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�<�\�_�^�_�g�b�_ 

 

      �J�_�r�_�g�b�_ �j�Z�a�e�b�q�g�u�o �a�Z�^�Z�q �^�h�k�l�Z�l�h�q�g�h �q�Z�k�l�h �i�j�b�\�h�^�b�l �d �b�k�k�e�_�^�h�\�Z�g�b�x 

�^�b�n�n�_�j�_�g�p�b�Z�e�v�g�u�o �m�j�Z�\�g�_�g�b�c [5,39,42,43], �b�f�_�x�s�b�o �\�b� ̂

                                             �� �� �� ��, ,z f t z F t z�H�  � ��� ,                                             (1) 

� � � �(0,1)
( , )�]�^�_ , ; ;  1 �f�Z�e�u�c �i�Z�j�Z�f�_�l�j,n
t zf F C D D �H� • � •� �� \ � �  �n�h�j�f�Z�e�b�a�m�x�s�b�c �l�h�l 

�n�Z�d�l, �q�l�h �k�h�h�l�\�_�l�k�l�\�m�x�s�_�_ �k�e�Z�]�Z�_�f�h�_ �\ �i�j�Z�\�h�c �q�Z�k�l�b �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c 

�\�h�a�f�m�s�_�g�b�_. �K�b�k�l�_�f�Z, �i�h�e�m�q�Z�x�s�Z�y�k�y �i�j�b 0�H�  �g�Z�a�u�\�Z�_�l�k�y �i�h�j�h�`�^�Z�x�s�_�c �b�e�b 

�\�u�j�h�`�^�_�g�g�h�c. �I�j�_�^�i�h�e�Z�]�Z�_�l�k�y, �q�l�h �_�_ �l�h�q�g�h�_ �j�_�r�_�g�b�_  �� ��,z g t x� , �]�^�_ �o – 

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

�\�h�a�f�m�s�_�g�b�y ( 0�H�z ) �f�h�`�_�l �d�Z�q�_�k�l�\�_�g�g�h �b�a�f�_�g�b�l�v �i�h�\�_�^�_�g�b�_ �k�b�k�l�_�f�u, �q�l�h �b 

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

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

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

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

[9,26,27,36,37]. �G�_ �\�^�Z�\�Z�y�k�v �\ �^�_�l�Z�e�b, �d�h�l�h�j�u�_ �f�h�`�g�h �m�l�h�q�g�b�l�v �\ �p�b�l�b�j�h�\�Z�g�g�h�c 

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

�k�e�_�^�m�x�s�_�f.  

      �<�g�Z�q�Z�e�_ �k�b�k�l�_�f�Z �i�j�b�\�h�^�b�l�k�y �d �k�l�Z�g�^�Z�j�l�g�h�f�m �\�b�^�m 
                                                     �� ��, ,x X t x�H �H� ��                                                     (2) 

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

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

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

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

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

�i�j�b�[�e�b�`�_�g�b�y �f�_�l�h�^�Z �h�k�j�_�^�g�_�g�b�y, �k�l�Z�\�b�l�k�y �l�Z �`�_ �a�Z�^�Z�q�Z �D�h�r�b, �q�l�h �b �^�e�y �l�h�q�g�h�c 

�k�b�k�l�_�f�u (2). �J�_�r�_�g�b�_ �w�l�h�c �a�Z�^�Z�q�b �D�h�r�b �i�h�a�\�h�e�y�_�l �i�h�e�m�q�b�l�v �n�m�g�d�p�b�x x(t), 

�y�\�e�y�x�s�m�x�k�y �i�j�b�[�e�b�`�_�g�g�u�f �j�_�r�_�g�b�_�f (2). �?�_ �i�h�^�k�l�Z�g�h�\�d�Z �\ �j�_�r�_�g�b�_ 

�i�h�j�h�`�^�Z�x�s�_�c �k�b�k�l�_�f�u  �\�f�_�k�l�h �i�h�k�l�h�y�g�g�u�o �b�g�l�_�]�j�b�j�h�\�Z�g�b�y �^�Z�_�l 

�i�j�b�[�e�b�`�_�g�g�h�_ �j�_�r�_�g�b�_ �b�k�o�h�^�g�h�c �k�b�k�l�_�f�u (1). �;�e�b�a�h�k�l�v �i�j�b�[�e�b�`�_�g�g�h�]�h 

�j�_�r�_�g�b�y �d �l�h�q�g�h�f�m �h�i�j�_�^�_�e�y�_�l�k�y �k�\�h�c�k�l�\�Z�f�b �i�j�Z�\�h�c �q�Z�k�l�b �k�b�k�l�_�f�u (2) �b 

�d�h�g�k�l�j�m�d�l�b�\�g�h �h�p�_�g�b�\�Z�_�l�k�y �i�j�b �i�h�f�h�s�b �l�_�h�j�_�f�u �G.�G. �;�h�]�h�e�x�[�h�\�Z [9,26]. 

( , )g t x

      �;�h�e�v�r�b�g�k�l�\�h �b�a�\�_�k�l�g�u�o �f�_�l�h�^�h�\ �l�_�h�j�b�b �\�h�a�f�m�s�_�g�b�c �l�Z�d�`�_ �h�k�g�h�\�Z�g�u �g�Z 

�b�^�_�_ �h�k�j�_�^�g�_�g�b�y, �e�b�[�h �k�i�_�p�b�Z�e�v�g�h �i�j�b�k�i�h�k�h�[�e�_�g�u �^�e�y �j�_�r�_�g�b�y �k�b�k�l�_�f 

�h�i�j�_�^�_�e�_�g�g�h�]�h �\�b�^�Z [26]. �H�^�g�Z�d�h �\ �e�x�[�h�f �k�e�m�q�Z�_, �d�Z�d �b �i�j�b �b�k�i�h�e�v�a�h�\�Z�g�b�b 

�f�_�l�h�^�Z �h�k�j�_�^�g�_�g�b�y,  �i�j�b�f�_�g�y�_�l�k�y �h�i�j�_�^�_�e�_�g�g�u�c �Z�e�]�h�j�b�l�f, �a�Z�f�_�g�y�x�s�b�c 

�b�k�o�h�^�g�m�x �k�b�k�l�_�f�m �g�Z �[�h�e�_�_ �i�j�h�k�l�m�x �i�j�b�[�e�b�`�_�g�g�m�x �k�b�k�l�_�f�m, �i�h �h�l�g�h�r�_�g�b�x �d 

�d�h�l�h�j�h�c �k�l�Z�\�y�l�k�y �l�_ �`�_ �a�Z�^�Z�q�b. 

      �K�i�h�k�h�[ �b�k�k�e�_�^�h�\�Z�g�b�y �a�Z�^�Z�q, �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o �\ �q�Z�k�l�y�o 1-3 �^�Z�g�g�h�c 

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

�i�h�f�h�s�v�x �l�j�Z�^�b�p�b�h�g�g�u�o �Z�k�b�f�i�l�h�l�b�q�_�k�d�b�o �f�_�l�h�^�h�\. �H�l�e�b�q�Z�x�l�k�y �h�l 

�l�j�Z�^�b�p�b�h�g�g�u�o �b �k�Z�f�b �i�h�k�l�Z�g�h�\�d�b �a�Z�^�Z�q. �G�b�`�_ �i�j�b�\�h�^�b�l�k�y �d�j�Z�l�d�Z�y �b�k�l�h�j�b�y 

�\�h�a�g�b�d�g�h�\�_�g�b�y �w�l�b�o �a�Z�^�Z�q �b �h�i�b�k�Z�g�b�_ �i�h�^�o�h�^�Z �d �b�o �j�_�r�_�g�b�x.   

 

      �?�s�_ �\ 1890 �]�h�^�m �;�j�Z�c�Z�g [51], �b�k�k�e�_�^�m�y �^�b�g�Z�f�b�d�m �k�l�h�y�q�b�o �\�h�e�g �\ �m�i�j�m�]�h�f �b 

�g�_�j�Z�k�l�y�`�b�f�h�f �d�h�e�v�p�_, �\�j�Z�s�Z�x�s�_�f�k�y c �i�h�k�l�h�y�g�g�h�c �m�]�e�h�\�h�c �k�d�h�j�h�k�l�v�x, �i�j�b�r�_�e 

�d �h�l�d�j�u�l�b�x �k�e�_�^�m�x�s�_�]�h �w�n�n�_�d�l�Z. 

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

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

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

� � � � 2

2
1

t t
k

�M �Z�  � �
��

 

�]�^�_ k – �g�h�f�_�j �f�h�^�u �k�l�h�y�q�_�c �\�h�e�g�u, t - �\�j�_�f�y. �I�j�b�f�_�q�Z�l�_�e�v�g�h, �q�l�h �m�]�h�e �i�h�\�h�j�h�l�Z 

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

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

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

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

�m�]�e�h�\�m�x �k�d�h�j�h�k�l�v �� ��t�Z  �[�m�^�_�l �g�Z�[�e�x�^�Z�l�v�k�y �i�h�\�h�j�h�l �k�l�h�y�q�_�c �\�h�e�g�u �g�Z �m�]�h�e, 

�h�i�j�_�^�_�e�y�_�f�u�c �i�h �n�h�j�f�m�e�_ 

                                           � � � � � � � �2

2
1

t
k

� M�  � �
�� �³ t dt� Z.                                              (3) 

      �W�l�h �k�h�h�l�g�h�r�_�g�b�_, �i�h-�\�b�^�b�f�h�f�m, �\�i�_�j�\�u�_ �[�u�e�h �m�k�l�Z�g�h�\�e�_�g�h 

�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h �Z�\�l�h�j�Z�f�b �i�Z�l�_�g�l�Z “Vibratory rotation gyro”. �L�_�h�j�_�l�b�q�_�k�d�b 

�k�e�m�q�Z�c �i�_�j�_�f�_�g�g�h�c �m�]�e�h�\�h�c �k�d�h�j�h�k�l�b �[�u�e �b�a�m�q�_�g �<.�N. �@�m�j�Z�\�e�_�\�u�f [27]. �;�u�e�h 

�i�h�d�Z�a�Z�g�h, �q�l�h �n�h�j�f�m�e�Z (3) �k�e�_�^�m�_�l �b�a �m�j�Z�\�g�_�g�b�y �d�h�e�_�[�Z�g�b�c �m�i�j�m�]�h�]�h �d�h�e�v�p�Z �\ 

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

�^�b�n�n�_�j�_�g�p�b�j�h�\�Z�l�v. �>�\�m�d�j�Z�l�g�h�_ �^�b�n�n�_�j�_�g�p�b�j�h�\�Z�g�b�_, �h�q�_�\�b�^�g�h, �i�j�b�\�h�^�b�l �d 

�j�_�a�m�e�v�l�Z�l�m 

2

2
1k

�M �Z� 
��

���� ���� 

�H�l�k�x�^�Z �k�e�_�^�m�_�l, �q�l�h �f�h�f�_�g�l �\�g�_�r�g�b�o �k�b�e, �\�u�a�u�\�Z�x�s�b�c �m�]�e�h�\�h�_ �m�k�d�h�j�_�g�b�_ 

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

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

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

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

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

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

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

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

�h�[�h�e�h�q�d�b, �e�b�[�h �k�i�_�p�b�Z�e�v�g�u�_ �k�l�_�j�`�g�_�\�u�_ �d�h�g�k�l�j�m�d�p�b�b, �k�l�j�m�g�u �b �\�h�h�[�s�_ 

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

�h�a�g�Z�d�h�f�b�l�v�k�y �i�h �f�Z�l�_�j�b�Z�e�Z�f [16,21,25,27,52,54,55,59,60,62-64]. �G�Z�b�[�h�e�v�r�_�_ 

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

�i�h�e�m�k�n�_�j�b�q�_�k�d�b�_ �j�_�a�h�g�Z�l�h�j�u.   

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

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

�b�g�_�j�p�b�Z�e�v�g�u�o �k�b�k�l�_�f �g�Z�\�b�]�Z�p�b�b [2,10,14,29,30]. �W�l�b �^�Z�l�q�b�d�b �g�h�k�y�l �g�Z�a�\�Z�g�b�_ 

�\�h�e�g�h�\�u�o �l�\�_�j�^�h�l�_�e�v�g�u�o �]�b�j�h�k�d�h�i�h�\, �e�b�[�h �\�b�[�j�Z�p�b�h�g�g�u�o �]�b�j�h�k�d�h�i�h�\. 

�I�h�^�j�h�[�g�_�_ �h �g�b�o �l�Z�d�`�_ �f�h�`�g�h �i�j�h�q�b�l�Z�l�v �\ �j�Z�[�h�l�Z�o  

[16,21,25,27,52,54,55,59,60,62-64]. 

      �<�i�_�j�\�u�_ �i�j�Z�d�l�b�q�_�k�d�b�_ �j�Z�a�j�Z�[�h�l�d�b �l�Z�d�b�o �]�b�j�h�k�d�h�i�h�\ �g�Z�q�Z�e�b�k�v �\ �K�R�: �\ 

�g�Z�q�Z�e�_ 60-�o �]�h�^�h�\. �G�Z�q�b�g�Z�y �k �w�l�h�]�h �\�j�_�f�_�g�b �\ �K�R�:, �<�_�e�b�d�h�[�j�b�l�Z�g�b�b (�n�b�j�f�Z 

Marconi) �b �K�K�K�J �i�h�e�m�q�_�g�h �[�h�e�v�r�h�_ �d�h�e�b�q�_�k�l�\�h �i�Z�l�_�g�l�h�\, �k�h�^�_�j�`�Z�s�b�o 

�i�j�_�^�e�h�`�_�g�b�y �h �k�h�\�_�j�r�_�g�k�l�\�h�\�Z�g�b�b �d�h�g�k�l�j�m�d�p�b�b �^�Z�l�q�b�d�h�\. �H�^�g�Z�d�h �h�l�k�m�l�k�l�\�b�_ 

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

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

�i�h�y�\�e�_�g�b�y �i�m�[�e�b�d�Z�p�b�b [62], �]�^�_ �[�u�e�b �\�i�_�j�\�u�_ �q�_�l�d�h �k�n�h�j�f�m�e�b�j�h�\�Z�g�u 

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

�f�_�g�y�_�l�k�y. �N�b�j�f�Z Delco �k�l�Z�g�h�\�b�l�k�y �e�b�^�_�j�h�f �\ �w�l�h�c �h�l�j�Z�k�e�b �i�j�b�[�h�j�h�k�l�j�h�_�g�b�y. 

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

�b �\ �g�Z�r�_�c �k�l�j�Z�g�_. �K�j�_�^�b �h�l�_�q�_�k�l�\�_�g�g�u�o �h�j�]�Z�g�b�a�Z�p�b�c �g�Z�b�[�h�e�_�_ �m�k�i�_�r�g�u�_ 

�j�Z�a�j�Z�[�h�l�d�b �\�_�e�b�k�v  �\ �J�I�D�;, �F�B�W�: �b �G�B�B�W�F. �L�_�h�j�_�l�b�q�_�k�d�h�_ �h�[�_�k�i�_�q�_�g�b�_ 

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

�j�Z�a�e�b�q�g�u�_ �d�e�Z�k�k�u �l�h�q�g�h�k�l�b. �G�Z �[�Z�a�_ �w�l�b�o �q�m�\�k�l�\�b�l�_�e�v�g�u�o �w�e�_�f�_�g�l�h�\  

�j�_�Z�e�b�a�h�\�Z�g�u �j�Z�[�h�l�Z�x�s�b�_ �k�b�k�l�_�f�u �g�Z�\�b�]�Z�p�b�b, �m�^�h�\�e�_�l�\�h�j�y�x�s�b�_ �\�k�_�f 

�l�_�o�g�b�q�_�k�d�b�f �l�j�_�[�h�\�Z�g�b�y�f. �< �d�Z�q�_�k�l�\�_ �i�j�b�f�_�j�h�\ �f�h�`�g�h �i�j�b�\�_�k�l�b �k�_�f�_�c�k�l�\�h 

�k�b�k�l�_�f �l�b�i�Z Carousel �n�b�j�f�u Delco, �b�f�_�x�s�b�o �^�h�k�l�Z�l�h�q�g�h �\�u�k�h�d�b�c �d�e�Z�k�k 

�l�h�q�g�h�k�l�b. �K�b�k�l�_�f�Z �g�Z�\�b�]�Z�p�b�b �n�b�j�f�u Delco, �h�k�g�h�\�Z�g�g�Z�y �g�Z �\�h�e�g�h�\�h�f 

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

�g�_�^�Z�\�g�_�c �f�b�k�k�b�b «�=�x�c�]�_�g�k-�D�Z�k�k�b�g�b» �d �k�i�m�l�g�b�d�m �K�Z�l�m�j�g�Z �L�b�l�Z�g. �W�d�k�i�_�j�b�f�_�g�l 

�^�e�b�e�k�y �h�d�h�e�h �\�h�k�v�f�b �e�_�l (�k 1997 �].). �< �j�_�a�m�e�v�l�Z�l�_ �[�u�e�b �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h 

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

�L�b�l�Z�g�Z. 

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

�k�b�k�l�_�f, �h�k�g�h�\�Z�g�g�u�o �g�Z �\�h�e�g�h�\�u�o �l�\�_�j�^�h�l�_�e�v�g�u�o �]�b�j�h�k�d�h�i�Z�o �\�u�k�h�d�h�]�h �b 

�k�j�_�^�g�_�]�h �d�e�Z�k�k�h�\ �l�h�q�g�h�k�l�b, �g�Z �[�h�e�v�r�b�g�k�l�\�_ �n�b�j�f �i�j�b�h�k�l�Z�g�h�\�e�_�g�u. �L�_�f �g�_ 

�f�_�g�_�_, �b�k�k�e�_�^�h�\�Z�g�b�y �g�_ �i�j�_�d�j�Z�s�_�g�u �i�h�e�g�h�k�l�v�x. �G�Z�i�j�b�f�_�j, �\ �J�I�D�; �\�_�^�_�l�k�y 

�j�Z�a�j�Z�[�h�l�d�Z �[�_�k�i�e�Z�l�n�h�j�f�_�g�g�h�c �g�Z�\�b�]�Z�p�b�h�g�g�h�c �k�b�k�l�_�f�u �;�B�G�K-�L�<�=, �k�h�a�^�Z�g 

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

�g�Z�\�b�]�Z�p�b�b: �i�h�j�y�^�d�Z 8 �d�f/�q �i�h �k�d�h�j�h�k�l�y�f �b 13 �d�f �i�h �d�h�h�j�^�b�g�Z�l�Z�f �a�Z �q�Z�k �j�Z�[�h�l�u 

[16]. 

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

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

�b�g�n�h�j�f�Z�p�b�b. �B�a�]�h�l�h�\�e�_�g�b�_ �\�u�k�h�d�h�d�Z�q�_�k�l�\�_�g�g�u�o �j�_�a�h�g�Z�l�h�j�h�\ �k�h�i�j�y�`�_�g�h �k�h 

�a�g�Z�q�b�l�_�e�v�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�k�g�h�\�g�u�f�b �b�a �g�b�o �y�\�e�y�x�l�k�y: 

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

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

�j�_�a�h�g�Z�l�h�j�Z �b �h�d�j�m�`�Z�x�s�b�o �_�]�h �w�e�_�f�_�g�l�h�\ �b �l.� .̂ �D�j�h�f�_ �w�l�b�o, �b�f�_�_�l�k�y �f�g�h�`�_�k�l�\�h 

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

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

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

�]�b�j�h�k�d�h�i�h�\ �n�Z�d�l�b�q�_�k�d�b �g�_�l. �L�_�h�j�_�l�b�q�_�k�d�b�_ �j�_�a�m�e�v�l�Z�l�u �b �h�i�u�l �j�Z�a�j�Z�[�h�l�d�b 

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

�D �g�_�k�h�f�g�_�g�g�u�f �^�h�k�l�h�b�g�k�l�\�Z�f �w�l�b�o �i�j�b�[�h�j�h�\ �f�h�`�g�h �h�l�g�_�k�l�b �l�Z�d�b�_ �d�Z�q�_�k�l�\�Z, 

�d�Z�d �f�Z�e�h�_ �w�g�_�j�]�h�i�h�l�j�_�[�e�_�g�b�_, �f�Z�e�u�_ �]�Z�[�Z�j�b�l�u, �h�l�g�h�k�b�l�_�e�v�g�h �g�_�\�u�k�h�d�Z�y 

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

�d�e�Z�k�k�Z �l�h�q�g�h�k�l�b) �b �l�Z�d�h�_ �i�j�b�f�_�q�Z�l�_�e�v�g�h�_ �k�\�h�c�k�l�\�h, �d�Z�d �k�h�o�j�Z�g�_�g�b�_ 

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

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

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

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

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

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

�g�_�f�_�^�e�_�g�g�h �l�_�j�y�x�l �b�g�n�h�j�f�Z�p�b�x.  

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

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

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

�i�_�j�k�i�_�d�l�b�\�g�u�f. �I�j�b�f�_�g�_�g�b�_ �b�g�u�o �l�b�i�h�\ �]�b�j�h�k�d�h�i�h�\ �i�j�b �m�f�_�g�v�r�_�g�b�b 

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

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

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

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

      �L�Z�d�h�\�Z �d�j�Z�l�d�Z�y �b�k�l�h�j�b�y �b �i�_�j�k�i�_�d�l�b�\�u �j�Z�a�\�b�l�b�y �]�b�j�h�k�d�h�i�b�q�_�k�d�b�o 

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

 

      �A�Z�^�Z�q�b, �j�Z�k�k�f�h�l�j�_�g�g�u�_ �\ �q�Z�k�l�y�o 1,3 �g�Z�k�l�h�y�s�_�c �j�Z�[�h�l�u, �\�h�a�g�b�d�e�b �b�a �l�_�h�j�b�b 

�\�u�r�_�h�i�b�k�Z�g�g�u�o �m�k�l�j�h�c�k�l�\ �b �i�h �k�m�s�_�k�l�\�m �i�j�_�^�k�l�Z�\�e�y�x�l �k�h�[�h�c �i�j�h�^�h�e�`�_�g�b�_ 

�b�k�k�e�_�^�h�\�Z�g�b�c, �h�i�m�[�e�b�d�h�\�Z�g�g�u�o �\ [17]. �< �q�Z�k�l�b 2 �b�k�k�e�_�^�m�_�l�k�y �\�h�i�j�h�k �h 
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�i�h�k�l�j�h�_�g�b�b �;�B�G�K �g�Z �h�k�g�h�\�_ �^�\�m�o �b�a�h�l�j�h�i�g�u�o �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�o 

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

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

      �H�k�g�h�\�g�u�f �h�[�t�_�d�l�h�f �b�k�k�e�_�^�h�\�Z�g�b�c �y�\�e�y�x�l�k�y �k�b�k�l�_�f�u �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 [5,39,42,43], �d�h�l�h�j�u�_ �e�b�g�_�c�g�u�f 

�g�_�\�u�j�h�`�^�_�g�g�u�f �i�j�_�h�[�j�Z�a�h�\�Z�g�b�_�f �i�j�b�\�h�^�y�l�k�y �d �\�b�^�m 

�� �� 2 2
1, , , , diag ,...,n

nq q Q q q t q�H � Z � Z� � � / �  � • � / �  ���� �� �\  

 �]�^�_ �H - �f�Z�e�u�c �i�Z�j�Z�f�_�l�j, �Z �q�Z�k�l�h�l�u �i�h�^�q�b�g�_�g�u �j�_�a�h�g�Z�g�k�g�h�f�m �k�h�h�l�g�h�r�_�g�b�x 

1 1: ... : : ... : ,n nm m mi�Z �Z �  �]� •

m

. �L�Z�d�Z�y �k�b�l�m�Z�p�b�y �g�Z�a�u�\�Z�_�l�k�y �j�_�a�h�g�Z�g�k�h�f �l�b�i�Z 

. �>�e�y �Z�g�Z�e�b�a�Z �m�j�Z�\�g�_�g�b�c �i�j�b�f�_�g�y�x�l�k�y �d�Z�d �k�l�Z�g�^�Z�j�l�g�u�_ �f�_�l�h�^�u 

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

�i�h�g�y�l�b�y �l�_�h�j�b�b �]�j�m�i�i �E�b,  �l�Z�d  �b  �g�h�\�u�c  �i�h�^�o�h�^, �\�i�_�j�\�u�_ �i�j�_�^�e�h�`�_�g�g�u�c �\ [17] 

�b �h�i�b�k�Z�g�g�u�c �^�Z�e�_�_.  

1 : ... : nm

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

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

�a�Z�^�Z�g�g�h�c �n�h�j�f�u �h�i�b�j�Z�_�l�k�y �g�Z �n�Z�d�l�u, �b�a�\�_�k�l�g�u�_ �b�a �f�Z�l�_�f�Z�l�b�q�_�k�d�h�c �l�_�h�j�b�b 

�m�k�l�h�c�q�b�\�h�k�l�b [11,15,19,33,34,45,50].       

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

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

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

�Z�e�]�_�[�j�u [6,12,44].  

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

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

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

�j�_�a�h�g�Z�l�h�j�Z�o, �i�j�b�\�_�e�h �d �i�h�k�l�Z�g�h�\�d�Z�f �g�h�\�u�o �a�Z�^�Z�q, �g�_ �j�_�r�Z�_�f�u�o �d�e�Z�k�k�b�q�_�k�d�b�f�b 

�f�_�l�h�^�Z�f�b �l�_�h�j�b�b �\�h�a�f�m�s�_�g�b�c �b �l�_�h�j�b�b  �m�i�j�Z�\�e�_�g�b�y. �B�o �j�_�r�_�g�b�_ �b 

�i�h�l�j�_�[�h�\�Z�e�h �k�h�a�^�Z�g�b�y �g�h�\�h�]�h �f�_�l�h�^�Z �\ �l�_�h�j�b�b �g�_�e�b�g�_�c�g�u�o �d�h�e�_�[�Z�g�b�c.  
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      �H�g �[�u�e �j�Z�a�j�Z�[�h�l�Z�g �<.�N. �@�m�j�Z�\�e�_�\�u�f �b �h�i�m�[�e�b�d�h�\�Z�g �\ [17]. �< �w�l�h�c �j�Z�[�h�l�_ 

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

�j�_�a�h�g�Z�g�k�g�u�o �k�b�k�l�_�f. �G�b�`�_ �i�_�j�_�q�b�k�e�_�g�u �h�k�g�h�\�g�u�_ �b�^�_�b �w�l�h�]�h �i�h�^�o�h�^�Z.   

      �< �j�Z�[�h�l�_ [17] �i�h�d�Z�a�Z�g�h, �q�l�h �d�Z�`�^�h�c �n�h�j�f�_ �d�h�e�_�[�Z�g�b�c �i�h�j�h�`�^�Z�x�s�_�c 

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

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

�i�h�k�l�h�y�g�g�u�o �b�g�l�_�]�j�b�j�h�\�Z�g�b�y. �>�Z�g�Z �d�e�Z�k�k�b�n�b�d�Z�p�b�y �w�\�h�e�x�p�b�c �n�h�j�f�u �d�h�e�_�[�Z�g�b�c 

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

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

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

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

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

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

�\�h�a�f�m�s�_�g�b�y�o �^�e�y �j�_�a�h�g�Z�g�k�h�\ �l�b�i�Z 1:1 �b 1:1:1. �?�_ �a�g�Z�q�b�f�h�k�l�v �k�\�y�a�Z�g�Z �k 

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

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

�k�l�Z�[�b�e�b�a�b�j�m�x�s�_�c �_�_ �h�[�j�Z�l�g�h�c �k�\�y�a�b. �I�j�y�f�h�e�b�g�_�c�g�Z�y �n�h�j�f�Z �\�u�[�b�j�Z�_�l�k�y �b�a 

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

�d�\�Z�^�j�Z�l�m�j�_ (�i�e�h�s�Z�^�b �w�e�e�b�i�k�Z, �i�j�_�^�k�l�Z�\�e�y�x�s�_�]�h �k�h�[�h�c �n�h�j�f�m �d�h�e�_�[�Z�g�b�c 

�i�h�j�h�`�^�Z�x�s�_�c �k�b�k�l�_�f�u �b �k�i�h�k�h�[�g�h�]�h �\�u�j�h�`�^�Z�l�v�k�y �\ �i�j�y�f�m�x).   

      �< �q�Z�k�l�b 1 �^�Z�g�g�h�c �j�Z�[�h�l�u �i�j�_�^�i�j�b�g�b�f�Z�_�l�k�y �i�h�i�u�l�d�Z �h�[�h�[�s�_�g�b�y �f�_�l�h�^�Z [17] 

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

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

�i�j�_�^�e�h�`�_�g�g�u�_ �\ [17], �i�m�l�_�f �n�h�j�f�Z�e�v�g�h�]�h «�d�h�i�b�j�h�\�Z�g�b�y» �i�j�b�f�_�g�b�l�v �g�_ 

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

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

�m�i�j�h�k�l�b�l�v  �]�_�h�f�_�l�j�b�q�_�k�d�m�x �q�Z�k�l�v �a�Z�^�Z�q�b. �I�j�h�[�e�_�f�Z �k�l�Z�[�b�e�b�a�Z�p�b�b �n�h�j�f�u �l�Z�d�`�_ 

�m�i�j�h�s�Z�_�l�k�y, �h�^�g�Z�d�h �i�j�_�^�e�h�`�_�g�g�h�_ �m�i�j�Z�\�e�_�g�b�_ �b�f�_�_�l �k�m�s�_�k�l�\�_�g�g�u�c 

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

�h�k�h�[�_�g�g�h�k�l�y�f�b.  �K�j�Z�\�g�_�g�b�_ �m�i�j�Z�\�e�_�g�b�c, �\�a�y�l�u�o �b�a �k�l�Z�l�v�b [17] �b �i�h�e�m�q�_�g�g�u�o �\ 

�^�Z�g�g�h�c �j�Z�[�h�l�_ �i�j�h�\�h�^�b�l�k�y �\ �h�^�g�h�f �b�a �j�Z�a�^�_�e�h�\ �q�Z�k�l�b 1. 

      �H�q�_�g�v �b�g�l�_�j�_�k�g�u�f �n�Z�d�l�h�f, �\�i�_�j�\�u�_ �m�k�l�Z�g�h�\�e�_�g�g�u�f �\ [18], �y�\�e�y�_�l�k�y 

�i�j�b�g�p�b�i�b�Z�e�v�g�Z�y �\�h�a�f�h�`�g�h�k�l�v �i�h�k�l�j�h�_�g�b�y �i�h�e�g�h�k�l�v�x �Z�\�l�h�g�h�f�g�h�c 

�[�_�k�i�e�Z�l�n�h�j�f�_�g�g�h�c �b�g�_�j�p�b�Z�e�v�g�h�c �g�Z�\�b�]�Z�p�b�h�g�g�h�c �k�b�k�l�_�f�u �g�Z �h�k�g�h�\�_ 

�_�^�b�g�k�l�\�_�g�g�h�]�h �b�a�h�l�j�h�i�g�h�]�h �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�]�h �h�k�p�b�e�e�y�l�h�j�Z. �L�_�h�j�b�y �l�Z�d�h�c 

�k�b�k�l�_�f�u �i�h�k�l�j�h�_�g�Z �\ [18] �b �h�k�g�h�\�Z�g�Z �g�Z �l�_�o �`�_ �h�[�s�b�o �i�j�b�g�p�b�i�Z�o, �q�l�h �b  �j�Z�[�h�l�Z 

[17].  

      �< �q�Z�k�l�b 2 �^�b�k�k�_�j�l�Z�p�b�b �j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y �m�i�j�h�s�_�g�g�Z�y �a�Z�^�Z�q�Z [47], �d�h�]�^�Z 

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

�d �i�h�l�_�j�_ �b�g�n�h�j�f�Z�p�b�b �h�[ �h�j�b�_�g�l�Z�p�b�b �h�l�g�h�k�b�l�_�e�v�g�h �h�k�b, �h�j�l�h�]�h�g�Z�e�v�g�h�c 

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

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

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

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

�i�e�h�k�d�h�k�l�b, �h�j�l�h�]�h�g�Z�e�v�g�h�c �i�e�h�k�d�h�k�l�b �d�h�e�_�[�Z�g�b�c �i�_�j�\�h�]�h �^�Z�l�q�b�d�Z.   

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

�h�k�j�_�^�g�_�g�b�y �\ �i�_�j�\�h�f �i�j�b�[�e�b�`�_�g�b�b. �D�Z�d �i�h�d�Z�a�u�\�Z�_�l �i�j�Z�d�l�b�d�Z [54,55,60], 

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

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

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

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

�\�u�k�r�b�o �i�j�b�[�e�b�`�_�g�b�c. �< �q�Z�k�l�b 3 �i�j�b �i�h�f�h�s�b �f�_�l�h�^�Z �h�k�j�_�^�g�_�g�b�y �\�h �\�l�h�j�h�f 

�i�j�b�[�e�b�`�_�g�b�b �b�k�k�e�_�^�m�_�l�k�y �h�[�j�Z�l�g�Z�y �k�\�y�a�v, �i�j�_�^�e�h�`�_�g�g�Z�y �\ [17]. �I�h�d�Z�a�Z�g�h, �q�l�h 

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

�w�l�h�]�h �m�i�j�Z�\�e�_�g�b�y. 

      �Q�Z�k�l�b 4 �b 5 �i�h�k�\�y�s�_�g�u �j�_�r�_�g�b�x �^�\�m�o �j�Z�a�e�b�q�g�u�o �a�Z�^�Z�q �f�_�l�h�^�h�f 

�b�g�\�Z�j�b�Z�g�l�g�h�c �g�h�j�f�Z�e�b�a�Z�p�b�b �]�Z�f�b�e�v�l�h�g�h�\�u�o �k�b�k�l�_�f, �j�Z�a�j�Z�[�h�l�Z�g�g�h�]�h               
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�<.�N. �@�m�j�Z�\�e�_�\�u�f [19,23,24] �b �y�\�e�y�x�s�_�]�h�k�y �h�^�g�b�f �b�a �Z�e�]�h�j�b�l�f�h�\ �i�h�k�l�j�h�_�g�b�y 

�g�h�j�f�Z�e�v�g�h�c �n�h�j�f�u �;�b�j�d�]�h�n�Z [6,17,21,22]. �H�k�g�h�\�g�Z�y �b�^�_�y �f�_�l�h�^�Z �b�g�\�Z�j�b�Z�g�l�g�h�c 

�g�h�j�f�Z�e�b�a�Z�p�b�b �b�a�e�h�`�_�g�Z �\ �j�Z�[�h�l�_ [17] �^�e�y �k�e�m�q�Z�y �Z�\�l�h�g�h�f�g�u�o �k�b�k�l�_�f. 

�H�[�h�[�s�_�g�b�_ �a�Z�^�Z�q�b �g�h�j�f�Z�e�b�a�Z�p�b�b �]�Z�f�b�e�v�l�h�g�b�Z�g�Z �g�Z �g�_�Z�\�l�h�g�h�f�g�u�_ �k�b�k�l�_�f�u �b �\ 

�[�h�e�_�_ �h�[�s�_�c �i�h�k�l�Z�g�h�\�d�_ �k�^�_�e�Z�g�h �\ [21].  

      �F�_�l�h�^ �b�g�\�Z�j�b�Z�g�l�g�h�c �g�h�j�f�Z�e�b�a�Z�p�b�b �h�[�e�Z�^�Z�_�l �j�y�^�h�f �a�g�Z�q�b�l�_�e�v�g�u�o 

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

�n�h�j�f�u �]�Z�f�b�e�v�l�h�g�b�Z�g�Z. �I�j�_�`�^�_ �\�k�_�]�h, �g�_�h�[�o�h�^�b�f�h �h�l�f�_�l�b�l�v �g�_�k�h�b�a�f�_�j�b�f�h 

�f�_�g�v�r�b�_ �\�u�q�b�k�e�b�l�_�e�v�g�u�_ �l�j�m�^�g�h�k�l�b �i�h �k�j�Z�\�g�_�g�b�x �k �^�j�m�]�b�f�b �Z�e�]�h�j�b�l�f�Z�f�b 

�g�Z�o�h�`�^�_�g�b�y �g�h�j�f�Z�e�v�g�h�c �n�h�j�f�u. �G�h�j�f�Z�e�v�g�Z�y �n�h�j�f�Z �e�x�[�h�]�h �i�h�j�y�^�d�Z �k�l�j�h�b�l�k�y 

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

�^�j�m�]�h�]�h �k�i�h�k�h�[�Z �g�Z�o�h�`�^�_�g�b�y �g�h�j�f�Z�e�v�g�h�c �n�h�j�f�u �k�h�i�j�y�`�_�g�h �k �d�j�Z�c�g�_ 

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

�n�m�g�d�p�b�c.  

      �B�a�\�_�k�l�g�h, �q�l�h �g�Z�e�b�q�b�_ �m �k�b�k�l�_�f�u �j�_�a�h�g�Z�g�k�Z  [4,9,26,36,37,46] �b�e�b 

�g�_�Z�\�l�h�g�h�f�g�h�k�l�b, �d�Z�d �i�j�Z�\�b�e�h, �a�Z�l�j�m�^�g�y�_�l �_�_ �b�k�k�e�_�^�h�\�Z�g�b�_. �Q�l�h�[�u �h�[�h�c�l�b �w�l�b 

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

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

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

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

�a�Z�\�b�k�b�f�h�k�l�b �h�l �l�h�]�h, �y�\�e�y�_�l�k�y �e�b �k�b�k�l�_�f�Z �Z�\�l�h�g�h�f�g�h�c �e�b�[�h �j�_�a�h�g�Z�g�k�g�h�c �b�e�b 

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

�k�j�Z�\�g�_�g�b�x �k �^�j�m�]�b�f�b �i�h�^�o�h�^�Z�f�b. 

      �< �q�Z�k�l�b 4 �j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y �a�Z�^�Z�q�Z �h �l�j�_�o�f�_�j�g�u�o �d�h�e�_�[�Z�g�b�y�o �l�y�`�_�e�h�c 

�f�Z�l�_�j�b�Z�e�v�g�h�c �l�h�q�d�b, �i�h�^�\�_�r�_�g�g�h�c �g�Z �g�_�\�_�k�h�f�h�c �i�j�m�`�b�g�_ �i�j�b �j�_�a�h�g�Z�g�k�_ 1:1:2, 

�]�^�_ 1 – �k�h�h�l�\�_�l�k�l�\�m�_�l �q�Z�k�l�h�l�_ �d�h�e�_�[�Z�g�b�c �e�b�g�_�Z�j�b�a�h�\�Z�g�g�h�c �k�b�k�l�_�f�u �\ 

�]�h�j�b�a�h�g�l�Z�e�v�g�h�c �i�e�h�k�d�h�k�l�b, 2 – �q�Z�k�l�h�l�_ �d�h�e�_�[�Z�g�b�c �i�h �\�_�j�l�b�d�Z�e�b. �K�q�b�l�Z�_�l�k�y, �q�l�h 

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

�^�_�n�h�j�f�Z�p�b�b.  



 13

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

�\ �g�_�d�h�l�h�j�h�c �\�_�j�l�b�d�Z�e�v�g�h�c �i�e�h�k�d�h�k�l�b, �Z �q�Z�k�l�h�l�u �l�Z�d�`�_ �k�h�h�l�g�h�k�y�l�k�y �d�Z�d 1:2) 

�[�u�e�Z �\�\�_�^�_�g�Z �\ �j�Z�k�k�f�h�l�j�_�g�b�_ �<�b�l�l�h�f �b �=�h�j�_�e�b�d�h�f �\ 1933 �]. �^�e�y �b�e�e�x�k�l�j�Z�p�b�b 

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

�[�h�e�v�r�h�f �d�h�e�b�q�_�k�l�\�_ �j�Z�[�h�l, �g�Z�i�j�b�f�_�j [8,28,37,40,46]. �;�u�e�h �m�k�l�Z�g�h�\�e�_�g�h, �q�l�h 

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

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

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

�]�h�j�b�a�h�g�l�Z�e�v�g�u�_ �b �h�[�j�Z�l�g�h.  �B�k�k�e�_�^�h�\�Z�g�b�_ �a�Z�^�Z�q�b �\ �w�l�b�o �j�Z�[�h�l�Z�o �i�j�h�\�h�^�b�e�h�k�v 

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

�^�h�k�l�Z�l�h�q�g�h �]�j�h�f�h�a�^�d�b�f, �q�l�h �k�\�y�a�Z�g�h �k �g�Z�e�b�q�b�_�f �j�_�a�h�g�Z�g�k�Z.  

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

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

�a�Z�^�Z�q�b �w�l�b�f �f�_�l�h�^�h�f �[�u�e�b �h�i�m�[�e�b�d�h�\�Z�g�u �\ �j�Z�[�h�l�_ [28]. �G�Z�b�[�h�e�_�_ �i�h�e�g�u�_ 

�f�Z�l�_�j�b�Z�e�u �i�h �a�Z�^�Z�q�_ �i�j�b�\�_�^�_�g�u  �\ �k�l�Z�l�v�_ [40]. �< �w�l�h�c �j�Z�[�h�l�_ �[�u�e�b �\�g�h�\�v 

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

�j�Z�k�q�_�l�u �h�d�Z�a�Z�e�b�k�v �a�g�Z�q�b�l�_�e�v�g�h �[�h�e�_�_ �d�h�f�i�Z�d�l�g�u�f�b �i�h �k�j�Z�\�g�_�g�b�x �k 

�i�j�_�^�u�^�m�s�b�f�b �b�k�k�e�_�^�h�\�Z�g�b�y�f�b. �D�j�h�f�_ �k�h�d�j�Z�s�_�g�b�c �\�u�d�e�Z�^�h�d, �i�j�b�\�h�^�y�s�b�o �d 

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

�g�h�\�u�o �j�_�a�m�e�v�l�Z�l�h�\. �K�x�^�Z �k�e�_�^�m�_�l �h�l�g�_�k�l�b �\�u�\�h�^�u �h�[ �m�k�l�h�c�q�b�\�h�k�l�b 

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

�i�_�j�_�k�l�j�h�_�d.  

      �B�k�i�h�e�v�a�h�\�Z�g�b�_ �b�g�\�Z�j�b�Z�g�l�g�h�c �g�h�j�f�Z�e�b�a�Z�p�b�b �i�j�b �b�a�m�q�_�g�b�b �l�j�_�o�f�_�j�g�h�c 

�k�b�k�l�_�f�u [41] �i�h�a�\�h�e�y�_�l �h�[�h�[�s�b�l�v �g�Z �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�c �k�e�m�q�Z�c �[�h�e�v�r�b�g�k�l�\�h 

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

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

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

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

�d�h�e�_�[�Z�g�b�c. �I�_�j�b�h�^ �i�_�j�_�k�l�j�h�c�d�b �f�h� ̂�d�h�e�_�[�Z�g�b�c �\ �w�l�h�f �k�e�m�q�Z�_ �\�k�_�]�^�Z �d�h�g�_�q�_�g.  
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      �< �q�Z�k�l�b 5 �j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y �a�Z�^�Z�q�Z �h �d�h�e�_�[�Z�g�b�y�o �]�Z�a�h�\�h�]�h �i�m�a�u�j�y 

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

�g�Z�l�y�`�_�g�b�_�f. �D�h�e�_�[�Z�g�b�y �i�h�^�j�Z�a�^�_�e�y�x�l�k�y �g�Z �j�Z�^�b�Z�e�v�g�u�_, �k�\�y�a�Z�g�g�u�_ �k 

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

�b�a�f�_�g�_�g�b�_�f �_�]�h �n�h�j�f�u. �>�_�n�h�j�f�b�j�h�\�Z�g�g�Z�y  �n�h�j�f�Z �i�m�a�u�j�y �Z�i�i�j�h�d�k�b�f�b�j�m�_�l�k�y 

�w�e�e�b�i�k�h�b�^�h�f �\�j�Z�s�_�g�b�y. �J�_�r�_�g�b�_ �w�l�h�c �a�Z�^�Z�q�b �\ �e�b�g�_�c�g�h�c �i�h�k�l�Z�g�h�\�d�_ �o�h�j�h�r�h 

�b�a�\�_�k�l�g�h [31,32,38]. �L�h�q�g�h�_ �j�_�r�_�g�b�_ �g�_�e�b�g�_�c�g�h�c �a�Z�^�Z�q�b �i�h�k�l�j�h�b�l�v �g�_ �m�^�Z�_�l�k�y �b 

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

�Z�k�b�f�i�l�h�l�b�q�_�k�d�b�_ �f�_�l�h�^�u.  �G�Z�i�j�b�f�_�j, �\ �j�Z�[�h�l�_ [1] �^�e�y �j�_�r�_�g�b�y �Z�g�Z�e�h�]�b�q�g�h�c 

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

�k�_�^�v�f�h�]�h �i�h�j�y�^�d�Z �Z�i�i�j�h�d�k�b�f�Z�p�b�b. �< �k�l�Z�l�v�y�o [53,56-58] �i�j�b�f�_�g�y�x�l�k�y 

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

�h�k�j�_�^�g�_�g�b�y. �>�e�y �m�g�b�q�l�h�`�_�g�b�y �k�_�d�m�e�y�j�g�u�o �q�e�_�g�h�\ �\ �\�u�j�Z�`�_�g�b�b �^�e�y �w�g�_�j�]�b�b �\ 

�j�Z�[�h�l�_ [53] �b�k�i�h�e�v�a�m�_�l�k�y �f�_�l�h�^ �^�\�m�o �f�Z�k�r�l�Z�[�h�\.  

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

�n�h�j�f�Z�e�b�a�f. �I�j�b �w�l�h�f �k�i�h�k�h�[�_ �j�_�r�_�g�b�y �k�b�k�l�_�f�Z, �k�h�k�l�h�y�s�Z�y �b�a �k�i�e�h�r�g�u�o �k�j�_�^, 

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

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

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

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

�i�j�b�\�_�^�_�g�g�h�c �\ [31]. �I�Z�j�Z�f�_�l�j�u �k�b�k�l�_�f�u (�\�g�_�r�g�_�_ �^�Z�\�e�_�g�b�_, �j�Z�^�b�m�k �i�m�a�u�j�y, 

�i�h�\�_�j�o�g�h�k�l�g�h�_ �g�Z�l�y�`�_�g�b�_ �`�b�^�d�h�k�l�b…) �i�h�^�[�b�j�Z�x�l�k�y �l�Z�d, �q�l�h �\ 

�e�b�g�_�Z�j�b�a�h�\�Z�g�g�h�c �k�b�k�l�_�f�_ �j�_�Z�e�b�a�m�_�l�k�y �j�_�a�h�g�Z�g�k 1:2, �]�^�_ 1 �k�h�h�l�\�_�l�k�l�\�m�_�l �q�Z�k�l�h�l�_ 

�^�_�n�h�j�f�Z�p�b�h�g�g�h�c, �Z 2 – �j�Z�^�b�Z�e�v�g�h�c �f�h� ̂ �d�h�e�_�[�Z�g�b�c. �I�h�k�e�_ �w�l�h�]�h �e�Z�]�j�Z�g�`�b�Z�g 

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

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

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

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

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

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

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

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

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

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

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

�h�^�g�b�o �b �l�_�o �`�_ �m�j�Z�\�g�_�g�b�c �h�^�b�g�Z�d�h�\�u�f �f�_�l�h�^�h�f. �I�j�b�f�_�g�_�g�b�_ �b�g�\�Z�j�b�Z�g�l�g�h�c 

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

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

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

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

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

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

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

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

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

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

�i�j�h�p�_�k�k�Z �i�_�j�_�k�l�j�h�c�d�b �f�h� ̂ �d�h�e�_�[�Z�g�b�c. �G�m�`�g�h �h�l�f�_�l�b�l�v, �q�l�h �w�l�m �h�p�_�g�d�m 

�k�h�k�l�h�y�l�_�e�v�g�h�k�l�b �b�^�_�Z�e�b�a�Z�p�b�b �a�Z�^�Z�q�b �g�_�e�v�a�y �[�u�e�h �k�^�_�e�Z�l�v �i�j�_�^�\�Z�j�b�l�_�e�v�g�h, 

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

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

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

�n�h�j�f�m�e.     
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�=�e�Z�\�Z 1 

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

�\�h�a�f�m�s�_�g�b�c �b�o �d�h�g�n�b�]�m�j�Z�p�b�h�g�g�u�o �f�g�h�]�h�h�[�j�Z�a�b�c 

         1. �I�h�k�l�Z�g�h�\�d�Z �a�Z�^�Z�q�b. �I�h�j�h�`�^�Z�x�s�Z�y �k�b�k�l�_�f�Z �b �_�_ �l�j�Z�_�d�l�h�j�b�b. 

      �B�k�k�e�_�^�m�x�l�k�y �d�\�Z�a�b�e�b�g�_�c�g�u�_ �d�h�e�_�[�Z�l�_�e�v�g�u�_ �k�b�k�l�_�f�u �\�b�^�Z  

�� ��tqqQBqqA ,, ������ �H� ��  

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

�j�Z�a�f�_�j�g�h�k�l�b , q �b Q – �\�_�d�l�h�j�u �j�Z�a�f�_�j�g�h�k�l�b NN �u 1,N �H�u  �y�\�e�y�_�l�k�y �f�Z�e�u�f 

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

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

�f�h�`�_�l �[�u�l�v �i�j�_�h�[�j�Z�a�h�\�Z�g�Z �d �[�h�e�_�_ �i�j�h�k�l�h�c �n�h�j�f�_ 

�� ��tqqQqq iiii ,,2 ������ �H�Z � ��           i=1,…,N 

�I�h�w�l�h�f�m �[�_�a �h�]�j�Z�g�b�q�_�g�b�y �h�[�s�g�h�k�l�b �f�h�`�g�h �k�q�b�l�Z�l�v, �q�l�h �k�b�k�l�_�f�Z �b�a�g�Z�q�Z�e�v�g�h 

�b�f�_�_�l �l�Z�d�h�c �\�b�.̂ 

         �I�j�b �h�l�k�m�l�k�l�\�b�b �\�h�a�f�m�s�_�g�b�c �� ��0� �H  �i�h�e�m�q�Z�_�l�k�y �i�h�j�h�`�^�Z�x�s�Z�y (�b�e�b 

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

�a�Z�\�b�k�b�l �h�l �k�h�h�l�g�h�r�_�g�b�c �q�Z�k�l�h�l i�Z  . �:  �b�f�_�g�g�h, �_�k�e�b �\�k�_ �q�Z�k�l�h�l�u �g�_�k�h�b�a�f�_�j�b�f�u, 

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

q �\�k�x�^�m �i�e�h�l�g�Z �\ �f�g�h�]�h�f�_�j�g�h�f �i�Z�j�Z�e�e�_�e�_�i�b�i�_�^�_ �b, �k�e�_�^�h�\�Z�l�_�e�v�g�h, �g�_ �f�h�`�_�l 

�[�u�l�v �a�Z�f�d�g�m�l�h�c �d�j�b�\�h�c. �W�l�h�l �k�e�m�q�Z�c �g�Z�a�u�\�Z�_�l�k�y �g�_�j�_�a�h�g�Z�g�k�g�u�f. �?�k�e�b �j�_�a�h�g�Z�g�k 

�b�f�_�_�l �f�_�k�l�h, �l�h �_�k�l�v �g�_�d�h�l�h�j�u�_ �q�Z�k�l�h�l�u �h�d�Z�a�u�\�Z�x�l�k�y �k�h�b�a�f�_�j�b�f�u�f�b, �l�h 

�k�m�s�_�k�l�\�m�_�l �i�h�^�i�j�h�k�l�j�Z�g�k�l�\�h �i�j�h�k�l�j�Z�g�k�l�\�Z q, �k�h�h�l�\�_�l�k�l�\�m�x�s�_�_ �w�l�b�f �q�Z�k�l�h�l�Z�f, 

�\ �d�h�l�h�j�h�f �l�j�Z�_�d�l�h�j�b�b �[�m�^�m�l �a�Z�f�d�g�m�l�u�f�b �d�j�b�\�u�f�b, �d�h�l�h�j�u�_ �g�Z�a�u�\�Z�x�l�k�y 

�n�b�]�m�j�Z�f�b �E�b�k�k�Z�`�m. �N�b�]�m�j�u �E�b�k�k�Z�`�m �g�_�m�k�l�h�c�q�b�\�u: �i�j�b �i�h�y�\�e�_�g�b�b �k�d�h�e�v 

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

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

�b�g�l�_�j�_�k, �\ �l�h�f �q�b�k�e�_ �\ �k�\�y�a�b �k �g�_�d�h�l�h�j�u�f�b �l�_�o�g�b�q�_�k�d�b�f�b �i�j�b�e�h�`�_�g�b�y�f�b [3,4], �b 
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�[�m�^�_�l �j�Z�k�k�f�Z�l�j�b�\�Z�l�v�k�y �\ �^�Z�g�g�h�c �j�Z�[�h�l�_. �< �k�h�h�l�\�_�l�k�l�\�b�b �k [17], �j�_�r�Z�x�l�k�y 

�k�e�_�^�m�x�s�b�_ �a�Z�^�Z�q�b: 

�” �I�h�k�l�j�h�b�l�v �d�e�Z�k�k�b�n�b�d�Z�p�b�x �n�b�]�m�j �E�b�k�k�Z�`�m �i�h �i�j�b�a�g�Z�d�Z�f �k�b�f�f�_�l�j�b�b �b�e�b 

�g�Z�e�b�q�b�y �h�k�h�[�_�g�g�h�k�l�_�c;  

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

�\�h�a�f�m�s�_�g�b�c;  

�”  �D�e�Z�k�k�b�n�b�p�b�j�h�\�Z�l�v �k�b�e�u �\�h�a�f�m�s�_�g�b�c �i�h �l�b�i�m �i�h�j�h�`�^�Z�_�f�h�c �w�\�h�e�x�p�b�b;  

�” �I�h�k�l�j�h�b�l�v �m�i�j�Z�\�e�_�g�b�_, �h�[�_�k�i�_�q�b�\�Z�x�s�_�_ �m�k�l�h�c�q�b�\�h�k�l�v �n�b�]�m�j�u �a�Z�^�Z�g�g�h�c  

�n�h�j�f�u.  

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

�[�m�^�_�l �b�f�_�l�v �\�b� ̂ 

� � � � � � � �
2

, , , 1,..., , 1,..., ,i i i i i
j j j iq m q Q qq t i n j k m Z�H� � �  �  �  � •���� �� i� �

� �

 

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

�g�b�`�g�b�c – �g�h�f�_�j �m�j�Z�\�g�_�g�b�y  �\ �l�Z�d�h�c �]�j�m�i�i�_. �L�h �_�k�l�v �k�b�k�l�_�f�Z �k�h�k�l�h�b�l �b�a  

�¦
� 

� 
n

i
ikN

1
 

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

 �m�j�Z�\�g�_�g�b�c. �Q�Z�k�l�h�l�u  �f�h�]�m�l �k�q�b�l�Z�l�v�k�y �p�_�e�u�f�b �b �g�_ �b�f�_�x�s�_�]�h �h�[�s�_�]�h 

�^�_�e�b�l�_�e�y, �q�_�]�h �\ �k�e�m�q�Z�_ �b�o �k�h�b�a�f�_�j�b�f�h�k�l�b �\�k�_�]�^�Z �f�h�`�g�h �^�h�[�b�l�v�k�y 

�k�h�h�l�\�_�l�k�l�\�m�x�s�b�f �b�a�f�_�g�_�g�b�_�f �f�Z�k�r�l�Z�[�Z �\�j�_�f�_�g�b. �J�_�a�h�g�Z�g�k �i�j�b �l�Z�d�h�f 

�k�h�h�l�g�h�r�_�g�b�b �q�Z�k�l�h�l �[�m�^�_�l �b�f�_�l�v �l�b�i   

ik im

.:...::...::...: 11 nn mmmm

�D�Z�d �m�`�_ �h�l�f�_�q�Z�e�h�k�v, �l�j�Z�_�d�l�h�j�b�y�f�b �b�k�k�e�_�^�m�_�f�h�c �k�b�k�l�_�f�u �i�j�b �h�l�k�m�l�k�l�\�b�b 

�\�h�a�f�m�s�_�g�b�c � �0� �H  �[�m�^�m�l �n�b�]�m�j�u �E�b�k�k�Z�`�m. �< �i�j�h�k�l�j�Z�g�k�l�\�_ q �h�g�b �a�Z�^�Z�x�l�k�y 

�n�h�j�f�m�e�Z�f�b � � � � �� ��.cos i
j

ii
j

i
j tmAtq �I��� , �]�^�_ �bi i

j jA �I �� �i�j�h�b�a�\�h�e�v�g�u�_ �i�h�k�l�h�y�g�g�u�_.  

�K�j�_�^�b �\�k�_�o �w�l�b�o �n�b�]�m�j �f�h�`�g�h �\�u�^�_�e�b�l�v �l�j�b �d�e�Z�k�k�Z �h�k�h�[�u�o: 

1) �:�[�k�h�e�x�l�g�h �k�b�f�f�_�l�j�b�q�g�u�_ �n�b�]�m�j�u. �L�Z�d�b�_ �n�b�]�m�j�u �k�b�f�f�_�l�j�b�q�g�u �h�l�g�h�k�b�l�_�e�v�g�h 

�g�Z�q�Z�e�Z �d�h�h�j�^�b�g�Z�l �b �e�x�[�u�o �d�h�h�j�^�b�g�Z�l�g�u�o �i�e�h�k�d�h�k�l�_�c. 
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2) �N�b�]�m�j�u, �b�f�_�x�s�b�_ �l�h�q�d�b �\�h�a�\�j�Z�l�Z. 

3) �N�b�]�m�j�u �k�f�_�r�Z�g�g�h�]�h �l�b�i�Z. �L�Z�d�b�_ �n�b�]�m�j�u �\�h�a�f�h�`�g�u, �l�h�e�v�d�h �_�k�e�b . 

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

�i�j�b�g�Z�^�e�_�`�Z�l �d �i�_�j�\�h�f�m �l�b�i�m, �l�h�]�^�Z �d�Z�d �i�j�h�_�d�p�b�b �g�Z �^�j�m�]�b�_ �i�h�^�i�j�h�k�l�j�Z�g�k�l�\�Z – 

�d�h �\�l�h�j�h�f�m.  

3dim �tq

�I�j�b�f�_�j�u 

1. �K�e�m�q�Z�c �j�_�a�h�g�Z�g�k�Z 1:1. �I�h�j�h�`�^�Z�x�s�Z�y �k�b�k�l�_�f�Z �b�f�_�_�l �\�b� ̂ 

0

0

22

11

� ��

� ��

qq

qq

����

����
 

�L�j�Z�_�d�l�h�j�b�y�f�b �k�b�k�l�_�f�u �\ �i�j�h�k�l�j�Z�g�k�l�\�_ q �\ �h�[�s�_�f �k�e�m�q�Z�_ �[�m�^�m�l �w�e�e�b�i�k�u, �h�^�g�Z�d�h 

�\�h�a�f�h�`�g�u �d�j�m�]�h�\�u�_ �l�j�Z�_�d�l�h�j�b�b (�n�b�]�m�j�Z �i�_�j�\�h�]�h �l�b�i�Z) �b �l�j�Z�_�d�l�h�j�b�b �\ �\�b�^�_ 

�h�l�j�_�a�d�h�\ �i�j�y�f�h�c (�n�b�]�m�j�Z �\�l�h�j�h�]�h �l�b�i�Z) – �i�j�y�f�h�e�b�g�_�c�g�u�_ �d�h�e�_�[�Z�g�b�y: 

 
 

1q

2q
 

1q

2q

 

1q

2q
 

 

 

2. �K�e�m�q�Z�c �j�_�a�h�g�Z�g�k�Z 1:2 

04

0

22

11

� ��

� ��

qq

qq

����

����
 

 �< �h�[�s�_�f �k�e�m�q�Z�_ �l�j�Z�_�d�l�h�j�b�b �b�f�_�x�l �\�b� ̂ 
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1q

2q

 

�G�h �\�h�a�f�h�`�g�u �n�b�]�m�j�u �l�b�i�Z  

 
 

1q

2q
 

 

1q

2q
 

 

(�i�_�j�\�u�c �l�b�i)                                                                                 (�\�l�h�j�h�c �l�b�i) 

3. �I�j�b�f�_�j�h�f �n�b�]�m�j�u �l�j�_�l�v�_�]�h �l�b�i�Z �f�h�`�_�l �k�e�m�`�b�l�v �j�_�a�h�g�Z�g�k 1:2:3, �d�h�]�^�Z �n�b�]�m�j�Z 

�b�f�_�_�l �\�b� ̂

                                                                     2q

 

 

 

                                                                             3q

 

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

�\�l�h�j�h�f�m �l�b�i�m, �Z, �g�Z�i�j�b�f�_�j, �i�j�h�_�d�p�b�y �g�Z �i�h�^�i�j�h�k�l�j�Z�g�k�l�\�h  - �d �i�_�j�\�h�f�m. 

1 2q q

1 3q q

         �H�[�s�_�_ �k�\�h�c�k�l�\�h �n�b�]�m�j �E�b�k�k�Z�`�m – �\�h�a�f�h�`�g�h�k�l�v �b�o �i�j�_�^�k�l�Z�\�e�_�g�b�y �\ �\�b�^�_ 

�i�j�h�_�d�p�b�b �g�_�d�h�l�h�j�h�c �^�j�m�]�h�c �d�j�b�\�h�c, �j�Z�k�i�h�e�h�`�_�g�g�h�c �\ �i�j�h�k�l�j�Z�g�k�l�\�_ 

�j�Z�a�f�_�j�g�h�k�l�v �d�h�l�h�j�h�]�h �i�j�_�\�u�r�Z�_�l dimq, �g�Z �i�j�h�k�l�j�Z�g�k�l�\�h q. �W�l�h �m�l�\�_�j�`�^�_�g�b�_ 

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

�i�_�j�_�f�_�g�g�u�o. �G�Z�i�j�b�f�_�j, �\�\�_�^�_�f �g�Z�[�h�j �^�h�i�h�e�g�b�l�_�e�v�g�u�o �i�_�j�_�f�_�g�g�u�o , 

�h�i�j�_�^�_�e�y�_�f�u�o �i�h �n�h�j�f�m�e�Z�f  

q~

�� �� �� ��,sin~ i
j

ii
j

i
j tmAtq �I���  

�l�h�]�^�Z �d�Z�d  

�� �� �� ��i
j

ii
j

i
j tmAtq �I��� cos . 

�I�j�b �w�l�h�f �i�h�k�e�_�^�g�y�y �i�_�j�_�f�_�g�g�Z�y �h�k�l�Z�\�e�y�_�l�k�y �[�_�a �^�h�i�h�e�g�b�l�_�e�v�g�h�c, �b, 

�k�e�_�^�h�\�Z�l�_�e�v�g�h, �\�k�_�]�h �b�f�_�_�l�k�y N – 1 �i�_�j�_�f�_�g�g�u�o q

n
kn

q

~ . �B�a �j�Z�\�_�g�k�l�\�Z  

� � � ��� �� �� ��222~ i
j

i
j

i
j Aqq � ��  

�k�e�_�^�m�_�l, �q�l�h �d�Z�`�^�Z�y �i�Z�j�Z �� ��i
j

i
j qq ,~  �i�j�b�g�Z�^�e�_�`�b�l �g�_�d�h�l�h�j�h�c �h�d�j�m�`�g�h�k�l�b. �Y�k�g�h, 

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

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

�l�h�j�m . �I�_�j�_�f�_�g�g�Z�y , �h�k�l�Z�\�r�Z�y�k�y �[�_�a «�i�Z�j�u», �i�j�b�g�Z�^�e�_�`�b�l 

�f�g�h�`�_�k�l�\�m �^�_�c�k�l�\�b�l�_�e�v�g�u�o �q�b�k�_�e 

111 ... SST N �u�u� �� n
kn

q

1R . �L�Z�d�b�f �h�[�j�Z�a�h�f, �\�k�y �k�h�\�h�d�m�i�g�h�k�l�v 

�i�_�j�_�f�_�g�g�u�o � � � ��� ��� �tqtq � �~,  �i�j�b�g�Z�^�e�_�`�b�l �f�g�h�]�h�h�[�j�Z�a�b�x , �h�[�j�Z�a�m�y 

�g�Z �g�_�f �g�_�d�h�l�h�j�m�x �d�j�b�\�m�x, �Z �k�Z�f�Z �n�b�]�m�j�Z �E�b�k�k�Z�`�m �y�\�e�y�_�l�k�y �i�j�h�_�d�p�b�_�c �w�l�h�c 

�d�j�b�\�h�c �\�^�h�e�v �g�Z�i�j�Z�\�e�_�g�b�c 

12
~,

11 ���� �•�u N
qq

N RRT

q~  �g�Z �i�j�h�k�l�j�Z�g�k�l�\�h q. �< �k�e�m�q�Z�_ �^�\�m�f�_�j�g�u�o �n�b�]�m�j N 

– 1 = 1 �b �l�h�j �\�u�j�h�`�^�Z�_�l�k�y �\ �h�d�j�m�`�g�h�k�l�v, �Z �k�Z�f�h �f�g�h�]�h�h�[�j�Z�a�b�_ ���u�� 11 RT N  �\ 
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�p�b�e�b�g�^�j. �< �q�Z�k�l�g�h�k�l�b, �i�h�w�l�h�f�m �e�x�[�Z�y �^�\�m�f�_�j�g�Z�y �d�j�b�\�Z�y �E�b�k�k�Z�`�m �[�m�^�_�l 

�i�j�h�_�d�p�b�_�c �g�_�d�h�l�h�j�h�c �d�j�b�\�h�c �g�Z �p�b�e�b�g�^�j�_, �h �q�_�f �k�d�Z�a�Z�g�h, �g�Z�i�j�b�f�_�j, �\ �d�g�b�]�_ [5].  

�H�q�_�\�b�^�g�h, �q�l�h �i�j�b�\�_�^�_�g�g�Z�y �]�_�h�f�_�l�j�b�q�_�k�d�Z�y �b�g�l�_�j�i�j�_�l�Z�p�b�y �g�_ �_�^�b�g�k�l�\�_�g�g�Z. 

�G�Z�i�j�b�f�_�j, �f�h�`�g�h �[�u�e�h �\�\�_�k�l�b �i�_�j�_�f�_�g�g�m�x �b �i�h�e�m�q�b�l�v, �q�l�h 

. 

n

n
kq��

� � � � � � � �� � � �, Nq t q t T�•��

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

�E�b�k�k�Z�`�m (�j�_�a�h�g�Z�g�k�g�u�c �k�e�m�q�Z�c), �g�h �b �i�j�h�b�a�\�h�e�v�g�u�o  �l�j�Z�_�d�l�h�j�b�c �l�b�i�Z 

� � � � �� ��i
j

i
j

i
j

i
j tAtq �I�Z ��� cos , �]�^�_ �q�Z�k�l�h�l�u �m�`�_ �f�h�]�m�l �[�u�l�v �i�j�h�b�a�\�h�e�v�g�u�f�b. �W�l�h 

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

�q�Z�k�l�h�l.  

         �G�Z�b�[�h�e�_�_ �i�j�h�k�l�m�x �n�h�j�f�m �b�f�_�x�l �n�b�]�m�j�u �\�l�h�j�h�]�h �l�b�i�Z �b �i�h�w�l�h�f�m �f�h�]�m�l 

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

�h�l�j�_�a�h�d �i�j�y�f�h�c, �i�j�b�q�_�f �b�f�_�g�g�h �k �w�l�b�f�b �i�j�y�f�h�e�b�g�_�c�g�u�f�b �d�h�e�_�[�Z�g�b�y�f�b 

�k�\�y�a�Z�g�u �g�_�d�h�l�h�j�u�_ �l�_�o�g�b�q�_�k�d�b�_ �a�Z�^�Z�q�b [16,21,25,27,52,54,55,59,60,62-64], 

�\�h�a�g�b�d�Z�x�s�b�_ �i�j�b �b�k�k�e�_�^�h�\�Z�g�b�b �\�h�e�g�h�\�u�o �l�\�_�j�^�h�l�_�e�v�g�u�o �b �\�b�[�j�Z�p�b�h�g�g�u�o 

�]�b�j�h�k�d�h�i�h�\. �I�h�w�l�h�f�m �\�k�_ �g�Z�i�b�k�Z�g�g�h�_ �g�b�`�_ �[�m�^�_�l �h�l�g�h�k�b�l�v�k�y, �\ �h�k�g�h�\�g�h�f, �d 

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

�H�i�j�_�^�_�e�_�g�b�_ 

      �N�b�]�m�j�Z �b�f�_�_�l �l�h�q�d�m �\�h�a�\�j�Z�l�Z (�\�u�j�h�`�^�_�g�Z), �_�k�e�b  

�� �� i
i
j kjnitqt ,...,1,...,1ext: � ��� ���o�� ��

 

�l�h �_�k�l�v �k�m�s�_�k�l�\�m�_�l �l�Z�d�h�c �f�h�f�_�g�l �\�j�_�f�_�g�b, �d�h�]�^�Z �\�k�_  �^�h�k�l�b�]�Z�x�l 

�w�d�k�l�j�_�f�m�f�Z. �H�q�_�\�b�^�g�h, �q�l�h �_�k�e�b �l�Z�d�h�c �f�h�f�_�g�l �\�j�_�f�_�g�b �g�Z�c�^�_�g, �l�h  �[�m�^�m�l 

�^�h�k�l�b�]�Z�l�v �w�d�k�l�j�_�f�m�f�Z �i�j�b  

� � � �tqi
j

� � � �tqi
j

,, Zkkttk �•��� �� �S  
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�i�j�b�q�_�f �f�h�`�g�h �k�q�b�l�Z�l�v, �q�l�h �f�_�`�^�m �^�\�m�f�y �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�u�f�b �f�h�f�_�g�l�Z�f�b (�l�h 

�_�k�l�v �i�j�b �� ���
��

��• 1, kk ttt  )�w�l�h�]�h �g�_ �i�j�h�b�k�o�h�^�b�l: �b�g�Z�q�_ �\�k�_ �q�Z�k�l�h�l�u  �b�f�_�x�l �h�[�s�b�c 

�^�_�e�b�l�_�e�v, �h�l �d�h�l�h�j�h�]�h �e�_�]�d�h �b�a�[�Z�\�b�l�v�k�y �i�h�^�o�h�^�y�s�b�f �\�u�[�h�j�h�f �f�Z�k�r�l�Z�[�Z 

�\�j�_�f�_�g�b.  

im

         �F�_�g�_�_ �h�q�_�\�b�^�g�h�_ �k�\�h�c�k�l�\�h �i�j�h�b�a�\�h�e�v�g�h�c �\�u�j�h�`�^�_�g�g�h�c �n�b�]�m�j�u – �g�Z�e�b�q�b�_ 

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

      �H�[�s�b�c �i�_�j�b�h�^ �n�m�g�d�p�b�c �� ��tqi
j  �j�Z�\�_�g �S2� T , �l�Z�d �d�Z�d �q�Z�k�l�h�l�u �g�_ �b�f�_�x�l 

�h�[�s�b�o �^�_�e�b�l�_�e�_�c, �Z �g�Z �e�x�[�h�f �i�h�e�m�b�g�l�_�j�\�Z�e�_ �^�e�b�g�h�c 

im

�S2  �k�h�^�_�j�`�b�l�k�y �j�h�\�g�h �^�\�_ 

�l�h�q�d�b �\�b�^�Z . �I�h�w�l�h�f�m �h�k�l�Z�e�h�k�v �^�h�d�Z�a�Z�l�v, �q�l�h �a�g�Z�q�_�g�b�y �\�k�_�o  �\ �w�l�b�o 

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

 �\�k�_  �[�m�^�m�l �b�f�_�l�v �h�^�g�h�l�b�i�g�u�_ �w�d�k�l�j�_�f�m�f�u (�l�h �_�k�l�v �f�Z�d�k�b�f�m�f 

�e�x�[�h�]�h  �h�k�l�Z�g�_�l�k�y �f�Z�d�k�b�f�m�f�h�f, �f�b�g�b�f�m�f – �f�b�g�b�f�m�f�h�f), �q�l�h �\�h�a�f�h�`�g�h 

�e�b�r�v �\ �l�h�f �k�e�m�q�Z�_, �_�k�e�b �\�k�_ �q�Z�k�l�h�l�u  �q�_�l�g�u, �l�h �_�k�l�v �b�f�_�x�l �h�[�s�b�c �^�_�e�b�l�_�e�v, 

�j�Z�\�g�u�c �^�\�m�f (�i�j�b �b�a�f�_�g�_�g�b�b t �h�l 

�
kt � � � �tqi

j

�
��

�
1�b kk tt � � � �tqi

j

� � � �tqi
j

im

�� ��tqtt i
jkk �m�^�h 1

�
��

�
 «�g�Z�[�_�]�Z�_�l» �n�Z�a�Z 

�i�h�w�l�h�f�m �k�h�o�j�Z�g�_�g�b�_ �l�b�i�Z �w�d�k�l�j�_�f�m�f�Z �\�h�a�f�h�`�g�h �l�h�e�v�d�h �_�k�e�b �q�_�l�g�h), 

�q�l�h �i�j�h�l�b�\�h�j�_�q�b�l �\�u�[�h�j�m �q�Z�k�l�h�l. �M�l�\�_�j�`�^�_�g�b�_ �^�h�d�Z�a�Z�g�h. 

,im�S ��im

 

2. �F�g�h�]�h�h�[�j�Z�a�b�_ �\�u�j�h�`�^�_�g�g�u�o �n�h�j�f �b �m�q�_�l �\�h�a�f�m�s�_�g�b�c. 

      �J�_�r�_�g�b�_ �k�b�k�l�_�f�u �^�b�n�n�_�j�_�g�p�b�Z�e�v�g�u�o �m�j�Z�\�g�_�g�b�c �i�h�j�y�^�d�Z 2n �a�Z�\�b�k�b�l �h�l 2n 

�i�j�h�b�a�\�h�e�v�g�u�o �i�h�k�l�h�y�g�g�u�o. �A�Z�^�Z�g�b�_ �w�l�b�o �i�h�k�l�h�y�g�g�u�o �^�e�y �i�h�j�h�`�^�Z�x�s�_�c 

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

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

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

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

�� �� �� �� i
i
j

ii
j

i
j kjnitmAtq ,...,1,,...,1,cos � � ��� �I  
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�M�^�h�[�k�l�\�h �w�l�h�c �a�Z�i�b�k�b �k�h�k�l�h�b�l �\ �l�h�f, �q�l�h �l�b�i �n�b�]�m�j�u, �h�q�_�\�b�^�g�h, �g�_ �a�Z�\�b�k�b�l �h�l 

 (�_�k�e�b �w�l�b �\�_�e�b�q�b�g�u �g�_ �h�[�j�Z�s�Z�x�l�k�y �\ �g�h�e�v), �Z �a�Z�\�b�k�b�l �e�b�r�v �h�l �k�h�h�l�g�h�r�_�g�b�c 

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

�d�Z�d�h�c – �e�b�[�h �f�h�f�_�g�l �\�j�_�f�_�g�b  , �l�Z�d�h�c �q�l�h  
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�g�Z�i�j�b�f�_�j, ,
1

1
1

m
t

�I
��� �

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

� � � � � � � �� � � � � ^ � ` � ^1,1,,cos,cos 1
11

1
1

11
1

1
1 �z�¸�¸

�¹

�·
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�©

�§
����� ��� jin

m
m

tmAtqtmAtq i
j

i
ii
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i
j �S�I�I � ` 

�?�k�e�b �k�q�b�l�Z�l�v, �q�l�h «�Z�f�i�e�b�l�m�^�u»  �f�h�]�m�l �i�j�b�g�b�f�Z�l�v �h�l�j�b�p�Z�l�_�e�v�g�u�_ �a�g�Z�q�_�g�b�y, 

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

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

i
jA

i
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� � � � � � � �� � � � � ^ � ` � ^1,1,,cos,cos 1
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1
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�B�a �w�l�h�c �n�h�j�f�m�e�u �k�e�_�^�m�_�l, �q�l�h �n�b�]�m�j�Z �k�h�o�j�Z�g�y�_�l �k�\�h�c �\�b� ̂�b �\ �l�h�f �k�e�m�q�Z�_, �d�h�]�^�Z  

, �Z �a�Z�\�b�k�b�l �h�l �\�j�_�f�_�g�b (�m�l�\�_�j�`�^�_�g�b�_ �f�h�`�_�l �g�Z�j�m�r�Z�l�v�k�y �\ �g�_�d�h�l�h�j�u�o 

�h�k�h�[�u�o �k�e�m�q�Z�y�o, �g�Z�i�j�b�f�_�j, �_�k�e�b  �b �l.�i.). �>�_�c�k�l�\�b�l�_�e�v�g�h,  �_�k�e�b 

const�z1
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tm11
1 ��� �I

� � � � � � � ���� ��� t
m

tt �\
�I
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1
11

1
1
1 �l�h, �g�_�d�h�l�h�j�Z�y �n�m�g�d�p�b�y �\�j�_�f�_�g�b �b �n�h�j�f�m�e�Z 
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� � � � � � � ��� ��tmAtq ii
j

i
j �\cos�  �a�Z�^�Z�_�l �n�b�]�m�j�m �k �l�h�q�d�Z�f�b �\�h�a�\�j�Z�l�Z, �g�h �g�_�j�Z�\�g�h�f�_�j�g�h 

�f�_�g�y�x�s�b�f�k�y �\�j�_�f�_�g�g�u�f �i�Z�j�Z�f�_�l�j�h�f.  

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

�l�b�i�Z �n�Z�d�l�b�q�_�k�d�b �^�h�d�Z�a�Z�g�Z �k�e�_�^�m�x�s�Z�y  

�L�_�h�j�_�f�Z 

�F�g�h�]�h�h�[�j�Z�a�b�_ �\�u�j�h�`�^�_�g�g�h�c �n�h�j�f�u �b�f�_�_�l �j�Z�a�f�_�j�g�h�k�l�v  �b �f�h�`�_�l �[�u�l�v 

�i�j�_�^�k�l�Z�\�e�_�g�h �d�Z�d  

1��N

NRlM �u�  

�A�^�_�k�v l – �i�j�y�f�Z�y, �d�h�l�h�j�Z�y �a�Z�^�Z�_�l�k�y �\ �i�j�h�k�l�j�Z�g�k�l�\�_ �I  �m�j�Z�\�g�_�g�b�y�f�b 

�k�\�y�a�u�\�Z�x�s�b�f�b �n�Z�a�u 1
1�ki

j�I �I , �Z �i�j�h�k�l�j�Z�g�k�l�\�m �i�j�b�g�Z�^�e�_�`�Z�l �Z�f�i�e�b�l�m�^�u 

 �< �i�j�b�g�p�b�i�_ �w�l�h �f�g�h�]�h�h�[�j�Z�a�b�_ �f�h�`�g�h �i�j�_�^�k�l�Z�\�b�l�v �b �\ �^�j�m�]�h�f �\�b�^�_. �K �h�^�g�h�c 

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

�k�\�y�a�Z�g�h �k �g�Z�e�b�q�b�_�f �q�b�k�_�e  �\ �n�h�j�f�m�e�Z�o �k�\�y�a�u�\�Z�x�s�b�o �n�Z�a�u), �k �^�j�m�]�h�c 

�k�l�h�j�h�g�u, �i�j�y�f�m�x l �f�h�`�g�h �a�Z�f�_�g�b�l�v �a�Z�f�d�g�m�l�h�c �d�j�b�\�h�c �g�Z N – �f�_�j�g�h�f �l�h�j�_ (�^�e�y 

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

NR

.i
jA

i
jn

)2(mod �S ). �H�^�g�Z�d�h, 

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

�^�e�y �e�x�[�h�c �i�j�y�f�h�c �b�a �k�_�f�_�c�k�l�\�Z, �Z �]�_�h�f�_�l�j�b�y �g�Z �l�h�j�_ �g�Z�f�g�h�]�h �k�e�h�`�g�_�_, �q�_�f �\ 

. �J�Z�k�k�f�h�l�j�_�g�b�_ �i�j�y�f�h�c  l  �i�h�a�\�h�e�y�_�l �b�a�[�_�`�Z�l�v �w�l�b�o �m�k�e�h�`�g�_�g�b�c.  NR

         �D�j�h�f�_  �l�h�]�h, �_�k�e�b �[�u �b�k�k�e�_�^�h�\�Z�e�b�k�v �d�h�e�_�[�Z�g�b�y (�n�b�]�m�j�u) �^�j�m�]�h�c �n�h�j�f�u, �l�h 

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

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

�^�j�m�]�m�x �i�j�y�f�m�x.  

               �?�s�_ �h�^�g�b�f �\�Z�`�g�u�f �k�e�m�q�Z�_�f �y�\�e�y�_�l�k�y �h�[�j�Z�s�_�g�b�_ �\ �g�h�e�v �g�_�d�h�l�h�j�u�o 

�Z�f�i�e�b�l�m�^ , �d�h�]�^�Z �i�j�h�b�k�o�h�^�b�l «�k�i�e�x�s�b�\�Z�g�b�_» �n�b�]�m�j �\ �n�b�]�m�j�u �f�_�g�v�r�_�c 

�j�Z�a�f�_�j�g�h�k�l�b (�n�b�]�m�j�Z �i�j�_�\�j�Z�s�Z�_�l�k�y �\ �k�\�h�x �i�j�h�_�d�p�b�x �g�Z �i�h�^�i�j�h�k�l�j�Z�g�k�l�\�h, 

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

i
jA
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�f�g�h�]�h�h�[�j�Z�a�b�y, �k�h�h�l�\�_�l�k�l�\�m�x�s�_�]�h �l�Z�d�b�f �n�b�]�m�j�Z�f, �h�k�l�Z�_�l�k�y �i�j�_�`�g�_�c, �o�h�l�y �k�Z�f�h 

�f�g�h�]�h�h�[�j�Z�a�b�_ �k�m�s�_�k�l�\�_�g�g�h �b�a�f�_�g�y�_�l�k�y.  

�>�h�d�Z�a�Z�l�_�e�v�k�l�\�h 

      �I�m�k�l�v �b�f�_�_�l�k�y k �Z�f�i�e�b�l�m�^ , �j�Z�\�g�u�o �g�m�e�x, �q�l�h �h�i�j�_�^�_�e�y�_�l N – k – �f�_�j�g�h�_ 

�i�h�^�i�j�h�k�l�j�Z�g�k�l�\�h �i�j�h�k�l�j�Z�g�k�l�\�Z  �:, �a�Z�^�Z�\�Z�_�f�h�_ �m�j�Z�\�g�_�g�b�y�f�b . �L�h�]�^�Z �l�b�i 

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

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

�f�_�j�g�h�_ �i�h�^�i�j�h�k�l�j�Z�g�k�l�\�h  �i�j�h�k�l�j�Z�g�k�l�\�Z �n�Z�a 

i
jA �c
�c

0� �c
�c

i
jA

i
j
�c
�c�I

i
j
�c
�c�I

kR �I . �N�Z�a�u, �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_ 

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

�i�h�^�i�j�h�k�l�j�Z�g�k�l�\�h �i�j�h�k�l�j�Z�g�k�l�\�Z �I , �k�h�h�l�\�_�l�k�l�\�m�x�s�_�_ �w�l�b�f �Z�f�i�e�b�l�m�^�Z�f, �l�h �_�k�l�v 

�g�Z �h�j�l�h�]�h�g�Z�e�v�g�h�_ �^�h�i�h�e�g�_�g�b�_ �i�j�h�k�l�j�Z�g�k�l�\�Z kR . �L�Z�d�h�c �i�j�h�_�d�p�b�_�c �[�m�^�_�l �^�j�m�]�Z�y 

�i�j�y�f�Z�y, �h�[�h�a�g�Z�q�Z�_�f�Z�y    .l �c

         �L�Z�d�b�f �h�[�j�Z�a�h�f, �Z�f�i�e�b�l�m�^�u �\ �w�l�h�f �k�e�m�q�Z�_ �i�j�b�g�Z�^�e�_�`�Z�l N – k – �f�_�j�g�h�f�m 

�i�j�h�k�l�j�Z�g�k�l�\�m, �Z �n�Z�a�u – (k+1) – �f�_�j�g�h�f�m �i�j�h�k�l�j�Z�g�k�l�\�m . �W�l�h �b �h�a�g�Z�q�Z�_�l, 

�q�l�h �j�Z�a�f�_�j�g�h�k�l�v �\�k�_�]�h �f�g�h�]�h�h�[�j�Z�a�b�y �j�Z�\�g�Z N+1, �d�Z�d �b �\ �k�e�m�q�Z�_, �d�h�]�^�Z �\�k�_ 

�Z�f�i�e�b�l�m�^�u �h�l�e�b�q�g�u �h�l �g�m�e�y. 

lRk �c�u

         �J�Z�k�k�f�h�l�j�_�g�g�Z�y �k�b�l�m�Z�p�b�y �f�h�`�_�l �[�u�l�v �i�j�h�b�e�e�x�k�l�j�b�j�h�\�Z�g�Z. �I�m�k�l�v N=3 �b 

�h�^�g�Z �Z�f�i�e�b�l�m�^�Z �j�Z�\�g�Z �g�m�e�x, �g�Z�i�j�b�f�_�j  (�^�e�y �m�^�h�[�k�l�\�Z  �a�^�_�k�v �b�k�i�h�e�v�a�m�_�l�k�y 

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

�h�k�v 

1A

1�I  �b �i�j�y�f�m�x l, �Z �Z�f�i�e�b�l�m�^�u – �i�e�h�k�d�h�k�l�b  32 �:�:

 

                     3�I                                                                            3A  

 

                                 1�I             l                                                            1A  

 

                                                         2�I                                                                2A  
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�L�h �_�k�l�v �j�Z�a�f�_�j�g�h�k�l�v �h�^�g�h�c �q�Z�k�l�b �f�g�h�]�h�h�[�j�Z�a�b�y �m�\�_�e�b�q�b�l�k�y �g�Z �_�^�b�g�b�p�m, �^�j�m�]�h�c 

– �m�f�_�g�v�r�Z�_�l�k�y �g�Z �_�^�b�g�b�p�m, �l�h�]�^�Z �d�Z�d �k�m�f�f�Z�j�g�Z�y �j�Z�a�f�_�j�g�h�k�l�v �g�_ �f�_�g�y�_�l�k�y.  

�J�_�r�_�g�b�_ �i�h�j�h�`�^�Z�x�s�_�c �k�b�k�l�_�f�u �f�h�`�_�l �[�u�l�v �a�Z�i�b�k�Z�g�h �\ �b�g�h�f �\�b�^�_   

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

,sincos

��

��� 
i
j

i
j

ii
j

ii
j

i
j

yx

tmytmxtq

 

�L�Z�d�Z�y �n�h�j�f�Z �a�Z�i�b�k�b �b�k�i�h�e�v�a�h�\�Z�e�Z�k�v �\ �j�Z�[�h�l�_ [17] �b �i�h�g�Z�^�h�[�b�l�k�y �i�h�a�`�_. �G�b�`�_ 

�i�h�e�m�q�_�g�Z �k�\�y�a�v �w�l�b�o �i�h�k�l�h�y�g�g�u�o �k �i�h�k�l�h�y�g�g�u�f�b  �� ���I,A : 

� � � � � � � � � � � �

�°
�°
�¯

�°
�°
�®

�

� �¸�¸
�¹

�·
�¨�¨
�©

�§
��

� �¸�¸
�¹

�·
�¨�¨
�©

�§

�Ÿ�¸�¸
�¹

�·
�¨�¨
�©

�§
���¸�¸

�¹

�·
�¨�¨
�©

�§
� �¸�¸

�¹

�·
�¨�¨
�©

�§
��� 

i
j

i
i
j

i
j

i
i
j

i
ii

j

i
ii

j

i
ii

j
i
j

y
m
m

A

x
m
m

A

m
m

tmA
m
m

tmA
m
m

tmAtq

1
11

1
11

1
11

1
11

1
11

sin

cos

sinsincoscoscos

�I

�I

�I�I�I

 

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

�f�g�h�]�h�h�[�j�Z�a�b�y �F �\ �i�_�j�_�f�_�g�g�u�o (�o,�m). 

�M�q�_�l �\�h�a�f�m�s�_�g�b�c 

         �I�m�k�l�v �l�_�i�_�j�v .0�z�H  �L�h�]�^�Z �\ �i�j�Z�\�h�c �q�Z�k�l�b �i�h�j�h�`�^�Z�x�s�_�c �k�b�k�l�_�f�u �i�h�y�\�b�l�k�y 

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

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

�i�h�k�l�h�y�g�g�u�o, �^�e�y �i�j�b�f�_�g�_�g�b�y �d�h�l�h�j�h�]�h �^�_�e�Z�_�l�k�y �a�Z�f�_�g�Z �i�_�j�_�f�_�g�g�u�o 

� � � � � � � ��I,, Aqq �o��  �\ �k�h�h�l�\�_�l�k�l�\�b�b �k �n�h�j�f�m�e�Z�f�b  

�� ��
� � � �.sin

cos
i
j

iii
j

i
j

i
j

ii
j

i
j

tmmAq

tmAq

�I

�I

����� 

��� 

��
 

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

�w�l�h�]�h �i�_�j�_�i�b�k�u�\�Z�_�l�k�y �\ �g�h�j�f�Z�e�v�g�h�c �n�h�j�f�_ �D�h�r�b, �b �^�_�e�Z�x�l�k�y �g�_�d�h�l�h�j�u�_ 

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

� � � ��I,�: : 
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� � � ��� ��

� � � �� � � �

i

i
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i
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i
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i
j

kjni

tmtqqQ
mA

tmtqqQ
m

A

,...,1,...,1

cos,,

sin,,

� � 

����� 

����� 

�I
�H

�I

�I
�H

����

����

                                   (4) 

(�< �i�j�Z�\�u�o �q�Z�k�l�y�o �^�Z�g�g�u�o  �m�j�Z�\�g�_�g�b�c �^�_�e�Z�_�l�k�y �i�h�^�k�l�Z�g�h�\�d�Z 

�� �� �� ��, , , , ,q q A t q q A t�I �I�  �  � � � � ).  �;�m�^�_�f �b�k�i�h�e�v�a�h�\�Z�l�v �^�e�y �w�l�b�o �m�j�Z�\�g�_�g�b�c 

�k�e�_�^�m�x�s�m�x �k�b�f�\�h�e�b�q�_�k�d�m�x �a�Z�i�b�k�v  

� � � �, ,
A

X A t�H �I
�I

� 
��

��  

      �W�l�Z �k�b�k�l�_�f�Z �^�e�y �f�_�^�e�_�g�g�u�o �i�_�j�_�f�_�g�g�u�o �b�f�_�_�l �k�l�Z�g�^�Z�j�l�g�m�x �n�h�j�f�m 

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

�G�Z�i�h�f�g�b�f �h�k�g�h�\�g�m�x �b�^�_�x �w�l�h�]�h �f�_�l�h�^�Z �b �^�h�d�Z�`�_�f �l�_�h�j�_�f�m �G.�G. �;�h�]�h�e�x�[�h�\�Z, 

�d�h�l�h�j�Z�y �k�h�k�l�Z�\�e�y�_�l �h�k�g�h�\�g�h�c �j�_�a�m�e�v�l�Z�l �l�_�h�j�b�b. �I�j�b �^�h�d�Z�a�Z�l�_�e�v�k�l�\�_ �k�l�j�h�y�l�k�y 

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

�k�j�Z�\�g�_�g�b�x �k �h�p�_�g�d�Z�f�b, �i�j�b�\�_�^�_�g�g�u�f�b �\ [26].  

      �K�l�Z�g�^�Z�j�l�g�Z�y �n�h�j�f�Z �k�b�k�l�_�f�u �^�b�n�n�_�j�_�g�p�b�Z�e�v�g�u�o �m�j�Z�\�g�_�g�b�c, �b�k�k�e�_�^�m�_�f�h�c 

�f�_�l�h�^�h�f �h�k�j�_�^�g�_�g�b�y, �b�f�_�_�l �\�b� ̂ 

�� ��, , , nx X t x x� H � H�  � •�� �\  

�H�k�g�h�\�g�Z�y �b�^�_�y �f�_�l�h�^�Z �h�k�j�_�^�g�_�g�b�y �k�h�k�l�h�b�l �\ �l�h�f, �q�l�h �w�l�Z �g�_�Z�\�l�h�g�h�f�g�Z�y �k�b�k�l�_�f�Z 

�a�Z�f�_�g�y�_�l�k�y �Z�\�l�h�g�h�f�g�h�c �k�b�k�l�_�f�h�c 

�� ��0 ,u X u�H �H� ��  

�i�j�Z�\�Z�y �q�Z�k�l�v �d�h�l�h�j�h�c �h�i�j�_�^�_�e�y�_�l�k�y �i�h �n�h�j�f�m�e�Z�f 

� � � � � � � �

� � � � � � � �

0
0

0
0

1
lim , , ,  �_�k�e�b , ,  - �g�_�i�_�j�b�h�^�b�q�_�d�Z�y �n�m�g�d�p�b�y, �b

1
, , , �_�k�e�b , ,  �b�f�_�_�l �i�_�j�b�h�^ .

T

T

T

X X t u dt X t u
T

X X t u dt X t u �L
T

� H � H

� H � H

�o�f
� 

� 

�³

�³
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�L�h �_�k�l�v 0X  �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �j�_�a�m�e�v�l�Z�l �h�k�j�_�^�g�_�g�b�y �i�h �y�\�g�h �\�o�h�^�y�s�_�f�m 

�\�j�_�f�_�g�b. �G�Z�q�Z�e�v�g�u�_ �m�k�e�h�\�b�y �m �h�[�_�b�o �k�b�k�l�_�f �h�k�l�Z�x�l�k�y �l�_�f�b �`�_: � � � ��� ��0 0x u� .  

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

�\�u�i�h�e�g�_�g�u �m�k�e�h�\�b�y �k�e�_�^�m�x�s�_�c �l�_�h�j�_�f�u [26] 

�L�_�h�j�_�f�Z �G.�G. �;�h�]�h�e�x�[�h�\�Z 

      �K�j�Z�\�g�b�\�Z�x�l�k�y �^�\�_ �a�Z�^�Z�q�b �D�h�r�b  

� � � � �� ��
� � � � � � � �

0

0 0

, , ,

0 0

x X t x u X u

x x u x

�H � H � H�  �  

�  �  

� � � �� H
 

�I�j�Z�\�Z�y �q�Z�k�l�v �� ��, ,X t x �H  �k�q�b�l�Z�_�l�k�y �h�i�j�_�^�_�e�_�g�g�h�c �g�Z �f�g�h�`�_�k�l�\�_ 

� � � ��> �� �> �@1, , 0, 0,t x D�H �H� • � f � u � u, �]�^�_ nD �• �\  �g�_�d�h�l�h�j�Z�y �h�[�e�Z�k�l�v (�h�l�d�j�u�l�h�_ �b �k�\�y�a�g�h�_ 

�f�g�h�`�_�k�l�\�h).  

      �L�h�]�^�Z �_�k�e�b �\�u�i�h�e�g�_�g�u �m�k�e�h�\�b�y 

�: ) �� ��, ,X t x �H - �b�a�f�_�j�b�f�Z�y �i�h t �n�m�g�d�p�b�y �i�j�b �e�x�[�u�o �n�b�d�k�b�j�h�\�Z�g�g�u�o �b x �H (�\ 

�q�Z�k�l�g�h�k�l�b, �d�m�k�h�q�g�h-�g�_�i�j�_�j�u�\�g�Z�y �n�m�g�d�p�b�y, �f�g�h�`�_�k�l�\�h �l�h�q�_�d �j�Z�a�j�u�\�Z �d�h�l�h�j�h�c 

�g�_ �b�f�_�_�l �l�h�q�_�d �k�]�m�s�_�g�b�y); 

�;) �f�h�`�g�h �g�Z�c�l�b �l�Z�d�b�_ �^�\�_ �g�b �h�l �q�_�]�h �g�_ �a�Z�\�b�k�y�s�b�_ �i�h�k�l�h�y�g�g�u�_ �F  �b �O, �q�l�h  

� � � � � � � ��� ��, , ,  �b , , , ,X t x M X t x X t x x x� H � H� H� O�c �c� d � �� d� � ( 2
ix x� �¦ ) �^�e�y �e�x�[�u�o 

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

�<) �i�j�_�^�_�e � � � � � � � �0
0

1
, lim , ,

T

T
X u X t u

T
dt�H �H

�o�f
� �³  �k�m�s�_�k�l�\�m�_�l �j�Z�\�g�h�f�_�j�g�h �h�l�g�h�k�b�l�_�e�v�g�h 

�> �@1  �b 0,u D �H �H� • � •. 
      �L�h �_�k�e�b �j�_�r�_�g�b�_ u(t) �a�Z�^�Z�q�b �D�h�r�b �^�e�y �h�k�j�_�^�g�_�g�g�h�c �k�b�k�l�_�f�u �h�i�j�_�^�_�e�_�g�h 

�i�j�b �> ��0,t � • � f �b �i�j�b�g�Z�^�e�_�`�b�l �h�[�e�Z�k�l�b D �\�f�_�k�l�_ �k�h �k�\�h�_�c �! - �h�d�j�_�k�l�g�h�k�l�v�x, �l�h  

0 :L �H� � � � 

� � � � � � � � � � � �
�> �� 0 1�i�j�b 0, /  �b 0

Lx t u t L M e

t L

�O�O � G � H

�H � H � H � H

� � � d

� • � d� d� d
 

�]�^�_ 
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� � � � � � � � � � � �
/

0
0 0

sup sup , , , 0 �i�j�b 0
h

h L x D
X t x X x dt

�H

� G � H � H � H � H � H
� � � d � •

�  � �� o� ª � º� ¬ � ¼�³ � o 

�?�k�e�b �i�j�Z�\�Z�y �q�Z�k�l�v �k�b�k�l�_�f�u �i�_�j�b�h�^�b�q�g�Z �� � � � �, , , ,X t T x X t x � ��H �H� � � {, �l�h 

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

� � � � � � � � 1
2

2
Lx t u t TM L e�O�O �H� § � ·� � � d � �� ¨ � ¸

� © � ¹
  

      �I�j�b�\�_�^�_�g�g�h�_ �g�b�`�_ �^�h�d�Z�a�Z�l�_�e�v�k�l�\�h �n�Z�d�l�b�q�_�k�d�b �^�h�k�e�h�\�g�h �i�h�\�l�h�j�y�_�l 

�^�h�d�Z�a�Z�l�_�e�v�k�l�\�h, �^�Z�g�g�h�_ �\ �f�h�g�h�]�j�Z�n�b�b [29]. �H�^�g�Z�d�h �a�^�_�k�v �b�k�i�h�e�v�a�m�_�l�k�y 

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

�i�h�e�m�q�_�g�g�u�_ �\ [29]. �W�l�Z �^�_�l�Z�e�v �m�d�Z�a�Z�g�Z �g�Z �k�l�j�Z�g�b�p�_ 31. 

 

�>�h�d�Z�a�Z�l�_�e�v�k�l�\�h 

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

�b�g�l�_�]�j�Z�e�v�g�u�f �m�j�Z�\�g�_�g�b�y�f: 

� � � � � � � � � � � � � � � �� ^ � `0
0

, , ,
t

x t u t X t x t X u t d� H � H � H� � �  � �t�ª � º � ª � º�¬ � ¼ � ¬ � ¼�³  

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

�� ��, ,X t u t �H� ª� ¬� º� ¼ �b �h�p�_�g�b�f �i�h�k�e�_�^�g�_�_ �k�h�h�l�g�h�r�_�g�b�_ �i�h �g�h�j�f�_, �i�h�e�v�a�m�y�k�v 

�k�\�h�c�k�l�\�Z�f�b �g�h�j�f�u �b �m�k�e�h�\�b�_�f �;): 

� � � � � � � � � � � �� � � �� � � �� � � �� � � �� � � �

� � � � � � � �
� > � @

� � � �� � � �

0 0

0, /0 0

, , , , , ,

sup , , ,

t t

t t

t L

x t u t X t x t X t u t dt X t u t dt

x t u t dt X t u t dt
�H

� H � H � H� H � H

�H�O �H �H
�•

� � � d � � � �

� d � � � �

� ³ � ³

� ³ � ³

��

��

� d

 

�]�^�_ � � � �� � � �� � � �� � � ��� ���� ��0, , , , ,X t u t X t u t X u t�H � H�  � ��� � H. �>�e�y �^�Z�e�v�g�_�c�r�b�o �h�p�_�g�h�d 

�b�k�i�h�e�v�a�m�_�l�k�y �e�_�f�f�Z �=�j�h�g�m�h�e�e�Z [15,19,26]: 

      �?�k�e�b �g�_�h�l�j�b�p�Z�l�_�e�v�g�u�_ �k�d�Z�e�y�j�g�u�_ �g�_�i�j�_�j�u�\�g�u�_ �n�m�g�d�p�b�b � � � � �� �� �b  t f t�D  

�h�i�j�_�^�_�e�_�g�u �g�Z �b�g�l�_�j�\�Z�e�_ �> ��0,t � • � f �b �m�^�h�\�e�_�l�\�h�j�y�x�l �g�_�j�Z�\�_�g�k�l�\�m  
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� � � � � � � � � � � �
0

t

t C f t t d� D � D� d � ��³ t

t

, 

�]�^�_ �K – �i�h�e�h�`�b�l�_�e�v�g�h�_ �q�b�k�e�h, �l�h �^�e�y �g�b�o �l�Z�d�`�_ �\�_�j�g�h �g�_�j�Z�\�_�g�k�l�\�h 

� � � � � � � �
0

exp
t

t C f t d�D �d �³  

�g�Z �l�h�f �`�_ �b�g�l�_�j�\�Z�e�_ �\�j�_�f�_�g�b. �I�j�b�f�_�g�y�y �w�l�m �e�_�f�f�m �^�e�y �h�p�_�g�d�b �� �� �� ��x t u t�� , 

�i�h�e�m�q�b�f, �q�l�h 

� � � � � � � �
� > � @

� � � �� � � �
0, / 0

sup , , ,
t

t L

t L
x t u t e X t u t dt e J�H�O �O

�H
� H � H

�•
� � � d � d�³��  

�]�^�_ 

� > � @
� � � �� � � �

0, / 0

sup , ,
t

t L
J X t u t dt

�H
� H � H

�•
� �³�� . 

�>�e�y �h�p�_�g�h�d �\�_�e�b�q�b�g�u J �i�h�g�Z�^�h�[�y�l�k�y �k�e�_�^�m�x�s�b�_ �g�_�j�Z�\�_�g�k�l�\�Z: 

� � � � �� ��

� � � � � � � �

� � � � � � � �

0

0 0

, , , , 2

, ,

, , , , 2 .

,

,

X x M X t x M

X x X x x x

X t x X t x x x

� H � H

� H � H� O

� H � H� O

� d � d

� c � c� � � d� �

�c �c� � � d

��

� � � �� �

 

      �H�p�_�g�d�Z J �a�Z�\�b�k�b�l �h�l �l�h�]�h, �y�\�e�y�_�l�k�y �e�b X��  �i�_�j�b�h�^�b�q�_�k�d�h�c �n�m�g�d�p�b�_�c t �b�e�b 

�g�_�l. �< �g�Z�q�Z�e�_ �j�Z�k�k�f�h�l�j�b�f �g�_�i�_�j�b�h�^�b�q�_�k�d�b�c �k�e�m�q�Z�c. �?�k�e�b u(t) = const - 

�k�l�Z�p�b�h�g�Z�j�g�h�_ �j�_�r�_�g�b�_ �a�Z�^�Z�q�b �D�h�r�b �^�e�y �k�b�k�l�_�f�u �k �i�j�Z�\�h�c �q�Z�k�l�v�x �� ��0 ,X x �H , �l�h, 

�i�h�e�Z�]�Z�y t = l/ �0 �b �i�h�e�v�a�m�y�k�v �m�k�e�h�\�b�_�f �<) �l�_�h�j�_�f�u, �i�h�e�m�q�b�f 

� > � @
� � � �

0, 0

sup , , 0 �i�j�b 0
t

l L
J l X t u dt

l
�H

� H � H
�•

� � o � o�³�� . 

�H�[�h�a�g�Z�q�b�f �� �� sup
u D

J� G � H
�•

� ; �� ���G�H  �k�m�s�_�k�l�\�m�_�l �b �m�^�h�\�e�_�l�\�h�j�y�_�l �m�k�e�h�\�b�x 

�� �� 0 �i�j�b 0� G � H � H� o � o �\ �k�b�e�m �m�k�e�h�\�b�y �l�_�h�j�_�f�u �<). �L�Z�d�b�f �h�[�j�Z�a�h�f, �^�e�y 

�k�l�Z�p�b�h�g�Z�j�g�h�]�h �j�_�r�_�g�b�y �� �� 0J � G � H� d � o�i�j�b 0�H�o . �H�p�_�g�d�Z �^�e�y �h�[�s�_�]�h �k�e�m�q�Z�y 
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�k�\�h�^�b�l�k�y �d �k�l�Z�p�b�h�g�Z�j�g�h�f�m �i�j�b �i�h�f�h�s�b �k�e�_�^�m�x�s�_�]�h �i�j�b�_�f�Z. �B�g�l�_�j�\�Z�e �> �@0,t  

�j�Z�a�[�b�\�Z�_�l�k�y �g�Z n �j�Z�\�g�u�o �b�g�l�_�j�\�Z�e�h�\  

 

 

       ui 

 

 

 

                            t/n                            t(i-1)/n    

�Z �^�e�y �Z�i�i�j�h�d�k�b�f�Z�p�b�b u(t) �b�k�i�h�e�v�a�m�_�l�k�y �k�l�m�i�_�g�q�Z�l�Z�y �n�m�g�d�p�b�y. �< �h�l�e�b�q�b�_ �h�l 

�Z�i�i�j�h�d�k�b�f�Z�p�b�b, �b�k�i�h�e�v�a�h�\�Z�g�g�h�c �\ [26], �\ �d�Z�q�_�k�l�\�_ ui �\�u�[�b�j�Z�_�l�k�y  �a�g�Z�q�_�g�b�_ u(t) 

�b�a �k�_�j�_�^�b�g�u, �Z �g�_ �g�Z�q�Z�e�Z �b�g�l�_�j�\�Z�e�Z ui = u(t(i-1/2)/n). �W�l�h �b �i�h�a�\�h�e�y�_�l �m�e�m�q�r�b�l�v 

�h�p�_�g�d�b, �i�h�e�m�q�_�g�g�u�_ �\ [26]. 

      �A�Z�i�b�r�_�f �g�_�j�Z�\�_�g�k�l�\�h  

� � � �� � � � � � � �� � � �� � � � � � � �
/ /

0
1 1( 1) / ( 1) /

, ,  , , , , , ,
ti n ti nn nt

i i
i it i n t i n

X t u t dt X t u t X t u dt X t u dt� H � H� H � H � H � H
�  �  � � � �

� ª � º� d � �� �� ¬ � ¼� ¦ � ¦� ³ � ³ � ³� � � �� � � H� �

�I�h �l�h�e�v�d�h �q�l�h �^�h�d�Z�a�Z�g�g�h�f�m 

� � � �
� � � �

� � � � � � � �
� � � �

� � � �
1 // /

1 / 0 0

, , , , , , 2 .
t i nti n ti n

i i i
t i n

X t u dt X t u dt X t u dt�H � H � H � H � H � H � G
��

��

� d � �� ³ � ³ � ³� � � � � �� H� d 

 �>�Z�e�_�_ �h�p�_�g�b�f 

� � � �� � � �� � � �
� � � �

� � � �
� � � �

/ /

1 / 1 /

, , , , 2
ti n ti n

i i
t i n t i n

X t u t X t u dt u u d�H � H � O � W
� � � �

� ª � º� � � d� ¬ � ¼� ³ � ³� � � � � W� � 

�<�_�e�b�q�b�g�Z �� �� iu u�W��  �h�p�_�g�b�\�Z�_�l�k�y �b�a �a�Z�^�Z�q�b �D�h�r�b 

�� �� �� ���� ��0 , , 1/ 2 / iu X u u t i n� H � H�  � ��� u�   

�K�e�_�^�h�\�Z�l�_�e�v�g�h,  
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� � � � , �]�^�_    ,
2 2i

t t
u u M

n n
� W � H� W � W�ª �º� � � d � • � ��« �»�¬ �¼

 

�l�h �_�k�l�v �g�Z�q�Z�e�v�g�u�_ �m�k�e�h�\�b�y �a�Z�^�Z�q�b �D�h�r�b �\�u�[�b�j�Z�x�l�k�y �b�a �k�_�j�_�^�b�g�u �b�g�l�_�j�\�Z�e�Z 

�j�Z�a�[�b�_�g�b�y �� ��1 / , /t i n ti n��� ª� ¬� º� ¼, �Z �k�Z�f�Z �a�Z�^�Z�q�Z �j�_�r�Z�_�l�k�y �\ �i�h�e�h�`�b�l�_�e�v�g�h�f �\�j�_�f�_�g�b 

�^�e�y �i�j�Z�\�h�c �i�h�e�h�\�b�g�u �b�g�l�_�j�\�Z�e�Z, �b �\ �h�l�j�b�p�Z�l�_�e�v�g�h�f �^�e�y �e�_�\�h�c �i�h�e�h�\�b�g�u 

(�h�l�g�h�k�b�l�_�e�v�g�h �g�Z�q�Z�e�v�g�h�]�h �m�k�e�h�\�b�y �� ���� ��1/ 2 / iu t i n u�� � ).  

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

�k�h�h�l�g�h�r�_�g�b�y: � � � �2
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n
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�� . �H�l�k�x�^�Z �i�h�e�m�q�Z�_�l�k�y �k�e�_�^�m�x�s�Z�y �h�p�_�g�d�Z 

� � � � � � � � � � � �.Lu t x t L M e�O�O � G � H� � � d  

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

�i�j�b�\�_�^�_�g�g�h�f �\ [26], �\ 2 2  �j�Z�a.  

      �I�_�j�_�c�^�_�f �d �i�_�j�b�h�^�b�q�_�k�d�h�f�m �k�e�m�q�Z�x. �I�m�k�l�v �L – �i�_�j�b�h�^ �b �� ��1 ,t n T nT� • � �� ª � º� ¬ � ¼. 
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�>�e�y �^�Z�e�v�g�_�c�r�b�o �h�p�_�g�h�d �b�k�i�h�e�v�a�m�_�f �k�h�h�l�g�h�r�_�g�b�_  
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�]�^�_ �� ���� ��1/ 2iu u i T�  � �, �i�h�k�d�h�e�v�d�m �[�m�^�_�l  �b�k�i�h�e�v�a�h�\�Z�g �l�h�l �`�_ �i�j�b�_�f, �q�l�h �b �\ 

�i�j�_�^�u�^�m�s�_�f �k�e�m�q�Z�_: �\�f�_�k�l�h �Z�i�i�j�h�d�k�b�f�Z�p�b�b u(t) �g�Z �h�l�j�_�a�d�_ �� ��1 ,i T iT��� ª � º� ¬ � ¼ 

�\�_�e�b�q�b�g�h�c �� ���� ��1iu u i T�  � � �\�u�[�b�j�Z�_�l�k�y �a�g�Z�q�_�g�b�_ �� ���� ��1/ 2u i T�� .  

      �L�Z�d�b�f �h�[�j�Z�a�h�f, �i�h�e�m�q�Z�_�f 
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�h�l�d�m�^�Z �i�h�e�m�q�Z�_�l�k�y �h�p�_�g�d�Z  

� � � � � � � � 1
2 .
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Lu t x t TM L e�O�O �H� § � ·� � � d � �� ¨ � ¸
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�W�l�Z �h�p�_�g�d�Z �l�Z�d�`�_ �m�e�m�q�r�_�g�Z �h�l�g�h�k�b�l�_�e�v�g�h �i�j�b�\�_�^�_�g�g�h�c �\ [26], �]�^�_ �[�u�e�h 

�m�d�Z�a�Z�g�h, �q�l�h �� �� �� �� �� ��2 .Lu t x t TM L e�O�O �H� � � d � � 

      �L�_�h�j�_�f�Z �^�h�d�Z�a�Z�g�Z. 

      �<�h�a�\�j�Z�s�Z�y�k�v �d �g�Z�r�_�c �a�Z�^�Z�q�_, �m�q�b�l�u�\�Z�y 2�Œ – �i�_�j�b�h�^�b�q�g�h�k�l�v �i�j�Z�\�h�c �q�Z�k�l�b, 

�b�f�_�_�f: 
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3. �E�h�d�Z�e�v�g�u�c �w�\�h�e�x�p�b�h�g�g�u�c �[�Z�a�b�k �b �_�]�h �k�\�h�c�k�l�\�Z. �:�e�]�_�[�j�Z �E�b �\�_�d�l�h�j�g�u�o 

�i�h�e�_�c. 

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

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

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

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

�i�j�_�^�u�^�m�s�b�o [17]. �D�Z�`�^�h�f�m �l�b�i�m �w�\�h�e�x�p�b�c �k�l�Z�\�b�l�k�y �\ �k�h�h�l�\�_�l�k�l�\�b�_ 

�h�i�j�_�^�_�e�_�g�g�h�_ �g�Z�i�j�Z�\�e�_�g�b�_ (�b�e�b �k�h�\�h�d�m�i�g�h�k�l�v �g�Z�i�j�Z�\�e�_�g�b�c) �\ �i�j�h�k�l�j�Z�g�k�l�\�_ 

� ��I,�: , �l�Z�d�b�o, �q�l�h �\�h�a�f�m�s�_�g�b�_, �b�f�_�x�s�_�_ �i�j�h�_�d�p�b�x �g�Z �d�Z�d�h�_ – �e�b�[�h �b�a �w�l�b�o 

�g�Z�i�j�Z�\�e�_�g�b�c, �\�u�a�u�\�Z�_�l �k�h�h�l�\�_�l�k�l�\�m�x�s�m�x �w�\�h�e�x�p�b�x. �M�d�Z�a�Z�g�g�u�_ �g�Z�i�j�Z�\�e�_�g�b�y 

�h�[�j�Z�a�m�x�l �e�h�d�Z�e�v�g�u�c �[�Z�a�b�k �\ �i�j�h�k�l�j�Z�g�k�l�\�_ �� ���I,�: . �G�b�`�_ �i�j�b�\�h�^�y�l�k�y �\�u�j�Z�`�_�g�b�y 

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

�n�h�j�f�u �h�[�j�Z�a�h�\�Z�g�u �f�g�h�`�_�k�l�\�h�f �g�h�j�f�Z�e�_�c �d �f�g�h�]�h�h�[�j�Z�a�b�x �F: 
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�A�^�_�k�v �b �^�Z�e�_�_ �i�_�j�\�u�_ N �d�h�h�j�^�b�g�Z�l �h�l�g�h�k�y�l�k�y �d �i�j�h�k�l�j�Z�g�k�l�\�m �:, �h�k�l�Z�e�v�g�u�_ – �d 

�i�j�h�k�l�j�Z�g�k�l�\�m �I . �< �d�Z�`�^�h�f �i�h�k�e�_�^�m�x�s�_�f �\�_�d�l�h�j�_ �w�e�_�f�_�g�l  �k�f�_�s�Z�_�l�k�y �g�Z 

�h�^�g�m �i�h�a�b�p�b�x �\�i�j�Z�\�h �i�h �k�j�Z�\�g�_�g�b�x �k �i�j�_�^�u�^�m�s�b�f. �K�h�\�h�d�m�i�g�h�k�l�v �w�l�b�o 

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

1m��

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

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

�g�Z�i�j�Z�\�e�y�x�s�b�f �\�_�d�l�h�j�h�f �i�j�y�f�h�c l, �d�h�l�h�j�u�c �b�f�_�_�l �\�b� ̂

1

1 10,...,0 ,..., ,..., ,..., .
n

T

n n

k k

m m m m�����	�� � 
 � ����	�� �
  

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

�k�q�b�l�Z�l�v �\�_�e�b�q�b�g�m 

�� ���¦� 
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maxmax i
jqq  

�< �k�e�m�q�Z�_ �\�u�j�h�`�^�_�g�g�h�c �n�h�j�f�u �d�h�e�_�[�Z�g�b�c � � � ��¦� 
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max i
jAq , �i�h�w�l�h�f�m 

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

�Z�f�i�e�b�l�m�^�Z �b �l�b�i �n�b�]�m�j�u, �q�l�h �\ �k�e�m�q�Z�_ �\�u�j�h�`�^�_�g�g�h�c �n�h�j�f�u �j�Z�\�g�h�k�b�e�v�g�h 

�m�k�e�h�\�b�x  

�� ���¦ � � const22
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j  

�W�l�h �m�j�Z�\�g�_�g�b�_ �a�Z�^�Z�_�l N – 1 – �f�_�j�g�m�x �k�n�_�j�m �\ N – �f�_�j�g�h�f �i�j�h�k�l�j�Z�g�k�l�\�_ 

�Z�f�i�e�b�l�m�^ �:. �I�j�b �\�Z�j�v�b�j�h�\�Z�g�b�b �i�Z�j�Z�f�_�l�j�h�\  �i�h �k�n�_�j�_ �i�j�h�b�k�o�h�^�b�l 

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

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

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

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

�[�Z�a�b�k�h�f �d�Z�k�Z�l�_�e�v�g�h�]�h �i�j�h�k�l�j�Z�g�k�l�\�Z �d �k�n�_�j�_. �?�k�e�b , �l�h �\ �d�Z�q�_�k�l�\�_ �[�Z�a�b�k�Z 

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

�\�_�d�l�h�j�Z �: , �Z �g�Z j+ 1 – �f  �f�_�k�l�_ j – �]�h �\�_�d�l�h�j�Z – �i�_�j�\�u�c �w�e�_�f�_�g�l �\�_�d�l�h�j�Z �:, �\�a�y�l�u�c 

�k �h�[�j�Z�l�g�u�f �a�g�Z�d�h�f. �?�k�e�b �`�_ , �l�h �j�h�e�v  �f�h�`�_�l �k�u�]�j�Z�l�v �e�x�[�Z�y �h�l�e�b�q�g�Z�y 

�h�l �g�m�e�y �d�h�f�i�h�g�_�g�l�Z �\�_�d�l�h�j�Z �:, �d�h�l�h�j�Z�y �\�k�_�]�^�Z �k�m�s�_�k�l�\�m�_�l, �l�Z�d �d�Z�d �\ �i�j�h�l�b�\�g�h�f 

�k�e�m�q�Z�_ �d�h�e�_�[�Z�g�b�y �\�h�h�[�s�_ �h�l�k�m�l�k�l�\�m�x�l.  

01
1 � �: 1

1�:

 

�K�\�h�c�k�l�\�Z �[�Z�a�b�k�Z. 

      �F�Z�l�j�b�p�Z �=�j�Z�f�Z �i�h�k�l�j�h�_�g�g�h�]�h �[�Z�a�b�k�Z �b�f�_�_�l �[�e�h�q�g�h-�^�b�Z�]�h�g�Z�e�v�g�u�c �\�b� ̂ 

1
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4
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G

G

G

G

� * �  

0

0

 

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

, �\�l�h�j�h�c �i�h�j�h�`�^�Z�_�l�k�y �i�m�q�d�h�f �i�j�_�p�_�k�k�b�b �b �b�f�_�_�l �l�m �`�_ 

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

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

11 ���u�� NN

11�u . 

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

�f�Z�l�j�b�p�u �=�j�Z�f�Z �l�_�o �\�_�d�l�h�j�h�\, �e�b�g�_�c�g�Z�y �g�_�a�Z�\�b�k�b�f�h�k�l�v �d�h�l�h�j�u�o �h�q�_�\�b�^�g�Z.  

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

 

     1. �<�_�d�l�h�j�u �e�h�d�Z�e�v�g�h�]�h �[�Z�a�b�k�Z �e�b�g�_�c�g�h �g�_�a�Z�\�b�k�b�f�u. 

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

�h�a�g�Z�q�Z�_�l, �q�l�h 
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�< �w�l�h�c �n�h�j�f�m�e�_ �[�m�d�\�Z�f�b «�_» �k �b�g�^�_�d�k�Z�f�b �h�[�h�a�g�Z�q�_�g�u �\�_�d�l�h�j�u �[�Z�a�b�k�Z �b �g�Z 

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

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

�b�a�f�_�g�_�g�b�_ �q�Z�k�l�h�l�u �b a – �b�a�f�_�g�_�g�b�_ �Z�f�i�e�b�l�m�^�u. 

 

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

�j�Z�a�f�_�j�g�h�k�l�v 2N �b �y�\�e�y�_�l�k�y �g�_�d�h�f�f�m�l�Z�l�b�\�g�h�c, �h�^�g�Z�d�h �[�h�e�v�r�b�g�k�l�\�h 
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�d�h�f�f�m�l�Z�l�h�j�h�\  �h�[�j�Z�s�Z�_�l�k�y �\ �g�h�e�v. �H�i�_�j�Z�l�h�j�u �k�l�j�h�y�l�k�y �i�h �i�j�Z�\�b�e�m 
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�\�_�d�l�h�j �e�h�d�Z�e�v�g�h�]�h �[�Z�a�b�k�Z, * �i�j�b�g�b�f�Z�_�l �a�g�Z�q�_�g�b�y �b�a �k�h�\�h�d�m�i�g�h�k�l�b {d,p,f,a} �b 

�b�f�_�x�l �\�b� ̂

....

,.........

,

,

1
1

1
1

1
1

1
1
1

1

1
11

1

1
1
1

1

n
k

n
k

a

n
k

n
n

n

k
f

i
j

i
j

p

i
j

i
j

i

d

i
j

n

n

n

A
A

A
AU

mmm
A

mU

A
A

A
AU

mmU

�w
�w

����
�w
�w

� 

�w
�w

����
�w
�w

����
�w

�w
����

�w
�w

� 

�w
�w

��
�w
�w

� 

�w
�w

��
�w
�w

� 

�I�I�I

�I�I

 

�< �h�i�_�j�Z�l�h�j�Z�o �k �l�j�_�f�y �b�g�^�_�d�k�Z�f�b �g�m�f�_�j�Z�p�b�y �g�Z�q�b�g�Z�_�l�k�y �k { i,j} = {1,2} �b�e�b {2,1}, 

�_�k�e�b �i�_�j�\�Z�y �]�j�m�i�i�Z �m�j�Z�\�g�_�g�b�c (�k �q�Z�k�l�h�l�h�c ) �k�h�k�l�h�b�l �b�a �h�^�g�h�]�h �m�j�Z�\�g�_�g�b�y. 

�H�i�_�j�Z�l�h�j�u  �i�j�_�^�k�l�Z�\�e�y�x�l �k�h�[�h�c �h�i�_�j�Z�l�h�j�u �]�j�m�i�i�u �\�j�Z�s�_�g�b�c, �Z  -  

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

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

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

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

�\�h�a�f�h�`�g�h�k�l�v �\�h�a�^�_�c�k�l�\�h�\�Z�l�v �g�Z �k�b�k�l�_�f�m �i�h �h�^�g�h�f�m «�d�Z�g�Z�e�m» �g�_ �\�h�a�^�_�c�k�l�\�m�y 

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

�k�\�h�c�k�l�\ �b �l.�i.).  
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3. �F�g�h�]�h�h�[�j�Z�a�b�_  �F �y�\�e�y�_�l�k�y �b�g�\�Z�j�b�Z�g�l�g�u�f �^�e�y �]�j�m�i�i �i�j�_�p�_�k�k�b�b, �b�a�f�_�g�_�g�b�y 

�q�Z�k�l�h�l�u �b �Z�f�i�e�b�l�m�^�u. 

 

4. �W�\�h�e�x�p�b�h�g�g�u�c �[�Z�a�b�k �g�_�]�h�e�h�g�h�f�_�g, �l�Z�d �d�Z�d �g�Z�i�j�Z�\�e�_�g�b�y �i�j�_�p�_�k�k�b�b �g�_ 

�b�f�_�x�l �i�h�l�_�g�p�b�Z�e�Z. 

 

4. �D�e�Z�k�k�b�n�b�d�Z�p�b�y �k�b�e �i�h �l�b�i�m �i�h�j�h�`�^�Z�_�f�h�c �w�\�h�e�x�p�b�b. 

      �D�e�Z�k�k�b�n�b�d�Z�p�b�y �i�j�h�\�h�^�b�l�k�y �^�e�y �e�b�g�_�c�g�u�o �i�h �d�h�h�j�^�b�g�Z�l�Z�f �b �k�d�h�j�h�k�l�y�f �k�b�e, 

�g�_ �a�Z�\�b�k�y�s�b�o �h�l �\�j�_�f�_�g�b 

� � � �� � � �

1 1
1 1

n n

n n
k k

q q

Q S H N D R

q q

�  � � � � � � � � � �� *
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�< �w�l�h�c �n�h�j�f�m�e�_  S – �k�b�f�f�_�l�j�b�q�_�k�d�Z�y �f�Z�l�j�b�p�Z �i�h�l�_�g�p�b�Z�e�v�g�u�o �i�h�a�b�p�b�h�g�g�u�o �k�b�e 

�k�n�_�j�b�q�_�k�d�h�]�h �l�b�i�Z, H – �k�b�f�f�_�l�j�b�q�_�k�d�Z�y �f�Z�l�j�b�p�Z �i�h�l�_�g�p�b�Z�e�v�g�u�o �i�h�a�b�p�b�h�g�g�u�o  

�k�b�e �]�b�i�_�j�[�h�e�b�q�_�k�d�h�]�h �l�b�i�Z, N – �d�h�k�h�k�b�f�f�_�l�j�b�q�_�k�d�Z�y �f�Z�l�j�b�p�Z �p�b�j�d�m�e�y�j�g�u�o 

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

�k�n�_�j�b�q�_�k�d�h�]�h �l�b�i�Z, R – �k�b�f�f�_�l�j�b�q�_�k�d�Z�y �f�Z�l�j�b�p�Z �^�b�k�k�b�i�Z�l�b�\�g�u�o �k�b�e 

�]�b�i�_�j�[�h�e�b�q�_�k�d�h�]�h �l�b�i�Z, �= – �d�h�k�h�k�b�f�f�_�l�j�b�q�_�k�d�Z�y �f�Z�l�j�b�p�Z �]�b�j�h�k�d�h�i�b�q�_�k�d�b�o �k�b�e. 

�D�Z�`�^�Z�y �b�a �w�l�b�o �f�Z�l�j�b�p �i�h�k�l�h�y�g�g�Z �b �[�m�^�_�l �j�Z�k�k�f�Z�l�j�b�\�Z�l�v�k�y �\ �k�\�h�_�c 

�d�Z�g�h�g�b�q�_�k�d�h�c �n�h�j�f�_: 

� � � �� � � � �� ��

� � � �
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1

diag ,..., , diag ,..., , tr 0, diag ,...., ,

diag ,..., , tr 0,
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�D�Z�g�h�g�b�q�_�k�d�b�c �\�b� ̂ �f�Z�l�j�b�p�u �= �l�Z�d�h�c �`�_, �d�Z�d �m N , �l�h�e�v�d�h �h�l�e�b�q�g�u�_ �h�l �g�m�e�y 

�w�e�_�f�_�g�l�u �= �[�m�^�m�l �h�[�h�a�g�Z�q�Z�l�v�k�y  k�J . �<�e�b�y�g�b�_ �k�b�e �[�m�^�_�l �j�Z�k�k�f�Z�l�j�b�\�Z�l�v�k�y 

�g�_�a�Z�\�b�k�b�f�h �^�j�m�] �h�l �^�j�m�]�Z �i�m�l�_�f �i�h�^�k�l�Z�g�h�\�d�b �\�u�j�Z�`�_�g�b�c �^�e�y �k�b�e �\ �n�h�j�f�m�e�m (4) 

�^�e�y � �tAX ,, � ��I , �i�j�b�\�_�^�_�g�g�m�x �g�Z �k�l�j�Z�g�b�p�_ 16, �b �h�k�j�_�^�g�_�g�b�_�f  �\ �k�h�h�l�\�_�l�k�l�\�b�b �k 

�n�h�j�f�m�e�h�c (5) �g�Z �k�l�j�Z�g�b�p�_ 34. �J�_�a�m�e�v�l�Z�l�h�f �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o �\�u�q�b�k�e�_�g�b�c �[�m�^�_�l 

� � � � � � � �� � � �� � � �� � � �

� � � �� � � �� � � � � � � �

� � � � � � � �� � � �
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1 1 1 11

1 11

2 1 1 2
11 1

1 1
1 1 1 11 1

1 11

, , cos sin , , cos sin

1 1 1 1
cos , , cos , , , 0, ,0 , ,
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, , cos sin , ,
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�< �w�l�b�o �b �\�k�_�o �i�h�k�e�_�^�m�x�s�b�o �n�h�j�f�m�e�Z�o �\�_�d�l�h�j�u �j�Z�a�[�b�l�u �g�Z �^�\�Z �[�e�h�d�Z 

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

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

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

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

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

�i�_�j�_�f�_�g�g�u�_. �I�h�^�k�l�Z�g�h�\�d�Z �� ���I,AX �*  �i�j�b �� �� MA �•�I,  �\ �h�k�j�_�^�g�_�g�g�u�_ �m�j�Z�\�g�_�g�b�y  

(5) �^�e�y � � � ��I,A , �g�Z�i�b�k�Z�g�g�u�_ �g�Z �k�l�j�Z�g�b�p�_ 34, �i�j�b�\�h�^�b�l �d �m�j�Z�\�g�_�g�b�y�f 
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�b�a �d�h�l�h�j�u�o �k�e�_�^�m�_�l, �q�l�h �]�b�j�h�k�d�h�i�b�q�_�k�d�b�_ �k�b�e�u �f�h�]�m�l �i�j�b�\�h�^�b�l�v �d �\�u�j�h�`�^�_�g�b�x 

�n�b�]�m�j �\ �n�b�]�m�j�u �f�_�g�v�r�_�c �j�Z�a�f�_�j�g�h�k�l�b: 
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         �>�e�y �l�h�]�h, �q�l�h�[�u �\�u�y�\�b�l�v �\�e�b�y�g�b�_ �d�Z�d�h�c – �e�b�[�h �k�b�e�u �g�Z �l�m �b�e�b �b�g�m�x 

�w�\�h�e�x�p�b�x �g�m�`�g�h �k�i�j�h�_�d�l�b�j�h�\�Z�l�v �w�l�m �k�b�e�m �g�Z �g�Z�i�j�Z�\�e�_�g�b�y �[�Z�a�b�k�Z, 

�k�h�h�l�\�_�l�k�l�\�m�x�s�b�_ �w�l�h�c �w�\�h�e�x�p�b�b. �J�_�a�m�e�v�l�Z�l �l�Z�d�h�]�h �i�j�h�_�d�l�b�j�h�\�Z�g�b�y �^�e�y �l�h�e�v�d�h 

�q�l�h �\�u�q�b�k�e�_�g�g�u�o �h�k�j�_�^�g�_�g�g�u�o �k�b�e �� ���I,AX �   �m�^�h�[�g�h �i�j�_�^�k�l�Z�\�b�l�v �\ �\�b�^�_ 

�k�e�_�^�m�x�s�_�c �l�Z�[�e�b�p�u 
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�\ �d�h�l�h�j�h�c �g�Z�e�b�q�b�_ �i�j�h�_�d�p�b�b �h�[�h�a�g�Z�q�_�g�h �a�g�Z�d�h�f «+», �Z �h�l�k�m�l�k�l�\�b�_ �i�j�h�_�d�p�b�b 

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

�i�h�a�b�p�b�h�g�g�u�_ �k�b�e�u �k�n�_�j�b�q�_�k�d�h�]�h �l�b�i�Z (�k �f�Z�l�j�b�p�_�c S) �i�j�b�\�h�^�y�l �d �j�Z�a�j�m�r�_�g�b�x 

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

�i�j�_�p�_�k�k�b�x �b �l.� .̂ 

       �?�k�e�b �k�h�k�l�Z�\�b�l�v �Z�g�Z�e�h�]�b�q�g�m�x �l�Z�[�e�b�p�m �^�e�y �g�_�h�k�j�_�^�g�_�g�g�u�o �k�b�e, �l�h �_�k�l�v 

� �tAX ,, � ��I� , �l�h �\�k�y �l�Z�[�e�b�p�Z �h�d�Z�`�_�l�k�y �a�Z�i�h�e�g�_�g�g�h�c «�i�e�x�k�Z�f�b» �k �_�^�b�g�k�l�\�_�g�g�u�f 

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

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

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

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

�j�_�r�_�g�b�y �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o �m�j�Z�\�g�_�g�b�c. �D �l�h�f�m �`�_ �j�_�r�_�g�b�_ �g�_�h�k�j�_�^�g�_�g�g�u�o  

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

�� ��2�H�v . �G�Z�b�[�h�e�_�_ �i�j�h�k�l�Z �k�b�l�m�Z�p�b�y �\ �k�e�m�q�Z�_ �^�b�Z�]�h�g�Z�e�v�g�u�o �f�Z�l�j�b�p. �J�_�r�_�g�b�_ 

�\�u�i�b�k�u�\�Z�_�l�k�y �w�e�_�f�_�g�l�Z�j�g�h, �b �i�h�a�\�h�e�y�_�l �h�[�t�y�k�g�b�l�v �l�Z�d�b�_ �w�n�n�_�d�l�u, �d�Z�d 

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

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

�]�b�i�_�j�[�h�e�b�q�_�k�d�h�]�h �l�b�i�Z.  

         �>�e�y �h�[�t�y�k�g�_�g�b�y �i�_�j�\�h�]�h �w�n�n�_�d�l�Z �^�h�k�l�Z�l�h�q�g�h �j�Z�k�k�f�h�l�j�_�l�v �j�_�a�h�g�Z�g�k 1:2 
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�l�h �_�k�l�v �k�h�h�l�g�h�r�_�g�b�_ �f�_�`�^�m �q�Z�k�l�h�l�Z�f�b �� ��21 : �Z�Z  �b�a�f�_�g�y�_�l�k�y �b �i�j�h�b�k�o�h�^�b�l 

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

�[�h�e�v�r�b�g�k�l�\�_ �k�e�m�q�Z�_�\ �q�Z�k�l�h�l�u �k�l�Z�g�h�\�y�l�k�y �g�_�k�h�b�a�f�_�j�b�f�u�f�b, �b �\ �k�b�k�l�_�f�_ 

�b�k�q�_�a�Z�_�l �j�_�a�h�g�Z�g�k. �B�k�d�e�x�q�_�g�b�_�f �y�\�e�y�_�l�k�y �k�e�m�q�Z�c �j�_�a�h�g�Z�g�k�Z 1:…:1, �d�h�]�^�Z 

�k�h�h�l�g�h�r�_�g�b�y �q�Z�k�l�h�l �g�_ �f�_�g�y�x�l�k�y, �o�h�l�y �k�Z�f�b �q�Z�k�l�h�l�u �k�l�Z�g�m�l �b �^�j�m�]�b�f�b.  

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

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

{ i,j}, �l�Z�d�Z�y �q�l�h   (�b�g�Z�q�_ �\�k�_ ). �:�g�Z�e�h�]�b�q�g�h, . 
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(�a�g�Z�d  «�#» �k�l�h�b�l �\ �k�b�e�m �l�h�]�h, �q�l�h �b�a�f�_�g�_�g�b�_ �q�Z�k�l�h�l�u �i�j�b �f�Z�e�u�o �H 

�i�j�h�i�h�j�p�b�h�g�Z�e�v�g�h ) �b �i�h�w�l�h�f�m �h�[�y�a�Z�l�_�e�v�g�h �b�f�_�x�l�k�y �d�Z�d �d�h�e�_�[�Z�g�b�y �k 

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

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

.  

2�H

0� �� i
jr

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

�w�n�n�_�d�l�u, �g�_�e�b�g�_�c�g�u�_ �i�h �f�Z�e�h�f�m �i�Z�j�Z�f�_�l�j�m.  

         �< �k�e�m�q�Z�_ �]�b�j�h�k�d�h�i�b�q�_�k�d�b�o �k�b�e �i�_�j�\�h�]�h �l�b�i�Z �f�h�`�g�h �k�q�b�l�Z�l�v, �q�l�h �k�b�k�l�_�f�Z 

�b�f�_�_�l �\�b� ̂
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�l�Z�d �d�Z�d �h�[�s�b�c �k�e�m�q�Z�c �k�\�h�^�b�l�k�y �d �w�l�h�f�m. �I�h�b�k�d �j�_�r�_�g�b�y �\ �\�b�^�_ 

�k�\�h�^�b�l�k�y �d �h�l�u�k�d�Z�g�b�x �d�h�j�g�_�c �m�j�Z�\�g�_�g�b�y  theq �O� 

,0
1

1
Det

2

2

� �¸�¸
�¹

�·
�¨�¨
�©

�§

��

����

�O�H�O
�H�O�O

 

�d�h�l�h�j�h�_ �b�f�_�_�l �j�_�r�_�g�b�y 
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�g�Z�[�e�x�^�Z�_�l�k�y �w�n�n�_�d�l �j�Z�a�^�\�h�_�g�b�y �q�Z�k�l�h�l: .
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         �=�b�j�h�k�d�h�i�b�q�_�k�d�b�_ �k�b�e�u �\�l�h�j�h�]�h �l�b�i�Z �k�\�h�^�y�l�k�y �d �k�b�k�l�_�f�_  
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�Q�l�h�[�u �\�u�q�b�k�e�b�l�v 
0
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�m�j�Z�\�g�_�g�b�_ (*) �j�Z�k�i�b�k�u�\�Z�_�l�k�y �\ �y�\�g�h�f �\�b�^�_ �b 

�^�b�n�n�_�j�_�g�p�b�j�m�_�l�k�y �i�h , �i�h�k�e�_ �q�_�]�h �l�m�^�Z �i�h�^�k�l�Z�\�e�y�x�l�k�y �\�u�j�Z�`�_�g�b�y (**). �< 

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

�j�_�a�m�e�v�l�Z�l�m: 
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�H�l�k�x�^�Z �\�b�^�g�h, �q�l�h �]�b�j�h�k�d�h�i�b�q�_�k�d�b�_ �k�b�e�u �\�l�h�j�h�]�h �l�b�i�Z �i�j�b�\�h�^�y�l �d �m�\�_�e�b�q�_�g�b�x 

�[�h�e�v�r�b�o �q�Z�k�l�h�l �b �d �k�g�b�`�_�g�b�x �f�_�g�v�r�b�o, �h�^�g�Z�d�h �w�n�n�_�d�l �h�d�Z�a�u�\�Z�_�l�k�y 

�d�\�Z�^�j�Z�l�b�q�g�u�f �i�h �f�Z�e�h�f�m �i�Z�j�Z�f�_�l�j�m.  

         �P�b�j�d�m�e�y�j�g�u�_ �k�b�e�u �b�k�k�e�_�^�m�x�l�k�y �l�h�q�g�h �l�Z�d �`�_, �d�Z�d �b �]�b�j�h�k�d�h�i�b�q�_�k�d�b�_. �>�e�y 

�k�b�e �i�_�j�\�h�]�h �l�b�i�Z  
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(�w�n�n�_�d�l �b�a�f�_�g�_�g�b�y �q�Z�k�l�h�l�u �b�f�_�_�l �i�h�j�y�^�h�d ). 2�H

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

�]�b�j�h�k�d�h�i�b�q�_�k�d�b�o �k�b�e �l�h�]�h �`�_ �l�b�i�Z (�m�\�_�e�b�q�_�g�b�_ �[�h�e�v�r�_�c �q�Z�k�l�h�l�u �b �k�g�b�`�_�g�b�_ 

�f�_�g�v�r�_�c), �o�h�l�y �b �h�i�b�k�u�\�Z�_�l�k�y �^�j�m�]�b�f�b �n�h�j�f�m�e�Z�f�b. 

  

6. �A�Z�^�Z�q�Z �k�l�Z�[�b�e�b�a�Z�p�b�b �\�u�j�h�`�^�_�g�g�h�c �n�h�j�f�u 

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

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

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

(�m�i�j�Z�\�e�_�g�b�_), �h�[�_�k�i�_�q�b�\�Z�x�s�m�x �m�k�l�h�c�q�b�\�h�k�l�v �w�l�b�o �d�h�e�_�[�Z�g�b�c. �D�j�h�f�_ �l�h�]�h, 

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

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

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

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

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

�\�b�[�j�Z�p�b�h�g�g�u�f�b �b�e�b �\�h�e�g�h�\�u�f�b �l�\�_�j�^�h�l�_�e�v�g�u�f�b �]�b�j�h�k�d�h�i�Z�f�b. �Y�k�g�h, �q�l�h 

�k�b�]�g�Z�e �e�x�[�h�]�h �i�j�b�[�h�j�Z �^�h�e�`�_�g �[�u�l�v �k�l�Z�[�b�e�v�g�u�f: �h�g �g�_ �^�h�e�`�_�g �g�b �i�j�h�i�Z�^�Z�l�v, 

�g�b �k�l�Z�g�h�\�b�l�v�k�y �k�e�b�r�d�h�f �[�h�e�v�r�b�f. �W�l�b�f �^�b�d�l�m�_�l�k�y �g�_�h�[�o�h�^�b�f�h�k�l�v 

�i�h�^�^�_�j�`�Z�g�b�y �i�h�k�l�h�y�g�g�h�c �Z�f�i�e�b�l�m�^�u. �K �^�j�m�]�h�c �k�l�h�j�h�g�u, �m�i�j�Z�\�e�_�g�b�_ �]�b�j�h�k�d�h�i�f 

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

�]�j�m�i�i�Z �l�j�_�[�h�\�Z�g�b�c, �i�j�_�^�t�y�\�e�y�_�f�u�o �d �m�i�j�Z�\�e�_�g�b�x. 

      �L�Z�d�b�f �h�[�j�Z�a�h�f, �\�h�a�g�b�d�Z�_�l �k�e�_�^�m�x�s�Z�y �a�Z�^�Z�q�Z: 

�G�Z�c�l�b �h�[�j�Z�l�g�m�x �k�\�y�a�v 

�� ��
� � � ��I�I

�I

,

,

A

AA

�)� 

�<� 
��

��
 

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

, �]�^�_  - �_�^�b�g�b�q�g�Z�y �k�n�_�j�Z �\ �i�j�h�k�l�j�Z�g�k�l�\�_ �Z�f�i�e�b�l�m�^ �:. �I�j�b �w�l�h�f 

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

�i�j�_�p�_�k�k�b�b: 
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�]�^�_ �� ���˜  - �k�d�Z�e�y�j�g�h�_ �i�j�h�b�a�\�_�^�_�g�b�_ �\ �k�f�u�k�e�_ �i�j�h�k�l�j�Z�g�k�l�\�Z . NR2

      �B�k�i�h�e�v�a�h�\�Z�g�b�_  �i�_�j�_�f�_�g�g�u�o �� ���I,A  �i�h�a�\�h�e�y�_�l �i�h�k�l�j�h�b�l�v �l�Z�d�m�x �h�[�j�Z�l�g�m�x 

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

�g�_�a�Z�\�b�k�b�f�h, �q�l�h �k�e�_�^�m�_�l �d�Z�d �b�a �d�h�f�f�m�l�Z�p�b�h�g�g�u�o �k�h�h�l�g�h�r�_�g�b�c, �l�Z�d �b �b�a �l�h�]�h, 

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

�k�l�Z�[�b�e�b�a�Z�p�b�y �n�h�j�f�u – �l�h�e�v�d�h �d �i�j�h�k�l�j�Z�g�k�l�\�m �n�Z�a .�I  �G�Z�b�[�h�e�_�_ �i�j�h�k�l�h 

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

� �,1
2
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��� AS � �   �]�^�_   �� ���¦� 
22 i

jAA , 

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

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

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

�i�j�b�g�p�b�i�b�Z�e�v�g�u�f �h�[�j�Z�a�h�f. �H�q�_�\�b�^�g�h, �q�l�h �m�k�e�h�\�b�_ 
10 �j�Z�\�g�h�k�b�e�v�g�h �l�h�f�m, �q�l�h  NS A S ���  � •. �E�_�]�d�h �\�b�^�_�l�v, �q�l�h �w�l�Z �h�[�j�Z�l�g�Z�y �k�\�y�a�v 

�b�f�_�_�l �i�j�h�_�d�p�b�x �l�h�e�v�d�h �g�Z �g�Z�i�j�Z�\�e�_�g�b�_ �b�a�f�_�g�_�g�b�y �Z�f�i�e�b�l�m�^�u. 

�>�b�n�n�_�j�_�g�p�b�j�h�\�Z�g�b�_ �n�m�g�d�p�b�b S �\ �k�b�e�m �m�d�Z�a�Z�g�g�h�c �h�[�j�Z�l�g�h�c �k�\�y�a�b �b �g�_�d�h�l�h�j�u�_ 

�i�j�_�h�[�j�Z�a�h�\�Z�g�b�y �i�j�b�\�h�^�y�l �d �m�j�Z�\�g�_�g�b�x  

�� �� ,12 SSS ����� ��  

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

�m�k�l�h�c�q�b�\�h�k�l�b �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, �q�l�h �h�a�g�Z�q�Z�_�l �m�k�l�h�c�q�b�\�h�k�l�v 

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

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

�k�f�u�k�e�_ �w�l�h�]�h �i�j�h�k�l�j�Z�g�k�l�\�Z.  

NR

      �I�m�k�l�v  - �i�Z�j�Z�f�_�l�j�b�q�_�k�d�h�_ �m�j�Z�\�g�_�g�b�_ �i�j�y�f�h�c l , �]�^�_ 

�g�_�d�h�l�h�j�Z�y �l�h�q�d�Z, �e�_�`�Z�s�Z�y �g�Z �i�j�y�f�h�c, �Z �_ – �g�Z�i�j�Z�\�e�y�x�s�b�c �\�_�d�l�h�j �i�j�y�f�h�c, 

�j�Z�\�g�u�c 
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�L�h�]�^�Z �\�_�d�l�h�j �U, �i�j�h�\�_�^�_�g�g�u�c �b�a �i�j�h�b�a�\�h�e�v�g�h�c �l�h�q�d�b �I  �\ �l�h�q�d�m, 

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

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

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

�\�_�d�l�h�j l�I  �b�f�_�_�l �g�Z�q�Z�e�h �\ �i�h�e�x�k�_ �k�b�k�l�_�f�u �d�h�h�j�^�b�g�Z�l �b �d�h�g�_�p �g�Z �i�j�y�f�h�c l , �Z 

�\�_�d�l�h�j �A�I �h�j�l�h�]�h�g�Z�e�_�g �i�j�y�f�h�c l. �H�q�_�\�b�^�g�h, �q�l�h �h�[�j�Z�l�g�Z�y �k�\�y�a�v �g�_ �f�_�g�y�_�l l�I , �g�h 

�i�j�b�\�h�^�b�l �d �b�a�f�_�g�_�g�b�x �A�I  �\ �k�h�h�l�\�_�l�k�l�\�b�b �k �n�h�j�f�m�e�h�c 

�� �� �� �� ,0 tet ��
�A�A � �I�I  

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

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

�_�]�h �m�k�l�h�c�q�b�\�h�k�l�v �i�j�b �i�h�k�l�h�y�g�g�h �^�_�c�k�l�\�m�x�s�b�o �\�h�a�f�m�s�_�g�b�y�o.  

1���ˆ NSM

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

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

�l�b�i�Z, �l�h �_�k�l�v  
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�K�b�l�m�Z�p�b�y �k �^�b�k�k�b�i�Z�l�b�\�g�u�f�b �k�b�e�Z�f�b �y�k�g�Z, �l�Z�d �d�Z�d �OD �_�k�l�v �i�j�Z�\�Z�y �q�Z�k�l�v 

�m�i�j�Z�\�e�_�g�b�y, �i�h�w�l�h�f�m �h�k�l�Z�e�h�k�v �j�Z�a�t�y�k�g�b�l�v �k�b�l�m�Z�p�b�x �k �i�h�a�b�p�b�h�g�g�u�f�b �k�b�e�Z�f�b, �Z 

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

1. � � � � �Ÿ� � � �¸
�¹
�·�¨

�©
�§ �˜� �˜ �¦ 0

111
trH

e
h

e
eX

e
eX

f

i
j

f

f
H

f

H  



 51

�?�k�e�b �j�Z�k�k�f�h�l�j�_�l�v �\�k�_�\�h�a�f�h�`�g�u�_ �k�b�e�u �l�b�i�Z , �l�h �g�_�l�j�m�^�g�h �\�b�^�_�l�v, �q�l�h �w�l�b 

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

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

�^�h�i�h�e�g�_�g�b�y. 

HX

2. �� ��00 �I�I�I�I ���˜���� ee  �y�\�e�y�_�l�k�y �g�h�j�f�Z�e�v�x �d �i�j�y�f�h�c l.  

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

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

�h�]�j�Z�g�b�q�b�l�v �^�\�m�f�y �q�b�k�e�Z�f�b – 0 �b 1). �I�h�^�k�l�Z�g�h�\�d�Z �w�l�b�o �\�u�j�Z�`�_�g�b�c �\ �b�k�o�h�^�g�u�_ 

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

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

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

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

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

�i�j�h�f�_�`�m�l�d�_ �\�j�_�f�_�g�b:  

i
jA i

jn

i
jQ�H

�¸
�¸
�¹

�·
�¨
�¨
�©

�§
i
j

i

i
j

qm

q��
arctg  

�W�l�h �h�k�e�h�`�g�y�_�l �_�]�h �i�j�Z�d�l�b�q�_�k�d�m�x �j�_�Z�e�b�a�Z�p�b�x. �L�_�f �g�_ �f�_�g�_�_, �^�Z�g�g�h�_ 

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

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

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

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

 �W�l�h (�b�e�b �e�h�d�Z�e�v�g�h �w�d�\�b�\�Z�e�_�g�l�g�h�_ 

�_�f�m) �m�i�j�Z�\�e�_�g�b�_ �i�j�b�]�h�^�g�h �b �\ �k�e�m�q�Z�_ �\�u�j�h�`�^�_�g�b�y �n�b�]�m�j�u �\ �n�b�]�m�j�m �f�_�g�v�r�_�c 

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

�i�h�k�d�h�e�v�d�m �h�g�h �i�h�^�^�_�j�`�b�\�Z�_�l �l�j�_�[�m�_�f�u�_ �n�Z�a�h�\�u�_ �k�h�h�l�g�h�r�_�g�b�y �b �i�j�b «�\�u�o�h�^�_» 

�Z�f�i�e�b�l�m�^�u �b�a �g�m�e�_�\�h�]�h �k�h�k�l�h�y�g�b�y �k�h�h�l�\�_�l�k�l�\�m�x�s�Z�y �_�c �n�Z�a�Z �[�m�^�_�l «�g�Z �f�_�k�l�_».  

.0,0, �!�!���œ�� �P�O�P�O HDHD XXXX

 

7. �L�j�Z�_�d�l�h�j�b�b �k�b�k�l�_�f�u �i�h� ̂�^�_�c�k�l�\�b�_�f �m�i�j�Z�\�e�_�g�b�y �i�j�b �h�l�k�m�l�k�l�\�b�b                        

�\�h�a�f�m�s�_�g�b�c. 

         �B�a�m�q�_�g�b�_ �l�j�Z�_�d�l�h�j�b�c �m�^�h�[�g�h �g�Z�q�Z�l�v �k �i�j�h�k�l�_�c�r�_�]�h �k�e�m�q�Z�y – �j�_�a�h�g�Z�g�k�Z 1:1. 

�H�[�j�Z�l�g�Z�y �k�\�y�a�v �b�f�_�_�l �\�b� ̂ 

� � � �00 �I�I�I�I�I ���˜����� 

��� 

ee

ASA
��

��
 

�b �^�e�y �k�h�d�j�Z�s�_�g�b�y �\�u�q�b�k�e�_�g�b�c (�g�_ �k�g�b�`�Z�y �h�[�s�g�h�k�l�b) �f�h�`�g�h �k�q�b�l�Z�l�v, �q�l�h 

. �L�h�]�^�Z �\�l�h�j�h�_ �m�j�Z�\�g�_�g�b�_ �k�\�y�a�b �i�j�b�f�_�l �\�b� ̂ 00 � �I

�� ���I�I�I �˜����� ee��  

�b �[�m�^�_�l �b�f�_�l�v �j�_�r�_�g�b�_  

� � � � � � � � � � � � � � � � � � � �1 2 1 2

1 11 1
0 0 0 0

1 12 2
tt e� I � I � I � I � I���  � � � ˜� � � � � ˜� ª � º� ª � º� ¬ � ¼� ¬ � ¼��
,  

�]�^�_ � � � � � � � �1 20 , 0
T

� I � I  - �\�_�d�l�h�j �g�Z�q�Z�e�v�g�u�o �m�k�e�h�\�b�c. �<�_�d�l�h�j 1, 1
T

��  �h�j�l�h�]�h�g�Z�e�_�g 

�i�j�y�f�h�c l, �Z 1,1
T

 - �_�_ �g�Z�i�j�Z�\�e�y�x�s�b�c �\�_�d�l�h�j. �I�h�w�l�h�f�m �l�j�Z�_�d�l�h�j�b�b �� ��t�I  

�i�j�_�^�k�l�Z�\�e�y�x�l �k�h�[�h�c �i�j�y�f�u�_, �h�j�l�h�]�h�g�Z�e�v�g�u�_ �i�j�y�f�h�c l :  
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                                                             2�I             

                                                                                                     l 

 

 

                                                                                                                1�I           

 

 

 

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

� � � �

� � � �1
2
1

1
2
1

2
2

2
122

2
2

2
111

������� 

������� 

AAAA

AAAA

��

��

 

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

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

21
2

1

2

1 CAA
A
A

dA
dA

� �Ÿ�  

�]�^�_ �K – �i�j�h�b�a�\�h�e�v�g�Z�y �i�h�k�l�h�y�g�g�Z�y. �:  �b�a �m�j�Z�\�g�_�g�b�y , �j�_�r�_�g�b�_�f 

�d�h�l�h�j�h�]�h �y�\�e�y�_�l�k�y  

� �12 ����� SSS�� � �

� � � � �� ��
� � � �� � � �,

1102
0

����
� 

��

��

t

t

eS
eS

tS  

�k�e�_�^�m�_�l, �q�l�h �o�Z�j�Z�d�l�_�j �k�l�j�_�f�e�_�g�b�y �l�j�Z�_�d�l�h�j�b�c �d �h�d�j�m�`�g�h�k�l�b  - 

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

1S

�� ��1
2
1 2

��� AS  

�f�h�`�g�h �i�h�e�m�q�b�l�v �a�Z�\�b�k�b�f�h�k�l�v �� ��tA : 

� � � � �� ��
� � � � � � � �� � � �teAA

A
tA

������
� 

22
010

0
, 
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�h�l�d�m�^�Z, �m�q�b�l�u�\�Z�y �\�b� ̂ �l�j�Z�_�d�l�h�j�b�c, �e�_�]�d�h �i�j�b�c�l�b �d �\�u�\�h�^�m �h �l�h�f, �q�l�h �j�_�r�_�g�b�_ 

A(t) �b�f�_�_�l �\�b� ̂

� � � � � � � �
� � � �

� � � � �� ��
� � � � � � � �� � � �teAA

A
tA

A
A

tA
������

� � 
22

010

0
0
0

 

�l�h �_�k�l�v                                  

                                                  2A  

 

                                                          

       

 

 

 

 

 

                                                                                                  

1A

 

      �I�h�^�k�l�Z�g�h�\�d�Z �w�l�b�o �j�_�r�_�g�b�c �\ �\�u�j�Z�`�_�g�b�_ �^�e�y q(t) �i�j�b�\�h�^�b�l �d �k�e�_�^�m�x�s�_�f�m 

�j�_�a�m�e�v�l�Z�l�m 

� � � � � � � �
� � � � � � � �� � � �

� � � � � � � �� � � �� � � � � � � �� � � �

� � � � � � � �
� � � � � � � �� � � �

� � � � � � � �� � � �� � � � � � � �� � � ��»�¼
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�ª ��������
����
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�»�¼

�º
�«�¬
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����
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t

t

t

t

et
eAA

A
tq

et
eAA

A
tq

00
2
1

00
2
1

cos
010

0

00
2
1

00
2
1

cos
010

0

212122

2
2

212122

1
1

�I�I�I�I

�I�I�I�I

 

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

�f�g�h�`�b�l�_�e�v 1.0� �H , �q�l�h �i�j�b�\�h�^�b�l �d �a�Z�f�_�g�_ �\ �i�h�k�e�_�^�g�b�o �n�h�j�f�m�e�Z�o �g�Z , 

�b�f�_�_�l �i�j�b�f�_�j�g�h �l�Z�d�h�c �\�b�:̂ 

te�� te 1.0��

 

 

 



 55

 

                                                                                             

                                                                                                          q2

                                                      

1q  

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

� � � � � � � �
� � � � � � � �� � � �

� � � �� � � � � �� �� � � �� > � @,00cos
010

0
22

ti
j

i
j

i

t

i
ji

j etm
eAA

A
tq ��

��
����

����
� �I�K�I�[  

�]�^�_ � � � �� � � � � �� ��� ����0�b0 �I�K�I�[ i
j

i
j �g�_�d�h�l�h�j�u�_ �n�m�g�d�p�b�b �g�Z�q�Z�e�v�g�u�o �m�k�e�h�\�b�c � � � �0�I , �l�Z�d�b�_, 

�q�l�h �i�j�b  �i�h�e�m�q�Z�_�l�k�y �\�u�j�h�`�^�_�g�g�Z�y �n�h�j�f�Z �d�h�e�_�[�Z�g�b�c.  0� i
j�K

 

8. �H �\�h�a�f�h�`�g�h�k�l�b �\�u�[�h�j�Z �^�j�m�]�h�c �h�[�j�Z�l�g�h�c �k�\�y�a�b. 

      �< �j�Z�[�h�l�_ [17] �^�e�y �k�e�m�q�Z�y �j�_�a�h�g�Z�g�k�Z 1:1 �i�j�_�^�e�Z�]�Z�e�Z�k�v �b�g�Z�y �h�[�j�Z�l�g�Z�y �k�\�y�a�v. �< 

�i�_�j�_�f�_�g�g�u�o (�o, �m) �h�g�Z �b�f�_�e�Z �\�b� ̂

d

x
K e S e

y
�  � � � �

��

�� a
,                  (i) 

�]�^�_  

� � � �

1 2 2 1 2 1 2 1 1 2 1 2

2 2 2 2
1 2 1 2

, ,

1
1 .

2

T T

d a
K x y x y e y y x x e x x y y

S x x y y

�  � � �  � � � � �  

�  � �� �� �� �

,
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�< �k�h�h�l�\�_�l�k�l�\�b�b �k �f�Z�l�_�j�b�Z�e�h�f, �b�a�e�h�`�_�g�g�h�f �g�Z �k�l�j�Z�g�b�p�_ 26, �i�_�j�_�f�_�g�g�u�_ (�o, �m) 

�\�u�j�Z�`�Z�x�l�k�y �q�_�j�_�a  �� ���I,A  �n�h�j�f�m�e�Z�f�b 

222111

222111

sin,sin

cos,cos

�I�I

�I�I

AyAy

AxAx

��� ��� 

� � 

 

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

�i�_�j�_�f�_�g�g�u�o � � � ��I,A : 

� � � �� � � �

� � � �� � � �

� � � �

� � � �21
2
12

21
2
21

21
2

2
2
12

2
2

2
12

21
22

211
2
2

2
11

2sin
2
1

2sin
2
1

sin1
2
1

sin1
2
1

�I�I�I

�I�I�I

�I�I

�I�I
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A
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AAAAAA
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                   � � � �, (
A

V A ii�I
�I

� œ �  
��

�� )  

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

�q�Z�k�l�h�l�u �b �i�j�_�p�_�k�k�b�b: 

�� �� � � � ��� �� � � � �21
2
2

2
121

22
2

2
1

2
21 2sin,sin �I�I�I�I ����� �¸

�¹
�·�¨

�©
�§ �˜����� �¸

�¹
�·�¨

�©
�§ �˜ AAeVAAAAeV

fp
 

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

n�S�I�I � �� 21 ,  . �I�h�y�\�e�_�g�b�_ �h�l�e�b�q�g�u�o �h�l �g�m�e�y �i�j�h�_�d�p�b�c �h�[�t�y�k�g�y�_�l�k�y �l�_�f, 

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

(�o,�m) �d �[�Z�a�b�k�m �\ �i�j�h�k�l�j�Z�g�k�l�\�_ 

Zn �•

�� ���I,�:  �g�_  �h�j�l�h�]�h�g�Z�e�v�g�Z, �q�l�h �k�e�_�^�m�_�l �b�a �\�b�^�Z 

�f�Z�l�j�b�p �=�j�Z�f�Z �w�l�b�o �[�Z�a�b�k�h�\: 
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� � � �

2 2

2 2

2 2 2 2
( , ) ( , ) 1 2 1 22 2

2 2

0 0 2

0 2 0
2, ,2, .

0 2 0

2 0 0

x y A

x y K

x y K
diag A A A A

K x y

K x y

�I

��

� � � �
� * �  � * �  � � � �

� � � �

��

 

(�g�h�j�f�u �_�\�d�e�b�^�h�\�u). �E�b�g�_�Z�j�b�a�Z�p�b�y �h�[�j�Z�l�g�h�c �k�\�y�a�b �\ �h�d�j�_�k�l�g�h�k�l�b �f�g�h�]�h�h�[�j�Z�a�b�y 

�F �i�j�b�\�h�^�b�l �d �m�j�Z�\�g�_�g�b�y�f 

� � � �� � � �

� � � � � � � �21
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1221
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(�\ �d�Z�q�_�k�l�\�_ �F �\�u�[�j�Z�g�h �f�g�h�`�_�k�l�\�h � � � �
�¿
�¾
�½

�¯
�®
�

� � 21,1, �I�I�I AA ). �I�_�j�\�u�_ �^�\�Z 

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

�k�\�y�a�b. �K�b�k�l�_�f�Z �w�l�b�o �^�\�m�o �m�j�Z�\�g�_�g�b�c �y�\�g�h �b�g�l�_�]�j�b�j�m�_�l�k�y �b �i�h�w�l�h�f�m �a�Z�\�b�k�b�f�h�k�l�v 

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

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

�e�b�g�b�y�f�b �b �b�f�_�x�l �\�b� ̂
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�L�Z�d�b�f �h�[�j�Z�a�h�f, �\�b� ̂ �l�j�Z�_�d�l�h�j�b�c �k�b�k�l�_�f�u �i�h� ̂ �^�_�c�k�l�\�b�_�f �h�[�j�Z�l�g�h�c �k�\�y�a�b (ii) 

�h�l�e�b�q�_�g �h�l �l�j�Z�_�d�l�h�j�b�c  ,ASA ��� �� �� ���I�I�I �˜����� ee�� , �o�h�l�y �\ �h�[�h�b�o �k�e�m�q�Z�y�o 

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

11 SMSM N �ˆ� �ˆ ��  

      �?�k�e�b �b�k�k�e�_�^�m�_�f�u�f �y�\�e�_�g�b�_�f �[�m�^�_�l �e�b�r�v �i�j�_�p�_�k�k�b�y �n�h�j�f�u, �Z �^�j�m�]�b�_ 

�w�\�h�e�x�p�b�b �g�_ �i�j�_�^�k�l�Z�\�e�y�x�l �b�g�l�_�j�_�k�Z, �l�h �\�h�a�f�h�`�g�h �g�_�d�h�l�h�j�h�_ �m�i�j�h�s�_�g�b�_ 

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

�w�l�h�c �i�j�y�f�h�c, �g�Z�i�j�b�f�_�j  (�w�l�h�f�m �k�h�h�l�\�_�l�k�l�\�m�_�l N – �f�_�j�g�Z�y �i�e�h�k�d�h�k�l�v 

�m = 0 �i�j�h�k�l�j�Z�g�k�l�\�Z (�o,�m)). �D�h�g�_�q�g�h, �b�a�f�_�g�_�g�b�_ �q�Z�k�l�h�l�u �\ �w�l�h�f �k�e�m�q�Z�_ �k�l�Z�g�h�\�b�l�k�y 

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

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

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

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

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

�k�\�y�a�b.  

� � �L0,...,0� �I � �

         �L�Z�d�b�f �h�[�j�Z�a�h�f, �b�k�i�h�e�v�a�h�\�Z�g�b�_ �i�_�j�_�f�_�g�g�u�o �� ���I,�:  �i�h�a�\�h�e�y�_�l �i�h�k�l�j�h�b�l�v 

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

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

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

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

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

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

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

�h�[�j�Z�l�g�u�o �k�\�y�a�_�c, �e�b�r�_�g�g�u�o �l�_�o �h�k�h�[�_�g�g�h�k�l�_�c, �d�h�l�h�j�u�_ �i�j�_�i�y�l�k�l�\�m�x�l �b�o 

�g�h�j�f�Z�e�v�g�h�c �i�j�Z�d�l�b�q�_�k�d�h�c �j�_�Z�e�b�a�m�_�f�h�k�l�b. �I�h-�\�b�^�b�f�h�f�m, �p�_�e�_�k�h�h�[�j�Z�a�_�g 

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

�i�_�j�_�f�_�g�g�u�o «�Z�f�i�e�b�l�m�^�Z – �n�Z�a�Z», �i�h�k�d�h�e�v�d�m �]�_�h�f�_�l�j�b�q�_�k�d�b�_ �h�[�t�_�d�l�u �b�f�_�x�l 

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

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

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

�d�h�h�j�^�b�g�Z�l �^�_�e�Z�_�l �_�_ �g�_�m�^�h�[�g�h�c �i�j�b �b�a�m�q�_�g�b�b �a�Z�^�Z�q�b �k�l�Z�[�b�e�b�a�Z�p�b�b.   
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�=�e�Z�\�Z 2 

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

1. �I�h�k�l�Z�g�h�\�d�Z �a�Z�^�Z�q�b.  

      �B�k�k�e�_�^�m�_�f�Z�y �k�b�k�l�_�f�Z �b�f�_�_�l �\�b� ̂

�� ��tqqQqq ,, ������ �H� ��  

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

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

�b�a �b�k�o�h�^�g�h�c �i�j�b 0� �H , �b�f�_�_�l �\�b� ̂

� � � � t

x

x

x
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x

x

x

tq sincos
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���  

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

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

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

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

�j�b�k�m�g�d�_ 

 

 

 

 

 

 

 

 

 

 �^�e�y �h�i�j�_�^�_�e�_�g�b�y �i�h�\�h�j�h�l�h�\ �^�\�b�`�m�s�_�]�h�k�y �h�[�t�_�d�l�Z, �g�Z �d�h�l�h�j�u�c �m�k�l�Z�g�h�\�e�_�g�Z 

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

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

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

�i�h�a�\�h�e�y�x�s�b�_ �d�Z�d �k�g�b�f�Z�l�v �b�g�n�h�j�f�Z�p�b�x �k �i�j�b�[�h�j�Z, �l�Z�d �b �i�_�j�_�^�Z�\�Z�l�v 

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

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

�i�h�a�\�h�e�y�x�s�b�_ �k�q�b�l�u�\�Z�l�v �b�g�n�h�j�f�Z�p�b�x, �b �m�i�j�Z�\�e�y�x�s�b�_ �w�e�_�f�_�g�l�u, (�k�f. [18]), �b�e�b 

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

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

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

�i�h�\�h�j�h�l�h�f �h�[�t�_�d�l�Z �\ �i�e�h�k�d�h�k�l�b �d�h�e�_�[�Z�g�b�c �h�k�p�b�e�e�y�l�h�j�Z [18]. 

    �G�Z�j�y�^�m �k �w�l�b�f �\�h�a�f�h�`�g�u�f �i�j�b�e�h�`�_�g�b�_�f, �[�m�^�m�l �j�Z�k�k�f�Z�l�j�b�\�Z�l�v�k�y �a�Z�^�Z�q�b �h�[ 

�w�\�h�e�x�p�b�b �n�h�j�f�u �d�h�e�_�[�Z�g�b�c �i�h� ̂�^�_�c�k�l�\�b�_�f �\�h�a�f�m�s�_�g�b�c, �d�e�Z�k�k�b�n�b�d�Z�p�b�b �k�Z�f�b�o 

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

�d�j�m�]�h�\�h�c �n�h�j�f�u. �W�l�b �a�Z�^�Z�q�b, �k �h�^�g�h�c �k�l�h�j�h�g�u, �g�_�j�Z�a�j�u�\�g�h �k�\�y�a�Z�g�u �k 

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

�b�g�l�_�j�_�k, �h�[�m�k�e�h�\�e�_�g�g�u�c �\�h�a�f�h�`�g�h�k�l�v�x �k�h�i�h�k�l�Z�\�b�l�v �j�_�a�m�e�v�l�Z�l�u �k 

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

[17]. 

 

2. �F�g�h�]�h�h�[�j�Z�a�b�_, �k�h�h�l�\�_�l�k�l�\�m�x�s�_�_ �d�j�m�]�h�\�u�f �l�j�Z�_�d�l�h�j�b�y�f. 

       �D�Z�`�^�h�c �n�h�j�f�_ �l�j�Z�_�d�l�h�j�b�b �i�h�j�h�`�^�Z�x�s�_�c �k�b�k�l�_�f�u �f�h�`�g�h �i�h�k�l�Z�\�b�l�v �\ 

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

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

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

�k�i�j�Z�\�_�^�e�b�\�h �j�Z�\�_�g�k�l�\�h � � � � const� tq , �h�l�d�m�^�Z �k�e�_�^�m�_�l, �q�l�h 
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�]�^�_ �Z – �Z�f�i�e�b�l�m�^�Z �d�h�e�_�[�Z�g�b�c. �W�l�h �j�Z�\�_�g�k�l�\�h �j�Z�\�g�h�k�b�e�v�g�h �k�e�_�^�m�x�s�_�f�m 

�� �� � � � ��� �� 222
6

2
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2
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2
1 sincossin2 atxxxttxxxxxxxxx � ����������������  

�b�a �d�h�l�h�j�h�]�h, �m�q�b�l�u�\�Z�y �k�h�h�l�g�h�r�_�g�b�y �� �� � � � � 222
3

2
2

2
1

2
0 atqxxxq � � ����� , �\ 

�d�h�g�_�q�g�h�f �b�l�h�]�_ �b�f�_�_�f 

� � � � �� �� 0,0 2
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2
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2
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2
126352411 � ����������� � ����� xxxxxxxSxxxxxxxS  

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

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

 

3. �M�q�_�l �\�h�a�f�m�s�_�g�b�c. 

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

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

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

�\�h�a�^�_�c�k�l�\�b�_�f �\�h�a�f�m�s�_�g�b�c �\�_�e�b�q�b�g�u  �k�l�Z�g�h�\�y�l�k�y �f�_�^�e�_�g�g�h �f�_�g�y�x�s�b�f�b�k�y 

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

�b�k�i�h�e�v�a�m�_�l�k�y �a�Z�f�_�g�Z �n�Z�a�h�\�u�o �i�_�j�_�f�_�g�g�u�o 
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�� �� xqq �o��,  �\ �k�h�h�l�\�_�l�k�l�\�b�b �k 
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4. �E�h�d�Z�e�v�g�u�c �[�Z�a�b�k. 

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

�k�h�\�h�d�m�i�g�h�k�l�v �g�Z�i�j�Z�\�e�_�g�b�c, �l�Z�d�b�o �q�l�h �\�h�a�f�m�s�_�g�b�_ �O(�o), �b�f�_�x�s�_�_ �i�j�h�_�d�p�b�x �g�Z 

�h�^�g�h �b�a �l�Z�d�b�o �g�Z�i�j�Z�\�e�_�g�b�c, �\�u�a�u�\�Z�_�l �k�h�h�l�\�_�l�k�l�\�m�x�s�m�x �w�\�h�e�x�p�b�x. 

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

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

     �Z) �g�Z�i�j�Z�\�e�_�g�b�y �j�Z�a�j�m�r�_�g�b�y �d�j�m�]�h�\�h�c �n�h�j�f�u. �W�l�b �g�Z�i�j�Z�\�e�_�g�b�y �h�[�j�Z�a�h�\�Z�g�u 

�f�g�h�`�_�k�l�\�h�f �g�h�j�f�Z�e�_�c �d �f�g�h�]�h�h�[�j�Z�a�b�x N: 

TT
xxxxxxexxxxxxe 65432123216541 , ������� �  

     �[) �g�Z�i�j�Z�\�e�_�g�b�y �i�j�_�p�_�k�k�b�b �k�l�j�h�y�l�k�y �i�j�b �i�h�f�h�s�b �h�j�l�h�]�h�g�Z�e�v�g�h�c �f�Z�l�j�b�p�u �: 

�\�u�j�Z�`�_�g�g�h�c, �g�Z�i�j�b�f�_�j, �q�_�j�_�a �m�]�e�u �D�j�u�e�h�\�Z :,, �J�E�D   
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(�i�j�h�b�a�\�h�^�g�u�_ �\�u�q�b�k�e�y�x�l�k�y �i�j�b 0� � � �J�E�D ) 

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

�=�j�Z�f�Z �i�h�k�l�j�h�_�g�g�h�c �k�h�\�h�d�m�i�g�h�k�l�b �g�Z�i�j�Z�\�e�_�g�b�c �b�f�_�_�l �\�b� ̂ 
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�^�Z�g�g�Z�y �f�Z�l�j�b�p�Z �j�Z�a�[�b�l�Z �g�Z �[�e�h�d�b, �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_ �i�_�j�_�f�g�h�`�_�g�b�x �\�_�d�l�h�j�h�\ 
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�D�Z�d �i�h�d�Z�a�Z�g�h �\ [17], �m�k�e�h�\�b�_ �D(�o)=0 �j�Z�\�g�h�k�b�e�v�g�h �l�h�f�m, �q�l�h �\ �k�b�k�l�_�f�_ 

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

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

�h�k�l�Z�e�v�g�u�f �g�Z�i�j�Z�\�e�_�g�b�y�f �i�j�b Nx �• . �H�l�f�_�l�b�f �b �l�h�l �n�Z�d�l, �q�l�h �\�_�d�l�h�j �k 

�d�h�f�i�h�g�_�g�l�Z�f�b �� � � � �� ��� ��T
xKxKxK 213  �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �\�_�d�l�h�j �g�h�j�f�Z�e�b �d 

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

�h �i�h�\�h�j�h�l�Z�o �w�l�h�c �i�e�h�k�d�h�k�l�b �h�l�g�h�k�b�l�_�e�v�g�h �b�g�_�j�p�b�Z�e�v�g�h�]�h �i�j�h�k�l�j�Z�g�k�l�\�Z. 

�N�Z�d�l�b�q�_�k�d�b �w�l�h�l �\�_�d�l�h�j �b�]�j�Z�_�l �j�h�e�v �h�k�b �^�\�m�o�k�l�_�i�_�g�g�h�]�h �]�b�j�h�k�d�h�i�Z. �H 

�d�h�g�d�j�_�l�g�h�c �i�j�h�p�_�^�m�j�_ �_�]�h �b�a�f�_�j�_�g�b�y �[�m�^�_�l �g�Z�i�b�k�Z�g�h �i�h�a�`�_. �I�h�d�Z �`�_ 

�i�_�j�_�q�b�k�e�b�f   

     �k�\�h�c�k�l�\�Z �[�Z�a�b�k�Z. 

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

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

�\�u�j�h�`�^�_�g�g�u�f (�d�j�h�f�_ �l�h�q�d�b �o=0). �W�l�h �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h �\�b�^�g�h �b�a �k�l�j�m�d�l�m�j�u 

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

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

�w�\�h �d . �b  – 

�q

�x 

�s�b�_ �i�h�l�_�g�p�b�Z�e�Z. 

�b�n�b�d�Z�p�b�y �\�h�a�f�m�s�_�g�b�c. 

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

�k�d�h�j�h�k�l�y�f �b �d�h�h�j�^�b�g�Z�l �_ 

eee

eeee  

ie

�e�x�p�b�y�f, �h�f�f�m�l�b�j�m�x�l�B�k�d�e�x�q�_�g�b�_ �a �w�l�h�]�h �i�j�Z�\�b�e�Z�h�i�_�j�Z�l�h�j�u �]�j�m�i�i  

�j�Z�a�j�m�r�_�g�b�y �b �b�a�f�_�g�_�g�b�y �Z�k�l�h�l�u. 

N – �b�g�\�Z�j�b�Z�g�l�g�h�_ �f�g�h�]�h�h�[�j�Z�a�b�_ �]�j�m�i�i �i�j�_�p�_�k�k�b�b, �b�a�f�_�g�_�g�b�y �q�Z�k�l�h�l�u �b 

�Z�f�i�e�b�l�m�^�u. 

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

�i�h�e�y �g�_ �b�f�_�x

 

5. �D�e�Z�k�k

�Z�f. �W�l�b �k�b�e�u �i�j�_�^�k�l�Z�\�e�y�x�l�k�y �\ �\�b�^

� � � ��� ��RDqNHSQ q���*�����������  

�]�^�_ S – �k�b�f�f�_�l�j�b�q�_�k�d�Z�y �f�Z�l�j�b�p�Z �i�h�l�_�g�p�b�Z�e�v�g�u�o �i�h�a�b�p�b�h�g�g�u�o �k�b�e 

�k�n�_�j�b�q�_�k�d�h�]�h �l�b�i�Z,  H – �Z�g�Z�e�h�]�b�q�g�Z�y �f�Z�l�j�b�p�Z �]�b�i�_�j�[�h�e�b�q�_�d�h�]�h �l�b�i�Z, N – 

�p �u

 �\

�d�h�k�h�k�b�f�f�_�l�j�b�q�_�k�d�Z�y �f�Z�l�j�b�p�Z �b�j�d�m�e�y�j�g �o �k�b�e, D – �k�b�f�f�_�l�j�b�q�_�k�d�Z�y �f�Z�l�j�b�p�Z 

�^�b�k�k�b�i�Z�l�b�\�g�u�o �k�b�e �k�n�_�j�b�q�_�k�d�h�]�h �l�b�i�Z,  R – �Z�g�Z�e�h�]�b�q�g�Z�y �f�Z�l�j�b�p�Z 

�]�b�i�_�j�[�h�e�b�q�_�k�d�h�]�h �l�b�i�Z,  �= – �d�h�k�h�k�b�f�f�_�l�j�b�q�_�k�d�Z�y �f�Z�l�j�b�p�Z �]�b�j�h�k�d�h�i�b�q�_�k�d�b�o 

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

�d�Z�g�h�g�b�q�_�k�d�h�c �n�h�j�f�_, �d�h�_�c �y�\�e�y�_�l�k�y  

1d ag s , diag , 0, diag ,S H h h H D d d�  �  �  �  � " � " � "3

1 3

i s tr

diag , tr 0R r r R�  �  �"
 

�Z �^�e�y �d�h�k�h�k�b�f�f�_�l�j�b�q�_�k�d�b�o �f�Z�l�j�b�p N �b �= 
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�q�b�k�e�h. �h�_�i�j�h�b�a�\�h�e�v�g,
0

0
,0diag ��

��
� ��� n

n

n
N  

(�^�e�y �f�Z�l�j�b�p�u �= �\�f�_�k�l�h n �[�m�^�_�l �k�l�h�y�l�v �J). �< �a�Z�i�b�k�b �^�e�y N �g�m�e�v �g�Z �^�b�Z�]�h�g�Z�e�b 

�g�Z�e�h�]�b�q�g�h). �K�b�e�u �k �l�Z�d�b�f�b �f�Z�l�j�b�p�Z�f�b 

�i�h�^�k�l�Z�\�e�y�x�l�k�y �\ �n�h�j�f�m�e�u (*) �^�e�y �h�k�j�_�^�g�_�g�b�y, �\ �j�_�a�m�e�v�l�Z�l�_ �q�_�]�h  

�\�u�j�Z�`�_�g�b�y �^�e�y �i�j�Z�\�u�o �q�Z�k�l�_�c �h�k�j�_�^�g�_�g�g�h�c �k�b�k�l�_�f�u. 

�I�j�h�_�d�l�b�j�m�y  ) �g�Z �g�Z�i�j�Z�\�e�_�g�b�y �e�h�d�Z�e�v�g�h�]�h �[�Z�a�b�k�Z, 

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

�l�Z�[�e�b�p�Z �i�j�b �\�u�]�e�y�^�b�l �l�Z�d: 

S H N D R 

�f�h�`�_�l �a�Z�g�b�f�Z�l�v �b �^�j�m�]�h�_ �f�_�k�l�h (�^�e�y �= – �Z

 �i�h�e�m�q�Z�x�l�k�y

� � � � � � � �6,..., RxXxX HS �•  

�w�l�b �\�_�d�l�h�j�u (�\ �k�f�u�k�e�_6R

 �g�Z

 Nx �•  

 �= 

21, �_�_   +   +  

543 ,, �_�_�_  + +   + + 

6�_ + +    + 

7�_    + + +  

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

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

�b�a�f�_�g�_�g�b�x �Z�f�i�e�b�l�m�^�u, �Z �Z�e�h�]�b�q �u�_ �k�b�e�u   �_�s�_ �b �d 

�i�j�_�p�_�k�k�b�b.  

�e�b�g�_�c�g�h �a�Z�\�b�k�b�f�u�f�b �g�Z �f�g�h�]�h�h�[�j�Z�a�b�b (�\ �i�j�h�k�l�j�Z�g�k�l�\�_ �o), 

 �g�_�a�Z�\�b

�^�b�k�k�b�i�Z�l�b�\�g�u�_

 �Z�g �g  �]�b�i�_�j�[�h�e�b�q�_�k�d�h�]�h�l�b�i�Z

     �M�f�_�k�l�g�h �k�j�Z�\�g�b�l�v �w�l�m �l�Z�[�e�b�p�m �k �Z�g�Z�e�h�]�b�q�g�h�c �l�Z�[�e�b�p�_�c �^�e�y �k�e�m�q�Z�y 

�i�j�y�f�h�e�b�g�_�c�g�u�o �d�h�e�_�[�Z�g�b�c, �i�j�b�\�_�^�_�g�g�h�c �\ [17]. �>�e�y �i�j�y�f�h�e�b�g�_�c�g�u�o �d�h�e�_�[�Z�g�b�c 

�b�f�_�_�l�k�y �l�j�b �g�Z�i�j�Z�\�e�_�g�b�y 321 ,, �_�_�_  �j�Z�a�j�m�r�_�g�b�y �n�h�j�f�u, �d�h�l�h�j�u�_, �h�^�g�Z�d�h, 

�k�l�Z�g�h�\�y�l�k�y 

�k�h�h�l�\�_�l�k�l�\�m�x�s�_�f �i�j�y�f�h�e�b�g�_�c�g�u�f �d�h�e�_�[�Z�g�b�y�f (�q�b�k�e�h�e�b�g�_�c�g�h �k�b�f�u�o 

�g�Z�i�j�Z�\�e�_�g�b�c �\ �w�l�h�f �k�e�m�q�Z�_ �l�h�`�_ �j�Z�\�g�h �^�\�m�f), �Z �k�h�h�l�\�_�l�k�l�\�m�x�s�Z�y �l�Z�[�e�b�p�Z �b�f�_�_�l 

�\�b� ̂
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 S H N D R  �= 

321 ,, �_�_�_

    
 

+ 
+    

654 ,, �_�_�_      + + 

7�_  + +     

8�_    +  +  

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

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

�l�Z �` �k�b�e�Z �\�u�a�u�\�Z�_�l �[�h�e�v�r�_�_ �b�e�b �j�Z�\�g�h�_ �q�b�k�e�h �\�h�e�x�p�b�c �G�Z�i�j�b�f�_�j, 

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

 

�a�f�_�g�_�g�b�x �q�Z�k�l�h�l�u �d�h�e�_�[�Z�g�b�c. 

     �J�Z�k�k�f�h�l�j�b�f �h�[�j�Z�l�g�m

�Z�_ �u�o

�_ �w .

�_ �l �r �_�k�k

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

 

6. �A�Z�^�Z�q�Z �k�l�Z�[�b�e�b�a�Z�p�b�b �n�h�j�f�u. 

       �A�Z�^�Z�q�Z �w�l�Z �k�\�h�^�b�l�k�y �d �i�h�b�k�d�m �h�[�j�Z�l�g�h�c �k�\�y�a�b, �d�h�l�h�j�Z�y �h�[�_�k�i�_�q�b�\�Z�_�l 

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

�b

�x �k�\�y�a�v  
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xS

xxxxx  

�d�h�l�h�j�Z�y �b�f�_�_�l �k�\�h�_�c �p�_�e�v�x �g�_ �l�h�e�v�d�h �k�l�Z�[�b�e�b�a�Z�p�b�x �n�h�j�f�u �d�h�e�_�[�Z�g�b�c, �g�h �b 

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

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

�b�a�f�_�g�_�g�b�y �q�Z�k�l�h�l�u, �_�k�e�b Nx �• , �h�l�d�m�^�Z �k�e�_�^�m�_�l, �q�l�h �h�g�Z �g�_ �\�u�a�u�\�Z�_�l 

�k�h�h�l�\�_�l�k�l�\�m�x�s�b�o �w�\�h�e�x�p�b�c.  

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

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

 

  �h�l �]�b�j�h�k�d�h�i�Z. 

      �D�Z�d �m�`�_ �h�l�f�_�q�Z�e�h�k�v, �j�h�e�v �h�k�b �d�b�g�_�l�b�q�_�k�d�h�]�h �f�h�f�_�g�l�Z «�h�[�u�q�g�h�]�h» 

�\ �d�h�l�h�j�h�c 

�_�`�b�l �d�j�m�]�h�\�Z�y �l�j�Z�_�d�l�h�j�b�y. �Q�l�h�[�u �h�i�j�_�^�_�e�b�l�v �h�j�b�_�g�l�Z�p�b�x �w�l�h�c �i�e�h�k�d�h�k�l�b 

�¯ ������� 2
2

2
11 SSSS��

� � � � � � � �tt
ii eSSeSS ���� � � 0,0 , 

 �f  5SN �ˆ

7. �:�e�]�h�j�b�l�f �i�h�e�m�q�_�g�b�y�b�g�n�h�j�f�Z�p�b�b

�]�b�j�h�k�d�h�i�Z �\ �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�f �k�e�m�q�Z�_ �b�f�_�_�l �g�h�j�f�Z�e�v �d �i�e�h�k�d�h�k�l�b, 

�e

�^�h�k�l�Z�l�h�q�g�h �g�Z�c�l�b �\�_�d�l�h�j�u 
T

xxxx1 � 321 �b 
T

xxxx 654 , �l�h�]�^�Z 

�\�_�d�l�h�j 21 xxn �u� �[�m�^�_�l �\�_�d�l�h�j�h�f �g�h�j�f�Z�e�b �d �i�e�h�k�d�h�k�l�b. �< �g�m�e�_�\�h�f 

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

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

�\�h�a�f�m�s�_�g�b�c. �W�l�h �i�j�_�^�i�h�e�h�`�_�g�b�_ �h�[�m�k�e�h�\�e�_�g�h �l�_�f, �q�l�h �q�Z�k�l�h�l�Z 

�d�h�e�_�[�Z�g�b�c �i�j�_�^�i�h�e�Z�]�Z�_�f�h�]�h �i�j�b�[�h�j�Z �b�f�_�_�l �\�_�e�b�q�b�g�m �i�h�j�y�^�d�Z 43 1010 ��  �=�p, �l�Z�d 

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

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

�]�_�g�_�j�Z�l�h�j�h�f [18], �i�j�b �i�h�f�h�s�b �d�h�l�h�j�h�]�h �f�h�`�g�h �\�u�q�b�k�e�b�l�v 

� � � �

2 � 

�\�u�k�h�d�h�c �l�h�q�g�h�k�l�b�f�h�`�g�h �k�q�b�l�Z�l�v, 

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

�^�_�c�k�l�\�b�_�f 

�d�h�e�_�[�Z�g�b�y �i�h�^�h�[�g�h�]�h

�i�_�j�b�h�^�Z ix  

21

2
�b0 xqxq � �¸

�¹
�¨
�©

� 
�S

. �I�h�k�e�_�^�g�b�_ �n�h�j�f�m�e�u
�·�§

 �h�q�_�\�b�^�g�u�f �h�[�j�Z�a�h�f �k�e�_�^�m�x�l �b�a 

�h �f  

�^�h�i �_�f �y �i

�q�Z�k�l�h�l�_ �h�l�k�q�_�l�g�h�]�h �]�_

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

�j�_�r�_�g�b�y �i �j�h�`�^�Z�x�s�_�c �_ �u, �d�h�l�h�j�h�_ �i�j�b�\�_�^�_�g�h �g�Z �k�l�j�Z�g�b�p�_60. �D�j�h�f�_ 

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

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

�q�l�h �\�b�^�g�h �b�a �i�_�j�\�h�]�h �m�j�Z�\�g�_�g�b�y, �a�Z�^�Z�x�s�_�]�h �f�g�h�]�h�h�[�j�Z�a�b�_ N. 

�k�b�k�l

21 �o�o �˜ , 
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�=�e�Z�\�Z 3 
 

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

      �< �j�Z�[�h�l�_ [17] �j�Z�k�k�f�Z�l�j�b�\�Z�e�Z  �k�l�Z�[�b�e�b�a�Z�p�b�b �i�j�y�f�h�e�b�g�_�c�g�u�o 

�d�h�e�_�[�Z�g�b�c �k�b�k�l�_�f�_, 

�h�i�b�k�u�\�Z�_�f�h�c �m�j�Z�\�g�_�g�b�y�f�b  

                     

 
1. �<�\�_�^�_�g�b�_ 

 
�k�v �a�Z�^�Z�q�Z

 �i�j�b �i�h�k�l�h�y�g�g�h �^�_�c�k�l�\�m�x�s�b�o �\�h�a�f�m�s�_�g�b�y�o �\ 

�� ��, ,q q Q q q t�H� � �  ���� ��                  (1) 

 �d�h�f�i�h�g�_�g�l�Z�f�b�]�^�_ q – �^�\�m�f�_�j�g�u�c �\�_�d�l�h�j �k  1 2

T
, �Z  �q�Z�k�l�v 

�y�\�e�y�_�l�k�y �\�h�a�f�m�s�_�g�b�_�f, �q�l�h

q q q�  �i�j�Z�\�Z�y

 �n�h�j�f�Z�e�b�a�h�\�Z�g�h �g�Z�e�b�q�b�_�f �f�Z�e�h�]�h �i�Z�j�Z�f�_�l�j�Z 

1�H�� . �>�e�y �Z�g�Z�e�b�a�Z �\�e�b�y�g�b�y �j�Z�a�e�b�q�g�u�o �\�h�a�f�m�s�_�g�b�c �b �i�h�k�l�j�h�_�g�b�y �h�[�j�Z�l�g�h�c 

�k�\�y�a�b, �k�l�Z�[�b�e�b�a�b�j�m�x�s�_�c �i�j�y�f�h�e�b�g�_�c�g�u�_ �d�h�e�_�[�Z�g�b�y, �\ [17] �b�k�i�h�e�v�a�h�\�Z�e�k�y 

�f�d�Z�o �w�l�h�]�h �i�j

�_

�i�j�y�f

 �i

2. �G�_�h�[�o�h�^�b�f�u�_ �k�\�_�^�_�g�b�y �h �\�l�h�j�h�f �i�j�b�[�e�b�`�_�g�b�b 

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

�i�h�e�m�q�_�g�u �m�j�Z�\�g�_�g�b�y �h�[�j�Z�l�g�h�c �k�\�y�a�b, �h�[ �k�i�_�q�b�\�Z�x�s�_�c �m�k�l�h�c�q�b�\�h�k�l�v 

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

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

�^�Z�g�g�h�c �j�Z�[�h�l�u. 

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

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

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

�k�b�k�l�_�f�u.   

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

�h�[�j�Z�l�g�h�c �k�\�y�a�b �\�h �\�l�h�j�h�f �i�j�b�[�e�b�`�_�g�b�b, �q�l�h �b �^�_�e�Z�_�l�k�y �g�b�`�_.  

 

   �J�Z�k�k�f�h�l�j�b�f �k�b�k�l�_�f�m �^�b�n�n�_�j�_�g�p�b�Z�e�v�g�u�o �m�j�Z�\�g�_�g�b�c  

� � � �, , nx X x t x�H�  � •�� �\  
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�i�j�Z�\�Z�y �q�Z�k�l �^�b�q�g�Z �i�h t �b 

6, �b�e�b �k�f. �k�l�j. 28-34 

�g�Z�k�l�h�y�s�_�c �j�Z�[�h�l�u]. �D�j�h�f�_ �l�h�]�h, �^�h�i�m�k�l�b�f�q�l�h �\�k�_ �i�j�h�b�a�\�h�^�g�u�_, 

 

�b �\

�v �d�h�l�h�j�h�c �k�h�^�_�j�`�b�l �f�Z�e�u�c �i�Z�j�Z�f�_�l�j �0, 2�Œ - �i�_�j�b�h

�m�^�h�\�e�_�l�\�h�j�y�_�l �m�k�e�h�\�b�y�f �l�_�h�j�_�f�u �G.�G. �;�h�]�h�e�x�[�h�\�Z [2

, 

�\�u�q�b�k�e�y�_�f�u�_�^�Z�e�_�_, �k�m�s�_�k�l�\�m�x�l.  

      �L�h�]�^�Z �\ �k�h�h�l�\�_�l�k�l�\�b�b �k �l�_�h�j�_�f�h�c �G.�G. �;�h�]�h�e�x�[�h�\�Z �j�_�r�_�g�b�_ �h�k�j�_�^�g�_�g�g�h�c 

�k�b�k�l�_�f�u �g�Z �g�l�_�j�\�Z�e�_ �j�_�f�_�g�b 10 t �H�d �d  

� � � � � � � � � � � �0 0

0
2

2
1

,X u u t dtX, �]�^�_u X u
�S

�H�  ��
�S  

�^�_�l �h�l�e�b�q�Z�l�v�k�y �h�l �j�_�r�_�g�b�y �b�k�o�h

�  �³
�[�m �^�g�h�c �k�b�k�l�_�f�u �g�Z �\�_�e�b�q�b�g�m, �h�p�_�g�b�\�Z�_�f�m�x �i�h 

�n�h�j�f�m�e�_ 

�� �� �� ��x t u t B�H� � � d 

�]�^�_ 2
ix x� �¦ , �Z �< – �d�h�g�k�l�Z�g�l�Z, �a�Z�\�b�k�y�s�Z�y �h�l �i�j�Z�\�h�c �q�Z�k�l�b �b�k�o�h�^�g�h�c �k�b�k�l�_�f�u.  

�Y�k�g�h      , �q�l�h �i�h�]�j�_�r�g�h�k�l�v �i�h�y�\�e�y�_�l�k�y �\ �j�_�a�m�e�v�l�Z�l�_ �h�l�[�j�Z�k�u�\�Z�g�b�y �\�_�e�b�q�b�g�u  

�� �� �� �� �� ��0, ,X t x X t x X x� H � H�  � ��ª �º�¬ �¼
��  

�?�k �Z�k�u�\�Z�_�f�h�_ �k�e�Z�]�Z�_�f�h�_ �b�f�_�e�h �\�b� ̂ 2�e�b �[�u �h�l�[�j X�H �� , �l�h �b �i�h�]�j�_�r�g�h�k�l�v �b�f�_�e�Z 

�i�h�j�y�^�h�d 2B�H. �W�l�Z �h�p�_�g�d�Z �k�i�j�Z�\�_�^�e�b�\�Z �g�Z �l�h�f �`�_ �b�g�l�_�j�\�Z�e�_ �\�j�_�f�_�g�b 10 t �H� d � d.  

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

�i�j�b�\�_�k�l�b �b�k�k�e�_�^�m�_�f�m�x �k�b�k�l�_�f�m �d �\�b�^�m  

�� �� �� ��2
0 ,x X x X t x� H � H�  � �����  

�]�^�_ �� ��,X t x�� - �n�m�g�d�p�b�y, �h�[�g�m�e�y�_�f�Z�y �i�j�b �h�k�j�_�^�g�_�g�b�b �i�h �\�j�_�f�_�g�b: 

� � � �
21 �S

0

, 0
2

X t x dt
�S

� �³ ��  

     �i�j�b  �[�e�b�a�d�Z�y �d 

�l�h�`�^�_�k�l�\�_�g�g�h�c �a�Z�f�_�g�Z �i�_�j�_�f�_�g�g�u�o

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

 x y�o  

�� ��, ,x y S t y�H �H�  � �  
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�i�h�^�k�l�Z�\�e�y�y �w�l�m �a�Z�f�_�g�m �\ �b�k�o�h�^ �m�x �k�b�k�l�_�f�m�i�h�e�m�q�b�f �g , 

� � � � � �0 , � �y y X y S X t y S
t y
S S

�H � H � H� H � H� � � � � �� ¨ � ¸� w � w� © � ¹
��� � � �  

� § � ·� w � w
� � � � �  

�K �l�h�q�g�h�k�l�v�x � � � �3O �H  �i�h�k�e�_�^�g�x�x �k�b�k�l�_�f�m �f�h�`�g�h �i�j�_�h�[�j�Z�a�h�\�Z�l�v �d �\�b�^�m 

� � � � � � � � �� �� � � � �2 3
0 0

,
0 ,

X t yS S S
y X E X t y S X O

y t y y
�H � H � H � H � H

�w� ª � º� § � ·� w � w � w� ª � º�  � �� � � �� � � � � �� « � »� ¨ � ¸� « � »� w � w� w� w� ¬ � ¼� © � ¹� ¬ � ¼
����  

(�? – �_�^�b�g�b�q�g�Z �b�p�Z �k�h�h�l�\�_�l�k�l�\�m�x�s�_�]�h �j�Z�a�f�_�j�Z). �H�l�k�x�^�Z �\�b�^�g�h, �q�l�y �f�Z�l�j �h �_�k�e�b 

�i�h�l�j�_�[�h�\�Z�l�v �\�u�i�h�e�g�_�g�b�y �j�Z�\�_�g�k�l�\�Z 

� � � � � � � � � � � � � � � �, 0 , , ,
tS

0

X t y S t y X t y dt C y
t

�H
�w

� � �  � œ �  � ��³� � � � 

�g�m�l �b �k�b�k�l�_�f�Z �^�e�y y �[�m�^�_�l �l�Z�d�h�c: 

�w

�l�h �`�_�e�Z�_�f�u�c �j�_�a�m�e�v�l�Z�l �[�m�^�_�l �^�h�k�l�b�]

�� �� �� ��2
0 1 ,y X y X t y� H � H�  � ���  

�]�^�_ � � � ��� �� � � � �1 0

,
,

X t y S
X t y S X y

�w �w
�  � �

y y� w � w
�k�b�k�l�_�f�_ 

�i�j�h�p�_�^�m�j�m �h�k�j�_�^�g�_�g�b�y, �i�h�e�m�q�b�f 

. �I�j�b�f�_�g�y�y �d �i�h�k�e�_�^�g�_�c 

� � � � � � � � � � � �� � � �
2

2
0 1 1 2

y X t y dt
�S

�   

�J�_�r�_�g�b�_ �w�l�h�]�h �m�j�Z�\�g�_�g�b�y �[�m�^�_�l �h�l�e�b�q�Z�l�v�k�y

1
0

1
, ,y X y X y X

�S

� H � H�  � � �³��

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

2B�H�� , �h�p�_�g�d�Z �[�m�^�_�l �k�i�j�Z�\�_�^�e�b�\�Z �g�Z �b�g�l�_�j�\�Z�e�_ 10 t �H�d �d . 

 

      �>�e  �i�h�^�o�h�^ �d �Z�g�Z�e�b�a�m 

�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�]�h �d�e�Z�k�k�Z �k�b�k�l�_�f, �i�j�_�^�e�h�`�_�g�g�u�c �\ [17].  

       

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

�y �^�Z�e�v�g�_�c�r�b�o �i�h�k�l�j�h�_�g�b�c �g�_�h�[�o�h�^�b�f�h �g�Z�i�h�f�g�b�l�v

�j

�K�b�k�l�_�f�Z, �i�h�e�m�q�Z�_�f�Z�y �b�a (1) �i�j�b �h�l�[�j�Z�k�u�\�Z�g�b�b �\�h�a�f�m�s�_�g�b�c (�0 = 0) �b�f�_�_�l

�\�b� ̂ 

0q q�� � ����  
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�b 

�\�b

�g�Z�a�u�\�Z�_�l�k�y �i�h�j�h�`�^�Z�x�s�_�c (�b�e�b �\�u�j�h�`�^�_�g�g�h�c). �?�_ �j�_�r�_�g�b�_ �a�Z�i�b�k�u�\�Z�_�l�k�y �\ 

�^�_  

� � � � 1 3

2 4x x  

�D�j�b�\�Z

cos sin
x x

q t t t�  � �

�y q(t) �\ �d�h�g�n�b�]�m�j�Z�p�b�h�g�g�h�f �i�j�h�k�l�j�Z�g�k�l�\�_ q, �k�h�h�l�\�_�l�k�l�\�m�x�s�Z�y �^�Z�g�g�h�f�m 

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

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

�<�u�j�h�`�^�_�g�b�_ �i�j�h�b�k�o�h�^�b�l, �_�k�e�b 

1 3 2 4
2 2 2 2
1 2 3 4

0x x x x

x x x x

� � �  �
�®

� � �  � ��¯
  (�\�u�j�h�`�^�_�g�b�_ �\ �h�d�j�m�`�g�h�k�l�v) 

                                     �� �� 1 4K x x x�  � �2 3 0x x �   (�\�u�j�h�`�^�_�g�b�_ �\ �h�l�j�_�a�h�d) 

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

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

�r�_�]�h �Z�g�Z�e�b�a�Z �m�j�Z�\�g�_�g �g�Z �i�_�j�_�f�_�g�g�u�o 

�d

�l �l�j�_�o�f�_�j�g�u�c �d�h�g�m�k �\ 

      �>�e�y �^�Z�e�v�g�_�c �b�c (1) �b�k�i�h�e�v�a�m�_�l�k�y �a�Z�f�_

� � � �,q q x�o�� , �h�l�h�j�Z�y �a�Z�^�Z�_�l�k�y �n�h�j�f�m�e�Z�f�b 

1

2(2 2)

3

4

cos sin

sin cos

x

xq E t E t

xq E t E t

x

�u

����
�  

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

� � � � � � � �1
2

sin
, ,

cos

QE t
x X t x X x

QE t
�H

��
�  �  ��  

�l�Z�l�_ �q�_�]�h 

�\�f�_�k�l�h �^�Z�g�g�h�c �k�b�k�l�_�f�u �j�_�r�Z�x�l�k�y �m�j�Z�\�g�_�g�b�y  

                     

�D �g�b�f �i�j�b�f�_�g�y�_�l�k�y �f�_�l�h�^ �h�k�j�_�^�g�_�g�b�y �\ �i�_�j�\�h�f �i�j�b�[�e�b�`�_�g�b�b, �\ �j�_�a�m�e�v

� � � � � � � � � � � �
2

02
1

, ,x X x X x X t x dt
�S

�H�  �  �³��               (2) �S
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      �I�h�  ̂ �^�_�c�k�l�\�b�_�f �\�h�a�f�m�s�_�g�b�c ( Q�H  �\ �i�j�Z�\�h�c �q�Z�k�l�b (1)) �l�j�Z�_�d�l�h�j�b�b 

�i�h�j�h�`�^�Z  �g�Z�q�b�g�Z�x�l �k�h�\�_�j�r�Z�l�v �w�\�h�e�x�p�b�b, �d�h�l�h�j�u�_  �g�Z 4 

�b , �a  

2), �b�f�_�x�s�_�_ �i�j�h�_�d�p�b�x �g�Z �d�Z�d�h�_-�e�b�[�h �b�a �w�l�b�o 

�x�s�_�c �k�b�k�l�_�f�u  �^�_�e�y�l�k�y

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

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

�n�h�j�f�u) �b �j�Z�a�j�m�r�_�g�b�_ �n�h�j�f�u.  

      �D�Z�`�^�h�c �b�a �w�l�b�o �w�\�h�e�x�p�b�c �k�h�h�l�\�_�l�k�l�\�m�_�l �h�i�j�_�^�_�e�_�g�g�h�_ �g�Z�i�j�Z�\�e�_�g�b�_ �\ 

�i�j�h�k�l�j�Z�g�k�l�\�_  �o. �<�h�a�f�m�s�_�g�b�_ (

�g�Z�i�j�Z�\�e�_�g�b�c, �\�u�a�u�\�Z�_�l �k�h�h�l�\�_�l�k�l�\�m�x�s�m�x �w�\�h�e�x�p�b�x. �<�u�j�Z�`�_�g�b�y �^�e�y 

�\�_�d�l�h�j�h�\ �^�Z�g�g�u�o �g�Z�i�j�Z�\�e�_�g�b�c �b�f�_�x�l �\�b� ̂

1 4 3 2 1

2 2 1 4 3

(�j�Z�a�j�m�r�_�g�b�_ �n�h�j�f�u

(�i�j

T

T

e x x x x

e x x x x

� � � �

�  � � � �

3 3 4 1 2

4 1 2 3 4

)

�_�p�_�k�k�b�y)

(�b�a�f�_�g�_�g�b�_ �q�Z�k�l�h�l�u)

(�b�a�f�_�g�_�g�b�_ �Z�f�i�e�b�l�m�^�u)

T

T

e x x x x

e x x x x

�  

�  � �� �

� 

 

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

�� ���� ��1 0X x e� ˜ � z, �]�^�_ (·) – �k�d�Z�e�y�j�g�h�_ �i�j�h�b�a�\�_�^�_�g�b�_ �\ .  �L�h�]�^�Z �\�h�a�f�m�s�_�g�b�_ 4�\

�� ��X x�H �b�a (2) �[�m�^�_�l �i�j�b�\�h�^�b�l�v �d �j�Z�a�j�m�r�_�g�b�x �n�h�j�f�u �d�h�e�_�[�Z�g�b�c, �Z �_�k�e�b, 

�g�Z�i�j�b�f�_�j, �� ���� ��3X x  �b�a�f�_�g�_�g�b�x

      �K�h�\�h�d�m�i�g�h�k�l�v

0e� ˜ � z, �l�h �\�h�a�f�m�s�_�g�b�_ �i�j�b�\�h�^�b�l �d  �q�Z�k�l�h�l�u.  

 �\�_�d�l�h�j�h�\ �� ���^ �`ie x  �e�h�d�Z�e�v�g�u�c �[�Z�a�b�k �\ �d�Z�`�^�h�c  

�i�j�h�k�l�j�Z�g�k�l �c �k�l�Z�g�h�\�b�l�k�y �h�j�l�h�]�h�g�Z�e�v�g�u�f �g�Z �f�g�h�]�h�h�[�j�Z�a�b

�h�[�j�Z�a�m�x�l �l�h�q�d�_

�\�Z �o, �d�h�l�h�j�u �b 

� � � ��^ �` �^ �`0 \ 0K x x�  �  (�i�j�b �o =  �\�_�d�l�h�j�u �[�Z�a�b�k�Z �k�l�Z�g�h�\�y�l�k�y �g�m�e�_�\�u�f�b) �b 

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

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

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

 0 �\�k�_

      �E�x�[�Z�y �n�h�j�f�Z 

�g�Z�y 

�k  

�h   �h

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

�g�_�d�h�l�h�j�u�f�b �l�_�o�g�b�q�_�k�d�b�f�b �i�j�b�e�h�`�_�g�b�y�f�b [16,21,25,27,52,54,55,59,60,62-64]. 

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

(2), �d�h�l�h�j�Z�y �^�h�e�`�g�Z  

�” �H�[�_�k�i�_�q�b�\�Z�l�v �Z�k�b�f�i�l�h�l�b�q�_�k�d�m�x �m�k�l�h�c�q�b�\�h�k�l�v �f�g�h�]�h�h�[�j�Z�a�b�y S K��  

�w�d�k�i�h�g�_�g�p�b�Z�e�v�g�h�]�h �o�Z�j�Z�d�l�_�j�Z (S – �_�^�b�g�b�q�g�Z�y �k�n�_�j�Z �\ �i�j�h�k�l�j�Z�g�k�l�\�_ �o. �?�_ 

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

�h�]�j�Z�g�b�q�_�g�b�y �h�[�s�g�h�k�l�b �\�u�[�b�j�Z�_�l�k�y �_�^�b�g�b�q�g�h�c) 

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

(�l.�_. �g�_ �^�h�e�`�g�Z �\�u�a�u�\�Z�l�v �m�d�Z�a�Z�g�g�u�o �w�\�h�e�x�p�b�c)  

�< [17] �[�u�e�Z �i�j�_�^�e�h�`�_�g�Z �h�[�j�Z�l�g�Z�y �k�\�y�a�v  

� � � � �� ��2

1 4 1 4 2 3

1
1

2
S x�  � �  

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

�i�_�j�\�h�f �i�j�b�[�e�b�`�_�g�b�b. �I�j�Z�\�Z�y �q�Z�k�l�v (1), �k�h�h�l�\�_�l�k�l�\�m�x�s�Z�y �w�l�h�c �h�[�j�Z�l�g�h�c �k�\�y�a�b, 

, ,x Ke Se K x x x x�H�  � � � � �  � ���

�b�f�_�_�l �\�b� ̂

�� ��2 22 1q q q q q q q q�H� ª � º� � �  � � � u � u � � � � � �� ¬ � ¼���� �� �� ��     (3) 

 

    4. �B�k�k�e�_�^�h�\�Z�g�b�_ �h�[�j�Z�l�g�h�c �k�\�y�a�b �\�h �\�l�h�j�h�f �b�`�_�g�b�b 

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

�^�_�l�Z�e�v �l�_�h�j�b�b 

�g  

�b�g�u, �g�_�h�[�o�h�^�b�f�u�_ �^�e�y �i�h�k�l�j�h�_�g�b�y �\�l�h�j�h�]�h �i�j�b�[�e�b�`�_�g�b�y.  

�i�j�b�[�e

�g�h �b�k�k�e�_�^�h�\�Z�g �\ [17] �\ �i�_�j�\�h�f �i�j�b�[�e�b�`�_�g�b�b. �H�^�g�Z�d�h �b�a 

�\�h�a�f�m�s�_�g�b�c �b�a�\�_�k�l�g�h, �q�l�h �m�q�_�l �\�u�k�r�b�o �i�j�b�[�e�b�`�_�g�b�c �f�h�`�_�l �i�j�b�\�_�k�l�b �d 

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

�b�o �i�h�k�l�j�h�_�g�b�y. 

      �>�Z�e�_�_ �k�l�j�h�b�l�k�y �\�l�h�j�h�_ �i�j�b�[�e�b�`�_�g�b�_ �^�e�y �i�j�Z�\�h�c �q�Z�k�l�b (3). �I�j�b�\�_�^�_�f 

�h�k�g�h�\�g�u�_ �\�_�e�b�q
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� � � �

� � � � � � � ��� ���� ��
� � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � �
� � � � � � � � � � � � � � � �

� � � � � � � �� � � �

1 3 2 4

1 3 2 4

2 4 1 3

1 3 2 4

2

1 4 2 3

sin cos 2 cos sin sin

2 cos sin sin cos sin
,

2 cos sin sin cos co

2 cos sin sin cos c

1
, 1

2

S x x t x t K x x t x t t

K x x t x t S x x t x t t
X t x

K x x t x t S x x t x t t

K x x t x t S x x t x t t

K x x x x x S x x

� � � � � � � �� ª � º� ¬ � ¼
� � � � � � � �� ª � º� ¬ � ¼� 
� � � � � � � �� ª � º� ¬ � ¼

� � � �� �� �� �� ª � º� ¬ � ¼

�  � � �  � �

s

os  

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

� � � �

4 1

3 2

2 3

1 4

,

Kx Sx

Kx Sx
X t x

Kx Sx

Kx Sx

� � � �

��
� 

��

� � � �

 

�L�Z�d�b�f �h�[�j�Z�a�h�f 

� � � � � � � � � � � �
� � � �� � � �
� � � �� � � �
� � � �� � � �
� � � �� � � �

0

1 3 2 4 4 1

2 4 1 3 3 2

1 3 1 4 2 3

2 4 1 3

, ,

2 sin cos sin 2 cos sin sin

2 sin cos sin 2 cos sin sin

2 sin cos cos 2 cos sin cos

2 sin cos cos 2 cos sin cos

X t x X t x X x

S x t x t t K x t x t t Kx Sx

S x t x t t K x t x t t Kx Sx

S x t x t t K x t x t t Kx Sx

S x t x t t K x t x t t K

�  � � �  

� � � � � � � � � � � �

� � � � � � � � � � � �
� 

� � � � � � � �� �

� � � � � � � �

��

� � � � � � � �

� � � � � � � �
� � � � � � � �

� � � � � � � �
� � � � � � � �

1 4

2
1 4 3 2

2
2 3 4 1

2
3 2 1 4

2
4 1 2 3

sin cos cos

sin cos cos
, ,

sin cos cos

sin cos cos

x Sx

Sx Kx t t Sx Kx t

Sx Kx t t Sx Kx t
S t x X t x dt

Sx Kx t t Sx Kx t

Sx Kx t t Sx Kx t

�Ÿ

��

� � � �� �

� � � �� �
�  �  

� � � � � � � �

� � � � � � � �

�³��

 

 

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

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

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

�i�j�h�_�d�p�b�b 

� � � �1X x

1X  �g�Z �\�_�d�l�h�j�u �e�h�d�Z�e�v�g�h�]�h �[�Z�a�b�k�Z �i�j�_�h�[�j�Z�a�m�x�l�k�y �d �^�h�k�l�Z�l�h�q�g�h 

�d�h�f�i�Z�d�l�g�u�f �\�u�j�Z�`�_�g�b�y�f 
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� � � ��� �� �� �� �� ��
� � � � � �� �� �� �
� � � � � � � �� �� �

1 1 1 3 2 4

2 2

2
1 4 1 3 2 4

6

6

X e xx x x K x S

X e K x f x

X e x x x x K x

� ˜ �  � �

� ˜ �  

� ˜ �  � � � �

x

 

�N�m�g�d�p�b�y f(x) �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �i�h�e�b�g�h�f �q�_�l�\�_�j�l�u�c �k�l�_�i�_�g�b, �d�h�l�h�j�u�c �b�f�_�_�l 

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

�m�i�j�h�k�l�b�l�v �i�h�e�b�g�h�f �i�j�b �i�h�f�h�s�b Maple �g�_ �i�j�b�\�_�e�Z �d �m�k�i�_�o�m).  

      �I�j�h�_�d�p�b�y  �� ��1 3X e�˜  �m�`�_ �g�_ �j�Z�k�d�e�Z�^�u�\�Z�_�l�k�y �g�Z �f�g�h�`�b�l�_�e�b (Maple), �h�^�g�Z�d�h 

�i�j�b x K S�• ��  �k�h�h�l�\�_�l�k�l�\�m�x�s�_�_ �\�u�j�Z�`�_�g�b�_ �f�h�`�g�h �m�i�j�h�k�l�b�l�v, �i�h�e�v�a�m�y�k�v �l�_�f, 

�q�l�h �i�j�b x K S�• ��  �k�i�j�Z�\�_�^�e�b�\�u �k�e�_�^�m�x�s�b�_ �j�Z�\�_�g�k�l�\�Z  

� � � �1 3 3 1

2 4 4 2

0 ,
x x x x

K x
x x x x

� O � O�  �  � Ÿ �  �\� • 

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

�f�h�`�g�h �i�h�e�m�q�b�l�v, �q�l�h 

� � � �� � � �� � � � � � � � � � � �� � � �2 2 2 2 2 2 2 2 2
1 3 1 2 1 2 1 2

1
1 4 1 1

8x K
X e x x x x x x� O � O � O

�•
1�ª � º � ª � º� ˜ �  � � � � � � � � � � � � � � � ��¬ � ¼ � ¬ � ¼   (4) 

�G�h �i�j�b 1x S x� • � œ �   �f�g�h�`�b�l�_�e�v �� �g�_ �f�h�`�_�l �[�u�l�v �i�j�h�b�a�\�h�e�v�g�u�f. 

�I�h�^�k�l�Z�\�b�\ �j�Z�\�_�g�k�l�\�Z 3 1 4, 2x x x x�O �O�  �   �\ �m�k�e�h�\�b�_ 
2

1x � , �i�h�e�m�q�Z�_�f 

�� �� �� ���� ��2 2 2 2 2 2 2 2
1 2 1 2 1 21 1x x x x x x� O � O� � � � � � �  � œ � � � � �  1 

�B�a �w�l�h�]�h �k�h�h�l�g�h�r�_�g�b�y �k�e�_�^�m�_�l, �q�l�h �i�h�k�e�_�^�g�y�y �d�\�Z�^�j�Z�l�g�Z�y �k�d�h�[�d�Z �\ (4) 

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

�g�_ �\�e�b�y�_�l �g�Z �b�a�f�_�g�_�g�b�_ �q�Z�k�l�h�l�u �b �\�h �\�l�h�j�h�f �i�j�b�[�e�b�`�_�g�b�b. 

K S��

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

�k�d�Z�a�Z�l�v, �q�l�h �h�[�j�Z�l�g�Z�y �k�\�y�a�v, �i�j�_�^�e�h�`�_�g�g�Z�y �\ [17] �h�[�e�Z�^�Z�_�l �k�e�_�^�m�x�s�b�f�b 

�k�\�h�c�k�l�\�Z�f�b: 

�”   �G�_ �\�e�b�y�_�l �g�Z �j�Z�a�j�m�r�_�g�b�_ �n�b�]�m�j�u, �_�k�e�b �\�u�i�h�e�g�_�g�h �o�h�l�y �[�u �h�^�g�h �b�a 

�m�k�e�h�\�b�c 
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�: ) �D�h�e�_�[�Z�g�b�y �b�f�_�x�l �d�j�m�]�h�\�m�x �n�h�j�f�m  (�\ �w�l�h�f �k�e�m�q�Z�_ 1 3 2 4 0x x x x�� � ) 

�;) �D�h�e�_�[�Z�g�b�y �b�f�_�x�l �i�j�y�f�h�e�b�g�_�c�g�m�x �n�h�j�f�m (�l. �_. �d�h�]�^�Z ) 1 4 2 3 0x x x x� � �  

�<) �K�i�j�Z�\�_�^�e�b�\�h �j�Z�\�_�g�k�l�\�h 1x �  

�D�j�h�f�_ �l�h�]�h, �b�a �\�u�j�Z�`�_�g�b�y �^�e�y �� ��1 1X e�˜ �k�e�_�^�m�_�l, �q�l�h �w�l�Z �\�_�e�b�q�b�g�Z �\ 

�h�d�j�_�k�l�g�h�k�l�b �f�g�h�]�h�h�[�j�Z�a�b�y K S��  �b�f�_�_�l �\�l�h�j�h�c �i�h�j�y�^�h�d �f�Z�e�h�k�l�b, �i�h�k�d�h�e�v�d�m 

�k�h�^�_�j�`�b�l �i�j�h�b�a�\�_�^�_�g�b�_ �^�\�m�o �f�Z�e�u�o �k�h�f�g�h�`�b�l�_�e�_�c: KS. 

�”   �G�_ �\�u�a�u�\�Z�_�l �i�j�_�p�_�k�k�b�x �n�b�]�m�j�u �i�j�b x K�•  (�i�j�y�f�h�e�b�g�_�c�g�u�o �d�h�e�_�[�Z�g�b�y�o) 

�” �G�_ �\�e�b�y�_�l �g�Z �b�a�f�_�g�_�g�b�_ �Z�f�i�e�b�l�m�^�u �i�j�b �d�j�m�]�h�\�u�o �b �i�j�y�f�h�e�b�g�_�c�g�u�o 

�d�h�e�_�[�Z�g�b�y�o, �i�j�b�q�_�f �_�k�e�b �o �i�j�b�g�Z�^�e�_�`�b�l �f�Z�e�h�c �h�d�j�_�k�l�g�h�k�l�b �f�g�h�]�h�h�[�j�Z�a�b�y �D, 

�l�h �� ��1 4X e�˜ �[�m�^�_�l �\�_�e�b�q�b�g�h�c �\�l�h�j�h�]�h �i�h�j�y�^�d�Z �f�Z�e�h�k�l�b, �i�j�h�i�h�j�p�b�h�g�Z�e�v�g�h�c 

2K .  

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

�h�k�j�_�^�g�_�g�b�y �^�e�y �h�[�j�Z�l�g�h�c �k�\�y�a�b (3) �g�_ �i�j�b�\�h�^�b�l �d �d�Z�d�b�f �e�b�[�h �d�Z�q�_�k�l�\�_�g�g�u�f 

�b�a�f�_�g�_�g�b�y�f. �M�i�j�Z�\�e�_�g�b�_ (3) �h�[�_�k�i�_�q�b�\�Z�_�l �Z�k�b�f�i�l�h�l�b�q�_�k�d�m�x �m�k�l�h�c�q�b�\�h�k�l�v 

�f�g�h�]�h�h�[�j�Z�a�b�y K S��  �w�d�k�i�h�g�_�g�p�b�Z�e�v�g�h�]�h �\�b�^�Z. �>�b�n�n�_�j�_�g�p�b�j�h�\�Z�g�b�_ �n�m�g�d�p�b�c 

�D(�o) �b S(x) �\ �k�b�e�m �h�[�j�Z�l�g�h�c �k�\�y�a�b �� �� �� ��2
0 1x X x X x� H � H�  � ���  �i�j�b�\�h�^�b�l �d 

�j�_�a�m�e�v�l�Z�l�m  

�� �� �� ��
� � � � � �

2
1 3 2 4

2 2 2
1 3 2 4

1 2 2 6

1 2 2 6 � �

K K S SK SK x x x x

S S S K K xx x x

� H � H

� H � H

�  � � � � � � � � � �� ª � º� ¬ � ¼

� ª � º�  � � � � � � � � � �� ¬ � ¼

��

��  

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

�l�_�h�j�_�f�u �E�y�i�m�g�h�\�Z �h�[ �m�k�l�h�c�q�b�\�h�k�l�b �i�h �e�b�g�_�c�g�h�f�m �i�j�b�[�e�b�`�_�g�b�x 

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

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

�n�m�g�d�p�b�y 1 3 2 4x x x x��  �h�]�j�Z�g�b�q�_�g�Z �\ �h�d�j�_�k�l�g�h�k�l�b : K S�� 1 3 2 4 2x x x x�� �� ). 
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�=�e�Z�\�Z 4 

�H �g�_�e�b�g�_�c�g�u�o �d�h�e�_�[�Z�g�b�y�o �l�y�`�_�e�h�c �f�Z�l�_�j�b�Z�e�v�g�h�c �l�h�q�d�b �g�Z �i�j�m�`�b�g�_ 

 
�<�\�_�^�_�g�b�_ 

 
      �J�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y �a�Z�^�Z�q�Z �h �d�h�e�_�[�Z�g�b�y�o �l�y�`�_�e�h�c �f�Z�l�_�j�b�Z�e�v�g�h�c �l�h�q�d�b, 

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

[8,28,37,40,46], �\ �d�h�l�h�j�u�o �b�a�m�q�Z�e�b�k�v �d�h�e�_�[�Z�g�b�y �l�h�q�d�b �\ �\�_�j�l�b�d�Z�e�v�g�h�c 

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

�g�_�e�b�g�_�c�g�u�o �d�h�e�_�[�Z�g�b�c �i�j�b �j�_�a�h�g�Z�g�k�_ �q�Z�k�l�h�l 1:2 �j�Z�g�_�_ �[�u�e �m�k�l�Z�g�h�\�e�_�g �b 

�h�i�b�k�Z�g [8,28,37,40,46] �w�n�n�_�d�l �k�j�u�\�Z �\�_�j�l�b�d�Z�e�v�g�u�o �d�h�e�_�[�Z�g�b�c �f�Z�y�l�g�b�d�Z: �i�j�b 

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

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

�l. � .̂ �I�_�j�b�h�^ �w�l�b�o �i�_�j�_�k�l�j�h�_�d �k�m�s�_�k�l�\�_�g�g�h �i�j�_�\�u�r�Z�_�l �i�_�j�b�h�^�u �k�h�[�k�l�\�_�g�g�u�o 

�d�h�e�_�[�Z�g�b�c �f�Z�y�l�g�b�d�Z 

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

�i�e�h�k�d�h�c �k�b�k�l�_�f�u. �G�Z�i�j�b�f�_�j, �\ �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c �k�b�k�l�_�f�_ �l�Z�d�`�_ �b�f�_�_�l �f�_�k�l�h 

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

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

�w�n�n�_�d�l, �i�j�b�k�m�s�b�c �l�h�e�v�d�h �l�j�_�o�f�_�j�g�h�c �k�b�k�l�_�f�_. �J�_�r�Z�y �e�b�g�_�Z�j�b�a�h�\�Z�g�g�u�_ 

�m�j�Z�\�g�_�g�b�y �^�\�b�`�_�g�b�y �f�h�`�g�h �i�h�d�Z�a�Z�l�v, �q�l�h �i�j�h�_�d�p�b�y �l�j�Z�_�d�l�h�j�b�b �l�h�q�d�b �g�Z 

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

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

�g�_�e�b�g�_�c�g�h�k�l�b �i�j�b�\�h�^�b�l �d �l�h�f�m, �q�l�h �i�h�e�m�h�k�b  �w�l�h�]�h �w�e�e�b�i�k�Z �g�Z�q�b�g�Z�x�l 

�b�a�f�_�g�y�l�v�k�y (�i�j�b �[�h�e�v�r�b�g�k�l�\�_ �g�Z�q�Z�e�v�g�u�o �m�k�e�h�\�b�c), �Z �k�Z�f �w�e�e�b�i�k �g�Z�q�b�g�Z�_�l 

�i�j�_�p�_�k�k�b�j�h�\�Z�l�v �\ �k�\�h�_�c �i�e�h�k�d�h�k�l�b. �K�h�h�l�\�_�l�k�l�\�m�x�s�b�_ �j�_�a�m�e�v�l�Z�l�u �i�h�e�m�q�_�g�u 

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

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

�\ �i�h�e�_ �l�y�]�h�l�_�g�b�y g   

 

 

                                                g 

 

 

 

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

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

�j�Z�\�g�h�\�_�k�b�y), �q�Z�k�l�h�l�m �e�b�g�_�c�g�u�o �d�h�e�_�[�Z�g�b�c �Z �b �h�l�g�h�r�_�g�b�_ �P �q�Z�k�l�h�l�u 

�d�h�e�_�[�Z�g�b�c �]�j�m�a�Z �i�j�b �g�_�h�l�d�e�h�g�_�g�g�h�c �i�j�m�`�b�g�_ �d �Z 

�b 1
g k
l m

� Z � P�  �  
g

� � 

      �?�k�e�b �\�u�[�j�Z�l�v �\ �d�Z�q�_�k�l�\�_ �d�h�h�j�^�b�g�Z�l �l�h�q�d�b �\�_�e�b�q�b�g�u lx, ly �b lz, �l�h �^�e�b�g�Z 

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

x, y, z �i�h �n�h�j�f�m�e�_ 

2 2, �]�^�_ (1 )lR R x y z�  � � � �� �2  

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

� � � �� � � �2 2

0 0
0 0

2 2 2 2 2

,
2 2

2 2

p

c

k k
E mgz lR l l l

l l

m dx dy dz mgl dx dy dz
E

dt dt dt dt dt dt

�  � � � � � � � � � �
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2 � º
� »
� »� ¼

 

�]�^�_ – �j�Z�a�f�_�j�g�h�_ �\�j�_�f�y, t�c t t�Z �c�  - �[�_�a�j�Z�a�f�_�j�g�h�_ �\�j�_�f�y,  - �^�e�b�g�Z �i�j�m�`�b�g�u �\ 

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

0l
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, ,u x v y w z�  �  �  � � � ���(�l�h�q�d�Z – �^�b�n�n�_�j�_�g�p�b�j�h�\�Z�g�b�_ �i�h �[�_�a�j�Z�a�f�_�j�g�h�f�m �\�j�_�f�_�g�b) �b 

�k�h�k�l�Z�\�b�f �n�m�g�d�p�b�x �=�Z�f�b�e�v�l�h�g�Z  

� � � �� � � �� � � �� � � �
2

2 2 2 2 21
1 1 1

2 2
c pE E

H u v w R R
mgl

�P
�P

��
�  �  � �� �� � � �� �� �� �z� � 

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

�d�h�h�j�^�b�g�Z�l �b �b�f�i�m�e�v�k�h�\ �h�g �h�[�j�Z�s�Z�e�k�y �\ �g�h�e�v [14]).  

 

2. �M�j�Z�\�g�_�g�b�y �^�\�b�`�_�g�b�y 

�A�Z�i�b�r�_�f �i�_�j�\�m�x �]�j�m�i�i�m �m�j�Z�\�g�_�g�b�c �=�Z�f�b�e�v�l�h�g�Z / ,x H u u�  � w � w �  �� …�b 

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

�k�b�k�l�_�f�m �m�j�Z�\�g�_�g�b�c �^�e�y �d�h�h�j�^�b�g�Z�l �f�Z�y�l�g�b�d�Z  

, ,u v w

2 2 2 2

2 2 2 2

( 1) / , ( 1) / ,

1 (1 ) ( 1) / , (1 )

x x x R y y y R

z z z R R x y

� P � P � P � P

� P � P

�  � � � � � � �  � � � � � �

�  � � � � � � � � �  � � � � � �

���� ����

���� 2z
 (1) 

�M�j�Z�\�g�_�g�b�y (1) �m�^�h�[�g�u �^�e�y �q�b�k�e�_�g�g�h�]�h �f�h�^�_�e�b�j�h�\�Z�g�b�y �^�\�b�`�_�g�b�y �f�Z�y�l�g�b�d�Z. 

 

3. �I�_�j�\�h�_ �i�j�b�[�e�b�`�_�g�b�_ �g�h�j�f�Z�e�v�g�h�c �n�h�j�f�u �i�j�b �j�_�a�h�g�Z�g�k�_ 

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

�f�_�l�h�^�h�f �g�h�j�f�Z�e�v�g�h�c �n�h�j�f�u. �G�Z�b�[�h�e�v�r�b�c �b�g�l�_�j�_�k �i�j�_�^�k�l�Z�\�e�y�_�l �j�_�a�h�g�Z�g�k 1:1:2, 

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

�]�Z�f�b�e�v�l�h�g�b�Z�g�Z �\ �h�d�j�_�k�l�g�h�k�l�b �i�h�e�h�`�_�g�b�y �j�Z�\�g�h�\�_�k�b�y �b�f�_�x�l �\�b� ̂

2 4�P � 

� � � �

� � � �

2 2 2 2 2 2
0

2 2
1

1
4 ,

2
3
2

H u v w x y z

H z x y

�  � �� �� �� �� �

�  � �
 

      �I�j�b�\�_�^�_�f �]�Z�f�b�e�v�l�h�g�b�Z�g 1H  �d �g�h�j�f�Z�e�v�g�h�c �n�h�j�f�_ �;�b�j�d�]�h�n�Z, �b�k�i�h�e�v�a�m�y 

�Z�e�]�h�j�b�l�f �b�g�\�Z�j�b�Z�g�l�g�h�c �g�h�j�f�Z�e�b�a�Z�p�b�b [19,23,24]. �>�e�y �i�h�k�l�j�h�_�g�b�y �g�h�j�f�Z�e�v�g�h�c 

�n�h�j�f�u �i�_�j�\�h�]�h �i�j�b�[�e�b�`�_�g�b�y �g�m�`�g�h �i�h�^�k�l�Z�\�b�l�v �j�_�r�_�g�b�_ �e�b�g�_�c�g�h�c �k�b�k�l�_�f�u, 
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�h�i�j�_�^�_�e�y�_�f�h�c �]�Z�f�b�e�v�l�h�g�b�Z�g�h�f , �\ 0H 1H  �b �\�u�q�b�k�e�b�l�v �b�g�l�_�]�j�Z�e �h�l �i�h�k�e�_�^�g�_�c 

�n�m�g�d�p�b�b �i�h �\�j�_�f�_�g�b: 

� � � � � � � � � � � � � � � �1 1
0

, ,
t

H x y z d H t G f t� W � W � W � W�  � � � �� ª � º� ¬ � ¼�³  

�<�_�e�b�q�b�g�Z 1H  �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �i�_�j�\�h�_ �i�j�b�[�e�b�`�_�g�b�_ �g�h�j�f�Z�e�v�g�h�c �n�h�j�f�u 

�]�Z�f�b�e�v�l�h�g�b�Z�g�Z �\�h�a�f�m�s�_�g�b�y, �Z G – �]�_�g�_�j�Z�l�h�j �E�b �d�Z�g�h�g�b�q�_�k�d�h�]�h �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y, 

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

�b�f�_�_�l �g�h�j�f�Z�e�v�g�m�x �n�h�j�f�m (�i�h�^�j�h�[�g�_�_ – �k�f. �g�b�`�_ �g�Z �b�k�k�e�_�^�m�_�f�h�f �i�j�b�f�_�j�_). 

      �J�_�r�_�g�b�_ �e�b�g�_�c�g�h�c �k�b�k�l�_�f�u �b�f�_�_�l �\�b� ̂

cos sin ,

cos sin ,

cos 2 sin 2
2

x X t U t

y Y t V t

W
z Z t t

�  � �

�  � �

�  � �

             (2) 

�]�^�_ X, Y, Z – �g�Z�q�Z�e�v�g�u�_ �a�g�Z�q�_�g�b�y �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o �d�h�h�j�^�b�g�Z�l, U,V,W – 

�b�f�i�m�e�v�k�h�\; �\�u�j�Z�`�_�g�b�y �^�e�y �h�[�h�[�s�_�g�g�u�o �b�f�i�m�e�v�k�h�\ u(t), v(t) �b w(t) �^�Z�e�_�_ �g�b�]�^�_ 

�g�_ �b�k�i�h�e�v�a�m�x�l�k�y �b �i�h�w�l�h�f�m �g�_ �i�j�b�\�_�^�_�g�u. �<�u�q�b�k�e�_�g�b�_ �\�_�e�b�q�b�g�u 

� � � � � � � � � � � �1
0

, ,
T

H x t y t z t dt�ª �º�¬ �¼�³ , 

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

� � � �� � � �� � � �2 2 2 2
1

3
8

H Z X Y Z U V W XU YV� ª � º�  � �� �� �� � � �� ¬ � ¼ 

� � � �� � � �� �2 2 2 23
4 3 5

64
G Z XU YV W U V W X Y � ��ª �º�  � �� �� �� �� ��¬ �¼ 

�A�Z�f�_�g�Z �i�_�j�_�f�_�g�g�u�o, �i�j�b�\�h�^�y�s�Z�y �]�Z�f�b�e�v�l�h�g�b�Z�g �d �g�h�j�f�Z�e�v�g�h�c �n�h�j�f�_, �l�Z�d�h�\�Z 

,

,

,

U X

V Y

W Z

x X G u U G

y Y G v V G

z Z G w W G

�  � � �  � �

�  � � �  � �

�  � � �  � �
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      �>�e�y �Z�g�Z�e�b�a�Z �k�b�k�l�_�f�u, �i�h�j�h�`�^�Z�_�f�h�c 1H , �m�^�h�[�g�h �b�k�i�h�e�v�a�h�\�Z�l�v �i�_�j�_�f�_�g�g�u�_ 

�;�b�j�d�]�h�n�Z [19], �i�_�j�_�o�h�^ �d �d�h�l�h�j�u�f �a�Z�^�Z�_�l�k�y �d�Z�g�h�g�b�q�_�k�d�b�f �i�j�_�h�[�j�Z�a�h�\�Z�g�b�_�f 

1 2 3

1
, ,

2
z U iX z V iY z W iZ�  � � �  � � �  � �2  

�\�Z�e�_�g�l�g�h�k�l�b 2i. �M�j�Z�\�g�_�g�b�y �=�Z�f�b�e�v�l�h�g�Z �\ �w�l�b�o �i�_�j�_�f�_�g�g�u�o �b�f�_�x�l �\�b� ̂

0 1, ,i
i

H
z H H

z
H

�w
�  �  � �

�w
������  

� � � �

� � � �� � � �

0 1 1 2 2 3 3

2 2 2 2
1 3 1 2 3 1

2

3 2
16

H i z z z z z z

H z z z z z z

�  � � � �

2
�ª �º�  � �� �� ��¬ �¼

��

��  

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

      �H�k�g�h�\�g�u�f �k�\�h�c�k�l�\�h�f �g�h�j�f�Z�e�v�g�h�c �n�h�j�f�u �]�Z�f�b�e�v�l�h�g�b�Z�g�Z �y�\�e�y�_�l�k�y  

�^ �`0 1, 0H H �  

�]�^�_ � �̂`,  - �k�d�h�[�d�Z �I�m�Z�k�k�h�g�Z. �H�l�k�x�^�Z �k�e�_�^�m�_�l [19,23,24], �q�l�h �k�b�k�l�_�f�Z �k 

�]�Z�f�b�e�v�l�h�g�b�Z�g�h�f 0 1H H H�  � � �f�h�`�_�l �[�u�l�v �j�_�r�_�g�Z �k�e�_�^�m�x�s�b�f �h�[�j�Z�a�h�f:  

�m�j�Z�\�g�_�g�b�y, �h�i�j�_�^�_�e�y�_�f�u�_ �n�m�g�d�p�b�y�f�b 0 �bH 1�G , �j�_�r�Z�x�l�k�y �g�_�a�Z�\�b�k�b�f�h �^�j�m�] �h�l 

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

�g�Z�c�^�_�g�g�u�o - �\�f�_�k�l�h �g�Z�q�Z�e�v�g�u�o �m�k�e�h�\�b�c �\ �j�_�r�_�g�b�_ �k�b�k�l�_�f�u �k �]�Z�f�b�e�v�l�h�g�b�Z�g�h�f 

0H  �k�e�_�^�m�_�l �i�h�^�k�l�Z�\�b�l�v �n�m�g�d�p�b�b, �d�h�l�h�j�u�_ �i�h�e�m�q�Z�x�l�k�y �^�e�y �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o 

�i�_�j�_�f�_�g�g�u�o �b�a �j�_�r�_�g�b�y �k�b�k�l�_�f�u �k �]�Z�f�b�e�v�l�h�g�b�Z�g�h�f 1H .  

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

�g�m�`�g�h �i�h�^�k�l�Z�\�b�l�v �\ �j�_�r�_�g�b�_ �g�_�\�h�a�f�m�s�_�g�g�h�c �k�b�k�l�_�f�u 0 /i iz H z� � w � w��  

                         2
1 1 2 2 3 3, ,it it itz Z e z Z e z Z e�  �  �     (3) 
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�i�_�j�_�f�_�g�g�u�_ 1 2,Z Z  �b 3Z . �H�g�b �g�Z�o�h�^�y�l�k�y �b�a �j�_�r�_�g�b�y �k�b�k�l�_�f�u �m�j�Z�\�g�_�g�b�c 

�=�Z�f�b�e�v�l�h�g�Z �k �n�m�g�d�p�b�_�c 1H . �M�j�Z�\�g�_�g�b�y, �h�i�j�_�^�_�e�y�_�f�u�_ �w�l�h�c �n�m�g�d�p�b�_�c, �b�f�_�x�l 

�\�b� ̂

                 � �2 2
1 1 3 2 2 3 3 1

3 2 3 2 3 2
, ,

8 8 16
� �2Z Z Z Z Z Z Z Z Z�  � � �  � � �  � �� � � � � �           (4) 

�]�^�_ �l�h�q�d�h�c �h�[�h�a�g�Z�q�_�g�h �^�b�n�n�_�j�_�g�p�b�j�h�\�Z�g�b�_ �i�h . t

 

4.   �B�g�l�_�]�j�Z�e�u �g�h�j�f�Z�e�v�g�h�c �n�h�j�f�u 

�<�u�i�b�r�_�f �i�_�j�\�u�_ �b�g�l�_�]�j�Z�e�u �k�b�k�l�_�f�u (4) 

� � � �� � � �

2 2 2 2
1 2 3

2 2 2 2
1 2 3 1 2 3

1 2 1 2

2 const

const

- const,

Z Z Z c

Z Z Z Z Z Z h

Z Z Z Z i� V � V

� � � � �  

� � � �� � �  

�  � •

��

��

� � � \
 

(  - �i�h �h�[�h�a�g�Z�q�_�g�b�x). �I�_�j�\�u�_ �^�\�Z �\�u�j�Z�`�Z�x�l �k�h�o�j�Z�g�_�g�b�_ �\�_�e�b�q�b�g �� 0H  �b 1H , 

�l�j�_�l�b�c – �a�Z�d�h�g �k�h�o�j�Z�g�_�g�b�y �i�j�h�_�d�p�b�b �d�b�g�_�l�b�q�_�k�d�h�]�h �f�h�f�_�g�l�Z �g�Z 

�\�_�j�l�b�d�Z�e�v�g�m�x �h�k�v (�^�e�y �i�e�h�k�d�b�o �d�h�e�_�[�Z�g�b�c 0�V � ). 

      �I�h �Z�g�Z�e�h�]�b�b �k�h �k�e�m�q�Z�_�f �i�e�h�k�d�b�o �d�h�e�_�[�Z�g�b�c [40], �k�h�k�l�Z�\�b�f �m�j�Z�\�g�_�g�b�_ �^�e�y 

�\�_�e�b�q�b�g�u 
2

1 2

2
Z Z�� . �?�_ �^�b�n�n�_�j�_�g�p�b�j�h�\�Z�g�b�_ �\ �k�b�e�m (2) �i�j�b�\�h�^�b�l �d  

�\�u�j�Z�`�_�g�b�x 

� � � �� � � �� � � �2 2 2 2 2 2
1 2 1 2 3 1 2

3 2
4

d
3Z Z Z Z Z Z Z

dt
Z�ª �º� � �  � � � � � � � ��¬ �¼ 

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

� � � �� � � �� � � �
2

2 2 2 2 2 4 2 2 2 2
1 2 1 2 3 1 1 2 1 2 22

9 9
8 32

d
Z Z Z Z Z Z ZZ Z Z Z

dt
� � �  � � � � � � � � � �

4
 

�B�k�i�h�e�v�a�h�\�Z�g�b�_ �i�_�j�\�u�o �b�g�l�_�]�j�Z�e�h�\ �k�b�k�l�_�f�u (2) �i�h�a�\�h�e�y�_�l �i�j�_�h�[�j�Z�a�h�\�Z�l�v 

�i�j�Z�\�m�x �q�Z�k�l�v �w�l�h�]�h �m�j�Z�\�g�_�g�b�y �d �n�m�g�d�p�b�b, �a�Z�\�b�k�y�s�_�c �l�h�e�v�d�h �h�l 2 2

1 2z z�� : 
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�� ��2 2 2 2 2 22 2
1 2 3 3 1 2

2 22 2 2 2 2
1 2 1 2 1 2 1 2 1 2

2 22 2 2 2 2
1 2 1 2 1 2

1
2 ;

2

2

2

Z Z Z c Z c Z Z

Z Z Z Z i Z Z Z Z Z Z

Z Z Z Z Z Z

� V � V

�V

� � � � �  � Ÿ �  � � � �

� � �  � Ÿ � � � � �  � �

� � �  � �� �

� Ÿ 

�i�h�^�k�l�Z�g�h�\�d�Z �w�l�b�o �k�h�h�l�g�h�r�_�g�b�c �\ �i�j�Z�\�m�x �q�Z�k�l�v �m�j�Z�\�g�_�g�b�y �i�j�b�\�h�^�b�l �d 

�j�_�a�m�e�v�l�Z�l�m 

� � � �� � � �� � � �
2 22 2 2 2 2 22 2

1 2 1 2 1 22

9 27
16 32 32

d
Z Z c Z Z Z Z

dt
9

�V� � �  � � � � � � � � 

�H�[�h�a�g�Z�q�b�\ 
2

1

2

2Z Z�[ �  � �, �i�_�j�_�i�b�r�_�f �m�j�Z�\�g�_�g�b�_ �\ �\�b�^�_ 

2 29 27 9
16 32 32

c 2�[ � [ � [�  � � � ����� � V 

�>�Z�g�g�h�_ �m�j�Z�\�g�_�g�b�_ �m�^�h�[�g�h �b�g�l�_�j�i�j�_�l�b�j�h�\�Z�l�v �d�Z�d �a�Z�d�h�g �^�\�b�`�_�g�b�y 

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

� � � � � � � �3 2 2 29
32

c�[ � [ � [ � V� 3 �  � � � �� [ 

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

� � � �21
const

2
E� [ � [� � � 3 �  �  ��  

�=�j�Z�n�b�d �i�h�l�_�g�p�b�Z�e�v�g�h�c �n�m�g�d�p�b�b �b�f�_�_�l �\�b� ̂

 

                                                                             �3  

                                                                   

 

 

                                                   1�[                         2�[                3�[                �[  

 

                                                                                                                        �? 
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�L�Z�d�b�f �h�[�j�Z�a�h�f, �j�_�r�_�g�b�_ �� ��t�[ , �k�h�h�l�\�_�l�k�l�\�m�x�s�_�_ �a�g�Z�q�_�g�b�x �w�g�_�j�]�b�b �?, 

�b�a�f�_�g�y�_�l�k�y �\ �i�j�_�^�_�e�Z�o � > � @2 3,�[ �[ .   

      �A�Z�d�h�g �k�h�o�j�Z�g�_�g�b�y �w�g�_�j�]�b�b �^�Z�_�l �m�j�Z�\�g�_�g�b�_ �^�e�y �[ , �j�_�r�Z�_�f�h�_ �f�_�l�h�^�h�f 

�j�Z�a�^�_�e�_�g�b�y �i�_�j�_�f�_�g�g�u�o. �B�k�i�h�e�v�a�m�y �h�[�h�a�g�Z�q�_�g�b�_ � � � � �� ��1
2 P E�[ �[�  � � � 3, 

�i�h�e�m�q�b�f  

�� ��2 P�[ �[� ��
� � � �

d
t

P

�[

�[
� Ÿ �  � r�³  

�I�j�b �i�h�f�h�s�b  �w�l�h�c �n�h�j�f�m�e�u, �f�h�`�g�h �g�Z�c�l�b �i�_�j�b�h�^ �L �d�h�e�_�[�Z�g�b�c �\�_�e�b�q�b�g�u �[ : 

 

� � � �

3

2

2
d

T
P

�[

�[

�[

�[
� �³  

�I�h�e�b�g�h�f �� ��P �[ �b�f�_�_�l �l�j�b �d�h�j�g�y 1 2, �b 3�[ � [ � [ �b �i�j�_�^�k�l�Z�\�e�y�_�l�k�y �\ �\�b�^�_ 

� � � � � � � �� � � �� �1 2 3

9
16

P � ��[ � [ � [ � [ � [ � [ � [�  � � � � � � 

�A�Z�f�_�g�Z �i�_�j�_�f�_�g�g�h�c �� �� 2
3 2 3 sin u� [ � [ � [ � [�  � � � �  �i�j�_�h�[�j�Z�a�m�_�l �k�h�h�l�g�h�r�_�g�b�_, 

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

/ 2
3 2

2 2
3 103 1

16
, 1

3 1 sin

du
T k

k u

�S � [ � [
� [ � [� [ � [

��
�  �  

���� ��
�³ � d 

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

�w�e�e�b�i�l�b�q�_�k�d�h�f�m �b�g�l�_�]�j�Z�e�m [14]. �K�h�h�l�\�_�l�k�l�\�m�x�s�Z�y �n�h�j�f�m�e�Z �i�h�e�m�q�Z�_�l�k�y �b�a 

�^�Z�g�g�h�c �\ �i�j�_�^�_�e�_ �i�j�b 0�V �o . 

      �< �j�Z�[�h�l�_ [40] �^�e�y �i�e�h�k�d�h�c �a�Z�^�Z�q�b �i�j�b�\�h�^�b�e�h�k�v �\�u�j�Z�`�_�g�b�_ �i�_�j�b�h�^�Z �q�_�j�_�a 

�g�Z�q�Z�e�v�g�u�_ �m�k�e�h�\�b�y �b �j�Z�k�k�f�Z�l�j�b�\�Z�e�h�k�v �q�Z�k�l�g�h�_ �j�_�r�_�g�b�_, �k�h�h�l�\�_�l�k�l�\�m�x�s�_�_ 

�f�Z�d�k�b�f�Z�e�v�g�h�f�m �a�g�Z�q�_�g�b�x �w�g�_�j�]�b�b ( max 0E � ). �L�Z�d�`�_ �[�u�e�h �i�h�d�Z�a�Z�g�h, �q�l�h �i�j�b 

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

�m�]�h�^�g�h �f�Z�e�h�]�h 

0�?� o � � �L � o � f

0�V �z  �^�Z�g�g�u�c �i�_�j�b�h�^ �h�d�Z�a�u�\�Z�_�l�k�y �d�h�g�_�q�g�u�f, �Z �f�Z�d�k�b�f�Z�e�v�g�h�_ 

�a�g�Z�q�_�g�b�_ �w�g�_�j�]�b�b  - �h�l�j�b�p�Z�l�_�e�v�g�u�f max 0E �� . 
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      �I�h�d�Z�`�_�f, �q�l�h �w�l�h �^�_�c�k�l�\�b�l�_�e�v�g�h �l�Z�d. �<�u�[�_�j�_�f �k�e�_�^�m�x�s�b�_ �g�Z�q�Z�e�v�g�u�_ 

�m�k�e�h�\�b�y 

� � � � � � � �1 1 2 2 30 , 0 , 2z i z z i 3�G � G � G�  �  �   

 (�g�Z�q�Z�e�v�g�u�_ �h�l�d�e�h�g�_�g�b�y �i�h  �j�Z�\�g�u 1 �bz 3z 31 �b�G �G �k�h�h�l�\�_�l�k�l�\�_�g�g�h, 2�G- 

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

�q�_�j�_�a �g�b�o �k�e�_�^�m�x�s�b�f �h�[�j�Z�a�h�f 

� � � �� � � �2 2 2 2 2 2 2
1 2 3 1 2 1 2

9
8

E �G � G � G � G � G � G� G�ª �º�  � � � � � � � ��¬ �¼ 

�h�l�d�m�^�Z �k�e�_�^�m�_�l, �q�l�h �i�j�b 1 2 0�G�G �z ( 0�V�œ �z ) �k�i�j�Z�\�_�^�e�b�\�h �g�_�j�Z�\�_�g�k�l�\�h �? < 0. 

�F�Z�d�k�b�f�Z�e�v�g�h�_ �a�g�Z�q�_�g�b�_ �w�g�_�j�]�b�b  �i�j�b �n�b�d�k�b�j�h�\�Z�g�g�u�o maxE 1�G �b 

2�G�^�h�k�l�b�]�Z�_�l�k�y �i�j�b 3�G = 0  �b �l�Z�d�`�_ �y�\�e�y�_�l�k�y �h�l�j�b�p�Z�l�_�e�v�g�u�f.  

      �L�_�i�_�j�v �g�Z�c�^�_�f �\�u�j�Z�`�_�g�b�_ �^�e�y �i�_�j�b�h�^�Z �L �q�_�j�_�a �g�Z�q�Z�e�v�g�u�_ �m�k�e�h�\�b�y �b 

�i�h�e�m�q�b�f �b�a �w�l�h�]�h �\�u�j�Z�`�_�g�b�y �n�h�j�f�m�e�m �^�e�y maxE E� �b 1 21 0�G �G �!� � � � . 

�G�_�j�Z�\�_�g�k�l�\�h 1 2�G �G��  �k�h�h�l�\�_�l�k�l�\�m�_�l �k�e�m�q�Z�x 0�V �o , �d�h�l�h�j�u�c �i�j�_�^�k�l�Z�\�e�y�_�l 

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

�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c �a�Z�^�Z�q�b �d �i�e�h�k�d�h�c.  

      �<�u�j�Z�`�Z�y �d�h�w�n�n�b�p�b�_�g�l�u �i�h�e�b�g�h�f�Z �J(��) �q�_�j�_�a �g�Z�q�Z�e�v�g�u�_ �m�k�e�h�\�b�y, �i�h�e�m�q�b�f 

� � � � � � � � � � � �� � � ��� ��3 2 2 2 2 2 2 2 2 2 2 2 2 2
1 2 3 1 2 1 2 3 1 2 1 2

9
4 4 4

16
P � [ � [ � G � G � G � [ � G � G � [ � G � G � G � G � G � G � G� ª � º�  � � � � � � � � � � � � � � � � � �� ¬ � ¼ 

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

�� ��

� � � �

2 4 2 2 2 2 2
1 3 3 3 1 2 1 2

2 22 4 2 2 2 2 2
1 2*2 3 3 3 1 2 1 2

3 3 2 22 2
1 23 1 2

2 2 ,

2 2
�i�j�b

2( )

� [ � G � G � G � G � G � G � G

� G � G� [ � G � G � G � G � G � G� G
� G � G

�G �G� [ � G � G

�  � � � � � � � �

�½ ���  � � � � � � � ��° � d �  �¾
���  � � �°�¿

 

�i�j�b *
3 3�G �G�! �\�l�h�j�h�c �b �l�j�_�l�b�c �d�h�j�g�b �k�e�_�^�m�_�l �i�h�f�_�g�y�l�v �f�_�k�l�Z�f�b:  

�� ��2 2 2 4 2 2 2 2
2 1 2 3 3 3 3 1 2 1 2, 2 2 2�[ � G � G � [ � G � G � G � G � G � G � G�  � � �  � � � � � � � � 
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�L�Z�d�b�f �h�[�j�Z�a�h�f, �f�h�^�m�e�v �w�e�e�b�i�l�b�q�_�k�d�h�]�h �b�g�l�_�]�j�Z�e�Z �j�Z�\�_�g  

�� ��
� � � �

� � � �
� � � �

4 2 2 4 2 24
3 1 2 3 1 2 *

3 3
2 2 2 4 2 2 2 2 2

1 2 3 3 1 2 3 1 2

2 2 2 4 2 2 2 2 2
3 1 2 3 1 2 3 1 2 *

3 3
4 2 2 2 2 24
3 1 2 3 1 2

2
�i�j�b

2 2

2 2
�i�j�b

2

k

k

� G � G � G � G � G� G
�G �G

� G � G � G � G � G � G � G � G � G

� G � G � G � G � G � G � G � G � G
�G �G

� G � G � G � G � G� G

� � � � � �
�  � d

� � � � � � � � � � � �

� � � � � � � � � � � �
�  � !

� � � � � �

 

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

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

 �b�a �\�l�h�j�h�c �n�h�j�f�m�e�u �i�h�e�m�q�b�f, �q�l�h k = 1, �q�_�f�m 

�k�h�h�l�\�_�l�k�l�\�m�_�l �L = �’ . �>�e�y �d�h�e�_�[�Z�g�b�c, �\�g�Z�q�Z�e�_ �[�e�b�a�d�b�o �d �\�_�j�l�b�d�Z�e�v�g�u�f 

�k�i�j�Z�\�_�^�e�b�\�h �g�_�j�Z�\�_�g�k�l�\�h 

3 1 20, 0, 0� G � G � G� z �  �  

23 1,�G � G � G�� , �q�l�h �i�h�a�\�h�e�y�_�l �\�\�_�k�l�b �f�Z�e�u�_ �i�Z�j�Z�f�_�l�j�u 

1
1 2

3 3
, 2�G �G� H � H�G �G�  �   �b �b�k�i�h�e�v�a�h�\�Z�l�v �b�o �^�e�y �Z�k�b�f�i�l�h�l�b�q�_�k�d�b�o �j�Z�a�e�h�`�_�g�b�c. 

�Q�_�j�_�a �w�l�b �i�Z�j�Z�f�_�l�j�u �f�h�`�g�h �\�u�j�Z�a�b�l�v �\�_�e�b�q�b�g�m 21k�c k� �� , �g�_�h�[�o�h�^�b�f�m�x 

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

�<�u�j�Z�`�_�g�b�_ �^�e�y  �b�f�_�_�l �\�b� ̂k�c

2 2
2 1 2

2 2 2 2 2 2 2
1 2 1 2 1 2 1 2

1 1
2 2 1 4 1

k
� H � H

2�H � H � H� H � H � H � H� H

��
�c �  � � � �

� � � � � � � � � � � �
 

�B�k�i�h�e�v�a�m�y �j�Z�a�e�h�`�_�g�b�_ �w�e�e�b�i�l�b�q�_�k�d�h�]�h �b�g�l�_�]�j�Z�e�Z �i�h �i�Z�j�Z�f�_�l�j�m  [40]  k�c

� � � � � � � �
2

44 4
ln ln 1 ln

4
k

K k O k k
k k

�c � § � ·�c �c�  � � � �� �� ¨ � ¸� c � c� © � ¹
 

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

� � � �2 2
1 22 2 2 2

3 1 2 1 2

8 4 2 1 4 2
ln ln 1

3 8
T � H � H

�G � H � H � H � H

�ª �º� § � ·
�« �»� ¨ � ¸� � � � � �

� ¨ � ¸�« �»� � � �� © � ¹�¬ �¼
�� . 

�N�h�j�f�m�e�u �^�e�y �i�e�h�k�d�h�]�h �k�e�m�q�Z�y, �i�j�b�\�_�^�_�g�g�u�_ �\ [40], �i�h�e�m�q�Z�x�l�k�y �b�a �l�h�e�v�d�h �q�l�h 

�i�h�e�m�q�_�g�g�u�o, �_�k�e�b �i�h�e�h�`�b�l�v �\ �g�b�o 2 0�H � .  
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      �H�l�^�_�e�v�g�u�c �b�g�l�_�j�_�k �i�j�_�^�k�l�Z�\�e�y�_�l �k�e�m�q�Z�c 3 0�G � , �k�h�h�l�\�_�l�k�l�\�m�x�s�b�c 

�f�Z�d�k�b�f�Z�e�v�g�h�f�m �a�g�Z�q�_�g�b�x �w�g�_�j�]�b�b �?, �i�h�k�d�h�e�v�d�m �\ �i�e�h�k�d�h�c �a�Z�^�Z�q�_ �i�j�b 

�f�Z�d�k�b�f�Z�e�v�g�h�c �w�g�_�j�]�b�b �j�_�r�_�g�b�_ �g�_ �y�\�e�y�_�l�k�y �i�_�j�b�h�^�b�q�_�k�d�b�f [40]. �N�h�j�f�Z�e�v�g�h 

�w�l�h�f�m �k�h�h�l�\�_�l�k�l�\�m�_�l T . �I�j�h�k�l�j�Z�g�k�l�\�_�g�g�Z�y �a�Z�^�Z�q�Z �[�e�b�a�d�Z �d �i�e�h�k�d�h�c, �_�k�e�b � o � f

1 2�G �G�� . �I�j�b �\�u�i�h�e�g�_�g�b�b �w�l�h�]�h �g�_�j�Z�\�_�g�k�l�\�Z �f�h�`�g�h  �\�\�_�k�l�b �f�Z�e�u�c 

�i�Z�j�Z�f�_�l�j 2
1

�G
�G�U�  �b �i�_�j�_�i�b�k�Z�l�v �n�h�j�f�m�e�m �^�e�y �f�h�^�m�e�y �w�e�e�b�i�l�b�q�_�k�d�h�]�h 

�b�g�l�_�]�j�Z�e�Z �\ �\�b�^�_ 

1
1

k
�U
�U

��
� 

��
 

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

�w�e�e�b�i�l�b�q�_�k�d�h�]�h �b�g�l�_�]�j�Z�e�Z �i�h �i�Z�j�Z�f�_�l�j�m 

0 1k�U� o � � � o � �0

k�c �b �g�Z�c�l�b �Z�k�b�f�i�l�h�l�b�d�m �^�e�y 

�i�_�j�b�h�^�Z.  

� � � �
� � � �

� � � �
� � � �� � � �2

2
1

2 1 2 116
ln ln 1 ln

3 1 1
T O

� U � U�U
� U � U

� G � U� U � U�U

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

�� ��� « � »� « � »� ¬ � ¼� ¬ � ¼
 

�< �i�_�j�\�h�f �i�j�b�[�e�b�`�_�g�b�b  

1

8 2
ln

3
T

�G �U
�  

�h�l�d�m�^�Z �k�e�_�^�m�_�l, �q�l�h �i�j�b �1 �• 0 �w�l�h�l �i�_�j�b�h�^ �d�h�g�_�q�_�g. �B�a �w�l�h�c �n�h�j�f�m�e�u �k�e�_�^�m�_�l  

�e�h�]�Z�j�b�n�f�b�q�_�k�d�b�c �o�Z�j�Z�d�l�_�j �_�]�h �k�l�j�_�f�e�_�g�b�y �d �[�_�k�d�h�g�_�q�g�h�k�l�b �i�j�b �! �:  0 (�q�l�h 

�j�Z�\�g�h�k�b�e�v�g�h �1 �:  0). 

      �<�u�q�b�k�e�_�g�b�_ �i�_�j�b�h�^�Z �i�h �m�d�Z�a�Z�g�g�u�f �n�h�j�f�m�e�Z�f �i�j�b  

1 2 30.01, 0.005, 0.1�G � G � G�  �  �   �^�Z�_�l  �L �# 106. �W�l�h �o�h�j�h�r�h �k�h�]�e�Z�k�m�x�l�k�y �k 

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

�j�b�k�m�g�d�Z�o:  
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      �G�Z �w�l�h�f �j�b�k�m�g�d�_ �b�a�h�[�j�Z�`�_�g �\�b� ̂ �i�j�h�_�d�p�b�b �l�j�Z�_�d�l�h�j�b�b �l�h�q�d�b �g�Z 

�]�h�j�b�a�h�g�l�Z�e�v�g�m�x �i�e�h�k�d�h�k�l�v (�\�b� ̂ «�k�\�_�j�o�m»). �B�a �w�l�h�]�h �j�b�k�m�g�d�Z �\�b�^�_�g 

�h�i�b�k�Z�g�g�u�c �g�b�`�_ �w�n�n�_�d�l �j�Z�a�\�h�j�h�l�Z �i�e�h�k�d�h�k�l�b �d�h�e�_�[�Z�g�b�c. 

 

      �A�^�_�k�v �b�a�h�[�j�Z�`�_�g�u �a�Z�\�b�k�b�f�h�k�l�b �h�l �\�j�_�f�_�g�b �\�_�e�b�q�b�g 2 2( ) ( )x t y t��  

(�\�_�j�o�g�b�c �j�b�k�m�g�h�d) �b  z(t) (�g�b�`�g�b�c). �@�b�j�g�u�f�b �e�b�g�b�y�f�b �i�h�\�_�j�o �w�l�b�o �]�j�Z�n�b�d�h�\ 

�h�l�f�_�q�_�g�u �h�]�b�[�Z�x�s�b�_, �Z�g�Z�e�b�l�b�q�_�k�d�b�_ �\�u�j�Z�`�_�g�b�y �^�e�y �d�h�l�h�j�u�o [40] �l�Z�d�`�_ 

�i�j�b�\�_�^�_�g�u �g�b�`�_. 

 

 

y(t) 

x(t) 

5. �I�_�j�b�h�^�b�q�_�k�d�h�_ �j�_�r�_�g�b�_. 

      �K�b�k�l�_�f�Z �m�j�Z�\�g�_�g�b�c (4) �h�l�g�h�k�b�l�_�e�v�g�h �^�_�c�k�l�\�b�l�_�e�v�g�u�o �b �f�g�b�f�u�o �q�Z�k�l�_�c 

�i�_�j�_�f�_�g�g�u�o 1 2,Z Z  �b 3Z  �b�f�_�_�l �r�_�k�l�h�c �i�h�j�y�^�h�d. �I�h�w�l�h�f�m �q�_�l�u�j�_�o �g�Z�c�^�_�g�g�u�o 
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�b�g�l�_�]�j�Z�e�h�\ �g�_�^�h�k�l�Z�l�h�q�g�h, �q�l�h�[�u �i�j�h�b�g�l�_�]�j�b�j�h�\�Z�l�v �k�b�k�l�_�f�m. �H�^�g�Z�d�h �f�h�`�g�h 

�g�Z�c�l�b �q�Z�k�l�g�u�c �b�g�l�_�]�j�Z�e, �k�h�h�l�\�_�l�k�l�\�m�x�s�b�c �f�b�g�b�f�m�f�m �� ���[�3  �\ �l�h�q�d�_ 

2 4
2 2

1 2

3
3

c c
Z Z

2�V
�[

� � � �
� { � � �    (5) 

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

�g�Z�c�^�_�g�g�h�_ �\   [40].  

�I�h�k�l�j�h�b�f �j�_�r�_�g�b�_, �m�^�h�\�e�_�l�\�h�j�y�x�s�_�_ �k�e�_�^�m�x�s�b�f �g�Z�q�Z�e�v�g�u�f �m�k�e�h�\�b�y�f 

                               1 1 2 2 3(0) , (0) , (0) 2z i z z i 3�G � G � G�  �  �   (6) 

�>�e�y �l�h�]�h, �q�l�h�[�u �j�_�r�_�g�b�_ �m�^�h�\�e�_�l�\�h�j�y�e�h �b�g�l�_�]�j�Z�e�m (5), �\�_�e�b�q�b�g�Z 3�G �^�h�e�`�g�Z 

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

2 2
1 2

3 2 2
1 22 2

� G � G
�G

�G �G

��
� 

��
. 

�I�j�b �w�l�b�o �g�Z�q�Z�e�v�g�u�o �a�g�Z�q�_�g�b�y�o �i�h�k�l�h�y�g�g�u�_ �b�g�l�_�]�j�b�j�h�\�Z�g�b�y �l�Z�d�h�\�u 

� � � �
�� ��22 22 2

1 22 2 2 22 1 2
1 2 1 2 1 22 2 2 2

1 2 1 2

, , 2 ,
2

c h i
� G � G� G � G

�G � G � V
� G � G � G � G

����
�  � � � � �  �  �  � �

�� ��
� G� G� [� G� G 

�M�f�g�h�`�Z�y �i�_�j�\�h�_ �m�j�Z�\�g�_�g�b�_ �k�b�k�l�_�f�u (4) �g�Z 1Z , �\�l�h�j�h�_ - �g�Z 2Z �b �k�d�e�Z�^�u�\�Z�y �b�o, 

�i�h�e�m�q�b�f 

� � � �� � � �� � � �2 2 2 22 2
1 2 1 2 3 1 2

3 2 3 2
4 4

d
3Z Z Z Z Z

dt
� G � G� � �  � � � � �  � � � �Z  

�I�j�h�^�b�n�n�_�j�_�g�p�b�j�m�_�f �l�j�_�l�v�_ �m�j�Z�\�g�_�g�b�_ (4) �b �\�h�k�i�h�e�v�a�m�_�f�k�y �l�h�e�v�d�h �q�l�h 

�i�h�e�m�q�_�g�g�u�f �k�h�h�l�g�h�r�_�g�b�_�f: 

                     � � � �� � � �2 22 2
3 1 2 3 1 2

3 2 9
0

16 32
d

Z Z Z Z Z
dt

� G � G�  � �� Ÿ� �� ����� ����
3 �                     

�J�_�r�_�g�b�_ �w�l�h�]�h �m�j�Z�\�g�_�g�b�y �k �\�u�r�_�m�d�Z�a�Z�g�g�u�f �g�Z�q�Z�e�v�g�u�f �m�k�e�h�\�b�_�f �b�f�_�_�l �\�b� ̂

� � � � � � � �2 2
3 3 1

3
2 , 2

8
i tZ t i e �H

2�G � H � G� G�r�  �  � � 
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�>�Z�e�_�_ �\ �i�h�d�Z�a�Z�l�_�e�_ �w�d�k�i�h�g�_�g�l�u �j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y �a�g�Z�d «+». �J�_�r�_�g�b�_ �^�e�y 

�i�h�d�Z�a�Z�l�_�e�y �i�j�h�l�b�\�h�i�h�e�h�`�g�h�]�h �a�g�Z�d�Z �k�l�j�h�b�l�k�y �Z�g�Z�e�h�]�b�q�g�h.  

      �I�h�^�k�l�Z�g�h�\�d�Z �j�_�r�_�g�b�y �� ��3Z t  �\ �i�_�j�\�h�_ �b �\�l�h�j�h�_ �m�j�Z�\�g�_�g�b�y �k�b�k�l�_�f�u (4) 

�i�j�b�\�h�^�b�l �d �k�e�_�^�m�x�s�_�f�m �m�j�Z�\�g�_�g�b�x 

                 3

3
, 1

4
i t

k kZ i Z e k�H�G�  � � � ˜ �  �� ,2          (7) 

�A�Z�f�_�g�Z  
( / 2)i t

k kZ Z e �H� ��  

�i�j�b�\�h�^�b�l �m�j�Z�\�g�_�g�b�_ (7)  �d �Z�\�l�h�g�h�f�g�h�f�m �e�b�g�_�c�g�h�f�m �m�j�Z�\�g�_�g�b�x �k 

�i�h�k�l�h�y�g�g�u�f�b �d�h�w�n�n�b�p�b�_�g�l�Z�f�b 

3

3
0

2 4k k kZ i Z Z
�H

�G� § � ·� � � �� ˜� ¨ � ¸
� © � ¹

��� � � � � ��   

 

�?�]�h �j�_�r�_�g�b�_ �b�s�_�f �\ �\�b�^�_ 

1 2
i t i t

kZ C e C e�Q �Q���  � ���  

�I�h�^�k�l�Z�\�e�y�y �w�l�h �\�u�j�Z�`�_�g�b�_ �\ �m�j�Z�\�g�_�g�b�_ �b �i�j�b�j�Z�\�g�b�\�Z�y �d�h�w�n�n�b�p�b�_�g�l�u �i�j�b 

�w�d�k�i�h�g�_�g�l�Z�o, �i�h�e�m�q�b�f �k�e�_�^�m�x�s�m�x �k�b�k�l�_�f�m �m�j�Z�\�g�_�g�b�c 

 

1

2

3
/ 2

4 0
3

/ 2
4

C

C

� H � Q � G

� G � H � Q

��
� 

��
 

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

� � � �
2

2 1 2
3

2 2
1 2

39
4 16 4 2

� G � G�H
� Q � G

� G � G
�  � � �  

��
 

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

�� �� �� ��1 2 1 1 2 2 0C C� G � G � G � G� � � �� � �  , �h�l�d�m�^�Z �g�Z�c�^�_�f 
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�� �� �� ��1 1 2 2 1,C C C C 2�G � G � G�  � � �  � � � �� G. �I�h�^�k�l�Z�\�e�y�y �w�l�b �a�g�Z�q�_�g�b�y �\ �\�u�j�Z�`�_�g�b�_ kZ�� , 

�a�Z�l�_�f �\  kZ �b �\ (3) �i�h�e�m�q�b�f �h�[�s�_�_ �j�_�r�_�g�b�_ �^�e�y �i�_�j�_�f�_�g�g�u�o �;�b�j�d�]�h�n�Z  

�� �� �� ��(1 ( / 2))
1 2 1 2 , 1i t i t i t

kz e C e C e k� H � Q � Q� G � G � G � G� � � �� ª � º�  � �� �� �� ¬ � ¼,2�   

�B�a �g�Z�q�Z�e�v�g�u�o �m�k�e�h�\�b�c (6) �g�Z�c�^�_�f �i�j�b 1: / 2,k C i� �  �i�j�b 2 : 1/ 2.k C� �  � �  

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

�h�d�h�g�q�Z�l�_�e�v�g�h�_ �q�Z�k�l�g�h�_ �j�_�r�_�g�b�_ �^�e�y �d�h�h�j�^�b�g�Z�l �f�Z�y�l�g�b�d�Z �k �g�Z�q�Z�e�v�g�u�f�b 

�m�k�e�h�\�b�y�f�b   

� � � � � � � � � � � � � � � � � � � � � � � �
2 2

1 2
1 2 2 2

1 2

0 , 0 0, 0 0, 0 , 0 , 0
2 2

x u y v z w
� G � G

� G � G
� G � G

��
�  �  �  �  �  

��
0�       

�J�_�r�_�g�b�_ �m�^�h�[�g�h �i�j�_�^�k�l�Z�\�b�l�v �\ �\�b�^�_ 

� � � �
� � � � � � � �

2 2
1 1 2

2 2
2

1 2

coscos sin
, ( ) cos2

sinsin cos 2 2

x t tt t
z t t

y t tt t

�G� Q � Q � G � G
�G� Q � Q � G � G

�: ��
�  �  

�:�� ��
� : ,  

 �]�^�_   
2 2

1 2 1 2

2 2
1 2

3 3
, 1

8 24 2

�G� G � G
�Q

� G � G

��
�  � :�  � �

��

� G
.  

      �W�l�h�l �j�_�a�m�e�v�l�Z�l �b�f�_�_�l �y�k�g�m�x �]�_�h�f�_�l�j�b�q�_�k�d�m�x �b�g�l�_�j�i�j�_�l�Z�p�b�x: �i�j�h�_�d�p�b�y 

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

�n�b�d�k�b�j�h�\�Z�g�g�u�f�b �h�k�y�f�b  1�G �b 2�G, �d�h�l�h�j�u�c �i�j�_�p�_�k�k�b�j�m�_�l �k �m�]�e�h�\�h�c �k�d�h�j�h�k�l�v�x 

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

�m�k�e�h�\�b�c. �I�j�b �w�l�h�f �q�Z�k�l�h�l�Z �h�[�j�Z�s�_�g�b�y �i�h �w�e�e�b�i�k�m �h�l�e�b�q�Z�_�l�k�y �h�l 1 �l�Z�d�`�_ �g�Z 

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

      �B�g�l�_�j�_�k�g�h �h�l�f�_�l�b�l�v, �q�l�h �m�]�e�h�\�Z�y �k�d�h�j�h�k�l�v �i�j�_�p�_�k�k�b�b �w�e�e�b�i�k�Z 

�i�j�h�i�h�j�p�b�h�g�Z�e�v�g�Z �_�]�h �i�e�h�s�Z�^�b (�d�\�Z�^�j�Z�l�m�j�_). �:�g�Z�e�h�]�b�q�g�u�c �j�_�a�m�e�v�l�Z�l �[�u�e 

�i�h�e�m�q�_�g �\ �j�Z�[�h�l�_ [20] �^�e�y �f�Z�y�l�g�b�d�Z �N�m�d�h.  

      �I�j�b 1 2�G �G�  �i�h�e�m�q�Z�_�f �^�\�b�`�_�g�b�_ �f�Z�y�l�g�b�d�Z �i�h �h�d�j�m�`�g�h�k�l�b �\ 

�]�h�j�b�a�h�g�l�Z�e�v�g�h�c �i�e�h�k�d�h�k�l�b1 1cos , sin , 0x t y t z�G �G�  �  �  . 
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6. �W�n�n�_�d�l�u �k�j�u�\�Z �b �j�Z�a�\�h�j�h�l�Z �i�e�h�k�d�h�k�l�b �d�h�e�_�[�Z�g�b�c 

      �I�j�b �[�h�e�v�r�b�g�k�l�\�_ �g�Z�q�Z�e�v�g�u�o �m�k�e�h�\�b�c (�a�Z �b�k�d�e�x�q�_�g�b�_�f �l�_�o, �q�l�h 

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

�i�e�h�k�d�h�c [40], �g�Z�[�e�x�^�Z�_�l�k�y �w�n�n�_�d�l �i�_�j�_�d�Z�q�d�b �w�g�_�j�]�b�b �f�_�`�^�m �j�Z�a�e�b�q�g�u�f�b  

�f�h�^�Z�f�b �d�h�e�_�[�Z�g�b�c. �H�g �i�j�h�y�\�e�y�_�l�k�y �g�Z�b�[�h�e�_�_ �h�l�q�_�l�e�b�\�h, �d�h�]�^�Z �\�g�Z�q�Z�e�_ 

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

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

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

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

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

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

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

�i�h�e�m�h�k�y�f�b. �?�]�h �i�e�h�s�Z�^�v �i�j�h�i�h�j�p�b�h�g�Z�e�v�g�Z �i�j�h�_�d�p�b�b �d�b�g�_�l�b�q�_�k�d�h�]�h �f�h�f�_�g�l�Z 

�g�Z �\�_�j�l�b�d�Z�e�v�g�m�x �h�k�v.  �W�l�Z �f�h�^�Z �k�m�s�_�k�l�\�m�_�l �^�h�k�l�Z�l�h�q�g�h �^�e�b�l�_�e�v�g�h�_ �\�j�_�f�y, 

�i�h�k�e�_ �q�_�]�h �\�g�h�\�v �i�_�j�_�k�l�j�Z�b�\�Z�_�l�k�y  �\ �i�h�q�l�b �\�_�j�l�b�d�Z�e�v�g�m�x �b �l. � .̂  

       �>�Z�g�g�u�c �j�_�a�m�e�v�l�Z�l �k�e�_�^�m�_�l �b�a �k�h�h�l�g�h�r�_�g�b�c �i. 2. �;�u�e�h �m�k�l�Z�g�h�\�e�_�g�h, �q�l�h 

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

�i�e�h�k�d�h�k�l�b, �k�h�\�_�j�r�Z�_�l �i�_�j�b�h�^�b�q�_�k�d�b�_ �d�h�e�_�[�Z�g�b�y �f�_�`�^�m �g�Z�b�[�h�e�v�r�b�f �b 

�g�Z�b�f�_�g�v�r�b�f �a�g�Z�q�_�g�b�y�f�b. �G�h �\ �k�b�e�m �a�Z�d�h�g�Z �k�h�o�j�Z�g�_�g�b�y 0H  �m�f�_�g�v�r�_�g�b�_ 

(�m�\�_�e�b�q�_�g�b�_) �[  �\�e�_�q�_�l �a�Z �k�h�[�h�c �m�\�_�e�b�q�_�g�b�_ (�m�f�_�g�v�r�_�g�b�_) 3z . �I�h�k�e�_�^�g�y�y 

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

�q�l�h �i�j�b 0�V �z  �i�_�j�_�f�_�g�g�Z�y �[  �g�_ �f�h�`�_�l �h�[�j�Z�s�Z�l�v�k�y �\ �g�h�e�v.  �W�l�h �k�e�_�^�m�_�l �b�a 

�l�h�]�h, �q�l�h xy xy�V � v � �� � � �, �Z 0 0,x y x y 0�[ �  � œ �  �  �  �  � � � �. 

      �D�h�e�_�[�Z�g�b�y�f  �f�Z�y�l�g�b�d�Z, �b�a�g�Z�q�Z�e�v�g�h �[�e�b�a�d�b�f �d �\�_�j�l�b�d�Z�e�v�g�u�f, 

�k�h�h�l�\�_�l�k�l�\�m�_�l  �[ <<
2

3z .  �I�j�b �i�_�j�_�k�l�j�h�c�d�_ �f�h� ̂ �d�h�e�_�[�Z�g�b�y �k�l�Z�g�h�\�y�l�k�y �i�h�q�l�b 

�]�h�j�b�a�h�g�l�Z�e�v�g�u�f�b. �W�l�h �j�Z�\�g�h�k�b�e�v�g�h �l�h�f�m, �q�l�h 
2

3z�[ �� . �K�e�_�^�h�\�Z�l�_�e�v�g�h, 
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� � � �min 0 max a max�[ � [ � [� �� � [ �b�f�_�_�l �l�h�l �`�_ �i�h�j�y�^�h�d, �q�l�h �b 

� � � �22

3 3max 0z z� .  �I�h �w�l�h�c �i�j�b�q�b�g�_ �w�n�n�_�d�l �i�_�j�_�d�Z�q�d�b �w�g�_�j�]�b�b �i�j�h�y�\�e�y�_�l�k�y 

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

      �I�_�j�_�o�h�^ �h�l �h�^�g�h�c �f�h�^�u �d �^�j�m�]�h�c �i�j�h�b�k�o�h�^�b�l �k �i�_�j�b�h�^�h�f �L/2, 

�h�i�j�_�^�_�e�_�g�g�u�f �\ �i.2.  

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

�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c �a�Z�^�Z�q�Z�f�b. �H�^�g�Z�d�h �i�j�b �g�Z�e�b�q�b�b �k�d�h�e�v �m�]�h�^�g�h �f�Z�e�h�]�h 0�V �z  

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

�f�Z�d�k�b�f�m�f�m �w�g�_�j�]�b�b �?, �i�h�y�\�e�y�_�l�k�y �_�s�_ �h�^�g�h �b�g�l�_�j�_�k�g�h�_ �h�l�e�b�q�b�_.  

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

�o �g�Z �g�_�d�h�l�h�j�h�f �j�Z�k�k�l�h�y�g�b�b �h�l �i�e�h�k�d�h�k�l�b yz, �Z �\�^�h�e�v �h�k�b y �k�h�h�[�s�Z�_�l�k�y �k�d�h�e�v 

�m�]�h�^�g�h �f�Z�e�u�c �b�f�i�m�e�v�k. �B�f�i�m�e�v�k �b �h�l�d�e�h�g�_�g�b�_ �^�h�e�`�g�u �[�u�l�v �l�Z�d�b�f�b, �q�l�h�[�u 

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

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

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

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

�i�_�j�_�k�l�j�h�y�l�k�y �\ �i�h�q�l�b �\�_�j�l�b�d�Z�e�v�g�u�_ (�\  �k�h�h�l�\�_�l�k�l�\�b�b �k �b�a�e�h�`�_�g�g�u�f �\ 

�i�j�_�^�u�^�m�s�_�f �i�m�g�d�l�_). �I�h �i�j�h�r�_�k�l�\�b�b �\�j�_�f�_�g�b �i�h�j�y�^�d�Z �L �h�g�b �\�g�h�\�v �[�m�^�m�l 

�[�e�b�a�d�b �d �]�h�j�b�a�h�g�l�Z�e�v�g�u�f. �B�a �k�h�o�j�Z�g�_�g�b�y �w�g�_�j�]�b�b �b �i�j�h�_�d�p�b�b �d�b�g�_�l�b�q�_�k�d�h�]�h 

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

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

�\�h�i�j�h�k: �\�[�e�b�a�b �d�Z�d�h�c �i�j�y�f�h�c �g�Z �i�e�h�k�d�h�k�l�b xy �[�m�^�m�l �i�j�h�b�k�o�h�^�b�l�v �w�l�b 

�d�h�e�_�[�Z�g�b�y ? 

      �Q�l�h�[�u �h�l�\�_�l�b�l�v �g�Z �w�l�h�l �\�h�i�j�h�k, �[�u�e�h �i�j�h�\�_�^�_�g�h �q�b�k�e�_�g�g�h�_ 

�b�g�l�_�]�j�b�j�h�\�Z�g�b�_ �m�j�Z�\�g�_�g�b�c �^�\�b�`�_�g�b�y �k�b�k�l�_�f�u (1) �i�j�b �j�_�a�h�g�Z�g�k�_  ( ).  2 4�P � 

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

x(0)=0,01, (0)=0,005, z(0) = 0.1, �Z �h�k�l�Z�e�v�g�u�_ �g�Z�q�Z�e�v�g�u�_ �m�k�e�h�\�b�y �j�Z�\�g�u y��
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�g�m�e�x, �b�a�h�[�j�Z�`�_�g�Z �g�Z �\�u�r�_�i�j�b�\�_�^�_�g�g�u�o �j�b�k�m�g�d�Z�o. �B�g�l�_�j�_�k�g�h �h�l�f�_�l�b�l�v, �q�l�h 

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

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

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

�i�h �\�_�j�l�b�d�Z�e�v�g�h�c �h�k�b ( 3�G). �G�Z�i�j�b�f�_�j, �i�j�b 3 10, 2�G � G � G� ��  �^�Z�g�g�u�c �m�]�h�e 

�h�d�Z�a�u�\�Z�_�l�k�y �j�Z�\�g�u�f   �Œ/2. �W�l�h�l  �j�_�a�m�e�v�l�Z�l �g�_ �a�Z�\�b�k�b�l �h�l �g�Z�q�Z�e�v�g�u�o �m�k�e�h�\�b�c 

1 �b 2�G �G, �_�k�e�b �h�g�b �^�h�k�l�Z�l�h�q�g�h �f�Z�e�u, �Z �d�h�e�_�[�Z�g�b�y �\ �g�Z�q�Z�e�v�g�u�c �f�h�f�_�g�l �[�e�b�a�d�b �d 

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

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

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

�i�j�y�f�h�]�h. �?�k�e�b �\ �g�Z�q�Z�e�_ �b�f�_�_�l�k�y �\�h�a�f�m�s�_�g�b�_ �i�h �h�k�b z, �l�h �\�u�r�_�m�d�Z�a�Z�g�g�u�c 

�m�]�h�e �j�Z�a�\�h�j�h�l�Z �f�h�`�_�l �k�m�s�_�k�l�\�_�g�g�h �h�l�e�b�q�Z�_�l�k�y �h�l 900  (�h�l�e�b�q�b�_ �g�Z �i�h�j�y�^�d�b). 

      �?�k�e�b �j�Z�a�e�h�`�b�l�v �i�j�Z�\�u�_ �q�Z�k�l�b �l�h�q�g�u�o �m�j�Z�\�g�_�g�b�c �^�\�b�`�_�g�b�y, �h�k�l�Z�\�b�\ 

�l�h�e�v�d�h �d�\�Z�^�j�Z�l�b�q�g�u�_ �g�_�e�b�g�_�c�g�h�k�l�b �b �k�g�h�\�Z �j�_�r�b�l�v �w�l�b �m�j�Z�\�g�_�g�b�y �q�b�k�e�_�g�g�h, 

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

�i�j�b�[�e�b�`�_�g�b�b. �?�k�l�_�k�l�\�_�g�g�h, �k�h�h�l�\�_�l�k�l�\�b�_ �l�_�f �e�m�q�r�_, �q�_�f �f�_�g�v�r�_ �Z�f�i�e�b�l�m�^�Z 

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

�G�Z�i�j�b�f�_�j, �i�j�b �g�_�d�h�l�h�j�u�o (�^�h�k�l�Z�l�h�q�g�h �[�h�e�v�r�b�o) �g�Z�q�Z�e�v�g�u�o �m�k�e�h�\�b�y�o 

�i�j�b�[�e�b�`�_�g�g�Z�y �k�b�k�l�_�f�Z �b�f�_�_�l �g�_�h�]�j�Z�g�b�q�_�g�g�h�_ �j�_�r�_�g�b�_. 

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

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

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

�i�_�j�b�h�^. �H�g �k�h�h�l�\�_�l�k�l�\�m�_�l �k�j�_�^�g�_�c �m�]�e�h�\�h�c �k�d�h�j�h�k�l�b �i�j�_�p�_�k�k�b�b �\�h�d�j�m�] 

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

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

�h�i�b�k�Z�g�b�b. 

      �Q�b�k�e�_�g�g�h�_ �j�_�r�_�g�b�_ �m�j�Z�\�g�_�g�b�c �^�\�b�`�_�g�b�y �i�j�b �g�Z�q�Z�e�v�g�u�o �m�k�e�h�\�b�y�o, 

�k�h�h�l�\�_�l�k�l�\�m�x�s�b�o �i�_�j�b�h�^�b�q�_�k�d�h�f�m �j�_�r�_�g�b�x, �i�h�e�m�q�_�g�g�h�f�m  �i�m�g�d�l�_ 3, 
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�i�h�^�l�\�_�j�`�^�Z�_�l �i�h�e�m�q�_�g�g�u�c �l�Z�f �j�_�a�m�e�v�l�Z�l �h �i�j�_�p�_�k�k�b�b �w�e�e�b�i�l�b�q�_�k�d�h�c 

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

�w�e�e�b�i�k�Z.  

      �< �j�Z�[�h�l�_ [40], �i�h�k�\�y�s�_�g�g�h�c �b�k�k�e�_�^�h�\�Z�g�b�x �i�e�h�k�d�h�c �a�Z�^�Z�q�b, �[�u�e�b 

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

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

�o�h�j�h�r�h �h�i�b�k�u�\�Z�x�l �Z�g�Z�e�h�]�b�q�g�u�_ �a�Z�\�b�k�b�f�h�k�l�b �\ �l�j�_�o�f�_�j�g�h�f �k�e�m�q�Z�_. 

�I�j�b�\�_�^�_�f �b�o: 

� � � � � � � � � � � � �� ��

� � � � � � � � � � � � � � � � � � � �

3

2 2

1 2

3z 0 3z 0 3
0 th th 1

4 2 4 2

3z 0 3z 0 3
2 0 sech sech

4 2 4 2

T T
Z t z t t

T T
Z t Z t z t t
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 �< �w�l�b�o �n�h�j�f�m�e�Z�o �L – �i�_�j�b�h�^ �i�_�j�_�k�l�j�h�c�d�b �f�h�.̂ �=�j�Z�n�b�d�b �w�l�b�o �n�m�g�d�p�b�c 

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

�]�j�Z�n�b�d�h�\ �q�b�k�e�_�g�g�u�o �j�_�r�_�g�b�c.  

      �>�e�y �\�h�a�f�h�`�g�h�k�l�b �Z�g�Z�e�b�l�b�q�_�k�d�h�]�h �h�i�b�k�Z�g�b�y �w�n�n�_�d�l�Z �j�Z�a�\�h�j�h�l�Z �i�e�h�k�d�h�k�l�b 

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

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

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

�\�\�h�^�y�l�k�y �w�e�_�f�_�g�l�u �h�j�[�b�l�u, �b �d�Z�d�h�c �\�b� ̂ �b�f�_�x�l �m�j�Z�\�g�_�g�b�y �^�\�b�`�_�g�b�y �\ �w�l�b�o 

�w�e�_�f�_�g�l�Z�o. �D�j�Z�l�d�h�_ �b�a�e�h�`�_�g�b�_ �f�Z�l�_�j�b�e�Z �[�m�^�_�l �h�k�g�h�\�Z�g�h �g�Z �j�Z�[�h�l�_ [20], �]�^�_ 

�g�Z�i�b�k�Z�g�h �h�[ �w�l�h�f �[�h�e�_�_ �i�h�^�j�h�[�g�h. 

      �B�k�k�e�_�^�m�_�f�Z�y �k�b�k�l�_�f�Z �b�f�_�_�l �\�b� ̂

x x X

y y Y

�� � 

�� � 

����

����  

�?�_ �j�_�r�_�g�b�_ �i�j�b �g�m�e�_�\�u�o �i�j�Z�\�u�o �q�Z�k�l�y�o, �l. �_. �i�j�b X = Y = 0,  �f�h�`�_�l �[�u�l�v 

�a�Z�i�b�k�Z�g�h �\ �\�b�^�_  
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� � � � �� ��
� � � � � � � �

cos cos sin sin

cos sin sin cos

x r t k t

y r t k t

�W � T � W� T

�W � T � W

�  � � � � � �

�  � � � � � �� T                              (8) 

�i�h�k�l�h�y�g�g�u�_ �b�g�l�_�]�j�b�j�h�\�Z�g�b�y , , ,r k �T �W �g�Z�a�u�\�Z�x�l�k�y �w�e�_�f�_�g�l�Z�f�b �h�j�[�b�l�u. �B�o 

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

 

 

 

�i�Z�j�Z�f�_�l�j �2, �g�_ �b�a�h�[�j�Z�`�_�g�g�u�c �g�Z �j�b�k�m�g�d�_, �o�Z�j�Z�d�l�_�j�b�a�m�_�l �i�h�e�h�`�_�g�b�_ �l�h�q�d�b �g�Z 

�w�e�e�b�i�k�_ �\ �g�Z�q�Z�e�v�g�u�c �f�h�f�_�g�l.  

      �I�j�b �h�l�e�b�q�g�u�o �h�l �g�m�e�y �i�j�Z�\�u�o �q�Z�k�l�y�o X �b Y  �w�e�_�f�_�g�l�u �h�j�[�b�l�u �b�a�f�_�g�y�x�l�k�y 

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

�a�Z�f�_�g�m �i�_�j�_�f�_�g�g�u�o � � � ��� ��, , , , , ,x y x y r k �T�W�o� � � �  �\ �k�h�h�l�\�_�l�k�l�\�b�b �k �n�h�j�f�m�e�Z�f�b (8) �b  

�k�e�_�^�m�x�s�b�f�b �k�h�h�l�g�h�r�_�g�b�y�f�b: 

� � � � �� ��
� � � � � � � �

sin cos cos sin

sin sin cos cos

x r t k t

y r t k t

�W � T � W� T

�W � T � W

�  � � � � � � � �

�  � � � � � � � �

��

�� � T 

�i�h�^�k�l�Z�g�h�\�d�Z �b �j�Z�a�j�_�r�_�g�b�_ �h�l�g�h�k�b�l�_�e�v�g�h �i�j�h�b�a�\�h�^�g�u�o �i�j�b�\�h�^�b�l �d 

�m�j�Z�\�g�_�g�b�y�f  

r 

��k
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� � � �� �� �
� � � �� �� �

� � � � � � � � � � � � � � � �

� � � � � � � � � � � � � � � �

2 2

2 2

cos sin sin

sin cos cos

1
cos sin cos sin cos sin

1
cos sin cos sin cos sin

r X Y t

k X Y t

k X Y t r X Y t
r k

r X Y t k X Y t
k r

� T � T � W

� T � T � W

�T � T � T � W � T � T � W

�W � T � T � W � T � T

�  � � � � � �

�  � � � � � �

�  � �� �� �� �� ª � º� ¬ � ¼��

�  � �� �� �� �� ª � º� ¬ � ¼��

��

��

��

�� � W

� �

� �

    (9) 

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

�j�Z�a�e�h�`�_�g�b�_ �n�m�g�d�p�b�b �=�Z�f�b�e�v�l�h�g�Z) 3 , 3X xz Y yz� � � �  � �. �I�_�j�_�o�h�^ �d �w�e�_�f�_�g�l�Z�f 

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

� � � ��� ��
� � � � � � � �

� � � �

� � � � � � � �

� � � � � � � �

2 2

2 2 2 2
2 2

2 2 2 2

3 sin cos

3 sin cos

3
cos 2

3
cos sin

3
4 cos sin

2

r rz t t

k kz t t

rkz
t

r k
z

r t k t
r k

z z r t k t

� W � W

� W � W

� T � W

�W � W � W

�W �W

�  � � � �

�  � � � � � �

�  � � � �
��

� ª � º�  � �� �� ¬ � ¼��

� ª � º� � �  � � � � � � � �� ¬ � ¼

��

��

��

��

����

� �

 

�Q�l�h�[�u �i�h�e�m�q�b�l�v �a�Z�f�d�g�m�l�m�x �k�b�k�l�_�f�m, (9) �^�h�i�h�e�g�_�g�Z �m�j�Z�\�g�_�g�b�_�f �^�e�y z. 

�I�h�e�m�q�_�g�g�Z�y �k�b�k�l�_�f�Z �g�_�e�b�g�_�c�g�Z �b �h�[�e�Z�^�Z�_�l �h�k�h�[�_�g�g�h�k�l�v�x �i�j�b r = k, �q�l�h 

�a�Z�l�j�m�^�g�y�_�l �_�_ �Z�g�Z�e�b�l�b�q�_�k�d�h�_ �b�k�k�e�_�^�h�\�Z�g�b�_. �K�b�l�m�Z�p�b�y �h�k�e�h�`�g�y�_�l�k�y �l�_�f, �q�l�h 

�b�a �q�b�k�e�_�g�g�h�]�h �j�_�r�_�g�b�y �k�e�_�^�m�_�l, �q�l�h �k�h �\�j�_�f�_�g�_�f �w�e�e�b�i�k, �y�\�e�y�x�s�b�c�k�y 

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

�h�d�j�m�`�g�h�k�l�b, �l�h �_�k�l�v �d �l�h�f�m �k�Z�f�h�f�m �\�u�j�h�`�^�_�g�b�x.  

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

�q�b�k�e�_�g�g�h�_ �j�_�r�_�g�b�_ �k�b�k�l�_�f�u �^�e�y �w�e�_�f�_�g�l�h�\ �h�j�[�b�l�u �i�j�b �i�h�f�h�s�b Maple. 

�G�Z�b�[�h�e�v�r�b�c �b�g�l�_�j�_�k �i�j�_�^�k�l�Z�\�e�y�_�l �a�Z�\�b�k�b�f�h�k�l�v   �� ��t�T , «�h�l�\�_�q�Z�x�s�Z�y» �a�Z 

�w�n�n�_�d�l �j�Z�a�\�h�j�h�l�Z �i�e�h�k�d�h�k�l�b �d�h�e�_�[�Z�g�b�c. �H�g�Z �b�f�_�_�l �k�e�_�^�m�x�s�b�c �\�b� ̂
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�W�l�h�l �]�j�Z�n�b�d �i�h�e�m�q�Z�_�l�k�y �i�j�b �g�Z�q�Z�e�v�g�u�o �m�k�e�h�\�b�y�o r(0) = 0.01, k(0) = 0.005,   

��(0) = 0, �2 = 0, z = 0.1, w(0) = 0. �B�a �g�_�]�h �\�b�^�g�Z �k�e�_�^�m�x�s�Z�y �l�_�g�^�_�g�p�b�y: 

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

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

�b�a�f�_�g�y�_�l �k�\�h�_ �a�g�Z�q�_�g�b�_.  

      �I�h�e�m�q�_�g�g�u�c �j�_�a�m�e�v�l�Z�l �i�h�a�\�h�e�y�_�l �]�h�\�h�j�b�l�v �h �l�h�f, �q�l�h �\ �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c 

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

�i�h�y�\�e�y�_�l�k�y �l�j�_�l�b�c �i�_�j�b�h�^. �H�g �k�h�h�l�\�_�l�k�l�\�m�_�l �k�j�_�^�g�_�c �m�]�e�h�\�h�c �k�d�h�j�h�k�l�b 

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

�h�i�j�_�^�_�e�y�_�l�k�y �i�h �n�h�j�f�m�e�_ 

�� �� �� ��0
2 / ,    �]�^�_   =

T
T

T

� T � T
� S � T � T

��
�c� , 

�Z �L – �i�_�j�b�h�^ �i�_�j�_�k�l�j�h�c�d�b �f�h� ̂�d�h�e�_�[�Z�g�b�c. 

      �I�j�_�^�k�l�Z�\�e�y�_�l �b�g�l�_�j�_�k �Z�g�Z�e�b�l�b�q�_�k�d�h�_ �h�i�b�k�Z�g�b�_ �a�Z�\�b�k�b�f�h�k�l�b ��(t). 

�>�h�k�l�Z�l�h�q�g�h �i�j�h�k�l�h�c �\�b� ̂�]�j�Z�n�b�d�Z �n�m�g�d�p�b�b ��(t) �i�h�a�\�h�e�y�_�l �g�Z�^�_�y�l�v�k�y, �q�l�h �l�Z�d�h�_ 

�h�i�b�k�Z�g�b�_ �\�h�a�f�h�`�g�h. 

 

 

 

 

 

 

 

t 

��(t) 
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�=�e�Z�\�Z 5 

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

 
�I�h�k�l�Z�g�h�\�d�Z �a�Z�^�Z�q�b 

 

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

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

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

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

�h�q�_�\�b�^�g�h, �b�f�_�_�l �k�n�_�j�b�q�_�k�d�m�x �n�h�j�f�m. �I�j�b �\�u�\�_�^�_�g�b�b �b�a �j�Z�\�g�h�\�_�k�g�h�]�h 

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

�d�e�Z�k�k�Z – �j�Z�^�b�Z�e�v�g�u�_, �k�\�y�a�Z�g�g�u�_ �k �b�a�f�_�g�_�g�b�_�f �h�[�t�_�f�Z �i�j�b �g�_�b�a�f�_�g�g�h�c 

(�k�n�_�j�b�q�_�k�d�h�c) �n�h�j�f�_, �b �^�_�n�h�j�f�Z�p�b�h�g�g�u�_, �h�[�m�k�e�h�\�e�_�g�g�u�_ �b�a�f�_�g�_�g�b�_�f �n�h�j�f�u. 

      �< �^�Z�g�g�h�c �k�l�Z�l�v�_ �j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y �i�j�h�k�l�_�c�r�Z�y �^�_�n�h�j�f�Z�p�b�h�g�g�Z�y �f�h�^�Z 

�d�h�e�_�[�Z�g�b�c �i�m�a�u�j�y, �Z�i�i�j�h�d�k�b�f�b�j�m�_�f�Z�y �w�e�e�b�i�k�h�b�^�h�f �\�j�Z�s�_�g�b�y [31], �q�l�h �l�Z�d�`�_ 

�b�k�i�h�e�v�a�h�\�Z�e�h�k�v �\�h �f�g�h�]�b�o �^�j�m�]�b�o �j�Z�[�h�l�Z�o.  

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

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

�i�h�\�_�j�o�g�h�k�l�b, �Z�i�i�j�h�d�k�b�f�b�j�m�x�s�_�c �n�h�j�f�m �i�m�a�u�j�y. �N�m�g�d�p�b�y �E�Z�]�j�Z�g�`�Z, 

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

�i�j�b�\�_�^�_�g�g�h�]�h �\ [31].  

      �N�m�g�d�p�b�y �E�Z�]�j�Z�g�`�Z �j�Z�k�d�e�Z�^�u�\�Z�_�l�k�y �^�h �q�e�_�g�h�\ �l�j�_�l�v�_�]�h �i�h�j�y�^�d�Z. �I�h 

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

�d�h�l�h�j�u�o �b�o �k�h�h�l�g�h�r�_�g�b�_ �k�l�Z�g�h�\�b�l�k�y �j�Z�\�g�u�f 1:2. �>�e�y �m�^�h�[�k�l�\�Z �j�Z�k�q�_�l�h�\ 

�\�\�h�^�y�l�k�y �[�_�a�j�Z�a�f�_�j�g�u�_ �h�[�h�[�s�_�g�g�u�_ �d�h�h�j�^�b�g�Z�l�u. �H�d�Z�a�u�\�Z�_�l�k�y, �q�l�h  �g�_�d�h�l�h�j�u�_ 

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

�j�_�a�h�g�Z�g�k�g�u�f�b.  

      �>�e�y �Z�g�Z�e�b�a�Z �m�j�Z�\�g�_�g�b�c �^�\�b�`�_�g�b�y �i�j�b �j�_�a�h�g�Z�g�k�_ �^�_�e�Z�_�l�k�y �i�_�j�_�o�h�^ �d �b�o 

�]�Z�f�b�e�v�l�h�g�h�\�h�c �n�h�j�f�_. �W�l�h �i�h�a�\�h�e�y�_�l �b�k�i�h�e�v�a�h�\�Z�l�v �f�_�l�h�^ �b�g�\�Z�j�b�Z�g�l�g�h�c 
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�g�h�j�f�Z�e�b�a�Z�p�b�b �]�Z�f�b�e�v�l�h�g�h�\�u�o �k�b�k�l�_�f [19,23,24], �h�[�e�Z�^�Z�x�s�b�c �j�y�^�h�f 

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

�n�h�j�f�u. �I�j�h�p�_�^�m�j�Z �i�h�k�l�j�h�_�g�b�y �g�h�j�f�Z�e�v�g�h�c �n�h�j�f�u �]�Z�f�b�e�v�l�h�g�b�Z�g�Z �h�k�l�Z�_�l�k�y 

�g�_�b�a�f�_�g�g�h�c �\ �Z�\�l�h�g�h�f�g�h�f - �g�_�Z�\�l�h�g�h�f�g�h�f, �j�_�a�h�g�Z�g�k�g�h�f - �g�_�j�_�a�h�g�Z�g�k�g�h�f 

�k�e�m�q�Z�y�o �b �k�\�h�^�b�l�k�y �d �k�d�Z�e�y�j�g�h�c �j�_�d�m�j�j�_�g�l�g�h�c �n�h�j�f�m�e�_. �B�f�_�g�g�h �w�l�h 

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

�j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�c �j�_�a�h�g�Z�g�k�g�h�c �k�b�k�l�_�f�u.  

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

�a�Z�^�Z�q�_�c �b �b�a�\�_�k�l�g�h�c �a�Z�^�Z�q�_�c �h �d�Z�q�Z�x�s�_�c�k�y �i�j�m�`�b�g�_ [8,28,37,40,46]: �m�j�Z�\�g�_�g�b�y 

�g�h�j�f�Z�e�v�g�h�c �n�h�j�f�u, �h�i�b�k�u�\�Z�x�s�b�_ �w�l�b �^�\�_ �k�b�k�l�_�f�u, �k�h�\�i�Z�^�Z�x�l �k �l�h�q�g�h�k�l�v�x �^�h 

�d�h�w�n�n�b�p�b�_�g�l�h�\. �L�Z�d�b�f �h�[�j�Z�a�h�f, �\ �b�k�k�e�_�^�m�_�f�h�c �]�b�^�j�h�^�b�g�Z�f�b�q�_�k�d�h�c �k�b�k�l�_�f�_ 

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

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

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

�^�b�Z�i�Z�a�h�g�u �b�a�f�_�g�_�g�b�y �h�[�h�[�s�_�g�g�u�o �d�h�h�j�^�b�g�Z�l �i�j�b �d�h�e�_�[�Z�g�b�y�o. 

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

�b�^�_�Z�e�v�g�h�c �`�b�^�d�h�k�l�b. �< �e�x�[�h�c �j�_�Z�e�v�g�h�c �k�j�_�^�_ �i�j�h�b�k�o�h�^�b�l �^�b�k�k�b�i�Z�p�b�y �w�g�_�j�]�b�b 

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

�`�b�^�d�h�k�l�v�x �b �]�Z�a�h�f. �>�e�y �h�p�_�g�d�b �\�e�b�y�g�b�y �^�b�k�k�b�i�Z�p�b�b �b�k�i�h�e�v�a�m�x�l�k�y 

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

�i�j�b �[�h�e�v�r�b�o, �l�Z�d �b �i�j�b �f�Z�e�u�o �q�b�k�e�Z�o �I�_�d�e�_.  

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

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

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

41/ r�v . �H�l�k�x�^�Z �k�e�_�^�m�_�l, �q�l�h �w�n�n�_�d�l �i�_�j�_�d�Z�q�d�b �w�g�_�j�]�b�b �f�_�`�^�m �j�Z�^�b�Z�e�v�g�h�c �b 

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

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

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

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

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

�\�y�a�d�h�k�l�b �b �l�_�i�e�h�i�j�h�\�h�^�g�h�k�l�b.  

      �K�e�m�q�Z�c �f�Z�e�u�o �q�b�k�_�e �I�_�d�e�_ �b�g�l�_�j�_�k�_�g �l�_�f, �q�l�h �k�h�h�l�\�_�l�k�l�\�m�_�l �b�k�k�e�_�^�h�\�Z�g�b�x 

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

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

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

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

 
1. �N�m�g�d�p�b�y �E�Z�]�j�Z�g�`�Z �b �m�k�e�h�\�b�y �j�_�a�h�g�Z�g�k�Z 

 
      �E�Z�]�j�Z�g�`�b�Z�g �]�Z�a�h�\�h�]�h �i�m�a�u�j�y, �p�_�g�l�j �d�h�l�h�j�h�]�h �g�_�i�h�^�\�b�`�_�g �h�l�g�h�k�b�l�_�e�v�g�h 

�`�b�^�d�h�k�l�b, �f�h�`�_�l �[�u�l�v �i�h�e�m�q�_�g �b�a �\�u�j�Z�`�_�g�b�y, �i�j�b�\�_�^�_�g�g�h�]�h �\  [31] �i�j�b 

�h�l�[�j�Z�k�u�\�Z�g�b�b �k�e�Z�]�Z�_�f�h�]�h, �k�\�y�a�Z�g�g�h�]�h �k �^�\�b�`�_�g�b�_�f �p�_�g�l�j�Z �i�m�a�u�j�y. �< �w�l�h�f 

�k�e�m�q�Z�_  

� � � � � � � �

� � � � � � � � � � � �

2 2 0 0
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0 1
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1 1
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�H

� H � H � H� V
�J

�S�U �H �S�U �H �S �H

� S � S

��
�f�  � � � � �  � � � �

��

�  �  �  

�  �  

�� ��

 

�]�^�_  
�1    – �i�h�\�_�j�o�g�h�k�l�g�h�_ �g�Z�l�y�`�_�g�b�_ �`�b�^�d�h�k�l�b,  

p�f  – �_�_ �^�Z�\�e�_�g�b�_ �g�Z �[�_�k�d�h�g�_�q�g�h�k�l�b, 

V   – �h�[�t�_�f �i�m�a�u�j�y, �\�u�j�Z�`�Z�_�f�u�c �q�_�j�_�a �j�Z�^�b�m�k �k�n�_�j�u �w�d�\�b�\�Z�e�_�g�l�g�h�]�h �h�[�t�_�f�Z l, 

 – �h�[�t�_�f �i�m�a�u�j�y �\ �k�h�k�l�h�y�g�b�b �j�Z�\�g�h�\�_�k�b�y, 0V

0p – �^�Z�\�e�_�g�b�_ �\�g�m�l�j�b �i�m�a�u�j�y �\ �k�h�k�l�h�y�g�b�b �j�Z�\�g�h�\�_�k�b�y,  

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

�!   – �i�e�h�l�g�h�k�l�v �`�b�^�d�h�k�l�b,  
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�0 – �i�Z�j�Z�f�_�l�j �^�_�n�h�j�f�Z�p�b�b �i�m�a�u�j�y, �h�i�j�_�^�_�e�y�_�f�u�c �k�h�h�l�g�h�r�_�g�b�_�f �i�h�e�m�h�k�_�c 

�w�e�e�b�i�k�h�b�^�Z �b�a �n�h�j�f�m�e�u  1 /x zl l�H� � �  .  

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

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

�i�h�a�\�h�e�y�_�l �j�Z�a�e�h�`�b�l�v �n�m�g�d�p�b�b �� �� �� ��0 1,f f�H �H  �b s(�0) �\ �h�d�j�_�k�l�g�h�k�l�b �g�m�e�y: 

� � � � � � � � � � � � � � � �

� � � � � � � �

2 2
0 1

2 3 4

2 88
1 , ,

3 64
4 232

2
45 2835

f O f O

s O

� H � H � H � H� H

� H � H � H� H

�  � � �  � � � �

�  � � � � � �
 

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

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

      �J�Z�\�g�h�\�_�k�g�h�c �n�h�j�f�_ �i�m�a�u�j�y �k�h�h�l�\�_�l�k�l�\�m�_�l �k�l�Z�p�b�h�g�Z�j�g�Z�y �l�h�q�d�Z 

�i�h�l�_�g�p�b�Z�e�v�g�h�c �w�g�_�j�]�b�b U(l,�0), �h�i�j�_�^�_�e�y�_�f�Z�y �b�a �m�j�Z�\�g�_�g�b�c  

0, 0
U U
l �H

� w � w
� � 

� w � w
 

�B�a �w�l�h�c �k�b�k�l�_�f�u �g�Z�o�h�^�y�l�k�y �k�e�_�^�m�x�s�b�_ �k�h�h�l�g�h�r�_�g�b�y  

0 0
0

2
0, l

p p
�V

�H
�f

�  �  
��  

�]�^�_ �b�g�^�_�d�k «0» �m�d�Z�a�u�\�Z�_�l �g�Z �l�h, �q�l�h �h�l�f�_�q�_�g�g�u�_ �b�f �\�_�e�b�q�b�g�u �k�h�h�l�\�_�l�k�l�\�m�x�l 

�k�h�k�l�h�y�g�b�x �j�Z�\�g�h�\�_�k�b�y.  

      �<�\�_�^�_�f �_�s�_ �h�^�b�g �f�Z�e�u�c �i�Z�j�Z�f�_�l�j �o, �o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�c �h�[�t�_�f�g�m�x 

�^�_�n�h�j�f�Z�p�b�x �i�m�a�u�j�y, �h�i�j�_�^�_�e�b�\ �_�]�h �d�Z�d  

0 0( ) /x l l l� ��  

�I�h�^�k�l�Z�\�e�y�y �k�e�_�^�m�x�s�b�_ �h�l�k�x�^�Z �j�Z�\�_�g�k�l�\�Z  �� ��0 1 ,l l x l l x�  � � �  �� ��0  �\ �n�m�g�d�p�b�x 

�E�Z�]�j�Z�g�`�Z �b �j�Z�k�d�e�Z�^�u�\�Z�y �_�_ �\ �j�y� ̂ �^�h �q�e�_�g�h�\ �l�j�_�l�v�_�]�h �i�h�j�y�^�d�Z �\�d�e�x�q�b�l�_�e�v�g�h, 

�g�Z�o�h�^�b�f L �k �l�h�q�g�h�k�l�v�x �^�h �g�_�k�m�s�_�k�l�\�_�g�g�h�c �i�h�k�l�h�y�g�g�h�c 
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���� � H

2
1 0

2
1 0

464
,

2835
16

.
45x

l

c l

�H

�H

�S�V

�S�V

�  � �

� 

(1) 

�Q�Z�k�l�h�l�u �d�h�e�_�[�Z�g�b�c �e�b�g�_�Z�j�b�a�h�\�Z�g�g�h�c �k�b�k�l�_�f�u, �h�q�_�\�b�^�g�h, �h�i�j�_�^�_�e�y�x�l�k�y �l�Z�d: 

� � � �2 2
2 3
0 0

2 1
3 3 1 ,x

x
x

c cp
a l l p a l

�H
�H

�H 0

2�V �V
� Z � J� J� Z

�U �U
�f

�f

� ª � º
�  �  � � � � �  �  � « � »

� ¬ � ¼
 

�K�e�_�^�h�\�Z�l�_�e�v�g�h, �i�j�b �j�_�a�h�g�Z�g�k�_ : 1:x�H 2�Z �Z �  �d�h�w�n�n�b�p�b�_�g�l�u �j�Z�a�e�h�`�_�g�b�y 

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

                                        � � � �01 1
3 1

6 4
x

x

c a p l
a c

�H

�H

4
�J

�J
�V
�f� � � � � �                                     (2) 

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

�j�Z�^�b�m�k �i�m�a�u�j�y �\ �j�Z�\�g�h�\�_�k�b�b, �i�j�b �\�u�i�h�e�g�_�g6�b�b �d�h�l�h�j�h�]�h �i�j�h�b�k�o�h�^�b�l �j�_�a�h�g�Z�g�k: 

                                                     
0

50
2

3
p

l
�V

�J�f

� § � ·
� ��� ¨

� © � ¹
� ¸

�  

                                                 (3) 

 �G�Z�i�j�b�f�_�j, �^�e�y �\�h�a�^�m�r�g�h�]�h  �i�m�a�u�j�y �\ �\�h�^�_ �i�j�b �Z�l�f�h�k�n�_�j�g�h�f �^�Z�\�e�_�g�b�b 

. �I�h�^�k�l�Z�\�e�y�y �w�l�b �q�b�k�e�Z �\ �i�h�k�e�_�^�g�x�x 

�n�h�j�f�m�e�m, �g�Z�o�h�^�b�f, �q�l�h �j�_�a�h�g�Z�g�k 1:2 �i�h�e�m�q�Z�_�l�k�y �i�j�b , �l�h �_�k�l�v �^�e�y 

�^�h�k�l�Z�l�h�q�g�h �f�Z�e�u�o �i�m�a�u�j�_�c. 

6 210 / , 70 / , 1,4p �^�g �k�f �^�g �k�f� V � J�f �  �  

4
0 6.93 10l �k�f���  � ˜
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2. �<�\�_�^�_�g�b�_ �[�_�a�j�Z�a�f�_�j�g�u�o �i�Z�j�Z�f�_�l�j�h�\ �b �m�i�j�h�s�_�g�b�_ �e�Z�]�j�Z�g�`�b�Z�g�Z 
 
      �>�e�y �^�Z�e�v�g�_�c�r�b�o �j�Z�k�q�_�l�h�\ �m�^�h�[�g�h �\�\�_�k�l�b �[�_�a�j�Z�a�f�_�j�g�u�_ �i�_�j�_�f�_�g�g�u�_ �b 

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

      �”  �\�\�h�^�b�l�k�y �[�_�a�j�Z�a�f�_�j�g�h�_ �\�j�_�f�y 

3
0

12c
t t

a l
�H

�H
�H

t
�V

� W � Z
�U

�  �  �   

      �”   �i�h�k�e�_ �w�l�h�]�h �e�Z�]�j�Z�g�`�b�Z�g �^�_�e�b�l�k�y �g�Z �i�h�k�l�h�y�g�g�m�x �\�_�e�b�q�b�g�m 248�S�V�U 

        �”   �b�k�i�h�e�v�a�m�_�l�k�y �m�k�e�h�\�b�_ �j�_�a�h�g�Z�g�k�Z (3) 

      �”   �^�_�e�Z�_�l�k�y �j�Z�k�l�y�`�_�g�b�_ �i�_�j�_�f�_�g�g�h�c �0 �i�h �n�h�j�f�m�e�_ 135y�H�  

�W�l�b �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y �i�j�b�\�h�^�y�l �n�m�g�d�p�b�x �E�Z�]�j�Z�g�`�Z �d �\�b�^�m  
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�� � § � ·�  � �� �� �� � � �� ¨ � ¸
� © � ¹

� � � �

� � � � 2yy� �

    (4) 

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

�h�[�h�[�s�_�g�g�u�_ �d�h�h�j�^�b�g�Z�l�u �\�o�h�^�y�l �\ �g�_�]�h �j�Z�\�g�h�i�j�Z�\�g�h, �l�h�]�^�Z �d�Z�d �\ �b�k�o�h�^�g�u�o 

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

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

�j�_�a�h�g�Z�g�k�Z, �e�Z�]�j�Z�g�`�b�Z�g �\�h�\�k�_ �g�_ �a�Z�\�b�k�b�l �h�l �j�Z�a�f�_�j�g�u�o �i�Z�j�Z�f�_�l�j�h�\. 

 

 
3. �I�h�k�l�j�h�_�g�b�_ �]�Z�f�b�e�v�l�h�g�b�Z�g�Z  

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

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

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

�i�j�h�\�h�^�b�l�v �k �l�h�q�g�h�k�l�v�x �^�h �l�j�_�l�v�_�]�h �i�h�j�y�^�d�Z �\�d�e�x�q�b�l�_�e�v�g�h. �I�h�k�d�h�e�v�d�m 

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

�h�[�h�[�s�_�g�g�h�f�m �b�f�i�m�e�v�k�m u , �k�h�i�j�y�`�_�g�g�h�f�m �d�h�h�j�^�b�g�Z�l�_ �o. �I�h �h�i�j�_�^�_�e�_�g�b�x 

� � � �� � � �
� � � �
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�:�g�Z�e�h�]�b�q�g�u�f �h�[�j�Z�a�h�f �g�_�l�j�m�^�g�h �i�h�e�m�q�b�l�v �n�h�j�f�m�e�m 
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�=�^�_ v – �b�f�i�m�e�v�k �k�h�i�j�y�`�_�g�g�u�c �d�h�h�j�^�b�g�Z�l�_ �m, �Z �d�h�w�n�n�b�p�b�_�g�l�u 1�b , ,i ia a i x y�  �\ 

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

�e�Z�]�j�Z�g�`�b�Z�g�Z (4). �B�a �m�d�Z�a�Z�g�g�h�c �n�h�j�f�m�e�u �i�h�e�m�q�b�f, �q�l�h 

1 1

44 15
1, 3 , 5

7x y x ya a a x a x�  �  �  �  � �y

2

  

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

�i�h �n�h�j�f�m�e�_ H = T + U,  �f�h�`�g�h �h�l�[�j�h�k�b�l�v �g�_�j�_�a�h�g�Z�g�k�g�u�_ �q�e�_�g�u �l�j�_�l�v�_�]�h 

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

�h�k�j�_�^�g�_�g�b�b �\�^�h�e�v �l�j�Z�_�d�l�h�j�b�c �i�h�j�h�`�^�Z�x�s�_�c (�e�b�g�_�Z�j�b�a�h�\�Z�g�g�h�c) �k�b�k�l�_�f�u. 

�D�h�j�j�_�d�l�g�h�k�l�v �w�l�h�]�h �m�i�j�h�s�_�g�b�y �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h �k�e�_�^�m�_�l �b�a �i�j�b�\�_�^�_�g�g�h�c �g�b�`�_ 

�i�j�h�p�_�^�m�j�u �b�g�\�Z�j�b�Z�g�l�g�h�c �g�h�j�f�Z�e�b�a�Z�p�b�b.  

      �I�h�k�d�h�e�v�d�m �\ �e�b�g�_�Z�j�b�a�h�\�Z�g�g�h�c �k�b�k�l�_�f�_  �o �b �b �b�a�f�_�g�y�x�l�k�y �k �q�Z�k�l�h�l�h�c, �j�Z�\�g�h�c 

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

�j�Z�a�e�h�`�_�g�b�y �]�Z�f�b�e�v�l�h�g�b�Z�g�Z �y�\�e�y�x�l�k�y �l�h�e�v�d�h 2 �bxy xv . �>�j�m�]�b�_ �j�_�a�h�g�Z�g�k�g�u�_ 

�q�e�_�g�u, �g�Z�i�j�b�f�_�j, �i�j�h�i�h�j�p�b�h�g�Z�e�v�g�u�_ , �\ �j�Z�a�e�h�`�_�g�b�b �n�m�g�d�p�b�b �=�Z�f�b�e�v�l�h�g�Z 

�h�l�k�m�l�k�l�\�m�x�l. 

2uv

      �L�Z�d�b�f �h�[�j�Z�a�h�f, �]�Z�f�b�e�v�l�h�g�b�Z�g �f�h�`�g�h �i�j�_�^�k�l�Z�\�b�l�v �\ �\�b�^�_ 
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�]�^�_ 0H  - �]�Z�f�b�e�v�l�h�g�b�Z�g �e�b�g�_�c�g�h�c �i�h�j�h�`�^�Z�x�s�_�c �k�b�k�l�_�f�u, 1H  - �]�Z�f�b�e�v�l�h�g�b�Z�g 
�\�h�a�f�m�s�_�g�b�y.  
  

4. �B�k�k�e�_�^�h�\�Z�g�b�_ �k�b�k�l�_�f�u �f�_�l�h�^�h�f �b�g�\�Z�j�b�Z�g�l�g�h�c �g�h�j�f�Z�e�b�a�Z�p�b�b 
 

      �F�_�l�h�^ �b�g�\�Z�j�b�Z�g�l�g�h�c �g�h�j�f�Z�e�b�a�Z�p�b�b �]�Z�f�b�e�v�l�h�g�h�\�u�o �k�b�k�l�_�f [19,23,24] 

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

�l�h�q�g�h�k�l�b �i�j�b �i�h�f�h�s�b �h�^�g�h�c �k�d�Z�e�y�j�g�h�c �j�_�d�m�j�j�_�g�l�g�h�c �i�j�h�p�_�^�m�j�u. �I�j�h�p�_�^�m�j�Z 

�g�h�j�f�Z�e�b�a�Z�p�b�b �g�_ �b�a�f�_�g�y�_�l�k�y �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �l�h�]�h, �_�k�l�v �\ �k�b�k�l�_�f�_ �j�_�a�h�g�Z�g�k 

�b�e�b �g�_�l, �Z �l�Z�d�`�_ �y�\�e�y�_�l�k�y �e�b �k�b�k�l�_�f�Z �Z�\�l�h�g�h�f�g�h�c, �e�b�[�h �g�_�Z�\�l�h�g�h�f�g�h�c. �W�l�h 

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

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

�i�j�_�b�f�m�s�_�k�l�\�Z�o �f�_�l�h�^�Z �b�g�\�Z�j�b�Z�g�l�g�h�c �g�h�j�f�Z�e�b�a�Z�p�b�b.  

      �I�h�k�d�h�e�v�d�m �[�m�^�_�l �b�k�i�h�e�v�a�h�\�Z�g�h �e�b�r�v �i�_�j�\�h�_ �i�j�b�[�e�b�`�_�g�b�_ �f�_�l�h�^�Z, �a�^�_�k�v 

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

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

[19,23,24].   

      �Q�l�h�[�u  �i�h�k�l�j�h�b�l�v �g�h�j�f�Z�e�v�g�m�x �n�h�j�f�m �\ �i�_�j�\�h�f �i�j�b�[�e�b�`�_�g�b�b, �g�m�`�g�h: 

      �” �g�Z�c�l�b �j�_�r�_�g�b�_ �i�h�j�h�`�^�Z�x�s�_�c �k�b�k�l�_�f�u �\ �\�b�^�_ �n�m�g�d�p�b�c �\�j�_�f�_�g�b �b 

�g�Z�q�Z�e�v�g�u�o �m�k�e�h�\�b�c: � � � ��� ��� � � ��� �� �� ���� ��, 0 , 0 ,... , , 0 , 0 ,... ,...x x y y x y� W � W 

      �”   �i�h�^�k�l�Z�\�b�l�v �w�l�h �j�_�r�_�g�b�_ �\ �]�Z�f�b�e�v�l�h�g�b�Z�g �\�h�a�f�m�s�_�g�b�y 

      �”   �\�u�q�b�k�e�b�l�v �b�g�l�_�]�j�Z�e �h�l �w�l�h�]�h �]�Z�f�b�e�v�l�h�g�b�Z�g�Z  

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

� � � � � � � � � � � �1 1
0

,... , ,... ,...H x y d H G f
�W

�W � W � W� W� c � c � c�  � � � �� ª � º� ¬ � ¼�³ � W 

�N�m�g�d�p�b�y 1H  �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �i�_�j�\�h�_ �i�j�b�[�e�b�`�_�g�b�_ �g�h�j�f�Z�e�v�g�h�c �n�h�j�f�u 

�]�Z�f�b�e�v�l�h�g�b�Z�g�Z �\�h�a�f�m�s�_�g�b�y, �Z G – �]�_�g�_�j�Z�l�h�j �E�b, �a�Z�^�Z�x�s�b�c �d�Z�g�h�g�b�q�_�k�d�h�_ 

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

      �< �b�k�k�e�_�^�m�_�f�h�f �k�e�m�q�Z�_ �j�_�r�_�g�b�_ �i�h�j�h�`�^�Z�x�s�_�c �k�b�k�l�_�f�u �_�k�l�v 
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cos sin , sin cos ,

cos2 sin 2 , 2 sin 2 cos 2
2

y Y V v Y V

U
x X u X U

�W � W � W� W

�W � W � W

�  � � �  � � � �

�  � � �  � � � �� W 

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

�i�_�j�_�f�_�g�g�u�o. �I�h�^�k�l�Z�\�e�y�y �w�l�h �j�_�r�_�g�b�_ �\ 1H , �b�g�l�_�]�j�b�j�m�y �\ �i�j�_�^�_�e�Z�o �h�l 0 �^�h t �b 

�\�u�^�_�e�y�y �f�g�h�`�b�l�_�e�v �i�j�b t, �i�h�e�m�q�b�f 

� � � �2 2
1

7
8

H Y V X UVY�ª �º�  � � � ��¬ �¼ 

�=�_�g�_�j�Z�l�h�j G �l�j�_�[�m�_�l�k�y �^�e�y �i�h�k�l�j�h�_�g�b�y �\�u�k�r�b�o �i�j�b�[�e�b�`�_�g�b�c �b �i�h�w�l�h�f�m �g�_ 

�i�j�b�\�h�^�b�l�k�y.  

      �H�k�g�h�\�g�h�_ �k�\�h�c�k�l�\�h �g�h�j�f�Z�e�v�g�h�c �n�h�j�f�u �]�Z�f�b�e�v�l�h�g�b�Z�g�Z �b�f�_�_�l �\�b� ̂ 

�^ �`0 1, 0H H �  

�b �f�h�`�_�l �k�e�m�`�b�l�v �h�i�j�_�^�_�e�_�g�b�_�f �g�h�j�f�Z�e�v�g�h�c �n�h�j�f�u [19,23,24] ({,} – �k�d�h�[�d�b 

�I�m�Z�k�k�h�g�Z). �W�l�h �k�\�h�c�k�l�\�h �h�a�g�Z�q�Z�_�l, �q�l�h �n�Z�a�h�\�u�_ �i�h�l�d�b �k�b�k�l�_�f �k 

�]�Z�f�b�e�v�l�h�g�b�Z�g�Z�f�b 0H  �b 1H  �d�h�f�f�m�l�b�j�m�x�l, �q�l�h �i�h�a�\�h�e�y�_�l �b�k�i�h�e�v�a�h�\�Z�l�v �i�j�b�g�p�b�i 

�k�m�i�_�j�i�h�a�b�p�b�b �^�e�y �g�_�e�b�g�_�c�g�u�o �k�b�k�l�_�f: �m�j�Z�\�g�_�g�b�y, �i�h�j�h�`�^�Z�_�f�u�_ 0H  �b 1H  

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

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

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

�i�h�j�h�`�^�Z�_�f�h�c �]�Z�f�b�e�v�l�h�g�b�Z�g�h�f 1H . �>�e�y �w�l�h�]�h �h�d�Z�a�u�\�Z�_�l�k�y �m�^�h�[�g�u�f �i�_�j�_�o�h�^ �d 

�i�_�j�_�f�_�g�g�u�f �;�b�j�d�]�h�n�Z, �d�h�l�h�j�u�c �a�Z�^�Z�_�l�k�y �n�h�j�f�m�e�Z�f�b  

1 22 ,
2

U
Z iX Z V iY�  � � �  � � 

�L�Z�d�h�_ �i�j�_�h�[�j�Z�a�h�\�Z�g�b�_ �y�\�e�y�_�l�k�y �d�Z�g�h�g�b�q�_�k�d�b�f �k �\�Z�e�_�g�l�g�h�k�l�v�x 2i. �N�m�g�d�p�b�b 

�=�Z�f�b�e�v�l�h�g�Z �\ �w�l�b�o �i�_�j�_�f�_�g�g�u�o �i�j�b�g�b�f�Z�x�l �\�b� ̂ 

� � � �� � � �2 2
0 1 1 2 2 1 1 2 1 2

7
2 ,

8 2
H i z z z z H Z Z Z Z�  � � �  � �, 
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�Z �k�Z�f�b �m�j�Z�\�g�_�g�b�y �=�Z�f�b�e�v�l�h�g�Z �a�Z�i�b�k�u�\�Z�x�l�k�y �l�Z�d: i
i

Hz z
�w� �w�� . �>�e�y �l�h�]�h �q�l�h�[�u 

�i�h�e�m�q�b�l�v �j�_�r�_�g�b�_ �k�b�k�l�_�f�u �k �]�Z�f�b�e�v�l�h�g�b�Z�g�h�f 0 1H H H� �� , �b�k�i�h�e�v�a�m�y �i�j�b�g�p�b�i 

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

         
20

1 1 2 2 1 1 2 22 , ,i i
i

i

H
z z iz z iz z Z e z

z
Z e�W �W�w

�  � Ÿ�  �  � Ÿ�  �  
�w

� � � �� �      (5) 

�\�f�_�k�l�h �i�h�k�l�h�y�g�g�u�o �b�g�l�_�]�j�b�j�h�\�Z�g�b�y �j�_�r�_�g�b�_ �k�b�k�l�_�f�u 1
i

i

HZ
Z

�w� 
�w

�� , �d�h�l�h�j�Z�y �\ 

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

                                                  

2
1 2

2 1

7

8 2
7

,
4 2

Z Z

2Z Z Z

� 

�  � �

��

��
                                               (6) 

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

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

[40]. �H�l�e�b�q�b�_ �k�h�k�l�h�b�l �\ �l�h�f, �q�l�h �\ �m�j�Z�\�g�_�g�b�y�o �a�Z�^�Z�q�b �h �i�j�m�`�b�g�_ �\�f�_�k�l�h 

�q�b�k�e�h�\�h�]�h �d�h�w�n�n�b�p�b�_�g�l�Z7 /8 2 �\ �n�m�g�d�p�b�b �=�Z�f�b�e�v�l�h�g�Z �k�e�_�^�m�_�l �i�h�^�k�l�Z�\�b�l�v 

�\�_�e�b�q�b�g�m  3/8 2�P� . 

      �M�k�l�Z�g�h�\�e�_�g�g�Z�y �Z�g�Z�e�h�]�b�y �i�h�a�\�h�e�y�_�l �i�_�j�_�g�_�k�l�b �\�k�_ �j�_�a�m�e�v�l�Z�l�u, �i�h�e�m�q�_�g�g�u�_ �\ 

�j�Z�[�h�l�_ [40] �g�Z �b�k�k�e�_�^�m�_�f�m�x �a�Z�^�Z�q�m, �q�l�h �b �^�_�e�Z�_�l�k�y �g�b�`�_.  

 
5. �:�g�Z�e�b�a �m�j�Z�\�g�_�g�b�c �g�h�j�f�Z�e�v�g�h�c �n�h�j�f�u: �i�_�j�b�h�^�b�q�_�k�d�h�_ �j�_�r�_�g�b�_, �f�Z�e�h�_ 

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

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

�l�h�q�g�h�k�l�v�x �^�h �i�h�k�l�h�y�g�g�u�o �h�g�b �b�f�_�x�l�k�y �\ �k�l�Z�l�v�_ [40], �i�h�k�\�y�s�_�g�g�h�c 

�b�k�k�e�_�^�h�\�Z�g�b�x �a�Z�^�Z�q�b �h �d�Z�q�Z�x�s�_�c�k�y �i�j�m�`�b�g�_. 

      �A�Z�f�_�l�b�f, �q�l�h �k�b�k�l�_�f�Z �k �]�Z�f�b�e�v�l�h�g�b�Z�g�h�f �G �b�f�_�_�l �i�_�j�\�u�_ �b�g�l�_�]�j�Z�e�u 

                               
2 2 2

0 1 2 12 = const,     constH Z Z c H�  � � �  �                          (7) 
�I�_�j�\�u�c �b�a �g�b�o – �a�Z�d�h�g �k�h�o�j�Z�g�_�g�b�y �w�g�_�j�]�b�b, �g�Z�e�b�q�b�_ �\�l�h�j�h�]�h �k�e�_�^�m�_�l �b�a 

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

�^�e�y 
2

2 2 2Z Z Z�[ �  �  . �>�\�Z�`�^�u �^�b�n�n�_�j�_�g�p�b�j�m�y �� �\ �k�b�e�m (6) �b �i�h�e�v�a�m�y�k�v 

�b�g�l�_�]�j�Z�e�h�f �w�g�_�j�]�b�b, �i�h�e�m�q�b�f �m�j�Z�\�g�_�g�b�_  

�� ��2 2 22 2 3c�[ � P � [ � [�  � �����  

�d�h�l�h�j�h�_ �f�h�`�g�h �b�g�l�_�j�i�j�_�l�b�j�h�\�Z�l�v �d�Z�d �m�j�Z�\�g�_�g�b�_ �h�^�g�h�f�_�j�g�h�]�h �^�\�b�`�_�g�b�y �l�h�q�d�b 

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

�a�Z�d�h�g�Z �k�h�o�j�Z�g�_�g�b�y �w�g�_�j�]�b�b 

                                      � � � �2 3 2 21 49
const

2 64
c E� [ � [ � [� � � � �  �  ��                                       (8) 

�]�j�Z�n�b�d �i�h�l�_�g�p�b�Z�e�v�g�h�c �n�m�g�d�p�b�b � � � � � �249
64

c� [ � [� [� 3 �  � �� �2 �b�a�h�[�j�Z�`�_�g �g�Z �N�b�]. 1.  

�M�j�Z�\�g�_�g�b�_ �^�e�y �� �i�h�a�\�h�e�y�_�l �i�h�e�m�q�b�l�v �k�e�_�^�m�x�s�b�_ �j�_�a�m�e�v�l�Z�l�u 
      �: ) �I�_�j�b�h�^�b�q�_�k�d�h�_  �j�_�r�_�g�b�_. �K�h�h�l�\�_�l�k�l�\�m�_�l �l�h�q�d�_ 22

3 c�[ � , �\ �d�h�l�h�j�h�c 

�i�h�l�_�g�p�b�Z�e �� ���[�3 �^�h�k�l�b�]�Z�_�l  �f�b�g�b�f�m�f�Z. �M�q�b�l�u�\�Z�y, �q�l�h 
2

2Z�[ �  �b  �i�_�j�\�u�c �b�a 

�a�Z�d�h�g�h�\ �k�h�o�j�Z�g�_�g�b�y (7), �i�h�e�m�q�b�f, �q�l�h �\ �l�h�q�d�_ �f�b�g�b�f�m�f�Z �i�h�l�_�g�p�b�Z�e�Z 

�\�u�i�h�e�g�y�x�l�k�y �j�Z�\�_�g�k�l�\�Z 

1 2

1 2
,

36
Z c Z�  �  c  

�H�g�b �i�h�a�\�h�e�y�x�l �b�k�d�Z�l�v �j�_�r�_�g�b�_ (6) �\ �\�b�^�_ 

� � � ��� �� � � � ��� ��1 2
1 1 2 36

exp , expZ c i Z c i 1�D � W � W � E � W � W � J�ª �º�  � ��  � �� ��¬ �¼. �I�h�^�k�l�Z�\�e�y�y �w�l�b 

�n�h�j�f�m�e�u �\ (6) �g�Z�o�h�^�b�f �d�h�w�n�n�b�p�b�_�g�l�u �., �� �b �� �b �j�_�r�_�g�b�_ 

                               

� � � �

� � � �

1 1

2 1

7
exp 2

6 4 3

2 7
exp 1

3 48 3

c
z i c

i
z c i c

� W � W

�S
� W � W

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

� © � ¹� ¬ � ¼

�ª �º� § � ·
�  � r� �� r�« �»� ¨ � ¸

� © � ¹�¬ �¼

                             (9) 

(�b�k�i�h�e�v�a�h�\�Z�g �i�j�b�g�p�b�i �k�m�i�_�j�i�h�a�b�p�b�b – �k�f. (5,6)) 

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

� � � � � � � �

1

1

1 7
sin 2 1

12 8 3

2 7
sin 1

3 48 3

x c c

y c c

� W � W� W

�S
� W � W� W

�ª �º� § � ·
�  � r� ��« �»� ¨ � ¸

� © � ¹�¬ �¼

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

� © � ¹�¬ �¼

 

      �<) �D�h�e�_�[�Z�g�b�y �\�[�e�b�a�b �i�_�j�b�h�^�b�q�_�k�d�h�]�h �j�_�r�_�g�b�y. �N�m�g�d�p�b�y �� (��) �\�[�e�b�a�b �l�h�q�d�b 

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

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

22 7
3 4 2

c c�Z � § � ·�c�c�  � 3 �  � ¨ � ¸
� © � ¹

 

�G�Z�i�h�f�g�b�f, �q�l�h �\ �i�j�h�p�_�k�k�_ �j�_�r�_�g�b�y �b�a�f�_�g�y�e�k�y �f�Z�k�r�l�Z�[ �\�j�_�f�_�g�b �2=��t �b 

�i�j�b�\�_�^�_�g�g�Z�y �q�Z�k�l�h�l�Z �h�l�g�h�k�b�l�k�y �d �[�_�a�j�Z�a�f�_�j�g�h�f�m �\�j�_�f�_�g�b �2. �L�Z�d�b�f �h�[�j�Z�a�h�f, �^�e�y 

�h�l�d�e�h�g�_�g�b�y �h�l �l�h�q�d�b �f�b�g�b�f�m�f�Z �3(�[), �h�i�j�_�^�_�e�y�_�f�h�]�h �i�h �n�h�j�f�m�e�_ 22
3 c�G�[ �[�  � �, 

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

� � � �2
2

49 7
0 cos

32 4 2
c c�G� [ � G� [ � G� [� D � W� W�ª �º

� � �  � Ÿ�  � ��« �»�¬ �¼
����  

�I�Z�j�Z�f�_�l�j �D �o�Z�j�Z�d�l�_�j�b�a�m�_�l �Z�f�i�e�b�l�m�^�m �h�l�d�e�h�g�_�g�b�y �h�l �i�h�e�h�`�_�g�b�y �j�Z�\�g�h�\�_�k�b�y, 2�W 

- �n�Z�a�m. �B�k�i�h�e�v�a�m�y �n�h�j�f�m�e�u 2
2 1 2�b2Z Z Z c�[� � � �  , �Z �l�Z�d�`�_ �j�Z�a�e�h�`�_�g�b�_ 

2
2

2 2
1

3 3
c c

c
3
4
�G�[

�G�[ � §� � � �� ¨
� © � ¹

�� � ·
� ¸, �e�_�]�d�h �i�h�e�m�q�b�l�v, �q�l�h 

� � � � � � � �2 2 12 2

2 3 7 3 7
1 cos , 1 cos

3 4 24 2 6 4 2

c
Z c c Z c

c c
� D � D

2�W � W � W� ª � º� ª
� � � � � �� « � »� «� ¬ � ¼� ¬

� � � �� W� º
� �� »� ¼

 

�I�h�^�k�l�Z�g�h�\�d�Z �w�l�b�o �n�m�g�d�p�b�c �\ �i�_�j�b�h�^�b�q�_�k�d�h�_ �j�_�r�_�g�b�_ (9) �\�f�_�k�l�h �i�h�k�l�h�y�g�g�u�o 

�k�h�f�g�h�`�b�l�_�e�_�c �i�_�j�_�^ �w�d�k�i�h�g�_�g�l�Z�f�b �b �l�_ �`�_ �\�u�d�e�Z�^�d�b, �q�l�h �b �\ �i�m�g�d�l�_ �: ), 

�i�j�b�\�h�^�y�l �d �k�e�_�^�m�x�s�b�f �\�u�j�Z�`�_�g�b�y�f �^�e�y �d�h�h�j�^�b�g�Z�l: 
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� � � � � � � � � � � �

� � � � � � � � � � � �

2 12

2 12

1 3 7 7
1 cos sin 2 1

212 4 2 8 3

2 3 7 7
1 cos sin 1

3 4 44 2 8 3

x c c c
c

y c c c
c

�D
� W � W� W,� W� W

�D �S
� W � W� W� W� W

�ª �º� § � ·� ª � º
�  � � � � � r � ��« �»� ¨ � ¸� « � »� ¬ � ¼� © � ¹�¬ �¼

�ª �º� § � ·� ª � º
�  � � � � � r � �� r�« �»� ¨ � ¸� « � »� ¬ � ¼� © � ¹�¬ �¼

 

�I�j�b �D = 0 �b�a �w�l�b�o �n�h�j�f�m�e �i�h�e�m�q�Z�_�l�k�y �i�_�j�b�h�^�b�q�_�k�d�h�_ �j�_�r�_�g�b�_.  

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

�i�h�k�l�h�y�g�g�h�c 67
48 ,0E c� ª � º� • � �� ¬ � ¼, �]�^�_ �e�_�\�Z�y �]�j�Z�g�b�p�Z �b�g�l�_�j�\�Z�e�Z �k�h�h�l�\�_�l�k�l�\�m�_�l 

�f�b�g�b�f�m�f�m �3���[��, 0 – �f�Z�d�k�b�f�Z�e�v�g�h�_ �a�g�Z�q�_�g�b�_ �i�h�k�l�h�y�g�g�h�c �? �i�j�b �n�b�a�b�q�_�k�d�b 

�j�_�Z�e�b�a�m�_�f�u�o �g�Z�q�Z�e�v�g�u�o �m�k�e�h�\�b�y�o. �A�Z�\�b�k�b�f�h�k�l�v �[(t) �i�h�e�m�q�Z�_�l�k�y �i�j�b 

�b�g�l�_�]�j�b�j�h�\�Z�g�b�b �m�j�Z�\�g�_�g�b�y (8). �>�e�y �m�^�h�[�k�l�\�Z �b�g�l�_�]�j�b�j�h�\�Z�g�b�y �p�_�e�_�k�h�h�[�j�Z�a�g�h 

�b�a�f�_�g�b�l�v �f�Z�k�r�l�Z�[�u �[ �b �W: 2

7
,

8 2c
c�[�K � W�c�  �  � W. �I�h�^�k�l�Z�g�h�\�d�Z �w�l�b�o �n�h�j�f�m�e �\ (8) 

�i�j�b�\�h�^�b�l �d �j�_�a�m�e�v�l�Z�l�m 

2 3 2 3 2
0 0 6

1 6
4 4

4
9

E
c

� K � K � K � K � K� � � � �  � � �  ��  

�J�_�r�_�g�b�_ �w�l�h�]�h �m�j�Z�\�g�_�g�b�y  

� � � �
� � � � � � � � � � � � � � � �3 2 3 2

0 0 0 1 2

1
, �]�^�_    

2
d

P
P

�K
�W � K � K � K � K � K � K � K � K � K � K � K

�K
�c�  �  � �� �� ��  � ��³ � �� �
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�d�h�j�g�b 1 �b�K �K �j�Z�\�g�u 

� � � �� � � � � � � �� � � �1 0 0 0 2 0 0 02 1 1 1 3 , 2 1 1 1 3�K � K � K � K � K � K � K�  � � � � � � � � �  � � � � � � � �� K 

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

�i�j�b�\�_�^�_�g�g�u�o �n�h�j�f�m�e �k�e�_�^�m�_�l �\�u�j�Z�`�_�g�b�_ �^�e�y �i�_�j�b�h�^�Z 0�W �n�m�g�d�p�b�b �[(�W): 
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0 1 sin

du
K k

k u

�S

� 
��

�³ . �>�_�c�k�l�\�b�l�_�e�v�g�h, �b�a �]�j�Z�n�b�d�Z �i�h�l�_�g�p�b�Z�e�Z (�k�f. �k�l�j. 84), 

�\�b�^�g�h, �q�l�h �n�m�g�d�p�b�y �[(�W) �b�a�f�_�g�y�_�l�k�y �\ �i�j�_�^�_�e�Z�o [�[0, �[1] (�k�e�_�^�h�\�Z�l�_�e�v�g�h, 
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 �K �•  �>�K0, �K1�@) �b �\�u�j�Z�`�_�g�b�_ �^�e�y �i�_�j�b�h�^�Z �k�h�h�l�\�_�l�k�l�\�m�_�l �i�j�h�o�h�`�^�_�g�b�x �w�l�h�]�h 

�b�g�l�_�j�\�Z�e�Z �\ �i�j�y�f�h�f �b �h�[�j�Z�l�g�h�f �g�Z�i�j�Z�\�e�_�g�b�y�o.  

      �B�a �i�_�j�b�h�^�b�q�g�h�k�l�b �b�a�f�_�g�_�g�b�y �[(�W) �b �a�Z�d�h�g�Z �k�h�o�j�Z�g�_�g�b�y (7) �k�e�_�^�m�_�l, �q�l�h �i�j�b 

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

�f�b�g�b�f�m�f�Z �3(�[)) �\ �a�Z�^�Z�q�_ �b�f�_�_�l �f�_�k�l�h �i�_�j�_�d�Z�q�d�Z �w�g�_�j�]�b�b �f�_�`�^�m �j�Z�^�b�Z�e�v�g�h�c �b 

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

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

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

�\�g�h�\�v �i�h�q�l�b �j�Z�^�b�Z�e�v�g�u�f�b �b �l. � .̂ �W�l�h�l �i�j�h�p�_�k�k �[�m�^�_�l �g�Z�b�[�h�e�_�_ �b�g�l�_�g�k�b�\�_�g 

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

�a�g�Z�q�_�g�b�y �w�l�h�c �i�h�k�l�h�y�g�g�h�c, �q�l�h �g�_�l�j�m�^�g�h �m�\�b�^�_�l�v �g�Z �j�b�k�m�g�d�_, �i�j�b�\�_�^�_�g�g�h�f �g�Z 

�k�l�j�Z�g�b�p�_ 84.   

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

�m�k�e�h�\�b�y �l�Z�d�h�\�u: x(0) = x0, u(0) = 0, y(0) = y0, v(0) = 0 �b �i�_�j�b�h�^ �\�u�j�Z�`�Z�_�l�k�y �q�_�j�_�a 

�i�Z�j�Z�f�_�l�j 0

0

y
x�G� :  

� � � �

� � � �� � � �
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      �>�e�y �\�u�q�b�k�e�_�g�b�c �m�^�h�[�g�u �j�Z�a�e�h�`�_�g�b�y �n�m�g�d�p�b�b �D(�d) �\�[�e�b�a�b �l�h�q�_�d �d = 0 �b  

�d = 1: 

� � � � � � � �

� � � � � � � �
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� § � ·� c � c�  � � � Ÿ �  � � � � � �� ¨ � ¸� c � c� © � ¹

��

�� 4 k� c� c
 

�I�m�k�l�v �^�e�y �h�i�j�_�^�_�e�_�g�g�h�k�l�b 1�G�� . �< «�n�b�a�b�q�_�k�d�b�o» �i�_�j�_�f�_�g�g�u�o �w�l�h �h�a�g�Z�q�Z�_�l, 

�q�l�h x �H�� , �l�h �_�k�l�v �g�Z�q�Z�e�v�g�h�_ �j�Z�^�b�Z�e�v�g�h�_ �h�l�d�e�h�g�_�g�b�_ �k�m�s�_�k�l�\�_�g�g�h �i�j�_�\�u�r�Z�_�l 

�^�_�n�h�j�f�Z�p�b�h�g�g�h�_. �L�h�]�^�Z �\�u�j�Z�`�_�g�b�_ �^�e�y �i�_�j�b�h�^�Z �i�j�_�^�k�l�Z�\�e�y�_�l�k�y �j�y�^�h�f 
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� § � ·�c �  � � � � � �� � � �� ¨ � ¸
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� G 

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

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

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

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

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

�n�h�j�f�m�e�u �^�e�y �b�k�o�h�^�g�u�o �i�Z�j�Z�f�_�l�j�h�\. 

 
�<�j�_�f�y:  
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�D�h�h�j�^�b�g�Z�l�u �b �b�f�i�m�e�v�k�u: 
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� © � ¹

����  

�]�^�_ �l�h�q�d�h�c �h�[�h�a�g�Z�q�_�g�h �^�b�n�n�_�j�_�g�p�b�j�h�\�Z�g�b�_ �i�h t.  
 

6. �H�p�_�g�d�Z �d�h�j�j�_�d�l�g�h�k�l�b �f�h�^�_�e�b �b�^�_�Z�e�v�g�h�c �`�b�^�d�h�k�l�b 
 

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

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

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

�b�a�m�q�_�g�b�b �^�Z�g�g�h�c �a�Z�^�Z�q�b.  

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

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

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

�j�Z�^�b�Z�e�v�g�u�o �d�h�e�_�[�Z�g�b�c, �i�j�b�\�_�^�_�g�g�u�o, �g�Z�i�j�b�f�_�j, �\ �j�Z�[�h�l�_ [58]: 
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�< �w�l�b�o �n�h�j�f�m�e�Z�o �í �l�_�i�e�h�\�h�c �^�_�d�j�_�f�_�g�l �a�Z�l�m�o�Z�g�b�y, T�/ �Q�/ �í �^�_�d�j�_�f�_�g�l �\�y�a�d�h�]�h 

�a�Z�l�m�o�Z�g�b�y, �í �q�b�k�e�h �I�_�d�e�_, k – �d�h�w�n�n�b�p�b�_�g�l �l�_�f�i�_�j�Z�l�m�j�h�i�j�h�\�h�^�g�h�k�l�b 

�`�b�^�d�h�k�l�b, �� – �d�h�w�n�n�b�p�b�_�g�l �d�b�g�_�f�Z�l�b�q�_�k�d�h�c �\�y�a�d�h�k�l�b �`�b�^�d�h�k�l�b. �H�k�l�Z�e�v�g�u�_ 

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

�k�h�h�l�g�h�r�_�g�b�_ �^�e�y 

0Pe

T�/  �m�k�l�Z�g�h�\�e�_�g�h �Q�_�i�f�w�g�h�f �b �I�e�_�k�k�_�l�h�f �\ 1971 �]. �b 

�k�i�j�Z�\�_�^�e�b�\�h �i�j�b �[�h�e�v�r�b�o �q�b�k�e�Z�o �I�_�d�e�_:  .  0Pe 1��

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

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

�\  �j�Z�a. �I�h�w�l�h�f�m �j�_�a�m�e�v�l�b�j�m�x�s�b�c �^�_�d�j�_�f�_�g�l �j�Z�\�_�g  � �exp i���/ � �

T �Q�/ �  � / � � � /. 

       �<�u�j�Z�`�_�g�b�y (10) �k�i�j�Z�\�_�^�e�b�\�u �i�j�b �i�j�h�b�a�\�h�e�v�g�h�f �k�h�h�l�g�h�r�_�g�b�b �q�Z�k�l�h�l 

�^�_�n�h�j�f�Z�p�b�h�g�g�h�c �b �j�Z�^�b�Z�e�v�g�h�c �f�h� ̂ �d�h�e�_�[�Z�g�b�c. �H�^�g�Z�d�h �i�j�b �j�_�a�h�g�Z�g�k�_ 

�g�_�h�[�o�h�^�b�f�h �m�q�_�k�l�v �n�h�j�f�m�e�m (3), �b�a �d�h�l�h�j�h�c �k�e�_�^�m�_�l, �q�l�h �i�Z�j�Z�f�_�l�j�u 0 �b   p l�f   

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

�i�j�_�h�[�j�Z�a�m�x�l�k�y �k�e�_�^�m�x�s�b�f �h�[�j�Z�a�h�f 

� � � �
�� ��

� � � �
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k
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. 

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

�[�_�k�d�h�g�_�q�g�h�k�l�b �d�Z�d 1/ 0l  �i�j�b �m�f�_�g�v�r�_�g�b�b �j�Z�^�b�m�k�Z �i�m�a�u�j�y. �I�h�w�l�h�f�m �d�h�e�_�[�Z�g�b�y  

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

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

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

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

�?�k�l�_�k�l�\�_�g�g�h �i�j�_�^�i�h�e�h�`�b�l�v, �q�l�h �_�k�e�b �a�Z �i�_�j�b�h�^ �w�l�h�c �i�_�j�_�k�l�j�h�c�d�b �Z�f�i�e�b�l�m�^�Z 

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

�i�h�\�_�j�o�g�h�k�l�g�u�f �g�Z�l�y�`�_�g�b�_�f �f�h�`�g�h �k�q�b�l�Z�l�v �d�h�j�j�_�d�l�g�u�f. �G�_�h�[�o�h�^�b�f�h �h�l�f�_�l�b�l�v, 

0Pe 1��
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�q�l�h �i�j�b �m�\�_�e�b�q�_�g�b�b �j�Z�^�b�m�k�Z �i�m�a�u�j�y �^�_�d�j�_�f�_�g�l �a�Z�l�m�o�Z�g�b�y �\�_�^�_�l �k�_�[�y �d�Z�d 4
01/ l , 

�h�l�d�m�^�Z �k�e�_�^�m�_�l, �q�l�h �_�]�h �m�f�_�g�v�r�_�g�b�_ �h�q�_�g�v �f�_�^�e�_�g�g�h. �O�Z�j�Z�d�l�_�j�g�u�c �\�b� ̂

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

�i�m�a�u�j�y �\ �\�h�^�_, �b�f�_�_�l �\�b� ̂

 

 �I�j�b�\�_�^�_�f  �\�u�j�Z�`�_�g�b�y �^�_�d�j�_�f�_�g�l�Z �a�Z�l�m�o�Z�g�b�y �^�e�y  �w�l�b�o �\�_�s�_�k�l�\ �k �q�b�k�e�h�\�u�f�b 

�d�h�w�n�n�b�p�b�_�g�l�Z�f�b: 

3

4
0 0

0.158 2.4 10

l l

���˜
� / � | � � . 

�<�u�q�b�k�e�_�g�b�_ �i�h �w�l�h�c �n�h�j�f�m�e�_ �^�e�y �i�m�a�u�j�y �j�Z�^�b�m�k�h�f 50 �k�f �i�j�b�\�h�^�b�l �d 

�^�h�k�l�Z�l�h�q�g�h �[�h�e�v�r�h�f�m �a�g�Z�q�_�g�b�x 0.06�/ � .  

      �L�_�i�_�j�v �i�_�j�_�c�^�_�f �d �Z�k�b�f�i�l�h�l�b�d�_ �^�e�y �f�Z�e�u�o �q�b�k�_�e �I�_�d�e�_, �i�j�_�^�k�l�Z�\�e�y�x�s�_�c 

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

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

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

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

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

�i�j�_�g�_�[�j�_�`�b�f�h �f�Z�e�u�f.  

      �>�e�y �f�Z�e�u�o �q�b�k�_�e �I�_�d�e�_ 0Pe 5��  �k�i�j�Z�\�_�^�e�b�\�Z �Z�k�b�f�i�l�h�l�b�d�Z  

�� �� 0
3/2

-1 Pe
=

15T

� S � J
�J

�/  

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

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

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

�q�b�k�e�Z�o �I�_�d�e�_ �h�i�b�k�u�\�Z�_�l�k�y �n�m�g�d�p�b�_�c �\�b�^�Z  

0

0

=
b

a l
l

� / � � 

�F�b�g�b�f�Z�e�v�g�h�_  �a�g�Z�q�_�g�b�_ �i�h�e�m�q�_�g�g�h�c �n�m�g�d�p�b�b �j�Z�\�g�h 

min =2 ab�/  

�I�h�^�k�l�Z�\�b�\ �\ �w�l�m �n�h�j�f�m�e�m �\�u�j�Z�`�_�g�b�y �^�e�y �d�h�w�n�n�b�p�b�_�g�l�h�\ �Z �b b, �i�h�e�m�q�b�f 

�k�e�_�^�m�x�s�m�x �n�h�j�f�m�e�m �^�e�y �f�b�g�b�f�Z�e�v�g�h�]�h �a�g�Z�q�_�g�b�y �j�_�a�m�e�v�l�b�j�m�x�s�_�]�h 

�^�_�d�j�_�f�_�g�l�Z �a�Z�l�m�o�Z�g�b�y, �k�i�j�Z�\�_�^�e�b�\�m�x �i�j�b �f�Z�e�u�o �q�b�k�e�Z�o �I�_�d�e�_: 

min 3/ 2

1 3
= 8

15 50 6 k
�J �Q

�S
� J � J

� ª � º��
� « � »� / � ˜

��� « � »� ¬ � ¼
 

�D�h�w�n�n�b�p�b�_�g�l, �a�Z�d�e�x�q�_�g�g�u�c �\ �d�\�Z�^�j�Z�l�g�u�c �k�d�h�[�d�b, �i�j�b 1.4�J �  �b�f�_�_�l �\�_�e�b�q�b�g�m 

�i�h�j�y�^�d�Z 1.6 �b �^�h�k�l�Z�l�h�q�g�h �k�e�Z�[�h �a�Z�\�b�k�b�l �h�l  �J �i�j�b �n�b�a�b�q�_�k�d�b �\�h�a�f�h�`�g�u�o 

�\�_�e�b�q�b�g�Z�o �w�l�h�]�h �i�Z�j�Z�f�_�l�j�Z.  

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

�l�_�f�i�_�j�Z�l�m�j�h�i�j�h�\�h�^�g�h�k�l�b �g�_�d�h�l�h�j�u�o �\�_�s�_�k�l�\, �i�h�^�[�_�j�_�f �i�Z�j�m �k �g�Z�b�f�_�g�v�r�b�f 

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

�^�e�y �\�h�a�^�m�r�g�h�]�h �i�m�a�u�j�y �\ �\�h�^�_. 

 
    �@�b�^�d�h�k�l�v  �D�b�g�_�f�Z�l�b�q�_�k�d�Z�y 

 �\�y�a�d�h�k�l�v �`�b�^�d�h- 
 �k�l�b 

               �=�Z�a  �D�h�w�n�n�b�p�b�_�g�l 
 �l�_�f�i�_�j�Z�l�m�j�h�i�j�h- 
 �\�h�^�g�h�k�l�b �]�Z�a�Z 

 �<�h�^�Z            0.0105  �<�h�a�^�m�o          0.266 
 �:�p�_�l�_�e�v�^�_�]�b�^            0.00297  �:�j�]�h�g          0.34 
 �:�p�_�l�h�g            0.00439  �<�h�^�h�j�h�^          1.851 
 �G-�]�_�d�k�Z�g            0.0054  �=�_�e�b�c          26.89 
 �B�a�h�i�j�_�g            0.00348  �M�]�e�_�d�b�k�e�u�c �]�Z�a          0.122 
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 �I�_�g�l�Z�g            0.00376  �D�b�k�e�h�j�h�^          0.266 
 �G-�i�_�g�l�Z�g            0.00387  �F�_�l�Z�g          0.239 
      
      �B�a �i�j�b�\�_�^�_�g�g�h�c �l�Z�[�e�b�p�u �b �n�h�j�f�m�e�u �^�e�y �f�b�g�b�f�Z�e�v�g�h�]�h �^�_�d�j�_�f�_�g�l�Z 

�a�Z�l�m�o�Z�g�b�y �k�e�_�^�m�_�l, �q�l�h �^�e�y �\�h�a�^�m�r�g�h�]�h �i�m�a�u�j�y �\ �\�h�^�_    , �q�l�h, 

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

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

�Z�p�_�l�_�e�v�^�_�]�b�^�_ �b �j�Z�\�g�h  , �l�h �_�k�l�v �l�Z�d�`�_ �^�h�k�l�Z�l�h�q�g�h �\�_�e�b�d�h.  

min = 0.3�/

min = 0.014�/

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

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

�\�_�s�_�k�l�\, �h�[�j�Z�a�m�x�s�b�o �b�k�k�e�_�^�m�_�f�m�x �k�b�k�l�_�f�m. �H�^�g�Z�d�h �d�Z�j�^�b�g�Z�e�v�g�h �m�f�_�g�v�r�b�l�v 

�^�_�d�j�_�f�_�g�l �a�Z�l�m�o�Z�g�b�y, �i�h�^�[�b�j�Z�y �]�Z�a �b �`�b�^�d�h�k�l�v �b�a �k�h�h�[�j�Z�`�_�g�b�c �f�b�g�b�f�b�a�Z�p�b�b 

�h�l�g�h�r�_�g�b�y / k�Q  �i�j�_�^�k�l�Z�\�e�y�_�l�k�y �f�Z�e�h�\�_�j�h�y�l�g�u�f. �B�a �l�Z�[�e�b�p �n�b�a�b�q�_�k�d�b�o 

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

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

�\�h�a�^�m�o�Z �i�j�b�f�_�j�g�h �g�Z �i�h�j�y�^�h�d. �L�Z�d�b�f �h�[�j�Z�a�h�f, �\�_�e�b�q�b�g�Z / k�Q  �i�m�l�_�f «�i�h�^�[�h�j�Z» 

�\�_�s�_�k�l�\ �f�h�`�_�l �[�u�l�v �b�a�f�_�g�_�g�Z �g�Z �^�\�Z �i�j�y�^�d�Z �b, �k�e�_�^�h�\�Z�l�_�e�v�g�h,  / k�Q  - �g�Z 

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

�a�Z�l�m�o�Z�g�b�y. 

       
  

7. �<�u�\�h�^�u 
 
      �I�j�b�e�h�`�_�g�b�_ �Z�i�i�Z�j�Z�l�Z �e�Z�]�j�Z�g�`�_�\�h�c �b �]�Z�f�b�e�v�l�h�g�h�\�h�c �f�_�o�Z�g�b�d�b �d �a�Z�^�Z�q�_ �h 

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

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

�d�Z�q�Z�x�s�_�c�k�y �i�j�m�`�b�g�_ [40]. �I�j�b �h�i�j�_�^�_�e�_�g�g�u�o �m�k�e�h�\�b�y�o (�k�f. (2)) �q�Z�k�l�h�l�u 

�^�_�n�h�j�f�Z�p�b�h�g�g�h�c �b �j�Z�^�b�Z�e�v�g�h�c �f�h� ̂�d�h�e�_�[�Z�g�b�c �i�m�a�u�j�y �k�h�h�l�g�h�k�y�l�k�y �d�Z�d 1:2, �q�l�h 

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

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

�f�_�l�h�^ �b�g�\�Z�j�b�Z�g�l�g�h�c �g�h�j�f�Z�e�b�a�Z�p�b�b �]�Z�f�b�e�v�l�h�g�h�\�u�o �k�b�k�l�_�f [19,23,24]. 

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

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

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

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

�k�h�f�g�h�`�b�l�_�e�y�f�b.  

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

1:2 �b�f�_�_�l �f�_�k�l�h �i�_�j�_�d�Z�q�d�Z �w�g�_�j�]�b�b �f�_�`�^�m �j�Z�^�b�Z�e�v�g�h�c �b �^�_�n�h�j�f�Z�p�b�h�g�g�h�c 

�f�h�^�Z�f�b �d�h�e�_�[�Z�g�b�c. �I�h�e�m�q�_�g�u �n�h�j�f�m�e�u �^�e�y �i�_�j�b�h�^�Z �i�_�j�_�d�Z�q�d�b �b �m�d�Z�a�Z�g�u 

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

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

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

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

�m�q�_�l�h�f �\�k�_�o �d�m�[�b�q�_�k�d�b�o �q�e�_�g�h�\ �\ �j�Z�a�e�h�`�_�g�b�b �]�Z�f�b�e�v�l�h�g�b�Z�g�Z. �J�_�a�m�e�v�l�Z�l, 

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

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

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

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

�j�h�k�l�h�f �Z�f�i�e�b�l�m�^�u �d�h�e�_�[�Z�g�b�c �b �i�j�b�\�h�^�b�l �d �h�k�e�Z�[�e�_�g�b�x �w�n�n�_�d�l�Z �i�_�j�_�d�Z�q�d�b 

�w�g�_�j�]�b�b �f�_�`�^�m �f�h�^�Z�f�b �d�h�e�_�[�Z�g�b�c.  

      �I�_�j�b�h�^ �i�_�j�_�d�Z�q�d�b �w�g�_�j�]�b�b �a�Z�\�b�k�b�l �h�l �g�Z�q�Z�e�v�g�u�o �m�k�e�h�\�b�c. �D�Z�d �\�b�^�g�h �b�a 

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

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

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

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

�m�[�u�\�Z�_�l �\�e�b�y�g�b�_ �g�_�j�_�a�h�g�Z�g�k�g�u�o �g�_�e�b�g�_�c�g�u�o �q�e�_�g�h�\ �m�j�Z�\�g�_�g�b�c �^�\�b�`�_�g�b�y �b 

�j�_�a�h�g�Z�g�k �^�h�e�`�_�g �i�j�h�y�\�b�l�v�k�y �[�h�e�_�_ �h�l�q�_�l�e�b�\�h.    

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

�[�h�e�v�r�b�o �q�b�k�e�Z�o �I�_�d�e�_ �h�k�g�h�\�g�h�c �\�d�e�Z�^ �\ �a�Z�l�m�o�Z�g�b�_ �d�h�e�_�[�Z�g�b�c �\�g�h�k�b�l 

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

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

�_�s�_ �[�h�e�_�_ �b�g�l�_�g�k�b�\�g�h �n�Z�d�l�b�q�_�k�d�b �^�e�y �e�x�[�u�o �j�_�Z�e�v�g�u�o �\�_�s�_�k�l�\. 

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

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

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

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

�g�_�e�b�g�_�c�g�u�o �q�e�_�g�h�\ �g�_�h�[�o�h�^�b�f�h �m�f�_�g�v�r�Z�l�v �g�Z�q�Z�e�v�g�u�_ �m�k�e�h�\�b�y, �q�l�h, �\ �k�\�h�x 

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

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

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

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

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

      �H�l�k�x�^�Z, �\ �q�Z�k�l�g�h�k�l�b, �k�e�_�^�m�_�l, �q�l�h �i�j�b �b�k�k�e�_�^�h�\�Z�g�b�b �k�h�[�k�l�\�_�g�g�u�o 

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

�\�_�e�b�d�Z, �q�l�h �f�h�^�_�e�v �b�^�_�Z�e�v�g�h�c �`�b�^�d�h�k�l�b �k�h�\�_�j�r�_�g�g�h �g�_ �k�h�h�l�\�_�l�k�l�\�m�_�l 

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

�l�Z�d�b�o �k�b�k�l�_�f�Z�o �g�_ �i�j�h�b�k�o�h�^�y�l, �b�[�h �j�_�a�h�g�Z�g�k 1:2 �y�\�e�y�_�l�k�y �k�Z�f�u�f �]�j�m�[�u�f. 

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