i�h�e�h�k �i�h�]�e�h�s�_�g�b�y �\�h �\�k�_�f 
�b�k�k�e�_�^�h�\�Z�g�g�h�f �k�i�_�d�l�j�Z�e�v�g�h�f �b�g�l�_�j�\�Z�e�_. �I�j�b �w�l�h�f �i�h�]�e�h�s�_�g�b�_ �\ �i�e�_�g�d�Z�o PbTe �f�h�g�h�l�h�g�g�h 
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�\�h�a�j�Z�k�l�Z�_�l �\ �h�[�e�Z�k�l�b �^�e�b�g �\�h�e�g �[�h�e�_�_ 20 �f�d�f, �Z �i�h�d�Z�a�Z�l�_�e�v �i�h�]�e�h�s�_�g�b�y �^�h�k�l�b�]�Z�_�l �a�g�Z�q�_�g�b�y 
3� k  �i�j�b 150� �O �f�d�f. �I�e�_�g�d�b �h�k�l�Z�e�v�g�u�o �b�k�k�e�_�^�h�\�Z�g�g�u�o �f�Z�l�_�j�b�Z�e�h�\ �b�f�_�x�l �b�g�l�_�g�k�b�\�g�u�_ 

�i�h�e�h�k�u �i�h�]�e�h�s�_�g�b�y �\ �b�g�l�_�j�\�Z�e�_ �h�l 25 �^�h 100 �f�d�f. �L�_�f �g�_ �f�_�g�_�_, �i�e�_�g�d�b ZnSe, ZnS �b BaF2 

�f�h�]�m�l �[�u�l�v �b�k�i�h�e�v�a�h�\�Z�g�u �i�j�b �b�a�]�h�l�h�\�e�_�g�b�b �h�i�l�b�q�_�k�d�b�o �i�h�d�j�u�l�b�c �^�e�y �j�Z�[�h�l�u �\ 
�k�i�_�d�l�j�Z�e�v�g�h�c �h�[�e�Z�k�l�b �k �^�e�b�g�Z�f�b �\�h�e�g �[�h�e�_�_ 70–80 �f�d�f. 

�K �i�j�b�f�_�g�_�g�b�_�f �b�k�k�e�_�^�h�\�Z�g�g�u�o �i�e�_�g�d�h�h�[�j�Z�a�m�x�s�b�o �f�Z�l�_�j�b�Z�e�h�\ �[�u�e�h �k�i�j�h�_�d�l�b�j�h�\�Z�g�h �b 
�b�a�]�h�l�h�\�e�_�g�h �h�l�j�_�a�Z�x�s�_�_ �i�h�d�j�u�l�b�_ �^�e�y «�k�h�e�g�p�_�a�Z�s�b�l�g�h�]�h» �n�b�e�v�l�j�Z �k �[�e�h�d�b�j�h�\�Z�g�b�_�f 
�b�a�e�m�q�_�g�b�y �\ �^�b�Z�i�Z�a�h�g�_ �^�h 4,5 �f�d�f �b �i�j�h�i�m�k�d�Z�g�b�_�f �^�h 50 �f�d�f. 
 
 
�M�>�D 628.9.037:681.785.554 

 
�K�I�?�D�L�J�:�E�V�G�H-�B�A�F�?�J�B�L�?�E�V�G�:�Y �M�K�L�:�G�H�<�D�: 

�>�E�Y �B�K�K�E�?�>�H�<�:�G�B�Y �N�H�L�H�E�X�F�B�G�?�K�P�?�G�P�B�B 
�I�H�E�B�D�J�B�K�L�:�E�E�B�Q�?�K�D�B�O �K�E�H�?�< Pb1-�OCd�OSe 

�G.�W. �L�j�h�i�b�g�Z (�H�:�H «�G�B�B «�=�b�j�b�d�h�g�^») 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�n.-�f .�g., �i�j�h�n�_�k�k�h�j �<.�B. �B�e�v�b�g 

(�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 �i�h�e�b�l�_�o�g�b�q�_�k�d�b�c �m�g�b�\�_�j�k�b�l�_�l) 
 
�>�e�y �j�_�r�_�g�b�y �r�b�j�h�d�h�]�h �d�j�m�]�Z �a�Z�^�Z�q �\ �h�i�l�b�d�_ �b�g�n�j�Z�d�j�Z�k�g�h�]�h �^�b�Z�i�Z�a�h�g�Z �\�h�k�l�j�_�[�h�\�Z�g�u 

�[�u�k�l�j�h�^�_�c�k�l�\�m�x�s�b�_ �f�Z�e�h�]�Z�[�Z�j�b�l�g�u�_ �b�k�l�h�q�g�b�d�b �b�a�e�m�q�_�g�b�y �k �g�b�a�d�b�f �w�g�_�j�]�h�i�h�l�j�_�[�e�_�g�b�_�f. 
�G�Z�i�j�b�f�_�j, �l�Z�d�b�_ �b�k�l�h�q�g�b�d�b �i�j�b�f�_�g�y�x�l�k�y �\ �k�h�k�l�Z�\�_ �h�d�l�j�h�g�h�\ – �h�i�l�h�i�Z�j �k �h�l�d�j�u�l�u�f 
�h�i�l�b�q�_�k�d�b�f �d�Z�g�Z�e�h�f, �j�Z�[�h�l�Z�x�s�b�o �\ �^�b�Z�i�Z�a�h�g�_ �k�i�_�d�l�j�Z 2–5 �f�d�f �^�e�y �j�_�r�_�g�b�y �a�Z�^�Z�q 
�Z�^�k�h�j�[�p�b�h�g�g�h�]�h �Z�g�Z�e�b�a�Z �]�Z�a�h�\�u�o �b �`�b�^�d�b�o �k�j�_�^ [1]. 

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

�I�j�b �b�a�]�h�l�h�\�e�_�g�b�b �l�Z�d�b�o �n�h�l�h�e�x�f�b�g�_�k�p�_�g�l�g�u�o �b�a�e�m�q�Z�l�_�e�_�c �\�h�a�g�b�d�Z�_�l �g�_�h�[�o�h�^�b�f�h�k�l�v �\ 
�h�i�_�j�Z�l�b�\�g�h�f �b �^�h�k�l�h�\�_�j�g�h�f �b�a�f�_�j�_�g�b�b �b�o �k�i�_�d�l�j�Z�e�v�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d, �g�_ �l�h�e�v�d�h �^�e�y 
�h�p�_�g�d�b �d�Z�q�_�k�l�\�Z �\�u�i�m�k�d�Z�_�f�h�c �i�j�h�^�m�d�p�b�b, �g�h �b �^�e�y �i�j�h�\�_�^�_�g�b�y �b�k�k�e�_�^�h�\�Z�g�b�c �k �p�_�e�v�x 
�^�Z�e�v�g�_�c�r�_�]�h �k�h�\�_�j�r�_�g�k�l�\�h�\�Z�g�b�y �l�_�o�g�h�e�h�]�b�b �b�o �b�a�]�h�l�h�\�e�_�g�b�y. �I�h�w�l�h�f�m �^�e�y �b�k�k�e�_�^�h�\�Z�g�b�y 
�k�i�_�d�l�j�h�\ �n�h�l�h�e�x�f�b�g�_�k�p�_�g�p�b�b �k�l�j�m�d�l�m�j �g�Z �h�k�g�h�\�_ �i�h�e�b�d�j�b�k�l�Z�e�e�b�q�_�k�d�b�o �k�e�h�_�\ Pb1-�oCd�oSe 
�g�_�h�[�o�h�^�b�f�h �k�h�a�^�Z�g�b�_ �b�a�f�_�j�b�l�_�e�v�g�h�]�h �d�h�f�i�e�_�d�k�Z, �i�h�a�\�h�e�y�x�s�_�]�h �i�j�h�\�h�^�b�l�v �h�i�_�j�Z�l�b�\�g�u�_ 
�k�i�_�d�l�j�Z�e�v�g�u�_ �b�a�f�_�j�_�g�b�y �k �\�h�a�f�h�`�g�h�k�l�v�x �p�b�n�j�h�\�h�c �j�_�]�b�k�l�j�Z�p�b�b �b �h�[�j�Z�[�h�l�d�b �^�Z�g�g�u�o. 

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

�I�j�b �j�Z�a�j�Z�[�h�l�d�_ �m�k�l�Z�g�h�\�d�b �\ �d�Z�q�_�k�l�\�_ �k�i�_�d�l�j�Z�e�v�g�h�]�h �i�j�b�[�h�j�Z �[�u�e �b�k�i�h�e�v�a�h�\�Z�g 
�f�h�g�h�o�j�h�f�Z�l�h�j, �\�o�h�^�y�s�b�c �\ �k�h�k�l�Z�\ �k�i�_�d�l�j�h�f�_�l�j�Z �B�D�K-31 �k �g�Z�[�h�j�Z�f�b �k�f�_�g�g�u�o 
�^�b�n�j�Z�d�p�b�h�g�g�u�o �j�_�r�_�l�h�d �b �h�l�j�_�a�Z�x�s�b�o �n�b�e�v�l�j�h�\. �I�j�b�_�f�g�b�d�h�f �b�a�e�m�q�_�g�b�y �k�e�m�`�b�l 
�g�_�k�_�e�_�d�l�b�\�g�u�c �\ �b�k�k�e�_�^�m�_�f�h�f �k�i�_�d�l�j�Z�e�v�g�h�f �b�g�l�_�j�\�Z�e�_ 2–5 �f�d�f �i�b�j�h�w�e�_�d�l�j�b�q�_�k�d�b�c 
�i�j�b�_�f�g�b�d �F�=-33-02 �k �\�o�h�^�g�u�f �h�d�g�h�f �b�a �]�_�j�f�Z�g�b�y �[�_�a �h�i�l�b�q�_�k�d�h�]�h �i�h�d�j�u�l�b�y.  
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�B�k�l�h�q�g�b�d�h�f �h�i�l�b�q�_�k�d�h�c �g�Z�d�Z�q�d�b �\ �b�a�e�m�q�Z�x�s�b�o �k�l�j�m�d�l�m�j�Z�o �y�\�e�y�_�l�k�y GaAs �k�\�_�l�h�^�b�h�^ 
�:�E 107 �k �^�e�b�g�h�c �\�h�e�g�u �f�Z�d�k�b�f�m�f�Z �b�a�e�m�q�_�g�b�y ��max = 0.85 �f�d�f. �I�j�b �b�a�f�_�j�_�g�b�y�o �k�\�_�l�h�^�b�h�^ 
�i�b�l�Z�_�l�k�y �i�j�y�f�h�m�]�h�e�v�g�u�f�b �b�f�i�m�e�v�k�Z�f�b �l�h�d�Z �k �Z�f�i�e�b�l�m�^�h�c 50–100 �f�:  �b �k�d�\�Z�`�g�h�k�l�v�x 2. 
�Q�Z�k�l�h�l�Z �k�e�_�^�h�\�Z�g�b�y �b�f�i�m�e�v�k�h�\ �\�u�[�b�j�Z�_�l�k�y �\ �i�j�_�^�_�e�Z�o �i�h�e�h�]�h�]�h �m�q�Z�k�l�d�Z �q�Z�k�l�h�l�g�h�c 
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �i�b�j�h�i�j�b�_�f�g�b�d�Z �b �g�_ �i�j�_�\�u�r�Z�_�l 100 �=�p. �W�l�Z�e�h�g�g�u�f �b�k�l�h�q�g�b�d�h�f �b�a�e�m�q�_�g�b�y 
�k�e�m�`�b�l �f�h�^�_�e�v �Z�[�k�h�e�x�l�g�h �q�_�j�g�h�]�h �l�_�e�Z �k �l�_�f�i�_�j�Z�l�m�j�h�c �i�h�e�h�k�l�b 300º�K. 

�< �d�Z�q�_�k�l�\�_ �j�_�]�b�k�l�j�b�j�m�x�s�_�]�h �i�j�b�[�h�j�Z �b�k�i�h�e�v�a�h�\�Z�g �k�b�g�o�j�h�g�g�u�c �\�h�e�v�l�f�_�l�j SR 510 
Stanford Research Systems. �I�_�j�_�^�Z�q�Z �^�Z�g�g�u�o �g�Z �I�D �h�k�m�s�_�k�l�\�e�y�_�l�k�y �i�h �i�Z�j�Z�e�e�_�e�v�g�h�f�m 
�b�g�l�_�j�n�_�c�k�m �q�_�j�_�a �:�P�I , �\�k�l�j�h�_�g�g�u�c �\ �k�b�g�o�j�h�g�g�u�c �\�h�e�v�l�f�_�l�j. �>�e�y �k�h�i�j�y�`�_�g�b�y �I�D �k 
�i�j�b�[�h�j�h�f �[�u�e�Z �k�h�k�l�Z�\�e�_�g�Z �i�j�h�]�j�Z�f�f�Z, �i�h�a�\�h�e�y�x�s�Z�y �\�u�^�Z�\�Z�l�v �k�b�]�g�Z�e �a�Z�i�j�h�k�Z �g�Z �i�_�j�_�^�Z�q�m 
�^�Z�g�g�u�o �k �:�P�I , �h�l�h�[�j�Z�`�Z�l�v �\ �j�_�Z�e�v�g�h�f �\�j�_�f�_�g�b �j�_�]�b�k�l�j�b�j�m�_�f�u�c �k�b�]�g�Z�e �b �k�h�o�j�Z�g�y�l�v �^�Z�g�g�u�_ 
�\ �l�_�d�k�l�h�\�h�f �n�Z�c�e�_. �H�^�g�h�\�j�_�f�_�g�g�h �k �i�_�j�_�^�Z�q�_�c �k�b�]�g�Z�e�Z �k �i�j�b�_�f�g�b�d�Z �i�h �\�l�h�j�h�f�m �d�Z�g�Z�e�m 
�i�_�j�_�^�Z�_�l�k�y �b�f�i�m�e�v�k�u �k�h �\�k�l�j�h�_�g�g�h�]�h �h�l�f�_�l�q�b�d�Z, �i�h�a�\�h�e�y�x�s�b�_ �k�h�h�l�g�_�k�l�b �b�a�f�_�j�y�_�f�u�c �k�b�]�g�Z�e 
�k �^�e�b�g�h�c �\�h�e�g�u �f�h�g�h�o�j�h�f�Z�l�h�j�Z. 

�<�j�_�f�y �h�^�g�h�]�h �b�a�f�_�j�_�g�b�y �a�Z�\�b�k�b�l �h�l �k�d�h�j�h�k�l�b �k�d�Z�g�b�j�h�\�Z�g�b�y �i�h �k�i�_�d�l�j�m �b �f�h�`�_�l 
�b�a�f�_�g�y�l�v�k�y �h�l �g�_�k�d�h�e�v�d�b�o �f�b�g�m�l �^�h �g�_�k�d�h�e�v�d�b�o �q�Z�k�h�\. �F�b�g�b�f�Z�e�v�g�Z�y �k�d�h�j�h�k�l�v �b�a�f�_�j�_�g�b�y 
�b�k�i�h�e�v�a�m�_�l�k�y �^�e�y �m�\�_�e�b�q�_�g�b�y �\�j�_�f�_�g�b �g�Z�d�h�i�e�_�g�b�y �k�b�]�g�Z�e�Z �i�j�b �j�_�]�b�k�l�j�Z�p�b�b �k�e�Z�[�u�o �k�\�_�l�h�\�u�o 
�i�h�l�h�d�h�\. �>�e�y �[�h�e�v�r�b�g�k�l�\�Z �b�k�k�e�_�^�m�_�f�u�o �k�l�j�m�d�l�m�j �g�Z �h�k�g�h�\�_ �k�e�h�_�\  Pb1-�oCd�oSe �\�j�_�f�y �h�^�g�h�]�h 
�b�a�f�_�j�_�g�b�y �h�[�u�q�g�h �g�_ �i�j�_�\�u�r�Z�_�l 10 �f�b�g. 

�L�Z�d�b�f �h�[�j�Z�a�h�f, �j�Z�a�j�Z�[�h�l�Z�g�g�u�c �k�i�_�d�l�j�h�f�_�l�j�b�q�_�k�d�b�c �d�h�f�i�e�_�d�k �i�h�a�\�h�e�y�_�l �i�j�h�\�h�^�b�l�v 
�b�k�k�e�_�^�h�\�Z�g�b�y �k�i�_�d�l�j�Z�e�v�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d �b�k�l�h�q�g�b�d�h�\ �b�a�e�m�q�_�g�b�y, �j�Z�[�h�l�Z�x�s�b�o �\ 
�b�g�n�j�Z�d�j�Z�k�g�h�f �k�i�_�d�l�j�Z�e�v�g�h�f �^�b�Z�i�Z�a�h�g�_, �\ �l�h�f �q�b�k�e�_ �b �k�i�_�d�l�j�h�\ �n�h�l�h�e�x�f�b�g�_�k�p�_�g�p�b�b 
�k�l�j�m�d�l�m�j �g�Z �h�k�g�h�\�_ �i�h�e�b�d�j�b�k�l�Z�e�e�b�q�_�k�d�b�o �k�e�h�_�\ Pb1-�oCd�oSe.  

�L�b�i�h�\�Z�y �k�i�_�d�l�j�Z�e�v�g�Z�y �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z �n�h�l�h�e�x�f�b�g�_�k�p�_�g�p�b�b �i�h�e�b�d�j�b�k�l�Z�e�e�b�q�_�k�d�b�o 
�i�e�_�g�h�d �k�_�e�_�g�b�^�Z �k�\�b�g�p�Z �b �l�\�_�j�^�u�o �j�Z�k�l�\�h�j�h�\ �g�Z �_�]�h �h�k�g�h�\�_, �b�f�_�_�l �\�b� ̂ �d�h�e�h�d�h�e�h�h�[�j�Z�a�g�h�c 
�d�j�b�\�h�c �k �i�h�e�m�r�b�j�b�g�h�c 400–600 �g�f �b �f�Z�d�k�b�f�m�f�h�f �h�l 2,5 �^�h 4,2 �f�d�f �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �k�h�k�l�Z�\�Z 
�b�k�o�h�^�g�h�]�h �i�h�e�m�i�j�h�\�h�^�g�b�d�h�\�h�]�h �f�Z�l�_�j�b�Z�e�Z.   

�I�j�b�f�_�g�b�l�_�e�v�g�h �d �b�k�l�h�q�g�b�d�Z�f �b�a�e�m�q�_�g�b�y �g�Z Pb1-�oCd�oSe �k �i�h�f�h�s�v�x �j�Z�a�j�Z�[�h�l�Z�g�g�h�c 
�b�a�f�_�j�b�l�_�e�v�g�h�c �k�b�k�l�_�f�u �i�h �k�i�_�d�l�j�Z�f �n�h�l�h�e�x�f�b�g�_�k�p�_�g�p�b�b �[�u�e�h �b�k�k�e�_�^�h�\�Z�g�h �\�e�b�y�g�b�_ 
�^�_�n�h�j�f�Z�p�b�h�g�g�h�]�h �\�h�a�^�_�c�k�l�\�b�y �^�b�w�e�_�d�l�j�b�q�_�k�d�h�c �k�l�_�d�e�h�\�b�^�g�h�c �n�Z�a�u �g�Z �d�j�b�k�l�Z�e�e�b�l�u 
�k�_�e�_�g�b�^�Z �k�\�b�g�p�Z �\ �b�a�e�m�q�Z�x�s�_�c �k�l�j�m�d�l�m�j�_. �< �j�_�a�m�e�v�l�Z�l�_ �i�j�h�\�_�^�_�g�g�u�o �b�k�k�e�_�^�h�\�Z�g�b�c 
�m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �k�b�e�v�g�u�_ �j�Z�k�l�y�]�b�\�Z�x�s�b�_ �g�Z�i�j�y�`�_�g�b�y, �\�h�a�g�b�d�Z�x�s�b�_ �\ �i�e�_�g�d�_ �b�a-�a�Z �j�Z�a�g�h�k�l�b 
�d�h�w�n�n�b�p�b�_�g�l�h�\ �l�_�f�i�_�j�Z�l�m�j�g�h�]�h �j�Z�k�r�b�j�_�g�b�y �k�e�h�y �b �i�h�^�e�h�`�d�b, �i�j�b�\�h�^�y�l �d �k�f�_�s�_�g�b�x 
�f�Z�d�k�b�f�m�f�Z �n�h�l�h�e�x�f�b�g�_�k�p�_�g�p�b�b �\ �d�h�j�h�l�d�h�\�h�e�g�h�\�m�x �h�[�e�Z�k�l�v [3].   
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�I�J�B�F�?�G�?�G�B�? �D�J�B�<�U�O �;�?�A�V�? �>�E�Y �:�<�L�H�F�:�L�B�A�B�J�H�<�:�G�G�H�=�H 
�J�:�K�Q�?�L�: �H�K�<�?�L�B�L�?�E�V�G�U�O �K�B�K�L�?�F �K�H�A�>�:�X�S�B�O 

�I�J�Y�F�H�M�=�H�E�V�G�M�X �N�H�J�F�M �K�<�?�L�H�<�H�=�H �I�Y�L�G�: 
�< �G�:�D�E�H�G�G�H�F �I�M�Q�D�? 

�: .�: . �L�j�h�n�b�f�m�d 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�l.�g., �i�j�h�n�_�k�k�h�j �<.�: . �A�\�_�j�_�\ 

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

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

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

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

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

�< �j�_�a�m�e�v�l�Z�l�_ �j�Z�[�h�l�u �j�Z�k�k�q�b�l�Z�g�Z �h�k�\�_�l�b�l�_�e�v�g�Z�y �k�b�k�l�_�f�Z, �n�h�j�f�b�j�m�x�s�Z�y �i�j�y�f�h�m�]�h�e�v�g�h�_ 
�i�y�l�g�h �k�\�_�l�Z �\ �r�b�j�h�d�h�f �g�Z�d�e�h�g�g�h�f �i�m�q�d�_ �k�\�_�l�Z �b �h�i�b�k�Z�g�Z �f�_�l�h�^�b�d�Z �_�z �j�Z�k�q�_�l�Z. �I�h�e�m�q�_�g �a�Z�^�_�e 
�^�e�y �^�Z�e�v�g�_�c�r�b�o �b�k�k�e�_�^�h�\�Z�g�b�c �\ �w�l�h�c �h�[�e�Z�k�l�b. 
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�J�:�A�J�:�;�H�L�D�: �I�J�H�=�J�:�F�F�U �<�U�I�M�K�D�: �Q�?�J�L�?�@�?�C �W�E�?�F�?�G�L�H�< 
�D�J�?�I�E�?�G�B�Y �D�J�M�=�E�H�C �H�I�L�B�D�B 

�B.�: . �L�j�m�k�h�\ 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �d.�l.�g., �^�h�p�_�g�l �G.�>. �L�h�e�k�l�h�[�Z 

 
�D�j�Z�l�d�h�_ �\�k�l�m�i�e�_�g�b�_, �i�h�k�l�Z�g�h�\�d�Z �i�j�h�[�e�_�f�u. �<�u�[�h�j �d�h�g�k�l�j�m�d�p�b�b �d�j�_�i�e�_�g�b�y 

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

�I�h �\�b�^�m �d�j�_�i�e�_�g�b�y �h�i�l�b�q�_�k�d�b�_ �^�_�l�Z�e�b �^�_�e�y�l�k�y �g�Z �l�j�b �h�k�g�h�\�g�u�_ �]�j�m�i�i�u: �d�j�m�]�e�u�_ �^�_�l�Z�e�b 
(�e�b�g�a�u, �k�_�l�d�b, �d�j�m�]�e�u�_ �a�Z�s�b�l�g�u�_ �k�l�_�e�Z, �e�b�f�[�u, �k�\�_�l�h�n�b�e�v�l�j�u), �g�_�d�j�m�]�e�u�_ �^�_�l�Z�e�b (�i�j�b�a�f�u, 
�a�Z�s�b�l�g�u�_ �k�l�z�d�e�Z, �r�d�Z�e�u) �b �a�_�j�d�Z�e�Z. 

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

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

 
�P�_�e�v �j�Z�[�h�l�u. �P�_�e�v�x �j�Z�[�h�l�u �y�\�e�y�_�l�k�y �j�Z�a�j�Z�[�h�l�d�Z �i�Z�d�_�l�Z �i�j�h�]�j�Z�f�f �\ �k�j�_�^�_ �K�:�I�J �^�e�y 

�Z�\�l�h�f�Z�l�b�a�b�j�h�\�Z�g�g�h�]�h �\�u�i�m�k�d�Z �q�_�j�l�_�`�_�c �w�e�_�f�_�g�l�h�\ �d�j�_�i�e�_�g�b�y �d�j�m�]�e�h�c �h�i�l�b�d�b (�d�h�e�_�p). 
 
�;�Z�a�h�\�u�_ �i�h�e�h�`�_�g�b�y. �>�e�y �j�_�Z�e�b�a�Z�p�b�b �i�j�h�]�j�Z�f�f�u �[�u�e �\�u�[�j�Z�g �i�Z�d�_�l �i�j�h�]�j�Z�f�f �K�:�I�J 

AutoDesk AutoCAD 2005. 
�>�e�y �m�^�h�[�k�l�\�Z �i�h�e�v�a�h�\�Z�g�b�y �i�j�h�]�j�Z�f�f�h�c �[�u�e�h �j�_�r�_�g�h, �q�l�h �\�k�_ �j�Z�a�f�_�j�u �^�_�l�Z�e�b, �Z �l�Z�d �`�_ 

�^�h�i�h�e�g�b�l�_�e�v�g�u�_ �i�Z�j�Z�f�_�l�j�u �\�u�i�h�e�g�_�g�b�y �q�_�j�l�_�`�Z (�w�k�d�b�a�Z), �i�h�e�v�a�h�\�Z�l�_�e�v �a�Z�^�Z�_�l �i�j�b �i�h�f�h�s�b 
�^�b�Z�e�h�]�h�\�u�o �h�d�h�g. 

 
�J�_�a�m�e�v�l�Z�l�u. �J�_�a�m�e�v�l�Z�l�h�f �j�Z�[�h�l�u �k�l�Z�e�Z �i�j�h�]�j�Z�f�f�Z, �m�^�h�\�e�_�l�\�h�j�y�x�s�Z�y �i�h�k�l�Z�\�e�_�g�g�u�f 

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

�a�Z�^�Z�g�g�u�f �i�h�e�v�a�h�\�Z�l�_�e�_�f �j�Z�a�f�_�j�g�u�f �i�Z�j�Z�f�_�l�j�Z�f. 
�� �I�j�h�k�l�Z�\�e�y�_�l �j�Z�a�f�_�j�u, �[�Z�a�u �b �^�h�i�m�k�d�b. 
�� �I�h�a�\�h�e�y�_�l �\�u�i�h�e�g�b�l�v �w�k�d�b�a �w�e�_�f�_�g�l�Z �\ �i�h�\�_�j�g�m�l�h�f �b�e�b �h�l�j�Z�`�_�g�g�h�f �\�b�^�_. 
�� �M�i�j�h�s�Z�_�l �a�Z�i�h�e�g�_�g�b�_ �h�k�g�h�\�g�h�c �g�Z�^�i�b�k�b �q�_�j�l�_�`�Z. 
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�I�?�J�K�I�?�D�L�B�<�G�U�? �>�B�:�I�:�A�H�G�U �>�E�B�G �<�H�E�G �>�E�Y 
�F�M�E�V�L�B�K�I�?�D�L�J�:�E�V�G�U�O �K�B�K�L�?�F �:�D�L�B�<�G�H�C �B �I�:�K�K�B�<�G�H�C 

�E�H�D�:�P�B�B �>�E�Y �H�;�G�:�J�M�@�?�G�B�Y �H�;�T�?�D�L�H�< 
�: .�: . �M�l�d�b�g�Z 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�l.�g., �i�j�h�n�_�k�k�h�j �: .�<. �>�_�f�b�g 
 

�H�i�l�b�d�h-�e�h�d�Z�p�b�h�g�g�u�_ �f�h�^�m�e�b, �i�j�_�^�g�Z�a�g�Z�q�_�g�g�u�_ �^�e�y �h�[�g�Z�j�m�`�_�g�b�y �b �h�p�_�g�d�b �i�Z�j�Z�f�_�l�j�h�\ 
�^�\�b�`�_�g�b�y �\�h�a�^�m�r�g�u�o �p�_�e�_�c �k �f�Z�e�h�c �w�n�n�_�d�l�b�\�g�h�c �i�e�h�s�Z�^�v�x �j�Z�k�k�_�y�g�b�y (�W�I�J) �f�h�]�m�l 
�j�Z�[�h�l�Z�l�v �\ �j�_�`�b�f�Z�o �d�Z�d �i�Z�k�k�b�\�g�h�c, �l�Z�d �b �Z�d�l�b�\�g�h�c �e�h�d�Z�p�b�b �h�l �^�Z�e�v�g�_�]�h �b�g�n�j�Z�d�j�Z�k�g�h�]�h (�B�D) 
�^�b�Z�i�Z�a�h�g�Z �^�h �m�e�v�l�j�Z�n�b�h�e�_�l�h�\�h�]�h (�M�N) �^�b�Z�i�Z�a�h�g�Z �\ «�h�d�g�Z�o �i�j�h�a�j�Z�q�g�h�k�l�b» �Z�l�f�h�k�n�_�j�u. �< 
�h�[�s�_�f �k�e�m�q�Z�_ �i�j�h�p�_�k�k �h�[�g�Z�j�m�`�_�g�b�y �p�_�e�b �i�j�h�b�k�o�h�^�b�l �g�Z �n�h�g�_ �j�Z�a�g�h�]�h �j�h�^�Z �h�i�l�b�q�_�k�d�b�o 
�i�h�f�_�o (�n�e�m�d�l�m�Z�p�b�h�g�g�u�o, �h�[�j�Z�l�g�h�]�h �j�Z�k�k�_�y�g�b�y, �n�h�g�h�\�u�o), �h�]�j�Z�g�b�q�b�\�Z�x�s�b�o �^�Z�e�v�g�h�k�l�v 
�^�_�c�k�l�\�b�y �e�h�d�Z�p�b�h�g�g�u�o �k�b�k�l�_�f. �H�k�g�h�\�g�u�f �b�k�l�h�q�g�b�d�h�f �n�h�g�h�\�u�o �i�h�f�_�o �\ �h�i�l�b�q�_�k�d�h�f 
�^�b�Z�i�Z�a�h�g�_ �k�i�_�d�l�j�Z �y�\�e�y�_�l�k�y �k�h�e�g�_�q�g�h�_ �b�a�e�m�q�_�g�b�_, �f�Z�d�k�b�f�m�f �d�h�l�h�j�h�]�h �i�j�b�o�h�^�b�l�k�y �g�Z 
�\�b�^�b�f�u�c �^�b�Z�i�Z�a�h�g. �I�h�w�l�h�f�m �a�Z�q�Z�k�l�m�x �e�h�d�Z�p�b�h�g�g�u�_ �f�h�^�m�e�b �j�Z�a�j�Z�[�Z�l�u�\�Z�x�l�k�y �e�b�[�h �^�e�y �B�D, 
�e�b�[�h �^�e�y �M�N �^�b�Z�i�Z�a�h�g�h�\. 

�P�_�e�v �j�Z�[�h�l�u – �\�u�y�k�g�b�l�v �g�Z�b�[�h�e�_�_ �i�_�j�k�i�_�d�l�b�\�g�u�_ �^�b�Z�i�Z�a�h�g�u �^�e�b�g �\�h�e�g �Z�d�l�b�\�g�h�c �b 
�i�Z�k�k�b�\�g�h�c �e�h�d�Z�p�b�b �^�e�y �h�[�g�Z�j�m�`�_�g�b�y �h�[�t�_�d�l�h�\. 

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

�G�Z�b�[�h�e�_�_ �m�^�h�[�g�u �f�g�h�]�h�k�i�_�d�l�j�Z�e�v�g�u�_ �h�i�l�b�d�h-�w�e�_�d�l�j�h�g�g�u�_ �k�b�k�l�_�f�u (�F�H�K), 
�j�Z�[�h�l�Z�x�s�b�_ �\ �g�_�k�d�h�e�v�d�b�o �k�i�_�d�l�j�Z�e�v�g�u�o �^�b�Z�i�Z�a�h�g�Z�o. �G�Z�b�[�h�e�_�_ �i�j�h�k�l�u�f �\�Z�j�b�Z�g�l�h�f �F�H�K 
�y�\�e�y�_�l�k�y �d�h�g�k�l�j�m�d�p�b�y �b�a �g�_�k�d�h�e�v�d�b�o �g�_�a�Z�\�b�k�b�f�u�o �k�b�k�l�_�f, �k�h�k�l�h�y�s�b�o �b�a �h�[�t�_�d�l�b�\�Z �b 
�i�j�b�_�f�g�b�d�Z �b�a�e�m�q�_�g�b�y, �h�[�t�_�^�b�g�_�g�g�u�o �\ �_�^�b�g�m�x �d�h�g�k�l�j�m�d�p�b�x. �>�h�k�l�h�b�g�k�l�\�h �l�Z�d�b�o �k�b�k�l�_�f – 
�\�h�a�f�h�`�g�h�k�l�v �i�h�e�m�q�_�g�b�y �i�j�_�^�_�e�v�g�u�o �h�i�l�b�q�_�k�d�b�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d. �G�_�^�h�k�l�Z�l�d�b – �[�h�e�v�r�b�_ 
�]�Z�[�Z�j�b�l�u, �f�Z�k�k�Z �b �k�l�h�b�f�h�k�l�v.  

�;�h�e�_�_ �i�j�_�^�i�h�q�l�b�l�_�e�v�g�u�f�b �y�\�e�y�x�l�k�y �k�b�k�l�_�f�u, �\ �d�h�l�h�j�u�o �h�i�l�b�q�_�k�d�b�_ �w�e�_�f�_�g�l�u, �\�k�_ �b�e�b 
�g�_�d�h�l�h�j�u�_, �h�^�g�h�\�j�_�f�_�g�g�h �j�Z�[�h�l�Z�x�l �\ �g�_�k�d�h�e�v�d�b�o �k�i�_�d�l�j�Z�e�v�g�u�o �^�b�Z�i�Z�a�h�g�Z�o. �< �i�_�j�\�m�x 
�h�q�_�j�_�^�v �w�l�h �a�_�j�d�Z�e�v�g�u�_ �k�b�k�l�_�f�u, �l�Z�d �d�Z�d �d�j�Z�c�g�_ �k�e�h�`�g�h �i�h�^�h�[�j�Z�l�v �f�Z�l�_�j�b�Z�e�u, 
�i�j�h�k�\�_�l�e�y�x�s�b�_ �i�h�d�j�u�l�b�y �b �\�u�i�h�e�g�b�l�v �Z�[�_�j�j�Z�p�b�h�g�g�u�c �j�Z�k�q�_�l �e�b�g�a�h�\�h�c �r�b�j�h�d�h�^�b�Z�i�Z�a�h�g�g�h�c 
�F�H�K. �I�j�b �i�j�h�_�d�l�b�j�h�\�Z�g�b�b �e�b�g�a�h�\�h�c �F�H�K �h�^�b�g �d�Z�g�Z�e �y�\�e�y�_�l�k�y �h�k�g�h�\�g�u�f – �b�f�_�x�s�b�f 
�e�m�q�r�b�_ �h�i�l�b�q�_�k�d�b�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b (�\�u�k�h�d�h�_ �i�j�h�i�m�k�d�Z�g�b�_, �f�b�g�b�f�Z�e�v�g�h�_ �i�y�l�g�h �j�Z�k�k�_�y�g�b�_) 
�i�h �k�j�Z�\�g�_�g�b�x �k �^�j�m�]�b�f�b �d�Z�g�Z�e�Z�f�b. 

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

�< �j�_�a�m�e�v�l�Z�l�_ �j�Z�[�h�l�u �\�u�y�k�g�_�g�h, �q�l�h �i�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b �k�b�k�l�_�f �Z�d�l�b�\�g�h�c �e�h�d�Z�p�b�b �^�e�y 
�h�[�g�Z�j�m�`�_�g�b�y �[�u�k�l�j�h�^�\�b�`�m�s�b�o�k�y �h�[�t�_�d�l�h�\ �i�_�j�k�i�_�d�l�b�\�g�u�f �i�j�_�^�k�l�Z�\�e�y�_�l�k�y �^�b�Z�i�Z�a�h�g �M�N 
�b�a�e�m�q�_�g�b�y 250…300 �g�f. �N�h�j�f�b�j�h�\�Z�g�b�_ �h�[�j�Z�l�g�h�]�h �j�Z�k�k�_�y�g�b�y �i�j�h�b�k�o�h�^�b�l �g�Z �d�h�j�i�m�k�_ �h�[�t�_�d�l�Z 
�b �g�Z �\�h�a�f�m�s�_�g�b�y�o �\�h�a�^�m�r�g�h�c �k�j�_�^�u. �>�e�y �i�Z�k�k�b�\�g�h�]�h �h�[�g�Z�j�m�`�_�g�b�y �p�_�e�_�c �i�_�j�k�i�_�d�l�b�\�_�g 
�^�b�Z�i�Z�a�h�g 300…400 �g�f �b�e�b �[�e�b�`�g�_�]�h �M�N, �Z �l�Z�d�`�_ �^�b�Z�i�Z�a�h�g �^�Z�e�v�g�_�]�h �b�g�n�j�Z�d�j�Z�k�g�h�]�h 
�b�a�e�m�q�_�g�b�y 8–12 �f�d�f. 
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�M�>�D 685.618:629.488.27 
 

�H�K�H�;�?�G�G�H�K�L�B �K�H�A�>�:�G�B�Y �D�H�F�I�:�J�:�L�H�J�H�< �>�E�Y �D�H�G�L�J�H�E�Y 
�B�A�F�?�J�B�L�?�E�V�G�U�O �E�?�G�L �B �E�B�G�?�?�D 

�E.�: . �O�Z�f�b�l�h�\�Z 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �k�l. �i�j�_�i�h�^�Z�\�Z�l�_�e�v �K.�K. �=�\�h�a�^�_�\ 

 
�B�a�f�_�j�b�l�_�e�v�g�Z�y �e�_�g�l�Z – �b�a�f�_�j�b�l�_�e�v�g�u�c �b�g�k�l�j�m�f�_�g�l, �i�j�_�^�g�Z�a�g�Z�q�_�g�g�u�c �^�e�y �b�a�f�_�j�_�g�b�y 

�i�j�h�l�y�`�_�g�g�u�o �e�b�g�_�c�g�u�o �h�[�t�_�d�l�h�\ �b �^�e�y �j�Z�a�f�_�l�d�b �i�h�f�_�s�_�g�b�c [1]. 
�B�a�f�_�j�b�l�_�e�v�g�Z�y �e�b�g�_�c�d�Z – �r�l�j�b�o�h�\�Z�y �f�_�j�Z �^�e�b�g�u �\ �\�b�^�_ �f�_�l�Z�e�e�b�q�_�k�d�h�c, �^�_�j�_�\�y�g�g�h�c 

�b�e�b �i�e�Z�k�l�f�Z�k�k�h�\�h�c �i�e�Z�k�l�b�g�u, �i�j�_�^�g�Z�a�g�Z�q�_�g�g�Z�y �^�e�y �b�a�f�_�j�_�g�b�y �e�b�g�_�c�g�u�o �\�_�e�b�q�b�g 
�g�_�i�h�k�j�_�^�k�l�\�_�g�g�u�f �k�j�Z�\�g�_�g�b�_�f �b�a�f�_�j�y�_�f�h�c �\�_�e�b�q�b�g�u �k�h �r�d�Z�e�h�c �f�_�j�u [2]. 

�G�b�a�d�Z�y �k�l�h�b�f�h�k�l�v, �i�j�h�k�l�h�l�Z �b �g�Z�^�_�`�g�h�k�l�v �b�a�f�_�j�b�l�_�e�v�g�u�o �e�_�g�l �b �e�b�g�_�_�d �y�\�e�y�x�l�k�y 
�i�j�b�q�b�g�Z�f�b �Z�d�l�m�Z�e�v�g�h�k�l�b �^�e�y �j�Z�a�j�Z�[�h�l�d�b  �k�j�_�^�k�l�\ �d�h�g�l�j�h�e�y �b �i�h�\�_�j�d�b �e�_�g�l (�\ �l�h�f �q�b�k�e�_ �b 
�e�_�g�l �j�m�e�_�l�h�d) �b �e�b�g�_�_�d, �l�Z�d �d�Z�d �\ �k�e�h�`�b�\�r�_�c�k�y �k�b�l�m�Z�p�b�b �k �f�b�j�h�\�u�f �w�d�h�g�h�f�b�q�_�k�d�b�f 
�d�j�b�a�b�k�h�f �i�h�l�j�_�[�b�l�_�e�v �\�k�_ �[�h�e�v�r�_ �h�l�^�Z�_�l �i�j�_�^�i�h�q�l�_�g�b�_ �i�j�h�k�l�u�f �b �^�_�r�_�\�u�f �b�a�f�_�j�b�l�_�e�v�g�u�f 
�b�g�k�l�j�m�f�_�g�l�Z�f [3]. 

�D�Z�d �e�x�[�h�_ �b�a�f�_�j�b�l�_�e�v�g�h�_ �k�j�_�^�k�l�\�h, �e�_�g�l�Z  �b �e�b�g�_�c�d�Z �^�h�e�`�g�u �[�u�l�v �i�h�\�_�j�_�g�u. 
�P�_�e�v�x �^�Z�g�g�h�c �j�Z�[�h�l�u �y�\�e�y�_�l�k�y �j�Z�k�k�f�h�l�j�_�g�b�_ �h�k�h�[�_�g�g�h�k�l�_�c �e�_�g�l �b �e�b�g�_�_�d, �Z�g�Z�e�b�a 

�d�h�f�i�Z�j�Z�l�h�j�h�\, �i�j�_�^�k�l�Z�\�e�_�g�g�u�o �g�Z �j�u�g�d�_. 
�E�_�g�l�u �\ �k�h�h�l�\�_�l�k�l�\�b�b �k �=�H�K�L 7502 �b�f�_�x�l �^�e�b�g�m �h�l 1 �^�h 100 �f�_�l�j�h�\ [4]. �E�b�g�_�c�d�b �\ 

�k�h�h�l�\�_�l�k�l�\�b�b �k �=�H�K�L 427 �^�h�e�`�g�u �b�a�]�h�l�h�\�e�y�l�v�k�y �k �i�j�_�^�_�e�Z�f�b �b�a�f�_�j�_�g�b�c �h�l 150 �^�h 3000 �f�f  [5]. 
�>�e�b�g�Z �d�h�f�i�Z�j�Z�l�h�j�Z �a�Z�\�b�k�b�l �h�l �^�e�b�g�u �e�_�g�l�u �b�e�b �e�b�g�_�c�d�b. �G�Z �k�_�]�h�^�g�y�r�g�b�c �^�_�g�v �k�Z�f�u�_ 

�o�h�^�h�\�u�_ �e�_�g�l�u – �k �^�e�b�g�h�c �i�h�e�h�l�g�Z �h�l 2-�o �f�_�l�j�h�\ �^�h 10-�l�b, �r�b�j�b�g�h�c – �h�l 12,5 �^�h 25 
�f�b�e�e�b�f�_�l�j�h�\. �K�h�h�l�\�_�l�k�l�\�_�g�g�h �d�h�f�i�Z�j�Z�l�h�j�u �^�e�y �d�h�g�l�j�h�e�y �e�_�g�l �b �e�b�g�_�_�d �k �^�e�b�g�h�c �h�l 2-�o �^�h 
10-�l�b �f�_�l�j�h�\ �g�Z�b�[�h�e�_�_ �\�h�k�l�j�_�[�h�\�Z�g�u. 

�R�d�Z�e�u �e�_�g�l �b �e�b�g�_�_�d �f�h�]�m�l �[�u�l�v �k�e�_�^�m�x�s�b�o �\�b�^�h�\: �f�_�l�j�b�q�_�k�d�Z�y, �^�x�c�f�h�\�Z�y, �n�m�l�h�\�Z�y, 
�k�f�_�r�Z�g�g�Z�y �r�d�Z�e�Z. 

�R�d�Z�e�Z �g�Z �e�_�g�l�_ �b�e�b �e�b�g�_�c�d�_ �f�h�`�_�l �[�u�l�v �g�Z�g�_�k�_�g�Z �d�Z�d �k �h�^�g�h�c �k�l�h�j�h�g�u, �l�Z�d �b �k �^�\�m�o 
�k�l�h�j�h�g. �< �a�Z�\�b�k�b�f�h�k�l�b �h�l �l�b�i�Z �r�d�Z�e�u �d�h�f�i�Z�j�Z�l�h�j �^�h�e�`�_�g �[�u�l�v �i�j�b�k�i�h�k�h�[�e�_�g �d �d�h�g�l�j�h�e�x 
�r�d�Z�e �e�_�g�l�u �b�e�b �e�b�g�_�c�d�b �k �j�Z�a�g�u�o �_�_ �k�l�h�j�h�g. �>�h�i�m�k�d�Z�_�f�h�_ �h�l�d�e�h�g�_�g�b�_ �^�_�c�k�l�\�b�l�_�e�v�g�h�c 
�^�e�b�g�u �e�_�g�l�u �h�i�j�_�^�_�e�y�_�l�k�y �k�h�]�e�Z�k�g�h �=�H�K�L 7502 �b �k�h�k�l�Z�\�e�y�_�l �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �^�e�b�g�u �e�_�g�l�u 
�b �^�e�b�g�u �b�g�l�_�j�\�Z�e�Z �e�_�g�l�u �h�l 0,15 �f�f  (�^�e�y �f�b�e�e�b�f�_�l�j�h�\�h�]�h �b�g�l�_�j�\�Z�e�Z �i�j�b �^�e�b�g�_ 1 �f ) �^�h 
15,15 �f�f  (�^�e�y �f�_�l�j�h�\�h�]�h �b�g�l�_�j�\�Z�e�Z �i�j�b �^�e�b�g�_ 100 �f ).  

�>�h�i�m�k�d�Z�_�f�h�_ �h�l�d�e�h�g�_�g�b�_ �^�_�c�k�l�\�b�l�_�e�v�g�h�c �^�e�b�g�u �e�b�g�_�c�d�b �h�i�j�_�^�_�e�y�_�l�k�y �k�h�]�e�Z�k�g�h �=�H�K�L 
427 �b �k�h�k�l�Z�\�e�y�_�l �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �^�e�b�g�u �e�b�g�_�c�d�b �h�l 0,1 �f�f  (�i�j�b �^�e�b�g�_ �^�h 300 �f�f ) �^�h 0,6 �f�f  
(�i�j�b �^�e�b�g�_ �h�l 2000 �^�h 3000 �f�f ). 

�;�u�e �i�j�h�\�_�^�_�g �i�h�b�k�d �k�j�_�^�k�l�\ �d�h�g�l�j�h�e�y �b�a�f�_�j�b�l�_�e�v�g�u�o �e�_�g�l �b �e�b�g�_�_�d, �\ �o�h�^�_, �d�h�l�h�j�h�]�h 
�[�u�e�b �i�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�g�u: �f�Z�l�_�j�b�Z�e�u �k�_�l�b Internet (�k�Z�c�l�u �n�b�j�f �b �k�Z�c�l�u �G�B�B �f�_�l�j�h�e�h�]�b�b), 
�[�Z�a�u �^�Z�g�g�u�o �i�Z�l�_�g�l�h�\ (Qpat, �N�B�I�K). 

�B�a�\�_�k�l�g�u �k�e�_�^�m�x�s�b�_ �d�h�f�i�Z�j�Z�l�h�j�u: 
�� �i�j�b�[�h�j �^�e�y �d�h�g�l�j�h�e�y �^�e�b�g�u �e�_�g�l�u [6]; 
�� �d�h�f�i�Z�j�Z�l�h�j �^�e�y �i�h�\�_�j�d�b �j�m�e�_�l�h�d �^�e�b�g�h�c �^�h 15 �f  (�j�Z�a�j�Z�[�h�l�Z�g �K�I�B�; �K�I�[�=�M �B�L�F�H 

�k�h�\�f�_�k�l�g�h �k �n�b�j�f�h�c «�=�_�h�^�_�a�b�q�_�k�d�b�_ �i�j�b�[�h�j�u») [7]; 
�� �d�h�f�i�Z�j�Z�l�h�j �^�e�y �i�h�\�_�j�d�b �e�_�g�l �j�m�e�_�l�h�d �^�e�b�g�h�c �^�h 30 �f  [7]; 
�� �d�h�f�i�Z�j�Z�l�h�j �^�e�y �i�h�\�_�j�d�b �f�_�l�j�h�r�l�h�d�h�\ �b �j�m�e�_�l�h�d �D�I�F�J-5 (�g�Z�c�^�_�g �\ �o�h�^�_ �b�g�l�_�j�g�_�l-

�i�h�b�k�d�Z, �j�Z�a�j�Z�[�h�l�Z�g �G�I�H «�K�I�?�D�L�J», �]. �G�h�\�h�q�_�j�d�Z�k�k�d); 
�� �m�k�l�Z�g�h�\�d�Z �^�e�y �i�h�\�_�j�d�b �b�a�f�_�j�b�l�_�e�v�g�u�o �e�_�g�l �j�m�e�_�l�h�d �n�b�j�f�u Steinmeyer, �=�_�j�f�Z�g�b�y [7]; 
�� 50-�f�_�l�j�h�\�u�c �k�l�_�g�^ �k �e�Z�a�_�j�g�u�f �b�g�l�_�j�n�_�j�h�f�_�l�j�h�f HP 5529 B �n�b�j�f�u METAS, 

�R�\�_�c�p�Z�j�b�y [7]; 
�� 5-�f�_�l�j�h�\�u�c �b�a�f�_�j�b�l�_�e�v�g�u�c �k�l�_�g�^ �n�b�j�f�u UME, �L�m�j�p�b�y [7]; 
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�� 21-�f�_�l�j�h�\�u�c �b�a�f�_�j�b�l�_�e�v�g�u�c �k�l�_�g�^ �n�b�j�f�u METROSERT, �W�k�l�h�g�b�y [7]; 
�� 50-�f�_�l�j�h�\�u�c �b�a�f�_�j�b�l�_�e�v�g�u�c �k�l�_�g�^ �n�b�j�f�u KRISS, �D�h�j�_�y [7]. 

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

�D�h�f�i�Z�j�Z�l�h�j�u �^�e�y �d�h�g�l�j�h�e�y �e�_�g�l �b �e�b�g�_�_�d �k �^�e�b�g�h�c �h�l 10 �f , �d�Z�d �i�j�Z�\�b�e�h, �\�u�i�h�e�g�y�x�l�k�y 
�\ �Z�\�l�h�f�Z�l�b�a�b�j�h�\�Z�g�g�h�f �\�Z�j�b�Z�g�l�_. �< �l�Z�d�b�o �d�h�f�i�Z�j�Z�l�h�j�Z�o �b�k�i�h�e�v�a�m�x�l�k�y �k�h�k�l�Z�\�g�u�_ �e�b�g�_�c�g�u�_ 
�i�j�h�l�y�`�_�g�g�u�_ �h�k�g�h�\�Z�g�b�y, �Z�\�l�h�f�Z�l�b�a�b�j�h�\�Z�g�g�u�_ �k�b�k�l�_�f�u �i�j�b�\�h�^�Z �b �k�q�b�l�u�\�Z�g�b�y �b�g�n�h�j�f�Z�p�b�b. 
�L�j�_�[�h�\�Z�g�b�y �d �i�h�f�_�s�_�g�b�y�f �^�e�y �m�k�l�Z�g�h�\�d�b �w�l�b�o �d�h�f�i�Z�j�Z�l�h�j�h�\ �i�h �k�l�Z�[�b�e�v�g�h�k�l�b �l�_�f�i�_�j�Z�l�m�j�u �b 
�\�e�Z�`�g�h�k�l�b �h�q�_�g�v �\�u�k�h�d�b. �K�l�h�b�f�h�k�l�v �l�Z�d�b�o �d�h�f�i�Z�j�Z�l�h�j�h�\ �k�j�Z�\�g�b�l�_�e�v�g�h �\�_�e�b�d�Z. �H�g�b �f�h�]�m�l 
�b�k�i�h�e�v�a�h�\�Z�l�v�k�y �^�e�y �d�h�g�l�j�h�e�y �e�_�g�l �b �e�b�g�_�_�d �f�_�g�v�r�b�o �j�Z�a�f�_�j�h�\. 

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

�I�h�l�j�_�[�g�h�k�l�v �\ �^�_�r�_�\�u�o �d�h�f�i�Z�j�Z�l�h�j�Z�o �g�_�[�h�e�v�r�h�c �^�e�b�g�u (�^�h 10 �f ), �d�h�l�h�j�u�_ �f�h�`�g�h 
�b�k�i�h�e�v�a�h�\�Z�l�v �d�Z�d �^�e�y �d�h�g�l�j�h�e�y �b�a�f�_�j�b�l�_�e�v�g�u�o �e�_�g�l, �l�Z�d �b �^�e�y �d�h�g�l�j�h�e�y �e�b�g�_�_�d, �i�h-�i�j�_�`�g�_�f�m 
�k�h�o�j�Z�g�y�_�l�k�y. 

�H�^�g�b�f �b�a �i�j�b�f�_�j�h�\ �l�Z�d�b�o �^�_�r�_�\�u�o �d�h�f�i�Z�j�Z�l�h�j�h�\  �k�l�Z�e �d�h�f�i�Z�j�Z�l�h�j �^�e�y �d�h�g�l�j�h�e�y 
�j�m�e�_�l�h�d �^�e�b�g�h�c �^�h 6 �f�_�l�j�h�\ (�g�_�Z�\�l�h�f�Z�l�b�a�b�j�h�\�Z�g�g�u�c �\�Z�j�b�Z�g�l �d�h�f�i�Z�j�Z�l�h�j�Z, �j�Z�a�j�Z�[�h�l�Z�g�g�u�c 
�K�I�B�; �K�I�[�=�M �B�L�F�H �k�h�\�f�_�k�l�g�h �k �A�:�H �G�I�N «�M�J�:�G» �b �m�k�l�Z�g�h�\�e�_�g�g�u�c �g�Z �L�\�_�j�k�d�h�f 
�\�Z�]�h�g�h�k�l�j�h�b�l�_�e�v�g�h�f �a�Z�\�h�^�_). �:�g�Z�e�b�a �w�d�k�i�e�m�Z�l�Z�p�b�b �w�l�h�]�h �d�h�f�i�Z�j�Z�l�h�j�Z �i�h�d�Z�a�Z�e �_�]�h 
�d�h�g�d�m�j�_�g�l�h�k�i�h�k�h�[�g�h�k�l�v �b �\�h�a�f�h�`�g�h�k�l�v �k�h�a�^�Z�g�b�y �g�Z �_�]�h �[�Z�a�_ �j�y�^�Z �d�h�f�i�Z�j�Z�l�h�j�h�\ �g�_�[�h�e�v�r�h�c 
�^�e�b�g�u (�^�h 10 �f ) �j�Z�a�g�h�c �k�l�_�i�_�g�b �Z�\�l�h�f�Z�l�b�a�Z�p�b�b, �b�k�i�h�e�v�a�m�y �j�Z�a�j�Z�[�h�l�Z�g�g�m�x �h�[�h�[�s�_�g�g�m�x 
�n�m�g�d�p�b�h�g�Z�e�v�g�m�x �k�o�_�f�m, �[�Z�a�m �^�Z�g�g�u�o �\�h�a�f�h�`�g�u�o �d�h�f�i�e�_�d�l�m�x�s�b�o �w�e�_�f�_�g�l�h�\ �d�h�f�i�Z�j�Z�l�h�j�h�\. 

 
�E�b�l�_�j�Z�l�m�j�Z 
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�I�J�H�;�E�?�F�U �H�;�H�J�M�>�H�<�:�G�B�Y �>�E�Y �D�H�G�L�J�H�E�Y 
�I�E�H�K�D�H�I�:�J�:�E�E�?�E�V�G�U�O �D�H�G�P�?�<�U�O �F�?�J �>�E�B�G�U 

�X .�: . �P�h�i�Z 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �k�l. �i�j�_�i�h�^�Z�\�Z�l�_�e�v �K.�K. �=�\�h�a�^�_�\ 

 
�I�e�h�k�d�h�i�Z�j�Z�e�e�_�e�v�g�u�_ �d�h�g�p�_�\�u�_ �f�_�j�u �^�e�b�g�u �i�j�b�f�_�g�y�x�l�k�y �^�e�y 

�b�a�f�_�j�_�g�b�y �j�Z�a�f�_�j�h�\ �h�k�h�[�h �l�h�q�g�u�o �b�a�^�_�e�b�c �b �h�k�g�Z�k�l�d�b, �g�Z�e�Z�^�d�b �i�j�b�k�i�h�k�h�[�e�_�g�b�c �b �k�l�Z�g�d�h�\, 
�i�j�h�\�_�j�d�b �d�Z�e�b�[�j�h�\, �i�j�h�\�_�j�d�b �b �]�j�Z�^�m�b�j�h�\�d�b �j�Z�a�e�b�q�g�u�o �f�_�j �b �i�j�b�[�h�j�h�\ �b �l. �i. �D�j�h�f�_ �l�h�]�h, 
�h�g�b �k�e�m�`�Z�l �k�j�_�^�k�l�\�h�f �o�j�Z�g�_�g�b�y �b �\�h�k�i�j�h�b�a�\�h�^�k�l�\�Z �_�^�b�g�b�p�u �^�e�b�g�u �i�j�b �i�_�j�_�^�Z�q�_ �h�l �w�l�Z�e�h�g�Z 
�d �b�a�^�_�e�b�x [1]. 

�I�e�h�k�d�h�i�Z�j�Z�e�e�_�e�v�g�u�_ �d�h�g�p�_�\�u�_ �f�_�j�u �^�e�b�g�u �i�j�_�^�k�l�Z�\�e�y�x�l �k�h�[�h�c 
�i�j�y�f�h�m�]�h�e�v�g�u�_ �[�j�m�k�d�b, �j�Z�a�f�_�j �d�h�l�h�j�u�o �h�i�j�_�^�_�e�y�_�l�k�y �j�Z�k�k�l�h�y�g�b�_�f �f�_�`�^�m �^�\�m�f�y �i�Z�j�Z�e�e�_�e�v�g�h 
�^�h�\�_�^�_�g�g�u�f�b �i�e�h�k�d�h�k�l�y�f�b. �>�e�b�g�Z �d�h�g�p�_�\�u�o �f�_�j �f�h�`�_�l �k�h�k�l�Z�\�e�y�l�v �h�l 1 �^�h 1000 �f�f  [2], �i�j�b 
�w�l�h�f �g�Z�b�[�h�e�_�_ �q�Z�k�l�h �b�k�i�h�e�v�a�m�x�l�k�y �f�_�j�u �k �^�e�b�g�Z�f�b �h�l 1 �^�h 100 �f�f . �D�h�g�p�_�\�u�_ �f�_�j�u �^�e�b�g�u �\ 
�h�k�g�h�\�g�h�f �b�a�]�h�l�Z�\�e�b�\�Z�x�l�k�y �b�a �k�l�Z�e�b �l�\�_�j�^�h�k�l�v�x �h�l 800 HV �b�e�b �l�\�_�j�^�u�o �k�i�e�Z�\�h�\ �l�\�_�j�^�h�k�l�v�x 
�h�l 1400 HV �b �d�_�j�Z�f�b�q�_�k�d�b�_ �d�h�g�p�_�\�u�_ �f�_�j�u �l�\�_�j�^�h�k�l�v�x �h�l 1400 HV [3].  

�I�h�k�l�Z�\�e�y�x�l�k�y �f�_�j�u �\ �g�Z�[�h�j�Z�o, �q�l�h�[�u �f�h�`�g�h �[�u�e�h �k�h�k�l�Z�\�e�y�l�v �[�e�h�d�b 
�^�e�y �b�a�f�_�j�_�g�b�y �e�x�[�h�]�h �j�Z�a�f�_�j�Z, �k�h�[�b�j�Z�y �b�o �b�a �\�h�a�f�h�`�g�h �f�_�g�v�r�_�]�h �q�b�k�e�Z �d�h�g�p�_�\�u�o �f�_�j. 
�B�a�]�h�l�h�\�e�_�g�b�_�f �d�h�g�p�_�\�u�o �f�_�j �^�e�b�g�u �a�Z�g�b�f�Z�x�l�k�y �f�g�h�]�b�_ �i�j�_�^�i�j�b�y�l�b�y, �b�a �d�h�l�h�j�u�o �g�Z�b�[�h�e�_�_ 
�b�a�\�_�k�l�g�u�f�b �y�\�e�y�x�l�k�y Mitutoyo Corp, Mahr �b Tesa Technology, �j�h�k�k�b�c�k�d�b�c �b�a�]�h�l�h�\�b�l�_�e�v 
�i�j�_�^�k�l�Z�\�e�_�g �l�Z�d�b�f�b �i�j�_�^�i�j�b�y�l�b�y�f�b �d�Z�d «�Q�_�e�y�[�b�g�k�d�b�c �b�g�k�l�j�m�f�_�g�l�Z�e�v�g�u�c �a�Z�\�h�^» (�Q�B�A), 
�a�Z�\�h�^ «�D�j�b�g», �a�Z�\�h�^ «�F�b�d�j�h�g», �H�:�H «�D�:�E�B�;�J» �b �l.� .̂ 

�D �i�e�h�k�d�h�i�Z�j�Z�e�e�_�e�v�g�u�f �d�h�g�p�_�\�u�f �f�_�j�Z�f �^�e�b�g�u �i�j�_�^�t�y�\�e�y�x�l�k�y 
�k�e�_�^�m�x�s�b�_ �l�j�_�[�h�\�Z�g�b�y:  �h�l�d�e�h�g�_�g�b�_ �^�e�b�g�u �d�h�g�p�_�\�h�c �f�_�j�u �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �d�e�Z�k�k�Z �l�h�q�g�h�k�l�b 
�g�_ �^�h�e�`�g�h �i�j�_�\�u�r�Z�l�v �a�g�Z�q�_�g�b�c �h�l 0,06 �f�d�f �^�h 16 �f�d�f �b �h�l�d�e�h�g�_�g�b�_ �h�l 
�i�e�h�k�d�h�i�Z�j�Z�e�e�_�e�v�g�h�k�l�b �b�a�f�_�j�b�l�_�e�v�g�u�o �i�h�\�_�j�o�g�h�k�l�_�c �d�h�g�p�_�\�u�o �f�_�j �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �d�e�Z�k�k�Z 
�l�h�q�g�h�k�l�b �g�_ �^�h�e�`�g�h �i�j�_�\�u�r�Z�l�v �a�g�Z�q�_�g�b�y �h�l 0,05 �f�d�f �^�h 1 �f�d�f �m�d�Z�a�Z�g�g�u�_ �\ �=�H�K�L 9038 [2]. 

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

�� �i�e�h�k�d�h�k�l�v, �b�a�f�_�j�_�g�g�Z�y �i�h 4-�f  �l�h�q�d�Z�f, �b �h�^�g�Z �l�h�q�d�Z �g�Z �^�j�m�]�h�c �i�e�h�k�d�h�k�l�b;  
�� �i�e�h�k�d�h�k�l�v, �b�a�f�_�j�_�g�g�Z�y �i�h �r�_�k�l�b �l�h�q�d�Z�f, �b �h�^�g�Z �l�h�q�d�Z �g�Z �^�j�m�]�h�c �i�e�h�k�d�h�k�l�b;  
�� �^�\�_ �i�e�h�k�d�h�k�l�b, �b�a�f�_�j�_�g�g�u�_ �i�h �q�_�l�u�j�_�f �l�h�q�d�Z�f;  
�� �^�\�_ �i�e�h�k�d�h�k�l�b, �b�a�f�_�j�_�g�g�u�_ �i�h �r�_�k�l�b �l�h�q�d�Z�f; 
�� �^�\�_ �i�e�h�k�d�h�k�l�b, �b�a�f�_�j�_�g�g�u�_ �i�h �\�h�k�v�f�b �l�h�q�d�Z�f. 

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

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

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

�G�Z �k�_�]�h�^�g�y�r�g�b�c �^�_�g�v �g�Z �j�u�g�d�_ �i�j�_�^�k�l�Z�\�e�_�g�u �b�a�f�_�j�b�l�_�e�v�g�u�_ �i�j�b�[�h�j�u 
�^�e�y �d�h�g�l�j�h�e�y �d�h�g�p�_�\�u�o �f�_�j �l�Z�d�b�o �n�b�j�f �d�Z�d Tesa Technology, Mahr, Feinmess Jena, 
�I�j�h�f�l�j�Z�g�k�Z�\�l�h�f�Z�l�b�d�Z. �M�k�l�j�h�c�k�l�\�Z �[�h�e�v�r�b�g�k�l�\�Z �w�l�b�o �n�b�j�f �\ �h�k�g�h�\�g�h�f �b�k�i�h�e�v�a�m�x�l 
�d�h�g�l�Z�d�l�g�u�_ �f�_�l�h�^�u �b�a�f�_�j�_�g�b�y, �a�Z �b�k�d�e�x�q�_�g�b�_�f �m�k�l�j�h�c�k�l�\ �n�b�j�f�u «Feinmess Jena» EMP 
20/25 �\ �d�h�l�h�j�h�f �i�j�_�^�m�k�f�h�l�j�_�g�Z �\�h�a�f�h�`�g�h�k�l�v �b�a�f�_�j�_�g�b�y �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �e�Z�a�_�j�g�h�]�h �s�m�i�Z. 

�I�j�b�[�h�j�u �^�e�y �d�h�g�l�j�h�e�y �d�h�g�p�_�\�u�o �f�_�j �i�_�j�_�q�b�k�e�_�g�g�u�o �\�u�r�_ �n�b�j�f 
�b�k�i�h�e�v�a�m�x�l �^�b�n�n�_�j�_�g�p�b�Z�e�v�g�u�c �f�_�l�h�^ �b�a�f�_�j�_�g�b�y. �>�b�n�n�_�j�_�g�p�b�Z�e�v�g�u�c �f�_�l�h�^ �k�j�Z�\�g�_�g�b�y, 
�h�k�g�h�\�Z�g�g�u�c �g�Z �j�_�]�b�k�l�j�Z�p�b�b �b�a�f�_�j�b�l�_�e�v�g�h�]�h �k�b�]�g�Z�e�Z, �y�\�e�y�x�s�_�]�h�k�y  �j�Z�a�g�h�k�l�v�x  
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�b�a�f�_�j�b�l�_�e�v�g�u�o  �k�b�]�g�Z�e�h�\,  �i�h�k�l�m�i�Z�x�s�b�o  �h�l �b�k�k�e�_�^�m�_�f�h�]�h  �h�[�t�_�d�l�Z  �b  �f�_�j�u,  �o�j�Z�g�y�s�_�c  
�b�a�\�_�k�l�g�h�_  �a�g�Z�q�_�g�b�_  �b�a�f�_�j�y�_�f�h�c �\�_�e�b�q�b�g�u [5]. �;�h�e�_�_ �l�h�q�g�u�c �f�_�l�h�^ �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�]�h 
�b�a�f�_�j�_�g�b�y �\ �w�l�b�o �i�j�b�[�h�j�Z�o �g�_ �b�k�i�h�e�v�a�m�_�l�k�y. 

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

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

 
�E�b�l�_�j�Z�l�m�j�Z 

1. �I�e�h�k�d�h�i�Z�j�Z�e�e�_�e�v�g�u�_ �d�h�g�p�_�\�u�_ �f�_�j�u �^�e�b�g�u [�W�e�_�d�l�j�h�g�g�u�c �j�_�k�m�j�k] �J�_�`�b�f �^�h�k�l�m�i�Z: 
www.sberbusiness.ru/page/17 

2. �=�H�K�L 9038-90 �F�_�j�u �^�e�b�g�u �d�h�g�p�_�\�u�_ �i�e�h�k�d�h�i�Z�j�Z�e�e�_�e�v�g�u�_. �L�_�o�g�b�q�_�k�d�b�_ �m�k�e�h�\�b�y. �>�Z�l�Z 
�\�\�_�^�_�g�b�y 01.07.91 �B�I�D �B�A�>�:�L�?�E�V�K�L�<�H �K�L�:�G�>�:�J�L�H�<. 

3. Tesa T�_chnology [�W�e�_�d�l�j�h�g�g�u�c �j�_�k�m�j�k] �J�_�`�b�f �^�h�k�l�m�i�Z: www.tesabs.ru – �a�Z�]�e�Z�\�b�_ �k �w�d�j�Z�g�Z. 
4. �K�m�k�e�b�g �<.�I . �>�`�m�g�d�h�\�k�d�b�c �: .�<., �B�k�k�e�_�^�h�\�Z�g�b�_ �k�i�h�k�h�[�h�\ �b�a�f�_�j�_�g�b�y �d�h�g�p�_�\�u�o �f�_�j �^�e�b�g�u 

�i�j�b �d�Z�e�b�[�j�h�\�d�_ �d�h�h�j�^�b�g�Z�l�g�h-�b�a�f�_�j�b�l�_�e�v�g�u�o �f�Z�r�b�g, [�W�e�_�d�l�j�h�g�g�u�c �j�_�k�m�j�k] �J�_�`�b�f 
�^�h�k�l�m�i�Z: [�W�e�_�d�l�j�h�g�g�u�c �j�_�k�m�j�k] �J�_�`�b�f �^�h�k�l�m�i�Z: elibrary.ru/item.asp?id=9246920 

5. �F�Z�j�m�k�b�g�Z �F.�Y., �L�d�Z�e�b�q �<.�E., �<�h�j�h�g�p�h�\ �?.�: ., �K�d�Z�e�_�p�d�Z�y �G.�>. �H�k�g�h�\�u �f�_�l�j�h�e�h�]�b�b, 
�k�l�Z�g�^�Z�j�l�b�a�Z�p�b�b �b �k�_�j�l�b�n�b�d�Z�p�b�b: �M�q�_�[�g�h�_ �i�h�k�h�[�b�_. – �K�I�[: �J�_�^�Z�d�p�b�h�g�g�h-�b�a�^�Z�l�_�e�v�k�d�b�c 
�h�l�^�_�e �K�I�[�=�M �B�L�F�H, 2009. – 164 �k. 
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�D�H�E�E�B�F�:�L�H�J�U �>�E�Y �D�H�G�L�J�H�E�Y �H�;�T�?�D�L�B�<�H�<, �J�:�;�H�L�:�X�S�B�O 
�< �H�;�E�:�K�L�B �K�I�?�D�L�J�: �H�L 400 �>�H 900 �G�F 

�?.�: . �P�u�]�Z�g�h�d 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�l.�g., �i�j�h�n�_�k�k�h�j �: .�I . �=�j�Z�f�f�Z�l�b�g 

 
�I�h�y�\�b�\�r�b�_�k�y �g�_ �l�Z�d �^�Z�\�g�h �i�j�b�[�h�j�u �^�e�y �k�m�f�_�j�_�q�g�h�]�h �g�Z�[�e�x�^�_�g�b�y, �k�h�^�_�j�`�Z�l �i�j�b�_�f�g�b�d�b 

�h�i�l�b�q�_�k�d�h�]�h �b�a�h�[�j�Z�`�_�g�b�y, �j�Z�[�h�l�Z�x�s�b�_ �\ �r�b�j�h�d�h�c �k�i�_�d�l�j�Z�e�v�g�h�c �h�[�e�Z�k�l�b �^�e�y �l�h�]�h �q�l�h�[�u 
«�k�h�[�j�Z�l�v» �[�h�e�v�r�_�_ �d�h�e�b�q�_�k�l�\�h �k�\�_�l�h�\�h�c �w�g�_�j�]�b�b. �<�\�b�^�m �q�_�]�h �\�h�a�g�b�d�e�Z �g�_�h�[�o�h�^�b�f�h�k�l�v 
�j�Z�a�j�Z�[�h�l�d�b �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o �h�[�t�_�d�l�b�\�h�\, �Z �l�Z�d �`�_ �k�j�_�^�k�l�\ �b�o �d�h�g�l�j�h�e�y. �G�Z �h�k�g�h�\�Z�g�b�b 
�k�i�_�d�l�j�Z�e�v�g�h�c �q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�b �i�j�b�_�f�g�b�d�Z �n�b�j�f�u TOSHIBA �[�u�e �\�u�[�j�Z�g �j�Z�[�h�q�b�c 
�k�i�_�d�l�j�Z�e�v�g�u�c �^�b�Z�i�Z�a�h�g �^�e�y �h�[�t�_�d�l�b�\�Z �h�l 400 �^�h 900 �g�f.  

�I�j�b �i�h�e�y�o �b�a�h�[�j�Z�`�_�g�b�y, �^�h�k�l�b�]�Z�x�s�b�o �i�h�^�q�Z�k �\�_�e�b�q�b�g �i�h�j�y�^�d�Z 2�&�•20°, �b�k�i�h�e�v�a�h�\�Z�g�b�_ 
�a�_�j�d�Z�e�v�g�u�o �h�[�t�_�d�l�b�\�h�\ �b�k�d�e�x�q�_�g�h. 

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

�<�_�e�b�q�b�g�Z �\�l�h�j�b�q�g�h�]�h �k�i�_�d�l�j�Z �a�Z�\�b�k�b�l �h�l �h�l�g�h�k�b�l�_�e�v�g�u�o �q�Z�k�l�g�u�o �^�b�k�i�_�j�k�b�c �f�Z�j�h�d 
�k�l�_�d�h�e, �b �^�e�y «�h�[�u�q�g�u�o» �k�l�_�d�h�e �i�Z�j�Z�f�_�l�j�u �j �b �� �k�\�y�a�Z�g�u �e�b�g�_�c�g�h�c �a�Z�\�b�k�b�f�h�k�l�v�x. 

�;�h�e�v�r�b�g�k�l�\�h �f�Z�j�h�d �k�l�_�d�h�e �g�Z�o�h�^�y�l�k�y �\�[�e�b�a�b �h�^�g�h�c �i�j�y�f�h�c. 
�Q�l�h�[�u �h�i�j�_�^�_�e�b�l�v �\�_�e�b�q�b�g�m �\�l�h�j�b�q�g�h�]�h �k�i�_�d�l�j�Z �^�\�m�o�e�b�g�a�h�\�h�c �k�b�k�l�_�f�u, �^�h�k�l�Z�l�h�q�g�h 

�k�h�_�^�b�g�b�l�v �i�j�y�f�h�c �l�h�q�d�b �g�Z �^�b�Z�]�j�Z�f�f�_ �:�[�[�_ (�]�j�Z�n�b�d�_ �a�Z�\�b�k�b�f�h�k�l�b �h�l�g�h�k�b�l�_�e�v�g�h�c �q�Z�k�l�h�l�g�h�c 
�^�b�k�i�_�j�k�b�b �h�l �d�h�w�n�n�b�p�b�_�g�l�Z �^�b�k�i�_�j�k�b�b), �h�l�g�h�k�y�s�b�_�k�y �d �w�l�b�f �f�Z�j�d�Z�f �k�l�_�d�h�e: �l�Z�g�]�_�g�k �m�]�e�Z, 
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�h�[�j�Z�a�h�\�Z�g�g�h�]�h �i�j�y�f�h�c �k �h�k�v�x �Z�[�k�p�b�k�k, �[�m�^�_�l �j�Z�\�_�g �\�_�e�b�q�b�g�_ �: . �>�e�y �[�h�e�v�r�b�g�k�l�\�Z �i�Z�j �k�l�_�d�h�e 
�\�_�e�b�q�b�g�Z �:  �b�a�f�_�g�y�_�l�k�y �\ �g�_�[�h�e�v�r�b�o �i�j�_�^�_�e�Z�o.  

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

�I�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b �d�h�f�[�b�g�Z�p�b�c «�h�[�u�q�g�u�o» �k�l�_�d�h�e �\ �h�[�e�Z�k�l�b �k�i�_�d�l�j�Z 400–900 �g�f, 
�i�j�h�b�k�o�h�^�b�l �m�\�_�e�b�q�_�g�b�_ �a�g�Z�q�_�g�b�y �\�_�e�b�q�b�g�u �\�l�h�j�b�q�g�h�]�h �k�i�_�d�l�j�Z �\ �k�_�f�v �k �i�h�e�h�\�b�g�h�c �j�Z�a �i�h 
�k�j�Z�\�g�_�g�b�x �k�h �k�i�_�d�l�j�Z�e�v�g�u�f �^�b�Z�i�Z�a�h�g�h�f 480–643,8 �g�f. �I�h�w�l�h�f�m �^�e�y �m�f�_�g�v�r�_�g�b�y �\�_�e�b�q�b�g�u 
�\�l�h�j�b�q�g�h�]�h �k�i�_�d�l�j�Z �g�_�h�[�o�h�^�b�f�h �i�j�b�f�_�g�b�l�v �o�h�l�y �[�u �\ �h�^�g�h�c �b�a �e�b�g�a «�h�k�h�[�u�_» �k�l�_�d�e�Z �b�e�b 
�f�Z�l�_�j�b�Z�e�u �k �h�k�h�[�u�f �o�h�^�h�f �^�b�k�i�_�j�k�b�b, �l�Z�d�b�_ �d�Z�d �n�e�x�h�j�b�l, �n�l�h�j�b�k�l�u�c �[�Z�j�b�c �n�l�h�j�b�k�l�u�c 
�e�b�l�b�c �b �^�j. 

�I�j�Z�d�l�b�q�_�k�d�b �\�k�_ �]�j�Z�n�b�d�b �\�l�h�j�b�q�g�h�]�h �k�i�_�d�l�j�Z, �i�h�e�m�q�_�g�g�u�_ �k �i�h�f�h�s�v�x �i�j�h�]�j�Z�f�f�g�h�]�h 
�d�h�f�i�e�_�d�k�Z �K�:�J�H, �^�e�y �d�h�f�[�b�g�Z�p�b�c �b�a �^�\�m�o �k�l�_�d�h�e, �h�^�g�h �b�a �d�h�l�h�j�u�o «�h�k�h�[�h�_», �\ 
�k�i�_�d�l�j�Z�e�v�g�h�f �^�b�Z�i�Z�a�h�g�_ 400–900 �g�f �b�f�_�x �^�\�Z �b �[�h�e�_�_ �w�d�k�l�j�_�f�m�f�Z, �d�h�l�h�j�u�_ �h�l�k�m�l�k�l�\�m�x�l �\ 
�d�h�f�[�b�g�Z�p�b�y�o �b�a �^�\�m�o «�h�[�u�q�g�u�o» �k�l�_�d�h�e. �G�Z�e�b�q�b�_ �g�_�k�d�h�e�v�d�b�o �w�d�k�l�j�_�f�m�f�h�\ �]�j�Z�n�b�d�Z 
�\�l�h�j�b�q�g�h�]�h �k�i�_�d�l�j�Z �\�i�_�j�\�u�_ �[�u�e�h �a�Z�f�_�q�_�g�h �E.�G. �:�g�^�j�_�_�\�u�f �^�e�y �k�h�q�_�l�Z�g�b�y �n�e�x�h�j�b�l�Z �b 
�d�\�Z�j�p�_�\�h�]�h �k�l�_�d�e�Z �\ �^�b�Z�i�Z�a�h�g�_ �^�e�b�g �\�h�e�g 240–656,3 �g�f. �< �^�Z�g�g�h�f �k�e�m�q�Z�_ �\�_�e�b�q�b�g�Z 
�\�l�h�j�b�q�g�h�]�h �k�i�_�d�l�j�Z �[�m�^�_�l �h�i�j�_�^�_�e�y�l�v�k�y �j�Z�k�k�l�h�y�g�b�_�f �f�_�`�^�m �w�l�b�f�b �w�d�k�l�j�_�f�m�f�Z�f�b. 
�O�Z�j�Z�d�l�_�j�b�k�l�b�d�b �d�Z�q�_�k�l�\�Z �b�a�h�[�j�Z�`�_�g�b�y �g�_�h�[�o�h�^�b�f�h �h�i�j�_�^�_�e�y�l�v �f�b�g�b�f�m�f �^�e�y �i�y�l�b �^�e�b�g 
�\�h�e�g: �h�k�g�h�\�g�h�c, �d�j�Z�c�g�b�o �^�e�b�g �\�h�e�g �k�i�_�d�l�j�Z�e�v�g�h�]�h �^�b�Z�i�Z�a�h�g�Z �b �^�e�b�g �\�h�e�g, �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o 
�w�d�k�l�j�_�f�Z�e�v�g�u�f �a�g�Z�q�_�g�b�y�f �]�j�Z�n�b�d�Z �\�l�h�j�b�q�g�h�]�h �k�i�_�d�l�j�Z.  �I�j�b�q�_�f �a�g�Z�q�_�g�b�y �i�h�k�e�_�^�g�b�o �^�e�b�g�u 
�\�h�e�g �h�k�l�Z�x�l�k�y �g�_�b�a�f�_�g�g�u�f�b �\ �d�Z�`�^�h�c �d�h�f�[�b�g�Z�p�b�b �k�h�^�_�j�`�Z�s�_�c «�h�k�h�[�u�_» �k�l�_�d�e�Z.  

�I�j�b �b�a�f�_�g�_�g�b�b �h�k�g�h�\�g�h�c �^�e�b�g�u �\�h�e�g�u �i�j�h�b�k�o�h�^�b�l �b�a�f�_�g�_�g�b�_ �j�Z�k�k�l�h�y�g�b�y �h�l 
�i�Z�j�Z�d�k�b�Z�e�v�g�h�]�h �b�a�h�[�j�Z�`�_�g�b�y �h�k�g�h�\�g�h�c �^�e�b�g�u �\�h�e�g�u �^�h �i�Z�j�Z�d�k�b�Z�e�v�g�h�]�h �b�a�h�[�j�Z�`�_�g�b�y 
�d�j�Z�c�g�b�o �^�e�b�g �\�h�e�g. �G�h �j�Z�k�k�l�h�y�g�b�_ �f�_�`�^�m �w�d�k�l�j�_�f�m�f�Z�f�b �b �\�b� ̂ �]�j�Z�n�b�d�Z �h�k�l�Z�g�m�l�k�y 
�g�_�b�a�f�_�g�g�u�f�b. �K�e�_�^�h�\�Z�l�_�e�v�g�h, �\�l�h�j�b�q�g�u�c �k�i�_�d�l�j �d�h�f�[�b�g�Z�p�b�c �b�a �^�\�m�o �k�l�_�d�h�e, �k�h�^�_�j�`�Z�s�b�o 
«�h�k�h�[�h�_», �\ �^�b�Z�i�Z�a�h�g�_ �^�e�b�g �\�h�e�g 400–900 �g�f �g�_ �a�Z�\�b�k�b�l �h�l �\�u�[�h�j�Z �h�k�g�h�\�g�h�c �^�e�b�g�u �\�h�e�g�u. 

�D�j�h�f�_ �h�k�h�[�u�o �k�l�_�d�h�e �^�e�y �Z�o�j�h�f�Z�l�b�a�Z�p�b�b �h�i�l�b�q�_�k�d�b�o �k�b�k�l�_�f, �\ �i�_�j�\�m�x �h�q�_�j�_�^�v 
�h�[�t�_�d�l�b�\�h�\ �f�b�d�j�h�k�d�h�i�h�\, �l�j�Z�^�b�p�b�h�g�g�h �b�k�i�h�e�v�a�m�_�l�k�y �n�e�x�h�j�b�l. �G�h �\ �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�f 
�k�i�_�d�l�j�Z�e�v�g�h�f �^�b�Z�i�Z�a�h�g�_ �h�g �^�Z�_�l �f�Z�e�u�c �w�n�n�_�d�l �i�h �k�j�Z�\�g�_�g�b�x �k «�h�k�h�[�u�f�b» �k�l�_�d�e�Z�f�b, �q�l�h 
�^�Z�_�l �\�h�a�f�h�`�g�h�k�l�v �h�l�d�Z�a�Z�l�v�k�y �h�l �n�e�x�h�j�b�l�Z �\ �b�o �i�h�e�v�a�m. 

�I�j�h�\�_�^�_�g�g�h�_ �b�k�k�e�_�^�h�\�Z�g�b�_ �i�h�d�Z�a�Z�e�h, �q�l�h �f�b�g�b�f�Z�e�v�g�u�f �\�l�h�j�b�q�g�u�f �k�i�_�d�l�j�h�f �\ 
�k�i�_�d�l�j�Z�e�v�g�h�f �^�b�Z�i�Z�a�h�g�_ 400–900 �g�f �h�[�e�Z�^�Z�_�l �i�Z�j�Z �k�l�_�d�h�e �H�D1–�K�L�D12. 

�G�_�k�f�h�l�j�y �g�Z �l�h, �q�l�h �g�Z �h�k�g�h�\�Z�g�b�b �^�b�Z�]�j�Z�f�f�u �a�Z�\�b�k�b�f�h�k�l�b �h�l�g�h�k�b�l�_�e�v�g�h�c �q�Z�k�l�g�h�c 
�^�b�k�i�_�j�k�b�b �h�l �d�h�w�n�n�b�p�b�_�g�l�Z �^�b�k�i�_�j�k�b�b �g�Z�b�f�_�g�v�r�b�f �\�l�h�j�b�q�g�u�f �k�i�_�d�l�j�h�f �^�h�e�`�g�Z �h�[�e�Z�^�Z�l�v 
�d�h�f�[�b�g�Z�p�b�y «�h�k�h�[�u�o» �k�l�_�d�h�e �H�D4–�H�N6. 

�I�j�b �j�Z�k�q�_�l�_ �d�h�e�e�b�f�Z�l�h�j�Z �b�a �l�j�_�o �e�b�g�a �]�j�m�i�i �K�L�D–�H�D–�L�N �i�h�e�m�q�b�e�b �m�f�_�g�v�r�_�g�b�_ 
�a�g�Z�q�_�g�b�y �\�l�h�j�b�q�g�h�]�h �k�i�_�d�l�j�Z �\ 10 �j�Z�a, �i�h �k�j�Z�\�g�_�g�b�x �k �e�m�q�r�b�f�b �a�g�Z�q�_�g�b�y�f�b  �\�l�h�j�b�q�g�h�]�h 
�k�i�_�d�l�j�Z �i�j�b �d�h�f�[�b�g�Z�p�b�y�o �b�a �^�\�m�o �f�Z�l�_�j�b�Z�e�h�\. �<�Z�`�g�u�f�b �h�k�h�[�_�g�g�h�k�l�y�f�b �l�Z�d�h�]�h �d�h�e�e�b�f�Z�l�h�j�Z 
�y�\�e�y�_�l�k�y �h�l�k�m�l�k�l�\�b�_ �k�n�_�j�h�o�j�h�f�Z�l�b�a�f�Z �b �f�Z�e�_�g�v�d�b�_ �h�i�l�b�q�_�k�d�b�_ �k�b�e�u �d�h�f�i�h�g�_�g�l�h�\. �Q�l�h �^�h 
�g�Z�k�l�h�y�s�_�]�h �\�j�_�f�_�g�b �g�_ �m�^�Z�\�Z�e�h�k�v �i�h�e�m�q�b�l�v. �:�g�Z�e�h�] �l�Z�d�h�]�h �d�h�e�e�b�f�Z�l�h�j�Z �b�a �f�Z�l�_�j�b�Z�e�h�\ 
�d�Z�l�Z�e�h�]�Z �R�h�l�l�Z �l�Z�d �`�_ �^�Z�_�l �o�h�j�h�r�b�c �j�_�a�m�e�v�l�Z�l. 
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�K�<�?�L�H�>�B�H�>�G�U�? �E�B�G�?�C�D�B �K �N�H�L�H�G�G�U�F�B �D�J�B�K�L�:�E�E�:�F�B 
�>�E�Y �K�I�?�D�L�J�H�K�D�H�I�B�B �=�:�A�H�< �< �K�J�?�>�G�?�C 

�B�D �H�;�E�:�K�L�B �K�I�?�D�L�J�: (3–5 �F�D�F) 
�F.�<. �Q�Z�m�k (�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 �i�h�e�b�l�_�o�g�b�q�_�k�d�b�c �m�g�b�\�_�j�k�b�l�_�l) 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �d.�n.-�f .�g., �k.�g.�k. �; .�: . �F�Z�l�\�_�_�\ 
(�N�b�a�b�d�h-�l�_�o�g�b�q�_�k�d�b�c �b�g�k�l�b�l�m�l �b�f. �: .�N. �B�h�n�n�_ �J�:�G) 

 
�I�h�k�e�_�^�g�b�_ �]�h�^�u �[�u�e�b �h�l�f�_�q�_�g�u �k�m�s�_�k�l�\�_�g�g�u�f �i�j�h�]�j�_�k�k�h�f �\ �k�h�a�^�Z�g�b�b �B�D-�k�\�_�l�h�^�b�h�^�h�\ 

(�K�>) �\ �k�j�_�^�g�_�c �B�D �h�[�e�Z�k�l�b �k�i�_�d�l�j�Z (3–5 �f�d�f), �i�j�b�]�h�^�g�u�o �^�e�y �j�y�^�Z �i�j�b�f�_�g�_�g�b�c. �L�Z�d�b�_ 
�k�\�_�l�h�^�b�h�^�u �[�m�^�m�l �\�h�k�l�j�_�[�h�\�Z�g�u, �i�j�_�`�^�_ �\�k�_�]�h, �\ �h�i�l�b�d�h-�Z�d�m�k�l�b�q�_�k�d�b�o �]�Z�a�h�Z�g�Z�e�b�a�Z�l�h�j�Z�o, �^�e�y 
�d�h�l�h�j�u�o �f�b�g�b�f�m�f �r�m�f�h�\�u�o �k�b�]�g�Z�e�h�\ �b�f�_�_�l �f�_�k�l�h �i�j�b �^�h�k�l�Z�l�h�q�g�h �\�u�k�h�d�b�o �q�Z�k�l�h�l�Z�o 
�f�h�^�m�e�y�p�b�b (f>400 �=�p). �L�_�i�e�h�\�u�_ �b�k�l�h�q�g�b�d�b �g�_ �h�[�e�Z�^�Z�x�l �\�h�a�f�h�`�g�h�k�l�v�x �j�Z�[�h�l�u �g�Z �l�Z�d�b�o 
�q�Z�k�l�h�l�Z�o �b �o�Z�j�Z�d�l�_�j�b�a�m�x�l�k�y �[�h�e�v�r�h�c �i�h�l�j�_�[�e�y�_�f�h�c �f�h�s�g�h�k�l�v�x. �G�Z �k�_�]�h�^�g�y�r�g�b�c �^�_�g�v �m�`�_ 
�[�u�e�h �i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�g�h �h�i�j�_�^�_�e�_�g�b�_ �d�h�g�p�_�g�l�j�Z�p�b�b �]�Z�a�h�h�[�j�Z�a�g�u�o �d�h�f�i�h�g�_�g�l �g�Z �m�j�h�\�g�_ 
�g�_�k�d�h�e�v�d�b�o ppm, �h�k�g�h�\�Z�g�g�h�]�h �g�Z �b�a�f�_�j�_�g�b�y�o �k�_�e�_�d�l�b�\�g�h�]�h �h�i�l�b�d�h-�Z�d�m�k�l�b�q�_�k�d�h�]�h �w�n�n�_�d�l�Z c 
�i�j�b�f�_�g�_�g�b�_�f �B�D �K�> �b �d�Z�g�l�_�e�_�\�_�j�g�u�o �f�b�d�j�h�n�h�g�h�\ (�l�_�o�g�h�e�h�]�b�y MEMS) �^�e�y �f�_�l�Z�g�Z �b 
�m�]�e�_�d�b�k�e�h�]�h �]�Z�a�Z [1]. 

�K�h�a�^�Z�g�b�_ �n�h�l�h�g�g�h�]�h �d�j�b�k�l�Z�e�e�Z (�N�D) (�l.�_. �^�\�m�f�_�j�g�h�c �i�_�j�b�h�^�b�q�_�k�d�h�c �k�l�j�m�d�l�m�j�u) �g�Z 
�]�j�Z�g�b�p�_ �j�Z�a�^�_�e�Z �i�h�e�m�i�j�h�\�h�^�g�b�d/�\�h�a�^�m�o �i�h�a�\�h�e�y�_�l �i�h�\�u�k�b�l�v �h�i�l�b�q�_�k�d�m�x �w�n�n�_�d�l�b�\�g�h�k�l�v 
�k�\�_�l�h�^�b�h�^�h�\ �a�Z �k�q�z�l �d�h�g�p�_�g�l�j�Z�p�b�b �k�\�_�l�Z �\ �f�h�^�Z�o, �k�i�h�k�h�[�g�u�o �i�h�d�b�g�m�l�v �i�h�e�m�i�j�h�\�h�^�g�b�d, �b 
�i�j�_�h�^�h�e�_�l�v �h�]�j�Z�g�b�q�_�g�b�y �i�h �\�u�\�h�^�m �b�a�e�m�q�_�g�b�y, �k�\�y�a�Z�g�g�u�_ �k �i�h�e�g�u�f �\�g�m�l�j�_�g�g�b�f �h�l�j�Z�`�_�g�b�_�f. 
�I�j�b�f�_�g�_�g�b�_ �N�D �^�e�y �m�\�_�e�b�q�_�g�b�y �\�u�\�h�^�Z �b�a�e�m�q�_�g�b�y �h�k�h�[�_�g�g�h �i�j�b�\�e�_�d�Z�l�_�e�v�g�h �\ 
�k�\�_�l�h�^�b�h�^�g�u�o �e�b�g�_�c�d�Z�o �k �\�u�k�h�d�b�f �n�Z�d�l�h�j�h�f �a�Z�i�h�e�g�_�g�b�y, �^�e�y �d�h�l�h�j�u�o �i�j�b�f�_�g�_�g�b�_ 
�b�f�f�_�j�k�b�h�g�g�u�o �e�b�g�a �a�Z�l�j�m�^�g�b�l�_�e�v�g�h. �J�Z�g�_�_ �h �N�D �\ �k�\�_�l�h�^�b�h�^�Z�o �k�j�_�^�g�_�]�h �B�D-�^�b�Z�i�Z�a�h�g�Z �g�_ 
�k�h�h�[�s�Z�e�h�k�v.  

�< �j�Z�[�h�l�_ �b�k�k�e�_�^�h�\�Z�e�b�k�v �^�b�h�^�g�u�_ �h�^�g�h�j�y�^�g�u�_ �e�b�g�_�c�d�b 1×4 �k �d�\�Z�^�j�Z�l�g�u�f�b �Z�d�l�b�\�g�u�f�b 
�h�[�e�Z�k�l�y�f�b (�f�_�a�Z�f�b) �j�Z�a�f�_�j�Z�f�b 70×70 �e�b�[�h 130×130 �f�d�f, �b�a�e�m�q�Z�x�s�b�_ �\�[�e�b�a�b 3,6 �f�d�f (300 �D) 
�b �b�a�]�h�l�h�\�e�_�g�g�u�_ �b�a �]�_�l�_�j�h�k�l�j�m�d�l�m�j, �k�h�k�l�h�y�s�b�o �b�a �r�b�j�h�d�h�a�h�g�g�h�]�h �d�h�g�l�Z�d�l�g�h�]�h �k�e�h�y p-
InAsSbP (Eg (300 �D) ~ 420 �f�w�<) �b �Z�d�l�b�\�g�h�c �h�[�e�Z�k�l�b �b�a n–InGaAsSb (5 �f�d�f), �i�h�e�m�q�_�g�g�u�o �g�Z 
�i�j�h�a�j�Z�q�g�h�c �i�h�^�e�h�`�d�_ n+–InAs (n+~1018 �k�f-3) �l�h�e�s�b�g�h�c ~300�f�d�f. �Q�b�i�u �k �h�l�j�Z�`�Z�x�s�b�f�b 
(R=0,6) �Z�g�h�^�g�u�f�b �d�h�g�l�Z�d�l�Z�f�b �j�Z�a�f�_�j�Z�f�b 40×40 �b�e�b 100×100 �f�d�f �b U-�h�[�j�Z�a�g�u�f�b �d�Z�l�h�^�g�u�f�b 
�d�h�g�l�Z�d�l�Z�f�b �b�a�]�h�l�Z�\�e�b�\�Z�e�b�k�v �f�_�l�h�^�Z�f�b �k�l�Z�g�^�Z�j�l�g�h�c «�f�h�d�j�h�c» �n�h�l�h�e�b�l�h�]�j�Z�n�b�b. 

�N�D �k�h�a�^�Z�\�Z�e�b�k�v �f�_�l�h�^�Z�f�b �k�l�Z�g�^�Z�j�l�g�h�c �n�h�l�h�e�b�l�h�]�j�Z�n�b�b �b �b�k�i�h�e�v�a�h�\�Z�g�b�_�f «�k�m�o�h�]�h» 
(�b�h�g�g�h-�e�m�q�_�\�h�]�h) �l�j�Z�\�e�_�g�b�y �i�h�\�_�j�o�g�h�k�l�b  n+–InAs �b �k�h�k�l�h�y�e�b �b�a �]�_�d�k�Z�]�h�g�Z�e�v�g�h �m�i�Z�d�h�\�Z�g�g�u�o 
�w�e�_�f�_�g�l�h�\ �k �o�Z�j�Z�d�l�_�j�g�u�f �j�Z�a�f�_�j�h�f 0,5–2 �f�d�f �b �r�Z�]�h�f �f�_�`�m �w�e�_�f�_�g�l�Z�f�b ~3 �f�d�f. 

�B�a�m�q�_�g�b�_ �j�Z�k�i�j�_�^�_�e�_�g�b�y �b�a�e�m�q�_�g�b�y �h�k�m�s�_�k�l�\�e�y�e�h�k�v �k �i�h�f�h�s�v�x �B�D �f�b�d�j�h�k�d�h�i�Z �g�Z 
�h�k�g�h�\�_ �]�b�[�j�b�^�g�h�c �f�b�d�j�h�k�o�_�f�u �f�Z�l�j�b�q�g�h�]�h �n�h�l�h�i�j�b�z�f�g�h�]�h �m�k�l�j�h�c�k�l�\�Z InAs 128×128, �k 
�j�Z�[�h�q�b�f �^�b�Z�i�Z�a�h�g�h�f �^�e�b�g �\�h�e�g 2,5–3,1 �f�d�f. �I�_�j�_�d�j�u�l�b�_ �k�i�_�d�l�j�h�\ �b�a�e�m�q�_�g�b�y �k�\�_�l�h�^�b�h�^�Z, 
�b�f�_�x�s�_�]�h �f�Z�d�k�b�f�m�f �g�Z �^�e�b�g�_ �\�h�e�g�u 3,6 �f�d�f, �b �n�h�l�h�i�j�b�z�f�g�b�d�Z �i�j�h�b�k�o�h�^�b�e�h �\ �m�a�d�h�f 
�^�b�Z�i�Z�a�h�g�_, �k �f�Z�d�k�b�f�m�f�h�f 3 �f�d�f, �[�e�Z�]�h�^�Z�j�y �w�l�h�f�m �m�^�Z�e�h�k�v �i�h�e�m�q�b�l�v �q�z�l�d�h�_ 
�f�h�g�h�o�j�h�f�Z�l�b�q�_�k�d�h�_ �b�a�h�[�j�Z�`�_�g�b�_.  

�>�e�y �i�h�e�m�q�_�g�b�y �d�Z�j�l�b�g�u �j�Z�k�i�j�_�^�_�e�_�g�b�y �b�a�e�m�q�_�g�b�y �\ �[�e�b�`�g�_�f �i�h�e�_ �b�k�i�h�e�v�a�h�\�Z�e�b�k�v �B�D-
�b�a�h�[�j�Z�`�_�g�b�y �b�a�e�m�q�Z�x�s�_�c �i�h�\�_�j�o�g�h�k�l�b n+–InAs; �i�h�e�_ �a�j�_�g�b�y �i�j�b �w�l�h�f �k�h�k�l�Z�\�e�y�e�h 
384×384 �f�d�f. �B�a�e�m�q�_�g�b�_ �\ �^�Z�e�v�g�_�f �i�h�e�_ �b�a�m�q�Z�e�h�k�v �i�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b, �m�^�Z�e�z�g�g�h�]�h �h�l 
�k�\�_�l�h�^�b�h�^�Z �w�d�j�Z�g�Z �b�a �d�j�_�f�g�b�_�\�h�c �i�e�Z�k�l�b�g�u �k �j�Z�k�k�_�b�\�Z�x�s�_�c �i�h�\�_�j�o�g�h�k�l�v�x. 

�K�i�_�d�l�j�u �h�l�j�Z�`�_�g�b�y �h�l �n�h�l�h�g�g�u�o �d�j�b�k�l�Z�e�e�h�\ �k�h�^�_�j�`�Z�e�b �f�b�g�b�f�m�f�u, �h�l�k�m�l�k�l�\�m�x�s�b�_ �\ 
�k�i�_�d�l�j�Z�o �h�[�j�Z�a�p�h�\ �[�_�a �N�D. �B�D-�b�a�h�[�j�Z�`�_�g�b�y �\ �h�[�j�Z�a�p�Z�o �[�_�a �N�D �i�j�b �i�j�y�f�h�f (�i�h�e�h�`�b�l�_�e�v�g�Z�y 
�e�x�f�b�g�_�k�p�_�g�p�b�y) �b �h�[�j�Z�l�g�h�f (�h�l�j�b�p�Z�l�_�e�v�g�Z�y �e�x�f�b�g�_�k�p�_�g�p�b�y) �k�f�_�s�_�g�b�b �i�h�\�l�h�j�y�e�b �n�h�j�f�m 
�f�_�a�u. 
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�I�j�b �g�Z�e�b�q�b�b �N�D �B�D-�b�a�h�[�j�Z�`�_�g�b�y �^�h�i�h�e�g�b�l�_�e�v�g�h �k�h�^�_�j�`�Z�e�b «�^�m�[�e�b�d�Z�l�u» �i�_�j�\�b�q�g�h�]�h 
�b�a�h�[�j�Z�`�_�g�b�y �\ �\�b�^�_ 1-�]�h, 2-�]�h �b 3-�]�h �]�_�d�k�Z�]�h�g�Z�e�v�g�h «�m�i�Z�d�h�\�Z�g�g�u�o» �i�h�j�y�^�d�h�\ �^�b�n�j�Z�d�p�b�b. 
�H�q�_�\�b�^�g�h, �q�l�h �b�f�_�e�h �f�_�k�l�h �m�\�_�e�b�q�_�g�b�_ �w�n�n�_�d�l�b�\�g�h�c �b�a�e�m�q�Z�x�s�_�c �i�e�h�s�Z�^�b �b �b�g�l�_�]�j�Z�e�v�g�h�c 
�f�h�s�g�h�k�l�b �b�a�e�m�q�_�g�b�y �[�e�Z�]�h�^�Z�j�y �e�m�q�Z�f, �i�Z�^�Z�x�s�b�f �g�Z �]�j�Z�g�b�p�m �j�Z�a�^�_�e�Z �i�h�e�m�i�j�h�\�h�^�g�b�d/�\�h�a�^�m�o 
�i�h� ̂�m�]�e�Z�f�b, �[�h�e�v�r�b�f�b �m�]�e�Z �i�h�e�g�h�]�h �\�g�m�l�j�_�g�g�_�]�h �h�l�j�Z�`�_�g�b�y. 

�<�e�b�y�g�b�_ �^�b�n�j�Z�d�p�b�b �e�m�q�_�c �f�h�`�g�h �[�u�e�h �h�[�g�Z�j�m�`�b�l�v �b �\ �d�Z�j�l�b�g�_ �^�Z�e�v�g�_�]�h �i�h�e�y. 
�J�Z�k�i�j�_�^�_�e�_�g�b�_ �h�k�\�_�s�z�g�g�h�k�l�b �i�h �i�h�\�_�j�o�g�h�k�l�b �w�d�j�Z�g�Z, �j�Z�k�i�h�e�h�`�_�g�g�h�]�h �g�Z �j�Z�k�k�l�h�y�g�b�b 150 
�f�d�f �h�l �k�\�_�l�h�^�b�h�^�Z, �o�Z�j�Z�d�l�_�j�b�a�h�\�Z�e�h�k�v �k�b�f�f�_�l�j�b�_�c �h�l�g�h�k�b�l�_�e�v�g�h �p�_�g�l�j�Z�e�v�g�h�c �q�Z�k�l�b 
�b�a�h�[�j�Z�`�_�g�b�y. �M�]�e�h�\�Z�y �a�Z�\�b�k�b�f�h�k�l�v �b�g�l�_�g�k�b�\�g�h�k�l�b �\ �k�_�q�_�g�b�b �i�Z�j�Z�e�e�_�e�v�g�h�f �b�a�e�m�q�Z�x�s�_�c 
�i�h�\�_�j�o�g�h�k�l�b �k �N�D ( �l.�_. �\ �i�e�h�k�d�h�k�l�b �w�d�j�Z�g�Z �b�a �d�j�_�f�g�b�_�\�h�c �i�e�Z�k�l�b�g�u) �b�f�_�e�Z �i�_�j�b�h�^�b�q�_�k�d�m�x 
�k�l�j�m�d�l�m�j�m �k �q�_�j�_�^�h�\�Z�g�b�_�f �f�Z�d�k�b�f�m�f�h�\ �b �f�b�g�b�f�m�f�h�\, �k �i�_�j�b�h�^�h�f �d�j�Z�l�g�u�f 15 �m�]�e.�]�j�Z�.̂, �q�l�h 
�k�h�h�l�\�_�l�k�l�\�h�\�Z�e�h �]�_�h�f�_�l�j�b�b �n�h�l�h�g�g�h�]�h �d�j�b�k�l�Z�e�e�Z. 

�L�Z�d�b�f �h�[�j�Z�a�h�f, �[�u�e�b �j�Z�a�j�Z�[�h�l�Z�g�u �f�_�l�h�^�u �i�h�e�m�q�_�g�b�y �b �k�h�a�^�Z�g�u �k�\�_�l�h�^�b�h�^�u �g�Z �h�k�g�h�\�_ 
InGaAsSb �b �k�\�_�l�h�^�b�h�^�g�u�_ �e�b�g�_�c�d�b �k 2D �n�h�l�h�g�g�u�f �d�j�b�k�l�Z�e�e�h�f, �k�n�h�j�f�b�j�h�\�Z�g�g�u�f �g�Z 
�i�h�\�_�j�o�g�h�k�l�b InAs �b �b�a�m�q�_�g�h �\�e�b�y�g�b�_ �N�D �g�Z �j�Z�k�i�j�_�^�_�e�_�g�b�_ �f�h�s�g�h�k�l�b �b�a�e�m�q�_�g�b�y �\ �[�e�b�`�g�_�f �b 
�^�Z�e�v�g�_�f �i�h�e�_ �\ �k�\�_�l�h�^�b�h�^�Z�o.  

�I�h�e�m�q�_�g�g�u�_ �k�\�_�l�h�^�b�h�^�u �f�h�]�m�l �[�u�l�v �b�k�i�h�e�v�a�h�\�Z�g�u �i�j�b �k�h�a�^�Z�g�b�b �i�j�b�[�h�j�h�\ 
�o�b�f�b�q�_�k�d�h�]�h �Z�g�Z�e�b�a�Z �\ �l.�q. �i�h�j�l�Z�l�b�\�g�u�o �b �l�j�Z�k�k�h�\�u�o �]�Z�a�h�Z�g�Z�e�b�a�Z�l�h�j�h�\, �i�j�b�[�h�j�h�\ �d�h�g�l�j�h�e�y 
�i�j�h�b�a�\�h�^�k�l�\�_�g�g�u�o �i�j�h�p�_�k�k�h�\ (�Z�g�Z�e�b�a�Z�l�h�j�u �l�h�e�s�b�g �i�e�z�g�h�d), �Z�g�Z�e�b�a�Z�l�h�j�h�\ �\�u�o�e�h�i�Z 
�Z�\�l�h�f�h�[�b�e�v�g�u�o �]�Z�a�h�\, �k�b�k�l�_�f �l�_�i�e�h�\�b�^�_�g�b�y. �L�Z�d�b�_ �i�j�b�[�h�j�u �f�h�]�m�l �i�j�b�f�_�g�y�l�v�k�y �\ 
�g�_�n�l�_�]�Z�a�h�\�h�c, �o�b�f�b�q�_�k�d�h�c, �]�h�j�g�h�^�h�[�u�\�Z�x�s�_�c �i�j�h�f�u�r�e�_�g�g�h�k�l�b, �k�e�m�`�[�Z�o �]�Z�a�h�k�g�Z�[�`�_�g�b�y, 
�i�j�b �d�h�g�l�j�h�e�_ �\�a�j�u�\�h�h�i�Z�k�g�h�k�l�b �i�h�f�_�s�_�g�b�c, �\ �f�_�^�b�p�b�g�_ �b �^�j. 
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�G�?�I�J�?�J�U�<�G�U�? �E�:�A�?�J�U �G�: �H�K�G�H�<�? 

�L�M�E�B�?�<�U�O �K�<�?�L�H�<�H�>�H�< 
�F.�: . �Q�_�j�g�u�r�_�\�Z (�>�Z�e�v�g�_�\�h�k�l�h�q�g�u�c �]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c �m�g�b�\�_�j�k�b�l�_�l �i�m�l�_�c �k�h�h�[�s�_�g�b�y) 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �d.�n.-�f .�g. �: .�: . �D�j�u�e�h�\ (�G�Z�m�q�g�u�c �p�_�g�l�j �\�h�e�h�d�h�g�g�h�c �h�i�l�b�d�b �J�:�G) 
 
�K �f�h�f�_�g�l�Z �k�\�h�_�]�h �i�h�y�\�e�_�g�b�y �\ 60-�o �]�h�^�Z�o XX �\�_�d�Z �\�h�e�h�d�h�g�g�u�_ �e�Z�a�_�j�u �b�g�l�_�g�k�b�\�g�h 

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

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

�P�_�e�v�x �g�Z�k�l�h�y�s�_�]�h �b�k�k�e�_�^�h�\�Z�g�b�y �y�\�e�y�_�l�k�y �i�h�e�m�q�_�g�b�_ �k�l�Z�[�b�e�v�g�h�c �]�_�g�_�j�Z�p�b�b 
�m�e�v�l�j�Z�d�h�j�h�l�d�b�o �b�f�i�m�e�v�k�h�\ �\ �j�_�`�b�f�_ �i�Z�k�k�b�\�g�h�c �k�b�g�o�j�h�g�b�Z�p�b�b �f�h� ̂�g�Z �^�e�b�g�_ �\�h�e�g�u �� �§ 2 �f�d�f 
�\ �e�Z�a�_�j�_, �Z�d�l�b�\�g�h�c �k�j�_�^�h�c �d�h�l�h�j�h�]�h �y�\�e�y�_�l�k�y �k�\�_�l�h�\�h�^, �Z�d�l�b�\�b�j�h�\�Z�g�g�u�c �l�m�e�b�_�f. �>�Z�g�g�u�c 
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�j�_�`�b�f �[�m�^�_�l �b�g�b�p�b�b�j�h�\�Z�g �k �i�h�f�h�s�v�x �i�h�e�m�i�j�h�\�h�^�g�b�d�h�\�h�]�h �g�Z�k�u�s�Z�x�s�_�]�h�k�y �i�h�]�e�h�l�b�l�_�e�y 
SESAM. �H�^�g�Z�d�h �d�j�m�] �a�Z�^�Z�q, �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o �\ �^�Z�g�g�h�c �j�Z�[�h�l�_, �k�\�y�a�Z�g �k �j�Z�a�j�Z�[�h�l�d�h�c �b 
�b�k�k�e�_�^�h�\�Z�g�b�_�f �g�_�i�j�_�j�u�\�g�h�]�h �l�m�e�b�_�\�h�]�h �\�h�e�h�d�h�g�g�h�]�h �e�Z�a�_�j�Z �i�j�b �g�Z�d�Z�q�d�_ �g�_�i�j�_�j�u�\�g�u�f 
�b�a�e�m�q�_�g�b�_�f �e�Z�a�_�j�Z �g�Z �h�k�g�h�\�_ �\�h�e�h�d�h�g�g�h�]�h �k�\�_�l�h�\�h�^�Z, �k�h�e�_�]�b�j�h�\�Z�g�g�h�]�h �w�j�[�b�_�f �b �b�l�l�_�j�[�b�_�f. 

�>�e�y �k�h�a�^�Z�g�b�y �e�Z�a�_�j�Z �g�Z�d�Z�q�d�b �b�k�i�h�e�v�a�h�\�Z�e�k�y �k�\�_�l�h�\�h�^ �k �f�g�h�]�h�w�e�_�f�_�g�l�g�h�c �i�_�j�\�h�c 
�h�[�h�e�h�q�d�h�c, �k�_�j�^�p�_�\�b�g�Z �d�h�l�h�j�h�]�h �e�_�]�b�j�h�\�Z�g�Z �w�j�[�b�_�f �b �b�l�l�_�j�[�b�_�f. �>�e�b�g�Z �Z�d�l�b�\�g�h�]�h �k�\�_�l�h�\�h�^�Z 
�k�h�k�l�Z�\�e�y�_�l �h�d�h�e�h 12 �f . �H�g �k�h�k�l�h�b�l �b�a �^�\�m�o �[�e�b�a�d�h�j�Z�k�i�h�e�h�`�_�g�g�u�o �k�\�_�l�h�\�h�^�h�\ �h�^�b�g�Z�d�h�\�h�]�h 
�\�g�_�r�g�_�]�h �^�b�Z�f�_�l�j�Z: �h�^�g�h�f�h�^�h�\�h�]�h �k �Z�d�l�b�\�b�j�h�\�Z�g�g�h�c �k�_�j�^�p�_�\�b�g�h�c �b �f�g�h�]�h�f�h�^�h�\�h�]�h, �g�_ 
�k�h�^�_�j�`�Z�s�_�]�h �k�_�j�^�p�_�\�b�g�m. �K�\�_�l�h�\�h�^�u �h�d�j�m�`�_�g�u �i�h�e�b�f�_�j�g�u�f �i�h�d�j�u�l�b�_�f, �d�h�l�h�j�h�_ 
�h�[�_�k�i�_�q�b�\�Z�_�l �\�h�e�g�h�\�_�^�m�s�b�c �j�_�`�b�f �^�e�y �b�a�e�m�q�_�g�b�y �g�Z�d�Z�q�d�b, �d�h�l�h�j�h�_ �j�Z�k�i�j�h�k�l�j�Z�g�y�_�l�k�y �i�h 
�f�g�h�]�h�f�h�^�h�\�u�f �k�\�_�l�h�\�h�^�Z�f. �G�Z �^�e�b�g�_ �k�\�_�l�h�\�h�^�Z �i�j�h�b�k�o�h�^�b�l �i�_�j�_�j�Z�k�i�j�_�^�_�e�_�g�b�_ �b�a�e�m�q�_�g�b�y 
�g�Z�d�Z�q�d�b �b�a �f�g�h�]�h�f�h�^�h�\�h�]�h �\ �Z�d�l�b�\�b�j�h�\�Z�g�g�u�c �h�^�g�h�f�h�^�h�\�u�c �k�\�_�l�h�\�h�^. �I�j�b�f�_�g�_�g�b�_ �i�h�^�h�[�g�h�c 
�d�h�g�k�l�j�m�d�p�b�b �i�h�a�\�h�e�y�_�l �m�\�_�e�b�q�b�l�v �w�n�n�_�d�l�b�\�g�h�k�l�v �\�\�h�^�Z �g�Z�d�Z�q�d�b, �d�h�l�h�j�u�f �y�\�e�y�_�l�k�y 
�f�g�h�]�h�f�h�^�h�\�h�_ �b�a�e�m�q�_�g�b�_ �e�Z�a�_�j�g�u�o �^�b�h�^�h�\ �g�Z �^�e�b�g�_ �\�h�e�g�u ��=965 �g�f. �J�_�a�h�g�Z�l�h�j �w�j�[�b�c-
�b�l�l�_�j�[�b�_�\�h�]�h �e�Z�a�_�j�Z �n�h�j�f�b�j�m�x�l �^�\�_ �\�h�e�h�d�h�g�g�u�_ �[�j�w�]�]�h�\�k�d�b�_ �j�_�r�_�l�d�b �k �d�h�w�n�n�b�p�b�_�g�l�Z�f�b 
�h�l�j�Z�`�_�g�b�y R = 5% �b R=100% �g�Z �^�e�b�g�_ �\�h�e�g�u ��=1560 �g�f. 

�K�m�s�_�k�l�\�_�g�g�h �m�f�_�g�v�r�b�l�v �m�j�h�\�_�g�v �r�m�f�h�\ �g�Z �\�u�o�h�^�_ �e�Z�a�_�j�Z �m�^�Z�e�h�k�v �[�e�Z�]�h�^�Z�j�y 
�a�g�Z�q�b�l�_�e�v�g�h�f�m �m�\�_�e�b�q�_�g�b�x �q�b�k�e�Z �i�j�h�^�h�e�v�g�u�o �f�h� ̂�j�_�a�h�g�Z�l�h�j�Z �l�Z�d, �q�l�h�[�u �h�g�b �i�_�j�_�d�j�u�\�Z�e�b�k�v 
�^�j�m�] �k �^�j�m�]�h�f, �h�[�j�Z�a�m�y �d�h�g�l�b�g�m�m�f, �l�h �_�k�l�v �g�Z�j�Z�s�b�\�Z�g�b�_�f �^�e�b�g�u �i�Z�k�k�b�\�g�h�]�h �k�\�_�l�h�\�h�^�Z. 
�<�d�e�x�q�_�g�b�_ �^�h�i�h�e�g�b�l�_�e�v�g�h �i�Z�k�k�b�\�g�h�]�h �k�\�_�l�h�\�h�^�Z SMF 28 �^�e�b�g�h�c 330 �f  �i�j�b�\�_�e�h �d �k�g�b�`�_�g�b�x 
�i�h�j�h�]�h�\�h�]�h �a�g�Z�q�_�g�b�y �f�h�s�g�h�k�l�b, �i�j�b �d�h�l�h�j�h�f �\�h�a�g�b�d�Z�x�l �j�_�e�Z�d�k�Z�p�b�h�g�g�u�_ �d�h�e�_�[�Z�g�b�y, �^�h 
�J=40 �f�<�l. �I�j�b �w�l�h�f �k�j�_�^�g�_�d�\�Z�^�j�Z�l�b�q�g�u�c �r�m�f RMS �k�h�k�l�Z�\�b�e �§3,2% �g�Z �f�h�s�g�h�k�l�y�o �[�h�e�_�_ 
100 �f�<�l.  

�>�b�n�n�_�j�_�g�p�b�Z�e�v�g�Z�y �w�n�n�_�d�l�b�\�g�h�k�l�v �e�Z�a�_�j�Z �h�d�Z�a�Z�e�Z�k�v �K= (31,5±0,8)%, �q�l�h �y�\�e�y�_�l�k�y 
�o�Z�j�Z�d�l�_�j�g�h�c �\�_�e�b�q�b�g�h�c �^�e�y �e�Z�a�_�j�h�\ �l�Z�d�h�]�h �l�b�i�Z. 

�>�Z�g�g�u�c �e�Z�a�_�j �b�k�i�h�e�v�a�h�\�Z�e�k�y �^�e�y �g�Z�d�Z�q�d�b �l�m�e�b�_�\�h�]�h �g�_�i�j�_�j�u�\�g�h�]�h �e�Z�a�_�j�Z, �^�e�y �q�_�]�h �h�g 
�i�h�^�d�e�x�q�Z�e�k�y �d �\�h�e�h�d�h�g�g�h�f�m �f�m�e�v�l�b�i�e�_�d�k�h�j�m WDM. 

�H�k�g�h�\�g�u�f �d�h�f�i�h�g�_�g�l�h�f �g�_�i�j�_�j�u�\�g�h�]�h �l�m�e�b�_�\�h�]�h �e�Z�a�_�j�Z �y�\�e�y�_�l�k�y �k�\�_�l�h�\�h�^, 
�e�_�]�b�j�h�\�Z�g�g�u�c �b�h�g�Z�f�b Tm3+, �d�h�l�h�j�u�c �b�f�_�_�l �k�e�_�^�m�x�s�b�_ �i�Z�j�Z�f�_�l�j�u: �^�b�Z�f�_�l�j �k�_�j�^�p�_�\�b�g�u 
D=10 �f�d�f; �g�_�g�Z�k�u�s�_�g�g�u�_ �h�i�l�b�q�_�k�d�b�_ �i�h�l�_�j�b �g�Z �^�e�b�g�_ �\�h�e�g�u �g�Z�d�Z�q�d�b ��=1560 �g�f �k�h�k�l�Z�\�e�y�x�l 
�. = 60 �^�;/�f , �Z �g�Z �^�e�b�g�_ �\�h�e�g�u �]�_�g�_�j�Z�p�b�b �� = 1960 �g�f – �. = 2,24 �>�[/�f ; �j�Z�a�g�b�p�Z �i�h�d�Z�a�Z�l�_�e�_�c 
�i�j�_�e�h�f�e�_�g�b�y �k�_�j�^�p�_�\�b�g�u �b �h�[�h�e�h�q�d�b �k�h�k�l�Z�\�e�y�_�l �¨n = 0,012. �>�e�b�g�Z �k�\�_�l�h�\�h�^�Z �[�u�e�Z �\�u�[�j�Z�g�Z 
�j�Z�\�g�h�c 1 �f , �l�Z�d �d�Z�d �i�j�b �w�l�h�f �i�j�h�b�k�o�h�^�b�l �i�h�e�g�h�_ �i�h�]�e�h�s�_�g�b�_ �b�a�e�m�q�_�g�b�y �g�Z�d�Z�q�d�b. �:�d�l�b�\�g�u�c 
�k�\�_�l�h�\�h�^ �i�h�f�_�s�Z�_�l�k�y �\ �j�_�a�h�g�Z�l�h�j, �h�[�j�Z�a�h�\�Z�g�g�u�c �\�h�e�h�d�h�g�g�h�c �[�j�w�]�]�h�\�k�d�h�c �j�_�r�_�l�d�h�c �<�;�J �k 
�d�h�w�n�n�b�p�b�_�g�l�h�f �h�l�j�Z�`�_�g�b�y 100% �g�Z �^�e�b�g�_ �\�h�e�g�u �� = 1960 �g�f �b �\�h�e�h�d�h�g�g�u�f �a�_�j�d�Z�e�h�f 
�K�Z�g�v�y�d�Z �k �d�h�w�n�n�b�p�b�_�g�l�h�f �h�l�j�Z�`�_�g�b�y �§60% �g�Z �^�e�b�g�_ �\�h�e�g�u �� = 1960 �g�f. 

�< �^�Z�g�g�h�f �e�Z�a�_�j�_ �[�u�e�Z �i�h�e�m�q�_�g�Z �k�l�Z�[�b�e�v�g�Z�y �g�_�i�j�_�j�u�\�g�Z�y �]�_�g�_�j�Z�p�b�y, �i�j�b �w�l�h�f 
�f�Z�d�k�b�f�m�f �k�i�_�d�l�j�Z �g�Z�o�h�^�b�l�k�y �g�Z �^�e�b�g�_ �\�h�e�g�u �� = 1961,8 �g�f, �Z �_�]�h �r�b�j�b�g�Z �k�h�k�l�Z�\�e�y�_�l 
�¨�� = 0,5 �g�f. �>�b�n�n�_�j�_�g�p�b�Z�e�v�g�Z�y �w�n�n�_�d�l�b�\�g�h�k�l�v �e�Z�a�_�j�Z �k�h�k�l�Z�\�b�e�Z �K=(12,9±0,1)%, �q�l�h 
�\�u�a�\�Z�g�h �g�_�h�i�l�b�f�Z�e�v�g�u�f �a�g�Z�q�_�g�b�_�f �d�h�w�n�n�b�p�b�_�g�l�Z �h�l�j�Z�`�_�g�b�y �\�u�o�h�^�g�h�]�h �a�_�j�d�Z�e�Z �K�Z�g�v�y�d�Z. �< 
�q�Z�k�l�g�h�k�l�b, �i�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b �\ �d�Z�q�_�k�l�\�_ �\�u�o�h�^�g�h�]�h �a�_�j�d�Z�e�Z �l�h�j�p�Z �k�\�_�l�h�\�h�^�Z, �k�d�h�e�h�l�h�]�h �i�h� ̂
�i�j�y�f�u�f �m�]�e�h�f (�d�h�w�n�n�b�p�b�_�g�l �h�l�j�Z�`�_�g�b�y R�§3,4%), �[�u�e�Z �i�h�e�m�q�_�g�Z �^�b�n�n�_�j�_�g�p�b�Z�e�v�g�Z�y 
�w�n�n�_�d�l�b�\�g�h�k�l�v �K=(36,9±0,5)%. 

�L�Z�d�b�f �h�[�j�Z�a�h�f, �\ �^�Z�g�g�h�c �j�Z�[�h�l�_ �[�u�e�b �i�h�e�m�q�_�g�u �b �b�k�k�e�_�^�h�\�Z�g�u �g�_�i�j�_�j�u�\�g�u�_ �j�_�`�b�f�u 
�]�_�g�_�j�Z�p�b�b �w�j�[�b�c-�b�l�l�_�j�[�b�_�\�h�]�h �\�h�e�h�d�h�g�g�h�]�h �e�Z�a�_�j�Z �k �^�b�h�^�g�h�c �g�Z�d�Z�q�d�h�c, �Z �l�Z�d�`�_ 
�g�Z�d�Z�q�b�\�Z�_�f�h�]�h �b�f �l�m�e�b�_�\�h�]�h �e�Z�a�_�j�Z. �F�h�s�g�h�k�l�v �h�^�g�h�f�h�^�h�\�h�]�h �b�a�e�m�q�_�g�b�y �k �^�e�b�g�h�c �\�h�e�g�u 
�� = 1960 �g�f �k�h�k�l�Z�\�b�e�Z 133 �f�<�l �i�j�b �f�h�s�g�h�k�l�b �g�Z�d�Z�q�d�b �g�Z �^�e�b�g�_ �\�h�e�g�u �� = 1560 �g�f 970 �f�<�l. 
�L�Z�d �d�Z�d �\ �a�Z�^�Z�q�b �j�Z�[�h�l�u �g�_ �\�o�h�^�b�e�h �^�h�k�l�b�`�_�g�b�_ �f�Z�d�k�b�f�Z�e�v�g�h�c �^�b�n�n�_�j�_�g�p�b�Z�e�v�g�h�c 
�w�n�n�_�d�l�b�\�g�h�k�l�b �l�m�e�b�_�\�h�]�h �e�Z�a�_�j�Z, �Z �i�h�e�m�q�_�g�b�_ �_�]�h �k�l�Z�[�b�e�v�g�h�c �]�_�g�_�j�Z�p�b�b, �q�l�h �g�_�h�[�o�h�^�b�f�h 
�^�e�y �j�_�Z�e�b�a�Z�p�b�b �k�l�Z�[�b�e�v�g�h�]�h �j�_�`�b�f�Z �i�Z�k�k�b�\�g�h�c �k�b�g�o�j�h�g�b�a�Z�p�b�b �f�h�,̂ �l�h �h�i�l�b�f�b�a�Z�p�b�y �k�o�_�f�u 
�e�Z�a�_�j�Z �^�e�y �^�h�k�l�b�`�_�g�b�y �g�Z�b�e�m�q�r�b�o �i�Z�j�Z�f�_�l�j�h�\ �[�m�^�_�l �i�j�h�b�a�\�h�^�b�l�v�k�y �\ �i�j�h�p�_�k�k�_ �j�Z�[�h�l�u 
�g�_�i�h�k�j�_�^�k�l�\�_�g�g�h �g�Z�^ �b�f�i�m�e�v�k�g�u�f �e�Z�a�_�j�h�f. 
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�D�j�Z�l�d�h�_ �\�k�l�m�i�e�_�g�b�_, �i�h�k�l�Z�g�h�\�d�Z �i�j�h�[�e�_�f�u. �L�_�e�_�\�b�a�b�h�g�g�u�_ �d�h�h�j�^�b�g�Z�l�g�h-

�b�a�f�_�j�b�l�_�e�v�g�u�_ �k�b�k�l�_�f�u �Z�d�l�b�\�g�h�]�h �l�b�i�Z �a�Z�q�Z�k�l�m�x �b�f�_�x�l �k�e�_�^�m�x�s�m�x �k�o�_�f�m �i�h�k�l�j�h�_�g�b�y: 
�b�a�e�m�q�_�g�b�_ �h�l �d�h�g�l�j�h�e�v�g�h�]�h �w�e�_�f�_�g�l�Z   (�i�h�e�m�i�j�h�\�h�^�g�b�d�h�\�h�]�h �b�a�e�m�q�Z�x�s�_�]�h �^�b�h�^�Z (�I�B�>)), 
�m�k�l�Z�g�h�\�e�_�g�g�h�]�h �g�Z �h�[�t�_�d�l�_ �g�Z�[�e�x�^�_�g�b�y, �j�_�]�b�k�l�j�b�j�m�_�l�k�y �i�j�b�_�f�g�u�f �m�k�l�j�h�c�k�l�\�h�f, �\ �k�h�k�l�Z�\ 
�d�h�l�h�j�h�]�h �\�o�h�^�y�l �h�[�t�_�d�l�b�\ �k �i�h�k�l�h�y�g�g�u�f �n�h�d�m�k�g�u�f �j�Z�k�k�l�h�y�g�b�_�f �b �f�Z�l�j�b�q�g�u�c �n�h�l�h�i�j�b�_�f�g�b�d 
(�D�F�H�I �b�e�b �I�A�K �f�Z�l�j�b�p�Z). �I�h�e�m�q�_�g�g�u�c �\ �i�j�b�_�f�g�h�f �m�k�l�j�h�c�k�l�\�_ �d�Z�^�j �h�[�j�Z�[�Z�l�u�\�Z�_�l�k�y �k 
�p�_�e�v�x �h�i�j�_�^�_�e�_�g�b�y �d�h�h�j�^�b�g�Z�l �b�a�h�[�j�Z�`�_�g�b�y �I�B�>, �k�e�m�`�Z�s�b�o �b�k�o�h�^�g�u�f�b �^�Z�g�g�u�f�b �\ 
�Z�e�]�h�j�b�l�f�_ �h�i�j�_�^�_�e�_�g�b�y �d�h�h�j�^�b�g�Z�l �h�[�t�_�d�l�Z. �L�Z�d�m�x �k�o�_�f�m �b�k�i�h�e�g�_�g�b�y �b�f�_�x�l, �\ �q�Z�k�l�g�h�k�l�b, 
�g�_�d�h�l�h�j�u�_ �k�l�_�j�_�h�k�d�h�i�b�q�_�k�d�b�_ �k�b�k�l�_�f�u, �g�Z�i�j�b�f�_�j, �h�i�l�b�d�h-�w�e�_�d�l�j�h�g�g�Z�y �k�b�k�l�_�f�Z �d�h�g�l�j�h�e�y 
�i�h�e�h�`�_�g�b�y �j�_�i�_�j�g�u�o �f�_�l�h�d �b �_�_ �Z�g�Z�e�h�]�b, �j�Z�a�j�Z�[�h�l�Z�g�g�u�_ �g�Z �d�Z�n�_�^�j�_ �H�i�l�b�d�h-�w�e�_�d�l�j�h�g�g�u�o 
�i�j�b�[�h�j�h�\ �b �k�b�k�l�_�f �K�I�[�=�M �B�L�F�H [1].  

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

 
�P�_�e�v �j�Z�[�h�l�u. �I�h�k�l�j�h�_�g�b�_ �Z�e�]�h�j�b�l�f�Z �h�i�l�b�f�Z�e�v�g�h�]�h �\�u�[�h�j�Z �i�h�e�h�`�_�g�b�y �i�e�h�k�d�h�k�l�b 

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

 
�;�Z�a�h�\�u�_ �i�h�e�h�`�_�g�b�y �b�k�k�e�_�^�h�\�Z�g�b�y. �>�e�y �i�h�k�l�j�h�_�g�b�y �^�Z�g�g�h�]�h �Z�e�]�h�j�b�l�f�Z �b�k�k�e�_�^�h�\�Z�e�Z�k�v 

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

 
�I�j�h�f�_�`�m�l�h�q�g�u�_ �j�_�a�m�e�v�l�Z�l�u. �< �d�Z�q�_�k�l�\�_ �i�j�h�f�_�`�m�l�h�q�g�u�o �j�_�a�m�e�v�l�Z�l�h�\ �i�h�e�m�q�_�g�u 

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

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

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

�k�b�k�l�_�f�Z�o �k �i�h�k�l�h�y�g�g�u�f �n�h�d�m�k�g�u�f �j�Z�k�k�l�h�y�g�b�_�f �\�u�y�\�b�l�v �l�Z�d�h�_ �i�h�e�h�`�_�g�b�_ �i�e�h�k�d�h�k�l�b �Z�g�Z�e�b�a�Z 
(�^�b�k�l�Z�g�p�b�b �n�h�d�m�k�b�j�h�\�d�b), �i�j�b �d�h�l�h�j�h�f �\�Z�j�b�Z�p�b�y �j�Z�a�f�_�j�Z �b�a�h�[�j�Z�`�_�g�b�y �i�j�b �i�_�j�_�f�_�s�_�g�b�b 
�i�j�_�^�f�_�l�Z �\ �g�_�d�h�l�h�j�h�f �^�b�Z�i�Z�a�h�g�_ �b �g�Z�e�b�q�b�b �k�n�_�j�b�q�_�k�d�h�c �Z�[�_�j�j�Z�p�b�b �h�[�t�_�d�l�b�\�Z �[�m�^�_�l 
�f�b�g�b�f�Z�e�v�g�h�c. 
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�K�B�K�L�?�F�: �H�J�L�?�K-785-�G – �K�J�?�>�K�L�<�H �>�B�K�L�:�G�P�B�H�G�G�H�C 
�B�>�?�G�L�B�N�B�D�:�P�B�B �K�E�H�@�G�U�O �H�J�=�:�G�B�Q�?�K�D�B�O �<�?�S�?�K�L�< 

�:�g�l�h�g�h�\ �: .�K.1, �D�m�^�j�y�\�p�_�\�Z �?.�G.1, �D�m�^�j�y�\�p�_�\ �<.�<.1, �F�h�k�d�Z�e�_�\ �L.�X .2 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �d.�o.�g., �^�h�p�_�g�l �Q�_�e�b�[�Z�g�h�\ �<.�I .1 

1 �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 �b�g�n�h�j�f�Z�p�b�h�g�g�u�o �l�_�o�g�h�e�h�]�b�c, 
�f�_�o�Z�g�b�d�b �b �h�i�l�b�d�b; 2 – �N�b�a�b�q�_�k�d�b�c �b�g�k�l�b�l�m�l �b�f. �I .�G. �E�_�[�_�^�_�\�Z �J�:�G 

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

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

�P�_�e�v�x �j�Z�[�h�l�u �y�\�e�y�_�l�k�y �j�Z�a�j�Z�[�h�l�d�Z �b �f�h�^�_�j�g�b�a�Z�p�b�y �k�b�k�l�_�f�u �H�J�L�?�K-785-�G �^�e�y 
�^�b�k�l�Z�g�p�b�h�g�g�h�]�h �Z�g�Z�e�b�a�Z �k�e�h�`�g�u�o �h�j�]�Z�g�b�q�_�k�d�b�o �\�_�s�_�k�l�\. 

�K�b�k�l�_�f�Z �H�J�L�?�K-785-�G �i�j�_�^�g�Z�a�g�Z�q�_�g�Z �^�e�y �d�Z�q�_�k�l�\�_�g�g�h�]�h �h�i�j�_�^�_�e�_�g�b�y �Z�g�Z�e�b�a�b�j�m�_�f�h�]�h 
�\�_�s�_�k�l�\�Z �\ �l�\�_�j�^�h�c �b �`�b�^�d�h�c �k�j�_�^�Z�o. �J�Z�[�h�l�Z �k�b�k�l�_�f�u �h�k�g�h�\�Z�g�Z �g�Z �w�n�n�_�d�l�_ �d�h�f�[�b�g�Z�p�b�h�g�g�h�]�h 
�j�Z�k�k�_�y�g�b�y �k�\�_�l�Z. �K�i�_�d�l�j�u �D�J �k�\�y�a�Z�g�u �k �w�e�_�d�l�j�h�g�g�h�c �i�h�e�y�j�b�a�Z�p�b�_�c �i�h� ̂ �^�_�c�k�l�\�b�_�f �M�N �b 
�\�b�^�b�f�h�]�h �b�a�e�m�q�_�g�b�y. �I�j�b �h�[�e�m�q�_�g�b�b �f�h�e�_�d�m�e�u �k�\�_�l�h�f �k �q�Z�k�l�h�l�h�c �Q, �\ �j�_�a�m�e�v�l�Z�l�_ 
�b�g�^�m�p�b�j�h�\�Z�g�g�h�c �b�f �i�h�e�y�j�b�a�Z�p�b�b, �j�Z�k�k�_�b�\�Z�_�l �b�a�e�m�q�_�g�b�_ �g�_ �l�h�e�v�d�h �w�l�h�c �q�Z�k�l�h�l�u, �g�h �b (�Q+�Qi) �b 
(�Q–�Qi), �]�^�_ �Qi – �\�_�e�b�q�b�g�Z �d�h�f�[�b�g�Z�p�b�h�g�g�h�]�h �k�^�\�b�]�Z �q�Z�k�l�h�l�u. �K�i�_�d�l�j �D�J �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c 
�j�Z�a�g�h�k�l�b �q�Z�k�l�h�l �i�Z�^�Z�x�s�_�]�h �b �j�Z�k�k�_�y�g�g�h�]�h �b�a�e�m�q�_�g�b�y. �K�i�_�d�l�j �d�h�f�[�b�g�Z�p�b�h�g�g�h�]�h �j�Z�k�k�_�y�g�b�y 
�\�_�s�_�k�l�\�Z �y�\�e�y�_�l�k�y �\�_�k�v�f�Z �k�i�_�p�b�n�b�q�_�k�d�b�f �^�e�y �d�Z�`�^�h�]�h �l�b�i�Z  �Z�g�Z�e�b�a�b�j�m�_�f�u�o �f�h�e�_�d�m�e 
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�\�_�s�_�k�l�\�Z �b �i�h�a�\�h�e�y�_�l �k�\�y�a�Z�l�v �i�h�e�h�`�_�g�b�_ �d�h�f�[�b�g�Z�p�b�h�g�g�u�o �i�h�e�h�k �k�h �k�l�j�m�d�l�m�j�h�c �f�h�e�_�d�m�e, 
�f�_�k�l�h�i�h�e�h�`�_�g�b�_ �Z�l�h�f�h�\ �b �n�j�Z�]�f�_�g�l�h�\ �f�h�e�_�d�m�e�u �i�h �h�l�g�h�r�_�g�b�x �^�j�m�] �d �^�j�m�]�m. 

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

�I�h �j�_�a�m�e�v�l�Z�l�Z�f �j�Z�[�h�l�u �[�u�e �k�h�a�^�Z�g �f�Z�d�_�l �g�Z �h�k�g�h�\�_ �k�b�k�l�_�f�u �H�J�L�?�K-785-�G �^�e�y 
�^�b�k�l�Z�g�p�b�h�g�g�h�c �b�^�_�g�l�b�n�b�d�Z�p�b�b �k�e�h�`�g�u�o �h�j�]�Z�g�b�q�_�k�d�b�o �\�_�s�_�k�l�\. �I�j�h�\�_�^�_�g�Z �k�j�Z�\�g�_�g�g�Z�y 
�b�^�_�g�l�b�n�b�d�Z�p�b�y �k�i�_�d�l�j�h�\, �i�h�e�m�q�_�g�g�u�o �^�b�k�l�Z�g�p�b�h�g�g�u�f �f�_�l�h�^�h�f �b�a�f�_�j�_�g�b�y, �k �^�Z�g�g�u�f�b �b�a 
�k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�u�o �k�i�_�d�l�j�Z�e�v�g�u�o �[�b�[�e�b�h�l�_�d �k�i�_�d�l�j�h�\ �d�h�f�[�b�g�Z�p�b�h�g�g�h�]�h �j�Z�k�k�_�y�g�b�y. �;�u�e�b 
�i�h�e�m�q�_�g�u �k�i�_�d�l�j�u �d�h�f�[�b�g�Z�p�b�h�g�g�h�]�h �j�Z�k�k�_�y�g�b�y �f�b�d�j�h�f�b�p�_�l�h�\, �\�u�j�Z�s�_�g�g�u�o �\ �e�Z�[�h�j�Z�l�h�j�g�u�o 
�m�k�e�h�\�b�y�o. 

�K�e�_�^�m�x�s�b�f �w�l�Z�i�h�f �j�Z�a�\�b�l�b�y �f�_�l�h�^�Z �y�\�e�y�_�l�k�y �h�[�t�_�^�b�g�_�g�b�_ �\�h�a�f�h�`�g�h�k�l�b �D�J – 
�k�i�_�d�l�j�h�k�d�h�i�b�b �b �m�k�l�j�h�c�k�l�\ �i�j�h�[�h�i�h�^�]�h�l�h�\�d�b, �h�[�_�k�i�_�q�b�\�Z�x�s�b�o �[�h�e�_�_ �\�u�k�h�d�b�c �m�j�h�\�_�g�v 
�i�h�e�y�j�b�a�m�_�f�h�k�l�b �f�h�e�_�d�m�e �i�_�j�_�^ �\�u�i�h�e�g�_�g�b�_�f �Z�g�Z�e�b�a�Z. �>�Z�g�g�u�c �i�h�^�o�h�^  �i�h�a�\�h�e�y�_�l �m�\�_�e�b�q�b�l�v 
�q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v �f�_�l�h�^�Z �g�Z 3…6 �i�h�j�y�^�d�h�\. �I�h�\�u�r�_�g�b�_ �Z�g�Z�e�b�l�b�q�_�k�d�b�o �\�h�a�f�h�`�g�h�k�l�_�c 
�i�h�a�\�h�e�y�_�l �]�h�\�h�j�b�l�v �h �K�b�k�l�_�f�_, �d�Z�d �h �K�B �d�h�e�b�q�_�k�l�\�_�g�g�h�]�h �h�i�j�_�^�_�e�_�g�b�y �g�b�a�d�h�e�_�l�m�q�b�o 
�\�_�s�_�k�l�\, �h�[�e�Z�^�Z�x�s�b�o �g�b�a�d�b�f �i�Z�j�p�b�Z�e�v�g�u�f �^�Z�\�e�_�g�b�_�f �g�Z�^ �i�h�\�_�j�o�g�h�k�l�v�x �Z�g�Z�e�b�l�Z. 
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�H�K�H�;�?�G�G�H�K�L�B �J�:�A�J�:�;�H�L�D�B �K�I�?�D�L�J�:�E�V�G�H�=�H �M�N-�J�:�>�B�H�F�?�L�J�: 

�<.�<. �:�g�l�h�g�h�\, �H.�<. �D�j�m�]�e�h�\ 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�l.�g., �i�j�h�n�_�k�k�h�j �=.�=. �B�r�Z�g�b�g 

 
�D�j�Z�l�d�h�_ �\�k�l�m�i�e�_�g�b�_, �i�h�k�l�Z�g�h�\�d�Z �i�j�h�[�e�_�f�u. �K�_�]�h�^�g�y �\ �i�j�h�f�u�r�e�_�g�g�h�k�l�b �r�b�j�h�d�h 

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

 
�P�_�e�v �j�Z�[�h�l�u. �J�Z�a�j�Z�[�h�l�d�Z �k�i�_�d�l�j�Z�e�v�g�h�]�h �M�N-�j�Z�^�b�h�f�_�l�j�Z �^�e�y �b�a�f�_�j�_�g�b�y 

�w�g�_�j�]�_�l�b�q�_�k�d�b�o (�w�g�_�j�]�_�l�b�q�_�k�d�Z�y �h�k�\�_�s�_�g�g�h�k�l�v, �k�\�_�l�b�f�h�k�l�v) �b �w�n�n�_�d�l�b�\�g�u�o 
(�n�h�l�h�d�h�g�v�x�d�l�_�\�b�l, �n�h�l�h�d�_�j�Z�l�b�l, �w�j�b�l�_�f�Z, �i�j�y�f�Z�y �i�b�]�f�_�g�l�Z�p�b�y �b �^�j.) �\�_�e�b�q�b�g, �h�l�\�_�q�Z�x�s�_�]�h 
�k�h�\�j�_�f�_�g�g�u�f �l�j�_�[�h�\�Z�g�b�y�f �l�h�q�g�h�k�l�b. 

 
�;�Z�a�h�\�u�_ �i�h�e�h�`�_�g�b�y �b�k�k�e�_�^�h�\�Z�g�b�y. �< �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y �i�j�b�g�y�l�h �^�_�e�b�l�v �k�i�_�d�l�j �M�N 

�b�a�e�m�q�_�g�b�y �g�Z �l�j�b �a�h�g�u: �M�N - �K (�h�l 200 �^�h 280 �g�f), �M�N - �< (�h�l 280 �^�h 315 �g�f), �M�N - �:  (�h�l 315 
�^�h 400 �g�f). �I�h�w�l�h�f�m �^�e�y �d�h�j�j�_�d�l�g�h�]�h �b�a�f�_�j�_�g�b�y �i�h�l�h�d�Z �b�a�e�m�q�_�g�b�y �g�_�h�[�o�h�^�b�f�h, �q�l�h�[�u 
�h�l�g�h�k�b�l�_�e�v�g�Z�y �k�i�_�d�l�j�Z�e�v�g�Z�y �q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v �i�j�b�[�h�j�Z �\ �j�Z�[�h�q�_�f �k�i�_�d�l�j�Z�e�v�g�h�c �^�b�Z�i�Z�a�h�g�_ 
�[�u�e�Z �j�Z�\�g�Z 1, �Z �\�g�_ �]�j�Z�g�b�p �j�Z�\�g�y�e�Z�k�v �g�m�e�x. 

�>�j�m�]�b�f �\�Z�`�g�u�f �i�Z�j�Z�f�_�l�j�h�f, �h�d�Z�a�u�\�Z�x�s�b�f �[�h�e�v�r�h�_ �\�e�b�y�g�b�_ �g�Z �h�[�s�m�x �i�h�]�j�_�r�g�h�k�l�v 
�b�a�f�_�j�_�g�b�y, �j�Z�^�b�h�f�_�l�j�Z �y�\�e�y�_�l�k�y �_�]�h �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�Z�y («�d�h�k�b�g�m�k�g�Z�y») �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z. �M 
�j�_�Z�e�v�g�u�o �j�Z�^�b�h�f�_�l�j�h�\ �i�h�d�Z�a�Z�g�b�y �g�_ �i�h�^�q�b�g�y�x�l�k�y «�a�Z�d�h�g�m �� ���Tcos », �q�l�h �f�h�`�_�l �i�j�b�\�h�^�b�l�v �d 
�a�g�Z�q�b�l�_�e�v�g�h�c �i�h�]�j�_�r�g�h�k�l�b �b�a�f�_�j�_�g�b�c. �>�e�y �h�k�_�\�u�o �b�a�f�_�j�_�g�b�c �w�l�Z �i�j�h�[�e�_�f�Z �j�_�r�Z�_�l�k�y �k�Z�f�h�c 
�f�_�l�h�^�b�d�h�c �i�j�h�\�_�^�_�g�b�y �b�a�f�_�j�_�g�b�y, �Z �i�j�b �b�a�f�_�j�_�g�b�b �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h �i�j�h�l�y�`�_�g�g�u�o 
�b�k�l�h�q�g�b�d�h�\ �b�e�b �]�j�m�i�i�u �l�h�q�_�q�g�u�o �b�k�l�h�q�g�b�d�h�\ �\�e�b�y�g�b�_ �w�l�h�c �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c 
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �g�Z �h�[�s�m�x �i�h�]�j�_�r�g�h�k�l�v �b�a�f�_�j�_�g�b�c �h�d�Z�a�u�\�Z�_�l�k�y �a�g�Z�q�b�l�_�e�v�g�u�f. 

�;�h�e�v�r�b�g�k�l�\�h �k�h�\�j�_�f�_�g�g�u�o �M�N-�j�Z�^�b�h�f�_�l�j�h�\ �h�l�g�h�k�y�l�k�y �d �i�j�b�[�h�j�Z�f �b�g�l�_�]�j�Z�e�v�g�h�]�h �l�b�i�Z. 
�I�h�^�h�[�g�u�_ �b�a�f�_�j�b�l�_�e�v�g�u�_ �i�j�b�[�h�j�u �i�j�h�k�l�u�_ �\ �i�j�h�b�a�\�h�^�k�l�\�_, �m�^�h�[�g�u�_ �b �g�Z�^�_�`�g�u�_ �i�j�b 
�b�k�i�h�e�v�a�h�\�Z�g�b�b, �g�h �g�_ �k�i�h�k�h�[�g�u �^�Z�l�v �g�_�h�[�o�h�^�b�f�m�x �l�h�q�g�h�k�l�v, �l�j�_�[�m�_�f�m�x �k�h�\�j�_�f�_�g�g�h�c 
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�i�j�h�f�u�r�e�_�g�g�h�k�l�v�x. �>�e�y �i�h�\�u�r�_�g�b�y �l�h�q�g�h�k�l�b �b�a�f�_�j�_�g�b�y �g�_�h�[�o�h�^�b�f �g�h�\�u�c �f�_�l�h�^ 
�h�i�j�_�^�_�e�_�g�b�y �w�g�_�j�]�_�l�b�q�_�k�d�b�o �b �w�n�n�_�d�l�b�\�g�u�o �\�_�e�b�q�b�g �\ �m�e�v�l�j�Z�n�b�h�e�_�l�h�\�h�c �h�[�e�Z�k�l�b �k�i�_�d�l�j�Z. 
�K�i�_�d�l�j�h�n�h�l�h�f�_�l�j�b�q�_�k�d�b�c �f�_�l�h�^ �^�Z�_�l �[�h�e�_�_ �^�h�k�l�h�\�_�j�g�u�_ �a�g�Z�q�_�g�b�y �b�a�f�_�j�y�_�f�u�o �\�_�e�b�q�b�g. 

 
�I�j�h�f�_�`�m�l�h�q�g�u�_ �j�_�a�m�e�v�l�Z�l�u. �H�i�j�_�^�_�e�_�g�b�_ �b�g�l�_�]�j�Z�e�v�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d �b�a�e�m�q�_�g�b�y 

�q�_�j�_�a �b�g�l�_�]�j�b�j�h�\�Z�g�b�_ �n�m�g�d�p�b�b �k�i�_�d�l�j�Z�e�v�g�h�c �i�e�h�l�g�h�k�l�b �\ �m�e�v�l�j�Z�n�b�h�e�_�l�h�\�h�c �h�[�e�Z�k�l�b 
�k�i�_�d�l�j�Z �j�_�r�Z�_�l �f�g�h�]�b�_ �i�j�h�[�e�_�f�u, �i�j�b�k�m�s�b�_ �i�j�b�[�h�j�Z�f �b�g�l�_�]�j�Z�e�v�g�h�]�h �l�b�i�Z. �G�Z �h�k�g�h�\�_ 
�k�i�_�d�l�j�h�n�h�l�h�f�_�l�j�b�q�_�k�d�h�]�h �f�_�l�h�^�Z �[�u�e �j�Z�a�j�Z�[�h�l�Z�g �M�N-�j�Z�^�b�h�f�_�l�j «�L�D�:-�M�N». 

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

�I�j�b�g�p�b�i �^�_�c�k�l�\�b�y �i�j�b�[�h�j�Z �h�k�g�h�\�Z�g �g�Z �b�a�f�_�j�_�g�b�b �k�i�_�d�l�j�Z �b�a�e�m�q�_�g�b�y �b�k�l�h�q�g�b�d�Z 
�h�i�l�b�q�_�k�d�h�]�h �b�a�e�m�q�_�g�b�y �\ �h�[�e�Z�k�l�b 200–400 �g�f �k �i�h�k�e�_�^�m�x�s�_�c �f�Z�l�_�f�Z�l�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�h�c 
�j�_�a�m�e�v�l�Z�l�h�\ �b�a�f�_�j�_�g�b�y �k �i�h�f�h�s�v�x �f�b�d�j�h�i�j�h�p�_�k�k�h�j�g�h�]�h �m�k�l�j�h�c�k�l�\�Z. 

�< �d�Z�q�_�k�l�\�_ �i�j�b�_�f�g�b�d�Z �h�i�l�b�q�_�k�d�h�]�h �b�a�e�m�q�_�g�b�y (�I�H�B) �\ �j�Z�^�b�h�f�_�l�j�_ �b�k�i�h�e�v�a�m�_�l�k�y 
�n�h�l�h�^�b�h�^�g�Z�y �e�b�g�_�c�d�Z (�N�E) �k �i�h�\�u�r�_�g�g�h�c �q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v�x �\ �M�N-�h�[�e�Z�k�l�b �k�i�_�d�l�j�Z. �<�u�[�h�j 
�i�h�^�h�[�g�h�]�h �l�b�i�Z �I�H�B �i�h�a�\�h�e�y�_�l �m�i�j�h�k�l�b�l�v �d�h�g�k�l�j�m�d�p�b�x �b �i�h�\�u�k�b�l�v �w�d�k�i�e�m�Z�l�Z�p�b�h�g�g�u�_ 
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �i�j�b�[�h�j�Z. �N�E �b�f�_�x�l, �i�h �k�j�Z�\�g�_�g�b�x �k �I�A�K, �[�h�e�_�_ �\�u�k�h�d�m�x �e�b�g�_�c�g�h�k�l�v, �Z 
�l�Z�d�`�_ �b �[�h�e�v�r�b�c �^�b�g�Z�f�b�q�_�k�d�b�c �^�b�Z�i�Z�a�h�g. 

�A�g�Z�q�b�l�_�e�v�g�Z�y �q�Z�k�l�v �b�a�e�m�q�_�g�b�y �i�j�b �i�j�h�o�h�`�^�_�g�b�b �q�_�j�_�a �i�h�e�b�o�j�h�f�Z�l�h�j �h�l�j�Z�`�Z�_�l�k�y �b 
�j�Z�k�k�_�b�\�Z�_�l�k�y �h�i�l�b�q�_�k�d�b�f�b �^�_�l�Z�e�y�f�b. �I�h�w�l�h�f�m �i�j�h�k�l�j�Z�g�k�l�\�h �\�g�m�l�j�b �i�h�e�b�o�j�h�f�Z�l�h�j�Z 
«�a�Z�i�h�e�g�_�g�h» �k�i�_�d�l�j�Z�e�v�g�h �g�_ �j�Z�a�e�h�`�_�g�g�u�f �b�e�b �q�Z�k�l�b�q�g�h �j�Z�a�e�h�`�_�g�g�u�f �b�a�e�m�q�_�g�b�_�f. �I�j�b 
�j�Z�[�h�l�_ �\ �l�_�o �h�[�e�Z�k�l�y�o �k�i�_�d�l�j�Z, �]�^�_ �k�i�_�d�l�j�Z�e�v�g�Z�y �y�j�d�h�k�l�v �b�k�l�h�q�g�b�d�Z L(�O) �f�Z�e�Z, �i�h�l�h�d 
�j�Z�k�k�_�y�g�g�h�]�h �b�a�e�m�q�_�g�b�y �f�h�`�_�l �[�u�l�v �k�h�b�a�f�_�j�b�f �b �^�Z�`�_ �[�h�e�v�r�_ �i�h�e�_�a�g�h�]�h. �< �w�l�b�o �k�e�m�q�Z�y�o 
�l�h�q�g�h�k�l�v �n�h�l�h�f�_�l�j�b�q�_�k�d�b�o �b�a�f�_�j�_�g�b�c �k�g�b�`�Z�_�l�k�y, �^�h�k�l�b�]�Z�y �g�_�i�j�b�_�f�e�_�f�u�o �\�_�e�b�q�b�g. �M�N-
�j�Z�^�b�h�f�_�l�j �g�Z �h�k�g�h�\�_ �k�i�_�d�l�j�h�n�h�l�h�f�_�l�j�b�q�_�k�d�h�]�h �f�_�l�h�^�Z �i�h�a�\�h�e�y�_�l �k�\�h�_�c �h�i�l�b�q�_�k�d�h�c �k�o�_�f�h�c 
�^�h�[�b�l�v�k�y �m�f�_�g�v�r�_�g�b�y �\�e�b�y�g�b�y �i�h�l�h�d�Z �j�Z�k�k�_�y�g�g�h�]�h �k�\�_�l�Z �N�j  �g�Z �l�h�q�g�h�k�l�v �b�a�f�_�j�_�g�b�c. 
�H�i�l�b�q�_�k�d�Z�y �k�o�_�f�Z �i�h�e�b�o�j�h�f�Z�l�h�j�Z �^�Z�_�l �\�h�a�f�h�`�g�h�k�l�v �b�a�f�_�j�_�g�b�y �i�h�l�h�d�Z �j�Z�k�k�_�y�g�g�h�]�h �k�\�_�l�Z �N�j 
�k �i�h�k�e�_�^�m�x�s�b�f �\�u�q�b�l�Z�g�b�_�f �_�]�h �b�a �b�a�f�_�j�_�g�g�h�]�h �k�m�f�f�Z�j�g�h�]�h �k�b�]�g�Z�e�Z, �k�h�k�l�Z�\�e�y�x�s�b�f 
�d�h�l�h�j�h�]�h �h�g �y�\�e�y�e�k�y. 

 
�H�k�g�h�\�g�h�c �j�_�a�m�e�v�l�Z�l. �G�Z �k�_�]�h�^�g�y�r�g�b�c �f�h�f�_�g�l �[�h�e�v�r�b�g�k�l�\�h �i�j�b�[�h�j�h�\ �^�e�y �b�a�f�_�j�_�g�b�y 

�w�g�_�j�]�_�l�b�q�_�k�d�b�o �b �w�n�n�_�d�l�b�\�g�u�o �\�_�e�b�q�b�g �\ �m�e�v�l�j�Z�n�b�h�e�_�l�h�\�h�c �h�[�e�Z�k�l�b �h�l�g�h�k�y�l�k�y �d 
�b�g�l�_�]�j�Z�e�v�g�h�f�m �l�b�i�m. �H�^�g�Z�d�h �^�Z�g�g�u�c �\�b� ̂ �b�a�f�_�j�b�l�_�e�v�g�h�c �Z�i�i�Z�j�Z�l�m�j�u, �h�[�e�Z�^�Z�y �j�y�^�h�f 
�i�j�_�b�f�m�s�_�k�l�\, �g�_ �f�h�`�_�l �h�[�_�k�i�_�q�b�l�v �[�u�k�l�j�h �j�Z�k�l�m�s�b�_ �l�j�_�[�h�\�Z�g�b�y �k�h�\�j�_�f�_�g�g�h�c 
�i�j�h�f�u�r�e�_�g�g�h�k�l�b �l�h�q�g�h�k�l�b. �M�N-�j�Z�^�b�h�f�_�l�j �g�Z �h�k�g�h�\�_ �k�i�_�d�l�j�h�n�h�l�h�f�_�l�j�b�q�_�k�d�h�]�h �f�_�l�h�^�Z �^�Z�_�l 
�[�h�e�_�_ �\�u�k�h�d�m�x �l�h�q�g�h�k�l�v �n�h�l�h�f�_�l�j�b�q�_�k�d�b�o �b�a�f�_�j�_�g�b�c, �k�i�h�k�h�[�_�g �b�a�f�_�j�y�l �\�k�_ �g�_�h�[�o�h�^�b�f�u�_ 
�w�g�_�j�]�_�l�b�q�_�k�d�b�_ �b �w�n�n�_�d�l�b�\�g�u�_ �\�_�e�b�q�b�g�u, �\ �l�h �\�j�_�f�y �d�Z�d �i�j�b�[�h�j �b�g�l�_�]�j�Z�e�v�g�h�]�h �l�b�i�Z �f�h�`�_�l 
�b�a�f�_�j�y�l�v �l�h�e�v�d�h �h�^�b�g �b�e�b �g�_�k�d�h�e�v�d�h �i�Z�j�Z�f�_�l�j�h�\. 
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�H�P�?�G�D�: �I�H�=�J�?�R�G�H�K�L�B �N�B�D�K�:�P�B�B �I�J�H�O�H�@�>�?�G�B�Y 
�D�B�E�H�F�?�L�J�H�<�U�O �K�L�H�E�;�H�< �H�I�L�B�D�H-�W�E�?�D�L�J�H�G�G�U�F 

�>�:�L�Q�B�D�H�F �I�H�E�H�@�?�G�B�Y 
�F.�=. �;�Z�a�Z�j�h�\ 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �d.�l.�g., �^�h�p�_�g�l �: .�G. �L�b�f�h�n�_�_�\ 
 

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

�P�_�e�v�x �b�k�k�e�_�^�h�\�Z�g�b�y �y�\�e�y�_�l�k�y �j�Z�k�k�f�h�l�j�_�g�b�_ �i�h�]�j�_�r�g�h�k�l�_�c �j�_�]�b�k�l�j�Z�p�b�b �i�j�h�o�h�`�^�_�g�b�y 
�j�_�i�_�j�g�u�o �f�_�l�h�d  �\ �i�j�h�^�h�e�v�g�h�f �g�Z�i�j�Z�\�e�_�g�b�b.  

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

�f�Z�j�d�Z �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �f�h�^�m�e�v �b�a�e�m�q�Z�l�_�e�y, �d�h�l�h�j�u�c �i�b�l�Z�_�l�k�y �h�l �[�Z�l�Z�j�_�b �b�e�b 
�Z�d�d�m�f�m�e�y�l�h�j�Z �g�Z�i�j�y�`�_�g�b�_�f �h�l 1,5 �^�h 4 �<. �=�_�g�_�j�Z�l�h�j �b�f�i�m�e�v�k�h�\ �k�h�a�^�Z�_�l �b�f�i�m�e�v�k�u 
�g�_�h�[�o�h�^�b�f�h�c �q�Z�k�l�h�l�u �b �n�h�j�f�u,  �w�e�_�d�l�j�h�g�g�u�c �d�e�x�q �d�h�f�f�m�l�b�j�m�_�l �i�b�l�Z�x�s�_�_ �g�Z�i�j�y�`�_�g�b�_ �g�Z 
�i�h�e�m�i�j�h�\�h�^�g�b�d�h�\�u�c �b�a�e�m�q�Z�x�s�b�c �^�b�h�^ �\ �k�h�h�l�\�_�l�k�l�\�b�b �k �w�l�b�f�b �b�f�i�m�e�v�k�Z�f�b. 

�;�Z�a�h�\�u�c �[�e�h�d �\�d�e�x�q�Z�_�l �\ �k�_�[�y �h�i�l�b�q�_�k�d�m�x �q�Z�k�l�v, �k�h�k�l�h�y�s�m�x �b�a �h�[�t�_�d�l�b�\�Z �b �s�_�e�_�\�h�c 
�^�b�Z�n�j�Z�]�f�u, �m�k�l�Z�g�h�\�e�_�g�g�h�c �\ �n�h�d�Z�e�v�g�h�c �i�e�h�k�d�h�k�l�b �h�[�t�_�d�l�b�\�Z �^�e�y �h�]�j�Z�g�b�q�_�g�b�y �g�Z�d�e�h�g�g�u�o  
�i�m�q�d�h�\. �>�Z�e�_�_ �k�e�_�^�m�_�l �w�e�_�d�l�j�h�g�g�Z�y �q�Z�k�l�v �m�k�l�j�h�c�k�l�\�Z. �A�Z �n�h�d�Z�e�v�g�h�c �i�e�h�k�d�h�k�l�v�x �h�[�t�_�d�l�b�\�Z 
�k�l�h�b�l �n�h�l�h�^�b�h�^, �i�j�_�h�[�j�Z�a�m�x�s�b�c �k�\�_�l�h�\�h�c �i�h�l�h�d �\ �w�e�_�d�l�j�b�q�_�k�d�b�c �k�b�]�g�Z�e, �d�h�l�h�j�u�c �\�g�Z�q�Z�e�_ 
�m�k�b�e�b�\�Z�_�l�k�y �\ �i�j�_�^�\�Z�j�b�l�_�e�v�g�h�f �m�k�b�e�b�l�_�e�_, �a�Z�l�_�f �i�h�k�j�_�^�k�l�\�h�f �i�h�e�h�k�h�\�h�]�h �n�b�e�v�l�j�Z 
�\�u�^�_�e�y�_�l�k�y �k�b�]�g�Z�e �g�m�`�g�h�c �q�Z�k�l�h�l�u �b �m�k�b�e�b�\�Z�_�l�k�y �\ �m�k�b�e�b�l�_�e�_ �^�h �g�_�h�[�o�h�^�b�f�h�]�h �m�j�h�\�g�y. �W�l�h�l 
�k�b�]�g�Z�e �k�j�Z�\�g�b�\�Z�_�l�k�y �k �i�h�f�h�s�v�x �d�h�f�i�Z�j�Z�l�h�j�Z �k �h�i�h�j�g�u�f, �i�h�k�l�m�i�Z�x�s�b�f �g�Z �d�h�f�i�Z�j�Z�l�h�j �h�l 
�b�k�l�h�q�g�b�d�Z �h�i�h�j�g�h�]�h �k�b�]�g�Z�e�Z, �b �\ �k�e�m�q�Z�_ �b�o �k�h�\�i�Z�^�_�g�b�y �d�h�f�i�Z�j�Z�l�h�j �\�u�^�Z�_�l �k�b�]�g�Z�e, 
�k�h�h�l�\�_�l�k�l�\�m�x�s�b�c �h�[�g�Z�j�m�`�_�g�b�x �j�_�i�_�j�Z, �g�Z �Z�g�Z�e�h�]�h-�p�b�n�j�h�\�h�c �i�j�_�h�[�j�Z�a�h�\�Z�l�_�e�v, 
�n�h�j�f�b�j�m�x�s�b�c �\�f�_�k�l�_ �k �i�e�Z�l�h�c �b�g�l�_�j�n�_�c�k�Z �k�h�h�l�\�_�l�k�l�\�m�x�s�b�c �k�b�]�g�Z�e �^�e�y �i�j�h�f�u�r�e�_�g�g�h�]�h 
�d�h�f�i�v�x�l�_�j�Z, �d�h�l�h�j�u�c �\�f�_�k�l�_ �k �m�k�b�e�b�l�_�e�_�f �i�b�l�Z�_�l�k�y �h�l �i�j�_�h�[�j�Z�a�h�\�Z�l�_�e�y �g�Z�i�j�y�`�_�g�b�y. 
�<�h�a�f�h�`�g�h�_ �k�f�_�s�_�g�b�_ �j�_�i�_�j�Z �h�l�g�h�k�b�l�_�e�v�g�h �h�i�l�b�q�_�k�d�h�c �h�k�b �i�j�b�_�f�g�h�]�h �f�h�^�m�e�y  +/–180 �f�f  �\ 
�\�_�j�l�b�d�Z�e�v�g�h�f �g�Z�i�j�Z�\�e�_�g�b�b �b �h�l 2000 �f�f  �^�h 7000 �f�f  – �\ �i�j�h�^�h�e�v�g�h�f �h�l�g�h�k�b�l�_�e�v�g�h �[�Z�a�h�\�h�]�h 
�[�e�h�d�Z. 

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

 
�B�a �n�Z�d�l�h�j�h�\, �\�e�b�y�x�s�b�o �g�Z �i�h�]�j�_�r�g�h�k�l�v �b�a�f�_�j�_�g�b�y (�h�[�g�Z�j�m�`�_�g�b�y �j�_�i�_�j�g�h�c �f�Z�j�d�b �\ 

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

�;�u�e�Z �i�h�e�m�q�_�g�Z �a�Z�\�b�k�b�f�h�k�l�v �i�h�]�j�_�r�g�h�k�l�b �h�i�j�_�^�_�e�_�g�b�y �i�h�e�h�`�_�g�b�y �h�i�l�b�q�_�k�d�h�c 
�j�Z�\�g�h�k�b�]�g�Z�e�v�g�h�c �a�h�g�u �h�l �q�Z�k�l�h�l�u �f�h�^�m�e�y�p�b�b �b�a�e�m�q�_�g�b�y. �<�b�^�g�h, �q�l�h �q�_�f �[�h�e�v�r�_ �q�Z�k�l�h�l�Z 
�f�h�^�m�e�y�p�b�b (�l.�_. �q�_�f �f�_�g�v�r�_ �i�h�k�l�h�y�g�g�Z�y �\�j�_�f�_�g�b �h�i�l�b�d�h-�w�e�_�d�l�j�h�g�g�h�]�h �i�j�b�[�h�j�Z), �l�_�f �[�h�e�v�r�_ 
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�b �k�f�_�s�_�g�b�_ �w�g�_�j�]�_�l�b�q�_�k�d�h�c �h�k�b �e�m�q�Z, �d�h�l�h�j�h�_ �\ �g�Z�r�_�f �k�e�m�q�Z�_, �i�j�b �q�Z�k�l�h�l�_ �f�h�^�m�e�y�p�b�b 30 
�d�=�p �b �^�b�k�l�Z�g�p�b�b 7000 �f�f , �k�h�k�l�Z�\�e�y�_�l 0,125 �f�f . 

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

�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b – �]�j�Z�n�b�d�Z, �i�j�b�\�_�^�_�g�g�h�]�h �\ �k�i�j�Z�\�h�q�g�b�d�_. 
�I�h �]�j�Z�n�b�d�m �h�i�j�_�^�_�e�y�_�f, �q�l�h �i�j�b �q�Z�k�l�h�l�_ �f�h�^�m�e�y�p�b�b �k�b�]�g�Z�e�Z 30 �d�=�p �k�f�_�s�_�g�b�_ �n�Z�a�u 

�k�h�k�l�Z�\�e�y�_�l �q�_�l�\�_�j�l�v �i�_�j�b�h�^�Z. �L�Z�d�b�f �h�[�j�Z�a�h�f, �g�Z�o�h�^�b�f �i�_�j�b�h�^ �b �\�j�_�f�y �a�Z�^�_�j�`�d�b �k�b�]�g�Z�e�Z �\ 
�p�_�i�b �i�j�b �a�Z�^�Z�g�g�h�c �q�Z�k�l�h�l�_ �f�h�^�m�e�y�p�b�b. �L�Z�d �d�Z�d �\ �k�o�_�f�_ �b�k�i�h�e�v�a�h�\�Z�g�u �h�[�Z �m�k�b�e�b�l�_�e�v�g�u�o 
�l�j�Z�d�l�Z �h�i�_�j�Z�p�b�h�g�g�h�]�h �m�k�b�e�b�l�_�e�y, �k�m�f�f�Z�j�g�h�_ �\�j�_�f�y �a�Z�^�_�j�`�d�b �k�b�]�g�Z�e�Z �\ �f�h�^�m�e�_ �[�m�^�_�l �j�Z�\�g�h 
1,6·10-5 �k. �I�h�k�d�h�e�v�d�m �a�Z�\�b�k�b�f�h�k�l�v �i�j�h�c�^�_�g�g�h�]�h �j�Z�k�k�l�h�y�g�b�y �h�l �k�d�h�j�h�k�l�b �e�b�g�_�c�g�Z�y, �l�h �b 
�a�Z�\�b�k�b�f�h�k�l�v �i�h�]�j�_�r�g�h�k�l�b �h�l �k�d�h�j�h�k�l�b �^�\�b�`�_�g�b�y �l�Z�d�`�_ �[�m�^�_�l �e�b�g�_�c�g�h�c. 

�I�j�b �k�d�h�j�h�k�l�b 2780 �f�f /�k, �q�l�h �k�h�h�l�\�_�l�k�l�\�m�_�l �f�Z�d�k�b�f�Z�e�v�g�h�c �k�d�h�j�h�k�l�b 10 �d�f/�q, �i�h�]�j�_�r�g�h�k�l�v 
�b�a-�a�Z �a�Z�^�_�j�`�d�b �k�b�]�g�Z�e�Z �\ �p�_�i�b �[�m�^�_�l �k�h�k�l�Z�\�e�y�l�v 0,05 �f�f . �D �l�h�f�m �`�_ �w�l�Z �\�_�e�b�q�b�g�Z �a�Z�\�Z�k�b�l 
�l�h�e�v�d�h �h�l �k�d�h�j�h�k�l�b, �i�h�w�l�h�f�m, �a�g�Z�y �k�d�h�j�h�k�l�v �^�\�b�`�_�g�b�y �b�a�f�_�j�b�l�_�e�v�g�h�c �f�Z�r�b�g�u, �i�j�_�^�k�l�Z�\�e�y�_�l�k�y 
�\�h�a�f�h�`�g�u�f �m�k�l�j�Z�g�b�l�v �\�e�b�y�g�b�_ �w�l�h�c �i�h�]�j�_�r�g�h�k�l�b �g�Z �b�a�f�_�j�y�_�f�m�x �\�_�e�b�q�b�g�m. 

�I�h�]�j�_�r�g�h�k�l�v, �\�u�a�\�Z�g�g�Z�y �j�_�]�m�e�y�j�g�h�c �j�_�n�j�Z�d�p�b�_�c �\ �]�h�j�b�a�h�g�l�Z�e�v�g�h�f �g�Z�i�j�Z�\�e�_�g�b�b, �l�Z�d�`�_ 
�[�u�e�Z �j�Z�k�k�q�b�l�Z�g�Z �\ �i�j�h�\�_�^�_�g�g�h�c �j�Z�[�h�l�_. �L�Z�d�b�f �h�[�j�Z�a�h�f, �k�m�f�f�Z�j�g�Z�y �i�h�]�j�_�r�g�h�k�l�v, �\�u�a�\�Z�g�g�Z�y  
�j�_�]�m�e�y�j�g�h�c �j�_�n�j�Z�d�p�b�_�c �\ �]�h�j�b�a�h�g�l�Z�e�v�g�h�f �g�Z�i�j�Z�\�e�_�g�b�b, �l�m�j�[�m�e�_�g�l�g�h�k�l�v�x �\ �Z�l�f�h�k�n�_�j�_ �b 
�a�Z�^�_�j�`�d�h�c �k�b�]�g�Z�e�Z �\ �p�_�i�b �m�k�b�e�b�l�_�e�y �b �d�h�f�i�Z�j�Z�l�h�j�Z, �k�h�k�l�Z�\�e�y�_�l 0,33 �f�f . 

�B�l�Z�d, �\ �o�h�^�_ �i�j�h�\�_�^�_�g�g�u�o �b�k�k�e�_�^�h�\�Z�g�b�c �[�u�e�b �j�Z�k�k�f�h�l�j�_�g�u �b �j�Z�k�k�q�b�l�Z�g�u �a�g�Z�q�_�g�b�y 
�l�j�_�o �k�h�k�l�Z�\�e�y�x�s�b�o �i�h�]�j�_�r�g�h�k�l�b �h�i�j�_�^�_�e�_�g�b�y �i�h�e�h�`�_�g�b�y �j�_�i�_�j�g�h�c �f�Z�j�d�b: �\�e�b�y�g�b�_ 
�l�m�j�[�m�e�_�g�l�g�h�k�l�b �Z�l�f�h�k�n�_�j�u, �j�_�]�m�e�y�j�g�h�c �j�_�n�j�Z�d�p�b�b, �b �a�Z�^�_�j�`�d�m �k�b�]�g�Z�e�Z �\ �p�_�i�b �[�e�h�d�Z 
�h�[�j�Z�[�h�l�d�b. �L�Z�d�b�f �h�[�j�Z�a�h�f, �k�m�f�f�Z�j�g�h�_ �a�g�Z�q�_�g�b�_ �i�h�]�j�_�r�g�h�k�l�b, �\�u�a�\�Z�g�g�h�c �j�Z�k�k�f�h�l�j�_�g�g�u�f�b 
�n�Z�d�l�h�j�Z�f�b, �k�h�k�l�Z�\�e�y�_�l �g�_ �[�h�e�_�_ 0,33 �f�f , �q�l�h �k�h�h�l�\�_�l�k�l�\�m�_�l �l�j�_�[�m�_�f�h�c �l�h�q�g�h�k�l�b �h�i�j�_�^�_�e�_�g�b�y 
�i�h�e�h�`�_�g�b�y �j�_�i�_�j�g�h�c �f�Z�j�d�b (+/–5�f�f ).    

�<�i�h�k�e�_�^�k�l�\�b�b �g�Z�f�_�q�Z�_�l�k�y �j�Z�k�r�b�j�_�g�b�_ �j�y�^�Z �k�h�k�l�Z�\�e�y�x�s�b�o �i�h�]�j�_�r�g�h�k�l�_�c, �Z �l�Z�d�`�_ 
�i�j�h�\�_�^�_�g�b�_ �[�h�e�_�_ �]�e�m�[�h�d�h�]�h �b�o �Z�g�Z�e�b�a�Z. 
 
 
�M�>�D: 535.557 

 
�<�E�B�Y�G�B�? �G�:�Q�:�E�V�G�H�=�H �M�=�E�: �G�:�D�E�H�G�: �>�B�J�?�D�L�H�J�: 

�G�: �>�B�G�:�F�B�Q�?�K�D�B�? �O�:�J�:�D�L�?�J�B�K�L�B�D�B �>�<�M�O�Q�:�K�L�H�L�G�H�=�H 
�G�?�F�:�L�B�Q�?�K�D�H�=�H �@�B�>�D�H�=�H �D�J�B�K�L�:�E�E�: 

�B.�N. �=�Z�e�b�g 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �d.�l.�g., �k.�g.�k. �?.�: . �D�h�g�r�b�g�Z 

 
�B�a�m�q�_�g�b�_ �^�b�g�Z�f�b�d�b �i�_�j�_�d�e�x�q�_�g�b�y �`�b�^�d�h�]�h �d�j�b�k�l�Z�e�e�Z (�@�D) �y�\�e�y�_�l�k�y �g�_�h�[�o�h�^�b�f�u�f 

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

�;�u�e�b �b�k�k�e�_�^�h�\�Z�g�u �@�D �y�q�_�c�d�b, �a�Z�i�h�e�g�_�g�g�u�_ �^�\�m�o�q�Z�k�l�h�l�g�u�f �`�b�^�d�b�f �d�j�b�k�l�Z�e�e�h�f �k S-
�h�j�b�_�g�l�Z�p�b�_�c �^�b�j�_�d�l�h�j�Z, �b �j�Z�a�e�b�q�g�u�f�b �g�Z�q�Z�e�v�g�u�f�b �m�]�e�Z�f�b �g�Z�d�e�h�g�Z �^�b�j�_�d�l�h�j�Z. �W�l�b �a�g�Z�q�_�g�b�y 
�\�Z�j�v�b�j�h�\�Z�e�h�k�v �b�a�f�_�g�_�g�b�_�f �m�k�e�h�\�b�c �g�Z�i�u�e�_�g�b�y �h�j�b�_�g�l�b�j�m�x�s�b�o �k�e�h�_�\ �b �k�i�_�p�b�Z�e�v�g�h�c �b�o 
�h�[�j�Z�[�h�l�d�h�c. �<�_�e�b�q�b�g�u �m�]�e�h�\ �h�i�j�_�^�_�e�y�e�b�k�v �k �i�h�f�h�s�v�x �a�Z�\�b�k�b�f�h�k�l�b �n�Z�a�h�\�h�c �a�Z�^�_�j�`�d�b �h�l 
�g�Z�i�j�y�`�_�g�b�y, �i�h�^�Z�\�Z�_�f�h�]�h �g�Z �@�D �y�q�_�c�d�m. �< �j�_�a�m�e�v�l�Z�l�_ �^�Z�g�g�h�c �j�Z�[�h�l�u �[�u�e�Z 
�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h �m�k�l�Z�g�h�\�e�_�g�Z �a�Z�d�h�g�h�f�_�j�g�h�k�l�v �b�a�f�_�g�_�g�b�y �^�b�g�Z�f�b�q�_�k�d�b�o �b �h�i�l�b�q�_�k�d�b�o 
�o�Z�j�Z�d�l�_�j�b�k�l�b�d �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �g�Z�q�Z�e�v�g�u�o �m�]�e�h�\ �g�Z�d�e�h�g�Z �^�b�j�_�d�l�h�j�Z. 
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�M�>�D 681.518.3 
 

�Q�L�H �L�:�D�H�? «�P�<�?�L» �>�E�Y �H�I�L�B�D�H-�W�E�?�D�L�J�H�G�G�H�=�H �I�J�B�;�H�J�:? 
�?.�<. �=�h�j�[�m�g�h�\�Z, �: .�G. �Q�_�j�l�h�\ 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�l.�g., �i�j�h�n�_�k�k�h�j �<.�<. �D�h�j�h�l�Z�_�\ 
 

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

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

 
�P�_�e�v �j�Z�[�h�l�u �k�h�k�l�h�b�l �\ �j�Z�a�j�Z�[�h�l�d�_ �i�h�^�o�h�^�Z �d �h�i�b�k�Z�g�b�x �p�\�_�l�Z �h�[�t�_�d�l�Z, �Z�g�Z�e�b�a�b�j�m�_�f�h�]�h 

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

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

�f�_�l�h�^�b�d �h�p�_�g�d�b �p�\�_�l�Z �h�[�t�_�d�l�Z: �k�i�_�d�l�j�Z�e�v�g�u�_ �f�_�l�h�^�u, �q�b�k�e�_�g�g�u�_ �f�_�l�h�^�u, 
�d�h�e�h�j�b�f�_�l�j�b�q�_�k�d�b�_ �f�_�l�h�^�u. �K�i�_�d�l�j�Z�e�v�g�u�_ �f�_�l�h�^�u �i�j�_�^�k�l�Z�\�e�y�x�l �k�h�[�h�c �k�i�_�d�l�j�Z�e�v�g�u�c 
�Z�g�Z�e�b�a �h�l�j�Z�`�z�g�g�h�]�h �b�e�b �i�j�h�r�_�^�r�_�]�h �k�d�\�h�a�v �h�[�t�_�d�l �b�a�e�m�q�_�g�b�y �b�k�l�h�q�g�b�d�Z. �Q�b�k�e�_�g�g�u�_ 
�f�_�l�h�^�u, �m�^�h�[�g�u�_ �^�e�y �k�b�g�l�_�a�Z �p�\�_�l�Z, �g�h �a�Z�l�j�m�^�g�y�x�s�b�_ �_�]�h �Z�g�Z�e�b�a, �i�j�_�^�i�h�e�Z�]�Z�x�l �h�i�b�k�Z�g�b�_ 
�p�\�_�l�h�\ �i�j�b �i�h�f�h�s�b �b�k�d�m�k�k�l�\�_�g�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d. �D�h�e�h�j�b�f�_�l�j�b�q�_�k�d�b�_ �f�_�l�h�^�u 
�i�j�_�^�m�k�f�Z�l�j�b�\�Z�x�l �\�h�a�f�h�`�g�h�k�l�v �\�u�j�Z�`�_�g�b�y �p�\�_�l�Z �k �i�h�f�h�s�v�x �h�^�g�h�c-�l�j�z�o �d�h�h�j�^�b�g�Z�l �\ 
�j�Z�a�e�b�q�g�u�o �p�\�_�l�h�\�u�o �k�b�k�l�_�f�Z�o. 

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

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

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

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

�� �n�m�g�d�p�b�b, �h�i�b�k�u�\�Z�x�s�_�c �w�e�_�f�_�g�l�g�u�c �k�h�k�l�Z�\ �h�[�t�_�d�l�Z; 
�� �n�m�g�d�p�b�b, �h�i�b�k�u�\�Z�x�s�_�c �n�h�j�f�m �h�[�t�_�d�l�Z; 
�� �m�]�e�h�\, �h�i�j�_�^�_�e�y�x�s�b�o �h�j�b�_�g�l�Z�p�b�x �h�[�t�_�d�l�Z �\ �i�j�h�k�l�j�Z�g�k�l�\�_. 

�I�j�b �w�l�h�f �\ �d�Z�q�_�k�l�\�_ �l�j�z�o �k�h�k�l�Z�\�e�y�x�s�b�o �p�\�_�l�Z �\�u�^�_�e�y�x�l�k�y �p�\�_�l�h�\�h�c �l�h�g (�d�Z�d 
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z �w�e�_�f�_�g�l�g�h�]�h �k�h�k�l�Z�\�Z �h�[�t�_�d�l�Z), �k�\�_�l�e�h�l�Z �b �g�Z�k�u�s�_�g�g�h�k�l�v (�d�Z�d �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b 
�n�h�j�f�u �b �h�j�b�_�g�l�Z�p�b�b �h�[�t�_�d�l�Z). 

 
�H�i�b�k�Z�g�b�_ �j�_�a�m�e�v�l�Z�l�h�\ �i�j�b�f�_�g�_�g�b�y. �P�\�_�l�h�\�h�c �l�h�g, �d�Z�d �k�h�k�l�Z�\�e�y�x�s�Z�y �p�\�_�l�Z �h�[�t�_�d�l�Z, 

�h�i�j�_�^�_�e�y�_�l�k�y �n�m�g�d�p�b�_�c �h�i�b�k�Z�g�b�y �w�e�_�f�_�g�l�g�h�]�h �k�h�k�l�Z�\�Z �h�[�t�_�d�l�Z. �N�m�g�d�p�b�y, �h�i�b�k�u�\�Z�x�s�Z�y 
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�n�h�j�f�m �h�[�t�_�d�l�Z, �b �m�]�e�u �h�j�b�_�g�l�Z�p�b�b �h�[�t�_�d�l�Z �\�u�j�Z�`�Z�x�l�k�y �i�j�b �i�h�f�h�s�b �k�h�k�l�Z�\�e�y�x�s�b�o �p�\�_�l�Z – 
�k�\�_�l�e�h�l�u �b �g�Z�k�u�s�_�g�g�h�k�l�b. �I�j�b �g�_�d�h�l�h�j�u�o �m�k�e�h�\�b�y�o (�h�l�k�m�l�k�l�\�b�b �[�e�b�d�h�\ �g�Z �i�h�\�_�j�o�g�h�k�l�b 
�h�[�t�_�d�l�Z, �f�Z�e�h�f �k�f�Z�a�_ �b�a�h�[�j�Z�`�_�g�b�y �b �h�i�l�b�f�Z�e�v�g�h�f �\�u�[�h�j�_ �n�h�g�Z �b �m�k�e�h�\�b�c �h�k�\�_�s�_�g�b�y) 
�k�h�k�l�Z�\�e�y�x�s�b�_ �p�\�_�l�h�\�h�c �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �h�[�t�_�d�l�Z �f�h�`�g�h �i�j�b�g�y�l�v �d�\�Z�a�b-�g�_�a�Z�\�b�k�b�f�u�f�b. 

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

 
�H�p�_�g�d�Z �i�j�_�b�f�m�s�_�k�l�\ �b �h�]�j�Z�g�b�q�_�g�b�c �g�h�\�h�c �f�_�l�h�^�b�d�b. �>�h�k�l�h�b�g�k�l�\�Z�f�b 

�i�j�_�^�e�h�`�_�g�g�h�]�h �i�h�^�o�h�^�Z �f�h�`�g�h �g�Z�a�\�Z�l�v: 
�� �i�j�b�\�y�a�d�m �h�[�t�_�d�l�b�\�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d �h�[�t�_�d�l�Z (�n�h�j�f�u, �w�e�_�f�_�g�l�g�h�]�h �k�l�j�h�_�g�b�y, 

�h�j�b�_�g�l�Z�p�b�b �\ �i�j�h�k�l�j�Z�g�k�l�\�_) �d �i�h�e�m�q�Z�_�f�u�f �p�\�_�l�h�\�u�f �d�h�h�j�^�b�g�Z�l�Z�f �b�a�h�[�j�Z�`�_�g�b�y 
�h�[�t�_�d�l�Z; 

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

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

�p�\�_�l�h�\�h�c �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �h�[�t�_�d�l�Z �d �\�g�_�r�g�b�f �m�k�e�h�\�b�y�f �j�Z�[�h�l�u �b�g�n�h�j�f�Z�p�b�h�g�g�h-
�b�a�f�_�j�b�l�_�e�v�g�h�c �h�i�l�b�d�h-�w�e�_�d�l�j�h�g�g�h�c �k�b�k�l�_�f�u. 

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

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

�I�j�b �w�l�h�f �j�Z�a�^�_�e�_�g�b�_ �g�Z �l�j�b �d�\�Z�a�b-�g�_�a�Z�\�b�k�b�f�u�o �k�h�k�l�Z�\�e�y�x�s�b�o �k�i�h�k�h�[�k�l�\�m�_�l, �\ 
�[�h�e�v�r�b�g�k�l�\�_ �k�e�m�q�Z�_�\, �m�f�_�g�v�r�_�g�b�x �\�j�_�f�_�g�b �h�[�j�Z�[�h�l�d�b �b�a�h�[�j�Z�`�_�g�b�y �b, �d�Z�d �k�e�_�^�k�l�\�b�_, 
�i�h�a�\�h�e�y�_�l �h�[�_�k�i�_�q�b�\�Z�l�v �\�u�k�h�d�m�x �i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�v �k�h�j�l�b�j�h�\�h�q�g�u�o �d�h�f�i�e�_�d�k�h�\. 
 
 
�M�>�D 378.095(09) 
 

�I�J�B�;�H�J �>�E�Y �B�F�F�M�G�H�N�?�J�F�?�G�L�G�H�=�H �:�G�:�E�B�A�: 
�H.�; . �A�m�^�b�e�b�g�Z 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �d.�l.�g., �^�h�p�_�g�l �G.�D. �F�Z�e�v�p�_�\�Z 
 

�< �g�Z�r�_ �\�j�_�f�y �k�\�h�_�\�j�_�f�_�g�g�Z�y �^�b�Z�]�g�h�k�l�b�d�Z, �i�j�_�^�\�Z�j�b�l�_�e�v�g�u�_ �h�[�k�e�_�^�h�\�Z�g�b�y �b 
�i�j�h�n�b�e�Z�d�l�b�d�Z �a�Z�[�h�e�_�\�Z�g�b�c �b�]�j�Z�_�l �h�q�_�g�v �\�Z�`�g�m�x �j�h�e�v, �i�h�l�h�f�m �q�l�h, �d�Z�d �b�a�\�_�k�l�g�h, �[�h�e�_�a�g�v 
�e�_�]�q�_ �i�j�_�^�m�i�j�_�^�b�l�v, �q�_�f �\�u�e�_�q�b�l�v. �F�g�h�]�h�_ �a�Z�\�b�k�b�l �b �h�l �k�l�Z�^�b�b �\�u�y�\�e�_�g�b�y �a�Z�[�h�e�_�\�Z�g�b�y. 
�E�x�[�h�_ �a�Z�[�h�e�_�\�Z�g�b�_ �q�_�e�h�\�_�d�Z �b �`�b�\�h�l�g�u�o �f�h�`�g�h �l�h�q�g�h �b �[�u�k�l�j�h �^�b�Z�]�g�h�k�l�b�j�h�\�Z�l�v �i�m�l�_�f 
�b�^�_�g�l�b�n�b�d�Z�p�b�b �\�h�a�[�m�^�b�l�_�e�y, �_�]�h �h�l�^�_�e�v�g�u�o �Z�g�l�b�]�_�g�g�u�o �d�h�f�i�h�g�_�g�l�h�\, �Z�g�l�b�l�_�e �d �w�l�b�f 
�d�h�f�i�h�g�_�g�l�Z�f, �b�e�b �\�_�s�_�k�l�\, �g�_ �k�\�h�c�k�l�\�_�g�g�u�o �a�^�h�j�h�\�h�f�m �h�j�]�Z�g�b�a�f�m �b �k�b�g�l�_�a�b�j�m�_�f�u�o �i�j�b �_�]�h 
�i�Z�l�h�e�h�]�b�q�_�k�d�b�o �k�h�k�l�h�y�g�b�y�o (�j�Z�d, �k�_�j�^�_�q�g�h�k�h�k�m�^�b�k�l�u�_ �b �w�g�^�h�d�j�b�g�g�u�_ �a�Z�[�h�e�_�\�Z�g�b�y). �A�Z 
�i�h�k�e�_�^�g�b�_ �^�_�k�y�l�b�e�_�l�b�y �b�f�f�m�g�h�n�_�j�f�_�g�l�g�u�c �Z�g�Z�e�b�a (�B�N�:) �k�l�Z�e �h�^�b�g �b�a �g�Z�b�[�h�e�_�_ 
�j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�u�o �f�_�l�h�^�h�\ �^�b�Z�]�g�h�k�l�b�d�b.  

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

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

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

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

�K�\�_�l �h�l �b�k�l�h�q�g�b�d�Z �b�a�e�m�q�_�g�b�y �i�j�h�o�h�^�b�l �q�_�j�_�a �d�h�g�^�_�g�k�h�j �b �k�b�k�l�_�f�m �e�b�g�a, �n�h�j�f�b�j�m�x�s�b�o 
�i�Z�j�Z�e�e�_�e�v�g�u�c �i�m�q�h�d �e�m�q�_�c, �g�Z �h�l�j�_�a�Z�x�s�b�c �k�\�_�l�h�n�b�e�v�l�j, �a�Z�l�_�f �g�Z �b�g�l�_�j�n�_�j�_�g�p�b�h�g�g�u�_ 
�k�\�_�l�h�n�b�e�v�l�j�u (�\�u�i�h�e�g�_�g�u �\ �\�b�^�_ �[�Z�j�Z�[�Z�g�Z �k�h �k�f�_�g�g�u�f�b �k�\�_�l�h�n�b�e�v�l�j�Z�f�b). �Q�Z�k�l�v �b�a�e�m�q�_�g�b�y 
�i�h�k�e�_ �w�l�h�]�h �i�h�i�Z�^�Z�_�l �g�Z �i�j�b�_�f�g�b�d �h�i�l�b�q�_�k�d�h�]�h �b�a�e�m�q�_�g�b�y �h�i�h�j�g�h�]�h �d�Z�g�Z�e�Z, �q�Z�k�l�v – �g�Z 
�\�o�h�^�g�h�c �l�h�j�_�p �]�b�[�d�h�]�h �\�h�e�h�d�h�g�g�h�]�h �k�\�_�l�h�\�h�^�Z. �B�a �\�u�o�h�^�g�h�]�h �d�h�g�p�Z �k�\�_�l�h�\�h�^�Z �\�u�j�_�a�Z�g�g�h�_ 
�f�h�g�h�o�j�h�f�Z�l�b�q�_�k�d�h�_ �b�a�e�m�q�_�g�b�_ �\�u�o�h�^�b�l �\�_�j�l�b�d�Z�e�v�g�h �b �g�Z�i�j�Z�\�e�y�_�l�k�y �k�h�[�b�j�Z�x�s�_�c �e�b�g�a�h�c �g�Z 
�h�i�j�_�^�_�e�_�g�g�m�x �e�m�g�d�m �k �i�j�h�[�h�c, �i�h�k�e�_ �d�h�l�h�j�h�c – �g�Z �i�j�b�_�f�g�b�d �h�i�l�b�q�_�k�d�h�]�h �b�a�e�m�q�_�g�b�y 
�b�a�f�_�j�b�l�_�e�v�g�h�]�h �d�Z�g�Z�e�Z. �>�Z�e�_�_ �k�b�]�g�Z�e�u �k �i�j�b�_�f�g�b�d�h�\ �i�h�k�l�m�i�Z�x�l �g�Z �m�k�b�e�b�l�_�e�b, �a�Z�l�_�f �g�Z 
�Z�g�Z�e�h�]�h-�p�b�n�j�h�\�u�_ �i�j�_�h�[�j�Z�a�h�\�Z�l�_�e�b, �i�h�k�e�_ �q�_�]�h �^�Z�g�g�u�_ �h�[�j�Z�[�Z�l�u�\�Z�x�l�k�y �k�i�_�p�b�Z�e�v�g�h�c 
�i�j�h�]�j�Z�f�f�h�c �g�Z �i�_�j�k�h�g�Z�e�v�g�h�f �d�h�f�i�v�x�l�_�j�_. �J�_�a�m�e�v�l�Z�l�u �\�u�\�h�^�y�l�k�y �g�Z �w�d�j�Z�g, �e�b�[�h �^�e�y 
�g�Z�]�e�y�^�g�h�k�l�b �j�Z�k�i�_�q�Z�l�u�\�Z�x�l�k�y �g�Z �i�j�b�g�l�_�j�_.  

�< �o�h�^�_ �^�Z�e�v�g�_�c�r�_�c �g�Z�m�q�g�h-�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�h�c �i�j�Z�d�l�b�d�b �^�e�y �m�\�_�e�b�q�_�g�b�y 
�[�u�k�l�j�h�^�_�c�k�l�\�b�y �b �m�i�j�h�s�_�g�b�y �d�h�g�l�j�h�e�y �l�h�q�g�h�k�l�b �b�a�f�_�j�_�g�b�c �[�u�e�Z �i�j�_�^�e�h�`�_�g�Z �k�o�_�f�Z �k 
�j�Z�a�\�_�l�\�e�_�g�g�u�f �\�h�e�h�d�h�g�g�u�f �k�\�_�l�h�\�h�^�h�f. �< �w�l�h�f �k�e�m�q�Z�_ �b�a�f�_�j�_�g�b�y �i�j�h�b�a�\�h�^�y�l�k�y �l�h�e�v�d�h �i�h 
�h�^�g�h�c �d�h�h�j�^�b�g�Z�l�_ �\�^�h�e�v �i�e�Z�g�r�_�l �k �i�j�h�[�Z�f�b. 
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�:�G�:�E�B�A �B �H�P�?�G�D�: �I�:�J�:�F�?�L�J�H�< �B �O�:�J�:�D�L�?�J�B�K�L�B�D 
�<�H�E�H�D�H�G�G�H-�H�I�L�B�Q�?�K�D�B�O �K�B�K�L�?�F �E�H�D�:�E�V�G�H�C �K�<�Y�A�B 

�H.�: . �D�h�g�^�j�Z�l�h�\�Z 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �d.�l.�g., �^�h�p�_�g�l �H.�I . �L�b�f�h�n�_�_�\ 

 
�D�j�Z�l�d�h�_ �\�k�l�m�i�e�_�g�b�_, �i�h�k�l�Z�g�h�\�d�Z �i�j�h�[�e�_�f�u. �K�h�\�j�_�f�_�g�g�u�c �w�l�Z�i �j�Z�a�\�b�l�b�y �e�h�d�Z�e�v�g�u�o 

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

 
�P�_�e�v �j�Z�[�h�l�u. �I�j�b �i�j�h�_�d�l�b�j�h�\�Z�g�b�b �\�h�e�h�d�h�g�g�h-�h�i�l�b�q�_�k�d�h�c �k�b�k�l�_�f�u �e�h�d�Z�e�v�g�h�c �k�\�y�a�b 

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

 
�;�Z�a�h�\�u�_ �i�h�e�h�`�_�g�b�y. �H�[�g�Z�j�m�`�b�l�_�e�v�g�Z�y �k�i�h�k�h�[�g�h�k�l�v �<�H�K�E�K �o�Z�j�Z�d�l�_�j�b�a�m�_�l�k�y 

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

 
�I�j�h�f�_�`�m�l�h�q�g�u�_ �j�_�a�m�e�v�l�Z�l�u. �K�n�h�j�f�m�e�b�j�h�\�Z�g�u �k�e�_�^�m�x�s�b�_ �h�[�s�b�_ �l�j�_�[�h�\�Z�g�b�y �d 

�j�Z�a�j�Z�[�Z�l�u�\�Z�_�f�h�c �<�H�K�E�K: 
1. �>�Z�e�v�g�h�k�l�v �^�_�c�k�l�\�b�y �k�b�k�l�_�f�u – �^�h 1 �d�f. 
2. �I�_�j�_�^�Z�\�Z�_�f�u�_ �\�b�^�_�h�k�b�]�g�Z�e�u �k�h�h�l�\�_�l�k�l�\�m�x�l �l�_�e�_�\�b�a�b�h�g�g�h�f�m �b�a�h�[�j�Z�`�_�g�b�x �j�Z�a�e�b�q�g�u�o 

�h�[�t�_�d�l�h�\. 
3. �H�[�j�Z�[�h�l�d�Z �\�b�^�_�h�k�b�]�g�Z�e�h�\ �\�_�^�_�l�k�y �\ �j�_�Z�e�v�g�h�f �\�j�_�f�_�g�b. 
4. �<�_�j�h�y�l�g�h�k�l�v �i�j�Z�\�b�e�v�g�h�]�h �h�[�g�Z�j�m�`�_�g�b�y �J�I�H=0,98 �i�j�b �\�_�j�h�y�l�g�h�k�l�b �e�h�`�g�u�o �l�j�_�\�h�] 

�J�E�L=10-3. 
5. �F�Z�k�k�Z, �]�Z�[�Z�j�b�l�u �b �w�g�_�j�]�h�i�h�l�j�_�[�e�_�g�b�_ �k�b�k�l�_�f�u – �f�b�g�b�f�Z�e�v�g�u. 

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

 
�H�k�g�h�\�g�h�c �j�_�a�m�e�v�l�Z�l. �I�j�h�\�_�^�_�g �j�Z�k�q�_�l �h�l�g�h�r�_�g�b�y �k�b�]�g�Z�e/�r�m�f, �l�j�_�[�m�_�f�h�]�h �^�e�y 

�h�[�_�k�i�_�q�_�g�b�y �a�Z�^�Z�g�g�u�o �h�[�g�Z�j�m�`�b�l�_�e�v�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d �<�H�K�E�K, �h�i�j�_�^�_�e�_�g�Z �l�j�_�[�m�_�f�Z�y 
�i�j�h�i�m�k�d�g�Z�y �k�i�h�k�h�[�g�h�k�l�v �d�Z�g�Z�e�Z �k�\�y�a�b, �j�Z�k�k�q�b�l�Z�g�u �b�g�n�h�j�f�Z�p�b�h�g�g�u�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b 
�i�j�b�_�f�g�h-�m�k�b�e�b�l�_�e�v�g�h�]�h �l�j�Z�d�l�Z �k�b�k�l�_�f�u �k�\�y�a�b. 
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�H�I�L�B�D�H-�W�E�?�D�L�J�H�G�G�U�C �L�J�?�O�D�H�H�J�>�B�G�:�L�G�U�C �M�=�E�H�F�?�J 
�K �?�>�B�G�U�F �I�H�E�?�F �:�G�:�E�B�A�: 

�: .�B. �D�h�g�y�o�b�g 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �d.�l.�g., �^�h�p�_�g�l �: .�G. �L�b�f�h�n�_�_�\ 

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

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

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

�>�e�y �h�i�j�_�^�_�e�_�g�b�y �m�]�e�h�\�h�c �h�j�b�_�g�l�Z�p�b�b �w�n�n�_�d�l�b�\�g�u �l�j�z�o�d�h�h�j�^�b�g�Z�l�g�u�_ �h�i�l�b�d�h-
�w�e�_�d�l�j�h�g�g�u�_ �m�]�e�h�f�_�j�u, �i�j�b �w�l�h�f �i�j�_�^�i�h�q�l�b�l�_�e�v�g�h �b�k�i�h�e�v�a�h�\�Z�g�b�_ �k�b�k�l�_�f 
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�Z�\�l�h�d�h�e�e�b�f�Z�p�b�h�g�g�h�]�h �l�b�i�Z �k �j�Z�a�f�_�s�_�g�b�_�f �g�Z �h�[�t�_�d�l�_ �h�l�j�Z�`�Z�x�s�_�]�h �d�h�g�l�j�h�e�v�g�h�]�h �w�e�_�f�_�g�l�Z 
(�D�W), �g�_ �l�j�_�[�m�x�s�_�]�h �w�e�_�d�l�j�h�i�b�l�Z�g�b�y �b �w�d�k�i�e�m�Z�l�Z�p�b�h�g�g�h�]�h �h�[�k�e�m�`�b�\�Z�g�b�y. 

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

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

 
�P�_�e�v �j�Z�[�h�l�u. �I�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�l�v �f�_�l�j�h�e�h�]�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �l�j�_�o�d�h�h�j�^�b�g�Z�l�g�h�]�h 

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

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

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

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

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

�h�l�j�Z�`�_�g�g�u�f�b �i�m�q�d�Z�f�b �i�j�b �h�l�k�m�l�k�l�\�b�b �i�h�\�h�j�h�l�Z �D�W �g�Z�d�e�Z�^�u�\�Z�x�l�k�y �^�j�m�] �g�Z �^�j�m�]�Z. �< 
�j�_�a�m�e�v�l�Z�l�_ �\�h�a�f�h�`�g�h �h�i�j�_�^�_�e�_�g�b�_ �l�h�e�v�d�h �\�_�e�b�q�b�g�u, �g�h �g�_ �a�g�Z�d�Z �d�h�e�e�b�f�Z�p�b�h�g�g�u�o 
�m�]�e�h�\. �M�d�Z�a�Z�g�g�h�_ �h�[�k�l�h�y�l�_�e�v�k�l�\�h �i�h�a�\�h�e�y�_�l �b�k�i�h�e�v�a�h�\�Z�l�v �m�]�e�h�f�_�j �\ �h�]�j�Z�g�b�q�_�g�g�h�f 
�j�_�`�b�f�_ �g�m�e�v-�b�g�^�b�d�Z�l�h�j�Z �d�h�e�e�b�f�Z�p�b�h�g�g�u�o �m�]�e�h�\ �i�j�b �l�j�_�o�d�h�h�j�^�b�g�Z�l�g�u�o �b�a�f�_�j�_�g�b�y�o. 

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

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

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

 
�A�Z�d�e�x�q�_�g�b�_. �I�h�e�m�q�_�g�u �k�h�h�l�g�h�r�_�g�b�y �f�_�`�^�m �i�Z�j�Z�f�_�l�j�Z�f�b �l�_�l�j�Z�w�^�j�b�q�_�k�d�h�]�h �D�W, �i�j�b 

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

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

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

 
�P�_�e�v �j�Z�[�h�l�u. �I�j�h�\�_�k�l�b �Z�g�Z�e�b�a �f�_�l�j�h�e�h�]�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �l�j�_�o�d�h�h�j�^�b�g�Z�l�g�h�]�h �h�i�l�b�d�h-

�w�e�_�d�l�j�h�g�g�h�]�h �Z�\�l�h�d�h�e�e�b�f�Z�l�h�j�Z �k �d�h�g�l�j�h�e�v�g�u�f �w�e�_�f�_�g�l�h�f, �m�k�l�Z�g�h�\�e�_�g�g�u�f �g�Z �h�[�t�_�d�l�_, 
�i�h�e�h�`�_�g�b�_ �d�h�l�h�j�h�]�h �d�h�g�l�j�h�e�b�j�m�_�l�k�y. �< �d�Z�q�_�k�l�\�_ �d�h�g�l�j�h�e�v�g�h�]�h �w�e�_�f�_�g�l�Z �i�j�b�f�_�g�y�_�l�k�y 
�m�]�h�e�d�h�\�u�c �h�l�j�Z�`�Z�l�_�e�v (�l�j�b�i�i�_�e�v-�i�j�b�a�f�Z), �^�\�m�]�j�Z�g�g�u�_ �m�]�e�u, �f�_�`�^�m �]�j�Z�g�y�f�b �d�h�l�h�j�h�]�h �b�f�_�x�l 
�f�Z�e�h�_ �h�l�k�l�m�i�e�_�g�b�_ �G �h�l 90°. 

 
�H�k�g�h�\�g�u�_ �i�h�e�h�`�_�g�b�y. �K�m�s�_�k�l�\�m�_�l �l�j�_�o�d�h�h�j�^�b�g�Z�l�g�u�c �Z�\�l�h�d�h�e�e�b�f�Z�l�h�j [1], 

�i�h�a�\�h�e�y�x�s�b�c �b�a�f�_�j�y�l�v �l�j�b �m�]�e�h�\�u�_ �d�h�h�j�^�b�g�Z�l�u �h�[�t�_�d�l�Z. �< �w�l�h�f �Z�\�l�h�d�h�e�e�b�f�Z�l�h�j�_ �i�j�b�f�_�g�_�g 



 98 

�m�]�h�e�d�h�\�u�c �h�l�j�Z�`�Z�l�_�e�v (�M�H), �m �d�h�l�h�j�h�]�h �h�^�b�g �b�a �^�\�m�]�j�Z�g�g�u�o �m�]�e�h�\ �b�f�_�_�l �a�Z�^�Z�g�g�h�_ 
�h�l�k�l�m�i�e�_�g�b�_ �h�l 90° [2]. �I�Z�^�Z�x�s�b�c �g�Z �l�Z�d�h�c �h�l�j�Z�`�Z�l�_�e�v �i�Z�j�Z�e�e�_�e�v�g�u�c �i�m�q�h�d �j�Z�k�s�_�i�e�y�_�l�k�y 
�g�Z �^�\�Z, �i�j�b�q�_�f �h�k�_�\�u�_ �e�m�q�b �h�l�j�Z�`�_�g�g�u�o �i�m�q�d�h�\ �k�b�f�f�_�l�j�b�q�g�u �h�l�g�h�k�b�l�_�e�v�g�h �h�k�b �i�Z�^�Z�x�s�_�]�h 
�i�m�q�d�Z. �D�j�h�f�_ �l�h�]�h, �h�g�b �e�_�`�Z�l �\ �h�^�g�h�c �i�e�h�k�d�h�k�l�b �b �h�l�d�e�h�g�_�g�u �h�l �h�k�b �g�Z �j�Z�\�g�u�_ �m�]�e�u �' . 

�Q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v �Z�\�l�h�d�h�e�e�b�f�Z�l�h�j�Z �i�j�b �b�a�f�_�j�_�g�b�b �m�]�e�Z �k�d�j�m�q�b�\�Z�g�b�y �43 �h�i�j�_�^�_�e�y�_�l�k�y 
�d�h�w�n�n�b�p�b�_�g�l�h�f �i�_�j�_�^�Z�q�b, �q�b�k�e�_�g�g�h �j�Z�\�g�u�f �\�_�e�b�q�b�g�_ �'  �f�_�`�^�m �m�]�e�h�f �i�h�\�h�j�h�l�Z �h�l�j�Z�`�Z�l�_�e�y �b 
�m�]�e�h�f �h�l�d�e�h�g�_�g�b�y �h�l�j�Z�`�_�g�g�h�]�h �i�m�q�d�Z. 

�I�j�_�^�k�l�Z�\�e�_�g�g�u�c �h�l�j�Z�`�Z�l�_�e�v [1] �h�[�e�Z�^�Z�_�l �j�y�^�h�f �g�_�^�h�k�l�Z�l�d�h�\ �i�j�b �b�a�f�_�j�_�g�b�b �m�]�e�Z 
�k�d�j�m�q�b�\�Z�g�b�y �43, �Z �b�f�_�g�g�h: 

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

�b�a�f�_�j�_�g�b�y �m�]�e�Z �43. 
�>�e�y �m�k�l�j�Z�g�_�g�b�y �i�_�j�\�h�]�h �g�_�^�h�k�l�Z�l�d�Z �\ �Z�\�l�h�d�h�e�e�b�f�Z�l�h�j�_ �f�h�`�_�l �[�u�l�v �b�k�i�h�e�v�a�h�\�Z�g �M�H, 

�^�\�Z �i�j�y�f�u�o �^�\�m�]�j�Z�g�g�u�o �m�]�e�Z �d�h�l�h�j�h�]�h �b�f�_�x�l �j�Z�\�g�u�_ �h�l�d�e�h�g�_�g�b�y �h�l 90°. �L�Z�d�h�c �h�l�j�Z�`�Z�l�_�e�v 
�^�Z�_�l �\�h�a�f�h�`�g�h�k�l�v �g�_�a�Z�\�b�k�b�f�h�]�h �b�a�f�_�j�_�g�b�y �m�]�e�Z �k�d�j�m�q�b�\�Z�g�b�y �43. 

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

�<�h�a�f�h�`�_�g �^�j�m�]�h�c �\�Z�j�b�Z�g�l �i�h�\�u�r�_�g�b�y �q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�b �Z�\�l�h�d�h�e�e�b�f�Z�l�h�j�Z �i�j�b 
�b�a�f�_�j�_�g�b�b �m�]�e�Z �43 �i�m�l�_�f �b�a�f�_�g�_�g�b�y �h�i�l�b�q�_�k�d�h�c �k�o�_�f�u �i�j�b�[�h�j�Z, �a�Z�d�e�x�q�Z�x�s�_�]�h�k�y �\�h 
�\�d�e�x�q�_�g�b�b �\ �k�o�_�f�m �^�h�i�h�e�g�b�l�_�e�v�g�h�]�h �i�e�h�k�d�h�]�h �a�_�j�d�Z�e�Z. �< �j�_�a�m�e�v�l�Z�l�_ �m�]�h�e�d�h�\�u�c �h�l�j�Z�`�Z�l�_�e�v 
�h�l�d�e�h�g�y�_�l �i�j�b �h�l�j�Z�`�_�g�b�b �i�Z�j�Z�e�e�_�e�v�g�u�c �i�m�q�h�d �e�m�q�_�c, �b�k�i�m�k�d�Z�_�f�u�o �Z�\�l�h�d�h�e�e�b�f�Z�l�h�j�h�f, �g�Z 
�m�]�h�e �' . �H�l�j�Z�`�_�g�g�u�c �M�H �i�m�q�h�d �i�h�k�e�_ �h�l�j�Z�`�_�g�b�y �h�l �a�_�j�d�Z�e�Z �b�a�f�_�g�y�_�l �k�\�h�_ �g�Z�i�j�Z�\�e�_�g�b�_ �g�Z 
�i�j�h�l�b�\�h�i�h�e�h�`�g�h�_. �I�h�k�e�_ �\�l�h�j�h�]�h �h�l�j�Z�`�_�g�b�y �h�l �M�H �n�h�j�f�b�j�m�_�l�k�y �b�a�h�[�j�Z�`�_�g�b�_ �g�Z �i�e�h�s�Z�^�d�_ 
�D�F�H�I-�f�Z�l�j�b�p�u, �d�h�l�h�j�Z�y �j�Z�k�i�h�e�h�`�_�g�Z �\ �n�h�d�Z�e�v�g�h�c �i�e�h�k�d�h�k�l�b �h�[�t�_�d�l�b�\�Z �Z�\�l�h�d�h�e�e�b�f�Z�l�h�j�Z.  

�< �o�h�^�_ �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �b�k�k�e�_�^�h�\�Z�g�b�c �[�u�e�h �m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �h�i�b�k�Z�g�g�Z�y �k�o�_�f�Z 
�Z�\�l�h�d�h�e�e�b�f�Z�l�h�j�Z �k �m�\�_�e�b�q�_�g�g�h�c �q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v�x �i�h�a�\�h�e�y�_�l �m�\�_�e�b�q�b�l�v �d�h�w�n�n�b�p�b�_�g�l 
�i�_�j�_�^�Z�q�b �i�h �m�]�e�m �43 �\ �^�\�Z �j�Z�a�Z �i�h �k�j�Z�\�g�_�g�b�x �k �j�Z�g�_�_ �j�Z�k�k�f�h�l�j�_�g�g�u�f�b. �I�j�b �w�l�h�f �\�_�e�b�q�b�g�Z �'  
�g�_ �h�]�j�Z�g�b�q�b�\�Z�_�l�k�y �i�h�e�_�f �a�j�_�g�b�y �Z�\�l�h�d�h�e�e�b�f�Z�l�h�j�Z. 

 
�A�Z�d�e�x�q�_�g�b�_. �M�d�Z�a�Z�g�g�u�_ �i�m�l�b �i�h�a�\�h�e�y�x�l �a�g�Z�q�b�l�_�e�v�g�h �m�\�_�e�b�q�b�l�v �m�]�h�e �' , �Z 

�k�e�_�^�h�\�Z�l�_�e�v�g�h, �b �q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v �Z�\�l�h�d�h�e�e�b�f�Z�l�h�j�Z �i�j�b �b�a�f�_�j�_�g�b�b �m�]�e�Z �k�d�j�m�q�b�\�Z�g�b�y �i�h 
�k�j�Z�\�g�_�g�b�x �k �q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v�x, �h�[�_�k�i�_�q�b�\�Z�_�f�h�c �j�Z�g�_�_ �k�m�s�_�k�l�\�m�x�s�b�f�b �k�o�_�f�Z�f�b 
�Z�\�l�h�d�h�e�e�b�f�Z�l�h�j�Z, �Z �l�Z�d�`�_ �i�j�h�\�h�^�b�l�v �g�_�a�Z�\�b�k�b�f�u�_ �b�a�f�_�j�_�g�b�y �m�]�e�Z �43. 

 
�E�b�l�_�j�Z�l�m�j�Z 

1. �D�h�g�y�o�b�g �B.�: ., �I�Z�g�d�h�\ �W.�>. �L�j�_�o�d�h�h�j�^�b�g�Z�l�g�u�c �Z�\�l�h�d�h�e�e�b�f�Z�l�h�j �i�h�\�u�r�_�g�g�h�c �l�h�q�g�h�k�l�b. –
 �H�F�I. – 1982. – �‹  8. – �K. 41. 

2. �D�h�g�y�o�b�g �B.�: ., �I�Z�g�d�h�\ �W.�>. �L�j�_�o�d�h�h�j�^�b�g�Z�l�g�u�c �Z�\�l�h�d�h�e�e�b�f�Z�l�h�j. – �H�F�I. – 1980. – �‹  3. –
 �K. 19. 
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�J�:�K�Q�?�L �I�H�=�J�?�R�G�H�K�L�B �H�L �K�N�?�J�B�Q�?�K�D�H�=�H �H�L�J�:�@�:�L�?�E�Y 
�< �H�I�L�B�D�H-�W�E�?�D�L�J�H�G�G�H�C �K�B�K�L�?�F�? �D�H�G�L�J�H�E�Y 

�E�B�G�?�C�G�U�O �K�F�?�S�?�G�B�C 
�?.�G. �D�m�e�_�r�h�\�Z 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �d.�l.�g., �^�h�p�_�g�l �: .�: . �=�h�j�[�Z�q�z�\ 
 

�<�\�_�^�_�g�b�_. �>�e�y �j�_�r�_�g�b�y �a�Z�^�Z�q�b �d�h�g�l�j�h�e�y �e�b�g�_�c�g�u�o �k�f�_�s�_�g�b�c �i�h�j�r�g�y �d�e�Z�i�Z�g�Z �[�u�e�Z 
�j�Z�a�j�Z�[�h�l�Z�g�Z �h�i�l�b�d�h-�w�e�_�d�l�j�h�g�g�Z�y �k�b�k�l�_�f�Z. �I�j�b�g�p�b�i �j�Z�[�h�l�u �l�Z�d�h�c �k�b�k�l�_�f�u �a�Z�d�e�x�q�Z�_�l�k�y �\ 
�k�e�_�^�m�x�s�_�f: �k�f�_�s�_�g�b�_ �d�h�g�l�j�h�e�v�g�h�c �f�_�l�d�b (�D�F), �d�h�l�h�j�Z�y �`�_�k�l�d�h �a�Z�d�j�_�i�e�_�g�Z �g�Z �i�h�j�r�g�_, 
�n�b�d�k�b�j�m�_�l�k�y �\�b�^�_�h�[�e�h�d�h�f; �[�e�h�d �h�[�j�Z�[�h�l�d�b, �i�h�^�d�e�x�q�_�g�g�u�c �d �\�b�^�_�h�[�e�h�d�m, �i�j�h�b�a�\�h�^�b�l �Z�g�Z�e�b�a 
�k�h�\�h�d�m�i�g�h�k�l�b �b�a�h�[�j�Z�`�_�g�b�y �D�F �b �j�Z�k�q�_�l �_�_ �k�f�_�s�_�g�b�y, �k�d�h�j�h�k�l�b �b �m�k�d�h�j�_�g�b�y, �l.�_. �h�i�j�_�^�_�e�y�_�l 
�k�f�_�s�_�g�b�_, �k�d�h�j�h�k�l�v �b �m�k�d�h�j�_�g�b�_ �i�h�j�r�g�y. 

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

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

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

 
�P�_�e�v�x �^�Z�g�g�h�c �j�Z�[�h�l�u �y�\�e�y�_�l�k�y �h�i�j�_�^�_�e�_�g�b�_ �\�e�b�y�g�b�y �k�n�_�j�b�q�_�k�d�h�c �n�h�j�f�u �h�l�j�Z�`�Z�l�_�e�y 

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

 
�;�Z�a�h�\�u�_ �i�h�e�h�`�_�g�b�y �b�k�k�e�_�^�h�\�Z�g�b�y. �< �i�j�h�p�_�k�k�_ �j�Z�k�q�_�l�h�\ �D�F �i�j�_�^�k�l�Z�\�e�y�_�l�k�y �\ �\�b�^�_ 

�\�u�i�m�d�e�h�]�h �k�n�_�j�b�q�_�k�d�h�]�h �a�_�j�d�Z�e�Z. �K �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �n�h�j�f�m�e �]�_�h�f�_�l�j�b�q�_�k�d�h�c �h�i�l�b�d�b 
�j�Z�k�k�q�b�l�u�\�Z�_�l�k�y �h�l�d�e�h�g�_�g�b�_ �b�a�f�_�j�_�g�g�h�]�h �a�g�Z�q�_�g�b�y �k�f�_�s�_�g�b�y �D�F �h�l �b�k�l�b�g�g�h�]�h. 

 
�J�_�a�m�e�v�l�Z�l�u. �< �j�_�a�m�e�v�l�Z�l�_ �l�_�h�j�_�l�b�q�_�k�d�h�]�h �b�k�k�e�_�^�h�\�Z�g�b�y �[�u�e�b �\�u�y�\�e�_�g�u �a�Z�\�b�k�b�f�h�k�l�b 

�i�h�]�j�_�r�g�h�k�l�b �h�i�j�_�^�_�e�_�g�b�y �k�f�_�s�_�g�b�y �h�l �j�Z�k�k�l�h�y�g�b�y �^�h �k�n�_�j�b�q�_�k�d�h�]�h �h�l�j�Z�`�Z�l�_�e�y �b �_�]�h 
�j�Z�^�b�m�k�Z. �I�j�_�^�e�h�`�_�g �k�i�h�k�h�[ �d�h�f�i�_�g�k�Z�p�b�b �^�Z�g�g�h�c �i�h�]�j�_�r�g�h�k�l�b. 
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�D�H�F�I�V�X�L�?�J�G�:�Y �F�H�>�?�E�V, �B�K�I�H�E�V�A�M�?�F�:�Y �I�J�B 
�I�J�H�?�D�L�B�J�H�<�:�G�B�B �H�I�L�B�D�H-�W�E�?�D�L�J�H�G�G�U�O �K�B�K�L�?�F 

�G�:�;�E�X�>�?�G�B�Y �A�: �I�H�>�<�B�@�G�U�F�B �L�H�Q�?�Q�G�U�F�B �H�;�T�?�D�L�:�F�B 
�L.�I . �E�[�h�\�Z 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �d.�l.�g., �^�h�p�_�g�l �: .�E. �:�g�^�j�_�_�\ 
 

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

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

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

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

�< �d�Z�q�_�k�l�\�_ �i�j�b�f�_�j�Z �f�h�^�_�e�b�j�h�\�Z�g�b�y �i�j�b�\�h�^�y�l�k�y �g�_�d�h�l�h�j�u�_ �]�j�Z�n�b�q�_�k�d�b�_ �a�Z�\�b�k�b�f�h�k�l�b,  
�o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�_ �h�[�g�Z�j�m�`�b�l�_�e�v�g�u�_ �k�i�h�k�h�[�g�h�k�l�b �k�b�k�l�_�f�u �i�j�b �a�Z�^�Z�g�b�b �h�i�j�_�^�_�e�_�g�g�u�o 
�m�k�e�h�\�b�c �g�Z�[�e�x�^�_�g�b�y �a�Z �h�[�t�_�d�l�Z�f�b. 
�I�h�e�m�q�_�g�g�Z�y �f�h�^�_�e�v �f�h�`�_�l �[�u�l�v �b�k�i�h�e�v�a�h�\�Z�g�Z �g�Z �j�Z�g�g�b�o �k�l�Z�^�b�y�o �i�j�h�_�d�l�b�j�h�\�Z�g�b�y �h�i�l�b�d�h–
�w�e�_�d�l�j�h�g�g�u�o �k�b�k�l�_�f �g�Z�[�e�x�^�_�g�b�y. 
 
 
�M�>�D 535.016 
 

�A�?�J�D�:�E�: �>�E�Y �;�E�B�@�G�?�C �B�D �H�;�E�:�K�L�B �K�I�?�D�L�J�: 
�=.�<. �F�Z�d�Z�j�b�q�_�\ 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�l.�g., �i�j�h�n�_�k�k�h�j �W.�K. �I�m�l�b�e�b�g 
 
�J�Z�[�h�l�Z �i�h�k�\�y�s�_�g�Z �h�[�a�h�j�m �l�j�_�[�h�\�Z�g�b�c, �i�j�_�^�t�y�\�e�y�_�f�u�o �d �e�Z�a�_�j�g�u�f �j�_�a�h�g�Z�l�h�j�Z�f, 

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

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

�D �e�Z�a�_�j�g�h�f�m �b�a�e�m�q�_�g�b�x �i�j�_�^�t�y�\�e�y�x�l�k�y �j�y� ̂�l�j�_�[�h�\�Z�g�b�c, �l�Z�d�b�o �d�Z�d: 
1. �W�g�_�j�]�_�l�b�q�_�k�d�b�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b: 

�� �k�j�_�^�g�y�y �f�h�s�g�h�k�l�v; 
�� �w�g�_�j�]�b�y. 
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2. �I�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b: 
�� �j�Z�\�g�h�f�_�j�g�h�k�l�v �i�h�i�_�j�_�q�g�h�]�h �j�Z�k�i�j�_�^�_�e�_�g�b�y �b�g�l�_�g�k�b�\�g�h�k�l�b �b�a�e�m�q�_�g�b�y; 
�� �j�Z�k�o�h�^�b�f�h�k�l�v. 

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

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

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

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

�>�Z�g�g�u�c �h�[�a�h�j �i�j�_�^�\�Z�j�y�_�l �[�m�^�m�s�m�x �j�Z�[�h�l�m �g�Z�^ �d�Z�g�^�b�^�Z�l�k�d�h�c �^�b�k�k�_�j�l�Z�p�b�_�c, 
�i�h�k�\�y�s�_�g�g�h�c �h�i�l�b�q�_�k�d�b�f �a�_�j�d�Z�e�Z�f �^�e�y �[�e�b�`�g�_�c �B�D �h�[�e�Z�k�l�b �k�i�_�d�l�j�Z. 
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�M�>�D: 531.743 
 

�H�;�J�:�;�H�L�D�: �:�G�:�F�H�J�N�B�J�H�<�:�G�G�H�=�H �B�A�H�;�J�:�@�?�G�B�Y 
�< �I�E�H�K�D�H�K�L�B �:�G�:�E�B�A�: �M�=�E�H�B�A�F�?�J�B�L�?�E�V�G�H�C �K�B�K�L�?�F�U 

�>.�: . �F�Z�e�v�p�_�\ 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�l.�g., �i�j�h�n�_�k�k�h�j �B.�: . �D�h�g�y�o�b�g 

 
�D�j�Z�l�d�h�_ �\�k�l�m�i�e�_�g�b�_, �i�h�k�l�Z�g�h�\�d�Z �i�j�h�[�e�_�f�u. �>�e�y �h�i�j�_�^�_�e�_�g�b�y �m�]�e�Z �i�h�\�h�j�h�l�Z �h�[�t�_�d�l�Z 

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

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

�H�i�j�_�^�_�e�b�\ �j�Z�a�f�_�j�u �b�a�h�[�j�Z�`�_�g�b�y �i�h �^�\�m�f �h�j�l�h�]�h�g�Z�e�v�g�u�f �h�k�y�f �k  �i�h�f�h�s�v�x, �g�Z�i�j�b�f�_�j 
�f�g�h�]�h�w�e�_�f�_�g�l�g�h�]�h �i�j�b�_�f�g�b�d�Z �l�b�i�Z �I�A�K, �i�h �b�a�\�_�k�l�g�h�f�m �Z�e�]�h�j�b�l�f�m �f�h�`�g�h �h�i�j�_�^�_�e�b�l�v �m�]�h�e 
�k�d�j�m�q�b�\�Z�g�b�y. 

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

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

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

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

 
�I�j�h�f�_�`�m�l�h�q�g�u�_ �j�_�a�m�e�v�l�Z�l�u. �;�u�e�b �j�Z�k�k�f�h�l�j�_�g�u �g�_�d�h�l�h�j�u�_ �k�m�s�_�k�l�\�m�x�s�b�_ �f�_�l�h�^�u 

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

 
�H�k�g�h�\�g�h�c �j�_�a�m�e�v�l�Z�l, �i�j�Z�d�l�b�q�_�k�d�b�_ �j�_�a�m�e�v�l�Z�l�u. �< �j�Z�[�h�l�_ �[�u�e�b �j�Z�k�k�f�h�l�j�_�g�u �f�_�l�h�^�u 

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

�B�k�k�e�_�^�h�\�Z�g�b�y �i�h �j�Z�k�k�f�h�l�j�_�g�g�h�c �l�_�f�Z�l�b�d�_ �i�j�h�\�h�^�b�e�b�k�v �j�Z�f�d�Z�o �Z�g�Z�e�b�l�b�q�_�k�d�h�c 
�\�_�^�h�f�k�l�\�_�g�g�h�c �p�_�e�_�\�h�c �i�j�h�]�j�Z�f�f�u «�J�Z�a�\�b�l�b�_ �g�Z�m�q�g�h�]�h �i�h�l�_�g�p�b�Z�e�Z �\�u�k�r�_�c �r�d�h�e�u (2009–
2010 �]�h�^�u)» �b �n�_�^�_�j�Z�e�v�g�h�c �p�_�e�_�\�h�c �i�j�h�]�j�Z�f�f�_ «�G�Z�m�q�g�u�_ �b �g�Z�m�q�g�h-�i�_�^�Z�]�h�]�b�q�_�k�d�b�_ �d�Z�^�j�u 
�b�g�g�h�\�Z�p�b�h�g�g�h�c �J�h�k�k�b�b» �g�Z 2009–2013 �]�h�^�u. 
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�D�j�Z�l�d�h�_ �\�k�l�m�i�e�_�g�b�_. �K�j�_�^�b �k�m�s�_�k�l�\�m�x�s�b�o �i�j�b�[�h�j�h�\ �^�e�y �i�h�a�b�p�b�h�g�b�j�h�\�Z�g�b�y �j�Z�[�h�q�b�o 

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

�G�Z�b�[�h�e�v�r�_�_ �\�e�b�y�g�b�_ �g�Z �j�_�a�m�e�v�l�Z�l �h�i�j�_�^�_�e�_�g�b�y �i�h�e�h�`�_�g�b�y �i�j�b�_�f�g�h�]�h �m�k�l�j�h�c�k�l�\�Z �I�M�E-
�G �\�g�h�k�b�l �j�_�n�j�Z�d�p�b�y �\�h�a�^�m�r�g�h�]�h �l�j�Z�d�l�Z. �< �k�\�y�a�b �k �w�l�b�f �[�u�e �i�j�_�^�e�h�`�_�g �^�\�m�o�\�h�e�g�h�\�h�c 
�^�b�k�i�_�j�k�b�h�g�g�u�c �f�_�l�h�^ �^�e�y �m�k�l�j�Z�g�_�g�b�y �\�e�b�y�g�b�y �j�_�n�j�Z�d�p�b�b [2]. �>�e�y �m�k�i�_�r�g�h�c �j�_�Z�e�b�a�Z�p�b�b 
�^�Z�g�g�h�]�h �f�_�l�h�^�Z �l�j�_�[�m�_�l�k�y �i�h�e�m�q�b�l�v �h�^�b�g�Z�d�h�\�m�x �w�g�_�j�]�_�l�b�q�_�k�d�m�x �q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v �i�j�b�[�h�j�Z 
�^�e�y �^�\�m�o �^�e�b�g �\�h�e�g �g�Z �l�j�_�[�m�_�f�h�c �^�b�k�l�Z�g�p�b�b �j�Z�[�h�l�u. 

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

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

 
�;�Z�a�h�\�u�_ �i�h�e�h�`�_�g�b�y �b�k�k�e�_�^�h�\�Z�g�b�y. �B�k�k�e�_�^�h�\�Z�g�b�_ �h�k�g�h�\�u�\�Z�_�l�k�y �g�Z �f�_�l�h�^�b�d�_ 

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

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

 
�I�j�b�f�_�g�_�g�g�u�_ �f�_�l�h�^�u. �< �o�h�^�_ �b�k�k�e�_�^�h�\�Z�g�b�y �i�j�h�\�h�^�b�l�k�y �Z�g�Z�e�b�a �n�h�j�f�m�e, �g�Z �h�k�g�h�\�_ 

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

 
�H�k�g�h�\�g�u�_ �j�_�a�m�e�v�l�Z�l�u. �< �j�_�a�m�e�v�l�Z�l�_ �Z�g�Z�e�b�a�Z �n�h�j�f�m�e �[�u�e�b �h�i�j�_�^�_�e�_�g�u �i�Z�j�Z�f�_�l�j�u 

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

 
�<�u�\�h�^�u. �I�j�_�^�e�h�`�_�g�u �l�j�b �k�i�h�k�h�[�Z �i�h�e�m�q�_�g�b�y �j�Z�\�g�h�c �w�g�_�j�]�_�l�b�q�_�k�d�h�c 

�q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�b �g�Z �l�j�_�[�m�_�f�h�f �j�Z�k�k�l�h�y�g�b�b: 1) �j�Z�k�q�_�l�h�f �h�[�t�_�d�l�b�\�Z �k �m�q�_�l�h�f �g�Z�b�f�_�g�v�r�_�]�h 
�o�j�h�f�Z�l�b�a�f�Z �^�e�y �\�u�[�j�Z�g�g�u�o �^�e�b�g �\�h�e�g, 2) �i�j�b�f�_�g�_�g�b�_�f �h�[�t�_�d�l�b�\�Z �k �\�h�a�f�h�`�g�h�k�l�v�x �_�]�h 
�i�_�j�_�n�h�d�m�k�b�j�h�\�d�b �\ �i�j�h�p�_�k�k�_ �w�d�k�i�e�m�Z�l�Z�p�b�b, 3) �b�a�f�_�g�_�g�b�_�f �y�j�d�h�k�l�b �b�k�l�h�q�g�b�d�h�\ �k�h�]�e�Z�k�g�h 
�i�h�k�l�Z�\�e�_�g�g�u�f �m�k�e�h�\�b�y�f. 
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�J�Z�[�h�l�Z �\�u�i�h�e�g�y�e�Z�k�v �\ �j�Z�f�d�Z�o �i�j�h�]�j�Z�f�f�u «�J�Z�a�\�b�l�b�_ �g�Z�m�q�g�h�]�h �i�h�l�_�g�p�b�Z�e�Z �\�u�k�r�_�c 
�r�d�h�e�u». 
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�F�?�L�H�>�B�D�: �I�J�H�<�?�>�?�G�B�Y �B�A�F�?�J�?�G�B�C 
�K �I�H�F�H�S�V�X �L�?�I�E�H�<�B�A�H�J�: 

�>.�: . �F�b�g�d�b�g 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�l.�g., �i�j�h�n�_�k�k�h�j �: .�<. �R�Z�j�d�h�\ 

 
�>�h�k�l�h�\�_�j�g�h�k�l�v �h�l�h�[�j�Z�`�_�g�b�y �l�_�f�i�_�j�Z�l�m�j�g�h�]�h �i�h�e�y �h�i�l�h�w�e�_�d�l�j�h�g�g�u�f�b �B�D �i�j�b�[�h�j�Z�f�b 

�a�Z�\�b�k�b�l �h�l �j�y�^�Z �n�Z�d�l�h�j�h�\, �k�j�_�^�b �d�h�l�h�j�u�o �k�e�_�^�m�_�l �h�l�f�_�l�b�l�v: �l�h�q�g�h�k�l�v �b�g�n�h�j�f�Z�p�b�b �h 
�d�h�w�n�n�b�p�b�_�g�l�_ �b�a�e�m�q�_�g�b�y �g�Z�[�e�x�^�Z�_�f�h�c �i�h�\�_�j�o�g�h�k�l�b,  �j�Z�a�e�b�q�b�y �d�h�w�n�n�b�p�b�_�g�l�h�\ �b�a�e�m�q�_�g�b�y 
�g�Z�o�h�^�y�s�b�o�k�y �g�Z �g�_�c �j�Z�a�g�h�j�h�^�g�u�o �w�e�_�f�_�g�l�h�\, �b�o �\�a�Z�b�f�g�h�_ �h�[�e�m�q�_�g�b�_ �b �\�a�Z�b�f�h�^�_�c�k�l�\�b�_ �k 
�h�d�j�m�`�Z�x�s�_�c �k�j�_�^�h�c. �I�j�h�\�_�^�_�g�g�u�_ �h�p�_�g�d�b �i�h�d�Z�a�Z�e�b, �q�l�h �g�_�^�h�k�l�Z�l�h�q�g�u�c �m�q�_�l �w�l�b�o �n�Z�d�l�h�j�h�\ 
�f�h�`�_�l �i�j�b�\�_�k�l�b �d �i�h�]�j�_�r�g�h�k�l�b �b�a�f�_�j�_�g�b�c, �i�j�_�\�u�r�Z�x�s�_�c 100%. �< �^�h�d�e�Z�^�_ �h�i�b�k�u�\�Z�_�l�k�y 
�f�_�l�h�^, �d�h�l�h�j�u�c �i�h�a�\�h�e�b�l �i�h�\�u�k�b�l�v �l�h�q�g�h�k�l�v �b�a�f�_�j�_�g�b�c �b �h�[�_�k�i�_�q�b�l�v �k�h�h�l�\�_�l�k�l�\�b�_ �B�D 
�l�_�j�f�h�]�j�Z�f�f �j�_�Z�e�v�g�h�f�m �l�_�f�i�_�j�Z�l�m�j�g�h�f�m �i�h�e�x �i�h�\�_�j�o�g�h�k�l�b �h�[�t�_�d�l�Z. 

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

�B�a�e�m�q�Z�l�_�e�v�g�Z�y �k�i�h�k�h�[�g�h�k�l�v �[�u�e�Z �b�a�m�q�_�g�Z �g�Z �k�i�_�p�b�Z�e�v�g�h�c �m�k�l�Z�g�h�\�d�_, �g�Z �d�h�l�h�j�h�c 
�k�j�Z�\�g�b�\�Z�e�b�k�v 3 �\�Z�j�b�Z�g�l�Z �i�h�d�j�u�l�b�y: �g�b�l�j�h�d�j�Z�k�d�Z, �i�h�j�h�r�d�h�\�Z�y �d�j�Z�k�d�Z �b �k�Z�`�Z. �W�d�k�i�_�j�b�f�_�g�l�u 
�i�h�d�Z�a�Z�e�b, �q�l�h �^�e�y �B�D �b�a�f�_�j�_�g�b�c �j�Z�^�b�h�w�e�_�d�l�j�h�g�g�u�o �m�k�l�j�h�c�k�l�\ �i�j�_�^�i�h�q�l�b�l�_�e�v�g�_�_ 
�b�k�i�h�e�v�a�h�\�Z�l�v �i�h�j�h�r�d�h�\�m�x �d�j�Z�k�d�m, �b�f�_�x�s�m�x �d�h�w�n�n�b�p�b�_�g�l �b�a�e�m�q�_�g�b�y 0,97. 

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

�< �k�l�Z�l�v�_ �h�i�b�k�Z�g�Z �j�_�Z�e�b�a�Z�p�b�y �i�j�_�^�e�h�`�_�g�g�h�c �f�_�l�h�^�b�d�b �g�Z �i�j�b�f�_�j�_ �j�Z�^�b�h�w�e�_�d�l�j�h�g�g�h�]�h 
�m�k�l�j�h�c�k�l�\�Z, �k�h�^�_�j�`�Z�s�_�]�h �l�_�i�e�h�\�u�^�_�e�y�x�s�b�_ �w�e�_�f�_�g�l�u, �m�k�l�Z�g�h�\�e�_�g�g�u�_ �g�Z �i�h�e�b�j�h�\�Z�g�g�h�c 
�f�_�l�Z�e�e�b�q�_�k�d�h�c �i�h�\�_�j�o�g�h�k�l�b. �< �d�h�g�l�j�h�e�v�g�u�o �l�h�q�d�Z�o �g�Z �B�D �l�_�j�f�h�]�j�Z�f�f�Z�o �a�g�Z�q�_�g�b�y 
�l�_�f�i�_�j�Z�l�m�j�u �k�e�b�q�Z�e�b�k�v �k �i�h�d�Z�a�Z�g�b�y�f�b �d�h�g�l�Z�d�l�g�u�o �^�Z�l�q�b�d�h�\ �l�_�f�i�_�j�Z�l�m�j�u, �a�Z�d�j�_�i�e�_�g�g�u�o �g�Z 
�i�h�\�_�j�o�g�h�k�l�b �m�k�l�j�h�c�k�l�\�Z. �K�h�i�h�k�l�Z�\�e�_�g�b�_ �j�_�a�m�e�v�l�Z�l�h�\ �b�a�f�_�j�_�g�b�c �i�h�d�Z�a�Z�e�b 
�m�^�h�\�e�_�l�\�h�j�b�l�_�e�v�g�h�_ �k�h�\�i�Z�^�_�g�b�_ (�j�Z�a�e�b�q�b�_ �g�_ �i�j�_�\�u�r�Z�_�l 7%), �q�l�h �i�h�a�\�h�e�y�_�l �j�_�d�h�f�_�g�^�h�\�Z�l�v 
�j�Z�a�j�Z�[�h�l�Z�g�g�m�x �f�_�l�h�^�b�d�m �^�e�y �i�j�Z�d�l�b�q�_�k�d�h�]�h �i�j�b�f�_�g�_�g�b�y. 
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�F�_�l�h�^�b�d�Z �f�h�`�_�l �[�u�l�v �l�Z�d �`�_ �b�k�i�h�e�v�a�h�\�Z�g�Z �^�e�y �^�b�Z�]�g�h�k�l�b�d�b �^�_�n�_�d�l�h�\ �l�_�i�e�h�i�j�h�\�h�^�g�u�o 
�f�Z�l�_�j�b�Z�e�h�\, �i�j�b �h�[�k�e�_�^�h�\�Z�g�b�b �j�Z�^�b�h�w�e�_�d�l�j�h�g�g�u�o �m�k�l�j�h�c�k�l�\, �\ �i�j�b�[�h�j�Z�o �^�e�y �i�h�\�_�j�d�b 
�l�_�i�e�h�\�b�a�b�h�g�g�h�]�h �h�[�h�j�m�^�h�\�Z�g�b�y. 
 
 
�M�>�D 681.783 

 
�B�K�K�E�?�>�H�<�:�G�B�? �F�?�L�H�>�H�< �D�:�E�B�;�J�H�<�D�B �<�B�>�?�H�D�:�G�:�E�H�< 

�K�L�?�J�?�H�D�H�F�I�:�J�:�L�H�J�: �=�?�H�>�?�A�B�Q�?�K�D�H�=�H 
�B.�K. �I�Z�\�e�h�\ 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �d.�l.�g., �^�h�p�_�g�l �: .�<. �D�j�Z�k�g�y�s�b�o 
 
�G�Z �l�_�d�m�s�b�c �f�h�f�_�g�l �\ �]�_�h�]�j�Z�n�b�q�_�k�d�b�o �b�k�k�e�_�^�h�\�Z�g�b�y�o �b�g�l�_�g�k�b�\�g�h �j�Z�a�\�b�\�Z�_�l�k�y 

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

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

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

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

�:�g�Z�e�b�l�b�q�_�k�d�b�c �h�[�a�h�j �i�h�d�Z�a�Z�e, �q�l�h �g�Z �g�Z�k�l�h�y�s�b�c �f�h�f�_�g�l �g�Z�b�[�h�e�_�_ �q�Z�k�l�h �i�j�b�f�_�g�y�x�l�k�y 
�q�_�l�u�j�_ �f�_�l�h�^�Z �d�Z�e�b�[�j�h�\�d�b, �h�l�e�b�q�b�l�_�e�v�g�u�_ �h�k�h�[�_�g�g�h�k�l�b �d�h�l�h�j�u�o �j�Z�k�k�f�Z�l�j�b�\�Z�x�l�k�y �\ �j�Z�[�h�l�_. 
�<�k�_ �h�g�b, �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �i�h�k�l�Z�\�e�_�g�g�u�o �a�Z�^�Z�q, �f�h�]�m�l �[�u�l�v �m�k�i�_�r�g�h �i�j�b�f�_�g�b�f�u �^�e�y 
�d�Z�e�b�[�j�h�\�d�b �d�Z�f�_�j �b�k�i�h�e�v�a�m�_�f�u�o �^�e�y �g�Z�a�_�f�g�h�c �k�l�_�j�_�h�k�t�_�f�d�b. �H�^�g�Z�d�h, �i�j�b �d�Z�e�b�[�j�h�\�d�_ �d�Z�f�_�j 
�^�e�y �Z�w�j�h�n�h�l�h�]�j�Z�n�b�q�_�k�d�h�c �k�l�_�j�_�h�k�t�_�f�d�b �^�Z�g�g�u�_ �f�_�l�h�^�u �g�_ �i�h�^�o�h�^�y�l, �l.�d. �i�h�e�m�q�_�g�g�u�_ 
�e�Z�[�h�j�Z�l�h�j�g�u�f �i�m�l�z�f �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �d�Z�f�_�j�u �\ �j�_�Z�e�v�g�h�f �k�t�z�f�h�q�g�h�f �i�h�e�z�l�_ �k�m�s�_�k�l�\�_�g�g�h 
�f�_�g�y�x�l�k�y (�b�a�f�_�g�_�g�b�_ �l�_�f�i�_�j�Z�l�m�j�u, �^�Z�\�e�_�g�b�y, �f�_�o�Z�g�b�q�_�k�d�b�o �g�Z�]�j�m�a�h�d �\ �m�a�e�Z�o �d�Z�f�_�j�u �\�h 
�\�j�_�f�y �i�h�e�_�l�Z, �\�h�a�^�_�c�k�l�\�b�b �\�b�[�j�Z�p�b�b, �\�e�b�y�g�b�_ �h�[�l�_�d�Z�x�s�b�o �k�Z�f�h�e�z�l �\�h�a�^�m�r�g�u�o �i�h�l�h�d�h�\). 

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

�K�e�_�^�m�x�s�b�f �w�l�Z�i�h�f �i�j�h�\�h�^�b�f�h�]�h �b�k�k�e�_�^�h�\�Z�g�b�y �y�\�e�y�_�l�k�y �b�k�k�e�_�^�h�\�Z�g�b�_ �b 
�d�h�e�b�q�_�k�l�\�_�g�g�h�_ �h�i�j�_�^�_�e�_�g�b�_ �a�g�Z�q�_�g�b�c �i�h�]�j�_�r�g�h�k�l�b, �j�Z�a�j�Z�[�h�l�Z�g�g�h�]�h �f�_�l�h�^�Z �d�Z�e�b�[�j�h�\�d�b. 
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�F�:�L�?�F�:�L�B�Q�?�K�D�H�? �F�H�>�?�E�B�J�H�<�:�G�B�? �K�E�M�Q�:�C�G�U�O �I�H�E�?�C 
�I�J�B �I�J�H�?�D�L�B�J�H�<�:�G�B�B �F�G�H�=�H�W�E�?�F�?�G�L�G�U�O 

�H�I�L�B�D�H-�W�E�?�D�L�J�H�G�G�U�O �K�B�K�L�?�F �G�:�;�E�X�>�?�G�B�Y 
�>.�F. �I�Z�r�d�h�\�k�d�b�c 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �d.�l.�g., �^�h�p�_�g�l �: .�E. �:�g�^�j�_�_�\ 
 

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

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

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

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

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

 
�P�_�e�v �j�Z�[�h�l�u. �B�k�k�e�_�^�h�\�Z�l�v �j�Z�k�i�j�_�^�_�e�_�g�g�u�_ �h�i�l�b�d�h-�w�e�_�d�l�j�h�g�g�u�_ �k�b�k�l�_�f�u �d�h�g�k�l�j�m�d�p�b�c 

�d�j�m�i�g�u�o �i�j�h�f�u�r�e�_�g�g�u�o �k�h�h�j�m�`�_�g�b�c �i�h �i�h�e�h�`�_�g�b�x �b�o �w�e�_�f�_�g�l�h�\. 
 
�H�k�g�h�\�g�h�_ �k�h�^�_�j�`�Z�g�b�_. �< �j�Z�[�h�l�_ �i�j�_�^�e�Z�]�Z�_�l�k�y �i�h�^�o�h�^ �d �i�h�k�l�j�h�_�g�b�x �j�Z�k�i�j�_�^�_�e�z�g�g�u�o 

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

 
�A�Z�d�e�x�q�_�g�b�_. �J�Z�a�\�b�l�b�_ �^�Z�g�g�h�c �l�_�f�u �g�Z�i�j�Z�\�e�_�g�h �g�Z �i�h�e�m�q�_�g�b�_ �l�_�h�j�_�l�b�q�_�k�d�h�c �f�h�^�_�e�b 

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

�i�h�a�b�p�b�h�g�b�j�h�\�Z�g�b�y, �\ �i�_�j�\�m�x �h�q�_�j�_�^�v �\ �k�l�Z�g�d�h�k�l�j�h�_�g�b�b, �i�j�b �k�h�\�j�_�f�_�g�g�h�f �j�Z�a�\�b�l�b�b �g�Z�m�d�b �b 
�l�_�o�g�b�d�b �h�k�g�h�\�u�\�Z�_�l�k�y �g�Z �b�k�i�h�e�v�a�h�\�Z�g�b�b �\�u�k�h�d�h�l�h�q�g�u�o �i�j�_�h�[�j�Z�a�h�\�Z�l�_�e�_�c �e�b�g�_�c�g�u�o �b 
�m�]�e�h�\�u�o �i�_�j�_�f�_�s�_�g�b�c. �< �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y �h�^�g�b�f �b�a �g�Z�b�[�h�e�_�_ �j�Z�k�i�j�h�k�l�j�Z�g�z�g�g�u�o �l�b�i�h�\ 
�i�j�_�h�[�j�Z�a�h�\�Z�l�_�e�_�c �i�_�j�_�f�_�s�_�g�b�c �y�\�e�y�x�l�k�y �n�h�l�h�w�e�_�d�l�j�b�q�_�k�d�b�_ �g�Z�d�Z�i�e�b�\�Z�x�s�b�_ 
(�b�g�d�j�_�f�_�g�l�g�u�_) �i�j�_�h�[�j�Z�a�h�\�Z�l�_�e�b �i�_�j�_�f�_�s�_�g�b�c (�N�G�I�I), �d�h�l�h�j�u�_ �j�_�Z�]�b�j�m�x�l �g�_ �g�Z 
�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�_ �i�h�e�h�`�_�g�b�_, �Z �g�Z �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�_ �i�_�j�_�f�_�s�_�g�b�_, �d�h�l�h�j�h�_ �i�j�_�h�[�j�Z�a�m�_�l�k�y �\ 
�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v �w�e�_�d�l�j�b�q�_�k�d�b�o �b�f�i�m�e�v�k�h�\, �i�j�h�i�h�j�p�b�h�g�Z�e�v�g�u�o �\�_�e�b�q�b�g�_ �w�l�h�]�h 
�i�_�j�_�f�_�s�_�g�b�y. �I�h�^�k�q�_�l �w�l�h�c �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b �\ �k�i�_�p�b�Z�e�v�g�h�f �m�k�l�j�h�c�k�l�\�_ �p�b�n�j�h�\�h�c 
�h�[�j�Z�[�h�l�d�b �b �b�g�^�b�d�Z�p�b�b �b�e�b �[�e�h�d�_ �m�i�j�Z�\�e�_�g�b�y, �i�h�a�\�h�e�y�_�l �h�p�_�g�b�l�v �\�_�e�b�q�b�g�m �i�_�j�_�f�_�s�_�g�b�y 
�d�h�g�l�j�h�e�b�j�m�_�f�h�]�h �h�[�t�_�d�l�Z. 

�>�e�y �n�h�j�f�b�j�h�\�Z�g�b�y �m�d�Z�a�Z�g�g�h�c �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b �b�f�i�m�e�v�k�h�\ �i�j�b�f�_�g�y�_�l�k�y �i�j�b�g�p�b�i 
�j�Z�k�l�j�h�\�h�c �f�h�^�m�e�y�p�b�b �h�i�l�b�q�_�k�d�h�]�h �k�b�]�g�Z�e�Z �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�f�b �i�_�j�b�h�^�b�q�_�k�d�b�f�b 
�k�l�j�m�d�l�m�j�Z�f�b. �I�j�b �i�_�j�_�f�_�s�_�g�b�b �d�h�g�l�j�h�e�b�j�m�_�f�h�]�h �h�[�t�_�d�l�Z �i�h�l�h�d �h�i�l�b�q�_�k�d�h�]�h �b�a�e�m�q�_�g�b�y, 
�i�j�h�o�h�^�y�s�_�]�h �q�_�j�_�a �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h-�k�h�i�j�y�`�z�g�g�u�_ �i�_�j�b�h�^�b�q�_�k�d�b�_ �k�l�j�m�d�l�m�j�u, �f�h�^�m�e�b�j�m�_�l�k�y 
�b �i�h�i�Z�^�Z�_�l �g�Z �n�h�l�h�i�j�b�z�f�g�b�d, �k�b�]�g�Z�e�u �k �d�h�l�h�j�h�]�h �i�h�k�l�m�i�Z�x�l �g�Z �w�e�_�d�l�j�h�g�g�m�x �k�o�_�f�m, 
�n�h�j�f�b�j�m�x�s�m�x �i�_�j�b�h�^�b�q�_�k�d�m�x �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v �w�e�_�d�l�j�b�q�_�k�d�b�o �b�f�i�m�e�v�k�h�\ [1, 2]. 

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

�I�h�k�d�h�e�v�d�m �N�G�I�E�I �j�Z�[�h�l�Z�x�l �\ �j�Z�a�g�u�o �m�k�e�h�\�b�y�o �b �b�o �w�e�_�f�_�g�l�u �i�h�^�\�_�j�`�_�g�u 
�\�h�a�^�_�c�k�l�\�b�x �j�Z�a�e�b�q�g�u�o �\�g�_�r�g�b�o �b �\�g�m�l�j�_�g�g�b�o �n�Z�d�l�h�j�h�\, �l�h �j�_�r�_�g�b�_ �w�l�h�c �a�Z�^�Z�q�b 
�n�h�j�f�b�j�h�\�Z�g�b�y �w�g�_�j�]�_�l�b�q�_�k�d�h�]�h �m�j�Z�\�g�_�g�b�y �b�f�_�_�l �k�\�h�b �k�i�_�p�b�n�b�q�_�k�d�b�_ �h�k�h�[�_�g�g�h�k�l�b �b 
�l�j�m�^�g�h�k�l�b. �W�l�h �h�[�t�y�k�g�y�_�l�k�y �l�_�f, �q�l�h �b�g�n�h�j�f�Z�p�b�y �h �\�_�e�b�q�b�g�_ �i�_�j�_�f�_�s�_�g�b�y, �a�Z�e�h�`�_�g�g�Z�y 
�k�g�Z�q�Z�e�Z �\ �h�i�l�b�q�_�k�d�b�o, �Z �a�Z�l�_�f �w�e�_�d�l�j�b�q�_�k�d�b�o �k�b�]�g�Z�e�Z�o, �i�h�k�l�h�y�g�g�h �i�j�_�l�_�j�i�_�\�Z�y 
�i�j�_�h�[�j�Z�a�h�\�Z�g�b�y, �\ �k�h�h�l�\�_�l�k�l�\�b�b �k �l�j�_�[�m�_�f�u�f�b �Z�e�]�h�j�b�l�f�Z�f�b �b �i�j�b�g�p�b�i�Z�f�b, �l�_�j�y�_�l�k�y �b 
�b�k�d�Z�`�Z�_�l�k�y. �W�g�_�j�]�_�l�b�q�_�k�d�h�_ �m�j�Z�\�g�_�g�b�_ �^�e�y �N�G�I�E�I �h�i�j�_�^�_�e�y�_�l �\�a�Z�b�f�h�k�\�y�a�v �_�]�h �h�k�g�h�\�g�u�o 
�w�g�_�j�]�_�l�b�q�_�k�d�b�o �b �w�e�_�d�l�j�b�q�_�k�d�b�o �i�Z�j�Z�f�_�l�j�h�\ �b �]�Z�[�Z�j�b�l�g�u�o �j�Z�a�f�_�j�h�\ �_�]�h �w�e�_�f�_�g�l�h�\, �d�h�l�h�j�Z�y 
�i�h�a�\�h�e�y�_�l �^�h�i�m�k�d�Z�l�v �i�h�l�_�j�b �b�g�n�h�j�f�Z�p�b�b �^�h �l�j�_�[�m�_�f�h�c �\�_�e�b�q�b�g�u. �H�k�g�h�\�g�u�f �\�u�o�h�^�g�u�f 
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�i�Z�j�Z�f�_�l�j�h�f �y�\�e�y�_�l�k�y �^�h�i�m�k�l�b�f�Z�y �i�h�]�j�_�r�g�h�k�l�v �i�j�_�h�[�j�Z�a�h�\�Z�g�b�c �\ �a�Z�^�Z�g�g�h�f �^�b�Z�i�Z�a�h�g�_ 
�i�_�j�_�f�_�s�_�g�b�c [3]. 

�< �k�h�\�j�_�f�_�g�g�h�c �l�_�o�g�b�q�_�k�d�h�c �e�b�l�_�j�Z�l�m�j�_ �i�j�Z�d�l�b�q�_�k�d�b �g�_ �b�a�e�Z�]�Z�_�l�k�y �f�_�l�h�^�b�d�Z 
�w�g�_�j�]�_�l�b�q�_�k�d�h�]�h �j�Z�k�q�z�l�Z �N�G�I�I �k �m�q�z�l�h�f �k�h�\�j�_�f�_�g�g�h�c �w�e�_�f�_�g�l�g�h�c �[�Z�a�u. �< �^�Z�g�g�h�f 
�k�h�h�[�s�_�g�b�b �i�j�_�^�e�h�`�_�g�Z �f�_�l�h�^�b�d�Z �w�g�_�j�]�_�l�b�q�_�k�d�h�]�h �j�Z�k�q�z�l�Z �n�h�l�h�w�e�_�d�l�j�b�q�_�k�d�b�o 
�g�Z�d�Z�i�e�b�\�Z�x�s�b�o �i�j�_�h�[�j�Z�a�h�\�Z�l�_�e�_�c �e�b�g�_�c�g�u�o �i�_�j�_�f�_�s�_�g�b�c �g�Z �h�k�g�h�\�_ �k�h�\�j�_�f�_�g�g�h�c 
�w�e�_�f�_�g�l�g�h�c �[�Z�a�u. 

�Q�l�h�[�u �h�k�m�s�_�k�l�\�e�y�l�v �\�u�[�h�j �b�e�b �j�Z�k�q�_�l �h�k�g�h�\�g�u�o �i�Z�j�Z�f�_�l�j�h�\ �w�e�_�f�_�g�l�h�\ �H�W�B�I�I, 
�i�j�_�^�e�Z�]�Z�_�l�k�y �k�e�_�^�m�x�s�Z�y �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v: 

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

�� �\�u�[�h�j �i�j�b�g�p�b�i�Z �h�i�l�b�d�h-�w�e�_�d�l�j�h�g�g�h�]�h �k�q�b�l�u�\�Z�g�b�y (�k�d�Z�g�b�j�h�\�Z�g�b�y) �r�l�j�b�o�h�\ 
�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c �i�_�j�b�h�^�b�q�_�k�d�h�c �k�l�j�m�d�l�m�j�u �b �k�o�_�f�u �i�h�k�l�j�h�_�g�b�y �h�i�l�b�q�_�k�d�h�c 
�k�b�k�l�_�f�u �N�G�I�E�I; 

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

�� �\�u�[�h�j �i�Z�j�Z�f�_�l�j�h�\ �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c �Z�g�Z�e�b�a�b�j�m�x�s�_�c �k�l�j�m�d�l�m�j�u; 
�� �\�u�[�h�j �n�h�l�h�i�j�b�z�f�g�b�d�Z; 
�� �\�u�[�h�j �b�k�l�h�q�g�b�d�Z �h�i�l�b�q�_�k�d�h�]�h �b�a�e�m�q�_�g�b�y �b �_�]�h �i�Z�j�Z�f�_�l�j�h�\; 
�� �j�Z�k�q�_�l �b �\�u�[�h�j �i�Z�j�Z�f�_�l�j�h�\ �h�i�l�b�q�_�k�d�h�c �k�o�_�f�u �N�G�I�E�I; 
�� �j�Z�k�q�_�l �i�Z�j�Z�f�_�l�j�h�\ �w�e�_�f�_�g�l�h�\ �w�e�_�d�l�j�h�g�g�h�c �k�b�k�l�_�f�u �n�h�j�f�b�j�h�\�Z�g�b�y �i�_�j�b�h�^�b�q�_�k�d�h�c 

�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b �w�e�_�d�l�j�b�q�_�k�d�b�o �b�f�i�m�e�v�k�h�\; 
�� �j�Z�k�q�_�l �h�l�g�h�r�_�g�b�y �k�b�]�g�Z�e/�r�m�f; 
�� �d�h�j�j�_�d�p�b�y �i�Z�j�Z�f�_�l�j�h�\ �\�u�[�j�Z�g�g�u�o �w�e�_�f�_�g�l�h�\ �N�G�I�E�I �b �j�Z�k�q�z�l �h�l�g�h�r�_�g�b�y 

�k�b�]�g�Z�e/�r�m�f �k �m�q�z�l�h�f �d�h�j�j�_�d�l�b�j�h�\�d�b. 
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�F�:�L�?�F�:�L�B�Q�?�K�D�H�? �F�H�>�?�E�B�J�H�<�:�G�B�? 
�H�L�J�:�@�?�G�G�H�=�H �K�B�=�G�:�E�: �B �B�>�?�G�L�B�N�B�D�:�P�B�B �H�;�T�?�D�L�: 

�I�J�B �B�F�I�M�E�V�K�G�H�C �E�:�A�?�J�G�H�C �E�H�D�:�P�B�B 
�: .�: . �J�u�`�h�\ 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�l.�g., �i�j�h�n�_�k�k�h�j �?.�=. �E�_�[�_�^�v�d�h 
 
�I�j�b �h�i�l�b�q�_�k�d�h�c �e�h�d�Z�p�b�b �h�l�j�Z�`�_�g�g�u�c �k�b�]�g�Z�e �h�i�j�_�^�_�e�y�_�l�k�y �b�g�l�_�]�j�Z�e�v�g�h�c �k�\�_�j�l�d�h�c 

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

�B�O �h�i�j�_�^�_�e�y�_�l�k�y �d�Z�d �n�h�j�f�h�c �h�[�e�m�q�Z�_�f�h�c �i�h�\�_�j�o�g�h�k�l�b, �l�Z�d �b �o�Z�j�Z�d�l�_�j�h�f �j�Z�k�k�_�y�g�b�y 
�b�a�e�m�q�_�g�b�y �_�_ �w�e�_�f�_�g�l�Z�f�b. �Y�\�e�y�y�k�v �b�g�l�_�]�j�Z�e�v�g�u�f �i�j�_�h�[�j�Z�a�h�\�Z�g�b�_�f �n�m�g�d�p�b�b �g�_�k�d�h�e�v�d�b�o 
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�i�_�j�_�f�_�g�g�u�o �\ �h�^�g�h�f�_�j�g�m�x �n�m�g�d�p�b�x �\�j�_�f�_�g�b, �B�O �\ �h�[�s�_�f �k�e�m�q�Z�_ �g�_ �i�h�a�\�h�e�y�_�l 
�\�h�k�k�l�Z�g�h�\�b�l�v �n�h�j�f�m �b �k�\�h�c�k�l�\�Z �i�h�\�_�j�o�g�h�k�l�b, �g�h �h�[�e�Z�^�Z�_�l �i�j�b�a�g�Z�d�Z�f�b, �i�h�a�\�h�e�y�x�s�b�f�b 
�j�Z�k�i�h�a�g�Z�\�Z�l�v �h�[�t�_�d�l�u �j�Z�a�e�b�q�g�u�o �n�h�j�f �b (�b�e�b) �j�Z�a�f�_�j�h�\. �>�e�y �g�_�d�h�l�h�j�h�]�h �a�Z�^�Z�g�g�h�]�h �h�[�t�_�d�l�Z 
�B�O �[�m�^�_�l �a�Z�\�b�k�_�l�v �h�l �_�]�h �h�j�b�_�g�l�Z�p�b�b �h�l�g�h�k�b�l�_�e�v�g�h �e�h�d�Z�p�b�h�g�g�h�c �k�b�k�l�_�f�u. 

�?�k�e�b �h�l�g�h�r�_�g�b�_ �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c �i�j�h�l�y�`�_�g�g�h�k�l�b �i�h�\�_�j�o�g�h�k�l�b �\�^�h�e�v �g�Z�i�j�Z�\�e�_�g�b�y 
�h�[�e�m�q�_�g�b�y �d �k�d�h�j�h�k�l�b �k�\�_�l�Z �\ �g�_�k�d�h�e�v�d�h �j�Z�a �i�j�_�\�u�r�Z�_�l �^�e�b�l�_�e�v�g�h�k�l�v �a�h�g�^�b�j�m�x�s�_�]�h 
�b�f�i�m�e�v�k�Z, �l�h �h�l�j�Z�`�_�g�g�u�c �k�b�]�g�Z�e �[�m�^�_�l �i�j�_�^�k�l�Z�\�e�y�l�v �k�h�[�h�c �g�_�k�d�h�e�v�d�h �k�]�e�Z�`�_�g�g�m�x �B�O. 
�L�Z�d�b�f �h�[�j�Z�a�h�f, �i�j�b �^�h�k�l�Z�l�h�q�g�h �d�h�j�h�l�d�h�f �a�h�g�^�b�j�m�x�s�_�f �b�f�i�m�e�v�k�_ �b �^�h�k�l�Z�l�h�q�g�h �r�b�j�h�d�h�c 
�q�Z�k�l�h�l�g�h�c �i�h�e�h�k�_ �n�h�l�h�i�j�b�_�f�g�h�]�h �m�k�l�j�h�c�k�l�\�Z �\�h�a�f�h�`�g�Z �b�^�_�g�l�b�n�b�d�Z�p�b�y �h�[�t�_�d�l�Z �i�m�l�_�f 
�k�j�Z�\�g�_�g�b�y �i�j�b�g�y�l�h�]�h �k�b�]�g�Z�e�Z �k �w�l�Z�e�h�g�g�u�f�b. �>�e�y �h�[�m�q�_�g�b�y �l�Z�d�h�c �k�b�k�l�_�f�u �j�Z�k�i�h�a�g�Z�\�Z�g�b�y 
�g�m�`�g�h �i�j�h�\�h�^�b�l�v �f�h�^�_�e�b�j�h�\�Z�g�b�_ �h�l�j�Z�`�_�g�g�u�o �k�b�]�g�Z�e�h�\ �^�e�y �l�j�_�[�m�x�s�b�o �j�Z�k�i�h�a�g�Z�\�Z�g�b�y 
�h�[�t�_�d�l�h�\ (�w�l�Z�e�h�g�g�u�o) �b �k�h�i�m�l�k�l�\�m�x�s�b�c �Z�g�Z�e�b�a �\�e�b�y�g�b�y �g�Z �w�l�b �k�b�]�g�Z�e�u �k�e�m�q�Z�c�g�u�o �n�Z�d�l�h�j�h�\. 

�;�u�e�Z �i�h�k�l�Z�\�e�_�g�Z �a�Z�^�Z�q�Z: �b�k�k�e�_�^�h�\�Z�l�v �\�h�a�f�h�`�g�h�k�l�v �j�Z�a�e�b�q�_�g�b�y �^�\�m�o �i�j�h�k�l�u�o �h�[�t�_�d�l�h�\ – 
�k�n�_�j�u �k �j�Z�^�b�m�k�h�f 1 �f  �b �d�h�g�m�k�Z �k �j�Z�^�b�m�k�h�f �h�k�g�h�\�Z�g�b�y 1 �f  �b �\�u�k�h�l�h�c 2…2,5 �f  – �i�j�b 
�h�[�e�m�q�_�g�b�b �b�f�i�m�e�v�k�h�f �k �w�n�n�_�d�l�b�\�g�h�c �^�e�b�l�_�e�v�g�h�k�l�v�x 1 �g�k. �I�h�\�_�j�o�g�h�k�l�b �h�[�t�_�d�l�h�\ 
�i�j�_�^�i�h�e�Z�]�Z�x�l�k�y �h�^�g�h�j�h�^�g�u�f�b, �h�^�g�Z�d�h �o�Z�j�Z�d�l�_�j �j�Z�k�k�_�y�g�b�y �b�a�e�m�q�_�g�b�y �Z�i�j�b�h�j�g�h �g�_ �b�a�\�_�k�l�_�g. 
�M�]�h�e �f�_�`�^�m �h�k�v�x �d�h�g�m�k�Z �b �g�Z�i�j�Z�\�e�_�g�b�_�f �h�[�e�m�q�_�g�b�y �f�h�`�_�l �k�h�k�l�Z�\�e�y�l�v �h�l 0�ö �^�h 45�ö. 

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

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

�>�e�y �l�_�k�l�b�j�h�\�Z�g�b�y �Z�e�]�h�j�b�l�f�Z �j�Z�k�i�h�a�g�Z�\�Z�g�b�y �i�j�b�g�y�l�u�c �k�b�]�g�Z�e �b�f�b�l�b�j�h�\�Z�e�k�y 
�Z�^�^�b�l�b�\�g�h�c �k�f�_�k�v�x �w�l�Z�e�h�g�g�h�]�h �k�b�]�g�Z�e�Z �b �g�h�j�f�Z�e�v�g�h�]�h �r�m�f�Z. �F�g�h�]�h�d�j�Z�l�g�u�_ �k�l�Z�l�b�k�l�b�q�_�k�d�b�_ 
�b�k�i�u�l�Z�g�b�y �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �j�Z�a�g�u�o �w�l�Z�e�h�g�g�u�o �k�b�]�g�Z�e�h�\ �b �i�j�b �j�Z�a�g�u�o �a�g�Z�q�_�g�b�y�o �h�l�g�h�r�_�g�b�y 
�k�b�]�g�Z�e�Z �d �r�m�f�m �i�h�a�\�h�e�y�x�l �^�_�e�Z�l�v �a�Z�d�e�x�q�_�g�b�y �h �\�_�j�h�y�l�g�h�k�l�b �h�r�b�[�d�b �\ �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o 
�m�k�e�h�\�b�y�o. �J�_�a�m�e�v�l�Z�l�u �l�Z�d�b�o �b�k�i�u�l�Z�g�b�c �i�h�d�Z�a�Z�e�b, �q�l�h �k�n�_�j�m �b �d�h�g�m�k �f�h�`�g�h �g�Z�^�_�`�g�h 
�b�^�_�g�l�b�n�b�p�b�j�h�\�Z�l�v �i�j�b �\�k�y�d�b�o �m�k�e�h�\�b�y�o, �m�d�e�Z�^�u�\�Z�x�s�b�o�k�y �\ �j�Z�f�d�b �i�h�k�l�Z�\�e�_�g�g�h�c �a�Z�^�Z�q�b. 
 
 
�M�>�D 535:621.373.826:624.396.962.3 
 

�:�G�:�E�B�A �J�:�K�I�J�?�>�?�E�?�G�B�Y �B�G�L�?�J�<�:�E�H�< �F�?�@�>�M �<�U�;�J�H�K�:�F�B 
�K�E�M�Q�:�C�G�H�=�H �I�J�H�P�?�K�K�: �B �<�H�A�F�H�@�G�H�K�L�V �I�H�K�L�J�H�?�G�B�Y 

�K�B�K�L�?�F �;�E�B�@�G�?�C �E�H�D�:�P�B�B �K �R�M�F�H�<�H�C �K�B�G�O�J�H�G�B�A�:�P�B�?�C 
�F.�=. �K�_�j�b�d�h�\�Z 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�l.�g., �i�j�h�n�_�k�k�h�j �?.�=. �E�_�[�_�^�v�d�h 
 

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

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

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

 
�;�Z�a�h�\�u�_ �i�h�e�h�`�_�g�b�y. �J�Z�k�k�f�h�l�j�_�g�u �i�e�h�l�g�h�k�l�b �\�_�j�h�y�l�g�h�k�l�_�c �b�g�l�_�j�\�Z�e�h�\ �f�_�`�^�m 

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

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

�i�h�a�\�h�e�y�x�s�Z�y �b�a�f�_�g�y�l�v �i�h�j�h�]�b �k�j�Z�[�Z�l�u�\�Z�g�b�y �^�e�y �g�Z�o�h�`�^�_�g�b�y �h�i�l�b�f�Z�e�v�g�h�]�h �k�i�h�k�h�[�Z �i�j�b�_�f�Z. 
�D�j�h�f�_ �l�h�]�h, �\ �k�j�_�^�_ LabView �i�h�k�l�j�h�_�g�Z �f�Z�l�_�f�Z�l�b�q�_�k�d�Z�y �f�h�^�_�e�v, �k �i�h�f�h�s�v�x �d�h�l�h�j�h�c 
�i�h�e�m�q�_�g�u �j�Z�k�i�j�_�^�_�e�_�g�b�y �b�g�l�_�j�\�Z�e�h�\ �f�_�`�^�m �\�u�[�j�h�k�Z�f�b �g�h�j�f�Z�e�v�g�h�]�h �k�e�m�q�Z�c�g�h�]�h �i�j�h�p�_�k�k�Z �k 
�g�m�e�_�\�u�f �k�j�_�^�g�b�f �a�g�Z�q�_�g�b�_�f �^�e�y �j�Z�a�e�b�q�g�u�o �i�h�j�h�]�h�\ �k�j�Z�[�Z�l�u�\�Z�g�b�y. �I�j�h�\�_�^�_�g�h �k�j�Z�\�g�_�g�b�_ 
�j�_�a�m�e�v�l�Z�l�h�\ �f�h�^�_�e�b�j�h�\�Z�g�b�y �k �g�_�d�h�l�h�j�u�f�b �Z�g�Z�e�b�l�b�q�_�k�d�b �i�h�e�m�q�_�g�g�u�f�b �j�Z�k�i�j�_�^�_�e�_�g�b�y�f�b. 
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�D�H�F�I�?�G�K�:�P�B�Y �I�H�=�J�?�R�G�H�K�L�?�C �<�B�G�V�?�L�B�J�H�<�:�G�B�Y 
�< �:�<�L�H�J�?�N�E�?�D�K�B�H�G�G�U�O �K�B�K�L�?�F�:�O 

�: .�: . �K�f�_�o�h�\ 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�l.�g., �i�j�h�n�_�k�k�h�j �B.�: . �D�h�g�y�o�b�g 

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

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

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

�I�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b �Z�\�l�h�j�_�n�e�_�d�k�b�h�g�g�u�o �m�]�e�h�b�a�f�_�j�b�l�_�e�v�g�u�o �k�b�k�l�_�f �a�g�Z�q�b�l�_�e�v�g�h�_ 
�\�e�b�y�g�b�_ �g�Z �l�h�q�g�h�k�l�g�u�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �b �^�b�Z�i�Z�a�h�g �b�a�f�_�j�_�g�b�c �h�d�Z�a�u�\�Z�_�l �l�Z�d �g�Z�a�u�\�Z�_�f�Z�y 
�i�h�]�j�_�r�g�h�k�l�v �\�k�e�_�^�k�l�\�b�_ �\�b�g�v�_�l�b�j�h�\�Z�g�b�y �h�i�l�b�q�_�k�d�h�]�h �i�m�q�d�Z. �<�e�b�y�g�b�_ �\�b�g�v�_�l�b�j�h�\�Z�g�b�y 
�i�j�h�y�\�e�y�_�l�k�y �\�h �\�k�z�f �^�b�Z�i�Z�a�h�g�_ �b�a�f�_�j�_�g�b�c (�d�j�h�f�_ �g�m�e�_�\�h�]�h �i�h�e�h�`�_�g�b�y), �g�h�k�b�l �j�_�]�m�e�y�j�g�u�c 
�o�Z�j�Z�d�l�_�j �b, �k�e�_�^�h�\�Z�l�_�e�v�g�h, �f�h�`�_�l �[�u�l�v �h�i�b�k�Z�g�h �l�_�h�j�_�l�b�q�_�k�d�b �b �a�Z�l�_�f �k�d�h�f�i�_�g�k�b�j�h�\�Z�g�h �g�Z 
�w�l�Z�i�_ �b�a�f�_�j�_�g�b�c [1]. �F�_�l�h�^�u �m�k�l�j�Z�g�_�g�b�y �\�e�b�y�g�b�y �\�b�g�v�_�l�b�j�h�\�Z�g�b�y �g�_ �h�]�j�Z�g�b�q�b�\�Z�x�l�k�y 
�l�_�h�j�_�l�b�q�_�k�d�h�c �d�h�f�i�_�g�k�Z�p�b�_�c �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 �b �d�h�j�j�_�d�p�b�_�c 
�m�`�_ �i�h�e�m�q�_�g�g�u�o �j�_�a�m�e�v�l�Z�l�h�\ �b�a�f�_�j�_�g�b�y �b �f�h�]�m�l �[�u�l�v �^�h�i�h�e�g�_�g�u �k�i�_�p�b�Z�e�v�g�h�c �d�h�j�j�_�d�p�b�_�c 
�Z�e�]�h�j�b�l�f�Z �b�a�f�_�j�_�g�b�y. �L�Z�d�h�_ �k�h�q�_�l�Z�g�b�_ �l�_�h�j�_�l�b�q�_�k�d�h�c �b �Z�e�]�h�j�b�l�f�b�q�_�k�d�h�c �d�h�f�i�_�g�k�Z�p�b�b 
�y�\�e�y�_�l�k�y �g�Z�b�[�h�e�_�_ �i�j�b�_�f�e�_�f�u�f �k�i�h�k�h�[�h�f �m�\�_�e�b�q�_�g�b�y �l�h�q�g�h�k�l�b �b�a�f�_�j�_�g�b�y �i�h �d�j�b�l�_�j�b�y�f 
�k�l�h�b�f�h�k�l�b, �g�Z�^�_�`�g�h�k�l�b, �i�j�h�k�l�h�l�_ �b �w�n�n�_�d�l�b�\�g�h�k�l�b. 
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�B�a�m�q�_�g�b�_ �\�e�b�y�g�b�y �\�b�g�v�_�l�b�j�h�\�Z�g�b�y �g�Z �k�b�k�l�_�f�Z�l�b�q�_�k�d�m�x �k�h�k�l�Z�\�e�y�x�s�m�x �i�h�]�j�_�r�g�h�k�l�b, 
�\�u�y�k�g�_�g�b�_ �g�Z�b�[�h�e�_�_ �h�i�l�b�f�Z�e�v�g�u�o �f�_�l�h�^�h�\  �d�h�f�i�_�g�k�Z�p�b�b �i�h�]�j�_�r�g�h�k�l�b �\�b�g�v�_�l�b�j�h�\�Z�g�b�y �^�e�y 
�h�[�_�k�i�_�q�_�g�b�y �[�u�k�l�j�h�l�u �b �b�g�l�_�j�Z�d�l�b�\�g�h�k�l�b �i�j�h�p�_�k�k�Z �b�a�f�_�j�_�g�b�y, �l�_�o�g�b�q�_�k�d�Z�y �j�_�Z�e�b�a�Z�p�b�y 
�i�h�^�h�[�g�u�o �f�_�l�h�^�h�\ �y�\�e�y�_�l�k�y �Z�d�l�m�Z�e�v�g�h�c �a�Z�^�Z�q�_�c. 

�K�m�s�_�k�l�\�m�x�s�b�_ �f�_�l�h�^�b�d�b �d�h�f�i�_�g�k�Z�p�b�b �i�h�]�j�_�r�g�h�k�l�_�c �\�b�g�v�_�l�b�j�h�\�Z�g�b�y �b�g�_�j�p�b�h�g�g�u �b 
�g�_ �h�[�_�k�i�_�q�b�\�Z�x�l �l�j�_�[�m�_�f�h�c �l�h�q�g�h�k�l�b. 

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

�W�n�n�_�d�l�b�\�g�h�k�l�v �i�j�_�^�e�h�`�_�g�g�h�]�h �\�Z�j�b�Z�g�l�Z �Z�e�]�h�j�b�l�f�Z �d�h�f�i�_�g�k�Z�p�b�b �\�e�b�y�g�b�y 
�\�b�g�v�_�l�b�j�h�\�Z�g�b�y �i�h�^�l�\�_�j�`�^�_�g�h �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h. 

�B�k�k�e�_�^�h�\�Z�g�b�y �i�j�h�\�h�^�b�e�b�k�v �\ �j�Z�f�d�Z�o �n�_�^�_�j�Z�e�v�g�h�c �p�_�e�_�\�h�c �i�j�h�]�j�Z�f�f�u «�G�Z�m�q�g�u�_ �b 
�g�Z�m�q�g�h-�i�_�^�Z�]�h�]�b�q�_�k�d�b�_ �d�Z�^�j�u �b�g�g�h�\�Z�p�b�h�g�g�h�c �J�h�k�k�b�b» �g�Z 2009–2013 �]�h�^�u. 

 
�E�b�l�_�j�Z�l�m�j�Z 

1. �E�x �E�w�c. �:�g�Z�e�b�a �k�i�_�p�b�Z�e�v�g�h�]�h �Z�\�l�h�d�h�e�e�b�f�Z�p�b�h�g�g�h�]�h �Z�e�]�h�j�b�l�f�Z �m�]�e�h�\�u�o �b�a�f�_�j�_�g�b�c �^�e�y 
�h�i�l�b�d�h-�w�e�_�d�l�j�h�g�g�u�o �i�j�b�[�h�j�h�\ �i�Z�k�k�b�\�g�h�]�h �l�b�i�Z //�L�j�m�^�u IV �F�_�`�^�m�g�Z�j�h�^�g�Z�y �d�h�g�n�_�j�_�g�p�b�y 
�f�h�e�h�^�u�o �m�q�_�g�u�o �b �k�i�_�p�b�Z�e�b�k�l�h�\ «�H�i�l�b�d�Z-2005». – �K�Z�g�d�l-�I�_�l�_�j�[�m�j�]. – 2005. 
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�H�I�J�?�>�?�E�?�G�B�? �H�I�L�B�F�:�E�V�G�H�C �W�G�?�J�=�?�L�B�Q�?�K�D�H�C 

�B �D�H�G�L�J�:�K�L�G�H�C �Q�M�<�K�L�<�B�L�?�E�V�G�H�K�L�?�C �L�?�E�?�<�B�A�B�H�G�G�H�C 
�K�B�K�L�?�F�U �G�:�;�E�X�>�?�G�B�Y 

�<.�<. �K�l�h�j�h�`�_�g�d�h 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �d.�l.�g., �^�h�p�_�g�l �: .�: . �=�h�j�[�Z�q�z�\ 

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

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

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

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

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

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

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

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

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

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

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

�d�h�g�l�j�Z�k�l�g�h�c �q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�y�f�b,  �b �i�j�_�^�e�h�`�_�g �k�i�h�k�h�[ �g�Z�o�h�`�^�_�g�b�y �b�o �h�i�l�b�f�Z�e�v�g�u�o 
�a�g�Z�q�_�g�b�c �^�e�y �Z�\�l�h�f�Z�l�b�a�b�j�h�\�Z�g�g�h�c �l�_�e�_�\�b�a�b�h�g�g�h�c �k�b�k�l�_�f�u, �h�l�\�_�q�Z�x�s�_�c �m�k�e�h�\�b�y�f 
�l�_�o�g�b�q�_�k�d�h�]�h �a�Z�^�Z�g�b�y. 
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�D�H�F�I�V�X�L�?�J�G�:�Y �F�H�>�?�E�V �H�I�L�B�D�H-�W�E�?�D�L�J�H�G�G�H�C �K�B�K�L�?�F�U 
�H�P�?�G�D�B �I�:�J�:�F�?�L�J�H�< �F�:�E�H�J�:�A�F�?�J�G�U�O �H�;�T�?�D�L�H�< 

�: .�: . �K�l�j�_�e�d�h�\ 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �d.�l.�g., �^�h�p�_�g�l �: .�E. �:�g�^�j�_�_�\ 

 
�< �^�Z�g�g�h�c �j�Z�[�h�l�_ �j�Z�k�k�f�Z�l�j�b�\�Z�x�l�k�y �\�h�i�j�h�k�u, �k�\�y�a�Z�g�g�u�_ �k �j�Z�a�j�Z�[�h�l�d�h�c �b�f�b�l�Z�p�b�h�g�g�h�c 

�f�h�^�_�e�b �H�W�K �g�Z�[�e�x�^�_�g�b�y �a�Z �f�Z�e�h�j�Z�a�f�_�j�g�u�f�b �h�[�t�_�d�l�Z�f�b �b �\�u�[�h�j�h�f �h�i�l�b�f�Z�e�v�g�u�o 
�i�j�h�]�j�Z�f�f�g�u�o �k�j�_�^�k�l�\ �^�e�y �_�z �k�h�a�^�Z�g�b�y. �>�Z�_�l�k�y �h�i�b�k�Z�g�b�_ �i�h�e�m�q�_�g�g�h�c �i�j�h�]�j�Z�f�f�u �b �h�p�_�g�d�Z 
�j�_�a�m�e�v�l�Z�l�h�\ �_�z �j�Z�[�h�l�u. 

�F�Z�l�_�f�Z�l�b�q�_�k�d�Z�y �f�h�^�_�e�v �h�[�u�q�g�h �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �d�h�f�i�e�_�d�k�g�m�x �i�j�h�]�j�Z�f�f�m, 
�\�d�e�x�q�Z�x�s�m�x �]�h�e�h�\�g�m�x �m�i�j�Z�\�e�y�x�s�m�x �i�j�h�]�j�Z�f�f�m �b �j�y� ̂ �\�a�Z�b�f�h�k�\�y�a�Z�g�g�u�o �i�h�^�i�j�h�]�j�Z�f�f, 
�i�h�a�\�h�e�y�x�s�b�o �b�f�b�l�b�j�h�\�Z�l�v �\ �W�<�F �i�j�h�p�_�^�m�j�u, �Z�^�_�d�\�Z�l�g�u�_ �n�b�a�b�q�_�k�d�b�f �i�j�h�p�_�k�k�Z�f, 
�i�j�h�b�k�o�h�^�y�s�b�f �\ �h�l�^�_�e�v�g�u�o �a�\�_�g�v�y�o �j�_�Z�e�v�g�h�c �k�b�k�l�_�f�u. �D �l�Z�d�b�f �i�j�h�p�_�k�k�Z�f �h�l�g�h�k�y�l�k�y: 
�\�o�h�^�g�u�_ �h�i�l�b�q�_�k�d�b�_ �\�h�a�^�_�c�k�l�\�b�y �h�l �g�Z�[�e�x�^�Z�_�f�u�o �h�[�t�_�d�l�h�\ �b �n�h�g�h�\�u�o �i�h�f�_�o; 
�n�h�j�f�b�j�h�\�Z�g�b�_ �b�a�h�[�j�Z�`�_�g�b�y �h�i�l�b�q�_�k�d�h�c �k�b�k�l�_�f�h�c; �i�j�h�p�_�k�k�u, �k�\�y�a�Z�g�g�u�_ �k �n�h�j�f�b�j�h�\�Z�g�b�_�f 
�a�Z�j�y�^�h�\�h�]�h �j�_�e�v�_�n�Z �\ �n�h�l�h�i�j�b�_�f�g�h�f �m�k�l�j�h�c�k�l�\�_ �k �m�q�_�l�h�f �\�g�m�l�j�_�g�g�b�o �g�_�k�l�Z�p�b�h�g�Z�j�g�u�o 
�r�m�f�h�\; �b�k�d�Z�`�_�g�b�y, �\�h�a�g�b�d�Z�x�s�b�_ �\ �j�_�a�m�e�v�l�Z�l�_ �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y �b �d�\�Z�g�l�h�\�Z�g�b�y �k�b�]�g�Z�e�h�\ �\ 
�[�e�h�d�_ �:�P�I  �i�j�b �h�]�j�Z�g�b�q�_�g�g�h�c �j�Z�a�j�y�^�g�h�k�l�b, �Z �l�Z�d�`�_ �\�h�a�f�h�`�g�u�_ �Z�e�]�h�j�b�l�f�u �p�b�n�j�h�\�h�c 
�h�[�j�Z�[�h�l�d�b, �\�d�e�x�q�Z�y �i�j�_�^�\�Z�j�b�l�_�e�v�g�m�x �n�b�e�v�l�j�Z�p�b�x �b�k�o�h�^�g�u�o �f�Z�k�k�b�\�h�\ �p�b�n�j�h�\�h�]�h 
�b�a�h�[�j�Z�`�_�g�b�y, �i�j�h�p�_�^�m�j�u �h�[�g�Z�j�m�`�_�g�b�y, �j�Z�k�i�h�a�g�Z�\�Z�g�b�y �b �h�p�_�g�d�b �i�Z�j�Z�f�_�l�j�h�\ �h�[�t�_�d�l�h�\ 
�g�Z�[�e�x�^�_�g�b�y. �H�q�_�\�b�^�g�h, �q�l�h �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �o�Z�j�Z�d�l�_�j�Z �i�j�h�_�d�l�b�j�m�_�f�h�c �k�b�k�l�_�f�u �\ �f�h�^�_�e�b 
�f�h�]�m�l �[�u�l�v �^�h�i�m�s�_�g�u �g�_�d�h�l�h�j�u�_ �m�i�j�h�s�_�g�b�y, �d�h�l�h�j�u�_ �g�_ �^�h�e�`�g�u �a�Z�f�_�l�g�h �i�h�\�e�b�y�l�v �g�Z 
�^�h�k�l�h�\�_�j�g�h�k�l�v �i�h�e�m�q�_�g�g�u�o �j�_�a�m�e�v�l�Z�l�h�\. 

�>�e�y �k�h�a�^�Z�g�b�y �b�f�b�l�Z�p�b�h�g�g�h�c �f�h�^�_�e�b �H�W�K �h�[�g�Z�j�m�`�_�g�b�y �b �h�p�_�g�d�b �d�h�h�j�^�b�g�Z�l 
�f�Z�e�h�j�Z�a�f�_�j�g�u�o �h�[�t�_�d�l�h�\ �\�h�k�i�h�e�v�a�m�_�f�k�y �k�h�\�j�_�f�_�g�g�h�c �k�j�_�^�h�c �j�Z�a�j�Z�[�h�l�d�b �b �k�h�h�l�\�_�l�k�l�\�m�x�s�b�f 
�_�c �y�a�u�d�h�f �i�j�h�]�j�Z�f�f�b�j�h�\�Z�g�b�y. 

�I�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�\ �k�h�\�j�_�f�_�g�g�u�_ �k�j�_�^�u �i�j�h�]�j�Z�f�f�b�j�h�\�Z�g�b�y, �l�Z�d�b�_ �d�Z�d C++, Delphi, 
MATLAB, Fortran �b �^�j�m�]�b�_ �y �i�j�b�r�_�e �d �\�u�\�h�^�m, �q�l�h �h�i�l�b�f�Z�e�v�g�u�_ �j�_�a�m�e�v�l�Z�l�u �\�u�i�h�e�g�_�g�b�y 
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�i�h�k�l�Z�\�e�_�g�g�h�c �a�Z�^�Z�q�b �f�h�`�g�h �i�h�e�m�q�b�l�v, �b�k�i�h�e�v�a�m�y �g�Z�b�[�h�e�_�_ �j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�u�c �b �m�^�h�[�g�u�c 
�y�a�u�d �i�j�h�]�j�Z�f�f�b�j�h�\�Z�g�b�y: MATLAB. 

�< �j�_�a�m�e�v�l�Z�l�_ �f�h�^�_�e�b�j�h�\�Z�g�b�y �[�u�e�Z �i�h�e�m�q�_�g�Z �b�f�b�l�Z�p�b�h�g�g�Z�y �f�h�^�_�e�v �H�W�K �h�i�j�_�^�_�e�_�g�b�y �b 
�h�p�_�g�d�b �d�h�h�j�^�b�g�Z�l �f�Z�e�h�j�Z�a�f�_�j�g�h�]�h �i�h�^�\�b�`�g�h�]�h �h�[�t�_�d�l�Z, �y�\�e�y�x�s�Z�y�k�y �f�Z�l�_�f�Z�l�b�q�_�k�d�h�c 
�f�h�^�_�e�v�x �j�_�Z�e�v�g�h�c �h�i�l�b�d�h-�w�e�_�d�l�j�h�g�g�h�c �k�b�k�l�_�f�u �k �f�Z�l�j�b�q�g�u�f �N�I�M, �d�h�l�h�j�Z�y �f�h�`�_�l �\�o�h�^�b�l�v 
�\ �k�h�k�l�Z�\ �j�Z�a�e�b�q�g�u�o �i�j�b�[�h�j�h�\ �b�e�b �k�b�k�l�_�f �^�e�y �[�_�k�d�h�g�l�Z�d�l�g�h�]�h �b�a�f�_�j�_�g�b�y �m�]�e�h�\�u�o �b �e�b�g�_�c�g�u�o 
�i�_�j�_�f�_�s�_�g�b�c. �F�h�^�_�e�v �i�j�_�^�k�l�Z�\�e�_�g�Z �\ �\�b�^�_ �i�j�h�]�j�Z�f�f�u, �\ �d�h�l�h�j�h�c �j�_�Z�e�b�a�m�_�l�k�y �b�a�f�_�j�_�g�b�_ 
�d�h�h�j�^�b�g�Z�l �l�h�q�_�q�g�h�]�h �h�[�t�_�d�l�Z, �k�b�]�g�Z�e �h�l �d�h�l�h�j�h�]�h �k�g�b�f�Z�_�l�k�y �k �f�Z�l�j�b�p�u �j�Z�a�f�_�j�h�f 256 �g�Z 256 
�w�e�_�f�_�g�l�h�\. �<�_�k�h�\�Z�y �n�m�g�d�p�b�y �h�[�t�_�d�l�b�\�Z �Z�i�i�j�h�d�k�b�f�b�j�m�_�l�k�y �]�Z�m�k�k�h�b�^�h�c �\�j�Z�s�_�g�b�y. �< �d�Z�q�_�k�l�\�_ 
�b�g�l�_�j�i�h�e�y�p�b�h�g�g�h�]�h �Z�e�]�h�j�b�l�f�Z �b�k�i�h�e�v�a�m�_�l�k�y �Z�e�]�h�j�b�l�f �h�i�j�_�^�_�e�_�g�b�y �w�g�_�j�]�_�l�b�q�_�k�d�h�]�h �p�_�g�l�j�Z 
�j�Z�k�i�j�_�^�_�e�_�g�b�y �h�k�\�_�s�_�g�g�h�k�l�b. �I�j�h�]�j�Z�f�f�Z �h�i�j�_�^�_�e�y�_�l �d�h�h�j�^�b�g�Z�l�u �w�g�_�j�]�_�l�b�q�_�k�d�h�]�h �p�_�g�l�j�Z �b 
�b�o �k�j�_�^�g�_�d�\�Z�^�j�Z�l�b�q�_�k�d�h�_ �h�l�d�e�h�g�_�g�b�_ �h�l �d�h�h�j�^�b�g�Z�l �h�[�t�_�d�l�Z, �\�h�a�g�b�d�Z�x�s�_�_ �\ �k�\�y�a�b �k �g�Z�e�b�q�b�_�f 
�j�Z�a�e�b�q�g�u�o �b�k�l�h�q�g�b�d�h�\ �i�h�]�j�_�r�g�h�k�l�_�c, �k�\�y�a�Z�g�g�u�o �k �\�e�b�y�g�b�_�f �r�m�f�h�\ (�\ �^�Z�g�g�h�f �k�e�m�q�Z�_ 
�g�_�d�h�j�j�_�e�b�j�h�\�Z�g�g�h�]�h �[�_�e�h�]�h �r�m�f�Z), �k �^�b�k�d�j�_�l�g�h�k�l�v�x �k�l�j�m�d�l�m�j�u �N�I�M, �Z �l�Z�d �`�_ �k �i�j�h�p�_�k�k�h�f 
�d�\�Z�g�l�h�\�Z�g�b�y �k�b�]�g�Z�e�Z �\ �:�P�I . �I�j�h�]�j�Z�f�f�Z �^�h�i�m�k�d�Z�_�l �f�g�h�]�h�d�j�Z�l�g�u�c �\�\�h� ̂ �\�Z�j�v�b�j�m�_�f�u�o 
�b�k�o�h�^�g�u�o �i�Z�j�Z�f�_�l�j�h�\: �d�h�h�j�^�b�g�Z�l �b�a�h�[�j�Z�`�_�g�b�y; �j�Z�^�b�m�k�Z �d�j�m�`�d�Z �j�Z�k�k�_�y�g�b�y �h�[�t�_�d�l�b�\�Z; 
�j�Z�a�j�y�^�g�h�k�l�b �Z�g�Z�e�h�]�h-�p�b�n�j�h�\�h�]�h �i�j�_�h�[�j�Z�a�h�\�Z�l�_�e�y; �h�l�g�h�r�_�g�b�y �k�b�]�g�Z�e/�r�m�f. 
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�I�H�K�L�J�H�?�G�B�? �;�E�H�D�: �I�B�L�:�G�B�Y �B �M�I�J�:�<�E�?�G�B�Y DFB �E�:�A�?�J�:�F�B 
�>�E�Y �B�K�I�H�E�V�A�H�<�:�G�B�Y �< �>�B�H�>�G�H�C �E�:�A�?�J�G�H�C �K�I�?�D�L�J�H�K�D�H�I�B�B 

�>.�K. �L�_�j�g�h�\�k�d�b�c 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�l.�g., �i�j�h�n�_�k�k�h�j �<.�<. �L�h�]�Z�l�h�\ 

 
�D�j�Z�l�d�h�_ �\�k�l�m�i�e�_�g�b�_, �i�h�k�l�Z�g�h�\�d�Z �i�j�h�[�e�_�f�u. �< �k�h�\�j�_�f�_�g�g�u�o �k�b�k�l�_�f�Z�o �e�Z�a�_�j�g�h�c 

�^�b�h�^�g�h�c �k�i�_�d�l�j�h�k�d�h�i�b�b �l�j�_�[�m�_�l�k�y �m�a�d�h�i�h�e�h�k�g�u�_ �e�Z�a�_�j�u �k �i�_�j�_�k�l�j�Z�b�\�Z�_�f�h�c �^�e�b�g�g�h�c �\�h�e�g�u 
�^�e�y �k�d�Z�g�b�j�h�\�Z�g�b�y �e�b�g�b�c �i�h�]�e�h�s�_�g�b�y �j�Z�a�e�b�q�g�u�o �\�_�s�_�k�l�\. �< �d�Z�q�_�k�l�\�_ �l�Z�d�h�\�u�o �q�Z�k�l�h 
�i�j�b�f�_�g�y�x�l �h�^�g�h�f�h�^�h�\�u�_ �e�Z�a�_�j�u �k �j�Z�k�i�j�_�^�_�e�_�g�g�h�c �h�[�j�Z�l�g�h�c �k�\�y�a�v�x (Distributed feedback 
laser, DFB laser). �I�j�_�b�f�m�s�_�k�l�\�h�f �l�Z�d�b�o �e�Z�a�_�j�h�\ �y�\�e�y�x�l�k�y �\�u�k�h�d�Z�y �k�l�_�i�_�g�v 
�f�h�g�h�o�j�h�f�Z�l�b�q�g�h�k�l�b, �\�h�a�f�h�`�g�h�k�l�v �j�_�]�m�e�b�j�h�\�d�b �^�e�b�g�u �\�h�e�g�u �\ �r�b�j�h�d�b�o �i�j�_�^�_�e�Z�o, �\�u�k�h�d�b�c 
�D�I�> �b �f�Z�e�u�_ �j�Z�a�f�_�j�u. �L�h�q�g�h�k�l�v �m�k�l�Z�g�h�\�d�b �^�e�b�g�u �\�h�e�g�u DFB-�e�Z�a�_�j�Z �h�i�j�_�^�_�e�y�x�l�k�y 
�l�h�q�g�h�k�l�v�x �m�k�l�Z�g�h�\�d�b �l�h�d�Z �q�_�j�_�a �e�Z�a�_�j �b �k�l�Z�[�b�e�v�g�h�k�l�v�x �l�_�f�i�_�j�Z�l�m�j�u �d�j�b�k�l�Z�e�e�Z. �W�l�b �a�Z�^�Z�q�b 
�j�_�r�Z�_�l �k�b�k�l�_�f�Z �i�b�l�Z�g�b�y �b �m�i�j�Z�\�e�_�g�b�y �e�Z�a�_�j�h�f. 

 
�P�_�e�v�x �j�Z�[�h�l�u �y�\�e�y�_�l�k�y �j�Z�a�j�Z�[�h�l�d�Z �b �i�h�k�l�j�h�_�g�b�_ �[�e�h�d�Z �i�b�l�Z�g�b�y �b �m�i�j�Z�\�e�_�g�b�y DFB-

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

�H�k�g�h�\�g�u�_ �i�Z�j�Z�f�_�l�j�u �[�e�h�d�Z �i�b�l�Z�g�b�y �b �m�i�j�Z�\�e�_�g�b�y: 
�D�h�e�b�q�_�k�l�\�h �m�i�j�Z�\�e�y�_�f�u�o �e�Z�a�_�j�h�\……………………………………………….. 2 �r�l . 
�F�Z�d�k�b�f�Z�e�v�g�u�c �l�h�d �q�_�j�_�a �e�Z�a�_�j………………………………………………….. 200 �f�:  
�R�Z�] �j�_�]�m�e�b�j�h�\�d�b �l�h�d�Z……………………………………………………………. 0.05 �f�:  
�F�Z�d�k�b�f�Z�e�v�g�Z�y �q�Z�k�l�h�l�Z �b�f�i�m�e�v�k�h�\ �l�h�d�Z (Duty Cycle = 50%)……………………200 �d�=�p 
�L�h�q�g�h�k�l�v �i�h�^�^�_�j�`�Z�g�b�y �l�_�f�i�_�j�Z�l�m�j�u �d�j�b�k�l�Z�e�e�Z �e�Z�a�_�j�Z………………………... 0.01�|�K 
�>�b�Z�i�Z�a�h�g �j�_�]�m�e�b�j�h�\�d�b �l�_�f�i�_�j�Z�l�m�j�u �d�j�b�k�l�Z�e�e�Z �e�Z�a�_�j�Z……….………………... 10–55�|�K 
�=�Z�[�Z�j�b�l�g�u�_ �j�Z�a�f�_�j�u……..……………………………………………….. 60×100×20 �f�f 3 
 
�;�Z�a�h�\�u�_ �i�h�e�h�`�_�g�b�y �b�k�k�e�_�^�h�\�Z�g�b�y. �>�e�y �k�b�k�l�_�f�u �^�b�k�l�Z�g�p�b�h�g�g�h�]�h �h�i�j�_�^�_�e�_�g�b�y �i�Z�j�h�\ 

�Z�e�d�h�]�h�e�y �i�j�_�^�e�h�`�_�g�Z �k�o�_�f�Z �k �^�\�m�f�y DFB-�e�Z�a�_�j�Z�f�b. �H�[�Z �e�Z�a�_�j�Z �j�Z�[�h�l�Z�x�l �g�Z �^�e�b�g�Z�o �\�h�e�g �\ 
�j�Z�c�h�g�_ 1.4 �f�d�f. �J�_�]�m�e�b�j�h�\�d�Z, �b�a�e�m�q�Z�_�f�u�o �e�Z�a�_�j�Z�f�b �^�e�b�g �\�h�e�g, �i�j�h�b�k�o�h�^�b�l �g�_�a�Z�\�b�k�b�f�h �a�Z 
�k�q�_�l �b�a�f�_�g�_�g�b�y �l�_�f�i�_�j�Z�l�m�j�u �d�j�b�k�l�Z�e�e�h�\ (1 �g�f/�|�K) �b �b�a�f�_�g�_�g�b�y �\�_�e�b�q�b�g �l�h�d�h�\ �q�_�j�_�a �e�Z�a�_�j�u 
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(0.2 �g�f/�f�: ). �E�Z�a�_�j�u �j�Z�[�h�l�Z�x�l �g�Z �q�Z�k�l�h�l�Z�o 100–200 �d�=�p �k �d�h�w�n�n�b�p�b�_�g�l�h�f �a�Z�i�h�e�g�_�g�b�y 
�b�f�i�m�e�v�k�Z 50%. �<�d�e�x�q�_�g�b�_ �b �\�u�d�e�x�q�_�g�b�_ �e�Z�a�_�j�h�\ �i�j�h�b�k�o�h�^�b�l �i�h�i�_�j�_�f�_�g�g�h. �I�j�b�_�f�g�Z�y �q�Z�k�l�v 
�k�b�k�l�_�f�u �Z�g�Z�e�b�a�b�j�m�_�l �i�j�b�g�y�l�u�_ �k�b�]�g�Z�e�u �h�l �h�[�e�m�q�Z�_�f�h�]�h �e�Z�a�_�j�Z�f�b �h�[�t�_�d�l�Z �b �i�j�b�g�b�f�Z�_�l 
�j�_�r�_�g�b�_ �h �g�Z�e�b�q�b�_ �Z�e�d�h�]�h�e�y. 

�>�e�y �j�Z�[�h�l�u �k�b�k�l�_�f�u �^�e�b�g�u �\�h�e�g DFB-�e�Z�a�_�j�h�\ �\�h �\�j�_�f�y �b�f�i�m�e�v�k�Z �^�h�e�`�g�u 
�i�h�^�^�_�j�`�b�\�Z�l�v�k�y �k �[�h�e�v�r�h�c �l�h�q�g�h�k�l�v�x �b �k�l�Z�[�b�e�v�g�h�k�l�v�x. �K�b�k�l�_�f�Z �k�l�Z�[�b�e�b�a�Z�p�b�b �l�h�d�Z �^�h�e�`�g�Z 
�i�h�^�^�_�j�`�b�\�Z�l�v �l�h�d �\ �i�j�_�^�_�e�Z�o 0.05 �f�:  �h�l �\�u�k�l�Z�\�e�_�g�g�h�]�h �a�g�Z�q�_�g�b�y. �K�b�k�l�_�f�Z �l�_�f�i�_�j�Z�l�m�j�g�h�c 
�k�l�Z�[�b�e�b�a�Z�p�b�b �^�h�e�`�g�Z �m�k�i�_�\�Z�l�v �h�l�j�Z�[�Z�l�u�\�Z�l�v �b�a�f�_�g�_�g�b�y �l�_�f�i�_�j�Z�l�m�j�u �d�j�b�k�l�Z�e�e�h�\ �\ �f�h�f�_�g�l�u 
�g�Z�q�Z�e�Z �i�j�h�l�_�d�Z�g�b�y �b�f�i�m�e�v�k�h�\ �l�h�d�Z �q�_�j�_�a �e�Z�a�_�j, �d�h�]�^�Z �i�j�h�b�k�o�h�^�b�l �j�_�a�d�b�c �g�Z�]�j�_�\ �d�j�b�k�l�Z�e�e�Z. 

 
�H�k�g�h�\�g�u�_ �j�_�a�m�e�v�l�Z�l�u. �J�Z�k�k�f�h�l�j�_�g�Z �\�h�a�f�h�`�g�h�k�l�v �i�h�k�l�j�h�_�g�b�y �[�e�h�d�Z �i�b�l�Z�g�b�y �b 

�m�i�j�Z�\�e�_�g�b�y DFB �e�Z�a�_�j�Z�f�b. �I�j�b�\�_�^�_�g�h �k�j�Z�\�g�_�g�b�_ �i�j�_�^�e�h�`�_�g�g�h�c �k�o�_�f�u �k �^�j�m�]�b�f�b 
�b�a�\�_�k�l�g�u�f�b �k�o�_�f�Z�f�b �i�h�k�l�j�h�_�g�b�y �i�h�^�h�[�g�u�o �[�e�h�d�h�\ �i�b�l�Z�g�b�y. �G�Z �h�k�g�h�\�_ �i�j�_�^�e�h�`�_�g�g�h�c 
�k�o�_�f�h�l�_�o�g�b�d�b �j�Z�a�j�Z�[�h�l�Z�g �[�e�h�d �i�b�l�Z�g�b�y �b �m�i�j�Z�\�e�_�g�b�y �^�\�m�f�y DFB �e�Z�a�_�j�Z�f�b �k �f�Z�d�k�b�f�Z�e�v�g�h�c 
�Z�f�i�e�b�l�m�^�h�c �l�h�d�Z �g�Z�d�Z�q�d�b 200 �f�: , �q�Z�k�l�h�l�_ �i�h�\�l�h�j�_�g�b�y �^�h 200 �d�=�p. �;�e�h�d �l�Z�d�`�_ �k�h�^�_�j�`�b�l 
�k�b�k�l�_�f�m �l�_�j�f�h�k�l�Z�[�b�e�b�a�Z�p�b�b, �k�i�h�k�h�[�g�m�x �j�_�]�m�e�b�j�h�\�Z�l�v �l�_�f�i�_�j�Z�l�m�j�m �^�\�m�o �e�Z�a�_�j�h�\ �k �l�h�q�g�h�k�l�v�x 
0.01�|�K �b �i�h�^�^�_�j�`�b�\�Z�l�v �l�_�f�i�_�j�Z�l�m�j�m �\�g�m�l�j�b �\�k�_�c �k�b�k�l�_�f�u �^�b�k�l�Z�g�p�b�h�g�g�h�]�h �h�[�g�Z�j�m�`�_�g�b�y �\ 
�i�j�_�^�_�e�Z�o �h�l 0 �^�h 30�|�K, �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ �h�d�j�m�`�Z�x�s�_�c �k�j�_�a�u �h�l –30 �^�h +40�|�K. 
 
 
�M�>�D 681.786.23 

 
�F�?�L�H�>�B�D�: �K�;�H�J�D�B �B �H�;�J�:�;�H�L�D�B �>�:�G�G�U�O, �I�H�E�M�Q�?�G�G�U�O 

�< �I�J�H�P�?�K�K�? 3D �K�D�:�G�B�J�H�<�:�G�B�Y 
�<.�H. �L�b�r�d�b�g 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �d.�n.-�f .�g., �\�_�.̂�g.�k. �I .�: . �;�_�e�h�\ 
 
�L�_�o�g�h�e�h�]�b�y �[�_�k�d�h�g�l�Z�d�l�g�h�]�h �e�Z�a�_�j�g�h�]�h 3D �k�d�Z�g�b�j�h�\�Z�g�b�y �i�h�a�\�h�e�y�_�l �i�h�e�m�q�Z�l�v �l�h�q�g�u�_ 

�w�e�_�d�l�j�h�g�g�u�_ �d�h�i�b�b �j�_�Z�e�v�g�u�o �h�[�t�_�d�l�h�\ �\ �\�b�^�_ �h�[�t�_�f�g�u�o �d�h�f�i�v�x�l�_�j�g�u�o �f�h�^�_�e�_�c. �K 
�i�h�f�h�s�v�x �k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�u�o �i�j�h�]�j�Z�f�f�g�u�o �i�Z�d�_�l�h�\ �i�h�e�m�q�_�g�g�u�_ �f�h�^�_�e�b �f�h�]�m�l 
�i�h�^�\�_�j�]�Z�l�v�k�y �h�[�j�Z�[�h�l�d�_, �Z�g�Z�e�b�a�m �b �f�h�^�b�n�b�d�Z�p�b�b. �<�k�_ �w�l�b �i�j�h�]�j�Z�f�f�u �b�f�_�x�l �k�o�h�^�g�u�_ 
�n�m�g�d�p�b�b, �i�h�w�l�h�f�m �p�_�e�v�x �j�Z�[�h�l�u �y�\�e�y�e�h�k�v �j�Z�a�j�Z�[�h�l�d�Z �h�[�s�_�]�h �f�_�l�h�^�Z �h�[�j�Z�[�h�l�d�b �^�Z�g�g�u�o 3D 
�k�d�Z�g�b�j�h�\�Z�g�b�y. 

 
3D-�k�d�Z�g�b�j�h�\�Z�g�b�_ – �w�l�h �k�b�k�l�_�f�Z�l�b�q�_�k�d�b�c �i�j�h�p�_�k�k �h�i�j�_�^�_�e�_�g�b�y �d�h�h�j�^�b�g�Z�l �l�h�q�_�d, 

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

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

�< �k�e�m�q�Z�_ �`�_ �i�h�e�m�q�_�g�g�h�c (�Z�i�i�Z�j�Z�l�g�u�f�b �b�e�b �i�j�h�]�j�Z�f�f�g�u�f�b �k�j�_�^�k�l�\�Z�f�b) �p�_�e�v�g�h�c 3D 
�f�h�^�_�e�b �\�k�_�]�^�Z �g�_�h�[�o�h�^�b�f�Z �_�_ �h�[�j�Z�[�h�l�d�Z �k �p�_�e�v�x �m�^�Z�e�_�g�b�y �g�_�j�h�\�g�h�k�l�_�c, �h�l�\�_�j�k�l�b�c, 
�h�i�l�b�f�b�a�Z�p�b�b �k�_�l�d�b �b �l.� .̂ 

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

�D�j�Z�l�d�h�_ �i�h�y�k�g�_�g�b�_ �^�e�y �h�k�g�h�\�g�u�o �^�_�c�k�l�\�b�c. 
�x �K�d�Z�g�b�j�h�\�Z�g�b�_. 
�I�j�h�p�_�k�k �j�_�]�b�k�l�j�Z�p�b�b �i�h�\�_�j�o�g�h�k�l�b �k�d�Z�g�b�j�m�_�f�h�]�h �b�a�^�_�e�b�y. 
�x �M�^�Z�e�_�g�b�_ �e�b�r�g�_�]�h �f�Z�l�_�j�b�Z�e�Z. 
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�<�h �\�j�_�f�y �k�d�Z�g�b�j�h�\�Z�g�b�y �\�k�_�]�^�Z �a�Z�o�\�Z�l�u�\�Z�x�l�k�y �g�_�g�m�`�g�u�_ �w�e�_�f�_�g�l�u, �g�Z�i�j�b�f�_�j, 
�i�h�\�_�j�o�g�h�k�l�b, �g�Z �d�h�l�h�j�h�c �e�_�`�b�l �k�d�Z�g�b�j�m�_�f�u�c �h�[�t�_�d�l. �?�k�l�_�k�l�\�_�g�g�h, �q�l�h �l�Z�d�h�c �f�Z�l�_�j�b�Z�e 
�g�_�h�[�o�h�^�b�f�h �m�^�Z�e�y�l�v. 

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

�f�Z�j�d�_�j�h�\, �k�d�Z�g�u �g�_ �k�]�j�m�i�i�b�j�h�\�Z�g�u �^�j�m�] �h�l�g�h�k�b�l�_�e�v�g�h �^�j�m�]�Z �l�Z�d�b�f �h�[�j�Z�a�h�f, �q�l�h�[�u 
�i�h�e�m�q�b�e�Z�k�v �p�_�e�v�g�Z�y �d�h�i�b�y. �>�e�y �w�l�h�]�h �\ �k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�h�f �I�H �i�j�_�^�m�k�f�h�l�j�_�g�Z �n�m�g�d�p�b�y 
�k�h�_�^�b�g�_�g�b�y (�g�h �g�_ �\ �h�[�s�_�_ �p�_�e�h�_!) 2-�o �k�d�Z�g�h�\, �b�f�_�x�s�b�o �h�[�s�m�x �i�h�\�_�j�o�g�h�k�l�v. 

�x �>�h�k�h�_�^�b�g�_�g�b�_. 
�I�j�b �k�h�_�^�b�g�_�g�b�b �k�d�Z�g�h�\ �\�h�a�f�h�`�g�u �e�h�d�Z�e�v�g�u�_ �i�h�]�j�_�r�g�h�k�l�b, �d�h�l�h�j�u�_ �\�h�a�f�h�`�g�h 

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

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

�x �K�r�b�\�d�Z. 
 

 
�J�b�k�m�g�h�d. �:�e�]�h�j�b�l�f �h�[�j�Z�[�h�l�d�b �^�Z�g�g�u�o 3D �k�d�Z�g�b�j�h�\�Z�g�b�y 

 
�I�j�h�p�_�^�m�j�Z �k�r�b�\�d�b �i�h�a�\�h�e�y�_�l �k�h�_�^�b�g�b�l�v 2 �b�e�b �[�h�e�_�_ �k�d�Z�g�h�\ �\ �_�^�b�g�h�_ �p�_�e�h�_. �A�^�_�k�v 

�\�h�a�g�b�d�Z�_�l �\�h�i�j�h�k �h �[�h�e�v�r�_�c �w�n�n�_�d�l�b�\�g�h�k�l�b, �l.�_. �k�r�b�\�Z�l�v «�i�h�k�d�Z�g�g�h» �e�b�[�h �p�_�e�b�d�h�f �k�j�Z�a�m. 
�>�Z�g�g�u�c �f�_�l�h�^ �i�j�_�^�i�h�e�Z�]�Z�_�l �k�r�b�\�Z�g�b�_ �\�k�_�]�h �d�h�f�i�e�_�d�k�Z �k�h�_�^�b�g�_�g�g�u�o �f�_�`�^�m �k�h�[�h�c �k�d�Z�g�h�\ 
�i�h�k�e�_ �i�j�h�\�_�^�_�g�g�h�c �i�j�h�p�_�^�m�j�u �^�h�k�h�_�^�b�g�_�g�b�y, �q�l�h �w�d�h�g�h�f�b�l �\�j�_�f�y �\ �h�l�e�b�q�b�_ �h�l �k�r�b�\�Z�g�b�y 
«�i�h�k�d�Z�g�g�h» (�q�l�h �\ �g�_�d�h�l�h�j�u�o �k�e�m�q�Z�y�o �w�n�n�_�d�l�b�\�g�_�_!). 

 
�I�j�_�^�e�Z�]�Z�_�f�u�c �f�_�l�h�^ �k�[�h�j�d�b �b �h�[�j�Z�[�h�l�d�b �^�Z�g�g�u�o �y�\�e�y�_�l�k�y �h�[�s�b�f �^�e�y �[�h�e�v�r�b�g�k�l�\�Z 

�h�[�t�_�d�l�h�\. �K �^�j�m�]�h�c �k�l�h�j�h�g�u �\�h�a�f�h�`�g�u �f�h�^�b�n�b�d�Z�p�b�b �Z�e�]�h�j�b�l�f�Z �^�e�y �k�i�_�p�b�n�b�q�_�k�d�b�o 
�i�h�\�_�j�o�g�h�k�l�_�c �b/�b�e�b �f�h�^�_�e�_�c. �W�l�h �f�h�]�m�l �[�u�l�v �k�e�h�`�g�u�_ �i�h�\�_�j�o�g�h�k�l�b, �]�Z�[�Z�j�b�l�u, �p�\�_�l �b �l.� .̂ �< 
�l�Z�d�b�o �k�e�m�q�Z�y�o �h�[�j�Z�[�h�l�d�Z �\�_�^�_�l�k�y «�i�_�j�k�h�g�Z�e�v�g�h» �k �d�Z�`�^�u�f �h�[�t�_�d�l�h�f �b �j�_�q�v �h�[ �w�l�h�f �i�h�c�^�_�l �\ 
�f�h�b�o �k�e�_�^�m�x�s�b�o �j�Z�[�h�l�Z�o. 
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�K�O�?�F�U �I�H�K�L�J�H�?�G�B�Y �H�I�L�B�D�H-�W�E�?�D�L�J�H�G�G�H�=�H �I�J�H�=�B�;�H�F�?�J�: 
�>.�<. �Q�_�j�g�b�d�h�\�Z 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �d.�l.�g., �^�h�p�_�g�l �: .�: . �=�h�j�[�Z�q�z�\ 
 
�D�j�Z�l�d�h�_ �\�k�l�m�i�e�_�g�b�_. �H�i�l�b�d�h-�w�e�_�d�l�j�h�g�g�u�_ �i�j�b�[�h�j�u �b �k�b�k�l�_�f�u �\ �k�b�e�m �j�y�^�Z 

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

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

�< �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y �k�m�s�_�k�l�\�m�_�l �f�g�h�`�_�k�l�\�h �k�o�_�f �i�h�k�l�j�h�_�g�b�y �h�i�l�b�d�h-�w�e�_�d�l�j�h�g�g�u�o 
�k�b�k�l�_�f (�H�W�K) �d�h�g�l�j�h�e�y �i�j�h�]�b�[�h�\, �a�Z�f�_�l�g�h �h�l�e�b�q�Z�x�s�b�o�k�y �i�h �k�l�j�m�d�l�m�j�_, �n�m�g�d�p�b�h�g�Z�e�v�g�u�f 
�\�h�a�f�h�`�g�h�k�l�y�f �b �k�l�h�b�f�h�k�l�b. 

 
�P�_�e�v �j�Z�[�h�l�u. �<�u�[�j�Z�l�v �h�i�l�b�f�Z�e�v�g�u�c �\�Z�j�b�Z�g�l �k�o�_�f�u �i�h�k�l�j�h�_�g�b�y �H�W�K �d�h�g�l�j�h�e�y 

�i�j�h�]�b�[�h�\ �i�j�h�l�y�`�_�g�g�u�o �h�[�t�_�d�l�h�\. 
 
�H�[�a�h�j �k�m�s�_�k�l�\�m�x�s�b�o �j�Z�a�j�Z�[�h�l�h�d. �I�j�b�g�p�b�i�b�Z�e�v�g�h �\�k�_ �k�o�_�f�u �i�h�k�l�j�h�_�g�b�y �H�W�K 

�d�h�g�l�j�h�e�y �i�j�h�]�b�[�h�\ �h�l�e�b�q�Z�x�l�k�y �i�h �\�o�h�^�y�s�_�f�m �\ �b�o �k�h�k�l�Z�\ �h�i�l�b�q�_�k�d�h�f�m �[�e�h�d�m. �B�k�o�h�^�y �b�a 
�w�l�h�]�h, �k�e�_�^�m�_�l �j�Z�k�k�f�h�l�j�_�l�v �g�Z�b�[�h�e�_�_ �i�j�b�f�_�g�b�f�u�_ �\ �g�Z�r�_�f �k�e�m�q�Z�_ �d�h�g�l�j�h�e�y �i�j�h�]�b�[�h�\ 
�i�j�h�l�y�`�_�g�g�u�o �h�[�t�_�d�l�h�\ �k�o�_�f�u: �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �^�\�m�o �d�Z�f�_�j, �g�Z�i�j�Z�\�e�_�g�g�u�o �\ 
�i�j�h�l�b�\�h�i�h�e�h�`�g�u�_ �k�l�h�j�h�g�u; �i�j�b�a�f�_�g�g�Z�y �k�b�k�l�_�f�Z �b �h�[�t�_�d�l�b�\ (�^�\�Z �h�[�t�_�d�l�b�\�Z); �a�_�j�d�Z�e�v�g�Z�y 
�k�b�k�l�_�f�Z �b �h�[�t�_�d�l�b�\ (�^�\�Z �h�[�t�_�d�l�b�\�Z). 

 
�K�j�Z�\�g�_�g�b�_ �k�m�s�_�k�l�\�m�x�s�b�o �k�o�_�f, �b�o �i�e�x�k�u �b �f�b�g�m�k�u. �K�n�h�j�f�m�e�b�j�m�_�f �h�k�g�h�\�g�u�_ 

�i�Z�j�Z�f�_�l�j�u �^�e�y �k�j�Z�\�g�_�g�b�y: 
1. �d�Z�q�_�k�l�\�h �i�h�e�m�q�Z�_�f�h�]�h �h�i�l�b�q�_�k�d�h�]�h �b�a�h�[�j�Z�`�_�g�b�y; 
2. �]�Z�[�Z�j�b�l�u �b �f�Z�k�k�Z �h�i�l�b�q�_�k�d�h�]�h �[�e�h�d�Z; 
3. �g�Z�^�_�`�g�h�k�l�v �d�h�g�k�l�j�m�d�p�b�b �h�i�l�b�q�_�k�d�h�]�h �[�e�h�d�Z, �k�e�h�`�g�h�k�l�v �\ �g�Z�k�l�j�Z�b�\�Z�g�b�b; 
4. �\�h�a�f�h�`�g�h�k�l�v �j�Z�[�h�l�u �b �d�Z�q�_�k�l�\�h �j�_�a�m�e�v�l�Z�l�h�\ �i�j�b �g�_�j�Z�\�g�h�i�e�_�q�_�f �i�h�e�h�`�_�g�b�b 

�w�e�_�f�_�g�l�h�\; 
5. �p�_�g�Z �d�h�f�i�e�_�d�l�m�x�s�b�o. 

�I�h �m�d�Z�a�Z�g�g�u�f �i�Z�j�Z�f�_�l�j�Z�f �i�j�h�\�_�^�_�g �Z�g�Z�e�b�a �\�h�a�f�h�`�g�u�o �k�o�_�f �i�h�k�l�j�h�_�g�b�y �H�W�K �b 
�\�u�[�j�Z�g�Z �h�i�l�b�f�Z�e�v�g�Z�y �k�o�_�f�Z �h�i�l�b�q�_�k�d�h�]�h �[�e�h�d�Z, �d�h�l�h�j�Z�y �[�m�^�_�l �b�k�i�h�e�v�a�h�\�Z�l�v�k�y �\ �h�i�l�b�d�h-
�w�e�_�d�l�j�h�g�g�h�f �i�j�h�]�b�[�h�f�_�j�_. 

 
�<�u�\�h�.̂ �< �j�_�a�m�e�v�l�Z�l�_ �j�Z�[�h�l�u �[�u�e�b �i�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�g�u �i�h�e�h�`�b�l�_�e�v�g�u�_ �b �h�l�j�b�p�Z�l�_�e�v�g�u�_ 

�k�l�h�j�h�g�u �d�Z�`�^�h�c �b�a �\�h�a�f�h�`�g�u�o �k�o�_�f �i�h�k�l�j�h�_�g�b�y. �B�k�o�h�^�y �b�a �i�h�e�m�q�_�g�g�u�o �^�Z�g�g�u�o �b 
�d�h�g�k�l�j�m�d�l�h�j�k�d�b�o �k�h�h�[�j�Z�`�_�g�b�c, �[�u�e�Z �\�u�[�j�Z�g�Z �k�o�_�f�Z �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �a�_�j�d�Z�e�v�g�h�c �k�b�k�l�_�f�u. 
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�K�I�?�P�B�N�B�D�: �B�K�I�H�E�V�A�H�<�:�G�B�Y �H�I�L�B�D�H-�W�E�?�D�L�J�H�G�G�U�O 
�K�B�K�L�?�F �P�<�?�L�G�H�=�H �A�J�?�G�B�Y �< �L�?�O�G�H�E�H�=�B�Q�?�K�D�B�O 

�I�J�H�P�?�K�K�:�O 
�: .�G. �Q�_�j�l�h�\, �?.�<. �=�h�j�[�m�g�h�\�Z 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�l.�g., �i�j�h�n�_�k�k�h�j �<.�<. �D�h�j�h�l�Z�_�\ 
 

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

�< �l�h �`�_ �\�j�_�f�y, �i�j�b �\�g�b�f�Z�l�_�e�v�g�h�f �b�a�m�q�_�g�b�b �[�h�e�v�r�b�g�k�l�\�Z �i�h�^�h�[�g�u�o �i�j�b�f�_�g�_�g�b�c – 
�h�k�h�[�_�g�g�h�k�l�_�c �k�h�k�l�Z�\�Z �h�[�h�]�Z�s�Z�_�f�h�]�h �b�k�o�h�^�g�h�]�h �f�Z�l�_�j�b�Z�e�Z, �i�h�k�l�Z�\�e�_�g�g�h�c �a�Z�^�Z�q�b �k�_�i�Z�j�Z�p�b�b �b 
�_�_ �m�k�e�h�\�b�c – �q�Z�k�l�h �h�d�Z�a�u�\�Z�_�l�k�y, �q�l�h �k�h�[�k�l�\�_�g�g�h �Z�g�Z�e�b�a �p�\�_�l�h�\�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d �g�_ 
�i�j�h�b�a�\�h�^�b�l�k�y, �m�k�l�m�i�Z�y �f�_�k�l�h �i�j�h�k�l�_�c�r�b�f �Z�e�]�h�j�b�l�f�Z�f �j�Z�k�i�h�a�g�Z�\�Z�g�b�y �p�\�_�l�Z: �i�h �g�_�k�d�h�e�v�d�b�f 
�h�k�g�h�\�g�u�f �p�\�_�l�Z�f, �i�h �h�^�g�h�j�h�^�g�h�k�l�b �b�e�b �k�\�_�l�e�h�l�_ �p�\�_�l�Z. �I�h�^�h�[�g�u�_ «�i�k�_�\�^�h�p�\�_�l�h�\�u�_» 
�k�b�k�l�_�f�u �i�j�b�]�h�^�g�u �d �b�k�i�h�e�v�a�h�\�Z�g�b�x �b�k�d�e�x�q�b�l�_�e�v�g�h �i�j�b �h�[�h�]�Z�s�_�g�b�b �h�l�g�h�k�b�l�_�e�v�g�h �i�j�h�k�l�u�o, 
�d�h�g�l�j�Z�k�l�g�u�o �f�Z�l�_�j�b�Z�e�h�\ �b, �d�Z�d �i�j�Z�\�b�e�h, �g�_ �y�\�e�y�x�l�k�y �Z�^�Z�i�l�b�\�g�u�f�b. 

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

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

 
�H�i�b�k�Z�g�b�_ �k�b�l�m�Z�p�b�b �\ �i�j�_�^�f�_�l�g�h�c �h�[�e�Z�k�l�b. �I�j�b �h�i�b�k�Z�g�b�b �k�m�s�_�k�l�\�m�x�s�b�o �h�i�l�b�d�h-

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

 
�;�Z�a�h�\�u�_ �i�h�e�h�`�_�g�b�y �b�k�k�e�_�^�h�\�Z�g�b�y. �<�h�k�i�j�h�b�a�\�h�^�b�f�u�c �h�i�l�b�d�h-�w�e�_�d�l�j�h�g�g�h�c �k�b�k�l�_�f�h�c 

�p�\�_�l �h�[�t�_�d�l�Z �h�i�j�_�^�_�e�y�_�l�k�y �l�j�_�f�y �k�h�k�l�Z�\�e�y�x�s�b�f�b: 
�� �k�i�_�d�l�j�Z�e�v�g�u�f �b �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�f �j�Z�k�i�j�_�^�_�e�_�g�b�_�f �k�\�_�l�b�f�h�k�l�b �b�k�l�h�q�g�b�d�Z; 
�� �d�h�g�n�b�]�m�j�Z�p�b�_�c, �k�l�j�h�_�g�b�_�f �b �h�j�b�_�g�l�Z�p�b�_�c �h�[�t�_�d�l�Z; 
�� �k�i�_�d�l�j�Z�e�v�g�u�f �b �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�f �j�Z�k�i�j�_�^�_�e�_�g�b�_�f �q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�b �i�j�b�z�f�g�b�d�Z. 

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

 
�H�k�g�h�\�g�u�_ �j�_�a�m�e�v�l�Z�l�u. �;�u�e�b �i�j�h�\�_�^�_�g�u �k�e�_�^�m�x�s�b�_ �i�j�_�^�\�Z�j�b�l�_�e�v�g�u�_ �b�k�k�e�_�^�h�\�Z�g�b�y: 

1) �L�_�h�j�_�l�b�q�_�k�d�b�_ �b�k�k�e�_�^�h�\�Z�g�b�y �a�Z�\�b�k�b�f�h�k�l�_�c «�^�j�_�c�n�Z» �d�h�h�j�^�b�g�Z�l �p�\�_�l�g�h�k�l�b �\ �p�\�_�l�h�\�h�f 
�i�j�h�k�l�j�Z�g�k�l�\�_ HLS �h�l �k�i�_�d�l�j�Z�e�v�g�h�]�h �j�Z�k�i�j�_�^�_�e�_�g�b�y �k�\�_�l�b�f�h�k�l�b �b�k�l�h�q�g�b�d�Z �b�a�e�m�q�_�g�b�y 
�^�e�y �q�_�l�u�j�z�o �h�[�j�Z�a�p�h�\ �f�b�d�j�h�d�e�b�g�Z �k �j�Z�a�e�b�q�g�u�f �k�i�_�d�l�j�Z�e�v�g�u�f �d�h�w�n�n�b�p�b�_�g�l�h�f 
�h�l�j�Z�`�_�g�b�y. �I�j�b �w�l�h�f �b�k�i�h�e�v�a�h�\�Z�e�b�k�v �k�i�_�d�l�j�Z�e�v�g�u�_ �j�Z�k�i�j�_�^�_�e�_�g�b�y �y�j�d�h�k�l�b 
�k�l�Z�g�^�Z�j�l�g�u�o �b�k�l�h�q�g�b�d�h�\ �l�b�i�Z �: , B, C, D65. 
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�J�_�a�m�e�v�l�Z�l�u �b�k�k�e�_�^�h�\�Z�g�b�c �i�h�d�Z�a�Z�e�b, �q�l�h �i�j�b �j�Z�a�e�b�q�g�u�o �k�i�_�d�l�j�Z�e�v�g�u�o �j�Z�k�i�j�_�^�_�e�_�g�b�y�o 
�k�\�_�l�b�f�h�k�l�b �b�k�l�h�q�g�b�d�h�\ �i�j�b �j�Z�\�g�h�c �f�h�s�g�h�k�l�b �b�a�e�m�q�_�g�b�y �b�a�f�_�g�y�_�l�k�y �l�h�e�v�d�h �h�^�g�Z �b�a �l�j�z�o 
�d�h�h�j�^�b�g�Z�l – �p�\�_�l�h�\�h�c �l�h�g H, �h�i�b�k�u�\�Z�_�f�u�c �^�h�f�b�g�b�j�m�x�s�_�c �^�e�b�g�h�c �\�h�e�g�u �h�l�j�Z�`�z�g�g�h�]�h �h�l 
�h�[�t�_�d�l�Z �b�k�k�e�_�^�h�\�Z�g�b�y �b�a�e�m�q�_�g�b�y �b�k�l�h�q�g�b�d�Z. 

�I�j�b�q�z�f �^�e�y �j�Z�a�g�u�o �h�[�j�Z�a�p�h�\ �f�b�d�j�h�d�e�b�g�Z �^�b�Z�i�Z�a�h�g�u «�^�j�_�c�n�Z» �p�\�_�l�h�\�h�c �d�h�h�j�^�b�g�Z�l�u 
�h�d�Z�a�Z�e�b�k�v �j�Z�a�e�b�q�g�u. �L�Z�d�b�f �h�[�j�Z�a�h�f, �\�_�e�b�q�b�g�Z �^�j�_�c�n�Z �a�Z�\�b�k�b�l �g�_ �l�h�e�v�d�h �h�l �k�i�_�d�l�j�Z�e�v�g�h�]�h 
�j�Z�k�i�j�_�^�_�e�_�g�b�y �k�\�_�l�b�f�h�k�l�b �b�k�l�h�q�g�b�d�Z, �g�h �b �h�l �k�i�_�d�l�j�Z�e�v�g�h�]�h �j�Z�k�i�j�_�^�_�e�_�g�b�y �d�h�w�n�n�b�p�b�_�g�l�Z 
�h�l�j�Z�`�_�g�b�y �h�[�t�_�d�l�Z �b�k�k�e�_�^�h�\�Z�g�b�y. 

2) �W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_ �b�k�k�e�_�^�h�\�Z�g�b�y �a�Z�\�b�k�b�f�h�k�l�_�c «�^�j�_�c�n�Z» �d�h�h�j�^�b�g�Z�l �p�\�_�l�g�h�k�l�b �\ 
�p�\�_�l�h�\�h�f �i�j�h�k�l�j�Z�g�k�l�\�_ HLS �h�l �f�h�s�g�h�k�l�b �b�a�e�m�q�_�g�b�y �b�k�l�h�q�g�b�d�Z. �I�j�b �w�l�h�f 
�b�k�i�h�e�v�a�h�\�Z�e�k�y �k�\�_�l�h�^�b�h�^�g�u�c �b�k�l�h�q�g�b�d �l�b�i�Z MBRL-CW13015 (�n. Moritex), 
�h�l�e�b�q�Z�x�s�b�c�k�y �\�u�k�h�d�h�c �j�Z�\�g�h�f�_�j�g�h�k�l�v�x �j�Z�k�i�j�_�^�_�e�_�g�b�y �y�j�d�h�k�l�b �i�h �i�h�e�x �b�a�e�m�q�_�g�b�y. 

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

�I�h�e�m�q�_�g�g�u�_ �j�_�a�m�e�v�l�Z�l�u �i�h�^�l�\�_�j�`�^�Z�x�l �g�_�h�[�o�h�^�b�f�h�k�l�v �j�Z�a�j�Z�[�h�l�d�b �f�_�l�h�^�h�\ �Z�^�Z�i�l�b�\�g�h�c 
�g�Z�k�l�j�h�c�d�b �b �h�i�l�b�f�b�a�Z�p�b�b �i�Z�j�Z�f�_�l�j�h�\ �b�a�f�_�j�b�l�_�e�v�g�u�o �k�o�_�f �b �h�l�^�_�e�v�g�u�o �w�e�_�f�_�g�l�h�\ �h�i�l�b�d�h-
�w�e�_�d�l�j�h�g�g�u�o �k�b�k�l�_�f �p�\�_�l�g�h�]�h �a�j�_�g�b�y. 
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�<�?�E�B�Q�B�G�U �D�H�G�L�J�H�E�B�J�M�?�F�U�O �J�:�A�<�H�J�H�L�H�< 

�< �=�H�J�B�A�H�G�L�:�E�V�G�H�C �I�E�H�K�D�H�K�L�B 
�F.�: . �R�h�f�j�b�g�Z 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �d.�l.�g., �^�h�p�_�g�l �: .�G. �L�b�f�h�n�_�_�\ 
 
�J�Z�[�h�l�Z �i�h�k�\�y�s�_�g�Z �b�k�k�e�_�^�h�\�Z�g�b�x �i�h�]�j�_�r�g�h�k�l�b �Z�e�]�h�j�b�l�f�Z �h�i�l�b�d�h-�w�e�_�d�l�j�h�g�g�h�c �k�b�k�l�_�f�u 

�d�h�g�l�j�h�e�y �i�Z�j�Z�e�e�_�e�v�g�h�k�l�b �\�Z�e�h�\ (�H�W�K�D�I�<) �\ �]�h�j�b�a�h�g�l�Z�e�v�g�h�c �i�e�h�k�d�h�k�l�b. �< �g�_�c 
�j�Z�k�k�f�Z�l�j�b�\�Z�x�l�k�y �\�e�b�y�g�b�y �j�Z�a�e�b�q�g�u�o �n�Z�d�l�h�j�h�\ �g�Z �i�h�]�j�_�r�g�h�k�l�v �b�a�f�_�j�b�l�_�e�v�g�h�]�h �Z�e�]�h�j�b�l�f�Z �b 
�g�Z �l�h�q�g�h�k�l�v �b�a�f�_�j�_�g�b�c �H�W�K�D�I�<. 

 
�P�_�e�v �j�Z�[�h�l�u. �>�Z�g�g�Z�y �j�Z�[�h�l�Z �i�h�k�\�y�s�_�g�Z �Z�g�Z�e�b�a�m �i�h�]�j�_�r�g�h�k�l�b �b�a�f�_�j�b�l�_�e�v�g�h�]�h 

�Z�e�]�h�j�b�l�f�Z �H�W�K�D�I, �k�i�h�k�h�[�g�h�c �\�_�k�l�b �d�h�g�l�j�h�e�v �i�Z�j�Z�e�e�_�e�v�g�h�k�l�b �\�Z�e�h�\ �[�m�f�Z�]�h�^�_�e�Z�l�_�e�v�g�u�o 
�f�Z�r�b�g �\ �]�h�j�b�a�h�g�l�Z�e�v�g�h�c �i�e�h�k�d�h�k�l�b �h�l�g�h�k�b�l�_�e�v�g�h �[�Z�a�h�\�h�c �k�b�k�l�_�f�u �d�h�h�j�^�b�g�Z�l. 

 
�;�Z�a�h�\�u�_ �i�h�e�h�`�_�g�b�y. �I�j�h�p�_�k�k �d�h�g�l�j�h�e�y �i�Z�j�Z�e�e�_�e�v�g�h�k�l�b �\�Z�e�h�\ �k�h�k�l�h�b�l �\ 

�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�f �b�a�f�_�j�_�g�b�b �m�]�e�Z �j�Z�a�\�h�j�h�l�Z �h�k�b �\�Z�e�h�\ �h�l�g�h�k�b�l�_�e�v�g�h �[�Z�a�h�\�h�]�h. �>�e�y �l�h�]�h 
�q�l�h�[�u �i�h�e�m�q�b�l�v �a�g�Z�q�_�g�b�_ �m�]�e�Z �h�l�d�e�h�g�_�g�b�y �\�Z�e�h�\ �\ �]�h�j�b�a�h�g�l�Z�e�v�g�h�c �i�e�h�k�d�h�k�l�b �g�_�h�[�o�h�^�b�f�h 
�h�i�j�_�^�_�e�b�l�v �d�h�h�j�^�b�g�Z�l�u �b�a�h�[�j�Z�`�_�g�b�y �^�\�m�o �i�h�e�m�i�j�h�\�h�^�g�b�d�h�\�u�o �b�a�e�m�q�Z�x�s�b�o �^�b�h�^�h�\ (�I�B�>) �b 
�e�b�g�_�c�g�h�_ �k�f�_�s�_�g�b�_ �d�h�g�l�j�h�e�v�g�h�]�h �w�e�_�f�_�g�l�Z �g�Z �f�Z�l�j�b�p�_. �>�e�y �h�i�j�_�^�_�e�_�g�b�y �d�h�h�j�^�b�g�Z�l 
�b�k�i�h�e�v�a�m�_�l�k�y �g�Z�b�[�h�e�_�_ �i�j�h�k�l�h�c �Z�e�]�h�j�b�l�f �h�i�j�_�^�_�e�_�g�b�y �w�g�_�j�]�_�l�b�q�_�k�d�h�]�h �p�_�g�l�j�Z �l�y�`�_�k�l�b 
�b�a�h�[�j�Z�`�_�g�b�y (�i�h�]�j�_�r�g�h�k�l�v �k�h�k�l�Z�\�e�y�_�l 0,1...0,01 �j�Z�a�f�_�j�Z �w�e�_�f�_�g�l�Z �N�I�A�K) [1]. �I�h�e�m�q�b�\ 
�d�h�h�j�^�b�g�Z�l�u �g�m�e�_�\�h�]�h �b �b�a�f�_�j�y�_�f�h�]�h �i�h�e�h�`�_�g�b�y �d�h�g�l�j�h�e�v�g�h�]�h �w�e�_�f�_�g�l�Z (�D�W), �g�Z �d�h�f�i�v�x�l�_�j�_ 
�\�u�q�b�k�e�y�_�l�k�y �e�b�g�_�c�g�h�_ �k�f�_�s�_�g�b�_ �Z�/, �n�h�d�m�k�g�h�_ �j�Z�k�k�l�h�y�g�b�_ �k�b�k�l�_�f�u �i�h �b�a�\�_�k�l�g�u�f 
�d�h�h�j�^�b�g�Z�l�Z�f �b�a�h�[�j�Z�`�_�g�b�c �I�B�> �b �b�a�\�_�k�l�g�h�f�m �j�Z�k�k�l�h�y�g�b�x �f�_�`�^�m �k�Z�f�b�f�b �^�b�h�^�Z�f�b (�i�h �[�Z�a�_), 
�Z �a�Z�l�_�f �b �m�]�h�e �j�Z�a�\�h�j�h�l�Z �\ �]�h�j�b�a�h�g�l�Z�e�v�g�h�c �i�e�h�k�d�h�k�l�b. 

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

�< �j�Z�[�h�l�_ �b�k�k�e�_�^�m�_�l�k�y  �i�h�]�j�_�r�g�h�k�l�v �H�W�K�D�I�< �[�m�f�Z�]�h�^�_�e�Z�l�_�e�v�g�h�c �f�Z�r�b�g�u �k �m�q�_�l�h�f 
�i�h�]�j�_�r�g�h�k�l�b �b�a�f�_�j�b�l�_�e�v�g�h�]�h �Z�e�]�h�j�b�l�f�Z. 

 
�J�_�a�m�e�v�l�Z�l�u. �< �j�_�a�m�e�v�l�Z�l�_ �i�j�h�\�_�^�_�g�g�h�]�h �Z�g�Z�e�b�a�Z �[�u�e�h �i�h�e�m�q�_�g�h �a�g�Z�q�_�g�b�_ �i�h�]�j�_�r�g�h�k�l�b 

�Z�e�]�h�j�b�l�f�Z �h�i�j�_�^�_�e�_�g�b�y �\�_�e�b�q�b�g�u �d�h�g�l�j�h�e�b�j�m�_�f�u�o �j�Z�a�\�h�j�h�l�h�\ �\ �]�h�j�b�a�h�g�l�Z�e�v�g�h�c �i�e�h�k�d�h�k�l�b, 
�d�h�l�h�j�Z�y �k�h�k�l�Z�\�b�e�Z 1,8�Ž. �H�p�_�g�_�g�h �_�_ �\�e�b�y�g�b�_ �g�Z �l�h�q�g�h�k�l�v �b�a�f�_�j�_�g�b�c �\�k�_�c �k�b�k�l�_�f�u �\ �p�_�e�h�f �k �m�q�_�l�h�f 
�^�j�m�]�b�o �i�h�]�j�_�r�g�h�k�l�_�c �k�b�k�l�_�f�u. �J�Z�k�k�q�b�l�Z�g�h, �q�l�h �i�h�]�j�_�r�g�h�k�l�v �H�W�K�D�I�< �g�_ �i�j�_�\�u�r�Z�_�l 6,7�Ž. 

 
�E�b�l�_�j�Z�l�m�j�Z 

1. �D�h�j�h�l�Z�_�\ �<.�<., �D�j�Z�k�g�y�s�b�o �: .�<. �B�a�f�_�j�b�l�_�e�v�g�u�_ �h�i�l�b�d�h-�w�e�_�d�l�j�h�g�g�u�_ �i�j�b�[�h�j�u / 
�F�_�l�h�^�b�q�_�k�d�b�_ �m�d�Z�a�Z�g�b�y �d �\�u�i�h�e�g�_�g�b�x �e�Z�[�h�j�Z�l�h�j�g�u�o �j�Z�[�h�l. – �K�I�[: �K�I�[�=�M �B�L�F�H. – 
2006. – 104 �k. 
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�H �<�H�A�F�H�@�G�H�F �F�?�O�:�G�B�A�F�? �O�?�F�B�E�X�F�B�G�?�K�P�?�G�P�B�B �I�J�B 
�<�A�:�B�F�H�>�?�C�K�L�<�B�B �K�B�G�=�E�?�L�G�H�=�H �D�B�K�E�H�J�H�>�: �B 9,10-

�>�B�N�?�G�B�E�:�G�L�J�:�P�?�G�: 
�E.�G. �B�k�Z�_�\ 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �d.�o.�g. �<.�I . �Q�_�e�b�[�Z�g�h�\ 
 
�B�a�\�_�k�l�g�h [1, 2], �q�l�h �\ �f�h�e�_�d�m�e�Z�o �h�e�_�n�b�g�h�\ �i�j�b �w�e�_�d�l�j�h�g�h�^�h�g�h�j�g�u�o �a�Z�f�_�k�l�b�l�_�e�y�o �i�j�b 

�^�\�h�c�g�h�c �k�\�y�a�b �f�h�`�_�l �g�Z�[�e�x�^�Z�l�v�k�y �j�_�Z�d�p�b�y [2+2] �p�b�d�e�h�i�j�b�k�h�_�^�b�g�_�g�b�y �k�b�g�]�e�_�l�g�h�]�h 
�d�b�k�e�h�j�h�^�Z. 

�I�_�j�\�Z�y �Z�l�Z�d�Z �k�b�g�]�e�_�l�g�h�]�h �d�b�k�e�h�j�h�^�Z �g�Z �f�h�e�_�d�m�e�m �h�e�_�n�b�g�Z �i�j�b�\�h�^�b�l �d �h�[�j�Z�a�h�\�Z�g�b�x 
�^�b�h�d�k�_�l�Z�g�Z. �I�h�k�e�_�^�g�b�c �i�j�b �j�Z�k�i�Z�^�_ �h�[�j�Z�a�m�_�l �d�Z�j�[�h�g�b�e�v�g�u�c �i�j�h�^�m�d�l �\ �k�b�g�]�e�_�l�g�h-
�\�h�a�[�m�`�^�_�g�g�h�f �k�h�k�l�h�y�g�b�b. �D�Z�d �i�j�Z�\�b�e�h, �d�\�Z�g�l�h�\�u�c �\�u�o�h�^ �w�l�h�]�h �i�j�h�^�m�d�l�Z �a�g�Z�q�b�l�_�e�_�g. 
�I�_�j�_�g�h�k �\�h�a�[�m�`�^�_�g�b�y �h�l �d�Z�j�[�h�g�b�e�v�g�h�]�h �i�j�h�^�m�d�l�Z �g�Z �f�h�e�_�d�m�e�u �i�j�b�k�m�l�k�l�\�m�x�s�_�c �\ �k�b�k�l�_�f�_ 
�Z�d�l�b�\�Z�l�h�j�Z 9,10-�^�b�n�_�g�b�e�Z�g�l�j�Z�p�_�g �h�[�_�k�i�_�q�b�\�Z�_�l �a�Z�k�_�e�_�g�b�_ �m�j�h�\�g�_�c �w�g�_�j�]�b�b �k �i�h�k�e�_�^�m�x�s�_�c 
�e�x�f�b�g�_�k�p�_�g�p�b�_�c �b �i�_�j�_�o�h�^ �\ �h�k�g�h�\�g�h�_ �d�\�Z�g�l�h�\�h�_ �k�h�k�l�h�y�g�b�_ �f�h�e�_�d�m�e�u �Z�d�l�b�\�Z�l�h�j�Z. 

�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h �h�[�g�Z�j�m�`�_�g�h, �q�l�h �k�i�_�d�l�j �n�h�l�h�e�x�f�b�g�_�k�p�_�g�p�b�b 9,10-
�^�b�n�_�g�b�e�Z�g�l�j�Z�p�_�g�Z �k�h�\�i�Z�^�Z�_�l �k�h �k�i�_�d�l�j�h�f �o�_�f�b�e�x�f�b�g�_�k�p�_�g�p�b�b �g�Z�[�e�x�^�Z�_�f�h�]�h �i�j�b 
�\�a�Z�b�f�h�^�_�c�k�l�\�b�y �k�b�g�]�e�_�l�g�h�]�h �d�b�k�e�h�j�h�^�Z �k 9,10-�^�b�n�_�g�b�e�Z�g�l�j�Z�p�_�g�h�f �Z�^�k�h�j�[�b�j�h�\�Z�g�g�u�f �g�Z 
�i�h�e�b�f�_�j�g�h�f �b�g�_�j�l�g�h�f �g�h�k�b�l�_�e�_. �A�Z�j�_�]�b�k�l�j�b�j�h�\�Z�g�g�u�c �d�\�Z�g�l�h�\�u�c �m�j�h�\�_�g�v 
�o�_�f�b�e�x�f�b�g�_�k�p�_�g�p�b�b �h�d�Z�a�Z�e�k�y �k�l�h�e�v �\�u�k�h�d, �q�l�h �w�l�h �i�h�a�\�h�e�y�_�l �i�j�_�^�i�h�e�Z�]�Z�l�v �b�k�i�h�e�v�a�h�\�Z�g�b�_ 
�j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�c �o�b�f�b�q�_�k�d�h�c �k�b�k�l�_�f�u �^�e�y �d�h�e�b�q�_�k�l�\�_�g�g�h�]�h �h�i�j�_�^�_�e�_�g�b�y �k�b�g�]�e�_�l�g�h�]�h 
�d�b�k�e�h�j�h�^�Z �\ �Z�l�f�h�k�n�_�j�g�h�f �\�h�a�^�m�o�_. 

 
�E�b�l�_�j�Z�l�m�j�Z 

1. Luiz H. Catalani and Therese Wilson. Electron Transfer and Chemiluminescence. 1,4-
Dimethixy-9,10-diphenylanthracene Peroxide and Diphenoyl Peroxide.// J.Am.Chem.Soc. –
 1989. – 111. – �J�J. 2633–2639. 
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�B�G�>�M�P�B�J�H�<�:�G�G�:�Y �E�X�F�B�G�?�K�P�?�G�P�B�Y �E�:�;�B�E�V�G�U�O 
�I�J�H�>�M�D�L�H�< �J�?�:�D�P�B�B �H�A�H�G�H�E�B�A�: �=�:�E�E�H�<�H�C �D�B�K�E�H�L�U 

�E.�G. �B�k�Z�_�\ 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �d.�o.�g. �<.�I . �Q�_�e�b�[�Z�g�h�\ 

 
�H�i�u�l�u, �h �d�h�l�h�j�u�o �k�h�h�[�s�Z�_�l�k�y �\ �g�Z�k�l�h�y�s�_�c �j�Z�[�h�l�_, �[�u�e�b �i�h�k�l�Z�\�e�_�g�u �k �p�_�e�v�x 

�\�h�a�f�h�`�g�h�c �b�^�_�g�l�b�n�b�d�Z�p�b�b �i�j�h�f�_�`�m�l�h�q�g�u�o (�e�Z�[�b�e�v�g�u�o) �i�j�h�^�m�d�l�h�\ – �i�j�_�^�r�_�k�l�\�_�g�g�b�d�Z 
�w�f�b�l�l�_�j�Z �o�_�f�b�e�x�f�b�g�_�k�p�_�g�p�b�b �i�j�b �k�e�h�`�g�h�f �i�j�h�p�_�k�k�_ �h�d�b�k�e�_�g�b�y �h�a�h�g�h�f �h�d�k�b�[�_�g�a�h�c�g�h�c 
�d�b�k�e�h�l�u. �I�j�y�f�h�_ �g�Z�[�e�x�^�_�g�b�_ �i�j�h�p�_�k�k�Z �o�_�f�b�e�x�f�b�g�_�k�p�_�g�p�b�b �g�_ �i�h�a�\�h�e�y�_�l �d�h�j�j�_�d�l�g�h �k�\�y�a�Z�l�v 
�d�\�Z�g�l�h�\�u�c �\�u�o�h�^ �\�h�a�[�m�`�^�_�g�b�y �w�f�b�l�l�_�j�Z �k �d�b�g�_�l�b�d�h�c �j�Z�k�o�h�^�h�\�Z�g�b�y �e�Z�[�b�e�v�g�h�]�h �i�j�h�^�m�d�l�Z, �b 
�d�Z�d �k�e�_�^�k�l�\�b�_, �g�_�\�h�a�f�h�`�g�h �h�p�_�g�b�l�v �d�h�g�k�l�Z�g�l�u �k�d�h�j�h�k�l�_�c �j�_�Z�d�p�b�c �e�b�f�b�l�b�j�m�x�s�b�o �i�j�h�p�_�k�k. 
�I�j�b�f�_�g�_�g�b�_ �f�_�l�h�^�Z «�k�d�Z�q�d�Z �d�h�g�p�_�g�l�j�Z�p�b�b» �\ �k�b�k�l�_�f�_ �i�h�a�\�h�e�b�e�h �i�h�e�m�q�b�l�v �k�i�_�d�l�j 
�n�h�l�h�e�x�f�b�g�_�k�p�_�g�p�b�b �\ �d�b�g�_�l�b�d�_ �e�Z�[�b�e�v�g�h�]�h �i�j�h�^�m�d�l�Z – �i�j�_�^�r�_�k�l�\�_�g�g�b�d�Z �w�f�b�l�l�_�j�Z 
�e�x�f�b�g�_�k�p�_�g�p�b�b. �W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h �h�[�g�Z�j�m�`�_�g�h, �q�l�h �i�_�j�\�Z�y �i�j�h�b�a�\�h�^�g�Z�y �b�g�l�_�g�k�b�\�g�h�k�l�b 
�n�h�l�h�e�x�f�b�g�_�k�p�_�g�p�b�b �i�j�h�f�_�`�m�l�h�q�g�h�]�h �i�j�h�^�m�d�l�Z �\ �h�k�g�h�\�g�h�c �i�h�e�h�k�_ �i�_�j�_�o�h�^�Z 
�i�j�h�i�h�j�p�b�h�g�Z�e�v�g�Z�y �b�g�l�_�g�k�b�\�g�h�k�l�b �o�_�f�b�e�x�f�b�g�_�k�p�_�g�p�b�b, �g�Z�[�e�x�^�Z�_�f�h�c �\ �k�b�k�l�_�f�_. 
�H�[�g�Z�j�m�`�_�g�g�Z�y �a�Z�\�b�k�b�f�h�k�l�v �i�h�a�\�h�e�y�_�l �]�h�\�h�j�b�l�v �h �d�h�j�j�_�d�l�g�h�k�l�b �i�j�_�^�e�h�`�_�g�b�c �f�h�^�_�e�b 
�i�j�h�p�_�k�k�Z �h�d�b�k�e�_�g�b�y 3, 4, 5-�h�d�k�b�[�_�g�a�h�c�g�_�h�c �d�b�k�e�h�l�u �h�a�h�g�h�f, �b �\�h�a�f�h�`�g�h�k�l�b �k�h�o�j�Z�g�_�g�b�y 
�^�h�e�]�h�\�j�_�f�_�g�g�h�c �k�l�Z�[�b�e�v�g�h�k�l�b �q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�b �o�_�f�b�e�x�f�b�g�_�k�p�_�g�l�g�h�]�h �^�Z�l�q�b�d�Z �h�a�h�g�Z. 
�H�p�_�g�_�g�Z �[�j�m�l�l�h-�d�h�g�k�l�Z�g�l�Z �k�d�h�j�h�k�l�b �k�l�Z�^�b�b, �e�b�f�b�l�b�j�m�x�s�_�c �i�j�h�p�_�k�k �h�d�b�k�e�_�g�b�y. 
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�M�>�D 681.7.063 

 
�I�J�B�F�?�G�?�G�B�? �< �H�I�L�H�W�E�?�D�L�J�H�G�B�D�? �H�;�T�?�F�G�U�O �;�J�W�=�=�H�<�K�D�B�O 

�J�?�R�?�L�H�D, �A�:�I�B�K�:�G�G�U�O �< �N�L�J �K�L�?�D�E�? 
�: .�G. �;�Z�[�d�b�g�Z 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�o.�g., �i�j�h�n�_�k�k�h�j �<.�: . �P�_�o�h�f�k�d�b�c 
 

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

 
�P�_�e�v �j�Z�[�h�l�u. �>�h�d�Z�a�Z�l�v �w�n�n�_�d�l�b�\�g�h�k�l�v �h�[�t�_�f�g�u�o �;�j�w�]�]�h�\�k�d�b�o �j�_�r�_�l�h�d, �a�Z�i�b�k�Z�g�g�u�o �\ 

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

 
�;�Z�a�h�\�u�_ �i�h�e�h�`�_�g�b�y �b�k�k�e�_�^�h�\�Z�g�b�y. �N�h�l�h-�l�_�j�f�h-�j�_�n�j�Z�d�l�b�\�g�h�_ �k�l�_�d�e�h – �w�l�h 

�f�g�h�]�h�d�h�f�i�h�g�_�g�l�g�h�_ �k�b�e�b�d�Z�l�g�h�_ (Na2O – ZnO – Al2O3 – SiO2) �k�l�_�d�e�h, �e�_�]�b�j�h�\�Z�g�g�h�_ 
�i�j�b�f�_�k�y�f�b �k�_�j�_�[�j�Z, �p�_�j�b�y �b �n�l�h�j�Z, �d�h�l�h�j�h�_ �i�h�e�m�q�b�e�h �k�\�h�_ �g�Z�a�\�Z�g�b�_ �[�e�Z�]�h�^�Z�j�y �h�q�_�g�v 
�i�h�e�_�a�g�h�f�m �k�\�h�c�k�l�\�m: �b�a�f�_�g�y�l�v �i�h�d�Z�a�Z�l�_�e�v �i�j�_�e�h�f�e�_�g�b�y �i�h� ̂�^�_�c�k�l�\�b�_�f �k�h�q�_�l�Z�g�b�y �n�h�l�h�g�g�u�o �b 
�l�_�j�f�b�q�_�k�d�b�o �i�j�h�p�_�k�k�h�\. 

�H�[�t�_�f�g�Z�y �;�j�w�]�]�h�\�k�d�Z�y �j�_�r�_�l�d�Z – �i�j�h�k�l�_�c�r�Z�y �]�h�e�h�]�j�Z�f�f�Z, �i�j�_�^�k�l�Z�\�e�y�x�s�Z�y �k�h�[�h�c 
�i�_�j�b�h�^�b�q�_�k�d�m�x �k�l�j�m�d�l�m�j�m �k �h�i�j�_�^�_�e�_�g�g�u�f �i�_�j�b�h�^�h�f �f�h�^�m�e�y�p�b�b �i�h�d�Z�a�Z�l�_�e�y �i�j�_�e�h�f�e�_�g�b�y, 
�k�i�h�k�h�[�g�Z�y �^�b�n�j�Z�]�b�j�h�\�Z�l�v �l�h�e�v�d�h �h�^�g�m �^�e�b�g�m �\�h�e�g�u �b �h�[�e�Z�^�Z�x�s�Z�y �^�b�n�j�Z�d�p�b�h�g�g�h�c 
�w�n�n�_�d�l�b�\�g�h�k�l�v�x �[�h�e�_�_ 90%. 

 
�I�j�Z�d�l�b�q�_�k�d�b�_ �j�_�a�m�e�v�l�Z�l�u. �< �j�Z�[�h�l�_ �[�u�e�h �i�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�g�h �g�_�k�d�h�e�v�d�h 

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

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

2. �H�i�l�b�q�_�k�d�b�_ �^�b�n�n�_�j�_�g�p�b�Z�l�h�j�u, �i�j�b �i�h�f�h�s�b �d�h�l�h�j�u�o �^�e�b�l�_�e�v�g�h�k�l�v �e�Z�a�_�j�g�h�]�h 
�b�f�i�m�e�v�k�Z �k�h�d�j�Z�l�b�e�Z�k�v �i�j�Z�d�l�b�q�_�k�d�b �\�l�j�h�_. 

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

 
�H�k�g�h�\�g�h�c �j�_�a�m�e�v�l�Z�l. �< �j�Z�[�h�l�_ �k�^�_�e�Z�g �h�k�g�h�\�g�h�c �\�u�\�h�^ �h �l�h�f, �q�l�h �\ �k�j�Z�\�g�_�g�b�b �k 

�^�j�m�]�b�f�b �^�b�n�j�Z�d�p�b�h�g�g�u�f �w�e�_�f�_�g�l�Z�f�b �h�[�t�_�f�g�u�_ �;�j�w�]�]�h�\�k�d�b�_ �j�_�r�_�l�d�b, �a�Z�i�b�k�Z�g�g�u�_ �\ �n�h�l�h-
�l�_�j�f�h-�j�_�n�j�Z�d�l�b�\�g�h�f �k�l�_�d�e�_, �i�h�d�Z�a�Z�e�b �[�h�e�v�r�m�x �w�n�n�_�d�l�b�\�g�h�k�l�v �i�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b �\ 
�h�i�l�h�w�e�_�d�l�j�h�g�g�u�o �m�k�l�j�h�c�k�l�\�Z�o, �j�Z�[�h�l�Z�x�s�b�o �k �b�k�l�h�q�g�b�d�Z�f�b �b�a�e�m�q�_�g�b�y �[�h�e�v�r�h�c �f�h�s�g�h�k�l�b, 
�i�h�^�l�\�_�j�^�b�\, �l�Z�d�b�f �h�[�j�Z�a�h�f, �l�_�h�j�_�l�b�q�_�k�d�b�_ �i�j�_�^�i�h�e�h�`�_�g�b�y. 
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�=�?�G�?�J�:�P�B�Y �W�E�?�D�L�J�H�F�:�=�G�B�L�G�H�=�H �B�A�E�M�Q�?�G�B�Y �I�J�B 
�<�A�:�B�F�H�>�?�C�K�L�<�B�B �K�<�?�J�O�D�H�J�H�L�D�B�O �E�:�A�?�J�G�U�O �B�F�I�M�E�V�K�H�< 

�K �B�G�?�J�L�G�U�F�B �=�:�A�:�F�B 
�: .�K. �;�Z�c�f�m�j�Z�l�h�\ 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�n.-�f .�g., �k.�g.�k. �<.�=. �;�_�k�i�Z�e�h�\ 
   
�I�h�k�e�_ �\�g�_�^�j�_�g�b�y �\ �i�j�Z�d�l�b�d�m �h�i�l�b�d�b �k�\�_�j�o�d�h�j�h�l�d�b�o �b�f�i�m�e�v�k�h�\ �f�_�l�h�^�Z �m�k�b�e�_�g�b�y 

�q�b�j�i�b�j�h�\�Z�g�g�u�o �b�f�i�m�e�v�k�h�\ �k�l�Z�e�b �^�h�k�l�m�i�g�u �b�g�l�_�g�k�b�\�g�h�k�l�b �e�Z�a�_�j�g�u�o �i�m�q�d�h�\ �i�h�j�y�^�d�Z 1013–
1015 �<�l/�k�f2 �b �\�u�r�_ [1]. �I�j�b �k�l�h�e�v �\�u�k�h�d�b�o �b�g�l�_�g�k�b�\�g�h�k�l�y�o �i�j�h�b�k�o�h�^�y�l �j�Z�a�g�h�h�[�j�Z�a�g�u�_ 
�g�_�e�b�g�_�c�g�h-�h�i�l�b�q�_�k�d�b�_ �y�\�e�_�g�b�y, �\ �l�h�f �q�b�k�e�_ �b �]�_�g�_�j�Z�p�b�y �b�a�e�m�q�_�g�b�y �\�u�k�r�b�o �]�Z�j�f�h�g�b�d, 
�k�h�i�j�h�\�h�`�^�Z�x�s�Z�y �h�i�l�b�q�_�k�d�b�c �i�j�h�[�h�c �]�Z�a�h�\, �\�i�_�j�\�u�_ �g�Z�[�e�x�^�Z�\�r�Z�y�k�y �\ �w�d�k�i�_�j�b�f�_�g�l�Z�o [2, 3]. 
�I�j�Z�d�l�b�q�_�k�d�b �k�j�Z�a�m �^�Z�g�g�h�f�m �y�\�e�_�g�b�x �[�u�e�h �^�Z�g�h �l�_�h�j�_�l�b�q�_�k�d�h�_ �h�[�h�k�g�h�\�Z�g�b�_ [4, 5] �b �[�u�e�h 
�i�h�d�Z�a�Z�g�h, �q�l�h �^�e�y �f�h�g�h�o�j�h�f�Z�l�b�q�_�k�d�h�]�h �b�a�e�m�q�_�g�b�y �k�i�_�d�l�j �b�a�e�m�q�_�g�b�y �k�h�k�l�h�b�l �b�a �g�_�q�_�l�g�u�o 
�]�Z�j�f�h�g�b�d, �Z �\ �h�[�e�Z�k�l�b �\�u�k�h�d�b�o �q�Z�k�l�h�l �h�j�]�Z�g�b�a�m�_�l�k�y �i�e�Z�l�h, �h�]�j�Z�g�b�q�_�g�g�h�_ �q�Z�k�l�h�l�h�c �h�l�k�_�q�d�b, 
�d�h�l�h�j�Z�y �a�Z�\�b�k�b�l �h�l �b�g�l�_�g�k�b�\�g�h�k�l�b �i�h�e�y �b�a�e�m�q�_�g�b�y �g�Z�d�Z�q�d�b. �G�Z�j�y�^�m �k �b�a�e�m�q�_�g�b�_�f �\�u�k�r�b�o 
�]�Z�j�f�h�g�b�d, �i�j�b �h�i�l�b�q�_�k�d�h�f �i�j�h�[�h�_ �\ �[�b�o�j�h�f�Z�l�b�q�_�k�d�b�o �i�h�e�y�o �g�Z�d�Z�q�d�b �\�h�a�f�h�`�g�Z �]�_�g�_�j�Z�p�b�y �\ 
�^�Z�e�v�g�_�f �B�D �b �k�m�[�f�b�e�e�b�f�_�l�j�h�\�h�c �h�[�e�Z�k�l�y�o �k�i�_�d�l�j�Z [6]. �K�h�a�^�Z�g�b�_ �b�k�l�h�q�g�b�d�h�\ �b�a�e�m�q�_�g�b�y �\ 
�^�Z�g�g�h�f �^�b�Z�i�Z�a�h�g�_ �q�Z�k�l�h�l �i�j�_�^�k�l�Z�\�e�y�_�l �^�h�\�h�e�v�g�h �k�e�h�`�g�m�x �a�Z�^�Z�q�m. 

�< �^�Z�g�g�h�c �j�Z�[�h�l�_ �l�_�h�j�_�l�b�q�_�k�d�b �j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y �]�_�g�_�j�Z�p�b�y �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�]�h 
�b�a�e�m�q�_�g�b�y �\ �B�D �b �k�m�[�f�b�e�e�b�f�_�l�j�h�\�h�f �h�[�e�Z�k�l�y�o �k�i�_�d�l�j�Z �i�j�b �h�i�l�b�q�_�k�d�h�f �i�j�h�[�h�_ �\ �b�g�_�j�l�g�u�o 
�]�Z�a�Z�o �\ �[�b�o�j�h�f�Z�l�b�q�_�k�d�h�f �i�h�e�_ �i�_�j�\�h�c �b �\�l�h�j�h�c �]�Z�j�f�h�g�b�d �b�a�e�m�q�_�g�b�y �b�f�i�m�e�v�k�g�h�]�h �e�Z�a�_�j�Z 
�n�_�f�l�h�k�_�d�m�g�^�g�h�c �^�e�b�l�_�e�v�g�h�k�l�b. �K�m�s�_�k�l�\�m�_�l �g�_�k�d�h�e�v�d�h �i�h�^�o�h�^�h�\ �d �b�a�m�q�_�g�b�x 
�w�g�_�j�]�_�l�b�q�_�k�d�h�]�h �j�Z�k�i�j�_�^�_�e�_�g�b�y �]�Z�j�f�h�g�b�d �]�_�g�_�j�b�j�m�_�f�h�]�h �k�i�_�d�l�j�Z �i�j�b �n�_�f�l�h�k�_�d�m�g�^�g�h�f 
�h�i�l�b�q�_�k�d�h�f �i�j�h�[�h�_ �\ �b�g�_�j�l�g�u�o �]�Z�a�Z�o: �i�h�e�m�d�e�Z�k�k�b�q�_�k�d�b�c [4] �b �d�\�Z�g�l�h�\�u�c [7]. 
�I�h�e�m�d�e�Z�k�k�b�q�_�k�d�b�c �i�h�^�o�h�^ �i�j�_�^�h�k�l�Z�\�e�y�_�l �g�Z�]�e�y�^�g�m�x �d�Z�j�l�b�g�m �y�\�e�_�g�b�y, �j�Z�a�[�b�\�Z�y �i�j�h�p�_�k�k 
�]�_�g�_�j�Z�p�b�b �g�Z �g�_�k�d�h�e�v�d�h �w�l�Z�i�h�\: �l�m�g�g�_�e�v�g�m�x �b�h�g�b�a�Z�p�b�x �Z�l�h�f�Z �i�h� ̂ �^�_�c�k�l�\�b�_�f �k�b�e�v�g�h�]�h 
�w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�]�h �i�h�e�y, �^�Z�e�v�g�_�c�r�_�_ �^�\�b�`�_�g�b�_ �l�m�g�g�_�e�v�g�h�]�h �w�e�_�d�l�j�h�g�Z �\�g�_ �b�h�g�b�a�h�\�Z�g�g�h�]�h 
�Z�l�h�f�Z, �b �i�h�k�e�_�^�g�b�c �w�l�Z�i – �j�_�d�h�f�[�b�g�Z�p�b�x �g�Z�[�j�Z�\�r�_�]�h �d�b�g�_�l�b�q�_�k�d�m�x �w�g�_�j�]�b�x �w�e�_�d�l�j�h�g�Z �k 
�Z�l�h�f�g�u�f �h�k�l�h�\�h�f. �< �j�Z�k�q�_�l�_ �g�Z �i�_�j�\�h�f �b �i�h�k�e�_�^�g�_�f �w�l�Z�i�Z�o �i�j�h�p�_�k�k�Z �b�k�i�h�e�v�a�m�x�l, 
�k�h�h�l�\�_�l�k�l�\�_�g�g�h, �\�_�j�h�y�l�g�h�k�l�b �b�h�g�b�a�Z�p�b�b �b �j�_�d�h�f�[�b�g�Z�p�b�b, �i�h�e�m�q�Z�_�f�u�_ �\ �j�_�a�m�e�v�l�Z�l�_ 
�\�u�q�b�k�e�_�g�b�c �k �i�j�b�f�_�g�_�g�b�_�f �f�_�l�h�^�h�\ �d�\�Z�g�l�h�\�h�c �f�_�o�Z�g�b�d�b. �I�h�e�g�h�k�l�v�x �d�\�Z�g�l�h�\�u�c �i�h�^�o�h�^ �\ 
�h�[�s�_�f �k�e�m�q�Z�_ �\�e�_�q�_�l �a�Z �k�h�[�h�c �g�_�h�[�o�h�^�b�f�h�k�l�v �j�_�r�_�g�b�y �l�j�_�o�f�_�j�g�h�]�h �m�j�Z�\�g�_�g�b�y �R�j�_�^�b�g�]�_�j�Z, 
�^�h�i�m�k�d�Z�x�s�_�]�h, �h�^�g�Z�d�h, �m�f�_�g�v�r�_�g�b�_ �j�Z�a�f�_�j�g�h�k�l�b �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �k�i�_�p�b�n�b�d�b �a�Z�^�Z�q�b [8]. 
�R�b�j�h�d�h�_ �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�_ �^�e�y �j�_�r�_�g�b�y �^�Z�g�g�h�c �i�j�h�[�e�_�f�u �\ �j�Z�f�d�Z�o �d�\�Z�g�l�h�\�h�]�h �i�h�^�o�h�^�Z 
�i�h�e�m�q�b�e�b �Z�g�Z�e�b�l�b�q�_�k�d�b�_ �i�j�b�[�e�b�`�_�g�g�u�_ �f�_�l�h�^�u �j�Z�k�q�_�l�Z, �[�Z�a�b�j�m�x�s�b�_�k�y �g�Z �j�Z�a�^�_�e�_�g�b�b �^�\�m�o 
�d�Z�q�_�k�l�\�_�g�g�h �\�u�^�_�e�y�x�s�b�o�k�y �k�h�k�l�h�y�g�b�c, �\�h�a�f�h�`�g�h�f �i�j�b �\�u�i�h�e�g�_�g�b�b �h�i�j�_�^�_�e�_�g�g�u�o �m�k�e�h�\�b�c, 
�d�h�l�h�j�u�_ �m�^�h�\�e�_�l�\�h�j�y�x�l �r�b�j�h�d�h�f�m �d�e�Z�k�k�m �i�h�e�_�c �e�Z�a�_�j�g�h�c �g�Z�d�Z�q�d�b [8]. �I�_�j�\�h�_ �b�a �^�\�m�o 
�d�Z�q�_�k�l�\�_�g�g�h �\�u�^�_�e�y�x�s�b�o�k�y �k�h�k�l�h�y�g�b�c �y�\�e�y�_�l�k�y �w�e�_�d�l�j�h�g�h�f, �k�\�y�a�Z�g�g�u�f �Z�l�h�f�g�u�f 
�i�h�l�_�g�p�b�Z�e�h�f, �\ �l�h �\�j�_�f�y �d�Z�d �\�l�h�j�h�_ �_�k�l�v �k�\�h�[�h�^�g�u�c �w�e�_�d�l�j�h�g, �b�k�i�u�l�u�\�Z�x�s�b�c �\�h�a�^�_�c�k�l�\�b�_  
�w�e�_�d�l�j�b�q�_�k�d�h�]�h �i�h�e�y �k�\�_�j�o�d�h�j�h�l�d�h�]�h �e�Z�a�_�j�g�h�]�h �b�f�i�m�e�v�k�Z. 

�< �^�Z�g�g�h�c �j�Z�[�h�l�_ �j�_�r�Z�e�Z�k�v �a�Z�^�Z�q�Z �]�_�g�_�j�b�j�h�\�Z�g�b�y �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�]�h �i�h�e�y �i�j�b 
�n�h�d�m�k�b�j�h�\�d�_ �g�Z �Z�l�h�f �d�k�_�g�h�g�Z �e�Z�a�_�j�g�h�]�h �k�\�_�j�o�d�h�j�h�l�d�h�]�h �[�b�o�j�h�f�Z�l�b�q�_�k�d�h�]�h �b�f�i�m�e�v�k�Z 
�^�e�b�l�_�e�v�g�h�k�l�v�x �i�h�j�y�^�d�Z 30 �n�_�f�l�h�k�_�d�m�g�^ �b �k �p�_�g�l�j�Z�e�v�g�u�f�b �^�e�b�g�Z�f�b �\�h�e�g 780 �g�f �b 390 �g�f 
(�i�_�j�\�Z�y �b �\�l�h�j�Z�y �]�Z�j�f�h�g�b�d�b �l�b�l�Z�g-�k�Z�i�n�b�j�h�\�h�]�h �e�Z�a�_�j�Z), �b�g�l�_�g�k�b�\�g�h�k�l�v �b�f�i�m�e�v�k�Z �[�j�Z�e�Z�k�v �b�a 
�^�b�Z�i�Z�a�h�g�Z 1014–1015 �<�l/�k�f2. �B�k�k�e�_�^�h�\�Z�e�k�y �k�e�m�q�Z�c �h�i�l�b�q�_�k�d�h�]�h �i�j�h�[�h�y �b�f�i�m�e�v�k�g�u�f 
�b�a�e�m�q�_�g�b�_�f �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �j�Z�a�e�b�q�g�u�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d �b�a�e�m�q�_�g�b�y �g�Z�d�Z�q�d�b: �Z�f�i�e�b�l�m�^�u, 
�j�Z�a�g�h�k�l�b �n�Z�a �f�_�`�^�m �i�_�j�\�h�c �b �\�l�h�j�h�c �]�Z�j�f�h�g�b�d�h�c. �P�_�e�v�x �j�Z�k�q�_�l�h�\ �y�\�e�y�e�Z�k�v �h�i�l�b�f�b�a�Z�p�b�y 
�i�j�h�p�_�k�k�h�\ �]�_�g�_�j�Z�p�b�b �^�Z�e�v�g�_�]�h �B�D �b �k�m�[�f�b�e�e�b�f�_�l�j�h�\�h�]�h �b�a�e�m�q�_�g�b�c. 

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

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

�< �o�h�^�_ �b�k�k�e�_�^�h�\�Z�g�b�y �i�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�g �k�i�_�d�l�j �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�]�h �b�a�e�m�q�_�g�b�y 
�]�_�g�_�j�b�j�m�_�f�h�]�h �i�j�b �\�a�Z�b�f�h�^�_�c�k�l�\�b�b �k�\�_�j�o�d�h�j�h�l�d�b�o �e�Z�a�_�j�g�u�o �b�f�i�m�e�v�k�h�\ �k �b�g�_�j�l�g�u�f�b �]�Z�a�Z�f�b. 
�B�k�k�e�_�^�h�\�Z�g�u �g�Z�b�[�h�e�_�_ �w�n�n�_�d�l�b�\�g�u�_ �f�_�o�Z�g�b�a�f�u �]�_�g�_�j�Z�p�b�b �b�a�e�m�q�_�g�b�y �\ �h�[�e�Z�k�l�b �^�Z�e�v�g�_�]�h 
�B�D �b �k�m�[�f�b�e�e�b�f�_�l�j�h�\�u�o �b�a�e�m�q�_�g�b�c. �I�h�d�Z�a�Z�g�h, �q�l�h �g�Z�b�[�h�e�_�_ �w�n�n�_�d�l�b�\�g�Z�y �]�_�g�_�j�Z�p�b�y  
�b�a�e�m�q�_�g�b�y �i�j�h�b�k�o�h�^�b�l �\ �k�e�m�q�Z�_ �i�Z�j�Z�e�e�_�e�v�g�u�o �i�h�e�y�j�b�a�Z�p�b�c �i�_�j�\�h�c �b �\�l�h�j�h�c �]�Z�j�f�h�g�b�d �b  
�j�Z�a�g�h�k�l�b �n�Z�a �f�_�`�^�m �g�b�f�b �3 = 0. 
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�N�H�J�F�B�J�H�<�:�G�B�? �I�H�E�B�F�?�J�G�U�O �I�?�J�B�H�>�B�Q�?�K�D�B�O �K�L�J�M�D�L�M�J 
�< �K�<�?�L�H�H�L�<�?�J�@�>�:�?�F�U�O �D�H�F�I�H�A�B�P�B�H�G�G�U�O �F�:�L�?�J�B�:�E�:�O 

�B�G�L�?�J�N�?�J�?�G�P�B�H�G�G�U�F �F�?�L�H�>�H�F 
�<.�=. �;�m�e�]�Z�d�h�\�Z, �G.�F. �D�Z�e�b�g�b�g�Z 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �d.�l.�g., �^�h�p�_�g�l �G.�>. �<�h�j�a�h�[�h�\�Z 
  

�< �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y �m�k�b�e�b�y �f�g�h�]�b�o �\�_�^�m�s�b�o �g�Z�m�q�g�u�o �e�Z�[�h�j�Z�l�h�j�b�c �g�Z�i�j�Z�\�e�_�g�u �g�Z 
�j�Z�a�j�Z�[�h�l�d�m �g�h�\�u�o �f�_�l�h�^�h�\ �b �l�_�o�g�h�e�h�]�b�c �i�h�e�m�q�_�g�b�y �h�[�t�_�f�g�u�o �i�h�e�b�f�_�j�g�u�o �f�b�d�j�h- �b 
�g�Z�g�h�k�l�j�m�d�l�m�j�g�u�o �w�e�_�f�_�g�l�h�\. �L�Z�d�b�_ �w�e�_�f�_�g�l�u (�d�Z�d �i�_�j�b�h�^�b�q�_�k�d�b�_ �k�l�j�m�d�l�m�j�u, �l�Z�d �b �w�e�_�f�_�g�l�u 
�k�e�h�`�g�h�c �n�h�j�f�u) �b�k�i�h�e�v�a�m�x�l�k�y �\ �j�Z�a�e�b�q�g�u�o �h�[�e�Z�k�l�y�o �g�Z�m�d�b �b �l�_�o�g�b�d�b – �w�e�_�d�l�j�h�g�b�d�Z, �k�\�y�a�v, 
�f�b�d�j�h�f�_�o�Z�g�b�d�Z, �b�g�n�h�j�f�Z�p�b�h�g�g�Z�y �b �e�Z�a�_�j�g�Z�y �l�_�o�g�b�d�Z �b �\�h�k�l�j�_�[�h�\�Z�g�u �\ �d�Z�q�_�k�l�\�_ �w�e�_�f�_�g�l�h�\ 
�n�h�l�h�g�b�d�b, �b�g�l�_�]�j�Z�e�v�g�h�c �h�i�l�b�d�b, MEMS �b MOEMS, �w�e�_�f�_�g�l�h�\ �[�b�h�q�b�i�h�\ �b �f�b�d�j�h�^�Z�l�q�b�d�h�\. 
�F�b�d�j�h�j�_�e�v�_�n�g�u�_ �k�l�j�m�d�l�m�j�u �i�h�e�m�q�Z�x�l�k�y �\ �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y �f�_�l�h�^�Z�f�b �e�b�l�h�]�j�Z�n�b�b. 
�H�k�g�h�\�g�u�f �f�Z�l�_�j�b�Z�e�h�f �^�e�y �i�h�e�m�q�_�g�b�y �f�b�d�j�h�k�l�j�m�d�l�m�j �y�\�e�y�_�l�k�y �n�h�l�h�j�_�a�b�k�l SU – 8. �H�^�g�h�c �b�a 
�h�k�g�h�\�g�u�o �i�j�h�[�e�_�f,  �h�i�j�_�^�_�e�y�x�s�b�o �d�Z�q�_�k�l�\�h �f�b�d�j�h�k�l�j�m�d�l�m�j, �i�h�e�m�q�Z�_�f�u�o �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f  
�w�l�h�]�h �f�Z�l�_�j�b�Z�e�Z, �y�\�e�y�_�l�k�y �i�j�h�[�e�_�f�Z �m�^�Z�e�_�g�b�y �h�k�l�Z�l�h�q�g�h�]�h �j�Z�k�l�\�h�j�b�l�_�e�y, �g�_�h�[�o�h�^�b�f�h�]�h �^�e�y 
�g�Z�g�_�k�_�g�b�y �k�e�h�_�\ �g�Z �i�h�^�e�h�`�d�m. �< �k�\�y�a�b �k �w�l�b�f �Z�d�l�m�Z�e�v�g�h�c �y�\�e�y�_�l�k�y �a�Z�^�Z�q�Z �h�j�b�_�g�l�Z�p�b�b �g�Z 
�f�Z�l�_�j�b�Z�e�u,  �b�k�d�e�x�q�Z�x�s�b�_ �i�j�b�k�m�l�k�l�\�b�_ �j�Z�k�l�\�h�j�b�l�_�e�y. �H�^�g�b�f �b�a �f�_�l�h�^�h�\ �i�h�e�m�q�_�g�b�y 
�i�_�j�b�h�^�b�q�_�k�d�b�o �k�l�j�m�d�l�m�j �y�\�e�y�_�l�k�y �f�_�l�h�^ �b�g�l�_�j�n�_�j�_�g�p�b�h�g�g�h�c (�b�e�b �]�h�e�h�]�j�Z�n�b�q�_�k�d�h�c) 
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�e�b�l�h�]�j�Z�n�b�b. �K�m�l�v �f�_�l�h�^�Z �a�Z�d�e�x�q�Z�_�l�k�y �\ �j�_�]�b�k�l�j�Z�p�b�b �b�g�l�_�j�n�_�j�_�g�p�b�h�g�g�h�c �d�Z�j�l�b�g�u, 
�h�[�j�Z�a�h�\�Z�g�g�h�c �i�j�b �\�a�Z�b�f�h�^�_�c�k�l�\�b�b �^�\�m�o �b �[�h�e�_�_ �d�h�]�_�j�_�g�l�g�u�o �\�h�e�g. �I�h�k�e�_ �w�d�k�i�h�g�b�j�h�\�Z�g�b�y, 
�i�j�h�y�\�e�_�g�b�y �b �i�h�k�e�_�^�m�x�s�_�c �h�[�j�Z�[�h�l�d�b �g�Z �i�h�\�_�j�o�g�h�k�l�b �i�h�^�e�h�`�d�b �n�h�j�f�b�j�m�_�l�k�y 
�i�_�j�b�h�^�b�q�_�k�d�Z�y �b�e�b �d�\�Z�a�b�i�_�j�b�h�^�b�q�_�k�d�Z�y �k�l�j�m�d�l�m�j�Z.  

�P�_�e�v�x �j�Z�[�h�l�u �y�\�e�y�_�l�k�y �b�k�k�e�_�^�h�\�Z�g�b�_ �\�h�a�f�h�`�g�h�k�l�b �j�_�Z�e�b�a�Z�p�b�b �b�g�l�_�j�n�_�j�_�g�p�b�h�g�g�h�]�h 
�f�_�l�h�^�Z �^�e�y �i�h�e�m�q�_�g�b�y �k�l�j�m�d�l�m�j  �k �g�Z�g�h�f�_�l�j�h�\�u�f�b �j�Z�a�f�_�j�Z�f�b �w�e�_�f�_�g�l�h�\. �H�[�t�_�d�l�Z�f�b 
�b�k�k�e�_�^�h�\�Z�g�b�y �y�\�e�y�e�b�k�v �j�Z�a�e�b�q�g�u�_ �d�h�f�i�h�a�b�p�b�b �g�Z �h�k�g�h�\�_ �Z�d�j�b�e�h�\�u�o �f�h�g�h�f�_�j�h�\ c 
�b�g�b�p�b�Z�l�h�j�h�f �n�h�l�h�i�h�e�b�f�_�j�b�a�Z�p�b�b, �\ �l�h�f �q�b�k�e�_, �k �\�\�_�^�_�g�b�_�f �g�_�h�j�]�Z�g�b�q�_�k�d�b�o �g�Z�g�h�q�Z�k�l�b�p, �g�_ 
�l�j�_�[�m�x�s�b�_ �b�k�i�h�e�v�a�h�\�Z�g�b�y �j�Z�k�l�\�h�j�b�l�_�e�y �^�e�y �g�Z�g�_�k�_�g�b�y �k�e�h�_�\: RDX 51027 / 2-carboxyethyl 
acrylate �\ �k�h�h�l�g�h�r�_�g�b�y�o 7/3 �b 9/1, Bisphenol A glycerolate /2-carboxyethyl acrylate c �\�\�_�^�_�g�b�_�f 
�g�Z�g�h�q�Z�k�l�b�p ZnO – 10 �b 12% �b SiO2 – 8%. 

 �>�e�y �b�k�k�e�_�^�h�\�Z�g�b�y �i�j�h�p�_�k�k�Z �n�h�j�f�b�j�h�\�Z�g�b�y �i�_�j�b�h�^�b�q�_�k�d�b�o �k�l�j�m�d�l�m�j �\ 
�k�\�_�l�h�h�l�\�_�j�`�^�Z�_�f�u�o �d�h�f�i�h�a�b�p�b�y�o �b�g�l�_�j�n�_�j�_�g�p�b�h�g�g�u�f �f�_�l�h�^�h�f �[�u�e�Z �k�h�a�^�Z�g�Z 
�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y �m�k�l�Z�g�h�\�d�Z �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f He-Cd �e�Z�a�_�j�Z (325 �g�f), �i�h�a�\�h�e�y�x�s�Z�y 
�n�h�j�f�b�j�h�\�Z�l�v �k�l�j�m�d�l�m�j�u �k �j�Z�a�e�b�q�g�u�f �i�_�j�b�h�^�h�f �i�j�b �b�a�f�_�g�_�g�b�b �m�]�e�Z �f�_�`�^�m 
�b�g�l�_�j�n�_�j�b�j�m�x�s�b�f�b �e�m�q�Z�f�b. �I�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b �^�Z�g�g�h�]�h �f�_�l�h�^�Z �[�u�e�b �i�h�e�m�q�_�g�u �h�[�j�Z�a�p�u 
�i�_�j�b�h�^�b�q�_�k�d�b�o �f�b�d�j�h�k�l�j�m�d�l�m�j �g�Z �j�Z�a�e�b�q�g�u�o �f�Z�l�_�j�b�Z�e�Z�o. �< �d�Z�q�_�k�l�\�_ �w�d�k�i�j�_�k�k-�f�_�l�h�^�Z (�q�l�h 
�k�\�y�a�Z�g�h �k �[�h�e�v�r�b�f �d�h�e�b�q�_�k�l�\�h�f �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �h�[�j�Z�a�p�h�\) �^�e�y �h�p�_�g�d�b �d�Z�q�_�k�l�\�Z �k�l�j�m�d�l�m�j 
�b�k�i�h�e�v�a�h�\�Z�e�b�k�v �h�i�l�b�q�_�k�d�b�_ �f�_�l�h�^�u. �< �o�h�^�_ �j�Z�[�h�l�u �b�k�k�e�_�^�h�\�Z�e�Z�k�v �a�Z�\�b�k�b�f�h�k�l�v �d�Z�q�_�k�l�\�Z 
�n�h�j�f�b�j�m�_�f�u�o �f�b�d�j�h�k�l�j�m�d�l�m�j �h�l �l�b�i�Z �f�Z�l�_�j�b�Z�e�Z, �^�e�b�l�_�e�v�g�h�k�l�b �w�d�k�i�h�a�b�p�b�b �b �m�k�e�h�\�b�c 
�i�h�k�l�w�d�k�i�h�a�b�p�b�h�g�g�h�c �h�[�j�Z�[�h�l�d�b. �>�e�y �d�h�e�b�q�_�k�l�\�_�g�g�h�c �h�p�_�g�d�b �d�Z�q�_�k�l�\�Z �k�l�j�m�d�l�m�j �b�a�f�_�j�y�e�b�k�v 
�^�b�n�j�Z�d�p�b�h�g�g�Z�y �w�n�n�_�d�l�b�\�g�h�k�l�v �b �k�\�_�l�h�j�Z�k�k�_�y�g�b�_ �i�h�e�m�q�_�g�g�u�o �h�[�j�Z�a�p�h�\. 

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

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

2. �E�m�q�r�b�_ �j�_�a�m�e�v�l�Z�l�u �i�h�e�m�q�_�g�u �^�e�y �d�h�f�i�h�a�b�p�b�c Bisphenol A glycerolate /2-carboxyethyl 
acrylate c �g�Z�g�h�q�Z�k�l�b�p�Z�f�b ZnO (12%) �b RDX 51027 / 2-carboxyethyl acrylate 7/3. 

�P�_�e�v�x �^�Z�e�v�g�_�c�r�_�c �j�Z�[�h�l�u �y�\�e�y�_�l�k�y �i�j�h�\�_�^�_�g�b�_ �b�k�k�e�_�^�h�\�Z�g�b�c �i�j�b �b�a�f�_�g�_�g�b�b �q�Z�k�l�h�l�u 
�k�l�j�m�d�l�m�j, �b�o �d�h�g�n�b�]�m�j�Z�p�b�b �b �l�h�e�s�b�g�u �k�e�h�y. 
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�B�F�I�M�E�V�K�H�< �K�H �K�I�?�D�L�J�:�F�B �< �H�;�E�:�K�L�B �:�G�H�F�:�E�V�G�H�C 
�=�J�M�I�I�H�<�H�C �>�B�K�I�?�J�K�B�B �K�J�?�>�U 

�: .�: . �;�m�e�_�_�\ 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �d.�n.-�f .�g. �F.�: . �;�Z�o�l�b�g 

 
�J�Z�k�k�f�h�l�j�_�g�h �g�_�e�b�g�_�c�g�h�_ �\�a�Z�b�f�h�^�_�c�k�l�\�b�_ �k�h�g�Z�i�j�Z�\�e�_�g�g�u�o �n�_�f�l�h�k�_�d�m�g�^�g�u�o �e�Z�a�_�j�g�u�o 

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

�B�k�k�e�_�^�h�\�Z�g�b�y �\ �h�[�e�Z�k�l�b �g�_�e�b�g�_�c�g�h�]�h �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �e�Z�a�_�j�g�u�o �b�f�i�m�e�v�k�h�\ �i�h�d�Z�a�u�\�Z�x�l, 
�q�l�h �g�Z �h�k�g�h�\�_ �l�Z�d�h�]�h �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �\�h�a�f�h�`�g�h �k�h�a�^�Z�g�b�_ �b�k�l�h�q�g�b�d�h�\ �b�a�e�m�q�_�g�b�y �k 
�i�j�b�g�p�b�i�b�Z�e�v�g�h �g�h�\�u�f�b �k�\�h�c�k�l�\�Z�f�b [1, 2]. �< �g�Z�k�l�h�y�s�_�c �j�Z�[�h�l�_ �j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y 
�\�a�Z�b�f�h�^�_�c�k�l�\�b�_ �b�f�i�m�e�v�k�h�\, �k�i�_�d�l�j �d�h�l�h�j�u�o �e�_�`�b�l �\ �h�[�e�Z�k�l�b �Z�g�h�f�Z�e�v�g�h�c �]�j�m�i�i�h�\�h�c 
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�^�b�k�i�_�j�k�b�b. �B�k�k�e�_�^�h�\�Z�g�b�_ �\ �^�Z�g�g�h�c �k�i�_�d�l�j�Z�e�v�g�h�c �h�[�e�Z�k�l�b �i�j�_�^�k�l�Z�\�e�y�_�l �b�g�l�_�j�_�k �\ �i�_�j�\�m�x 
�h�q�_�j�_�^�v �\ �k�\�y�a�b �k �l�_�f, �q�l�h �\ �h�[�e�Z�k�l�b �Z�g�h�f�Z�e�v�g�h�c �]�j�m�i�i�h�\�h�c �^�b�k�i�_�j�k�b�b �\�h�a�f�h�`�g�h 
�k�m�s�_�k�l�\�h�\�Z�g�b�_ �h�i�l�b�q�_�k�d�b�o �k�h�e�b�l�h�g�h�\, �l.�_. �\�h�e�g�h�\�u�o �i�Z�d�_�l�h�\, �d�h�l�h�j�u�_ �f�h�]�m�l 
�j�Z�k�i�j�h�k�l�j�Z�g�y�l�v�k�y �g�Z �a�g�Z�q�b�l�_�e�v�g�u�_ �j�Z�k�k�l�h�y�g�b�y �i�j�Z�d�l�b�q�_�k�d�b �[�_�a �b�a�f�_�g�_�g�b�y �k�\�h�_�c �n�h�j�f�u [3]. 
�< �j�Z�[�h�l�_ �i�h�d�Z�a�Z�g�h, �q�l�h �\ �i�j�h�p�_�k�k�_ �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �^�\�m�o �k�h�g�Z�i�j�Z�\�e�_�g�g�u�o �n�_�f�l�h�k�_�d�m�g�^�g�u�o 
�b�f�i�m�e�v�k�h�\ �k�h �k�i�_�d�l�j�h�f �\ �h�[�e�Z�k�l�b �Z�g�h�f�Z�e�v�g�h�c �]�j�m�i�i�h�\�h�c �^�b�k�i�_�j�k�b�b �f�h�]�m�l �n�h�j�f�b�j�h�\�Z�l�v�k�y 
�k�h�e�b�l�h�g�u �k �b�g�l�_�g�k�b�\�g�h�k�l�v�x �k�h�i�h�k�l�Z�\�b�f�h�c �k �b�g�l�_�g�k�b�\�g�h�k�l�v�x �\�o�h�^�g�u�o �b�f�i�m�e�v�k�h�\. 
�I�Z�j�Z�f�_�l�j�Z�f�b �i�h�e�m�q�_�g�g�h�]�h �l�Z�d�b�f �h�[�j�Z�a�h�f �k�h�e�b�l�h�g�Z �f�h�`�g�h �m�i�j�Z�\�e�y�l�v, �f�_�g�y�y �g�Z�q�Z�e�v�g�m�x 
�\�j�_�f�_�g�g�m�x �a�Z�^�_�j�`�d�m �f�_�`�^�m �b�f�i�m�e�v�k�Z�f�b.  

�>�e�y �b�k�k�e�_�^�h�\�Z�g�b�y �k�l�h�e�d�g�h�\�_�g�b�y �b�f�i�m�e�v�k�h�\ �b�a �f�Z�e�h�]�h �q�b�k�e�Z �d�h�e�_�[�Z�g�b�c �b �k �j�Z�a�g�u�f 
�k�i�_�d�l�j�Z�e�v�g�u�f �k�h�k�l�Z�\�h�f �\ �g�Z�k�l�h�y�s�_�c �j�Z�[�h�l�_ �[�u�e �\�u�[�j�Z�g �i�h�^�o�h�^, �h�k�g�h�\�Z�g�g�u�c �g�Z �Z�g�Z�e�b�a�_ 
�g�_�i�h�k�j�_�^�k�l�\�_�g�g�h �i�h�e�y �b�a�e�m�q�_�g�b�y. �H�k�g�h�\�g�h�_ �m�j�Z�\�g�_�g�b�_, �h�i�b�k�u�\�Z�x�s�_�_ �^�b�g�Z�f�b�d�m �i�h�e�y 
�e�b�g�_�c�g�h �i�h�e�y�j�b�a�h�\�Z�g�g�h�]�h �b�a�e�m�q�_�g�b�y �\ �h�^�g�h�j�h�^�g�u�o �b �b�a�h�l�j�h�i�g�u�o �i�j�h�a�j�Z�q�g�u�o �k�j�_�^�Z�o �k 
�^�b�k�i�_�j�k�b�_�c �b �g�_�j�_�a�h�g�Z�g�k�g�h�c �w�e�_�d�l�j�h�g�g�h�c �g�_�e�b�g�_�c�g�h�k�l�v�x, �f�h�`�g�h �a�Z�i�b�k�Z�l�v �\ �\�b�^�_ [4]: 
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�]�^�_ E – �g�Z�i�j�y�`�_�g�g�h�k�l�v �w�e�_�d�l�j�b�q�_�k�d�h�]�h �i�h�e�y �b�a�e�m�q�_�g�b�y; z – �g�Z�i�j�Z�\�e�_�g�b�_, �\�^�h�e�v �d�h�l�h�j�h�]�h �h�g�h 
�j�Z�k�i�j�h�k�l�j�Z�g�y�_�l�k�y; t – �\�j�_�f�y; N0, a, b – �i�Z�j�Z�f�_�l�j�u �k�j�_�^�u, �h�i�b�k�u�\�Z�x�s�b�_ �^�b�k�i�_�j�k�b�x �_�_ 
�e�b�g�_�c�g�h�]�h �i�h�d�Z�a�Z�l�_�e�y �i�j�_�e�h�f�e�_�g�b�y, g – �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z �k�j�_�^�u, �k�\�y�a�Z�g�g�Z�y �k �_�_ 
�d�h�w�n�n�b�p�b�_�g�l�h�f �g�_�e�b�g�_�c�g�h�]�h �i�h�d�Z�a�Z�l�_�e�y �i�j�_�e�h�f�e�_�g�b�y n2 �\�u�j�Z�`�_�g�b�_�f cng c2� ; �k –
 �k�d�h�j�h�k�l�v �k�\�_�l�Z �\ �\�Z�d�m�m�f�_. 

�G�Z �h�k�g�h�\�_ �q�b�k�e�_�g�g�h�]�h �f�h�^�_�e�b�j�h�\�Z�g�b�y �m�j�Z�\�g�_�g�b�y (1) �j�Z�k�k�f�h�l�j�b�f �k�l�h�e�d�g�h�\�_�g�b�_ 
�b�f�i�m�e�v�k�h�\ �k �p�_�g�l�j�Z�e�v�g�u�f�b �^�e�b�g�Z�f�b �\�h�e�g: ��1=2�Œc/�&1=2500 �g�f; ��2=2�Œc/�&2=1250 �g�f; 
�^�e�b�l�_�e�v�g�h�k�l�y�f�b �21=�22=30 �n�k; �b�g�l�_�g�k�b�\�g�h�k�l�y�f�b �g�Z �\�o�h�^�_ �\ �k�j�_�^�m I1=I2=1013 �<�l/�k�f2 �b 
�j�Z�a�e�b�q�g�u�f�b �\�j�_�f�_�g�g�u�f�b �a�Z�^�_�j�`�d�Z�f�b �û�2 �\ �d�\�Z�j�p�_�\�h�f �k�l�_�d�e�_, �m �d�h�l�h�j�h�]�h: N0=1.4508; 
a=2.7401·10-44 �k3/�k�f; b=3.9437·1017 1/(�k·�k�f); n2=2.9·10-16 �k�f2/�<�l. 

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

�:�g�Z�e�b�a �^�b�g�Z�f�b�d�b �\�g�m�l�j�_�g�g�_�c (�i�h�e�_�\�h�c) �k�l�j�m�d�l�m�j�u �i�h�e�m�q�_�g�g�h�]�h �k�h�e�b�l�h�g�Z �g�Z 
�g�_�[�h�e�v�r�h�c �^�b�k�l�Z�g�p�b�b �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�y �i�h�d�Z�a�Z�e, �q�l�h �i�j�b �g�_�b�a�f�_�g�g�h�k�l�b �h�]�b�[�Z�x�s�_�c 
�b�f�i�m�e�v�k�Z, �i�h�e�_�\�Z�y �k�l�j�m�d�l�m�j�Z �b�f�i�m�e�v�k�Z �b�a�f�_�g�y�_�l�k�y �b �g�Z �^�b�k�l�Z�g�p�b�y�o �h�d�h�e�h 0.04 �f�f  �i�h�e�g�h�k�l�v�x 
�k�_�[�y �\�h�k�i�j�h�b�a�\�h�^�b�l. 

�I�j�b �i�h�k�l�j�h�_�g�b�b �j�_�Z�e�v�g�h�]�h �w�d�k�i�_�j�b�f�_�g�l�Z, �k�Z�f�u�f �^�h�k�l�m�i�g�u�f �^�e�y �b�a�f�_�g�_�g�b�y �i�Z�j�Z�f�_�l�j�h�f 
�\ �^�Z�g�g�h�c �k�b�k�l�_�f�_ �y�\�e�y�_�l�k�y �g�Z�q�Z�e�v�g�Z�y �\�j�_�f�_�g�g�Z�y �a�Z�^�_�j�`�d�Z �f�_�`�^�m �b�f�i�m�e�v�k�Z�f�b. �J�_�a�m�e�v�l�Z�l�u 
�i�h�e�m�q�_�g�u �^�e�y �k�e�_�^�m�x�s�b�o �\�_�e�b�q�b�g �g�Z�q�Z�e�v�g�h�c �\�j�_�f�_�g�g�h�c �a�Z�^�_�j�`�d�b: 40 �n�k, 80 �n�k �b 160 �n�k. 

�¨�2, �n�k I/I 0 �&c/�&1 
40 1.05 0.75 
80 0.72 0.71 
160 0.55 0.65 

�L�Z�[�e�b�p�Z 1. �¨�2 – �g�Z�q�Z�e�v�g�Z�y �a�Z�^�_�j�`�d�Z �f�_�`�^�m �b�f�i�m�e�v�k�Z�f�b, I/I 0 –  �h�l�g�h�r�_�g�b�_ �b�g�l�_�g�k�b�\�g�h�k�l�b 
�k�h�e�b�l�h�g�Z �d �\�o�h�^�g�h�c �b�g�l�_�g�k�b�\�g�h�k�l�b �b�f�i�m�e�v�k�h�\, �&c/�&1 – �h�l�g�h�r�_�g�b�_ �q�Z�k�l�h�l�u �k�h�e�b�l�h�g�Z �d 

�q�Z�k�l�h�l�_ �i�_�j�\�h�]�h (�g�b�a�d�h�q�Z�k�l�h�l�g�h�]�h) �b�f�i�m�e�v�k�Z 

�J�_�a�m�e�v�l�Z�l�u �q�b�k�e�_�g�g�u�o �w�d�k�i�_�j�b�f�_�g�l�h�\ �k�\�_�^�_�g�u �\ �l�Z�[�e. 1, �\ �d�h�l�h�j�h�c �i�h�d�Z�a�Z�g�Z 
�a�Z�\�b�k�b�f�h�k�l�v �i�Z�j�Z�f�_�l�j�h�\ �k�h�e�b�l�h�g�Z (�b�g�l�_�g�k�b�\�g�h�k�l�b �b �p�_�g�l�j�Z�e�v�g�h�c �q�Z�k�l�h�l�u �b�a�e�m�q�_�g�b�y), �h�l 
�g�Z�q�Z�e�v�g�h�c �\�j�_�f�_�g�g�h�c �a�Z�^�_�j�`�d�b �f�_�`�^�m �\�a�Z�b�f�h�^�_�c�k�l�\�m�x�s�b�f�b �b�f�m�e�v�k�Z�f�b.  

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

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

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

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

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

�P�_�e�v�x �j�Z�[�h�l�u �y�\�e�y�_�l�k�y �j�Z�a�j�Z�[�h�l�d�Z �i�j�h�]�j�Z�f�f�u �k�h�]�e�Z�k�h�\�Z�g�b�y �d�e�x�q�Z �i�j�b�f�_�g�b�l�_�e�v�g�h �d 
�m�q�_�[�g�h�c �m�k�l�Z�g�h�\�d�_ �d�\�Z�g�l�h�\�h�c �d�j�b�i�l�h�]�j�Z�n�b�b �K�I�[�=�M �B�L�F�H, �j�Z�a�f�_�s�_�g�g�h�c �g�Z �n�Z�d�m�e�v�l�_�l�_ 
�n�h�l�h�g�b�d�b �b �h�i�l�h�b�g�n�h�j�f�Z�l�b�d�b. �< �i�j�h�p�_�k�k�_ �b�k�k�e�_�^�h�\�Z�g�b�y �[�u�e�h �j�Z�k�k�f�h�l�j�_�g�h �m�k�l�j�Z�g�_�g�b�_ �r�m�f�Z 
�\�g�_�k�_�g�g�h�]�h �g�_�k�h�\�_�j�r�_�g�k�l�\�h�f �h�[�h�j�m�^�h�\�Z�g�b�y �b�k�o�h�^�y �b�a �j�_�a�m�e�v�l�Z�l�h�\ �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�y �d�e�x�q�Z �g�Z 
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�m�k�l�Z�g�h�\�d�_ �\ �r�l�Z�l�g�h�f �j�_�`�b�f�_. �< �j�_�a�m�e�v�l�Z�l�_ �b�a�f�_�j�_�g�b�y �b �Z�g�Z�e�b�a�Z �m�j�h�\�g�y �r�m�f�Z, �\�_�e�b�q�b�g�u �_�]�h 
�n�e�m�d�l�m�Z�p�b�c �b �q�Z�k�l�h�l�u �i�h�y�\�e�_�g�b�y �h�r�b�[�h�q�g�u�o �[�b�l�h�\ �g�Z�c�^�_�g�u �^�b�Z�i�Z�a�h�g�u �j�Z�a�f�_�j�h�\ �[�e�h�d�h�\ 
�j�Z�a�[�b�_�g�b�y �d�e�x�q�Z �b �h�i�l�b�f�Z�e�v�g�h�_ �q�b�k�e�h �b�l�_�j�Z�p�b�c �p�b�d�e�Z �k�h�]�e�Z�k�h�\�Z�g�b�y �d�e�x�q�Z �b�k�i�h�e�v�a�h�\�Z�g�b�y 
�Z�e�]�h�j�b�l�f�Z �k�h�]�e�Z�k�h�\�Z�g�b�y. �I�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b �Z�e�]�h�j�b�l�f�Z �k�h�]�e�Z�k�h�\�Z�g�b�y �i�h�e�m�q�_�g�Z �h�p�_�g�d�Z 
�m�l�j�Z�l�u �k�_�d�j�_�l�g�h�k�l�b. �I�j�h�b�a�\�_�^�_�g�Z �j�Z�a�j�Z�[�h�l�d�Z �b �Z�i�j�h�[�Z�p�b�y �i�j�h�]�j�Z�f�f�u, �b�k�i�h�e�v�a�m�x�s�_�c 
�i�h�e�m�q�_�g�g�u�_ �i�Z�j�Z�f�_�l�j�u �g�Z �m�k�l�Z�g�h�\�d�_. 

�>�e�y �m�k�l�j�Z�g�_�g�b�y �h�r�b�[�h�d �i�_�j�_�^�Z�q�b �^�Z�g�g�u�o �\ �d�Z�g�Z�e�_ �d�\�Z�g�l�h�\�h�c �d�j�b�i�l�h�]�j�Z�n�b�b 
�i�j�b�f�_�g�y�_�l�k�y �f�_�l�h�^ �g�Z�a�u�\�Z�x�s�b�c�k�y �k�h�]�e�Z�k�h�\�Z�g�b�_�f �d�e�x�q�Z, �k�m�l�v �d�h�l�h�j�h�]�h �k�\�h�^�b�l�k�y �d �m�^�Z�e�_�g�b�x 
�b�a �d�e�x�q�_�c �b�k�l�h�q�g�b�d�Z �b �i�j�b�_�f�g�b�d�Z �k�h�h�[�s�_�g�b�y �h�r�b�[�h�q�g�u�o �[�b�l�h�\. �B�k�l�h�q�g�b�d �b�g�n�h�j�f�Z�p�b�b 
(�:�e�b�k�Z) �b �i�j�b�_�f�g�b�d (�;�h�[) �]�j�m�i�i�b�j�m�x�l �k�\�h�b �[�b�l�u �\ �[�e�h�d�b �h�i�j�_�^�_�e�_�g�g�h�]�h �j�Z�a�f�_�j�Z, 
�h�i�l�b�f�b�a�b�j�m�_�l�k�y �d�Z�d �n�m�g�d�p�b�y �m�j�h�\�g�y �h�r�b�[�h�d. �H�g�b �h�[�f�_�g�b�\�Z�x�l�k�y �b�g�n�h�j�f�Z�p�b�_�c �h �q�_�l�g�h�k�l�b 
�d�Z�`�^�h�]�h �[�e�h�d�Z �i�h �h�l�d�j�u�l�h�f�m �d�Z�g�Z�e�m. �?�k�e�b �q�_�l�g�h�k�l�b �k�h�]�e�Z�k�m�x�l�k�y, �l�h �:�e�b�k�Z �b �;�h�[ �i�_�j�_�o�h�^�y�l �d 
�k�e�_�^�m�x�s�_�f�m �[�e�h�d�m. �?�k�e�b �q�_�l�g�h�k�l�b �g�_ �k�h�]�e�Z�k�m�x�l�k�y, �l�h �h�g�b �a�Z�d�e�x�q�Z�x�l, �q�l�h �\ �k�h�h�l�\�_�l�k�l�\�m�x�s�_�f 
�[�e�h�d�_ �[�u�e�h �k�^�_�e�Z�g�h �g�_�q�_�l�g�h�_ �q�b�k�e�h �h�r�b�[�h�d �b �b�s�m�l �b�o �j�_�d�m�j�k�b�\�g�h �< �b�l�h�]�_ �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�c 
�[�e�h�d �e�b�[�h �g�_ �k�h�^�_�j�`�b�l �h�r�b�[�h�d, �e�b�[�h �b�o �q�b�k�e�h �q�_�l�g�h. �>�Z�e�_�_ �:�e�b�k�Z �b �;�h�[ «�i�_�j�_�f�_�r�b�\�Z�x�l» 
�d�e�x�q�b �b �i�h�\�l�h�j�y�x�l �h�i�_�j�Z�p�b�x �k �[�e�h�d�Z�f�b �^�j�m�]�h�]�h �j�Z�a�f�_�j�Z. 

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

�< �j�_�a�m�e�v�l�Z�l�_ �j�Z�[�h�l�u �k�h�a�^�Z�g�Z �i�j�h�]�j�Z�f�f�Z, �h�i�l�b�f�Z�e�v�g�u�f �h�[�j�Z�a�h�f �k�h�]�e�Z�k�m�x�s�Z�y �i�j�h�p�_�k�k 
�j�Z�k�i�j�_�^�_�e�_�g�b�y �d�e�x�q�Z. �K�b�k�l�_�f�Z �[�u�e�Z �i�j�b�f�_�g�_�g�Z �g�Z �j�_�Z�e�v�g�h�c �m�k�l�Z�g�h�\�d�_ �d�\�Z�g�l�h�\�h�c 
�d�j�b�i�l�h�]�j�Z�n�b�b. �< �j�_�a�m�e�v�l�Z�l�_ �b�k�i�u�l�Z�g�b�c �[�u�e�h �i�h�d�Z�a�Z�g�h, �q�l�h �i�j�h�]�j�Z�f�f�Z �h�[�_�k�i�_�q�b�\�Z�_�l 
�g�_�h�[�o�h�^�b�f�m�x �k�l�_�i�_�g�v �b�^�_�g�l�b�q�g�h�k�l�b �d�e�x�q�_�c �b�k�l�h�q�g�b�d�Z �b �i�j�b�_�f�g�b�d�Z �k�h�h�[�s�_�g�b�c, �d�Z�d �\ 
�h�l�k�m�l�k�l�\�b�b, �l�Z�d �b �i�j�b�k�m�l�k�l�\�b�b �g�_�e�_�]�b�l�b�f�g�h�]�h �i�h�e�v�a�h�\�Z�l�_�e�y. 
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�<�E�B�Y�G�B�? �G�:�G�H�Q�:�K�L�B�P �G�: �N�H�J�F�B�J�H�<�:�G�B�? �K�L�J�M�D�L�M�J�U 
�B �H�I�L�B�Q�?�K�D�B�? �K�<�H�C�K�L�<�: �:�D�J�B�E�:�L�G�U�O �D�H�F�I�H�A�B�L�H�<, 

�I�H�E�M�Q�?�G�G�U�O �< �I�J�H�P�?�K�K�? �M�N-�I�H�E�B�F�?�J�B�A�:�P�B�B 
�X .�: . �=�j�h�f�h�\�Z 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �d.�n.-�f .�g., �^�h�p�_�g�l �X .�W. �;�m�j�m�g�d�h�\�Z 
 
�< �j�Z�[�h�l�_ �i�j�h�b�a�\�h�^�b�l�v�k�y �k�j�Z�\�g�_�g�b�_ �h�k�h�[�_�g�g�h�k�l�_�c �\�e�b�y�g�b�y �g�Z�g�h�q�Z�k�l�b�p SiO2 �b ZnO �g�Z 

�n�h�j�f�b�j�h�\�Z�g�b�_ �k�l�j�m�d�l�m�j�b�j�h�\�Z�g�b�_ �h�i�l�b�q�_�k�d�b�o �Z�d�j�b�e�Z�l�g�u�o �g�Z�g�h�d�h�f�i�h�a�b�l�h�\, �i�h�e�m�q�_�g�g�u�o �\ 
�i�j�h�p�_�k�k�_ �M�N-�h�l�\�_�j�`�^�_�g�b�y  �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �d�h�g�p�_�g�l�j�Z�p�b�b �g�Z�g�h�f�h�^�b�n�b�d�Z�l�h�j�Z. �B�k�k�e�_�^�h�\�Z�g�Z 
�a�Z�\�b�k�b�f�h�k�l�v �d�h�f�i�e�_�d�k�Z �w�d�k�i�e�m�l�Z�p�b�h�g�g�u�o �b �h�i�l�b�q�_�k�d�b�o �k�\�h�c�k�l�\ (�k�\�_�l�h�j�Z�k�k�_�y�g�b�_, 
�f�b�d�j�h�l�\�_�j�^�h�k�l�v, �\�e�Z�]�h�i�h�]�e�h�s�_�g�b�_, �i�j�h�i�m�k�d�Z�g�b�_, �i�h�d�Z�a�Z�l�_�e�v �i�j�_�e�h�f�e�_�g�b�y). 

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

�i�h�e�b�f�_�j�g�u�_ �d�h�f�i�h�a�b�l�u, �l�Z�d �d�Z�d �\�h�a�g�b�d�Z�_�l �\�h�a�f�h�`�g�h�k�l�v �i�h�e�m�q�_�g�b�y �f�Z�l�_�j�b�Z�e�Z �k 
�b�g�g�h�\�Z�p�b�h�g�g�u�f�b �n�b�a�b�q�_�k�d�b�f�b, �o�b�f�b�q�_�k�d�b�f�b �b �f�_�o�Z�g�b�q�_�k�d�b�f�b �k�\�h�c�k�l�\�Z�f�b. �B�k�k�e�_�^�h�\�Z�g�b�y 
�i�h�d�Z�a�Z�e�b, �q�l�h �m�e�m�q�r�_�g�b�_ �f�_�o�Z�g�b�q�_�k�d�b�o �k�\�h�c�k�l�\, �h�k�h�[�_�g�g�h �f�_�o�Z�g�b�q�_�k�d�b�o �k�\�h�c�k�l�\ 
(�m�i�j�m�]�h�k�l�v), �g�Z�g�h�d�h�f�i�h�a�b�l�h�\ �a�Z�\�b�k�b�l �h�l �n�Z�d�l�h�j�h�\, �\�d�e�x�q�Z�x�s�b�o �j�Z�a�f�_�j �g�Z�g�h�q�Z�k�l�b�p�u, �n�h�j�f�m, 
�h�[�t�_�f�g�m�x �^�h�e�x, �k�l�_�i�_�g�v �^�b�k�i�_�j�k�g�h�k�l�b, �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �i�h�e�b�f�_�j�g�h�c �f�Z�l�j�b�p�u �b 
�\�a�Z�b�f�h�^�_�c�k�l�\�b�_ �f�_�`�^�m �g�Z�i�h�e�g�b�l�_�e�_�f �b �f�Z�l�j�b�p�_�c, �j�_�a�m�e�v�l�Z�l�h�f �d�h�l�h�j�h�]�h �y�\�e�y�_�l�k�y 
�k�l�j�m�d�l�m�j�b�j�h�\�Z�g�b�_ �i�h�e�b�f�_�j�Z �g�Z �]�j�Z�g�b�p�_ �k �g�Z�g�h�q�Z�k�l�b�p�_�c. �I�h�  ̂ �\�e�b�y�g�b�_�f �g�Z�g�h�j�Z�a�f�_�j�g�h�]�h 
�g�Z�i�h�e�g�b�l�_�e�y, �k�\�h�c�k�l�\�Z �f�Z�l�_�j�b�Z�e�Z �\�b�^�h�b�a�f�_�g�y�x�l�k�y, �h�l�e�b�q�Z�y�k�v �h�l �k�\�h�c�k�l�\ �b�k�o�h�^�g�u�o 
�d�h�f�i�h�g�_�g�l�h�\. �L�Z�d�h�c �w�n�n�_�d�l �g�_�\�h�a�f�h�`�g�h �h�[�t�y�k�g�b�l�v �b�k�i�h�e�v�a�m�x �f�_�o�Z�g�b�d�m �k�i�e�h�r�g�u�o �k�j�_�^ [1]. 
�< �g�Z�k�l�h�y�s�b�_ �\�j�_�f�y �k�m�s�_�k�l�\�m�_�l �j�y� ̂ �j�Z�[�h�l �\ �h�[�e�Z�k�l�b �i�h�e�b�f�_�j�g�u�o �g�Z�g�h�d�h�f�i�h�a�b�l�h�\, �g�h �_�s�_ 
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�i�j�_�^�k�l�h�b�l �j�Z�k�k�f�h�l�j�_�l�v �f�g�h�]�b�_ �\�h�i�j�h�k�u, �k�\�y�a�Z�g�g�u�_ �k �h�[�h�k�g�h�\�Z�g�b�_�f �n�b�a�b�q�_�k�d�h�c �i�j�b�j�h�^�u 
�\�h�a�g�b�d�Z�x�s�b�o �w�n�n�_�d�l�h�\, �g�Z�i�j�b�f�_�j, �\�e�b�y�g�b�_ �j�Z�a�f�_�j�Z �g�Z�i�h�e�g�b�l�_�e�y �g�Z �k�\�h�c�k�l�\�Z 
�g�Z�g�h�d�h�f�i�h�a�b�l�Z, �j�Z�a�j�Z�[�h�l�Z�l�v �m�k�l�h�c�q�b�\�m�x �l�_�h�j�b�x, �i�h�a�\�h�e�y�x�s�m�x �f�Z�l�_�f�Z�l�b�q�_�k�d�b �h�i�b�k�Z�l�v 
�b�a�f�_�g�_�g�b�_ �k�\�h�c�k�l�\ �e�x�[�h�]�h �i�h�e�b�f�_�j�Z �k �b�a�f�_�g�_�g�b�_�f �k�l�_�i�_�g�b �f�h�^�b�n�b�d�Z�p�b�b. 

�=�b�[�j�b�^�g�u�_ �g�Z�g�h�d�h�f�i�h�a�b�l�u �i�h�e�m�q�Z�x�l �]�_�e�v-�a�h�e�v �f�_�l�h�^�Z�f�b �b�e�b �\�\�_�^�_�g�b�_�f �\ �i�h�e�b�f�_�j�g�m�x 
�f�Z�l�j�b�p�m �g�_�h�j�]�Z�g�b�q�_�k�d�b�o �q�Z�k�l�b�p �\ �h�j�]�Z�g�b�q�_�k�d�h�c �h�[�h�e�h�q�d�_. �N�Z�d�l�b�q�_�k�d�b, �g�Z�g�h�d�h�f�i�h�a�b�l �w�l�h 
�d�h�g�^�_�g�k�b�j�h�\�Z�g�g�Z�y �k�j�_�^�Z, �\ �d�h�l�h�j�h�c �h�i�j�_�^�_�e�_�g�g�u�f �h�[�j�Z�a�h�f �j�Z�k�i�j�_�^�_�e�_�g�u �\ �i�h�e�b�f�_�j�g�h�c 
�f�Z�l�j�b�p�_ �g�_�h�j�]�Z�g�b�q�_�k�d�b�_ �b �h�j�]�Z�g�b�q�_�k�d�b�_ �\�_�s�_�k�l�\�Z �i�j�b �k�h�o�j�Z�g�_�g�b�b �d�\�Z�a�b�]�h�f�h�]�_�g�g�h�k�l�b 
�k�l�j�m�d�l�m�j�u �b �h�i�l�b�q�_�k�d�h�c �i�j�h�a�j�Z�q�g�h�k�l�b �f�Z�l�_�j�b�Z�e�Z. �K�l�j�m�d�l�m�j�g�Z�y �h�j�]�Z�g�b�a�Z�p�b�y �l�Z�d�b�o 
�f�Z�l�_�j�b�Z�e�h�\ – �k�_�j�v�_�a�g�_�c�r�Z�y �i�j�h�[�e�_�f�Z, �[�_�a �j�_�r�_�g�b�y �d�h�l�h�j�h�c �l�j�m�^�g�h �h�i�j�_�^�_�e�b�l�v �b 
�h�i�l�b�f�b�a�b�j�h�\�Z�l�v �h�[�e�Z�k�l�b �b�o �i�j�Z�d�l�b�q�_�k�d�h�]�h �b�k�i�h�e�v�a�h�\�Z�g�b�y. �G�_�h�[�o�h�^�b�f�h�k�l�v �i�h�\�u�r�_�g�b�y 
�m�k�l�h�c�q�b�\�h�k�l�b �g�Z�g�h�d�h�f�i�h�a�b�l�h�\ �b �d�h�g�l�j�h�e�y �g�Z�^ �h�[�j�Z�l�b�f�u�f�b �i�_�j�_�o�h�^�Z�f�b �\ �l�Z�d�b�o �k�b�k�l�_�f�Z�o 
�i�j�b�\�e�_�d�Z�_�l �\�k�_ �[�h�e�_�_ �i�j�b�k�l�Z�e�v�g�h�_ �\�g�b�f�Z�g�b�_ �d �i�h�b�k�d�m �i�m�l�_�c �m�i�j�Z�\�e�_�g�b�y �b�o �f�h�j�n�h�e�h�]�b�_�c, 
�k�l�j�m�d�l�m�j�g�h�c �h�j�]�Z�g�b�a�Z�p�b�_�c �b �Z�j�o�b�l�_�d�l�m�j�h�c [2]. 

�< �^�Z�g�g�h�c �j�Z�[�h�l�_ �[�u�e�b �b�k�k�e�_�^�h�\�Z�g�u �h�i�l�b�q�_�k�d�b �i�j�h�a�j�Z�q�g�u�_ �g�Z�g�h�d�h�f�i�h�a�b�l�u, 
�i�h�e�m�q�Z�_�f�u�_ �i�j�b �M�N-�i�h�e�b�f�_�j�b�a�Z�p�b�b �i�h�e�b�f�_�j�g�h�c �f�Z�l�j�b�p�u �\ �i�j�b�k�m�l�k�l�\�b�b �g�Z�g�h�q�Z�k�l�b�p 
�Z�w�j�h�k�b�e�Z �b �h�d�k�b�^�Z �p�b�g�d�Z �Z�d�l�b�\�g�h �\�a�Z�b�f�h�^�_�c�k�l�\�m�x�s�b�o �k �Z�d�j�b�e�Z�l�g�h�c �f�h�g�h�f�_�j�g�h�c 
�d�h�f�i�h�a�b�p�b�_�c �b, �k�e�_�^�h�\�Z�l�_�e�v�g�h, �\�e�b�y�x�s�b�o �g�Z �f�h�j�n�h�e�h�]�b�x �f�Z�l�_�j�b�Z�e�Z. �K�l�j�m�d�l�m�j�b�j�m�x�s�Z�y 
�j�h�e�v �g�Z�g�h�f�h�^�b�n�b�d�Z�l�h�j�Z �i�j�b �i�h�k�l�_�i�_�g�g�h�f �m�\�_�e�b�q�_�g�b�b �b�o �d�h�g�p�_�g�l�j�Z�p�b�b �b�a�m�q�Z�e�h�k�v �d�Z�d 
�i�j�y�f�u�f �f�_�l�h�^�h�f �:�K�F, �l�Z�d �b �d�h�k�\�_�g�g�u�f�b �f�_�l�h�^�Z�f�b: �l�\�_�j�^�h�k�l�v �i�h �;�j�b�g�_�e�e�x, �k�h�j�[�p�b�y, 
�b�a�f�_�g�_�g�b�_ �b�g�^�_�d�k�Z �j�_�n�j�Z�d�p�b�b. �;�u�e�h �j�Z�k�k�f�h�l�j�_�g�h �b�a�f�_�g�_�g�b�_ �h�i�l�b�q�_�k�d�b�o �k�\�h�c�k�l�\ 
(�k�\�_�l�h�j�Z�k�k�_�y�g�b�_ �b �i�j�h�i�m�k�d�Z�g�b�_) �f�Z�l�_�j�b�Z�e�Z. 

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

 
�E�b�l�_�j�Z�l�m�j�Z 

1. Ashfaq Adnan a, C.T. Sun, Hassan Mahfuz. A molecular dynamics simulation study to 
investigate the effect of filler size on elastic properties of polymer nanocomposites.//Composites 
Science and Technology 67. – 2007. – �J�J. 348–356. 

2. �I�h�f�h�]�Z�c�e�h �: .�>. �F�_�l�Z�e�e�h�i�h�e�b�f�_�j�g�u�_ �g�Z�g�h�d�h�f�i�h�a�b�l�u �k �d�h�g�l�j�h�e�b�j�m�_�f�h�c �f�h�e�_�d�m�e�y�j�g�h�c 
�Z�j�o�b�l�_�d�l�m�j�h�c. //�J�h�k. �o�b�f. �` . (�@. �J�h�k. �o�b�f. �h�[-�\�Z �b�f. �>.�B.�F�_�g�^�_�e�_�_�\�Z) . – 2002. – �L. 
XLVI. – �‹ 5. – �K. 64–73. 

 
 
�M�>�D 004.451.6 
 

�J�:�A�J�:�;�H�L�D�: �H�I�L�B�Q�?�K�D�H�=�H �F�?�>�B�:�D�H�G�<�?�J�L�H�J�: 
�I�J�H�F�U�R�E�?�G�G�H�C �:�<�L�H�F�:�L�B�D�B 

�: .�K. �A�Z�f�[�j�h�\�k�d�Z�y 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �F.�X . �J�_�c�f�Z�g (�N�L�B-�H�i�l�j�h�g�b�d) 

 
�D�j�Z�l�d�h�_ �\�k�l�m�i�e�_�g�b�_, �i�h�k�l�Z�g�h�\�d�Z �i�j�h�[�e�_�f�u. �< �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y �\ �k�\�y�a�b �k �j�Z�a�\�b�l�b�_�f 

�l�_�o�g�b�d�b �b �l�_�o�g�h�e�h�]�b�b �i�j�h�b�a�\�h�^�k�l�\�Z, �\�g�_�^�j�_�g�b�_�f �\�k�z �[�h�e�_�_ �k�e�h�`�g�u�o �l�_�o�g�h�e�h�]�b�q�_�k�d�b�o 
�d�h�f�i�e�_�d�k�h�\ �g�Z �i�_�j�\�h�_ �f�_�k�l�h �\ �k�h�a�^�Z�g�b�b �\�u�k�h�d�h�w�n�n�_�d�l�b�\�g�h�]�h �i�j�h�b�a�\�h�^�k�l�\�Z, �\�u�o�h�^�b�l 
�k�h�a�^�Z�g�b�_ �g�Z�^�z�`�g�u�o �Z�\�l�h�f�Z�l�b�a�b�j�h�\�Z�g�g�u�o �k�b�k�l�_�f �m�i�j�Z�\�e�_�g�b�y (�:�K�M). �H�^�g�b�f�b �b�a �\�Z�`�g�_�c�r�b�o 
�w�e�_�f�_�g�l�h�\ �:�K�M, �y�\�e�y�x�l�k�y �k�b�k�l�_�f�u �k�[�h�j�Z �b �i�_�j�_�^�Z�q�b �^�Z�g�g�u�o (�K�I�>) �\ �j�_�Z�e�v�g�h�f �f�Z�k�r�l�Z�[�_ 
�\�j�_�f�_�g�b. �I�j�b�f�_�g�_�g�b�_ �^�e�y �w�l�b�o �p�_�e�_�c �j�Z�g�_�_ �k�m�s�_�k�l�\�m�x�s�b�o �l�_�o�g�b�q�_�k�d�b�o �j�_�r�_�g�b�c �b 
�l�_�o�g�h�e�h�]�b�c �i�_�j�_�^�Z�q�b �^�Z�g�g�u�o �g�_ �i�h�a�\�h�e�y�_�l �k�h�h�l�\�_�l�k�l�\�h�\�Z�l�v �K�I�> �\�k�z �[�h�e�_�_ �m�`�z�k�l�h�q�Z�x�s�b�f�k�y 
�l�j�_�[�h�\�Z�g�b�y�f �i�h �g�Z�^�z�`�g�h�k�l�b �b �w�d�h�g�h�f�b�q�g�h�k�l�b. �G�_�h�[�o�h�^�b�f�h �k�h�a�^�Z�g�b�_ �i�j�b�g�p�b�i�b�Z�e�v�g�h �g�h�\�u�o 
�K�I�> �\ �j�Z�a�e�b�q�g�u�o �:�K�M, �[�Z�a�b�j�m�x�s�b�o�k�y �g�Z �b�g�g�h�\�Z�p�b�h�g�g�u�o �l�_�o�g�h�e�h�]�b�y�o, �\ �l�h�f �q�b�k�e�_ �b �g�Z�g�h-
�l�_�o�g�h�e�h�]�b�y�o. 
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�P�_�e�v�x �^�Z�g�g�h�c �j�Z�[�h�l�u �y�\�e�y�_�l�k�y �j�Z�a�j�Z�[�h�l�d�Z �b �k�h�a�^�Z�g�b�_ �i�j�h�l�h�l�b�i�Z �k�b�k�l�_�f�u �i�_�j�_�^�Z�q�b 

�^�Z�g�g�u�o �\ �:�K�M, �j�_�Z�e�b�a�m�x�s�_�]�h �i�j�b�g�p�b�i �i�_�j�_�^�Z�q�b �^�Z�g�g�u�o �i�h �\�h�e�h�d�h�g�g�h-�h�i�l�b�q�_�k�d�b�f �e�b�g�b�y�f 
�k�\�y�a�b (�<�H�E�K) �g�Z �h�k�g�h�\�_ �l�\�z�j�^�h�l�_�e�v�g�h�]�h �e�Z�a�_�j�Z. 

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

�f�_�^�b�Z�d�h�g�\�_�j�l�h�j�Z �i�j�h�f�u�r�e�_�g�g�h�c �Z�\�l�h�f�Z�l�b�d�b (�F�F�I�: ) �g�_�h�[�o�h�^�b�f�h �j�_�Z�e�b�a�h�\�Z�l�v 
�\�h�a�f�h�`�g�h�k�l�v �i�_�j�_�^�Z�q�b �i�h �<�H�E�K �k�l�Z�g�^�Z�j�l�g�u�o �k�b�]�g�Z�e�h�\ �n�b�a�b�q�_�k�d�h�]�h �b�g�l�_�j�n�_�c�k�Z RS-
232/422/485. �I�j�b �w�l�h�f �g�_�h�[�o�h�^�b�f�h �h�[�_�k�i�_�q�b�l�v �k�h�\�f�_�k�l�b�f�h�k�l�v �k �k�m�s�_�k�l�\�m�x�s�b�f�b 
�d�h�f�i�h�g�_�g�l�Z�f�b �:�K�M �b�k�i�h�e�v�a�m�x�s�b�o �^�e�y �h�[�f�_�g�Z �^�Z�g�g�u�f�b �m�d�Z�a�Z�g�g�u�_ �b�g�l�_�j�n�_�c�k�u. �F�F�I�:  
�^�h�e�`�_�g �k�h�h�l�\�_�l�k�l�\�h�\�Z�l�v �l�j�_�[�h�\�Z�g�b�y�f �i�j�b�f�_�g�_�g�b�y �\ �`�z�k�l�d�b�o �m�k�e�h�\�b�y�o �w�d�k�i�e�m�Z�l�Z�p�b�b. 

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

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

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

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

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

�I�j�h�\�_�^�_�g�Z �j�Z�[�h�l�Z �i�h �h�i�l�b�f�b�a�Z�p�b�b �d�h�g�k�l�j�m�d�p�b�b �F�F�I�:  �^�e�y �\�h�a�f�h�`�g�h�k�l�b �i�j�b�f�_�g�_�g�b�y �\ 
�e�x�[�u�o �k�m�s�_�k�l�\�m�x�s�b�o �:�K�M, �[�_�a �b�a�f�_�g�_�g�b�y �b �^�h�j�Z�[�h�l�d�b �Z�i�i�Z�j�Z�l�g�h�c �q�Z�k�l�b �k�Z�f�b�o �:�K�M. 

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

�I�j�h�\�_�^�z�g �Z�g�Z�e�b�a �k�m�s�_�k�l�\�m�x�s�_�c �w�e�_�f�_�g�l�g�h�c �[�Z�a�u �^�e�y �i�h�k�l�j�h�_�g�b�y �F�F�I�:  �k �p�_�e�v�x 
�f�Z�d�k�b�f�Z�e�v�g�h�]�h �b�k�i�h�e�v�a�h�\�Z�g�b�y �k�l�Z�g�^�Z�j�l�g�u�o �w�e�_�f�_�g�l�h�\ �b �w�e�_�d�l�j�h�g�g�u�o �d�h�f�i�h�g�_�g�l�h�\. 

  
�H�k�g�h�\�g�h�c �j�_�a�m�e�v�l�Z�l. �< �j�_�a�m�e�v�l�Z�l�_ �i�j�h�\�_�^�z�g�g�h�c �j�Z�[�h�l�u �j�Z�a�j�Z�[�h�l�Z�g �b �k�h�a�^�Z�g �i�j�h�l�h�l�b�i 

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

�<�g�_�^�j�_�g�b�_ �F�F�I�:  �i�h�a�\�h�e�y�_�l �j�_�r�b�l�v �g�_ �l�h�e�v�d�h �l�_�o�g�b�q�_�k�d�b�_ �a�Z�^�Z�q�b, �g�h �b �i�h�e�m�q�b�l�v 
�a�g�Z�q�b�l�_�e�v�g�u�c �w�d�h�g�h�f�b�q�_�k�d�b�c �w�n�n�_�d�l �i�j�b �k�h�a�^�Z�g�b�b �b �f�h�^�_�j�g�b�a�Z�p�b�b �j�Z�g�_�_ �k�h�a�^�Z�g�g�u�o �:�K�M. 
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�L�?�H�J�?�L�B�Q�?�K�D�B�C �:�G�:�E�B�A �J�:�K�I�J�H�K�L�J�:�G�?�G�B�Y �L�?�J�:�=�?�J�P�H�<�H�=�H 
�B�A�E�M�Q�?�G�B�Y �>�B�:�I�:�A�H�G�: 0,1–2 �L�=�P �Q�?�J�?�A 

�:�L�?�J�H�K�D�E�?�J�H�L�B�Q�?�K�D�B�? �;�E�Y�R�D�B 
�>.�: . �B�\�Z�r�d�b�g�Z  

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �d.�n.-�f .�g., �^�h�p�_�g�l �H.�: . �K�f�h�e�y�g�k�d�Z�y 
 
�I�j�h�\�_�^�_�g�h �b�k�k�e�_�^�h�\�Z�g�b�_ �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �e�Z�a�_�j�g�h�]�h �b�a�e�m�q�_�g�b�y �k �d�j�h�\�_�g�h�k�g�u�f�b 

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

�I�h�k�l�j�h�_�g�Z �i�j�h�k�l�_�c�r�Z�y �f�h�^�_�e�v �^�e�y �b�k�k�e�_�^�h�\�Z�g�b�y �j�Z�k�i�j�_�^�_�e�_�g�b�y �h�k�\�_�s�_�g�g�h�k�l�b �i�j�b 
�\�h�a�^�_�c�k�l�\�b�b �e�Z�a�_�j�g�u�f �b�a�e�m�q�_�g�b�_�f �k �^�e�b�g�Z�f�b �\�h�e�g 0.1–2 �L�=�p �\ �d�j�h�\�_�g�h�k�g�h�f �k�h�k�m�^�_ �b 
�Z�l�_�j�h�k�d�e�_�j�h�l�b�q�_�k�d�h�c �[�e�y�r�d�_. �>�e�y �j�_�r�_�g�b�y �a�Z�^�Z�q�b �\�h�a�^�_�c�k�l�\�b�y �b�a�e�m�q�_�g�b�y �g�Z �[�b�h�l�d�Z�g�v  
�i�j�Z�d�l�b�q�_�k�d�b�c �b�g�l�_�j�_�k �i�j�_�^�k�l�Z�\�e�y�_�l �h�k�\�_�s�_�g�g�h�k�l�v. �< �d�Z�q�_�k�l�\�_ �h�k�g�h�\�u �f�Z�l�_�f�Z�l�b�q�_�k�d�h�c 
�f�h�^�_�e�b �\�u�[�j�Z�g�h �m�j�Z�\�g�_�g�b�_ �i�_�j�_�g�h�k�Z �b�a�e�m�q�_�g�b�y �^�e�y �[�b�h�e�h�]�b�q�_�k�d�h�c �k�j�_�^�u (�l�d�Z�g�b) �\ 
�^�b�n�n�m�a�b�h�g�g�h�f �i�j�b�[�e�b�`�_�g�b�b. 

�G�Z �[�Z�a�_ �f�Z�l�_�f�Z�l�b�q�_�k�d�h�c �f�h�^�_�e�b �k�h�a�^�Z�g �Z�e�]�h�j�b�l�f �\�u�q�b�k�e�_�g�b�c �k �\�o�h�^�g�u�f�b �^�Z�g�g�u�f�b �\ 
�\�b�^�_ �h�i�l�b�q�_�k�d�b�o �i�Z�j�Z�f�_�l�j�h�\ �[�b�h�e�h�]�b�q�_�k�d�h�c �l�d�Z�g�b (�i�h�d�Z�a�Z�l�_�e�v �i�j�_�e�h�f�e�_�g�b�y, �d�h�w�n�n�b�p�b�_�g�l 
�i�h�]�e�h�s�_�g�b�y, �d�h�w�n�n�b�p�b�_�g�l �j�Z�k�k�_�y�g�b�y, �n�Z�d�l�h�j �Z�g�b�a�h�l�j�h�i�b�b �j�Z�k�k�_�y�g�b�y) �b �k �\�u�o�h�^�g�u�f�b 
�^�Z�g�g�u�f�b �\ �\�b�^�_ �h�k�\�_�s�_�g�g�h�k�l�b. �:�e�]�h�j�b�l�f �j�_�Z�e�b�a�h�\�Z�g �i�j�b �i�h�f�h�s�b �i�j�h�]�j�Z�f�f�g�u�o �k�j�_�^�k�l�\ 
Matlab �b Femlab, �q�l�h �i�h�a�\�h�e�b�e�h �l�Z�d�`�_ �h�k�m�s�_�k�l�\�b�l�v �\�b�a�m�Z�e�b�a�Z�p�b�x �b�k�d�h�f�h�]�h �j�Z�k�i�j�_�^�_�e�_�g�b�y. 

�J�Z�k�k�f�h�l�j�_�g�Z �\�h�a�f�h�`�g�h�k�l�v �h�^�g�h�\�j�_�f�_�g�g�h�c �^�b�Z�]�g�h�k�l�b�d�b �b �n�h�l�h�^�_�k�l�j�m�d�p�b�b 
�Z�l�_�j�h�k�d�e�_�j�h�l�b�q�_�k�d�b�o �[�e�y�r�_�d. 
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�B�F�I�M�E�V�K�: �B�A �F�:�E�H�=�H �Q�B�K�E�: �D�H�E�?�;�:�G�B�C �< �I�J�H�A�J�:�Q�G�H�C 
�H�I�L�B�Q�?�K�D�H�C �K�J�?�>�? 

�X .�: . �D�Z�i�h�c�d�h 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�n.-�f .�g., �i�j�h�n�_�k�k�h�j �K.�: . �D�h�a�e�h�\ 

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

�h�i�l�b�q�_�k�d�h�c �k�j�_�^�_ �b�a�m�q�_�g�h �^�h�k�l�Z�l�h�q�g�h �o�h�j�h�r�h. �L�Z�d, �a�Z�^�Z�q�Z �h�i�b�k�Z�g�b�y �^�b�g�Z�f�b�d�b �k�j�_�^�g�b�o 
�i�Z�j�Z�f�_�l�j�h�\ (�p�_�g�l�j�Z �l�y�`�_�k�l�b �b �^�e�b�l�_�e�v�g�h�k�l�b) �b�f�i�m�e�v�k�h�\ �j�_�r�_�g�Z �Z�g�Z�e�b�l�b�q�_�k�d�b, �\�h �\�k�y�d�h�f 
�k�e�m�q�Z�_, �^�e�y �e�b�g�_�c�g�h�c �f�h�^�_�e�b �k�j�_�^�u [1]. �W�l�b �j�_�a�m�e�v�l�Z�l�u �[�u�e�b �i�h�e�m�q�_�g�u �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f 
�f�_�l�h�^�Z �Z�g�Z�e�b�a�Z �m�j�Z�\�g�_�g�b�c �^�e�y �f�_�^�e�_�g�g�h �f�_�g�y�x�s�_�c�k�y �h�]�b�[�Z�x�s�_�c �b�f�i�m�e�v�k�Z. �H�^�g�Z�d�h, �i�j�b 
�h�i�b�k�Z�g�b�b �^�b�g�Z�f�b�d�b �b�f�i�m�e�v�k�h�\ �k�h �k�\�_�j�o�r�b�j�h�d�b�f�b �k�i�_�d�l�j�Z�f�b, �\ �l�h�f �q�b�k�e�_ �i�j�_�^�_�e�v�g�h 
�d�h�j�h�l�d�b�o �^�e�b�l�_�e�v�g�h�k�l�_�c, �w�l�h�l �f�_�l�h�^ �i�_�j�_�k�l�Z�z�l �[�u�l�v �i�e�h�^�h�l�\�h�j�g�u�f, �i�h�k�d�h�e�v�d�m �h�g �h�k�g�h�\�Z�g �g�Z 
�i�j�b�[�e�b�`�_�g�b�b �d�\�Z�a�b�f�h�g�h�o�j�h�f�Z�l�b�q�_�k�d�h�]�h �b�a�e�m�q�_�g�b�y. �K �j�Z�a�\�b�l�b�_�f �e�Z�a�_�j�g�h�c �l�_�o�g�b�d�b, 
�i�h�y�\�e�_�g�b�_�f �\�k�z �[�h�e�v�r�_�]�h �d�h�e�b�q�_�k�l�\�Z �n�_�f�l�h�k�_�d�m�g�^�g�u�o �e�Z�a�_�j�h�\ �w�l�h �i�j�b�[�e�b�`�_�g�b�_ �i�_�j�_�k�l�Z�e�h 
�[�u�l�v �m�^�h�\�e�_�l�\�h�j�b�l�_�e�v�g�u�f, �\ �j�_�a�m�e�v�l�Z�l�_ �q�_�]�h �i�h�y�\�b�e�b�k�v �d�Z�d �j�Z�a�e�b�q�g�u�_ �f�h�^�b�n�b�d�Z�p�b�b �f�_�l�h�^�Z, 
�l�Z�d �b �Z�e�v�l�_�j�g�Z�l�b�\�g�u�_ �i�h�^�o�h�^�u. �H�^�g�b�f �b�a �g�b�o �y�\�e�y�_�l�k�y �f�_�l�h�^ �Z�g�Z�e�b�a�Z �k�Z�f�b�o �\�h�e�g�h�\�u�o 
�m�j�Z�\�g�_�g�b�c, �l�Z�d �g�Z�a�u�\�Z�_�f�u�c «�i�h�e�_�\�h�c» �f�_�l�h�^. �< �g�Z�k�l�h�y�s�b�c �f�h�f�_�g�l �w�l�h�l �f�_�l�h�^, �g�_�k�f�h�l�j�y �g�Z 
�_�]�h �i�_�j�k�i�_�d�l�b�\�g�h�k�l�v, �j�Z�a�\�b�l �f�Z�e�h. 

 
�P�_�e�v �j�Z�[�h�l�u. �<�h�a�f�h�`�g�h�k�l�v �i�h�e�m�q�_�g�b�y �Z�g�Z�e�b�l�b�q�_�k�d�h�]�h �j�_�a�m�e�v�l�Z�l�Z �^�e�y �^�b�g�Z�f�b�d�b 

�k�j�_�^�g�b�o �i�Z�j�Z�f�_�l�j�h�\ �b�f�i�m�e�v�k�Z �i�h�e�_�\�u�f �f�_�l�h�^�h�f �[�u�e�Z �i�h�d�Z�a�Z�g�Z �\ [2], �h�^�g�Z�d�h �g�_ �h�q�_�g�v 
�m�^�Z�q�g�u�c �\�u�[�h�j �i�j�b�[�e�b�`�_�g�b�y �^�b�k�i�_�j�k�b�b �k�j�_�^�u (�g�Z �i�j�b�f�_�j�_ �d�\�Z�j�p�_�\�h�]�h �\�h�e�h�d�g�Z) �g�_ �i�h�a�\�h�e�b�e 
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�i�h�e�m�q�b�l�v �j�_�a�m�e�v�l�Z�l�u �^�Z�`�_ �^�e�y �]�Z�m�k�k�h�\�h�]�h �\�o�h�^�g�h�]�h �b�f�i�m�e�v�k�Z (�d�Z�d �g�Z�q�Z�e�v�g�h�]�h �\�Z�j�b�Z�g�l�Z 
�i�j�b�[�e�b�`�_�g�b�y �h�i�l�b�q�_�k�d�h�]�h �b�f�i�m�e�v�k�Z). �G�_�h�[�o�h�^�b�f�h �i�h�^�h�[�j�Z�l�v �^�j�m�]�m�x �f�h�^�_�e�v �^�b�k�i�_�j�k�b�b, 
�w�n�n�_�d�l�b�\�g�h �h�i�b�k�u�\�Z�x�s�m�x �d�\�Z�j�p�_�\�h�_ �\�h�e�h�d�g�h �\ �^�h�k�l�Z�l�h�q�g�h �r�b�j�h�d�h�f �^�b�Z�i�Z�a�h�g�_, �b �i�h�e�m�q�b�l�v 
�j�_�a�m�e�v�l�Z�l�u �\ �Z�g�Z�e�b�l�b�q�_�k�d�b�o �n�h�j�f�m�e�Z�o �^�e�y �]�Z�m�k�k�h�\�h�]�h �b�f�i�m�e�v�k�Z, �Z �l�Z�d�`�_ �k�j�Z�\�g�b�l�v �b�o �\ 
�i�j�_�^�_�e�v�g�h�f �k�e�m�q�Z�_ �d�\�Z�a�b�f�h�g�h�o�j�h�f�Z�l�b�q�_�k�d�h�]�h �b�a�e�m�q�_�g�b�y �k �b�a�\�_�k�l�g�u�f�b [1]. 

 
�J�_�a�m�e�v�l�Z�l�u. �F�h�^�_�e�v �^�b�k�i�_�j�k�b�b �h�i�l�b�q�_�k�d�h�c �k�j�_�^�u �[�u�e�Z �k�d�h�j�j�_�d�l�b�j�h�\�Z�g�Z, �b �i�h �g�_�c 

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

 
�A�Z�d�e�x�q�_�g�b�_. �J�Z�a�j�Z�[�Z�l�u�\�Z�_�f�Z�y �f�_�l�h�^�b�d�Z �y�\�e�y�_�l�k�y, �[�_�k�k�i�h�j�g�h, �i�h�^�o�h�^�y�s�_�c �^�e�y �Z�g�Z�e�b�a�Z 

�j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�y �i�j�_�^�_�e�v�g�h �d�h�j�h�l�d�b�o �b�f�i�m�e�v�k�h�\, �b �\�h�a�f�h�`�g�h�k�l�v �i�h�e�m�q�Z�l�v �Z�g�Z�e�b�l�b�q�_�k�d�b�_ 
�j�_�a�m�e�v�l�Z�l�u �i�h �g�_�c �y�\�e�y�_�l�k�y �h�q�_�g�v �\�Z�`�g�h�c. �I�h�e�m�q�_�g�g�u�_ �j�_�a�m�e�v�l�Z�l�u �^�e�y �^�b�g�Z�f�b�d�b �k�j�_�^�g�b�o 
�i�Z�j�Z�f�_�l�j�h�\ �f�h�]�m�l �[�u�l�v �b�k�i�h�e�v�a�h�\�Z�g�u �d�Z�d �k�Z�f�b �i�h �k�_�[�_, �l�Z�d �b �\ �d�Z�q�_�k�l�\�_ �h�l�i�j�Z�\�g�h�c �l�h�q�d�b �^�e�y 
�^�h�[�Z�\�e�_�g�b�y �\ �\�h�e�g�h�\�h�_ �m�j�Z�\�g�_�g�b�_ �k�e�Z�]�Z�_�f�u�o, �h�i�b�k�u�\�Z�x�s�b�o �g�_�e�b�g�_�c�g�h�k�l�v �k�j�_�^�u [2]. 
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�<�A�:�B�F�H�>�?�C�K�L�<�B�? �<�K�L�J�?�Q�G�U�O �I�:�J�:�D�K�B�:�E�V�G�U�O 
�K�<�?�L�H�<�U�O �<�H�E�G �B�A �F�:�E�H�=�H �Q�B�K�E�: �D�H�E�?�;�:�G�B�C 

�< �G�?�E�B�G�?�C�G�U�O �>�B�W�E�?�D�L�J�B�Q�?�K�D�B�O �K�J�?�>�:�O 
�D.�K. �D�h�j�_�r�d�h�\ 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�n.-�f .�g., �i�j�h�n�_�k�k�h�j �K.�: . �D�h�a�e�h�\ 
 
�K�\�_�l�h�\�u�_ �b�f�i�m�e�v�k�u �b�a �f�Z�e�h�]�h �q�b�k�e�Z �d�h�e�_�[�Z�g�b�c �q�Z�k�l�h �g�Z�a�u�\�Z�x�l �i�j�_�^�_�e�v�g�h �d�h�j�h�l�d�b�f�b 

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

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

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

 �>�e�y �j�_�r�_�g�b�y �a�Z�^�Z�q�b �[�u�e �\�u�[�j�Z�g �k�i�_�d�l�j�Z�e�v�g�u�c �i�h�^�o�h�^. �>�b�g�Z�f�b�d�Z �i�h�e�y E
�&

 
�i�Z�j�Z�d�k�b�Z�e�v�g�u�o �k�\�_�l�h�\�u�o �\�h�e�g �k �r�b�j�h�d�b�f �\�j�_�f�_�g�g�u�f �k�i�_�d�l�j�h�f, �\ �l�h�f �q�b�k�e�_ �b�a �f�Z�e�h�]�h �q�b�k�e�Z 
�d�h�e�_�[�Z�g�b�c, �\ �g�_�e�b�g�_�c�g�h�c �h�^�g�h�j�h�^�g�h�c �b �b�a�h�l�j�h�i�g�h�c �^�b�w�e�_�d�l�j�b�q�_�k�d�h�c �k�j�_�^�_ �k �[�_�a�b�g�_�j�p�b�h�g�g�h�c 
�d�m�[�b�q�g�h�c �i�h �i�h�e�x �g�_�e�b�g�_�c�g�h�k�l�v�x �f�h�`�_�l �[�u�l�v �h�i�b�k�Z�g�Z �m�j�Z�\�g�_�g�b�_�f:  
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, (1) 

�]�̂ �_ N0, a, b – �w�f�i�b�j�b�q�_�k�d�b�_ �d�h�g�k�l�Z�g�l�u, �o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�_ �^�b�k�i�_�j�k�b�x �e�b�g�_�c�g�h�]�h �i�h�d�Z�a�Z�l�_�e�y 
�i�j�_�e�h�f�e�_�g�b�y �k�j�_�^�u 
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���Z��� �Z bcNacNNn , (2) 

�0nl – �d�h�w�n�n�b�p�b�_�g�l �g�_�e�b�g�_�c�g�h�c �^�b�w�e�_�d�l�j�b�q�_�k�d�h�c �i�j�h�g�b�p�Z�_�f�h�k�l�b; �û – �e�Z�i�e�Z�k�b�Z�g; t – �\�j�_�f�y, �Z 
c – �k�d�h�j�h�k�l�v �k�\�_�l�Z �\ �\�Z�d�m�m�f�_.  

�>�e�y �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h-�\�j�_�f�_�g�g�h�]�h �k�i�_�d�l�j�Z �h�i�l�b�q�_�k�d�h�]�h �b�a�e�m�q�_�g�b�y 
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, (3) 

�]�̂ �_ �&, kx, ky – �\�j�_�f�_�g�g�Z�y �b �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�_ �q�Z�k�l�h�l�u �k�\�_�l�h�\�u�o �\�h�e�g; z – �g�Z�i�j�Z�\�e�_�g�b�_, �\�^�h�e�v 
�d�h�l�h�j�h�]�h �h�g�b �j�Z�k�i�j�h�k�l�j�Z�g�y�x�l�k�y, �m�j�Z�\�g�_�g�b�_ (1) �i�j�b�g�b�f�Z�_�l �\�b�:̂  
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�K�i�_�d�l�j�Z�e�v�g�h�_ �m�j�Z�\�g�_�g�b�_ �m�̂ �h�[�g�h �j�_�r�Z�l�v �f�_�l�h�^�h�f �b�l�_�j�Z�p�b�c, �d�h�l�h�j�u�c �i�h�a�\�h�e�y�_�l �k�\�_�k�l�b 

�w�l�h �b�g�l�_�]�j�h-�^�b�n�n�_�j�_�g�p�b�Z�e�v�g�h�_ �m�j�Z�\�g�_�g�b�_ �d �k�b�k�l�_�f�_ �h�^�g�h�j�h�^�g�u�o �b �g�_�h�^�g�h�j�h�^�g�u�o 
�h�[�u�d�g�h�\�_�g�g�u�o �^�b�n�n�_�j�_�g�p�b�Z�e�v�g�u�o �m�j�Z�\�g�_�g�b�c. 

�;�m�^�_�f �b�k�d�Z�l�v �j�_�r�_�g�b�_ (4) �\ �\�b�^�_ �j�y�^�Z ...)()()()( 2
2

10 ���P���P��� zGzGzGzG , �]�̂ �_ �� – 
�i�Z�j�Z�f�_�l�j �f�Z�e�h�k�l�b. �L�h�]�̂ �Z �m�j�Z�\�g�_�g�b�_ (1.5) �k�\�h�^�b�l�k�y �d �k�b�k�l�_�f�_ �m�j�Z�\�g�_�g�b�c 
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 (5) 

�J�_�r�_�g�b�_ �i�_�j�\�h�]�h (�h�[�u�d�g�h�\�_�g�g�h�]�h) �^�b�n�n�_�j�_�g�p�b�Z�e�v�g�h�]�h �m�j�Z�\�g�_�g�b�y �k�b�k�l�_�f�u (5), 
�j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�_ �d�Z�d �g�m�e�_�\�Z�y �b�l�_�j�Z�p�b�y, �g�Z�o�h�^�b�l�k�y �w�e�_�f�_�g�l�Z�j�g�h �b �b�f�_�_�l �\�b� ̂

zikzik zz eCeCG ����� )0(
2

)0(
10

�&�&�&
, �]�̂ �_ ),,()0(

1 �Zyx kkC
�&

�b ),,()0(
2 �Zyx kkC

�&
�h�i�j�_�^�_�e�y�x�l�k�y �b�a �]�j�Z�g�b�q�g�u�o 

�m�k�e�h�\�b�c, �Z )()( 2222
yxz kknk �����Z�Z� . �I�h�k�d�h�e�v�d�m �f�u �j�Z�k�k�f�Z�l�j�b�\�Z�_�f �i�Z�j�Z�d�k�b�Z�e�v�g�h�_ 

�i�j�b�[�e�b�`�_�g�b�_, �i�h�e�m�q�b�f �k�e�_�^�m�x�s�_�_ �\�u�j�Z�`�_�g�b�_ �^�e�y zk : �¸
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1)( 22
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�< �k�e�_�^�m�x�s�_�c �b�l�_�j�Z�p�b�b, �m�q�b�l�u�\�Z�x�s�_�c �g�_�e�b�g�_�c�g�h�k�l�v �^�b�w�e�_�d�l�j�b�q�_�k�d�h�c �k�j�_�^�u, �f�h�`�g�h 
�i�h�e�m�q�b�l�v �\�u�j�Z�`�_�g�b�y �^�e�y �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h-�\�j�_�f�_�g�g�h�]�h �k�i�_�d�l�j�Z �b�a�e�m�q�_�g�b�y, �]�_�g�_�j�b�j�m�_�f�h�]�h 
�i�j�b �k�l�h�e�d�g�h�\�_�g�b�b �\�k�l�j�_�q�g�u�o �\�h�e�g�h�\�u�o �i�Z�d�_�l�h�\ �g�Z �m�l�j�h�_�g�g�u�o �b �d�h�f�[�b�g�Z�p�b�h�g�g�u�o �q�Z�k�l�h�l�Z�o. 
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�J�_�r�_�g�b�_ �\�l�h�j�h�]�h (�g�_�h�^�g�h�j�h�^�g�h�]�h) �h�[�u�d�g�h�\�_�g�g�h�]�h �^�b�n�n�_�j�_�g�p�b�Z�e�v�g�h�]�h �m�j�Z�\�g�_�g�b�y �k�b�k�l�_�f�u 
(5) �f�h�`�g�h �a�Z�i�b�k�Z�l�v �\ �\�b�^�_: )(211 zGeCeCG nl

zikzik zz
�&�&�&�&

����� �� , �]�̂ �_ ),,(1 yx kkC �Z
�&

�b ),,(2 yx kkC �Z
�&

 – 

�i�h�k�l�h�y�g�g�u�_ �b�g�l�_�]�j�b�j�h�\�Z�g�b�y, �i�h�e�m�q�Z�_�f�u�_ �i�j�b �j�_�r�_�g�b�b �k�h�h�l�\�_�l�k�l�\�m�x�s�_�]�h �h�^�g�h�j�h�^�g�h�]�h 
�m�j�Z�\�g�_�g�b�y (�f�h�`�g�h �i�h�e�h�`�b�l�v �j�Z�\�g�u�f�b �g�m�e�x, �i�h�k�d�h�e�v�d�m �b�o �\�d�e�Z�^ �\ �h�[�s�_�_ �j�_�r�_�g�b�_ (4) �m�`�_ 
�m�q�l�_�g), )(zGnl

�&
 – �q�Z�k�l�g�h�_ �j�_�r�_�g�b�_ �g�_�h�^�g�h�j�h�^�g�h�]�h �m�j�Z�\�g�_�g�b�y. �I�j�h�b�g�l�_�]�j�b�j�h�\�Z�\, �g�Z�i�j�b�f�_�j, 

�g�_�h�^�g�h�j�h�^�g�h�_ �m�j�Z�\�g�_�g�b�_ �f�_�l�h�^�h�f �\�Z�j�b�Z�p�b�b �i�h�k�l�h�y�g�g�u�o, �w�l�h �q�Z�k�l�g�h�_ �j�_�r�_�g�b�_ �f�h�`�g�h 
�i�h�e�m�q�b�l�v �\ �\�b�^�_:  
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 (7) 

�>�e�y �^�\�m�o �\�h�e�g�h�\�u�o �i�Z�d�_�l�h�\ �h�i�j�_�^�_�e�_�g�g�h�]�h �\�b�^�Z �i�h�e�m�q�_�g�u �Z�g�Z�e�b�l�b�q�_�k�d�b�_ �\�u�j�Z�`�_�g�b�y 
�^�e�y �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h-�\�j�_�f�_�g�g�u�o �k�i�_�d�l�j�h�\ �b�a�e�m�q�_�g�b�y �d�j�Z�l�g�u�o �b �d�h�f�[�b�g�Z�p�b�h�g�g�u�o �q�Z�k�l�h�l, 
�]�_�g�_�j�b�j�m�_�f�h�]�h �\ �j�_�a�m�e�v�l�Z�l�_ �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �\ �g�_�e�b�g�_�c�g�h�c �k�j�_�^�_ �^�\�m�o �l�Z�d�b�o �\�h�e�g�h�\�u�o 
�i�Z�d�_�l�h�\. 
 
 
�M�>�D 535.2:621.373.8267 
 

�<�H�A�F�H�@�G�H�K�L�B �B�K�I�H�E�V�A�H�<�:�G�B�Y �D�E�:�K�L�?�J�G�U�O �K�B�K�L�?�F 
�< �A�:�>�:�Q�:�O �G�?�E�B�G�?�C�G�H�C �H�I�L�B�D�B, �B�K�I�H�E�V�A�M�X�S�B�O 

�N�M�J�V�?-�F�?�L�H�> �J�:�K�S�?�I�E�?�G�B�Y �I�H �N�B�A�B�Q�?�K�D�B�F �N�:�D�L�H�J�:�F 
�H.�<. �D�m�a�g�_�p�h�\ 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �d.�n.-�f .�g. �F.�: . �;�Z�o�l�b�g 
 

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

�J�_�r�_�g�b�_ �k�h�\�j�_�f�_�g�g�u�o �a�Z�^�Z�q �g�_�e�b�g�_�c�g�h�c �h�i�l�b�d�b �g�_�\�h�a�f�h�`�g�h �i�j�_�^�k�l�Z�\�b�l�v �k�_�[�_ �[�_�a 
�b�k�i�h�e�v�a�h�\�Z�g�b�y �f�_�l�h�^�h�\ �q�b�k�e�_�g�g�h�]�h �f�h�^�_�e�b�j�h�\�Z�g�b�y. �Q�b�k�e�_�g�g�u�_ �f�_�l�h�^�u,  �b�k�i�h�e�v�a�m�_�f�u�_ �^�e�y 
�j�_�r�_�g�b�y �m�j�Z�\�g�_�g�b�c, �h�i�b�k�u�\�Z�x�s�b�o �^�b�g�Z�f�b�d�m �j�Z�a�e�b�q�g�u�o �h�i�l�b�q�_�k�d�b�o �h�[�j�Z�a�h�\�Z�g�b�c �\ 
�g�_�e�b�g�_�c�g�h�c �k�j�_�^�_ �f�h�`�g�h �j�Z�a�^�_�e�b�l�v �g�Z �^�\�Z �h�k�g�h�\�g�u�o �d�e�Z�k�k�Z: 1) �j�Z�a�g�h�k�l�g�u�_ �f�_�l�h�^�u, 
2) �i�k�_�\�^�h�k�i�_�d�l�j�Z�e�v�g�u�_ �f�_�l�h�^�u. �I�k�_�\�^�h�k�i�_�d�l�j�Z�e�v�g�u�_ �f�_�l�h�^�u �h�[�u�q�g�h �g�Z �i�h�j�y�^�h�d �b�e�b �^�Z�`�_ 
�[�h�e�_�_ �[�u�k�l�j�_�_ �i�j�b �l�h�c �`�_ �l�h�q�g�h�k�l�b �k�q�_�l�Z, �h�^�g�Z�d�h, �i�j�b�f�_�g�b�f�h�k�l�v �b�o �h�]�j�Z�g�b�q�_�g�Z 
�h�i�j�_�^�_�e�_�g�g�u�f �d�e�Z�k�k�h�f �m�j�Z�\�g�_�g�b�c. �H�^�g�b�f �b�a �g�Z�b�[�h�e�_�_ �r�b�j�h�d�h �b�k�i�h�e�v�a�m�_�f�u�o �f�_�l�h�^�h�\ 
�j�_�r�_�g�b�y �a�Z�^�Z�q�b �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�y �b�f�i�m�e�v�k�h�\ �\ �g�_�e�b�g�_�c�g�h�c �k�j�_�^�_ �k �^�b�k�i�_�j�k�b�_�c �y�\�e�y�_�l�k�y 
�n�m�j�v�_-�f�_�l�h�^ �j�Z�k�s�_�i�e�_�g�b�y �i�h �n�b�a�b�q�_�k�d�b�f �n�Z�d�l�h�j�Z�f (SSFM) [1]. �>�Z�g�g�u�c �f�_�l�h�^ �b�k�i�h�e�v�a�m�_�l�k�y 
�^�e�y �j�_�r�_�g�b�y �f�g�h�]�b�o �l�b�i�h�\ �g�_�e�b�g�_�c�g�u�o �^�b�n�n�_�j�_�g�p�b�Z�e�v�g�u�o �m�j�Z�\�g�_�g�b�c, �\ �q�Z�k�l�g�h�k�l�b, 
�g�_�e�b�g�_�c�g�h�]�h �m�j�Z�\�g�_�g�b�y �R�j�_�^�b�g�]�_�j�Z (�G�M�R), �h�i�b�k�u�\�Z�x�s�_�]�h �^�b�g�Z�f�b�d�m �h�]�b�[�Z�x�s�_�c 
�w�e�_�d�l�j�b�q�_�k�d�h�]�h �i�h�e�y, �Z �l�Z�d�`�_ �m�j�Z�\�g�_�g�b�c, �h�[�h�[�s�Z�x�s�b�o �m�j�Z�\�g�_�g�b�_ �D�h�j�l�_�\�_�]�Z-�^�_ �<�j�b�a�Z, 
�g�Z�i�j�b�f�_�j, �m�j�Z�\�g�_�g�b�y, �h�i�b�k�u�\�Z�x�s�_�]�h �^�b�g�Z�f�b�d�m �i�h�e�y �e�b�g�_�c�g�h �i�h�e�y�j�b�a�h�\�Z�g�g�h�]�h �b�a�e�m�q�_�g�b�y �\ 
�h�^�g�h�j�h�^�g�u�o �b �b�a�h�l�j�h�i�g�u�o �i�j�h�a�j�Z�q�g�u�o �k�j�_�^�Z�o �k �^�b�k�i�_�j�k�b�_�c �b �g�_�j�_�a�h�g�Z�g�k�g�h�c �w�e�_�d�l�j�h�g�g�h�c 
�g�_�e�b�g�_�c�g�h�k�l�v�x [2]: 
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�]�^�_ E – �g�Z�i�j�y�`�_�g�g�h�k�l�v �w�e�_�d�l�j�b�q�_�k�d�h�]�h �i�h�e�y �b�a�e�m�q�_�g�b�y; z – �g�Z�i�j�Z�\�e�_�g�b�_, �\�^�h�e�v �d�h�l�h�j�h�]�h �h�g�h 
�j�Z�k�i�j�h�k�l�j�Z�g�y�_�l�k�y; t – �\�j�_�f�y; N0, a, b – �i�Z�j�Z�f�_�l�j�u �k�j�_�^�u, �h�i�b�k�u�\�Z�x�s�b�_ �^�b�k�i�_�j�k�b�x �_�_ 
�e�b�g�_�c�g�h�]�h �i�h�d�Z�a�Z�l�_�e�y �i�j�_�e�h�f�e�_�g�b�y, g – �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z �k�j�_�^�u, �k�\�y�a�Z�g�g�Z�y �k �_�_ 
�d�h�w�n�n�b�p�b�_�g�l�h�f �g�_�e�b�g�_�c�g�h�]�h �i�h�d�Z�a�Z�l�_�e�y �i�j�_�e�h�f�e�_�g�b�y n2 �\�u�j�Z�`�_�g�b�_�f cng c2� , �]�^�_ �k –
 �k�d�h�j�h�k�l�v �k�\�_�l�Z �\ �\�Z�d�m�m�f�_. 

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

�< �h�k�g�h�\�_ �n�m�j�v�_-�f�_�l�h�^�Z �j�Z�k�s�_�i�e�_�g�b�y �e�_�`�b�l �i�j�b�g�p�b�i �h�l�^�_�e�_�g�b�y �^�j�m�] �h�l �^�j�m�]�Z �e�b�g�_�c�g�u�o 
�b �g�_�e�b�g�_�c�g�u�o �n�Z�d�l�h�j�h�\, �^�e�y �m�q�_�l�Z �e�b�g�_�c�g�u�o �n�Z�d�l�h�j�h�\ (�^�b�k�i�_�j�k�b�y, �^�b�n�j�Z�d�p�b�y) �b�k�i�h�e�v�a�m�_�l�k�y 
�k�i�_�d�l�j�Z�e�v�g�u�c �i�h�^�o�h�^, �b�k�i�h�e�v�a�m�x�s�b�c �\ �k�\�h�x �h�q�_�j�_�^�v �[�u�k�l�j�h�_ �i�j�_�h�[�j�Z�a�h�\�Z�g�b�_ �N�m�j�v�_ (�;�I�N). 
�>�e�y �m�q�_�l�Z �g�_�e�b�g�_�c�g�h�k�l�b �k�j�_�^�u �b�k�i�h�e�v�a�m�x�l�k�y �j�Z�a�e�b�q�g�u�_ �j�Z�a�g�h�k�l�g�u�_ �k�o�_�f�u. �< �g�Z�k�l�h�y�s�_�c 
�j�Z�[�h�l�_ �b�k�i�h�e�v�a�m�_�l�k�y �i�h�e�m�g�_�y�\�g�Z�y �k�o�_�f�Z �D�j�Z�g�d�Z-�G�b�d�h�e�k�h�g�Z. 

�K�b�k�l�_�f�u �i�Z�j�Z�e�e�_�e�v�g�u�o �\�u�q�b�k�e�_�g�b�c �f�h�`�g�h �j�Z�a�^�_�e�b�l�v �g�Z �^�\�Z �[�h�e�v�r�b�o �d�e�Z�k�k�Z: 1) 
�k�b�k�l�_�f�u �\ �h�[�s�_�c (�j�Z�a�^�_�e�y�_�f�h�c) �i�Z�f�y�l�v�x, �d �l�Z�d�b�f �k�b�k�l�_�f�Z�f �h�l�g�h�k�y�l�k�y �f�g�h�]�h�y�^�_�j�g�u�_ �b 
�f�g�h�]�h�i�j�h�p�_�k�k�h�j�g�u�_ �k�b�k�l�_�f�u, �\ �d�h�l�h�j�u�o �d�Z�`�^�u�c �i�j�h�p�_�k�k�h�j �b�f�_�_�l �^�h�k�l�m�i �d �h�[�s�_�c �i�Z�f�y�l�b �i�h 
�\�u�k�h�d�h�k�d�h�j�h�k�l�g�h�c �r�b�g�_; 2) �k�b�k�l�_�f�u �k �j�Z�k�i�j�_�^�_�e�_�g�g�h�c �i�Z�f�y�l�v�x, �d�h�]�^�Z �d�Z�`�^�u�c �i�j�h�p�_�k�k�h�j 
�b�f�_�_�l �^�h�k�l�m�i �d �k�\�h�_�c �e�h�d�Z�e�v�g�h�c �i�Z�f�y�l�b, �b �\�k�_ �i�j�h�p�_�k�k�h�j�u �k�\�y�a�Z�g�u �f�_�`�^�m �k�h�[�h�c �i�h�k�j�_�^�k�l�\�h�f 
�g�_�d�h�l�h�j�h�]�h �k�_�l�_�\�h�]�h �b�g�l�_�j�n�_�c�k�Z. �L�Z�d�`�_ �\�h�a�f�h�`�g�h �h�[�t�_�^�b�g�_�g�b�_ �w�l�b�o �i�h�^�o�h�^�h�\, �g�Z�i�j�b�f�_�j, 
�b�k�i�h�e�v�a�h�\�Z�g�b�_ �\ �m�a�e�Z�o �d�e�Z�k�l�_�j�Z (�d�h�l�h�j�u�c �k�Z�f �i�h �k�_�[�_ �y�\�e�y�_�l�k�y �m�k�l�j�h�c�k�l�\�h�f �k 
�j�Z�k�i�j�_�^�_�e�_�g�g�h�c �i�Z�f�y�l�v�x) �[�e�h�d�h�\, �k�h�^�_�j�`�Z�s�b�o �g�_�k�d�h�e�v�d�h �i�j�h�p�_�k�k�h�j�h�\ (�h�[�u�q�g�h 
�f�g�h�]�h�y�^�_�j�g�u�o), �l.�_. �m�k�l�j�h�c�k�l�\ �k �h�[�s�_�c �i�Z�f�y�l�v�x. 

�:�e�]�h�j�b�l�f �;�I�N �h�[�e�Z�^�Z�_�l �o�h�j�h�r�b�f�b �\�h�a�f�h�`�g�h�k�l�y�f�b �i�h �b�k�i�h�e�v�a�h�\�Z�g�b�x �i�Z�j�Z�e�e�_�e�v�g�u�o 
�\�u�q�b�k�e�_�g�b�c. �J�Z�a�g�h�k�l�g�Z�y �k�o�_�f�Z, �b�k�i�h�e�v�a�m�_�f�Z�y �g�Z �g�_�e�b�g�_�c�g�h�f �r�Z�]�_, �\�k�e�_�^�k�l�\�b�_ �e�h�d�Z�e�v�g�h�k�l�b 
�\�u�q�b�k�e�_�g�b�c �l�Z�d�`�_ �o�h�j�h�r�h �i�h�^�^�Z�_�l�k�y �j�Z�k�i�Z�j�Z�e�e�_�e�b�\�Z�g�b�x. 

�M�`�_ �k�m�s�_�k�l�\�m�x�l �j�Z�[�h�l�u [3] �i�h �b�k�i�h�e�v�a�h�\�Z�g�b�x �k�b�k�l�_�f �k �h�[�s�_�c �i�Z�f�y�l�v�x �^�e�y 
�\�u�q�b�k�e�_�g�b�c, �h�k�g�h�\�Z�g�g�u�o �g�Z �n�m�j�v�_-�f�_�l�h�^�_ �j�Z�k�s�_�i�e�_�g�b�y. �I�j�b�f�_�g�_�g�b�_ �k�b�k�l�_�f �k 
�j�Z�k�i�j�_�^�_�e�_�g�g�h�c �i�Z�f�y�l�v�x �g�Z �l�_�d�m�s�b�c �f�h�f�_�g�l �h�o�\�Z�q�_�g�h �]�h�j�Z�a�^�h �o�m�`�_, �b �k�h�\�k�_�f �g�_�l �j�Z�[�h�l, 
�b�k�i�h�e�v�a�m�x�s�b�o �]�b�[�j�b�^�g�u�c �i�h�^�o�h�^ �i�Z�j�Z�e�e�_�e�b�a�Z�p�b�b (�d�h�]�^�Z �g�Z �d�Z�`�^�h�f �m�a�e�_ �d�e�Z�k�l�_�j�Z 
�b�k�i�h�e�v�a�m�_�l�k�y �h�[�s�Z�y �i�Z�f�y�l�v, �Z �a�Z�l�_�f �m�a�e�u �\�a�Z�b�f�h�^�_�c�k�l�\�m�x�l �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �f�_�o�Z�g�b�a�f�h�\ 
�h�[�f�_�g�Z �k�h�h�[�s�_�g�b�y�f�b, �l�Z�d�b�f�b �d�Z�d MPI [4]).  

�< �g�Z�k�l�h�y�s�_�c �j�Z�[�h�l�_ �b�k�k�e�_�^�m�x�l�k�y �j�Z�a�e�b�q�g�u�_ �f�_�l�h�^�u �i�Z�j�Z�e�e�_�e�b�a�Z�p�b�y �\�u�q�b�k�e�_�g�b�c �^�e�y 
�n�m�j�v�_-�f�_�l�h�^�Z �j�Z�k�s�_�i�e�_�g�b�y �i�h �n�b�a�b�q�_�k�d�b�f �n�Z�d�l�h�j�Z�f. �J�Z�k�k�f�Z�l�j�b�\�Z�x�l�k�y �f�_�l�h�^�u �^�e�y �k�b�k�l�_�f �k 
�h�[�s�_�c �i�Z�f�y�l�v�x, �j�Z�k�i�j�_�^�_�e�_�g�g�h�c �i�Z�f�y�l�v�x �b �]�b�[�j�b�^�g�u�o �k�b�k�l�_�f, �b�k�i�h�e�v�a�m�x�s�b�o �h�[�Z �w�l�b�o 
�f�_�o�Z�g�b�a�f�Z. �I�h�e�m�q�_�g�u �h�p�_�g�d�b �w�n�n�_�d�l�b�\�g�h�k�l�b �d�Z�`�^�h�]�h �b�a �w�l�b�o �f�_�l�h�^�h�\. 
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�K�I�?�D�L�J�:�E�V�G�H-�<�J�?�F�?�G�G�:�Y �>�B�G�:�F�B�D�: �N�?�F�L�H�K�?�D�M�G�>�G�H�=�H 
�N�:�A�H�<�H-�F�H�>�M�E�B�J�H�<�:�G�G�H�=�H �B�F�I�M�E�V�K�: 

�I�J�B �>�B�N�J�:�D�P�B�B �G�: �S�?�E�B 
�F.�K. �D�m�e�y 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�n.-�f .�g., �i�j�h�n�_�k�k�h�j �<.�=. �;�_�k�i�Z�e�h�\ 
 
�I�j�h�p�_�k�k�u �^�b�n�j�Z�d�p�b�b �k�\�_�j�o�d�h�j�h�l�d�b�o �k�\�_�l�h�\�u�o �b�f�i�m�e�v�k�h�\ �\ �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y 

�^�h�k�l�Z�l�h�q�g�h �o�h�j�h�r�h �b�a�m�q�_�g�u [1–4]. �< �k�l�Z�l�v�_ [1] �j�Z�k�k�f�h�l�j�_�g�Z �^�b�n�j�Z�d�p�b�y �m�e�v�l�j�Z�d�h�j�h�l�d�b�o 
�b�f�i�m�e�v�k�h�\ �^�e�y �k�e�m�q�Z�y �f�h�^�_�e�b �]�Z�m�k�k�h�\�h�]�h �i�m�q�d�Z �b �b�f�i�m�e�v�k�Z �]�Z�m�k�k�h�\�h�c �n�h�j�f�u �i�h �\�j�_�f�_�g�b. 
�I�h�d�Z�a�Z�g�h, �q�l�h, �k�j�Z�\�g�b�\�Z�y �h�i�b�k�Z�g�b�_ �^�b�n�j�Z�d�p�b�b �^�e�y �^�_�e�v�l�Z �b�f�i�m�e�v�k�Z �b �b�f�i�m�e�v�k�Z �]�Z�m�k�k�h�\�h�c 
�n�h�j�f�u �i�h �\�j�_�f�_�g�b, �l�h�e�v�d�h �]�Z�m�k�k�h�\ �b�f�i�m�e�v�k �b�f�_�_�l �h�]�j�Z�g�b�q�_�g�g�m�x �b�g�l�_�g�k�b�\�g�h�k�l�v �b 
�h�]�j�Z�g�b�q�_�g�g�m�x �r�b�j�b�g�m �q�Z�k�l�h�l�g�h�]�h �k�i�_�d�l�j�Z. �< �k�l�Z�l�v�y�o [2, 3] �l�_�h�j�b�y �^�b�n�j�Z�d�p�b�b �A�h�f�f�_�j�n�_�e�v�^�Z 
�j�Z�k�r�b�j�_�g�Z �^�e�y �k�e�m�q�Z�y �i�j�_�^�_�e�v�g�h �d�h�j�h�l�d�b�o �k�\�_�l�h�\�u�o �b�f�i�m�e�v�k�h�\. �I�h�d�Z�a�Z�g�h, �q�l�h �h�[�h�[�s�_�g�b�_ 
�l�_�h�j�b�b �^�b�n�j�Z�d�p�b�b �A�h�f�f�_�j�n�_�e�v�^�Z �i�h�a�\�h�e�y�_�l �Z�g�Z�e�b�a�b�j�h�\�Z�l�v �^�b�n�j�Z�d�p�b�x �\�h�e�g �k �i�j�h�b�a�\�h�e�v�g�u�f 
�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�f �b �\�j�_�f�_�g�g�u�f �j�Z�k�i�j�_�^�_�e�_�g�b�_�f �i�h�e�y. �H�^�g�Z�d�h �j�_�Z�e�v�g�u�_ �n�_�f�l�h�k�_�d�m�g�^�g�u�_ 
�e�Z�a�_�j�g�u�_ �b�f�i�m�e�v�k�u, �d�Z�d �i�j�Z�\�b�e�h, �g�_ �k�i�_�d�l�j�Z�e�v�g�h-�h�]�j�Z�g�b�q�_�g�u �b �b�f�_�x�l �n�Z�a�h�\�m�x �f�h�^�m�e�y�p�b�x, 
�i�h�w�l�h�f�m �i�j�_�^�k�l�Z�\�e�y�_�l �b�g�l�_�j�_�k �b�k�k�e�_�^�h�\�Z�g�b�_ �h�k�h�[�_�g�g�h�k�l�b �^�b�n�j�Z�d�p�b�b �n�Z�a�h�f�h�^�m�e�b�j�h�\�Z�g�g�u�o, 
�\ �q�Z�k�l�g�h�f �k�e�m�q�Z�_  �q�b�j�i�b�j�h�\�Z�g�g�u�o �k�\�_�l�h�\�u�o �b�f�i�m�e�v�k�h�\.  

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

 �I�_�j�\�h�g�Z�q�Z�e�v�g�h �j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y �^�b�n�j�Z�d�p�b�y �k�i�_�d�l�j�Z�e�v�g�h-�h�]�j�Z�g�b�q�_�g�g�h�]�h �]�Z�m�k�k�h�\�h�]�h �i�h 
�\�j�_�f�_�g�b �b�f�i�m�e�v�k�Z. �>�e�y �k�e�m�q�Z�y �n�Z�a�h�\�h-�f�h�^�m�e�b�j�h�\�Z�g�g�h�]�h �b�f�i�m�e�v�k�Z �\�j�_�f�_�g�g�Z�y �^�b�g�Z�f�b�d�Z �i�h�e�y 
�f�_�g�y�_�l�k�y �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �i�Z�j�Z�f�_�l�j�Z �n�Z�a�h�\�h�c �f�h�^�m�e�y�p�b�b (�i�Z�j�Z�f�_�l�j�Z �q�b�j�i�Z). �< �^�Z�g�g�h�c 
�j�Z�[�h�l�_ �j�Z�k�k�f�Z�l�j�b�\�Z�e�k�y �\�j�_�f�_�g�g�h�c �i�h�^�o�h�^ �\ �j�_�r�_�g�b�b �a�Z�^�Z�q�b �^�b�n�j�Z�d�p�b�b. �A�Z �k�q�_�l �n�Z�a�h�\�h�c 
�f�h�^�m�e�y�p�b�b �i�h�e�m�q�Z�_�l�k�y �k�^�\�b�] �k�i�_�d�l�j�Z�e�v�g�u�o �d�h�f�i�h�g�_�g�l �\�h �\�j�_�f�_�g�b, �l.�_. �\�j�_�f�_�g�g�h�_ 
�j�Z�k�i�e�u�\�Z�g�b�_ �b�f�i�m�e�v�k�Z. �W�l�h �i�j�b�\�h�^�b�l �d �l�h�f�m, �q�l�h �i�j�b �^�b�n�j�Z�d�p�b�b �g�Z �s�_�e�b �^�b�n�j�Z�d�p�b�h�g�g�Z�y 
�\�j�_�f�_�g�g�Z�y �d�Z�j�l�b�g�Z �n�Z�a�h�\�h-�f�h�^�m�e�b�j�h�\�Z�g�g�h�]�h �b�f�i�m�e�v�k�Z �[�m�^�_�l �h�l�e�b�q�Z�l�v�k�y �h�l �^�b�n�j�Z�d�p�b�h�g�g�h�c 
�\�j�_�f�_�g�g�h�c �d�Z�j�l�b�g�u  �k�i�_�d�l�j�Z�e�v�g�h-�h�]�j�Z�g�b�q�_�g�g�h�]�h �b�f�i�m�e�v�k�Z. 

�< �j�Z�[�h�l�_ �[�u�e�h �q�b�k�e�_�g�g�h �i�j�h�f�h�^�_�e�b�j�h�\�Z�g�h �y�\�e�_�g�b�_ �^�b�n�j�Z�d�p�b�b �g�Z �s�_�e�b �n�_�f�l�h�k�_�d�m�g�^�g�h�]�h 
�k�\�_�l�h�\�h�]�h �b�f�i�m�e�v�k�Z �k �j�Z�a�e�b�q�g�u�f �e�b�g�_�c�g�u�f �q�b�j�i�h�f. �I�j�h�b�a�\�h�^�b�e�h�k�v �k�j�Z�\�g�_�g�b�_ �k �^�b�n�j�Z�d�p�b�_�c 
�k�i�_�d�l�j�Z�e�v�g�h �h�]�j�Z�g�b�q�_�g�g�h�]�h �]�Z�m�k�k�h�\�h�]�h �k�\�_�l�h�\�h�]�h �b�f�i�m�e�v�k�Z. �I�h�d�Z�a�Z�g�h, �q�l�h �Z�g�Z�e�b�a�b�j�m�y 
�j�Z�a�g�h�k�l�g�u�_ �k�i�_�d�l�j�u �^�b�n�j�Z�d�p�b�b �q�b�j�i�b�j�h�\�Z�g�g�h�]�h �b �k�i�_�d�l�j�Z�e�v�g�h �h�]�j�Z�g�b�q�_�g�g�h�]�h �b�f�i�m�e�v�k�h�\ 
�f�h�`�g�h �h�i�j�_�^�_�e�b�l�v �i�Z�j�Z�f�_�l�j �q�b�j�i�Z �b �k�l�Z�l�b�k�l�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �b�a�e�m�q�_�g�b�y, �]�_�g�_�j�b�j�m�_�f�h�]�h 
�n�_�f�l�h�k�_�d�m�g�^�g�u�f �e�Z�a�_�j�h�f. �< �^�Z�e�v�g�_�c�r�_�f �i�e�Z�g�b�j�m�_�l�k�y �i�j�h�\�_�k�l�b �\�_�j�b�n�b�d�Z�p�b�h�g�g�u�_ 
�w�d�k�i�_�j�b�f�_�g�l�u �i�h �^�b�n�j�Z�d�p�b�b �l�_�j�Z�]�_�j�p�h�\�u�o �k�\�_�j�d�h�j�h�l�d�b�o �b�f�i�m�e�v�k�h�\ �g�Z �s�_�e�b [5]. 
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�G�?�E�B�G�?�C�G�H�? �<�A�:�B�F�H�>�?�C�K�L�<�B�? �K�H�G�:�I�J�:�<�E�?�G�G�U�O 
�N�?�F�L�H�K�?�D�M�G�>�G�U�O �E�:�A�?�J�G�U�O �B�F�I�M�E�V�K�H�< �K�H �K�I�?�D�L�J�:�F�B 

�< �H�;�E�:�K�L�B �:�G�H�F�:�E�V�G�H�C �=�J�M�I�I�H�<�H�C �>�B�K�I�?�J�K�B�B �K�J�?�>�U 
�>.�: . �F�_�^�\�b�g�k�d�b�c 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �d.�n.-�f .�g. �F.�: . �;�Z�o�l�b�g 
 
�B�a�m�q�_�g�h �\�a�Z�b�f�h�^�_�c�k�l�\�b�_ �k�h�g�Z�i�j�Z�\�e�_�g�g�u�o �n�_�f�l�h�k�_�d�m�g�^�g�u�o �e�Z�a�_�j�g�u�o �b�f�i�m�e�v�k�h�\, 

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

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

�b�f�i�m�e�v�k�h�\ �\�u�y�\�b�e�b �j�y� ̂ �h�k�h�[�_�g�g�h�k�l�_�c �w�l�h�]�h �i�j�h�p�_�k�k�Z. �< �j�Z�[�h�l�_ [1], �]�^�_ �b�k�k�e�_�^�h�\�Z�e�h�k�v 
�\�a�Z�b�f�h�^�_�c�k�l�\�b�_ �b�f�i�m�e�v�k�h�\ �k �p�_�g�l�j�Z�e�v�g�u�f�b �^�e�b�g�Z�f�b �\�h�e�g 390 �g�f �b 780 �g�f �\ �\�h�e�g�h�\�h�^�_ �b�a 
�d�\�Z�j�p�_�\�h�]�h �k�l�_�d�e�Z, �[�u�e�h �i�h�d�Z�a�Z�g�h, �q�l�h �\ �j�_�a�m�e�v�l�Z�l�_ �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �k�i�_�d�l�j�Z�e�v�g�u�o 
�k�m�i�_�j�d�h�g�l�b�g�m�m�f�h�\ �f�h�`�_�l �n�h�j�f�b�j�h�\�Z�l�v�k�y �j�_�]�m�e�y�j�g�Z�y �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v �n�_�f�l�h�k�_�d�m�g�^�g�u�o 
�b�f�i�m�e�v�k�h�\, �b �k�i�_�d�l�j �w�l�h�c �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b �b�f�_�_�l �\�u�j�Z�`�_�g�g�m�x �d�\�Z�a�b�^�b�k�d�j�_�l�g�m�x 
�k�l�j�m�d�l�m�j�m. �L�Z�d�b�f �h�[�j�Z�a�h�f, �j�Z�k�k�f�Z�l�j�b�\�Z�e�b�k�v �b�f�i�m�e�v�k�u, �k�i�_�d�l�j �d�h�l�h�j�u�o �g�Z�o�h�^�b�e�k�y 
�i�j�_�b�f�m�s�_�k�l�\�_�g�g�h �\ �h�[�e�Z�k�l�b �g�h�j�f�Z�e�v�g�h�c �]�j�m�i�i�h�\�h�c �^�b�k�i�_�j�k�b�b �k�j�_�^�u. �< �g�Z�k�l�h�y�s�_�c �j�Z�[�h�l�_ 
�j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y �\�a�Z�b�f�h�^�_�c�k�l�\�b�_ �b�f�i�m�e�v�k�h�\, �k�i�_�d�l�j �d�h�l�h�j�u�o �e�_�`�b�l �\ �h�[�e�Z�k�l�b �Z�g�h�f�Z�e�v�g�h�c 
�]�j�m�i�i�h�\�h�c �^�b�k�i�_�j�k�b�b. 

�>�e�y �b�k�k�e�_�^�h�\�Z�g�b�y �k�l�h�e�d�g�h�\�_�g�b�y �b�f�i�m�e�v�k�h�\ �b�a �f�Z�e�h�]�h �q�b�k�e�Z �d�h�e�_�[�Z�g�b�c �b �k �j�Z�a�g�u�f 
�k�i�_�d�l�j�Z�e�v�g�u�f �k�h�k�l�Z�\�h�f �\ �g�Z�k�l�h�y�s�_�c �j�Z�[�h�l�_ �g�Z�f�b �\�u�[�j�Z�g �i�h�^�o�h�^, �h�k�g�h�\�Z�g�g�u�c �g�Z �Z�g�Z�e�b�a�_ 
�g�_�i�h�k�j�_�^�k�l�\�_�g�g�h �i�h�e�y �b�a�e�m�q�_�g�b�y [2]. �G�Z �h�k�g�h�\�_ �q�b�k�e�_�g�g�h�]�h �f�h�^�_�e�b�j�h�\�Z�g�b�y �j�Z�k�k�f�h�l�j�_�g�h 
�k�l�h�e�d�g�h�\�_�g�b�_ �b�f�i�m�e�v�k�h�\ �k �p�_�g�l�j�Z�e�v�g�u�f�b �^�e�b�g�Z�f�b �\�h�e�g 2500 �g�f �b 1250 �g�f �\ �\�h�e�h�d�g�_ �b�a 
�d�\�Z�j�p�_�\�h�]�h �k�l�_�d�e�Z �b �\ �f�b�d�j�h�k�l�j�m�d�l�m�j�b�j�h�\�Z�g�g�h�f �\�h�e�h�d�g�_ [3] �k �^�e�b�g�Z�f�b �\�h�e�g 780 �g�f �b 1560 �g�f. 

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

�I�h�e�m�q�_�g�u �Z�i�j�b�h�j�g�u�_ �a�Z�\�b�k�b�f�h�k�l�b �^�e�y �q�Z�k�l�h�l�u �i�h�\�l�h�j�_�g�b�y �b�f�i�m�e�v�k�h�\ �i�j�b 
�\�a�Z�b�f�h�^�_�c�k�l�\�b�b �^�\�m�o �q�Z�k�l�h�l�g�h �f�h�^�m�e�b�j�h�\�Z�g�g�u�o �b�f�i�m�e�v�k�h�\ �k�h �k�i�_�d�l�j�Z�f�b �\ �h�[�e�Z�k�l�b 
�Z�g�h�f�Z�e�v�g�h�c �]�j�m�i�i�h�\�h�c �^�b�k�i�_�j�k�b�b. �B�k�i�h�e�v�a�m�y �i�h�e�m�q�_�g�g�m�x �l�_�h�j�_�l�b�q�_�k�d�m�x �h�p�_�g�d�m, 
�i�h�^�h�[�j�Z�g�u �i�Z�j�Z�f�_�l�j�u �\�o�h�^�g�u�o �b�f�i�m�e�v�k�h�\, �i�j�b �\�a�Z�b�f�h�^�_�c�k�l�\�b�b �d�h�l�h�j�u�o �\ �d�\�Z�j�p�_�\�h�f �k�l�_�d�e�_ 
�f�h�`�_�l �]�_�g�_�j�b�j�h�\�Z�l�v�k�y �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v �b�f�i�m�e�v�k�h�\. �I�h�e�m�q�_�g�u �^�b�k�i�_�j�k�b�h�g�g�u�_ �i�Z�j�Z�f�_�l�j�u 
�g�_�e�b�g�_�c�g�h�c �k�j�_�^�u, �i�j�b �d�h�l�h�j�u�o �g�Z�[�e�x�^�Z�_�l�k�y �w�n�n�_�d�l�b�\�g�Z�y �]�_�g�_�j�Z�p�b�y �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b 
�b�f�i�m�e�v�k�h�\. 
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�J�:�K�Q�?�L �I�?�J�?�K�L�J�:�B�<�:�?�F�H�=�H �A�?�J�D�:�E�V�G�H�=�H �L�?�E�?�K�D�H�I�: 
�>�E�Y �B�F�I�M�E�V�K�G�H�=�H �L�?�J�:�=�?�J�P�H�<�H�=�H 

�J�?�N�E�?�D�L�H�F�?�L�J�B�Q�?�K�D�H�=�H �K�I�?�D�L�J�H�=�J�:�N�:-�B�G�L�J�:�<�B�A�H�J�: 
�?.�<. �G�h�\�h�k�_�e�h�\ 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�n.-�f .�g., �i�j�h�n�_�k�k�h�j �<.�=. �;�_�k�i�Z�e�h�\ 
 

�B�a�e�m�q�_�g�b�_ �l�_�j�Z�]�_�j�p�h�\�h�]�h (�L�=�p) �^�b�Z�i�Z�a�h�g�Z �b�f�_�_�l �m�g�b�d�Z�e�v�g�u�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b: �f�g�h�]�b�_ 
�\�_�s�_�k�l�\�Z �y�\�e�y�x�l�k�y �i�j�h�a�j�Z�q�g�u�f�b �^�e�y �^�Z�g�g�h�]�h �b�a�e�m�q�_�g�b�y, �Z �a�Z �k�q�_�l �f�Z�e�h�c �w�g�_�j�]�b�b �n�h�l�h�g�Z, 
�h�g�h �g�_ �y�\�e�y�_�l�k�y �b�h�g�b�a�b�j�m�x�s�b�f. �;�e�Z�]�h�^�Z�j�y �w�l�b�f �k�\�h�c�k�l�\�Z�f �^�Z�g�g�u�c �\�b� ̂�b�a�e�m�q�_�g�b�y �b�^�_�Z�e�v�g�h 
�i�h�^�o�h�^�b�l �^�e�y �g�_�j�Z�a�j�m�r�Z�x�s�_�c �^�b�Z�]�g�h�k�l�b�d�b, �q�l�h �g�_�h�[�o�h�^�b�f�h, �g�Z�i�j�b�f�_�j, �i�j�b �d�h�g�l�j�h�e�_ 
�k�h�^�_�j�`�b�f�h�]�h �[�Z�]�Z�`�Z �\ �Z�w�j�h�i�h�j�l�Z�o, �h�[�g�Z�j�m�`�_�g�b�b �i�j�h�k�e�m�r�b�\�Z�x�s�_�]�h �h�[�h�j�m�^�h�\�Z�g�b�y, �e�b�[�h 
�l�Z�c�g�b�d�h�\ �\ �i�h�f�_�s�_�g�b�y�o, �Z �l�Z�d �`�_ �\ �f�_�^�b�p�b�g�_ �^�e�y �b�k�k�e�_�^�h�\�Z�g�b�y �l�d�Z�g�_�c �q�_�e�h�\�_�d�Z [1]. �< �l�h�`�_ 
�\�j�_�f�y �L�=�p-�^�b�Z�i�Z�a�h�g  �h�o�\�Z�l�u�\�Z�_�l �Z�d�l�m�Z�e�v�g�m�x �h�[�e�Z�k�l�v �d�h�e�_�[�Z�l�_�e�v�g�u�o, �\�j�Z�s�Z�l�_�e�v�g�u�o �b 
�l�j�Z�g�k�e�y�p�b�h�g�g�u�o �e�b�g�b�c �r�b�j�h�d�h�]�h �d�e�Z�k�k�Z �h�j�]�Z�g�b�q�_�k�d�b�o �f�h�e�_�d�m�e, �q�l�h �\�Z�`�g�h �^�e�y �p�_�e�_�c 
�k�i�_�d�l�j�h�k�d�h�i�b�b �b �^�b�Z�]�g�h�k�l�b�d�b �f�Z�l�_�j�b�Z�e�h�\ [2]. 

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

�>�e�y �i�h�e�m�q�_�g�b�y �l�_�j�Z�]�_�j�p�h�\�h�]�h �b�a�e�m�q�_�g�b�y �\ �^�b�Z�i�Z�a�h�g�_ 0,1–1,5 �L�=�p �i�j�b�f�_�g�y�_�l�k�y �f�_�l�h�^ 
�]�_�g�_�j�Z�p�b�b �n�h�l�h�i�j�h�\�h�^�y�s�_�c �Z�g�l�_�g�g�h�c �i�j�b �h�[�e�m�q�_�g�b�b �n�_�f�l�h�k�_�d�m�g�^�g�u�f�b �b�f�i�m�e�v�k�Z�f�b [3]. �< 
�d�Z�q�_�k�l�\�_ �b�k�l�h�q�g�b�d�Z �g�Z�d�Z�q�d�b �b�k�i�h�e�v�a�m�_�l�k�y �n�_�f�l�h�k�_�d�m�g�^�g�u�c Yb:KYW �e�Z�a�_�j Solar FL-1 (�^�e�b�g�Z 
�\�h�e�g�u 1040 �g�f, �^�e�b�l�_�e�v�g�h�k�l�v �b�f�i�m�e�v�k�Z 150 �n�k, �q�Z�k�l�h�l�Z �k�e�_�^�h�\�Z�g�b�y 80 �F�=�p, �k�j�_�^�g�y�y 
�f�h�s�g�h�k�l�v 1,2 �<�l). �B�a�e�m�q�_�g�b�_ �e�Z�a�_�j�Z �i�h�i�Z�^�Z�_�l �g�Z �i�h�e�m�i�j�h�\�h�^�g�b�d�h�\�u�c �d�j�b�k�l�Z�e�e InAs, 
�i�h�f�_�s�_�g�g�u�c �\ �p�_�g�l�j �f�Z�]�g�b�l�g�h�c �k�b�k�l�_�f�u �k �i�h�k�l�h�y�g�g�u�f �f�Z�]�g�b�l�g�u�f �i�h�e�_�f �\�_�e�b�q�b�g�h�c 1,8 T, 
�]�^�_ �i�m�l�z�f �\�h�a�[�m�`�^�_�g�b�y �n�h�l�h�g�h�k�b�l�_�e�_�c �b �i�j�h�b�k�o�h�^�b�l �]�_�g�_�j�Z�p�b�y �L�=�p-�b�a�e�m�q�_�g�b�y. �N�h�j�f�Z 
�k�i�_�d�l�j�Z �L�=�p-�b�a�e�m�q�_�g�b�y �[�e�b�a�d�Z �d  �d�h�e�h�d�h�e�h�h�[�j�Z�a�g�h�c �k �p�_�g�l�j�h�f �\�[�e�b�a�b 0,3 �L�=�p �b �r�b�j�b�g�h�c �h�l 
0,1 �^�h 1,5 �L�=�p �i�h �m�j�h�\�g�x 0,01. �L�=�p-�b�a�e�m�q�_�g�b�_ �d�h�e�e�b�f�b�j�m�_�l�k�y �i�Z�j�Z�[�h�e�b�q�_�k�d�b�f�b �a�_�j�d�Z�e�Z�f�b �k 
�]�e�Z�\�g�u�f �n�h�d�m�k�h�f 120 �f�f  �b �Z�i�_�j�l�m�j�h�c 90 �f�f , �i�h�k�e�_ �q�_�]�h �i�h�i�Z�^�Z�_�l �g�Z �i�h�e�y�j�b�a�Z�p�b�h�g�g�u�c 
�^�_�e�b�l�_�e�v, �h�l �d�h�l�h�j�h�]�h �h�l�j�Z�`�Z�_�l�k�y �b�a�e�m�q�_�g�b�_ �l�h�e�v�d�h �\�_�j�l�b�d�Z�e�v�g�h�c �i�h�e�y�j�b�a�Z�p�b�b, �d�h�l�h�j�h�_, 
�i�j�h�c�^�y �q�_�l�\�_�j�l�v�\�h�e�g�h�\�m�x �i�e�Z�k�l�b�g�d�m «�\�i�_�j�_�»̂, �i�j�_�h�[�j�Z�a�m�_�l�k�y �\ �b�a�e�m�q�_�g�b�_ �k �d�j�m�]�h�\�h�c 
(�g�Z�i�j�b�f�_�j, �i�j�Z�\�h�k�l�h�j�h�g�g�_�c) �i�h�e�y�j�b�a�Z�p�b�_�c. �>�Z�e�_�_ �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �i�_�j�_�k�l�j�Z�b�\�Z�_�f�h�]�h 
�a�_�j�d�Z�e�v�g�h�]�h �l�_�e�_�k�d�h�i�Z �b�a�e�m�q�_�g�b�_ �n�h�d�m�k�b�j�m�_�l�k�y �\ �l�j�_�[�m�_�f�h�c �l�h�q�d�_ �b�k�k�e�_�^�m�_�f�h�]�h �h�[�t�_�d�l�Z. 
�H�l�j�Z�`�Z�y�k�v �h�l �h�[�u�q�g�h�]�h �b�a�h�l�j�h�i�g�h�]�h �h�[�j�Z�a�p�Z, �b�a�e�m�q�_�g�b�_, �d�Z�d �i�j�Z�\�b�e�h, �k�h�o�j�Z�g�y�_�l 
�i�h�e�y�j�b�a�Z�p�b�x; �l�h �_�k�l�v �i�j�b �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�b �\ �h�[�j�Z�l�g�h�f �g�Z�i�j�Z�\�e�_�g�b�b �g�Z �q�_�l�\�_�j�l�v�\�h�e�g�h�\�m�x 
�i�e�Z�k�l�b�g�d�m �i�j�b�o�h�^�b�l �b�a�e�m�q�_�g�b�_ �k �d�j�m�]�h�\�h�c, �g�h �m�`�_ �k �e�_�\�h�k�l�h�j�h�g�g�_�c �i�h�e�y�j�b�a�Z�p�b�_�c. �I�j�h�c�^�y 
�q�_�l�\�_�j�l�v�\�h�e�g�h�\�m�x �i�e�Z�k�l�b�g�d�m, �b�a�e�m�q�_�g�b�_ �k �e�_�\�h�k�l�h�j�h�g�g�_�c �i�h�e�y�j�b�a�Z�p�b�_�c �i�j�_�h�[�j�Z�a�m�_�l�k�y �\ 
�b�a�e�m�q�_�g�b�_ �k �]�h�j�b�a�h�g�l�Z�e�v�g�h�c �i�h�e�y�j�b�a�Z�p�b�_�c �b �i�j�h�o�h�^�b�l �q�_�j�_�a �L�=�p-�i�h�e�y�j�b�a�Z�p�b�h�g�g�u�c 
�^�_�e�b�l�_�e�v. �>�Z�e�_�_, �b�a�e�m�q�_�g�b�_ �n�h�d�m�k�b�j�m�_�l�k�y �g�Z �w�e�_�d�l�j�h�h�i�l�b�q�_�k�d�b�c �^�_�l�_�d�l�h�j – �d�j�b�k�l�Z�e�e 
�l�_�e�e�m�j�b�l�Z �d�Z�^�f�b�y, �\�u�j�_�a�Z�g�g�u�c �i�h �g�Z�i�j�Z�\�e�_�g�b�x. �I�j�b �i�h�i�Z�^�Z�g�b�b �h�^�g�h�\�j�_�f�_�g�g�h �i�j�h�[�g�h�]�h 
�i�m�q�d�Z �n�_�f�l�h�k�_�d�m�g�^�g�h�]�h �b�a�e�m�q�_�g�b�y �b �i�m�q�d�Z �L�=�p-�b�a�e�m�q�_�g�b�y �g�Z �w�e�_�d�l�j�h�h�i�l�b�q�_�k�d�b�c �d�j�b�k�l�Z�e�e 
CdTe, �L�=�p-�b�f�i�m�e�v�k �\ �d�j�b�k�l�Z�e�e�_ �g�Z�\�h�^�b�l �^�\�m�e�m�q�_�i�j�_�e�h�f�e�_�g�b�_ �^�e�y �i�j�h�[�g�h�]�h �i�m�q�d�Z, 
�\�k�e�_�^�k�l�\�b�_ �w�e�_�d�l�j�h�h�i�l�b�q�_�k�d�h�]�h �w�n�n�_�d�l�Z [4]. �<�_�e�b�q�b�g�Z �^�\�m�e�m�q�_�i�j�_�e�h�f�e�_�g�b�y �i�j�y�f�h 
�i�j�h�i�h�j�p�b�h�g�Z�e�v�g�Z �g�Z�i�j�y�`�_�g�g�h�k�l�b �w�e�_�d�l�j�b�q�_�k�d�h�]�h �i�h�e�y �L�=�p-�\�h�e�g�u �\ �^�Z�g�g�h�c �\�j�_�f�_�g�g�h�c �l�h�q�d�_ 
E(t). �K�o�_�f�Z �b�a�f�_�j�_�g�b�y �^�\�m�e�m�q�_�i�j�_�e�h�f�e�_�g�b�y �k�h�k�l�h�b�l �b�a �q�_�l�\�_�j�l�v�\�h�e�g�h�\�h�c �i�e�Z�k�l�b�g�u, �i�j�b�a�f�u 
�<�h�e�e�Z�k�l�h�g�Z, �[�Z�e�Z�g�k�g�h�]�h �n�h�l�h�^�_�l�_�d�l�h�j�Z �b �k�b�g�o�j�h�g�g�h�]�h �m�k�b�e�b�l�_�e�y, �m�i�j�Z�\�e�y�_�f�h�]�h �h�l �h�i�l�b�d�h-
�f�_�o�Z�g�b�q�_�k�d�h�]�h �f�h�^�m�e�y�l�h�j�Z, �i�h�f�_�s�_�g�g�h�]�h �\ �i�m�q�h�d �g�Z�d�Z�q�d�b. �K�b�]�g�Z�e �k �k�b�g�o�j�h�g�g�h�]�h �m�k�b�e�b�l�_�e�y 
�i�h�k�l�m�i�Z�_�l �g�Z �p�b�n�j�h�\�h�c �\�h�e�v�l�f�_�l�j, �q�l�h �i�h�a�\�h�e�y�_�l �i�j�h�b�a�\�h�^�b�l�v �b�a�f�_�j�_�g�b�y �k �i�h�f�h�s�v�x 
�i�_�j�k�h�g�Z�e�v�g�h�]�h �d�h�f�i�v�x�l�_�j�Z. 

�I�_�j�_�k�l�j�Z�b�\�Z�_�f�u�c �a�_�j�d�Z�e�v�g�u�c �l�_�e�_�k�d�h�i �k�h�k�l�h�b�l �b�a �^�\�m�o �a�_�j�d�Z�e �b �k�h�[�b�j�Z�x�s�_�c �e�b�g�a�u. 
�H�^�g�h �b�a �a�_�j�d�Z�e �j�Z�^�b�m�k�h�f 200 �f�f  �y�\�e�y�_�l�k�y �k�n�_�j�b�q�_�k�d�b�f �b �b�f�_�_�l �j�Z�^�b�m�k �d�j�b�\�b�a�g�u 350 �f�f . �< 



 138 

�d�Z�q�_�k�l�\�_ �f�Z�l�_�j�b�Z�e�Z �^�e�y �k�h�[�b�j�Z�x�s�_�c �e�b�g�a�u �\�u�[�j�Z�g �i�h�e�b�f�_�l�b�e�i�_�g�l�_�g (TPX). �H�g �i�j�h�a�j�Z�q�_�g �\ 
�m�e�v�l�j�Z�n�b�h�e�_�l�_, �\�b�^�b�f�h�f �b �^�Z�e�v�g�_�f �b�g�n�j�Z�d�j�Z�k�g�h�f �^�b�Z�i�Z�a�h�g�Z�o. �?�]�h �i�h�d�Z�a�Z�l�_�e�v �i�j�_�e�h�f�e�_�g�b�y 
~1.46, �b �h�g �i�j�Z�d�l�b�q�_�k�d�b �g�_ �a�Z�\�b�k�b�l �h�l �^�e�b�g�u �\�h�e�g�u. �H�i�l�b�q�_�k�d�b�_ �i�h�l�_�j�b �\ �f�Z�l�_�j�b�Z�e�_ �h�q�_�g�v 
�g�b�a�d�b�_ �\�i�e�h�l�v �^�h �f�b�e�e�b�f�_�l�j�h�\�u�o �\�h�e�g. �L�J�O �b�f�_�_�l �h�l�e�b�q�g�m�x �l�_�j�f�h�k�l�h�c�d�h�k�l�v �b 
�k�h�i�j�h�l�b�\�e�y�_�f�h�k�l�v �d �[�h�e�v�r�b�g�k�l�\�m �h�j�]�Z�g�b�q�_�k�d�b�o �b �g�_�h�j�]�Z�g�b�q�_�k�d�b�o �d�h�f�f�_�j�q�_�k�d�b �^�h�k�l�m�i�g�u�o 
�o�b�f�b�d�Z�l�h�\.  

�>�e�y �f�h�^�_�e�b�j�h�\�Z�g�b�y �b�k�i�h�e�v�a�h�\�Z�e�Z�k�v �i�j�h�]�j�Z�f�f�Z Zemax, �i�j�b�f�_�g�y�_�f�Z�y �i�j�b 
�i�j�h�_�d�l�b�j�h�\�Z�g�b�b �j�Z�a�e�b�q�g�u�o �h�i�l�b�q�_�k�d�b�o �k�b�k�l�_�f. �< �j�_�a�m�e�v�l�Z�l�_ �i�h�e�m�q�_�g�h, �q�l�h �g�Z�b�[�h�e�_�_ 
�h�i�l�b�f�Z�e�v�g�u�c �j�_�a�m�e�v�l�Z�l �i�h�e�m�q�Z�_�l�k�y �i�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b �e�b�g�a�u �k �j�Z�^�b�m�k�h�f �d�j�b�\�b�a�g�u �h�[�h�b�o 
�i�h�\�_�j�o�g�h�k�l�_�c 100 �f�f  �b �l�h�e�s�b�g�h�c 10 �f�f . �J�Z�k�k�q�b�l�Z�g�g�u�c �h�[�t�_�d�l�b�\  �h�[�_�k�i�_�q�b�\�Z�_�l �i�_�j�_�k�l�j�h�c�d�m 
�]�e�m�[�b�g�u �n�h�d�m�k�b�j�h�\�d�b �g�Z 500 �f�f . 

�< �^�Z�e�v�g�_�c�r�_�f �i�e�Z�g�b�j�m�_�l�k�y �b�a�]�h�l�h�\�e�_�g�b�_ �g�_�h�[�o�h�^�b�f�u�o �^�_�l�Z�e�_�c �i�_�j�_�k�l�j�Z�b�\�Z�_�f�h�]�h 
�a�_�j�d�Z�e�v�g�h�]�h �h�[�t�_�d�l�b�\�Z, �k�h�a�^�Z�g�b�_ �b�f�i�m�e�v�k�g�h�]�h �l�_�j�Z�]�_�j�p�h�\�h�]�h �j�_�n�e�_�d�l�h�f�_�l�j�b�q�_�k�d�h�]�h 
�k�i�_�d�l�j�h�]�j�Z�n�Z-�b�g�l�j�Z�\�b�a�h�j�Z �b �i�j�h�\�_�^�_�g�b�_ �g�Z �g�_�f �w�d�k�i�_�j�b�f�_�g�l�h�\. 
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�H�;�J�:�A�H�<�:�G�B�? �F�:�E�H�:�L�H�F�G�U�O �D�E�:�K�L�?�J�H�< �K�?�J�?�;�J�: 
�I�J�B �B�G�L�?�G�K�B�<�G�H�F �H�;�E�M�Q�?�G�B�B �G�:�G�H�D�J�B�K�L�:�E�E�H�< 

�=�:�E�H�=�?�G�B�>�: �K�?�J�?�;�J�: 
�H.�<. �J�u�d 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �d.�n.-�f .�g., �^�h�p�_�g�l �<.�G. �F�b�o�Z�c�e�h�\ 
 
�< �j�Z�[�h�l�Z�o [1, 2] �j�Z�g�_�_ �[�u�e�Z �j�Z�a�j�Z�[�h�l�Z�g�Z �l�_�h�j�_�l�b�q�_�k�d�Z�y �f�h�^�_�e�v, �h�i�b�k�u�\�Z�x�s�Z�y �i�j�h�p�_�k�k�u 

�a�Z�o�\�Z�l�Z �b �h�k�\�h�[�h�`�^�_�g�b�y �g�h�k�b�l�_�e�_�c �a�Z�j�y�^�Z �\ �g�Z�g�h�d�j�b�k�l�Z�e�e�Z�o �]�Z�e�h�]�_�g�b�^�h�\ �k�_�j�_�[�j�Z �i�j�b 
�\�h�a�[�m�`�^�_�g�b�b �j�Z�a�g�h�q�Z�k�l�h�l�g�u�f�b �b�f�i�m�e�v�k�Z�f�b �k�\�_�l�Z �j�Z�a�e�b�q�g�h�c �^�e�b�l�_�e�v�g�h�k�l�b, �i�h�a�\�h�e�y�x�s�Z�y 
�m�q�b�l�u�\�Z�l�v �h�[�j�Z�a�h�\�Z�g�b�_ �k�\�_�l�h�b�g�^�m�p�b�j�h�\�Z�g�g�u�o �p�_�g�l�j�h�\ �a�Z�o�\�Z�l�Z �b �j�_�d�h�f�[�b�g�Z�p�b�b, �Z �l�Z�d�`�_ 
�m�k�e�h�\�b�y �k�b�g�l�_�a�Z �g�Z�g�h�d�j�b�k�l�Z�e�e�h�\. �< �j�_�a�m�e�v�l�Z�l�_ �Z�g�Z�e�b�a�Z �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �j�_�a�m�e�v�l�Z�l�h�\, 
�i�h�e�m�q�_�g�g�u�o �f�_�l�h�^�h�f �b�f�i�m�e�v�k�g�h�]�h �^�_�n�h�l�h�e�b�a�Z �[�u�e�b �h�i�j�_�^�_�e�_�g�u �a�g�Z�q�_�g�b�y �d�h�g�k�l�Z�g�l�u 
�k�d�h�j�h�k�l�b �j�_�d�h�f�[�b�g�Z�p�b�b (k�j = 6�r1�u10-9 �k�f3�k-1), �Z �l�Z�d�`�_ �k�_�q�_�g�b�_ �j�_�d�h�f�[�b�g�Z�p�b�b (S�j=3�r0,5�u10-16 
�k�f2) �k�\�h�[�h�^�g�u�o �w�e�_�d�l�j�h�g�h�\ �k �a�Z�o�\�Z�q�_�g�g�u�f�b �^�u�j�d�Z�f�b �b �h�i�j�_�^�_�e�_�g�Z �i�e�h�l�g�h�k�l�v �d�h�g�p�_�g�l�j�Z�p�b�b 
�p�_�g�l�j�h�\ �j�_�d�h�f�[�b�g�Z�p�b�b – �i�h�\�_�j�o�g�h�k�l�g�u�o �e�h�\�m�r�_�d �a�Z�o�\�Z�l�Z �^�u�j�h�d N= 2�r0,5�u1011 �k�f-2. �;�u�e�h 
�i�h�d�Z�a�Z�g�h, �q�l�h �o�Z�j�Z�d�l�_�j�g�u�_ �\�j�_�f�_�g�Z �j�_�d�h�f�[�b�g�Z�p�b�b �k�h�k�l�Z�\�e�y�x�l 10-9–10-8�k , �Z �o�Z�j�Z�d�l�_�j�g�u�_ 
�\�j�_�f�_�g�Z �a�Z�o�\�Z�l�Z �k�\�h�[�h�^�g�u�o �g�h�k�b�l�_�e�_�c �a�Z�j�y�^�Z �g�Z �e�h�\�m�r�d�b �h�l 3�u10-11 �k �^�h 10-10�k. �H�^�g�Z�d�h, 
�i�j�_�^�e�h�`�_�g�g�Z�y �f�h�^�_�e�v �g�_ �i�h�a�\�h�e�y�e�Z �j�Z�k�k�q�b�l�u�\�Z�l�v �d�b�g�_�l�b�d�m �g�h�k�b�l�_�e�_�c �a�Z�j�y�^�Z �\�h �\�j�_�f�y 
�^�_�c�k�l�\�b�y �b�f�i�m�e�v�k�Z �b�a�e�m�q�_�g�b�y, �Z �l�Z�d�`�_ �m�q�b�l�u�\�Z�l�v �w�n�n�_�d�l�u �h�[�j�Z�a�h�\�Z�g�b�y «�^�_�n�_�d�l�h�\» �i�j�b 
�b�f�i�m�e�v�k�g�h�f �\�h�a�[�m�`�^�_�g�b�b. �< �j�Z�[�h�l�_ [3] �[�u�e �i�j�_�^�e�h�`�_�g �g�h�\�u�c �f�_�l�h�^ �j�Z�k�q�_�l�Z, �i�h�a�\�h�e�y�x�s�b�c 
�m�q�b�l�u�\�Z�l�v �d�h�e�b�q�_�k�l�\�h �b �k�h�k�l�h�y�g�b�_ �^�_�n�_�d�l�h�\ �g�Z �i�h�\�_�j�o�g�h�k�l�b �g�Z�g�h�d�j�b�k�l�Z�e�e�h�\ �]�Z�e�h�]�_�g�b�^�h�\ 
�k�_�j�_�[�j�Z, �Z �l�Z�d�`�_ �k�h�k�l�h�y�g�b�_ �b�h�g�g�h�c �i�h�^�k�b�k�l�_�f�u. 

�P�_�e�v�x �^�Z�g�g�h�c �j�Z�[�h�l�u �y�\�e�y�_�l�k�y �d�h�f�i�v�x�l�_�j�g�h�_  �f�h�^�_�e�b�j�h�\�Z�g�b�_ �d�b�g�_�l�b�d�b �h�[�j�Z�a�h�\�Z�g�b�y 
�f�Z�e�h�Z�l�h�f�g�u�o �d�e�Z�k�l�_�j�h�\ �k�_�j�_�[�j�Z �i�j�b �b�g�l�_�g�k�b�\�g�h�f �e�Z�a�_�j�g�h�f �h�[�e�m�q�_�g�b�b �g�Z�g�h�d�j�b�k�l�Z�e�e�h�\ 
�]�Z�e�h�]�_�g�b�^�h�\ �k�_�j�_�[�j�Z �i�j�b �j�Z�a�e�b�q�g�u�o �a�g�Z�q�_�g�b�y�o �b�g�l�_�g�k�b�\�g�h�k�l�b �\�h�a�[�m�`�^�_�g�b�y, �d�h�g�p�_�g�l�j�Z�p�b�b 
�i�h�\�_�j�o�g�h�k�l�g�u�o �^�_�n�_�d�l�h�\ �b �e�h�\�m�r�_�d �^�e�y �w�e�_�d�l�j�h�g�h�\ �b �^�u�j�h�d. 
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�< �j�_�a�m�e�v�l�Z�l�_ �i�j�h�^�_�e�Z�g�g�h�c �j�Z�[�h�l�u �[�u�e�b �i�j�h�\�_�^�_�g�u �j�Z�k�q�_�l�u �b �i�h�e�m�q�_�g�u �a�Z�\�b�k�b�f�h�k�l�b 
�b�a�f�_�g�_�g�b�y �w�n�n�_�d�l�b�\�g�h�k�l�b �n�h�l�h�e�b�a�Z, �b�g�l�_�g�k�b�\�g�h�k�l�b �e�x�f�b�g�_�k�p�_�g�p�b�b �b �d�h�g�p�_�g�l�j�Z�p�b�b 
�f�_�`�m�a�_�e�v�g�u�o �b�h�g�h�\ �k�_�j�_�[�j�Z �i�j�b �j�Z�a�e�b�q�g�u�o �a�g�Z�q�_�g�b�y �k�d�h�j�h�k�l�b �]�_�g�_�j�Z�p�b�b �w�e�_�d�l�j�h�g�g�h-
�^�u�j�h�q�g�u�o �i�Z�j. �;�u�e�h �m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �\ �l�_�q�_�g�b�_ �k�\�_�l�h�\�h�]�h �b�f�i�m�e�v�k�Z �\�u�o�h�^ �n�h�l�h�e�b�a�Z 
�f�h�g�h�l�h�g�g�h �g�Z�j�Z�k�l�Z�_�l, �q�l�h �k�h�h�l�\�_�l�k�l�\�m�_�l �j�h�k�l�m �q�b�k�e�Z �i�h�]�e�h�s�_�g�g�u�o �n�h�l�h�g�h�\. �I�h�k�e�_�^�m�x�s�b�c 
�k�i�Z�^ �\�u�o�h�^�Z �n�h�l�h�e�b�a�Z �h�[�m�k�e�h�\�e�_�g �d�Z�d �[�_�a�b�a�e�m�q�Z�l�_�e�v�g�h�c �j�_�d�h�f�[�b�g�Z�p�b�_�c, �l�Z�d �b 
�j�_�d�h�f�[�b�g�Z�p�b�_�c �k�\�h�[�h�^�g�u�o �w�e�_�d�l�j�h�g�h�\ �k �a�Z�o�\�Z�q�_�g�g�u�f�b �^�u�j�d�Z�f�b �k�h�]�e�Z�k�g�h �f�_�o�Z�g�b�a�f�m 
�e�x�f�b�g�_�k�p�_�g�p�b�b �R�_�g�Z–�D�e�Z�k�_�g�k�Z. �E�x�f�b�g�_�k�p�_�g�p�b�y �Z�g�Z�e�h�]�b�q�g�h �n�h�l�h�e�b�a�m �l�Z�d�`�_ �g�Z�j�Z�k�l�Z�_�l �\ 
�l�_�q�_�g�b�_ �b�f�i�m�e�v�k�Z �\�h�a�[�m�`�^�_�g�b�y. �I�j�b �\�u�k�h�d�b�o �m�j�h�\�g�y�o �\�h�a�[�m�`�^�_�g�b�y �e�x�f�b�g�_�k�p�_�g�p�b�y 
�i�j�Z�d�l�b�q�_�k�d�b  �i�h�\�l�h�j�y�_�l �n�h�j�f�m �b�f�i�m�e�v�k�Z �b�a�e�m�q�_�g�b�y. �I�h�k�e�_ �h�d�h�g�q�Z�g�b�y �b�f�i�m�e�v�k�Z �\�h�a�[�m�`�^�_�g�b�y 
�k�b�k�l�_�f�Z �[�u�k�l�j�h (�a�Z 1-10 �g�k) �i�_�j�_�o�h�^�b�l �d �k�l�Z�p�b�h�g�Z�j�g�h�f�m �k�h�k�l�h�y�g�b�x. 
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�]�Z�e�h�]�_�g�b�^�h�\ �k�_�j�_�[�j�Z: 1.�J�_�d�h�f�[�b�g�Z�p�b�h�g�g�u�_ �i�j�h�p�_�k�k�u �g�Z �j�Z�g�g�b�o �k�l�Z�^�b�y�o �n�h�l�h�e�b�a�Z. // 
�H�i�l�b�d�Z �b �k�i�_�d�l�j�h�k�d�h�i�b�y. – �L.102. – �‹ 6. – 2007. – �K. 975–979. 
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�b�x�e�y 2008 �]. – �K.131–134. 
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�W�D�K�I�?�J�B�F�?�G�L�:�E�V�G�H�? �B�K�K�E�?�>�H�<�:�G�B�? �E�:�A�?�J�: 

�G�: ND:YAG �I�H�K�L�J�H�?�G�G�H�=�H �I�H �K�O�?�F�? �A�:�>�:�X�S�B�C 
�=�?�G�?�J�:�L�H�J-�M�K�B�E�B�L�?�E�V 

�<.�G. �K�b�g�b�p�d�b�c 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �g.�k. �<.�F. �I�h�e�y�d�h�\ (�G�I�D «�=�H�B �b�f. �K.�B. �<�Z�\�b�e�h�\�Z») 

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

�i�h�k�l�j�h�_�g�g�h�f �i�h �k�o�_�f�_ �a�Z�^�Z�x�s�b�c �]�_�g�_�j�Z�l�h�j-�m�k�b�e�b�l�_�e�v. �D�j�b�l�_�j�b�c �h�i�l�b�f�b�a�Z�p�b�b – 
�w�n�n�_�d�l�b�\�g�h�k�l�v �b�k�i�h�e�v�a�h�\�Z�g�b�y �a�Z�i�Z�k�_�g�g�h�c �w�g�_�j�]�b�b �m�k�b�e�b�l�_�e�y. 

 
�A�Z�^�Z�q�Z, �i�h�k�l�Z�g�h�\�d�Z �i�j�h�[�e�_�f�u. �B�k�o�h�^�y �b�a �i�j�b�g�p�b�i�Z �k�o�_�f�u �^�b�Z�f�_�l�j �f�h�^�u �A�= 

�k�m�s�_�k�l�\�_�g�g�h �f�_�g�v�r�_ �^�b�Z�f�_�l�j�Z �Z�d�l�b�\�g�h�]�h �w�e�_�f�_�g�l�Z �m�k�b�e�b�l�_�e�y. 
�W�l�h �\�\�h�^�b�l �g�_�h�[�o�h�^�b�f�h�k�l�v �m�\�_�e�b�q�b�\�Z�l�v �i�m�q�h�d �A�= �^�e�y �i�h�e�g�h�]�h �b�k�i�h�e�v�a�h�\�Z�g�b�y 

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

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

�m�k�b�e�b�l�_�e�y. 
�K�h�k�l�Z�\�e�_�g�b�_ �j�Z�k�q�_�l�g�h�c �f�h�^�_�e�b �m�k�b�e�_�g�b�y �b�f�i�m�e�v�k�Z �a�Z�^�Z�x�s�_�]�h �]�_�g�_�j�Z�l�h�j�Z �\ �m�k�b�e�b�l�_�e�_. 
�I�h�e�m�q�_�g�b�_ �a�Z�\�b�k�b�f�h�k�l�_�c �w�n�n�_�d�l�b�\�g�h�k�l�b �b�k�i�h�e�v�a�h�\�Z�g�b�y �a�Z�i�Z�k�_�g�g�h�c �w�g�_�j�]�b�b �m�k�b�e�b�l�_�e�y 

�h�l �i�Z�j�Z�f�_�l�j�h�\ �k�b�k�l�_�f�u �n�h�j�f�b�j�h�\�Z�g�b�y �i�m�q�d�Z. 
�K�j�Z�\�g�_�g�b�_ �i�h�e�m�q�_�g�g�u�o �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �j�_�a�m�e�v�l�Z�l�h�\ �k �^�Z�g�g�u�f�b �j�Z�k�q�_�l�g�h�c �f�h�^�_�e�b. 
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�G�?�E�H�D�:�E�V�G�U�? �F�:�L�?�J�B�:�E�V�G�U�? �I�:�J�:�F�?�L�J�U  �K�E�H�B�K�L�H�=�H 
�G�:�G�H�K�L�J�M�D�L�M�J�B�J�H�<�:�G�G�H�=�H �F�?�L�:�E�E�H-�>�B�W�E�?�D�L�J�B�Q�?�K�D�H�=�H 

�F�?�L�:�F�:�L�?�J�B�:�E�: 
�: .�<. �Q�_�[�u�d�b�g 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �d.�n.-�f .�g., �\�_�.̂�g.�k. �I .�: . �;�_�e�h�\ 
 
�K�e�h�b�k�l�u�_ �f�_�l�Z�e�e�h-�^�b�w�e�_�d�l�j�b�q�_�k�d�b�_ �f�_�l�Z�f�Z�l�_�j�b�Z�e�u �h�[�e�Z�^�Z�x�l �j�y�^�h�f �m�g�b�d�Z�e�v�g�u�o 

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

�>�e�y �h�i�b�k�Z�g�b�y �k�e�h�b�k�l�u�o �f�_�l�Z�f�Z�l�_�j�b�Z�e�h�\ �i�j�b�g�y�l�h �b�k�i�h�e�v�a�h�\�Z�l�v �w�n�n�_�d�l�b�\�g�m�x �f�h�^�_�e�v. 
�W�l�Z �f�h�^�_�e�v �h�k�g�h�\�Z�g�Z �g�Z �i�j�h�p�_�^�m�j�_ �m�k�j�_�^�g�_�g�b�y �f�Z�l�_�j�b�Z�e�v�g�u�o �i�Z�j�Z�f�_�l�j�h�\ (�e�h�d�Z�e�v�g�h�c �l�_�h�j�b�b 
�]�h�f�h�]�_�g�b�a�Z�p�b�b) �b �i�h�a�\�h�e�y�_�l �i�h�e�m�q�b�l�v �l�_�g�a�h�j �w�n�n�_�d�l�b�\�g�h�c �^�b�w�e�_�d�l�j�b�q�_�k�d�h�c �i�j�h�g�b�p�Z�_�f�h�k�l�b 
�k�e�h�b�k�l�h�]�h �f�_�l�Z�f�Z�l�_�j�b�Z�e�Z. �H�^�g�Z�d�h, �\ �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�f  �f�_�l�Z�f�Z�l�_�j�b�Z�e�_ �i�j�b�k�m�l�k�l�\�m�x�l �w�n�n�_�d�l�u 
�k�b�e�v�g�h�c �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c �^�b�k�i�_�j�k�b�b, �d�h�l�h�j�u�_ �g�_ �m�q�b�l�u�\�Z�x�l�k�y �^�Z�g�g�h�c �f�h�^�_�e�v�x. �>�e�y �m�q�z�l�Z 
�w�l�b�o �y�\�e�_�g�b�c �g�_�h�[�o�h�^�b�f�Z �j�Z�a�j�Z�[�h�l�d�Z �g�_�e�h�d�Z�e�v�g�h�c �l�_�h�j�b�b �]�h�f�h�]�_�g�b�a�Z�p�b�b �k�e�h�b�k�l�u�o 
�f�_�l�Z�f�Z�l�_�j�b�Z�e�h�\. 

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

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

�<�u�\�h�^ �g�_�e�h�d�Z�e�v�g�u�o �f�Z�l�_�j�b�Z�e�v�g�u�o �i�Z�j�Z�f�_�l�j�h�\ �h�k�m�s�_�k�l�\�e�y�e�k�y �i�m�l�z�f �j�_�r�_�g�b�y �k�b�k�l�_�f�u 
�m�j�Z�\�g�_�g�b�c �F�Z�d�k�\�_�e�e�Z �^�e�y �k�e�h�b�k�l�h�]�h �f�_�l�Z�f�Z�l�_�j�b�Z�e�Z �k �i�h�f�_�s�z�g�g�u�f �\ �g�_�]�h �b�k�l�h�q�g�b�d�h�f �l�h�d�Z. 
�>�e�y �\�u�\�h�^�Z �]�e�Z�\�g�u�o �d�h�f�i�h�g�_�g�l �l�_�g�a�h�j�Z �^�b�w�e�_�d�l�j�b�q�_�k�d�h�c �i�j�h�g�b�p�Z�_�f�h�k�l�b �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h 
�j�Z�k�k�f�Z�l�j�b�\�Z�e�b�k�v �k�e�m�q�Z�b TE �b TM-�i�h�e�y�j�b�a�Z�p�b�b �j�Z�k�i�j�h�k�l�j�Z�g�y�x�s�b�o�k�y �\ �f�_�l�Z�f�Z�l�_�j�b�Z�e�_ �\�h�e�g. 
�< �i�_�j�\�h�f �k�e�m�q�Z�_ �h�k�m�s�_�k�l�\�e�y�e�k�y �\�u�\�h�^ �d�h�f�i�h�g�_�g�l�u �^�b�w�e�_�d�l�j�b�q�_�k�d�h�c �i�j�h�g�b�p�Z�_�f�h�k�l�b �\�^�h�e�v 
�k�e�h�z�\, �Z �\�h �\�l�h�j�h�f – �d�h�f�i�h�g�_�g�l�u �^�b�w�e�_�d�l�j�b�q�_�k�d�h�c �i�j�h�g�b�p�Z�_�f�h�k�l�b, �i�_�j�i�_�g�^�b�d�m�e�y�j�g�h�c �k�e�h�y�f 
�k�h�h�l�\�_�l�k�l�\�_�g�g�h. 

�<�u�y�\�e�_�g�u �w�n�n�_�d�l�u �k�b�e�v�g�h�c �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c �^�b�k�i�_�j�k�b�b �\ �k�e�h�b�k�l�h�f 
�g�Z�g�h�k�l�j�m�d�l�m�j�b�j�h�\�Z�g�g�h�f �f�_�l�Z�e�e�h-�^�b�w�e�_�d�l�j�b�q�_�k�d�h�f �f�_�l�Z�f�Z�l�_�j�b�Z�e�_. �>�e�y �b�o �h�[�t�y�k�g�_�g�b�y 
�i�h�e�m�q�_�g�u �Z�g�Z�e�b�l�b�q�_�k�d�b�_ �\�u�j�Z�`�_�g�b�y �^�e�y �g�_�e�h�d�Z�e�v�g�u�o �f�Z�l�_�j�b�Z�e�v�g�u�o �i�Z�j�Z�f�_�l�j�h�\ �k�e�h�b�k�l�h�]�h 
�f�_�l�Z�f�Z�l�_�j�b�Z�e�Z. �I�h�d�Z�a�Z�g�h, �q�l�h �i�j�b �g�b�a�d�h�c �q�Z�k�l�h�l�_, �f�Z�e�h�f �\�h�e�g�h�\�h�f �\�_�d�l�h�j�_ �b 
�f�Z�e�u�o �i�_�j�b�h�^�Z�o �f�_�l�Z�f�Z�l�_�j�b�Z�e�Z �^�Z�g�g�u�_ �\�u�j�Z�`�_�g�b�y �i�_�j�_�o�h�^�y�l �\ �\�u�j�Z�`�_�g�b�y �^�e�y �f�Z�l�_�j�b�Z�e�v�g�u�o 
�i�Z�j�Z�f�_�l�j�h�\ �\ �d�\�Z�a�b�k�l�Z�l�b�q�_�k�d�h�f �k�e�m�q�Z�_. 
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�K�H�A�>�:�G�B�? �B �B�K�K�E�?�>�H�<�:�G�B�? �I�H�E�B�F�?�J�G�U�O 
�G�?�E�B�G�?�C�G�H-�H�I�L�B�Q�?�K�D�B�O �F�:�L�?�J�B�:�E�H�< 

�G�: �H�K�G�H�<�? �>�B�K�I�?�J�K�G�H�=�H �D�J�:�K�G�H�=�H 
�: .�I . �E�b�l�\�b�g 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �d.�n.-�f .�g., �^�h�p�_�g�l �X .�W. �;�m�j�m�g�d�h�\�Z 
 
�< �i�h�k�e�_�^�g�b�_ �^�_�k�y�l�b�e�_�l�b�y �\�k�_�k�l�h�j�h�g�g�_ �b �d�j�Z�c�g�_ �Z�d�l�b�\�g�h �b�k�k�e�_�^�m�x�l�k�y �h�j�]�Z�g�b�q�_�k�d�b�_ 

�f�Z�l�_�j�b�Z�e�u �k �p�_�e�v�x �b�k�i�h�e�v�a�h�\�Z�g�b�y �\ �j�Z�a�e�b�q�g�u�o �i�j�b�e�h�`�_�g�b�y�o �n�h�l�h�g�b�d�b, �\ �k�b�k�l�_�f�Z�o �k�\�y�a�b �b �\ 
�b�g�l�_�]�j�Z�e�v�g�h-�h�i�l�b�q�_�k�d�b�o �m�k�l�j�h�c�k�l�\�Z�o. �G�Z �[�Z�a�_ �h�j�]�Z�g�b�q�_�k�d�b�o �f�Z�l�_�j�b�Z�e�h�\ �k�h�a�^�Z�x�l�k�y 
�\�u�k�h�d�h�k�d�h�j�h�k�l�g�u�_ �w�e�_�d�l�j�h�h�i�l�b�q�_�k�d�b�_ �f�h�^�m�e�y�l�h�j�u �b �i�_�j�_�d�e�x�q�Z�l�_�e�b, �f�b�d�j�h�k�l�j�m�d�l�m�j�b�j�h�\�Z�g-
�g�u�_ �h�i�l�b�q�_�k�d�b�_ �\�h�e�h�d�g�Z, �j�Z�a�j�Z�[�Z�l�u�\�Z�x�l�k�y �b�k�l�h�q�g�b�d�b �b �i�j�b�_�f�g�b�d�b �l�_�j�Z�]�_�j�p�h�\�h�]�h �b�a�e�m�q�_�g�b�y. 
�M�g�b�d�Z�e�v�g�u�_ �l�_�o�g�h�e�h�]�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �i�h�e�b�f�_�j�h�\ �\ �d�Z�q�_�k�l�\�_ �f�Z�l�j�b�p �b �\�u�k�h�d�b�_ �g�_�e�b�g�_�c�g�h-
�h�i�l�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z �o�j�h�f�h�n�h�j �b �k�l�j�m�d�l�m�j guest-host �g�Z �b�o �h�k�g�h�\�_ �i�h�a�\�h�e�y�x�l �k�h�a�^�Z�\�Z�l�v 
�i�_�j�k�i�_�d�l�b�\�g�u�_ �f�Z�l�_�j�b�Z�e�u �^�e�y �i�j�b�f�_�g�_�g�b�c �\ �g�_�e�b�g�_�c�g�h�c �b �w�e�_�d�l�j�h�h�i�l�b�d�b. 

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

�< �o�h�^�_ �j�Z�[�h�l�u �[�u�e�h �g�_�h�[�o�h�^�b�f�h �h�i�j�_�^�_�e�b�l�v �f�Z�d�k�b�f�Z�e�v�g�m�x �d�h�g�p�_�g�l�j�Z�p�b�x �^�b�k�i�_�j�k�g�h�]�h 
�d�j�Z�k�g�h�]�h �^�e�y �^�h�k�l�b�`�_�g�b�y �g�Z�b�e�m�q�r�b�o �g�_�e�b�g�_�c�g�h-�h�i�l�b�q�_�k�d�b�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d. �>�Z�g�g�Z�y �\�_�e�b�q�b�g�Z 
�h�]�j�Z�g�b�q�b�\�Z�_�l�k�y �d�Z�d �j�Z�k�l�\�h�j�b�f�h�k�l�v�x �o�j�h�f�h�n�h�j �\ �i�h�e�b�f�_�j�_, �l�Z�d �b �\�h�a�f�h�`�g�h�c �Z�]�j�_�]�Z�p�b�_�c �i�j�b 
�[�h�e�v�r�b�o �d�h�g�p�_�g�l�j�Z�p�b�y�o �i�h�k�e�_�^�g�b�o. �<�h�e�g�h�\�h�^�g�u�c �k�e�h�c �g�Z�g�h�k�b�e�k�y �g�Z �p�_�g�l�j�b�n�m�]�_ �b�a �j�Z�k�l�\�h�j�Z 
�i�h�e�b�f�_�j�Z. �>�e�y �w�l�h�]�h �g�_�h�[�o�h�^�b�f�h �[�u�e�h �j�_�r�b�l�v �i�j�h�[�e�_�f�m �\�u�[�h�j�Z �j�Z�k�l�\�h�j�b�l�_�e�y �b 
�i�j�h�i�h�j�p�b�h�g�Z�e�v�g�u�o �k�h�h�l�g�h�r�_�g�b�c �d�h�f�i�h�g�_�g�l, �^�e�y �l�h�]�h �q�l�h�[�u �k�h�a�^�Z�l�v �h�^�g�h�j�h�^�g�m�x �i�j�h�a�j�Z�q�g�m�x 
�i�e�_�g�d�m �l�h�e�s�b�g�h�c �i�h�j�y�^�d�Z 2 �f�d�f. �M�^�Z�e�h�k�v �j�Z�a�j�Z�[�h�l�Z�l�v �l�_�o�g�h�e�h�]�b�x, �i�h�a�\�h�e�y�x�s�m�x �i�h�e�m�q�Z�l�v 
�i�e�_�g�d�b �h�i�l�b�q�_�k�d�h�]�h �d�Z�q�_�k�l�\�Z �a�Z�^�Z�g�g�h�c �l�h�e�s�b�g�u �k �\�_�k�h�\�u�f �k�h�^�_�j�`�Z�g�b�_�f �o�j�h�f�h�n�h�j 8%. 

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

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

�J�_�a�m�e�v�l�Z�l�h�f �^�Z�g�g�h�c �j�Z�[�h�l�u �k�l�Z�e�h �k�h�a�^�Z�g�b�_ �g�_�e�b�g�_�c�g�h-�h�i�l�b�q�_�k�d�h�]�h �f�Z�l�_�j�b�Z�e�Z �g�Z 
�h�j�]�Z�g�b�q�_�k�d�h�c �h�k�g�h�\�_, �\ �d�h�l�h�j�h�f �b�k�i�h�e�v�a�m�_�l�k�y �]�b�i�_�j�i�h�e�y�j�b�a�m�_�f�h�k�l�v �^�h�g�h�j-�Z�d�p�_�i�l�h�j�g�u�o �o�j�h�f�h�n�h�j, 
�\�\�_�^�_�g�g�u�o �\ �f�Z�l�j�b�p�m �i�h�e�b�f�_�j�Z �b �m�i�h�j�y�^�h�q�_�g�g�u�o �\ �g�_�f �\�g�_�r�g�b�f �w�e�_�d�l�j�b�q�_�k�d�b�f �i�h�e�_�f. 
�B�k�i�h�e�v�a�h�\�Z�g�b�_ �l�Z�d�b�o �f�Z�l�_�j�b�Z�e�h�\ �h�l�d�j�u�\�Z�_�l �[�h�e�v�r�b�_ �i�_�j�k�i�_�d�l�b�\�u, �l�Z�d �d�Z�d �i�h�a�\�h�e�y�_�l �k�j�Z�\�g�b�l�_�e�v�g�h 
�i�j�h�k�l�u�f �i�m�l�_�f �k�h�a�^�Z�\�Z�l�v �f�b�g�b�Z�l�x�j�g�u�_ �b�g�l�_�]�j�Z�e�v�g�h-�h�i�l�b�q�_�k�d�b�_ �k�o�_�f�u, �h�i�l�h�w�e�_�d�l�j�h�g�g�u�_ �i�j�b�[�h�j�u 
�b �d�h�f�i�h�g�_�g�l�u �k�b�k�l�_�f �k�\�y�a�b, �i�j�_�\�h�k�o�h�^�y�s�b�_ �Z�g�Z�e�h�]�b �g�Z �d�j�b�k�l�Z�e�e�Z�o �b �i�h �l�_�o�g�b�d�h-�w�d�k�i�e�m�Z�l�Z�p�b�h�g�g�u�f 
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f, �b �i�h �a�g�Z�q�b�l�_�e�v�g�h �f�_�g�v�r�_�c �l�j�m�^�h�_�f�d�h�k�l�b �b�a�]�h�l�h�\�e�_�g�b�y. �G�Z �h�k�g�h�\�_ �j�Z�a�j�Z�[�h�l�Z�g�g�h�c 
�\�h�e�g�h�\�h�^�g�h�c �k�l�j�m�d�l�m�j�u �b �i�h�e�b�f�_�j�g�u�o �w�e�_�d�l�j�h�h�i�l�b�q�_�k�d�b�o �d�h�f�i�h�a�b�p�b�c �i�j�_�^�i�h�e�Z�]�Z�_�l�k�y �k�h�a�^�Z�g�b�_ 
�w�e�_�d�l�j�h�h�i�l�b�q�_�k�d�h�]�h �f�h�^�m�e�y�l�h�j�Z �F�Z�o�Z-�P�_�g�^�_�j�Z, �h�[�_�k�i�_�q�b�\�Z�x�s�_�]�h �f�h�^�m�e�y�p�b�x �k�\�_�l�Z �g�Z �q�Z�k�l�h�l�Z�o �^�h 
�^�_�k�y�l�d�h�\ �]�b�]�Z�]�_�j�p �b �i�j�Z�d�l�b�q�_�k�d�b �\�h�k�l�j�_�[�h�\�Z�g�g�h�]�h �\ �j�Z�a�e�b�q�g�u�o �k�b�k�l�_�f�Z�o �n�h�l�h�g�b�d�b. 
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�W�N�N�?�D�L�U �K�B�E�V�G�H�C �I�J�H�K�L�J�:�G�K�L�<�?�G�G�H�C �>�B�K�I�?�J�K�B�B 
�< �K�E�H�B�K�L�H�F �F�?�L�:�E�E�H�>�B�W�E�?�D�L�J�B�Q�?�K�D�H�F �F�?�L�:�F�:�L�?�J�B�:�E�? 

�: .�: . �H�j�e�h�\, �: .�<. �Q�_�[�u�d�b�g 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �d.�n.-�f .�g., �\�_�.̂�g.�k. �I .�: . �;�_�e�h�\ 

 
�D�j�Z�l�d�h�_ �\�k�l�m�i�e�_�g�b�_, �i�h�k�l�Z�g�h�\�d�Z �i�j�h�[�e�_�f�u. �K�e�h�b�k�l�u�c �f�_�l�Z�e�e�h�^�b�w�e�_�d�l�j�b�q�_�k�d�b�c 

�f�_�l�Z�f�Z�l�_�j�b�Z�e (�K�F�>�F) �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �f�Z�k�k�b�\ �q�_�j�_�^�m�x�s�b�o�k�y �i�e�h�k�d�h�i�Z�j�Z�e�e�_�e�v�g�u�o 
�g�Z�g�h�k�e�h�z�\ �^�b�w�e�_�d�l�j�b�d�Z �b �f�_�l�Z�e�e�Z.  �?�]�h �h�l�e�b�q�b�l�_�e�v�g�h�c �q�_�j�l�h�c �y�\�e�y�_�l�k�y �k�i�h�k�h�[�g�h�k�l�v 
�i�_�j�_�^�Z�\�Z�l�v �w�\�Z�g�_�k�p�_�g�l�g�u�_ �\�h�e�g�u �h�[�t�_�d�l�Z �k �h�^�g�h�c �k�\�h�_�c �i�h�\�_�j�o�g�h�k�l�b �g�Z �^�j�m�]�m�x. �L�Z�d�h�_ 
�m�g�b�d�Z�e�v�g�h�_ �k�\�h�c�k�l�\�h �g�Z�o�h�^�b�l �f�g�h�`�_�k�l�\�h �i�j�b�f�_�g�_�g�b�c. �G�Z�i�j�b�f�_�j, �\ �k�m�[�\�h�e�g�h�\�h�c 
�f�b�d�j�h�k�d�h�i�b�b �h�g �f�h�`�_�l �i�h�k�e�m�`�b�l�v �h�k�g�h�\�h�c �^�e�y �k�h�a�^�Z�g�b�y �k�m�i�_�j�e�b�g�a�u, �k�i�h�k�h�[�g�h�c �i�_�j�_�^�Z�\�Z�l�v 
�b�a�h�[�j�Z�`�_�g�b�_ �i�j�_�^�f�_�l�Z �k �j�Z�a�j�_�r�_�g�b�_�f, �i�j�_�\�u�r�Z�x�s�b�f �^�b�n�j�Z�d�p�b�h�g�g�u�c �i�j�_�^�_�e. 

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

 
�P�_�e�v �j�Z�[�h�l�u. �I�m�l�_�f �k�j�Z�\�g�_�g�b�y �j�_�a�m�e�v�l�Z�l�h�\, �i�h�e�m�q�_�g�g�u�o �k �i�h�f�h�s�v�x �e�h�d�Z�e�v�g�h�c 

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

 
�;�Z�a�h�\�u�_ �i�h�e�h�`�_�g�b�y �b�k�k�e�_�^�h�\�Z�g�b�y. �F�h�^�_�e�v �w�n�n�_�d�l�b�\�g�h�c �k�j�_�^�u �i�j�_�^�k�l�Z�\�e�y�_�l 

�j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�c �k�e�h�b�k�l�u�c �f�_�l�Z�f�Z�l�_�j�b�Z�e �\ �\�b�^�_ �Z�g�b�a�h�l�j�h�i�g�h�c �k�j�_�^�u �k �h�i�l�b�q�_�k�d�h�c �h�k�v�x, 
�g�Z�i�j�Z�\�e�_�g�g�h�c �i�_�j�i�_�g�^�b�d�m�e�y�j�g�h �k�e�h�y�f. �D �g�Z�k�l�h�y�s�_�f�m �\�j�_�f�_�g�b �^�e�y �K�F�>�F �m�k�l�Z�g�h�\�e�_�g�h 
�g�_�k�h�h�l�\�_�l�k�l�\�b�_ �h�i�b�k�Z�g�b�y, �i�j�_�^�h�k�l�Z�\�e�y�_�f�h�]�h �w�n�n�_�d�l�b�\�g�h�c �f�h�^�_�e�v�x, �j�_�Z�e�v�g�h�c �k�l�j�m�d�l�m�j�_. 
�H�^�g�Z�d�h �g�_�b�a�\�_�k�l�g�h, �k�i�j�Z�\�_�^�e�b�\�h �e�b �w�l�h �^�e�y �i�j�_�^�_�e�v�g�h �f�Z�e�h�c �l�h�e�s�b�g�u �k�e�h�z�\. �I�h�e�g�u�c 
�^�b�k�i�_�j�k�b�h�g�g�u�c �Z�g�Z�e�b�a �k�l�j�m�d�l�m�j�u, �m�q�b�l�u�\�Z�x�s�b�c �\�k�_ �h�k�h�[�_�g�g�h�k�l�b, �k�\�y�a�Z�g�g�u�_ �k 
�\�h�a�[�m�`�^�_�g�b�_�f �i�h�\�_�j�o�g�h�k�l�g�u�o �i�e�Z�a�f�h�g�h�\ �g�Z �]�j�Z�g�b�p�Z�o �^�b�w�e�_�d�l�j�b�d-�f�_�l�Z�e�e, �f�h�`�_�l �[�u�l�v 
�h�k�m�s�_�k�l�\�e�_�g �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �f�_�l�h�^�Z �f�Z�l�j�b�p �i�_�j�_�^�Z�q�b, �k�\�y�a�u�\�Z�x�s�b�o �d�h�f�i�h�g�_�g�l�u �i�h�e�y �g�Z 
�\�o�h�^�_ �\ �k�e�h�b�k�l�m�x �k�l�j�m�d�l�m�j�m �k �d�h�f�i�h�g�_�g�l�Z�f�b �i�h�e�y �g�Z �\�u�o�h�^�_ �b�a �g�_�z. 

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

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

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

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

 
�H�k�g�h�\�g�h�c �j�_�a�m�e�v�l�Z�l. �I�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�g�h �i�j�b�k�m�l�k�l�\�b�_ �w�n�n�_�d�l�h�\ �k�b�e�v�g�h�c 

�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c �^�b�k�i�_�j�k�b�b �\ �k�e�h�b�k�l�h�f �f�_�l�Z�e�e�h�^�b�w�e�_�d�l�j�b�q�_�k�d�h�f �f�_�l�Z�f�Z�l�_�j�b�Z�e�_, �k�\�y�a�Z�g�g�u�o 
�]�e�Z�\�g�u�f �h�[�j�Z�a�h�f �k �\�h�a�g�b�d�g�h�\�_�g�b�_�f �^�h�i�h�e�g�b�l�_�e�v�g�u�o �k�h�[�k�l�\�_�g�g�u�o �f�h�.̂ 
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�H�I�L�B�F�B�A�:�P�B�Y �I�:�J�:�F�?�L�J�H�< �<�D�J �M�K�B�E�?�G�B�Y 
�< �K�@�:�L�H�F �<�H�>�H�J�H�>�? 

�?.�: . �F�Z�d�Z�j�h�\ 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�n.-�f .�g., �i�j�h�n�_�k�k�h�j �<.�=. �;�_�k�i�Z�e�h�\ 

 
�<�u�g�m�`�^�_�g�g�h�_ �d�h�f�[�b�g�Z�p�b�h�g�g�h�_ �j�Z�k�k�_�y�g�b�_ (�<�D�J) �\ �k�`�Z�l�u�o �]�Z�a�Z�o �y�\�e�y�_�l�k�y �w�n�n�_�d�l�b�\�g�u�f 

�k�j�_�^�k�l�\�h�f �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y �q�Z�k�l�h�l�u. �< �q�Z�k�l�g�h�k�l�b �<�D�J �\ �k�`�Z�l�h�f �\�h�^�h�j�h�^�_ �f�h�`�_�l �[�u�l�v 
�b�k�i�h�e�v�a�h�\�Z�g�h �^�e�y �k�h�a�^�Z�g�b�y �b�k�l�h�q�g�b�d�h�\ �b�a�e�m�q�_�g�b�y �\ 10 �f�b�d�j�h�g�g�h�f �^�b�Z�i�Z�a�h�g�_ �k�i�_�d�l�j�Z [1]. 

�>�Z�g�g�h�_ �b�k�k�e�_�^�h�\�Z�g�b�_ �i�j�h�\�h�^�b�e�h�k�v �^�e�y �h�i�l�b�f�b�a�Z�p�b�b �D�I�> �<�D�J �m�k�b�e�b�l�_�e�y �\ �k�o�_�f�_ 
�f�g�h�]�h�d�Z�k�d�Z�^�g�h�]�h �^�\�m�o�b�f�i�m�e�v�k�g�h�]�h �e�Z�a�_�j�g�h�]�h �d�h�f�i�e�_�d�k�Z �h�[�e�m�q�_�g�b�y �f�b�r�_�g�b �d�h�g�\�_�j�l�h�j�Z 
�b�a�e�m�q�_�g�b�y �f�h�s�g�h�]�h �K�H2 �e�Z�a�_�j�Z �\ �j�_�g�l�]�_�g�h�\�k�d�b�c �^�b�Z�i�Z�a�h�g �k�i�_�d�l�j�Z �^�e�y �p�_�e�_�c 
�g�Z�g�h�e�b�l�h�]�j�Z�n�b�b. �< �^�Z�g�g�h�c �k�o�_�f�_ �w�g�_�j�]�b�y �f�h�s�g�h�]�h �b�f�i�m�e�v�k�Z Nd:YAG �e�Z�a�_�j�Z (�O = 1,064 �f�d�f) 
�j�Z�a�^�_�e�y�_�l�k�y �g�Z �^�\�_ �g�_�j�Z�\�g�u�_ �q�Z�k�l�b, �f�_�g�v�r�Z�y �b�a �d�h�l�h�j�u�o �i�h�k�l�Z�\�e�y�_�l�k�y �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h �g�Z 
�f�b�r�_�g�v �^�e�y �n�h�j�f�b�j�h�\�Z�g�b�y �a�Z�l�j�Z�\�h�q�g�h�c �b�k�d�j�u. �<�l�h�j�Z�y �q�Z�k�l�v �w�g�_�j�]�b�b �k�e�m�`�b�l �g�Z�d�Z�q�d�h�c 
�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h: (1) �^�e�y �<�D�J �]�_�g�_�j�Z�l�h�j�Z �i�_�j�\�h�c �k�l�h�d�k�h�\�h�c �d�h�f�i�h�g�_�g�l�u (�O = 1,907 �f�d�f) �b 
�\�l�h�j�h�c �k�l�h�d�k�h�\�h�c �d�h�f�i�h�g�_�g�l�u (�O = 9,19 �f�d�f),  (2) �h�i�l�b�q�_�k�d�h�]�h �i�Z�j�Z�f�_�l�j�b�q�_�k�d�h�]�h �m�k�b�e�b�l�_�e�y 
�^�e�y �b�a�e�m�q�_�g�b�y �i�_�j�\�h�c �k�l�h�d�k�h�\�h�c �d�h�f�i�h�g�_�g�l�u �<�D�J, (3) �<�D�J �m�k�b�e�b�l�_�e�y �\�l�h�j�h�c �k�l�h�d�k�h�\�h�c 
�d�h�f�i�h�g�_�g�l�u. �M�k�b�e�_�g�g�u�c �k�b�]�g�Z�e �g�Z �q�Z�k�l�h�l�_ �\�l�h�j�h�c �k�l�h�d�k�h�\�h�c �d�h�f�i�h�g�_�g�l�u �<�D�J  
�k�h�h�l�\�_�l�k�l�\�m�_�l �h�^�g�h�c �b�a �^�e�b�g �\�h�e�g �m�k�b�e�b�\�Z�_�f�u�o CO2 �e�Z�a�_�j�h�f. �I�h�k�e�_ �g�_�h�[�o�h�^�b�f�h�]�h �m�k�b�e�_�g�b�y 
�\ �K�H2 �f�h�^�m�e�_ �b�a�e�m�q�_�g�b�_ �^�h�k�l�Z�\�e�y�_�l�k�y �g�Z �f�b�r�_�g�v, �\ �d�h�l�h�j�h�c �m�`�_ �k�n�h�j�f�b�j�h�\�Z�g�Z �e�Z�a�_�j�g�Z�y 
�b�k�d�j�Z. �>�Z�g�g�Z�y �^�\�m�o�b�f�i�m�e�v�k�g�Z�y �k�o�_�f�Z �\�h�a�[�m�`�^�_�g�b�y �g�Z �^�\�m�o �^�e�b�g�Z�o �\�h�e�g �i�h�a�\�h�e�y�_�l �i�h�e�m�q�b�l�v 
�w�n�n�_�d�l�b�\�g�h�k�l�v �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y �d�h�g�\�_�j�l�h�j�Z �\ �j�_�g�l�]�_�g�h�\�k�d�b�c �^�b�Z�i�Z�a�h�g 13 �g�f, �[�h�e�v�r�_ 4% [2].  
  

�H�[�s�_�i�j�b�g�y�l�u�c �i�h�^�o�h�^ �d �j�_�r�_�g�b�x �i�j�h�[�e�_�f�u �n�h�j�f�b�j�h�\�Z�g�b�y �i�m�q�d�h�\ �f�h�s�g�h�]�h 
�b�a�e�m�q�_�g�b�y �k �a�Z�^�Z�g�g�u�f�b �k�\�h�c�k�l�\�Z�f�b, �k�h�k�l�h�b�l �\ �m�k�b�e�_�g�b�b �k�e�Z�[�u�o �d�h�]�_�j�_�g�l�g�u�o �k�b�]�g�Z�e�h�\, 
�h�k�h�[�_�g�g�h �w�n�n�_�d�l�b�\�g�h�]�h �i�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b �m�k�b�e�b�l�_�e�_�c, �j�Z�[�h�l�Z�x�s�b�o �\ �k�\�_�j�o�j�_�]�_�g�_�j�Z�l�b�\�g�h�f 
�j�_�`�b�f�_, �l�h �_�k�l�v �\�u�r�_ �i�h�j�h�]�Z �k�Z�f�h�\�h�a�[�m�`�^�_�g�b�y. �I�h�k�d�h�e�v�d�m �\ �m�k�e�h�\�b�y�o  �<�D�J �]�_�g�_�j�Z�p�b�b �b 
�m�k�b�e�_�g�b�y �\ �k�`�Z�l�h�f �\�h�^�h�j�h�^�_ �\�j�_�f�_�g�Z �i�h�i�_�j�_�q�g�h�c �j�_�e�Z�d�k�Z�p�b�b �f�h�e�_�d�m�e�y�j�g�u�o �d�h�e�_�[�Z�g�b�c �L2 
�k�h�k�l�Z�\�e�y�x�l 0,2 �g�k �b �j�_�`�b�f �<�D�J �^�e�y �b�f�i�m�e�v�k�h�\ �g�Z�d�Z�q�d�b �^�e�b�l�_�e�v�g�h�k�l�v�x 2,4 �g�k �b �[�h�e�v�r�_ 
�y�\�e�y�_�l�k�y �g�_�k�l�Z�p�b�h�g�Z�j�g�u�f, �Z�d�l�m�Z�e�v�g�u�f �y�\�e�y�_�l�k�y �\�u�[�h�j �\�j�_�f�_�g�g�u�o �k�^�\�b�]�h�\ �k�l�h�d�k�h�\�h�]�h 
�b�f�i�m�e�v�k�Z �g�Z�d�Z�q�d�b �g�Z �\�o�h�^�_ �m�k�b�e�b�l�_�e�y [3]. �>�e�y �h�i�l�b�f�b�a�Z�p�b�b �a�Z�^�_�j�`�_�d �\�o�h�^�g�u�o �b�f�i�m�e�v�k�h�\ �\ 
�^�Z�g�g�h�c �j�Z�[�h�l�_ �i�j�h�\�h�^�b�e�h�k�v �q�b�k�e�_�g�g�h�_ �f�h�^�_�e�b�j�h�\�Z�g�b�_ �^�b�g�Z�f�b�d�b �i�j�h�p�_�k�k�Z �<�D�J �]�_�g�_�j�Z�p�b�b �b 
�m�k�b�e�_�g�b�y �\ �k�`�Z�l�h�f �\�h�^�h�j�h�^�_. 

�G�Z �i�_�j�\�h�f �w�l�Z�i�_ �f�h�^�_�e�b�j�h�\�Z�g�b�y �b�f�i�m�e�v�k�u �g�Z�d�Z�q�d�b �g�Z �\�o�h�^�_ �\ �i�_�j�\�m�x �d�x�\�_�l�m 
(�a�Z�^�Z�x�s�b�c �]�_�g�_�j�Z�l�h�j) �b �\�l�h�j�m�x �d�x�\�_�l�m (�m�k�b�e�b�l�_�e�v) �k�q�b�l�Z�e�b�k�v �]�Z�m�k�k�h�\�u�f�b, �b �b�o 
�^�e�b�l�_�e�v�g�h�k�l�v �i�h �m�j�h�\�g�x �i�h�e�h�\�b�g�g�h�c �b�g�l�_�g�k�b�\�g�h�k�l�b �b�a�f�_�g�y�e�Z�k�v  �h�l 100 �g�k �^�h 5 �g�k. �>�e�b�g�Z 
�d�x�\�_�l�u �a�Z�^�Z�x�s�_�]�h �]�_�g�_�j�Z�l�h�j�Z �k�h�k�l�Z�\�e�y�e�Z 400 �k�f, �^�Z�\�e�_�g�b�_ �\�h�^�h�j�h�^�Z �k�h�k�l�Z�\�e�y�e�h 50 �Z�l�f. 
�:�f�i�e�b�l�m�^�Z �\�h�e�g�u �g�Z�d�Z�q�d�b �\ �j�Z�k�q�_�l�Z�o �\�u�[�b�j�Z�e�Z�k�v, �b�k�o�h�^�y �b�a �m�k�e�h�\�b�y �^�h�k�l�b�`�_�g�b�y �i�h�j�h�]�Z 
�]�_�g�_�j�Z�p�b�b, �\ �d�Z�q�_�k�l�\�_ �d�h�l�h�j�h�]�h �[�u�e �i�j�b�g�y�l �m�j�h�\�_�g�v �w�g�_�j�]�b�b �]�_�g�_�j�b�j�m�_�f�h�]�h �k�l�h�d�k�h�\�h�]�h �b�a-
�e�m�q�_�g�b�y, �j�Z�\�g�u�c 1% �h�l �w�g�_�j�]�b�b �b�f�i�m�e�v�k�Z �g�Z�d�Z�q�d�b. �:�f�i�e�b�l�m�^�Z �k�l�h�d�k�h�\�h�c �\�h�e�g�u �g�Z �\�o�h�^�_ �\ 
�a�Z�^�Z�x�s�b�c �]�_�g�_�j�Z�l�h�j �a�Z�^�Z�\�Z�e�Z�k�v �m�j�h�\�g�_�f �k�i�h�g�l�Z�g�g�u�o �d�h�e�_�[�Z�g�b�c �k�j�_�^�u. �<�u�[�j�Z�g�g�u�c �b�g�l�_�j�\�Z�e 
�b�a�f�_�g�_�g�b�y �^�e�b�l�_�e�v�g�h�k�l�b �b�f�i�m�e�v�k�Z �g�Z�d�Z�q�d�b �i�h�a�\�h�e�b�e �i�j�h�b�a�\�_�k�l�b �f�h�^�_�e�b�j�h�\�Z�g�b�_ �j�_�`�b�f�h�\ 
�k�l�Z�p�b�h�g�Z�j�g�h�]�h �b �g�_�k�l�Z�p�b�h�g�Z�j�g�h�]�h �<�D�J. 

�G�Z �\�l�h�j�h�f �w�l�Z�i�_ �j�Z�k�k�q�b�l�u�\�Z�e�k�y �i�j�h�p�_�k�k �<�D�J �m�k�b�e�_�g�b�y, �\ �d�h�l�h�j�h�f �k�l�h�d�k�h�\�u�_ �b�f�i�m�e�v�k�u 
(�j�Z�k�k�q�b�l�Z�g�g�u�_ �g�Z �i�_�j�\�h�f �w�l�Z�i�_) �i�h�k�l�m�i�Z�e�b �\ �d�x�\�_�l�m �m�k�b�e�b�l�_�e�y �^�e�b�g�h�c 4 �f�_�l�j�Z �b 
�b�k�i�h�e�v�a�h�\�Z�e�b�k�v �\ �d�Z�q�_�k�l�\�_ �a�Z�l�j�Z�\�h�q�g�h�]�h �m�k�b�e�b�l�_�e�v�g�h�]�h �k�b�]�g�Z�e�Z. �;�u�e�h �i�j�h�\�_�^�_�g�h 
�f�h�^�_�e�b�j�h�\�Z�g�b�_ �i�j�h�p�_�k�k�Z �m�k�b�e�_�g�b�y �b�f�i�m�e�v�k�h�\ �i�j�b �j�Z�a�e�b�q�g�u�o �a�Z�^�_�j�`�d�Z�o �b�f�i�m�e�v�k�Z �g�Z�d�Z�q�d�b 
�h�l�g�h�k�b�l�_�e�v�g�h �k�l�h�d�k�h�\�h�]�h �b�f�i�m�e�v�k�Z �g�Z �\�o�h�^�_ �\ �d�x�\�_�l�m.  

�< �j�Z�[�h�l�_ �[�u�e�Z �i�h�e�m�q�_�g�Z �a�Z�\�b�k�b�f�h�k�l�v �\�j�_�f�_�g�b �a�Z�i�Z�a�^�u�\�Z�g�b�y �k�l�h�d�k�h�\�h�]�h �b�f�i�m�e�v�k�Z, 
�g�h�j�f�b�j�h�\�Z�g�g�h�]�h �g�Z �^�e�b�l�_�e�v�g�h�k�l�v �b�f�i�m�e�v�k�Z �g�Z�d�Z�q�d�b, �h�l �h�l�g�h�r�_�g�b�y �^�e�b�l�_�e�v�g�h�k�l�b �b�f�i�m�e�v�k�Z 
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�g�Z�d�Z�q�d�b �d �\�j�_�f�_�g�b �j�_�e�Z�d�k�Z�p�b�b �k�j�_�^�u. �J�Z�k�q�_�l�u �w�n�n�_�d�l�b�\�g�h�k�l�b �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y �<�D�J �\ �j�_�`�b�f�_ 
�m�k�b�e�_�g�b�y  �i�h�d�Z�a�Z�e�b, �q�l�h �h�i�l�b�f�Z�e�v�g�u�c �\�j�_�f�_�g�g�u�c �k�^�\�b�] �f�_�`�^�m �b�f�i�m�e�v�k�Z�f�b �g�Z�d�Z�q�d�b �b �K�l�h�d�k�Z 
�h�d�Z�a�u�\�Z�_�l�k�y �[�e�b�a�h�d �d �\�j�_�f�_�g�b �a�Z�i�Z�a�^�u�\�Z�g�b�y. �L�Z�d�b�f �h�[�j�Z�a�h�f, �^�e�y �j�_�Z�e�b�a�Z�p�b�b �g�Z�b�[�h�e�v�r�_�c 
�w�n�n�_�d�l�b�\�g�h�k�l�b �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y �\ �g�_�k�l�Z�p�b�h�g�Z�j�g�h�f �b �i�_�j�_�o�h�^�g�h�f �j�_�`�b�f�Z�o �<�D�J �g�_�h�[�o�h�^�b�f�h 
�\�\�_�^�_�g�b�_ �e�b�g�b�b �a�Z�^�_�j�`�d�b �b�a�e�m�q�_�g�b�y �g�Z�d�Z�q�d�b �g�Z �b�g�l�_�j�\�Z�e �^�\�Z �\�j�_�f�_�g�b �a�Z�i�Z�a�^�u�\�Z�g�b�y. 
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�B�K�K�E�?�>�H�<�:�G�B�? �I�J�H�K�L�J�:�G�K�L�<�?�G�G�H-�K�D�H�J�H�K�L�G�U�O 
�I�:�J�:�F�?�L�J�H�< �Q�:�K�L�B�P �< �K�<�?�J�O�A�<�M�D�H�<�H�F �=�:�A�H�<�H�F �I�H�L�H�D�? 

�G.�<. �I�_�l�j�h�\ 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�n.-�f .�g., �i�j�h�n�_�k�k�h�j �<.�=. �;�_�k�i�Z�e�h�\ 

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

�b�g�^�b�\�b�^�m�Z�e�v�g�u�o �b�a�h�[�j�Z�`�_�g�b�c �q�Z�k�l�b�p (�Jarticle image velocimetry), �r�b�j�h�d�h �b�k�i�h�e�v�a�m�x�l�k�y �i�j�b 
�b�a�m�q�_�g�b�b �\�u�k�h�d�h�k�d�h�j�h�k�l�g�u�o �b �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�o �^�\�m�o�n�Z�a�g�u�o �i�h�l�h�d�h�\, �b�k�i�h�e�v�a�m�_�f�u�o �\ 
�j�Z�d�_�l�g�u�o �^�\�b�]�Z�l�_�e�y�o �b �l�_�o�g�h�e�h�]�b�q�_�k�d�b�o �e�b�g�b�y�o �h�[�j�Z�[�h�l�d�b �f�Z�l�_�j�b�Z�e�h�\, �Z �l�Z�d�`�_ �i�j�b �d�h�g�l�j�h�e�_ 
�j�y�^�Z �i�j�h�b�a�\�h�^�k�l�\�_�g�g�u�o �i�j�h�p�_�k�k�h�\. �Q�Z�s�_ �\�k�_�]�h �i�j�b�f�_�g�y�_�l�k�y �f�_�l�h�^ �i�Z�j�g�u�o �b�f�i�m�e�v�k�h�\, 
�h�k�g�h�\�Z�g�g�u�c �g�Z  �i�h�^�k�\�_�l�d�_ �b�a�m�q�Z�_�f�u�o �Z�g�k�Z�f�[�e�_�c �q�Z�k�l�b�p �^�\�m�f�y �d�h�j�h�l�d�b�f�b �e�Z�a�_�j�g�u�f�b 
�b�f�i�m�e�v�k�Z�f�b �k �j�_�]�m�e�b�j�m�_�f�u�f �\�j�_�f�_�g�g�u�f �b�g�l�_�j�\�Z�e�h�f �f�_�`�^�m �g�b�f�b [1–2]. �H�^�g�Z�d�h �i�j�b �\�u�k�h�d�h�c 
�l�_�f�i�_�j�Z�l�m�j�_ �i�h�l�h�d�h�\ �k�l�Z�g�h�\�b�l�k�y �\�h�a�f�h�`�g�u�f �j�_�]�b�k�l�j�b�j�h�\�Z�l�v �b�a�h�[�j�Z�`�_�g�b�y �^�\�b�`�m�s�b�o�k�y 
�k�\�_�l�y�s�b�o�k�y �q�Z�k�l�b�p �\ �\�b�^�_ �l�j�_�d�h�\ �k �i�h�f�h�s�v�x �k�h�\�j�_�f�_�g�g�u�o CCD-�d�Z�f�_�j, �k�h�i�j�y�`�_�g�g�u�o �k 
�\�u�k�h�d�h�k�d�h�j�h�k�l�g�u�f�b �h�i�l�b�q�_�k�d�b�f�b �a�Z�l�\�h�j�Z�f�b, �j�_�]�m�e�b�j�m�x�s�b�f�b �^�e�b�l�_�e�v�g�h�k�l�v 
�w�d�k�i�h�g�b�j�h�\�Z�g�b�y. �L�Z�d�Z�y �n�h�j�f�Z �b�a�h�[�j�Z�`�_�g�b�y, �Z �l�Z�d�`�_ �j�Z�\�g�h�f�_�j�g�u�c �k�j�_�^�g�b�c �m�j�h�\�_�g�v  �n�h�g�Z 
�a�g�Z�q�b�l�_�e�v�g�h �m�e�m�q�r�Z�x�l �m�k�e�h�\�b�y  �j�Z�k�i�h�a�g�Z�\�Z�g�b�y �b�g�^�b�\�b�^�m�Z�e�v�g�u�o �b�a�h�[�j�Z�`�_�g�b�c �q�Z�k�l�b�p, �o�h�l�y 
�h�]�j�Z�g�b�q�_�g�g�Z�y �y�j�d�h�k�l�v �b�o �k�\�_�q�_�g�b�y �k�g�b�`�Z�x�l �h�l�g�h�r�_�g�b�_ �k�b�]�g�Z�e/�r�m�f �b�a�h�[�j�Z�`�_�g�b�y. 

�< �j�Z�f�d�Z�o �i�j�h�_�d�l�Z �F�G�L�P �‹ 3026 �g�Z �k�\�_�j�o�a�\�m�d�h�\�h�f �k�l�_�g�^�_ �F�=�L�M �b�f. �G.�<. �;�Z�m�f�Z�g�Z �\ 
�e�Z�[�h�j�Z�l�h�j�b�b �i�j�h�n�_�k�k�h�j�Z �: .�<. �<�h�j�h�g�_�p�d�h�]�h �i�j�h�\�h�^�b�e�b�k�v �w�d�k�i�_�j�b�f�_�g�l�u  �i�h PIV-�j�_�]�b�k�l�j�Z�p�b�b 
�l�j�_�d�h�\ �[�u�k�l�j�h�^�\�b�`�m�s�b�o�k�y �q�Z�k�l�b�p �j�_�]�b�k�l�j�Z�p�b�b �Z�g�k�Z�f�[�e�_�c �[�u�k�l�j�h�^�\�b�`�m�s�b�o�k�y �q�Z�k�l�b�p �k 
�b�k�i�h�e�v�a�h�\�Z�g�b�_�f �\�u�k�h�d�h�k�d�h�j�h�k�l�g�h�c �w�e�_�d�l�j�h�g�g�h-�h�i�l�b�q�_�k�d�h�c �p�b�n�j�h�\�h�c �d�Z�f�_�j�u «Nanogate-2». 
�J�Z�k�k�l�h�y�g�b�_ �h�l �k�j�_�a�Z �k�h�i�e�Z �^�h �h�k�b �h�i�l�b�q�_�k�d�h�c �k�b�k�l�_�f�u, �i�_�j�i�_�g�^�b�d�m�e�y�j�g�h�c �h�k�b �k�l�j�m�b, 
�k�h�k�l�Z�\�e�y�e�h 280 �f�f , �Z �\ �i�h�i�_�j�_�q�g�h�f �g�Z�i�j�Z�\�e�_�g�b�b �h�k�v �k�l�j�m�b �\ �i�_�j�\�h�g�Z�q�Z�e�v�g�u�o �w�d�k�i�_�j�b�f�_�g�l�Z�o 
�i�j�b�o�h�^�b�e�Z�k�v �i�j�b�f�_�j�g�h �g�Z �d�j�Z�c �i�h�e�y �a�j�_�g�b�y �p�b�n�j�h�\�h�c �d�Z�f�_�j�u. �H�[�t�_�d�l�b�\ �n�h�l�h�d�Z�f�_�j�u 
�j�Z�k�i�h�e�Z�]�Z�e�k�y �g�Z �j�Z�k�k�l�h�y�g�b�b �h�d�h�e�h 500 �f�f  �h�l �h�k�b �k�l�j�m�b. �I�j�b �h�[�j�Z�[�h�l�d�_ �b�k�i�h�e�v�a�h�\�Z�e�b�k�v 
�b�a�h�[�j�Z�`�_�g�b�y �k�l�j�m�b, �i�j�b �j�Z�a�e�b�q�g�u�o �^�Z�\�e�_�g�b�y�o, �k�^�_�e�Z�g�g�u�_ �i�j�b �^�e�b�l�_�e�v�g�h�k�l�b �w�d�k�i�h�g�b�j�h�\�Z�g�b�y 
5 �f�d�k. �K�d�h�j�h�k�l�v �j�Z�k�o�h�^�Z �q�Z�k�l�b�p �[�u�e�Z �i�h�k�l�h�y�g�g�h�c �b �k�h�k�l�Z�\�e�y�e�Z 0,2 �]/�k. 

�I�j�b�f�_�g�b�l�_�e�v�g�h �d �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�c �a�Z�^�Z�q�_ �b�a�m�q�_�g�b�y �\�u�k�h�d�h�l�_�f�i�_�j�Z�l�m�j�g�u�o (1500–
2000°�D) �\�u�k�h�d�h�k�d�h�j�h�k�l�g�u�o (500–700 �f /�k) �i�h�l�h�d�h�\ �g�_�\�u�k�h�d�b�_ �a�g�Z�q�_�g�b�y �h�l�g�h�r�_�g�b�y 
�k�b�]�g�Z�e/�r�m�f (�h�l 2 �^�h 5) �i�h�e�m�q�Z�_�f�u�o �\ �w�d�k�i�_�j�b�f�_�g�l�_ �b�a�h�[�j�Z�`�_�g�b�c �i�h�l�j�_�[�h�\�Z�e�b �j�Z�a�j�Z�[�h�l�d�b 
�k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�h�c �i�j�h�]�j�Z�f�f�u  �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �g�_�h�[�o�h�^�b�f�u�o �m�d�Z�a�Z�g�b�c �h�i�_�j�Z�l�h�j�Z �g�Z 
�d�e�x�q�_�\�u�o �k�l�Z�^�b�y�o �h�[�j�Z�[�h�l�d�b [3]. �>�Z�e�v�g�_�c�r�Z�y �j�Z�[�h�l�Z �\ �w�l�h�f �g�Z�i�j�Z�\�e�_�g�b�b �i�j�b�\�_�e�Z �d 
�k�h�a�^�Z�g�b�x �p�_�e�h�]�h �g�Z�[�h�j�Z �i�j�h�]�j�Z�f�f, �Z�\�l�h�f�Z�l�b�q�_�k�d�b �h�[�j�Z�[�Z�l�u�\�Z�x�s�b�o �[�h�e�v�r�b�_ �f�Z�k�k�b�\�u 
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�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �^�Z�g�g�u�o �b �i�h�a�\�h�e�y�x�s�b�o �h�i�j�_�^�_�e�b�l�v �\�Z�`�g�_�c�r�b�_ �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h-
�k�d�h�j�h�k�l�g�u�_ �i�Z�j�Z�f�_�l�j�u �q�Z�k�l�b�p �\ �i�h�l�h�d�_. �I�j�b �w�l�h�f �\�j�_�f�_�g�g�u�_ �a�Z�l�j�Z�l�u �[�u�e�b �m�f�_�g�v�r�_�g�u �\ 
�g�_�k�d�h�e�v�d�h �j�Z�a. 

�K �i�h�f�h�s�v�x �j�Z�a�j�Z�[�h�l�Z�g�g�h�]�h �k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�h�]�h �i�j�h�]�j�Z�f�f�g�h�]�h �h�[�_�k�i�_�q�_�g�b�y �g�Z 
�h�k�g�h�\�_ �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o �^�Z�g�g�u�o, �i�h�e�m�q�_�g�g�u�o �g�Z �k�l�_�g�^�_ �F�=�L�M, �g�Z�c�^�_�g�u �j�Z�^�b�Z�e�v�g�u�_ 
�j�Z�k�i�j�_�^�_�e�_�g�b�y �q�Z�k�l�b�p �i�h �k�d�h�j�h�k�l�y�f �b �d�h�g�p�_�g�l�j�Z�p�b�y�f, �g�_�h�[�o�h�^�b�f�u�_ �^�e�y �h�p�_�g�d�b 
�w�n�n�_�d�l�b�\�g�h�k�l�b �\�h�a�^�_�c�k�l�\�b�y �l�Z�d�b�o �i�h�l�h�d�h�\ �g�Z �h�[�j�Z�[�Z�l�u�\�Z�_�f�u�_ �i�h�\�_�j�o�g�h�k�l�b �i�j�b �g�Z�g�_�k�_�g�b�b 
�l�\�_�j�^�u�o �i�h�d�j�u�l�b�c �b �j�_�a�d�_ �h�[�j�Z�a�p�h�\. �I�j�h�p�_�k�k �g�Z�[�h�j�Z �k�l�Z�l�b�k�l�b�d�b �k�d�h�j�h�k�l�_�c �q�Z�k�l�b�p �i�m�l�_�f 
�b�a�f�_�j�_�g�b�y �^�e�b�g �l�j�_�d�h�\ �g�Z �b�a�h�[�j�Z�`�_�g�b�y�o �i�j�h�\�h�^�b�e�k�y �d�Z�d �\ �i�h�e�m�Z�\�l�h�f�Z�l�b�q�_�k�d�h�f �j�_�`�b�f�_, �l�Z�d 
�b �\ �i�j�Z�d�l�b�q�_�k�d�b �i�h�e�g�h�k�l�v�x �Z�\�l�h�f�Z�l�b�a�b�j�h�\�Z�g�g�h�f �j�_�`�b�f�_, �d�h�]�^�Z �h�i�_�j�Z�l�h�j �_�^�b�g�h�`�^�u �a�Z�^�Z�\�Z�e 
�i�Z�j�Z�f�_�l�j�u �k�d�Z�g�b�j�h�\�Z�g�b�y �b�a�h�[�j�Z�`�_�g�b�c �b�a �\�u�[�j�Z�g�g�h�c �^�b�j�_�d�l�h�j�b�b. �J�Z�a�e�b�q�b�_ �j�_�a�m�e�v�l�Z�l�h�\ �i�j�b 
�w�l�h�f �g�Z�o�h�^�b�e�h�k�v �\ �i�j�_�^�_�e�Z�o 2–5%. �I�j�b �m�\�_�e�b�q�_�g�b�b �^�Z�\�e�_�g�b�y �k 0,9 �^�h 1,1 �F�I�Z �g�Z�[�e�x�^�Z�_�l�k�y 
�m�\�_�e�b�q�_�g�b�_ �k�d�h�j�h�k�l�_�c �k 610 �^�h 680 �f /�k. �<�u�y�\�e�_�g �g�_�h�^�g�h�j�h�^�g�u�c �o�Z�j�Z�d�l�_�j �b�k�i�m�k�d�Z�g�b�y �q�Z�k�l�b�p, 
�d�h�l�h�j�u�_ �i�j�h�y�\�e�y�_�l�k�y �\ �h�l�d�e�h�g�_�g�b�b �h�l �i�m�Z�k�k�h�g�h�\�k�d�h�c �k�l�Z�l�b�k�l�b�d�b �\ �k�j�_�^�g�_�f �m 20% �q�Z�k�l�b�p. 
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�<�E�B�Y�G�B�? �L�?�F�I�?�J�:�L�M�J�U �G�: �B�G�L�?�G�K�B�<�G�H�K�L�V 
�:�I -�D�H�G�<�?�J�K�B�H�G�G�H�C �E�X�F�B�G�?�K�P�?�G�P�B�B 

�< �K�<�B�G�P�H�<�H-�N�L�H�J�B�>�G�H�C �G�:�G�H�K�L�?�D�E�H�D�?�J�:�F�B�D�?, 
�:�D�L�B�<�B�J�H�<�:�G�G�H�C �B�L�L�?�J�;�B�?�F �B �W�J�;�B�?�F 

�: .�G. �:�[�^�j�r�b�g 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �g.�k. �<.�: . �:�k�_�_�\ 

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

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

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

�< �j�Z�[�h�l�_ �b�k�k�e�_�^�h�\�Z�e�h�k�v �\�e�b�y�g�b�_ �g�Z�]�j�_�\�Z �g�Z �e�x�f�b�g�_�k�p�_�g�l�g�u�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �h�[�j�Z�a�p�h�\ 
�b�l�l�_�j�[�b�c-�w�j�[�b�_�\�h�c �k�l�_�d�e�h�d�_�j�Z�f�b�d�b �k �j�Z�a�e�b�q�g�u�f�b �d�h�g�p�_�g�l�j�Z�p�b�y�f�b �b�h�g�h�\-�Z�d�l�b�\�Z�l�h�j�h�\ 
(0,05 �f�h�e.% �b 0,5 �f�h�e.%) �H�[�j�Z�a�p�u �i�j�_�^�k�l�Z�\�e�y�x�l �k�h�[�h�c �i�h�e�b�j�h�\�Z�g�g�u�_ �i�e�h�k�d�h�i�Z�j�Z�e�e�_�e�v�g�u�_ 
�i�e�Z�k�l�b�g�u �l�h�e�s�b�g�h�c 2,05 �f�f .  

�K�i�_�d�l�j �e�x�f�b�g�_�k�p�_�g�p�b�b �[�u�e �i�h�e�m�q�_�g �i�m�l�_�f �h�[�e�m�q�_�g�b�y �h�[�j�Z�a�p�Z, �i�h�f�_�s�_�g�g�h�]�h �\ 
�l�_�j�f�h�y�q�_�c�d�m, �i�h�e�m�i�j�h�\�h�^�g�b�d�h�\�u�f �b�k�l�h�q�g�b�d�h�f �d�h�]�_�j�_�g�l�g�h�]�h �b�a�e�m�q�_�g�b�y �k �^�e�b�g�h�c �\�h�e�g�u 
��pump = 980 �g�f. �K�i�_�d�l�j �e�x�f�b�g�_�k�p�_�g�p�b�b �j�_�]�b�k�l�j�b�j�h�\�Z�e�k�y �\ �^�b�Z�i�Z�a�h�g�_ �h�l 500 �g�f �^�h 580 �g�f �i�j�b 
�b�a�f�_�g�_�g�b�b �l�_�f�i�_�j�Z�l�m�j�u �h�l 25°�K �^�h 450°�K �k �r�Z�]�h�f �\ 25°�K. 

 
�< �o�h�^�_ �i�j�h�\�_�^�_�g�b�y �j�Z�[�h�l�u �[�u�e�h �i�h�d�Z�a�Z�g�h, �q�l�h �i�j�b �m�\�_�e�b�q�_�g�b�b �l�_�f�i�_�j�Z�l�m�j�u �h�l�g�h�r�_�g�b�_ 

�f�Z�d�k�b�f�m�f�h�\ �i�b�d�h�\ �e�x�f�b�g�_�k�p�_�g�p�b�b �\�h�a�j�Z�k�l�Z�_�l, �q�l�h �h�[�t�y�k�g�y�_�l�k�y �m�\�_�e�b�q�_�g�b�_�f �f�b�]�j�Z�p�b�b, �b 
�d�Z�d �k�e�_�^�k�l�\�b�_ �j�Z�k�l�_�l �d�h�e�b�q�_�k�l�\�h �[�_�a�u�a�e�m�q�Z�l�_�e�v�g�u�o �i�_�j�_�o�h�^�h�\. �L�Z�d�`�_ �i�h�\�u�r�_�g�b�_ 
�l�_�f�i�_�j�Z�l�m�j�u �m�\�_�e�b�q�b�\�Z�_�l �l�m�r�_�g�b�_ �g�Z �i�j�b�f�_�k�y�o, �q�l�h �h�[�t�y�k�g�y�l �i�h�k�l�_�i�_�g�g�h�_ �m�f�_�g�v�r�_�g�b�_ 
�b�g�l�_�g�k�b�\�g�h�k�l�b �e�x�f�b�g�_�k�p�_�g�p�b�b. �A�Z�\�b�k�b�f�h�k�l�v �h�l�g�h�r�_�g�b�y �i�b�d�h�\ �e�x�f�b�g�_�k�p�_�g�p�b�b �h�l 
�l�_�f�i�_�j�Z�l�m�j�u �b�f�_�_�l �w�d�k�i�h�g�_�g�p�b�Z�e�v�g�u�c �o�Z�j�Z�d�l�_�j �^�e�y �\�k�_�o �d�h�g�p�_�g�l�j�Z�p�b�c. �I�h�e�m�q�_�g�g�u�_ 
�j�_�a�m�e�v�l�Z�l�u �f�h�`�g�h �b�k�i�h�e�v�a�h�\�Z�l�v �^�e�y �k�h�a�^�Z�g�b�y �l�_�f�i�_�j�Z�l�m�j�g�u�o �^�Z�l�q�b�d�h�\ �g�Z �h�k�g�h�\�_ 
�g�Z�g�h�k�l�_�d�e�h�d�_�j�Z�f�b�d�b, �Z�d�l�b�\�b�j�h�\�Z�g�g�h�c �b�h�g�Z�f�b �j�_�^�d�h�a�_�f�_�e�v�g�u�o �w�e�_�f�_�g�l�h�\. 
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�M�>�D 536.42; 539.213.27 
 

�F�H�>�B�N�B�D�:�P�B�Y �K�L�J�M�D�L�M�J�U �K�L�?�D�E�H�D�?�J�:�F�B�Q�?�K�D�B�O 
�F�:�L�?�J�B�:�E�H�< �E�:�A�?�J�G�U�F�B �B�F�I�M�E�V�K�:�F�B 

�M�E�V�L�J�:�D�H�J�H�L�D�H�C �>�E�B�L�?�E�V�G�H�K�L�B 
�W.�B. �:�]�_�_�\ 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�l.�g., �i�j�h�n�_�k�k�h�j �<.�I . �<�_�c�d�h 
 
�<�\�_�^�_�g�b�_. �N�h�l�h�k�b�l�Z�e�e�u �b�e�b �n�h�l�h�k�l�j�m�d�l�m�j�b�j�m�_�f�u�_ �k�l�_�d�e�h�d�_�j�Z�f�b�d�b (�N�K) �i�j�_�^�k�l�Z�\�e�y�x�l 

�k�h�[�h�c �i�h�^�d�e�Z�k�k �l�j�Z�^�b�p�b�h�g�g�u�o �k�l�_�d�e�h�d�_�j�Z�f�b�q�_�k�d�b�o (�K�D) �f�Z�l�_�j�b�Z�e�h�\, �\ �d�h�l�h�j�u�o �f�h�`�g�h 
�e�h�d�Z�e�v�g�h �m�i�j�Z�\�e�y�l�v �k�l�j�m�d�l�m�j�g�h-�n�Z�a�h�\�u�f�b �b�a�f�_�g�_�g�b�y�f�b �i�h�k�j�_�^�k�l�\�h�f �n�h�l�h�\�h�a�[�m�`�^�_�g�b�y. 
�G�_�k�f�h�l�j�y �g�Z �i�h�k�e�_�^�m�x�s�_�_ �i�j�b�f�_�g�_�g�b�_ �l�_�j�f�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b, �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y �f�Z�l�_�j�b�Z�e�Z 
(�d�j�b�k�l�Z�e�e�b�a�Z�p�b�y) �i�j�h�b�k�o�h�^�y�l �k�l�j�h�]�h �g�Z �m�q�Z�k�l�d�Z�o, �i�h�^�\�_�j�]�r�b�o�k�y �i�j�_�^�\�Z�j�b�l�_�e�v�g�h�f�m 
�h�[�e�m�q�_�g�b�x. �N�b�a�b�q�_�k�d�b�_ �b �o�b�f�b�q�_�k�d�b�_ �k�\�h�c�k�l�\�Z, �b�a�f�_�g�_�g�b�_�f �d�h�l�h�j�u�o �f�h�`�g�h 
�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h �m�i�j�Z�\�e�y�l�v �i�h�k�j�_�^�k�l�\�h�f �i�j�_�^�\�Z�j�b�l�_�e�v�g�h�c �w�d�k�i�h�a�b�p�b�b, �\�d�e�x�q�Z�x�l �\ �k�_�[�y, 
�g�Z�i�j�b�f�_�j, �h�i�l�b�q�_�k�d�h�_ �i�j�h�i�m�k�d�Z�g�b�_, �k�h�i�j�h�l�b�\�e�_�g�b�_ �f�Z�l�_�j�b�Z�e�Z �b �\�h�k�i�j�b�b�f�q�b�\�h�k�l�v �d 
�o�b�f�b�q�_�k�d�h�f�m �l�j�Z�\�e�_�g�b�x [1–3]. 

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

�P�_�e�v �j�Z�[�h�l�u. �J�_�Z�e�b�a�h�\�Z�l�v �e�h�d�Z�e�v�g�m�x �d�j�b�k�l�Z�e�e�b�a�Z�p�b�x �\�g�m�l�j�b �h�[�t�z�f�Z �Z�f�h�j�n�g�h�]�h 
�f�Z�l�_�j�b�Z�e�Z. 

 
�;�Z�a�h�\�u�_ �i�h�e�h�`�_�g�b�y �b�k�k�e�_�^�h�\�Z�g�b�y. �N�Z�a�h�\�h-�k�l�j�m�d�l�m�j�g�Z�y �f�h�^�b�n�b�d�Z�p�b�y �f�Z�l�_�j�b�Z�e�Z 

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

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

�i�j�h�a�j�Z�q�g�Z �^�e�y �b�a�e�m�q�_�g�b�y, �[�u�e �\�u�[�j�Z�g �N�K «�N�h�l�m�j�Z�g» (�i�j�h�b�a�\�h�^�b�l�_�e�v Schott, �=�_�j�f�Z�g�b�y). 
�H�[�j�Z�[�h�l�d�Z �f�Z�l�_�j�b�Z�e�Z �i�j�h�b�k�o�h�^�b�e�Z �g�Z �^�b�g�Z�o �\�h�e�g 1064 �g�f, 532 �g�f �^�e�y �i�b�d�h�k�_�d�m�g�^�g�u�o �b 

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

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

 
�H�k�g�h�\�g�h�c �j�_�a�m�e�v�l�Z�l. �;�u�e�Z �i�h�e�m�q�_�g�Z �\�g�m�l�j�b�h�[�t�z�f�g�Z�y �f�h�^�b�n�b�d�Z�p�b�y «�N�h�l�m�j�Z�g�Z» 

�l�h�e�s�b�g�h�c 1 �f�f  �\ �\�b�^�_ �e�b�g�b�c �b �l�h�q�_�d. 
�F�h�^�b�n�b�d�Z�p�b�y �k�l�j�m�d�l�m�j�u �[�u�e�Z �i�j�h�b�a�\�_�^�_�g�Z, �d�Z�d �i�h�d�Z�a�u�\�Z�x�l �h�p�_�g�d�b, �\ �j�_�a�m�e�v�l�Z�l�_ 3-�o 

�n�h�l�h�g�g�h�]�h �i�j�h�p�_�k�k�Z, �i�j�b�\�h�^�y�s�_�]�h �d �b�a�\�_�k�l�g�h�c �j�_�Z�d�p�b�b �n�h�l�h�b�h�g�b�a�Z�p�b�b �b�h�g�Z �p�_�j�b�y (�g�Z �^�e�b�g�_ 
�\�h�e�g�u 325 �g�f) �b �i�j�b�k�h�_�^�b�g�_�g�b�y �h�k�\�h�[�h�^�b�\�r�_�]�h�k�y �w�e�_�d�l�j�h�g�Z �b�h�g�h�f �k�_�j�_�[�j�Z. �>�Z�e�v�g�_�c�r�_�_ 
"�i�j�h�y�\�e�_�g�b�_" �w�l�h�]�h �k�l�j�m�d�l�m�j�g�h�]�h �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y - �e�h�d�Z�e�v�g�Z�y �d�j�b�k�l�Z�e�e�b�a�Z�p�b�y �k�l�j�m�d�l�m�j�u �k 
�h�[�j�Z�a�h�\�Z�g�b�_�f �d�j�b�k�l�Z�e�e�h�\ �f�_�l�Z�k�b�e�b�d�Z�l�Z �e�b�l�b�y �i�j�h�\�h�^�b�e�Z�k�v �l�j�Z�^�b�p�b�h�g�g�u�f �f�_�l�h�^�h�f - 2-�o 
�k�l�m�i�_�g�q�Z�l�u�f �g�Z�]�j�_�\�Z�g�b�_�f �\ �i�_�q�b. 

�I�j�_�^�k�l�Z�\�e�_�g�g�u�_ �j�_�a�m�e�v�l�Z�l�u �f�h�]�m�l �[�u�l�v �m�k�i�_�r�g�h �b�k�i�h�e�v�a�h�\�Z�g�u �^�e�y �j�Z�a�j�Z�[�h�l�d�b �b 
�k�h�a�^�Z�g�b�y �m�k�l�j�h�c�k�l�\ �g�Z�g�h�n�h�l�h�g�b�d�b, �k�d�h�j�h�k�l�v �h�[�j�Z�[�h�l�d�b �^�Z�g�g�u�o �\ �d�h�l�h�j�u�o �[�m�^�_�l �k�h�k�l�Z�\�e�y�l�v 
�i�h�j�y�^�d�Z �L�=�p [4]. �Q�l�h, �\ �k�\�h�x �h�q�_�j�_�^�v, �i�h�l�j�_�[�m�_�l �i�h�y�\�e�_�g�b�y �i�_�j�_�d�e�x�q�Z�l�_�e�_�c �b �w�e�_�f�_�g�l�h�\ 
�i�Z�f�y�l�b, �j�Z�a�f�_�j�u �d�h�l�h�j�u�o �^�h�e�`�g�u �k�h�k�l�Z�\�e�y�l�v �i�h�j�y�^�d�Z 10-100 �g�f [5], �^�e�y �h�[�j�Z�[�h�l�d�b �b �o�j�Z�g�_�g�b�y 
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�b�g�n�h�j�f�Z�p�b�b �\ �m�k�l�j�h�c�k�l�\�Z�o �g�Z�g�h�n�h�l�h�g�b�d�b. �< �d�Z�q�_�k�l�\�_ �^�Z�g�g�u�o �i�_�j�_�d�e�x�q�Z�l�_�e�_�c �b �w�e�_�f�_�g�l�h�\ 
�i�Z�f�y�l�b �f�h�]�m�l �[�u�l�v �b�k�i�h�e�v�a�h�\�Z�g�u �e�Z�a�_�j�g�h-�b�g�^�m�p�b�j�h�\�Z�g�g�u�_ �n�Z�a�h�\�u�_ �i�_�j�_�o�h�^�u �\ �N�K. 
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�J�:�K�L�<�H�J�H�< 
�<.�?. �:�^�j�b�Z�g�h�\, �: .�H. �H�j�e�h�\�Z 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�n.-�f .�g., �\.�g.�k. �<.�=. �F�Z�k�e�h�\ 
 

�D�\�Z�g�l�h�\�u�_ �l�h�q�d�b (�D�L) – �i�h�e�m�i�j�h�\�h�^�g�b�d�h�\�u�_ �g�Z�g�h�d�j�b�k�l�Z�e�e�u – �j�Z�k�k�f�Z�l�j�b�\�Z�x�l�k�y �d�Z�d 
�h�^�b�g �b�a �l�b�i�h�\ �f�Z�l�_�j�b�Z�e�h�\, �i�_�j�k�i�_�d�l�b�\�g�u�o �^�e�y �b�k�i�h�e�v�a�h�\�Z�g�b�y �\ �m�k�l�j�h�c�k�l�\�Z�o �n�h�l�h�g�b�d�b �b 
�h�i�l�h�b�g�n�h�j�f�Z�l�b�d�b, �\�\�b�^�m �b�o �m�g�b�d�Z�e�v�g�u�o �n�h�l�h�n�b�a�b�q�_�k�d�b�o �k�\�h�c�k�l�\, �l�Z�d�b�o �d�Z�d �a�Z�\�b�k�b�f�h�k�l�v 
�^�e�b�g�u �\�h�e�g�u �e�x�f�b�g�_�k�p�_�g�p�b�b �h�l �j�Z�a�f�_�j�Z, �m�a�d�b�c �k�i�_�d�l�j �e�x�f�b�g�_�k�p�_�g�p�b�b, �r�b�j�h�d�h�c �i�h�e�h�k�u 
�i�h�]�e�h�s�_�g�b�y, �n�h�l�h�m�k�l�h�c�q�b�\�h�k�l�b �b �l.� .̂ �J�Z�[�h�l�u �i�h �i�j�b�f�_�g�_�g�b�x �D�L �\�_�^�m�l�k�y �\ �j�Z�a�e�b�q�g�u�o 
�g�Z�i�j�Z�\�e�_�g�b�y�o, �h�^�g�Z�d�h, �h�k�l�Z�z�l�k�y �g�_�j�_�r�_�g�g�u�f �j�y� ̂�\�h�i�j�h�k�h�\ �k�\�y�a�Z�g�g�u�o �k �[�Z�a�h�\�u�f�b �k�\�h�c�k�l�\�Z�f�b 
�w�l�b�o �q�Z�k�l�b�p, �g�Z�i�j�b�f�_�j, �\�a�Z�b�f�h�^�_�c�k�l�\�b�_ �D�L �f�_�`�^�m �k�h�[�h�c. �>�e�y �b�a�m�q�_�g�b�y �^�Z�g�g�h�]�h �\�h�i�j�h�k�Z 
�j�Z�a�j�Z�[�h�l�Z�g�Z �f�_�l�h�^�b�d�Z �d�h�g�l�j�h�e�b�j�m�_�f�h�c �k�Z�f�h�h�j�]�Z�g�b�a�Z�p�b�b �D�L �b�a �d�h�e�e�h�b�^�g�u�o �j�Z�k�l�\�h�j�h�\. 
�F�_�l�h�^ �k�h�k�l�h�b�l �\ �g�Z�g�_�k�_�g�b�b �d�Z�i�e�b �d�h�e�e�h�b�^�g�h�]�h �j�Z�k�l�\�h�j�Z �D�L �g�Z �i�j�_�^�\�Z�j�b�l�_�e�v�g�h �i�h�d�j�u�l�h�_ 
�]�b�^�j�h�n�h�[�g�u�f �b�e�b �]�b�^�j�h�n�b�e�v�g�u�f �i�h�d�j�u�l�b�_�f �i�j�_�^�f�_�l�g�h�_ �k�l�_�d�e�h �k �i�h�k�e�_�^�m�x�s�_�f �f�_�^�e�_�g�g�u�f 
�\�u�k�m�r�b�\�Z�_�f �w�l�h�c �d�Z�i�e�b. �I�h�f�b�f�h �b�a�m�q�_�g�b�y �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �D�L, �\ �j�_�a�m�e�v�l�Z�l�_ �l�Z�d�h�c 
�k�Z�f�h�h�j�]�Z�g�b�a�Z�p�b�b �\�h�a�f�h�`�g�u �k�h�a�^�Z�g�b�y �m�i�h�j�y�^�h�q�_�g�g�u�o �k�l�j�m�d�l�m�j �k �m�g�b�d�Z�e�v�g�u�f�b �k�\�h�c�k�l�\�Z�f�b. 
�L�Z�d, �g�Z�i�j�b�f�_�j, �^�_�g�^�j�b�l�g�u�_ �k�l�j�m�d�l�m�j�u �b�a �D�L �i�h�e�m�q�_�g�g�u�_ �l�Z�d�b�f �h�[�j�Z�a�h�f, �\�h�a�f�h�`�g�h 
�b�k�i�h�e�v�a�h�\�Z�l�v �\ �d�Z�q�_�k�l�\�_ �d�h�g�p�_�g�l�j�Z�l�h�j�Z �w�g�_�j�]�b�b �^�e�y �k�h�e�g�_�q�g�u�o �[�Z�l�Z�j�_�c, �i�h�k�d�h�e�v�d�m �\ �g�b�o 
�b�f�_�_�l �f�_�k�l�h �i�_�j�_�g�h�k �w�g�_�j�]�b�b �k �i�_�j�b�n�_�j�b�b �\ �p�_�g�l�j �^�_�g�^�j�b�l�Z �i�j�b �r�b�j�h�d�h�c �i�h�e�h�k�_ 
�i�h�]�e�h�s�_�g�b�y �D�L. �:  �i�h�e�m�q�Z�_�f�u�_ �\ �^�j�m�]�b�o �m�k�e�h�\�b�y�o �^�\�m�f�_�j�g�u�_ �]�_�d�k�Z�]�h�g�Z�e�v�g�u�_ �j�_�r�z�l�d�b �f�h�]�m�l 
�i�j�h�y�\�e�y�l�v �k�\�h�c�k�l�\�Z �n�h�l�h�g�g�u�o �d�j�b�k�l�Z�e�e�h�\.  

�J�Z�g�_�_ �g�Z�f�b �[�u�e�b �b�a�m�q�_�g�u �a�Z�\�b�k�b�f�h�k�l�b �f�h�j�n�h�e�h�]�b�b �k�l�j�m�d�l�m�j �h�[�j�Z�a�m�x�s�b�o�k�y �\ �i�j�h�p�_�k�k�_ 
�m�i�j�Z�\�e�y�_�f�h�c �k�Z�f�h�h�j�]�Z�g�b�a�Z�p�b�_�c �h�l �\�g�_�r�g�b�o �n�Z�d�l�h�j�h�\: �l�_�f�i�_�j�Z�l�m�j�u, �k�d�h�j�h�k�l�b �b�k�i�Z�j�_�g�b�y, �Z 
�l�Z�d �`�_ �h�l �d�h�g�p�_�g�l�j�Z�p�b�b �b �j�Z�a�f�_�j�Z �D�L, �^�e�y �D�L CdTe �b�a �\�h�^�g�u�o �s�_�e�h�q�g�u�o �j�Z�k�l�\�h�j�h�\. �< 
�i�j�_�^�k�l�Z�\�e�_�g�g�h�c �j�Z�[�h�l�_ �Z�d�p�_�g�l �b�k�k�e�_�^�h�\�Z�g�b�c �k�f�_�s�z�g �g�Z �b�k�k�e�_�^�h�\�Z�g�b�_ �\�a�Z�b�f�h�^�_�c�k�l�\�b�y �D�L 
�j�Z�a�g�u�o �j�Z�a�f�_�j�h�\ �\ �i�j�h�p�_�k�k�_ �k�Z�f�h�h�j�]�Z�g�b�a�Z�p�b�b, �i�j�h�\�_�j�d�m �\�h�a�f�h�`�g�h�k�l�b �k�_�i�Z�j�Z�p�b�b �i�h 
�j�Z�a�f�_�j�Z�f �D�L, �Z �l�Z�d�`�_ �b�a�f�_�g�_�g�b�y �e�x�f�b�g�_�k�p�_�g�l�g�u�o �k�\�h�c�k�l�\ �h�[�j�Z�a�m�x�s�b�o�k�y �k�l�j�m�d�l�m�j �i�h� ̂
�^�_�c�k�l�\�b�_�f �k�\�_�l�Z. �I�h�f�b�f�h �b�k�k�e�_�^�h�\�Z�g�b�y �\�h�^�g�u�o �d�h�e�e�h�b�^�g�u�o �j�Z�k�l�\�h�j�h�\ �D�L CdTe, �[�u�e�b 
�i�j�h�\�_�^�_�g�u �Z�g�Z�e�h�]�b�q�g�u�_ �w�d�k�i�_�j�b�f�_�g�l�u �k �]�b�^�j�h�n�h�[�g�u�f�b �D�L CdSe/ZnS �h�k�Z�`�^�_�g�g�u�f�b �b�a 
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�o�e�h�j�h�n�h�j�f�Z. �J�Z�[�h�l�Z �k �o�e�h�j�h�n�h�j�f�h�f �f�_�l�h�^�h�e�h�]�b�q�_�k�d�b �k�e�h�`�g�_�_ �b�a-�a�Z �[�h�e�v�r�h�c �e�_�l�m�q�_�k�l�b 
�j�Z�k�l�\�h�j�b�l�_�e�y. 

�< �d�Z�q�_�k�l�\�_ �h�[�t�_�d�l�h�\ �b�k�k�e�_�^�h�\�Z�g�b�y �b�k�i�h�e�v�a�h�\�Z�e�b�k�v �\�h�^�h�j�Z�k�l�\�h�j�b�f�u�_ �D�L CdTe 
�k�h�e�x�[�b�e�b�a�b�j�h�\�Z�g�g�u�_ �f�h�e�_�d�m�e�Z�f�b �f�_�j�d�Z�i�l�h�m�d�k�m�k�g�h�c �d�b�k�e�h�l�u �k�h �k�j�_�^�g�b�f �^�b�Z�f�_�l�j�h�f d=2,2 
�g�f �b d=4,2 �g�f, �k �f�Z�d�k�b�f�Z�f�b �e�x�f�b�g�_�k�p�_�g�p�b�b �g�Z �^�e�b�g�Z�o �\�h�e�g 530 �g�f �b 599 �g�f, 
�k�h�h�l�\�_�l�k�l�\�_�g�g�h. �D�h�e�e�h�b�^�g�u�_ �\�h�^�g�u�_ �j�Z�k�l�\�h�j�u �l�Z�d�b�o �D�L (�d�h�g�p�_�g�l�j�Z�p�b�b 9·10-6 �b�e�b 4,5·10-6�F) 
�i�j�b pH11, �\�u�k�Z�`�b�\�Z�e�b�k�v �g�Z �]�b�^�j�h�n�b�e�v�g�m�x �i�h�^�e�h�`�d�m �b �f�_�^�e�_�g�g�h �\�u�k�m�r�b�\�Z�e�b�k�v �\ 
�\�Z�d�m�m�f�g�h�f �w�d�k�b�d�Z�l�h�j�_. �:�g�Z�e�h�]�b�q�g�u�f �h�[�j�Z�a�h�f �[�u�e�b �b�k�k�e�_�^�h�\�Z�g�u �]�b�^�j�h�n�h�[�g�u�_ �D�L CdSe/ZnS 
�k�h �k�j�_�^�g�b�f �^�b�Z�f�_�l�j�h�f d=2,5 �g�f �b d=3,4 �g�f, �k �f�Z�d�k�b�f�Z�f�b �e�x�f�b�g�_�k�p�_�g�p�b�b �g�Z �^�e�b�g�Z�o �\�h�e�g 530 
�g�f �b 610 �g�f, �k�h�h�l�\�_�l�k�l�\�_�g�g�h. 

�I�j�b �\�u�k�u�o�Z�g�b�b �\�h�^�g�u�o �j�Z�k�l�\�h�j�h�\ �D�L CdTe �k�h �k�j�_�^�g�b�f �^�b�Z�f�_�l�j�h�f d=2,2 �g�f �h�[�j�Z�a�m�x�l 
�h�[�t�_�d�l�u �i�j�_�b�f�m�s�_�k�l�\�_�g�g�h �^�\�m�o �l�b�i�h�\: �^�_�g�^�j�b�l�g�u�_ �k�l�j�m�d�l�m�j�u �b �[�_�k�n�h�j�f�_�g�g�u�_ �Z�]�j�_�]�Z�l�u. �D�L 
CdTe �k �^�b�Z�f�_�l�j�h�f d=4,2 �g�f �h�[�j�Z�a�m�x�l «�r�Z�j�b�d�b» �j�Z�a�g�h�]�h �j�Z�a�f�_�j�Z. �L�Z�d�h�_ �j�Z�a�e�b�q�b�_ �\ 
�i�h�\�_�^�_�g�b�b, �\�h�a�f�h�`�g�h, �k�\�y�a�Z�g�h �k �l�_�f, �q�l�h �D�L �k �^�b�Z�f�_�l�j�h�f d=4,2 �g�f �b�f�_�x�l �[�h�e�v�r�b�c �j�Z�a�[�j�h�k 
�i�h �j�Z�a�f�_�j�Z�f. �;�u�e�h �h�[�g�Z�j�m�`�_�g�h, �q�l�h �b�g�l�_�g�k�b�\�g�h�k�l�v �e�x�f�b�g�_�k�p�_�g�p�b�b �D�L �h�[�h�b�o �j�Z�a�f�_�j�h�\ 
�h�[�j�Z�l�b�f�h �i�Z�^�Z�_�l �i�j�b �h�k�\�_�s�_�g�b�b �b�o �M�N �b�a�e�m�q�_�g�b�_�f �k �i�h�k�e�_�^�m�x�s�b�f �\�h�k�k�l�Z�g�h�\�e�_�g�b�_�f 
�b�g�l�_�g�k�b�\�g�h�k�l�b �e�x�f�b�g�_�k�p�_�g�p�b�b, �a�Z �\�j�_�f�y �i�h�j�y�^�d�Z �k�m�l�h�d. �W�l�h �y�\�e�_�g�b�_ �f�h�`�_�l �[�u�l�v �k�\�y�a�Z�g�h �k 
�Z�d�l�b�\�b�a�Z�p�b�_�c �^�_�n�_�d�l�h�\ �g�Z �i�h�\�_�j�o�g�h�k�l�b �D�L, �i�j�b�\�h�^�y�s�_�c �d �[�_�a�u�a�e�m�q�Z�l�_�e�v�g�u�f 
�j�_�e�Z�d�k�Z�p�b�h�g�g�u�f �i�j�h�p�_�k�k�Z�f. �I�j�b �\�u�k�u�o�Z�g�b�b �j�Z�k�l�\�h�j�Z �k�f�_�k�b �D�L �j�Z�a�g�u�o �j�Z�a�f�_�j�h�\, �d�Z�d 
�i�j�Z�\�b�e�h, �h�g�b �h�[�j�Z�a�m�x�l �k�l�j�m�d�l�m�j�u �i�h �h�l�^�_�e�v�g�h�k�l�b, �g�h  �\ �g�_�d�h�l�h�j�u�o �k�e�m�q�Z�y�o �[�u�e�h �a�Z�f�_�q�_�g�h, 
�q�l�h �D�L �f�_�g�v�r�_�]�h �^�b�Z�f�_�l�j�Z �i�j�b�d�j�_�i�e�y�e�b�k�v �i�h �i�_�j�b�f�_�l�j�m �d �d�j�m�]�e�u�f �Z�]�j�_�]�Z�l�Z�f �b�a �D�L 
�[�h�e�v�r�_�]�h �^�b�Z�f�_�l�j�Z. 

�I�j�b �\�u�k�u�o�Z�g�b�b �]�b�^�j�h�n�h�[�g�u�o �j�Z�k�l�\�h�j�h�\ �D�L CdSe/ZnS �k�h �k�j�_�^�g�b�f �^�b�Z�f�_�l�j�h�f d=2,5�g�f, 
�Z�g�Z�e�h�]�b�q�g�h �D�L CdTe �f�Z�e�h�]�h �j�Z�a�f�_�j�Z, �h�[�j�Z�a�h�\�u�\�Z�x�l �^�_�g�^�j�b�l�g�u�_ �k�l�j�m�d�l�m�j�u, �g�h �f�_�g�v�r�_�]�h 
�j�Z�a�f�_�j�Z, �q�l�h, �\�_�j�h�y�l�g�h, �k�\�y�a�Z�g�h �k �[�h�e�v�r�_�c �k�d�h�j�h�k�l�v�x �b�k�i�Z�j�_�g�b�y �o�e�h�j�h�n�h�j�f�Z. �D�L CdSe/ZnS 
�k�h �k�j�_�^�g�b�f �^�b�Z�f�_�l�j�h�f d=3,4 �g�f �y�j�d�h �\�u�j�Z�`�_�g�g�u�o �h�n�h�j�f�e�_�g�g�u�o �k�l�j�m�d�l�m�j �g�_ �h�[�j�Z�a�h�\�u�\�Z�e�b. 
�I�j�b �\�u�k�u�o�Z�g�b�b �k�f�_�k�b �l�h�q�_�d �j�Z�a�g�h�]�h �j�Z�a�f�_�j�Z �h�g�b �\�u�l�_�k�g�y�e�b�k�v �b�a �k�l�j�m�d�l�m�j, �h�[�j�Z�a�m�_�f�u�o �D�L �k 
�^�b�Z�f�_�l�j�h�f d=2,5 �g�f. �< �h�l�e�b�q�b�_ �h�l �]�b�^�j�h�n�b�e�v�g�u�o �l�h�q�_�d, �\ �^�Z�g�g�h�f �k�e�m�q�Z�_ �i�j�b �h�[�e�m�q�_�g�b�b 
�k�l�j�m�d�l�m�j �M�N �b�a�e�m�q�_�g�b�_�f �b�g�l�_�g�k�b�\�g�h�k�l�v �e�x�f�b�g�_�k�p�_�g�p�b�b �m�\�_�e�b�q�b�\�Z�_�l�k�y. 
 
 
�M�>�D 535.34+535.37 
 

�B�K�K�E�?�>�H�<�:�G�B�? �L�H�G�D�B�O �F�H�>�B�N�B�P�B�J�H�<�:�G�G�U�O �I�E�,�G�H�D 
�O�J�H�F�: �F�?�L�H�>�H�F �F�B�D�J�H-�J�:�F�:�G�H�<�K�D�H�C �K�I�?�D�L�J�H�K�D�H�I�B�B 

�D.�<. �;�h�]�^�Z�g�h�\, �F.�<. �Y�j�q�m�d, �: .�B. �B�\�Z�g�h�\ 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�n.-�f .�g., �k.�g.�k. �: .�<. �;�Z�j�Z�g�h�\ 

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

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

 
�< �^�Z�g�g�h�c �j�Z�[�h�l�_ �[�u�e�Z �i�h�k�l�Z�\�e�_�g�Z �p�_�e�v: �a�Z�n�b�d�k�b�j�h�\�Z�l�v �b�a�f�_�g�_�g�b�y, �i�j�h�b�k�o�h�^�y�s�b�_ �k 

�l�h�g�d�h�c �i�e�z�g�d�h�c �o�j�h�f�Z �l�h�e�s�b�g�h�c 150 �g�f �i�h� ̂�^�_�c�k�l�\�b�_�f �k�\�_�j�o�d�h�j�h�l�d�b�o �e�Z�a�_�j�g�u�o �b�f�i�m�e�v�k�h�\ 
�b �^�Z�e�v�g�_�c�r�_�]�h �l�j�Z�\�e�_�g�b�y, �g�Z �\�k�_�o �k�l�Z�^�b�y�o �n�h�j�f�b�j�h�\�Z�g�b�y �^�b�n�j�Z�d�p�b�h�g�g�h�]�h �h�i�l�b�q�_�k�d�h�]�h 
�w�e�_�f�_�g�l�Z. �I�h �^�Z�g�g�u�f �f�b�d�j�h-�j�Z�f�Z�g�h�\�k�d�h�c �k�i�_�d�l�j�h�k�d�h�i�b�b �^�h�d�Z�a�Z�l�v �h�[�j�Z�a�h�\�Z�g�b�_ �h�d�k�b�^�Z �o�j�h�f�Z 
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(Cr2O3), �h�i�j�_�^�_�e�b�l�v �j�Z�k�i�j�_�^�_�e�_�g�b�_ �^�Z�g�g�h�]�h �\�_�s�_�k�l�\�Z �i�h �l�h�g�d�h�c �i�e�z�g�d�_ �b �i�j�h�\�_�j�b�l�v 
�i�h�y�\�e�_�g�b�_ �\ �k�l�j�m�d�l�m�j�_ �h�[�j�Z�a�p�Z �d�Z�d�b�o-�e�b�[�h �^�j�m�]�b�o �o�b�f�b�q�_�k�d�b�o �h�[�j�Z�a�h�\�Z�g�b�c. 

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

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

�j�Z�k�k�_�y�g�b�y �k�\�_�l�Z, �i�h�e�m�q�_�g�g�u�o �g�Z �f�b�d�j�h-�j�Z�f�Z�g�h�\�k�d�h�f �k�i�_�d�l�j�h�f�_�l�j�_ inVia Renishaw, 
�h�k�g�Z�s�_�g�g�h�]�h �Z�j�]�h�g�h�\�u�f �e�Z�a�_�j�h�f �k �^�e�b�g�h�c �\�h�e�g�u 514.5 �g�f. �<�k�_ �b�a�f�_�j�_�g�b�y �[�u�e�b �i�h�e�m�q�_�g�u 
�i�j�b �h�^�b�g�Z�d�h�\�u�o �g�Z�q�Z�e�v�g�u�o �m�k�e�h�\�b�y�o, �k�i�_�p�b�Z�e�v�g�h �i�h�^�h�[�j�Z�g�g�u�o �l�Z�d�b�f �h�[�j�Z�a�h�f, �q�l�h�[�u 
�i�h�e�m�q�b�l�v �f�Z�d�k�b�f�Z�e�v�g�u�c �k�b�]�g�Z�e, �g�h �g�_ �i�j�h�b�a�\�_�k�l�b �k�l�j�m�d�l�m�j�g�u�o �b�a�f�_�g�_�g�b�c �\ �h�[�j�Z�a�p�_. �I�j�b 
�l�Z�d�h�f �\�u�[�h�j�_ �g�Z�q�Z�e�v�g�u�o �m�k�e�h�\�b�c �f�h�`�g�h �^�_�e�Z�l�v �\�u�\�h�^�u, �h�k�g�h�\�u�\�Z�y�k�v �g�Z �h�l�g�h�k�b�l�_�e�v�g�h�c 
�b�g�l�_�g�k�b�\�g�h�k�l�b �j�Z�f�Z�g�h�\�k�d�b�o �k�i�_�d�l�j�h�\ (�o�Z�j�Z�d�l�_�j�g�u�o �i�b�d�h�\ �b�a�m�q�Z�_�f�u�o �\�_�s�_�k�l�\). �L�Z�d�b�f 
�h�[�j�Z�a�h�f, �n�h�d�m�k�b�j�m�y�k�v �\ �j�Z�a�e�b�q�g�u�_ �l�h�q�d�b �h�[�e�m�q�_�g�g�h�]�h �h�[�j�Z�a�p�Z �f�h�`�g�h �^�_�e�Z�l�v �\�u�\�h�^�u �h 
�k�h�h�l�g�h�r�_�g�b�b �d�h�e�b�q�_�k�l�\�Z �h�d�k�b�^�h�\, �^�h �b �i�h�k�e�_ �l�j�Z�\�e�_�g�b�y, �\ �j�Z�a�e�b�q�g�u�o �l�h�q�d�Z�o �h�[�j�Z�a�p�Z, �q�l�h 
�i�h�a�\�h�e�b�l  �^�h�i�h�e�g�b�l�v �l�_�h�j�b�x, �h�l �d�h�l�h�j�h�c �f�u �h�l�l�Z�e�d�b�\�Z�e�b�k�v �\ �g�Z�q�Z�e�_ �b�k�k�e�_�^�h�\�Z�g�b�y. 

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

�h�[�j�Z�a�p�m �k�\�_�j�o�d�h�j�h�l�d�b�f�b �b�f�i�m�e�v�k�Z�f�b, �d�Z�d �b �i�j�_�^�i�h�e�Z�]�Z�e�h�k�v, �i�j�h�b�k�o�h�^�b�l �h�[�j�Z�a�h�\�Z�g�b�_ 
�b�k�d�h�f�h�]�h �h�d�k�b�^�Z �o�j�h�f�Z (Cr2O3), �g�Z �\�k�x �]�e�m�[�b�g�m �l�h�g�d�h�c �i�e�z�g�d�b, �k �l�Z�d�h�c �`�_ �k�l�j�m�d�l�m�j�h�c �d�Z�d 
�i�j�b �g�Z�g�h�k�_�d�m�g�^�g�h�f �b�a�e�m�q�_�g�b�b �b �l�Z�d�b�f �`�_ �j�Z�k�i�j�_�^�_�e�_�g�b�_�f. �H�^�g�Z�d�h �k�_�e�_�d�l�b�\�g�h�k�l�v �l�j�Z�\�e�_�g�b�y 
�i�j�h�y�\�e�y�e�Z�k�v �b �i�j�b �f�_�g�v�r�_�f �d�h�e�b�q�_�k�l�\�_ �w�g�_�j�]�b�b �h�[�e�m�q�_�g�b�y, �Z �l�Z�d�`�_ �i�h �d�j�Z�y�f �a�h�g �k�b�e�v�g�h�]�h 
�h�[�e�m�q�_�g�b�y. �B�k�k�e�_�^�h�\�Z�g�b�_ �i�h�d�Z�a�Z�e�h, �q�l�h �i�j�b �f�Z�e�u�o �f�h�s�g�h�k�l�y�o �h�d�k�b�^ �o�j�h�f�Z �g�_ �h�[�j�Z�a�m�_�l�k�y, 
�a�Z�l�h �h�[�j�Z�a�m�_�l�k�y �h�l�e�b�q�g�h�_ �h�l �h�d�k�b�^�Z �o�j�h�f�Z �k�h�_�^�b�g�_�g�b�_, �d�h�l�h�j�h�_ �i�j�b �h�[�e�m�q�_�g�b�b �f�_�g�y�_�l �k�\�h�x 
�k�l�j�m�d�l�m�j�m �k �Z�f�h�j�n�g�h�c �g�Z �d�j�b�k�l�Z�e�e�b�q�_�k�d�m�x, �q�l�h �b �i�j�b�\�h�^�b�l �d �k�_�e�_�d�l�b�\�g�h�k�l�b �l�j�Z�\�e�_�g�b�y 
�h�[�j�Z�a�p�Z. �I�h �^�Z�g�g�u�f �b�k�k�e�_�^�h�\�Z�g�b�y �\�u�^�\�b�g�m�l�Z �]�b�i�h�l�_�a�Z, �q�l�h �^�Z�g�g�h�_ �k�h�_�^�b�g�_�g�b�_ �y�\�e�y�_�l�k�y 
�h�d�k�b�^�h�f �`�_�e�_�a�Z (Fe3O4), �d�h�l�h�j�h�_ �f�h�]�e�h �h�d�Z�a�Z�l�v�k�y �\ �h�[�j�Z�a�p�_ �i�j�b �i�j�h�b�a�\�h�^�k�l�\�_ �b �g�Z�i�u�e�_�g�b�b 
�o�j�h�f�Z. �=�b�i�h�l�_�a�Z �h �g�Z�e�b�q�b�b �`�_�e�_�a�Z �\ �h�[�j�Z�a�p�_ �^�Z�z�l �\�h�a�f�h�`�g�h�k�l�v �k�h�k�l�Z�\�b�l�v �f�h�^�_�e�v 
�j�Z�k�i�j�_�^�_�e�_�g�b�y �^�Z�g�g�u�o �o�b�f�b�q�_�k�d�b�o �k�h�_�^�b�g�_�g�b�c �i�h �i�h�e�h�k�_ �h�[�e�m�q�_�g�b�y �k �i�h�f�h�s�v�x 
�i�h�k�l�_�i�_�g�g�h�]�h �k�l�j�Z�\�e�b�\�Z�g�b�y �k�e�h�z�\ �f�Z�l�_�j�b�Z�e�Z �b �b�a�m�q�_�g�b�y �j�Z�f�Z�g�h�\�k�d�b�o �k�i�_�d�l�j�h�\. 

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

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

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

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

�N�h�j�f�b�j�h�\�Z�g�b�_ �i�e�Z�a�f�h�g�h�\ �g�Z �i�h�\�_�j�o�g�h�k�l�b �i�h�^�e�h�`�d�b �h�k�m�s�_�k�l�\�e�y�_�l�k�y, �d�Z�d �i�j�Z�\�b�e�h, 
�b�h�g�g�h-�e�m�q�_�\�u�f �f�_�l�h�^�h�f, �k �i�h�f�h�s�v�x �n�h�l�h�e�b�l�h�]�j�Z�n�b�b, �e�b�[�h �b�h�g�g�u�f �h�[�f�_�g�h�f. �G�Z�j�y�^�m �k 
�w�l�b�f, �k�l�_�d�e�Z, �k�h�^�_�j�`�Z�s�b�_ �b�h�g�u �[�e�Z�]�h�j�h�^�g�u�o �f�_�l�Z�e�e�h�\ �b�e�b �f�_�^�b, �g�Z�i�j�b�f�_�j, �n�h�l�h�o�j�h�f�g�u�_, 
�f�m�e�v�l�b�o�j�h�f�g�u�_ �b �n�h�l�h�l�_�j�f�h�j�_�n�j�Z�d�l�b�\�g�u�_ �k�l�_�d�e�Z, �i�j�_�^�k�l�Z�\�e�y�x�l �b�g�l�_�j�_�k �^�e�y �n�h�j�f�b�j�h�\�Z�g�b�y 
�l�Z�d�b�o �i�e�Z�a�f�h�g�g�u�o �k�l�j�m�d�l�m�j. �H�[�j�Z�[�h�l�d�Z �i�h�^�h�[�g�u�o �k�l�_�d�h�e �m�e�v�l�j�Z�n�b�h�e�_�l�h�\�u�f �b�a�e�m�q�_�g�b�_�f �\ 
�k�h�q�_�l�Z�g�b�b �k �l�_�j�f�h�h�[�j�Z�[�h�l�d�h�c �i�h�a�\�h�e�y�_�l �\�u�^�_�e�b�l�v �\ �h�[�t�_�f�_ �k�l�_�d�e�Z �f�_�l�Z�e�e�b�q�_�k�d�m�x �n�Z�a�m �\ 
�\�b�^�_ �g�Z�g�h�d�e�Z�k�l�_�j�h�\ �j�Z�a�e�b�q�g�h�]�h �j�Z�a�f�_�j�Z �b �n�h�j�f�u (Ag°n, Cu°n,), �Z �l�Z�d�`�_ �\�u�j�Z�k�l�b�l�v �g�Z �w�l�b�o 
�p�_�g�l�j�Z�o �g�m�d�e�_�Z�p�b�b �^�b�w�e�_�d�l�j�b�q�_�k�d�b�_ �d�j�b�k�l�Z�e�e�u �\ �\�b�^�_ �]�Z�e�h�]�_�g�b�^�h�\ �k�_�j�_�[�j�Z �b�e�b �f�_�^�b.  

�P�_�e�v�x �^�Z�g�g�h�c �j�Z�[�h�l�u �y�\�b�e�h�k�v �b�k�k�e�_�^�h�\�Z�g�b�_ �h�k�h�[�_�g�g�h�k�l�b �j�h�k�l�Z �g�Z�g�h�d�j�b�k�l�Z�e�e�h�\ 
�k�_�j�_�[�j�Z �\ �n�h�l�h�l�_�j�f�h�j�_�n�j�Z�d�l�b�\�g�u�o �k�l�_�d�e�Z�o �i�h�k�e�_ �M�N �h�[�e�m�q�_�g�b�y �b �^�Z�e�v�g�_�c�r�_�c 
�l�_�j�f�h�h�[�j�Z�[�h�l�d�b. 

�>�e�y �i�j�h�\�_�^�_�g�b�y �b�k�k�e�_�^�h�\�Z�g�b�c �[�u�e�b �k�b�g�l�_�a�b�j�h�\�Z�g�u �k�l�_�d�e�Z �k�b�k�l�_�f�u  Na2O – Al2O3 – 
ZnO – SiO2 – NaF – NaCl, �k�h�^�_�j�`�Z�s�b�_ CeO2 (0.02 �\�_�k.%), Ag2O (0.47 �\�_�k.%) �b   
Sb2O3 (0.2 �\�_�k.%). �L�_�f�i�_�j�Z�l�m�j�Z �k�l�_�d�e�h�\�Z�g�b�y (Tg) �k�h�k�l�Z�\�e�y�e�Z 494°C. �H�[�j�Z�a�p�u �i�j�_�^�k�l�Z�\�e�y�e�b 
�k�h�[�h�c �i�h�e�b�j�h�\�Z�g�g�u�_ �i�e�h�k�d�h�i�Z�j�Z�e�e�_�e�v�g�u�_ �i�e�Z�k�l�b�g�u �l�h�e�s�b�g�h�c 0,3 �f�f .  

�H�[�e�m�q�_�g�b�_ �M�N �h�k�m�s�_�k�l�\�e�y�e�h�k�v �j�l�m�l�g�h�c �e�Z�f�i�h�c �\�u�k�h�d�h�]�h �^�Z�\�e�_�g�b�y �q�_�j�_�a �h�i�l�b�q�_�k�d�b�c 
�\�h�e�h�d�h�g�g�u�c �d�Z�[�_�e�v �j�Z�a�e�b�q�g�u�f�b �^�h�a�Z�f�b. �L�_�j�f�h�h�[�j�Z�[�h�l�d�Z �k�l�_�d�h�e �i�j�h�\�h�^�b�e�Z�k�v �\ �l�_�q�_�g�b�_ �l�j�_�o 
�^�g�_�c �\ �f�m�n�_�e�v�g�u�o �i�_�q�Z�o �k �i�j�h�]�j�Z�f�f�g�u�f �m�i�j�Z�\�e�_�g�b�_�f. �L�_�j�f�h�h�[�j�Z�[�h�l�d�Z �i�j�h�\�h�^�b�e�Z�k�v �i�j�b 
�^�\�m�o �l�_�f�i�_�j�Z�l�m�j�Z�o: t=500 �b 545°�K. �K�i�_�d�l�j�u �i�h�]�e�h�s�_�g�b�y �b�a�f�_�j�y�e�b�k�v �g�Z �\�k�_�o �k�l�Z�^�b�y�o 
�w�d�k�i�_�j�b�f�_�g�l�Z. 

�< �o�h�^�_ �i�j�h�\�_�^�_�g�b�y �j�Z�[�h�l�u �[�u�e�h �i�h�d�Z�a�Z�g�h, �q�l�h �k�e�Z�[�h �\�u�j�Z�`�_�g�g�Z�y �i�h�e�h�k�Z �i�h�]�e�h�s�_�g�b�y, 
�o�Z�j�Z�d�l�_�j�g�Z�y �^�e�y �i�e�Z�a�f�h�g�g�h�]�h �j�_�a�h�g�Z�g�k�Z �g�Z�g�h�q�Z�k�l�b�p �k�_�j�_�[�j�Z, �i�h�y�\�e�y�_�l�k�y �m�`�_ �i�h�k�e�_ �i�_�j�\�h�]�h 
�p�b�d�e�Z �l�_�j�f�h�h�[�j�Z�[�h�l�d�b. �K�i�_�d�l�j�Z�e�v�g�h�_ �i�h�e�h�`�_�g�b�_ �f�Z�d�k�b�f�m�f�Z �i�h�e�h�k�u (�� �§ 447 �g�f) �k�f�_�s�_�g�h 
�h�l�g�h�k�b�l�_�e�v�g�h �l�b�i�b�q�g�h�]�h �^�e�y �g�Z�g�h�q�Z�k�l�b�p �k�_�j�_�[�j�Z �a�g�Z�q�_�g�b�y 405–420 �g�f. �W�l�h �m�d�Z�a�u�\�Z�_�l �g�Z �l�h, 
�q�l�h �q�Z�k�l�b�p�u �k�_�j�_�[�j�Z �n�h�j�f�b�j�m�x�l�k�y �k �^�b�w�e�_�d�l�j�b�q�_�k�d�h�c �h�[�h�e�h�q�d�h�c. �>�Z�g�g�u�c �n�Z�d�l �i�h�^�l�\�_�j�`�^�_�g 
�j�_�g�l�]�_�g�h�n�Z�a�h�\�h�f �Z�g�Z�e�b�a�h�f. �H�l�k�m�l�k�l�\�b�_ �k�i�_�d�l�j�Z�e�v�g�h�]�h �k�^�\�b�]�Z �i�e�Z�a�f�h�g�g�h�c �i�h�e�h�k�u 
�i�h�]�e�h�s�_�g�b�y �m�d�Z�a�u�\�Z�_�l �g�Z �l�h, �q�l�h �h�[�h�e�h�q�d�Z �b�a �]�Z�e�h�]�_�g�b�^�h�\ �k�_�j�_�[�j�Z �n�h�j�f�b�j�m�_�l�k�y �m�`�_ �g�Z 
�j�Z�g�g�b�o �k�l�Z�^�b�y�o �l�_�j�f�h�h�[�j�Z�[�h�l�d�b. �M�\�_�e�b�q�_�g�b�_ �k�m�f�f�Z�j�g�h�]�h �\�j�_�f�_�g�b �l�_�j�f�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b 
�i�j�b�\�h�^�b�l �d �m�\�_�e�b�q�_�g�b�x �Z�f�i�e�b�l�m�^�u �f�Z�d�k�b�f�m�f�Z �i�e�Z�a�f�h�g�g�h�]�h �j�_�a�h�g�Z�g�k�Z, �q�l�h �m�d�Z�a�u�\�Z�_�l �g�Z 
�m�\�_�e�b�q�_�g�b�_ �j�Z�a�f�_�j�Z �g�Z�g�h�q�Z�k�l�b�p �k�_�j�_�[�j�Z �\ �k�l�_�d�e�_. �I�j�b �l�_�f�i�_�j�Z�l�m�j�_ �h�[�j�Z�[�h�l�d�b 545°�K �k 
�m�\�_�e�b�q�_�g�b�_�f �\�j�_�f�_�g�b �l�_�j�f�h�h�[�j�Z�[�h�l�d�b �g�Z�[�e�x�^�Z�_�l�k�y �m�f�_�g�v�r�_�g�b�_ �d�j�m�l�b�a�g�u �a�Z�\�b�k�b�f�h�k�l�b 
�Z�f�i�e�b�l�m�^�u �i�e�Z�a�f�h�g�g�h�]�h �f�Z�d�k�b�f�m�f�Z �i�h�]�e�h�s�_�g�b�y, �q�l�h �\�u�a�\�Z�g�h �a�Z�f�_�^�e�_�g�b�_�f �j�h�k�l�Z �g�Z�g�h�q�Z�k�l�b�p 
�b�a-�a�Z �[�u�k�l�j�h�]�h �h�[�_�^�g�_�g�b�y �h�[�t�_�f�Z �k�l�_�d�e�Z �Z�l�h�f�Z�f�b �k�_�j�_�[�j�Z. 
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�B�K�K�E�?�>�H�<�:�G�B�? �H�I�L�B�Q�?�K�D�B�O �O�:�J�:�D�L�?�J�B�K�L�B�D 
�@�B�>�D�H�D�J�B�K�L�:�E�E�B�Q�?�K�D�B�O �M�K�L�J�H�C�K�L�<  

�K �H�J�B�?�G�L�B�J�M�X�S�B�F �K�E�H�?�F a-C:H 
�?.�H. �=�Z�\�j�b�r 

�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �d.�l.�g., �k.�g.�k. �?.�: . �D�h�g�r�b�g�Z 
 

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

�P�_�e�v�x �w�l�h�c �j�Z�[�h�l�u �y�\�e�y�_�l�k�y �b�k�k�e�_�^�h�\�Z�g�b�_ �h�i�l�b�q�_�k�d�b�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d �@�D-�m�k�l�j�h�c�k�l�\ �k 
�h�j�b�_�g�l�b�j�m�x�s�b�f �k�e�h�_�f a-C:H-�i�e�_�g�h�d �k �i�Z�j�Z�e�e�_�e�v�g�h�c �b �l�\�b�k�l-�k�l�j�m�d�l�m�j�h�c �g�_�f�Z�l�b�q�_�k�d�b�o 
�`�b�^�d�b�o �d�j�b�k�l�Z�e�e�h�\.  

�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h �b�k�k�e�_�^�h�\�Z�g�u �i�h�j�h�]�h�\�u�_ �g�Z�i�j�y�`�_�g�b�y �w�e�_�d�l�j�h�h�i�l�b�q�_�k�d�b�o �w�n�n�_�d�l�h�\ �b 
�n�Z�a�h�\�Z�y �a�Z�^�_�j�`�d�Z �\ �k�e�h�_ �@�D �^�e�y �^�e�b�g �\�h�e�g 0.65, 0,86 �b 1,55 �f�d�f. �I�h�d�Z�a�Z�g�h �\�e�b�y�g�b�_ �k�\�h�c�k�l�\ 
�^�\�m�o�q�Z�k�l�h�l�g�h�]�h �g�_�f�Z�l�b�q�_�k�d�h�]�h �`�b�^�d�h�]�h �d�j�b�k�l�Z�e�e�Z �@�D-1001 �b �@�D-1282 �k �i�h�e�h�`�b�l�_�e�v�g�h�c 
�^�b�w�e�_�d�l�j�b�q�_�k�d�h�c �Z�g�b�a�h�l�j�h�i�b�_�c �g�Z �h�i�l�b�q�_�k�d�b�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �y�q�_�_�d.  �H�[�g�Z�j�m�`�_�g�h, �q�l�h 
�m�f�_�g�v�r�_�g�b�_ �l�h�e�s�b�g�u �k�e�h�y �@�D �b �k�e�h�y a-C:H �m�k�b�e�b�\�Z�_�l �\�e�b�y�g�b�_ �w�d�j�Z�g�b�j�m�x�s�_�]�h �w�n�n�_�d�l�Z 
�h�j�b�_�g�l�b�j�m�x�s�_�]�h �k�e�h�y, �q�l�h �i�j�b�\�h�^�b�l �d �m�\�_�e�b�q�_�g�b�x �i�h�j�h�]�h�\�h�]�h �b �j�Z�[�h�q�b�o �g�Z�i�j�y�`�_�g�b�c. 
�B�k�k�e�_�^�h�\�Z�g�h �i�j�h�i�m�k�d�Z�g�b�_ �l�\�b�k�l-�y�q�_�_�d �k �@�D-1001 �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �q�Z�k�l�h�l�u �i�_�j�_�f�_�g�g�h�]�h 
�g�Z�i�j�y�`�_�g�b�y. �I�h�d�Z�a�Z�g�h, �q�l�h �m�f�_�g�v�r�b�l�v �\�e�b�y�g�b�_ �^�b�w�e�_�d�l�j�b�q�_�k�d�h�]�h �h�j�b�_�g�l�b�j�m�x�s�_�]�h �k�e�h�y �Z-
�K:�G �g�Z �i�j�h�p�_�k�k �k�l�_�d�Z�g�b�y �h�[�t�_�f�g�h�]�h �a�Z�j�y�^�Z, �h�[�j�Z�a�m�x�s�_�]�h�k�y �\ �k�e�h�_ �@�D �\ �w�e�_�d�l�j�b�q�_�k�d�h�f �i�h�e�_, 
�f�h�`�g�h, �b�a�f�_�g�y�y �q�Z�k�l�h�l�m �i�_�j�_�f�_�g�g�h�]�h �w�e�_�d�l�j�b�q�_�k�d�h�]�h �i�h�e�y �h�l 1�d�=�p �^�h 4�d�=�p, �i�j�b�e�h�`�_�g�g�h�]�h �d 
�@�D �y�q�_�c�d�_.  
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�B�K�K�E�?�>�H�<�:�G�B�? �F�H�J�N�H�E�H�=�B�B �B �H�I�L�B�Q�?�K�D�H�C �:�G�B�A�H�L�J�H�I�B�B 

�G�:�G�H�Q�:�K�L�B�P �< �I�J�H�P�?�K�K�? �J�H�K�L�: �H�K�L�J�H�<�D�H�<�H�C 
�F�?�L�:�E�E�B�Q�?�K�D�H�C �I�E�,�G�D�B �G�:�L�J�B�Y �H�I�L�B�Q�?�K�D�B�F�B �F�?�L�H�>�:�F�B 

�B.�: . �=�e�Z�^�k�d�b�o 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�n.-�f .�g., �k.�g.�k. �L.�: . �<�Z�j�l�Z�g�y�g 

 
�D�j�Z�l�d�h�_ �\�k�l�m�i�e�_�g�b�_, �i�h�k�l�Z�g�h�\�d�Z �i�j�h�[�e�_�f�u. �H�i�j�_�^�_�e�_�g�b�_ �k�l�_�i�_�g�b �Z�g�b�a�h�l�j�h�i�b�b 

�h�i�l�b�q�_�k�d�b�o �k�\�h�c�k�l�\, �k�\�y�a�Z�g�g�h�c �k �n�h�j�f�h�c �g�Z�g�h�q�Z�k�l�b�p, �d�Z�d �b �b�k�k�e�_�^�h�\�Z�g�b�_ �k�l�j�m�d�l�m�j�u 
�h�k�l�j�h�\�d�h�\�u�o �i�e�z�g�h�d �\ �p�_�e�h�f, �k�h�i�j�y�`�_�g�h �k �j�y�^�h�f �k�e�h�`�g�u�o �l�_�o�g�b�q�_�k�d�b�o �i�j�h�[�e�_�f. 
�J�Z�a�j�Z�[�h�l�Z�g�g�u�_ �d �g�Z�k�l�h�y�s�_�f�m �\�j�_�f�_�g�b �f�_�l�h�^�u �b�o �b�k�k�e�_�^�h�\�Z�g�b�y �\�_�k�v�f�Z �l�j�m�^�h�_�f�d�b �b 
�k�h�i�j�h�\�h�`�^�Z�x�l�k�y �e�b�[�h �m�g�b�q�l�h�`�_�g�b�_�f �h�[�t�_�d�l�Z �b�k�k�e�_�^�h�\�Z�g�b�y (�w�e�_�d�l�j�h�g�g�Z�y �f�b�d�j�h�k�d�h�i�b�y), 
�e�b�[�h �l�j�_�[�m�x�l �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�]�h �h�[�t�_�^�b�g�_�g�b�y �g�Z�i�u�e�b�l�_�e�v�g�h�c �d�Z�f�_�j�u �b �b�a�f�_�j�b�l�_�e�v�g�h�]�h 
�h�[�h�j�m�^�h�\�Z�g�b�y (�Z�l�h�f�g�h-�k�b�e�h�\�Z�y �f�b�d�j�h�k�d�h�i�b�y). �D�j�h�f�_ �l�h�]�h, �w�l�b �\�u�k�h�d�h�j�Z�a�j�_�r�Z�x�s�b�_ �f�_�l�h�^�u 
�^�Z�x�l �b�g�n�h�j�f�Z�p�b�x �e�b�r�v �h �f�Z�e�u�o �i�e�h�s�Z�^�y�o �i�e�_�g�d�b (�i�h�j�y�^�d�Z 1 �f�d�f2), �Z �i�h�e�m�q�_�g�g�u�_ �^�Z�g�g�u�_ 
�l�j�_�[�m�x�l �^�h�i�h�e�g�b�l�_�e�v�g�h�c �h�[�j�Z�[�h�l�d�b. 

 
�P�_�e�v �j�Z�[�h�l�u. �B�k�k�e�_�^�h�\�Z�g�b�_ �f�h�j�n�h�e�h�]�b�b �b �k�l�_�i�_�g�b �Z�g�b�a�h�l�j�h�i�b�b, �l�h�g�d�b�o �h�k�l�j�h�\�d�h�\�u�o 

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

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

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

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

�:�g�b�a�h�l�j�h�i�g�Z�y �k�h�k�l�Z�\�e�y�x�s�Z�y �i�h�]�e�h�s�_�g�b�y �h�k�p�b�e�e�b�j�m�_�l �g�Z �q�Z�k�l�h�l�_ �b�a�f�_�g�_�g�b�y 
�i�h�e�y�j�b�a�Z�p�b�b. �K�j�_�^�g�_�_ �a�g�Z�q�_�g�b�_ �b�a�h�l�j�h�i�g�h�]�h �\�d�e�Z�^�Z �i�j�h�i�h�j�p�b�h�g�Z�e�v�g�h �q�b�k�e�m �q�Z�k�l�b�p �\ 
�n�h�d�Z�e�v�g�h�f �i�y�l�g�_, �Z �h�l�d�e�h�g�_�g�b�_ �h�l �g�_�]�h �i�j�h�i�h�j�p�b�h�g�Z�e�v�g�h �d�h�j�g�x �b�a �q�b�k�e�Z �q�Z�k�l�b�p. �K�j�_�^�g�_�_ 
�a�g�Z�q�_�g�b�_ �Z�g�b�a�h�l�j�h�i�g�h�]�h �\�d�e�Z�^�Z – �g�h�e�v, �k�j�_�^�g�_�_ �h�l�d�e�h�g�_�g�b�_ �h�l �g�_�]�h �l�Z�d �`�_ �i�j�h�i�h�j�p�b�h�g�Z�e�v�g�h 
�d�h�j�g�x �b�a �q�b�k�e�Z �q�Z�k�l�b�p. 

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

 
�I�j�h�f�_�`�m�l�h�q�g�u�_ �j�_�a�m�e�v�l�Z�l�u. �;�u�e�b �i�h�e�m�q�_�g�u �h�k�l�j�h�\�d�h�\�u�_ �i�e�_�g�d�b �g�Z�l�j�b�y �\ 

�\�Z�d�m�m�f�b�j�h�\�Z�g�g�h�c �d�x�\�_�l�_ �k �k�Z�i�n�b�j�h�\�u�f�b �h�d�g�Z�f�b �j�Z�a�e�b�q�g�h�c �l�h�e�s�b�g�u �i�m�l�_�f �l�_�j�f�b�q�_�k�d�h�]�h 
�j�Z�k�i�u�e�_�g�b�y �b �b�a�f�_�j�_�g�u �k�i�_�d�l�j�u �b�o �h�i�l�b�q�_�k�d�h�c �i�e�h�l�g�h�k�l�b �k �i�h�f�h�s�v�x �k�i�_�d�l�j�h�n�h�l�h�f�_�l�j�Z 
�K�N-56. �I�_�j�\�Z�y �i�e�_�g�d�Z �g�Z�i�u�e�y�e�Z�k�v �\ �l�_�q�_�g�b�b 5 �f�b�g�m�l. �H�k�l�Z�e�v�g�u�_ �[�u�e�b �i�h�e�m�q�_�g�u 
�^�h�i�u�e�_�g�b�_�f �i�j�_�^�u�^�m�s�_�c �i�e�_�g�d�b �h�l 5 �^�h 8 �f�b�g�m�l. �<�j�_�f�y �^�h�i�u�e�_�g�b�y �\�u�[�b�j�Z�e�h�k�v �l�Z�d, �q�l�h�[�u 
�f�Z�d�k�b�f�m�f�u �h�i�l�b�q�_�k�d�h�c �i�e�h�l�g�h�k�l�b �g�Z�o�h�^�b�e�b�k�v �g�Z �h�^�g�h�c �^�e�b�g�_ �\�h�e�g�u �k �b�k�i�h�e�v�a�m�_�f�u�f �\ 
�j�Z�[�h�l�_ �i�h�e�m�i�j�h�\�h�^�g�b�d�h�\�u�f �e�Z�a�_�j�h�f (852 �g�f). �G�_�[�h�e�v�r�h�_ �k�f�_�s�_�g�b�_ �i�b�d�h�\ �m�^�Z�\�Z�e�h�k�v 
�m�k�l�j�Z�g�b�l�v �g�Z�]�j�_�\�h�f �d�x�\�_�l�u �g�Z �i�_�q�d�_ �i�j�b �l�_�f�i�_�j�Z�l�m�j�_ �g�Z�i�u�e�_�g�b�y �\ �l�_�q�_�g�b�b 2–3 �f�b�g�m�l.  

 
�H�k�g�h�\�g�h�c �j�_�a�m�e�v�l�Z�l. �< �j�_�a�m�e�v�l�Z�l�_ �j�Z�[�h�l�u �[�u�e�b �i�h�e�m�q�_�g�u �n�e�m�d�l�m�Z�p�b�h�g�g�u�_ �k�i�_�d�l�j�u 

�i�h�]�e�h�s�_�g�b�y �h�k�l�j�h�\�d�h�\�u�o �i�e�_�g�h�d �g�Z�l�j�b�y. �I�j�h�\�_�^�_�g�Z �h�[�j�Z�[�h�l�d�Z �w�l�b�o �k�i�_�d�l�j�h�\ (�k�]�e�Z�`�b�\�Z�g�b�_ 
�i�h �k�j�_�^�g�_�f�m �a�g�Z�q�_�g�b�x �b �m�^�Z�e�_�g�b�_ �\�u�k�h�d�h�Z�f�i�e�b�l�m�^�g�u�o �r�m�f�h�\). �I�h�e�m�q�_�g�g�u�_ �d�j�b�\�u�_ �o�h�j�h�r�h 
�h�i�b�k�u�\�Z�x�l�k�y �j�Z�k�i�j�_�^�_�e�_�g�b�_�f �=�Z�m�k�k�Z, �q�l�h �i�h�^�l�\�_�j�`�^�Z�_�l �l�_�h�j�b�x. �L�Z�d �`�_, �h�l�g�h�r�_�g�b�_ 
�Z�f�i�e�b�l�m�^ �i�h�e�m�q�b�e�h�k�v �j�Z�\�g�u�f �i�j�b�f�_�j�g�h 1,5–2, �l.�_. �h�l�g�h�r�_�g�b�_ �i�h�e�m�h�k�_�c �q�Z�k�l�b�p �k�h�k�l�Z�\�b�e�h 
1:3, �q�l�h �]�h�\�h�j�b�l �h �k�b�e�v�g�h�c �Z�g�b�a�h�l�j�h�i�b�b �q�Z�k�l�b�p �g�Z�l�j�b�y. �I�h �f�_�j�_ �j�h�k�l�Z �i�e�_�g�d�b �h�[�_ 
�k�h�k�l�Z�\�e�y�x�s�b�o �k�b�]�g�Z�e�Z (�n�e�m�d�l�m�Z�p�b�h�g�g�Z�y �b �i�h�e�y�j�b�a�Z�p�b�h�g�g�Z�y) �m�\�_�e�b�q�b�\�Z�e�b�k�v. 
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�K�?�L�Q�:�L�U�? �G�:�G�H�K�L�J�M�D�L�M�J�B�J�H�<�:�G�G�U�? �F�:�L�?�J�B�:�E�U 
�G�: �H�K�G�H�<�? �F�?�L�:�E�E�H�H�D�K�B�>�H�< �K �F�G�H�=�H�M�J�H�<�G�?�<�H�C 

�B�?�J�:�J�O�B�?�C �I�H�J 
�B.�?. �=�j�Z�q�_�\�Z 

(�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 �w�e�_�d�l�j�h�l�_�o�g�b�q�_�k�d�b�c �m�g�b�\�_�j�k�b�l�_�l, �E�W�L�B) 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – � .̂�n.-�f .�g., �i�j�h�n�_�k�k�h�j �<.�: . �F�h�r�g�b�d�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 �w�e�_�d�l�j�h�l�_�o�g�b�q�_�k�d�b�c �m�g�b�\�_�j�k�b�l�_�l, �E�W�L�B) 
 

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

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

�< �j�Z�[�h�l�_ �i�j�h�\�h�^�b�e�b�k�v �b�k�k�e�_�^�h�\�Z�g�b�y �f�h�j�n�h�e�h�]�b�b �]�Z�a�h�q�m�\�k�l�\�b�l�_�e�v�g�u�o 
�i�h�e�m�i�j�h�\�h�^�g�b�d�h�\�u�o �i�h�j�b�k�l�u�o �g�Z�g�h�d�h�f�i�h�a�b�l�h�\ �g�Z �h�k�g�h�\�_ �^�b�h�d�k�b�^�Z �h�e�h�\�Z-�^�b�h�d�k�b�^�Z �d�j�_�f�g�b�y. 
�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h �f�_�l�h�^�h�f �Z�l�h�f�g�h-�k�b�e�h�\�h�c �f�b�d�j�h�k�d�h�i�b�b (�:�K�F) �m�k�l�Z�g�h�\�e�_�g�h, �q�l�h �\�_�l�\�b 
�k�_�l�q�Z�l�u�o �k�l�j�m�d�l�m�j �i�j�_�^�k�l�Z�\�e�y�x�l �k�h�[�h�c �f�Z�l�j�b�p�m �^�b�h�d�k�b�^�Z �d�j�_�f�g�b�y �k �\�d�e�x�q�_�g�g�u�f�b �\ �g�_�_ 
�d�j�b�k�l�Z�e�e�b�l�Z�f�b �^�b�h�d�k�b�^�Z �h�e�h�\�Z. �I�j�h�\�h�^�y�s�b�c �k�l�y�]�b�\�Z�x�s�b�c �i�_�j�d�h�e�y�p�b�h�g�g�u�c �d�e�Z�k�l�_�j �g�Z 
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�k�_�l�q�Z�l�h�c �k�l�j�m�d�l�m�j�_ �h�[�j�Z�a�m�_�l�k�y �i�j�b �k�h�^�_�j�`�Z�g�b�b SnO2 �[�h�e�_�_ 50%. �A�g�Z�q�_�g�b�_ �i�h�j�h�]�Z �i�j�h�l�_�d�Z�g�b�y 
�a�Z�\�b�k�b�l �h�l �m�k�e�h�\�b�c �k�b�g�l�_�a�Z �b, �i�j�_�`�^�_ �\�k�_�]�h �h�l �j�Z�a�f�_�j�h�\ �n�j�Z�d�l�Z�e�v�g�u�o �Z�]�j�_�]�Z�l�h�\ �^�b�h�d�k�b�^�Z 
�h�e�h�\�Z, �b�o �w�\�h�e�x�p�b�b �b �k�l�_�i�_�g�b �d�Z�i�k�m�e�b�j�h�\�Z�g�g�h�k�l�b �^�b�h�d�k�b�^�h�f �d�j�_�f�g�b�y. 

�I�j�_�^�k�l�Z�\�e�_�g�u �j�_�a�m�e�v�l�Z�l�u �:�K�F-�b�k�k�e�_�^�h�\�Z�g�b�c �i�j�h�p�_�k�k�h�\ �n�h�j�f�b�j�h�\�Z�g�b�y �b �w�\�h�e�x�p�b�b 
�n�j�Z�d�l�Z�e�v�g�u�o �h�[�t�_�d�l�h�\, �\�d�e�x�q�Z�y �w�l�Z�i�u �i�_�j�_�o�h�^�Z �n�j�Z�d�l�Z�e�v�g�u�o �Z�]�j�_�]�Z�l�h�\ �\ �e�Z�[�b�j�b�g�l�g�u�_ �b 
�k�_�l�q�Z�l�u�_ �k�l�j�m�d�l�m�j�u. �< �j�_�`�b�f�_ �n�Z�a�h�\�h�]�h �d�h�g�l�j�Z�k�l�Z �\ «tapping mode» �\�i�_�j�\�u�_ 
�a�Z�j�_�]�b�k�l�j�b�j�h�\�Z�g�u �b�_�j�Z�j�o�b�q�_�k�d�b�_ �k�b�k�l�_�f�u �a�_�j�_�g �k �o�Z�j�Z�d�l�_�j�g�u�f�b «�m�j�h�\�g�_�\�u�f�b» �j�Z�a�f�_�j�Z�f�b 
�i�h�j (�\�i�e�h�l�v �^�h 10 �g�f). �<�d�e�Z�^ �h�l�d�j�u�l�u�o �i�h�j �g�b�a�r�b�o �b�_�j�Z�j�o�b�q�_�k�d�b�o �m�j�h�\�g�_�c �k �j�Z�a�f�_�j�Z�f�b 
�f�_�g�_�_ 10 �g�f �h�p�_�g�b�\�Z�e�k�y �f�_�l�h�^�h�f �l�_�i�e�h�\�h�c �^�_�k�h�j�[�p�b�b �Z�a�h�l�Z �\ �j�Z�f�d�Z�o �f�h�^�_�e�b �;�W�L. 
�H�[�g�Z�j�m�`�_�g�h, �q�l�h �h�k�g�h�\�g�h�c �\�d�e�Z�^ �\ �k�m�f�f�Z�j�g�m�x �j�Z�a�\�b�l�m�x �i�e�h�s�Z�^�v �\�g�h�k�y�l �b�_�j�Z�j�o�b�q�_�k�d�b�_ 
�m�j�h�\�g�b �h�l�d�j�u�l�u�o �i�h�j �k �j�Z�a�f�_�j�Z�f�b, �g�Z�o�h�^�y�s�b�f�b�k�y �a�Z �i�j�_�^�_�e�Z�f�b �Z�g�Z�e�b�l�b�q�_�k�d�b�o 
�\�h�a�f�h�`�g�h�k�l�_�c �Z�l�h�f�g�h-�k�b�e�h�\�h�c �f�b�d�j�h�k�d�h�i�b�b. 

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

�J�_�a�m�e�v�l�Z�l�u �j�Z�[�h�l�u �b�k�i�h�e�v�a�h�\�Z�g�u �i�j�b �\�u�i�h�e�g�_�g�b�b �]�h�k�m�^�Z�j�k�l�\�_�g�g�h�]�h �d�h�g�l�Z�d�l�Z �‹  �I 399 
�h�l 30.07.2009 �]. �i�h �g�Z�i�j�Z�\�e�_�g�b�x «�K�h�a�^�Z�g�b�_ �b �h�[�j�Z�[�h�l�d�Z �d�h�f�i�h�a�b�p�b�h�g�g�u�o �d�_�j�Z�f�b�q�_�k�d�b�o 
�f�Z�l�_�j�b�Z�e�h�\» (2009–2011 �]�h�^�u), �]�h�k�m�^�Z�j�k�l�\�_�g�g�h�]�h �d�h�g�l�j�Z�d�l�Z �‹  6634 �j/8712 �h�l 2.03.2009 �]. �i�h 
�i�j�h�]�j�Z�f�f�_ «�M.�F.�G.�B.�D.», �Z �l�Z�d�`�_ �i�j�b �i�h�^�^�_�j�`�d�_ �:�<�P�I «�J�Z�a�\�b�l�b�_ �g�Z�m�q�g�h�]�h �i�h�l�_�g�p�b�Z�e�Z 
�\�u�k�r�_�c �r�d�h�e�u (2009–2010 �]�h�^�u)», �N�_�^�_�j�Z�e�v�g�h�]�h �Z�]�_�g�l�k�l�\�Z �i�h �h�[�j�Z�a�h�\�Z�g�b�x �J�h�k�k�b�c�k�d�h�c 
�N�_�^�_�j�Z�p�b�b, �i�j�h�_�d�l 2.1.2/2696. 
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�G�?�L�J�:�>�B�P�B�H�G�G�U�? �<�B�>�U �K�U�J�V�Y �< �D�:�Q�?�K�L�<�? 

�G�H�K�B�L�?�E�?�C �D�:�L�:�E�B�A�:�L�H�J�H�< 
�: .�G. �=�j�b�r�b�g (�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 �l�_�o�g�h�e�h�]�b�q�_�k�d�b�c �b�g�k�l�b�l�m�l 

(�l�_�o�g�b�q�_�k�d�b�c �m�g�b�\�_�j�k�b�l�_�l)) 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �E.�: . �G�_�n�z�^�h�\�Z 

(�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 �l�_�o�g�h�e�h�]�b�q�_�k�d�b�c �b�g�k�l�b�l�m�l 
(�l�_�o�g�b�q�_�k�d�b�c �m�g�b�\�_�j�k�b�l�_�l)) 

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

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

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

�P�_�e�v �j�Z�[�h�l�u: �^�e�y �m�\�_�e�b�q�_�g�b�y �d�h�g�_�q�g�h�c �k�l�_�i�_�g�b �i�j�_�\�j�Z�s�_�g�b�y �^�b�h�d�k�b�^�Z �k�_�j�u �b 
�i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�b �d�h�g�l�Z�d�l�g�u�o �Z�i�i�Z�j�Z�l�h�\, �j�Z�a�j�Z�[�h�l�Z�l�v �m�k�h�\�_�j�r�_�g�k�l�\�h�\�Z�g�g�u�c �d�Z�l�Z�e�b�a�Z�l�h�j, 
�Z�d�l�b�\�g�u�c �d�Z�d �\ �h�[�e�Z�k�l�b �\�u�k�h�d�b�o, �l�Z�d �b �\ �h�[�e�Z�k�l�b �g�b�a�d�b�o �l�_�f�i�_�j�Z�l�m�j. 
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�;�u�e�Z �b�a�m�q�_�g�Z �p�_�e�_�k�h�h�[�j�Z�a�g�h�k�l�v �b�k�i�h�e�v�a�h�\�Z�g�b�y �\ �d�Z�q�_�k�l�\�_ �g�h�k�b�l�_�e�y �d�h�g�l�Z�d�l�g�h�c �f�Z�k�k�u 
�K�<�> �f�b�d�j�h�d�j�_�f�g�_�a�_�f�Z – �i�u�e�_�\�b�^�g�h�]�h �k�b�e�b�d�Z�l�g�h�]�h �h�l�o�h�^�Z �i�j�h�p�_�k�k�Z �w�e�_�d�l�j�h�l�_�j�f�b�q�_�k�d�h�]�h 
�i�j�h�b�a�\�h�^�k�l�\�Z �d�j�_�f�g�b�y �b �d�j�_�f�g�b�_�\�u�o �k�i�e�Z�\�h�\. �H�^�g�b�f �b�a �i�j�_�b�f�m�s�_�k�l�\ �w�l�h�]�h �f�Z�l�_�j�b�Z�e�Z 
�y�\�e�y�_�l�k�y �i�h�k�l�h�y�g�k�l�\�h �_�]�h �o�b�f�b�q�_�k�d�h�]�h �k�h�k�l�Z�\�Z �g�Z �h�i�j�_�^�_�e�_�g�g�h�f �i�j�h�b�a�\�h�^�k�l�\�_ �i�j�b 
�j�_�]�e�Z�f�_�g�l�b�j�m�_�f�u�o �l�_�o�g�b�q�_�k�d�b�o �m�k�e�h�\�b�y�o, �l�h�]�^�Z �d�Z�d �k�h�k�l�Z�\ �^�b�Z�l�h�f�b�l�Z �f�h�`�_�l �f�_�g�y�l�v�k�y �^�Z�`�_ 
�\ �i�j�_�^�_�e�Z�o �h�^�g�h�]�h �f�_�k�l�h�j�h�`�^�_�g�b�y.  

�F�b�d�j�h�d�j�_�f�g�_�a�_�f �w�l�h �i�u�e�_�\�b�^�g�u�c �k�b�e�b�d�Z�l�g�u�c �f�Z�l�_�j�b�Z�e �i�j�Z�d�l�b�q�_�k�d�b �g�_�j�Z�k�l�\�h�j�b�f�u�c �\ 
�\�h�^�_ �b �d�b�k�e�h�l�Z�o. �<�u�k�h�d�Z�y �^�b�k�i�_�j�k�g�h�k�l�v, �l�_�j�f�h�k�l�h�c�d�h�k�l�v, �Z �l�Z�d�`�_ �g�b�a�d�h�_ �k�h�^�_�j�`�Z�g�b�_ Al2O3, 
�i�h�a�\�h�e�b�e�b �i�j�h�]�g�h�a�b�j�h�\�Z�l�v �\�h�a�f�h�`�g�h�k�l�v �i�j�b�f�_�g�_�g�b�y �f�b�d�j�h�d�j�_�f�g�_�a�_�f�Z �\ �d�Z�q�_�k�l�\�_ �g�h�k�b�l�_�e�y 
�i�j�b �i�j�h�b�a�\�h�^�k�l�\�_ �d�Z�l�Z�e�b�a�Z�l�h�j�h�\ �l�b�i�Z �K�<�>.  

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

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

�< �o�h�^�_ �i�j�h�\�_�^�_�g�g�u�o �b�k�k�e�_�^�h�\�Z�g�b�c �m�^�Z�e�h�k�v �k�b�g�l�_�a�b�j�h�\�Z�l�v �d�Z�l�Z�e�b�a�Z�l�h�j�u, 
�o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�_�k�y �\�u�k�h�d�h�c �Z�d�l�b�\�g�h�k�l�v�x �\ �r�b�j�h�d�h�f �b�g�l�_�j�\�Z�e�_ �l�_�f�i�_�j�Z�l�m�j (�O420�q�K=55%, 
�O485�q�K=85%), �q�l�h �h�[�m�k�e�h�\�e�_�g�h �m�g�b�d�Z�e�v�g�u�f �o�b�f�b�q�_�k�d�b�f �k�h�k�l�Z�\�h�f, �f�m�e�v�l�b�^�b�k�i�_�j�k�g�h�c 
�i�h�j�b�k�l�h�c �k�l�j�m�d�l�m�j�h�c �b �j�Z�\�g�h�f�_�j�g�u�f �j�Z�k�i�j�_�^�_�e�_�g�b�_�f �Z�d�l�b�\�g�h�]�h �d�h�f�i�h�g�_�g�l�Z �i�h �\�g�m�l�j�_�g�g�_�c 
�i�h�\�_�j�o�g�h�k�l�b �a�_�j�g�Z. 

�K�e�_�^�h�\�Z�l�_�e�v�g�h, �\�h�a�f�h�`�g�h�k�l�v �q�Z�k�l�b�q�g�h�c �b�e�b �i�h�e�g�h�c �a�Z�f�_�g�u �^�b�Z�l�h�f�b�l�Z �g�Z �^�j�m�]�h�c �\�b�^�u 
�k�u�j�v�y �i�j�_�^�k�l�Z�\�e�y�_�l�k�y �\�_�k�v�f�Z �i�_�j�k�i�_�d�l�b�\�g�h�c, �b �k�i�h�k�h�[�k�l�\�m�_�l �j�_�r�_�g�b�x �m�l�b�e�b�a�Z�p�b�b �h�l�o�h�^�h�\. 
 
 
�M�>�D 538.9+538.958 
 

�K�I�?�D�L�J�:�E�V�G�H-�E�X�F�B�G�?�K�P�?�G�L�G�U�? �K�<�H�C�K�L�<�: �D�H�F�I�E�?�D�K�H�<, 
�H�;�J�:�A�H�<�:�G�G�U�O �H�>�G�H�B�F�?�G�G�H �A�:�J�Y�@�?�G�G�U�F�B CdTe 

�D�<�:�G�L�H�<�U�F�B �L�H�Q�D�:�F�B �B �F�H�E�?�D�M�E�:�F�B 
�L�?�L�J�:�K�M�E�V�N�H�N�L�:�E�H�P�B�:�G�B�G�: 

�F.�K. �=�m�[�Z�g�h�\�Z, �<.�=. �F�Z�k�e�h�\, �=.�G. �<�b�g�h�]�j�Z�^�h�\�Z 
�G�Z�m�q�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v – �d.�l.�g., �k.�g.�k. �: .�H. �H�j�e�h�\�Z 

 
�I�h�e�m�i�j�h�\�h�^�g�b�d�h�\�u�_ �g�Z�g�h�d�j�b�k�l�Z�e�e�u, �d�\�Z�g�l�h�\�u�_ �l�h�q�d�b (�D�L) �h�[�e�Z�^�Z�x�l �b�g�l�_�j�_�k�g�u�f�b �b 

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

�D�\�Z�g�l�h�\�u�_ �l�h�q�d�b �f�h�]�m�l �h�[�j�Z�a�h�\�u�\�Z�l�v �d�h�f�i�e�_�d�k�u �k �h�j�]�Z�g�b�q�_�k�d�b�f�b �f�h�e�_�d�m�e�Z�f�b, 
�g�Z�i�j�b�f�_�j, �k �l�_�l�j�Z�i�b�j�j�h�e�v�g�u�f�b �k�h�_�^�b�g�_�g�b�y�f�b. �W�l�b �h�j�]�Z�g�b�q�_�k�d�b�_ �f�h�e�_�d�m�e�u �h�[�e�Z�^�Z�x�l 
�\�u�k�h�d�h�c �w�n�n�_�d�l�b�\�g�h�k�l�v�x �]�_�g�_�j�Z�p�b�b �k�b�g�]�e�_�l�g�h�]�h �d�b�k�e�h�j�h�^�Z. �?�k�e�b �k�h�\�f�_�k�l�b�l�v �k�\�h�c�k�l�\�Z �D�L �b 
�l�_�l�j�Z�i�b�j�j�h�e�v�g�u�o �k�h�_�^�b�g�_�g�b�c, �b �b�k�i�h�e�v�a�h�\�Z�l�v �l�Z�d�b�_ �d�h�f�i�e�_�d�k�u �\ �d�Z�q�_�k�l�\�_ 
�n�h�l�h�k�_�g�k�b�[�b�e�b�a�Z�l�h�j�h�\, �l�h �w�l�h �i�h�a�\�h�e�b�l �a�g�Z�q�b�l�_�e�v�g�h �i�h�\�u�k�b�l�v �w�n�n�_�d�l�b�\�g�h�k�l�v 
�n�h�l�h�^�b�g�Z�f�b�q�_�k�d�h�c �l�_�j�Z�i�b�b �j�Z�d�Z (�N�>�L). �< �i�h�k�e�_�^�g�_�_ �^�_�k�y�l�b�e�_�l�b�_ �\ �w�l�h�f �g�Z�i�j�Z�\�e�_�g�b�b 
�\�_�^�m�l�k�y �b�g�l�_�g�k�b�\�g�u�_ �b�k�k�e�_�^�h�\�Z�g�b�y [1–3]. 
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�< �^�Z�g�g�h�c �j�Z�[�h�l�_ �b�k�k�e�_�^�m�_�l�k�y �\�a�Z�b�f�h�^�_�c�k�l�\�b�_ �f�_�`�^�m �h�^�g�h�b�f�_�g�g�h �a�Z�j�y�`�_�g�g�u�f�b �D�L 
CdTe �b �f�h�e�_�d�m�e�Z�f�b �l�_�l�j�Z�k�m�e�v�n�h�n�l�Z�e�h�p�b�Z�g�b�g�Z (�L�K�N�P). �P�_�e�v�x �y�\�e�y�e�h�k�v �b�k�k�e�_�^�h�\�Z�g�b�_ 
�m�k�e�h�\�b�c �n�h�j�f�b�j�h�\�Z�g�b�y �d�h�f�i�e�_�d�k�h�\ �D�L/�L�K�N�P �b �b�a�m�q�_�g�b�_ �f�_�o�Z�g�b�a�f�h�\ �i�_�j�_�^�Z�q�b �w�g�_�j�]�b�b 
�n�h�l�h�\�h�a�[�m�`�^�_�g�b�y �\�g�m�l�j�b �d�h�f�i�e�_�d�k�h�\ �k �D�L �g�Z �f�h�e�_�d�m�e�m �L�K�N�P. 

�< �k�e�m�q�Z�_ �h�[�j�Z�a�h�\�Z�g�b�y �d�h�f�i�e�_�d�k�h�\ �D�L/�L�K�N�P �\�g�m�l�j�b �d�h�f�i�e�_�d�k�Z �\�u�i�h�e�g�y�x�l�k�y �\�k�_ 
�m�k�e�h�\�b�y �^�e�y �w�n�n�_�d�l�b�\�g�h�]�h �i�_�j�_�g�h�k�Z �w�g�_�j�]�b�b �k �D�L (�^�h�g�h�j �w�g�_�j�]�b�b) �g�Z �f�h�e�_�d�m�e�m �L�K�N�P 
(�Z�d�p�_�i�l�h�j �w�g�_�j�]�b�b) �i�h �f�_�o�Z�g�b�a�f�m �[�_�a�u�a�e�m�q�Z�l�_�e�v�g�h�]�h �j�_�a�h�g�Z�g�k�g�h�]�h �i�_�j�_�g�h�k�Z �w�g�_�j�]�b�b (FRET). 
�I�_�j�_�g�h�k �w�g�_�j�]�b�b �^�h�e�`�_�g �k�h�i�j�h�\�h�`�^�Z�l�v�k�y �j�Z�a�]�h�j�Z�g�b�_�f �e�x�f�b�g�_�k�p�_�g�p�b�b �Z�d�p�_�i�l�h�j�Z �b 
�l�m�r�_�g�b�_�f �e�x�f�b�g�_�k�p�_�g�p�b�b �^�h�g�h�j�Z. 

�B�k�k�e�_�^�h�\�Z�g�b�_ �n�h�l�h�n�b�a�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �k�f�_�k�b �D�L �b �L�K�N�P �i�j�h�\�h�^�b�e�h�k�v �Z�[�k�h�j�[�p�b�h�g�g�h-
�e�x�f�b�g�_�k�p�_�g�l�g�u�f�b �f�_�l�h�^�Z�f�b. �>�e�y �d�h�g�l�j�h�e�y �h�i�l�b�q�_�k�d�b�o �k�\�h�c�k�l�\ �D�L �b �L�K�N�P �\ �k�f�_�k�b 
�b�k�i�h�e�v�a�h�\�Z�e�b�k�v �j�Z�k�l�\�h�j�u, �d�Z�d �D�L �l�Z�d �b �L�K�N�P �i�j�b �l�_�o �`�_ �m�k�e�h�\�b�y�o �w�d�k�i�_�j�b�f�_�g�l�Z. �D�j�h�f�_ 
�l�h�]�h, �i�j�h�\�h�^�b�e�b�k�v �b�a�f�_�j�_�g�b�y �d�b�g�_�l�b�d�b �a�Z�l�m�o�Z�g�b�y �e�x�f�b�g�_�k�p�_�g�p�b�b �D�L �b �L�K�N�P �\ �j�Z�k�l�\�h�j�Z�o. 

�;�u�e�b �i�h�e�m�q�_�g�u �k�e�_�^�m�x�s�b�_ �j�_�a�m�e�v�l�Z�l�u. �< �k�f�_�k�b �D�L �b �L�K�N�P �\ �s�_�e�h�q�g�h�c �b 
�k�e�Z�[�h�d�b�k�e�h�c �k�j�_�^�_ �g�Z�[�e�x�^�Z�_�l�k�y �j�Z�a�]�h�j�Z�g�b�_ �e�x�f�b�g�_�k�p�_�g�p�b�b �L�K�N�P �b �l�m�r�_�g�b�_ 
�e�x�f�b�g�_�k�p�_�g�p�b�b �D�L. �W�l�h �h�^�g�h�a�g�Z�q�g�h �i�h�^�l�\�_�j�`�^�Z�_�l �g�Z�e�b�q�b�_ �i�_�j�_�g�h�k�Z �w�g�_�j�]�b�b �h�l �D�L �d 
�L�K�N�P. �B�a�f�_�j�_�g�b�_ �d�b�g�_�l�b�d�b �a�Z�l�m�o�Z�g�b�y �e�x�f�b�g�_�k�p�_�g�p�b�b �D�L �i�h�d�Z�a�Z�e�h, �q�l�h �\�j�_�f�y �`�b�a�g�b 
�e�x�f�b�g�_�k�p�_�g�p�b�b �D�L �\ �k�f�_�k�b �g�_ �a�Z�\�b�k�b�l �h�l �d�h�g�p�_�g�l�j�Z�p�b�b �f�h�e�_�d�m�e �L�K�N�P �b �k�h�h�l�\�_�l�k�l�\�m�_�l 
�\�j�_�f�_�g�b �`�b�a�g�b �e�x�f�b�g�_�k�p�_�g�p�b�b �k�\�h�[�h�^�g�u�o �D�L. �W�l�h �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l �h �l�h�f, �q�l�h �l�m�r�_�g�b�_ 
�e�x�f�b�g�_�k�p�_�g�p�b�b �D�L �h�k�m�s�_�k�l�\�e�y�_�l�k�y �i�h �k�l�Z�l�b�q�_�k�d�h�f�m �f�_�o�Z�g�b�a�f�m �b �\ �k�f�_�k�b �e�x�f�b�g�_�k�p�b�j�m�x�l 
�l�h�e�v�d�h �k�\�h�[�h�^�g�u�_ �D�L, �Z �e�x�f�b�g�_�k�p�_�g�p�b�y �D�L, �k�\�y�a�Z�g�g�u�o �\ �d�h�f�i�e�_�d�k �k �L�K�N�P, �i�h�e�g�h�k�l�v�x 
�i�h�l�m�r�_�g�Z. �L.�_. �i�j�h�b�k�o�h�^�b�l �h�[�j�Z�a�h�\�Z�g�b�_ �d�h�f�i�e�_�d�k�h�\ �D�L/�L�K�N�P, �\ �d�h�l�h�j�u�o �h�k�m�s�_�k�l�\�e�y�_�l�k�y 
�i�_�j�_�g�h�k �w�g�_�j�]�b�b �i�h �f�_�o�Z�g�b�a�f�m FRET. �B�a�f�_�j�_�g�b�y �i�h�d�Z�a�Z�e�b, �q�l�h �w�n�n�_�d�l�b�\�g�h�k�l�v �i�_�j�_�g�h�k�Z 
�w�g�_�j�]�b�b �k �D�L �g�Z �f�h�e�_�d�m�e�u �L�K�N�P �\ �s�_�e�h�q�g�h�c �k�j�_�^�_ �k�h�k�l�Z�\�b�e�Z ~ 0.4, �Z �\ �k�e�Z�[�h�d�b�k�e�h�f 
�j�Z�k�l�\�h�j�_ ~ 0.15. 

�< �j�Z�[�h�l�_ �i�j�_�^�e�h�`�_�g�Z �f�h�^�_�e�v �d�h�f�i�e�_�d�k�h�h�[�j�Z�a�h�\�Z�g�b�y �f�_�`�^�m �h�^�g�h�b�f�_�g�g�h �a�Z�j�y�`�_�g�g�u�f�b 
�D�L �b �h�j�]�Z�g�b�q�_�k�d�b�f�b �f�h�e�_�d�m�e�Z�f�b. �:�g�Z�e�b�a �a�Z�\�b�k�b�f�h�k�l�b �b�g�l�_�g�k�b�\�g�h�k�l�b �e�x�f�b�g�_�k�p�_�g�p�b�b �D�L �h�l 
�d�h�g�p�_�g�l�j�Z�p�b�b �f�h�e�_�d�m�e �L�K�N�P �\ �k�f�_�k�b �i�h�d�Z�a�Z�e �o�h�j�h�r�_�_ �d�Z�q�_�k�l�\�_�g�g�h�_ �k�h�h�l�\�_�l�k�l�\�b�_ �f�_�`�^�m 
�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�f�b �^�Z�g�g�u�f�b �b �f�h�^�_�e�v�x. 

�I�h�e�m�q�_�g�g�u�_ �\ �j�Z�[�h�l�_ �^�Z�g�g�u�_ �k�\�b�^�_�l�_�e�v�k�l�\�m�x�l �h�[ �h�[�j�Z�a�h�\�Z�g�b�b �d�h�f�i�e�_�d�k�h�\ �D�L/�L�K�N�P �b 
�h �g�Z�e�b�q�b�b �i�_�j�_�g�h�k�Z �w�g�_�j�]�b�b �i�h �f�_�o�Z�g�b�a�f�m FRET. �W�n�n�_�d�l�b�\�g�h�k�l�v �w�l�h�]�h �i�_�j�_�g�h�k�Z �[�u�e�Z 
�h�p�_�g�_�g�Z �d�Z�d 40% �\ �s�_�e�h�q�g�h�f �j�Z�k�l�\�h�j�_. �W�l�h �^�_�e�Z�_�l �l�Z�d�m�x �k�b�k�l�_�f�m �i�h�l�_�g�p�b�Z�e�v�g�h 
�i�_�j�k�i�_�d�l�b�\�g�h�c �^�e�y �b�k�i�h�e�v�a�h�\�Z�g�b�y �\ �N�>�L. �I�j�_�b�f�m�s�_�k�l�\�h �d�h�f�i�e�_�d�k�h�\ �b�a �h�^�g�h�b�f�_�g�g�h 
�a�Z�j�y�`�_�g�g�u�o �D�L �b �f�h�e�_�d�m�e, �i�h �k�j�Z�\�g�_�g�b�x �k �d�h�f�i�e�_�d�k�Z�f�b �b�a �j�Z�a�g�h�b�f�_�g�g�h �a�Z�j�y�`�_�g�g�u�o �q�Z�k�l�b�p, 
�a�Z�d�e�x�q�Z�_�l�k�y �\ �l�h�f, �q�l�h �\ �g�b�o �h�l�k�m�l�k�l�\�m�_�l �k�d�h�e�v�d�h-�g�b�[�m�^�v �a�Z�f�_�l�g�h�_ �l�m�r�_�g�b�_ �e�x�f�b�g�_�k�p�_�g�p�b�b 
�Z�d�p�_�i�l�h�j�Z. �I�h�w�l�h�f�m �\ �g�b�o �k�l�Z�g�h�\�b�l�k�y �m�^�h�[�g�h �b�k�k�e�_�^�h�\�Z�l�v �f�_�o�Z�g�b�a�f�u �^�_�a�Z�d�l�b�\�Z�p�b�b 
�e�x�f�b�g�_�k�p�_�g�p�b�b �^�h�g�h�j�Z, �d�h�g�d�m�j�b�j�m�x�s�b�_ �k �i�_�j�_�g�h�k�h�f �w�g�_�j�]�b�b, �b �h�p�_�g�b�\�Z�l�v �\�d�e�Z�^ �w�l�b�o 
�i�j�h�p�_�k�k�h�\ �\ �h�[�s�_�_ �l�m�r�_�g�b�_ �e�x�f�b�g�_�k�p�_�g�p�b�b �^�h�g�h�j�Z. �< �o�h�^�_ �^�Z�e�v�g�_�c�r�b�o �w�d�k�i�_�j�b�f�_�g�l�h�\ 
�i�e�Z�g�b�j�m�_�l�k�y �i�j�h�b�a�\�_�k�l�b �b�k�k�e�_�^�h�\�Z�g�b�y �n�h�l�h�n�b�a�b�q�_�k�d�b�o �k�\�h�c�k�l�\  �d�h�f�i�e�_�d�k�h�\ �D�L/�L�K�N�P �\ 
�i�e�Z�a�f�_ �d�j�h�\�b.  

 
�E�b�l�_�j�Z�l�m�j�Z 

1. Schmelz O., Mews A., Basche T., Herrmann A., Müllen K. // Langumir, Am. Chem. Soc. 
2001. – V 17. – P. 2861. 

2. Kowerko D., Krause S., Amecke N., Abdel-Mottaleb M., Schuster J., von Borczyskowski Ch.// 
Int. J. Mol. Sci. 2009. – V. 10. – P. 5239. 

3. Callan J.F., Mulrooney R.C., Kamila S., Mc Caughan B.// J. Fluoresc. – 2008. – V.18. – P.527. 
 
 










































































	МИНИСТЕРСТВО ОБРАЗОВАНИЯ И НАУКИ РОССИЙСКОЙ ФЕДЕРАЦИИ

